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The present invention is related to processes for preparing chiral substituted pyrazolyl pyrrolo[2,3-d]
pyrimidines of Formula I1I, and related synthetic intermediate compounds. The chiral substituted pyrazolyl
pyrrolo[2,3-d]pyrimidines are useful as inhibitors of the Janus Kinase family of protein tyrosine kinases

(JAKs) for treatment of inflammatory diseases, myeloproliferative disorders, and other diseases.



201718591

TW 201718591 A
R‘: CN
H *
N-N
W
N~ N
N |
NN
111
HHAEE R
Ry CN
H *
N-N
|
N/
Wk
NT W

II1



201718591
201718591 ééﬁ[;yﬂ%g

WO © 105127773 (310313652044 )
% @mxEg . 099/01/14 XIPC 4345 :  Com487/04(2006.01)

CELEES D

WEJAKINGIE 2 7775 RAEH P REEEY

PROCESSES FOR PREPARING JAK INHIBITORS AND RELATED

INTERMEDIATE COMPOUNDS

(3]

A 55 B (% A I S5 1A = TXT3 2 14 AR 22 ol DA i DG 3 2,3 -1 06 0
FAEBE R FRAEEWZITE o 1 2 M B 2 ok M4 56 i 08 3£ [2,3-d]
Ve UE XR O] 1F B 2 0 B BB B % M 8s (JAK) 7 Janus 85 1% BE 2 #0140 50 B 72
BRRERA « BB ERE R EAMER -

III

C199248A.doc -1-



201718591

[

EX]

The present invention is related to processes for preparing chiral
substituted pyrazolyl pyrrolo[2,3-d]pyrimidines of Formula III, and
related synthetic intermediate compounds. The chiral substituted
pyrazolyl pyrrolo[2,3-d]pyrimidines are useful as inhibitors of the
Janus Kinase family of protein tyrosine kinases (JAKs) for treatment of

inflammatory diseases, myeloproliferative disorders, and other

diseases.
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HO00IEB)RE  WHAEAZKERESYRER&IS2T)T Il
10/ -EREHRAEBEZTHIF WFETLC (1112 5x/EElE L 8)8E LCMS
R ERERESWAANBEZR - HUBER ZEBEQHA)EKAH)H
oo SRR 0 W LABEER 2 BE(EtOAc » S00=Z 7 )ZEEBUKE &% 5 6
ZEELUKQ x IF)EBEE/KQA)ER > REERBE TR > s
B ERERE{(4-[1-(1-Z 85 2 &)-1H-ab " -4- K ]-TH-nb 1% 3 [2,3-d]
WEIE-T-E)HEEG) RREEH BHEBFEANGCEERRAERE
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mEE—S AL -

RHEN=FERE 4-(1-(1-Z 8 F Z E)-1H-nt I -4-5 |- 7TH-nk 15
H(2,3-d]wg e -7-2 ) R ER () THFF 238 (1FH » 123 E)pN > fE 208
T ARTIAN HCUKBE R (S00EF) - % BRI KERESRNZE
A TSN - EREHREBESEREF 0 METLCELCMSHE » &
NIEREGWMAAMEO-ST » K% » LLIME S ALK (NaOH) )
B EPpHEZE-10 - FIRAVERE TR » MK A4 THF » I ¥
FTRZ RN R TR/ - BB EREE > DIKE3 x 500
BF)ER > REEZPEZE  MEHEY= H AR 4-(1H-nk K -4-
£ )-TH-oib I8 3 [2,3-d 1M 0E -7- B | BS (50 157,555 BB 38 F204.43%5 5 77%
EX BE=ESR) hACEKOGOHE  SLHEAEEHGEC 98
HfR % 3 HPLC) DIEEfTRERIE  EEE—$ &k BN5: 'H NMR
(DMSO-dg, 400 MHz)8ppm 13.42 (br s, 1H), 8.76 (s, 1H), 8.67 (s, 1H),
8.33 (s, 1H), 7.68 (d, 1H, J = 3.8 Hz), 7.11 (d, 1H, J = 3.8 Hz), 6.21 (s,
2H), 1.06 (s, 9H) ; '*C NMR (DMSO-dg, 100 MHz)8ppm 177.74, 152.31,

152.09, 151.91, 139.52, 130.39, 120.51, 113.93, 101.91, 67.26, 38.98,
27.26 ; C15H17N502 (MW, 29933), LCMS (EI) m/e 300 (M++H) °

7
CsHyo
@_ ___BICN @_FN ¥ %9415 ’:%_ o
n-Buli, THF
8
C7H5NO CgHgN
FFE: 11912 »F%:119.16

REEFO6) NEARZRER - WH  AEERERADEY
EHFEE IR Z SO0 T3S B R B8 P > f£ 238 T /R I R (20.032 5 0.210
EH) ZB(ELO > 290ZF) BIR{E & (BrCN > 23.0%5 > 0.210%H » 1.0

c AR ERAMEICT » Rk EHTIHBEFHRM=
ZHZ(TEA > 61.9Z 7 - 0.442HE > 21 8) » BR25SHE - =2l
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RMERERESY D HERNKRY  LERELEETESEIST -
ERM=ZZB% N5-15C T RIERSYEROEHER  BHIEOC
TRFUBH NG - EREHRE BT TR > 0HETLCHLCMSHESY -
YR ERSYURE(SOES » 130ME)HE - BECHBY =2
BB AL Ll Z B EE ke (1 1B AR L » 200 )M - BE R
R TR BB ASGEE  RESEHNAEEE6) 2
FMEBEARGERE  BEE—S8L BEREREE

3-BIRETH@®). REFEEE SRADE - 2SEAFRTRY
ERBEZEHEG R ZSO0ZAIFEHESERS » £28T » HINE
REZ (7 15.0% » 0.143E H ) B /K W& £ B (THF > 170Z F+ > 2.10
HE)  BE > @HRERZIBRASNE-18C @ 4k EHRIN2.5ME-
TEBECKRT ZBR(63.1ZH > 0.158KEH » 1.1E8) FR255 5% -
WY R 2 SR B IR ZRIB RN -78°C FHRE 1588 » |Z » R-718C
T BHEEZEANIHAESEETR(6°25.0% ° 0.210EE - 1.58 &)
1E $E 7K VU &, 7k 18 (THF > 30.0Z 7 > 0.400E E)h 2 5% - AR 2K

FESRSIN-T8C THEBILI05 8 » ABBRASAZ #k 3 # KER
EYBREERETE ANERTHEEI VNG - EREHREBERR
B > DLONE &AL $A7K %5 % (NaOH » 200Z 7+ )82 20% 58 /K 75 % (200Z )
K ESR SR - 16 /K5 K LABE S Z B (EtOAc » 200 H)pR i - #
ENBWRE - 75 %8 DU B 8200 /K82 18 (MgS0,) » B - RIEH
BTRG - BREMHESEREERE R A(L(SI0, » 0F S%EEE 2B/
Ot EARE) ME3-RAET H@ 143% » Him £17.057 » 84%E
x> BETESE) HEEEHEM - I8 : 'HNMR (DMSO0-d4, 400
MHz)82.97 (m, 1H), 1.97 (m, 2H), 1.64 (m, 4H), 1.56 (m, 2H) -
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8
N~ CN
CeHoN W
N/I A »>+€:119.16
k\N ,\{\ K,CO4, DMF N* TN
(0] \N h{\ 3\6
o]

5 9
Ci5Hy7Ns0, C2sHaeNgO2
»F&:299.33 »+%:418.49

s
TFAMH,SO, VY
I
\N
N
”Lo&\é
10
C2HzeNg03
7+ %:436.51

EHERB-(1-Q-AE-1-BREZFBE)-1H-nb W -4-5)-TH-ot
BE HF[2,3-dImENE-T-E) HEE(9). EEE T REABEEHRERAOS
ZSO0EF BB S > SEE3-BKET A8 8.50% > 0.0713% H. »
L52E &) NN-ZHEF R (DMF > 8427 » 1.08E H )8 = I &L ¢
B% [4-(1H-vib B8 -4- 55 )-TH-oik 1 3 [2,3-d] W5 BE -7- £ JFH B5 (5 » 14.035 >
0.04685 B ) & [&] B bi% B4 #% (K,CO5 > 0.3295% » 0.00238E H » 0.05% &)
HE RBAPRZIREREMNEBTRE605 4 - ETLCHHPLCHE
MR FERB R E T BL20% 8 /KB R(TSEFA)VERERS YRR
W LABE B ZBH (EtOAc » 3 x TSEF) R Z B - Bo s Ak
ZELA20% B8 K B (TSEF) K - DUBR BS 8% 55 /K &5 1% (MgSO0,) » 8
B RIEBRBTRE - HEREWHEZBRERAL(SI0, 0B 20%E: i
LE/ICKEBELR) TE-FERBBA-(-Q-8E-1-BREZE
2)-1H-oit I -4-20)- TH-o 0% 3 [2,3-d W5 0 -7- ) FH B (9 > 16,475 » B 2h
£ 19.6% > 83.7%ER) » HHGE - BR9 : 'HNMR (DMSO0-d,, 300
MHz)389.09 (s, 1H), 8.84 (s, 1H), 8.63 (s, 1H), 7.78 (d, 1H, J = 3.8 Hz),
7.17(d, 1H, J = 3.8 Hz), 6.24 (s, 2H), 5.82 (s, 1H), 3.55 (m, 1H), 1.92 (m,
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2H), 1.59 (br m, 6H), 1.06 (s, 9H); C,3H,6NsO0,(MW, 418.49), LCMS (EI)
m/e 419 (M*+H) -
ZSHRERE@Z)-4-Q-C-BE-1-BRKE-3-FAER-1-15E)-1H-at
04 -4-BL)-TH-wik 0% 3£ [2,3-d| B BE -7- B ) B B5 (10). =00 T WEFERE
BHERAODEZ20ZEAERERT @ BE=ZFEEKI-(1-Q-F&
1-BREZEE)-TH-ab M -4-5)-TH-ab 1% 3£ [2,3-d 0508 -7- 5 ) FES (9 »
8.00%% » 0.0191E FH) - =& BEFE (TFA > 40.6ZF » 0.528E H ) AW 8
(H,SO04 > 3.77EF » 007078 H) - IR ZKIEREWNZER T
760488 - ETLCHHPLCEE /R K FEHE R B SEREF » A/K(30.1ZF
LOTEE)VEREREGMER - BRERZRERESMNE R THEE30
o8 R AEE-ST - #3F ML B R MING S L #7KB K (NaOH »
223 )R E uuﬁ%épH§8 A% L BE B Z BB (EtOACc 200 7 )i & -
SEEMIKE - #E 0 B ZFE(EtOAc > 2 x SO ZERUKE K - #
EfF 2 B R U FINaCIK A MR (100 )5 6 - DARR B 8% IR /K 52 1%
(MgSO,) ' iR » RTERE TR  HEEYWHEBA BT @k (Sio,
02 100%BE Bk Z B5/C e i S B ) » DUIR = P EEE B (2)-(4-(1-(3-F%
Bo1-BERE-S-FER-1-EE)-1H-ab M -4-5)-7TH-ob 18 3 [2,3-d] 1% IF
7-E)EES(10 0 6.797% > Mk £8.345% > 81A%ER) > AR HGERME
BE 5010 : '"H NMR (DMSO-dg, 300 MHZ)38.77 (s, 1H), 8.68 (s, 1H), 8.41
(s, 1H), 7.71 (d, 1H, J = 3.8 Hz), 7.51 (& [&s, 1H), 7.09 (E&s, 1H), 7.05
(d, 1H, J = 3.8 Hz), 6.22 (s, 2H), 5.97 (s, 1H), 3.27 (m, 1H), 1.77 (m,
2H), 1.54 (m, 6H), 1.06 (s, 9H) ; C,3H,sN¢O;(MW, 436.51), LCMS (EI)

m/e 437 (M*+H) -
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—— Hll
3_}5342 M/L*/H, %NW

(R)-11
CxHzNsOy C23H3oNO3
»F & 43651 a+&:438.52

1 M/L*H, WC

Q, 3
"H NH, p;j NH,

4 ©O » 0
N’| ) a8
(¢ W g
(0]
(St 11
CHaNeO3 C23HaoNgO3
2% F: 43852 o+ &:438.52

EHERBEGQ-GC-BE- - BRE--FAERE)-1H-nt 4 -4-
2 )-TH-wb I8 3 [2,3-d]BE0E -7- B ) B (11). FEZA T » NEHE B E >
VBEFEERERT @ SSEH= FERER(2)-4-(1-CG-FFE-1-BRE-3-F
EW-1-F6E)- 1H-ab M -4- 0 )-TH-wb 0% 3 [2,3-d |05 0E - 7-£5 ) BS (10 0 1.15
520 26325 E) - W kM (THF > 20.0EF > 246 B H ) & 10%3E /5
(50%#R > 13025%) - FRERZKEREMBEA=X  SXUEE
BIE - AR SEREGREHEARBBUZBESRATEST K
BHGEITNGRER - ERRCER - #E  ERERAVEAY S
TIR#EIE - DARBRRABE - YR 3 1 PR DU/N B 5% 2 VU 4, »% IF (THF) 3th
R-EEHZRRERE TR MEMHY= P ERERBG-(1-G-BE-1-
PR K HE-3-H B P 2 )- 1 H-oib I8 -4- 56 )-TH- ok D 3 [2,3-d ] 085 0 -7 5 ) EF g
(11> 1155 » Bim L 11535 > 99%ER) BEBEEEH  Hans
Bl EEZEY  RERTEL - BREEEWANEZHLC 98%
HPLC) » DT T K FE » T #E —H &Mk - BHMN 11 1 'H NMR
(DMSO-dg, 300 MHz)3ppm 8.73 (s, 1H), 8.60 (s, 1H), 8.27 (s, 1H), 7.70
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(d, 1H, J = 3.8 Hz), 7.32 (bs, 1H), 7.09 (d, 1H, J = 3.8 Hz), 6.75 (bs, 1H),
6.21 (s, 2H), 4.56 (td, 1H, J = 4.0, 9.8 Hz), 2.86 (dd, 1H, J = 10.5, 5.6
Hz), 2.63 (dd, 1H, J = 4.0, 15.3 Hz), 2.32 (m, 1H), 1.77 (m, 1H),
1.56-1.19 (m, 7H), 1.06 (s, 9H) ; LCMS (EI) m/e 439 (M*+H) ;
Cy3H3oNgO3(MW, 438.52), LCMS (EI) m/e 439 (M*+H) -

ZHERERMR-4-(1-C-E-1-BRE-3-THE RN E)-1H-nt W -4-
& )-TH-vb B 3 [2,3-d] B B -7- B ) B B ((R)-11) B2 = B K B B
(S)-(4-(1-3-B B -1-FR K £ -3-F B N & )-1H-nt B -4- B )-TH-wt 1% 3
[2,3-d] 8% e -7-5 ) B BE ((S)-11)

R AHBESEFRZ —KEGRERF  FRZE=Z2FEER
(Z)-(4-(1-(3- B B~ 1- T R 2 -3- R P - 147 25 )- Lotk 4k -4 25 )- TH- i
F(2,3-d]HE-7T-Z)FEEA0) MEXELESZEM=FEREKE
(4-(1-(3-Pee £ -1-3R G B -3-FR B R &) - 1H-wib 4 -4- B )-TH-aib 0% 3 [2,3-d]
I uE-7-E) R EE((R)-11E4(S)-11) : FHR T * REF/NEHQIEA)Z
300EHEEAEHT  SHEISEW) - BE(EE MU B EEsLeSE)
RASEBE(4-6Z27) - NIHLEAB®T » BEHSREMEZERN I
K2R NEE  HEURBINE - FBYHER%E > EREERSYERE
TRE BREYERTERERIEBEEFRENVY=9)ZEEY  &Kif
WEREAEmMAlL  BEFEY=FEEEG-(1-C-KE-1-BKE-3-[
£ N A -TH-nb M -4- 5 }-TH-nb 0% FF [2,3-d] 9% 0E -7- 4 ) B s ((R)-11E
(S)-11) » (L2 #E(E(HPLCH ¥ Z 4 HPLC) - LC/MSEINMREZE 2 &
HERBYBE(%ee  FEHEMHPLCHIE -

EMZHERBYBEE (% ) Z AT HRFEHEMEHPLCH i

> {# F Chiralpak®IAE 1 - HEH A CHRE LB (v/v=90/10)7 &
Yo MERIZ/8#  BUVEAE KRGS EE2MEZRKT - %2
B0 ARBZHERBY(S)-11 FIERKWE)RAEZHERRE
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PI(R)-11 - 55 2 O UG e ) (% {8 51 7 7 ST BG RT4653 88 - 3643 88 R 384 4
N FE 5 BEAT -

B 7 (R)-115¢(S)-11 : 'H NMR (DMSO-dg, 300 MHz)dppm 8.73 (s,
IH), 8.60 (s, 1H), 8.27 (s, 1H), 7.70 (d, 1H, J = 3.8 Hz), 7.32 (bs, 1H),
7.09 (d, 1H, J = 3.8 Hz), 6.75 (bs, 1H), 6.21 (s, 2H), 4.56 (td, 1H, J = 4.0,
9.8 Hz), 2.86 (dd, 1H, J = 10.5, 5.6 Hz), 2.63 (dd, 1H, J = 4.0, 15.3 Hz),
2.32 (m, 1H), 1.77 (m, 1H), 1.56-1.19 (m, 7H), 1.06 (s, 9H) ; LCMS (EI)
m/e 439 (M*+H) ; C,3H;oNgO3(MW, 438.52), LCMS (EI) m/e 439

(M*+H) -
TRAERBEMN IR HEGIERZ D8R EEE -
& RE/BCArRS/ peadi] BE Hy | 8| @&t | % F=
fBE (C) BF | () | (HPLC | ee |HIEEEY
(=) %) (R)-E(S)-
11
Rh(COD) CF3;CH,0H 23 40 20 99 66 | (S)-11
(SSRR-TangPhos) (E1{E
(BF,) R i)
Rh(COD) CH,Cl, 23 40 20 91 92 | (S)-11
(SSRR-TangPhos) (1A
(BF,) R i)
Rh(COD) CF3CH,OH 23 10 20 99 91 (S)-11
(SSRR-TangPhos) | ZCH)Cl, (E1H
(BF,) D)
Rh(COD) MeOH 23 40 20 94 66 | (S)-11
(+)-DuanPhos) &ENY
(BF,) IR Wil )
Rh(COD) CF;CH,0H | 23 40 20 | 99 61 | (S)}-11
(+)-DuanPhos) (FEUE
(BF,) IR i)
Ru(R-C3-TunePhos) MeOH 50 50 2 84 87 (R)-11
(CF3CO,), (552(H
IR Wit )
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Ru(R-C3-TunePhos) | CF3CH,OH 50 50 2 99 88 | (R)-11
(CF3CO,), &MeOH (ZE2{H
oK W)

Ru(COD) MeOH 30 50 21 100 98 | (R)-11
(SL-A153-1) (B2
(CF;COy), IR U iE)
Rh(COD), MeOH 30 50 21 100 94 | (R)-11
(SL-W008-1) (55218
(CF350;) R UE)

BHEMRTRERAZHEEREUEZEBAHRIIRNRTX -

(LD ! (o > PP
j\gg "y P 0 g PPh,

(SSRR)-TangPhos (+)-DuanPhos (R)-C3-TunePhos

CFs
F
X1 =
o P CF,
F PPh, O o
R O \\\Pth H Me
AN () FoC

SL-A-153-1 ) SL-W008-1

REGEHUEINAEBELEREFEERERLERZEYHE
MG B ST SR AR R AR R 3L e

S HEIEHE(S)-(4-(1-(3- g 2 -1- 28 [ 2 -3- Jj 22 P 25)- 1 H- wit -4
Z)-TH-wb B8 7 [2,3-d] B OE-7-2) FAE((S)-11). RERT » =P EE
B (4-{1-[(1Z)-3-Fr AL -1- BB K A -3-TR E N -1- M -1- & |- 1H-wb B -4-
B }-TH-wb 0% FF (2,3-d]MEIE -7- B )F B (10 » 2I5Z %) E Z & F Ir
(CH,Cl, » 12.5Z F})¥1 = 4, Z B (CF,CH,0H » 0.25ZF )T Rt~
BB NBEE T UIEERh(COD) (SSRR-TangPhos)BF (8.8 7t)
RIE - Ak BREESYUSRINBZOEES] - KKERESYE
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SOCTREIEGEN FTHEAE0/NE - EHPLCHOMBER S EE S 241
> BEREREMAANRERLR KRERSY I HEREY BB (GE
T EEHPLC O #7  I E £ 88% ee (94%55 — (B UK UK i (S)-11 5 6% —
Bk Ui R)-11) - FREESMEBEWBLBE  LHRE L&
HRECE) LR - #Z > FERNRBTREEEESHE - RAERZHE
AR E A (180 38 ) » FEIEBE S (SE ) BB B Z B5 (EtOAc » SEF)
ZEEY OBERGN20TC THEEFIURTE - B3R N20°C T8
IO - HBREKEEE  AEREREBRRG2ES)Z W2 %
HPLCo T B 7R A FI 5 — (B R UK 1 2 66.0% % 2 R4S Y38 8 (83.0% %
— fE T U (S)-11 5 17.0%55 — B0 Ut s (R)-11) - K% > (EFEE >
MZEFEFZE » IR Z R Y (108 52 ) 4 55 i B 2 M HPLCAY A -
KRERAMNRE —ERUEE > 99.6%H 2 REY B £ (99.83%% — (Fk
LI (S)-11 5 0.17%%8 — {E IR i (R)-11) » 45 R E QI FE R R HIEE,
CEFAEMZAARUEENCHB/ VD HERBY 2 EEEBE » EHE
REZIUBAIER > ERN Rl 2 S B L GBS B 7 Bs /B b 1 06
Z 05 -

= FEIGBE(R)-(4-(1-(3- fr K- 1- B [ 25 3- [ 2 7 ) - 1 H- it 185 4.-
2)-TH-nb I8 77(2,3-d] B OE-7-2) FEE(R)-11). RERT » B HER
B (4-{1-[(1Z)-3- Fe 25 -1- 38 R 2 -3- B 2 75 -1- 9% -1- 55 ]-1H-wt 1§ -4-
£ )-TH-oib 08 3% [2,3-d]HE 02 -7- ) B 5 (10 » 5007 3% )7 B9 % (MeOH - 8.0
ERF)DF ZBFBR K E N BB E B
Ru(COD)(SL-A153-1)(CF;C0,),(6.6Z )R » 2h1% » KK IER S LU
TRMBEESOEET] - BKEREMIEICC TRILGEE N FTHEEE21/A
i - EHPLCOMBTRZBE RS HEN  FRERAYLARE S
m e RIEREGYZHERBYRE GHEH ZEHPLCH 7 8 & 5 98%
ee (99%:2% — B UL i (R)-11 5 1%55 — (B IR U1 (S)-11) - HZE » R E
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BEYEBEWBRIBERE  URHBRUBPEGCEM)ER - Rk FIE
BRRBEBTREZRZE - FIRRZERKARERBAIOER)VAERHES
HPLCo iAo #T » HERBETRE RN E ZERUEZ98.0%H E R iFE
)38 8 (99.0%55 — ([H 0 UK I& (R)-11 5 1.0%55 — {E 0% U i (S)-11) o

m e
He Cisc” cl %&\> NaOH x 8%
N-N NHz =N

—_— N-N —_——

X TEA, DMF %\/»
N“ A N“ A
Ny s

NfNR) H3P04 N—N{R)

N
NN N N
(R)-13 (RH14
Ci7H1gNg C17Hz1NgO4P
#%%: 30637 #3 & 404.36

ZHEERE®R-G-A-Q-AE-1-B K E Z E)-1H-wt & -4- 5 )-
TH-wb 0% 3 [2,3-d] W UE -7- 2 ) H EE ((R)-12). J57AA. =R T » RER
BHEBHARADEZSOZEABEERY » S2E=F AR
(R)-(4-(1-3-Br £ -1- BB IR A -3- B A N £ )-1H-nt W -4- £L)-7TH-wit 1% 3
[2,3-d)BE0E-7-E) B s (R)-11 > 413255 > 0.942Z B H) - N,N-— EH & H
BiBz (DMF > 1027 0 1292 R E)R =Z M (TEA » 0.5252F » 3.7T7TEE
H-40E8) At EMERZBESYRIKEHRLAE0-ST » #3E
EZR T SHINBERRNEEC=ZGZEO3ISES > 2.828E
B 30E8) BFRAVRZREREWIE0-ST THEMHITE - ETLC
BHPLCE R K IEW R HE TS & K EREY) AEE B Z B8 (EtOAC »
5EF)HE20%EKBRQOZN)EE - DEEMKE - LUEKZE
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(EtOAc » 2 x 25ZF)EMUKE - K& 2 AR LL20%E KB (35
B > BB B KRR (MgSO,) » B8 RAERE TBE - &
REBEHKEEYEZRENGESIo)  0E50%EER ZE/C i
PEEERE) > MG =P EEBRR)-4-(1-Q-FE-1-BRKEZE)- 1H-nt i
-4-55)-TH-ob I 3 [2,3-d B BE-7-F) BB ((R)-12> 278 &5 » FH 3 [396.1
ER O T02%EER) BREH HGEREBER  £2ET REZTE
b o BER(R)-12 © JE 884 4 [ (99. 1 % » FEHPLC » 7£ 2205 fi K
NMERD HE MR (99.6HEE % B EMHPLC; 99.2% ee); 'H NMR
(DMSO-ds, 400 MHz)8ppm 8.84 (s, 1H), 8.78 (s, 1H), 8.39 (s, 1H), 7.74
(d, 1H, J = 3.7 Hz), 7.11 (d, 1H, J = 3.8 Hz), 6.23 (s, 2H), 4.53 (ddd, 1H,
J=19.9,9.6, 4.2 Hz), 3.26 (dd, 1H, J = 17.4, 9.9 Hz), 3.19 (dd, 1H, ] =
17.2, 4.3 Hz), 2.41 (m, 1H), 1.87-1.13 (m, 8H), 1.07 (s, 9H) ;
C23H,5N60,(MW, 420.51), LCMS (EI) m/e 421.4 (M*+H) -

(3R)- 3 [ £ -3-[4-(TH-wt BE I [2,3-d] BF UF -4- 55 )ok 48 -1- 25 | R
FB(R)-13, EHE®W). HEA EZET > REFEEEHEEAD
BZBEAEEERD  SE= FERERER)-G-(1-Q-F - 1-BREZ
£ )-1H-wb 4 -4-50)-TH-wt I 3 [2,3-d] W5 02 -7- B ) EH i ((R)-12 » 2782 75
0.661 2 = H )8 H i (MeOH 2.50E 7> 37.0EHH) - #Z » F=ET -
i P 12 B 2 39 18 S FE 75 TR DL 0. 10M &R &AL $% /K 75 3% (NaOH > 1.5Z 7 >
0.ISZ2XH - 23EB)EE - KR KERS YN EE T#E2
N - ERERRBE T K ERESYL20%8E K 55K (10Z7)
MBS R L B5 (EtOAC» 25ZFFTE - DEEMIKE » W /KB R 2B
(EtOAc» 252 7+) K HY « (& f 2 5 1 B {0 LUBR 85 £ B8 /K 52 )8 (MgS0,) »
IR REBRBTRE - HEEMESEXER A4S0, 0E100%
BEEE Z B/ Tt S BE) 0 T 78 BR)-H8 [ £ -3-[4-(TH-wk & 3£[2,3-d )5
UE -4-55 ) -1- B IR A ((R)-13, S HEEH - 188w » B 202, 5%
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o 2 8NER) Rt HGNRFSER > EZ8T REZHHE
& - B (R)-13 (B HEE#H) : '"H NMR (DMSO-dg, 400 MHz)8ppm 12.1
(bs, 1H), 8.80 (d, 1H, J = 0.42 Hz), 8.67 (s, 1H), 8.37 (s, 1H), 7.59 (dd,
1H, J = 2.34, 3.51 Hz), 6.98 (dd, 1H, J = 1.40, 3.44 Hz), 4.53 (td, 1H, J =
19.5, 4.63 Hz), 3.26 (dd, 1H, J = 9.77, 17.2 Hz), 3.18 (dd, 1H, J = 4.32,
17.3 Hz), 2.40 (m, 1H), 1.79 (m, 1H), 1.65 % 1.13 (m, 7H) ;
C,7H,sNg(MW, 306.37) LCMS (EI) m/e 307 (M*+H) -

(3R)-3R [ £ -3-[4-(TH-wb B8 F [2,3-d ] W U -4~k )mb VA - 1- B | 9 A B3
B ((R)-14, BEEE). 7 (3R)-IR K E-3-[4-(TH-wb 0% 3 [2,3-d] W% BE -4-
E)mt M -1-E R MB(R)-13, BEHEE @ 5727 I1837TEH)FERE
(IPA » 8FF)F Z AN » F£60-65C T » ANINBEEE(186.27C » 1.95LE. »
LIVEE)VEREREQ.6F)FRZBR » REHRKE > BRI S
Ko B FIUMERIERY - #F  BABKZIEEYMETC T ik
LS/NBE » REBHAANEREAE  URERATHEERER - BRES
Y BREIRURRERRFNEN/ > viv S ZEEYEKE  BHEE
BIREFRAER > MAERER@)P@EE—/NF - FBBWERRS - M
BRI %M REHRERS  REZEP » FOCTLZREEE -
M & (3R)-E2 X £ -3-[4-(TH-mb U& H [2,3-d] 0 W -4- A& ) ok M - 1- 5L 17 A B3
FR B3 ((R)-14, BEEZEE - 634.2%7 » B3R L755% » B4%ER) > REAEE
KE®BEREER - BR®R)-14 (BEE) : B8 197.6C ; 'H NMR
(DMSO-dg, 500 MHz)8ppm 12.10 (s, 1H), 8.78 (s, 1H), 8.68 (s, 1H), 8.36
(s, 1H), 7.58 (dd, 1H, T = 1.9, 3.5 Hz), 6.97 (d, 1H, J = 3.6 Hz), 4.52 (td,
1H, J = 3.9, 9.7 Hz), 3.25 (dd, 1H, J = 9.8, 17.2 Hz), 3.16 (dd, 1H, J =
4.0, 17.0 Hz), 2.41,(m, 1H), 1.79 (m, 1H), 1.59 (m, 1H), 1.51 (m, 2H),
1.42 (m, 1H), 1.29 (m, 2H), 1.18 (m, 1H); '3C NMR (DMSO-dg, 125

MHz)éppm 152.1, 150.8, 149.8, 139.2, 131.0, 126.8, 120.4, 118.1, 112.8,
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99.8,62.5,44.3,29.1,29.0, 24.9, 24.3,22.5 ; C,,H,sN(MW, 306.37 > [

B 8E i) LCMS (EI) m/e 307 (M*+H > A ), 329.1 (M™+Na) o
cl

G F“)jﬁ A
N?% NaH/SEMC! = N 0" N 0
Sy WL s L

N I
H \\o/\/s
1 15 3
CeHeCINy L Cy2HieCINOSI C13H23BN05
T 15357 % 260,83 726614
>—o> 7 N-NH
N~ (/
L/
K2COs/Pd(PPhs)s HClA 5% N?
N7 A k‘ I N\ \Sn/_
N
Ng! \ Nt
N" N/~ i
o
16 17
C19H2oN350,Si C15H21N5OSi
7% 38756 731545

4-(1H-wt " -4-E)-T-Q-ZF E W IR K Z S 5 F £)-TH-w 18 3
[2,3-d]BEEE (17). P S ALSH(NaH > 60 8 %43 i » 4.05%5 » 101 3= &
H o 1S4EE)EL2-“HEEZ5(DME » 200 > 192.4Z & H)h
ZRFRA - FEO0-5C(KIB)T > 18185 H01,2- = B & Z. ki (DME » 80.0
EF 0 T69.6ZHE)h 2 4-FE k08 H[2,3-d]HEIE(1 > 10.0855 + 65.62
EH) UEERERFENSCTEICEST) . FEI#SBENZIER
& UANBERERSE KPR ZKERESYIEST T304
#o AR BRAIN=FEYREZEEE/ILF IR (SEM-Cl: 12.56%
T53Z2EE > LISER) FE  EREREFRBEERST - RRmE
R EVIFEOC TR UNG » BEERE = » FLE23/NE - EHPLC

MTLCEATMKERE AT TR EEE T DUK@EMERERS
MER > LESEREEVASZEERRERSYEBEFTE T —
Suzukif§ & X FE » B E SR E gL -

EEZER T RELASEANKEZ AEHN4-E8E-7-2-(= 5
EWHAE) L SR E ) -TH-wb I8 3£ [2,3-d]BEBE (15 > 18.63T5 » 65.64%
HH)ZSEBRIERSYSE  FI01,2- = FREZIE(DME 38ZH) -

C199248A doc -125-



201718591

K B 97 (K,CO5 » 23.56%% » 170.5EHE - 2.65 ) 1-(I-ZEEZ
££)-4-(4,4,5,5-T0 FH £ -1,3.2-— S (A B -2-5)-1H-wt ™ (3 > 18.6075 >
69.89ZHH > 1.06E8) TR ZEEYWRANRK > ERUERME
o RBEZERT - E(Z K B)IEW) (PA(PPhs), » 244275 » 0.21
ZEHEH 00BEE)RE - TR ZREREEYREA DX - XL
SRMOIE  BEEHELC » FELK4-8/ 0§ - ETLCEHHPLCHE R K JE
WEBESRE  FRERSYERETSANEZEREE  UEBEWELRK
(105)i8 8 - 8 % L IKUBEBL ZB5 (EtOAc » 20EF) %M - Y EERI B
TR > HLUIEEBE ZB5(EtOAc » 2 x 30EF)ZEEUKE - B EHZHEHBE
R LA B FINaCIK /B (R0 FH) 28 % DABR BR 8% iR /K 82 %8 (MgS0,) » K 7E
B TRE - RE > BaBHEMEZSuzukiBEEWA6)ZBEYE
FITHF (22ZF) » BB ESOZEABEEER » UEEBEEERFRERE
mEgE— ML -

RERT > BHEESuzukifE & EYQ6)ETHF P Z 5K (22EF)
PAL7K (108 F)8210% HCUKZE K (FEEH A& 19.6ZF EHCIE 64ZE F H,0
REMMR)RE - BAIPRZKEREYNER TEE46/NE -
TLCHEHPLCERERMREREH R BETKE - H30%E &1
(NaOH)/K & & (X H £ 10.432 NaOHB 2 21.0Z F H,O 0 B 5 ) 12 18 7R D
EREREY T > BERERFAERR25C - 1078 1% » B8RS
B> HEIIR - #BREREMRERTEAEL- NG RAEEBRREERS
A BAH,0 (SOZF) M - KRESHEB ZE20ZA =SSR BEER
TLUZBEMeCN » IREM)EHE - KESYMAZELR - FEE2NE
BEZHAMNZER  URERTHEEUNSG - BAEREER - U
MeCN (B6ZF) M » REEZ A P71 40-45C TR MS4-(1H-wt
W-4-E)-7-Q-ZHEWRE-Z&EH E)-TH-wb 1% 3 [2,3-d|BEIE (17 »
15.3% » Ham £20.7% » T3.9%EER > BE=EIE) hOoaE&HEE
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B8 (99.4[E 7 % > EHPLC) - B 17 1 '"H NMR (DMSO-dg, 400 MHz)8ppm
13.41 (bs, 1H), 8.74 (s, 1H), 8.67 (bs, 1H), 8.35 (bs, 1H), 7.72 (d, 1H, J =
3.7 Hz), 7.10 (d, 1H, I = 3.7 Hz), 5.61 (s, 2H), 3.51 (t, 2H, J = 8.2 Hz),
0.81 (t, 2H, J = 8.2 Hz), 0.13 (s, 9H) ; C;5H,,N50Si (MW, 315.45), LCMS
(EI) m/e 316 (M*+H) -

