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Abstract

This thesis describes an enantioselective 1,2-addition of sodium tetraarylborates 15 to

1,2-dihydropyridine 14 in cyclopentyl methyl ether at 80 °C with 5.0 equiv of methanol

as an additive in the presence of 3.0 mol % of Rh(I)-catalyst in situ generated from the

[RhCI(C2H4)2]2 and chiral bicyclo[2.2.1]heptadiene ligand L3¢ and L11a. The desired

3-aryl-tetrahydropyridines 16 and a small amount of addition product 59 were

generated in 18-88% mixed yields and the ee value of chiral compound 16 is

determined independently as 60-96%. In addition, the formal synthesis of (+)-

Preclamol precursor 17 was achieved by reduction and deprotection of compound (R)-

16af and (R)-16bf in 27% and 46% yield for 2 steps.

ol

N
PG

14
PG =Ts, COOMe

(i) (R)-16af, PG = Ts
(ii) (R)-16bf, PG = COOMe

Keywords:

dihydropyridines,

NaBPhy,

2.0 equiv

enantioselective,

sodium tetraarylborates,

—

[RhCI(C2H4)2) (3.0 mol % Rh)
ligand (3.6 mol %)

MeOH (5.0 equiv)
CPME (0.4 M), 80 °C, 24 h

Ph

L

(i)
1) HSi(Et)3 (10.0 equiv), TFA (12.5 equiv)
DCM, rt, overnight
2) Na - Naphthalenide (4.0 equiv)
THF, -78 °C, 0.5 h

(i) :
1) HSi(Et); (10.0 equiv), TFA (12.5 equiv) . ”
DCM, rt, overnight g
2) KOH (30.0 eq), EtOH/H,0 (4/1)
90 °C, overnight

17
(i) 27% yield
(ii) 46% yield

Rhodium(I)-catalyzed,

asymmetric

bicyclo[2.2.1]diene ligands

Ar
~Ar
()
N \
PG PG
(R)-16 59

22 examples
18-88% yields
60-96% ee (R)

Ar
(Y
“.‘
PG
(S)-16
2 examples
23-27% yields
87-89% ee (S)

ref. 27
—> N

(+)-preclamol [(+)-4]
hydroarylation,  1,2-
addition, chiral, chiral
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aq. aqueous
Ar aryl
BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
Bn benzyl
Bu butyl
br Broad signal
calcd calculated
cat. catalytic
COD 1,5-cyclooctadiene
COE cyclooctene
CPME cyclopentyl methyl ether
d doublet (NMR)
DCM dichloromethane
dil diluted
DMAP 4-Dimethylaminopyridine
DMF N,N-Dimethylformamide
dppb 1,4-Bis(diphenylphosphino)butane
dppf 1,1'-bis(diphenylphosphino)ferrocene
dppp 1,3-bis(diphenylphosphino)propane
EDCI 3-(Ethyliminomethyleneamino)-N,N-dimethylpropan-1-amine
ee enantiomeric excess
equiv equivalent
Et ethyl
h hour
HPLC High-Performance Liquid Chromatography
i iso
IPA isopropyl alcohol
KHMDS potassium bis(trimethylsilyl)amide
LDA lithium diisopropylamide
lit. literature
m multiplet (NMR)
M molarity
Me methyl
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MeO-MOP

2-(diphenylphosphino)-2'-methoxy-1,1’-binaphthyl

mol mole
Ms methanesulfonyl
N.A not available
N.D. not determined
NMR Nuclear Magnetic Resonance Spectroscopy
N.R. no reaction
ORTEP Oak Ridge Thermal-Ellipsoid Plot Program
PCC pyridinium chlorochromate
PG protecting group
Ph phenyl
Pin pinacolato
PPF Diphenylphosphino ferrocenyl
Pr Propyl
PTLC preparative thin-layer chromatography
rt room temperature
S singlet (NMR)
SDS sodium dodecyl sulfate
S.M. starting material
Sol solvent
T temperature
t triplet (NMR)
t tert
TEA triethylamine
TFA Trifluoroacetic acid
Temp. temperature
Tf trifluoromethanesulfonate
THF tetrahydrofuran
TPPDS 4.4'-(phenylphosphinidene)bis(benzenesulfonic acid) dipotassium salt
Ts toluenesulfonyl
QuinoxP* 2,3-Bis(tert-butylmethylphosphino)quinoxaline
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A4 202°20bo B ¢ R Jlrié % kIR A A ASh P 8 (T RERR AR & F fis(aldol
condensation) > @ #-A2dndr q,f-F A fofr 18 #c 5 fEap KB 7 F BpF > 7 (B D

Ao X gt 20 (B 2-1) o 7]

dppb (L4)
0 Rh(acac)(CO),/dppb (3.0 mol %) R O
A~ L+ R-B(OH) = I _N
R; R, MeOH/H,0, 50 °C, 16 h R R,
18 19 20
1.3 equiv R = aryl (20a), 1-alkenyl (20b)

14 examples
28-99% yields

Ph O Ph O O /\)\/(l)]\
ph)\/u\ )\/u\/ C4H /wj\ C4H A

9 9

20aa, 99% yield 20ab, 96% vyield 20ba, 74% yield 20bb, 68% yield

B 2-1 Hayashi $c#: 27 Miyaura %421 * — 48 £ 1 o f-7 & {ofk 18 &2

1972 e 2 F



#F 42002 # d Hayashi #9758 4> IRk o f-3 42 fofip 22 22 F /20 19¢
G- BALBEIEFIHFE LA F B B L HERED 14T A
225 FKa AR RNF BEH S HNMR A7l 5 0 - e s R
WA A (S)-BINAP [(S)-LS]fe =)+ F & # » ¥ s mper s HESF
J& (transmetalation) {7 ¥| phenylrhodium A » £ 2 o f-% & fcfk £ 746 ~» & &
(insertion) » 7} = # 7 & % s w-allylthodium » 48 B 15 > #-i& fo-k8 7k f2 o #

Pl B ¥ i 1,4-4c 2 & $ 2 hydroxorhodium C (] 2-2) 18

') Rh(acac)(C,H,)s (3.0 mol %) 0]
(S)-L5 (3.0 mol %) OO
é + PhB(OH), > b PPh,
Ph

dioxane/H,O
100 °C PPh,
21 19¢ 22 OO
: 97% vyield (S)-BINAP [(S)-L5]
2.5 equiv 97% ee

f [Rh] OH

heg

PhB(OH), (19¢)

[Rh]
[Rh]-Ph
A

O
21
B 2-2 Hayashi 332 @ % — 48 & 0 )k o f-7 40 {ofik 21 &2 FAf 19¢ i

(73 LA 3 5



A fele £ 9 Lautens Jceers A ehe gk o R R ARIR S 4k shd & e
4 23 17 L Ac4e g 0 i [Rh(COD)Cl]p #Lit = Areps 19a 3217 1,44 2 F 5> 7
H e S AP 240 £ G 8 BOIF A5 60-88% 1 ¥ b K
B R Thend AL E 525 KB (R AR 192 ded o A dpROT LA
ER T AR ST RARE DEMEANF Y ML EREF d

%3 F Ji(B-hydrogen elimination): Heck-type 24 26 » = 3 15 B &|+ ~ 2 F 3

A | Ir
7
A X Ar
r 25 23 X
- ArB(OH), > | _

addition-elimination addition-hydrolysis X
26 19a 24

15 examples  Conditions: [Rh(COD)CI] (2.0 mol %) / TPPDS (8.0 mol %), 8 examples
10-86% yields  ArB(OH), (2.5 equiv), SDS (2.0 equiv), H,0, 80 °C, 15h  60-88% yields

10-86 % (] 2-3) = 1]

B 2-3 Lautens 34 i¢ * — 48 & it > A mpk 192 &2 7 & {o ek 23~ 253

7F R 85 1,4-4c = & 24 2 Heck-type A2 3 26

doaniEE g VO IR Ak DT RS B R ki e i
7 p-& "3 F & (B-hydrogen elimination) i 17 | Heck-type & # o >+ &_f 18 5 e4%
BB AT P ow F R A4 2387 Heck-type & R itp b 65 o
R efpF or € RBAS B B R ASDd 2 BRI .
At 2002 % g ¥ o Lautens Jc4% i@ * [Rh(COD)Cl]y 2 ¥ i+ fEkpe &
L6 it 5 4 A 19a $HER[Q2.21JA G 27 272 S A4 3 F o 13454
BRALPE § - LAz da e iR 7 B-d 2 & R(B-hydrogen elimination)
@D A4 0 {395 Bredt'stule » BBicdie b Tk § F1 5 IRE 4 chifi o 2 b

TR = AR S ELirehy R g TS g3 AT f-3 A F E(f-oxygen



elimination) » %42 4n4 473 B § 47, S B IR A 4 28> £ 1

8 B |+ » 71-95%:

A % > 94-99% 14k AT A% & (1) 2-4) o [0

Ph,P
(t—BU)zP/,

Fe

(R)-(S)-PPF-P'Bu, (L6)

o [Rh(COD)CI], (2.5 mol %) -
L6 (5.0 mol %) o
% + ArB(OH), > ONg
L&\OMe Cs,CO;3 (5 M) in H,0 Ar
OMe THF, rt OH
27 19a 28
1.2 equiv 8 examples

71-95% vyields
94-99% ees

W] 2-4 Lautens #c#% @ * - i 48 & B ieis ¥ jAmeps 19a $HER[22.1]A Y 27 i /7

SHhAAF o BPBERAS 28

FFT 2005 £ 0 Csaky #cd A1 - By - GecRABE e GE A
Fuig 19ba $ 2,4-= GFifin 29 i T A A K o W4 S T - mE R

(p-hydrogen elimination) /s Heck-type A 4~ 30> £ 3 = B &+ > 2 5 % 5 70% (B

2-5) o U]
Ar/\/B(OH)Z
0 19ba (2.0 equiv) 0]
Rh(COD),]BF, (3.0 mol% /\/\/\)L
WJ\OBn [RN(COD)-1BF ( mo‘i AN N0pn
29 Dioxane-H,0O 30

Ba(OH), (1.0 equiv) 3 examples, 70% yields

B 2-5 Csiky Foa e * - 4k & ieit o % = fhpaps 19ba $F 2,4-= b 29 &

7 Heck-type 4c = & J&

10



PR PR AR A R F etz B R Y B AT S T I BB R
+ % 4 = Heck-type ehA& 3= » e 5 ¥ 12 j§ 2002 # Lautens #$2 0% }f?%v‘ I iR
(75 2 Gy PR S A A AP A v (] 2-6)-1'0 2t L 42004 £
Lautens #t#23 & 1 @ % — AL B S AME 19a [ RS = 7 Afa 31
T Aok B F 8 AKX a3 ¢ FR 4 AP 5 Heck-type 4 = en %
3acka bR A BO|F P > @ 0 AK Y < AREE 4k Bk o
fe 19d~19e k&7 F i RPIAED T 2 2FF L ehx A4ehd e 32b e 1F
o HR R TR LR I T AR Y o AR B R A i A e HLTE LT 4 & R
3 B-7 v o i B-d 3 F i(B-hydrogen elimination) s & 4 32a gt 4 = >

A @IES e e ehd o 32b (] 2-6) [12]

Ac0,Bu A A
]
31 (2.0 equi \
ArB(OH), (2.0 equiv) - _\—COZ’Bu + _\—COZtBu
19a [Rh(cod)Cl], (2.0 mol %) 32a 32b

t-Bu-amphos CI (4.8 mol %) .
SDS, Na,COs, toluene/H,0(1:1), [ Heck product (32a) as major:
12 h rt 11 examples, 32a/32b = 60:40-95:5, 93-99% yields)

Ar= @; or @y |:> conjugate-addition product (32b) as major
CFs (
19d 19e

product 32a/32b= 5:95-2:98, 95-99% yields)

] 2-6 Lautens 3c#%ié % — § 42 & i = A 19a {5 WE % = 7 A7 31

BEF I A4k i 0 73] Heck-type 24 32a 2 X $=4c = & 4 32b

/EREEHEEERREEEEE LI5S & 8 ST R S
% e A TRk AMEFI A AF LI FEL PER R &
f 2011 & Lam 346 » 4 A A A ¥ 33 (v dededr > e - HAEE DL T
AFREL 192 607 LA & F o BB d H AT K0 A o T S %A
Ak T F e S A 340 £ F 17 B 65 0 54-92%¢E F 2 87-97%:4

A A% & (] 2-7) o [V

11



O

/N—Bn
Bn

L7

L7 (6.0 mol %)

OoN [Rh(CyHy),Cll (2.5 mol %) O2N Ar
+ ArB(OH), >
T KOH (2.5 equiv) R

5:1 dioxane/H,0
33 19 80 °C (uw), 30 mins 34
20 examples
54-92% yields
84-97% ees

34a 34b 34b 34d
92% vyield, 95% ee 54% vyield, 84% ee 90% vyield, 92% ee 61% vyield, 97% ee

B 2-7 Lam $c32 i€ * F A A F33 hAbedieii- BAELR? HAENL 40

Fl o @RS 5L & A b 34

Rt BERRE GO o Baot o O eIk 0T L Adndr chE R
# A wf e )]?et‘ o % 2013 # > Hayashi %32 * 3-vvkefk 35 5 A24ndr > 1Y
[Rh(OH)(coe)2]> 2 (R)-BINAP[(R)-LS)] i+ 3 fhrn§ 42 36 i& {7 7 $Hfite % F fio-
ERFF AN 2 3-F fetekex 37> £ 5 18 B b+ - 82-99%13 F >
85-96% 4%, 1§ AT A% (& (B 2-8) o 14

Bdiegs {5 Rz R & RN ASXF BAP L Sz SRIEH
Ld e B Amy 27 2 HE M F R(transmetalation) ¥ ¥| phenylrhodium
E - B¥F50 rdednde vtk epp 35,07 PRI F (5 0 "R AF (95 3% 544 %
1A-$ 4% 1 > AP~ B AR {8 5B = i (protonation) F F| A 4~ ;@ H4pd FHF ¢
LA F BRI RMG R R GEFRAE I FRHE

- 30A (95 R%)EFFF M EIAR A FIT - 5 BAH(Y S 45%)

12



RIEGEFE & 1S BB IRMAS 4 R -KREI AP 37 ¥ o (T

4 hF %Y o RWBINAP 4 50§ §Tes %7 B4 G cn i s b % eng 5

® & % [Rh(COD)CI], % i& 7 7 s Bl ¢

% %92 [Rh]-H 2% 2 & % G-37 -

1 1
SOAr [Rh(OH)(coe),], (5.0 mol % Rh) SOAr
N (R)-BINAP [(R)-L5] (5.5 mol %) N
{ 7 + (A?BO) >
— THF/H,O (10/1), 23 °C, 24 h
Ar?
35 36 37
18 examples
. 82-99% yields
2.1 equiv 85-96% ees
MeO
2;
D N
(PhBO)4/D,0
d3-37 Ph -
. [RQLOD transmetallation
protonation D 1
SOzAr
[RhI-Ph 1
D20 SO’ E ( 7
N carborhodation\( =
MeO 35
S0, protonation oh SOzAr1
retention, N
[RhLN ( ) d2-37 H .
| _Z D20 [Rh]
Ph
f-H elimination
Rh hydrohodation
1,5-shift \ SOzAr1 1 4 shift
SOzAr SOzAr

[Rh]
\(‘Z K, [Rh]/ G

SO2AF
SOzAr

Ar' = 4-MeOCgH,4
Ar? = Ph
[Rh] = Rh/cod or Rh/binap
[Rh]-H +

Ph

G-37

B] 2-8 Hayashi #c32 @ * 3-rivkepk 35

Fil

R RS F o BEFS

d1-37

dedpde - WA A B T AT %

U e A F P 33 Aetrker 37

13
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FFE2019 & > x B i L2585 FAPN g 2H-F 3 virm 38a
T Azdnde o 10— AR & BT S AL 192 38 7 3 4 & F 0 $H A
prieiadod IS FF 7 EEF Az (R)-38a0 £ F 16 B 6] F - 28-44%
A F S T4-99% 4 fAZARE > U R A 3 BLE T A iAo Ad s 39a0 L5
30 B ] F ~ 27-49%:HE F ~ 92-99% i dE hATAR B o M ¥ - BF BT > B E it

A 2B E 42§ Bk in 2H-% H viedy 38b 17 L ARdad o RS TAdn g (S)-
38b ¢ B 3FLIEFT A AR F BED A 39 AN OF BT A 0F
—?]z Bt F P 4r ~ KsPOs 2 EGN o ¢ =8 A F B endzde 47 (R)-38b i *2 it » 7 ¥7&
A F A AR il BRI E - HAhE 4 39b> £ F 22 BG5S~ 48-85%E I

T1-98% ekt HfAg A% (& (1] 2-9) o [1S]

[Rh(cod)Cll, (2.5 mol %) Ar
N (R)-DifluorPhos (6.0 mol %) N . a
+  ArB(OH), > .,
0~ "Ph KOH (5.0 equiv) O™ “Ph 0~ “Ph

38a 19 toluene, 50 °C (R)-38a 39a
2.4 equiv 16 examples 30 examples
28-44% yields 27-49% yields
74-99% ees 92-99% ees

[Rh(cod)OH], (2.5 mol %)

; Ar
m (R)-Xylyl-P-Phos (6.0 mol %) @Ej\\
+ ArBO - >
0~ "OEt (ArBO)s K3POy, NEts, 80 °C 0o

toluene, H,0, 12 h
38b 36 39b

2.0 equiv 1.6 equiv 22 examples
48-85% yields
71-98% ees

—
0~ YOEt racemization 0~ *OEt
(R)-38b (S)-38b+(R)-38b

Bl 2-9 iz it * 25018 5 B K 2H-F vk 38 1F SARdn g 0 10— 4

&R S AL 19a i 7 A WAL dF R o4 EES

14



#F %l # > Nishimura #t42 @ * 2H-% 3 vikrm 40 1% 2 Aot o 00— B4 £
it AR 192 817 2 s S F B TR A3 5L R 5 S AR DA P 41

£4 17 Bo]F ~45-77%h A F ~ 92-97% 48 oAz 4% (8 (] 2-10) o U

[Rh(OH)L8], (5.0 mol%) o)
N + ArB(OH), > R{Ij
PP 1,4-dioxane = “Ung

40 19 60 °C, 20 h 41

10.0 equiv 17 examples
45-77% vyields
92-97% ees

] 2-10 Nishimura #t#: 1@ * 2H-F 3 virm 40 18 S Azdnde > - g & fHiit =

AP 192 73 WA R E o WRFS P A A 41

BT FLES > AFHREF LR 2020 EFLEEH Y F A
i Azdide 12-7 & vEof 42a 2 2H-¥ Hoewed 42b 2w XA B 16 2175 ko
B - BEERE ATHRIFF LB ERQR21E A L3a & (7 it - 18 3]
B3BBG A HFET A A nAS 430 25 41 BHF ~3-92%FA F - 87—

99% 4k, Az A% & (18] 2-11) » [17)

15



Ph
/

Ph™ 34

[RhCI(CoH,)sl, (1.5 mol %)

N L3a (3.6 mol %) X WAT
R-- +  NaBAry » RO
! =
F X

X MeOH (5.0 equiv), CPME (0.2 M)
42 16 100 °C, 24 h 43
X =N-PG (a), O (b) 2.0 equiv 43a: 29 examples
PG =Ts, Ms, Boc, Cbz 3-92% yields

87-99% ees
43b: 12 examples
24-65 yields
92-99% ees

B2l 29 %EFLAFBALH ] 2%

Rip Pz BA 7 A 57 @400 1,2-2 & ok 2H-F 3 kw3 A5 40 0084
SRETR KA Bt - MAEEBEF D AR F B R G A g & e T
Ao g ® 12-2 Geteg 14 TS dzdedr o 5d - B B2 A9 TR T2
FRERR2EFRALI) R 2o SAMB 158773 $Hfle + F o 04

HEHRTE A RO MR T IR F B R (R 2-12) -
[RhCI(C,H,)], (3.0 mol % Rh)

Ar
N L3 (3.6 mol %) W
RE + NaBAr, > R_:K
N MeOH (5.0 equiv) N
PG CPME, 80 °C, 24 h PG
14 15 16
Ar
0.2mmol 2.0 equiv Z
Ar
L3

B 2-12 2Fhe i * 12-2 aeteg 15 Thdeded o 5d - B LHZE 292

FRE L RERR2IEF AL BT S RS F

16



$-2F% RERPELSD
AT AR - RELPEE LR L E o B R At
% Y ERR2IEFRALI L AFHRETHEE A L § FIR[2.2.1]
B d apeds pAT ST o B A FE GHERE G RS & o R
2003 & > Hayashi #c3% 5 S B 3F & § ot B4 % S ehpefh > A J & %3 2 sk 2
S C N S LS A N EHHE FApRA L9 B HESE LR B B
¥ig{724 FP -3 k& F £ i (Fleming-Tamao oxidation) ¥ ¥| ¥ |+ % [2.2.1] &

45> L &d - k5] & = #b%,é o @3 E Ti%%[lll]%%‘fp fe 3k L10 - (18
oW
1) [PACI(x-C3Hs)l, / L9 (0.1 mol % of Pd) PPh,
[ HSICl, E oH OO
Z 2) i) MeOH, EtsN ¢

HO R)-MeO-MOP (L9
i) HyO,, KHF,, THF / MeOH (R)-Me (L9)
44 45

5) i) LDA,THF
3) Me3SO0, (COCI),, EtzN, CH,Cl, 0 ii) Comins' reagent
. 0 - 0 Ph
4) HOGH,CH,OH, TsOH Q,o 6) PhCH,MgBr / Et,0 Q/

PdCl,(dppf) (1.0 mol %) 0

46

47
8) i) LDA, THF
7) dil HCI / THF ii) Comins' reagent
> Ph 7 Ph
9) PhCH,MgBr / Et,0 Ph

© PdCly(dppf) (1.0 mol %)
48 L10

Y

W 3-1 Hayashi #4383 ¥ (2 R[22 1] e & L10 2 & & = 32

17



CHERARRIRF L ER221EYRA L3

A E R LR [22.0] BFAe A L3 B 2011 & > B BHEA 25
Bl AP R FROTARATE R R H WA D 2B 3257
B A EEEfLrk ® fa (L-bornyl acetate,49) 4 » i - Frfk & 474F & B (Oxone) > &
" § it 47 (ruthenium tetroxide) it B (7 R EH g i F o A S frit & F
505 F k4er 3§ dv e Y K e o) P Rfg 2K fRE DA AR & ST S
BF 5 7% LA A e » vl g 45 B (pyridinium chloroformate » PCC):&
CER GHICEEIERC S § BR52 2 HBAEATE 1T% -

FF R Y &4 52 2 Comins’:#®)3 3w a3 & ¢ >4 r 35 E (=2
? A L)%= 49 (Potassium bis(trimethylsilyl)amide, KHMDS) 4 = = & * & it
faS3 AP 2B AR AF5 69%: REMEZ4 " REERCESFS3ELH
F e > AFRRLGE (744 A-F O BB F & (Suzuki-Miyaura cross-coupling) » & 90 °C
TERBOS B S AP R TES L E R[22 A L3ai A
F 5 52-87% o [V

aqg. RuOy, (0.5 mol %)

Oxone (3.5 equiv) -~ KOH (1.0 equiv)‘
OAc HOAc/ ACN/ H,O, rt, 4 h OAc EtOH, rt, 4 h
O
49 50
KHMDS (3.0 equiv)
PCC (1.5 equiv), Celite o o Comins' reagent (2.0 equivL
OH CH,Cls, rt, overnight THF, =78 °C, 2 h

¢} 17% (3 steps) O 69%

51 52

L3a: Ar = CgHs, 87%
L3b: Ar = 4-Me-CgHy, 78%

PPh; (0.1 equiv) L3c: Ar = 4-CgHs-CgHy4, 52%
Pd(OAc), (0.1 equiv) L3d: Ar = 2-Naphthyl, 65%
oTf AB(OH), (4.0 equiv) Ar L3e:Ar=1-Naphthyl, 83%
7 toluene, EtOH, H,0, Et;N Z L3f: Ar=4-tBu-CeHy, 78%
o 90 °C. 0.5 Ar L3g: Ar = 4-CF5-CgH,, 65%
: L3h: Ar = 4-CI-CgH,, 63%
53 L3 L3i: Ar = 4-F-CgH,, 57%

W32 27z B EBERQR21EARALIZ &+ 3

18



CHERARREIRF Y EER221E R A LI

#2011 £ 5 #Lﬁoémf’“’*} 18 j\-’ﬁ B XN 2017_&}‘!&;? #L"EL‘JF m—ig@

B A enE B ER2.21]F fe A L1 e A )% g k BRSO i 2

CESLLE S F AN SRR IR & S ELLE S R e

= Rt (B 3-3) 0 LR &% 52 (& 4 i LF 3-2)% Comins A7
W g vk A AR o der L1 E (29 AR )% 49 (Potassium

bis(trimethylsilyl)Jamide, KHMDS) 4 = = & " g fifig * €4~ 54> 2 5 5 50% ; #%

FA 4 B F AR R4 AT BB F B (Suzuki-Miyaura cross-

coupling) » ¥ fie on 1 -] pF g
BAIME (29 AR A)YRA 0N § vk AR
4oz
To B E B2 5T SR A BRAT L 3% BER T L F 1AL,
RRfRISER SR £ 58> A 2K F ¢ FM S A

L4 58 E G A B

[2.2.1] 8 fisresf e # Lllah » & 5

SR & F 55

ﬁﬁﬁiﬁ"lﬁ‘f@ ’ d—z‘;'\LL;L L‘*,, 56*@5\1% L’ ém}i_i%i % =

% 57-76% o 201

A X% 95% 5 214

1% F -7 — @A

2 Comins’

SEFNY"

WiE (T

FH>99% ; B s 11 5k 1t

MRFEFFE B b N AFHRZTOTRF L LR

PPh3 (0.1 equiv )

KHMDS (1.1 equiv)

Pd(OAc), (0.1 equiv)

o Comins' reagent (1.1 equiv) oTf PhB(OH), (4.0 equiv) Ph
THF, -78°Ct0 0°C, 1.5h toluene, EtOH, H,0, Et;N
o 50% o reflux,1 h o
95%
52 54 55
KHMDS (1.1 equiv) PPh; (0.1 equiv)
Comins' reagent (1.1 equiv) ph _ Pd(OAc), (0.1 equiv) Ph LioH (6.0 equiv)

THF, =78 °Ct00°C, 2.0 h 7 DMF, MeOH, Et;N MeO. THF, H,0, reflux
TfO CO, rt, overnight 50° C, overnight
63% (2 steps) o >99%
56 57
R'R?NH (1.0 equiv) L11a: R = 1-naphthylmethyl, R? = H, 72%
EDCI (1.3 equiv) L11b: R" = 2-naphthylmethyl, R? = H, 75%
; Ph DMAP (1.3 equiv) R2 Ph L11c: R1 = (R)-1-phenylethyl, R2 = H, 61%
U
. L11d: S)-1-phenylethyl, R? = H, 58%
HO CH,Cly, 0 °C to rt g1 o 1 = (S)-1-p 2): . f o
overnight 5 e: R' =benzyl, R“=H, 60%
L11f: R' = n-propyl, R> = H, 57%
58 L1 L11g: R" = 4-biphenylmethyl, R? = H, 67%
L11h: R" = R? = ethyl, 76%

B13-3 + 9 2 3 B 5 cnd 4 B IR[2.2.1] B4 bR & L1 2
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Sr§ FHREFEHG

