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1 dr)3R15— R 5 BA NI T 0 R 3R 2 WAL &4
FKEEiE  ASKTFRS AL Michael-hemiaminalization-hemiacetalization v ; — 3 N k%

Asymmetric Organocatalytic Construction of Functionalized
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Abstract A novel enantioselective organocatalytic cascade Michael-hemiaminalization-hemiacetalization reaction of a,f-
unsaturated aldehydes with a-ketoamides as binucleophiles has been developed. A series of chiral functionalized bicyclic lac-
tams with two cis contiguous stereogenic centers have been synthesized in up to 97% yield with up to >20 : 1 dr and up to

>99% ee.

Keywords asymmetric synthesis; Michael-hemiaminalization-hemiacetalization reaction; bicyclic lactam
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fERGE ) LES, RATSRE A" — B8 T A
INGYF AR B AL S BT A Y R BB 5T, AE
2016 SERAIRE T o-FBEE . PIEEBS RIS ST & =
Hoy “—8E” RMNAR T —HKEA 7 MNFHEHO =
WEAAY. IIAE e aT TAER 3R AE B, AT &
—FH WL TN af-PNEAES o8 B
Michael-hemiaminalization-hemiacetalization S N & A%
e p RN 2 AR AU S R =S
Wt Ak 50 (Scheme 1), %7 EAFAE— AN ROK I R HE Sk
ik, ABHRE AT — A E R R, R R
BREAEAR I M D o- R T JF 1 i 1 [] B 50 i 1 5 Bk
FERE AR 1R 7. R 35 35 20 R I fl 38 40 () S A% 1 DL B i
53 3k AT I LR IE S

(A) Previous strategies:

HV%

dommo reaction
Ref [11c]

trans selectivity
(B) This work:

\ (0]

| H, N
J\L \)J\ﬂ/ ., Organocata ysis ."’O“"' - iOH

R R
cis selectivity
B 1 IR IO AR RS %
Scheme 1 Enantioselective synthesis of functionalized bicyclic
lactams

1 ZER5VE
1.1 RMFHHRK

1 Jeik FH W EERE (12) 55 o-FREEIE 22 MR, BN
T, T IRFE R A U 3a N TR, FREHERA
WA, fERM 24 h 2 )5, JLUTFEAREERF=YEER
1, Entry 1). {HA2, 2R = LS 2 FERIE A
F, SN AT DA E] 79% M 2.8 11 dr fH PLAR B
L EAE ST HIN 94% ee, 97% ee I IR LN ELHE 4a(F
1, Entry 2). $F2K, i w1k i(5R 1, Entries 4~9).
WHIGER 1, Entries 10~ 13)FMEANFAI(E 1, Entries
14~ 19) 19 X 5 B2 AFEAT R G fifh, 24w R
FAF- AT 3g F = Z & i N LA B H RN 7R
FVE IR A BRI 1) 4a BERSIA B 85% IR AN 3.0 ¢
1 dr LISy 518 99% ee, 99% ee HIXTMLE M. HE—
AR I RO X 7 () S AR B R OK 5
M, MR NHEERN 0 CH, P4 4a [IFEXTBOEREPE

0:14&%]5.7:1(# 1, Entry 20 vs Entry 9).
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Table 1 Optimization of reaction conditions

F’“\ o
catalyst 3 (20 mol%) 4,
additive (15 mol% ., .
\)S( additive (15 mol%) o) o) 1OH
Solvent rt., 24 h ",
Ph

2a 4a

>+ >+ Ph
oTMS OTES O*

OTBS
3a: Ar=Ph 3d: Ar=Ph

3b: Ar = 3,5<(CF3),CsHz  3e: Ar = 3,5-(CF3),CgH3
3c: Ar = 3,5-(CH3),CeH3 3f: Ar = 3,5-(CH3),CgH3

39

Entry Cat. Additive Solvent Yield”/%  drf  ee"/%

1 3a PhCO,H PhMe Trace — —

2 3a TEA PhMe 79 2.8:1 9497
3 — TEA PhMe — — —

4 3b TEA PhMe 68 11:1 91(99)
5 3¢ TEA PhMe 94 2.6 11 88(96)
6 3d TEA PhMe 81 2501 95(95)
7 3e TEA PhMe 76 321 91(90)
8 3f TEA PhMe 93 2.8:1 93(96)
9 3g TEA PhMe 85 301 99(99)
10 3g TEA PhCF; 99 1.5:1 98(98)
11  3g TEA DCE 98 1.3:1 95(96)
12 3g TEA AcOEt 75 3.101 82(99)
13 3g TEA (i-Pr),0 80 4.7 11 66(99)
14 3g DIPEA PhMe 77 1.4:1 96(99)
15 3g DABCO PhMe 73 1.0:1 97(99)
16 3g DBU PhMe 56 1.7 21 87(80)
17 3g DMAP PhMe 95 .11 96(99)
18  3g K,CO; PhMe 33 1.8 1 86(91)
19 3g Cu(OAc), PhMe 69 3501 98(99)
20° 3g TEA PhMe 80 5.7 .1 99 (98)

© 2018 Chinese Chemical Society & SIOC, CAS

“Unless otherwise noted, the reactions were conducted in solvent (0.5 mL)
using cinnamaldehyde 1a (0.24 mmol) and 2-oxo-N-phenylbutanamide (2a,
0.2 mmol) in the presence of 20 mol% catalyst 3 and 20 mol% additive at
room temperature with vigorous stirring. ® Yield of isolated product 4a after
column chromatography. “ The dr of 4a was determined by 'H NMR. “ The ee
values of 4a were determined by chiral HPLC analysis on OD-H, and values of
ee for the smaller isomers are given in parentheses. ° The reaction was carried
outat 0 ‘C for 72 h.

