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—FRER IR & BT MRS [3, 2-c] HIBEMML SR 75 7%

B G
[0001]  ACKIAID Me—Fuind [3+2] IAINBCE BT IERRS [3, 2- c IHREMME S IR T 725, I
TER PRI TR A AL RO -

BEEEA

[0002] = PRMEEWA L — 25 TR K IEENSAYT AR, S8 B N RARF= RN 259005 - O S5 KA o
R, EATIE 258 E I 2 B T RO AR, — S8 = PR AT AR bl HRR A
MY AW A R SR I 2GR Ve o B, AR5 R INEE = AR, T =30
AWIAT ALY R B A P 2B M A 7 A o FLAT (IR I MR I B o LA, =
AR AZ 2 B PO B H I VIS Ve T B 593 -azido-3  -deoxy-guanosine
(AZG) »

[0003]  Hi, FIEMENS (3, 2- c I HREM L S PRI & BT IR 35 ki , 7R S IR i 7 H
I AL S AR A2 T84 [3+2 1 ER IR SN A8 B e e PR A 80 1, 7
S A R EON T A, AR SR T AR 2

[0004]  [AIH, FF & —Fhiai i« w800 & TR PR RS [3, 2- eI s (b Sl 5 V2 AR E A
WA

RARE

[0005] 2 [ figtie B IR BRI, AL ATT T —FER DB & BT PRI [3, 2- ¢ ]
AR5 VA (B) -2,6- UK -9- NEERRER (1) MITTEER A S b AR i (2) ikt
7EN (C10,) , * 6H,OFDBAIEPERECARAAE N, AT LA IR SO, 158 TR [3,2-c 1
WA B o 25 TR S TGRS [3, 2- D FIREMAL S 15 B Ot 17— Pl 300 BB EI i 22
A RTINS [3, 2- c I REMAY S W53 I/ ENaBH, AINH, / CH OHAFAE R agk—22 S, Af ik
IR B EAF R T TS (3, 2- c I HEM L 5.

[0006] ARG WIFRAE TR [3, 2-cI FREMA L S0, HURHIEAE T Bdlh MRl s S b
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HR“
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NN | Lowis acidlL o
N| S . Ar/%cozﬁ Lewis acid/L R NN N 1
[0010] 1 2 N COR 1 CO,R
\Q\ R3 N/ H C02R1

3 R*
[oo11]  AfHLL FP 8 LL (B) -2, 6- “HU-9- NIIRIS (1) AT LA E O b IRIR S
(2) IOk, LE S SR A FAURIECARLFAE T, AT S, 453 2 VR [3,2- ¢ 1 JFIE
WA 53 5
(0012 JLrf, RUACL-CAREEE s RP A1 3 ML R S 10 2R B R HRR PR
CWHE RIR OG- R T TS IR Wi s Ar g 2R BE IBUACORRE 2k W mmg i (maemy 56, TRV
IRFEFP USRS F C1-CARTdt X 22 C1 - CAbt Sk i 2L AH L TP ) —Bhak 2 M.
[0013]  yb—2P 4, £ Rl BRIy S, Firik i G i fi 4 511 F Sc (0TF) . Yb (OTF) ;< Fe
(OTf) ,\Ni (C10,) , * 6H,0% AEFA TS N, I AL DONI (C10,) , * 61,0,
[0014] #~>Fi’£ TE FIRBRTT S, PR B de B a0 R 2544«

L6:R'=-Bn, R?=-1Bu
L7 : R' = -3,5-tBuCgH;CH>, R? = -tBu

R! R

[0015] Cﬁi}

> ”
[0016]  yf—30Ml, 75 FIREORTy Zrh, Frd LA flk B S b VHHOR VEUR 1, 2- 5
IR, e EvA o U
[0017]  JE—2P#h, 76 Bk ARy & Fiik (B) -2,6- —HUR-9-PIIAIRTAR (1) 5 I E S
T RIR TR (2) 1% 52 ITRRAE A 77 55 A s AR A A B2 7K b 12 2-3:0.01-0.02:0.012-
0.024,
[0018] kP, 7F IR BRIy Z i, Airak SO 20 - 20 C A230°C, P 5 w7 ik B 0
C.
[0019] 2P, 78 FaRBORTy Z i, it PR [3, 2- c 1 IFRERR L ¥ m E— AT
A, NI 21 BE 2 A TFPEERS (3, 2- c I FRERE (L 51 o B ANAE A AN PE T N iR I B 2
132115516 , 7ENH /C2H50H1*EEHT?%@JrL%7 ,ﬁj\%wﬁ SRR

