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1. Introduction R\io H\io R\/{N\\
As the key building blocks of important pharmacealticand R1OR2 R OR2 R RQ"I

bloact_lve cor;]wpounds such as clohpldpgre}l, r;]r_aslugrm,grel ?\nd Ketones aldehydes Ketimines

aprepltant, the asymmetnc Synt esis o1 C |r.a @y;lines as 1989, JACS 2007, JACS 2010, JACS

attracted much attentionVarious methodologies have already

been developed, such as those rering on hydrolysis A )A\r

esterification via (dynamic) kinetic resolutiorthe addition of H N N H

aldimines with aryl or carbonyl reageritsl-H insertiorf and the 15\ ) )\

reduction of ketimines.However, a practical method which can R' R Ar COOR

be utlized in industry is still highly desired. &amntly, aldimir}esthc-jside Chirality aldimiﬂej N-side chirality

i i i transfer hydrogenation ydrogenation
asymmetric hydrogenation, a practical technologyldoge scale 2006, JACS this work

production® has garnered considerable interest for the syisthes
of chiral arylglycines. However, the commonly utilized aryl-acyl Figure 1. Substrates used in asymmetric hydrogenation via
ketimines require separation of t#E isomers and have the dynamic kinetic resolution.

problem of low activity. It is envisaged that theyrmasnetric

hydrogenation of racemic aldimines via dynamic ke 2. Resultsand discussion

resolution (DKR) can overcome these drawbdckseviously, ) . o .
racemic ketones and aldehydes have been studieslyinmetric In contrast to previously reported racemic aldirsibearing a
hydrogenation via dynamic kinetic resolutbonA similar ~ chiral center at theC-side of the C=N bond, a new type of
transformation of cyclic ketimines has also beemtiaed as a  Substrates with a chiral center at tside of the C=N bond have
key mechanistic step involved in the asymmetricrbgdnation ~ P€€n studied in this paper (Figure 1). Initiallynadel substrate
of certain enamines and related precurSdio the best of our  Of methyl €)-2-(benzylideneamino)-2-phenylacetald), which
knowledge, the dynamic kinetic resolution of aldigsrhas only ~¢&n be simply synthesized from methyl 2-amino-2rytacetate
been reported using a transfer hydrogenation gystand no and benzaldehyde, was tested in the hydrogenatiablgTl).
methodologies concering hydrogenation have beeelaeed Several commonly used transition metal catalystshsas

(Figure 1). BiphPHOX-Ir,12 TsDPEN-Ru, BINAP-Rh were screened with the
Rh catalyst giving the best result (entries 1-4ixttker screening
0 Corresponding author. Tel & Fax: +86-021-5474326ail: of other ligands led to the use of a P-stereogeipbosphine
wanbin@sjtu.edu.cn (W. Zhang), zhenfeng@sjtu.ed(Zczhang). ligand trichickenfootphos (TCFP) which gave the reduced

T D. Fan and J. Lu contributed equally. product2A in 44% conversion and 57% ee with the recovered
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imine 1A being obtained with 41% ee (entries 5-7). The stlve

effect showed that the more bulky (or less polaofipralcohols
gave higher enantioselectivity but lower activityhtfges 7-10).

Another linear alcohoh-BuOH provided a similar result to that

of using EtOH (entry 11). The highest conversion 8¥%6was

obtained using the more polar solvent 2,2,2-trifbi@shanol (TFE)

with an acceptable enantioselectivity (61% for paidand 22%
for recovered starting material) (entry 12). Othessl polar
solvents gave similar enantioselectivities with lovestivities
(entries 13-17). It is worth noting that obvious emization of
the starting material was only found when the solVEFE was

used because the ee value of recovéredoes not obey the rule
of kinetic resolutior? To balance the enantioselectivity and

activity, the mixed solvent system, hydrogen pressand
temperature were optimized to give more suitabladi®ns.

15  TCFPRh dioxane 15 76 8 14

16 TCFP-Rh  DCM 29 78 70 29

17 TCFP-Rh toluene 5 57 93 4
iPrOH/TFE

18 TerPRh OO 62 63 20 59

19 Torp-Rn TTOMTFE g 70 34 65
(/1)

20  TcFp-Rn PTOHITFE g4 72 34 69
@)

20 Tcrp-Rh POHITFE 7 75 47 59
/1)
iPrOH/TFE

TerpRh PO 40 80 50 48

TCFP-Rh IPTOMTFE o7 83 57 46

(/1)

Increasing the ratio ofPrOH/TFE from 1/2 to 2/1 increased ee ° Conditions:1A (0.1 mmol), catalyst (1 mol %),,H20 atm), solvent (2 mL),

but led to a decrease in conversion (entries 18-EQyther
reducing the hydrogen pressure and reaction terysershowed
a similar trend (entries 21-23). Finally, optimizedaction
conditions consisted of TCFP-Rh as catalyst andlecting the
reaction in a mixed solvent systemi®OH/TFE (2/1), 10 atm
hydrogen pressure and room temperature (entryThE) absolute
configuration of major enantiomer was assigned bygarison
of the HPLC spectra with that of compoud which was
synthesized from the naturalS{phenylglycine and benzyl
bromide.

Table 1. Conditions optimizatioh

j’h Ph
_ catalyst, H
N 2 HN
}\COOM solvent, rt, 24 h Ph COOMe
1A
RS OO Ph, 1 T'BFs
Ir'l\)th Ph\[ NI
X Ru\
e}
ﬁ©«> : sery
BiphPHOX-Ir TsDPEN-Ru BINAP-Rh
Me: O‘Me B Me"- 7 BFy. ,X/ )4 -
L w i,
7\ Me 7\ Me
Duphos-Rh BenzP*-Rh TCFP-Rh
2A 1A
entry catalyst solvent  conversion ee recovery ee
[%6]° 6l°  [%]°  [%]°
1 B'phf’rHox' MeOH 7 14 92 0
o TSDPEN-— y1eoH 100 0 0 -
Ru
3 TSDPEN- yieoH 31 11 69 6
Ru
4 BINAP-Rh MeOH 15 19 84 3
5 Duphos-Rh MeOH 10 0 88 0
6 BenzP*-Rh MeOH 4 17 96
7 TCFP-Rh MeOH 44 57 50 41
8 TCFP-Rh EtOH 16 70 78 17
9 TCFP-Rh iPrOH 15 80 81 14
10 TCFP-Rh tBuOH 6 84 88 5
11 TCFP-Rh nBuOH 17 70 75 20
12 TCFP-Rh TFE 63 61 31 22
13 TCFP-Rh EtOAc 22 71 76 21

14 TCFP-Rh THF 6 76 91 7

rt (20-25 °C), 24 h® The conversions and recoveries were calculated frb
NMR spectra® The ee values were determined by HPLC using cbataimn.
93 h.®H, (10 atm)! H, (5 atm).¢ 0 °C.

For the previously reported dynamic kinetic resolut of
imines with a chiral center on th€-side of the C=N bond,
racemization occurred through an intermediate afv@ne under
simple acidic condition¥** However, in our case with a chiral
center on theN-side, addition of acetic acid resulted in a
complete conversion to the product in racemic fotse of a
basic additive in a neutral solvent also failed with any
conversion. Considering the different racemic pattéor the
above mentioned two imines, we turned our attentmrthe
racemization of the starting material by changimg substituents
of Ar and R groups (Table 2). A by-product®fvas detected in
about 10% conversion for most of the entfiedDramatic
differences can be seen in the hydrogenation df - and
MeO-substituted imines (entries 2-10). 2-MeO-subt&d imines
provided the reduced product in 65% conversion @Rt ee
with the recovered imine being obtained with 2% ea#r{e9).
The substrate bearing an electron-withdrawing F abriihe 2-
position was reduced to the product in 71% convaraiod 58%
ee. However, 87% ee was detected for the recoveretingta
material which means that almost no dynamic kinefiect was
observed (entry 11). The more bulky substituentar@l Br at the
2-position prevented any product obtaining (entti2sl3). Other
substrates with different Ar groups such as 1-naphfthienyl
and 2-furyl showed comparatively worse result that tf a 2-
methoxyphenyl substituted species (entries 14-16 Qs
Increasing the loading of catalyst to 2 mol % preedothe
conversion (entry 17). Changing the R group to niuri&y alkyl
groups had no obvious effect on the reaction (emtd8-20).
Extending the reaction time to 48 h resulted in canglete
transformation ofla. The desired produ@a was obtained in 82%
conversion and a satisfactory ee of 60% (entry 21).