1.2 RYAR

PLEAR IR RN 261 (3R 1, Entry 20), FA1R S
G T BT O A R ) AN L I T R T T B ) AN R
TEMEALAR R P IEYE(R 2). W3R 2 Fow, IR R
XTTH BRI o B- ANV RN I B R B & R . D5 38

ERA M IR R T BRI, SN #S R LS
?Fﬁ?ﬂ?ﬂ"]q&%gx A0S RS IR G A3 DA R T ) A %o B i 45
(3 2, Entries 1~12). 57 HE A A )t e A
FRX AR, LUECEAM)NEYN, KNY) 4m
MRS 47%HICER>20 1 1 dr LA 8 98%
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Table 2  Scope of the cascade reaction

]
2 i H
H | + R\)Jﬁ(N\Rs
R’ ©

catalyst 3g (20 mol%)
TEA (15 mol%)
N .

PhMe, 0°C, 72 h

Entry R R? R} 4 Yield”/% ar ee’1%
1 Ph Me Ph 4a 80 5701 99 (98)
2 2-CIC¢H, Me Ph 4b 94 2101 99 (99)
3 2-BrCqH, Me Ph 4¢ 78 1.7:1 >99 (>99)
4 2-MeOCgH,4 Me Ph 4d 97 4471 92 (91)
5 3-FC¢H, Me Ph 4e 89 5101 98 (96)
6 3-CIC¢H, Me Ph 4f 95 46:1 >99 (>99)
7 3-MeOC¢Hy Me Ph 4g 95 40:1 98 (95)
8 4-FC¢H, Me Ph 4h 74 53101 95 (99)
9 4-CIC¢H, Me Ph 4i 85 431 >99 (96)
10 4-BrC4H, Me Ph 4 79 37:1 99 (96)
11 4-MeOC¢Hy Me Ph 4k 85 3.0:1 90 (92)
12 4-MeC4H, Me Ph 4 60 36:1 99 (98)
13 Me Me Ph 4m 47 >20 : 98 (>99)
14 Propyl Me Ph 4n 93 771 89 (79)
15 i-Propyl Me Ph 40 67 701 98 (87)
16 Ph Me CH,CeHs 4p 58 1.6 1 99 (79)
17 Ph Me 3,5-(CF3),CeH; 4q 95 49 1 1 62 (—)
18 Ph Me 3,5-(MeO),CsH; 4r 90 13:1 92 (89)
19 Ph Et Ph 4s 56 1301 99 (98)

“Unless otherwise noted, the reactions were conducted in toluene (0.5 mL) using a,B-unsaturated aldehydes 1 (0.24 mmol) and a-ketoamides 2 (0.2 mmol) in the
presence of 20 mol% catalyst 3g and 20 mol% TEA in toluene at 0 ‘C with vigorous stirring. * Yield of isolated product 4 after column chromatography. ¢ The dr of
4 were determined by "H NMR. “ The ee values of 4 were determined by chiral HPLC analysis, and the ee values of the smaller isomers are given in parentheses.

ee, 99% ee XMLk FE(Entry 14). 24RNAIES R &N
TP K SRR, SOSN8 4n A1 4o 43 )] AASE] 93%
A 67%MICER, P2 AR B M AR U (Entries 14,
15,7.7 : 1 dr, 89% ee, 79% ee 1 7.0 : 1 dr, 98% ee, 87%
ee). X LUJ5 A AR A S () JE ST Wi B0, FRATTR I
JIE i 1 0 W 2 5 = S T 4 81 19 7= ) B A B v R R B
PR, TEIXFEM S NAR R, AR B 05 T ) B IR 45 4
B FIRIGEEN P EINGE S, 546, o-BHB
2p~2r WA TR — ONAR R, AHN I 3R O
Ji& 7= 350 e MR b 3 3 2% S AR R IRAS, 48 S AT A
1335 =0 A 95% KIS ZE N 49 1 1 dr B BA KL 99% ee [RI%}
Wk VL ) (Entries 16~18).

EEER IR R Y R? RPN RN, &N
SRAT USRS S6% I LS F=4) 4r(K 2, Entry
19); {H24 R* FEFNBARIFE H R R, S & N33
SO%MIE, 9.5 ¢ 1 dr {H, F43 51N 98% eew 99% ee Xt
e B I S RGP 4t (Bq. 1), EE T NI
IR L JE R AT RS R” FE BRI EAL T ek e L 1 28
() o7 BEL 3 [R5 mm 1 e LA A I 25 T S5 2.

