


General Experimental Techniques

Chemicals and solvents

Unless stated otherwise, all chemicals were purchased from commercial suppliers -£Sdyivia,
Fluorochem, Alfa Aesar) and wkevithout further purification. The magnesium methoxide was
purchased from Alfa Aesar as d.8% w/w solution in methanol and was titrated using EDTA in the
presence of Erichrome Black T as an indicator. Prilled paraformaldel{98&6 puritywas used in la
cases.

Glassware and reaction conditions
Reactions were carried out in ov&nied microwave vials under an atmosphere of air unless otherwise
stated.

Analytical techniques

1H,°F and"*C NMR spectra were recorded on a Bruker AVIII400 SpectromMé@MHz 376 MHz and

100 MHz respectively) or a Bruker AVII5® 600 MHz anéfC: 126 MHz) in CRGF DMS®ds, and
NEFSNBYOSR (G2 NBaAARdzZ t a2t @Syid LISF{ad® / KSYAO! €
nearest 0.01 fotH and 0.1 fot*C,coupling constantdare quoted in Hz to the nearest 0.1 and splitting
are recorded as singlet (s), doublet (d), triplet (t), quartet (q), doublet of a doubletdddhlet of a
triplet (dt), triplet of a doublet (td), triplet of a triplet (tt)Joublet d a doublet of a doublet (ddd),
doublet of a doublet of a triplet (ddand multiplet (m). Assignments were based upon COSY, HSQC
and HMBC experiments. Infrared spectra were recorded on a Bruker TensotlR7spd@ctrometer
fitted with an Attenuated TotaReflectance (ATR) sampling accessory. Absorption maxima are quoted
in wavenumbers (cr). High resolution mass spectra were recorded on a Bruker MicroTof (resolution
= 10000 FWHM). Melting points (m.p.) were obtained using a Lecia VMGT {s¢agedmicrosope

and are uncorrected.

Chromatography

Analytical thin layer chromatography was performed on-poated silica gel aluminium sheets from
Merck (TLC Silica Gel 68.§. Spots were visualized either by the quenching of UV fluorescence or by
staining wih phosphomolybdic acjgotassium permanganate or vanilBolutiors. Preparative flash
column chromatography (FCC) was carried out using Geduran Silica Gel 60 ¢4@3yum) from
Merck.
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The Synthesis of Benzyl lodides

General Procedure A: Preparatiohbenzyl iodides

To a solution of the corresponding benzyl chloride or bromide (1.00 equiv.) in acetone (0.5 M) at 0 °C
was added Nal (2.00 equiand the reaction mixture was stirred in the dark at room temperature for

16 hours. Reaction was quenchedtiwbrine (20 mL) and the aqueous layer extracted witfOHR X

40 mL). The combined organic layers were dried (Mg3$idered and concentrateth vacuo FCC (O

2% E10 in Pentane) afforded the benzyl iodides.

2-Nitrobenzyl iodide (S1)
N02 1
7
o
5 3
4
The title compound was prepared by General Procedure A usitigadbenzyl bromide (6.48 g, 30
mmol) to give theodideS1(7.10 g, 90%) as an orange solid. Spectroscopic data was consistent with
that reported in the literaturet
H NMR(400 MHz, CD@l + y ®:1812, 14RIR IHSE), 7.60¢ 7.40 (m, 3H, 3 x AKg, 4.79 (s,
2H, CH,).
13C NMR(101 MHz, CD@l 1+ M)y 138.p (©,0184.0 (ArCH), 132.4 (ArCH), 129.2 (ArCH), 125.9
(ArCH), 0.0 (€h).

2,4-Dinitrobenzyliodide (S2)
NO, |
7

6
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OpN75 ™

Title compound was prepared by General Procedure A usindiZitfiobenzyl bromide (217 mg,do0
mmol) to give theéodide S2(273 mg 89%) as a yellow solid.

IH NMR(400 MHz, CD@l  +  yJ® thdHz 91RGSH), 8.40 (dd,)= 8.5, 2.4 Hz, 1KH), 7.73 (d,)=
8.5 Hz, 1HCH), 4.84 (s, 2H, 2@Hy).

13C NMR(101 MHz, CD@ + ™ )M 8P B(EH)) 128.01 (&), 121.52 (&1),¢2.78 (CHy), signal
for C and C not observed.

HRMSESI): Exact mass calculated fg#sOsN>'?"l [M]: 306.92212, found: 306.92142;

IR(neat) (cmt): 3124, 2924, 1704, 1603, 1536, 1346, 1198, 1085, 892, 506.

3,5-bis(Trifluoromethyl)benzenyl iodid€S3)

3 1
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Title compound wasprepared using General Procedure A using-Bs§trifluoromethyl)benzyl
bromide (0.37 mL, 2@mmol) to yield theiodide S3(700 mg, 99%) as a yellow solid. Spectroscopic
data was consistent with that reported in the literatute.

H NMR(400 MHz, CD&l 7:81 (s, 2H, 2 x*8), 7.76 (s, 1H,%6), 4.49 (s, 2H,'&).

IM. Alajarin,A. Pastor, RA. Orenes, J. W. Steed, and R. Arak&haem Eur. 1200410, 138%1397.
2D. F. J. Caputo, C. Arroniz, A. @r0J). J. Mousseau, A. F. Stepan, S. J. Mansfield, and E. A. AnGaeon,
Sci, 20189, 52955300
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13C NMR(101 MHz, CD@l ¢ m f), 30 M B ,J=038.6 Hz, 2 x*; 128.9 (qJ= 3.1 Hz, 2 x°8),
123.1 (qJ= 273 Hz, 2 X°8), 122.0c 121.8 (m, €H), 1.3 (CHy).

2,4-bis(Trifluoromethyl)benzenyl iodid€S4)
°CF; |

6
2 |

FyC7% Z°

Title compound was prepared using General Procedure A usingisftdfluoromethyl)benzyl
bromide (0.38 mL, 2@mmol) to yield theiodideS4(700 mg, 99%) as a yellow oil.

HRMS (ESIExact mass calculated fosHgR'2"l [M]*:

'H NMR(500 MHz, CDG@l 1+ T ®y°d), 7a0@& (&)= 8.3 Hz, 1H,*d), 7.70 (dJ= 8.2 Hz, 1H,°8),
4.61 (s, 2H, EL).

13C NMR(126 MHz, CD&@l  + ™% 1386 (€H), 1.30.4 (gJ)= 33.7 Hz,TC"), 129.4 (9)= 3.7 Hz,
C'H), 128.4 (qJ= 31.6 Hz, @C"), 124.05¢ 123.52(m, CH), 123.5 (q)= 274.5 Hz, &/ CF), 123.30
(9,J=272.3 Hz,'&/ CR), ¢2.53 (qJ= 2.5 Hz, &L).

F NMR(377 MHz, CDgI ¢60.7,¢63.0.

IR(neat) (cmt): 1628, 1345, 1273, 1175119, 1082, 1053, 913, 844, 671



The Synthesis of Pyridine Precursors
General Procedure B: Preparation eAdyl Pyridines

R
Br
PPh; (10 mol%)
| A . Pd(OAc), (2.5 mol%)
NG K,COj3 (3.7 equiv.) X
o mom,  OMEROEY [
(1.2 equiv.) : N

4-Bromopyridine hydrochloride (10equiv.), triphenylphosphine (20 mol%), boronic acid @1.2
equiv.), and potassium carbonate (B.2quiv.) were added to a-Becked flask fitted with a reflux
condenser. The vessel was evacuated and backfilled with argon three times then dimethoxyethane
andwater (5:1 0.1 M) were added and solution purged with argon for 10 minutes. Palladium(ll) acetate
(2.5 mol%) was added and the solution heated at 85 °C for 16 hours. The solution was cooled, diluted
with 50 mL of water, and extracted with EtOAc (50 mtgeatimes. The organic layers were combined,
dried (MgS@), filtered, and concentrateth vacuo The crude material was purified by flash column
chromatography to give the product.

4-(4-(tert-Butyl)phenyl)pyridine (3e)

The title compound was prepared according to General Procedure B usénghbutylphenylboronic
acid (2.14 g, 12 mmol) and was purified by FCC (1020% EtOAc in pentane) to gipgridine3e
(1.78 g, 83%) as a cream solid. The spectroscopic data wsistent with previous reports.

4-(4-Methoxyphenyl)pyridine (3f)
OMe

The title compound was prepared according to General Procedure B usieghéxyphenylboronic
acid (547 mg, 3®mmol) and was purified by FCC (1020% EOAc in pentane) to givpyridine 3f
(1.60 g, 76%) as a white solid. The spectroscopic data was consistent with previous“eports.

3S. Jonsson, F. G. J. OdilleDPNorrby, and K. ¥nmark,Org. Biomol. Chem2006,4, 192%1948
4X. Zhang@ndA. McNallyAngew. Chem. Int. E®2017,56, 9833¢9836

S


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+Xuan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=McNally%2C+Andrew

4-(4-Trifluoromethyl)pyridine (39g)

9

The title compound was prepared according to GenBrakcedure B using#ifluoromethylbenzene
boronic acid (2.28 g, 12mmol) and was purified by FCC (3@ EtOAc in pentane) to gipgridine

39(1.70 g, 76% yield) as a yellow glass. The spectroscopic data was consistent with previous literature
reports’

4-Pyridin4-yl benzoic acid methyl ester (3h)

The title compound was prepared according to General Procedure B using 4
methoxycarbonylphenylboronic acid (2.16 g,.d2wmol) and purified by FCC (3@%% EtOAc in
pentare) to givepyridine3h (1.60g, 76% vyield) as a white solid. The spectroscopic data was consistent
with previous literature reports.

4-(4-Methylsulfonylphenyl)pyridine (3i)

The title compound was prepared according td&eneral Procedure B using - 4
methysulfonylphenylboronic acid (2.40 g,.@thmol) and purified by FCC (1% acetone in GBb)

to givepyridine3i (1.56 g, 67% yield) as a white solid. The spectroscopic data was consistent with
previous literature reports

5H. Y Lee X. JiangD.Lee,Org. Lett2009 11, 2065 2068
6J.Malineni, R. L. JezorgK. Zhang, and V. Perc&ynthesis2016,48, 27952807
F. Pettersson, P. Svensson, S. Waters, N. Waters, and C. SodddednChem2012, 55, 3242-3249.
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4-(4-Fluorophenyl)pyridine (3j)

The title compound was prepared according to General Procedure B uflimgrdbenzene boronic

acid (1.68 g, 1» mmol) and was purified by FCC (1020% EtOAc in pentane) to gipgridne 3j

(1.56 g, 90% yield) as a colourless glass. The spectroscopic data was consistent with previous literature
reports?®

4-(4-(trifluoromethoxy)phenyl)pyridine (3k)

The title compound was prepared according to GenerBrocedure B using -4
trifluoromethoxyphenylboronic acid (2.47 g,.02nmol) and was purified by FCC (1020% EtOAc in
pentane) to givepyridine3k (2.19 g, 92%) as a yellow oil.

HRMS (ESIExact mass calculated fors8sNO [M+H}:240.0631, found: 240682

'H NMR(400 MHz, CD@l 1 ¢ 8.851(na, 2H, 2 €H), 7.70¢ 7.62 (m, 2H, 2 €H), 7.51¢ 7.45 (m,

2H, 2 xCH), 7.38¢ 7.30 (m, 2H, 2 €H).

13C NMR101 MHz, CD@l + ™ p W p50.D(8, 147.2 (€), 136.9 (§), 128.7 (2 x ®), 121.7 (2
x CH), 121.6 (2 x'@l), 120.6 (gJ= 257.7 Hz, ).

¢ NMR(377 MHz, CD@I ¢57.8.

IR(neat) (cn'): 2982, 1596, 1516, 1488, 1252, 1207, 1154, 1110, 805, 674.

4-(3,5-Difluorophenyl)pyridine (3I)

The title compoundvas prepared according to General Procedure B usingi8jmrobenzne boronic
acid (189 g, 120 mmol) and was purified by FCC (1:020% EtOAc in pentane) to gipgridine3| (1.67
0, 87% yield) as a cream solid. The spectroscopic data was consisteptavibus literature report$.

8S. Panda, A. Coffin, Q. N. Nguyen, D. J. Tantillo, and J. M. Regely, Chem. Int. EB016 55, 22452249
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4-(3,4,5Trichloropheny)pyridine (3m)

The title compound was prepared using General Procedure B on a 2 mmol scale using 3,4,5
trichlorobenzne boronic acid (540 mg, @.#mol) and purified i FCC (30%0% EtOAc in pentane)

to givepyridine3m (426 mg, 82% yield) as a white solid. The spectroscopic data was consistent with
previous literature reports.

4-(2-Methyphenyl)pyridine (3n)

1

The title compound wagrepared according to General Procedure B usingeghylphenylboronic acid
(1.63 g, 120 mmol) and purified by FCC (1&8% EtOAc in pentane) to giggridine3n (0.94 g, 55%
yield) as a colourless oil. The spectroscopic data was consistent with prétécatsile reports?

4-(3,5-Dimethoxyphenyl)pyridine (30)
8 9

MeO OMe

The title compound was prepared according to General Procedure B using 4
triluoromethoxyphenylboronic acid (2.19 g,.02nmol) and was purified by FCC (2080% EtOAc in
pentane) to givepyridine3o (1.74 g, 81%) as a white solid.

m.p. (EtOAc): 56 58 °C

HRMS (ESIlExact mass calculated fors8is.NG [M+H]": 216.1019, found: 216.1020.

'H NMR(400 MHz, CD@l 1 ¢ 8.6 ¢ny, 2H, 2 XZH), 7.50¢ 7.44 (m, 2H, 2 €H), 6.75 (dJ= 2.2

Hz, 2H, 2 ©°H), 6.53 (tJ= 2.3 Hz, 1HH), 3.85 (s, 6H,“3(28H3).

13C NMR101 MHz, CD@l + mc fj ©59.4 @ n®)EL48.5 (€, 140.5 (0), 121.9 (2 x &), 105.4

(2 x CH), 100.9 (&), 55.6 (2 x k).

IR(neat) (cnit): 2979, 2845, 1586, 1336, 1226, 1198, 1165, 1029, 852, 818.

°A. Grozavu, H. B. Hepbul, P. Bailey, P. J. LindSuott, T. J. Donoho€hem. Sgi2020,11, 85958599.
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4-(3,5-bis(Trifluoromethyl)phenyl)pyridine (3p)
9

8
F3C CF;
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The title compound was prepared according to General Procedi®e using 3,5
bis(trifluoromethyl)phenylboronic acid (3.00 g,.@2nmol) and purified by FCC (1€8@% EtOAc in
pentane) to giveyridine3p (2.12 g, 73% yield) as a white solid. The spectroscopic data was consistent
with previous literature report$

3-Pyridin-4-yl benzoic acid methyl ester (3q)

The title compound was prepared according to General Procedure B wusig 3
methoxycarbonylphenylboronic acid (2.16 g,.@&mol) and purified by FCC (3@%% EtOAc in
pentane) to giveyridine3q (1.53 g, 72% yield) as a white solid. The spectroscopic data was consistent
with previous literature reports!

3-Bromo-4-(4-fluorophenyl)pyridine (S5) and 3:Bbis(4fluorophenyl)pyridine (3t)

The title compoundvere prepared according to General Procedure B usingiBmopyridine (2.37

g, 100 mmol) and 4fluorophenylboronic acid (1.52 g, 10.9 mmol) and was purified by FCC (2% EtOAc
in pentane) to givarylpyridineS5(1.27 g, 51%) as a white solid followedtigarylpyridine3t (182

mg, 7% yield) as a white solid.

m.p. (EtOAc): 6668 °C

HRMS (ESIExact mass calculated fori8BrFN [M+Ht 251.9819, found: 251.9821

H NMR(400 MHz, CDIl  +  yJ® 9.6 Hzp1R(H), 8.55 (dJ= 4.9 Hz, 1HH), 7.49¢ 7.37 (m,

2H, 2 xCH), 7.25 (ddJ= 4.9, 0.6 Hz, 1KH), 7.22¢ 7.11 (m, 2H, 2 £H).

13C NMR(101 MHz, CDl  + ™ d=0249w0 Hp, B 3152.8, (€H), 148.9 (€}, 148.5 (€H), 134.3 (d,
J=3.5Hz, ¢, 130.9 (dJ= 8.4 Hz, 2 x*d),125.7 (CH), 121.0 (§, 115.7 (dJ=21.7 Hz, 2 x°8).

107-Y. Liu, Z2H. Wen, and XC. WangAngew. Chem. Int. Bd2017,56, 58175820
K. Ohkura, M. Terashima, Y. Kanaoka, and K.&ekin. Pharm. Bull993 41, 19201924,

)



19 NMR(377 MHz, CD@l ¢112.3 (it,J= 8.6, 5.4 Hz).
IR(neat) (cni%): 3048, 3011, 2161, 1970, 1605, 1583, 1510, 1470, 1228, 831.

m.p. (EtOAc): 108110 °C

HRMS (ESIExact mass calculatédr G/Hi2FN [M+HT: 268.0932, found: 268.0932

H NMR(400 MHz, CD§l  +  yJ® B.HHzA1R3H), 8.61 (dJ= 0.7 Hz, 1HZH), 7.31 (dd,)= 5.0,
0.7 Hz, 1HCH), 7.16¢ 7.05 (m, 4H, 2 €H+ 2 x &H), 7.04¢ 6.92 (m, 4H, 2 €H+ 2 x EH).

13C NMR101 MHz, CD@l  + ™ d=48b Hn ‘@C7), 162.3 (dJ= 247.6 Hz,'@C'), 151.0 (€H),
149.0 (CH), 146.7 (€, 134.8 (€), 134.4 (dJ= 3.3 Hz, @C'Y), 133.5 (dJ= 3.3 Hz, @C'Y), 131.4 (dJ
= 8.0 Hz, ®/C?H), 131.0 (dJ= 8.3 Hz, &I/C'*H), 124.5 (&), 115.5 (dJ= 22.0 Hz, € + CH).

19 NMR(377 MHz, CD@I -113.4¢-113.6 (m);114.4¢ -114.6 (m).

IR(neat) (cn?'): 3050, 3011, 2161, 2034, 1978, 1510, 1228, 1215, 828, 814.

General Procedure C: PreparatiorBi$arylpyridines

Ar’ PPh; (10 mol%) A
Br Pd(OAc); (2.5 mol%) 5
(ﬁ/ Ar?B(OH), (1.5 equiv.) N A
NT K,COj3 (2.7 equiv.) | P
DME:H,0 5:1 N

3-Bromo-4-(4-fluorophenyl)pyridine S5 (1.5 mmol, 1.0 equiv.), triphenylphosphine (10 mol%),
potassium carbonate (207equiv.), and arylboronic acid (D&quiv.) were dissolved in a 5:1 mixture

of DME:HO (0.1 M) which was then purged with Ar for 10 minutes. Pd(O#a3 added and the
solution heated for 16 hours at 85 °C. The solution was cooled, diluted with EtOAC and extracted three
times with EtOAC. The combined organic layers were washed with Hried,(MgSG), filtered and
concentratedin vacuo The crude material was purified by flash column amagraphy to give the
product.

4-(4-RAuorophenyl)-3-(o-tolyl)pyridine (3r)

The title compound was prepared accordingseneral Procedure C usingriethylphenylboronic acid
(150 mg, 1.0 mmol) and purified by FCC (1€83% EtOAc in pentane) to gipgridine3r (370 mg,
94% yield) as a white solid.

m.p. (EtOAc) 110112 °C;

HRMSESI): Exact mass calculated faHGEFN M+H]: 268.1183, found: 268.1182.

H NMR(400 MHz, CD@l 1+ yJ® 6.L Hz01RGH), 8.54 (dJ= 0.6 Hz, 1H;*H), 7.36 (dd,J= 5.1,
0.7 Hz, 1HCH), 7.23 (ddJ= 7.3, 1.7 Hz, 1K*H), 7.19 (tdJ= 7.5, 1.6 Hz, 1K'H), 7.15¢ 7.07 (m,
4H,CH+ CH+ 2 x €H), 6.96¢ 6.86 (M, 2H, 2 €°H), 1.87 (s, 3H"Hs).

13C NMR101 MHz, CD§l  + ™ d=H2d8c4 Hp, B 2151.3 (€H), 148.9 (@), 147.4 (§, 137.2 (C),
136.2 (C), 135.7 (C), 134.73¢,3.3 Hz, ©), 130.8 (dJ= 8.7 Hz, ArCH + 2 ¥i), 130.4 (ArCH), 128.2
(C?H), 126.0 (EH), 124.0 (&), 115.4 (dJ= 21.7 Hz, 2 x'&), 20.1 (EHy).

% NMR(377 MHz, CD@I -113.5 (tt,J= 8.8, 5.3 Hz).

IR(neat) (cnit): 2994, 1602, 1512, 1477, 1218, 831, 779, 756, 728,

S10



4-(4-Huorophenyl)-3-(3-methoxyphenyl)pyridine (3s)

The title compound was prepared according to General Procedure C usiathglphenylboronic acid
(167 mg, 1.0 mmol) and purified by FCC (188% EtOAc in pentane) to gipgridine3s (402 mg,
96% vyield) as a pale yellow olil.

HRMSESI): Exact mass calculated faHEFNO [M+H} 280.1132, found: 280.1130.

H NMR(400 MHz, CD@l  +  yJ® 6.pHzO1RGH), 8.62 (dJ= 5.1 Hz, 1H;H), 7.31 (ddJ= 5.1,
0.7 Hz, 1HCH), 7.20 (ddJ= 8.4, 7.5 Hz, 1K*H), 7.17¢ 7.11 (m, 2H, 2 €°H), 7.02¢ 6.92 (m, 2H, 2
x C'°H), 6.83 (dddJ= 8.3, 2.6, 1.0 Hz, 18°H), 6.72 (dddJ)= 7.6, 1.6, 0.9 Hz, 18:°H), 6.67 (ddJ=
2.6, 1.6 Hz, 1HZPH), 3.68 (s, 3HC"Hs).

13C NMR101 MHz, CD@l 1 M =482 H5,'8,3159.6 (€), 151.1 (€H), 148.9 (&1), 146.8 (6,
139.0 (C), 135.8 (C), 134.7 J&,3.5 Hz, ©), 131.1 (dJ= 8.3 Hz, 2 x'@), 129.6C'H), 124.6 (¢),
122.4 (C°H), 115.5 (dJ= 21.5 Hz, 2 '), 115.5 (&), 113.4 (EH), 55.3 (EHy).

1F NMR (377 MHz, CR(CI-113.8 (tt,J= 8.5, 5.2 Hz).

IR(neat) (cnit): 3039, 2938, 1605, 1512, 1472, 12216011046, 1016, 828.

3-Butyl-4-(4-fluorophenyl)pyridine (3u)
F
S-PHOS (4 mol%)
Pd,(dba); (2 mol%)
n-BuB(OH), (2.0 equiv.)
KsPO, (4.0 equiv.)
X B" PhMe, 100°C, 16 h

7

N

N

1
3-Bromo-4-(4-fluorophenyl)pyridine5S (1.00 equiv.), SPHOS (4 mol%), potassium phosphate(q4.0
equiv.), and alkylboronic acid (B.equiv.) were dissolved in PhMe (8 mL per mmol of brgmide)

which was then purged with Ar for 10 minutesfeiha) (2 mol%) was added and the solution heated

for 16 hours at 100 °C. The solution was cooled, diluted with EtOAC and extracted three times with
EtOAC. The combined organic layers were washétth brine, dried (MgS¢), filtered and
concentratedin vacuo The crude material was carried through without further purification.

