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Ac acetyl

Ar aryl

Bn benzyl

"Bu normal butyl

'‘Bu tert-butyl

cat. catalyst, catalytic amount of

CNT carbon nanotube

CPME cyclopentyl methyl ether

18-crown-6 1,4,7,10,13,16-hexaoxacyclooctadecane
DBFOX/Ph 4,6-dibenzofurandiyl-2,2’-bis(4-phenyloxazoline)
DCE 1,2-dichloroethane

DME 1,2-dimethoxyethane

DMF N,N-dimethylformamide

DTBM-Segphos  5,5’-bis[di(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-4,4’-bi-1,3-benzodioxole
E entgegen

EDC 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
EDS energy dispersive X-ray spectrometry

ee enantiomeric excess

eq equivalent

Et ethyl

h hour

HDL high-density lipoprotein

HMDS hexamethyldisilazane

HOBT 1-hydroxybenzotriazole

HPLC high performance liquid chromatography
HRMS high resolution mass spectrometry
ICP-AES inductively coupled plasma atomic emission spectrometry
IR infrared ray

LDA lithium diisopropylamide

LDL low-density lipoprotein

mCPBA m-chloroperoxybenzoic acid

Me methyl

MEM methoxymethyl

Mes mesityl

MS molecular sieves

MWNT multiwalled carbon nanotube

NMP N-methylpyrrolidone

NMR Nuclear Magnetic Resonance

Oxone potassium peroxymonosulfate

Ph phenyl

phen phenanthroline

PPA polyphosphoric acid

'Pr isopropyl

quant. quantitative



R rectus

rpm rotation per minute

rt room temperature

S sinister

STEM scanning transmission electron microscope
SWNT single-walled carbon nanotube

temp temperature

Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

TFAA trifluoroacetic anhydride

THF tetrahydrofuran

TLC thin-layer chromatography

TMEDA N,N,N’,N’-tetramethylethylenediamine
TMP 2,2,6,6-tetramethylpiperidine

T™MS trimethylsilyl

Ts toluenesulfonyl

XRF X-ray fluorescence

V. yield

Z zusammen



1. ZFAZLACDop-FRENFHA 7 I FAOMERHATEFHZ A MR

1.1. EE
1.1.1. = +AT7ILH O ERWN-AEMARF R EAMNRERE

R S SRAZF 2 IO 2 RO AN A AR AT INBOG R, R — IRFRE BT A 0 JeAE R eLT 4 v
77 ay ) GROG N ERTHL L P Th = hr T Ak U AREE RS be T — FERSITAR L,

Flo, = bR EREET IUALEWMAETH L Z b, REFIRTERA L L THEE R TIRIA < H
WHITWDS, = hr 7k AT R AR 12-MINBOSISEA ST 5 48°% Al 3k

BRSO R BNE A D 727~ 728, = ha Tl v Oa,p-REfm7 L5 e R, 7 2% = h
07 LA T D S T A RIR B 2R AN SO A A R OV RS 1 0 FTRE L Zp o TN D,
2T D s E A Scheme 11278 L7,

Scheme 1 Recent Examples of Asymmetric Catalytic Conjugate Addition of Nitroalkane

Ph
Aldehyde Q\*/Ph Ketone
NO
j‘]\/\ 3 OTMS 2
= 10 mol % HO
H R—Y J\/l\/ 12 mol %
. PhCO,H
20 mol % o
MeNO;  MeOH. rt 53- 94% yield M eN02 Mg(OZf)z (10 mol %) 56- 93% yield
2 90-95% ee 70-94% ee

Gotoh, H.; Ishikawa, H.; Hayashi, Y. Palomo, C.; Pazos, R.; Oiarbide, M.; Garcia, J. M.

Org. Lett. 2007, 9, 5307. CFs Adv. Synth. Catal. 2006, 348, 1161.

Nitroalkene i /@\

OO NJ\N CF3 Ar
H H
H 02N R

O

R Q 10 11 NO,
ONA~p + [ 2mol %  NMe, 55-94% yield
NO, syn:anti = 74:26 - 90:10

8 9 benzene, 25°C 91-95% ee (syn)
Rabalakos, C.; Wulff, W. D. J. Am. Chem. Soc. 2008, 130, 13524.

MolZy7z=Ar7al) ) =D Y V=T LA E L THY, = hr 2% Da,B-Rid
7 VT e RO RF IS % @ v FARRETEILL T 5, Palomo Hifa-b Ke¥
V) v EREFHICAWVEEBEB X O AGF VU VRN FIC L D= ha A X U ORF AL
MEISZEHE L TWD Y Eo, WUIE 5138 T 7 FAT 2 U AMBAVEF A 7 L7 & R7 A it
ELTHWT= a7 A B D= ha T VT o ~ORFEEMIEOGEITV, ETF o F A %R MR
FOPREDOYT AT LARRMEEZE TN

*ﬁ\m&ﬁ@ﬁﬁw$VM%%WA®%%%$%HWEEWM%E@ﬁ“*$¥@@t@@Eé
NTEY, INETIZEEDICL D=y T VEEER,226,6-7 87 AF N ERY O il 2 F 7z o,B-
REFNT VNV E T b ~D= b a A OIS STV D DI TH - 7= (Scheme 2)°

Scheme 2 Enantioselective Conjugate Addition of Nitroalkane to a,B-Unsaturated Carboxylic Acid

Derivatives
o 14 (10 mol %) o R

0,
/N‘NJJ\/\Fv TMP (10 mol %)

— CH3NOL/THF (1:1 viv) —
0°C-rt
16 examples
TMP = 2,2,6,6-tetramethylpiperidine 13 39-97% yield
up to 98% ee
Itoh, K; Kanemasa, S. J. Am. Chem. Soc. 2002, 124, 13394.

6

f<w W/\\

N--Nl--N

14: R,R-DBFOX/Ph-Ni(ClOy4),*3H,0



112, of-FEEMFF7 S FEREFHICAVMEMOTFREAMRE

WBRFIRE TIL, THE, DR B L EMRBIREBORE THITh Hop-REafnF 47 I NIZES%
YT, Y7 Mg Lewis BRI X Db R IAZRTEMARIC L 0 2 OIRWREMEE FOIR U, A A A
ROEZBIFE L TW5D, KT % 2 RERMBRAEE L, 7070 EARRAT 4 VAT
/[Cu(CHsCN),]JPFs % > 7 b Lewis fi# & L T, %72 Li(OCgH,-p-OMe) % /~— K Bransted & & L CH =
o, B-FREIFNTF AT I RO ARFIEMIMBISIZEE) LT 5 (Scheme 3), £7=, 7 VL7 = K& Ri%
FIRTERAR L L THW, [AERD Y 7 R Lewis g & /~— K72 Bronsted ML D i Z8fibiiilc K 0 R A4
JNBs % 8L LTV 5 (Scheme 3),

Scheme 3 Asymmetric Conjugate Addition to o,p-Unsaturated Thioamide under Proton Transfer
Conditions

Terminal Alkyne A: [CU(CH3CN),JPFg/(R)-ligand/
Li(OCgH4-p-OMe) (1 mol %)
phosphine oxide (2 mol %) S Ph O
S n-hexane, 50 °C, 24 h ~ C MeO PAr,
I Me,oN N u
+ :>77 Ph 2 S MeO PAr,
MeZNMPh or Ph /Ei O
B: mesitylcopper/(R)-ligand (5 mol %) .
15 16 THF, 50 °C, 24 h 17 mesitylcopper 21
Yazaki, R.; K i, N.; Shibasaki, M. J. Am. Chem. Soc. 2010, 132, 10275, A: 98% yield, 98% ee Ar = 3,5-('Pr),-4-Me,N-CgH
azakl, R.; Kumagali, N.; Ibasaki, .J. Am. em. Soc. N ) . . . r= 9,0 r)>-4-\Ve: =
Yazaki, R.; Kumagai, N.; Shibasaki, M. Chem. Asian J. 2011, 6, 1778. B: 98% yield, 93% ee (R)-Izigand 2vee
S
Ally Cyanide A: [Cu(CH3CN),]PFg/(R)-DTBM-Segphos o [o] PAr,
Li(OCgH4-p-OMe)/Ph3P=0 (5 mol %) $ Ph PPh, o PAr,
s \/@\ AcOE, 0°C, 3 h .- N @[ < O
+ n2 PPh o
BnZNMPh X-"“cN o CN & 2
B: mesitylcopper/(R)-DTBM-Segphos (5 mol %) Ar = 3,5-(Bu),-4-OMe-CgH,
18 19 ACOEt, 0°C, 1 h 20 2 (R)-DTBM-Segphos
A: 87% yield, 97% ee phosphine oxide

Yanagida, Y.; Yazaki, R.; Kumagai, N.; Shibasaki, M. Angew. Chem. Int. Ed. 2011, 50, 7910. B: 63% yie|d, 92% ee

113 EERBEICETLHDOF A

AR A AV ROSE, BRGSO TEMGORETRIL AN TNDY,  EIKGOFEHE
b2 VTRAI IR T 28RO EITE L B S TR Y, B RMICERFET 28BN LIZLIE
M & 72 5 BN E SRR AT (EMEA) L W R STV DR SR OIREIZBT 2 A K74 > % Table
LITR LY, REMEROE THEBEICHWON D SBE(I T VY LARLT =T A =y FAIY
LEENTEDIT & A LN ORE D L a8 %H(Metals of significant safety concern) 7 7 X 1A~1C
B LTEY ., TOREFAREMIZR DA T 10~25 ppm, FEHHFIT 1~2.5 ppm & 5 L LUk
EZINTND,

—J7, $iX 7 7 A 2 OREEOBREDIR 4 E$H (Metals with low safety concern) 23S N TE Y |
ZOREEIZ/NT VUL L IR LT 25 EECHTH D, TOBLEDG, SllFEEHE S o flE T T g
FIFEH LT WEBTH Y #ila AW TSI FERCH AR ISIZ 720 5 D i 72 BO& & Ar
ERSIPESY (R



Table 1 Guideline on the Specification Limits for Residues of Metal Catalysts or Metal Reagents

Inhalation
Oral Exposure Parenteral Exposure
A exposure*
Classification ; -
PDE Concentration PDE Concentration PDE
(ng/day) (ppm) (ng/day) (ppm) (ng/day)
Class 1A:
100 10 10 1 Pt: 70*
Pt, Pd
Class 1B:
100** 10** 10** l** —_
Ir, Rh, Ru, Os
Class 1C: _
_ Ni: 100
Mo, Ni, Cr, V 250 25 25 25
. Cr (VI): 10
Metals of significant safety concern
Class 2:
Cu, Mn 2500 250 250 25 —
Metals with low safety concern
Class 3:
Fe, Zn
. . 13000 1300 1300 130 —
Metals with minimal safety
concern

* Pt as hexachloroplatinic acid
** Subclass limit: the total amount of listed metals should not exceed the indicated limit

12, =bAZLACDuB-FRAMFFT S FAOMBMRE LK AR
FIE, V7 M Lewis g & ~— 72 Bronsted HLEE O HZRAMME? 12 X Do B-REAFITF AT I R~0fl
IR AT INBOG OB AIL KR Z B L. SREARIERA L LCT= ha 7 vl o OFH 251 LT,
Y 7 b Lewis [i#//~— K Brensted AL ZSAlIIZ K% Y 7 R Lewis MEEE A BB & L CHW RIS IR
SERSEIR 72 7 0 b B ENRL R SR — IRFERE TR O TR T L 72 B, L L, A ko
& U CHHME R RBERRLE SR b s, TR E TUMIEE TR SIS 1 R OfBERRE X
X TN E AR AT 4 U ENLAI[CU(CHsCN),JPFs (7 b Lewis fi£) & LiOAr (/~— K Brensted %)’Z\fﬁ
FERTNZR 2 IS LR T 5 BER S VIEMCTH o72, [ A7 1 »ICUPFg + LIOAr D L 0 A4
I D[ AT 4 »ICu-OAr + LiPFg]l® 7 b Lewis li#//~— K Bronsted HiJE i 28l & U CipEd 2 2 &
AN =K DR OFERIA S0 & 72 o TV DY, IR A 7 1 ICu-OAr DS REEAIRTBRIA 2 i7" 7 kb L,
7'a BB ORE - KRB ERIEDG| & B L 7o TND Z Ehh, SH KA L LT
FIHT 5 Z & Tl s 2 7 A% flilg kT & 5 & & % 72 (Scheme 4),

1.2.1. filgHcL o)L

THE SN DMl A 7 L% Scheme 4 [TR"T, ¥ T VIR A T 4 VBN A S TFILEHTS 936 70 % il
RIS L= ha Tk v 24 055 AT 7R AV F L U OAEREES L7 e M Abick D #l—=
fedr— b 2R4AEL, BWTT AT I RERMTDHI LI 2THRAEL D, 2T LD gy 7 n
PG S 41, 27 D= F 0 F A RIRA 2R HE — IRFREQTERUT K 0 iR 26 3ERT 2, ZOF A7 I
T/ T —h26 L= T NA 24 LT 0 b E Y 27 AL, [RIRFZIEBATINE 25 23 E
T %, BISHREDXZVERAT 4 VIE—F 47 I R/ F— K 26 O I1XY 7 K72 Lewis i &
LT, 47 R/ 7— M3 — K72 Bransted ¥AE & UTHEEE L. ALY 1 7 Lz C,
HfER 26 2371 N URBEVII O SR — IR FBAE G TR ORI el & 72 D L B2 Hivd,



Scheme 4 Catalyst Design and Application to the Reaction of Nitroalkanes and a,B-Unsaturated
Thioamides

R2
S R® RN R®
+ . . 2 H
R12NMR2 NO, intermediate & catalyst N02
23 24 H‘ ¥~ |soft Lewis acid| 25
precatalyst: S F:{Z
chiral phosphine R N)\/'\/R3
* =t o
Brgnsted base
\ Cu*_ = 1 )K/\ 2
% 0.+.0 R'>N R
o / s ‘NI” 23
+
® Wwﬁ¢xﬁ R? C%Rs
> 27
initial entry to following catalytic cycle NO,
catalytic cycle 24

Cu*: Cu/phosphine complex

FEEIC=FrrAZ Y 24a & NN-UAFALF AT F LT IR 28a EORIGEI T8 25,
(R)-DTBM-Segphos/ A & F /L7~ & 72 2 iR AFE T v . b o SR 1 P T 93% DI,
99% ee O T > FAEIRNVE CTHHINA 25aa % 5- % 7=(Scheme 5), A > F /L4 Strem £ X W iR ST
WD, ARG O EBRTIIBER O J7 ik PICHE o THRL L T2 A v F L% VT,

Scheme 5 Catalytic Asymmetric Conjugate Addition of Nitromethane to a,B-Unsaturated Thioamide

S (R)-DTBM-Segphos S Ph <o
mesitylcopper M O
= NO (0]
MezN)vPh + CH3NO, 5mol % MeyN 2 o mg
23a 243_ toluene, rt, 1 h 2522 (O O
a
0.2 mmol 5 equiv. 93% yield, 99% ee Ar = 3,5-(1Bu)-4-OMe-CgH,

@ Determined by "H NMR with DMF as an internal standard (R)-DTBM-Segphos

1.2.2. BEREH

NN-DAFNF AT T LT IR 23a ZREFAIE LTHY, 5 HED= b ax X2 o2 KIZAIRIEE
RE U TRl 7R SOSEBED A 7 ) — =0 T i AT o7, A F /U & (R)-DTBM-Segphos 7> & 72 % fill i
ZRWTEARF IS 2 50 CTITV, IR, synfanti 38@RMERS L V=) FABREZ R L L
7(Table 2), ZDFER, n-~FH L ZHWGEIL, &b BRI K= T o F A8REN G bz
(entry3), 72, M= H LTI n-~FH U SONREZ X VIRIROER COCEITo72HAETH
BOSIFIELHNTHEAT L, BAFZRINER, syn/anti BIRME, = o F A58 CTHHINA 25ab 2345 H a7 (entry
2,4), U EDFERELY | FUSERBEE n-~FH >, ROGREIT=RICERE L,



Table 2 Solvent Screening on Catalytic Asymmetric Conjugate Addition Reaction Using Nitroethane as a

Nucleophile
S (R)-DTBM-Segphos S Ph S Ph
)v\ ( mesitylcopper J\/z\/ z
Me,N Ph * NO, Omol% Me,N v~ + MeyN
23a 24b syn-25ab ,i,oz anti-25ab NO,
0.2 mmol 5 equiv.
entry  solvent temp time yield@  syn/anti? ee
(°C) (h) (%) (%)
(syn/anti)
1 toluene 50 3 75 81/19  99/98
2 toluene rt 1 89 79/21  99/98
3 n-hexane 50 1 89 79/21 99/98
[ 4 n-hexane rt 1 97 80/20  99/97 |
5 THF 50 3 79 83/17  99/97 0
6  Et,0 rt 1 83 7921 99/98 <o O
7 14-dioxane 50 20 82 82/18  99/94 'Eﬁfz
8 DME 50 20 80 81/19  99/94 (0 O f2
9 DMF 50 16 54 75/25  93/81 e}
10 AcOEt 50 20 44 72/28 99/98 Ar = 3,5-(tBU)2-4-OMe-CgH2
11 acetone 50 20 71 7624 98/94 o oo o
12 CH,Cl rt 16 47 72/28 o292 (R egphos
13 EtOH 50 16 21 72/28  30/32

aDetermined by 'H NMR analysis using DMF as an internal standard
except for entry 9 (Bn,O).

—J7. REZAIRTEEA L LCTB Y@ED= hr A X 24a T n-~F 4 U CTRIGEIT 2 2356,
v o CORE R &bl LT o F A SR M T L 72 (Table 3, entry 1: 92% ee vs Scheme 5, 99% ee),
ZOF, FOSRAEMT T hu A Xl n~F Y% 2 BICHEEL Tz (Figure 1), = ha A X2
HEREZHAWESGAE, S YEOGA LR L THM L=t A X O&EIFDETHY | ZORISIZHIT
DTS o FAERMEIL 97% ee L L LTz, ZORRNDL, = b AZ e nnFH P TORISD
FNENOTF U FARIRMEN R D Z LR ENT, EBRIZ= hr A X & RN & LTHNY
Tt T F AR 89% ee IR T 5 Z L AR Lo, £ 2 CRUSRDE—L b k5 b
TUEBML, n-~FH U bz =31 CRIGEITST & ZA, =F » FARPRPEIL 99% ee (/) |
L7z, LEORER LD | RISEEE, REAIE LT= b 2 X2 o E W52 n-~F o/ hre
V=31 %, FNLS D= F e SEZOMO= b7 L ARV LHEEICIE T U2 N D
N Y o

Table 3 Nitromethane as a Solvent

)SK/\ mesitylcopper
= (R)-DTBM-Segphos S E’h
Me,N Ph + MeNO, 5 mol % A no,
23a 24a solvent MeyN
0.20 mmol X equiv. rt, 1h 25aa
entry solvent X yield? ee  comment
(eq) (%) (%)
1 n-hexane 5 quant. 92 MeNO, was seperated. (heterogeneous)
2 n-hexane 2 98 97  Small amount of MeNO, was seperated. (heterogeneous)
3 MeNO, 94 quant. 89 homogeneous solution
4 n-hexane/toluene (3/1) 5 95 99  homogeneous solution
2@ Determined by '"H NMR analysis using DMF as an internal standard.
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Figure 1 Effect of Additional Toluene in the Reaction Using Nitromethane as a Nucleophile

toluene
addition
—_—

~| n-hexane [> excellent % e — | n-hexane/toluene (3/1)

layer -1 and
lower % ee MeNO; (5 eq.)
MeNO, [> exellent % ee
layer [> lower % ee
heterogeneous homogeneous

1.23. EFOFOAFOLDOER

IR R 21T 9 HC ORI THRE 2 W28 E0 e Fa Xk o 4% o A 28 ORIADNEIR S vz,
Z OREGE T X B EERTIC L 0 IRE L7 (EBROES « Figure 12), Z OFEIA R O A pEREIZLL T o
X 9 IZHEE L7=(Scheme 6), 7', = hr=X D= kvt — FRop-REafF47 I NIZ 1,4-(H0
LFAT I R—8T/F—1b 30 NAERT D, ZOPBERRSFHNO= b ol b OBRE R 2t L.
AU 5 BEPMEDOE T v i ALICHE < N-OfREDZIZ L > T, ot Frd Ak an
BT D, ZOKE, FREOH—F A7 I F=/ I— b BR=huxZ 27 m b AbT L, @5
DB NIE DA A 7 7L~ E AT L LA-MIRR LR 5,

Scheme 6 Plausible Mechanism of the Formation of the Hydroxyoxime

s ( mesitylcopper s Ph s Ph
(R)-DTBM-Segphos H B
MezN)v\Ph NO, 5 mol % MezN)W + MezN)W
23a 24b THE 28 OH N. . 25ab NO;
(0.20 mmol) (5 equiv.) rt,1h — 12% 88%
— — RS
P - P AN
P. (0] P Cu
\I | \/ ! H H
,p“\o"l\/ C’)u NO, s “PhH 8 «Ph H
S — X 7
M Ph Y NG \ H5-NZ-
N H O’+‘O < (¢}
| 29 ~N Ph
\ {
30 H
%Noz hydroxyoxime formation
24b 28

normal catalytic cycle — 25ab

b RefoAdsn 28 OEMICHKREZRD, AMEEWOIERA L2 LI ET Lz, SR L7k
WCTERT 2HEE. TS THDHZ Lnb, MEEER CRISET ZITINEOM ERRIAD S LT
ML, £2, = b X U OREZRBESES 2 LI2L 0, @EOSOMMEED A 7 L ~DOREEE 3
M SND EHER LT, E7m, HERRAINAERY 25ab b F AT I Fx/ 5 — MERAAETHNITE

Re A% A28 ~OEMPHIFFCE L LEZXT,

FT, AR CORISEIT o7z, @ LV 10 f54R(0.02 M)&H 5V % 50 f5478(0.004 M) L 7=5=
HECRISEAT S T2 6, B Rr o4 %o ADIERIT 12%5 6 27%IZ 1A I L 7= (Table 4, entry 1,2,5), &£
7o, = bhvrx& > 24b % 5h /2 F T F L7256 (entry 3), = haxX 2 24b % 2 Y& (2K L 7=
ATHE FEFT A% 0 28 OULRITE T L7z (entry 4),
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Table 4 Attempt for the Yield Improvement of the Hydroxyoxime

mesitylcopper
S Ph S Ph

S (R)-DTBM-Segphos , -
I C 5 mol % : 1
Me,N Ph + NO; THF Me,N + MeoN :
23a 24b rt 28 OH N._ 25ab NO,
(0.20 mmol) OH
entry concentration EtNO, time yield? 25ab comment
(M) €q) (h) (%) T e %)
28 25ab sm SYnanti (syn)
1 0.2 5 24 12 90 0 86/14 99
2 0.02 5 40 27 62 17 84/16 99
3 0.02 5 69 19 53 20 85/15 - slow addition of EtNO, (5h)
4 0.02 2 69 25 46 20 82/18 -
5 0.004 5 40 27 13 64 63/37 92

@ Determined by "H-NMR analysis using DMF as an internal standard.

WIZ, EEOF AT I P2/ 7 — MERERBT 2 Fo S 4% A0 Hia Hif L72A,
t R Xt AT BHonino7-(Tablebs), FlziL, 7= /X KRV F VLT /) FUR
EHWIL L LT 56 KOSITETLRWDNH D 0IE= h e ol 7 1 k ABIZHE S LA
AT L7 (entry 1-5), £72, 47 I Fox /) — LI HW SR TV b S M((CuoTh, -
toluene/LiOCgH,-p-OMe*™) TRUIG &2 1T » 723 Tl ®HIST 57 I RS L= (entry 6), £ 7-. 'PrMgBr
TUHL L7258, ST 54 %2 A0 21% TH LN D DA TH - 7= (entry 7).

Table 5 Attempt for Hydroxyoxime Formation from the Product via Thioamide Enolate

S Ph gt S Ph O Ph S Ph
z conditions : : :
Voo N v (O AR N\
N THF N
N H N N N
25ab 02 28 © “OH 31 O 32 “OH
entry  conditions eq. temp time comment
(c) (h)
1 MesCu, HOCgH,4-p-OMe 0.3 65 1 no reaction
2 MesCu, HOCgH,4-p-OMe 1.1 65 12 isomerization (TLC)
3 MesCu, HOCgH,4-p-OMe, (R)-DTBM-Segphos 2.8 rt 0.5  decomposition
4 MesCu, HOCgH,4-p-OMe, (S)-DTBM-Segphos 2.8 rt 0.5 decomposition
5 LiOCgH4-p-OMe 2.2 65 12 no reaction
6 (CuOTf),-toluene, LiIOCgH,4-p-OMe 1.5 rt 24 amide 31 (24%)
7 'PrMgBr 1.5 rt 24 oxime 32 (21%)

MesCu = mesitylcopper

F. bty 4= Fa-1-TF L A RERITERIC W EA THE ReX o 4% o Al
A LT, 2 DR FBIIRL & O T o 1 (Scheme 7), H72 5 ILEO [ L4 Ridw e o T o,
B RE %A% v A OB BIREHE R L7z,

Scheme 7 Hydroxyoxime Formation in Several Substrates

mesitylcopper

S R  (R)-DTBM-Segphos S Ph S Ph S Ph
5 mol % = ~ z
RQNMPh * Nroz i MeZNW MeZNW anNW
THF (0.02 M OH N. OH N. OH N.
23 24 t 24f40h ) 28 OH 33 OH 34 OH
' + isomer (~10/1) + isomer (~10/1)
27% 16% 32%
99% ee
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1.2.4. AMEEDIER

= b & A REZAIFTERAR & U CRlE & ORI A it L 7= (Table 6), filtift & 5 mol %% W72 555,
PR E T I HELT L @R 2D @ WO SRR M CAREINA 25ab 72375% 54172, 3 mol %LA I I il & 411K
WL E, RGEFEEE T = FARREB IO T A7 VARRME L SICHE TR T L, 22
THEE T 5 mol % TRIGEITH 2 & & LT,

Table 6 Reduction of the Catalyst Loading

(R)-DTBM-Segphos S Ph

mesitylcopper }

i r
MeZNJ\/\Ph

x mol % :
NO, n-hexane MezNJ\/\:/
23a 24b rt, x h 25ab NO,
(5 equiv.)
entry catalyst 23a time yield a syn/anti @ ee (%)
(mol %) (mmol) (h) (%) (syn)
1 5 0.2 1 97 80/20 99
2 3 0.2 4 39 74/26 97
3 1 0.2 24 39 73/27 95
4 0.25 0.4 24 7 74/26 94

@ Determined by "H-NMR analysis using DMF as an internal standard.

1.25. Z—rATZLAVEE Vo p-FEMFAT7 I FOEE MY

= ka2 & 24aDaB-REFTF AT I R~ORRERIRF NS OIE —fi%E % Table 712F & 6
Too N-F W R Ly (I DIRA RIS 2 FVY, 5mol% o fili £:C 1 REf %2 IS IS8 5868 L, 25aa
DAV ER 95%, 99% ee (DT ) 1 F AL TR S 7= (Table 7, entryl), 47 2 FOBALEHILDE 111
PEEITIZ E A EROSHEICEEZ 529, WTRICBWTH 99% ee & EWT o FABEL 5 2 7
(entry2-4), BATFNVEZGTLHF AT I R~bEHATEET, ICENMET L7cb oo, FfRIZHE =T
FABRPRNEZ B 2 72 (entryb), IS RITEFR EOBEHEIZ DD O TR THY . NN-URXU P LF
F7 I N2 b ERRIE L0 kST DA 25fa Z @\ ORI T 5 % 72 (entry6),

Table 7 The Generality of the a,f-Unsaturated Thioamide using Nitromethane

mesitylcopper
s (R)-DTBM-Segphos S R2
0, z
. M, + veNo, 5 mol % . M Ao,
R':N R n-hexaneftoluene = 3/1 R'2N
23 24a rt,1h 25
0.4 mmol 5 equiv.
thioamide ield? ee
ent roduct yie
YRR Produt o) (%)
1 Me Ph 23a 25aa 95 99
2 Me  4-MeCgH; 23b 25ba 93 99
3 Me 4-CICgH,  23c 25ca 92 99
4 Me 4-MeOCgH, 23d 25da 82 99
5 Me Me 23e 25ea 75 98
6 Bn Ph 23f 25fa 97 99
%|solated yield. S Me Me S
< MezNw NMez>
35 NO,

entry 5 T HIOUWEO FERIZ, (LAY 35 ORI TH 5., ARRIERY O ITR 5O X #
AR EREAT I X 0 TE L, AR O major e T A~ —Da,p-REfT AT I R ES SIS L
THEER KON L2 TH D Z ENH BN E 72 o 7= (FEBRDE : Figure 11, Scheme 8), F7=. FIARKY
35 DIFHIEIL 99% ee Th o7, TD T &N HARKIGFR THEHBADEHLILN X F /L EDOLEIZIBWNT

13



HAECEOT S T ARRMENFBLL TR Y . minor e =) F A~ — Mo, AT AT I R E
BOST 2R R ENTE Z > T ian e B2 b d,

Scheme 8 Generation of the Dimer by the Reaction of the Product as a Nucleophile

)J\/\/ S S Me Me S
Me,N MNMeZ * Me, N)VM — MezN)J\/\:/I\/U\NMeZ
25ea 23e 35 NO,
major
S Me Me S S Me Me S
MeZN)J\/'\/ (\)LNMe2 * Me, N)J\AMG -~ MeZN)J\/\/\/U\NMeZ MezN)J\/'\:/\/U\NMez
25ea NO, NO,
minor S Me Me S
Me,N NMe,
NO,

WIZ, T AT VAR R OGNS 2 58 — M2 5t L7-(Table 8), ¥4 7 I F23a B LW
=hrxZ 24b Z AW ORIZBN T, mWIERB L O F o F AR L OHFRRED syn 3R
RGO, RKGOME SN DBBIREEET L% Figure 2 (- LTz, = bt —sBF 4TI K
(2 Uy ANFENLFOEHIED HA LTSk FZ T Rl L o422 81280 3RO
NREFEO =S U F A= MBS U CAER T D, B R & R ORI EAERA S RN E 72 D
KO EOEBRIEN O RICHHEIT L, syn-25 DEIE L TAEK T EEZE 2 6ND, ZOET VLD =]
7T VH 2 DSR2 S SDARMBER O VT AT UABRMERBUC R E < FE LT\ 5 Z &R
ENd, ZOEFE—BLT, IvEdEn=ra7 by l-=bara/Ry 24 4-= hu-1-77
v 24d 1T KV EWTT AT L AERIRME A R L= (entry 2,3),

Table 8 The Generality of the a,B-Unsaturated Thioamide using Nitroethane Derivatives

S R3 mesitylcopper s Rr? s R?
+ (R)-DTBM-Segphos > RS > R3
RBNMRz ,\E)Z 5 mol % RENM + R12N)K/\I/
23 24 n-hexane, rt syn-25 NO, anti-25 NO,
0.4 mmol 5 equiv.
thioamide 23 nitroalkane 24 time vyield® b ee (%)

entry R R R product ") (%) syn/anti (syn)
1 Me Ph 23a Me 24b 25ab 1 95 8119 99
2 Me Ph 23a Et 24c 25ac 1 96 93/7 99
3 Me Ph 23a allyl 24d 25ad 2 95 89/11 99
4 Me 4-MeCgH,4 23b allyl 24d 25bd 2 94 8812 99
5 Me 4-CICgH4 23c allyl 24d 25cd 2 90 88/12 99
6¢ Me 4-CICgH4 23c allyl 24d 25cd 6 81 84/16 99
7d  Me 4-CICgH, 23c allyl 24d  25cd 20 45 86/14 99
8 Me 4-MeOCgH, 23d allyl 24d 25dd 6 63 84/16 99

Me 2-furyl 23g allyl 24d 25gd 2 91 75125 99
10 Me 2-thienyl 23h allyl 24d 25hd 2 72 7228 99
11 Me (E)-CH=CHCH; 23i allyl 24d 25id 2 89 80/20 99
12 Me Me 23e allyl 24d 25ed 1 91 81/19 99
13 Bn Ph 23f allyl 24d 25fd 1 90 7921 99
14  Bn 4-CICgH, 23j allyl 24d 25jd 1 86 80/20 99
15 Bn Me 23k allyl 24d 25kd 1 90 77/23 98