FEW) 4a~4s AR N (1R,2R,3R,5S), JHIL X/
Yy 4f HEAT AT 3] T IR AR 1P
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catalyst 3g (20 mol%)
TEA (15 mol%)

PhMe, 0°C 72h

A

4t
59% yield
95:1dr
98% (99%) ee
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Figure 1 X-ray crystal structure of the adduct 4f
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acetalization M RA L&A AT A 0B 2 T
e I OB T E. R LA (1a) S a- BB
2a NEY), WA NIER, =N ING, B8 s
PLE TS B ER R %R R T A A B i 97%
IR 99% ee fHHINTHUIERFENELL & >20 ¢ 1 BFIHEXT
WOk P, 2R R AR R

ERAE T A A

3 SKEERS

3.1 UEFE5HF

'H NMR A1 °C NMR #J7£ 1 [ Bruker 24 7 500 MHz
B ARA Bl %, %57 CDCls, bR TMS. Eo#
A (0 2 A5 ) Agilent 1200 UM (0i-6210 K ATH
() o B (S 5 5 X e A JASCO LC-2000 1%
TRAFRI R B8 T il A 2. SRER AT 24 mmw@
R ER AT Al s A, BRI Ak, R&E it —
AbFR.

3.2 ZWHE

A LR T Schlenk (10 mL)H — N
N7l 1 (0.24 mmol). a-BilE[Z 2 (0.2 mmol). (25)-2-[—
IRHE (T B A E) B IE S 52 (20 mol%). — &
(20 mol%)MIFI (0.5 mL). %X PifARLE 0 C RN
72 h. RERPIES WG, 18I e e 2 AN R 2 A AL,
B e i A 2 A (A T RN 2 BRI TR SV B ) 7
ForE W HER) 4, TR EFERCE. A
YA R AN = o R RS AR

(1R,2R3R,5S)-1-¥25E-2- — W 3£-3,6- IR FE-8-%4-6-

zﬂxfm 2113 bi-7-H (4a): 772 80%, 99%, 98% ee,
: 1 dr. HPLC: Daicel Chiralpak OD-H; hexane/i-PrOH
(V' Y=80 : 20); Flow: 1.0 mL/min; UV A=276 nm;
' minor= 11.493 min, #' 5i0r=28.373 min, £ yiner= 13.692 min,
£ major=9.013 min. "H NMR (500 MHz, CDCl;) J: 7.60~
7.58 (m, 2H), 7.40~7.36 (m, 2H), 7.33~7.30 (m, 2H),
7.25~7.14 (m, 4H), 5.95 (s, 1H), 4.58 (s, 1H), 3.30~3.25
(m, 1H), 2.48~2.36 (m, 2H), 2.05~2.01 (m, 1H), 0.87 (d,
J=6.5 Hz, 3H); °C NMR (125 MHz, CDCl;) é: 170.3,
139.9, 135.8, 129.5 (2C), 128.6 (2C), 127.6 (2C), 126.8,
125.4, 118.7 (2C), 101.8, 85.8, 38.2, 38.1, 25.9, 6.8;
HRMS (ESI) caled for CoHyNO; [M+H]" 310.1443,
found 310.1432.

(1R,2R,3R,58)-3-(2- AN A L )-1- F2 H -2- Wk -6- K
H-8- 5 -6- B A WUIR[3.2.1] 3¢ K5t -7- Tl (4b): 7= % 94%,
99%, 99% ee, 2.1 . 1 dr. HPLC: Daicel Chiralpak OD-H;
hexane/i-PrOH (V' . V=90 : 10); Flow: 1.0 mL/min; UV
A =268 nm; ' miner = 24.052 min, ' o = 15.732 min,

3376 http://sioc-journal.cn/
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Lrminr=29.771 min, £50=17.772 min. '"H NMR (500
MHz, CDCly) d: 7.56~7.54 (m, 2H), 7.36~7.32 (m, 3H),
7.24~7.16 (m, 4H), 5.92 (s, 1H), 5.27 (s, 1H), 3.72~3.70
(m, 1H), 2.68~2.62 (m, 1H), 2.50~2.45 (m, 1H), 1.87~
1.83 (m, 1H), 0.87 (d, J=6.5 Hz, 3H); °C NMR (125
MHz, CDCly) §: 170.6, 136.9, 135.6, 134.23, 130.0, 129.4
(20), 128.9, 128.1, 126.6, 125.5, 119.2 (2C), 102.0, 85.7,
35.5, 34.9, 25.8, 7.1; HRMS (ESI) calcd for C1oH;oCINO;
[M-+H]" 344.1053, found 344.1058.

(1R,2R3R,58)-3-(2- AR A 2 )-1-F2 Bk -2- H 2
FE -8- 5 -6-H 2% XN [3.2.1] 2 Hi-7- i (4e): #K 8%,
>99%, >99% ee, 1.7 . 1 drr HPLC: Daicel Chiralpak
OD-H; hexane/i-PrOH (V' : V=90 : 10); Flow: 1.0
mL/min; UV 2=272 nm; # 0, =23.687 min, tmajor
15.466 min, £mine=31.251 min, £msjor=17.292 min. 'H
NMR (500 MHz, CDCl;) d: 7.59~7.55 (m, 3H), 7.40~
7.36 (m, 2H), 7.30~7.29 (m, 1H), 7.21~7.17 (m, 2H),
7.13~7.09 (m, 1H), 5.94 (t, J=1.8 Hz, 1H), 4.57 (s 1H),
3.73~3.68 (m, 1H), 2.70~2.64 (m, 1H), 2.50~2.43 (m,
1H), 1.89~1.85 (m, 1H), 0.87 (d, J=7.0 Hz, 3H); °C
NMR (125 MHz, CDCLy) o: 170.4, 138.4, 135.7, 133.4,
129.5 (2C), 129.2, 128.4, 127.2, 125.6, 125.1, 119.3 (2C),
101.8, 85.9, 38.2, 34.9, 26.0, 7.0; HRMS (ESI) calcd for
C1oHoBrNO; [M+H]" 388.0548, found 388.0552.