O—= %ﬁ’:"—;- O’TCOOMe

7

C/Hyo CoH,20,
*>+E:94.15 *>F%:152.19

BMRERREFE0S). NEBXEZHET - 174927 > 150,02
55 )7E 7K U0 45, & 1 (THF » 20022 7} » 24665 2 5 )b > B4k 5 7
Py AE-T8C T » SRA02.SOMAE B 7 - T (66,0 F » 1652 K
B LIEE) $ABRZAEGRTRA-78C TEEI05H - 52
FMBEBTFE1T.CEA » 2SEHE  1558) - RERSYERE
B - ARBRAAE > LERERSWERESE > ERZET
R LINES o 2SR & )T — RS BT - % TLC (5% EtOAC/T I
KMnO45s 5 ) B 57 I 4 350 55 B 52 BB » B BRI NH, CLK 2 3 (1505 94 )
R FEREMAER WL ZB(ELO » 2 x 200 F)EE - FEpsA
6 7B 1L B I NaCloK 35 B 0 » LA B B 82 3 /K 5088 (MeSO,) » 838 » B
TEREE TR - EREWEEZE(99-101C /1628 E) TR > a3 m
T PSR ES B (18 2185675 B3 122,837 » 06% 2 5K) » 15 fE (03] -
BHF218 : 'H NMR (CDCl;, 400 MHz)dppm 3.74 (s, 3H), 2.73 (m, 1H),
1.95 (m, 2H), 1.72 (m, 4H), 1.57 (m, 2H) -
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N-NH O—=—CN %
V4 8 N~
CaHoN
N? 2211916
3 \

k 7
N h~ K,CO;, DMF
N \ :/\/s 2V

17
C1sH2iNsOSi

~N
(s
N” l A\
N N Sl\

N

QusNGOSl

>+%:315.45 o+ . 43461
l MAL*H,
:.‘ R)
R H Hre
M/LL*MH, N’N: \EN N-N N
/ i Y
\ NI
LN I N \Sl/\ \N l N \Sl/\
LO/\/ LON
(S)-20 (R)-20 )
C23H3NgOSi C23H3oNs OSi
»F&:436.63 >+ 4&:.436.63

(2)-3-B R £ -3-(4-(7-(Q-(Z B EW 52 £) Z G.5) H 5)-TH- 1% 7
[2,3-d] BE OE -4- B )-1H-wt B -1- B ) N & A5 (19). 7 4-(1H-wk M4 -4-
E)T-{R-(=Z=FEWKRE)Z S AR £ }-TH-w 0% 3 [2,3-d] % 5E (17
7.260%5 23 .01 ZEE E)H3- B R E T -2- 415 (8 6.14055 > 34.52Z E H. »
1L.5E B)ENN-Z HEHEi iz (DMF » 40.02 7 » SI6EEH)h 2 K&
PEBRA  EERT  AINE fEHREL$F(K,CO;50 3185 2.30EEE
0.1ER) KK ZRIEREMNERTHE0578# - ELCMSER
R FEW AR B E BB - BUKQGOEFA)EREREYER » LEtOAc (2 x
ISOEF)ZEEL - H%AWZE%%@Lx7J<(80%ﬂ),\m7J<(50%ﬁ)éE i SN
B B SE AR K B2 (MgSO,) » BIE » RTERB T RE - BBEVHEZR
= J& #7415 (Si0, » 0-30% EtOAc/T iR EE A ) > ME(2)-3-BRE
B-(4-(T-(Q(Z=FEW I E)Z & 4) B &)-TH-a 1% 3F [2,3-d] W 0 -4-
E)-1H-mb M- 1-E) R IEAE(19 » 8.2567% » iR £10.078 » 82.6% K) »
BEEER - B 19 1 'H NMR (CDCl;, 300 MHz)8ppm 9.15 (bs, 1H),

8.96 (s, 1H), 8.56 (s, 1H), 7.51 (d, 1H, J = 3.5 Hz), 6.93 (d, 1H, J = 3.5
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Hz), 5.75 (s, 2H), 5.29 (s, 1H), 3.62 (m, 1H), 3.60 (t, 2H, ] = 8.2 Hz),
2.16 (m, 2H), 1.81 (m, 4H), 1.59 (m, 2H), 0.98 (t, 2H, J = 8.2 Hz), 0.00
(s, 9H) ; Cp3H3oNgOSi (MW, 434.61), LCMS (EI) m/e 435.2 (M*+H) -

(R)-3-BJRE-3-(4-(T-(2-CHEW R E)Z § 5 ) £)-TH-ab 18 3
(2,3-d] B U -4- B )-1H-wt " -1- £ ) 5§ A ((R)-20) 52 (S)-3- 3 R %
3-4-U-(C-(=HREWKRE)ZEE) F E)-TH-ab 18 3£ [2,3-d) 55 IE -4-
B )-1H-o B -1-5) N B% ((S)-20)

FERAHEISERZ —REGERERF  GHSE @) 3-BRE
3-(4-(T-(Q- (= EW £ ) Z & &) B E)-TH-9 18 3 [2,3-d] 55 1E -4-
E)-IH-t-1-F)REH09) > MENXBLEAZEYI- B
3-(4-T-(C-(=HEW KR E)Z & &) B E )-TH-ab 1% 3 [2,3-d] M 1 -4-
£)-TH-nb 8- 1-E) N A ((R)-205(S)-20) : EEAE T > REB /IR0
EFZI0EFABBEAER/ D - HEIZEQ) BEGGE BELRER
BEABIKASEBEI4-6ZF) RILHEHG  LHEEREFEY
BJ > ERZERTEE  (LUHANE - FBHERE  BRESS
MEBEB T REE - RS YERERARBZEEFREv/=9/1)ZRE
) KERYBRIEREMAL  BEEWI-BRE-3-G-T-(Q-(CHEEW
WeE)Z A5 ) B E)-TH-at 08 3 [2,3-d] W B -4- 55 )- 1H-wit 14 - 1- 5 ) 5§
fE ((R)-205(S)-20) - fit{b 22 88 {1, (HPLCH1 % 2 {4 HPLC) - LC/MSEINMR
HABRHERBYIBE (% ce» HEHEMHPLCOM E -

EVIZHERBYBE (% eo) X JIE 45 Y & 4 HPLC A i i
17 - BRI EMHPLCH % » {# fJ ChiralcelChiralcel®OD-H% (4.6 x
2502 °K > STHoK) B Chiral KT AT AU B S Z S (R EFHEEES,S-
" HERE)RE Z W B (Chiralcel®0OD) - [ & #f & B # %) (R)-205
(8)-20f/ EAKTR3.0Z A7 > FIF B H10% Z BB 90% i > K B » 15
En T EHIZA/DEZRESE - UVEREE B220Z &K - B
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FR(S)-HERZBY((S)-20)E(R)-HZ EEBY((R)-20) 2 75 B8 b a4 (& 7
Fy10.357 58 (35 — B R Y i ) B2 13,157 88 (35 Z B R UR ) -

B 7 (R)-205%(S)-20 : 'H NMR (DMSO-dg, 400 MHz)3ppm 8.83 (s,
1H), 8.75 (s, 1H), 8.39 (s, 1H), 7.77 (d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J =
3.7 Hz), 5.63 (s, 2H), 4.53 (td, 1H, J = 19.4, 4.0 Hz), 3.51 (t, 2H, J = 8.1
Hz), 3.23 (dq, 2H, J = 9.3, 4.3 Hz), 2.41 (m, 1H), 1.79 (m, 1H), 1.66-1.13
(m, 7H), 0.81 (t, 2H, J = 8.2 Hz), 0.124 (s, 9H) ; C,3H;,N,0Si (MW,
436.63), LCMS (EI) m/e 437 (M*+H)E1459 (M*+Na) «

TRERAMNEAHESCERZ S ME K ERAE -

S R/ECLRS/ BE (R Hy | B§R§ | #L % FE
PR AE (C) | BH | () | (HPLC | ee | HERHEY
() THfE%) (R)-E(S)-
20

[Ru(¥-EFEERAEZE) | MeOH | 50 | 60 69 12 72.7 (S)-20
(S-C3-TunePhos)CI]CI (ZB1{H
)

[Ru(H-ERERAERE) | EtOAc | 75 | 60 19 93 38.9 (S)-20
(S-C3-TunePhos)CI]Cl (E1{H
R i)

(Ru(H-FERFEAE) | THF | 75 60 19 94 29.9 (S)-20
(S-C3-TunePhos)CI1]Cl (1
' O]

[Ru(Bf-EFERAER) |[CHXCL| 75 | 60 19 99 34.1 (S)-20
(S-C3-TunePhos)CI]Cl (&1
IR i)

[Ru(#f-BEEFESR) |CHChL | 75 | 60 | 21 97 32.7 (S)-20
(S-C1-TunePhos)CI]CI (E1E
(=)

[Ru(H-EFERFES) |[CHClL | 75 | 60 | 21 97 26.0 (S)-20
(S-C2-TunePhos)CI]CI Y
=)

C199248A doc -130-



201718591

[Ru(¥f-BFERAER) | CHCl | 75 60 21 99 17.4 (S)-20
(S-C4-TunePhos)C1]Cl 1A
' D)

[RuH-FERFERX) |CHCL | 75 | 60 21 98 7.4 (S)-20
(S-C5-TunePhos)CI]CI (E1E
=)

[Ru(H-BERFER) |CHXCL | 75 | 60 21 91 3.4 (S)-20
(S-C6-TunePhos)C1]Cl (EU1E
IR KK )

WHWMRAPRERZHEEBIMUE Y ERARIITRTX

C C ®

<o PPh, l:o PPh, Co PPh,
0] O PPh, 0] O PPh, 0] O PPh,
(S)-C1-TunePhos (S)-C2-TunePhos (S)-C3-TunePhos
0] ’ PPh, 0] I PPh, O | PPh,
0] ‘ PPh, 0] O PPh, 0] O PPh,
(S)-C4-TunePhos (S)-C5-TunePhos (S)-C6-TunePhos

RRUENEUFTHBECEARFEAELER TXE -

(S)-3- B LCHE-3-(4-(7-((2-(= FE B 5 ) Z G 7) HE)-7TH- b 18 3¢
[2,3-d] B 9E-4-2)- 1 H-mt - 1-2) T A#((S)-20). RERT > ¥(2)-3-1B%
E3-(4-(T-(Q-(ZFEW I E)Z &2 ) F E)-TH-w 18 3 [2,3-d ]85 0 -4-
2)-TH-st M- 1- B )G IE (19 » 1162 55)7F Z & 5§ (CH,Cl, » 4.0 )
PZER O RBAIEBED  DEBEHER(Y-BEERE
#)(S-C3-TunePhos)CIICl (8.5 F0)RH - A% » BRERSYMMUER
SR Z60ER Y] - K RIEREMAETST TRILEE S TR/ -
EHPLCAMB TS B R HER  FRIERSYANRESE - K

BREVZHERBYBEGEHEMEHPLCH T 534.1% ece
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(67.05%5 — (BB gl > (S)-20 5 32.95%%5 — (B Ugl& » (R)-20)

HFE CFREESGYEAFVERMEAE  UTEBRUZEHB KR
(CHClLy » SEF) M - B8 EEBRN KB T REEFZE - XK Z
MARBEBRBNVTZER)GFEHEEZESGHPLCO R ASN » BE&RERA
FIRE—ERWIEZ341%HEZZBY B E (67.05%5 — {# & U &
(S)-20 ; 32.95%%5 — {E UK UK i& » (R)-20) -

O—:—COOMe Q}_ >‘°Me
18

Nz
CgH120, W,
238115219
DBU, z 8% N=
& | r} \/
e
17 21
C,5HzN; OSi C24Ha3aNsO3Si
>F%:315.45 *F&:467.64
1 M/L*H,
O OMe OMe
H H| "
M/L*H, N-N N-N
(/ (/
. d
LLy o (LR ¥
-~ P
(0] (o]
(S)y22 (R)-22
C24H35N50;Si C24H3sNs03Si
o+ % :.469.65 2T & 469.65

(E)-3-BRKE-3-4-(T-(C-CEFEWRE)Z|E)H E)-TH-# & 3
[2,3-d] B UE -4- 5 )-1H-wb M -1- B ) N ¥% B B 5 (21). 1A 4-(1H-mib 4 -4-
H)T-{2-(ZFEWREA)Z S EIFE }-TH-wb 18 3 [2,3-d] W g (17
12.08%5 » 3831 ZBEE)B3-BREF-2- P E 18 > 8.970% » 45.97
ZBEEH  I2EE)EZHUZEH » 140Z2EF )b KBHEBZRN -
EEET RKh01,8-ZH EBH[5.4.0]+—-7-#%(DBU » 2.92=F » 19.2
ZEEH 0SEE) BHPRZIKREREYNZER TEBHE2NE -
LCMSE TR R FEM A B ESEEF » BIKGSOZF)EIN HCUK B K (202
HVERFERSYER - ELLINHCUK S REE % BRERY RIER
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EYHEAEEpH 4 - #%E > DEtOAc (2 x 100ZEF)EEUREY > LKL
PFZ A HJE DU K B0 > DABR BR B2 AR /K 8218 (MgSOy) » B8 » R IE R
BR T /R4E - 5% B % B Combiflash4i {5 (Si0, » 0-50% EtOAc/T {5
FEARE) MKBE3-BEE3-GT-(Q(ZHEWEE)Z §5)H
B )-TH-wb 08 31 (2,3-d] 05 0F -4- 55 ) - TH-mb - 1- 55 ) P §% B8 FR S (21 > 6.838
5e 0 Him £17.925 - 38%ER)  BECEETEH - BR19: '"H NMR
(CDCl3, 400 MHz)3ppm 8.93 (s, 1H), 8.55 (bs, 1H), 8.44 (s, 1H), 7.49 (d,
IH, J = 3.5 Hz), 6.86 (d, 1H, J = 3.5 Hz), 6.34 (s, 1H), 5.74 (s, 2H), 4.56
(m, 1H), 3.84 (s, 3H), 3.60 (t, 2H, J = 8.2 Hz), 2.01 (m, 2H), 1.96 (m,
4H), 1.77 (m, 2H), 0.98 (t, 2H, J = 8.2 Hz), 0.00 (s, 9H) ; C,4H;;N0,Si
(MW, 467.64), LCMS (EI) m/e 468.2 (M*+H) o

(R)-3-BRE-3-(4-(T-(Q-(ZFEW ) Z § &) E)-7TH- 1 18 3
[2,3-d] W € -4- B )-1H-nt M8 -1- 25 ) 5 B8 B9 B ((R)-22) B2 (S)-3- 38 IR &
3-(4-(T-(C- (=R EYKRE)ZEE)H E)-TH-nb 1& 3 (2,3-d] 85 1E -4-
B )-1H-wb " -1-20) N B B 5 ((S)-22)

ARAHBWSAFERZ —REGRER > EHSE(E)-3-BREA
B3-(4-T-(C(ZHEWRE)Z € )P E)-TH-wb 08 F [2,3-d] 15 1F -4-
E)-1H- M- 1-B)R BB FEQD MEXRBLEE2EYWI-BREA
3-(4-T-(C-(ZHEW L&) Z §5) B &)-TH-ab 18 3 [2,3-d] 15 IF -4-
£)-1TH-nb M- 1-E) PN BE B BR ((R)-2230(5)-22) : EHE T » AR/
MQOZEF)ZI00EF BHEABESR T - HHEZTEQD  BEGE - R
HEBERLEBE)RFTEEBE(4-6ZF) - RELBESR T EHEESKEH
BZB > WRERTEYE  KLUHANH - EBYEERE  BRE
MEVIERB T RE BREVEREARERZEEEENN = 9/1)
ZREY CRYBRERTAMLE MEED-BRE-3-G-(7-(2-(=
HEKRE)Z %u%)ﬁﬂﬁé)-m-vttﬂ%%[2,3-d]%‘ﬂm-4-%)-lH-%”¥-l-%)
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P BZ A R ((R)-2280(S)-22) » L 228 {L(HPLCEL ¥ EZ £ HPLC) - LC/MS
MREEZRHERBEYBEE (% ce» FEHEMHPLCORE -

EVZHEZRBYBE (% ee)Z HIEGFEHEMHHPLCH I #
7 - BRI EMHPLCH % » (& FH Chiralcel®OD-H&E 1+ (4.6 x 250 2 »
StoK) » B E Chiral XMTAE » IHALBEZS(HEFRIS-“HFER
B5 )2k % 2 1 B8 (Chiralcel®OD) - Wi f& ¥ Z Y (R)-2254(S)-22/4 A K
R30Z N FIFAEBEI15%ZEH8S% I 2 REMHE » EEET > F
FRIZF/EZRESE - UVEANE R B2S4ERK - BROS)-HEER
BY((S)-22)EA(R)- B E EBY((R)-22) 2 5 & 5 Fal A4 (8 A B 5.3 70 88 (3B
— 1B R Wi e ) B 8.2 07 5 (55 {8 R Wi ) -

28 A (R)-228((S)-22 : Cp4H35NsO3Si (MW, 469.65), LCMS (EI) m/e
470 (M*+H)E2492 (M*+Na) o

TRAEBEBMNEAEBEERZ WA RERE

S B/Bofrrs/ AEl | CRE | Hy | BER | #YL % TE
R E (C) | BB | () | (HPLC | ee | HEREY
&) ETE%) (R)-E(S)-
22

Rh(COD) CH)Cly | 50 60 17 99 93.1 (S)-22
(SSRR-TangPhos)(BF,4) (E1E
IR Sl )

Rh(COD) MeOH | 15 60 67 99 92.7 (S)-22
(SSRR-TangPhos)(BF,) (E1E
U]

Rh(COD) EtOAc | 15 60 67 99 89.7 (S)-22
(SSRR-TangPhos)(BF,) (E1{E
IR lEE)

Rh(COD) THF 15 60 67 99 90.1 (S)-22
(SSRR-TangPhos)(BF,) (E1{E
()
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Rh(COD) CHCl | 15 60 67 99 95.9 (S)-22
(+)-DuanPhos)(BF,) (B 1{E
IR U e )

Rh(COD) MeOH 15 60 67 99 923 (S)-22
(+)-DuanPhos)(BF) (BEYA
R ST )

Rh(COD) EtOAc 15 20 19 99 97.9 (8)-22
(+)-DuanPhos)(BF,) (E1E
IR )

Rh(COD) THF 15 20 19 99 97.0 (S)-22
(+)-DuanPhos)(BF ) (B1{F
R YA )

Rh(COD) EtOAc | 35 20 21 25 95.1 (R)-22
(-)-DuanPhos)(BF,) (2(E
Ok i)

Rh(COD) THF 35 50 22 73 947 (R)-22
(-)-DuanPhos)(BF,) (52{H
Lrd=9)

WIRM R P AT E R 2 B EME B 2 SR GIITR T

o¥e
TNEN A

(SSRR)-TangPhos (+)-DuanPhos {-)-DuanPhos

R BB T BB G AR F RSN T -

(S)-3- B L 2-3-(4-(7-((2-(Z B E B f258) Z 5 ) 69.2)-TH- ot 1 77
[2,3-d] BEUE-4-2)- LH-w -1 ) B B B ((5)-22). MELR T » 18 (E)-3-
BRE-3-(4-(-(Q-(S B EW ) Z 8 5) T £)-TH-k 18 3 [2,3-d)%
e -4-2)- 1H-oi 8- 1 -2 P 47 % B B (21 109 52)1E B B 2 B (EtOAc -

CERA)F ZHE R REHNBEBS & MU 8BE
[Rh(COD)(+)-DuanPhos|(BF,) (5.5 )M HE » A% > BERS WL
BAMBE20EES - BRIEESWESE TR GBS THEE19/
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i - EHPLCOMBARRZBEC T2 MR  FRERGWATIREZE

- RIEBREMZHERBYBEEGEHZMHHPLCH 1M E &
97.9% ee (98.95%%55 — (B % UL & (S)-22 ; 1.05%55 — (B 0% Ut & (R)-22) -
BEZ ERERGMEEEYZEBIE WKER UK Z 5 (EtOAc
SEF)SEM - Ak ERBEN KB T REZLE - FI R Z BFKAAE
RBOSER)GERHEMHPLCOT A BE&EREREFNE—E
R EZ97.9%H Z ZIEY) B E (98.95%3 — (AR UK & (S)-22 5 1.05%%
B 9% U i (R)-22) -

(R)-3-ZR G #-3-(4-(7-(2- (= FE B S5 ) Z F ) FE)-TH-wt 15
[2,3-d] B GE -4- 2 )-1H-mt M -1-2) N B FAE((R)-22). MERT » &
(B)-3-BKE -3-4-T-(Q-(=ZFEW I &) Z & &) B &E)-TH-wb 1% 3
[2,3-d]Wg 0E -4- 25 )- | H-wib D48 - 1 - ) P9 5 B B B (21 > 8152 5¢)7E [0 & ok 1P
(THF » BOE A )P Z B R > PEBINEHEF > LB E
[Rh(COD)(-)-DuanPhos](BF,) (4.6ZT)EHE » A1k » K IERS YU
SRMBESIERS - BRERESWEIST TRILER I T#HE22/
i - EHPLCO MBI R EC A P2 HHE FREREYM SRR
o RERGEMZHERBYBEGEHEMHPLCH i M E K
94.7% ee (97.35%%F — {B R Yl (R)-22 ; 2.65%5 — B 0 Ui & (S)-22) -
BE O PRERESYEBEEWEEERE - WKE R V0S4 (THF

Z)VRKE - Ak FRENBRB T RERLZE - Fi k2 BFKE
BOBER)GERHEMRHPLCOM AT BEERBEREFAREZ
B W 2 94. 7% H E R BB E(97.35%38 — [E R W& (R)-22 5 2.65%
55 — {8 9% U & (S)-22) -
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R) OMe

o Ry J)—NHz
N-N LiOH N~ N CDINH,OH N
T IO SO RY
SN N s|\ N N7 N /\/Si\
L | 5
(RF22 (R)-23 (R)-24
Ca4H35N;05Si C23H33aN50;Si C2HaNgOSi
¥ :469.65 »F&: 45563 >+ 45464
0 %R)f“ Qw’ n oV
M N-N N-N NN
c” el i
Ch I LiBF4 I NHOH A 5% P
TEA DMF | )
N N NZ
Gy x| R S Ly
NN S SNTN NN
g o
(R}20 (R)}-25 (R)113
Cy3HoN; OSi CygHxNO Cr7HieNg
#¥%: 436.63 TR 336.39 _ ST E: 306,37

(BR)-3-RRE-3-4-(T-(C-(CZEHEWHRE)ZEHE)H E)-TH-w 1%
F [2,3-d] % BE -4- 5 )-1H-wt M -1- 5 ) I B ((R)-23). 7 BR)-3-E [k &
3-(4-(T-(Q-(=ZHEWKRE)Z & E)F E)-TH-k 18 3 (2,3-d] B I -4-
E)-1H- M- 1-B) R B FB5 ((R)-22 > 2.47% » 526 B H)ETHF (30=
P ZERAEBRA EER T FINEE L EKES Y (LiOH-H,0 -
26525 > 631EEE » 128 &)EKISEF)FZEE - BRERS
MHEE R THEAEI/NE - ELCMSERKEE AN » 32 > LLIN HCI
KBEBRERERESYBRIEEPH S » 8% » #§H LUEtOAc (2 x 25 7)%
B DKM E OFZ AHE - DR BR 8RR /K 82 1% (MgS0,) » 1B IK -
RIEBBTRE  MBGR)-3-BRE-3-G-(T-(Q-CHEWEE)ZE
2 )& )-TH-wb 0% 31 [2,3-d | 0 -4- 5 )- T H-wb P4 - 1 -5 P9 B8 ((R)-23 > 2.40
5 B £2.40% 0 100%ER) hEGH  EANESER EZET
REZFEL - B (R)-23 1 '"H NMR (CDCls, 300 MHz)8ppm 8.95 (s,
1H), 8.95 (bs, 1H), 8.36 (s, 1H), 7.57 (d, 1H, J = 3.7 Hz), 6.99 (d, 1H, J =
3.7 Hz), 5.74 (s, 2H), 4.65 (dt, 1H, J = 3.1, 10.3 Hz), 3.58 (t, 2H, ] = 8.2
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Hz), 3.24 (dd, 1H, J = 16.5, 10.3 Hz), 3.04 (dd, 1H, J = 16.2, 3.1 Hz),
2.59 (m, 1H), 2.00 (m, 1H), 1.77-1.24 (m, 7H), 0.97 (t, 2H, J = 8.2 Hz),
0.00 (s, 9H) ; C,3H;3N50,;S8i (MW, 455.63), LCMS (EI) m/e 456.1
(M*+H) -

(B3R)-3-B K E-3-(4-(T-(2-CEREY KR E)Z S E)F E)-TH-w g
¥ [2,3-d) W UE -4- %5 )-1H-nk M -1-5 ) N B B2 ((R)-24). 2 (3R)-3-38 K &
SB3-G-(T-(Q- (=R EW IR E)Z & 5)F £)-TH-ok 1% FF [2,3-d] 1% IF -4-
E)-1H-abME-1-2) A BE ((R)-23 » 202 5% © 0.044Z X EH)EDMF (1€ H)
b KBHEARAN > EERT - RIONN-HE kW (CDI > 21E R -
0.3ZEEE 30ER) #ZE FRERSYWNZERTEE  HFEHATLC
DUEHERA R BR B vk B 2 I FE (B 2 JHFE B REEEE » ER30%
EtOAc/THt) - ETLCEREREAWLEE T T RIF - Ak FERALEE
BB B BR300 E  MSHEGELCMSER) - BERR
HEHFESRIERLBBRMALRE - KDMFP ZHEMGR)-3-]RK

E3-4-(T-(2-(ZREWIRE)Z EE)FE)-TH-ab 0% 3 [2,3-d] ¥ IE -4-
E)-1H-wb B -1-E )RR (R)-2OEFEH N T MK E - BLEEEE
((R)-24)85{L ¢ H AH FE Z 5 ((R)-20) -

GR)-BRKE-3-(4-[T-Q-=Z=F EW i & 2 & & F E)-TH-aL 1% 3
[2,3-d] 0% BE -4- B ok M -1- B } PN AR ((R)-20). J575A. R (3R)-3-IR K £
SB-@-(T-(R(=Z=HEW R E)Z & &) P £)-TH-nb 18 3 [2,3-d] 1% UE -4-
E)-1H-ob 8- 1- B )N EE B (R)-24 » 20257 » 0.044Z E H)EDMF (12
)P EBREBRA > FOCT » RMZEFHR(ZEA)E=ZHE(0.12
Z2H088EEE 2008 8) HEREL=ELF(0.0522 7 - 0.462
EEH105EE) B RZRERESYEOC TR /N -
LCMSEE/R R FEE SE R » DLEE FIBR B R 898 I (NaHCO; » SEF)ER
FEREYER » R1BLEOAc 2 x 10Z2FH)ZEE - & HZ B HKE LI E
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FKGEME - DABRBR SRR K20 (MgSOy) » B8 - RERB TRE - H1
HYFER BT AL - EF0-75% EtOAC/T IR B E 5 8 > 18 (3R)-I8
JRE-3-{4-[7T-Q-ZHEW IR & Z £ B E)-TH-0t 1% 3£ [2,3-d] % 0F -4-
-1 ((R)-20 > 10T » B3 L1935 > S3%ER) - IR
(R)-20 : '"H NMR (DMSO-dg, 400 MHz)Sppm 8.83 (s, 1H), 8.75 (s, 1H),
8.39 (s, 1H), 7.77 (d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J = 3.7 Hz), 5.63 (s,
2H), 4.53 (td, 1H, J = 19.4, 4.0 Hz), 3.51 (t, 2H, J = 8.1 Hz), 3.23 (dq,
2H, J = 9.3, 4.3 Hz), 2.41 (m, 1H), 1.79 (m, 1H), 1.66-1.13 (m, 7H), 0.81
(t, 2H, J = 8.2 Hz), 0.124 (s, 9H) ; C,3H;,N0Si (MW, 436.63), LCMS
(EI) m/e 437 (M*+H)B1459 (M*+Na)

(BR)- 3] K £ -3-[4-(TH-wt 1 3 [2,3-d] B U -4- £ )mb M -1- 2 | K
Fr((R)-13, BHARER). H5AB. EEET » ROR)-BRE-3-{4-[7- 2-
=HEWG A Z EEFE)-TH- 08 3£ [2,3-d] B 0E -4-E w8 - 1- 2
Ar((R)-20 > 463757 » 1.06BLH > 98.6% ee)fE Z b (4.57) F Z B M » iR
A07K (40022 Ft) » #2517 B & U 4. 01 B% $8 (LiBF, - 987.9%5 > 10.5& E »
10.0E &) - MARIAKE » #EKEIEREZEEEREIC  £UE
T B% s (LiBF, )R JOHA R » ARBIEIEIZC - BAERZ KIERESY
MMEET(QYB0CT)BE - NEEEE Z B/ /K PERMRE > BELCMSE
TLC (95:5EEH8 ZBs/H BF » v/v)FESE » B LCMSEATLCS 1 s IR AL B
ZPEV(R):-2)VEFMUE T 2 ERFEEZYWE (R)-13, HHER)
W% BEEENER-20ETTEH  FRERSYERTANE<SC
#E - BEAI20%E & 158K 8K (NH,OH » 450Z ) » DB EE
BEVZPHEZEY (MpHGRHER) > BB 48 BEKERSYEEHE
MREZR > REERTEEBE - RWERZEKDERDEE 5
EHLCMSEITLC (95:5BEBL Z B/ ES > vIV)BESR DI 2 £ (72 o
ELCMSHTLCETR R EH A BERKIE  BERKERSY) » 0% Ee
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DAZREQF) RS - Rt FEHZBRNBRBTRSG  LEREWR
BE B% Z B5 (EtOAc » 6B MBI /KA Z HFE S RERE « 77 B WK
& HUBEBE ZBEQA)ZERUKE - & 6F 2B # 8 DL E s R ik B2 & 8
(NaHCO; » 3F) BB /K 3F )M » LABR BR S IR 7K B2 82 (Na,S0y) » K IE
BEBTRE BESHEY RAEEH -#ZE  BHEYEESZEXE
T &ML (Si0, > 40 100%BE B% Z Bs /B e b6 FE 5 B ) > T 8 (3R)-ER K

B -3-[4-(TH-wib 1 3£ [2,3-d] B 0E -4- B )mb M -1 - EL TR BE((R)-13, B H&&
g 0 27352 0 i £324.9% 0 BA%NER) REGEEY - WWEGE
°F NMRHFESD » DARE (R 4% /U & 0 8% 88 (LiBF, )& T » H#E B E 4% HPLC
(Chiralcel®OD » 90: 102 52/ 2. %) » DIMER W E REAE » k(W E
RE—F Mt UNEEHEEZSESE - MR ®R)-13 (BHE&H) - 'H
NMR (DMSO-dg, 400 MHz)8ppm 12.1 (bs, 1H), 8.80 (d, 1H, J = 0.42
Hz), 8.67 (s, 1H), 8.37 (s, 1H), 7.59 (dd, 1H, J = 2.34, 3.51 Hz), 6.98 (dd,
1H, J = 1.40, 3.44 Hz), 4.53 (td, 1H, J = 19.5, 4.63 Hz), 3.26 (dd, 1H, J =
9.77, 17.2 Hz), 3.18 (dd, 1H, J = 4.32, 17.3 Hz), 2.40 (m, 1H), 1.79 (m,
1H), 1.65%F 1.13 (m, 7H) ; C;;H,sN¢(MW, 306.37) LCMS (EI) m/e 307

(M*+H)
PPh3P=CHCHO
27
CaoH170P
I:>—CHO 23 %:304.32 O—//_CHO
ENF
26 28
CeHyoO CegH1,0
> FE:98.14 3 :124.18

QE)-3-BRERNBEQ2S). EZRT  R=FEZTEBRE)ZE
(27 62.7555 0 20002 EE > 1.0 2)EHE/KEKUOOETF » 4476ZFE H)
hZ B RIERA > RINBESERFE (26> 2136 T > 20002 X
H) - BZ BAPRZIRERSYHESNC TIMELI6/NEF - ETLCHA
HPLCE TN EM R BT T  ERERSYERE T RE - A%
16 78 B8 ) #5 B8 Combiflash (SiO,) E # 461k (i 1 0-10% EtOAc/T e 6 &
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AHE 0 TS (E)-3- B LA HEE (28 0 14.45% » B3 24.8457 5 S8%%E
) BREGM - B28 1 'H NMR (DMSO-dg, 400 MHz)Sppm 'H NMR
(CDCl3, 400 MHz)89.49 (d, 1H, J = 7.8 Hz), 6.82 (dd, 1H, J = 15.6, 7.8
Hz), 6.08 (dd, 1H, J = 15.6, 8.0 Hz), 2.72 (m, 1H), 1.89 (m, 2H), 1.67 (m,
4H), 1.44 (m, 2H) ; CgH,;,0 (MW, 124.18) LCMS (EI) m/e 125 (M*+H) o

FaCu o\ -CF

i R
- /{3 C5H3BI’F5

O&e) 0 a QR) o Br  #%%:203.00

N oH KaCOs, MeOH 0 EPiMGC, THF
(R)}-29 (R)30
CsHoNO, CgH15NO,
211513 »FE:20122

KOH
MeOH, &
CF CF
(Rr32 8 (R)33 " °
Ca2H1aF12NO, Ca1HysF12NO
»% & 551.32 27 E: 5233
TESOT TBDMSOTf
26-=F Stz TEA
Fa
CF3,
TMSOTH
CF3 CF,
TEA, CHzC|2 N
S .’O . .
|
A CFy (\\ CF3 7(\ CFy
(R)-34 (R)-35 {R)-36
C,HF,,NOSI Ca7HooF ;,NOSi CopHooF,,NOSI
53 %:597.51 % %:639.59 »%&:639.50

(R)-THm mbig-1,2- " 5 B 1- Z K 2-FH B (R)-30). fEZE T » AD-
A B B8R (R)-29 » 13.955%% » 120.0% B3 B ) B % 5% (K,CO; » 33.1735 >
240025 F > 2.08 8)1E /K F B2 (MeOH » 240EF > 5925Z & H )b »
ROCTZEBMHBIZRA  RNEPHEZEQ8.4ZF » 288 EH
24EE)-FHE R RZKIERSYRN E8 T 18/ - ELCMS
BUNRIER B RETHE » RKBTREBEE - K% BFRERE
W) LK (B0 T1) 2 8 FINaHC O3 /K 35 R (S0OZ F+ ) B - 3% [ EtOAc
(2 x T00EF)ZEE - & HF 2 B HIE LUK R HR - DURG BS $2 IR /K 85 18
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(MgS0,) » BIE » REMB TR - BEAQR)-TUEwIg-1,2-
1-Z, £ 2-E 5 ((R)-30 » 18.792%% » B ih £24.14%5 » 77.8%ER) » B
B S5 - B (R)-30: 'TH NMR (CDCl;, 400 MHz)8ppm 4.35 (dd, 0.5H,
J =8.7, 3.5 Hz), 4.28 (dd, 0.5H, J = 8.7, 3.7 Hz), 4.13 (m, 2H), 3.72 (s,
1.5H), 3.70 (s, 1.5H), 3.59-3.41 (m, 2H), 2.20 (m, 1H), 2.01-1.86 (m,
3H), 1.25 (t, 1.5H, J = 7.1 Hz), 1.18 (t, 1.5H, J = 7.1 Hz); CqH,sNO,(MW,
201.22), LCMS (EI) m/e 201.9 (M*+H) -