4-(Benzofuran5-yl)pyridine (3v)

Sl1



4-Pyridylboronic acid (615 mg,®. mmol), 5-bromobenzofuran (0.75 mL, @0nmol), potassium
carbonate (1.80 g, 13.5 mmol), and triphenylphosphine (131 mg, 10 mol%) were dissolved in
dioxane:water (25 mL:10 mL). The solution was purged with argon for 10 minutes, then palladium
acetate (28 mg, 2.5 ai%) was added. The reaction was heated at 80 °C under argon for 14 hours,
then cooled, and diluted with EtOAc (50 mL) and water (50 mL). The solution was separated, and the
aqueous layer was extracted with EtOAc (2 x 50 mL, the organic layers were cdmimsbed with

brine, dried (MgS#), filtered, and concentrateth vacuo The crude material was purified by FCC (50%
EtOAc in Pentane) to yieteterocycle8v (590 mg, 61% vyield) as a white solitle spectroscopic data

was consistent with previous liteiare reports!?

1-Methyl-7-(pyridin-4-yl)-1H-indole (3w)
8 4 10

\11

13 12
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7

4-Pyridylboronic acid (830 mg, 6.75 mmol}pbromo-1-methyt1lHindole (945 mg, 4% mmol),
potassium carbonate (1.55 g, 11.25 mmol), and triphenylphosphine (118 mg, 10 mol%) were dissolved
in dioxane:water (40 mL:10 mL). The solution was purged with argon for 10 minutes, then palladium
acetate (25 mg, 2.5 mol%) was added. The reactios leated at 80 °C under argon for 14 hours,
then cooled, and diluted with EtOAc (50 mL) and water (50 mL). The solution was separated, and the
aqueous layer was extracted with EtOAc (2 x 50 mL, the organic layers were combined, washed with
brine, dried (M&Q), filtered, and concentrateéh vacuo The crude material was purified by FCC
(209650% EtOACc in Pentane) to yiéleterocycleBw (500 mg, 53% yield) as a white solid.

m.p. (EtOAc) 130132 °C;

HRMSESI): Exact mass calculated faHGN; [M+H]: 2091073, found: 209.1074.

'H NMR(400 MHz, CD&@l  + ¢ 8.84xXnm 2H, 2 €H), 7.68 (ddJ= 7.9, 1.2 Hz, 1KPH), 7.43¢

7.36 (m, 2H, 2 €H), 7.15 (dd,J= 7.9, 7.2 Hz, 1KH), 7.05¢ 6.98 (m, 2HC*H + C'H), 6.58 (d,J=

3.1 Hz, 1HC°H), 3.36 (s, 3HC?Hs). .

13C NMR(101 MHz, CD@l + M n ¢l 48.9 (K), 183.4/(C), 131.4K(, 130.2 (C), 125.3 (2 x

CH), 124.1 (&), 123.9 (C), 121.5%@), 119.3 (), 101.7 (EH), 37.2 (EHy).

IR(neat) (cn'): 3012, 2160, 2031, 1978511, 1470, 1229, 831, 822, 792.

2M. Hagiwara A.KobayashiT.Hosoya S.YoshidaandY.Sumida(Kyoto University), Composition for
Activating Neurogenesis, 2019, EP 3508223 Al
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9-Bhyl-3-(pyridin-4-yl)-9H-carbazole (3x)

4-Pyridylboronic acid (1.23 g, 10.0 mmol}p@mo-9-ethyl-9H-carbazolé® (3.28 g, 12.0 mmol),
potassium carbonate (3.70 g, 27.0 mmol), andhepylphosphine (262 mg, 10 mol%) were dissolved

in dioxane:water (80 mL:20 mL). The solution was purged with argon for 10 minutes, then palladium
acetate (56 mg, 2.5 mol%) was added. The reaction was heated at 80 °C under argon for 14 hours,
then cooled, ad diluted with EtOAc (100 mL) and water (100 mL). The solution was separated, and
the agueous layer was extracted with EtOAc (2 x 50 mL, the organic layers were combined, washed
with brine, dried (MgS$), filtered, and concentrateih vacuo The crude matrial was purified by FCC
(109%40% EtOAc in Pentane) to yidéleterocycle8x (1.00 g, 30% yield) as a white solid.

m.p. (EtOAc) 161163 °C

HRMSESI): Exact mass calculated foHGN. [M+H]" 273.1386, found: 273.1386.

'H NMR(400 MHz, CDG@l 1 ¢ §.64x¥my 2H, 2 €H), 8.40 (dJ= 1.8 Hz, 1H;'*H), 8.17 (dtJ=7.7,
1.0 Hz, 1HC®H), 7.77 (ddJ= 8.5, 1.8 Hz, 1KZ’H), 7.67¢ 7.59 (m, 2H, 2 £H), 7.55¢ 7.41 (m, 3H,
CH+ CH+ C'H), 7.29 (dddJ= 7.9, 7.0, 1.1 Hz, 18}*H), 4.41 (qJ= 7.2 Hz, 2HZ''H,), 1.47 (tJ=
7.2 Hz, 3HC®*Hg).

13C NMR101 MHz, CD@l  +  wPH)n19%03 (G 140.6 (C), 140.5 (C), 128.9 (C), 126'#H]C124.8
(CH), 123.8 (C), 123.0 (C), 121.7 (Zk)120.7 (EH), 119.5 (EH), 119.2 (€H), 109.1 (GH/C°H),
108.9 (CH/C°H), 37.9 (EHy), 14.0 (CHs).

IR(neat) (cnit): 2983, 2161, 1594, 1472, 1459, 1232, 1217, 804, 757, 735.

9 (i K &drbethoxyi -m-bromoanilinoacrylate (S6)
0] 0]

EtO | OEt

NH

L,

3-Bromoaniline (10 g, 58.1 mmol) and diethyl methoxymethylenemalonate (14 mL, 63.9 mmol) were
heated together at 110 °C for 1 hour. The solution was cooled to room temperature which formed a
solid, which was broken up and suspended in pentane. The suspewsis filtered, washed with
pentane, and dried under vacuum to yieltrylate S6 (19.2 g, 97% yield) as a white solid.
Spectroscopic data matched those previlyugported*

BL. PrzypiKrzysztof and Z. Walczak,Org. Chem2019,84> HHYy T b HH dcC
¥D. De, F. M. Krogstad, L. D. Byers, D. J. Krogst4et].| Chem, 1998 41, 4918¢ 4926.
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7-Bromo-4-oxoquinoline-3-carboxylic acid ethyl ester (S7)

O O

| OEt

Br N

H
Dowtherm & (50 mL) was heated to 250 °C and Compo&6dq10.0 g, 29 mmol) was added
portionwise. The solution was heated at 250 °C for 1 hour before being cooled slowly to room
temperature. The resulting suspension was filtered, washel pantane and dried under vacuum to
yield heterocycleS7(6.99 g, 79% vyield) as a colourless solid. Literature NMR spectt&MSIO are
available. However, in our hands7/was insoluble in DMSO and all other deuterated solvents, no NMR
spectra could be obtained and the compound was taken onto to the next step.

N-Ethyl7-bromo-4-oxoquinoline-3-carboxylic acid ethyl ester (S8)
O O

| OEt

Br NK

S7(2.95 g, 1M mmol) and potassium carbonate (4.14 g,®mol) were suspended in DMF (30 mL)

and ethyl iodide (4 mL, 50 mmol) was added. The solution was heated at 80 °C for 5 hours, then poured
into water (100 mL). The resulting suspension was filtered and soBdligaolved in G&b (50 mL),

dried (MgS@), filtered, and concentratedh vacuo The crude material was purified by FCG160%

EtOAc in pentane) to givieeterocycleS8(2.37 g, 73% yield) as a brown solid. Spectroscopic data
matched those previougreported.®

N-Ethy}7-(4-pyridine)-4-oxoquinoline-3-carboxylic acid ethyl ester (3y)

4-Pyridylboronic acid (553 mg, 4.5nmol), S8(969 mg, I0mmol), potassium carbonate (1.04 g, 7.5
mmol), and triphenylphosphine (79 mg, 10 mol%) were dissolved in dioxane:water (25 mL:10 mL). The
solution was purged with argon for 10 minutes, then palladium acetate (17 mg, 2.5 mol%) was added.
The reaction waséuated at 80 °C under argon for 14 hours, then cooled, and diluted with EtOAc (50
mL) and water (50 mL). The solution was separated, and the aqueous layer was extracted with EtOAc
(2 x 50 mL, the organic layers were combined, washed with brine, dried Mdg®®red, and
concentratedin vacuo The crude material was purified by FC&¥® MeOH in GIEb) to yield
heterocycledy (572 mg, 59% yield) as a cream solid. Spectroscopic data matched those pyevious
reported?®

IS A. L.Choy, A. Eakin, O. Quiroga, B. Sherer (AstraZenecH&Bjocyclic Urea Derivatives and Methods of
Use Thereqf2010,US201031762AL
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The Synthesis of Pyridinium Salts

General Procedure D: Preparation of benzyl pyridinium iodide salts.

A mixture of the corresponding pyridine (0.8quiv.) and benzyl iodide (0&.00 equiv.) in acetone

(0.5 M) was stirred in the dark at room temperature for 16 hours. Diethyl ether ()0nat added

and the resulting suspension was sonicated (15 min) and then filtered. The resultant solid was washed
with diethyl ether and dried under vacuum to give the benzyl pyridinium iodide salts as crystalline
solids.

N-Benzyt4-phenylpyridinium iodide(S9)

The title compound was prepared by General Procedure D ugimg#dyl pyridine (1.41 g, 0Immol)
and benzyl iodide (4.78 g 18.2 mmol) to give Sal{3.46 g, 91%) as a yellow sohectroscopic data
was consistat with that reported in the literature®

N-(2-Nitrobenzyl}4-phenylpyridinium iodide(1b)
8

The title compound was prepared by General Procedure D ugigdyl pyridine (1.41 g, 9.1 mmol)
and 2nitrobenzyl iodideS1(4.78 g 18.2 mmol) to give sdlb (3.46 g, 91%) as a yellow solid.

m.p. (acetone) 196198 °C;

HRMSESI): Exact mass calculated fafHO.N, [M]*: 291.11280, found: 291.11275;
HNMROnnn al i X §@08tdE7.1Hzd2m,¢H), 8.68¢8.57 (d E7.1 Hz, 2H, 2GH),
8.28 (dd,J= 8.1, 1.4 Hz, 1K?H), 8.18¢ 8.08 (m, 2H, 2 x AHJ, 7.86¢ 7.62 (M, 5H, 5 x AHJ, 7.19
(dd,J= 7.7, 1.4 Hz, 1K°H), 6.24 (s, 2HZH,).

BCNMRO Mam al | 2555 @\(Ch 147.5 (Ar45.6 (2 x &), 135.0ArCH), 133.5 (ArC), 132.4
(ArCH, 130.4 (ArCH), 130.0't8), 129.8 (2 x ArCH), 129.6 (Ar28.3 (2 x ArCH), 125.6%44), 124.9
(2 x CH), 59.9 (&4,).

IR(neat) (cmt): 1637, 1514, 1440, 1347, 1335, 1200, 861, 790, 772, 747.

16A, Grozavu, H. B. Hepburn, P. J. Smith, H. K. Potukuchi, P. J-&tusand T. J. Donohaddat. Chem.
2019,11, 242-247.
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N-(2,4-Dinitrobenzyl}4-phenylpyridinium iodide(S10)
8

NO,

Title compound was prepared by General Procedure D uspiedyl pyridine (65.7 mg, 0.42 mmol)

and 2,4bisnitrobenzyl iodide52(261 mg, 0.85 mmol) to give s&@L0(185 mg, 95%) as a rdmown

solid. This compound was found to be highly hydroscopic and water in the atmosphere readily cleaved
the bond between Nand C. Due to this instability full characterisation data wex obtained.

HRMSESI): Exact mass calculated faHGONs[M]* m/z: 336.09788, found 336.09787

HNMROnnn all X 5 alkB.9Hzi2H,E B B.916(RIE 2.4 Hz, 1H,'&), 8.68 (d,)=

7.1 Hz, 2H, 2 X*8), 8.51 (dd,)= 8.6, 2.4 Hz, 1H}1€l), 8.18¢ 8.10 (m, 2H, 2 x'8), 7.76¢ 7.62 (m, 3H,

2 x CH+ CH), 7.37 (dJ= 8.6 Hz, 1H,"®), 6.34 (s, 2H,°6%).

N-(2,4-bis(Trifluoromethyl)benzybh4-phenylpyridinium iodide (1c)
8

15

13 CF3 "

14

The title compound was prepared by General Procedure D uspigedyl pyridine (517 mg, 3.33

mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(2.37 g, 6.66 mmol) to give the pyridiniura(1.51
g, 89%) as a yellow solid.

m.p. (acetone)221-223 °C

HRMS ESI)Exact mass calculated fosoBi4RN [M]* m/z: 382.10250, found: 382.10225

H NMR(400 MHz, DMS@:0 +  du® 8.9 Hzp2R 22 XI4), 8.63 (dJ= 7.1 Hz, 2H, 2 Xi9), 8.22
(s, 1H, €H), 8.13 (m, 3H, 2 x'B+ CH), 7.72¢ 7.64 (m, 3H, 2 x°*8+ CH), 7.43 (dJ= 8.2 Hz, 1H,
C*H), 6.21 (s, 2H, 2 XKb).

13C NMR(126 MHz, DMS@0 + mMpp ®d 6%H)0136.8MC), (1838 (C), 132.6HC131.0
(C*H), 130.5 (gJ= 3.9 Hz, €H), 129.9 (gJ= 33.5 Hz, &/C™), 129.8 (2 x ®©), 128.42 x CH), 127.8
(9,J=31.7 Hz, &C"), 124.9 (2 x ©), 124.0¢ 123.5 (m, €H),12322(q, J= 274.6 HzC°R/C''F),
12318(q,J= 272.6 HZC*R/C''R), 58.9 (qJ= 3.1 Hz, E&h).

1% NMR(377 MHz, DMS@s0 ¢39.0,¢61.5.

IR(neat) (cm):2984, 2161, 1978, 1639, 1343, 1284, 1270, 1181, 1168, 1137.
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N-(3,5-bis(Trifluoromethyl)benzyB4-phenylpyridinium iodide(1d)
8

Title compound was prepared by General Procedure D uspigedyl pyridine (155 mg, 100nmol)
and 3,5bis(trifluoromethy)benzyl iodid&3(708.1 mg, 2.0mmol) to give the pyridiniumd (435 mg,
88%) as a yellow solid.

m.p. (acetone)>350 °C

HRMSESI): Exact mass calculated faHGRN [M]": 382.1025, found 382.1031

HNMROnan all X 5 alRDHz2H @D, B.574dA=7.1 Hz, 2H, 2 ¥i9), 8.4 (dJ)=
1.7 Hz, 2H, 2 X&), 8.23 (s, 1H,'8H), 8.12¢ 8.06(m, 2H, 2 x AHf, 7.74¢ 7.49 (m, 3H, 3 x AHJ,
5.99 (s, 2H, EL).

BCNMROMHC al 1 3 5a% 1b.0(2x®)pp7d¢C), 433.5 (C), 132.3 (ArCH), 1301 (q,
= 33.0 Hz, 2 x'&, 130.6 (qJ= 3.8 Hz, 2 x'), 129.7 (2 x ArCH), 128.3 (2 x ArCH), 125.01@)x C
123.7¢ 123.2 (m, €H), 123.1 (gJ= 273.1 Hz, 2 X'{F3), 61.0 (CH).

ENMROOTT all X6lRa{ho ¢

IR(neat) (cmt): 3021, 2960, 1635, 1280, 1167, 1113, 910, 771, 744, 683.

N-(2,4-bis(Trifluoromethyl)benzy4-(4-(tert-butyl)phenyl)pyridinium iodide (1e)

SN, CFy
13

1" 14
12
17
15 CF,
16 19

The title compound was prepared by General Procedure D us{adtdrt-butyl)phenyl)pyridine3e

(423 mg, 2.0 mmol) and 2[is(trifluoromethyl)benzyl iodide&S4 (1.06 g, 3.0 mmol) to give the
pyridiniumle(1.11 g, 98%) as a yellow solid.

m.p. (acebne): 255257 °C

HRMS (ESIExact mass calculated fozB2NFs [M]*: 438.16510, found 438.16490

H NMR(400 MHz, DMS@0 1 due .0 Hzp2RE>X CH), 8.61 (d,J= 7.0 Hz, 2H x CH), 8.23

(s, IHC“H), 8.15 (dJ= 8.4 Hz, 1H;'*H), 8.09 (dJ= 8.6 Hz, 2H x CH), 7.69 (dJ= 8.6 Hz, 2H x

CH), 7.44 (dJ= 8.2 Hz, 1H;''H), 6.20 (s, 2H2 x C'H), 1.36 (s, 9H3 x C°Hy). ;
BC NMR126 MHzZ,DMS@0 + Mpp ddh o0/ 0 I *H)A36.® (), IBL.D(EH),MBOEPT O H E
130.4 (m, €H+C), 129.95 (d= 33.4 Hz, &C"), 128.3 (2 x ®l), 127.8 (¢J= 31.7 Hz, €C"), 126.7

SL7



(2 x CH), 124.5 (2 x8l), 124.0c 123.7 (m, €H), 12318 (q, J= 274.7 HZCR/CI°Fs), 12315 (g, J=
272.7 HzCR/CI%F;), 58.8 (q,J= 3.4 Hz, €Hy), 34.9 (€), 30.8 (3 X CHy).

19F NMR(377 MHz, DMS@:0 ¢539.0,¢61.5.

IR(neat) (cm): 3659, 2981, 1341, 1270, 1182, 1166, 1131, 1084, 1052, 826.

N-(2,4-bis(Trifluoromethyl)benzyh4-(4-methoxyphenyl)pyridinium iodide (1f)

14 CF3 s

15
The title compound was prepared by General Procedure D usiignéthoxyphenyl)pyridingf (460
mg, 2.9 mmol) and 2,4pis(trifluoromethyl)benzyl iodid&4(1.46 g, 4.2 mmol) to give the pyridinium
1f (1.23 g, 92%) as a yellow solid.
m.p. (acetone)215-217 °C
HRMS (ESlExact mass calculated fos18i6ONFs [M]™: 412.1130, found: 412.1131
HNMRO nnn al il X 5aJH.0Hz2HRREB.50RIE 7.2 Hz, 2H, 2 ¥14), 8.22 (s,
1H, C*H), 8.18 (d,J= 9.0 Hz, 2H, 2 ¥K9), 8.12 (ddJ= 8.2, 2.2 Hz, 1H}€l), 7.38 (dJ= 8.2 Hz, 1H,
C'°H), 7.22 (dJ= 9.0 Hz, 2H, 2 Xi9), 6.15 (s, 2H,'&4,), 3.90 (s, 3H,%k).
BCNMROMHC al 1 3 5 af 165.1(0), 146 %), 187.1(CY), 130.7 (EH), 130.5 (q,
J= 3.9 Hz, €H), 130.4 (2 x€), 129.8 (qJ)= 33.3 Hz, @C"), 127.7 (qJ= 31.7 Hz, @C), 125.1
(©), 124.0¢ 123.6 (m, &H), 123.5 (2 x€), 123.2 (qJ= 274.6 Hz, 0=/C'®F;), 123.1 (gJ= 272.4 Hz,
C'R/CY¥R;), 115.3 (2 x ), 58.6 (gJ)= 3.3 Hz, €H,), 55.8 (€H).
ENMROOTT al i X598,60.4 0
IR(neat) (cmt): 2981, 1640, 1599, 1344, 1271, 1166, 1122, 1084, 1053, 833.

N-(2,4-bis(Trifluoromethyl)benzyh4-(4-(trifluoromethyl) phenyl)pyridinium iodide (1g)

14 CF3 s

15
The title compound was prepared by General Procedure D ugitdfluoromethyl) phenyl)pyridine
39(446 mg, 2.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(1.06 g, 3.0 mmol) to gve the
pyridinium1g (987 mg, 85%) as a yellow solid.
m.p. (acetone)226-228 °C
HRMS (ESIlEExact mass calculated fof:8:3NF [M]*: 450.08900, found 450.08860
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'H NMR(400 MHz, DMS@0 1  duld 7.8 Hzp2R>x CH), 8.69 (dJ= 7.1 Hz, 2H2 x CH), 8.32
(d,J= 8.2 Hz, 2HR x CH), 8.23 (s, 1HG*H), 8.14 (dJ= 8.5 Hz, 1H*H), 8.05 (dJ= 8.3 Hz, 2H2 x
CH), 7.45 (dJ= 8.2 Hz, 1HZ*H), 6.25 (s, 2H x C°H,).

13C NMR(126 MHz, DMS@0 + wmpn ®p GH),137.5 (T £36.% (C)o 181.844,32.4 Hz,
C/C?C), 131.1 (€H), 130.5 (dJ= 3.8 Hz, €H), 130.0 (qJ= 33.3 Hz, TC'¥C™), 129.4 (2 x ©),
127.9 (qJ= 31.7 Hz, 2 X'B), 126.5 (q)= 3.8 Hz, WC'%/C), 125.9 (2 x &),124.0¢ 123.7 (mC3H),
123.17(q, J= 274.6Hz, CRs), 123.15(q, J= 272.4Hz, 2 x ERIC'8R), 59.2 (g,)= 3.4 Hz, €Hy).

19 NMR(376 MHz, DMS@:0 ¢39.0,¢61.5.

IR(neat) (cmb): 3660, 2981, 1325, 1276, 1167, 1127, 1109, 1084, 1072, 1057.

N-(2,4-bis(Trifluoromethyl)benzyh4-(4-(methoxycarbonyl) phenyl)pyridinium iodide (1h)
10

MeO

18

>
I"N", CF3
13

" 14
12
17
15 CFy
16 19

The title compound was prepared by General Procedure D usk(d-(methoxycarbonyl)
phenyl)pyridine3h (426 mg, 2.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(1.06 g, 3.0
mmol) to give the pyridiniunih (1.01 g, 89%) as a yellow solid.

m.p. (acetone)236-238 °C

HRMS (ESlExact mass calculated fozB160:NFs [M]*: 440.10797, found 440.10834

'H NMR(400 MHZDMS@ds0 { i M.ebHzp2RE>x CH), 8.68 (dJ= 7.0 Hz, 2H x CH), 8.26
(d,J= 8.8 Hz, 2H2 x CH), 8.22 (s, 1HC“H), 8.20 (dJ= 8.7 Hz, 2H2 x CH), 8.13 (dJ= 8.4 Hz, 1H,
C°H), 7.44 (dJ= 8.2 Hz, 1H;!''H), 6.24 (s, 2H x C'H,), 3.92 (s, 3H3 x C°Hy).