AR e o] BB REF R TELZF Y EHT TRAERA
(Tosyl) ¢ 1,2-= & vivx 14a 5 dsdode o K fute » 2 F B v 5 /4 150 11 2
1.5 mol %s— # 4% & h = F A8 [RhCI(CoHa)2l2 2 3.6 mol %+ F 2% 5 TR 2. ¥
HERR2I]EF oA L3 25772 8L 124+ F 0 352 S E et g 4
1,2,34-2 & vrex_16a° F k& 5 04 Mo 3& @ * A K7 A @(Cyclopentyl
methyl ether, CPME) » & 4c » 5 % £ ¢ it i 7+ i Al % 100°CT™ & & 24 /)
Prood Stdcdnds 14 2 A 4 16a £ 5 4pfe cimld - RmE 5 oo E R A 7B
(thin-layer chromatography) if BiF & > sa#-F B B 25 24 | PF o 11T 4t
SHpe i ~ B~ F BRRE C FEA BB CERAZTFREEERL > FE ARG
F e o

MTRERTAXREAS A BTGPl A5 16~ w5
PiRFASP A S AP EAA 1487 L F VR AATE SR AP 60
T8 AR S AR S g RS E 11k 4972 (Column chromatography) #& i ¥
i A 16 BT L R E S NS @R F 8 LA (Tosyl)L 24 16aa > i
WAEY B AL A 0 TP A A 16 2 B d FEE S5 BF A
P ?. 1 & 472 (Column chromatography) & {7 it {5 » L #R & A H U P& 3R
% 3# % (Nuclear Magnetic Resonance Spectroscopy * NMR) #z_#7{¥ 22 HNMR 3k
HEFHFALZFEDE o T b @ % 3 s 4p & 172 (high performance liquid
chromatography * HPLC) ¥+ H jp&z A+ 16 2 & fAgAXE > @ pd T BARY
THERE A 59 FHREL G AGERE > wd N H ARHY R jTREN > FP A
FTHRHBEFATRAY S DB GER -

20



-~ ¥ PERAEE

RiHpm i F g NP g LA FAFRFAEF I BE R[22
ek L3a-L3j & FéE fek b 255 AR R 2 2 MREE LT FIE
LA BRI ok 4] o

AR FHREFEEG AP MIEEDR A L3a-L3f &7 5 fi(entryl—6) -
T OUFRE G F B L3a i FIB & AR $ECL 0 470 2 2 A 4 (R)-16aa £}
A SR B ATAR E (entry 1, 46% yield, 94% ee) s - F R * FHREF L G R
% Pk kg A L3b-L3f i 17 5 l(entry2-6) » % T @ * £ 1-F Pt g Lc
RTF B A4 (R)-16aa § 92% 4 fATAX B 2 B DA F(55%) 0 H e

B R s 4 %2 A4 (R)-16aa B F 7 4 chak AT AR (89-95%) 5 & A& %

,:L

30% > dEplfe A FHRAHEE FRABAT N € F L HMEERPEF BAS -
BFRY Y FHREFCL G LT F BN ape ik L3a-L3f 27 F Jg(entry 7-10) ©
L LRI A L3EFF B A (R)-16aa 2 5 & 49% -
& AZA% B 5 93% (entry 9) - @ L3g—h % L3j P|#_F R i+# L (entry 7-8 % entry
10) > A4 (R)-16aa & 5 &5 12-35% > # 3 5 A4 P R F 0T > A2 7 4

PR & &2 g 4k 4772 (Column chromatography) i {7 4 &fte {5 & * ¥ 3k}

~

EZA A I AT RBPT I AN AT F B 24 22 $(R)-16aa

egr aE B 1P 4P #H# £ (entry 7, 83% ee ; entry 10, 0% ee) °

d 3 A L3k P > 2REF DL EF 1-22 L3¢ Ft > A
AT ORR Y 2808 -2 ¥ B EER[22.1]8 Tfﬁg»_"rrz:\ﬁﬁoé L1l1a :E {7
Fleo b FRRFHASREZS > L2 FhE 4 2 F 42 & $(5)-16aa > & ¢
F 89% e Az AR B > 3] L1 ek b enfipiRid & hd 4T B B Ashe e 1,2-
S @vteg Ma e w GELF T F) 0 v R)F frehE 3 A $(S)-16aa A 5
27% > AP ¥ L o

Bfs g Hid 2 2 EE2 Fp AR EE R 2 S R A F (entry 12—
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14) e 2459 s % > B8 @ * L3a~L3c 2 L3ifefhehF & ¥ (entryl ~3-9)>

A 4 (R)-16aa s E 5 2 &
e

A 4+ (R)-16aa tif & A&

Az A B2 7

2P ke A L3¢ ki 78 Fenig g o

F 4-1 fefenéig

SAL R e h®t L3c ek B¢ o0 A

P GRS E o FI RS A PEE 2S5 EE G -

Ph H
Lo ||| e T S
Z ArN PPh
. " SOl
L3 L11 L12 L13
«Ph
e
N Ph
N Ts
(Nj . NaBPh, [RhCI(C,Hy),l (3.0 mol % Rh) (R-16aa fj . @
1 MeOH (5.0 equiv) Ph '}l ’}l
Ts @ Ts Ts
148 154  CPME (0.4 M),100°C, 24 h @'
Ligand (3.6 mol %) L N 59aa 60
0.2mmol 2.0 equiv L11 s
(S)-16aa
Consumption i %)’ ee of 16aa
Entry Ar Ligand Y VIR c
of 14a (%) (1l6aa:59aa+60:14a) (%)
46
1 Phenyl L3a 100 94 (R)
(7.1:1:0)
17
2 2-Naphthyl L3b 100 94 (R
PRty (5.6:1:0) )
55
3 1-Naphthyl L3c 100 92 (R
P (10:1:0) ®)
22
4 4-tolyl L3d 100 95 (R)
(5.9:1:0)
27
5 Biphenyl L3e 100 94 (R
Py (17.1:1:0) &)
8
6 4-tert-butyl-C.H,  L3f 100 89 (R)
(3:1:0)
35
7 4-CF,-C.H, L3g 100 83 (R)
(2.3:1:0)
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23°

8 4-CI-C H, L3h 98 92 (R)
(12.5:1.6:1)
49
9 4-F-C.H, L3i 100 93 (R)
(5.3:1:0)
13%
10 4-NO,-C H, L3j 95 Racemic
(1.25:1.15:1)
27
11 1-Naphthyl Llla 100 89
PRy (1.7:1:0) ®)
12 - L12 N.D¢ trace N.D?
13 - L13 N.D¢ trace N.D?
14 - (S)-L5 N.D¢ trace N.D¢

2 The combined yield of 16aa, 59aa+60 and 14a, and the ratio is determined by *H NMR

spectrum.  Based on conversion of starting material. ¢ The ee value of chiral compound 16aa

is determined by HPLC analysis on a CHIRALPAK AD-H column. ¢ N.D.= Not Determined.

=~ F ik R ERE

BEAPRALEF BARRUREFHF  BhAcd 42 T g IlAk
AR kY o kiR 04M TR FE RAER 0 S RACE P R 2R BTG A 4 e
A F 2 B HAZAR E (entry 1, 55% yield, 92% ee) o 3 F A P RER % K3 02 M >
FOUIEREARE E BPFEF 24 PR > BRAT R T AR S F B F TR
A& A 4 (R)-16aa it b5 8 g 2 o fed tAcde B E R R 20 A
T4 M hE F (entry2, 11%yield) o B ié > A PH#HEREF I IMREFF B ¥
P TLA F(R)-16aa hE F 2 B GEBR M EF kR OAMPRILG * X L8 >
HPEE kRS S F R SRS - RRERMLTE 44 4 F(R)-16aa G
3 L AT ' (entry 3, 52% yield) o Fit o Bofs A P Y 04M kAR &

RLIPE 9 LT
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# 42 F ik RO T

N [RhCI(C5Hy),], (3.0 mol % Rh)
O L3c (3.6 mol %) O O
+ NaBPh,

’}j MeOH (5.0 equiv)
Ts CPME, 100 °C, 24 h
14a 15a (R)-1 6aa 59aa 60
0.2 mmol 2.0 equiv
T Concentration Consumption Yield (%)* ee of (R)-
ntr
4 (M) of 142 (%)  ((R)-16aa:59+60:143) 16aa (%)"
55
1 04 100 92
(10:1:0)
11°
2 0.2 72 93
(12.5:1:50)
52
3 1 100 93
(8.3:1:0)

2 The combined yield of (R)-16aa, 59aa+60 and 14a, and the ratio is determined by *H
NMR spectrum.  Based on conversion of starting material. ¢ The ee value of chiral
compound (R)-16aa is determined by HPLC analysis on a CHIRALPAK AD-H

column.

ERR ¥ IE R

Tk o NP R A F ROEERE T EE 0 2R dcd 430 AP
BeP oo AP w R4 15a 1T G g0 F R AELPEA > T~ 5 BT ARIT S
(s ,,’"J‘ e B A 2 AL AZ AR B (entry 1, 55% yield, 92% ee) o 4Pt 2
To Rt IR 645 AM 3 3 T“ﬁw;‘f]:ﬁé?lléﬁﬁ obta 2 = H - & $(R)-
16aa> fra 2 #dchetr 1da F B2 AREBZAFARERZEFHICE F 5T

F 17% (emtry 2) o @ $fé » SN A B & % FAEE 192 2 PRI IR 65 kit
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FE o % AL 192 F BPEA S AR A % (R)-16aa (entry 3) ; @ i@ * AR
#E7RAR A 65 P H_f 2 i (7 F Ji(entry4) o ¥ > AP M B v F A4 15a 1F 5
{8 7 AR 3 TR AR o

4 43 PR eniE i

oA

Q [RRCI(C2Ha)zl (3.0 mol % Rh) \Ph
@ Boron L3c (3.6 mol %) O |
+ > +

N Reagent additive N N N
Ts CPME (0.4 M), 100 °C, 24 h Ts Ts Ts
14a (R)-16aa 59aa 60
0.2 mmol 2.0 equiv
Boron Consumption i %)" ee of (R)-
Entry additive Var Yield (%) ®)-
reagent of 14a (%)  ((R)-16aa :59+60:14a) 16aa (%)
MeOH 55
| NaBPh, (15a) . 100 92
(5.0 equiv) (10:1:0)
4 M KOH 17%
2 KBFsPh (64) 90 94
(50.0 mol %) (1.5:0:1)
4 M KOH
3 PhB(OH); (19a) N.D? trace N.D?
(50.0 mol %)
. MeOH .
4 PhBpin (65) ) N.D¢ N.R¢ N.A/
(5.0 equiv)

a The combined yield of (R)-16aa, 59aa+60 and 14a, and the ratio is determined by *H NMR
spectrum. P Based on conversion of starting material. ¢ The ee value of chiral compound (R)-16aa is
determined by HPLC analysis on a CHIRALPAK AD-H column. ¢ N.D. = Not Determined. ¢ N.R.

= No Reaction. F N.A. = Not Available.
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e~ REAZ fRANE

d 3 aAn @ sy > AP it T R AR (Tosyl) 424a4 14a B F
i A2 o G RIF A 2 AR A 4 59112 60 (entry 1) o Flpt A E Rk
Avdpedr BE AR ML 7§ RA(14b) FET AR BF B L T & FR)-
16 e 5 o (xE2Fend > ARERTHE AP HBREATEDLT 83%
iR & A4 F & 452 (Column chromatography) s 7 & /2 ¥ 341 4 2 4 (R)-
16ba  ® A S ka2 5d PR LK NEFHL > FPREHFAHMEaREZ
P (R)-16ba 2 59ba i £ JrEH RA {7355 6 > (R)-16ba A 5 1 % 66% »
PRt A Ap L g RRAS 60 ¥ AGAZARE S 90% (entry 2) o

Foobo Ay FEr 4 4-1 ¢ F XA eofe L3a 2 L3g kg7 K
Me(entry 3-4) > 7 A 5 2 Sl ATARE T2 5 L3¢ X8 F o F]pt > APaET Lk
#r e g ddednde 14b 2 fefk L3¢ KRB 718 F RiEE i o

gk hie AR AR pR(R 4-1) i Llla i3 F R A @ D& A
(S)-16aa > F]pt AR > AiEs EE Llla iv5 7 §F 42404 14b 2 F
Mefie Ak dGE R BBy )0 A (S)-16ba R & A F L 36% 0 ¥ E 5
87% ek, AT A% [ o

AAF Y AP E R L A4 (R)-16b 2 62ba 5% »ci 4p & 1772 (high
performance liquid chromatography * HPLC)#=%_31 & 4 (R)-16ba 2_ 4 ff Az 4% & »

b

Bl

I

FIRA K F AL O B RE 2 R E LA S (R)-16ba 2 4 TR
Flpt A igd - k5 F RHER E A (R)-16ba 2 59ba & 7474 i B I F F B
9 ¥ g (Tosyl) %2 A crwiez w4 (R)-16ba’ 2 59ba’is » i 7 H %
A AP (R)-16ba 2_ 4L FAZARTE o ¥ ¢ s oA F & % - IWa Araf s AR F R 4
SO G ELGER > d 0 H BRREY TR M F AT R L

LR A 59 L ATARE o i p F Mt A S S BIMARFARD
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Ar H g Ph
Z AI’\/N

Ar o)
L3 L11
Ph
s, (]
\

Ph

N
. % 16
O . NaBPh, [RhCI(C,H,)s] (3.0 mol % Rh) (R) . @ . O

N

! MeOH (5.0 equiv) Ph 1
1P46 154  CPME (0.4 M), 100 °C, 24 h (j’ PG PG
Ligand (3.6 mol %) L » >y 59 60
0.2 mmol 2.0 equiv L1 PG
(S)-16
16aa, PG=Ts
16ba, PG=COOMe
Protecting grou ield (%)"
Entry YLy Ligand Yield (%) ee of 16 (%)°
(PG) (16 : 59+60)
L3c 55
1 Ts (14a) 92 (R)
(Ar = 1-Naphthyl) (10:1)
L3c 83°
2 COOMe (14b) 90¢(R)
(Ar = 1-Naphthyl) (3.9:1)
L3 35b
3 COOMe (14b) 2 637 (R)
(Ar = Cg¢Hs) (1.4:1)
L3i 340
4  COOMe (14b) ' 874(R)
(Ar = 4-F-CsHa) (1.3:1)
Llla 36°
5 COOMe (14b) 877 (S)
(Ar = 1-Naphthyl) (3.3:1)

2 The combined vyield of 16 and 59+60, and the ratio is determined by *H NMR
spectrum. ® The raction did not generate compound 60. ¢ The ee value of chiral
compound 16aa is determined by HPLC analysis on a CHIRALPAK AD-H column.
d The ee value of chiral compound 16ba is determined by derivatization compound

16ba’
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BENT F AL b (5 AP REH A R F RBALFHE b
RADFRFED > APEFRY RAAT AREITLF BRH - EEET 83%

HUR SR KR 0% ATARE o B A AR K TR hE U A Pk

Riad

% 5 dodk 450

BAOAPR Y R MI R LSRRG B T U f PR
FS % A (entry2-5) 3R F & 30 40% A 5 5 Rm @t &g a3 A PF(entry6—
7)o F MR ERA -

BFRYFIURAMRLEFFHR RLRIAENTI e FI I miF
YSECIE A OF SES AT AR & s s LA S LR 1 I R p) 3
e g AT AmpEy £ 7 % hsifAgA% E (entry 8, 78% yield, 89%
ee); ™ &% ¢ fRiaAEE G 2 2 A+ (R)-16ba 2 S9ba > it | PFx A i (7 g
CE A A REG o § A OE S (R)-16ca 2 S9ca - GiE R R R A T

o d RS R

“&.\\

2 2 4 A Glentry 9) o s o A B

AL AR % 0 BIER G 27 F b(entry 10) o
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# 4-5 3 W7 ei7 31(0.4 M)

Ph
N [RhCI(C3H,),l, (3.0 mol % Rh) \Ph ﬁj
0,
O +  NaBPh, L3c (3.6 mol %) g @ | N

’}j MeOH (5.0 equiv)
COOMe

| |
solvent (0.4 M), 100 °C, 24 h COOMe COOMe
14b 15a (R)-16ba 59ba
0.2 mmol 2.0 equiv
Yield (%)
Ent solvent f (R)-16ba (%)"*
Y ((R)-16ba : 59ba) ee of (R)-16ba (Vo)
83
1 CPME 90
(3.9:1)
76
2 Toluene 89
(4.4:1)
67
3 m-xylene 93
(5.1:1)
. 44
4 Dioxane 89
(5.3:1)
51
5 DME 93
(5.4:1)
20
6 DMF 91
(9:1)
7 ACN trace N.D¢
78
8h MeOH 89
(5:1)
9 EtOH N.Ae NLAS
10 IPA N.RY NAS

2 The combined yield of (R)-16ba and 59ba, and the ratio is determined by *H NMR

spectrum. ® The ee value of chiral compound (R)-16ba is determined by derivatization
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compound (R)-16ba’. ¢ The ee value of chiral compound (R)-16ba is determined by
HPLC analysis on CHIRALPAK AD-H column. ¢ N.D. = Not Determined. ¢ Mixture
of major product (16ba and 59ba) and transesterification product (16ha and 59ha).

fN.A. = Not Available. 9 N.R. = No Reaction. "Not added additive.

FORREBRPRRG LR

GENEEPF AR AN PR EEHF RERAEFRL Rt 460
hAhW P Y AP R hF BIEAR L 100°C Fp pRT k@ ke o A PR
F R REBS M > @ % F " 3 70-60 °CP& (entry 5-6) » & i £ » T 2

PH-F PR R D 2830 PFF 0 RREAFERATEL 65-74% 0 BLifATARE

'F_k

5 92% @l FRER S 80°CH @ %P (entryl-3) 0 iR & A F ¥ adF
80%12 t o H #1280 °CF Je#7iB el & A% 86% 5 5 » X ¥ £ G Bt beh
i A4 (R)-16ba > & jAZAXE 5 90% (entry 3) o

Bofs o Ay ERAB0CHE 4y Bene ¥ A IS Ri&FF o 7 LT
NEASRL D RERELAFTED T2%  BHATARE 5 92% (entry 4)

LiE- AFNF RiEE SRS BB AR Y R RIEE S 02 02mmol F
B RA12-2 F e 14b (TR AU 0 F e~ 2 F B A 15
1% 1.5mol %ehi- i 4% &£ = A [RhCI(CoHa)o]o 2 3.6 mol %% 12 % [2.2.1]
B A A L3c i (73 $AL 124 2 F ko FREAR 5 04 M 3 #i * A A
# fit(Cyclopentyl methyl ether, CPME) » ¥ 4c » 5 § & 9 AR i B+ 7 4o &) > & 80
°C TF B2/ 2 XREAP D Z Flizte = 0 & (R)-16ba 5 w 5L 4e &

g A 59ba o
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%\46 fﬁ}‘ %a— é""‘f'/’k%c" ,%,L

N [RhCI(C5Hy),], (3.0 mol % Rh) ﬁj
o,
ﬂjAj] +  NaBPh, L3c (3.6 mol %) [jAj]

N MeOH (5.0 equw
14b 15a (R)-16ba 59ba
0.2 mmol 2.0 equiv
Yield (%)
Ent T (°C f 16ba (%)>¢
Y ¢C) ((R)-16ba : 59ba) ceo (%)
83
1 100 90
(3.9:1)
81
2 90 90
(4:1)
86
3 80 90
(5.6:1)
12
44 80 92
(5.5/1)
65
5¢ 70 92
(5.5:1)
- 74
6/ 60 92
(5.7:1)

2 The combined yield of (R)-16ba and 59ba, and the ratio is determined by *H NMR
spectrum. ® The ee value of chiral compound (R)-16ba is determined by
derivatization compound (R)-16ba’. ¢ The ee value of chiral compound (R)-16ba is
determined by HPLC analysis on CHIRALPAK AD-H column. ¢ NaBPhs (4.0

equiv). ¢ 28 hours. F 30 hours.
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= R EAF(R)-16ba 2 59ba e v 21 B AT AR (E e T

d 3t g R & & 4 (R)-16ba 2 59ba & 2 12 F s 4p K 47 % (high
performance liquid chromatography » HPLC)# % 3 & 4= (R)-16ba 2_ 4% lj A2 A% (@ »
Flpt A g FER £ A F(R)-16ba 2 S9ba {73 R F 0 TRRE AT G
7 ¥R fEA(Tosyl) 2 = (R)-16aa % 59aa K& (T4 fAZAR B engg > wd 3t
Wil 18 97 2 & 2 4 v 4 (Enamine) 22 F 7 48 THERRLG AXIFH AL o Fp A
e & ST 0 L MR & & $ (R)-16ba 2 59ba } hfsrie 7R R D L
AR A A D s HED S R D R EACH ST FAMA
(Tosyl)> 2 = (R)-16ba’ % 59ba’ & it {7 & AT AR & g2 & 7 BB & ji7 2 F(R)-
16ba’ % 59ba’ 5 & »<; 4P & 17 (high performance liquid chromatography > HPLC)
B A dn s is B hE T A A F (R)-16ba & ifATA% & -

(1) HSI(Et); (10.0 equiv), TFA (12.5 equiv)
DCM (1 v/v to TES); rt, overnight
2) KOH (30.0 equiv)

(
Ph EtOH/H,O ( 4/1 ): 90 °C, overnight Ph
+ Ph (3) EtsN (2.0 equiv), TsCl (2.0 equiv), * Ph
@/ I DCM: 20 °C, overnight O/
N + N L W . =~ N + N
3 steps derivatization I I

11% yield Ts Ts

I I
COOMe COOMe

16ba 59ba 16ba’ 59ba’

®4-1 2 & &4 16ba 2 59ba i s i F Ji

A BRBMERETER- JSle FARLHp ISEFF REFHERT I TAS

R FRAMmHF R R

PRPER A HE R B R BT AR (B A BB e ¥
A 15 B 4R

R pREF BT RERY A PEFRRET FAYEG 3-7 5 4
Beit i Apma 15F B i IE R R EE R 1 43%hA 5 2 T9%:hgk AT

AXE(F 4T entryl) F RSS2 HmpE > Fpt > A E gy w3 Ay 15f
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KEHEDT I AT HOMBALITEETF BELEDREL > Bhiod 477 12
FIEF Rid B R L 7 EpE(entry 2) > A 7 (R)-16bf A& &+ g4k 2 3 70% > i
DEAZARE S B 1 83% > ¥ b AR T FITLF AR P (entry 3) 0 B2 7R
A 4 (R)-16bf chA F &2 ¢ * CPME i {7 F [P le 45 4 3 10 8 5 4% oAz AR @ 4~ 1§
#H I 91% LR T FREES LAFE b S AMAEFE o be F1F R SR

2 SR GE AT

2047 SEFIERT AR Sl FAMG R KB

L3c
[RhC|(02H4)2]2 (3.0 mol % Rh) W
\ )
@ + NaB(3-OMeCgH,), e &\ O .
N MeOH (5.0 equiv) N N
COOMe solvent (0.4 M), 80 °C, 24 h COOMe COOMe
14b 15¢ (R)-16bf 59bf
0.2 mmol 2.0 equiv
a
Yield (%)
Entr Solvent ee of 16bf (%)?
v ((R)-16bf : 59bf) (%)
43
1 CPME 79
9.1:1)
70
2 MeOH 83
(11.1:1)
43
3 Toluene 91
(7.7:1)

2 The combined yield of (R)-16bf and 59bf, and the ratio is determined by *H NMR
spectrum. ® The ee value of chiral compound (R)-16bf is determined by HPLC

analysis on CHIRALPAK OD-H column.
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AANE - ke AR 1SREF RIEE P Sk SRR 420 A g
AR FHRY LG RAB N 3 A (15b-e) k& FFE BlEadE 0 KF %
BEFUFR F AL LA RN FRE 2 (R)-16bb FF > & X L 72% 0 4%
FATAXE 5 96% > APEHIRF 5 @ ¥ E Bk chA $ (R)-16be % (R)-16bd > #
A F G 56%% 52% 0 BGACARE L 82%% T3% 0 W OUFIE BN ARA RS P
HA S 2 BHALARE IS A 4o % J4 (R)-16be B LG 29%:04 > £ ifde
ARE 5 83% > Pl F B-N e RATig o i MR Hip i dedt £ e
EME AR A FAF TR

ST R U 24T F SR D TR T R AR K R ATARE
L ABNE R F R AT AT I BN E R R A PRLS Y RYT
FR2 7 3 AARKEF R F GadEd o g AT g I B2 § A IRApSHD
¥ k4 A (R)-16bh 3 B 25 % 2 (R)-16bf £ F 4p fp crdB %> ¢ * 7 %
PR LG RE A S 36% @#* T Fenf %P A4 (R)-16bh B E_E § #F h
ABGATARE 89% ; @ ¥k 25 4-7 § APk ehie & 4 $(R)-16bg 2 2-%
B (8 e(R)-16bi thF s ? o B EL T L AR PG e F it A A G
86%3 T6% > &iifAzARE 5 80%% 69% o

Fobo AL g 3 FA Y E SR TI B FAMMAS) kiEFF
et effid o AP R AP T F AR S FRAPRPP TR L RET RS 5
FHh 3% 45PN Z 44 % ende & & $(R)-16bj—(R)-16bl ¥ § # 4 ek
Mot A A u L 66%—87% > @ AT ACAR B d 82-87% > FM T 1R T F 2k
Hitde R K ehE BTl A R

Bofd o @ eken B 2 egen Be il i S AMA 1Smen (TR RPF o v K
Be? &7 HREREDT I FAF ORFIEFTFIIMEE B @ eF

GEIRT o

T 3

‘ﬁ\
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+ NaBAr,

oA

[RhCI(C2Hy)2]2 (3.0 mol % Rh) Ar
Ry
L3c (3.6 mol %) @ fj
> +

?I;OOM MeOH (5.0 equiv) N N
e CPME (0.4 M), 80 °C, 24 h COOMe COOMe
14 15 (R)-16 59
0.2 mmol 2.0 equiv
® ® ® ®
N N N N
COOMe COOMe COOMe COOMe
(R)-16bb, 72% (11.1:1)2 (R)-16bc, 56% (5.9:1) (R)-16bd, 52% (6.3:1)7 (R)-16be, 29% (16.7:1)2
96% ee® 82% ee’ 73% eeb 83% ee?
o
@ e e
w w w (o} W
® ® () ®
N N I N
COOMe COOMe COOMe COOMe
(R)-16bf° (R)-16bg°® (R)-16bh¢ (R)-16bi¢
(1) 70% (11.1:1)@ (1) 52% (7.7:1) (1) 36% (9.1:1)2 () 56% (8.3:1)?
83% ee? 73% ee® 78% eeb 60% ee?
(1) 43% (7.7:1)2 (1) 86% (14.1:1)? (1) 18% (9.1:1)2 (1) 76% (7.1:1)2
91% ee® 80% ee” 89% ee? 69% ee
Cl F
g\ r 9 D
W W W W
K cl o W R (0}
® ® ® ®
) ) ) )
¢oome COOMe COOMe COOMe
(R)-16bj, 87% (11:1)2 (R)-16bk, 72% (9.1:1)? (R)-16bl, 66% (8.3:1)2 (R)-16bm, N.R.¢
86% ee® 82% ee® 87% ee®

1 N\
@D

N
COOMe

(R)-16bn, N.R.9

2 The combined yield of (R)-16 and 59, and the ratio is determined by *H NMR

spectrum. ® The ee value of chiral compound (R)-16 is determined by HPLC analysis

on a chiral column. ¢ solvent: (I) MeOH (0.4 M), (I1) Toluene (0.4 M) . ¢ N.R. = No

Reaction.

