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General Information

NMR spectra were recorded on a Bruker Ultrashield 300, 400 or 500 MHz spectrometer. The
chemical shifts (0) are reported in ppm downfield of trimethylsilane and coupling constants
(J) reported in hertz and rounded to 0.5 Hz. Splitting patterns are abbreviated as follows:
singlet (s), doublet (d), triplet (t), quartet (q), quintet (qn), septet (sept), multiplet (m), broad
(br) and apparent (ap) or a combination of these. Aromatic protons (Ar) are assigned where
possible using the following abbreviations: Phenyl (Ph), pyridine (Py) and quinoline (Qu).
Where mixtures of diastereomers or rotamers have been observed, they are described as
major (maj) or minor (min) where possible and as A and B where diastereomeric/ rotamer
ratios are 1:1. Solvents were used as an internal standard when assigning NMR spectra (0y:
CDCls 7.26 ppm; dc: CDCls 77.16 ppm; 6i: CD3OD 3.31 d¢: CD3;OD 49.00 and 6: DMSO-
ds 2.50 ppm; 0c: DMSO-ds 39.4 ppm). Coupling constants were calculated using
MestReNova LITE 5.2.5 or by ACDLabs 9.0 1D NMR processor software.

Low and high resolution mass spectra were recorded by staff at the University of Manchester.
ES spectra were recorded on a Micromass Platform II spectrometer and high resolution mass
spectra (HRMS) were recorded on a Kratos Concept-IS mass spectrometer, and are accurate
to = 0.001. Infrared spectra were recorded as on a Perkin Elmer Spectrum RX 1 FTIR or a on
a Thermo Scientfic iD5 ATR spectrometer. Only absorption maxima of interest are reported.
Melting points (m.p.) were determined on a GallenKamp apparatus.

Thin layer chromatography (TLC) was performed using commercially available pre-coated
plates (Macherey-Nagel alugram. Sil G/yv2s4) was visualised with UV light at 254nm or a
phosphomolybdic acid dip (5% in ethanol). Flash chromatography was carried out using
Fluorochem Davisil 40-63u 60 A.

All reactions were conducted under a nitrogen atmosphere unless otherwise stated. Where a
nitrogen atmosphere was employed, oven or flame dried glassware was used.
Tetrahydrofuran (THF) and diethyl ether were distilled under nitrogen from sodium, using a
benzophenone indicator. Dichloromethane and THF were obtained by distillation from
calcium hydride under nitrogen. Toluene was obtained from the Innovative Technology
Puresolve P5-mp-5 solvent purification system. Petrol refers to the fraction of light petroleum
ether boiling between 40 and 65 °C. All other solvents and commercially obtained reagents
were used as received or purified using standard procedures.



General Procedure A for Imine Acylations
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Thionyl chloride (5 eq) was added to a flask containing the pyridyl carboxylic acid. The
reaction was stirred under a nitrogen atmosphere for 2 hours until a clear solution was
obtained. Excess thionyl chloride was removed under reduced pressure and dried under
vacuum.

Aldehyde or ketone was added to a flame-dried flask under a nitrogen atmosphere containing
dry dichloromethane (2.0 mL) and molecular sieves (4 A). Benzylamine (1 eq) was added
dropwise and the reaction was left to stir at room temperature. Acyl chloride (1.1 eq) was
suspended in dry dichloromethane in a flame-dried flask containing molecular sieves (4 A).
The suspension was cooled to 0 °C, triethylamine (2.2 eq) was added dropwise and the
solution was stirred for 2 minutes. Imine (1.0 eq) was added dropwise to the solution. The ice
bath was removed and the reaction mixture was allowed to heat to room temperature. After
stirring for 3-6 hours, saturated sodium hydrogen carbonate solution (20 mL) was added and
the solution extracted with dichloromethane (2 x 20 mL), dried with MgSQO,, filtered and
evaporated under reduced pressure. The residue was purified by flash chromatography (Si0,,
EtOAc:petrol 1:3) to yield the enamide.

N-Benzyl-N-((E)-propenyl)-isonicotinamide (1a)

o Following general procedure A, (£)-1-phenyl-N-
~ propylidenemethanamine (2.0 mmol) (from benzylamine (0.22 mL)
G)LN Ph and propionaldehyde (0.13 mL)) was acylated with isonicotinoyl
H chloride (311 mg). After purification the title compound was yielded as

a colourless gum (72% over 2 steps).

R;: 029 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1641 (C=0); '"H-NMR: (400 MHz,
CDCls, 2 rotamers (3:1)) § 8.75 (d, J = 5.5 Hz, 2H,,, Py), 8.60 (d, J = 3.5 Hz, 2H,,;,, Py),
7.46-7.10 (m, 7H, Ar), 6.28 (d, J = 14.0 Hz, 1H,,,, NCH) 5.09 (dt, J = 14.0, 7.0 Hz, 1H,
CH=CH), 5.01 (s, 2H,,,;, PhCH>), 4.60 (s, 2H,,;,, PhCH>) 1.70 (d, J = 5.5 Hz, 3H,,,, CH),
1.51 (d, J = 6.0 Hz, 3H,,;, CH3); "C-NMR: (100 MHz, CDCl;) § 167.8 (CO), 150.3 (Py),
143.2 (Py), 136.6 (Ph,), 136.0 (Phy:), 129.0 (Ph,,), 128.7 (Ph,y), 127.3 (Ph,,), 126.9



(Phyg), 125.9 (Phyi), 125.7 (NCH=CH), 125.6 (Phyin), 122.0 (Pypug), 120.6 (Pyuin), 110.8
(NCH=CH,;»), 110.1 (NCH=CH,,;;), 50.8 (PhCHapin) 47.4 (PhCHyy), 15.5 (CHzpin), 15.4
(CH3pg); m/z (ESY): 253.1 (20%, MH"), 275.1 (100%, MNa"); HRMS: found 275.1151
(MNa"), C1¢H1s0N,Na requires 275.1155.

N-Benzyl-N-((E)-3-methyl-but-1-enyl)-isonicotinamide (1b)

0 Following general procedure A, (£E)-N-(3-methylbutylidene)-1-
N N Ph phenylmethanamine (1.0 mmol) (from 3-methyl-butraldehyde (0.11 mL)
NI P S and benzylamine (0.11 mL)) was acylated with isonicotinoyl chloride
(155 mg). After purification, the title compound was yielded as a
colourless gum (72% over 2 steps).

R;: 0.21 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1641 (C=0); 'H-NMR: (300 MHz,
CDCl, 2 rotamers (3:1)) 8 8.73 (d, J = 5.5 Hz, 2H,.4;, Py), 8.58 (d, J = 4.5 Hz, 2H,,is, Py),
7.40-7.09 (m, 7H, Ar), 6.23 (d, J = 14.0 Hz, 1H, NCH), 5.07 (dd, J = 14.0, 7.0 Hz, 1H,
NCH=CH), 5.00 (s, 2H,,,j, PhCH>), 4.66 (s, 2Hin, PACH,), 2.36 (m, 1H,,;,, CH(CHs),), 2.11
(q, J = 7.0 Hz, 1H,,4;, CH(CH3),), 0.96 (d, J = 6.5 Hz, 6H,,;,, CH3), 0.81 (d, J = 7.0 Hz, 6H,,,,,
CH,); PC-NMR: (400 Hz, CDCl;) § 168.1 (CO), 150.4 (Py), 143.4 (Py), 136.6 (Ph,,), 136.0
(Ph,;,) 128.8 (Ph,,), 128.7 (Ph,,) 127.4 (Ph,,), 127.2 (Ph,,), 126.1 (NCH), 125.7 (Ph,,,),
123.7 (NCH=CH), 123.4 (Ph,),122.0 (PYwy), 120.7 (Pymu), 50.8 (PhCHa,,), 47.6
(PhCHa,g), 29.7 (CH(CHs)amin), 29.4 (CH(CH3)amgj), 23.0 (CHspin), 22.8 (CHspg); m/z
(ES™): 303.1 (100%, MNa"); m/z (ES’): 279.8 (100%, M"), HRMS: found 303.1471 (MNa"),
CisH20N,ONa requires 303.1473.

N-Benzyl-N-vinylisonicotinamide (1¢)

0 Following general procedure B, but using 2.5 eq of pyridine rather than

A~ triethylamine, N-benzyl-2-chloroethanamine hydrochloride' (3.0 mmol)

@XN Ph was acylated with isonicotinoyl chloride (3.3 mmol). Saturated sodium

NF K hydrogen carbonate solution was added (10 mL) and the solution

extracted with dichloromethane (3 x 10 mL), dried (MgSO,) and evaporated under reduced

pressure. The residue was purified by flash chromatography (SiO,; EtOAc-petrol 1:3) to yield
the amide, as colourless oil (0.664 g, 81%).

Potasium tert-butoxide (1.0 mmol) was added to stirred solution of N-benzyl-N-(2-
chloroethyl)isonicotinamide (0.274 g, 1.0 mmol) in tert-butanol (5 mL) at room temperature.
The solution was stirred for 60 hours then water (15 mL) was added and the solution
extracted with EtOAc (3 x 15 mL), dried (MgSO4) and evaporated under reduced pressure.
The residue was purified by flash chromatography (SiO,; EtOAc-hexane 2:3 to EtOAc) to
yield the title compound as a white waxy solid (0.040 g, 17%).

! Mansour, A.; Portnoy, M. J. Chem. Soc., Perkin Trans. 1 2001, 952 - 954,



Ry 0.28 (EtOAc:petrol 1:1); "H-NMR: (400 MHz; CDCls) & 8.75 (br s, 2H, Py), 7.28-7.45
(m, 7H, Ph, Py), 6.59 (dd, J=15.0, 9.0 Hz, 1H, NCH), 5.06 (s, 2H, PhCH>), 4.57 (d, J=15.0
Hz, 1H, CH=CH,H,), 431 (d, J = 8.5 Hz, 1H, CH=CH.H,); “C-NMR: (400 Hz, CDCl;) &
168.4 (C=0), 150.4 (Py), 142.7 (Py), 136.2 (Ph), 133.9 (NCH), 128.5 (Ph), 127.4 (Ph), 126.9
(Ph), 121.9 (Py), 96.5 (CH=CH,), 46.2 (NCH,); m/z (ES"): 239.1 (18%, MH"); HRMS:
found 239.1180 (MH"), C5H4N,O requires 239.1179.

N-Benzyl-N-isopropenyl-isonicotinamide (1d)

0 Following general procedure A, benzyl-isoproplidene-amine (2.1 mmol)

X PN from benzylamine (0.23 mL) and acetone (0.16 mmol) was acylated

NI P A with isonicotinoyl chloride (288 mg). After purification, the title
compound was yielded as a colourless gum (65% over 2 steps).

Ry : 0.30 (EtOAc:petrol 2:1); IR: (vmax(film)/cm™) 1636 (C=0); 'H-NMR: (400 MHz,
CDCl;) 6 8.26 (d, J = 5.5 Hz, 2H, Py), 7.35-7.26 (m, 7H, Ar), 4.84 (s, 2H, PhCH,), 4.80 (s,
1HNC=CH,), 4.50 (s, 1H, NC=CH,), 1.79 (s, 3H, CHs); “C-NMR: (100 MHz, CDCl;)
168.1 (CO), 150.1 (Py), 144.3 (NC=CH, or Py), 143.5 (NCCH, or Py), 137.1 (Ph), 128.7
(Ph), 128.5 (Ph), 127.7 (Ph), 121.7 (Py), 116.6 (NC=CH,), 50.1 (PhCH,), 21.5 (CH3); m/z
(ES™): 275.1 (100%, MNa'); HRMS: found 275.1161 (MNa'), C;sH;sON,Na requires
275.1155.

N-Benzyl-N-cyclopent-1-enyl-isonicotinamide (1e)

O Following general procedure A, N-cyclopentylidene-1-
S N Spp  phenylmethanamine (6.5 mmol) from cyclopentanone (0.42 mL) and
Nl P é benzylamine (0.71 mL) was acylated with isonicotinoyl chloride (1.00
g). After purification, the title compound was yielded as a colourless
gum (78% over 2 steps).

R;: 0.38 (2:1 EtOAc:petrol); IR: (vmax(film)/cm™) 1643 (C=0); 'H-NMR: (400 MHz,
CDCl3) & 8.63 (d, J = 8.5 Hz, 2H, Py), 7.38-7.26 (m, 7H, Ar), 5.13 (br s, 1H, NC=CH), 4.84
(s, 2H, PhCH>), 2.29 (m, 2H, CH,), 2.09 (m, 2H, CH,) 1.74 (m, 4H, CH,); *C-NMR: (100
MHz, CDCl;) § 168.2 (C=0), 149.9 (Py), 144.5 (NC=CH or Py), 142.2 (NC=CH or Py),
137.2 (Ph), 128.6 (Ph), 128.0 (Ph), 127.6 (NC=CH), 127.5 (Ph), 121.6 (Py), 50.3 (PhCH),)
33.2 (CH,), 30.1 (CH,), 22.3 (CH,); m/z (ES"): 301.1 (100%, MNa"); HRMS: found
301.1315 (MNa"), C;sH;sON;,Na requires 301.1311.



N-Benzyl-N-cyclohex-1-enyl-isonicotinamide (1f)

0 Following general procedure A, N-cyclohexylidene-1-
X N Spp  Phenylmethanamine (1.1 mmol) from cyclohexanone (0.11 mL) and
NI P @ benzylamine (0.12 mL) was acylated with isonicotinoyl chloride (163
mg). After purification the title compound was yielded as a colourless
gum (89% over 2 steps).

R;: 0.26 (EtOAc:petrol 3:1); IR: (vmax(film)/cm™) 1640 (C=0); 'H-1H-NMR(400 MHz,
CDCl;) 8 8.61 (d, J= 6.0 Hz, 2H, Py), 7.35-7.26 (m, 7H, Ar), 5.21 (m, 1H, NC=CH), 4.80 (s,
2H, PhCH,), 1.93 (m, 2H, CH,), 1.77 (m, 2H, CH,), 1.47 (t, J= 6.0 Hz, 2H, CH>), 1.31 (t, J =
6.0 Hz, 2H, CH,); *C-NMR: (100 MHz, CDCl;) & 168.2 (CO), 149.7 (Py), 144.8 (NC=CH
or Py), 137.8 (NC=CH or Py), 137.2 (Ph), 129.9 (NC=CH), 128.7 (Ph), 128.6 (Ph), 127.6
(Ph), 121.6 (Py), 50.0 (PhCH,), 28.6 (CH,), 24.6 (CH,), 22.4 (CH,), 21.1 (CH,); m/z (ES™):
293.1 (100%, MH"); HRMS: found 315.1477 (MNa"), CoH20ON,Na requires 315.1468.

N-benzyl-N-(1-benzyl-1,2,3,6-tetrahydropyridin-4-yl)isonicotinamide (1g)

0O Following general procedure A, N-(1-benzylpiperidin-4-ylidene)-1-
X N Spp  phenylmethanamine (2.5 mmol) from 1-benzylpiperidin-4-one (0.44 mL)
NI _ ﬁj and benzylamine (0.27 mL) was acylated with isonicotinoyl chloride
(388 mg). After purification, the title compound was yielded as a
N colourless gum (42% over 2 steps).

R;: 0.11 (EtOAc:petrol 2:1); IR: (vmax(film)/cm™) 1645 (C=0); 'H-
NMR: (400 MHz, CDCl3) & 8.57 (dd, J = 4.5, 1.5 Hz, 2H, Py), 7.30 (dd, J 4.5, 1.5 Hz, 2H,
Py), 7.27-7.12 (m, 10H, Ph), 5.10 (br s, 1H, NC=CH), 4.75 (s, 2H, PhCH>), 3.35 (s, 2H,
PhCH>), 2.67 (m, 2H, CH,), 2.36 (m, J = 5.5 Hz, 2H, CH,), 2.02 (m, 2H, CH,); ®C-NMR:
(100 MHz, CDCl3) & 168.1 (C=0), 149.8 (Py or NC=CH), 144.4 (Py or NC=CH), 140.5
(Py), 138.0 (Ph), 137.2 (Ph), 136.5 (Ph), 128.8 (Ph), 128.6 (Ph), 128.4 (Ph), 128.3 (Ph), 127.6
(Ph), 127.2 (NC=CH), 121.6 (Py), 61.6 (PhCH,), 51.6 (CH,), 49.1 (PhCH,), 29.1 (CH,); m/z
(ES™): 40% (M" 384), 100% (MNa" 406); HRMS: found 384.2078 (MH"), CasHN3O
requires 384.2071.

N-benzyl-2-chloro-N-(cyclopent-1-en-1-yl)isonicotinamide (1h)

o Following general procedure A, N-cyclopentylidene-1-

phenylmethanamine (2.2 mmol) from cyclopentanone (0.18 mL) and

I benzylamine (0.31 mL) was acylated with 2-chloroisonicotinoyl chloride

é (432 mg). The title compound was yielded as a colourless gum after
purification (546 mg, 78% over 2 steps).



R;: 0.47 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1648 (C=0); 'H-NMR: (400 MHz,
CDCls) & 8.40 (d, J = 5.0 Hz, 1H, Py), 7.43 (s, 1H, Py), 7.36-7.28 (m, 6H, Ar), 5.15 (m, 1H,
NC=CH), 4.83 (s, 2H, PhCH,), 2.22 (m, 2H, CH,), 2.13 (m, 2H, CH,), 1.78 (m, 2H, CH,);
BC-NMR: (100 MHz, CDCl;) & 166.7 (C=0), 151.7 (Py), 149.7 (Py), 147.3 (Py or NC=CH),
141.9 (Py or NC=CH), 136.8 (Ph), 128.6 (Ph), 128.1 (Ph or NC=CH), 127.7 (Ph), 127.4 (Ph
or NC=CH), 122.5 (Py), 120.4 (Py), 50.3 (PhCH,), 33.1 (CH,), 30.1 (CH,), 22.3 (CH,); m/z
(ES™): 313 (M(C°CDY), 315 M(C'CI)), 335 M CI)Na"), 337 (MC'Cl)Na"); HRMS: found
335.0923 (MNa"), C;sN;7N,O*’CINa requires 335.0923.

N-benzyl-3-chloro-N-(cyclopent-1-en-1-yl)isonicotinamide (1i)

c o Following general procedure A, N-cyclopentylidene-1-
phenylmethanamine (1.6 mmol) (from cyclopentanone (0.13 mL) and

(300 mg). The title compound was yielded as a colourless gum after

| benzylamine (0.23 mL)) was acylated with 3-chloroisonicotinoyl chloride
= f
purification (394 mg, 81% over 2 steps).

R;: 0.28 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1646 (C=0); 'H-NMR: (400 MHz;
CDCl;) & 8.44 (s, 1H, Py), 8.34 (d, J= 5.0 Hz, 1H, Py), 7.22 — 7.12 (m, 5H, Ar), 7.06 (d, J =
5.0 Hz, 1H, Ar), 5.06 (t, J = 2.0 Hz, 1H, NC=CH), 4.72 (s, 2H, PhCH>), 2.05 (m, 2H, CH,),
1.86 (m, 2H, CH>), 1.54 (m, J = 7.5 Hz, 2H, CH,); “C-NMR: (100 MHz, CDCl3) § 165.2
(C=0), 149.8 (Py), 147.6 (Py), 144.3 (Py), 140.8 (Py or NC=CH), 136.8 (Ph), 128.6 (Py or
NC=CH), 128.3 (Ph), 128.2 (Ph or NC=CH), 128.1 (Ph or NC=CH), 127.6 (Ph), 121.7 (Py),
49.2 (PhCH,), 32.6 (CH), 30.1 (CH,), 22.2 (CH,); m/z (ES": 335 (M(’CI)Na"),
337(M(’C1)Na’"); HRMS: found 313.1104 (MH"), CsH;,N,0’Cl requires 313.1103.

(E)-2-Benzyl-1-quinolin-4-yl-pent-3-en-1-one (1j)

rPh Following general procedure A, benzyl-prop-(£)-ylidene amine (1.5
mmol) (from benzylamine (0.17 mL) and propionaldehyde (0.10 mL))

O N
was acylated with quinolone-4-carbonyl chloride (315 mg). The title
X compound was yielded as a colourless gum after purification (286 mg,
| N 63% over 2 steps).

R;: 0.42 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1643 (C=0); 'H-NMR: (500 MHz,
CDCl, 2 rotamers (3:1)) 6 9.02 (d, J = 4.5 Hz, 1H,,4j, Qu), 8.80 (d, J = 4.5 Hz, 1H,ui», Qu),
8.20 (d, J = 8.5 Hz, 1H,,4;, Qu), 8.14 (d, J = 8.5 Hz, 1H,,,, Qu), 7.85-7.75 (m, 2H,.4, 2H i,
Qu,), 7.63-7.58 (m, 1H,g, 1H,in, Qu), 7.44-7.22 (m, 6H,,j, 4H,in, A1), 7.16 (d, J = 4.5 Hz,
1H,in, Ar), 7.04-7.03 (m, 2H,,;,, Ar), 6.09 (dd, J = 14.0, 1.0 Hz, 1H,,,;, NCH=CH), 5.21 (m,
1H,,s, NCH=CH), 5.17 (s, 2H,j, 2H,,, PhCHa,), 5.12 (dq, J = 14.0, 6.5 Hz, 1H,,,
NCH=CH,), 1.77 (dd, J = 6.5, 1.5 Hz, 3H,,i», CH3,), 1.38 (dd, J = 6.5, 1.5 Hz, 1H,,j, CH3,);
BC-NMR: (125 MHz; CDCl3) § 167.5 (C=0,,), 167.2 (C=0,.,), 150.0 (Qu,,), 149.8
(Quuin), 148.6 (Quuy), 148.3 (Quuin), 141.9 (Quygy), 141.8 (Quui) 136.7 (Ph,y,), 136.0
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(Phyin) 130.2 (QUpg), 130.2 (QUpin), 130.1 (QUingy), 130.1 (Quiin) 128.8 (Aryg), 128.8 (Arin),
128.1 (NCH=CH), 127.9 (Atmq), 127.8 (Almin), 127.4 (Almin), 127.2 (Alpg), 125.7 (QUpg),
125.6 (QUuin), 124.9 (QUiugy), 124.7 (QUpin), 124.2 (QUipgy), 124.0 (Quyin) 118.7 (Quyy), 117.5
(Qupin), 110.9 (NCH=CH,;,), 109.6 (NCH=CH,;,), 50.6 (PhCHa,,;»), 46.7 (PhCHyng), 15.6
(CHzpmin), 15.3 (CHzpg); m/z (ESY): 303 (20%, MH"), 325 (100%, MNa'); HRMS: found
303.1468 (MH") and 325.1315 (MNa'), C2H9ON, requires 303.1468 and CyH;sON,Na
requires 325.1311.

(E)-2-Benzyl-5-methyl-1-quinolin-4-yl-hex-3-en-1-one (1k)

Ph Following general procedure A, benzyl-[3-methyl-but-(£)-ylidene]-
o Nr _ amine (1.6 mmol) from 3-methyl-butraldehyde (0.18 mL) and
\/\r benzylamine (0.18 mL), was acylated with quinolone-4-carbonyl
X chloride (336 mg). The title compound was isolated as a by-product
| z as a pale yellow gum (322 mg, 61% over 2 steps).

Ry : 0.43 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1643 (C=0); 'H-NMR: (500 MHz,
CDCl, 2 rotamers (3:1)) 6 9.0 (d, J = 4.5 Hz, 1H,.;, Qu), 8.78 (d, J = 4.5 Hz, 1H,, Qu),
8.18 (d, J = 8.5 Hz, 1H,,4;, Qu), 8.13 (d, J 8.5 Hz, 1H,,, Qu), 7.85-7.75 (m, 2H,,.4j, 2H,sin,
Qu), 7.62-7.57 (m, 1H,,j, 1H,,,, Qu), 7.41-7.23 (m, 6H,,j, 4H,.;,, Ar), 7.12 (d, J = 4.5 Hz,
1H,in, A1), 7.02-7.03 (m, 2H,,;,, Ar), 6.02 (dd, J = 14.0, 1.0 Hz, 1H,,,,, NCH=CH), 5.15 (s,
2H, PhCH,), 5.13 (dd, J = 14.0, 7.0 Hz, 1H,,;,,, NCH=CH), 5.11 (dd, J = 14.0, 7.0 Hz, 1H,,,,,
NCH=CH), 2.43 (q, J = 7.0 Hz, 1H,,,,, CH(CH3),), 1.94 (q, J = 7.0 Hz, 1H,,,;, CH(CHs),),
1.02 (d, J = 6.5 Hz, 6H,,,,, CH3), 0.67 (d, J = 6.5 Hz, 6H,,,;, CH3); "C-NMR: (100 MHz,
CDCl3) 8 167.6 (C=0,.4)), 167.4 (C=0,i), 149.9 (Quy), 149.8 (Quyin), 148.5 (Qu,g), 148.3
(QUpuin), 142.0 (QUyg), 141.9 (Quyin), 136.7 (Phyy), 136.0 (Phy,), 130.2 (Quug) 130.1
(Quing), 30.1 (Quiin), 128.7 (Atpy), 128.7 (Atyin), 127.9 (Atmin), 127.8 (Alna), 127.4 (Alpin),
127.4 (Afyg), 125.8 (Atu), 125.5 (NCH=CH), 125.0 (Al,y), 124.7 (Atyn), 124.2 (Ar,),
124.0 (Atwin), 123.5 (QUug), 123.4 (Quuin), 122.9 ((C)CH(CHs),), 118.8 (Quyg), 117.5
(QUpin), 50.5 (PhCHy,in), 47.0 (PhCHy,y), 29.7 (CH(CHs),), 29.2 (CH(CHs),), 22.6 (CH3),
22.5 (CH3); m/z (ESY): 331 (100%, MH"); HRMS: found 331.1808 (MH"), CyH2:N,O
requires 331.1805.

N-Benzyl-N-cyclopent-1-enyl-2-((1Z,3Z)-penta-1,3-1,3-dienyl)-isonicotinamide (11)

rPh Following general procedure A, benzyl-cyclopentylidene-amine (1.7

O< N mmol) (from cyclopentanone (0.14 mL) and benzylamine (0.24 mL))
was acylated with quinolone-4-carbonyl chloride (357 mg, 1.9 mmol).
X The title compound was isolated as a by-product as a colourless gum

| N (354 mg, 63%).