3lsolated yield. °Determined by 'H NMR of the crude mixture.
©2 equiv of nitroalkane was used. 2 mol % of catalyst was used.
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Figure 2 Proposed Transition State Model for Diastereo- and Enantioselectivity

MeQ ‘Bu
Bu
Bu : * o\ﬁ-o_ OMe 3 2 OMe

Cu R3‘
?// S—1Bu \ ‘Bu
RI,N BU B U
| i
S F:z?
R12NJ\/3;;\:/ R? R12NJ\/\|/
syn-25 NO- anti- 25 Oz

4-= Fu-1-7 7 24d LFEA Do REEFIT AT I REDRIGEIT S TR, T4 7 I K23¢ L DX
JZIBWT 4-= b r-1-77 » 24d 1% 2.0 Y & F T FTRE Th - 7= A3 (entry 6), filii &% 2 mol %& L
78h. BOGHEIEE LK Liz(entry?), ~7T a5 & ERA AT 5F 47 I RTIEYUT A7 LA BRI
PMETF L7, @ o F AR MEI IR R L7 (entry9,10), v HZERDF 47 I R TiE 1,400
ROBHF DT (entryll), BA F/VEHINT-a B REFITF AT I R TIE, MBICRISHETL, BT

UV —/)VEHDO T 4T I R & RSO ARPFNEDRG S 7z (entryl2), T4 7 I RO %R EOBEHILIISIS
P K ONARERRME & IS EZ 529, NN-URUULF 47 2 RIZBW T RERICRIG A I T L
7= (entry13-15),

1.2.6. {FBIRMRIE

RETHIE LCap- AT AT I R 23a iz, ap-~Ef7 I K36, =27/ 37, 7> 38
Z LA S IR ZAT > 72(Scheme 9), & DFE R, o, B-REAFNT A7 I K 23a DA ANEIRANT UG L
D REIFN A VAR = MACAEPIFEEIR S 7z, REFHER LY mWEB X b dap-Riafnsr b
38 THIUGHHEIT Lo Tz, SAEBEAN T 47 2 RN CHAE/ERT 5 2 & T, ap-RafiF 47 2
ROREBEFHEZRED, FRHZ= haT7h v & bMRAEMER L, WiE &2 ZR0ICTS0 5 2 & TRIGD
HEATZREL TWDH EEZ B, RRISIZB T 2F 47 I RO RN R S L,

Scheme 9 Chemoselective Reaction

IS o mesitylcopper
(R)-DTBM-Segphos s Ph
MezNMPh MeZNJ\/\Ph 5mol % -

e S

+ + NO, toluene N
24 f, 1h 25ab  NO2
(e} (0} ; 9 o i
(5eq.) yield 87%, 99/97% ee (syn/anti)
Moo N pr AN synlanti = 8317
amide, ester and ketone were recovered.
37 38 (98, 99, 99% respectively)

FE7o. KBUSOAL “‘E?Rﬁ%%l AL, 5 7FNIZoB-AafiT 47 I K& a,B-Rafio 27 L3 HfE

I 5 RE 231 & VWV CEEESUL 21T > 72(Scheme 10), = b1 X & > 24a OFIISSIT AR EfnT 47
REBALISEIRACHEIT L, B ONTH-747 2 R= /) 7 — MRS AR = 2 7 VAL 5 1 NER
It4% 2L T3Oo0HRE LIEARFTLEAT DA VX U ikEik 25la 23U 75%, 99% ee D= F  F 4
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BRI TH—O VT AT Ld~—& LTE LN (GEBROES « Figure 13),

Scheme 10 Chemoselective Sequential Reaction

CO,Et mesitylcopper
(R)-DTBM-Segphos ~ Me2N
S N 5mol% O,N
- _ + CH3NO, 2
"\‘ n-hexane/toluene 3/1
rt, 1h
231 24a 25la

yield 75%, 99% ee

13. TEREEBRRIEESVEMEHLEMOERK
F AT I RERNLITHRE &4 OB HEFEIC AL AT HE T H 5 (Scheme 11), fHIIMA 25fd I3 &K 7 v 2 &
KU LA a5 2 LT S NICEBRTE Y, /2. AFL MY 7T — F(MeOTHIC &
% S-AF AL, FRUTKE BEESRET TOE RY RETRICL Y DRV VAT I v 0 3536 n Y,
F7o. IR 25ca DF AT I REMLZ &K THE H Mel 5 KOV R Y 7 VA4 o filig CAEES 5 =
CICE VT AZAT N AL ~EBW LTS, FAZ ATV 4L KGR D Z & TRIRT 2 VR g
DL, EHIC1 TR THEMIE TH D GABAg AR T 2= A (R)-baclofen 42 ~ & ZEHaRATHE T H

19,20
27

Scheme 11 Transformation of the Product and Enantioselective Synthesis of (R)-Baclofen

(e} Ph
TFAA, H,O/CHLCly, rt, 10 h W
BnoN Y
s Ph y. 71% 2 o
J\/_\/\/ 39 2
BnoN - oh
J5tq NO: 1) MeOT, ether, t, 0.5 h P
anN e
2) NaB(CN)Hz, AcOH/MeOH 40 NOz

0°C,0.5h
y. 75%
Cl cl cl

1) NaOH aq.
THF/MeOH
S 2 Mel, TFA o 0°C,0.5h o
H H,O/THF H y. 83% :
MezNJ\/\/NOz4. MGSJ\/\/NO2 - . HOMNHZ

rt, 10 h ref) H,
25ca y. 94% 41 Raney-Ni (R)-baclofen 42
GABA receptor agonist

ref) Tetrahedron: Asymmetry 2004, 15, 2039. antispastic agent
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2. FA—ILEOuB-FHRMFAT7 I FAQOMBHTFHER I MR & 1,5-benzothiazepine Big %
FYHLEYMDER

2.1, LR

APPSR, ALERIRA A IEOS & LTHRAZRBISTH Y . LIXUIFAEERIZHW ST
Wb, FTo, ZL OMKIER LORFIGR#HE ST T0D, ZIEIZhT 2 RFREFC~T 7]
TREFBHNLNTND L OO2RAS - RB\EFHNIFICE ) v, =F—A=hat L7 i
EDORBAMEDOEONIEAINZHERICRON TN D, o,p-REAFIH VR BEFHERIT, T OPAOKE
FHERAEANCHIRANRN 2 &2 D | R AR A LA ISR DI & L THW S BlER 54T
W5,

ZIVETIZYMFREETIX, Y7 M Lewis BEIZ XV o,B-REEFIF A7 I FOREFHEZFEODH T &
ICX D, RFREEHANZ AN AFILEMAMBOEE B L T D 2% Z Do, p-RafIF 47 2 F& A
WD ARFIRA IS O HEFAILR D72, T E TORFBREA 13 R D Y7 M Lewis itk
PEEGTDH~T R FREFICER Lz, V7 Ma Lewis HEM 249 2 KEEAIT, BEREIZBWD
THTNIRRAT 4 VENL ISR Z I T AT 2 REALISE D &, SIRICARFRESBE S
DI S Nz, V7 RRREAIE LTFA—VICIER L, af-REFTF AT I R~ Ol R
AR RN % DL RISt L7z 22728,

FF— N mREHI L LT, B-RELFNH LR o Bk~ 0 AR5 LTINS D e T D 46l %
Scheme 12 |\Z/R L7e, Bl HIX, T4 —AD U F 7 LENRARFY T RICENL LT 3 2R FfEEE L7
o, B-REAFIT AT )V LI T DT U — v F A —/L 2 ORFIEATIMBISE 2 s LD, £, 8BS
EAFY YD P v EMBAIALT oB-AEBFIA 2 R 512% L DBFOX/Ph @ Ni $5 4 % fillit (2 v 74—
NVDORFIBAINEIEZATO, WV T > FARPPECHINEEZ S TN D, Wang BIERH F A IRE
WK1 AR L THWD Z & T B Y — L2 AR AR a -7 2 R 10 12k 5 FA4—
IV DT v T AR T AR NG % FEBL L TV %

Scheme 12 Recent Examples of Catalytic Asymmetric Conjugate Addition of Thiols to a,B-Unsaturated
Carboxylic Acid Derivatives
Ph,_’ Ph

MezN\ /O
SH 2TMSCEH,S 1%
614" ’O =
)v @[ Meok/\s
Me
™S

1 8 mol % 4 ™S
78-99%
R = alkyl, aryl 3eq toluene/n-hexane 1/1 77-97% ee
cyclic -60 °C

Nishimura, K.; Ono, M.; Nagaoka, Y.; Tomioka, K. J. Am. Chem. Soc. 1997, 119, 12974.

o) O CF3

11: 5 mol % H
. o z
7: 10 mol % J NMCFQ' ArSH Vi Nk/\SAr
Me:N  NMe, — toluens, rt =
10 <10 min 12
10 mol % o o - % Vi
z S Ph up to 96% vyield
)(1 L\ OO : )k N O‘N*N“ Ph 7% ee
+ =
o N RSH 24-96 h \_/ 9 _N_H H nNHso, CFs
— CH,Cl,-THF (10:1
5 6 06 2 (o:1) f(Ph Ph, 1
= - 0, w, W
S R g L
benzyl ° 7 Dong, X.-Q.; Fang, X.; Tao, H.-Y.; Zhou, X.; Wang, C.-J.

Adv. Synth. Catal. 2012, 354, 1141.

Kanemasa, S.; Oderaotoshi, Y.; Wada, E. \ / (w=H0)

J. Am. Chem. Soc. 1999, 121, 8675.
7: (R,R)-DBFOX/Ph-Ni(ClO4),-3H,0



22.  FA-IIEOMBMRFTHEMSMRS

221 fRYALOIL

A CO= a7 )Vl Do,B-REIFF AT I RAOIEAMEIETIX, A FEIF T L ERR
AT 4 PR . AT L DI IR AR T o TR SRR LT, FA— o4k
BB NTY, Zh & FEROARIEY A 7 L 23 EE T & % (Scheme 13), AT F AL TFA—/1 LD
7a MBI K VT AT — R L, ST 4T — RV 7 N Lewis ik LTF AT I AL
ZIEMEAL L 16 D3ERCT 2, =T U F A BRI KSR — s in S TERSUS A EAT L, @47 X F=
T — b 17 AT D Z & TS ZVBAT D, ST AT I R T — MK 17 132V 7 bR
Lewis i35 & OV ~— K72 Bronsted MRl e U CHEEL . FA— v D7 a0 U X VT4
T — FOSEA L, AN 15 2 ERT 5,

Scheme 13 Catalyst Design and Application to the Reaction of Thiols and o,f-Unsaturated Thioamides

S 3 R*
+ H_cpR3 1 ~ 3
F»:BNJJ\/\R2 HSR R 2N)H/\SR
H
13 14 'S - - 15
~_ @
precatalyst: S R?
chiral phosphine R12N)\/\ s
+ J /
Brensted base
\ R1 NJI\/\ H2
2
,' 13 18
H | S
R12NJJ\/\ H— SR3
16
initial entry to following catalytic cycle

catalytic cycle
Cu*: Cu/phosphine complex

222, RiGFHREL
o, p-FREIFIF AT I R 13a £ F A7 =/ —)b lda &L OIBMANSIZB TS, =ha 7 vy o

HAA MDA & FERIC A > F L48HI(R)-DTBM-Segphos il BERTERIA AN E L TRV . A 15aa 23T
KR IOETF o F AR TH S 7z (Table 9, entry 1), KRIZ, 1,5 X2 V' F 7 ¥V LB A~DLEH(H
i 23 NV F TR A ER T L EMIEMLEMOGR)ICE LT 2-7 ) T AT =/ —)L 14b
REAIE LTHWE, REMEEZHT 27 0 EOBRARUSHEZ 2 /[ ReEC, KV ZERMT 4T
— | 18(Scheme 13)2S B 415 Z & THRISHEAME T 95 rlgEMEENE S /ey, FERRIZ -7/ F
F7 = )=V 14b 2 IO TRUSZAT o T2 i R RO IR ICEST L F A — 23N L 72 4255 15ab @
HF BT (Table 9, entry 2,3)), Z OB, 7 X / EBMHIILIALEITHRHE SN/ 7z,
T, FA—IMT 12 Y EE T, AR 0.25 mol %E CTIEERIRETH ~ 7=(entry 4, 6), 1g A7 —
VT [RBRICSOSITEIT LTz, SO THIC TOCICHE L T U 2 M A & Sfr s e 5 2 &
MR AEAE D BRI AT 5 2 L7 A LV @EICHEET 2 2 & 23T & 7-(Table 9, entry 6, Scheme
14), ZOZEDNBARMIRFIAT—AT v 7IZMA D DOETH L LEZLND, £, FDILIZAER
W) D FEHIE 13>99% ee & Tl | LTz,
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Table 9 Optimization of the Conditions

S ; S Ph
mesitylcopper -
Me 2N)K/\ph *+ Hus (R)-DTBM-Segphos MezN)K/\ s
R toluene (0.5 M), 0°C R
13a 14 15
catalyst  thiol 14 time  product Yyield? ee
MY (mol%)  (eq) * (h) (%) (%)
1 3 2 H 14a 24 15aa  quant. 98
2 3 2 NH, 14b 6 15ab  quant. 98
3 3 1.5 NH, 14b 6 15ab  quant. 98
4 3 1.2 NH, 14b 24 15ab  quant. 98
5 1 1.2 NH, 14b 48 15ab  quant. 98
6° 0.25 1.2 NH, 14b 40 15ab 82¢ >09

a13a: 0.4 mmol; 14: 0.6 mmol. *Determined by "H NMR analysis. °1.0 g of 13a was used.
9Yield of the isolated product recovered by filtration at rt after adding n-hexane to the
reaction mixture at 70 °C.

Scheme 14 Diagram of the Isolation Procedure

n-hexane s Ph
reaction mixture | \ | gradually cooled tort y NMS/Q
(toluene suspension) ‘ T T el
15ab (98% ee) warmed to 70 °C crystallization filtration 15ab NH,
(solution) enantioenriched (>99% ee)

223, 2{GEBRT Y —LFF—ILERV-EE MR

WA, ARSI S OFE —tk Z it L7z (Table 10), SUGSMEE LC, Rifi Chadifb L7250
Z W (fBEE: 3 mol %, T4 — L 15 M E), 47 = /) — /DAL MLEHRIEDE 7172 PEE IR
DO HEAIMER E T T A IR T S 47 (Table 10, entry 1-6), A/L b b R % U 23K
JetE s KON FARIRME & S IR A LT S T BRI R % 5 2 7= (entry 2),

Table 10 Substrate Scope and limitations

MezN

X toluene

S mesitylcopper S R!
(R)-DTBM-Segphos z
)K/\W + HS 3 mol % MezN)K/\S
X
15

13 14

thioamide 13 thiol 14 temp time yieldb ee
entry = X product ©c) (h) (%) (%)
1 Ph 13a H 14a 15aa O 24 93 94
2 Ph 13a NH, 14b 15ab 0 6 88 98
3 Ph 13a OH 14c 15ac 0 20 92 93
4 Ph 13a Me 14d 15ad 0 72 83 93
5 Ph 13a OMe 14e 15ae 0 96 64 97
6 Ph 13a CI 14f 15af 0O 96 47 95
7 4-MeCgH4 13b NH, 14b 15bb 0 24 85 98
8 4-CICgH4 13¢c NH, 14b 15¢cb 0 6 86 98
9 4-MeOCgH4 13d NH, 14b 15db 0 20 90 98
10° 2-furyl 13e NH, 14b 15eb 0 24 81 97
11 thienyl 13f NH, 14b 15fb 0 24 78 97
12 (E)-CH=CHCH; 13g NH, 14b 15gb 0 24 71 95
13 Me 13h NH, 14b 15hb 0 1 85 88
14 Me 13h NH, 14b 15hb -40 2 90 97
15 Pr 13i NH, 14b 15ib -40 6 93 99

213: 0.4 mmol; 14: 0.6 mmol. 2Yield of the isolated product. “13e: 1.0 mmol; 14b: 1.5 mmol.

B-T U —NBHDHNEB-~T a7 U — /LA EELIZ S Do,B-REfIF 47 I ROGE L@ F
FBRMETHRD GO, 7V — A BICE RO EBRILEZ G T 256, RUSHIE S 7z
(entry 7-11), Y LA L= F AT I FOBE, L4 IEINERIRIIAE a7z (entry 12), B-A F v
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BEHDOF AT I FIZL Y @WISEZ R L, 0 CTF 1 R ThROSITTER L2y, £ D= F o F A i8R
PEIZOE T L7z (entry 13), SO R Z-40 “CIZ I C b MU TN HEIT L, =7 o F A 3R 1
97% ee £ Tl . L7z(entryld), F£7z. B-A VY 7w E/VEELD FE TIIATIMAD N FHEE X 99% ee Th
- 7z (entry 15),

224, PLFLFA—ILZEZRVERE

WIZT NFNTF A=V E AN E T 70, &% 10 mol %, 2-ANH 7 b=k ) —)L 149 %
5 Y EHAWEA, IR T LxmpT 6 ReHRICROSITTER LE RIS L4-fHINfk 15ag 2315 H a7z
M, T TF AR 76% ee & HREE TH - 7-(Table 11, entry 1), = DRFF A — )LHBNAL D A )3 4R
HIEE Ly T 3= VERLMS I L T2 AR 0 bz ino o, oy Y AF A —)L 14h R F
T T AV 14 F VTS ATHVER T L U CRUS TR ST UE BRI A IR
IR 2-ANA T R & ) —) 149 DG L RIFRIZZE O =) 2 FAIRPWEIL HFEE CTd - 7= (entry 2,
3o

Table 11 Catalytic Asymmetric Conjugate Addition Reaction of Alkyl Thiols

mesitylcopper

s (R)-DTBM-Segphos s Ph
+ RSH (10 mol %) :
MeZNMPh 5eq o MeZN)K/\SR
13a 14 toluene.rt 15
entry thiol product time TM® ee”
R (h) (%) (%)
1 HOCH,CH, 14g 15ag 6 quant 76
2  PhCH, 14h 15ah 3 quant 64
3  CHj3(CHy)qq 14i 15ai 1 quant 54

a Determined by "H NMR analysis using DMF as an internal standard.
b Determined by chiral HPLC analysis.

kb U FARIREDOE N T2 2- AN T by ) — )V ZER L, BRI 2- AV T b
& ) —VBEZFNZF 3mol % LN 1.5 Y EHV-40C TG ZIT o T2 6 . FOSEFOEE 2 1£ 9 b
DD, xTF 2 FAERVED A EAEM S 7= (Table 12, entry 1, 2),

Table 12 Catalytic Asymmetric Conjugate Addition Reaction of 2-Mercaptoethanol

mesitylcopper
(R)-DTBM-Segphos

S S R
3 mol % B
= + HS z
MezN)K/\W /\OH toluene MezN)K/\S/\
13 14g 15 OH
. . a

entry _ thioamide 1~ product temp time yieldb ee
R' (°C) hy o) )
1 Ph 13a 15ag 0 24 86 76
2 Ph 13a 15ag -40 48 65 84
3 Me 13h 15hg 0 1 94 39
4 Me 13h 15hg -40 2 96 37
5 Me 13h 15hg -60 20 96 25
6 iPr 13i 15ig 0 2 93 94
7 Pr 13i 15ig -40 6 92 96

213: 0.4 mmol, 14: 0.6 mmol. “Isolated yield.

o, B-NEIFNTF AT X FOBALOEHIEN A F)VEDOGE . Ph OGS L LSER M EL, =
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F U FARIRVETIE T L= (entry 3), SUSRE Z-40CH 5N F-60°CIC FiIF725HE b = F v F @R
DOh) EITFE O biLZe o 7o (entry 4, 5), PALOEHLILNA Y 7 o B VIO FE 131 T, -40°C FEHE)
(B i@ﬁ L. ®FS3 260K 15ig 23 @ o F A3 PUE T B L7z (entry 7).

2.25. {LEBRIRBRG

RIS MR PFNE 2 7R T, o, B-RELFN VAR EEFFEIR T dh D o, B-REIFIF 4T
F13a, 72 K19, =AT)L20, FAT AT N 21 DIREMEIREL L, 273 /) F 47 =/ —/L 14b
& DBGIE %AT - 72(Scheme 15), ZDFEHR, o,B-FEafIF 47 I K 13a OAKISHHEIT L, LA
{K 15ba 23 @R, mx ) o FABRRMETHE bz, ORI ERS TR Sz, FiETO=r
T VT) 2 B REZAIRTEE AR & U CHWERIL &[RRI, YV 7 R7e Lewis IR CH LT 47 — MR F AT
I REALERFRAOICIEH(E L TV AT LB X LD,

Scheme 15 Chemoselective Reaction

i S Ph
_— _ mesitylcopper 2
MezN)J\A MezN)J\A Ph (R)-DTBM-Segphos )J\AS

13a 3 mol % MeoN
o NH
+ toluene, 0°C, 16 h 15ab 2
/U\/A )J\/A yield 96%, 98% ee
recovery
s 19: 93%
20: 97%
21: 93%
HS
NH, thioamide is chemoselectively activated
14b
(4 equiv)

Fm. REFEOE O oB-REFIZ o 22 2 AW TRBED AT MBS 21T - 1283 E 12T, RO
HNITHEIT L2 b DD AR LTz LA-FHIMA 23 OSL74 1% 0% ee T & - 72 (Scheme 16),

Scheme 16 Conjugate Addition Reaction to a,p-Unsaturated Ketone

o mesitylcopper (0] Ph
(R)-DTBM-Segphos >
)J\/\Ph + HS 5 mol % Ph)J\/\S
NH,

NH, toluene, rt, 6 h

Ph
22 14b
(2eq.) yield 80%, 0% ee

23, RUIYFTFEEVEBBERTHEMEHLLEVOER

231 RUIFFEEVENKREET LAY

SEETENE 2R AV T 4 RIEF T VHIBD RSO R F L OB -2 E IS L G 7e LIRS h 5%,
FRIZ, 15-_X Y F T B EKITE Y OEELOZDOBEMEEMIC LI AN EEEETH Y,
Z DN F LRI TR CHIBREN E B2 55 | Figure 3120 —#%& £ & iz, M ITHE
DIRIEIET I % quetiapine®®® LHUHLERE D diltiazem®®, Hi 9 10 thiazesim®™ ™ [ 3 5,2 KR 1L
TRSCEE A & SRS Pui I RAE 2 oR 3 R R IE B A TA-Q93(BRJE Fhk)™ . U AR & L8y BE TR
& L CHRRER T 0 GW-S7T7PY BT o R 2 # U RIKEBNIE T 5 NFAQM 22 B3 b %,

LRI LT A — VHEO o B-REFRT 4T I R~ORF B IMEE D LR DS, XI5
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1,5-benzothiazepin-4(5H)-one ‘F ¥~ BHARETH D LB 2, AEKERETHIONVTFTELBLOFT
B AL EWICERE L. LRI EF LT,

Figure 3 Therapeutics, Therapeutic Candidates and Biological Tools bearing a 1,5-Benzothiazepine core

Me
OMe
@tﬁ o e 0 s
"Bu @[ \ OAc
CO H
2 N N\
N
MQ Mz MezN MeQN MezN COZH
quetiapine . diltiazem thiazesim TA-993 GW-577 NF 49
(drug for schizophrenia) (Ca?* channel blocker (anti-depressant drug) (anti-platelet agent) (under preclinical trial ~ (agonist of constitutive
for treatment of androstane receptor 3)

drug for hypertension) lipoprotein disorder)

2.32. PILFFELERORA

2321  PILFTFELA

VT TR A(Figure ATV F TR UBEKERT D CENTF Y xT 0y I—Th D, T OIERE
B BROMER X OVE MESEOTERRIK L LT 1974 56 ML = 20K 110 JR5E S AL TW 5 (B s 44 ~L
Ny =), DAF T AT EIR 24 255 SCHRBEA O TTEIC K 0 ARRTE D ¥, Rk 24 1%, FA—
IV DARF AT IO AR 15db 7> b B REFEZA LT K OBRIIC X 0 & S 2 R 25 Dafi DRzl
LEVEHARETH DL EE X LND, LT, AEEFHIEF LT,

Figure 4 Transformation Strategy for Diltiazem

OMe OMe OMe OMe

S S transformation s ©
oxygenation S of thioamide H
OAc oH _ZY9eTaRon, @ —
N and 2

z

o H O H 0 cyclization 15db  NH:2
Diltiazem 24 25
NMe2

2322 &M

INETETHRESNTVDL LT T ELORFGHBIZ LU TICE LTz, £, HIO =ZERIFEBHF
WX D RS 12 kB B 7 1% Scheme 17 1R 72 BB A T L 27 ~DAF R F AL, LA
AR E WD NARRFFD 2-= b F 47 = /) — L3012 X D =R v ROBRBRIS 2 #EEERE & L CTARL
ENTWDS, ZofEL— MITRERGLOALF T ootk LRl SNz LENRETH S,
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Scheme 17 Tanabe’s Synthetic Route for Diltiazem

1) Na (1.3 eq.) OO O

o
AcOMe (2.2 eq.) }o M
MeOH (0.2 eq.) o .,
toluene (3.5 viw) MeQ, 0 BuOH
\©\ 30 ° 20h 5 mol % ? M 99% ee
(]
CHO H SO,, MeOH Oxone (1.0 eq.)
4, 29 0 Co,Me
reflux 3h 27 T NaH(_303 (3.1eq.) 2
88% CO,Me 1:4-dioxane - H0 87%, 78% ee
Mo ] OMe OMe
SH SnX4
o e
S —_—
NO - OH OH
2 sy =0 COMe @[ @[
O CO,Me S NO, CO:Me N
SnX, 2 24 H O
NO, 3 > Diltiazem

WHE 5135 7 VIR AFMB LM IPA AT o B-REAFNA X RICKT 2 227 ) FA 7=/ — DY
T AT UABRIRA A AT INRSIC E 0 . OAF T B LAOEREPEAEEZ AR L TV 5 (Scheme 18)*, L
ML, ZOTT AT LARRMEIT 82: 18 IZHE - TV 5D,

Scheme 18 Diastereoselective Conjugate Addition to o,f-Unsaturated Imide for Diltiazem Synthesis

OMe OMe
@[SH MEMO MEMO
MEMO NH,
_14b15eq. : e TiCl,
@( ww@ o
CH,Cl, CHZCIZ
NH2
97%

reflux [¢]

33 3eq 79% 83/

i082:1
40°C, 3h ratio 8. 8

desired diastereomer ‘, Diltiazem
for diltiazem

Watson 51%, JEFHEER VA — Lol FA~—%2FEE L, ThZENnbH#)-DLVFTE L
ZA L LTV (Scheme 19)*, (2R, 3S)DNi L&A 5 VA —/L 37T 1ZBBRA /L = AT )L 38 ~ &
THts, WA F o BEXOR2-T I ) F A7 =/ —ADH I 7 LML D 2 FEo SN2 B SR B #
21TV, BROSLRMEZEO PRI 41 215 T 5, —FD(2S, BR)DSLIRMMEF 2 A9 5 VA —/v 42 1D
%, 246-FV 77 2= VA VKRUBT AT VEREEEE LTEALLE, 5 FHNERBIC L) =R
U R4 L L, 2-= b uaFA Tz /)—/L45 TTRFY ROBBRZITV, il & RO SR b0 ]
k46 15T\ 5,
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Scheme 19 Transformation to Diltiazem from Both Enantiomers of the Corresponding Diols

OMe NH NH
oH >< 2 2
coMe MeC(OMe)s 0" "o TMSCI COMe
2Me . TsOH { Et;N-HCI 2

O S co,Me OAc COH
MeO OH quant. Q 2 quant. MeO DMF /@/\/
quant. OH
38 39 MeO

37
(2R, 3S) Med

>97% ee
— @
NO,
RC @: __—, Diltiazem
/©)\(cone yndlne /©)\|/ Cone THF /@ACOzMe $
Na Hco3 Z COH
2
95% 97% MeO /©/\/
[¢]
MeO

43 EtOH 5H

(s, 3R 60% 46
>97% ee R= so
2

Cl

Choudary 535535 VA —/L s b ERIR R = 2 7L & #%H L, Fe**-exchanged clay 777£ T 2-7
I)FAT = )= LR SETIOAF T LRI 24 24 LTV 5 (Scheme 20)%,

Scheme 20 Transformation to Diltiazem via Cyclic Sulfite

o SH
1]
o’S\o @
OH SOCl, \_< 14bNHZ
CO,Et pyridine
/@/v_ 2Et  py COEt  Fed*-cray S on ——>, Diliazem
MeO OH xylene, refulx
47 MeO 48 N o

92% yield 24
99% ee

2.3.2.3. B SRl
KIZ 1,5-benzothiazepin-4(5H)-one ‘F A O 2 LU FICRT, 7 V72 AL % A7z a,B-
AAFA XYY VY ) o ~DF A=V OIS, =/ F— DT F U FABRK T 1w b r— 3
> R ZFI L7z 1,5-benzothiazepin-4(5H)-one 52 DA A4S Rana B2 & 0 &5 ST 2%,
SRR & TROSITET L, I BRI e F o FARIRMEL 5 2 508, 3 (EHA O
1,5-benzothiazepin-4(5H)-one (23 H N RE S5,

Scheme 21 Conjugate Addition of Thiols to a-Substituted Acrylate Derivatives Coupled with Catalytic
Asymmetric Protonation for 1,5-Benzothiazepine Skeleton

50.1mol% & 9 S
toluene, rt )J\ J\/\ — @[ 3)rPh
N s . N
R NH, H O

51 82.99% yield 86% ee
R = Me, Ar 70-96% ee

FsC CF3

Rana, N. K;; Singh, V. K. Org. Lett. 2011, 13, 6520.

2324. 15RVIYFFEEVER~AOER
A NX VT ATFAT I RAD 2-T7 2 ) FTA T = ) —)VORFIE MG THT- AR
15db #JFEHZ HWCEMRF 21T o 7c. AT I NELOF A= AT N ~DOEHT, S- A F AKITEE
BRVESRAE TR RS % Z & TEERTE 7218 (Table 13), L LT MU 7 LA oz V=54,
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HEOF AT AT VB3 &bz, BIAERDE LT N-AFUbENT=T AT ATV 54, 5 FHNERIL L
FTEBI /AN, BEOTEET I UL 55 QAR S hiz(entry 1,2). L 0 ERM:EE O ik
ERAWCT RV EOREMEZMZ D Z 8T, 72/ RICHRT DRIKUSHIIH S NG L B2, £2
T, MU TA B AL ZRVR R O TROGZ FE L7-fE R, TR Y N- 2 F /UK 54 O AR
Hl STz (entry 4), [FFRRC 7 BERT 7 ¥ 52507 220 56 AR LM Sz, 4= A7V 53 1%
VAT NTTT BT LD BRAEDEIT L, T BRI 7 X L 25 ~EEMINIcd, F4=
ATV B3NS 5 Z & 2 S RO UGV,

Table 13 Transformation of the Thioamide Moiety to Thioester

OMe OMe OMe OMe OMe
© conditions @ /@ @ S S
o 12 Q Oy O
A A /© THF/H,0 (10/1)  MeS MeSJ\/\S N N=
MeoN S

0.03M NHMe H O NM62
15db NH, 53 25
entry conditions temp time 53° 54 ° 25 ° 55 2  comment
(c) (h (%) (%) (%) (%)

1 Mel (80 eq.), TFA (8 eq.) rt 4 65(57) 17 (18) 0 (-)b 0(16)

2  Mel (4eq.), TFA(3eq.) rt 19 55(49) 17 (20) 14(13) 11 (-)P 0.14 M

3 Mel (80 eq.), c.HCI (12 eq.) rt 16 86 (74) 5 (-)b 3 (23) 0 Cyclization proceeded on SiO,

4 Mel (80 eq.) rt 16 95 (74) 5 (-)p 0(11) 0 Cyclization proceeded on SiO,

CF3SO3H (11 eq.)

@ Determined by "H NMR analysis using DMF as an internal standard. The value in the parenthesis shows the isolated yield.
5 Not isolated.