NH2
OH 2
[0020] )\ W N HcozEt
COZEt COzEt COQEt
5 6 7

[0021] k203, £ FIRBORT S, b IRTRILIE 5 SR A Y Sk R s TR 5 71
BT R IR NAT S CRE P T
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[0022]  Safil
o Ph
N>\O
o )Nl\ \: ﬁcoza
Ph/QTCgOEztEt ci” N7 TN H CO:Et ¢l
2a 2 - = NS N\
Ni(ClO4)5.6H,0 (20 mol%) CO,Et P >
* 9 Ph T ONT N oLt
cl L (24 mol%), solvent Cl CO,Et 2
N 4 A MS (60 mg), N, N/\\ré-coggt ph__dcoza
[0023] N \ NI o
/“\ N > Py O CO,Et
Cl N N Gl NT N H 4a not observed
— -
1 CO,Et '
2 3a" CO,Et
g
RUR L1:R'=-CHz, R? = -1Bu
Oﬁo L2:R'=-CH; R*=-Ph L5 :R'=R2=-Bn
<_,_N ”Q L3:R'=-CH; R?=-Bn L6 : R' =-Bn, R? = -tBu
R2 R2 L4 - R = -4-BuCgH3CHp, R2=-tBu L7 : R' =-3,5-tBuCgH;CHj,, R2 = -tBu

Ratio Yield of  drof3a eed (%)
Entry  Ligand Solvent

3a/3a’ 3ac (%) 3a/3a’
1 L1 PhCHj3 68/32 24 >20:1 16/0
00241 2 L2 PhCH3 45/55 31 >20:1 0/12
3 L3 PhCHj3 26/74 34 >20:1 21/0
4 L4 PhCHj; 81/19 53 l16:1 53/25
5 L5 PhCHj; 61/39 39 il 3317
6 L6 PhCHj; 77/23 76 >20:1 71/12
7 L7 PhCHj3 80/20 81 >20:1 73/16
8 L7 DCE 94/6 89 >20:1 72/--
9 L7 DCM 98/2 92 >20:1 75/-
10 L7 PhCl 83/17 78 >20:1 68/16
00251 11¢ L7 DCM 98/2 87 >20:1 67/--
12f L7 DCM 98/2 79 >20:1 73/--
138 L7 DCM >99/1 94(69)* >20:1 75(95)%/-
14" L7 DCM >99/1 78 >20:1 77/--
15 L7 DCM >99/1 67 >20:1 77/--
162 L7 DCM 90/10 88 >20:1 75/--

[0026] ® Unless otherwise noted,the reaction conditions were as follows:Ni
(C10,), = 6H,0(20 mol%) ,L (24 mol%) ,1a (0.1 mmol),2a (0.2 mmol) ,and in solvent(l
ml)at room temperature under N,for 72 h.” Determinedby "H NMR analysis with
CH,Br, as an internal standard.® Isolated yields.d Determined by chiral HPLC
analysis.®3AMS instead of4AMS."s AMS instead of4AMS.® At 0°Cfor 72 h." At-10