(7aR)-1,1- 8 3,5- B (=& F &) F £ ) U & ot 18 7 [1,2-c]*F B
-3(1H)-E((R)-32). M35-#F(ZHFE)VAFEGL ) 152FF » 60.0EH
H 3.088)EM/KTHF SOZEM)PZEBHEBEAN - FOCT » B
ANIN2.0MSE A £ &1L 8 (iPrMgC)E W & & (THF » 31.5Z2H)F 2 &
R B ZREWEIC TEAEUNE » REBMVOTCT » BA(2R)-T
FbIE-1,2- "5 1-Z 5 2-FH B ((R)-30 » 4.02475 > 20.0Z E H)F /K
THF (4EF)FZBRBFRE - RAINE  BRIKSE KR IER
EYMEZE65C » AR65C THEAS/NE - ELCMSETRKEHELRD
SEREF » DB FINH,CIK B R (1202 ) E K FER & ¥ 8 R » i LLEtOAc
(2 x 100EF)ZEW - BEH ZAHE UKL - DUBT BE 8% 1R /K 82 18
(MgSO,) » B8 » RERE TR - MEHE(7aR)-1,1-8(,5-8 (=&
B L) K B )T & mb 0% 3 [1,2-¢]»% -3 (1H)-Fd ((R)-32 > 11.035% » 100%) »
BERED BHEEEARERERE  &FE-DAL - BHRER
(R)-32 : C,,H,3F,NO,(MW, 551.32), LCMS (EI) m/e 552 (M*+H) o

QR)-2(35-B(ZH P E)FE)(HUA kg -2-5)F FE ((R)-33). £
ZEom 0 R (7aR)-1,1-E G5- B (=& H & )FEE) I« k1% If
[1,2-c]*2 M -3(1H)-FH ((R)-32 > 11.033% » 20.0% 5 H.)7f B §Z (MeOH » 80
B I9ISEER)PZEBHEBRA  AIIEESELFHF (KOH: 3.366
7% 60.0EEE 3.0EE) KA ZBERERSYMEZ65T »
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WH6ST FTHH22/NF - ELCMSERNERE AT R > EKE
BEVRNEZER REBEERBTRSER - 22 BEEWLLK100
EF)EHE > HIAEtOAc (2 x 100EF)FER - & ff 2 A8 DB K %
Mo DABRER SR MR KEZ R (MgSO,) > #BIE » RERE T BE - Rk B
5% B ¥ %5 B Combiflash (Si0,)&li{k > {5 FH0-30% EtOAc/C I i E i B -
M5 (2R)-& (3,5- 8 (= & F &) F AL ) (MU & wk 1% -2- £ ) B iE ((R)-33 » 8.30
50 B E10.513T » T9%ER > BE2ESE) A5 aEEEE - 5
7 (R)-33 : 'H NMR (CD;0D, 400 MHz)8ppm 8.24 (s, 2H), 8.16 (s, 2H),
7.85 (s, 2H), 4.49 (t, 1H, J = 7.7 Hz), 2.92 (m, 2H), 1.74 (m, 2H), 1.67
(m, 1H), 1.55 (m, 1H) ; Cy;H;sF),NO (MW, 525.33), LCMS (EI) m/e
526.0 (M*+H) -

CR)-2-BBS- B ERAFE)-ZEICHFEWRE)EE-H&MD
bl (R)-34). J°(2R)-%E (3,5-% (= 4 B9 5 ) 36 £ ) (PU 4, b 1% -2- 2% )
FE((R)-33 > 8.307%% » 142 HEH)H = Z 7 (TEA » 5.98Z=F » 42.6= &
H 30EE)EHK ZEFLH(CH)CL, » S6.0EF » 87T4ZEH)th 7 &K
BABRA > FOCT » MII=H FhetEis = H AW 5 & B (TMSOTS »
3892 > 2132 EE - I15EE) - BAERZKERESWEIC T#
LN - ELCMSEURR IEH R B E TR EE - BIKBOZF)E K ER
SY)AER, > WELLEtOAc (2 x 100EF)ZEE - G & ff 2 F /G DB K 2k
Mo DAWEER SR AR /K EZ R (MgSO,) » MK - RERE TRE - BRIy
# /1 Combiflash (SiOy)4fi{E » EFH0-10% EtOAc/TItEE B E - EE
QR)-2-HDBS- B EFFH)FECHFEWIRE)E £ |F E U118
(R)-34 > 6.869%% » B 8.485% » 81%AER) » ABETHS G K - B
72 (R)-34 : '"H NMR (CDCls, 300 MHz)3ppm 8.08 (s, 2H), 7.92 (s, 2H),
7.84 (s, 2H), 4.32 (t, 1H, J = 7.2 Hz), 2.98 (m, 1H), 2.63 (m, 1H), 1.79
(m, 1H), 1.58 (m, 2H), 1.20 (m, 1H), 0.00 (s, 9H) ; Cy,H,;F,,NOSi (MW,
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597.51), LCMS (EI) m/e 598.0 (M™+H) -

(2R)-2-%[3,5- B (SR FH)EEC ZEWER)EE]-FHEIE
A% (R)-35). 7 (2R)- (3,5-% (= & B 25) 36 45 ) (V0 45, b 1 225 ) O e
((R)-33 > 3.8323% » 7.294Z B H)Ei2,6-— AL ok IF (4.27ZF » 36,55 &
H > 5.0% &) MK HF 5 (CH,CL 15,085 > 234ZHE )] > &
BT EOC T FRI0S 5B BB BS = Z % B 5 s (TESOTE » 5.0
B 209EHE 305 8) - BFERZRERS YN S E T #E
/N o % LCMSHET K FE# 38 B B 5 i BF » L8 FINaHCO, 7K 75 3% (70
B EREREWAER » MEOAC (2 x SOEF)ER - 452 B
B BABR K %+ DUBR B B2 AR K 8508 (MgSO,) » 1B » R AE B T s -
4 5% & ¥ %6t Combiflash (SiOn)%i{E » EFI0-10% EtOAc/T i fE 5
B - 1613 (2R)-2-4[3, s-mzﬁEﬁﬁ)ﬁiﬁn(zzgwﬁ%yﬁ%wg@
oI5 (R)-35 > 4.5755% » B3 14.6655 » 98%ER)  ABERHES
43 7% - B 1Y (R)-35: 'H NMR (CDCl3, 400 MHz)6ppm 8.06 (s, 2H), 7.86 (s,
2H), 7.76 (s, 2H), 4.29 (m, 1H), 2.94 (m, 1H), 2.53 (m, 1H), 1.83 (m,
2H), 1.53 (m, 2H), 0.85 (t, 9H, ] = 7.8 Hz), 0.34 (q, 6H, J = 7.8 Hz) ;
C,7H,4F,NOSi (MW, 639.59), LCMS (EI) m/e 640.0 (M*+H) -

(2R)-2-(E(3,5- B (SR FE)EEE=-TECHE)WRE]-&
B B L) U0 4R ik B ((R)-36). 7 (2R)-%8 (3,5- 88 (= 45 B 25 ) 36 26 ) (U 4 ot
18 -2-E)EHEZ((R)-33 2 1.0515% » 2.0 EH ) = Z B (TEA > 1.68=ZF >
120X E > 6.0%B)ERK - ETFRGOBF » TSEHE) b > i
BRA EOCT  ANCZHFEEBE S - TE - BEAWEE
(TBDMSOT » 141 > 6.0EHE » 3.058) - ¥R ZKIERS
IR 2R T B HE20/NBS » ZATR 7E100°C T AN 24 10-20/1N6 - % LCMSEE &
K B8 B E S B LUK GOEF)ER FERS M EH » I BUEtOAC (2
x SOEFH)EE o Y& fHF 2 B M DL AK e - DLIR % 8% AR /K 2 1
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(MgSO0,) » I8 > RAEBKEE T RS - 1§58 % ¥ $5 tH Combiflash (Si0,)4H
&> fER0-10% EtOAc/T it E S - 15 (2R)-2-(£[3,5- 28 (= & =
E)RENB=Z-TECHE)WREIEEF L) UG ((R)-36 + 1.167
%o BEm E1.279% 0 91.2%ER)  BEEEEEER - BR(R)-36
'H NMR (CDCl3, 400 MHz)3ppm 8.09 (s, 2H), 7.87 (s, 2H), 7.75 (s, 2H),
4.33 (m, 1H), 2.98 (m, 1H), 2.54 (m, 1H), 1.86 (m, 1H), 1.70 (m, 1H),
1.56 (m, 2H), 0.95 (s, 9H), -0.21 (s, 3H), -0.45 (s, 3H) ; C,,H,,F,,NOSi
(MW, 639.59), LCMS (EI) m/e 640.4 (M*+H) o

F3C.

8%
N (J
H 0
[ 4 [
CorHxF12NOSI
: //—CHO Nk/ T »% & :639.59 Nk/ T
+
SN NL 4-NOxPhCOZH, CHCI,, 1t >N N\\ 3\\6
o) o)
Cﬁs o 5 (R)-37
gH12 C1s5H17Ns0, CaaH2N504
2712418 5% 20033 i E D351

N =N
¥
NH,OH/,
———- N/
THFH,0 K N
N '\L(i\\é
(o]
(R)-12
CxnHagNgO;
2+ 420.51

ZHERROR-4-(1-1-3 R & -3-F & K £ )-1H-nt 1 -4-
£)-TH-wk 1% 3¢ [2,3-d | B2 -7- 55 ) B B ((R)-37). 1 (2B)-3-1B IR B 7 1
(28 345E 5 > 2502 EH » 5.08 &)« (2R)-2-%[3,5- 8 (S H HE)¥E
EEZEYRE)EEIFETEE AL (R)-35 1627 0.025ZHEH -
0058 ) R4-HEFFHEU3ER > 0.025ZHE » 0.05% B)EEKE
{5 (CHCLy > 2027 » 25BEE) P 28K » REBTEEISE - &
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&A= B A B BE [4-(1H-wb M -4- 5 )-TH-wik D& 3% [2,3-d |05 0 - 7- 5L | F B
(5°0.1503¢ > 05022 H) - BN Z KIERSYNE R T #H#23/)
i - FLCMSE TR EHM A RETEHE  EREREYERRB TRE -
i 5% B ¥ %% fH Combiflash HE 4l (L » {£ 5 0-80% EtOAc/T i B B
BE > M =F ABBE(R)-4-(1-(1- B K £ -3-F & N & )-1H-at 1 -4-
B )-TH-wb B8 34 [2,3-d]ME 0E -7- 2 ) R B (R)-37 » 169 % » H i £211.8
B3 80%ER)  HREGERY - MR (R)-37 1 Cp3HygN;0;(MW,
423.51), LCMS (EI) m/e 424 (M*+H) -
ZHERER®R-4-0-QC-AE-1-RKE Z E)-1H-at W -4-F )-
TH-wt B& 3F [2,3-d] W5 Be -7- % ) B B ((R)-12). J57AB. R=F E B &K
(1R)-(4-(1-(1-BB LR £ -3-Fa AL R A5 )- 1 H-mb 14 -4- ) - TH-w 1% 3 [2,3-d ] E
0E-7-E)F B ((R)-37 » 169Z 5 » 0.39Z EEB)E N <M (THF » 1.2%
o ISBEEE)RPZARA  EERT » HIIEE b NHOH)FE K
Z1AIMBIR(2ZF)  #E B, 11225 » 0.439E8EHE » 1.1%
B) KRR ZRERSYNRERTEA257E - ELCMSERKIE
WA BT TR > BL10% Na,S,0 KB R(0ZEM)EREREWER
RN1R BLEtOAc 2 x 1SEF)ZEE - K& 2B HE B KER > IRk
IR 7K E2 B (MgSO4) » 1B IR » K 7E Bk BE N R 48 - 16 78 ¥ ¥ #£ B Combiflash
(SiO) &1k » £ 0-60% EtOAc/Tit B E A > ME = F AR
(R)-(4-(1-(2-F B -1-BB IR B 7 EL)- 1H-aib 8 -4-55)- TH-wb 1% 3£ [2,3 -d |15 B
-7-Z)HBEE((R)-12 > 14562 5% » HEHiw L1678 % » 86.8%EX) » K
mEEERY - |
BEHEMHPLCH A » HE(R)-12ECS)-2ZWEHEREY Z
BE MM E T - A Chiralcel®OD-HE (4.6 x 25023k » SH#K) »
ERUNEE RS2 (HERRIS-ZFEFHRB)ZEEBZY B
(Chiralcel®OD)- & B Chiral# fif A E.lWE%%EJ%WR) 1282 (S)-12)
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AR SZ BN » FIAE E10%ZEEHI0% S > R » =8
P ERHIZEA/DEZRESSE UVEIIR R B220Z/MK - AEiE
[ R EA R 14. 153 8 » N (S)-12 (B —ER UL ) » 8118.7453 58 » R
(R)-12 (38 (R Ug &) -

B (R)-12 © JEHZ MM E(993HE% » FEHPLC » 1£220Z #4K
TEAD  HEM AR (94 9EHE % FEHEMHPLC; 89.8% ee); 'H NMR
(DMSO-dg, 400 MHz)3ppm 8.84 (s, 1H), 8.78 (s, 1H), 8.39 (s, 1H), 7.74
(d, 1H, J = 3.7 Hz), 7.11 (d, 1H, J = 3.8 Hz), 6.23 (s, 2H), 4.53 (ddd, 1H,
J=9.9,9.6,4.2 Hz), 3.26 (dd, 1H, J = 17.4, 9.9 Hz), 3.19 (dd, 1H, ] =
17.2, 4.3 Hz), 2.41 (m, 1H), 1.87-1.13 (m, 8H), 1.07 (s, 9H) ;
C23HgNg0,(MW, 420.51), LCMS (EI) m/e 421.4 (M*+H) -

CorHagF 2NOSI
O_//—CHO \ Nk/ B \ ¥ #:639.59 Nk’ B \,
X / -
NN S aNoyPrCOM PhCH,  SNT N ~

] 17 (R)38
CeHy 0 C15H;1NsOSi CxHasNs0,Si
»FE:124.18 >+ 8:315.45 »+%:435.63

/
NH OHl,
THFH,0 Nl: B \

(R)-20
Ca3HaNgOSi
> +¥:436.63

(GR)-3-B RE-3-[4-(T-2-(ZHEW I E)Z 5 F &E-TH-wb 18 3¢
(2,3-d) i UE -4- 25 )-1H-wb M -1- 55 | 75 B ((R)-38). ¥ (2B)-3-3B L& W 1%
B£(28 0 32727 > 250EHEH » 5.05 8) » (2R)-2-%[3,5- % (=S 5 H &)
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FENEZ2EWHRE)EE]FENE®E((R)-35 325 > 0.050EH
H 01088)R4-HEFXREGSER » 0.050EEE » 0.108 )7 M
KERGOEF  4TZEEF )P Z2BK  REBTEEIONE  AREA
f04-(1H-wt M -4-F)-7-R(ZF EW I E)Z & EF E -TH-a 1% 3
[2,3-d]M%BE(17 - 158F 5L » 0.50EEE) - KA ZRERESMNE
m N EH24NEE c ELCMSETRRER R AE K - ERERS
TERE T RS - K72 B ¥ %5 B Combiflash (Si0,) H #E4i{L » (FFH0-70%
EtOAc/TCiEfh E A B > BB (BR)-3- I KE-3-[4-(T-2- (=R EW it &)
Z & EE | B -TH-ab 08 3£ [2,3-d] W IE -4-25)- 1H-mt I - 1 - BE | B2 ((R)-38 >
1841255 » By L2198 57 » 83.8%EXR) » AR HEHFEH - BN
(R)-38 : C,3H;3N50,Si (MW, 439.63), LCMS (EI) m/e 440 (M*+H) o

GBR)-BKE-3-4-[7-Q-=Z=F EW i & Z & & B A )-TH-wb g 3
[2,3-d] 5% BE -4- 5 |mb M -1-F } A B ((R)-20). J57AB. R (3R)-3-IR K &
S3-[4-(T-R(=ZBEW IR E) L & EH & -TH-wt 0% 3 [2,3-d] 1 IE -4-
E)-1H-o 0 -1- A ] B (R)-38 » 184 57 > 0.418%2 E H ) 7E U &k I
(THF > 12EF - 1ISEEF)P ZKBHEBRN  £E80T » A014.3M
FEENHONEKPZER(A2ET)  #ERBR, > 1172
0460EHEEF  1.1ER) B ZRERSYNEATHEHEIONHE -
ELCMSE RN EE EAHF » LL10% Na,S,037KE R (102 7H)(E X FEIR
EYER 0 AR1BLIEtOAc 2 x ISET)EE - R EHZEHKE E /K%
B DABRBE SEAR K2 e (MgSOy) - BIE - RIERB TR - HE - &
5% B8 ¥ % HH Combiflash (Si0,)%fi{L » £ H0-50% EtOAc/T b i 5 B -
BH/OGR):-BEE-3-4-[T-Q-=ZFEW k& L& A& R E)-TH-at 1% 3
[2,3-d] W OF -4- Bk Jmb M- 1-BL ) R BE((R)-20 » 148.9F 3¢ » B L 182,58
o 8l6%NER)  RmEIHEE -

EV((R)-20ZHERBYBE (% ee) ZHEARFEHEMHPLCY
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T - BEY ZEMHPLCH % » {# A Chiralcel®OD-H& K (4.6 x 250
2K SHOK)  BEChiral il AT HMANBES S (BREBES,S-
— HERE)EE ZW B (Chiralcel®OD) - R & ¥ % £ # % (R)-20 5,
(8)-20{% LARFA3.0Z fEAT > RIS B 10% Z B BI0% ke > B 8i o 15
ERmT ERIZEA/SEZRESE® - UVEELEE B220Z 50k - B
REO)-HERBY((S)-20)HR)-H & B ((R)-20) 7 75 57 1% B {4 8 7
F510.357 58 (55 — B R g 1) ER 13,153 $8 (55 — (A 0% g &) -

BRI (R)-20 © JEH ZMEAE (99.0 F8 % » FEHPLC » 1E220% 43k
TR HEM A (94.4EE % > FEH EMHPLC: 88.8% ee); 'H NMR
(DMSO-dg, 400 MHz)3ppm 8.83 (s, 1H), 8.75 (s, 1H), 8.39 (s, 1H), 7.77
(d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J = 3.7 Hz), 5.63 (s, 2H), 4.53 (td, 1H, J
=19.4, 4.0 Hz), 3.51 (t, 2H, J = 8.1 Hz), 3.23 (dq, 2H, J = 9.3, 4.3 Hz),
2.41 (m, 1H), 1.79 (m, 1H), 1.66-1.13 (m, 7H), 0.81 (t, 2H, J = 8.2 Hz),
0.124 (s, 9H) ; Cp3H;,NgOSi (MW, 436.63), LCMS (EI) m/e 437 (M*+H)
#1459 (M*+Na) «

A
0
(0]
R H
N-NH Co7HxF1,NOSI He

J—CcHo P 27 %:639.59 N NH,OH1,
+ ————
O_/_ S) 4-NO2PhCOZH, PhCH, / THFH,0
B Br
28 39 (R)40
GgH; 0 CyH;BiN, C11Hi5BrN,0
»7E:124.18 »F%: 146.97 AFE:271.15
I
N/
CN L | N CN
R) S 7N B
CN o P H N H
Hn B—g\ b/]/N CBH:CIN Nl/N
y O 3 Y,
'}’;‘ 0 K/R »F: 15357
—_—— ——
1 Pd(PPhy)s/KOAC ,B Pd(PPh3)s/Ko,COs N? B
r
s—% ‘*N N
(R)-41 (R)42 (R}13
Ci1H14BN, Cy7H26BN; O, Ci7H1gNg
»7E: 26815 ¥+ 31522 SF%:306.37
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(3R)-3-(4-'R B -1H-wb W -1- 5 )-3- 38 [ & N B (R)-40). % (2E)-3-
BRERGEQS 6545 > 5.0EEH > 5.0 8) « (2R)-2-(#[3,5-4
(ZHRFR)VFE|I[BF=Z-TECHRE)WEE|SEEFE) UG I
(R)-35 6425 ' 0.10EEFH " 0.I0EB)R4-THEXFEK(17Z% > 0.10
ZEEH 0C10EE)EHEKFRUGOESN  BBEEER)FZAR  RER
THEI0SE  BHERLAZE0TC » REBEAFIM4-AE-1H-wtE (39 148
%o lOZEER) BRI KEREWEOT THEAE22/N 6 - ELCMS
HTAREHEMETHS  ERIEERSYERBTEBME - HREWE
F Combiflash (SiO,) E # &L - EFH0-30% EtOAc/T e A B » 15
(3R)-3-(4-RE-1H-nk M- 1-55)-3- IR K E R B ((R)-40 > 230.5E 3 » Bl
E2712E5% > 85%ER) HREECFWEMH - B (R)-40: C,;H,sBrN,0
(MW, 271.15), LCMS (EI) m/e 271/273 (M*+H) -

(3R)-3-(4-’A H: -1H-wt B -1- B )-3-8 [ & T B ((R)-41). A (3R)-3-
(4-7RE-1H-nb M -1-55)-3- IR KA A EE((R)-40 > 230.5F % » 0.85ZEH.)
FEUG AR (THF - 24 F  29Z2EB )P 2 KBHBBRAN > £/ T >
ANIN143MEEAL S (NHOMEKF Z BRQAEF) HE I, 237
Z2%0935EEE  1LIER) - KIEBRZKREREYNERTEH#
30578 - ELCMSERK FEE T RKEF » LA10% Na,S,0:K B R(ISEFH)
R IER S YRR » W LAEtOAc (2 x 15EF)EE - &2 BHE B
BEOKZEM > DABRER B A /K2 B (MgSOy) » BE » REKB TRE - &
% W ¥ %5 B Combiflash (Si0,)4fi{L » {£ A 0-30% EtOAc/C fe s & 5 B -
%S (3R)-3-(4-/R & -1H-»t M -1-5)-3- 3R KA M ((R)-41 > 180.7E 5% »
B F227.92 5% » 19.3%ER) » BEGOITEH -

EM(R)ANZHEZRBYBEE(% ee)Z MIEAFHEHEMHPLCSH
F#ETT - BEAHBEMHPLCH % » {# F Chiralcel®OD-HE f (4.6 x 250
2ok 0 SHoK) - BB Chiral K fif AT » AU B EZS(BHEFE3,S-
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— FERE)EE Z W B (Chiralcel®OD) - W & ¥ 2 2% (R)-41 5,
(S)-41{REAKRA3.0Z M » FIF B B 15% Z BB 985% e > i B4 » 78
ERT > BERIZA/SEZRESE - UVERLE £ 5220Z 84K - B
R(S)-HEEZBY((S)-41DER)-H E R EY((R)-41)2 7% 5 05 i & 8 71
Fy12.85% 58 (55 — B T U ) B2 16.7 53 §8 (55 — (& g &) -

B (R)-41 © JEH E M40 B (99.0H 7 % » #EHPLC » fE220% 843k
TEAD HEMRMEOLTEE % #EHEMHPLC; 83.4% ee); 'H NMR
(CDCl;, 400 MHz)dppm 7.52 (s, 2H), 4.10 (m, 1H), 3.02 (dd, 1H, J =
17.0, 8.6 Hz), 2.86 (dd, 1H, J = 17.0, 3.9 Hz), 2.47 (m, 1H), 1.90 (m, 1H),
1.72-1.46 (m, 5H), 1.23 (m, 1H), 1.13 (m, 1H) ; C; H,4,BrN;(MW,
268.15), LCMS (EI) m/e 268/270 (M*+H) o

(3R)-3- 8] [k & -3-[4-(4,4,5,5- 00 BH & -1,3,2- = & B0 (i B -2-
£ )-1H-wb B -1-Z5 |5 B ((R)-42). % (3R)-3-(4-38 £ - 1H-wb 14 - 155 )-3- 58
JRER PR ((R)-41: 3632 5% 0 .35 2 H ) 4,4,5,5,4',4',5"5'- J\ B &£ -[2,2']
RO ZEMMAEE] G66ZR  1L43ZHE  1.0688) (=)
$£(0) (Pd(PPhy), » 475 » 0.041ZHEH » 0.03% &) & 5 # (KOAc »
402275 > 4.06Z2EE  30EE)EEKI4- —EHEG.0ZH  5ISL
H)FZEBRRBEEY » H120C FE BB 1NGE - % LCMSE T
RIECERE  HaAHMAMEEY(GR)-3-8 L E-3-[4-(4,4,5,5-P0
2-1,32-Z A E-2-5)- 1H- b - 1- B IR B (R)-42) 2 R FER S W H
BEMARKHASwzKIRE EFT—-SEHE - B0 HEY®R)-42
C17H26BN30,(MW, 315.22), LCMS (EI) m/e 316 (M*+H)

(R)- 3R [ & -3-[4-(TH-wt 1% 3f [2,3-d] BE B -4- 5 )mb ¢ -1- £ | 5
F(R)-13, BEHIRRER). HAC HEZET  RERGRI-ERE
-3-[4-(4,4,5,5- 0 B B -1,3,2- — & W (R B -2- 5 )-1H-oik 0% -1- £ | 5
B((R)-42- 42725 13SEHE)EL4-“EEEU.0EH SIZEH) -
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mErMELEZREREM TP ZEEBHEBIRA » HIIKQOEF » 110€
B H)h 2 4- G Ewb g 3 [2,3-d]BELE(1 > 0.160%% - 1.04ZEH » 0.77%
B) - B(=ZFB)EO) ((Pd(PPh;)s > 365 » 0.031ZXEH - 0.03EE
REEFRE R (K,COs » 4328 5% » 3132 EH » 3.0E8) - FEHZ
BYRMA=RK HERXRUEHTHE » RERE100TC TIIE21/0
$ - ELCMSE TR EE B - LB FMINaHCO /KB K (102 F1)(E K
FEREYER » 1 LAEtOAc 2 x 252 ) - B E&H Z B HE LK
Sk DATREE SRR K B2 B (MgSO0y) > BIE - RERKB T RE - HEHE
¥ #& B Combiflash (SiO,)&i 1L - LL0-100% EtOAc/T i B /A Bk » B E
LL0-5% MeOH/EtOAcS B » 1 %5 (3R)-I8 [k £ -3-[4-(TH-w 1% 3£ [2,3-d]
W OE -4- B )mb M- 1- BRI AR ((R)-13, EHEIREHR > 20432 57 » B im £318.6
25 A%NEXR > BERENER) At HARSER  £F&
T REZFEL - BR®R)-13 (5HEER) © 'H NMR (DMSO-dg, 400
MHz)8ppm 12.1 (bs, 1H), 8.80 (d, 1H, J = 0.42 Hz), 8.67 (s, 1H), 8.37 (s,

W%ﬂ

3]1]

/

pmm

1H), 7.59 (dd, 1H, J = 2.34, 3.51 Hz), 6.98 (dd, 1H, J = 1.40, 3.44 Hz),
4.53 (td, 1H, J = 19.5, 4.63 Hz), 3.26 (dd, 1H, J = 9.77, 17.2 Hz), 3.18
(dd, 1H, J = 4.32, 17.3 Hz), 2.40 (m, 1H), 1.79 (m, 1H), 1.65%F 1.13 (m,
7H) ; C,,H,sNs(MW, 306.37) LCMS (EI) m/e 307 (M*+H) o
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cl

k

Ve

3d

C11H1ZC|N302 C1sHyCIN,Si
5711253 68 BOC-0/DBU NaHmMPCi FE: 20991
— AR THF, @
25-50°C

cl
NaH (1.24 &) N2
l\ HC(OEt)a ’ SEMCI (2 1.04 &) K N \/
SN7 N Si—~
/\0)50 DMAC, 0-5°C ™
3a
C11H14C|N302 CsH4C|N3 C12H1BCIN3OS|
+%%:255.70 »FE:153.57 3.83
NaHBMECI NaH/POMCI
I cl
THF, 25 °C THF
N/ ) N/
N R 0-25°C
N N
LO/\Q hL
e 3f
CyH12CIN;O Ci2H4CIN;O,
S FE:273.72 FTE:B7.71

4-RE-T-Q-ZHEW It & Z & & P & )-TH-ok 18 3 [2,3-d] B I
Ba). REAEIERALDE - FRRE}  AHREBRBRESE Y EED R
fn4- & E - TH-wt 0% 3£ [2,3-d]ME 0E (1 > 60035 » 3.91 50 H )81 = B £ 7, Ff 25
B (9.671) - R EWEK/EKBHAME-5C » I UE S ZTRINE
fE8A(NaH > 60EE 8% > 17437 » 4355 H » 1.1 &) - [F1553 8810 »
BREVIERECRER  AEBEFBBSCTZERET » LHFKE 12
ERM=PEYHEEZEESLTRQ  763EFH > 431%H » 1.1%
B) MR IEMHEA305 8 - FETLCHHPLCHE B5ERL » 361818 5K 10
KAF)  LEREER - #E > $RAWIK2H)EMTBE 8H)H
& o STRERE » HDAMTBE (87 )E R EUKIEK - ¥4 62 AHIE LK
(2 x 4 )R EB/K (4FH)BE M - DU B S AR /K 8208 (NaSO,) » R ERE T
FRBH - EREYIERBERQHA)T > B - MAEETWEQG.SAT)E
FELE > DABRKE(~67F) ~ 95%FR e /BE B 7. Bs (~12F+) ~ 90% s fs /B it 7 B
(10FF) K 5 1% 80% B e /B Bk Z B (107)35 8 - S 0HA B8 > B 75 5B
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TRG EBR4EE-7-Q-=ZFEYREZEEFE)-TH-at0g 3 (2,3-d]
WEIE(3a > 98750 » Hik F1109.85% 0 88.9%FER) - BN EEM » HIAE
BER REETHMERHEEER - R 3a: '"HNMR (DMSO-dg,
300 MHz)5ppm 8.67 (s, 1H), 7.87 (d, 1H, J = 3.8 Hz), 6.71 (d, 1H, ] = 3.6
Hz), 5.63 (s, 2H), 3.50 (t, 2H, J = 7.9 Hz), 0.80 (t, 2H, J = 8.1 Hz), 1.24
(s, 9H); '3C NMR (DMSO-dg, 100 MHz)dppm 151.3, 150.8, 150.7, 131.5,
116.9, 99.3, 72.9, 65.8, 17.1, -1.48 ; C,,H,sCIN;0Si (MW 283.83), LCMS
(EI) m/e 284/286 (M*+H) ©

4-F H-T-(Z Z E 5 B E)-TH-96 18 3 [2,3-d]BEBE (3b). R EEH#
- ARBEERADEZIAEERRS - HE4-EE-TH-»RIE I
[2,3-d]MELE(1 > 31.05%8 » 0.202E H)BFE R =28 G302 » 2.00%
H10088) ERERSWEAZLR  UELBHAER - 763/
1% » KIEA#EHPLCHER - EREHAKTERET  ERERSYE
RETREG RKEEVEAVEBSEXEREER AL 0 L20%E25%
BE L 2 B5/C 5 (v/v) B R (TLCR {4 © 30%BERE Z 5/ C b)) BB » s
4-8EK-T-(ZZ&HE P E)-TH-wb 08 I [2,3-d]IEE(3b » 48.56%7 » EHaw L
51.65%5 > 94%ER) > B EEM - BHMN3b : 'H NMR (DMSO0-dg, 400
MHz)Sppm 8.68 (s, 1H), 7.79 (d, 1H, J = 3.8 Hz), 6.75 (s, 1H), 6.72 (d,
1H, J = 3.8 Hz), 3.68 (dd, 2H, ] = 9.4, 7.2 Hz), 3.54 (dd, 2H, ] = 9.4, 7.2
Hz), 1.11 (t, 6H, J = 7.2 Hz) ; C,;H,,CIN;0,(MW, 255.70), LCMS (EI)
m/e 182/184 (M*+H > BERNE M FE 1 7- B B & (L E ¥)) B 154/156
(M*™+H » R 1) -

4- @B -TH-wb 08 3 (2,3-d| G IE-7T- R B E =-T B (3c). REFEH
BHESRADE Z250EFABERER T » 4H4-8E-TH- 18 3 [2,3-d)
PEOE (10 5.0035 > 0.03265E H )~ 1,4-~ & FEE(40ZF| > 0.500EEF) -~ 1,8-
TR EEIEH[5.4.0)F —-7-%%(DBU > 243ZF 5 0.163EEH » 5.0E 8K
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4-(N,N- = B3 5 ) e £ o1 0Z (DMAP > 0.80%% » 0.0065EH » 0.2% 8) - 75
ERT > RUBRT  L—0RIMZHRE -5 =-TE®BOC,0 » 21.2
50 0.0976HE » 308 &) - IR ZKIESRNEG FBN S 6/
B FEE_SILRZBH KEGIETLC (80%C /B Z B850/ »
BEZRTEAEN2NGEHRER - #E > BRERSYL20%E K %
BAVETHEEER ZBEG0EF)HRE - SERUKE » I U EEE Z B (40
EMERUKRE - S0t 2 AHERBE KRR - DFE SR KEs e
RIEBRBTRE  MEEEMAEZEDQGe) BUCER/EH - &
BREVEE AT #16(S10, ) 0B IS%ELRE Z Be/CIn e S 8) » JE15 4l 4-
R -TH-ok 08 31 [2,3-d)HEIE -7- 5 B 5 = - T B5 (3¢ » 6.285% > B34 £8.27
o TS59%ER) BREEEE - BiR3c: 'H NMR (DMSO-dg, 400
MHz)8ppm 8.79 (s, 1H), 7.94 (d, 1H, J = 4.0 Hz), 6.80 (d, 1H, J = 4.2
Hz), 1.60 (s, 9H) ; C,;H,,CIN;0, (MW, 253.68), LCMS (EI) m/e 276/278
(M*+Na) o