Table 2. Screening of Ar and R groups

Ar Ar
y J TCFP-Rh, H, (10 atm) N P
AL iPrOH/TFE = 2/1, 1t, 24 h PS
Ph COOR Ph COOR
1 2
2 1
entry Ar R conversion ee recovery ee
[%]° [%]° [%]° [%]°
1 GsHs Me 47 75 47 59
2 4-MeGH, Me 34 79 60 35
3 3-MeGH, Me 48 71 40 12
4 2-MeGH,4 Me 39 84 46 41
5 2,4-MeCgHs Me 28 77 58 5



6 2,6-MeCsHs Me 0 - 100 -
7 4-OMeGH, Me 15 39 63 7
8 3-OMeGH, Me 48 78 40 61
9 2-OMeGH,4 Me 65 67 24 2
10 2,4-(OMe)CeH3 Me 15 20 37 5
11 2-FGH, Me 71 58 23 87
12 2-CIGH,4 Me 0 - 85 -
13 2-BrGH, Me 0 - 81 -
14 1-naphthyl Me 59 45 30 67
15 2-thienyl Me 52 67 40 18
16 2-furyl Me 53 70 37 55
17 2-OMeGH, Me 77 67 7 11
18 2-OMeGH, Et 72 65 10 5
19 2-OMeGH, iPr 78 66 5 13
20" 2-OMeGH, tBu 75 65 8 -
21%¢ 2-OMeGH4 Me 82 60 0 -

@ Conditions:1 (0.1 mmol), TCFP-Rh (1 mol %),,H10 atm),iPrOH/TFE =
2/1 (2 mL), rt (20-25 °C), 24 K The conversions and recoveries were
calculated fromtH NMR spectra® The ee values were determined by HPLC
using chiral columr TCFP-Rh (2 mol %) 48 h.

With the optimized conditions in hand, the substrstope of
the hydrogenation reaction was investigated (TaBle The
substrates 1b-e with electron-donating methyl
showed improved results comparedléo(entries 1-5). Substrates

1f and1g possessing methoxy groups showed a slightly dezreas

in enantioselectivity, while a dimethoxy substitutstratelh,
gave higher enantioselectivity (entries 6-8). A simsubstratdi

bearing 3,4-(OCKD) substituent also gave the same level of

enantioselectivity (entry 9). Substrétp bearing a 4-substituted
phenyl group was converted to its related produch wiightly
reduced enantioselectivity (entry 10). A low enargiestivity
was obtained for substrafik bearing a 2-naphthyl substituent
(entry 11). For the substratésn bearing fluoro substituents, the
enantioselectivity decreased according to the jposibf the
fluoro substituent (entries 12-14).

Table 3. Substrate scofe

MeO _ TCFP-RN H, (10atm) 1O
N HN
/i /PrOH/TFE =2/1,1t,48 h
Ar' COOMe Ar' COOMe
1 2
entry 1 Ar' yield [%]° ee [%[
1 la CeHs 79 60
2 1b 4-MeGsH, 77 61
3 1c 3-MeGH, 67 62
4 1d 2-MeGH, 76 69
5 le 2,4-MeCgH3 72 67
6 1f 4-OMeGH, 69 58
7 19 3-OMeGH4 83 55
8 1h 3,4-(OMe)CeHs 79 66
9 1i 3,4-(OCHO)CsH3 70 56
10 1 4-PhGH4 82 57
11 1k 2-naphthyl 83 37
12 1l 4-FGH,4 79 55
13 im 3-FGH, 77 36
14 1n 2-FGH,4 53 19

& Conditions:1 (0.2 mmol), TCFP-Rh (2 mol %),,H10 atm),iPrOH/TFE =
2/1 (2 mL), rt (20-25 °C), 24 H. Isolated yields® The ee values were
determined by HPLC using chiral column.

substituents

A substrate replacing COOMe group with Me group was
tested to give the reduced product and recoveeetirey material
both in racemic form. This result signifies that tlarbonyl
group is probably involved in the transition statering the
reaction. In addition, thN-benzyl aryl-acyl imined, which were
reported as stable compouridisyere not detected during our
reactions. A deuteration experiment of substrdie was
performed using B under the same reaction conditions.
Compared to the hydrogenated product, almost nogghtor the
CH signal ¢ = 4.34, s, 1H) is observed, whereas tli& Geak §
= 3.72, dd, 2H) was replaced by a singldCpeak § = 3.78, s,
1H). Based on the above results, a mechanism haspoeposed
for the dynamic kinetic resolution of racemic aléies bearing a
chiral center at theN-side of the C=N bond (Scheme 1). As
described in the literature which also ruled outrttechanism via
intermediate4,'” it can be proposed that the substrates are
racemized via an unstable intermedatgith the aid of an acidic
medium. One of the enantiomers is reduced at arfesteto give
the main product in the favored configuratién.

Ar Ar Ar
N/ N/) N/)
s :
AN R A )\rOH H e P
OR OR OR
5
Rh/H, l fast Rh/H, J slow
Ar )Ar )Ar
HN N‘ HN
Ar' /'\fo Ar' )\fo Ar' /\fo
OR OR OR
favored 4 disfavored

Scheme 1. Proposed mechanism.
3. Conclusions

In summary, asymmetric hydrogenation of racemidnaltes
via dynamic kinetic resolution was realized for st time.
After careful screening and optimization, a seridschiral
arylglycines were synthesized with good vyields
enantioselectivities.

and

4. Experimetal section

All air sensitive reactions were performed in driddsgware
under an atmosphere of dry nitrogen, and the wovkasp carried
out in air, unless otherwise noted. Solvents wereddi@nd
distiled by standard procedures. Commercially |awde
reagents were used without further purification. Guolu
chromatography was performed using 100-200 mestasiel.
'H NMR (400 MHz) and”®C NMR (101 MHz) spectra were
recorded on a Varian MERCURY plus-400 spectrometer. BRM
was performed on a Waters Micromass Q-TOF PremiessMa
Spectrometer at the Instrumental Analysis CenteSludnghai
Jiao Tong University. The ee values were determinetiBLC
using Daicel Chiralpak columns. Melting points wereasured
with SGW X-4 micro melting point apparatus. IR was swrad
with PerkinElmer Spectrum 100 FT-IR Spectrometer.icpt
rotations were measured on a Rudolph Research Acwllyti
Autopol VI automatic polarimeter using a 50 mm pathgjth cell
at 589 nm.

4.1.General procedure for the synthesis of substrates

Substratela were synthesized from commercially available
racemic phenylglycine methyl ester, while other suatbas1b-j
were synthesized from related acetophenone deréstiv
according to the reported procedufes.
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A mixture of acetophenone derivative (30 mmol) and110.86, 76.90, 55.46, 52.40, 21.15; IR (KBr):3005, 2950,

selenium dioxide (5.0 g, 45 mmol) in pyridine (13.)mwas
stirred at 110 °C under nitrogen atmosphere ovbtnigfter
cooling to room temperature, 4 A molecular sieves @) and
methanol (20 mL) were added and the mixture wasestifor
additional 10 min. Then thionyl chloride (11.3 ml50 mmol)
was added dropwise over 1 h in an ice-water bath tumddsat
room temperature for 12 h. Perchloric acid (12 &&0Q mmol) in
acetonitrile (240 mL) and deionized water (24 mL)2Qt2 in
volume ratio) were added into the flask, and thetuméx was
stirred for at least 0.5 h. Excess acid was neaé&dlby saturated
sodium bicarbonate, then the mixture was filtrateter
removing the organic solvent by evaporation, theeags phase
was extracted with ethyl acetate. The combined ocgextracts

1747, 1488, 1248, 1161, 751 ¢nHRMS (ESI): m/z calculated
for CgH,oNO;" [M+H] " 298.1438, found 298.1435.