BONETFAT AT VB3 X LR TERT DI L THTNERILLIET 7 #2525 NAERLLTZ03,
BOSIEFERICE < 72 BEfE# CHLUBEIN SR 77% T d - 7= (Table 14, entry 1), p-TsOH - H,0 Z it &Nz %
ERUSITIEE S, hrm s 80°CT 24 h TRUGHESERS LY, fEf(Eic X 0 RUSIRG ) & HEfE L
2 THUNER 65% TR F 7Y ) &5~ (entry 3), F£7-. MOV ITHIEELN) 2N 7254,
B 23 B A L 7= (entry 4),

Table 14 Transformation of Thioester to Lactam

OMe OMe
S
condltlons o
J\A + CH3SH + MeSJ\/\@
H o 56 57 OMe
entry conditions temp time yield comment
(°C) (h) (%)
1 xylene reflux 72 77% (isolated) very slow
(ca. 144 °C)
2 p-TsOH-H,O (1eq.) 80 24 76% ("H NMR)
xylene
3 p-TsOH-H,O (0.1 eq.) 80 24 65% (2 steps) 1 g scale
toluene (isolated, crystallized) (from thioamide)
4  EtzN(3eq.) 80 24 30% (TLC), 53: 50% elimination byproduct
xylene 57: 20% generated.

2.325. 15RVYFFEEVERUMI~NDBREREEBEARE
AiiTE C4372 1,5-benzothiazepine-4(5H)-one 25 O ofii ~DIEFE B REE D EFEAD D\ I e 7 VT
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DEANZREH LIBREREDEAICL Y . VLT 7B ANREHAEE & 72 5 (Scheme 22),

Scheme 22 Transformation Plan to Diltiazem from 1,5-Benzotihazepine-4(5H)-one

E:[ : halogenatlon @ : substltutlon @

R =H, CH,CH,;NMe, oxidation

1,5-benzothiazepine-4(5H)-one 61 D 3L ~DIEFE REE D EHESE AL Z v E THE 123 72\ (Scheme
23), F£7=. AL 3fi~D a7 U FH{OE AL, 1,5-benzothiazepine-2,4(3H,5H)-dione D ofiz ~D 5.5
ERHE SN TV EDHRTHLE,

Scheme 23 a-Oxygen or Halogen-Functionalization of 1,5-Benzothiazepinone

2R’ s-2 R s-2 S
no example
3)»OR3 -7z
N
rz ©
46%

Ried, W.; Sell, G. Chem. Ber. 1980,
113, 2314.

—Ji. T BT 7 X LofiD 1 7 ACSUSDSEEIC U < Dl & T 5 (Scheme 24)*44 Merck
B LY AstraZeneca OFFEH B 1%, TMSI 3 L O TMEDA % VT N-TMS-v U Lx /) —/L=—F )L
IR~ BB L, REFHIE LTI VEEZMZADZ LI VDI UVFELEIT>TND, 7=, Pfizer
DIFFEFE B 1E. PClsIZ L 5iEMA L., BRFEICE Do BFEITHIIL T D

Scheme 24 Some Examples of a-Halogenation of 7-Membered Lactams
1) TMSCI

Nal, TMEDA 2)1,
CH4CN, -15°C /) I
N > [\l N
H O ™S OTMS H O
65 66 67
1.4 kg 2.3 kg (94%, isolated)

(Merck) Tetrahedron Asymmetry 2003, 14, 3435.

1)TMSI EtsN 1) PCls, Py, -10°C -10°C
__ CHyClp, 20°C_
Br2 CH2C|2
NNy 2k
68

69 75% 7 99% (crude)

(AZ) PCT Int Appl. 2007104933 (trans) (Pflzer) J. Med. Chem. 1994, 37, 3789.

IS DEMEEFANTEAEY 25 Dafid Nt 7 oAbz LTz, 3 TMSCI/Nal/TMEDA 4514 % i
L2 A, KiEa< #1T Led - 7=(Table 15, entry 1, 2), TMSCI 35 X U Nal 2> 5 @ TMSI DA%
BRI THoT272d EEZ, TMSI ZH L7k R 29% DIKINR 2N 5 BB Da-3 UERERBPE LN
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(entry 3), E7z. PClsiZ X DiEMALA#H T 5 3 UFETIX, A LIz FEEOSFINER{kI K OMIK
IIRIZ LD R T T — LM LT AERR L7z (entry 4),

Table 15 a-lodination of 1,5-Benzothiazepinone

OMe OMe
C[S : conditions C[S
N |
N N
25 H O 72 H O
entry conditions temp ™ sM?  comment
() (%) (%)
1 1) TMSCI (1.5 eq.), Nal (1.5 eq.), TMEDA (3 eq.), CHsCN  -15 0 100
2) 1, (1.5 eq.)
2 1) TMSCI (2 eq.), Nal (2 eq.), Et3N (5 eq.), CH,Cl, -15 0 100
2)1;(2eq.)
3 1) TMSI (2 eq.), TMEDA (5 eq) , CH,Cl, 0 29 35  stereochemistry is not determined.
2)13(2eq)
4 1)PCls (2 eq.), Py (2 eq.), CHCl, 0 - - benzothiazole generated (as below).
2)12(2eq)

@ |solated yield

OMe OMe
s H,0 HQ
3 Sy 2 SQ—OOMe
~J g s p
NN @[ p N
“ ClI
73 75

N 74

BoNnlza-F VHEIRT2 OT BT — MM XD SN2 EHS S & A T2, B S2MEE L TiEZ -
7=(Table 16),

Table 16 a-Substitution of a.-lodolactam

OMe OMe OMe
S S
conditions S
| — OAc + @ \
N rt N N
H O H O H O
72 76 77

entry acetate (4 eq.) solvent 76 comment
1 NaOAc CH,Cl, - main: elimination product (TLC)
2 NaOAc DMF - main: elimination product (TLC)
3 NaOAc CH;CN - main: elimination product (TLC)
4 KOAc, 18-crown-6 CH,Cl, - main: elimination product (TLC)
5 "BuyNOAc DMF - main: elimination product (TLC)

WU, KIETDANVRFY ROT ) T — MK D55 TN Cofir O e e Al 4 37+ 7= (Scheme
25)0 MCPBA & A U\ Davis i ERIZ L D St d D AR Xy R~ BHL L . AMbAEW % LDA THOHE L
7oy, ROSEESET Lo T,
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Scheme 25 Attempt for a-Oxydation by Capture of Internal Sulfoxide Oxygen with Enolate
OMe

OMe

mCPBA, CH,Cl, LDA
0°C, 0.5h, 72%

S ° THF S

@[ @ 78 Ctort OH
N Daws reagent N
H O CH,Cly, rt, 20h no reaction N Yo
e 24

0
62% smg_ isomer

BIRILA 25 TlE= /) 7— FOERPKRETH 5 LB 2, xHET DT AT ATV 53 Dofr DAL
Z A7 (Table 17), = / 7 — @ Davis iAFEIZ L DML 2R AT, BRIL LT T 7 Z A 25 AR
L7720 oL DOBRLITHEIT L2 o T=(entry 1), F 7=, PPhs/O, JLER CIXEMEIRNIR AW & 5 2 7= (entry 2),
DLFBRTIX, DALI AL TWRNT 7 & L F L OWBEAR D A 03B L 7= (entry 3),

Table 17 a-Oxydation of Thioester
OMe OMe OMe
@ )LDA (3 eq.) @

THF 7sc o)

: +
)K/\ 2) electrophile MGSJKK\S C[

S

N

79 OH NH, 25 H O
entry Electrophile temp time TM comment
(c) (h) (%)
H _ .

1 so,ph 78to0 1 25 was major product

Ph /N/ ’

(0]

2 O, (baloon) -78t0 0 1 - complex mixture

PhsP (3 eq.)
3 D,O -78 1 - 25 (not Deuterated)

and elimination product of 53

b, 71887 7 Z Lafiid FERMLITER T T, DT T B LA~ 2 Rl Lz,

233. FPELLDER

2331  FF7EVA

F 7 € > A(Thiazesim) DT KON 1,4 IR R H> & D2 #5715 OIS % Scheme 26 (2R L7, ¥
NFTE LD TENEETH D FEMER TR Y FOBREZRD ARRKEZT 78 AC#EHT 5
B 3Ot Rue XU EHOMMBERANE L 0D, Aifi(2.3.24"1,5-X0 Y F T B E L FHE~OZEHEL)
CHESL U 72 B TEI TN L TREBARETH Y . LV RN RTF T B LOERMLV— &Rk rTEE
LEZI,
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Scheme 26 Transformation Scheme of Thiazesim

conditions investigated S @
previous section H
@( @ i S )
see 2.3.2.4. NH,

15ab

NMe2 deoxygenatlon

Thiazesim
SH
same as diltiazem N ©i
@[ commercial process NO,
g2 O CO,Me 3¢

2332 FEZAEHH

FT Y LDOARFERILZNE TITHBIHE S TWd, £7 Dike, Kumar & DG 2 LL T IR
T TEIERDOB-TE FF T ATV 83 % U X—BIZ L 0 BIRAITIIAR DL, eI MERB-E N e
XU T ATV 84 % 95% ee THUfF L7, B Km «*v‘/%@iw}i@:%{# D F AV OEE, BRESNT
TOT AT VONKIE, XfIiad D27 v U KO Friedel-Crafts )i 2 & ¥ benzothiopyranone 87 ~ & 2
Bal . & 512 Beckmann #5712 L0 15-_ YV F 7P 80 AR LT-, ®ZICMEAZEALFTE
¥ I AR LT % (Scheme 27)%,

Scheme 27 Enantioselective Chemoenzymatic Synthesis of (R)-(-)-Thiazesim

Amano A (PhS),
(0] OAc pH=7.0 (@] OH "BugP c.HCI
- = _— (0] S _— O S

EtO Ph  phosphate Buffer EtO Ph acetone
83 84 benzene EtOMPh HoMph

95% ee 85 NM
€2
(coc), S._Ph NH,OH-HCI s Ph C'/\t/
CH,Cl, NH,OAc, EtOH @ :2 KOBU ;E
- . _— >
sncl, o U . 120°C, 2h
“OH 95% ee

(R)~(-)-Thiazesim NMe2

Yuan © (% 3-methyl-4-nitro-5-alkenyl-isoxazole 89 ~F 74—/ L ORI ARF 1,6-( NG % Sk BEpE &
LF7 ¥ LZE2ER LTV 5(Scheme 28) 2™,

Scheme 28 Thiazesim Synthesis using Catalytic Asymmetric Conjugate Addition Reaction of Thiol to
3-Methyl-4-Nitro-5-Alkenylisoxazole

90 (10 mol %) N-0  Ph SnCl,-2H,0

N~ 4st
»Q MS 4A A : THF/H,0 reees
/W\Ph = s _ > HO2C\/\S
- e
oM , 89 PhCI, 40 °C, 30h ON o

93%% reflux, 16h
(]

or (e
HS : N

N Kumar, A.; Ner, D. H.; Dike, S. Y. Indian J. Chem., Sect B 1992, 31, 803.
14a TN g CF, Dike, S. Y. Ner, D. H.; Kumar, A. Bioorg. Med. Chem. Lett. 1991, 1, 383.
1.2 eq.
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T2, T<IKIE Wang BT, ~F YTt uA Y 7 a eV L 0 ZOKREFEE R D o p-
T AT N A~DOF A — VIR OFERARF LA ZHE LT 0 oL F7 8 A

~DIEWAZ AT - T % (Scheme 29)*,

Scheme 29 Asymmetric Synthesis of Thiazesim

NMe,-HCI
91 (5 mol %) TsOH'H,0 Ph CI/\/ Ph
o toluene, 0 :C )OJ\/EE /© toluene, reflux S K,CO3 S
, R .
(FSC)choJ\/\Ph (F3C),CHO s @[ ;2 toluene/H,0, reflux @
92 NH, N NN
+ 80
S Ph sty 98%
98% ee 91% ) .
,,,N)J\N)\/Ph ° Thiazesim NMe,
HS H H =
NH. FERRN HN S0,

2
14b 91
1.2 eq.
FiC CF

2.3.3.3. Thiazesim D&
Aifi(2.3.24 “L5-_V Y F T BE U EEA~OEHR)TONLT T B LG RICANT TRl L7e &%

ANWTEWEZIT > To, BALOEIILN T = = VEL 2-7 VVEH D WVIEA FLEONT OSSR
ITET L, BIFRINET L5 Y FT7EE B LAY 80 1ITEH Z N TE 1, T o H 80alcy
AFNT 2 ) = F OB EE AN LF T B > L&Ak L7z (Scheme 30),

Scheme 30 Transformation of the Product into 1,5-Benzothiazepin-4-ones and the Enantioselective

Synthesis of Thiazesim

Ph
1) Mel (4 eq.) R NMe, - HCI S
B CFaSOH (3 eq.) s cI 2 (2eq.)
MeZN)J\/\S THF/H,0 = 10:1, rt, 17 h @[ K,COj (4 €q.) "
N o
N2 ) b-TsOH-H,0 (0.1 eq) H O  AcOEYH,O, reflux, 18 h %
15ab: R = Ph toluene, 80 °C, 2 h 81% 80a: R = Ph 93% MooN
€2

59% 80e: R = 2-furyl

15eb: R = 2-furyl
71% 80h: R = Me

15hb: R = Me

thiazesim

SN LTz, 2-7 X ) F AT = ) =N DoB-REAMF AT I R ~DxF o F A ERAY LA,
FAT I FOF AT AT NA~OEM, LU L 550 FNT 7 Z 2MEO —EOLEBEIISIT, 2
MCAFRFEEAT D L5 Y FTREHO - RIEDORmWERTIEL B bND,
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3. anti-BRRMWTAMEMFIF= rO 7L F—ILRIEZE B -BIEME ;A3 anacetrapib D&
3.1.  anti-EBRM=FAO7ILF—ILRIG

311. ER
anti-®@RA7e= r e 7V F— A SITE OGS OBETH Y | HWIVRERMET anti-1,2-= hr 7 v

B )=V Z DT 2 E THBIDNRE SN THD DA TH DY,

WHFFERIZEB N T, HOEMBMET S Nd/Na ~7 a3 A 2 2 U v 7 R — Rl 73 2009 4EIZBH%E &
AL TU % (Scheme 31)®, THF o1, BIA7ZF 4, NdOys(O'Pr)ias. NaHMDS 36 X TU= F m— & » % EKIES
L7221 B ORI & - THE U D0 2 D orBE - BEH 2 2 LIk 0 BEOMIENE 5 1 5 GH
1% Figure 5 a)fitiit A ORI ESIR), AT anti-BIRA = b o 7L R — L USIZ B IR 2R R
— MR & & B ITmE WA R & SERIEIRME AR BT 5, — O BE MBS R TR, = ke T v
R— VAR D = o F A8 PR FS KON antifsyn @ HRMEIZIR T35,

Scheme 31 anti-Selective Catalytic Asymmetric Nitroaldol Reaction

NdO1/5(0Pr)135 (3 mol %) o

o 2 ligand 4 (6 mol %
R igand 4 (6 mol %) 5
R
Mo+ 7 m*/ o H OH
R’ H N N

O, NaHMDS (6 mol %) HO N
1 2 THF, -40 °C 3 NO: N I
yield 75-99% F F
anti/syn = 3.4/1 - >40/1 ligand 4
77-98% ee
Nitabaru, T.; Nojiri, A.; Kobayashi, M.; Kumagai, N.; Shibasaki, M.

J. Am. Chem. Soc. 2009, 131, 13860.

A Z ANTHE L= ba 7L R—= AR, SlIICERZRE ST AT I T ha—~
fEICERATRETH U, T E TIEARKIG ZHESUSIZ AN ZBs-T K L SR VEB SR O Frp ARGk
PRI OYIA 7 v WK zanamivir OFFELE L AN S LT B (Scheme 32)%,

Scheme 32 Synthesis of Bioactive Compounds from anti-Nitroaldol Products

R R T \/;@( S OH HN o
NO, 0" CO,Et ent-3 NO, \(

B3 adrenoreceptor agonist Zanamivir O

T2, BOFRREE EONT(HRMS), GG 77 X~ 3T (ICP-AES), X #rd 6 HT(XRF)IZ &
B 5T OREJ, AT AR FFBAL T 4. Nd®, Na'lZ k- THERR & 41, {ligand 4/Nd/Nap}ELAT A3k 0 3K &
TS Z ERHLNIR->TND S,

3.1.2. anti-BIRM=rO7ILF—ILERE
35-VF— RRUAXT Tk RERE L LTS 3mol %% HW—40C TG EIT> e 8ar. LI
B CRSIESERE L. BT FA@R MR YT 27 L AR IRME T anti-fHIE 3aa 28 & IR TH S
Au7=(Table 18, entry 1), SUGHE T %, 24 REfE]RI e Ttk & ke L C HICE, BIMEICE(kIZ e o T2
(entry 1-4), —60°C T& ST EFICHEIT L, anti (KD =)0 F A RI/MEIT 99% ee £ Tl L7
(entry 6), filfiiE % 1 mol %Ik U7=354 . SUSTEDZE L <K L 20 R #1238 C b AR DU
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24% Td > 7= (entry 7),

35-EA(MY TNA B AF /NN AT NT v REE L UTRINEIT o 1o G, @I TR
B ONTENZE DT o F AT KO antifsyn IR ITAK D)o 7o (entry 5), ARBUGDAERAY) 3aa & F]
F L 7= anacetrapib O & RRIZ DU Tix kiR 3 5 (3.3 anacetrapib O ) AR 2 A 5K).

Table 18 Asymmetric Catalytic Nitoaldol Reaction by Heterogeneous Catalyst

R CHO o
( Ligand 4 2x mol % R
* NO, NdO4;5(O'Pr)43/5 x mol % liloz

@ R 2a NaHMDS 2x mol % 3
0.2 mmol 10 eq. THF R
entry R 1 catalyst temp product time yield @ ee’ anti/synb
(xmol %) (°C) (h) (%) (%)
(anti)

1 | 1a 3 -40 3aa 1 98 98 97/3
2 | 1a 3 -40 3aa 2 98 98 97/3
3 | 1a 3 -40 3aa 4 98 98 96/4
4 | 1a 3 -40 3aa 20 98 98 96/4
5 CF; 1b 3 -40 3ba 20 99 46 75/25
6 | 1a 3 -60 3aa 20 99 99 96/4
7 | 1a 1 -60 3aa 20 24 98 98/2

@ |solated yield. b Determined by chiral HPLC analysis.

32.  Hh—RrF/ Fa—THEERTEFMBEOMRE

321 HE

INFETEZL OARFMB BB ENTELR, TOELITH ROt cd 5, B—R%
BOSHE THRIZENN - FAHT 21203, RIS < Oa X FRBREERD 2 Eb, EBRKIZIT 11
DHOFERCIRE SND, RAMEOEIL -« FFIH O ENHRE ST D80 RFFAE A EH R
IR A CEERT D HIE T, ABEEIECSARRIME O T A LI LIZRE S 72 5,

T X T VIR R R R O JLFE A XA R RAFE AL, SRR B ToARFE
BBEOMEN LI TH Y | HHH ATEE e EAM e A B — R AF AR O BIR ITFE & 72 > T 5%,

RA A FEABHAR EASEHRE A A TERL L 22 W IFEIC L0 FEE(L LAY — R il 2 R ¢ X U,
fE{H 72 A ERVED o CRbBED R L OHRHANFREE 720 | £ 722 ORMERE KT O [EEEDS 145 T
&5, FAE. LB RIS VE AR O EFR R IR RS 2 18 B ARG 2, Nd/Na R — Rl 2 47
a2 Z LIk OB E(LAFTRRICR D LB 2 T,

W D SFHEIRDFE 7« 7oA UEFER S LTHW S, MB-7 4 7 A e EIC 8T YT A
2. mYy RS AEMEHEBSEAIRRESN TS, LinL, 74 7 uA 37 2 B bRk
SNLMHETH Y | REMBEOEEIFIA L1256, AROREREBICTHT 5 MIERD 57
W, EROBMIICIIRNEEEZ HND,

H—RF ) Fa—TCNT)® 137 % T O EMEAR L LTESERZEDTEY, CNTD
BN B SIS, OSMBE IS G S Bl EAM LN TVB®, LavL, CNT
FRRUAIE O FIRUIE, B 2 IR 72 BRI K B A A O RE AR EORYEN LIZ LIENE L &
b, Z£L T CNT ZFIA LI RAEMBE ORI KR & L CTEAGIND 220, FlxI1E Li 1%, CNT
DENIZ Pt 28 A L= fiiE(PUCNTs(in)) 2R L v v a =Y U B2 RFENL & Lica-r K= AT LD
RFEKRFELEHE LT D (Scheme 33), & OfBEFRRIITIL LSS LE L 7 5 (iR 140°C T 14
IREFEIINER, H,PtCls /KSR 110°C TRz, 100°CTFEET b U v A MLER),
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Scheme 33 Example of Asymmetric Catalyst using Carbon Nanotubes

=FE) )oiﬂ/oa /| cinchonidine
Ggm—» /
N o} ’,'

96% ee

)\”/OEt o) !

o
75% ee T
TOF 1.5x10*h™’

Chen, Z.; Guan, Z.; Li, M.; Yang, Q.; Li, C. Angew. Chem., Int. Ed. 2011, 50, 4913.

CNT [3fE 2 OALZROSIZH L CRIEETH Y | FAWIEELCIZ A ERNEThH D, Fo, i
ROEHEZM A G LSO EERERMEZ AT 5, 2110 OB LFRVRED & CNT LA bl 4 %
OME BAEEHICE CIAD ZEMHEE U T & B 2 biv7e, AL, Nd/Na ~7 a3 f 22U v 7R
Pt 2 CNT OREHER M8 H TS IC B CALR b (T ) S 2 T L 2 R Al o B &b %
L7,

322, H—RyF/ Fai—TaENOHRAE

CNT H~DOARF il D [E &AL 515122V C Figure 5 12F & o7z,

F P EFIHARIEFAE FTO Nd/Na ~7 131 2 X U v 7 il O EE a)ooR Lz, BT 4 ©
THF 12 NdOy5(O'Pr)igs & Na[N(SiMes),] & 2:1:2 DE /LTI Z G bz A EREIEIC = o= »
YEMADZETEHPARERE R0, WAk T2 L ~Tu g A XY o I fifiio g SRRk LA
e ITHEAT L, 2 RFRIA2 1S L ORRBIR 3 U, 130T K OWESHC & 0 A GO RIEDE K3 15
DALz (iR A),

b)iZiL CNT HZH CiAd ikt oFH A2 R LTz, Z @Ok CNT & LT Baytubes C7T0P &9
MWNT (multiwalled carbon nanotubes) % AV 7z, AR CNT TR & EEZEDOLNEWNZ L2 E LT D
MR - 913 nm, £ &>1um), a)OFFEED T, BT 4/INdOys(O'Pr)iss/Na[N(SiMes);] DA
= bR X X DERNS MWNT 280, MWNT f77E FIZA~T a3 f A2 Uy 7 fillfto B 2
MR A T S 72, 2 BERIBEERE . B AOBITRD HiT, mO0EERS L OB L D ~T a g
A B 7 fil A B CIA D 7o) — e A ERDG S v (s B, MWNT filtfit),

—J7. a)lZIBW T NdINa ~7 13 X & U 7 il o [ ERA R ZIC MWNT 202 72356, R
Y)—7p B L ARO E72 HROBRMEE & MWNT OIRASWHE S 17z (il C),

33



Figure 5 Preparation Method of Catalyst with Carbon Nanotubes

a) Self-assembling catalyst without MWNT
NdO45(O'Pr)y35  NalN(SiMes),]

EtNO,

centrifuge
and
wash

Ligand/THF ¢ ¢

l

b) Self-assembling catalyst confined in MWNT
NdO15(0Pr)iz5  Na[N(SiMes),]

MWNT

!

catalyst A

centrifuge
and
wash

Ligand/THF

| ¢ |
l | »

c) Self-assembling catalyst and MWNT mixture
NdO15(0'Pr)135  Na[N(SiMes),]

clear soltion
and MWNT

MWNT

'

EtNO,

catalyst B

centrifuge
and
wash

Ligand/THF

| |
l
3.23. EWRBEDRY)V—=T

WICEMAEDO R 7 ) —= 0 FfES % Table 19 127~ il &1 0.5 mol %, [EFEFEARIIAA 15 &
L lR&E % 72, MWNT @ Baytubes C70P 73 &t % 44 72 [E #H FH K T & - 7= (entry 2), SWNT(Single-walled
Carbon Nanotubes)iZ 72 MWNT & Helt UK & 7o @B B A4 FFO(FlE O MWNT L 0 (BFE/ NS W), 2D
Teh, ~NTaNA ALYy 7 A E CIAD LKL LTIE L T 63, BEAEDCNT#s & BED
AT ORA AZY s T RSy 3 3Bl U T il C & [RIER e NG B AvTe, 2 D SWNT filtlit oo SOt

BROERDOBRIET L BITEoT(entry 4-7), 7T 7 74 BT A b, EMHIR TS BAFRRER
FEL o,

clear solution

catalyst C

Table 19 Screening of Solid-Phase Support Material

| CHO Ligand 4 1 mol % OH
\Q/ . ( NdO+/5(OPr)435 0.5 mol % | .
! NO, Na.HMDS 1 mol % NO,
1a 2a solid-phase support 3aa
10 eq. THF, -60 °C I
entry solid-phase supporta time yieldb ee’ anti/sync
(h) (%) (%)

1 MWNT Baytubes C 150P 136 73 92 95/5
2 MWNT Baytubes C 70P 64 95 97 98/2
3 MWNT (6-9 outer diameter x 5um length) 64 40 88 93/7
4 SWNT (0.7-0.9 nm inner diameter) 64 8 86 92/8
5 SWNT (0.7-1.1 nm inner diameter) 64 14 85 92/8
6 SWNT (0.7-1.3 nm inner diameter) 64 11 89 94/6
7 SWNT functionalized with CO,H 64 3 52 80/20
8 Graphite (platelet nanofibers) 64 15 88 92/8
9 Celite 64 5 96 98/2

10 Activated Carbon 64 1 51 81/19

@100 wt% relative to the ligand was used. ? Isolated yield ¢ Determined by chiral HPLC analysis.
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324, A—RYF/ Fa—TMEEAV: anti-BROFF= A7 F—ILRIE

fitlit A, B, C @ 3FEDOfkEA 35-23 — RRU X7 ALTFE Flal=haxk 2at O anti-EKAY
7p= b a7V R— U B TR L 7= (Table 20), fiflit A % 72454, 3 mol %D filfit & T —60°C
T 1 B LANIC RG2S 586G L. XIS 3 2 A5 3aa 7% 98% DRI KX ONEITTERE 7o L ARRINME T &
Niz(entry 1), LU, R 2K L 723854, @WOSARIRMEIT R SN2 b 00, IR R IAL
L 20 FEf % T % 24% T > 7= (entry 2, 3), — 5 C., il B (MWNT ) 13 L 0 @O ARIEERh =R 2 7R L
1 mol %Dt & T & SN FERG L7z (entry 4), 4L & I3 RAYIZ, Nd/INa~T /34 2 & Y 7 fili -
MWNT DIREW T o 5kl C I3 A & FEORIGHEZRTOHRTH T, ZDOZ &1L, ikl C
O PETEPERE X BRI A LRETHD 2 &, Flo, MWNT IIESOMEE R R e L AR L
TUW 5 (entry 5), MWNT (ZE] UiA s 7 il B DRI 72 58 /1L &V 25D MWNT (BAZF12%F L T 200
Wt%) T S 41, 0.5 mol% D il & (2 35\ T b KOG 58hE L 7= (entry 6,7), — 5, & 0 /& MWNT (AL
ALAFZxE LT 50 wit%) 2 FH W CAREEER S L 72356 IERIZ 40%IAK T L7z, Z4 LA B MWNT A8 &

&R R Al R S AN R T o T,

ikq35ENhU7wﬁm%%MNVX7wftFm%%gi W74 fiddit 2 10 mol %4
W-60 ‘CTRUG L7=8A . 20 FERCROGIESERE L7225, antifsyn BERIMEIT 74/26, anti RO SE2H0E 1L
58% ee T o 7=,

Table 20 anti-Selective Catalytic Asymmetric Catalytic Nitroaldol Reaction Promoted by Self-assembled
Heterobimetalic Catalysts A-C

R CHO Nd/Na heterobimetallic OH
catalyst A-C R
\©/ ¥ K . S
R NOz  THF,-60 °C NO,
1 2a 3
10 eq. R
entry R 1 catalyst product mol % time yield? ee? anti/synb
(h) (%) (%)
(anti)
11 1a A 3aa 3 1 98 99 98/2
2 1 1a A 3aa 1 4 8 98 97/3
3 1 1a A 3aa 1 20 24 98 98/2
4 | 1a B 3aa 1 20 99 99 98/2
5 1 1a C 3aa 1 22 32 92 94/6
6 | 1a B 3aa 0.5 64 87 95 96/4
7 1 1a B 3aa 0.5 64 98 95 96/4
8.1 ___1a__BY ____3aa_ ___ 05 ____¢ 64 40 _____ 95 _____96/4 __
9 CF; 1b B 3ba 10 20 94 58 74/26

2 |solated yield. © Determined by chiral HPLC analysis.
¢ 200 wt% of MWNT relative to ligand 4 was used for catalyst preparation.
950 wt% of MWNT relative to ligand 4 was used for catalyst preparation.

BOSHIHADZETNT & | i B I3 A & ol USRS PERE 2SN LSS S Tnd 2 &8
Bl & 7> & 72 > 7= (Figure 6), MWNT @ﬁfﬂf zk 5&5&%&*0) EOZ R 1 mol %% VN Crbik L7,
& 5B DA A H LTI, . 4047, 6043, 120 43, 240 RIS AR 7 = F Uiz, BEEhIC
e 2, fEihC SR A o b CTONEREZ 7 a > b Uiz, filllt A bbbl U, filiE B (MWNT filti) <, B
B 2R SO EE D) MBI S Tz,

35



Figure 6 Profile of the Initial Stage of the Reaction with a 1 mol % Catalyst Loading.

Reaction Rate

3
oo /.

30% /

-

0 50 100 150 200 250
min

== Catalyst A =fli=Catalyst B

3.25. EE—fgtt
%ﬁ%lmd%@%ﬁA%i@%ﬁB%%w(%ggﬁﬁ@@ﬁ%ﬁOkﬁwmm)%ﬁBmMNT
) & AW E 1-= b 7 a0 bR 2R VAR v = a2 2 20 2BV b RURIFHEIT L,
ZHIVEIL 93% ee 35 LN 84% ee D F A FIRME, 86/14 35 L TN 81/19 O antifsyn BeRMED ST H L7
(entry 2,5), —J7, fitlft A Z# W56 BOSHEIZIR T Liz(entry 1,4), F7=. BIFET V7 & Rz
THERRIC, b B IAE A XV b & RISTEZ 7R L7z (entry 6 vs 7and 8 vs 9),
FREEFIAEE = o= o ORP VI 1-= b a AU B HWEEA, 56472 MWNT fitlitoiE
PR, =F U F AR 1}:/ué:%fﬁbf£7§>o7i(entry3) RERIELTO= b a7 v O
HICBL LT, BEHCHE SN T2l MR = hr o VWA TH D 2 EBRHER SN,

Table 21 Generality of Substrates

(0] R2 catalyst A or B OH
+ 1 mol % R?
PN A

1 2 THF, -60 °C 3 NG,

143 mg (0.4 mmol) 10 eq.
entry R! 1 R? 2 catalyst® product time ™? ee® antilsyn®
(h) (%) (%)
(anti/syn)

1 3,5-1,-CgH; 1a Et 2b A 3ab 20 24 74 70/30
2 3,5-1,-CgH; 1a Et 2b B 3ab 24 94 93 86/14
3 35,CeHs 1a Et 2b BY 3ab 48 4 5  61/39
4  351,CeH; 1a BnOCH, 2c A 3ac 40 71 84 81119
5  35,CgH; 1a BnOCH, 2c B 3ac 20 72 89 8317
6 PhCH,CH, 1¢c Me 2a A 3ca 88 5 81 79/21
7 PhCH,CH, 1c Me 2a B 3ca 40 69 87 89/11
8  CHs(CHy), 1d Me 2a A 3da 88 6 83 73/27
9  CHiCHy); 1d Me 2a B 3da 40 52 80  84/16

a |solated yield ® Determined by chiral HPLC analysis. ¢ Determined by 'H NMR analysis.
d Catalyst was prepared using "PrNO, instead of EtNO, © 200 wt% of MWNT relative to ligand 4
was used for catalyst B preparation.