Bl 42 £-%te > 2 1587 F BILFH
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1~ HHEFARBARASNL2-C F g 147 F BIEIFH

BRT ROFHRY AP ERAE 122 dteg 14 R E 2 REAARELS
FRBEFE > %R 43 -

BACAPERY AT ELFE G BN ]2-2 & eteg(ldee) REFTF K- B
o AP ERRYF LG T FRAGEAZ TR Y Az iR R
oo R B4 X3 E23 HPLC @ ¥ @z 8 4 i e © 2 B R e
SREEALE REREAS A LAY o B S RIcAL B AR
Flpb s A iRee R F PR E AL F T F A KB EE B 4 2 A2 R)-
16ca> & 5 5 41% T & # F % 40 ATAR B 5 95%: F A B~k ihde & & $(R)-16da
A XL 36% @ ALTGATARE 5 98% » BEIR S ELI G Bk R E AR (2 i
FAX A4 AR FE S 59dac P B RV U A BN AT
BEE A AT T ey JIN e R A B EE M o Vb AN FRAT
B AR T (lde) ke FF o Bfs 2% 4 £3H 4 2 & $ (R)-16ea

Bofsohw BEm B4 7 APk ]2-2 & veg 14g T2 L e hA $+ (R)-16fa;
FAPN1,2-2 @ e 14h I 4 2R A F (R)-16ga °

PRI FREEFR L Bl Aagmleg X 5% K7 4 & (R)-16 hA
FojuplErteg SH PP A A A > lMmmR ik s e Ao b

Pl A AFTE
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L3c

[RhCI(C,Ha),l (3.0 mol % Rh) o
N L3c (3.6 mol %) "
U +  NaBPh,

N MeOH (5.0 equiv)
PG CPME (0.4 M), 80 °C, 24 h
14 15a (R)-16 59
0.2 mmol 2.0 equiv

TU‘“@ thi“@ TUO é©

N N . .
COOBn COOMe COOMe COOMe

(R)-16ca, 41% (5.9:1)8 (R)-16da, 36% (5.2:1)? (R)-16ea, N.D.° (R)-16fa, trace
95% ee® 98% ee’
Ph @
N
COOMe

(R)-16ga, N.D.c

2 The combined yield of (R)-16 and 59, and the ratio is determined by *H NMR
spectrum. ? The ee value of chiral compound (R)-16 is determined by HPLC analysis

on a chiral column. ¢ N.D. = Not Determined.

B 4-3 #4 1,2-2 & vk 14387 F 1dg
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LNSHEFT AR FERADL2-- e 1427 F BIEEH

FT ok AN A 12-2 Aeteg 14 0 RS e R AR TR R EE
40 B R AcE 440

fte & & $ (R)-16ha—(R)-16ja » 2 i * 2§ AT L § F ehihsd 4k - i
ﬁw%ﬁéﬁﬁﬁw%ﬁﬁﬁ’%%&ﬁ%ﬁﬁ%’éﬁﬁ%’ﬁm%i@%ﬁ

B 12-C Feter 4 R s oA g e At o n B S A S T o

BT oRkoAPRY T RRLTL LA ALY (R)-16ka & 5 52%40 il
R EARFOT T FRARREL > PRI LRI LG VAP R 3 et b
WP 5 foA KM s FIF i FRM A G A I ATARE 94% > &

be R F ORI F F Tl B R A 59 e & A (S P Ade A $(R)-16ac

“.’E)\“\

(R)-16af % (R)-16aj i * 7 ¥ A [ (5 ik » T 7 FPT S e ¥
FREGEE R o T UERE G F L EF T 3 B8 et 3 3 4 (R)-16af F]F A
S feice e L3 RF DA S 88% 0 B & F PRI Bk i 3 (R)-16al

RIEAP SR 77% > o JRRIE R + s A FIF g 5 ot Pl S g 4
Mg d e g4 o ¥ @@LR E > fde S F 4 (R)-16ac 2 (R)-16af ¥ 2
AR B F 590

FE LY T R R RT RATLF L RE R 3 AF R

i

16ha-16ja> 333 3 &t 4 ¥ 023 A A dE L AP B F RIS Bl 2 Mo B
BSm r R AR ik A e & A # (R)-16ka~(R)-16ac~(R)-16af % (R)-16aj

U PR éi{%%ﬁ}%@ g 4P AE o
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[RhCI(C5H4)2]2 (3.0 mol % Rh
L3c (3.6 mol %)

) NAr
- )
N

Ar

+ |

N MeOH (5.0 equiv) \ N
PG CPME (0.4 M), 80 °C, 24 h PG PG
14 15a (R)-16 59
0.2 mmol 2.0 equiv
® ® ® ®
N\ N\ N N
COOEt COOiBu COOBn Ms
(R)-16ha, 82% (4.1:1)2 (R)-16ia, 79% (3.6:1)2 (R)-16ja, 74% (7.2:1)2 (R)-16ka, 52%
91% ee® 85% ee? 91% ee® 94% ee®
o
9 @ <g
® ® ®
N N N
TS TS TS
(R)-16ac, 64% (R)-16af, 88% (R)-16aj, 79% (8.9:1)2

90% ee? 90% ee?

94% ee?

2 The combined yield of (R)-16 and 59, and the ratio is determined by *H NMR

spectrum. ? The ee value of chiral compound (R)-16 is determined by HPLC analysis

on a chiral column.

Bl4-4 &4 437 b A7 F BEHE
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L

Lo HEFRLRRER
7.

%Yo NP E RS AP (R)-16ba i 7 BH LT 0 Rk Ao B

I

F_k

45 F I AP RF BHEL LB e AP (R)-16ba & 7 A5 hAE

96% % &L fAZARTE 96% o

N [RhCI(C4Hy),l, (3.0 mol % Rh) Ph
O L3c (3.6 mol %) wPh

N +  NaBPh, > | +

) MeOH (5.0 equiv) N N

COOMe °C, 24 h ! :

CPME (0.4 M), 80 °C, COOMe COOMe
14 15 (R)-16ba 59
2.0 mmol 2.0 equiv 96% vyield (6.7:1)7
96% eeb¢

¢ The combined yield of (R)-16:59, and the ratio is determined by 'H NMR spectrum.
b The ee value of chiral compound (R)-16ba is determined by derivatization

compound (R)-16ba’. < The ee value of chiral compound (R)-16ba is determined by

HPLC analysis on CHIRALPAK AD-H column.

Fl4-5 #EF o i
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$IF zHEREF BBHEFES

-~ &% 1622 2 BH - WELIFEH

ARG - WEELHE 12-2 G eg Ma FoAcdipdf e r 252 ¥ A
Fogh 15 F I ER[2.2.118 fe Ak L3C 17 7 4L 1,2-4e % F J © 5 45347 $4E
e AP 16 2. 2 ize o i A R(DCM 2 Hexanes)¥f 748 4 20 & »
16aa {71 % &% > #H9ri¥2 S X-Ray H & ¥4 % (X-Ray Single Crystal
Diffractometer, SC-XRD)4 #7 » {#F|H = f e fe %% 2 (R)-2f o ¥ ¢F » Vi
LA B PR (£ 41)> @ LllafeA 2§45 1252 F o 53 %
/% 48 & 47 /% (high performance liquid chromatography, HPLC) #< 4% §AZA%{E 5 —

89 = R AL % 5 (S)- i o (B 5-1)
& 1}
— < H “H}\,(
[Rh cat.] { ~ -:’
<\ N> o + NaBPh, —— \ = S

N N\ o = ‘ g
//S,, ’/S/,

-
-

14a 15a (R)-16aa
Absolute parameter = —0.03(8)

R=0.034

Bl 5-1 &3 (R)-16aa 2 5 $+ > 4 = fi 35 3¢

Rt e R s TRPAELEHERASWIRS2TERL Y FHES
it o i % fefk L3c Pre /%4 15a $Hdcdnd 1,2-2 & »tex 14a d si-face iE (7
FEFA R E o BB T A (R)-16aa; @ & ¥ feik Llla pF o 4 ipd 30 @ 4dn
% oo FAme 15a Hasded 1,2-2 & e 14a B d re-face & 17 A HHfL4e

o o B 18 ] A #(S)-16aa (B 5-2)
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Ts

/N
Ts

si-face addition re-face addition

Bl 5-2 F & BFAT & B

SR R R

93 A7 & th3eF % (deuterium labelling experiment) » 2% i ¥ 12 32 fZ gt
a4 2 F BehF BB I(B 5-3) Flt - BR %KY 0 % 5 Btehe F
4 15a-D 17 5 o4 F e B dednde 1,2-2 4 vteg 14b Ak b iE 2 T i
73 H L4 F F 2 & A3 (R)-16ba-D1 > & 245 'H NMR k3 A 47 e & 7 12
TR RERNTHRY 0 F 10% i B Eateteg g che B P o o@ ¥ b 90%hg
PR E et 3 pl PR AR o A BE&RT P ERY F AT AR
(13 7 Se | B L EEE T RE A FH S F A & A 4 (R)-16ba-D2 > @ ek
*q%IHNMR’EPJé‘A}ﬁmL%ﬂ - p o mRFE&HRY 0 F 90% § Bk ateleg
FH e 5L P o @ ¥ b 10%ehy P RIALRY 3 BLE R AP ki b oo
(Bl 5-4)

U NS PYESES PRV SRS C R S ST R S
2 5L~ E 4% protonation (90%) > 7 F|4c = & 4= (R)-16ba ; ¥ ¢t P 5 > & ch? 48
(10%)> R 2 d 4 & A&7 1,4-Rhshift {8 > 3 5L F ¥ 2L B~ (X 58 = protonation

@ 5] 4r & A& 4 (R)-16ba o
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14b

0.2 mmol

14b

0.2 mmol

+

+

NaB(CgDs)4

15a-D
2.0 equiv

NaBPh,

15a
2.0 equiv

[RhCI(CoH,),], (3.0 mol % Rh)
L3c (3.6 mol %)

-

MeOH (5.0 equiv)
CPME (0.4 M), 80 °C, 24 h

[RhCl(C2H4)2]2 (30 mol % Rh)
L3c (3.6 mol %)

CD30D (5.0 equiv)
CPME (0.4 M), 80 °C, 24 h

90% D D

10% D (H)D D
(H)D,,
AR
(e
N D

]
COOMe

(R)-16ba-D1, 61% (6.5:1)?

87% eeP®
10% D H
90% D (H)D H
(H)D,,
A
SRt
H
\
COOMe

(R)-16ba-D2, 81% (10:1)?
87% eeb°

¢ The combined yield of (R)-16 and 59, and the ratio is determined by 'H NMR

spectrum. ” The ee value of chiral compound (R)-16ba is determined by

derivatization compound (R)-16ba’. ¢ The ee value of chiral compound (R)-16ba is

determined by HPLC analysis on CHIRALPAK AD-H column.

B 53 & thied &
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Current Data Parameters

NMH4OVNNTNNS oM HOOXRUOOD T ACEME T @S0 oo NAME duterium test
anhdygaggdgasas  HdocossdaNderraqidasaaqa FXPHO 4
e SNV Y H
FZ - Acquisition Parameters
Date_ 20210606
Time 17.04
INSTRUM spect
PROBHD 5 mm FABBO BB/
FULPROG zg30
D 32768
SOLVENT CDCl3
A%VnHQ—U” NS 4
DS 0
A SWH 7211.539 Hz
FIDRES 0.220079 Hz
T T AQ 2.2719147 sec
RG 113.31
10 ppm DW 69,333 usec
DE 10.06 usec
TE 293.8 K
3| 2 g8 (B8 2 D1 2.00000000 sec
- <« ©o [=4 [y} b d|B=d 1]
ol |e =] S| |8 oS = Do 1
© - - - 3] =l N
======== CHANNEL fl ========
SEFO1 400.,1324008 MHz
NUC1 1H
Pl 15.00 usec
- PLW1 11.39999%62 W
ANV|H@—UM~IHVH FZ2 - Processing parameters
SI 16384
AN A SE 400,1300103 MHz
WDwW EM
I i j j i j i 2 j i I SSB Q
LB 0 Hz
10 ppm -0 0
PC 1.00
| |® o™ [ 0 (=23 (F=d N
[ = n 0 NS O
Qf | I~ N 's] [+ =] o
= |2 (=) e ! afe =]
(=1 - - = o™

(R)-16ba-D2 Lk

10 ppm

5.8485
1.0929
1.0395
1.0499
3.5622
1.0117
1.0000
1.1018

& 3T

B

¥
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2~ F B

Rifp tib iy a e f 2 X-Ray H S 8845 % » 0T 0da 8 2 {44 2
F Rz F OB 0 do] 555 46 .

BA - B LK RM[RhCICoHap frpefh L3¢ 5 &2 K &4 I
PR EHe e 152 27 £ & # F & (transmetallation) F F|
phenylrhodium ¥ A48 K-> ¥ 2242454 1,2-2 @ vteg 14b 2 (7R 218 3 ¢ AP 48
L s 24k & Ffe 2 ¥ Ad si-face 42404 1,2-2 7 wieg 14b 613 31238 (7 7
A 2 F o o AL £ B HEAS 3] 4 5L 18 T alkylrhodium ¢ ¥ 48 M > & 1345 4
Ty Rk MY M g7 A fERE D R - AR REFEYE
BEFRIEF A AL (R)-16ba (¢ A £90%) 5 % - faR|E i {7 Rh 1,4-
shift> 4 £ BEH 12 FE Atz ¢ FNE L2 mBEFREF RA

& A% (R)-16ba (¥ & ‘A& £ 0 10%) °

N (R)-16ba

EooMe hydrolysis NaBPh, (15a)
*[Rh]-OMe
(R)-1 6ba MeOH
J transmetallation
*[Rh]
0
@\\“ (R)-16ba O[Rh]*

’}‘ N hydrolysis B
COOMe |
coordination N
MeOH

]
COOMe
. 14b
Rh 1,4-shift [Rh]
(),
| -15ph
. D

N
1
~——— N
COOM
© MeOOC L
Si-face
addition

W55 F i
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$A% £4A
— ~ Preclamol (4) /i 3
Preclamol (4) (N-n-propyl-3-(3-hydroxyphenyl)piperidine, 3-ppp) 5 — &+t ¢
BES > R LA R gk P LA AEL R Ll F B
AFMoTERERe FRAESFROLETP G AEERT A AHF R RS
s R mpp g puk A R R S EREY Y X ¥ SEEUE A T A
AR AR 2RF o B T 5 T REE > H R p ks & AR
EE A~ ‘;iﬁ.‘?,,‘ o Y m}‘ﬁb v i A e ”m@‘i GELen G T OMRG R S o
(+)-Preclamol [(+)-4] 1 & &7 5 © 9 D2 X fE R foldt > wHrflx gL g 7§ ¥ i
SR RERF L Pk
Flt > A H 2 T F 2 % o AP (H)-Preclamol [(+)-4] G P 0 &
72555 & 2 enP Bk o @ (+)-Preclamol [(+)-4] 2 4 B -4 (—)-Preclamol [(—)-4]

giﬁﬁvégkc‘jﬁéfﬁgﬁp;ﬁ;%’ﬁiﬂz“; BN A AR AR o

OQ
N\
(+)-3ppp [(+)-4] (-)-3ppp [(-)-4]

B] 6-1 Preclamol (4) (3-ppp)2- & f?
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= *é')fie‘}"}éﬁ
19+ (0)-3ppp (4] e F P & L e ged o (4)3ppp [(H)-4]
LAk pstit o 2 BaT- B ALY 0 AT 2013 & %R R et
(+)-3ppp [(H)-4] & B i > 4ol 6-2 #F57 o F L > I F R * 4= £ KT A 45 60
23-"FAFAZL"REAT 61277 HA A F i 2 = Heck-type £ 4 62>
EH MY s BFRFLF A f2F B(Ozonolysis) 2 B R F il 8 3] RS
630 F ST T AR R 0 FRF for fOREFRPONRA 25
BiCF o A X ke 2 AR 640 Bt R LT BT IR hT 5 A
KR BRI AR A (H)3ppp[(H)4] 0 F B 6% > A5 5 T3% > T F 96%:n

8 g i o )

Pd(dba), (2.5 mol %)

Q /@\ R)-Xyl-SDP(O) (3.0 mol %) Q....Q
'
iProNEt (2.0 equiv)

dioxane, 50 °C OMe

60 62
4.0 equiv
1. O3, MeOH, -78 °C HOO"" 1. MsClI (2.0 equiv), CH,Cl,
> HO >
2. NaBH4 (9.0 equiv) o 2. PrNH, (15.0 equiv)
MeOH, rt Me
63
< >....Q aq HBr (48%) < ) Q
N o
= OMe 2h, 120 C
64 (+)-4

73% vyield, 96% ee

B 6-2 ¥ & K Fedk 1 (H)-3ppp [(D-4]hE RIS
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https://terms.naer.edu.tw/detail/334792/?index=2

= ~ (R)-3-(3-methoxyphenyl)piperidine (17) #7& =

P A e BT 12-7 $Hl4e 3 F Barm 3 (B 6-3) 0 2 kg ¥
FHEEET § AP a7 #Ete & 2 5 (R)-16af % & = (+)-Preclamol [(+)-4]
W %4 (R)-3-(3-methoxyphenyl)piperidine 17 °

B APER AL 12-7 e X A4 (R)-16bf 1% 2 Az dp 4 (S 1
AZARE 87% ) > 4 » = o AW %(TES)% = 4 ¢ f(TFA i 7R R F i o P!

FrEverf 2Ecn? FH 65 255 45% ; L4 305 £ § 14494 90 °C

it

TERI2FE R R ST RER @%é vyl o Dld A E - s

WP AL 170 A5 5 59% A H A S 5 27% (B 6-3)

O‘\‘\Q\O/ HSi(Et); (10.0 eq), TFA (12.5 eq) “‘\©\O/
| >
DCM (1v/v to TES) N

N .

] rt,overnight ]

COOMe 45% COOMe
_ o,

(R)-16bf, 87% ee 65

0.19 g (0.76 mmol)

KOH (30.0 eq) E O
>

EtOH/H20 (4/1) ! N
90 °C, overnight
59%

....................

2 steps, 27% yield

Bl 6-3 12 (R)-16bf % A24547:& {7 (+)-Preclamol [(+)-4)] =S4 17 2. & =
N R A H LSNP RAD 17 8807 * ddednd(R)-16bF ¢ 57 0 #
A A S S9bj o LB A K E BE B BTLG RE
12

BN b A E2 A A I FL A F b i § B

FR bk ik 2 ehte 2 & $7 (R)-16af & (7 (+)-Preclamol [(+)-4] # S84 (R)-3-(3-
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methoxyphenyl)piperidine 17 7 & = (§] 6-4) °

1%
>z

b A g £ I 1,2-3 $ 4t % A% (R)-16af 1T 5 A (4 e
A5 93%) > 4 » = o A 2(TES)% = 4 ¢ B (TFA)Y 4t e (7R R F Ji o 1)

78

B Bexegf 28 A8 660 A5 5 79% 3 L4 > 43 £z 4 -T78°CT &

S

Be 0.5 ] pF > $H7¢ AR 66 (74 ik F o'p 2 7 FAARAREL I 2 32
S BRGNP RAY 170 A X5 58% 0 A B A F S 46% o A 13195 2015 &
Cossy #4227 4% I e(+)-Preclamol [(+)-4] & & = ;2 @ » P aept = sy 17
BEEALE RS LBF L n? F AOKET A 2 2 #E P (+)-Preclamol [(+)-

4] - (B 6-4)

‘\\\©\0/ HSi(Et); (10.0 equiv), TFA (12.5 equiv) \\‘\©\0/

O DCM (1v/v to TES), rt, overnight
N 79% \
Ts Ts
(R)-16af, 93% ee 66
0.2g (0.58 mmol)

....................

: : \“@
Na - Naphthalenide ; \\@\ i ref. 27 . OH
THF, -78 °C, 0.5 h ; N :
¢ H

58%

17 ' (+)-preclamol [(+)-4]

....................

2 steps, 46% yield

B 6-4 r1(R)-16af 3 42424~ i& 7 (+)-Preclamol [(+)-4)] # Sg4 17 2 & &

pe &S Edpgtan it @ * (R)-16bf Z A4 B TS AR o A 2l e
Bide R A4 59 B ¥ A FAPHEE o RS BP A S 17 7 'HNMR
K fr Cossy Jedr s & A 2 ke m v P g o & 2 I(+)-

Preclamol [(+)-4] # Z&4= 17 » (% 6-1)
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% 6-1 (+)-Preclamol [(+)-4]% 584+ 17 '"H NMR 3%+ %+

'"H NMR ( in ppm, CDCl3, 400 MHz)

lit. 7]

Results in this thesis

1.65-1.54 (m, 2H)

2.73-1.59 (m, 2H)

1.78 (m, 1H)

1.82 (m, 1H)

2.00 (m, 1H of NH)

3.29 (m, 1H of NH)

2.16 (brs, 1H)

2.00 (brs, 1H)

2.71-2.58 (m, 3H)

2.80-2.62 (m, 3H)

3.10 (brd, J=11.6 Hz, 1H)

3.17 (brd, J = 12.7 Hz, 1H)

3.17 (brd, J = 7.2 Hz, 1H)

3.22 (brd, J=10.9 Hz, 1H)

3.80 (s, 3H)

3.80 (s, 3H)

6.78-6.73 (m, 2H)

6.79-6.73 (m, 2H)

6.81 (d,J=7.6 Hz, 1H)

6.80 (d,J= 7.7 Hz, 1H)

7.22 (td, J=7.7 and 0.8 Hz, 1H)

7.22 (t,J=8.3 and 1.2 Hz, 1H)
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4. 6-2 (+)-Preclamol [(+)-4]% Z&4 17 3C NMR 3 v 4

13C NMR (6 in ppm, CDCl3, 100 MHz)

lit. 7] Results in this thesis
159.6 159.5
146.6 146.1
129.4 129.2
119.5 119.4
113.2 113.0
111.3 111.3
55.2 55.0
53.9 53.4
46.6 46.2
44.3 43.8
321 31.8
27.0 26.5
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¥R B

BE- AIEE R F REEH AP S SR - LR R

[RhCI(CoHa)]2 2 7 % 5 7B 3 2 12 IR ([2.2.1] % fie 28 L3¢ 2 Lilla $Hdeds
Pol2-z Geteg 1da 2w S A 157 HAEELF 5o F pig ¥ 7 pRiT S
Bdpaedl BRMES KT AR 0 80°CF 24 ) pF - 2 4 k5] 12-7
AR AP 16> AF X F L5 hx A5 162 P Ew Hlirde X FH 59 2R
oGt A XA AP 1600+ R E RS 1888% v H bEE L AL
16 2 4 i ATAXE & 60-96% °

Bots > % sod A F(R)-16af 2 (R)-16bf ‘S4B R 2 2 REF 5 75

(+)-Preclamol [(+)-4] % 5% 17> 3 H B2 A F 5 27%% 46% -

QA5 B oo

L3c (R)-16 59
RhCI(CoHa)l5 (3.0 mol % Rh 22 examples
[ (C2Ha)2]2 (3.0 mol % Rh) 18-88% yields
B ligand (3.6 mol %) 60-96% ee (R)
| +  NaBPh,
N MeOH (5.0 equiv)
bG CPME (0.4 M), 80 °C, 24 h
14 15
PG = Ts, COOMe 2.0 equiv Eh Ar
H |
N L N
|
O 0 PG
L11a (S)-16
2 examples

23-27% yields
87-89% ee (S)

0]

1) HSi(Et)3 (10.0 equiv), TFA (12.5 equiv)  ,ceeccmcmcamaaananny .
DCM, rt, overnight H H ©\
\@\ 2) Na - Naophthalenlde (4.0 equiv) : : ref. 27 K OH
O\\\ O/ THF, -78 °C,0.5h - : o O/ : :

(i) ; O : N

) 1) HSI(Et)s (10.0 equiv), TFA (12.5 equiv) b : H
: :

DCM, rt, overnight

. 2) KOH (30.0 eq), EtOH/H,0 (4/1)
(i) (R)-16af, PG = Ts 90 °C, overnight 17 (+)-preclamol [(+)-4]

(ii) (R)-16bf, PG = COOMe (i) 27% yield
(i) 46% yield
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F A% R

FIREZA*R®

1. ¥ £ & X3 %k (Nuclear Magnetic Resonance Spectroscopy, NMR) :
2 Bruker AVIII HD-400 {= Bruker AV 400 % & % & & 3 & #7ip| 3% &4 7 1
% 7 (d-chloroform, CDCls) % ;% 4| » i* 5 =45 (chemical shift)’4 ppm 3 ¥ i= o
& s Rk ('HNMR)ehi 8 =4 11  # (chloroform) 5 &% 5.» T % H
84 5% 7.26ppm > & 1w 7 g iz (tetramethylsilane, TMS) 7 p &% & >
TERBCE ML 0ppm e & 53558 (splitting pattern) T_& 4o @ H U (s,
singlet) ~ £ (d,doublet) ~ = £ % (t,triplet) ~ = £ (q,quartet) ~ % &%
(m, multiplet) ; 48 & ¥ #c (couplingconstant))? J % 7% > ¥ i~ 5 Hz - %3 #icdy
AL N E RS (AAS e FE Tl mPEERAE (PC
NMR) 7" 12 fe 3] &k B4 15> H iV F =4 102000 7 it § 7 (d-chloroform, CDCl3) 3
TREE, TR RPCFEHL 77.0ppm -

2. &= F ik ¢t k¥ & (Fourier Transform Infrared Spectrometer, FTIR) :
i# * Paragon 500 (Perkin Elmer Paragon)?| & 3% % 2 B TR B » k3 H = 52 %
e (em™) -

3. ® f#47 F## & (High Resolution Mass Spectrometer, HRMS) :
i# * JEOLJMS-700 %% ABSCIEX QSTAR® XL 3 %] ’F‘r;«& Ris BlTRE-
ST RN A R R 2538 (Time-of-Flight-Electrospray Ionization, TOF-ESI) >
2 % F R ¥ % 3 2 (Electron Impact; Electron Ionization, EI)i& {7 4 47 »
BAERE R RS EERER Y gl | F e R -

4. X-Ray H §; 5% (X-Ray Single Crystal Diffractometer, SC-XRD) :
* j= B Nonius Kappa CCD H §, 488+ % ~ Bruker Kappa APEX I1 H §, 4554 % i

ARTRE A M2 LR TR iR AL Ao
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10.

