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Screening of reaction condition

Enantioselective imino-Reformatsky reaction of 1

Ph  Me

Bn O

Bn . . ~

g Ligand L1 (X equiv N
BrCF,CO,Et + J‘ 9 (Xequv) | )iF
1 (2.0 equiv) Ph Et,Zn (3.5 equiv) Ph

F

Solv., Temp. (R)-3a

Entry Ligand (equiv) Solv. Temp. (°C) Yield of 3a (%)? Ee of 3a (%)

1 1 CH,Cl, r.t. 72 91
2 1 CH,Cl, 0 67 91
3 1 CH,Cl, -40 62 >99
4 0.75 CHJCl, 0 63 96
5 0.1 CH,Cl, 0 38 5
6 0.75 DCE 0 30 97
7 0.75 BTF 0 19 19
8 none CH,CI, 0 62 0

a: Isolated yields.
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Copies of 'TH NMR and '*C NMR chart
(R)-1-Benzyl-3,3-difluoro-4-phenylazetidin-2-one 3a
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(R)-1-Benzyl-3,3-difluoro-4-(naphthalen-2-yl)azetidin-2-one 3b
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(R)-1-Benzyl-3,3-difluoro-4-{4-(trifluoromethyl)phenyl}azetidin-2-one 3¢
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(R)-1-Benzyl-4-(4-chlorophenyl)-3,3-difluoroazetidin-2-one 3d
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(R)-1-Benzyl-3,3-difluoro-4-(4-methoxycarbonylphenyl)azetidin-2-one 3e
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(R)-4-(1-Benzyl-3,3-difluoro-4-oxoazetidin-2- yI) nitrile 3f
ssssssssssssssssssssss

W/% \\\\V \\/

rat

EREERE=23R=R0 250 Ennl BEE

RERABAAGKRARE==" PP EEEE 3

S8



(R)-1-Benzyl-3,3-difluoro-4-(p-tolyl)azetidin-2-one 3g
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(R)-1-Benzyl-3,3-difluoro-4-(4-methoxyphenyl)azetidin-2-one 3h
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(S)-1-Benzyl-3,3-difluoro-4-phenylazetidin-2-one 3a
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Copies of HPLC chromatgrams of the products

The chromatgrams showed racemate charts in left column and chiral charts in right column.

(R)-1-Benzyl-3,3-difluoro-4-phenylazetidin-2-one 3a

18,176

CHROMATOGRAN 1 HMEMORIZED CHRUNATOGRAN I HEMORIZED

C-RSA  CHROMATOPAC ) C-R9A  CHROMATORAC
[HANNEL HO 1 FILE 4 ANNEL HO i FILE 8

SANPLE 1O D HETHOD 41 HPLE NO @ HETHOD 41
FEFURT MO 324 RT MO 187
Pihy TIRE ARER K DO EONE HARE FEHD TIHE AREA MK 1DND COHC NAME
1 9,80 199456 49,1433 1 5,522 9318 1,618
2 18.176 206410 50,8567 2 3,845 28066 4.874
-------------------- 3 10.136 538446 93,503
ToTAL 405866 190 N DO e
TOTAL 575821 168

(R)-1-Benzyl-3,3-difluoro-4-(naphthalen-2-yl)azetidin-2-one 3b

L CE
6. 334
18,377
13.153
6 13 14,87

. iy 5 CHROMATOGRAN 1 MEMORIZED
CHRUMATOGRARM 1 MEMORIZED

C-R9A  CHROMATOPAC

C-R5A CHROMATOPAC CHANNEL HO 1 EILE 2]
CHANNEL NO 1 FILE 8 SAHPLE NO @ HETHOW 41
CANPLE NO @ HETHOD 41 KEPORT NO 518
REPORT MO 348
FRNO TIHE AREA MK 1DHO COHC HANE
PKNU TIHE ARER MK IDHO cun NARE
o 1 6.33¢ 16979 g.7a76

i 4.756 6829 g2 2 10,377 3414 B.1423

2 5.182 5788 8. 3 12,152 17498 8.7289

3 6.317 43276 L. 4 14.87 1ee721

4 g8.384 4681 u.1721 5 16.25 260921

5 14,513 1329193 48,8762 T TTllll

B 15,821 1330544 48,9258 TOTAL 2399526

TOTAL 2719512 168
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(R)-1-Benzyl-3,3-difluoro-4-{4-(trifluoromethyl)phenyl}azetidin-2-one 3¢