R;: 0.39 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1644 (C=0); 'H-NMR: (400 MHz,
CDCls, 2 rotamers (8:1)) 6 8.89 (d, J = 4.0 Hz, 1H,,,;, Qu), 8.84 (m, 1H,i», Qu), 8.12 (d, J =
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8.0 Hz, 1H,,4, 1H,,,, Qu), 7.96 (d, J= 8.0 Hz, 1H,,,;, Qu), 7.91 (m, 1H,,,, Qu), 7.74 (dd, J =
7.5, 7.0 Hz, 1H,.45, 1H,, Qu), 7.51 (dd, J = 7.5, 7.0 Hz, 1H,.j, 1H,,, Qu), 7.45-7.30 (m,
6H 10> 4H,in, A1), 7.23 (m, 1H,,in, Ar), 7.03 (m, 1H,,, Ar), 5.74 (m, 1H,,,;,, NC=CH), 5.02 (s,
1H,,,j, NC=CH), 4.99 (s, 2H,,,j, PhCH,), 4.56 (m, 2H,,;,, PACH}), 2.87 (m, 2H,in, CHa), 2.40
(m, 2H,,i, CH,), 2.07 (m, 2H,,4;, CHa), 1.98 (m, 2H,,,;,, CH>), 1.84 (m, 2H,,,;, CH,), 1.55 (m,
2H,.5, CH,); C-NMR: (100 MHz, CDCls, only 1 rotamer observed): 167.7 (C=0), 149.5
(Qu), 148.3 (NC=CH), 143.4 (Qu), 141.5 (Qu), 137.3 (Ph), 129.9 (Qu), 129.8 (Qu), 128.6
(Ph), 128.3 (Ph), 127.6 (Qu), 127.6 (NC=CH), 127.4 (Ar), 125.2 (Qu), 124.9 (Qu) 117.8
(Qu), 49.7 (PhCH,), 32.8 (CH,), 30.0 (CH,), 22.2 (CH,); m/z (ES™): 351 (100%, MNa");
HRMS: found 329.1657 (MH"), C2H,0ON, requires 329.1649.



General Procedure B for Dearomatising Cyclisations

(0] //Ph
+
(@)
I X N Ph E™, base N i
—>
N 2/
Z %\RZ CH,Cl, [ 1
R’ M

Cyclisation precursor was dissolved in dichloromethane (0.05M). The solution was cooled to
0 °C and 2,6-lutidine or 2,6-di-tert-butyl-4-methylpyridine (1-3 eqiuv.) and triflic anhydride
or methylchloroformate or 2,2,2-trichloroethylchloroformate or (/R)-(-)-menthyl
chloroformate (1 equiv.) were added sequentially. After 30 minutes the solution was
quenched by saturated sodium hydrogen carbonate solution (0.2M) and extracted twice using
dichloromethane (0.2M). Organic layers were dried with MgSQO,, filtered and evaporated
under reduced pressure. The residue was purified by flash chromatography (SiO,,
EtOAc:petrol 1:19) to yield the spirocyclic dihydropyridine.

2-Benzyl-4-methyl-1-0x0-2,8-diaza-spiro [4.5] deca-3,6,9-triene-8-carboxylic acid tri-
fluoro-methyl ester (2a)

Ph  Following general procedure B, the title compound was obtained from

O N N-benzyl-N-((E)-propenyl)-isonicotinamide 1a (0.41 mmol) using 2,6-di-
= / tert-butyl-4-methylpyridine (1.23 mmol) after purification as an
N~ amorphous solid (59%).

R;: 0.68 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1701 (C=0); 'H-NMR: (400 MHz,
CDCl3) & 7.38-7.23 (m, 5H, Ph), 6.84 (d, J= 8.0 Hz, 2H, NCH=CH), 5.96 (s, |H, NCH), 4.83
(d, J = 8.0 Hz, 2H, NCH=CH), 4.58 (s, 2H, PhCH,), 1.66 (s, 3H, CH;); “C-NMR: (100
MHz; CDCl3) & 178.5 (CO), 136.2 (Ph), 132.9 ((C)CH3), 128.9 (Ph), 128.0 (Ph), 127.8 (Ph),
124.8 (NCH), 124.3 (NCH=CH), 108.3 (NCH=CH), 52.2 (C), 46.0 (PhCH,), 10.7 (CHs);
m/z (ESY): 385.1 (100%, MH"), 407.1 (30%, HNa"); HRMS: found 407.0648 (MNa"),
C17H15N203F3$Na requires 407.0647.

2-Benzyl-4-isopropyl-1-oxo-2,8-diaza-spiro[4.5]deca-3,6,9-triene-8-carboxylic acid tri-
fluoro-methyl ester (2b)

//Ph Following general procedure B, the title compound was obtained from N-

O N benzyl-N-((E)-3-methyl-but-1-enyl)-isonicotinamide 1b (0.41 mmol)
= / using 2,6-di-tert-butyl-4-methylpyridine (1.23 mmol) as white amorphous
N solid after purification (49%).

T

Ry : 0.70 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1698 (C=0); "H-
NMR: (400 MHz, CDCls) 6 7.32-7.14 (m, 5H, Ph), 6.72 (d, J = 8.0 Hz, 2H, NCH=CH), 5.88
(d, J=1.5Hz, 1H, NCH), 4.78 (d, J = 8.0 Hz, 2H, NCH=CH), 4.50 (s, 2H, PhCH,), 2.30 (dq,
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J =170, 1.5 Hz 1H, CH), 0.98 (d, J = 7.0 Hz, 6H, CH3); "C-NMR: (100 MHz, CDCl;) &
178.1 (C=0), 136.2 (Ph), 134.1 ((C)CH3), 128.9 (Ph), 127.9 (Ph), 127.8 (Ph), 124.4 (NCH),
123.8 (NCH=CH), 109.4 (NCH=CH), 52.4 (C), 46.1 (PhCH,), 26.1 (CH(CH3),), 22.5 (2 x
CH;); m/z (ES"): 413.4 (5%, MH"), 435.2 (100%, MNa"); HRMS: found 453.0934 (MNa"),
C19H19N203$F3Na requires 435.0936.

3-Methylene-8-trifluoromethanesulfonyl-1,8-diaza-spiro[4.5]deca-6,9-diene-2-one (2d)

//F’h Following general procedure B, the title compound was obatained from

O N N-benzyl-N-isopropenyl-isonicotinamide 1d (0.55 mmol), using 2,6-di-
= tert-butyl-4-methylpyridine (0.55 mmol), as a white amorphous solid
N_ after purification (74%).

Ry : 0.89 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1685 (C=0); '"H-NMR: (400 MHz,
CDCl3) & 7.29-7.13 (m, 5H, Ph), 6.62 (d, J = 8.5 Hz, 2H, NCH=CH), 4.98 (d, J = 8.5 Hz, 2H,
NCH=CH), 4.63 (s, 2H, PhCH>), 4.26 (dd, J = 8.5, 2.0 Hz, 1H, NC=CH>), 4.14 (m, 1H,
NC=CH>), 2.65 (s, 2H, CH,); “C-NMR: (100 MHz, CDCl;) & 178.2 (C=0), 141.8
(N(C)=CH,), 135.7 (Ph), 128.8 (Ph), 127.7 (Ph), 127.3 (Ph), 124.3, 122.7 (NCH=CH), 110.8
(NCH=CH), 87.6 (NC=CH,), 44.4 (C), 43.8 (PhCH,), 42.9 (CH,); m/z (ES™): 407.2 (100%,
MNa"); HRMS: found 407.0641 (MNa"), C;7H;503N,F3NaS requires 407.0648.

1-Benzyl-1’-(trifluoromethylsulfonyl)-4,5-dihydro-1H,1’Hspiro[cyclopenta[b|pyrrole -
3,4’-pyridin]-2(3aH)-one (2¢)

pPh Following procedure B, the title compound was obtained from N-benzyl-

O _N cyclopent-1-enyl-isonicotinamide 1e (0.47 mmol), using 2,6-di-tert-
y butyl-4-methylpyridine (1.41 mmol), as a whit amorphous solid after
N. purification (77%).

T
Ry : 0.75 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1676 (C=0); '"H-NMR: (400 MHz,
CDCl3) § 7.29 (m, 5H, Ph), 6.69 (d, J = 8.5 Hz, 1H, NCH=CH), 6.63 (d, J = 8.5 Hz, 1H,
NCH=CH), 5.01 (dd, J = 8.5, 2.0 Hz, 1H, NCH=CH), 4.82 (dd, J = 8.5, 2.0 Hz, 1H,
NCH=CH), 4.66 (dd, J = 3.0, 1.5 Hz, 1H, NC=CH), 4.57 (d, J = 15.0 Hz, 1H, PhCH,), 4.53
(d, J=15.0 Hz, 1H, PhCH>), 2.83 (dt, J= 8.0, 2.0 Hz, 1H, CH), 2.50-2.35 (m, 2H, CH,), 1.79
(m, 1H, CH»), 1.56 (m, 1H, CH,); “C-NMR: (100 MHz, CDCl;) & 177.4 (C=0), 143.4
(N(C)=CH), 135.9 (Ph), 128.7 (Ph), 127.9 (Ph), 127.8 (Ph), 123.7 (NCH=CH), 123.4
(NCH=CH), 111.7 (NCH=CH), 107.3 (NCH=CH), 98.8 (N(C)=CH), 55.4 (C), 48.7 (CH),
45.9 (PhCH,), 33.0 (CH,), 23.8 (CH); m/z (ES"): 433.3 (100%, MNa"); HRMS: found
433.0811 (MNa+), Ci19H1703N,F;NaS requires 433.0804.
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1-Benzyl-1’-(trifluoromethylsulfonyl)-4,5-dihydro-1H,1’Hspiro[cyclohexa[b]pyrrole-
3,4’-pyridin]-2(3aH)-one (2f)

//Ph Following general procedure B, the title compound was obtained from

O N N-benzyl-N-cyclohex-1-enyl-isonicotinamide 1f (0.77 mmol), using 2,6-
= di-tert-butyl-4-methylpyridine (0.77 mmol), as a white amorphous solid
N~ after purification (81%).

Tf
Ry : 0.85 (EtOAc: petrol 1:1); IR: (vmax(film)/cm™) 1678 (C=0); 'H-NMR: (400 MHz,
CDCl3) & 7.27-7.15 (m, 5H, Ph), 6.72 (dd, J = 8.5, 1.0 Hz, 1H, NCH=CH), 6.59 (dd, J = 8.5,
1.0 Hz, 1H, NCH=CH), 4.98 (dd, J = 8.5, 2.5 Hz, 1H, NCH=CH), 4.95 (dt, J = 5.0, 2.5 Hz,
1H, NC=CH), 4.86 (d, J = 8.5, 2.5 Hz, 1H, NCH=CH), 4.60 (d J = 15.0 Hz, 1H, PhCH,)
4.55 (d, J = 15.0 Hz, 1H, PhCH,), 2.36 (m, 1H, CH), 2.04-1.97 (m, 2H, CH>), 1.85 (m, 1H,
CH,), 1.68 (m, 1H, CH,), 1.43 (m, 1H, CH,), 1.31 (m, 1H, CH,); “*C-NMR: (100 MHz,
CDCl3) & 174.0 (C=0), 137.5 (N(C)=CH), 136.3 (Ph), 128.7 (Ph), 127.6 (Ph), 127.4 (Ph),
1242 (NCH=CH), 123.1 (NCH=CH), 110.8 (NCH=CH), 108.2 (NCH=CH), 101.0
(N(C)=CH), 48.4 (C), 47.4 (CH), 44.2 (PhCH,), 23.3 (CH,), 22.4 (CH,), 21.7 (CH,); m/z
(ES™): 447.0 (20%, MNa"); HRMS: found 447.0972 (MNa"), C,0H;sN,O3F3SNa requires
447.0961.

1',5'-Dibenzyl-1-((trifluoromethyl)sulfonyl)-3a',4',5',6'-tetrahydro-1H-spiro[pyridine-
4,3'-pyrrolo[3,2-c]pyridin]-2'(1'H)-one (2g)

//F’h Following general procedure B, the title compound was obtained from

N-benzyl-N-(1-benzyl-1,2,3,6-tetrahydropyridin-4-yl)isonicotin-amide
1g (0.27 mmol), using 2,6-lutidine (0.27 mmol), as a white amorphous
solid after purification (38%).

Ph> Ry : (EtOAc:Petrol 1:1): 0.90; IR: (vmax(film)/cm™) 1699 (C=0); 'H-
NMR: (400 MHz, CDCls) § 7.33-7.21 (m, 10H, Ph), 6.75 (d, J= 8.0 Hz,
1H, NCH=CH), 6.61 (d, J = 8.0 Hz, 1H, NCH=CH), 5.05 (dd, J = 8.0, 2.0 Hz, 1H,
NCH=CH), 4.93 (ap t, J = 2.0 Hz, 1H, NC=CH), 4.88 (dd, J = 8.0, 2.0 Hz, 1H, NCH=CH),
4.67 (d, J = 15.0 Hz, 1H, PhCH,), 4.50 (d, J = 15.0 Hz, 1H, PhCH>), 3.66 (d, J = 13.0 Hz,
1H, PhCH,), 3.58 (d, J = 13.0 Hz, 1H, PhCH,), 3.34 (ap dt, J = 15.5, 2.0 Hz, 1H,
NC=CHCH>), 2.90 (dd, J = 10.0, 4.5 Hz, 1H, CHCH,), 2.82 (ap dt, J = 15.5, 2.0 Hz, 1H,
NC=CHCH>), 2.74 (m, 1H, CHCH>), 2.23 (t, J = 10.0 Hz, 1H, CH); *C-NMR: (125 MHz,
CDCl3) & 173.8 (C=0), 137.6 (NC=CH), 136.5 (Ph), 136.0 (Ph), 129.0 (Ph), 128.8 (Ph),
128.4 (Ph), 127.7 (Ph), 127.5 (Ph), 127.4 (Ph), 124.4 (NCH=CH), 123.1 (NCH=CH), 110.6
(NCH=CH), 107.5 (NCH=CH), 99.0 (NC=CH), 62.4 (PhCH,), 51.4 (CH,), 49.4 (C), 47.5
(CH,), 47.0 (CH), 44.5 (PhCH,); m/z (ES"): 550 (50% M>>CI"). Mass cannot be seen in ES™.
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1-Benzyl-4-methyl-1’-(trifluoromethane)sulfonyl-1,2-dihyro-1’H-spiro{pyrrole-3,4°’-
quinoline]-2-one (2j)

Following general procedure B, the title compound was obtained from (E)-2-
benzyl-1-quinolin-4-yl-pent-3-en-1-one 1j (0.36 mmol) using 2,6-di-tert-
butyl-4-methylpyridine (0.36 mmol), as a pale yellow gum after purification
(87 mg, 56%).

1 R;: 0.81 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1706 (C=0); 'H-NMR:

(300 MHz, CDCl3) & 7.95 (d, J = 8.5 Hz, 1H, Ph), 7.42-7.18 (m, 7H, Ph),

7.09 (d, J = 8.0 Hz, 1H, NCH=CH), 6.86 (dd, J = 7.5, 1.5 Hz, 1H, Ph), 6.14 (d, J = 1.5 Hz,

1H, NCH), 5.12 (d, J = 8.0 Hz, 1H, NCH=CH), 4.69 (d, J = 15.0 Hz, 1H, PhCH>), 4.55 (d, J

=15.0 Hz, 1H, PhCH,), 1.58 (d, J = 1.5 Hz, 3H, CH;); “C-NMR: (75 MHz, CDCl3) § 178.3

(C=0), 136.4 (Ph), 133.9 (NCH=(C)Me), 129.0 (Ph), 128.7 (Ph), 128.0 (Ph), 127.9 (Ph),

127.4 (Ph), 127.3 (Ph), 127.2 (NCH=CH), 126.0 (Ph), 125.2 (NCH), 123.9 (Ph), 120.3 (Ph),

111.3 (NCH=CH), 55.8 (C), 46.0 (PhCH,), 10.7 (CH3); m/z (ES"): 435 (20%, MH"), 457
(100%, MNa"); HRMS: found 435.0972 (MH"), C,;H,35N,05F3S requires 435.0985.

1-Benzyl-4-(propan-2-yl)-1’-(trifluoromethane)sulfonyl-1,2-dihyro-1’H-spiro{pyrrole-
3,4’-quinoline]-2-one (2Kk)

Following general procedure B, the title compound was obtained from (£)-
2-benzyl-5-methyl-1-quinolin-4-yl-hex-3-en-1-one 1k (0.23 mmol) and
2,6-di-tert-butyl-4-methylpyridine (0.23 mmol), as an orange gum after
purification (58 mg, 53%).

Tf R; : 0.72 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1710 (C=0); 'H-
NMR: (500 MHz, CDCl;) & 7.96 (d, J = 8.0 Hz, 1H, Ph), 7.40-7.27 (m, 6H, Ph), 7.18 (dd, J =
8.0, 1.0 Hz, 1H, Ph), 7.07 (d, J = 8.0 Hz, 1H, NCH=CH), 6.85 (dd, J = 8.0, 1.5 Hz, 1H, Ph),
6.15 (d, J= 1.5 Hz, 1H, NCH), 5.12 (d, J = 8.0 Hz, 1H, NCH=CH), 4.70 (d, J=15.0 Hz, 1H,
PhCH>), 4.55 (d, J=15.0 Hz, 1H, PhCH,), 2.23 (dq, J= 7.0, 1.5 Hz, 1H, CH(CH3),), 0.94 (d,
J=6.5Hz, 3H, CHs), 0.73 (d, J = 6.5 Hz, 3H, CH;); *C-NMR: (125 MHz, CDCl;): 178.3
(C=0), 136.4 (Ph), 135.2 (Ph or (C)CH(CHj3),), 133.6 (Ph or (C)CH(CHs),),), 129.0 (Ph),
128.8 (Ph), 128.0 (Ph), 127.9 (Ph), 127.8 (Ph), 127.0 (Ph), 126.4 (NCH=CH), 125.4 (Ph),
125.3 (NCH), 120.1 (Ph), 111.3 (NCH=CH), 55.8 (C), 46.1 (PhCH,), 26.1 (CH(CHs),), 22.7
(CH(CHs),), 22.1 (CH(CH3),); m/z (ES): 463 (80%, MH"), 480 (100%, MNa"); HRMS:
found 463.1288 (MH+), C23H2,05F;S requires 463.1298.
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3-Benzyl-1’-(trifluoromethane)sulfonyl-1,2-dihydro-1"H,2H-spiro[cyclopenta[b]pyrrole-
1,4’-quinoline]-2-one (21)

Following general procedure B, the title compound was obtained from N-

benzyl-N-cyclopent-1-enyl-2-((/Z,3Z)-penta-1,3-1,3-dienyl)-
isonicotinamide 11 (0.37 mmol) (using and 2,6-lutidine (0.37 mmol) as an
unstable orange gum, containing 2 diastereoisomers (122 mg, 72%, d.r. 3:2).

L R;: 0.92 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1673 (C=0); '"H-NMR:
(400 MHz, CDCl;, tentatively assigned due to compound’s instability) &
7.87 (m, 1H,.4;, Qu), 7.84 (m, 1H,,,, Qu), 7.38-7.31 (m, 9H,.4, 7H,in, Ar), 7.19 (m, 1H,,,,
Qu), 7.17 (m, 1H,s, Qu), 7.08 (m, 1H,, Qu), 6.98 (d, J = 8.0 Hz, 1H,,,;, NCH=CH), 6.94
(d, J = 8.0 Hz, 1H,;,, NCH=CH), 6.58 (m, 1H,;,, Qu), 5.62 (d, J = 8.0 Hz, 1H,,,
NCH=CH), 5.09 (m, 1H,,,, NCH=CH), 4.89 (m, 1H,,,,, CH), 4.83 (d, J = 15.0 Hz, 1H,.,,
PhCH,), 4.81 (m, 1H, CH), 4.79 (d, J = 15.0 Hz, 1H,,,;, PACH,), 4.75 (d, J = 15.0 Hz, 1H,,,,,
PhCH,), 4.68 (d, J = 15.0 Hz, 1H,,,, PhCH,), 3.35 (m, 1H,,;, NC=CH), 3.16 (m, 1H,,,
NC=CH), 2.50 (m, 2H,.,;, CH>), 2.33 (m, 2H,,;,, CH,), 1.85 (m, 1H,,,;, CH,), 1.76-1.58 (m,
1H,.j, 2H,in, CH,); “C-NMR: (100 MHz, CDCls): 177.8 (C=0), 143.5 (Ar), 136.0 (Ar),
133.9 (Ar), 128.8 (Ar), 128.8 (Ar), 128.7 (Ar), 128.3 (Ar), 127.9 (Ar),127.3 (Ar), 126.6
(NCH=CH), 120.0 (Ar), 111.0 (NCH=CH), 98.7 (CH), 57.5 (NC=CH), 52.8 (C), 46.1
(PhCH,), 33.0 (CH,), 24.9 (CH,); m/z (ES™): 943 (100%, 2MNa"); HRMS: found 483.0967
(MNa"), C23H1903N,F3NaS requires 483.0961.

Trifluoro-methanesulfonic acid-6-methyl pyridine-2-ylmethyl ester (5)

Following general procedure B, the title compound was obtained from

NS s’OCF3 N-benzyl-N-((E)-propenyl)-isonicotinamide 1a (0.45 mmol), using
l = o 2,6-lutidine (0.45 mmol), as a by-product. The yield was not

calculated.

R;: 0.72 (EtOAc: petrol 1:2); "TH-NMR: (300 MHz, CDCl3) § 7.57 (t, J = 7.5 Hz, 1H, Py),
7.17 (d, J = 7.5 Hz, 1H, Py), 7.10 (d, J = 7.5 Hz, 1H, Py), 5.34 (d, J = 12.5 Hz, 1H, CH,),
5.10 (d, J=12.5 Hz, 1H, CH,), 2.52 (s, J = 2.5 Hz, 3H, CHs); *C-NMR: (75 MHz, CDCl;) &
158.6 (Ar), 153.11 (Ar), 137.4 (Ar), 123.4 (Ar), 119.1 (Ar), 70.2 (CH,OSOCF;3), 24.3 (CH3);
m/z (ES): 262.0 (100%, MNa"), 501.1 (10%, M,Na"); HRMS: found 262.0129 (MNa"),
C3HgF3NO,SNa requires 262.0126. All data is in accordance with those previously reported.?

* Binkley, R. W.; Ambrose, M. G., J. Org. Chem., 1983, 48, 1776.
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2-Benzyl-3-hydroxy-8-((trifluoromethyl)sulfonyl)-2,8-diazaspiro[4.5]deca-6,9-dien-1-one
(6¢)

Ph Following general procedure B, the title compound was obtained from
r N-benzyl-N-vinylisonicotinamide 1¢ (0.18 mmol) (using 2,6-lutidine

0]
N oH (0.18 mmol)) compound as a colourless oil (0.034 g, 49%).
z
Nz Rs: 0.56 (EtOAc:hexane 1:1); IR: (vmax(film)/cm™) 3356 (OH), 1674

Tf”
(C=0); '"H-NMR: (400 MHz, CDCls) § 7.25-7.36 (m, 5H, Ph), 6.67

(dd, J = 8.5, 1.0 Hz, 1H, NCH=CH), 6.58 (dd, J = 8.5, 1.0 Hz, 1H, NCH=CH), 5.27 (dd, J =
8.5, 1.0 Hz, 1H, NCH=CH), 5.08 (dd, J = 6.0, 2.0 Hz, 1H, CHOH), 4.87 (dd, J= 8.5, 1.0 Hz,
1H, NCH=CH), 4.79 (d, J 15.0, 1H, PhCH,), 4.26 (d, J 15.0, 1H, PhCH>), 3.29 (1H, br s,
OH), 2.17 (1H, dd, 14.0, 6.0, CH,), 2.03 (1H, dd, 14.0, 2.0, CH,); “C-NMR: (400 MHz,
CDCl3) & 174.0 (C=0), 136.0 (Ph), 129.0 (Ph), 128.3 (Ph), 128.0 (Ph), 123.1 (NCH=CH),
121.7 (NCH=CH), 112.6 (NCH=CH), 111.3 (NCH=CH), 79.6 (NCHOH), 46.1, (CH,), 44.4
(PhCH,), 44.1 (C); m/z (ES"): 389.0 (100%, MH"); HRMS: found 389.0769 (MH"),
Ci6H15N204F;S requires 389.0777.

1-Benzyl-6a-hydroxy-1'-((trifluoromethyl)sulfonyl)-4,5,6,6a-tetrahydro-1H,1'H-
spiro[cyclopenta[b]pyrrole-3,4'-pyridin]-2(3aH)-one (6e)

pp Following procedure B, the title compound was obtained from N-
benzyl-cyclopent-1-enyl-isonicotinamide 1e (0.53 mmol), using 2, tert-
butyl-4-methylpyridine (0.53 mmol), as a white solid after purification
(76%).

Tf”
Ry : 037 (EtOAc:petrol 1:2); m.p: 167-169 °C (EtOAc); IR:

(vmax(film)/cm™) 3350 (O-H), 1667 (C=0); "H-NMR: (300 MHz, CDCl3) & 7.36-7.29 (m,
5H, Ph), 6.77 (d, J = 8.5 Hz, 1H, NCH=CH), 6.58 (d, J = 8.5 Hz, 1H, NCH=CH), 5.23 (dd, J
= 8.5, 2.5 Hz, 1H, NCH=CH), 4.98 (dd, J = 8.5, 2.5 Hz, |H, NCH=CH), 4.66 (d, J=15.0 Hz,
1H, PhCH,), 4.46 (d, J = 15.0 Hz, 1H, PhCH,), 2.30 (dd, J = 8.5, 7.0 Hz, 1H, CH), 2.25 (s,
1H, OH), 1.90 (m, 2H, CH>), 1.77 (m, 2H, CH>), 1.57 (m, 2H, CH,); “C-NMR: (75 MHz,
CDCl;3) & 174.2 (C=0), 137.8 (Ph), 128.9 (Ph), 128.2 (Ph), 127.8 (Ph), 123.7 (NCH=CH),
121.1 (NCH=CH), 113.7 (NCH=CH), 108.7 (NCH=CH), 99.2 (C), 59.7 (COH), 46.3 (CH),
43.7 (PhCH,), 38.4 (CH,), 26.2 (CH,), 24.6 (CH,); m/z (ES): 429 (50%, MH"), 451 (100%,
MNa"); HRMS: found 429.1097 (MH"), C1oH2N,04F3S requires 429.1091.