4.1.3  Methyl (E)-2-((2-methoxybenzylidene)amino)-2-(m-
tolyl)acetate {c). White solid, mp 57-59 °C'H NMR (400
MHz, CDCL): 6 8.80 (s, 1H), 8.14 (d] = 6.9 Hz, 1H), 7.40 (1)

= 7.2 Hz, 1H), 7.37-7.28 (m, 2H), 7.28-7.23 (m, 1H}17d,J

= 7.3 Hz, 1H), 6.99 (t) = 7.4 Hz, 1H), 6.89 (d] = 8.2 Hz, 1H),
5.16 (s, 1H), 3.85 (s, 3H), 3.74 (s, 3H), 2.36 (s, 3f).NMR
(101 MHz, CDC}): 6 171.91, 159.74, 158.97, 138.40, 138.29,
132.51, 128.73, 128.47, 128.32, 127.91, 124.77,1024.20.71,
110.84, 77.23, 55.45, 52.45, 21.45; IR (KBrB004, 2950, 2840,
1909, 757 ci; HRMS (ESI): m/z calculated for ;gH,JNO5"

were washed with brine, dried over anhydrous magnesiufM+H]" 298.1438, found 298.1438.

sulfate, filtered, and concentrated in vacuum. Ghele product
was purified by flash chromatography (silica gel,trple
ether/ethyl acetate = 10/1) to obtain arylglyoxg/f3t

A mixture of above obtained arylglyoxylate (20 mmol)
anhydrous sodium acetate (2.0 g, 24 mmol), hydeorihe
hydrochloride (2.2 g, 32 mmol) and methanol (70 nwds
heated to 60 °C for 3 h. After evaporating the orgawolvent
under vacuum, ethyl acetate was added to the imguksidue
and the mixture was washed with water. The organicr laxges
then washed with brine, dried over anhydrous sodiuifate,
filtered, and concentrated in vacuum to afford cxinTo a
solution of oxime (20 mmol) and formic acid (24 mi)
methanol (40 mL) and water (24 mL) at 0 °C was addedust
(3.8 g, 60 mmol) portion-wise over 1 h. The suspmmsias
stirred for 3 h at 0 °C and an additional 4 h atnnatemperature.

The mixture was filtered through celite and washedh wit

methanol. The filtrate was concentrated and theltreguesidue
was purified by flash chromatography (silica
dichloromethane/methanol = 10/1) to afford the maice
arylglycine estet®

gel

4.1.4, Methyl (E)-2-((2-methoxybenzylidene)aminod-2-(
tolyl)acetate {d). White solid, mp 48-49 °C'*H NMR (400
MHz, CDCL): § 8.79 (s, 1H), 8.12 (dd] = 7.7, 1.6 Hz, 1H),
7.64-7.57 (m, 1H), 7.42-7.36 (m, 1H), 7.25-7.15 (ki), $.98
(t,J= 7.5 Hz, 1H), 6.89 (d] = 8.4 Hz, 1H), 5.39 (s, 1H), 3.84 (s,
3H), 3.73 (s, 3H), 2.44 (s, 3H))C NMR (101 MHz, CDG)): §
171.87, 159.76, 159.02, 137.12, 135.91, 132.49,583(128.54,
127.87, 127.78, 126.29, 124.28, 120.75, 110.92057455.48,
52.41, 19.69; IR (KBr)y 3648, 3005, 2360, 1747, 1260, 750 cm
" HRMS (ESI): m/z calculated for ;gH,NO;" [M+H]"
298.1438, found 298.1439.

4.1.5. Methyl (E)-2-(2,4-dimethylphenyl)-2-((2-
methoxybenzylidene)amino)acetate)( White solid, mp 60-61
°C; 'H NMR (400 MHz, CDCJ): 6 8.77 (s, 1H), 8.11 (dl = 7.7
Hz, 1H), 7.48 (dJ) = 7.8 Hz, 1H), 7.38 () = 7.9 Hz, 1H), 7.09-
6.92 (m, 3H), 6.88 (d] = 8.4 Hz, 1H), 5.36 (s, 1H), 3.84 (s, 3H),
3.73 (s, 3H), 2.40 (s, 3H), 2.30 (s, 3H)C NMR (101 MHz,

"CDClL): ¢ 172.04, 159.55, 158.96, 137.39, 135.71, 134.15,

132.37, 131.38, 128.46, 127.89, 126.96, 124.33,7120.10.86,
73.80, 55.46, 52.36, 21.03, 19.58; IR (KBr)3689, 2360, 1747,

The above obtained arylglycine ester (10 mmol) andt488, 1249, 752 cih HRMS (ESI): m/z calculated for

anhydrous magnesium sulfate (1.2 g) were stirreeéthay in

dichloromethane (50 mL) at room temperature fomif. Then

the aldehyde (10 mmol) and triethylamine (8 mL) evadded
sequentially and dropwise. After stirred for 12 htla same
temperature, the resulting mixture was filtered #émel organic
solvent was evaporated in vacuum. The residue wasldégl in

ethyl acetate (20 mL) and water (20 mL), and theasspd
aqueous layer was extracted with ether (2 x 20 nille

combined organic extracts were washed with brine ddoweer

anhydrous sodium sulfate, filtered, and concerdratevacuum.
The residue was purified by flash chromatographiicésigel,

petrol ether/triethylamine = 50/1 to 20/1) to affahe substrate
for hydrogenation as a white sofit.

4.1.1. Methyl
phenylacetate 1@). White solid, mp 77-79 °C'H NMR (400
MHz, CDCL): ¢ 8.81 (s, 1H), 8.14 (d] = 7.7 Hz, 1H), 7.53 (d]
=7.7 Hz, 2H), 7.43-7.33 (m, 3H), 7.33-7.27 (m, 1H)964t,J =
7.5 Hz, 1H), 6.89 (dJ = 8.3 Hz, 1H), 5.20 (s, 1H), 3.85 (s, 3H)
3.74 (s, 3H);"*C NMR (101 MHz, CDGJ): § 171.76, 159.81,
159.03, 138.57, 132.55, 128.58, 127.94, 127.91,7¥27124.14,
120.74, 110.91, 77.14, 55.47, 52.42; IR (KBr)3029, 2950,
1600, 1257, 1161, 1025, 757 ¢nHRMS (ESI): m/z calculated
for C;7HgNO;" [M+H] " 284.1281, found 284.1281.

4.1.2. Methyl (E)-2-((2-methoxybenzylidene)aminop-2-(
tolyl)acetate {b). White solid, mp 63-65 °C'H NMR (400
MHz, CDCk): 6 8.79 (s, 1H), 8.12 (dl = 7.7 Hz, 1H), 7.46—7.32
(m, 3H), 7.17 (dJ = 7.9 Hz, 2H), 6.98 (1) = 7.6 Hz, 1H), 6.89
(d,J = 8.3 Hz, 1H), 5.17 (s, 1H), 3.85 (s, 3H), 3.73 (&),2.34
(s, 3H);**C NMR (101 MHz, CDGJ): 6 171.95, 159.63, 158.98,
137.66, 135.62, 132.46, 129.28, 127.91, 127.63,1924.20.72,

(E)-2-((2-methoxybenzylidene)amino)-2-

CioH2NO;" [M+H] " 312.1594, found 312.1589.

4.1.6. Methyl (E)-2-((2-methoxybenzylidene)aminoj-2-(
methoxyphenyl)acetatéff. White solid, mp 61-63 °CH NMR
(400 MHz, CDC}): 6 8.77 (s, 1H), 8.11 (d) = 6.7 Hz, 1H),
7.46-7.34 (m, 3H), 6.97 (§,= 7.4 Hz, 1H), 6.88 (d] = 8.7 Hz,
3H), 5.14 (s, 1H), 3.83 (s, 3H), 3.78 (s, 3H), 3.723H); *C
NMR (101 MHz, CDC)): § 172.01, 159.51, 159.30, 158.99,
132.44, 130.75, 128.89, 127.88, 124.20, 120.72,9813.10.88,
76.45, 55.46, 55.25, 52.35; IR (KBr):3649, 3005, 1744, 1508,
1259, 750 cii; HRMS (ESI): m/z calculated for ;gH,JNO,"
[M+H] " 314.1387, found 314.1387.