BCNMROMHC all X 5 afopi54.7(C),M46@2% €H),dA37.7 (C), 136.7 (C), 132.6 (C),
131.0(CH), 130.5 (dJ= 3.8 Hz'°H), 130.3(2 x CH), 130.0 (qJ= 33.3 Hz, TC™), 128.9(2 x CH),
127.9 (q,d= 31.7 Hz, ©CY), 125.7(2 x CH), 124.1¢ 123.6 (m,C“H), 123.2 (q, J= 274.6 Hz,
C®R/CI9R), 12317(q, J= 272.7 Hz, @R/C*R), 59.2 (q,= 3.3 HzC''Hy), 52.7(C%Ha).
ENMROOTT al | X59BMch1m6.

IR(neat) (cm): 3660, 2981, 1719, 1348, 1277, 1179, 1137, 1118, 1084, 1055.

N-(2,4-bis(Trifluoromethyl)benzyb4-(4-(methylsulfonyl) phenyl)pyridinium iodide (1i)
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The title compound was prepared by General Procedure D ugiigethylsulfonyl) phenyl)pyridine
3i (466 mg, 20 mmol) and 2,bis(trifluoromethyl)benzyl iodid&4(1.06 g, 3.0 mmol) to give the
pyridinium1i (1.13 g, 96%) as a yellow solid.

m.p. (acetone)247-249 °C

HRMS (ESIExact mass calculated foxEis0.NF*?S[M]*: 460.08005, found 460.08010

H NMR(400 MHz, DMS@:0 ¢+  dd 8.9 Hzp2R2>X CH), 8.70 (dJ= 7.1 Hz, 2H2 x CH), 8.36
(d,J= 8.6 Hz, 2H2 x CH), 8.23 (s, 1HC*H), 8.20 (dJ= 8.6 Hz, 2H2 x CH), 8.14 (dJ= 7.5 Hz, 1H,
C*H), 7.47 (dJ= 8.2 Hz, 1H;'*H), 6.26 (s, 2H x C°Hy), 3.35 (s, 3HZHs).

13C NMR126 MHz, DMS@0 + wmpn ®o &H), 043.6 (@) k38024(C)4186.6 IC), 131°H)(C
130.5 (dJ= 3.7 Hz, €H), 130.0 (qJ= 33.3 Hz, @C"), 129.5 (2 xCH), 128.1 (2 x €), 127.9 (gJ=
31.7 Hz, €/C'%), 126.0 (2 x ®©), 124.1¢ 123.6 (m, €H), 123.18q, J= 274.5Hz, 2 x ER/C*R),
123.15(q, J= 272.7 Hz, 2 X' &/C'®Fs), 59.2 (dJ= 3.3 Hz, €Hy), 43.2 (CHs).

1F NMR(376 MHz, DMS@s) 1 ¢59.0,¢61.5.

IR(neat) (cmt): 2981, 1703, 1639, 1345, 1274, 1172, 1123, 1085, 1054, 961.

N-(2,4-bis(Trifluoromethyl)benzyBa-(4-fluorophenyl)pyridinium iodide(1))

13 CF3 "

14
The title compound was prepared by General Procedure D us{ddldorophenyl)pyridine3j (345
mg, 2.@ mmol) and 2,4is(trifluoromethyl)benzyl iodid&4(1.06 g, 3.0 mmol) to give the pyridinium
1j(1.00 g, 95%) as a yellow solid.

m.p. (acetone)225-227 °C

HRMS (ESIExact mass calculated fosoBiaNF [M]*: 400.09307, found 400.09342

!H NMR(400 MHz, DMS@0 { di® mhHz®2R,2 XK, 8.61 (dJ= 7.1 Hz, 2H, 2 Xid), 8.28¢
8.19 (m, 3H, 2 x®aand C?H), 8.12 (dd,J= 8.3, 2.2 Hz, 1H}€l), 7.53 (tJ= 8.8 Hz, 2H, 2 XId), 7.41
(d,J= 8.2 Hz, 1H,'®), 6.20 (s, 2H, 2 XI&).

13C NMR(126 MHz, DMS@:0 1+ ™ d=281y9 Hp, | I54.8 (), 145.9 (2 x &), 136.8 (§, 131.2
(d,J=9.3 Hz, 2 x°8), 131.0 (EH), 130.5 (gqJ= 4.0 Hz, €H), 130.0 (gJ= 33.2 Hz, &C™), 129.9 ¢,
J=2.9Hz,©), 127.9 (qJ= 31.8 Hz, &C"™), 124.9 (2 x ©l), 123.9123.8 (m, €H),123.21(q,J= 274.6
Hz,C%R/C''Fs), 123.17(q, J= 272.7 HZC*R/C''Rs), 117.0 (dJJ= 22.0 Hz, 2 x’8), 58.9 (gJ)= 2.8 Hz,
CHy).

1F NMR(377 MHz, DMS@s0 ¢39.0,¢61.5,¢107.2 (tt,J= 8.9, 5.2 Hz).

IR(neat) (cmt): 3009, 2939, 1636, 1497, 1343, 1284, 1265, 1225, 1168, 1136..
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N-(2,4-bis(Trifluoromethyl)benzy4-(4-(trifluoromethoxy) phenyl)pyridinium iodide (1k)
OCF,4
8 9

" CF3 18

15
The title compound was prepared by General Procedure D ushtdr(tdfluoromethoxy)
phenyl)pyridine3k (482 mg, 2.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodide&s4(1.06 g, 3.0
mmol) to give the pyridiniunik (1.07 g, 90%) as a yellow solid.
m.p. (acetone)210-212 °C
HRMS (ESIExact mass calculated fos;:8::0Nk [M]*: 466.08479, found 466.08372
H NMR(400 MHz, DMS@:0 ¢+  dud @.4 Hzp2R2> CH), 8.64 (dJ= 6.9 Hz, 2H2 x CH), 8.27
(d,J= 8.9 Hz, 2H2 x CH), 8.22 (s, 1HC*H), 8.13 (dJ= 8.2 Hz, 1H;"*H), 7.67 (dJ= 8.3 Hz, 2H x
CH), 7.45 (d,)= 8.2 Hz, 1HZ°H), 6.22 (s, 2H2 x C°H,).
13C NMR(126 MHz, DMS@:0 + wmpn ®p 6/ 0 I 2Hy p36.D(E), 182.6)(C), 181iT{EPn 6 H E
130.9 (2 x &), 130.5 (dJ= 3.8 Hz, €H), 130.0 (qJ= 33.3 Hz, &C"), 127.9 (qJ= 31.6 Hz, &C"),
125.3 (2 x &), 124.0¢ 123.7 (m, €H),123.18 (qJ= 274.5 Hz, 0=/C'®R;), 123.15 (q)= 272.7 Hz,
C'R/CY¥R;), 121.9 (2 x ©l), 120.0 (qJ= 257.7 Hz, &), 59.1 (gJ= 3.3 Hz, €H,).
F NMR(376 MHz, DMS@0 ¢36.6,G59.0,¢61.5.
IR(neat) (cmt): 2981, 1638, 1342, 1269, 12112,66, 1123, 1084, 1052, 829.

N-(2,4-bis(Trifluoromethyl)benzyh4-(3,5-difluorophenyl)pyridinium iodide (11)

" CF317

14
The title compound was prepared by General Procedure D ugi@gdifluorophenyl)pyridinel (382
mg, 2.@ mmol) and 2,4pis(trifluoromethyl)benzyl iodid&4(1.06 g, 3.0 mmol) to give the pyridinium
11 (714 mg, 65%) as a yellow solid.
m.p. (acetone)233-235 °C
HRMS (ESIExact mass calculated foski:NFs [M]*: 418.08365, found 418.08416
H NMR(400 MHzDMSGds0 1 dule 8.9 Hzp2RE>x CH), 8.69 (dJ= 7.1 Hz, 2H2 x CH), 8.23
(s, IHC?H), 8.12 (d,J= 7.6 Hz, 1H;'*H), 8.04¢ 7.91 (m, 2H2 x CH), 7.64 (tt,J=9.2, 2.3 Hz, 1KH),
7.40 (dJ= 8.2 Hz, 1HZ*H), 6.22 (s, 2H x CHy).
13C NMR126 MHz, DMS@0 1 ™ cJo ZHa.5 12 RIRz32 x §, 153.3 (€), 146.2 (2 x &), 137.2
¢ 136.0 (m, € C°), 130.9, (EH), 130.5 (€H), 130.0 (g)= 33.2 Hz, &C"), 127.9 (qJ= 31.8 Hz,
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CYC), 125.6 (2 x ®), 123.9 (EH), 12317 (g, J= 275.0Hz, C°R/CF; ), 123.14 (g, J= 272.4Hz,
CR/CLRs), 112.3¢ 111.8 (m, 2 x ©1), 107.7 (t)= 26.0 Hz, ®l), 59.2 (g)= 2.5 Hz, E&b).

19 NMR(377 MHz, DMS@0 ¢39.0,¢61.4,¢107.7 (t,J= 8.5 Hz).

IR(neat) (cm?): 2981,1339, 1275, 1177, 1117, 1084, 1054, 991, 839.

N-(2,4-bis(Trifluoromethyl)benzyh4-(3,4,5trichlorophenyl)pyridinium iodide (1m)

14
The title compound was prepared by General Procedure D ugi@gt&trichlorophenyl)pyridine8m

(186 mg, 0.72 mmol) and 2pis(trifluoromethyl)benzyl iodidé&s4 (530 mgl1.50 mmol) to give the
pyridinium1m (314 mg, 71%) as a yellow solid.

m.p. (acetone)277-279 °C

HRMS (ESlExact mass calculated fosB11N*>CkRs [M]*: 483.98558, found 483.98567

H NMR(400 MHz, DMS@:0 1  due 7.8 Hzp2R,2 X14), 8.74 (dJ= 7.1 Hz, 2H, 2 XI4), 8.47

(s, 2H, 2 x @), 8.24 (s, 1H,'&), 8.12 (dJ= 8.2 Hz, 1H,'®), 7.36 (dJ= 8.2 Hz, 1H,'eH), 6.22 (s,

2H, 2 x €H,).

13C NMR(126 MHz, DMS@0 {+ mp #4821 (2 0®l), 136.7 (C), 134.4 (C), 134.2 (C), 133.8 (C),
130.8 (€°H), 130.7¢ 130.3 (m,C*H), 130.0 (qJ= 33.2 Hz, &C"),128.9 (2 x &), 127.8 (gJ= 31.7

Hz, €Y/C"), 125.7 (2 x ®l), 124.01; 123.63 (m, €H), 123.15 (¢qJ= 270.0 HXC®R+ C'Fs), 59.25 §,
CHy).

19k l3|MR(377 MHz, DMS@s0 ¢59.1,¢61.4.

IR(neat) (cmt): 3659, 2981, 1639, 1381, 1347, 1288, 1274, 1186, 1136, 1117.

N-(2,4-bis(Trifluoromethyl)benzyh4-(o-tolyl)pyridinium iodide (1n)

" CF3 20

17
The title compound was prepared by General Procedure D usfjogodyl)pyridine3n (285 mg, 2.0
mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(1.06 g, 3.0 mmol) to give the pyridiniumn (815
mg, 93%) as a yellow solid.
m.p. (acetone)225-257 °C
HRMS (ESIExact mass calculated fos:BieNFs [M]*: 396.11815, found 396.11719
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IHNMR(400 MHz, DMS@0 1  dhl @.9 Hzp2RESx CH), 8.31 (dJ= 7.0 Hz, 2H2 x CH), 8.24

(s, LHCH), 8.17 (dJ= 8.2 Hz, 1H™H), 7.55¢ 7.40 (m, SHCH, C'H, CH, CHand G*H), 6.23 (s, 2H,

2 X C?Hy), 2.39 (s, 3H3 x C'Hs).

13C NMR126 MHz, DMS@0 1 ') 14%03(2 X8H), 136.5 (C), 135.6 (C), 135.4 (C), 131.5 (ArCH),
131.4 (ArCH), 130.7 (ArCH), 130.8H} 130.1 (gJ= 33.2 Hz, ©/C%), 129.8 (ArCH), 128.5 (2 %,
128.0 (q,J= 31.7 Hz, ©/C%), 126.8 (ArCH), 123(&°H), 123.2 (¢J= 271.4 HzC%F+ CFs), 59.2 §,
Ci2Hp), 19.9 (CHy).

19¢ NMR(376 MHz, DMS@s0 ¢38.9,¢61.5.

IR(neat) (cmt): 2981, 1640, 1345, 1269, 1169, 1119, 1084, 1054, 762.

N-(2,4-bis(Trifluoromethyl)benzyh4-(3,5-dimethoxyphenyl)pyridinium iodide (10)

MeO OMe

14 C:F3 18

15
The title compound was prepared by General Procedure D usi@gp4dimethoxyphenyl)pyridin@o
(430 mg, 2.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodidé&s4 (1.06 g, 3.0 mmol) to give the
pyridinium 10 (1.06 g, 93%) as a yellow solid.
m.p. (acetone)235-237 °C
HRMS (ESIExact mass calculated forB:s0:NF [M]*: 442.12362, found 442.12302
H NMR(400 MHz, DMS@0 1  dud .l Hzp2R 32 i), 8.65 (dJ= 7.0 Hz, 2H, 2 i), 8.22
(s, 1H, €H), 8.12 (dJ= 7.6 Hz, 1H,'&), 7.39 (d)= 8.2 Hz, 1H,'&), 7.25 (d,)= 2.2 Hz, 2H, 2 XI4),
6.82 (t,J= 2.2 Hz, 1H,°8), 6.21 (s, 2H, 2 X&), 3.88 (s, 6H, 6 Xid).
13C NMR(126 MHz, DMS@0 + M ¢ MHp, M558 (), 185.8/(2 x &), 136.9 (&), 135.3 (),
130.8, (&°H), 130.5 (dJ= 3.8 Hz, €H), 129.9 (g)= 33.3 Hz, @C"), 127.8 (qJ= 31.8 Hz, &C"),
125.3 (2 x &), 124.1¢ 123.7 (m, €H), 123.23q, J= 274.4Hz, C'R/C'®Rs), 123.18(q, J= 272.1 Hz,
C'R/C¥R;), 106.4 (2 x ©l), 104.2 (&), 59.0 (gJ= 3.3 Hz, €H,), 55.8 (2 x &k).
F NMR(377 MHz, DMS@0 ¢39.0,¢61.4.
IR(neat) (cmt): 2981, 2889, 1341, 1275, 1182, 1156, 1135, 1115, 1083, 1064.

N-(2,4-bis(Trifluoromethyl)benzyb4-(3,5-bis(trifluoromethyl) phenyl) pyridinium iodide (1p)
9
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The title compound was prepared by General Procedure D usi(@)5his(trifluoromethyl)
phenyl)pyridine3p (285 mg, 1.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(530 mg, 1.6
mmol) to give the pyridiniumip (454 mg, 72%) as a yellow solid.

m.p. (acetone)259-261 °C

HRMS (ESlExact mass calculated fogB8:2NR2 [M]*: 518.07726, found 518.07581

H NMR(400 MHz, DMS@:0 ¢+  dud id.¥ Hzp2RD>X CH), 8.87 (dJ= 7.1 Hz, 2H2 x CH), 8.78
(s, 2H2 x CH), 8.45 (s, 1HPH), 8.24 (s, 1HZ*H), 8.12 (dJJ= 8.1 Hz, 1H;*H), 7.35 (d,J= 8.2 Hz, 1H,
C°H), 6.28 (s, 2H2 x C°H).

13C NMR(126 MHz, DMS@:0 15%3.1 (©), 146.2 (2 x &), 136.9 (C), 136.3 (C), 131.5J9,33.5 Hz,
2 x C), 130.6 (€H), 130.5 (gqJ= 3.9 Hz, €H), 130.0 (gJ)= 33.3 Hz, @C'%), 129.5 (qJ= 4.0 Hz, 2 x
CH), 127.8 (qJ= 31.8 Hz, @C'), 126.5 (2 x ®l), 125.6; 125.3 (n, CH), 123.9 (EH), 123.19q,J=
274.6 HzC'R/C¥R;), 123.15(q, J= 272.7 HZC'R/C'®R), 123.1 (gJ= 273.2 Hz, 2 XE), 59.4 (qJ=
3.5 Hz, €H,).

F NMR(377 MHz, DMS@s0 ¢39.1,¢61.1,¢61.5.

IR(neat) (cmt): 2981, 1639, 1345, 1272176, 1122, 1084, 1053, 671.

N-(2,4-bis(Trifluoromethyl)benzyhd-(3-(methoxycarbonyl) phenyl)pyridinium iodide (1q)

18

The title compound was prepared by General Procedure D uskH{8(Methoxycarbonyl)
phenyl)pyridine3q (427 mg, 2.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodidé&4 (1.06 g, 3.0
mmol) to give the pyridiniumg (1.01 g, 89%) as a yellow solid.

m.p. (acetone)206-208 °C

HRMS (ESIExact mass calculated forB:60:NF [M]*: 440.10797, found 440.10828

H NMR(400 MHz, DMS@0 1  dud .8 Hzp2RE>X CGH), 8.69 (dJ= 7.0 Hz, 2H2 x CH), 8.57
(t, J= 1.7 Hz, 1H;'°H), 8.37 (ddd))= 7.8, 2.1, 1.1 Hz, 1E8H), 8.27¢ 8.21 (m, 2HC*Hand C°H), 8.12
(d,J=8.1 Hz, 1H;'®H), 7.84 (tJ= 7.7 Hz, 1H;’H), 7.40 (dJ= 8.2 Hz, 1H;'°H), 6.23 (s, 2H2 X C°Hy),
3.93 (s, 3H3 x C?Hy).

13C NMR126 MHz, DMS@s0 + M9, p58.& (QH146.1 (2 x E), 136.9 (C), 134.3 (C), 133.HC
132.6 (GH), 131.2 (C), 130.9%@), 130.5 (dJ= 4.7 Hz, €H), 130.5 (¢1), 130.0 (o= 33.3 Hz, @C"),
128.9 (CH), 127.9 (qJ=31.7 Hz, @C'"), 125.7 (2 x El), 124.0; 123.8 (m, €H),123.23 (¢, J= 2745
Hz, CR/C?'R) 123.2 (qJ= 272.7 HZZR/IC*'R), 59.1 (qJ= 3.6 Hz, €H,), 52.7 (EHy).

F NMR(376 MHz, DMS@s0 ¢39.0,¢61.5.

IR(neat) (cmt): 2981, 1707, 1639, 1345, 1273, 1258, 1181, 1119, 1085, 1054.
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N-(2,4-bis(Trifluoromethyl)benzyhd-(4-fluorophenyl)-3-(o-tolyl) pyridinium iodide (1r)

The title compound was prepared by General Procedure D ugididorophenyl}3-(o-tolyl)pyridine
3r (263 mg, 1.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(530 mg, 1.50 mmol) to give the
pyridinium1r (461 mg,75%) as a yellow solid.

m.p. (acetone)252-254 °C

HRMS (ESIExact mass calculated fogBioNF*[M]*: 490.100, found 490.1398

HNMROnnn al il X 5 alEh®Hz1H,#EPHIS (dBIRES, 1.6 Hz, 1HE), 8.40 (dJ=
6.4 Hz, 1H, @), 8.23 (s, 1H, ¥H), 8.15 (dJ= 8.5 Hz, 1H,2&), 7.52 (dJ= 8.2 Hz, 1H,%®H), 7.44¢
7.21 (m, 8H, ®, C°H, C'H, CH, 2 x ¢H+ 2 x ¢H), 6.25 (s, 2H,%6), 1.89 (s, 3H,%Ek).
BCNMROMHCc al | 3A632&(@X 250.0 Hz, 0, 155.6 (€), 146.8 (©), 144.3 (6), 138.9 (C),
136.9 (&), 135.7 (C), 133.3 (C), 131.8Jd,8.8 Hz 2 x'€H), 131.4 (dJ= 3.0 Hz, €), 130.8 (EH), 2
x 130.6 (2 x ArCH), 130.5 {g; 3.6 Hz, €H), 129.9 (qJ= 33.3 Hz, TC?), 129.6 (ArCH), 128.75C
127.8 (qJ= 31.7 Hz, ®C?), 126.4 (ArCH), 123¢@23.6 (m, €H), 123.2 (qJ= 274.4 Hz, TR/C*F),
123.1 (q,d= 272.5 Hz, TR/C®Fs), 116.0 (dJ= 22.0 Hz, 2 x*H), 59.2 (q,)= 3.4 Hz, €H,), 19.3
(C°Hs).

ENMRO 0T T al I X598,q6{.4q10947 (tt,J= 8.7, 5.2 Hz).

IR(neat) (cm): 2979, 2932, 1633, 1600, 1483, 1470, 1340, 1281, 1269, 1163.

N-(2,4-bis(Trifluoromethyl)benzyh4-(4-fluorophenyl)-3-(3-methoxyphenyl)pyridinium iodide (1s)

The title compound was prepared by General Procedure D uskidrfldorophenyl}3-(3-
methoxyphenyl)pyridine8s (279 mg, 1.0 mmol) and 2,4is(trifluoromethyl)benzyl iodid&4 (530
mg, 1.50 mmol) to give the pyridiniuirs (495 mg, 78%) asyellow solid.

m.p. (acetone)188-190 °C

HRMS (ESIExact mass calculated foszB1sONF*[M]*: 506.1349, found: 506.1347
HNMROnan all X 5 alhHHz1IH EPDIO (ddIRES, 1.6 Hz, 1HH), 8.33 (d)=
6.4 Hz, 1H,7E), 8.24(s, 1H, €H), 8.13 (d,)= 8.0 Hz, 1H,’&), 7.49 (d,)= 8.3 Hz, 1H,%H), 7.43 (ddt,
J=8.3,5.2,2.6 Hz, 2H, 2'kH}, 7.37¢ 7.28 (m, 3HC''"H+ 2 x &H), 7.02 (dddJ= 8.4, 2.6, 0.9 Hz, 1H,
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C?H), 6.91 (dd,])= 2.6, 1.6 Hz, 1H&4), 6.81 (ddd,])= 7.7, 1.7, 1.0 Hz, 1H°8), 6.26 (s, 2H,¢H,),
3.69 (s, 3H, CHa).

BCNMROMHC al |l X 5 ad=1240.2Hz,'‘® 4d59.9 (D), 16533C), 146.5 (€H), 143.9 (&),
139.1 (C), 137.0 {§, 134.9 (C), 132.0 (d= 8.9 Hz, 2 x'&), 131.5 (dJ)= 3.1 Hz, ©), 130.5 (EH),
130.4 (GH), 130.1 (&), 129.8 (q)= 33.3 Hz, ¥C?»), 129.1 (€H), 127.7 (9)= 31.9 Hz, TC?),
123.9¢ 123.5 (m, €H), 123.2 (q,J= 274.5 Hz, T~/C*R), 123.17(q, J= 272.7 Hz, T~/C*R), 121.9
(C?H), 116.0 (dJ= 22.1 Hz, 2 x'@1), 115.6 (EH), 114.6 (EH), 59.2 (d,)= 3.5 Hz, €H,), 55.3 9
C3Hy).

ENMROOT T al I X598,q6{.4q11041 (tt,J=8.9, 5.4 Hz).