(1R,2R,3R,5S)-1-$2 Ft -3-(2- F 48 3 7K Jk )-2- T &k -6-
R FHE 8-S -6-F I WA [3.2.11 3 bE-7-F (4d): 2R 97%,
93%, 90% ee, 3.0 . 1 dr. HPLC: Daicel Chiralpak AD-H;
hexane/i-PrOH (V. V=90 : 10); Flow: 1.0 mL/min; UV
2=272 nM; #' yinr=29.531 min, ¢'ygjor=236.797 min, £ pinor
=41.090 min, £ ,j=44.969 min. 'H NMR (500 MHz,
CDCly) d: 7.57~7.56 (m, 2H), 7.36~7.33 (m, 2H),
7.24~7.20 (m, 1H), 7.17~7.10 (m, 2H), 6.94~6.91 (m,
1H), 6.84~6.82 (m, 1H), 5.90 (s, 1H), 4.95 (s, 1H), 3.77
(s, 3H), 3.68~3.63 (m, 1H), 2.67~2.62 (m, 1H), 2.51~
2.46 (m, 1H), 1.88~1.83 (m, 1H), 0.83 (d, J=7.0 Hz,
3H); *C NMR (125 MHz, CDCL3) d: 170.8, 157.1, 136.0
129.3 (20), 128.1, 127.7, 125.2, 120.1, 118.9 (2C), 110.2,
102.2, 86.0, 55.2, 35.2, 32.2, 29.7, 25.8, 7.2; HRMS (ESI)
calcd for C;0H,NO, [M+H]" 340.1549, found 340.1544.

(1R,2R3R,55)-3-(3- AR IR 5 )-1- F FE -2- H 2k -6- 2K
HE 8- -6- B WA [3.2.1] 3 Fii - 7- T (de): 77 % 89%,
98%, 96% ee, 5.1 . 1 dr. HPLC: Daicel Chiralpak OD-H;
hexane/i-PrOH (V' V=80 : 20); Flow: 1.0 mL/min; UV
/12268 nm;  pinor = 13.372 min, £ pgjor = 9.493 min,

Prminor = 16.745 min, tmau(,r 11.279 min. 'H NMR (500

Chin. J. Org. Chem. 2018, 38, 3373~3380
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MHz, CDCl3) d: 7.56~7.54 (m, 2H), 7.36~7.33 (m, 2H),
7.30~7.25 (m, 1H), 7.18~7.15 (m, 1H), 6.94~6.91 (m,
2H), 6.87~6.85 (m, 1H), 5.92 (s, 1H), 5.28 (s, 1H), 3.27~
3.22 (m, 1H), 2.42~2.35 (m, 2H), 2.03~1.99 (m, 1H),
0.88 (d, J=7.0 Hz, 3H); *C NMR (125 MHz, CDCl;) ¢:
170.6, 163.0 (d, 'Jer=244.6 Hz), 142.7 (d, *Jcr=6.9 Hz),
135.7, 123.0 (d, *Je.r=8.3 Hz), 129.4 (2C), 125.4, 123.3,
118.6 (2C), 114.6 (d, *Je.r=21.8 Hz), 113.7 (d, “Jc.r=20.8
Hz), 102.0, 85.5, 37.9 (d, *Jcr=9.9 Hz), 29.7, 25.8, 6.8;
HRMS (ESI) caled for C1oH;oFNO; [M+H]" 328.1349,
found 328.1353.

(1R,2R,3R,55)-3-(3- WA A Ik )-1- £ Jik -2- F Jk-6- 2R
B 8- -6- B A WUIR[3.2.1]3F Kt -7- B (4f): 1= % 95%,
>99%, 90% ee, 4.6 . 1 dr HPLC: Daicel Chiralpak
OD-H; hexane/i-PrOH (V' . V=280 . 20); Flow: 1.0
mL/min; UV =232 nm; #' yinor=14.372 min, ' pajor=9.453
min, £pinor=17.252 min, = 10.773 min. '"H NMR
(500 MHz, CDCLy) 8: 7.55~7.54 (m, 2H), 7.37~7.34 (m,
2H), 7.25~7.14 (m, 4H), 7.04~7.03 (m, 1H), 5.92 (s,
1H), 5.00 (s, 1H), 3.25~3.21 (m, 1H), 2.41~2.36 (m,
2H), 2.02~1.98 (m, 1H), 0.88 (d, J=7.0 Hz, 3H); "*C
NMR (125 MHz, CDCly) 8: 170.5, 142.1, 135.7, 134.5,
129.8, 129.4 (2C), 127.7, 127.0, 125.8, 125.4, 118.6 (2C),
101.9, 85.4, 37.9 (2C), 25.7, 6.8; HRMS (ESI) calcd for
C1oHoCINO; [M+H]" 344.1053, found 344.1065.

