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N, N-diethylaminosulfur trifluoride
dibenzylideneacetone
1,8-diazabicyclo[5.4.0]Jundec-7-ene
1,2-dichloroethane
N,N-diisopropylethylamine
4-dimethylaminopyridine
di-2-methoxyethyl azodicarboxylate
N,N-dimethylformamide

dimethyl sulfoxide

effective dose 50
1-ethyl-3-(dimethylaminopropyl)-carbodiimide hydrochloride
electrospray ionization

glucosamine

glutamic acid

histidine

heteronuclear multiple bond coherence
half maximal inhibitory concentration
L-threonine:uridine-5'-aldehyde transaldolase
lysine

methyl

minimum inihibitory concentration
methoxymethyl
phosho-N-acetylmuramyl-pentapeptide translocase

methicillin-resistant Staphylococcus aureus



MS molecular sieve

Mur muramic acid

NADPH nicotinamide adenine dinucleotide phosphate
NMO 4-methylmorpholine N-oxide
NMR nuclear magnetic resonance
NOE nuclear Overhauser effect

Ns 2-nitrobenzenesulfonyl

PDB protein data bank

Pg protecting group

Ph phenyl

Phe phenylalanine

Pic picoline

ROE rotating frame nuclear Overhauser effect
SHMT serine hydroxymethyltransferase
TBS tert-butyldimetylsilyl

TFA trifluoroacetic acid

THF tetrahydrofuran

TLC thin-layer chromatography

TMS trimethylsilyl

Ts p-toluenesulfonyl

UDP uridine 5'-diphosphate

UMP uridine 5'-monophosphate

UTP uridine 5'-triphosphate
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AR, fERDOFIREE I LTtk 2 3 2 EAIMPER ORI 2 &, #i7e PR OFRFE KD & 1
T %, Fleming® 2319204 FERIC~=2 U v 23R L TR, PUREZE X ‘wonder drugs’& L TA~DIHE
FIThL, BEPEHYEE LChHEHINTELY, 2L FERIC, FEEOMHRLHE T 2 B
DS IEC 7 i, Ml 23 A 2 115 3 2 vtk K R 2 fafthicow T EEHE I T,
L2, INECHEARTIEELHEEEI NS & & ICERFICHHINTE Y, HAIMIERE 8 %
GIZEZ LT3, = ) YAREINER20FERICITA= Y VIER 2SR L TH Y, FEl5
FRHEADORMICL DT, % OPIREIICH U CHIF X ME: %2 1S L T & 72 (Figure 0-1a), fl 21X, 3
AT PR D A 1 = R Lk LT, PLRERNEMECFERER T 0BG, VIREER A OBRINEL, 3
FIPEHE A E O FH A i X 2 HHEORIKNIER S~ RERER S T o 32, Zhb oSk
LI L & MR TR RENIC X 2 8RR IC X - T, MIB IXHTALIN PR 2 15 L < 2 72, FRIC
19604E 2> & XA ERE DM BAEZE T > THEY, =V U VIR ZEN L Lz AF v ) v
19604F 1T BHFE X 72 A X FIIRHIIC i E 2 R/ L7z, 72, AF v ) ViiMERICR LT v 4 *
Ja v RPHEDHAE I NP ERLRICKL AMMEAER I NI R Wb T o ZOKRHAEZEL T
%,
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Figure 0-1. (a) PURSRFHFE & SANME R LB O E LD, (b) KEFDAIC X 0 K& & h 7= 54E 1 O P Y

ZOMBEZ AL T2 0l FTIREDOHAEE B PR & TH B, 198042 b P 2
K3 fTbiin{ 72 . ‘Discovery Void’ & WEIX I 2 $1 72 ST 2 B 3 2 HTHPTREE 27 & i il
MU T3y, £727 2 Y hEMEELEIZ, 19834E 2 5 19874F (T 16fH O HTHPTH K 2 &R L T
B8, % DRIFEL > TEH Y, 20084E 2 520124 1T 13D T H2MH D A 72 5 7= (Figure 0-1b) Y, Fifi X
N B PRI DA LT 2 BUR T, SERMESPIHERRL OB TH 5 2 L 2HKRDO —2ic 7



STW3, ¥y /77 —<bIFFns BERESEMEDOIREIENL FF4 v %R L7 (Table 0-1)Y, 2h
I X 2 L 19985FED HHT 721 X4 75 4 VITBIN & 7z BiFe Al W Pphase 2H L  IF3ICHLET 5 D D

., FOREAEGHITLAEAL TRV XA, 2O LFSHETIND FEDTHIEK
bYW L ERRLTEY, BYPEERIC & > TR TS 2,

Table 0-1. Antibacterial pipeline, Big pharma4)

Company Since 1998 Phase 2/3
Abbott Laboratories 0 0
AstraZeneca 0 2
Bayer 0 0
GlaxoSmithKline 0 1
Lilly 0 0
Merck/Schering-Plough 1 1
Novartis 0 0
Ortho McNeli/lJohnson&Johnson 1 0
Pfizer/Wyeth 2 0
Roche 0 0
Sanofi 0 0

USSR AL S PUESRBAFE T U Oty 228t & U<, IRt 2 & 285 5, Figure 0-213 DU 3R
PR DE 7 = — R B & 2 DRINER (%) 2R L Tw3Y, U — FLAYoRELs S - & b
L D22 2 BBETH Y, COBRBOBINRIIZDO 7nY =7 Ficktd 2 AET., B4 o
ICRESELAIND, —RICHFDOFAFICIZ L KR & BERAREVSLETH 25, PLEEILIENE
RGBSR E N &, BIOMMEREZRESE R L ) IS ICEHIRAS 2 2 Lk
O, EEEERBER L SIS TSR, 2 0 o BERMEOFR I, BEYYEREED S X
DIERTED BB~ o TWw B,

2 years 5 years 1year 2 years 2 years 0.5 year 1year
—
27%  26% 50% 75% 25% 50% 67% 75%
Hit Lead optimization to 'lc)fPI File to
to lead development candidate (DC) s Pl start Pl start launch
0 2 4 6 8 10 ' ) 14

Years

Figure 0-2. BUSEAAL O HUESERAF IC BV C PRI N 2 B T L OBAREH B X O %Y

L2L. ZoF FEAMERICT LTS EEZINS 20 hidZz ofa@ttiim 22— Th 5,
A ¥ VY A Dreview on antimicrobial resistanceld. 20144 1 HFL D F R FERANIC o0 1F 72 F0F B s L T v
% (Figure 0-3)”, % o F CHEANMIERE I X 2 FEFHEIZIAERITOT AN L TN T 325, 20504EIC1E % D
TEEENEAI100077 N & BIFEDIZ I SFERIC 7 5 & PRI T B, SEAINERE 103 2 F %0 7 0 5
. PER L TR 2N 2 R OVIREMAETH Y. T oWRMAFEOLEICOWTHY EFbs T
%, HATIE, 20144FESH IC HALBEY S R0 & L BRYEBLECRIRIC X 2 [HBLITE3E O 5
I IFz6FRRE ] 2REL TH Y PEEAIMERGREOLEEZHFHA TS, 20T, 1T
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Figure 0-3. TH 50 FH A SEHK & AR < X 2 5058 o H®

P, KR¥R L OMFEEBIR LTI vy — o 7 IO IR 2 IRE L Tw 37,

INLDT LI LERLTEERAESIFINTE Y., Fricl@sthicEG T v KE R & Diffeik
BRlICHE W CHE L 2 REHETH 2, ERRICHARIER ) — FicowToffiftliE 28w 2biT7bnT
W5, 20144FICIEMRSAZ GO —E D 77 LG PER IS L THUEEM: (MIC 1-4 ug/mL) ZH 3 2 KR
M7 4y v ERRERKFEOBK, IBALICX > THEEE Y, 74V vy BEREBIRY FR7F KT
HY, TOFAKF L LT, ETmERE LTI AFF 7 VAT 228, XF-F v
BTV AR — 2 BIRWICHIES 2 2 LA Ml 2 5% 7 v LAHAAER UM % i
TEHEIEBMEINTVE, ZOEAEKFIIFEOTERICITEWTID CoflTch b, MEELEL -
~ 7 AEHOEHABYETVICECTOENZBENRLECHEEEZ R L L5, SHINM:
BT FURREOH L WinEHE L L COICHBM AR I N T 5, 7220154 I PER 23 H I LI < Wil
HUERBT 2B T 2R/ TA 2V "I F VR, J—RA =R XV R¥DKimbIC X o TR-7' 1 74
27 7V THAICIE T % Eleftheria terrae?> & Hiff X 71729, Ling® 1iChip& X iZN 2 @B Z v, ALk
BECIIEES LW HIETOME 2 MEI ¢ 2 L COHBRKRM AR L, NvawfLy
MR %2 &L 7 7 LB THER I Ll R fiEEMEZ 7R L (MIC 0.03-0.5 pg/mL), <7F 7Y v
HIEKfACTH 2 ) & FlIB LU X 4 aBBHEACTH 2 V) v FIICH & 5 & & CHIIEBEAG K 2 HE T 5,

Z DERBER 1E. REFEED & W HIIGBERE B 0 T ICTEEERE & 5 2 D D TH D . 304E MM TR 23 B L 7«

DofzNvaw AV EERETF BT b, TA 7 7F VIER D HIHL O 6w e 1
FFI T3, EREICKimb IZE BT F 7 RE Zsub-MICIEE C27HM T4 7 Vv N7 F VvV ICIRFE I ¥ 7=
DIHERE IR L o 72 ERE L T 5,

PIEHE AR T 2 Lol IcoERFEEEZET 2 L2 BETH Y, HETH 5 AR F- THIE
DAHHBET LMFEMIEEED G ZHE T 2 2 & FEIFHIHO O {ERZAIZEENTH 5, MlaEED

FEEDPTHLIRTF V7V AR, 70 AV B BPEEO~TF FHEIck s TEBINSE Z &
THEIN TS, ZOXRTFFZY A v OEGHERIBEIRE 22T onTE Y, MlLERE"
LR P03 B B
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HORemn) € 9 NH —————— "2 \[r AcHN — > Hozcvo P,
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OH
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OH
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UDP-MurNAc-pentapeptide
Figure 0-4. =7 F N 7'V » v AEEGIC BT 5 M0 E R

W%Eﬁ%fummwjﬁ%»Air»&y&&f%F@éA&ﬁ“bnéw@maa e
UDP-N-7 2 F L7 aH IV HBMurAIC X o THRRAFLZ ) =LA VBRI NS, RICMurBIC X

f%ﬁéﬂMWNV%?WA7iVMEﬁOk%\MmlD\EFKloTbM&DGM[:
Lys . D-Ala, p-AlaZEXMHE T2 & T, UDP-N-TF A LT I VBENEAKINSE, B Ih
UDP-N-7 & F VL7 I Vg2 OBMIEEREE (Ve P34 70) TRTF T hv~eBfaih
%,

e FH A4 27 MBI EO#EMraY (F 7Y 28 —% 1) iICX > TUDP-N-7T £ F L LT 3
ANRYBZRRXTFERL ) VIEEY YT H 7L =AY VR (Css-P) ~DHRAKRN-TEFNALT INARY
AT FNOEBEAIEST 52 2 L CihE % (Figure 0-5), ZOERI NV VT AT L= LBk R %
YNN-TEFNANLT INRYZRTF FIZY EFIEMETIN, MuGIZ X > TN-TF A7 LaH I v
BEER IR € FIBEREI NS, V) E FIIEMul 1 & - CHlEE o AMIliciZg s h, 27 Y a2 4 b
FVARTZ 27 —HICXSTN-TEF ANy IV (GleNAc) EN-TEF VLT IV (MurNAc) 23
RHICBA=HiEETE L TROWHEHEAZEK T 2, IHICRVAXRTFERF I VARTF X —FIC
LoTR7FFRETCEEINE L CHBREEZER LTS V7V Ahvehrs, 2OV FIA

I ND EFRICHLES 5 HERMaY 3% < ORI CREICRFINTE Y. ZoRBITHMEIC L > TE
HHITH D5, $7o. ERDOPIRE CMraYHEZEREFE L 372 3 013w 2 &2 o, HUEEFImE R 2
DEE L LTHINTH %,

"UDP-N-7 -t F A7 as I vigfiilaNics we, EAKESE GImS, M,UICX Y 717 b —R-6-V v
il UTP oS E NS 7,

"% D77 LGHERTIE L-Lys. 77 LR CRE TIE meso-¥ T I A VBEBHET S L X
NEPMEDT IV BIHVONIEADH BT,

TR, YE RN DO 7Y voi—2 e LT Mur] B 72 10l S h, 2D X fEG G 2@ n g D9



periplasm periplasm

periplasm
oH  OOLO | OOOO OO0 | 66O
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O RN L upp MraY HOS -2 MurG HO
o -9 R AcHN| Q O AchN AcHN o o
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I:I)L-gu [0} L-Ala 0_ o_ LAIa 0 o_
p-Ala Cee-P nucIeOSIdeYDG“' +-D-Glu
D-Ala 55 antibiotics IE) Lys L-Iﬂs
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UDP-MurNAc-pentapeptide D- Ala lipid 1 p-Ala lipid 1l
/OH /OH %b MurJ
0
Hg%o&g\ oH oH
(o]
0 HO o= - -
L-Ala AcHN AcHN © © ACHN AcHN o
y-D-Glu 0-P-0-P=0 transglycosylase 0 P=0
L-Lys o u - 1
-
p-Ala L-Ala o o L- Ala 0
D-Ala y-D-Glu y-D-Glu
L-Lys | i L-Lys | i
p-Ala periplasm p-Ala periplasm
- 0000 [0000 - 0000 [0000
transpeptidase éééé W éééé 6666
o cytoplasm cytoplasm
H OH
(o]
HO> % 0 OH oH
AcHN AcHN o
o
0 HQ o= - -
L-Ala AcHN AcHN| Q@ © N :
y-D-Glu O0-P-0-P=0 peptidoglycan
L-Lys 0 I ! - >
p-Ala L-Ala o o
\l y-D-Glu
L-Lys |
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A 0000 [0000
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Figure 0-5. V¥ F ¥4 7 v

ZOMraY DI TH 2UDP-N-7T & F N LT INRYZXTF NIV ) VBE2E T2 L2556,
%E%%@iiﬁﬁukm%ﬁfﬁMEmmﬁ%ﬁﬁﬁﬁwawi%%ﬁ@ém FREA ST 2
MraY O i BiE PR AT (XA B RN ALIE L T 0 | RSO FE 3 21 I3 BUK P o il B R % 25
TOREDLD 5, %:fMﬂ%miﬁémA%aLfﬂﬁvﬁyF#%%%ﬁﬁaénTmé 4
LAY FRRAYITE OMaY HE G2 F5H 220, MEMIEELZZ®T 2 b 0r/MEEhTE Y,
% D—H% T (Figure 0-6), Tt & & 1T X o THURE Streptomyces sp. MK730-62F2%> & 20034F (< B
INTATTF~A v B, invitroEBRIC B\ TEANME % & RIS L CHUEEE (MIC
3.13 ug/mL) ZR$'Y, MRS~ Y 2 & in vivoEBRIC B W CORIBESIRE R L, FEER
TRV OLHFHPTEAOARRY — FMeame LTEHI N TS, Zoh T I7F <A v VL
FREDOREEN R E R T2 RB/ME LT, VRV P A v vERHREIN TV, chb )Ry P
A v vIHIZR S I MraYBHEEPE (1Cs0 0.03 pg/mL for MraY) ZH T 5 2 &0 A7 7%~ v v
D EIRRICMraY#[HE ST 5 2 & CHiEEEE R T eFE2 o T3, L2 LY KT F~vA v vEIIMraY

ftho MraY FHERI & LCT I 7V VR =R 2 H IR WX 7 LAY FRRAYIL9X-174 lysis protein E 238K
Hanctnz ?



FHEEEZ R TICOELLTHREEEZ RS v, ZNEFY R P4 v v EHOT I ) KR—2038
KEDE WA CEMiT s b, MEMEEEEEsHREIhTcws v EZOLNTHE, E
BRICHRIEEE Z B I AV R P A v VEHOIE I NTE D . Mycobacteriumlg 1< 5 L CTHURETEM: % 7~
FTLDBMEIDLNT VB, —J5, IREEBREIN TR WY Ry P A v vERIED2 K
B IR (LA T B 5 A-90289 A, BASHT 72 1201147 I Hiffff X 717220, A-90289 Al E > MraYFHE G (1Cso
36.5 ng/mL for MraY) %Zn3 & RIRFICH A7 F U EKE & Lo L CHiEEEZ R 2 e BRI ATy
% (MIC 4-16 pg/mL)", & T 4 =4 ¥ v #HIZMcDonald 5 IC X - T20024F I HfE, Wi & h=?), o
FHEIC X o Tinvitrodd B COWEWRE LY, ZOHTL I A~ A4 v AllFMraYICxf L Ci)) = [HE
i (1C500.027 pg/mL for MraY) & 87 F v EKE (MIC 2-16 pg/mL) ¥ X CR2MEMIE (MIC 8->64
pg/mL) WX U CHEEMEZ R e e, &7 F Y IREEY~ 7 2T 2 in vivoidBRIC B VLT H iR
BMRERT L HEINT WS (EDsl.l mgkg)”s TNUHLXZ7 LAY FRRAMIIV IV vEE
O7 I VR =2z HlifgEe LCRo— AT, v Y VYoilsiirssixy 7837 vERCREED
g, ~7'F F#HAR ELRAMER R 6N 5,

HO NH, HO N2

HO,SO 0 o

< MWO N/ 50 \//_<NH
_< HO 0 0 \(\ \ o o
° 0\n/\/\n/ Hozc /N‘z_\q m HO,C™ N

MeO OMe caprazamycin B HO OH liposidomycin C HO OH

OMe antibacterial activity against M. tuberculosis 1C54 0.03 pg/mL for Mra¥Y
(MIC 3.13-12.5 pg/mL)

HO NH, OH

. HO
HoN_ N )
H0/¢{ 0 T H;\o( Meo/d o
/ /, 2
N oo ¢ ‘w N N 4

WMO AN H H o NH
A o N—< N ~ N N—<
n, OO o O 0 H o (o}
/[:T:I: Wr/\w/”\“/ HO.C H HO,C 0
o} (o}
MeO OMe A-90289 A HO OSO;H N NH HO OH
OMe muraymycin A1l

1C5q 36.5 ng/mL for MraY IC54 0.027 pg/mL for MraY

antibacterial activity against Gram-positive bacteria antibacterial activity against Staphylococcus sp. (MIC 4.0 pyg/mL)

(MIC 4-16 pg/mL) and Gram-nagative bacteria (MIC 8->64 pg/mL)
Figure 0-6. MraYHEFH Z R 3 X 7 LA v FRRAY
TWREEALEAT I X 2 MNERGE R D E T O WTEFE DR B R Y B L 22 TldZa A, MERE X PLREIETE

ICHETIE R,

U7 AR AR SMANIC R WAME R R o T B 720 — RIS T LGTERICH L PR
HOBEBIEDME N 2Py LR & oA 7 FRERA S & 0 RN ICE T, 474 =4 2 Vih
BRICAHF A= 77T =y 7 HEAMBHICEAT 2 2 L TF 7 LRERO P T BEEME DK R
e LT, MEEEEZ T ez RELTWwE P,
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e
Y% 2 ! 2
o NH H,N OH NH
H—<QN—< N/ Hozc)—wn—(\
2

o
(]

o
o

SHMT-like
HO OH transaldolase HO OH
uridine-5'-aldehyde (5'S,6'S)-glysyluridine

Figure 0-7. SHMT-like transaldolase 1 & % E#55 K6

Lanen5 (3 2 D X 5 aMraYHEEEZ R I H - X 7 LAY FPRRERY %15 5720, HLdEfEETH 3
(5'S,6'S)-7"V v U Y vEEICEH L7z (Figure 0-7), #5132 D(5'S,6'S)-7"V v v VY viiEDE
AEBEHEL LCL-The Y VY V-5-TATFE R F 7V ATA R —+% (LTA) S5 L TWwW3 Z L 25
PICLTWEY, LTAIZ® ) Ye FEFL XAF AL TV A7 27—+ (SHMT)' 1T & { L7 HERE % 5 -
TEY, VIV VSTATE FIENLCLThrbEL 270 v v T F—=ARIBICX > TR
., (5'8,6'9)-7 Vv )y EEKT S (Figure 0-7), #4513, LTAD 5 bEEICRFEINT WS T 3
VSRR L. 20T 2 VB E a2 - V357 RS ER L, Thbb, cnbs /L
By %63 2%, PCRIEICK o TR 74 77V —% A2 )V —=v 7352 L CHiZICABEL
7o T 9 LTS N MEKSphaerisporangium sp. SANK60911% 5585 25 2 & T, AL B D (55,6'9)-
VN )Y UEER AT AR LAY FRRAMA 7 72 ) IV VADEHEEL T3
(Figure 0-8)”, ZNHRXA 77TV Iy vHIDI bR 77T Y IV AlLO W THEERES X OEYE
Wz 1T o CTH 0, 5N aMraYHE G %A L (ICs 13.5 ng/mL for MraY). 7 7 LRG0T L T
PIEEE 2R T T L HL 21T > T3 (MIC 1-16 pg/mL), HHEMREE LT, v U ¥ v D3N
Bfexh, ©xY P VEROALICHIRL 727 VIS G L Tnwd, I5KEp- I R—REERY Y
VERZEUEBEICREINTALEMEE X, MaYREFRZHE T2 X7 LAY FPRRAYICENTEL
L AL S BFREE V., BRI CEHAOEA L. ZoRERO RO KREWERZ11BERL
LTELT 2, IOICFEFIORT77 Y IV VvEROEBERICERH L, 73/ UK—2Hh 5611
ICIRBHPH R, BREFRL T 270 ThILIEBI N L2 b, Z ORI FHE
INTWw3,

OH
~,
4|I:!N3m é“OH [0}
Yz (o) O—
OH O N 8 ¢ ‘N

o

o
HO 5" o N_<
HO,C

sphaerimicin A HO;SO OH
Figure 0-8. A7 71U Iv v A

“SHMTs (% N°,N'"-methylene tetrahydrofolate % — R &t & L. pyridoxal-5'-phosphate % = 7 7 7 % —
LTV bt ) YDA % i3 2, Lanen & 3 MraY [HEFHZRT X 7 LA F
FRAV O LA BGBIE T % T L. ol L < SHMT £kB¥3% % 2 — N 3 % open reading frame 235 % C &
CEHL .
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ZDT 7 YR = AN OREEE AR #Dini & 13T > TH Y, VRY P~ 4 > VO HMLE
BRE LTCOPD-VRT T /oy Y v B L, ZDOMaYHEFMEZHEE L 222, 73 UK
—AED T I B A IKEEIICER L 2 Laee. 3o KEEE A K8 L 72L& Y3 D MraY FHE 1 1%
LAYNICH R TRIBICETE L TE Y, 73 )K= 2 AMaY HEEEICEECH 5 2 L 25 5 5
Lo T\Wd, 2D, T/ VKR—ZAFMOREEEET 2 2 & IdMraYHEBEEEICK S g%
Bz EpHERlENG, 22 TEFIR, A7 7)) IV VERAEZ OQBERMIEIC X o THOE Z [
EIND LT, RAVEBKTD Y 5h O HBPIREOBEREI Y — Vick 2 L& 27" BHE % [EH
ELZORiARERIFT 2 e cEnE, RRVAEECE W CHERDO—>Th 2 8 M= B Z X
DHFECE 2, IHICRAT7 7Y IV VEHBIA T AMIEERE RIS I & T ZOEEENEE X
D LEXEniX, ZofiEEEEZARCcEs2EZON, KOVEHARAEY - FL L TCRIETE 5,
LaL, B XICB TR 772 ) Iv vy a7 HRO <Y 2 VB3 4", 5" O FEx 35 X O V7
FREEIREINTELT, LT TICABIFEOHRED STk, £ 2 TEFIZ, RAYDIL
L EDREL X UVR 7 72 ) Iy v EKEHCHRREEY) — Fo#EZHIEL., AR EIT
3z ke,

HO NH, HO OH . NH,
o (/_/< NH 0 \//_( NH o (/_</ NH
HO OH HO OH HO OH
1 2 3
IC5o for MraY 50 uM IC5, for MraY 1000 uM IC5, for MraY >1000 uM

Figure 0-9. VK> F~A v VBB EZH 727 I 7 U K — REAL O W & PR AH B

CERCEHIENIAE I BT X CHY LN FETH 5 B, (LEYDIEIRH T O RKIE L LR
BER LT 2R DIEERE L R 25605 5, (LEVORKEREL H O H U D iEERE~ & i
JEFIHS 5 2 & T, EENHERE~OREHHT AN F — (UG=4H-T4S) LT 2TV b o —IHICHE
L. ZOfiAaHREEEARTE 2,
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F1E Y a2 7 EKOERE S X U'Macromodel 7 F W 72121 2 7B ¥ O Bl FEEE SR
F1HT BN o 7T EEOKE

A7 7Y IV ADHEICE W TIREIN TR WAFRORIE., 7 fllfiz &0 5 LIDTFTE
T35, YHREDFEHIZ, KARWA 7 7F~ 4> BOEMRT o A iz Bl sn I F v~
BEEBRLRFERAVIMAANT TN EEGR L, ZOPRIEERRAYEED LRV &R
HLCTw3 (Figure 1-1), 20720 7 S MO SR I EMEMICKR X R E 2 RITX v i
HIL 72,

NH,
HO
HO NH,
HO fo) (o}
4 4
(o) N O NH / /
ot T T
, 0.0 o o . { N
. \n/\/\n/ HO,C" N o 0 - (o) _<0
.. 0 f 0 /0 HO,C™ N
MeO Y ‘OMe HO OH / o
OMe caprazamycin B palmitoyl caprazol HO OH
antibacterial activity against M. tuberculosis antibacterial activity against Gram-positive bacteria
(MIC 3.13-12.5 pyg/mL) (MIC 3.13-12.5 ug/mL)

Figure 1-1.7 7’7 ¥~ A4 v v BELX ULV I PAAAT T =V

7o, FRRICHiIREZ G T2 X274 FPRRAY ) Ko F= A4 v VHICBWT, 202" E T 5K
MR D BRI O H M IIMraY RS MEIC K E CHE L v 2 LG T hTw b (Figure 1-2)',

2" 2"
HO3;SO fo) (0) HO lo) (0}
/
o / [ T

Ci3Ha3 WO\(\N
HO o 0 .
m HO,C™ "N
o} o) /0

v~

liposidomycin A-(l) HO OH liposidomycin A-(lll) HO OH
inhibition of peptidoglycan
Conc. (ug/mL) biosynthesis (%)
liposidomycin A-(l) 0.01 59
0.1 77
1 80
liposidomycin A-(lll) 0.01 47
0.1 71
1 76

Figure 1-2. ViKY F< A v VEICEH T 2 FEEE O MraY FHE G M 10 3 2 5o %
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INL2OIEHICEELZEZONE 77 —~va 7T & LT, 7TV WlliHEs XOMEBE LRV 7
BHOVHFICOWTERTZ L e Lz, A7 7TV Iy v a7 HKICEL TRIEDARHK I3
DOFET 22 b, FZ D5 EEMRITESMEMEFIES 5 (Figure 1-3), L2>L. THH8MHET
ERGENICAK T 2 2 L 3 RaFIBP0EE 5720, GRENLEY % £ 3. core A& core BD2D
IC#K B Z L & L7z (Figure 1-4), T Dcore Al core BlZ &Y ¥ VERD VLR MTH Y, 3T
I B L AIKIRER DS transBiCiE . A — AV DcisICETH 5, T D20 a 7RG ZBOE L 2B B icown
CTH2fficiiR 3,

-,
4|I|-!N3ln é‘OH o
NS o O—
OH O 0 ¢ “NH

N
HO gm s o N_<
HO,C o

sphaerimicin A HO3;SO OH

S
[3)]
(=2}

T
=)
T
(@)
N
o
Ifj
=
O)\
T
)

Figure 1-3. 27 7 ) I Va7 HEKDOE 2 5 % 8D ZIRR R



trans OH trans OH

Figure 1-4. #EHI{LEYIcore A X Ucore B
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28 AREy = 7 B O BCEEERSR

FTT7 IV R—REERVVVEREZORCIMIT I/ HICEH Lz, 2O3"LT I 7 HITBEERD
MBS 2 NEBRICEINTVE I b, ZOVMULFEIC K > TEBREKDELED S Z &

BYREINE, ZDO3"NOVREEREEZNIE, EborBRAMELVWEER L 5 ETFREL K,

F7RELQIEHPED S Z & TNMREE 2 O RAYIONMRT v — b LI CTE 2 Z & N fFTE %5, 1
DDONKHDAEN R 372 1FTlE, 'HNMRRPCNMRD 7 I AL 7 M RELSHEELRWEED
NeH, A77xYIvvaryg %wafi%@%&ﬁ%&*ﬁ%%mﬁwﬁ$U6:kf K&
TIANY T FOEABROND LEZ T2, RV Dicore AL core BOE L LI L \WT &390
X, RAVOREIZE 2 O 5 SO AREERD HAFEICK D 2 LB TE 5,

aminoribose uridine anunonbose

1\_/“"\

uridine

s

OH
O YN

; ( {
How N O NH
\ O Nﬁ%

13 HO OH

HO,C

Figure 1-5. Calculated global energy-minimum conformers of 12 and 13; Macro-Model program was used for
conformational search. Conformational searching was carried out using MCMM method, followed by PRCG

minimization with OPLS 2005 force field.

DR ZED® 5 728, MacroModel Z F W 72 LB EEZR IC X - T, core A¥ X Ucore Bic 7 m v’ m v
M2 EA L7212 8 13O REENER 1572 (Figure 1-5), IO EEE T2 v ) Y v OEFEIZIZIZNE L
BT I VE—A, ¥V VOHNEENRKE CERBAEZZ ERRBRIN, Tabb, 12TIRHT
TV R=2ZRBY Y OMEEANCHIEL TWEDI L, 13CTRET I/ IVF—B 7YY voF
BN BT 2R e o Tz, $HERY U VIERIZ, b O bR TRERELZIR-> T3 b DD,
FCEEAS 7 D 12 T3 T I 2 BT H b U TALICALE S 2 DICH LT, 13TIX 7 F & 7 Af7ic
PrE L. ZHICHEWT AR T 2 ENEL > Tz, 2D &2 bREENME Tlcore Al
core BOFLHEIZ K E C By | Rit% XFFT 25 HEMER L o7z,
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aminoribose

diazepanone ring

aminoribose
NH,

HO
HO fo) (o}
diazepanone ring y
HO N O / NH
i \_O N‘<°
HO,C' /N o] .
uridine uridine

HO OH
caprazol

aminoribose

uridine
diazepanone ring

0 relative energy (kJ/mol) 10.005
global-mnimum conformer second-minimumconformer

Figure 1-6.71 77 ' — v DI R E B 35 X OV55 2% 7 i 5>

W E DR IZ, MraYPHEEWN 2R T KA A 779 F <AL v aTBRTCHLEHT T/ —1D
BEBEE T L, AT 7V —NMICEENE300ETH IV I VY, TIJVER—R, YTEX VB
DIRTCIE BSMraYPHEFMIC G 2 2 IO TEZLTw3 (Figure 1-6)°Y, 71 77 V' — L DELHE
SHEET Y LT, RETEMM L F2REMBEE G- 25, REEMRMBEIXT I/ VR—ZARBT IV
DOHMEFHNCAIE L 720 % & > CTE D, F2REREIZT I /7 VKR =251 v Y ¥ v OME RN A E
LTWwW3Zlbror, £z, D,OFICE T E 5777 =V DOROEMBED & #HEH & 7z = RIThLE
. REERHE L I bDEoTe, THIC, AT T¥F <A v v OHMLHEERI4-16% %5 L Tk
UIR %h&?ﬁfﬁ@ﬂfﬁ 3H 77—V OREERMIC X K Blizclass 1& 51 7TV — NV DERLERE & X
H7z Delass T3 T b7z (Figure 1-7)s THDFBEMARD 5 b L IERE D class T H % 58414

. &b RBOMraYPREEEZ R L, RETHEE D class ITE L 2 FHERLS, 16132 X D 5 WEERS
HERLAEZZEZRMEL TV,

NH,

HO
Ho/d 0 /d 0o oHO/d 0
< Z / /
zc

H (0] (o) (0]
CC/V NW o H02C>_\q o HO o
HO OH HO OH HO OH
14 15 16
conformation: class | conformation: class Il conformation: class Il
IC5, for MraY 18 uM IC5, for MraY 63 uM IC5, for MraY 36 uM

Figure 1-7. 7 7' 7 ¥~ 4 v v Hifli{tiFE K 14-16

O EHhb, meMraYHEEEO RIIC Tclass IOREE & 2 Z ENEETHDH Z EAREBIN
2o E0IC, ALAMBDOHRLERNE Zclass ITH Y, {LEVN2DRLEREHclass I H 5 Z Lh b,
core Blicore AL ¥ b m U MraYPHEFEZ T L EZ LN S,

{LEYN2., BORBERICEWTEONZEED 5> b, mEERED H10k)/mollAND H D% <
VY VBRI Z N F N TEAD b= (Figure 1-8), % DHEE, {LEW12, 13L& b ICHEFEERTRAL o fic Ji
IR AL ED D a““hﬂ‘wﬁf‘zb ). BREBREREZ OO HHE KW C L 2B3bd o 7=, AHEABILFEN
SO, BRILICE L ZREAR S,  ORERMEOMHENGRICE T 2 EO—D L5 C
EBRTFREIN,



aminoribose

’ i

aminoribose _ uridine -

. T <=
i

P

Figure 1-8. Conformational analysis of 12 and 13; >10kJ/mol energy-minimum from global minimum conformers

piperidine
12

were calculated. Macro-Model program was used for conformational search.Conformational searching was carried

out using MCMM method, followed by PRCG minimization with OPLS 2005 force field.

