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Abbreviations

Ac
API
aq.
Bn
Boc
Bu

°C
CD
CPME
dba
de
DIEA
DMA
DME
DMF

EDCI

ee

eq.
Et

acetyl

active pharmaceutical ingredient
aqueous

benzyl
tertiary-butoxycarbonyl
butyl

degree celsius

circular dichroism
cyclopentyl methyl ether
dibenzylideneacetone
diastereomeric excess
N,N-diisopropylethylamine
N,N-dimethylacetamide
dimethoxyethane
N,N-dimethylformamide
diastereomeric retio
1-ethyl-3-(3-

dimethylaminopropyl)carbodiimide

enantiomeric excess
equivalent
ethyl

gram(s)

THF

THP
TIPS
TON

hour(s)

1-hydroxybenzotriazole

high pressure liquid chromatography

iso-

meter(s), milli
methyl
mole(s)

tert-butyl methyl ether

multiwalled carbon nanotube

normal-

phenyl
iso-propyl

rectus

sinister

rare earth
tertiary-
trifluoromethanesulfonyl
tetrahydrofuran
tetrahydropyran
triisopropylsilyl
turnover number

micro
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1 -1 MEERAF=Fe7 0 F—A G

1828 4@ Wahler IZ & 2 JRFBO A I HBILAM I EMOERTORMELN D LI ETGEIT b E,
NEIZEBRILEY 2 NTRICER T 5 125 L7z, 20 HACIC A % L SR AR RIS BT S . B
BABLEE IRAMICRS T, HOREH LD T2H O OF TG ATRE & 72 b | RIS PR R D 73 B

TREER 7 FeJE 23X 1T 72, RIS CHEREMEM R, RV & v o 7 M A T2 AT 2 L THEELR DI
DT O E ANTEG 2R DA UCRPRINICHEE T 20 L W I RTH S, TNZEKRT 5 1T C-Cili
B II B EA R R HAMcH v | &b RERN R C-CHREAIEZHIIG & LT, 1872 4T Wurtz, Borodin (T
Lo THAINET AN —AJIG2HBEFT N5, T F— ARG akFEx b DR LK== U LEY e o34
T 77—t 2D 5 —DDANKAMEEY~RKEMNME £, B-& Fu xR LaW 2525 KIS
THd, i\ TI895FICiE Henry IC X V. TAF—ARIGOREZTHZ = F v TN F =V RIGHFER X
N34, = b7 A F—AKGIE. = b efbEPrbREI®-= et — b 2REHE LT, BEEAA

KREZHT PR T A= NE{IIETH 5, EERPNTRITIGIC X o T, % DEEKSLRAYICE
END BT I TAA—NANKGICHFEARER 2D, = b T F— VRIS IEAEE A ER AT E 23
Lo L7ads o, RRIGIZEHE B syn . anti (KIEONC Z 05 D FHRBEVEARDFE 4 O AR ERZ AP &
LTHZ2 %, i€o T, EOIVKEMEED A ZEIRINICHE 2 OCDFAFEIZE KD b Tz,

Scheme 1. Overview of nitroaldol reaction

HO, R? HO, R?

: 3 g 3
ROR R R
Q R base ﬁoZ NO, reduction HO R?
L, « e oot _ ;
R" "R? KR
NO, HO R?  HO R? R
R»\rRS R13Q/R3 NH>
NO, ﬁoz B-amino alcohol

B-nitro alcohol

CF,
O N
o~ F HO
F3C N 0O+_OH OH -
O OMe OH 07X )N[' Q/':N/ . N
CF HO ~ . HO
F OH NHAc OH

anacetrapib zamamivir ritodrine efinaconazole
(Merck, P3) (GSK, marketed) (marketed) (Kaken, marketed)

SERFRF 7 2 <3 LR 0B IR DR A Wk 2 72 o IS A F = P v T F — ARG ORISR I
HEME L . 1992 4EIC T F v FABIRM G 5, 1995 EICiE 7 v & v — 7 Ah U &JEiE ST (LLB i) % F v
7o syn EIRAVAMERIAFZ = b o 7 v F = VG ¢ DFIFEICERIC RN Tl L 72, RIS IE % AEEEAL o
LLB fil i 23 5B [ o 7’1 b v BE % S OAFIEECRIEST 2 2 &2 6 FEEY ORI 2 — V1 1205 1
NTRIETH o7z KiFFEZRKY) Y 1o, HRPCBART =t r T F =V RISBSEFRICIHE S /228, %

CIFHIHAE S 7 6 AEERIRBZ RN T 2 syn BRI L ICTH o 72 27, anti 3E R 72 SUG 8 13, 2007
$ CRIFORT F 2T I 7R AF =y LiEERME L U7 RS % R )@ T sa L iV TEEIR S 23 Nd/Na
B 2 BRI Pl v 2 ROGE S L7z % ARKIGIE NdOus(OPr)izs, NaHMDS & &7 3 F R 7o B
MEAIC X VAR I N2 A —RMEEZ V2 HARTH Y. T AT b PO anti FBRMENARF= v 7
N = VOG % IR SR EE R T, SR, S AEREcRE T 2 e 2ot L o
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Scheme 2. Selected examples of syn-selective catalytic asymmetric nitroaldol reactions

Shibasaki et al. (1995)

o) R, Cat. (3.3 mol%) ol )
J]\ + ( R1’\/R Cat.:
1 NO -40° =
R H 2 THF, -40 °C NO,
up to 97%

up to antilsyn = 6/94
up to 97% ee

Nagasawa et al. (2007)

Cat. (10 mol%) Ar = (3,5-CF3)y-CHy-

KOH (10 mol%) OH o CreMar
o R; Kl (50 mol%) : 2 +NH
11]\ + ’53 R1/\/R Cat.: Ar’HTH\/\NJ\N H\H/H‘Ar
R'" “H o = o
2 toluene/H,0, 0 °C NO, S g HoH A g
up to 91%
up to antilsyn = 1/99
up to 99% ee
Scheme 3. Selected examples of anti-selective catalytic asymmetric nitroaldol reactions
Ooi et al. (2007)
Cat. (5 mol%) Ar = p-Cl-CeHs-
o R, KO'Bu (5 mol%) OH 2 NMe H
, L + r R1’\‘/ Cat.: N", Z
R "H NO, THF, -78 °C NO, N -
up to 96%
up to antilsyn = >19/1
up to 99% ee
Shibasaki et al. (2009)
ratio
amide ligand 1
98 1 _ENOTHF
NdO4,5(0'Pr)135
NaHMDS 2 centrifuge
amide ligand
Nd/Na heterobimetallic OH Bu
0 R, catalyst (1-6 mol%) H P )ﬁf
Lok S
R “H NO, THF, —40 °C
NO,
up to 99%

up to anti/syn = >40/1
up to 99% ee

a Nd/Na #f# 2 S @A D anti ZZERIEIE Nd & Na AV R =i e = b ud— F OBFRFEFICH L2 ICiML. 7Y T
NIV NTEEBREEZ R CRICHPETT 2 2 LIk VFHEI NG, TR GEESREAE) 6 BEERIREZ T

syn k52 % 0 L MIRINCH 3.

- 1 oA
heterobimetallic O/M o’/M
catalyst rR2M_H H R? OH
> — 2
RN H < RYH R1JV;R
o/’ll‘of O/"\r‘\O’ NO,
i rRZ L 1\‘/| . l\‘/lz i anti
. - .
R' "H NO, M M
M M OH
Qo ? o — R?
_OrN:é Hoo beﬁR? R’
‘ ) : NO,
monometallic Rij H R H H syn
catalyst - h g



2 — 2 Nd/Na Zf# 2 %2 fE il

AT TR~ 72 Nd/Na B 2 iSRS % 7z anti BRI AF = b o 74 F = A KIS % ERT 7K
Jhe 5 ETE00fEMR I N Tz, — 0 HIZARMEBES A E— R c & b 7223 6 BRI 2 sk 7 v s
o HIS AR RN F > 2 53R S mlli 2> 0 22 S CANVRUE 75 72 O BN L i =0 B SR EE P EPE A3 T
ALTE FICREIN, ARTELZO8B-TI/2WT7ra— L ZRoNTWAZRTH 5,

2013 4FICSRIRAIFFE 2 D /N1 & 13 Nd/Na 88 2 i B @i D % J& 77 — K~ F /7 F = — 7' (mulltiwalled carbon
nanotube, LA T MWNT)~DHEFIC X 0 | @AM MR U2 £ 3ot sm L2 2 e 2 /AH L 72,
SOGIZ 72 MWNT (38HER D F 7 F 2 — 75 ICiE A S o RN h 22 2 Fr b il MWNT
M@ 100 nm LA T OB cHCHIME S 2 2 &, kXY DML L 22l 7 7 2 2 =BT 5, Z Off
B, o RSB L, SO K7 m RIS L7z, & 51 MWNT FEE LAl ROG# IS H 5 1
BULATHETH Y . il E R D2 TE D 17 L L T 72 72 0 BRI 28 AT REIC 72 o 72 10,

Scheme 4. MWNT confined catalyst for anti-selective catalytic asymmetric nitroaldol reaction

Nd/Na
heterobimetallic catalyst
o A or B 1 mol% OH

I MWNT 200%wt/ligand
L w1~ A
NO, :
THF, -60 °C, 20 h NO,
10 eq.

catalyst MWNT vyield [%] antisyn ee [%]

A - 24 98/2  98(anti)
B + 99 98/2  99(anti)

heterogeneous MWNT-confined

complexes
catalyst Multiwalled carbon nanotube

Recvelable catalyst assembling (MWNT) Baytube® C70P

2014 fFITIZ LRI E DIEAR b 25 MWNT [EE LA %2 Fl v 7zl 7 v — ROSIC ) L 72, it 7 v — K
JG1d MWNT BEELAE 2 B A L2l 7 L7 AT e Fe = b a7 Ah v ORI Z BT 5 & & Ty
CHETT L, Ny FREIE L FAHEOICE, ERMETR-=taTra—aAnfFohs 2 L2 LI 72, KBtk
FEMEO A CHNY ZBUSATRETH v, T 287 E OBEM A EREZ BEL L v, & 5ITHEID 2 ER
BEIfllEH T LD AT, KD~y FROKMIE L I L T, WEHEEZ KIBCHRTE 2220, ATAL
F—CEBEFAMM O KIS L 75 72 1,



Scheme 5. anti-Selective catalytic asymmetric nitroaldol reaction in continuous flow platform

MWNT-confined Nd/Na
o heterobimetallic catalyst OH

o in continuous flow MeO
Me -40 °
Mo, ( 40 °C
N02 02

[catalyst column]
® 4.6 x 100 mm, inner vol 1.66 mL

Zin

[0.1 M/THF] [1.0 M/THF] operated for 30 h at 3.0 mL/h
19.5 u mol (based on Nd) TON = 204
no work-up procedure
Aldehyde
supply
[0.10 M/THF] pump 1 1.5 mL/h
e MS 3A

\ column NaHCOs

‘ | ~ column

‘ \*L Precooling
il

1 5 mL/h J co Cooling medium
>

['PrOH: —40 °C ]
‘ gl
= ‘g

I 3.0 mL/h

pump 2 Mixer
‘z ‘}‘ stainless steel
Nitroethane mixing volume: 32 pL
Supply Catalyst column .
[1.0 WTHF) 19.5 pmol MWNT-confined :
¥ Nd/Na heterobimetallic catalyst

“_is

Reaction product

2016 4FIC IZHEIFHTFE = OB & 111 6 23ER D NdOws(OPr)izs & NaHMDS 12 fb v | &fili T2 5 TRE 7«
NdCl6H20 & NaOBu 7> 5 Nd/Na 21 2 #& @Al 2 PR ATRER C L ZHL 2T Lz, RFFEICX D, fil
BB EE R a R 23120 97D 11T 78 o 72, 72 flERBNIC 7o — 7Ky 7 R E ORI @i AR & 75
D, ¥V a2—F—7L v ) —TIHEOEVTEL ko712

Scheme 6. Bench-stable and inexpensive preparation method of Nd/Na heterobimetallic catalyst

Previous method Improved method
amide ligand EtNOy/THF amide ligand
NdO+5(0'Pr)y3s5 self-assembly NdCl; hydrate ~ Air satable
NaHMDS centrifuge NEDfBU 120-fold cost down
[1:RE:Na = 1:1:2] [1:RE:Na = 1:1:6]
Nd/Na heterobimetallic OH
0 R? catalyst 2
R
R1M\H ' |\|;) THF, -40 °C RJ\L/
2 ) NO 3

PAEORRIC XY, Nd/Na 2ff 2 @@l 2 v 72 anti BRAER A F = e 74 F— A OG I K=
A P CEMANGRRIG~ L ZZRT, R ZFEEZ TR L O20H 5, L LAar o, AL L CHE#
#HPHIZT VT e FICREI AN, 27 va— v LR TEavELZIgx T,
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2 -3 KX OWE

A TE  CIC SRR % CRIFE S 17z Nd/Na %2fE 2 KB EHRAESI AT =t e 7 F =V RKIGEMIEL . anti
Az @GR, BVRSEIRETE 2 5 2 L 27z, L Lad s, MRS ©IIAR KGO HE 58 F #ipH
BT7ATEe FICRbN., AR TEZ2DE2MT A —VICRESI N T, RHSCTIE, ARG o 18 % F #i
BET Py ~EIRT. B-T 37 3BT NMa—AOEETo MR & KICICEB T 2 FRE REHME, HITiE
R3S E e 7 1 — B B L 2 RIS D n» Tk R B 13,

BT [Fam) ik, AAR = b e 7 F— VRIS OFEE & SRIFIFFEEEIC X 5 Nd/Na F5# 2 %4 8 fil
xR W7z anti SEEROAE AR = b a 70 F = ARG EALICHNT 72 2 E TORF O & I
WO, AFEOEREZW S E L,

F2E [a-7 P TRTAD anti SRR AFT = v 74 F =V KIG] Tld, Nd/Na FfE 2 %488 fildi
EFHWT, a-7 P AT D anti EEROABENAFT = b a 7 F =V RISEBGT L 72 KIGHETFIZ 2-Me-
THF 2R R B R A RO L 2 A L7z, 2-Me-THF 2% 7 V0 FChH 5 Z LICEH L, A ERIE
AARKERICICEG 2 2B ICOWTHE L 72, X 5ICERDORFER L 7 v — KIS %l U CARIGD
AHEEFIEL 72,

B3 [BEURGEE v FABERNAE= a7 A F—A KB TR, a7 FZATADARE= a7
F=WRIBICEWT, L-7 7=vHKDOY T I PRI 72 5% L 72 Nd/Na 25 2 &&EAlE2 THF &
MTBE HCIEA WD T F v F 4 EIREZ 5 2 2 BKEWER 2 B L, M2 R 2 27 3 FREMG O
HIEE D o A X2 SOSTEEA T F v F AR I 5 2 2B BE L -,

FAag [ P)7AFaAFNT by O anti ERIMBERAFT = v 70 F— VRG] Tt Nd/Na 7 b BN
Pr/Na B 2 & EMEZ W, EFKFIMEDO VY 7t o 2 FAfciFibInszr ) 7t X F 0y
b v D anti BRI AF = b a 7oA F—ARISEBE L7z, 612 ) 704 r X FLEE] ephedrine
FERO AR Z B U CARKIGOH AMEE FEIEL 72,

5 TR CIIAHRS R R L 72,
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2—-1 FLvHIC

Framic BT, SRR E CHF S 7z 27 I FRIIRAL T 1a 2 U 7 F & 5 Nd/Na #iif 2 #% 8@ 523
Tﬁ—— FET R A RISE R | anti AR EIPCR, SRR CRon s 2 &b 7z, L L7
5. PERDOEWE CRAMBDOEHFIIIT V7 € FICRoh, ARIGTHKTE 2D 217 va— ik
EINTw, KETER, KRCOREEMEHZ 7 v~ IR, 3T rva—robaKziRlsz, BAEN
ILETFRIMEOZ AT VECHERINLT Y TH D a7 P T ATV EREE L LG ERET L 7. K
ﬁmmiofﬁanéw:hmsﬁTw:—wc~buﬁ@ ETCRICIC X Y, EFEMFICHLINDS B-7 2
3TN A= A~KEGICHERRETH Y | ARIEDOFHFEIC LY . AFKFRACSIE T AR HE L stk
B-7 I/ 3MT NI —NZREIETHERT 5 FREZREATE % L& 2 7 (Scheme 1),
Scheme 1. Nitroaldol reaction of Nd/Na heterobimetallic catalyst

a) Previous works

2 Nd/Na heterobimetallic OH Bu
(0] R catalyst > )Wf
o+ g R1J\./R
R1 H N02 et
. NO- dlamlde ligand 1a
B-nitro (sec-) alcohol
b) This work
Nd/Na heterobimetallic 3
o) R? catalyst Hosi(iz 2 reduction OQZR
I + N(O RN RE _ETn | NUR? == AP
R' “CO,R® 2 H
ket t2 2 3 No, NH;
a-kelo ester B-nitro (tert-) alcohol 4 B-amino (tert-) alcohol 5

INET, a7 PZATAE = AR VYOI F v FAER = b e TV F =V RISIEEBERE T T
2l —H. kAl L= rr 2 v ERWEZF VY FABL YT AT UAERNZ= e T AL F =LK
JGOEE X 2HIC & & F 5T 72(Scheme 2), REL X7 7 = v Ll 6 2l & L 72 syn 5B 72 )G % #)
HLTwB 2, /2, KIFOIIF ARy 287 2L U7z anti BRI A KEERE L T0B3, L LA
LEBHLDORIGD . WERELEREFPRECcH Y REEAHFIZ T VL7 P ViR Tw, 2ibH oD
A R 2 _ <, Nd/Na 2 2 BEEMEE o-7 P AT ADRF=ba T A F—ARIE~EHA L, B-
= bu 3T A=A EJUHIICEKTE 2 EOMLE HiFL 72,

Scheme 2. Past examples for enantio- and diastereo-selective nitroaldol reaction of a-keto esters

Nagasawa et al. (2008) Cat. (10 mol%) Ar = (3,5-CF3),-CgHg-
KOH (10 mol%) - oh
0 Kl (50 mol%) HO, CO,E cl +N1Hs ¥
coEt - — -~ syn cat: N Hw
2 NO, toluene/H,0 NO AT N/\(
-35°C,24 h 2 $  Bn
43% 6

dr 86:14, 81% ee

Ooi et al. (2009)
Cat. (5 mol%)

Ar = p-Cl-CgHy-
0 ( KO™Bu (5 mol%) HO ;COQEt
+ — > anti :
o 2 H A
-78°C,20 h 75%

dr 10:1, 86% ee
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2 =2 RICEEOME

-7 b T AT D anti FERFME AR = F 1 74 F — VSO RISTEBE O f#fl % 1T - 72(Table 1), ¥ 7
I FRIEZ T 1a. NdCl-6H20. NaOBu 7> HFi# L 72 Nd/Na 2 2 BB % v, a-7 P T X7 2a
L=btuzxv3aORIEER Lz, $3. @EDOT LT & FORIGOME CREAEL CTH - 72 THF FTK
JEEAT o728 25, @R, @LAETRIE T anti (HINK 4aa % 5 2 72(99% yield, 95% ee, anti/syn =>98/2) (entry
1), BT — 7V REBEZ MG L 72658, THF X 0 b L& - 2-Me-THF HClIRIT e 8E 2 I & 7 AR
TRICHHEITT 5 Z & & B L 72(99% yield, 99% ee, anti/syn =>98/2) (entry 7)o —7Ji. £ b &EEi\> 2,5-Mex-THF
LI =T NVRUSNOERE 72561 TR SLASE R K & KT L 72 (entry 8-12),

LLEDRER XY THF, 2-Me-THF BARIGDREEHTH 5 2 L Wb H T L7z,

Table 1. Solvent screening

P o B OH
amide ligand 1a 3 mol% EtNO,/THF " i H
Ndc|3'6H20 3 mol% H
NaOBu 18 mol% E O F

1a

0 Nd/Na heterobimatallic HO COsMe
( catalyst (3 mol%) 3
CO,Me * NO i
2 solvent NO,
2a° 3a? —-60°C, 20 h daa
(10eq.)
ield® i % eed ield® ) % ee!
i b y'eld c 0 t b y c
entry solvent %) anti/syn ) entry solvent %) anti/syn (anti)
1 THF 99 > 98/2 95 7 2-Me-THF 99 > 98/2 99
2 Et,O 99 97/3 65 8 2,5-Me,-THF 99 98/2 85
3 DME 48 90/10 61 9 toluene 64 98/2 88
4 CPME 99 95/5 e 10 EtOAC 34 96/4 87
5 MTBE 99 98/2 85 11 MeCN 0
6 4-Me-THP 87 90/10 35 12 CH,ClI, 76 86/14 0

2a: 0.12 mmol, 3a: 1.2 mmol. " CPME: cyclopentyl methyl ether, MTBE: tert -butyl methyl ether, 4-Me-THP: 4-
methyltetrahydropyran, 2,5-Me,-THEF: 2,5-dimethyltetrahydrofuran (mixture of isomers). “Determined by "H NMR
analysis. ? Determined by chiral HPLC analysis.

2 -3 FEHE-BMEORE

-7 b T AT D anti BRI AFE = F 7 7o F— VRS OB — Mt % T8~ 72, #iH © RIF Ak R %
5. % 72 THF & 2-Me-THF " CRIEZFT - 72#H% Scheme 3 IR, TTWEWRO 7 =17 v R ILH L
L 72072856 SO IE BAFICHEST L @I, @AZAGEIR I C 4aa 2315 5 #1172 (THF: 97% yield, 95% ee, anti/syn
=>98/2, 2-Me-THF: 97% yield, 99% ee, anti/syn = >98/2), < DFF, 2-Me-THF HiC BT, fillfiE % 1 mol% &
TR L T RIFRIGE, EIRMEZAMERFL 72, EFEG51%ED Me 5, OMe EMEHL 727 = =17 + V&
TKEMED v T v, P ZAF O AFAFERBEIRL 727 2 =7 b ViCBWT S EIEE, S AR o)
JGDSHEFT U720 @RV Bu S Ph B S FALICERR L 72 7 = =47 b v Cld, THF HCaLfAa@ iR 23 p AR A
THo7-b DD(dja: 67% ee, 4ka: 77% ee). 2-Me-THF 1 T\ MEIRECHWYI % 5- 2 72 (4a: 93% ee, 4ka:
9% ee), EHEERX T by, TAFAT Py LT AF =7 b VIFRIGCHEIME L . 5K 9 mol% D filt i & 23 44 B
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TH o725, 2-Me-THF R CRIF AR E2 5272, a-7 P Z AT VDI RATATNBIF LI ZAT L, [V T
QLT ATADEES AFAI AT AL BRERVIERE 5 272, Ibic, KiZFle LC=turmxvo=
Fexx ) — L oREREHWZSGEICH 2-Me-THF F C)0E BEFICHEEST L. NG 3 2 1A 3ab, 3ac 23

ECARERIE TR o N,
LB CARBOGIZMRIE IV E — M CHET L WIS T 2 B-= b o 7v 2 — v 2 @GR, @ E R c b 2 72,

Scheme 3. Reaction scope

Nd/Na heterobimetallic

2
(0] R3 catalyst (x mol%) HO, _:002R3
JJ\ + R13\./ R
R ~CO,R? NO, THF or 2-Me-THF fo
2a 3a —-60°C,20h 4 2
(10 eq.)
HO, CO,Me HO, CO,Me HO, CO,Me HO, CO,Me HO, CO,Me
X MeO N N
NO, NO, NO, NO, NO,
4aa 4ba 4ca 4da F 4dea
THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF
x=3 x=1 x=6 x=3 x=6 x=3 xX=6 x=3 x=3 x=3

97%, 95% ee 97%, 99% ee
anti/syn >98/2 antilsyn >98/2

94%, 87% ee 95%, 97% ee
antifsyn 97/3 anti/syn >98/2

94%, 96% ee 95%, 99% ee
antifsyn >98/2 anti/syn >98/2

90%, 90% ee 93%, 99% ee
anti/syn 97/3 antilsyn >98/2

94%, 93% ee 56%, 95% ee
antilsyn 97/3 anti/syn >98/2

HO, CO,Me HO, CO,Me HO, CO,Me F HO L£OyMe HO, CO,Me
/©)\N; NO /©)\N; @)Yo No
cl 2 Br 2 FsC 2 F 2 Bu 2
4fa 4ga 4ha 4ia 4ja
THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF
x=6 x=6 xX=6 x=3 x=3 x=3 x=6 x=6 x=6 x=6

94%, 93% ee 55%, 95% ee
anti/syn 98/2 antilsyn >98/2

96%, 89% ee 76%, 98% ee
antifsyn 98/2 anti/syn >98/2

96%, 85% ee 96%, 98% ee
antifsyn 95/5 anti/syn >98/2

98%, 91% ee 81%, 91% ee
anti/syn 87/13 anti/syn 86/14

70%, 67% ee 87%, 93% ee
anti/syn 96/4 anti/syn >98/2

HO, CO,Me HO, CO,Me HO CO,Me HO, CO;Me HO, CO,Me
s ; ; :
Ph 2 NO, NO, NO, TIPS NO,
4ka 4la 4ma 4na 4o0a
THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF
x=6 x=3 x=3 x=3 x=6 x=3 x=9 x=9 x=6 x=6

82%, 77% ee 97%, 99% ee
antilsyn 96/6 anti/syn >98/2

93%, 94% ee 97%, 99% ee
anti/syn 98/2 anti/syn >98/2

85%, 87% ee 79%, 96% ee
anti/syn 98/2 anti/syn >98/2

81%, 46% ee 81%, 92% ee
antilsyn 79/21 anti/syn 88/12

HO, COEt HO, :COZ’Pr HO, COMe HO, COyMe
Y Y Et Y OTBS
NO, NO, NO, NO,
4pa 4qa 4ab 4ac
THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF THF 2-Me-THF
x=3 x=3 x=3 x=3 x=9 x=9 x=9 x=9

97%, 95% ee 96%, 99% ee
antilsyn >98/2 antilsyn >98/2

99%, 97% ee 95%, 99% ee
anti/syn 97/3 anti/syn >98/2

83%, 72% ee 96%, 99% ee
antifsyn 98/2 anti/syn >98/2

(-78°C, 48 h)

19%, <5% ee 71%, 82% ee
anti/syn 84/16 anti/syn 91/9
(nitroalkane 5 eq., 48 h)

70%, 81% ee 78%, 85% ee
antilsyn 75/25 antilsyn 83/17

Isolated yields of the anti
diastereomer are shown.
12:0.12 mmol, 3: 1.2 mmol.

2 —4 BBZHRCET 3 MET
HIEHOHE — oGt IC s 1T % THE & 2-Me-THF O#FRZ KT 2 &, 13T TR TOREEFICHE T 2-
Me-THF HCOIE, AL THE FCOfE % L0l 5 72 (Figure 1), FfiC 2a & 3b ® i 1d 2-Me-THF H
TTHF 1 XY b 6.1 513 &5 < #E(T L 72 (P18, Figure 3), VAEREDOHICE VLTS, EE\ Bu £ Ph i
DEHLL 727 = =7 b v Tl THF H Tl (dja: 67% ee, 4ka: 77% ee) I & - 7z —J7 T, 2-Me-THF
TENAERME(ja: 93% ee, 4ka: 99% ee) THNAZ 52 OSHEFRICHHE £ 03K N 7=, THF & 2-Me-THF
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IPERR . ALEEE UL 2R s Th 2 I b b FRERICES RN B L LT XD X ) REEK
AR 72,
1) BeALPEIREECdH % THF ° 2-Me-THF (3 2nd V &' v F & L CHMEICEL D AT T 5,
2) ¥ 7 Vil 2-Me-THF OAF Ziliki L. — /7 OHBREEA L #rcHAERH L Tw 2
3) Z DGR, L O AR FBREL A X v, SOC O HHERME M E L Tw b
LU D VEEIRE 2 GRS 5 7z o1, JeEiEM e 2-Me-THF Z A L. RIF, S REHF T2 N E NI ERLT
WL AR & ROGHE % IR L 7z,

Figure 1. Comparison of the enantioselectivity of THF and 2-Me-THF

Nd/Na heterobimetallic

o} catalyst (1-9 mol%) HO, CO;Me
+ ’ R>\/
R™ "COyMe NO, THF or 2-Me-THF :
2 3a —-60°C, 20 h s NO,
(10 eq.)
100
920
QO
® 80 u THF
=S m 2-Me-THF
70 I
60 l
= Me /@J{ /@J{ /@}{ MeOOX @X s
R ©J{ @X Me Ph Bu FsC \ !

@ 1975 4EIC Seebach 17 X U NZEIGEME 7RIS CA R BIG 2 AT 5 BES 03208 E 0C S AR, et 4 A4 v ash o
BROGICBE T 2R ICHED SN T3 6, —J7, 2-Me-THF D X 9 7tk D Y E i EA I CARF G 24T - 7241
37T IR RF S ICOIMMEIRMEIC K & B 5 2 26X T 1HlicRoh 3,

EH, BHHOE X/ 39 ) V#2080 ARED TRENLT & LT 707 PAMEZ AW FHAD v 7
Yy ZEREL TV S RIGOVAGEREIZABE LTHY2 ) 22 Y ORFIC LV FREI N, SHEELH vz
HITlE RIER, REEHEZ VB E1CE SERZLENLE VI EERECE NS,

Nagata, Suginome et al. (2019)

OO helical polymer ligand (S)-limonene/THF (R)-form
(4.0 mol%)

(2.0eq.)