1-Benzyl-2'-chloro-6a-hydroxy-1'-((trifluoromethyl)sulfonyl)-4,5,6,6a-tetrahydro-
1H,1'H-spiro[cyclopenta[b]pyrrole-3,4'-pyridin]-2(3aH)-one (6h)

Following general procedure B, the triene compound was obtained from N-benzyl-2-chloro-
N-(cyclopent-1-en-1-yl)isonicotinamide 1h (0.65 mmol) using 2,6-lutidine (0.76 mL, 0.65
mmol). The resultant gum (after removal of the solvent) was stirred in 1M HCl/diethylether
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(3.25 mL). The title compound was yielded as a mixture of diastereoisomers (A:B) and
isolated as a white solid (217 mg, 73% combined yield, d.r. 1:1).

ph Diastereoisomer A (6h): Ry : 044 (EtOAc:petrol 1:2); IR:
N oy (vmax(film)/em™) 3338 (O-H), 1668 (C=0); 'H-NMR: (400 MHz,

N

AN, CDCL) § 7.35-7.29 (m, 5H, Ar), 6.81 (d, J = 7.5 Hz, 1H, NCH=CH),
NS 5.59 (d, J = 2.0 Hz, 1H, NCCI=CH), 5.21 (d, J = 7.5, 2.0 Hz, 1H,
Tt WCI/ NCH=CH), 4.60 (d, J = 15.0 Hz, 1H, PhCH>), 4.46 (d, J = 15.0 Hz, 1H,

PhCH,), 2.60 (s, 1H, OH), 2.36 (dd, J= 9.0, 7.0 Hz, 1H, CHCOH), 1.93
(m, 2H, CH>), 1.74 (m, 2H, CH>), 1.53 (m, 2H, CH,); *C-NMR (100 MHz, CDCl3) § 173.5
(C=0), 137.5 (Ph), 128.9 (Ph), 128.1 (Ph), 127.9 (NCCI=CH), 127.6 (Ph), 123.6 (NCH=CH),
118.5 (NCCI=CH), 112.4 (NCH=CH), 99.4 (C), 58.2 (COH), 49.3 (CH), 43.7 (PhCH,), 38.1
(CHa), 26.7 (CH,), 24.4 (CH,); m/z (ES"): 485 (M(*’CI)Na"), 487 (M(*’CI)Na’); HRMS:
found 463.0694 (M(*>C)H"), CoH,sN,04F3>CIS requires 463.0701.

Diastereoisomer B (6h’): Ry : 0.36 (EtOAc:petrol 1:2); IR:
(vmax(film)/cm™) 3338 (O-H), 1669 (C=0); 'H-NMR: (400 MHz,
CDCls) 6 7.34-7.28 (m, 5H, Ph), 6.64 (d, J = 7.5 Hz, 1H, NCH=CH),
- /I 5.48 (dd, J = 7.5, 2.0 Hz, 1H, NCCI=CH), 5.40 (d, J = 2.0 Hz, 1H,
L o NCH=CH), 4.66 (d, J=15.0 Hz, 1H, PhCH>), 4.43 (d, J=15.0 Hz, 1H,
PhCH,), 2.33 (dd, J = 9.0, 7.0 Hz, 1H, CH), 2.29 (s, 1H, OH), 1.94 (m,
2H, CH,), 1.76 (m, 2H, CH,), 1.53 (m, 2H, CH,); “C-NMR: (100 MHz, CDCls) & 173.4
(C=0), 137.5 (Ph), 129.0 (Ph), 128.1 (Ph), 127.9 (Ph), 125.4 (NCCI=CH), 125.1 (NCH=CH),
117.5 (NCCI=CH), 114.6 (NCH=CH), 99.4 (C), 58.4 (COH), 49.5 (CH), 43.7 (PhCH,), 38.2
(CHa), 27.0 (CH,), 24.3 (CH,); m/z (ES): 485 (M(*’C)Na"), 487 (M(*’Cl)Na"); HRMS:
found 463.0694 (M(*>C)H"), CoH,sN,04F3>CIS requires 463.0701.

1-Benzyl-3'-chloro-6a-hydroxy-1'-((trifluoromethyl)sulfonyl)-4,5,6,6a-tetrahydro-
1H,1'H-spiro[cyclopenta|b]pyrrole-3,4'-pyridin]-2(3aH)-one (6i)

Following general procedure B, the triene compound was obtained from N-benzyl-3-chloro-
N-(cyclopent-1-en-1-yl)isonicotinamide 1i (1.6 mmol) and 2,6-lutidine (1.6 mmol). The
resultant gum (after removal of the solvent) was stirred in 1M HCl/diethylether (4.80 mL).
The title compound was yielded as a mixture of diastereoisomers (A:B) and isolated as a
white solid (495 mg, 67% combined yield, d.r. 3:2).

ph Diastereoisomer A (6i): Ry : 0.56 (EtOAc:petrol 1:2); IR:

0 N// oy (vmax(film)em™) 3324 (O-H), 1675 (C=0); '"H-NMR: (400 MHz,
/% CDCl3) 6 7.37-7.27 (m, 5H, Ph), 6.90 (s, 1H, NCH=CCI), 6.77 (d, J =
NG 8.0 Hz, 1H, NCH=CH), 4.97 (d, J= 8.0 Hz, 1H, NCH=CH), 4.62 (d, J =
15.0 Hz, 1H, PhCH), 4.54 (d, J = 15.0 Hz, 1H, PhCH>), 2.62 (dd, J =

9.5, 4.0 Hz, 1H, CHCOH), 2.50 (s, 1H, COH), 1.82 (m, 1H, CH,), 1.75-1.63 (m, 1H, CH,),

1.30 (m, 1H, CH,); “C-NMR: (125 MHz, CDCl3) § 171.8 (CO), 137.9 (Ph), 128.6 (Ph),
1282 (Ph), 127.6 (Ph), 122.4 (NCH=CCI), 120.5 (NCH=CH or NCH=CCl), 120.3
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(NCH=CH or NCH=CCI), 108.8 (NCH=CH), 99.2 (C), 56.1 (CH), 52.3 (COH), 44.1
(PhCH,), 37.6 (CH,), 269 (CH,), 249 (CH,); m/z (ES): 485 (M(*’CI)Na"), 487
MC’CI)Na"); HRMS: found 463.0696 (M(*>CI)H") CoH;sN,04F5CIS requires 463.0701.

Ph Diastereoisomer B (6i’): (Characterised contaminated with
NN OH diastereoisomer A) Ry: 0.52 (EtOAc:petrol 2:1); IR: (vmax(film)/cm™)
/\t)’ 3348 (O-H), 1672 (C=0); "H-NMR: (400 MHz, CDCl3) § 7.39-7.27 (m,
J\m 5H, Ph), 7.01 (s, 1H, NCHCCI), 6.56 (d, J = 8.0 Hz, 1H, NCHCH), 5.30
(d, J=8.0 Hz, 1H, NCHCH), 4.77 (d, J= 15.0 Hz, 1H, PhCH,), 4.43 (d,
J=15.0 Hz, 1H, PhCH>), 2.75 (s, 1H, COH), 2.32 (dd, J = 9.5, 7.0 Hz, 1H, CH), 1.99-1.65
(m, 6H, CH,); “C-NMR: (125 MHz, CDCl3) § 171.7 (CO), 137.3 (Ph), 128.7 (Ph), 128.5
(Ph), 127.8 (Ph), 122.9 (NCH=CCI), 120.5 (NCH=CH or NCH=CCI), 120.3 (NCH=CH or
NCH=CCI), 109.0 (NCH=CH), 99.3 (C), 61.0 (CH), 52.7 (COH), 44.0 (PhCH,), 38.7 (CH,),
25.6 (CHa), 25.3 (CH); m/z (ES): 485 (M(*>C)Na"), 487 (M(*’CI)Na’"); HRMS: found
463.0696 (M(*>C1)H"), C19H,sN,O4F5CIS requires 463.0701.

N
T

1-Benzyl-6a-hydroxy-1'-((trifluoromethyl)sulfonyl)-4,5,6,6a-tetrahydro-1H,1'H-
spiro[cyclopenta[b]pyrrole-3,4'-quinolin]-2(3aH)-one (61)

Ph— HO Ph— HO Following general procedure B, the title compound was
N—% N ‘\\\> obtained from N-benzyl-N-cyclopent-1-enyl-2-((/Z,37)-
O R 0 R """ penta-1,3-1,3-dienyl)-isonicotinamide 11 (0.54 mmol) and
©‘\ ©\ | 2,6-di-tert-butyl-4-methyl-pyridine  (0.54 mmol), as a
N N mixture of two diastereoisomers and a clear gum (197 mg,

Tf Tf

76%, d.r. 1.3:1).
The two diasteroisomers could not be separated by flash chromatography.

R;: 0.28 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 3360 (O-H), 1667 (C=0); 'H-NMR:
(500 MHz, CDCl3) & 7.84 (dd, J = 8.0, 1.5 Hz, 1H,,,, Ph), 7.82 (dd, J = 8.0, 1.5 Hz, 1H,,,,
Ph), 7.49-7.47 (m, 2H,,4;, 2H,.in, Ph), 7.40-7.19 (m, 5H,.4j, SH,n, Ph), 7.15 (dd, J = 7.5, 1.5
Hz, 1H,,,, Ph), 7.02 (dd, J = 7.5, 1.5 Hz, 1H,,,, Ph) 7.00 (d, J = 7.5 Hz, 1H,,,;, NCH=CH),
6.81 (d, J= 7.5 Hz, 1H,,;,, NCH=CH), 5.81 (d, J=7.5 Hz, 1H,,;,, NCH=CH), 5.53 (d, J=17.5
Hz, 1H,.,, NCH=CH), 4.75 (d, J = 14.5 Hz, 1H,,,, PhCH,), 4.68 (s, 2H,,,;, PhCH>) , 2.46-
2.42 (m, 1H,,4;, 1H,i0, CH), 2.31 (s, 1H, OH), 2.25 (s, 1H, OH), 1.96-1.12 (m, 6H,.4j, 6H,pi,
CH,); “C-NMR: (125 MHz, CDCl3) & 174.9 (C=Opyj or min), 174.8 (C=Oej or min), 138.0
(Phoes or min)y 137.8 (Phungj or min)s 134.8 (P or min)s 133.3 (Phomes or min)s 133.2 (Phunas o min)s
129.6 (Phugj or min)s 128.9 (Phyaj or min)s 128.9 (Phyugs o min)s 128.7 (Phones or min)s 128.5 (Phigj or
min)s 128.4 (Pgs o min)s 128.1 (Phonas or min)s 127.9 (P or min)s 127.9 (Phigj or min), 127.9 (Phyg
or min)y 127.8 (Phyugj o min), 126.8 (NCH=CH,.j), 126.7 (Phoues or min)s 126.5 (Phyus or min), 124.8
(NCH=CH,i»), 122.2 (NCH=CH,3»), 121.4 (Physn), 121.3 (Phyus), 116.3 (NCH=CH,,,4;), 100.0
(Conaj or min)s 99.6 (Cnaj or min)s 59.7 (CHpg), 59.7 (CHpin), 50.9 (COHongj or min)s 49.9 (COH,pg) or
min), 44.2 (PACHa,in), 44.0 (PhCHypg)), 39.0 (CHamgj or min)s 38.3 (CHamaj or min)s 28.4 (CHamgj or
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ml'n)a 283 (CHZmaj or min)a 244 (CHZmaj or min)a 243 (CHZmaj or min); m/Z (ES+): 479 (50%, MH+)3
501 (100%, MNa"); HRMS: found 479.1234 (MH"), C>3H2,N,04F;S requires 479.1247.

2-Benzyl-4-isopropyl-1-oxo0-2,8-diaza-spiro[4.5]deca-3,6,9-triene-8-carboxylic acid
methyl ester (7a)

/,Ph Following general procedure B, the title compound was obtained
Oa N from N-benzyl-N-((E)-propenyl)-isonicotinamide 1a (0.44 mmol)
using 2,6-lutidine (0.44 mmol) and methyl chloroformate (0.44
mmol), as a colourless oil after purification (69%).

= /

N
Me0,C” ~F

Ry : 0.26 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1729 (C=0),
1699 (C=0); '"H-NMR: (400 MHz, CDCl;, 2 rotamers (A:B 1:1)) § 7.36-7.21 (m, 5H, Ph),
7.20 (m, 2H, or 5, NCH=CH), 7.11 (br d, J = 7.0 Hz, 2H, ,» 5, NCH=CH), 5.86 (d, J = 1.5 Hz,
1H, NCH), 4.58 (d, J= 7.0 Hz, 2H, ., 5, NCH=CH), 4.56 (s, 2H, PhCH,), 4.50 (d, J = 7.0 Hz,
2H4 o 5, NCH=CH), 3.84 (s, 3H, OCHs), 1.63 (d, J = 1.5 Hz, 3H, CHs); “*C-NMR: (100
MHz, CDCl;) & 180.0 (C=0), 151.6 (C=0), 136.6 (Ph), 128.8 (Ph), 127.8 (Ph), 125.8
(NCH=CH), 125.6 (NCH=CH), 124.4 (Ph), 123.6 (NCH), 104.7 (NCH=CH), 104.2
(NCH=CH), 53.7 (OCHs), 53.4 (C), 45.9 (PhCH,), 11.1 (CHs); m/z (ES"): 311 (20%, MH"),
333 (100%, MNa"); HRMS: found 311.1393 (MH"), C,5HoN,O; requires 311.1391.

Methyl-1-benzyl-2-0x0-2,3a,4,5-tetrahydro-1H,1'H-spiro[cyclopenta[b]pyrrole-3,4'-
pyridine]-1’carboxylate (7e)

/,Ph Following general procedure B, the title compound was obtained as

Os _N the major isomer from  N-benzyl-N-cyclopent-1-enyl-
Z isonicotinamide 1e (0.42 mmol), using methyl chloroformate (0.42
_ mmol) and 2,6-lutidine (0.42 mmol), as a colourless oil after

MeOZClN purification (67% (84% with minor isomer)).

R;: 0.81 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1721 (C=0), 1668 (C=0); 'H-NMR:
(400 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.33-7.24 (m, 5H, Ph), 7.16 (d, J = 8.0 Hz, 1H,,,
3, NCH=CH), 7.10 (d, J = 8.0 Hz, 1H, ,, 5, NCH=CH), 7.04 (d, J = 8.0 Hz, 1H, o 3,
NCH=CH), 6.97 (d, J = 8.0 Hz, 1H,,, 5, NCH=CH), 4.85 (d, J = 8.0 Hz, 1H,,, 5, NCH=CH),
4.78 (d, J = 8.0 Hz, 1H,,, 5, NCH=CH), 4.66 (m, 1H, NC=CH), 4.62 (s, 2H, PhCH>), 4.58 (d,
J=28.0 Hz, 1H4,, 5, NCH=CH), 4.51 (d, J = 8.0 Hz, 1H, ,, 5, NCH=CH), 3.82 (s, 3H, OMe),
2.84 (t,J =7.5 Hz, 1H, CH), 2.39 (m, 2H, CH>), 1.81 (m, 1H, CH,), 1.69 (m, 1H, CH,); *C-
NMR: (100 MHz, CDCl3) & 178.9 (C=0), 144.1 (C=0), 140.4 (NC=CH), 136.2 (Ph), 128.6
(Ph), 127.9 (Ph), 127.7 (Ph), 125.0 (NCH=CH), 124.1 (NCH=CH), 107.6 (NCH=CH), 103.3
(NCH=CH), 98.0 (NC=CH), 55.7 (CH), 53.7 (OCH3), 49.5 (C), 45.8 (PhCH,), 33.1 (CH,),
23.9 (CH,); m/z (ESY): 337.1 (10%, MH"), 359.2 (100%, MNa"); HRMS: found 359.1354
(MNa"), C20H2003N,Na requires 359.1366.
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Methyl 1-benzyl-2-0x0-1,2,3a,4,5,6-hexahydro-1'H-spiro[indole-3,4'-pyridine]-1'-
carboxyl-ate (7f)

/—Ph Following general procedure B, the title compound was obtained as

ON-N the  major isomer from  N-benzyl-N-cyclohex-1-enyl-

z isonicotinamide 1f (0.79 mmol) using methyl chloroformate (0.79

MeO\n/N Z mmol) and 2,6-lutidine (0.79 mmol), as a clear gum after
o} purification (198 mg, 72% (91% with minor isomer)).

R;: 0.40 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1721 (C=0), 1677 (C=0); 'H-NMR:
(500 MHz, CDCl;, 2 rotamers (A:B 1:1)) 6 7.33-7.22 (m, 5H, Ph), 7.21 (m, 1H4 o 5,
NCH=CH), 7.08 (m, 1H,, 1Hg, NCH=CH), 6.94 (m, 1H, ,, 5, NCH=CH), 4.90 (m, 1H,
N(C)=CH), 4.82 (m, 1H, . 5, NCH=CH), 4.74 (m, 1H, ., 5, NCH=CH), 4.70 (d, J = 15.5 Hz,
1H, PhCH>), 4.64 (m, 1H, o 5, NCH=CH), 4.58 (d, J = 15.5 Hz, 1H, PhCH,), 4.56 (m, 1H,,,
3, NCH=CH), 3.84 (s, 3H, OCH3), 2.37 (m, 1H, CH), 2.12 (m, 1H, CH>), 2.03 (m, 1H, CH>),
1.89 (m, 1H, CH>), 1.75 (m, 1H, CH,), 1.51 (m, 1H, CH>), 1.46 (m, 1H, CH,); *C-NMR:
(125 MHz, CDCl3) & 175.4 (C=0), 151.6 (C=0), 138.3 (NC=CH), 136.7 (Ph), 128.6 (Ph),
127.4 (Ph), 127.3 (Ph), 125.6 (NCH=CH), 124.4 (NCH=CH), 107.2 (NCH=CH), 106.8
(NCH=CH), 100.2 (N(C)=CH), 53.7 (OCH3), 49.1 (C), 47.8 (CH), 44.1 (PhCH,), 23.4 (CH,),
22.6 (CH,), 21.4 (CH,); m/z (ES"): 351 (80%, MH"), 373 (100%, MNa"); HRMS: found
351.1706 (MH+), C21H23N203 requires 351.1706.

Methyl 1-benzyl-2-0x0-2,3a,4,5-tetrahydro-1H,1'H-spiro[cyclopenta[b]pyrrole-3,4'-
quinoline]-1'-carboxylate (71)

Following general procedure B, the title compound was obtained from N-

benzyl-N-cyclopent-1-enyl-2-((/Z,3Z)-penta-1,3-1,3-dienyl)-
isonicotinamide 11 (0.43 mmol) (using methyl chloroformate (0.43 mmol)
and 2,6-lutidine (0.43 mmol)) as a colourless gum containing 2
diastereoisomers (132 mg, 79%, d.r 1:1).

O)\OMe Diastereoisomer A: R;: 0.60 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™)
1716 (C=0), 1641 (C=0); '"H-NMR: (500 MHz, CDCl; 2 rotamers (9:1)) & 8.16 (d, J 8.5,
1H,,j, NCH=CH), 8.09 (d, J 8.0, 1H,,;,, NCH=CH), 7.41-7.16 (m, 9H,4j, 7Hpin, Ar), 7.00 (m,
1H,in, Ar), 6.56 (m, 1H,,;,, Ar), 5.44 (d, J = 8.0 Hz, 1H,,;,, NCH=CH), 4.90 (d, J = 14.5 Hz,
1H,,in, PhCH,), 4.83 (d, J = 8.5 Hz, 1H,,,;, NCH=CH), 4.82 (d, J = 14.5 Hz, 1H,,,;, PhACH,),
4.79 (m, 1H,;,, NCH=CH), 4.74 (m, 1H,.4j, 1Hyin, CH), 4.69 (m, 1H,,;», PhCH>), 4.67 (d, J =
14.5 Hz, 1H,,, PhCH,), 3.90 (s, 3H, OCH3), 3.26 (m, 1H,,, NC=CH), 3.04 (m, 1H,,
NC=CH), 2.49-2.40 (m, 2H,4j, 1Hpin, CH>), 2.26 (m, 1H,,», CH,), 1.79 (m, 1H,.,, CH>),
1.75-1.62 (m, 1H,,j, 2H,,, CH,); *C-NMR: (125 MHz, CDCl3) § 152.8 (CO), 144.1 (CO),
136.3 (Ar), 136.1 (Ar), 128.7 (Ar), 128.3 (Ar), 128.0 (Ar), 127.9 (Ar), 127.7 (Ar), 127.5 (Ar),
127.4 (Ar), 125.4 (Ar), 120.8 (NCH=CH), 105.9 (NCH=CH), 97.8 (CH), 57.4 (NC=CH),
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53.5 (OMe), 52.9 (C), 45.9 (PhCH,), 33.1 (CH,), 24.7 (CH,); m/z (ES"): 387 (50%, MH"),
409 (100%, MNa");

Diastereoisomer B: Could not be separated from diastereoisomer A.

2-Benzyl-4-methy1-0x0-2,8-diaza-spiro[4.5]deca-3,6,9-triene-8-carboxylic acid 2,2,2-
trichloro-ethyl ester (8a)

//F’h Following procedure B, the title compound was obtained from N-

Ox N benzyl-N-((E)-propenyl)-isonicotinamide 1a (0.40 mmol), using 2,2,2-
= / trichloroethyl chloroformate (0.40 mmol) and 2,6-lutidine (0.40 mmol)
_ as a colourless oil after purification (69%).

Troc”

R;: 0.70 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1736 (C=0), 1690 (C=0); 'H-NMR:
(400 MHz, CDCls, 2 rotamers (A:B 1:1)) § 7.36-7.21 (m, 5H, Ph), 7.36-7.21 (m, 2Hy, 2Hs,
NCH=CH), 5.90 (s, 1H, NCH),4.85 (s, 2H, PhCH>), 4.70 (dd, J = 8.5, 2.0 Hz, 2H, o, 5,
NCH=CH), 4.62 (d, J = 8.5, 2.0 Hz, 2H, ,, 5, NCH=CH), 4.57 (s, 2H, Cl3CCH,), 1.65 (s, 3H,
CHs); *C-NMR: (100 MHz, CDCls) § 179.5 (C=0), 149.6 (C=0), 136.5 (Ph), 128.9 (Ph),
127.8 (Ph), 125.6 (NCH=CH), 125.1 (NCH=CH), 124.0 (Ph or NCH), 123.9 (Ph or NCH),
106.2 (NCH=CH), 105.6 (NCH=CH), 94.5 ((C)CH3), 76.8 (CCls), 75.7 (CsCCHy), 53.4 (C),
45.9 (PhCH,), 11.2 (CHs); m/z (ES™): 449 (100%, M(*>C)Na"), 451 (80%, M(*'CI)Na");
HRMS: found 449.0205 (M(*>C)Na"), C19H;7N,05>°Cl;Na requires 449.197.

2-Benzyl-4-isopropyl-oxo-2,8-diaza-spiro[4.5]deca-3,6,9-triene-8-carboxylic acid 2,2,2-
trichloro-ethyl ester (8b)

//F’h Following general procedure B, the title compound was obtained from
O N N-benzyl-N-((E)-3-methyl-but-1-enyl)-isonicotinamide 1b (0.46 mmol),
= / using 2,2,2-trichloroethyl chloroformate (0.46 mmol) and 2,6-lutidine

Troc” (0.46 mmol), as a white amorphous solid after purification (44%).
roc

Rs: 0.70 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1735 (C=0), 1688
(C=0); "H-NMR: (400 MHz, CDCl;, 2 rotamers (A:B 1:1)) § 7.29-7.13 (m, 5H, Ph), 7.29-
7.13 (m, 2Ha, 2Hp, NCH=CH), 5.85 (s, 1H, NCH), 4.78 (s, 2H, PhCH,), 4.68 (dd, J = 8.0,
2.0 Hz, 2H, ., 5, NCH=CH), 4.59 (dd, J = 8.0, 2.0 Hz, 2H, ,, 5, NCH=CH), 4.51 (s, 2H,
Cl,CCH,), 2.34 (q, J = 7.0 Hz, 1H, CH(CH3)), 0.99 (d, J = 7.0 Hz, 6H, CH(CH3)); “C-
NMR: (100 MHz, CDCls) 6 178.5 (C=0), 149.5 (C=0), 136.5 (Ph), 135.0 ((C)CH(CHa),),
128.9 (Ph), 127.8 (Ph), 127.7 (Ph), 125.1 (NCH=CH), 124.6 (NCH), 123.7 (NCH=CH),
107.3 (NCH=CH), 106.7 (NCH=CH), 77.1 (CCl3), 75.7 (C13CCH,), 53.4 (C), 46.0 (PhCH),),
26.2 (CH(CH3),), 22.7 (2 x CHs); m/z (ES"): 477 (100%, M(*>C)Na*); HRMS: found
477.0513 (M(*>CI)Na"), C2;H2:N,05>°Cl;Na requires 477.0515.
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2-Benzyl-3-methylene-1-0x0-2,8-diaza-spiro[4.5]deca-6,9-diene-8-carboxylic acid 2,2,2-
trichloro-ethyl ester (8d)

pn Following general procedure B, the title compound was obtained as

Os _N the major isomer from N-benzyl-N-isopropenyl-isonicotinamide 1d

(0.49 mmol) (using 2,2,2-trichloroethyl chloroformate (0.49 mmol)

N and 2,6-lutidine (0.49 mmol)) as an unstable colourless oil which was

Troc” tentatively assigned as the title compound after purification (152 mg,
73%).