¥ 72, Ak R B X S IKIB R DS R L FE I O W TR AR DO RS X5, 3L T I & 4K
BEHL % transPiCiE (<, 4RI & SRR R % cisfidiE & L 7z,

ZDXHICLTEE L 72 LAYIcore A, core B & L. = XITEL I X OAEYETE DIE W % it
T 52 L CRIMDIMBRCEDOHETE O W CTIIRF R EYEEZ R T I RREEGREZSE L L2 HWE L,
BAEMEEITI 2L & L,
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F2E 1NBRPKIC X 2 8EEREERK 2 WX 7 72 ) Iv v a T ERAKDOBET
FET AT

AERICEWTHERE XYV VIROBES DO L L, INETHRABRERY P VEROS
ESHRE SN TE D, 2D —H%Figure 2-11/R 9729, 7 2 ) HoSQIGIC X 38, <47
NZERICNT 20THNT I 2 o146, FBRA 2w RS, v 4 X@?%ﬁﬁb‘f:aza—Dielsﬁ
JBP, v Y=y s F A IR @0, BIU T I LY. IV AARIGIC X 2 BLE Y 1 B
bbb, AT 2ENLEYIcore A, core BiE, [l X OHERICHWEREZE L T3 0 & [HKHIC
Y Y VBRICAERINICAF R 2B AT 20ERH 5720, BHARERICKELRRONE, £
CTEHIHLPLOERY Y VERFIRERCAF S EZEATE, 20BN CHlETT 28N T
IMERIGDSE L Tw b EE X, KAERICHWS 2 & & Lz,

1) Sy2 reaction

?49 ogn NEFS0R0 Lo o

pyridine, CH,Cl,

: | : [ HO X 1) allyl bromide _O
)/j 2) HCl/dioxane O\(jy‘ \(j 2) NaBH, ( \(j
—> N L\
HO _ SN N

5) reduction

3) NaHCO3, 50 °C N ca ! 60% )
BockN dioxane/H,0 N CH,Ph CH,Ph
17 49% 18 26 27
2) Michael addition 6) reductive amination
OBn H,NCHPh, OBn
Me o NacNBHs oH
o triton B, MeOH (j\‘ HOAc, MeOH
N —_— OHC o
NC”™ A 81% NC 60 % N Me
Bn CO,Me CH,Ph,
19 28 29
3) ring closing methasesis 7) radical cyclization
CO,Et _CO,Et
-B H
Grubbs 1st gen. cat. TBSO z Br l X:B,\l:)"sn
TBSO"- \ N ~
6% > ll‘l benzene, A
° Ts N > N
22 70-75%
Ph’go ph’go
4) aza-Diels-Alder reaction 30 31
chlz
| = toluene,rt =
N/ 002Et —) .
Ts s8% | N “COE
OBn OBn Ts
23 24 25

Figure 2-1. &=V ¥ VERD & A

Cardonab 3, p-¥ ¥/ —ADLGEM LT V7 € F32e —#IT I v 2HwT, @7 I /fticx
e Y VBRAKEZHE L TWw3 (Scheme 2-1y”, 7 I Vv OEBIIC X 5 TRE QKRB ER DY,
VIONEDRRD ROIEER L 2, T 25FRat o, H/KMeOHF ., AcOHE X UUMS3A % ANl
52 TCINERHLELTEY, BAKMeOH, AcOHZ Wi wWiE, v 7 /7 e BT 2 AR5 5

NEZLEMELTE, LAL, TATE FOafidBUALL Z2Z/IAEBY)RG o 07z &) i id
INnTwirn,
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Scheme 2-1.

< RNH,, AcOH ﬁéo ﬁéo

anhydrous MeOH 0. ~OH ; fj»‘OH
0 > s

HO™ ~o N : N" “CN
1 ]
R ; R
32 33 i byproduct

____________________

R= C4H9 48%
R= CBH17 56%
R=Bn 93%

Cardonab VWA T ATk F32134 v 7 r el 7 vHIC X o TREZEE ST 528, Crichd IE
KB % & CBnCIR#E L 25Kk 7 £ 2 —A35 2 FluTe =) Y VvBEZ AWML Tw5 (Shceme 2-2)*,
Crichb x> 7Ry 7T V34ICxt L CAL 7 4 vORBLARZIT ) e TV TAT e FE L, B
KT 2 —N35DFELOoTHELE LTS, £, BRRT X —A35ICHLCe Fadovin
TIVvEROCTGEITNT 2 7L Z2To 288, 7 I v E&EITAIZ FRFICH X 2 method AL D . JEiC
TIVEMAYAF Y LKL ERIGREITHZ I Z 2method BARWINEEZ 52 52 LG LT3, BB
K722 =352 TH T AT Fafi® B L o Tk b, KEED VA%
BE L7 THBEILH T I 7LDt b I8 M iz L v e F 2 7,

1

1

Scheme 2-2.
Method A
BnONH,-HCI, NaBH;CN OBn
BrO MS3A, AcOH
N\ 0s0, Nalo, OBn > BnO OB
BnO dioxane/H,0 OH 46-57%
i — 3y BnO o
OH 81% TNaBH;,CN
34 35
—> Bno =NOBn AcOH
BnONH,-HCI NOBn
MS3A
Method B

FRexEZERE L 72 LT, FEZEOWEMNT % LT IC/RT (Scheme 2-3), 11BBRIEEIZ <Y ¥ v (k382
LAEBMBBIIT I Z L L, RV Y VIEREBEL 2K ICD- ) F—ROFEIPKBHE L v ) ¥ VERD
TI)REEREBPVICEKTEZLE L, RV VEOMEIZ, YTALTE R399y vy
Yy PO HIRBITIIT I /LICK 2 TIT S, TRV TATERIEIT I/ v a7 vdrbtL 7
4 v ORI X o TEB3 2 Lz, T3/ 20_yYTU41E TR IKDY 7 0y T 4275
DAFET VLT N FALRIGE - ZRERICT 2 7 ER2E8 AL, GTs2Le L,
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Scheme 2-3.

11-membered ring formation

HO OH HO OH
37 38

asymmetric NH;
allylic alkylation ( )

T/ ?’é'NHz —
HO OH

HO OH X =leaving group

41 rac-42
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Foffi wUYva=v b DERK

FFvIvvazy b EARTSLZ L Lz, VIV VYIZ Y MCIRS-OB-V KT T v AREED
HEEND, 5-0-p-VRT7 7 7 U AEEDOIRICE T, BEIRY R MELRICZEITS T & & L7z,
26T P VE O BRI G & b 72 BOCSEE TlE. 2 oitfREIC B W T RIS E I 7R B
(Scheme 2-4),

Scheme 2-4.
Nu
PgO Pgo PgO
J 0 Lg activator PgO (o) V/ g o_ Nu base g o_ Nu
—_— +)3H\ E— B EEE— B
R R R
Pgo 0\\( PgO (o] PgoO 0\« PgO OH
(o] o
43 44 45 46

YRR EDO VL, R H 77~ A v VHORBIR TH LI 77— LDERICENT, ZD
BHMEEMF T CORLEEEBE L, BRI T CRETRERRYF IV T v T X =i X 2BFENI
YR MERIG Z B 7= 1B L 72", Bt S5RCH 2p-) F— 2028 X U3fi 2~ v F VU F VR
#EL, VKR MMERIEZITS 2 LT, ZDOVEREED O EHWEERETY R afbiki3fGonsg, <o
FIGZERWT, IOV ro iR L 2M2AERaTE, 5SMie 7Y FML Ui i 7 v Fx2H T 2 Bt S
48% . {KIE T, BF;*ELO%TEHEALAI & L2 A CRICE ¥ 5 2 & TlhaPa9nfEons c b
D3R X LT % (Scheme 2-5)%,

Scheme 2-5.

A

! |
(o) o RO
\)</ 0/ ' +¢
48 = :
cozin  OH ¢ NH CbzHN O NH | Oy

BF3'Et20, MS4A

MeO,C ° N_<0 M MeO,C ° N_<o o\?\/f
71% $ T Nu

> =

47 49 ; 50

______________________________

A77TY) IV VaATEROERICEWTY, WREEEGETcoT I 7 ) R—-2oplifirasn
727, EHELE RV FI T VYR -2 ERHEGAE LCHWA 2L & L7 (Scheme 2-6) .

THTITHFERAT Y ADEEBTALICLED D, AT7TF 42V B DOAEPBEERHIC X > TERX
NTVnBER B RyFYF Y R—2IC X BRERGY R bz HuTWn 3,

"EIBICTHRT AV EBRAER L 202772 ) 2o v a7 ERITIERESEA (LI TLE
72577,
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Scheme 2-6.

OH o)
H oH ¢ :NH
ﬁellmlnatlon HO

N—<o

HO OH

HO,C

51

AREKTIED-Y R —ASMHBKIEEECTH 2 MEDRBH 720, XV A NVFCREL 7254% Bt G0k L
T8 L7z, D-VAR—RD2 3Ry F YV TFVETCRELZS2ICNLT, Ry YA rru) b
EA & &, SOLBEIRIIC R v V' 4 b L 72 D B 1T N,N-diethylaminosulfur trifluoride (DAST) THLHE 3 2
L C54% 1370, T BS54RSO B w1, FRCERZ T DT RO KIGICH 72 (Scheme 2-
7o

Scheme 2-7.
HO o B idi BzO ST BzO
OH zCl, pyridine 0 DA fo)
‘\g_z” CH,Cl, OH ch,cl,, 0°C F
—> —>
> = N S
52 53 54
AcO
AcCl, pyridine A0\ O__oH DAST ¢ O _F
CH,Cl,, 0 °C CH,Cl,, 0 °C
%
55 56
Scheme 2-8.

RO—\ o

o_o0 RO a\\ i i

L \.....6,0 :

(¢ 54: R = Bz 0 5 -

56: R = Ac 0~ y Lo Nu

CbzHN ~ OH an BFy-Et,0, MS4A CbzHN O NH ; o :
; ; : ( o/

o N—<o CH,Cl,

MeO,C » MeO,C E
i 0o_ _O
0__0 0__0 E L
el < 59 ;
47 57: R=Bz:-30°C : 23% (SM 41%)  “----=-====scsmsmmsnas s

0°C : 56% (SM 8%)
58:R=Ac: 0°C:81%
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DOWT, Scheme2-5& ROV V¥ v iFERATICHN L Coa4% FEE SR L LT, CHCLH. MS4ATE

£ . BFyELOZIGEMEILAI & L THWT, -30°CTRIGZITo 72 & & A, ALEWIST 1S 7- 3 INF23%IC
EE 0, JFERERINT 2R L 7o 72 (Scheme 2-8), % & TRIGHLE#0°CETHELZE T A, 1L
BYSTONFE I E L, IEES6% L 2o 7223, akz EUHEMREGY 2 aIAERY & L <87, HEits
KCHB75 7 —2D2, 37 Z—NLTHREL TV B0, IiE L s taxialick] & 72> Tw 3
EEZLND, TDDSMRY AN X RGN ELR T ko TH Y, FRIESI%Z L 2
2 LT, YR OPHED O DREAMMETL OO W EHHL 2", 22T, HZIC X - Ttk y 54 v
ZREM LT v F VEECIREL 7256 2 Bt G4R L L TRICETTS T & & L7z, {LEYIS4L FRIC

S6x A L. BEINIY Ko b T o7z & 2 5, UAhoLAWS8% INES1% T2,

TERL I MbEI T IV v Mo B E SN OBHERBESIC X o TITo T W B
(Scheme 2-9)*,

Scheme 2-9.
Et S
OTMS Bt gy N4
Et. S ) .
N~ N OJLS B 0— o
B 0 o N  TMsoTf o 0
0O — > —_— N—<
TolO /\ NH
Tolo Tolo H
o
p-thymidine derivative a-thymidine derivative
ap =91:9
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H3fi v ruxvrvaz=v bDEHK

RicyrmaRy7vaz=y rDERETo72. AFT I AMLT VF MG IE Trost 5 1 & - T1973
IO THRE SN TE Y, it - TrostiEPic BT, AFRM T2V 3 2 & Canfa@R ek
Bl EAT 26 TH %, % DS 4 7 V% Rd (Figure 2-2), REENL T 23 ECAL L 72 PAfilfiix
T U MLEYI O “EESICEAL L, BEEES NS L b i hTFA -7 VAR EERT 5, K
AR Z DAF A MEr-7 )V VERD T VU VERFICKRIZKE S 525, AFRNLTIC & > TZ D VfE
PFEGIE S v, FEERT VULEME BB L L5 x5, Z Dk, PAEEIX Y2 & Bt
. FOREY 4 2 VA B,

o
R._~__R L. L Y
\/\/ Pd R’
Nu \C

L L
Pd Lopg-t
R;/\r R' R\/\/ Rl
Nu X
nucleophilic —
Nu~ R\/_l.\/ R X-

Figure 2-2. RAT VLT v F AL Dbl 4 7 v

¥ 72, TrostH 1T X o THHEICHIFE & N7z Trost ligand & "X 5 Coxf 8 78 F 7 v BB T 12, £ D
RIGET VB X OVEREREIC O W CEEIcEE S, M) v FHBRNICRICAHET T 5 2 &2
XN T3 (Figure 2-3)7, X LICRIGEMEDIBAITH Y, HEOT I LAY E LT, KET Y
NI ZTFAE RS R RIS ETT 2720 KET VAT v F ALRIGIZRAY
PABE Y E O AT b ﬁ<ﬁ%énfstmo

(0} (o}
NH HN NH HN
PPh, Ph,P PPh; PhyP
(R,R)-DACH-phenyl Trost ligand (S,S)-DACH-phenyl Trost ligand
L1 L2

Figure 2-3. Trost ligand

FEERDODARETIAMITAFAMMEEA T, Y ZuxvFvazmy b 2T 52 L7,
HehaT7Ibamiz. BALEMTH L T ithkov ruxyFrve3kvs e LY B
L& ch s rzuv 7y ) A—n60"""% b BMAEEZZ# ICHK L 72> (Scheme 2-10), KALFH
X7 IV ECQ2EHOAET UMM T A FAMMEBR I 572X 51, NskB L UCbzECiREL 2T
IVERwSEZ L L LT, flEICPdy(dba)ss CHCLy, A AHBCAZ T IC(R,R)-DACH-phenyl Trost ligand (L1) %
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AT, AETIAMMET A FNAET o7& TAHFREDOINFICE EFE D, 39%DIEKT64%157-,

B. eeDBE B L O ARECE OREIZIECEL ST TE Y., 55 N07264D AR E X Trost & A3
FRIE L T BRI & —B L 72,

Scheme 2-10.
M M
e())<0 e . o NO,
p-nitrobenzoic acid 0
PPTS DMEAD, PPh,
@"'OH acetone @"'OH THF @,0
— - > — B
HO OH 83% 0)<0 92% 6)<'0
60 rac-61 rac-62
1) NaOH
MeOH/H,0 NsNHCbz
pyridine L1, Et;N z NNsCbz
CH,Cl, @,ocozm THF, 0 °C—rt
> —
97% over 2 steps °)<° 39%, ca. 80% ee X
rac-63 64

Blechertb (Z[F Ly 7 m_y 7 rve3ziEe L, KEFICcTIAL /o AT I FERHWT, AF7 UV

LT A F M EIToTED ., 95%IE, >99% e THMIYID6THRE LN S T & 2k L T\ 5% (Scheme
2—12)5%)0

Scheme 2-12.

X" NHNs

Pd,(dba);-CHCI3
L1, Et;N
THF, -10 °C—0 °C
%
93%
>99% ee

OSSN
N
6_ob

>

67

GOCOZMe
o__0o

>

rac-63

—J7. Trostb b v 7 u_vFve3eHEH L LT, AFT VAMLT VF A %{T> T % (Scheme 2-
13) LL%AdD, 7204 I FAY Y L2REHAIE LTHGS L. 62%DIERT L 2 HIY68531%
LNARNT EZWAELTH Y, Blechertdh & DINEKDEZ KA L 2 b D LT WE, Zhbh

o, ZH, FEPToTAFT INMLT A FAMACHPREDONTRICE EE 72D b KILHI D RGH:
kb DEEZTVS,

THIRAGRK LT 64 205 66 ~LEE | MO~ TS v F A —fREENE R L L 2 A,
2% ee TH Y, HIIAABES L TH 2 Z &HbD o7 (Scheme 2-11), E7-AXH TR~ I VERE

FIC RV 72 64 DIECEE 13 [o]p”! —84.7 (¢ 1.02, CHCL)TH - 72 Z & 2> 54 80% ee & il L 72,
Scheme 2-11.

p-Bu-benzenethiol

NaOH
@,NNstz K,CO;4 GNHCbz 1,4-dioxane/H,0 @;NH2 H2N~®
\/ DMF \_/ 90 °C \__/ \__/
Iz —_— —_— I
o8 2 00 LIRSS 5L
64 65 66 ent-66
[0]p'7 -75.1 (¢ 1.10, CHCl3) [o]p?! -97.4 (c 0.85, CHCI) [o]p'8 -107 (¢ 0.30, MeOH) | lit. [0]25, +148° (c = 0.39, MeOH)502)
72% ee
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Scheme 2-13.

(o)
OCOZMe sz(dba)chC|3 N
L2, (CgH43)4NBr “@
At CH,Cl,, 0 °C—rt \_
o_ .0

oS o © ok
62%
98% ee x
rac-63 68

FREOINELENS, MFEEEAT I/ v raxvFvarfGoni-cersd, GEED 5 &
L. LAVMADNsEEZ F A —NMIC X o TREL, BHEEFICksoTA Yy T ) FvEERE £
U7y A —V%TBSH TIR#ET 5 2 LIC X 5 T69% 137 (Scheme 2-14), {LEMID AL 7 4 v DV F
— L% FENMOZME AL LaA R I v ABLIC X o TRAZD, BOCIHETL md o7z, AL
74 vDETOMICChzES K UTBSELH 270, VKREFICXVETL Ao EXOND, @
IolE= 2774522y 14302 KICE O THRBRIC HEAMED VARFEEIC L VETLO6 wA
23U LB EIToTHEY, ARIVLAORMTFLLTFXZ Y SV EZHRMLTWEY, £, k513
A 2RI ABRLICE T BEEEER A R A — P T ZTADNKSETH Y, T3 e M T
IC X o THUKREDBIE X N2 LG LT3, 2h s 28F1cLawedicx LT, DABCO% Bifir
FL LA RITLBLZIT o728 TARICIEFRBICET L, A= R710%1572, BohizT 4 —
MMET0Z T Y FEF P v A X o TR ZIT ) 22 CYTAT e FTIE Lk, Y TATEF
TUEITAT e FO afficAFREAT 2720, BREFEZITOITH )V VRAEBRICH W2,

Scheme 2-14.
1) aq. AcOH
] 60 °C
p-Bu-benzenethiol 2) TBSCI
NNsCbz K,CO3; NHCbz imidazole
G MeCN/DMF G CH,Cl, @‘ NHCbz
i —_— - S
°)<0 84% 0)<° 83% over 2 steps TBSO OTBS
64 65 69
K20504'2H20
K3[Fe(CN)g] NalO,
K,COj3, NaHCO, OH THF
DABCO, MeSO,NH, phosphate buffer OHC
'BuOH/H,0 How(f:T‘NHCbz (PH7.2) oHCLJ,NHCbz
) :- [ )
0 t it
80% TBSO OTBS TBSO OTBS
70 71
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Pavan

H4fT Y Y VEROMES X O BREK OB

799y1:y%%&97w?tFn%Aﬁfgt:a#QEEWT:/m:iée&UVv%%
%17 > 7= (Scheme 2-15), {LAVIS8DCozE: % Bk FRITIC K o ThREL., YT ATk FT1LRE
#l & L TNaBH(OAc); ¥ & UNaBH3CN%H§mf}iﬁB%ﬁo el Th, ¥R VRN EZRIGE R 555
52N TE (entry 1) 7z, BILHIZ Y2 Y KTV (pic-BH3) ICEHE L, BIEE L TMeOHD L
<ﬁLLME%WWk%aKﬁ\L}mmuﬁmfﬂﬁ®ﬁiﬂﬁ%hk(mmdﬁfaMwH%%ﬁk
LTHWZZHEAICE, T X —VIBEAA I VIBREBIAE L kD, IEEMES kot E2 LN
%,

Scheme 2-15.

AcO
AcO A\\ NHCbz a\\
N é,o TBSO CszN é,

o CHO
(0} (_( TBSO TBSO
/ 1) H, CHO / z
CbzHN ,:° ’ NH " pg black TBSO NH
o _< MeOH see table
MeO,C o MeO,C
>
> N
table 2
entry reagents solvent (M) temperature yield (%)

dialdehyde 71 (1.1 eq)

1 NaBH(OAch{ :1"0"" MS3A 4 2.DCE (0.03)  rt—60°C 26

NaBH;CN

dialdehyde 71 (3 eq)

2 pic-BH3, AcOH MeCH (0.1) n 25
dialdehyde 71 (3 eq) .

3 pic-BH,, ACOH 1,2-DCE (0.1) rt 44
dialdehyde 71 (1.5 eq) g

4 pic-BHg, AcOH, Msaa  1:2-DCE (0.04) rt 44
dialdehyde 71 (3 eq) ;

5 pic-BH,, ACOH 1,2-DCE (0.2) rt 47

LI THCORIEHHFHET 22 E 2. HHSBDREZKI L, Y TAT e FOERLZHDS
FTLebic, RPTHELIKEZRS ZOMSAAZ R L7225, WRIZED LD o7 (entryd)e — /7.
VTAT e FTIOERERZEC L, BESSOREZE L A, 4 I VB RME X 41, I
bl o0 emEL L7 (entry 5),

Bonze <Y 2 VIRT2O N AREE IO Tk, 'HNMRF X 'NOEAHE 2> 5 37E L 7= (Figure
2-4), ERY I UVENROMMIDOT R T AL TG b v, 2"MED 7 a b v E X 4D TBSHICNOE
BB R oz, XY Y VEBRERTREREZIN > TWE 2 eBbhrotz, $26"DOTF 7
A7 e b v Esio 7 e b Yy OEDS103HzTH o722 b, TNHRT VFRY 77 F—ITfiE

Tval vARTZ vtk MeOH Bl X N neat SRMFTEITIIT 2 7 LEAITH T R TE, RILWHEE
L CHEMTH B P,
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LTWw3, xHic, 3"u7urvi2fio7a bt vicBnwleesFahy 7V v I BRoNED-
22l 3T dZ AN ) TAMICEL TWB EHBTLZ, T b, )YV
DAFE DRI T I /b D& cEMAL 3. Figure 2-41ICR L = EA DV AKDILEYI H 5 27- 2 &
ZHEZ L 77,

/~ N\ :NOE correlations
0.2% AC? ;;lt\\
) b 55{(5,0
~ H ; P
H mH : :
H

Jsax 6ax = 10.3 Hz

NHCbz
3J(Hamax,Hs) and 3J(H,meq,H3) Not observed <

Figure 2-4. ¥V ¥ V(K72 DNOEHE &

ERYCVRNERLEIL2LNBROMBELRITI 2 & & Lz, BMUKFERITIC L Y 720ChzE % R
EL, EUAET I HENSHCTRET 2 2 L TT3%157 (Scheme 2-16), RICT3IDAcHDREE T - 72
2, WHEMEETO Y R —20 itz BE L. FEtTH 230l dSmAE F v 22 NIVERE S fiRic X 0 |
BUURTER (K74 7% 157270, BHLATENA741C% L C. DMEAD. PPhy% I\ CRIERIGIC & 2 B % 34 7=
2. ROGIETE T, R Z RIS 2 D Hh72 o7z, F 7. VAREEE O 4 7 2 PhOPPh, £ DMEAD % i \»
72EME DT o 7208, UG IRAEFT L 7 dr 5 7277,

ZZTCRIGERZZ 2, @EIT 7 I 7 {bic X 25 L %5dAH 5 2 & & L7 (Scheme 2-17), {L&MT2
2 B3I DOSMIC X > TAcHZRE L., 76% 1572, XKIZDess-MartinfZ{LIiC X > CT6D/KEEHE A T T &
F~&l b L, EEUKFEITIC L o CChzk 2 frET 2 2 L TT7L LAktR, 20fFva ) vRI V%
FW7ET 7 2 bz fTo 7223, MR EAEME 52 5 DA TRILKIIE O N d 572, F7-TBSHE
DVARFEEIC X > CRIGDET L e 272 FE 2, HF-PyZ WA Z & T, RHICBWTTBSZRZEL
BBLRICNT I /i X 2B 2R A=, CHELbEMAREME G272, 2 ZTEeRY YV
SR Tl AW T4 TT OB A HIRR & 1, BRALICHE L 2 BB A HU e v & 35 2 #T72 e A R i %
ERETDZZLE LT,
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Sheme 2-16.

THF

Ac(l) a\\ 1) H, Ac(l) Oj‘\\
CbzHN "'..é/o Pd black NSHN " é’o
oy o
o ¢

TBSO]:.? 2) NsCl TBSO]i\l O—
Et;N 0 </ 2
N 3 N NH
TBSO CH,Cl, TBSO z
Me02c MeoZC 0
27% over 2 steps
>
73
" Aj
©’°
TBSOa -\, O— TBSO
Sm, I, o DMEAD, PPh,
MeOH TBSO s THF, rt—=50°C TBSO
— —
79% no reaction
95% SM recovered
(0] (o]
MeO\/\OJl\N=NJ\o/\/OMe
DMEAD
Scheme 2-17.
I I-|c|) a\\
CbzHN ™ o CbzHN "'~-é,0
TBSO~ ~ , 0 TBSOa -\, O—
C 4 Sm, | ;
TBSO o Meon  TBSO 0

92%

1) DMP OHC Oj‘\\ . q\\
CHCl, k (o] pic-BHj HN™ ™ o)
2) Hy gas o 0 AcOH o
9

e GN A e @
MeOH TBSO :: N
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38 HEEEICHT I LIk AR U VELIIER0 -SRI L 3 a7 ERAR

H

1A W AR AT

H

HHEABILFICE VT, REABABELZZCEBECEIND L V/NIABEABET 2 TR
LIZLIERONZFETH S, BHle LTRILSICE s TERINZE Y TIRF VORARERT
(Scheme 3-1), {LAWIB0D ) A7 I F b K*x s FoRBRISICE BLick-<T, 1188
2 L. {LAYSIZAKL Twb, 2Dk, BRRELHZ{T - CTE{LEY82L b 512D =y }
THH83DNy 7TV v Ik o TREALEY84 L, (LEYISsSLE L., TI/HDO P I —TicHT 3
RILELIC X > TOEREMEL, ¥V 7 I7RF VORAEREERL T3, DX 5 ICEBENICERY
MEMET L2 TA Vv F—VIREGUEM R EBREEEL T 5,

Scheme 3-1.
Ns

K,CO3 Es N

DMF, 90 °C OH 11 \OH
N . — | " gy ———>= N “Et
Boc : 82% Noc ; Boc
MeO,C  “OTBDPS MeOC  “oTBDPS MeO,C  “oTs

80 81 82

MeO ll\l H: OAc
Me CO,Me
83

%

NaHCO;

iPrOH/H,0, rt

—_—
66%

(+)-Vinblastine

" fthic b Danishefsky IC X 24 ¥ RV V=4 2 v DB (Scheme 3-2)”% Nicolaou IC X 3 TAF 1 &
¥ D 4B (Scheme 3-3)0 8B F 51 3,

Scheme 3-2. Scheme 3-3.
(o) o O, OH OH Me
Me, I . Me OH
TBAF OH Lindlar's catalyst H__7 Me
ll\l - THF, 0 °C N— H | H,
TEOC —_— I toluene ‘
29% H —_— ) -
2 S o
Me™ “Me Me” ~Me o
O 0ac OAc
Me” Me” OTBS oTBS
Me Me o
86 (+)-indolizomycin 87 OTBS 88 OTBS
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ZIZTAZ77 T IvvaTEBCEnTh, VYV VERERBETIANIC, VR—ET )PV
DENIT I/ HEORCREURT 2L e L, HOAMELELRY, vRYVVERE Y F—RED
BREALZ#EAIE2 X0 QMEAEIIC R Y BL2ETT 2 L F 27, Wi i G RN 2R3
(Scheme 3-4), 2 7 HIKICH T 2GR EL 7T € P91 LR 7 2 /{bick > Tfro ¢
LT, LIERBPIU6ERZ ~FICHBET 22 L, HIoD1EERD L Z1BEREMKIZ. BILAT
BRADEEE S I TH O o THRRIETH D720, KIS EIT LT wWeE 2z, 7220 HORL
HOEBREM D THITLPLT wWEEXOLNDE, EHIC, 1 LRT2O0BRABETE 27205 NTH
plidic, RIGRTHZT AT P20/ ET 22 8T, IHHDREITNT I /(LD RIEHED B3
2 LML 7z, RICIERZEK L PEAE89% 5 2 2 8 HA. b L < IXI3EBREZEA L 0% 5 2
LB H 203, &b L THETLTHF—DEEYITZ 52 5, BRILAEMATH 2V T AT & FI1lL
PrmRyTFUERREL, AL T 4 VORBBLEHEICIVAERTE L LT,

Scheme 3-4.

HN/"'. HN/"" OH
Ho OH 0 HO OH o HNT OH
O0— o

N OHC‘/ N— NH O
o :::j o HO
HOzC 0 MeO,C o
double reductlve MeO,C
amination A HO OH B
37 89 90
OH
HO HO OH
w/k>—NH OH 1:i>_NH OH
OHC cho \. é, o A OH
‘\ 0 °
HN O NH CbzHN 9 7 NH
_« — O o N
MeOZC (o] Meozc lo)
HO OH HO OH

91
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Wi TS ARE X 5 EHEBRLRIED bt

GBS ETT T 2 0%, ETAREEZHO TR T2 28 Lz, LLALA = VR LA
L7=BERE G930 7 ¥ F A % Staudingeri2CIC L O 7 I /A~ B L | NsHECRET 2 2 LIk
D, 94% 1572 (Scheme 3-5)" %", KICHAULAYITH Y, H—D T F v FA+~—Tdh 361 %\ THIE
RIG#ZATS T & TI5%ERIICIF 722, NshHDRE" LB U727 3 7 HDOBoc/f# % 71968 L 72
o, AR IV LRBRLIC Xk ) A —ntkoTE LT,

Scheme 3-5.

o 750

(o)
0 i
1) PPh, NsHN\ -'NNs oj\\\
THF/benzene/H,0 " Y é,

O

N q\\
3
M o >
0 50 °C o 61
H 2) NsCl, EtzN H DMEAD, PPh;
CbzHN P CH,Cl, ChzHN .9 THF, 50 °C CbzHN O
MeO,C 79% over 2 steps MeOZC quant. MeO,C
93 95
(o) o K20$04'2H20 ?40
1) 4-'Bu-benzenethiol -NB 0 K3[Fe(CN)g] o
K,CO3, MeCN oc o \ DABCO, MeSO,NH, -NBo
2) Boc,0, Et;N K,CO,3, NaHCO, o
THF o 'BuOH/H,0 o
>
CbzHN 9 o
81% over 2 steps )—\ CbZHN>_§
MeO,C MeO,C
97
PPy il X o TAAKF= AL Za ) FaiE 7—5‘52}15 EDME I N TS 729, Staudinger B ITIRICTR -

PP v VAT AN AT LU= 57 4 =XV REWT w3 (Scheme 3-6)*,
Scheme 3-6.

PPh,, Et;N
. NH, CHzCl2s0°C o
Tol—$-Cl + — > Tol—S-NHBn
o}
98 99 100

"Ns HORREORRICHEI L L TDBU #HWA2H&I1Cid ) A — 2 0plifEs i &z, (Scheme 3-7),
Scheme 3-7.

o

o

b""NNs 0 o

N ° peu HS(CH,)1,CO,H °

o DMF, 2)10~Y2 ..--N\Ns 60,0 CbzHN
.

0
CbzHN ¢ 0 MeO,C

MeO,C OH
95 101 102

DV F =T BT D Ky0s04:2H,0 & NMO % W 725 Tl A B 2 WRET L 7225, KOG I3
TLd o 7=,
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A=K7 L BRI v EEF Y v Ak LR AT o2 2 A, 'THNMRTT AT F
DE—IBRONE o272 2 OKIDTRYTATE FERIGCLEERRT 4 —11038 L CHE
LTw3 &#Z 7 (Scheme 3-8), ¥ 512103 % vk FRICIC X > TChzE # RE % L. '"HNMRF X

U'TLC? b MR &

2 —N11048 X7 T F—1105, 106 DA

Scheme 3-8.
(o)
b "Ngoe j‘o\\ NalO,
HO THF
(o] phosphate buffer
H H7.2
CbzHN p (PH7.2)
MeOZC
97
A
BocN—,
5
(0] o) o 5
%0 NH O
S
MeO,C
molecular weight: 603
105
Scheme 3-9.

I
(@)
)5/‘0
Z
]
O
(@)

Y& e 572, ESI-MSIC X 2 &%
WKixolzZ b b, BILKIGDE

><o

=t

WETo7EIAZDY %i# BT
BHffFCc & 72,

0 o 7
(o]

0~ ba black 0
o MeOH :
CbzHN e H2N p
MeO,C ¥ MeOZC: \
molecular weight: 621
103 104
o ©
NBo 0
HO é’o
o]
NH 0

MeO,C >_\

molecular weight: 603
106

etc.

o3
BocN ) é,
see table >< j@ ) 0

H,N 0
Me02C
MeO,C HMBC 'H—13C (CDCl,)
104 107
table
entry reagents solvent (M) temperature yield (%)?
1 Pic-BH3;, AcOH CH,CI, (0.01) 40 °C 14
2 Pic-BH3, AcOH MeOH (0.05) 50 °C 32
3 Pic-BH3;, AcOH, MS3A MeOH (0.05) rt 32
4 Pic-BH;, AcOH, MS3A MeOH (0.05) 50 °C 28
5 Pic-BH;, AcOH MeOH (0.01) 50 °C 44

aYjeld was calculated over 4 steps from 96
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INLOREYEZDFE THWT, BT T I /Lic X 28k RLKIEZ 1T 2 72 (Scheme 3-9), & ¥
INFEIFZI6D ¥V F — L2 HATRDOIR TR LT WD, EICH & L CPic-BH:ZHWTY 7 rm X 2 Vg
BEL 40 CTRILZ T 72 & & A, RIEEZ 2 6 BRILIK107235 H L7z (entry 1), £ 72, BR{LIK107%2 H
WICNMREEZ{To72 L 2 A, KHIT/HRLZHMBCHER R b7z 2 & 25, BLIR107IXE »0M b B7
ftL7zc bzl Lz, $/-. BBRT 22—z iHv, MeOHBHZ W CRIGZ{To722 25
IEFMEL7Z (entry2), L2 L., KIGRFTEL 2K TEHIRT 2720, MS3AZ ML 72 23 F
WCEALIZ e S BIRCTRIGEEZ DK TR SN2 D BTZ 572 (entries 3, 4)e % & THFHIIGDHAIC
LOIEPMET LTCWwd eEZ, 0.0l MICEEREZHNL CRICETo72 e 2AIERHEL, 20
Gt e S L L7z (entry 5).

BILE107 38 o Nz L b REOREI ZITH) 2L e L, AFAIZATADANK VFE~DLHA
kAT, HEEMESME & L CLIOH, Ba(OH),*8H,0. KOTMS, KOH%Z ¥ & L THWTKIE%2T- 72
D3, MK FRILETE T, BEa Iz BIEED 52 57 h o 72 (Scheme 3-10, entries 1-4), {LE&H1107D
'HNMROJED H2fz 70 b v e3fi7a b vy BT v F_Y F5F—DREBICA->TEY, 270 b v
EVR—RF T 2 BICHEL THBE T EBbholz, BILLAZZ &I X Y REAFEE S, B
REEICc BT v F ) 77 F—EE N0, WEELGETONBL A nd DL ELKL 72,
KIZNicolau b I X o THE I N T 2 MesSnOHZ FH W 7255 E D sl A 7228, S d RICIZHETL 7 d -
7z (entry 5, TN 5 DEMTRIGHHET L2 Wl e LT, VARBEED 20 KIEH O h AR = v Hic
HEBFE DT =D EHEMI L 72, 2 2 TRAF AT ZTFADIMUD b DSQ2GIC X 2 i X F b % 3
BBZEEL, PHESICX > THEIN TV APhSISHE W2 &F 2 a7z & 229, ERNICKIE
EHET L 720 B 121C080% TFAZKIEIRIC X - T, A AE VK180 L Cof#ER 2 RET 2 L <. It
REER109% 572, ZNIC X > THEBROWES X CBURELRGPHELTCE 2D TEBOR 772 )
YVATEDOEREITI L L,

Scheme 3-10.