% & ¢ & » 17 (Thin-layer Chromatography, TLC) :

i# * MACHEREY-NAGEL - silica gel pore size 60 A with fluorescent indicator
UV254>02mm 5 & G485 H & 73 RaBER > 3 i LAk d & kg
AR o

# ¢ & ~ 47 (Column Chromatography) :

ig * KM3 SCIENTIFIC CORPORATION - silica gel 45-75 pm 5 # ~e 47 o
e 2k & (Specific Rotation) :

i€ * JASCO P-2000 Polarimeter &5 iRl T & & » R & 7 L 3 A&7 F F &
Eoo kRS [a(TER /°Co D4 D &)o

*% 8 (Melting Point, M.p.) :

% Mel-Temp *3 Bhip] T_ik B %_o

® »ae ik 48 & 17 (High-Performance Liquid Chromatography, HPLC) :

¢ * Hitachi 7000 % >| % »cic k4 K 47 4 3L > ¢ 32 p # P~ B (Hitachi
L7200 Autosampler) ~ §;f (Hitachi L-7100 Pump)~ /i & #3#] % (Hitachi D7000
Interface) ~ 1 ;@] % (Hitachi L-7450H Diode Array Detector) - i# * CHIRALPAK
# 1 (Daicel Chemical Ind., Ltd. »* AD-H 4.6 mmx250 mm ~ AS-H 4.6 mmx250
mm -~ [A 4.6 mmx250 mm -~ IB 4.6 mmx250 mm) & CHIRALCEL 'g: =
(Daicel Chemical Ind., Ltd. > OD-H 4.6 mmx250 mm ~ OJH 4.6 mmx=250 mm) °
TR R SR F et R BRI AT AR R E s e B KR TR Y
TR AI £ F (70975 F RIDWE F BB T B L S N e g

T FRFLNEZ ARTEREBR S SR FF R -
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Preparation of sodium tetraarylborates

Preparation of Compound 15b—m.

Mg (1.3 equiv)
1,2-dibromoethane (0.05 equiv) BF3-OEt; (0.2 equiv)  NayCOs3 (4
ArBr » ArMgBr » NaBAr,
THF, reflux THF, rt, overnight

General procedure

The magnesium (0.94 g, 39 mmol) in THF (20 mL) was added 1,2-dibromoethane
(66 pL, 1.5 mmol), and the mixture was reflux for 30 min. After a dropwise addition of
arylbromide (30 mmol) to this stirring solution, the resulting reaction mixture was
stirred for another 3 h. After achieved room temperature, this was followed by the slow
addition of boron trifluoride diethyl etherate (0.75 mL, 6 mmol), and the resulting
suspension was stirred overnight at room temperature. The reaction mixture was then
added to aqueous Na,COs, stirred for 30 min, filtered, and then extracted with
acetonitrile (3 x 30 mL). The combined organic layer was washed with brine, dried over
anhyd. Na>SOq, filtered, and concentrated under reduced pressure with a evaporator.
The crude residue was purified by precipitation using CHCI3 / hexanes (1 / 1) to provide

an powder of sodium tetraarylborates.
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Preparation of 1-Tosyl-1,2-dihydropyridine

X
= TsCl,NaBH, O
| -

\N O°Ctort '}l

Ts

General procedure 28!

Pyridine (solvent) (40.0 mL) was stirred at 0 °C and p-toluenesulfonyl chloride (15.3 g,
80.0 mmol) was slowly added in. After stirring at 0 °C for 10 mins, NaBH4 (3.1 g, 1.05
equiv) was slowly added in. The reaction was maintained at rt for 12 h and then
quenched by ice water. The mixture was extracted with CH>Cl, three times. The
combined organic layer was then dried over MgSQas. After filtration, the solvents were
removed by evaporation. The crude mixture was purified by a short pad of silica gel
with diethyl ether/ hexanes (1:40) as an eluent. The solvent was removed by evaporation

under reduced pressure to obtain as white solid.
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Preparation of methyl pyridine-1(2H)-carboxylate
Preparation of Compound 15b—c,. 15f-g

(Exemplified for 15b)

\
A CICOOMe, NaBH, @
| -

N7 MeOH, -78°C, 1hr h
COOMe

General procedure 151

Methyl chloroformate (2.3 mL, 30.0 mmol) was added dropwise under nitrogen to a
MeOH solution (100.0 mL) of NaBH4 (567.0 mg, 15.0 mmol), pyridine (2.4 mL, 1.0
equiv) at —78 °C. The reaction was maintained at —78 °C for 2 h and then quenched by
water. The mixture was extracted with CH2Cl, three times. The combined organic layer
was then dried over MgSQOg4. After filtration, the solvents were removed by evaporation.
The crude mixture was purified by a short pad of silica gel with ethyl acetate/ hexanes
(5:95) as an eluent. The solvent was removed by evaporation under reduced pressure to

obtain ( 1.04 g, 7.5 mmol, 50%) as a clear liquid.
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Preparation of methyl 5-phenylpyridine-1(2H)-carboxylate

Ph
N
Br | Xy PPhs, Pd(OAc), PhB(OH), ~ PN | X CICOOMe, NaBH, \(j
N©  toluene, EtOH, H,0, EtsN N MeOH, ~78°C, 1hr N
reflux,1 h COOMe

General procedure

Step1:11

To a solution of 3-bromo-pyridine (1.6 g, 10 mmol, 1 eq), Pd(OAc)2 (225 mg, 1 mmol,
0.1 eq), PPh3 (262 mg, 1 mmol, 0.1 eq) and phenylboronic acid (4.8 g, 40 mmol, 4 eq)
intoluene (101 mL), water (50 mL), EtOH (34 mL) and Et3N (14 mL) at r.t. under Ar(g),
and it was heated to reflux. After 90 min., sat. NH4Cl(aq) was added and the aqueous
layer was extracted with ethyl acetate (50 mL x 3). The combined organic layer was
washed with brine and dried over anhydrous Na»SOs4 , filtered, and evaporated to give
the crude product, which was purified by column chromatography over silica gel
( hexanes /ethyl acetate : 3/1) to furnish methyl 5-phenylpyridine-1(2H)-carboxylate as
white solid.

Step2:°!

Methyl 5-phenylpyridine-1(2H)-carboxylate (14d) was prepared from the
corresponding pyridines according to the general procedure of methyl pyridine-1(2H)-

carboxylate (14b) described above.
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Methyl 5-phenylpyridine-1(2H)-carboxylate (14d)
Isolated as a yellow solid: 1.5% yield

Ph
AN
\(j M.p. =44.5-48.0 °C Rr0.41 (diethyl ether / hexanes, 1/8 )
N

éOOMe
IH NMR (400 MHz, CDCls): § 7.45-7.24 (m, 6H), 7.27 (s, 6H), 6.84

(dd, J=7.6, 53.4 Hz, 1H), 6.34 (d, J = 5.9 Hz, 1H), 5.38 (td, J = 6.8, 23.9 Hz, 1H), 4.72

(d, J=7.0 Hz, 2H), 3.82 ppm (s, 3H).

13C NMR (100 MHz, CDCls): 6 154.4 and 153.7 (‘a pair of s ), 137.5, 128.5, 127.5,

125.7, 124.9, 124.4, 118.4 and 117.8 (a pair of s ), 105.7, 53.3 ,45.3 and 45.0 ( a pair

ofs)

FTIR (KBr, neat) 7 3414, 3033, 2955, 2852, 1948, 1714, 1445, 1358, 1120, 759, 731
-1

cm

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H13NO> 216.1025; Found 216.1024
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General  Procedure  for  Rhodium(I)-Catalyzed  Asymmetric
Hydroarylation

Method :

All the manipulations were performed under nitrogen atmosphere with rigorous
exclusion of air. To a stirred mixture of [RhCI(C2H4)2]2 (1.2 mg, 3 mol % of Rh), chiral
diene L3¢ (2.8 mg, 3.6 mol %), starting material 14 (0.2 mmol, 1.0 equiv) , sodium
tetraarylborate 15 (0.4 mmol, 2.0 equiv) in CPME (0.5 mL) was added anhydrous
methanol (40 pL, 5.0 equiv). The reaction vial was heated at 80 °C. After 24 h, the
product mixture was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (diethyl ether / hexanes, 20 / 1) to afford the desired

product 16.
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(R)-3-phenyl-1-tosyl-1,2,3,4-tetrahydropyridine [(R)-16aa] *

)
N with hexanes/2-propanol = 90/10, flow = 0.6 mL/min, wavelength =

Ts

© Isolated as a white solid: 83% yield [16aa:(59aa+60) =10:1]

HPLC: 92% ee. The ee is determined on a Chiralcel AD-H column

230 nm. Retention times: 16.05 min [(S)-enantiomer], 17.09 min [(R)-
enantiomer]. [a]3” = —17.2 (¢ 1.00, CHCIl;). M.p. =85.4-86.5 °C. R¢ 0.28 (diethyl
ether / hexanes, 1/8)

"H NMR (CDCls, 400 MHz): 6 7.67 (d, J = 8.3 Hz, 2H), 7.32 (t, J = 7.3 Hz, 3H), 7.26—
7.21 (m, 2H), 7.06 (d, J = 7.1 Hz, 2H), 6.75 (d, J = 8.4 Hz, 1H), 5.13 (td, J = 4.0, 8.0
Hz, 1H), 3.90 (dd, J = 3.4, 12.0 Hz, 1H), 2.95 (t, J = 11.7 Hz, 1H), 2.74-2.65 (m, 1H),
2.45 (s, 3H), 2.18-2.13 ppm (m, 2H).

13C NMR (CDCls, 400 MHz): § 143.7, 142.1, 135.0, 129.8, 128.7, 127.0, 127.0, 124.9,
108.2,49.2, 37.6, 28.6, 21.5

FTIR (KBr, neat) v 2921, 1651, 1352, 1167, 1100, 1023, 706, 682, 560, 545 cm ™!
HRMS (ESI-TOF) m/z: [M+H]" Caled for Ci1sHi19NO,S 314.1215; Found 314.1216

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 230 nm

Absorbance (AT}
Abscrbance (AU}

No. RT Area Conc 1 BC

16.45 986967 4.015 MC

1
16.77 5707200 51.985 MC
1779 271320 28,015 Mo 2 17.44 23592673 95.985 Me

g
.-

10978520 100.000 24579640 100.000
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(S)-3-phenyl-1-tosyl-1,2,3,4-tetrahydropyridine [(S)-16aa]*
Isolated as a white solid: 27% yield [16aa:(59aa+60) =1.7:1]

HPLC: —89% ee. The ee is determined on a Chiralcel AD-H column

N
Ts with hexanes/2-propanol = 90/10, flow = 0.6 mL/min, wavelength =

230 nm. Retention times: 16.77 min [(S)-enantiomer], 17.81 min [(R)-
enantiomer]. [a]d’ = +17.2 (¢ 0.14, CHCl5).

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 230 nm

2.0 -
1.5 <

5 2

g 0.6 g

8 4

i ; E

i i 3

0.2 - k
0.0 T
T T T T T T T T T T T T T
16
Retention Time (min) Retention Time (min)

No. RT Ar Cone 1 B il RT AT Conc 1 BC
1 16.77 107200 51.980 = 1 16.77 13260622 94.236 Mc
3 17,79 £271320 190018 MC 2 17.81 811057 5.764 Mc

10978520 100.000 14071679 100.000
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(R)-Methyl 3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16ba] ® ¢
Isolated as a colorless oil: 86% yield. (16ba:59ba=5.6:1)

@“\\ HPLC: Enantiomeric excess is determined via derivatization by

EOOMe compound (R)-16ba’. [a]3’ = +21.4(c 1.00, CHCl3). R0.38 (diethyl
ether / hexanes, 1/8
"H NMR (CDCls, 400 MHz): 6 7.25-7.20 (m, 1H), 7.09-6.99 (m, 3H), 6.98 (d, J= 8.8
Hz, 0.5H), 6.83 (d, /= 8.8 Hz, 0.5H), 5.12-5.07 (m, 0.5H), 5.03—4.98 (m, 0.5H), 4.23
(dd, J=3.3, 12.3 Hz, 0.5H), 4.09 (dd, J = 3.3, 12.3 Hz, 0.5H), 3.77 and 3.73 (a pair of
s, 3H), 3.22 (t,J=12.1 Hz, 0.5H), 3.18 (t, J = 12.1 Hz, 0.5H), 2.98-2.89 (m, 1H), 2.35
(s, 3H), 2.31-2.25 (m, 2H).
13C NMR (CDCl3, 400 MHz): § 154.0 and 153.7 ( a pair of s ), 142.9 and 142.8 ( a pair
ofs), 126.8, 126.4, 125.2 and 124.8 (a pair of s ), 106.2 and 106.0 ( a pair of s ), 52.9,
47.8 and 47.5 (a pair of s), 38.5, 29.2
FTIR (KBr, neat) 73029, 2953, 1710, 1658, 1445, 1405, 1379, 1352, 1268, 1119 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for Ci3H;sNO, 218.1181; Found 218.1184

| (S)-Methyl 3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate [(S)-
N
Coome  16baj’®
Isolated as a colorless oil: 36% yield. (16ba:59ba=3.3:1)

HPLC: Enantiomeric excess is determined via derivatization by compound (S5)-

16ba’. [a]¥ = —21.6 (c 0.67, CHCly).
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Methyl (R)-3-(m-tolyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16bb] >
Isolated as a colorless oil: 72% yield (16bb:59bb=11.1:1)
HPLC: 96% ce. The ec is determined on a Chiralcel OD-H column

(Nj with hexanes/2-propanol = 98/2, flow = 0.5 mL/min, wavelength = 230

|
COOMe nm. Retention times: 19.17 min [(S)-enantiomer], 21.23 min [(R)-

enantiomer]. [a]3” = +24.2 (c 1.00, CHCl3). R¢0.41 (diethyl ether / hexanes, 1/8 )

IH NMR (CDCls, 400 MHz): 6 7.16-7.08 (m, 4H), 6.97 (d, J = 9.3 Hz, 0.5H), 6.83 (d,
J=9.3 Hz, 0.5H), 5.11-5.08 (m, 0.5H), 5.02-5.0 (m, 0.5H), 4.21 (dd, J = 2.4, 12.3 Hz,
0.5H), 4.06 (dd, J = 2.4, 12.3 Hz, 0.5H), 3.76 and 3.73 (a pair of s, 3H), 3.20 (dd, J =

12.3, 24.2 Hz, 1H), 2.99-2.90 (m, 1H), 2.33 (s, 3H), 2.30-2.24 (m, 2H).

13C NMR (CDCls, 100 MHz): 6 154.0 and 153.7 (a pair of s ), 142.8 and 142.7 ( a pair
of s), 138.2, 128.5, 127.9, 127.5, 125.2, 124.7, 124.0, 106.3 and 106.1 ( a pair of s ),
52.9,47.9 and 47.6 (a pair of s ), 38.5, 29.2, 21.4

FTIR (KBr, neat) 72954, 2922, 1711, 1656, 1446, 1404, 1351, 1267, 1255, 1119 cm™!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14Hi7NO, 232.1338; Found 232.1340

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 230 nm Chrom Type: Fixed WL Chromatogram, 230 nm

Mbsorbance (AY)
Absorbance (AD)

Retention Time (min) Retention Tine (min)

Cenc 1 = No. RT Area conc 1

1 19.23 20567640 52.555
19.17 977080 2.149
2 21.33 18567480 47.445 MC > 21.23 24499120 37.851

"

39135120 100.000 45476200 100.000
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Methyl (R)-3-(p-tolyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16bc] > ¢

E\/I
\
COOMe

@/ Isolated as a colorless oil: 56% yield (16bc:59be=5.9:1)

" HPLC: 82% ee. The ee is determined on a Chiralcel AS-H column
with hexanes/2-propanol = 99/1, flow = 1.0 mL/min, wavelength =
225 nm. Retention times: 9.57 min [(S)-enantiomer], 8.40 min [(R)-

enantiomer]. [a]3” = +23.1 (c 1.00, CHCl3). R¢0.40 (diethyl ether / hexanes, 1/8 )

IH NMR (CDCls, 400 MHz): 6 7.16-7.08 (m, 4H), 6.97 (d, J = 9.3 Hz, 0.5H), 6.83 (d,
J = 9.3 Hz, 0.5H), 5.10-5.08 (m, 0.5H), 5.03-4.96 (m, 0.5H), 4.21 (dd, J = 2.4, 12.3
Hz, 0.5H), 4.06 (dd, J = 2.4, 12.3 Hz, 0.5H), 3.76 and 3.73 (a pair of s, 3H), 3.20 (dd,

J=12.3, 24.2 Hz, 1H), 2.99-2.90 (m, 1H), 2.33 (s, 3H), 2.30-2.24 (m, 2H).

13C NMR (CDCls, 100 MHz): 6 154.0 and 153.7 ( a pair of s ), 139.9 and 139.8 ( a pair
of s), 136.4, 129.3, 127.0, 125.2 and 124.7 ( a pair of s ), 106.3 and 106.1 ( a pair of
s), 53.0,48.0 and 47.6 (a pair of s ), 38.1, 29.3, 21.0

FTIR (KBr, neat) V2922, 1715, 1654, 1446, 1404, 1350, 1268, 1203, 1118, 812 cm™!
HRMS (ESI-TOF) m/z: [M+H]* Caled for C14H;7NO; 232.1338; Found 232.1341

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 225 nm Chrom Type: Fixed WL Chromatogram, 225 nm

Absorbance (AU)
Absorbance (A0

29343654 91.015
2896827 8.985

=
aa

1 8.27 13344956 50.955 MC 1 8.40
2 9.31 12844483 49.045 MC 2 9.57

26189439 100.000 32240481 100.000
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Methyl (R)-3-(4-(tert-butyl)phenyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-

16bd]® ¢
Isolated as a colorless oil: 52% yield (16bd:59bd=6.3:1)
W HPLC: 73% ee. The ee is determined on a Chiralcel OJ-H column
@ with hexanes/2-propanol = 99/1, flow = 0.8 mL/min, wavelength
)
COOMe

=220 nm. Retention times: 22.91 min [(S)-enantiomer], 16.29 min
[(R)-enantiomer]. [a]3” = +27.7 (¢ 1.00, CHCIl;). Rr 0.44 (diethyl ether / hexanes,
1/8 )
TH NMR (CDCls, 400 MHz): 6 7.36 (d, J = 8.0 Hz, 2H), 7.17-7.13 (m, 2H), 6.97 (d, J
= 8.4 Hz, 0.5H), 6.83 (d, J = 8.4 Hz, 0.5H), 5.12-5.06 (m, 0.5H), 5.03-4.97 (m, 0.5H),
4.24 (dd, J = 3.0, 12.3 Hz, 0.5H), 4.09 (dd, J = 3.0, 12.3 Hz, 0.5H), 3.77 and 3.73 (a
pair of s, 3H), 3.22 (t, J = 12.1 Hz, 0.5H), 3.17 (t, J = 12.1 Hz, 0.5H), 3.00-2.91 (m,
1H), 2.31-2.26 (m, 2H), 1.32 (s, 2H).
13C NMR (CDCls, 100 MHz): 6 154.0 and 153.7 ( a pair of s ), 149.7, 139.8 and 139.7
(apairofs), 126.8, 125.5, 125.3 and 125.2 ( a pair of s ), 124.7, 106.3 and 106.1( a
pair of s ), 52.9, 48.0 and 47.6 (a pair of s ), 38.0 and 37.9 (a pair of s ), 34.4, 31.3,
29.2
FTIR (KBr, neat) ¥ 2958, 1714, 1656, 1445, 1404, 1349, 1268, 1197, 1120, 768 cm !
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H23NO; 274.1807; Found 274.1810

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 220 nm on

s 1.0 4

g E|

H

H E|

= 0.5 4

0.0 7 r

T T T T T
16 1 20

Ratention Time (min)

rom Type: Fixed WL Chromatogram, 220 nm

(av)
Absorbance (AU)

T T T T T T
26 28 30 32
Retention Tine (min)

No. RT Area Conc 1 BC No. RT Area cone 1 BC

1 16.64 46577081 48.576 MC 1 16.29 41065900 86.549 EB
2 21.57 46307379 51.424 MC 2 22.91 6382060 13.451 BB

95884460 100.000 47447960 100.000
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Methyl (R)-3-(3,5-dimethylphenyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-

16be] > ¢
Isolated as a colorless oil: 29% yield (16be:59be=16.7:1)
@‘o‘ HPLC: 83% ee. The ee is determined on a Chiralcel OJ-H column
N with hexanes/2-propanol = 98/2, flow = 0.8 mL/min, wavelength =
COOMe

230 nm. Retention times: 9.01 min [(S)-enantiomer], 10.19 min [(R)-

enantiomer]. [a]3” = +26.8 (¢ 1.00, CHCI3). R¢0.45 (diethyl ether / hexanes, 1/8 )

'H NMR *H NMR (CDCls, 400 MHz2): 6 6.98-6.87 (m, 2H), 6.83 (s, 2H), 5.12-5.07
(m, 0.5H), 5.03-4.97 (m, 0.5H), 4.23 (dd, J = 3.1, 12.6 Hz, 0.5H), 4.08 (dd, J = 3.1,
12.6 Hz, 0.5H), 3.77 and 3.73 (a pair of s, 3H), 3.20 (t, J = 12.0 Hz, 0.5H), 3.15 (t, J =

12.0 Hz, 0.5H), 2.94-2.85 (m, 1H), 2.31 (s, 6H), 2.29-2.23 (m, 2H).

13C NMR (CDCl3, 100 MHz): 6 154.1 and 153.7 (a pair of s ), 142.9 and 142.7 ( a pair
ofs), 138.2 and 138.1 (apairofs), 132.6 and 132.4 (apairofs), 128.5, 125.1, 124.9,
106.5 and 106.3 (a pair of s), 53.0 and 52.8 (a pair of s ), 48.0 and 47.7 (a pair of s ),
38.5 and 38.4 (a pair of s), 29.3,21.3

FTIR (KBr, neat) v2920, 1710, 1657, 1606, 1445, 1405, 1351, 1254, 1196, 1120 cm™!
HRMS (ESI-TOF) m/z: [M+H]* Calcd for C1sH19NO; 246.1494; Found 246.1495

HPLC chromatogram:

Chrem Type: Fixed WL Chromatogram, 230 nm

Absorbance (AT}

Retention Time (ais) Ratention Time (min)

1 8.99 3412180 50.151 BB 1 9.01 1988200 8.723
2 10.24 3291659 49.849 BB 2 .19 20808160 000000091 277

6803839 100.000 . 2292 360
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Methyl (R)-3-(3-methoxyphenyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16bf] %
0  Isolated as a colorless oil: 43% yield (16bf:59bf=7.7:1)
HPLC: 91% ee. The ee is determined on a Chiralcel OD-H column

@ \ with hexanes/2-propanol = 98/2, flow = 1.0 mL/min, wavelength =220

rC}IIOOMe nm. Retention times: 16.37 min [(S)-enantiomer], 18.45 min [(R)-
enantiomer]. [a]3” = +30.4 (c 1.00, CHCl3). R¢0.19 (diethyl ether / hexanes, 1/8 )
"H NMR (CDCls, 400 MHz): § 7.26-7.22 (m, 1H), 6.97 (d, J = 7.3 Hz, 0.5H), 6.84 (d,
J =173 Hz, 0.5H), 6.83-6.75 (m, 3H), 5.12-5.06 (m, 0.5H), 5.03—4.97 (m, 0.5H), 4.23
(dd, J=2.2, 12.5 Hz, 0.5H), 4.09 (dd, J = 2.2, 12.5 Hz, 0.5H), 3.80 (s, 3H), 3.76 and
3.73 (a pair of s, 3H), 3.24 (t,J=12.3 Hz, 0.5H), 3.20 (t, J = 12.3 Hz, 0.5H), 3.00-2.91
(m, 1H), 2.31-2.25 (m, 2H).
13C NMR (CDCls, 100 MHz): § 159.8, 154.0 and 153.7 (a pair of s ), 144.6 and 144.5
(apairofs), 129.6, 125.2 and 124.8 (apairofs), 119.5, 113.1, 111.9, 106.2 and 106.0
(apairofs),55.2,53.0,47.8 and 47.5 (a pair of s ), 38.6 and 38.5 (a pair of s), 29.3
and 29.1 (a pair of s)
FTIR (KBr, neat) 72953, 1710, 1657, 1602, 1445, 1405, 1352, 1268, 1197, 1120 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H17NO;3 248.1287; Found 248.1291

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 220 nm Chrom Type: Fixed WL Chromategram, 220 nm

Absorbance (A1)
Absorbanes (AU)

Retention Time (min) Ratention Time (min)

No. RT Area Conc 1 BC

16.37 2234398 4.551 MC
18.45 46864860 95.449 MC

o
| f

17.92 21145800 49.805 BB
2 20.24 21311040 50.195 e

42456840 100.000 49099258 100.000

S
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Methyl (R)-3-(4-methoxyphenyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16bg] * ¢

o~ Isolated as a colorless oil: 86% yield (16bg:59bg=14.1:1)

O‘\ HPLC: 80% ee. The ee is determined on a Chiralcel OJ-H column
N
¢00OMe with hexanes/2-propanol = 90/10, flow = 1.0 mL/min, wavelength

= 230 nm. Retention times: 16.80min [(S)-enantiomer], 23.23 min [(R)-
enantiomer]. [a]3” = +27.3 (c 1.00, CHCls). R¢0.30 (diethyl ether / hexanes, 1/8 )
"H NMR (CDCls, 400 MHz): § 7.16-7.10 (m, 2H), 6.98 (d, J = 7.8 Hz, 0.5H), 6.87 (d,
J=8.9 Hz, 2H), 6.81 (d, /= 7.8 Hz, 0.5H), 5.12-5.07 (m, 0.5H), 5.01-4.95 (m, 0.5H),
4.19 (dd, J = 1.9, 12.5 Hz, 0.5H), 4.06 (dd, J = 1.9, 12.5 Hz, 0.5H), 3.78 (d, J = and
3.76 (a pair of s, 3H), 3.19 (t,J=12.0 Hz, 0.5H), 3.17 (t, J = 12.0 Hz, 0.5H), 2.98-2.88
(m, 1H), 2.27-2.22 (m, 2H).