R;: 0.89 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1733 (C=0), 1691 (C=0); 'H-NMR:
(400 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.28-7.12 (m, 5H, Ph), 7.03 (d, J = 8.0 Hz, 2H, .,
5, NCH=CH), 7.01 (d, J = 8.0 Hz, 2H, o 5, NCH=CH), 4.87 (dd, J = 8.0, 3.0 Hz, 2H, ,, 3,
NCH=CH), 4.82 (d, J = 12.0 Hz, 1H, PhCH,), 4.78 (dd, J = 8.0, 3.0 Hz, 2H, ,» 5, NCH=CH),
474 (d, J = 12.0 Hz, 1H, PhCH,), 4.63 (s, 2H, C13CCH,), 4.22 (d, J = 2.0 Hz, 1H, NC=CH>),
4.12 (d, J = 2.0 Hz, 1H, NC=CH)), 2.63 (d, J =2.0 Hz, 1H, N(C)CH,), 2.62 (d, J = 1.5 Hz,
1H, N(C)CH,); “C-NMR: (100 MHz, CDCl;) & 176.0 (C=0), 149.5 (C=0), 142.4
(N(C)=CH,), 135.8 (Ph), 128.7 (Ph), 127.6 (Ph), 127.3 (Ph), 124.0 (NCH=CH), 123.5
(NCH=CH), 108.7 (NCH=CH), 108.1 (NCH=CH), 87.2 (N(C)=CH,), 76.3 (CL;C), 75.6
(C13CCH,), 44.6 (C), 44.3 (PhCHy), 43.3 (N(C)CH,); m/z (ES"): 449.2 (100%, M(*’CI)Na"),
451.2 (80%, M(C'CINa"); HRMS: found 449.0197(M(*’CI)Na"), C;oH;;03:N,>>Cl;Na
requires 449.0197.

2,2,2-Trichloroethyl-1-benzyl-2-0x0-2,3a,4,5-tetrahydro-1H,1'H-spiro[cyclopenta
[b]pyrrole -3,4'-pyridine]-1’carboxylate (8e)

Ph Following general procedure B, the title compound was obtained from
o N// N-benzyl-N-cyclopent-1-enyl-isonicotinamide le (0.42 mmol) (using
2,2,2-trichloroethyl chloroformate (0.42 mmol) and 2,6-lutidine (0.42
mmol)) as a colourless oil after purification (138 mg, 73%).

Troc”
Ry: 0.88 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1731 (C=0), 1671

(C=0); "H-NMR: (400 MHz, CDCls, 2 rotamers (A:B 1:1)) § 7.35-7.25 (m, 5H, Ph), 7.17 (d,
J=28.0 Hz, 1H, or 5, NCH=CH), 7.16 (d, J = 8.0 Hz, 1H,,, 5, NCH=CH), 7.10 (d, J = 8.0 Hz
, 1H, oy 5, NCH=CH), 7.08 (d, J = 8.0 Hz, 1H,,, 5, NCH=CH), 4.97 (dd, J = 8.0, 2.0 Hz, 1H,
o s, NCH=CH), 4.88 (dd, J = 8.0, 2.0 Hz, 1H, ,, 5, NCH=CH), 4.84 (s, 2H, CI3CCH,), 4.71
(m, 1H4or 5, NCH=CH), 4.70 (br m, 1H, NC=CH), 4.64 (s, 2H, PhCH,), 4.63 (m, 1H, . 5,
NCH=CH), 2.89 (m, 1H, CH), 1.53-1.42 (m, 2H, CH,), 1.86 (m, 1H, CH>), 1.68 (m, 1H,
CH,); *C-NMR: (100 MHz, CDCl3) § 178.6 (C=0), 149.5 (C=0), 144.0 (NC=CH), 136.1
(Ph), 128.7 (Ph), 127.9 (Ph), 127.7 (Ph), 125.1 (NCH=CH), 124.8 (NCH=CH), 124.6
(NCH=CH), 124.3 (NCH=CH), 109.5 (NCH=CH), 108.9 (NCH=CH), 104.8 (NCH=CH),
1042 (NCH=CH), 98.2 (NC=CH), 94.5 (C), 77.2 (ClCCH,), 75.7 (Clz3CCH,), 55.6
(NC=CH), 49.5 (C), 45.8 (PhCH,) 33.0 (CH,) 24.5 (CH,); m/z (ES"): 453 (M(**CI)Na"), 455
(MC’CI)Na"); HRMS: found 453.0529 (M(*>C1)H"), C2;H20N205>°Cl; requires 453.0535.
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2,2,2-Trichloroethyl-1-benzyl-2-0x0-2,3a,4,5-tetrahydro-1H,1'H-spiro[cyclohexa|b]
pyrrole -3,4'-pyridine]-1’carboxylate (8f)

ph  Following general procedure B, the title compound was obtained from
o N// N-benzyl-N-cyclohex-1-enyl-isonicotinamide 1f (.52 mmol) (using
2,2,2-trichloroethyl chloroformate (0.52 mmol) and 2,6-lutidine (0.52
mmol)) as a white amorphous solid after purification (191 mg, 79%).

=z

Troc”
Ry : 0.85 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1732 (C=0),

1672 (C=0); '"H-NMR: (400 MHz, CDCl;, 2 rotamers (A:B 1:1)) & 7.27-7.10 (m, 5H, Ph),
7.27-7.10 (m, 1H,, 1Hg, NCH=CH), 7.08 (dd, J = 8.0, 1.5 Hz, 1H, o 5, NCH=CH), 7.04 (dd,
J=8.0, 1.5 Hz, 1H, o, 5, NCH=CH), 4.94 (m, 1H, ,, 5, NCH=CH), 4.93 (m, 1H, NC=CH),
4.88-4.83 (m, 1H, ., 5, NCH=CH), 4.84 (s, 2H, C1;CCH,), 4.76 (m, 1H, ., 5, NCH=CH), 4.71
(d, J=15.5 Hz, 1H, PhCH>), 4.67 (m, 1H, ,, 5, NCH=CH), 4.57 (d, J = 15.5 Hz, 1H, PhCH,),
2.42 (m, 1H, CH>), 2.15-2.07 (m, 2H, CH,), 1.91 (m, 1H, CH,), 1.77 (m, 1H, CH>), 1.53 (m,
1H, CH,), 1.43 (m, 1H, CH,); *C-NMR: (100 MHz, CDCl3) § 175.1 (C=0), 149.5 (C=0),
138.1 (NC=CH), 136.5 (Ph), 128.7 (Ph), 127.5 (Ph), 127.4 (Ph), 125.6 (NCH=CH), 125.1
(NCH=CH), 124.4 (NCH=CH), 123.9 (NCH=CH), 108.7 (NCH=CH), 108.1 (NCH=CH),
105.8 (NCH=CH), 105.2 (NCH=CH), 100.6 (NC=CH), 76.3 (C15C), 75.6 (C13CCH,), 49.2
(CH), 47.7 (C), 44.1 (PhCH,), 23.4 (CH,), 22.7 (CH,), 21.8 (CH,); m/z (ES"): 489.3 (60%,
M(CI)Na"), 4913 (100%, MC'CHNa’); HRMS: found 489.0518 (M(*’CDHH)
C1,H,,03N,*°CL3Na requires 489.0510.

(IR,2S,5R)-2-1sopropyl-5-methylcyclohexyl 2-benzyl-4-methyl-1-oxo0-2,8-diazaspiro[4.5]
deca-3,6,9-triene-8-carboxylate (9a)

//Ph
SN Following general procedure B, the title compound was
N N/ obtained from N-benzyl-N-((E)-propenyl)-isonicotinamide 1a
A 40 _N_~ (0.53 mmol) (using (/R)-(-)-menthylchloroformate (0.53 mmol)
\g/ and 2,6-lutidine (0.53 mmol)) as a colourless oil after

purification (87 mg, 38%).

R;: 0.52 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1716 (C=0); 1693 (C=0); 'H-NMR:
(500 MHz, CDCls, 2 rotamers (A:B 1:1)) 6 7.36-7.22 (m, 5H, Ph), 7.36-7.22 (m, 2H4 o 5,
NCH=CH), 7.11 (d, J = 7.5 Hz, 2H,4 o 5, NCH=CH), 5.86 (s, 1H, NCH), 4.72 (dt, J = 11.0,
4.0 Hz, 1H, OCH), 4.59 (d, J = 15.0 Hz, 1H, PhCH,), 4.56 (m, 2H, o, 5, NCH=CH), 4.55 (d, J
=15.0 Hz, 1H, PhCH,), 4.48 (d, J = 7.5 Hz, 2H, ,» 5, NCH=CH), 2.11 (br m, 1H, CH>), 1.92
(br m, 1H, CH), 1.71-1.69 (m, 2H, 2 x CH>) 1.65 (s, 3H, CH3), 1.52 (br m, 1H, CH), 1.44 (br
m, 1H, CH), 1.07 (m, 1H, CH,), 1.06 (m, 1H, CH,), 0.93 (d, J = 6.5 Hz, 3H, CH(CH3)), 0.91
(d, J = 6.5 Hz, 3H, CH(CH3)), 0.87 (m, 1H, CH,), 0.80 (br s, 3H, CH3); “C-NMR: (125
MHz, CDCl3) & 180.1 (C=0), 150.8 (C=0), 136.7 (Ph), 128.8 (Ph), 127.8 (Ph), 126.0
(NCH=CH), 125.7 (NCH=CH), 124.6 (Ph), 123.4 (NCH), 104.3 (NCH=CH), 103.8
(NCH=CH), 77.1 (OCH), 53.6 (C), 47.3 (C), 45.9 (PhCH,), 41.1 (CH,), 34.2 (CH,), 31.4
(CHy), 26.1 (CH), 23.5 (CH), 22.0 (CH(CH3),), 20.8 (CH(CH;)2), 16.2 (CH), 14.2 (CHs3),
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11.2 (CH3); m/z (ES"): 457 (100%, MNa"); HRMS: found 435.2646 (MH"), C,7H3sN,03
requires 435.2643.

(1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl 2-benzyl-4-isopropyl-1-oxo-2,8-
diazaspiro[4.5]deca-3,6,9-triene-8-carboxylate (9b)

//Ph Following general procedure B, the title compound was obtained

Os _N from N-benzyl-N-((£)-3-methyl-but-1-enyl)-isonicotinamide 1b
(0.51 mmol) (using (/R)-(-)-menthylchloroformate (0.51 mmol)

and 2,6-lutidine (0.51 mmol)) as a colourless oil after

N7 2N/
- O __N -
Q’ \ﬂ/ purification (58%).
@)

Ry: 0.55 (EtOAc:petrol 1:2); "H-NMR: (500 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.30-7.19
(m, 5H, Ph), 7.30-7.19 (m, 2H4 » 5, NCH=CH), 7.02 (m, 2H,4 , 5, NCH=CH), 5.81 (s, 1H,
NCH), 4.65 (dt, J = 11.5, 4.0 Hz, 1H, OCH), 4.65 (m, 2H, , 5, NCH=CH), 4.51 (m, 2H,
PhCH,), 4.46 (d, J = 7.5 Hz, 2H, ,» 5, NCH=CH), 2.35 (m, 1H, CH), 2.05 (br m, 1H, CH,),
1.86 (br m, 1H, CH), 1.64-1.06 (m, 6H, 3 x CH,, 3 x CH), 0.98 (m, 6H, CH(CH3),), 0.94 (d,
J=6.0 Hz, 3H, CH(CHs»)), 0.91 (d, J= 6.0 Hz, 3H, CH(CHs)), 0.87 (m, 1H, CH>), 0.80 (br s,
3H, CHs); m/z (ES™): 485 (100%, MNa").

(IR,2S,5R)-5-methyl-2-(propan-2-yl)cyclohexyl-2-benzyl-3-methylidene-1-0x0-2,8-
diazaspiro[4.5]deca-6,9-diene-8-carboxylate (9d)

Ph
0 N// Following general procedure B, the title compound was
~— y obtained as the major double bond regioisomer from N-benzyl-
H o N. N-isopropenyl-isonicotinamide 1d (0.56 mmol) (using (/R)-(-)-
\n/ menthyl chloroformate (0.56 mmol) and 2,6-lutidine (0.56
o mmol)) as a colourless oil after purification (177 mg, 73% (80%

with minor isomer)).

R;: 0.68 (EtOAc:petrol 1:4); IR: (vmax(film)/cm™) 1716 (C=0), 1683 (C=0); 'H-NMR:
(400 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.34-7.23 (m, 5H, Ph), 7.13 (d, J= 7.5 Hz, 2H, o
5, NCH=CH), 6.99 (d, J = 7.5 Hz, 2H, ., 5, NCH=CH), 4.83 (d, J = 7.5 Hz, 2H, o 5,
NCH=CH), 4.65 (m, 1H, OCH) , 4.66-4.61 (m, 2H, o, 5, NCH=CH), 4.70 (s, 2H, PhCH>),
427 (s, 1H, C=CH>), 4.16 (s, 1H, C=CH,), 2.68 (s, 2H, NCCH>), 2.08 (m, 1H, CH>), 1.91 (m,
1H, CH), 1.71-1.69 (m, 2H, 2 x CH,), 1.50-1.41 (m, 2H, 2 x CH), 1.09-1.00 (m, 2H, 2 x
CH,), 0.93 (d, J 6.5, 3H, CH(CH:),), 0.92 (d, J 6.5, 3H, CH(CHs),), 0.87 (m, 1H, CH,), 0.79
(br s, 3H, CH;); “C-NMR: (100 MHz, CDCls) & 180.3 (C=0), 149.7 (C=0), 136.5 (Ph),
127.8 (Ph), 126.4 (Ph), 125.8 (Ph), 123.7 (NCH=CHy ,, 5), 123.4 (NCH=CHy ,, 5), 103.7
(NCH=CH, ,, 5), 103.4 (NCH=CH, ,, ), 86.5 (N(C)=CH,), 76.7 (OCH), 49. 1 (C), 46.1
(CH), 43.2 (N(C)CH,), 42.5 (PhCH,), 40.0 (CH,), 33.1 (CH,), 30.4 (CH), 25.0 (CH), 21.7
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(CH»), 21.0 (CH(CHs;),), 20.8 (CH(CHs),), 12.5 (CH3); m/z (ES"): 457 (20%, MNa");
HRMS: found 435.2645 (MH+), C27H35N203 requires 435.2643.

(I1R,2S,5R)-5-methyl-2-(propan-2-yl)cyclohexyl-3-benzyl-2-0x0-3,5,6,6a-tetrahydro-
1’H,2H-spiro|cyclopenta|b]pyrrole-1,4’-pyridine]-1’-

carboxylate (9¢)
//Ph
N Following general procedure B, the title compound was
N Z obtained as the major double bond regioisomers from N-benzyl-
0. N 4 cyclopent-1-enyl-isonicotinamide 1e (0.49 mmol) (using (/R)-
\ﬂ/ (-)-menthyl chloroformate (0.49 mmol) and 2,6-lutidine (0.057

mL, 0.49 mmol)) as a colourless oil after purification (169 mg,
75% (92% with minor isomer).

R;: 0.50 (EtOAc:petrol 1:5); IR: (vmax(film)/cm™) 1715 (C=0), 1683 (C=0); 'H-NMR:
(400 MHz, CDCl3, 2 rotamers (A:B 1:1)) 6 7.35-7.25 (5H, m, Ph), 7.20 (m, 1H4 o 5,
NCH=CH), 7.13 (m, 1Hy ., 5, NCH=CH), 7.07 (m, 1H, o, 5, NCH=CH), 7.00 (m, 1H, o 5,
NCH=CH), 4.83 (m, 1Hy ,, 5, NCH=CH), 4.77 (m, 1H,4 ,, 5, NCH=CH), 4.71 (dt, J 11.0, 4.5,
1H, OCH), 4.67 (s, 1H, NC=CH), 4.64 (s, 2H, PhCH>), 4.57 (m, 1H, o 5, NCH=CH), 4.49
(m, 1H, ,, 5, NCH=CH), 2.85 (m, 1H, CH), 2.47 (m, 2H, CH>), 2.08 (m, 1H, CH,), 1.89-1.83
(m, 2H, CH, CH,), 1.73-1.64 (m, 3H, 3 x CH>), 1.47 (m, 2H, 2 x CH), 1.14-1.01 (m, 2H, 2 x
CH>), 0.92 (d, J= 7.0 Hz, 3H, CH(CH:),), 0.91 (d, J = 7.0 Hz, 3H, CH(CH3),), 0.87 (m, 1H,
CH>), 0.79 (d, J = 7.0 Hz, 3H, CH3); “C-NMR: (100 MHz, CDCl;) § 179.1 (C=0), 150.7
(C=0), 144.2 (NC=CH), 136.3 (Ph), 128.6 (Ph), 127.9 (Ph), 127.6 (Ph), 125.4 (NCH=CH, ,
5), 125.2 (NCH=CH, ,, ), 125.1 (NCH=CH, ,, 5), 124.9 (NCH=CH, ,, 5), 107.5 (NCH=CH,
or 8), 107.1 (NCH=CH, ,, 5), 102.8 (NCH=CH, o 5), 102.3 (NCH=CH, ,r 5), 97.8 (NC=CH),
77.2 (OCH), 55.9 (CH), 49.6 (C), 47.2 (CH), 45.8 (PhCH,), 41.1 (CH,), 34.2 (CH,), 33.0
(CHy), 31.4 (CH), 26.1 (CH), 24.0 (CH,), 23.3 (CH,), 22.0 (CH(CH3),, 20.8 (CH(CH3),),
16.3 (CHzy o ), 16.2 (CHzy o 3); m/z (ES"): 501 (MCH;CN"); HRMS: found 461.2815
(MH"), C29H37N,0; requires 461.2809.

1-Benzyl-1'-(2,2,2-trifluoroacetyl)-4,5-dihydro-1H,1'H-spiro[cyclopenta[b]pyrrole-3.,4'-
pyridin]-2(3aH)-one (10e).

/—Ph Following general procedure B, the title compound was obtained

OXN from N-benzyl-N-cyclohex-1-enyl-isonicotinamide 1e (0.40 mmol)

= (using trifluoroacetic anhydride (0.80 mmol) and 2,6-lutidine (0.40
F3C\[]/N _ mmol)) as a white amorphous solid after purification (67 mg, 45%).

O R;: 0.81 (EtOAc:petrol 1:2); '"H-NMR: (400 MHz, CDCls, 2

rotamers (A:B 1:1)) § 7.44 (d, J= 8.5 Hz, 1H,,, 5, NCH=CH), 7.39 (d, J = 8.5 Hz, 1H, o 5,
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NCH=CH), 7.32-7.15 (m, 5H, Ph), 7.04 (d, J = 8.5 Hz, 1H, ,, 5, NCH=CH), 6.98 (d, J = 8.5
Hz, 1H, 3, NCH=CH), 5.37 (d, J= 14.5 Hz, 1H, PhCH>), 5.31 (d, J = 14.5 Hz, 1H, PhCH,),
5.22(dd, J=8.5,2.5 Hz, 1H,,, 5, NCH=CH), 5.03 (dd, J = 8.5, 2.5 Hz, 1Hy , 5, NCH=CH),
4.97 (dd, J = 8.5, 2.5 Hz, 1H,,, 5, NCH=CH), 4.78 (dd, J = 8.5, 2.5 Hz, 1H, ,, 5, NCH=CH),
3.05, (m, 2H, CH,, CH), 2.93 (m, 1H, CH>), 1.98 (m, 1H, CH,), 1.78 (m, 1H, CH,); m/z
(ESM): 375 (50%, MH"), 397 (60%, MNa"); m/z (ES): 373 (40%, M’); HRMS: found
375.1314 (MH+), C20H18N202F3 requires 375.1315.

(3aS,6aR)-Methyl-1-benzyl-3'-chloro-6a-hydroxy-2-0xo0-2,3a,4,5,6,6a-hexahydro-
1H,1'H-spiro[cyclopenta[b]pyrrole-3,4'-pyridine]-1'-carboxylate (11i)

Ph
0 /Ph 0 .
N OH N OH
AN A AN :l
MeO_ _N.___~ MeO N A%
Yy e e
o) 0

Following general procedure B, the triene compound was obtained from N-benzyl-3-chloro-
N-(cyclopent-1-en-1-yl)isonicotinamide 1i (0.57 mmol) using methyl chloroformate (0.57
mmol) and 2,6-lutidine (0.57 mmol). The resultant gum (after removal of the solvent) was
stirred in 1M HCl/diethylether (2.85 mL). The title compound was yielded as a mixture of
diastereoisomers (A:B) and isolated as a white solid (141 mg, 64% combined yield, d.r. 1:1).

Diastereoisomer A (11i): Ry: 0.23 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 3331 (O-H),
1728 (C=0), 1672 (C=0); '"H-NMR: (400 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.38-7.25
(m, 5H, Ph), 7.33 (m, 1H, ,, 5, NCH=CH or NCH=CCI), 7.20 (m, 1H, , 35, NCH=CH or
NCH=CCI), 7.21 (m, 1H, , 5, NCH=CH or NCH=CCl), 7.05 (m, 1H, ,, 5, NCH=CH or
NCH=CC), 4.76 (m, 1H,,, 5, NCH=CH), 4.68 (m, 1H,,, 5, NCH=CH), 4.62 (d, J = 15.0 Hz,
1H, PhCH>), 4.55 (d, J = 15.0 Hz, 1H, PhCH,), 3.87 (s, 3H, OCH3), 2.57 (m, 1H, CH), 2.50
(br s, 1H, OH), 1.91-1.67 (m, 5H, CH>), 1.34 (m, 1H, CH,); *C-NMR: (100 MHz, CDCls) &
173.2 (C=0), 150.8 (C=0), 138.3 (Ph), 128.5 (Ph), 128.2 (Ph), 127.4 (Ph), 104.9 (NCH=CH
u or B), 1044 NCH=CH (4 ,r 5), 99.0 (C), 56.5 (CH), 54.1 (OCH3), 52.8 (COH), 44.0
(PhCH,), 37.4 (CH,), 27.0 (CH,), 249 (CH,); m/z (ES"): 411 ((M(*CINa"), 413
MC'CNa").

Diastereoisomer B (11i’): Could not be purified.
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(IR,2S,5R)-2-1sopropyl-5-methylcyclohexyl-1-benzyl-3'-chloro-2-oxo0-2,3a,4,5-tetra-
hydro-1H,1'H-spiro[cyclopenta[b]pyrrole-3,4'-pyridine]-1'-carboxylate (12i)

/,Ph Ph
Ox N OH Oy N OH
- N E - O N /: ’4’
DG Y e
e} O

Following general procedure B, the triene compound was obtained from N-benzyl-3-chloro-
N-(cyclopent-1-en-1-yl)isonicotinamide  1j  (0.37 mmol) wusing (/R)-(L])-menthyl
chloroformate (0.37 mmol) and 2,6-lutidine (0.37 mmol). The resultant gum (after removal of
the solvent) was stirred in 1M HCl/diethylether (1.85 mL). The title compound was yielded
as a mixture of diastereoisomers (A:B) and isolated as a white solid (125 mg, 66% combined
yield, d.r. 1:1).

The two diastereoisomers could not be separated by flash chromatography.

Ry : 0.81 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 3398 (O-H), 1722 (C=0), 1684 C=0);
"H-NMR: (400 MHz, CDCls; 2 rotamers (rot A:rot B 1:1)) & 7.38 (br s, 1H,ous, 1H,oz,
NCH=CCI), 7.36 (m, 1H, Ph), 7.34 (m, 1H,ou o 5, NCH=CH), 7.33-7.23 (m, 4H, Ph), 7.21
(m, 1H, 014 or 5, NCH=CH), 7.18 (m, 1H,04 or 5, NCH=CH), 7.07 (m, 1H 014 or ror8, NCH=CH),
4.73 (m, lHdiaA, lHdiaB, OCH), 4.70 (m, lHratA or B NCH:CH), 4.66 (m, le,A or B
NCH=CH), 4.63 (d, J = 15.0 Hz, 1Hia4 or 5, PhCH>), 4.61 (d, J = 15.0 Hz, 1Hgias or 5, PhCH>),
4.56 (d, J = 15.0 Hz, 1Hgias or 5, PhCH,), 4.54 (d, J = 15.0 Hz, 1Hgias or 5, PhCH,), 2.58-2.52
(m, 2Hgias, 2Haias, CH, OH), 2.07 (m, 1H, CH>), 1.91-1.63 (m, 8H, 7 x CH,, CH), 1.56-1.41
(m, 2H, 2 x CH), 1.34 (m, 1H,, CH,), 1.13-1.00 (m, 2H,, 2 x CH,), 0.92 (br. d, J = 6.5 Hz,
6H, CH(CHs),), 0.87 (m, 1H, CH,), 0.79 (d, J = 6.5 Hz, 3H, CHs); “C-NMR: (400 MHz,
CDCls) & 173.4 (C=0), 149.9 (C=0), 138.3 (Ph), 128.5 (Ph), 128.2 (Ph), 127.4 (Ph), 124.0
(NCH=CCI), 123.7 (NCH=CCI), 122.5 (NCH=CH), 122.2 (NCH=CH), 106.5 (NCH=CC]),
105.8 (NCH=CCI), (104.5 (NCH=CH), 104.2 (NCH=CH), 99.0 (C), 78.0 (OCH), 56.5 (CH),
52.9 (C), 47.1 (CH), 43.9 (PhCH,), 40.9 (CH,), 37.4 (CH), 34.1 (CH,), 31.4 (CH), 27.0
(CH,), 26.2 (CH,), 24.9 (CH,), 23.3 (CH,), 22.0 (CH(CH3),), 20.8 (CH(CHs),), 16.3 (CH3);
m/z (ES): 535 (100%, M(°C1)Na"); HRMS: found 513.2509 (M(*’C)H"), C20H3sN,04Cl
requires 513.2515.
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Pyridine-2-carboxylic acid benzyl-cyclopent-1-enyl-amide (13)

0 Following general procedure A, benzyl-cyclopentylidiene-amine (2.0
N A~ mmol) (from cyclopentanone (0.13 mL) and benzylamine (0.22 mL)) was
| _ acylated using picolinoyl chloride (341 mg, 2.2 mmol). The title
é compound was yielded as a yellow/brown gum after purification (261 mg,
47% over 2 steps).