3.2.6. fEDEFIA

fil i A TIREMEDOMI R TH D | RE)—ROBEIK T CLOSHEITT 2, MR TH L7207 T A
T 4B = DI AR THIE ST A SOSHICEIN T 2 2 LT E RV, —J5, il B (MWNT
fltE) 1 X B 72 A ERIEIC £ 0 RORIES 0 D EEIC BT RECTH 0 | ABEO TR AIRE L 72 o 72,
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f g o> PRI ] FEBR AL B OAERGIX A Figure 7 1R L7z, HEHD &2 Y a B TEH U T AT 4 L7 —
FORBE P CRIEET T, ~ I FXF v I AX—=F—5HWTGE, 77 A7 4 VZ—DEERE L fil
A AW TE -T2 7-0, RS H AR5 240 rpm TIRE 95 Z LIC LY BSNIREW A L
Too BUOSHETHRIZ, SeHOOv ) a i Ly ) v UsHaHIT R A, TAITVEICE VKR T TA
L7z, Al L7zl 4 oK THF CUEdH 4. BELUNICEEN Lz, AIREIRMET 2 2 LIk A
3aa A B VIRBRIRME TR 2 e T&E e, £70, Al LIl IRISRM OIER Z £ 5 DD, 6 [H]
0 3K U ATRE T & o 7= (Table 22),

Table 22 Reuse of the MWNT-confined Catalyst

| CHO MWNT-confined OH

catalyst B |
\©/ + K 3 mol % :
I N02 N02
1a 2a THF (0.1 M), -60 °C 3aa

143 mg (0.4 mmol) 10 eq. |

entry time ™ e ee b anﬁ/synb comment
(h) (%) (%)
(anti/syn)

1 1 90 99 97/3

2 1 95 99 98/2

3 1 92 99 97/3

4 3 87 99 98/2

5 3 85 99 98/2 catalyst B leaked

6 5 83 98 97/3 } during filtration
7 16 58 99 98/2

a |solated yield. ? Determined by chiral HPLC analysis.

Figure 7 Apparatus of Catalyst Recycle Reaction

shaked by
vortex mixer (ca. 240 rpm)

filter ] cap

f

——L reaction mixture
after reaction, — |
transfer to flask | silicone cap
washed with THF =

- —

cooling bath (-60 °C)

3.27. H—RYF/ Fr—THMEOEFEMBETE

fitiit A, B 38 X O C A& EAALEIE B TSR (STEM)IC L 0 FEIC 0T L 72, fitlt A (MWNT 72 L)
OBLOKE ST 50 nm 225 1 pm LLETH > 7= (Figure 8 (a)), = F/L X —23 A X #5555 41 (EDS)
WXV, ZNENOMBEOBLIE Nd BLOEN. FICHET D FE2ET EBRHLNE ST, 2D &
3B CARRA L ST SRR M A HIZH— IR L TV D Z & &Z7r LTV A (Figure 9 (a)), Na d
B 72 X O 3L ¥ —(Ka=0.978 keV)IZ Nd £ 1T & A PR U(Ma=1.041 keV) TH 5 7= g T &
7235 72h3, HRMS, ICP-AES X° XRF HTIC L W AR Z A2 —FDF MY U AOFEIT RIS TN D

45

o
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Figure 8 STEM Image of Catalysts
(2) STEM image of catalyst A (b) STEM image of catalyst B

'Catalyst B

—J5 MWNT [ZEf TIAD 7= il B (235 Tk, MWNT O#EHER O B B2 20-200 nm o L 0 /N & 72
fiblit 7 7 A & — 3B CiAD HALTO D8k 23BLI < 4u7= (Figure 8 (b)), ZALiE MWNT D4 EE [T Nd/Na
AT ENA ALY o 7 il B B EATE S, F IR o8 B AR OB WERINZ O E %
HIR L7z B X bId, TO/NETes T AL —DOIBRIT K 0 ARAMEEOIEEENL O F mAE 2SN L
EWARESN RN KB LT & B2 bvd, £z, il B @ EDS /fric kv, Entho s 7 24—
Nd Z & T 2 & D3RR S 4L (Figure 9),

Figure 9 EDS Mapping Analysis of Catalysts A (upper) and B (lower)
(a) EDS mapping analy3|s of catalyst Afor Nd (blue) and F (orange) detection.

Iy

IMG1

c———————1.0 pm

———1.0 pm

(b) EDS mapping analysis of catalyst B for Nd (blue) detection

38



F£72, NdINa ~7 31 22U w7 il B A EOHZIC MWNT 20125 Z &2 X0 AL 7=
il C 1%, it A & MWNT & DIRAW Tdh - 7=(Figure 8), Z D Z LI AF=Fu 7/ R—LEIRIZ
B THREE A LAl C & ANRIEFSE OULERE L ONLASRIRME 2 5 % 7 F2ES 0 FEBR A5 5 (Table 21) & —%
T 5,

3.3.  anacetrapib OfERRFTER

3.3.1. anacetrapib
77 v — SAVEEREE AL | AR RIS FERMEREME TH Y | BRI LM E R A O U 2 7 R

RIRE L CHIBRAED TV D, T ORI E Y R E H (LDL) L~V ORI 555 < R3S BRI %
T, HIEY REAMHDL) OB G Fii-RAlEOT7 7o —F & LCTEAZED TS, 2L AT UL
AT VAEE S 237 (CETP)IZ HDL 726 LDL ~DZEHAARET 578, EFRLBAF DA S 72 &
AV Y

Anacetrapib(Figure 10)i%5# /)72 CETP FHEAIE LT Merck (2 X 0 B &, BUE, SR MUIEDIEHE
L LUTHE 3 HOBKRBRPIITON TWAILEmTHY . BEWERZIZE A ERS T RIF 2L 2MEEZR
TN, ZOMEOAFY YUY VRPICRHENS anti-1,2-7 X TV —LENLIE, AR L
7o anti-@IRA 72 = b 70 R— VRIS OAERM) L O ZEHarTRE &5 2 72,

Figure 10 Structure of Anacetrapib

MeO F

Anacetrapib

3.3.2. Merck O#&E)L— F
Merck |2 & 0 #i5 & T 5 anacetrapib O HE 575 % LU FIC/Rd, Anacetrapib [Z4 %4> ¥ v
57— b6 LDl v 7 ) LY 15 5% (Scheme 34)%,

Scheme 34 Merck’s Synthesis of the Anacetrapib

o)

O)kNH MeO F Me

NaHMDS (1.05 eq.)
Me Me DMF or THF, -15°Cor it F.c
FsC Me
FsC
CF3 Cl
5 6

CF,

FsC
Anacetrapib

39



SRR A XY D R 5 X, LT T =0 T ORFRFEEFAL TARESN TN
(Scheme 35)%2, N-Z {i# St 7= L-7 5 => @ Weinreb 7 3 F 812, 3,5-bis(trifluioromethyl)phenyl = = -
FNEEAL, 5607 s b 10 DAV AR =L 3% Meerwein-Ponndorf-Verley 356 T 7 /L o — L~Z5 i
%, FNTERILT 22 LICX VRO A XY V2 528 LT D,

Scheme 35 Merck’s Synthesis of the Intermediate of Anacetrapib (Oxazolidinone Unit)

WO 2008/082567 (Merck)

Br BnO .

BnO BnO CF =0 1) A(O'Pr); (0.3 eq.)

>:O HOBT-H,0 (1.2 eq.) >:O 3 2-propanol, toluene

HN EDC-HCI (1.3 eq.) HN F.C 9 50 °C, 15.5 h
———> 0©

o Pr,NEt (2.5 eq.) o 'PrMgCl (2.5 eq.) 2) KOH, rt

OH Me(MeO)NH-HCI (1.3 eq.) N— THF, 20 °C CFs

7 8 A

F.C 10

v7 U —AbEY 6 13LEW 156 L{LEW 18 L @ Ru iz L5 C-HIEMALEZES 7 X b v 7Y
v TSR RERG & LTA S TV 5 (Scheme 36)%, 1-7 0 E-24-Y 7040 _v¥ 11 O 2 fit%
HERAGIC A R LICEB LY, BONTEAW 12 DA F X ED /T A % Friedel-Crafts St 2 X ¥
TEvFMeth, AFNT Y = — i3RI K0 BRI AT VAL, 7Ty a—) L &iE5T
LTIeEm 15 2Bk L TWD, £ (bEW18IX3- M) 7AA B AF AR =R YL 16 % 2-7 3
T NaA= VLTI AFRH Y T 52 L THLND,

b 15 L{bE¥ 18 & D[RUCly(benzene)], Z il & L7z C-H fEATEMELZED 7 A v 7
TRISZE D, €TV — VB EREE LI, XYY %27 anafifig A F L CcigtE k%, e FU R
BT A2 IR ORIET 5T b a—L 20 ~EEHLY, Tra—A0 s al il LY shihd 57 1
U K6 E/TNDS,

Scheme 36 Merck’s Synthesis of the Intermediate of Anacetrapib (Biaryl Unit)

F F KOMe (1.2 eq.) MeO. F AcCl(12eq) W o F MeMgCl (2 eq.) (HSiMe,),0 (1 eq.)
jg/ THF, 65 °C :@/ ACl; (1.3eq) " ]CH( TR e Meom; TEA (13 00) Meoﬁ;/
- = - Z . P
Br Br
DCE, 0°C Br Br 10 © Br
" 12 13 o 14 oH DCE, -10°C 15

CaCl, (10 mol %)
xylenes, 125 °C
SRR A S
F3C CN FsC =

16 17 18 OJ

MeO F [RuCl,(benzene)],
(1 mol %) MeO F 1) CICOMe(12eq) MeO F MeO F
PPh; (2 mol %) iPryNEt (0.1 eq.) O DMF O
B KsPOy (2 eq.) O Me  THF, 60 °C O Me socl, O Me
_ B —_—
e M Me
2)NaBH, (3eq.)  FsC ° 10°c R,

AcOK (10mol %)
NMP, 120 °C

N_ 96% 19 0O H,0,0°C to rt 20 OH 6 ¢
FsC =
18 O
3.3.3. MEM

Merck DEEHFMEKTHHAFV YV P/ U 5idantiBlE&EDT 2/ 7 va— L XY EHRAEETH D,
Z? anti BLEDT I T3 —/uE, BIFEETHIE SN anti- BRI = h e 7L R—/L S DA
I EFH L= ba o ca R CAkT 52 &L Lz, Anacetrapib (Zx1i9 % 35-E 2 MY 714
BRAFNAN AT VT e RCERMRTFT U F BN, U7 A7 VAEBRERFG N o722 L
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75 (3.2.4, Table 20, entry 9), 3,5-E A I — KX AT /LTk RlazEEE L THWSZ L& LT,

Scheme 37 Retrosynthetic Analysis of Anacetrapib

MeO

anti-selective

nitroaldol reaction ! CHO
p—
1a
Anacetrapib 5 !
+
NO, 2a

35-VI— RXRUXT)TE Kla b=hrxzHr 2a bOTFrF AR R = ke 7L R—/VK
T BT AR 3aa > B anacetrapib ~DZEH# % LU ISR LT,

334, ZrOEMDER

FHEBREOIAURFRFFET, = bR RRISETE L T2 80385 # s 41T % (Scheme
38), 2%, NaBH; & NiCl, - 6H,0 (T KL Y KR H11Z NipB(nickel boride) & A ff & ¥ CTigond 2 HIES
7 WRERTFAE T LIAIH, TETd 2 HIES, Ho 03T/ kot~ 7 3> 7 A TLREL STz 0 flis
T VT LK DEEMRTY R EnEF b D,

Scheme 38 Some Examples of Reduction of Nitro Group in the Presence of Aryl lodide

OMe OM
0N NiCl,*6H,0 (2 eq.) NH QMe QMe 1) LiAiH, (5 eq.) P
0 /@ NaBH, (10 eq.) o NOz H,SO, (2.5 eq.) 2
- = —_—
o MeOH, rt | 25 THF, reflux | 26
| 23 89% l 24 OMe 2) HCl OMe

38%

Biochem. Biophys. Res. Commun. 2010, 398, 571.
Synth. Commun. 1995, 25, 1239.

NaBH,, NiCly+6H,0 (0.5 eq.)

Tetrahedron Lett. 1985, 26, 6413. H

2
NAP-MgO-Pd(0)

I—QNOZ (15g/mol) I—QNHZ

THF, rt
27 98% 28

Nanocrystalline Magnesium Oxide-Stabilized Palladium(0)
Adv. Synth. Catal. 2008, 350, 822.

3341  #EfLET

F7, = hrEOBEITLOEEThH DR T4 2 15! L 7= (Table 23), 20% Pd/C # fitff: & L CH»
TeHEER TSR Tl BOSITE<EIT LD o7, PAIC b EmE LR L7SGAaTh = bk
DFEICITMER INT, HFER LD 2503 VRO 1 ONBEILINTALEY 29 B sz, £z, &
DO Pd, Rh, Pt OARE—Rfillt 2 254 TH, B2 RIIELR0 -T2,
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Table 23 Attempt for Reduction of Nitro Group by Hydrogenation

H, (baloon) oH OH
cat. (10 mol%) - |
%%’ = + :
N, MeOH, rt NH, NO,
I 22 29

I 3aa
22 mg (0.05 mmol)
entry conditions 22 comment
1 20% Pd/C - no reaction
2 20%Pd/C (2.4 eq.) - 29: quant. (crude) NO, was intact.
3 20% Pd(OH,)/C - no reaction
4 5% Pd/CaCO; - no reaction
5 5% Pd/BaSO,4 - no reaction
6 1.6% Pd/Fibroin - no reaction
7  4.2% Pd/Polyethyleneimine - SM disappeared. TM was not detected by 'H NMR
8 5% Rh/C - no reaction
9 PtO, - 29 was detected on TLC.
10 H, (1 atm), NAP-Mg-Pd(0) (10 mol %), THF - retro reaction

entry 9: Eur. J. Org. Chem. 2010, 484.
entry 10: Nanocrystalline Magnesium Oxide-Stabilized Palladium(0)
Adv. Synth. Catal. 2008, 350, 822.

WIZ, KFBFHZDT 7R3 —=v 7TV L DB MIBE 2R T To7o & 2 A, = hriEnEitsi
B E & Hic, FER EO I R LFETINTALEWNK 1.1:1 OE|IA TRIA L7z (Table 24, entry 1),
—40°CICRUNRE Z T 72 & 2 A, 29 OFEIAETMR Sz b O ORI 25%IZMK T L7z (entry 2, JEUE
B 75%), F7-ERFHK T CTRERICT R—=v 7 W K DBILEAIToToM, REGZEIWETS O
2o T2 (entry 3,4),

Table 24 Reduction of Nitro Group by Raney Nickel

OH OH OH OH
I conditions ! |
E E H + H
NO, NH, NH, NH,
i 3aa i 22 29 30
entry conditions temp time 22° comment
cc)y
1 H, (baloon) rt 05 47 29: 41%
.2 ___Raney Ni, HCO,H ag, MeOH - 40 16 25 __ 29:trace
3 rt 3 30 29: 50%
4 Raney Ni, HCO,H aqg., MeOH 30 3 ~ 29 and 30

2 Determined by 'H NMR

3.3.4.2. EFYFER

SCHR D o (LIAIHA/H,SOL/THF/reflux)®® 23 Fl L7275, SOUSIEETT L 727> > 7=(Table 25, entry 1), %
2. NaBH, &% O&BIRINFI O G D 2 Et LIZfER, NICl, - 6H,0. CoCl, + 6H,0 ¥ L
20%Pd/C ZIIN L7256 O R SOSISEIT LTcs, = br A& 5HRER Lo 3 v ROBIEIIE S e

277,
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Table 25 Reduction of Nitro Group by NaBH, (or LiAlH,)/additive System

OH
cond|t|ons
Noz Nm NH, ﬁ NO,
31
entry hydride additive solvent temp 227 comment?
(eq.) (eq.) (°C)

1 LiAIH, 5 ¢c.H,SO,4 (2.5 eq.) - THF reflux 0 no reaction

2 NaBH,4 10 - - MeOH rt 0 no reaction

3 NaBH, 10 NiCl,-6H,0 2 MeOH -20 O 29 and 30

4 NaBH, 10 NiCl,-6H,0 (pre-mixed with NaBH,) 1 MeOH -40 0 29 and 30

5 NaBH,4 10 FeCl3-6H,0 1 MeOH 0 0 decomposition

6 NaBH,4 10 SnCl, 1 MeOH 0 0 no reaction

7 NaBH, 10 LiCl 1 MeOH 0 0 decomposition

8 NaBH, 10 CuCl 1 MeOH 0 0 decomposition

9 NaBH, 10 CuCl, 1 MeOH 0 0 no reaction
10 NaBH,4 10 ZnCl, 1 MeOH 0 0 no reaction
11 NaBH,4 10 MnCl, 1 MeOH 0 0 decomposition
12 NaBH, 10 CoCl,-6H,0 1 MeOH 0 0 29 and 30
13 NaBH,4 10 CrCl3-6H,0 1 MeOH 0 0 no reaction
14 NaBH, 10 ZrCly 1 THF 0 0 no reaction
15 NaBH, 10 CuSO, 0.1  EtOH 0 0 decomposition
16 NaBH, 25 20% Pd/C 0.1 THF 0 0 30 and 31

@ Determined by TLC analysis.

3343 —BFER
WFZEER T O Zanamivir &% © 0k 5 O Tamiful A HCB W T, = e OB TEMEE LT Zn %
Nz —FEFE TR STV 2 (Scheme 39), il 2 ARt L 72 3L, iﬁﬂﬁk%/% % ) —/\(Table 26,

entry 1)X° TMSCI/— % / — /L4 (entry 2) TIx B FHER Lo 3 vHEOiE L H ik
RUFIVAF N —T )L(CPME)Z W86, = hr o)

— V&G D Z L BT (entry 3-6),

1TLTeM, HbAKFEIV 7 v

BINAICHEIT LHRD T X ) 7L

Scheme 39 Some Examples of Reduction of Nitro Group by One-Electron Reduction Condition

Stol Zn (50 eq.) Stol
/O .CO,Et TMSCI (30 eq.) Q CO,Et
AcHN EtOH,70°C,2h N
NO,

32 33 >82%
Ishikawa, H.; Suzuki, T.; Hayashi, Y. Angew. Chem., Int. Ed. 2009, 48, 1304.

Table 26 Reduction of Nitro Group by Zn

1) Zn (20 eq.)
2N HCI/MeOH
0°C, 1h
=~ ———» PMBO.
2) Boc,0 (1 eq.)
Et3N (2 eq.)
CH,Cl,
0°C, 10h
Nitabaru, T.; Kumagai, N.; Shibasaki,
M. Angew. Chem. Int. Ed. 2012, 51,
1644.

Yo
I

OH
PMBO ~

X =

NO, NHBoc

34 35

53% (2 steps)

OH OH OH
! g conditions I I
: A :
NO, NH, NH,
3aa
22
2
: 0.1 mmol ! °
entry  conditions Zn time temp 22° 29°
(eq.) (hy (°C)
1 5% HCI/MeOH (40 eq.) 20 1 0 - 78
2 EtOH/TMSCI (40 eq.) 20 1 70 - 93
3 4N HCI/CPME (60 eq.) 4 3 0 40 -
4 ANHCICPME (60eq.) 10 3 0 50 -
5 4N HCI/CPME (60 eq.) 30 1 0 80 trace
6 4N HCI/CPME (60 eq.) 30 40 0 90 trace

4 |solated yield
b Determined by "H NMR
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3.3.5. anacetrapib &

Zn/HCI/CPME BICIC L W ELNTT 2 /7 T a— L AREHaIc,. ek ik S22zt b U R &
AKXV FAXH YT 21 ~EAEH L 7= (Scheme 40), WKIZ. Hartwig HIC L WS Cns =
AT UV —b~dD b U ZovAda A FLIEOE A (Scheme 41)% &3 A L7z G H, 50°C THLMITK
JRIEHEAT L, I T8% TR T 2 E A MY 74 A XAF RS 257, ZOFXH VY /5L
TU—_oPrul K6 &Mk viEa L, anacetrapib 2 A% L7z,

Scheme 40 Transformation of the Product to Anacetrapib

)‘1 TMSCF; (4 eq.)
OH Zn (30 eq.) triphosgene (1.5 eq.) o~ “NH  1+10-phenanthroline (4 eq.)

OH
| HCI/CPME (60 eq.) / I 'ProNEt (6 eq.) KOBU! (4 eq.)
NO, -10t00°C \ NHz | CH,Cl,, 0°Ctort, 16h | CuCl (4 eq.)
DMF, 50 °C, 18h
| ' 2 steps 70% ’ ’
3aa 22 p 0 78%

)CL MeO F
0~ "NH
FsC Cl  12eq
CF, NaHMDS (1.2 eq.)
DMF, -20 °C to rt
S 18h

84%

Scheme 41 Trifluoromethylation of Aryl lodide Reported by Hartwig et al.

[(phen)CuCF;]
| N I or | AN CF3
40 examples
T TMSCF3, KOBU!, CuCl _ A 75-quant.
R 1,10-phenanthroline
36 DMF, 50 °C 37

R' = H, alkyl, aryl, OR?, NR3,, CHO, Br, Cl
CO,R* NO,, CH,OH, pyridine
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4. H5EE

1. af-RAfF 4T I R~ = ka7 IV v OB AREILBMAINRISIZB N T, A F L
/(R)-DTBM-Segphos % it fiERiER{A & LT AV, fli 2 OFE T8 TE T I o F AR IRE THRIN A %2 15
Too AfRBESA 7 NMZBNT, AT I K==/ 7 — MRER T 1 b BERIORE — REHKE
TERBS DRIVl L 7e o TN D EEBEX bLD, o, TA7 I FEMLITFE %~ OFERBEIC AT
RETH V. FINAEED) S GABAg %47 == 2 h(R)-baclofen Z ARk L7=, ™

2. o B-AREFIT AT I RO R EF LEIEOET, A=V = b a7 v L RERITREL
AIFI A S LCTl< &2 ML, mhW=F o FAERMEE o T LAMINEZ S, RIGK TH DK
JNRE O ERY) & BRI L S5 2 & T BFEMED M B LI IMRZ IS0 Z e R TE
7oo ETo. LAMIMKIZ 15-_0 Y FT7 B BRALEESICERARTH Y, 2 IR FRFZLAHT
5 15N Y FTRBEAMEWDO—RIED B WA RIEEZ MWL LT, ARIGEFIH LIS S2¥TH D
thiazesim &k L7z, ™

3. YRR TRFE Sz NdINa ~T /8o A X Y 7 I RS — Rl 2 ) —R ) ) Fa—7 i
CiAD =B AREFMBEZ BT LTz, ZO0—R T ) F o — 7l ne ke o fiitt & b UK bt &
IZBWT b @ WARBIEME 2B LTz, BEFBMEIC L D20 ORER, 1 —R T F 2 —7 OffHER
O EREDOHIZ, EROMBLL Y /SR 7 TAZ—=PERLTWD Z ERHALMNE Rl £D
i, AREETEMEE AL OR MBS L . @WABIEEZRBL L B2 D, £io, Bl Sl
TED H CRERENN T | 6 BIOBHFIANARETH o7, Al A Fv 72 anti-SR P 722 il A A 75 =
ka7 v R— VG 2 SRS VY, Merck (2 & 0 BEF oh o i@ fig E TR R A 3K anacetrapib % &% L
7!—:0 75
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5 EERoO#

General

Instrumentation

Materials

General Procedure and Characterization of Conjugate Addition Products of Nitroalkanes and Their

Derivatives

5. General Procedure and Characterization of Conjugate Addition Products of Thiols and Their
Derivatives

6. General Procedure and Characterization of Nitroaldol Products and Their Derivatives

How bR

1. General

The reaction was performed in a flame-dried 20 mL test tube with a Teflon-coated magnetic stirring bar unless
otherwise noted. The test tubes were fitted with a 3-way glass stopcock and reactions were run under Ar
atmosphere. Air- and moisture-sensitive liquids were transferred via a gas-tight syringe and a stainless-steel
needle. All work-up and purification procedures were carried out with reagent-grade solvents under ambient

atmosphere. Flash chromatography was performed using silica gel 60 (230-400 mesh) purchased from Merck.

2. Instrumentation

Infrared (IR) spectra were recorded on a HORIBA FT210 Fourier transform infrared spectrophotometer. NMR
was recorded on JEOL ECS-400 and ECX-600 spectrometers. Chemical shifts for proton are reported in parts
per million downfield from tetramethylsilane and are referenced to residual protium in the NMR solvent (CDCl3:
8 7.26 ppm, CD;0D: & 3.30 ppm, CsDe: & 7.16 ppm). For *C NMR, chemical shifts were reported in the scale
relative to NMR solvent (CDCls: 77.0 ppm, CDs;0D: 4 49.0, acetone-dg: 6 29.8 ppm) as an internal reference.
For F NMR, chemical shifts were reported in the scale relative to CF;CO,H (5 -76.5 ppm) as an external
reference. NMR data are reported as follows: chemical shifts, multiplicity (s: singlet, d: doublet, dd: doublet of
doublets, t: triplet, q: quartet, m: multiplet, br: broad signal), coupling constant (Hz), and integration. Optical
rotation was measured using a 1 mL cell with a 0.5 dm path length on a JASCO polarimeter P-1030.
High-resolution mass spectra (ESI TOF (+)) were measured on ThermoFisher Scientific LTQ Orbitrap XL.
HPLC analysis was conducted on a JASCO HPLC system equipped with Daicel chiral-stationary-phase columns
(0.46 cm ¢ x 25 cm). STEM/EDS images were obtained using a JEOL JEM-2100F instrument operated at 200kV.
All STEM & TEM specimens were prepared by placing and drop of the solution on carbon-coated Cu grids and

allowed to dry in air (without staining).

3. Materials

Unless otherwise noted, materials were purchased from commercial suppliers and were used without
purification.

THF, diethyl ether, dichloromethane and toluene were purified by passing through a solvent purification system
(Glass Contour). Dry n-hexane, 2-mercaptoethanol, potassium carbonate and DMF were purchased from Kanto
Chemical Co. Ltd. (R)-DTBM-Segphos was purchased from Strem Chemicals Inc. and used as received (opened
and handled in a dry box). 2-Aminothiophenol, 2-chlorothiophenol, sodium bis(trimethylsilyl)amide solution

1.0M in THF, Raney-nickel (2400), 1,10-phenanthroline, trifluoromethyltrimethylsilane, carbon nanotube
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(multi-walled, O.D. x L 6-9 nm x 5 um), carbon nanotube (single walled; 0.7-0.9 nm, 0.7-1.1 nm and 0.7-1.3 nm
diameter) were purchased from Aldrich. Nitromethane, nitroethane, trifluoroacetic acid, trifluoroacetic
anhydride, o-methylbenzenethiol, p-toluenesulfonic acid mono hydrate, ethyl acetate, N-ethyldiisopropylamine,
copper chloride (1) and potassium tert-butoxide were purchased from Wako Pure Chemical Co. Ltd. MeOTf,
benzenethiol, 2-hydroxybenzenethiol, 2-methoxybenzenethiol, iodomethane, trifluoromethanesulfonic acid,
2-(dimethylamino)ethylchloride hydrochloride, 3,5-bis(trifluoromethyl)benzaldehyde, 4-bromobenzaldehyde,
zinc (powder), triphosgene were purchased from TCI Chemical Industries Co. Ltd. 3,5-Diiodebenzaldehyde was
purchased from Spectra Group Limited, Inc. 4 N HCI/CPME was purchased from Watanabe Chem. Ind., Ltd.
NdsO(O'Pr),; was purchased from Kojundo Chemical Co. Ltd (handled in a dry box under Ar atmosphere).
Multiwalled carbon nanotubes (Baytubes® C150P and C70P, C-purity >95 wt%) were purchased from Bayer
MaterialScience. Column chromatography was performed with silica gel Merck 60 (230-400 mesh ASTM).
Nitromethane, nitroethane, benzenethiol, 2-aminothiophenol, 2-hydroxybenzenethiol, o-methylbenzenethiol,
2-methoxybenzenethiol, 2-chlorothiophenol and 2-mercaptoethanol were distilled under reduced pressure.
Mesitylcopper was prepared by following the reported procedure.™ a,p-Unsaturated thioamides were prepared
by following the known procedures.” Thioamides other than 23c was known compound. 4-Nitro-1-butene was
prepared by following the reported procedure’’. Ligand was prepared by following the reported procedure (T.
Nitabaru et al., J. Am. Chem. Soc. 2009, 131, 13860.). 2-Benzyloxynitroethane was prepared by following the

reported procedure’®,

(E)-3-(4-Chlorophenyl)-N,N-dimethylprop-2-enethioamide (23c)

Yellow solid, mp 124-126 °C; IR v 3027, 2922, 1888, 1632, 1390 cm*; 'H NMR s

(CDCly): 8 7.73 (d, J = 15.1 Hz, 1H), 7.45 (d, J = 6.9, Hz, 2H), 7.33 (d, J= 6.9 Hz, 2H), MezNJV\Q
7.07 (d, J = 15.1 Hz, 1H), 3.58 (s, 3H), 3.48 (s, 3H); **C NMR (CDCl5): § 195.0, 142.0, cl
135.3, 134.0, 129.0, 128.9, 125.5, 44.6, 42.1; HRMS (ESI-TOF) calcd. for C;;H;sNSCI m/z 226.0452 [M+H]",
found 226.0451.

4. General Procedure and Characterization of Conjugate Addition Products on Nitroalkanes and Their
Derivatives

4-1. General Procedure for Direct Catalytic Asymmetric Conjugate Addition of Nitroalkanes 24 to
a,p-Unsaturated Thioamides 23 (Table 2, entry 1)

To a flame-dried 20 mL test tube equipped with a magnetic stirring bar and a 3-way glass stopcock was charged
with N,N-dimethylthiocinnamide (23a) (76.5 mg, 0.4 mmol) and dried under vacuum for ca. 5 min. Ar was
back-filled to the test tube, after which dry n-hexane (2.0 mL) and nitroethane (24b) (142 uL, 2.0 mmol, 5 eq.)
was added via a gas-tight syringe with a stainless steel needle under an Ar atmosphere. A premixed suspension of
mesitylcopper and (R)-DTBM-Segphos (400 pL, 0.05 M in n-hexane, 0.02 mmol) were added via a syringe at
room temperature. The resulting orange suspension was stirred at room temperature for 1 h under Ar. The
reaction mixture was passed through the short pad of silica gel as ethyl acetate as eluent. After evaporation of
volatiles under reduced pressure, the crude mixture was analyzed by 1H NMR to determine diastereomeric ratio
by the integration value of a peak at 5.14 ppm (syn-25ab: -CHMe-NO,), 4.99 ppm (anti-25ab: -CHMe-NO,).
The crude mixture was purified by silica gel column chromatography (n-hexane/ethyl acetate 6/1) to give the

desired product syn-25ab (81.6 mg, 77% vyield) and anti-25ab (19.2 mg, 18% vyield). Enantioselectivity of
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syn-25ab was determined to be 99% ee by chiral-stationary-phase HPLC analysis (Daicel CHIRALCEL OZ-H,
@ 0.46 cm x 25 cm, detection at 254 nm, n-hexane/PrOH = 4/1, flow rate = 1.0 mL/min, tR = 9.7 min (major),
tR = 8.9 min (minor)). Enantioselectivity of syn-25ab was determined to be 97% ee by the same procedure (tR =
13.9 min (major), tR = 15.1 min (minor)).

For equation 1, NMR analysis was done after the same work-up procedure (silica gel) described above.

Preparation of the copper-chiral phosphine ligand suspension.

A flame-dried 20 mL test tube equipped with a magnetic stirring bar and 3-way glass stopcock was charged with
mesitylcopper (9.1 mg, 0.05 mmol) and (R)-DTBM-Segphos (59.0 mg, 0.05 mmol) in a dry box. Dry n-hexane
(1.0 mL) was added via a syringe and a stainless steel needle, and the resulting solution was stirred at room
temperature for 10 min to give a pale greenish yellow 0.05 M catalyst suspension in n-hexane, which was used

immediately.

4-2. Characterization of Conjugate Addition Products

(R)-N,N-Dimethyl-4-nitro-3-phenylbutanethioamide (25aa)

Yellow oil; IR (neat): v 1549, 1523, 1381, 1281, 1119, 766, 702 cm™; *H NMR (CDCl5): &

7.36-7.24 (m, 5H), 5.11 (dd, J = 13.0, 5.5 Hz, 1H), 4.78 (dd, J = 13.0, 8.9 Hz, 1H), 4.23 (tt, s ©
J=8.9, 5.7 Hz, 1H), 3.44 (s, 3H), 3.19 (dd, J = 14.7, 8.7 Hz, 1H), 3.15 (s, 3H), 3.10 (dd, J MezNJ\/_VN02
=14.7, 5.7 Hz, 1H); *C NMR (CDCl5):  199.1, 138.8, 129.0, 128.0, 127.4, 79.0, 45.5, 44.8, 43.1, 41.7; ESI-MS
m/z 206 [M-NO,]"; HRMS (ESI-TOF) calcd. for Cy,Hi6N,O,NaS m/z 275.0825 [M+Na]", found 275.0822;
[a]p® +17.9 (¢ 0.18, CHCl3, 99% ee); HPLC (Daicel CHIRALCEL OZ-H, ¢ 0.46 cm x 25 cm, detection 254 nm,
n-hexane/PrOH = 4/1, flow rate = 1.0 mL/min) tR = 16.4 min (major), tR = 15.2 min (minor).