13C NMR (CDCls, 100 MHz): 6 158.4, 154.0, 153.7 and 135.0 ( a pair of s ), 128.0,
125.2 and 124.7 (a pair of s ), 114.0, 106.3 and 106.1 ( a pair of s ), 55.2, 52.9, 48.1
and 47.7 (apairofs), 37.6 and 37.6 (a pair of s ), 29.4

FTIR (KBr, neat) 72953, 1711, 1658, 1515, 1445, 1404, 1351, 1251, 1205, 1118 cm ™!
HRMS (ESI-TOF) m/z: [M+H]" Calecd for C14H17NOs3 248.1287; Found 248.1291

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 230 nm Chrom Type: Fixed WL Chromatogram, 230 nm

o
.25 3 2.0 3

= 0.20 2 3 153

g E

H i E

3 0.15 3 E

H 3

H i e

H 0.10 3 H E

H 3

2 ] 3
0.05 = 0.5 =
0.00 0.0 FA NS

T T T U LA A et T -
13 16 17 18 19 20 21 22 23 24 25 26 21 2 s 16 11 1
Retenti;

on Time (min)

bsorbance (AU)

T T T T T T 1
2 23 28 25 26 21 28

Retention Time (min)

Area Cone L BC No. RT Area Cone 1 BC

Rk

16.53 4864480 50,700 MC
2 22.96 4730120 49,300 BB

16.80 3529120 9.831 BB
23.23 32370361 90.169 BB

9534600 100.000 35899481 100.000
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Methyl (R)-3-(benzo[d][1,3]dioxol-5-yl)-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16bh] " ¢

O
\
COOMe

©[O> Isolated as a colorless oil: 36% yield (16bh:59bh=9.1:1)
" O HPLC: 78% ce. The ee is determined on a Chiralcel OJ-H column
with hexanes/2-propanol = 95/5, flow = 1.0 mL/min, wavelength
= 220 nm. Retention times: 26.37min [(S)-enantiomer], 32.48 min [(R)-
enantiomer]. [a]3” = +11.2 (¢ 0.14, CHCI3). R¢0.18 (diethyl ether / hexanes, 1/8 )
"H NMR (CDCls, 400 MHz): 6 6.95 (d, J = 7.8 Hz, 0.5H), 6.82 (d, J = 7.8 Hz, 0.5H),
6.77 (d, J = 7.9 Hz, 1H), 6.74-6.65 (m, 2H), 5.94 (s, 2H), 5.06-5.09 (m, 0.5H), 4.97—
5.0 (m, 0.5H), 4.18 (d, J = 12.1 Hz, 0.5H), 4.04 (d, J = 12.1 Hz, 0.5H), 3.77 and 3.73
(a pair of s, 3H), 3.17 (t, J = 11.8 Hz, 0.5H), 3.15 (t, J = 11.8 Hz, 0.5H), 2.95-2.86 (m,
1H), 2.32-2.15 (m, 2H).
13C NMR (CDCls, 100 MHz): 6 154.0 and 153.7 ( a pair of s ), 147.8, 146.3, 136.9,
125.3and 124.8 (a pair of s ), 120.1, 108.4, 107.5, 106.2 and 106.0 ( a pair of s ), 100.9,
53.0,48.1 and 47.7 (a pair of s ), 38.3, 29.5
FTIR (KBr, neat) 72919, 1711, 1444, 1351, 1255, 1196, 1117, 1039, 805, 766 cm !
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14HisNO4 262.1079; Found 262.182

HPLC chromatogram:

rom Type: Fized WL Chromatogram, 220 nm Chrom Type: Fixed WL Chromatogram, 220 nm

Absorbance (A}
Absorbance (AU}

Retention Time (min)

cone 1 BC No. RT Area

1 27.63 19987400 50.400 B 1 26.37 2816560 11.217 BB
2 33.97 19669840 49.600 BB 2 32.48 22293200 £8.783 KC

39657240 100.000 25108760 100.000

70



Methyl (R)-3-(naphthalen-2-yl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16bi]* ¢

Isolated as a white solid: 76% yield (16bi:59bi=7.1:1)
()

HPLC: 69% ee. The ee is determined on a Chiralcel OD-H
E 0OMe column with hexanes/2-propanol = 98/2, flow = 0.6 mL/min,
wavelength = 220 nm. Retention times: 28.32 min [(S)-enantiomer], 32.11 min [(R)-
enantiomer]. [a]3” = +37.0 (¢ 1.00, CHCl3). M.p. = 109.8-115.0 °C. R;0.38 (diethyl
ether / hexanes, 1/8 )
'"H NMR (CDCls, 400 MHz): 6 7.81 (t, J = 8.1 Hz, 3H), 7.65 (s, 1H), 7.50-7.42 (m,
2H), 7.35 (d, J = 8.4 Hz, 1H), 7.03 (d, J = 7.8 Hz, 0.5H), 6.87 (d, J = 7.8 Hz, 0.5H),
5.17-5.11 (m, 0.5H), 5.08-5.01 (m, 0.5H), 4.32 (dd, J = 3.1, 12.4 Hz, 0.5H), 4.17 (dd,
J=3.1,12.4 Hz, 0.5H), 3.78 and 3.74 (a pair of s, 3H), 3.35 (t, J = 11.3 Hz, 0.5H), 3.33
(t, J =11.3 Hz, 0.5H), 3.20-3.10 (m, 1H), 2.39 (q, J = 2.3 Hz, 2H).
13C NMR (CDCls, 100 MHz): 6 154.0 and 153.7 ( a pair of s ), 140.3, 133.5, 132.4,
128.3, 127.6 and 127.6 (a pair of s ), 126.1, 125.7, 125.4, 124.9, 106.3 and 106.0 ( a
pair of s ), 53.0,47.9 and 47.5 (a pair of s ), 38.6, 29.3
FTIR (KBr, neat) ¥ 2953, 1710, 1658, 1445, 1404, 1370, 1350, 1272, 1195, 1117 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C17H17NO; 268.1338; Found 268.1341

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 220 nm

Chrom Type: Fixed WL Chromato: gram, 220 nm

Absorbance (AU)
Absorbance (AU}

1 28.00 12690228 50.400 M 1 28.32 21651049 15.339
2 3.1 12489025 49 660 MC 2 32.11 1.135E+08 84.661

25179253 100.000 1.411E+ 08 100.000
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Methyl (R)-3-(3-chlorophenyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16bj] > ¢

@\ Isolated as a colorless oil: 87% yield (16bl:59bl=11.1:1)
a ol

(Nj HPLC: 86% ee. The ee is determined on a AS-H Chiralcel column
|
COOMe with hexanes/2-propanol = 99/1, flow = 0.6 mL/min, wavelength =

220 nm. Retention times: 18.29 min [(S)-enantiomer], 15.76 min [(R)-
enantiomer]. [a]3” = +19.9 (¢ 1.00, CHCls). R¢ 0.3 (diethyl ether / hexanes, 1/8 )

"H NMR (CDCls, 400 MHz): 6 7.28-7.19 (m, 3H), 7.12-7.09 (m, 1H), 6.98 (d, J = 8.3
Hz, 0.5H), 6.84 (d, J = 8.3 Hz, 0.5H), 5.12-5.05 (m, 0.5H), 5.03-4.96 (m, 0.5H), 4.21
(d, J=10.8 Hz, 0.5H), 4.07 (d, J = 10.8 Hz, 0.5H), 3.77 and 3.74 (a pair of s, 3H), 3.24
(t, J =12.0 Hz, 0.5H), 3.21 (t, J = 12.0 Hz, 0.5H), 3.02-2.92 (m, 1H), 2.35-2.19 (m,

2H).

13C NMR (CDCls, 100 MHz): 6 153.9 and 153.6 (a pair of s), 145.0 and 144.8 (a pair
of s), 134.5, 129.9, 127.4, 127.1, 125.4, 125.0, 105.9 and 105.7 (a pair of s), 77.1,

53.1, 47.6 and 47.3 (a pair of s), 38.3, 29.1.

FTIR (KBr, neat) V2954, 1708, 1657, 1445, 1404, 1377, 1351, 1258, 1120, 697 cm !
HRMS (ESI-TOF) m/z: [M+H]" Caled for C13H14NO>Cl1 252.0791; Found 252.0795

HPLC chromatogram:

1
Absorbance (AU)

Conc 1
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Methyl (R)-3-(4-chlorophenyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16bk] "

Cl
©/ Isolated as a white solid: 72% yield (16bk:59bk=9.1:1)

O HPLC: 82% ee. The ee is determined on a Chiralcel AS-H column
N
CoOMe with hexanes/2-propanol = 99/1, flow = 1.0 mL/min, wavelength =

225 nm. Retention times: 12.51 min [(S)-enantiomer], 10.99 min [(R)-
enantiomer]. [a]3” = +26.0 (¢ 1.00, CHCl3). M.p. = 58.9-64.8 °C. R 0.38 (diethyl

ether / hexanes, 1/8 )

'H NMR (CDCls, 400 MHz): 6 7.30 (d, J = 8.3 Hz, 2H), 7.17-7.13 (m, 2H), 6.98 (d, J
= 8.4 Hz, 0.5H), 6.83 (d, J = 8.4 Hz, 0.5H), 5.10-5.06 (m, 0.5H), 5.02-4.96 (M, 0.5H),
4.19 (d, J = 12.1 Hz, 0.5H), 4.05 (d, J = 12.1 Hz, 0.5H), 3.77 and 3.74 (a pair of s, 3H),
3.23 (t, J = 11.4 Hz, 0.5H), 3.21 (t, J = 11.4 Hz, 0.5H), 3.02-2.93 (m, 1H), 2.34-2.18

(m, 2H).

13C NMR (CDCls, 100 MHz): 6 153.9 and 153.7 (a pair of s ), 141.3 and 141.2 ( a pair
of s), 132.5, 128.7 and 128.4 (a pair of s ), 125.3, 124.9, 105.9 and 105.7 ( a pair of
s ), 53.0 and 52.9 (a pair of s ), 47.6 and 47.3 ( a pair of s ), 37.9 and 37.8 ( a pair of

s),29.1and 29.0 (a pair of s)

FTIR (KBr, neat) #2954, 1711, 1658, 1446, 1404, 1379, 1351, 1268, 1204, 1120 cm"!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H14sNO,Cl 252.0791; Found 252.0793

HPLC chromatogram:
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Methyl (R)-3-(4-fluorophenyl)-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16bl] * ¢

Isolated as a colorless oil: 66% yield (16bl:59bl=8.3:1)

@\ HPLC: 87% ee. The ee is determined on a Chiralcel AS-H column
N
S00OMe with hexanes/2-propanol = 99/1, flow = 1.0 mL/min, wavelength =

225 nm. Retention times: 17.49 min [(S)-enantiomer], 15.17 min [(R)-
enantiomer]. [a]3” = +19.2 (c 1.00, CHCl3). R¢0.39 (diethyl ether / hexanes, 1/8 )
'"H NMR (CDCls, 400 MHz): 6 7.19-7.15 (m, 2H), 7.05-6.95 (m, 2H), 6.97 (d, J = 8.6
Hz, 0.5H), 6.84 (d, J = 8.6 Hz, 0.5H), 5.11-5.06 (m, 0.5H), 5.02-4.97 (m, 0.5H), 4.18
(d, J = 12.0 Hz, 0.5H), 4.05 (d, J = 12.0 Hz, 0.5H), 3.77 and 3.74 (a pair of s, 3H), 3.22
(t, J = 12.0 Hz, 0.5H), 3.19 (t, J = 12.0 Hz, 0.5H), 3.02-2.94 (m, 1H), 2.30-2.19 (m,
2H).

13C NMR (CDCls, 100 MHz): 5 162.9 and 160.5 (d, XJc.r = 240 Hz), 153.9 and 153.7
(a pair of s), 138.4, 128.58 and 128.50 (d, *Jc.e=8 Hz), 125.3 and 124.8 (a pair of s),
115.5 and 115.3 (d, Z2Jc-r= 20 Hz ), 105.8, 53.0 and 52.9 ( a pair of s ), 47.9 and 47.5
(apairofs), 37.7and 37.7 (a pair of s ), 29.3 and 29.2 ( a pair of s)

YF NMR (CDCI3, 376 MHz): 6 —116.02 and —116.14 (a pair of rotamer)

FTIR (KBr, neat) 72957, 1712, 1513, 1446, 1405, 1378, 1351, 1256, 1226, 1120 cm ™!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H;4FNO; 236.1087; Found 236.1093

HPLC chromatogram:

Chrom Type: Fixed WL Chromato gram, 225 nm Chrom Type: Fixed WL Chromatogram, 225 nm

Absorbanca (AU
Abaorhance (AU)

Retention Time (mim) Ratention Time (min)

Ha.- RT Area Cone 1 Be No. R’T Area Conc 1 BC

"

15.79 38073382 50.743 2B 1 15.17 45558201 93.588 BB
2 18.18 36957977 49.257 BB 2 17.49 3121280 6 41z o

75031359 100.000 48679481 100.000
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Benzyl (R)-5-methyl-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16ca] * ¢

@ Isolated as a colorless oil: 43% yield (16ca:59ca=5.9:1)

\O‘ HPLC: 95% ee. The ee is determined on a Chiralcel AD-H column
N
CIJOOBn with hexanes/2-propanol = 98/2, flow = 0.9 mL/min, wavelength =

220 nm. Retention times: 19.52 min [(S)-enantiomer], 17.29 min [(R)-

enantiomer]. [a]3” = +22.0 (¢ 1.00, CHCI3). Ry (diethyl ether / hexanes, 1/8 )

IH NMR (CDCls, 400 MHz): § 7.41-7.17 (m, 10H), 6.79 (s, 0.5H), 6.68 (s, 0.5H),
5.20-5.12 (m, 2H), 4.22 (dd, J = 2.3, 12.1 Hz, 0.5H), 4.07 (dd, J = 2.3, 12.1 Hz, 0.5H),
3.23 (t, J = 12.0 Hz, 0.5H), 3.17 (t, J = 12.0 Hz, 0.5H), 3.06-2.97 (m, 1H), 2.29-2.15

(m, 3H), 1.75 and 1.72 (a pair of s, 3H).

13C NMR (CDCls, 100 MHz): 6 153.3 and 153.0 ( a pair of s ), 142.9 and 142.7 ( a pair
of s ), 136.5 and 136.3 ( a pair of s ), 128.6, 128.5, 128.0, 127.2, 126.8, 125.5, 120.1
and 119.6 (a pair of s ), 115.6 and 115.2 (a pair of s ), 67.4, 47.2 and 47.1 ( a pair of
s), 38.8 and 38.6 ( a pair of s ), 34.8, 20.6

FTIR (KBr, neat) ¥ 2913, 1706, 1410, 1352, 1271, 1201, 1175, 1114, 760, 698 cm™!
HRMS (ESI-TOF) m/z: [M+H]" Caled for C20H22NO> 308.1651; Found 308.1653

HPLC chromatogram:

Chrom Type: Fixed WL Chrematogram, 220 nm Chrom Type: Fixed WL Chromatogram, 220 nm

Absorbance (AU}
Abserbance (AU)

Retention Time (min)

one 1 se MNo. RT area Conc 1 BC

1 17.33 2800800 50,703 ES) 1 17.25 29378096 97.403 Mc
2 19.57 2723120 49.297 He 2 19.52 783422 2.597 MC

5523920 100.000 30161518 100.000
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Methyl (R)-3,5-diphenyl-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16da] > ¢

|

\
COOMe

© Isolated as a colorless oil: 36% yield (16da:59da=5.2:1)

HPLC: 98% ee. The ee is determined on a Chiralcel OJ-H column
with hexanes/2-propanol = 90/10, flow = 1.0 mL/min, wavelength
= 220 nm. Retention times: 15.28 min [(S)-enantiomer], 17.36 min [(R)-
enantiomer]. [a]3” = +31.4 (¢ 1.00, CHCI3). M.p. = 55.8-67.0 °C R¢ 0.35 (diethyl
ether / hexanes, 1/8 )

"H NMR (CDCls, 400 MHz): 6 7.36-7.20 (m, 5H), 6.77 (s, 0.5H), 6.64 (s, 0.5H), 4.20
(d, J=10.5Hz, 0.5H), 4.04 (d, J = 10.5 Hz, 0.5H), 3.76 and 3.71 (a pair of s, 3H), 3.17
(t, J =11.3 Hz, 0.5H), 3.14 (t, J = 11.3 Hz, 0.5H), 3.05-2.96 (m, 1H), 2.30-2.14 (m,
2H), 1.75 and 1.73 (a pair of s, 3H).

13C NMR (CDCls, 100 MHz): § 154.2 and 153.9, 142.6, 139.7, 128.7, 128.5, 127.0,
126.4,124.5,122.6 and 122.2, 117.6, 53.2, 47.6 and 47.3, 38.6 and 38.5, 32.1 and 31.9
FTIR (KBr, neat) 72953, 1712, 1644, 1445, 1390, 1318, 1274, 1202, 756, 698 cm ™!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C19H19NO; 294.1494; Found 294.1494

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 220 nm Chrom Type: Fixed WL Chromatogram, 220 nm

bsorbance (AU}
Absorbance (atl)
L

15.33 1851004 49.358 uc
15.28 358867 0.843 MC
17.55 1899124 50.642 e 17.36 42225251 93157 ue

3750128 teo.000  4sga11s 100 .000

@
pobs | 0

Q
ro |
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Ethyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16ha] * ¢

@ Isolated as a colorless oil: 82% yield (16ia:59ia=4.1:1)

@‘\\\ HPLC: 91% ec. The ee is determined on a Chiralcel OD-H column
N
COOEt with hexanes/2-propanol = 98/2, flow = 0.8 mL/min, wavelength = 225

nm. Retention times: 11.12 min [(S)-enantiomer], 12.00 min [(R)-enantiomer]. [a]3’ =

+16.7 (¢ 1.00, CHCl3). Rr 0.33 (diethyl ether / hexanes, 1/8 )
"H NMR (CDCls, 400 MHz): § 7.37-7.20 (m, 5H), 6.98 (d, J = 7.9 Hz, 0.5H), 6.87 (d,
J=7.9Hz, 0.5H), 5.09 (t, J = 3.9 Hz, 0.5H), 4.99 (t, J = 3.9 Hz, 0.5H), 4.25-4.08 (m,
3H), 3.25 (t, J = 12.1 Hz, 0.5H), 3.20 (t, J = 12.1 Hz, 0.5H), 3.02-2.94 (m, 1H), 2.32—
2.26 (m, 2H), 1.30 (t, J = 6.8 Hz, 1.5H), 1.24 (t, J = 6.9 Hz, 1.5H).
3C NMR (CDCls, 100 MHz): 6 153.5 and 153.2, 143.0 and 142.8, 128.6, 127.1, 126.8,
125.2 and 124.9, 106.0 and 105.7, 61.8, 47.8 and 47.4, 38.6 and 38.4, 29.3, 14.5
FTIR (KBr, neat) 72985, 1710, 1658, 1411, 1379, 1339, 1266, 1116, 762, 700 cm™!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H17NO; 232.1338; Found 232.1335

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 225 nm Chrom Type: Fixed L Chromatogram, 225 nm

sorbance (AV)
Absorbance (AU}

Retention Time (min)

RT RArea Conc 1 BC

1 11.15 18747609 50.966 M 1 11.12 396513 4.3711 Mc
2 12.05 18037011 49.034 MC 2 12.00 8675804 95.629 MC

36784620 100.000 3072319 100.000
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Isobutyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16ia] >
@ Isolated as a colorless oil: 79% yield (16ja:59ja=3.6:1)

@‘\\\ HPLC: 85% ee. The ee is determined on a Chiralcel OJ-H column with

N

Loomy hexanes/2-propanol = 90/10, flow = 0.7 mL/min, wavelength = 230 nm.

Retention times: 11.12 min [(S)-enantiomer], 16.56 min [(R)-enantiomer]. [a]% =
+16.2 (¢ 0.46, CHCI3). Rf 0.56 (diethyl ether / hexanes, 1/8 )

"H NMR (CDCls, 400 MHz): § 7.36-7.20 (m, 5H), 6.99 (d, J = 8.4 Hz, 0.5H), 6.88 (d,
J = 8.4 Hz, 0.5H), 5.13-5.05 (m, 0.5H), 5.04-4.97 (m, 0.5H), 4.24 (d, J = 12.5 Hz,
0.5H), 4.10 (d, J = 12.5 Hz, 0.5H), 3.96-3.87 (m, 2H), 3.29 (t, J = 11.9 Hz, 0.5H), 3.20
(t, J=11.9 Hz, 0.5H), 3.04-2.94 (m, 1H), 2.32-2.27 (m, 2H), 0.98-0.87 (m, 7H).

13C NMR (CDCls, 100 MHz): 153.7 and 153.4, 143.1 and 142.9, 128.7, 127.2, 126.8,
125.4 and 124.9, 106.1 and 105.9, 72.0, 47.8 and 47.5, 38.6 and 38.5, 29.4, 27.9, 19.1

FTIR (KBr, neat) 72961, 1711, 1658, 1412, 1384, 1352, 1265, 1204, 1116, 700 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Caled for C16H21NO2 260.1651; Found 260.1655

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 230 nm Chrem Type: Fixed WL Chromatogram, 230 nm

Absorbance (aU)
Absorbance (AU)

Retentien Time (min) Retention Time (min}

No. RT Area Cone 1 BC  No. RT Area Conc 1 BC

1 10.40 2271440 50.807 BB 1 11.12 3168580 7.780 BB
2 15.87 2199320 49.193 MC 2 16.56 37558758 92.220 BB

4470760 100.000 40727338 100.000
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Benzyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16ja] > ¢

@ Isolated as a colorless oil: 74% yield (16ka:59ka=7.2:1)

O“\\ HPLC: 91% ee. The ee is determined on a Chiralcel IA column with
N
tooBn hexanes/2-propanol = 98/2, flow = 0.3 mL/min, wavelength = 220 nm.

Retention times: 43.44 min [(S)-enantiomer], 40.11 min [(R)-enantiomer]. [a]% =

+12.0 (¢ 1.00, CHCl3). Rr 0.35 (diethyl ether / hexanes, 1/8 )

'H NMR (CDCls, 400 MHz): 6 7.40-7.27 (m, 7H), 7.25-7.17 (m, 3H), 7.00 (d, J = 8.3
Hz, 0.5H), 6.90 (d, J = 8.3 Hz, 0.5H), 5.22-5.14 (m, 2H), 5.14-5.08 (M, 0.5H), 5.03—
4.97 (m, 0.5H), 4.25 (q, J = 5.2 Hz, 0.5H), 4.12 (q, J = 5.2 Hz, 0.5H), 3.29 (t, J = 12.2

Hz, 0.5H), 3.23 (t, J = 12.2 Hz, 0.5H), 3.04-2.93 (m, 1H), 2.31-2.25 (m, 2H).

13C NMR (CDCls, 100 MHz): 6 153.3 and 153.0, 142.9 and 142.7, 136.2, 128.6 and
128.5, 128.4, 128.1 and 128.0, 127.1, 126.8, 125.2 and 124.8, 106.5 and 106.2, 67.5,
47.8 and 47.6, 38.5 and 38.4, 29.2

FTIR (KBr, neat) v 3031, 2920, 1710, 1658, 1410, 1343, 1265, 1113, 761, 699 cm'
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C19H19NO, 294.1494; Found 294.1498

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 220 nm Chrom Type: Fixed WL Chromatogram, 220 nm

0.40 3

0.35 3

0.30 2

0.25 3 g ]

0.20 3

0.15 3

0.10 =

0.05 =

0.00 -
L0 L L) L AR AL A W
38 40 42 44 46 48 0 52

Raten

tion Time (min) Retenticn Time (min)

Absorbance (AU}
Absorbance (A}

No RT Area Cenc 1 BC Ne. RT Area Cone 1 BC

[

40.29 6525640 50.828 MC 1 40.11 47719680 95.592 MC
2 43.84 6313000 49.172 MC 43.44 2200600 4.408 MC

12838640 100.000 49920280 100.000
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(R)-1-(methylsulfonyl)-3-phenyl-1,2,3,4-tetrahydropyridine [(R)-16ka]

@ Isolated as a colorless oil: 52% yield

O‘\\\ HPLC: 94% ee. The ee is determined on a Chiralcel AD-H column
N
Ms with hexanes/2-propanol = 95/5, flow = 1.0 mL/min, wavelength =230

nm. Retention times: 20.99 min [(S)-enantiomer], 16.27 min [(R)-
enantiomer]. [a]3” = —16.4 (¢ 1.00, CHCl3). M.p. = 76.9-81.0 °C. R 0.25 (diethyl
ether / hexanes, 1/3 )

'TH NMR (400 MHz, CDCl3): 6 7.37-7.32 (m, 2H), 7.29-7.20 (m, 3H), 6.61 (d, J= 8.4
Hz, 1H), 5.17 (ddd, J=3.1, 4.9, 8.1 Hz, 1H), 3.94 (dd, J = 3.3, 12.1 Hz, 1H), 3.31 (dd,
J=10.3,11.9 Hz, 1H), 3.13-3.04 (m, 1H), 2.76 (s, 3H), 2.36-2.30 ppm (m, 2H).

13C NMR (100 MHz, CDCls): 6 142.0, 128.7, 127.1, 124.5, 107.4, 49.3, 38.1, 37.8,
28.4

FTIR (KBr, neat) ¥ 2927, 1345, 1212, 1159, 1023, 961, 793, 753, 701, 515 cm™!
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C12HisNO2S 238.0902; Found 238.0904

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 230 nm Chrom Type: Fixed WL Chromstogram, 230 nm

nnnnn

nnnnn

Absorbance (At}

nnnnn

0.0 -
T T T T T T T e e e T T T T T T [ T T T T e )
16 1 18 18 20 21 22 23 2 18 15 20
Rstention Tims (min) Rotantion Tina (min)

No. RT Area Conc 1 BC No. R’T Area Cone 1 Bc

777777 - M 1 16.27 16651560 97.076 B3
111111 49.619 MC 2 20.99 501600 2.924 BB

1531360 100.000 17153160 100.000
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(R)-3-(p-tolyl)-1-tosyl-1,2,3,4-tetrahydropyridine [(R)-16ac]

@/ Isolated as a colorless oil: 64% yield
O‘\\\ HPLC: 90% ee. The ee is determined on a Chiralcel AS-H column
?S with hexanes/2-propanol = 90/10, flow = 1.0 mL/min, wavelength =
230 nm. Retention times: 25.92 min [(S)-enantiomer], 31.55 min [(R)-
enantiomer]. [a]3” = —10.4 (¢ 1.00, CHCls). M.p. = 115.7-123.5 °C. R¢0.39 (diethyl
ether / hexanes, 1/8 )
"H NMR (CDCls, 400 MHz): § 7.66 (d, J = 8.1 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.10
(d,J=7.7Hz, 2H), 6.95 (d, J = 8.1 Hz, 2H), 6.73 (d, J = 8.4 Hz, 1H), 5.11 (td, J = 4.0,
8.0 Hz, 1H), 3.88 (dd, J = 3.5, 12.1 Hz, 1H), 2.93 (dd, J = 11.7, 11.7 Hz, 1H), 2.71-
2.61 (m, 1H), 2.44 (s, 3H), 2.31 (s, 3H), 2.15-2.1 ppm (m, 2H).
13C NMR (CDCls, 100 MHz): § 143.6, 139.1, 136.6, 135.1, 129.7, 129.3, 127.1, 126.9,
124.8, 108.2, 49.3, 37.2, 28.7, 21.5, 20.9
FTIR (KBr, neat) v 2922, 1598, 1351, 1167, 1100, 1024, 814, 678, 566, 548 cm ™!
HRMS (ESI-TOF) m/z: [M+H]" Caled for C19H21NOS 328.1371; Found 328.1371

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 230 nm Chrom Type: Fixed WL Chromatogram, 230 nm

xbance (AU)
Absorbance (AU}

LAAAR] KARA) LARAMY RARLE RAAL AARAE RaMRY MALMS RAAS) RARAD hdand | LARAAS RAMAL LAAR) RAMREAMALY NAAME AALAS RAALL RALA RAAME LAAR) RAAAL MY REMM
26 28 30 2 E 22 24 26 28 30 32 3 36
Retentisn Time {min) Ratention Time (min)

No. RT Area Conc 1 BC No. R’T Area Conc

25.92 3218400 4.830 MC
31.55 63421600 95.170 M

1 26.08 1715360 49.617 MC
2 32.32 1741840 50.383 MC

[y

3457200 100.000 66640000 100.000
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(R)-3-(3-methoxyphenyl)-1-tosyl-1,2,3,4-tetrahydropyridine [(R)-16af]

o Isolated as a colorless oil: 88% yield

@ HPLC: 90% ee. The ee is determined on a Chiralcel OD-H column

@ with hexanes/2-propanol = 90/10, flow = 1.0 mL/min, wavelength =
N
Ts 230 nm. Retention times: 12.69 min [(S)-enantiomer], 15.41 min [(R)-

enantiomer]. [a]3” = —22.3 (¢ 1.00, CHCl3). M.p. = 81.0-87.3 °C. R 0.25 (diethyl
ether / hexanes, 1/8 )

"H NMR (CDCls, 400 MHz): § 7.66 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.21
(t, J=7.9Hz, 1H), 6.77 (dd, J = 2.8, 8.4 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 6.65 (d, J =
7.6 Hz, 1H), 6.60-6.58 (m, 1H), 5.11 (td, J = 3.1, 9.7 Hz, 1H), 3.90 (dd, J = 3.4, 12.0
Hz, 1H), 3.78 (s, 3H), 2.94 (t, J = 11.7 Hz, 1H), 2.71-2.61 (m, 1H), 2.44 (s, 3H), 2.17—
2.11 ppm (m, 2H).