IR(neat) (cmb): 2922, 1632, 1603, 1341, 1274, 1237, 1180, 1163, 1129, 1086.

N-(2,4-bis(Trifluoromethyl)benzyB3,4-bis(4-fluorophenyl)pyridinium iodide(1t)

> CF;

23
The title compound was prepared by General Procedure D usingigdfluorophenyl)pyridine3t
(158 mg, 0.6 mmol) and 2,4bis(trifluoromethyl)benzyl iodidé&4 (350 mg, 1.0 mmol) to give the
pyridinium 1t (187 mg, 51%) as a yellow solid.
m.p. (acetone)205-207°C

HRMS (ESIExact mass calculated fossBieNF"[M]*: 494.1150,dund 494.1140

HNMRonnan all X 5 alh@&Hzi1H @EPDIA (ddIRES, 1.5 Hz, 1H%K), 8.34 (d])=
6.4 Hz, 1H, E), 8.24 (s, 1H,H), 8.13 (dJ= 8.1 Hz, 1H,%®), 7.49 (dJ= 8.2 Hz, 1H,’®), 7.44c
7.38 (M, 2H, 2 x'@), 7.38¢ 7.25 (m, 6H, 2 x*8+ 2 x GH+ 2 x €H), 6.26 (s, 2H,%h).
BCNMROMHC al 1 X 5 a{=h249.31Hz, k)c1628Bnd)H2R%E3 Hz, ©), 155.4 (€), 146.5
(CH), 144.0 (&4), 138.4 (8, 137.0 (&), 132.2 (2 x ®/C°H), 132.1 (2 x*©&/C'*H), 131.3 (dJ= 3.3
Hz, @CY), 130.5 (C), 130.4 (d= 3.8 Hz, €H), 130.1 (dJ= 3.2 Hz, @C"), 129.8 (qJ= 33.3 Hz,
CICY9), 129.1 (6H), 127.7 (gJ= 31.9 Hz, TC), 124.0c 123.6 (m, EH), 123.2 (q, J= 274.7 Hz,
C?R/C?R), 123.17(q, J= 272.7 Hz, €R/C?PRs), 116.1 (dJ= 22.1 Hz, 2 X'&), 116.0 (dJ= 21.9 Hz,
2 x CH), 59.2 (gJ= 3.4 Hz, ©€H,).

EFNMRO 0T T al | X598,66{.4,q11041 (tdJ= 9.0, 4.4 Hz;;111.9 (tt,J= 9.0, 5.8 Hz).
IR(neat) (cmt): 2980, 1633, 1603, 1493, 1463, 1342, 1270, 1168, 1138, 1122..
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N-(2,4-bis(Trifluoromethyl)benzyh3-butyl-4-(4-fluorophenyl)pyridinium iodide (1u)

CF3

23
The title compound was prepared by General Procedure D usingigdfluorophenyl)pyridine3u
(158 mg, 0.6 mmol) and 2,4bis(trifluoromethyl)benzyl iodidé&4(350 mg, 1.0 mmol) to give the
pyridinium1u (187 mg, 51%) as a white wax.
HRMS (ESIExact mass calculated fogd81NFs"[M]":456.1557, found 456.1552
HNMRO pnn al l X 5 aleh@Hzi1H,E)dav08 (dd)R6ES, 1.6 Hz, 1H%), 8.24 (s, 1H,
C*®H), 8.15 (ddJ=8.2, 1.9 Hz, 1H®&), 8.12 (dJ= 6.4 Hz, 1H,°8),7.70¢ 7.59 (m, 2H, 2 €°H), 7.51
¢ 7.43 (m, 2H, 2 €°H), 7.39 (d,J= 8.2 Hz, 1H,°8H), 6.22 (s, 2H,%6,), 2.84¢ 2.76 (m, 2H, &), 1.51
¢ 1.39 (m, 2H, &), 1.19 (qJ= 7.4 Hz, 2H,°8,), 0.76 (tJ= 7.3 Hz, 3H,'&;).
BCNMROMHC al 1 I 5 a{Jh 8.4 Hz Nt T5Mm(6),d46D (€H), 142.8 (), 140.9
(@), 136.8 (&), 131.8 (dJ= 3.3 Hz, €), 131.1 (dJ= 8.9 Hz, 2 x@&), 130.8 (EH), 130.4 (qJ= 20.7
Hz, €°H), 129.9 (qJ= 33.2 Hz, {TC'), 128.9 (€H), 127.8 (q)= 31.8 Hz, WC'), 124.0¢ 123.6 (m,
C*®H), 123.2 (qJ= 274.5 HzC*R/C?®R;), 123.1 (9= 272.7 Hz, €~/C*F), 116.2 (dJ=21.9 Hz, 2 X
C*H), 59.3(qJ)= 3.4 Hz, €H,), 31.2 (€H,), 29.5 ((H,), 21.6 (€H,), 13.4 (CHy).
BENMROoT T al I X598,q6{.4q110:8 (tt,J= 8.9, 5.3 Hz).
IR(neat) (cmt): 2981, 1638, 1605, 1500, 1464, 1342, 1276, 1183, 1137, 1123.

4-(Benzofuran5-yl)-N-(2,4-bis(trifluoromethyl)benzyl)pyridinium iodide (1v)

18

CF;
21

The title compound was prepared by General Procedure D usfhgriofuran5-yl)pyridine3v (195
mg, 1.0 mmol) and 2,4is(trifluoromethyl)benzyl iodideS4 (530 mg, 1.50 mmol) to give the
pyridinium1v (278 mg, 51%) as a pale yellow solid.

m.p. (acetone)247-249 °C

HRMS (ESIExact mass calculated fos.B:1:ONE" [M]":422.0974, found 422.0981

HNMRO pnn al 13 5al6DHzi2H,@ B4, 8.674dIZL7.1 Hz, 2H, 2 ¥i4), 8.52 (d,)
= 2.0 Hz, 1H,'&H), 8.23 (s, 1H,'eH), 8.20 (d,J= 2.2Hz, 1H, &), 8.14 (dd,)= 8.1, 2.1 Hz, 1H ),
8.10 (ddJ= 8.7, 2.1 Hz, 1H%), 7.91 (d, )= 8.7 Hz, 1H,78), 7.43 (d,J= 8.2 Hz, 1H,'&), 7.16 (dd,)
= 2.3, 1.0 Hz, 1H!®), 6.20 (s, 2H,6,).
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BCNMROMHC all X 5a{h0o 1 wmpHPP5.6(2XE, 1369 (Ch d31.0'08)Y) =
130.5 (q,J= 3.8 Hz, ©H), 129.9 (q)= 33.2 Hz, @C'), 128.6 (C), 128.4 (C), 127.8 ¢, 31.6 Hz,
C®/CY), 124.9 (€H), 124.8 (2 x ‘@), 123.9¢ 123.6 (m, €H), 123.19 (q)= 274.6 Hz, TR/C*'F),
123.15 (q,)= 272.7 Hz, ®R/C?'Fs), 122.4 (EH), 112.8 (&), 107.3 (EH), 58.8 (gJ)= 3.4 Hz, EHy).
ENMROOTT al i X5989,60.4 0

IR(neat) (cmb): 3023, 1638, 1343, 1309, 1270, 1193, 1177, 1150, 1134, 1125.

N-(2,4-bis(Trifluoromethyl)benzyh4-(1-methyl-1H-indol-7-yl)pyridinium iodide (1w)

The title compound was prepared by General Procedure D us{tgnéthyl1Hindol-7-yl)pyridine
3w (208 mg, 1.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(530 mg, 1.50 mmol) to give the
pyridinium 1w (465 mg, 83%) as a pale yellow solid.

m.p. (acetone)246-248 °C

HRMS (ESIExact mass calculated fog:8:7/NoFs* [M]*: 435.1290, found 432.1288

HNMRO pnn al il X 5 aX6.8Hz2HREEHB.39(RIE 6.8 Hz, 2H, 2 X14), 8.25 (s,
1H, C'H), 8.20 (ddJ= 8.3, 2.0 Hz, 1H &), 7.83 (ddJ= 6.8, 2.1 Hz, 1H%K), 7.58 (dJ= 8.2 Hz, 1H,
C°H), 7.47 (dJ= 3.2 Hz, 1H,'&), 7.28¢ 7.20 (m, 2H, &1+ CH), 6.67 (dJ= 3.2 Hz, 1H,'®), 6.25
(s, 2H, €H,), 3.48 (s, 3H,'a1).

BCNMROMHC al T3 5 a%) 146 (2xTEYA36.8¢C), 183.01(8), 132.6 (C), 131.7%8),
130.6 (gJ= 3.8 Hz, €H), 130.4 (ArC), 130.1 (@ 33.2 Hz, ¥C'9), 128.7 (2 x ®l), 128.1 (qJ=31.6
Hz, ¢%C'), 125.0 ((H/CH), 124.1¢ 123.8 (m, €H), 123.7 (), 123.2 (qJ= 274.6 Hz, T~/C*F),
123.1 (gJ= 272.6 Hz, tR/C?R), 120.4(ArC), 119.3(€I/C°H), 101.7 (€H), 59.1 (qJ)= 3.1 Hz, €Hp),
37.5 (CHy).

ENMROOT T al | X588%ch1m6.

IR(neat) (cmt): 1632, 1341, 1308, 1275, 1172, 1129, 1083, 1052, 796, 723.

N-(2,4-bis(Trifluoromethyl)benzyh4-(9-ethyl-9H-carbazot3-yl)pyridinium iodide (1x)

28
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The title compound was prepared by General Procedure D usjagthyl-9H-carbazol3-yl)pyridine
3x(272 mg, 1.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(530 mg, 1.50 mmol) to give the
pyridinium1x (606 mg, 97%) as a yellow solid.

m.p. (acetone)219-221 °C

HRMS (ESIExact mass calculated fofgB1N\oFs" [M]*: 499.1603, found 499.1601

HNMROnnn all X 5alxB0OHz 1H 44 9.05 (@RZ1 Hz, 2H, 2 Xi4), 8.74 (d])=
7.2 Hz, 2H, 2 x°8), 8.34 (dtJ= 7.8, 1.0 Hz, 1H€)), 8.31 (ddJ= 8.8, 2.0 Hz, 1Hd), 8.24 (s, 1H,
C”H), 8.14 (ddJ= 8.3, 2.0 Hz, 1H?€l), 7.89 (d,)= 8.8 Hz, 1H,’8),7.73 (d J= 8.3, 0.9 Hz, 1H/l),
7.57 (dddJ=8.3, 7.2, 1.2 Hz, 1H\'8), 7.40 (d,J= 8.3 Hz, 1H,%H), 7.34 (dddJ= 7.9, 7.2, 0.9 Hz, 1H,
C“?H), 6.17 (s, 2H,%@H,), 4.55 (qJ= 7.1 Hz, 2H,'CG4), 1.37 (tJ= 7.1 Hz, 3H,'¢4).

BCNMROMHC al T3 5a% 5.2 (2x®)de2@ 62 x &), 140.4 (2 x C), 137%,(30.5
(CH + CH), 129.8 (9J)= 33.3 Hz, @C?%), 127.7 (qJ= 31.8 Hz, &C*), 127.0 (EH), 126.0 (&),
123.9¢ 123.7 (m, €H), 123.4 (2 x7€l), 123.22 (9= 274.9 Hz, TR/C*'Fs), 123.22 (C), 123.17 (@
272.7 Hz, €RJ/C?'R), 122.4 (C), 121.81@®l), 121.0 (EH), 120.2 (EH), 110.5 (G¢4), 110.1 (EH), 58.4
(g,J=3.7 Hz, €H,), 37.4 (EH,), 13.8 (EHy).

YENMROOTT al 1 X598,60.40

IR(neat) (cmt): 3658, 2980, 2973, 1622, 1590, 1494, 1480, 1343, 1273, 1162.

N-(2,4-bis(Trifluoromethyl)benzyhd-(3-(ethoxycarbonyl}1-ethyl-4-oxo-1,4-dihydroquinolin-7-
yhpyridinium iodide (1y)

The title compound was prepared by General Procedure D ugigethoxycarbonyhl-ethyl-4-oxo-
1,4-dihydroquinolin7-yl)pyridine3y (600 mg, 1.0 mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4
(1.32 g, 3.8 mmol) to gve the pyridiniumly (1.13 g, 90%) as an orange solid.

m.p. (acetone)209-211 °C

HRMS (ESIExact mass calculated fogsH:30sN2Fs" [M]*: 549.1607, found 549.1604
HNMROnnan all 3 5aJ=16.4Hz 2HJRXK)p8.8D @I= 7.8 Hz, 3H, 2 Xi€+ C'H),
8.46 (dJ= 8.3 Hz, 1H,’8), 8.39 (s, 1H,'&H), 8.25 (s, 1H,%H), 8.18¢ 8.10 (m, 2H, Tl + CH), 7.42
(d,J=8.2 Hz, 1H,H), 6.27 (s, 2H,"&4,), 4.61 (q)= 7.1 Hz, 2H,'G+), 4.25 (9J= 7.0 Hz, 2H,'&4,),
1.43 (t,J= 7.0 Hz, 3H,"&4), 1.30 (tJ= 7.1 Hz, 3H,s).

BCNMRO MHC al i X 5 a% 1644 (€), 18418{Ah 150.@ (EH), 146.0 (2 x), 139.2 (C),
137.4 (C), 136.8 {§, 130.8 (EH), 130.5 (gJ= 4.0 Hz, €H), 130.0 (&, 129.9 (gJ)= 334 Hz, €/C?),
128.0 (CH), 127.8 (g)= 31.7 Hz, @C?), 126.3 (2 x &), 124.1 (&), 124.0; 123.7 (m, €H), 123.2
(q,J= 274.6 Hz, R/C?R), 123.1 ()= 272.5 Hz, R/C?R), 117.6 (EH), 111.0 (€), 59.9 (EHy),
59.2 (q,J= 3.3 Hz, €H), 48.1 (CHy), 14.6 (EHy), 14.3 (CHg).

ENMROOTT al i X598,60.4 0 ¢

IR(neat) (cmt): 3433, 1720, 1611, 1472, 1348, 1306, 1275, 1219, 1188, 1171.
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N-(2,4-bis(Trifluoromethyl)benzyi-methoxpyridinium iodide (1z)
OMe
4 5
=
| 13

X+
N, CFy

I
6 9
7
12
10
1 CF314

1

2

The title compound was prepared by General Procedure D usigtdoxypyridine (0.2 mL, 200
mmol) and 2,4bis(trifluoromethyl)benzyl iodid&4(1.06 g, 3.0 mmol) to give the pyridiniumMz (853
mg, 92%) as a white solid.

m.p. (acetone):185-187 °C

HRMS (ESIlExact mass calculated fotsk:i-:ONFs [M]*: 336.08176, found 336.08113

H NMR(400 MHz, DMS@:0 1 yJ® ¥.5Hz2RX CH), 8.20 (s, 1HZH), 8.11 (d,J)= 8.2 Hz,
1H,C?H), 7.73 (dJ= 7.7 Hz, 1HZ'*H), 7.30 (dJ= 8.2 Hz, 2H x CH), 6.04 (s, 2H2 x CH), 4.15 (s,
3H,3 x CH).

13C NMR(126 MHz, DMS@0 1 (@, W®I(2 x CH), 137.4(C), 130.6(CH), 130.5 (dJ= 3.8
Hz,C"H), 129.8 (qJ)= 33.3 HzCY/C'9), 127.7 (q,)= 31.8 HzC¥C'"), 124.1¢ 123.6 (m,CH), 123.2 (q,
J=275.3 HZC®R + C“FR), 114.0(2 x CH), 58.4(CHs), 57.9 (gJ= 3.5 HzCH,).

1F NMR(377 MHz, DMS@s0 ¢539.1,¢61.5.

IR(neat) (cmt): 2981, 1643, 1345, 1269, 1177, 1138, 1085, 1053, 843, 671.

N-(2,4-bis(Trifluoromethyl)benzyh4-methylpyridinium iodide (1aa)

12

" CF314

The title compound was prepared by General procedure D usingtiylpyridine (0.2 mL, 200mmol)

and 2,4bis(trifluoromethyl)benzyl iodid&4(1.06 g, 3.0 mmol) to give the pyridiniunriaa (766 mg,
86%) as a pale brown solid.

m.p. (acetone)192-m con X /

HRMS (ESIExact mass calculated fors8:.NF*" [M]*: 320.0870, found 320.0868

HNMROnan all X 5 al68&Hzi2H,2GH)8.20(sRIHFH), 8.13 (dd)= 8.1, 2.0 Hz,
1H,C"H), 8.08 (dJ= 6.1 Hz, 2H, 2&H), 7.38 (dJ= 8.2 Hz, 1H;'?H), 6.14 (s, 2HH,), 2.67 (s, 3H,
CHg).

13C l)\IMR') MHC al 13 5a“ bd.7 (2 ChN)Cclaed 0, 131.4 C2H), 130.5 (q,)= 3.9 Hz,
C''Hg), 130.1 (gJ= 33.2 HzC/C'Y), 128.9 (2 xC'H), 128.0 (qJ= 31.8 HzC/C'9), 124.0¢ 123.7 (m,
CH), 123.1 (gJ= 273.2 HZC®*R/C*Rs), 58.9 (qJ= 3.1 HzCH,), 21.7 CHy).

C baw 6o0oTT a&@i9bhgelma{ho 1

IR(neat) (cmt): 2981,1642, 1346, 1282, 1268, 1178, 1139, 1116, 1085, 1053, 670.

S30



N-(2,4-bis(Trifluoromethyl)benzy-tert-buthoxypyridinium iodide (1ab)

13

12 CF315

The title compound was prepared by General Procedure D usingthylpyridine (0.44 mL3.00
mmol) and 2,4is(trifluoromethyl)benzyl iodidé&4(1.59 g, 4.8 mmol) to give the pyridiniuniab
(1.56 g, 99%) as a white solid.

m.p. (acetone)251-253 °C

HRMS (ESIExact mass calculated forsBisNF*" [M]*: 362.1329, found: 362.1338
HNMROnnn all X 5aJr0Hz 2Hy2®.08.26 (RIE 7.0 Hz, 2H, 2 Xi4), 8.22 (s,
1H, C°H), 8.15 (dJ= 8.2 Hz, 1H,'&), 7.36 (d,J= 8.2 Hz, 1H,"&), 6.16 (s, 2H,’&), 1.40 (s, 9H, 3 x
CHs).

1BC l)\lMRb MHC al l X 5a% mbl(2xa&riecsr(®, 131.3 (EH), 130.6 (g)= 3.7 Hz,
C'?H), 130.0 (gJ= 33.2 Hz, @), 127.98 (qJ= 31.8 Hz, @), 125.6 (2 x ®l), 124.0; 123.63 (m,
C°H), 123.2 (dJ= 274.9 Hz, @~ + C°R), 58.8 (qJ= 3.3 Hz, &), 36.6 (©), 29.54 (3 x Ek).
YENMROOTT al l X599,60l.B.0 1

IR(neat) (cmt): 2972, 1642, 1340, 1271, 1177, 1164, 1129, 1084, 1051, 847.

N-(2,4-bis(trifluoromethyl)benzyl)pyridinium (1ac)
4

" CF,
13

10
The title compound was prepared by General Procedure D ustidNA R A Ly190 nimplmand>2,4
bis(trifluoromethyl)benzyl iodid&4(365mg, 1.2 mmol) to give the pyridiniumac(311 mg, 766) as
a pale yellowsolid.
m.p. (acetone)199-201°C
HRMS (ESlExact mass calculated fors8i0NFs" [M]*: 3060712 found:306.0710
HNMROnnn all I 5a =6, 114 HzpIxdeH) BRR(E,J= 7.8, 1.3 Hz, LHCH),
8.28¢8.22 (m, &, 2 x CH), 8.20 (d,J= 1.9 Hz, 1HCH), 8.14 (ddJ= 8.2, 2.0 Hz, 1HC°H), 7.44 (dJ
= 8.2 Hz, 1HC'H), 6.22 (s, 2HCH,).
BCNMROMAamM al i3 5(@EFHh45.8CHMB6T2@ N 1319 (C'H), 130.7(C°H), 130.3 (q,
J=33.3 HzC/C?), 1288, 128.2 (qJ= 31.7 HzC/C°), 124.3¢ 1236 (m, CH), 123.2 (q,J)= 273.7 Hz
C’R+ C%R), 599(q,J= 3.2 HZCH,).
ENMROOTT al i X599,60.66 0 ¢
IR(neat) (cmt): 3076,2160, 2033 1482 1348 1274,1177,1142,1122, 1055.
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The Synthesis of Tetrahydropyridines

General procedure E:

Substrate (1.0 equiv.), KI (4.0 equiv.), paraformaldehyde (3Dequiv.), and [Rycymene)Cl. (2
mol%) was added to a microwave vial. MeOH (0.2 M) and Mg(£M@) equiv, 0.89M in MeOH) was
added and the solution heated at 65 °C for 16 hours. Theisnlconcentrated under reduce pressure
and redissolved in CH¥b (30 m L), brine (50 mL) and water (50 mL). The solution was separated, and
the aqueous layer was extracted with £LH (2 x 30 mL). The organic layers were combined, dried
(MgSQ), filtered, and concentratedn vacua The crude material was purified by flash column
chromatography (FCC) to furnish amiés2ab.

Reaction to forn2k was also performed in an rbf with a reflux condenser attached and gave exactly
the same yield on 0(Gmmol sca.

(N-Benzytd-phenyt1,2,3,6tetrahydropyridin-3-yl)methanol (2a)
12

Saltla (187 mg, 0.® mmol), KI 832 mg, 20 mmol), paraformaldehyde300 mg, 10.0 mm¢@| and
[Rufp-cymene)Cl. (6.1 mg,2 mol%) was added to microwave vial. MeOH2(08 mL,0.2 M) and
Mg(OMe) (0.42mL. 0.89M in MeOH) was added and the solution heated at 65 °C for 16 Hthes.
solution concentrated under reduce pressure anebigsolved in C¥b (30 m L), brine (50 mL) and
water (50 mL). The &ation was separated, and the aqueous layer was extracted wit€CE x 30
mL). The organic layers were combined, dried (MySiitered, and concentratedn vacua The
product was purifiedy FCC (10%20% EtOAc in pentane) to gigeine2b (23mg,17%) as aryellow
oil. Spectroscopic data was consistent with that reported in the literatfire.