Y A ”

BOCN é’ BOC':‘l '6’0 HN /"'..é,OH
O™ 0~ HO_~_ ©

>< I) see table >< I)N o 80% aq. TFA j\//\\
[0) s N

‘O

- = ; - » HO )_\
MeO C HO,C 63%
Jrg =105 Hz (CDCl3, 50 °C) ’ HOC
107 108 109
table
entry reagents solvent temperature yield
1 LiOH THF/H,O 0°C no reaction
2 Ba(OH),-8H,0 THF/H,O rt no reaction
3 KOTMS THF rt—reflux no reaction
4 KOH THF/H,0 rt—reflux no reaction
5 Me;SnOH 1,2-DCE reflux no reaction

Ph,SiSH, Cs,CO,

° t.
2,6-di-‘Bu-p-cresol DMF 90°C quan
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3T AFT IAMLT A FAAIC X B AREMARD & B XY 3R, 4"S,5"R)-A 7 7Y I vaT
B (core A) DERK

HDETNARECENERGIC I > TERV Y VEREARZ Y 7 a0y TFoLEEBEALL, X5
RN H R ARBEREZB/ 2R, v 270y TV EE2LET VAT A FAUKIBIC X - CE
AT 52 &L L7 (Scheme 3-11), {LAVII0ICH LTI IfhkDv 7 axv T vadk, KET VAL
TAFMEKIEEHCTEAT 2, AERMTOVEKEEZ L L TID2OY 70Xy T v hprb2fD
SARBMR AR SR AR TE, 510 7 a0y TFVROVIKRELE 2 D & CRBNIC (R Bk
BB ENTE S,

Scheme 3-11.
o YOK;
OH OH
. NH
HN™ OHC clo N OH
OH o) 0
HO 00— 4\‘ N A0~
Ho N0 ¢ ‘N S HaN 0 ¢ “wH
Cop —= Co M
HO,C o HO,C o
double reductive
amination HO OH HO OH
asymmetric
OH allylic alkylation
HO X
H \.....é,OH o HO OH n---é,OH o
00— q X = leaving group o /
H2N 6 / NH rac-42 H2N p / NH
— $ N_< — { o N_<
o HO,C (0]
HOZC (o) 2
HO OH HO OH
92 110
Scheme 3-12.
N ;tx\\ N L NsHN ;?x\\
Vi o Nooe. lo) 1) PPh3, H,0 N (o]
0 : (o) 0— 0 I:fébenzene 0— 0
coiy O { NH ﬁg"zo’ DMAP v O ¢ 'NBoc 2NSCLEWN  cpaun O ¢ NBoc
R o N-& 4A, THF B o N THF ; o N—<
—>
MeO,C o MeO,C o MeO,C o
58% over 3 steps
o__0 o__0O o.__0O
< > 75§

m 112 113



TP, REAICTHZ21BOAMEITS> 2L, VIV ADNIMIRRORENZFHEL, £A5T U
7 A FALCTRIGT 2 ATHEMED B > 72 2 & 2 bBockEIC X 2 {R# % 1T - 72, BEALATI1. 52,

7 7 ¥ )V N-307 D Bockk T D {R7# % Boc,O, DMAPD & Tkl 7z & & A KM D &Il A B 23 TLCIC X
DRONZ, BZLLMIDOChIETREINAZT IV EBKIC L 72 &% 2, Boc,ODHERZHIRI %
T & Tl2%137-, i\ TStaudingeri®IC, £ U727 I/ FONsETOREIC X Y 113% 1572 (Scheme 3-
12), BT, AFTY Mjwvﬂe/v{t@ffﬁéﬁ%ﬁi T & & L7d, H2%E (Scheme 2-10) ICHEWT 7 &
hkovsuaRy T VvEBERCEGACHREEONRICL EE ol b, ARIGICOWTERR
fTozee Lz,

Trost © | Trost ligand 23BCAL L 72 v -7 U AHEHRIZ IO X 5 ICEICR L 2 RKIGET VA2 2B L <
w3 (Figure 3-1)7, ZOEFATIET ) AMKIHORBIMHNZ, U v EFICHA L 72PhEnEE L 72 3
CETEINTEY, b —HORFINAMIIPhEEDFFS 235 & L CUARBEER/NE W, 2Dk,
iR 35 X OSSR AN LRI E D /N & R RN 2 & KIS T %,

CE(;NH HNJD'/W u/@\; +

waII

Figure 3-1. Pd-Trost ligand #&{4 D=

ZDORFBNL T DAREEES, KIGOARIRME B S 3 2 hfik 2o 5 0, BisEE RS 2
R (A) &R IET 2 HEfE (B) 23FFET % (Figure 3-2). & H O OHHIART D LIRFEE D/
TWERRFRIMMMA SIS LT, REUMN2 L ERIEL bW EINTWE, ZDIEhb,
Scheme 2-101IC B W TINE MK Zr o 7z Dk, RKELFOMELZ T TldhnweFE 27, $4abb, 73
kovraxvFvERHWEZD, AFRMT L~y FONEKEREO L 70y T VOARRKIG L,
ANy FLRINEOY 7 uxy T UBRHBBACECTRIGL DL L, a-7 ) AR EZ R L
7o 7z LHEMI L 72 (Figure 3-3)o

_|+ E _|+

. -

//\"3

Lg ' Nu B Nu

Figure 3-2. Trost® IC & o THEIE X #1C\» % Pd-ligand complex D 151 X [X]
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- A/ e \

R {B RO\
‘0co,Me MeO,CO' U

matched mismatched

Figure 3-3. rac-63 & Pd-Trost ligand O H[E{& AlC I 1F 2 BIHK X

EBc, SRV EBRRDAFERM TLIE, ~ v FOVEKEETI2H DT F v F+~—1K63
FPAEIC L > TAR LY, AETIAMTA AR T2 25, KIGIZERWICHETL 72
(Scheme 3-13),

Scheme 3-13.
Meozcoﬁ GOCOZMe @,NNstz
- —_— > i : R DEEEEEEEEEEEEED .
0l 8O 39%, ca. 80% e O>° : Q 5
rac-63 NsNHCbz 64 : Q N AN 0 i
sz(dba)3CHCI3 E
L1, Et;N : :
THF, 0 °C—rt : PPh, Ph,P ;
@,0002Me : (R,R)-DACH-phenyl Trost ligand :
: L1 :
6){) quant., ca.80% ee T
63
Scheme 3-14.
g ©
o e P
NH HN 0 0
o]
PPh, PhyP CbzHN :6 </ NBoc
(R,R)-DACH-phenyl Trost ligand \ o N
L1 MeOZC (o)
NsHN 0 >
N 6,0 @,OCOZMe 0)<0
o] — 114
z 6 b )
CbzHN 9 < NBoc 56%
B N x 33% SM recovered
o rac-63
MeO,C o]
Pd,(dba);-CHCI, %o
0)<0 Et;N o :
THF, 0 °C—rt : o)
113 NNs
\.....6,0
> o P

OQO ;ON—<O

NH HN Me0,C
PPh, Ph,P 0.0

(S,S)-DACH-phenyl Trost ligand
L2 97%
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INoDZ e, LAY ZRKEHE LTAFT VAT AFAALEITIBRIC, 7€ ks 2
Oy T VE3FIBICH L C23FERH VWS L & Lz, filllif & L CPdy(dba);, AT & L CDACH-
phenyl Trost ligando)ﬁ_\ﬂZFLlio’ LIV EH T ENENR)ICE T2 2 A, 4B X US55 7=,
AHERMTLIZ V25513, (LAVI4DIERIZ56% L RIS E & 0 FRZEIL 7228, L2%
7256 1T LIS SUSITETT L. 97% DR TS %572, & OIEE DE W [ [EAB (Figure 3-
2) ICHIFZREANZE ARFRMTLIO I A~y FIc k2 b0 HfEHIL 72, FMl A ERIREICE T 2
SIARECER I A AZZ 3. -7 Y VRIS 3 2 KA O A AREREZ kD 2 B0 —DTH
5270, ZOVEEEIZNEICKRESFEET2LEZONDL, AFRICL Y AFRM T Ok %EH
$2528T, 10K L3IDDARFHFLBHEDD D%, FIFRNICHDL LR TE T,

o<, AET VAT v FAALTHE L 72 114DBockk # BElEIC X Y BRE L116% 1572 (Scheme 3-
15) 72, H—D X F v Fd~=—KkTh s rzuxvFvelztm L™, KEM13% F V- OLERIG
ZITH 2 &ic kY, Hhdmdz G L. 20 F FFFRIC X o TBock 2 RET 5 2 & Tll6% a7, AT
FOGIT X D/—\EJZ L7116 RET VAT A FALIC X > TIH72116 D' HNMRB—E L 722 & b, A
BT INMIT A FMETHAKL 72116 D VAARLFERIEL W & 2R L7z, ol ZORFENL T DI
SEIRE I Trost 5 BME L T3 D& —FL T 3Y,

Scheme 3-15.

o <,

o] o]
----NNs q\\ 'NNS
o]
O
0

o‘Q;jy

o o
CbzHN R NBoc MeOH, 60 °C CbzHN § NH
o N o N
MeO,C 0 MeO,C (o]
78%
0_0 0_0
N PN
116
AcOH 58%
MeOH, 60 °C over 2 steps
o
NsHN 0 “*NNs qj
N o 3 o
o o )Q 5 0
CbzHN ;° </ NBoc pMEAD, PhOPPh, ~ CbzHN ;6 </ NBoc
o. N THF, 50 °C o. N
MeOZC 0 > Meozc (0]
0_0 0_0
PN PN

113 114

*ﬁ'f”’”ﬁ'f”*”ﬂiciof LA Pcore A & core BOFIERIK & 72 5114 & 1154505 & 72 25,

KAFEOERAE *E® 2720, 7y TF VYOV LFERE 2 T RKIGHHETT 2 ot %
Fiotre IO 70V T VIEAF AN —RA— MELLENTE ., KEFN132 H VT, RAKRE
MFIL2ICEB2AFT INMMITAF MM EIT o728 25, RIGIEHEST L 72> > 72 (Scheme 3-16), Z D Hf
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Scheme 3-16.

CICO,Me , L
pyridine L—Pd
@"'OH CH,Cl,
I g o}
o]
PN 84% NU_J\F)
rac-61
A %O
o
NsHN A\\ NNs A\\
N 0 Pd,(dba);-CHCl, N o)
fo) 0 L2 o (o)
L7 Et;N 7
CbzHN O NBoc @"'ocozm THF, 0 °C—rt CbzHN O NBoc
\ O N_< o5 — = \ fo) N_<
Me02c o x Me02c 0
rac-117
0__0 0__0
PN ><
113 118

e LT.PdE D a-7T U AHEHERARTERK X L5 23, kKELHI 23concavelflid LT T 57204V 7u el
TVIHEDVEKBEECLIORIE LAV, FE X, Z I CREEEL L b v -7 U AVHREEBE v 5

Tt %%FZ7- (Scheme3-17)e TD x-7 )V AHFEABIZEIR I — R A — P19 SR TE, 119137813 L
DAFNHA—FA— MENTDOA Y Tuv ) FyvEzRET 22 Lick b, ILETHEEL 7,
Scheme 3-17.
HO OH
NsHN th\ b—NNs oj\\\
N (0] P Hel \.....6,0
0— (o] ng(dba)s'c Cl3 0— (0]
o ¢ e B 5
CbzHN ::0 N_<NBoc /" cen table CbzHN :p NBoc
o + 5 g’ 0 o. N
MeO,C o HO MeO,C o}
0. o rac-119 S
113 x 120 x
table
entry solvent  temperature yield (%)
. TFA °C— a4
@ 0COMe 7:q|-|2c|2 + L 1 THF 0°C—n SM recovered 22
6 b e °C multi spot
x 79% &\OH 2 CH,Cl, 0°C—rt p
rac-117 OH . 28
Nu- J 3 MeCN 0°C—rt SM recovered 37
B 4 1,4-dioxane rt 49
BRI —F A — F119% HvT, THFEES, KA DAEFT VAT v afbefto7z8 25

FOGIRET L, v 7 uxy 7 v OMIN KRB E 232 TeisD120% 1572 (entry 1), £ 72O MIET % 171,
CH,Cly. MeCNZ W 7255113, ICRIITHFZ W72 56 X 0 DR VTR E 72 572 (entries 2,3), £ C
THPEIC 1 4-dioxaneZ W72 & 2H D DR E L2 e b, ZOENFZR#E L L7 (entry
4),
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Scheme 3-18.

73

(o) S ko
NsHN S
\.....@0\\ HO O

0 rac-119
0~ y Pd(dba)y CHCl

O L1, Et;N

CbzHN 9 NBoc 1,4-dioxane
N~
MeO,C (0] >
57%
o)<0 16% SM recovered
113

RITH D INE D B D> > 725 T (Sheme 3-17, entry 4). AHFEM TL1IZHW TG ZTo728 25, 1L
EY121% 4572 (Scheme 3-18), TN HLMGTOFER % £ L TR L7 (Scheme 3-19), [Fl— D kKE%HI1132>
b, 12Dy 7a_yF VI L CARFEMNTOVAREZEZ 5 LT, 2MOVEREEREZERTE 2,
T, v ou_y T VOVEEZEEL T OCIEEIT L., RO ARREERZ SR AKL 72, E
EARFRALTF O LED =y I IRy Fob, IEFEICBHL CGREIRESZ b 0D, Lk iARENE
BHOBHRICE W TARAFENEHTH L 2 LRI N,

Scheme 3-19.

NsHN oj‘\\
o 0 N o) 0 )
NH HN o O NH HN
</ :
PPh, Ph,P CbzHN _<NB°° PPh, Ph,P

0
(R,R)-DACH-phenyl Trost ligand OCO,Me \ O N (S,S)-DACH-phenyl Trost ligand

L1 MeO,C (o] GL
N R o

02 00 WO O

rac-63 13 rac-119
Pd,(dba);-CHCI; Pd,(dba);-CHCI3

EtzN EtzN
THF, 0 °C—rt 1,4-dioxane, rt

L1 L1

o o
0 o
: cbziN O ¢ 'NBoc  CbzHN ¢ “NBoc
CbzHN 4 NBoc CbzHN O 4 NBoc z N_< z N_<
N— o N MeO,C ° ) MeO,C ()
MeO,C 0 MeO,C o 2 2
0__0 0__0
0__0 0__0 < e
e e
114 115 121 120
56% 97% 57% 49%
33% SM recovered 16% SM recovered
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IR L B Pcore AD B EAT 5 720, RBIEKAR L 2 2116 Fl W CHREITo 72, £ T AIE & [FER
Nsﬁ@ﬁfﬁﬁiUBocﬁ“CUDf* 211w, ALEW122% 1572 (Scheme 3-20), 2D W TAH X I v LML
CX YA =Mt E To72, T ET AVHEE L FARRICHMNANICDABCOZ%Z F W TG Z AT o 72 23 G IC
ERAZE L, BRAHEE LA o7, 2 TCLORIGHEEANET 2 XX 7)Y v EHOTRIEE
79 2 L TEFHIWEA L7z, LA L, TLCR X BT v 704 L7 4 vV A — kI e
Bbhadbod—HHAonzctrb, TETAEBELIVSNEMETLAZLEZONDS, ZOF Tild
FUHRBT LYV LI XA ET O, BRT 2 —1238 L, HEMUKFREITIC X 5 Cbz DR
Feva) vRIZVICXEfEITTNT I /bic X vaEkEERL 21T 5 © & T, 4LRIE27% TERILE
124% 1572, 72 BIABIC T O IRIAE ORIES> & THF & MeOHDIRGARL L L7z, i< 7 ==
N TVFFA—NICKDERAF VNI RATNANDREERIT . ANVEVIEIRSZ 372, £ D%1250Bock s &
U7 &2 —=NEAE-0% TFAKBIRIC L o ChrEFT 22T, A77x Y IvvaTEKDERS %1%
REMEARD—DTH H(3"R,4"S,5"R)-A7 7TV I¥ v aTHH (core A) DEEERKL 72,

Scheme 3-20.

o 1) 4-Bu-benzenethiol O 0
o K,CO3
~«NNs MeCN 'NB°°
\.....6,0
(0]
o]

ﬁ”

2) BOCzo, Et3N o

_ THF o
- 0,
CbzHN ¢ (/ ZNH 82% over 2 stepi CbzHN 9 (/ ZNH
o N~ - o N~

MeOZC o Me02C o

N N

116 122

1) K,050,2H,0, K3[Fe(CN)g] %O

quinuclidine, MeSO,NH, ° NB o
K,CO3, NaHCO; “RNooe 0 3) H, gas, Pd black Boon ™" é’
BUOH/THF/H,0 o THF

2) NalO, THF ° 4) Pic-BH;, AcOH
phosphate buffer cbzin O ¢ N THF/MeOH >< ]:j \/ ZNH
(PH7.2) 3 50 °C

- o N
MeO,C 0 MeO,C
27% over 4 steps

O

O

o__0O o__0O
123 P 120 X
OCN é’ HN/"'., OH
Ph3;SiSH, Cs,CO; HO : (0]
2,6-di-Bu-p-cresol >< ]\/j N ° H
DMF, 90 °C 80% aq. TFA N o / NH
HO B N—<
—)
HO,C HOC o o
63% 79% 2
950 HO OH
125 5
core A
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4z LI M oL a T EKO G E X OUMraYBHETEE O HIE
FIET A I P AL T EREIEN X Vo 7 MraY DGlidelC X B Ry F Vv 7 REXT 4

FIRICBEWTCRATZ 7Y I vV aTEROGHIEZTHEL L, Z ORI L 7o 2 48 0 AR R
DERZEIT 272, TH Dcore A, core BE G L4HED a 7T HIKZ AT 5 2 & T, RAVD KL FE%
HEHIF 22 L TE L2, FIETHR/ZX S iCcore A, core BOIRITTMARIEN R 2 72 b 1. BRI
FL 7 OMaYDHEFEICOEEREPH L E X OIS, £ T Teore AF L Ucore BOMraY [HE
Wr o, RARYoSREZHERN T2 L & Lz,

9, EEEMraYIC O W TR %, T, Leeb I X » CHEBMEEMEME (Aquifex aeolicus) HK
MraY O X#is SRS 2 S N Th 0. £ DFEM A& & 2 & 7 - 72 (Figure 4-1)°Y, MraY 13
TRAERZERLTEY, ZoEERI0HoBEEEE~Y v 7 X (TM) ERE~) v 7R, Y T FTX
L-B-~TEY, RYVTIFTXLNY v 7 ZATHRI N, N-, R ic~) 77 X LANCAIE L Tw b
(Figures 4-1), 723, Figure 4-1 CTIEffiH D720, HEADOKZRL T3, ZiidBouhssb T X o TH
I8 X N72MraY D2RICHEEE T AL & —H L Tw 37, 72, 9BHDOTM (TMY) 132D 7 57 A~ b
TM9a, TM9bIZ 3 241, TMObIZERN TA & S B2 > T3, MraYD 7 2/ &S @ 9 5. Bouhss b IC
XoTfTbh iz SAERERICL ) AHEI N/, MaYOBERISICEELEZ b2 14 07 I /7 Bk
EBMEMO ISR ICEZT > T3, cho T I BEEIMEM cCEECREFEINTEY, 0
CIEH A, MraY DIEPEERAL 72 L HEHI X T 5,

periplasm

cytoplasm

Figure 4-1. fIFEEMIC 5 1) 2 MraY D& (PDB: 4172)
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E72, Leeb 13 & OIEMEIALICAIEST 57 I JBEOHTH, 3007 257 F VBRI (Asp, Asp'™,
Asp™®) B W 2F Y Vi His™h28, MEABRKRICK > TT7 7= VICER X E 5 & MraY DRI
PEREET B b, ZOMEEICHATH S ZLEZRLTWEY, &l MraY2SE T 3 polyprenyl-
phosphate N-acetyl hexosamine 1-phosphate transferase (PNPT) 7 7 I U —IiCEBWT, TN b7 I /7 BEKE
(Asp'", Asp"®, Asp™®, His*™) IZEEICRIEI RT3,

Bouhss © 13 % DEERIGETFTAMICOVTEZLTE Y, MraYDAsp' ' ZAla~ & ZBR X ¢ 72, pH
RIGHIEICEL T TV T CEORREUEN LR L2 25, Asp' " BMraYDHETH B 7 v
THTL=N) VIEOR 70 F LTS 2T, b IIDDEETHBUDP-N-7 2 F L LT I~y
AXTFFCHEERNT 5 REE 7 A 2B LTV 5, (Figure 4-2),

UMP
pentapeptide-MurNAc\ @0 o o \// ZNH undecaprenyl phosphate f B
0.4~0~4-0 o N—« ~———> Lipidl
1 1 0
(o} (o}

HO OH
UDP-MurNAc-pentapeptide

Figure 4-2. MraY D /3R K It E 7 /L
Asp'. Asp®®DMITE T 2 MBLSTETRAI 0 & 1. BUKIED T 3 BAEF o 72 R VKO AR O

THBH., s - 72TM9bDJE Y ZHUFERICHA TW 5, MraYDORETHE TV FHATL =AY v
BRI L v bR, COBMCRVIEAEO 7 L X AVEBHAET 5 &2 b5 (Figure 4-3),

Hydrophobic groove

0-P=0

o

undecaprenyl phosphate

Figure 4-3. apo MraYB X UHE Y v 7 A 7L =1 ) v (PDB: 4]72)
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F 7o, HUFFEE L Leeb & DILFWIFEIC L o TRAW L 7 4 =4 >~ D2 (Figure 4-6a, ICs for MraY
0.01 uM)® & B EVEBEVEM I (aquifex aeolicus) HIHMraY O A% & 00 TN TEY ., 20
P2 ERXAAS Lo LT A4 ~4 vy D2AMaY DIEHEICHEG L TE Y., Zhic
v, MraY DG EL OREE IF R E L L T b, fEETALEL D — 7K & EHALERAL
oD LT, fif fk/bHL@Wﬁﬂﬁﬂéka% S, UTVABRUT I )RR %R
BT BT I MERENET L L THAETMIETEKT %,

(a) D193 ..
Ho M
o
Q305 o HO™N -0
’ N N o ¢
HO N z o N—<
0 Ho,C o T F262
N/gNH
N HO OH

muraymycin D2
IC5o 0.001 pg/mL for MraY

o
o}
HOZCV
|-|o
I b g0 fo o bl
sp—"vY\n’
P P o o
HO,C N o) o)
COZH HO OH

UDP-MurNAc-pentapeptide
(UDP-Mur-NAc-L-Ala-D-Glu-m-Dap-D-Ala-D-Ala)

Figure 4-4. (a) L7 4 <=4 2 vD2eMraYDEE LM ANEH. (b)) UDP-N-T 2 F VLT I NV XAT T
.

IHIC, LTASA T Y D2UMraYDHKEEICEHE R T I/ BEREPRARERICL VIO T
W3, MaYD 7 3 /BRI D 5 b A7474VVIM@W?V»&mﬂWEWﬁ%?%%Q&%Ma
W, 2T I VR —R%ERET 2Aspl3 % AsniC R X4 2 L ZoHEFEEIRIZITHEAELZC &
%\mm%\%&@ﬁ%@%?L%ﬁf%%uk#b#ok(ﬁym¢%)iﬁﬁPM%MﬂmCQQ
TRBZELTAA LY D2OAEFERZE S22 25, MraYD L T4~ 4 v v D2THT 5385k
2. VN D a-a HEFAPERETH LI EWREINT, SHICLTAYAL Y D2ORTFF
ORI AN RVEEEZ R L T AHGI3052 LRI THRE (HEEELRHTH LT, 574
Ay D2RTF P A2 OHEEEICHG LD, TROMaYD LT 4~ A4 v v D2OFRFKIC
X, MraY DEEZERGICEHEE L RB I N T I 2 BRI (Asp', Asp'™®, Asp™®, His®™) 3B b > Tz
otz TDLTANA Y VDI Z DREENFHE A SMraY DFLE TH 2 UDP-N-7 £ F L L T I~
VARTFFDIIvITHDELEEZOLNTE T (Figure 4-4b), L2>L, L7 4~4 L D2LUDP-
N-THEFNLT INRY ZXTF F EIMYD RO ICHET b0, 731/ BAZRERIC
>TC, ZOMERRITER L2 2 L BEIrOOLNT NS
NMY@%@ﬁ%ﬁTéf%%U$VF74VV£(H@m@@0ﬂmﬂ@@$ﬁmlﬁﬁéﬁé%%
CBEWT, EHO) VIRE AL, UDP-N-THFAL LT ILRYZXTFFEEHRATHL LD

/
/
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Buggh L X o THE TR TWw3 ™, U FRY P4 v vHIIEHORAEM#EZE L Th 0. ol
R D © REATERIBE A BOKE D ICHE AT 2 L HE 2 b L b, FRRICEE O REMENIEE %2 R o KA
A77TY IV AL, CZOBUKEDHEICHEAT ST, ZoEEEEM LIS LHENE N
2, LHPLAZ7ILY IV VADT MBI VAR EDRIREDAF HA6DOH Y, ZDEHKIIAS
T\, % ZTHIE (Figure 1-1) T2 X3 WKW A 77 F~ A4 v vEHEONREEMEEZ v I T
VIBICEE LSV I P ANA T T A BRIV L FRROTIREEE R T o e b, FEED T8

IFVIEEHA T beore A12635 X Ucore B127%2 &K L. Z DIHEFEMEZI~2 Z & & L7 (Figure 4-
5)s

OH
SooS e 2y
o o o] P
HO]@N 7 NH é o / NH

o. N— o. N
HO,C o

126 HO OH 127 HO OH

palmitoyl core A palmitoyl core B

o

HO,C

Figure 4-5. palmitoyl core A & palmitoyl core B

¥ Jcore A X Weore BOVARILFZDE D, MraYFHEEMEICED X 5 B 52 2 A %55
720, Yalb—T 4 v hH—tickoTCHEINEZFY Yy v 77 v 77 LGlidex HNT, FyF vz
RTA&ATH)Z L L7, Glidel V) 7Y FOREZANVF —%m/MUT 2 X5 U H Y P e iEELS
#2 &L bic, ZoMAEBMNEZBUKEMEEER., KFREG. 2 THEN, #EHAIERZEDR a7
%W#EFV#V¢X:7%%ﬁ?5moitb/#/7X37 REEEHBHI ALY - AGERLTE

CBAIRKEVIEERWIEABMMEARYT, Py F vy 2T 2MaYOET —2 13674 <4 >
v D2t otiEEEERE WS 2 & L L7z (PDB: 5CKR), ¥, & OMraY (348 & 2 B
(aquifex aeolicus) HRTH 270, Fv F v 72 E2 T 4 I KGEOMraYICH % W ChER Y —F
TV VI E{Toleb DRV, £, FHELHBET 272010 IF VEETIERL, T X Vg
ZREA Lizcore A12B X Ucore BI3ZFHWC Ny ¥ v 7 %1To72, Ny v 7 ofER, 12L130
docking scorel¥ Z 11 -7.711¢£-8.722TH Y, 135312L Y d R\ E% /R L 7z (Figure 4-6), ¥ 72, MraY
LoFEREETFOLIAv A vy RBELVBEERGDELL IS, EBHLB LTI
LTIV VBIUOT I VR -RDOMELPRV—HERLZZrb, A772) IV ViFLIA~
4 v v oREFIERCEY & & 2 b (Figure 4-7),
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OH -.-- Asn257

C (/2
Hom 1Y NH Asp198

HO OH

Asn59

12
docking score —7.711

Asn192 Gly266 ASP1 95

“OH -
\)]\ HzN/ 6,0H . Asn257
O.. (0]
@ 3

O

/ NH --- Asp198

HO OH
Asn%g
13
docking score -8.722

muraymycin D2 and 12 muraymycin D2 and 13

Figure 4-7. L7 4 =4 v D2 Ok&a) L {bEPN2E L LAY (k) ELEDE
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12 and 13

Figure 4-8. 12 (JX{0) & 13 (fkfh) OERGDE

IoicREBEHEAADELL IS, VIV VIRV —EEZ R LR, VR-REEY VB
DECHEE S E 7 5 T a7z (Figure 4-8). T HIC X W BUKMMH AR T2 L F 2 b 5 7 v A IEE O BL A 23
B2, F/2core ATIZ Y A —RDIENKE L R AOp-endoBlw & o TE Y, HEHETHRIcz v+
v—mARELEEZLNSE, TNHL Ny F VT RaT EEHEDE D b palmitoyl core A & palmitoyl
core BOFHEE M ICHE R ZEZS 2 & 2. EEIC VI A fba 7 EKO GBS X CHEHE 21T
RPN B N
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F2fffi A M A b T EKRDOERK

NI AL TEROEGRICB VT, €Y P VB OANIKERE 2RI oL 2 F 4 {3
VERH D, FIRICE T2 aTEHROERICTE T, 4"iEs XS LoKBEE A Y 7o) Fv
I X o CTREL 2720, BIRIC VI PAMET 2 2L 3R CH D, 22 CREEELLEHET S C
e L7z, I bt a 7B OGN %R (Scheme 4-1), ~¥v I b A AALIZERLERICER
7T o bic ko CTfT 9 2 & & L BRLIZSE & RfRICEROEITH 7 2 2 bic X - T1292 511 8ER, 6
BB ICHEET 2, BYLATERA12913 2 o=y F v b akdsct e l, v Zuxvsyv
DT ) ANIKEERE 2 RIRIC{RET 2 2L e Lz, 27 u_y T Uikt L RKICAET U AT v
FAALIC X > TULEDN0E T SRD Y 7 u v T va2h b T REIRIICA KT 5,

Shcme 4-1.

acylation PgO
. g

)*Xf(
double reductive

amination HO OH HO OH
128 129

asymmetric
allylic alkylation

HO OH

X = leaving grou : \/ 2
g group HoN 0 NH
7 “NH rac-42 2 B N
3 o <
— o N_< — HO,C
HO,C o]
HO OH

92 110

X

I
o
o,
NI
/§\\
o H
Ioll' o
=X
o
I
>
T
N
P
o
Q‘o
I
o
I
o

o

¥ Fpalmitoyl core B 1270 &K %211 o7z, LI EH V2T Ik 7 axv 7 ve3nBGIHESMET.
AV 7uv ) FrvEEREL, ¥ 7 a7 v130%157 (Scheme 4-2), {LEWNI3L 7+ IfkDv /1
RYTVI0ERE L LT, AFRNTFICSS)DVARDAFEHN FL2EHWTAET VAN T L F 1t
o, ALEYINB1 %R, 2 D%k, (LEWB1D T U AAKEEE % MOMCI, DIPEA % W CERIIC IR
#T5 L T132%157- (Scheme 4-3), BIER & L T13202" i SMOMAL E 7= b D BMEF O N2 720,
1,2-2 4 — A OERIEFE I 5N 2" BuSn0O® Y 7 U AR u VIE?, ¥ 72O R 21T - 7223, &
REom xR onmd o7z, T, (LEWNB2DO Y 7 2 AN3GLDOBockk DR, NsHofrk e EL
727 37 HAEBock CIRE L, 13321572, ZoBIC, 1331 LTAHR I T ALick 3V — (L%
To7e VIV NDFL 7 4 vORBLZEZ L, IMANCF X 7 U 2 v Tlid7 {DABCOZ HW 7223, %k
LEAEVA Y Tav ) FURICX A VREEN L oz, MICKISIET Lz, 20k, @3
VREFT PV LAICX YT AT e MU, BUKFRERICIC X B CozEk DRk LRt 7 2 2 L& 1T

49



277, BHHEICHI T 2 7 LI B W TEBICTMeOHZ W 72 BRI i, fiied TIRIGK CH34035 5 /-
2. 12-DCEZ W3 Z & TRZEIINETIED 2 BNEKD | EBR ST,

Scheme 4-2.
©,0002Me aq. AcOH 0
: NH HN
77% :
%;63 5 PPh, Ph,P
! (S,S)-DACH-phenyl Trost ligand
: L2
Q,OCOZMe OH
0 ' 0
NsHN q\\ Q— ji\\
HO OH
N Y o rac-130 é/o
o (/_</ sz(dba)s CHCl, /
)
CbzHN E N NBoc Et3N THE
o
MeOzc [
72%
0__0
Pl
113
Scheme 4-3.
OH

HO,

MOMQ¢ T gm
Q—NNS A\\
\...--6,0
00—

0 0
(/—4 MOMCI
NBoc DIPEA
~ CH,Cl,

O —  >»
64%

1 ) K20$04‘2H20

K3[Fe(CN)g]
DABCO

1) AcOH MOMO,‘— OH MeSO,NH, _, q\\

MeOH, 60 °C NBoc ) K,CO3, NaHCO, BocN™ ™ 0
4 .