4,806
6.083
8.525
= 6,542
1.717
(HROMATOGRAH 1 HEMORIZED
[-R5A  CHROMATOPAC
CHANNEL HO 1
SANPLE HO @
FEPORT HO 425
FKND TIHE AREA 1K
1 4,806 3883
2 6.083 9763
3 8.525 5752
4 18,542 525625
5 11,717 524888
TOTAL 1069891

FILE a

HETHOD

IDNO CONC

HANE

(R)-1-Benzyl-4-(4-chlorophenyl)-3,3-difluoroazetidin-2-one 3d

52884

9.816
lg.82

(HROWATOGRAN 1 HEMORIZED
C-Kon CHROHMATOPAC
CHANHEL NO 1
SANFLE NO @
REPORT HO 451
FKHOD TIHE AREA HK
1 6.114 42871
& 9.8186 149792
3 i@.82 147371
TOTAL 340833

FILE
HETHOD

I1DHD CoNC

12.60878
44,0522
43.34

6,044
71591
9.549
414
1.558
CHROMATOGRAM 1 HMEHORIZED
C-RS5A  CHROMATOPAC
CHANHEL HO 1 FILE
SAHPLE HO 8 HETHOD
FEPORT HO 434
PKRHO TIHE AREA MK 1DNO COHE
1 £.544 2324 8.3223
¢ 9.549 12514 1.7254
3 18.414 783243 97.5201
4 11.558 3045 B.4228
TOTAL 721126 168
.94
é:%é%
B
1§, 548
—_—
CHKUMATOGRAN 1 HEMORIZED
C~K9A  CHROMATORAC
CHANHEL MO 1 FILE
SAMPLE HO 8 HETHOD
REPORT HO 170
FEHU TINE AREA MK TDND CaNC
1 5.046 2218 8.146%
2 5.678 3643 o.2422
3 5.083 14989 8.9966
4 8.584 3662 0.2036
5 18,188 24992 1.661%
6 18,533 29994 ¥ 1.9942
7 11.181 1425183 94.7549
TOTAL 1584072 188
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(R)-1-Benzyl-3,3-difluoro-4-(4-methoxycarbonylphenyl)azetidin-2-one 3e

4,008 Y]