i

‘Cfor 72 h.' At-20°Cfor 72 h.’ Ni(C10,),

B B

* 6H,0 (10 mol %) and L7 (12mol %) were
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used.” The data in parentheses refer to the results after enrichment via
crystallization.
p
/K/[ CO,Et
o S CLC I
* L (24Nrir(12||afoo;,) 2[5?@?4(10(;:10:3)} Ny » e )l\ &~ N\>
Cl a h CO,Et o N bRk
NN .’ ,%:N}\,Lcoza ph,dcoza
[0027] Cl)l\N/ N> C|/J|I\N/ N>(H0 4a not n:u»E:Oserhr'e({zfozEt
" com 3 COEt
Moo | e o 8 o
i | \ | N7 j ° N o3
f'B}N N\Z"Bu 13u</ N{su t- Bu \{Bu t—BLI \\t)Bu IBUS,/N o
[L7: R" = 3.5-+BuCeHsCH, L13 L14 L16 L16
Entry Catalyst Ligand | Ratio® | Yield of | drof3a e
3a/3a’ 3a® (%) 3a/3a’
1 Ni(C1O4)2'6H0 L13 82/18 41 15.6: 1 26%/4%
2 Ni(ClO4),-6H,0 | L14 NR - - -
3 Ni(Cl04),-6H,0 | LIS NR - - -
[0028] 4 | Ni(ClO4610 | L16 80/20 20 9:1 7/0
=) Ni(OT1)2 L7 90/10 10 =20:1 58%/--
6 Cu(ClO4)2'6H20 L7 95/5 90 =20:1 7%/ --
7 Mg(OTH), L7 NR - - -
8 Cu(OTh), L7 NR = = =
9 Ga(OTh); L7 85/15 47 >20:1 4%/0%
10 Sc(OTo)s L7 77/23 66 =20:1 4%/--
11 Yb(OTf)s L7 88/12 58 =20:1 3%/0%
12¢ Co(OTf), L7 NR = = =
[0029] 13¢ Co(Cl0O4),-6H,0 L7 63/37 27 =20:1 34%/0%
14¢ Lu(OTf); L7 75/25 49 =20:1 5%/7%
15¢ Bi(OTf)s L7 NR = = =
16 Fe(OTfh)s L7 80/20 30 =20:1 0%/0%
17¢ Zn(OTf), L7 NR = = =
18¢ NiCl2 L7 NR - - -
[0030] “Unless otherwise noted,reaction conditions:Cat. (20mol %) ,L

(24mmol %) ,1a (0. 1mmol) ,2a (0.2mmol) ,andin solvent (ImL)atroomtemperatureunderN,
for72 h.bDeterminedby H NMRanalysiswithCH,Br,as aninternal standard. Isolated
yields.dDeterminedbychiralHPLC analysis.At0°’Cfor72h.
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[0031]1 7 S N 5P e it AR b, 2558 1 B A it FE AT DN SR R 52, e 2447 TN
(C10,), * 6H,0 N s M, LT Jyine il A, 0°C Jysne S Wit B, 128 7€ — Sl FH e e (0
i

[0032] S N S5-I 4

[0033]  FEAUAAUA I, MISchlenk 5 HEIANI (C10,) ,. 6H,0 (20mol %) \L7 (22mol %) FI%
b4 AMS (60mg) o filiF T2 IF I AUURIEL3 IR o AR5 T G & KEDCM (0 . 5mL) FENFF I =
N E RGOS 5 (YN AE0CT T, FNZIRSY T IINERL S P 1a
(0. 1mmo1) A3 -ZKFEINA LK -2,2- “ IR — L FiE2a (0. 2mmol , 2. 0eq) /DCM (0. 5mL) 7 -
TLCHR IS R 52 18, T8 A o ik Fa ek Jeas , 1 FHDCMAE i sl , L2 ik 45 B, 2K
Jrr i AR i (PE/EA=5/1-3/1) 4fifk, , #3251 . Tmg |7 (a[F]143a,94 % yield, 75 % ee . 1
iy A A R R IR A1 B A 3T . Ong itk 3a, 69 % vield, 95 % ee . [a] ' =65.7 (c=
0.28,CH,C1,) .HPLC CHIRALCEL ID-H,n-hexane/2-propanol=80/20,flow rate=0.8mL/
min,254nm,18.090min (minor) ,20.098min (major) .TLC:R,=0.30 (PE/EA=4:1) [UV] JH
NMR (600MHz ,CDC1,) 88.02 (d,J=14.4Hz, 1H) ,7.57-7.52 (m,2H) ,7.46-7.34 (m,3H) ,7.03
(s,1H) ,6.44(s,1H) ,5.94(d,J=14.4Hz,1H) ,4.27-4.16 (m,3H) ,4.13(dq,J=10.8,7.2Hz,
1H) ,4.06 (dq,J=10.8,7.2Hz,1H) ,3.97(dq,J=10.8,7.2Hz,1H) ,1.28(t,J=7.2Hz,3H) ,
1.20 (t,J=7.20z,3H) ,1.14 (t,J=7.2Hz,3H) ."°C NMR (150MHz,CDC1,) 8166.7,166.4,
165.1,157.5,152.9,139.6,135.7,134.9,129.9,128.7,126.8,127.8,103.5,95.3,86.4,
84.3,63.5,63.1,60.6,14.5,13.85,13.81.HRMS (ESI) :caled for C,H, CI,N,0. "[M+H]"
requires m/z551.1095,found m/z 551.1022.