2) 4-'Bu-benzenethiol \o. 0o 1BuOH/H,0 HO o (o)
K,CO4 S 0 2)Nalo, ' 2
MeCN ! NH

H j THF MOMO
3) Boc,0, Et;N CbzHN O NH  phosphate buffer _<
THF \ 0 N (pPH 7.2) o
- MeO,C 3
76% over 3 steps 3) H,, Pd black
°><° MeOH
133 4) Pic-BH3, AcOH 134
MeOH
or MeOH: 9% over 4steps
1,2-DCE 1,2-DCE: 20% over 4 steps
50 °C
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BALE134D v =) ¥ Vv BIC BT 3 174813 'H NMR ¥ X O'ROEMEE 2> 5 ¥3E L 72 (Figure 4-9), ROEH
Bprove~) P vBRBRTEREZ L > Tw308bh 0, "o 7a b iZe"ioT ¥+ 7 A7
o by EJENPI04HZzTHY TV VLTI LT FETAMICHMNEL TS, T/, 3"MiF2"
frehy 7Y v 7L Tnrnwl ehrbxh b ) TALICHEL T D AT L, dEki=Ech 7 2 /1L

CEoT, TAT e PO afins BIEL L T2 & 2 HERL 72,

7/~ "\ :ROE correlations
g ~ q\\
BocN/"’,'-é,o
10—

1.3% )<
H_5|n . ddd, J5'",6'"ax = 104 HZ
H-2""ax : d, Jymax 2veq = 14.0 Hz (1D-TOCSY)
H_2lneq . d’ Jz,,,equ,..ax =13.2 Hz

Figure 4-9. LA Y134 DROEMHBI B X ON'"HNMRD A v 7 ) v 7 E$

Scheme 4-4.

q\\ a\\
4, /"'.
BocN™ ™ o] Ph3SiSH Bocy ‘é,o
HO...@ O— 0 gsﬁzdcofsB | HO:..@ 0 / ﬂ
: ,6-di-1Bu-p-creso -
AN 0 ¢ NH puE 100°C momo~'~N 9 NH

MOMO"* 3 , ;
o el o N
MeO,C o HO,C o

58 0
134
o
[ I chlorid o DMAP
palmitoyl chloride DMAP
s EtsN 1,2-DCE, 60 °C
e CH,Cl,
q\\ —, q\\
BocN fo) BocN é,o o
o} o
HO... 00— o /
JN 0 ¢ N MOMO‘ ° NH
MOMO R N
- N o
o 14 0
MeOZC o /
2L
137 136

BRALAR1341C0F L TPhsSiSHZ H WV 72 i 2 F bz, i To¥v 3 b A ML ZAT o 7223, AV R vk
DEIEE UCHEA L 721,2-DCEICRIZIKEE L 72 & F 2 b N 5136735 L 72 DA 72 5 7= (Scheme 4-4),
T 72, WA TF AR BRI EH S o 72720 BiA FAALRTIC SV 2 A AL E TS C &
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ELl7, LoL., BR{bE134icrti L, I b Arom ) FE2EHIE2 LY 7V UN3MR 50 T b
ANMbLENZI3TRE LN, £ 2T, LAEWI3TITH L TMeOHAEMEH . DMAPE{EH S ¢/ & 2 5,
SV PANEDRBREINSE LB DA,

INnbh b, 1,2-DCEH., EDCI. DMAPD L CRIGR T2 72 & & 5, BRALIR134D KEEELERA I
2L b A AL HEFT L, (LAW138% 1572 (Scheme 4-5), Kt T138D X F LT AT LDRER
PhySiSHZ WV TiTo 7 & & A, EHD A NK VEKRIZING O N7z, mEZRIC80% TFAKIAIKIC L - T
2 TORERZFRZE L. palmitoyl core B 127% 157z,

Scheme 4-5.
A A
BocN/l"‘é,O o \Mj)\ BocN/""é,O
(o}
HO.. 0 H (/—« palgﬂtic acid 1a O 0 ! (/—«
. o) EDCI, DMAP _
momo ~~N ¢ NH  DCE momo~N 9 NH
o N a e a
MeO,C o MeO,C o
63%
> 50
134 138

o

Q\\ OH
(o] -, 0 -,
BocN™ ™ .
Ph,SiSH, Cs,CO, \HJ\ oc ézo o \HJL HN é/OH
2,6-di-'Bu-p-cresol 14 °'~-© 0~ (/_« g 0,,.(') O~ {
DMF, 90 °C . O Y. . TFA C

MOMO\\ N :O NH 80A’ aq Ho“. N .:o / NH

—_— \ —_—
o N_< o N
88% HO,C o 53% HO,C o

o__0O HO OH

)< 127

palmitoyl core B

KA palmitoyl core AD B & 1T 5 7. KILANIC134% . AFEALTICLIZH VT, 7% I{K130& DA
BT IAMMEITAFAMMEEToE T A, 1401310V T AT LARAY & 72 o 72 (Scheme 4-6, entry
Do AHFENLTFLIZEE3E (Sheeme 3-14) ICHBWTH, RKEFN13 & DML FD I 2~ v FiT X B
KOBETARONZ b, SROKETH VEKILFED I X<y FDD, VT AT LAHREVIC
moltEzxbd, ZICRIGEHFOBG ZITI> 2 &L, £FT0°CTRIGZITo7/2E 25, ABY)
DINEBLVOVTATUAHIIER LD BENFERL o7 (entry 2), F72IABEAZDMFICZHE T 5
L BB YT AT LA HIZET L (entry 3). BCAZT-% X D & & naphtyl 32 H 32 L3~ZZHE L T
FOISEATH &, RIGIHIZITHET L a2 o 72 (entry 4), % & CRIGEE R L5 2 & T, REF113DE
JEaZAb T &, AF -7 VR ~DONBDORIGBMB LT LT T2 L 2FE 2., GIRE %50
CETEF 2 EEBYOY T AT LAKIZAEL (entry 5), & 5T, MBEVERSE T CHIGEAT S
ERDROWYTATUAILEZRD, INE61%TI40E 131D Y T AT LA R6:1DY T AT L ARESY
Lotz (entry6), REBEIDY T AT LAREMIL VAT AN T LZu~ 777 4 —I1CXkoT
>11:1 % CTor il RE 72 - 72,

fL&P40icxt L <, 7 U AAKEEE O #IRFIMOMAL 2 1T\, 551721410 7 7 ¥ )LN-3{ D Bockk
DFRE. NsEEDFRELEL 72T I 7 HEBocki TRF#E L. 142% 157 (Scheme 4-7), % DIRIC142D A4 R
IV LBLIc L VA=l wIVREF MY VAT L E VAL OBRLEZ., BEilUkEEITIC X
% CbziE D fRE LIt 7 2 /L& 1T 5 & & TERALIK143 24 TIRINE34% TR 72,

139
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Scheme 4-6.

NsHN s
HO OH
(0] rac-130
j Pd,(dba);-CHCI;
CbzHN NBocEt;N
—< see table

OH

GOCOZMe HO
@ e °\H
o

(0]

(0)

S_) </ NBoc

N—<O

CbzHN

MeO,C o ———> MeO,C
L
140 (desired) 131 (undesired)
table
entry  solvent ligand temperature yield (%) yield of SM (%)@ ratio (140:131):
: o (o]
1 THF L1 rt 53 29 2:1 NH HN
2 THF L1 0°C 26 57 1:1 : PPh, Ph,P
: R,R)-DACH-phenyl
3 DMF L1 rt 48 31 1.2:1 : ( ﬁ')rost"ga':)d 4
: L1
4 THF L3 rt trace - - :
5 THF L1 50 °C 51 - 5:1 : 0 Q 0
6 THF L1 reflux 61 — 6:1 ENH HN
aNMRyield. ! PPh; Ph,P
! (R, R)-DACH-naphtyl
Trost ligand
L3
Scheme 4-7.

140
d.r. >11:1
separated by silica-gel column
chromatography
1) K20$04'2H20
K3[Fe(CN)e]
DABCO
1) AcOH OH MeSOZNHz
MeOH, 60 °C MOMO, K,CO3, NaHCO;
2) 4-Bu-benzenethiol .«NBoc P ‘BuOH/H,0
K,CO4 N\ (o) 2) NalO,
MeCN o (o} THF HO
3) Boc,0, Et;N H (/—/( phosphate buffer
THF CbzHN ;,0 N_<NH (pH 7.2) MOMO
—> —>
MeO,C (o} 3) H,, Pd black
71% over 3 steps MeOH
o. 0 4) Pic-BH3, AcOH
< 1,2-DCE
50 °C

143
34% over 4 steps
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BRALIAR143 DK EEFL IC T L €, »¥v 3 F VB, EDCI, DMAPZ W T oYL I b A AL E T, 144%
372 (Scheme 4-8), FF2ICT1451C3F L T PhsSiSHIT X 2 Jit X F AL & 80% TFAKIEIKIC X 2 4 C D IR:#
HOPREZIT\, palmitoyl core A 126 % 157,

Scheme 4-8.

q\
0 Bocr_\l/"*'.é’o
. ) o
HOJ:/\ : (/—/( palmitic acid ¢ 0—
o EDCI, DMAP :
MOMO NS NH  2.DCE MOMO N O 4

NH
N
_<0

78%

143 144

Al
0 BOCN/,”"ézo

Ph;SiSH, Cs,CO3 Ow~_ O 0
2,6-di-Bu-p-cresol = 14 B /
DMF, 90 °C MOMO N ::0 NH  80% aq. TFA

—_— N —_—
97% HO-C 48%
0)<0 HO OH
145 126
palmitoyl core A
Scheme 4-9.
MOMO 0"2'," MOMO, oH MOMO, OH momo,  OH
b....NNs A\\ Q—-NNS A\\ Q----NNS ojt\\ b—-NNs 0
" N\ é,o N o \.....é,o A 0
0 0 0~ 0 0~ 0 0~ 0
chzHN O ¢ “NBoc CbzHN O ¢ “NBoc CbzHN O ¢ “NBoc CbzHN O ¢ “NBoc
o N~ { o N { o N { o N
MeO,C o MeO,C ] MeO,C () MeO,C o
0_0 0__0 0__0 0__0
PaN 132 2N 126 2N 17 2N

AV
0 o 0 0
cozin O ¢ NBoc cozin O ¢ NBoc CbzHN ¢ “NBoc cozin O ¢ NBoc
Lo N Lo N \ N~ Lo N
MeO,C o Me0,C o MeO0,C o MeO0,C o
0_o 0_o 0_0 0_0
s N 140 150 7N 151 2N

palmitoyl core T IC BT, ¥ 7 a Xy 7 VAL DO3LD 7 ) AAKEER 2 MOMEE IC X - CTEIRD
ICIRET B e TE, T, BT I /Lic X 2 EHERILKTICE T, KERFELY RITT
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LEOLNZIOVARICE ST, KIGKH#ETT 22 b 2RI L7E, 2D Lh b, #3E (scheme 3-19)
TARET VLT VFAALIC X o TER L 2LEP1215 X 1200 5, FRICMOMIL 21T 5 © & <fk
HY146, 1472 5 TE 2 L EZ LN S (Scheme4-9), X HIZ, T 5141, 132, 146, 147D2"{iD
VARE R 5 2 L T148-151% T E E, ARk EBERIGIC K o TA 7 72 ) Iy v aTH
MDEZ S 52O REIMERZ BN ICEKT 2 LHARETH L LE X T D,
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F3f v 2 b A b 2 T EE DO MraY FHE S M o HlE

% b #1L 7z palmitoyl core A 12635 X Ucore B 127D FHFIG M D MIE % 1T o 72, MraYFHEFIGE D HIE I
X, HEEFETH 2 DansylFk % LysiFICH T 2UDP-N-7T £ F AL L T IARY ZXTF PR
T A4 #2757 MraYIC X > TUMP-N-7 £ FA XY ZXRTF FRBIRECHZ YV FHTL =1
VU~ I NS & XV v BT X 3535 nmTTOH#EASIE KT 5, —F . MraYBAER 2RI
ZHET 2 L Z20HNME KT L, HER2REHTE 2, £9, avire—r L Tlikoy =2
~AvVvEERWSLZ L L Lz, Y=~ A > vHHIZStreptomyces lysosuperficush b HBf X Nz X 7 L
Y FRRAYCTH Y, 77 AR IO L CHIBEEE R T L &b ic™, MaYlEEELZ RS C L
DA XT3 (ICs for MraY 2 uM from E. coli)'Vs FEBICHHEFEZHE L2 & 2 A, ICsfit12100
nM2> 56.25 uM & 7 b SCHRE & P& L 72 2> > 72 (Figure 4-10),

120

100

. E\/\/‘k o
OH
H HO
60
N OH <

S
3
©
S o) N‘§
E 40 AcNH
£ HO2
20 0 HO OH
OH . .
tunicamycin |
0
0.1 100 6250

-20
ligand concentration (nM) (n = 3)

Figure 4-10. Y =7~ A ¥ VHOMraYMEEE (2~ Fr—n)

120
100
80

60

40 palmitoyl core A
docking score -7.711
2 OH
11 L N
0 OH

O

0.1 1 10 o
ligand concentration (nM) 0 /_<N
N
. . (o)
® palmitoyl core A ® palmitoyl core B Hozc>_\g o)
(n=3)

HO OH

palmitoyl core B
docking score —8.722

inhibiton rate (%)

o

Figure 4-11. Palmitoyl core A, palmitoyl core BDMraY FH &7 14
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Palmitoyl core A3 X U'core BOMraY FHE G % [F St CHIE L 72 & & A, palmitoyl core Alx % DICs,
flE23>10 nM T & - 72 DICKF L, palmitoyl core BOICspfli230.1-1 nM & pMDIREIHTH 5 & L 23R I,
ERY VVERDOVAEDECICK o TEMSKRE (B 2 2 2 23bd o7z (Figure 4-11), HEkH>CIC B W
THREINTVLEIZRAYA 7 7)) Iv Y ADMaYBHEFFEHR KT 2L, 2772 ) Iv v AD
MraY O FHEFEME X1Cso 13.8 1M TH V. palmitoyl core AlZ RAYNITEWHEFEEZ R L TCnw5, —JF
C. palmitoyl core BIZ KA DiEM: % K& < Ll > Tz,

Figure 4-12. &5 4 =4 <~ D2 & MraY @345 S #&E (PDB: 5CKR) 7"

A77LY I ALV P MLaTEROMEZHIKT 5 &, RESELR2DITZ DIFIKER
HEEBMLTCOAMBETH L, L2L, Leeb il Lo THMEINTWE LT 4 ~<4 2 YD2EMraYD
LGRS ClE. v Y VY O3NIKEEE LA B ANANCALE L. MraY & OFFAICBIS L Tz e
(Figure 4-12)"%, 2@ Z %5, 27 7Y I VA palmitoyl core A, palmitoyl core BOMraY FH 2 i 14
FHEEHKT 2L, core ADHT 3R VEOVHRMELERZATZ7 7 ) I AT e Rl
%,

72, NMRARZ bAVICET 22772 ) IV VAL O EIT 5 729, palmitoyl core A, palmitoyl
core BO'H-NMR %, I A4 1 DMSO-dg % Fi > THIE L 7z, Palmitoyl core A, palmitoyl core Bl
DMSO-de% V7256, ©—2 D7 v —FE X PHIREEROGFEEICL - T, iTHEch 572, &
DZEhL, BEETEIAZ 72 ) Iy Yy ADVRLFEICONT, IHICHLIEE T LITTE
B\, St MOVARDOEL 250 I P A ML T ERE G L. Z OMraYHEE M % L T ]
ZeT, A7 7Y IV Y ADVMRLZEICOWT, BREL TV FETDH 5,

¥ 7z, &K L 7zpalmitoyl core A & palmitoyl core BD [HEIHTED #4512 GlideZ F\»72MraY & © F v %
v 7 A aT DY (core B-8.722 > core A —7.711, Figure 4-6) L FHBIL T\7z, Z 2T, o TiRE (A
oW Th, [AEEICGlidelc X3 F v ¥ v 7 %1757 (Figure 4-13), % OFER, {L&PNR2A KL B w K
yF¥ VIS RAAT 9281 %R LTz, TOZLrb, {LEWS21E5 A L 72 palmitoyl core B&L Y b B>
MraYHEEWEZ R T & ZE 2 o, FiBEZEY) —FelTor7 7z ) IvvaTEROI LA H
FED IR C ¥ 5,

/
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HO,C
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docking score —9.281

OH

T D
\)I\O,, : 0— OH \)l\o

H O“: O\l)_\‘é

HO,C

155
docking score —8.227

uridine

OH

HO,C uridine

153
docking score —8.858

HO N
HO,C
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docking score —8.148

uridine

HO,C uridine

13 (core B)
docking score —8.722

OH OH
N o HNT (o]
OH = OH
s \)I\o,,, 0 ~A
N O

HO’O N)_.\:b

HO,C

157
docking score —8.060
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0 o,
HIN OH
RGN
A_N O
HO' s
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154

docking score —8.340

OH
H'.-“/""é-OH

O 2
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HO,C

12 (core A)
docking score -7.711
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Figure 4-13. A7 7 2V I v v a7 HIRICE T 2 IR EEEROMaYIcNT 2 Fy ¥ v rxa7y
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1. RETINAMETAFAMUEIGEHACCT, A7 72 ) I v aT7ERKRICEBWTEZ D % 8 DDOVIRRN
RS> H, afHOFPRIKOEREITH & & bic, HEIT T I /LRISIC L - T 11 BIR, 6 BRI
BB 2T eTRA77 ) I v aTHED | O VAKREREERDOERZIT> 72,

NsHN oj‘\\
o 0 N o) 0 )
NH HN o O NH HN
; (z
PPh, Ph,P CbzHN O _<NB°° PPh, Ph,P

(R,R)-DACH-phenyl Trost ligand OCO,Me (0} N (S,S)-DACH-phenyl Trost ligand

L1 MeO, o ...L
oo w0 O

rac-63 13 rac-119
Pd,(dba);-CHCI; Pd,(dba);-CHCI;

Et;N Et;N
THF, 0 °C—rt 1,4-dioxane, rt

L1 L1

0, o
0 0 Q -NNs 0 b—NNs 0
‘NNs NNs (o} N (o}
. o N o o o
) 0 o 0 o )
H : CbzHN §> 7 NBoc cbzin O ¢ NBoc
cozin O ¢ NBoc cozin O ¢ NBoc z O o N z : N—
o N o N MeO,C ° o MeO,C ° o
MeO,C o MeO,C o 2 2
0__0 0__0
0__0 0__0 > >
Py P
114 115 121 120
56% 97% 57% 49%
33% SM recovered 16% SM recovered

\/g OH
-NBoc
OHC CHO \. 63\\ Hl_\l/"'
HO - fo)
H2N : N r'q T

double reductive
0)<° amination

2. A7 72V v v aTE %R\ 7zpalmitoyl core A X Upalmitoyl core BZ & L. % DMraYPHE
EEZMES 5 2 & T, MaYLEFRHZE T 2 HMIIEE) —Fe LT, 2772 Y Iy v aTHERK
BPEHTHZZ L ®RRLT,
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ARIFFEOZRITICHE L, IR BEL 2 TG, JHELZI Y £ L 2 4biBE RERE R E LT ER
Ml B BRICO XY BEEL £ 9

AFRDZEITICH Y. HARWSREYE, #HiEE21H 0 £ L 2Jtima RPERFEER ARt 200
SFOOSCHE FEATICL X0 REGEHEL £ 9,

KX e HFmEAELCHE, AR 2MBIE 2B Y £ L 2ALERFRABGI AR A Bee
B, AUk fds GERNICO XD EGEHEL £

KM zED 2ICH72Y, Aie s ZHE 2l Y £ L 2Ll RAREBE 2R IH & R
FEHIRIT O X0 EHEL £,

ACHRERFRR SRR AR ek e AN, BEERARTE T AR o 2R BiEc
D& D REHBEL 2T

fta¥o NMREIEZ L CIHE £ L 2dtimE RERFEhe R Wt TE it &l i K
D& Y R L 9

A7 77XV IV ADKERT — Xl 75— SRkt o7 41D XD B L £ 9

FRRER T 21T > TIHE % L 22 JbiE REE G T ZEEE P o A ~ L — 2 — oL X ) &
BMLES,

H % S HE R, HBIE 2THE £ L 2 dbimE RFHRERE Akl EaRERYa -2 A3
FEANTREE v 2 —  AHEKIEEZTFTOERICO XY BHEL 3,

RRIC, BHOFEEEZRAN ., BHIICSCA TN, &3S £3,

20184 3 H fhy &HE
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FERDFHR

NMR A <727 F)vid, JEOLJNM-ECA-500, JEOLJINM-ECS-400. JEOLJNM-ECX-400P A= 7 t 1 X —
f—%HWTHIE L7, 'HNMR 3 X O "CNMR {7 Mg, TP A2AF0e 7 v 2 REERL L
7L & D% ppm T, A VAT JEE Hz TERRL 72,

VI FNVDLERIL, s singlet, d: doublet. t: triplet. q: quartet, quint: quintet, m: multiplet, br: broad, o:
overlapping signals D#&S Z VTR L7z, 7. ¥ 27 FUEEIF 'H-'HCOSY 2= A IcEED W TfT

277,

B8 0M7 X, Thermo Scientific Exactive, Waters MICRO MASS LCT-premier % F\ > THIE L 7z,

HPLC ZA T D> X7 L% M7z, JASCO PU-2089 Plus (pump), UV-2075 Plus (detector), ChromNAV
Control Center (system controller), # 7 2 & L T J’sphere ODS-M80, JEFIAME L L Criillk o ik 7 o
~ 2777 4 —MH MeOH % 7z,

FIGHEEE L LCHWwAEY 7o i xy 12-Y7unx kY, T b= b ) AEABLEY) v X0 E
HML7zdbDxHWT, KiZBiA 4 v K% Millipore Milla-Q Advantage A10  EEFTFLBLELEE CTRERIL 72 D
DEHAVT, ZDMMOREE X EEIC O W TIHFICIHEHDO R VIR Y il b D% w7z,

TLC % Merck silica gel 60 Foss Z 272, JEMIS VAT A A T 6 2u~< 2T 7 4 —IF, FHEAL LT
Merck silica gel 60 (0.063-0.200). Kanto Chemical Silica Gel 60N (spherical, neutral, 63-210 um) %z 27z, 7
FyvvavVATGAAT LI~ 7T 7 4 —ICI3FEHEA L L T Kanto Chemical Silica Gel 60N (spherical,
neutral, 40-50 uym) ZFH\W7z.o N T T v v av IV ATAA T LA~ T T 4 —ITIIFEHE LT
Fuji Silysia silica gel PSQ 60B (spherical, neutral, 60 pum) % FH\>7z,

£ 7 4 b 8 IC 1T nacalai tesque Celite 545 % 7z,
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NKY12-41

5-0-Benzoyl-2,3-0-(3-pentylidene)-D-ribo-pentofuranose (53)

BzO O . oH A solution of 52 (500 mg, 2.29 mmol) and pyridine (1.8 mL) in CH,Cl, (20 mL) was treated
_\S_zm with BzCl (293 uL, 2.52 mmol) at 0 °C, and the mixture was allowed to room temperature and
\O><O/ stirred for 24 hours. An additional portion of BzCl (79.8 uL, 687 umol) was added to the

reaction mixture, and stirred for 20 minutes. The reaction mixture was quenched by addition

of H,0, and extracted with AcOEt. The organic phase was washed with 1M ag. HCI, H,O, brine and dried (Na,SO4),

filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (5-

20% AcOEt/hexane) to afford 53 (463 mg, 1.44 mmol, 63%) as a colorless oil.

'H NMR (CDCl3, 400 MHz, a 2:1 mixture of the anomers) 6 8.07 (d, 1.4H, Ph, J=8.7 Hz), 7.99 (d, 0.6 Hz, Ph, J=

7.3 Hz), 7.62-7.56 (m, 1H, Ph), 7.48-7.44 (m, 2H, Ph), 5.52 (d, 0.8H, H-1, J,,= 1.8 Hz), 5.49 (d, 0.2H, H-1, J,»=

3.6 Hz), 4.81 (d, 0.6H, H-3, J; 4= 6.0 Hz), 4.77 (d, 0.4H, H-3, J34= 5.9 Hz), 4.72-4.54 (m, 2.3H, H-2, H-4, H-4, H-

5, H-5), 4.45 (br s, 0.6H, H-2), 4.41-4.32 (m, 1H, H-5, H-5), 4.08-4.05 (m, 0.4H, OH-1), 3.21-3.06 (m, 0.6H, OH-

1), 1.86-1.57 (m, 4H, CH,CH3%2), 1.02-0.87 (m, 6H, CH,CH3x2);

C NMR (CDCls, 100 MHz, a mixture of the anomers) 8 166.7, 166.2, 133.6, 133.4, 129.9, 129.8, 129.7, 128.7,

128.6,118.4,117.1,103.5,98.1, 86.4, 85.3, 82.3, 81.8, 79.5, 78.9, 66.1, 65.9, 29.6, 29.0, 29.0, 28.8, 8.61, 8.55, 8.00,

7.52;

ESIMS-LR m/z 345 [(M + Na)']; ESIMS-HR calcd for C7H,,04Na 345.1309, found 345.1310.

NKY12-72, NKY12-73
Methyl 5-0-[5-0-benzoyl-2,3-0-(3-pentylidene)-p—D-ribo-pentofuranosyl]-6-benzyloxycarbonylamino-6-
deoxy-2,3-0O-isopropylidene-1-(uracil-1-yl)-B-p-glycelo-L-talo-heptofuranuronate (57)

A solution of 53 (47.1 mg, 146 umol) in CH,Cl, (1.5 mL) was treated with

BzO\" qo\\ diethylaminotrifluoride (38.6 uL, 292 umol) at 0 °C for 10 min. The reaction was
Oé, 0 quenched by addition of sat. ag. NaHCOs3, and extracted with AcOEt. The organic phase

CbzHN 5-) / NH  was washed with brine, dried (Na,SO,), filtered, and concentrated in vacuo to afford the
MeO,C N crude fluoride 54. A solution of the crude fluoride 54 and 47 (49.2 mg, 97.3 umol),

MS4A (100 mg) in CH,Cl;, (1 mL) was treated with BF5*Et,O (9.2 uL, 73 wmol) at 0 °C

for 1 hour. The additional portion of BF;*Et,O (9.2 uL, 73 wmol) was added to the
reaction mixture at 0 °C, and stirred for 12 hours. EtsN (68 uL, 0.49 mmol) was added to the reaction mixture and
filtered through a Celite pad. The solution was partitioned between AcOEt and saturated aqueous NaHCO3, and the
organic phase was washed with brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was
purified by high-flash silica gel column chromatography (30-100% AcOEt/hexane) to afford 57 (44.4 mg, 54.8
umol, 56%) as a white foam, and 47 (4.1 mg, 8.1 umol, 8%) as a white foam.
'H NMR (CDCls, 500 MHz) & 8.63 (br s, 1H, NH-3), 8.07 (d, 2H, Ph, J= 7.5 Hz), 7.54 (m, 9H, Ph, H-6), 5.72 (d,
1H, H-5, Js¢= 8.1 Hz), 5.66 (d, 1H, H-1', J; » = 2.3 Hz), 5.59 (d, 1H, NH-6', JNnue6 = 9.8 Hz), 5.21 (s, 1H, H-1"),
5.12 (d, 1H, benzyl, J= 12.6 Hz), 4.96 (d, 1H, benzyl, J= 12.6 Hz), 4.82 (dd, 1H, Jy 3= 6.9, J» ' =2.3 Hz), 4.71-
4.65 (m, 3H, H-6', H-2", H-3"), 4.52 (t, 1H, H-4", Jyn s»= Js 5= 5.8 Hz), 4.48 (d, 1H, H-5', Js.»= 7.5 Hz), 4.37 (dd,
1H, H-5", Js» 5= 11.8, Jsv4»= 5.5 Hz), 4.27 (dd, 1H, H-5", J5s»= 11.8, Js» 4»= 6.1 Hz), 4.19 (dd, 1H, H-4', J4 5=7.5,
Jy3y=4.0 Hz), 3.70 (s, 3H, OMe), 1.64 (q, 2H, CH,CHs J= 7.7 Hz), 1.52 (q, 2H, CH,CH;, J= 7.5 Hz), 1.48 (s, 3H,
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acetonide), 1.30 (s, 3H, acetonide), 0.87-0.81 (m, 6H, CH,CH;x2);

C NMR (CDCls, 100 MHz) 5 170.4, 166.1, 163.3, 156.3, 150.1, 142.3, 136.4, 133.4, 129.9, 129.7, 128.6, 128.2,
117.2,115.1, 112.2,102.9,93.6, 86.3, 85.8, 85.0, 83.8, 82.0, 80.7, 79.2, 67.1, 65.0, 54.5, 53.0, 29.5, 29.0, 27.2, 25 .5,
8.51,7.48;

ESIMS-LR m/z 811 [(M + H)']; ESIMS-HR calcd for C4oH4sN3015 810.3080, found 810.3084;

[a]p'” —5.78 (¢ 0.92, CHCls).

NKY12-76

5-0-Acetyl-2,3-0-(3-pentylidene)-D-ribo-pentofuranose (55)

AcO O . oH A solution of 52 (500 mg, 2.29 mmol) and pyridine (1.8 mL) in CH,Cl, (20 mL) was treated
‘\g_z« with AcCl (179 uL, 2.52 mmol) at 0 °C, and the mixture was allowed to warm to room
\°)<)/ temperature and stirred for 30 min. Additional portion of AcCl (37 uL, 0.52 mmol) was added

to the reaction mixture, and stirred for 5 min. The reaction mixture was quenched by addition
of H,0, and extracted with AcOEt. The organic phase was washed with 1M ag. HCI, H,O, brine and dried (Na,SO4),

filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (10-

30% AcOEt/hexane) to afford 55 (302 mg, 1.16 mmol, 51%) as a colorless oil.

'H NMR (CDCls, 400 MHz) & 5.48 (d, 1H, H-1, J=2.7 Hz), 4.71 (d, 1H, H-2, Jr3=6.3 Hz), 4.65 (d, 1H, H-3, J3,

=6.3 Hz), 4.25-4.32 (m, 2H, H-4, H-5), 4.11 (dd, 1H, H-5, J=11.1, J=5.7 Hz), 3.04 (br s, 1H, OH-1), 2.11 (s, 3H,

OAc), 1.71 (q, 2H, CH,CH3, J= 7.4 Hz), 1.59 (q, 2H, CH,CH3, J= 7.4 Hz), 0.92 (t, 3H, CH,CHs, /= 7.5 Hz), 0.89

(t, 3H, CH,CH3;, J= 7.5 Hz). This is a known compound.

NKY12-81, NKY12-82
Methyl 5-0-[5-0-acetyl-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl]-6-benzyloxycarbonylamino-6-
deoxy-2,3-0O-isopropylidene-1-(uracil-1-yl)-B-p-glycelo-L-talo-heptofuranuronate (58)
A solution of 55 (65.0 mg, 250 wmol) in CH,Cl, (3 mL) was treated with
AcO\“" é}\ diethylaminotrifluoride (66.1 uL, 500 umol) at 0 °C for 10 min. The reaction was
(o]

o

/ quenched by addition of sat. ag. NaHCOs3, and extracted with AcOEt. The organic phase
CbzHN O </ NH  was washed with brine, dried (Na,SOy,), filtered, and concentrated in vacuo to afford a

MeO,C 0 crude fluoride 56. A solution of the crude fluoride 56 and 47 (84.4 mg, 167 umol), MS4A
g b (200 mg) in CH,Cl, (2 mL) was treated with BF5*Et,0O (9.2 uL, 73 umol) three times at
e each hour at 0 °C. The reaction mixture was stirred for totally 8 hours. EtsN (116 uL,

835 umol) was added to the reaction mixture and filtered through Celite pad. The solution was partitioned between
AcOEt and saturated aqueous NaHCOs3, and the organic phase was washed with brine and dried (Na,SOy), filtered,
and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (30-100%
AcOEt/hexane) to afford 58 (101 mg, 135 umol, 81%) as a white foam.

'H NMR (CDCls, 500 MHz) § 8.41 (br s, 1H, NH-3), 7.37-7.30 (m, 6H, Ph, H-6), 5.73-5.66 (m, 3H, NH-6', H-5,
H-1"), 5.21 (d, 1H, benzyl, J=12.1 Hz), 5.16 (s, H-1, H-1"), 5.07 (d, 1H, benzyl, /= 12.0 Hz), 4.83-4.79 (m, 2H,
H-2',H-3"), 4.67 (d, 1H, H-6', Jo nu-e= 9.7 Hz), 4.60 (d, 1H, H-2", J,» 3»= 5.8 Hz), 4.56 (d, 1H, H-3", J3. ,»=5.7 Hz),
4.47 (d, 1H, H-5', Js o= 7.4 Hz), 4.36 (t, IH, H-4", J4 5= Jg s»= 5.8 Hz), 4.22 (dd, 1H, H-4', J4 5=7.5, Jy 3= 4 Hz),
4.12 (dd, 1H, H-5", Jsn5»=12.0, J5n4»= 6.1 Hz), 3.99 (dd, 1H, H-5", Js» 5= 11.5, Js:4»= 6.3 Hz), 3.77 (s, 3H, OMe),
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2.06 (s, 3H, OAc), 1.65-1.60 (m, 2H, CH,CH3), 1.54-1.50 (m, 5H, acetonide, CH,CH3), 1.30 (s, 3H, acetonide),
0.86-0.81 (m, 6H, CH,CH3x2);

C NMR (CDCls, 100 MHz) § 170.7, 170.4, 163.4, 156.4, 150.1, 142.3, 136.3, 128.6, 128.3, 128.3, 117.1, 115.1,
102.8,93.4, 86.2, 85.8, 84.8, 83.6, 81.8, 80.6, 78.9, 67.3, 64.4, 54.5, 53.0, 29.5, 28.9, 27.2, 25.4, 20.9, 8.45, 7.41;
ESIMS-LR m/z 748 [(M + Na)']; ESIMS-HR calcd for C35sH4sN30,5 748.2923, found 748.2930;

[a]p™ —7.34 (¢ 1.03, CHCls).

NKY 16-
rac-(1S,25,3R)-2,3-0O-Isopropylidene-4-cyclopenten-1-ol (61)
A solution of 60 (193 mg, 1.66 mmol) and 2,2-dimethoxypropane (1.02 mL, 8.30 mmol) in acetone
@ OH (16 mL) was treated with pyridinium p-toluenesulfonate (20.9 mg, 83.0 umol) at room temperature
d)é) for 16 hours. The reaction was quenched by addition of Et;N (46 uL, 0.33 mmol), and concentrated
rac in vacuo. The residue was purified by silica gel column chromatography (20% AcOEt/hexane) to
afford rac-61 (216 mg, 1.38 mmol, 83%) as a colorless oil.
'H NMR (CDCls, 400 MHz) & 5.89 (s, 2H, H-4, H-5), 5.02 (d, H-3, J32=5.0Hz),4.75 (t, 1H, H-2, J, 1= J,3=5.7
Hz), 4.56 (dd, 1H, H-1, J, ou-1=10.0, J1 2= 5.4 Hz), 2.71 (d, 1H, OH-1, Jou.1,1 = 10.0 Hz), 1.44 (s, 3H, CCH3), 1.40
(s, 3H, CCH3). This is a known compound.

NKY10-77
rac-(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl p-nitrobenzoate (62)

OYQ/ NO, A solution of rac-61 (891 mg, 5.70 mmol), p-nitrobenzoic acid (1.91 g, 11.4 mmol) and
PPh; (2.24 g, 8.55 mmol) in THF (50 mL) was treated with DMEAD (2.0 g, 8.55 mmol)

o
O at room temperature for 12 hours. The reaction mixture was concentrated in vacuo. The
>< residue was purified by silica gel column chromatography (10% AcOEt/hexane) to afford
rac rac-62 (1.60 g, 5.24 mmol, 92%) as a white solid.

'HNMR (CDCl;3,400 MHz) 6 8.31-8.28 (m, 2H, aromatic), 8.22-8.18 (m, 2H, aromatic),
6.23 (d, 1H, H-4, J4 5= 5.9 Hz), 6.03 (dd, 1H, H-5, Js4=5.5,J=2.3 Hz), 5.87 (s, 1H, H-1), 5.35 (d, 1H, H-3, J3,=
5.5 Hz), 4.76 (d, 1H, H-2, J,3=5.9 Hz), 1.47 (s, 3H, CCHs), 1.39 (s, 3H, CCH3). This is a known compound.

NKY10-79, 10-80

rac-(1R,2R,3R)-2,3-O-Isopropylidene-4-cyclopentenyl methyl carbonate (63)
Gocozme A solution of rac-62 (1.60 g, 5.24 mmol) in MeOH (50 mL) and H,O (10 mL) was treated with
— NaOH (1.30 g, 31.4 mmol) at room temperature for 20 min. The reaction mixture was
0)<O concentrated in vacuo. The residue was diluted with brine and extracted with Ether, and the
rac organic phase was dried (Na,SOy), filtered, and concentrated in vacuo to afford a crude alcohol.
A solution of the crude alcohol in CH,Cl, (50 mL) and pyridine (5 mL) was treated with
CICO,Me (1.6 mL, 21 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 18 hours. Additional
portion of CICO,Me (2.4 mL, 31 mmol) and pyridine (5 mL) was added to the reaction mixture, and stirred for 10
min. The reaction was quenched by addition of H,0, and extracted with AcOEt. The organic phase was washed

with 1M aq. HCI, H,O, brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by
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silica gel column chromatography (10% AcOEt/hexane) to afford rac-63 (1.09 g, 5.09 mmol, 97% over 2 steps) as
a colorless oil.

'H NMR (CDCls, 500 MHz) & 6.16 (d, 1H, H-4, Jus=5.7Hz),5.93 (dt, 1H, H-5, Js4=5.8,J=1.2 Hz), 5.52 (s, 1H,
H-1), 5.27 (d, 1H, H-3, J5,= 5.7 Hz), 4.65 (d, 1H, H-2, J,3= 5.8 Hz), 3.81 (s, 3H, Me), 1.42 (s, 3H, CCH3), 1.35
(s, 3H, CCH3). This is a known compound.