R; : 0.62 (EtOAc:petrol 3:1); IR: (vmax(film)/cm™) 1668; "TH-NMR: (500 MHz, CDCls) &
8.49 (d, J= 5.0 Hz, 1H, Py), 7.66 (dt, J = 7.5, 2.0 Hz, 1H, Py), 7.53 (d, J = 7.5 Hz, 1H, Py),
7.30 - 7.16 (m, 6H, Ph and Py), 5.02 (br s, |H, NC=CH), 4.84 (s, 2H, PhCH,), 2.16 (m, 2H,
CH>), 1.97 (m, 2H, CH,), 1.66 (m, 2H, CH>); *C-NMR: (125 MHz, CDCls) & 168.7 (C=0),
154.9 (N(C)=CH), 148.5 (Py), 137.5 (Ph), 136.5 (Py), 128.7 (Ph), 128.4 (Ph), 127.9 (Ph),
127.2 (Py or N(C)=CH), 124.4 (Py or N(C)=CH), 123.1 (Py), 122.4 (Py), 50.1 (PhCH,), 33.0
(CH»), 30.1 (CH»), 22.5 (CHy); m/z (ES): 279.1 (50%, MH"), 301.1 (100%, MNa");
HRMS: found 279.1493 (MH+), CisH1sN,O requires 279.1492.

3-Benzyl-1’-(trifluoromethane)sulfonyl-3,5,6,6a-tetrahydro-1"H,2H-spiro[cyclopenta|b]
pyrrole-1,2°-pyridine]-2-one (14a)

//Ph Following general procedure B, the title compound was obtained from
Tf LN pyridine-2-carboxylic acid benzyl-cyclopent-1-enyl-amide 13 (0.48 mmol),
N @ (using triflic anhydride (0.48 mmol) and 2,6-lutidine (0.48 mmol)) as a
yellow gum and a mixture of diastereomers after purification (64 mg, 33%,

d.r. 5:1).

Ry : 0.90 (EtOAc:petrol 1:1); "H-NMR: (300 MHz, CDCl;) & 7.31-7.10 (m, 5H, Ph), 6.45 (d,
J = 8.0 Hz, 1H,,,, NCH=CHCH=CH), 6.35 (m, 1H,,;, NCH=CHCH=CH), 6.13 (m, 1H,»,
NCH=CHCH=CH), 6.02 (dd, J = 9.5, 5.5 Hz, 1H,,,, NCH=CHCH=CH), 5.29 (br m, 1H,
NCH=CHCH=CH), 5.31-4.65 (m, 3H,g, 3Hu», NCH=CHCH=CH, NCH=CHCH=CH,
NC=CH), 4.99 (d, J = 9.5 Hz, 1H, NCH=CHCH=CH), 4.70 (d, J = 15.0 Hz, 1H, PhCH>),
4.61 (m, 1H, NC=CH), 4.50 (d, J = 15.0 Hz, 1H, PhCH>), 3.49 (br m, 1H, CH), 2.39 (m, 2H,
CH>), 1.89 (m, 1H, CH,), 1.69 (m, 1H, CH,); “C-NMR: (75 MHz, CDCls) & 150.0 (C=0),
141.3 (NC=CH), 137.6 (Ph), 135.5 (NCH), 128.8 (Ph), 128.2 (Ph), 127.8 (Ph), 124.8
(CH=CH), 122.5 (CH=CH), 117.8 (CH), 107.2 (C), 98.9 (CH), 72.0 (NC=CH), 46.0
(PhCH,), 32.9 (CHy), 24.8 (CHy), 23.2 (CH,); m/z (ES"): 411 (30%, MH"), 433 (100%,
MNa"). No further characterisation was performed on this compound due to its instability.
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[2,2,2-tricholoroethyl-3-benzyl-2-0x0-3,5,6,6a-tetrahydro-1"H,2H-spiro[cyclopenta[b]
pyrrole - 1,2’-pyridine]|-2-one (14b)

Ph Following general procedure B, the title compound was obtained from

Troc \WN pyridine-2-carboxylic acid benzyl-cyclopent-1-enyl-amide 13 (0.52 mmol)
N (using 2,2,2-trichloroethyl chloroformate (0.52 mmol) and 2,6-lutidine) as
I _ yellow oil and a mixture of diastereoisomers (186 mg, 79%, d.r. 9:1).

Ry : 0.92 (EtOAc:petrol 1:1); "H-NMR: (300 MHz, CDCls) & 7.33-7.06 (m, 5H, Ph), 6.85 (d,
J=1.5 Hz, 1H,,,j, NCH=CHCH=CH), 6.79 (d, J = 7.5 Hz, 1H,,;, NCH=CHCH=CH), 6.08
(dd, J = 9.5, 7.0 Hz, 1H,,,, NCH=CHCH=CH), 6.03 (dd, J = 9.5, 7.0 Hz, 1H,y,;,
NCH=CHCH=CH), 5.21-4.54 (m, 3H,q, 3Hun, NCH=CHCH=CH, NCH=CHCH=CH ,
NC=CH), 4.78 (s, 2H, C15CCH>), 4.70 (d, J = 15.0 Hz, 1H, PhCH>), 4.46 (d, J=15.0 Hz, 1H,
PhCH,), 3.58 (m, 1H, CH), 2.40 (m, 2H, CH,), 1.89 (m, 1H, CH>), 1.70 (m, 1H, CH,); m/z
(ES™): 493 (100%, MCH;CN"). No further characterisation was performed on this compound
due to its instability.

N-Benzyl-N-(cyclopent-1-en-1-yl)pyrimidine-4-carboxamide (15)
0 Following general procedure A, benzyl-cyclopentylidene-amine (1.9
N A~ mmol) (from cyclopentanone (0.12 mL) and benzylamine (0.21 mL))
Nlr\/j)\N Ph was acylated with pyrimidine-4-carbonyl chloride (298 mg, 2.1 mmol).
é The title compound was yielded as a yellow gum after purification (352
mg, 61%).

R;: 0.34 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1646 (C=0); 'H-NMR: (400 MHz,
CDCl3) & 9.20 (s, 1H, Py), 8.82 (d, J = 5.0 Hz, 1H, Py), 7.56 (d, J = 5.0 Hz, 1H, Py), 7.35-
7.27 (m, 5H, Ph), 5.00 (br m, 1H, NC=CH), 4.86 (s, 2H, PhCH,), 2.36 (br m, 2H, CH>), 2.02
(br m, 2H, CH>), 1.79 (br m, 2H, CH,); *C-NMR: (100 MHz, CDCl3) § 166.5 (C=0), 161.9
(Py), 158.0 (Py), 157.9 (Py), 142.4 (NC=CH), 136.8 (Ph), 128.5 (Ph), 128.1 (Ph), 127.8 (Py),
127.5 (Ph), 119.7 (NC=CH), 49.8 (PhCH,), 32.5 (CH,), 30.1 (CH,), 22.4 (CH,); m/z (ES"):
280 (50%, MH"), 202 (30%, MNa"); HRMS: found 280.1439 (MH"), C;7H3sN;O requires
280.1145.

1-Benzyl-1'-((trifluoromethyl)sulfonyl)-4,5-dihydro-1H,1'H-spiro[cyclopenta[b|pyrrole-
3,4'-pyrimidin]-2(3aH)-one (16a)

,—Ph Following general procedure B, from N-benzyl-N-(cyclopent-1-en-1-

,\? N yl)pyrimidine-4-carboxamide 15 (0.40 mmol), triflic anhydride (0.40

|// mmol) and 2,6-di-tert-butyl-4-methylpyridine, the resulting colourless

Tf’N = gum was tentatively assigned as the title compound in approximately
30% yield.
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'H-NMR: (CDCls, 400 MHz): 8.02 (m, 1H, NCH), 7.23-7.19 (m, 5H, Ph), 6.97 (m, 1H,
NCHCH), 4.74 (d, 1H, J = 14.0 Hz, PhCH>), 4.45 (d, 1H, J = 14.0 Hz, PhCH>).

Methyl 1-benzyl-2-0x0-2,3a,4,5-tetrahydro-1H,1'H-spiro[cyclopenta[b]pyrrole-3,4'-
pyrimidine]-1'-carboxylate (16b).

/—Ph Following general procedure B, from N-benzyl-N-(cyclopent-1-en-

ONN I-yl)pyrimidine-4-carboxamide 15  (0.34 mmol), methyl

r/N chloroformate (0.34 mmol) and 2,6-lutidine (0.34 mmol), the

MeO_ _N_~ resulting colourless gum was tentatively assigned as the title
\ﬂ/ compound in approximately 55% yield.

o)

'H-NMR: (CDCls, 400 MHz): 7.36-7.26 (m, 5H, Ph), 4.76 (d, 1H, J = 15.0 Hz, PhCH>), 4.52
(d, 1H, J = 15.0 Hz, PhCH>).

2-Benzyl-4-bromo-3-methoxy-4-methyl-8-trifluoromethanesulfonyl-2,8-diaza-
spiro[4.5]deca-6,9-dien-1-one (17)

N-Bromosuccinimide (0.005 g, 0.3 mmol) was added in one portion to
a solution of 2-benzyl-4-methyl-1-ox0-2,8-diaza-spiro [4.5] deca-
3,6,9-triene-8-carboxylic acid tri-fluoro-methyl ester 2a (0.010 g,
0.026 mmol) in methanol (0.50 mL) at 0 °C. The solution was stirred
for 30 minutes at 0 °C then concentrated under reduced pressure and
the crude purified by flash chromatography (Si0,; EtOAc:petrol) to yield the title compound
(5 mg, 39%).

R;: 0.46 (EtOAc:petrol 1:4); IR: (vmax(film)/cm™) 1718 (C=0); "H-NMR: (CDCls, 400
MHz) & 7.29-7.37 (m, 5H, Ph), 6.86 (d, J = 8.5 Hz, 1H, NCH=CH), 6.72 (d, J = 8.5 Hz, 1H,
NCH=CH), 5.40 (dd, J = 8.5, 2.5 Hz, 1H, NCH=CH), 5.28 (dd, J 8.5, 2.5, 1H, NCH=CH),
5.02 (d, J = 14.5 Hz, 1H, PhCH>), 4.71 (s, 1H, CHOMe), 4.12 (d, J 15.0, 1H, PhCH,), 3.43
(s, 3H, OMe), 1.77 (s, 3H, Me); ®C-NMR: (CDCls, 100 MHz) & 172.3 (C=0), 134.9 (Ph),
128.7 (Ph), 128.1 (Ph), 124.7 (NCH=CH), 123.2 (NCH=CH), 119.4 (q, J = 324 Hz, CF5),
109.9 (NCH=CH), 108.9 (NCH=CH), 97.4 (COMe), 72.0 (CMeBr), 59.5 (OMe), 53.3 (C),
45.4 (PhCH,), 22.3 (CH3); m/z (ES"): 517.0 (90% MNa"), 519.1 (100%, MNa"). HRMS:
found 517.0041 (MH+), Ci3H1304N,BrF3S requires 517.0026.
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2-Benzyl-4,10-dibromo-3,9-dimethoxy-4-methyl-8-trifluoromethanesulfonyl-2,8- diaza-
spiro[4.5]dec-6-en-1-one (18)

o /—Ph N-Bromosuccinimide (0.039 g, 0.22 mmol) was added in one portion
N to a solution of 2-benzyl-4-methyl-1-o0x0-2,8-diaza-spiro [4.5] deca-

= g OMe 3,6,9-triene-8-carboxylic acid tri-fluoro-methyl ester 2a (0.077 g, 0.20

Tf’N Z 5 ' mmol) in methanol (2 mL) at 0 °C. The solution was stirred for 2 Y5
r

OMe hours at 0 °C and N-bromosuccinimide (0.005 g, 0.03 mmol) was

added. The solution was stirred for a further 2 hours then a final
portion of N-bromosuccinimide (0.010 g, 0.06 mmol) was added and the solution stirred at
room temperature for 16 hours and concentrated under reduced pressure. The residue was
dissolved in dichloromethane (3 mL), washed with water (5 mL), dried (MgSOs4) and
concentrated under reduced pressure. The resultant oil was purified by flash chromatography
(S10,; EtOAc:petrol 1:9) to yield the title compound as white prisms (72 mg, 59%).

Ry : 0.68 (EtOAc:petrol 1:4); m.p.: 149-152 °C (EtOAc); IR: (vmax(film)/em™) 1725
(C=0); '"H-NMR: (CDCl;, 300 MHz) & 7.30-7.39 (m, 5H, Ph), 6.58 (d, J = 8.5 Hz, 1H,
NCH=CH), 5.52 (br s, 1H, CHBr), 5.40 (d, J = 8.5 Hz, 1H, NCH=CH), 4.96 (d, J = 14.5 Hz,
1H, PhCH>), 4.81 (dd, J = 4.0, 1.0 Hz, 1H, CHOCHjz), 4.77 (br s, 1H, CHOCH3), 4.14 (d, J =
4.5 Hz, 1H, PhCH>), 3.64 (s, 3H, OCH3), 3.45 (s, 3H, OCHs3), 1.95 (s, 3H, CH;); C-NMR:
(CDCls, 75 MHz) & 170.3 (C=0), 134.7 (Ph), 129.1 (Ph), 128.7 (Ph), 128.1 (Ph), 124.0
(NCH=CH), 119.3 (q, J = 323 Hz, CFs), 107.8 (NCH=CH), 98.0 (CHOCH;), 90.4
(CHOCH3), 59.9 (OCH3), 58.1 (OCH3), 55.2 (C), 46.8 (CHBr), 45.6 (PhCH,), 23.6 (CH3);
m/z (ES"): 628.9 (100%, MNa"). HRMS: found 628.9381 (MNa'), Ci9H, OsN,Br,F3S
requires 626.9382.

(IR,2S,5R)-2-isopropyl-5-methylcyclohexyl-2-benzyl-4-methyl-1-oxo0-2,8-diazaspiro
[4.5]deca-6,9-diene-8-carboxylate (19)

//F’h (IR, 2S,5R)-2-1sopropyl-5-methylcyclohexyl-2-benzyl-4-methyl-

O N 1-ox0-2,8-diazaspiro  [4.5]deca-3,6,9-triene-8-carboxylate 9a

N Z (460 mg, 1.06 mmol) was dissolved in 2:1 EtOH:EtOAc (10
2. ,0. N..o mL) and passed through the H-Cube (CatCart Pd/C 10%
\ﬂ/ cartridge) at 40 bar pressure, 30 °C and a flow rate of 0.8

mL.min"". The solvent was evaporated under reduced pressure
and the crude product was purified by flash chromatography
(S10,, EtOAc:petrol 1:5). The title compound was yielded as a colourless gum (440 mg,
95%).

R;: 0.55 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1715 (C=0), 1688 (C=0); 'H-NMR:
(400 MHz, CDCls, 2 rotamers (A:B 1:1)) 6 7.36-7.23 (m, 5SH, Ph), 7.17 (d, J = 8.0 Hz, 1H, ,,
5, NCH=CH), 7.13 (d, J = 8.0 Hz, 1H, o, 5, NCH=CH), 7.05 (d, J = 8.0 Hz, 1H, o 3,
NCH=CH), 7.00 (d, J = 8.0 Hz, 1H, . 5, NCH=CH), 4.70 (td, J = 11.0, 4.5 Hz, 1H, OCH),
4.70-4.62 (m, 2H,, 2Hz, NCH=CH), 4.53 (d, J = 14.5 Hz, 1H, PhCH,), 4.38 (d, J = 14.5 Hz,
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1H, PhCH>), 3.20 (ap t, J = 9.0 Hz, 1H, NCH>), 2.84 (ap t, J = 9.0 Hz, 1H, NCH>), 2.09-1.88
(m, 3H, 2 x CH, CH,), 1.72-1.68 (m, 2H, 2 x CH;), 1.53-1.40 (m, 2H, 2 x CH>), 1.11-1.00
(m, 2H, 2 x CH), 0.96 (d, J = 7.0 Hz, 3H, CH3), 0.90 (d, J = 6.5 Hz, 3H, CH(CH3)), 0.89 (d, J
= 6.5 Hz, 3H, CH(CH3)), 0.87 (m, 1H, CHy), 0.77 (s, 3H, CH3); “C-NMR: (100 MHz,
CDCls) & 175.4 (C=0), 150.8 (C=0), 136.4 (Ph), 128.7 (Ph), 128.2 (Ph), 127.7 (Ph), 125.5
(NCH:CHA or B), 125.4 (NCH:CHA or 3), 125.3 (NCH:CHA or B), 125.0 (NCH:CHA or B),
106.5 (NCH=CHy ,, 5), 105.9 (NCH=CH, ,, 5), 102.8 (NCH=CH, ., 5), 102.3 (NCH=CH, ,,,
5), 77.2 (OCH), 49.9 (NCHa or 5), 49.8 (NCHay o 5), 47.3 (CH), 47.1 (PhCH.,), 41.1 (CHa or
5), 40.8 (CHay or 5), 34.2 (CHb), 31.4 (CH), 26.4 (CH, or 5), 26.1 (CH or 5), 23.5 (CHa or 5),
23.3 (CHax or 5), 22.0 (CH(CH3)), 20.8 (CH(CH3)), 16.5 (CHs4 or 5), 16.3 (CHs4 or 5), 12.9
(CH3); m/z (ES"): 437 (50%, MH"), 459 (100%, MNa"); HRMS: found 437.2790 (MH"),
C27H37N203 requires 437.2799.

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl-2-benzyl-4-methyl-1-0x0-2,8-diazaspiro
[4.5]decane-8-carboxylate (20)

//F’h (IR,2S,5R)-2-Isopropyl-5-methylcyclohexyl-2-benzyl-4-methyl-
O N 1-ox0-2,8-diazaspiro [4.5]deca-6,9-diene-8-carboxylate 9a (73
N mg, 0.18 mmol) was dissolved in 2:1 EtOH:EtOAc (2 mL) and
. .0. N run through the H-Cube (CatCart Pd/C 10% cartridge) at 90
\ﬂ/ bar, 30 °C and a flow rate of 0.8 mL.min"'. The solvent was
evaporated under reduced pressure and the crude product was
purified by flash chromatography (SiO,, EtOAc: petrol 1:5). The

title compound was yielded as an amorphous white solid (72 mg, 91%).

R;: 0.50 (EtOAc:Petrol 1:1); IR: (vmax(film)/cm™) 1673 (C=0); 'H-NMR: (400 MHz,
CDCls, 2 rotamers (A:B 1:1)) 6 7.33-7.21 (m, 5H, Ph), 4.58 (dt, J=11.0, 4.5 Hz, 1H, OCH),
4.46 (d, J = 14.5 Hz, 1H, PhCH,), 4.41 (d, J = 14.5 Hz, 1H, PhCH,), 3.90-3.63 (m, 4H,,
4Hjp, NCH,NCH)), 3.28 (t, J = 8.5 Hz, 1H, NCH>), 2.77 (dd, J = 9.5, 6.0 Hz, 1H, NCH>),
2.12-2.07 (m, 2H, CH, CH,), 1.92 (m, 1H, CH), 1.68-1.51 (m, 7H, 6 x CH,, CH), 1.34 (m,
1H, CH), 1.11-1.00 (m, 2H, 2 x CH,)), 0.94 (d, J = 7.0 Hz, 3H, CHs), 0.90 (d, J= 7.0 Hz, 6H,
CH(CHs),), 0.88 (m, 1H, CH,), 0.79 (d, J = 7.0 Hz, 3H, CH3); “C-NMR: (100 MHz, CDCl;)
8 177.8 (C=0), 155.5 (C=0), 136.6 (Ph), 128.7 (Ph), 128.1 (Ph), 127.6 (Ph), 75.0 (OCH),
50.6 (NCH,), 47.4 (CH), 46.5 (PhCH,), 44.4 (C), 41.6 (CH,), 40.3 (NCH,CH,), 40.0
(NCH,CH,), 36.5 (CH), 34.4 (CH,), 31.8 (CH), 31.4 (CH,), 27.0 (CH,), 26.5 (CH), 23.7
(CHa), 22.1 (CH(CHs;),), 20.8 (CH(CHs),), 16.7 (CH3), 13.8 (CHs); m/z (ES): 441 (10%,
MH"), 463 (100%, MNa"); HRMS: found 441.3116 (MH"), C,7H4N,O3 requires 411.3112.

31



2-Benzyl-4-methyl-2,8-diazaspiro[4.5]decan-1-one hydrochloride (21)

Following Liebeskind,” (IR,2S,5R)-2-isopropyl-5-methylcyclohexyl 2-
o /Fh benzyl-4-methyl-1-0x0-2,8-diazaspiro[4.5]decane-8-carboxylate 20 (45
N mg, 0.10 mmol) was dissolved in EtOH (1 mL) in a reusable sealed tube.
KOH (2.0 M solution in EtOH, 1.5 mL) was added. The tube was sealed
and the reaction mixture was stirred at 150 °C for 24 hours, and diluted
with EtOAc (10 mL) and water (10 mL). The aqueous layer was washed with EtOAc (2 x 25
mL) and the organic layers were combined. The combined organics were washed with brine,
dried over MgSQO,4 and concentrated under reduced pressure. The free amine was acidified
with IM HCI in diethylether (5 mL) for 5 minutes and concentrated to give the title
compound as a white solid (19 mg, 63%).

HN HCI

IR: (vmax(film)/cm™) 1637 (C=0); '"H-NMR: (400 MHz, CDCl;, Tentatively assigned crude
product) & 9.49 (m, 2H, H,N"), 7.35-7.18 (m, 5H, Ph), 4.42 (br m, 2H, NCH,), 3.96 (br m,
1H, NCH>), 3.66 (br m, 1H, NCH>), 3.38 (br m, 1H, CH>), 3.28 (br m, 1H, NCH>), 2.80 (br
m, 1H, NCH,), 2.20-1.38 (m, CH, 5H, 4 x CH,), 0.81 (d, J = 7.0 Hz, 3H, CH;); m/z (ES"):
259 (100%, MH"); HRMS: found 259.1817 (MH"), C16H23N,0 requires 259.1805.

3-Benzyl-1’-(trifluoromethane)sulfonyl-3,3%,4,5,6,6*-hexahydro-1"H,2H-spiro[cyclopenta
[b]pyrrole-1,4’-pyridine]-2-one (22)

N-Benzyl-N-cyclopent-1-enyl-isonicotinamide 2e (130 mg, 0.47 mmol)
I Ph  Wwas dissolved in 2:1 EtOH:EtOAc (5 mL) and run through the H-Cube

ON (CatCart Pd/C 10% cartridge) at 50 bar pressure, 30 °C at a flow rate of
z 0.8 mL.min". The residue was evaporated under reduced pressure and
N~ the crude product was purified by flash chromatography (SiO,,

T EtOAc:petrol 1:5) yielding a colourless oil (107 mg, 55%).

R;: 0.42 (EtOAc:petrol 1:2); IR: (vmax(film)/cm™) 1672; "H-NMR: (400 MHz, CDCl;) &
7.26-7.19 (m, 5H, Ph), 6.69 (d, J = 8.5 Hz, 1H, NCH=CH), 6.51 (d, J = 8.5 Hz, 1H,
NCH=CH), 5.15 (dd, J = 8.5, 2.5 Hz, 1H, NCH=CH), 491 (dd, J = 8.5, 2.5 Hz, 1H,
NCH=CH), 4.55 (d, J=15.0 Hz, 1H, PhCH>), 4.40 (d, J = 15.0 Hz, 1H, PhCH>), 2.31 (br m,
1H, NCH), 2.22 (dd, J = 8.5, 7.0 Hz, (1H, C)CH), 1.81 (m, 2H, CH,), 1.68 (m, 2H, CH>),
1.49 (m, 2H, CH,); *C-NMR: (100 MHz, CDCl;) & 177.5 (C=0), 137.7 (Ph), 128.9 (Ph),
128.1 (Ph), 127.8 (Ph), 123.7 (NCH=CH), 121.1 (NCH=CH), 113.7 (NCH=CH), 108.7
(NCH=CH), 99.2 (CH), 59.6 (CH), 46.3 (C), 43.6 (PhCH,), 38.4 (CH,), 26.2 (CH,), 24.6
(CH»); m/z (ESM): 413 (100%, MH").

* Shu, C.; Liebeskind, L. S. J. Am. Chem. 2003, 125, 2878.
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(I1R,2S,5R)-2-isopropyl-5-methylcyclohexyl-1-benzyl-2-0x0-2,3a,4,5,6,6a-hexahydro -
1H,1'H-spiro[cyclopenta[b|pyrrole-3,4'-pyridine]-1'-
//Ph carboxylate (23)

N
~ p (IR, 2S,5R)-5-Methyl-2-(propan-2-yl)cyclohexyl-3-benzyl-2-
oo N P 0x0-3,5,6,6a-tetrahydro-1"H,2H-spiro[cyclopenta[b|pyrrole-
\[]/ 1,4’-pyridine]-1’-carboxylate 9e¢ (396 mg, 0.86 mmol), was
0 dissolved in 2:1 EtOH:EtOAc (9 mL) and run through the H-

Cube (CatCart Pd/C 10% cartridge) at 75 bar, 30 °C and a flow
rate of 0.8 mL.min". The solvent was evaporated under reduced pressure and the crude
product was purified by flash chromatography (SiO,, EtOAc:petrol 1:5). The title compound
was yielded as an amorphous white solid (346 mg, 87%).