(R)-N,N-Dimethyl-4-nitro-3-(p-tolyl)butanethioamide (25ab)

Yellow oil; IR (neat): v 1552, 1516, 1379, 1281, 1111, 817, 629 cm™; *H NMR (CDCl5): & ©
7.15-7.10 (m,4H), 5.08 (dd, J = 12.8, 5.7 Hz, 1H), 4.75 (dd, J = 12.8, 9.0 Hz, 1H), 4.17 (t, s

J =8.7,5.7 Hz, 1H), 3.44 (s, 3H), 3.18 (dd, J = 14.9, 8.7 Hz, 1H), 3.16 (s, 3H), 3.08 (dd, J MeZNJ\/E\/NOZ
=14.7, 5.5 Hz, 1H), 2.32 (s, 3H); *C NMR (CDCP): 5 199.2, 137.7, 135.7, 129.7, 127.2, 79.2, 45.7, 44.8, 42.8,
41.7, 21.0; ESI-MS m/z 220 [M-NO,]*; HRMS (ESI-TOF) calcd. for C13H10N,0,S m/z 267.1162 [M+H]", found
267.1161; [a]p® +5.8 (¢ 0.21, CHCls, 99% ee); HPLC (Daicel CHIRALCEL OZ-H, ¢ 0.46 cm x 25 cm,
detection 254 nm, n-hexane/PrOH = 4/1, flow rate = 1.0 mL/min) tR = 15.8 min (major), tR = 14.8 min (minor).

(R)-3-(4-Chlorophenyl)-N,N-dimethyl-4-nitrobutanethioamide (25ac) cl
Green oil; IR (neat): v 2941, 2252, 1556, 1377, 1281, 1095, cm™; *H NMR (C;Ds): & 6.99 ©
(d, 3 = 8.0 Hz, 2H), 6.65 (d, J = 6.4 Hz, 2H,), 4.54 (dd, J = 7.1, 2.6 Hz, 1H), 4.18 (dd, J = s

9.2, 7.1 Hz, 2H), 4.17 (m, 1H), 2.86 (s, 3H), 2.53 (dd, J = 15.0, 7.7 Hz, 1H,), 2.33 (dd, J = Me.N

15.0, 4.5 Hz, 1H,), 2.00 (s, 3H); 3C NMR (CeDg): 6 199.1, 138.8, 129.0, 128.0, 127.4, 79.0, 45.5, 44.8, 43.1,
41.7; HRMS (ESI-TOF) calcd. for Ci,HisCIN,O,NaS m/z 309.0435 [M+Na]", found 309.0431; [a]p®® —7.4 (c
1.43, CH3CN, 99% ee); HPLC (Daicel CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm, detection 254 nm,

NO,
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n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 18.0 min (major), tR = 21.0 min (minor). [Caution: The
title compound is somewhat unstable under acidic conditions. In order to avoid decomposition during
purification, flash column chromatography (neutral silica gel) was conducted with injection part cooling by dry

ice];

(R)-3-(4-Methoxyphenyl)-N,N-dimethyl-4-nitrobutanethioamide (25ad)

Yellow solid, mp: 75-77 °C; IR (KBr): v 1552, 1514, 1381, 1282, 1109, 833, 756 cm:; 'H o

NMR (CDCly): 5 7.16 (dt, J = 8.7, 3.0 Hz, 2H), 6.85 (dt, J = 8.7, 3.0 Hz, 2H), 5.05 (dd, J = (j

12.6, 5.5 Hz, 1H), 4.73 (dd, J = 12.8, 8.9 Hz, 1H), 4.16 (tt, J = 8.7, 5.8 Hz, 1H), 3.78 (s, s
Mesz/\/Noz

3H), 3.44 (s, 3H), 3.16 (dd, J = 14.4, 8.7 Hz, 1H), 3.15 (s, 3H), 3.07 (dd, J = 14.7, 6.0 Hz,
1H); ®C NMR (CDCP®): & 199.3, 159.2, 130.6, 128.4, 114.3, 79.4, 55.2, 45.7, 44.8, 42.5, 41.7; ESI-MS m/z 305
[M+Na]*; HRMS (ESI-TOF) calcd. for Cy3H1sN,03NaS m/z 305.0930 [M+Na]", found 305.0930; [a]p® +6.3 (c
1.24, CHCI;, 99% ee); HPLC (Daicel CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm, detection 254 nm,
n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 24.9 min (major), tR = 23.1 min (minor).

(S)-N,N,3-Trimethyl-4-nitrobutanethioamide (25ae)

Yellow oil, IR (neat): v 1549, 1523, 1392, 1282, 1058, 744, 685 cm™; 'H NMR ©
(CDCly): § 4.62 (dd, J = 12.1, 5.5 Hz, 1H), 4.42 (dd, J = 12.1, 6.6 Hz, 1H), 3.49 (s, S NO,
3H), 3.33 (s, 3H), 3.12-2.99 (m, 1H), 2.84 (dd, J = 15.1, 8.0 Hz, 1H), 2.69 (dd, J = @

15.1, 6.2 Hz, 1H), 1.12 (d, J = 6.9 Hz, 3H); *C NMR (CDCl,): & 199.9, 80.3, 45.3, d

44.8, 41.7, 32.3, 17.4; ESI-MS m/z 144 [M-NO,]*; HRMS (ESI-TOF) calcd. for C;H1,N,O,NaS m/z 213.0668
[M+Na]*, found 213.0668; [a]o> +17.5 (¢ 1.03, CHCl,, 98% ee); HPLC (Daicel CHIRALCEL OZ-H, ¢ 0.46 cm
x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 10.8 min (major), tR = 9.6 min

N

(minor).

(R)-N,N-Dibenzyl-4-nitro-3-phenylbutanethioamide (25af)

Yellow solid, mp: 111-112 °C; IR (KBr): v 1549, 1494, 1375, 1269, 1151, 748, 700 cm™; s -
'H NMR (CDCly): & 7.41-7.7.27 (m, 9H), 7.20-7.18 (m, 2H), 7.11-7.03 (m, 4H), 5.68 (d, J MezN)J\/:\/
= 14.7 Hz, 1H), 4.99 (dd, J = 12.6, 6.0 Hz, 1H), 4.94 (d, J = 14.9 Hz, 1H), 4.70 (dd, J = 12.6, 8.7 Hz, 1H), 4.65
(d, J = 16.0 Hz, 1H), 4.48 (d, J = 17.0 Hz, 1H), 4.46-4.38 (m, 1H), 3.24 (dd, J = 14.7, 7.1 Hz, 1H), 3.19 (dd, J =
14.7, 7.3 Hz, 1H); BC NMR (CDCly): & 201.7, 138.3, 135.0, 134.5, 129.3, 129.0, 128.8, 128.2, 128.1, 127.8,
127.8, 127.7, 126.0, 79.2, 56.1, 53.4, 45.3, 44.0; ESI-MS m/z 427 [M+Na]*; HRMS (ESI-TOF) calcd. for
C4H24N,0,NaS m/z 427.1451 [M+Na]*, found 427.1447; [o]pZ +31.3 (¢ 0.99, CHCl3, 99% ee); HPLC (Daicel
CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR =

29.1 min (major), tR = 26.1 min (minor).

(3S,5S)-N* N*,N’,N’,3,5-hexamethyl-4-nitroheptanebis(thioamide) (35)

White solid; *H NMR (CDCly): 6 4.66 (dd, J = 8.0, 5.3 Hz, 1H), 3.51 (s, 3H), 3.48 s S

(s, 3H), 3.34 (s, 3H), 3.34-3.25 (m, 1H), 3.31 (s, 3H), 3.17-3.06 (m, 1H), 2.83 (dd, MezNwNMez
J=15.6, 7.4 Hz, 1H), 2.71-2.69 (m, 2H), 2.46 (dd, J = 15.4, 6.6 Hz, 1H), 1.12 (d, J

NO,
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= 6.9 Hz, 3H), 1.07 (d, J = 6.9 Hz, 3H); *C NMR (CDCls): & 200.9, 200.4, 95.5, 45.0, 44.9, 44.5, 43.9, 41.8,
41.8, 34.5, 34.1, 15.7, 14.7; ESI-MS m/z 342 [M+Na]"; HPLC (Daicel CHIRALCEL OZ-H, ¢ 0.46 cm x 25 cm,
detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 15.9 min (minor), tR = 17.7 min (major);

>99% ee.

Figure 11 X-ray ORD of the Compound 35

(3R,4S)-N,N-Dimethyl-4-nitro-3-phenylpentanethioamide (syn-25ba)

White solid, mp: 105-107 °C; IR (KBr): v 1547, 1392, 1275, 1088, 761, 704 cm™; *H NMR ©
(CDCly): 6 7.30-7.27 (m, 3H), 7.18-7.15 (m, 2H), 5.18 (dg, J = 6.7, 6.4 Hz, 1H), 4.11 (dt, J = JSK/\/
6.8, 6.7 Hz, 1H), 3.42 (s, 3H), 3.40 (dd, J = 15.1, 7.6 Hz, 1H), 3.10 (s, 3H), 3.00 (dd, J = 14.9, Me=N

6.8 Hz, 1H), 1.59 (d, J = 6.6 Hz, 3H); *C NMR (CDCl5): 6 200.0, 137.4, 128.6, 128.4, 128.0,
85.1, 50.0, 44.9, 43.2, 41.6, 17.5; ESI-MS m/z 289 [M+Na]*; HRMS (ESI-TOF) calcd. for C13H;sN,0,NaS m/z
289.0981 [M+Na]*, found 289.0978; [a]p® —27.9 (¢ 1.03, CHCl3, 99% ee); HPLC (Daicel CHIRALCEL OZ-H,
¢ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 9.7 min (major), tR =

NO,

8.9 min (minar).

(3R,4R)-N,N-Dimethyl-4-nitro-3-phenylpentanethioamide (anti-25ba)

White solid, mp: 68-70 °C; IR (KBr): v 1552, 1392, 1290, 1080, 766, 702 cm™; *H NMR

(CDCly): & 7.34-7.25 (m, 3H), 7.20-7.18 (m, 2H), 5.02 (dg, J = 9.4, 6.6 Hz, 1H), 4.05 (g, 5.0 s ©
Hz, 1H), 3.32 (s, 3H), 3.30 (dd, J = 14.2, 9.2 Hz, 1H), 3.06 (s, 3H), 2.99 (dd, J = 14.2, 5.3 Hz, Me,N
1H), 1.38 (d, J = 6.6 Hz, 3H); **C NMR (CDCls): & 199.5, 137.4, 128.8, 128.5, 128.0, 86.7,

49.7, 44.9, 44.7, 41.7, 17.5; ESI-MS m/z 289 [M+Na]"; HRMS (ESI-TOF) calcd. for Ci3HigN,O,NaS m/z
289.0981 [M+Na]", found 289.0981; [a]p>~76.6 (c 0.65, CHCl3, 97% ee); HPLC (Daicel CHIRALCEL OZ-H,
@ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 13.9 min (major), tR

NO,

= 15.1 min (minor).

(2R,3R,E)-2-hydroxy-4-(hydroxyimino)-N,N-dimethyl-3-phenylpentanethioamide (28)

White solid; *H NMR (CDCly): § 7.39-7.25 (m, 5H), 5.27 (dd, J = 8.7, 8.5 Hz, 1H), 4.32 (d, ©
J = 9.6 Hz, 1H), 3.80 (d, J = 8.7 Hz, 1H), 3.16 (s, 3H), 2.57 (s, 3H), 1.86 (s, 3H); **C NMR s
(CDCly): 6 204.7, 157.1, 135.8, 129.0, 128.4, 128.0, 71.8, 60.4, 44.3, 40.9, 15.2; ESI-MS
m/z 289 [M+Na]*; HRMS (ESI-TOF) calcd. for Ci3H;sN,O,NaS m/z 289.0981 [M+Na]",

MeoN

OH N
“OH

50



found 289.0984.

Figure 12 X-ray ORD of Hydroxyoxime 28

(3R,4S)-N,N-Dimethyl-4-nitro-3-phenylhexanethioamide (syn-25ca)

White solid, mp: 94-95 °C; IR (KBr): v 1549, 1396, 1275, 1074, 763, 702 cm™; *H NMR

(CDCls): & 7.30-7.16 (m, 5H), 5.00 (ddd, J = 6.9, 6.8, 5.5 Hz, 1H), 4.15 (g, J = 6.9 Hz, 1H), s @
3.40 (s, 3H), 3.31 (dd, J = 14.9, 6.9 Hz, 1H), 3.03 (s, 3H), 3.00 (dd, J = 14.7, 6.6 Hz, 1H), MeZNW
2.04-1.96 (m, 2H), 1.00 (t, J = 7.3 Hz, 3H); *C NMR (CDCly): 5 199.9, 137.7, 128.5, 128.4, NO:
128.0, 92.1, 49.0, 44.9, 435, 41.6, 25.1, 10.4; ESI-MS m/z 303 [M+Na]"; HRMS (ESI-TOF) calcd. for
C1sH2oN,0,NaS m/z 303.1138 [M+Na]*, found 303.1133; [0]p™® —90.9 (¢ 1.00, CHCls, 99% ee); HPLC (Daicel
CHIRALCEL OD-H, ¢ 0.46 cm x 25 c¢m, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR =

10.1 min (major), tR = 8.4 min (minor).

(3R,4S)-N,N-Dimethyl-4-nitro-3-phenylhept-6-enethioamide (syn-25da)

White solid, mp: 104-105 °C; IR (KBr): v 1552, 1396, 1275, 1078, 771, 702 cm™; 'H

NMR (CDCl3): § 7.30-7.27 (m, 3H), 7.18-7.15 (m, 2H), 5.75 (ddt, J = 17.2, 10.3, 6.9 Hz, s ©

1H), 5.18-5.13 (m, 3H), 4.18 (dt, J = 6.9, 6.6 Hz, 1H), 3.43 (s, 3H), 3.36 (dd, J = 15.1, 7.6 MezNW
Hz, 1H), 3.07 (s, 3H), 3.00 (dd, J = 14.9, 6.4 Hz, 1H), 2.71-2.67 (m, 2H): *C NMR NO:
(CDCls): 6 199.7, 137.4, 131.7, 128.6, 128.4, 128.1, 119.5, 89.7, 48.6, 44.9, 43.3, 41.6, 35.8; ESI-MS m/z 315
[M+Na]*; HRMS (ESI-TOF) calcd. for C;5HoN,0,NaS m/z 315.1138 [M+Na]*, found 315.1135; [o]p? —65.1 (c
1.00, CHCI3;, 99% ee); HPLC (Daicel CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm, detection 254 nm,
n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 10.5 min (major), tR = 8.3 min (minor).

(3R,4S)-N,N-Dimethyl-4-nitro-3-(p-tolyl)hept-6-enethioamide (syn-25db)

White solid, mp: 83-84 °C; IR (KBr): v 1551, 1400, 1275, 1059, 813, 723 cm™; *H NMR

(CDCls): 6 7.10 (d, J = 8.5 Hz, 2H), 7.04 (d, J = 8.2 Hz, 2H), 5.76 (ddt, J = 17.0, 10.1, é

7.1 Hz, 1H), 5.18-5.11 (m, 3H), 4.14 (dt, J = 7.1, 6.6 Hz, 1H), 3.44 (s, 3H), 3.35 (dd, J = M
14.9, 7.3 Hz, 1H), 3.10 (s, 3H), 2.97 (dd, J = 14.7, 6.2 Hz, 1H), 2.68 (t, J = 6.9 Hz, 2H), et NO,
2.31 (s, 3H); BC NMR (CDCl3): 6 199.9, 137.8, 134.2, 131.8, 129.3, 128.3, 119.4, 89.8, 48.3, 44.9, 43.3, 41.6,
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35.7, 21.1; ESI-MS m/z 329 [M+Na]"; HRMS (ESI-TOF) calcd. for CisH2,N,0,NaS m/z 329.1294 [M+Na]’,
found 329.1293; [a]p? —72.0 (c 1.00, CHCl3, 99% ee); HPLC (Daicel CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm,
detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 7.9 min (major), tR = 7.2 min (minor).

(3R,4S)-3-(4-Chlorophenyl)-N,N-dimethyl-4-nitrohept-6-enethioamide (syn-25dc)
White solid, mp: 95-96 °C; IR (KBr): v 1549, 1412, 1277, 1059, 823, 725 cm™; *H NMR ¢l

(CDCly): & 7.27 (dt, J = 8.7, 2.5 Hz, 2H), 7.10 (dt, J = 8.5, 2.5 Hz, 2H), 5.73 (ddt, J = ©
S Z
17.4, 105, 6.9 Hz, 1H), 5.18-5.07 (m, 3H), 4.21 (dt, J = 6.9, 6.6 Hz, 1H), 3.42 (s, 3H), G
MesN Y
3.29 (dd, J = 15.1, 7.1 Hz, 1H), 3.12 (s, 3H), 2.95 (dd, J = 15.1, 6.6 Hz, 1H), 2.66-2.63 NO,

(m, 2H); BC NMR (CDCl3): 6 199.2, 135.8, 133.9, 131.4, 129.8, 128.7, 119.6, 89.6, 47.9, 44.9, 42.9, 41.6, 35.7;
ESI-MS m/z 349 [M+Na]"; HRMS (ESI-TOF) calcd. for Cy5H;9N,O,NaSCI m/z 349.0748 [M+Na]*, found
349.0747; [a]p® —64.1 (c 0.85, CHCIs, 99% ee); HPLC (Daicel CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm,
detection 254 nm, n-hexane/PrOH = 4/1, flow rate = 1.0 mL/min) tR = 9.4 min (major), tR = 8.1 min (minor).

(3R,4S)-3-(4-Methoxyphenyl)-N,N-dimethyl-4-nitrohept-6-enethioamide (syn-25dd)

White solid, mp: 87-88 °C; IR (KBr): v 1550, 1431, 1275, 1109, 831, 723 cm™; *H NMR o~
(CDCly): & 7.08 (dt, J = 8.7, 3.0 Hz, 2H), 6.82 (dt, J = 8.7, 3.0 Hz, 2H), 5.75 (ddt, J = ©

17.1, 10.2, 6.9 Hz, 1H), 5.18-5.09 (m, 3H), 4.12 (dt, J = 6.9, 6.6 Hz, 1H), 3.78 (s, 3H), j\/\/\/
3.43 (s, 3H), 3.32 (dd, J = 15.0, 7.2 Hz, 1H), 3.09 (5, 3H), 297 (dd, J = 14.9, 6.6 Hz, 1H), > Ko,

2.67 (t, J = 7.2 Hz, 2H); 3C NMR (CDCl,): 5 199.8, 159.2, 131.7, 129.5, 129.2, 119.4, 113.9, 89.9, 55.2, 47.9,
44.9, 43.4, 41.7, 35.8; ESI-MS m/z 345 [M+Na]"; HRMS (ESI-TOF) calcd. for CisH,,N,O3NaS m/z 345.1243
[M+Na]*, found 345.1240; [a]p> —74.8 (c 1.04, CHCls, 99% ee); HPLC (Daicel CHIRALCEL OD-H, ¢ 0.46 cm
x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 10.6 min (major), tR = 9.5 min

(minor).

(3S,4S)-N,N,3-Trimethyl-4-nitrohept-6-enethioamide (syn-25de)

Colorless oil; IR (neat): v 1549, 1394, 1281, 1053, 926 cm™; *H NMR (CDCls): & 5.73 j’\w
(ddt, J = 17.0, 10.1, 6.9 Hz, 1H), 5.20-5.12 (m, 2H), 4.79 (dt, J = 9.6, 4.4 Hz, 1H), 3.53 (5, et NO,
3H), 3.33 (s, 3H), 3.13-3.03 (m, 1H), 2.89-2.81 (m, 2H), 2.53-2.46 (m, 2H), 1.04 (d, J = 7.1 Hz, 3H); **C NMR
(CDCl3): & 200.6, 131.9, 119.2, 90.0, 45.0, 44.4, 41.7, 37.0, 35.1, 14.0; ESI-MS m/z 184 [M-NO,]*; HRMS
(ESI-TOF) calcd. for CyoH;sN,0,NaS m/z 253.0981 [M+Na]*, found 253.0978; [o]p”® 6.4 (¢ 1.00, CHCl3, 99%
ee); HPLC (Daicel CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm, detection 254 nm, n-hexane/PrOH = 4/1, flow rate
= 1.0 mL/min) tR = 6.3 min (major), tR = 6.8 min (minor).

(3S,4R)-N,N,3-Trimethyl-4-nitrohept-6-enethioamide (anti-25de)

Colorless oil; IR (neat): v 1549, 1394, 1281, 1053, 928 cm™; 'H NMR (CDCly): 8 5.73 )LW
(dddd, J = 17.2, 10.1, 6.9, 6.6 Hz, 1H), 5.21-5.13 (m, 2H), 4.79 (ddd, J = 10.1, 6.0, 4.1 et NO,

Hz, 1H), 3.50 (s, 3H), 3.31 (5, 3H), 2.99-2.88 (m, 1H), 2.84-2.68 (M, 3H), 2.64-2.56 (m, 1H), 1.09 (d, J = 6.7 Hz,
3H); BC NMR (CDCly): & 200.7, 131.5, 119.6, 92.3, 44.9, 41.8, 36.6, 34.7, 16.1; ESI-MS m/z 184 [M-NO;]";
HRMS (ESI-TOF) calcd. for CioH;sN,0,NaS m/z 253.0981 [M+Na]*, found 253.0976; [o]p® —5.0 (c, 0.65,
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CHCls, 57% ee); HPLC (Daicel CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH =
4/1, flow rate = 1.0 mL/min) tR = 8.2 min (major), tR = 7.8 min (minor).

(3R,4S)-N,N-Dibenzyl-4-nitro-3-phenylhept-6-enethioamide (syn-25df)

Colorless oil; IR (neat): v 1552, 1452, 1240, 1078, 910 cm®: 'H NMR (CDCly): 6 ©
S <
7.40-7.32 (m, 3H), 7.26-7.24 (m, 6H), 7.16-7.14 (m, 2H), 7.04 (d, J = 6.6 Hz, 2H), )W
Bn,N <
6.98-6.95 (m, 2H), 5.75 (dddd, J = 17.2, 10.1, 6.9, 6.8 Hz, 1H), 5.59 (d, J = 14.6 Hz, 1H), ’ NO,

5.20-5.13 (m, 2H), 5.09-5.05 (m, 1H), 5.00 (d, J = 14.6 Hz, 1H), 4.57 (d, J = 17.2 Hz, 1H), 4.40 (d, J = 17.2 Hz,
1H), 4.36-4.26 (m, 1H), 3.29 (dd, J = 14.6, 6.0 Hz, 1H), 3.20 (dd, J = 14.6, 8.2 Hz, 1H), 2.73-2.68 (m, 2H); *C
NMR (CDCls): &; ESI-MS m/z 467 [M+Na]’; HRMS (ESI-TOF) calcd. for C,;H,sN,O,NaS m/z 467.164
[M+Na]*, found 467.1756; [a]p? —6.7 (c 1.17, CHCls, 99% ee); HPLC (Daicel CHIRALCEL OZ-H, ¢ 0.46 cm x
25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 5.2 min (major), tR = 5.0 min

(minor).

(3R,4R)-N,N-Dibenzyl-4-nitro-3-phenylhept-6-enethioamide (anti-25df)

Colorless oil; IR (neat): v 1552, 1450, 1240, 1078, 928 cm™; *"H NMR (CDCls): & @
S 7
7.38-7.31 (m, 6H), 7.23-7.18 (m, 5H), 7.00-6.96 (m, 2H), 6.81 (d, J = 5.4 Hz, 2H), J\/\l/v/
Bn,N
5.64-5.53 (m, 2H), 5.08-5.00 (M, 2H), 4.85-4.78 (m, 2H), 4.63 (d, J = 16.9 Hz, 1H), 435 NO,

(d, J = 16.9 Hz, 1H), 4.29 (ddd, J = 10.3, 10.1, 3.7 Hz, 1H), 3.44 (dd, J = 14.2, 10.6 Hz, 1H), 2.90 (dd, J = 14.2,
4.0 Hz, 1H), 2.59-2.49 (m, 1H), 2.24-2.19 (m, 1H); *C NMR (CDCls): & 202.0, 137.1, 135.0, 134.6, 131.2,
129.2, 129.0, 128.9, 128.6, 128.1, 128.1, 127.5, 127.5, 126.0, 11.6, 92.1, 55.9, 53.3, 49.8, 44.2, 36.3; ESI-MS
m/z 467 [M+Na]*; HR MS (ESI-TOF) calcd. for Cy7H,sN,O,NaS m/z 467.1764 [M+Na]*, found 467.1761; [a]p>
—22.7 (c, 0.34, CHCl3, 97% ee); HPLC (Daicel CHIRALCEL OZ-H, ¢ 0.46 cm x 25 c¢m, detection 254 nm,
n-hexane/PrOH = 4/1, flow rate = 1.0 mL/min) tR = 5.3 min (major), tR = 5.8 min (minor).

(3S,4S)-3-(Furan-2-yl)-N,N-dimethyl-4-nitrohept-6-enethioamide (syn-25dg)

Colorless oil; IR (neat): v 1549, 1431, 1281, 1111, 928, 742 cm™*: *H NMR (CDCly): 6 o/\i,
S _/
7.35-7.34 (m, 1H), 6.31 (dd, J = 3.2, 1.8 Hz, 1H), 6.17 (d, J = 3.2 Hz, 1H), 5.73 (ddt, J = J\/\/\/
M92N e
17.2, 10.3, 6.8 Hz, 1H), 5.19-5.13 (m, 2H), 4.99 (dt, J = 9.6, 4.8 Hz, 1H), 4.38 (dt, J = 6.9, NO,

5.5 Hz, 1H), 3.48 (s, 3H), 3.30 (dd, J = 15.3, 7.6 Hz, 1H), 3.25 (s, 3H), 3.01 (dd, J = 15.4, 6.7 Hz, 1H), 2.80-2.72
(m, 1H), 2.64-2.58 (m, 1H); *C NMR (CDCly): 5 199.3, 150.6, 142.4, 131.6, 119.5, 110.5, 108.8, 88.2, 45.0,
425, 41.5, 41.0, 35.4; ESI-MS m/z 305 [M+Na]*; HRMS (ESI-TOF) calcd. for C13H;gN,03NaS m/z 305.0930
[M+Na]*, found 305.0928; [a]p® —73.3 (¢ 1.03, CHCl3, 99% ee); HPLC (Daicel CHIRALPAK AS-H, ¢ 0.46 cm
x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 19.5 min (major), tR = 16.6 min

(minor).

(3S,4R)-3-(Furan-2-yl)-N,N-dimethyl-4-nitrohept-6-enethioamide (anti-25dg)

Colorless oil; IR (neat): v 1552, 1433, 1279, 1107, 928, 742 cm™; *H NMR (CDCl5): & o@
S _/
7.38-7.37 (m, 1H), 6.31 (dd, J = 3.2, 1.8 Hz, 1H), 6.23 (d, J = 32 Hz, 1H), 566 (ddt, 3= NW
€2
17.0, 10.5, 6.2 Hz, 1H), 5.12-5.07 (m, 2H), 4.93 (dt, J = 9.6, 3.6 Hz, 1H), 4.26 (dt, J = 9.9, NO,
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4.2 Hz, 1H), 3.37 (s, 3H), 3.36 (dd, J = 14.0, 10.3 Hz, 1H), 3.10 (s, 3H), 2.85 (dd, J = 14.2, 4.2 Hz, 1H),
2.63-2.55 (m, 1H), 2.35-2.30 (m, 1H); BC NMR (CDCly): 6 199.3, 150.2, 142.3, 131.1, 119.7, 110.7, 109.7, 89.9,
44.7, 43.0, 42.4, 41.4, 36.1; ESI-MS m/z 305 [M+Na]"; HRMS (ESI-TOF) calcd. for Ci3H;gN,OsNaS m/z
305.0930 [M+Na]", found 305.0931; [a]o>* —48.8 (c 0.85, CHCls, 88% ee); HPLC (Daicel CHIRALPAK AS-H,
@ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 20.8 min (major), tR

= 15.3 min (minor).

(3S,4S)-N,N-Dimethyl-4-nitro-3-(thiophen-2-yl)hept-6-enethioamide (syn-25dh)

White solid, mp: 74-75 °C; IR (KBr): v 1552, 1433, 1279, 1107, 930, 706 cm™: *H NMR S(j
S =
(CDCly): & 7.23-7.22 (m, 1H), 6.96 (dd, J = 5.0, 3.7 Hz, 1H), 6.89 (d, J = 3.4 Hz, 1H), I
MezN e
5.75 (ddt, J = 17.2, 10.3, 6.9 Hz, 1H), 5.21-5.15 (m, 2H), 5.10 (dt, J = 9.2, 5.0 Hz, 1H), NO,

4.59 (dt, J = 7.6, 6.0 Hz, 1H), 3.48 (s, 3H), 3.36 (dd, J = 15.4, 7.8 Hz, 1H), 3.23 (s, 3H), 2.99 (dd, J = 15.3, 6.2
Hz, 1H), 2.80-2.72 (m, 1H), 2.67-2.61 (m, 1H); *C NMR (CDCls): § 199.2, 139.3, 131.6, 127.0, 126.5, 124.9,
119.6, 89.3, 45.0, 44.0, 43.9, 41.6, 35.6; ESI-MS m/z 321 [M+Na]"; HRMS (ESI-TOF) calcd. for
C13H1sN,0,NaS, m/z 321.0702 [M+Na]*, found 321.0701; [a]p>> —43.0 (¢ 1.03, CHCls, 99% ee); HPLC (Daicel
CHIRALCEL OD-H, ¢ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR =

9.5 min (major), tR = 8.1 min (minor).

(3S,4R)-N,N-Dimethyl-4-nitro-3-(thiophen-2-yl)hept-6-enethioamide (anti-25dh)

White solid, mp: 79-81 °C; IR (KBr): v 1552, 1437, 1277, 1100, 930, 845, 723 cm™; 'H s\/j
S —/
NMR (CDCls): 6 7.23 (dd, J = 4.8, 1.4 Hz, 1H), 7.00-6.89 (m, 2H), 5.66 (dddd, J = 16.7, " NW
€2
10.6, 8.0, 6.2 Hz, 1H), 5.14-5.07 (m, 2H), 4.88 (ddd, J = 9.5, 9.4, 4.5 Hz, 1H), 4.52 (ddd, NO,

J=9.8,9.5, 4.1 Hz, 1H), 3.36 (s, 3H), 3.29 (dd, J = 14.4, 9.8 Hz, 1H), 3.13 (s, 3H), 2.91 (dd, J = 14.2, 4.0 Hz,
1H), 2.66-2.57 (m, 1H), 2.46-2.40 (m, 1H); *C NMR (CDCls): 5 199.0, 140.1, 131.2, 127.2, 126.9, 125.0, 119.7,
92.0, 45.2, 44.8, 44.6, 41.6, 36.1; ESI-MS m/z 321 [M+Na]*; HRMS (ESI-TOF) calcd. for Cy3H1gN,O,NaS, m/z
321.0702 [M+Na]*, found 321.0701; [0]p>-56.0 (c 0.54, CHCl3, 96% ee); HPLC (Daicel CHIRALCEL OZ-H,
¢ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 11.0 min (major), tR

= 12.4 min (minor).