NKY13-65
N-Benzyloxycarbonyl-N-[(1R,2R,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-2-nitrobenzenesulfonamide
(64)
@,NNstz Compound rac-63 (50.0 mg, 233 umol), NsNHCbz (86.1 mg, 256 umol) and Et;N (97.4 uL,
) 699 wmol) were dissolved in THF (2 mL). Ligand L1 (25.8 mg, 37.3 wmol) and
d)< [Pd,(dba);]-CHCl; (9.6 mg, 9.3 umol) were dissolved in THF (2 mL) and stirred for 15 minutes,

=

then this solution was slowly added to the mixture at 0 °C. The mixture was stirred for 17 hours
at room temperature. The reaction mixuture was partitioned between AcOEt and 1M ag. HCI The organic phase
was washed with H,O, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was purified by
flash silica gel column chromatography (20-30% AcOEt/hexane) to afford 64 (42.6 mg, 89.8 umol, 39%) as a white
solid.
'H NMR (CDCls, 400 MHz) & 8.03 (dd, 1H, Ns, J=8.2, J= 1.4 Hz), 7.77 (dd, 1H, Ns, J= 8.2, J= 1.2 Hz), 7.67 (td,
1H, Ns, J=7.8, J= 1.4 Hz), 7.41-7.34 (m, 4H, Ns, Ph), 7.24-7.22 (m, 2H, Ph), 5.99 (dt, 1H, H-4, J45s=5.5, Js1 =
Js3=1.8 Hz), 5.87 (dd, 1H, H-5, J5 4= 6.0, Js ;= 2.7 Hz), 5.45 (s, 1H, H-1), 5.12 (d, H-3, J5,= 6.0 Hz), 5.07 (d, 1H,
benzyl, J=11.4 Hz), 5.03 (d, 1H, benzyl, J=11.5 Hz), 4.83 (d, 1H, H-2, J5,= 6.0 Hz), 1.44 (s, 3H, CCHs), 1.34 (s,
3H, CCHs);
C NMR (CDCls, 100 MHz) & 151.3, 147.9, 136.5, 134.5, 134.4, 133.5, 133.1, 131.9, 130.1, 129.4, 129.4, 128.9,
124.7, 111.7, 85.5, 83.7, 70.0, 69.9, 27.5, 25.8;
ESIMS-LR m/z 497 [(M + Na)']; ESIMS-HR calcd for C2,H2,N,0gNa$S 497.0989, found 497.1011;
[a]p>' —84.7 (c 1.02, CHCl,).

NKY12-56
N-[(1R,2R,3R)-2,3-0O-Isopropylidene-4-cyclopentenyl]-benzyloxycarbamate (65)
: NHCbz A mixture of 64 (85.1 mg, 179 umol) and K,CO; (49.5 mg, 358 umol) in MeCN-DMF (1:1, 4

mL) was treated with 4-'Bu-benzenethiol (92.6 uL, 537 umol) at room temperature and stirred for

"

<

16 hours. The reaction mixture was partitioned between AcOEt and sat. ag. NH4Cl, and the organic

oo

phase was washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue
was purified by high-flash silica gel column chromatography (10-30% AcOEt/hexane) to afford 65 (43.8 mg, 151
umol, 84%) as a white solid.
'H NMR (CDCls, 400 MHz) & 7.35-7.29 (m, 5H, Ph), 6.00 (d, 1H, H-4, Jss=5.5Hz),5.76 (d, 1H, H-5, Js 4= 4.1
Hz), 5.23 (br s, 1H, H-3), 5.11 (br s, 2H, benzyl), 4.77 (br s, 1H, NH-1), 4.67 (d, 1H, H-1, J= 7.3 Hz), 4.52 (d, 1H,
H-2, J,3=5.0 Hz), 1.41 (s, 3H, acetonide), 1.34 (s, 3H, acetonide);
C NMR (CDCls, 100 MHz) & 155.7, 136.4, 135.7, 132.2, 128.7, 128.4, 111.7, 84.8, 84.4, 67.1, 62.8, 27.5, 25.8;
ESIMS-LR m/z 312 [(M + Na)']; ESIMS-HR calcd for C;sH20NO4 290.1387, found 290.1391;
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[a]p>> —114.4 (¢ 0.81, CH;Cl). (ca. 80% ee)

NKY12-65, 12-68
N-[(1R,2R,3R)-2,3-Di-O-(tert-Butyldimethylsilyl)-4-cyclopentenyl]-benzyloxycarbamate (69)
@,NHCbz A solution of 65 (30.0 mg, 104 umol) in AcOH (1.6 mL) and H,O (0.4 mL) was heated at
FEN 60 °C for 4 hours. The reaction mixture was concentrated in vacuo to afford a crude diol. A
TBSO OTBS
solution of crude diol and imidazole (28.3 mg, 416 wmol) in DMF (1 mL) was treated with
TBSCI (34.5 mg, 229 umol) at room temperature for 2 hours. MeOH was added to the reaction mixture, and
partitioned between AcOEt and 1M aq. HCI. The organic phase was washed with H,O, brine and dried (Na,SO,),
filtered, and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (3-
10% AcOEt/hexane) to afford 69 (41.1 mg, 86.0 umol, 83% over 2 steps) as a white solid.
'H NMR (CDCls, 400 MHz) & 7.36-7.31 (m, 5H Ph), 5.90 (d, 1H, H-4, Jas=6.0 Hz), 5.84 (d, 1H, H-5, J54= 6.0
Hz), 5.10 (br s, 1H, benzyl), 4.67 (m, 2H, NH-1, H-1), 4.46 (dd, 1H, H-3, J5,=5.0, J34=2.3 Hz), 3.86 (t, 1H, H-2,
Jo1=J21=5.1Hz), 0.89 (s, 9H, ‘Bu), 0.88 (s, 9H, ‘Bu), 0.06-0.05 (m, 12H, Mex4);
C NMR (CDCls, 100 MHz) § 155.9, 136.6, 135.0, 134.1, 128.6, 128.4, 128.3, 78.9, 74.5, 66.8, 61.3, 26.0, 26.0,
18.4,0.14,-4.05, -4.24, -4.75;
ESIMS-LR m/z 500 [(M + Na)']; ESIMS-HR calcd for C,5H4;3NNaQ,Si 500.2623, found 500.2624;

[0]*'p —152.6 (c 0.98, CH;Cl). (ca. 80% ee)

NKY13-8
N-[(1R,2R,3R)-2,3-di-O-(tert-Butyldimethylsilyl)-4,5-dihydroxycyclopentenyl]-benzyloxycarbamate (70)
OH A solution of compound 69 (743 mg, 1.56 mmol), Ks[Fe(CN)¢] (1.54 g, 4.68 mmol), K,CO;

HoﬁaNHCbz (647 mg, 4.68 mmol), NaHCO; (393 mg, 4.68 mmol), DABCO (175 mg, 1.56 mmol) and
TBSf; ‘:OTBS MeSO,NH, (148 mg, 1.56 mmol) in ‘BuOH-H,0 (2:1, 24 mL) was treated with K,0s04-2H,0
(57.5 mg, 156 wmol) at room temperature for 24 hours. After sat. aq. Na,S,03; was added, the
mixture was extracted with AcOEt. The organic phase was washed with brine and dried (Na,SO,), filtered, and
concentrated in vacuo. The residue was purified by silica gel column chromatography (10-50% AcOEt/hexane) to
afford 70 (638 mg, 1.25 mmol, 80%) as a white solid.

'H NMR (DMSO-ds, 500 MHz) & 7.37-7.30 (m, 5H, Ph), 6.69 (d, 1H, NH, Jnu1 = 9.8 Hz), 5.05 (d, 1H, benzyl, J=
12.6 Hz), 4.98 (d, 1H, benzyl, J= 12.6 Hz), 4.75 (d, 1H, OH-4, Jou.44= 5.2 Hz), 4.57 (d, 1H, OH-5, Jou.s5= 7.5
Hz), 3.98 (q, 1H, H-5, J5 1= Js54 = Json.s= 6.9 Hz), 3.95 (dd, 1H, H-2, J,, = 6.3 Hz, J,3= 4.6 Hz), 3.80 (q, 1H, H-
1, Jip=Ji5=Jinu=7.9 Hz), 3.75 (t, 1H, H-3, J3,=J34= 4.1 Hz), 3.68 (dd, 1H, H-4, J45= 8.6, J43=5.2 Hz), 0.87
(s, 9H, ‘Bu), 0.83 (s, 9H, ‘Bu), 0.07 (s, 3H, Me), 0.05 (s, 3H, Me), 0.01 (s, 3H, Me);

C NMR (CDCls, 100 MHz) 8 156.0, 137.3, 128.3, 127.7, 127.6, 76.7, 76.1, 74.7, 67.3, 65.1,57.3,25.8,17.9, 17.8,
—4.55,-4.64, -4.78;

ESIMS-LR m/z 512 [(M + H)']; ESIMS-HR calcd for C,sH40sNSi, 512.2858, found 512.2882;

[a]p'” =17.5 (¢ 1.0, CHCl3). (80% ee)
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NKY13-69,NKY13-70,NKY13-71
Methyl  5-0-[5-O-acetyl-2,3-0O-(3-pentylidene)-B—D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-
[(3R,4S,5R)-3-benzyloxycarbonylamino-4,5-di-O-(ter-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-f-p-
glycelo-L-talo-heptofuranuronate (72)

AcO Oj‘\\ A solution of the compound 70 (253 mg, 494 umol) in THF-phosphate buffer
CbzHN I""ézo (1:1, pH 7.2, 10 mL) was treated with NalO4 (211 mg, 988 umol) at room

(0] .
temperature for 2 hours. After sat. aq. Na,S,03; was added, the mixture was

TBso]@ O—
TBSO N ;0 7 NH extracted with AcOEt. The organic phase was washed with brine and dried

o N

MeO,C 0  (NaySOy), filtered, and concentrated in vacuo to afford a crude dialdehyde 71. A
o o mixture of compound 58 (123 mg, 165 umol) and Pd black (120 mg) in MeOH
P was vigorously stirred under H, atmosphere at room temperature for 30 min. The

catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo to afford a crude amine.
The mixture of the crude amine and the crude dialdehyde 71 in 1,2-DCE (800 uL) was treated with AcOH (28 uL)
and pic-BHj3 (35.3 mg, 330 umol) at room temperature for 90 hours. The reaction mixture was partitioned between
AcOEt and 1M aq. HCL. The organic phase was washed with sat. ag. NaHCOj3 and brine, dried (Na,SOy), filtered,
and concentrated in vacuo. The residue was purified by high-flash silica gel column chromatography (20-70%
AcOEt/hexane) to afford 72 (85.2 mg, 78.1 wmol, 47% over 2 steps) as a white solid.

'H NMR (CDCls, 500 MHz) & 8.25 (br s, 1H, NH-3), 7.34-7.28 (m, 6H, Ph, H-6), 6.13 (d, NH-3", JINp-aman = 8.6
Hz), 5.70 (dd, 1H, H-5, Js s = 8.0, Jsxu-3 = 1.7 Hz), 5.49 (s, 1H, H-1"), 5.11 (s, 2H, benzyl), 5.04-5.03 (m, 2H, H-2',
H-1"), 4.81 (dd, 1H, H-3', J32 = 6.6, J3.4 = 3.8 Hz), 4.60 (d, 1H, H-2", J,»3» = 6.3 Hz), 4.50 (d, 1H, H-3", J3: ,»=6.3
Hz), 4.42 (dd, 1H, H-4', J4 5 = 6.9, Jy 3 = 2.9 Hz), 4.31-4.28 (m, 2H, H-5', H-4"), 4.00 (dd, 1H, H-5", Js»s» = 11.5,
Jsvan=17.5 Hz), 3.81-3.73 (m, 6H, OMe, H-3", H-4", H-5"), 3.56 (d, 1H, H-6', J¢ s = 5.7 Hz), 3.27 (d, 1H, H-2",
Joymom=10.9 Hz), 2.97 (t, 1H, H-6", Jg» sm = Jgn ¢» = 10.3 Hz), 2.67 (d, 1H, H-2" Jomow=11.2 Hz), 2.35 (br s, 1H, H-
6"), 2.06 (s, 3H, OAc), 1.61 (m, 2H, CH,CHs), 1.48 (q, 2H, CH,CH3, J= 7.5 Hz), 1.41 (s, 3H, CCH3), 1.26 (s, 3H,
CCHs), 0.92 (s, 9H, ‘Bu), 0.87 (s, 9H, ‘Bu), 0.89-0.79 (m, 6H, CH,CH3x2), 0.14 (s, 3H, SiMe), 0.09 (s, 3H, SiMe),
0.03 (s, 3H, SiMe), 0.02 (s, 3H, SiMe);

3C NMR (CHCls, 100 MHz) & 170.5, 169.5, 163.2, 156.1, 150.2, 143.1, 136.8, 128.6, 128.4, 128.2, 116.9, 114.6,
112.3, 102.8, 95.7, 89.7, 86.4, 84.3, 84.2, 82.0, 81.8, 80.7, 80.7, 70.6, 68.3, 68.1, 66.6, 64.5, 54.6, 52.4, 51.6, 45.6,
29.8,29.6, 28.9, 26.6, 26.2, 25.9, 24.9, 20.9, 18.4, 18.2, 8.56, 7.46, —4.44, —4.57, —4.68;

ESIMS-LR m/z 1092 [(M + H)']; ESIMS-HR calcd for Cs,Hg30,7N4Si, 1091.5286, found 1091.5333;

[a]p'” +3.66 (¢ 1.10, CHCI3).
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NKY16-79, NKY16-80
Methyl  5-0-[5-O-acetyl-2,3-0O-(3-pentylidene)-B—D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-
[(3R,4S5,5R)-3-(2-nitrobenzenesulfonylamino)-4,5-di-O-(ter-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-

B-p-glycelo-L-talo-heptofuranuronate (73)

AcO g\\ A mixture of compound 72 (33.3 mg, 30.5 umol) and Pd black (30 mg) in MeOH

NsHN In,, 6’0 (1 mL) was vigorously stirred under H, atmosphere at room temperature for 2
TBSOa -~ O / 0 hours. The catalyst was filtered off through a Celite pad, and the filtrate was
TBso]gN b ﬂNH concentrated in vacuo to afford a crude amine. A solution of the crude amine and
MeO,C ° N_<O Et;N (12.8 uL, 91.5 umol) in CH,Cl, was treated with NsCI (10.1 mg, 45.8 umol)

o b at room temperature for 14 hours. The reaction mixture was partitioned between

P AcOEt and sat. ag. NaHCOs3, and the organic phase was washed with H,O and

brine, dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by preparative TLC (5%
MeOH/CHCl,) to afford 73 (9.2 mg, 8.1 wmol, 27% over 2 steps) as a white solid.

'H NMR (CDCls, 500 MHz) & 8.39 (s, 1H, NH-3), 8.16-8.15 (m, 1H, Ns), 7.81-7.80 (m, 1H, Ns), 7.74-7.72 (m, 2H,
Ns), 7.39 (d, 1H, H-6, Js5 = 8.0 Hz), 6.39 (d, 1H, NH-3"", Jnp-3» 3~ = 8.6 Hz), 5.72 (dd, 1H, H-5, J5 6 = 8.0, J5 Nxu-3
=2.3 Hz), 5.61 (d, 1H, H-1', J;» = 2.3 Hz), 5.11 (dd, 1H, H-2', J»3 = 6.9, J» 1 =2.3 Hz), 5.07 (s, 1H, H-1"), 4.83
(dd, 1H, H-3', J32 = 6.9, J3» = 3.5 Hz), 4.62 (d, 1H, H-2", J;»3» = 6.3 Hz), 4.55-4.52 (m, 2H, H-4', H-3"), 4.34 (t,
1H, H-4", Jgn s» = Jgns5» = 6.9 Hz), 4.29 (t, 1H, H-5', Js.4 = Js¢ = 6.3 Hz), 4.01-3.91 (m, 3H, H-5"x2, H-5"), 3.71 (s,
3H, OMe), 3.60 (br s, 1H, H-4"), 3.56 (d, 1H, H-6', Jo 5 = 5.7 Hz), 3.38 (d, 1H, H-3", J= 5.7 Hz), 3.24 (d, 1H, H-
2", Jymow=11.5 Hz), 2.96 (t, 1H, H-6"", Jgn s» = Jgn g» = 10.3 Hz), 2.69 (d, 1H, H-2"', Jomo,n = 12.1 Hz), 2.35 (dd, 1H,
H-6", Jgn g =10.3, Jon s» =4.6 Hz), 2.07 (s, 3H, OAc), 1.63 (s, 3H, CCH3), 1.63-1.58 (m, 2H, CH,CH3), 1.53 (q, 2H,
CH,CHs, J = 7.5 Hz), 1.39 (s, 3H, CCH3), 0.87-0.83 (m, 24H, ‘Bux2, CH,CH;3x2), —0.01 (s, 3H, SiMe), —0.03 (s,
6H, SiMe), —0.06 (s, 3H, SiMe);

C NMR (CDCls, 125 MHz) 6 170.6, 169.5, 162.8, 150.2, 148.1, 143.4, 134.6, 133.6, 132.7, 131.4, 125.2, 117.0,
115.1,112.3,102.8, 96.0, 89.0, 86.3, 84.2, 84.0, 81.9, 81.0, 70.9, 68.0, 67.7, 64.6, 55.1, 54.7,51.7, 46.2, 29.8, 29.7,
29.1,26.8, 26.0,25.9,25.1, 21.0, 18.2, 18.2, 8.62, 7.56, 0.15, —4.49, —4.63, —4.81;

ESIMS-LR m/z 1143 [(M + H)']; ESIMS-HR calcd for CsoHgoNs O19SSi 1142.4701, found 1142.4690;

[a]p™” +25.1 (¢ 0.92, CHCl3).

NKY13-40

Methyl 5-0-[2,3-0O-(3-pentylidene)-f—D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-[(3R,4S,5R)-3-
(2-nitrobenzenesulfonylamino)-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)--p-glycelo-L-
talo-heptofuranuronate (74)

HO a\\ A mixture of metallic Sm (1.5 mg, 10.1 wmol) and I, (2.6 mg, 10.1 umol) in
NsHN Iu,, 6’0 MeOH (0.5 mL) was stirred at room temperature for 5 minutes. Compound 73
TBSOa~. O / (11.5 mg, 10.1 umol) was added to the mixture and stirred at room temperature
TBSODN ~6 / NH  for 22 hours. The reaction mixture was partitioned between AcOEt and 1M agq.

N_<0 HCI, and the organic phase was washed with H,O and brine, dried (Na;SOy),

filtered, and concentrated in vacuo. The residue was purified by high-flash silica

P gel column chromatography (20-70% AcOEt/hexane) to afford 74 (8.8 mg, 8.0
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umol, 79%) as a white solid.

'H NMR (CDCls, 400 MHz) 5 8.50 (s, 1H, NH-3), 8.16-8.14 (m, 1H, Ns), 7.79-7.71 (m, 3H, Ns), 7.31 (d, 1H, H-6,
Jos=7.8 Hz), 6.66 (d, IH, NH-3", Jxp3» 3+ = 8.2 Hz), 5.73 (dd, 1H, H-5, Js5 = 8.2, Jsnu3 = 2.3 Hz), 5.59 (d, 1H,
H-1', Ji> = 1.8 Hz), 5.11 (br s, 2H, H-2', H-1"), 4.81 (dd, 1H, H-3", J32 = 6.7, J3.4 = 3.5 Hz), 4.63 (d, 1H, H-2",
Jy3= 6.0 Hz), 4.57 (d, 1H, H-3", J3:»» = 6.0 Hz), 4.49 (dd, 1H, H-4', J4 5 =7.6, Jy 3 = 3.5 Hz), 4.40 (br s, 1H, H-
4"), 4.28 (t, 1H, H-5'", Js 4 = Js.¢ =6.9 Hz), 3.96 (ddd, 1H, H-5", Jsu g = 10.4, Jsn gn = 4.6, Jsn gn = 2.4 Hz), 3.72 (s,
3H, OMe), 3.70 (t, 1H, H-5", J = 3.6 Hz), 3.66 (s, 1H, H-4"), 3.55-3.47 (m, 2H, H-6', H-5"), 3.35 (br d, 1H, H-3",
J=4.1Hz),3.20 (d, 1H, H-2", Jon;n = 11.4 Hz), 3.03 (dd, 1H, OH-5",J=9.2, J = 4.6 Hz), 2.86 (t, 1H, H-6", Jgn 5
= Jgngn=10.5 Hz), 2.74 (d, 1H, H-2", Jyn v = 12.4 Hz), 2.38 (dd, 1H, H-6", Jgn g = 10.3, Jgn s» = 4.8 Hz), 1.63-1.60
(m, 5H, CCH;, CH,CH3), 1.52 (q, 2H, CH,CH3, J = 7.5 Hz), 1.38 (s, 3H, CCH3), 0.85-0.81 (m, 24H, ‘Bux2,
CH,CH;x2), 0.02 (s, 3H, SiMe), —0.02 (s, 6H, SiMex2), —0.03 (s, 3H, SiMe);

C NMR (CDCls, 100 MHz) & 170.3, 162.8, 150.1, 148.2, 143.4, 143.3, 133.7, 132.5, 131.5, 125.1, 116.7, 115.1,
113.4,102.8, 96.4, 89.1, 88.9, 87.0, 84.2, 82.0, 81.1, 70.9, 68.5, 67.6, 63.7, 54.8, 54.6, 51.9, 46.3,29.9, 29.7, 29.1,
26.8,26.1,25.9,25.1,18.3, 18.2, 8.58, 7.57, 0.14. —4.43, —4.65, —4.81;

ESIMS-LR m/z 1101 [(M + H)"]; ESIMS-HR calcd for C4sH7gN50,5SSi, 1100.4596, found 1100.4637;

[a]p'” +16.6 (¢ 0.76, CHCl3).

NKY13-9

Methyl 5-0-[2,3-0O-(3-pentylidene)-f—D-ribo-pentofuranosyl]-6-deoxy-2,3-O-isopropylidene-6-[(3R,4S,5R)-3-
benzyloxycarbonylamino-4,5-di-O-(tert-butyldimethylsilyl)-piperid-1-yl]-1-(uracil-1-yl)-B-p-glycelo-L-talo-
heptofuranuronate (76)

HO q\\ A mixture of metallic Sm (4.0 mg, 26.5 umol) and I, (3.4 mg, 26.5 umol) in
CbzHN Iu,, é}o MeOH (1 mL) was stirred at room temperature for 5 minutes. Compound 72 (28.9
TBSO~_~, O / o mg, 26.5 umol) was added to the mixture and stirred at room temperature for 24
1'|3$o]:/\N b (/N_«NH hours. The reaction mixture was partitioned between AcOEt and 1M ag. HCI, and

° _<O the organic phase was washed with H,O and brine, dried (Na,SO,), filtered, and
o b concentrated in vacuo. The residue was purified by high-flash silica gel column
Pl chromatography (10-50% AcOEt/hexane) to afford 76 (25.7 mg, 24.5 umol,
92%) as a white solid.
'H NMR (CDCls, 500 MHz)  8.87 (s, 1H, NH-3), 7.33-7.25 (m, 6H, Ph, H-6), 6.40 (d, NH-3", JINp3van = 7.5 Hz),
5.72 (d, 1H, H-5, Js = 8.0 Hz), 5.54 (s, 1H, H-1"), 5.15-5.02 (m, 4H, benzyl, H-2', H-1"), 4.80 (br d, 1H, H-3', J=
3.5 Hz), 4.62 (d, 1H, H-2", J,»3» = 5.8 Hz), 4.59 (d, 1H, H-3", J>.3» = 5.8 Hz), 4.31-4.25 (m, 3H, H-4', H-5', H-4"),
3.88 (s, 1H, H-4"), 3.83 (br d, 1H, H-5", Jswe» = 7.5 Hz), 3.73 (s, 4H, OMe, H-3"), 3.66 (d, 1H, H-5", Js: 5 = 12.0
Hz), 3.51 (d, 1H, H-6', Jo¢ s = 6.3 Hz), 3.42 (br s, 1H, H-5"), 3.28 (br s, 1H, OH-5"), 3.16 (d, 1H, H-2"", Jom o» =12.1
Hz), 2.87 (t, 1H, H-6", Jgn sm = Jgnen = 10.1 Hz), 2.71 (d, 1H, H-2", Jom o« = 12.1 Hz), 2.36 (br s, 1H, H-6™), 1.61-
1.55 (m, 2H, CH,CHs), 1.50 (q, 2H, CH,CHj3, J = 7.3 Hz), 1.44 (s, 3H, CCHs), 1.29 (s, 3H, CCH3), 0.90 (s, 9H,
‘Bu), 0.87 (s, 9H, ‘Bu), 0.90-0.79 (m, 6H, CH,CH3x2), 0.14 (s, 3H, SiMe), 0.09 (s, 3H, SiMe), 0.04-0.04 (m, 6H,
SiMex2);
C NMR (CDCls, 100 MHz) & 169.9, 163.0, 156.2, 150.1, 142.9, 136.8, 128.6, 128.2, 128.1, 116.6, 114.7, 113.3,
102.8, 95.5, 89.3, 88.8, 87.0, 84.6, 82.0, 81.6, 80.5, 70.3, 68.6, 68.1, 66.5, 63.4, 54.5, 52.3, 51.8, 45.5, 29.8, 29.0,
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26.8,26.2,25.9,25.0, 18.4, 18.2,8.57,7.51, —4.45, —4.56, —4.70;
ESIMS-LR m/z 1050 [(M + H)"]; ESIMS-HR calcd for CsoHg O1¢N4Si; 1049.5181, found 1049.5179;
[a]p>> +0.55 (¢ 1.20, CHCI3).

NKY7-8
Methyl (28,3R)-3-0-[5-deoxy-5-(2-nitrobenzenesulfonylamino)-2,3-0-(3-pentylidene)-S-D-ribo-pento-
furanosyl]-2-benzyloxycarbonylamino-3-hydroxybutanoate (94)

A solution of 93 (2.78 g, 5.64 mmol) in benzene-THF (1:1, 50 mL) was treated with PPh;

NSHN\"._@;\ (4.43 g, 16.9 mmol) and H,O (5 mL), and the resulting mixture was heated at 50 °C for 8
00— hours. The reaction mixture was partitioned between AcOEt and brine. The organic phase

CbzHN ~6 was dried (Na,SQy), filtered, and concentrated in vacuo. The residue was roughly purified for
MeO,C excluding PPh; by silica gel column chromatography (1-5% MeOH/CHCIs), and the fractions

containing amine were collected and concentrated in vacuo. A solution of the amine and Et;N
(1.57 mL, 11.3mmol) in CH,Cl, (60 mL) was treated with NsCI (1.62 g, 7.33 mmol) at 0 °C, then warmed to room
temperature and stirred for 7 hours. The reaction mixture was quenched with sat. ag. NaHCO; and extracted with
AcOEt. The organic phase was washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo. The
residue was purified by high-flash silica gel column chromatography (30-50% AcOEt/hexane) to afford 94 (2.92 g,
4.48 mmol, 79% over 2 steps) as a yellow foam.
'H NMR (CDCls, 400 MHz) § 8.17-8.15 (m, 1H, Ns), 7.79-7.77 (m, 1H, Ns), 7.68-7.66 (m, 2H, Ns), 7.38-7.30 (m,
5H, Ph), 6.13 (t, 1H, NH-5', Jxu-s s = 6.4 Hz), 5.52 (d, 1H, NH-2, Jxu22= 9.2 Hz), 5.12 (m, 3H, H-1', benzyl), 4.62
(m, 2H, H-2', H-3"), 4.40 (dd, 1H, H-2, Jobng2= 9.4, Jo3=2.1 Hz), 4.35-4.31 (m, 1H, H-3),4.25 (t, 1H, H-4', Jy 5 =
6.0 Hz), 3.70 (s, 3H, OMe), 3.28-3.21 (m, 1H, H-5"), 3.15-3.08 (m, 1H, H-5"), 1.64 (q, 2H, CH,CH3, J= 7.6 Hz),
1.57 (q, 2H, CH,CH3s, J = 7.5 Hz), 1.27 (d, 3H, Me-4, Jume.43 = 6.4 Hz), 0.84 (t, 3H, CH,CHj3, J= 7.6 Hz), 0.84 (t,
3H, CH,CH3;, J= 7.6 Hz);
3C NMR (CDCls, 100 MHz) & 171.5, 156.7, 148.1, 136.3, 134.5, 133.6, 132.9, 130.9, 128.7, 128.4, 128.2, 125.4,
117.2,107.8, 86.3, 86.2, 82.2, 74.0, 67.4, 58.7, 52.9, 46.5, 29.4, 28.9, 16.6, 8.53, 7.50;
ESIMS-LR m/z 674 [(M + Na)']; ESIMS-HR calcd for C,0H3701,N3NaS 674.1990, found 674.1992;
[a]p> +3.85 (¢ 0.77, CHCl3).

NKY7-34
Methyl (28,3R)-3-0-{5-deoxy-N-[(1R,2S5,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-
nitrobenzenesulfonylamino)-2,3-0-(3-pentylidene)-B—n-ribo-pentofuranosyl}-2-benzyloxycarbonylamino-3-
hydroxybutanoate (95)
540 A mixture of 94 (299 mg, 459 umol), 61 (93.2 mg, 597 umol) and PPh; (181 mg, 689
ob N o umol) in THF (5 mL) was treated with DMEAD (161 mg, 689 umol) at 50 °C for 1
- \..s.. o hours. The reaction mixture was cooled to room temperature, then partitioned between
Q, AcOEt and H,O. The organic phase was washed with brine, dried (Na,SOy), filtered,

CbzHN :9 and concentrated in vacuo. The residue was purified by high-flash silica gel column
MeO,C chromatography (20-40% AcOEt/hexane) to afford 95 (377 mg, 477 umol, quant.) as a
white foam.
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'H NMR (CDCls, 400 MHz) & 8.09 (d, 1H, Ns, J = 7.8 Hz), 7.63 (d, 1H, Ns, J = 8.0 Hz), 7.52 (td, 1H, Ns, J = 8.1,
J=1.4 Hz), 7.40 (m, 5H, Ph), 6.04 (dt, 1H, H-4", Jy5» = 5.5, Jyn3 = 1.8 Hz,), 5.75 (d, 1H, NH-2, Jxp.22 = 9.6 Hz),
5.72 (dd, 1H, H-5", Js4 = 6.0, Js» 1 = 2.3Hz), 5.34 (d, 1H, H-3", J3.2» = 5.5 Hz), 5.10 (d, 2H, benzyl, J = 3.2 Hz),
5.04 (s, 1H, H-1), 5.00 (d, 1H, H-2", J,.3 = 6.0 Hz), 4.92 (br s, 1H, H-1"), 4.61 (d, 1H, H-3", J3.» = 6.0 Hz), 4.36-
430 (m, 3H, H-2, H-3, H-2"), 4.13 (dd, 1H, H-4', Jy 5 = 11.0, Jy.5= 3.2 Hz), 3.71-3.58 (m, 4H, H-5'a, OMe), 2.66
(dd, 1H, H-5"), 1.66 (q, 2H, CH,CHs, J = 7.7 Hz), 1.54 (q, 2H, CH,CH3, J = 7.5 Hz), 1.36 (s, 3H, CCH3), 1.28 (d,
3H, Me-4, Jye.s3= 6.4 Hz), 1.19 (s, 3H, CCH3), 0.90-0.83 (m, 6H, CH,CH;x2);

C NMR (CDCls, 100 MHz) & 171.2, 156.9, 148.3, 137.2, 136.5, 133.8, 132.9, 131.8, 131.6, 131.0, 128.7, 128.3,
128.1, 123.9, 116.7, 111.4, 108.8, 86.0, 85.5, 84.5, 82.1, 81.9, 75.0, 71.2, 67.1, 58.8, 58.8, 52.5, 49.1, 29.3, 28.9,
27.2,25.5,17.5,8.58, 7.55;

ESIMS-LR m/z 812 [(M + Na)']; ESIMS-HR calcd for C37H4704N3Na$S 812.2671, found 812.2679;

[a]*p +32.7 (¢ 1.02, CHCL).

NKYS8-81, 8-82
Methyl (28,3R)-3-0-{5-tert-butoxycarbonylamino-5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-
cyclopentenyl]-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl}-2-benzyloxycarbonylamino-3-
hydroxybutanoate (96)
A mixture of 95 (520 mg, 658 umol) and K,CO;3 (118 mg, 855 umol) in MeCN (7 mL)
ob A\\ was treated with 4-'Bu-benzenethiol (170 uL, 987 umol) at 0 °C and stirred for 10 hours
"'"\B.?."(},o
o .