[0034] {5 Wi s SR 7 1EA Ry B Al A S22 A8 I FH R B A S M s i, F
NGNS - SRR IE CUe i iR, 2= i i AT HH [ W B TRk 4 IRt S W4kl s
EITHEB AT B A SV P SR IR , S SN G iA AR, T2 02 DI\ 3 - 5% 1A
IR C BRI, -5 Cg A HH A, W Sk i LT

[0035]  Sjafl2:

[0036] L SRR L e 2R ST S, A ASCHE IS 7 JEA Tic s, S R 4 S - PR
W T A Bt — 2P 4 ik 4 13 2 45 R

R —

b
P
Cl o Cl
~COzEt e
0037 == —N 2 Ni(Cl04),.6H,0 / L7 = —N
0037] i > o+ rRE e DCM, 4 A, N f XJVCC’?E‘
o | ' ' 2
cI N TN sy P C,)\N/ ~N Y1 COsEt
= =
1 COzR 2 3a-t CO,R
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~0
N

NS >‘)\2002Et

Cl)\_N/ N H O,Et

al
CO,Et

3a, 94% vyield, 75% ee,
(69% yield, 95% ee)”

\
Cl

L g
C,,J\N,ENXQESSEtE‘

CO,R

3b, R = Me, 95% yield, 74% ee,
(51% yield, 98% ee)®

3¢, R = 1Bu, 95% yield, 75% ee,
(68% yield, 92% ee)?

3d, R = Bn, 92% yield, 60% ee,

(%

\/L CO,Et
)\ N H COEt

CO,Et
3e, R' = Me, 90% yield, 81% ee,
(56% yield, 95% ee)?
3f, R" = F, 66% yield, 51% ee
(29% yield, 99% ee)?

3g, R" = Cl, 82% yield, 62% ee

;
- R (4?% yield, 94% ee)® (37% yield, 98% ee)?
( 3h, R" = Br, 72% vyield, 57% ee
< (26% yield, 87% ee)®
{ ;
JvCOzEt cl C‘
/ENXH CO,Et \__/
XJvcoza cl
CO,Et
[0038] CO,Et Cl/ "' 2 /Ja N /ijO?Et
3i, R" = F, 82% yield, 70% ee )\ NXH CO,Et
(41% yield, 91% ee)? CO;Et Cl
3j, R = CI, 90% yield, 61% ee 3n, R' = Me, 93% vyield, 65% ee,
(42% yield, 99% ee)? (71% yield, 84% ee)” CO,Et
3k, R" = Br, 92% vyield, 72% ee 30, R' = F, 96% yield, 74% ee, 3r, R' = 3,4- Me, 95% yield, 55% ee
(64% vield, 92% ee)? (55% vield, 97% ee)® (24% yield, 96% ee)®
31, R' = Me, 92% yield, 67% ee 3P, R! = Br, 96% yield, 54% ee,  3s, R' =3.,4- Cl, 92% yield, 78% ee
(51% yield, 93% ee)? (31% yield, 98% ee)® 3t, R' = 3,4,5- OMe, 67% yield, 67% ee
3m, R = OMe, 52% yield, 37% ee 34, R' = Cl, 95% yield, 76% ee (35% yield, 99% ee)”
(22% yleld 97% ee)? (43% vyield, 98% ee)”
/
/ \
cl
Lok e ﬁj
CO,Et 0 l X’JV 2Et co Et
o N e oIS NF—=N Y COEL M
COzEt Qﬂ\co i COzEt
3u, 65% vyield, 60% ee 2 ;
(zavlyyield 91';, ee)’ 3v, 59% yield, 44% ee Qe BT el i
A s
[0039]  BRARUL S RAEE AL b
[0040] 3b,White solid,m.p.=135.7-137.4°C.51%yield,98%ee (crystallizati

onby methodA) .HPLC CHIRALCEL ID-H,n-hexane/2-propanol=80/20,flow rate=
0.8mL/min, 254nm, 14.142min (minor) ,17.133min (major) . [a],*'=87.3 (c=0.55,CH,C1,)
.TLC:R,=0.35(PE/EA=5:1) ."H NMR (400MHz,CDC13) 88.03 (d, J=14.4Hz,1H) ,7.57-7.51
(m,2H) ,7.42-7.36 (m,3H) ,7.02(s,1H) ,6.43 (s,1H) ,5.96 (d,J=14.2Hz,1H) ,4.24-4.09
(m,2H) ,4.09-3.92 (m,2H) ,3.74(s,3H) ,1.20(t,J=7.2Hz,3H) ,1.13(t,J=7.2Hz,3H) ."°C
NMR (150MHz ,CDC13) 166.8,166.7,165.1,157.5,152.9,139.6,135.7,135.0,129.8,
128.7,126.7,103.0,95.3,86.4,84.3,63.5,63.1,51.7,13.8.HRMS (ESI) :calcd for
C,.H,,C1.N,0 Na+[M+Na]+requires m/z 559.07 58,found m/z559.0762.