(3R,4S)-N,N-Dimethyl-4-nitro-3-((E)-prop-1-en-1-yl)hept-6-enethioamide (syn-25di)

Colorless oil; IR (neat): v 1545, 1433, 1281, 1086, 970, 928 cm™; *H NMR (CDCls): & )
S ?
5.76-5.61 (m, 2H), 5.33-5.26 (m, 1H), 5.17-5.10 (m, 2H), 4.85 (dt, J = 9.6, 4.6 Hz, 1H), S
Me,N ~
3.50 (s, 3H), 3.50-3.44 (m, 1H), 3.29 (s, 3H), 2.93 (dd, J = 15.1, 7.8 Hz, 1H), 2.78-2.68 ’ NO,

(m, 1H), 2.67 (dd, J = 15.1, 6.4 Hz, 1H), 2.50-2.43 (m, 1H), 1.69 (dd, J = 6.4, 1.4 Hz, 3H); *C NMR (CDCl,): &
200.1, 131.8, 131.1, 125.8, 119.2, 89.3, 46.2, 44.9, 43.1, 41.8, 35.6, 18.0; ESI-MS m/z 279 [M+Na]"; HRMS
(ESI-TOF) calcd. for CyHa,oN,0,NaS m/z 279.1138 [M+Na]*, found; [a]p™ —100.7 (c 0.84, CHCls, 99% ee);
HPLC (Daicel CHIRALPAK AY-H, ¢ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0

mL/min) tR = 6.9 min (major), tR = 8.9 min (minor).
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(3R,4S)-N,N-Dimethyl-4-nitro-3-((E)-prop-1-en-1-yl)hept-6-enethioamide (anti-25di)

Colorless oil; IR (neat): v 1549, 1434, 1279, 1092, 970, 928 cm™; 'H NMR (CDCly): & )
S z
5.71 (ddt, J = 17.2, 10.3, 6.6 Hz, 1H), 5.67-5.57 (m, 1H), 5.26-5.20 (m, 1H), 5.17-5.11 (m, W
MezN
2H), 4.85 (dt, J = 7.8, 5.7 Hz, 1H), 3.45 (s, 3H), 3.34-3.3.28 (m, 1H), 3.28 (s, 3H), 2.99 NO,

(dd, J = 14.0, 9.4 Hz, 1H), 2.84 (dd, J = 13.8, 5.0 Hz, 1H), 2.67-2.61 (m, 1H), 1.69 (dd, J = 6.4, 1.6 Hz, 3H); ®*C
NMR (CDCl,): 6 200.0, 131.6, 131.1, 126.6, 119.5, 91.0, 46.1, 44.8, 44.3, 41.9, 35.3, 18.0; ESI-MS m/z 279
[M+Na]*; HRMS (ESI-TOF) calcd. for C;,HoN,0,NaS m/z 279.1138 [M+Na]*, found 279.1133; [a]p** —34.5 (c
0.33, CHCl;, 86% ee); HPLC (Daicel CHIRALPAK AY-H, ¢ 0.46 cm x 25 cm, detection 254 nm,
n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 8.4 min (major), tR = 9.7 min (minor).

(3R,4S)-N,N-Dibenzyl-3-(4-chlorophenyl)-4-nitrohept-6-enethioamide (syn-25dj)

White solid, mp 100-103 °C; IR (KBr): v 1547, 1415, 1238, 1055, 922 cm™; 'H NMR ¢l
(CDCls): & 7.40-7.33 (m, 3H), 7.29-7.21 (m, 5H), 7.08-7.00 (m, 4H), 6.97-6.94 (m, 2H), ©

5.73 (d, J = 17.0, 9.8, 7.1, 6.8 Hz, 1H), 5.54 (d, J = 14.6 Hz, 1H), 5.19-5.13 (m, 2H), 5.06 j\/\/v/
(d, J = 14.6 Hz, 1H), 5.04-4.99 (m, 2H), 4.63 (d, J = 17.2 Hz, 1H), 4.49 (d, J = 17.2 Hz, et NO,

1H), 4.35 (dd, J = 14.0, 7.8 Hz, 1H), 3.23 (dd, J = 15.1, 6.0 Hz, 1H), 3.16 (dd, J = 15.1, 8.5 Hz, 1H), 2.73-2.60
(m, 2H); **C NMR (CDCl,): 6 201.8, 135.5, 134.9, 134.5, 134.0, 131.2, 130.1, 129.3, 128.8, 128.7, 127.8, 127.6,
126.0, 119.9, 90.4, 56.4, 53.6, 48.6, 43.3, 35.8; ESI-MS m/z 501 [M+Na]’; HRMS (ESI-TOF) calcd. for
C,7H»7N,0,CINaS m/z 501.1374 [M+Na]*, found 501.1365; [a]p> —6.7 (¢ 0.64, CHCl3, 99% ee); HPLC (Daicel
CHIRALCEL OZ-H, ¢ 0.46 cm x 25 c¢m, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR =

5.0 min (major), tR = 4.6 min (minor).

(3R,4R)-N,N-Dibenzyl-3-(4-chlorophenyl)-4-nitrohept-6-enethioamide (anti-25dj)

Colorless oil; IR (neat): v 1552, 1415, 1238, 1093, 930 cm™; 'H NMR (CDCls): & ¢l
7.37-7.33 (m, 3H), 7.30 (d, J = 8.5 Hz, 2H), 7.26-7.24 (m, 3H), 7.10 (d, J = 8.5 Hz, 2H),

6.99-6.95 (m, 2H), 6.87-6.82 (m, 2H), 5.58 (d, J = 16.3, 10.1, 8.0. 6.0 Hz, 1H), 5.43 (d, J i/Yv/
= 14.9 Hz, 1H), 5.09-4.99 (m, 3H), 4.74 (ddd, J = 10.3, 10.1, 3.0 Hz, 1H), 4.65 (d, J = oref NO,

16.9 Hz, 1H), 4.46 (d, J = 16.9 Hz, 1H), 4.32 (ddd, J = 10.3, 10.1, 3.6 Hz, 1H), 3.39 (dd, J = 14.7, 10.8 Hz, 1H),
2.87 (dd, J = 14.7, 3.7 Hz, 1H), 2.57-2.48 (m, 1H), 2.23-2.16 (m, 1H); *C NMR (CDCls): & 201.5, 135.7, 134.9,
134.5, 134.0, 130.9, 130.3, 129.3, 129.2, 128.7, 128.1, 127.7, 127.5, 126.0, 119.8, 91.8, 56.0, 53.4, 48.9, 43.6,
36.2; ESI-MS m/z 501 [M+Na]"; HRMS (ESI-TOF) calcd. for C,;H,7N,0,CINaS m/z 501.1374 [M+Na]", found
501.1371; [a]p?® -25.8 (c 0.33, CHCIs, 97% ee); HPLC (Daicel CHIRALCEL OZ-H, ¢ 0.46 cm x 25 cm,
detection 254 nm, n-hexane/PrOH = 4/1, flow rate = 1.0 mL/min) tR = 5.1 min (major), tR = 5.4 min (minor).

(3S,4S)-N,N-Dibenzyl-3-methyl-4-nitrohept-6-enethioamide (syn-25dk)

Colorless oil; IR (neat): v 1545, 1450, 1354, 1240, 999, 925, 735, 698 cm?; 'H NMR i/\/\/
(CDCly): 6 7.41-7.29 (m, 8H), 7.11 (d, J = 7.1 Hz, 2H), 5.73 (ddt, J = 17.0, 10.1, 6.8 Hz, oref NO,
1H), 5.63 (d, J = 14.7 Hz, 1H), 5.23 (d, J = 14.7 Hz, 1H), 5.20-5.13 (m, 2H), 4.88 (d, J = 17.0 Hz, 1H), 4.84 (dt,
J=5.0, 4.6 Hz, 1H), 4.74 (d, J = 17.0 Hz, 1H), 3.22-3.12 (m, 1H), 2.97 (dd, J = 15.8, 7.6 Hz, 1H), 2.89-2.81 (m,
1H), 2.61 (d, J = 15.8, 6.4 Hz, 1H), 2.54-2.48 (m, 1H), 1.01 (d, J = 6.9 Hz, 3H); *C NMR (CDCl,): & 203.2,

55



135.4, 134.6, 131.9, 129.2, 128.8, 128.0, 127.8, 127.8, 126.1, 119.2, 90.1, 56.4, 53.5, 44.6, 37.3, 35.1, 14.1;
ESI-MS m/z 405 [M+Na]*; HRMS (ESI-TOF) calcd. for CyHysN,O,NaS m/z 405.1607 [M+Na]*, found
405.1610; [a]p® 0.7 (c 1.17, CHCIl3, 98% ee); HPLC (Daicel CHIRALCEL OJ-H, ¢ 0.46 cm x 25 cm, detection
254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 14.2 min (major), tR = 17.9 min (minor).

(3S,4R)-N,N-Dibenzyl-3-methyl-4-nitrohept-6-enethioamide (anti-25dk)

Colorless oil; IR (neat): v 1549, 1450, 1356, 1242, 995, 928, 735, 698 cm™; 'H NMR J\/\l/v/
(CDCly):  7.42-7.28 (m, 8H), 7.11 (d, J = 7.1 Hz, 2H), 5.73-5.65 (m, 1H), 5.45 (d, J = oref NO,
14.7 Hz, 1H), 5.34 (d, J = 14.7 Hz, 1H), 5.16-5.11 (m, 2H), 4.76 (d, J = 18.1 Hz, 1H), 4.73 (d, J = 17.6 Hz, 1H),
4.84 (ddd, J =10.1, 6.0, 3.9 Hz, 1H), 3.11-3.02 (m, 1H), 2.88 (dd, J = 14.9, 5.0 Hz, 1H), 2.81 (d, J = 14.9, 8.9 Hz,
1H), 2.71-2.63 (m, 1H), 2.57-2.50 (m, 1H), 1.07 (d, J = 6.6 Hz, 3H); **C NMR (CDCl,): 5 203.2, 135.4, 134.6,
131.5, 129.3, 128.6, 128.2, 127.9, 127.9, 126.1, 119.5, 92.0, 56.2, 53.4, 44.4, 37.1, 34.4, 16.0; ESI-MS m/z 405
[M+Na]*; HRMS (ESI-TOF) calcd. for C,,H,sN,0,NaS m/z 405.1607 [M+Na]*, found 405.1605; [a]o”> —2.9 (c
0.52, CHCIl;, 60% ee); HPLC (Daicel CHIRALPAK AS-H, ¢ 0.46 cm x 25 cm, detection 254 nm,
n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 9.5 min (major), tR = 12.0 min (minor).

Ethyl 2-((1S,2S,3R)-2-(dimethylcarbamothioyl)-3-(nitromethyl)-2,3-dihydro-1H-inden-1-yl)acetate (25al)
Yellow oil; IR (neat): v 1724, 1552, 1431, 1352, 1275, 1023, 752 cm™; 'H NMR
(THF-dg): & 7.11-7.04 (m, 4H), 4.73 (dd, J = 12.8, 5.3 Hz, 1H), 4.68 (d, J = 12.8, 6.6 Hz,
1H), 4.54-4.46 (m, 1H), 4.10-4.05 (m, 1H), 4.02-3.96 (m, 1H), 3.96-3.88 (M, 2H), 3.39 (s, /™
3H), 3.36 (s, 3H), 2.67 (dd, J = 15.1, 5.3 Hz, 1H), 2.50 (dd, J = 15.1, 7.1 Hz, 1H), 1.06 (t,
J = 7.1 Hz, 3H); C NMR (CDCls): & 204.1, 171.6, 142.6, 138.7, 128.2, 127.6, 123.3, 122.9, 77.0, 60.7, 57.7,
52.3, 50.2, 45.6, 42.2, 36.9, 14.1; ESI-MS m/z 373 [M+Na]*; HRMS (ESI-TOF) calcd. for C17H,,N,0,NaS m/z
373.1192 [M+Na]", found 373.1193; [0]p*® —17.6 (c 0.71, CHCl3, 99% ee):; HPLC (Daicel CHIRALCEL OD-H,
¢ 0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tR = 39.3 min (major), tR

MeoN

= 17.4 min (minor). Relative configuration was determined by NOE analysis.

Figure 13 *H NMR NOE Study of the Indane Product 25al

(3R,4S)-N,N-Dibenzyl-4-nitro-3-phenylhept-6-enamide (39)

To a stirred CH,Cl, (dry solvent, 0.5 mL) solution of 25df (25.0 mg, 0.0562 mmol, 99% ee) in a 20 mL test tube
equipped with a magnetic stirring bar was added trifluoroacetic anhydride (37 pL, 0.281 mmol) dropwise at 0 °C
under an Ar atmosphere. After stirring the resulting solution at room temperature for 10 h, saturated NaHCOj; aq.
was added. The resulting biphasic mixture was extracted three times with ethyl acetate. The combined organic
extract was washed with brine and then dried over Na,SO,. Volatiles were removed under reduced pressure and

the resulting residue was purified by silica gel column chromatography (n-hexane/ethyl acetate 10/1) to give the
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title compound 39 as yellow oil (17.2 mg, 0.0401 mmol, 71% vyield).

Yellow oil; IR (neat): v 1643, 1552, 1363, 1219, 1080, 733, 700 cm™; *H NMR (CDCl,): m
§ 7.52-7.22 (m, 9H), 7.14-7.04 (m, 6H), 5.74 (dddd, J = 17.2, 10.1, 7.1, 6.6 Hz, 1H), oret NO,
5.18-5.13 (m, 2H), 5.06 (ddd, J = 11.2, 6.6, 4.6 Hz, 1H), 4 .57 (s, 2H), 4.39 (d, J = 17.2 Hz, 1H), 4.32 (d, J =
17.2 Hz, 1H), 3.93 (dt, J = 6.9, 6.9 Hz, 1H), 3.02 (dd, J = 16.0, 7.1 Hz, 1H), 2.83 (dd, J = 16.0, 7.1 Hz, 1H),
2.69-2.54 (m, 2H); 3C NMR (CDCly): 6 170.6, 137.7, 136.8, 136.0, 131.6, 129.0, 128.7, 128.6, 128.4, 128.0,
127.8, 127.4, 126.3, 119.6, 99.9, 90.3, 49.9, 48.5, 44.9, 35.6, 35.2; ESI-MS m/z 451 [M+Na]*; HRMS (ESI-TOF)

calcd. for CprHsN,03Na m/z 451.1992 [M+Na]*, found 451.1983; [a]o 48.0 (c 0.83, CHCIy).

(3R,4S)-N,N-Dibenzyl-4-nitro-3-phenylhept-6-en-1-amine (40)

To a stirred diethyl ether (dry solvent, 0.5 mL) solution of 25df (20.0 mg, 0.0450 mmol, 99% ee) in a 20 mL test
tube equipped with a magnetic stirring bar was added methyl trifluoromethansulfonate (10 mL, 0.090 mmol)
dropwise at 0 °C under an Ar atmosphere. After stirring the resulting solution at room temperature for 0.5 h,
volatiles were removed under reduced pressure. The resulting residue was dissolved methanol (0.25 mL) and
acetic acid (0.25 mL). To the stirred solution of the residue was added sodium cyanoborohydride (5.7 mg, 0.090
mmol) at 0 °C under an Ar atmosphere. After stirring the resulting solution at 0 °C for 0.5 h, saturated NaHCO;
ag. was added dropwise. The resulting biphasic mixture was extracted three times with ethyl acetate. The
combined organic extract was washed with brine and then dried over Na,SO,. Volatiles were removed under
reduced pressure and the resulting residue was purified by silica gel column chromatography (5:1 n-hexane/ethyl

acetate) to give the title compound 40 as colorless oil (13.9 mg, 0.0335 mmol, 75%
Ph

BN~ NP
Colorless oil; IR (neat): v 2802, 1549, 1454, 1371, 1126, 1072, 912 cm™; 'H NMR ’ NO,

(CDCls): & 7.31-7.24 (m, 10H), 7.20-7.18 (m, 3H), 6.7-6.94 (m, 2H), 5.68-5.58 (m, 1H), 5.11-5.07 (m, 2H), 4.56
(ddd, J = 8.9, 8.9, 4.6 Hz, 1H), 3.55 (d, J = 13.7 Hz, 2H), 3.42 (d, J = 3.7 Hz, 2H), 3.21-3.13 (m, 1H), 2.57-2.46
(m, 2H), 2.38-2.26 (m, 2H), 2.00-1.91 (m, 1H), 1.80-1.71 (m, 1H); **C NMR (CDCl,): & 139.4, 138.5, 131.6,
128.9, 128.5, 128.2, 128.1, 127.4, 127.0, 119.4, 92.4, 58.8, 51.1, 46.5, 35.6, 29.2; ESI-MS m/z 415 [M+H]";
HRMS (ESI-TOF) calcd. for Cp7Ha:N,O, m/z 415.2380 [M+H]", found 415.2377; [a]p> —38.3 (c 0.48, CHCls).

yield).

(R)-S-Methyl 3-(4-chlorophenyl)-4-nitrobutanethioate (41)

To a 30 mL flask with a magnetic stirring bar was added 25ca (224.2 mg, 0.819 mmol), iodomethane (7.79 mL),
and THF/H,O (47.1 mL, THF/H20 = 20/1) successively at room temperature. To the resulting biphasic mixture
was added TFA (450 pL) dropwise at 0 °C. After stirring the resulting pale yellow suspension at the room
temperature for 10 h, volatiles were removed under reduced pressure. The resulting residue was dissolved in
CH,CIl, and washed with brine, then dried over Na,SO,. After evaporation of volatiles under reduced pressure,
the crude mixture was purified by silica gel column chromatography (n-hexane/ethyl acetate 19/1) to give the
corresponding thioester (210.3 mg, 94% yield).

Green oil; IR (neat): v 3453, 1672, 1549, 1093, 1002, 748 cm™*; *H NMR (CDCls): 5 7.28 (d, cl

J =8.3 Hz, 2H), 7.13 (d, J = 8.3 Hz, 2H), 4.68 (dd, J = 12.8, 6.4 Hz, 1H), 4.57 (dd, J = 12.8, ©

8.7 Hz, 1H), 4.01 (ddt, J = 8.7, 7.3, 6.4 Hz, 1H), 2.95 (d, J = 7.3 Hz, 2H), 2.24 (s, 3H); *C \Sj\/ngoz
NMR (CDCls): 6 196.5, 136.3, 133.8, 129.1, 128.7, 78.8, 46.1, 39.7, 11.6; [a]p? 22.0 (c0.84,
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CHCL,).

(R)-3-(4-Chlorophenyl)-4-nitrobutanoic acid

To the solution of the thioester 41 (100 mg) in THF (0.7 mL) and MeOH (1.0 mL) was added cl
27% NaOH ag. (0.5 mL) at -40 °C and the resulting mixture was stirred for 30 min at 0 °C.

Acidified with 1IN HCI ag. and extracted with CH,Cl,, and the combined organic layer was Q

HOJ\/g\/ NO

pressure, the crude mixture was purified by silica gel column chromatography (n-hexane/ethyl acetate 10/1) to

washed with brine, then dried over Na,SO,. After evaporation of volatiles under reduced

give carboxylic acid (73.4 mg, 83% yield). *H and **C NMR was identical to those reported in the literature.

4-3. Determination of Absolute Configuration of the Product

25ca was converted to (R)-baclofen and its absolute configuration was determined to be R. The absolute
configuration of the other products obtained from the reaction with nitromethane (24a) was deduced by analogy.
The absolute and relative configuration of major diastereomer of 25ab was determined by X-ray crystallographic
analysis. Single crystal of 25ab was obtained by recrystallization from AcOEt/n-hexane.

Single-crystal X-ray data were collected on a Rigaku R-AXIS PAPID Il imaging plate area detector with
graphite-mono chromated Mo-Ka radiation. Data collection was conducted at 93 K. All structures were solved

by direct methods and refined by full matrix least-squares against F* with all reflections.

Table S1. Selected Crystallographic Data of 25ab

25ab
molecular formula C13H15N,0,S
formula weight 266.36
crystal system orthorhombic
space group P2,2:2,
cell constants
a(A) 6.291(3)
b (A) 14.541(7)
c(A) 46.348(2)
a (deg) 90.0000
B (deg) 90.0000
7 (deg) 90.0000
Vv (A% 4243(4)
z 12
pcalcd (g cm-3) 1.253
R: 0.0443
®R; 0.0527
F(000) 1704.00
Flack parameter -0.04 (6)

All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were placed in standard calculated
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positions, and were refined with an isotropically. Refined crystallographic parameters are summarized in Table
S1. The absolute and relative configuration of the major diastereomer of 25ab was determined to be 3R4S by

Flack parameter.” The absolute configuration of other products was deduced by analogy.

Absolute configuration of minor diastereomer of anti-25ab was determined by converting to the corresponding
aldehyde. S-Methylation followed by the treatment with LiAl('BuO);H afforded the corresponding aldehyde with
a concomitant epimerization at the a-position of nitro group. The optical rotation of thus obtained 3R,4S
aldehyde is opposite to the reported aldehyde.®® Therefore, absolute configuration of the starting anti-25ab is

3R,4R. Selection of prochiral face of a,-unsaturated thioamide is consistent.

0 . Q| O
s O 2. liAI(O'Bu)zH o o

B ether, 0 °C : :
R ’ S R
Me,N R _— HJ\/N H)W

NO, epimerization Iiloz NO,
anti-25ab at a-position of [a]p? 2.8 [o]p2 -4.2
97% ee nitro group D D

50.4% (c 1.37, CHCl3) (c 2.0, CHClj3)
Y. 47

5. General Procedure and Characterization of Conjugate Addition Products of Thiols and Their
Derivatives

5-1. General Procedure for Direct Catalytic Asymmetric Conjugate Addition of Thiols 14 to
o,B-Unsaturated Thioamides 13 (Table 10, entry 2)

A flame-dried 20 mL test tube equipped with a magnetic stirring bar and a 3-way glass stopcock was charged
with N, N-dimethylthiocinnamide (13a) (76.5 mg, 0.4 mmol) and dried under vacuum for ca. 5 min. Ar was
back-filled to the test tube, after which dry toluene (0.8 mL) and 2-aminothiophenol (14b) (64 L, 0.6 mmol, 1.5
eq.) were added via a gas-tight syringe with a stainless steel needle under an Ar atmosphere. The mixture was
cooled to 0 °C. A premixed solution of mesitylcopper and (R)-DTBM-Segphos (240 uL, 0.05 M in toluene,
0.012 mmol, 3 mol %) was added via a syringe at 0 °C. The resulting orange solution was stirred at 0 °C for 6 h
under Ar and quenched with saturated aqueous NH4CI. The biphasic mixture was extracted with AcOEt, and the
organic extract was washed successively with saturated aqueous NaHCO; and saturated aqueous NaCl and then
dried over Na,SO,. After evaporation of volatiles under reduced pressure, the crude mixture was purified by
silica gel column chromatography (5:1 to 2:1 n-hexane / ethyl acetate or 1:2 to 1:4 n-hexane / dichloromethane)
to give the desired product 15ab (111.4 mg, 88% yield). Enantioselectivity was determined to be 98% ee by
chiral-stationary-phase HPLC analysis [Daicel CHIRALPAK AS-H , ¢0.46 cm x 25 cm, detection at 254 nm,
n-hexane/'PrOH = 1/ 1, flow rate = 1.0 mL / min, tg = 10.6 min (minor), tz = 13.4 min (major)].

NMR yield was determined by *H NMR analysis of the crude mixture using DMF as an internal standard.

Direct crystallization without aqueous workup in the larger scale. (Table 9, entry 6)

A flame-dried 20 mL round-bottomed flask equipped with a magnetic stirring bar and a 3-way glass stopcock
was charged with N, N-dimethylthiocinnamide (13a) (1.0 g, 5.2 mmol) and dried under vacuum for ca. 5 min. Ar
was back-filled to the flask, after which dry toluene (10.4 mL) and 2-aminothiophenol (14b) (0.67 mL, 6.3 mmol,
1.2 eq.) were added via a gas-tight syringe with a stainless steel needle under an Ar atmosphere. The mixture was

cooled to 0 °C. A premixed solution of mesitylcopper and (R)-DTBM-Segphos (0.26 mL, 0.05 M in toluene,
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0.013 mmol, 0.25 mol %) was added via a syringe at O °C. The resulting orange solution was stirred at 0 °C for
40 h under Ar. After the reaction, the product was precipitated. The reaction mixture was warmed to 70 °C. To
this solution, n-hexane (20 mL) was added. The mixture was cooled to room temperature gradually. The
precipitated crystal was filtered under reduced pressure, washed with toluene/n-hexane (1/2, 20 mL) and dried to
give the desired product 15ab (1.35 g, 82% vyield). Enantioselectivity was determined to be >99% ee by
chiral-stationary-phase HPLC analysis [Daicel CHIRALPAK AS-H , ¢0.46 cm x 25 cm, detection at 254 nm,

n-hexane/'PrOH = 1/ 1, flow rate = 1.0 mL / min, tg = 11.2 min (minor), tz = 14.4 min (major)].

Preparation of the copper-chiral phosphine ligand suspension.

A flame-dried 20 mL test tube equipped with a magnetic stirring bar and 3-way glass stopcock was charged with
mesitylcopper (9.1 mg, 0.05 mmol) and (R)-DTBM-Segphos (59.0 mg, 0.05 mmol) in a dry box. Dry toluene
(1.0 mL) was added via a syringe and a stainless steel needle, and the resulting solution was stirred at room
temperature for 10 min to give a pale greenish yellow 0.05 M catalyst solution in toluene, which was used

immediately.

Racemic samples of the products were prepared by the identical procedure described above using
(R)-DTBM-Segphos and (S)-DTBM-Segphos.

5-2. Characterization of Conjugate Addition Products

Colorless oil, IR (neat): v 1519, 1393, 1277, 747, 699 cm™; *H NMR (CDCl,): & .

7.39-7.37 (m, 4H), 7.29-7.16 (m, 6H), 5.18 (dd, J = 8.0, 6.6 Hz, 1H), 3.36 (s, 3H), 3.35 MQZNMSQ
(dd, J = 14.2, 8.0 Hz, 1H), 3.30 (dd, J = 14.2, 6.6 Hz, 1H), 3.06 (s, 3H); *C NMR (CDCl,): 5 200.1, 140.4, 134.6,
131.3, 128.8, 128.4, 127.9, 127.5, 126.9, 53.0, 48.0, 44.6, 41.7; ESI-MS m/z 324 [M+Na]"; HRMS (ESI-TOF)
calcd. for C17H19NS,Na m/z 324.0851 [M+Na]", found 324.0857; [a]p*° +115.3 (¢ 1.00, CHCl3, 94% ee); HPLC
(Daicel CHIRALPAK AS-H, ¢ 0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0

mL/min) tz = 11.8 min (minor), tz = 18.3 min (major).

(R)-N,N-dimethyl-3-phenyl-3-(phenylthio)propanethioamide (15aa)
S :

(R)-3-((2-aminophenyl)thio)-N,N-dimethyl-3-phenylpropanethioamide (15ab)

White solid, mp: 100-101 °C; IR (KBr): v 3462, 3359, 1604, 1477, 1274, 736, 696 cm™; ©
'H NMR (CDCls): & 7.27-7.20 (m, 5H), 7.10-7.05 (m, 2H), 6.68 (dd, J = 7.8, 0.9 Hz, 1H), )i/\
MeoN S
6.52 (ddd, J = 7.6, 7.3, 1.4 Hz, 1H), 4.91 (dd, J = 7.3, 7.3 Hz, 1H), 4.42 (brs, 2H), 3.44 (s, NH,

3H), 3.35 (dd, J = 14.7, 7.8 Hz, 1H), 3.26 (dd, J = 14.7, 7.1 Hz, 1H), 3.21 (s, 3H); **C NMR (CDCl,): § 200.2,
149.2, 141.1, 137.3, 130.4, 128.2, 127.9, 127.3, 117.9, 115.6, 114.8, 52.3, 47.3, 44.8, 41.8; ESI-MS m/z 339
[M+Na]*; HRMS (ESI-TOF) calcd. for Cy7H20N,S,Na m/z 339.0960 [M+Na]*, found 339.0961; [a]p> +300.5 (c
1.00, CHCl3, >99% ee), [a]o®® +291.7 (¢ 1.00, CHCl3, 98% ee); HPLC (Daicel CHIRALPAK AS-H, ¢0.46 cm x
25 cm, detection at 254 nm, n-hexane/'PrOH = 1/1, flow rate = 1.0 mL/min) tg = 10.6 min (minor), tg = 13.4 min

(major).
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(R)-3-((2-hydroxyphenyl)thio)-N,N-dimethyl-3-phenylpropanethioamide (15ac)

White solid, mp: 93-95 °C; IR (KBr): v 3322, 1518, 1469, 1277, 1193, 756, 694 cm™; tH s ©

NMR (CDCly): & 7.28-7.17 (m, 6H), 7.00 (dd, J = 7.8, 1.6 Hz, 1H) , 6.95 (dd, J = 8.2, 1.2 MGZNMS@
Hz, 1H), 6.67 (ddd, J = 7.6, 7.6, 1.4 Hz, 2H), 4.83 (dd, J = 8.9, 5.3 Hz, 1H), 3.51 (s, 3H), OH
3.29 (dd, J = 15.6, 9.2 Hz, 1H), 3.27 (s, 3H), 3.13 (dd, J = 15.4, 5.3 Hz, 1H); ©*C NMR (CDCl5): § 199.7, 158.0,
140.9, 137.0, 131.6, 128.4, 127.8, 127.6, 120.1, 116.9, 115.1, 53.8, 46.2, 45.0, 41.7; ESI-MS m/z 340 [M+Na]";
HRMS (ESI-TOF) calcd. for Ci7HigNOS,Na m/z 340.0800 [M+Na]*, found 340.0805; [a]p”® +294.2 (c 1.02,
CHCls, 93% ee); HPLC (Daicel CHIRALPAK AS-H, ¢0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH =

4/1, flow rate = 1.0 mL/min) tg = 17.8 min (minor), tg = 23.7 min (major).

(R)-N,N-dimethyl-3-phenyl-3-(o-tolylthio)propanethioamide (15ad)

Colorless oil, IR (neat): v 1519, 1393, 1277, 751, 700 cm™; *H NMR (CDCly): & ©
7.44-7.35 (m, 3H), 7.29-7.19 (m, 3H), 7.15-7.07 (m, 3H), 5.13 (dd, J = 8.5, 6.4 Hz, 1H), )iA /@
3.37 (s, 3H), 3.37 (dd, J = 14.0, 8.4 Hz, 1H), 3.31 (dd, J = 14.2, 6.4 Hz, 1H), 3.07 (s, 3H), 2" >
2.35 (s, 3H); *C NMR (CDCl5): 6 200.2, 140.6, 139.2, 133.9, 131.5, 130.1, 128.4, 127.9, 127.6, 126.9, 126.4,
52.4, 48.0, 44.6, 41.8, 20.6; ESI-MS m/z 338 [M+Na]"; HRMS (ESI-TOF) calcd. for C1gH,.NS,Na m/z 338.1008
[M+Na]*, found 338.1008; [a]p> +117.6 (c 1.05, CHCl3, 93% ee); HPLC (Daicel CHIRALPAK AS-H, ¢ 0.46
cm x 25 cm, detection at 254 nm, n-hexane/PrOH = 4/1, flow rate = 1.0 mL/min) tg = 11.2 min (minor), tg =

12.4 min (major).

(R)-3-((2-methoxyphenyl)thio)-N,N-dimethyl-3-phenylpropanethioamide (15ae)

Colorless oil, IR (neat): v 1520, 1393, 1274, 1243, 751, 700 cm™; *H NMR (CDCls): & ©

7.43-7.40 (m, 3H), 7.28-7.16 (m, 4H), 6.87 (ddd, J = 7.6, 7.6, 1.2 Hz, 1H), 6.82 (d, J = 8 @
S

8.3 Hz, 1H), 5.28 (dd, J = 9.2,5.7 Hz, 1H), 387 (s, 3H), 3.39 (dd, = 14.0,89 Hz, 1H), "~ OMe

3.33 (s, 3H), 3.29 (dd, J = 14.0, 5.8 Hz, 1H), 3.03 (s, 3H); **C NMR (CDCls): 5 200.3, 157.9, 140.4, 131.8, 128.3,
128.1, 128.0, 127.5, 122.9, 121.0, 110.6, 55.8, 50.7, 48.3, 44.6, 41.7; ESI-MS m/z 354 [M+Na]*; HRMS
(ESI-TOF) calcd. for C15H,:NOS,Na m/z 354.0957 [M+Na]*, found 354.0957; [a]o>" +89.2 (¢ 0.93, CHCl;, 97%
ee); HPLC (Daicel CHIRALPAK AS-H, ¢ 0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH = 4/1, flow

rate = 1.0 mL/min) tg = 13.2 min (minor), tg = 21.4 min (major).