(95/5, 1.5 mL) P(O)(OMe), 54%yield
[PdCl(n-allyl))] (2.0 mol/) OO 98% ee
B(OH
. (OH) K3PO,4 (3.0 eq.) Pph2
N
Br H,0 (50 ulL) A on Pr
rt, 24 h SN o" Pr
P(O)(OMe),
OO (R) -limonene/THF

95/5, 1.5 mL. (S)-form
(0.05 mmol) ( ) P(O)(OMe), 66%yield
98% ee

helical polymer ligand



2 —4—1 e 2-Me-THF % B W72 K6

KOG A(2k+3a). XG B(a+3b)z k4 7o = F v F A HICHHBL L 72 2-Me-THF H CfT\>, =F v F 4 E RN %
B L 72b(Figure 2). % DfiH. £H O DO/IGD RIFFEEF T SHRFEL Y b Emu i ERELZ 5272, 2D
FERIZ. F 7 AREAS 2-Me-THF OAF &2 3258 L. R AR & il oo A0 A 7F 23 SOG O STAEIRME: % 1) | X
22 E%RLTWS, 72, R RABO AT 2 1T W IRERIER A T2 b DD, R KREBDH 2
50%(=7 & 3 (RVALE) T 99% ee TEAEIMIT 2 2 & 205, RAAELED S ARIFEE X b b kit LT, BRWHEIR

HEE2FoTWwad I BRI N,

Figure 2. Enantioselectivity of reactions in chiral 2-Me-THF

Reaction A ‘ Reaction B
(o] Nd/Na heterobimetallic HO, CO,Me o) Nd/Na heterobimetallic
come ( catalyst (3 mol%) N . rEt catalyst (9 mol%)
2 NO, -60°C, 20 h Ko, @COZW NO, _78°C, 48 h
Ph 3a Ph 3b
% (10 eq.) 4ka 2 (10 eq.)
100
; 8
Reaction A X o 99% ee 99% ee
\ (o]
X
95 (o]
° (o]
;; X \ Reaction B
92% ee
0
o
87% ee
(o} 85 O
25%(R) 50%(R) 75%(R) (7“
100° 0,
Q/ 00 75%(S) 50%(S) 25%(S) L
(5)-2-Me-THF Ratio of (R)-/(S)-2-Me-THF (R)-2-Me-THF

HO, CO.Me

4ab

Et

NO,

b RIS A, RIG B 1d THF e 2-Me-THF thCOBERPED K E < BEMIROES TP T E PHL 72,
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Fe\ Ty SROGHEEE DT A D IR RIC O W TREE L 72, ERCD G B DUE D FHRFAAL % 2 A CFi -~
72 & A, ROGHEE Z(R)-2-MeTHF > rac-2-Me-THF > THF > (S)-2-Me-THF DI & 7x - 7z (Figure 3), 372 b b,
RARBEHEC SHRAEBT XD & OO CHET L, RIBEBIISISZMES 2 2 Lotk oTe, $727
v IRIEE L R R OBEEICKRE REBRONG» 0722 LD, FEOMGHER & FFRIC R (RKOEBEA

BRI L HAMER 3 2 C L SR S e,

Figure 3. Reaction profile of reaction B (2a + 3b) in different reaction media

100 R
80 A
= 60 4 A (R}-2-Me-THF
3 x | A (S)}2-Me-THF
S 40 A A T (rac)2-Me-THF
. X THF
20  + « =
+ X
0 + x A A
0 5 10 15 20 25

Reaction Time (h)

DL B 3R & ROCHEFE D I 2> D ARG DIEERH I DWW THRGEE L. 2-Me-THF O fisltif~ o B iz 23 K 1T

RUFB e 525 2 L 2m Lz, ZORRDFENRIT, Bl 2 BB 2T 2 Nd JE 72358 VB

Bals 2 EHPARETH Y. EmOBBEBAMEZ RO 2 LICHRL Tud e EZTVD S,
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2-4-2 =twuARVEREAIL LBEBIEED v F BRI RE

KRGO FFRARFINTIL, =t a A2 v akGHle LERIETO RS Nz, = br X Z v E a7 P TR
7 V(R =Me, Et, Pr)®D I 1% 2-Me-THF 1 T2 3R CTOHAT 2R k& TERY & L CH 27—, THF Hi T
I Me TATUVEBEXW Et TATADRIGTHD TS VFA~—Th2 25 hEFERP L L TH Z 7 (Figure
4), ARBIRIZ 1) THF % 2-Me-THF 28 ~CAL L, MDA FIRF IS E 2 52 Tnwb 2 L, 2) v
7 b7 THF 23OL L 72fli 7 5 2 % —1%, 2 v o5y b BB+ & S & 2 2 BRIl & 3o ) v T4
EIRNEE 52 2 @AMEZIS T L 2R LT 2 IR L - =0 v F A& REOWIEHR L 1-7 7 =~
OB 723y 52 P REE TRV ERISIC BT ORI N, ZOMBICOWTIE3ETHL (B
%,

Figure 4. Divergent enantioselectivity in the nitroaldol reaction of nitromethane

HO, CO.R
<__NO,
o Nd/Na heterobimetallic R
catalyst (9 mol%) R = Me (4ad)
[ j COR *+ HNO HO CO,R Et (4pd)
THF or 2-Me-THF “ Pr (4qd
3d .78 °C, 48 h - NO2 " (4ad)
R = Me (2a) (10eq.)
Et (2p)
Pr (2q)
(% ee) Tyl esias Et ester: 'Pr_ester
80 78% ee
60
29% ee
-44% ee 48% ee -CO,Me < -CO,Et < -CO,Pr
60 S MeNO,<EtNO, R
99% 98% 92% 97% 89% 97% THF < 2-Me-THF
Yield Bulkiness
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2 -5 EHEMEHK~DICH

a-7 P T AT D anti FEREHARFT = P a7 F = GE AR L 72 EEHOESKIC oW TR 5,
efinaconazole (8)1fi U* i albaconazole (9) X B DAMIALERE LK TH 2 T TR T a8 — LV OEGKEHET %

TEDLMIT Y= ARPIEEAE L CHISNTWS 9, 8 X Jublia®® Clenafin®& L TEEIC LTk A D E3E N,

TH 50, TEMCTEIAMDOKIET T & IR 2N E0ET 2 RN TR XV EE I hTw 5 1, S EITA
(X, anti BRI AR F =0 7 A F -V KIGE 8 B X N9 OERICHEA L, JC#iEER-7 3/ 3T v
— VERAL % SLAGEIRAY I — 8IS 3 2 & & C. AR AGE 2R © % 5 & 2 72(Scheme 4),

Scheme 4. Retrosynthetic analysis of efinaconazole and albaconazole

Y
N N anti-selective
N//_» F HO catalytic asymmetric
°N =, nitroaldol reaction
FF HO, F

efinaconazole (8) albaconazole (9)
(Marketed) (P3)

BONCABROBRIEE 85 a-7 P T AT 21 &= b BT X VD anti FBIRMENAF= e 7L F—1
Gz AT2728 25, 777 L AT = TH RUGIERIFICHEIT L. I 82%. 91% ee DIZAGEIRME: T ent-4ia 2%
Foh, HERFPLERED 84O NIC 9 DEBEIKE B ITHEL 72, k., SEIIEES L F— DALY
ERoALEMEOKT 5 7201C ent-1a ZECAI T & LCTHWV 7z, KRic= b vz Efiluk#E L 7211 Boc Fic
LR, T AT NEEBEITT L, VA =10 1572, Hiv T, 10 1xf L, A HEEE 11 X 2 IERIGSEM T,
124-F VTV —NDEAZRRALZE A, TFEFY I ERHL, B-7T I/ Tra—r 2083800k fitl
THEMESAE T, Boc HAMLRFE L . Hodp[Bfk 13 21572, Fiv <, Hlfifs 13 & 7w I F 14 23R
FHTRICEE, ©_Y Y VERBELHA L 2 AHFEE DI T efinaconazole (8) 233 b7z 12, £7-, 4k
PR 13 & 2-7 2 /47 v uLEFEE 15, DME DY A FAT X — A ZIEXMEA L. ¥F Vo vEREEZHE
L. albaconazole (9)% 3/ L 7z 13(Scheme 5),

DLl BREMOAFERICT LY | anti RO AFT =t w70 F = GO EMAMEZ R L 7.
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Scheme 5. Stereoselective synthesis of efinaconazole and albaconazole

EtNO, (10 eq.)
Nd/Na heterobimatallic

F 0 catalyst (6 mol%) F HO, CO,Me 1) Hy, Pd/C, Boc,0 OH
(prep from ent-1a) 2 MeOH, r.t., 12 h, 92% F HO
CO,Me '
2-Me-THF 2) NaBH,, THF/MeOH
F —-60 °C, 48 h rt, 12h, 91% . NHBoc
2i 82%, dr 86/14, 91% ee ent-4ia 10
1.00 g 112 g
- 3 B
NCCH—.P Buj, F o K,COs N\
1,2,4-triazole ~ 1,2,4-triazole
e oorTEeE _ ™ _ FHo ‘nHCI
toluene NHBoc DMF 1,4-dioxane
c 3n F 70°C, 11 h rt, 2h
80 °C, 3 1" 79% . NHBoc
1y 0
! HoN Cl
\HH/ : " 15
: EDCI-HCI, HOBt
DT;A | 2,6-lutidine, DMF
13 L a3 rt., 24 h N._O
DMA ! 2) Me,NCH(OMe),
80 °C, 24 h : MeOH, 70 °C, 24 h
56% 5 65%
(2 steps) ! (3 steps) cl

albaconazole (9)

efinaconazole (8)

BT I TN N 12 ~NDEWIT b AR 17 R T 27K T D EMATHETH o 72, AZHIE 13wl 7 A HESE &
AL VETERTH 22, Y USRS HERA O R A ERK L. FHRIEICZ L LiindsfiiEl e ko Tw 5,

.

1) NaBH4 OTs \N

F HO CO,Me THF/MeOH F HO 1,2 4-triazole F HO

3 rt, 12 h g K,CO3 g

NHBoc  2) TsCl, EtsN NHBoc DMF, 70 °C, 12 h NHBoc
F CH.Cly, rt, 12h  F 99%
16 up to 78% 17 12
(2 steps)

+ unidentified impurity
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2 —8 MWNT #HEREE ALt ic X 258kt 7 v — G

i 7 v — RIS E— Rk 0Ny FRIEE L IR L €, ReTHAERE . 27— T v 78RS 7
e, EFEERCTEHIEE > T2 14, 70— R CMBSIGCEZIT S FCid, B2 550 72 fil i 7

AK&W@M%LW%&%ﬁ&ﬁEE%@&L@ﬁ%@?%D\%%%%%kénfm%ﬁ‘xﬁ*%@x
P OB I R IEE E O TH B 720 AFEIC TRERIGITHI L 72130 75 0 1516,

SEIFA L, ARAEESAE i cH 2  LICEH L. ARIGEER 7 7 —RIS~ER L 72, 340 —F
v+ /7 F 2 — 7 (multiwalled carbon nanotube. AT MWNT)[EER D Nd/Na 278 2 %<0 @ i % FHR L 72,
Frafi Gk~ 7z X 5 fillit 2 MWNT ~REE S 5 & ST A, /1 7 2005 72 B oo i@t 231 1 L,
L7 7 — RBICTHE L 72 il & 72 2 & & AR R E 2 S BEICHRE S T\ b, MWNT [ BY Al i fk 3R
BRI O R & —HIC MWNT ZiREA T 2 720 CRIMEICHEAETH 2, A2 £ 7 A F & —fFIc AT v
LA T LCEED . S T LR ERRL 72, Tl Bl T LS FTE DIREICHHBE L 72 2a & 3a D 2-Me-
THF IRz B L 72 & 2 A, JOGIE RIFICHEFT L. 92 R o0 i ftfin © 1.52 g @ daa 2345 © 4172(92% yield.
T@@%@ SAREIRNE L 97% ee TNy TG &tk e VR Z 5 2 72,

HfE 7 17— RSO BMBITIRIE DO A TH 0 | L 2 L v o 72l & HivY % 2t 2 BIF 1A ECH

o7, £ ﬂbnﬁt%ui%ﬁw7A®&1bb Ny F ARG & HE U T AR & K8 1 {38 AT B C
HHI Db, REFLHEMGEL ZREFANMO Va2 Th L EZLLNS,

Scheme 6. Reaction in a Continuous-flow platform

amide ligand 1a 24 pmol Self-

NdCl3-6H;0 24 umol assembly | ‘%&

NaOBu 144 pmol -

Multiwalled Carbon Nanotube 36 mg EtNOz v MWNT-confined
(MWNT) /THF Nd/Na heterobimetallic

catalyst (24 pmol)
Packed with Celite® (350 mg) D -
Ho_~ A N L
1§ [/]

]
1.5 mL/h N
2a sa Catalyst Column

0.05M 05M - " Evaporation
Combined in 2-Me-THFE —60°C HO_ COzMe j EZTE‘;Z?;E%_ 152 g (92%)
. . (]
No, ¥ TON:265
4aa v’ antif/syn >98/2, 97% ee
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2-9 ERR-2

ARFETlE, Nd/Na 2 2 e Ml % 7z a-7 b T RAT VD anti ;BRI AZF = 2 70 F =LK
JRIZ D WTHR ARz RIRGIZIREOIE IEHATRETH U . 2-Me-THF H TR IC RIF I, ERMEZ 5
Zzo REBHENFIC O WTIRALS 2 72010, G E 2 2-Me-THF 1 CRIGZAT - 7245, Nd/Na 5 2 #%
B A 2-Me-THF 23O A 2583 L. (R)-2-Me-THF 28 ~FCfi 4 2 & & TEICE, EaridaE iR M2

ERIND L EHLI L Lz, S HICKRKRICEFIH L 72 efinaconazole & albaconazole O 3 AARZERI 7n K
& MWNT [E7ER o fil it 2 Fi s 720dife 7 v — ROG~ D@ 2@ U T, ROGoH M L EREZEFEL 72 7,

Scheme 7. Summary of chapter 2
ratio Bu
amide ligand 1a 1 EtNO,/THF /'\H,
NdO+/5(O'Pr)13/5 g
NaHMDS ¢ amlde ligand 1a

5 Nd/Na heterobimetallic

3
e} R catalyst 1-9 mol% HDQCER reduction HO&icizR
X 3+Nro R s R /== APIs
. 2 -Me- 80 °
R* CO:R 2-Me-THF, -80 °C NO, RH;
B-nitro (tert-) alcohol B-amino (tert-) alcchol
up to
98% yield
antilsyn >98/2
99% ee
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A. General Methods

A-1. Reactions and purifications
Unless otherwise noted, all reactions were carried out in an oven-dried glassware fitted with a 3-way glass
stopcock under an argon atmosphere with magnetically stirred chips. All work-up and purification procedures

were carried out with reagent-grade solvents under ambient atmosphere. Thin layer chromatography (TLC)
was performed on Merck TLC plates (0.25 mm) pre-coated with silica gel 60 F254 and visualized by UV
quenching and staining with KMnOs or ninhydrine. Flash column chromatography was performed on a Biotage
Isolera Spektra One with a Redisep column.

A-2. Characterizations

Infrared (IR) spectra were recorded on a HORIBA FT210 Fourier transform infrared spectrophotometer. NMR
spectra were recorded on a JEOL ECS-400. Chemical shifts (0) are given in ppm relative to residual solvent
peaks.! Data for 'TH NMR are reported as follows: chemical shift (multiplicity, coupling constants where
applicable, number of hydrogens). Abbreviations are as follows: s (singlet), d (doublet), t (triplet), dd (doublet
of doublet), dt (doublet of triplet), ddd (doublet of doublet of doublet), q (quartet), m (multiplet), br (broad).
For YF NMR, chemical shifts were reported in the scale relative to PhCFs (0 —62.7680 ppm in CDCls) as an
external reference. High performance liquid chromatography (HPLC) analysis was performed on Jasco

analytical instruments with single pump and UV detector. Optical rotation was measured using a 1 mL cell
with a 10 cm path length on a JASCO polarimeter P-1030. High-resolution mass spectra were measured on a
Thermo Fisher Scientific LTQ Orbitrap XL.

A-3. Solvents and reagents

THF, Et2O, DME, CPME, toluene, CH2Cl> and DMF were purified by passing through a solvent
purification system (Glass Contour). 2-Me-THF was purchased from Aldrich (anhydrous and inhibitor-
free). Nitroethane (3a), nitropropane (3b) and nitromethane (3d) were purchased from TCI Co. Ltd. and
nitroethane was used after distillation. Amide-based ligand 1a and ent-1a were prepared by the reported
procedure.? NdCls¢6H20 was purchased from Wako Pure Chemical Co. Ltd. and used after grinding with
a mortar. 2.0 M NaOBu/THF was purchased from Aldrich. All other starting materials were used as
supplied by commercial venders or prepared by the method described corresponding reference.
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B. Preparation of a-keto esters

Methyl benzoylformate (2a), ethyl benzoylformate (2p) were purchased from TCI Co. Ltd. a-Keto ester 2n? and
2q* were prepared according to the known procedure. a-Keto esters 2b, 2¢, 2d, 2e, 2f, 2g, 2h, 2j, 2k, 2] and 2m
were prepared by general procedure A. a-Keto esters 2b,® 2¢,? 2e,5 3f,5 3g,5 3h,? 31° and 3m?® are known
compounds.
1) SeO,, pyridine o
o 110 °C, 20 h /merMe
Ar)J\ 2) Mel, K,COj4 Al

DMF, rt., 2 h O

General procedure A: To a solution of functionalized acetophenone in pyridine (1.0 M) was added selenium
dioxide (2.0 eq.) at room temperature and the mixture was stirred at 110 °C for 20 h. After filtration of the
reaction mixture, the residue was washed with CH:Cl2 and the filtrate was concentrated in vacuo. The resulting
residue was used for the next reaction without further purification. To a solution of above residue in DMF (0.6
M) was added K2COs (3.0 eq.) and Mel (3.0 eq.) at 0 °C and the mixture was stirred at room temperature for 2
h. After quenching with 1 N HCI aq., the resulting mixture was extracted with Et20. The combined organic
layers were washed with sat. NaHCOs aq., 10% Na25:0s aq. and brine, then dried over Na:SOs. After
concentration in vacuo, the resulting residue was purified by silica gel chromatography (EtOAc/n-hexane) to
give the corresponding a-keto methyl ester.

Methyl 2-(3-methoxyphenyl)-2-oxoacetate (2d):

o Prepared by the general procedure A from 3’-methoxy acetophenone (1.00 g, 6.7
MeO OMe mmol, 1.0 eq.) and isolated as a colorless oil (1.20 g, 6.2 mmol, 93%); 'H NMR (400
MHz, CDCls) 8 7.58 (ddt, ] =1.0, 1.5, 8.0 Hz, 1H), 7.53 (dd, ] = 1.5, 2.7 Hz, 1H), 7.41
0] (dd, ] =8.0, 8.0 Hz, 1H), 7.21 (ddt, ] = 1.0, 2.7, 8.0 Hz, 1H), 3.98 (s, 3H), 3.87 (s, 3H);
13C NMR (100 MHz, CDCls) d 186.3, 164.4, 160.3, 134.0, 130.3, 123.6, 122.3, 113.6,
58.9, 53.1; IR (thin film) v 1741, 1686, 1598, 1582, 1488, 1432, 1253, 1198, 1156, 1019 cm-'; HRMS (ESI) calcd. for

C1H1004Na m/z 217.0482 [M+Na]*, found 217.0473

Methyl 2-(4-(tert-butyl)phenyl)-2-oxoacetate (2j):
Prepared by the general procedure A from 4’-tert-butyl acetophenone (1.50 g, 8.5
mmol, 1.0 eq.) and isolated as a colorless 0il (1.75 g, 7.9 mmol, 93%); '"H NMR (400
OMe MHz, CDCls) 8 7.96 (d, ] = 8.8 Hz, 2H), 7.53 (d, ] = 8.8 Hz, 2H), 3.97 (s, 3H), 1.35 (s,
o) 9H); 13C NMR (100 MHz, CDCls) 6 186.0, 164.6, 159.5, 130.4, 130.3, 126.3, 53.0, 35.7,
‘Bu 31.3; IR (thin film) v 2964, 1741, 1684, 1604, 1216, 1175, 1109, 1002, 853, 718 cm™;
HRMS (ESI) calcd. for Ci1sH16OsNa m/z 243.1003 [M+Na]*, found 243.0993

0]

Methyl 2-([1,1'-biphenyl]-4-yl)-2-oxoacetate (2k):
0 Prepared by the general procedure A from 4’-phenyl acetophenone (1.50 g, 7.6 mmol,
OMe 1.0 eq.) and isolated as a white solid (1.49 g, 6.2 mmol, 81%); 'H NMR (400 MHz,
CDCls) 6 8.10 (m, 2H), 7.74 (m, 2H), 7.64 (m, 2H), 7.51-7.43 (m, 3H), 4.01 (s, 3H); ©*C
0 NMR (100 MHz, CDCls) d 185.9, 164.4, 148.0, 139.8, 131.5, 131.1, 129.4, 129.0, 127.8,
127.7, 53.2; IR (thin film) v 1736, 1685, 1602, 1213, 1173, 1025, 1003, 855, 744, 695 cm;
HRMS (ESI) calcd. for CisH120sNa m/z 263.0690 [M+Na]*, found 263.0677

Ph
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Methyl 2-(2,4-difluorophenyl)-2-oxoacetate (2i):

0
F MeOHOMe F o
Br Mg, I, (o) OMe
THF, r.t. THF, -78 °C to -10 °C @

2i

To a flame-dried round bottom flask were added magnesium turnings (1.30 g, 53.4 mmol, 1.35 eq.), one small
piece of crystal of iodine and THF (16 mL) at room temperature. 1-Bromo-2,4-difluorobenzene (5.8 mL, 51.8
mmol, 1.3 eq.) in THF (24 mL) was added dropwise for 1 h at room temperature and the resulting mixture was
stirred for 15 min. The resulting mixture was added slowly to a solution of dimethyl oxalate (4.70 g, 39.8 mmol,
1.0 eq.) in THF (24 mL) at -78 °C. The mixture was stirred at -78°C for 3 h then the temperature was slowly
increased to -10 °C. After stirring for 1 h, 1 N HCl aq. was added slowly and the resulting mixture was extracted
4 times with EtOAc . The combined organic layers were washed with brine, and dried over Na2SOs. After
concentration in vacuo, the resulting residue was purified by silica gel chromatography (EtOAc/n-hexane) to
give methyl 2-(2,4-difluorophenyl)-2-oxoacetate (2i, 6.40 g, 32.0 mmol, 80%) as a pale yellow solid.; 'H NMR
(400 MHz, CDCls) d 7.98 (m, 1H), 7.04 (m, 1H), 6.91 (m, 1H), 3.96 (s, 3H); 1*C NMR (100 MHz, CDCls) 5 183.0,
167.9 (dd, ] = 12.4, 259.6 Hz), 164.8, 164.3 (dd, ] = 13.1, 258.8 Hz), 133.6 (dd, | =2.9, 10.9 Hz), 119.1 (dd, ] =3.7,
10.9 Hz), 113.6 (dd, ] = 3.6, 21.9), 105.7 (dd, ] = 24.8, 24.8 Hz), 53.8; F NMR (376 MHz, CDCls) -97.1, -106.8; IR
(thin film) v 1749, 1692, 1611, 1273, 1231, 1204, 1181, 1099, 1008 cm-'; HRMS (ESI) calcd. for CoHeF20:Na m/z
223.0188 [M+Na]*, found 223.0180

Methyl 2-oxo-4-(triisopropylsilyl)but-3-ynoate (20):

P 0 Cul, Et;N 0
=Z . Cl)H(OMe . /H(OMe
TIPS THF, rt, 12 h =
o) TIPS o)
20

To a solution of ethynyltriisopropylsilane (2.22 mL, 10 mmol) in THF (25 mL) were added Cul (190 mg, 1.0
mmol, 0.1 eq.) and EtsN (2.77 mL, 0.020 mol, 2.0 eq.) at room temperature, and methyl 2-chloro-2-oxoacetate
(1.11 mL, 12 mmol, 1.2 eq.) was added dropwise at 0 °C. The reaction mixture was stirred at room temperature
for 12 h. After quench with 1 N HCl aq. (25 mL), the resulting mixture was extracted with EtOAc (50 mL x 2).
The combined organic layers were washed with sat. NaHCOs aq. (25 mL) and brine (25 mL), and dried over
NazSO.. After concentration in vacuo, the resulting residue was purified by silica gel chromatography (EtOAc/n-
hexane) to give methyl 2-oxo-4-(triisopropylsilyl)but-3-ynoate (20, 1.97 g, 7.4 mmol, 74%) as a colorless oil.; 'H
NMR (400 MHz, CDClIs) ® 3.92 (s, 3H), 1.15 (m, 21H); 3C NMR (100 MHz, CDCls) & 168.9, 159.6, 105.9, 102.7,
53.9, 18.8, 11.3; IR (thin film) v 2947, 2868, 2147, 1763, 1747, 1685, 1268, 1101 cm-; HRMS (ESI) calcd. for
C1aH240sSiNa m/z 291.1398 [M+Na]*, found 291.1392

C. Preparation of catalyst for anti-selective catalytic asymmetric nitroaldol reaction

A flame-dried test tube (20 mL) was charged with NdCls¢6H20 (8.6 mg, 0.024 mmol) and amide based ligand
la (0.024 mmol), and dried under vacuum at room temperature at least for 5 min. Ar was backfilled
(evacuation/backfill was repeated 5 times) to the test tube, then THF (600 pL) was added at room temperature.
After stirring the resulting slightly cloudy suspension at 60 °C for 30 min, 2.0 M NaO'Bu/THF (72 uL, 0.144
mmol) was added slowly at the same temperature. After stirring the resulting mixture at 60 °C for 1 h (white
precipitate appeared), the mixture was cooled to room temperature and nitroethane (172 pL, 2.4 mmol) was
added. Self-assembly of Nd/Na catalyst initiated in a few minutes and the resulting mixture was stirred at room
temperature for 12 h to give a thick white suspension. The whole suspension was transferred to an Eppendorf
tube with THF washing (0.5 mL x 2). The tube was centrifuged at ca. 10,000 rpm for 30 sec. The supernatant
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was decanted and THF (1.6 mL) was added. The tube was agitated using a vortex mixer for 30 sec and
centrifuged again, then the supernatant was decanted (washing process). This washing process was repeated
again. The resulting precipitate was agitated with reaction solvent (1.6 mL) and a part of resulting suspension
(0.015 mmol/1000 pL) was used for anti-selective catalytic asymmetric nitroaldol reaction. (Note: THF and
nitroethane were essential for formation of the heterogeneous catalyst. Self-assembly did not proceed well with
a solvent other than THF nor a nitroalkane other than nitroethane.)

D. Representive procedure for anti-selective catalytic asymmetric nitroaldol reaction

A flame-dried 20 mL test tube was charged with 2-Me-THF (1120 pL) and catalyst suspension prepared in above
section (80 uL, 0.0012 mmol, 1 mol%) (total 1200 uL). After adding nitroethane (86 uL, 1.2 mmol, 10 eq.) at room
temperature, the mixture was cooled to —60 °C and then 0.82 M methyl benzoylformate (2a)/2-Me-THF (146 uL,
0.12 mmol) was added dropwise for 1 min. After stirring the reaction mixture at the same temperature for 20 h,
0.2 M AcOH/THF (500 uL) was added slowly and warmed to room temperature. H20O (1 mL) was added and
the resulting mixture was extracted with EtOAc (2 mL). The organic layer was dried over Na:250s. After removal
of volatiles under reduced pressure, the resulting residue was analyzed by 'H NMR to determine
diastereomeric ratio of product (anti/syn = >98/2). The crude product was purified by silica gel column
chromatography (EtOAc/n-hexane) to give 4aa as a white solid and a single diastereomer (27.7 mg, 11.5 mmol,
97%). Enantiomeric excess was determined by chiral HPLC analysis (99% ee).

Methyl (2R,35)-2-hydroxy-3-nitro-2-phenylbutanoate (4aa):
HO, CO,Me White solid; 27.7 mg (97%, reaction in 2-Me-THF), 27.8 mg (97%, reaction in THF); 'H NMR
N (400 MHz, CDCls) 8 7.65-7.63 (m, 2H), 7.43-7.34 (m, 3H), 5.35 (q, J = 6.8 Hz, 1H), 4.10 (s, 1H),
H 3.86 (s, 3H), 1.38 (d, ] = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCls) 6 173.0, 136.6, 128.9, 128.9,
NO, 125.5, 87.2, 78.7, 54.0, 13.1; IR (thin film) v 3499, 1733, 1555, 1449, 1389, 1360, 1260, 1176,
1157, 703 cm-1; HRMS (ESI) calcd. for CiiH1sNOsNa m/z 261.0686 [M+Na]*, found 262.0687;
[a]p® -44.3 (¢ 1.32, CHCls, 99% ee); HPLC analysis: Daicel CHIRALPAKIF, ¢ 0.46 cm x 25 ¢cm, n-hexane/i-PrOH
= 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 24.0 min (major), 15.3 min
(minor):

Racemic Sample Reaction Sample (2-Me-THF) Reaction Sample (THF)
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Methyl (2R,35)-2-hydroxy-3-nitro-2-(mn-tolyl)butanoate (4ba):
HO, CO,Me White solid; 28.9 mg (95%, reaction in 2-Me-THF), 28.7 mg (94%, reaction in THF); 'H
2 NMR (400 MHz, CDCls) d 7.45 (s, 1H), 7.40 (d, | = 8.0 Hz, 1H), 7.28 (dd, ] = 8.0, 8.0 Hz,
: 1H), 7.16 (d, J =8.0 Hz, 1H), 5.34 (q, ] =7.1 Hz, 1H), 4.08 (s, 1H), 3.85 (s, 3H), 2.38 (s, 3H),
NO, 1.39 (d, ] = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) d 173.3, 139.0, 136.8, 129.9, 129.1,
126.4,122.9, 87.5, 79.0, 54.2, 22.0, 13.5; IR (thin film) v 3491, 2955, 1738, 1552, 1439, 1387,
1360, 1263, 1236, 1160, 698 cm-!; HRMS (ESI) calcd. for Ci2H1sNOsNa m/z 276.0842 [M+Na]*, found 276.0844;
[a]p® -47.2 (¢ 1.39, CHCls, 98% ee); HPLC analysis: Daicel CHIRALPAKIF, ¢ 0.46 cm x 25 ¢cm, n-hexane/i-PrOH
= 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 17.5 min (major), 12.3 min
(minor):
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Methyl (2R,35)-2-hydroxy-3-nitro-2-(p-tolyl)butanoate (4ca):
HO, CO,Me White solid; 28.8 mg (95%, reaction in 2-Me-THF), 28.6 mg (94%, reaction in THF); 'H
N NMR (400 MHz, CDCls) 0 7.50 (d, ] = 8.1 Hz, 2H), 7.20 (d, ] = 8.1 Hz, 2H), 5.33 (q, /= 7.1
: Hz, 1H), 4.07 (s, 1H), 3.84 (s, 3H), 2.35 (s, 3H), 1.38 (d, ] = 7.1 Hz, 3H); 3C NMR (100 MHz,
NO, CDCls) 0 173.4, 139.1, 133.9, 129.9, 125.7, 87.5, 79.0, 54.2, 21.4, 13.4; IR (thin film) v 3491,
2955, 1739, 1553, 1510, 1448, 1388, 1360, 1261, 1157 cm!; HRMS (ESI) calcd. for
Ci2H1sNOsNa m/z 276.0842 [M+Nal*, found 276.0843, found 276.0844; [a]p% -41.8 (c 1.29, CHCls, 99% ee); HPLC
analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection
at 210 nm, flow rate = 1.0 mL/min, tr = 27.4 min (major), 15.6 min (minor):
Racemic Sample Reaction Sample (2-Me-THF) Reaction Sample (THF)
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Methyl (2R,35)-2-hydroxy-2-(3-methoxyphenyl)-3-nitrobutanoate (4da):
HO, CO,Me White solid; 30.0 mg (93%, reaction in 2-Me-THF), 29.1 mg (90%, reaction in THF);

N H NMR (400 MHz, CDCls) 8 7.31 (dd, ] = 8.0, 8.0 Hz, 1H), 7.22 (dd, | = 2.2, 2.2 Hz,
: 1H), 7.18 (ddd, | =0.7, 2.2, 8.0 Hz, 1H), 6.89 (ddd, ] =0.7, 2.2, 8.0 Hz, 1H), 533 (q, | =
NO, 6.8 Hz, 1H), 4.10 (s, 1H), 3.86 (s, 3H), 3.83 (s, 3H), 1.38 (d, ] = 6.8 Hz, 3H); 3C NMR
(100 MHz, CDCls) 5 172.9, 160.0, 138.2, 129.9, 117.7, 114.1, 111.6, 87.1, 78.6, 55.4, 54.0,
13.1; IR (thin film) v 3486, 2955, 1739, 1600, 1552, 1436, 1265, 1159, 1048, 695 cm-t; HRMS (ESI) calcd. for
C12Hi1sNOsNa m/z 292.0792 [M+Na]*, found 292.0796; [a]p® -49.1 (c 1.54, CHCls, 99% ee); HPLC analysis: Daicel
CHIRALPAKIF, @ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow
rate = 1.0 mL/min, tr =25.6 min (major), 19.0 min (minor):
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Methyl (2R,35)-2-(4-fluorophenyl)-2-hydroxy-3-nitrobutanoate (4ea):
HO CO,Me White solid; 29.1 mg (94%, reaction in THF); 'TH NMR (400 MHz, CDCls)  7.64-7.61 (m,
N 2H), 7.11-7.07 (m, 2H), 5.31 (q, ] = 7.1 Hz, 1H), 4.12 (s, 1H), 3.86 (s, 3H), 1.37 (d, | = 7.1
: Hz, 3H); 3C NMR (100 MHz, CDCls) 0 173.1, 163.3 (d, | = 247.2 Hz), 132.6 (d, ] =2.9 Hz),
NO, 1279 (d, ] = 8.0 Hz), 116.2 (d, ] = 21.9 Hz), 87.4, 78.7, 54.4, 13.3; YF NMR (376 MHz,
CDCls) -112.9; IR (thin film) v 3488, 1739, 1604, 1554, 1508, 1262, 1230, 1162, 840, 820 cm~
1, HRMS (ESI) calcd. for C1iH12NFOsNa m/z 280.0592 [M+Na]*, found 280.0593; [a]p® -35.0 (¢ 1.87, CHCls, 93%
ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min,
detection at 210 nm, flow rate = 1.0 mL/min, tz = 17.5 min (major), 31.8 min (minor):
Racemic Sample Reaction Sample (THF)

F

15.000 20.000 25.000 30.000 35.000 15.000 20.000 25.000 30.000 35.000
Retention Time [min] et -

Methyl (2R,35)-2-(4-chlorophenyl)-2-hydroxy-3-nitrobutanoate (4fa):
HO, CO,Me White solid; 31.0 mg (94%, reaction in THF); 'H NMR (400 MHz, CDCls)  7.58 (ddd, |
J =27,2.7,88Hz 2H),7.38 (ddd, J=2.7,2.7, 8.8 Hz, 2H), 530 (q, ] = 7.1 Hz, 1H), 4.12 (s,
: 1H), 3.86 (s, 3H), 1.38 (d, ] = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) d 172.9, 135.5,
NO, 135.4, 129.4, 127.4, 87.3, 78.7, 54.5, 13.3; IR (thin film) v 3485, 1739, 1554, 1486, 1439,
1388, 1360, 1260, 1155, 1011 cm-1; HRMS (ESI) calcd. for C1iH12CINOsNa m/z 296.0296
[M+Nal*, found 296.0297; [a]p® -27.8 (c 1.49, CHCls, 95% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm
x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 19.8
min (major), 42.4 min (minor):
Racemic Sample Reaction Sample (THF)
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Methyl (2R,35)-2-(4-bromophenyl)-2-hydroxy-3-nitrobutanoate (4ga):
HO CO,Me White solid; 36.5 mg (96%, reaction in THF); 'TH NMR (400 MHz, CDCls) 0 7.55-7.50 (m,
J 4H), 5.30 (q, ] =7.1 Hz, 1H), 4.11 (s, 1H), 3.86 (s, 3H), 1.38 (d, ] = 7.1 Hz, 3H); 3C NMR
: (100 MHz, CDCls) 5 172.5, 135.7, 132.1, 127.4, 123.3, 86.9, 78.5, 54.2, 13.0; IR (thin film)
NO, v 3486, 1739, 1555, 1487, 1439, 1388, 1360, 1260, 1155, 1011 cm-t; HRMS (ESI) caled. for
Cu1iH2BrNOsNa m/z 339.9791 [M+Na]*, found 339.9792; [a]p?> -27.4 (¢ 1.41, CHCls, 98%
ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min,
detection at 210 nm, flow rate = 1.0 mL/min, tr = 21.4 min (major), 48.5 min (minor):