4-%%-7-(5§W§5§F§) TH-wt B8 3 [2,3-d] W5 BE (3d). A
M 252 WA  ERALDERAEE 2250 H E e
—HEEERT  REGLH(NaH - 60E &% > 1.56% » 0.0391E H »
1.2% 8) 9 K W G "< W (THF » 267 > 03205 H) - fFRAWAAE
0-5C - REMIER R 100ZF B T > S51EH4- 55 -TH-0k 0% 3
(2,3-d]BETE(L » 5.005% > 0.03265 H. )& 4 /K MU &, »4 U8 (42Z F » 0. 520
B) #% > BHAPRZEREHAOREESRMATHFE > S48 8
(NaH)F A > BEI558# - KIEBEGRRNSER » FH56.8
C - RRERSYIE-ST THMEI0DE Ak > CHTHBEETRS
BEZEAE=ZRAEW(6.67 > 7.24ZF > 0.0342EH » 1.05% 8 )
FEEESoT 68 - BIRAAS  LHERERSYBHAEET » BEING o
RIERFETLC B0%CKe/BElE ZB) BN - ERERH A BT S mIs &
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REREWASHNERENE BB ZBE(00ZF)HE20%E /KB K (50Z
)R SEEM ARG MR KEBUREEZE(EMERN - ez
F % B (o DL IMBR B% & 3% (NaHCO3) 7K 5 7 (1002 71 ) 82 20% B8 /K 5
(100Z 7))k » LA BR 8% B 7K 52 6k (MgSOy) » B8 - RERKB TR -
4S5 O ) 5 2 B 2 TR AT 4 AL (Si0, 0 10%BERE ZBS/ TR B E S ) 0 i
BA4-GE-T-(CEAEWGE)-TH-»L I8 3 [2,3-d]m5E (3d > 10.055 » B
s F10.105 > 99%) > &IEIE M - fR3d: 'H NMR (DMSO-d¢, 400
MHz)8ppm 8.61 (s, 1H), 7.67 (d, 1H, J = 3.7 Hz), 6.76 (d, 1H, J = 3.5
Hz), 1.86 (m, 3H), 1.02 (d, 18H, J = 7.5 Hz); C;sH,,CIN;Si (MW,
309.91), LCMS (EI) m/e 310/312 (M*+H) -
T-[(¥E2)HE]-4- 85 -TH-0L 0% 3 [2,3-d] B BE (3e). REFEH
BAEE WRERERADEZ QBB LRZ20EA =ZFHHEEER
o BEIE G LS (NaH » 60E &% > 1.563% > 0.03915H » 1.2% 85K
JK Y & k0 (THF » 25.02F > 0.308KE E)» WL ZBEEW LA E
0-5C « RIOEARRFELZ BRI ERERT » £1H4-FE-TH-RIZH
[2,3-d]B%BE (1 » 5.005% » 0.0326% H )& 4 /K MU & & Vi (SOZ F+ » 0.616EL
H) BBFAERZERLCHAORESE 55X MNATHFF 2 G 1k 84
(NaH)B 2R A > BE20538 - RIRITRIE » BERZE1E @ MG K IE
BEVHEZETEEUNG - FHEMAEI65CHE  BRNEE LEK
G- FIREWAMENST At BHIEIFBEEASBRIZF
SEREB(5.28ZF 0 0.0342EH - 1.0SEE) B&1308 - BRALE -
HEREREYZEHAMEEN » WNER TEAE20NE - ERIEW
REEERE  DL20%E/KARGCOZMERERESYER  HIER
ZEE(O0OEM)HR - DB RE » LR KE BB 2B (SO F)ER -
& BF 2 A 1B DARR B SERR /KRZ )% » B8 - RIE R T R4E - % -
KRB YHE SR NBTEL(SI0, r 10%ZEIS%ERK JE/CHRMER
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BE) o T 18 7-[(F S35 ) 5 55 -4 4 25 - TH- ik 08 3 [2,3-d ]9 0 (3e » 6,315 »
H:m £8.9275 » 70. T%) » F&ktH - B 3e : 'H NMR (DMSO-dg, 400
MHz)3ppm 8.69 (s, 1H), 7.90 (d, 1H, J = 3.7 Hz), 7.26 (m, 5H), 6.71 (d,
IH, J = 3.7 Hz), 5.75 (s, 2H), 4.51 (s, 2H) ; C,,H,CIN;0 (MW, 273.72),
LCMS (EI) m/e 274/276 (M*+H) o

= EEE (4- - TH- I8 3 [2,3-d] B IR -7- ) B B (30). A

ZHHES RR  REE SOEFRRBIREAADS > @
B50% Z 27HASH B R o S5 AL 8 (NaH » 60 8 % » 29.735 » 0.742
BLE > 1.34% 8)H 8K 70 5,5k 7 (THF > 40027 - .05 E) » I & i
RZBEVAAEIT » RERIEE IR Y 17 EE ST > 45
k- TH-w 0% 3 [2,3-d]MEBE (1 + 85.05% » 0.5535L H ) 8 I 45, vk I (600 Z= T+ »
TOBLE) » R - #E > R0-5C T » $5 I FF T B = 48 7% 48 iy & O
REE S RMAGACIIETHED > BT m KN - 2758 - Bk
BRBTEEN  BREGERGE - RINZ% > BIRAS » S
REMBNBREZE  RIEEETEFTEEUNSG » A% 5005
C M RERERAETRECFEZBESEA(EFELE, POM-Cl 103
EF 0 0.6928H 1258 B)EHEHBSICRNERERSY S » [
25534+ WAEO-5C T - = 5B AL B 5 45 7 B (POM-C) > 35 110 &%
BOERINE > BEREREETERIEI4C « PRI PR A
FE(POM-C)% » BIRSHIE > LEREEAYEEESE » ARs
BTHEBE - Q16 > ERERE AT M L20%8E A%
B (2SO F)HEE B 2. B (2SOZF) E R JE R, » B L35 - RIS 4 B
ZKQS0EF) > BEREWBERIETERELE - HBRRE 18K
@u%@zwam%ﬁwmoﬁAﬁZﬁ%%wuﬁ@ﬁmm%%
(MgSO,) » B3 » RIEMEE T R - G W S8t s i B A a /L
(Si0, 0 10%E I5%EEEE Z. B/ i T B 8 B EZEY > B
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ERMERASSE) FafzERIUCKE(TS0ZEF)EE » BEFRERK
ZHBRORRESST  LEAHIBRK - #E  FHERZBRET A
tE=R TR=ERTEFEBR  ABRALAIE0ST > FBE2/NEF - 3
BRWEER  UEASHNZCEQCx30ZEA)%E  FEXE D&
= AR A-SE-TH-wb 08 3 (2,3-d]0E - 7- B ) F BR (31> 134.97% > &
i F148.055 5 91%ER) & (3 G E S - B 31: 'H NMR (DMSO0-dg, 400
MHz)8ppm 8.71 (s, 1H), 7.83 (d, 1H, J = 3.7 Hz), 6.73 (d, 1H, J = 3.8
Hz), 6.23 (s, 2H), 1.06 (s, 9H) ; 13C NMR (DMSO-d,, 100 MHz)8ppm
176.9, 151.2, 151.1, 151.0, 131.6, 117.1, 99.9, 66.9, 38.3, 26.5 ;
Cy,H,4CIN;0,(MW, 267.71), LCMS (EI) m/e 268/270 (M*+H) -

CeHi2NOGP
>FE:177.14
e
Aol
o
O~ ’
H . R -
6 KO‘BU. THF 8
CGH100 CeH11N
4+F&:98.14 >FE:121.18

3-MIRERIEHG). FREFEBRIE — 287 742.5% » 428
B LIE8)EHEKTHF . 75H)F Z2BRKR RERT » BKK-FES
E@EHF LARMIME=-TEHFETHFP 2B K@ - 40K EH » 1.05
ER) HERGHERERFHERIC - RTHFR Z IME=-TEH
AIISERE  BRBALFEBHFUNG » BRIRKKAFREG6 374
7 381EE)EM/KTHF Q0EM) P 28R » HERGHERFRE
EROC - Bp2B  UERERSYEFAREZR  BRNEARATHE
HER  ERESERAETKR  EXEESYNFES=-TER
(MTBE > 147F) » /K(10F) K EK(6F)ZEE 2 REE - 2 BERIRE -
i i & 0F Z B 1A LB /K (67 )t % » SAMTBE (1071)ZEEU/KAH » H LU
BK(6TT) %M - EEHZIARERERB TR  REREY#8
(65-78°C /6%%) ME3- RN E NI (8>437.85% B im £461.7% 0 94.8%
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ER) RECH BEHRBEHZ-REYZESY - NS 'HNMR
(DMSO-dg, 400 MHz, B Z-E#4))5ppm 6.58 (t, 1H, J = 10.6 Hz),
5.55 (dd, 1H, J = 10.8, 0.59 Hz), 2.85 (m, 1H), 1.90-1.46 (m, 6H), 1.34
(m, 2H)E (B FA E- B #97)5ppm 6.83 (q, 1H, ] = 8.3 Hz), 5.66 (dd, 1H, J
=16.5, 1.4 Hz), 2.60 (m, 1H), 1.90-1.46 (m, 6H), 1.34 (m, 2H) ; '3C NMR
(DMSO-dg, 100 MHz, [ Z-E#%))5ppm 159.8, 116.6, 97.7, 42.3,

32.3, 25 12 (BN E- B ¥)0ppm 160.4, 118.1, 97.9, 43.2, 31.5, 24.8 ;
CgH; N (MW, 121.18), GCMS (EI) m/e 120 (M*-H)

N-NH
Cl | Yy
d
Hl;l:\>_Bf° NI \, KCOYPAPPhy), |
N =~
o S 81 N - o
4 3a 5
CoH1sBN,0, C12H1gCINSOSi C1sHayN:OSi
aF&:194.04 +-+%:283.83 aF8:315.45
= CeHyiN N
CN #7§:121.18 f‘;’ 9 #HEH T
/ Ca3H32NeOSi
+¥ . 436.63 223
N v
s I \/
\N N Si—~
CN CN CN
Hn ' Hl 1 HII
N-N . N-N . N-N
3 NHOH X8 %
i/ P BF3 £ LIBF4 /] P 40 l )
N“ N N
PR \ L D h
N~ N Si~ N~ N N~ N
\\O/\/ LOH H
{R)-10 (R)-11 (R)-12
C23H32NgOSi CygH2oNsO Cy7HgNg
A FE:436.63 | #F#:336.39 _ »¥+%: 306.37

%O
(@]
=z

H3PO4
—_—— N/N

SRS {7+ HPO,

Z
/’_\
Z F

N"H

(R)-13
C17H24NgO4P
2+ %:404.36
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4-(1H-wt M -4- K )-7-Q- = F E W i & 2 & & B £ )-TH-w 1% 3+
[2,3-d]BETE (5). FiAA. REFRRARE SRADE - B S
KT ZBEMT A 4-85-7T-Q-=ZFEY i & Z AR E)-TH- 1%
F[2,3-d]"%0E(3a > 8175¢ » 2.88EH)BE “HKEREGBH) - RIELB®ET -
TR i04-(4,4,5,5-D0 B E6-1,3,2- — & H (R B -2-)-1H-si 8 (4 > 72855 » 3.75
RE 130EE) HEERRKF(K,CO5 11965 » 8.67HEH » 3.0E &)
KA ZBER - BRGEHEERRBBBR  BEI1558EmA
R REUEB(ZFB)IE(0) (16752 » 0.145KEH » 0.05EE)EE - 1%
FIR 2 RIERSYNE R EI0T) TIIE2/ NG - EETLC (1: 155/
BEfs ZB)HLCMS  RIEEW A REZHRE EREREYANEZE
CABEEE Z B Q4TT) /K (4FH)FEE - BEMIRE » BB 2 Bs (A7) %
KRG - & ZAHELIKE2 x 27F) ~ EKQA)EBE - DU B 85 AR
JKEZRE(NaySOy) » RTEREB TR - EFREWBZRERGEH)F » I
R TEREE - &% HEEYURES=-TEBMTBE  37)
HE - BFEBBEWEER » KUMTBE (1F)2E 8 > 115 4-(1H-stM-4-
B)-7T-Q-=Z=REWHREA-ZEEPFE)-TH-ob 0% £ [2,3-d]ELE (5 > 581.4
5T B £908.557 0 64%ER) Ao BESMEEE - MRS '"HNMR
(DMSO-dg, 400 MHz)dppm 13.41 (bs, 1H), 8.74 (s, 1H), 8.67 (bs, 1H),
8.35 (bs, 1H), 7.72 (d, 1H, J = 3.7 Hz), 7.10 (d, 1H, J = 3.7 Hz), 5.61 (s,
2H), 3.51 (t, 2H, J = 8.2 Hz), 0.81 (t, 2H, J = 8.2 Hz), 0.13 (s, 9H) ;
C,sH,N5sOSi (MW, 315.45), LCMS (EI) m/e 316 (M*+H) -

SNHHEI- BRI EE-3-{4-[T-Q-=F EWREZEEFE)-TH-aL 1% 3
[2,3-d] 0 UE -4- Bk |k -1-BE } N IR (9, SN IESEM-{RE ZLEW). 75
EA. REIRT  R3-IRERNEREB 273.558 0 2.257TEE - 1.208 &)
EAIDBU (28ZH > 0.1875H > 0.10Z E)RIME4-(1H-nt M -4-%5)-7-(2-
ZHEWREZEEFE)-TH-w 1% 3 [2,3-d]EIE(5 > 591.858 » 1.876
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EE)EZB@GTH)PZRZREAN - BFRVRZEERSYINAE
50-60C » B&ITNF(EHBR G T REBINATEE) BZE70-30
T BESNE - ELCMSHAMBERNEREBERRE > ERELS
MARAZEZER - A% FEAANZERNRE T RS MEEEYO)
RRFERACH - EHEYER &R REOCM) G TRFEWE L
HE > EEEDI3% EOA/FIRERZ WEBERHGAT) L - FE5k
BA33% EtOAc/BENE(217F) ~ 50% EtOAc/BES(287F) ~ 60% EtOAc/B i
(127+) % 75% EtOAc/BEf (8FH) 58k - EHEBMEEWOO) 2 BERE »
KREBRBTRE  DELFEH > BHELIEOACHE B3FEE - R
BTERAER > UHEHARREREERBYEEOAc FREMES
HETE-DERBE > MEINEES-BERE-3-4-[1-Q-SHEWE
& RE P E)-TH-ob 1% I (2,3-d]ME 08 -4- 5 [t M- 1- B Y R IR (9, 4134
SEM-{REEZ1LEY) » 80058 - Bk £819.15 » 97.7%ER) » AfEIEEL
T @I - B9 'H NMR (DMSO-dg, 400 MHz)8ppm 8.83 (s, 1H), 8.75
(s, 1H), 8.39 (s, 1H), 7.77 (d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J = 3.7 Hz),
5.63 (s, 2H), 4.53 (td, 1H, J = 19.4, 4.0 Hz), 3.51 (t, 2H, ] = 8.1 Hz), 3.23
(dq, 2H, J = 9.3, 4.3 Hz), 2.41 (m, 1H), 1.79 (m, 1H), 1.66-1.13 (m, 7H),
0.81 (t, 2H, J = 8.2 Hz), 0.124 (s, 9H) ; C,3H3,NgOSi (MW, 436.63),
LCMS (EI) m/e 437 (M*+H)£1459 (M*+Na) o

GR)-IB R E-3-{4-[T-Q-Z H E W ke 2 2 & & H & )-TH-w 1% 3f
[2,3-d] W g -4- B | mb P - 15 } 5 WA ((R)-10) 52 (3S)-B IR B -3-{4-[7- (2-=
AEW A Z S5 FE)-TH-sb 18 3F (2,3-d] W5 0 -4- 2L [wb T -1- 0V R
B((S)-10) RISOB ZEFTEE I T » 5 3 f Daicel ££ 3.0F £ 7 B2 (IPA)
PEERZ 1.57) T 206 3K Chiralcel®OD ¥ 2 B F 45 (CSP) 2 K E £ &
PROCHROMES RE 8l 7] R 45 B A LC110-1 (M1 A DA B 2SADEE ; &
HERERE  Q15H)d - #F > BEE T 2% % % R Novasep
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Hipersep HPLCE JT £ - & & i @lHipersepE T LB (177F) » #ZE LA
HERERNBRUECKZESYWQSEBHELL - 17TH)Z REE L - ARk
ERBERGERESBREI-U[TQC-=ZFEYREZEEHR
EL)-TH-ob 1% 3 [2,3-d] 05 OF -4- K [mb M8 -1- 2 Y R 5 (9, 41 H BE SEM- {7 38
ZALEY 27955 6 AEE)RN R ENE B R R R E R80T /F i B K -
BE BEMARMEE I A ANEURESRERES > DIEIE - x5
FRELERIEFA - FHEVEFLUREME > EST0EH/DEZRE
T REBRTAR EXEABGHEEENEMRKERTZUVENR -
ELERGET  EXRNMENEZERBY ZER S - HEHEEGER &
16.45r g8 (Rt El, RBEZ(S)-HEEEY, (S)-10)8121.04r & (K UL
2, FTEZR)-HEREY, (R)-10) - NS EHZEBREF 115
8 > BHREN LSBT % » ETEEH3ITRCES - 8 &% 51 E B i Uk £ 58
RikuggEl CRRBEZ (S)-HERZEY, (S)-10)EE K g iE2 (FTE Z (R)-#
ZEBY, R)-10)Z2 358G - FCWEZ BB BIFE 15 RE2FE
JFIRROTOTHERMZL & 859 » 840 C T » 7E B ER(40-12082) T HE A
W FRESASYRIBEYESEETE S ZREEE  BE
(BR)-IR £ -3-{4-[7T-Q-=Z B AW S B £ & & B A )-TH-wt 1§ 3 [2,3-d]
U -4- L mb - 1- B YR BE((R)-10 0 130752 » B3 £1397.555 » 93.5%)
FERWIE? BHREEM > BEGS)-BKEA-3-{4-[T-Q-ZFEWIREZ
S B A )-TH-oi 1% 3 [2,3-d )5 OF -4- B It M -1- 5} P9 AR ((S)-10 > 1418
5 Ham £1397.55 0 101.5%) > " EHKWE] » HE®E -
BHYBEMHPLCHZE » UHESEM-RELEY 2 HiEHE 2iE
#J((R)-1052 (S)-10) 7 ¥f 2 14 41 & 57 {&5 > {#f F Chiralcel® OD-HE (4.6 x
250Z 2K » 5STYCK) - i B Chiralifif A 5] HH A B E R S (B EFIK3,5-
Z R ERER) R E 2 B (Chiralcel®OD) - K SEM-{R L& ¥ 2 K & %
EEBMEHURNIOZEN - FIHHEBE10%ZEEHEHIO%C It Z K &
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M EBZERT  ERIZA/SEZRERSE - UVERLE E 52202
AR BAR(S)-HERBEY((S)-10)EE (R)- ¥ & B Y ((R)-10) 2 75 7 15 5
B A 510353 S EA 13,1457 8 -

HENEUHEGHPLCAT Y SIS WERBY Y 28 BE L2
EMHPLCHE %HEEE%) - HEMME (YW EMHPLCEHE %) R E TR
BFI(IPABTIE) » H& 51 > AEEHAENMRELC/MSHES - R
(R)-10 - FE2 EME AL (99.0E &% - #EHPLC » 1E220Z 5K 45300 ;
100.1EE%  #HPLCEEH S Ehigll) s HEMME99.7TEHEY - &
HEMHPLC: 99.4% ee): BEBHIG.TEE % HINRIPA; 00T E% -
R CLE) ; 'H NMR (DMSO-dg, 400 MHz)3ppm 8.83 (s, 1H), 8.75 (s,
1H), 8.39 (s, 1H), 7.77 (d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J = 3.7 Hz), 5.63
(s, 2H), 4.53 (td, 1H, J = 19.4, 4.0 Hz), 3.51 (t, 2H, J = 8.1 Hz), 3.23 (dq,
2H, J = 9.3, 4.3 Hz), 2.41 (m, 1H), 1.79 (m, 1H), 1.66-1.13 (m, 7H), 0.81
(t, 2H, J = 8.2 Hz), 0.124 (s, 9H) ; C,3H;,N08i (MW, 436.63), LCMS
(EI) m/e 437 (M*+H)§2459 (M*+Na) o BEF(S)-10 : JE % 22 1 4 27 (99.3
% > #HPLC » fE220Z MK FEM ; 9995 8% > #EHPLCEEH
Srioig ) HEMAE (99.7TEHE% > EHEMHPLC ; 99.4% ee) ; 12
HAEBE(AOEEY% > HNIPA; 0.01EE% > HN k) 'H NMR
(DMSO-dg, 400 MHz)3ppm 8.83 (s, 1H), 8.75 (s, 1H), 8.39 (s, 1H), 7.77
(d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J = 3.7 Hz), 5.63 (s, 2H), 4.53 (td, 1H, J
= 19.4, 4.0 Hz), 3.51 (t, 2H, J = 8.1 Hz), 3.23 (dq, 2H, ] = 9.3, 4.3 Hz),
2.41 (m, 1H), 1.79 (m, 1H), 1.66-1.13 (m, 7H), 0.81 (t, 2H, J = 8.2 Hz),
0.124 (s, 9H) ; Cy3H3,Ng0Si (MW, 436.63), LCMS (EI) m/e 437 (M*+H)
#1459 (M*+Na) -

GR)-BRRE-3-{4-[T-Q-ZHEW S & Z G & B &)-7TH-w 18 3f
[2,3-d] Vi B -4- 2 [ ot D - 1- 56} 9 BE ((R)-10) 82 (3S)-B R £ -3-{4-[7- (2-=

—_—
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HEWKE 2K EF E)-TH-wb 08 3F (2,3-d] B -4- B [k M -1- 5} N
R ((S)-10)

SNHEIERE Y G EERYEELEZSMBE T F#ET - SBGELRE

CHET EATXESFRREZARKRGET SHERBYZE

E S EMEHPLCT /AR M - (£ FIBER 53 B P (£ I 22 A0 (5] 7 B 4H B2 4E
FEIBEEM  URFHAEZRARNE -REBFRT  MEHEREY G
AR FEZETURGZAREW > EweEHBE AR RSEB0%
Bz - EEO2E3F > BEZHEREDGHUERKREY - RE
plash > FREZHERBYHUZEREW - ESMBETEREZE/D10
EISRERE IS IHEUAEEAERFEEEZHE > DHER
REMBRIE - WAANRRERG UERSAEASER - £EHHI
E3p - FREEEEHARBHMZ T HEEREAARELERZAE
SMBE T LRI - RE B4 - SMBAEREREREBR N TEE - &
B4 » FFERBE AL G B <2>/<2>/<2>/<2> B Rk <2>/<2>/ <3>/<1> »
UBMER B ZAE > KFEHEENSMBEFIZ REENELE

BTHI1 : 50T HAR

B Chiralcel®OD

i B A S B2 B4 TE -BE e 20/80 (v/v)
ERERE 10257

EREAK 102 5K

EREHE 8

kDR E 805 /7t

SEFE 25C -

S BB

AR <D>[<D>[<D>/<D>
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FER Z R (BT 57 8) 18
ZERURBR(EF 5788) 7.76
R R/ 5758) 0.25
EFRIRRR(BTF5788) 1.4
BEERIRR(ET8E) 8.91
VHAR I (97 68) 1.52
FhE 2 BEBREYLE 99.15%
e 2 BE REYIER 94.8%
FER(NTHEEEY/A/N T CSP) 0.41
BH2: 250 T H#H

B Chiralcel®OD

ke HENEEHEIE-BFE20/80 (v/v)
EHRE 9.5\ 4%

EEAR 49% 3%

EFEE 8

ERBE 805 /FF

mIE 25C -

28 g2
MRS | <D>/<D>[<D>[<D>
BIEBRNIE) 25-28
BERZRREF/588) 498.9
ZHURR(ZF788) 176.4
ERURR(ZEF 788 6.58
ZRR(ZETFH 7 88) 57.8
BREBIRR (T 5788) 227.6
VRN R (57 68) 1.11
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TR B E BEYEE 99.3%
R BE BB ER 85%
A ER(NTHEEEY)/ A/ TCSP) 0.43
FH3: 100N FEE

=g Chiralcel®OD

i Eh A ERBEMEIE-BF5E20/80 (v/v)
EERE 9.0\ 47

EHERNK 200K

EEEHE 8

EREE 53. 7% /F

BEE 25°C -

S8 =gk}
A <D>/<2>[<2>/<2>
BRIEBR () 35
BEIR Z MR /NEF) 355.0
ZEHURERF//NRF) 124.1
i TS A TANED) 7.0
R R GHINEE) 114.0
BRERRER (A /NEF) 231.1
VAR R (57 58) 1.80
FTEZ HEEBEYAE 99.8%
TR HEEBYER 92%
EERNTHERBY/A/ANTCSP) 0.31
HH4: 1005 HHE

=g | (S,S) Whelk-0®1

i B4 B R -58 = - T A i

ERERE 10.08 %>

EEAR 102K
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EEHE 8.

i S =3icd 905 /7t

S EHl4a E14b
SR <2>/<Q>[<D>[<D>|<2>/<2>/<3>/<]>
BRIERR () 27 12
= 23 22
HBIRZ UR(ET /7 88) 22.0 9.0
EHURER (BT 5758) 9.6 2.8
ERRAREA78) 0.5 0.3
R (EF /5y 58) 5.9 3.0
BEERIRR(EFH/ 7 8E) 15 55
UIHREF R (5 88) 0.70 1.48
FhEZ HE BB E 99.6% 99.8%
FhEz HEBEYER 90% 98%
EER 0.92 0.55
(AT HEREY/A/NTCSP)

(3R)- B [R £ -3-[4-(TH-wt 1 I [2,3-d] W% UF -4- £ Yotk D5 - 1- £ | 7§
H(R)-12, EERER). FEA BT NOR)-BEE-3-{4-[7- 2-
SEEWREZ G ) TH-0b 08 F [2,3-d )05 - 4- 2 [k 0 -1 5 ) 7
B((R)-10 > 46355 » 1.06BLE » 98.6% ee){E Z M (4.57F) b 2 B A » IR
B07K (400ZE 7) » #8235 17 8] %% U0 45,51 B% $2 (LiBF, - 987.9% » 10,58 -
10.0% &) - 7R MIKES » 835K MR # B ESE E RS 12°C » 510
O 45 B 2 (LiBF)HRS - AR INE33°C « 1§ FT B 2 I FE SR 2 W0
HE B (H80T) > BEBR « NEEBZE/ KD EREEE LB
LCMSEATLC (95:5F s 2 B/ Bg VIVIERE - & LCMSEﬁiTLCﬁi‘ﬁe{Eﬁ?
REREPEY(R-IDEFNR Y =2 EREETWE(R)-12, &
55 R % @EEM@E((R)-IO)%TH% R ER S B A
E<ST o #E > BHIRN20%E A5 5K 5 (NH,0H » 450271 » 1)
AEREREYZpHEZEY (LpHEHKR) - BB ANB » LERERS
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VMEFRREZR HRNZARTHEHEBRE - NEEIK I/ /K ERGE
B > WFELCMSEITLC (95:5SEEEL ZB5/H B » vIV)HERD » ISR E 2 &
BriReE - ELCMSHTLCERKEHR BT THT  BERERSY
BRGERUZEAF)EMR - Rz EEHIBERNREBTRE » WF
BHYNER ZEOELENEKCH)ZEIESIRERE - 28N R
& HUABEBE Z B QFA)ZERUKE - & & F 2 B 158 DL 68 0 ik 8% = #h
(NaHCO, » 37 ) B EB/K 3H) Bk » LATR BE 8 AR 7K 821 (Na,SOy) » K 1E
BB TRG  EBEHEEY AFEH - #%F  SHNUYEEZRAE
AT #1E(Si0, > 40Z 100%F8 B8 Z Ba/BE S 16 FE /A BE) > T 18 BR)-ER X
B -3-[4-(TH-wt 18 3£ [2,3-d] W5 OF -4- B )mb M0 -1-BE 1N A ((R)-12, B A&
B0 2737 > H 1324.9%5 0 84%EXR) > HEGMEEKY o LYE BEE
F NMREEFR - DARE (RO F I BL 82 (LiBF)® T » REHEMHPLC
(Chiralcel®OD-H > 90: 102 5%/ Z BB )V HEI W 2 B E L E (98.7% ee) » W {F
AMEEE—Pab URNEHHEEZHES - BR®R)-12 (BEHE
%) : '"H NMR (DMSO-dg, 400 MHz)8ppm 12.1 (bs, 1H), 8.80 (d, 1H, J =
0.42 Hz), 8.67 (s, 1H), 8.37 (s, 1H), 7.59 (dd, 1H, J = 2.34, 3.51 Hz), 6.98
(dd, 1H, J = 1.40, 3.44 Hz), 4.53 (td, 1H, J = 19.5, 4.63 Hz), 3.26 (dd, 1H,
J=9.77,17.2 Hz), 3.18 (dd, 1H, J = 4.32, 17.3 Hz), 2.40 (m, 1H), 1.79
(m, 1H), 1.65% 1.13 (m, 7H); C,,H,sNs(MW, 306.37) LCMS (EI) m/e 307

CN N
R,
%&/ Y2

N~ - ~
/ BF3-E,0 ! 7 NHOHAB® l P
O, T T
I LI, 0°CEER NI 0°CE%m A
N N K
NN

(M*+H) -

\/
N N N
L~ o
(R)-10 (RM11 (R)}12
C2HaNgOSI CigH20NsO Ci7HygNg

»+%:436.63 L #F%:336.39 — ¥ &:.306.37
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(R)-3-(4-(7H-vttﬂ§#[2,3-d][%"%-4-§)-1H-th“¥-1-5)-3-%&535
B(R)-10. {E (R)-3-B K& -3-G-(T-(C(ZBEWHE)ZEE)HF
EL)-TH-wb 0% 3£ [2,3-d] 05 BE -4- 5 )- 1H-w M - 1- B ) B BE ((R)-10 » 75.0%5 >
0.1725L F » 98.8% ee)fE ZH (600 H) P 2B K AMEO-S5T - KES
AZERT » RIM=FATWZBAEY (5442 » 04295 H) » FELL10
T FRFRFRASKIEREERST - ERINZH%  BBRAS > 1
NIERSYIRAZRZENR - EHPLCH T ER(R)-107 & B4 ER 1% -
ERRENEZEVEEGEERTER - Rt EREWSNEO-S
C BEERERMKASSER) - EKFMZE - BBASS - BEFRK
RZRERESYRAZEI3-17C » REER2-INE - FRERKIE
BENE —RLAEO-ST - REAMZKERSY T B8 RNEHE
KB ZBRIFERF28%EKBR04SEF)EK(Q10.5ZF)RET
W] FRRFASKEEEEERNSCT - ERNEKEREL &
fr2d LEREYRREEL - EREFEEIEY Y @8 HEHPLC
I BRI 1%0% » KIEE A G RBRE -

AT Z R IE RSB Z B GISZEF )RR - X6 LA20%E K
GISEFA)ER - K EKBEDUBB ZEBEGCISEA) BN - 245 1%5%
fo > REEZTREZBERIOES > EBEEICZBE  BERE
ZRE Y LB 2B (600 ) TE > H LLIM NaHCO,(2 x 345 7 )&
20%BE/K GASET) LM - & HFA /KKK > W ABEEE Z B (345 7 )i 2%
- SFAHEE D B ERREE S 2 BEER D - a5 L
AmK(S0C > 2 x 4S0ZF)EM - HELUSHRE » FE65C TRHE » L ig
FLSNGG - FRREBYELRBE - FEREEE TR B
WCZHBE BRI ZERENSEZLET » BUEH(R)-3-(4-(TH-w
I% H(2,3-d]WE BE -4- 5 )- TH-wit B - 1-0)-3- BB IR B BE[(R)-12 > 54.2%5
13%ER] BXRFEEEAEY - LB 4 F NMRIES > DHEREY
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VAR EMBACFAEY)TE - KEFEEHHBRZILEZAE 596.3% - H
M 2 WEMMAE 598.8% » # ¥ E M HPLC (chiralcel OD » 90:102
W/ BE) c FREHEER  EFE—SAL DUREHEEE - '"HNMR
(DMSO-dg, 400 MHz)812.11 (bs, 1H), 8.79 (d, 1H, J = 0.43 Hz), 8.67 (s,
1H), 8.37 (s, 1H), 7.59 (q, 1H, J = 2.3 Hz), 6.98 (q, 1H, J = 1.6 Hz), 4.53
(td, 1H, J = 19.2, 4.1 Hz), 3.22 (dq, 2H, J = 9.8, 4.3 Hz), 2.40 (m, 1H),
1.79 (m, 1H), 1.65-1.13 (m, 7H). C;;H4Ns(MW, 306.37), LCMS (EI) m/e

HsPO4 8 p

307 (M*+H) -

4
533
IZ -

« HPO,
IPAICH,Cly, 2% £ £
I
N\

N

N H

(RM12 (R)-13, s e
Cy7H;aNg Cy7HyNgO P
o7 ¥:306.37 2+ & 404.36

(3R)- 5 2 -3- [4-(TH-wb 1 3F [2,3-0 ) B B -4- 2 )b D - 1- 25 ) 75 1k B8
B ((R)-13, BBE). HEA. 1 (GR)-H R E-3-[4-(TH-wb08 3 [2,3-d]
W -4- L )ik - 1-EE 1P B ((R)-12, E ERBEER » 5725 1. 8TEE)ERA
B3 (IPA » 8FF)th 2 5% P9 > 1F60-65°C F > R IIBE AL (186.25% » 1,95 H -
LI0EB)ERFEN6H)TZ AR - RBERS > FEFINBES
W B FIUERERITRY - #Z 0 BHRYRZRSWETSC TR
LS/ SREBH AN EEEERE TR B THEBR - BRES
v AWEBUEREBEREW/ viv 3D ZREWENR - B
W38 [E1 [ 5 8306, » S0 AE BE S BFH) B — /NI - BB E A - MU
B (1A% SRS REZES  F4OCTEREES -
T 45 (3R)-B8 [ 2 -3-[4-(TH-st 1 3 [2,3-d 105 U -4- 5 ) ot P4k - 1- 56 1 9 A
FEEE((R)-13, BEELER » 634.2%7 » Him L7555 » 84%ER) HhHEZR
KE LS ES - BRE®R-13, BEE : 5%197.6C  'H NMR
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(DMSO0-ds, 500 MHz)Sppm 12.10 (s, 1H), 8.78 (s, 1H), 8.68 (s, 1H), 8.36
(s, 1H), 7.58 (dd, 1H, J = 1.9, 3.5 Hz), 6.97 (d, 1H, J = 3.6 Hz), 4.52 (td,
1H, J = 3.9, 9.7 Hz), 3.25 (dd, 1H, J = 9.8, 17.2 Hz), 3.16 (dd, 1H, J =
4.0, 17.0 Hz), 2.41, (m, 1H), 1.79 (m, 1H), 1.59 (m, 1H), 1.51 (m, 2H),
1.42 (m, 1H), 1.29 (m, 2H), 1.18 (m, 1H) ; '*C NMR (DMSO-d,, 125
MHz)3ppm 152.1, 150.8, 149.8, 139.2, 131.0, 126.8, 120.4, 118.1, 112.8,
99.8,62.5,44.3,29.1,29.0, 24.9, 24.3,22.5 5 Cy;H,gNs(MW, 306.37 > i
X H B & ER) LCMS (EI) m/e 307 (M*+H » £4), 329.1 (M*+Na) o