4.1.7. Methyl (E)-2-((2-methoxybenzylidene)amino3-2-(
methoxyphenyl)acetatéd). White solid, mp 60—-61 °CH NMR
(400 MHz, CDC}J): 6 8.80 (s, 1H), 8.14 (d] = 7.8 Hz, 1H), 7.40
(t, J = 7.7 Hz, 1H), 7.32-7.27 (m, 1H), 7.15-7.06 (m, 2HY96
(t, J=7.5 Hz, 1H), 6.92-6.81 (m, 2H), 5.17 (s, 1H), 3853H),
3.82 (s, 3H), 3.74 (s, 3H)C NMR (101 MHz, CDG): §

' 171.67, 159.89, 159.75, 159.04, 140.01, 132.55,522927.90,

124.14, 120.73, 120.08, 113.62, 113.26, 110.91037755.47,
55.25, 52.42; IR (KBr)» 3003, 2950, 1744, 1600, 1541, 1249,
1161, 758 cnl; HRMS (ESI): m/z calculated for ;@H,0NO,"
[M+H] " 314,1387, found 314.1388.

4.1.8. Methyl (E)-2-(3,4-dimethoxyphenyl)-2-((2-
methoxybenzylidene)amino)acetath)( White solid, mp 81-83
°C;™H NMR (400 MHz, CDCJ)): 6 8.79 (s, 1H), 8.13 (dd,= 7.7,
1.6 Hz, 1H), 7.43-7.37 (m, 1H), 7.10 ®F 1.8 Hz, 1H), 7.06—
6.96 (m, 2H), 6.92-6.83 (m, 2H), 5.14 (s, 1H), 3.913t4), 3.87
(s, 3H), 3.85 (s, 3H), 3.74 (s, 3HJC NMR (101 MHz, CDG)):

0 171.95, 159.66, 158.99, 149.03, 148.78, 132.521.0B3



127.83, 124.13, 120.71, 120.09, 111.03, 110.89,781076.69,
55.93, 55.87, 55.45, 52.41; IR (KBr):3002, 2951, 2838, 1743,
1514, 1261, 1026, 758 CMHRMS (ESI): m/z calculated for
CigHNOs™ [M+H]* 344,1492, found 344.1487.

419 Methyl (E)-2-(benzol[d][1,3]dioxol-5-yl)-2-({2
methoxybenzylidene)amino)acetaie).(White solid, mp 60-61
°C; 'H NMR (400 MHz, CDCJ): 6 8.78 (s, 1H), 8.12 (dl = 7.5
Hz, 1H), 7.40 (tJ = 7.6 Hz, 1H), 7.08 (s, 1H), 6.97 (dbs 18.3,
8.2 Hz, 2H), 6.89 (d) = 8.5 Hz, 1H), 6.78 (d] = 8.0 Hz, 1H),
5.95 (s, 2H), 5.10 (s, 1H), 3.85 (s, 3H), 3.74 (s, 38)NMR
(101 MHz, CDC}): 6 171.82, 159.71, 158.97, 147.79, 147.29,
132.57, 132.36, 127.84, 124.01, 121.10, 120.73,851108.32,
108.20, 101.08, 76.68, 55.45, 52.47; IR (KBr)2951, 2894,
1909, 1039, 728 cihh HRMS (ESI): m/z calculated for
CigH1gNOs™ [M+H] ™ 328.1179, found 328.1179.

4.1.10. Methyl (E)-2-([1,1'-biphenyl]-4-yl)-2-((2-
methoxybenzylidene)amino)acetatg).(White solid, mp 85-86
°C; 'H NMR (400 MHz, CDCJ): 6 8.84 (s, 1H), 8.16 (dd] =
7.7, 1.7 Hz, 1H), 7.63-7.54 (m, 6H), 7.46-7.38 (m, 3H34 (t,
J=7.4 Hz, 1H), 7.00 (tJ = 7.5 Hz, 1H), 6.90 (d) = 8.3 Hz,
1H), 5.24 (s, 1H), 3.86 (s, 3H), 3.77 (s, 3HC NMR (101
MHz, CDCL): § 171.76, 159.93, 159.04, 140.87, 140.77, 137.58
132.57, 128.73, 128.18, 127.92, 127.35, 127.30,1127124.13,
120.77, 110.90, 76.89, 55.48, 52.51; IR (KBr)3675, 3587,
2949, 1717, 1600, 1465, 757 ¢nHRMS (ESI): m/z calculated
for C,3H,,NO;" [M+H] ™ 360.1594, found 360.1598.

4.1.11. Methyl
(naphthalen-2-yl)acetatelk). White solid, mp 91-92 °C'H
NMR (400 MHz, CDC)): ¢ 8.87 (s, 1H), 8.18 (d] = 6.1 Hz,
1H), 7.97 (s, 1H), 7.88-7.80 (m, 3H), 7.68 Jds 8.4 Hz, 1H),
7.51-7.37 (m, 3H), 7.01 (8,= 7.5 Hz, 1H), 6.90 (d] = 8.4 Hz,
1H), 5.37 (s, 1H), 3.85 (s, 3H), 3.75 (s, 3HJC NMR (101
MHz, CDCL): § 171.79, 160.05, 159.04, 136.03, 133.34, 133.05
132.59, 128.31, 128.09, 127.94, 127.65, 126.75,1826.26.07,
125.65, 124.15, 120.76, 110.90, 77.23, 55.46, 52B(KBr): v
3735, 3005, 2950, 2840, 1745, 1507, 1249, 75T;cHRMS
(ESI): m/z calculated for GH,oNO;" [M+H]" 334.1438, found
334.1433.

4.1.12. Methyl (E)-2-(4-fluorophenyl)-2-((2-
methoxybenzylidene)amino)acetat#).(White solid, mp 52-53
°C;'H NMR (400 MHz, CDC)): 6 8.80 (s, 1H), 8.12 (dl = 7.7
Hz, 1H), 7.57-7.46 (m, 2H), 7.40 (t= 7.8 Hz, 1H), 7.10-6.94
(m, 3H), 6.90 (dJ = 8.4 Hz, 1H), 5.17 (s, 1H), 3.86 (s, 3H), 3.74
(s, 3H);"*C NMR (101 MHz, CDGC)): 6 171.57, 163.66, 161.21,
159.94, 159.05, 134.38, 134.35, 132.64, 129.45,312927.83,
124.02, 120.76, 115.51, 115.30, 110.93, 76.29,7%552.47; IR
(KBr): v 3649, 2952, 1747, 1508, 1248, 757 GrHRMS (ESI):
m/z calculated for GH,;FNO," [M+H]® 302.1187, found
302.1180.

4,113 Methyl (E-)-2-(3-fluorophenyl)-2-((2-
methoxybenzylidene)amino)acetaten). White solid, mp 66-67
°C; 'H NMR (400 MHz, CDCJ): 6 8.82 (s, 1H), 8.14 (dl = 7.5
Hz, 1H), 7.42 (tJ = 7.8 Hz, 1H), 7.38-7.27 (m, 3H), 7.05-6.96
(m, 2H), 6.91 (dJ = 8.4 Hz, 1H), 5.18 (s, 1H), 3.86 (s, 3H), 3.75
(s, 3H).°*C NMR (101 MHz, CDGJ)): § 171.25, 164.04, 161.59,
160.31, 159.05, 140.90, 140.83, 132.77, 130.02,9129.27.83,
123.86, 123.33, 120.76, 114.96, 114.75, 110.91507655.45,
52.60; IR (KBr):v 2952, 2360, 1748, 1395, 783 ¢nHRMS
(ESI): m/z calculated for GH,;/FNO;* [M+H]* 302.1187, found
302.1188.

4.1.14 Methyl (E)-2-(2-fluorophenyl)-2-((2-
methoxybenzylidene)amino)acetate)( White solid, mp 94-95
°C; 'H NMR (400 MHz, CDC)): & 8.82 (s, 1H), 8.14 (dl = 7.5

Hz, 1H), 7.42 (tJ = 7.8 Hz, 1H), 7.31 (§ = 10.2 Hz, 3H), 7.01
(d,J = 7.4 Hz, 2H), 6.91 (d] = 8.4 Hz, 1H), 5.18 (s, 1H), 3.86

(s, 3H), 3.75 (s, 3H)°C NMR (101 MHz, CDGCJ): § 171.00 (s),
161.29 (s), 160.92 (s), 159.08 (s), 158.84 (s), AB7s), 129.61
(s), 129.57 (s), 129.48 (s), 129.40 (s), 127.78 185.95 (s),
125.81 (s), 124.36 (s), 124.32 (s), 123.96 (s),A2(s), 115.39
(s), 115.17 (s), 110.92 (s), 69.78 (s), 55.47 %63 (s).; IR
(KBr): v 2952, 2360, 1748, 1653, 1395, 690 GrHRMS (ESI):
m/z calculated for GH,;FNO," [M+H]® 302.1187, found
302.1186.