(N-(2-Nitrobenzyl}4-phenyt1,2,3,6tetrahydropyridin-3-yl)methanol (2b)

14
Saltlb (209 mg, 0.8 mmol), KI 332 mg, 200 mmol), paraformaldehyde300 mg, 10.0 mmg| and
[Rufp-cymene)Cl. (6.1 mg,2 mol%) was added to a microwave vial. MeQH& mL,0.2 M) and
Mg(OMe} (0.42ml, 0.89M in MeOH) was added and the solution heated at 65 °C for 16 Hes.
solution concentrated undereduce pressure and reissolved in C¥b (30 m L), brine (50 mL) and
water (50 mL). The solution was separated, and the aqueous layer was extracted y@th(Zk 30
mL). The organic layers were combined, dried (MySiitered, and concentratedn vacua The
product was purified by FCC (2% EtOAc in pentane) to giamine2b (65mg,40%) as an orange
solid.
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m.p.(EtOAc) 12426 °C;

HRMS (ESIExact mass calculated fofe1OsN; [M+H]": 325.15467, found: 325.15454;

H NMR(400 MHz, CD@l +  T1J® ¥.6pHzO1RZH), 7.64¢ 7.54 (M, 2H, 2 x AHJ, 7.45 (ddd,)=
8.6, 6.0, 2.9 Hz, 1H, A 7.41¢ 7.19 (m, 5H, 5 x A, 6.02 (ddJ= 4.7, 2.2 Hz, 1KH), 4.00 (dJ)=
14.1 Hz, 1HH), 3.88 (d,J= 14.0 Hz, 1HZ’H,), 3.67 (ddJ= 10.5, 3.1 Hz, 1}H;,), 3.60 (dddJ= 10.6,
5.2, 1.3 Hz, 1HG'H,), 3.38 (dd,)= 16.9, 4.7 Hz, 1i&H,), 3.17 (dtJ=11.2, 1.6 Hz, 1K%H,), 2.92 (dt,
J=16.9, 2.4 Hz, 1KH,), 2.87 (br s, 1HH), 2.69 (ddJ= 11.5, 3.3 Hz, 1KH,).

BBCNMR(101 MHz, CD@l + wMngpddp O6! NJ UE MopdT O! NJUEZ wmMoc ®o
(ArCH), 128.6 (2 x ArCH), 128.6 (ArCH), 127.5 (ArCH), 126.1 (2 x ArCH), 124.9 (ArCF)184.9 (C
(CH), 59.1 (&), 54.9 (€H), 53.8 (&), 39.2 (&H).

IR(neat) (cmb): 3311, 2928, 2852, 2811, 1726, 1523, 1350, 1127, 1071, 991.

(N-(2,4-bis(Trifluoromethyl)benzyl)}4-phenyl1,2,3,6tetrahydropyridin-3-yl)methanol (2c)
12
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4
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The title compound was prepared by general procedure E usinglseg255 mg 3.00 mmol).
Purification by FCC (1€868% EtOAc in pentane) gaaine2c (916 mg, 7%6) as an orange oil.
HRMS (ESIExact mass calculated fosiH0RsNO [M+H]: 416.14436found: 416.14505

H NMR(400 MHz, CDgl  +  TJ® th®HzH61R, %), 7.91 (d,J= 8.3 Hz, 1H,'&), 7.83 (d, )= 8.3,
1.9 Hz, 1H,€H), 7.41¢ 7.23 (m, 5H, 5 x Al), 6.08 (ddJ= 4.7, 2.2 Hz, 1H34), 4.02 (s, 1H, ®I), 3.87
(s, 2H, €Hy), 3.75 (ddJ=10.3, 2.7 Hz, 1H/K®), 3.67 (dddJ= 10.3, 4.1, 1.6 Hz, 1HH), 3.43 (dd)
=16.9, 4.8 Hz, 1H?§), 3.16 (dtJ= 11.2, 1.6 Hz, 1H%I&), 2.98 (dtJ= 16.9, 2.5 Hz, 1H4), 2.89
(brs, 1H, &), 2.78 (dddJ=11.1, 3.9, 1.5 H 1H, H,).

13C NMR101 MHz, CD@l 1+ wm'), ©39.H (C)) 136.4 (C), 131.5, 129.8 (¢J=31.7 Hz, C+C’),
129.0 (C°H), 128.7 (2 x ArCH), 127.7 (ArCH), 126.2 (2 x ArCH), 124)11(23.7 (qJ)= 274.0 Hz,
C'%/C'R), 123.5 (qJ= 272.4 Hz, T~/C*'Fs), 123.5¢ 123.2 (m, €H), 65.4 (G4,), 58.0 ()= 2.2 Hz,
C*Hy), 55.7 (€Hy), 53.8 (GHy), 39.1 (CH).

F NMR(376 MHz, CDg@I ¢59.20,¢62.86.

IR(neat) (cm?): 3376, 2996, 1346, 1283, 1276, 1171, 1126, 1085, 1037, 918.

(N-(3,5-bis(Trifluoromethyl)benzyl}4-phenyt1,2,3,6tetrahydropyridin-3-yl)methanol (2d)
12
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The title compound was prepared by general procedure E usingldalR55 mg, 0.8 mmol).
Purification by FCC (20% EtOAc in pentane) gianee2d (66 mg, 32%) as an orange oil.

HRMS (ESIExact mass calculated fosiB:0RsNO [M+HY: 416.14436, found: 416.14499

'H NMR(400 MHz, CD@l 1+ T ®y o ¢®.28Xm, BbH), 6.06 (dd; 947 ,2.2 Hz, 1H), 3.84 (s, 1H),
3.81 (dJ=13.5 Hz, 1H), 3.75 (dik 10.2, 2.8 Hz, 1H), 3.73 {&; 13.5 Hz, 1H), 3.67 (ddi; 10.3, 4.3,
1.5 Hz, 1H), 3.423.32 (m, 1H), 3.17 (di= 11.1, 1.6 Hz, 1H), 2.94 (3t 16.6, 2.4 Hz, 1H), 2.82.86
(m, 1H), 2.72 (dddl= 11.1, 3.8, 1.4 Hz, 1H).

13C NMR(101 MHz, CD@l +  ™'f),/13D.47 (C}§ 136.6 (C), 132.0J9,33.3 Hz, 2 X', 129.1(2 x
C*®H), 128.7 (2 x ArCH), 127.7 (ArCH), 126.2 (2 x ArCH), 134)01@3.5 (q,J= 277.6 Hz, 2 x'&),
121.9¢ 121.5 (mC'H), 65.3(CHy), 62.0(C°Hy), 55.4(CHo), 53.5(CH,), 39.0(CH).

1F NMR(377 MHz, CD@I ¢62.79 (dJ= 2.6 Hz).

IR(neat) (cm?): 3376, 2921, 1352, 1276, 1168, 1124, 846, 756, 699, 682.

(N-(2,4-bis(Trifluoromethyl)benzyl)4-(4-(tert-butyl)phenyl)-1,2,3,6tetrahydropyridin-3-
yl)methanol (2e)
14
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The title compound was prepared by General procedure E usingled283 mg, 0.8 mmol).
Purification by FCC (1680%EtOAc in pentane) gaamine2e (157 mg, 66%) as an white solid.
m.p. (acetone): 6668°C

HRMS (ESIExact mass calculated fossk:sRNO [M+HY: 472.20696, found: 472.20642

H NMR(400 MHz, CD@ 1 ¢ 7.88dmp, 2H, €H + G'H), 7.83 (dd])= 8.3, 2.4 Hz, 1H?®E), 7.36
(d,J=8.7 Hz, 2H, 2 X%), 7.30 (dJ= 8.7 Hz, 2H, 2 X'€l), 6.06 (ddJ= 4.8, 2.2 Hz, 1H3Id), 4.02 (s,
1H, H), 3.86 (s, 2H,'@+), 3.75 (ddJ= 10.3, 2.7 Hz, 1H/K®), 3.69 (dddJ= 10.3, 4.1, 1.5 Hz, 1H,
CH,), 3.42 (ddJ=16.9, 4.7 Hz, 1H), 3.15 (dtJ=11.1, 1.6 Hz, 1H%®), 2.97 (dtJ=16.9, 2.5 Hz,
1H, CH), 2.89 (s, 1H,%6), 2.76 (dddJ=11.1, 3.9, 1.4 Hz, 1HHg), 1.32 (s, 9H, 3 X1Ek).

13C NMR(126 MHz, CD@l +  wm'p, A4d.2 C)0186.5 (C), 136.0 (C), 131.3HY; 130.0 (gJ=33.4
Hz, €'/C"), 129.7 (g9J)= 31.2 Hz, ¥C"), 129.1 (q,J)= 3.8 Hz, €H), 125.8 (2 x'H), 125.6 (2 x'€H),
123.7 (qJ= 274.2 Hz, T~/C*Rs), 123.5 (q)= 272.3 Hz, @R/C*°Fs), 123.4 (€H),123.4¢ 123.2 (m,
C®H), 65.5 (CHy), 58.0 (gJ= 2.2 Hz, €H), 55.8 (&), 53.8 (EH,), 38.8 (CH), 34.6 (€), 31.5 (3 x
C“Hs).

1F NMR(377 MHz, CD@I ¢39.2,¢62.9.

IR(neat) (cmt):3036, 2830, 1344, 1273, 1171, 1121, 1083, 1055, 827, 673.
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(N-(2,4-bis(Trifluoromethyl)benzyl}4-(4-methoxyphenyl}1,2,3,6tetrahydropyridin-3-yl)methanol
(2f)

20

18
19 CF322

The title compound was prepared by General procedure E usinglsd70 mg, 0.8 mmol).
Purification by FCC (580% EtOAc in pentane) gaamnine2f (154 mg, 69%) as an orange oil.
HRMS (ESIExact mass calculated forBRNC, [M+H]446.1549:, found: 446.1549

'H NMR (400 MHz, CREI + T ® g'dH), 6.9D ¥dJ=m8.2Hz, AH,%8H), 7.83 (ddJ= 8.3, 1.9 Hz,
1H, C°H), 7.30 (dJ= 8.9 Hz, 2H, 2 X®), 6.87 (dJ= 8.8 Hz, 2H, 2 X'€)), 6.00 (dd,J= 4.6, 2.2 Hz,
1H, CH), 4.06 (s, 1H, &), 3.86 (s, 2H,'d+), 3.81 (s, 3H,'@), 3.75 (ddJ= 10.2, 2.7 Hz, 1H/KB),
3.67(ddd,J=10.2, 4.0, 1.6 Hz, 1HHp), 3.41 (dd,)= 16.8, 4.7 Hz, 1H®), 3.14 (dtJ=11.1, 1.6 Hz,
1H, CH,), 2.96 (dt,J= 16.8, 2.5 Hz, 1HK&), 2.85 (s, 1H,%6), 2.76 (dddJ= 11.1, 3.8, 1.5 Hz, 1H,
CHy).

13C NMR126 MHz, CDg@Dl (@9, @4d.a (€), 135.7 (C), 132.1 (C), 131.5}, 130.1 (qJ=33.5
Hz, €%C*), 129.7 (gJ= 31.2 Hz, ©C®*), 129.0 (qJ= 4.1 Hz, €H), 127.2 (2 x'¢H), 123.7 (gJ)=
273.2 Hz, €RJC?R), 123.5 (qJ= 272.3 Hz, TR/C*R), 123.3 (m, €H), 122.6 (&), 114.0 (2 x'H),
65.5 (CHy), 58.0 (E'Hy), 55.8 (€Hy), 55.4 (EHs), 53.8 (€Hy), 38.9 (CH).

19 NMR (377 MHz, CRICI¢539.2,¢62.8.

IR(neat) (cni): 2981, 1640, 1599, 1344, 1271, 1166, 1122, 1084, 1053, 833, 671.

(N-(2 4-bis(Trifluoromethyl)benzyl)4-(4-(trifluoromethyl)phenyl)-1,2,3,6tetrahydropyridin-3-
yl)methanol (29g)

CF3
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The title compound was prepared by General procedure E usinglgg®89 mg, 0.6 mmol).
Purification by FCC (1620% EtOAc in pentane) gaamine2g (112 mg, 46%) as a yellow oil.
HRMS (ESIExact mass calculated fos8:0RNO [M+H]: 484.1317, found: 484.1321

'H NMR(500 MHz, CD@l + T ® @'rH), 0.88 ¥dJ=vBl2Hz, 1HZ°H), 7.84 (ddJ= 8.4, 1.9 Hz,
1H,C*H), 7.59 (dJ= 8.2 Hz, 2H, 2@"'H), 7.47 (dJ= 8.1 Hz, 2H, 2@°H), 6.15 (ddJ= 4.7, 2.2 Hz,
1H,CH), 3.96 (s, 1H, B, 3.87 (s, 2HZ*H,), 3.74 (ddJ= 10.4, 2.6 Hz, 1K/H,), 3.63 (ddd,)= 10.4,
4.1,1.6 Hz, 1HC'H,), 3.45 (ddJ=17.3, 4.8 Hz, 1H,), 3.17 (dtJ= 11.2, 1.5 Hz, 1K°H,), 3.00 (dt,
J=17.2, 2.5 Hz, 1K&H,), 2.89 (brs, 1HFH), 2.78 (dddJ= 11.1, 3.8, 1.6 Hz, 18H,).
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BC NMR(126 MHz, CD@l {+ Mno®H O/ 0UX wmn (C4p 136.2 (nI= 38.28 plzpp

CZCIC9), 129.8 (q,)= 31.3 Hz, GICI¥CS), 129.7 (q)= 32.4 Hz, GCH¥/C), 129.1 (g)= 3.9 Hz,
C°H), 126.5(2 x CH), 126.2(CH), 125.7 (9,J = 3.8 Hz,2 x CH), 124.3 (q,J = 272.0 Hz,
CBRJCP'R/C?R), 123.7 (9= 274.3 Hz, €R/CIRIC?R), 123.5 (9= 272.3 Hz, CF/CFR/CFy),
123.5¢ 123.4 (MC7H), 65.2(CHy), 57.9(C*Hy), 55.6(CH), 53.7(CHy), 38.9(CH).

197 NMR(377 MHz, CD@l ¢39.2,¢62.5,¢62.9.

IR(neat) (cnt): 3320, 1346, 1325, 1275, 1166, 1116, 1083, 1069, 1055, 672.

Methyl-4-(1-(2,4-bis(trifluoromethyl)benzyl}3-(hydroxymethyl}1,2,3,6tetrahydropyridin-4-
yl)benzoate (2h)
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The title compound was prepared by General procedure E usinglka284 mg, 0.8 mmol).
Purification by FCC (3D% EtOAc in pentane) gaamine2h (148 mg, 62%) as an afhite solid.
m.p. (acetone)145-147 °C

HRMS (ESlEExact mass calculated fogsBRNO [M+H]: 474.1498, found:474.1501

'H NMR(400 MHz, CD&ll  +  yJ® 8.MHzH2R,2&'H), 7.94 (dJ= 1.9 Hz, 1H;'®H), 7.89 (dJ)=
8.2 Hz, 1HC'H), 7.83 (dd,J= 8.3, 1.8 Hz, 1K°H), 7.44 (d,)= 8.5 Hz, 2H, 2G°H), 6.19 (dd,J= 4.7,
2.3 Hz, 1HCH), 3.96 (s, 1H, ), 3.91 (s, 3HCHs), 3.87 (s, 2HC°Hy), 3.75 (ddJ= 10.4, 2.6 Hz, 1H,
CHy,), 3.64 (ddd)= 10.4, 4.2, 1.6 Hz, 16H,), 3.45 (dd,J= 17.3, 4.7 Hz, 1#H,), 3.17 (dtJ= 11.2,
1.5 Hz, 1HCH,), 2.99 (dtJ= 17.3, 2.5 Hz, 112H,), 2.92 (s, 1HZFH), 2.78 (dddJ= 11.3, 3.9, 1.5 Hz,
lH,CSHz).

BC NMR126 MHz, CD@ 1+ M4O), 14.1 (6)/ 141.0 (C), 135.7 (C), 1&*H), 130.2 ()= 33.5
Hz, ¢/C*), 130.0(2 x C'H), 129.8 (qJ= 31.0 Hz, @C™Y), 129.3 (C), 129.1 (4= 3.8 HzCH), 126.1
(2 x C°H+ CH), 123.7 (q,)= 274.3 Hz, €R/C*F;), 123.5 (q,)= 272.3 Hz, TR/C?R;), 123.5¢ 123.2
(m, C'®H), 65.3(CH,), 57.9 (qJ= 2.0 HzC"H,), 55.6(CHy), 53.8(CHy), 52.3(C*Hs), 38.8(CH).

19 NMR(376 MHz, CD@I ¢39.2,¢62.8.

IR(neat) (cm?): 3522,1709, 1630, 1607, 1344, 1283, 1266, 1176, 1170, 1127.
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(N-(2,4-bis(Trifluoromethyl)benzyl}4-(4-(methylsulfonyl)phenyl}1,2,3,6tetrahydropyridin-3-
yl)methanol (2i)
SO,Me
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The title compound was prepared by General procedure E usingls§#94 mg, 0.8 mmol).
Purification my FCC (1680% EtOAc in pentane) gaamine2i (136 mg, 55%) as a yellow solid.
m.p. (EtOAc): 987 °C

HRMS (ESlExact mass calculated fok3-RNOS [M+H] 494.1195, found: 494.1208

H NMR(500 MHz, CD@l +  17J® & Hzp1RZ™H), 7.91 (d)= 8.4 Hz, 2H, 2&'H), 7.87 (d,)=
8.2 Hz, 1HCZ®H), 7.84 (dd,J= 8.2, 1.8 Hz, 1K °H), 7.55 (dJ= 8.5 Hz, 2H, 2@°H), 6.21 (dd,)= 4.8,
2.2 Hz, 1HCH), 3.92 (s, 1H, B, 3.88 (s, 2HZ“H,), 3.74 (ddJ)=10.4, 2.6 Hz, 1KH,), 3.62 (ddd)
=10.5, 4.3, 1.6 Hz, 18H,), 3.47 (ddJ= 17.4, 4.8 Hz, 1KH,), 3.18 (dtJ= 11.2, 1.5 Hz, 1K%H,),
3.06 (s, 3HC®Hs), 3.01 (dtJ=17.5, 2.5 Hz, 1K5H,), 2.90 (s, 1HZH), 2.78 (dddJ=11.2, 3.9, 1.5 Hz,
1H,CHy).

13C NMR(126 MHz, CD@l 1 (@n1g038¢C) 139.4(C) 135.2(C) 131.5(C°H), 130.3 (qJ= 33.6
Hz,C%C'), 129.8 (gqJ)= 31.1 HzC'°/C'®), 129.1 (gJ= 3.8 HzC'®H), 127.9(2 x C'H), 127.4(CH), 127.1
(2 x CH), 123.7 (g,d = 274.2 HzC'RIC?Fs), 123.6¢ 123.2 (m,C'H), 123.5 (q,J = 272.3 Hz,
C'RJC?F), 65.2 CHy), 57.9 (qJ= 2.0 HzC“H), 55.5 CHy), 53.7 CHy), 44.7 C°Hs), 38.9 CH).

1F NMR(377 MHz, CD@I ¢39.1,¢62.9.

IR(neat) (cm?): 3326, 2927, 1620, 1346, 1301, 1275, 1171, 1124, 1084, 1055.

(N-(2,4-bis(Trifluoromethyl)benzyl}4-(4-fluorophenyl)-1,2,3,6tetrahydropyridin-3-yl)methanol (2))
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The title compound was prepared by General procedure E usinglsgt64 mg, 0.8 mmol).
Purification by FCC (520% EtOAc in pentangaveamine2j (169 mg, 78%) as a yellow oil.

HRMS (ESIExact mass calculated fosi8:s~NO [M+H]: 434.1349, found: 434.1349

H NMR(500 MHz, CD@l +  1J%® th®Hz01R®H), 7.88 (dJ= 8.2 Hz, 1H;'*H), 7.83 (dJ= 8.2
Hz, 1HC®H), 7.37¢ 7.28 (m, 2H, 2 £°H), 7.07¢ 6.98 (m, 2H, 2 £'H), 6.02 (dd, )= 4.8, 2.2 Hz, 1H,
CH), 4.08 (s, 1H, 8, 3.86 (s, 2HZ"*H,), 3.74 (ddJ= 10.4, 2.6 Hz, 1¥H,), 3.63 (ddd, )= 10.4, 4.0,
1.7 Hz, 1HC'H,), 3.41 (ddJ=17.0, 4.8 Hz, 1KH), 3.15 (dtJ=11.2, 1.5 Hz, 1KH), 2.96 (dtJ=
17.0, 2.5 Hz, 1KZH), 2.83 (s, 1H>H), 2.77 (dddJ= 11.1, 3.8, 1.6 Hz, 1&6H).
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13C NMR(126 MHz, CD@ ™ d=H24605 Ha, BFY, 141.0 (C), 135.7 (@ 3.3 Hz, T, 135.5 (C),
131.5 (CH) 130.1 (gJ)= 33.6 Hz, ©/CY), 129.8 (gJ= 31.0 Hz, ©C"), 129.1 (g,)= 3.7 Hz, CH),

127.8 (dJ= 8.0 Hz, 2 x'&), 124.1 (&), 123.7 (q)= 274.2 Hz, TR/CF), 123.5 (q)= 272.3 Hz,
CR/C?Fy), 123.4 (ddJ= 6.2, 3.8 Hz, '), 115.5 (dJ= 21.3 Hz, 2 '), 65.3 (G+), 58.0 (g,)= 2.0

Hz, CHy), 55.7 (€Hy), 53.7 (GHy), 39.1 (EH).

IR(neat) (cniY): 3279, 2922, 1509, 1345, 1275, 1165, 1122, 1083, 1055, 841.

(N-(2,4-bis(Trifluoromethyl)benzyl)4-(4-(trifluoromethoxy)phenyl}1,2,3,6tetrahydropyridin-3-
yl)methanol (2k)
OCF,4
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The title compound was prepared by General procedure E usinglkg297 mg, 0.6 mmo).
Purification by FCC (520% EtOAm pentane) gavamine2k (162 mg, 64%) as a yellow oil.
HRMS (ESIExact mass calculated fogB81sFNC, [M+H]": 500.1267, found: 500.1259

'H NMR(400 MHz, CD@I  + T ® @'dH), 6.89 ¥dJ=wv8l2Hz, 1HF°H), 7.83 (dd,J= 8.2, 1.8 Hz,
1H,C°H), 7.38 (d,)= 8.8 Hz, 2H, 2&°H), 7.18 (ddJ= 8.9, 1.0 Hz, 2K}'H), 6.10¢ 6.04 (m, 1HCH),
4.00 (s, 1H, B), 3.86 (s, 2H;'"H,), 3.74 (ddJ=10.4, 2.6 Hz, 1i€/H,), 3.64 (ddd)= 10.4, 4.1, 1.7 Hz,
1H,C'Hy), 3.43 (ddJ)=17.1, 4.7 Hz, 1iH,), 3.16 (dtJ=11.1, 1.5 Hz, 1i€H,), 2.97 (dtJ=17.1, 2.4
Hz, IHCH,), 2.84 (s, 1HPH), 2.77 (dddJ= 11.1, 3.9, 1.5 Hz, 1&H,).

BC NMR126 MHz, CD@ 1 ™ 0529 Fz, ©,I14£1.0(C) 138.4(C) 135.3(C) 131.5(C°H), 130.2
(g,J=33.6 HzC'®/C'®), 129.8 (gJ= 31.1 HzC°/C'®), 129.1 (gJ= 3.5 HzC*H), 127.6 (2 xC'°H), 125.0
(CH), 123.7 (q])= 274.2 HZZ'R/C?Fs), 123.5 (q,)= 272.3 HzZG'R/C?R), 123.5¢ 123.3 (m,C'H),
121.1 (2 XC''H), 120.6 (q,)= 257.1 HzC®Rs), 65.3 C'Hy), 57.9 (qJ= 2.3 HzCHy), 55.7, CHy), 53.7
(CH), 39.0 CH).