3C NMR (CDCls, 100 MHz): § 159.8, 143.73, 143.68, 135.0, 129.7, 127.0, 124.9,
119.3,113.2, 111.9, 108.1, 55.1, 49.1, 37.7, 28.6, 21.5

FTIR (KBr, neat) ¥ 2924, 1600, 1462, 1351, 1264, 1167, 1102, 1024, 610, 555 cm"
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C19H21NO3S 344.1320; Found 344.1322

HPLC chromatogram:

Chrom Type: Fixed WL Chreomatogram, 230 nm

Absorbance {AD)
I
Absorbance (A)

No. RT Area Conc 1 BC

12.13 s277080 c0.125 o= 1 12.69 1498800 5.197 MC
. . 2 15.41 27339718 94.803 MC
15.44 5250840 49.875 MC

o
e | F

10527920 100.000 28838518 100.000
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(R)-3-(4-fluorophenyl)-1-tosyl-1,2,3,4-tetrahydropyridine [(R)-16aj]®
F TIsolated as a colorless oil: 79% yield (16aj:59aj=8.9:1)

“\©/ HPLC: 94% ee. The ee is determined on a Chiralcel OD-H column
) with hexanes/2-propanol = 90/10, flow = 1.0 mL/min, wavelength

= 230 nm. Retention times: 12.69 min [(S)-enantiomer], 15.41 min
[(R)-enantiomer]. [a]3’ = —22.3 (¢ 1.00, CHCl3). M.p. = 90.8-100.0 °C. R 0.25
(diethyl ether / hexanes, 1/8 )
"H NMR (CDCls, 400 MHz): § 7.65 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 7.04—
6.94 (m, 4H), 6.74 (d, J = 8.4 Hz, 1H), 5.13-5.08 (m, 1H), 3.86 (ddd, J=1.4, 3.1, 12.0
Hz, 1H), 2.98-2.92 (m, 1H), 2.76-2.67 (m, 1H), 2.44 (s, 3H), 2.20-2.06 ppm (m, 2H).
13C NMR (CDCls, 100 MHz): § 163.0 and 160.5 (d, 'Jcr= 250), 143.7, 137.8, 135.0,
129.8,128.5 and 128.4 (d, *Jc.r=10), 127.0, 124.9, 115.6 and 115.4 (d, 2Jc.r=20), 107.8,
49.2,36.9, 28.7, 21.5
YF NMR (CDCI3, 376 MHz): 6 —115.67
FTIR (KBr, neat) 72925, 1600, 1513, 1351, 1226, 1168, 1100, 834, 679. 547 cm™"
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1sHisFNO>S 332.1121; Found 332.1118

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 220 nm Chrom Type: Fixed WL Chromatogram, 220 nm

Absorbance (AU)

No. RT Area Conc 1 BC No. RT Area Cone 1 BC

1 28.45 2017760 49.833 MC 1 28.40 30634480 97.034 EB
2 32.21 2031300 50.167 MC 2 32.59 236440 2.366 MC

4049060 100.000 31570920 100.000
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Formal synthesis of (+)-Preclamol [(+)-4)]

TES (10.0 eq), TFA (12.5 eq)
@\ DCM (1v/v to TES) @\ KOH (30.0 eq), EtOH/H20 (4/1)
Ou\\ O/ rt,overnight _ O‘\\\ O/ 90 °C, overnight . O"\\ O/
N 45% N 59% N

| |
COOMe COOMe H
(R)-16bf, 87% ee 65 17, 27% vyield for 2 steps
0.19 g (0.76 mmol)
Method A:

Synthesis of methyl (R)-3-(3-methoxyphenyl)piperidine-1-carboxylate (65): I’/

To a solution of (R)-16bf compound (0.76 mmol), triethylsilane (0.88 g, 7.60
mmol) in dichloromethane (1v/v to TES) was added dropwise trifluoroacetic
acid (1.08 g, 9.5 mmol) at r.t. After the addition was complete, the reaction was
stirred overnight. Then, the reaction was concentrated in vacuo to give the crude
product, which was purified by column chromatography over silica gel (hexanes
/diethyl ether : 2/1) to furnish methyl (R)-3-(3-methoxyphenyl)piperidine-1-
carboxylate 65 as colorless oil in 45% yield.

Synthesis of (R)-3-(3-methoxyphenyl)piperidine (17): I/

The methyl (R)-3-(3-methoxyphenyl)piperidine-1-carboxylate 65 (51.1 mg, 0.21 mmol)
was dissolved in EtOH/H>0 (4:1, 1.0 mL). Potassium hydroxide (0.4 g, 6.3 mmol) was
then added to a reaction mixture. After being stirred at 90°C overnight. Water and 2M
HCI was then added into the mixture was and the solution washed twice with Et,O. The
aqueous solution was basified with 2M NaOH and extracted three times with EtOAc.
Drying over Na>SO4 and evaporation of the solvent yielded crude product. Then furnish
(R)-3-(3-methoxyphenyl)piperidine 17 as yellow oil in 59% yield after running a short

pad column with CH2Cl> /MeOH = 95:5.
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TES (10.0 equiv), TFA (12.5 equiv) Na - Naphthalenide
o _~ DCM (1v/v to TES), rt, overnight v e THF, -78 °C, 0.5 h W _
S - () -
79% 58% N
H

r}l N
Ts Ts

(R)-16af, 93% ee 66 17

0.2g (0.58 mmol)
2 steps, 46% yield

Method B:

Synthesis of 3-(3-methoxyphenyl)-1-tosylpiperidine (66): I°/

To a solution of (R)-16af compound (0.58 mmol), triethylsilane (0.67 g, 7.60
mmol) in dichloromethane (1v/v to TES) was added dropwise trifluoroacetic
acid (0.82 g, 9.5 mmol) at r.t. After the addition was complete, the reaction was
stirred overnight. Then, the reaction was concentrated in vacuo to give the crude
product, which was purified by column chromatography over silica gel (hexanes
/diethyl ether : 2/1) to furnish 3-(3-methoxyphenyl)-1-tosylpiperidine 66 as white solid

in 79% yield.

Synthesis of (R)-3-(3-methoxyphenyl)piperidine (17): ?°/

Freshly prepared sodium-naphthalenide (1M in THF) (4.0 equiv) was added dropwise
to a solution of tosyl-protected amine (1.0 equiv) in THF (7 ml / mmol) at =78 °C. The
reaction mixture was stirred for 10 minutes at —78 °C and then quenched with MeOH
(3 ml / mmol amine). The solution was allowed to reach room temperature, water and
2M HCI was added and the solution washed twice with Et;O. The aqueous solution was
basified with 2M NaOH and extracted three times with EtOAc. Drying over Na>SO4
and evaporation of the solvent yielded crude product. Then purified by running a short
pad column (CH>Cl>/MeOH = 95:5) to furnish (R)-3-(3-methoxyphenyl)piperidine 17

as yellow oil in 58% yield.
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Methyl (R)-3-(3-methoxyphenyl)piperidine-1-carboxylate (65)

Isolated as a colorless oil: 45% yield
‘\\\ O/

O [a]3” = +37.36 (¢ 1.00, CHCl3). R¢0.13 (diethyl ether / hexanes,
N
CooMe 1/8")

"H NMR (400 MHz, CDCls): & 7.23 (s, 1H), 7.26-7.19 (m, 1H), 6.82 (d, J = 7.5 Hz,
1H), 6.79-6.68 (m, 2H), 4.21 (brs, 2H), 3.79 (d, J = 2.2 Hz, 3H), 3.69 (d, J = 1.4 Hz,
3H), 2.86-2.70 (m, 2H), 2.70-2.57 (m, 1H), 2.08-2.00 (m, 1H), 1.84-1.75 (m, 1H),
1.68-1.53 ppm (m, 2H).

13C NMR (100 MHz, CDCls): ¢ 159.6, 155.8, 144.8, 129.3, 119.3, 113.0, 111.6, 55.0,
52.4,50.4,44.1,42.5, 31.5, 25.3

FTIR (KBr, neat) V2936, 1704, 1602, 1444, 1410, 1260, 1159, 1049, 768, 700 cm !

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H19NO3 250.1443; Found 250.1446
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(R)-3-(3-methoxyphenyl)-1-tosylpiperidine (66)

@\ Isolated as a white solid: 79% yield

O 07 [a]¥ = —94.30 (c 1.00, CHCl3). M.p. = 119.5-125.4 °C. R¢0.13

l (diethyl ether / hexanes, 1/8 )
'H NMR (400 MHz, CDCls): 8 7.65-7.60 (m, 2H), 7.31 (d, J = 8.1 Hz, 2H), 7.23 (dd,
J=8.8, 16.8 Hz, 1H), 7.21 (s, 1H), 6.79-6.74 (m, 2H), 6.72 (d, J = 2.0 Hz, 1H), 3.90—
3.81 (m, 2H), 3.79 (s, 3H), 2.90-2.80 (m, 1H), 2.43 (s, 3H), 2.26 (dt, J = 3.1, 11.7 Hz,
1H), 2.20 (dd, J = 11.3, 11.3 Hz, 1H), 1.94 (d, J = 13.1 Hz, 1H), 1.86-1.73 (m, 3H),
1.46-1.34 ppm (m, 1H).
13C NMR (100 MHz, CDCls): 9 159.6, 144.2, 143.4, 133.1, 129.6, 127.6, 119.5, 113.2,
111.8, 55.1, 52.6, 46.4, 42.1, 30.4, 29.7, 24.9, 21.5
FTIR (KBr, neat) # 2938, 2848, 1601, 1586, 1467, 1344, 1160, 1049, 659, 550 cm!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C19H23NO3S 346.1477; Found 346.1481
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(R)-3-(3-methoxyphenyl)piperidine (17)
Isolated as a yellow oil: 59% yield

O‘\\\Q\O _ [a]3’ = —3.044 (c 1.00, CHCIl3). Rf 0.26 (CH>Cl> / MeOH,

N 95/5 )
H

'H NMR (400 MHz, CDCls): §7.22 (td, J= 8.3 and 1.2, 1H), 6.80
(d, J=7.7 Hz, 1H), 6.79-6.73 (M, 2H), 3.80 (s, 3H), 3.29 (s, 1H), 3.22 (d, J = 10.9 Hz,
1H), 3.17 (d, J = 12.7 Hz, 1H), 2.80-2.62 (m, 3H), 2.05-1.98 (m, 1H), 1.89-1.78 (m,

1H), 1.78-1.56 ppm (m, 2H).

3C NMR (100 MHz, CDCls): § 159.5, 146.1, 129.2, 119.4, 113.0, 111.3, 55.0, 53.4,
46.2, 43.8, 31.8, 26.5
FTIR (KBr, neat) v 2935, 2853, 1602, 1467, 1264, 1160, 1047, 859, 784, 699 cm ™!

HRMS (ESI-TOF) m/z: [M+H]" Calcd for C12H17NO 192.1388; Found 192.1391
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Deuterium Labelling Experiments

L3c 90%D D
10% D (H)D. D

[RhCI(C,H4),]2 (3.0 mol % Rh) (HD,,

X R D
| L3c (3.6 mol %) |
+  NaB(CeDs)s > D

N MeOH (5.0 equiv) N
COOMe CPME (0.4 M), 80 °C, 24 h COOMe
14b 15a-D (R)-16ba-D1, 61%

0.2 mmol 2.0 equiv

Method A : All the manipulations were performed under nitrogen atmosphere with
rigorous exclusion of air. To a stirred mixture of [RhCI(C2H4)2]2 (1.2 mg, 3.0 mol % of
Rh), chiral diene L3¢ (2.8 mg, 3.6 mol %), starting material 14b (27.8 mg, 0.2 mmol),
sodium tetraphenyl-ds- borate 15a-D (145 mg, 2.0 equiv) in CPME (0.5 mL) was added
anhydrous methanol (40 pL, 5.0 equiv). The reaction vial was heated at 80 °C. After 24
h, the product mixture was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexanes / diethyl ether, 20 / 1) to afford the desired

product (R)-16ba-D1.

L3c 10% D H
90% D (H)D H

[RhCI(C3H,),] (3.0 mol % Rh)

A ~N H
| L3c (3.6 mol %) |
+ NaBPh, > H

N CD30D (5.0 equiv) N
COOMe CPME (0.4 M), 80 °C, 24 h COOMe
14b 15a (R)-16ba-D2, 81%

0.2 mmol 2.0 equiv

Method B : All the manipulations were performed under nitrogen atmosphere with
rigorous exclusion of air. To a stirred mixture of [RhCI(C2H4)2]> (1.2 mg, 3.0 mol % of
Rh), chiral diene L3¢ (2.8 mg, 3.6 mol %), starting material 14b (27.8 mg, 0.2 mmol),

sodium tetraphenylborate 15a (137mg, 2.0 equiv) in CPME (0.5 mL) was added
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methanol-ds (40 pL, 5.0 equiv). The reaction vial was heated at 80 °C. After 24 h, the
product mixture was concentrated in vacuo. The residue was purified by column
chromatography on silica gel (hexanes / diethyl ether, 20 / 1) to afford the desired

product (R)-16ba-D2.

Compound (R)-16ba-D1% ¢
90% D D Isolated as a colorless oil: 61% yield (16ba-D1:59ba-
10% D (H)D D
(H)D, \<j[ DI=7.1:1)
o D
(Nj D HPLC: Enantiomeric excess is determined via derivatization

|
COOMe by compound (R)-16ba’-D1

IH NMR (400 MHz, CDCl3): § 7.22 (s, 5H), 6.97 (d, J = 8.4 Hz, 0.5H), 6.84 (d, J =8.3
Hz, 0.5H), 5.13-5.07 (m, 0.5H), 5.04-4.98 (m, 0.5H), 4.24 (g, J = 5.1 Hz, 0.5H), 4.09
(0, J = 5.2 Hz, 0.5H), 3.77 and 3.73 (a pair of s, 3H), 3.24 (t, J = 12.4 Hz, 0.5H), 3.22

(t, J = 12.6 Hz, 0.5H), 3.03-2.94 (m, 1H), 2.32-2.27 ppm (m, 2H).

Compound (R)-16ba-D2 % ¢
10%D H Isolated as a colorless oil: 81% yield (16ba-D2:59ba-
90% D (H)D H
(H)D,, D2=6.7:1)
\\\\ H
I H HPLC: Enantiomeric excess is determined via derivatization
N

|
COOMe by compound (R)-16ba’-D2

IH NMR (400 MHz, CDCls): 6 7.37-7.30 (m, 2H), 7.28-7.19 (m, 3H), 6.98 (d, J = 8.8
Hz, 0.5H), 6.84 (d, J = 8.3 Hz, 0.5H), 5.13-5.06 (m, 0.5H), 5.03-4.97 (M, 0.5H), 4.24
(d, J = 12.0 Hz, 0.5H), 4.08 (d, J = 11.8 Hz, 0.5H), 3.77 and, 3.73 (s, 3H), 3.24 (t, J =

12.3 Hz, 0.5H), 3.20 (t, J = 12.3 Hz, 0.5H), 3.00-2.93 (m, 1H), 2.32-2.28 ppm (m, 2H).

90



Derivatization from 16ba to 16ba’
Preparation of Compound 16ba’ ,16ba’-D1 and 16ba’-D2.

(Exemplified for 16ba)

(1) (Et)3SiH (10.0 equiv), TFA (12.5 equiv)
DCM (1 v/v to TES); rt, overnight
) KOH (30.0 equiv) Ph
EtOH/H20 (4/1); 90 °C, overnight

Ph 3) Et3N (2.0 equiv), TsClI (2.0 equiv), *Ph
DCM; 20 °C, overnight
3 steps derivatization ! !

11% yield
16ba 59ba 16ba’ 59ba’

COOMe COOMe

General Procedure !

To a solution of 16ba and 59ba compound, triethylsilane (10.0 equiv) in
dichloromethane (1v/v to (Et)3SiH) was added dropwise trifluoroacetic acid
(12.5 equiv) at r.t. After the addition was complete, the reaction was stirred
overnight. The reaction was concentrated in vacuo to give the crude product. Then
the crude was dissolved in EtOH/H>0O (4:1, 1.0 mL). Potassium hydroxide (30.0 equiv)
was then added to a reaction mixture. After being stirred at 90°C overnight, the solution
was extracted three times with CH2Cl,. Drying over Na>xSO4 and evaporation of the
solvent yielded crude product as yellow oil. After that, TsCl (2.0 equiv) and Et3N (2.0
equiv) was added in to the solution of crude amine and CH>Cl. After being stirred at
30°C overnight, The reaction was concentrated in vacuo to give the crude product.
The residue was purified by column chromatography on silica gel (hexanes / diethyl
ether, 10 / 1) to afford the desired mixture product 16ba’ and 59ba’ as about 11% yield

(3 steps) from 16ba and 59ba.
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(R)-3-phenyl-1-tosylpiperidine [(R)-16ba’]"®
O‘\\Ph Isolated as a white solid: 11% yield (16ba’:59ba’=4.3:1)

|}1 HPLC: 90% ee. The ee is determined on a Chiralcel AD-H column with

Ts
hexanes/2-propanol = 95/5, flow = 1.0 mL/min, wavelength = 230 nm.

Retention times: 17.73 min [(S)-enantiomer], 16.45 min [(R)-enantiomer]. [a]3 =
—85.7 (¢ 0.46, CHCI3). R 0.15 (diethyl ether / hexanes, 1/8

'"H NMR (CDCls, 400 MHz): 6 7.63 (d, J = 8.3 Hz, 2H), 7.33-7.27 (m, 4H), 7.25-7.20

(m, 1H), 7.19-7.15 (m, 2H), 3.90-3.84 (m, 2H), 2.92-2.83 (m, 1H), 2.43 (s, 3H), 2.31-

2.24 (m, 1H), 2.23 (s, 1H), 2.22 (dd, J = 11.2, 11.2 Hz, 1H), 1.95 (ddd, J = 3.4, 4.8, 9.7

Hz, 1H), 1.88-1.74 (m, 2H), 1.42 ppm (qd, J = 5.5, 25.1 Hz, 1H)

13C NMR (100 MHz, CDCls): § 143.4, 142.6, 133.4, 129.6, 128.6, 127.7, 127.2, 126.9,

52.7,46.4,42.1, 30.5, 25.0, 21.5

FTIR (KBr, neat) ¥ 2936, 1600, 1346, 1166, 1092, 765, 701, 658, 568, 552 cm™!

HRMS (ESI-TOF) m/z: [M+H]" Caled for CisH21NO2 316.1371; Found 316.1373

HPLC chromatogram:

: Fixed WL Chromato m Chrom Type: Fixed WL Chromatogram, 230 nm

Chrom Type gram, 230 m
0.20
015 1
0.10
0.05
0.00
T T T T T T T T T
M5 16 1 1 13 20 a2 oz

Retention Time (min) Ratention Tise (sin)

Kbsorbance (M)

Absorbance {AU)

e B B 0w 0w

S
;>
5

2m

T L L L Rt ALl AL M |
ETIE 1Y 1w oas 1 19 20 21

Area Cone 1 BC Ne. RT Area Conc 1 BC

1 16.11 2226473 50.100 EE 16.45 16655539 95.058 MC
2 17.31 2217606 49,900 BB 2 17.73 865920 4.942 MC

-

4444079 100.000 17521459 100.000
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(S)-3-phenyl-1-tosylpiperidine [(S)-16ba’]®
Isolated as a white solid: 11% yield

(Nj’ HPLC: —87% ee. The ee is determined on a Chiralcel AD-H column with

|
Ts hexanes/2-propanol = 95/5, flow = 1.0 mL/min, wavelength = 230 nm.

Retention times: 19.87 min [(S)-enantiomer], 18.45 min [(R)-enantiomer]. [a]3’ =

9.7 (¢ 0.55, CHCl5).

HPLC chromatogram:

X Chrom Type: Fixed WL Chromatogram, 230 nm
Chrom Type: Fixed WL Chromatogram, 230 nm

0.20 1.4 -
1.2 -
015 _
g 2
2 £
: [
g 0.10 g
£ £
H
g i
2 0.05
0.00
) T T T T (i T T e T LA AL AaLM ) T T LI st
15 16 17 1 1 20 21 22 23 2 28 18 1% 1 18 1 20 21 22 23 a
Retention Time (xin) Retention Time (min)
to. RT Area cone 1 o Mo RT Area Conc 1 BC
1 16.11 2226473 50.100 BE 1 18.45 1178680 6.656 MC
2 17.31 2217606 49.900 BB 2 19.87 16529120 93.344 v
1444079 100.000 17707800 100000
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Compound (R)-16ba’-D1°
D Isolated as a white solid: yield (16ba’-D1:59ba’-D1=16.7:1)

(H)D,,(H)D X 0 HPLC: 87% ee. The ee is determined on a Chiralcel OD-H

(Nj“ D 0 column with hexanes/2-propanol = 90/10, flow = 0.7 mL/min,

Ts wavelength = 230 nm. Retention times: 15.87 min [(S)-

enantiomer], 13.55 min [(R)-enantiomer].
"H NMR (400 MHz, CDCls): 6 7.62 (d, J = 8.1 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 3.90—
3.83 (m, 2H), 2.88 (tt, J = 3.8, 11.7 Hz, 1H), 2.42 (s, 4H), 2.27 (dt, J = 3.4, 11.6 Hz,
2H), 2.21 (t, J = 11.2 Hz, 1H), 1.98-1.91 (m, 1H), 1.89-1.70 ppm (m, 2H).
HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1gH;7DsNO,S 321.1685; Found 321.1689

HPLC chromatogram:

Chrom Type: Fixed WL Chromatogram, 230 nm
Chrom Type: Fixed WL Chromatogram, 230 nm

Absorbance (A
Absorbance (AU}

5 3
o T T T T
lllllllllll
™ T LA T 1
10 12 22 1%
Ra Time (mi Ret ima (min)
0. Ce 1 c
No. RT Area Conc 1 BC
1 14.45 6008538 50.505 BB é }2-23 zfggizgg 92222 gg
2 le.88 5888461 49.495 BB - N
26483360 100.000

11896999 100.000

94



Compound (R)-16ba’-D2 "

H Isolated as a white solid
H

(H)D
(H)D,,
3 N
oy
H
N
Ts

enantiomer], 13.60 min [(R)-enantiomer].

wavelength = 230 nm. Retention times:

HPLC: 82% ee. The ee is determined on a Chiralcel OD-H

column with hexanes/2-propanol = 90/10, flow = 0.7 mL/min,

15.84min  [(S)-

'H NMR (400 MHz, CDCls): ¢ 7.63 (d, J = 7.0 Hz, 2H), 7.30 (s, 5H), 7.35-7.23 (m,

5H), 7.17 (d, J = 7.7 Hz, 2H), 3.91-3.83 (m, 2H), 2.98-2.85 (m, 1H), 2.43 (s, 3H),

2.31-2.18 (M, 2H), 1.96-1.73 ppm (m, 2H).

HRMS (ESI-TOF) m/z: [M+H]" Calcd for Ci1sH21DNO,S 317.1434; Found 317.1434

HPLC chromatogram:

Fixed WL Chromatogram, 230 nm

Chrom Type:

Absorbance (AU}
Absarbance (Af)

Chrom Type: Fixed WL Chromato gram, 230 nm

Ho. RT Area Conc 1 BC No. RT Area

Retantion Time (min)

Conc 1 BC

13.60
15.84

25072614
24344886

50,785 MC 1
49,215 M H

14.75
2 17.12

5306620
5142520

91.150 BV
8.850 MC

10449140 100.000 27507100

100.000

¢ The combined yield of 16, 59+60 and 14, and the ratio is determined by 'H NMR

spectrum.

> The combined yield of (R)-16: 59, and the ratio is determined by 'H NMR spectrum.

“'H and *C NMR spectra contain conformational isomers, which is caused by the

restricted C—N bond rotation around the carbamate group.
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(R)-Methyl 3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate [(R)-16ba]
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Table 1. Crystal data and structure refinement for d22135.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.05°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

d22135

C18HI9NO2S

313.40

200(2) K

0.71073 A

Orthorhombic

P212121

a=15.5995(2) A =90°.
b =10.6401(5) A =90°.
¢ =26.7550(12) A =90°,
1594.04(12) A3

4

1.306 Mg/m?

0.210 mmt

664

0.24 x 0.05 x 0.01 mm?

2.98 t0 25.05°.

-6<=h<=5, -12<=k<=12, -31<=I<=31
9664

2809 [R(int) = 0.0348]

99.0 %

multi-scan

0.9979 and 0.9514

Full-matrix least-squares on F2
2809/0/200

1.007

R1=0.0342, wR2 = 0.0777
R1=0.0418, wR2 = 0.0827

-0.03(8)

0.219 and -0.170 e.A 3
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Table 2.  Atomic coordinates ( x 104) and equivalent isotropic displacement parameters (A 2x 103)
for d22135. U(eq) is defined as one third of the trace of the orthogonalized U' tensor.

X y z U(eq)
CQ1) 5438(4) 5145(2) 2933(1) 35(1)
C(2) 5892(4) 6181(2) 2631(1) 45(1)
C(3) 7593(5) 6080(3) 2257(1) 51(2)
C(4) 8849(4) 4988(3) 2185(1) 51(2)
C(5) 10741(5) 4888(4) 1780(1) 85(1)
C(6) 8390(5) 3973(3) 2492(1) 54(1)
C(7) 6687(5) 4049(2) 2870(1) 45(1)
C(8) 5130(4) 7180(2) 3910(2) 42(1)
C©9) 6700(5) 7698(2) 4218(1) 42(1)
C(10) 8156(4) 6954(2) 4579(1) 38(1)
C(11) 7016(4) 5666(2) 4666(1) 30(1)
C(12) 6431(4) 5068(2) 4162(1) 32(1)
C(13) 8560(3) 4837(2) 4996(1) 29(1)
C(14) 10674(4) 4316(2) 4823(1) 36(1)
C(15) 12116(4) 3613(2) 5136(1) 41(1)
C(16) 11473(4) 3420(2) 5630(1) 41(1)
C(17) 9388(4) 3917(2) 5803(1) 45(1)
C(18) 7928(4) 4622(2) 5490(1) 37(1)
N(1) 4682(3) 5871(2) 3901(1) 35(1)
0(1) 2595(3) 4031(2) 3551(1) 49(1)
0(2) 1550(3) 6177(2) 3269(1) 54(1)
S(1) 3301(1) 5274(1) 3414(1) 39(1)
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Table 3.  Bond lengths [A] and angles [°] for d22135.