Br
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Methyl (2R,35)-2-hydroxy-3-nitro-2-(4-(trifluoromethyl)phenyl)butanoate (4ha):
HO CO,Me White solid; 35.4 mg (96%, reaction in 2-Me-THF), 35.5 mg (96%, reaction in THF);
2 H NMR (400 MHz, CDCls) 6 7.80 (d, ] = 8.3 Hz, 2H), 7.67 (d, ] = 8.3 Hz, 2H), 5.36 (q,
Z J=6.8 Hz, 1H), 4.18 (s, 1H), 3.88 (s, 3H), 1.38 (d, ] = 6.8 Hz, 3H); 3C NMR (100 MHz,
NO, CDCls) 8 172.6, 140.9, 131.6 (q, ] = 31.8 Hz), 126.5, 126.2 (q, ] = 3.6 Hz), 124.1 (q, ] =
270.5 Hz), 87.2,78.9, 54.6, 13.4; YF NMR (376 MHz, CDCls) -62.8; IR (thin film) v 3490,
1742, 1556, 1328, 1264, 1167, 1128, 1113, 1070, 845 cm-!; HRMS (ESI) calcd. for Ci2H12FsNOsNa m/z 330.0517
[M+Nal*, found 330.0562; [a]p® -36.0 (c 1.52, CHCls, 98% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm
x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 37.5
min (major), 14.8 min (minor):
Racemic Sample Reaction Sample (2-Me-THF) Reaction Sample (THF)
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Methyl (2R,35)-2-(2,4-difluorophenyl)-2-hydroxy-3-nitrobutanoate (4ia):
F HO CO,Me Colorless oil; 26.1 mg (79%, reaction in 2-Me-THF), 29.4 mg (89%, reaction in THF); 'H
Q NMR (400 MHz, CDCls) 6 7.80-7.73 (m, 1H), 6.98-6.92 (m, 1H), 6.87-6.81 (m, 1H), 5.72 (q,
B ] =7.1Hz, 1H), 4.47 (s, 1H), 3.86 (s, 3H), 1.46 (d, | = 7.1 Hz, 3H); 3C NMR (100 MHz,
NO, CDCls) 5 172.9,163.9 (dd, ] =11.7, 250.1 Hz), 159.4 (dd, ] = 11.7, 249.4 Hz), 130.4 (dd, | =
5.1,9.5Hz), 120.7 (dd, J=4.4, 13.1 Hz), 112.4 (dd, ] =3.7, 21.2 Hz), 105.2 (dd, | = 26.3, 27.7
Hz), 84.9 (d, ] = 8.8 Hz), 77.6, 54.6, 13.4; ¥F NMR (376 MHz, CDCls) -105.5, -108.4; IR (thin film) v 3470, 1742,
1614, 1556, 1499, 1281, 1261, 1159, 1139, 975 cm-!; HRMS (ESI) calcd. for CtiH1uF2NOsNa m/z 298.0498 [M+Nal*,
found 298.0496; [a]p?> -17.2 (c 1.46, CHCls, 91% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm,
n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 15.4 min
(major), 12.2 min (minor):

F

Racemic Sample Reaction Sample (2-Me-THF) Reaction Sample (THF)
IS X
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Methyl (2R,35)-2-(4-(tert-butyl)phenyl)-2-hydroxy-3-nitrobutanoate (4ja):
HO, CO,Me White solid; 30.8 mg (87%, reaction in 2-Me-THF), 24.8mg (70%, reaction in THF); 'H
J NMR (400 MHz, CDCls) 7.53 (ddd, ] =2.2,2.2, 6.8 Hz, 2H), 7.40 (ddd, | =2.2, 2.2, 6.8
H Hz, 2H), 5.34 (q, ] = 7.1 Hz, 1H), 4.06 (s, 1H), 3.85 (s, 3H), 1.39 (d, | =7.1 Hz, 3H), 1.31
NO; (s, 9H); 3C NMR (100 MHz, CDCls)  173.4, 152.3, 133.8, 126.1, 125.5, 87.6, 79.0, 54.2,
34.9, 31.6, 13.5; IR (thin film) v 3491, 2961, 1738, 1553, 1387, 1362, 1262, 1158 cm-!;
HRMS (ESI) calcd. for CisH21Ns5Na m/z 318.1323 [M+Na]*, found 318.1315; [a]p® -29.7 (¢ 1.41, CHCls, 93% ee);
HPLC analysis: Daicel CHIRALPAK IF, @ 0.46 cm x 25 c¢cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min,
detection at 210 nm, flow rate = 1.0 mL/min, tr = 28.5 min (major), 11.3 min (minor):

By

Racemic Sample Reaction Sample (2-Me-THF) Reaction Sample (THF)

2 150000 2 100000
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Methyl (2R,35)-2-([1,1'-biphenyl]-4-y])-2-hydroxy-3-nitrobutanoate (4ka):
HO CO,Me White solid; 36.7 mg (97%, reaction in 2-Me-THF), 31.0 mg (82%, reaction in THF); 'H
J NMR (400 MHz, CDCls) 8 7.71-7.69 (m, 2H), 7.64-7.58 (m, 4H), 7.47-7.44 (m, 2H), 7.39-
7.36 (m, 1H), 5.39 (q, ] = 7.1 Hz, 1H), 4.14 (s, 1H), 3.88 (s, 3H), 1.44 (d, ] = 7.1 Hz, 3H);
NO, 3C NMR (100 MHz, CDClIs) 0 173.2, 142.1, 140.4, 135.8, 129.2, 128.1, 127.9, 127.4, 126.3,
87.5,79.0, 54.3, 13.5; IR (thin film) v 3540, 1731, 1538, 1308, 1261, 1069, 1003, 904, 742,
688 cm~; HRMS (ESI) calcd. for C1sH13N7OsNa m/z 338.0983 [M+Nal*, found 338.0996; [a]p% -28.3 (¢ 1.63, CHCls,
99% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0
mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 61.1 min (major), 25.2 min (minor):

Ph

Racemic Sample Reaction Sample (2-Me-THF) Reaction Sample (THF)

20.000 30.000 40.000 50.000 60.000 20.000 30.000 40.000 50.000 60.000 20.000 30.000 40.000 50.000 60.000
Retention Time (min ntion etention

Methyl (2R,35)-2-hydroxy-2-(naphthalen-2-yl)-3-nitrobutanoate (4la):
HO, CO,Me White solid; 33.7 mg (97%, reaction in 2-Me-THF), 32.4 mg (93%, reaction in THF); 'H
z NMR (400 MHz, CDCls) 6 8.18 (d, ] = 1.7 Hz, 1H), 7.90-7.84 (m, 3H), 7.67 (dd, ] = 2.0,
: 8.6 Hz, 1H), 7.55-7.51 (m, 2H), 5.49 (q, | =7.1 Hz, 1H), 4.24 (s, 1H), 3.87 (s, 3H), 1.41 (d,
NO> J=7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) d 173.6, 134.4, 133.8, 133.7, 129.4, 129.2,
128.2, 127.6, 127.4, 126.1, 123.2, 87.7, 79.6, 54.7, 13.8; IR (thin film) v 3535, 1740, 1550,
1362, 1264, 1242, 1206, 1163, 822, 753 cm-'; HRMS (ESI) calcd. for CisHisNOsNa m/z 312.0842 [M+Nal*, found
312.0844; [a]p? -81.5 (¢ 1.35, CHCls, 99% ee); HPLC analysis: CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-
PrOH =20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tz =42.9 min (major), 17.9 min
(minor):
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Methyl (2R,35)-2-hydroxy-3-nitro-2-(thiophen-2-yl)butanoate (4ma):
HO CO,Me Colorless oil; 23.2 mg (79%, reaction in 2-Me-THF), 25.0 mg (85%, reaction in THF); 'H
3 NMR (400 MHz, CDCls) 8 7.32 (dd, ] = 1.2, 5.0 Hz, 1H), 7.15 (dd, ] = 1.2, 3.7 Hz, 1H), 7.02
: (dd, J=3.7,5.0 Hz, 1H), 5.25 (q, ] = 6.8 Hz, 1H), 4.28 (s, 1H), 3.91 (s, 3H), 1.49 (d, ] = 6.8 Hz,

s
\ |

NO,

20.000 30.000 40.
o

Retention Time [min

3H); 3C NMR (100 MHz, CDCls) 6 172.3, 141.4, 128.0, 127.0, 125.6, 87.4, 78.2, 54.5, 13.3; IR

(thin film) v 3481, 1741, 1553, 1360, 1265, 1232, 1148, 712 cm-1; HRMS (ESI) calcd. for CsH11NOsSNa m/z 268.0261
[M+Nal*, found 268.0251; [a]p*-30.0 (c 1.21, CHCls, 98% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm
x 25 c¢m, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 35.5
min (major), 21.5 min (minor):
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Methyl (2R,35)-2-hydroxy-3-nitro-2-phenethylbutanoate (4na):
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Colorless oil; 26.0 g (81%, reaction in 2-Me-THF), 25.9 mg (81%, reaction in THF); 'H
NMR (400 MHz, CDCls)  7.31-7.26 (m, 2H), 7.23-7.18 (m, 1H), 7.17-7,14 m, 2H), 4.90 (q,

J=7.1Hz, 1H), 3.85 (s, 3H), 3.62 (s, 1H), 2.86-2.79 (m, 1H), 2.38-2.30 (m, 1H), 1.98-1.94

NO,

(m, 2H), 1.64 (d, ] =7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) o 174.1, 140.7, 128.9, 128.7,

126.7,87.5,78.2,53.9, 38.2, 30.0, 13.1; IR (thin film) v 3496, 1740, 1552, 1256, 1199, 701 cm~
1, HRMS (ESI) calcd. for CisH16NOs m/z 266.1034 [M-H]-, found 266.1031; [a]0?>7.1 (c 1.34, CHCls, 92% ee); HPLC
analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection
at 210 nm, flow rate = 1.0 mL/min, tr = 32.5 min (major), 24.2 min (minor):
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Methyl (R)-2-hydroxy-2-((S)-1-nitroethyl)-4-(triisopropylsilyl)but-3-ynoate (40a):
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Colorless oil; 32.2 mg (78%, reaction in 2-Me-THF), 29.2 mg (70%, reaction in THF); '"H
NMR (400 MHz, CDCls) 8 5.05 (q, ] = 7.1 Hz, 1H), 3.92 (s, 3H), 3.84 (s, 1H), 1.85 (d, ] =
7.1 Hz, 3H), 1.07-1.04 (m, 21H); 3C NMR (100 MHz, CDCls) d 170.7, 101.4, 91.1, 85.9,
72.5,54.7,18.8, 13.6, 11.3; IR (thin film) v 3490, 2946, 2867, 1751, 1559, 1387, 1261, 1148,



882, 679 cm-1; HRMS (ESI) calcd. for CisH2sNOsSi m/z 342.1742 [M-H]J, found 342.1746; [a]p%5.3 (¢ 1.38, CHCls,
91% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0
mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 8.8 min (major), 7.2 min (minor):
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Ethyl (2R,35)-2-hydroxy-3-nitro-2-phenylbutanoate (4pa):

HO CO,Et Colorless oil; 29.2 mg (96%, reaction in 2-Me-THF), 29.5 mg (97%, reaction in THF); 'H NMR
z (400 MHz, CDCls) 6 7.66-7.64 (m, 2H), 7.42-7.33 (m, 3H), 5.35 (q, J=7.1 Hz, 1H), 4.35-4.27 (m,
: 2H), 4.10 (s, 1H), 1.38 (d, ] = 7.1 Hz, 3H), 1.31 (t, ] = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls)
NO2  §172.7,137.1,129.1, 129.1, 125.9, 87.5, 78.8, 63.7, 14.2, 13.5; IR (thin film) v 3487, 1735, 1554,
1449, 1388, 1360, 1254, 1154, 1030, 702 cm~'; HRMS (ESI) calcd. for Ci12H1sNOsNa m/z 276.0842
[M+Nal*, found 276.084; [a]p? -34.7 (c 1.56, CHCls, 99% ee); HPLC analysis: CHIRALPAKIF, ¢ 0.46 cm x 25 cm,
n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 19.4 min

(major), 12.7 min (minor):
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Isopropyl (2R,35)-2-hydroxy-3-nitro-2-phenylbutanoate (4qa):
White solid; 30.4 mg (95%, reaction in 2-Me-THF), 31.9 mg (99%, reaction in THF); 'H NMR
(400 MHz, CDCls) d 7.66-7.64 (m, 2H), 7.42-7.33 (m, 3H), 5.33 (q, ] = 6.8 Hz, 1H), 5.12 (qq, | =
6.1, 6.1 Hz, 1H), 4.10 (s, 1H), 1.38 (d, ] = 6.8 Hz, 3H), 1.31 (d = 6.1 Hz, 3H), 1.26 (d, ] = 6.1 Hz,
3H); 3C NMR (100 MHz, CDCls) 6 172.2, 137.3, 129.1, 129.0, 125.9, 87.4, 78.7, 72.0, 21.8, 21.7,
13.5; IR (thin film) v 3518, 2985, 1732, 1546, 1445, 1359, 1269, 1175, 705, 607 cm-1; HRMS (ESI)
calcd. for CisHi7NOsNa m/z 290.0999 [M+Na]*, found 290.0998; [a]o*® -24.1 (c 1.22, CHCls, 99% ee); HPLC
analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection
at 210 nm, flow rate = 1.0 mL/min, tr = 16.2 min (major), 10.7 min (minor):
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Methyl (2R,35)-2-hydroxy-3-nitro-2-phenylpentanoate (4ab):
HO CO,Me Whitesolid;29.1 mg (96%, reaction in 2-Me-THF), 25.3 mg (83%, reaction in THF); 'H NMR

_ _Et (400 MHz, CDCls) d 7.66-7.64 (m, 2H), 7.43-7.34 (m, 3H), 5.16 (dd, ] = 3.2, 10.3 Hz, 1H), 4.21
: (s, 1H), 3.81 (s, 3H), 2.04 (ddq, ] =3.2, 7.6, 10.3 Hz, 1H), 1.56 (ddq, | =3.2, 4.4, 7.6 Hz, 1H),
NO> 0.90 (dd, ] = 7.6, 7.6 Hz, 3H); 3C NMR (100 MHz, CDCls) 8 172.9, 136.7, 129.3, 129.2, 125.8,
94.3,79.6,54.2,21.6,11.3; IR (thin film) v 3503, 2956, 1737, 1552, 1368, 1260, 1172, 1147, 743, 701 cm-; HRMS (ESI)
calcd. for CizH1sNOsNa m/z 276.0853 [M+Na]*, found 276.0844; [a]p® -34.2 (¢ 1.33, CHCls, 99% ee); HPLC
analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 ¢cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection
at 210 nm, flow rate = 1.0 mL/min, tr = 18.8 min (major), 11.7 min (minor):
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Methyl (2R,35)-4-((tert-butyldimethylsilyl)oxy)-2-hydroxy-3-nitro-2-phenylbutanoate (4ac):
HO CO,Me Colorless oil; 31.5 mg (71%, reaction in 2-Me-THF), 8.4 mg (19%, reaction in THF); 'H

N NMR (400 MHz, CDCls) d 7.68-7.65 (m, 2H), 7.44-7.36 (m, 3H), 5.37 (dd, | =2.9, 7.5
T OTBS  y, 1H), 444 (s, 1H), 4.10 (dd, ] = 7.5, 11.7 Hz, 1H), 3.82 (s, 3H), 3.79 (dd, ] =2.9, 11.7
NO2 Hz, 1H), 0.79 (s, 9H), -0.07 (s, 3H), -0.08 (s, 3H); 13C NMR (100 MHz, CDCls) 5 172.3,
136.7, 129.4, 129.3, 125.8, 93.2, 79.0, 61.0, 54.3, 25.9, 18.4, -5.5; IR (thin film) v 3490, 2955, 2931, 2858, 1740, 1558,
1360, 1258, 1122, 836 cm-!; HRMS (ESI) calcd. for Ci7H26NOeSi m/z 368.1535 [M-H], found 368.1536; [«]p?-25.4
(c 1.58, CHCls, 81% ee); HPLC analysis: Daicel CHIRALPAKIF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow
rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 9.0 min (major), 7.0 min (minor):
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Methyl (R)-2-hydroxy-3-nitro-2-phenylpropanoate (4ad):

Colorless oil; 25.7 mg (95%, reaction in 2-Me-THF), 26.8 mg (99%, reaction in THF); 'H
NMR (400 MHz, CDCls) 8 7.61-7.59 (m, 2H), 7.41-7.39 (m, 3H), 5.26 (dd, ] = 1.0, 14.2 Hz,
1H), 4.69 (d, ] = 14.2 Hz, 1H), 4.21 (d, ] = 1.0 Hz, 1H), 3.92 (s, 3H); *C NMR (100 MHz,
CDCls) 8 172.9, 136.9, 129.9, 129.6, 125.9, 81.5, 76.8, 54.8; IR (thin film) v 3490, 1739, 1559,
1377, 1270, 1229, 1139, 697 cmt; HRMS (ESI) caled. for CioH1oNOs m/z 224.0564 [M-H],
found 224.0565; [a]p®*10.3 (c 1.63, CHCls, -44% ee: Reaction sample (THF), (S) isomer major)); HPLC analysis:
Daicel CHIRALPAKIE, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm,
flow rate = 1.0 mL/min, tr = 28.1 min ((R) isomer), 33.6 min ((S) isomer):

HO, CO,Me
<__NO,
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Racemic Sample Reaction Sample (THF)
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Reaction Sample (2-Me-THF)

&

I ty [uV]

Intensity (1]
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Ethyl (R)-2-hydroxy-3-nitro-2-phenylpropanoate (4pd):

White solid; 27.8 mg (97%, reaction in 2-Me-THF), 26.4 mg (92%, reaction in THF); H
NMR (400 MHz, CDCls) d 7.62-7.60 (m, 2H), 7.43-7.37 (m, 3H), 5.26 (dd, ] = 1.0, 14.2 Hz,
1H), 4.68 (d, ] = 14.2 Hz, 1H), 4.42-4.32 (m, 2H), 4.22 (d, ] = 1.0 Hz, 1H), 1.34 (t, ] = 7.3 Hz,
3H); 3C NMR (100 MHz, CDCls) 8 171.7, 136.5, 129.2, 128.9, 125.3, 80.8, 76.0, 63.6, 14.0; IR
(thin film) v 3490, 1739, 1559, 1377, 1270, 1229, 1139, 697 cm-1; HRMS (ESI) calcd. for

HO CO,Et

O)\/NOZ

CuHisNOsNa m/z 262.0686 [M+Na]*, found 262.0688; [a]p% 5.5 (¢ 0.28, CHCls, -48% ee, Reaction Sample (THF),
(S) isomer major); HPLC analysis: Daicel CHIRALPAK IE, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate
23.7 min ((R) isomer), 26.8 min ((S) isomer):
Reaction Sample (THF)

=1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr =
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Isopropyl (R)-2-hydroxy-3-nitro-2-phenylpropanoate (5qd):
White solid; 29.4 mg (97%, reaction in 2-Me-THF), 27.0 mg (89%, reaction in THF); 'H
HQ COz’Pr NMR (400 MHz, CDCls) 8 7.50-7.48 (m, 2H), 7.30, 7.24 (m, 3H), 5.11 (dd, ] = 1.0, 14.2 Hz,
NO, 1H), 5.07 (tt, ] = 6.4, 6.4 Hz, 1H), 4.54 (d, ] = 14.2 Hz, 1H), 4.10 (d, ]=1.0 Hz, 1H), 1.22 (d, ]
= 6.4 Hz, 3H), 1.17 (d, ] = 6.4 Hz, 3H); 3C NMR (100 MHz, CDCls) d 171.5, 137.0, 129.4,
129.2, 81.1, 76.2, 72.3, 21.8, 21.8; IR (thin film) v 3487, 2986, 1730, 1555, 1380, 1278, 1247,
1146 cm; HRMS (ESI) caled. for Ci2HisNOsNa m/z 276.0842 [M+Na]*, found 276.0843; [a]p? -5.6 (¢ 1.58, CHCls,
78% ee, Reaction Sample (2-Me-THF), (R) isomer major); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x
25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 17.7

min ((S) isomer), 19.4 min ((R) isomer):
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E. Preparation of optically active 2-Me-THF

(S)-2-Me-THF was prepared by the following procedure and (R)-2-Me-THF was prepared by the same
procedure from ent-S1 ((S)-tetrahydrofuran-2-carboxylic acid, purchased from TCI Co. Ltd.).
1) MeOH, H,SO,4 1) LiAlHg4, tetraglyme

HO 65 °C, 6 h ot 80°C,2h oM Me
2) LIAIH,, THF 2) distillation, 150 °C
0°C,2h
$1 3) TsCl, Et3N, CH,Cl, S2 (S)-2-Me-THF
rt, 12 h

(R)-(Tetrahydrofuran-2-yl)methyl 4-methylbenzenesulfonate (S2):

To a solution of (R)-tetrahydrofuran-2-carboxylic acid (S1, 25.0 g, 0.215 mol, purchased from TCI Co. Ltd.) in
MeOH (250 mL) was added H2SOs (2 mL) at room temperature and the resulting mixture was stirred at 65 °C
for 6 h. After concentration in vacuo (40 °C, 100 hPa), H20 was added to the residue. The resulting mixture was
extracted with Et2O (100 mL x 5) and the combined organic layers were dried over Na:SOa. After condensation
in vacuo (40 °C, 100 hPa), the resulting residue was used for the next reaction without further purification. To a
suspension of LiAIH4 (16.3 g, 0.430 mol, 2.0 eq.) in THF (300 mL) was added a solution of the above residue in
THF (100 mL) dropwise at 0 °C for 1 h, and the resulting mixture was stirred at room temperature for 1 h. After
cooling mixture to 0 °C, H20 (20 mL), 15% NaOH aq. (20 mL) and H2O (60 mL) were added dropwise in
sequence, and the resulting mixture was stirred at room temperature for 1 h. After filtration though Celite pad,
the residue was washed with EtOAc (200 mL x 4). The combined filtrates were concentrated in vacuo (40 °C, 100
hPa) and sat. NH4Cl aq. (100 mL) was added to the residue. The resulting mixture was extracted with EtOAc
(200 mL x 5), and the combined organic layers were dried over Na2SOs. After concentration in vacuo (40 °C, 100
hPa), the resulting residue was used for the next reaction without further purification. To a solution of the above
residue in CH2Clz (150 mL) were added TsCl (41.1 g, 0.215 mol, 1.0 eq.) and EtsN (32.8 mL, 0.237 mol, 1.1 eq.) at
0 °C, and the resulting mixture was stirred at room temperature for 12 h. After filtration to remove EtsNeHClI,
the amine salt was washed with CH2Cl2 (100 mL), and 1 N HCI aq. (100 mL) was added to the filtrate. The
resulting mixture was extracted with CH2Cl2 (100 mL) and the organic layer was washed with sat. NaHCO:s aq.
(100 mL) and brine (100 mL), and dried over Na:50s. After concentration in vacuo, the resulting residue was
purified by silica gel chromatography (EtOAc/n-hexane) to give (R)-(tetrahydrofuran-2-ylymethyl 4-
methylbenzenesulfonate (52, 36.7 g, 0.143 mol, 67%) as colorless oil. Enantiomeric excess was determined by
chiral HPLC analysis (96% ee).; 'TH NMR (400 MHz, CDCls) 0 7.79 (d, ] = 8.3 Hz, 2H), 7.33 (d, ] = 8.3 Hz, 2H),
4.11-3.96 (m, 3H), 3.81-3.70 (m, 2H), 2.44-1.83 (m, 3H), 1.85-1.62 (m, 1H); 3C NMR (100 MHz, CDCls) d 145.1,
133.4,130.2, 128.3, 76.3, 71.8, 69.0, 28.2, 25.9, 22.0; IR (thin film) v 2953, 2874, 1358, 1189, 1175, 1095, 965, 815, 663,
554 cm-1; HRMS (ESI) caled. for Ci2H160sSNa m/z 279.0662 [M+Na]*, found 279.0660; [a]p?>-17.2 (c 1.05, CHCls,
96% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0
mL/min, detection at 254 nm, flow rate = 1.0 mL/min, tr = 58.6 min (S2), 82.1 min (ent-S2):
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To a suspension of LiAlH4 (8.15 g, 0.215 mol, 1.5 eq.) in tetraglyme (200 mL) was added a solution of (K)-
(tetrahydrofuran-2-yl)methyl 4-methylbenzenesulfonate (52, 36.7 g, 0.131 mol) in tetraglyme (50 mL) dropwise

39



at 80 °C for 1.5 h. After stirring the resulting mixture at 80 °C for 2 h, distillation apparatus (condenser,
thermometer and collection flask) was attached to the reaction flask. The collection flask was cooled to -78 °C
and the reaction mixture was warmed to 150 °C. Atmospheric distillation was continued until refluxing ceased,
delivering pure (S)-2-Me-THF (2.21 g, 0.0257 mol, 18%) to the collection flask as colorless oil. Synthesized chiral
solvent was treated with MS3A (100 mg, pellet type) to reduce water content (<50 ppm, KF) before the catalytic
reaction.; "H NMR (400 MHz, CDCls) 6 3.69-3.86 (m, 2H), 3.73-3.68 (m, 1H), 2.02-1.84 (m, 3H), 1.45-1.39 (m, 1H),
1.23 (d, ] = 3.4 Hz, 3H); *C NMR (100 MHz, CDCls) d 75.6, 68.1, 33.4, 26.2, 21.3; [a]p*21.4 (c 1.00, CHCls) (lit. ¢
[a]p?19.4 (c 1.43, CHCls))

F. Preparation of MWNT-confined catalyst and its application of the continuous flow reaction

A flame-dried test tube (20 mL) was charged with NdCls¢6H20 (8.6 mg, 0.024 mmol) and amide based ligand
1a (9.1 mg, 0.024 mmol), and dried under vacuum at room temperature at least for 5 min. Ar was backfilled
(evacuation/backfill was repeated 5 times) to the test tube, and THF (600 puL) was added at room temperature.
After stirring the resulting slightly cloudy suspension at 60 °C for 30 min, 2.0 M NaO'Bu/THF (72 uL, 0.144
mmol) was added slowly at the same temperature. After stirring the resulting mixture at 60 °C for 1 h (white
precipitate appeared), the mixture was cooled to room temperature, and MWNT (Baytube® C70P, 36 mg,
400wt% to ligand 1a) and nitroethane (172 pL, 2.4 mmol) were added to initiate self-assembly of catalyst in the
fibrous matrix of MWNT. After stirring at room temperature for 12 h, dried Celite (350 mg [pretreatment: Celite
(50 g) was suspended in THF (250 mL) then filtered, which was subsequently washed by THF (250 mL). The
washed Celite was dried under vacuum (ca. 0.6 kPa) at room temperature]) and THF (2 mL) were added to the
MWNT-catalyst suspension. The resulting mottled black/white suspension was transferred to YMC stainless-
steel empty column (¢ 4.6 x 100 mm) fitted with an end-capping bearing and 2 um stainless-steel frit at the
bottom under mostly Ar atmosphere (operated under the Ar flow with an inverted funnel). The elution of THF
was accelerated by suction from the bottom side using a syringe. All the solid material was transferred by
rinsing with minimum amount of THF (ca. 1 mL), then the top of the column was sealed with an end capping
bearing and 2 pm stainless-steel frit. The catalyst column and a syringe pump (Harvard PHP-ULTRA 4400)
were concatenated with stainless-steel tubing (inner diameter 1/16 inch) as shown in scheme 3. THF was passed
through column at 12 mL/h at room temperature for 2 h to wash the MWNT-confined catalyst, and
subsequently, 2-Me-THF solution of nitroethane (0.5 M) was passed through column at 3.0 mL/h at room
temperature for 1 h to activate the MWNT-confined catalyst. The catalyst column was immersed into a
cryogenic reactor operated at -60 °C. The combined substrate solution (methyl benzoylformate (0.05 M) and
nitroetane (0.5 M) in 2-Me-THF) was passed through column at 1.5 mL/h and the eluted sample for the first 2 h
was not collected because of reaction equilibration. After that, the nitroaldol reaction was occasionally
monitored (Table S1). Yield, diastereomeric ratio and enantiometric excess were determined using small aliquot
of the eluted sample. After 92 h, the collected eluent was concentrated in vacuo and the resulting residue was
analyzed by 'H NMR to determine diastereomeric ratio of product (anti/syn = >98/2). The crude product was
purified by silica gel column chromatography (EtOAc/n-hexane) to give 4aa (1.52 g, 6.35 mmol, 92%, 97% ee) as
a white solid and a single diastereomer. TON was calculated as 265.
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Table S1. Profile of flow reaction

d
) eluted passe NMR
duration . SM . . ee
in total . yield anti [syn
(h) in total o (%)
(mL) (%)
(mmol)

0-2 3.0 0.15 91 >98/2 95

2-4 6.0 0.30 99 >98/2 97

4-6 9.0 0.45 99 >98/2 98

6-20 30.0 1.50 99 >98/2 98

20-22 33.0 1.65 99 >98/2 98

22 -66 99.0 495 99 >98/2 98

66 - 68 102.0 5.10 99 >98/2 97

68 -90 135.0 6.75 96 >98/2 97

90-92 138.0 6.90 91 >98/2 94

G. Stereoselective synthesis of efinaconazole and albaconazole
Methyl (25,3R)-2-(2,4-difluorophenyl)-2-hydroxy-3-nitrobutanoate (ent-4ka):
F O Nd/Na heterobimetallic F HO CcO,Me
OMe catalyst 9 mol% -
(prepared from ent-1)
@] > NO,
F _ 2-Me-THF, -60 °C, 48 h F
2i ent-dia

A flame-dried round-bottom flask (30 mL) was charged with NdClse6H20 (108 mg, 0.300 mmol, 9 mol%) and
amide-based ligand enf-1a (114 mg, 0.300 mmol, 9 mol%), and dried under vacuum at room temperature for 5
min. Ar was backfilled (evacuation/backfill was repeated 5 times) to the test tube, and THF (7.5 mL) was added
using well-dried syringes and needles at room temperature. After stirring the resulting slightly cloudy
suspension at 60 °C for 30 min, 2.0 M NaOBu/THF (900 uL, 1.80 mmol, 54 mol%) was added dropwise at the
same temperature. After stirring the resulting mixture at 60 °C for 1 h (white precipitate appeared), the mixture
was cooled to room temperature and nitroethane (2.14 mL, 30.0 mmol, 3.0 eq.) was added. Self-assembly of
Nd/Na catalyst initiated in a few minutes and the resulting mixture was stirred at room temperature for 12 h to
give a thick white suspension. The whole suspension was transferred to a conical tube (50 mL) with THF
washing (6.25 mL x 2). The tube was centrifuged at ca. 4,000 rpm for 1 min. The supernatant was decanted and
THF (20 mL) was added. The tube was agitated using a vortex mixer for 1 min and centrifuged again, then the
supernatant was decanted (washing process). This washing process was repeated again. The resulting
precipitate was agitated with 2-Me-THF (20 mL) and the resulting suspension was transferred to a flame-dried
round-bottom flask (100 mL). After adding 2-Me-THF (30 mL) and nitroethane (3.57 mL, 50.0 mmol, 10 eq.), the
mixture was cooled to —78 °C and then a solution of methyl 2-(2,4-difluorophenyl)-2-oxoacetate (2i, 1.00 g, 5.00
mmol, 1.0 eq.) in 2-Me-THF (5.1 mL) was added dropwise for 5 min. After stirring the reaction mixture at the
same temperature for 48 h, 0.2 M AcOH/THF (6.25 mL) was added slowly and warmed to room temperature.
H20 (12.5 mL) was added and the resulting mixture was extracted with EtOAc (25 mL). The organic layer was
dried over Naz2SOu. After removal of volatiles under reduced pressure, the resulting residue was analyzed by
'"H NMR to determine diastereomeric ratio of product (anti/syn = 86/14). The crude product was purified by
silica gel column chromatography (n-hexane/ EtOAc) to give methyl (25,3R)-2-(2,4-difluorophenyl)-2-hydroxy-
3-nitrobutanoate (ent-4ia, 1.12 g, 82%) as a white solid and a single diastereomer. Enantiomeric excess was
determined by chiral HPLC analysis (91% ee).; HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-
hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 12.4 min (major),
15.9 min (minor):
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Methyl (25,3R)-3-((tert-butoxycarbonyl)amino)-2-(2,4-difluorophenyl)-2-hydroxybutanoate (S3):