(1R,2R3R,58)-1- % 3k -3-(3- F 48 AL 2K 8 )-2- Y 3k -6-
I 8-S -6- B 24 KA [3.2. 1] K- 7-Hi (4g): 72 95%,
98%, 95% ee, 4.0 . 1 dr. HPLC: Daicel Chiralpak AD-H;
hexane/i-PrOH (V' . V=80 : 20); Flow: 1.0 mL/min; UV
2=280 0M; #' yinor=31.282 min, #'pyjor=236.427 Min, £ pminor
=50.422 min, £p,jor=60.592 min. '"H NMR (500 MHz,
CDCly) 6: 7.57~7.56 (m, 2H), 7.37~7.34 (m, 2H),
7.28~7.17 (m, 2H), 6.78~6.74 (m, 2H), 6.70~6.69 (m,
1H), 5.98 (s, 1H), 4.94 (s, 1H), 3.79 (s, 3H), 3.26~3.210
(m, 1H), 2.43~2.37 (m, 2H), 2.03~1.99 (m, 1H), 0.89 (d,
J=6.5 Hz, 3H); °C NMR (125 MHz, CDCl;) é: 170.6,
159.8, 141.6, 135.8, 129.4, 129.4 (2C), 125.4, 119.9, 119.9,
118.7 (2C), 113.6, 111.9, 102.0, 85.7, 55.2, 38.1, 25.9, 6.8;
HRMS (ESI) caled for CyH,NO, [M+H]" 340.1549,
found 340.1536.

(1R,2R3R,58)-3-(4- AR AL L )-1- F2 H -2- W F-6- K
FE 8- 5 -6- A2 WA [3.2.1] 3 Kt -7- i (4h): 77K 74%,
95%, 99% ee, 5.3 : 1 dr. HPLC: Daicel Chiralpak OD-H;
hexane/i-PrOH (V' : V=80 . 20); Flow: 1.0 mL/min; UV
A =260 nm; £ e = 12.306 min, ' = 8.946 min,

Chin. J. Org. Chem. 2018, 38, 3373~3380
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£ minor=14.879 min, £i,=10.346 min. '"H NMR (500
MHz, CDCly) d: 7.56~7.54 (m, 2H), 7.38~7.33 (m, 2H),
7.18~7.16 (m, 3H), 7.01~6.97 (m, 2H), 5.87 (s, 1H),
5.81 (s, 1H), 2.61~2.52 (m, 1H), 2.31~2.25 (m, 1H),
2.18~2.11 (m, 2H), 0.96 (d, J=7.0 Hz, 3H); “C NMR
(125 MHz, CDCL3) 6: 169.0, 161.8 (d, 'Jer = 243.6 Hz),
137.3 (d, “Jer=3.1Hz), 135.8, 129.4 (d, *Jer=6.4 Hz,
2C), 129.39, 125.38 (2C), 118.8 (2C), 115.5 (d, “Jc.r=21.0
Hz, 2C), 102.4, 85.6, 43.5, 41.8, 35.4, 12.2; HRMS (ESI)
caled for C,oH,,FNO; [M + H] © 328.1349, found
328.1355.

(1R,2R3R,55)-3-(4- FAARTK I )-1- Fo K= -2- H Jk-6- 2K
F 8- 4 -6- B 4% XA [3.2.1] 7 i -7- il (4i): 72K 85%,
>99%, 96% ee, 4.3 . 1 drr HPLC on Daicel Chiralpak
AD-H; hexane/i-PrOH (V' . V=280 . 20); Flow: 1.0
mL/min; UV =272 nm; ' i = 28.750 min, tlmajorz
32.402 min, £pine="060.178 min, £ 0:=68.269 min. 'H
NMR (500 MHz, CDCly) &: 7.545~7.527 (m, 2H),
7.363~7.275 (m, 4H), 7.17~7.12 (m, 1H), 7.08~7.01
(m, 2H), 5.90 (s, 1H), 5.59 (s, 1H), 3.23~3.18 (m, 1H),
2.40~2.33 (m, 2H), 1.99~1.95 (m, 1H), 0.86 (d, J=7.0
Hz, 3H); “C NMR (125 MHz, CDCl;) 6: 170.8, 138.5,
135.6, 132.5, 129.4 (2C), 129.0 (2C), 128.6 (2C), 125.4,
118.6 (2C), 102.1, 85.4, 37.9, 37.6, 25.8, 6.8; HRMS (ESI)
caled for CoH sCINNaO; [M+Na]" 366.0873, found
366.0878.