Rs: 0.41 (EtOAc:petrol 1:3); "H-NMR: (400 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.34-7.26
(m, 5H, Ph), 7.20 (m, 1H,4 ., 5, NCH=CH), 7.08 (d, J= 7.5 Hz, 1H,,, 35, NCH=CH), 7.02 (d, J
= 7.5 Hz, 1H, o 5, NCH=CH), 6.90 (d, J = 7.5 Hz, 1H, o, 5, NCH=CH), 5.02 (d, J = 15.0 Hz,
1H, PhCH>), 4.84 (d, J = 7.5 Hz, 1H, o 5, NCH=CH), 4.76 (d, J = 7.5 Hz, 1H, , 3,
NCH=CH), 4.73 (m, 1H, . 5, NCH=CH), 4.69 (dt, J = 11.0, 4.0 Hz, 1H, OCH), 4.63 (m, 1H,
or 3, NCH=CH), 3.90 (d, J = 15.0 Hz, 1H, PhCH,), 3.81 (m, 1H, NCH), 2.34 (m, 1H,
NCHCH), 2.07 (m, 1H, CH>), 1.91 (m, 1H, CH), 1.73 (m, 2H, CH>), 1.70 (m, 1H, CH,), 1.68
(m, 1H, CH,), 1.62 (m, 2H, 2 x CH>), 1.55 (m, 1H, CH), 1.51 (m, 1H, CH), 1.43 (m, 1H,
CH), 1.07 (m, 1H, CH>), 1.00 (m, 1H, CH>), 0.92 (d, J = 6.5 Hz, 3H 4, 5, CH(CH3),), 0.90
(d, J = 6.5 Hz, 3H 4 o, 5, CH(CH3),), 0.86 (m, 1H, CH,), 0.78 (s, 3H, CHz); “C-NMR: (125
MHz, CDCls) § 175.5 (C=0), 150.8 (C=0), 136.5 (Ph), 128.7 (Ph), 128.3 (Ph), 127.6 (Ph),
125.1 (NCH=CHy ,, 5), 124.8 (NCH=CH, ,, 5), 122.7 (NCH=CHy , 5), 122.4 (NCH=CH, ,,,
8), 109.3 (NCH=CH, ,, ), 108.8 (NCH=CH, ,, 5), 105.0 (NCH=CH, ,, 5), 104.4 (NCH=CH,
o 8), 76.8 (OCH), 58.9 (NCH), 51.7 (NCHCH), 47.8 (C), 47.1 (CH), 44.9 (PhCH,), 41.0
(CHy), 342 (CH), 31.4 (CH), 30.2 (CH,), 26.1 (CHy), 24.5 (CH), 23.2 (CH,), 22.0
(CH(CHj3)), 20.8 (CH(CH3)), 16.2 (CH3); m/z (ES™): 485 (100%, MNa").

Methyl 1-benzyl-2-oxohexahydro-1H-spiro[cyclopenta|b]pyrrole-3,4'-piperidine]-1'-
carboxylate (24)

Methyl-1-benzyl-2-0x0-2,3a,4,5-tetrahydro-1H, 1'H-spiro[cyclopenta

r °h [b]pyrrole-3,4'-pyridine]-1°carboxylate 7e (228 mg, 0.68 mmol) was

dissolved in 2:1 EtOH:EtOAc (7 mL) and run through the H-Cube

(CatCart Pd/C 10% cartridge) at 60 bar, 30 °C and a flow rate of 0.8

\n/ mL.min"". The solvent was evaporated under reduced pressure and

o} the crude product was purified by flash chromatography (SiO,,

EtOAc:petrol 1:5). The title compound was yieldied as an amorphous white solid (213 mg,
91%).

R;: 0.33 (EtOAc:petrol 1:1); IR: (vmax(film)/cm™) 1688 (C=0), 1676 (C=0); 'H-NMR:
(400 MHz, CDCl;, 2 rotamers (A:B 1:1)) & 7.33-7.17 (m, 5H, Ph), 5.03 (d, J = 14.5 Hz, 1H,
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PhCH>), 4.09 (br m, 2H, . 5, NCH>CH,), 3.94 (br m, 2H, ,, 5, NCH,CH,), 3.81 (d, J = 14.5
Hz, 1H, PhCH>), 3.71 (m, 1H, NCH) 3.70 (s, 3H, OCH3), 3.18 (m, 2H, ., 5, NCH>CH,), 3.08
(m, 2H o 3, NCH>CH,), 2.38 (m, 1H, NCHCH), 2.00 (m, 1H, CH>), 1.71-1.43 (m, 8H, CH>),
1.27 (m, 1H, CH,); ®*C-NMR: (100 MHz, CDCl3) & 177.2 (C=0), 156.0 (C=0), 136.5 (Ph),
128.7 (Ph), 128.2 (Ph), 127.6 (Ph), 58.9 (NCH), 52.6 (OCH3), 45.2 (C), 45.1 (NCHCH), 44.0
(PhCH,), 40.8 (NCH,), 40.4 (NCH,), 33.8 (CH,), 29.8 (CH,), 28.5 (CH,), 27.3 (CH,), 25.2
(CHa); m/z (ES"): 343 (80%, MH"), 365 (100%, MNa").

(1R,2S,5R)-2-isopropyl-5-methylcyclohexyl-1-benzyl-2-oxohexahydro-1H-
spiro[cyclopenta[b]pyrrole-3,4'-piperidine]-1'-carboxylate (25)

(IR, 2S,5R)-5-Methyl-2-(propan-2-yl)cyclohexyl-3-benzyl-2-
r 0x0-3,5,6,6a-tetrahydro-1"H,2H-spiro[cyclopenta[b]|pyrrole-

Ox-N 1,4’-pyridine]-1’-carboxylate 9e¢ (104 mg, 0.23 mmol) was

\;/ dissolved in 2:1 EtOH:EtOAc (3 mL) and run through the H-
" O\n/N Cube (CatCart Pd/C 10% cartridge) at 90 bar, 30 °C and at a
o} flow rate of 0.8 mL.min"'. A flow system was set up. After 3

hours, the solvent was evaporated under reduced pressure and
the crude product was purified by flash chromatography (SiO,,
EtOAc:petrol 1:5) to yield the title compound as as a white solid (95 mg, 90%).

Ry : 0.28 (EtOAc:petrol 1:3); m.p.: 100 °C (EtOAc); IR: (vmax(film)/cm™): 1717 (C=0),
1686 (C=0); "H-NMR: (400 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.34-7.18 (m, 5H, Ph),
5.06 (d, J=14.5 Hz, 1H, PhCH,), 4.58 (m, 1H, OCH), 4.11 (br m, 2H,4 ,, 5, NCH,CH>), 3.98
(br m, 2H4 o 5, NCH>CH>), 3.80 (d, J = 14.5 Hz, 1H, PhCH>), 3.72 (m, 1H, NCH), 3.15 (ddd,
J=13.5,10.5, 3.0 Hz, 2H,4 ,» 5, NCH,CH,), 3.04 (m, 2H,4 ,, 5, NCH>CH>), 2.40 (q, /= 7.5 Hz,
1H, NCHCH), 2.07 (m, 1H, CH>), 1.99 (m, 1H, CH,), 1.91 (m, 1H, CH), 1.77-1.47 (m, 10H,
CH, 9 x CH»), 1.34 (m, 2H, CH, CH>), 1.07 (m, 1H, CH,), 0.90 (d, J = 7.0 Hz, 6H,
CH(CHs),), 0.89 (m, 1H, CH,), 0.80 (d, J = 7.0 Hz, 3H, CH;); “C-NMR: (100 MHz,
CDCl) o 177.3 (C=0), 157.5 (C=0), 135.0 (Ph), 128.7 (Ph), 128.2 (Ph), 127.5 (Ph), 75.1
(OCH), 58.9 (NCH), 47.4 (CH), 45.0 (NCHCH), 44.0 (PhCH,), 41.6 (CH,), 40.6
(NCH»CH,), 40.2 (NCH,CH,), 34.4 (CH»), 33.8 (CH>), 31.4 (CH), 29.8 (CH>), 28.4 (CH,),
27.3 (CHy), 26.5 (CH), 25.1 (CH,), 23.7 (CH»), 22.0 (CH(CHs)), 20.8 (2 x CH(CH3)), 16.7
(CH3); m/z (ES"): 489 (100%, MNa'); HRMS: found 489.3085 (MNa"), Cy9H4,N,03Na
requires 489.3088.
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1-Benzyltetrahydro-1H-spiro[cyclopenta[b]pyrrole-3,4'-piperidin]-2(3aH)-one
hydrochloride (26)

/—Ph Following Liebeskind,® (/R,2S,5R)-2-isopropyl-5-methylcyclohexyl-1-

N benzyl-2-oxohexahydro-1H-spiro[cyclopenta[b]pyrrole-3,4'-

piperidine]-1'-carboxylate 25 (104 mg, 0.23 mmol) was dissolved in

HN Hel EtOH (2 mL) in a reusable sealed tube. KOH in ethanol (2.0 M, 3 mL)

was added. The tube was sealed and the reaction mixture was stirred at

150 °C for 24 hours, and diluted with EtOAc (10 mL) and water (10 mL). The aqueous layer

was washed with EtOAc (2 x 25 mL) and the organic layers were combined. The combined

organics were washed with brine, dried over MgSO,4 and concentrated under reduced

pressure. The free amine was acidified with 1M HCI in diethylether (5 mL) for 5 minutes and
concentrated to give the title compound as a white solid (52 mg, 71%).

0]

IR: (vmax(film)/cm™) 1626 (C=0); 'H-NMR: (400 MHz, CDCls) & 9.56 (br d, m, 2H,
H,N"), 7.33-7.16 (m, 5H, Ph), 4.98 (d, J = 14.5 Hz, 1H, PhCH,), 4.02 (br m, 1H, NCH,), 3.82
(d, J = 14.5 Hz, 1H, PhCH,), 3.76 (br m, 1H, NCH,), 3.51 (m, 1H, NCH,), 3.27 (m, 2H,
NCH,, NCH), 2.26 (m, 11H, CH, 10 x CH>); m/z (ES"): 100% (MH" 285); HRMS: found
285.1958 (MH"), C13HasN>O requires 285.1962.

35



General Procedure C for Dearomatising Cyclisations (with the addition of a
nucleophile)

MeOCOCI, Ph
0 2,6-lutidine o NF OR
P ROH N
NI XY N7 Ph : ~
= é CH,Cl, MeO\n/N _
o)

Cyclisation precursor was dissolved in dichloromethane (0.05M). The solution was cooled to
0 °C and 2,6-lutidine (1 equiv.), ROH (1-3 equiv.) and methyl chloroformate (1 equiv.) were
added sequentially. After 30 minutes the solution was quenched by saturated sodium
hydrogen carbonate solution (0.2M) and extracted twice using dichloromethane (0.2M).
Organic layers were dried with MgSQOy, filtered and evaporated under reduced pressure. The
residue was purified by flash chromatography (SiO,, EtOAc:petrol 1:19) to yield the
spirocyclic dihydropyridine.

Methyl-1-benzyl-6a-hydroxy-2-ox0-2,3a,4,5,6,6a-hexahydro-1H,1'H-spiro [cyclo-
penta[b]pyrrole-3,4'-pyridine]-1'-carboxylate (27a)

Following general procedure C, the racemic title compound was
obtained from N-benzyl-cyclopent-1-enyl-isonicotinamide le (212
mg, 0.76 mmol) (using methylchloroformate (0.76 mmol) and 2,6-
lutidine (0.76 mmol) and distilled water (2.28 mmol) in
dichloromethane: acetone (1:1 rather than dichloromethane)) as a
white solid after purification (242 mg, 90%).

Ry: 0.32 (EtOAc:petrol 1:1); m.p.: 143-145 °C (EtOAc); IR: (vmax(film)/cm™) 3339 (O-H),
1726 (C=0), 1687 (C=0); '"H-NMR: (400 MHz, CDCls, 2 rotamers (A:B 1:1)) § 7.34-7.23
(m, 5H, Ph), 7.17 (d, J = 7.5 Hz, 1H, , 3 NCH=CH), 7.04 (d, J = 7.5 Hz, 1H, , 3,
NCH=CH), 6.98 (d, J = 7.5 Hz, 1H,,, 5, NCH=CH), 6.84 (d, J= 7.5 Hz, 1H, ,, 5, NCH=CH),
5.00 (d, J=7.5 Hz, 1H4,, 5, NCH=CH), 4.90 (d, J = 7.5 Hz, 1H, o, 5, NCH=CH), 4.74 (d, J =
7.5 Hz, 1H,,, 5, NCH=CH), 4.65 (d, J=7.5Hz, 1H,,, 5, NCH=CH), 4.55 (d, J=15.0 Hz,
1H, PhCH,), 4.50 (d, J = 15.0 Hz, 1H, PhCH>), 3.82 (s, 3H, OCHs), 2.94 (m, 1H, OH), 2.25
(m, 1H, CH), 1.87-1.64 (m, 5H, CH,), 1.46 (m, 1H, CH,); ®C-NMR: (100 MHz, CDCl;) &
175.8 (C=0), 151.7 (C=0), 138.2 (Ph), 128.7 (Ph), 128.1 (Ph), 127.5 (Ph), 125.2 (NCH=CH,
o B), 1249 (NCH=CH, ,. ), 122.6 (NCH=CHy , ), 122.4 (NCH=CHy, .. 5), 110.5
(NCH=CH, ,, 3), 110.0 NCH=CH, ,, 3), 105.0 (NCH=CH, ,, 3), 104.6 (NCH=CH, ,, 5), 99.2
(C), 60.1 (CH), 53.7 (OCH3), 47.0 (COH), 43.5 (PhCH,), 38.4 (CH,), 26.2 (CH,), 24.7
(CH»); m/z (ES): 377 (100%, MNa"); HRMS: found 355.1657 (MH"), C20H23N,04 requires
355.1653.
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Methyl-1-benzyl-6a-methoxy-2-0x0-2,3a,4,5,6,6a-hexahydro-1H,1'H-spiro
[cyclopenta|b]pyrrole-3,4'-pyridine]|-1'-carboxylate (27b)

Ph  Following procedure C, the racemic title compound was obtained
O N OMe from N-benzyl-cyclopent-1-enyl-isonicotinamide 1e (115 mg, 0.41
) mmol), (using methyl chloroformate (0.41 mmol), 2,6-lutidine
(0.41 mmol) and methanol (0.017 mL)) as a white solid after
\ﬂ/ purification (113 mg, 75%).

Ry : 0.61 (EtOAc:petrol 1:1); m.p.: 164-166 °C (EtOAc); IR: (vmax(film)/cm™) 1728
(C=0), 1690 (C=0); "H-NMR: (400 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.36-7.24 (m, 5H,
Ph), 7.23 (m, 1H4 o 5, NCH=CH), 7.14 (m, 1H,, 1Hp, NCH=CH), 7.01 (m, 1H, o 5,
NCH=CH), 4.87 (m, 1H, ,, 5, NCH=CH), 4.80 (m, 1H,,, 5, NCH=CH), 4.70 (d, J = 15.0 Hz,
1H, PhCH>), 4.69 (m, 1H, o 5, NCH=CH), 4.64 (m, 1H, ,, 5, NCH=CH), 4.16 (d, J = 15.0
Hz, 1H, PhCH>), 3.84 (s, 3H, OMe), 3.02 (s, 3H, OMe), 2.27 (m, 1H, CH), 1.88-1.58 (m, 5H,
CH>), 1.34 (m, 1H, CH>); *C-NMR: (100 MHz; CDCls) § 176.7 (C=0), 151.6 (C=0), 137.9
(Ph), 128.5 (Ph), 128.2 (Ph), 127.4 (Ph), 124.9 (NCH=CH, ,, 5), 124.6 (NCH=CH, ,, 5), 123.3
(NCH:CHA or B), 123.2 (NCHZCHA or 3), 108.9 (NCH:CHA or B), 108.4 (NCH:CHA or B),
105.5 (NCH=CH" ” ), 105.0 (NCH=CH, ,, 5), 104.1 (C), 53.7 (COOCH3), 52.3 (CH or
OCH3), 50.2 (CH or OCH3), 47.1 (COH), 43.6 (PhCHy,), 37.4 (CH,), 26.4 (CH,), 24.6 (CH,);
m/z (ES): 369 (10%, MH"), 391 (100%, MNa'); HRMS: found 369.1806 (MH"),
C21H25N204 requires 369.1806.

Methyl-1-benzyl-6a-(2-hydroxyethoxy)-2-0xo0-2,3a,4,5,6,6a-hexahydro-1H,1'H-
spiro[cyclopenta[b]pyrrole-3,4'-pyridine]-1'-carboxylate (27¢)

Following general procedure C, the racemic title compound
was obtained from N-benzyl-cyclopent-1-enyl-
isonicotinamide le (133 mg, 0.48 mmol) (using methyl
chloroformate (0.48 mmol), 2,6-luitidine (0.48 mmol) and
ethylene glycol (0.48 mmol)) as a white solid after
purification (172 mg, 76%).

Ry: 0.24 (EtOAc:petrol 1:1); m.p.: 113-115 °C (EtOAc); IR: (vmax(film)/cm™) 3445 (O-H),
1727 (C=0), 1688 (C=0); '"H-NMR: (400 MHz, CDCls, 2 rotamers (A:B 1:1)) & 7.34-7.26
(m, 5H, Ph), 7.24 (m, 1H4 , 5, NCH=CH), 7.15 (m, 1H,4, 1Hz, NCH=CH), 7.01 (m, 1H, o 5,
NCH=CH), 4.95 (m, 1H, o 5, NCH=CH), 4.85 (m, 1H, o 5, NCH=CH), 4.68 (m, 1H, o 5,
NCH=CH), 4.62 (d, J=15.0 Hz, 1H, PhCH,), 4.61 (m, 1H4 ,, 5, NCH=CH), 4.29 (d, J = 15.0
Hz, 1H, PhCH), 3.85 (s, 1H, OCHj3), 3.63 (m, 2H, OCH,), 3.36 (dt, J = 5.5, 4.5 Hz, 1H,
OCH), 3.13 (dt, J= 8.5, 4.5 Hz, 1H, OCH), 2.32 (dd, J=9.0, 4.0 Hz, 1H, CH), 1.85-1.72 (m,
5H, CH>), 1.64 (dd, ap q, J = 6.0 Hz, 1H, OH), 1.35 (m, 1H, CH,); “C-NMR: (125 MHz,
CDCl) 6 176.7 (C=0), 151.6 (C=0), 138.0 (Ph), 128.6 (Ph), 128.1 (Ph), 127.5 (Ph), 124.7
(NCH=CH, ,, 5), 124.5 (NCH=CH, ,, ), 123.8 (NCH=CHy ,, 5), 123.5 (NCH=CH, ,, ),
108.2 (NCH=CHy o ), 107.7 (NCH=CHy, ,, 5), 104.8 (NCH=CH, ,, 5), 104.1 (NCH=CH, ,,
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5), 103.9 (C), 64.0 (OCH,), 61.6 (CH,OH), 53.8 (COOCH3), 53.2 (CH), 47.0 (COCH,), 43.7
(PhCH,), 37.0 (CH,), 26.4 (CH,), 24.6 (CH,); m/z (ES"): 399 (10%, MH"), 421 (100%,
MNa"); HRMS: found 399.1913 (MH"), C2,H,7N,Os requires 399.1915.

Methyl-6a-(allyloxy)-1-benzyl-2-0x0-2,3a,4,5,6,6a-hexahydro-1H,1'H-
spiro[cyclopenta[b]pyrrole-3,4'-pyridine]-1'-carboxylate (27d)

Following general procedure C, the racemic title compound
was obtained from N-benzyl-cyclopent-1-enyl-isonicotinamide
le (106 mg, 0.38 mmol) (using methyl chloroformate (0.38
mmol) 2,6-lutidine (0.38 mmol) and allylalcohol (0.38 mmol))
as a white solid after purification (112 mg, 63%).

Rs: 0.56 (EtOAc:petrol 1:1); m.p.: 83-86 °C (EtOAc); IR:
(vmax(film)/cm™) 1728 (C=0), 1690 (C=0); "H-NMR: (400 MHz, CDCl;, 2 rotamers (A:B
1:1)) & 7.35-7.23 (m, 5H, Ph), 7.20 (m, 1H, ,, 5, NCH=CH), 7.15 (m, 1H,, 1Hz, NCH=CH),
7.01 (m, 1H, o 5, NCH=CH), 5.81 (ddt, J = 17.0, 10.5, 5.5 Hz, 1H, CH=CH,), 5.26 (dd, J =
17.0, 2.5 Hz, 1H, CH=CH,"*"), 5.17 (dd, J = 10.5, 2.5 Hz, 1H, CH=CH,*), 4.95 (m 1H, . 5,
NCH=CH), 4.88 (m, 1H, NCH=CH), 4.68 (m, 1H, NCH=CH), 4.66 (d, J = 15.0 Hz, 1H,
PhCH,), 4.63 (m, 1H,4 o 5, NCH=CH), 4.20 (d, J = 15.0 Hz, 1H, PhCH,), 3.84 (s, 3H, OCH}),
3.76 (dd, J = 12.0, 5.5 Hz, 1H, OCH,), 3.57 (dd, J = 12.0, 5.5 Hz, 1H, OCH,), 2.32 (dd, J =
9.0, 4.0 Hz, 1H, CH), 1.86-1.62 (m, 5H, CH,), 1.35 (m, 1H, CH,); “C-NMR: (100 MHz:
CDCl;) & 176.6 (C=0), 151.6 (C=0), 137.9 (Ph), 133.8 (CH=CH,), 128.5 (Ph), 128.2 (Ph),
127.4 (Ph), 124.8 (NCH=CH, ,, 5), 124.5 (NCH=CH, ,, 5), 123.9 (NCH=CH, ,, 5), 123.7
(NCH=CH, ,, ), 117.0 (CH=CH,), 108.3 (NCH=CH, ,, ), 107.8 (NCH=CH, ,, ), 104.8
(NCH=CHy ., 3), 104.1 (NCH=CH, o 5), 103.9 (C), 63.9 (OCH,), 53.7 (OCH3), 53.1 (CH),
47.2 (COCHy,), 43.7 (PhCH,), 37.5 (CH,), 26.4 (CH,), 24.6 (CH,); m/z (ES"): 395 (30%,
MH"), 417 (100%, MNa"); HRMS: found 395.1975 (MH"), C23H,7N,0, requires 395.1966.

2,2,2-Trichloroethyl 1-benzyl-6a-hydroxy-2-0xo0-2,3a,4,5,6,6a-hexahydro-1H,1'H-
spiro[cyclopenta[b]pyrrole-3,4'-pyridine]-1'-carboxylate (27¢)

Following general procedure B, the racemic title compound was
obtained from N-benzyl-cyclopent-1-enyl-isonicotinamide 1e (123 mg,
0.44 mmol), using 2,2,2-trichloroethyl chloroformate (0.44 mmol) 2,6-
lutidine (0.44 mmol) and distilled water (0.023 mL, 1.32 mmol) and
dichloromethane:acetone (1:1) (12 mL), as a white solid after

_N
Troc
purification (83%).

Ry: 0.42 (EtOAc:petrol 1:1); m.p.: 162-164 °C (CHCl;); IR: (vmax(film)/cm™) 3342 (O-H),
1733 (C=0); 1690 (C=0); "H-NMR: (400 MHz, CDCl;, 2 rotamers (A:B 1:1)) & 7.37-7.27
(m, 5H, Ph), 7.18 (d, J = 8.5 Hz, 1Hy o 5, NCH=CH), 7.17 (d, J = 8.5 Hz, 1Hy o 3,
NCH=CH), 7.00 (m, 1H4 o, 5, NCH=CH), 6.99 (m, 1H4,, 5, NCH=CH), 5.08 (dd, /=28.5, 1.5
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Hz, 1H, o 3, NCH=CH), 5.01 (dd, J = 8.5, 1.5 Hz, 1H o 5, NCH=CH), 4.86 (m, 1H, o 5,
NCH=CH), 4.82 (s, 2H, CI3CCH>), 4.79 (m, 1H, o 5, NCH=CH), 4.66 (d, J = 15.0 Hz, 1H,
PhCH,), 4.46 (d, J=15.0 Hz, 1H, PhCH,), 2.28-2.25 (m, 2H, CH, COH), 1.88 (m, 2H, CH>),
1.77 (m, 2H, CH>), 1.65 (m, 1H, CH,), 1.53 (m, 1H, CH,); ®C-NMR: (100 MHz, CDCls) &
175.3 (C=0), 153.8 (C=0), 138.1 (Ph), 128.8 (Ph), 128.2 (Ph), 127.7 (Ph), 125.0 (NCH=CH
o ), 1245 (NCH=CH, ,. 5), 122.4 (NCH=CHy ., 5), 122.0 (NCH=CH, ,. ), 111.7
(NCH=CH, ,, ), 111.1 (NCH=CH, ,, 3), 106.3 (NCH=CH, ,, 5), 99.2 (C), 77.2 (C1;C), 75.6
(CL,CCH,), 60.0 (CH), 47.0 (COH), 43.6 (PhCHy,), 38.4 (CH,), 26.3 (CH,), 24.7 (CH,); m/z
(ES™): 493 (50%, MNa").