H, (1 atm)
F 2 F
HO/,' CO,Me PdIC, Boc,0 HO/,' CO,Me
NO, MeOH, r.t., 12 h NHBoc
F F
ent-4dia S3

To a solution of ent-4ia (43.5 mg, 0.158 mmol, 91% ee) in MeOH (1 mL) were added Pd/C (10 mg [10 wt%Pd,
55% wet]) and Boc2O (138 mg, 0.632 mmol, 4.0 eq.), the resulting mixture was stirred at room temperature under
H: atmosphere (1 atm, balloon) for 12 h. After purging with Ar, the mixture was filtered through a syringe filter
and the filtrate was concentrated in vacuo. The resulting residue was purified by silica gel chromatography
(EtOAc/n-hexane) to give methyl (25,3R)-3-((tert-butoxycarbonyl)amino)-2-(2,4-difluorophenyl)-2-
hydroxybutanoate (83, 50.0 mg, 0.144 mmol, 92%) as a white solid. Enantiomeric excess was determined by
chiral HPLC analysis (91% ee).; 'H NMR (400 MHz, CDCls) d 7.67-7.60 (m, 1H), 6.89-6.85 (m, 1H), 6.83-6.78 (m,
1H), 4.94 (dt, ] = 6.6, 9.3 Hz, 1H), 4.85 (d, ] = 9.3 Hz, 1H), 4.25 (s, 1H), 3.76 (s, 3H), 1.48 (s, 9H), 1.04 (d, ] = 6.6 Hz,
3H); 3C NMR (100 MHz, CDCls) ® 174.8, 163.3 (dd, ] = 12.4, 248.6 Hz), 161.7 (dd, ] = 11.7, 251.6 Hz), 155.3, 130.3
(dd, J=5.1,9.5 Hz), 122.4 (dd, ] = 3.6, 12.4 Hz), 111.5 (dd, ] =2.9, 20.4 Hz), 105.1 (dd, ] = 24.8, 27.7 Hz), 79.9, 79.2
(d, J=4.4Hz), 54.0,50.4 (d, | = 8.0 Hz), 28.6, 16.1;F NMR (376 MHz, CDCls) -105.3, -110.3; IR (thin film) v 3450,
1723, 1614, 1501, 1367, 1262, 1245, 1165, 1136, 976 cm-'; HRMS (ESI) calcd. for CisH20F2NOs m/z 344.1315 [M-H]J,
found 344.1312; [a]p*-24.3 (c 1.41, CHCIs, 91% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm,
n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 12.9 min
(major), 11.4 min (minor):
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tert-Butyl ((2R,3S5)-3-(2,4-difluorophenyl)-3,4-dihydroxybutan-2-yl) carbamate (10):

F HO coO,Me FHO ,—OH
g NaBH, g
NHBoc THF/MeOH NHBoc
F rt, 12 h F
S3 10

To a solution of S3 (100 mg, 0.290 mmol) in THF (5 mL) and MeOH (0.5 mL) was added NaBHa4 (32.9 mg, 0.869
mmol, 3.0 eq.) at 0 °C and the resulting mixture was stirred at room temperature for 12 h. After quenching with
sat. NH4Cl aqg. (4 mL), the resulting mixture was extracted with EtOAc (8 mL x 4). The combined organic layers
were dried over Na:SOs and concentrated in wvacuo. The resulting residue was purified by silica gel
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chromatography (EtOAc/n-hexane) to give fert-butyl ((2R,35)-3-(2,4-difluorophenyl)-3,4-dihydroxybutan-2-
yl)carbamate (10, 83.6 mg, 0.263 mmol, 91%) as a white solid.; "TH NMR (400 MHz, CDCls) o 7.65-7.59 (m, 1H),
6.92-6.87 (m, 1H), 6.81-6.76 (m, 1H), 4.86 (d, ] = 8.8 Hz, 1H), 4.29 (dt, ] = 6.7, 8.8 Hz, 1H), 3.90 (m, 2H), 3.77 (brs,
1H), 2.31 (brs, 1H), 1.46 (s, 9H), 0.93 (d, ] = 6.7 Hz, 3H); *C NMR (100 MHz, CDCls) 0 162.9 (dd, | = 12.4, 247.9
Hz), 159.4 (dd, | = 11.7, 246.5 Hz), 156.8, 130.7 (dd, | = 6.6, 9.5 Hz), 125.3 (d, ] = 13.1 Hz), 111.6 (dd, ] = 3.7, 20.4
Hz), 104.6 (dd, J=24.8, 27.7 Hz), 80.4, 78.8 (d, ] =5.1 Hz), 61.3, 50.2, 28.7, 16.7;F NMR (376 MHz, CDCls) -107.8,
-111.6; IR (thin film) v 3440, 2980, 2937, 1690, 1616, 1499, 1166, 1061, 968, 850 cm-'; HRMS (ESI) calcd. for
CisH21F2NOsNa m/z 340.1331 [M+Na]*, found 340.1334; [a]p%-0.3 (¢ 0.81, CHCls, 91% ee)

tert-Butyl ((2R,3R)-3-(2,4-difluorophenyl)-3-hydroxy-4-(1H-1,2,4-triazol-1-yl) butan-2-yl)carbamate (12):

I\
1,2,4-triazole F o 1,2,4-triazole N, D
F'HO y—OH  Tsunoda's reagent - K,CO N
2 2CO3
L _ F HO
toluene, 80 °C, 3 h DMF, 70 °C, 11 h -
NHBoc E NHBoc
F NHBoc
10 11 F
12

To a suspension of 10 (340 mg, 1.07 mmol, 1.0 eq.) and 1,2,4-triazole (74 mg, 1.07 mmol, 1.0 eq.) in toluene (6.7
mL) was added (cyanomethylene)tributylphosphorane (Tsunoda’s reagent, 309 puL, 1.17 mmol, 1.1 eq.) at room
temperature and the resulting mixture was stirred at 80 °C for 3 h. After concentration in vacuo, the resulting
residue was used for the next reaction. To a solution of the above residue in DMF (5.3 mL) was added 1,2,4-
triazole (88 mg, 1.27 mmol, 1.1 eq.) and K2COs (444 mg, 3.21 mmol, 3.0 eq.) at room temperature, and the
resulting mixture was stirred at 70 °C for 11 h. After cooling the reaction mixture to room temperature, H.O
was added and the aqueous layer was extracted 3 times with EtOAc. The combined organic layers were washed
8 times with small amount of H2O and one time with brine and dried over Na2SOs. After concentration in vacuo,
the resulting residue was purified by silica gel chromatography (EtOAc/n-hexane) to give tert-butyl ((2R,3R)-3-
(2,4-difluorophenyl)-3-hydroxy-4-(1H-1,2,4-triazol-1-yl)butan-2-yl)carbamate (12, 312 mg, 0.847 mmol, 79% for
2 steps) as a white solid.; 'TH NMR (400 MHz, CDCls) 8 7.79 (s, 1H), 7.77 (s, 1H), 7.39-7.30 (m, 1H), 6.77-6.69 (m,
2H), 5.08 (d, J]=9.0 Hz, 1H), 5.07 (s, 1H), 4.99 (d, ] = 14.4 Hz, 1H), 4.52 (d, ] = 14.4 Hz, 1H), 4.38 (dt, ] =6.9, 9.0 Hz,
1H), 1.48 (s, 9H), 0.90 (d, ] = 6.9 Hz, 3H); *C NMR (100 MHz, CDCls) 8 163.4 (dd, | = 12.1, 248.6 Hz), 158.8 (dd, |
=11.7, 244.3 Hz), 156.4, 152.7, 144.7, 130.8 (dd, | = 6.6, 9.5 Hz), 124.2 (dd, ] =4.4, 13.9 Hz), 112.3 (dd, ] =2.9, 204
Hz), 104.8 (dd, ] = 26.3, 27.7 Hz), 80.5, 79.4 (d, ] = 5.1 Hz), 55.7 (d, ] = 5.8 Hz), 51.1 (d, ] = 36.5 Hz), 29.1, 16.8; °F
NMR (376 MHz, CDCls) -108.9, -110.1; IR (thin film) v 3344, 1709, 1618, 1500, 1367, 1273, 1167, 1140, 1065, 965
cm'; HRMS (ESI) caled. for Ci7H21F2N4Os m/z 367.1587 [M-H],, found 367.1585; [at]p®-79.7 (c 0.64, CHCls, 91%
ee)

Efinaconazole (8):

//—N
N N
™ N
Ny 1) 4 N HCI/1,4-dioxane F HO
rt,2h g
F HO
y 2) Br- Br N
F
DIEA, DMA
. NHBoc \H‘)/ 80 °C, 24 h
13 14

efinaconazole (8)

13 (60 mg, 0.163 mmol, 1.0 eq.) was treated with 4 N HCl/1,4-dioxane (1.6 mL) at 0 °C. After being stirred at
room temperature for 2 h, the reaction mixture was concentrated in vacuo. The amorphous white solid was
obtained and used for the next reaction without further purification. To a solution of the above solid in DMA
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(650 uL) was added DIEA (94 uL, 0.541 mmol, 3.3 eq.) at room temperature. After 5 min of vigorous stirring, a
solution of 3-methylene-1,5-dibromopentane (14, 43 mg, 0.180 mmol, 1.1 eq.) in DMA (650 uL) was added at
room temperature. After stirring the reaction mixture at 80 °C for 24 h, H:O was added at room temperature.
The resulting mixture was extracted 4 times with EtOAc and the combined organic layers were washed 8 times
with H20, and dried over Na:504. After concentration in vacuo, the resulting residue was purified by silica gel
chromatography (EtOAc/n-hexane) to give efinaconazole (8, 32 mg, 0.091 mmol, 56% for 2 steps) as a white
solid.; 'H NMR (400 MHz, CDCls) 6 8.00 (s, 1H), 7.77 (s, 1H), 7.53-7.47 (m, 1H), 6.80-6.70 (m, 1H), 5.44 (s, 1H),
4.87 (d, ] =14.7 Hz, 1H), 4.79 (d, ] = 14.7 Hz, 1H), 4.63 (s, 2H), 2.90 (q, ] = 7.1 Hz, 1H), 2.69 (br s, 2H), 2.34 (br s,
2H), 2.26-2.15 (m, 4H), 0.94 (dd, ] =2.4, 7.1 Hz, 3H); *C NMR (100 MHz, CDCls) 8 164.1 (dd, | = 12.4, 247.9 Hz),
158.9 (dd, ] =11.7, 244.3 Hz), 151.7, 146.3, 144.8, 131.1 (dd, ] = 5.8, 9.5 Hz), 125.0 (dd, ] = 3.7, 13.1 Hz), 111.8 (dd,
J=29,20.4 Hz), 108.5, 104.4 (dd, ] = 25.5, 28.4 Hz), 78.0 (d, ] = 5.8 Hz), 64.8, 56.2 (d, ] = 8.0 Hz), 52.8 (br s), 35.5,
7.9 (d, ] =3.7 Hz); “F NMR (376 MHz, CDCls) -106.0, -111.0; IR (thin film) v 3421, 3073, 2978, 2938, 2899, 2810,
1615, 1498, 1418, 1273, 1241, 965 cm-'; HRMS (ESI) calcd. for CisH21F2NsO m/z 347.1689 [M-H]J, found 347.1690;
[a]p?-81.5 (¢ 1.00, CHCl3, 91% ee)

Albaconazole (9):
7\
N, D 1) 4 N HCI/1,4-dioxane
N rt,2h
F HO . 0o
' 2) 2 EDCI-HCI, HOBt
HO 2,6-lutidine, DMF N
E NHBoc J\Q\CI rt, 24 h
13 15
3) N,N-dimethylformamide dimethyl acetal Cl
MeOH, 70 °C, 24 h albaconazole (9)

13 (30 mg, 0.081 mmol, 1.0 eq.) was treated with 4 N HCl/1,4-dioxane (1.6 mL) at 0 °C. After being stirred at
room temperature for 2 h, the reaction mixture was concentrated in vacuo. The amorphous white solid was
obtained and used for the next reaction without further purification. To the solution of the above solid and 4-
chloroanthranillic acid (15, 14 mg, 0.081 mmol, 1 eq.) were added EDCI*HCI (19.0 mg, 0.099 mmol, 1.2 eq.) and
2,6-lutidine (29 pL, 0.248 mmol, 3.0 eq.). After stirring at room temperature for 24 h, MeOH (270 pL) and N,N-
dimethylformamide dimethyl acetal (43 uL, 0.320 mmol, 4.0 eq.) was added. The resulting mixture was heated
to 70 °C and stirred for 24 h and H20 was added at room temperature. The resulting mixture was extracted 2
times with EtOAc and the combined organic layers were washed 8 times with H20 and 1 time with brine, and
dried over Na2SOs. After concentration in vacuo, the resulting residue was purified by silica gel chromatography
(EtOAc/n-hexane) to give albaconazole (9, 23 mg, 0.053 mmol, 65% for 3 steps) as a white solid.; "H NMR (400
MHz, CDCls)  8.58 (s, 1H), 8.26 (d, ] =8.6 Hz, 1H), 7.76 (s, 1H), 7,75 (d, ] =2.0 Hz, 1H), 7.73 (s, 1H), 7.50-7.44 (m,
2H), 6.86-6.78 (m, 2H), 5.91 (dq, ] = 1.5, 7.1 Hz, 1H), 5.33 (d, ] = 1.5 Hz, 1H), 5.15 (d, ] = 14.2 Hz, 1H),4.01 (d, | =
14.2 Hz, 1H), 1.29 (d, ] =7.1 Hz, 3H); ®*C NMR (100 MHz, CDCls) 8 163.5 (dd, ] =13.1, 250.8 Hz), 161.4, 158.4 (dd,
J=11.7,245.0 Hz), 152.3, 148.5, 147.3, 144.4, 141.5, 130.8 (dd, | = 5.8, 9.5 Hz), 129.0, 128.5, 127.3, 123.0 (dd, ] = 3.7,
13.1 Hz), 120.0, 112.3 (dd, | = 2.9, 20.4 Hz), 104.9 (dd, ] = 25.5, 27.0 Hz), 78.6 (d, ] = 5.1 Hz), 54.8 (d, ] = 5.8 Hz),
51.8 (J=3.7 Hz), 15.7;"F NMR (376 MHz, CDCls) -108.6, -108.8; IR (thin film) v 3384, 1674, 1602, 1499, 1462, 1404,
1275, 1141, 966, 756 cm1; HRMS (ESI) calcd. for C20HisCIF2N5O2 m/z 430.0888 [M-H], found 430.0898; [a]p%-7.9
(¢ 0.99, CHCls, 91% ee)
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H. Initial Rate Kinetic Study

Initial rate kinetics with variable initial concentration of a-keto ester (3a)

Nd/Na heterobimetallic
HO CO>Me
O Et catalyst 9 mol% 2
J v o !
Ph™ "CO;Me NO, 2-Me-THF, -78 °C NO,
2a: 0.06, 0.12, 0.24, 0.36 mmol 3b: 1.2 mmol 4ab

Experiments were done in a similar manner as described in section 2-3.
By assuming pseudo first-order consumption of 2a to give 4ab, In vobs is plotted versus In [2a] (Figure S1),
showing 0.91th order dependency in initial concentration of the catalyst components.

[za] U obs
0.36 mmol 0.3 M 0.0374 M/h
0.24 mmol 02M 0.0218 M/h
0.12 mmol 0.1M 0.0173 M/h
0.06 mmol 0.05M 0.0052 M/h

0.1 0.0
y=0.0374x+0.0128
R?=0.998 -05
0.08
-1.0 y=0.91x+1.7095
= R?=0.9243 (]
=3 0.06 y =0.0218x+0.007
;3' R?=0.996 0.36 mmol = -15 .
3 0.24 mmol = g
2 0,04 20
o ¥ 0.0173x+0.0021 & 0 12 mmol
- < R?=0.9963 .
0.06 mmol -25
T
0.02 e
I y ~0.0052x+0.0013 -30 Oe
o R?=0.9886
0 -35
0 05 1 15 2 25 -5.5 -5 -4.5 -4 -35 -3
Time (h) In [2a]

Figure S1. Initial rate kinetic study on the concentration of a-keto ester (2a).
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I. Determination of Absolute Configuration

The absolute configuration of nitroaldol product 4a was determined by X-ray crystallographic analysis. Single
crystals of 4aa were obtained from a solution of n-hexane. A suitable crystal was selected and the sample was
measured on a Rigaku R-AXIS RAPID diffractometer using graphite monochromated Cu-Ka radiation. The
data were collected at 93 K. Refined structure and crystallographic parameters are summarized in Figure S2
and Table S2. The ORTEP diagram was drawn by Mercury 3.8. CCDC 1856272 contains the supplementary

crystallographic data for 4aa.

The absolute configuration of nitroaldol product were 4pa® and 4qa® determined by comparison of its chiral

Figure S2. ORTEP diagram of 4aa. Color code; grey: C,
white: H, blue: N, red: O

HPLC retention time with literture data.
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Table S2. Selected crystal data of 4aa

Empirical Formula CuHisNOs
Formula Weight 239.23
Crystal Color, Habit colorless, platelet
Crystal Dimensions 0.200 x 0.050 x 0.010
mm
Crystal System orthorhombic
Lattice Parameters
a 5.5866(4) A
b 7.8505(5) A
c 26.064(2) A
V 1143.07(15) A
Space P212121 (#19)
Group
Z value 4
Dealc 1.390 g/cm?
R1 0.0594
Flack parameter” -0.0(3)
Fooo 504
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2ECTHAT a- 7 b T AT ND anti SERAIMBEIAFT = P v T F = A RIGOREHICE T, 1-7 7=V
DBOFEL7ZYT I PRELT 1b D -0 4 > v H L8 L7 1a & 3D = F v F BRI %2R 3 5
TR AR % 1572 (Scheme 1. BCfZ T-HETOFMIZ 3 — 2 318, AR LM A -7 2 7 Bhsk o iz 72
OMBREMEAREEY ST TE ZAREEZ TR L Tl 0. AR CHMICHET L %2,

Scheme 1. Enantiodivergence in anti-selective catalytic nitroaldol reaction

diamide ligand:
ratio O Me ,  OH
diamide ligand 1 EtNO,/THF HO N)\H/N
NdCl3-6H,0 1 — H o
NaO'Bu 6 ' , F b F HO, CO,Me
{ 75% ee
0 Nd/Na heterobimetallic NO,
catalyst 9 mol% (+)-4aa, (25,3R)
COZMe + ’\g ’
2 THF, —60 °C, 20 h HO, CO,Me
2a 3a )
H 95% ee
. NO,
O 'Bu H OH
HO /kn/N (-)-4aa, (2R,3S)
H
F © F
1a

82



3-2 WAL )

L-7 3/ BEEROL 2 Rk 2 12U X 8 72 TN T 1asj 2 O SR & 72 B 2 LB @bt 2 W C. o-7 P TR T
N2l bR IXVORIGEIT Y, TF v FAEREZ KL 72(Table 1), £ 3. KD L-m A & v H 5
B 72BA7 T 1a (R =Bu)ld(-)-4aa % 95% ee D TF v F A E R TH 2 z(entry 1) —J7. L-T 7 =V D bif
B L 72BA7 T 1b (R = Me) 133 D FURFNEAR T H 5 (+)-4aa % 75% ee TH Z 7z (entry 2), % D fth D ELALT-(1e-f)
2> DB L 72 fili Y 1a & Al U(-)-4aa 23 FFREE OFEIRTE(33-72% ee) TH- Z (entry 3-7). (WEZ G 272 1b 55
—RFEST 72T K E W 1c (R = Bty HR DAl & ZIRPE 1R D D D () ik % FA ) & 5 2 7= (entry 3)2 A LoD
MR LY. 1) REICOARFIIENL T OAF LD A Z BT L T EIRTIE AL, fillits 2 22 -0
KEGEICERT 2 AF 2L CHRI TV S Z & 2) Ao TARRGE IXF 7 E oo 3 4 Xick
R ERT. YA XHBERS/NT 0 1b 55 IF ORI T & 1357 2 ASERME % 5 2 5 il S 2 TR X
N5 LRI,

Table 1. Ligand screening

ratio
diamide ligand 1a-j 1 EtNO,/THF -
NdCl;-6H,0 1T —— =
NaOBu 6 = : HO CO,Me A’N)\ J’tﬂ{i 4M/ \WK ﬁ SV\
0o Nd/Na heterobimetallic ©/SNZZ 1a 1b 1c 1d 1e 1f 19

. ( catalyst 9 mol% (+)-4aa, (2S,3R)°
CO,Me NO, . o R . OH Ph
THF, 60 °C, 20 h HO, CO,Me Ho N)\WN jw/ ﬂﬁ
3 noT
B - F 1h 1i 1j
NO, diamide ligand 1
(-)-4aa, (2R,3S)°

) Self-  Pproduct®  VYield® ) %ee’ . Self-  Product’  VYield® . %ee'
Rty e assembly®  (4aa) (%) anti/syn® (anti) Enry  Ligand assembly®  (4aa) (%) et (anti)
1 1a T+ () 97 > o982 95 6 1 ++ ) 99 95/5 56
2 1b ++ (+) 99 > 98/2 75 7 1g ++ (=) 99 94/6 0
3 1c ++ ) 84 94/6 41 8 1h + ) 31 90/10 5
4 1d + (=) 97 92/8 33 9 1i — - trace -
5 1e ++ =) 99 96/4 72 10 1j - - trace

“2a:0.12 mmol, 3a: 1.2 mmol. * The absolute configration of nitroaldol product 4aa was determined by comparing its chiral HPLC retention time with
published data. “ Amount of precipitation by self-assembly; ++: high, +: moderate, — low. ¢ Optical rotation. “ Determined by 'H NMR analysis.
/Determined by chiral HPLC analysis.

S OEEE 2R ORMT 1h-1) Z AW AGE I RICBIE L A EHEITL kd o7, T o DERALT A & (AR i
FEEA R oS, @Y eSSt s b o b BEZ TV D,
83



3 -3 IGABEORET

HIHC T F v FAEREO MR /L O BN T 1b 2V, SOGESEOWMET % 1T - 72 (Table 2). Entry1-8
TI—FARAREERG L7 & 2 A, THE I CRIG L 72358 D A iEn» T F v F 48R C(+)-4aa 285 5 Lz,
PO dbInhTtr v FHERETH-baa %5272 0D, ZNLHND TR TCO T —F7 LV RIEHF T(-)-daa
FEARYE LCTE 272, ¥ MIBE ZAS L L THWEEE 70% ee & HEHE W F v F 48R ©
()-d4aa B LNz, A LT —F A RIEHTH % THF & MTBE F T8 74 3 T v FAERM% 5 2 72 5 513 6
HREe, . T— T AR DEED D b ()-4aa 28 FAEBY & L TE S L7z (entry 11-14),

THF HCOH T F v FAERMEDMHR L O 7GR IE. /NS REBEICR ORI T 1b 2> 5 i3 X 2 fist
Bxa v o827 F 7 THE %47 & LCHUD AT ARMA S b, THE ZHUY AA 7ZHEH. Al o SR iiE 2558 o
ISV FAT— %52 REBICENL., Pdaa k FAERY L LTExZEEZTW D,

Table 2. Solvent screening

HO, CO,Me
o Nd/Na heterobimetallic NO, o Me p—
( catalyst 9 mol% (+)-4aa, (ZS,3R) HO “
COZMe + NO H
2 solvent, —-60 °C, 20 h HO pone ® o F
2a° 3a? S diamide ligand 1b
NO,

(-)-4aa, (2R,3S)

c ; d 0, e C R d 0, e
entry solvent® pr&dau;)t ygg anti/syn® (/z:iSi) entry solvent” pr&?ar;t yyj/lg anti/syn (/aoﬁte; )
1 THF ) 99 > o982 75 8 CPME [ 99 97/3 50
2 2-Me-THF ) 99 > 982 20 9 MTBE ) 97 97/3 70
3 25MeyTHF () 97 96/4 26 10 toluene ) 79 94/6 67
4 Et,0 =) 99 04/6 35 11 EtOAC e 88 96/4 31
5 "Pr,0 * 66 9317 2 12 "ProAc ) 74 96/4 54
6 4-Me-THP ) 96 97/3 55 13 CH,Cl, A 9 84/16 70
7 DME (-) 89 97/3 65 14 EtCN -) 30 87/13 49

“2a:0.12 mmol, 3a: 1.2 mmol. "2,5-Me,-THF: 2,5-dimethyltetrahydrofuran (mixture of isomers), 4-Me-THP: 4-methyltetrahydropyran,
CPME: cyclopentyl methyl ether, MTBE: tert -butyl methyl ether. ‘Optical rotation.  Determined by "H NMR analysis. ‘ Determined by
chiral HPLC analysis.

b AR ICIKTE L C = v FARIRME SIS 2 B IRSEM LN T3 125, = — 7 L% ORI+ CgR A5t 3
DRIGIEZNE T TR 1FIL2HM S Twiny, RE, ZEELIX* /7 9V vtk o 7 b8 ARE D T 2 B+
& L7z Pd it % 72 SRR e = 0 v F B IRIAF AR A v 7Y v 7% WRE L T 5 2, 2 O JKIE TGS
DME & MTBE 04T v FAERERIHIE L, 220 RIE, SERIEVIEERECTCR NS,

Nagata, Suginome et al. (2014)

helical polymer ligand (R)-form

(1.2 eq.) (P/Pd = 2) DME P(O)(OMe), 45%yield O
OO 91% ee PPh,
N OR N O R= }J}(oc H
= 5111
OO SN O} SN
[¢]
50

B(OH), Pd,dbag (2.5 mol%)
1000

KsPO,
P(O)(OMe),
(S)-form helical polymer ligand
P(0)(OMe), 71%yield cleslpeymerisan
(1.0 eq.) OO 93% ee
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RARE T O RIS

I CHEA L 72 BB R O MR % 0 2 2010, (1)ik % 52 3 THF & ()% 5.2 3 MTBE %8 % 7 LG
G LR CRISZ TV, = v F &R PE % I L 72 (Figure 1), % Of5%. MTBE 25&#TH > T,
THF % 20% 17 E T UL, ()IE%E FERY E LT 5 2 & Dbd -7+ 7%ee)o ARERIE, 2 v %27 b Clfl
AED E\ THF 25 MTBE IC5E L THRIEICHIAZ L T3 2 & Z/R LTk b, THF OfIE~ELNI 23T F v F 4%
R EE 52 Tw 3 KERAHLTH %,

Figure 1. Enantioselectivity of reactions in combined solvent (THF/MTBE)

0]

v

2a?

HQ, CO,Me

Nd/Na heterobimetallic NO,
catalyst 9 mol% (+)-4aa, (2S,3R)

THF/MTBE

O Me

@%W @
F © F

. HO CO,Me
3a° —60°C,20h S diamide ligand 1b
NO,
(-)-4aa, (2R,3S)
75 X
75%ee
50 X
X
X

25 7%ee
[«}]
S o x
s~

-25

-50

-70%ee
75 %X o
\0J< THF 0% 25% THF 50% 75% THF 100% § 7
MTBE 100% 75% MTBE 50% 25% MTBE 0%
MTBE THF
Ratio of THF/MTBE
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3 -5 SHE-fRHEomE

FEfz 1 1b O AR AT S D B8 — Wt % i~ 72 (Scheme 2), THF & MTBEH CRIGE{To72 & T 5,
TRCORE T F v F HEREDMIES R ONT, 7227 by 2-F 7 F 47 b v ZlRET CRIF
IFVvFAREREE G 2, 2hE @k, iS5 27, BETHGERETH 2 Me £%° OMe 2N EBHL 72 7
AT YL REESIELNDE MIBE HCEWIF v F &R 25272, —f. BTREIMEETH 2
Br® CERENEMRLEZ7 2= A7 b2 biE@ERE5 22 THF R TRV F v FAEREZ 5272, &5
WEBE A RO Py T AF A by b e XvoRIGIR T v FAERECK T AR Nz b D

D, BEICHKAE L 7o = v F AER U 0B R HMER L 72,

Scheme 2. Reaction scope

HO CO,Me
- 2
R! R
Nd/Na heterobimetallic NO
0 R? catalyst 9 nl10|% I : oM w M
1 s 0 (+)-4, (2S,3R) HO\©\)LN/HrN\©\
R “CO,Me —60° i
. 2 NO: THF or MTBE, —60 °C, 20 h HO :COZMe F o F
2 3 RPN R diamide ligand 1b
NO,
(-)-4, (2R,3S)
HO CO,Me HO CO,Me HO CO,Me HO CO,Me HO CO,Me
NS i~ ~ S MeO N
NO, OO NO, NO, NO, NO,
(+)-4aa (-)-4aa (+)-4ba (-)-4ba (+)-4ca (-)-4ca (+)-4da (-)-4da (+)-4ea (-)-4ea
THF MTBE THF MTBE THF MTBE THF MTBE THF MTBE
88%, 70% e 92%, 72% ee  90%, 73% ee 93%, 85% ee

95%, 75% ee 90%, 70% ee
antifsyn >98/2 anti/syn 97/3

80%, 74% ee 92%, 77% ee
anti/syn 94/6 anti/syn 97/3

92%, 68% ee 92%, 88% ee
anti/syn 97/3 anti/syn 97/3

anti/syn 93/7 anti/syn 96/4

anti/syn 94/6 anti/syn 98/2

HO CO,M
Oz e HO C?zMe HO CS)ZMe HO C?zMe HO CO,Me
0 A P N
NO =
Br 2 FsC NO2 tBu NO. Ph NO, TIPS NO,
(+)-4fa (-)-4fa (+)-4ga (-)-4ga (+)-4ha (-)-4ha (+)-4ia (-)-dia (+)-4ja (-)-4ja
THF MTBE THF MTBE THF MTBE THF MTBE THF MTBE

92%, 89% ee 68%, 27% ee
antilsyn 95/5 antilsyn 95/5

90%, 79% ee 93%, 34% ee
anti/syn 93/7 antilsyn 96/4

89%, 57% ee 91%, 74% ee
anti/syn 95/5 antilsyn 97/3

87%, 44% ee 85%, 74% ee
anti/syn 92/8 anti/syn 98/2

68%, 40% ee 96%, 23% ee
anti/syn 72/28 anti/syn 58/42

HO CO,Me HO CO,Me
+_Et MeO + _Et
N02 NOZ
(+)-4ab’  (0)-dald (+)-4eb” ()4l
THE MTBE THF MTBE Isolated yields of anti diastereomer are shown

80%, 75% ee 86%, 65% ee
antifsyn 94/6 antifsyn 93/7

75%, 40% ee 87%, 80% ee
anti/syn 88/12 anti/syn 94/6
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a2: 0.12 mmol, 3: 1.2 mmol. "Run at -78 °C for 48 h.



3—6 CDIC X 3 filfiREE o fighr

fil it D SR IEE 7 O NS T F v FAERYE O IR R O BRFE %2 5 5 729012, AT 1a(R = Bu). 1bR =
Me)¥ & U ent-1a(R=Bu)2> 5T L 72 fil#liid CD 2= 27 P A ZBIE L7z, 3 — 2 Cli~7z X 5 IKfidfi 7 1a &
1b i THF fCeio > v FAEREA 522 2000, EARYD CD A7 FABBMIE N2 2 & % HFE
L7,

il D BIF] THF ER D CD A2 bV (@E#EE) & 2R S & 7 MR D CD A~ 7 b VLB E) %
Figure2 1IR3, &5 L DEE SN T 1a & 1b [ZIEEDFE—D CD 227 Pz b 2 KER D O kE
T % 5 2 % S O MEICBE 3 2 R %215 5 © L ld kD o 7z,

Figure 2. CD spectra of Nd/Na heterobimetallic catalyst
Nd/Na RE_ZE&EMEOLRF THF FRO CD AT MNV(ERE)

40

/ R = Bu (ent)

CD[mdeg]
ok

L N CRiZige e
E i :
3§]30 250 360 350

Wavelength [nm]

RZREEE Nd/Na RE_ZEEMEHERD CD ANT ML (HEEURETE)

IAS “~—""N\R = Bu (ent)

-7
200 250 300 350 400
Wavelength [nm]
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3-7 &0

3ETIHL-77=vilkoyT I FEIENT 1b 2 5FM I 5 Nd/Na B 2 KB EMEIC X % a7 + =
2T N DRBURIFIE T F v F ARIRIAF = F a7 F— ARSI DWW Tl 7 3, ISBHRTIFIE RS 135 D /I
T X FERERE L L TROERMT 1b 225D AFEI N, ML —T LV RDEBTH 5 THF & MTBE
HCRE 2V FAEREEL G 2 2 BRECHIRE 5 2 7. ARERIE. 1) RGO A F AR T DA
FHLD Az B L T2 IRTIE A, oS RhEIc L VBRI N2 A F 2L GHEIhTn
52k, 2) av s P aRAT 1b 2o FB I N MBI 2 o8y b CRAIED THF I AT &, 200
KEDPEA L, TF v FAEREOWEESF FHR I I N2 2 L 2RBLTWw3, 5% b MG A AR
AR % A I 1) U 7= TF9E R ke 9 %

Scheme 3. Summary of chapter 3

HO, CO,Me
heterogeneous .
Nd/Na up to
j\ heterobimetallic catalyst THF NO, 89% ee
(2S,3R)
R COzMe ’\g
MTBE\\ HO CO,Me
O Me R>\/

H up to
\©\)L )\rr \©\ NO,  88%ee
(2R,3S)

diamide ligand 1b
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A. General Methods

A-1. Reactions and purifications

Unless otherwise noted, all reactions were carried out in an oven-dried glassware fitted with a 3-way glass
stopcock under an argon atmosphere with magnetically stirred chips. All work-up and purification procedures
were carried out with reagent-grade solvents under ambient atmosphere. Thin layer chromatography (TLC)
was performed on Merck TLC plates (0.25 mm) pre-coated with silica gel 60 F254 and visualized by UV
quenching and staining with KMnOs or ninhydrine. Flash column chromatography was performed on a Biotage
Isolera Spektra One with a Redisep column.