FEB. FA(R)-3-(4-(TH-wb g 3£ [2, 3-d]r»%*~ui-4-;§c)-1H-uttﬂ%-1-;_%)-3-
RIXERWE(R)-12 > 5425 > 177TEE)E S H (7822 7 )8 2-FH iz
(104 )P ZBERA » EEIRT > RIOBEEE(19.955  0.173%H » 1.15
EB)E2-WEGCLIIEF)T ZIBK  BEATHEEAR - E RN 1%
H%ﬁﬁ%azz/tbé%bnﬁ@@m’J*‘*’zﬁ%%ld\ﬂ# EREVBEHANE
RERE > WA/ - FEBEWEREE  BEUL & FRGOEFH)
BELIE-BREGCOEFA) LR - FEBEEZET  REET REGFH
ZT  R62T T E KR » M8 (R)-3-(4-(TH-wt IE 3 [2,3-d] W5 IF -4-
B )-1H-sb P -1-50)-3- R R E N A B S B8 (60.15% » 84%ER) B BT
kBGEREER - EHEMHPLC (chiralcel OD » 90:10E. 52/ 7, B)
I BRHELE > 599.2% ee 'H NMR (DMSO-dq, 400 MHz)512.11
(bs, 1H), 8.79 (d, 1H, J = 0.59 Hz), 8.67 (s, 1H), 8.36 (s, 1H), 7.59 (q,
IH, J = 2.3 Hz), 6.98 (q, 1H, J = 1.6 Hz), 4.53 (td, 1H, ] = 19.6, 4.4 Hz),
3.22 (dq, 2H, J = 9.6, 4.3 Hz), 2.40 (m, 1H), 1.79 (m, 1H), 1.65-1.13 (m,
TH). C7H3NgO4P (MW, 404.36), LCMS (EI) m/e 307 (M*+H)&im/e 329
(M*+Na) -
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CN CN
H YR VG
N-N N-N
/ #an |
7« HyPO, 7« HyPO,
MeOH/IPA/ £ - & %
N/ N/
L2 Y&
N" H N H
(R)-13, % 8 (R)-13, B% 2
Cy7H21NgO4P C17H21NgOP
4% #:404.36 »7%:404.36

(R)-3-(4-(TH-wt B% 3f [2,3-d] GF BE -4- K5 )-1H-wb M -1- K )-3- B K BE R
g, NEFENE  Z8H AR ENAEZEZIFEEER
o ZIE B (S20Z ) B (R)-3-(4-(TH-nb I8 FF[2,3-d W OE -4- 55 ) - 1H-nit
4 -1-£0)-3- RN E AN IEBEEL B ((R)-13, BiEZEE > 40.057 9892 &K H) -
EERMEESST » LEEHMMEAL BB R - EARLAESOC @ I
BREPEFRETEMEE - REE - NERIRMBEZ2HER S - &
1A BEEEREBREE;UASIHIZFEAMOZE)FE - ERRET -
RRBRERIEAZER - LEFEQIIZM)EE > BEUNMS - &85
N R RIERZRNE(PA) 3202 71) » ELKR00 8 » FARFARFA
HORERLIEGOST T - FIPAIRIIHAR] » FIRGEEEEE 2 UK ER - RIPA
ZRMERE > EHEEVRE T  BEARINE-BREATSEA) - RARE
THRHEAZE TAYUZEERZMEEIERT ARSI ZIE-BET
B25ZH)  FRAFATAEELNGSTT - E@HY 2 BEEE742
EFRGE ARG I2IZAFEIBRN - STRAME - R K
FEBE RGN - ZREHE  ZREEGREM-4CZHERN AR
TR ZE BN - NERRE R6TC - (EREMIBR LA EZE R » W HEH]
INEF o BEEIRWERE - BIRIBHILL16.7% (VV)EIE-Bit P Z R RNEE
(384.0ZF) > BMELE-FRIEQS0.0EH)EMR » KEEZE TRNSST T
B B3I BEZEY > BOBEE » 0%EXR - (L2AE(hFHE
HPLCAY 477 599.79% - % E 14 4t & (4 # B E - HPLC 43 #7 5 99.8% » 'H
NMR (499.7 MHz, DMSO-d6)8(ppm) : 12.21 (s, 1H), 10.71 (s, 3H), 8.80
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(s, 1H), 8.72 (s, 1H), 8.40 (s, 1H), 7.60 (d, J = 3.5 Hz, 1H), 7.00 (d, J =
3.5 Hz, 1H), 4.51 (td, J = 9.75, 4.0 Hz, 1H), 3.25 (dd, J = 17.3, 9.75 Hz,
IH), 3.14 (dd, J = 17.0, 4.0 Hz, 1H), 2.43-2.35 (m, 1H), 1.79-1.73 (m,
1H), 1.58-1.42 (m, 3H), 1.41-1.33 (m, 1H), 1.30-1.23 (m, 2H), 1.19-1.12

(m, 1H) ; '*C NMR (125.7 MHz, DMSO-d6)3(ppm) : 152.8, 151.2, 150.3,

140.0, 131.8, 127.7, 120.8,

25.0,23.2; LCMS m/z :

118.8, 113.5, 100.7, 63.3, 45.0, 29.8, 25.6,
¥C H gNg(M+H)* Z s+ B {H :

=307.2. EHE

(M+H)* : 307.0 -
/L Cl
o 4
L2 | I O i
Ns/ Ty N p * SO Si<
Lo/\/
p o] H:48N03 s
CQH153N202 13123BIN2 C 2H150|N30$i
#F&:194.04 »—- ¥ #&:266.14 JH&: 283.83
N-N A= N-NH
U /
K2CO4/Pd(PPha) 4 / HCl 4
e e e Y
N/ 7
N B \/ Nk B \ ./
SNT N Si~ SN7 N Si~
r~
(o] (o]
15 5
C1gHzN50,S5i C15H21 N5 OSi
»F&:387.55 *F&:315.45

4-(IH-wb P -4- B )-7-Q-Z FE W E Z & & 7 & )-TH-w 18 3

[2,3-d] W& BE (5). J57%B.
KERAOEZ KIEH > $£1H4-(4,4,5,5-T0 B ££-1,3,2-
F)-1H-s ™ (4 > 60075 > 3.09E H) -
5 464K H 0 0447 0 1.50E B) 0 Rk
ZBRGIZEF  0.078EE » 0.025
E£35-40C » FEE4-8/1\HF -
KIEREYRHEL5-25T

EXRT 1%

E}D

RS 2R B

—EMEE-2-

HE@ 2R ZE 2 IHE B (334.5
R IN2M HCIE Z, B o
EE) - BFER 2 K IER &Y #
EHPLCOMERK EWHE BE RN &

#Z LINaHCOy/K AW E EpH > 8- 43

MPEE LEFREBEERBETESG MEHRI-(1-Z85E72

g)-4'(434a595'[m qa %

C199248A.doc
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EAREBRESuzukiBERIE  BEE—F ML -

FEERT  NEFEZERER - SRR AHRERAOEZR
FEBSh » FEHEHI/K(H,0 v 1.5F) ~ IkBL$8 (K,CO;5 > 104738 » 758K F »
2458 8) - 4-8E-T-Q-ZREWHREZEEFE)-TH-ab 18 3£ [2,3-d]
BEOE(3a > 7553 P 266 H) - #HEAMBM A ZHEI-(I-2EEZ
££)-4-(4,4,5,5-V0 B £ -1,3,2- — S HH (A B -2-55)- 1H-nb 4 (14 > 82275 > DL
100%8 LR B EE » 3.095E » LI6EE)R1-FE(6F) - FERERZ
RERGYMA=Z=R > BRUGAEE  RABEZEERT @ UBEHEHE)
$2(0) (9.25¢ » 0.008 5 K - 0.0026E )@ H - K Fr il Z K FER & ¥ 0
HEBFEIREI0T)  BE1-4/NF - EFEHPLC KIEWH R BETK

B FRERASVERB T REG  DUBRAE - #E > FREMALA
ZEM  UBEBRZEEOM)EK@H)HE - OBERIKE > W ARERE Z8
2x25M)FERKE - BEHZHEBBLIKQE x 2H)EK » RIERKET
BE > MEHEM4-(1-(1-Z8E ZE)-1H-ab M -4-5)-7-(Q-(EH EW I
E)ZEE)FE)-TH-wI& I [2,3-d]EIE(1S) R EHERANRBELE
REZERRERE  BFE P4 -

EZERT  NEFRTEEESR  SHS  AHEERAODEZR
FEZS P BEIEMBA-(1-(1-Z8E ZE)-1H-wb I -4-F)-7-(Q-(ZHEW
e kk) Z E B ) H A )-TH-nt g 3 [2,3-d]HEIE (15 > 1030.957 » LL100%E 1k
R ELHE » 2.665LH) ~ UG &R (THF » 0.9FF) ~ 7/K(H,0 » 4.4F) K 10%
HCI/KB K (2.7 » 10.645EE » 3.44ER) - IR ZKEREYN
EOR THERE2-S/NE - EFRHPLCOWN - KERELETKE » £=ZR
T BREREYEII0%E F L #H (NaOH) KB R(940Z F » 11.70K
HO3BER)EE BRI RIEREYNER TR -2/ - 5

BREGEERE  DUKQx0.75H) %R » RIEEZRFE P R45-55C T #
BREEE MEHENA(H- M -4-5)-7T-Q-=ZFEWHRE-ZEEF
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2)-TH-wk I8 31 [2,3-d] W5 0E (5 > 826.855 » HE3h 1-839.15% » 98.5%% &) »
RIKH G E R 94.2EE %4 » $HPLC) - B2 » (FHENYE N Z i
TRER  MEMLESYS (73845 > Bk 1839.1% » 88%ER) - A
HE&%E & (99.5HE% » #HPLC) é’éfﬁ,ﬁ-?‘f@ﬂtt?iﬁﬁ%iﬁiﬁéﬁ
FTEAZYIEMEE - ]

o’LN 0 N K2CO4/Pd(PPhy),
,&%r R

o~
14 3 .
C13H233N203 C12H1BC‘NSOS|
*FE:266.14 »¥F&:283.83
[~ yq n N-NH
y N //
Y/
HCI z
N N\
e \ N I N \
k\N N Si/\ c H15N5023‘ N ko/\/
|
! “ RN i 5
*FE:315.45

4-(1H-wb D% -4- 5 )-7-Q-= FE Wi & Z € & H & )-7TH-wt 1§ 3F
[2,3-d]BENE(S). T57AC. EERT  NEFEEMIESE  S5% - 3t
RERAODEZ KIESE T - S5 /K(H,0 0 9.0F) « B S $5(K,CO5 » 4461
520 328K E C2NEE) 4 EET-Q-ZHEWEEZEEH
e )-TH-ot B8 3£ (2,3-d]%5 08 (3a > 35975 » 12.67EH) « 1-(1-Z &5 7,
H)-4-(4,4,5,5-TU B ££-1,3,2- ~ & 01 {6 [ -2- 5 )- 1H-wb I (14 > 355055 >
13345 H - 1LOSEE)RI-TEQIH) - FFRVRZRELRSYER S
R GRUEEE - AREZRT > MEESER)E0) (463 5 0.040
HH > 0.003E&)RH - H%ﬁﬁﬁ/ﬂzZ)iFE/mé%bni‘?@miﬁﬂI'E‘lau(ﬁ’wo
C) E&I-4/NH - EHHPLC > REREBESKIE  FKIELLY
RUZER  BELBEWELKBE - BWEFRUEBRZEQ x 2
TRV MBS FFRRER R EK - SBFRE 3 %K E R i
CER(2FER - BEHZAREERET RS  UBERAE > A%
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FE4-(1-(1-Z8E ZE)-1H-sk W -4-F)-T-(Q-(CEHEW IR E) Z & E)
BH BL)-TH- o I 3 [2,3-d ] BE (15) 82 VU <, vk I (THF » 4.2 74 ) B 2 25 (0] [ FE
o UMBRELBREEZEZRRERE ®FE—-FSHAL -

RERT  ERFESD  REAATRMNEZHER-(1-(1-28E
ZE)-TH-mt M -4-E)-7T-(Q-(Z R EW &) 2 & &) F £&)-TH-wb 1% 3
[2,3-d]W% BE (15)7E [U & o4 " (THF - 4.2F0) 5 Z IF A » 5K (H,0
20.87)8210% HCIK /AKX (16.2 » 45.895E F » 3.44E B) - BB KZ K
FESREYTE16-30°C TH#2-5/NF - EFFHPLCOT » RIEHERER
i EERET  BREREYMIUI0%E S L EH(NaOH) KA K (4F
502EH >3 BEE)VERE - KKK ZIKERSYNERTHEH1-2
INBF o FEIBIRWE RS - W LAK(2 x SR - RRIEH B LA (21.6
) ER K ESR B RZBFRMAZBRER  BE1-2/N -
BE FEHARZEZHANZEN W - HEBGESRIUBRNT
Ho RAHE - RSN Z R THEBHLI-2/NE - FABWERER - X
ZREQ2 x 355 M EHEFEF - R » F45-55C T B EE
B MS4-(1H-nbie-4-5)-7-(2- = B E W fe - 2 & 5 B 4 )-TH-nb 0% 3
[2,3-d]WE0E (5 > 3281.735 » ¥k £3996.8% » 82.1%EXR) » A E B4 &
MEEBE(99.5H K% » 3 HPLC) » ¥HEHEFE LRI EGHEE T T
EAEBZ Y)EMEE -
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—

cl
I
NTNY, _NeH/SEMCI N)IS K2CO3/Pd(PPh3)4
k\jNI} N o J :>-

H

1 3a 14
CeH.CIN H15CIN; OSi C13H23BNZ04
N | e 23 % 266.14

O> r’/NH

N-N YV
|
7 HClIks z
r‘Il\ | \ \ ./
\*o _‘

15 5
C19HZQNSOZSi C15H21N5OSi
2+ &: 387.55 »3€:315.45

4-(1H-wb M -4- 5 )-7T-Q-Z P E WS & Z 6 & B £)-TH-w 18 3
(2,3-dJWEBE (5). J77AD. R EALS(NaH» 605 8 %3 43 i » 4.055 0 101.3
EEH 1L5S4EB)EL2-“HEE Z % (DME » 20.0Z 5} » 19245 EH)
PZRFBA - FEO-5COKB)T > 1818 IN1,2-= FHE £ Z %2 (DME
80.0F Ft - 769.6 2 EH )P Z4-E F k& 3 [2,3-d]BELE (1 10.085 5 65.6
EXEE) UBMEREMENVSCTGHICTEST) . THBEAEEE - ¥
PRZRIERGYTEO-ST THRAINE > A% BERNZPEWE
ELAERTFQ 12563 0 153EEH > 1ISE8) > ARERE
mERFE<STT - REMNE - BREWMEOC THEEUNE > B2E
MEER > EE23/0E - EHPLCETLCERK EHIE HESSKE » £
Em T LKACEMEREREMER > YEEEREZEY3a)
ZEERRERCYERETET —SukiBARE  BEE—HE
HE AL -

EER T RELESELAKEZ aEHEN4-EE-7-2-(=H
W E) L SE R A} -TH-0 08 3£ [2,3-d]0E5E (32 » 18.6335 » 65.64%
EE)ZEERREREY T RI01,2-ZHEE 2% (DME > 38Z ) -
19 KK BE 87 (K,CO53 > 23.56%8 » 170.5EHH - 265 8) - 1-(1-Z& 52
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E)-4-(4,4,5,5- MW A -1,3,2- Z S B {0 [ -2- 5% )- 1H-wk I (14 > 18.603¢ »
69.89ZHEH > 1.06E8)  EFMERZIEEYRANERX 8RUFRE
H o REEER T SB(=ZFB)HL0) 24422 % > 0.2125EF » 0.003

B)RE - FRERZIKERSYRANX  SRUEREE » #F
MFAEBOT » FEAK4-8/\F - ETLCHHPLCEUR K FEH R 13 B 58 8%
EREREYWEHSNEZER  LEBHYELIRA0RE)AE - B
% L IRDABS B £ B5 (EtOAc » 20 )58 ik - 77 Bl W J&@ Rk > L 7K /& LA
BEBE ZBE(2 x 30BTHEW - & #f 2 B R L8 FINaCIK B 4 (20
EF) RN BB SR KRZ R (MgS0,) - RERE TRYE - #F - &
SHANAESuzkiB S EVASZEEYHERTHF (221)EBE
SO0ZTHEEEM - AERERRFRERE  EFE—-F AL -

REMRT > K SuzukifE & EY(1S)ETHF (22 F ZF K
LAZK (108 71) 82 10% HCI/KE & (38 R 19.6 2 FHRHCIEZ64Z 71 H,0
REMMB)EE - KATERZ KBRS EIR T #H4-6/80F -
TLCHEHPLCE TN ERMREBERER T A E TR > #30%8 &1k 8k
(NaOH)7K 75 4% (#% E {# 10.4 52 NaOHA 14 21.0Z F+ H,0 5 i B4 50 ) 18 18 7R
MERERSY T  FRRFREEER2STC - BRGEHERE LR
105y SR FBILR - RESYNZR TEAL2NE - REEBRWEE
2 0 HOUH,0 (SOEZTH)IEHE - MR ESH BB E250ZEFA =Z5EM - Wk
ZR T ZAEMeCN 12E2H)EE - ESYIIRZEER » FL2/N
B> BEZHALANEZR  BREETREVNE - BBEWGEER -
BAMeCN (B6ZF)EM > REEZHBEPRW-4STTERE MK
4-(1H-wkPE-4-55)-7-(2- = B fe A - Z A& B & )-TH-wk I8 35 (2,3-d )0
BE(S > 15.3% B £20.75%% > TBINER) HhOBRERMEER99.4
HiE% #HPLC) ZMEEFETEB T EGHEEE T EA - BRC
ZMEMEE -
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'S 8 NN
2 @ (M) %
N A EGRBLER N7 \
(S)y10
(S8R T RMY) 9
C2Hs2Ng0Si CHyNgOSi
2+ % :436.63 2+ %:436.63
(=3 4
i# Michael
CN
OV %—/
N-NH N-N
l 8 l #
—_——
Michael o &
O O
k\N N Si/\ k\N N Sl/\
. 7~
5 9
CisHp1NsOSi CxHy2NgOSi
2+ &:315.45 2+ 43663

SR K HE3-BR IR B -3-(4-[T-Q-E HE W S £ Z 6 5 I E)-TH-nb 1% 3
[2,3-d) 0 B2 -4- B | B4 - 1- L} I AR (9, 41 HESEM-R B~ (L2 M), 5
EB. EER T REABEE HAEE AHERESADE Y NS
250 FHE B b S GS)-BRE-3-(4-[7-Q-CHEWEEZ &
B3 )-TH- 05 3 (2,30 B2 -4- 2 1o B - 125 ) A ((S)-10 13,955 » 31.5
EHEE) ZHEIEF)EI-BREFAG S, ERZEEYZESY 3.82
%o 3lSEHEE  LOER) - RiE 0 EEBT  BFRERZESY U
B4 88 (Cs,CO; > 2.575% » 7.88EHH > 0258 8)EE - ERIERSYE
RE65T » W12/ » FEHEMHPLCHER » DUBIE (L& % (R)-10
HEE(S)- 102 HE RELEB] - E/LEWR)-105 152 1(S)-10 (b
BlEEl—H—1  #Z ERERSYEFANEEE  BREET
RHE24E ARG o KBRS Y (R EEHPLCES S o DUHI G 4-(1 H-k 04 4
) T-(-ZHEY R E ZEEFE)-TH- I8 3 (2,3-d|BEG) 22 & -
ELEYSaBHHEHPLCEM%SE B < 2% » KEAEEAES
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o AR ERIEREEEAYETIBBIR  UBREENKESRK
RZAEHER - #Z > REBTEBER  UBRGIEABHE -
REREZBSRUER ZEBEWQOEZEF)FME 1IN HCIK B K (40Z F)
ke TBEMRE > HUBBRZEQIZEA)EENES KB AKRZBR -
7 & fF 2 B B DL IM Bk 8% & 8% 7K 75 & (NaHCO;) (45Z F)EE20%
(wiw)S KB R QOE A )L B - (75 8 0 DLAR Bk 8 IR K82 %
(MgSOy) > RIERER TR » MBHEMINEIE3-IRKE-3-{4-[7-2-=H
EWHEE Z FE B E)-TH-wb 1% 3 [2,3-d] W5 BE -4- B Db e -1- L } (N B (9,
SNHTESEM-frEZ L&Y » B E£13.6% » 13.95¢ » 97.8%) » A IRIH
Bl M EGHEERFEANKZYERRE - RELEEM AR S
Gi(> 96mTE% » #EHPLC) WM HEFEHANEZEHEM OB » EEE—
&1k -

4-(1H-t W -4-E)-7-Q- = FEV R EZAE B E)-TH-wL I8 3
[2,3-d]BEBE(S). SF/AE. =R T » REEEEERES - HERE - 27
AERIRERAODEZ22AUSHEER S - F£EHBS)-3-B K E
3-{4-[T-Q-=Z=FEW K E LR EF E)-TH-ab 1% 3 [2,3-d] W5 0E -4- & ot
ME-1-E Y AF((S)-10 » 49158 » 1L11EF)E Z 5 (4.5F) - (EIREY 42 AN
F0-10C » Az KHRRKREIUE=-TEFETHFP Z IMEB K
(KO'Bu» 2.07F > 2.0 H » 1.8% 8)ZFEEHE » BLLS/NG o RN
2B EREREYEEZZE R LNER N EH12-24/NF - FLC/MS
ERNREHRBEEKE  BREREY LB Z8 (EtOAc » 671)8
50% (w/w) &AL # /KB R(NH,CL> 4F0)H ke - D BEM A E - BUEER Z
Bs QAW & KB - a2 B HEEG UKQA)EEAKEH)E
M o DARR B 82 IR /K RZ 6 (MgSO,) » RIEBER T R4E » MisiHSd4-(1H-
M -4-5)-7-2-Z HEW -2 & T E)-TH-wb 1% £ [2,3-d] B 02 (5
35455 > B £350.155 0 101.1%ER) » AEHEH » HARSER
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EZRT  REZEPEL  -BE EHESEYEEZHIEES

TS YS (3085 - Him £350.15% - 88%E ) » B [t 4E & (99.5M
R% FHPLC) #MEEFETLLH HEAHEME 5%A B CED
ZYEHEE - [E

CN 9 OH N
H HO™ ™ He
' N

N

NI 16 NP\ °
Ny \ riiveso | \/
N S~ (+)=X78A-D-BF& X "4
N~ - LO/\/SI

N~ N
(o]

9 17

C23H12NgOSi C41HagNeOgSi
»>F#:.43%6.63 CN +F%&:79492

(R)-10
CH3NeOSi
P& 436.63

(28,38)-2,3- B (X F B EE)RHE-GR)-B IR E-3-[4-(7-{[2-(= F
EWE)Z S 2 FE)-TH-0 18 3 [2,3-d]) W5 0E -4- 5 )- 1 H-mib 8 - 1- 55 | 5§
1517 EERT > REAREBREEEADE Z250ZHEHEE
M 0 A INHIES- IR E - [4-(T-{2-(Z R ER ) Z & & 5
B} -TH-ob 0% 3£ (2,3-d]WE I -4-55)- T H-oit 8- 1-EE ] AR (9 » 6,925 1 0.0158
HE) ZHB.0ZF  1.70EE) « &AM (ISEF - 0.185EE) B K
Bl (15.0Z 7 > 02045 E) - R ZERBRESOC » KL MU—1RK
(+)-2,3-Z R HEEE-D-BE A (160 8.5275 0 0.0238E H » 1.5% B)EH -
BE - BB ZE9BRNS0C THEEI0DE K1 BHAHNE
=i WNERTEM2UNG - BEEBRRERE M BB D
ek REBETRER  ME2S,39)-2,3- LRSSk nE
-GR)-BRE3-[4-(T-{2(ZHEW R E)Z G & H & ) -TH-mp 18 3
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[2,3-d]MF BE -4-F5)-1H-mb M- 1-E )R AF(1:15 170 6.855% > Bz 1 12.65¢ -
S4%ER) ROBEE  KLERB I HEZRBAE GEYHEMHPLC
S BERT4260RAEFMEZR-BHEREY - BR17: 'H NMR
(DMSO-dg, 400 MHz)8ppm 8.86 (s, 1H), 8.78 (s, 1H), 8.42 (s, 1H), 8.04
(dd, 4H, J = 1.1, 8.4 Hz), 7.80 (d, 1H, J = 3.5 Hz), 7.76 (tt, 2H, ] = 7.5,
1.3 Hz), 7.73 (dd, 4H, J = 7.9, 7.4 Hz), 7.12 (d, 1H, J = 3.7 Hz), 5.90 (s,
2H), 5.66 (s, 2H), 4.55 (td, 1H, J = 4.2, 9.6 Hz), 3.54 (t, 2H, J = 7.8 Hz),
3.30 (dd, 1H, J = 10.1, 17.6 Hz), 3.22 (dd, 1H, ] = 4.2, 16.9 Hz), 2.43 (m,
1H), 1.82 (m, 1H), 1.70-1.14 (m, 7H), 0.85 (t, 2H, J = 7.8 Hz), -0.083 (s,
9H) -

GBR)-BRE-3-{4-[T-Q-=ZFEW K E L E & F &)-TH- I 3f
[2,3-d] 5 g -4- 5 |t - 1-F: } S AR ((R)-10). J57AB. FEZE M T jR250%
FEEERS  SEBERE MR Z(2S,39)-2,3-# CEF A& )R
HEE-BR)- BRI E-3-[4-(T-{R-(=EFEWHRE) LR E]HE}-TH-2L I8
3 [2,3-d]MEIE -4-55)-1H-o I - 1 - EL VR AF(1:1 » 17 » 6.855% » 0.00862%L
H) - BEfg 2B (EtOAc» 702 » 0.71TEFH)R/KQRIZES » 1.11RE) »
WEREHRZABRLENELIZT  ABRLIBNS S L#H/KE KR (NaOH 10.7
ZF 0 0.0321EH 3NEB)RE - IHEpHES I TEERKE ' B
DABEBE ZBs GOZH)ZERUKE - BEH BB LL20%E /KI5 K (20
ZF)EMR - DATRBASEIR KEZRRE - B > RERBTRE MEHER
# L8z GR)-IBRKE-3-4-[T-Q-=ZFEWREZEE P E)-TH-
0% 3£ (2,3-d])ME 0E -4- B [k 8- 1- B I AR ((R)-10 > 3.315% » B3/ £3.763¢ »
88%) > REEM  HAGEHEMHPLCON » HEHRT426/FEMEL
R- ¥ ZBEEY - R (R)-10 : '"H NMR (CD;0D, 300 MHz)8ppm 8.77 (s,
1H), 8.68 (s, 1H), 8.43 (s, 1H), 7.66 (d, 1H, J = 3.7 Hz), 7.06 (d, 1H, J =
3.7 Hz), 5.7 (s, 2H), 4.53 (td, 1H, J = 4.5, 10.2 Hz), 3.62 (dd, 2H, J = 8.0,
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16.0 Hz), 3.26 (dd, 1H, J = 9.7, 17.2 Hz), 3.17 (dd, 1H, J = 4.0, 17.0 Hz),
2.59 (m, 1H), 1.97 (m, 1H), 1.80-1.25 (m, 7H), 0.92 (t, 2H, J = 8.4 Hz),
-0.03 (s, 9H) ; C53H3,NgOSi (MW, 436.63), LCMS (EI) m/e 437 (M*+H)

N~ 3—(?

,L cl I )
0" N Jo NZ I N\ K2CO3/Pd(PPha),
) '\ B\ + k Q N/ \
N o N NL »81 N |
o N NL
14 af 18 O
C13H23BN;0; Cy2HiCIN c NsO
S5 26814 AR RS
N-NH
(/ 8 %_JCN
"=‘~. Cehh N .
N \ CN #»¥#:12118 N 20
- . ] > V4 CH2eNeO2
L‘N N S AFE: 42051
A NZ
(o] | N
19 K7~ 3‘6
C1sH{NsO w
23820933 o
CN CN
Hn . Hn\
HERFL R "j';‘ NaOH % # ","2 NaOH 5%
= L A
k\N SN" N
Yo “on
(R)-21 (RF1
C23H2gN¢0; C1aH20Ng0
23 & 420.51 | »F#:336.39 _

%—/ HyPO, H

N~ — N-N

¥ 285 (7 * upo,
5 N S~

N" R N H
(R)12 (RF133&m)
Cy7HigNg C17H2NgO P
»F%: 30637 PF#:404.36

EHERE{4-(1-(1-Z € & Z & )-1H-nk W -4- & |-7TH-nt 1% 3f
(2,3-d]WE0E-7-B ) B (18). EEE T NEFBEE . SRERIAMH
Z 2502 F EE A P 4548 = R FE R 4- S KL - TH- b I8 3£ [2,3-d | I
-7-E B3 3058 0 01128 H) » 1 4-Z&BEEGO0EF » 4.0HE) -
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1-(1-Z &K Z £ )-4-(4,4,5,5- A E-1,32- “ S WL B -2-5)-1H-nt 14
(14 » 35.85% » 0.134EH > 1.28 &) - K(S0EF - 83EE) K iR 5 #F
(K,CO3°61.952 0 0.448EH 1 4.0ER) - EAME K Z RS ATEX
FRUKEE - ABEEHE (= BHIE0) (5.052 » 0.00433KE H » 0.039
EE) #ZE FREESYRANURX > SEXRUUERMOE > REREHESS
C - RREREYESST TEH2-S/NEG - ERERGEKETHEE @ (#
RIEREMRAZZE R ARBLU20%E /KB RQSOZEN)EEEL LEE
QS0ZEF)HE - TEEMKE > U KBUBER ZBEQSIOZFH)ZER - &
EHZEEE D DAKEBE/KER - AW EL £ AR /KEZ % (MgS0y) » R TE
BETRE KRAVESRBAEREBITAILGSIO, » 25%F 40%8E Bk
LEE/CWEESRE) ME=FEERK{4-(1-(1-2&8E 2 E)-1H-wt %
-4-F£)-TH-wt 0% 3 [2,3-d]WE0E-7- 2 JHB5 (18) ) el  WHEE#EEM
NEBEERE  BREEREZR - BN 18: CyHysNsO03(MW, 371.43), LCMS
(EI) m/e 372 (M*+H) »

= HEBRE(4-(QH-nb 8 -4-F)-TH-nt 18 3 [2,3-d] BE g -7- 5 | B B
(19). HEA EERT  REABHEBEERADEZIFEHEER
o BRI LM N Z B AR (4-[1-(1-Z2&8E 2 E)-1H-ab M -4-
B )-TH-wb 0% 34 [2,3-d)wg g -7- B JFE5 (18 » HimE41.65% » 0.112KE )
EAVY F ok 0@ (THF » 61027 » 755 EH) LHEZERT » RAPKZES
YILL2. ONEEEE /K S (1402 A » 0.28RH » 258 &) - 83 » RKAT
FRZREREYNELR TEBHEBR - EREHREADZERE » K
FEREGMABZENST » Ak LUIMEELH/KE K (NaOH) (95ZF)H
BpHEZ9-10- #% > DEKRLEQ x 30Z2THEIEESY  B¥E
B2 AR DL20%EE /K 78 7R Q50 Z FH) MR - LUBR B 8% B /K 87 )&
(MgSO,) " RERBTRE  MEHEY  EXKBEZEX=EERE
BHEEMMUBPESE=-TEBMTBE 2002)EH - WEFBRLEHRE
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BT > BE&E307 88 » AR A ERE - BB EE S - BLIMTBE (2
X 0ZM)RMH > EREBETESR > WS = F A [4-(1H-nk W -4-
H)-TH-wb 0% 3£ [2,3-d)Ws 0E -7- 25 [ B BS (19 > 30.5%% » FH 34 1 33.52% »
N% > BEEMEIR) HhACERKAECEE - HN19: 'H NMR
(DMSO-dg, 300 MHz)8ppm 13.40 (br s, 1H), 8.75 (s, 1H), 8.66 (s, 1H),
8.32 (s, 1H), 7.68 (d, 1H, J = 3.8 Hz), 7.11 (d, 1H, J = 3.8 Hz), 6.21 (s,
2H), 1.06 (s, 9H) ; C;sH;N50,(MW, 299.33), LCMS (EI) m/e 300
(M*+H) -

A= EREEG-(-Q-FE-1-BREZE)-1H-n % 4-
B )-TH-wb 1% 3 [2,3-d]BE g -7- B ) B5 (20). 535A. REET » 3-8
IRERSHRE(8 > 14658 > 0.123H » 1.20% 8)BDBU (18.2=F » 0.12
EE - 12EE)RNEZ FEBE4-(1H- % -4-5)-TH-mL 1% 3 [2,3-d]
HEUE-T-E)REE(19 0 30.058 0 0.1EE)VEZR@SEA) D ZBIZRA -
R IE B Z R FESR & ) I EAZE 50-60°C » R 48 17/ (G BB 75 K {4 0 R
LBMPAMBR) BEZTEE > BES/NE - ELCMSHFETK ER
HRESKE  ERERSMERE TRE  LIEREYS R 2R
LB - AT ZEREIKG x 200 )% 0 » DUBR B8 S AR /K 45 1
(Na;S04) > RAEBER TR - MSMHEY(20)  BEFH - 281% » B
E V) BB AT A1 (Si0, 0 0-50% EtOAC/T i B 5 8 » T 18 40 34
e = B A FE R (4-(1-(2- B A - 1- 38 [ Z ) - 1H-nib M -4- 0 )-7H - 1% 3%
[2,3-d]WE g -7- ) A S (20 > 13.052 > B3R £42.1458 > 30.8%F XK) » A
HEERE - BR20 1 'H NMR (DMSO-dg, 400 MHz)5ppm 8.84 (s, 1H),
8.78 (s, 1H), 8.39 (s, 1H), 7.74 (d, 1H, J = 3.7 Hz), 7.11 (d, 1H, J = 3.8
Hz), 6.23 (s, 2H), 4.53 (ddd, 1H, J = 9.9, 9.6, 4.2 Hz), 3.26 (dd, 1H, J =
17.4,9.9 Hz), 3.19 (dd, 1H, J = 17.2, 4.3 Hz), 2.41 (m, 1H), 1.87-1.13
(m, 8H), 1.07 (s, 9H) ; Cp3H,5Ng0,(MW, 420.51), LCMS (EI) m/e 421.4
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(M*+H) -

JiAEB EERT 0 R=H AR (4-(1H-wb B -4- 5 )-TH-a 1% 3
[2,3-d]wbE-7-E R B (197 158F 52 0.502 X B )EA3- IR KA NG (8
122E% > [0ZEEE 208 8)E_HTEADMS0 > 1.0ZF > 14 &
H)bhZ & BABIZRA - R0k KRB 88 (K,CO; > 10.4Z 5 » 0.075
ZHEHE 0ISEE) #E BRERSYNRER TEESNNE - KFE
BEMGELNGENEREHBR - ELCMSE RKEH R B E 5K
0% » BAZK(H0 » SEF)E K EER @ I DABEBE Z B (EtOAc » 3 x 15
FHIZE - EHZEHRERUEFNaCUKBE R A0ZEF)ER - DI
SRR KBZIR(MgSO,) » RIEREB TR - #E > KREVEEENE
P& {E (810, » 0-50% EtOAc/Tiit EARE) - MM HIE=F EEE R
(4-(1-Q2-F E-1- IR K& Z & )- 1H-wb M -4- 5L )-TH-wib 0% 3 [2,3-d] M5 BE -7-
E)FREE(20 172.625% @ Him L2102 % » 82%EXR) ) RO GER -
BE#20: '"H NMR (CDCl;, 400 MHz)8ppm 8.87 (s, 1H), 8.30 (s, 1H), 8.29
(s, 1H), 7.47 (d, 1H, J = 3.9 Hz), 6.75 (d, 1H, J = 3.9 Hz), 6.24 (s, 2H),
4.25 (m, 1H), 3.12 (dd, 1H, J = 17.0, 8.7 Hz), 2.95 (dd, 1H, J = 17.0, 3.9
Hz), 2.58 (m, 1H), 1.95 (m, 1H), 1.72-1.52 (m, 5H), 1.25 (m, 2H), 1.14
(s, 9H) ; C,3H,5NgO, (MW, 420.51), LCMS (EI) m/e 421.4 (M*+H) -