[0041] 3e,White solid,m.p.118.2-120.8°C.32.1 mg,56%vyield,95%ee (crysta
1lization by methodA) .HPLC CHIRALCEL ID-H,n-hexane/2-propanol=80/20,flow
rate=0.8 mL/min,254 nm,10.230 min (minor) ,13.907 min (major) . [al,*'=9.3 (c=
0.22,CH,C1,) .TLC:R,=0.35 (PE/EA=5:1) . 'H NMR (600 MHz,CDC1,)38.01 (d,J=14.4 Hz,
1H) ,7.35-7.29(m,2H) ,7.26(t,J=7.8 Hz,1H) ,7.19(d,J=7.2 Hz,1H) ,6.99 (s, 1H) ,6.44
(s,1H) ,5.94(d,J=14.4 Hz,1H) ,4.26-4.10 (m,4H) ,4.05(dq,J=10.8,7.2 Hz,1H) ,3.98

9
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(dq,J=10.8,7.2 Hz,1H) ,2.37 (s,3H) ,1.28(t,J=7.2Hz,3H) ,1.20 (t,J=7.2 Hz,3H) ,
1.14 (t,J=7.2 Hz,3H) ."°C NMR (150MHz,CDC1,) §166.7,166.4,165.1,157.5,152.8,
139.5,138.5,135.7,134.9,130.5,128.6,127.8,127.3,123.8,103.5,95.3,86.4,84.3,
63.5,63.0,60.5,21.5,14.4,13.8.HRMS (ESI) :calcd for C,H,,C1,N,0, [M+Na] requires
m/z 587.1071,found m/z 587.1079.
[0042] 3f,White solid,m.p.=92.7-99.4°C.29%yield,99%ee (crystallization by
method B) .HPLC CHIRALCEL IE-H,n-hexane/2-propanol=85/15,flow rate=0.5mL/
min,250 nm,13.163 min (minor) ,14.582 min (major) .[a],*'=46.3 (c=0.24,CH,C1,)
.TLC:R,=0.40 (PE/EA=5:1) .'"H NMR (400 MHz,CDC1,) §8.02(d,J=14.4 Hz,1H),7.50-
7.36 (m,2H) ,7.22-7.06 (m,2H) ,6.94 (s,1H) ,6.51 (s,1H) ,6.12(d,J=14.4Hz, 1H) ,4.27-
4.13(m,4H) ,4.13-3.99 (m,2H) ,1.30(t,J=7.2Hz,3H) ,1.18(t,J="7.2Hz,3H) ,1.13(t,J=
7.2Hz,3H) ."°C NMR (150MHz,CDC1,) §166.5,166.1,165.3,161.9,160.3,157.5,152.9,
139.2,134.9,132.1(d,J, ,=9.0Hz) ,128.9(d,J, ,=3.0Hz) ,128.0,124.2(d,J. .=
3.0MHz) ,123.8(d,J, ,=12.0Hz) ,116.3(d,J, ,=19.5Hz) ,103.8,93.7,86.5,84.6(d,J. .=
3.0Hz) ,63.5,63.3,60.5,14.4,13.8,13.7.""F NMR (565MHz,CDC1,) §-115.06. HRVS (EST) :
caled for C,H,,C1,EN,0, "[M+H] requires m/z 569.1001,found m/z 569.1008.
[0043]  SLjEf3 :
[0044] S 51 1 Hh S5 2 17 4 2, AXASCHE SR R A T80, R 4 SR« R
ST RSB — 2 G R B 45 R R e ﬂfFTJiFm/J\HT

‘I

/t . - Ni(CIO,);-6H,0 / L7 )\/[ co .
N + 2 2
J\ > CO,Et ENE I, e, i 24\ N M CO,Et