C(1)-C(7) 1.371(3)
C(1)-C(2) 1.391(3)
C(1)-S(1) 1.763(2)
C(2)-C(3) 1.385(3)
C(2)-H(2) 0.9500
C(3)-C(4) 1.372(3)
C(3)-H(3) 0.9500
C(4)-C(6) 1.382(4)
C(4)-C(5) 1.518(3)
C(5)-H(5A) 0.9800
C(5)-H(5B) 0.9800
C(5)-H(5C) 0.9800
C(6)-C(7) 1.392(3)
C(6)-H(6) 0.9500
C(7)-H(7) 0.9500
C(8)-C(9) 1.325(3)
C(8)-N(1) 1.415(3)
C(8)-H(8) 0.9500
C(9)-C(10) 1.491(3)
C(9)-H(9) 0.9500
C(10)-C(11) 1.529(3)
C(10)-H(10A) 0.9900
C(10)-H(10B) 0.9900
C(11)-C(13) 1.517(3)
C(11)-C(12) 1.527(3)
C(11)-H(11) 1.0000
C(12)-N(1) 1.476(2)
C(12)-H(12A) 0.9900
C(12)-H(12B) 0.9900
C(13)-C(14) 1.387(3)
C(13)-C(18) 1.388(3)
C(14)-C(15) 1.384(3)
C(14)-H(14) 0.9500
C(15)-C(16) 1.383(3)
C(15)-H(15) 0.9500
C(16)-C(17) 1.363(3)
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C(16)-H(16)
C(17)-C(18)
C(17)-H(17)
C(18)-H(18)
N(1)-S(2)
0(1)-S(1)
0(2)-S(1)

C(7)-C(1)-C(2)
C(7)-C(1)-s(1)
C(2)-C(1)-s(1)
C(3)-C(9)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(4)-C(3)-C(2)
C(4)-C(3)-H()
C(2)-C(3)-H()
C(3)-C(4)-C(6)
C(3)-C(4)-C(5)
C(6)-C(4)-C(5)

C(4)-C(5)-H(5A)
C(4)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(4)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)

C(4)-C(6)-C(7)
C(4)-C(6)-H(6)
C(7)-C(6)-H(6)
C(1)-C(7)-C(6)
C(1)-C(7)-H(7)
C(6)-C(7)-H(7)
C(9)-C(8)-N(1)
C(9)-C(8)-H(8)
N(1)-C(8)-H(8)
C(8)-C(9)-C(10)
C(8)-C(9)-H(9)
C(10)-C(9)-H(9)

0.9500
1.390(3)
0.9500
0.9500
1.6428(17)
1.4284(16)
1.4271(16)

120.6(2)
120.19(16)
119.15(17)
118.9(2)
120.5
120.5
121.4(2)
119.3
119.3
118.9(2)
121.2(3)
120.0(3)
109.5
109.5
109.5
109.5
109.5
109.5
120.9(2)
119.5
119.5
119.3(2)
120.4
120.4
122.5(2)
118.7
118.7
123.0(2)
118.5
118.5
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C(9)-C(10)-C(11)
C(9)-C(10)-H(10A)

C(11)-C(10)-H(10A)

C(9)-C(10)-H(10B)

C(11)-C(10)-H(10B)
H(10A)-C(10)-H(10B)

C(13)-C(11)-C(10)
C(13)-C(11)-C(12)
C(10)-C(11)-C(12)
C(13)-C(11)-H(11)
C(10)-C(11)-H(11)
C(12)-C(11)-H(11)
N(1)-C(12)-C(11)
N(L)-C(12)-H(12A)

C(11)-C(12)-H(12A)

N(1)-C(12)-H(12B)

C(11)-C(12)-H(12B)
H(12A)-C(12)-H(12B)

C(14)-C(13)-C(18)
C(14)-C(13)-C(11)
C(18)-C(13)-C(11)
C(15)-C(14)-C(13)
C(15)-C(14)-H(14)
C(13)-C(14)-H(14)
C(14)-C(15)-C(16)
C(14)-C(15)-H(15)
C(16)-C(15)-H(15)
C(17)-C(16)-C(15)
C(17)-C(16)-H(16)
C(15)-C(16)-H(16)
C(16)-C(17)-C(18)
C(16)-C(17)-H(17)
C(18)-C(17)-H(17)
C(17)-C(18)-C(13)
C(17)-C(18)-H(18)
C(13)-C(18)-H(18)
C(8)-N(1)-C(12)
C(8)-N(1)-S(1)

110.33(18)
109.6
109.6
109.6
109.6
108.1
111.86(16)
113.13(15)
109.10(16)
107.5
107.5
107.5
108.62(15)
110.0
110.0
110.0
110.0
108.3
117.96(19)
121.72(17)
120.27(17)
120.82(19)
119.6
119.6
120.5(2)
119.8
119.8
119.3(2)
120.3
120.3
120.5(2)
119.7
119.7
120.9(2)
119.5
119.5
116.37(17)
118.54(14)
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C(12)-N(1)-S(1) 117.64(13)

0(2)-S(1)-0(1) 120.23(11)
0(2)-S(1)-N(2) 106.18(10)
0(1)-S(1)-N(2) 106.56(9)

0(2)-S(1)-C(1) 108.67(10)
0(1)-S(1)-C(1) 107.64(10)
N(L)-S(1)-C(1) 106.83(10)

Symmetry transformations used to generate equivalent atoms:
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Table 4.

displacement factor exponent takes the form: -2 2[ hZ2a*2U + ... + 2 h k a* b* U12]

Anisotropic displacement parameters (A 2x 103)for d22135.  The anisotropic

Ull U22 U33 U23 U13 U12
c(1) 40(1) 41(1) 23(1) -1(1) -6(1) 0(1)
c(2) 57(2) 45(1) 33(1) 1(1) 7(1) -1(1)
C(3) 61(2) 62(2) 30(1) 6(1) -4(1) -13(1)
C(4) 45(1) 81(2) 27(1) -10(1) -3(1) -7(1)
C(5) 59(2) 152(3) 45(2) -11(2) 11(1) -6(2)
C(6) 55(2) 62(2) 45(1) -16(1) -6(1) 13(2)
c(7) 57(1) 45(1) 34(1) -2(1) -3(1) -1(1)
C(8) 51(1) 38(1) 36(1) 2(1) 3(1) 9(1)
C(9) 50(1) 31(1) 43(1) 3(1) 7(1) 0(1)
C(10) 42(1) 35(1) 38(1) -4(1) 2(1) -2(1)
C(11) 28(1) 35(1) 27(1) -2(1) 5(1) -2(1)
C(12) 35(1) 35(1) 26(1) -2(1) 0(1) 4(1)
C(13) 30(1) 30(1) 29(1) -3(1) 0(1) -5(1)
C(14) 32(1) 45(1) 32(1) 3(1) 1(1) -2(1)
C(15) 34(1) 39(1) 49(1) 0(1) -2(1) -1(1)
C(16) 46(1) 34(1) 42(1) 5(1) -11(1) -5(1)
c(17) 51(1) 53(1) 30(1) 4(1) -2(1) 7(1)
C(18) 36(1) 46(1) 30(1) -2(1) 3(1) -2(1)
N(L) 41(1) 38(1) 27(1) -2(1) -5(1) 2(1)
o(1) 53(1) 56(1) 37(1) 0(1) -4(1) -20(1)
0(2) 42(1) 75(1) 45(1) 2(1) -8(1) 16(1)
S(1) 37(1) 51(1) 29(1) 0(1) -4(1) -1(1)
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Table 5.  Hydrogen coordinates ( x 104) and isotropic displacement parameters (A 2x 103)
for d22135.

X y z U(eq)
H(2) 5049 6946 2680 54
H(3) 7895 6781 2046 61
H(5A) 10230 4277 1528 128
H(5B) 12252 4613 1929 128
H(5C) 10963 5711 1622 128
H(6) 9249 3212 2445 65
H(7) 6394 3349 3081 54
H(8) 4271 7708 3687 50
H(9) 6909 8584 4208 50
H(10A) 8270 7412 4900 46
H(10B) 9791 6843 4445 46
H(11) 5473 5806 4846 36
H(12A) 7901 4988 3959 39
H(12B) 5756 4217 4213 39
H(14) 11139 4443 4485 43
H(15) 13558 3261 5012 49
H(16) 12474 2945 5845 49
H(17) 8930 3782 6141 54
H(18) 6479 4960 5616 45
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!H NMR spectrum of Methyl 5-phenylpyridine-1(2H)-carboxylate (14d)

7.4318
7.4127
7.3805
7.3710
7.3653
7.3524
7.3484
7.3326
7.2862
7.2829
7.2793
7.2650
7.2596
7.2553
7.2475
6.9175
6.8982
6.7830
6.7641
6.3459
6.3310
5.4283
5.4119
5.3956
5.3693
5.3526
5.3353
4.7344
4.7165
3.8331
3.8197

fé\\\.&x\\t\

Ph

AN

N

|
COOMe

4.3224
1.0925
0.9188

1.0606

1.0001

2.1321

3.2948

Current Data Parameters

NAME 2021-13C
EXPNO 103
PROCNO 1

F2 - Acquisitien Parameters
Date_ 20210706

Time 18.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 78.51

DW 69.333 usec
DE 10.06 usec
TE 294.9 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MH=z
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
SI 32768

SF 400.1300116 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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I3C NMR spectrum of Methyl 5-phenylpyridine-1(2H)-carboxylate (14d)

Current Data Parameters

NAME 2021-13cC
EXPNOC 105
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210706
Time 19.54
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG deptl135

D 32768
SOLVENT cDCl3

NS 159

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use:
DE 6.50 use
TE 298.2 K
CNST2Z 145.0000000

Dl 2.00000000 sec
D2 0.00344828 sec
Dlz 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFO1 100.6233319 MHz
NUC1 13¢C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MH=z
NuUc2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2Z 90.00 use
PLWZ 12.50000000 W
PLW1Z 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127753 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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7.6775
7.6568
7.3349
7.3151
7.2981
7.2792
7.2607
7.2549
7.2514
7.2333
7.0730
7.0693
7.0517
6.7549
6.7341
5.1451
5.1347
5.1250
5.1143
5.1051
3.9227
3.9145
3.8928
3.8843
2.9810
2.9519
2.9226
2.7290
2.7202
2.7119
2.7014
2.6889
2.6795
2.6606
2.6518
2.4463
2.1763
2.1713
2.1671
2.1620
2.1537
2.1464
2.1406

Current Data Parameters
é/&\ Z %%&L NAME > benzyl py—te

EXPNO 3
PROCNO 1
F2 - Acguisition Parameters
Date_ 20200314
Time 10.22
oY Ph INSTRUM spect
_ PROBHD 5 mm PABBO BB/
PULPROG zg30
N TD 32768
| SOLVENT CDC13
NS 4
Ts DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 177.16
DW ©9.333 usec
DE 10.06 usec
TE 294.0 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOLl 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.399999%62 W
F2 — Processing parameters
SI 32768
SF 400.1300094 MH=z
WDW EM
S5SB 0
LB 0 Hz
GB 0
FL‘ s pC 1.00
" U L J ?L_,L .gr!krai__r

!H NMR spectrum of (R)-3-phenyl-1-tosyl-1,2,3,4-tetrahydropyridine [(R)-16aa]
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0.9880
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3.1836
1.9814
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3C NMR spectrum of (R)-3-phenyl-1-tosyl-1,2,3,4-tetrahydropyridine [(R)-16aa]
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Current Data Parameters

NAME 2021-13cC
EXPNO 36
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210619
Time 21.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

D 32768
SOLVENT CcDC13

NS 80

Ds 8

SWH 24038.461 H=z
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use:
DE 6.50 use
TE 299.1 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
plz 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFO1 100.6233319 MHz
NUC1 13¢C

Pl 10.00 use:
P2 20.00 use:
PLW1 49.50000000 W
======== CHANNEL {2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127762 MHz
WDW EM

SSB o]

LB 2.00 Hz
GB 0

PC 1.00
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7.3552
7.3368
7.3183
7.2691
7.2594
7.2512
7.2284
7.2247
7.2069
6.9914
6.9700
6.8486
6.8282
5.1120
5.1013
5.0913
5.0186
5.0097
5.0009
4.2561
4.2496
4.2243
4.2182
4.1122
4.0814
3.7735
3.7311
3.2438
3.2113
3.1803
3.0224
3.0129
3.0065
2.9970
2.9891
2.9830
2.9700
2.9614
2.9543
2.9448
2.3100
2.3023
2.2968
2.2858
2.2794
2.2726

Current Data Parameters
r;//ﬁ%_%/if/{%{%&& NAME Gram scale

EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210529
Time 15.29
._,_U—.- INSTRUM spect
_ PROBHD 5 mm PABBO BB/
PULPROG zg30
N D 32768
| SOLVENT CDC13
COOMe NS 4
D3 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31
DW 69.333 usec
DE 10.06 usec
TE 294.7 K
D1l 2.00000000 sec
TDO 1

======== CHANNEL fl1 ========

'H NMR spectrum of (R)-Methyl 3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16ba]

SFOl 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
ST 32768
SF 400.1300099 MH=z
WDW EM
SS8B 0
LB 0 Hz
s “ i _ _ GE 0
Bl j; : _\_ : ﬁ PC 1.00
WL EELN UL W U WA A
..... I e I T L LI o AR m s REBRARS S s s
10 9 8 7 6 5 4 3 2 1 ppm
@| (e I~ | (e [N o
O™ [ve] [ IRl - N [=)
||~ wH [=IE N D ©
| [ [=] Q| o (=111 o
ol |~ - - | - O o
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3C NMR spectrum of (R)-Methyl 3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16ba]
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Current Data Parameters

NAME 2021-13c¢
EXPNO 38
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210619
Time 21.41
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDC13

Ns 116

DS 8

SWH 24038.46l1 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

pwW 20.800 use
DE 6.50 use
TE 298.9 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
—======= CHANNEL fl =======
sFol 100.6233319 MHz
NUC1 13cC

Pl 10.00 use
P2 20.00 use
PLW1 49.,50000000 W
======== CHANNEL f2 =======
SFo2 400.1316005 MHz
NUC2 1H
CPDPRG([2 waltzlé

P3 15.00 use
P4 30.00 use:
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
sI 32768

SF 100.6127797 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB Q

PC 1.00
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'H NMR spectrum of Methyl (R)-3-(m-tolyl)-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16bb]

MOOCOoOWYWNROOHDIFNMMPWVWOIOANOAOTORNNANTEHOOOAINOOTMOANOWOHIIN WO
TOF OO LFNNNAC YNNI ESCOONTHONO- 00N 0O ®OMN®O ®T
TTNOFHNNOOWYWISTNOONOF OO N ITNHOOORMNITNOITOITNNOO T @
2220000998810000092222110077222111999999932
n....-..r-..r-....—r..77666655555544_444444433333333222222222
Current Data Parameters
rgygg_&.\\% NAME new-cocme-substrate-B
EXPNOC 27
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210113
Time 11.11
INSTRUM spect
PROEBHD 5 mm PABBO BB/
PULPROG zg30
. TD 32768
" SOLVENT cDCl3
@ NS 4
N Ds 0
| SWH 7211.539 Hz
COOMe FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09
bW 69.333 usec
DE 10.06 usec
TE 292.2 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFol 400.1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.3998999%62 W
F2 - Processing parameters
SI 32768
SF 400.1300094 MHz
WDW EM
SSB 0
LB 0 Hz
‘_ GB 0
) 7 PC 1.00
__; i T L ._ :
W (,., L., _‘ _l_,_i.{ ,ﬁs((.L __,_‘ r(v'l,\zr‘}u_{_f{rtpilfl!ell!‘\krl!!.
I I T T I I I I I I
9 8 7 6 5 4 3 2 1 ppm
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2.0755
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3C NMR spectrum of Methyl (R)-3-(m-tolyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bb]
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Current Data Parameters

NAME 2021-13¢
EXPNO 51
PROCNO 1

F2 - Acquisition Parameters

Date_ 20210622
Time 11.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptl135

TD 32768
SOLVENT CDC13

NS 100

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

Dw 20.800 use
DE 6.50 use
TE 299.0 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
Dl2 0.00002000 sec
TDO 1
======== CHANNEL f1 =======
SFOl 100.6233319 MH=z
NUC1 13C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLWl12 0.34722000 W
F2 - Processing parameters
SI 32768

S 100.6127806 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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'H NMR spectrum of Methyl (R)-3-(p-tolyl)-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16bc]

7.1525
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5.0032
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ﬁ
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Y
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2.9814
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2.9485
2.9423
2.9292
2.9203
2.9134
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2.2744
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2.2672
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o —
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W —
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Current Data Parameters

NAME new—coome—-substrate-B
EXPNO 34
PROCNO 1

F2 - Acguisition Parameters
Date_ 20210121
Time 10.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 1

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

DW 69.333 usec
DE 10.06 usec
TE 297.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFol 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
sI 32768

SF 400.1300138 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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3C NMR spectrum of Methyl (R)-3-(p-tolyl)-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16bc]
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Current Data Parameters

NAME 2021-13cC
EXPNO 55
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210622
Time 11.41
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CcDC13

NS 138

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 299.0 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFO1 100.6233319 MHz
NucCl 13cC

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 w
PLW12 0.34722000 W

F2 - Processing parameters

ST
SF
WDW
SSB
LB
GB
PC

32768

100.6127766 MHz

EM

0
2.00 Hz

0

1.00
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'H NMR spectrum of Methyl (R)-3-(4-(tert-butyl)phenyl)-3,4-dihydropyridine-

1(2H)-carboxylate [(R)-16bd]
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Current Data Parameters

NAME new—coome-substrate-B
EXPNO 38
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210126
Time 20.19
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG z2g30

TD 32768
SOLVENT CDC13

NS 4

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.,2719147 sec
RG 57.42

DW 69.333 usec
DE 10.06 usec
TE 294.8 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
SI 32768

SF 400.1300121 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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3C NMR spectrum of Methyl (R)-3-(4-(tert-butyl) phenyl)-3,4-dihydropyridine-

1(2H)-carboxylate [(R)-16bd]
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Current Data Parameters

NAME 2021-13¢C
EXPNOC 59
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210622
Time 12.08
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDC13

NS 62

Ds 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 298.7 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
pi2 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFOl 100.6233319 MHz
NUC1 13c

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127784 MHz
WDW EM

SSB Q

LB 2.00 Hz
GB 0

PC 1.00
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'H NMR spectrum of Methyl (R)-3-(3,5-dimethylphenyl)-3,4-dihydropyridine-

1(2H)-carboxylate [(R)-16be]
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Current Data Parameters

NAME new-coome—-substrate-B
EXPNO 61
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210407

Time 14.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42

DW 69.333 usec
DE 10.06 usec
TE 294.2 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOl 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999%62 W
F2 - Processing parameters
ST 32768

SF 400.1300120 MH=z
wowW EM

SEB 0

LB 0 Hz
GB 0

BC 1.00
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3C NMR spectrum of Methyl (R)-3-(3,5-dimethylphenyl)-3,4-dihydropyridine-

1(2H)-carboxylate [(R)-16be]
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Current Data Parameters

NAME 2021-13cC
EXFNO 99
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210629
Time 6.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptl135

TD 32768
SOLVENT CDC13

NS 1000

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DwW 20.800 use
DE 6€.50 use
TE 296.3 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 seec
TDO 1

======== CHANNEL fl =======

SFO1 100.6233319 MHz
NUC1 13¢C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL £f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG([2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 w
PLW12 0.34722000 W
F2 - Processing parameters
s 32768

SF 100.6127740 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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!H NMR spectrum of Methyl (R)-3-(3-methoxyphenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bf]
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L L Current Data Parameters
——— -&&l‘r\; NAME new-coome—-sgubstrate-B
EXPNO 49
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210225
Time 16.48
~o INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30
TD 32768
o SOLVENT CDC13
E”)Mw NS 4
DS 0
N SwH 7211.539 Hz
COOMe FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42
oW 69.333 usec
DE 10.06 usec
TE 296.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
SI 16384
SF 400.1300094 MHz
wWDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
\F;\C M fn,, _,,+i|\_\,@_. LT
..... R o e T e e B e B e B
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3C NMR spectrum of Methyl (R)-3-(3-methoxyphenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bf]
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Current Data Parameters

NAME 2021-13cC
EXPNO 15
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210615
Time 21.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CcDC13

NS 20

D3 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 298.2 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D1z 0.00002000 sec
TDO 1
======== CHANNEL f1l =======
SFOl 100.6233319 MHz
NUC1 13C

Pl 10.00 use
P2 20,00 use
PLW1 49,50000000 W
======== CHANNEL {2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6

P3 15.00 use
P4 30,00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127740 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

BC 1.00
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Current Data Parameters
féfﬁ%yj/% NAME 2021-13¢
EXPNO 61
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210622
fe} Time 21.03
~ INSTRUM spect
PROBHD 5 mm PABBO BB/
o PULPROG zg30
S TD 32768
SOLVENT CDC13
N NS 4
! DS 0
COOMe SWH 7211.53% Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 45.15
DW 69.333 usec
DE 10.06 usec
TE 297.6 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFol 400.1324008 MH=z
NUcCl 1H
Pl 15.00 usec
PLW1 11.39999%9%962 W
F2 - Processing parameters
ST 32768
SF 400.1300103 MH=z
WDW EM
SSB Q
LB 0 Hz
GB 0
PC 1.00
ICC . A S FE,LR__;[? L_ [T T

!H NMR spectrum of Methyl (R)-3-(4-methoxyphenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bg]
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3C NMR spectrum of Methyl (R)-3-(4-methoxyphenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bg]
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Current Data Parameters

NAME 2021-13¢
EXENO 63
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210622
Time 21.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptl135

TD 32768
SOLVENT CDC13

NS 100

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 298.6 K
CNST2 145,0000000

Dl 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL f] =======
SFO1 100.6233319 MHz
NUC1 13C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SF02 400.1316005 MHz
NUc2 1H
CPDPRG([2 waltzl6

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 w
PLW12 0.34722000 W
F2 - Processing parameters
sI 32768

SF 100.6127775 MHz
WDW EM

SEB 0

LB 2.00 Hz
GB 0

PC 1.00

127



OO HOITNONARTOVOONMNOUE A O A TOFIONVIADONMNOO N0
FEFOTTNOMNMOOMNHONNOEMNMOOOON AN OOHAO TNV MNMONIDNYO
oo o~OYNMMbOoOOOVUNNVYMNMEEYATFOONONOOROCOFO T NNITOMN-HOOONO™OW
OOV OYVOVWOUYOYUWNROR IO O DT HOOOOAANWOOONMNNNNNNNNAAAAAA
WOOUWOUWOUWOVWOVVOVOVLLIITIIITNONOMNONNNNNNNNNNNNNNNNNNNNNNNWN

Current Data Parameters
—— % Cuzs cameters

EXPNO 16
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210615

0o Time 22.09
INSTRUM spect

Q v PROBHD 5 mm PABBO BB/
N O PULPROG zg30

7 TD 32768
SOLVENT CDC13

'H NMR spectrum of Methyl (R)-3-(benzo[d][1,3]dioxol-5-yl)-3,4-dihydropyridine-

1(2H)-carboxylate [(R)-16bh]

2 NS 4
DS o]
COOMe SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 99.72
DW 69.333 usec
DE 10.06 usec
TE 298.4 K
D1l 2.00000000 sec
TDO 1
======== CHANNEL fl1 ========
SFO1 400,1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
ST 32768
SF 400.1300090 MHz
WDW EM
SS8B 0
LB 0 Hz
I GB 0
— _ r PC 1.00
e &rlfk%lLB?f}i!%ffLW>>|?[}lii@F?f\tf%%l|\!}fiibiifb
..... I o I L e e o ML B e R
10 9 8 7 6 5 4 3 2 1 ppm
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3C NMR spectrum of Methyl (R)-3-(benzo[d][1,3]dioxol-5-yl)-3,4-dihydropyridine-

1(2H)-carboxylate [(R)-16bh]
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Current Data Parameters

NAME 2021-13cC
EXPNO 17
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210621
Time 5.34
INSTRUM spect
FPROBHD 5 mm PABBO BB/
PULPROG deptl35

TD 32768
SOLVENT cpcl3

NS 900

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 293.7 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFOl 100.6233319 MHz
NUC1 13cC

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFoz2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW1Z 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127725 MHz
WDW EM

SEB 0

LB 2.00 Hz
GB 0

EC 1.00
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7.8241
r7.8024

Current Data Parameters

NAME new-coome-substrate-B
EXPNO 55
PROCNO 1
F2Z - Acquisition Parameters
Date_ 20210317
Time 16.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
o PULPROG zg30
@. D 32768
SOLVENT CDCL3
N NS 4
| Ds Q
COOMe SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42
DW 69,333 usec
DE 10.06 usec
TE 294.0 K
D1l 2.00000000 sec
TDO 1
======== CHANNEL f]l ========
SFOl 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
| SI 32768
SF 400.1300156 MHz
WDW EM
SSB Q
LB 0 Hz
GB 0
7 . BC 1.00
i |
) A
‘hru { L?J{E11111F¥IitluﬂfE[LilL_ L FF[}I\Lﬁﬂfl\fk Fll%f#\\1tttr\}!¢1

!H NMR spectrum of Methyl (R)-3-(naphthalen-2-yl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bi
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3C NMR spectrum of Methyl (R)-3-(naphthalen-2-yl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bi
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Current Data Parameters

NAME 2021-13c¢C
EXPNO 41
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210620
Time 20.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT cDCl3

NS 115

Ds 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 298.9 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D1z 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFol 100.6233319 MHz
NUCL 13C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFo2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127762 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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7.2645
7.2425
7.2367
7.2040
7.1996
7.1119
7.1082
7.0943
7.0904
7.0867
6.9896
6.9689
6.8473
6.8269
5.0866
5.0140
5.0076
5.0016
4.9946
4.9869
4.9823
4.2195
4.1919
4.0598
3.7733
3.7379
3.2351
3.2062
3.1753
3.0070
2.9974
2.9934
2.9820
2.9680
2.9566
2.9446
2.9403
2.2920
2.2803
2.2740
2.2675
2.2549
2.2485
2.2422
2.2305
2.2051

Current Data Parameters

!H NMR spectrum of Methyl (R)-3-(3-chlorophenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bj]

EXPNO 72
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210816
Time 11.47
INSTRUM spect
PROBHD 5 mm PABBO BB/
ot PULPROG zg30
@ Cl D 32768
SOLVENT cDCl3
7_._ NS 6
DS 0
CoOMe SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 63.58
DW 69.333 usec
DE 10.06 usec
TE 293.8 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOl 400.1324008 MHz
NUC1 1H
Bl 15.00 usec
PLW1 11.39959%62 W
F2 - Processing parameters
SI 32768
SF 400.1300076¢ MHz
WDW EM
SEB 0
LB 0 Hz
GB 0
PC 1.00
fiia Ll L
| I L
!\_rLCf | ,br ,Cﬁf&ﬁb& e J FL%L
I I I T I T T T T 1 T
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M| |N [=1] | |w ~lo [+2]
0| | o =101 0o [
o~ o M| (© - -
T Q|0 < (=10 [=11=] o
D= - || - (]

132



B3C NMR spectrum of Methyl (R)-3-(3-chlorophenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bj]
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Current Data Parameters

NAME new-coome-substrate:
EXPNO 73
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210816
Time 1z2.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptl35

TD 32768
SOLVENT CDC13

NS 150

Ds 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 usec
DE 6.50 usec
TE 294.2 K
CNSTZ2 145.0000000

D1 2.00000000 sec
Dz 0.00344828 sec
D1z 0.00002000 sec
TDO 1
======== CHANNEL fl ========
SFOL 100.6233319 MHz
NUC1 13C

Pl 10.00 usec
P2 20.00 usec
PLW1 49.50000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 usec
P4 30.00 usec
PCPD2 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 32768

SE 100,6127748 MHz
WDW EM

SSB 0

LE 2.00 Hz
GB 0

PC 1.00
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7.3076
7.2868
7.1607
7.1546
7.1497
7.1384
7.1335
7.1269
6.9864
6.9660
6.8430
6.8226
5.0847
5.0052
4.9993
4.9924
4.9854
4.1928
4.1638
3.7697
3.7330
3.2334
3.2048
3.1758
3.0096
3.0000
2.9960
2.9846
2.9705
2.9595
2.9474
2.9432
2.9337
2.3265
2.2952
2.2830
2.2709
2.2632
2.2567
2.2502
2.2377
2.2313
2.2249
2.2196
2.2132
2.1878