SHEREE®R-A-0-C-RE-1-BREZE)-1H-wb 8 -4-%)-
TH-wt B 3 [2,3-d] B BE -7- & ) B @5 ((R)-21). &4 JH e = 5 & B &
(4-(1-2-8 £ -1- IR [RE Z & )-1H-nt B -4- 5 )-TH-wib 1% FF [2,3-d ] 05 IE - 7-
E)FEEQR0 527 0 1236EHE)EZBACKR ZES Y1)
F 7 BABREAMEUHPLCAE T » HEFHEMEERE GO x 250
Ky UWBRERZENER  MEBEZHREFTRSC5-ZHAEELR)
fis (5] g Daicel{l 2 T # /\ 5] (Daicel) » LA "Chiralcel®OD-H" (5% 2K )EY
BEE - FHEHEADUEHRHZEEONEC K Z1HIBREILZ RS
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MHERZREE  ERNEA/SBEZRRT  EZE TSR - AR
GREEER2Z20ZEMKTZUVER - FHEKRET  ERHENZ
EBMZEG OB BRI GER B16.458 (R UE], FEE>
(S)-HELZBY(S)-21)H21.07 (T &2, FTEZ R)-HZRiEY
(R)-21) - B XN BIAZHERBR > ESOZER/ZEAZEET B&
RUEBHR14SE > FABBEN - RSB TE > W@ 75%
A BEEHENBRERRRKIE] (REEZ(S)-HEREY,
(S)-21)ERIR UL &2 (FTEZ R)-HEEHEY, (R)2D)Z BB > BFELR
WIEFTW R Z BN ERBE T RE TS ERE I REYESE
ETE-FEBREEE ME=-PFEEBER)-G-(1-Q-F&£-1-BREZ
H)-1H-mt M8 -4- 5 )- TH-wb 0% 3£ [2,3-d W50 -7- 55 ) 9 g (R)-21 » 2.36%5
Howm £2.657 > 90.8%EXR)  BHRWIE2  AREEEE > B=HL
E& Esz(S)-(4-(1-(2-§5_-%-1-f%)j25§€Zﬂ)-lH-vktU:lé-4-ﬁé)-7H-vkt”§#[2,3-d]
HEUE-T-E) BB ((S)-21 0 2.45% > Hli F2.675 5 923%FEXR)  BEEY
1 HKEEERE -

e B EMEHPLCTT A » PAEPOM-(R)-2181(S)-217 i fE I 2 S %
W) 2 B E V40 574 > F B B 5 Chiralf #i2) 5] 2 Chiralcel®OD-H/E &
(4.6 x 502K » STK) - MAEH E EEY((R)-218(S)-21)&LL A 3.5
ZEEN O MARE10%ZEBEIO%CHRZRENME > £F8 T FHI=
FH/7EZ TR B UV & B220Z #5k - 28 B 05 R4 B A 141
JTEE 0 BIRN(S)-21 0 B18.74 8 » WN(R)-21 -

HHHHEUHEHHPLCR OBy R HEEHY Y o8
EIEL 2 E (HPLCHEH B %) M £ M 4 B (M E M HPLCE B %) » (44K
i HEEHAENMRELC/MSHER - BN (R)-21 : EH 2 aE
(992K % > FHPLC» {E220Z Mk TE M) $f 24 4l 2 (99,6 15 % -
HEEEHPLC; 99.2% ee): 'H NMR (DMSO-dg, 400 MHz)3ppm 8.84 (s,
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1H), 8.78 (s, 1H), 8.39 (s, 1H), 7.74 (d, 1H, J = 3.7 Hz), 7.11 (d, 1H, J =
3.8 Hz), 6.23 (s, 2H), 4.53 (ddd, 1H, J = 9.9, 9.6, 4.2 Hz), 3.26 (dd, 1H, J
=17.4, 9.9 Hz), 3.19 (dd, 1H, J = 17.2, 4.3 Hz), 2.41 (m, 1H), 1.87-1.13
(m, 8H), 1.07 (s, 9H) ; C,3H,5Nc0,(MW, 420.51), LCMS (EI) m/e 421.4
(M™+H) - B (S)-21 : SEHEMHAZE(99.3EE % » ¥EHPLC » £220%
R TR HEMEE(99.8EE% » FEHEMEHPLC ; 99.6% ece) ;
'H NMR (DMSO-dg, 400 MHz)8ppm 8.84 (s, 1H), 8.78 (s, 1H), 8.39 (s,
1H), 7.74 (d, 1H, J = 3.7 Hz), 7.11 (d, 1H, J = 3.8 Hz), 6.23 (s, 2H), 4.53
(ddd, 1H, J = 9.9, 9.6, 4.2 Hz), 3.26 (dd, 1H, J = 17.4, 9.9 Hz), 3.19 (dd,
1H, J = 17.2, 4.3 Hz), 2.41 (m, 1H), 1.87-1.13 (m, 8H), 1.07 (s, 9H) ;
C,3H,5NgO,(MW, 420.51), LCMS (EI) m/e 421.4 (M*+H) o

(3R)- B K & -3-[4-(TH-wt 1% 3f [2,3-d] WF BE -4- & )b M -1-E | R
BF((R)-12, B HE®R). 77/AB. WM=FEEEG-{1-[(IR)-2-F&-1-I8
JRE ZE]-1H-nt B -4- B }-TH-wb 1% 3 [2,3-d] 5 08 -7- 2 ) FF B5 ((R)-21 »
376 % 08MEZEEF)EHE@IZEA  WEER)PZEBHEBK
R EERT  RIESEAREKPZ1.0ME R (NaOH 1798 F > 0.179
ZEEEH 20EE) BEERAYEZETEEBREAS/NE) ELCMS
B RREETE  L/K(I0Z ) E e MINaCIKE K QUEFA)E K FER
GYER > WLAEtOAc (2 x 10EF)ZEE - KEHZHEREIE KL
B AR BRSERR K EZKR - BIE - RAEREE T IRYE - 15 (GR)-E] K&
-3-[4-(TH-wt B8 3 [2,3-d U 0E -4- B )k B - 1- L TN AR ((R)-12, E HHRRHER -
274 55 » B 2742 0 100%EXR)  BREEEEKY » FHEA
BB EAZYEMEE -
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[ |
(o} ¢ /L
N? l A NaH/POMCI L . o) ,il A B’ K2CO4/Pd(PPhy) 4
SV 3‘% - TR
H Lo
1 3 e o

CgH4Cl C CIN3O 13723 3

5?"?'&42 1%.57 — 91"‘1?“1&4 2637.721 »t&:.266.14
C? N-NH

Y ~

7 HCIA %% 2

- - N A\

p WD o
'i‘\ > N )Lé

S N7 N (0]

(.
o .
18 19

CygHasNs Oy Ci5H,7NsO,

aF&:371.43 »F&:299.33

ZHR AR (4-(1H-nt W -4- 5 )-TH-at 18 3F [2,3-d] W B -7- 5 | FF s
(19). 777AB. WERBEHEE - BR - 2BE  SO0ZEARRREIRER
ADEZ EHFEEIRZIA4BEEEER DS » SEE(EH(NaH > 605 82
Yoo TEWEHT > 328237 0 0.82HE 5 1208 B)HMAKI12-—HEEZ
$e(DME > S00Z 7} » 4.8HEE)  LERTEKZRESWASHMEIC « i
CHEBEZRZ I BERER S - SEH4- 85 -TH-mb 08 3£ [2,3-d]05 BE(1
105.0%¢ > 0.684EH )EE1,2- — FHEHK Z % (DME - 750Z 7 » 7.2H H) -
BZE - NS-12CTT » AR EREHAORES S RIMA SN
EDMEF Z BIFRAN » BE300E - IR ZRERSYARE Y
HY - ERINZ1& > BERSHE  BERAYEBEFEREEE » THRE
i THRAEUNE > REBEANEST - U-FEREBEEFECEHE
LEBELEEG/LTR » POM-Cl> 112 » 07525 H > 1.1 EE)ZEE
AMEREREY S B30 BFE0-SCTHEE - —HERBE
EFBREZANGRENRE  UEREREETEEZI4C - BRI
EHERBREEFREE  BRAOS  RERELSYEHEZ=E
WHZER TR0 - EHEHPLCHER % » EREHE BT =KL »
PUK(00ZF NI E R FEER - B &5 HEPOM-2E > 5 1
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REEISGHZ K RBRREREYERNEESuukiBERIE  EFE
— R E B AL -

EFERT  RELABEZEFHNUPOM-RE AR EL
GHZEEBIIEREY T » WI04-(4,4,5,5- U E-1,3,2- Z & WA E
-2-F5)-1H-wt (14 > 20052 » 0.755E - 1.10% 8 ) B i B $8 (K,CO; » 189
%o 137TEE 208 8)  FIRRZ B GEHERRMBRBRIM
B RS54 88 - 1B LABR(Z= 5 BE)-5E(0) (7.952 - 0.68Z FE H » 0.01

ER)EE WK ZRERESYRER&EIS2T) T IIEA10/NEF -

EFTLC (111 ke/BE B ZFE)HLCMS » RIER R BT TR @ ERIE
BEMANEZ R UEEBEZBQMAEKOT)WRE - 2EEMKE » B
RiKELABEEE Z B (S00EF)ZER - BEH BB LIKQ x 171)HEE
KAFYENR  BEERBTRE  MEHMN=FEEE4-[1-(1-2&
B ZE)-1H-w M -4-F ]-TH-wb 08 J£[2,3-d]WE0E -7- 2 ] BR (18) » BR &
B HEEEREFEANEREEZRRERE  BEE—F L -

MRERT » GHBISETHFF Z AR (F » 1235 F)LL4N HCIK
BRGOOEF)EE - HEZ > KRR ZIREREYNRZER TEAESN
B - ERIEWHHE BT EREREYWAAMEIST » Ak > LM
SELIKB R (NaOH) 271)FHEpHE £9-10 - (FRSYERE TR
48 0 AR K ER{ THF » WP O B Z R R IR =00 T FE2/NGT - 3
BAIBWERER - DIKEG x S00Z2FH)%MF > RERKB TR  Mis=H
ECFE % [4-(1H-wb M -4-£0)-TH-mb 08 3 [2,3-d]ME0E -7- B [ H E5 (19 » 157.5
o Hiw £204.43% 0 TTRER > BE=EIR) hEatZEKkHtE
B REHEBTHEC I8EMEY - FEHPLC) » DIETHRERIE  &F
—Fai{b - fR19 - '"H NMR (DMSO-dg, 400 MHz)dppm 13.42 (br s,
1H), 8.76 (s, 1H), 8.67 (s, 1H), 8.33 (s, 1H), 7.68 (d, 1H, J = 3.8 Hz),
7.11 (d, 1H, T = 3.8 Hz), 6.21 (s, 2H), 1.06 (s, 9H) ; *C NMR (DMSO-dq,
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100 MHz)8ppm 177.74, 152.31, 152.09, 151.91, 139.52, 130.39, 120.51,
113.93, 101.91, 67.26, 38.98, 27.26 ; C;sH,;N50,(MW, 299.33), LCMS
(EI) m/e 300 (M*+H) -

Q. ﬁ 0 6

rf Oy 0 © 0o
C18H1405 00 o]
ﬁ %+ :358.30 N
N (+F=%Pms-D- B85 "L&\é
(0]

20 22

CzHzNO, Ca1Ha2NgO 10
a+&:420.51 N »F&:77881

2 E 43051
ZHERKRQS39)-23-B(XHRBEE) R -R)-U-(1-2-§ &
1R R E Z & )-1H-wh 8 -4- 5 )-TH-wb 1S 3F [2,3-d | M5 BE -7- 55 ) FH Bs (1:1
22). {EONHEE = FEFEEE (4-(1-Q-FE-1- B L E Z 5)-1H-ok W -4-
25 )-TH-wb 1% 3£ (2,3-d 0 e - 7- 25 ) R 5 (20 © 200 35 » 0.47ZEH)EZ
A OGS AEEARZESY@EN > 6 LDB 2 ERNE R TERE
50C » BEU—H(H)-2,3- 2 KBEHE-D-BHLEE(16 > 8455 0.235%
EE - 0SEB)ER - A% 0 BATERZ 995 RESC TEiEL05
o BEBRFANEZR  WNE B TEAI/NG - 7% EiBEIK
RER > WEEZCREE > RERBETESE  ME=HERR
(28,38)-23- B (FHE A E)RAM-R)-4-(1-C- 8 & -1- B
2 )-TH-wb U4 -4- 0 )-TH-wit B8 3 [2,3-d] M 0 -7- 25 ) R S (1:1 5 22 » 145%
S EEm EI83ER » T92%ER) BOGLER - LERB > Herams
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MEGFEEEEMHPLCOMN - BEHRELLAIK87:13 » {REFTE ZR-
BWEREEY - BIIR22 1 Cy3H3NcO,(MW, 420.51), LCMS (EI) m/e 421.4
(M*+H) o

EHERE®R-G-1-Q-RAE-1-RBKE ZE)-1H-nt ¥ -4- 5 )-
TH-wb g 3 [2,3-d] W e -7-2) B B5 (R)-21). J57AB. EHERE LN
Z = AR L (2S,39)-2,3- B CR R B & £ ) 3R 11 BE -(R)-(4-(1-(2- £ - 1-
IRIKE Z E)-1H-ot B -4- BL)-TH-wib 0€ £ [2,3-d] W% 0F -7- B ) B ES (1:1 5
22 120E% » 0.1S4ZEEB)ERBE ZEBE(0ZH)HKG.0Z2MA)F ZE
BWRERTAEIELI2T » A% DLI2NER L §F /K5 K (K,CO5 0 0.39EH- »
0.77ZEH » S.0EE)RHE » ISR pHER-9 - o BEWMK/E » I LLEERR
ZBEQGOEF)ZERUKE - &5 BB LL20% 8 /KB R QOZT) A
W DARREESEMR KEZR - B8R - REBB T R®E  MEHEEB LI
7 = B OE BB R-G-(1-2- R & -1- B K E 2 &)-1H-» B -4-
EL)-TH-nt 0 3£ [2,3-d]0E BE - 7- 5 ) ER ((R)-21 » 55,72 % » #im L64.8%
7o 86%EXR) HHEEMR  BEHELOHEMUHPLCOMN - BHEH
LE Bl B 87:13 » REAIFTEZR-HEREY - BN (R)-21 1 'H NMR
(DMSO-dg, 400 MHz)8ppm 8.84 (s, 1H), 8.78 (s, 1H), 8.39 (s, 1H), 7.74
(d, 1H, J = 3.7 Hz), 7.11 (d, 1H, J = 3.8 Hz), 6.23 (s, 2H), 4.53 (ddd, 1H,
J=99 96, 4.2 Hz), 3.26 (dd, 1H, J = 17.4, 9.9 Hz), 3.19 (dd, 1H, J =
17.2, 4.3 Hz), 2.41 (m, 1H), 1.87-1.13 (m, 8H), 1.07 (s, 9H) ;
C,3H,NgO,(MW, 420.51), LCMS (EI) m/e 421.4 (M*+H) -
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s

CaHysN N
HNTY__/ AFE121.18 / H¥uFesre
&\ Bb - [ -

oo
4
CgH15BNO, 23
2+%:19404 C17H6BN30;
»+%:315.22
o O .
%—/ H—/
N-N N
B
g o o o
(R)-24 (S)-24

C17H26BN;0; C17H26BN; O,
»+%:315.22 2++%:315.22

GhH BE3-BR IR E-3-(4-(4,4,5,5- 0 FH K -1,3,2- S W {H B -2- 5 )-
1H-wtE-1-B ) AR (23). REEFBEE - A RBRERADSE 500
HEESERT - EERT > 8EHE3- BRERNGHG, FEEZERY Y BS
Y)>8.4658 0 0.067EH  1.3E &) Z M (242FF» 4.645H ) 4-(4,4,5,5-
VOB -1,3,2- Z S (R B -2-5)- 1H-" % (4> 10.05%5 > 0.0515E H )&% 1,8-
“HEIRH([5.4.01F —-7-(DBU > 16.2ZF > 0.108EH » 2. 1% &) -
Ak ERERZBABRRAELR  YWEKERSYNER FEE18
N - ERBERRHE TR FRERSYANERE B4R
BTRE - EREYHESENE BN E G50, 0%E30%5 i
LER/IC Y RE A RE) » 15 3-28 K& -3-[4-(4,4,5,5- W0 B ££-1,3,2- = &0
(BB -2-2)-1H-a - 1- L )R AE (23 > 13,155 » B 3h F16.255 > 81%) » 15
KEGERE - FIHIAHRREYEBFERANGENEEESESS &
T HE—F WL B 23 '"H NMR (DMSO-dg, 400 MHz)8ppm 8.07 (d, 1H,
J=10.53 Hz), 7.65 (s, 1H), 4.42 (td, 1H, J = 19.2, 4.5 Hz), 3.14 (dd, 1H, J
=9.39,17.2 Hz), 3.08 (dd, 1H, J = 4.58, 17.2 Hz), 2.31 (m, 1H), 1.75 (m,
IH), 1.62-1.32 (m, 4H), 1.29-1.01 (m, 15H) ; C,;H,sBN;0,(MW, 315.22)
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LCMS (EI) m/e 316 [M*+H] -

(R)-3-B3 R & -3-(4-(4,4,5,5- WU FH £:-1,3,2- — & G {H B -2- 5L )-1H-ok
M -1-E )N B ((R)-24) B4 (S)-3-3R [ £ -3-(4-(4,4,5,5- V0 B B -1,3,2- &,
BB -2- B )-1H-ob M -1- B ) N B((S)-24). B oM HE3-B K E
3-[4-(4,4,5,5-D0 FH £ -1,3,2- ~ & 0 {H B -2-25)- 1H-wb M - 1- 5 15 A% (23
13157 41 56 EEB)E LB HE O Z ) RE W@ 2B B b Z BB EA
BHAHPLCAS D » HEFHEMER(20 x 2502 K) » LLARBBH
BMERB=C5-ZFEFE)BER  BERSFEChinalKifiA=EZW
2 (Chiralpak®IA) I - B H E M ERELEH LB (EION)EC it £ 11988
BILZREVMHEBRZREE > WISEA /DB AR EERTAEE -
ENBHGEREER2Z2ZM KT ZUVEH - REEERET » B
WMENEEEBYMZER B > BERBEEMGER 57058 (RKUKIEL,
AREBEZ(S)-HEREBEY, (S)-24)883058E (KWE2, FTEZR)-HE
RIEY, R)-24) FEHBOSEAERBR  FINER/EFAZRE
T BRBEEBR 1408 > FEESES o B2 87 ABREAE
FT164EET - BN RUWIEL (FEEZS)-HEREY, (5)-24)H K UL
2 (TEZR)-HEZEBY, R)-2)ZFHOHREHHE L5 K
£ UMESRKERMBUEZTBENERBTRE FHRESRERZ
RUEVMPREEETE-SRREEE MHR)-3-WEKE-3-(4-(4,4,5,5-
POUEAEL-1,3,2- — & (A B -2-5)- 1H-sb M- 1-E)F B ((R)-24 > 6.193 »
B £6.555 0 94.5%EXR) R EKRWKE2  HAKEBER - B(S)-3-
Bk K -3-(4-(4,4,5 s-v_tlEﬁﬁz-l 3,2- " & W {H B -2-5)-1H-nb 1 - 1- 55 ) H
B5((S)-24 » 6.08%% » FEE £ 6.5550 » 92.8%EXR) BEHKUIEL » BK
AEBE -

R HEWHPLCH % » L& 724 (R)-24H(S)-24) Z TR Y
EREYZHEEGEFE > A A A Chiral K fif 22 5] Z Chiralpak®IA
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BIE(4.6 x SO K » STHK) - RIFE # 22 A5 (R)-2452(S)-24) A LA R
30Z &M FIFSBEIS%ZBEHSS% IR e =BT FH1
BFIEZRESE - UVEHE R B220Z MK - SEIERIGE S
6.457 5 > HIHN(S)-24 - B17.657 88 » ¥ (R)-24

HEHNFEUNESHPLCRI Y B SHE Ry > B8 B e
W (HPLCIE T %) S8 1 2 M 41 2 (W 2 M HPLCHE AR %) » A& 454 > B
HEB B HNMRELC/MSHER © BIR (R)-24  JE % 22 M 40 22 (98. 8T
"% » FHPLC » TE220Z 80K TH) ; WHE MG (99.8FMEY% » 5%
FMEHPLC: 99.6% ee); 'H NMR (DMSO-dg, 400 MHz)3ppm 8.07 (d, 1H,
J=0.53 Hz), 7.65 (s, 1H), 4.42 (td, 1H, J = 19.2, 4.5 Hz), 3.14 (dd, 1H, J
=9.39,17.2 Hz), 3.08 (dd, 1H, ] = 4.58, 17.2 Hz), 2.31 (m, 1H), 1.75 (m,
IH), 1.62-1.32 (m, 4H), 1.29-1.01 (m, 15H) ; C,;H,4BN;0,(MW, 315.22)
LCMS (EI) m/e 316 (M*+H). BEF(S)-24 : JE % 221 4l F (98.6 & 75 % -
#EHPLC » fE220E MOk T - WE MM (99.6 K% » B2 u
HPLC ; 99.2% ee) ; 'H NMR (DMSO-dg, 400 MHz)Sppm 8.07 (d, 1H, J =
0.53 Hz), 7.65 (s, 1H), 4.42 (td, 1H, J = 19.2, 4.5 Hz), 3.14 (dd, 1H, ] =
9.39, 17.2 Hz), 3.08 (dd, 1H, J = 4.58, 17.2 Hz), 2.31 (m, 1H), 1.75 (m,
1H), 1.62-1.32 (m, 4H), 1.29-1.01 (m, 15H) ; C,H,sBN;0,(MW, 315.22)
LCMS (EI) m/e 316 [M*+H] - |
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1@ “y L )
33
CyoH15CIN;OSI
oo 5728383 "t Y \,
7 " NN~
K,CO4/Pd (0) gy
23 : 9
C17H268N302 CstazNeOSl
»7%:315.22 >3 43663
CN
Cl H
N7 N
k\ | /
N NL &\é
(0] N’| A
3f k
CiH1sCINOSi NN
»F%:283.83 o
> 20
K2CO4/Pd (0) CzH2eNeO2
F3%: 42051

SMHHE3-TBIRE-3-(4-[T-Q-S R AW E Z S5 T &)-TH-wk g 3
(2,3-d] W5 BF -4- 55 |k -1- B} BE (9, SR M BESEM-REZ LAY, 5
EC. MNEEBEE . SRS AEERIAWZ2SEAERSERET -
TSR T o A5 HE 3-8 kA -3-(4-(4,4,5,5- 10 B 56 -1,3,2- = &, 5 {5 [ -2-
H)-1H-mb - 1- 2 )T B (23 0 0.6975% - 221 E 5 EH > 1345 E) - 4-8%
{2 R EW ) Z G5 5 A ) -TH-0b 08 3£ [2,3-d]0E 5E (3a > 0.506
%o LEOEHEE) - 1L,4-ZEEEGAEF) - K@MMEF)RIKE G H
(NaHCO; > 0.666% » 7.93ZHE » 475 &) - MR Z RS AT
R SR E B A% R INEE (S 3 H)IE(0) (91.6Z 5 0.079EEH -
0.047E8)  BFFRVRZRERSWRANK  SRUAEE - 2
R TEYR B E 0T » FE & 2-6/N0F o % TLCH HPLCHE R 18 & K FE#:
EETERE FRERSYWANESE  BELKGCEMEREZ
Bs(10ZFH)HRE  HBEMRE It BB ZE(0EH)BHENKE - ¥
ESHZ A B K0 EF)E M NaCI/K B K (10Z )L 0k - DA BE
$(MgSO)R/KER  RERBTERE  BEHMEEYWO) BRIEHEMH -
FHEYEBATERBMEL(SIO r 0%EINER JE/ChefhE
BE) TMAMSHEERE 3G HEYREZERT
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£ )-TH-wb 0% 3F (2,3-d] 05 0E -4- 55 |wb K - 1- 56 Y BT A (9, 4134 e SEM- {3 &
ZALEY > 61TE 3 » i E737.98 % » 83.6%ER) > %G - B
79 : 'H NMR (DMSO-dg, 400 MHz)3ppm 8.83 (s, 1H), 8.75 (s, 1H), 8.39
(s, 1H), 7.77 (d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J = 3.7 Hz), 5.63 (s, 2H),
4.53 (td, 1H, J = 19.4, 4.0 Hz), 3.51 (t, 2H, J = 8.1 Hz), 3.23 (dq, 2H, J =
9.3,4.3 Hz), 2.41 (m, 1H), 1.79 (m, 1H), 1.66-1.13 (m, 7H), 0.81 (t, 2H, J
= 8.2 Hz), 0.124 (s, 9H) ; C,3H3,N0Si (MW, 436.63), LCMS (EI) m/e
437 (M*+H)E#m/e 459 (M*+Na) -

SPHRE=HEERG-(-Q- R E-1-8 R E Z E)-1H-nk % -4-
2)-TH-wt Ig 3 [2,3-d] W5 02 -7- 2 ) I 5 (20). J53£B. MERBHEE - 5
RERBEFEFRAZEZIAMZSOZEAEEER P FEET - 21K
= A EE L (4- S A - TH-wb 08 3£ [2,3-d |5 0E - 7- 55 ) FR S (31> 7002 55 5 2.61
BEEH) 3-BIKE-3-[4-(4,4,5,5- MU B £-1,3,2- ~ S Bl {E B -2-5)- 1H-nt
ME-1-EIARE(23 0 935ET  2.97EEE > 1LI3EE) 12-—HEEZ
Jt(DME > 1027} - 96 EH) - JKGSEFH 0. 28§H)&ﬁrlﬁﬁ$(KzC03 ’
1.825 » 7842 HH 308 8) - FFERZKIEREYRE=R &
3/"<L>L‘-fx@iﬁ » RIR iﬁﬁi(:ﬁﬂiﬁ)ﬁﬂ(o) (30Z T - 0.026%§H » 0.010

) EAPRZKERSYBRANRX  SRUEEE  #EEHE
82°C - MR IERSYES2C THIEO/N - ERIEWE BT /RIS - (&
RIERGVAMEZR  ABUEEBZEUSEAREKNOZA)HERE -
MR ZBRGYRE  BEIASCERE SR - SHBRKE
WPABEBE 2B (1 x 25EFEEMKSE - 1A 02 B8 (5 DLE A 5% (2
X 25 FF)EHE > DANa SO /KE0E » BIE > RERB TR - FBY
W =B UB T 15 (Si0, 0 0-50%BEBS Z B/ TS Me FE 5 8 ) » T2 403
e = $ﬁﬁgvjﬁm(l-(}%ﬁé-l-fﬁmﬁéZﬁ)-lH-vtt%A-ﬁé)JH-vktﬂ%#
[2,3-d]V& e -7-B)H BE (20 » 09757 » B L1135 > 88.6%ER) » A
B HARBEN > £28T b‘éE%EPlﬁ ° BFY20 : '"H NMR
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(CDCl,, 300 MHz)58.85 (s, 1H), 8.29 (s, 1H), 8.27 (s, 1H), 7.45 (d, 1H, J
= 3.8 Hz), 6.73 (d, 1H, J = 3.8 Hz), 6.22 (s, 2H), 4.23 (ddd, 1H, J = 10.0,
8.6, 4.0 Hz), 3.10 (dd, 1H, J = 17.0, 8.6 Hz), 2.92 (dd, 1H, J = 17.0, 4.0
Hz), 2.56 (m, 1H), 2.00-1.25 (m, 8H), 1.12 (s, 9H) ; Cp3H,gN4Oo(MW,
420.51), LCMS (EI) m/e 421 (M*+H) -

N-N
% KzCO3/Pd(PPhs), »

=2z
P \z\(O
©

O

z

LI
N
N R

(R)-24 1 (R)12
C17H2BN30, CeH4CIN, Ci7HigNg

a3+ 315.22 aF&:153.57 2+ &:306.37

Q o

O CN H-}J

Cl

Hef— .

'S o T IR

V gN f}\ o
N/
N

; é o
P

0
(Sy24 3b (S)-25
C17H2BN;0; C11H14CIN3O2 C22H:Ng0>
7F%:315.22 ¥ &:255.70 2+ &:408.50

(3R)- B X Z -3-[4-(TH-wt 1 Ff [2,3-d] B OF -4- B )b M -1-F | B
B((R)-12, HEGER). HAC. REAMEE SHRERESEANE
ey ZEBZ2SEAHERERT  EZET o SE4-F 8- TH- k0%
[2,3-d]0E(1 » 154F % » 1.00EEHEH) ~ (3R)-3-18 [k £ -3-[4-(4,4,5,5-
P BB -1,3,2- = 4B 1R B -2 )- 1 H-me - 1- K 1P B ((R)-24 0 445855
141 ZEH 141 E)- 1,4-— S EEQ.78EFH » 35.6BEH ) /K(1.39
EH - T72EEE) R (K,CO50 693 > S.00EHEH - S.058) -
BB ZBESYE RS R SR OEE I 2h1% 55 5 5 (S F B (0)
(20723 0.180FEH - 0.18% &) - FHRER Y KBRS MR ALK

SRUGEE BEEHEIST - PRERESWEIST FTHEEITNE -
EREHGBERRE  ERERSYASNESE  AEUEBZE
(20 F+)8120%E KB R (I ZEF)HIE - $RSVEZ BT RIEH
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EFARHOERBESERIE - SBHKRE » LR ZEQIZF)E
HKE - BEHZABERUBEFBEKOZEFA) %K » MUMgSO,8 K
R BE RERBTRE BE BRYYEZ2BRXER&&L
(S5i0, » 0-100%FE B Z B /T B E A B ) > T & BR)-3-1 [k &
-3-[4-(TH-=b 0% 3f [2,3-d] 0% BF -4- 55 )- 1 H-m 8- 1-BL 1 B ((R)-12 » 1972
520 Eih E30645 0 643%ER) ) BEGH > EARSERESE
TEME - B (R)-12 : 'TH NMR (DMSO-dg, 400 MHz)8ppm 12.1 (bs, 1H),
8.80 (d, 1H, J = 0.42 Hz), 8.67 (s, 1H), 8.37 (s, 1H), 7.59 (dd, 1H, J =
2.34,3.51 Hz), 6.98 (dd, 1H, J = 1.40, 3.44 Hz), 4.53 (td, 1H, J = 19.5,
4.63 Hz), 3.26 (dd, 1H, J = 9.77, 17.2 Hz), 3.18 (dd, 1H, J = 4.32, 17.3
Hz), 2.40 (m, 1H), 1.79 (m, 1H), 1.65% 1.13 (m, 7H) ; C,,H,sNo(MW,
306.37) LCMS (EI) m/e 307 [M*+H] -

(8)-3-B K £ -3-(4-(T-(Z Z & & B £ )-TH-wk 1% 3£ [2,3-d] 15 IF -4-
E)-1H-nb R -1-Z) N A ((S)-25). MEREEE - SRS R EET §i
RZEZIAMZI00EABEEERT  £=8T » 8H4-8H-7-(C 28
B AL )-TH-b 0% 3£ [2,3-dBE5E (3b > 3.3035 » 0.0129E ) + (39)-3-18 %
e -3-[4-(4,4,5,5- 0 B & -1,3,2- Z S (H B -2- 2 )-1H-t W -1- £ | |
Fr((S)-24 > 5.125 » 0.0146EEH > 1.13E8) - 1,4-"“ G LB (33.4=F
0.4285% H ) /K(16.7ZFt > 0.929% B ) K i % $8 (K,CO; > 8.03 %5 » 0.0581
RE A4SER) - BFAMRZEERSYREA=X > SRS EHE
RIREEHER(ZFBEIE(0) (1.495 > 0.001298H » 0.10% &) - #8E
IR RIOK > SRUEEE > FZEHATIST - YRERSWIEIST
THRA2UNE - EREHREBETRE  FRIERSYWAHNESE
REUER ZEEASEREKQIEFHE - KR 2 RS yiEa
BERIRBEERESE /L - SEBRKE I LB ZE(0Z F)2t
WK - & FF 2 A HE 5 LL20% 8 KB R (SOEF) I » B MeSO,
BLKEZIR B8 > TR TR - (55 B3 & 5 =& 7 415 (Si0, -

C199248A doc -199 -



201718591

0%ZS0%EEEE ZBa/C e B E I BE) » IS (3S)-3- IR E-3-{4-[7T-(Z &
S5 B E)-TH-ab 0% 3 [2,3-d] W 0 -4- B 1- 1H-wb B -1- K } 55 BE((S)-25 »
411355 - B 5275 » BURER) > HhREH  EHARBERERE
TEE - B (S)-25 1 '"H NMR (DMSO-dg, 400 MHz)8ppm 8.84 (s, 1H),
8.74 (s, 1H), 8.38 (s, 1H), 7.71 (d, 1H, J = 3.8 Hz), 7.12 (d, 1H, J = 3.8
Hz), 6.76 (s, 1H), 4.53 (td, 1H, J = 19.4, 4.3 Hz), 3.68 (m, 2H), 3.52 (m,
2H), 3.26 (dd, 1H, J = 9.6, 17.3 Hz), 3.19 (dd, 1H, J = 4.3, 17.2 Hz), 2.41
(m, 1H), 1.80 (m, 1H), 1.63-1.09 (m, 13H) ; C,,H,sNsO,(MW, 408.50),

LCMS (EI) m/e 409 (M*+H) o

CgH12NO3P
>FR:177.14
Q
/\o'E\/CN N-NH
0\/ //
7
N“ A
D>—cHo - D K l 4
KO'Bu, THF \ CN kN N\ O/\,g'\
26 27 5
C4HsO CeHiN Ci5H21NsOSi
a3 %:70.09 2+ £:93.13 a+F&:.31545
CN CN
H Hn
N~ N~
[ 7 [ 7
DBU ¥ Fiesa
N/ \ > N/ \
r@2] | I \/ $23 N | \ s
. N N /\/SI\ N N Si~
\\o LO/\/
28 (R)y29
C21Hz.N50Si Ca1HagNsOSi
>+%:408.57 +F&:40857
CN CN
Hu Hn
N-N r‘rN
|
LiBF4/NH,OH / H3PO,4 7 H4PO4
—eee— .
pR4 I PRS NN
k\N k\N N
N N
(R)-30 (R)S14%n
CisH1aNg C15H17NgO4P
aF&:27831 >F%&:376.31