4.2.General procedure for the asymmetric hydrogenation

Substratel (0.2 mmol) and [Rh&-TCFP)(cod)]BE (2 mol
%) were charged in an autoclave. And the system wasuated
and filled with hydrogen. After repeating this op&mat3 times,
degassedPrOH/TFE (2/1, 2 mL) was added and the hydrogen
pressure was adjusted to 10 atm. After vigorousirgjirat room
temperature for 48 h, the reaction mixture was esstpd under
reduced pressure. After purification by flash chrtogeaphy
(silica gel, petra ether/ethyl acetate 5/1), tield was
calculated and the ee value was determined by HRIr@ hiral
column.

4.2.1. Methyl 2-((2-methoxybenzyl)amino)-2-phenykteefa).
polorless oil, 47.7 mg, 79% vyield, 60% e NMR (400 MHz,
CDCly): 6 7.40 (d,J = 7.1 Hz, 2H), 7.36-7.17 (m, 5H), 6.89t,

= 7.3 Hz, 1H), 6.83 (dJ = 8.1 Hz, 1H), 4.37 (s, 1H), 3.79 (s,
3H), 3.74 (dd,J = 54.8, 13.2 Hz, 2H), 3.61 (s, 3HC NMR
(101 MHz, CDC}): 6 173.40, 157.76, 138.33, 129.98, 128.62,
128.46, 128.05, 127.79, 127.57, 120.41, 110.29%16455.24,

(E)-2-((2-methoxybenzylidene)amino)-252.16, 46.93; IR (KBr)y 3029, 2951, 1737, 1493, 1243, 1028,

755 cm'; HRMS (ESI): m/z calculated for ;@H,0NO;" [M+H]*
286.1438, found 286.1436; HPLC conditions: DAICEL
Chiralpak OD column, HexaridPrOH = 95/5, 220 nm, 1.0
mL/min, 25 °Ctmajor = 14.6 MiN,tyiner = 9.4 min; i]*% = -43 €
0.52, DCM).

4.2.2. Methyl 2-((2-methoxybenzyl)amino)-2-(p-tolgd)ate 2b).
Colorless oil, 48.6 mg, 77% vyield, 61% e NMR (400 MHz,
CDCly): 8 7.29 (d,J = 8.0 Hz, 2H), 7.25-7.18 (m, 2H), 7.14 {d,
= 7.9 Hz, 2H), 6.89 (tJ = 7.4 Hz, 1H), 6.83 (d] = 8.1 Hz, 1H),
4.34 (s, 1H), 3.79 (s, 3H), 3.73 (dbz= 54.7, 13.5 Hz, 2H), 3.61
(s, 3H), 2.33 (s, 3H)**C NMR (101 MHz, CDG)): 6 173.54,
157.76, 137.76, 135.31, 129.99, 129.33, 128.42,6B27127.62,
120.39, 110.26, 64.30, 55.24, 52.14, 46.86, 21IR8(KBr): v
3003, 2950, 1736, 1541, 1464, 1243, 1029, 754" cdARMS
(ESI): m/z calculated for GH,,NO;" [M+H]* 300.1594, found
300.1602; HPLC conditions: DAICEL Chiralpak OJ colymn
Hexanel-PrOH = 95/5, 220 nm, 1.0 mL/min, 25 °Ggor = 19.1
Min, tminor = 22.8 min; §]°% = -48 € 0.43, DCM).

4.2.3Methyl 2-((2-methoxybenzyl)amino)-2-(m-tolyl)ace(2t).
Colorless oil, 40.2 mg, 67% vyield, 62% el NMR (400 MHz,
CDCly): 6 7.26—7.15 (m, 5H), 7.10 (d,= 7.1 Hz, 1H), 6.89 (1

= 7.4 Hz, 1H), 6.84 (dJ = 8.1 Hz, 1H), 4.33 (s, 1H), 3.81 (s,
3H), 3.72 (dd,J = 64.0, 12.0 Hz, 2H), 3.63 (s, 3H), 2.34 (s,
3H).”®C NMR (101 MHz, CDCJ)): ¢ 173.46, 157.69, 138.28,
138.10, 129.97, 128.80, 128.44, 128.40, 128.29,4P27.24.82,
120.33, 110.17, 64.52, 55.20, 52.16, 46.93, 21 4R (KBr): v
3003, 2951, 2837, 1734, 1363, 754 %nHRMS (ESI): m/z
calculated for GH,,NO;" [M+H]" 300.1594, found 300.1593;
HPLC conditions: DAICEL Chiralpak OD column, Hexanre/
PrOH = 95/5, 220 nm, 1.0 mL/min, 25 °Ggajor = 13.6 Min trinor

= 9.0 min; f]*% = -40 € 0.44, DCM).

4.2.4. Methyl 2-((2-methoxybenzyl)amino)-2-(o-tolgéate 2d).
Colorless oil, 48.3 mg, 76% vyield, 69% e NMR (400 MHz,
CDCL): 6 7.29 (d,J = 8.0 Hz, 2H), 7.25-7.18 (m, 2H), 7.14 (d,
= 7.9 Hz, 2H), 6.89 (tJ = 7.4 Hz, 1H), 6.83 (d] = 8.1 Hz, 1H),
4.34 (s, 1H), 3.79 (s, 3H), 3.73 (dblF 54.7, 13.5 Hz, 2H), 3.61
(s, 3H), 2.33 (s, 3H)**C NMR (101 MHz, CDG)): 6 173.76,
157.80, 136.82, 136.69, 130.70, 130.12, 128.49,8P27127.68,
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127.02, 126.29, 120.42, 110.28, 60.75, 55.23, 5240806,

3.82 (s, 3H), 3.73 (dd] = 48.0, 13.5 Hz, 2H), 3.64 (s, 3HJC

19.28; IR (KBr):v 3019, 2951, 1736, 1493, 1464, 1243, 1029,NMR (101 MHz, CDC)): ¢ 173.31, 157.68, 147.86, 147.35,

754 cm'; HRMS (ESI): m/z calculated for ;gH,,NO;" [M+H]*
300.1594, found 300.1594; HPLC conditions:
Chiralpak OD column, HexaridPrOH = 95/5, 220 nm, 1.0
mL/min, 25 °Ctmajor = 11.8 MiN,tyinor = 8.5 min; fJ*% = -38 €
0.57, DCM).

4.2.5. Methyl
methoxybenz¥l)amino)aceta@ex. Colorless oil, 48.4 mg, 72%
yield, 67% ee;H NMR (400 MHz, CDCJ): ¢ 7.28-7.13 (m, 3H),
7.02-6.94 (m, 2H), 6.88 (§,= 7.4 Hz, 1H), 6.83 (d] = 8.2 Hz,
1H), 4.54 (s, 1H), 3.79 (s, 3H), 3.74(dbz 34.0, 13.2 Hz, 2H)
3.63 (s, 3H), 2.28 (s, 3H), 2.25 (s, 3HIC NMR (101 MHz,

2-(2,4-dimethylphenyl)-2-((2-

132.04, 129.96, 128.42, 127.40, 121.38, 120.33,191A08.19,

DAICEL 107.95, 101.08, 64.10, 55.20, 52.20, 46.72; IR (KBr2360,

1801, 1698, 1260, 1029, 803 ¢rHRMS (ESI): m/z calculated
for CigH,0NOs™ [M+H]" 330.1336, found 330.1337; HPLC
conditions: DAICEL Chiralpak OD column, Hexanr®OH =
90/10, 220 nm, 1.0 mL/min, 25 °Gyajor = 15.2 MiN tyiner = 11.7
min; [«]*% = -40 € 0.46, DCM).