3ba- 3ka
gt PN Ph
}\0 3ba, R' =CI, R? = F, 92% yield, 81% ee, ey
NN (62% yield, 98% ee)? NN
CO,Et -CO,Et 3=
RZJ'\JNIN ! COzEzt 3ca, R'=R2=H, 29% yield, 31% ee® M _ i % COzEzt ;'2 13 _PBh= ':;
[0045] - 3da, R' = pyrrolidin-1-yl, R? = CI, NR N k3 ol RS,
3ea, R' = CI, R? = NH,, NR
c0251
o P
I Po
)(j\‘CO Et >(k CO,Et 63%& NI )\ ﬁcozEt
1 CO,Et H CO,Et §, H=5a Nf N H COE
\_COE
Etozc CO,Et
. o] .
3ha, 90% yield, 0% ee® 3ia, 74% yield, 0% ee 3ja, 69% vyield, 34% ee® 3ka, NR

[0046]  BRAUL S FAEE AL b

[0047]  3ba,White solid,m.p.=134.2-136.8°C.62%vyield,98%ece (crystalliza tion
by method A) .HPLC CHIRALCEL OD-H,n-hexane/2-propanol=80/20,flow rate=0.6
mL/min, 250 nm,14.982 min(major),23.130 min(minor) . [a],*'=66.7(c=0.19,CHCl,)
.TLC:R,=0.35 (PE/EA=5:1) .'"H NMR (400 MHz,CDC1,) §7.98(d,J=14.4 Hz,1H) ,7.60-
7.50(m,2H) ,7.44-7.33(m,3H) ,7.01(s,1H) ,6.47(s,1H) ,5.95(d,J=14.4 Hz,1H) ,4.26-
4.16(m,3H) ,4.16-4.03(m,2H) ,4.02-3.90 (m,1H) ,1.28(t,J=7.2 Hz,4H) ,1.20(t,J=7.2

10
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Hz,3H) ,1.14(t,J=7.2 Hz,3H) ."°C NMR(150 MHz,CDC1,) §166.7,166.4,165.1,159.06(d,
J67F=18.OHZ) ,157.4(d,JC,F=219.0 Hz) ,139.93(d,JC,F=16.5 Hz) ,135.8,134.7,129.8,
128.7,126.8,103.7,95.6,86.4,85.0,63. 5,63.1,60.6,14.4,13.8.19F NMR (565 MHz,
CDC1,) 5-49.96 .HRMS (ESI) :caled for C,H,,Cl FN4O7Na+[M+Na]+requires m/z 557.1210,
found m/z 557.1217.

[0048] 3ca,Colorless 0il.29%vyield,31%ee.HPLC CHIRALCEL IG,n-hexane/2-
propanol =80/20,flow rate=0.6 mL/min,250 nm,46.639 min (major) ,53.495 min
(minor) . [a],’=-9.3(c=0.12,CH,C1,) .TLC:R,=0.35 (PE/EA=2:1) . 'H NMR (600 Miiz,
CDClS) 88.50(s,1H) ,8.13(d,J=14.4 Hz,1H) ,7.97 (s,1H) ,7.54-7.50(m,2H) ,7.42-7.39
(m,3H) ,6.58(s,1H) ,6.38(s,1H) ,5.96(d,J=14.4 Hz,1H) ,4.25-4.15(m,3H) ,4.12 (m,
1H) ,4.04 (m,2H) ,1.29(t,J=7.2 Hz,3H) ,1.21(t,J=7.2 Hz,3H),1.08(t,J=7.2 Hz,
3H) .'°C NMR (150 MHz,CDC1,)3167.1,166.6,165.4,155.3,152.8,136.4,135.8,135.1,
129.9,128.8,126.6,101.5,97.6,85.8,83.6,63.2,63.0,60.3,14.5,13.84,13.81.HRMS
(ESI) :calcd for C,,H,,CIFN,0.Na “[M+Na] requires m/z 505.1694,found m/z 505.1699.
[0049] 3ja,Colorless 0il.69%vyield,34%ee.HPLC CHIRALCEL AD-H,n-hexane/2-
propanol =80/20,flow rate=0.8mL/min,250nm,10.316min (minor) ,13.562min (major) .
[0],?=11.5(c=0.15,CH,C1,) .TLC:R,=0.40 (PE/EA=4:1) . 'H NMR (600MHz,CDC1,) §7.94
(d,J=14.4Hz,1H) ,7.57-7.51 (m,2H) ,7.40-7.39 (m,3H) ,7.04 (s, 1H) ,6.46 (s, 1H) ,6.30
(d,J=14.4Hz,1H) ,4.19(dq,J=10.8,7.2Hz,1H) ,4.13(dq,J=10.8,7.2Hz,1H) ,4.04(dq,
J=10.8,7.20z,1H) ,3.97 (dq,J=10.8,7.2Hz,2H) ,2.27 (s,3H) ,1.21 (t,J=7.2Hz,3H) ,
1.13(t,J=7.2Hz,3H) ."°C NMR (150MHz,CDC1,) §196.2,166.8,165.1,157.6,152.9,139.8,
135.7,134.0,129.9,128.7,127.9,126.8,112.0,95.3,86.4,84.3,63.5,63.1,28.7,13.9,
13.8.HRMS (ESI) :caled for C23H22C12N406Na+[M+Na]+requires m/z 543.0809,found m/z
543.0814.