£.45 47

r_ 7.6807

CHRUMNRTOGRAN 1 MEMORIZED CHRUMATOGRANH i MEMORIZED
C-RSA  CHROMATOPAC C-RSA CHROMATOPAC
(HANNEL NO 1 FILE 8 CHARNHEL NO 1 FILE 8
SANPLE HO @ HETHOD 41 SAMPLE HO @ HETHOD 41
FEPORT HO 580 REPORT NO 503
L TIRE RREA; His LD CONC HANE KO TIHE ARER MK IDHO CoNC NANE
1 4,003 8814 8:339% 1 4,811 9718 8.4457
2 6.45 2753 8. 1912 2 7.807 59303 2.7205
g 7.817 1307832 494064 3 9.55 2118838 96.8338
4 9.588 1323950 se.es¢ TR T 7T il
e TOTAL 2179857 JEL]
TOTAL 2643351 109
(R)-4-(1-Benzyl-3,3-difluoro-4-oxoazetidin-2-yl)benzonitrile 3f
41868
§:384
| 8.414
19,0819
CHROMATOGRAM 1 MEMORIZED
C-R5A CHROMATOPAC
CHANNEL MO 1 FILE [
SAHPLE HO @ HETHOD 41
KERORT HD 424 CHROMATOGRAN 1 HEMORIZED
PRI TIHE AREA MK 1DNO COHC HAHE S-BEK  GHRGHATERRE
CHANMEL HO 1 FILE 6
i 4.01 28641 ¥ 479886 SHIACE HD. B HETHOD "
g 5.436 2023 9.339 FEFORT HO 265
3 6.503 9399 1.5597
4 ‘43 6342 1.1631 FENOD TINE AREA MK IDNO CONC HAHE
5 ©.817 276811 46.244
5 9,784 273932 45.8956 1 4.934 2343 g.2172
7777777777777777777777 2 5.385 2585 B.234
3 8.414 6518 B.6842
4 5,278 1854843 37,7818
s 18.919 12544 1.1628
TOTAL 1878772 188
(R)-1-Benzyl-3,3-difluoro-4-(p-tolyl)azetidin-2-one 3g
5.136
bulb =863
7.764
CHROMATOGRAM 1 MEMORIZED
CHROMATOGRAM 1 MEMORIZED
[-K9A  CHROMATOPAC
CHANNEL MO 1 FILE 8 C-RSA  CHROMATOPAC
SANFLE BU B HETHOD 41 CHANNEL HO 1 FILE i
REFORT KO 448 SAMPLE NO O METHOD 41
, REFORT HO 444
PKNO TIHE ARER MK IDHO CONe NAME §
PKHO TINE AREA MK 1DHOD COHC NAME
1 6.185 318826 Y 50,3512
¢ £.776 313598 45,6488 i 6.266 41164 4.5552
...................... " 6.869 853178 95.8755
TOTAL 631615 168 3 7.764 3338 9.3693
TOTAL 303630 168
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(R)-1-Benzyl-3,3-difluoro-4-(4-methoxyphenyl)azetidin-2-one 3h

16,03
fe.eet
14,148
CHROHATOGRAN 1 MEMORIZED
C-kSA CHROMATOPAC
CHANNEL NO 1 FILE ]
SAHPLE HO a HETHOD 41
REFORT MO 362
FEND TINE AREA MK 1DNHO Conc NANE
1 19,03 Be04 0.9838
2 ig.z21 262179 49.5653
3 14.148 361928 49.531
TOTAL 738711 1eg

(S)-1-Benzyl-3,3-difluoro-4-phenylazetidin-2-one 3a

9.085

Zl[\.k?l’:

CHROMATOGRAM 1 HMEMORIZED
C-R5A CHROMATOFAC
(HANNEL HO 1 FILE a
SAMPLE NO ] HETHOD 41
FEFURT NO 3z4
FKNU TIHE AREA MK IDNO CONC NANE

1 9.883 199456 49.1433

e 18.176 206410 50,8567

TOTAL 405866 10E

CHROMATOGRAN 1 HEMORIZED
C-roA  CHROMATOPAC
CHANNEL NHO 1
SANFLL MO 2]
EEPORT NO 2
FEND TIME AREA  HK
1 18.69 45436
g 13.353 104475
3 15.438% 1428657
TOTAL 1578568
5,488
age
3,877
11,774
14.766
CHROMATOGRAM 1 HEMORIZED
C-RSA  CHROHATORAC
CHANNEL MO 1
SANPLE NO L)
FEFOGRT NO 29g
PENO TIME AREA K
1 5.488 9596
B 7,962 10488
3 g.46 3093
4 9,077 4e306R
5 9.782 e7il
& 10.254 24328
/ 11.774 3144
g 14,7686 3334
TOTAL 479678
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FILE a

HETHOD

1DND CONC
2.893
6.652
90.4355

FILE 8
HETHOD

1oH0 CONC

2.0008
2.16%7
0.6451
88.1971
B.9638
5.8718
B.6554
0.6951

41

HAHE

41

HAKE