(1R,2R,3R,58)-3-(4- TR AR IR I )- 1- F2 Hk -2- T k-6 K
FE 8- -6- R A IR [3.2.1] 3 K5t -7- Tl (4f): 7= K 79%,
99%, 96% ee, 3.7 . 1 dr. HPLC: Daicel Chiralpak AD-H;
hexane/i-PrOH (V. V=280 : 20); Flow: 1.0 mL/min; UV
2=272 nm; ' pinor = 21.192 min, 0 = 33.281 min,
roinor=T78.412 min, £p,ior=63.591 min. 'H NMR (500
MHz, CDCl;) d: 7.58~7.56 (m, 2H), 7.45~7.43 (m, 2H),
7.41~7.36 (m, 2H), 7.23~7.14 (m, 1H), 7.03 (d, J=8.0
Hz, 2H), 5.93 (s, 1H), 3.23~3.19 (m, 1H), 2.38~2.34 (m,
2H), 2.02~1.98 (m, 1H), 0.86 (d, J=7.0 Hz, 3H); °C
NMR (125 MHz, CDCly) d: 170.4, 138.9, 135.7, 131.6
(20), 129.5 (2C), 129.3 (2C), 125.5, 120.7, 118.6 (2C),
101.8, 85.6, 37.9, 37.7, 25.8, 6.7; HRMS (ESI) calcd for
CoHoBrNO; [M+H]" 388.0548, found 388.0545.

(1R,2R,3R,5S)-1-$2 Ft -3-(4- F 48 3 2% Ik )-2- T &k -6-
IR FE 8-S -6-F I WA [3.2.11 3 bE-7-B (4k): 23R 85%,
90%, 92% ee, 3.0 . 1 dr. HPLC: Daicel Chiralpak OD-H;
hexane/i-PrOH (V. V=280 : 20); Flow: 1.0 mL/min; UV
2 =280 nm; ¢ pinor = 15.439 min, £ 0 = 9.893 min,
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% pinor = 17.732 min, = 11.333 min. 'H NMR (500
MHZ, CDCly) d: 7.56~7.54 (m, 2H), 7.37~7.34 (m, 2H),
7.19~7.16 (m, 1H), 7.11 (d, J=4.5 Hz, 2H), 6.85 (d, J=
4.2 Hz, 2H), 5.81 (d, J=4.7 Hz, 1H), 5.66 (s, 1H), 3.79 (s,
3H), 2.55~2.50 (m, 1H), 2.30~3.23 (m, 1H), 2.13~2.12
(m, 2H), 0.96 (d, J=7.0 Hz, 3H); *C NMR (125 MHz,
CDCly) d: 169.0, 158.5, 135.9, 133.7, 129.4 (2C), 128.9
(20), 125.3, 118.8 (2C), 114.1 (2C), 102.4, 85.7, 55.3,
43.3,41.9, 35.467, 12.2; HRMS (ESI) calcd for CH,,NO,
[M+H]" 340.1549, found 340.1544.

(1R2R3R,5S5)-1- ¥& H£ -2- H Bk -6- 7K JE -3-(4- W K
F)-8-F-6- & A4 WUIR[3.2.11 % b -7-BH (41): 7= 60%,
99%, 98% ee, 3.6 . 1 dr. HPLC: Daicel Chiralpak OD-H;
hexane/EtOH (V' : V=80 : 20); Flow: 1.0 mL/min; UV
A =260 nm; ' yine = 28.616 min, ' yior =29.629 min,
£ rminor=238.560 min, £, =43.318 min. '"H NMR (500
MHz, CDCl3) d: 7.57~7.56 (m, 2H), 7.40~7.36 (m, 2H),
7.21~7.18 (m, 1H), 7.13~7.08 (m, 4H), 5.85~5.82 (m,
1H), 5.09 (s, 1H), 2.58~2.53 (m, 1H), 2.33~2.30 (m,
4H), 2.16~2.13 (m, 2H), 0.96 (d, J=7.0 Hz, 3H); “C
NMR (125 MHz, CDCl;) d: 168.9, 138.6, 136.6, 136.0,
129.4 (2C), 129.9 (2C), 127.9 (2C), 125.3, 118.8 (20),
102.3, 85.9, 43.8, 41.7, 35.5, 21.0, 12.2; HRMS (ESI)
caled for C,,H,;NNaOs [M—|—Na]+ 346.1419, found
346.1417.

(1R,2R3R,5S)-1-34H£-2.3- — FH B -6- 2% 3 8- 4 -6- &
FXGR[3.2.11 Ki-7-Fil(4m): 72 47%, 98%, 99% ee,
20 . 1 dr. HPLC: Daicel Chiralpak AD-H; hexane/i-PrOH
(V' ¥=90 : 10); Flow: 1.0 mL/min; UV 1=236 nm;

L o =237.010 min, tmajor 34.398 min, tmmor 40.010
min, tmajo,—28.585 min; '"H NMR (500 MHz, CDCls) 6:
7.72~7.70 (m, 2H), 7.55 (s, 1H), 7.44~7.40 (m, 2H),
7.19~7.16 (m, 1H), 5.99 (s, 1H), 1.79~1.72 (m, 2H),
1.67~1.63 (m, 1H), 1.54~1.48 (m, 1H), 0.92 (d, J=6.5
Hz, 3H), 0.83 (d, J=6.5 Hz, 3H); *C NMR (125 MHz,
CDCly) d: 170.5, 136.4, 129.3 (2C), 124.4, 118.1 (20),
101.5, 84.2, 36.3, 29.3, 26.5, 17.0, 5.7; HRMS (ESI) calcd
for C,4H;sNO; [M+H]" 248.2897, found 248.2889.