19 NMR(377 MHz, CD@l ¢537.9,¢59.2,¢62.7.

IR(neat) (cm?): 3245,2922, 1345, 1275, 1170, 1123, 1083, 1055, 804, 673.

(N-(2,4-bis(Trifluoromethyl)benzyl)}4-(3,5-difluorophenyl)-1,2,3,6tetrahydropyridin-3-
yl)methanol (2I)

N~ °CF
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The title compound was prepared by General procedure E usinglké§%73 mg, 0.8 mmol).
Purification by FCC (5%% EtOAc in peate) gaveamine2| (132 mg, 59%) as a pale orange oil.
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HRMS (ESIExact mass calculated fos:B:sRsNO [M+HY: 452.1255, found: 452.1247

'H NMR(400 MHz, CD@l  + T © dItH), BA7.7Min,2H, BH + &H), 6.93¢ 6.84 (m, 2H, 2 x
C°H), 6.72 (ttJ= 8.8, 2.3 Hz, 1H!®), 6.13 (ddJ= 4.8, 2.3 Hz, 1H}i9), 3.86 (s, 2H,'&%), 3.75 (dd,
J=10.4, 2.6 Hz, 1H!K®), 3.65 (dddJ= 10.4, 4.1, 1.7 Hz, 1HHp), 3.43 (dd,)=17.3, 4.7 Hz, 1HA®),
3.16 (dt,J=10.9, 1.4 Hz, 1H®), 2.98 (dtJ=17.4, 2.4 Hz, 1H?K), 2.83¢ 2.70 (m, 2H, &k + CH).
13C NMR(126 MHz, CDg@I 163.32 (ddJ= 247.9, 13.3 H2 xC'P), 143.1 (tJ=9.2 Hz, §, 140.8
(C9, 134.7 (tJ= 2.5 Hz, ¢, 131.5 (EH), 130.2 (gJ= 33.5 Hz, ©C'"), 129.8 (qJ)= 31.2 Hz, @C"),
129.1 (q,J= 3.8 Hz, €H), 126.2 (&), 123.7 (q)= 274.2 Hz, T~/C*'F), 123.5 (qJ= 272.4 Hz,
C%R/C*'R), 123.7¢ 123.2 (m, €H), 109.5 108.5 (m, 2 x €H), 102.9 (t)= 25.4 Hz, €H), 65.2 (G4,
57.9 (9,J= 2.0 Hz, €H), 55.4 (€H,), 53.6 (EH,), 38.8 (€H).

19F NMR(377 MHz, CD@I ¢539.2,¢62.9,¢109.9 (t,J= 8.7 Hz).

IR(neat) (cnit): 3264, 2972, 2848, 1345, 1276171, 1118, 1083, 1055, 988.

(N-(2,4-bis(Trifluoromethyl)benzyl}4-(3,4,5trichlorophenyl}-1,2,3,6tetrahydropyridin-3-
yl)methanol (2m)
Cl
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The title compound was prepared by General procedure E usinglsal287 mg, 0.47 mmol).
Purification my FCC (520% EtOAc ingmtane) gave thamine2m (124 mg, 51%) as an orange solid.
m.p. (EtOAC)66-68 °C
HRMS (ESIExact mass calculated fos:8:,CkRNO [M+H}: 518.0274, found: 518.0274
'H NMR(400 MHz, CDE@l  + T ® ¢p'fH), 8.88¢7.7M(n,2H,/BH + CH), 7.37(s, 2H, 2 x CH),
6.11 (ddJ= 4.7, 2.3 Hz, 1H?8), 3.86 (s, 2H,'®t,), 3.74 (ddJ= 10.4, 2.4 Hz, 1H/i&), 3.62 (ddd,)
=10.5, 4.0, 1.8 Hz, 1HHp), 3.43 (ddJ= 17.3, 4.7 Hz, 1HK&), 3.20¢ 3.10 (m, 1H, &), 2.97 (dtJ
=17.4, 2.4 HzH, CH,), 2.80¢ 2.68 (m, 2H, &, + CH).
13C NMR(126 MHz, CD@l  +  wm'f),/i398 (C§ 434.5 (2 x'2 133.9 (C), 131.5 (@), 130.3 (C),
130.3 (gJ= 33.6 Hz, ©@ C'), 129.8 (qJ)= 31.2 Hz, & C'), 129.1 (qJ)= 3.8 Hz, €H), 126.8 (&),
126.5 (2 x €H), 123.7 (dJ= 274.3 Hz, T~/ C'Fs), 123.7¢ 123.2 (m, €H), 123.4 (dJ)= 272.3 Hz,
C%/ C'Rs), 65.1 ((Hy), 57.9 (qJ= 2.4 Hz, €H), 55.4 (€H), 53.6 (EHy), 38.8 (CH).
19 NMR(377 MHz, CD§ll ¢39.2,¢62.9.
IR(neat) (cmt): 3260, 2981, 1640, 1345, 1269, 1169, 1119, 1084, 1054, 762
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(N-(2,4-bis(Trifluoromethyl)benzyl)}4-(o-tolyl)-1,2,3,6tetrahydropyridin-3-yl)methanol (2n)

12

20 CF,
21 24

The title compound was prepared by General procedure E usinglsgl262 mg, 0.8 mmol).
Purification by FCC (520% EtOAc in pentane) gave am&mg(144 mg, 67%) as a yellow oil.

HRMS (ESIExact mass calculated forkBFRNO [M+HY: 430.1600, found430.1605

'H NMR(400 MHz, CD@l  + ¢ T7.81¥ny, 2H, €4+ C*H), 7.77 (dd,J= 8.2, 1.9 Hz, 1HE), 7.14¢
7.02 (m, 4H, 4 x M), 5.63¢ 5.57 (m, 1H, &), 3.80 (s, 2H,'@4,), 3.61 (dd,J= 10.4, 2.7 Hz, 1H/i®),
3.52 (dddJ=10.4, 3.6, 1.8 Hz, 1HHg), 3.32 (ddJ= 16.4, 4.5 Hz, 1H?&), 3.03 (dtJ=11.1, 1.6 Hz,
1H, CH), 2.87 (dtJ= 16.4, 2.4 Hz, 1H¢), 2.77 (dddJ= 11.2, 4.0, 1.6 Hz, 1HHg), 2.41 (s, 1H,
CH), 2.23 (s, 3H,'&Hs).

BCNMR126 MHz,CD@l + MnmM®mM 0/ 0 mnm®dn 6H),A3D.3 ACH)®B0.16/ 0 I
(9,J= 33.5 Hz, @C*), 129.8 (gJ= 31.1 Hz, ©C?), 129.1 (EH), 129.1 (ArCH), 127.3 (ArCH), 125.7
(ArCH), 125.3 {8), 123.7 (qJ)= 274.2 Hz, T~/ C*R), 123.5 (qJ)= 272.3 Hz, TR/ C*Rs), 123.4¢
123.2 (m, €H), 65.0 (G+), 58.1 (qJ)= 2.4 Hz, ©H), 55.9 (CHy), 53.3 (GHy), 41.4 (CH), 19.8 (EHy).

19 NMR(377 MHz, CD@I ¢39.1,¢62.9

IR(neat) (cmt): 3658, 2980, 2973, 1345, 1274169, 1123, 1083, 1055, 760.

(N-(2,4-bis(Trifluoromethyl)benzyl}4-(3,5-dimethoxyphenyl}1,2,3,6tetrahydropyridin-3-
yl)methanol (20)
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The title compound was prepared by General procedure E usingleg285 mg, 0.6 mmol).
Purification by FCC (1880% EtOAc in pentane) gave traine20 (186 mg, 78%) as a viscous red oil.
HRMS (ESIlExact mass calculated fogB:4FsNOs [M+H]": 476.1655, found: 476.1653

'H NMR(500 MHz, CD@l 1+ T ® b'éH), 5.89 ¥dJ=wBl2Hz, AH,'®H), 7.83 (ddJ= 8.2, 1.9 Hz,
1H, C°H), 6.50 (dJ= 2.2 Hz, 2H, 2 X®)), 6.40 (tJ= 2.2 Hz, 1H,'&), 6.07 (ddJ= 4.8, 2.2 Hz, 1H,
CH), 4.07 (s, 1H, &), 3.85 (s, 2H,'®), 3.79 (s, 6H, 2 X€k), 3.74 (ddJ= 10.3, 2.7 HAH, CH,),
3.67 (dddJ=10.3, 4.0, 1.5 Hz, 1HHp), 3.41 (dd,)=17.1, 4.6 Hz, 1H), 3.14 (dtJ=11.1, 1.5 Hz,
1H, CH,), 2.96 (dtJ= 17.0, 2.5 Hz, 1H}&), 2.82 (brs, 1H,%6), 2.76 (dddJ= 11.1, 3.9, 1.5 Hz, 1H,
CHy).

13C NMR(126 MHz, CD@l  + ™ c M)dl42.09@), 1£1.1/(C), 136.5 (C), 131:%H§C130.1 (qJ)=
33.4 Hz, €/C*), 129.7 (qJ= 31.2 Hz, ©C'), 129.1 (qJ= 3.9 Hz, €H), 124.4 (&), 123.7 (qJ=
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274.1 Hz, €RJCPRs), 123.5 (q)= 272.4 Hz, TR/CPF), 123.5¢ 123.2 (m, €H), 104.7 (2 x'€H), 99.5
(C?H), 65.5 (@), 58.0 (&'Hy), 55.7 (€Hy), 55.5 (2 x EHs), 53.7 (CHy), 39.1 (CH).

19 NMR(377 MHz, CD@l ¢39.2,¢62.9.

IR(neat) (cmi): 3298, 2937, 1592, 1345, 1275, 1155, 11PB3, 1055, 842.

(N-(2,4-bis(Trifluoromethyl)benzyl)4-(3,5-bis(trifluoromethyl)phenyl)-1,2,3,6tetrahydropyridin-3-
yl)methanol (2p)

h CF322
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The title compound was prepared by General procedure E usinglgdl823 mg, 0.8 mmol).
Purification by FCC (620% EtOAc in pentane) gaasnine2p (107 mg, 39%) as an orange oil.
HRMS (ESIExact mass calculated fogsBisF2NO [M+H]: 552.1191, found 552.1186

'H NMR(500 MHz, CD@l  + T @ ¢ifH), ©88¢7.834(1n,2H, LH+ C°H), 7.79 (s, 3H, 2 XEl +
C*H), 6.21 (ddJ= 4.8, 2.2 Hz, 1H9), 3.89 (s, 2H,'¢4), 3.76 (ddJ= 10.6, 2.6 Hz, 1H/KE), 3.61
(ddd,J=10.6, 4.3, 1.7 Hz, 1HHp), 3.47 (ddJ)= 17.4, 4.7 Hz, 1H%), 3.20 (dtJ= 11.2, 1.5 Hz, 1H,
CH), 3.01 (dtJ=17.4, 2.5 Hz, 1H?K), 2.90 (s, 1H,%6), 2.80 (ddd,J=11.3, 3.8, 1.6 Hz, 1HHp).
13C NMR(126 MHz, CD@l  + v M@H(€)p134.5 (€, 132.1 (gJ= 33.1 Hz, 2 x'§, 131.5
(C°H), 130.3 (gJ= 33.5 Hz, ©C'), 129.9 (g, )= 31.3 Hz, &C™), 129.1 (q,)= 3.7 Hz, €H), 127.8
(CH), 126.4 (2 x'¢H), 123.7 (qJ= 274.1 Hz, TR/C?F), 123.7¢ 123.2 (m, €H), 123.4 (q)= 272.8
Hz, 2 x ER + C'R/CPR), 121.6¢ 121.2 (m, €H), 65.0 (G4), 57.9 (d,)= 2.0 Hz, €H,), 55.5 (CHy),
53.6 (CHy), 38.9 (CH).

19 NMR(377 MHz, CD@I ¢39.2,¢62.85,¢62.87.

IR(neat) (cmt): 3659, 2980, 2972, 2889, 1382, 1275, 1164, 1125, 1083, 965, 954.

Methyl-3-(1-(2,4-bis(Trifluoromethyl)benzyl)3-(hydroxymethyl}1,2,3,6tetrahydropyridin-4-
yhbenzoate (2q)

21 C:F3 -

The title compound was prepared by General procedure E usinglgal284 mg, 0.8 mmol).
Purification by FCC (3D% EtOAc in pentangaveamine2q (184 mg, 78%) as a yellow oil.
HRMS (ESIExact mass calculated fosB:,RsNO [M+H}: 474.1498, found:474.1503

H NMR(400 MHz, CD@l  +  yJ=In8Hz, dKE#H), 7.95 (dtJ= 9.5, 1.5 Hz, 2I&°H+ CH), 7.89
(d,J= 8.2 Hz, 1H*H), 7.83 (ddJ= 8.3, 1.9 Hz, 1K?H), 7.56 (dddJ)= 7.8, 1.9, 1.2 Hz, 18:°H),
7.41 (t,J=7.8 Hz, 1H;''H), 6.14 (dd,J= 4.7, 2.2 Hz, 1KH), 4.03 (s, 1H,8), 3.92 (s, 3H;*Hs), 3.87

22

SAl



(s, 2HCHp), 3.75 (ddJ)= 10.4, 2.6 Hz, 1K/H;), 3.63 (ddd))= 10.4, 4.0, 1.6 Hz, 16H,), 3.44 (dd,)
=17.0, 4.7 Hz, 112H,), 3.17 (dtJ= 11.2, 1.5 Hz, 1K°Hy), 2.98 (dtJ= 16.9, 2.4 Hz, 1H2Hy), 2.93
(s, IHCH), 2.79 (ddd)= 11.1, 3.8, 1.5 Hz, 1EHy).

15C NMR(126 MHz, CD@ 167.2 C°O), 141.0 (C), 140.0 (C), 135.7 (C), 13E3%), 130.8(C°H),

130.6 (C), 130.1 (4= 33.5 Hz, ©/C?Y), 129.8 (qJ= 31.0 Hz, ©'C?), 129.1 (q)= 3.7 Hz(¥?H), 128.82
(CH/C?H), 128.76 C-H/C?H), 127.3(C“H), 125.2(CH), 123.7 (dJ= 274.2 Hz, CF/CF;), 123.5 (d,
J= 272.3 Hz, ¥RJ/CFs), 123.5¢ 123.3 (MCH), 65.3(CHy), 58.0 (dJ= 2.3 Hz(Hy), 55.7(CHy),

53.7(CHy), 52.3(C:°Hs), 38.9(CH).

197 NMR(376 MHz, CD@l ¢39.2,¢62.8.

IR(neat) (cmf): 3302,2954,1722, 1345, 1275, 1170, 1122, 1083, 1054, 757.

(N-(2,4-bis(Trifluoromethyl)benzyl)4-(4-fluorophenyl)-5-(o-tolyl)-1,2,3,6tetrahydropyridin-3-
yl)methanol (2r)

The title compound was prepared by General procedure E usinglsgB09 mg, 0.8 mmol).
Purification by FCC (20% EtOAc in pentane) gianee2r (145 mg, 55%) as a yellow oil.

HRMS (ESIExact mass calculated foggB:s~NO [M+HY: 524.1819, found: 524818

HNMROpnn al 13 5 alf&hsHz AHHD 81 (dd)F B.1, 2.2 Hz, 1K“H), 8.00 (d,)

= 2.0 Hz, 1H}?H), 7.23¢ 6.57 (m, 9H, 9 x AHf, 4.55¢ 4.46 (m, 1H, €), 3.04¢ 3.80 (M, 2HC°H,),
3.62¢ 3.50 (m, 1HC'H,), 3.38 (dJ=16.8 Hz, 1HZH,), 3.29¢ 3.08 (M, 2HCH, + C'H,), 2.93¢ 2.66

(m, 2H,CH, + CH), 2.62 (tdJ=11.2, 3.9 Hz, 1KH,), 2.24 (s, 1HZ"Hs), 1.89 (s, 2HZ Hs).
BCNMROMHC al i3 5 a{§=243.31Hz,'9,cl60B ¢d,)=02&330 Hz,'6), 142.9 (€9, 139.5

(C), 139.2 (C), 136.9 (¥ 3.1 Hz, ©), 136.8 (dJ= 3.2 Hz, €), 134.4 (C), 134.0 (C), 133.2 (C), 132.7
(C), 131.8 ()= 2.8 Hz, €H), 130.4 (dJ= 7.9 Hz, 2 x*&), 2 x 129.9 (ArCH), 2 x 129.7 (ArCH), 129.6
¢ 129.3 (m, €H), 129.2 (C), 128.1 (d= 32.1 Hz, &C*), 128.0 (qJ= 33.2 Hz, &C*), 2 x 126.9
(ArCH), 125.6 (ArCH), 125.4 (ArCH), 123.6) {q274.3 Hz, TR/C?'R), 123.5 (q,J = 272.3 Hz,
CR/C?'R), 122.8¢ 122.6 (m, €H), 114.5 (dJ= 21.1 Hz, 2 x'®), 114.4 (dJ= 21.0 Hz, 2 x'®),

79.2 (C), 61.4 (8,), 61.3 (O), 58.3 (GH), 57.4 (EH,), 56.9 (EH,), 56.8 (EH,), 51.7 (€H,), 51.4
(CH), 2 x 43.7 (®1), 19.8 (EHs), 18.9 (C'Hs).

Due to presence of rotamers that could not be resolved using VT NMR, doubling of majority of the
peaks is observed in tHéC NMR.

YENMROOoTT al | 63864600 !

IR(neat) (cmt): 3403, 3063, 2849, 1345, 1275, 1171, 1124, 1054, 835, 757.
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(N-(2,4-bis(Trifluoromethyl)benzyl}4-(4-fluorophenyl)-5-(3-methoxyphenyl}1,2,3,6
tetrahydropyridin-3-yl)methanol (2s)

The title compound was prepared by General procedure E usinglsgB17 mg, 0.8 mmol).
Purification ly FCC (:80% EtOAc in pentane) gaamine2s(117 mg, 44%) as a yellow oil.
HRMS (ESIExact mass calculated fogslsFHNC, [M+H]": 540.1768, found: 540.1766

'H NMR(400 MHz, CD@l 1 T ® dopH +C¥Hp, 7.87 (dI= 8.6 Hz, 1H°H), 7.09¢ 6.97 (m, 3H,
C?H + 2 xC'*H), 6.91¢ 6.79 (m, 2H, 2 £ 'H), 6.65 (dddJ= 8.3, 2.6, 1.0 Hz, 18:'H), 6.58 (ddd,)=
7.6,1.6, 1.0 Hz, 1@*H), 6.50 (dd,J)= 2.6, 1.6 Hz, 1KH), 4.16 (s, 1H, ), 3.97¢ 3.84 (m, 2HC*H,),
3.72 (d,J= 16.6 Hz, 1H}H,), 3.67 (ddJ= 10.4, 2.6 Hz, 1K'H,), 3.61 (s, 3HC*Hs), 3.57 (dddJ=
10.4, 3.9, 1.6 Hz, 1K/H,), 3.18 (dtJ= 11.2, 1.5 Hz, 1KfH,), 3.00 (ddJ= 16.6, 2.4 Hz, 1KFH,),
2.91¢ 2.83 (m, 1HCH,), 2.74 (brs, 1HFH).

13C NMR(126 MHz, CD@l  + ™ d=m24517 Ha, ©3159.3 (&), 141.0 ¢), 140.9 (¢, 136.3 (d,]
= 3.3 Hz, ©), 136.0 C", 133.1 (©), 131.4 (EH), 131.0 (dJ= 7.8 Hz, 2 x*&), 130.2 (qJ= 33.5 Hz,
CYC%), 129.8 (qJ= 31.0 Hz, & C*), 129.1 (EH + CH), 123.7 (q)= 274.2 Hz, @~/C*'R), 123.7¢
123.3 (m, €H), 123.5 (gJ)= 272.3 Hz, TR/C*'R;), 121.9 (EH), 115.3 (&), 115.1 (dJ=21.4 Hz, 2 x
CH), 112.6 (EH), 65.2 (G+), 58.3 (), 58.0 (qJ= 2.2 Hz, €H,), 6.7 (CH,), 55.2 (E'Hs), 42.6
(CH).

1 NMR(377 MHz, CD@I ¢59.2,¢62.8,¢114.7-¢116.1 (m).

IR(neat) (cmt): 3372, 2921, 1601, 1508, 1345, 1275, 1169, 1124, 1083, 1053.

(N-(2,4-bis(Trifluoromethyl)benzyl)}4,5-bis(4fluorophenyl)}1,2,3,6tetrahydropyridin-3-
yl)methanol (2t)

CF3
1 24

2

The title compound was prepared by General procedure E usinglsglt55 mg, 0.25 mmol).
Purification by FCC (D% EtOAc in péane) gaveamine2t (49 mg, 37%) as a yellow oil.

HRMS (ESIExact mass calculated fosB:,RNO [M+H]: 528.1568, found: 528.1564

'H NMR(400 MHz, CD@l + ¢ 7.91dny, 2HCH+ C?H), 7.88 (dJ= 8.9 Hz, 1H’'H), 7.03¢ 6.96
(m, 2H, 2 XCH/IC**H), 6.97¢ 6.91 (m, 2H, 2 £H/C'*H), 6.88¢ 6.83 (m, 2H, 2 £°H/C**H), 6.83¢ 6.76
(m, 2H, 2 C°H/IC**H), 4.12 (dJ= 5.2 Hz, 1H, i), 3.97¢ 3.84 (m, 2HC*H,), 3.69 (dJ= 14.5 Hz, 1H,
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CHo), 3.67¢ 3.63 (M, THCH), 3.55 (dddy)= 10.4, 3.9, 1.7 Hz, 18H,), 3.19 (dtJ=11.2, 1.5 Hz, 1H,
CH,), 2.98 (dd,J)= 16.6, 2.5 Hz, 12H,), 2.86 (ddd)= 11.2, 4.0, 1.5 Hz, 1EH,), 2.73 (s, 1HEH).
13C NMR126 MHz, CD@ { M d=\24616 HECRG), 161.7 (dJ= 246.1 HZZHYC), 140.8 (€),
136.0 (dJ= 3.4 Hz(¥/C'?), 135.5 (d)= 3.4 Hz(¥/C'?), 135.1 (€), 133.6 (€), 131.4 (EH), 131.1 (app,
J=7.5Hz,, 2&H + 2 x €H), 130.2 (gJ= 33.5 HzC'¥/C%), 129.9 (q)= 31.3 HzC#/C), 129.1 (g,
= 3.7 Hz, €©H), 123.7 (qJ= 274.2 HZ*R/C¥Fs), 123.5 (m, €H), 123.5 (qJ= 272.3 HZR/C¥F),
115.2 (dJ= 21.2 Hz, 2 €H/CH), 115.1 (dJ= 21.3 Hz, 2 €H/C*H), 65.1 ((H,), 58.4 (€Hy), 58.0
(C°Hp), 55.7 (€Hy), 42.6 (CH).

19 NMR(377 MHz, CD@ ¢39.2,¢62.8,¢114.6- ¢115.1 (m)c115.1- ¢115.6 (m).

IR(neat) (cmf): 3375, 2923, 1508, 1346, 1275, 1159, 1124, 1054, 833, 674

(N-(2,4-bis(Trifluoromethyl)benzyl)5-butyl-4-(4-fluorophenyl)-1,2,3,6tetrahydropyridin-3-
yl)methanol (2u)

22

CF;
24

21

The title compound was prepared by General procedure E usinglsal8 mg, 0.0 mmol).
Purification by FCC (D% EtOAc ingmtane) gavemine2u (23 mg, 47%) as a yellow oil.