[0050]  5iZtaffil4 : s A g ik

Cl
N ,

/ﬂ\ S /&<COZEt Ni(ClO4)2-6H,0 (20 mol %) A )(JrcozEt

CI” °N Nx- Ph CO.Et L7(24 mol%), DCM 4A N, Cl N H CO,Et

[0051] =
CO,Et
1a : 2a COZEt

3a2.58 g, 94% vyield, 77%

1.43 g, 5 mmol 10 mmol & e g Rl i

(1.81 g, 66% yield, 95% ee
after enrichment)

[0052]  SJEfH15

a ™ 7 Ph}\

§ N}\o OH NT XN ?
N ATcoEt  THEMeOH xf o N e Non
M N “H COzEt NaBH; (6 eq) CI/L\N/ NLH

[0053] clI” N

—_—

CO.Et COzEt CO,Et
3a

95% ee 5 6
[0054]  AE VA B Er3a (0. lmmol, 95 % ee) VAT THE /CH,0H (v/v=1:1,1.0mL)

11
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¢:%F”%%ﬁmwam(6om)+ﬂiﬁﬁbf%Tng$%m¢EgJ*M3ﬂ%% B N
FINH, C1/K P (0. 5mL) o ZKAHEA (3 X bmL) 21N, A UARMR s , 18 i ekt (%% (PE/
EA=3/1) &lifk ez, 15 523 . 7mg36fézm+k5 q&7?5100 98% eeM19. Img [ A [El 146 , I %
449% ,99% ee . f¥.5¥)5:HPLC CHIRAL CEL ID-H,n-hexane/2-propanol =80/20,flow rate
—=0.8mL/min, 254nm,9.460min (minor) ,11.780min (major) . [a] *=17.7 (c¢=0.15,
CH,C1,) .TLC:R,=0.25 (PE/EA=3:1) .'H NMR (400MHz,CDC1,) 88.15(d,J=14.4Hz, 1H)
7.60-7.52(m,2H) ,7.48-7.38(m,3H) ,6.51 (s,1H) ,5.90 (s,1H) ,5.74 (d,J=14.4Hz,1H) ,
4.27-4.14(m,2H) ,3.77-3.55(m,4H) ,2.16 (s, 1H) ,2.00(s,1H) ,1.30(t,J=7.2Hz,3H) ."*C
NMR (150MHz,CDC1,) 8166.9,158.4,151.9,139.1,138.2,135.9,129.5,128.9,126.5,

101.0,94.3,86.7,82.3,63.3,62.6,60.7,14.5.HRMS (EST) :caled for C,H,,C1,N,0.Na' [M+
Na] ‘requires m/z 489.0703,found m/z 489.0707;{k &6, 15 Ki114.1-116.7°C LHPLC
CHIRALCEL ID-H,n-hexane/2-propanol=80/20,flow rate=0.8mL/min,254nm,
15.185min (major) ,21.582min (minor) . [a],’=7.8(c=0.25,CH,C1,) .TLC:R,=0.30 (PE/
EA=3:1) ."H NMR (600MHz,CDC1,) 88.14 (d,J=14.4Hz, 11) ,7.61-7.58 (m,2H) ,7.45-7.41
(m,3H) ,6.25(s,1H) ,5.77-5.70 (m,2H) ,4.27-4.18 (m,3H) ,3.78-3.63 (m,2H) ,1.95(s, 1H) ,
1.30(t,J=7.2Hz,3H) ."°C NMR (100MHz,CDC1,) §166.6,157.7,153.1,140.1,138.6,134.9,
129.6,129.1,128.9,126.6,101.4,95.7,82.4,81.2,61.8,60.7,14.5.HRMS (ESI) : calcd
for C H,CLN,0 Na+[M+Na]+requires m/z 459.0597,found m/z 459.0599.