(1R,2R,3R,5S)-1-F2 -2~ F Bk -6-FK 1 -3- TH L -8- 44 -6-
BIRAR[3.2.11% FE-7-Bd(4n): 775 93%, 89%, 79% ee,

7 - 1 dr. HPLC: Daicel Chiralpak OD-H; hexane/i-PrOH
(V' V=280 . 20); Flow: 1.0 mL/min; UV 1=276 nm;
# minor — 9.346 min, # major — 0.853 min, tmmor 10.746 min,
£ major="8.239 min. 'H NMR (500 MHz, CDCl;) 6: 7.50~
7.48 (m, 2H), 7.34~7.31 (m, 2H), 7.16~7.13 (m, 1H),
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5.72 (s, 1H), 4.99 (s, 1H), 2.11~2.06 (m, 1H), 1.85~1.81
(m, 1H), 1.74~1.70 (m, 1H), 1.66~1.61 (m, 1H), 1.33~
1.12 (m, 4H), 1.07 (d, J=7.0 Hz, 3H) 0.84 (t, J=7.0 Hz,
3H); *C NMR (125 MHz, CDCLy) d: 170.8, 135.9, 129.3
(20), 125.1, 118.7 (2C), 102.3, 85.9, 35.3, 33.9, 32.1, 28.5,
19.6, 14.0, 5.6; HRMS (ESI) caled for CisH,,NO5 [M+
H]" 276.16, found 276.1599.

(1R2R3R,5S)-1-#5 K5 -3- ¢ [N 2 -2- H Jik -6- R ik -8-
A -6-F 2 WA [3.2.1]3F Fii-7-H (do): 72K 67%, 98%,
87% ee, 7.0 : 1 dr HPLC: Daicel Chiralpak OD-H;
hexane/i-PrOH (V' V=80 : 20); Flow: 1.0 mL/min; UV
2=272 0m; #' inor=9.866 min, tlmaj0r=6.826 min, £ pinor=
11.106 min. £p,i0r=12.332 min; 'H NMR (500 MHz,
CDCly) d: 7.50~7.48 (m, 2H), 7.36~7.33 (m, 2H),
7.18~7.15 (m, 1H), 5.74 (s, 1H), 4.86 (s, 1H), 2.21~2.17
(m, 1H), 1.86~1.83 (m, 1H), 1.64~1.55 (m, 2H), 1.35~
1.31 (m, 1H), 1.09 (d, J=6.5 Hz, 3H), 0.87 (d, J=6.5 Hz,
3H (d, J=6.5 Hz, 3H); °*C NMR (125 MHz, CDCl;) ¢:
170.7, 135.8, 129.3 (2C), 125.2, 118.7 (2C), 102.3, 85.9,
39.8, 34.4, 28.4, 26.6, 20.7, 19.8, 5.8; HRMS (ESI) calcd
for C1¢H,NO; [M+H]™ 276.1600, found 276.1610.

(1R,2R,3R,5S5)-6-"J-1- ¥4 = -2- H 5 -3 - KL -8- 4 -6-
B IN[3.2. 11 Ke-7-H (4p): 773 58%, 99%, 79% ee,
1.6 . 1 dr. HPLC: Daicel Chiralpak AD-H; hexane/i-PrOH
(V' =80 : 20); Flow: 1.0 mL/min; UV 2=220 nm;

L inor = 13.426 min, z‘maj(,r 10.426 min, tzmmor 23.318

min, £ 0 =26.385 min. 'H NMR (500 MHz, CDCl;) 6:
7.36~7.12 (m, 10H), 5.24 (s, 1H), 4.91 (d, J=15 Hz, 1H),
437 (s, 1H), 4.13 (d, J=15 Hz, 1H), 3.15~3.11 (m, 1H),
2.32~2.30 (m, 1H), 2.26~2.20 (m, 1H), 1.62~1.58 (m,
1H), 0.81 (d, J=6.5 Hz, 3H); *C NMR (125 MHz, CDCl5)
d: 171.6, 140.0, 134.5, 129.0 (2C), 128.5 (2C), 128.3,
128.2 (2C), 127.7 (2C), 126.7, 101.4, 84.4, 44.8, 38.4,
38.3, 25.3, 6.6; HRMS (ESI) caled for CyH,,NO5 [M+
H]" 324.1600, found 324.1602.

(1R2R,3R,58)-6-(3,5- (=% 1 3L) HE HE)-1- 3k -2-
FH L -3- R L -8- 4R -6- A A AR [3.2.1] 3 Kii -7- T (4q): 7
F 95%, 62% ee, 49 1 1 dr. HPLC: Daicel Chiralpak

AD-H; hexane/i-PrOH (V' : V=95 I 5); Flow: 1.0
mL/min; UV 2=296 nm; #;,,,=21.465 min, tmajor
8.333 min, tmm(,r 13.599 min, tmau(,r 9.866 min. 'H

NMR (500 MHz, CDCL) 8: 8.06 (s, 1H), 8.03 (s, 1H), 7.67
(s, 1H), 7.62 (s, 1H), 7.35~7.32 (m, 2H), 7.28~7.26 (m,
1H), 7.23~7.21 (m, 2H), 5.97 (s, 1H), 5.47 (s, 1H), 2.56~
2.48 (m, 1H), 2.41~2.37 (m, 1H), 2.33~2.27 (m, 1H),
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2.21~2.16 (m, 1H), 0.97 (d, J=6.5 Hz, 3H); "C NMR
(125 MHz, CDCl;) 6: 170.0, 140.8, 137.3, 133.0 (m, 2C),
128.8 (2C), 127.9 (2C), 127.4, 122.8 (m, 2C), 118.3 (m),
117.2 (m, 2C), 102.5, 85.5, 44.0, 41.5, 34.9, 12.0; HRMS
(ESI) caled for CyHgFsNO; [M—I—H]+ 444.1034, found
444.1031.