CbzHN O

(0]

at room temperature. The reaction mixture was added 4-'Bu-benzenethiol (170 uL, 987
umol) and K,CO; (118 mg, 855 umol) and stirred for 24 hours. The reaction mixture
was partitioned between AcOEt and 1M ag. HCI. The organic phase was washed with
MeO,C sat. ag. NaHCOs, brine, dried (Na,SO,), filtered, and concentrated in vacuo to afford a
crude amine. A solution of the crude amine and Et;N (184 uL, 1.32 mmol) in THF (7 mL) was treated with Boc,O
(303 uL, 1.32 mmol) at room temperature and stirred for 20 hours. The reaction mixture was partitioned between
AcOEt and H,0, and the organic phase was washed with brine and dried (Na,;SO.), filtered, and concentrated in
vacuo. The residue was purified by high-flash silica gel column chromatography (20-40% AcOEt/hexane) to afford
96 (375 mg, 532 umol, 81% over 2 steps) as a white foam.
'H NMR (CDCls, 400 MHz) & 7.38-7.31 (m, 5H, Ph), 6.01 (br s, 1H, H-4"), 5.76 (d, 1H, H-5", J= 3.7 Hz), 5.32 (br
s, 1H, H-3"), 5.13-5.10 (m, 3H, H-1', benzyl), 4.80 (d, 1H, H-2', J» 3 = 6.4 Hz), 4.70 (br s, 1H, H-1"), 4.57 (br s, 1H,
H-3"), 4.52 (d, 1H, H-2", J5»3» = 6.0 Hz), 4.37-4.35 (m, 2H, H-2, H-3), 4.13 (dd, 1H, H-4', J=10.8, Jy#5 = 3.9 Hz),
3.70 (s, 3H, OMe), 3.44 (br s, 1H, H-5"), 2.71 (dd, 1H, H-5', Js 5 = 14.6, Js » = 4.1 Hz), 1.67 (q, 2H, CH,CH3, J =
7.5 Hz), 1.54 (q, 2H, CH,CHs, J = 7.6 Hz), 1.46 (s, 9H, ‘Bu), 1.41 (s, 3H, CCHs), 1.34 (s, 3H, CCH3), 1.24 (d, 3H,
H-4, J43= 6.4 Hz), 0.91-0.83 (m, 6H, CH,CH3%2);
C NMR (CDCls, 100 MHz) § 170.9, 156.7, 136.3, 128.7, 128.3, 128.2, 116.7, 111.3, 105.5, 86.3, 84.8, 84.5, 82.4,
81.0,71.6,70.2, 67.3, 58.8, 52.5, 49.0, 29.5, 29.1, 28.4, 27.4, 25.7, 15.6, 8.45;
ESIMS-LR m/z 728 [(M + Na)']; ESIMS-HR calcd for C3sHs3N,0,, 705.3593, found 705.3589;
[a]p'” =71.9 (¢ 0.95, CHCl5).
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NKY8-100
Compound 107

o A solution of compound 96 (30.7 mg, 43.6 wmol), K5[Fe(CN)s] (43.2 mg, 131 umol),
Bocl_‘l/"”é,o K,CO; (18.1 mg, 131 umol), NaHCO; (11.0 mg, 131 umol), DABCO (4.9 mg, 43.6

XO:G O— umol) and MeSO,NH, (4.1 mg, 43.6 umol) in ‘BuOH-H,O (1:1, 0.8 mL) was treated
o) N ~o with K,0s04-2H,0 (1.6 mg, 4.4 umol) at room temperature for 27 hours. After sat. aq.
MeO,C Na,;S,05 was added, the mixture was extracted with AcOEt. The organic phase was

washed with brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue
was purified by short silica gel column chromatography (30-50% AcOEt/hexane), and the fractions containing diol
were collected and concentrated in vacuo. A solution of the diol in THF-phosphate buffer (2:1, pH 7.2, 1.2 mL) was
treated with NalOy4 (21.8 mg, 102 wmol) at room temperature for 2 hours. After sat. ag. Na,S,03 was added, the
mixture was extracted with AcOEt. The organic phase was washed with brine and dried (Na,SO,), filtered, and
concentrated in vacuo. A mixture of the residue and Pd black (3.0 mg) in MeOH (1 mL) was vigorously stirred
under H, atmosphere at room temperature for 4 hours. The catalyst was filtered off through Celite pad, and the
filtrate was concentrated in vacuo. The residue in MeOH (4 mL) was treated with AcOH (24 uL) and Pic-BH; (8.7
mg, 81.2 umol) at room temperature. The resulting mixture was heated at 50 °C for 20 hour. Pic-BHj (4.4 mg, 41.1
umol) was added to the reaction mixture and the solution was stirred at 50 °C for 3 hours. The reaction mixture was
partitioned between AcOEt and 1M aq. HCI. The organic phase was washed with sat. ag. NaHCOj3 and brine, dried
(NaySOy), filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (10-
20% AcOEt/hexane) to afford 107 (11.0 mg, 19.3 wmol, 44% over 4 steps) as a white solid.
'H NMR (CDCls, 400 MHz, 50 °C) & 5.18 (s, 1H, H-1'), 4.65-4.50 (m, 5H, H-2', H-3', H-4', H-5', H-3"), 4.16-4.11
(m, 2H, H-3, H-5"), 3.87 (d, 1H, H-4", J4 5= 4.6 Hz), 3.69 (s, 3H, OMe), 3.42-3.31 (m, 2H, H-5', H-2"), 3.12 (d,
1H, H-2, J,3=10.5 Hz), 2.78 (m, 1H, H-6"), 2.62 (dd, 1H, H-2", Jy»»=13.3, J»3»=4.6 Hz), 2.15 (br s, 1H, H-6"),
1.69 (q, 2H, CH,CH3, J = 7.5 Hz), 1.57-1.44 (m, 14H, CH,CH3, ‘Bu, CCH3), 1.32 (s, 3H, CCH3), 1.11 (d, 3H, H-4,
Js3=5.9Hz), 0.92 (t, 3H, CH,CHs, J= 7.3 Hz), 0.86 (t, 3H, CH,CH3, J = 7.6 Hz);
*C NMR (CDCls, 100 MHz, a mixture of rotamers) & 169.2, 169.1, 155.7, 155.5, 116.8, 116.6, 108.0, 107.8, 107.5,
107.0, 87.6, 87.3, 85.4, 83.1, 83.1, 80.5, 80.4, 76.5, 72.3, 72.2, 71.6, 71.5, 68.9, 54.9, 54.6, 51.2, 50.6, 49.8, 49.1,
48.6,45.4,45.0,29.9,29.8,29.7,29.4, 28.8, 28.5, 28.4, 28.3, 26.6, 26.3, 17.4, 8.56, 8.42, 7.58, 7.37,
ESIMS-LR m/z 593 [(M + H)']; ESIMS-HR calcd for CogHys010N2Na 593.3045, found 593.3059;
[a]p”® +31.5 (¢ 0.65, CHCl3).

NKY9-37
Compound 108

o To a solution of compound 107 (11.0 mg, 19.3 umol), 2,6-di-Bu-p-cresol (0.9 mg, 4.08
BocN/""é,O umol) and Ph3;SiSH (16.9 mg, 57.9 umol) in DMF (1 mL) was added Cs,COs3 (18.9 mg,

Xoj@ 0— 57.9 wmol) and the mixture was stirred at 90 °C for 12 hours. Ph3SiSH (16.9 mg, 57.9
o N ~° umol) and Cs,CO3 (18.9 mg, 57.9 umol) were added to the reaction mixture, and the
HO,C solution was stirred at 90 °C for 24 hours. After cooling down to room temperature, the

reaction mixuture was partitioned between AcOEt and 1 M ag. HCI The organic phase

was washed with brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by silica
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gel column chromatography (1-10% MeOH/CHCIs) to afford 108 (10.9 mg, 19.6 wmol, quant.) as a white solid.
'H NMR (CDCls, 400 MHz, a mixture of rotamers) & 5.20 (s, 1H, H-1'), 4.66-4.49 (m, 5H, H-2', H-3', H-4', H-5',
H-3"), 4.23-4.10 (m, 2H, H-3, H-5"), 3.88 (d, 1H, H-4", J4 s» = 4.6 Hz), 3.45-3.29 (m, 2H, H-5', H-2"), 3.13 (t, 1H,
H-2,J,53=11.0 Hz), 2.80 (dd, 1H, H-6", Jg 6= 10.1, Jg¢» = 7.4 Hz), 2.67 (td, 1H, H-2", Jyn» = 13.4, Jon3»= 5.3 Hz),
2.30-2.19 (m, 1H, H-6"), 1.71-1.65 (m, 2H, CH,CH3), 1.60-1.45 (m, 14H, CH,CH3, CCH3, ‘Bu), 1.33-1.32 (m, 3H,
CCHsj), 1.18 (d, 3H, H-4, J43= 5.5 Hz), 0.94-0.84 (m, 6H, CH,CHs);

*C NMR (CDCls, 100 MHz, a mixture of rotamers) & 172.2, 172.2, 155.7, 155.6, 116.9, 116.6, 108.2, 107.9, 107.5,
107.0, 87.6, 87.2, 85.5, 85.4, 83.1, 83.1, 80.7, 80.6, 72.0, 71.9, 71.6, 71.5, 68.6, 54.8, 54.5, 50.6, 49.8, 49.2, 48.7,
45.3,44.9,29.9,29.7,29.4, 28.8, 28.6, 28 .4, 28.3, 26.6, 26.3, 17.5, 8.59, 8.45, 7.61, 7.39;

ESIMS-LR m/z 555 [(M — H)]; ESIMS-HR calcd for C,7H43010N; 555.2923, found 555.2926;

[a]p™ +31.5 (¢ 1.09, CHCI5).

NKY9-43
Compound 109

OH Compound 108 (10.9 mg, 19.6 umol) was treated with aq. 80% TFA (1 mL) at room
Hr:\l/"‘-é’oH temperature for 24 hours. The mixture was concentrated in vacuo, the residue was purified
HOD 0 H by C18 reverse phase column chromatography (100% H,0O, 0.1% TFA), and the fractions
HO N 9 containing compound 109 were collected and concentrated in vacuo. The residue was
HO,C partitioned between AcOEt and H,O. The aquious phase was concentrated in vacuo to

afford 109 (7.1 mg, 12.3 umol, 63%) as a white solid.

'H NMR (D0, 500 MHz)  5.09 (s, 1H, H-1"), 4.45 (dd, 1H, H-3', J = 8.9, 4.3 Hz), 4.13-4.04 (m, 5H, H-3, H-2',
H-4', H-4", H-5"), 3.64 (d, 1H, H-5', Js 5 = 14.9 Hz), 3.42 (d, 1H, H-2, J, 3 = 10.3 Hz), 3.37-3.32 (m, 2H, H-2", H-
3"),3.14 (d, 1H, H-2", J,»3»=11.5 Hz), 3.07-2.97 (m, 3H, H-5', H-6"%2), 1.23 (d, 3H, H-4, J45= 5.7 Hz);

C NMR (D,0, 1% CD;OD, 100 MHz) & 164.0, 104.3, 82.0, 75.4, 70.1, 69.5, 68.4, 64.7, 60.6, 53.4, 50.0, 49.8,
46.0, 16.8;

ESIMS-LR m/z 349 [(M + H)']; ESIMS-HR calcd for C4H,505N; 349.1605, found 349.1610

[a]p'®~18.3 (¢ 0.71, DMSO).

NKY8-36, 8-37, 8-39
Methyl 5-O-[5-deoxy-5-(2-nitrobenzenesulfonylamino)-2,3-O-(3-pentylidene)-B—D-ribo-pentofuranosyl]-6-
benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-B-p-glycelo-L-

talo-heptofuranuronate (113)

A mixture of 111 (200 mg, 274 umol), DMAP (16.7 mg, 137 wmol) and MS4A (300

NsHN\““ Oj‘o\\ mg) in THF (3 mL) was treated with Boc,O (62.9 uL, 274 mmol) at room
Q/ 0 temperature, and stirred for 1 hour. An Additional portion of Boc,O (12.6 uL, 54.8

CbzHN b ﬂ NBoc pmol) was added to the reaction mixture, and stirred for 20 minutes. The reaction
MeO,C ° N_Qo was quenched with MeOH, then filtered through a Celite pad. The solution was
S partitioned between AcOEt and sat. ag. NH4Cl. The organic phase was washed with

PN H,O0, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was

dissolved in benzene-THF (1:1, 4 mL) and added PPh; (144 mg, 548 umol) and H,O (1 mL) at room temperature.
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The resulting mixture was heated at 45 °C for 16 hours. The reaction mixture was partitioned between AcOEt and
IM aq. HCI. The organic phase was washed with H,O, brine and dried (Na,SOy), filtered, and concentrated in vacuo.
The residue was roughly purified for excluding PPhs by silica gel column chromatography (1-20% MeOH/CHCl3),
and the fractions containing the amine were collected and concentrated in vacuo. A solution of the amine and Et;N
(198 uL, 1.42 mmol) in THF (3 mL) was treated with NsCl (39.4 mg, 178 umol) at 0 °C. After stirring for 20
minutes at roose was washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was
purified m temperature, the reaction mixture was partitioned between AcOEt and sat. ag. NaHCOs. The organic
phaby high-flash silica gel column chromatography (40-70% AcOEt/hexane) to afford 113 (158 mg, 160 umol, 58%
over 3 steps) as a white foam.

'H NMR (CDCls, 400 MHz) & 8.10 (dd, 1H, Ns), 7.70-7.59 (m, 3H, Ns), 7.37-7.30 (m, 5H, Ph), 7.27-7.25 (m, 1H,
H-6), 6.27 (t, 1H, NH-5", Jxu-s+s»= 6.7 Hz), 5.77 (d, 1H, NH-6', Jxu¢ 6 = 9.6 Hz), 5.73 (d, 1H, H-5, Js 5= 8.2 Hz),
5.54 (d, 1H, H-1', Jy»= 1.8 Hz), 5.19-5.07 (m, 2H, benzyl), 5.04 (s, 1H, H-1"), 5.00 (dd, 1H, H-2', J» 3= 6.6, J> 1"
=1.6 Hz), 4.83 (dd, 1H, H-3', J3» = 6.4, J3 4= 4.6 Hz), 4.70 (dd, 1H, H-6', Js nu.s = 10.1, Jo 5= 1.8 Hz), 4.67 (m,
2H, H-2", H-3"), 4.42 (dd, 1H, H-5', Js 4= 8.2, Js ¢ = 1.8 Hz), 4.29-4.24 (m, 2H, H-4', H-4"), 3.76 (s, 3H, OMe),
3.24-3.19 (m, 2H, H-5"x2), 1.60 (s, 9H, ‘Bu), 1.60-1.47 (m, 4H, CH,CH;3x2), 1.48 (s, 3H, CCH3), 1.31 (s, 3H,
CCHs), 0.81-0.77 (m, 6H, CH,CH3%2);

C NMR (CDCls, 100 MHz) 5 171.5, 160.2, 156.3, 148.6, 148.0, 147.4, 142.2, 136.4, 134.2, 133.5, 132.7, 130.7,
128.6,128.3,128.1, 125.1, 117.0, 115.0, 113.0, 102.5, 95.7, 87.3, 87.2, 86.7, 86.3, 84.4, 82.1, 81.0, 80.2, 67.3, 55.1,
53.2,46.1,29.3,28.9, 27.5, 27.1, 25.4, 8.54, 7.54;

ESIMS-LR m/z 1012 [(M + Na)']; ESIMS-HR calcd for C44HssN509NaS 1012.3104, found 1012.3104;

[a]p" +56.7 (¢ 0.76, CHCl;).

NKY10-78

Methyl 5-0-{5-deoxy-N-[(1R,2S5,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-nitrobenzene-
sulfonylamino)-2,3-0O-(3-pentylidene)-p—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-p-p-glycelo-L-talo-heptofuranuronate (114)

%0 Compound 113 (40.0 mg, 40.4 umol), rac-63 (19.9 mg, 92.9 umol) and Et;N
ob q\\ (16.9 uL, 121 wmol) were dissolved in THF (0.5 mL). Ligand L1 (4.5 mg, 6.5
HIN\N,ﬁ,élo umol) and Pd,(dba);-CHCI; (1.7 mg, 1.6 umol) were dissolved in THF (0.5

o ! P mL) and stirred for 30 minutes, then this solution was slowly added to the

o ¢ 2 _ . .
CbzHN ~0 _«NBOC mixture at 0 °C. The mixture was stirred for 6 hours at room temperature. The

MeO,C o reaction mixuture was partitioned between AcOEt and sat. ag. NH4Cl The
0. o organic phase was washed with H,O, brine and dried (Na,SO,), filtered, and
< concentrated in vacuo. The residue was purified by flash silica gel column

chromatography (20-30% acetone/hexane) to afford 114 (25.6 mg, 22.7 umol, 56%) as a white foam and 113 (13.3
mg, 13.4 umol, 33%) as a white foam.

'H NMR (CDCls, 400 MHz) & 8.10 (d, 1H, Ns, J= 8.2 Hz), 7.62 (td, 1H, Ns, J= 7.8, 1.3 Hz), 7.46 (td, 1H, Ns, J=
7.8, J= 0.9 Hz), 7.35-7.34 (m, 6H, H-6, Ph), 6.96 (d, 1H, Ns, J= 8.2 Hz), 6.05-6.03 (m, 2H, H-4", NH-6"), 5.78-
5.76 (m, 2H, H-5, H-5"), 5.59 (d, 1H, H-1', J1»=2.3 Hz), 5.38 (d, 1H, H-3"", J3=,»= 5.0 Hz), 5.14-5.01 (m, 3H, H-
2", benzyl), 4.96-4.94 (m, 2H, H-1", H-1"), 4.90 (dd, 1H, H-2', J»3= 6.7, Jo = 2.2 Hz), 4.67-4.65 (m, 2H, H-6',
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H-3"), 4.45 (dd, 1H, H-5', Js.4= 7.6, Js.¢= 1.6 Hz), 4.26 (dd, 1H, H-4', Jy.5=7.6, Jx3= 4.4 Hz), 4.16 (d, 1H, H-2",
Jynzn=6.0 Hz), 4.08 (dd, 1H, H-4", Jy 5= 11.2, Jun5» = 3.0 Hz), 3.70 (s, 3H, OMe), 3.64 (dd, 1H, H-5", Js5:= 15.6,
Jsi 4= 11.5 Hz), 2.62 (dd, 1H, H-5", Js.5:= 17.0, Js 4= 3.2 Hz), 1.66-1.48 (m, 16H, ‘Bu, CH,CH3%2, CCH3), 1.35
(s, 3H, CCHs), 1.33 (s, 3H, CCH3), 1.16 (s, 3H, CCH3), 0.81 (t, 6H, CH,CH3x2, J= 7.1 Hz);

C NMR (CDCls, 100 MHz) 5 170.8, 160.3, 156.7, 148.6, 148.0, 147.5, 141.5, 137.2, 136.6, 133.8, 132.6, 132.5,
131.6, 131.4, 128.7, 128.3, 128.1, 123.7, 116.6, 115.1, 113.4, 111.4, 102.5, 94.5, 87.2, 87.1, 85.8, 85.3, 84.5, 84.3,
81.7, 81.5, 80.6, 80.4, 70.9, 67.1, 55.4, 52.8, 48.2, 29.2, 28.9, 27.6, 27.3, 27.2, 25.5, 25.5, 8.66, 7.63;

ESIMS-LR m/z 1151 [(M + Na)']; ESIMS-HR calcd for Cs,HesNsO,;NaS 1150.3785, found 1150.3770;

[a]p> +69.4 (¢ 0.85, CHCI3).

NKY10-81
Methyl 5-0-{5-deoxy-N-[(1S5,2R,35)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-
nitrobenzenesulfonylamino)-2,3-0O-(3-pentylidene)-B—n-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-
deoxy-2,3-0O-isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-B-p-glycelo-L-talo-heptofuranuronate (115)
Compound 113 (60.0 mg, 60.6 umol), carbonate rac-63 (29.8 mg, 139 umol)
and Et;N (25.4 uL, 182 umol) were dissolved in THF (0.5 mL). Ligand L2 (6.7
mg, 9.7 umol) and Pd,(dba);-CHCI; (2.5 mg, 2.4 umol) were dissolved in THF
(0.5 mL) and stirred for 30 minutes, after which this solution was slowly added
to the mixture at 0 °C. The mixture was stirred for 1 hour at room temperature.
The reaction mixuture was partitioned between AcOEt and sat. ag. NH4Cl The

organic phase was washed with H,O, brine and dried (Na,SO,), filtered, and

concentrated in vacuo. The residue was purified by silica gel column
chromatography (20-30% acetone/hexane) to afford 115 (66.3 mg, 58.8 umol, 97%) as a white foam.

'H NMR (CDCls, 400 MHz)  8.07 (dd, 1H, Ns, J= 7.8, J= 1.4 Hz), 7.66-7.56 (m, 2H, Ns), 7.34-7.31 (m, 7H, H-
6, Ns, Ph), 6.09 (d, 1H, H-4", J4s»= 6.0 Hz), 5.79 (d, 1H, NH-6', Jnue6 = 10.1 Hz), 5.76 (d, 1H, H-5, Jss= 8.2
Hz), 5.59 (brs, 2H, H-1', H-5"), 5.22 (d, 1H, H-3"', J= 6.0 Hz), 5.16-5.01 (m, 3H, H-1", benzyl), 4.91-4.87 (m, 2H,
H-2', H-2"), 4.80-4.77 (m, 2H, H-3', H-1"), 4.66-4.64 (m, 3H, H-6', H-3", H-2"), 4.44 (d, 1H, H-5', Js 4= 9.2 Hz),
4.25-4.22 (m, 1H, H-4"), 3.91 (dd, 1H, H-4", Jys»= 11.7, Jgs»= 3.9 Hz), 3.71 (s, 3H, OMe), 3.44 (dd, 1H, H-5",
Jsisn=15.1, Jygo=11.5 Hz), 3.07 (dd, 1H, H-5", Js» 5= 15.1, Js1 4o= 4..6 Hz), 1.60 (s, 9H, ‘Bu), 1.60-1.49 (m, 4H,
CH,CH3x2), 1.40 (s, 3H, CCH3), 1.32 (s, 3H, CCHs), 0.83-0.79 (m, 6H, CH,CH1x2);

C NMR (CDCls, 100 MHz) 5 170.5, 160.3, 156.5, 148.6, 148.1, 147.5, 141.5, 137.8, 136.5, 133.9, 132.9, 132.0,
131.5,129.7, 128.6, 128.3, 128.3, 124.3, 117.0, 115.1, 112.6, 111.9, 102.6, 94.5, 87.2, 87.0, 85.9, 84.8, 84.5, 84.2,
83.9, 81.1, 80.7, 79.9, 70.4, 67.2, 55.1, 52.9, 48.3, 29.4, 29.0, 27.6, 27.2, 27.2, 25.5, 25.4, 8.62, 7.63;

ESIMS-LR m/z 1150 [(M + Na)']; ESIMS-HR calcd for Cs,HgsNsO,;NaS 1150.3785, found 1150.3779;

[a]”p +81.4 (c 0.88, CHC;).
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NKY10-84,

Methyl 5-0-{5-deoxy-N-[(1R,2S,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-5-(2-nitrobenzene-
sulfonylamino)-2,3-0O-(3-pentylidene)-f—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(uracil-1-yl)-B-p-glycelo-L-talo-heptofuranuronate (116)

%O A solution of 114 (25.6 mg, 22.7 umol) in MeOH (1 mL) was treated with AcOH

ob A\\ (100 uL) at 60 °C and stirred for 10 hours. The reaction mixture was partitioned

'N\le é}o between AcOEt and sat. ag. NaHCO3_ The organic phase was washed with brine

o o and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was purified

CbzHN ~6 (/N—_:NH by silica gel column chromatography (60-70% AcOEt/hexane) to afford 116 (18.1
MeO,C ° 0  mg, 17.6 wmol, 78%) as a white solid.

o o 'H NMR (CDCls, 400 MHz) & 8.83 (s, 1H, NH-3), 8.10 (d, 1H, Ns, J= 7.8 Hz),

> 7.62 (t, 1H, Ns, J= 7.8 Hz), 7.44 (t, 1H, Ns, J= 7.8 Hz), 7.35-7.33 (m, 6H, H-6,

Ph), 6.91 (d, 1H, Ns, J=7.8 Hz), 6.06-6.03 (m, 2H, NH-6', H-4"), 5.79 (d, 1H, H-5"", J= 3.2 Hz), 5.74 (dd, 1H, H-
5,J56= 8.2, Jsnus= 1.8 Hz), 5.59 (d, 1H, H-1', J= 1.8 Hz), 5.37 (d, 1H, H-3", J3n»= 5.0 Hz), 5.13 (m, 6H, H-2',
H-2", H-1", H-1", benzyl), 4.82 (t, 1H, H-3", J3.5= J3.4= 5.5 Hz), 4.68 (d, 1H, H-3", J3.,»= 5.5 Hz), 4.64 (d, 1H, H-
6', Joxue=10.0 Hz), 4.42 (d, 1H, H-5", J5 4= 8.2 Hz), 4.26 (dd, 1H, H-4', J4.5= 8.0, Jy 3= 4.4 Hz), 4.14 (d, 1H, H-
2", Jynzn= 6.0 Hz), 4.07 (dd, 1H, H-4", Jy»5o= 11.4, Jpn5v= 3.2 Hz), 3.71 (s, 3H, OMe), 3.64 (dd, 1H, H-5", Js: 5=
15.4, Js 4= 11.7 Hz), 2.58 (dd, 1H, Js:5:= 15.6, Js: 4= 3.2 Hz), 1.59-1.16 (m ,16H, ‘Bu, CCHs, CH,CH;x2), 0.80
(t, 6H, CH,CH3x2, J= 7.4 Hz);

C NMR (CDCls, 100 MHz) & 170.8, 163.2, 156.7, 150.1, 148.0, 143.0, 137.3, 136.6, 133.8, 132.6, 132.4, 131.5,
131.4, 128.7, 128.3, 128.1, 123.7, 116.4, 115.1, 113.3, 111.4, 102.7, 94.9, 86.6, 85.8, 85.3, 84.5, 84.1, 81.6, 81.5,
81.0, 80.7, 70.9, 67.1, 55.2, 52.8, 48.2, 29.4, 28.8, 27.3,27.2, 25.5, 8.66, 7.46;

ESIMS-LR m/z 1050 [(M + Na)']; ESIMS-HR calcd for C47Hs7N5O1oNa$S 1050.3261, found 1050.3253;

[a]*’p +78.9 (¢ 1.12, CHCl3).

Prepared by Mitsunobu reaction (NKY9-48, 9-49)

To a solution of 113 (393 mg, 393 umol), 61 (124 mg, 794 wmol) and PhOPPh; (221 mg, 794 umol) in THF (4 mL)
was added a solution of DMEAD (186 mg, 794 umol) in THF (1 mL) at 50 °C, and the reaction mixture was stirred
for 1 hour. The mixuture was partitioned between AcOEt and H,0, and. the organic phase was washed with brine
and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was dissolved with MeOH (4 mL) and AcOH
(0.4 mL), then heated at 60 °C for 46 hours. After cooling to room temperature, the mixture was partitioned between
AcOEt and sat. ag. NaHCOs, and. the organic phase was washed with brine and dried (Na,SOy), filtered, and
concentrated in vacuo. The residue was high-flash silica gel column chromatography (20-50% acetone/hexane) to

afford 116 (236 mg, 230 wmol, 58% over 2 steps) as a white foam.
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NKY 12-7

rac-(15,2R,3R)-2,3-0O-Isopropylidene-4-cyclopentenyl methyl carbonate (117)
@"'OCOZMe A solution of compound rac-61 (1.37 g, 8.77 mmol) in pyridine (4.3 mL) and CH,Cl, (40 mL)
Ik was treated with CICO,Me (2.49 g, 26.3 mmol) at 0 °C for 2 hours. The reaction was quenched

o__o
P with H,O, and the resulting mixture was partitioned between AcOEt and 1M aq. HCI. The organic

e phase was washed H,O, brine and dried (Na,S0O.), filtered, and concentrated in vacuo to afford
117 (1.58 g, 7.38 mmol, 84%) as a colorless oil. This copound was used to the next reaction without further
purification.
'H NMR (CDCl, 400 MHz) & 6.10 (dt, 1H, H-4, Js5=6.0Hz, J4; = 1.8 Hz), 5.91 (dd, 1H, H-5, Js4 = 6.0 Hz, Js
=1.8 Hz), 5.30 (dt, 1H, H-1, J,, = 5.5 Hz, J14=J,5=1.6 Hz), 5.03 (dd, 1H, H-3, J3, = 5.8 Hz, J3 4= 1.6 Hz), 4.92
(dd, 1H, H-2, J»1 = J»3=15.5 Hz), 3.83 (s, 3H, OMe), 1.40 (s, 3H, CCHs), 1.38 (s, 3H, CCHs).
C NMR (CDCls, 100 MHz) & 155.3, 135.4, 131.5, 113.2, 83.4, 78.7, 76.8, 55.0, 27.5, 26.9;
ESIMS-LR m/z 237 [(M + Na)']; ESIMS-HR calcd for CoH;405Na 237.0733, found 237.0729;

NKY 12-9
rac-Cyclic carbonate (119)
A solution of compound rac-117 (1.58 g, 7.38 mmol) in CH,Cl, (60 mL) and H,O (5 mL) was

«aQ
o )§0 treated with TFA (10 mL) at room temperature for 4 hours. The reaction was quenched with

8 .
& ?,

HO
rac NaHCOs, and the resulting mixture was extracted with AcOEt. The organic phase was dried

(NayS0y), filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (30-50% AcOEt/hexane) to afford rac-119 (833 mg, 5.86 mmol, 79%) as a colorless oil.
'H NMR (CDCls, 400 MHz) & 6.25 (d, 1H, H-4, Jss=6.0 Hz), 6.03 (dt, 1H H-5, J54= 6.0 Hz, J= 1.6 Hz), 5.41 (d,
1H, H-1, J1, = 6.4 Hz), 5.15 (t, 1H, H-2, J,; = 6.0 Hz, J, 3 = 6.0 Hz), 4.90 (dd, 1H, H-3, J3 013 = 11.0 Hz, J3, = 5.5
Hz), 2.49 (d, 1H, OH-3, Jou-33 = 11.0 Hz,);
C NMR (CDCls, 100 MHz) & 154.1, 140.0, 128.7, 82.4, 75.4;
ESIMS-LR m/z 143 [(M + Na)']; ESIMS-HR calcd for C4H;04 143.0339, found 143.0343.

NKY11-24
Methyl 5-0-{5-deoxy-N-[(1S,2S5,3R)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-
O-(3-pentylidene)-f—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-

tert-butoxycarbonyluracil-1-yl)-p-p-glycelo-L-talo-heptofuranuronate (120)

Ho OH Compound 113 (30.0 mg, 30.3 wmol), carbonate rac-119 (9.9 mg, 69.7 umol)
b—NNs a\\ and Et;N (12.7 uL, 90.9 umol) were dissolved in 1,4-dioxane (0.5 mL). Ligand
\----6,0 o L2 (3.4 mg, 4.9 umol) and Pd,(dba);-CHCI; (1.3 mg, 1.21 wmol) were

o 6 //—4 dissolved in 1,4-dioxane (0.5 mL) and stirred for 30 minutes, then this solution

CbzHN R o \N _«NBOC was slowly added to the mixture at room temperature. The mixture was stirred

Me0,C 0 for 9 hours at room temperature. The reaction mixuture was partitioned

o)< o) between AcOEt and sat. ag. NH4Cl. The organic phase was washed with H,O,

brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was

purified by flash silica gel column chromatography (66-100% AcOEt/hexane) to afford 120 (17.0 mg, 15.6 umol,
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49%) as a white solid.

'H NMR (CDCls, 400 MHz) & 8.12 (d, 1H, Ns, J = 7.3 Hz), 7.95-7.76 (m, 4H, Ns, H-6), 7.35-7.29 (m, 5H, Ph),
7.17 (d, 1H, NH-6', JNn.¢.¢ = 9.1 Hz), 5.90 (dt, 1H, H-4", J4=5» = 6.0 Hz, J= 1.8 Hz), 5.85-5.83, (m, 2H, H-5, H-1")
5.49 (d,1H, H-5", Jsw4n= 6.0 Hz), 5.22 (d, 1H, OH-3", Jop.3» 3 = 5.0 Hz), 5.12-5.08 (m, 4H, benzyl, H-2', H-2"),
4.90 (s, 1H, H-1"), 4.85 (d, 1H, OH-2", Jop.2»o» = 5.5 Hz), 4.77 (dd, 1H, H-3', /= 6.4 Hz, J= 4.6 Hz), 4.69 (d, 1H,
H-1", Jymomw = 6.9 Hz), 4.56 (d, 1H, H-3", J5.,» = 5.9 Hz), 4.43-4.34 (m, 3H, H-5', H-6', H-4"), 4.23 (br s, |H, H-3""),
4.15-4.09 (m, 2H, H-4', H-2"), 3.56 (s, 3H, OMe), 3.34 (o, 1H, H-5"), 2.99 (dd, 1H, H-5", Js»s» = 15.1 Hz Jsp4» =
4.6 Hz), 1.51 (s, 9H, ‘Bu), 1.42-1.34 (m, 7H, acetonide, CH,CH;3 X 2), 1.27 (s, 3H, acetonide), 0.71 (t, 3H, CH,CHj,
J=17.6 Hz), 0.65 (t, 3H, CH,CH; J= 7.6 Hz);

CNMR (DMSO-dg, 100 MHz) § 170.1, 160.0, 156.3, 148.2, 147.8, 147.5, 143.9, 136.8, 136.6, 134.6, 132.2, 1312,
130.2, 129.6, 128.3, 127.8, 127.5, 124.0, 114.8, 113.5, 111.4, 101.1, 93.1, 86.8, 86.2, 85.6, 84.7, 83.7, 83.7, 81.0,
80.8,79.2,78.5,71.9,70.7, 65.7, 64.1, 54.9, 52.3, 47.7, 29.0, 28.4, 27.0, 27.0, 25.1, 8.35, 7.26;

ESIMS-LR m/z 1088 [(M + H)']; ESIMS-HR calcd for C49Hg,NsO,;S 1088.3653, found 1088.3621;

[a]p’ +60.2 (¢ 0.95, CHCI3).

NKY11-51
Methyl 5-0-{5-deoxy-N-[(1R,2R,3S5)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-
O-(3-pentylidene)-f—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-

tert-butoxycarbonyluracil-1-yl)-p-p-glycelo-L-talo-heptofuranuronate (121)

OH Compound 113 (300 mg, 303 umol), carbonate rac-119 (99.1 mg, 697 umol)
HO :
., Q N Oj‘\\ and Et;N (127 pL, 909 umol) were dissolved in 1,4-dioxane (3 mL). Ligand
.'\NNs

\----6/0 o L1 (34 mg, 48.5 umol) and Pd,(dba);-CHCI; (13 mg, 12.1 wmol) were
0 : dissolved in 1,4-dioxane (3 mL) and stirred for 30 minutes, then this solution

cozin O ¢ NBoc . . .
s o N—< was slowly added to the mixture at room temperature. The mixture was stirred
MeO,C o for 12 hours at room temperature. The reaction mixuture was partitioned
())< o) between AcOEt and sat. aq. NH4CI. The organic phase was washed with H,O,

brine and dried (Na,S0O,), filtered, and concentrated in vacuo. The residue was
purified by flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 121 (187 mg, 172 umol,
57%) as a white foam and 113 (49 mg, 49.5 umol, 16%) as a white foam.
'H NMR (DMSO-dg,, 400 MHz) & 8.11 (d, 1H, Ns, J = 8.2 Hz), 7.93 (d, H-6, Jos = 8.2 Hz), 7.86 (dd, 1H, Ns, J =
8.0 Hz, J=1.2 Hz), 7.79 (t, 1H, Ns, J= 7.1 Hz), 7.72 (t, 1H, Ns, J = 7.8 Hz), 7.36-7.31 (m, Ph, 5H), 7.15 (d, 1H,
NH-6', Jnu6.6 = 9.2 Hz), 6.03-6.02 (m, 1H, H-4™), 5.85 (s, 1H, H-1"), 5.83 (d, 1H, H-5, Js s = 8.2 Hz), 5.69 (d, 1H,
H-5", Jsuw4n= 6.4 Hz), 5.13-5.01 (m, 4H, benzyl, H-2', OH-3"), 4.91 (s, 1H, H-1"), 4.79-4.76 (m, 2H, H-3', H-2"),
4.64 (d, 1H, H-1", Jyno» = 6.0 Hz), 4.58-4.54 (m, 2H, H-3", OH-2", 4.43-4.40 (m, H-5', H-6', H-4"), 4.30 (t, 1H, H-
3", Jawom=6.0 Hz), 4.17-4.12 (m, 2H, H-4', H-2""), 3.59 (s, 3H, OMe), 3.33 (o0, 1H, H-5"), 3.13 (dd, 1H,H-5", Js" s
=15.6 Hz, Js»4»=3.2Hz), 1.50 (s, 9H, ‘Bu), 1.42-1.37 (m, 7H, acetonide, CH,CHj3 X 2), 1.26 (s, 3H, acetonide), 0.73
(t, 3H, CH,CH3, J=7.6 Hz), 0.64 (t, 3H, CH,CH3, J = 7.6 Hz);
CNMR (DMSO-dg, 125 MHz) § 170.3, 160.0, 156.2, 148.2, 147.8, 147.5, 143.8, 137.3, 136.9, 134.3, 132.3, 131.9,
130.0, 128.3, 127.8, 127.6, 124.0, 115.1, 113.4, 111.5, 101.1, 93.1, 86.7, 86.2, 85.3, 83.9, 83.7, 81.6, 80.7, 79.2,
79.0,72.2,70.7, 65.7, 64.3, 55.0, 52.4, 47.6, 29.0,28.5, 27.0, 26.9, 25.2, 8.36, 7.25;
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ESIMS-LR m/z 1088 [(M + H)']; ESIMS-HR calcd for C4oHgNsO2;S 1088.3653, found 1088.3621;
[a]p'® +4.85 (¢ 0.61, CHCI3).