A-2. Characterizations

Infrared (IR) spectra were recorded on a HORIBA FT210 Fourier transform infrared spectrophotometer. NMR
spectra were recorded on a JEOL ECS-400. Chemical shifts (0) are given in ppm relative to residual solvent
peaks.! Data for 'TH NMR are reported as follows: chemical shift (multiplicity, coupling constants where
applicable, number of hydrogens). Abbreviations are as follows: s (singlet), d (doublet), t (triplet), dd (doublet
of doublet), dt (doublet of triplet), ddd (doublet of doublet of doublet), q (quartet), m (multiplet), br (broad).
For YF NMR, chemical shifts were reported in the scale relative to PhCFs (0 —62.7680 ppm in CDCls) as an
external reference. High performance liquid chromatography (HPLC) analysis was performed on Jasco
analytical instruments with single pump and UV detector. Optical rotation was measured using a 1 mL cell
with a 10 cm path length on a JASCO polarimeter P-1030. High-resolution mass spectra were measured on a
Thermo Fisher Scientific LTQ Orbitrap XL.

A-3. Solvents and reagents

THEF, Et:O, DME, CPME, toluene, EtOAc, CH2Cl. and DMF were purified by passing through a solvent
purification system (Glass Contour). 2-Me-THF was purchased from Aldrich (anhydrous and inhibitor-free).
MTBE was purchased from Wako Pure Chemical Co. Ltd (anhydrous and inhibitor-free). 2,5-Me2>-THF, Pr:0,
4-Me-THP, PrOAc, EtCN, nitroethane (3a), nitropropane (3b) and methyl benzoylformate (2a) were purchased
from TCI Co. Ltd. and nitroethane was used after distillation. Amide-based ligand were prepared by the
procedure described below. NdCls¢6H20 was purchased from Wako Pure Chemical Co. Ltd. and used after
grinding with a mortar. 2.0 M NaO'Bu/THF was purchased from Aldrich. a-Keto esters 2b,2 2¢,2 2d,2 2e,? 2f,*
2g,2 2h,32i® and 2j® were prepared by the known procedures. All other starting materials were used as supplied
by commercial venders.
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B. Preparation of amide-based ligands

Amide-based ligands 1a,° 1e,6 1i® and 1j° were prepared according to the known procedure. Amide-based
ligands 1b, 1¢, 1d, 1f, 1g, and 1h were prepared by general procedure described below.

Step A
condensation reagent(s
BocHN/kH/OH * \©\ EtaN BocHN/kﬂ/ \@\
CH,Cly, rt.,, 12 h
Step B
1) 4 N HCI Step C

O R H OH
1,4-dioxane, rt., 2h  MeO /H‘/ BBrj HO\©\)LN/H‘/N\©\
H
2) Ve [ I [j\ CH,Cly, r.t.,, 12 h F 0 F
F

WSC-HCI, HOBt-H,0
Et;N, CH,Cl,
rt, 12 h

General procedure for step A: To a solution of N-Boc-protected L-amino acid (1.0 eq.) and 4-fluoro-2-
methoxyaniline (1.0 eq.) in CH2Cl2 (0.25 M) were added condensation reagent(s) (1.2 eq. (each)) and EtsN (3.6
eq.) at 0 °C and the mixture was stirred at room temperature for 12 h. After quench with 1 N HCI aq., the
resulting mixture was extracted with EtOAc twice. The combined organic layers were washed with sat.
NaHCOs aq. and brine, and dried over Na25Os. After concentration in vacuo, the resulting crude product was
purified by silica gel chromatography (EtOAc/n-hexane) to give monoamide S1.

General procedure for step B: S1 was added to 4 N HCI/1,4-dioxane (5 eq.) at 0 °C. After being stirred at room
temperature for 2 h, the reaction mixture was concentrated in vacuo. To a solution of the above residue in CH2Cl2
(0.25 M) were added 2-fluoro-5-methoxybenzoic acid (1.1 eq.), HOBte H20 (1.5 eq.), EtsN (3.5 eq.) and WSCeHCI
(1.5 eq.) at 0 °C and the mixture was stirred at room temperature for 12 h. After quench with 1 N HCl aq., the
resulting mixture was extracted with EtOAc twice. The combined organic layers were washed with sat.
NaHCOs aq. and brine, and dried over Na:SOs. After concentration in vacuo, the resulting crude product was
purified by silica gel chromatography (EtOAc/n-hexane) to give amide-based ligand precursor S2.

General procedure for step C: To a solution of S2 in CH2Cl2(0.25 M) was added 1.0 M BBrs/ CH:Cl2 (6.0 eq.) at
0 °C and the mixture was stirred at room temperature for 12 h. After concentration in vacuo, H2O was added to
the residue and the resulting mixture was extracted with EtOAc twice. The combined organic layers were
washed with sat. NaHCOs aq. and brine, and dried over Na2SOs. After concentration in vacuo, the resulting
crude product was purified by recrystallization or reslurry from toluene/IPA/hexane (13 WR/ 0.75 WR/13 WR
to crude product, WR = weight ratio) to give amide-based ligand 1.

tert-Butyl (5)-(1-((4-fluoro-2-methoxyphenyl)amino)-1-oxopropan-2-yl)carbamate (S1b):
Prepared by the general procedure for step A (HATU was used as a condensation
Jﬁ(“ reagent) from (tert-butoxycarbonyl)-L-alanine (1.34 g, 7.1 mmol) and isolated as a
BocHN \©\ white solid (2.17 g, 6.9 mmol, 98%); 'H NMR (400 MHz, CDCls) d 8.32 (brs, 1H),
O 8.28 (dd, ] = 8.8, 6.1 Hz, 1H), 6.67-6.60 (m, 2H), 5.02 (brs, 1H), 4.32 (brs, 1H), 3.86
(s, 3H), 1.46 (s, 9H), 1.44 (d, ] = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) d 170.7,
159.4 (d, ] = 241.3 Hz), 155.7, 149.4 (d, ] = 10.2 Hz), 123.7, 120.7 (d, ] = 8.8 Hz), 106.8 (J = 21.2 Hz), 98.9 (d, ] = 27.0

Hz), 80.5, 56.1, 51.1, 28.4, 18.3; F NMR (376 MHz, CDCls) 0 -116.3; IR (thin film) v 2979, 1682, 1615, 1532, 1454,
1414, 1367, 1279, 1164, 1109 cm-!; HRMS (ESI) caled. for CisH22FN20s m/z 313.1558 [M+H]*, found 313.1557; [a]p?
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~44.6 (c 1.02, CHCLs)

(5)-2-Fluoro-N-(1-((4-fluoro-2-methoxyphenyl)amino)-1-oxopropan-2-yl)-5-methoxybenzamide (S2b):
o) OMe Prepared by the general procedure for step B from S1b (2.10 g, 6.7
MeO Jﬁ(“ mmol) and isolated as a white solid (2.40 g, 6.6 mmol, 98%); 'H NMR
[ :I H [ ] (400 MHz, CDCls) d 8.29 (brs, 1H), 8.27 (dd, ] =9.0, 6.4 Hz, 1H), 7.57
F o E (dd, J=6.1,3.4Hz 1H),7.36 (dd, ]=12.7, 7.1 Hz, 1H), 7.07 (dd, ] =11.0,
9.1 Hz, 1H), 7.01 (ddd, ] =9.0, 4.2, 3.4 Hz, 1H), 6.68-6.60 (m, 2H), 4.86
(dt, ] =2.0, 7.1 Hz, 1H), 1.59 (d, ] = 7.1 Hz, 3H); *C NMR (100 MHz, CDCls) 6 169.9, 163.3 (d, ] = 3.7 Hz), 159.5
(d, J=241.3 Hz), 156.2, 155.4 (d, ] =239.9 Hz), 149.5 (d, ] = 9.5 Hz), 123.5 (d, ] = 2.9 Hz), 121.0 (d, ] = 9.5 Hz), 120.8
(d, J=12.4 Hz), 120.4 (d, ] =9.5 Hz), 117.2 (d, ] =26.3 Hz), 114.8 (d, ] =2.2 Hz), 106.9 (d, ] =21.9 Hz), 98.9 (d, | =
27.0 Hz), 56.2, 56.1 50.5, 18.3; F NMR (376 MHz, CDCls) & -116.0, 123.2; IR (thin film) v 2940, 1652, 1615, 1521,

1492, 1454, 1415, 1279, 1193, 1033 cm-1; HRMS (ESI) calcd. for C1sH190:N2F2 m/z 365.1307 [M+H], found 365.1310;
[a]o® -28.1 (c 0.91, CHCls)

(5)-2-Fluoro-N-(1-((4-fluoro-2-hydroxyphenyl)amino)-1-oxopropan-2-yl)-5-hydroxybenzamide (1b):
o OH Prepared by the general procedure for step C from S2b (2.02 g, 5.5
HO Jﬁ(“ mmol), purified by reslurry and isolated as a white solid (1.72 g, 5.1
N mmol, 92%); 'H NMR (400 MHz, CDsOD) 87.76 (dd, ] = 8.8, 6.1 Hz, 1H),
\(:f‘\H o) \©\ 7.17 (dd, ] =5.8, 3.2 Hz, 1H), 7.04 (dd, ] = 10.5, 8.8 Hz, 1H), 6.91 (ddd, |
F P _88,39, 32 Hz, 1H), 659 (dd, ] = 10.0, 2.7 Hz, 1H), 6.54 (ddd, ] = 8.6,
8.6,3.0 Hz), 4.76 (q, ] = 7.1 Hz, 1H), 1.54 (d, ] = 7.1 Hz, 3H); *C NMR (100 MHz, CD:0OD) d 173.1, 166.5 (d, ] =2.2
Hz), 161.7 (d, ] = 240.6 Hz), 155.1 (d, ] = 1.5 Hz), 155.1 (d, | = 238.4), 151.2 (d, ] = 10.9 Hz), 124.5 (d, | = 9.5 Hz),
123.7 (d, J=15.3 Hz), 123.2 (d, ] = 2.9 Hz), 120.7 (d, | = 8.0 Hz), 117.9 (d, ] = 24.8 Hz), 117.0 (d, ] = 2.9 Hz), 106.4
(d, ] =22.6 Hz), 103.7 (d, | = 25.5 Hz), 51.6, 18.3; ¥F NMR (376 MHz, CDsOD) d -118.4, -128.2; IR (thin film) v
3270, 1658, 1642, 1547, 1527, 1501, 1434, 1192, 974, 767 cm-'; HRMS (ESI) calcd. for CisHisF2N2Ou4 m/z 337.0994

[M+H]*, found 337.0998; [a]p% 6.2 (¢ 0.97, CHsOH)

tert-Butyl (S)-(1-((4-fluoro-2-methoxyphenyl)amino)-1-oxobutan-2-yl)carbamate(S1c):
OMe Prepared by the general procedure for step A (HATU was used as a condensation
/g(“ reagent) from (S)-2-((fert-butoxycarbonyl)amino)butanoic acid (720 mg, 3.5
BocHN mmol) and isolated as a white solid (1.14 g, 3.5 mmol, quant.); 'H NMR (400 MHz,
) \©\ CDCls) 0 8.29 (dd, [ =8.8, 6.1 Hz, 1H), 8.15 (brs, 1H), 6.68-6.60 (m, 2H), 5.04 (brs,
F 1H), 4.16-4.13 (m, 1H), 3.86 (s, 3H), 2.03-1.91 (m, 1H), 1.77-1.58 (m, 1H), 1.46 (s,
9H), 1.01 (t, ] = 7.3 Hz, 3H); 3C NMR (100 MHz, CDCls)  170.1, 159.4 (d, ] = 242.1 Hz), 155.8, 149.4 (d, ] = 9.5
Hz), 123.6, 120.8 (d, ] = 8.8 Hz), 106.9 (d, ] =21.9 Hz), 98.9 (d, ] =27.7 Hz), 80.4, 56.8 (d, ] = 2.2 Hz), 56.1, 28.4, 25.8,

10.2; ¥F NMR (376 MHz, CDCls) o -116.2; IR (thin film) v 2973, 1673, 1536, 1499, 1455, 1414, 1366, 1279, 1153,
1109 em~; HRMS (ESI) caled. for CieH24FN204 m/z 327.1715 [M+H]*, found 327.1719; [a]p* -37.9 (c 1.07, CHCls)

(5)-2-Fluoro-N-(1-((4-fluoro-2-methoxyphenyl)amino)-1-oxobutan-2-yl)-5-methoxybenzamide (S2c):
Prepared by the general procedure for step B from Slc (1.06 g, 3.3

Q H QMe mmol) and isolated as a white solid (1.19 g, 3.1 mmol, 97%); 'H NMR

MeO N N (400 MHz, CDCls) & 8.27 (dd, | = 8.8, 6.1 Hz, 1H), 8.19 (brs, 1H), 7.56
H g (dd, ] = 5.9, 3.2 Hz, 1H), 7.35 (dd, ] = 12.7, 7.6 Hz, 1H), 7.07 (dd, ] =

F F' 11.0,9.0 Hz, 1H), 7.00 (ddd, ] = 9.0, 4.4, 3.4 Hz, 1H), 6.67-6.60 (m, 2H),

4.78-4.72 (m, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 2.16-2.06 (m, 1H), 1.93-1.82 (m, 1H), 1.06 (dd, ] = 7.3, 7.3 Hz, 3H); 13C
NMR (100 MHz, CDCL) d 169.3, 163.4 (d, ] = 3.7 Hz), 159.5 (d, ] = 241.3 Hz), 156.2 (d, ] = 2.2 Hz), 155.3 (d, ] =
239.2 Hz), 149.5 (d, ] = 9.5 Hz), 123.4 (d, ] = 2.9 Hz), 121.0 (d, ] = 9.5 Hz), 120.8, 120.3 (d, ] = 9.5 Hz), 117.2 (d, ] =
26.2 Hz), 114.8 (d, ] = 2.2 Hz), 106.9 (d, ] = 21.2 Hz), 98.9 (d, ] = 27.0 Hz), 56.2, 56.1, 56.0, 25.8, 10.1; °F NMR (376
MHz, CDCls) & -115.9, -123.3; IR (thin film) v 2970, 1652, 1615, 1523, 1492, 1464, 1415, 1280, 1193, 1034 cm-';
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HRMS (ESI) caled. for Ci1oH2104N2F2 m/z 379.1464 [M+H]*, found 379.1470; [a]p? —20.9 (c 1.00, CHCL)

(5)-2-Fluoro-N-(1-((4-fluoro-2-hydroxyphenyl)amino)-1-oxobutan-2-yl)-5-hydroxybenzamide (1c):
Prepared by the general procedure for step C from S2¢ (1.30 g, 3.5
H mmol), purified by reslurry and isolated as a white solid (1.03 g, 2.9
HO N N mmol, 84%); TH NMR (400 MHz, CD:0D) 57.73 (dd, ] =9.1, 6.4 Hz, 1H),
H o 7.15 (dd, ] = 5.6, 3.0 Hz, 1H), 7.05 (dd, ] = 10.5, 9.1 Hz, 1H), 6.91 (ddd, ]
F F-88 42 32Hz 1H), 6.59 (dd, ] = 12.7, 1.7 Hz, 1H), 6.55 (ddd, ] = 8.6,
8.6,3.0 Hz, 1H), 4.66 (dd, | =8.3, 5.6 Hz, 1H), 2.04 (dq, ] = 5.6, 7.3 Hz, 1H), 1.86 (dq, /] =8.3, 7.3 Hz, 1H), 1.07 (dd,
] =7.3,7.3 Hz, 3H); ®C NMR (100 MHz, CD:0D) d 172.5, 166.8 (d, ] = 1.5 Hz), 161.8 (d, ] = 240.6 Hz), 155.2 (d,
J=2.2Hz), 155.1 (d, ] = 238.4 Hz), 151.4 (d, ] = 10.9 Hz), 124.8 (d, ] = 10.2 Hz), 123.8 (d, ] = 14.6 Hz), 123.1 (d, ] =
2.9 Hz), 120.7 (d, ] = 8.0 Hz), 118.0 (d, ] = 25.5 Hz), 117.1 (d, ] = 2.2 Hz), 106.5 (d, ] = 27.6 Hz), 103.8 (d, ] = 24.8
Hz), 57.3, 26.5, 10.6; F NMR (376 MHz, CDsOD) d —118.2, -128.3; IR (thin film) v 3280, 1658, 1642, 1547, 1528,
1501, 1434, 1309, 976, 770 cm-1; HRMS (ESI) calcd. for CizH17F2N20Os m/z 351.1151 [M+H], found 351.1146; [at]p?

-12.1 (¢ 1.01, CHsOH)

OH

tert-Butyl (S)-(1-((4-fluoro-2-methoxyphenyl)amino)-3-methyl-1-oxobutan-2-yl)carbamate (S1d):
OMe Prepared by the general procedure for step A (WSCeHCI and HOBteH2O were

H used as condensation reagents) from (tert-butoxycarbonyl)-L-valine (3.85 g, 17.7
BocHN mmol) and isolated as a white solid (2.83 g, 8.3 mmol, 47%); 'H NMR (400 MHz,
0 £ CDCL) 5828 (dd, ] = 8.8, 6.1 Hz, 1H), 8.05 (brs, 1H), 6.68-6.60 (m, 2H), 5.1 (brs,

1H), 4.05 (brs, 1H), 3.86 (s, 3H), 2.27-2.22 (m, 1H), 1.46 (s, 9H), 1.02 (d, ] = 6.6 Hz,
3H), 0.97 (d, ] = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls) & 169.8, 159.5 (d, | = 242.1 Hz), 156.0, 149.4 (d, ] = 9.5
Hz), 123.4,120.9 (d, ] = 8.8 Hz), 106.9 (d, ] = 21.1 Hz), 98.9 (d, ] = 27.0 Hz), 80.2, 61.0, 56.1, 31.1, 28.5, 19.5, 17.9; 1°F
NMR (376 MHz, CDCls) d -116.1; IR (thin film) v 2969, 1702, 1665, 1608, 1540, 1291, 1170, 1152, 1035, 1011 cm-;
HRMS (ESI) calcd. for C17H26FN20s m/z 341.1871 [M+H]", found 341.1870; [a]o® —25.6 (c 1.07, CHCL)

(5)-2-Fluoro-N-(1-((4-fluoro-2-methoxyphenyl)amino)-3-methyl-1-oxobutan-2-yl)-5-methoxybenzamide
(S2d):
Prepared by the general procedure for step B from S1d (2.00 g, 5.9
mmol) and isolated as a white solid (2.27 g, 5.9 mmol, quant.); '"H
NMR (400 MHz, CDCls)  8.28 (dd, ] =9.0, 6.2 Hz, 1H), 8.05 (brs, 1H),
o) 7.56 (dd, J=6.1,3.2 Hz, 1H), 7.36 (dd, ] =13.1, 8.2 Hz, 1H), 7.08 (dd, |
F F =11.0,9.0 Hz, 1H), 7.01 (ddd, ] = 9.0, 44, 3.4 Hz, 1H), 6.67-6.60 (m,
2H), 4.66-4.62 (m, 1H), 3.86 (s, 3H), 3.83 (s, 3H), 2.35 (ddd, [ =2.2, 2.7, 2.7 Hz, 1H), 1.09 (d, ] = 2.7 Hz, 3H), 1.07
(d, ] =2.7 Hz, 3H); 3C NMR (100 MHz, CDCls) 8 169.0, 163.5 (d, ] =2.9 Hz), 159.6 (d, ] = 241.3 Hz), 156.2 (d, ] =
1.5Hz), 155.4 (d, ] =239.2 Hz), 149.4 (d, ] = 9.5 Hz), 123.3 (d, ] = 3.6 Hz), 121.0 (d, ] = 9.5 Hz), 120.4 (d, ] = 9.5 Hz),
117.3 (d, ] =27.0 Hz), 114.8 (d, ] = 2.2 Hz), 106.9 (d, ] = 21.1 Hz), 98.9 (d, ] = 27.0 Hz), 60.2, 56.2, 56.1, 31.3, 19.5,
18.3; F NMR (376 MHz, CDCls) & -115.8, -123.5; IR (thin film) v 2965, 1655, 1616, 1527, 1492, 1465, 1415, 1279,
1193, 1034 cm-1; HRMS (ESI) caled. for C20H2sF2N204 m/z 393.1620 [M+H]*, found 393.1617; [a]o® -4.3 (c 1.01,
CHCls)

OMe

H
MeO N
N
H

(5)-2-Fluoro-N-(1-((4-fluoro-2-hydroxyphenyl)amino)-3-methyl-1-oxobutan-2-yl)-5-hydroxybenzamide (1d):

o OH Prepared by the general procedure for step C from S2d (2.00 g, 5.1

HO H mmol), purified by recrystallization and isolated as a white solid (1.60
N g, 4.4 mmol, 86%); 'TH NMR (400 MHz, CDsOD) d 7.69 (dd, ] =9.0, 6.4

. H o . Hz, 1H), 7.19 (dd, | =5.9, 3.2 Hz, 1H), 7.09 (dd, ] = 10.5, 8.8 Hz, 1H), 6.95

(ddd, J=8.8,3.9, 3.2 Hz, 1H), 6.64 (dd, ] = 10.0, 2.7 Hz, 1H), 6.58 (ddd, |
- 8.8, 8.8, 3.0 Hz, 1H), 4.64 (d, ] = 6.8 Hz, 1H), 2.31 (dt, ] = 6.8, 6.8 Hz, 1H), 1.11 (dd, ] = 6.8, 6.8 Hz, 6H); 3C NMR
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(100 MHz, CD:0OD) d 173.0, 167.5 (d, ] = 2.2 Hz), 162.8 (d, ] = 240.6 Hz), 156.0 (d, ] = 1.5 Hz), 156.0 (d = 237.7 Hz),
126.1 (d, ] = 9.5 Hz), 124.5 (d, ] = 14.6 Hz), 123.8 (d, ] = 8.8 Hz), 118.8 (d, ] = 25.5 Hz), 117.9 (d, ] = 2.2 Hz), 107.4
(d, ] =22.6 Hz), 104.8 (d, ] = 25.5 Hz), 62.0, 33.2, 20.6, 19.5; "F NMR (376 MHz, CD:0D) d ~118.0, ~128.3; IR (thin
film) v 3268, 1658, 1643, 1547, 1527, 1501, 1433, 1191, 973, 771 cm-%; HRMS (ESI) calcd. for CisHisF2N20s m/z
365.1307 [M+H], found 365.1298; [a]n® -8.6 (c 1.06, CH;OH)

tert-Butyl (S)-(1-((4-fluoro-2-methoxyphenyl)amino)-1-oxohexan-2-yl)carbamate (S1f):

Prepared by the general procedure for step A (WSCeHCI and HOBt®H20 were

used as condensation reagents) from (5)-2-((tert-butoxycarbonyl)amino)hexanoic

OMe acid (1.00 g, 4.32 mmol) and isolated as a white solid (707 mg, 2.0 mmol, 46%); '"H

H NMR (400 MHz, CDCls) 6 8.28 (dd, ] =8.8, 6.1 Hz, 1H), 8.22 (brs, 1H), 6.67-6.60 (m,

BocHN \©\ 2H), 5.03 (brs, 1H), 4.20 (brs, 1H), 1.97-1.88 (m, 1H), 1.71-1.62 (m, 1H), 1.46 (s, 9H),

o F1.39-1.32 (m, 4H), 0.91 (t, ] = 6.8 Hz, 3H); *C NMR (100 MHz, CDCls) 5 170.3, 159.4

(d, J=241.3 Hz), 155.8,149.4 (d, ] = 9.5 Hz), 123.6, 120.8 (d, ] = 8.8 Hz), 106.8 (d, | =

21.9 Hz), 98.9 (d, ] = 27.0 Hz), 80.3, 56.1, 55.6, 32.3, 28.4, 27.9, 22.6, 14.0; °F NMR (376 MHz, CDCls)  -116.2; IR

(thin film) v 2959, 2934, 1671, 1536, 1500, 1455, 1414, 1171, 1153 cm-t; HRMS (ESI) calcd. for CisH2s04N2F my/z
355.2028 [M+H]*, found 355.2026; [a]p® -30.1 (¢ 1.12, CHCls)

(5)-2-Fluoro-N-(1-((4-fluoro-2-methoxyphenyl)amino)-1-oxohexan-2-yl)-5-methoxybenzamide (S2f):
Prepared by the general procedure for step B from S1f (685 mg, 1.9
mmol) and isolated as a white solid (745 mg, 1.8 mmol, 95%); "H NMR

(o] y OMe (400 MHz, CDCls) 8 8.27 (dd, ] = 9.0, 6.1 Hz, 1H), 8.20 (brs, 1H), 7.57

MeO N (dd,J=6.1,3.2Hz, 1H),7.31 (dd, J=13.2, 7.8 Hz, 1H), 7.07 (dd, ] = 10.8,

\(:fj\u \©\ 9.0 Hz, 1H), 7.00 (ddd, ] = 8.8, 4.2, 3.2 Hz, 1H), 6.68-6.60 (m, 2H), 4.80-
F o F 475 (m, 1H), 3.85 (s, 3H), 3.83 (s, 3H), 2.09-2.02 (m, 1H), 1.88-1.79 (m,
1H), 1.48-1.35 (m, 4H), 0.92 (t, ] = 7.1 Hz, 3H); *C NMR (100 MHz,

CDCls) 6 169.5, 163.4 (d, | =2.9 Hz), 159.5 (d, ] = 241.3 Hz), 156.2 (d, ] = 1.5 Hz), 155.4 (d, ] = 239.2 Hz), 149.5 (d,

J=10.2 Hz), 123.5 (d, ] =2.9 Hz), 121.0 (d, ] = 8.7 Hz), 120.9 (d, ] = 13.1 Hz), 120.4 (d, ] = 8.8 Hz), 117.2 (d, ] = 26.2

Hz), 114.8 (d, ] =2.2 Hz), 106.9 (d, ] =21.9 Hz), 98.9 (d, ] = 27.0 Hz), 56.2, 56.1, 54.9, 32.2, 27.8, 22.6, 14.0; ¥F NMR

(376 MHz, CDCls) d -115.9, -123.3; IR (thin film) v 2957, 1652, 1615, 1530, 1493, 1465, 1415, 1279, 1192, 1034 cm-~

1, HRMS (ESI) calcd. for C21H2sF2N2O4 m/z 407.1777 [M+H]*, found 407.1777; [a]p® —15.9 (c 1.08, CHCls)

(5)-2-Fluoro-N-(1-((4-fluoro-2-hydroxyphenyl)amino)-1-oxohexan-2-yl)-5-hydroxybenzamide (1f):
Prepared by the general procedure for step C from S2f (700 mg, 1.7
mmol), purified by recrystallization and isolated as a white solid (488

o) y  OH mg, 1.3 mmol, 75%); 'H NMR (400 MHz, CD:0D) & 7.73 (dd, ] = 9.0, 6.4

HO N Hz, 1H), 7.15 (dd, ] = 5.6, 2.9 Hz, 1H), 7.05 (dd, ] = 10.0, 8.8 Hz, 1H), 6.91
N (ddd, ] =9.0,4.2, 3.2 Hz, 1H), 6.60 (dd, ] = 10.0, 2.9 Hz, 1H), 6.55 (ddd, |

F o FE =86, 86, 29 Hz 1H), 471 (dd, ] = 8.3, 5.6 Hz, 1H), 2.03-1.97 (m, 1H),

1.96-1.82 (m, 1H), 1.51-1.38 (m, 4H), 0.95 (t, ] = 7.1 Hz, 3H); *C NMR
(100 MHz, CD:OD)  172.7, 166.8, 161.8 (d, ] = 240.6 Hz), 155.1 (d, ] = 2.2 Hz), 155.0 (d, ] = 238.4 Hz), 151.3 (d, ] =
10.9 Hz), 124.7 (d, ] = 10.2 Hz), 123.8 (d, ] = 14.6 Hz), 123.1 (d, ] = 2.9 Hz), 120.7 (d, ] = 8.0 Hz), 117.9 (d, ] = 24.8
Hz), 117.0 (d, ] = 2.2 Hz), 106.4 (d, ] = 22.6 Hz), 103.8 (d, ] = 24.8 Hz), 55.9, 32.9, 29.1, 23.4, 14.3; "F NMR (376
MHz, CDsOD) & -118.3, —128.3; IR (thin film) v 3268, 1658, 1642, 1547, 1528, 1501, 1434, 1221, 976, 771 cm;
HRMS (ESI) calcd. for CioH2iFaN20s m/z 379.1464 [M+H]", found 379.1460; [a]o® ~10.7 (c 0.99, CH:OH)
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tert-Butyl ((25,35)-1-((4-fluoro-2-methoxyphenyl)amino)-3-methyl-1-oxopentan-2-yl)carbamate (S1g):
Prepared by the general procedure for step A (WSCeHCI and HOBt® H20 were

o used as condensation reagents) from (ferf-butoxycarbonyl)-L-isoleucine (1.00 g,

H OMe 4.32 mmol) and isolated as a white solid (536 mg, 1.5 mmol, 35%); 'H NMR (400

BocHN N MHz, CDCls)  8.29 (dd, ] = 8.8, 6.1 Hz, 1H), 8.07 (brs, 1H), 6.68-6.60 (m, 2H), 5.11
o) (brs, 1H), 4.11 (brs, 1H), 3.86 (s, 3H), 2.03-1.93 (m, 1H), 1.61-1.49 (m, 1H), 1.45 (s,

F 3H), 1.28-1.14 (m, 1H), 0.99 (d, ] = 6.8 Hz, 3H), 0.94 (t, ] = 7.3 Hz, 3H); °C NMR
(100 MHz, CDCls)  169.8, 159.5 (d, ] = 241.3 Hz), 155.9, 149.4 (d, ] = 9.5 Hz), 123.4 (d, ] = 2.9 Hz), 120.8 (d, ] = 9.5
Hz), 106.9 (d, ] = 21.9 Hz), 98.9 (d, ] = 27.0 Hz), 80.2 (d, ] = 1.4 Hz), 60.3, 56.1, 37.5, 28.5, 24.9, 15.9, 11.7; 19F NMR
(376 MHz, CDCl3) & -116.1; IR (thin film) v 2969, 1700, 1664, 1538, 1497, 1464, 1416, 1170, 1152, 1034 cm-'; HRMS
(ESI) calcd. for C1sHasO4N2F m/z 355.2028 [M+H], found 355.2025; [0 -21.9 (c 0.97, CHCls)

2-Fluoro-N-((25,35)-1-((4-fluoro-2-methoxyphenyl)amino)-3-methyl-1-oxopentan-2-yl)-5-
methoxybenzamide (52g):
Prepared by the general procedure for step B from S1g (500 mg, 1.4

o OMe mmol) and isolated as a white solid (572 mg, 1.4 mmol, 99%); "H NMR

MeO H (400 MHz, CDCls) d 8.29 (dd, ] = 8.8, 6.1 Hz, 1H), 8.06 (brs, 1H), 7.56
H (dd, J=6.1,3.4Hz, 1H), 7.37 (dd, ] =13.0, 8.3 Hz, 1H), 7.07 (dd, ] = 10.8,

F o) F 8.8 Hz, 1H), 7.00 (ddd, 9.0, 4.2, 3.2 Hz, 1H), 6.67-6.60 (m, 2H), 4.71-4.66