Current Data Parameters
Féffé //%ﬂf\_ NAME new-coome-substrate-B

!H NMR spectrum of Methyl (R)-3-(4-chlorophenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bk]

EXPNO 44
PROCNOC 1
F2 - RAcguisition Parameters
Date_ 20210202
Time 20.38
Cl INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFPROG z2g30
Ry TD 32768
@ SOLVENT CDC13
N3 4
N DS 0
\ SWH 7211.539 Hz
COOMe FIDRES 0.220079 Hz
AD 2.2719147 sec
RG 78.51
oW 69.333 usec
DE 10.06 usec
TE 295.4 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
sFol 400.1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
SI 32768
SF 400.1300085 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
] YT i |
h_LE, ul g_,.fc‘ _:L_;.F\_ cqﬁ,,._,Lt‘ SN :L_(nllrr]ils! I
T T T T ! T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
0w w (3] w [0 (=10 [
D~ Q < | n o <
| I~ © n N~ - O <
o|N|o o (=1L [=11-=] o
N[N |~ - | | |- o™
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3C NMR spectrum of Methyl (R)-3-(4-chlorophenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bk]
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Current Data Parameters

NAME
EXPNO
PROCNO

F2 - Acquisition Parameters

2021-13c¢C
TE
1

Date_ 20210625
Time 17.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDC13

NS 126

Ds 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 294.0 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFol 100.6233319 MHz
NUC1 13C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127777 MHz
WDW EM

SS 0

LB 2.00 Hz
GB 0

PC 1.00
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!H NMR spectrum of Methyl (R)-3-(4-fluorophenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bl]

7.1906
7.1855
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7.0177
6.9960
6.9913
6.9691
6.8440
6.8232
5.0892
5.0174
5.0109
4.9978
4.9846
4.1984
4.1683
4.0330
3.7722
3.7345
3.2220
3.1929
3.1624
3.0182
3.0087
3.0045
2.9931
2.9786
2.9676
2.9556
2.9513
2.9418
2.2960
2.2844
2.2688
2.2623
2.2558
2.2432
2.2368
2.2304
2.2253
2.2188
2.1933

féﬁfuf%%é%

@Q

COOMe

10
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o
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w
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Current Data Parameters

NAME new—-cocome-substrate-B
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200723

Time 12.55
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30

TD 32768
SOLVENT CDCL3

NS 4

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31

DwW 69.333 usec
DE 10.06 usec
TE 294.6 K

Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLWL 11.39999%962 W
FZ2 - Processing parameters
SI 32768

SF 400.1300085 MHz
WDW EM

SSB 0

LB 0 Hz
GB Q

BC 1.00
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N~ AN WOMAMMNAN 0
[ e SUONMENM © HO OWOoONWmL
- e v e e s e e e o M~M~MN Current Data Parameters
NO MM 0 00w Lww W N NAME 2021-13C
© 01N 1 NNNNNHH O i Bl wil il 0 EXPNG 67
e e A mw T TONNN

ﬂ VYV NV NV VYV H

,mﬂuu\ F2 - Acquigition Parameters

f " Date_ 20210625
Time 18.14

A INSTRUM spect
COOMe PROEBHD 5 mm PABBO BR/
] L PULPROG dept135
™ IO TP " " Lb J " TD 32768
" S bttt btttk e 51’ Y \ SOLVENT cDels
NS 142
DS 8
SWH 24038.461 Hz
FIDRES 0.732596 Hz
T T T T T T T T T T T T T T T T T T T T T 1 AQ 0.6815744 sec
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm F° 1080 e
DE 6.50 use
TE 294.7 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.,00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFol 100.6233319 MH=z
NUCL 13¢
Pl 10.00 use

P2 20.00 use
A AN M A A MY, D 49.50000000 W

3C NMR spectrum of Methyl (R)-3-(4-fluorophenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bl]

T T T T T T T T T T T T T T T T T ! T T T 1 ======== CHANNEL mw.nnnnnnn
210 200 190 180 170 160 150 140 13D 120 110 100 90 80| 70 60 50 40 30 20 ppm 5797 400.1316005 iz
CPDPRG[2 waltzlé
B3 15.00 use
P4 30.00 use
PCPDZ 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
i F2 - Processing parameters
b _ _ sI 32768
SF 100.6127733 MHz
. i i ol _.._iﬁL.__, p—h— R | S i o i WowW EM
SSB 0
LB 2.00 Hz
GB 0
T T T T T T T T T T T T T T T T T T T T T 1 PC 1.00

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 350 40 30 20 ppm
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UF NMR spectrum of Methyl (R)-3-(4-fluorophenyl)-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16bl]
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Current Data Parameters

NAME 2021-13¢C
EXPNO 89
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210626
Time 16.14
INSTRUM spect
PROEHD 5 mm PABBO BB/
PULPROG zgig

D 131072
SQLVENT cDCl3

NS 16

Ds 0

SWH 89285.711 H=z
FIDRES 0.68119%96 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 usec
DE 6.50 usec
TE 294.3 K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f]l ========
SFO1 376.4607168 MHz
NUC1 19F

Pl 15.00 usec
PLW1 18.00000000 w
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NuUcz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 12.50000000 W
PLW1Z2 0.34722000 W

F2 - Processing parameters
sI 65536

SF 376.4983662 MHz
WDW EM

SSB Q

LB 1.00 Hz
GB 0

PC 1.00
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'H NMR spectrum of Benzyl (R)-5-methyl-3-phenyl-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16ca]
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ré/fé}/% NAME new-coome-substrate-Py
EXPNO 53
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210804
Time 16.42
INSTRUM spect
PROBHD 5 mm PABEO BB/
o PULPROG zg30
- TD 32768
_ SOLVENT CDC13
Ns 4
1 DS 0
COOBn SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 89.08
DwW 69.333 usec
DE 10.06 usec
TE 294.7 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFol 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
SI 32768
SF 400.1300120 MHz
WDW EM
SSB 0
ﬁ LB 0 Hz
GB 0
| : _ PC 1.00
-_
I 1
A IR SN
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3C NMR spectrum of Benzyl (R)-5-methyl-3-phenyl-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16ca]
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!H NMR spectrum of Methyl (R)-3,5-diphenyl-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16da]
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Current Data Parameters

NAME 2021-13C
EXPNO 85
PROCNO 1

F2 - RAcquisition Parameters
Date_ 20210626

Time 11.41
INSTRUM spect
PROEHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT cpCcl3

NS 4

Ds o]

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 71.42

D 69.333 usec
DE 10.06 usec
TE 298.4 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOL 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters

SI 32768
SE 400.1300182 MHz
WDW EM
SSB 0
LB 0 Hz
GB 0
PC 1.00
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3C NMR spectrum of Methyl (R)-3,5-diphenyl-3,4-dihydropyridine-1(2H)-

carboxylate [(R)-16da]
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Current Data Parameters

NAME 2021-13C
EXPNO 86
PROCNO 1

F2 - Acguisition Parameters
Date_ 20210626
Time 12.00
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG dept135

TD 32768
SOLVENT CDC13

NS 390

DS 8

SWH 24038.461 Hz
FIDRES 0.7335%96 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 298.7 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFOl 100.6233319 MHz
NUC1 13cC

Pl 10.00 use
Pz 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltz1l6

E3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLWZ2 12.50000000 W
PLW12 0.34722000 w
F2 - Processing parameters
sSI 327e8

SF 100.6127755 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

BC 1.00
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'H NMR spectrum of Ethyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16ha]
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Current Data Parameters

NAME 1.2-dihydro py-CooEt
EXPNO 13
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200518

Time 21.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

D5 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 63.58

DWW 69.333 usec
DE 10.06 usec
TE 298.3 K

Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOl 400.1324008 MHz
NUCL 1H

Bl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
SI 32768

SF 400.1300125 MHz
WDwW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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3C NMR spectrum of Ethyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16ha]
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Current Data Parameters

NAME 2021-13C
EXPNO 30
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210618
Time 11.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDCL3

NS 40

Ds 8

SWH 24038.4¢61 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

ow 20.800 use
DE 6.50 use
TE 299.1 K
CNST2 145.0000000

D1l 2.00000000 sec
D2 0.00344828 sec
Dlz2 0.00002000 sec
TDO 1
======== CHANNEL f1l =======
srol 100.6233319 MHz
NUCl 13¢

Pl 10.00 use
Pz 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFo2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127799 MHz
WDW EM
SSB 0

1B 2.00 Hz
GB Q

PC 1.00
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'H NMR spectrum of Isobutyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16ia]
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Current Data Parameters

NAME 1.2-dihydro py-cooibu
EXPNO 6
PROCNO 1

F2 - Acquisition Parameters
Date_ 20200521

Time 21.01
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30

TD 32768
SOLVENT CDCL3

NS 4

DS Q

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

DW 69.333 usec
DE 10.06 usec
TE 298.1 K

Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFol 400.1324008 MHz
NUC1 11

Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
SI 32768

SF 400.1300125 MHz
wWDwW EM

SSB Q

LB 0 Hz
GB 0

PC 1.00
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3C NMR spectrum of Isobutyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16ia]
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Current Data Parameters

NAME 2021-13cC
EXPNO 95
PROCNO 1

F2 - Acquisition Parameters

Date_ 20210627
Time 21.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CcDC13

NS 3401

Ds 8

SWH 24038.4¢1 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use:
DE 6.50 use
TE 298.2 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D1z 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFOl 100.6233319 MHz
NUC1 13C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6

P3 15.00 use
P4 30.00 use:
PCFD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 w
F2 - Processing parameters
SI 32768

SF 100.6127718 MHz
WDW EM

SSB o]

LB 2.00 Hz
GB 0

BC 1.00
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'H NMR spectrum of Benzyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16ja]
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Current Data Parameters

NAME 1.2-dihydro py-Cocbn
EXPNO 5
PROCNO 1

FZ - Acquisition Parameters
Date_ 20200605

Time 15.21
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULPROG zg30

D 32768
SOLVENT CDC13

NS 4

DS 0]

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

DwW 69.333 usec
DE 10.06 usec
TE 293.6 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MH=z
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
sI 32768

SF 400.1300186 MH=z
WDW EM

SSB o]

LB 0 Hz
GB 0

PC 1.00
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3C NMR spectrum of Benzyl (R)-3-phenyl-3,4-dihydropyridine-1(2H)-carboxylate

[(R)-16ja]
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Current Data Parameters

NAME 2021-13cC
EXPNO 34
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210618
Time 11.41
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptl35

TD 32768
SOLVENT cDC13

NS 80

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

Dw 20.800 use
DE €.50 use
TE 298.8 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
Dlz 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFO1 100.6233319 MHz
NUC1 13¢

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MH=z
Nucz 1H
CPDPRG[2 waltzlé

B3 15.00 use
p4 30.00 use
PCPDZ 90.00 use
PLWZ 12.50000000 W
PLW12 0.34722000 W

F2 - Processing parameters

SI 32768
SF 100.6127831
WDW EM
S8B 0
LB 2.00
GB 0
PC 1.00

MHz

Hz
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'H NMR spectrum of (R)-1-(methylsulfonyl)-3-phenyl-1,2,3,4-tetrahydropyridine

[(R)-16ka]
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Current Data Parameters

NAME 2021-13¢
EXPNO 122
PROCHNO 1

F2 - Acquisition Parameters
Date_ 20210716

Time 16.11
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220072 Hz
AQ 2.2719147 sec
RG 89.08

DW 69.333 usec
DE 10.06 usec
TE 298.3 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFCl 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
SI 32768

SE 400.1300107 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

BC 1.00
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o T NN m
uu _...”1m5 4“ ” Mr_.m ﬂ Current Data Parameters
u % _.n“ N m Qh 8 -.l. B NAME 2021-13C
1 i e g et o Mo o EXENO 22
i N Vo H
ot
_ F2 - Acquisition Parameters
Date_ 20210618
N Time 9.24
| INSTRUM spect
?_m PROBHD 5 mm PABBO BB/
PULPROG dept135
y , ,.; ) ; e o D 32768
AN . b T N e o " SOLVENT CDC13
NS 89
DS 8
SWH 24038.461 Hz
FIDRES 0,733596 Hz
T T T T T T T T T T T T T T T T T T T T T 1 AQ 0.6815744 sec
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm = ST AT
DE 6.50 use
TE 298.5 K
CNST2 145.0000000
D1l 2.00000000 sec
D2 0.00344828 sec
Dlz2 0.00002000 sec
TDO 1
======== CHANNEL f1 =======
srol 100.6233319 MHz
NUCl 13c
Pl 10.00 use
) | 1 _ . ] " . P2 20.00 use
o ™ i PLW1 49.50000000 W
T T T T T T T T T T T T T | T T T T T T T 1 ======== CHANNEL f2 =======
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm mmmW goo.pwpmomm iz
CPDPRG[2 waltzlé
P3 15.00 use
P4 30.00 use:
PCPD2 90.00 use
PLWZ2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
| SI 32768
T | v _k r_ (o A WA ._r» ik _ i s b wasdhed SF 100.6127762 MHz
e d Ak Skl e o o jund i v ' 4 N b bk i i WDW EM
SSB 0
LB 2.00 Hz
GB Q
T T 1 PC 1.00

3C NMR spectrum of (R)-1-(methylsulfonyl)-3-phenyl-1,2,3,4-tetrahydropyridine

[(R)-16ka]
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'H NMR spectrum of (R)-3-(p-tolyl)-1-tosyl-1,2,3,4-tetrahydropyridine [(R)-16ac]
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Current Data Parameters

NAME 2021-13cC
EXPNO 45
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210621

Time 10.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG z2g30

D 32768
SOLVENT CDC13
NS 4
DS 0]

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 63.58

W 69.333 usec
DE 10.06 usec
TE 298.3 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.,1324008 MHz
NUCL 1H
Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
ST 32768

SF 400.1300147 MHz
WDW EM

SSB 0
LB 0 Hz
GB 0

pC 1.00
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3C NMR spectrum of (R)-3-(p-tolyl)-1-tosyl-1,2,3,4-tetrahydropyridine [(R)-16ac]
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Current Data Parameters

NAME 2021-13c¢
EXPNO 47
PROCNO 1

F2 - RAcquisition Parameters
Date_ 20210621
Time 11.06
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDC13

NS 78

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

oW 20.800 use
DE 6.50 use
TE 298.9 K
CNST2 145.0000000

o1l 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFO1 100.6233319 MH=z
NUCl 13cC

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW1Z 0.34722000 w
F2 - Processing parameters
SI 32768

SF 100.6127755 MHz
WDW EM

SSE 0

1B 2.00 Hz
GB 0

pPC 1.00
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'H NMR spectrum of (R)-3-(3-methoxyphenyl)-1-tosyl-1,2,3,4-tetrahydropyridine

[(R)-16af]
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Current Data Parameters

NAME new-coome-substrate-PG
EXPNO 8
PROCHNC 1

F2 - Acquisition Parameters
Date_ 20210508

Time 16.1¢2
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 31.1¢6

DWW ©92.333 usec
DE 10.06 usec
TE 293.1 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFCl 400.1324008 MHz
NUCl1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
SI 32768

SF 400.1300117 MH=z
WDW EM

S5B 0

LB 0 Hz
GB o]

PC 1.00

153



3C NMR spectrum of (R)-3-(3-methoxyphenyl)-1-tosyl-1,2,3,4-tetrahydropyridine

[(R)-16af]
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Current Data Parameters

NAME 2021-13cC
EXPNO 75
PROCNO 1

F2 - Acquisition Parameters

Date_ 20210625
Time 20.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CcDC13

NS 74

Ds 8

SWH 24038.4¢1 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use:
DE 6.50 use
TE 297.4 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D1z 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFOl 100.6233319 MHz
NUC1 13C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6

P3 15.00 use
P4 30.00 use:
PCFD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 w
F2 - Processing parameters
SI 32768

SF 100.6127762 MHz
WDW EM
SSB o]

LB 2.00 Hz
GB 0

BC 1.00
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Current Data Parameters

'H NMR spectrum of (R)-3-(4-fluorophenyl)-1-tosyl-1,2,3,4-tetrahydropyridine

[(R)-16aj]

NAME 2021-13cC
EXPNO 77
PROCNO 1
F2 - Acquisition Parameters
Date_ 20210625
F Time 21.08
INSTRUM spect
Q PROBHD 5 mm PABBO BB/
PULPROG zg30
_ D 32768
N SOLVENT CDC13
! NS 4
Ts DS 0
SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42
D 69.333 usec
DE 10.06 usec
TE 297.6 K
Dl 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUCL 1H
Pl 15,00 usec
PLWL 11.39999962 W
FZ2 - Processing parameters
ST 16384
SF 400,1300103 MHz
WDW EM
SEB 0
LB 0 Hz
GB 0
f _ 5 ) ﬁ T i BC 1.00
..... ) ,._1\_ Lo — . S, S, U, W L PR | E HI.
T T T T T T T T T | T
10 9 8 7 6 5 4 3 2 1 ppm

2.0065
2.0638

4.3143
0.9938
1.0000
1.0133
1.0805
1.1187

3.1202
2.0574
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. L o~ o [*- TS Current Data Parameters
N O M0N0 EMSSLWLWIr N N N - NAME 2021-13cC
0 v FOMONNNNNAHAO o o o EXPNO 70
- e A A A A A A A A - ™M N o PROCNO 1

—H
.;@\ F2 - Acguisition Parameters
@. Date 20210625

Time 21.33
N INSTRUM spect
Ts 7 PROBHD 5 mm PABBO BB/
.H _ ; ; PULPROG dept135
N ) - | _ ) L m D 32788
i o ! D i o A - SOLVENT cDel3
NS 67
DS 8
SWH 24038.461 Hz
FIDRES 0.733596 Hz
T T T T T T T T T T T T T T T T T T T T T 1 AQ 0.6815744 sec
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm '~ 1080 ee
DE 6.50 use
TE 298.5 K
CNST2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
Di12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFO1 100.6233319 MHz
NUCL 13¢
Pl 10.00 use
i — PPTUTRIPPRPRRIPRRREIO || 17 T TP v e . e atbeatie P2 20.00 use
— e i A doatiaanlbithasiia b g g i i i es (i W pLWl 49,50000000 @
T T T T T T T T T T T T T T T T T T T T ]  ======== CHANNEL f2 =======
210 200 190 180 170 160 150 140 130 120 110 100 90 80, 70 60 50 40 30 20 ppm mmmw boo,CHmowm Miz
CPDPRG[2 waltzlé
P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
51 32768
_ L: il | SF 100.6127762 MHz
. o A N Y 1 W roimpie Smpiriraissirarsd oot it st s DT EM
N . - ' ' " i SSB 0
LB 2.00 Hz
GE 0
T T T T T T T T T T T T T T T T T T 1 PC 1.00

3C NMR spectrum of (R)-3-(4-fluorophenyl)-1-tosyl-1,2,3,4-tetrahydropyridine

[(R)-16aj]

T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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F NMR spectrum of (R)-Methyl (R)-3-(4-fluorophenyl)-3,4-dihydropyridine-

1(2H)-carboxylate [(R)-16aj]
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Current Data Parameters

NAME 2021-13cC
EXPNO 81
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210625
Time 21.39
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig

TD 131072
SOLVENT cpCclz

NS 28

DS 0

SWH 89285.711 Hz
FIDRES 0.681196 Hz
AQ 0.7340032 sec
RG 198.09

DW 5.600 use
DE 6.50 use
TE 298.2 K
D1 1.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 376.4607168 MHz
NUC1 19F

Bl 15.00 usec
PLW1 18.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
BCPD2 90.00 usec
PLWZ 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 65536

SF 376.4983662 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00
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'H NMR spectrum of Methyl (R)-3-(3-methoxyphenyl)piperidine-1-carboxylate (65)
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Current Data Parameters

%
g
Z

NAME preclamol
EXPNO 26
PROCNO 1
F2 - Acquisiticen Parameters
Date_ 20210817
~ Time 16.19
o INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 32768
S SOLVENT CcDC13
NS 24
DS 0
N SWH 7211.539 Hz
COOMe FIDRES 0.220079 H=z
AQ 2.2719147 sec
RG 198.09
DW 69.333 usec
DE 10.06 usec
TE 295.8 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOl 400.1324008 MHz
NUC1 1H
Pl 15.00 usec
PLW1 11.39999962 W
F2 - Processing parameters
5T 16384
SF 400.1300090 MHz
WDW EM
SSB 0
LB 0 Hz
7 GB 0
| ‘ | ,T(ﬁ PC 1.00
i JU N -~ JW (FITAN Y
..... | ISR I I HM A IR I I | IS D I
10 9 8 7 6 5 4 3 2 1 ppm

1.0491
0.9838
2.0833
2.1122
3.1496
3.0911
2.1382
1.0772
1.0000
1.0906
1.9004
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1-carboxylate
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3C NMR spectrum of Methyl (R)-3-(3-methoxyphenyl)p
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(65)

I T 1

Current Data Parameters

NAME preclamol
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210619
Time 20.34
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDC13

NS 12

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 298.2 K
CNST2 145.0000000

D1l 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFOl 100.6233319 MHz
NUC1l 13C

Pl 10.00 use
P2 20.00 use
PLW1 49,50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzle

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 w
F2 - Processing parameters
SI 32768

SF 100.6127857 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB Q

PC 1.00
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'H NMR spectrum of (R)-3-(3-methoxyphenyl)-1-tosylpiperidine (66)
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3.8484
3.8283
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Current Data Parameters

NAME
EXPNO
PROCNO

preclamol
21
1

F2 - Acquisition Parameters

Date_ 20210706

Time 18.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CcDcl3

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 45.15

DW 69.333 usec
DE 10.06 usec
TE 296.3 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
ST 32768

SF 400.1300107 MHz
WDW EM

SSB o]

LB 0 Hz
GB 0

PC 1.00
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3C NMR spectrum of (R)-3-(3-methoxyphenyl)-1-tosylp
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Current Data Parameters

NAME preclamol
EXPNO 22
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210706
Time 19.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG dept135

TD 32768
SOLVENT CDC13

NS 25

DS 8

SWH 24038.461 Hz
FIDRES 0.7335%6 Hz
AQ 0.6815744 sec
RG 198.09

DwW 20.800 use
DE 6.50 use
TE 296.9 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D1z 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFO1 100.6233319 MH:z
NUC1 13¢C

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFOo2 400.1316005 MH=z
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCED2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
51 32768

SF 100.6127762 MHz
wpw EM

SSB Q

LB 2.00 Hz
GB 0

PC 1.00
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'H NMR spectrum of (R)-3-(3-methoxyphenyl)p
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Current Data Parameters

NAME preclamol
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210706

Time 18.52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 78.51

DW 69.333 usec
DE 10.06 usec
TE 296.3 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOLl 400,1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
ST 32768

SF 400.1300076 MHz
WDW EM

SSB 0

LE 0 Hz
GB 0

PC 1.00
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3C NMR spectrum of (R)-3-(3-methoxyphenyl)p
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Current Data Parameters

NAME preclamol
EXPNO 16
PROCNO 1

FZ - Acguisition Parameteres
Date_ 20210622
Time 10.43
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG deptl135

TD 32768
SOLVENT CDC13

NS 55

DS 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 298.6 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL fl =======
SFol 100.6233319 MHz
NUC1 13¢C

Pl 10.00 use
P2 20.00 use
PLW1 49,50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLWZ 12.50000000 w
PLW12 0.34722000 W
F2 - Processing parameters
ST 32768

s 100.6127821 MHz
wDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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'H NMR spectrum of Compound (R)-16ba-D1
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Current Data Parameters

NAME duterium test
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210606

Time 17.04
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31

DW 69.333 usec
DE 10.06 usec
TE 293.8 K

D1 2.00000000 sec
TDO 1
======== CHANNEL mH IR
SFO1l 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
SI 32768

SE 400.1300103 MHz
WDW EM

SSB 0

LE 0 Hz
GB 0

PC 1.00
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'H NMR spectrum of Compound (R)-16ba-D2
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Current Data Parameters

NAME duterium test
EXPNO 3
PROCNC 1

FZ - Acquisition Parameters
Date_ 20210606

Time 16.56
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

DW 69.333 usec
DE 10.06 usec
TE 293.7 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOlL 400,1324008 MHz
NUCL 1H

Pl 15.00 usec
PLW1 11.39999%62 W

F2 - Processing parameters
SI 32768

SF 400.1300120 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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!H NMR spectrum of deuterium test
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Current Data FParameters

NAME duterium test
EXPNC 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210606

Time 17.04
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 32768
SOLVENT CDC13

NS 4

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 113.31

DW 69.333 usec
DE 10.06 usec
TE 293.8 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOL 400.1324008 MHz
NUCl 1H

Pl 15.00 usec
PLW1 11.39999%962 W

F2 - Processing parameters
SI 16384

SE 400.1300103 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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'H NMR spectrum of (R)-3-phenyl-1-tosylp
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Current Data Parameters

NAME 2021-13c¢C
EXPNO 112
PROCNO 1

F2 - Acquisitien Parameters
Date_ 20210709

Time 17.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 198.09

DW 69.333 usec
DE 10.06 usec
TE 298.4 K

D1 2.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 400.1324008 MHz
NUCLl 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
ST 32768

SF 400.1300098 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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dine [(R)-16ba’]

iperi

3C NMR spectrum of (R)-3-phenyl-1-tosylp
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Current Data Parameters

NAME 2021-13c
EXPNO 116
PROCNOC 1

F2 - Acquisition Parameters
Date_ 20210711
Time 20,39
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPRCG dept135

TD 32768
SOLVENT CDC13

NS 442

Ds 8

SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 0.6815744 sec
RG 198.09

DW 20.800 use
DE 6.50 use
TE 294.7 K
CNST2 145.0000000

D1 2.00000000 sec
D2 0.00344828 sec
D12 0.00002000 sec
TDO 1
======== CHANNEL f1 =======
SFol 100.6233319 MH:z
NUC1 13c

Pl 10.00 use
P2 20.00 use
PLW1 49.50000000 W
======== CHANNEL f2 =======
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé

P3 15.00 use
P4 30.00 use
PCPD2 90.00 use
PLW2 12.50000000 W
PLW12 0.34722000 W
F2 - Processing parameters
SI 32768

SF 100.6127703 MHz
WDW EM

SSB 0

LB 2.00 Hz
GB 0

PC 1.00
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'H NMR spectrum of Compound (R)-16ba’-D1
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Current Data Parameters

NAME duterium test
EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210720

Time 19.52
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30

TD 32768
SOLVENT CDC13

NS 4

DS 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 57.42

DW 69.333 usec
DE 10.06 usec
TE 296.9 K

D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324008 MHz
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W

F2 - Processing parameters
ST 32768

SF 400,1300129 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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'H NMR spectrum of Compound (R)-16ba’-D2

Current Data Parameters

NAME duterium test
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20210718

Time 16.49
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

D 32768
SOLVENT CDC13

NS 4

Ds 0

SWH 7211.539 Hz
FIDRES 0.220079 Hz
AQ 2.2719147 sec
RG 177.16

DW 69.333 usec
DE 10.06 usec
TE 300.8 K
D1 2.00000000 sec
TDO 1
======== CHANNEL fl ========
SFol 400.1324008 MH=z
NUC1 1H

Pl 15.00 usec
PLW1 11.39999962 W
F2Z - Processing parameters
ST 32768

SF 400.1300103 MHz
WDW EM

SSB 0

LB 0 Hz
GB 0

PC 1.00
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