HRMS (ESIExact mass calculated fogsi7/NO [M+H]: 490.1975, found:490.1972

H NMR(400 MHz, CD@l  + T ® @), 299 &,J=w8I3 Hz, 1H°H), 7.88¢ 7.81 (m, 1HC'H),
7.17¢7.07 (m, 2H, 2 €H), 7.11¢ 6.98 (m, 2HC°H), 4.23 (s, 1H, OH), 3.8B.78 (m, 2HC'*H,), 3.60
(dd,J=10.3, 2.4 Hz, 1KgH,), 3.52 (dddJ= 10.3, 3.6, 1.8 Hz, 16H,), 3.28 (d,J= 15.9 Hz, 1HZ’H,),
3.06 (dt,J=11.0, 1.5 Hz, 1KH,), 2.82 (dd,J=15.8, 2.2 Hz, 1KH,), 2.77¢ 2.69 (m, 1HCH,), 2.39
(s, IHCH), 1.98¢ 1.87 (m, 1HC?H,), 1.82 (m, 1HC'?H,), 1.36¢ 1.21 (m, 2HC®H,), 1.25¢ 1.02 (m,
2H,C"H), 0.75 (tJ= 7.2 Hz, 3HZ"Hs).

3C NMR126 MHz, CD@l + ™ =245 Hp, §),5141.1 (€), 136.9 (dJ= 3.3 Hz, §, 134.7 (0,
131.4 (&H), 130.8 (&, 130.6 (d,J= 7.7 Hz, 2 x°8), 130.1 (q)= 33.6 Hz, ¥C*), 129.7 (gJ= 31.1
Hz, ¢¥C%), 129.1 (9J= 3.7 Hz, €H), 123.7 (q,)= 274.2 Hz, TR/C*R), 123.5 (qJ= 272.3 Hz,
C*R/C*R), 123.6¢ 123.1 (m, €H), 115.3 (dJ= 21.2 Hz, 2 x'®), 65.1 (G+), 58.1 (gJ= 2.0 Hz,
C'®H,), 56.4 (€H,), 56.3 (GH,), 42.8 (CH), 31.9 (EH,), 30.9 (EH), 22.6 (E'H), 14.0 (CHy).

19 NMR(377 MHz, CD@I ¢39.2,¢62.8,¢114.9-¢118.9 (m).

IR(neat) (cmt): 3338, 2970, 1345, 1276, 1161, 1129, 1032, 951, 816, 674.

4



(4-(Benzofuranb-yl)-N-(2,4-bis(trifluoromethyl)benzyl}1,2,3,6tetrahydropyridin-3-yl)methanol
(2v)

- CFg

25
The title compound was prepared by General procedure E usinglea258 mg, 0.47 mmol).
Purification by FCC (20% EtOAc in pentane) gawee2v (49%) as an orange oil.
HRMS (ESIExact mass calculated fogsB0RNCG: [M+H]: 456.1393, found: 456.1387
'H NMR(400 MHz, CD@l 1+ T ® ¢’fH), 5.4 ¥dJ=wmBl1Hz, AH,78H), 7.84 (ddJ= 8.2, 1.9 Hz,
1H, CH), 7.62 (dJ= 2.2 Hz, 1H,'&), 7.58 (dJ= 1.8 Hz, 1H,'&H), 7.46 (dtJ= 8.6, 0.8 Hz, 1H}'El),
7.31 (ddJ=8.6, 1.9 Hz, 1H!®), 6.74 (ddJ= 2.2, 1.0 Hz, 1H}4€l), 6.05 (ddJ= 4.7, 2.2 Hz, 1H}19),
4.14 (s, 1H, B), 3.88 (s, 2H,'G4,), 3.75 (ddJ= 10.3, 2.7 Hz, 1H/KB), 3.66 (dddJ= 10.3, 3.9, 1.6 Hz,
1H, CH,), 3.44 (ddJ=16.7, 4.7 Hz, 1H%), 3.18 (dtJ=11.2, 1.6 Hz, 1H%Kp), 2.99 (dtJ=16.8, 2.4
Hz, 1H, &), 2.93 (brs, 1H,°6), 2.82 (dddJ=11.1, 3.9, 1.6 Hz, 1HHg).
13C NMR(101 MHz, CD@l +  ~m',r4B6 (Ed), 141.2 (€), 136.7 (C), 135.(C), 131.5 (EH),
130.0 (dJ=33.0 Hz, ¥C*), 129.4 (dJ= 31.2 Hz, € C?), 129.1¢ 128.9 (m, €H), 127.8 (€), 123.9
(CH), 123.7 (dJ= 274.1 Hz, TR/C*Fs), 123.5 (q,J= 272.4 Hz, ¥R/C?R), 123.5¢ 123.2 (M, €H),
123.0 (€°H), 118.9C°H), 111.4 (EH), 106.8 (EH), 65.4 (G+,), 58.0 (dJ= 2.1 Hz, €H,), 55.8 (CH,),
53.8, (GH), 39.7 (CH).
19 NMR(377 MHz, CD@l ¢39.2,¢62.8.
IR(neat) (cmt): 3325, 2923, 1630, 1345, 1274, 1170, 1122, 1083, A5,

2

(N-(2,4-bis(Trifluoromethyl)benzyl}4-(1-methyl-1Hindol-7-yl)-1,2,3,6tetrahydropyridin-
3-yl)methanol (2w)

CF3

26
The title compound was prepared by General procedure E usinglwa({tt4l mg, 0.25 mmol).
Purification by FCC (580% EtOAc ipentane) gave thamine2w (78 mg, 67%) as a pale yellow solid.
m.p. (EtOAc)90-92°C
HRMS (ESIExact mass calculated fossB:3RsN.O [M+H]: 469.1709, found: 469.1706
HNMROpnn all X 5aJ=188Hz 1H/EMO6 (dJ=B.3 Hz, 1H,28), 7.97 (s, 1H,
C'H), 7.45 (ddJ= 7.9, 1.2 Hz, 1H!4l), 7.19 (d,)= 3.2 Hz, 1H,"®), 6.97 (tJ= 7.5 Hz, 1H,'&H), 6.81
(d,J=7.2 Hz, 1H,'"®H), 6.44 (dJ= 3.2 Hz, 1H,'®H), 5.70 (tJ= 3.4 Hz, 1H,%d), 4.12 (tJ=5.1 Hz, 1H,

23
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OH), 3.91 ¢, 2H, &H), 3.82 (s, 3H,'G+), 3.54 (tdJ= 9.6, 5.6 Hz, 1H/IB), 3.41¢ 3.28 (m, 2H, E,
+ CH,), 3.08 (m, 1H,%€l) 3.03 (ddJ=11.1, 3.7 Hz, 1K&Hy), 2.74 (ddJJ=11.2, 4.1 Hz, 1H%}), 2.65
(s, 1H, &H). CHat 3.08 hidden underneath the water peak, proven by 2D NMR (COSY)
BCNMROMHC al l X 5 &PhS5.24C), 13B.a (Th 131F*H), 130.9(CH), 129.4 (C),
128.8 (gJ= 4.6 HzC*H), 128.0 (qJ)= 30.7 HL + C?), 126.1(CH), 125.6 (C), 123.1 (4= 272.9 Hz,
C°RJC?Fs), 122.2 (mCPH + €'H), 119.0(C?H), 118.1(C"'H), 100.4(C*H), 61.2(CH,), 57.0(C*®H,),
52.3(CHo), 51.7(CHy), 44.1(CH), 35.4(C°Hs). 1 of C°R/C?°R; not observed

ENMRONTM al i 588,604 0

IR(neat) (cmt): 3056, 2882, 1630, 1345, 1301, 1275, 1171, 1122, 1083, 1053, 796.

(N-(2,4-bis(Trifluoromethyl)benzyl)}4-(9-ethyl-9H-carbazoi3-yl)-1,2,3,6tetrahydropyridin-
3-yl)methanol (2x)

29

CFs,,

28
The title compound was prepared by General procedure E usinglsd313 mg, 0.8 mmol).
Purification by FCC (1688% EtOAc in pentane) gaamine2x (147 mg, 52%) as an orange solid
m.p. (EtOAc)107-109°C
HRMS (ESlExact mass calculated fofo7FsN-O [M+H]: 533.2022, found:533.2015
'H NMR (500 MHz, CRE&I 1 ¢8.08§m 2H, €H+ C°H), 7.97¢ 7.91 (m, 2H, €4+ C°H), 7.85 (dd,
J=8.2, 2.3 Hz, 1HZ®l), 7.53¢ 7.44 (m, 2H, €H+ C*H), 7.43¢ 7.35 (m, 2H, €H + C°H), 7.23 (ddd,
J=7.9,7.1, 1.0 Hz, 1H°8), 6.11 (ddJ= 4.8, 1.9 Hz, 1H3), 4.37 (qJ= 7.2 Hz, 2H,%&4,), 3.90 (s,
2H, C°H,), 3.80 (ddJ= 10.3, 2.6 Hz, 1H/KB), 3.73 (ddd,J=10.3, 3.9, 1.6 Hz, 1HHp), 3.52¢ 3.44
(m, 1H, €H,), 3.25¢ 3.19 (m, 1H, &), 3.12¢ 2.98 (M, 2H, &k + CH), 2.87 (dddJ= 11.1, 3.8, 1.5
Hz, 1H, &), 1.44 (t,J= 7.2 Hz, 3H,’C4).
BC NMR126 MHz, CD@l + ™), 140.6 (€% 139.7 (C), 137.1 (C), 131.5y, 130.8 (C), 130.0
(q,J= 33.5 Hz, ©@C?), 129.7 (gJ= 31.1 Hz, ©C%), 129.1 (gJ= 3.8 Hz, €H), 125.9 (EH), 124.3
(C“H), 123.7 (qJ= 274.2 Hz, TR/C*'R;), 123.5 (gJ= 272.3 Hz, €/C*'R), 123.5¢ 123.2 (m, €H),
123.2 (C), 123.1 (C), 122.8HY, 120.6 (€H), 119.0 (€H), 118.1 (€°H), 108.7 (EH/C*°H), 108.5
(C°H/C™H), 65.7 (G+), 58.1 (q,)= 2.4 Hz, €H), 56.0 (€H), 54.0 (GH,), 39.5 (EH), 37.8 (EH,), 14.0
(C?Hg).
1F NMR(377 MHz, CD@I ¢39.2,¢62.8.
IR(neat) (cmt): 3353, 2971, 2885, 1634, 1379, 116030, 1108, 951, 817.
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Methyl 7-(N-(2,4-bis(Trifluoromethyl)benzyl)3-(hydroxymethyl)}1,2,3,6tetrahydropyridin-4-yl)-1-
ethyl-4-oxo-1,4-dihydroquinoline-3-carboxylate (2y)

27

CF;
30

The title compound was prepared by General padwe E using sally (169 mg, 0.25mmol).
Purification by FCC (2% MeOH inCHigaveamine2y (33 mg, 23%) as a pale brown solid.

m.p. CHCE): 129 o m  x /

HRMS (ESIExact mass calculated foggB:7FsN2Os [M+H]": 569.1870, found: 569.1870

'H NMR(500 MHz, CD@l {+ vy ®p'6H), 8.48Yd,Jm8.33Hz,/1H,'@H), 7.94 (dJ= 1.8 Hz, 1H,
C*H), 7.90 (dJ= 8.5 Hz, 1H,%&), 7.84 (ddJ= 8.2, 1.9 Hz, 1H?@l), 7.42 (dJ= 9.3 Hz, 2H,"H +
C'H), 6.18 (ddJ= 4.9, 2.2 Hz, 1H4), 4.33¢ 4.24 (m, 2H, €H;), 3.93 (s, 3H, @), 3.90 (s, 2H,
22H), 3.76 (ddJ=10.5, 2.6 Hz, 1H/KB), 3.63 (dddJ=10.4, 4.4, 1.4 Hz, 1HHg), 3.48 (ddJ=17.4,
4.8 Hz, 1H,%&%), 3.21 (dJ=11.2 Hz, 1H,°8,), 3.03 (dJ= 17.3 Hz, 1H,’8,), 2.95(s, 1H, €H), 2.86¢
2.80 (m, 1H, @), 1.55 (tJ= 7.2 Hz, 3H,%4).

13C NMR(126 MHz, CD@l  +  m'9), 1688 (€Y, 149.2 (€H), 144.7 (E), 140.8 (&), 139.1 (©),
136.1 (©), 131.6 (€H), 130.2 (gJ)= 33.6 Hz, TC?*), 129.8 (q)= 31.1 Hz, ©C*), 129.1 (qJ= 3.7
Hz, €'H), 128.5 (EH), 127.0 (84 + &), 123.7 (q)= 274.2 Hz, €R/C*R), 123.6¢ 123.4 (m, EH),
123.4 (q,)= 272.5 Hz, €R/CFRs), 123.3 (€°H), 113.4 (EH), 111.0 (€), 65.1 (Hy), 57.9 (EHy), 55.4
(CH), 53.7 (€Hy), 52.3 (CHs), 49.0 (EHy), 39.3 (CH), 14.7 (EH).

19 NMR(377 MHz, CD@I ¢39.2,¢62.9.

IR(neat) (cm?): 3373, 2360, 1721, 1614, 1468, 1346, 1276, 1165, 1129, 756.

N-(2,4-bis(Trifluoromethyl)benzyl}4-methoxy-1,2,3,6tetrahydropyridin-3-yl)methanol (2z)

OMe”’

4 7
$ ez . "OHs
2 TNT °CFy
12

10 13
1"

16

18
15 " CF3

N-(2,4-bis(Trifluoromethyl)benzyh4-methoxpyridinium iodidelz (116 mg, 0.25 mmol, 10equiv.),
paraformaldehyde (450 mg, 8Dequiv.), and [RCp*Cl]. (3.1 mg, 2 mol%) was added to a microwave
vial. MeOH (0.83 mL, 0.2 M) and Mg(OMB)42 mL, 1.5 equiv, 0.89M in MeOH) was added and the
solution heated at 45 °C for 16 hours. The solution concentrated under reduce pressure-and re
dissolved in Cib (30 m L), brine (50 mL) and water (50 mL). The solution was separated, and the
aqueous layer was extracted with &H (2 x 30 mL). The organic layers were combined, dried
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(MgSQ), filtered, and concentratedh vacua The crude material was purifieg/ IFCC (5%0% EtOAc
in Pentane) to furnish thamine2z (46 mg, 50%) as a yellow oil.

HRMS (ESIExact mass calculated foreisFsNG; [M+H]": 370.1236, found: 340.1240.

'H NMR(400 MHz, CD@I  + T ® @7H), 0.88 IdJ=vBl1Hz, 1HZ'°H), 7.80 (ddJ= 8.2, 2.4 Hz,
1H,C*H), 4.72 (dd,)= 4.6, 2.4 Hz, 1K/H), 3.92 (s, 1H, E), 3.85 (dddJ=10.2, 3.8, 1.3 Hz, 1&H,),
3.80 (s, 2HC"Hy), 3.75 (ddJ=10.2, 3.6 Hz, 1KH,), 3.56 (s, 3HCHs), 3.24 (ddtJ= 14.5, 4.6, 1.3
Hz, H,CH,), 2.93¢ 2.84 (m, 2HCH, + CHy), 2.71 (dddJ= 11.1, 4.4, 1.2 Hz, 18H,), 2.37¢ 2.30
(brs, IHCH).

13C NMR(101 MHz, CD@Il +  ™m*p p4®% (€)0131.2 (EH), 129.8 (dJ= 33.5 Hz, @C'), 129.5
(d,J=30.9 Hz,@C'), 128.8 (qJ)= 4.5 Hz, €H), 123.6 (¢J= 274.2 Hz, (R/C*®*R;), 123.4 (qJ)=272.0
Hz, C'R/C'*F), 123.3¢ 122.9 (m, &H), 93.0 (&), 65.0 (G+,), 57.5 (dJ= 2.1 Hz, €H,), 55.2 (CHy),
54.5 (CHs), 51.8 (€Hy), 40.1 (CH).

F NMR(377 MHz, CD4@I ¢59.3,¢62.9.

IR(neat) (cmt):

(N-(2,4-bis(Trifluoromethyl)benzyl)}4-methyl-1,2,3,6tetrahydropyridin-3-yl)ymethanol (2aa)
°Me OHS3

3
= 5

2 6
N7 °CF,17
12
10 13

18

15 " CF3
The title compound was prepared by General procedure E usinglgal(224 mg, 0.8 mmol).
Purification by FCC (1620% EtOAc in pentane) gaamine2aa(35 mg mg, 20%) as a yellow oil.
HRMS (ESIExact mass calculated foreBisRsNO [M+HY: 354.1285, found: 354.1287.
!H NMR(400 MHz, CDgll  + T & @@'#H), 0.8 ¥dJ=v8l4 Hz, 1HG°H), 7.80 (ddJ= 8.5, 1.8 Hz,
1H,C°H), 5.70¢ 5.45 (m, 1HCH), 4.36 (s, 1H, @), 3.86 (ddd)= 10.3, 3.4, 1.8 Hz, 16'H,), 3.80¢
3.74 (m, 3HC'H; + C°H,), 3.26¢ 3.12 (m, 1HCH), 2.95 (dtJ= 11.2, 1.6 Hz, 1KH,), 2.74 (dgJ=
15.9, 2.4 Hz, 1HGZH,), 2.63 (ddd)= 11.1, 4.0, 1.8 Hz, 18H,), 2.10 (s, 1HZH), 1.78 (qJ= 1.9 Hz,
3H,CHg).
BC NMR(126 MHz, CD@l  + ™', M3R.@(CYo 131.5 C°H), 130.0 (gqJ= 33.5 Hz, &CY), 129.7
(9,J=31.0 Hz, @C'), 129.0 (qJ= 3.7 HzC"H), 123.7 (gJ= 274.0 Hz, (~/C*®R;), 123.5 (qJ)=272.4
Hz, C'R/ICY¥R), 123.4¢ 123.1 (mCPH), 121.7 CH), 65.1 C'Hy), 58.1(d, J= 2.3 HzC'°H), 56.1 CHy),
53.3 CHy), 41.5(CH), 21.2 CHb).
¢ NMR(377 MHz, CD@I ¢39.2,¢62.9.
IR(neat) (cmt):

16

(N-(2,4-bis(Trifluoromethyl)benzyl}4-(tert-butyl)-1,2,3,6tetrahydropyridin-3-yl)ymethanol (2ab)

s OH
4
3 = 5 7
17
2 6
N7 °CF,
12
10 13
11
14
16
CF3

15 18
The title compound was prepared by General procedure E usindlabl{245 mg, 0.6 mmol).

Purification by FCC (1620% EtOAc in pentane) gaamine2ab (53 mg mg, 27%) as a yellow oil.
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HRMS (ESIExact mass calculated forgBxsRNO [M+HY: 396.1743, fond: 396.1757

'H NMR(500 MHz, CDE@l 1+ T ©® @'fH), 5.85 IdJ=mBl2Hz, 1H'°H), 7.81 (ddJ= 8.2, 1.8 Hz,
1H,C*H), 5.66 (dd, )= 4.1, 2.4 Hz, 1K/H), 4.78 (s, 1H, E), 3.92 (dddJ=10.6, 3.8, 2.2 Hz, 16H,),
3.82 (ddJ=10.6, 2.2 Hz, 1KH,), 3.78 (s, 2HZ°Hy), 3.36 (ddJ= 16.4, 4.1 Hz, 1KH,), 2.98 (ddd,
J=10.8, 2.1, 1.0 Hz, 18H,), 2.78 (dtJ= 16.4, 2.2 Hz, 1K{H,), 2.53 (dtJ=10.7, 2.7 Hz, 1K/H,),
2.41 (s, 1HCH), 1.12 (s, 9H, 3&Hs).

13C NMR(126 MHz, CD@l  + ™% p4®h(€)9 131.5 C°H), 130.0 (q)= 32.3 Hz, &C*), 129.8
(9,J=32.3 Hz,@C'), 129.0 (qJ= 3.7 HzC"H), 123.7 (g9J= 274.2 Hz,0~/C®R;), 123.5 (qJ=272.3
Hz, €'R/C®R;), 123.3 (m,C*H), 119.5 CH), 67.3 CH), 58.0 (q,J = 2.0 HzCH,), 57.6 CH),
53.9CH), 37.4 CH), 35.5 (€), 30.3 (3 XCHh).

¢ NMR(377 MHz, CD@I ¢39.1,¢62.9.

IR(neat) (cmt): 3324, 2962, 1345, 1275, 1169, 1122, 1083, 1056, 1029, 672.
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Derivatisationof products

N-(2,4-bis(Trifluoromethyl)benzyl)-3-(iodomethyl)-4-phenyl1,2,3,6tetrahydropyridine (4)
1"

18

17 CF3 20

Amine2c (83 mg, 0.2 mmol), PPk (115 mg, 0.44 mmol) and imidazole (34 mg,0013mol) were
dissolved in CKb (4 mL).The solution was cooled to 0 °€(112 mg, 0.44 mmol) was added and the
reaction was allowed to warm to rt. After 2 h the reaction was quenched withcarsat.solution of
Na&S0s (5 mL). The solution was separated, and the aqueous layer was extritte@HCh (2 x 5
mL). The organic layers were combined, dried (M@SiRered, and concentrateth vacua The crude
material was purified by FCC (@ E£O in pentane) to giviodide4 (69 mg, 66%) as a yellow oil.
HRMS (ESIExact mass calculatedrfGiHisRsNOHI [M+H]+: 526.0461, found: 526.0454.

H NMR(400 MHz, CD@l +  yJ&/8.2 Hzo BIEH), 7.92 (s, 1HC®H), 7.84 (dJ= 8.2 Hz, 1H,
C'"H), 7.40¢ 7.27 (m, 5H, 5 x AHg, 6.02 (dd,)= 4.2, 2.6 Hz, 1KFH), 3.94¢ 3.81 (m, 2HC?H), 3.45
(dd,J= 11.0, 9.7 Hz, 1K{H,), 3.30 (ddJ= 17.4, 4.4 Hz, 1KFH,), 3.24¢ 3.13 (M, 2HCH, + C'Hy),
3.04 (d,J=11.2 Hz, 1H>H), 2.98 (dtJ= 17.3, 2.5 Hz, 1KH,), 2.62 (dddJ= 11.5, 3.7, 1.6 Hz, 1H,
CHy).

13C NMR126 MHz, CDgL ™ n ¥)#89.14Q), 137.6 (C), 1313%), 129.7 (g)= 33.9 Hz, @C"),
129.5 (g,J= 31.8 Hz, TC™), 129.0 C'H), 128.9 (2 x ArCH), 127.8 (ArCH), 125.8 (2 x ArCH), 124.4
(CH), 123.8 (gJ= 274.1 Hz, €R/C*°R), 123.6 ()= 272.3 Hz, €¢R/C*°Rs), 123.2 C*H), 57.5 C*Hy),
54.5 CHy), 53.7 CHy), 41.3 CH), 9.5 C'Hy).