3-BAERBRQT). BEEFERBE 28T > 77955k » 445
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B LIEB)EE KNG A (THF - 575/ P 2 8% REET &
KK-BERAPEY  REFNIME=-TEHETHF® Z 5%
(KO'Bu> 4.271 42 H > 1.058 8B) » HERGHEEEEZEROC -
ER=-TESBERZRMERE » 10-5C FTREEBLEUNS » 3165
IRIGKE & B (26 > 2805 » 4.0 H)FE /K THF (290Z F)th 2~ & -
HERGHERFAERROC - BERSB - B K FERSYIE TS
FEm - REZERTHEHEAR ENEHRACERE  FRERS
YIRMTBE (14F) ~ /K(10F) BB /K (6FH) Z BIE 5y R B2 - LB /K (6
LA - BKEMUREEE=-TEB(MTBE > 107-)ZH » L)
BIK(6FH)IEM - EEH T ARERERE T RE  AEBRIYEeE
M- RN ER (27 > 342.755 > Hih £372.55% > 92%ER) > &
G FRERE-WZ-REMZRESY - 27 'H NMR (DMSO-d,,
400 MHz, AR E-RH#47)5ppm 6.33 (dd, 1H, J = 16.3, 10.3 Hz), 5.69 (d,
IH, J = 16.4 Hz), 1.66 (m, 1H), 1.02 (m, 1H), 0.93 (m, 1H), 0.69 (m,
2H) » B2 (BAF Z-EH¥)5ppm 6.05 (1, 1H, J = 10.8 Hz), 5.45 (d, 1H, J =
9.7 Hz), 1.82 (m, 1H), 1.02 (m, 1H), 0.93 (m, 1H), 0.69 (m, 2H) ; 3C
NMR (DMSO-dg, 100 MHz, B E-R#%47)sppm 160.9, 118.4, 95.4,
15.4, 8.64 » £ (B FA Z- R #%))0ppm 160.0, 117.3,95.2, 14.8, 8.4 ; C¢H,N
(MW, 93.13), GCMS (EI) m/e 92 (M*-H) -
INHEE3-BRNEE-3-{4-[7T-Q-Z HEW & Z 2 FH E)-TH-wb 18 3¢
[2,3-d] W U -4- 25 |t e -1- B2 } 9 A5 (28, SMHHESEM-RE 2 (L& %). R
4-(1H-wb M -4-5)-7-(2-Z A E W S 2 - 7 & B2 B £)-TH-wb IE 3£ [2,3-d |95
BE(S 0 LIS » 3545 H » LOEB)EZH(ITH) T 2 BOmm -
I3 3PS EE TR A% (27 0 428.75% > 4,605 E - 1.3% #)511,8- 5 4 e B 3¢
[5.4.0]+—-7-&(DBU » 55 » 0375 E » 0.105% 8) - BFER >
NRIERSYMAZBRNER » FEKLI8/NE - EHPLCETLCER K
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EHRBETRE  FEABHBARZIREREYSHNEELR  #E
FERB TR  BEHEEMichael I EY(28) » RHFLEM - Atk
BHEDD _G&RRER BEoR=fh TRNZEWEBGx2AF)L -
BWEHEREWB EZEEYR =ZE2ATWBEL L BEERXENA
{E(LA87.5:12.5 B {¢ /EtOACIE 7T » M LA 87.5:12.5F 25:75 B {2 /EtOACA
BE) - EHEFFMEAEMQ)ZAHY  REBRBTRE 8% L
BENHES-BAE-3-4-[T-Q-ZREWHE-ZEEFE)-TH-w 0%
H[2,3-d]E 0E -4- B ]-mb M -1- B }- N 15 (28, M IESEM-fREZ L&
Y0 131087 » B £1.4468 7 2 90.6%EXR) » RIFHEHER » B H
FERRHESERE B BHE— Db B 28: C; Hy;N;0Si (MW,
408.57), LCMS (EI) m/e 409 (M*+H) -
(BR)-3-BAE-3-U-(T-(C-(EHEWKE)Z S E)H E)-TH-ab I
3 [2,3-d] B BE -4- £ )-1H-wt M -1- B ) H B ((R)-29) B (35)-3-B R &
3-(4-(T-(Q-(=Z=FEW KR E)Z | &) F &E)-TH-ab I 3 [2,3-d] 1 UE -4-
B )-1H-wb 04 -1-5) N A5 ((S)-29). & %5 B Daicel1£3.07 £ N B2 (IPA) o &4
Ak Z 1.57% JT 20%% 2K Chiralcel®OD ¥ Z [& & fH(CSP)Z # i » N 150E =
SHFAB I T 78 ZPROCHROME) f8 i (7] BB 45 B FELC110-1 (1125 A
Bx 25/ RE  EREERBE  RY15Md - A BEEXZE
% % K Novasep Hipersep HPLCE T £ - R ERL BIHPLC A 4 UL P B2
(17F) > UUHEHEREBEACK ZREYWQSBFEL > 178K TR
BIME R SE c BEE - ERBARGEHESBRE-3-G--(Q-CEHEWR
E)Z & & )P E)-TH-ab 0% 3 [2,3-d] W UE -4- £ )- 1H-nb P - 1- 55 ) P9 AR (28,
SNETESEM-{RE Z L&Y » 250037 » 6. 119K F)R M B HH A E R
FERSOT/FMEK - A% BERNSREIREFIZMHEEE AR
FERHPLCHEMEMR D - ISR - EHEHEERELUREME - 1570
ER/IDEBEZRET TEERT A EXBARGHEHAERRIEM
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AKTZUVER - REEEEET > ERNENEEBY LS5 - B
REERZERGM B8 - BN IO 7% #ITEH26120E
B - B R g1 CRIEZE 2 (S)-HEE Y, (S)-29) Bk g ig2 (FiE >
R)-HEZERBY, (R)-29)ZBFBGHGENME R EHWE  BFELSRY
e B U 6 22 75 B 93 FA 40°C B JBk JBE (40- 120 ) Pl B wE - (78 9 & 3 &
B L REVESEETE—SEEEEE  MHOGR3-BRAE
B3-(4-O-(C-(ZHEW I E)Z & 5) B E)-TH-w 1% 3 [2,3-d] 15 0F -4-
B )-1H-o B -1-FR) R M ((R)-29 > 115058 » B3 112505 5 92%) » 158
RIE2  BREEM > HGREER  £28 T REZDE(L &
(BS)-BRE-3-U-(T-(Q-(Z=FEWKRKE)Z & E)F & )-7TH- 1§ 3F
[2,3-d]WE0E -4- 55 )- 1H-sit 4 - 1- 0 ) P 1% ((S)-29 » 120055 > B3R 12508
96%) > S EHRULIE] - BEEMH  HEGENBER 2B T REZ
&1L -

BB EMHPLCT % » DI & SEM-{R 3 (L4 ¥ ((R)-2951(S)-29)
ZHENERBY I HEEGE TS > FHE G CChiral AT >
Chiralcel®OD-H%& (4.6 x 250 3k » 583k) KESEM-{REILEWZ W
EHEEZBWHRURNA0ZEN > FAIS%ZEHEIS%E K> K H)
Mo EEZERT  ERIZEA/SEZRESE - UVEIEE B220SH
Koo BAR(S)-HERBEY((S)-29)8 (R)-$ 5 B Y ((R)-29) 7 18 57 1% B
B K 9.457 $EEL12.453 48 o

HEANELHESHPLCRI A B IWERBY Y 8 G iE(| 2
AEMHPLCHBE %) EHEMGEHEMHPLCEREY%) » G&45H > B
HEG R ANMRELC/MSHER. » BER (R)-29 & JE 3 3 4 41 fE (9911
% » FHPLC » 7E220E MK TEM) 0 W E ML (99.4F % » # Y
FMEHPLC: 98.8% ee) ; Cy HyNsOSi (MW, 408.57), LCMS (EI) m/e 409
(M™+H) - B (S)-29 : JEST S M 40 (98.5H % » BHPLC » 75220
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PR T ERD  WEMEEOI2ER% » BHEMHPLC ; 98.4% ee) |
C, HpsNsOSi (MW, 408.57), LCMS (EI) m/e 409 (M*+H) o
(3R)-3- 38 1§ & -3-[4-(TH-wt 1% 3f [2,3-d] W5 UF -4- 5 )b 1 -1- B |
FE((R)-30). i GBR)-3-FRAWE-3-4-[7-Q-=ZHEYHKE-ZHEH
B )-TH-wi 08 3£ [2,3-d] B 0E -4- B |-k - 1- 2L} - B ((R)-29 » 10235 » 0.25
EH 1.0 E)EMeCN 00EF)EH,0 (75T Z2ER » LE =T
%0 B% % (LiBF, > 186.0%¢ » 2.0 H » 808 B) DT REE(ERME » K
FECRER IS INZE3S) - A1k » BATRRZ RIERESYIIRFERCX
ORI ) T IDE20/NF - ELCMSEE/RSEMEE Z 73 HE R IF » £
REREGEMAMEER  BEZE12° A& FE H B MNH,OHK A K
(20% @ BOZEF)FHEZEpH 9-10 - AR ZBZRNERTHEAE  H
FILCMSE /R EN-FE R A P (M +H= 309)8 T K1t > #E F{&IE
24-36/NBF Y - RILEARIAN > RIEREMZoHE TRZET-8 RIS
4h 2 NH,OH/K B H (20%) » KRG Y B FHEZpH 9-10 - RSV
FE(O0ZEF)WHRE » BIE - LA (SO0EF)ERELRS - (HRBRBRE
B TR  UBRAEHM.CN BEREW K& F —spE®L -
®REYMH0 S00ZEF)IGIBWE - MREEERMARRE - #E
EABRNBBRERATRG  HERWEBRIREERA L - BB Z
WUAH,0 (1F)E#E > B RZ B RIEZR THEAE2NR - 7
BRI EE R - H0 (2 x SO0ZF)BEM » W R L RFZ R L5/
i - F NMRE RV BEEEFRYFE » HTLC (5% MeOH/EtOAc)##
NOBEGYERE - Wit - HHEERNRH0 1A)FHERER
HEEEMBEUNE  ABREBBEEE  KEAH0 (SO0ZF) MK -
ERES N R LM REEELSNE  RREERZEHREP > R45-50C
TEzR16/NE » Bl (3R)-3-f%Pﬁ;@é-3-[4-(7H-wa§#[2 3-d] v g -4-
E w04 -1-E5 1 B ((R)-30 » 60.8%% » B3 £69.657 » 87.4%ER) » BIKX
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HE&ER - BR([R)-30 - CsH ,Ng(MW, 278.31), LCMS (EI) m/e 279
(M*+H) -

(3R)-3-BR N & -3-[4-(TH-wt 18 3F [2,3-d | W I -4- 55 )b D -1- 2L | 7R A%
B E((R)-31, BREEEE). J§ (3R)-3-3B N & -3-[4-(TH-wik IZ 3£ [2,3-d ] 0
UE-4-H) kM- 1-FE 1P MR ((R)-30 > 60.078 > 0.2158EH » 105 B)EER
BE(IPA > S00EF)F Z BB RMEAETIC » BEBESSEEBRK - B
77-19CTF > ERERRDT - BRREI FINE & MHHPO,023.3% »
023745 E » 1.1E 8)FEIPA Q00ZEF)F A » LUIPA (25 )i &
AR - SERHTEEEE BZAOEBIRIHR - EE R
W—FEZHPOB R W RESBIHHEE - FlR—&S
ZIPA (100Z7) > ABBHERE - EIRMTREE » BB ZRETSCT
RN > HILBIZRESET LY > BEREERE - BT RS
AZE=m > BEUNG - WEEEUWERR » B LL50% IPA/BE (7502
FRYRME > REZHE o K E AR LB ST (1.2F0) 0 8L » R IBTR » SRR 208
RUE - BHEIBRFGOOZEF)EMR » REHEZEHA B » 7 40-50C T
EEE > MBGR)-3-IBFE-3-[4-(TH-wb 18 3 [2,3-d )W BE -4- 55 Yo 1K -] -
EINABEEREE((R)-31, BEEEEE » 76.75% > B3k £81.275 » 94.5% & &) -
R a S REER - R ®R-31: 'H NMR (DMSO-ds, 400
MHz)3ppm 12.2 (bs, 1H), 9.62 (bs, 3H, H;P0O,), 8.77 (s, 1H), 8.69 (s,
1H), 8.39 (s, 1H), 7.59 (q, 1H, ] = 2.0 Hz), 6.98 (d, 1H, J = 2.7 Hz), 4.04
(m, 1H), 3.37 (dd, 1H, J = 16.8, 8.0 Hz), 3.28 (dd, 1H, J = 16.8, 5.1 Hz),
1.43 (m, 1H), 0.68 (m, 1H), 0.49 (m, 3H); '*C NMR (DMSO-d,, 100
MHz)Sppm 152.2, 150.9, 149.9, 139.3, 130.4, 127.0, 120.8, 118.1, 112.9,
100.0, 62.6, 23.3, 15.7, 4.3, 3.8 ; C;5H,,Ng(MW, 278.31), LCMS (EI) m/e
279.1 (M*+H) -
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— F3C CN
”/;H 32 CN Nlj"’>—/
C4H2F3N /
>+&:121.06 HERTR S
D % 2 A '
N~ N Si~ ") | \/
™ SN Si~
kJ\/

5 33
C15H21NsOSi CigHzF3NgOSI
»+&:315.45 oF&:436.51

FaC FsC CN
H >—" Hu,—/
N-N N-N
i/ i
7 LIBF o NH.OH A8t %
———————————
N“ N
N ko ~ N N
(R)-34 (R)36
C1gH23F3NsOSi Cy3HgF3Ng
2+ :436.51 »7¥:306.25

ShHIE4,4,4-=Z R -3-4-(T-(C-(Z=FEW R E)ZEE)F E)-
TH-wib 18 F [2,3-d] 5 BE -4-5: )-1H-wb B8 -1-25) T A5 (33, SPH HESEM-{3% %
ZAEEY). REAERBEHRS  fERALDERREFZERT > e
G 4-(1H-mt W -4-5)-7T-(Q(Z P E W E)Z &) B &)-TH-» 1% 3
[2,3-d]WEBE (5 142452 4. S2E BB Z p5 (14F) - RFRFE R Z B2
ANI04,4,4-=FREERE2 601.65¢ » 497EEH - 1.1EE)» HEKI1,8-
B I H(5.4.01F—-7-%(DBU > 67ZFH > 0.452EH > 0.1 5 8) - £
AIIDBURE » T EHMKNEAGT) - EEREWEZRTEEI0S
# 0 W TLCELCMSE R R EHR R BETHK - A% WHETEER
EREY  UBRASGER  LEBYWEHHEYEEEEIA
)&k > Ak dlidh - EERLA2:1E/EEEE ZE5(G0F) » #E N
1B /BEBE C B (30 )58k - S EFAMEEMG)Z BN K
ERB TR > MEIEIES4.4-Z8-3-4-(T-(Q-CHEWRE)ZE&
L) B EL)-TH-w 08 3 [2,3-d B 0 -4- £ )- 1H-nb M - 1-25) T A5 (33, 4MI4 e
SEM-{REEZ1LE&Y > 180237 » Bim F 19735 91.3%ER) > BB M -
KREERFTANGENEREE OB  BEE— DL - N33 :
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NMR (DMSO-dg, 400 MHz)8ppm 8.99 (s, 1H), 8.79 (s, 1H), 8.56 (s, 1H),
7.80 (d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J = 3.7 Hz), 6.05 (m, 1H), 5.63 (s,
2H), 3.82 (dd, 1H, J = 17.5, 10.6 Hz), 3.66 (dd, 1H, J = 17.0, 4.9 Hz),
3.50 (t, 2H, J = 7.9 Hz), 0.80 (t, 2H, J = 8.2 Hz), -0.145 (s, 9H); !3C NMR
(DMSO-dg, 100 MHz)3ppm 151.7, 151.3, 149.5, 140.8, 132.9, 130.4,
123.2 (Jop= 282 Hz), 121.9, 116.2, 113.5, 100.2, 72.3, 65.7, 57.8 (Jop=
32.4 Hz), 17.1, -1.46 ; C;gH,3F3N40Si (MW, 436.51), LCMS (EI) m/e 437
(M*+H) -

(R)-4,4,4-=F-3-4-(T-(C-CHEWRE)Z & &) E)-TH-0L 1§
F [2,3-d] B BE -4- B )-1H-wb M -1- 2 ) T B ((R)-34) 2 (S)-4,4,4- = &
S3-(4-(T-(C(ZH EWKRE)Z & E)H & )-TH-nb I I [2,3-d) BB BE -4-
B)-1H-wb P8 -1-55) T B4 ((S)-34). 1§ #& i Daicel £ 3.0F £ 15 g (IPA) b Y
A Z 1.57% JT 20 5K Chiralcel *OD ¥} 2 [ 7 15 (CSP) 2 #83% » f£150
LB J1T > S FE Z PROCHROMES £ iy 1] R E & AX LC110-1 (112 43 Y
Bx25D0RE  EXEZEREME  RYLSTHT - k% BEERE
%W Novasep Hipersep HPLCE T F « #8 # SEHPLC % %5 bl B9 fi2
(17F7) > LLUEHEREBEHECR Z RS QBRI 17K 7
NP - BE > ERARGEHREL4-ZE-3-G-T-(Q-(CEAER
fe ) Z & B ) BB )-TH-ob 18 3% [2,3-d) 05 O -4- B )-1H-mb W -1-55) T
fr (33, JMHBESEM-REZ L&Y » 310058 » 7.1 H)IE K BAH 5 MR
ZRER0FE/AMME - A% > BERARE LS 12027 )H%
AARBHHPLCHEMER S > DS - FHEMHSHLUREM
RSIOEF/TEZRET  EEBTHE - SR SBGEREEE?
ERCKTZUVEN - RESHGET  ERMEHEERy 2849
AE - R B EHZBEBIEMBIISE BRSO HE  BiTmEst
2100GE S » B R UL | (REE > (S)-H2 R Y, (S)-34) B I Uy 14 2
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(FTEZR)-HEZBEY, R)-B3HZBBEGHENME ZFHKE > X
{55 5% 0 Wit e T UK 6 2 7B B0 1R 40°C R R ER (40- 1208 TR E - 18
BEZERIBEVESEETE—SLBEEEE » MBGBR)-3-IRF
E-3-4-(7-(Q-(ZEFEW IR E)Z &5 )R E)-TH-nb 0% 3 [2,3-d] % BE -4-
E)-1H-nbM-1-E )R A ((R)-34 » 145752 » B im L 15505 » 94%) » 5 H
U2 B EEH  EGARBER  FZ2AT REZE$EL A
BS)-BARE-3-U-T-(R(ZFEWHRE)ZEE)F E)-TH- 1 3
[2,3-d]WE0E -4- 5L )-1H-nbMe-1-EL )N A5 ((S)-34 14885 » 5 £ 15505 »
96%) > {HEKUIEL  REH  HARSER  EZ28T REZE
1 &1L - |

B EMHPLCTT % » DLt SEM-(R)-345(S)-34 7 Wi 1 # &£ 48
W2 B E M AR ET 5 0 35 A B B Chirali fif A 5] Z Chiralcel®*OD-HE
(4.6 x 2502 K » SHYK) - LSEM-REIEEV ZMEHRERBYEHUK
9.0Z @A » FIF15%ZEBERS% O R EEBRT  FEHIE
/5y 2 RS BE - UV & 5220 #K - B (S)-H 2 RH#Y
(S)-3)ER)-HERBY((R)-3) 2 FHEFE G E R R 11.257 #8122.2
valk: B

HHAHLANESHHPLCAI A B S HERBY Y 58 BELE
WEHPLCHME%) BEEEMME (M EMHPLCEHE %) - &0 B
HEBGFEHNMRELC/MSHER - BN (R)-34 1 FEHEWAE (99.2F
T% > $EHPLC > FE220Z/UK TEMA) s HWEMAE (99 4EEY » Y
2 (£ HPLC; 98.8% ee); '"H NMR (DMSO-dg, 400 MHz)3ppm 8.99 (s, 1H),
8.79 (s, 1H), 8.56 (s, 1H), 7.80 (d, 1H, J - 3.7 Hz), 7.09 (d, 1H, J = 3.7
Hz), 6.05 (m, 1H), 5.63 (s, 2H), 3.82 (dd, 1H, J = 17.5, 10.6 Hz), 3.66
(dd, 1H, J = 17.0, 4.9 Hz), 3.50 (t, 2H, J = 7.9 Hz), 0.80 (t, 2H, J = 8.2
Hz), -0.145 (s, 9H) ; '3C NMR (DMSO-dg, 100 MHz)3dppm 151.7, 151.3,
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149.5, 140.8, 132.9, 130.4, 123.2 (Jop= 282 Hz), 121.9, 116.2, 113.5,
100.2, 72.3, 65.7, 57.8 (Jcp= 32.4 Hz), 17.1, -1.46 ; C,oH,;F3N,OSi (MW,
436.51), LCMS (EI) m/e 437 (M*+H) « B (S)-34 : JE & 2 4 4 f (99.1
EIf% @ #HPLC » fE220= B0k T HEM AR (99.2H % » #
B EMHPLC ; 98.4% ee) ; 'H NMR (DMSO-dg, 400 MHz)dppm 8.99 (s,
1H), 8.79 (s, 1H), 8.56 (s, 1H), 7.80 (d, 1H, J = 3.7 Hz), 7.09 (d, 1H, J =
3.7 Hz), 6.05 (m, 1H), 5.63 (s, 2H), 3.82 (dd, 1H, J = 17.5, 10.6 Hz), 3.66
(dd, 1H, J = 17.0, 4.9 Hz), 3.50 (t, 2H, J = 7.9 Hz), 0.80 (t, 2H, J = 8.2
Hz), -0.145 (s, 9H) ; '*C NMR (DMSO-dg, 100 MHz)8ppm 151.7, 151.3,
149.5, 140.8, 132.9, 130.4, 123.2 (Jep= 282 Hz), 121.9, 116.2, 113.5,
100.2,72.3, 65.7, 57.8 (Jcp=32.4 Hz), 17.1, -1.46 ; C,oH,;F;N4OSi (MW,
436.51), LCMS (EI) m/e 437 (M*+H) -

4,4,4- = & -3(R)-[4-(TH-wk 1% 3 [2,3-d] B BE -4- Bk )-wpb M -1- L |- T
FE((R)-35). MEFHHt BIRASHE  #MBREBREESREEADS 7=
M - ANT04,4,4-Z8-3(R)- {4-[7-Q- = FEW £ -2 & & F £)-7TH-ot
0% [2,3-d]WE BE-4- 25 )-b M- 1- 5 }- T A5 ((R)-34 » 31235 > 0.716% E) -
LR (4.5F0) K (BT6EF) - 2R1% > WFRTE AR 2 08 & 4 LA B 5% 10 45 B /g
$#(LiBF, > 69757 » 7.16EH » 10.0EE)EE R THREHE - FRS
REZETIEI3/NG - ETLCENELBYERY  AMBEEY(ES
ERGRERERERUYELR  ERERSYANERE  BEHE
KIKBFLEEOT » A% 0-5C T LLE & 16 #% 7K 75 7% (NH,OH >
20% > 245ZF)BBEE - DIBFEpHE 952 » #0%5-1051 8 pH
fRAE - BERIKS YRR REZE TEEBR - YHPLCET
RIECSEREY > KRS E/KAF) ~ BK (5002 F) K B B 7. 5 (7
FRE - TREMKE > WLEER ZBQ x 2F)ZFEKE - ERETE
Mot ZAKE HEBRYE SRR ZEGH)D  RLIEKQx2
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YR - EEEEUREE AR K MR BB TERAL > MER
TR - BEERANZRBEERS  BREBSEISE - BERMERAE
WEBEZERL  HBREREERE  REEZPLR MEeHEY
((R)-35 > 20638 > M £219.35 » 94%FE X » 98%4d » ¥ HPLC)» B H
BMR FHEVBEZIZIEBOOEZEN)BE R  MEd444-=F
-3(R)-[4-(7TH-wt 0% 3§ [2,3-d] 0% BE -4- 55 )-wb M8 -1- 5 1- T A5 ((R)-35 » 188.6
5o B 219355 0 86%EZR » > 99.5%4f - $£HPLC) - AWML %
M EEE - BN (R)-35: 'H NMR (DMSO-d4, 500 MHz)8ppm 12.2 (bs,
1H), 8.95 (s, 1H), 8.74 (s, 1H), 8.53 (s, 1H), 7.63 (d, 1H, J = 3.7 Hz),
6.97 (d, 1H, J = 3.8 Hz), 6.04 (m, 1H), 3.81 (dd, 1H, J = 17.1, 10.1 Hz),
3.65 (dd, 1H, J = 17.1, 5.0 Hz) ; '*C NMR (DMSO-d¢, 125 MHz)8ppm
152.3, 151.0, 149.0, 140.7, 132.7, 127.2, 123.1 (Jop= 284 Hz), 122.2,
116.2, 113.1, 99.5, 57.7 (Jcp= 33.0 Hz), 17.3 ; C;3HoF;N4(MW, 306.25),

LCMS (EI) m/e 307 (M*+H) -

H3°\=\ HC  CN
HY—

N-NH CN
® 3 o
C4H5N /
»+&:67.09 HE¥®FaI M
N/ l \ > >
\, DBU y
< N S8 2
S I (222
N
5 37
CysH21NsOSi C1gHasN6OSI
aFi:315.45 aF& 38253
HC CN H4C CN
S ey
N-N N-N
/ U
/ LIBF / NH,OH A i5:i% 7
———————
N N7?
|\\ | A \/ P K] \ | A\
N Sl\ N H
N \\o,\/
(S)-38 ($)39
C19H26N6OSi CiaHi2Ns
+F#:.382.53 >+&:25227

3-[4-(T-{2- (=R EW R E)Z & & H & }-TH-wb 1% 3 [2,3-d] v BE
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-4-5)-1H-M-1-ETH@7). REFREE 28R 2EBEREE
AOBZB0ZFA=ZFHEEERD  FZET » SHEEA-(1H-nt % -4-
E)T-{[2-(CREWHRE)Z | EFE}-TH-0b 8 3 [2,3-d]HE 5 (5 > 10.3
50 0.033EE) - 2-TIEM(36° 3.0E7  0.037ZEH > 1.2 8% 2
Mr(100ZF > 2.08H) - BATRZBESYLLL,8- 8@ H[5.4.0]+
—-7-%(DBU > 2.0E7 - 0.013EF > 0.4 B » B EHMESST -
KR ERGWINSST THR#E1S-20/ 8 - ELC/MSERRERE AT S
BB ERERESYERE TBE  MEERKESN - K% FHEY
HERAEEBNEL(SI0, > 40-80%E:Es Z.Bs/C i fERE IS ) o i 12
3-[4-(T-{2-(=Z=H EW R E)Z & F ] & }-TH-k 18 3F [2,3-d] 85 IF -4-
£ )-1H-wt M- 1-B T A (37 12.35% » B 3h £ 12.6235 » 97.5%E =) » A
Waod HGNRBER  £28 T REZHEL - BRN37: 'HNMR
(CDCl3, 400 MHz)3ppm 8.84 (s, 1H), 8.33 (s, 1H), 8.30 (s, 1H), 7.39 (d,
IH, J = 3.8 Hz), 6.79 (d, 1H, J = 3.8 Hz), 5.67 (s, 2H), 4.77 (m, 1H), 3.53
(t, 2H, J = 8.2 Hz), 3.05 (dd, 1H, J = 16.8, 6.2 Hz), 2.98 (dd, 1H, J = 16.8,
6.3 Hz), 1.79 (d, 3H, J = 6.5 Hz), 0.91 (t, 2H, J = 8.3 Hz), -0.068 (s,
9H) 5 C;9Hy¢NsOSi (MW, 382.53), LCMS (EI) m/e 383 (M*+H) o
(8)-3-(4-(-(C- (=R EW W E)Z S5 ) F £)-TH-ne 18 3F [2,3-d] 15
BE -4-55)-1H-wb M -1-2) T B ((S)-38) B (R)-3-(4-(7-(Q-(Z B E W i &)
Z F B ) H OE)-TH-ok 1% 3 (2,3-d) W5 BF -4- £ )-1H-nb 0% -1- & )T
R ((R)-38). AG SN HIE3-[4-(T-{[2-(Z R AW E)Z & 1P A} -TH-
B FF(2,3-d]WE U -4-55)- 1H-wb e - 1- 21 T B3 (37 38.35% 0 0.1 ZEEH ) Z
BRECK Z RS (15:85BMLIL) P 2 /SRt A BB MHPLC AL &+ &
RAHEMELGO x 2502K) UWBHEE  DSBEE=(FEHm
3,5-ZHEKES) % E (7] § Chiral#; 74\ 5] L Chiralcel®OD-H » STk EY
) EERLUEHZEEONHCEEI1SESBELL Y B E Rk >
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FEAE > RNEFABZRET B R TS - SHBRGHEUY
R FE220E Rk Y B E T RE > R SHRAET  ERmE RN
W) E 8 Sy B BN ISR (R (E BB 15,15 SR WIS 1, KR (R)-%
TR, (R)-38)H19.65 8 (RKE2, FEZ () HERBY
(5)-38) » BIEH B0SESEIAR > F200EH/EAZBRET - AM
MEES IR 1458 - IS BEE - BRI BTk -
TS ISATOEE - BRI (FREZ (R)-H 2 MY, (5)-38)4
U2 (FFE 2 (S)-$ 2 BHEY, (5)-38)2 BB A BRI B & 5k 5
B S B PR S TE R TR - SRR
CRBEMNEEE TE—SSREIEE  ME(S)3-G--(Q-(SFE
B 45 2 ) Z R ) B A )- TH-wb 0 3 [2,3-d] 0 0 -4- 2 )- TH-w - 1-35) T
BE((S)-38 > 17.43%% » E3h F19.15% » O1%EE ) » /8 B R ULE2 » B IR
HEER - BR)-3-(U-(7-(Q-(SFEW L) Z EE)FLE)- TH-w% 3
[2,3-d]WEBE -4-F)-1H-nb M -1-£) T A5 ((R)-38> 17.8%¢ » B 5H £ 19.153% »
OIUE ) » 13 HRUKIET - B E EEE -

BB B2 HPLC)T 3% » Bl B SEM-(R)-3852(S)-38 M 3 5 2 i
V)2 5 P G E ST (5 o I Chiralcel®OD-HEFE(4.6 x 25025k - 584
) B Chirali AT > D EEY > MSEES REEMH3,S-
% % /) (Chiralcel®OD) & T8 - FITE % 2 E M%7 (R)-3851(S)-38) 4 1
KRI0Z B FIFITE 15%Z BE8S% T e REIHE - 28T -
{5 PR 0.8 FH /5y 8 7 R B - UV & 522025 45K « 75 S5 5 R 4
R A 17.850 8 » B (R)-38  BI21.55 5 » B7(5)-38 -

BRGNS RHPLCH A SHEERY Y B8 A ELE
@ HPLCHBE%)EHEMAE (HEMHHPLCEEY) » &0 Hh - H
45 16 585 BINMRELLC/MSHESR » BIR(S)-38  JE B 8 1 W (993
&% » $5HPLC » FE220E MK TERA) s HEMGEE I SHEY » 3
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FMHPLC : 99.0% ee) ; '"H NMR (CDCls, 400 MHz)8ppm 8.84 (s, 1H),
8.33 (s, 1H), 8.30 (s, 1H), 7.39 (d, 1H, J = 3.8 Hz), 6.79 (d, 1H, J = 3.8
Hz), 5.67 (s, 2H), 4.77 (m, 1H), 3.53 (t, 2H, J = 8.2 Hz), 3.05 (dd, 1H, J =
16.8, 6.2 Hz), 2.98 (dd, 1H, J = 16.8, 6.3 Hz), 1.79 (d, 3H, ] = 6.5 Hz),
0.91 (t, 2H, T = 8.3 Hz), -0.068 (s, 9H) ; C;oH,sN4OSi (MW, 382.53),
LCMS (EI) m/e 383 (M™+H) » BIF(R)-38 : JE¥f 8 1 4l 25 (99. 1 H FE %
FHPLC > FE220 = fOK TR W E M (99.4F % » B8 2 i
HPLC; 98.8% ee): 'H NMR (CDCl;, 400 MHz)3ppm 8.84 (s, 1H), 8.33 (s,
IH), 8.30 (s, 1H), 7.39 (d, 1H, J = 3.8 Hz), 6.79 (d, 1H, J = 3.8 Hz), 5.67
(s, 2H), 4.77 (m, 1H), 3.53 (t, 2H, J = 8.2 Hz), 3.05 (dd, 1H, J = 16.8, 6.2
Hz), 2.98 (dd, 1H, J = 16.8, 6.3 Hz), 1.79 (d, 3H, ] = 6.5 Hz), 0.91 (t, 2H,
J = 8.3 Hz), -0.068 (s, 9H) ; C;9H,4NsOSi (MW, 382.53), LCMS (EI) m/e
383 (M*+H) -

(38)-3-[4-(TH-wk I% 3 [2,3-d] W BF -4- £ )-1H-wt % -1- £ | T
F((8)-39). MERREMIER LS. ?&%{%&%%/\D%ZS?@
FEHEERS > BEEGS)3-4-(-{R(ZFEWHEE)Z &£
B }-TH-wb I8 3£ [2,3-d )05 0E -4- 56 )- 1 H-oib - 1- 25 1 T A5 ((S)-38 » 82.355 »
0.21SKH) ~ Z M (15S10ZF) « /K(135ZF) K [E 52 /U 4, 55 & 8 (LiBF, -
2065 - 2. 155 H > 1008 8) - FRER KEESYERAEER » 1
B T ##24-36/\0F - HHPLCHETLCE R K FEH G BE =R -
fEREREMNAMEENR - BEKEEAHNHOH)E R Q20% v/v)ik
MEREEESYS » UFEBpHE-10- BB RZ KERS YN =8
FRM15-24/00 - EHPLCHTLCE T EZR B EREREED =R
I ERERCYEBYELRIBIE  UBRASUEYE - DERZ
BE(SOOEF) MY R LE - KERUBERZE(H)BHE » K
20% AL (NaCl) ~ KB AF) MK - B4 K8 DB Z B (2 x 500
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EMEER - Ak FEHZAEBEORREBETREG  UBREHE
DEAREOGHERK - LUKQMEELER » UKFERZEEYR
o TREISNG - BBRWERER BERRESUFEE=-TER
(MTBE » S00ZJ1)EBELE (S00Z FH) Ak » HZEESOCT » REZEMHE
FHREEE - Rk FERBRZIHEEYASR)EZE(S00EFA)HFE
Ye(BSOZ )T B & & » 1 5 (35)-3-[4-(TH-wt 0% F [2,3-d] BE OF -4-
EL)-1H-wb B -1-25 )T A5 ((S)-39 > 42.8%5 > H 36 54.275 » T9%ER) » &
B E - BER(S)-39 1 'TH NMR (DMSO-dy, 400 MHz)dppm 12.1 (bs,
1H), 8.76 (s, 1H), 8.67 (s, 1H), 8.36 (s, 1H), 7.59 (d, 1H, J = 3.5 Hz),
6.98 (d, 1H, J = 3.5 Hz), 4.98 (m, 1H), 3.19 (d, 2H, J = 6.6 Hz), 1.57 (d,
3H, J = 6.6 Hz) ; C;3H;,Ng(MW, 252.27), LCMS (EI) m/e 253 (M*+H) -

Et
LBr HNvNHz-ACOH
E10 Et0 E10
OFt 3 OFt (6.1.5% &) B
2 #RKCO3 (20 2) B0 2 EtONa (2.5% &) Bp | AN
N . Nal (AJ %), 140 - 150 °C N4 EtOH, @ A 2
]
CsH7NO, C11H19NO, C1gH17Ns0
TR 1131 »t g 22027 25 22726
I
& \N
HCIK 8% (/\/(?\)NH POCly (5.0 % &) 7 [ /)
u N/ [opb:} u N
7 4 B X -TH- kB 3 -
[23-d) &%
CegHsN3O L]
>F 213512 CeHCINs
2T & 15357