39



¥ ¥ ¥ 8 3§ 3y 3 3 g 2 ! i 3 g n 8
bSLE'ST ~
o Emm.ﬁv
¥605'T -
£215°T 3
0925°T — PR ]
8€0L'T Fr R
61T 5 3
EELL'T
" €6TH L~ _
o gmgmv
£78£°05
. LThL9Ly
T et
89LE°LL
€509'— S - T 101
£
£E°0°S = STE |28
ST90°S N T =
¥8£0°S "
v 68TT°0TTy
6211°S Nm:.o:N -
ovLz 3 SLPLOTT
wmmm < |J F ozt ) 9965°02T—
P e
I R -
Xan N = 9986'SET—
(82T'L = = Fsou " )
00£2°L " 68€7°EHT—
mem.m o ouT 0517
@ £€26°0ST
8€65°8 oot b3
b£09'8 N - W o0t |3
. fad
06+L°8 JJ =~ 17€ 0978'£9T—
629L'8 g

as

10.0

11 (ppm)

40



2 8 8 8 8 8 8 8 8 8 8 8 8 8 & 5 5 5 B 5 5
818" L
?ng.m.l/ F—ob'p
986" — [—
1646 P

£0S0°2
9960°C

SETT'T - —amZ T-710

S@M.Nﬂ \ Tozo
S66€°C

8TL9't— S F-¢s0
8600°S
15€0°S
zs0°s
S0L0°S

[4Y<a* N _ i

2950°97 -~ — Fe
9660°L

Fr1

Foo9

50

M 00T

ST

0.0

0s

4.0

55
1 (ppm)

10.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0

105

[-2E+08
[-2E+08

[F1E+08

[-1E+08

[F1E+08

[-1E+08

[-1E+08

[~9E+07

[-BE+07

[F7E+07

[-6E+07

[-SE+07

Fez+07

[3E+07

|-2E+07

[1E+07

0

[--1E+07

9159°¢¢
mvmw.NNV

ﬁﬂm.mml
oEo.mN\

€8Sy~
€6£9°05—

mmmm.wm/

/
9L9€°LL

€78S°0CT
9€20°TLT
prran
9TL0°€EZT
98SEECT
696E°ECT
9ET9'ELT

¥169°8217
LT00'9ET—

e e —

LLSTO0ST—

£0S6°L9T—

M



1c

s jueyice vy e vy )

0.70-3079f 1h.esp

VerticalScaleffgctor = 1

0.655
0.603
0557
0.503
0.453

> 0407
0.353 /

0.303

Nomalized Intensity

0.253

0.203

0.153

0.103

0.053

o 4

2.0 85 80 75 7.0 6.5 6.0 55 5.0 45 4.0
Chemical Shift (ppm)

079f 13c.esp VenicalScaIeFactoi::= 1
8
|

0.404

0.35-

128.7748

0.30

~127 4249

0.25+

121.8604

Nomalized Intensity
o
o
5]
1

1268809

0.15+

—133.8557
—96.5034

0.10+

—168.4258

0.05+

77.3537
77.0350
76.7181

L
e

—46.2033

~0.0013

b AR LA | L LAk bk AR Sbd \AAA L] RS MM ik ) bl Libdd Ll LA bbbl Rkl AR LAk RAAL bk |
102 184 176 168 160 152 144 136 128 120 112 104 26 88

Chemical Shift (ppm)



[-1E+09
[F1E+09
[~9E+08

+08

[~BE+08
[-7E+08
E-

|-se+08
|-4£+08
|-35+08
|-26+08
[F1E+08

-6
o

-1E+08

86L°1—

L69T’L
616Z°L
TT0€°L
vL0EL
LETEL

LSTEL
¥6TEL

S85E°L

1S€9°8 -
96¥9°8:

—

F-0'¢

o001

00'T
10T

Fwoe

Fooz

[-2E+08
[-2E+08
[-2E+08

[-2E+08

[F1E+08

[1E+08

[-1E+08

L1E+08

[-1E+08

[-9E+07

[-BE+07

[F7E+07

[-6E+07

[-SE+07

|-s£+07

[-3E+07

[-2E+07

[F1E+07

[--1E+07

05

10

- PeEYTZ—

20

25

3.0

¥S00°05—

5 mmmm.@m
N mmvo.mm%

5.0

90SZ°LL

——— rr\
ﬁmom.mm

60 55
1 (ppm)

6.5

mvwm.o:V
T209°9TT

1609°TZT—

70

75

09€9°£2T—

/

BR6E-BEL—

09SE"EPT—

8.0

85

S0

P616°6VT—

a5

10.0

88¢7°891—

105

1.0

1 (ppm)

T
100

T
110

43



le

Ph

6465
8.6321

_<8

7.3903

7.3594
7.3444

3291
7.3054

7.3005

7.2916

7.2843
7.2700

—5.1362
—4.8503

\

/2.2100
—2.0984

1.7854
1.7668

1.7483
1.7300

(-
200 =

7.3

[-3E+08

[-3E+08

[-3E+08

[-3E+08

|-3E+08

[-2E+08

[-2E+08

[-2E+08

[-2E+08

[-2E+08

[-1E+08

[-1E+08

-1E+08

[-BE+07

[6E+07

[~4E+07

[2E+07

Lo

[--2E+07

T
1.0

T

105

T
10.0

—168.2400

T
9.5

%0

—149.8361

—142.2419
—137.1583

pA

in

—127.5105
—121.5821

PEPN

77.3586
s
7238

/
\76

—33.1795
~30.0978

—22.2498

[~2E+08

[-2E408

[~2E+08

[F2E+08

[-2E+08

[F1E+08

[F1E+08

[-1E+08

[F1E+08

|-1£+08

[9E+07

[-BE+07

{-7E+07

[-6E+07

[-SE+07

[-4E+07

[-3E+07

[F2E+07

{-1E+07

o

[-1E+07

44



l6£+08
|-se+08
|-4+08
[~4E+08

[4E+08

[-3E+08

[-2E+08

[-2E+08

[-2E+08

[-SE+07

o

I--5E+07

1f

6SEE°T

LPYE'T

POSE'T

ESLP°T

(4%

668b°T —
0¥0S'T
oﬁwﬁaﬂ —
awmm.ﬁ\
SH6'T

8TI8'v—

r

SYeT'S—

¥919°8
oﬁmm.w”v.

F-007
Fwt

EF-S07
107

Fooz
F-ss0

959

F-00t

[-2E+08
[-2E+08
[-2E+08

[-2E+08

[-2E+08

|-2E+08

|-26408

[-2E+08

[1E+08

[~9E+07

[BE+07

|-7E+07

+07

£

61

[-SE+07

l-4e+07

[-3E+07

[F2E+07

[F1E+07

-0

1E4+07

[-2E+07

0.0

0s

10

8EPT'TT

80072~
Lw 9LE9VT—
7885'87—

20

25

86b6'6v—

30

4.0

vnwm.@m/

e il
ﬁmom.mm\

T
6.5 6.0 55 5.0
1 (ppm)

70

ST0S'TZT—
8105°L21—

7.5

Le L6ET LET—

o 8L18' v T—
080L°6VT—

T
9.5

9181°'891—

T
10.0

T
105

1.0

45



$ 8§ 38 8% 8 38 §8 38 8 8 8 8 8 8 8 88 3 8 8 8 8 8 8 8 5 8 B 5 B 5 B 8 B 5
8 ¥ ¥ ¥ E o o o o ¢ ¢ ¢ ¥ & § @§ g B o # & & & & & & & & & 3 & & & & & &
AL SV JOUL UL VUL UL JOUL UL (UL L. (U, PR UL U, L U 8 8 & & @ & & oy @ ® @8 # ¥ B 8 & o 4
o
Ly
%} FS
m La
w
° S SETT67— L g
< E L e
~ m Feoz | "
TEW'T— — - Futlag re
81SL°T— B - 107 .
o £980°6b~ "
- ZELS1S—
18T €— — F207|| w
9€8ST9— -3
M o
g ’ FR
w - vemmdm./
M - ’\
2068 v— — 007 PI9E°LL -8
L2
LT S— - T-ss0
% 3
Lg
|W =
L Ls
Fe . -8
) - £0€9°T2T— .
- - F-ozs .
Lw L6817 21—
) Boe EEE
-8
£596°£617 &
0498y . el 086€"bbT—
T299'8 3 96£8°6VT— &
s
F8
i b6ET 89T—
L

46



[F1E+09

[-9E+08

[F8E+08

[-7E+08

[SE+08

[-SE+08

[F4E+08

[-3E+08

[F2E+08
[F1E+08

—-1E+08

LETT
0sT'1T
S5T'1
€T
€671

STET
L9'T—

Us'1—
00z

£9E'T—

L98'v—
00Z'S
mON.nW
01z's

¥59'S—

661°¢L
e
08T'L
'L
UT'L
S8T°L
¥oT'L
L0€°L
81E°L
£SEL
8Lb'8
06’8
985'8:
8098

0s

= E-ort

- Tz
= =aTRa
- Ferz

A

45

= F-s0t

E-£0'T

T
65 6.0 55 5.0
11 (ppm)

70

- % =401
F-ees

=007 |
00T

85

Q90

95

T
100

[F2E+08
[F2E+08

[F2E+08

[F2E+08

[F2E+08

[F2E+08

[F2E+08

[F2E+08

[F2E+08

[F1E+08

[F1E+08

[F1E+08

[F1E+08

[F1E+08

[F9E+07

[-8E+07

[F7E+07

[F6E+07

[F5E+07

[~4E+07

[F3E+07

[F2E+07

[F1E+07

|—1E+07

|—-2E+07

oz
e

BL00E—
BSE—

SETEF—

ﬁ:,.y\./

wseud

89T —
€85°421
091821
azen
¥55 821
UL —
280l —
UT WL —
5 —
618°6rT—

O —

T
100
11 (ppm)

47



Cl

HE+08

[4E+08

[4E+08

[F3E+08

[-2E+08

[-2E+08

[F2E+08

F1E+08

[SE+07

o

8L0'b
60

89—
18—

SP1's—
667'S—

06€'8
nQamv

-

TForz

w0T
98’1

861

TFes0

E-00'T

0s

1.0

25

30

55 5.0 40
11 (ppm)

6.0

95 9.0 85 80 75 70

100

[-2E+07
[-2E+07

[F2E+07

[-2E+07

[F2E+07

F1E+07

[F1E+07

[-1E+07

[F1E+07

[-1E+07

[F9E+06

|-sE+06

[-7E+06

[F6E+06

[-SE+06

[4E+06

[-3E+06

[F2E+06

[-1E+06

(—1E+06

WET—

BETE—
BETEE—

195Es—

06T 02T~

W —
§59°(21—
9w/
el —
126 Tl —
g —
2L —
L1517

SBL'9T—

20

30

70

140 130 120 110 100 %0
12 (ppm)

150

48



7954
Nras
—5.205

98 BEGH
ANy

T/

1571
1.565

<

4E+08

FaE+08

[-4E+08

[-3E+08

[-3E+08

[-3E+08

[-3E+08

[-3E+08

|-2E+08

[-2E+08

[-2E+08

[-2E+08

[F2E+08

[F1E+08

[F1E+08

[F1E+08

[F8E+07

[F6E+07

[F4E+07

[-2E+07

|—2E+07

—178.264
—136.415
—133,941

—1L2n2

77449
77228

s

7702
%6602

£

—55806
—%035
—106%

6E+08

[-SE+08

|-4E+08

|sE+08

[-4E+08

[-3E+08

[-2E+08

[-2E+08

|-2E+08

[-1E+08

[-SE+07

100
11 (ppm)



[4E+08
[4E+08
[F4E+08
3E+08
[F2E+08
[F2E+08
F2E+08
F1E+08
[-SE+07

99°0
m@.oV. - sr9

- eov

@mdl —_—
S

8T

91—

61— S

07—

W' \
mv.NM.

v

620

= wo

W'y

a4

90°S

L0°S \

80°S /J
or's

as

009

00°9

€0'9 N
€0°9

SETT

T w2
MI we

— — 90

et T 001

K

@
N

ff

96— -

6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05 0.0
f1 (ppm)

7.0

9.5 9.0 85 8.0

10.0

[F1E+08

[F1E+08

[F1E+08

[F1E+08

[F9E+07

[8E+07

F7E+07

[6E+07

[-SE+07

[F4E+07

3E+07

[2E+07

F1E+07

o

[-1E+07

s

N@.NN/
87—
61°97—
6t~
nw.mm\

6S°EY

wﬁ.wv”
69—
05°0S—

R.wn/

wN.R\

18T~
6L8TT—

S8'¢T—
66'v1-"
8L LT

66'SET—

98 T
€0°THT
431 4%
om.wvﬁN.
08°6¥T

06°6+1

LE7L9T
£5°£9T

8T°UT—

10

T
90
f1 (ppm)

50



F4E+08
F4E+08

F4E+08

-3E+08

F2E+08

F2E+08

F2E+08

F1E+08

FSE+07

66'v~_ L
105

05—

Fost
Fost
Fesr

H—YON.N

#Hmd
£01
Fsor
7960

%ﬁmcq

oot

1.5 1.0 0.5

20

25

3.0

9.0 85 80 7.5 70 65 60 55 50 45 40 35
f1 (ppm)

9.5

10.0

8E+07

F7E+07

F6E+07

F6E+07

F6E+07

FSE+07

F4E+07

F4E+07

F4E+07

F3E+07

F2E+07

F2E+07

F2E+07

F1E+07

-SE+06

-5E+06

Zu—

¥R—
8E—

L ob—

L4°9¢

8L

#e
!

0921
€821~
wer
06'6217

ocyer-"
5~
9 ERT——

8€BYT
m.@:V

e —

20 10

30

180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

190

51



.8425

.8230

—5.9487

.8310
8112

—

p—

— —4.5689

69

[-6E+08

[-6E+08

[-SE+08

Faz+08

[-4E+08

|-4£+08

[-3E+08

[-2E+08

[-2E+08

[-2E+08

[-1E+08

[-SE+07

o

{--5E4+07

—178.4234

—136.2348

128.9296

%

127.8390
124.8117
124.2535

—108.3187

/77.3425

\76.7077

—52.4388

—45.9776

—10.7820

0.0

|-2E+08

[-2E+08

[~2E+08

[-2E+08

[-2E+08

[F1E+08

[-1E+08

[-1E+08

[F1E+08

[F1E+08

[-OE+07

[-BE+07

[F7E+07

[F6E+07

[-SE+07

|ag+07

[-3E+07

[-2E4+07

|1E+07

o

[-1E+07

100
1 (ppm)

8-

2

52



5 5
AR O SR AN PO A PR PRSP SR PR SO RSO S SO N L U U U PR SR SR PO SR |
3
LA E-s09|[ 2 o B
161°97— ——
I
o
= 3
29562 I )
mmm.NW ~ =g F950|
168€°C b SEb 25— -——
o -
)
814°9¢
OMo.NNW
= £SE"LL-
SLLS'— —_ - =00z [ ¥
8T8 v — Twi g
9898" S
660€°S5— —
v 60rE0I— ]
9856°S 4
— .
Nmom.mv = Footig €6L'€71~ E
" 9LLTT— e
)
9€6L" 01— —
HMB. B— Tt eon -
~
vZTTL —_— =61
6862°L S— TF-s0¢ "
8TV 'L
LT L
66VE"L 2
189€°L
"
a 0Z1'8L1— -
o
@
o

T T
110 100
11 (ppm)

T
120

T
180

T
190

T
200

53



F7E+08
[-6E+08

[6E+08
[6E+08

[-SE+08

4E+08

4E+08

[~4E+08

[3E+08

[F2E+08

[2E+08
[2E+08
F1E+08
[-5E+07
~-5E+07

0

68°0
a.oV

CatN

S0'T—
7we
K.NW.
ue

ey
€'y
(Va4
Ty
2y
Ty

mm.v\
69—

20°5~,
50's

89°9~,
097"
2L
€L

—_—

Tl

9L,
@Z
8L
82'L
62'L1
62'L
1€
1€
€L
€
v

v,

E-se1

ek

E—9%0
E-9%0

E-861

Fooz

A

E—S6T

= F-see

0.0

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
f1 (ppm)

85

9.0

54



$ 8§ 38 88 38 8 8 8 38 8 8 8 8 865 5 588 § $ 88 8 8 8 8 8 8 8 88 8 8 85 65 &8 Pos
YO8 R B8 R B8R B8R ST .8 8 Y & e 7 ¥o§. 8. 8 B & #® 8§ & & § & v 9.9, 9.8 % & ¢ T 1
: o
Fa
re
£L08°€7—
8049'T
melw . -
5899'T T Froe 180676~
6098'T T -t
§9/8'T re
0ItbTy S - Froot M%wwwu -
86T e
5906'7— — - Tt TESE'S5— -
-2
z985" R
9/p9"
6TEL" 4 Le
0L
618" ___J 107
868" a— - = w0t L
— E-86'0 £
g
85.0°G — 960 ) 3
$180°S R 925£'86— —_ g
5960°S
T201°S THZE L0T— — .
£899°TTT— _ LS
6282l L&
0zeL €t - ———
= 96'0 . —_
Moo; 0¢8°L2T e L&
060 b876'SET— -—4
- %0 g
266" EPT— -—
-8
-8
L&
SSTYLLT— - o
L&

55



8 8 8 8 2 8 8 8 2 8 8 5 8
& & & & & & & & & & & & ﬁ
- . ; A { y ! 7 } A A T : ; :
SETH'T7
98T T+
ZEvb T
0815' T
STSS'TH
6ZL T
76941 — £0'T
mmom.:W T %01
656 T — 001
r/ — 90'T
91T T— — 61
waqW'T — E-£60
69Zb'T:
8bEP'T
ST
L0SP'T:
885"
90¢9"
§799°
S00L°
LhSEHRE T Fooz
£098" M E-£0'T
1548 [S— HH/(%””
9788"
§796"
€496°
8€90°S
—r— 960
501
=—9%'T
- F-g0e

0.0

9
=}

35 3.0 25 20 15

4.0

45

5.0
1 (ppm)

as

0.0

LiE+08
1£+08

E+08

E+08

[-9E+07

[-BE+07

|-7E+07

[6E+07

[-SE+07

|-sg+07

[-3E+07

[-2E+07

[F1E+07

mmmo.ﬁm./
mmov.NNN
8T8T°E€T

YT b,
09TH Lk~
£96€'8h~

YL 9L
SIb0 /L

EWTLL
C65E°LL

6986°00T—

$OTZ'80T—
S628°0TT

88.3
omvw.v-k
L90v° LT

ass a1y
1902°821

L0SE°9ET—
0825617

9L86°ELT—

30

1 (ppm)

T
100

T
10

1

T T
150 140

T
bV 160

T
1%0

56



[-SE+08

[F7E+08

-SE+08

[F6E+08

-6E+08

[FSE+08

[F3E+08

[-4E+08
[~4E+08
H4E+08

[-2E+08

[F2E+08
[-2E+08
[F1E+08

[-SE+07

£09°'9
619'9
€€L'9
0SL'9
807°L
w'L
WL
¥sT'L
09T,
69T°¢L
4747
86T°L
(44
9TE'L

EtOAC

EtOAC

/1

I/

/I//

I

4

95

100

[~8E+08
SE+08

[-8E+08

[F7E+08

(-SE+08

-SE+08

[SE+08

[-SE+08

[E+08

[4E+08

[4E+08

[-3E+08

[F2E+08

[F2E+08
(-2E+08
H1E+08
[FSE+07

5E+07

00€"LL

086'86—

S0S°L0T—
129'011—

sirezs
01¥bTT
15621
R,._EW
e
ol
wacerd

LTBELT—

T
190

57



F3E+08

F3E+08

F3E+08

F3E+08

F2E+08

F2E+08

F2E+08

F2E+08

F2E+08

F1E+08

F1E+08

F1E+08

F8E+07

F6E+07

F4E+07
F2E+07

--2E+07

51
€

()i
nmfllr/l
997

am.cs\-
0’5~
ass
65—

H—lmﬁ.m

H—YN~.~

Foot

Foso

65 6.0 5.5 50 45 40 35 30 25 2.0 15 1.0 0.5 0.0
f1 (ppm)

7.0

9.5 9.0 8.5 8.0 75

10.0

6E+08

-SE+08

F4E+08

F4E+08

F4E+08

F3E+08

F2E+08

F2E+08

F2E+08
F1E+08
FSE+07

-5E+07

65°0T—

18'55—

09°9¢:
[172

u-f -
SV

aZm—
wan
1021
€071
S.BW
12521~
66'521—
61421
€221
sy
W

(75748
16'821

T9'G€T-

92’81 —

20 10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

200

58



F3E+08

F3E+08

F3E+08

F3E+08

F2E+08

2E+08

F2E+08

F2E+08

F2E+08

F1E+08

F1E+08

F1E+08

8E+07
F6E+07
F4E+07
F2E+07

-2E+07

e
sgpx
b=
wy!

015~
s
0e'5—

F90¢€
F00€

TFeot

Foot

HIB.N

oot

TFse0

Reeo
660
01

H\.mm.m

860

9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

9.5

F1E+08

F1E+08

F1E+08

F9E+07

F8E+07

F7E+07

F6E+07

FSE+07

F4E+07

F3E+07

F2E+07

F1E+07

-1E+07

66T
s
609"

T

GL66—

LL9L~

uN.kn\

62 1IT—

or'oeT—
82°STT
WS

w'a
8Ly
06°42T
867421
seeet
19°€€T

ST'GET
TroeT=

1€8LT—

20 10

30

120 110 100 90 80 70 60 50
f1 (ppm)

130

180 170 160 150

190

59



F9E+07
[-8E+07

-7E+07

[6E+07

[SE+07

[4E+07

[F3E+07
[-2E+07
[F1E+07
0

B 1 QHE+s
S oo

88°0
68°0
16°0
PrT—
&T—
°i—

8=
w/

s M
62

;5T

eE— ~

e
SE'E

60"t
1194
€'y
STy
9t
U ~
om.vun ~\

80'5— —~
W's— 4

19°6—
mw.m.\

95'9
wm.wv
€6'9— -

1027
LIL —

wop T T ————
&L
€L

8L -
S8°L

98°L

98"

8L

8L

W 1062

%9
T so1
oo

0.5

1.0

6.0 55 5.0 4.5 4.0 35 3.0 25 20
f1 (ppm)

6.5

8.0 75 7.0

85

9.0

|-2E+08
F2E+08
[F2E+08

[2E+08

F2E+08

[F2E+08

[F2E+08

[2E+08

F1E+08

F1E+08

F1E+08

F1E+08

F1E+08

[F9E+07

-8E+07

F7E+07

[6E+07

[FSE+07

F4E+07

[F3E+07

[F2E+07

F1E+07

-0

F-1E+07

[--2E+07

68'vC—

€0°€E—

y0'9r—

LLS—
W' LS—

o.w
20

Ll
ve'LL

99'86—

6°01T—

00T —
65'921
26871\

€6'EET—

WLLT—

70 50 20 10

f1 (ppm)

110

120

60



. LIVZ b~ R
05T 1— SLLTVT
1202 .
! £620'Z B
-
Ler0e S¥90°Z- C
6151 87
18912
3
[=]
. £LOLYA,
Wz [T Q
P ddat 87
o
g
Q
80L0'G : 8
eigos] | e
—i-ea
£0L5
62’
9£65" s
2559'9-7 K]
0L59°
- ovL9
"
n .
) $OGZ L LOVT L~
9@z . o
% sLie’s TSEE L7 o
2
[yl
8
2]
8
€
@
s
T
e
o o
. .
8 :
3
7 Q \ 3
(=]
. .
\ Q * b ~ © 0 o« i N - o
- 2 g 3 S g 3 S P g 3

Aysusju) pazjeusoN

05

1.0

1.5

20

25

3.0

35

6.0

7.0

75

8.0

85

0.0

Chemical Shift (ppm)

61



7.333
7.33
7.304

vz
£
N

6.774
6.746
6.5%0
6.562

5.237
5.228

i

5.20
5.201

—4.951

Vsl

) S SS

Laen
—4.482

442

J!

water

[-3E+08

[F3E+08

[F3E+08

|-3E+08

|-3E+08

[F2E+08

[-2E+08

|-2E+08

[F2E+08

[F2E+08

[-1E+08

[-1E+08

[F1E+08

[-8E+07

[-6E+07

[~4E+07

[F2E+07

[—-2E+07

r
100

a5

S0 85 8.0

128.8%
128.157

127.825

—174.23
—137.748

—123.720

—121.125

—113.719
—108.658

—R22%

yT7AR

26595

— 59666

—46284
—43661

—38408

—26215
24575

[F1E+08

1E+08

[-1E+08

[F1E+08

[F1E+08

F9E+07

[F8E+07

[-7E+07

[FSE+07

[FSE+07

HE+07

[-3E+07

[F2E+07

[F1E+07

—1E+07

62



by

-1z

Ttz
Fwz

F-sot
1071

E-S0T
T-wt

F-€0T

00T

071

Fots

T
5.0
f1 (ppm)

wwe—
o'z—

aeE—
oe—

se—

£ —

LAAN

wul

%€B—

WY
war—
(18748
W,BV.
€6°4Z1
13743
96821

&'ET—

WET—

100
11 (oom)

63



&Y
AN
34
zv/

S6'y
R.QN.

F st

= (8T
T T

00T
ﬂwm.ﬂ

B~
BR—

v —

€E—
s —

7474
wu
€U

STe6—

BRI—

W~
war—

wa
SQW
348

aur—

R

64



0T
ﬂ..-v.

e
e

18P~
%y

1)

=—pEE

FLTE

Foe

=007

Fevv

e

21303 S

SP'ES
Nh.mmv

UNA

swul

ﬁ.-oﬂ
s.voﬁv.

hg
Rdﬁ/
wm.a
RQV.
wa
8
23743
19—

wIsT—

068 —

T
100
1 (ppm)

65



/—Ph

MeO _N_~
g
O

7e

[4E+08
[FE+08

[F3E+08

[F3E+08

[F3E+08

[F3E+08
[F3E+08
[F2E+08
[F2E+08

[F2E+08

[F2E+08

[F2E+08

[F1E+08

[F1E+08

[F1E+08

[F8E+07
[F2E+07
[~-2E+07

[6E+07
[4E+07

6£9°'T
$99'1
169°1
£6L°T

V8T
6681
HoT—
S6E'T
8567\
8867

S18'T
0z8'T
L8T
W8T

MM w01
s0'1

—- HI&.N
- Foot

— 10t

- H_”Ioo.v

HTQOA

[-2E+08
[F2E+08
(-2E+08

[-2E+08

[F2E+08

[-2E+08

[-2E+08

[F1E+08

[F1E+08

F1E+08

[F1E+08

[F1E+08

[F9E+07

[-8E+07

[F7E+07

[6E+07

[-SE+07
[F3E+07
[-2E+07
F1E+07

[~E+07

—1E+07

S06'€ET—

Woee—
Wl Sh—
8L 6b—

T0L'8S—
¥EL S5

mz.f./

e

- ooc 24

086'L6—
£08°201—

Ovm.nﬁ:
D&NQN

-2 018'$ZT:
PLO'STT
Nmm.mmdw

9L~

T
5.0
11 (ppm)

T
55

mNe.wNT\
BET'9ET—

70

00T bbT—

75

80

L2
a §56'8LT—

95

T
100

e

60

T
100
1 (ppm)

T
110

T
120

T
190

66



[-2E+08
[F2E+08
[F2E+08
[F1E+08
[F1E+08
[F1E+08
[F1E+08
[F1E+08
[F9E+07
[F8E+07
[F7E+07
[-SE+07
[-SE+07
[4E+07

67

[-8E+08
F7E+08
[6E+08
[F6E+08
-6E+08
[-SE+08
[F4E+08
[F4E+08
F4E+08
[F3E+08
F2E+08
[F2E+08
[-2E+08
F1E+08
[-SE+07
--5E+07

o

/’Ph
MeO_N_~
hig
(¢]
7f

~ ~ ~ 5
i 7 3 A g 8
A M
I T G M 8 8
e
-
3
L <
LT -
00T [
E-S0'1
2 F-S0'T
3 Bl e
T =&
ey
EH01 £56'9b~\"
- sppLe—
00b'6b-
sse1s/
L=
a
6Ev'79—
L wv
"
e 26094
- OW0'LL
00€°LL
-
= e T
— 01 -
I|M £0'1 -mw
] 086'86—
L w
“ 505°£01—
129011 —
L2
@ STT'ELT
[ 748
" j{137al
e Rv.hﬂW
e
- .
Tre 999'8ET
i B5p9ET—
u©e wazer
at| .
[~
L <
2
-
@
-
@ LI8ELT—
| w
2
o
o]

10

20

30

60

70

150 140 130 120 110 100
1 (ppm)

T
160

170




-2E+08
F2E+08
F2E+08
F2E+08
F2E+08
2E+08
F1E+08
F1E+08
F1E+08
F1E+08
F1E+08
F9E+07
-8E+07
F7E+07
F6E+07
FSE+07
F4E+07
F3E+07
F2E+07
F1E+07

-1E+07

Feot

Feoee

Wmﬂ
££¢

TFoot

0.0

0.5

3.0 25 20 15 1.0

35

4.0

4.5

5.0
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

F4E+08

F4E+08

F3E+08

F3E+08

F3E+08

F3E+08

F3E+08

F2E+08

F2E+08

F2E+08

F2E+08

F2E+08

F1E+08

F1E+08

F1E+08

8E+07

F6E+07

F4E+07
F2E+07
[-2E+07

o

8re—

S0EE—

BSy—

675
s5e5~
wis—

BLYL
WL
@

BL6—

ES01T—
PEOCT
SEsey
igras
s
ELTf
164
PO8ZT
TR
5 BT
e
PISET
mm.ﬂﬁv.