[0055] *5@@1 :

NH>

}\o
CO,Et
)\ >(ECOzEt NHa/CoHs0H (2 M) /I\)TN » COzEt
[0056] N HCOzEt 90 °C
XN
\\
CO,Et
CO,Et
3a, 95% ee 7

[0057] et S N A R, Kb A3 (0. Immo 1) A ARAENH, /C,HOH (2. 0mL) /1, K NR 54
FE90°C i et 14 o SN SR, K TR Pl i it Pt €7k (PE/EA=3/1) 4lift., 13 2]
32.9mg [ (AR =T, IR 62 % ,97 % eeom.p.154.1-157.7°C .HPLC CHIRALCEL IA,n-
hexane/2-propanol=90/10,flow rate=0.8mL/min,254nm,14.526min (major) ,
16.443min (minor) . [a],**=67.9 (c=0.22,CH,C1,) .TLC:R,=0.30 (PE/EA=3:1) .'H NMR
(600MHz ,CDC1,) 88.01 (d,J=14.4Hz,1H) ,7.63-7.54 (m,2H) ,7.46-7.33 (m, 3H) ,6.90 (s,
1H) ,6.34 (s,1H) ,5.78(d,J=14.4Hz,1H) ,5.08 (s, 2H) ,4.18 (m, 3H) ,4.14-3.87 (m, 3H) ,
1.27 (t,J=17.2Hz,3H) ,1.21-1.11 (n,6H) ."°C NMR (150MHz,CDC1,) §167.2,165.3,159.1,
157.4,151.3,141.1,136.5,136.0,129.5,129.0,128.5,127.6,127.0,120.0,101.0,96.4,

86.6,84.2,63.2,62.8,60.3,14.5,13.8.HRMS (ESI) :calcd for C,H C1,N,0, [M+H]"

requires m/z 532.1594,found m/z 532.1520.

[0058] St fhl7 :

[0059] A GHHR ] kT ik T ARSIHBE &9, T HIMT TN T iR e &t i
A M H3- (4,5-Dimethylthiazol-2-y1)-2,5-diphenyl
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tetrazoliumbromide (MTT) M E PEAL S AL S A s P , B A AL5 X 10™/N4H i 25 B 1 4
R R 96 FLAR Y, KA RS 7R 4E 3T °C /5 % CO I TR A i 24h o SR FH 45 Tl S AR R Tk P 1
G, 5 R 2085 - FURk & R Be 711 (DMS0) ALFRA8h o K551k & 5 - FURK AR 711] (DMSO) 1557 35k
B8 1 80uL g i s R L DA M 20l MTTYAVR (5mg/mLPBSIAIR) , I T-37°C, 5% CO K557 46
HRE S 4h, SR JE S A MT TR 55 58 B 46 5 DMSO (150pL) , MY (Multiskan FC/Thermo) 7F
570nmipe K AL TE T 2O, B MR BN = R B L GraphPad Pism 68351 T
ST ARV S D URREIE S KA | -

OCHg;
Cl Cl ? 0
lej\;jliiN 0] T&N O

B ,‘(\ B lif NH
N)_\/\COFETF N N)_{\CEEEt o )—&30 Et H/RO

[0060] & COF < @ GOt
CO,Et CO,Et COgEt
HCT-116 ICsq = 7.90 HCT-116 IC5p=2.74 HCT-116 ICgp=4.28  HCT-116 IC5p =9.80
SWAB0 ICso=1243  SW480 ICg=2.55 SW480 ICs=3.40  SW480 ICsy=11.23
(+)-3a (£)-3ba (+)-3n 5-FU

(00611 DL_b SHEFIRE AR T A& A A SR | 32 SORFAE K A A AL OB AR SN 1%
T AR A PR SRR A, b S BRI ] i k(8 2L 1 A A B A I
HE AEANBE AR IR RGBT AR L 245 25 R (RIS s, i AR (RIS 5 N
AR HIORIPHTERIA -
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