(m, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 2.17-2.07 (m, 1H), 1.72-1.62 (m, 1H),
1.34-1.23 (m, 1H), 1.05 (d, ] = 6.8 Hz, 3H), 0.98 (t, ] = 7.6 Hz, 3H); 13C NMR (100 MHz, CDCls) d 168.9, 163.4 (d, ]
= 3.6 Hz), 159.6 (d, ] = 241.3 Hz), 156.2 (d, ] = 1.2 Hz), 155.4 (d, ] = 238.8 Hz), 149.4 (d, ] = 9.5 Hz), 123.3 (d, ] = 3.7
Hz), 121.0 (d, ] = 9.5 Hz), 120.9, 120.4 (d, ] = 8.8 Hz), 117.2 (d, ] = 27.0 Hz), 114.8 (d, ] = 1.5 Hz), 106.9 (d, ] = 21.9
Hz), 98.9 (d, ] = 27.7 Hz), 59.4, 56.2, 56.1, 37.6, 25.3, 15.8, 11.6; "F NMR (376 MHz, CDCls)  -115.9, -123.4; IR
(thin film) v 2965, 1651, 1616, 1531, 1493, 1464, 1415, 1279, 1193, 1034 cm-1; HRMS (ESI) calcd. for C2iH250:N2F2
m/z 407.1777 [M+H]", found 407.1775; [a]o® —0.25 (c 1.07, CHCL:)

2-Fluoro-N-((2S,35)-1-((4-fluoro-2-hydroxyphenyl)amino)-3-methyl-1-oxopentan-2-yl)-5-hydroxybenzamide
(1g):

o v OH Prepared by the general procedure for step C from S2g (550 mg, 1.4

HO H mmol), purified by recrystallization and isolated as a white solid (483

H mg, 1.3 mmol, 94%); '"H NMR (400 MHz, CDs:OD) 0 7.65 (dd, | =8.8, 6.1

o) Hz, 1H), 7.15 (dd, ] =5.9, 2.9 Hz, 1H), 7.05 (dd, ] = 10.5, 9.0 Hz, 1H), 6.91

(ddd, J=8.8, 4.1, 3.2 Hz, 1H), 6.60 (dd, ] =10.5, 2.9 Hz, 1H), 6.55 (ddd, ]

=8.3, 8.3, 2.9 Hz), 4.64 (d, | = 6.4 Hz, 1H), 2.08-2.01 (m, 1H), 1.71-1.65 (m, 1H), 1.35-1.29 (m, 1H), 1.06 (d, ] = 6.9

Hz), 0.98 (t, ] = 7.6 Hz); *C NMR (100 MHz, CDsOD) & 171.2, 166.6 (] = 2.2 Hz), 161.9 (d, | = 240.6 Hz), 155.2 (d,

J=2.2Hz), 155.1 (d, ] =237.7 Hz), 151.7 (d, ] = 10.9 Hz), 125.2 (d, ] = 10.2 Hz), 123.7 (d, ] = 15.3 Hz), 122.9 (d, ] =

2.9 Hz), 120.7 (d, ] = 8.8 Hz), 117.9 (d, ] = 24.8 Hz), 117.0 (d, ] = 2.7 Hz), 106.5 (d, ] = 22.6 Hz), 104.0 (d, ] =25.5

Hz), 60.3, 38.5, 26.1, 16.0, 11.5; F NMR (376 MHz, CDsOD) d -118.0, —128.3; IR (thin film) v 3269, 1658, 1642,

1547, 1528, 1501, 1434, 1191, 770 cm-'; HRMS (ESI) calcd. for CisH21F2N204 m/z 379.1464 [M+H]", found 379.1461;
[a]p? -6.4 (c 1.03, CHsOH)

F

tert-Butyl (S)-(1-((4-fluoro-2-methoxyphenyl)amino)-3,3-dimethyl-1-oxobutan-2-yl)carbamate (S1h):
Prepared by the general procedure for step A (HATU was used as a condensation
OMe reagent) from (S)-2-((tert-butoxycarbonyl)amino)-3,3-dimethylbutanoic acid (819
H mg, 3.5 mmol) and isolated as an orange oil (1.23 g, 3.5 mmol, 98%); 'H NMR (400
BocHN MHz, CDClLs) 0 8.28 (dd, ] = 8.8, 6.1 Hz, 1H), 8.05 (brs, 1H), 6.68-6.60 (m, 2H), 5.11
0 g (brs, 1H), 4.05 (brs, 1H), 3.86 (s, 3H), 2.27-2.22 (m, 1H), 1.46 (s, 9H), 1.02 (d, ] = 6.6
Hz, 3H), 0.97 (d, ] = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls) 8 169.8, 159.5 (d, ] =
242.1 Hz), 156.0, 149.4 (d, ] = 9.5 Hz), 123.4, 120.9 (d, ] = 8.8 Hz), 106.9 (d, ] = 21.1 Hz), 98.9 (d, ] =27.0 Hz), 80.2,
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61.0, 56.1,31.1, 28.5, 19.5, 17.9; 1¥F NMR (376 MHz, CDCls) d -116.1; IR (thin film) v 2969, 1702, 1665, 1608, 1540,
1291, 1170, 1152, 1035, 1011 cm-1; HRMS (ESI) calcd. for Ci7H26FN204 m/z 341.1871 [M+H]", found 341.1870; [a]o®
—-25.6 (c 1.07, CHCl:)

(5)-2-Fluoro-N-(1-((4-fluoro-2-methoxyphenyl)amino)-3,3-dimethyl-1-oxobutan-2-yl)-5-methoxybenzamide
(S2h):
Prepared by the general procedure for step B from S1h (1.07 mg, 3.0

0 OMe mmol) and isolated as a white solid (1.08 g, 2.7 mmol, 89%); '"H NMR

MeO H (400 MHz, CDCls) d 8.27 (dd, ] = 8.6, 6.1 Hz, 1H), 7.86 (brs, 1H), 7.55-
H 7.50 (m, 2H), 7.07 (dd, ] = 10.8, 8.8 Hz, 1H), 7.00 (ddd, ] =9.1, 4.2, 3.4

F 0] E Hz, 1H), 6.67-6.61 (m, 2H), 4.61 (dd, | = 8.8, 2.4 Hz, 1H), 3.87 (s, 3H),

3.82 (s, 3H), 1.14 (s, 9H); *C NMR (100 MHz, CDCls) d 168.5, 163.3 (d,
J=3.6 Hz), 159.6 (d, ] = 242.1 Hz), 156.2 (d, ] = 1.5 Hz), 155.4 (d, ] = 239.2 Hz), 139.4 (d, ] = 10.2 Hz), 1232 (d, ] =
2.9 Hz), 121.1 (d, ] = 13.1 Hz), 121.0 (d, ] = 9.4 Hz), 120.3 (d, ] = 8.7 Hz), 117.3 (d, ] = 27.0 Hz), 106.9 (d, ] = 21.9
Hz), 98.9 (d, ] = 27.0 Hz), 62.5, 56.2, 56.1, 35.4, 26.9; 1F NMR (376 MHz, CDCL3) & ~115.8, ~123.4; IR (thin film) v
2963, 1653, 1615, 1524, 1492, 1415, 1280, 1193, 1034, 951 cm-1; HRMS (ESI) calcd. for C2iH2sOsN:F2 m/z 407.1777
[M+H]", found 407.1768; [a]o® 11.3 (c 0.81, CHCL)

(5)-2-Fluoro-N-(1-((4-fluoro-2-hydroxyphenyl)amino)-3,3-dimethyl-1-oxobutan-2-yl)-5-hydroxybenzamide
(1h):
Prepared by the general procedure for step C from S2h (1.00 g, 2.5
OH mmol), purified by reslurry and isolated as a white solid (468 mg, 1.2
mmol, 46%); 'TH NMR (400 MHz, CDsOD) 8 7.56 (dd, J=8.8, 6.4 Hz, 1H),
H 7.22 (dd, J=6.1,3.2 Hz, 1H), 7.07 (dd, ] = 11.0, 9.0 Hz, 1H), 6.93 (ddd, |
F o £ = 9.0,4.2,3.2 Hz, 1H), 6.61 (dd, ] = 10.0, 3.0 Hz, 1H), 6.56 (ddd, ] = 8.3,
8.3,2.7 Hz, 1H), 4.71 (s, 1H), 1.37 (s, 9H); *C NMR (100 MHz, CDsOD)
0171.4,166.0 (d, ] =2.9 Hz), 162.2 (d, ] = 241.3 Hz), 155.4 (d, ] =237.7 Hz), 155.3 (d, ] = 1.5 Hz), 152.2 (d, ] = 10.9
Hz), 125.9 (d, J=10.2 Hz), 123.3 (d, ] = 13.9 Hz), 122.7 (d, ] = 2.9 Hz), 121.0 (d, ] = 8.7 Hz), 118.0 (d, ] = 25.5), 117.3
(d, J=2.2Hz), 106.7 (d, ] =21.9 Hz), 104.2 (d, ] = 25.5 Hz), 63.0, 36.0, 27.7; F NMR (376 MHz, CDsOD) d -117.7,
-128.2; IR (thin film) v 3267, 1658, 1643, 1547, 1528, 1502, 1222, 1190, 974, 770 cm-'; HRMS (ESI) calcd. for
C19H21F2N204 m/z 379.1464 [M+H]", found 379.1461; [a]p? 1.6 (c 1.02, CHsOH)

ZT

HO

C. Preparation of catalyst for anti-selective catalytic asymmetric nitroaldol reaction

A flame-dried test tube (20 mL) was charged with NdCls¢6H20 (8.6 mg, 0.024 mmol) and amide based ligand
la-j (0.024 mmol), and dried under vacuum at room temperature at least for 5 min. Ar was backfilled
(evacuation/backfill was repeated 5 times) to the test tube, then THF (600 uL) was added at room temperature.
After stirring the resulting slightly cloudy suspension at 60 °C for 30 min, 2.0 M NaO'Bu/THF (72 uL, 0.144
mmol) was added slowly at the same temperature. After stirring the resulting mixture at 60 °C for 1 h (white
precipitate appeared), the mixture was cooled to room temperature and nitroethane (172 pL, 2.4 mmol) was
added. Self-assembly of Nd/Na catalyst initiated in a few minutes and the resulting mixture was stirred at room
temperature for 12 h to give a thick white suspension. The whole suspension was transferred to an Eppendorf
tube with THF washing (0.5 mL x 2). The tube was centrifuged at ca. 10,000 rpm for 30 sec. The supernatant
was decanted and THF (1.6 mL) was added. The tube was agitated using a vortex mixer for 30 sec and
centrifuged again, then the supernatant was decanted (washing process). This washing process was repeated
again. The resulting precipitate was agitated with reaction solvent (1.6 mL) and a part of resulting suspension
(0.015 mmol/1000 pL) was used for anti-selective catalytic asymmetric nitroaldol reaction. (Note: THF and
nitroethane were essential for formation of the heterogeneous catalyst. Self-assembly did not proceed well with
a solvent other than THF nor a nitroalkane other than nitroethane.)
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D. General procedure for anti-selective catalytic asymmetric nitroaldol reaction.
Nd/Na amide

HO CO5Me HO CO5Me
o} R? catalyst 9 mol% S 2R2 ~, 2R2
JJ\ + > R1 - R1
R" ~CO,Me NO, solvent, -60 °C, 20 h liloz NO,
2 3 (+)-4, (2S,3R)  (-)-4, (2R,3S)

A flame-dried 20 mL test tube was charged with a reaction solvent (480 pL) and catalyst suspension prepared
in above section (720 pL, 0.0108 mmol, 9 mol%). After adding nitroalkane (1.2 mmol, 10 eq.) at room
temperature, the mixture was cooled to -60 °C and then a-keto ester in reaction solvent (146 uL, 0.12 mmol) was
added dropwise for 1 min. After stirring the reaction mixture at the same temperature for 20 h, 0.2 M
AcOH/THF (500 pL) was added slowly and warmed to room temperature. H20 (1 mL) was added and the
resulting mixture was extracted with EtOAc (2 mL). The organic layer was dried over Na2SOs. After removal of
volatiles under reduced pressure, the resulting residue was analyzed by 'H NMR to determine diastereomeric
ratio of product. The crude product was purified by silica gel column chromatography (EtOAc/n-hexane) to
give a product as a single diastereomer. Enantiomeric excess was determined by chiral HPLC analysis.

E. Characterizations of Nitroaldol Products.

Methyl (2R,35)-2-hydroxy-3-nitro-2-phenylbutanoate ((-)-4aa)
Methyl (25,3R)-2-hydroxy-3-nitro-2-phenylbutanoate ((+)-4aa):
4aa is known compounds.?

HO CO,Me HO CO,Me
S ”, White solid; 27.3 mg (95%, reaction in THF), 25.7 mg (90%, reaction
H in MTBE); 'TH NMR (400 MHz, CDCls) d 7.65-7.63 (m, 2H), 7.43-7.34
NO, NO, (m, 3H), 5.35 (q, ] = 6.8 Hz, 1H), 4.10 (s, 1H), 3.86 (s, 3H), 1.38 (d, ] =
(-)-4aa (+)-4aa 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls) d 173.0, 136.6, 128.9, 128.9,

125.5, 87.2,78.7, 54.0, 13.1; [a]p?® 36.7 (c 1.04, CHCls, 75% ee, Reaction
Sample (THF), (25,3R) isomer major), [a]p? -35.0 (c 0.91, CHCIs, 70% ee, Reaction Sample (MTBE), (2R,3S)
isomer major); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 c¢cm, n-hexane/i-PrOH = 20/1, flow rate =
1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 15.2 min (25,3R), 24.0 min (2R,3S):
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Methyl (2R,3S)-2-hydroxy-2-(naphthalen-2-yl)-3-nitrobutanoate ((-)-4ba)
Methyl (2S,3R)-2-hydroxy-2-(naphthalen-2-yl)-3-nitrobutanoate ((+)-4ba):

HO CO,Me HO CO,Me 4ba is known compounds.?
N > White solid; 27.8 mg (80%, reaction in THF), 31.8 mg (92%,
OO reaction in MTBE); TH NMR (400 MHz, CDCls) b 8.18 (d, |
NO> NO2  _17Hgz 1H), 7.90-7.84 (m, 3H), 7.67 (dd, ] = 2.0, 8.6 Hz,
(-)-4ba (+)-4ba 1H), 7.55-7.51 (m, 2H), 5.49 (q, ] = 7.1 Hz, 1H), 4.24 (s, 1H),

3.87 (s, 3H), 1.41 (d, ] = 7.1 Hz, 3H); 3C NMR (100 MHz,
CDCls) o 173.6, 134.4, 133.8, 133.7, 129.4, 129.2, 128.2, 127.6, 127.4, 126.1, 123.2, 87.7, 79.6, 54.7, 13.8; HPLC
analysis: CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 9/1, flow rate = 1.0 mL/min, detection at 210
nm, flow rate = 1.0 mL/min, tr = 11.6 min (25,3R), 25.9 min (2R,35):
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Methyl (2R,3S)-2-hydroxy-3-nitro-2-(p-tolyl)butanoate ((-)-4ca)
Methyl (25,3R)-2-hydroxy-3-nitro-2-(p-tolyl)butanoate ((+)-4ca):

(-)-4ca

HO, CO,Me

NO, NO,

(+)-4ca

HO CO,Me 4ca is known compounds.®

White solid; 27.9 mg (92%, reaction in THF), 28.1 mg (92%, reaction
in MTBE); "H NMR (400 MHz, CDCl5) 5 7.50 (d, ] = 8.1 Hz, 2H), 7.20
(d, J=8.1Hz, 2H), 5.33 (q, ] = 7.1 Hz, 1H), 4.07 (s, 1H), 3.84 (s, 3H),
2.35 (s, 3H), 1.38 (d, ] = 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) d
173.4, 139.1, 133.9, 129.9, 125.7, 87.5, 79.0, 54.2, 21.4, 13.4;; HPLC

analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection
at 210 nm, flow rate = 1.0 mL/min, tr = 15.1 min (25,3R), 26.6 min (2R,35):
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Methyl (25,3R)-2-hydroxy-3-nitro-2-(m-tolyl)butanoate ((-)-4da)
Methyl (25,3R)-2-hydroxy-3-nitro-2-(m-tolyl)butanoate ((+)-4da):
4da is known compounds.?

HO CO,Me ) . .. .
White solid; 26.7 mg (88%, reaction in THF), 28.1 mg (92%, reaction
in MTBE); 1H NMR (400 MHz, CDCls) 5 7.45 (s, 1H), 7.40 (d, ] = 8.0
NO, Hz, 1H), 7.28 (dd, ] = 8.0, 8.0 Hz, 1H), 7.16 (d, ] = 8.0 Hz, 1H), 5.34
(+)-4da (9, ]=7.1Hz, 1H), 4.08 (s, 1H), 3.85 (s, 3H), 2.38 (s, 3H), 1.39 (d, | =

7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) d 173.3, 139.0, 136.8, 129.9,

129.1, 126.4, 122.9, 87.5, 79.0, 54.2, 22.0, 13.5; HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-
hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 12.0 min (25,3R),
16.9 min (2R,3S):
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Methyl (2R,35)-2-hydroxy-2-(3-methoxyphenyl)-3-nitrobutanoate ((-)-4ea)
Methyl (25,3R)-2-hydroxy-2-(3-methoxyphenyl)-3-nitrobutanoate ((+)-4ea):
HO. CO,Me 4ea 'z's kno?on compounds.’ o

S White solid; 29.0 mg (90%, reaction in THF), 30.1 mg (93%,
reaction in MTBE); 'H NMR (400 MHz, CDCls) 6 7.31 (dd,
J=8.0,8.0Hz, 1H), 7.22 (dd, ] =2.2, 2.2 Hz, 1H), 7.18 (ddd,
J=0.7,2.2,8.0 Hz, 1H), 6.89 (ddd, ] =0.7, 2.2, 8.0 Hz, 1H),
5.33 (q, | = 6.8 Hz, 1H), 4.10 (s, 1H), 3.86 (s, 3H), 3.83 (s,
3H), 1.38 (d, ] = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls) 6 172.9, 160.0, 138.2, 129.9, 117.7, 114.1, 111.6, 87.1, 78.6,
55.4, 54.0, 13.1; HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate =
1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 18.1 min (25,3R), 24.5 min (2R,3S):
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Methyl (2R,35)-2-(4-bromophenyl)-2-hydroxy-3-nitrobutanoate ((-)-4fa)

Methyl (2R,35)-2-(4-bromophenyl)-2-hydroxy-3-nitrobutanoate ((+)-4fa):

4fa is known compounds.’

White solid; 35.2 mg (92%, reaction in THF), 26.0 mg (68%,
reaction in MTBE); 'H NMR (400 MHz, CDCls) d 7.55-7.50
(m, 4H), 5.30 (q, J=7.1 Hz, 1H), 4.11 (s, 1H), 3.86 (s, 3H), 1.38
(d, J=7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) 8 172.5,135.7,
132.1, 127.4, 123.3, 86.9, 78.5, 54.2, 13.0; HPLC analysis:
Daicel CHIRALPAKIF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH =20/1, flow rate = 1.0 mL/min, detection at 210 nm,
flow rate = 1.0 mL/min, tr = 21.6 min (25,3R), 49.9 min (2R,35):
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Methyl (2R,3S5)-2-hydroxy-3-nitro-2-(4-(trifluoromethyl)phenyl)butanoate ((-)-4ga)
Methyl (25,3R)-2-hydroxy-3-nitro-2-(4-(trifluoromethyl)phenyl)butanoate ((+)-4ga):
4ga is known compounds.’

Ho’c CO2Me White solid; 33.1 mg (90%, reaction in THF), 34.3 mg (93%,

reaction in MTBE); '"H NMR (400 MHz, CDCls) 8 7.80 (d, |

E.C F.C NO, =8.3Hz, 2H), 7.67 (d, J=8.3 Hz, 2H), 5.36 (q, = 6.8 Hz, 1H),
3 3 = . 13,

(-)-4ga (+)-4ga 4.18 (s, 1H), 3.88 (s, 3H), 1.38 (d, ] = 6.8 Hz, 3H); ¥C NMR

(100 MHz, CDCls) 5 172.6,140.9, 131.6 (q, / =31.8 Hz), 126.5,
126.2 (q, /] =3.6 Hz), 124.1 (q, ] =270.5 Hz), 87.2, 78.9, 54.6, 13.4; F NMR (376 MHz, CDCls) -62.8; HPLC analysis:
Daicel CHIRALPAKIF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH =20/1, flow rate = 1.0 mL/min, detection at 210 nm,
flow rate = 1.0 mL/min, tr = 14.8 min (25,3R), 38.1 min (2R,3S):
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Methyl (2R,3S5)-2-(4-(tert-butyl) phenyl)-2-hydroxy-3-nitrobutanoate ((-)-4ha)
Methyl (25,3R)-2-(4-(tert-butyl) phenyl)-2-hydroxy-3-nitrobutanoate ((+)-4ha):

HO, CO,Me

NO,

Bu Bu

(-)-4ha

(25,3R), 27.8 min (2R,3S):
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White solid; 31.5 mg (89%, reaction in THF), 32.3 mg (91%,
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reaction in MTBE); 1H NMR (400 MHz, CDCls) 8 7.53 (ddd,

J=22,22, 68 Hz, 2H), 7.40 (ddd, ] = 2.2, 2.2, 6.8 Hz, 2H),

5.34 (q, ] =7.1 Hz, 1H), 4.06 (s, 1H), 3.85 (s, 3H), 1.39 (d, ] =
7.1 Hz, 3H), 1.31 (s, 9H); *C NMR (100 MHz, CDCls) 0 173.4,
152.3, 133.8, 126.1, 125.5, 87.6, 79.0, 54.2, 34.9, 31.6, 13.5; HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25
cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 11.2 min
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Methyl (2R,35)-2-([1,1'-biphenyl]-4-yl)-2-hydroxy-3-nitrobutanoate ((-)-4ia)
Methyl (25,3R)-2-([1,1'-biphenyl]-4-yl)-2-hydroxy-3-nitrobutanoate ((+)-4ia):

4ia is known compounds.?

10.000 15.000 20,000

Retention Time [min]

25.000

HO, CO,Me HO CO,Me i ” o
8 -, White solid; 32.9 mg (87%, reaction in THF), 32.0 mg (85%,
: reaction in MTBE); TH NMR (400 MHz, CDCls) d 7.71-7.69
Ph NO, Ph NO, (m, 2H), 7.64-7.58 (m, 4H), 7.47-7.44 (m, 2H), 7.39-7.36 (m,
(-)-dia (+)-dia 1H), 5.39 (q, ] =7.1 Hz, 1H), 4.14 (s, 1H), 3.88 (s, 3H), 1.44 (d,

J =7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) 6 173.2, 142.1,
140.4, 135.8, 129.2, 128.1, 127.9, 127 .4, 126.3, 87.5, 79.0, 54.3, 13.5; HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46
cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr =
25.2 min (25,3R), 61.3 min (2R,3S):
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Methyl (R)-2-hydroxy-2-((S)-1-nitroethyl)-4-(triisopropylsilyl)but-3-ynoate ((-)-4ja)
Methyl (S)-2-hydroxy-2-((R)-1-nitroethyl)-4-(triisopropylsilyl)but-3-ynoate ((+)-4ja):

HO, CO;Me HO CO;Me  4ja is known compounds.
- ’ Colorless oil; 28.1 mg (68%, reaction in THF), 39.7 mg (96%,
é : é s . -
TIPS NO TIPS NO reaction in MTBE); '"H NMR (400 MHz, CDCls) 8 5.05 (q, ] =7.1
2 2 Hz, 1H), 3.92 (s, 3H), 3.84 (s, 1H), 1.85 (d, | = 7.1 Hz, 3H), 1.07-
(-)-4ja (+)-4ja 1.04 (m, 21H); 13C NMR (100 MHz, CDCls) d 170.7, 101.4, 91.1,

85.9,72.5,54.7, 18.8, 13.6, 11.3; HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 ¢cm, n-hexane/i-PrOH =
20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr = 7.2 min (25,3R), 8.8 min (2R,3S):
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Methyl (2R,3S5)-2-hydroxy-3-nitro-2-phenylpentanoate ((-)-4ab)

Methyl (25,3R)-2-hydroxy-3-nitro-2-phenylpentanoate ((+)-4ab):

4ab is known compounds.?
White solid; 24.3 mg (80%, reaction in THF), 26.0 mg (86%, reaction
in MTBE); "H NMR (400 MHz, CDCls) d 7.66-7.64 (m, 2H), 7.43-7.34
(m, 3H), 5.16 (dd, ] = 3.2, 10.3 Hz, 1H), 4.21 (s, 1H), 3.81 (s, 3H), 2.04
(ddq,J=3.2,7.6,10.3 Hz, 1H), 1.56 (ddq, ] =3.2, 4.4, 7.6 Hz, 1H), 0.90
(dd, J=7.6, 7.6 Hz, 3H); *C NMR (100 MHz, CDCls) d 172.9, 136.7,

HO, CO,Me

NO,
(—)-4ab

HO_ CO,Me

NO,
(+)-4ab

129.3, 129.2, 125.8, 94.3, 79.6, 54.2, 21.6, 11.3; HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-
hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tr=11.7 min (25,3R),
18.3 min (2R,35):
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Methyl (2R,35)-2-hydroxy-2-(3-methoxyphenyl)-3-nitropentanoate ((-)-4eb)
Methyl (25,3R)-2-hydroxy-2-(3-methoxyphenyl)-3-nitropentanoate ((+)-4eb):
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Colorless oil; 25.6 mg (75%, reaction in THF), 29.7 mg
(87%, reaction in MTBE); TH NMR (400 MHz, CDCls) d

7.31 (dd, ] = 8.1, 8.1 Hz, 1H), 7.23 (dd, | = 2.0, 2.0 Hz,

NO,

1H), 7.19 (ddd, ] = 0.8, 1.7, 7.8 Hz, 1H), 6.89 (ddd, ] = 1.0,

(-)-4eb (+)-4eb 2.7,8.3 Hz, 1H), 5.14 (dd, ] = 3.2, 10.3 Hz), 4.21 (s, 1H),
3.83 (s, 3H), 3.81 (s, 3H), 2.09-1.98 (m, 1H), 1.63-1.53 (m,
1H), 0.91 (dd, J =7.3, 7.3 Hz, 3H); 3C NMR (100 MHz, CDCls) d 172.6, 160.2, 138.1, 130.0, 117.8, 114.4, 111.6, 94.1,
79.4, 55.5, 54.0, 21.4, 11.2; IR (thin film) v 3490, 2956, 1737, 1600, 1551, 1435, 1258, 1155, 1040, 763 cm-!; HRMS
(ESI) caled. for CisH17OsNNa m/z 306.0948 [M+Nal*, found 306.0948; [a]p® 15.4 (¢ 1.11, CHCls, 40% ee, Reaction
Sample (THF), (25,3R) isomer major), [a]p® -28.6 (c 1.46, CHCIs, 80% ee, Reaction Sample (MTBE), (2R,3S)

isomer major); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate =
101



1.0 mL/min, detection at 210 nm, flow rate = 1.0 mL/min, tz = 13.0 min (25,3R), 18.9 min (2R,3S):
Racemic Sample Reaction Sample (THF) Reaction Sample (MTBE)

250000 |
250000

200000 |

200000

Z 150000 200000
150000 z

ensity [1V]

Intensty V]

g
£ £ 100000 |

100000
100000

50000 50000 7| J\ f
—N L] 0

) -

12,000 14.000 16.000 16,000 20,000 12,000 14.000 ol 18,000 20.000 12,000 14.000

5.000 18.000 20,000
Retention Time (min Retention Time [min

16.000
Retention Time [min]
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G. 'H and B3C NMR Spectra.

[0 S — L

0958’y ———

®%Ir —

%Iy ———

186579
6099
Lregl
$09'9
8SH9
SIS
wme
6L

R

009T°L

Lror's
0ORT'S
LORT'S —
TS
Laren)

W

L

sozi L

H OMe
BocHN

F

o
S1b, 'H NMR, 400 MHz, CDCl,

PPM

0.0

3.0

4.0

50

6.0

8.0

06781

LOET'8T

ororis

8TOI'9s

T6E8°9L

—0091°LL

695t LL
SELYLL
SFET08

6FrEL'86
LF00°66

FEEL' 901
61F6"901

SEOL°0TI
oleL 0zl
8£99°¢T1

16TE°6%1
Tiererl
6LS9°SS1
0O881°8<1
F109°091

6LLY0OLT

N

VoY

W

H OMe
BocHN

E

o]
S1b, '3C NMR, 100 MHz, CDCl,

PPM

0.0

20.0

40.0

.0

60,

80.0

100.0

120.0

140.0

160.0

180.0

103



PPM
0.0

9TsT8l —— -

PRSERY
86958 —|
988LBF —
9068'8F
0000°6F
FLIT6F

e SY—

FSEC6H
6TTF6F
8S616F
14SS6F
£FE96F
sLocer —|
$995'1s —

3.0

[

LIsKE H\\| ot ) )

4.0

wsK £SLEE01
SOE8°E01
091£"901

07LE901

0N

ool = £THO'LIL
SILOLIL
6L08

-
&mm@.m“ " W I“
H\l
T
—
N

|
|
'

50

92089071
= 609L70T1
6881°¢T1
08ITETI
SH09°ETI
9LsLET
LISFFTI
SISSFTI

|

180.0

6.

0
N
H

o]
F

worist
- 91T 11
8668°ts]
8T01°ss1

—_
T~—
st
7

OMe
‘@F

e}

S2b, 'H NMR, 400 MHz, CDCl,
|
L]

e
]
L]

H
N
H OMe
N
o
S2b, *C NMR, 100 MHz, CDCl,

N
H
MeO
]

9rsr 091
LO98°T91

66'1 [fj _= 166t°991
0178991

69TI°tL1

8.0

(o]
F

MeO

PPM
TTTT T T T T T[T T ToTT

20.0

40.0

1000 80.0
104

120.0

140.0




06T8 T —
ROFSTl —

[VA

16y

HOSL'F —
890U ——
LRI %
SPRLT

I8

ey

OH
@F

CD50D

H
N

ot

o}

N
H

(o]

F
1b, "H NMR, 400 MHz

R — =
860

DT ——

PPM

0.0

3.0

4.0

50

6.

8.0

9TsT81

FRSESE
869<'8F
988L'8F
206881
0000° 6%
FLIT6F

Feeeor
6TTH6F
8s61°6F
Irssor
faga iy
£LOL'6F
995718

£ELSE01

0TLE901
£TFOLI

92089071
609L70T1
6881°¢T1
081T¢T1
SH09°ETI
9LsLET
LISFFTI
SISSFTI

worist
91T 11
8668°ts]
8T01°ss1
FLILSS
087951
9rsr 091
LO98°T91
166991
017991
69TI°tL1

F

0
1b, C NMR, 100 MHz, CD50D
P

HO

PPM

40.0

80.0

100.0

120.0

140.0

180.0

105



OLFF'ST

7l o
W =]
HT01
oly
— = ; = 0FF8'ST

jf

i
20

PPM
0.0

20.0

40.0

N4

60,

FLIN9S
001898
6158898
-
2
T6£8'9L
bl
69SELL
A - et J SELY'LL
2 LIEE08

Wiy —- N

sy ——— o [ =
TTPL'86
£610°66

w0 -

" f - " LOFL™901
$656'901
169L°021

- 9958°071
e rrssETl

e

16099

SLTY9 /l

e ; B

B — Wy T — I.um

95599

LA -

0L m W

wQ
0L ] [§) . 16Z€°6F1
3 N 6ETH6FI
o T
m 0r8'ss1
-4 =] Ly
o = 15+9°091

RIS W ..0..