(R)-3-((2-chlorophenyl)thio)-N,N-dimethyl-3-phenylpropanethioamide (15af)

Colorless oil, IR (neat): v 1517, 1393, 1276, 1035, 749, 700 cm™; *H NMR (CDCly): & ©

7.49 (dd, J = 7.6, 1.6 Hz, 1H), 7.47-7.44 (m, 2H), 7.33 (dd, J = 8.0, 1.4 Hz, 1H), fk/\ /@
7.31-7.21 (m, 3H), 7.17 (ddd, J = 7.8, 7.6, 1.6 Hz, 1H), 7.09 (ddd, J = 7.8, 7.3, 1.6 Hz, 2 s L
1H), 5.32 (dd, J = 9.0, 5.7 Hz, 1H), 3.42 (dd, J = 14.2, 8.7 Hz, 1H), 3.36 (s, 3H), 3.31 (dd, J = 14.2, 5.7 Hz, 1H),
3.04 (s, 3H); BC NMR (CDCly): 6 199.8, 139.7, 134.4, 134.0, 130.5, 129.6, 128.5, 128.0, 127.8, 127.3, 127.2,
51.4, 48.0, 44.6, 41.8; ESI-MS m/z 358 [M+Na]"; HRMS (ESI-TOF) calcd. for Cy;HisCINS,Na m/z 358.0461
[M+Na]*, found 358.0464; [o]o*® +83.6 (¢ 0.91, CHCl3, 95% ee); HPLC (Daicel CHIRALPAK AS-H, ¢0.46 cm
x 25 cm, detection at 254 nm, n-hexane/PrOH = 4/1, flow rate = 1.0 mL/min) tg = 11.6 min (minor), tz = 18.7

min (major).
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(R)-3-((2-aminophenyl)thio)-N,N-dimethyl-3-(p-tolyl)propanethioamide (15bb)

White solid, mp: 109-111 °C; IR (KBr): v 3410, 3303, 1609, 1511, 1475, 1272, 1105, Me

817, 748 cm™; 'H NMR (CDCly): & 7.16 (d, J = 8.0 Hz, 2H), 7.10-7.04 (m, 4H),

6.69-6.66 (m, 1H), 6.53 (ddd, J = 7.6, 7.4, 1.4 Hz, 1H), 4.87 (dd, J = 7.6, 7.4 Hz, 1H), MeZN)i/\S/@
4.43 (brs, 2H), 3.42 (s, 3H), 3.31 (dd, J = 14.6, 7.6 Hz, 1H), 3.24 (dd, J = 14.6, 7.4 Hz, NH,
1H), 3.19 (s, 3H), 2.30 (s, 3H); *C NMR (CDCly): 5 200.4, 149.2, 138.0, 137.3, 137.0, 130.4, 128.9, 127.7,
117.9, 115.9, 114.8, 52.0, 47.5, 44.8, 41.8, 21.1; ESI-MS m/z 353 [M+Na]"; HRMS (ESI-TOF) calcd. for
CisH2N,S;Na m/z 353.1117 [M+Na]*, found 353.1115; [a]o’’ +296.5 (c 1.03, CHCI,, 98% ee); HPLC (Daicel
CHIRALPAK AS-H, ¢0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH = 1/1, flow rate = 1.0 mL/min) tg

= 9.4 min (minor), tg = 13.5 min (major).

(R)-3-((2-aminophenyl)thio)-3-(4-chlorophenyl)-N,N-dimethylpropanethioamide (15cb)

White solid, mp: 87-89 °C; IR (KBr): v 3398, 3301, 1608, 1518, 1475, 1278, 1094, 825, ¢l

755 cm™; *H NMR (CDCl,): § 7.22-7.16 (m, 4H), 7.08 (ddd, J = 8.0, 7.3, 1.6 Hz, 1H), (j

7.01 (dd, J = 7.6, 1.4 Hz, 1H), 6.67 (dd, J = 8.0, 1.2 Hz, 1H), 6.51 (ddd, J = 7.6, 7.3, 1.1 MeZN)iA?S

Hz, 1H), 4.91 (dd, J = 7.3, 7.4 Hz, 1H), 4.44 (brs, 2H), 3.43 (s, 3H), 3.29 (dd, J = 14.9, NH,
7.6 Hz, 1H), 3.23 (s, 3H), 3.24 (dd, J = 15.1, 7.3 Hz, 1H); *C NMR (CDCls): § 199.8, 149.2, 139.8, 137.3, 132.9,
130.6, 129.3, 128.3, 118.0, 115.1, 114.8, 51.4, 46.8, 44.8, 41.8; ESI-MS m/z 373 [M+Na]*; HRMS (ESI-TOF)
calcd. for Ci7H16CIN,S,Na m/z 373.0570 [M+Na]*, found 373.0574; [a]p?® +325.8 (¢ 1.03, CHCl3, 98% ee);
HPLC (Daicel CHIRALPAK AS-H, ¢0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH = 1/1, flow rate =

1.0 mL/min) tg = 11.2 min (minor), tz = 12.9 min (major).

(R)-3-((2-aminophenyl)thio)-3-(4-methoxyphenyl)-N,N-dimethylpropanethioamide (15db)

White solid, mp: 111-112 °C; IR (KBr): v 3463, 3360, 1604, 1510, 1244, 1022 cm™; H OMe

NMR (CDCls):  7.18 (ddd, J = 8.7, 3.0, 2.1 Hz, 2H), 7.10-7.04 (m, 2H), 6.77 (ddd, J =

8.7, 3.0, 2.0 Hz, 2H), 6.62 (dd, J = 8.2, 1.2 Hz, 1H), 6.52 (ddd, J = 7.6, 7.3, 1.4 Hz, 1H), § @
4.86 (dd, J = 7.6, 7.3 Hz, 1H), 4.41 (brs, 2H), 3.77 (s, 3H), 3.42 (s, 3H), 3.30 (dd, J = MezN)vS T,
14.6, 7.6 Hz, 1H), 3.24 (dd, J = 14.6, 7.3 Hz, 1H), 3.19 (s, 3H); *C NMR (CDCl,): &

200.4, 158.8, 148.9, 137.3, 133.1, 130.4, 129.0, 118.2, 116.1, 115.0, 113.6, 55.2, 51.9, 47.6, 44.8, 41.9; ESI-MS
m/z 369 [M+Na]"; HRMS (ESI-TOF) calcd. for CsH»,N,0S,Na m/z 369.1066 [M+Na]*, found 369.1066; [o]p?®
+277.7 (¢ 1.00, CHCI3, 98% ee); HPLC (Daicel CHIRALPAK AS-H, ¢ 0.46 cm x 25 cm, detection at 254 nm,

n-hexane/'PrOH = 1/1, flow rate = 1.0 mL/min) tg = 14.3 min (minor), tz = 21.9 min (major).

(R)-3-((2-aminophenyl)thio)-3-(furan-2-yl)-N,N-dimethylpropanethioamide (15eb)

White solid, mp: 71-73 °C; IR (KBr): v 3403, 3298, 1606, 1519, 1475, 1278, 1156, 1112, @O
S v
754, 730 cm’™; *H NMR (CDCly): 8 7.35 (dd, J = 1.8, 0.7 Hz, 1H), 7.13-7.06 (m, 2H), :
(CDCa): 5 7.35 ( z, 1H) m2H), I
6.68 (dd, J = 8.0, 1.4 Hz, 1H), 6.56 (ddd, J = 7.8, 7.3, 1.4 Hz, 1H), 6.21 (dd, J = 3.2, 1.8 NH,

Hz, 1H), 5.89 (dd, J = 3.2, 0.4 Hz, 1H), 4.99 (dd, J = 7.6, 7.3 Hz, 1H), 4.21 (brs, 2H), 3.47 (s, 3H), 3.33-3.29 (m,
2H), 3.29 (s, 3H); °C NMR (CDCly): § 199.8, 152.9, 149.4, 141.7, 137.9, 130.7, 117.9, 115.0, 114.7, 110.4,
107.9, 45.7, 44.9, 44.3, 41.8; ESI-MS m/z 329 [M+Na]*; HRMS (ESI-TOF) calcd. for CysHisN,OS,Na m/z
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329.0753 [M+Na]", found 329.0754; [a]o*® +303.9 (¢ 0.98, CHCl3, 97% ee); HPLC (Daicel CHIRALPAK AS-H,
¢ 0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH = 1/1, flow rate = 1.0 mL/min) tg = 11.4 min (minor),
tr = 14.3 min (major).

(R)-3-((2-aminophenyl)thio)-N,N-dimethyl-3-(thiophen-2-yl)propanethioamide

(15fb) s CS

White solid, mp: 119-121 °C; IR (KBr): v 3407, 3301, 1611, 1520, 1475, 1277, 751, 712 MezN)K/E\S

cm’; *H NMR (CDCls): § 7.17-7.08 (m, 3H), 6.82 (dd, J = 5.0, 3.4 Hz, 1H), 6.74 (dd, J = NH
3.4, 0.7 Hz, 1H), 6.69 (dd, J = 8.0, 0.9 Hz, 1H), 6.55 (ddd, J = 7.6, 7.4, 1.2 Hz, 1H), 5.27 (dd, J = 7.6, 7.1 Hz,
1H), 4.20 (brs, 2H), 3.47 (s, 3H), 3.33 (dd, J = 14.9, 7.8 Hz, 1H), 3.26 (dd, J = 14.6, 7.1 Hz, 1H), 3.26 (s, 3H);
¥C NMR (CDClg): 6 199.7, 149.3, 145.2, 137.4, 130.7, 126.4, 125.7, 124.4, 117.9, 115.3, 114.8, 48.0, 47.7, 44.8,
41.9; ESI-MS m/z 345 [M+Na]"; HRMS (ESI-TOF) calcd. for CisHisN,SsNa m/z 345.0524 [M+Na]*, found
345.0522; [a]p?® +373.7 (¢ 0.61, CHCl3, 97% ee); HPLC (Daicel CHIRALPAK AS-H, ¢ 0.46 cm x 25 cm,
detection at 254 nm, n-hexane/PrOH = 1/1, flow rate = 1.0 mL/min) tg = 12.2 min (minor), tz = 15.3 min

(major).

(R,E)-3-((2-aminophenyl)thio)-N,N-dimethylhex-4-enethioamide (15gb)

Pale yellow oil, IR (neat): v 3444, 3331, 1607, 1520, 1478, 1280, 751 cm™; *H NMR S )
(CDCls): 8 7.27 (dd, J = 9.2, 3.9 Hz, 1H), 7.12 (ddd, J = 7.8, 7.6, 1.6 Hz, 1H), 6.70 (dd, J MezNMS
=8.0, 1.1 Hz, 1H), 6.62 (ddd, J = 7.6, 7.3, 1.1 Hz, 1H), 5.42 (ddd, J = 15.1, 8.9, 1.6 Hz, NH;

1H), 5.26 (dddd, J = 15.1, 6.4, 6.4, 6.4 Hz, 1H), 4.46 (brs, 2H), 4.19 (ddd, J = 8.7, 7.6, 7.6 Hz, 1H), 3.49 (s, 3H),
3.28 (s, 3H), 3.07 (dd, J = 14.7, 7.6 Hz, 1H), 3.00 (dd, J = 14.6, 7.3 Hz, 1H), 1.58 (dd, J = 6.4, 1.6 Hz, 3H); *°C
NMR (CDCls): 5 200.6, 149.4, 138.1, 130.4, 129.8, 128.0, 117.8, 115.7, 114.7, 50.7, 46.5, 44.8, 42.0, 17.7;
ESI-MS m/z 303 [M+Na]"; HRMS (ESI-TOF) calcd. for C1.H,0N,S,Na m/z 303.0960 [M+Na]", found 303.0962;
[o]o?® +148.5 (¢ 0.72, CHCI3, 95% ee); HPLC (Daicel CHIRALPAK AS-H, ¢0.46 cm x 25 cm, detection at 254

nm, n-hexane/'PrOH = 1/1, flow rate = 1.0 mL/min) tg = 7.5 min (minor), tg = 11.6 min (major).

Colorless oil, IR (neat): v 3441, 3328, 1606, 1520, 1478, 1393, 1279, 1157, 1051, 752

cm™: *H NMR (CDCl,): 6 7.37 (dd, J = 7.8, 1.6 Hz, 1H), 7.13 (ddd, J = 7.4, 7.3, 1.6 Hz,

1H), 6.71 (dd, J = 8.0, 1.2 Hz, 1H), 6.65 (ddd, J = 7.8, 7.3, 1.4 Hz, 1H), 4.41 (brs, 2H), 3.80-3.71 (m, 1H), 3.47
(s, 3H), 3.20 (s, 3H), 3.02 (dd, J = 14.7, 6.6 Hz, 1H), 2.84 (dd, J = 14.6, 7.8 Hz, 1H), 1.36 (d, J = 6.9 Hz, 3H);
B3C NMR (CDCls): & 201.0, 149.2, 137.5, 130.4, 118.0, 115.6, 114.9, 48.7, 44.7, 42.7, 41.7, 20.9; ESI-MS m/z
277 [M+Na]*; HRMS (ESI-TOF) calcd. for C,HysN,S,Na m/z 277.0804 [M+Na]*, found 277.0804; [o]p™° +92.2
(c 1.05, CHCI3z, 97% ee); HPLC (Daicel CHIRALPAK AS-H, ¢ 0.46 cm x 25 cm, detection at 254 nm,

n-hexane/'PrOH = 1/1, flow rate = 1.0 mL/min) tg = 8.9 min (minor), tz = 13.5 min (major).

(S)-3-((2-aminophenyl)thio)-N,N-dimethylbutanethioamide (15hb) s .
MezN)K/\S/E;I
NH,

(R)-3-((2-aminophenyl)thio)-N,N,4-trimethylpentanethioamide (15ib) s N
Colorless oil, IR (neat): v 3442, 3328, 1606, 1519, 1478, 1393, 1281, 1156, 1074, 751 MeZNJK/\s

cm™; 'H NMR (CDCly):  7.37 (dd, J = 7.6, 1.4 Hz, 1H), 7.13 (ddd, J = 8.0, 8.0, 1.6 Hz, NF
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1H), 6.69 (dd, J = 8.0, 0.8 Hz, 1H), 6.64 (ddd, J = 7.6, 7.3, 1.4 Hz, 1H), 4.47 (brs, 2H), 3.71 (ddd, J = 7.1, 7.1,
3.0 Hz, 1H), 3.48 (s, 3H), 3.19 (s, 3H), 2.98 (dd, J = 14.7, 6.6 Hz, 1H), 2.93 (dd, J = 14.9, 6.9 Hz, 1H), 2.18-2.10
(m, 1H), 1.11 (d, J = 6.6 Hz, 3H), 1.01 (d, J = 6.9 Hz, 3H); *C NMR (CDCls): & 201.7, 149.0, 137.3, 130.1,
118.0, 116.1, 114.9, 55.0, 45.0, 43.1, 41.8, 30.4, 19.0, 18.6; ESI-MS m/z 305 [M+Na]*; HRMS (ESI-TOF) calcd.
for CiH»N,S,Na m/z 305.1117 [M+Na]*, found 305.1108; [a]p® +140.2 (c 1.01, CHCls, 99% ee); HPLC
(Daicel CHIRALPAK AY-H, ¢0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0

mL/min) tg = 12.2 min (major), tz = 13.7 min (minor).

(R)-3-((2-hydroxyethyl)thio)-N,N,4-trimethylpentanethioamide (15ig)
~
Colorless oail, IR (neat): v 3408, 2958, 2870, 1523, 1394, 1282, 1071 cm™; *H NMR )SK/\ oH
Me,N s

(CDCly): 6 3.81-3.66 (m, 2H), 3.58-3.52 (m, 1H), 3.54 (s, 3H), 3.40 (s, 3H), 2.99 (dd, J

=14.4,10.1 Hz, 1H), 2.81 (dd, J = 14.4, 4.4 Hz, 1H), 2.76-2.68 (m, 2H), 2.54-2.51 (m, 1H), 2.06-1.95 (m, 1H),
1.04 (d, J = 6.6 Hz, 3H), 0.99 (d, J = 6.6 Hz, 3H); *C NMR (CDCl5): & 202.2, 60.5, 53.4, 45.2, 44.5, 42.4, 36.2,
33.0, 19.8, 18.8; ESI-MS m/z 258 [M+Na]*; HRMS (ESI-TOF) calcd. for C1oH2,NOS,Na m/z 258.0957 [M+Na]",
found 258.0952; [a]p?® +112.5 (¢ 1.01, CHCl3, 96% ee); HPLC (Daicel CHIRALPAK AY-H, ¢0.46 cm x 25 cm,

detection at 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tz = 8.2 min (major), tz = 10.1 min (minor).

(R)-3-((2-hydroxyethyl)thio)-N,N-dimethyl-3-phenylpropanethioamide (15ag)

Colorless oil, IR (neat): v 3398, 1524, 1395, 1278, 1072, 751, 7001 cm™; *H NMR @
(CDCly): & 7.44-7.24 (m, 5H), 4.79 (dd, J = 7.6, 7.1 Hz, 1H), 3.73 (ddd, J = 11.4, 7.1, R

5.0 Hz, 1H), 3.64 (ddd, J = 11.5, 5.7, 5.5 Hz, 1H), 3.44 (s, 3H), 3.26 (dd, J = 14.4, 8.0 MezvaS/\/OH
Hz, 1H), 3.15 (s, 3H), 3.14 (dd, J = 14.4, 6.6 Hz, 1H), 2.65-2.53 (m, 2H); *C NMR (CDCl;): § 200.1, 141.4,
128.6, 127.9, 127.6, 60.2, 49.5, 48.4, 44.9, 41.9, 34.7; ESI-MS m/z 292 [M+Na]"; HRMS (ESI-TOF) calcd. for
C13H1sNOS,Na m/z 292.0800 [M+Na]*, found 292.0797; [a]p*® +76.0 (c 0.73, CHCls, 84% ee); HPLC (Daicel
CHIRALPAK AS-H, ¢0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tg

= 6.8 min (minor), tg = 8.3 min (major).

(R)-3-(benzylthio)-N,N-dimethyl-3-phenylpropanethioamide (15ah)
'H NMR (CDCl3): & 7.39-7.19 (m, 10H), 4.91 (dd, J = 7.8, 7.1 Hz, 1H), 3.61 (d, J = ©
s Y
15.1 Hz, 1H), 3.58 (d, J = 15.1 Hz, 1H), 3.37 (s, 3H), 3.29 (dd, J = 14.0, 6.9 Hz, 1H), ezN)K/\S
3.24 (dd, J = 13.8, 8.0 Hz, 1H), 3.01 (s, 3H); ESI-MS m/z 338 [M+Na]"; HPLC (Daicel
CHIRALPAK AS-H, ¢0.46 cm x 25 cm, detection 254 nm, n-hexane/'PrOH = 4/1, flow rate = 1.0 mL/min) tg =

11.7 min (major), tr = 13.3 min (minor).

(R)-3-(dodecylthio)-N,N-dimethyl-3-phenylpropanethioamide (15ai)

'H NMR (CDCly): & 7.42-7.21 (m, 5H), 4.67 (dd, J = 7.6, 7.3 Hz,

1H), 3.39 (s, 3H), 3.28 (dd, J = 14.0, 7.1 Hz, 1H), 3.23 (dd, J = 13.7, s ©

7.8 Hz, 1H), 3.07 (s, 3H), 2.44-2.31 (m, 2H), 1.52-1.47 (m, 2H), MezNMs/\/\/\/\/\/\
1.30-1.21 (m, 18H), 0.88 (t, J = 6.6 Hz, 3H); ESI-MS m/z 416 [M+Na]"; HPLC (Daicel CHIRALCEL OD-H, ¢

0.46 cm x 25 cm, detection 254 nm, n-hexane/PrOH = 9/1, flow rate = 1.0 mL/min) tg = 5.0 min (major), tg =
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5.7 min (minor).

(S)-3-((2-hydroxyethyl)thio)-N,N-dimethylbutanethioamide (15hg)

Colorless oil, IR (neat): v 3399, 1525, 1394, 1278, 1053, 1020 cm™; 'H NMR S
(CDCly): & 3.80-3.70 (m, 2H), 3.71-3.62 (m, 1H), 3.51 (s, 3H), 3.36 (s, 3H), 2.98 Me:N
(dd, J = 14.6, 7.8 Hz, 1H), 2.81 (dd, J = 14.6, 6.4 Hz, 1H), 2.76 (t, J = 6.0 Hz, 1H), 2.55 (brs, 1H), 1.37 (d, J =
6.6 Hz, 3H), °C NMR (CDCls): & 201.2, 60.6, 48.8, 44.9, 42.1, 40.2, 34.3, 22.0; ESI-MS m/z 230 [M+Na]";
HRMS (ESI-TOF) calcd. for CgH;,NOS,Na m/z 230.0644 [M+Na]", found 230.0638; [o]o’’ +22.4 (c 1.09,
CHCls, 37% ee); HPLC (Daicel CHIRALPAK AS-H, ¢0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH =

e

4/1, flow rate = 1.0 mL/min) tg = 15.3 min (major), tz = 16.9 min (minor).

5-3. General Procedure for Transformation of the Product into 1,5-benzothiazepin-4-ones (Scheme 30)

To a stirred THF/H,O (3 mL, 10/1) solution of thioamide 15ab (1.0 g, 3.16 mmol, >99% ee) in a 50 mL
round-bottomed flask equipped with a magnetic stirring bar was added trifluoromethanesulfonic acid (0.84 mL,
9.5 mmol, 3 eq.) at 0 °C under an Ar atmosphere. Then methyliodide (0.79 mL, 12.6 mmol, 4 eq.) was added to
the reaction mixture. After stirring the resulting solution at room temperature for 17 h, toluene and saturated
NaHCO; ag. were added to the reaction mixture. The organic phase was washed with H,O and the volatiles were
removed under reduced pressure. The resulting residue was used for next step without further purification.
Toluene (10 mL) and p-toluenesulfonic acid mono hydrate (61 mg, 0.32 mmol, 0.1 eq.) were added to the
resulting residue, then the mixture was stirred under 80 °C for 2 h. The mixture was cooled to room temperature,
then tetrahydrofuran (10 mL) and saturated agueous NaHCO; were added. The organic phase was washed
successively with saturated aqueous NaHCO3, H,O and saturated aqueous NaCl and then dried over Na,SO,.
After evaporation of volatiles under reduced pressure, the crude mixture was purified by silica gel column

chromatography (5:1 to 2:1 n-hexane / ethyl acetate) to give the desired product 10a (0.65 g, 81% vyield, 2 steps).

5-4. Procedure for Transformation of the 1,5-benzothiazepin-4-ones into thiazesim (Scheme 30)

To a stirred ethyl acetate (6 mL) solution of lactam 10a (0.3 g, 1.2 mmol) in a 20 mL round-bottomed flask
equipped with a magnetic stirring bar was added 2-(dimethylamino)ethylchloride hydrochloride (0.34 g, 2.4
mmol, 2 eq.) followed by potassium carbonate (0.65 g, 4.7 mmol, 4 eq) and H,O (0.04 mL). After the mixture
was stirred at reflux for 18h, it was cooled to room temperature. After filtration, the organic phase was washed
with H,O and saturated NaCl ag. and then dried over Na,SO,4. After evaporation of volatiles under reduced
pressure, the crude mixture was purified by silica gel column chromatography (20:1 to 10:1 CH,Cl, / MeOH) to
give the desired product thiazesim (0.36 g, 93% vyield).

5-5. Characterization of 1,5-benzothiazepin-4-ones and thiazesim

(R)-S-methyl 3-((2-aminophenyl)thio)-3-(4-methoxyphenyl)propanethioate (53) oMe
'H NMR (CDCl3): & 7.14-7.09 (m, 4H), 6.81-6.76 (m, 3H), 6.64-6.59 (m, 1H), 4.55(dd, J @
= 7.8, 7.6 Hz, 1H), 3.77 (s, 3H), 3.17 (d, J = 7.8 Hz, 2H), 2.23 (s, 3H); ESI-MS m/z 356 N @
[M+Na]* e ° NH,
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(R)-2-(4-methoxyphenyl)-2,3-dihydrobenzo[b][1,4]thiazepin-4(5H)-one (25)

'H NMR (CDCly): & 7.66 (dd, J = 7.8, 1.6 Hz, 1H), 7.59 (brs, 1H), 7.42 (ddd, J = 7.8, 7.8,

1.6 Hz, 1H), 7.26-7.22 (m, 3H), 7.14 (d, J = 7.8 Hz, 1H), 6.84 (ddd, J = 8.7, 3.2, 2.0 Hz, s
2H), 4.86 (dd, J = 10.8, 6.0 Hz, 1H), 3.79 (s, 3H), 2.86 (dd, J = 12.6, 10.8 Hz, 1H), 2.79 @[
(dd, J = 12.6, 5.7 Hz, 1H); BC NMR (CDClg): 6 171.9, 159.1, 141.1, 135.9, 135.5, 130.1,

127.6, 126.8, 126.7, 123.2, 114.1, 55.3, 52.6, 41.6; ESI-MS m/z 308 [M+Na]"; HRMS (ESI-TOF) calcd. for
Ci16H15sNO,NaS m/z 308.072 [M+Na]+, found; HPLC (Daicel CHIRALPAK AS-H, ¢ 0.46 cm x 25 c¢cm, detection
254 nm, n-hexane/'PrOH = 1/1, flow rate = 1.0 mL/min) tz = 28.5 min (major), tz = 34.9 min (minor).

OMe

N
H O

(R)-2-(4-methoxyphenyl)-N,N-dimethyl-2,3-dihydrobenzo[b][1,4]thiazepin-4-amine (55)

'H NMR (CDCl5): 5 7.48 (dd, J = 7.6, 1.6 Hz, 1H), 7.33 (ddd, J = 7.8, 7.8, 1.6 Hz, 1H), OMe
7.22 (ddd, J = 8.7, 3.0, 2.1 Hz, 2H), 7.09 (d, J = 7.8 Hz, 1H), 6.93 (ddd, J = 7.6, 7.3, 1.4

Hz, 1H), 6.83 (ddd, J = 8.9, 3.0, 2.3 Hz, 2H), 5.28 (dd, J = 11.0, 5.7 Hz, 1H), 3.79 (s, 3H), S

3.13 (brs, 6H), 2.86 (dd, J = 14.0, 7.6 Hz, 1H), 2.79 (dd, J = 13.5, 5.6 Hz, 1H); ESI-MS C[N/

m/z 313 [M+H]";

NM92

(2S)-3-iodo-2-(4-methoxyphenyl)-2,3-dihydrobenzo[b][1,4]thiazepin-4(5H)-one (72)

'H NMR (CDCly): & 7.57 (d, J = 7.8 Hz, 1H), 7.50 (ddd, J = 7.8, 7.6, 1.6 Hz, 1H), OMe
7.31-7.22 (m, 2H), 7.01 (ddd, J = 9.0, 3.0, 2.1 Hz, 2H), 6.84 (ddd, J = 8.7, 3.2, 2.0 Hz,

2H), 4.94 (d, J = 12.1 Hz, 1H), 4.76 (d, J = 11.9 Hz, 1H), 3.81 (s, 3H); ESI-MS m/z 434 @[S |
[M+Na]"; N o

2-(benzo[d]thiazol-2-yl)-1-(4-methoxyphenyl)ethanol (76)

Yellow-orange solid; *H NMR (CDCls): & 8.01 (d, J = 8.0 Hz, 1H), 7.85 (dd, J = s HQ, oMo
8.0, 0.4 Hz, 1H), 7.49 (ddd, J = 8.5, 7.3, 1.2 Hz, 1H), 7.41-7.32 (m, 3H), 6.93-6.89 @[N/H C

(m, 2H), 5.25 (dd, J = 7.6, 4.8 Hz, 1H), 3.81 (s, 3H), 3.50-3.41 (m, 2H); *C NMR

(CDCls): 6 169.1, 159.2, 134.8, 134.6, 127.1, 126.2, 125.1, 122.6, 121.5, 113.9, 77.2, 72.3, 55.3, 42.9; ESI-MS
m/z 308 [M+Na]".

2-(4-methoxyphenyl)benzo[b][1,4]thiazepin-4(5H)-one (77) OMe
'H NMR (CDCly): & 8.20 (brs, 1H), 7.88 (s, 1H), 7.66 (ddd, J = 8.5, 3.0, 1.6 Hz, 2H), 7.22

(dd, J = 7.8, 1.2 Hz, 1H), 7.14 (ddd, J = 8.0, 7.6, 1.4 Hz, 1H), 7.03-6.97 (m, 3H), 6.80 (dd, @[S S

J=8.0, 0.9 Hz, 1H), 3.87 (s, 3H); ESI-MS m/z 306 [M+Na]"; N

(2R)-2-(4-methoxyphenyl)-2,3-dihydrobenzo[b][1,4]thiazepin-4(5H)-one 1-oxide (78)
'H NMR (CDCls): 8 7.95 (dd, J = 7.1, 2.0 Hz, 1H), 7.76 (brs, 1H), 7.58-7.51 (m, 4H), 7.16 OMe
(dd, J = 7.3, 1.6 Hz, 1H), 6.96 (ddd, J = 8.7, 3.2, 2.0 Hz, 2H), 4.35 (dd, J = 9.6, 1.8 Hz, o
1H), 3.83 (s, 3H), 3.06 (dd, J = 13.0, 9.4 Hz, 1H), 2.84 (ddd, J = 13.0, 1.8, 1.6 Hz, 1H); C[S
N
H o

3C NMR (CDCls): § 170.4 160.2, 136.4, 134.3, 131.9, 130.0, 127.8, 127.3, 125.7, 122.9,
114.6, 72.5, 55.3, 36.1; ESI-MS m/z 324 [M+Na]".
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(R)-2-phenyl-2,3-dihydrobenzo[b][1,4]thiazepin-4(5H)-one (80a)

White solid, mp: 192-193 °C; IR (KBr): v 3179, 3059, 2961, 2899, 1678, 1476, 1385, 757, 700 Ph
cm™; *H NMR (CDCly): & 8.16 (brs, 1H), 7.67 (dd, J = 7.8, 1.4 Hz, 1H), 7.43 (ddd, J = 7.8, 7.6, C{Sz
1.4 Hz, 1H), 7.32-7.21 (m, 6H), 7.18 (d, J = 7.8 Hz, 1H), 4.88 (dd, J = 11.0, 5.8 Hz, 1H), 2.90 ﬂ o)
(dd, J = 12.6, 11.2 Hz, 1H), 2.82 (dd, J = 12.6, 5.7 Hz, 1H); *C NMR (CDCly): & 172.7, 143.4, 141.4, 135.8,
130.1, 128.8, 127.8, 126.6, 126.5, 126.4, 123.2, 53.2, 41.6; ESI-MS m/z 278 [M+Na]"; HRMS (ESI-TOF) calcd.
for C,5H;3NOSNa m/z 278.0610 [M+Na]*, found 278.0611; [o]o*® -560.9 (¢ 1.06, CHCl3, >99% ee).

(R)-2-(furan-2-yl)-2,3-dihydrobenzo[b][1,4]thiazepin-4(5H)-one (80e)

White solid, mp: 139-142 °C; IR (KBr): v 3189, 3114, 3060, 2959, 2897, 1678, 1475, 755 S
cm™; *H NMR (CDCls): 5 7.81 (brs, 1H), 7.58 (dd, J = 7.8, 1.4 Hz, 1H), 7.41 (ddd, J = 7.6, 7.6, s °
1.6 Hz, 1H), 7.34-7.33 (m, 1H), 7.20 (ddd, J = 7.6, 7.6, 1.0 Hz, 1H), 7.15 (d, J = 7.8 Hz, 1H), C[Nf
6.30 (dd, J = 3.2, 1.8 Hz, 1H), 6.16 (dd, J = 3.2, 0.7 Hz, 1H), 4.92 (dd, J = 10.8, 6.4 Hz, 1H), noe
2.89 (dd, J = 12.6, 10.8 Hz, 1H), 2.85 (ddd, J = 12.6, 6.4, 1.1 Hz, 1H); **C NMR (CDCls): § 172.5, 154.5, 142.2,

141.4, 136.2, 130.3, 126.5, 125.5, 123.1, 110.3, 105.6, 46.1, 38.2; ESI-MS m/z 268 [M+Na]"; HRMS (ESI-TOF)
caled. for C13H;:NO,SNa m/z 268.0403 [M+Na]", found 268.0397; [a]p”’ -683.7 (¢ 1.00, CHCls, 97% ee).