F NMR(377 MHz, CDgJI ¢59.5,¢62.8.

IR(neat) (cmt): 2808, 2161, 1348, 1292, 1279, 1167, 1122, 1084, 1057, 757.

3-((Benzyloxy)methyBN-(2,4-bis(trifluoromethyl)benzyl}4-phenyt1,2,3,6tetrahydropyridine
(S11)
11

18

17 CF320

Amine2c (83 mg, 0.2 mmol), 15crownp 060y n 0 mrhad) and Pemzyl bromide (0.24 mL, @.0
mmol) were dissolved in THF (1 mL). The solutionomated to 0 °C and NaH (64 mg, 2.0 mmol) was
added portion wise. The reaction mixture was allowed to warm to rt and stir for 2 hours. The reaction
was quenched with water (5 mL), the aq layer extracted Vt4Ch (2 x 5 mL), dried (MgSQand
concentratedin vacuo The crude material was purified by FCC-40%E1O in pentane) to givamine
S11(72 mg, 73%) as a white solid.

0



m.p. (EtOAC)78y n x /

HRMS (ESIExact mass calculated fosgeRsNO [M+HY: 506.1911, found: 506.1913.

'H NMR(400 MHz, CD@l  +  T1Je @R HzoIRFH), 7.89 (s, 1HC®H), 7.69 (ddJ= 7.8, 1.5 Hz,
1H,C'"H), 7.41¢ 7.12 (m, 10H, 10 x AHJ, 6.01 (dddJ= 4.5, 2.5, 0.8 Hz, 18H), 4.45 (d,J= 11.8 Hz,
1H,C'H,), 4.32 (dJ= 11.8 Hz, 1H}'H,), 3.90¢ 3.75 (m, 2HC"H,), 3.71 (ddJ= 10.0, 9.1 Hz, 1H,
CH,), 3.45¢ 3.28 (m, 2HCH,+ C'H,), 3.18 (dddJ=11.1, 2.4, 1.2 Hz, 18H,), 3.09 (dtJ=9.8, 3.1
Hz, 1HCH), 3.01 (dtJ=17.1, 2.5 Hz, 1KH,), 2.54 (ddJ= 11.2, 3.6 Hz, 1KH,).

13C NMR(126 MHz, CDG@l 1+ m'f),H4D:D (€Y, 138.4 (6), 136.2 (€, 131.2 C®H), 129.5 (gJ=
33.3 Hz, €/C'), 129.3 (g)= 31.3 Hz, @C'), 128.7 C:'H+ ArCl{ 128.5 (2 x ArCH), 127.7 (4 x ArCH),
127.4 (ArCH), 125.8 (2 x ArCE24.6 CH), 123.8 (qJ)= 274.2 Hz, €R/C*°F;), 123.7 (qJ= 272.2 Hz,
CRJICPR), 123.1¢ 122.9 (m,C*H), 73.1 C'H,), 70.8 CHy), 57.6 C?Hy), 53.8 CH.), 52.0 CHy),
38.8 CH).

F NMR(377 MHz, CD4JI ¢59.8,¢62.7.

IR(neat) (cmt): 2857, 1348, 1280, 1166, 1118, 1085, 1056, 755, 695, 674.

3-((Benzyloxy)methyB4-phenyt1,2,3,6tetrahydropyridine (5)
11

AmineS11(25 mg, 0.05 mmol) added to a microwave vial, dissolved in DCE (0.13-c¢hlgrakthyl

OKf 2 N2 F 2 NI [0 ihfol) ias mdded [ark the réaction was sealed and heated to 120 °C for 16
h. The reaction was allowed to cool to rt, the solvent was switdioellleOH (1 mL) and heated to
reflux for 4 hours. Purification by FCC {008 MeOH in CBL) gaveamine5 (11 mg mg, 77%) as a
yellow ol

HRMS (ESIExact mass calculated forgdB::NO [M+H}: 280.1696, found: 280.1696.

'H NMR(400 MHz, CD@l 1 ¢ 7.38r(np, 10H, 10 x AHJ, 5.96 (dJ= 3.4 Hz, 1HH), 4.46 (s, 2H,
C'?H,), 3.85¢ 3.71 (m, 2HCH,), 3.68 (ddJ=12.5, 2.8 Hz, 1dH;,), 3.60 (ddJ= 9.6, 7.0 Hz, 1KH,),

3.49 (ddJ= 9.6, 3.4 Hz, 1K{H,), 3.27 (dd,J= 12.7, 4.8 Hz, 1i’H,), 3.14 (s, 1HZH).

BBC NMR(101 MHz, CD@l + Mo d®n o/ 0 MoT®ddp o6/ 0 MoTdPp o6/ VX
(ArCH), 127.9 (ArCH), 127.8 (2 x ArCH), 126.2 (2 x ArCH),dg1},.73.3 C'?H,), 69.9 CH,), 44.4
(CH), 43.1 CH,), 35.2 CH).

IR(neat) (cmt): 3415,2922, 2853, 1659, 1639, 1593, 1454, 1092, 1073, 1027.

3-((Benzyloxy)methyN-(2,4-bis(trifluoromethyl)benzyl}4-phenyt1,2,3,6tetrahydropyridine (6)
1"

Amine S11(25 mg, 0.05 mmol) added to a microwave vial, dissolved in DCE (0.13 mL), methyl
OKf 2 N2 F 2 NJY [0ihdol) dvas mddesd [arkl the réaction was sealed and heated to 120 °C for 16
h. Afterwards the reaction was allowed to cool to rt, diluted with,CIH5 mL) and quenched with
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water (5 mL) The layers were separated, the aqueous layer was extracted w@th(@kt 5 mL), dried
(MgSQ) and concentratedn vacuo The crude material was purified by FCC-88% EtOAc in
pentane) to giveearbamate6 (16 mg, 980) as a pale yellow oil.

HRMS (ESIExact mass calculated fos:B:3NG;?*Na [M+Nal: 360.1568, found: 360.1570.
HNMROpnn all X 5&.20Hn6, 10H, 10 xbAFp 6.07 (t,J= 3.4 Hz, 1HZH), 4.44 (d)=
12.2 Hz, 1HCH,), 4.38 (dJ= 12.1 Hz, 1H;*H,), 4.29¢ 4.19 (m, 2HCH, + CH,), 3.85 (dtJ=19.1,
2.7 Hz, 1HCH,), 3.66 (s, 3HC°Hs), 3.31 (dddJJ= 9.7, 4.0, 1.0 Hz, 1E&H,), 3.27 (t,J= 9.2 Hz, 1H,
CH,), 3.20 (dddJ=13.0, 3.7, 0.9 Hz, 1&H,), 3.10 (brs, 1H>H).

BCNMROMHC al 13X 5a')hea.0{(C), U38.h @) 1356.3 (C), 127.9 (2 x ArCH), 127.6 (2 x
ArCH), 126.8 (2 x ArCH), 126.7 (2 x ArCH), 125.0 (2 x ArCH)CI92 BL(8 C*H,), 69.1 CH,), 51.7
(C"H), 43.2 CHy), 41.8 CHy), 36.9 CH).

IR(neat) (cmt): 3414, 2920, 2852, 1754, 1696, 1445, 1265, 1209, 1095, 769.

3-((Benzo[d][1,3]dioxol5-yloxy)methyl}»N-(2,4-bis(trifluoromethyl)benzyl}4-phenyt1,2,3,6
tetrahydropyridine (S12)
1"

18

17 CF3 20

Amine 2c (62 mg, 0.15 mmol), PPI47 mg, 0.18 mmol) and sesamol (41 mg,00n@mol) were
RAa&a2ft SR AYy ¢1 C omMmPdPp Y[O®D®P ¢KS az2fdzirazy g1 a 022
dropwise. The reaction was then heated to 50 °C and stirred for 16 h. The reaction was evaporated,
the crude redissolved in GEb (20 mL), washed ith NaOH (2 x 20 mL, 1.0 M) and dried (MgSThe
crude material was purified by FCC (8% EtOAc in pentane) to giaenineS12(54 mg, 66%) as a
white solid.

m.p. (EtOAc)110M M H X /

HRMS (ESIExact mass calculated fossBsRNO; [M+H]: 536.1655, fond: 536.1655.

H NMR(500 MHz, CD&l ¢ ¢ 7.82y(mm, 2HCH + C8H), 7.44¢ 7.39 (m, 2H, €H + C'H), 7.38¢
7.32 (m, 2H, 2 x*&/C'H), 7.32¢ 7.27 (m, 2H, 2 x°&/C'°H), 6.65 (dJ= 8.5 Hz, 1H>*H), 6.27 (dJ=
2.5 Hz, 1HC®H), 6.14 (ddJ= 8.5, 2.5 Hz, 1K2H), 6.11 (dd,)= 4.6, 2.3 Hz, 1K°H), 5.90 (dd,)= 9.8,
1.4 Hz, 2HC'H,), 4.09 (ddJ= 10.3, 8.8 Hz, 1KH,), 3.87 (dJ= 14.5 Hz, 1H;’H,), 3.80 (dJ= 15.5
Hz, 1HC?Hp), 3.77¢ 3.73 (m, 1HCH,), 3.46 (ddJ= 17.2,4.6 Hz, 1HCH,), 3.20 (s, 1HFH), 3.16
(dd,J=11.1, 1.4 Hz, 1K°H,), 3.12 (dtJ= 17.1, 2.4 Hz, 1KH,), 2.53¢ 2.40 (m, THCHy).

13C NMR126 MHz, CDSl  + W), 04®.4 (6 142.4 (&), 141.7 (€)), 139.7 (€), 135.7 (€), 131.0
(C®H), 129.3 (gJ= 33.3 Hz, €/C'), 129.2 (qJ= 31.3 Hz, ©C'), 128.8 (ArCH), 128¢7128.5 (m,
C7H), 127.7 (ArCH), 125.7 (ArCH), 128y, 123.8 (q,)= 274.1 Hz, €R/CFs), 123.6 ()= 272.2
Hz, CR/C*F), 123.1¢ 122.8 (m,C°H), 107.9 C*H), 105.3 CH), 101.3 C'H,), 97.9 C°H), 68.3
(CHy), 57.1 (gJ= 2.1 HzCH,), 54.2 CH,), 50.8 CH.), 38.3 CH).

1F NMR(377 MHz, CD@I ¢39.8,¢62.8.

IR(neat) (cmt): 2898, 1629, 1490, 1343, 1271, 1173, 1159, 1119, 1101, 1095.
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3-((Benzo[d][1,3]dioxol5-yloxy)methyl}4-phenyt1,2,3,6tetrahydropyridine (7)
"

AmineS12(54 mg, 0.0 mmol) added to a microwave vial, dissolved in DCE (0.25 reh)ptbethyl

OKf 2 NB F 2 NI l0ihifol) was added [arkl the réagtion was sealed and heated to 120 °C for 16
h. The reaction was allowed to cool to rt, the solvent was switched to MeOH (1 mL) and heated to
reflux for 4 hours. Purification by FCC {1086 MeOH in GBb) gaveamine7 (20 mg mg 65%) as a
yellow oil

HRMS (ESIExact mass calculated forgB:oNO; [M+H]": 310.1438, found: 310.1437.

'H NMR(400 MHz, CD@l 1 ¢ T.281fmy 5H, 5 x AHJ, 6.63 (dJ= 8.5 Hz, 1H,'@), 6.42 (dJ=2.4

Hz, 1H, €H), 6.23 (ddJ= 8.5, 2.5 Hz, 1H<€l), 6.14¢ 6.08 (m, 1H, &), 5.87 (s, 2H,'¢), 3.94 (tJ

=9.1 Hz, 1H,’&,), 3.82¢ 3.72 (m, 1H, Eh), 3.63¢ 3.49 (m, 2H, &1,), 3.47¢ 3.39 (m, 1H, &), 3.15

¢ 3.05 (m, 2H, ©l+ CH,), 2.92 (s, 1H, N.

13C NMR101 MHz, CDg@l + ™), 448.8 (€} 141.8 (€), 140.5 (6), 136.2 (), 128.7 (2 x ArCH),
127.5 (ArCH), 127(CH), 126.0 (2 x ArCH), 10§0“H), 106.0(C"*H), 101.2(C*H,), 98.3(C''H), 69.0
(CHy), 45.7(CHy), 45.2(CHy), 36.4(CH).

IR(neat) (cmt): 2919, 2160, 2027, 1977, 1630, 1486, 1179, 1035, 757, 698.
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Synthesis of Paroxetine

(trans-N-(2,4-bis(Trifluoromethyl)benzyl}4-(4-fluorophenyl)piperidin-3-yl)methanol (8)

18

17 CF3 20
A microwave vial was charged wiimine2j (43 mg, 0.0YY2f 0 YR / N} o iNBSQa Ol {
mol%) evacuated and back filled with argon. Degassef€iC(2 mL) were added and the reaction
mixture was purged with hydrogen for 5 minutes. The reaction was left to stir for 20 h at room
temperature under an atmosphere of hydrogen. The d.r. of the crude wasréns.cis however,
purification by FCC (0%% EDAc in pentane) gave a single diastereoisomanahe8 (28 mg, 65%)
as a yellow oil

HRMS (ESIExact mass calculated fos:B:1FNO [M+HY: 436.1506, found: 436.1503.

'H NMR(400 MHz, CD@l +  yJ&/8.2 Hzo BIE®H), 7.89 (s, IHC®H), 7.80 (dJ= 8.2 Hz, 1H,
C'H), 7.23¢ 7.15 (m, 2H, 2 €H), 7.06¢ 6.95 (m, 2H, 2 £°H), 3.77 (s, 2H;"?H,), 3.40 (dd,J)J= 10.8,
3.1 Hz, 1HCH,), 3.25 (ddJ= 10.8, 6.6 Hz, 1K{H,), 3.18¢ 3.10 (m, 1HCH,), 2.91 (dJ= 11.3 Hz,
1H,CHp), 2.37 (td J= 11.0, 4.9 Hz, 1K'H), 2.19 (td J= 11.2, 3.5 Hz, 1K°H,), 2.14¢ 1.97 (m, 2H,
CH; + CH), 1.92¢ 1.74 (m, 2HCH,).

13C NMR(126 MHz, CD@l  + M Jdm284.3 Hy, R 142.9 (€9), 140.0 (dJ= 3.3 Hz, §, 130.9
(C®H), 129.4 (gJ= 33.2 Hz, ©/C'), 129.3 (gJ= 31.3 Hz, ©/C'), 128.9 (dJ= 7.7 Hz, 2 €H), 128.7
(g,J= 3.8 HzC''H), 123.8 (dJ= 274.2 Hz, €~/C*°R;), 123.7 (dJ= 272.1 Hz, €~/C*F), 123.3¢
122.9 (mC*®H), 115.6 (dJ= 21.2 Hz, 2 €°H), 64.0 CH), 58.4 (gJ= 2.5 HzC"H,), 57.7 CHy), 54.4
(CHy), 44.5 CH), 44.3 C'H), 34.7 CH).

19 NMR(376 MHz, CD@I ¢60.0,¢62.7,¢115.6 t0g118.8 (m).

IR(neat) (cm): 3257, 2922, 1510, 1345, 1275, 1168, 1122, 10833, 831.

Relative stereochemistry determined using NOESY experiment:

CH, CH

e AP T I
bm592441009.Z.ser
Instrument AVC500
—— Group TID ' 0
Project Acoount Code Other
59244 Bruno Marinic 10/9/20
b r
— £ ]
- L2 .
-5 o o
CH —= @ o
0 ) 3
0 .
CH, —»3= 141 O

f1 ppm)

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f2 (ppm)
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trans-3-((Benzo[d][1,3]dioxol5-yloxy)methyl)}N-(2,4-bis(trifluoromethyl)benzyl}4-(4-
fluorophenyl)piperidine (S13)

F
11
10
25
9 26 ae)
8
7 >27
\
5 N \O 23 O
3
19 22
6 2
N CF,
14
12 N3 15
16
18
CF;
17 20

Amine8 (45 mg, 0.0 mmol), PPk(32 mg, 0.12 mmol) and sesamol (28 mgpdn2nol) were dissolved
AY ¢1C 6mM Y[0O®P ¢KS azftdziazy ¢l a 022t SR (2 nc/ I
reaction was then heated to 50 °C and stirred for 16 h. The reaction was evaporated, tiee cru
redissolved in Ci€h (20 mL), washed with NaOH (2 x 20 mL, 1.0 M) and dried ()gBt@ crude
material was purified by FCC (9% EO in pentane) to givamineS13(46mg, 84%) as a white solid.
m.p. (EtOAc)1I00m nH X /

HRMS (ESIEExact mass calculated foggisNOs; [M+H]": 556.1717, found: 556.1713.

H NMR(400 MHz, CD@l  +  yJ® 8.3 Hz01RG¥H), 7.89 (s, 1HZ°H), 7.81 (dd,J= 8.2, 1.9 Hz,
1H,CH), 7.24¢ 7.14 (m, 2H, 2 €H), 7.04¢ 6.94 (m, 2H, 2 £€°H), 6.61 (dJ= 8.4 Hz, 1H°H),

6.31 (d,J= 2.5 Hz, 1H**H), 6.10 (ddJ= 8.5, 2.5 Hz, 1K°H), 5.87 (s, 2HZ'H), 3.85¢ 3.72 (m, 2H,
CH), 3.57 (ddJ= 9.5, 2.4 Hz, 1K{H,), 3.50¢ 3.41 (m, 1HCH,), 3.26¢ 3.15 (M, 1HCH,), 2.92
(ddt,J=11.3, 4.0, 2.4 Hz, 1&H,), 2.51 (tdJ=11.1, 4.9 Hz, 1K'H), 2.32¢ 2.16 (m, 3HCH, + CH

+ CH,), 1.95¢ 1.76 (m, 2HCH,).

3C NMR(126 MHz, CDgll  + ™ d=v2d413 Hp, B 154.4 (€), 148.3 (€), 142.9 C¥), 141.8

(C%, 139.7 (dJ= 3.2 Hz, §, 130.9 C'*H), 129.4 (qJ= 33.3 Hz, T/C™), 129.3 (q,)= 31.3 Hz,

C/C'), 129.0 (dJ)= 7.7 Hz, 2 €H), 128.7 (qJ)= 3.8 HzC'™H), 123.8 (gJ= 274.2 Hz, €R/C°R),
123.7 (qJ= 272.2 Hz, €R/C*F), 123.4¢ 123.0 (m,C°H), 115.6 (d,J= 21.2 Hz, 2 €°H), 108.0

(C*H), 105.7 C°H), 101.2 C'H), 98.1 C°H), 69.7 C'He), 58.3 (qJ= 2.2 HzC'?H,), 58.0 CH), 54.3
(CH), 44.1 C'H), 42.4 CH), 34.6 CH,).

F NMR(377 MHz, CD@I ¢60.0,¢62.7,¢1156 tog117.2 (m).

IR(neat) (cmt): 2918,2160, 2026, 1503, 1348, 1280, 1198, 1164, 1120, 833.

(x)-Paroxetine

F
1
10
16
9 17 e
8
7, > 18
5 KA
) 140
13
6 2
N
H

AmineS13(54 mg, 0.04 mmol) added to a microwave vial, dissolved in DCE (0.13-chlgrakthyl
OKf 2NRF2NXIGS 601 >[3X ndop YY2f0 61 & I RRSR IyR i
h. The reaction was allowed to cool to rt, the solvent was switdioellleOH (1 mL) and heated to
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reflux for 4 hours. Purification by FCC {1886 7N NEMeOH in CbkCh) gaveParoxeting8 mg, 55%)
as a colourless oilhe spectroscopic data was consistent with previous regarts.

'H NMR(400 MHz, CD@l  + ¢ 7.12{my 2H2 xCH), 7.03¢ 6.92 (m, 2H, 2 €'°H), 6.62 (d,)= 8.4
Hz, 1HC'*H), 6.33 (dJ= 2.5 Hz, 1H;*H), 6.12 (dd,)= 8.5, 2.5 Hz, 1K 'H), 5.87 (s, 2H'®H,), 3.57
(dd,J=9.4, 3.0 Hz, 1K{H,), 3.48¢ 3.39 (M, 2HCH, + C'H,), 3.20 (dtJ= 11.6, 3.0 Hz, 1K%H,),
2.80¢ 2.73 (m, 1HCH,), 2.69 (ddJ=12.2, 10.9 Hz, 1KH,), 2.59 (tdJ=11.7, 4.2 Hz, 1KH),
2.08 (tdt,J= 10.9, 6.9, 3.4 Hz, 1EH), 1.87¢ 1.77 (m, 1HCH,), 1.76¢ 1.60 (M, 1HCH,).

13C NMR(101 MHz, CDgll 1+ ™ cJw 2456.0 Hz3ER £54.6 (), 148.3 (€), 141.7 (€), 140.1
(d,J=2.9 Hz, ¥, 128.9 (dJ= 7.7 Hz, 2 €H), 115. 6(d,)= 21.0 HzC'°H), 108.0(C'°H), 105.8(C''H),
101.2(C**Hy), 98.1(C*H), 69.7(C'Hy), 50.5(CHy), 47.2(CHy), 44.7(CH), 43.1(CH), 35.5(CHy).

1F NMR(377 MHz, CDI ¢116.6.

Proposedeactionmechanism

The mechanism of the reaction is thought to proceed via the same pathway we previously refforted.
Oxidation of paraformaldehyde to methyl formate forms the ruthenium hydriRleduction can then
occur on either & or G2, withthe former forming theinactiveenamine! @hich canbe re-oxidised
back to the starting material. Reduction aR@ormsthe reactive enaminé\ that then goes on to trap
formaldehyde to give iminiunB. Another reduction at @ then generates the final product. The
formaldehyde thus serves as the electrophile and the source of hydride in the reaction.

Metal-hydride formation:

o MeOH j\H [Ru] 0
)]\ R — S +  [Ru-H]
H
H™ "H H OMe [0 HJ\OMe

Reaction mechanism:

Ar Ar Ar
R'\ﬁj C-6 reduction R'\(ﬁ C-2 reduction R'h

N [Ru-H] PN [Ru-H] N
A' R R S A

R
Formaldehyde \

AT OH Ar  OH
R'\%j) C-6 reduction R'\ﬁj)

\ :

R P

[Ru-H] N
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F 1 F
D~ D
(30 equiv.)
KI (4.0 equiv.) OH

\ _[Ru(p-Cymene)Clyl, (2 mol%) AN S T 098D
|, Mg(OMe), (1.0 equiv.) 068D —= H—\ A-H ~— 062D
_N MeOH (0.2M), 0.73D——>H H <——067D
B 65°C , 16h KAr

Ar 71%

The title compoun@®j-Dwas prepared by General procedure E usingX{4264 mg, 0.6 mmol)and
deuterated paraformaldehyde (480 mg, 15 mmdRurification by FCC (820% EtOAc in pentane)
gaveamine2j (155 ng, 7246) as a yellow oiComplete deuterium incorporation was observed for the
hydroxymethyl group and significant levels of incorporation at th2 &hd G5 positions. These
observations are consistent with the mechanism described above.

1 .
H NMR oR2j-D
|
|
I
|
| j J ! [ |
- S & b & T s
2o S e ] maNa "
o o~ o~ - (o] oocooo
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