$99T8 % S = 060 F’IJ B

FISUS — " -

1Ty — T F L —— nu S911°0L1

S o g

m o
w
=

80.0

h
106

100.0

120.0

WV

140.0

H OMe
BocHN
e}

S1c, ¥C NMR, 100 MHz, CDCl3

160.0

180.0



0TIs'Y
FIINY
EOrY'Y —
F0OR'Y

W

6RILT
T
oLEL’r
ey
STSL'F
L
6OLL'T
RELLT

'

J |

L

LLL % LLL L_\ |

00'e

00l {f/ H\IIM
0l (Il/ e

F

e}
S2c, 'H NMR, 400 MHz, CDCl4

660 T e

PPM

0.0

.0

3.0

4.0

6.0

8.0

LS90°01 ———

FELLST —

£510°98

9EL09S
LSLI'9S

WV

T688°9L
=009LiL

W LL
SELY'LL

TEOL'86
0£90°66
08tL901
£656°901

1+9¢e°L11
6L8T0TI
LTBE0T1
LTR80T
ris6'0z1
wroiTn
980F°€TI
LLEPETI

R T (e

9291t°6%1
rliserl
LIrrrsl
01917951
6817951
6TEsT951
SEEERS]
TLEL091
T10Fe91
LLEF'E9I
97677691

NSWpp

MeO

4\

S2c, %C NMR, 100 MHz, CDCl

PPM
|IIIIIIII||\\|IIIIII|IIIIIIIII|IIIII||\\‘IIIIIIIIIlII\\\IIII|IIIIIII\I|IIIIIIII||I\\\\IIII|

180.0

0.0

20.0

40.0

0

60,

80.0

100.0

120.0

140.0

.0

60,

1

107



|
PPM
0.0

svor ——

Lo

0w ——= tOrs97 —

oSl — . N
9680'1 )

SRIX'1
LRIS1
Nl

-
Hﬂ. 69018t
0981 %
SESR'I
Al —
i
/

£819°8F
S6T8'SF
Tirret
Ir1rer

20

9STE6r
FiLEer —/
crrser /) —
stsoer — /
LssLor )/
z.aﬂEL

30

i
w
=
]

4.0

oo
LRSI
S99t
FOLO'F

981L°E01

£996"
810F"
8LT9901
TOLO°LTL
1860°L11
16F8°L11
£rorsI
LT69°0T1
6TLLOTI
08TIET1
[FAS |
£TIL°ETI
1806°¢T1
1E8L°FT1
TE8RFTI

WIS ——

50

6.0

OH
@F

[ ————
.5.: \

660 T ——
=

560 —

7.0

129¢°151
SOLFIST
l6l6'ts
6591°ss1
BLBI'SS]
£E0E951
709091
£110°t91
L¥T8'991
76£8°991
S9TE°TLI

H
gTN
O
1c, 1H NMR, 400 MHz, CD30D

[e]
HO\©\)J\N
H

F

W T ————

8.0

|IIII\ITYI||IIII1ITIlIIIIIT\TTl|III|ITIIWIIIIIIITI[WIIIIIITT{II|IIII|TWIIIIIIIII[TIIIIIIII{\

2.0

PPM

0

20.0

40.0

.0

60,

80.0

108

100.0

F
120.0

1¢, 1°C NMR, 100 MHz, CD;0D
140.0

.0

60

1

180.0



8IE rﬂw
R0y —

SINY
90HI'
sy

sTrs

L)
16099
SLTY9
w9
9Gwrre
05599
956999
oL

009T°L

LA
LrOT's
MOKT'S
LOST'S
0TS

v

\I‘J ’

=~

860 /

]
A

Y

6L0 fJ

L0 f

L rj

F

Lo [J

W

H OMe
BocHN
(o]

S1d, "H NMR, 400 MHz, CDCl,

PPM

0.0

.0

3.0

4.0

6.0

8.0

TO88'LI
9005761

j35 14
16L0°1E

or19s
1996°09

SOr89L
=009LiL

—_—

I LL
S08¥'LL
8LOT08

1P9L°86
SEE0°66

£55L7901
£996°901

6TI8°0T1
006021
980+°¢T1

Lereorl
FREF6r1
0986°ss1
897881
6889°091

8ELL6YI

X

WV

Y

F

H OMe
BocHN
o

s1d, ®C NMR, 100 MHz, CDCl,

PPM
|IIIIIIII||\\|IIIIII|IIIIIIIII|IIIII||\\‘IIIIIIIIIlII\\\IIII|IIIIIII\I|IIIIIIII||I\\\\IIII|

180.0

0.0

20.0

40.0

0

60,

80.0

100.0

120.0

140.0

.0

60,

1

109



RO8Y' | —————

y

rs:.-z;;:i,
EEEEEEE
3333333

LLLLLLLLLLLLLLLL | )]
LU L,

.23

S60 S - HHH.‘

OMe

MeO

F

s2d, 'H NMR, 400 MHz, CDCl,

wr TT—— =
W= HM

w3

ron (J -
wlr T =

PPM

0.0

3.0

4.0

50

6.0

8.0

SLOTSI
rizsol

£E8TIE

S£S60°9s
£061°9%
8LOT'09

SOr89L

ool

Y

I LL
SO8¥°LL

8LOS'86
9LLO66

TLLL™90L
9886901
t06L Il
srll
wnrLn

FrTIeoTl
wlrozl
£676°071
faydindl
HITEeETl
SLSEETI

rL8E6r1
srerl
6551°Ps1
061951
8H0T951
rLFS OS]
097881
FoLL'091
6LIS™E91
1Lrse91
L6891

SV

SEP

MeO

s2d, 13C NMR, 100 MHz, CDCl;

PPM

180.0

0.0

20.0

40.0

0

60,

80.0

100.0

120.0

140.0

160.0

110



s = 7 So5
£ 2 t 725
)
" 0 H OH
1ISaRRe!
o)
F F
1d, 'H NMR, 400 MHz, CD;0D
I
3 3 i
&
2= |z H !
IH( | |
[N B
MU 1\
PPM
9.0 8.0 7.0 6.0 50 4.0 3.0 20 1.0 0.0
1 28 S @8% = wxdzw - 2 e
2 f Iffg a%%ﬂai g : Z
E 22 RRsd I 1 3 A 2
I N |
{ )
NI
- 0 H OH
N
0
F F
1d, '*C NMR, 100 MHz, CD50D
1
1 1 |
|
1
| |
I
]
PPM
|IIIIII|I\‘\\\IIIIIIlIIII\IIIIlIIIIIII\\‘IIIIIIIIIlII\\\IIII|IIIIIII\I|IIIIIIII\|I\\\\IIII|
180.0 160.0 140.0 1200 100.0 80.0 60.0 40.0 200 0.0

111



EVZAE E ELTIEBRLEIL a H 4 IssmpprzossyeyEssosncy
SALAR A L3ITEEIA E ] : EEE LA VR ToEERt
“ 2E33 - - - e o i o i i i i} Sz2

OMe

ZT

BocHN

o
F

81f, 'H NMR, 400 MHz, CDCl5

-
\ 304

-
a
1
iz
= _ -
- = s
g P
| J
1
] |
A A, .
PPM
||T|||[I|[IIIIII]IITIIITTIITIIIT]III[TIIIIIIITllllllllll||ITllllllIITTIIITlll[IIIlTIIlTTIII
9.0 8.0 70 6.0 50 4.0 30 20 1.0 00
*® [ B ] = SR = x - _ -t
= n2E 82 3z £x 53 z-g‘-‘r‘lgﬁ ) 25z & %
- TR S= Sae SR o= -% oS T = amES e o
= Sxw oo g i gg =5 mIE =% =< S5%E 7 =
S SiEw T3 aaa = 2% FEERE b4 288 A& =
I
OMe
H ]
BocHN
(e}
F

S1f, 13C NMR, 100 MHz, CDCl3

1
I 1
HL L
PPM
|IIIIIIIII|\\IIIIIII||II\\IIII|IIIIII|\I‘IIIIIIIIIlIII\\IIII|IIIIII\I\||IIIIIIII||\HIIIIIl
180.0 160.0 140.0 120.0 100.0 80.0 60.0 40.0 20.0 0.0

112




PPM
0.0

SLIOFI

e J F668°TT

JERNERRN

£508°LT
LSFTTIE

m

.0

LO68'tS
88079
0L81°9s

T6E8'9L
SIT0LL
0091°LL
WITLL

PPM
0.0

20.0

40.0

\/

.0

]
60.

=

=NEErET
S8r9LL

M

9669°LL
€EPLLL
1L8LLL

4.0

S008'86
w— | —ae £0L0°66
- £55L°901
" 0FL6™901
0E8LFIT
GHOSFIL
6801°LI1
FILELIT
LIEE0TI
61071
016L°0Z1
£726'071
IH16°021
91£0°1T1
£TSPET1
SISHET]

S

6.0

" 991t°6r1
98157681
6SS1TS1
67817951
SL617951
rLFS OS]
8EEERS]
wUrLo9l
w50 _ PoLEE91
[ e T S80F°E91
orLE 691

o
e
Wy

8.0

OMe
E

H
N
[¢]
s2f, 'H NMR, 400 MHz, CDCl3
g
j
]

MeO

LLLI

L
80.0

113

100.0

120.0

Ny T

140.0

s2f, 1%C NMR, 100 MHz, CDCly

MeO
160.0

NN

180.0



PPM
0.0

IIIIIIIIII]IIIlllllllllIllIIII]IIIIIIIIIIIIIllIIIIIIIllllITIIIIllIIITTIIIIIIIITT]IIIIIIIYT]

9.0

10

20

30

4.0

S50

6.0

CD50D

70

1f, 'H NMR, 400 MHz,

8.0

9ILTFI

6FIT'ET

080°6T
1806'TE
LSITSE
ILLS'8Y

988L°8F
0000°6F

e 6r
8s6t6r
91F9°6r
stIL6F
98r6'ss

8799°¢01
LO16"
909t
99857901
866911
FOTOLIL
6LO8°LI
8SS0°8I1
£TT9°0T1
szoLoTn
9801°¢TI
8LEIETI
LISLETI
9Tr6't Tl
9£89°FTI1
98L°PTI

8967151
190t° 151
FIFgEs]
rLIlSsl
£orlssl
LETT9S1
Fore091
SE56°791
£508°991
F689°TLI

PPM
[TTTTTTTTT

20.

40.0

.0

60,

80.0

114

100.0

120.0

1f, 13C NMR, 100 MHz, CD30D
140.0

.0

60

1

180.0



a6\

LY
8T

SN

G098°Y

soLcr

ooy ———

L]
16099
69799
%Y —
Gwrre
s
06999
RELY9

009T°L

S —
0698
|/

TS
01638 Wl
o8

I H OMe
BocHN

E

o
s1g, "H NMR, 400 MHz, CDCl3

—

i B

wo rj U
LG =

PPM

0.0

.0

3.0

4.0

6.0

8.0

L699°11
6FSRSI

6656'FT
919+°8T

00lIsLe

SOr19s

9708709

SOP8'9L
0091°LL

TFITLE
SO8t'LL
S00T08
0s1T08

895L'86
$970°66

08FL901
£996°901

0r6L0zTI
888071
wHretTl
LISl

roretor!
Tiererl
|
6097851
£FL9°091

S99L7691

] H OMe
BocHN

E

o]
S1g, "*C NMR, 100 MHz, CDCl3

PPM

180.0

0.0

20.0

40.0

0

60,

80.0

100.0

120.0

140.0

160.0

115



PPM
0.0

09711
0T8LSl

— e

o
06T -

2.0
~
R
[
“
~
-

60809
£061°9s
LSOt 6s

30

T6Y8'9L

= = = 0091

PPM
0.0

20.0

|
40

W

60.

69stLL
SELVLL

4.0

TE6L'86

£0L0°66
979L7901
1867901
FRILFII
0E8L°FI
0rLHl
FILELLL
FHTe0Tl
6liozl
1£68°0T1
osl16°0T1
86007171
SEIEETI
LOSEETI

50

6.0

-
-]
&

70

108€°6F1
N " 6FLY6FI
60— 6SSIFS1

6781°051
SL6I'0S1
FLES9ST
LSSE8S1
o 169L°091
- LO8E"€91

o = 1£71°€91
L0Z6'891

OMe
@F

,ggkg\l ,\ %JJ

N
(o]
S2g, 1H NMR, 400 MHz, CDCl3
b3
L}

8.0

L
LU
[e]
MEO\dL
F

9.0

J\

80.0

116

100.0

|
0

E
120.

I

140.0

s2g, ¥C NMR, 100 MHz, CDCl3
TTTTTTTTT

MeQO
160.0

R (e

0

180,



-

- 7=
B =]
Bl
—_ [ =
- — = [
o = I
Wl — - C
T
o - —3
I —
[ =
-
. 4
3 —
[ e
-]
= —
9w -
[ P o — e _ -
6ls9r — - = C
rsor \“ _ u L
0T — IIJ L
=
r
e
e
w - = C
w L
Q oo -
T —
(@] nnus w - = T|m
[m)] 96°0 -
] L
Iz u__/u_' -
p = ol = = |
o L
zT ¥ r
o= F% s
P4 -
T L
& L
o - L
T -

9.0

SHOFIl —

Is86'sl —

reO1I9t ——

IS1s'8E
LSITSY
ILLS'SY
988L'8F
0000°6%
6TLU6F

werot
1£08°6F
Iresor

-

I
91+9'6F Ln
SPILer —
96LT09

FIs8e0l
9L01°F01
SEEF901
£659°901
OsE0cLn
wo0LIl
TEI8°LIl
1£90"
8859°0T1
£9FL°0T1
1616°TT1
I8F6°TTI
LPRYETI
BLER'ETI
1TLI°STL
TPLTSTI

0969991
vy —~

HO

F

19, '*C NMR, 100 MHz, CD;0D

PPM

— )
i

117



(=]

LY )
fLes’l

1658°Y
LEse’y
L0

Logy's
Fist's

90099
£L09°9
Laren)
95799
9
Lri i
S61H°9
oo
0L

009T°L

wuL

0TS
6T9T'8
969T'8
OFST'S

I

H OMe
BocHN

E

o
S1h, 'H NMR, 400 MHz, CDCl5

LT _flr.

L0 S

01 S

U

PPM

0.0

.0

3.0

4.0

8.0

SEEL9T
19L¥'8T

T090°sE

191°9¢

LOIS'E9

SOr89L
0091°LL

808+ LL
9Ts66L

FILL'86
11r0°66

881L°901
9L£6™901

£618°0T1
Irre0z1
00LTET1
66T°ET1

olseorl
Lstr6rl
£Tiressl
STRTRS1
7969091

L61T691

E

H OMe
BocHN
o

s1h, 3C NMR, 100 MHz, CDCl,

PPM

180.0

0.0

20.0

40.0

0

60,

80.0

100.0

120.0

140.0

160.0

118



PPM
0.0

1.0

[SeN]

8TLS1

UWE ——
IS8T —

6L6S'F
ore'r
oO1r —
0Ir

20

30

OMe

S2h, "H NMR, 400 MHz, CDCly

LLLaY

w

wi T

L6 T
00 T

IIIII|I[IT[IIIIIIITT[IIIIIIITI[IIIIIIITTWIIIIIII[I[

50

6.0

80

IIIIIITllllIIIITTTIIIIIIIIITI]IIIIIIIITT

9.0

8FI8'9T

l6st'se

6080'9¢
9L61'98

16179

SOF89L
0$86'9L

0091°LL
WItLL
S08FLL

8LOS'86

9LLO66
£55L7901
0FL6™901
0E8L°FLL
9L6LFIT
SETILI
£LoeLl
96TT°0T1
ILreozn
0996°0T1
SES0TITI
FSLOTITI
92907171
9T81'¢TI
L1Tel

FL8E6T]
S68F°6T1
w91I°rsl
For19sl
0191°9¢1
LFSS981
0£9¢78s1
LEYSL 091
ELLT'E9I
LEIEE91
L8IF'R9I

PPM
0.0

|
200

40.0

.0

60,

—/

==
g
A
—F
-
|
g
N
7
v

800
119

100.0

F
120.0

OMe

S2h, 3¢ NMR, 100 MHz, CDCl3
140.0

MeO
160.0

180.0



RC00°0

st -

s —

(4l

SHLr —
sy —
SHEF ———

Log¥9
rLES9
1788°9 — \\
F6559 —

e
0889
6LO6S™
099
61799
0199
961069
SLI6'S
6169
£LT69
N9
S616'9
0Tr6"

1]

L

JAN
H OH
: @
© F
1h, 1H NMR, 400 MHz, CD;0D

wo T~ d

PPM

0.0

10

30

4.0

50

6.0

7.0

8.0

9.0

LOFTLT

£909¢ —
WIrsr —
68058
9STY8Y
OLER'SY
16£6°8%
S8r0or

w9ter
6ILT6F
L8LY'6F
trrsor
1069 6%
0g9L’6r
£HeY

1£80'H01
£8EE°F01
9LES'901
£99L°901
Z205°LIL
1rzeLnl
0226°L11
LIS —
8567071 —
LTFOITL %
ozt /|
1980721 L.“
1087€T1 —/
9895°€71
To98'sTl
£ro6sTl

9rSITS1
Or9T'TS 1 %
9IRIFST —
061£°SS1 ——
9EELSS 1
S8s87981

-
2900191 %
961+°£91 x
-

80007991
6620°991
86st7IL1

OH

F

1h, 1*C NMR, 100 MHz, CD50D

PPM

20.0

.0

40.

.0

TTTT T T I T T[T T T T T T T [ T T T T [ TT T T T T[T TTrrTd
120.0 100.0 80.0 60.

140.0

160.0

180.0

120



PPM
0.0

99901 —

1.0

L)
)
.
:
]
I

£96¢71T

'

20

8107
6LENT
LOFOFS —
orosTss —

LLLLLLL

30

0.0

PPM

0.0

2

40.0

.0

60,

: T658°9L
IRy
e ——— T 0091°LL
2 =Tt iL
SELFLL
R — - 029¢6L i
65506 ———
wi's =

S,

TS
s
uasrs

ol ——— ==

v

S0P LT —r
FLOEFIT ———
OL8L°LI]

6.0

SEI00E]T ———

L— = 65S80°8F1 ———
wo T T = =
- M) — W
[ ]
Q
O,
(e}
T

99£1°091 ——

80

LFTo Ll ———

o}
[}
=

IIIIIITllllIIIITTTIIIIIIIIITI]IIIIIIIITTIIIII|I[IT[IIIIIIITT[IIIIIIITI[IIIIIIITTNIIIIIII[I[

4eb, 'H NMR, 400 MHz, CDCl3

9.0

80.0

121

100.0

140.0 120.0

4eb, 3C NMR, 100 MHz, CDCl3
160.0

180.0



122



H
T
gl

FYTZNFaRXFNLT VD

anti BRI AZT = a7 v F—I VG

123



4—-1 LI

R = T/vﬁt(CFa L) TSR, BRI BEREMEMEL R SRk A e B CRIH I T W 3 EREETH B,
CR: B AIC LY, 1) Bktkom b, 2) HTHNOETEES 0L, 3) g EEom EalifcE 2
7| [REITFITE T *ﬁf:taeffﬁf’ﬁﬁﬁ@%fﬁ’@%ﬁ@ﬂk AFT A7) T4 o EEERIC CE
HEfAEREHOMFE»ERICED SN T WD 1,

Figure 1. APIs containing CFs group

Me
CF
N__O 3 H,NO,S
F (\N/\<
o} N
cl N\)\N N
// CF, H YN
. NH, O N=
F CF3
efavienz sitagliptin celecoxib

S, EERBICEBAING B-7 3/ TAa—nic CREEBA L7 EREFHERD G IC Nd/Na B
CRERMEAHWEAEFE = P T AN = ARIEBENTH 5 &E 2, Ch:7 b v O anti :ERARER A ZF =

Fu T PRGOS E HiG L 72,

Scheme 1. Nitroaldol reaction of CFs ketone
Nd/Na heterobimetallic HO, CF, HO, CF,

2
(0] R catalyst S 2 reduction 2 > CF3-containing
JJ\ + f R13\/R _— R13\/R R — API
R' “CF,4 NO, S
NO, NH;
2 3
CFs ketone B-nitro (tert-) alcohol 4 B-amino (tert-) alcohol 5

INFETICCR 7 MY EmtrXR YOI F Y FAERNE= T F =V RISIEEERE I N Tni 2
BLRERE L= teza v EAWAEIF YT ABL PV T AT LABRRN A= F v 74 F— A KGOS
F1BIDOARTH o7z, Wolf LIREZAFH VY v U AF v F 6 Z o8 A v 72 anti 3SR 72 SOG %
LT3 3, RIGHNE 4 FlICR S LTV 72 (Scheme2), % T, Nd/Na £ “ & @M% CF: 7 b v Of
F=ba TP = RIG~EA L, JUARIC B-= t e 3T v a — VAT E 2 FEORFEZHIEL 72,

Scheme 2. Past examples for enantio- and diastereo-selective nitroaldol reaction of CFs ketones

Wolf et al. (2010) Ligand (10 mol%)

Cu(OTf), (10 mol% igand:
o n( )2 ( o) HO, CFs Ligand:
BuzN (20 mol%) 3 H
. : oA
CFs NO :
2 THF, -10 °C, 24 h NO, WNH  One
94%, 91% ee
anti/syn 95/5 6
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4 — 2 RICEHDREL

CFs 7 b v © anti SZERWIAEIAF = b v 7ov B — VRIS Ol F v 5 7 1814 8 (Rare Earth. AN RE)
% MGt L 72(Table 1) RE1s(OPr)izs, NaHMDS & 7 3 PRI/ 1 1a % 1:1:22 DL CRA L. R 2 B4 S il
DB % 5 A 7z (method A)& 2 A, Nd & Pr 2> 5 DA H AL 23T L. Nd/Na 7 5 TNC Pr/Na 2478 2 1%
BB TE R L L TR I Nz, SO D8EE 2a & 3a D=t T A F—AKISICHWRZE Z
2. @GR, ELARER M T B O A 4aa 2315 & 72 (RE = Nd: 90% yield, 93% ee, anti/syn = 96/4, RE = Pr:
92% yield, 95% ee, anti/syn = 97/3)(entry 1, 3), —77. Nd, Pr LAt D RE 2 6 13 H CAHIAL 13T 3. H—F
B L LT ROGIRIE & A EHETT L 722> 5 7z (entry 2, 4-9),

Nd & Prichf L. dmfFReE & 7= Zffi 7z RECL KFIPI & NaOBu i< X 2 filt S 575 (method B) T15 72 S8
T lEfiE E 72 L 2 A method A A BB L 7z il & [ D SR % G- 2 7z (entry 9, 10).

Table 1. Rare earth screening

Method A Method B

amide ligand 1a EtNO,/THF amide ligand 1a

REO+/5(0Pr)13/5” self-assembly RECI; hydrate®

NaHMDS W NaO'Bu

[1a:RE:Na = 1:1:2] [1a:RE:Na = 1:1:6] RE:rare earth

Nd/Na heterobimetallic A
i ( catalyst (3 mol%) i pra HO. Q B i M
(e S lacasae!
solvent NO, r Q F
2a? 3a? -78°C, 20 h 4aa 1a
(10 eq.)
entry RE method assf;nlf;alyd yl((;ge anti/syn® 0(/;;?;

1 Nd A + 90 96/4 93
2 La A - trace - -
3 Pr A + 92 97/3 95
4 Sm A - 12
5 Gd A - trace
6 Dy A - trace
7 Er A - trace
8 Yb A - trace - -
9 Nd B + 95 95/5 92
10 Pr B + 91 96/4 94

"2a: 0.12 mmol, 3a: 1.2 mmol. "For Pr, Dy, Er and Yb, RE(O'Pr); was
used. “NdCl;-6H,0 or PrCl;7H,0. ¢ Amount of precipitation by self-
assembly; +: high, —: low.’ Determined by 'H NMR analysis.
fDetermined by chiral HPLC analysis.
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e T, LRI CRIFAER%E 5 2 72 Nd/Na 24 2 &Sl 2 v, Sz — 7 A REEHZ e L 72
& A, THF 230, FEIRELICR D RWiER % 5 2 72(95% yield, anti/syn =95/5,93% ee)(entry 1) —77. a-
TP IZATADRIGR FESM)T THF % L[ 2 #5258 % 5 2 72 2-Me-THF 13UE, VAERME I HRREICH £
- 7z(Table 2),

Table 2. Solvent screening

Nd/Na
heterobimetallic
1) catalyst (3 mol%) HO, CF,
( [Prep by Method B]? 8
CF; * Y
NO; THF N
NO,
2ab 3b -78°C,20h
(1 0 eq) 4aa
ield® % ee®
ent solvent el i g 0
ry %) anti/syn o)
1 THF 95 95/5 93
2 Et,O 84 84/16 90
3 DME trace - -
4 CPME 62 92/8 82
5 2-Me-THF 70 92/8 84

"Descrived in Table 1. " 2a": 0.12 mmol, 3: 1.2 mmol. * Determined
by "H NMR analysis of the crude mixture with mesitylene as
internal standard. ¢ Determined by 'H NMR analysis.

‘ Determined by HPLC analysis.

4 —3 EE OB

REEDORE etk T, PV IAF 0 RFAT 2T P v B L LEGAICE ST LR
— N Th RIFICEOCITHEST L, @GR, SOZAGEIRYE T daa % 5 2 72(85% yield, anti/syn =95/5,93% ee), &1
5D Me #, OMe BB L 727 2= A7 b VIIKRETFHEMET L, 6 mol% D+ EH L 72d DD, &
WILARGERE TR 2MS S iz, EFRGIED a7 Y 3B L 72 7 = =7 b v RO LARER M UG
DHET L7z @\ Bu AAEHLL 727 = = v b Vi d @O EGERM: % 5 2 72 (4ga, anti/syn = >98/2, 95%
ee)y TAF AT by OB MGIRETL, P T AT LAERERIPEETCH -2 b 0D, RifhTF v it
ERNET B o 72 (4ja, antifsyn=83/17, 2% ee). ‘LB D T N F = VEL IR 4 R B REILICE AV RECTH 2 72,
dja FEEBERICBOTHRAAXF INEALT 4 v TRy 7 THEEEZTVWDE 4, = baTAAave LT,
—tu 7NV ERIEEERGAICIE Imol% DI SN TH 572 b DD, EVaEIRNE T 4ab % 5 2 72(77%
yield, anti/syn =97/3,87% ee)s 7z F YV 7 Am X FAT b v X0 D RIGHEIMENZ e B3PI NE V7 F
OAFNT bV EEEE LCHRIGITET L, = v FAERERTRECTH 5 72 D D D dka 2353 5 172 (83%
yield, anti/syn =97/3, 70% ee).

F72. —HOHEEICH VT, Pr/Na B ESEMEBA Nd/Na £ LV Ruiif % 5 2 72 (4aa, 4da), Nd &
Pr 3B 72 v A4 RABHEE 2 R0 7z o ARG IZIZISFE—CTH 2 L EZ LN, E0 A4 4 v EDE N
DEEFNEICHE L - EZTw 5,

LLE ARBGIEIEIA CIE — ik C#EfT L, WG T % o-CPs-B-= b m 73 — % G, &L AERYE©
5252 Z2HLHITL 72,
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Scheme 3. Reaction scope

Nd/Na or Pr/Na

heterobimetallic
catalyst (x mol%) HO (g;'FZ)
0 R2 [Prep by Method BJ? N
J]\ + |/ R1}\_/R
R" “CFs NO, THF o
(CHF,) 3b -78°C, 20 h 2
25 (10 eq.) 4
HO, CFs HO, CFs HO, CFs HO, CFs
X X X MeO X
NO, NO, NO, NO, .
4aa 4ba 4ca 4da dea
RE = Nd RE = Pr RE = Nd RE = Nd RE = Pr RE = Nd RE = Pr RE = Nd
x=3 x=3 X=6 X=6 X=6 X=6 X=6 x=3

85%, 93% ee 91%, 94% ee 84%, 87% ee 84%, 90% ee 82%, 90% ee 67%, 84% ee85%, 91% ee 77%, 87% ee
anti/syn 95/5 anti/syn 96/4 anti/syn 91/9 anti/syn 96/4 anti/syn 97/3 anti/syn 93/7 anti/syn 95/5  anti/syn 93/7
(1.2 g of product)®

HO, CF;3 HO, CF; HO, CF3 HO, CF; HO, CF3
‘o, Trs” o
i 2 2 2
CI” “%fa Bu” “ga Ph™ “Zha 4ia 4ja
RE = Nd RE = Nd RE = Pr RE = Nd RE = Nd RE = Nd
x=3 X=6 X=6 X=6 X=6 x=3

80%, 90% ee 90%, 95% ee 74%,95% ee  82%, 88% ee 90%, 90% ee 79%, 92% ee
anti/syn 94/6 anti/syn >98/2 anti/syn >98/2 anti/syn 95/5 anti/syn 97/3 anti/syn 83/17

HO, CF; HO, CHF,

Isolated yields of anti diastereomer are shown.

< éabNd < ékaNd “Described in Table 1.
= = h . .
x=9 (72 h) X = 6 (48 h) 2:0.12 mmol, 3: 1.2 mmol.
77%, 87% ee 83%, 70% ee “2a: 5.74 mmol (1 g), 3a: 57.4 mmol.
anti/syn 97/3 anti/syn 97/3

4 —4 +Y A RFAREERERENFERDO G

ARIIGIC & Y1372 4aa 2> 5 CF: B:EH ephedrines D &K 2472, £ 3. 4aa & Pd/C & M\ 7= Bk B
RIGICEY B-T I/ T7na—n 7~ 7z, o FEHREMERERROE T IR oNmd o7, HiwT,
LT I AL AF AL L. CREER ephedrme(S)@/\}ﬂZ S L7z, P Cili 7z Y B-7 I/
T a— ik ELEHEIL ephedrine DIZICH LHBHONTE Y, B-7 I/ T a—HAIC CRh %8
AL 7ZiF 8RO ARICARFIRIAMTH 5,

Scheme 4. Stereoselective synthesis of CFs-appended ephedrine

HCHO aq.
Hy NaBH;CN
HO £F3 Pd(OH),/C HOLFs AcOH
—_— —_——
MeOH MeOH
rt., 12 h rt., 12h
96% 50% CFj-appended ephedrine

ephedrine (8)
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RETIX, CF: 7 F YD anti FERWMIEN AR = F v 7o F = RIGOBFIC O W TR~ 72 6, RKIG I
Nd/Na ¥ 7z (% Pr/Na i “Be@Eic X 0. L#HOLE TH#ET L. a-Ch-p-= b r 3 k72— L 2 &I
K, @ALERERMECE 2 2, AR O = r EILETTRISIC K VESICT I ) EALA[EETH D, B-T 2
J 3T a—nra=y b ORBEAFEREEML L7z, & 5IC CREEH ephedrine s5E(AkD &k % U
T, BEEHICET I ARICOHHEL R L 7,

Scheme 5. Summary of chapter 4
ratio O Bu , OH
amide ligand 1a 1 EtNO,/THF HO N&(N
RECI; hydrate 1 H o
NaOBu 6 centrifuge Fo F
amide ligand 1a
RE: Nd, Pr

RE/Na heterobimetallic
HO CF . HO CF
O R catalyst 3-9 mol% 3, reduction S8, CFa-containin
'S ' NrO R>\./R - R1\/R — e
1 2 ° = =
R* CF; THF, -78 °C NO, NH,
B-nitro (tert-) alcohol B-amino (tert-) alcohol
up to
anti/syn >98/2
95% ee
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anti-Selective Catalytic Asymmetric Nitroaldol Reaction of a-CFs Ketones
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A. General Methods

A-1. Reactions and purifications

Unless otherwise noted, all reactions were carried out in an oven-dried glassware fitted with a 3-way glass
stopcock under an argon atmosphere with magnetically stirred chips. All work-up and purification procedures
were carried out with reagent-grade solvents under ambient atmosphere. Thin layer chromatography (TLC)
was performed on Merck TLC plates (0.25 mm) pre-coated with silica gel 60 F254 and visualized by UV
quenching and staining with KMnOs or ninhydrine. Flash column chromatography was performed on a Biotage
Isolera Spektra One with a Redisep column.

A-2. Characterizations

Infrared (IR) spectra were recorded on a HORIBA FT210 Fourier transform infrared spectrophotometer. NMR
spectra were recorded on a JEOL ECS-400. Chemical shifts (0) are given in ppm relative to residual solvent
peaks.! Data for 'H NMR are reported as follows: chemical shift (multiplicity, coupling constants where
applicable, number of hydrogens). Abbreviations are as follows: s (singlet), d (doublet), t (triplet), dd (doublet
of doublet), dt (doublet of triplet), ddd (doublet of doublet of doublet), q (quartet), m (multiplet), br (broad).
For YF NMR, chemical shifts were reported in the scale relative to PhCFs (0 —62.7680 ppm in CDCls) as an
external reference. High performance liquid chromatography (HPLC) analysis was performed on Jasco
analytical instruments with single pump and UV detector. Optical rotation was measured using a 1 mL cell
with a 10 cm path length on a JASCO polarimeter P-1030. High-resolution mass spectra were measured on a
Thermo Fisher Scientific LTQ Orbitrap XL.