(S)-2-methyl-2,3-dihydrobenzo[b][1,4]thiazepin-4(5H)-one (80h)

White solid, mp: 220-222 °C; IR (KBr): v 3178, 3110, 3069, 3036, 2953, 2907, 1682, 1475, 1389, s e
806, 759 cm™; *H NMR (CDCls): 6 7.61 (dd, J = 7.8, 1.4 Hz, 1H), 7.37 (ddd, J = 8.0, 7.8, 1.4 Hz, 2

N
1H), 7.33 (brs, 1H), 7.18 (ddd, J = 7.6, 7.6, 1.2 Hz, 1H), 7.07 (dd, J = 8.0, 1.2 Hz, 1H), 3.93-3.85 H O

(m, 1H), 2.65 (dd, J = 12.6, 6.0 Hz, 1H), 2.34 (dd, J = 12.6, 8.5 Hz, 1H), 1.43 (d, J = 6.7 Hz, 3H); *C NMR
(CDCls): & 172.5, 141.3, 135.9, 129.9, 126.8, 126.3, 123.0, 44.8, 41.2, 23.6; ESI-MS m/z 216 [M+Na]"; HRMS
(ESI-TOF) calcd. for C1oH1:NOSNa m/z 216.0454 [M+Na]", found 216.0450; [a]o*® -252.8 (c 0.53, THF, 97%

ee).

(R)-5-(2-(dimethylamino)ethyl)-2-phenyl-2,3-dihydrobenzo[b][1,4]thiazepin-4(5H)-one (thiazesim)
Colorless oil, IR (neat): v 1663, 1583, 1471, 1392, 1258, 1149, 760, 698 cm™ 'H NMR s /N
(CDCls): 6 7.61 (d, J = 7.8 Hz, 1H), 7.51-7.45 (m, 2H, 7.28-7.20 (m, 4H), 7.13-7.11 (m, 2H), @[ 2
4.78 (dd, J = 12.4, 5.7 Hz, 1H), 4.33-4.26 (m, 1H), 3.70-3.63 (m, 1H), 2.82-2.65 (m, 3H), HN o
2.41-2.34 (m, 1H), 2.24 (s, 6H); **C NMR (CDCl5): & 170.3, 146.3, 143.8, 136.3, 130.4, 128.7, Me:2N

127.6, 1275, 127.1, 126.0, 124.6, 56.3, 52.7, 47.3, 45,5, 41.8; ESI-MS m/z 349 [M+Na]"s oo
HRMS (ESI-TOF) calcd. for CioH,,N,OSNa m/z 349.1345 [M+Na]*, found 349.1347; [o]p?® -511.2 (c 1.04,
CHCI3, >99% ee).

5-6. Determination of Absolute Configuration of the Product
15aa was converted to the corresponding known carboxylic acid and its absolute configuration was determined
to be R.
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1) Mel, TFA fo) Ph [o]p +141.97 (¢ 1.05, CHCI3)

Ph
f o Q) T e P 5% o
Me,N s HO S Bioorg. Med. Chem. Lett. 1991, 1, 383.
R

2) c.HCIAcOH HO

84% ee
J. Org. Chem. 2011, 76, 7849.

94% ee [a]p +105.2 (c 0.07, CHC|3) (e} Ph /@ [Q]D25 -121.9 (C 0.80, CHC|3)
HO S

15ab was converted to (R)-(-)-Thiazesim and its HCI salt and its absolute configuration was determined to be R.

k2 @ @2 . @( z(m HCIMeOH @[ z(m

0 26
>99% ee []p?® -560.9 (c 1.06, CHCl3) MeZN MeZN Hel
[]o?® -511.2 (c 1.04, CHCI3) [alp?’ -445.3 (c 1.03, H,0)
(R)-(-)Thiazesim (R)-(-)Thiazesim/HCI

Bioorg. Med. Chem. Lett. 1991, 1, 383. [o]p28 -446 (c 1.0, Hy0)

(S)-(+)Thiazesim/HCI
[a]p?® +449 (¢ 1.0, H,0)
J. Med. Chem. 1968, 11, 361.

15hb was converted to the corresponding known 1,5-benzothiazepinone and its absolute configuration was

determined to be S.

SED ) o

97% ee [a]p?® -252.8 (c 0.53, THF) [a]p +210 (¢ 0.9, THF, 85% ee)
Synlett 1991, 443.

The absolute configuration of the other products was deduced by analogy.

6. General Procedure and Characterization of Nitroaldol Products and Their Derivatives

6-1. General Procedure for i) Preparation of Catalyst A, and ii) anti-Selective Catalytic Asymmetric
Nitroaldol Reaction Using Catalyst A (Table 20, entry 1)
i) A flame-dried 20 mL test tube equipped with a magnetic stirring bar and a 3-way glass stopcock was

charged with ligand (4) (4.5 mg, 0.012 mmol, 6 mol %) and dried under vacuum for ca. 5 min. Ar was
back-filled to the test tube, after which dry THF (0.14 mL) and NdsO(O'Pr);; 0.2 M (based on Nd) solution in
THF (30 pL, 0.006 mmol, 3 mol %) were added via a gas-tight syringe with a stainless steel needle under an Ar
atmosphere at room temperature. The mixture was cooled to 0 °C. NaHMDS 1.0 M solution in THF (12 uL,
0.012 mmol, 6 mol %) was added via syringe at 0 °C. After stirring for 0.5 h at room temperature, nitroethane
(0.04 mL) was added via syringe at room temperature to give a clear solution. After stirring at room temperature,
the white precipitates appeared. The whole suspension was transferred to Eppendorf safe-lock tube (size 1.5 mL).
The tube was centrifuged (ca.10* rpm, 5 sec). The supernatant was decanted and dry THF (1 mL) was added to
the precipitate. The tube was agitated by vortex mixer for 30 sec (and finger tapping, if necessary) and
centrifuged again (washing process). The supernatant was decanted.

ii) The resulting precipitate was agitated with dry THF (1 mL) and the resulting suspension was transferred to
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a flame-dried 20 mL test tube under an Ar atmosphere. THF (0.4 mL) and nitroethane (0.14 mL, 2.0 mmol, 10
eq.) were added via a syringe at room temperature. The resulting white suspension was cooled to -60 °C. The
solution of 3,5-diiodebenzaldehyde (72 mg, 0.2 mmol) in THF (0.6 mL) was added dropwise via a syringe over
1 min. The resulting suspension was stirred at -60 °C for 1 h under Ar and quenched with solution of AcOH 0.2
M in THF (0.3 mL). After stirring at -60 °C for 1 h, the reaction mixture was warmed to room temperature. Then
1 N HCl ag. (1 mL) was added. The resulting biphasic mixture was extracted with AcOEt and the organic extract
was washed successively with saturated aqueous NaHCO3, water and saturated aqueous NaCl and then dried
over Na,SO,. After evaporation of volatiles under reduced pressure, the crude mixture was purified by silica gel
column chromatography (10:1 to 5:1 n-hexane / ethyl acetate) to give the desired product 3aa (85 mg, 98%
yield). The anti/syn ratio and enantioselectivity were determined to be 98/2 and 99% ee respectively by
chiral-stationary-phase HPLC analysis [Daicel CHIRALPAK AD-H , $0.46 cm x 25 cm, detection at 254 nm,
n-hexane/'PrOH = 19/ 1, flow rate = 1.0 mL/min) tz = 12.0 min (anti/minor), tz = 14.0 min (anti/major), tr =

15.1 min (syn/major), tg = 44.1 min (syn/minor).

6-2. General Procedure for i) Preparation of Catalyst B, and ii) anti-Selective Catalytic Asymmetric
Nitroaldol Reaction Using Catalyst B (Table 20, entry 7)
i) A flame-dried 20 mL test tube equipped with a magnetic stirring bar and a 3-way glass stopcock was

charged with ligand (4) (9 mg, 0.024 mmol) and dried under vacuum for ca. 5 min. Ar was back-filled to the test
tube, after which dry THF (0.3 mL) and NdsO(O'Pr)y; 0.2 M (based on Nd) solution in THF (60 uL, 0.012
mmol) were added via a gas-tight syringe with a stainless steel needle under an Ar atmosphere at room
temperature. The mixture was cooled to 0 °C. NaHMDS 1.0 M solution in THF (24 uL, 0.024 mmol) was added
via syringe at 0 °C. After stirring for 0.5 h at room temperature, carbon nanotubes (Baytubes® C70P, 18 mg) was
added. Then, nitroethane (0.08 mL) was added via syringe at room temperature. After stirring at room
temperature for 2 h, the whole black suspension was transferred to Eppendorf safe-lock tube (size 1.5 mL) with
THF washing (ca. 1mL). The tube was centrifuged (ca.10* rpm, 5 sec). The supernatant was decanted and dry
THF (1 mL) was added to the precipitate. The tube was agitated by vortex mixer for 30 sec (and finger tapping,
if necessary) and centrifuged again (washing process). The supernatant was decanted.

ii) The resulting precipitate was agitated with dry THF (1 mL) and the resulting suspension was divided to 6
portions (0.5 mol % each) and was transferred to a flame-dried 20 mL test tube under an Ar atmosphere. THF
(2.8 mL) and nitroethane (0.28 mL, 4.0 mmol, 10 eq.) were added via a syringe at room temperature. The
resulting black suspension was cooled to -60 °C. The solution of 3,5-diiodebenzaldehyde (143 mg, 0.4 mmol) in
THF (1 mL) was added dropwise via a syringe over 1 min. The resulting suspension was stirred at -60 °C for 64
h under Ar and quenched with solution of AcOH 0.2 M in THF (0.3 mL). After stirring at -60 °C for 1 h, the
reaction mixture was warmed to room temperature. Then 1 N HCI aqg. (1 mL) was added. The resulting biphasic
mixture was filtrated with celite pad under reduced pressure and washed with AcOEt. The filtrate was extracted
with AcOEt and the organic extract was washed successively with saturated aqueous NaHCOs, water and
saturated aqueous NaCl and then dried over Na,SO,. After evaporation of volatiles under reduced pressure, the
crude mixture was purified by silica gel column chromatography (10:1 to 5:1 n-hexane / ethyl acetate) to give
the desired product 3aa (170 mg, 98% yield). The anti/syn ratio and enantioselectivity were determined to be
96/4 and 95% ee respectively by chiral-stationary-phase HPLC analysis [Daicel CHIRALPAK AD-H, ¢0.46 cm
X 25 cm, detection at 254 nm, n-hexane/'PrOH = 19 / 1, flow rate = 1.0 mL/min) tg = 12.0 min (anti/minor), tg =
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14.0 min (anti/major), tg = 15.1 min (syn/major), tr = 44.1 min (Ssyn/minor).

6-3. General Procedure for i) Preparation of Catalyst C, and ii) anti-Selective Catalytic Asymmetric
Nitroaldol Reaction Using Catalyst C (Table 20, entry 5)
i) A flame-dried 20 mL test tube equipped with a magnetic stirring bar and a 3-way glass stopcock was

charged with ligand (4) (9 mg, 0.024 mmol) and dried under vacuum for ca. 5 min. Ar was back-filled to the test
tube, after which dry THF (0.3 mL) and NdsO(O'Pr);; 0.2 M (based on Nd) solution in THF (60 pL, 0.012
mmol) were added via a gas-tight syringe with a stainless steel needle under an Ar atmosphere at room
temperature. The mixture was cooled to 0 °C. NaHMDS 1.0 M solution in THF (24 uL, 0.024 mmol) was added
via syringe at 0 °C. After stirring for 0.5 h at room temperature, nitroethane (0.08 mL) was added via syringe at
room temperature to give a clear solution. After stirring at room temperature, the white precipitates appeared.
Then carbon nanotubes (Baytubes® C70P, 9 mg) was added. After stirring at room temperature for 2 h, the
whole black and white suspension was transferred to Eppendorf safe-lock tube (size 1.5 mL) with THF washing
(ca. ImL). The tube was centrifuged (ca.10* rpm, 5 sec). The supernatant was decanted and dry THF (1 mL) was
added to the precipitate. The tube was agitated by vortex mixer for 30 sec (and finger tapping, if necessary) and
centrifuged again (washing process). The supernatant was decanted.

ii) The resulting precipitate was agitated with dry THF (1 mL) and the resulting suspension was divided to 3
portions (1 mol % each) and was transferred to a flame-dried 20 mL test tube under an Ar atmosphere. THF (2.7
mL) and nitroethane (0.28 mL, 4.0 mmol, 10 eq.) were added via a syringe at room temperature. The resulting
black suspension was cooled to -60 °C. The solution of 3,5-diiodebenzaldehyde (143 mg, 0.4 mmol) in THF (1
mL) was added dropwise via a syringe over 1 min. The resulting suspension was stirred at -60 °C for 22 h under
Ar and quenched with solution of AcOH 0.2 M in THF (0.3 mL). After stirring at -60 °C for 1 h, the reaction
mixture was warmed to room temperature. Then 1 N HCI ag. (1 mL) was added. The resulting biphasic mixture
was filtrated with celite pad under reduced pressure and washed with AcOEt. The filtrate was extracted with
AcOEt and the organic extract was washed successively with saturated aqueous NaHCO3, water and saturated
aqueous NaCl and then dried over Na,SO,. After evaporation of volatiles under reduced pressure, the crude
mixture was purified by silica gel column chromatography (10:1 to 5:1 n-hexane / ethyl acetate) to give the
desired product 3aa (55 mg, 32% yield). The anti/syn ratio and enantioselectivity were determined to be 94/6
and 92% ee respectively by chiral-stationary-phase HPLC analysis [Daicel CHIRALPAK AD-H , $0.46 cm x 25
cm, detection at 254 nm, n-hexane/'PrOH = 19/ 1, flow rate = 1.0 mL/min) tg = 12.0 min (anti/minor), tg = 14.0

min (anti/major), tg = 15.1 min (syn/major), tr = 44.1 min (syn/minor).

6-4. Procedure for anti-Selective Catalytic Asymmetric Nitroaldol Reaction by Recycled Catalyst B(Table
22)

A flame-dried 20 mL test tube equipped with a magnetic stirring bar and a 3-way glass stopcock was charged
with ligand (4) (9 mg, 0.024 mmol, 6 mol %) and dried under vacuum for ca. 5 min. Ar was back-filled to the
test tube, after which dry THF (0.3 mL) and NdsO(O'Pr);3 0.2 M (based on Nd) solution in THF (60 pL, 0.012
mmol, 3 mol %) were added via a gas-tight syringe with a stainless steel needle under an Ar atmosphere at room
temperature. The mixture was cooled to 0 °C. NaHMDS 1.0 M solution in THF (24 pL, 0.024 mmol, 6 mol %)
was added via syringe at 0 °C. After stirring for 0.5 h at room temperature, carbon nanotubes (Baytubes® C70P,
9 mg) was added. Then, nitroethane (0.08 mL) was added via syringe at room temperature. After stirring at room
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temperature for 2 h, the whole black suspension was transferred to Eppendorf safe-lock tube (size 1.5 mL) with
THF washing (ca. 1mL). The tube was centrifuged (ca.10* rpm, 5 sec). The supernatant was decanted and dry
THF (1 mL) was added to the precipitate. The tube was agitated by vortex mixer for 30 sec (and finger tapping,
if necessary) and centrifuged again (washing process). The supernatant was decanted. The resulting precipitate
was agitated with dry THF (1 mL) and the resulting suspension was transferred to a vacuum-dried 20 mL
multipurpose reaction tube with glass-filter (EYELA, RTG20) under an Ar atmosphere. THF (2 mL) and
nitroethane (0.28 mL, 4.0 mmol, 10 eq.) were added via a syringe at room temperature. The resulting black
suspension was cooled to -60 °C. The solution of 3,5-diiodebenzaldehyde (143 mg, 0.4 mmol) in THF (1 mL)
was added dropwise via a syringe over 1 min. The reaction was run with shaking (ca. 240 rpm) at -60 °C under
Ar. After the reaction, the cap was removed and the needle was attached to the draing at the bottom of the test
tube. The reaction mixture was filtrated and washed (THF 1mL) into 0.2 M AcOH in THF (2 mL) at-60 °C under
Ar balloon pressure. Then 1 N HCI ag. (1 mL) was added. The resulting biphasic mixture was washed with
AcOEt. The organic layer was washed successively with saturated aqueous NaHCOj, water and saturated
aqueous NaCl and then dried over Na,SO,. After evaporation of volatiles under reduced pressure, the crude
mixture was purified by silica gel column chromatography (10:1 to 5:1 n-hexane / ethyl acetate) to give the
desired product 3aa (162 mg, 94% vyield). The anti/syn ratio and enantioselectivity were determined to be 98/2
and 99% ee respectively by chiral-stationary-phase HPLC analysis [Daicel CHIRALPAK AD-H, ¢0.46 cm x 25
cm, detection at 254 nm, n-hexane/'PrOH = 19/ 1, flow rate = 1.0 mL/min) tg = 12.0 min (anti/minor), tg = 14.0
min (anti/major), tz = 15.1 min (syn/major), tr = 45.7 min (syn/minor). The needle was removed and the cap was
attached to the drain. Dry THF (3mL), nitroethane (0.28 mL, 4.0 mmol, 10 eq.) were added via a syringe at room
temperature. The resulting black suspension was cooled to -60 °C. The solution of 3,5-diiodebenzaldehyde (143
mg, 0.4 mmol) in THF (1 mL) was added dropwise via a syringe over 1 min. The second reaction was run with

shaking (ca. 240 rpm) at -60 °C under Ar. The following reactions were conducted.

Racemic samples of the products were prepared by following the identical procedure described in the literature

using the corresponding aldehydes.>**

6-4. Characterization of Nitroaldol Products

(1R,2S)-1-(3,5-diiodophenyl)-2-nitropropan-1-ol (3aa)

Pale yellow solid, mp: 62-63 °C; IR (KBr): v 3487, 1547, 1390, 1365, 1276, 1182, 993, 706 |

cm™; 'H NMR (CDCl,): & 8.02 (dd, J = 1.6, 1.4 Hz, 1H), 7.70 (dd, J = 1.6, 0.7 Hz, 2H), 5.35 mz
(dd, J = 3.2, 3.0 Hz, 1H), 4.63 (dq, J = 6.9, 3.2 Hz, 1H), 2.78 (d, J = 3.6 Hz, 1H), 1.49 (d, J = I

6.9 Hz, 3H).; *C NMR (CDCly): 5 145.2, 142.2, 134.3, 95.1, 86.8, 71.9, 11.7; ESI-MS m/z 432 [M-H]; HRMS
(ESI-TOF) calcd. for CoHol,NOsNa m/z 455.8564 [M+Na]*, found 455.8559; [a]p** -4.6 (c 1.00, CHCls, 99%
ee); HPLC (Daicel CHIRALPAK AD-H, ¢0.46 cm x 25 cm, detection at 254 nm, n-hexane/'PrOH = 19/1, flow

rate = 1.0 mL/min) tg = 12.0 min (anti/minor), tz = 14.0 min (anti/major), tz = 15.1 min (syn/major), tr = 44.1

min (syn/minor).
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(1R,2S)-1-(3,5-diiodophenyl)-2-nitrobutan-1-ol (3ab)

Colorless oil; IR (neat): v 3521, 1539, 1374, 1297, 1189 cm™; *H NMR (CDCl,): & 8.02 (s, OH
1H), 7.69 (s, 2H), 5.12-5.11 (m, 1H), 4.94-4.90 (m, 1H), 2.83-2.80 (m, 1H), 2.21-2.09 (m,

2H), 1.85-1.74 (m, 2H), 0.95 (t, J = 7.6 Hz, 3H).; °C NMR (CDCly): & 145.4, 142.3, 134.5, |
95.0, 94.0, 72.4, 20.8, 10.3; ESI-MS m/z 446 [M-H]’; HRMS (ESI-TOF) calcd. for CyoH;11,NOsNa m/z 469.8721
[M+Na]*, found 469.8714; [o]o** 7.7 (c 1.48, CHCI;, 93% ee); HPLC (Daicel CHIRALPAK AD-H, ¢0.46 cm x
25 cm, detection at 254 nm, n-hexane/'PrOH = 19/1, flow rate = 1.0 mL/min) tg = 11.0 min (anti/minor), tg =

NO,

12.3 min (anti/major).

(1R,2S)-3-(benzyloxy)-1-(3,5-diiodophenyl)-2-nitropropan-1-ol (3ac)

Colorless oil; IR (neat): v 3537, 1546, 1370, 1191 cm™; *H NMR (CDCls): & 8.02 (dd, J = oH
1.6, 1.4 Hz, 1H), 7.67 (dd, J = 1.6, 0.7 Hz, 2H), 7.39-7.25 (m, 5H), 5.29 (dd, J = 4.3, 4.1

Hz, 1H), 4.75 (ddd, J = 7.1, 4.6, 3.2 Hz, 1H), 4.56 (d, J = 11.7 Hz, 1H), 4.49 (d, J = 11.7 |
Hz, 1H), 4.05 (dd, J = 11.0, 7.1 Hz, 1H), 3.91 (dd, J = 11.2, 3.2 Hz, 1H), 3.14 (d, J = 4.6 Hz, 1H); *C NMR
(CDCly): & 145.4, 142.2, 136.4, 134.3, 128.6, 128.3, 127.8, 95.1, 90.0, 73.8, 71.6, 66.3; ESI-MS m/z 562
[M+Na]*; HRMS (ESI-TOF) calcd. for CysHysl,NO,Na m/z 561.8983 [M+Na]", found 561.8968; [a]o”* -8.1 (C
0.92, CHCl;, 89% ee); HPLC (Daicel CHIRALPAK AD-H x AD-H, ¢ 0.46 cm x 25 cm, detection at 254 nm,
n-hexane/PrOH = 9/1, flow rate = 1.0 mL/min) tg = 20.7 min (anti/minor), tz = 23.0 min (anti/major), tg = 24.2

Y OBn

min (syn/major), tg = 33.7 min (syn/minor).

(3R,4S)-4-nitro-1-phenylpentan-3-ol (3ba)
It is the known compound and NMR data matched the reported data (T. Nitabaru et al., J. Am. OH

Chem. Soc. 2009, 131, 13860.), 87% ee HPLC (Daicel CHIRALPAK AD-H, ¢ 0.46 cm x 25 :
NO,

cm, detection at 254 nm, n-hexane/PrOH = 9/1, flow rate = 1.0 mL/min) tg = 8.5 min

(anti/minor), tz = 8.9 min (anti/major).

(2S,3R)-2-nitroundecan-3-ol (3ca)

It is the known compound and NMR data matched the reported data (T. Nitabaru et al., OH

J. Am. Chem. Soc. 2009, 131, 13860.). 89% ee HPLC (Daicel CHIRALPAK AD-H x \/\/\/\)\/
AD-H, ¢0.46 cm x 25 cm, detection at 210 nm, n-hexane/PrOH = 99/1, flow rate = NO:

0.5 mL/min) tg = 89.2 min (anti/minor), tg = 93.3 min (anti/major).

4-14. Enantioselective Synthesis of Anacetrapib
(4S,5R)-5-(3,5-diiodophenyl)-4-methyloxazolidin-2-one (21)

OH 1.2Zn )OJ\
| 4N HCI/CPME o~ °NH
NO, 2. triphosgene |

i iPr,NEt

70%
(over 2 steps) I

To a stirred 4 N HCI/CPME (1.5 mL, 6 mmol, 60 eq.) solution of nitro alcohol (43 mg, 0.1 mmol) in a 20 mL
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test tube equipped with a magnetic stirring bar was added Zn (196 mg, 3.0 mmol, 30 eq.) portionwise at 0 °C
under an Ar atmosphere. After stirring at 0°C for 1h, 10% (w/w) NaOH aqueous solution (3 mL) was added to
the reaction mixture. After stirring at room temperature for 0.5 h, the precipitated solid was filtrated with Celite
pad under reduced pressure and washed with AcOEt (10 mL x 3) and water (10 mL). The organic layer was
separated and the aqueous layer was extracted with AcOEt (10 mL x 3). The combined organic layer was washed
with saturated aqueous NaCl and dried over Na,SO,. After evaporation of volatiles under reduced pressure, the
crude mixture was used for next step without further purification.

To a stirred CH,CI, (1 mL) solution of crude amino alcohol (theoretical 0.1 mmol) in a 20 mL test tube
equipped with a magnetic stirring bar was added 'Pr,NEt (78 mg, 0.6 mmol, 6 eq.) and triphosgene (15 mg, 0.05
mmol, 0.5 eq.) successively at 0 °C under an Ar atmosphere. After stirring at room temperature for 12 h, 1 N
aqueous HCI solution and AcOEt were added. The organic layer was washed with H,O, saturated agqueous
NaHCO;, H,O and saturated aqueous NaCl and then dried over Na,SO,. After evaporation of volatiles under
reduced pressure, the crude mixture was purified by silica gel column chromatography (2:1 to 1:1 n-hexane /
ethyl acetate) to give the desired product (30 mg, 70% vyield, 2steps).

White solid, mp: 113-115 °C; IR (KBr): v 1752, 1546, 1332, 1231, 1122 cm™; 'H NMR o
(CDCly): & 8.04 (dd, J = 1.6, 1.4 Hz, 1H), 7.61 (dd, J = 1.4, 0.5 Hz, 2H), 5.57 (d, J = 7.8 Hz, OXNH
1H), 4.23-4.16 (m, 1H), 0.86 (d, J = 6.6 Hz).; **C NMR (CDCl5):  158.7, 145.3, 138.8, 134.1,
94.9, 78.9, 52.1, 17.8; ESI-MS m/z 452 [M+Na]"; HRMS (ESI-TOF) calcd. for C1oHgl,NO,Na
m/z 451.8615 [M+Na]’, found 451.8612; [0]p*° -68.7 (c 1.05, CHCl3, 99% ee).

(4S,5R)-5-(3,5-bis(trifluoromethyl)phenyl)-4-methyloxazolidin-2-one (5)

O TMSCF3 (0]
)k 1,10-phenanthroline )L
M CuCl, KOBu! Q NH
DMF
| F3C
50 °C, 18h
| CFs

A flame-dried 20 mL test tube equipped with a magnetic stirring bar and 3-way-glass stopcock was charged
with CuCl (99 mg, 1.0 mmol, 4 eq.), KOBu' (112 mg, 1.0 mmol, 4 eq.) and 1,10-phenanthroline (180 mg, 1.0
mmol, 4 eq.) and dried under vacuum for ca. 5 min. Ar was back-filled to the test tube, after which dry DMF (2
mL) was added via a gas-tight syringe with a stainless steel needle under an Ar atmosphere. The mixture was
stirred at room temperature for 1 h. Then TMSCF; (0.15 mL, 1.0 mmol, 4 eq.) was added via a syringe at room
temperature. The resulting mixture was stirred at room temperature for 1 h. Then the oxazolidinone (107 mg,
0.25 mmol) in dry DMF (0.5 mL) was added via a syringe. The reaction mixture was stirred at 50 °C for 18 h.
After cooling to room temperature, AcCOEt was added and the precipitated solid was filtrated with Celite pad
under reduced pressure and washed with AcOEt. The combined filtrate was washed with 1 N aqueous HCI
solution, saturated aqueous NaHCOs;, H,O and saturated aqueous NaCl and then dried over Na,SO,. After
evaporation of volatiles under reduced pressure, the crude mixture was purified by silica gel column
chromatography (2:1 to 1:1 n-hexane / ethyl acetate) to give the desired product (61 mg, 78% o
yield). OXNH
White solid, mp: 123-124 °C; IR (KBr): v 1748, 1335, 1281, 1122 cm™; *H NMR (CDCls): 6
7.90 (s, 1H), 7.79 (s, 2H), 5.83 (d, J = 7.8 Hz, 1H), 5.32 (brs, 1H), 4.31 (dg, J = 7.8, 6.6 Hz,

F3C
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1H), 0.84 (d, J = 6.6 Hz, 3H).; *C NMR (acetone-d): & 158.2, 140.8, 132.2 (q, Jc.r = 33.5 Hz), 127.7 (q, Jcr =
3.8 Hz), 124.3 (q, Jcr = 272 Hz), 122.9 (4, Jcr = 3.8 Hz), 79.4, 52.2, 17.7.; **F NMR (CDCl): & -62.7.; ESI-MS
m/z 336 [M+Na]"; HRMS (ESI-TOF) calcd. for C1,HsFsNO,Na m/z 336.0430 [M+Na]", found 336.0431; [a]p*®
-90.3 (c 0.72, CHCl3, 99% ee).

(4S,5R)-5-(3,5-bis(trifluoromethyl)phenyl)-3-((4'-fluoro-5'-isopropyl-2'-methoxy-4-(trifluoromethyl)-[1,1'-
biphenyl]-2-y|)methy|)-4-methy|oxazolidin-2-0ne (anacetrapib)

MeO F NaHMDS
DMF

220°Ctort, 12h  Fy

(@]

F3C

F3

CF3
anacetrapib

F3C

To a stirred dry DMF (0.6 mL) solution of oxazolidinone (50 mg, 0.16 mmol) in a 20 mL test tube equipped
with a magnetic stirring bar was added NaHMDS 1.0 M THF solution (0.19 mL, 0.19 mmol, 1.2 eg.) at -20 °C
under an Ar atmosphere. After stirring at same temperature for 1 h, chloride (69 mg, 0.19 mmol, 1.2 eq.) in dry
DMF (0.5 mL) solution was added via a syringe. The reaction mixture was stirred at room temperature for 18 h,
then 1 N aqueous HCI solution and AcOEt were added. The organic layer was washed with H,O, saturated
aqueous NaHCOs, H,0O and saturated aqueous NaCl and then dried over Na,SO,. After evaporation of volatiles
under reduced pressure, the crude mixture was purified by silica gel column chromatography (20:1 to 5:1
n-hexane / ethyl acetate) to give the desired product (85 mg, 84% yield)

White solid, mp: 60-61 °C; IR (KBr): v 1763, 1332, 1281, 1181, 1133 cm™;

'H NMR (C¢Dg, 1 : 1 mixture of atropisomers): & 7.87 (s, 0.5H), 7.64 (s, 0.5H), 7.60
(s, 1H), 7.37 (d, J = 8.2 Hz, 1H), 7.29 (d, J = 6.9 Hz, 2H), 7.05-7.01 (m, 1H), 6.93 (d, J
= 8.5 Hz, 0.5H), 6.86 (d, J = 8.4 Hz, 0.5H), 6.48 (d, J = 11.9 Hz, 0.5H), 6.39 (d, J =
11.9 Hz, 0.5H), 4.98 (d, J = 15.8 Hz, 0.5H), 4.91 (d, J = 15.6 Hz, 0.5H), 4.60 (d, J =
7.8 Hz, 0.5H), 4.55 (d, J = 7.6 Hz, 0.5H), 3.76 (d, J = 15.6 Hz, 0.5H), 3.72 (d, J = 15.8 .

Hz, 0.5H), 3.27-3.18 (m, 1H), 3.16 (s, 1.5H), 3.02 (s, 1.5H), 3.00-2.97 (m, 0.5H), Anacetrapib

2.93-2.89 (m, 0.5H), 1.23-1.19 (m, 4.5H), 1.13 (d, J = 6.9 Hz, 1.5H), -0.24 (d, J = 5.0 Hz, 1.5H), -0.37 (d, J =
5.0 Hz, 1.5H); *C NMR (acetone-dg): & ; 163.1, 160.6, 157.3, 156.8, 156.5, 156.4, 156.3, 156.2, 143.1, 142.9,
140.4, 140.2, 137.9, 137.8, 132.9, 132.5, 132.2 (9, Jc.r = 33.5 Hz), 130.3 (q, Jcr = 32.6 Hz), 130.1 (q, Jc.r = 32.6
Hz), 129.8, 129.8, 129.6, 129.5, 127.8, 127.8, 127.6, 127.5, 127.4, 125.8 (q, Jc-r = 3.8 Hz), 125.5 (q, Jc.r = 3.8
Hz) , 125.2 (0, Jor = 271 Hz), 125.1 (q, Je.r = 3.8 Hz), 124.6 (q, Jor = 2.9 Hz), 124.2 (q, Jo.r = 272 Hz), 123.0
(9, Jc-F = 3.8 Hz), 100.5, 100.3, 100.2, 100.1, 77.6, 77.5, 56.3, 56.2, 54.7, 54.6, 44.9, 43.8, 27.4, 27.3, 23.1, 23.0,
23.0, 22.9, 14.2, 14.1.; **F NMR (CDCl,): & -62.2, -62.3, -62.8, -115.1.; ESI-MS m/z 660 [M+Na]"; HRMS
(ESI-TOF) calcd. for CaoHosF1oNO; m/z 638.1748 [M+H]", found 638.1744; [a]o”” -8.3 (¢ 0.65, CHCl3, 99% ee).

CF3
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