NKY9-52, 9-54
Methyl 5-0-{5-tert-butoxycarbonyl-5-deoxy-/N-[(1R,2S,3R)-2,3-O-isopropylidene-4-cyclopentenyl]-2,3-0-(3-
pentylidene)-B—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(uracil-

1-yl)-B-p-glycelo-L-talo-heptofuranuronate (122)

%0 A mixture of 116 (236 mg, 230 umol) and K,COs3 (41.3 mg, 299 umol) in MeCN
ob A\\ (3 mL) was treated with 4-Bu-benzenethiol (59.5 uL, 345 umol) at room
'”N\B,?_cé,o temperature and stirred for 16 hours. The reaction mixture was added 4-"Bu-

o A benzenethiol (29.8 uL, 173 umol) and K,CO; (20.7 mg, 150 wmol) and stirred for

CozHN, O (/N__:NH 20 hours. The reaction mixture was partitioned between AcOEt and sat. agq.
MeO,C ° O  NH,CI, and the organic phase was washed with brine and dried (Na,SO,), filtered,

0. O and concentrated in vacuo to afford a crude amine. A solution of the crude amine

e and EtN (192 uL, 1.38 mmol) in THF (3 mL) was treated with Boc,O (476 uL,

2.07 mmol) at room temperature and stirred for 30 hours. The reaction mixture was partitioned between AcOEt and
IM aq. HCI, and the organic phase was washed with H,O, brine and dried (Na,SOy), filtered, and concentrated in
vacuo. The residue was purified by high-flash silica gel column chromatography (40-70% AcOEt/hexane) to afford
122 (177 mg, 188 wmol, 82% over 2 steps) as a white foam.

'H NMR (CD;0D, 400 MHz) & 7.66 (d, 1H, H-6, Jos=8.2 Hz), 7.39-7.28 (m, 5H, phenyl), 5.99 (d, 1H, H-4", Jgn sn
=6.0 Hz), 5.79 (br s, 1H, H-5"), 5.70 (d, 1H, H-1', J;» = 1.8 Hz), 5.66 (d, 1H, H-5, Jss = 8.2 Hz), 5.35 (d, 1H, H-
3", Jymm=3.6 Hz) 5.18 (d, 1H, benzyl, J = 12.8 Hz), 5.11-5.08 (m, 2H, H-2', benzyl), 5.05 (s, 1H, H-1"), 4.86-4.84
(m, 1H, H-3"), 4.72-4.67 (m, 3H, H-2", H-3", H-1"), 4.57 (d, 1H, H-6', Jo s = 2.3 Hz), 4.52-4.48 (m, 2H, H-5', H-
2™, 4.21 (dd, 1H, H-4', J=9.0, J = 4.4 Hz), 4.03 (dd, 1H, H-4", J=11.0, 4.1 Hz), 3.75 (s, 3H, OMe), 3.48 (br s,
1H, H-5"), 2.74 (d, 1H, H-5", J = 13.6 Hz), 1.62-1.45 (m, 16H, ‘Bu, CH,CH;x2, CCH3), 1.37 (s, 3H, CCH3), 1.32
(s, 6H, CCH;3%2), 0.83-0.78 (m, 6H, CH,CH3x2);

C NMR (CD;OD, 100 MHz) & 172.1, 166.3, 158.7, 152.0, 145.7, 138.1, 129.5, 129.1, 129.0, 128.8, 117.5, 115.5,
113.1,112.4, 102.9, 96.5, 88.7, 87.3, 86.1, 85.7, 83.4, 82.9, 82.4, 81.1, 71.6, 67.9, 56.4, 53.3, 30.6, 30.0, 28.6, 27.6,
27.5,25.7,25.6,8.74,7.74;

ESIMS-LR m/z 965 [(M + Na)']; ESIMS-HR calcd for C4sHg,07N4Na 965.4002, found 965.4000;

[a]p™ ~49.9 (¢ 1.07, CHCl5).
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NKY11-33,11-36,11-37, 11-38
Compound 124
a\\ A solution of compound 122 (53.6 mg, 56.8 umol), K3[Fe(CN)s] (112 mg, 341
BocN~ o umol), K,CO3 (23.5 mg, 170 umol), NaHCO; (14.3 mg, 170 wmol), quinuclidine
o] : Oé’ 0 (6.3 mg, 56.8 umol) and MeSO,NH, (5.4 mg, 56.8 umol) in ‘BuOH-THF-H,0
><o]\/)‘l b {\l NH (1:1:1, 1.5 mL) was treated with K,0s04-2H,0 (6.3 mg, 17.0 umol) at room
o)

_<

MeO,C O temperature for 16 hours. After sat. aq. Na,S,0; was added, the mixture was
o o extracted with AcOEt. The organic phase was washed with brine and dried
)< (NaySO0y), filtered, and concentrated in vacuo. The residue was purified by short

silica gel column chromatography (100 % AcOEt), and the fractions containing the diol were collected and
concentrated in vacuo. A solution of the diol in THF-phosphate buffer (2:1, pH 7.2, 1.2 mL) was treated with NalO4
(30.4 mg, 142 wmol) at room temperature for 2 hours. After sat. ag. Na,S,03 was added, the mixture was extracted
with AcOEt. The organic phase was washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo. The
residue was purified by short silicagel column chromatography (50%-100 % AcOEt/hexane), and the fractions
containing dialdehyde were collected and concentrated in vacuo. A mixture of the dialdehyde and Pd black (6.0 mg)
in THF (1 mL) was vigorously stirred under H, atmosphere at room temperature for 1 hour. The catalyst was filtered
off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in THF-MeOH (1:1, 6 mL) was
treated with AcOH (97 uL) and pic-BH3 (24.3 mg, 227 umol) at room temperature. The resulting mixture was
heated at 50 °C for 1 hour. The reaction mixture was partitioned between AcOEt and 1M aq. HCI. The organic phase
was washed with sat. ag. NaHCOj3 and brine, dried (Na,SOy), filtered, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (40-50% AcOEt/hexane) to afford 124 (12.5 mg, 15.5 umol, 27%
over 4 steps) as a white solid.

'H NMR (CDCls, 500 MHz, a mixture of rotamars) 8 8.17 (s, 1H, NH-3), 7.29 (d, 1H, H-6, Jss=8.0 Hz), 5.74 (d,
1H, H-5, Jss = 8.1 Hz), 5.69 (s, 1H, H-1"), 5.32 (d, 1H, H-1", J = 8.0 Hz), 4.86-4.84 (m, 2H, H-2', H-3"), 4.64-4.36
(m, 6H, H-5', H-2", H-3", H-4", H-5", H-3""), 4.18 (br s, 1H, H-5"), 3.95 (dt, 1H, H-4', J=14.9, J=4.3 Hz), 3.87
(s, 1H, H-4"), 3.66 (d, 3H, OMe, J = 6.3 Hz), 3.47-3.33 (m, 3H, H-6', H-5", H-2"), 2.78 (t, 1H, H-6"", Jg» gn = Jgn 5m
= 8.9 Hz), 2.50 (td, 1H, H-2",J=13.8, J=5.8 Hz), 2.17 (dt, 1H, H-6", J=32.1, J=10.9 Hz), 1.69-1.25 (m, 25H,
CH,CH;x2, CCH3x4, ‘Bu), 0.92-0.84 (m, 6H, CH,CH3x2);

C NMR (CDCls, 100 MHz) & 168.0, 167.9, 162.4, 155.5, 155.3, 149.6, 141.7, 117.2, 116.8, 115.4, 110.2, 109.6,
108.2,107.9,102.8,91.7,91.6, 88.0, 87.7, 85.6, 85.5, 85.5, 83.9, 82.7, 80.7, 80.6, 79.5, 79.3, 71.6, 71.5, 71.4, 67.9,
67.7, 55.0, 54.7, 51.4, 50.5, 49.7, 49.2, 48.7, 45.7, 45.3, 30.1, 29.9, 29.8, 29.6, 29.5, 29.0, 28.6, 28.5, 28.3, 27.6,
26.7,26.3,25.8, 8.55, 8.40, 7.65, 7.41;

ESIMS-LR m/z 807 [(M — Na) ]; ESIMS-HR calcd for C33Hs50,5N4 807.3669, found 807.3681;

[a]p" +25.5 (¢ 0.47, CHCL3).
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NKY9-42
Compound 125
To the solution of compound 124 (5.5 mg, 6.8 umol), 2,6-di-Bu-p-cresol (0.3 mg,

1.36 wmol) and Ph;SiSH (11.9 mg, 40.8 umol) in DMF (400 uL) was added

Cs,COs3 (13.3 mg, 40.8 umol) and the mixture was stirred at 90 °C for 26 hours.

NH " After cooling down to room temperature, the reaction mixuture was partitioned

0  between AcOEt and 0.3 M agq. HCI The organic phase was washed with brine and
dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (1-5% MeOH/CHCI;) to afford 125 (3.4 mg,

4.28 wmol, 63%) as a white solid.

'H NMR (CDCls, 500 MHz, a mixture of rotamers) 6 9.62 (br s, 1H, NH-3), 7.24 (d, 1H, H-6, Js5s = 9.2 Hz), 5.76

(brs, 1H, H-5), 5.66 (s, 1H, H-1"), 5.25 (s, 1H, H-1"), 4.95 (br d, 1H, H-3', J3:5 = 5.7), 4.89 (br s, 1H, H-2"), 4.68-

4.35 (m, 6H, H-5', H-2", H-3", H-4", H-5", H-3"), 4.22-4.14 (m, 2H, H-4', H-5""), 3.88 (br s, 1H, H-4"), 3.48-3.33

(m, 3H, H-6', H-5", H-2""), 2.80-2.77 (m, 1H, H-6"), 2.58 (br s, 1H, H-2"), 2.29-2.21 (m, 1H, H-6"), 1.70-1.67 (m,

2H, CH,CH3), 1.61-1.25 (m, 23H, CH,CH3, CCH;3%4, ‘Bu), 0.93-0.84 (m, 6H, CH,CH;3x2);

C NMR (CDCls, 125 MHz) & 170.3, 164.1, 164.1, 155.6, 155.4, 150.0, 149.9, 142.6, 117.0, 116.6, 115.6, 115.6,

109.4, 108.9, 108.2, 108.0, 102.8, 91.6, 87.8, 87.5, 85.3, 85.2, 83.9, 83.8, 82.8, 82.7, 82.6, 82.5, 80.7, 80.6, 79.3,

79.2,71.6, 71.6, 71.4, 66.4, 66.1, 54.7, 50.7, 49.9, 49.2, 48.8, 45.6, 45.3, 30.0, 29.8, 29.7, 29.5, 28.9, 28.6, 28.4,

28.3,27.6,26.6,26.2,25.8,22.8, 8.55, 8.40, 7.64, 7.43;

ESIMS-LR m/z 793 [(M — H) ]; ESIMS-HR calcd for C37Hs30,5N4 793.3513, found 793.3529;

[a]p> +28.6 (¢ 0.23, CHCI3).

NKY11-99
Compound 5

OH Compound 125 (6.1 mg, 7.7 wmol) was treated with ag. 80% TFA (1 mL) at room
é} temperature for 48 hours. The mixture was concentrated in vacuo, and then the

HO residue was partitioned between AcOEt and H,O. The aquious phase was
HO concentrated in vacuo to afford 5 (4.7mg, 6.1 umol, 79%) as a white solid.

HO,C '"H NMR (CD;0D, 0.5% TFA, 500 MHz) & 7.82 (d, 1H, H-6, Js s = 8.1 Hz), 5.67 (d,

HO OH 1H, H-5, Js¢ = 8.0 Hz), 5.65 (s, 1H, H-1"), 5.20 (s, 1H, H-1"), 4.37 (dd, 1H, H-3",

Jyn=6.9 Hz, Jy4o=3.1 Hz), 431 (d, 1H, H-5', Js.¢= 10.3 Hz), 4.15-4.13 (m, 3H, H-2', H-4', H-2"), 4.07 (br s, 1H,
H-4"), 4.04 (d, 1H, H-4", J; 3= 4.0 Hz), 3.99 (d, 1H, H-3', J= 8.0 Hz), 3.96 (br s, 1H, H-5"), 3.87 (br s, 1H, H-5"),
3.75 (d, 1H, H-6', Jg.s = 10.3 Hz), 3.44-3.36 (m, 3H, H-5", H-2", H-3"), 2.84-2.81 (m, H-2"", H-6" X 2).

C NMR (CD;0D, 0.5% TFA, 125 MHz) § 170.4, 158.7, 151.8, 142.0, 109.4, 102.1, 92.7, 83.0, 80.2, 75.7, 75.4,
72.8,70.9, 70.0, 68.2, 67.9 65.9, 63.1, 55.8, 51.1, 42.3.

ESIMS-LR m/z 547 [(M + H)']; ESIMS-HR calcd for C;H3N4O 13 547.1882, found 547.19023;

[a]p™ —1.51 (¢ 0.59, MecOH).
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NKY15-73
rac-(1R,2R,3R)-2,3-dihydoxy-4-cyclopentenyl methyl carbonate (130)

@,OCOzMe A solution of 7ac-63 (892 mg, 4.16 mmol) in AcOH (40 mL) and H,O (10 mL) was heated at
P Y 60 °C for 28 hours. The reaction mixture was concentrated in vacuo. The residue was purified
HO OH

rac by high-flash silica gel column chromatography (10-60% AcOEt/hexane) to afford rac-130
(561 mg, 3.22 mmol, 77%) as a pale yellow oil.

'H NMR (CDCls, 500 MHz) & 6.16 (ddd, 1H, H-4, Jus=06.1,J43=2.3,J=12Hz), 6.01 (dd, 1H, H-5, Js4=5.7,J

=1.7 Hz), 5.45 (dd, 1H, H-1, J,, = 3.5, J,5 = 1.7 Hz), 4.74 (dt, 1H, H-3, J3, = 5.7 Hz, J54 = 2.0 Hz), 4.14 (dd, 1H,

H-2, J,3=5.8, /.1 =3.5Hz), 3.83 (s, 3H, Me), 3.66 (br s, 1H, OH), 2.85 (br s, 1H, OH);

C NMR (CDCls, 100 MHz) & 156.6, 136.9, 132.6, 87.9, 76.1, 73.8, 55.3;

ESIMS-LR m/z 197 [(M + Na)']; ESIMS-HR calcd for C;H;;05 175.0601, found 175.0602.

NKY15-35

Methyl 5-0-{5-deoxy-N-[(1S5,2R,35)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-
O-(3-pentylidene)-f—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-
(3-tert-butoxycarbonyluracil-1-yl)-B-D-glycelo-L-talo-heptofuranuronate (131)

Ho OH Compound 113 (279 mg, 282 umol), carbonate rac-130 (98.2 mg, 564 umol)
"'Q—NNS a\\ and Et;N (118 uL, 846 umol) were dissolved in THF (3 mL). Ligand L2 (31.2
\----6,0 o mg, 45.1 umol) and Pd,(dba);-CHCl; (11.7 mg, 11.3 umol) were dissolved in

0 6 ﬂ THF (3 mL) and stirred for 30 minutes, then this solution was slowly added

CbzHN R o \N _«NBOC three times at each 30 min to the mixture at room temperature. The mixture
MeO,C 0 was stirred for totally 16 hours. The reaction mixuture was partitioned between

()>< o) AcOEt and sat. ag. NaHCOs; The organic phase was washed with brine and

dried (Na,SQ,), filtered, and concentrated in vacuo. The residue was purified
by high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 131 (225 mg, 207 wmol, 73%)
as a white foam.
'H NMR (DMSO-de, 500 MHz) & 8.21 (d, 1H, Ns, J= 7.5 Hz), 7.93 (d, 1H, H-6, Jss= 8.0 Hz), 7.89 (d, 1H, Ns, J=
6.9 Hz), 7.81 (t, 1H, Ns, J="7.5 Hz), 7.71 (t, 1H, Ns, J= 6.9 Hz), 7.39-7.31 (m, 6H, Ph, NH-6'), 6.01 (dt, 1H, H-4",
Jymsm=6.3,J=2.3 Hz), 5.86 (d, 1H, H-1', J1»=1.7 Hz), 5.84 (d, 1H, H-5, Jss=8.0 Hz), 5.36 (d, 1H, H-5", Jsm 4n
=7.5 Hz), 5.13-5.05 (m, 3H, benzyl, H-2"), 5.02 (d, 1H, OH-2", Jou.»»»=7.5 Hz), 4.80 (s, 1H, H-1"), 4.93 (d, 1H,
OH-2", Jou.3»3»= 5.8 Hz), 4.80-4.78 (m, 2H, H-3', H-2"), 4.74 (d, 1H, H-1", Ji»,»=5.2 Hz), 4.62 (d, 1H, H-3"),
442 (d, 1H, H-5', J5 4=28.6 Hz), 4.38 (d, 1H, H-6', Joxu6=9.2 Hz), 4.32 (br s, 1H, H-3"), 4.18 (dd, 1H, H-4', J4 5
=8.9, Jy3=4.3 Hz), 4.08 (dd, 1H, H-4", J4 5»=10.3 Hz, J4 s5»=2.3 Hz), 3.80 (q, 1H, H-2"", Jym ym.on =Jpm 1m = Jom 3w
= 6.3 Hz), 3.52 (s, 3H, CO,Me)3.46 (dd, 1H, H-5", Js.5:=16.4, Js 4»=11.8 Hz), 2.79 (dd, 1H, H-5", Jsu5»=15.8,
Jsnan=2.6 Hz), 1.50 (s, 9H, ‘Bu), 1.46-1.36 (m, 7H, acetonide, CH,CH; X 2), 1.27 (s, 3H, acetonide), 0.71 (t, 3H,
CH,CH3, J=7.4 Hz), 0.67 (t, 3H, CH,CH3, J= 7.4 Hz);
CNMR (DMSO-dg, 125 MHz) § 170.1, 159.9, 156.3, 148.2, 147.7, 147.5, 143.9, 137.0, 136.9, 134.6, 132.4, 131.7,
131.5, 130.0, 128.4, 127.9, 127.7, 124.1, 115.3, 113.4, 110.6, 101.1, 93.3, 86.9, 86.2, 85.3, 83.6, 81.7, 80.8, 78.4,
73.8,71.6,69.3,65.7,54.9,52.2,47.5, 29.0, 28.4, 26.9, 25.2, 8.26, 7.19;
ESIMS-LR m/z 1110 [(M + Na)']; ESIMS-HR calcd for C4Hg;NsO,;S 1088.3653, found 1088.3689;
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[a]p'’ +86.2 (¢ 0.92, CHCl3).

NKY15-10
Methyl  5-0-{5-deoxy-N-[(1S,2R,3S)-2-hydroxy-3-methoxymethyloxy-4-cyclopentenyl]-5-(2-nitrobenzene-
sulfonylamino)-2,3-0O-(3-pentylidene)-p—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-p-p-glycelo-L-talo-heptofuranuronate (132)

A solution of 131 (181 mg, 166 wmol) and DIPEA (116 uL, 664 umol) in

MOMQ,‘Q—N . a\\ CH,Cl, (2 mL) was treated with MOMCI (25.2 uL, 332 umol) at room
" 6,0 temperature and stirred for 18 hours. The reaction mixture was added

0 /—q MOMCI (12.5 pL, 165 umol) and stirred for 24 hours. The mixture was

CozHN 9 NBoc partitioned between AcOEt and sat. ag. NaHCO;_ The organic phase was
Meozc>_\q washed with brine and dried (Na,SO,), filtered, and concentrated in vacuo.

The residue was purified by high-flash silica gel column chromatography
(40-100% AcOEt/hexane) to afford 132 (121 mg, 107 wmol, 64%) as a
white foam.
'H NMR (DMSO-de, 500 MHz) & 8.25 (d, 1H, Ns, J= 7.5 Hz), 7.93 (d, 1H, H-6, Jss= 8.0 Hz), 7.89 (d, 1H, Ns, J=
8.0 Hz), 7.81 (t, 1H, Ns, J="7.7 Hz), 7.69 (t, 1H, Ns, J= 7.7 Hz), 7.42 (d, 1H, NH-6', Jxu.¢.¢ = 9.2 Hz), 7.37-7.31
(m, 5H, Ph), 6.07-6.05 (m, 1H, H-4"), 5.86 (d, 1H, H-1', J;»=1.7 Hz), 5.84 (d, 1H, H-5, J5c=8.0 Hz), 5.37 (d, 1H,
H-5", Jsm4n= 7.5 Hz), 5.31 (d, 1H, OH-2", Jon.o2»= 8.0 Hz), 5.14-5.06 (m, 3H, benzyl, H-2'), 4.97 (s, 1H, H-1"),
4.83 (d, 1H, H-2", J»3»= 6.3 Hz), 4.79 (t, 1H, H-3', 5.5 Hz), 4.75 (d, 1H, H-1", Jymo»= 6.3 Hz), 4.67 (d, 1H,
OCH,OMe, J =6.9 Hz), 4.64 (d, 1H, H-3", J3»»=5.7 Hz), 4.60 (d, 1H, OCH,OMe, J =6.3 Hz), 4.42 (d, 1H, H-5',
Js4=9.2 Hz), 4.38 (d, 1H, H-6', Jo nu-6 = 9.2 Hz), 4.29 (dd, 1H, H-3", J3m = 5.5, J3u 4n= 2.6 Hz), 4.18 (dd, 1H, H-
4, Jps5=8.6,Jp3=4.6 Hz),4.11 (d, 1H, H-4", J4 5= 10.7, Ja 5= 2.6 Hz), 3.89 (q, 1H, H-2"", Jopm n=J ym 3n=Jpm op
= 6.7 Hz), 3.56-3.46 (m, 1H, H-5"), 3.52 (s, 3H, CO,Me), 3.23 (s, 3H, OCH,OMe), 2.75 (d, 1H, H-5", Js» s»=13.2
Hz),1.50 (s, 9H, ‘Bu), 1.47-1.37 (m, 7H, acetonide, CH,CH3 X 2), 1.27 (s, 3H, acetonide), 0.72 (t, 3H, CH,CH3, J=
7.5 Hz), 0.67 (t, 3H, CH,CHs, J= 7.4 Hz);
CNMR (DMSO-dg, 125 MHz) § 170.1, 160.0, 156.3, 148.2, 147.7, 147.5, 143.9, 136.9, 134.7, 134.4, 133.4, 132.4,
131.6, 130.2, 128.4, 127.9, 127.8, 124.0, 115.2, 113.4, 110.6, 101.1, 95.5, 93.2, 86.8, 86.2, 85.6, 85.4, 83.6, 81.8,
80.8,79.2,78.5,77.2,73.8, 68.3, 65.7, 55.0, 54.7, 52.2, 47.5, 29.0, 28.4, 27.0, 25.2, 8.26, 7.18;
ESIMS-LR m/z 1155 [(M + Na)']; ESIMS-HR calcd for Cs;Hgs0,,NsS 1132.3915, found 1132.3944;
[a]p'® +80.3 (¢ 0.64, CHCI;).
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NKY15-16, 15-18, 15-21

Methyl 5-0-{5-tert-butoxycarbonyl-5-deoxy-N-[(15,2R,3S)-2-hydroxy-3-methoxymethyloxy-4-
cyclopentenyl]-2,3-O-(3-pentylidene)-B—p-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-p-p-glycelo-L-talo-heptofuranuronate (133)

OH A solution of 132 (121 mg, 111 umol) in MeOH (2 mL) was treated with
MOMO,
‘.Q—-NB a\\ AcOH (0.2 mL) at 60 °C and stirred for 40 hours. The reaction mixture was
oc
\....é,o o partitioned between AcOEt and sat. ag. NaHCO;. The organic phase was
o

ChatiN g 7 washed with brine and dried (Na,SO.), filtered, and concentrated in vacuo.
s N—< A mixture of the residue and K,COj3 (30.7 mg, 222 wmol) in MeCN (2 mL)
MeO,C O was treated with 4-'Bu-benzenethiol (57.5 uL, 333 umol) at room
o. .0 temperature and stirred for 24 hours. The reaction mixture was partitioned
S between AcOEt and sat. ag. NH4Cl, and the organic phase was washed with
brine and dried (Na,SO.), filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude amine
and Et;N (46.4 uL, 333 umol) in THF (2 mL) was treated with Boc,O (156 uL, 666 wmol) at room temperature and
stirred for 24 hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCI, and the organic phase
was washed with H,O, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The residue was purified by
high-flash silica gel column chromatography (40-100% AcOEt/hexane) to afford 133 (79.7 mg, 84.2 umol, 76%
over 3 steps) as a white foam.
'H NMR (DMSO-ds, 500 MHz) & 11.4(br s, 1H, NH-3), 7.77 (d, 1H, H-6, Jss = 8.0 Hz), 7.36-7.32 (m, 5H, Ph),
5.93 (brs, 1H, H-4"), 5.79 (s, 1H, H-1"), 5.77 (br s, 1H, H-5"), 5.63 (d, 1H, H-5, Js s = 6.3 Hz), 5.14-5.01 (m, 4H,
benzyl, H-2', H-1"), 4.92 (d, 1H, H-1", J;»»» = 6.9 Hz), 4.83 (d, 1H, H-2", J,»3»= 5.7 Hz), 4.78 (t, 1H, H-3', J3 » =
Jy4=15.7 Hz), 4.68-4.60 (m, 3H, OCH,OMe, H-3"), 4.41 (d, 1H, H-6', Jo 5 = 9.2 Hz), 4.37 (d, 1H, H-5', Js 4 = 8.6
Hz), 4.29 (br s, 1H, H-3"), 4.13-4.11 (m, 2H, H-4', H-4"), 4.05 (br s, 1H, H-2"), 3.63 (s, 3H, CO,Me), 3.24 (s, 4H,
OCH,0Me, H-5"), 2.85 (d, 1H, H-5", J55» = 9.8 Hz), 1.48-1.38 (m, 16H, CH,CH;x2, acetonide, ‘Bu), 1.26 (s, 3H,
acetonide), 0.74 (t, 3H, CH,CH3, J = 7.2 Hz), 0.70 (t, 3H, CH,CHj3, J = 7.2 Hz);
C NMR (DMSO-dq, 125 MHz) § 170.2, 163.3, 156.2, 150.5, 143.4, 136.9,128.3, 127.8, 127.6, 127.1, 115.1, 113.3,
110.2, 101.9,95.4, 92.6, 86.4, 85.4, 83.5, 81.8, 81.0, 79.5, 79.2, 78.1, 77.9, 65.7, 55.0, 54.6, 52.3, 29.2, 28.5, 27.9,
26.9,25.3,8.22,7.15
ESIMS-LR m/z 948 [(M + H)']; ESIMS-HR calcd for C4sHg3015N, 947.4132, found 947.4135;

[a]p™” +53.5 (¢ 0.55, CHCl3).

NKY15-56, 15-60, 15-61, 15-62
Compound 134

q\\ A solution of compound 133 (149 mg, 157 umol), Ks[Fe(CN)¢] (155 mg, 471
BOCN/""é,O umol), K,CO; (65.1 mg, 471 umol), NaHCO; (39.6 mg, 471 umol), DABCO
HO... 0— 0 (17.6 mg, 157 umol) and MeSO,NH, (14.9 mg, 157 umol) in ‘BuOH-H,O (1:1,
MOMO™ N b (/_4""" 4 mL) was treated with K,0s04-2H,0 (5.8 mg, 15.7 umol) at room temperature
MeO,C oM o  for 24 hours. After sat. ag. Na,S,03 was added, the mixture was extracted with

e AcOEt. The organic phase was washed with brine and dried (Na,SOy), filtered,

Pl and concentrated in vacuo. The residue was purified by short silica gel column
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chromatography (100 % AcOEt), and the fractions containing a diol were collected and concentrated in vacuo. A
solution of the diol in THF-phosphate buffer (1:1, pH 7.2, 4 mL) was treated with NalO4 (84.1 mg, 393 umol) at
room temperature for 1 hours. After sat. aq. Na,S,0; was added, the mixture was extracted with AcOEt. The organic
phase was washed with brine and dried (Na,SQO,), filtered, and concentrated in vacuo. A mixture of the residue and
Pd black (80.0 mg) in MeOH (3 mL) was vigorously stirred under H, atmosphere at room temperature for 1 hour.
The catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in 1,2-
dichloroethane (16 mL) was treated with AcOH (90 uL) and pic-BHj3 (33.6 mg, 314 umol) at room temperature.
The resulting mixture was heated at 50 °C for 6 hours. The reaction mixture was added Pic-BH; (16.8 mg, 157
umol) and stirred for 10 hours. The reaction mixture was partitioned between AcOEt and 1M ag. HCIL. The organic
phase was washed with sat. ag. NaHCOj3 and brine, dried (Na,SOy), filtered, and concentrated in vacuo. The residue
was purified by high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 134 (25.0 mg,
30.8 umol, 20% over 4 steps) as a white solid.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.2 (br s, 1H, NH-3), 7.59 (d, 1H, H-6, Jss =79 Hz), 5.89 (d, 1H, H-1',
Jry=2.8 Hz), 5.76 (d, 1H, H-5, Js¢ = 7.6 Hz), 5.35 (s, 1H, H-1"), 4.91 (dd, 1H, H-2', J»3 = 6.0, J» = 2.8 Hz),
4.80 (dd, 1H, H-3", J3» = 6.0, J3 4 = 3.2 Hz), 4.66 (d, 1H, H-2", J,»3» = 5.7 Hz), 4.60-4.56 (m, 3H, OCH,OMe, H-
3"),4.49 (d, 1H, OH-4", Jou.4» 4~ = 3.8 Hz), 4.28-4.24 (m, 3H, H-4', H-5', H-4"), 4.17 (ddd, 1H, H-5"", Jsu ¢ =10.4,
Jsmen = 5.0, Jsmgm = 2.8 Hz), 4.07 (br s, 1H, H-4"), 3.68 (s, 3H, CO,Me), 3.59 (br s, 2H, H-5", H-3"), 3.41 (d, 1H,
H-5", Js» s» = 13.9 Hz), 3.26 (s, 3H, OCO,Me), 3.26-3.22 (m, 1H, H-2"), 3.19 (d, 1H, H-6', J¢ s = 10.1 Hz), 2.74
(dd, 1H, H-6", Jgngn = 9.8, Jon s» = 5.0 Hz), 2.58 (d, 1H, H-2"", Jom,w = 13.2 Hz), 2.16 (t, 1H, H-6", Jgn gn = Jgm sm =
10.4 Hz), 1.62 (q, 2H, CH,CH3, J = 7.4 Hz), 1.58-1.53 (m, 2H, CH,CH3), 1.50 (s, 3H, CCH3), 1.44 (s, 9H, ‘Bu),
1.34 (s, 3H, CCHs), 0.84 (t, 3H, CH,CHs, J= 7.1 Hz), 0.83 (t, 3H, CH,CH3, J = 7.3 Hz);

C NMR (DMSO-d, 100 MHz) & 169.0, 163.2, 150.4, 140.4, 115.5, 112.9, 110.3, 102.0, 94.7, 94.3, 90.1, 84.9,
84.5, 83.3, 80.2, 79.2, 79.0, 71.1, 66.9, 56.8, 54.9, 51.2, 48.9, 44.1, 29.0, 28.8, 28.0, 28.0, 27.3, 25.4, 8.55, 8.44,
7.31;

ESIMS-LR m/z 814 [(M + H)']; ESIMS-HR calcd for C37Hs706N, 813.3764, found 813.3774;

[a]p'"” =32.6 (c 0.64, CHCl5).

NKY16-53
Compound 138
a\\ A solution of 134 (11.4 mg, 14.0 umol), palmitic acid (10.8 mg, 14.0 umol)
o BOCN/""é,O and DMAP (1.6 mg, 14.0 umol) in 1,2-DCE (400 uL) was treated with EDCI
\Mﬂ\ou.é 00— (/_«0 (10.7 mg, 56.0 umol) at room temperature and stirred for 24 hours. Palmitic
N NH

o

MOMO* N—< acid (5.4 mg, 21 umol) and EDCI (10.7 mg, 56.0 umol) was added to the

MeO,C 0 O  reaction mixture and stirred for 72 hours. After MeOH was added, the
o o reaction mixture was partitioned between AcOEt and 1M ag. HCI. The organic
P phase was washed with sat. ag. NaHCOs3, brine and dried (Na,SOy), filtered,

and concentrated in vacuo. The residue was purified by silica gel column chromatography (30-50% AcOEt/hexane)
to afford 138 (11.5 mg, 10.9 umol, 78%) as a white solid.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.2 (br s, 1H, NH-3), 7.59 (d, 1H, H-6, Jss = 8.0 Hz), 5.89 (s, 1H, H-1"),
5.76 (d, 1H, H-5, Js 6 = 8.0 Hz), 5.49 (s, 1H, H-4"), 5.37 (s, 1H, H-1"), 4.93 (dd, 1H, H-2', J, 3 = 6.3 Hz, J» ; = 3.5
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Hz), 4.80 (dd, 1H, H-3', J3, = 5.8, J3 4 = 2.9 Hz), 4.68 (d, 1H, H-2", Jo.3» = 5.2 Hz), 4.60 (d, 1H, H-3", J3.o»=5.2
Hz), 4.54 (d, 1H, OCH,OMe, J = 6.3 Hz), 4.48 (d, 1H, OCH,OMe, J = 6.3 Hz), 4.38 (br s, 1H ,H-5"), 4.34 (d, 1H,
H-5', Js ¢ = 9.8 Hz), 4.27-4.25 (m, 2H, H-4', H-4"), 3.70 (s, 3H, CO,Me), 3.60-3.54 (m, 2H, H-5", H-3"), 3.46 (d,
1H, H-5", Jss»= 14.9 Hz), 3.28 (d, 1H, H-6', J¢ 5 = 9.7 Hz), 3.23 (s, 3H, OCH,OMe), 3.13 (o, 1H, H-2"), 2.88-2.87
(m, 1H, H-6™), 2.80 (d, 1H, H-2", Jm» = 13.8 Hz), 2.30 (t, 2H, palmitoyl, J = 6.9 Hz), 2.07 (t, 1H, H-6", Jguom =
Jomem = 10.3 Hz), 1.62 (q, 2H, CH,CHs;, J = 7.3 Hz), 1.57-1.50 (m, 7H, CH,CH3, CCHj;, palmitoyl), 1.44 (s, 9H,
‘Bu), 1.34 (s, 3H, CCH3), 1.25 (s, 24H, palmitoyl), 0.87-0.82 (m, 9H, CH,CH;x2, palmitoyl);

C NMR (DMSO-dg, 100 MHz, a mixture of rotamers) 8 171.2, 168.9, 163.2, 155.2, 154.8, 150.4, 140.6, 140.4,
115.6, 115.5, 113.0, 110.7, 102.0, 94.0, 93.9, 90.0, 89.4, 84.8, 84.7, 83.3, 83.2, 80.1, 80.0, 76.2, 76.1, 68.0, 67.9,
66.7, 54.8, 54.4, 51.1, 49.6, 48.9, 45.0, 33.8, 31.3, 29.0, 28.9, 28.8, 28.4, 28.3, 28.2, 27.9, 27.8, 27.3, 25.5, 24.7,
22.1, 14.0, 8.57, 8.47, 7.30;

ESIMS-LR m/z 1052 [(M + H)']; ESIMS-HR calcd for Cs3Hg;N4017 1051.6061, found 1051.6068;

[a]p'” —28.7 (¢ 0.69, CHCl3).