A-3. Solvents and reagents

THF, Et2O, DME and CPME were purified by passing through a solvent purification system (Glass Contour).
Nitroethane (3a), nitropropane (3b) and 2-Me-THF was purchased from TCI Co. Ltd. and nitroethane was used
after distillation. Amide-based ligand 1a was prepared by following the reported procedure.2 NdCls ¢ 6H20 was
purchased from Wako Pure Chemical Co. Ltd. PrClz®7H20 was purchased from Kanto Chemical Co. Ltd. All
other RE reagents were purchased from Kojundo Chemical Laboratory Co. Ltd. Trifluoromethyl ketone 2a, 2c,
2e and 2f were purchased from TCI Co. Ltd. Trifluoromethyl ketone 2b,? 2d,%2g,° 2h,5 2i,” and 2j® were prepared
to the known procedure with a slight modification. Difluoromethyl ketone 2k was purchased from Aldrich. All
other materials were used as supplied by commercial vendors.
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B. Preparation of catalyst by Method A

To a flame dried test tube (20 mL) was charged with amide-based ligand 1a (9.1 mg, 0.024 mmol), and dried
under vacuum at room temperature at least for 5 min. Ar was backfilled (evacuation/backfill was repeated for
5 times) to the test tube, and THF (400 uL) and 0.2 M NdO15(Oi-Pr)135/THF (120 pL, 0.024 mmol) were added
successively by well-dried syringes and needles at 0 °C. After stirring the resulting slightly cloudy suspension
at room temperature for 30 min, 1.0 M NaHMDS/THF (48 uL, 0.048 mmol) was added dropwise at 0 °C. After
stirring the resulting mixture at room temperature for 1 h (white precipitate appeared), nitroethane (172 puL, 2.4
mmol) was added. Self-assembly of Nd/Na catalyst initiated in a few minutes and the resulting mixture was
stirred at room temperature for 2 h to give a thick white suspension. The whole suspension was transferred to
an Eppendorf tube with THF washing (0.5 mL x2). The tube was centrifuged at ca. 10* rpm for 30 sec. The
supernatant was decanted and THF (1.6 mL) was added. The tube was agitated using a vortex mixer for 30 sec
and centrifuged again, then the supernatant was decanted (washing process). The resulting precipitate was
agitated with THF (1.6 mL) and a part of resulting suspension (240 uL, 0.0036 mmol, 3 mol%) was used for anti-
selective catalytic asymmetric nitroaldol reaction.

C. Preparation of catalyst by Method B

To a flame dried test tube (20 mL) was charged with NdClse6H20 (8.6 mg, 0.024 mmol), and dried under
vacuum at room temperature at least for 5 min. Ar was backfilled (evacuation/backfill was repeated for 5 times)
to the test tube, and THF (200 pL) and 0.6 M amide based ligand 1a/THF (200 pL, 0.012 mmol) were added
successively by well-dried syringes and needles at room temperature. After stirring the resulting slightly cloudy
suspension at 60 °C for 30 min, 2.0 M NaO'Bu/THF (72 pL, 0.144 mmol) was added dropwise at the same
temperature. After stirring the resulting mixture at 60 °C for 1 h (white precipitate appeared), the mixture was
cooled to room temperature and nitroethane (172 puL, 2.4 mmol) was added. Self-assembly of Nd/Na catalyst
initiated in a few minutes and the resulting mixture was stirred at room temperature for 12 h to give a thick
white suspension. The whole suspension was transferred to an Eppendorf tube with THF washing (0.5 mL x2).
The tube was centrifuged at ca. 10* rpm for 30 sec. The supernatant was decanted and THF (1.6 mL) was added.
The tube was agitated using a vortex mixer for 30 sec and centrifuged again, then the supernatant was decanted
(washing process). This washing process was repeated again. The resulting precipitate was agitated with THF
(1.6 mL) and a part of resulting suspension (240 pL, 0.0036 mmol, 3 mol%) was used for anti-selective catalytic
asymmetric nitroaldol reaction.

D. Representive procedure for anti-selective catalytic asymmetric nitroaldol reaction

To a flame-dried 20 mL test tube was charged with THF (960 pL) and catalyst suspension (240 uL, 0.0036 mmol,
3 mol%). After adding nitroethane (86 puL, 1.2 mmol, 10 eq.) at room temperature, the mixture was cooled to —
78 °C and then 0.82 M 2,2,2-trifluoroacetophenone/THF (146 uL, 0.12 mmol) was added dropwise for 1 min.
After stirring the reaction mixture at the same temperature for 20 h, 0.2 M AcOH/THF (500 pL) was added
slowly and warmed to room temperature. Water (1 mL) was added and the resulting mixture was extracted
with EtOAc (2 mL). The organic layer was dried over Na2SOu. After removal of volatiles under reduced pressure,
the resulting residue was analyzed by 'H NMR to determine yield and diastereomeric ratio of product
(mesitylene was used as internal standard). The crude product was purified by silica gel column
chromatography (EtOAc/n-hexane) to give product. Enantiomeric excess was determined by chiral HPLC
analysis.

E. Procedure for anti-selective catalytic asymmetric nitroaldol reaction on gram scale

To a flame dried round-bottom flask (30 mL) were charged with NdClse6H20 (61.7 mg, 0.172 mmol, 3 mol%)
and amide-based ligand 1a (97.7 mg, 0.172 mmol, 3 mol%), and dried under vacuum at room temperature for 5
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min. Ar was backfilled (evacuation/backfill was repeated for 5 times) to the test tube, and THF (4.3 mL) was
added by well-dried syringes and needles at room temperature. After stirring the resulting slightly cloudy
suspension at 60 °C for 30 min, 2.0 M NaOBu/THF (516 uL, 1.03 mmol, 18 mol%) was added dropwise at the
same temperature. After stirring the resulting mixture at 60 °C for 1 h (white precipitate appeared), the mixture
was cooled to room temperature and nitroethane (1.23 mL, 17.2 mmol, 3.0 eq.) was added. Self-assembly of
Nd/Na catalyst initiated in a few minutes and the resulting mixture was stirred at room temperature for 12 h to
give a thick white suspension. The whole suspension was transferred to a conical tube (50 mL) with THF
washing (3.5 mL x2). The tube was centrifuged at ca. 4,000 rpm for 1 min. The supernatant was decanted and
THF (11 mL) was added. The tube was agitated using a vortex mixer for 1 min and centrifuged again, then the
supernatant was decanted (washing process). This washing process was repeated again. The resulting
precipitate was agitated with THF (11 mL) and the resulting suspension was transferred to a flame-dried round-
bottom flask (200 mL). After adding THF (45 mL) and nitroethane (4.1 mL, 57.4 mmol, 10 eq.), the mixture was
cooled to =78 °C and then 0.82 M 2,2 2-trifluoroacetophenone/THF (7.0 mL, 5.74 mmol) was added dropwise
for 5 min. After stirring the reaction mixture at the same temperature for 20 h, 0.2 M AcOH/THF (25 mL) was
added slowly and warmed to room temperature. Water (50 mL) was added and the resulting mixture was
extracted with EtOAc (100 mL). The organic layer was dried over Na:SOs. After removal of volatiles under
reduced pressure, the resulting residue was analyzed by 'H NMR to determine diastereomeric ratio of product
(mesitylene was used as internal standard). The crude product was purified by silica gel column
chromatography (n-hexane/ EtOAc) to give (2R,35)-1,1,1-trifluoro-3-nitro-2-phenylbutan-2-ol (4aa, 1.21 g, 85%)
as white solid. Enantiomeric excess was determined by chiral HPLC analysis (93% ee).

F. Procedure for synthesis of 7 and 8

To a solution of 4aa (250 mg, 1.00 mmol, 93% ee) in MeOH (10 mL) was added Pd(OH)2/C (50 mg [10 wt%Pd,
50% wet] and resulting mixture was stirred at room temperature under Hz atmosphere for 12 h. After filtration
through syringe filter, the filtrate was concentrated in wvacuo to give (2R,3S)-3-amino-1,1,1-trifluoro-2-
phenylbutan-2-ol (7, 212.2 mg, 96%) as colorless oil.

To a solution of 7 (87.6 mg, 0.40 mmol) in MeOH (950 uL) was added AcOH (50 pL) and formaldehyde (35wt%
in water, 37.8 uL, 0.44 mmol, 1.1 eq.). After stirring at room temperature for 30 min, NaB(CN)Hs (50.4 mg, 0.80
mmol, 2.0 eq.) was added to reaction mixture at 0 °C. After stirring at room temperature for 12 h, reaction
mixture was concentrated in vacuo and CHCls (2 mL) and sat. NaHCOs aq. (2 mL) was added to the residue.
After separation, the aqueous layer was extracted with CHCls (2 mL). The combined organic layers were washed
with brine (2 mL) and dried over Na:SOs. After concentration in vacuo, the resulting residue was purified by
silica gel chromatography (EtOAc/n-hexane) to give (2R,35)-1,1,1-trifluoro-3-(methylamino)-2-phenylbutan-2-
ol (8, 46.7 mg, 0.20 mmol, 50%) as colorless oil.

G. Procedure for synthesis of S1.

Enantiomeric purity after reduction of nitro group of 4aa was determined after converting to Boc-protected S1.

HO, CF; 1) H,, Pd(OH),/C
. Me MeOH

NO2  2)Boc,0, MeOH
4aa 90% in 2 steps

To a solution of 4aa (100 mg, 0.40 mmol, 93% ee) in MeOH (3 mL) was added Pd(OH)2/C (20 mg [10 wt% Pd,
50% wet] and resulting mixture was stirred at room temperature under H2 atmosphere for 12 h. After purging
with Ar, Boc2O (175 mg, 0.80 mmol, 2.0 eq.) was added to the mother liquid and stirred at room temperature
for 12 h. After filtration through disk filter, filtrate was concentrated in vacuo. The resulting residue was purified
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by silica gel chromatography (EtOAc/n-hexane) to give S1 (116 mg, 0.36 mmol, 90% in 2 steps) as white solid.
Enantiomeric excess was determined by chiral HPLC analysis (93% ee).

H. Characterizations.

(2R,35)-1,1,1-Trifluoro-3-nitro-2-phenylbutan-2-ol (4aa):
HO CF, White solid; 1.21 g (85%, RE = Nd), 25.2 mg (84%, RE = Pr); 'H NMR (400 MHz, CDCls) o
S Me /-60-7.58 (m, 2H), 7.48-7.43 (m, 3H), 5.31 (q, ] = 6.8 Hz, 1H), 4.71 (s, 1H), 1.37 (d, | = 6.8 Hz,
: 3H); 3C NMR (100 MHz, CDCls) 6 132.9, 129.8, 129.1, 125.8, 124.4 (q, | = 285.8 Hz), 83.9, 77.9
(9, ] =29.2 Hz), 15.0; “F NMR (376 MHz, CDCls) & -76.9; IR (thin film) v 3497, 1559, 1450,
1230, 1278, 1201, 1187, 1170, 702, 628 cm-!; HRMS (ESI) calcd. for CioH1FsNOsNa m/z
272.0505 [M+Na]*, found 272.0501; [a]p? 5.9 (c 0.95, CHCls, 94% ee); HPLC analysis: Daicel CHIRALPAK IA, ¢
0.46 cm x 25 cm, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, detection at 210 nm flow rate = 1.0 mL/min, tr
=9.7 min (major), 9.0 min (minor):

NO,

500000 |

400000
3 300000
g 200000 |

100000

0

Racemic Sample

300000

250000

200000

fy (W]

150000

100000

50000

Reaction Sample (RE = Nd)

Reaction Sample (RE = Pr)

300000

250000 |

200000

150000 -]

100000

50000 |

0

8.000

11.000 8.000

11.000

10,000
Retention Time [min]

(2R,35)-1,1,1-Trifluoro-3-nitro-2-(m-tolyl) butan-2-ol (4ba):

Me

HO, CF;
X Me

NO,

8.000 2.000

Retention Time [mi]

10.000 11.000

White solid; 26.6 mg (84%); '"H NMR (400 MHz, CDCls) 0 7.40 (s, 1H), 7.36-7.31 (m, 2H),
7.24 (d, | =6.6 Hz, 1H), 5.29 (q, ] = 6.8 Hz, 1H), 4.68 (s, 1H), 2.40 (s, 3H), 1.37 (d, ] = 6.8
Hz, 3H); *C NMR (100 MHz, CDCls) 6 139.0, 132.8, 130.5, 129.0, 126.4, 124.4 (q, ] = 285.8
Hz), 122.8, 83.9, 77.6 (q, ] = 29.2 Hz), 21.8, 15.1; YF NMR (376 MHz, CDCls) d -76.8; IR

(thin film) v 3509, 1559, 1357, 1270, 1200, 1121, 1161, 1002, 969, 723 cm-!; HRMS (ESI)

calcd. for Ci1iH120sNFsNa m/z 286.0661 [M+Na]*, found 286.0664; [«]p? 4.6 (c 0.97, CHCls, 87% ee); HPLC
analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 c¢cm, n-hexane/i-PrOH = 99.9/0.1, flow rate = 1.0 mL/min,
detection at 210 nm flow rate = 1.0 mL/min, tr = 16.6 min (major), 19.7 min (minor):
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(2R,35)-1,1,1-Trifluoro-3-nitro-2-(p-tolyl) butan-2-ol (4ca):

HO CF, White solid; 26.6 mg (84%, RE = Nd), 25.9 mg (82%, RE = Pr); 'H NMR (400 MHz,
S Me CDCls) 8 7.45 (d, ] =8.1 Hz, 2H), 7.25 (d, ] = 8.1 Hz, 2H), 5.28 (q, ] = 6.8 Hz, 1H), 4.66 (s,

: 1H), 2.38 (s, 3H), 1.37 (d, ] = 6.8 Hz, 3H); 3C NMR (100 MHz, CDCls) 6 139.8, 129.9,

129.8, 125.7, 124.5 (q, ] = 285.8 Hz), 83.9, 77.6 (q, ] = 29.1 Hz), 21.2, 15.0; ¥F NMR (376

MHz, CDCls) d -77.0; IR (thin film) v 3504, 1554, 1299, 1272, 1201, 1190, 1169, 1002, 920,

813 cm-; HRMS (ESI) calcd. for C11H1203NFsNa m/z 286.0661 [M+Na]*, found 286.0657; [a]p?> 5.0 (¢ 0.51, CHCls,

NO
Me 2
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90% ee); HPLC analysis: Daicel CHIRALPAK ID, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0
mL/min, detection at 210 nm flow rate = 1.0 mL/min, tr = 5.6 min (major), 4.9 min (minor):
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(2R,35)-1,1,1-Trifluoro-2-(3-methoxyphenyl)-3-nitrobutan-2-ol (4da):

MeO

HO \\CF3
3 Me

NO,

Retention Time [min]

Reaction Sample (RE = Pr)

White solid; 22.4 mg (67%, RE = Nd), 26.9 mg (85%, RE = Pr); 'H NMR (400 MHz,
CDCL) 8 7.36 (dd, ] = 8.1, 7.8 Hz, 1H), 7.19 (s, 1H), 7.09 (d, ] = 7.8 Hz, 1H), 6.96 (dd, |
=8.1,2.7 Hz, 1H), 527 (q, ] = 6.8 Hz, 1H), 4.71 (s, 1H), 3.85 (s, 3H), 1.37 (d, ] = 6.8 Hz,
3H); 13C NMR (100 MHz, CDCls) d 160.2, 134.4, 130.2, 124.4 (q, ] = 285.8 Hz), 117.7,

115.0, 112.2, 83.9, 77.8 (q, ] = 29.2 Hz), 55.5, 15.0; F NMR (376 MHz, CDCls) d -76.8;

IR (thin film) v 3503, 2359, 1558, 1494, 1456, 1357, 1268, 1200, 1163, 724 cm-!; HRMS (ESI) calcd. for
C1H120sNFsNa m/z 302.0611 [M+Na]*, found 302.0606; [a]p>2.9 (c 1.13, CHCls, 91% ee); HPLC analysis: Daicel
CHIRALPAK IA, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, detection at 210 nm flow
rate = 1.0 mL/min, tr = 11.2 min (major), 12.6 min (minor):
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(2R,35)-1,1,1-Trifluoro-2-(4-fluorophenyl)-3-nitrobutan-2-ol (4ea):
HO CFs White solid; 24.7 mg (77%); '"H NMR (400 MHz, CDCls) o 7.58 (dd, ] = 5.1, 3.7 Hz, 2H),

9 Me /-15(m,2H),5.27(q,]=6.8 Hz), 476 (s, 1H), 1.37 (d, J=6.8 Hz, 3H); 3C NMR (100 MHz,
: CDCls) 163.5 (d, ] =248.6 Hz), 128.7 (d, | =3.7 Hz), 127.9 (d, ] =8.0 Hz), 124.3 (q, ] =286.5
Hz), 116.2 (d, ] =29.1 Hz), 83.7, 77.5 (q, ] = 29.2 Hz), 15.0; ¥F NMR (376 MHz, CDCls) &
-77.1,-111.3; IR (thin film) v 3504, 1560, 1514, 1392, 1357, 1274, 1241, 1201, 1164, 837 cm-
1, HRMS (ESI) caled. for C1oHsOsNFs m/z 266.0446 [M-H]-, found 266.0437; [at]o® 5.6 (¢ 0.76, CHCls, 87% ee);
HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min,
detection at 210 nm flow rate = 1.0 mL/min, tr = 7.8 min (major), 6.1 min (minor):
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(2R,35)-2-(4-Chlorophenyl)-1,1,1-trifluoro-3-nitrobutan-2-ol (4fa):

HO §3F3
< Me

Cl NO,

White solid; 27.2 mg (80%); 'H NMR (400 MHz, CDCls)  7.60 (d, ] = 8.6 Hz, 2H), 7.46
(d, ] =8.6 Hz, 2H), 5.25 (q, ] = 6.9 Hz, 1H), 4.76 (s, 1H), 1.37 (d, ] = 6.9 Hz, 3H); *C NMR
(100 MHz, CDCls) 8 132.4, 132.0, 127.6, 124.4, 124.1 (q, ] = 285.8 Hz), 83.5, 77.7 (q, ] = 29.2
Hz), 15.0; 1°F NMR (376 MHz, CDCls) d -77.0; IR (thin film) v 3503, 1559, 1496, 1357,

1271, 1202, 1166, 1096, 920, 824 cm-1; HRMS (ESI) calcd. for CioHsOsNCIFs m/z 282.0150
[M-H], found 282.0148; [a]p*10.4 (c 1.06, CHCIs, 90% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x
25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm flow rate = 1.0 mL/min, tr =9.7 min

(major), 6.7 min (minor):
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(2R,3S5)-2-(4-(tert-Butyl)phenyl)-1,1,1-trifluoro-3-nitrobutan-2-ol (4ga):

HO \\CF3
X Me

NO
By 2

8.000

Retention Time
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White solid; 32.8 mg (90%, RE = Nd), 27.3 mg (74%, RE = Pr); 'H NMR (400 MHz,
CDCls) 748 (d, ] =8.8 Hz, 2H), 7.44 (d, ] = 8.8 Hz, 2H), 5.29 (q, ] = 6.8 Hz, 1H), 4.65 (s,
1H), 1.37 (d, | = 6.8 Hz, 3 H), 1.33 (s, 9H); 3C NMR (100 MHz, CDCls) 6 152.9, 129.8,
126.3, 125.5, 124.5 (q, ] = 285.8 Hz), 83.9, 77.9 (q, ] = 29.2 Hz), 34.8, 31.3, 15.1; F NMR

(376 MHz, CDCls) d -77.0; IR (thin film) v 3510, 2964, 1559, 1355, 1273, 1198, 1164, 1122,
1109, 706 cm-; HRMS (ESI) caled. for C1aH17OsNFs m/z 304.1166 [M-H];, found 304.1153; [a]p% 6.7 (¢ 0.81, CHCls,
95% ee); HPLC analysis: Daicel CHIRALPAK IA, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 99/1, flow rate = 1.0
mL/min, detection at 210 nm flow rate = 1.0 mL/min, tr = 6.2 min (major), 7.1 min (minor):
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(2R,35)-2-([1,1'-Biphenyl]-4-y1)-1,1,1-trifluoro-3-nitrobutan-2-ol (4ha):

HO \\CF3
N Me

NO
Ph 2

T
6.5 7.0 7.5
Retention Time (min]

White solid; 32.1 mg (82%); 'H NMR (400 MHz, CDCl3) & 7.69-7.59 (m, 6H), 7.49-7.37
(m, 3H), 5.34 (q, ] = 6.8 Hz, 1H), 4.74 (s, 1H), 1.42 (d, ] = 6.8 Hz, 3H); 13C NMR (100 MHz,
CDCls) 8 142.1,139.3, 131.1, 128.5, 127.5, 127.1, 126.7, 125.7, 123.8 (q, ] = 286.6 Hz), 83.2,
77.3(q, ] =29.2 Hz), 14.5; F NMR (376 MHz, CDCls) d ~76.9; IR (thin film) v 3500, 1557,

1300, 1271, 1199, 1170, 1002, 835, 765, 732 cm-!; HRMS (ESI) caled. for CisH14OsNFsNa

m/z 348.0818 [M+Na]*, found 348.0815; [at]p%9.4 (c 1.23, CHCls, 88% ee); HPLC analysis: Daicel CHIRALPAK IA,
¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, detection at 210 nm flow rate = 1.0 mL/min,
tr = 21.6 min (major), 16.1 min (minor):
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(2R,35)-1,1,1-Trifluoro-2-(naphthalen-2-yl)-3-nitrobutan-2-ol (4ia):

White solid; 32.4 mg (90%); 'H NMR (400 MHz, CDCls) 6 8.17 (s, 1H), 7.94-7.87 (m,
3H), 7.60-7.56 (m, 3H), 5.44 (q, ] = 6.9 Hz, 1H), 4.84 (s, 1H), 1.39 (d, ] = 6.9 Hz, 3H); 13C
Y NMR (100 MHz, CDClIs) d 133.6, 133.1, 130.1, 129.1, 128.8, 127.8, 127.5, 127.1, 126.4,
NO, 1245 (q, ] =285.8 Hz), 122.1, 83.8, 78.1 (q, ] =29.2 Hz), 15.0, 14.5; F NMR (376 MHz,
CDCls) ® -76.5; IR (thin film) v 3487, 1555, 1354, 1311, 1272, 1253, 1191, 1162, 822, 752
cm-1; HRMS (ESI) caled. for C1aHi1sOsNFs m/z 300.0842 [M+H]*, found 300.0843; [a]p?>1.0 (c 0.76, CHCls, 90% ee);
HPLC analysis: Daicel CHIRALPAK IA, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min,
detection at 210 nm flow rate = 1.0 mL/min, tr = 12.1 min (major), 15.1 min (minor):
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(3R,4S5)-4-Nitro-3-(trifluoromethyl)-1-(triisopropylsilyl) pent-1-yn-3-ol (4ja):
HO CF, Colorless oil, 33.5 mg (79%); '"H NMR (400 MHz, CDCls) 0 4.94 (q, ] = 6.8 Hz, 1H), 3.77
S Me (s 1H) 1.81(d,]=6.8 Hz, 3H), 1.14-1.08 (m, 21H); *C NMR (100 MHz, CDCls) 8 122.7
/\:/ (q,]=284.3Hz), 96.1,94.5, 83.9, 73.2 (q, ] = 32.1 Hz), 18.5, 15.9, 11.1; F NMR (376 MHz,
TIPS NO,  CDCl) d -78.2; IR (thin film) v 3491, 2947, 2869, 1567, 1357, 1264, 1204, 1062, 882, 666
cm-t; HRMS (ESI) caled. for CisH260sNFsNaSi m/z 376.1526 [M+Na]*, found 376.1526;
[a]p®—43.3 (c 1.34, CHCls, 92% ee); HPLC analysis: Daicel CHIRALPAKIF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH
=99/1, flow rate = 1.0 mL/min, detection at 210 nm flow rate = 1.0 mL/min, tz = 6.4 min (major), 7.1 min (minor):
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(2R,35)-1,1,1-Trifluoro-3-nitro-2-phenylpentan-2-ol (4ab):
White solid; 26.0 mg (83%); '"H NMR (400 MHz, CDCls) d 7.59-7.57 (m, 2H), 7.48-7.41 (m,
3H), 5.07(dd, | =3.2, 11.8 Hz, 1H), 4.73 (s, 1H), 2.05 (ddq, ] = 3.2, 7.4, 11.8 Hz, 1H), 1.41 (ddq,
]=3.2,44,74Hz 1H),0.85(dd, J=7.4, 7.4 Hz, 3H); 3C NMR (100 MHz, CDCls) 8 133.2, 129.7,
NO, 129.1,125.7, 124.3 (q, ] =285.8 Hz), 90.7, 77.9 (q, ] = 29.2 Hz), 22.2, 10.0; F NMR (376 MHz,

CDCls) 6 -77.0; IR (thin film) v 3504, 1559, 1454, 1374, 1306, 1265, 1200, 1164, 723, 701 cm;
HRMS (ESI) calcd. for Ci1H13OsNFs m/z 264.0842 [M+H]*, found 264.0838; [a]p? 15.6 (c 0.56, CHCls, 70% ee);
HPLC analysis: Daicel CHIRALPAK IF, @ 0.46 cm x 25 c¢cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min,
detection at 210 nm flow rate = 1.0 mL/min, tr = 6.6 min (major), 5.1 min (minor):
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(2R,3S5)-1,1-Difluoro-3-nitro-2-phenylbutan-2-ol (4ka):

White solid; 21.4 mg (77%); 'TH NMR (400 MHz, CDCls) 8 7.54 (d, | = 8.1 Hz, 2H), 7.47-7.40
(m, 3H), 5.80 (t, ] =184.8 Hz, 1H), 5.24 (q, ] = 6.8 Hz, 1H), 4.24 (s, 1H), 1.37 (d, ] = 6.8 Hz, 3H);
13C NMR (100 MHz, CDCls) d 134.5, 129.4, 129.1, 125.9, 115.8 (t, ] = 251.6 Hz), 83.8, 77.0 (t =
43.0 Hz), 14.7; ¥F NMR (376 MHz, CDCls) 0 -126.7 (dd, | =55.3, 293.5 Hz), -129.5 (dd, ] =55.7,
283.0 Hz); IR (thin film) v 3525, 1556, 1451, 1390, 1356, 1195, 1126, 1075, 916, 701 cm-'; HRMS
(ESI) caled. for CioHi100sNF2 m/z 230.0634 [M-H], found 230.0627; [a]p?® -2.1 (¢ 0.36, CHCls, 87% ee); HPLC
analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection
at 210 nm flow rate = 1.0 mL/min, tr = 14.4 min (major), 11.7 min (minor):
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(2R,3S5)-3-Amino-1,1,1-trifluoro-2-phenylbutan-2-ol (7)
HO, CF4 Colorless o0il; 212.2 mg (96%); 'H NMR (400 MHz, CDsOD) d 7.56-7.54 (m, 2H), 7.40-7.31 (m,
I "Me 3H), 367 (q ]=6.6Hz 1H), 0.77 (d, ] = 6.6 Hz, 3H); *C NMR (100 MHz, CD:0D) 5 139.4,
: 130.1, 130.1, 128.6 (q, ] = 285.5 Hz), 128.0, 80.4 (q, ] = 25.5 Hz), 52.4, 18.4; ¥F NMR (376 MHz,
NH,  CDsOD) o -75.2; IR (thin film) v 3416, 3352, 1452, 1385, 1269, 1153, 1075, 984, 913, 702 cm-;
HRMS (ESI) calcd. for C1oH13ONFs m/z 220.0944 [M+H]*, found 220.0941; [a]p?-39.5 (c 0.61,

MeOH, 93% ee)

(2R,35)-1,1,1-Trifluoro-3-(methylamino)-2-phenylbutan-2-ol (8)

HO CF, Colorless oil; 46.7 mg (50%); 'H NMR (400 MHz, CDsOD) d 7.59-7.57 (m, 2H), 7.42-7.36 (m,
S 3H), 3.27 (q, ] = 6.6 Hz, 1H), 2.46 (s, 3H), 0.86 (d, ] = 6.6 Hz, 3H); *C NMR (100 MHz, CDs0D)

: 0 139.7,132.8, 130.0, 130.0, 128.5 (q, | = 285.1 Hz), 128.2, 80.4 (q, ] = 25.5 Hz), 60.9, 35.5, 16.0;

NHMe 19F NMR (376 MHz, CDs0D) & -74.8; IR (thin film) v 2867, 1451, 1380, 1266, 1155, 1075, 1002,
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910, 761, 704 cm'; HRMS (ESI) calced. for CiiHisONFs m/z 234.1100 [M+H]*, found 234.1092; [a]p?5—25.8 (c 0.33,
CHCls, 93% ee)

tert-Butyl ((2S,3R)-4,4,4-trifluoro-3-hydroxy-3-phenylbutan-2-yl)carbamate (S1)
HO CFs White solid; 116 mg (90%); 'H NMR (400 MHz, CDsOD) 6 7.60 (d, | =7.6 Hz, 2H), 7.45-7.36
s Me (m, 3H) 441 (q, ] =6.8 Hz, 1H), 1.50 (s, 9H), 0.88 (d, ] = 6.8 Hz, 3H); *C NMR (100 MHz,
: CDCls) 6 157.9, 136.8, 128.6, 128.5, 126.1, 125.8 (q, | = 286.5 Hz), 81.3, 77.2 (q, ] = 33.5 Hz),
NHBoc 52.6, 28.4, 14.5; F NMR (376 MHz, CDCls) d -75.7; IR (thin film) v 3383, 2981, 1671, 1520,
1369, 1269, 1161, 1119, 1063, 702 cm-!; HRMS (ESI) calcd. for CisH210sNFs m/z 320.1468
[M+H]+, found 320.1464; [a]o*-22.1 (c 0.96, CHCls, 93% ee); HPLC analysis: Daicel CHIRALPAK IF, ¢ 0.46 cm
x 25 cm, n-hexane/i-PrOH = 20/1, flow rate = 1.0 mL/min, detection at 210 nm flow rate = 1.0 mL/min, tR = 5.7
min (major), 6.4 min (minor):

Racemic Sample Reaction Sample

800000
150000

600000

vl

100000
G 400000

Intensity [

50000
200000

0

60 . 6.0
Retention Time [min] Retention Time [min]

I. Determination of Absolute Configuration

The absolute configuration of nitroaldol product 4aa was determined by X-ray crystallographic analysis. Single
crystals of 4aa were obtained from a solution of n-hexane. A suitable crystal was selected and the sample was
measured on a Rigaku R-AXIS RAPID diffractometer using graphite monochromated Cu-Ka radiation. The
data were collected at 93 K. Refined structure and crystallographic parameters are summarized in Figure S1
and Table S1. The ORTEP diagram was drawn by Mercury 3.8. CCDC 1587722 contains the supplementary
crystallographic data for 4aa.

Table S1. Selected crystal data of 4aa

Empirical Formula C20H20FsN20e
Formula Weight 498.38
Crystal Color, Habit colorless, needle
Crystal Dimensions 0.200 x 0.010 x 0.010 mm
Crystal System monoclinic
Lattice Parameters

a 19.267(2) A

b 5.6798(7) A

c 13.3285(17) A

B 132.830(9)°

\% 1069.7(3) A3
Space Group C2 (#5)
Z value 2
Dealc 1.547 g/cm?
R1 0.0856
Flack parameter? -0.3(6)

Figure S1. ORTEP diagram of 4aa. Color code; Fow 512

grey: C, white: H, blue: N, red: O, yellow: F
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AT, 5 T 8/Na Bl 2 SR %2 F 72 anti SBROMBEHAE =+ v 7 A F—=AKIE% a-7 b
IRATABLMC P Y ZAata X Fuy b VI L, BRSPS KA R 6N B-7 17 3T va
— L ORGEEIEEHEN L 72 fE RIS D W» T~ 7z,

F1E TP Tl MEBRAF = e 7 v F— VRGO ER & SEIRITIEEIC X 2 Nd/Na 54 2 #4488 fil
ﬁ%mwfami@m%%ﬁwxﬁzrn7wb—wﬁm®£%m:ﬁik:nif@%%@mnaﬁ%mo
W, AR OEEEZHL 22T L 72,

F28 o7 b TATAD anti FARWAEIARF = b o 7 F— RG] Tld, Nd/Na 2FE 2 %48 e il
m;%mﬁ%ﬁ%%ﬁ%ﬁ%zrm7wF—wﬁm%w#%lx%w:ﬁmbf ERICOWTIR Tz, Kl
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L@ RIGE E AR ERYEZER T 2 FCcHECTH L L EHL2IC L, SO HEA TS 2
efinaconazole ¢ albaconazole D AE &KL MWNT [E & Bl % F W 72585650 7 v — G %8 U CARRIC DA
% FEREL 72,

ratio 'Bu

amide ligand 1a 1 EtNO,/THF /k"/
NdO/5(O'Pr)yys g ﬁ
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o} R? catalyst 1-9 mol% HO@ﬁs reduction HO@QS
Jo e &; R1 s g —™. APIs
§ 2 _| . | a
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& @M s A OEIC L > CRAZFAPER 2 T F v F A& 2 5 2 2 FIRE IR E BH L 72, fil
DB DV 4 X2 T F v FAFREIC G 2 28R EA L 2R, THREREoWRiZa v oy b
BAFAREZMAEE LCHEO LT 7= v o8 L2V 7 I PR T2 0 0AFEI N H LT —TALHD
BIECcH 2 THF & MTBEHHCEA 2 2 v FAEREZ 5225 2 L RO T o 72 RFERIZ 1) Al
SOGDAREE DI, F DAFFH LD B % HHICEFR L T 3RTlE A< Mo SR E I X VSR I 3 A%
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N IR BN ASEIRMEC G 2 72 B O = P o BULEICRIGIC X W BHICT I ) HAZHAlRETH 0 |
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1 N02 o
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