4.2.10. Methyl 2-([1,1-biphenyl]-4-yl)-2-((2-
methoxybenzyl)amino)acetat@j)( Colorless oil, 61.1 mg, 82%
yield, 57% ee;H NMR (400 MHz, CDC)): ¢ 7.63-7.56 (m, 4H),
7.50 (d,J = 8.1 Hz, 2H), 7.44 (1) = 7.5 Hz, 2H), 7.35 (1 = 7.3

CDCly): ¢ 173.85, 157.75, 137.38, 136.57, 133.65, 131.45Hz, 1H), 7.25 (ddJ) = 10.2, 5.7 Hz, 2H), 6.93 (@,= 7.4 Hz, 1H),

130.06, 128.38, 127.72, 126.95, 126.93, 120.35,201050.47,

55.19, 52.01, 46.94, 21.00, 19.13; IR (KBr)3003, 2950, 1735,
1491, 1243, 755 cify HRMS (ESI): m/z calculated for
CiHoNO;"  [M+H]™  314.1751, found 314.1751;
conditions: DAICEL Chiralpak OD column, Hexanr®OH =
95/5, 220 nm, 1.0 mL/min, 25 °@yaor = 10.9 Min,tpjner = 7.7
min; [a]* = -45 € 0.71, DCM).

4.2.6. Methyl
58% ee;’H NMR (400 MHz, CDC)): 6 7.32 (d,J = 8.3 Hz, 2H),
7.25-7.16 (m, 2H), 6.95-6.83 (m, 4H), 4.33 (s, 1H923s, 3H),
3.80 (s, 3H), 3.73 (dd] = 53.6, 13.4 Hz, 2H), 3.64 (s, 3H)C

6.87 (d,J = 8.0 Hz, 1H), 4.45 (s, 1H), 3.83 (s, 3H), 3.80 (#¢,
55.1, 13.5 Hz, 2H), 3.67 (s, 3HJC NMR (101 MHz, CDG)): ¢
173.39, 157.78, 140.97, 140.75, 137.35, 130.03,8128.28.50,

HPLC 128.22, 127.56, 127.38, 127.12, 120.44, 110.30326455.27,

52.26, 46.99; IR (KBr)» 3029, 2950, 2836, 1464, 1490, 1029,
757, 699 crit; HRMS (ESI): m/z calculated for ,gH,,NO5"

[M+H]* 362.1751, found 362.1755; HPLC conditions: DAICEL
Chiralpak OJ column, Hexamd?rOH = 75/25, 220 nm, 1.0

2-((2-methoxybenzyl)amino)-2-(4- mL/min, 25 °C,tysjer = 14.6 MiN tyiner = 27.5 min; §]% = -55 €
methoxyphenyl)acetat@ff. Colorless oil, 46.2 mg, 69% yield,

0.70, DCM).

4.2.11. Methyl 2-((2-methoxybenzyl)amino)-2-(napleti-
yl)acetate 2k). Colorless oil, 58.6 mg, 83% yield, 37% &kt

NMR (101 MHz, CDC)): ¢ 173.57, 159.34, 157.70, 130.36, NMR (400 MHz, CDC)): ¢ 7.86 (s, 1H), 7.84-7.76 (m, 3H), 7.53

129.93, 128.85, 128.34, 127.59, 120.33, 113.95,201063.88,

55.23, 55.20, 52.07, 46.77; IR (KB#r):3335, 3001, 2931, 1736,

1587, 1247, 757 ¢ HRMS (ESI): m/z calculated for
CigH,,NO,”  [M+H]" 316.1543, found 316.1548;
conditions: DAICEL Chiralpak OD column, Hexanr®OH =
90/10, 220 nm, 1.0 mL/min, 25 °Gajor = 13.6 Min tyiner = 10.2
min; [a]*% = -40 € 0.21, DCM).

4.2.7. Methyl

6.97 (m, 2H), 6.91 (t) = 7.4 Hz, 1H), 6.85 (d] = 8.1 Hz, 2H),
4.37 (s, 1H), 3.81 (s, 3H), 3.80 (s, 3H), 3.75(56.8, 13.4 Hz,
2H), 3.64 (s, 3H);”®C NMR (101 MHz, CDG): 6 173.26,
159.84, 157.75, 139.80, 130.00, 129.57, 128.46,5227.20.38,
120.20, 113.70, 113.13, 110.27, 64.53, 55.25, 555819,

(d, J = 8.5 Hz, 1H), 7.49-7.40 (m, 2H), 7.26-7.17 (m, 2H396
(t, J = 7.4 Hz, 1H), 6.82 (dJ = 8.0 Hz, 1H), 4.55 (s, 1H), 3.77
(dd,J = 61.9, 13.5 Hz, 2H), 3.76 (s, 3H), 3.60 (s, 3% NMR

HPLC (101 MHz, CDC}): ¢ 173.30, 157.77, 135.69, 133.32, 133.18,

130.01, 128.46, 128.38, 128.00, 127.67, 127.53,0127.26.16,
126.07, 125.52, 120.40, 110.28, 64.65, 55.23, 524B187; IR
(KBr): v 2951, 1541, 1507, 1464, 1244, 1028, 754" CRIRMS
(ESI): m/z calculated for GH,,NO;" [M+H] " 336.1594, found

2-((2-methoxybenzyl)amino)-2-(3- 336.1598; HPLC conditions: DAICEL Chiralpak OD column,
methoxyphenyl)acetat@d). Colorless oil, 55.4 mg, 83% yield,

55% ee*H NMR (400 MHz, CDCJ): § 7.32-7.17 (m, 3H), 7.02—

Hexanei-PrOH = 95/5, 220 nm, 1.0 mL/min, 25 °G0r = 18.6
Min, tminor = 14.0 min; §]°% = -36 € 0.53, DCM).

4212 Methyl 2-(4-fluorophenyl)-2-((2-
methoxybenzyl)amino)acetat®)( Colorless oil, 50.4 mg, 79%
yield, 55% eetH NMR (400 MHz, CDC)): 6 7.42—7.35 (m, 2H),
7.23 (t,J = 7.7 Hz, 1H), 7.18 (d] = 7.2 Hz, 1H), 7.02 (1 = 8.6

46.89; IR (KBr):v 3002, 2951, 1736, 1587, 1199, 1047, 755 cmHz, 2H), 6.94-6.82 (m, 2H), 4.36 (s, 1H), 3.80 (s, 3J3 (dd,

" HRMS (ESI): m/z calculated for ;gH,,NO," [M+H]"
316.1543, found 316.1543; HPLC conditions:

J = 62.7, 13.5 Hz, 2H), 3.62 (s, 3H)*C NMR (101 MHz,

DAICEL CDCly): 6 173.18, 163.7, 161.25, 157.71, 134.06, 136.03,9%9

Chiralpak OJ column, Hexamd?rOH = 90/10, 220 nm, 1.0 129.44, 129.36, 128.48, 127.36, 120.37, 115.52,3014.10.27,

mL/minv 25 c’Catmajor: 21.1 minxtminor =257 min; {J.]ZOD =-29 C
0.43, DCM).

4.2.8. Methyl
methoxybenzylzamino)aceta@h[. Colorless oil, 56.7 mg, 79%
yield, 66% ee;H NMR (400 MHz, CDCJ): 6 7.19 (m, 2H),
6.97-6.78 (m, 5H), 4.30 (s, 1H), 3.86 (s, 3H), 3.843H), 3.79
(s, 3H), 3.72 (dd) = 54.8, 13.5 Hz, 2H), 3.62 (s, 3H’C NMR

63.75, 55.20, 52.18, 46.84; IR (KBr):3004, 2952, 1740, 1540,
1493, 1243, 1029, 755 ¢mMHRMS (ESI): m/z calculated for
CiHigFNO;™ [M+H]® 304.1343, found 304.1344; HPLC

2-(3,4-dimethoxyphenyl)-2-((2- conditions: DAICEL Chiralpak OJ column, HexaRBfOH =

95/5, 220 nm, 1.0 mL/min, 25 °@qjor = 18.7 min,tyiner = 20.1
min; [¢]*% = -36 € 0.51, DCM).
4213

Methyl 2-(3-fluorophenyl)-2-((2-

(101 MHz, CDC)): ¢ 173.45, 157.72, 149.11, 148.81, 130.73,methoxybenzyl)amino)aceta@rr(). Colorless oil, 46.8 mg, 77%