(1R,2R,3R,55)-6~(3,5- — M %8 i oK Bk )-1- 32 B -2- HH
B -3- Ik B8-S -6- T A IR [3.2.1] ¥ Jt-7- i (dr): 7=
90%, 92%, 89% ee, 1.3 . 1 dr. HPLC: Daicel Chiralpak
AD-H; hexane/i-PrOH (V' . V=280 . 20); Flow: 1.0
mL/min; UV 1=296 nm; ¢' i =52.768 min, ' ujor =
18.300 min, £pine=23.751 min, £ pjor=67.829 min. 'H
NMR (500 MHz, CDCly) d: 7.33~7.28 (m, 2H), 7.24~
7.21 (m, 1H), 7.15~7.13 (m, 2H), 6.78 (s, J=1.0 Hz, 2H),
6.27 (t, J=2.0 Hz, 1H), 5.88 (s, 1H), 4.72 (s, 1H), 3.79 (s,
6H), 3.25~3.20 (m, 1H), 2.43~2.34 (m, 2H), 2.06~2.01
(m, 1H), 0.86 (d, J=6.5 Hz, 3H); °*C NMR (125 MHz,
CDCly) d: 170.6, 161.3 (2C), 139.9, 137.5, 128.5 (20),
127.6 (2C), 126.8, 102.2, 97.1 (2C), 85.7, 55.4 (2C), 38.1,
38.0,29.7,25.7, 6.8; HRMS (ESI) calcd for C;;H,4NOs [M
+H]" 370.1654, found 370.1667.

(1R,2R,3R,55)-2- . 3k-1-383E-3,6- K HE-8-4A-6-
FXIR[3.2.11 ¢ k5e-7-H (4s): 725 56%, 99%, 98% ee,
1.3 1 dr. HPLC: Daicel Chiralpak AD-H; hexane/i-PrOH
(V V=280 : 20); Flow: 1.0 mL/min; UV =296 nm;
' minor = 35.614 min, ' pyior=24.911 min, £y =234.134
min, £ p,j0=48.009 min. '"H NMR (500 MHz, CDCl;) 6:
7.54~7.53 (m, 2H), 7.34~7.28 (m, 4H), 7.23~7.20 (m,
1H), 7.18~7.12 (m, 3H), 5.90 (s, 1H), 4.83 (s, 1H), 3.28~
3.24 (m, 1H), 2.41~2.36 (m, 1H), 2.16~2.13 (m, 1H),
2.02~1.98 (m, 1H), 1.83~1.76 (m, 1H), 1.30~1.20 (m,
1H), 0.58 (t, J=7.5 Hz, 3H); *C NMR (125 MHz, CDCl5)
5 170.7, 139.9, 135.8, 129.4 (2C), 128.5 (2C), 127.7
(20), 126.8, 125.3, 118.6 (2C), 102.9, 85.7, 45.2, 38.2,
26.4, 16.4, 14.7; HRMS (ESI) calcd for CoHp,NO; [M+
H]" 324.3936, found 324.3938.

(1R,28,3R,5S)-1- 23 -2- 53 T & -3,6- — K Bk -8- 44 -6-
BAUIR[3.2. 117 5¢-7-F (4t): 722 59%, 98%, 99% ee,
9.5 I 1 dr. HPLC: Daicel Chiralpak OD-H; hexane/i-PrOH
(V2 V=90 . 10); Flow: 1.0 mL/min; UV 1=268 nm;
' minor =31.051 min, #'ajor =28.705 min, £ pinor=33.264
min, £ peior=37.011 min. '"H NMR (500 MHz, CDCL;) §:
7.56~7.54 (m, 2H), 7.39~7.36 (m, 2H), 7.33~7.30 (m,
2H), 7.25~7.18 (m, 4H), 5.75 (t, J=1.5 Hz 1H), 5.08 (s,
1H), 3.08~3.02 (m, 1H), 2.44~2.41 (m, 1H), 2.21~2.10
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(m, 3H), 0.99 (d, J=7.0 Hz, 3H), 0.69 (d, J=7.5 Hz, 3H);
3C NMR (125 MHz, CDCLy) §: 167.7, 142.8, 136.0, 129.4
(2C), 128.9 (20), 128.1 (2C), 126.9, 125.3, 118.8 (2C),
102.4, 85.6, 51.6, 39.2, 37.0, 26.6, 21.5, 20.0; HRMS (ESI)
caled for CyH,,NO; [M+H]" 338.1756, found 338.1752.

i B4kl (Supporting Information) =4 4a~4t [ 'H
NMR Al *C NMR ## & & Chiral-HPLC 73 #7&. X264t
BFAT BL A B AT R 356 (http://siocjournal.cn/)_E R %K.
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