2-R B4 4-ZLRE-THRIEW. KRAEIE - ZEER 3 541
50 2ISEE)RIIZ M RKARUREE 8 (379.652 » 2755 H » 1.0 &) % i
{E#A (3352 » 0.22EH » 0.08E B)EREBRE L2 1.554 7 » 13.75
EE SOERB)PZERZREA EBANZEREREEMPZE - FiF
RZBRBERFER - RRERESYIZIEMEAE140-150°C » 7£ Dean
StarkE R P W EEZUEYE - MEUYE - R140C THEZRHE
ERIIREREL  c FHGCEHKE  HEI D EIFHHEBETTH -
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BREMR4ss#E  BNEHABRBHEEL - 8% ERERSY
REEEIR - WRAA KE2FA HESE =-T EEB (MTBE) > [543 K &
B 7RERE > HLUSEI2HAZMTBEXREERUK/E - #/K/EEHG.C.HER
EY) > BEWME FEBBURBHR KEE  BE REEZGE
W o EHEMHEHSEAIEO1-105T > 7£0.53-0.65Z K/HgF) » fie
2-BE-44-ZZ8E-THZE4 > 359457 » Bk £630.555 > 57%) -
iR - BF4 - '"H NMR (DMSO-dg, 300 MHz)dppm 4.60 (t, 1H, J =
5.6 Hz), 4.15 (m, 3H), 3.59 (m, 2H), 3.45 (m, 1H), 2.11 (t, 2H, J = 6.2
Hz), 1.22 (t, 3H, J = 6.9 Hz), 1.10 (dt, 6H, ] = 7.1, 6.9 Hz)

TH-wb B8 3F [2,3-d] W5 B2 -4-B2 (7). 1§ B KBERSEE (5> 1.040 7 > 10
H 1258 B)RIETS2HQIEE%)EZE(EtOH » 62.5%8)h > 7
B2 84 (EtONa)y » MM FTTE R 2 7B MR B £ 6043 88 - SR18 R II2- 8.5 -4,4-
“ZRE-THZEMG 1840  8.0EE) BEFMERZKERSY
[T/ - (EER A% - BB LEERIE - BRLE
BERZEBER BTREBRESGT - ESE - B8 28E AEBRYY
HEG6OEF/EE LI T Z /K B vk —#8 b B & 15 & JE 18 i b > & g
A e RISTT » 6N HCUK B RIRMEESOZEFA/EELLLFI T il
ROBRT - R1& > BRI Z BRR4ST TE4ss & - EaRE—
RRAEIST  WMHEHRINEEEE KB R FEEpHE 8.0 - ZEiB B
REIBRZERE - DK@ x225ZA/EE)EH » R - SESLI:
BEBR ZBR/BRGE(SO0RTH/EER) » HEERQ x 250EH/EE)F %
B REEZTEE - G TH-wk 08 3 [2,3-d]85 5E -4-F5 (7 » 738.655 »
Hom L1081%% » 68.3%) hEAEREEXCESUYE - K7 'H
NMR (DMSO-dg, 300 MHz)3ppm 11.88 (bs, 1H), 11.80 (bs, 1H), 7.81 (s,
IH), 7.02 (dd, 1H, J = 3.2, 2.3 Hz), 6.42 (dd, 1H, J = 3.5, 2.3 Hz) ;
CeHsN3;O (MW, 135.12), LCMS (EI) m/e 136 (M*+H)&(M*+Na) m/e
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158 o
4- S E -TH-wb 1% 3% [2,3-d] W8 BE (1). 7 4- 58 B -TH-wb 0% 3 [2,3-d] W
DE (7> 30652 » 2.25EH) R IMZE SALBEER (1050 F > 17275 » 11.26
EH S5088)P  BE2008# - RERTRHEBMEISHE Rk
BB EREBEBIMAZER > YEB20%EENBRERBLEZ &
gk - EFMEMESRE  FHERBRIONE  EREREWASAZEG
T BREBEEEKGCAT)E  WBH - FEEH2008 > L1BES
KRNI - UFEEpHET.S - HBEERIK 0 DEFEEKRL20
C-HBBWEINRY  UKRZRKE  REEZEHREGOC)TEZRE -
ERMYMBEBENREBRIET > LAESOT THEAELS/NF o & 158 MR
R > PRS0C THEH200E  REBWELHBE - FHRERZE
RRGEEIOEF - BFEKBF LA M - FHEIBUWEITURY - U
NIRRT Z AR EAR  REEZEHRBEW@IT)TELE  Mis4-8E
-TH-wt 0% 3£ [2,3-d]E0E (1 » 2275 » BEim £334.8%2 > 67.8%) > BEEZE
BEESHER  BRZE—DPRBGELESIKINZEEY
(5-10%) » HhREREEZHEEHESESE - BR1: '"HNMR (DMSO-dq,
400 MHz)dppm 12.58 (bs, 1H), 8.58 (s, 1H), 7.69 (d, 1H, J = 3.5 Hz),
6.59 (d, 1H, J = 3.5 Hz) ; C¢H,CIN;(MW, 153.57), LCMS (EI) m/e

154/156 (M*+H) o
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OH c o a0
POCI; (3-5% &)
Nm\ DMF (1.5-2.0% %) '\ H NH; £ MeOH # (2.0% &) hik\ H
o
N” “oH @ N el %, 55-60°C NZ NH,
8 9 10
C4H4N20, CsH,CLN,O CsH,CIN;O
SF§: 11208 53§:176.99 # %% 157.56
cl
Ph;P’cH:OMe Ccr X
(11,1.05% &) ct "i - N\
'BUOK (1.05 4 &) N x-OMe RHCIA SR N H
THF, 20 - 25°C 'kN/ NH THF, @4 4R TH-B F
2 23-d) %%
12 1
CyHgCIN,O CsHyCINg
»F&: 18561 SF&: 153.57

4,6- — S\ WE IE -5- 58 FHEE (9). FhEE ‘ﬁa‘%&%ﬁ%‘#aﬁ WBCRSE B
25 RO MR R N BR A NaOHZE Rk R o 2 SH4SEIE M N > 8 &1L
BrBE(1FF > 10572 H - 4.82E B)E/K/BE B T 58] - fFE0£2C F » E3%
AJONN-Z B A FEE e (DMF » 320ZF > 4138 H » 1.85% 8) - AR
f0~100Z F DMF (~0.5/NB§)1% > 4 45 B /EM - 66 K FEE 0
BINZEL0C - FIERMN > BEREMEASHE~2C - £<8C T F
HERDMF > FEEE2.5/NBF - (R R B 1SB R Y A B H E % - % DMF
ZNINSERREF > R SWIT3-5C THEE0.S/NIE - DLE B2 4 ZGR N 4,6-
TREUEUE (8 0 25057 0 2.232E ) - RN ZE ST —4,6-Z B
Bk NERGMESHRTREY  HR|LEEBKRARS  EoKER
B E~12C» BEO.S/NEE - 3 KOR NN E 88 4,6- — SE I » FELK0.25
NEF o FFBEE R FEOR 128 I B 27°C o K FEE B (R 1510 25-27C
T HEERSELA  FILERBERN BT REERE > A
B—REBERE ERYUNIR > PRARE N ER  BRERS
VMBI INEL - HRYSSCTT » RKIERESYBEBBIEEHE > Ris4ts -
KBHBARE - BRINRE > EKERERFENINZEAY63C
WEKEE TRFIBSE > REEN - EFHEGESYZ N 53
ZEBCRFIENR(FI100CT) R IE - RALKISTT » BEHCIZ BE REE
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ML > ERERSYEHMEmKER - 0.5/ %K > BHEE
BAREE HIEFBEEIEMMEIST » B&L25/0NE - REIRT
Wet2 5/\lik > FREREYMANEZNR  UBHEER - HHECS
mA45-50C)THERBEPOCL(BETAENZ) - R20ASER+ - KB
EREREHBEMEEZAH,0 GH)F > HBZERIK  URFESE
KBEWHEEZE R - LEtOAc (2 x 37t » 1 x 2N EWME/KEEY - &
& Z EtOACZE R LLH,0 (2 x 2.57+) ~ B8RINaHCO /KA R (17) ~ BEK
(IF)ZE M - LANa,SOLMR/KEZRE » BIE » RIEBEB(R3STTZBA)T
BYE - MGHEE4-—EWIE-5- R FRO 2705w - Eiw L£395% >
68.4%) > HERCER - F20m M Z LHBYEEY R L AREBIE
90-100°C T ZHtFEIRE » 2252 4%)M &1L » BB 1535 4i4,6- — £ IHIE
S-HHEEO) ROBER HACEARTHENEEREZANEE
B MHESOAETEIEKMEIER - EBEEHCIZER - EEANT—F
B2 Rl (FHBEIBNECACEBRZIBEEY T » WiBIE » UBERAA
MYE - & IEELAH,0 ~ EFINaHCO B &R ~ /KL MK » LANa,SO4AR 7K
BZrR o BB BEEREBTRSE  KEXEAFERZEEBER) - MR
9 : 'H NMR (CDCl;, 300 MHz)8ppm 10.46 (s, 1H), 8.89 (s, 1H) o

4- i F: -6- G B W N -5- 7% B B8 (10). F7M NH3;7E MeOH T 2 75 7K
(265ZF > 1.8602EE. 2.0 B) R INE4,6- — G M IE-5- FEE (95 163.7
50 0.930IEE)VEREQCH)TZARN » BRI25/NE - KFERER
20121818 N ZE267C » BEBBIFRIK - IR S48] 0 URFRIE
BEMNR<20CT - HHEBZREZETEAEISNG  RAEEBERE
[E 8 - DLEtOAc (1FH)E R E RS - RN BB TIRYE » I % [E #8 LU H
RIBEKE(2:1 viv e 600ZF)HE - BIE - REZME » BIST1.1554-f A -6-
SEWE-S-ZFERA0) RECERE BREERSYEREZEZVER
HheEBHz10- FEYVECAEZERERN - £J7:ZHEEtOAc
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(L25FH) B 1.5/ - 188 > AR R THF (7T50EF) B UNE » &
I - (EEtOACEE THFJE R W & 72 J5 BE TR 4% » Y S BT ik > [ 4 bl &
A/REE(2:1 v/v o ASOEFHE > B REE > MERI244.17554-
BrBE-6-RAEE-S-FFR00) > HEGEE - 4-FE-6- SR mE-s.
REEE(0 - 11525 » i F146.55) 2 S ERE78.6% « B 10 :
'H NMR (DMSO-dg, 300 MHz)Sppm 10.23 (s, 1H), 8.71 (bs, 1H), 8.55
(bs, 1H), 8.39 (s, 1H) ; CsH,CIN;0 (MW, 157.56), LCMS (EI) m/e 158
(M*+ H) o

6-FE-5-Q-FEEZIFE)EE-4-E(12). FEEEEFL) =%
B - L1 - 276.0%% > 0.807H K > l-l%i)TTHF (L.5Fr)h Z &%
BRK/EBTLAME-2C » WHE-2E-3CTF > FITHFH Z 1M KO'Bu
(807ZFt > 0.807EE - 1.1E &) BELS/NE - $ELREESYN
2E-3C THBUNG - Rk F4-BE-6- B mErE-5-i FHEE(100 115.2
520 0.7338EE - LOEE)UEBE DR ANERERSY S »
THF (200= ) > DUFRS B[R - FERINHERT - K FEE BE 7 -3 881
ZBC HBBRE - EREBETHREIOCH  BRA4E » 1
RIEREGVRMEEER » RBHA2NG - FRERSWSHE2C
HEERHGIE R IIEMNH,CIKE R (750 ) 5 K FELE - F:52
TORBR T REE > DATBBR K BN 43 THF - {58 % %) 72 EtOAc (3FF)E2H,0 (1
MZEESREE - KEWHEBE  UBRERGEZ R AEYSE -
A& LL2N HCL (4 x 250 ) > #Z B3N HCI (2 x 250 F )2 H] - ¥4
{ff Z HCIZE /i BAEtOAC (SO0 FH)HZEE » A% KBWE LB LA#%
(RABEE - FEIRBHK/EEAKB T S8 > DI6N NaOHA B R H R E
pH 8 » W LAEtOAc (3 x 1F)ZEE - ¥ & ff 2 EtOACEE i LB K (1) %
M LANa SO /KE2 1% » B35 (1070) R B BB (1038)— RE 48 1K 1/NBS » f
BB E LB » MEOAc (IF)ERBE+ % - R RE
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HIZBEE ZEOACHBEIR(S00ESH) - FAERZ =R ECEBESE
ZENIRIE2/NEF - 5%?%*ﬂ§%6-%ﬁ-5-(2-ﬁ3%ﬁ%Z%ﬁ)ﬂ%‘ﬂi—*ﬁﬁﬁ
(12 72.3% » B3m £136.25¢ » 53.1%) R 12 R Tl K FE -
FE—S@b-EHENRZEARQCIR)EWRE LFEBMA LL0-35%
EtOAc/BRIE/ARE > M1 7412 EEEER » HAE/ZEEYZ1:2
REW - BN 12: R E-E#% 2 'H NMR (DMSO-dg, 300 MHz) : $ppm
8.02 (s, 1H), 7.08 (bs, 2H), 6.92 (d, 1H, J = 13.1), 5.35 (d, 1H, J = 13.0
Hz), 3.68 (s, 3H)E2RI R Z- B &Y : dppm 8.06 (s, 1H), 7.08 (bs, 2H), 6.37
(d, 1H, J = 6.8 Hz), 5.02 (d, 1H, J = 6.7 Hz), 3.69 (s, 3H) ; C,HzCIN,O0
(MW, 185.61), LCMS (EI) m/e 186/188 (M*+ H) -

4-§ & -TH- [k 0% 3 [2,3-d|EBE (1). KHRHCI GZEF)RIMEHE 2 6-
S EL-5-(2-F G5 705 £ g -4- 2 B (12 > 70.032 » 0.3784% H )7E THF
(T00ZFH)PZBRA WK KEREMMAEE R - B&T.S
INEF - PUREAES c BRRBIER  HEARTHERE  EREHG AT
SHRE FRERSYWASHZENR BB ERK - AN INEFENaHCO,(15
) K EEYMEERTEBHEIUNG - KARIR(OR) WBIR)K
Na,S04(2052) » BB EESIMAZEA40TC - FREMAAZEEL > UK
BR T iBUE 0 DATHF (IF) AR E L8 - FREN BB T ELE - B
REFTE B Z Bl A8 BB T 52t » B M S 4- & A - TH- [ I8 # [2,3-d] o
ME(1 > 58.15¢ » HEm £58.152 » 100%) » RE=EEEER - £50-55CF »
B ESREOAc (1F)F » WEVEMRCR)EHE - HESYE
o FERCREAKEY R LT 0 DURENZEtOAc Q502 H )R B L& -
FRBRRHEERYSOES  HELBEIRFEBRE - FLBER LA
FO0-5C » B2 N REFEBREWERER - FEBRZE  MiEH4-
B -TH- [ 0& 3 [2,3-d]W%0E (1> 54.5%¢ » B ew £58.1%% » 94%)» BERE
45 2 - B 1 'TH NMR (DMSO-dg, 400 MHz)8ppm 12.58 (bs, 1H), 8.58
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(s, 1H), 7.69 (d, 1H, J = 3.5 Hz), 6.59 (d, 1H, ] = 3.5 Hz) ; LCMS (EI) m/e
154/156 (M*+H) -

N
~Si.
Hr;l} NIS Hr;l:\>_| TMSCITEA 'ﬂ:\>_|
N= —_— N —_— N=
H,0, rt THF,0°C - 1t
15
C3HaN, C3H;IN, CgH11IN,Si
»7%:68.08 »F%:193.97 »F % :266.15
iPrMgCl ,L
o}
-5 o 0
UL L e D
(o] N \O N \0
16 18
17 HCI ¥ %
THF, 0°C - rt
CoH15BN,0, C13H33BN204
»F&:194.04 »F%:266.14

4-E M (14). REFERADE  FRB} - B B
2 BT o BIE (13 > 4505% > 6.62E F )BT G ok I8 (5TF) - 38
EWARE 10T » 3 b 88 53 207 N~ 5 3 63 B 25 B (NS » 1490%% >
6.625 H > 1.08 8) % K FER &S (KGR R)TE T 38 T 5 LN% (8
RZNEFFTTRENE  (RBEEEMNE) - K% BESYWEE .
R THBERTHF - R EYBERERZEEGH)T  RBEREN
ME - B ECIERUEMRARBHNKERQx3F7) (BRERERE %
HE) K2 x 3F)KREKQA)EE L - (5548 LT WIE K
o MBS RTEREBTRE  FEEHED » N30T TEEBAKREL -
BIF4-H At (14 > 113877 > B iR 1 1284.15 > 88.6%) » BEHEE %
=EE S - B 14 "H NMR (DMSO-dg, 400 MHz)8ppm 13.17 (bs, 1H)
7.93 (bs, 1H), 7.55 (bs, 1H) ; C3H3IN,(MW, 193.97), LCMS (EI) m/e 195

b

(M™+ H) -
ZHEYRE-4-ERMAS). REERRAREYE S8 A0
BB S R ZERD - SEA- AW (140 2005 5 1.03
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SH)BTHF Q) - EHABRF > NIM=ZK(TEA > 158EF > 1.13E
H11E8) HEFRMEBRZBRRIKEKEFLAZEIC - FHRAR
P RIIEE S P EW ST (TMS-Cl > 137ZF > 1.08EF > 1.05% &) -
TREEH  FHIREETI8T - (REMESEET  HEUBEE
BEREZRIGHEEZ  EREZEE) ERACHERE  BRA2B > RE
RIEVARZEZR - RIEGFHEGCER - BHMAELIUNGR - #HHEB
ERA(REZBELARFERTE WK BEFRE > LIFHIE
TMS/KIRIER) - A% BREREYUREQHERE  BENRERT
IR - ERB T EHRBSERAE > KRS AXBUEHR - BB Y H
DLBEE(FA)HRE > B ERE - EEBNAIEREER > RIS - XKiE
BhEOLE - R1E > BEEYWERET0-90C » ELHOSHT)THEH
KugelohrZ4 88 @ MG 1-= F AW Hr & -4- B E bW (15 > 26357 » B L
274152 » 96%) » R\ EH - (HRTMSE B REKE » I ENIE
—HRFEERT) BEE > EACERI-ZFEAWRE-4-HE bl
FERGHERRAN)E2E R Z NP E W S — 2 1/ 6F g &
hjz °

4-(4,4,5,5-V0 B 5 -1,3,2- — G T (A B -2-K)-1H-wt 8 (17). R EEH
BREES  ERALDE - RRRIREFZERS » HEHI-ZHE
W e AL -4- TR Bk M (15 > 225.152 » 0.8SELE)EGITHF (2200 ) - {F it
SREYIEK/E/EKBTANE-6C » LHEBEERBBOCZERT »
AMBAERKLECM  ETHFF » S10E2F > 1.02EF - 128 8) - &
B/REXBZIEBEGHEGCEN  BEYVIODERRHEETERK - NE
WEBART  ERBERNN2-EREE-44,55-WFE-1,3,2-Z & A
B(RAEWEmWATE - 16 34727 - 1L.7EEH » 208 8) ' RFEAR
BRROC » ARMNL2ZbEWE - #EHERNRMRM - FH
mEEISCREVESHERER  RERIBEBER) - #F  BREY
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ROC THEHIODE  RBEREZE > BRUNE > R E B TR
FINUNGEE o (ERFEMAANZEG6T » BRI S8 KERQ.2F)
HEZREEIME2T - HESBERESHE » BEDBEAH)HE
B rEHBEABKREEBGEENKED)  LHEHBLIAKG x 2.2
)~ BK(Q2 x 227 ) B8R 0 DRI KE R > B8 0 RERE
TRE - ERE R FEPE IR > M154-(4,4,5,5-I0HFE-1,3,2-—
TR B -2-25)-1H-w M (17 » 90.335 > T 3h F164.9%5 » 54.8%) > B G
[E %% - BAF 17 © '"H NMR (DMSO-dg, 400 MHz)8ppm 13.08 (bs, 1H), 7.94
(s, 1H), 7.62 (s, 1H), 1.23 (s, 12H) ; CoH,sBN,0,(MW, 194.04), LCMS
(EI) m/e 195 (M*+ H) »

1-(Z &5 Z%)-4-(4,4,5,5-00 B 2 [1,3,2) — & 0 4F B -2- 55 )-1H-nt
E(19). REEBMBERS B FREB C ABRBEN A0
22F ATEEHE o > BEHH4-(4,4,5,5-00-F £ [1,3,2] = &, B 15 (B -2- 2 )- 1 Ho it
W7 LA2AF - 1328 E) s BEOSH))RZEZFEEE(18 » 790.5
50 105027 > 10.98EH » 1508 8) - EHARBRI RN -SR-S
ZA4AM HCl (S0EF) » B&10548 » LR K IER S YIE35-40
CTIRTNG » BEEHGER - %EFE%EGC%*T*%%&% AN
JOEI#ENaHCO3(130%) » /RS W /NG » BB\ - FRERN
BB TRE KREEQOEMFRNEREY S » B EE S (LERH -
HBEREER TEEEHETER HARI(ZEEZ
£)-4-(4,4,5,5- 00 B EE (1,3 2] S A B -2-5)-1H-nk 1 (19 » 1.8964%
Jro#am E1.9482 72 97.3%) hHGBERKSEEZ - BHN19: 'HNMR
(DMSO-dg, 400 MHz)3ppm 8.09 (s, 1H), 8.58 (s, 1H), 7.62 (s, 1H), 5.55
(g, 1H, J = 6.1 Hz), 3.37 (dq, 1H, J = 7.1, 9.6 Hz), 3.12 (dg, 1H, J = 7.0,
9.7 Hz), 1.56 (d, 3H, J = 6.0 Hz), 1.24 (s, 12H), 1.00 (t, 3H, J = 7.0 Hz) ;
C13H,3BN,03(MW, 266.14), LCMS (EI) m/e 267 (M*+ H) -

C199248A.doc -223-



201718591

A 07N ,L >— 08 :t
HNTY 18 NN 16 /? :>—
Nt —2— Nt —
C;HsIN, C7H44IN2O C13H238N203
>+ :193.97 2+ :266.08 >+ 266.14

1-(Z G5 Z.5)-4-B - 1H-0 1 (20). REEF MR IBRE S - B -
NAOBERASHREBZ22H4SEER D » S5E4-BE-1H-ab W (14 > 1.00
AR SA6EE)EERE(I0F) » WRMZEZHEEB(18 > 5575 » 740
EF - 7.3EHE 1LSER) - RILBRRD - Fi = GREE S Z4M HCI
(G2EF > 0.128%H > 0.025% &) > FESHE > LHEEHMEBRRES
ERZR IR - RSN LB E35-40°C » HhES - 8% 4 58 AR B
FRLA0C  LBEZFAEBIAESE  BEEHRETERR - ¥
R FESR & ) 1E K 4940°C T IIZA S 41 0.5/M 8% » HEIGCH BT K FED
TR EIE - ERKAME25-30C » BARNMEFRNaHCO;(108% > 1.29
HE 0255 8) BB RNZE TEEUNS  DERHCIZ B2
- ATk R A Y 3 RRTE L TR - ERE RS
MEB1-(Z8EZE)-4-BE - 1H-s (20 - 13460 7 » Eig E1.37340
FTo 0 98%) » 3k 25 €0 R B (4 B689-93° 1E RZJ1HL T) - B 20 'H NMR
(CDCl;, 250 MHz)dppm 7.61 (s, 1H), 7.47 (s, 1H), 5.46 (q, 1H, J = 6.0
Hz), 3.48-3.23 (m, 2H), 1.60 (d, 3H, J = 6.0 Hz), 1.11 (¢, 3H, J = 7.0
Hz) ; C;H,;IN,0 (MW, 266.08), LCMS (EI) m/e 267 (M*+ H) -
2-BREHE-4,4,55-WEHE[1,32] “SMEAEEA6). BEFDRAS
BT RIS N, ADS R ZSTHEBM N, D M % - I
SRR BB (2.673F 0 115HE > LISEE)EAMT(179AF -
10EE) - SR ZIBSWNER(B0-85) TMAMBE - A% > F8R
SMANEEE  EEELEE 24K Vigreu B HE - EHBSRAHZ
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STHASEEM - EREMEARBNITRERATHRE - EBRESETE
RN RN EHEE 5 (5 E90-180°) (GCH)E » =e
?Kﬁ%{%ﬁ%?%%i%Pﬁ%‘iﬁ%-4,4,5,5-l7_tl$9%[1,3,2]:%ﬁﬂ}1{£(10 » 1,628
Jro HEim E1.863 T » 87.5%) » R A2 (% E5180-185°C » EAGC
WE>97.5%) - ULV BEHENHEE/EHEDS  UEKEEARE S
& o

| 1-(Z F & 25 )-4-(4,4,5,5- 0 & [1,3,2) — S 0 B -2- 5 )-1H-n
HE(19). REAWBBMAELE - 23 FRBL RN, AOE X 22745 1%
fRF > REI-(Z8EZE)-4-BE-1H-wb W (20 » 700.05 - 2,63 H)

BATHF (5.57) - R R 28RS A ENR-12C- -15C - KREREE
SLANIN2M i-PrMgCIETHF S 2 B8 #5 (15132 F > 3.03EH » 1.15% &) »
E&307 8 ARRFEREREN<-5SCT S EEBTRE<-5
CTHEOTSNG - FRERZRERSYE—SSME-15C » A&
AR RS AERM2-EREE-4,4,55-WEE[1,3,2] - S F E
(16 73435 > 80SEF * 3.95KEE - 1.5EE) ABEREEEMINE
~5% [EE LU TMS-REZ M Y LM I EER2-EF/E L
445 5-WHEANII ZSMEEZGE AN ERGEER) - F4
FERHZRGEERERE  BZRERELRBIREERK - Ak
BiR2alE  HERERSYWRHZELICT » BKO.TS/NG - BEESY)
EIASH SEHEZEMNH,CUKER@H)Z S04 R & » LB
(8Ft) » BXe(8F) K H,0 QH)ERRIESY - B KEBE » 3 514
PURFA(B0C)ZH,0 (4 x 3F)ERBEFIEE K (2 x 3FF)LEHE - {35 1A 1L
Na,SOME/KeziE - BB THRAE - BREHEEREFERQH)
HEZME—TBE - BEEHERAZVBZ BFRE(0ZEF)EBE4
FHEM B DFHERER - BEREBE > UERQIZH)
s EREZEHEPEI-40C TERBR - RIRNE T REER » I
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EREVRERAR - KPR ZERBSBIE  UBEFRA0EA)ERK - K
EEZEMBEFNI0-40C TERBE - BRHWNZEYEH  ME
1(Z&HE ZE)-4-(4,45,5-U R E[132]1 Z KW H B -2-&)-1H-mt
(19 > 59637 » EHim £7005¢ » 85.1%) » RHBEEKXKLEER - FR19:
'H NMR (DMSO-dg, 400 MHz)5ppm 8.09 (s, 1H), 8.58 (s, 1H), 7.62 (s,
1H), 5.55 (q, 1H, J = 6.1 Hz), 3.37 (dq, 1H, I = 7.1, 9.6 Hz), 3.12 (dq, 1H,
1=17.0,9.7 Hz), 1.56 (d, 3H, J = 6.0 Hz), 1.24 (s, 12H), 1.00 (t, 3H, J =
7.0 Hz) ; C,3H,3BN,0; (MW, 266.14), LCMS (EI) m/e 267 (M*+ H) -

) /\0/\
HNTN NBS H'}‘:\>_Br 18
Nx —_— Nx —
H,0, rt HCI/CH,Cl,
13
C3H4N2 C3H3BI'N2
#+%:68.08 #F#&:146.97

0
—0-B
/LN ‘O:b O/LN:\>_B/0
|
ﬁ;\>_B' 23 ) Nx b}
iPrMgCUTHF

C7H11BI’N20 C13H238N203
>¥¥:219.08 >+%.266.14

4-H Bk DR (21). {EabMi(13 > 34,058 > 0.555 H )EANBS (89.0%5 » 0.5
RE LOEE)RFN/KO2ZM S - KRR RZBZREZRTE
B - A% LLEtOAc 2 x I00EF)ZEM KR FER &Y - 1§ & ff Z EtOAc
22K LANa,S,05 7K IR B B 7K R % » DANa, SO B /K &2 0 » SRR T
R M4 R A (21> 72057 » s £73.5% > B%NER) > AH
B E R (GCHE  >98%) -

4-RE-1-(ZEEZE)-1H-0 1 (22). R4 Eabie (215 70.03
0.476 5 H )7E CH,ClL, (600 ) Z WA » AHN3.1M HCUHE Z &= H
PZBARARTELEZHERB (8 415% » 0.569EH » 1.288) - #
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TR Z R EREWTEE R T A3/ - DINaHCO,/K 5 0 (8 K FE %
B WEEMIKIE - BHEEEBLUKER » LINa,SOMMKERE » BNRK
BTREEFE  ME4RE-1-(ZEEZE)-1H-aL (225 11375 » I
s £104.357 > 9T%ER) » FlHR Y (GCHE : 89%) » WHEBFERARD
BRENIE  mEE—DSEIEL -

1-(Z 8 & 2 5)-4-(4,4,5,5- 00 B K [1,3,2] — S BF 1 B -2- 2 )-1H-n
"£(19). FZERT > RiPrMgCLLICl S0EHEE » 1.8% 8)Z 100Z 7%
B NINA-RE-1-(ZEEZE)- 1H-wb (22 6,155 » 28 EH) -
H%ﬁﬁﬁ/fﬂzZ}iﬂﬁ/wD%TEMT%#WJ\H# A2 A B E-20C - $3#

R REWER RN EE (23 10.675 > 6TEHEE » 24% B)NRNE
NIEREGYT - MR ZIEEYF0-10C THAE /NS o SRIINH,CI
KBER  UERERER - #%F > BRESYUEME(PE)XE - 546
Z PEZ R LAB MINaHCO3 5 #5 - DANa,SO, MR /K87 1% » R 12 B T i 4 o
EHEMRPEFRLES  ME1-(Z %;EEZJ;EQ)-L (4,4,5,5-00 B %[1,3,2]
AW -2-55)-1H-wk M (19 » 4.25% > B 7.45%5 5 56.4%E %K)
HRBBERS EE MR (GCHE ~99%)- B 19: 'H NMR (DMSO-d,, 400
MHz)3ppm 8.09 (s, 1H), 8.58 (s, 1H), 7.62 (s, 1H), 5.55 (g, 1H, J = 6.1
Hz), 3.37 (dq, 1H, J = 7.1, 9.6 Hz), 3.12 (dq, 1H, J = 7.0, 9.7 Hz), 1.56
(d, 3H, J = 6.0 Hz), 1.24 (s, 12H), 1.00 (t, 3H, J = 7.0 Hz) ;
Cy3H,3BN,03(MW, 266.14), LCMS (EI) m/e 267 (M*+ H) «

CHEMAZHIHALEBEMSG - BEANMN > EHENE > &8
BEFERRERAZEZ EEEGETRT - BHib > 282
METIREREZ&#ERA -

[FF9REREA ]
(%)
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R EAEE

L. —EHGEesAULEWZHEMZ %

HEEEAIEEY

2

N/
7
IO
P4

I
HER > RELBEFEETRE

s
+

*ToRH E MR
RIBEEHC BITE » Cl i B RC . «AmE
R,%# H-C(=0)-NH, + -C(=0)0-R; & & % ;
RyBHEEEHC R EKC L ExE ' B
P RIREE -
2. WEKHEIZFGE  HPZEEMEasRAULEY 2 HEREY IS
EZR)HEO)-HERBY ARG LBEBEEL 2K E
% HpL BEEMRR S -
3. WHEKE2ZF A EPZHEERYBEGASNRANRLI0% -
4. MBEKRF2ZTE  HPZHEEEMBEGAERHANL99% -
5. WEHEKE2ZTE  HhZHEMBREMBEGES Ty —
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<. : EE:Z e S PPra PPh, Co O
O 2 Pth Pth PPh; o
Co O PPh, o Pth &-@

o O PPh; 0 PPM P H b P H

R o = FsC
o Pth ‘&\/@(
PPh2 Cs
<o
6. WEXKE2zHZ  HbPZEeWBE1LEMZHERBYB

BZO)-HEEEY -
7. MEEKRIE6ZITE > EPL‘AEE TIIERMLEZ—

::Pphg COPth
PPh, o) PPh,
4\ /I\ /|\ g
PPh, o:Pth o) PPh, o O PPh
PPhZ PPh, CO:PPPQ CO PPh2
: J 2

8. OKIR2ZT A HPzdeWea s\ teZHEREY S
EZR)-HEEBEY -
9. WFHEKIFIZ A HFL/GER TIkiuEZ—

- L, aes
/l\ X C:% ey m@

10. MEBERF2EZIRE—IHLZTGE HPZED RN -

PPh,
PPh,
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11.
12.

13.

14.
15.
16.

Ri ¢N
H
NN *
[
N= N\
Ng N
Py
Ia
Ho:
*RNEEMNR

RiBEEC BRI E » Cl. i B RC (s A

P\ RREEE -
MEFEKFH2EIPE—IHZ HL » HPR,H-C(=0)-NH, -
MBBRFANZ T A RE-—SOEEZACEYERKESE TR
&> i 1afb &9 ¢

Rt ¢N
Hy—
NN
%33
N~ N\
N
Py
Ia
Ho
*RTAHEMER

RHIZBECy B - Cl B RC (Al B

P fREs -
MHFERBLZHE HPZBAGRELESLZE2E  R=2
BEET -
MEFERE2EIFE—F Y J% » HPR,B-C(=0)0-R, -
MEFERB2EIPE—EZ 5% » HHR,5-C(=0)OCH,;
WHFEFKBURISZFE BE— S BEERRLAYESELS
YR FE » DR R Icibe :
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Ry o
H
N-N*
!y
NP A
Ny N
Ps
Ic
Hop
* RN EMR

RIBEEC RIEE ~ Creft B RC i ARE  H
P\ RiRsEE -
17. MEFERIFI6ZTTZE > ETZE&BaS LY ABEE s S LYK
tEEED -
18. MFEKKI6ZTAE  HbzeBasbWhasibE -
19. WMERFIEBFE—IRZTE  HE-THEEZAIALEY
HEaEfbi B’é%é%ﬁﬁﬂ?ﬁ‘f\’ﬁﬁﬁ » U A IE &Y ¢

R4 o
H
N-N *
'y
N= N\
Ng N
P4
Ib
Ho
*RREEMWR

RIBEBC R E ~ Cr B KCleRmBiE B
P RiREE -
20. WEFEKRHEIIZTTiE > HPZESH RN N-#KE TR0 -
21. WHEKFIIZE0HFE—HZ L HE—FBEEEZADLEY
R KGR T RIE - B lafb &)
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Rt ¢N
H *
N-N
%3
N7 I\
S
P1
Ia
st :
R B
Ri%AEBHC,.EBIEE - CreftBENC (Eix B
P HiREE -

22. WEHEKF2E2IPE—IHZ L > PP BE-CH,0C(=0)- C(CH,),
g, -CH,0CH,CH,Si(CH;); -

23. WMEFEXKRIFE2E22PFE—IFZ Fik » HBR BEKE -

24, ~HHEFEHEAWLEY I HEREYIBE Y (R)-K(S)-HE R
BYZHEMZ i

HEBEEAXIVEEY

HAVIESY :
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S
%

RHEERAEREBTEETKE

Hep

*RNBEME

RiIBRIEEHC,JIBIEE » ClediBEBMC (RBitE ' B
P\ RiREEE -
25, —RBHEEHEAESAXVHILEZHEERBYBEZR)-BO)-HER

Yz EHEM 2Tk
R H
§__//N
Vi
HEEEAVIEEY
Ry
>
A%
A VIEEY) -
N,
\
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