129.98, 128.40, 127.51, 120.31, 120.27, 110.99,4810110.23,
64.15, 55.90, 55.86, 55.21, 52.12, 46.79; IR (KB13001, 2952,
2836, 1736, 1514, 1242, 1028, 757 TtnHRMS (ESI): m/z

calculated for GH,,NOs™ [M+H]" 346.1649, found 346.1646;

yield, 36% ee!H NMR (400 MHz, CDCJ): 6 7.35-7.22 (m, 2H),
7.22-7.13 (m, 3H), 7.04-6.96 (m, 1H), 6.94-6.84 (M), 2.37

(s, 1H), 3.83 (s, 3H), 3.73 (dd,= 72.0, 16.0 Hz, 2H) 3.64 (s,
3H). *C NMR (101 MHz, CDGJ): & 172.83, 164.13, 161.68,

HPLC conditions: DAICEL Chiralpak OJ column, Hexane/ 157.68, 140.76, 140,69, 130.02, 129.97, 129.94,582827.21,

PrOH = 80/20, 220 nm, 1.0 mL/min, 25 °Ggjer = 17.3 min,
tminor = 22.1 min; §]*% = -31 € 0.47, DCM)

429 Methyl 2-(benzo[d][1,3]dioxol-5-yl)-2-((2-
methoxybenzyl)amino)acetatgi)( Colorless oil, 46.1 mg, 70%
yield, 56% eetH NMR (400 MHz, CDCJ): 6 7.26-7.17 (m, 2H),
6.94-6.82 (m, 4H), 6.79-6.75 (m, 1H), 5.95 (s, 2H)84s, 1H),

123.48, 123.45, 120.36, 115.05, 114.84, 114.79,5714110.21,
63.99, 63.97, 55.19, 52.32, 46.88.; IR (KBrp360, 1749, 1362,
1260, 1029, 750 ch HRMS (ESI): m/z calculated for
CiHigFNO;"  [M+H]® 304.1343, found 304.1345; HPLC
conditions: DAICEL Chiralpak OD column, Hexanr®OH =
95/5, 220 nm, 1.0 mL/min, 25 °Gyajor = 13.0 Min,tpiner = 9.0
min; [¢]*% = -12 € 0.35, DCM).



4214 Methyl 2-(2-fluorophenyl)-2-((2-
methoxybenzyl)amino)acetaten). Colorless oil, 32.2 mg, 53%
yield, 19% ee'H NMR (400 MHz, CDC)): 6 7.43 (td,J = 7.5,

1.6 Hz, 1H), 7.29-7.16 (m, 3H), 7.12 (ti= 7.5, 1.0 Hz, 1H),
7.08-7.00 (m, 1H), 6.92-6.79 (m, 2H), 4.70 (s, 1H903s, 3H),
3.74 (dd,J = 56.0, 12.0 Hz, 2H), 3.63 (s, 3HJC NMR (101
MHz, CDCL): 6 172.73, 162.07, 159.61, 157.68, 129.97, 129.56,
129.48, 128.96, 128.92, 128.48, 127.30, 125.73,5828.24.33,
124.29, 120.41, 120.37, 115.68, 115.46, 110.1658757.55,
55.17, 52.33, 46.98; IR (KBr): 3004, 2952, 1740, 1363, 1030, -
755 cm*; HRMS (ESI): m/z calculated for,@H;sFNO;" [M+H] "
304.1343, found 304.1342; HPLC conditions: DAICEL
Chiralpak OD column, HexaridPrOH = 95/5, 220 nm, 1.0
mL/min, 25 °C,tnaor = 13.0 MiN,tyiner = 9.7 min; f)*% = -27 €
0.22, DCM).

Supplementary Data 8.

Supplementary data (copies of NMR and HPLC spectra)
associated with this article can be found in thenenVersion, at
http://dx.doi.org/10.1016/j.tet.2016.XX.XXX.

Acknowledgments

This work was partially supported by the National Nalur
Science Foundation of China (No. 21572131) and $eieand
Technology Commission of Shanghai Municipality (No.
14XD1402300 and 157111220016). We thank the Instrtahen
Analysis Center of Shanghai Jiao Tong University ($JTor
characterization.

References

10.

1. (a) Kolla, N.; Elati, C. R.; Arunagiri, M.; Gangul8.; Vankawala, P. J.;
Anjaneyulu, Y.; Bhattacharya, A.; Venkatraman,Mathad, V. T.Org.
Proc. Res. Dev2007, 11, 455; (b) Guercio, G.; Bacchi, S.; Goodyear,
M.; Carangio, A.; Tinazzi, F.; Curti, ®rg. Proc. Res. De2008, 12,
1188; (c) Savage, S. A.; Waltermire, R. E.; Campa@h; Bordawekar,
S.; Toma, J. D. ROrg. Proc. Res. Dev2009, 13, 510; (d) van der
Meijden, M. W.; Leeman, M.; Gelens, E.; Noorduin, M\, Meekes, H.;
van Enckevort, W. J. P.; Kaptein, B.; Vlieg, E.;lldgg, R. M. Org.
Proc. Res. Dev2009, 13, 1195; (e) Cherian, J.; Choi, I.; Nayyar, A;;
Manjunatha, U. H.; Mukherjee, T.; Lee, Y. S.; BdghHl. I.; Singh, R;
Ha, Y. H.; Goodwin, M.; Lakshminarayana, S. B.; dliyrattanakit, P.;

Jiricek, J.; Ravindran, S.; Dick, T.; Keller, T.;HDartois, V.; Barry, llI, 11

C. E.J. Med. Chem2011, 54, 5639; (f) Shan, J.; Zhang, B.; Zhu, Y.;

Jiao, B.; Zheng, W.; Qi, X.; Gong, Y.; Yuan, F.;,l&; Sun, HJ. Med. 12

Chem. 2012, 55, 3342; (g) Wilmink, P.; Rougeot, C.; Wurst, K,
Sanselme, M.; van der Meijden, M.; Saletra, W.; @ogl, G.; Kellogg,
R. M. Org. Proc. Res. Dew015, 19, 302.

2. (a) Wang, M.-X.; Lin, S.-4J. Org. Chem2002, 67, 6542; (b) Hang, J.;

Li, H.; Deng, L.Org. Lett.2002, 4, 3321; (c) Arosio, D.; Caligiuri, A.; 13.

D'Arrigo, P.; Pedrocchi-Fantoni, G.; Rossi, C.;&ano, C.; Servi, S.;
Tessaro, DAdv. Synth. CataR007, 349, 1345; (d) Lu, G.; Birman, V.
B. Org. Lett.2011, 13, 356.

3. (a) Beenen, M. A;; Weix, D. J.; Ellman, J. A.Am. Chem. So@006,

128 6304; (b) Reingruber, R.; Baumann, T.; DahmenB@ise, SAdv. 14
Synth. Catal.2009, 351, 1019; (c) Seayad, A. M.; Ramalingam, B.; 15.

Yoshinaga, K.; Nagata, T.; Chai, C. L. Qrg. Lett.2010, 12, 264; (d)
Pérez-Fuertes, Y.; Taylor, J. E.; Tickell, D. A.akon, M. F.; Bull, S.
D.; James, T. DJ. Org. Chem2011, 76, 6038; (e) Chen, J.; Lu, X.; Lou,
W.; Ye, Y.; Jiang, H.; Zeng, W.. Am. Chem. So2012, 77, 8541.

4. (a) Bachmann, S.; Fielenbach, D.; Jgrgensen, KQr§. Biomol. Chem.
2004, 2, 3044; (b) Lee, E. C.; Fu, G. G. Am. Chem. So€007, 129,

12066; (c) Xu, B.; Zhu, S.-F.; Xie, X.-L.; Shen:JJ;, Zhou, Q.-L.  16.

Angew. Chem. Int. EQ011, 50, 11483; (d) Zhu, S.-F.; Xu, B.; Wang,
G.-P.; Zhou, Q.-LJ. Org. Chem2012, 134, 436.

5. (a) Nolin, K. A;; Ahn, R. W,; Toste, F. 0. Am. Chem. So2005, 127, 17.

12462; (b) Rueping, M.; Antonchick, A. P.; TheissmaT. Angew.