T —

HWT—

BLBLT—

T
30

40

T
50

T T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

68



/’Ph

z

® ®

7%

[-3E+08

[F3E+08

[F3E+08

[-3E+08

[-3E+08

[F2E+08

[F2E+08

[-2E+08

[-2E+08

[F2E+08

[F1E+08

[F1E+08

[F1E+08

[-8E+07
[-6€+07
+0
2407
Lo
[-26407

990'0—

AT Sl
69T
vno;N.

Uure—

695
665
909
029t
979t
889t
£69't
80Lb
Sy
058"
£58't

968°'S
006’5

20T
4L
WL
09T'L
L6T°L
€0E°L
€L
S1E°L
T€E°L
ShE'L
6vE'L
0LEL

Cl
|
c Cl

water

EtOAC

= F-{I't

EYOAC

=9It

P-see

-
Mm

¥1'Z

A|w =007

0s 0.0

1.0

20

30

35

45

95 9.0 85 80 75 70 6.5 6.0 55

10.0

11 (ppm)

[-2E+08
[F2E+08

[F2E+08

[-2E+08

[F2E+08

[-2E+08

[F2E+08

[-1E+08

[F1E+08

[F1E+08

[F1E+08

[-1E+08

[F9E+07

[-8E+07

[F7E+07

[SE+07

[-SE+07

[E+07

[F3E+07

[F2E+07

[F1E+07

—1E+07

T 1T—

P16'Sh—

60" £5—

o@c.a\./.

NON.ONW
wELL
WS v6—

045501~
161901~

¥66'€21
NS.EM
zsssTI-
078'£21

3@2_.\
S05'9€T—

HIS6PI—

8TH'6LT—

T
170

T
180

T
190

T
200

69



/—Ph

z

Cl

Cl CI

8b

2 ® ® =¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ 2 8 8 28 5 5 T 32 8 3 8 8 38 8 38 8 8 8 5 5 555550505 8
T ¥ % % ¥ % % 7% % % % % % 7% % 7 & T ¥ % ¥ F ¥ ¥ F ¥ F F 5 % ¥ ¥ ¥ FT I ¥ I F &
d & & & & & & d & & & & & P d & & & & & & & & & & & & & &5 & & & & b
AR A JNPUN PR SN N SO SO SRR PO PO O . L. AR AU R U A A O PO O R O PO SO A s A
|L e
-
i
00T w ke
501> Frors £99'77—
261° 57—
L«
2
=
¥
X
2667 £60'0b—
60v'Z - e 1071,
9tz F4
e L es—
e
3
-
"
999'5¢
119\
- ranres
re 9VE"LL:
:?W
89y Lw
. — e[~
ot —— = ezl 525°b6—
054t E— HIR::o,m
68'P- b
1675 1£9'90T~,
862'S L 1822017
. . £59°€21
b16'5— — .
- Forle 929421
180°521
QLT
. Lo SeLTIF
81t 158821
v81°L £00'SET—
00z'L - 059617
%07t L
91zt —_— ~ T10%
vET'L —— F-o00€
0972 L ES 6HT—
1822
00€°L
FAS VA o
VEEL Fa
£SE°L
gL
-
3
Le 816L1—
a
|«
a
a
-g

T T
110 100
1 (ppm)

T
120

T T
180 170

T
190

T
200

70



//Ph

Cl

|
CCI

8d

FSE+08

F4E+08

F4E+08

F4E+08

F3E+08

F2E+08

F2E+08

F2E+08

F1E+08

FSE+07

00—

6807
16'0
%0
9%
HN.H%
YI-F
&
9T—

Wi—
A

acetone

F96'T

=007
F-66'0

=86'T

HTNN.Q

F00T
1454
09T

0.0

0.5

4.5 4.0 35 3.0 2.5 2.0 15 1.0

5.0
f1 (ppm)

5.5

6.0

7.0 6.5

7.5

8.0

8.5

9.0

9.5

F2E+08
F1E+08

F1E+08

F1E+08

F1E+08

F1E+08

F9E+07

8E+07

F7E+07

F6E+07

FSE+07

F4E+07

F3E+07

PE'EY
Ky
LS

5950
£E°9L)
Zio b

w0
seut
818 —
156—

20°80T~_
65°6801~"

L7t
AN
@

P
o8zt

§8'5ET—
o' TH1—

Ly 6b1—

00°91T—

30 20 10

40

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

220

71



A
0 9 8 7 6 5 a 3 2 1 0 ppm
L\n P INL o J L.QIJ ‘w l'_ mL - ,km,‘
A e e e
jls3d
mCARBONnight CDCI3 {e:\bruk400data\2011\Aug} jpc 24 l%n

NANE 2011-08-30-Jpc-24

mom e CHANNEL £1 wem
NuC1 13C
P 8.00
F
F

T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 ppm

72



2009-08-27- jpc-3
10

jls176 fr4-5
mPROTONnight CDCI3 {e:\bruk400data\2009'Aug} jpc 3

1
20090828
1.58

{ ,
/
( T
CHANNEL £1

-~
2]

21.34
g
a

jls176 fr4-5
mCARBONnight CDCI3 {e:\bruk400data\2009'\Aug} jpc 3

=3

T T T
60 40 20 ppm

T T
120 100 80

T T
180 160 140

T T T
240 220 200

73



w1—
W=
w7/

9t
T8
Tz
85T
9T
e
€7

ozt
Fat

Fa

=51

00T

Frov

F-sre

TIm—
wy—

(R—
R~

(132
:ﬁN

a—

SOT—
98P~
woe—

wEs—

8L
wu
U

99'E0T

L1%O01
YT

ST
8SWT

00'SZE
s&av
wa
88
S9'9%ET—

et —

100
1.(oom)

74



[3E+08
[3E+08
[3E+08
[3E+08
[2E+08

[-2E+08

[2E+08

[2E+08

[-2E+08

[F1E+08

[F1E+08

[F1E+08

[-8E+07

[-6E+07

[4E+07
[-2E+07

-0

[--2E+07

00°0-—

o
6L°0

16°0
wm.o/.

0T’ T—

b 1—
9T~
98'1—
86'T-

SET—

— /./‘,//

W't
18"
19
9t
Yo'y
S9'v
L9
89'v

S

.S.m
S.mv. h

0L
ST'L
LTL
61°L
€T L-E
ST'L
9L
8L
0€'L

/-

i

E

£

=

85'S2

86'€
0E'e
051
50T

Q07

ay
(4

001

0.0

0.5

20

25

3.0

35

4.0

f1 (ppm)

6.0 55 5.0

6.5

75

8.0

85

75



F3E+08
F2E+08
F2E+08
F2E+08
F2E+08
F2E+08
F1E+08
F1E+08
F1E+08
8E+07
F6E+07
F4E+07
F2E+07

-2E+07

86'91

1T
e
7L
xR\

WL Ay

L
LZL
0€'L

ey
eged

81

460
€60

Mlvo.m

HToo.N
6%
€T

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

9.5

10.0

F1E+08

r1E+08
F1E+08
F1E+08
F9E+07
F8E+07
r7E+07
F6E+07
rSE+07
F4E+07
F3E+07
F2E+07
F1E+07

T~
e

L6~
56'02—"
E'8T

£9'8Z

SE0E—F
o@.cﬁ,\.
TTee

€0°0r=—"
1S
£1°9%—
L0°6v—

69°SLn,

1Ly
o

LE'E0T~
66'€0T~"

LOTT—

EV'ETS
e~

1STIAL
oN.oNﬂWn
£5'921
5.5&.
ozt
85'9ET—

0L 6T —

82'08T—

20 10

30

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

210

f1 (ppm)

76



8 8 3 8 8 8 8 5 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 885 5 5 5 5
z b z z z 2 e g 8 8 8 8 8 388 2 88 338 388 8L %
¥ i 7 g g A h g ? EEEEEEEEEEEEEEEEEEEENN,
wﬁo .IM 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
08°0
£8°0 I
06°0 ™
160 T4 SN
€60 . 0€'9T—
10T~k o 6L07—
W1~ T wes
921" - I
b T— / | n  OpTE—
N g0’
69'T— I
R.Q / 80'Tr—
€87 _ FR  grgp— -
.\ ~ LSy
S0 I 0966
e— f e 88's5—
I S€°09—
e— N
L2
3
. 99'9¢ 1
Y7 =
Fe o frw
I 15°2L
60'
e ¥
1294 L
9y // JE 86— 3}
Ly - [ "2 eczoi—
9y J I 90°£0T— -
oY | o
Uy 2
vy L
x>y Lw  wszr
“ WLy ——
. iy
. 658e1
S eer— —_—
Lo OTHPI— e ———
I €£°05T— —
STl Fe
@l e
62'L — - I
e B
Q11— -—
L e06LT— -
- @
3

77

20 10

30

180 170 160 150 140 130 120 110 100 %0
f1 (ppm)

190

200



/—F’h

F3c\n,N Z
o)

10e

[F3E+08

[-3E+08
[-3E+08
[F2E+08
[F2E+0B
[-2E+08
[2E+08
[F2E+08
-1E+08
-1E+08
F1E+0B
[FBE+07
H6E+07
E+07
[F2E+07

Lo

[—2E+07

96T

€0
PO'd
90'%
80'%

0Ly
NN.vV
68'v—

yr's
ST'S
9T'S
178
€S
§T'S
669,
16'91
§6'97
£6'99
£0'LH
60°L+
LT
(WA

IR

Py

UL lmc AIN: [

]//ff

07
174
wied
v2'L
sz
Vel
o€
et
9€'£1
8e'L

I

A,

Tsee

F-ore

E¥T
(243

oot
ov'1
T
E-ewt

Frse

(24
ET'T
ST

E-61'S

Feee

85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0
1 (ppm)

9.0

78



Ph
N OH

11i

2012-03-28-jpc-40
JPC jls4d (3-Cl)

306 |

10.0 9.5 9.0

2012-03-28-jpc-40
JPC jls4d (3-Cl)

mCARBONnNight CDCI3 {e:\bruk400data\2012\Mar} j

8
pF 40

—150.82

—85.06
/—77,34

F1E+08

F1E+08

F9E+07

F8E+07

F7E+07

F6E+07

FSE+07

F4E+07

F3E+07

F2E+07

F1E+07

F-1E+07

T
230 210

T
190

T
150

—
130

T
110
f1 (ppm)

10

0 -10

-20

-30

79



F2E+08

F2E+08

F2E+08

F2E+08

F2E+08

F1E+08

F1E+08

F1E+08

F8E+07
F2E+07
-2E+07

F6E+07
F4E+07

— Fose

——— €01

—— 0¥

- W 81T
= LT

Trooz

|ﬂ||‘hu Wotw
<
B
<
8

L0

——— sz

.
B— Wmam

/a4

0.0

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
f1 (ppm)

9.0

9.5

80



Nar SN ph
e,
13

jls198
mPROTON CDCI3 {e:\bruk400data\2009\Oct} jpc 36

2009-10-20- jpc-3

r , ' e
N
/ |
_ JAr JoA
J\“[l 1 J\J
T T T T T T T T T 1
10 9 7 6 5 4 3 2 1 0 ppm
| ] )
S e oo

jls198
mCARBONnight CDCI3 {e:\bruk400data\2009'\0ct} jpc 36

2009-10-20-Jpc-36

20081021

34.915;
100.6241

- CHANNEL f.
wa

T T
240 220

T
200

T
180

T
160

T T
140 120

81



Tf

[-6E+08

[6E+08

[6E+08

[FSE+08

F4E+08

[F4E+08

F4E+08

3E+08

F2E+08

F2E+08

F2E+08

F1E+08

[-SE+07

[-SE+07

68°0—
9T~

(§T—
1 7AN S
S6'T—
e/
&'l—
wv.N.\.

95—

60t
m
b
ar'p
&r—
sy

R.w.\

05—

9€'S—

209~
609~

€59~
§5'97"

9L
8T°L
6°L
1€°L
wL

[/

-

WWE
st

P

F-es

4.5 4.0 3.5 3.0 25 20 15 1.0 0.5
f1 (ppm)

5.0

55

6.0

6.5

7.0

75

8.0

85

9.0

[F3E+08

[~3E+08

[F2E+08

[F2E+08

[F2E+08

[F2E+08

[F2E+08

[F1E+08

[F1E+08

[F1E+08

[BE+07

[BE+07

[E+07

[-2E+07

(—2E+07

61'PI—

L6'LE—

S6'5—

6£°09—

wm@m./

mv.mn.\

S8'86—

[ 8748
€842
pT8zT
69'8ZT
SL8TT
I6'6ET—

STIPI—

PL0ST—

T
100
1 (ppm)

T
110

82



o Ph
Troc\ \_N
N

=

14b

2009-05-05-jpc-12
§is129 fr4-11
mMPROTON CDCI3 {E:\bruk300data\2009\May} jo¥ 1

732
730
729
707
691
689
636
6,12
6.11
609
607
500
496
486
476
470
456
4565
463
452
368
247
243
240
194
182
190
188
178
175

F2E+08

—693

Y
&
\
z
h;

o

F2E+08
F2E+08

[F2E+08
:2E+08
;2E+08
:2E+08
:2E+08
:2E+08
;2E+08
:1E+08
:1E+08
;1E+08
:1E+08
:1E+08
l9E+07
:8E+07

F7E+07

F6E+07
EtOAc Fse+07

F4E+07
l3E+07
:ZE+07
:1E+07

o
el F-1E+07
"2 r

-2E+07

sas-T
113
1 14—[
998*{
| 1no—{

r
0.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 5.5

83



o
N
QS N Ph
Nz f

15

|pc-Fsz1pgrirqidine
mPROTONnight CDCI3 {e:\bruk400data\2012\Feb} jpc 31

-
|
) 1.
~ AV40
| 5 mm PABBO BB
%
/ =
g |
| |
| 240 u=
| / 100030030 sac
| 1
I CHANNEL f1
NUC1 1H
P1 0.00 usec
PL1 -3.60 dB
— PLIW 1".838-‘43'831 w
I SFO1 400.1324710 MH=z
SI 32768
SF 400.1300000 »
WO E
| i 100
p I
JU L
I T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0  ppm
\ L _J [ — R —
=y L Bl
- - g w - ;
ipc-&'ls;&rimjdine .
mCARBONnight CDCI3 {e:\bruk400data\2012\Feb} jpc 31 B R
l \V I I \V I \V -| :i H | i %:L‘;’Eg: 2012-02-21-Jpe-31
0.03000000 =
;—;:;-—- CHANNEL f1 ]—35-—--
Pl
sror
; w— CHANNEL rf
s1
. A
T T T T T T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 ppm

84



SLL0°0—

m:ﬁ.ﬁ
NNNN.ﬁ/
YT T~
0£92°T
606Z°T
Wil T—

LE50°T—

—

88EV'E

660
Nh:,vw
ﬂmvﬂ,v

S0ZLY—
666" v—

0L2°S
£Z8T°S
020€°S
£L01€°S
2S6E°S

YETY'S

TITL9
06EL 9
1658'9-7
usgs!
00T L—
oTTE’L
LIEE°L
BEVEL
Qase't
£69€°L
YL6E'L

E=IT'E

=1ITe

LT

=T10'T
EL0T

=0T
=007

0T
F-20T

Fov's

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0
f1 (ppm)

9.5

8967°CC—

Y1y Sh—

6£80°€S—
PEIP'65—

0£66'TL—

oomm.om|
QONO.R\
EEVVLL

9YSEL6—

6548°80T~_
Stv8'60T~"

WIT'ELT

aw.ﬁ.vmﬁk
Bwo.wﬁ/.
66€L°8CT—

TEBBPET—

85T UT—

210 200

-10

20 10

30

180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

190

85



S080°0—

999¢'T—
€685 T—

50561~
99%0°C—

Te6ee
Eme.mk
Eb6h'E—

9809 ¢=f"
2049°€

EVITy—
680€ P~

$529'p—
908
os18's
Bées
mom.mW
6805°
sezss/

LP95°9~
7€65'9"

0042t
Rx.h/
06SE ¢
59E°L
006€

TFore

E6TE
FPTE

F-s0t

ooz

EL0T

o071

95

0.0

0.5

2.0 1.5 1.0

25

8.5 80 75 70 6.5 6.0

9.0

f1 (ppm)

Pr19°€C— -

0S29°Sv— -

T106'65— -

omoo.wm./.

m«mo.kli
Nmmw.nn\.

0vTy'06—

6596°L6—
69SL°L0T—

S66E°LTT—
1889°1ZT—

€£60°82T— - = =

TEL9PET—

2OE0LT—

10

20

40

120 110 100 90 80
f1 (ppm)

130

150

160

180

86



€Y
?.QV
oY

a.vw
By
%Y
@Y

€s—

//

L 6TE
01’8
W:ﬁ
57

Feez

Feez

B (¢
TFoot

oot

E-00T

Feev

81T
Wn—.—
S0T

g

|U—
ST —
08—
KEZ—
00'R

L1814

o TE—
M¥E—

90—

0'L—
186
oadvﬂ.

>EU—

100
1.(ppm)

87



aT—

€Y
)
W

S

e //////[

)
J&

29°€
1
899
61'E
$2'T
I-6eT
Fere
18
Foet

Tz

0071

F-oot
Fore

et

Feoz
1T

0T
F-ore

we—
99—
®wZ—
0z
sR—

s€eE—
ob¥E—

Sw—
'

19
B.ﬂuw
EL'8ZT

19T —

&'SST—

S&ur—

100
1.(pom)

88



H,N
®

0]

Cl

21

jlsa37
mPROTON CDCI3 {e:\bruk400data\2010\Dec} jpc 34

Tima

INSTRUM
PROBHD 5 m
PULPROG

SOLVENT
NS

290.
1.00000000 =ac
1

======== CHANNEL f1
NUC1

SoB8olREE5HE8R

505 ]
2.90

2.42

2.77
7
10.23
1023
2.61
24.38

34.64

PR
3.05
_——
995

89



//Ph

O N

z
N~

Litd
22

jls173 fr25-31
mPROTON CDCI3 {e:\bruk400data\2009\Aug} jpc 23

Ie
[
|
/
/
/
|
) CHANNEL £1
/ NuC1
/ £
/ PLIN
/ sFO1
| sI
| o
| so
/ iy
f ca
[ BC
|
L S
T T T T T T T T T T T T !
10 9 8 7 6 5 4 3 2 1 0 ppm
/l k J O Tm—— ,A--"I
5 (8 SEIRE 5B
© o |od - [oifes| [N n b

jls173 fr25-31
mCARBONnight CDCI3 {e:\bruk400data\2009\Aug} jpc 23

60 40 20 ppm

T T T T T T T
240 220 200 180 160 140 120



FPh
° N

z

O N~
T
(o)

<

23
mPROTONnight CDCI3 /opt/bruk500data/2011/Nov jpc 31 <)
BRUKER
(O
2011-11-11-jpe-31

20111111

T
10 9 8 7 6 4 3 2 1 0 ppm

mCARBONnight CDC13 /opt/bruk500data/2011/Nov jpc 31

[ | L ad J ILI | N

T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
N

91



24

JPCjls
mPROTONnight CDCI3 {e:\bruk400data\2012\Jul} jpc 5

0
B264. 463 B
0.1 06

3.9649780
90.5

60.500
5.40
295.3
1.00000000
1
~ CHANNEL f1
/ NUC1 H
— P1 0 uzec
PL1 .60 dB
/ PLIW 17.838 1w
- SPO1 400.13! 0 MHz
SI 8
SF 400.1300304 MHz
WOW =™
s58 0
LB 0.30 Hz
S cB 0
f' PC 1.00
‘/'
r T T T T T T T T T T T 1
10 9 8 7 6 5 4 3 2 1 0 ppm

JPC j'!ls
mCARBONnight CDCI3 {e:\bruk400data\2012\Jul} jpc 5

=

T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 ppm

0.03000000 5=

CHANNEL f1 mmmmmee
13C

c

92



25

jls362 fr49-56
mPROTON CDCI3 {e:\bruk400data\2010\Jul} jpc 22

CHANNEL f1

T T T
1 0 ppm

LR

)
e~
o

11.10

jls362 fr49-56
mCARBON CDCI3 {e:\bruk400data\2010\Jul} jpc 22

T T T
40 20 ppm

60

T T T T T T T
240 220 200 180 160 140 120 100 80

93



o /—Ph

P4

H,oN
i)
ci

v

NAME 201

jls434
mPROTON CDCI3 {e:\bruk400data\2010\Nov} jpc 14

| P1 1
f .
f PLIW 17.8386
/ SFO1 400.1324710
| SI 32768
/ SF 400.1300000 MHz
[ WOW
| s58
4 I LB
I | B
| / BC
- I /
{ =
U]

T T T T T T T T T T T T 1
10 9 8 6 4 3 2 1 0 ppm
| L J S —
jzf 5[z s 0 ‘ghsf



27a

ra
n
Fa
(=)
-
R~
STR—
Tt | v
MI:E
Ew—
[ o
N
o—
e v
"
[~
Hs—
00 —
A}T B o
"
G
L9
T-ere . o4
[+
TFeoz 9
A}_‘VM—N MW STE6—
501
= %1
60—
ra ssor/
3 vZI—
@WT
zﬂ_W
&
ra
Rt
e —
ez | R
8'S
R B TST—
ra
re
wsi—
&
n
Fa
o

95

11 (ppm)




[-1E+08
[F1E+08
[-1E+08
[FSE+07
[-8E+07

|-7E+07

[F6E+07

[-5E+07

|-4E+07

[F3E+07

[-2E+07

[F1E+07

[era
0521
et
a2k
BET—
065 T~
9T
fEnT—

8T
=7
e

87—

SBI'E—

A

ot

a5 S0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 45 40 35 3.0 25 20 15 1.0 05 0.0
1 (ppm)

100

[-2E+08
[F1E+08

[F1E+08

[F1E+08

[-1E+08

[F1E+08

[-9E+07

[-8E+07

F7E+07

[F6E+07

[-SE+07

[-4E+07

[-3E+07

[-2E+07

[F1E+07

BSW~
WER—

aviE—

85ty —
Soy—
HWZE—
S1Ezs—
ezres

RN~

et

:Qxﬂ
mDuAmEW
LT9°S0T

PRl —
SQBT\.

919151 —

CELNT—

T T
110 100
f1 (ppm)

T
120

96



|-2E+08
[2E+08
[2E+08
[F1E+08
[F1E+08
[-1E+08
[H1E+08
/7l / / Fiewo
[9E+07
[-8E+07

7E+07

[-6E+07

[-SE+07

water

[F3E+07

(-2E+07

[F1E+07

[-1E+07

s4s—L

. zcz{
1

1
wo—]
14—
a1
osr—
—I
ose—

T
100 s S0 85 8.0 7.5 7

o

65 6.0

JPC j1s4d (OELOH)
mCARBONnight CDC13 /opt/bruk500data/2012/Mar jpc 2

T
200 180 160 140 120 100 80 60 40 20 0 ppm



1257
0.8

fl 3%
0.868
0.851

[-2E+08

—a%
—a653
/4.224
o
4110
—373
3568
3,55
3547
3538
232
—1713
—1.58
0.841
0.825
—0.067

/im
2:312
229
2.289

—2.084

-2E+08
|-2E+08
-1E+08
-1E+08
-1E+08
/ / / F1E+08

S oL/ lr T )/ .
FeE+07
FAE+07

[F7E+07

[F6E+07

[-SE+07

[-4E+07

[-3E+07

[-2E+07

[F1E+07

[—1E+07

T T
100 a5 S0 85 8.0 7.5 7.0 65 . L! .4 . ! .| ! 0.0

jls4d(0all¥‘l)
mCARBONnight CDCI3 {e:\bruk400data\2012\Mar} jpc 7

d _J_llLl | SR S

T T T T T T T T
240 220 200 180 160 140 120 100 80 60 40 20 ppm



F3E+08

F3E+08
-2E+08
-2E+08
F2E+08
-2E+08
F2E+08
F1E+08
F1E+08
F1E+08
F8E+07
F2E+07
--2E+07
F6E+07
F6E+07
FSE+07
F4E+07
F4E+07
F4E+07
F3E+07
F2E+07
F2E+07
F2E+07
F1E+07
SE+06

F6E+07
F4E+07

-5E+06
99

0.5

1.0

65—
1§°9C—

15

Feve i
%wwm 59'86~"
85—~

66'90~_
Feer

2.0

25

3.0

19°SL
TL'9L

SELL

95" v6—

¥ZH6—

PLSOT~_
vE0T—"
60" TTT~C
ot

.
1
|
m
o
4.5

J
g |
I
I
m
T
5.0
f1 (ppm)

— 66121
T
05'HZI~E
66771 —=
8917
. e
-2 -qz1-
3 18'821
50°86T—

T
5.5

6.5

. 9L '€5T—
— o0t

——— Teos

8T'SL1—

8.0

8.5

9.5

200 190 180 170 160 150 140 130 120 ] %10 ) 100 90 80 70 60 50 40 30 20 10
1 (ppm

210

220



	Jemma SI revised
	Jemma NMRs - edited 16_03