NKY16-69
Compound 139

o To the mixture of compound 138 (12.5 mg, 11.9 umol), 2,6-di-Bu-p-cresol
o BocN/"”é,O (1.3 mg, 5.9 umol) and Cs,CO; (11.6 mg, 35.7 umol) in DMF (200 uL) was
\Mﬂ\ol..é 0— P added Ph;SiSH (10.4 mg, 35.7 umol) and the mixture was stirred at 90 °C for
o ¢ '

MOMO*" N N _< 20 hours. After cooling down to room temperature, the reaction mixuture was
HO,C ° O  partitioned between AcOEt and sat. aqg. NH4Cl. The organic phase was washed

o o with H,O, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The

P residue was purified by silica gel column chromatography (1-5%

MeOH/CHCl,) to afford 139 (10.9 mg, 10.5 umol, 88%) as a white solid.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.2 (br s, 1H, NH-3), 7.61 (d, 1H, H-6, Jy5 = 8.1 Hz), 5.90 (s, 1H, H-1,
5.76 (d, 1H, H-5, Js = 6.3 Hz), 5.49 (brs, 1H, H-4"), 5.35 (s, 1H, H-1"), 4.92-4.90 (m, 1H, H-2"), 4.80 (dd, 1H, H-
3, Jy» =63, J34 =3.2 Hz), 4.68 (d, 1H, H-2", J,»3» = 4.6 Hz), 4.58 (d, 1H, H-3", J3:,» = 5.2 Hz), 4.54 (d, 1H,
OCH,OMe, J = 6.3 Hz), 4.48 (d, 1H, OCH,OMe, J = 6.3 Hz), 4.38 (br s, 1H, H-4', H-5"), 4.26 (d, 1H, H-4", Jy 5«
=8.0 Hz), 4.21 (d, 1H, H-5', Js ¢ = 9.8 Hz), 3.59 (br s, 2H, H-5", H-3"), 3.45 (d, 1H, H-5", Js»s»= 14.9 Hz), 3.31-
3.23 (m, 1H, H-2"), 3.23 (s, 1H, OCH,0OMe), 3.14-3.12 (m, 1H, H-6"), 2.87 (dd, 1H, H-6", Jg ¢ = 9.8, Jgnsm = 5.2
Hz), 2.74 (d, 1H, H-2", Jy»,» = 12.6 Hz), 2.89 (t, 3H, palmitoyl, J= 6.9 Hz), 2.20 (t, 1H, H-6", Jg ¢ = 10.0 Hz),
1.62 (q, 2H, CH,CH3, J =7.5 Hz), 1.56-1.53 (m, 4H, CH,CHj3, palmitoyl), 1.50 (s, 3H, CCH3), 1.44 (s, 9H, ‘Bu),
1.34 (s, 3H, CCH3), 1.25 (s, 24H, palmitoyl), 0.88-0.84 (m, 9H, CH,CH1x2, palmitoyl);

C NMR (DMSO-dg, 100 MHz, a mixture of rotamers) & 171.3, 169.8, 163.2, 155.2, 150.4, 140.6, 140.4, 115.6,
115.5, 112.8, 110.6, 110.2, 101.8, 94.0, 93.9, 90.3, 89.4, 85.2, 84.7, 83.5, 83.3, 80.3, 80.0, 79.4, 76.7, 69.8, 68.2,
68.0, 67.3, 54.8, 54.5,49.9, 48.9, 45.1, 33.7, 31.3, 29.1, 29.0, 28.7, 28.2, 27.9, 27.8, 27.2, 25.5, 24.7, 22.1, 14.0,
8.55, 8.45,7.29;

ESIMS-LR m/z 1038 [(M + H)']; ESIMS-HR calcd for Cs,HgsN4O17 1037.5904, found 1073.5889;

[a]p'® —15.9 (¢ 0.54, CHCl5).
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NKY 17-2
Compound 127
Compound 139 (26.7 mg, 25.7 umol) was treated with aq. 80% TFA (1 mL)

é/ at room temperature for 36 hours. The mixture was concentrated in vacuo. The

residue was purified by high-flash C18 reverse phase column chromatography

\ (70-90% MeOH/H;0, 0.1% TFA) to afford 127 (13.7 mg, 13.5 umol, 53%) as
H02C>_\q a white solid.

HO OH 'H NMR (DMSO-ds, 500 MHz, a mixture of rotamers) & 11.4 (s, 1H, NH-3),
9.89 (br s, 0.4H), 9.66 (br s, 0.4H), 7.76 (d, 1H, H-6, Jss = 8.1 Hz), 7.16 (br s, 0.6H), 5.69 (d, 1H, H-5, J55= 7.8
Hz), 5.63 (s, 1H, H-1"), 5.34 (br s, 2H), 5.19-5.17 (m, 1.6H), 5.09 (br s, 0.4H), 4.23-3.97 (m, 8H), 3.37-3.32 (m,
3H), 3.20 (d, 0.4H, J= 8.6 Hz), 3.04 (br s, 0.6H), 2.86-2.81 (m, 1H), 2.66 (d, 0.4H, J=13.2 Hz), 2.45 (t, 0.4H, 10.1
Hz), 2.36-2.29 (m, 2.4H), 1.51 (q, 2H, palmitoyl, J= 6.3 Hz), 1.23-1.22 (m, 24H, palmitoyl), 0.85 (t, 3H, palmitoy],
J=6.9 Hz);
BC NMR (DMSO-ds, 125 MHz, a mixture of rotamers) & 172.3, 171.9, 169.9, 169.8, 163.3, 150.4, 139.8, 118.1,
115.7,110.0, 101.6, 101.5, 89.2, 82.4, 82.3, 80.5, 80.3, 78.7, 76.8, 76.7, 74.0, 72.6, 72.6, 69.8, 68.5, 68.5, 68.2, 68.2,
67.9, 67.0, 63.2, 62.7, 57.8, 55.0, 51.9, 48.5, 47.8, 47.6, 46.6, 46.5, 33.5, 31.3, 29.1, 29.0, 28.8, 28.4, 28.4, 24.4,
22.1, 14.0;
ESIMS-LR m/z 785 [(M + H)+]; ESIMS-HR calcd for C37Hg N4O14 785.4179, found 785.4197,
[a]p™ —0.24 (0.96, MeOH).

Figure S-1. Chromatogram of HPLC, compound 127 (J’sphere ODS-M80, 150x4.6 mm; 75% MeOH/H,0, 0.1%
TFA)

a) crude product

Intensity (V]

b) after purification
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NKY16-36
Methyl 5-0-{5-deoxy-N-[(1R,2S5,3R)-2,3-dihydroxy-4-cyclopentenyl]-5-(2-nitrobenzene-sulfonylamino)-2,3-
O-(3-pentylidene)-f—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-O-isopropylidene-1-(3-
tert-butoxycarbonyluracil-1-yl)-p-p-glycelo-L-talo-heptofuranuronate (140)

Compound 113 (1.00 g, 1.01 mmol), carbonate rac-130 (352 mg, 2.02 mg)
'NNs q\\ and Et;N (423 uL, 3.03 mmol) were dissolved in THF (10 mL). Ligand L1
6, (112 mg, 162 wmol) and Pd,(dba);-CHCI; (41.8 mg, 40.4 umol) were
/—-’<

HO

dissolved in THF (10 mL) and the mixture stirred for 30 minutes. The solution

CbzHN O NBoc ) )
3 _< of the Pd catalyst and the ligand was slowly added to the mixture at 70 °C.

MeO,C The mixture was stirred for 2 hours. The reaction mixuture was partitioned
between AcOEt and H,O_ The organic phase was washed with brine and dried
x (NaySO0y), filtered, and concentrated in vacuo. The residue was purified by
high-flash silica gel column chromatography (50-100% AcOEt/hexane) to afford 140 (657 mg, 604 umol, 60%,
diastereo ratio 140:131 = 6:1). The diastereo mixture was separated by high-flash silica gel column chromatography
(50-100% AcOEt/hexane) to give 140 (429 mg, 394 umol, 39%, diastereo ratio 140:131 =>11:1) as a white foam
'H NMR (DMSO-d, 400 MHz) & 8.10 (d, 1H, Ns, J= 7.8 Hz), 7.93 (d, 1H, H-6, Jos= 8.2 Hz), 7.87-7.74 (m, 4H,
Ns), 7.37-7,34 (m, 5H, Ph), 7.03 (d, 1H, NH-6', Jxu-e6 = 9.2 Hz), 5.93-5.92 (m, 1H, H-4"), 5.84 (s, 1H, H-1"), 5.83
(d, 1H, H-5, Jss=8.2 Hz), 5.59 (dd, 1H, H-5", Jsn 4v= 6.0, Jsm ;»=1.6 Hz), 5.12 (d, 1H, H-2', J» 3= 6.9 Hz), 5.08-
5.02 (m, 2H, benzyl), 4.99 (s, 1H, H-1"), 4.93 (d, 1H, OH-3"), 4.84 (d, 1H, OH-2", Jou.o">»= 7.3 Hz), 4.80-4.79
(m, 2H, H-3', H-2"), 4.74 (d, 1H, H-1", J;»,»=4.6 Hz), 4.60 (d, 1H, H-3", J3.,»=6.0 Hz), 4.43-4.39 (m, 3H, H-5',
H-6', H-3"), 4.18 (dd, 1H, H-4', J=8.7, J=4.1 Hz), 4.13 (dd, 1H, H-4", J=11.4, J=3.6 Hz), 3.84 (q, 1H, H-2",
Jow 3w = Jpm 3w = Jow oppm = 6.4 Hz), 3.56 (s, 3H, CO,Me), 3.41-3.37 (m, 1H, H-5"), 3.03 (dd, 1H, H-5", Js» s»=15.1,
Jst g=3.2 Hz), 1.51 (s, 9H, ‘Bu), 1.51-1.39 (m, 4H, CH,CH;3x2), 1.41 (s, 3H, CCH3), 0.73 (t, 3H, CH,CH3, J= 7.8
Hz), 0.67 (t, 3H, CH,CHj3, J= 7.6 Hz);
C NMR (DMSO-ds, 125 MHz) § 170.2, 160.0, 156.2, 148.2, 147.9, 147.5, 143.8, 136.8, 135.9, 134.5, 133.0, 132.4,
131.6, 128.4, 127.9, 127.8, 127.6, 127.2, 124.2, 115.4, 113.4, 111.1, 101.1, 93.4, 86.8, 86.2, 85.3, 84.4, 83.7, 81.1,
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80.8,79.2,78.8, 72.7, 71.1, 68.9, 65.7, 54.9, 52.3, 47.4, 29.0, 28.4, 27.0, 25.2, 8.33, 7.20;
ESIMS-LR m/z 1111 [(M + Na)']; ESIMS-HR calcd for C40Hg:N50,;S 1088.3653, found 1088.3621;
[a]p> +51.9 (¢ 1.02, CHCL3).

NKY16-40

Methyl 5-O-{5-deoxy-N-[(1R,2S,3R)-2-hydroxy-3-methoxymethyloxy-4-cyclopentenyl]-5-(2-nitrobenzene-
sulfonylamino)-2,3-0O-(3-pentylidene)-f—D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-0O-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-p-p-glycelo-L-talo-heptofuranuronate (141)

oMo OH A solution of 140 (187 mg, 172 wmol) and DIPEA (150 uL, 860 wmol) in
MOM
b NN Oj\\\ CH,CI;, (3 mL) was treated with MOMCI (26 uL, 0.34 mmol) at room
.'\NNs
\....6,0 o temperature and stirred for 24 hours. To the reaction mixture was added
° : / MOMCI (26 pL, 0.34 mmol) and stirred for 15 hours. After MeOH was
CbzHN O NBoc . . »
: o N—« added, the reaction mixture was partitioned between AcOEt and sat. aq.
MeO,C ° NaHCOs_ The organic phase was washed with brine and dried (Na;SOy),
o)<o filtered, and concentrated in vacuo. The residue was purified by high-flash

silica gel column chromatography (50-100% AcOEt/hexane) to afford 141
(114 mg, 101 wmol, 59%) as a white foam.
'H NMR (DMSO-ds, 500 MHz) & 8.10 (d, 1H, Ns, J= 8.0 Hz), 7.94-7.77 (m, 4H, H-6, Ns), 7.36-7.31 (m, 5H, Ph),
6.95 (d, 1H, NH-6', JNue6 = 9.2 Hz), 5.95 (m, 1H, H-4™), 5.84-5.82 (m, 2H, H-5, H-1"), 5.57 (d, 1H, H-5", Jsm 4n=
6.3 Hz), 5.20 (d, 1H, OH-2", Jou.»»»»=7.5 Hz), 5.12 (d, 1H, H-2', J» 3= 6.9 Hz), 5.08 (d, 1H, benzyl, J=12.6 Hz),
5.03 (d, 1H, benzyl, J=12.6), 4.98 (s, 1H, H-1"), 4.80-4.74 (m, 3H, H-3', H-2", H-1"), 4.66 (d, 1H, OCH,OMe, J
= 6.9 Hz), 4.60 (d, 1H, H-3", J3.,»= 5.7 Hz), 4.57 (d, 1H, OCH,OMe, J= 6.9 Hz), 4.42 (d, 1H, H-5', J= 8.0 Hz),
4.38-4.36 (m, 2H, H-6', H-3""), 4.20-4.17 (m, 2H, H-4', H-4"), 3.91 (q, 1H, H-2", Jou 1v=Jym 3n= Jow opg.on = 6.7 Hz),
3.56 (s, 3H, CO,Me), 3.24-3.20 (m, 4H, H-5", OCH,OMe), 3.05 (dd, 1H, H-5", Js»s»=15.5, Js» 4»= 3.4 Hz), 1.51 (s,
9H, ‘Bu), 1.46-1.41 (m, 7H, CCHs, CH,CH;x2), 1.27 (s, 3H, CCH3), 0.73 (t, 3H, CH,CH3, J= 7.2 Hz), 0.67 (t, 3H,
CH,CHs, J= 7.2 Hz);
CNMR (DMSO-dg, 100 MHz) § 170.1, 159.9, 156.1, 148.2, 147.9, 147.5, 143.9, 136.8, 134.7, 134.3, 133.5, 132.5,
131.1, 129.8, 128.3, 127.9, 127.6, 124.1 115.3, 113.4, 111.1, 101.1, 95.4, 93.4, 86.8, 86.2, 85.3, 84.4, 83.7, 80.9,
80.8, 78.7,77.2,73.0, 68.3, 65.8, 54.9, 54.7, 52.3, 46.8, 28.9, 28.3, 27.0, 26.9, 25.1, 8.35, 7.18;
ESIMS-LR m/z 1155 [(M + Na)']; ESIMS-HR calcd for Cs;HgsNsO,,S 1132.3915, found 1132.3876;
[a]p* +41.6 (c 0.82, CHCI3).

NKY16-1,16-8,16-15

Methyl 5-0-{5-tert-butoxycarbonyl-5-deoxy-/NV-[(1R,2S,3R)-2-hydroxy-3-methoxymethyloxy-4-
cyclopentenyl]-2,3-O-(3-pentylidene)-S—-D-ribo-pentofuranosyl}-6-benzyloxycarbonylamino-6-deoxy-2,3-0-
isopropylidene-1-(3-tert-butoxycarbonyluracil-1-yl)-p-D-glycelo-L-talo-heptofuranuronate (142)
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OH A solution of 141 (124 mg, 110 wmol) in MeOH (5 mL) was treated with

MOMO
b NB j\\\ AcOH (0.5 mL) at 60 °C and stirred for 3 days. The reaction mixture was
-«NBoc
\....6/0

partitioned between AcOEt and sat. ag. NaHCO; The organic phase was
(o)

(@]

o

: (/—/< washed with brine and dried (Na,SOy), filtered, and concentrated in vacuo. A

CbzHN O NH . _
3 o N—< mixture of the residue and K,CO; (30.4 mg, 220 wmol) in MeCN (2 mL) was
MeO,C O treated with 4-'Bu-benzenethiol (57 uL, 0.33 mmol) at room temperature and
o><o stirred for 36 hours. The reaction mixture was partitioned between AcOEt

and sat. ag. NH4Cl, and the organic phase was washed with brine and dried
(NaySOy), filtered, and concentrated in vacuo to afford a crude amine. A mixture of the crude amine and Et;N (46
uL, 0.33 mmol) in THF (1 mL) was treated with Boc,O (155 uL, 660 umol) at room temperature and stirred for 20
hours. The reaction mixture was partitioned between AcOEt and 1M aq. HCI, and the organic phase was washed
with H,O, brine and dried (Na,SOy), filtered, and concentrated in vacuo. The residue was purified by high-flash
silica gel column chromatography (40-100% AcOEt/hexane) to afford 142 (73.6 mg, 77.7 umol, 71% over 3 steps)
as a white foam.
'H NMR (DMSO-dq, 400 MHz) & 11.5 (br s, 1H, NH-3), 7.78 (d, 1H, H-6, Jos = 7.7 Hz), 7.37-7.31 (m, 5H, Ph),
5.89 (br s, 1H, H-4", H-5"), 5.79 (s, 1H, H-1"), 5.63 (br s, 1H, H-5, J56 = 8.2 Hz), 5.13 (d, 1H, benzyl, Jsc = 12.7
Hz), 5.06-5.01 (m, 3H, benzyl, H-2', H-1"), 4.86 (d, 1H, OH-2"), 4.78 (dd, 1H, H-3',J=5.9, J=4.5 Hz), 4.73-4.60
(m, 4H, H-2", H-3", OCH,OMe), 4.42-4.33 (m, 3H, H-5', H-6', H-3""), 4.14-4.11 (m, 2H, H-4', H-4"), 3.99 (br d, 1H,
H-2",J=6.3 Hz), 3.63 (s, 3H, CO,Me), 3.33 (o, 1H, H-5"), 3.24 (s, 3H, OCH,OMe), 2.80 (d, 1H, H-5", Js» s»=10.9
Hz), 1.47-1.38 (m, 16H, ‘Bu, CH,CH;3x2, CCH3), 1.26 (s, 3H, CCH3), 0.73 (t, 3H, CH,CH3, J= 7.5 Hz), 0.69 (t, 3H,
CH,CHs, J=17.5 Hz);
C NMR (DMSO-de, 100 MHz) § 170.2, 163.3,156.2, 150.5, 143.5, 136.9, 128.3,127.9, 127.6, 127.1,115.2, 113.3,
110.4, 101.8, 95.4,92.9, 86.3, 85.4, 83.6, 81.8, 81.0, 79.5, 79.2, 78.1, 74.1, 67.0, 65.7, 55.0, 54.6, 52.3, 29.2, 28.5,
27.9,27.0,25.3,8.24,7.16;
ESIMS-LR m/z 947 [(M + H)']; ESIMS-HR calcd for Cy4sHg3 N4Oyg 947.4132, found 947.4135;
[a]p™ =33.8 (¢ 0.83, CHCl5).

NKY16-19,16-21,16-22,16-23
Compound 143

q\\ A solution of 142 (213 mg, 301 umol), K;3[Fe(CN)s] (297 mg, 903 umol),
Boc,_\l/"».élo K,CO; (125 mg, 903 umol), NaHCOs3 (75.9 mg, 903 umol), DABCO (33.8 mg,
HO~ A~ O o 301 umol) and MeSO,NH; (28.6 mg, 301 umol) in ‘BuOH-H,O (1:1, 6 mL) was
MOMO:(jN 0 (/N_—ZNH treated with K,0s04-2H,0 (11.1 mg, 30.1 umol) at room temperature for 13
MeO,C 0 (0] hours. After sat. aq. Na,S,03; was added, the mixture was extracted with AcOEt.

o o The organic phase was washed with brine and dried (Na,SOy), filtered, and

PN concentrated in vacuo. The residue was purified by short silica gel column

chromatography (100 % AcOEt), and the fractions containing the diol were collected and concentrated in vacuo. A
solution of the diol in THF-phosphate buffer (1:1, pH 7.2, 2 mL) was treated with NalO4 (33.2 mg, 155 umol) at
room temperature for 30 min. After sat. aq. Na,S,03; was added, the mixture was extracted with AcOEt. The organic

phase was washed with brine and dried (Na,SQO,), filtered, and concentrated in vacuo. A mixture of the residue and
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Pd black (73.0 mg) in MeOH (2 mL) was vigorously stirred under H, atmosphere at room temperature for 1 hour.
The catalyst was filtered off through a Celite pad, and the filtrate was concentrated in vacuo. The residue in 1,2-
dichloroethane (8 mL) was treated with AcOH (45 uL) and pic-BH; (16.6 mg, 155 umol) at room temperature. The
resulting mixture was heated at 50 °C for 16 hours. The reaction mixture was partitioned between AcOEt and 1M
aq. HCI. The organic phase was washed with sat. aq. NaHCO; and brine, dried (Na,SO,), filtered, and concentrated
in vacuo. The residue was purified by silica gel column chromatography (40-60% AcOEt/hexane) to afford 143
(21.7 mg, 26.7 umol, 34% over 4 steps) as a white solid.

'H NMR (DMSO-ds, 500 MHz, a mixture of rotamers) 6 11.5 (br s, 1H, NH-3), 7.68 (dd, 1H, H-6, J=8.0,J=5.7
Hz), 5.76 (t, H-6, J=2.0 Hz), 5.67 (td, 1H, H-5,J="7.5,J=2.0 Hz), 5.24 (d, 1H, H-1", 14.3 Hz), 5.00 (m, 1H, H-
2", 4.89 (d, 1H, OH-4", Jou.4m4» = 3.4 Hz), 4.80-4.67 (m, 2H, H-3', H-5"), 4.63-4.54 (m, 4H, H-2", H-3",
OCH,0OMe), 4.35-4.31 (m, 1H, H-5"), 4.22 (dd, 1H, H-4", J=26.7, J=10.0 Hz), 3.94-3.91 (m, 1H, H-4"), 3.87 (br
s, 0.6H, H-5"), 3.76 (br s, 0.4H, H-5"), 3.70 (m, 0.4H, H-4"), 3.63-3.62 (m, 0.6H, H-4"), 3.51-3.48 (m, 1H, H-3"),
3.39-3.36 (m, 1H, H-6', H-5"), 3.17 (t, 1H, H-6", J = 10.9Hz), 2.60-2.51 (m, 3H, H-6", H-2"'x2), 1.57-1.45 (m, 4H,
CH,CH;x2), 1.46 (s, 3H, CCH3), 1.41 (d, 9H, ‘Bu, J = 3.4 H), 1.27 (s, 3H, CCH3), 0.79-0.76 (m, 6H, CH,CH;3x2);
C NMR (DMSO-dg, 125 MHz) 5 167.4, 163.1, 154.6, 154.4, 150.2, 142.9, 142.8, 115.4,115.2, 113.7, 109.4, 109.1,
102.0, 94.3, 94.2, 90.5, 90.3, 87.6, 86.7, 85.5, 85.2, 84.7, 84.5, 83.2, 83.1, 82.0, 79.7, 79.5 ,79.2, 79.1, 72.3, 72.2,
72.2,72.1, 68.4, 67.5, 66.2, 66.1, 54.8, 54.8, 54.5, 53.9, 51.0, 50.0, 49.7, 48.7, 48.3, 41.5, 41.4, 29.3, 28.9, 28.6,
28.2,28.0,27.1,25.3,25.3,8.37,8.22,7.27,7.19;

ESIMS-LR m/z 814 [(M + H)']; ESIMS-HR calcd for C37;Hs;N406 813.3764, found 813.3774;

[a]p™ +13.5 (¢ 0.54, CHCL).

NKY16-52

Compoud 144
A solution of 143 (3.9 mg, 4.8 umol), palmitic acid (3.9 mg, 14.4 umol) and
BocN q\\ DMAP (0.6 mg, 4.8 umol) in 1,2-DCE (200 uL) was treated with EDCI (3.7
]\/> /_4 mg, 19.2 umol) at room temperature and stirred for 12 hours. After MeOH was
MOMO NH added, the reaction mixture was partitioned between AcOEt and 1M aq. HCI.
MeO,C The organic phase was washed with sat. ag. NaHCOs3, brine and dried
o o (NayS0y), filtered, and concentrated in vacuo. The residue was purified by
P silica gel column chromatography (30-50% AcOEt/hexane) to afford 144 (3.2

mg, 3.0 umol, 63%) as a white sold.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.3 (br s, 1H, NH-3), 7.64 (d, 1H, H-6, Jss=8.6 Hz), 5.77 (d, 1H, H-1",
Jr»=2.3Hz),5.64 (d, 1H, H-5, Js s = 8.0 Hz), 5.26 (s, 1H, H-1"), 5.15 (s, 1H, H-4"), 4.96 (dd, 1H, H-2', J» 3= 6.3,
Jy1=2.3Hz), 4.80 (t, 1H, H-3', J3» = J34 = 6.3 Hz), 4.64-4.57 (m, 4H, H-3", H-5", OCH,OMe), 4.51 (d, 1H, H-
2", Jynan=6.3 Hz), 4.35 (dd, 1H, H-5', Js ¢ = 10.6, Js 4 = 6.0 Hz), 4.25 (d, 1H, H-4", J43»= 9.2 Hz), 3.96 (t, 1H, H-
4, Jy3 =Jps =6.02 Hz), 3.83 (br s, 1H, H-5"), 3.74-3.70 (m, 1H, H-3"), 3.59 (s, 3H, CO,M), 3.48-3.44 (m, 2H,
H-6',H-5"), 3.35 (d, 1H, H-6", Jgne»=12.6 Hz), 2.79 (dd, 1H, H-2", Jpu» =10.9, Jom 3» =4.0 Hz), 2.53-2.43 (m, 2H,
H-2", H-6"), 2.29 (t, 2H, palmitoyl, J = 6.9 Hz), 1.56-1.48 (m, 8H, CH,CH3, CCH3, palmitoyl), 1.41 (s, 9H, ‘Bu),
1.30-1.25 (m, 27H, CCH3s, palmitoyl), 0.86 (t, 3H, palmitoyl, J = 7.2 Hz), 0.82-0.75 (m, 6H, CH,CH3*2);

C NMR (DMSO-dg, 100 MHz, a mixture of rotamers) & 171.0, 167.2, 163.2, 154.3, 154.2, 150.3, 142.9, 115.5,
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115.3, 113.8, 109.4, 109.1, 102.0, 94.2, 90.4, 87.4, 86.6, 85.1, 84.9, 84.7, 84.5, 83.1, 81.9, 79.9, 79.6, 79.5, 72.1,
72.0, 69.8, 69.6, 68.8, 68.1, 65.9, 65.7, 54.9, 52.5, 51.7, 50.9, 48.2, 42.6, 33.8, 33.7, 31.3, 29.3, 29.1, 29.0, 28.9,
28.9,28.8,28.7,28.2,28.1,28.0,27.7,27.2, 25.3, 24.7, 24.6, 22.1, 14.0, 8.40, 8.25, 7.27, 7.22.;

ESIMS-LR m/z 1052 [(M + H)']; ESIMS-HR calcd for Cs3HgsN4NaO;7 1073.5880, found 1073.5896;

[a]p"® +24.0 (¢ 0.66, CHCI;).

NKY16-64
Compound 145

To the mixture of compound 144 (12.3 mg, 11.7 umol), 2,6-di-Bu-p-cresol
BocN (1.3 mg, 5.9 umol) and Cs,CO; (11.4 mg, 35.1 umol) in DMF (200 uL) was

]\/> q added Ph3;SiSH (10.3 mg, 35.1 umol) and the mixture was stirred at 90 °C for
MOMO ~0 NH 20 hours. After cooling down to room temperature, the reaction mixuture was

HO,C partitioned between AcOEt and sat. ag. NH4Cl. The organic phase was washed
o o with H,O, brine and dried (Na,SO,), filtered, and concentrated in vacuo. The
Pl residue was purified by silica gel column chromatography (1-5%

MeOH/CHCl) to afford 145 (11.8 mg, 11.4 umol, 97%) as a white solid.

'H NMR (DMSO-ds, 500 MHz, 60 °C) & 11.3 (br s, 1H, NH-3), 7.62 (d, 1H, H-6, Js s = 8.0 Hz), 5.79 (d, 1H, H-1",
Jr»=2.3Hz),5.64 (d, 1H, H-5, Js s = 8.0 Hz), 5.26 (s, 1H, H-1"), 5.16 (s, 1H, H-4"), 4.96 (dd, 1H, H-2', J,.3 = 6.6,
Jr1=2.0 Hz), 4.89 (t, IH, H-3', J3» = Jy 4 = 6.3 Hz), 4.71-4.58 (m, 5H, H-2", H-3", H-5", OCH,OMe), 4.34-4.25
(m, 2H, H-5', H-4"), 3.96 (t, 1H, H-4', Jy 3 = Jy 5 = 5.2 Hz), 3.83 (s, 1H, H-5"), 3.74 (br s, 1H, H-3"), 3.53-3.45 (m,
1H, H-5"), 3.36-3.27 (m, 2H, H-6', H-6"), 3.17 (s, 3H, OCH,OMe), 2.77 (dd, 1H, H-2", Jynow = 10.3, Jom 3n =4.6
Hz), 2.29 (t, H-3, palmitoyl, J =6.9 Hz), 1.59-1.49 (m, 7H, CH,CH;x2, CCHs, palmitoyl), 1.41 (s, 9H, ‘Bu), 1.31-
1.25 (m, 27H, CCHs, palmitoyl), 0.88-0.78 (m, 7H, CH,CH3%2, palmitoyl);

C NMR (DMSO-dg, 100 MHz, a mixture of rotamers) & 171.1, 168.1, 163.2, 154.3, 150.2, 142.6, 115.6, 115.3,
113.9, 109.6, 102.1, 94.2, 89.7, 87.5, 86.8, 84.7, 83.1, 81.9, 79.9, 79.5, 78.8, 72.0, 69.7, 69.0, 68.3, 66.4, 54.9, 52.6,
51.2,48.3,42.7,33.7, 31.3, 29.1, 29.0, 28.9, 28.8, 28.6, 28.2, 28.0, 27.7, 27.3, 25.6, 24.7, 24.6, 22.1, 14.0, 8.45,
8.29,7.35,7.27,

ESIMS-LR m/z 1038 [(M + H)']; ESIMS-HR calcd for Cs,HgsN4O17 1037.5904, found 1073.5955;

[a]p'® +12.5 (¢ 0.59, CHCI5).

NKY16-68
Compound 126

OH Compound 145 (11.8 mg, 11.4 umol) ws treated with aq. 80% TFA (1 mL) at
0 =
HN 'é}OH room temperature for 12 hours. The mixture was concentrated in vacuo. The
Moo A, 0
14 H
Y
(0}

[e]

ﬂ residue was purified by high-flash C18 reverse phase column chromatography
NH
N—< (60-90% MeOH/H,0, 0.1% TFA) to afford 126 (5.6 mg, 5.5 umol, 48%) as a

I
(@]
N
(@]

o

white solid.

HO OH 'H NMR (CD;0D, 400 MHz) & 7.85 (d, 1H, H-6, Jss= 8.2 Hz), 5.69 (d, 1H,
H-5, Js6= 8.2 Hz), 5.67 (s, 1H, H-1"), 5.37 (s, H-4"), 5.21 (s, 1H, H-1"), 4.44 (dd, 1H, H-3", J3:5:=8.6, J3 4 4.5
Hz), 4.33 (d, 1H, H-5', Js ¢ = 10.9 Hz), 4.23 (br s, 1H, H-5"), 4.19-4.12 (m, 3H, H-2', H-3', H-2"), 4.06 (d, 1H, H-
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4" Jp3=4.1 Hz), 4.03 (dd, 1H, H-4', J43=8.2, Jo s =1.4 Hz), 3.82 (d, 1H, H-6', Jo¢ »=10.4 Hz), 3.65-3.61 (m, 1H,
H-5"), 3.50 (brs, 2H, H-2"', H-3"), 3.01 (dd, 1H, H-6", Jg» g»= 10.4, Jo s»= 4.5 Hz), 2.89-2.78 (m, 3H, H-5", H-2",
H-6"), 2.43 (td, 2H, palmitoyl, J= 7.5, J= 1.7 Hz), 1.64 (t, 2H, palmitoyl, /= 7.0 Hz), 1.29 (br s, 24H, palmitoyl),
0.90 (t, 3H, palmitoyl, J= 6.8 Hz);

C NMR (CD;O0D, 125 MHz) § 174.0, 166.2, 151.9, 142.2, 109.5, 102.1, 92.8, 83.0, 80.5, 75.7, 75.5, 72.9, 71.3,
70.1, 69.3, 68.5, 64.3, 56.4, 51.2, 43.6, 34.8, 33.1, 30.8, 30.8, 30.6, 30.5, 30.5, 30.2, 25.9, 23.7, 14.5;

ESIMS-LR m/z 785 [(M + H)']; ESIMS-HR calcd for C3;HgN4O 14 785.4179, found 785.4197;

[a]®p +6.62 (¢ 0.56, CH;OH).

Figure S-2. Chromatogram of HPLC, compound 126 (J’sphere ODS-M80, 150x4.6 mm; 75% MeOH/H,0, 0.1%
TFA)
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Conformational analysis

Conformational analysis of compound 12 and 13 was performed by Macromodel 10.2 (Schrodinger LLC) using
OPLS-2005 as a force field. “Conformational search’ of these compounds was performed with “Torsional sampling
(MCMM)” method (Maximum iterations, 500; Maximum number of steps, 1000; Energy window for saving
structures, 50 kJ/mol), followed by ‘“Minimization” of generated conformers was performed ‘Polak-Ribiere
conjugate gradient (PRCG)” method with (Maximum iterations, 5000; Convergence threshold, 0.05). Default values

were used for all other parameters.

Docking simulation

Ligand preparation

Global energy-minimum conformers of all compounds generated by ““Conformational search” were used as initial
3D structures. These structures were optimized by “LigPrep” using OPLS-3 as a force field. The resulting structures

were used in docking simulations. Default values were used for all compounds.

Grid generation for docking simulation

The grids used for docking simulation were generated by “Receptor Grid Generation™ of Glide (Schrodinger LLC).
The X-ray crystal structure of MraY complexed with muraymycin D2 (PDB code: SCKR) was refined for docking
simulations using the ‘“Homology modeling” (Escherichia coli strain K12; Uniprot ID: POA6W3). As a center of
the grid, centroid of the residues thr73, Asn192, asp195, asn257, ser270, Gln 307 were selected.

Grid generation for docking simulation

The docking simulations were performed by “Ligand Docking” of Glide (Schrédinger LLC), using sp mode as a

precision and aforementioned prepared structures as ligands.

Fluorescence-Based MraY Assay.

Reactions were carried out in 384-well microplate. Reaction mixtures contained, in a final volume of 20 uL, 50
mM Tris-HCI (pH 7.6), 50 mM KCl, 25 mM MgCl,, 0.2% Triton X-100, 8% glycerol, 100 uM Css-P, and 20 uM
UDP-MurNAc-dansylpentapeptide. The reaction was intiated by the addition of MraY enzyme (11 ng/5 mL/well).
After 1h of incubation at 37 °C, the formation of dansylated lipid I was monitored by fluorescence enhancement

(excitation at 355 nm, emission at 535 nm) by using the Tecan infinite 200 miciroplate reader.
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