Chem. Int. Ed2006, 45, 6751; (c) Kang, Q.; Zhao, Z.-A.; You, S.-L. 13,

Adv. Synth. CatalR007, 349, 1657; (d) Malkov, A. V.; Vrankova, K.;

Stortius, S.; K&ovsky, P.J. Org. Chem2009, 74, 5839; (e) zZhu, C.; 19,

Akiyama, T.Adv. Synth. CataR010, 352 1846; (f) Nolin, K. A.; Ahn,

R. W.; Kobayashi, Y.; Kennedy-Smith, J. J.; TogteD. Chem. Eur. J.
2010, 16, 9555.
For representative reviews: (aHandbook of Homogeneous
Hydrogenation de Vries, J. G., Elsevier, C. J., Eds.; Wiley-VCH
Weinheim, Germany, 2007; (Bphosphorus Ligands in Asymmetric
Catalysis Borner, A. Ed.; Wiley-VCH: Weinheim, Germany, 3){c)
Asymmetric Catalysis on Industrial Scalend Ed.; Blaser, H.-U.,
Federsel, H.-J., Eds.; Wiley-VCH: Weinheim, Germa2@10; (d) Xie,
J.-H.; Zhu, S.-F., Zhou, Q.-IChem. Rev2011, 111, 1713; (e) Xie, J.-
H.; Zhou, Q.-L.Huaxue Xueba@012, 70, 1427.
Selected papers: (a) Kadyrov, R.; Riermeier, T. Bingerdissen, U.;
Tararov, V.; Borner, AJ. Org. Chem2003, 68, 4067; (b) Shang, G.;
Yang, Q.; Zhang, XAngew. Chem. Int. EQ006, 45, 6360; (c) Wang,
Y.-Q.; Lu, S.-M.; Zhou, Y.-G.J. Org. Chem.2007, 72, 3729; (d)
Yoshikawa, N.; Tan, L.; McWilliams, J. C.; Ramasarby; Sheppard,
R. Org. Lett.2010, 12, 276; (e) Chen, Q.-A.; Chen, M.-W.; Yu, C.-B;
Shi, L.; Wang, D.-S.; Yang, Y.; Zhou, Y.-@. Am. Chem. So@011,
133 16432; (f) Lu, L.-Q.; Li, Y.; Junge, K.; BelleM. J. Am. Chem.
Soc.2015, 137, 2763.
For recent reviews of dynamic kinetic resolution) (Pellissier, H.
Tetrahedron2008, 64, 1563; (b) Pellissier, HAdv. Synth. CataR011,
353 659; (c) Pellissier, HTetrahedror2011, 67, 3769. (d) Rachwalski,
M.; Vermue, N.; Rutjes, F. P. J. Them. Soc. Re2013, 42, 9268.
Selected papers concerning racemic ketones: (apiNdy.; lkeda, T.;
Ohkuma, T.; Widhalm, M.; Kitamura, M.; Takaya, HAkutagawa, S.;
Sayo, N.; Saito, T.; Taketomi, T.; Kumobayashi,JHAm. Chem. Soc.
1989, 111, 9134; (b) Kitamura, M.; Tokunaga, M.; Noyori, R. Am.
Chem. Soc1993, 115 144; (c¢) Makino, K.; Goto, T.; Hiroki, Y.;
Hamada, Y.Angew. Chem. Int. EQR004, 43, 882; (d) Makino, K;
Hiroki, Y.; Hamada, YJ. Am. Chem. So@005, 127, 5784; (e) Liu, S.;
Xie, J.-H.; Wang, L.-X.; Zhou, Q.-LAngew. Chem. Int. EQ007, 46,
7506; (f) Xie, J.-H.; Liu, S.; Kong, W.-L.; Bai, W.; Wang, X.-C.;
Wang, L.-X.; Zhou, Q.-LJ. Am. Chem. So@009, 131, 4222; (g) Liu,
C.; Xie, J.-H.; Li, Y.-L.; Chen, J.-Q.; Zhou, Q.-Angew. Chem. Int. Ed.
2013, 52, 593; Papers concerning racemic aldehydes: (h) Xi#l.;
Zhou, Z.-T.; Kong, W.-L.; Zhou, Q.-LJ. Am. Chem. So@007, 129,
1868; (i) Li, X.; List, B.Chem. Commur007, 1739; (j) Zhou, Z.-T,;
Xie, J.-H.; Zhou, Q.-LAdv. Synth. CataR009, 351, 363.
(a) Wang, D.-S.; Chen, Q.-A.; Li, W.; Yu, C.-B.; dh Y.-G.; Zhang, X.
J. Am. Chem. So2010, 132, 8909; (b) Duan, Y.; Chen, M.-W.; Ye, Z.-
S.; Wang, D.-S.; Chen, Q.-A.; Zhou, Y.-Ghem. Eur. J2011, 17,
7193; (c) Wang, D.-S.; Tang, J.; Zhou, Y.-G.; ChdnW.; Yu, C.-B.;
Duan, Y.; Jiang, G.-FChem. Sci2011, 2, 803; (d) Duan, Y.; Chen, M.-
W.; Chen, Q.-A.; Yu, C.-B.; Zhou, Y.-®rg. Biomol. Chem2012, 10,
1235; (e) Yu, C.-B.; Gao, K.; Chen, Q.-A.; Chen-W.; Zhou, Y.-G.
Tetrahedron Lett2012, 53 2560; (f) Yu, C.-B.; Zhou, Y.-GAngew.
Chem. Int. Ed2013, 52, 13365; (g) Li, C.; Chen, J.; Fu, G.; Liu, D.; Liu
Y.; Zhang, W.Tetrahedror2013, 69, 6839; (h) Duan, Y.; Li, L.; Chen,
M.-W.; Yu, C.-B.; Fan, H.-J.; Zhou, Y.-@. Am. Chem. So2014, 136,
7688.
Hoffmann, S.; Nicoletti, M.; List, BJ. Am. Chem. SoQ006, 128
13074.
(a) Tian, F.; Yao, D.; Liu, Y.; Xie, F.; Zhang, WAdv. Synth. Catal.
2010, 352, 1841; (b) Liu, Y.; Yao, D.; Li, K.; Tian, F.; Xije~.; Zhang,
W. Tetrahedron2011, 67, 8445; (c) Liu, Y.; ZhangW. Angew. Chem.
Int. Ed. 2013, 52, 2203; (d) Liu, Y.; Gridnev, I. D.; Zhang, WAngew.
Chem. Int. Ed2014, 53, 1901.
(a) Hoge, G.; Wu, H.-P.; Kissel, W. S.; Pflum, D; Sreene, D. J.; Bao,
J.J. Am. Chem. So@004, 126, 5966; (b) Gridnev, I. D.; Imamoto, T.;
Hoge, G.; Kouchi, M.; Takahashi, H. Am. Chem. So@008, 130
2560; (c) Zhang, Z.; Hu, Q.; Wang, Y.; Chen, J.aZg, W.Org. Lett.
2015, 17, 5380.
Vedejs, E.; Jure, MAngew. Chem. Int. EQ005, 44, 3974.
A control experiment of converting the prod@ao by-product3 in the
same hydrogenative conditions was failed, so it wessumed that
compound3 was probably produced from hydrolysis of substtate

NH,

Ph™ "COOR

3
(a) Guizzetti, S.; Benaglia, M.; Rossi, Grg. Lett.2009, 11, 2928; (b)
Abed, H. B.; van Brandt, S. F. A.; Vega, J. A;; @i, H. J. M.
Tetrahedron Lett2015, 56, 4028.
Clark, J. C.; Phillipps, G. H.; Steer, M. R.Chem. Soc., Perkin Trans.
11976, 475.
Fabrello, A.; Bachelier, A.; Urrutigoity, M.; KalckP. Coord. Chem.
Rev.2010, 254, 273.
(a) Zhuang, J.; Wang, C.; Xie, F.; Zhang, Wetrahedron2009, 65,
9797; (b) Schoenfeld, R. C.; Bourdet, D. L.; Bragné{. A.; Chin, E;



Tetrahedron
de Vicente, J.; Fung, A.;; Harris, S. F.; Lee, E; Ke Pogam, S;
Leveque, V.; Li, J.; Lui, A, S.-T.; Najera, |.; Bapuru, S.; Sangi, M.;
Steiner, S.; Talamas, F. X.; Taygerly, J. P.; Zldad, Med. Chem2013,
56, 8163; (c) Griffiths-Jones, C. M.; Knight, D. Wetrahedron2010,
66, 4150.



