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Figure 1-1. Schematic Illustration of Photoaffinity Labeling.
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Figure 1-2. Structure of Ganglioside GM3 (1-1)
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Figure 1-3. Putative Structure of GM3-enriched Microdomain
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Figure 1-4. Structure of Epidermal Growth Factor Receptor (EGFR)
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Figure 1-5. Structures of Gangliosides GM3, GM2, GM1, and GD1a
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Table 1-1. General Properties of Human Sialidases.!’

Sialidase Location Function Substrate Specifisity
Degradation in Lysosomes Oligosaccarides
Neul Lysosomes f :
Immune Function etc. Glycopeptides

Myoblast Differentiation Oligosaccarides

Neu2 Cytosol Neural Differentiation Glycop_ep_tldes
Gangliosides
Neu3 Plasma Membranes Neural D!fferentlat_lon Gangliosides
Apoptosis, Adhesion
Neud Lysosomes Neural Differentiation O(ljllgzzazc?ir(ljizs
Mytochondria and ER Apoptosis, Adhesion ycopep

Gangliosides

HIRERE B JRfET D NEU3 1, o7 U4y REMEMERTIZETRT >
AAT Vo 7TV T aE L, o, TR b=V A BWTEHE
ThHEBZLNTND, FFIZHAIZEIT H NEU3 OEEE Miyagi HIZ L - T
s HCAFZE S C & 72 1118 NEU3 ORI BT~ D R A TRIHHENT
BV, EGFR, FAK, ILK, Shc, integlinBs<£D, 23 MM TIEMHEL SN D 5T %
EHELT 52T, PAOEREZFEBIELEE2 6N TS, HEEREND

ENTL RIBDS AL 23 AUMAE Tk, NEU3 %8l EH- L L H12, GM3 O
THELESND TV by t®T 2 ROBEBEPIERSNZ, 20T 27 byt T 3
R &2 RIGHAAMBICHRNT 2 & 7R = 20 & h b 2,

O

HOC HO OH C17H35 l
AcHN
HO OHo%

Sialidase NELiﬂ\
o
HO QM io,c C17H35
ACH@ &/ W MCBHN

HO OH

Sialic acid Lactosyl Ceramide

Suppression of
Cell Proliferation

Proliferation of

Cancer Cells by

Suppression of
Apoptosis

Figure 1-6. Hydrolysis of Gangliosides by Silidase NEUS3.
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Figure 1-7. Structures of Sialidase-resistant GM3 Analogues (1-2~1-5)



Sodeoka & X GM3 DRI T LVEEN S 7T U X —YIZUlr&Ens 2 LICER L,
T a Yy REEDOBREBIR 2 RBRAICE S -, 2 Eh

IGM3 7 Fu s
B L= (Figure1-7) 3, Rz o rFEEEMR RO 4BEOT 0 7k

Had-1 HifE 28 (12 kt9 2B B WA R bz, 7725, CHa, CFa. (S)-CHF,
(R)-CHF O 4 Tl D pRFd#AE R & Fo 7 1 7 OWN, (S)-CHF #EfEH 7+ a /%

W L= BRI
(S)-CHF K13 &LV GM3 Z#ifli 3% ETHAIb LW Frrsite
W5,

FEEHOD 2 R A —3 3 T TiE A ¢ (C1°-C2°-0-C3) B L WMy (H3-C3-0-C2°)
TRl T& 5, RARICMHFEETD O-v 7y FiESGO HA ¢ 1T ¢-60°0D
exo-gauche %! & 180°? exo-anti BUELHENGF|C72 D & 2 HL TV 5 (Figure
1-8), UL, 7 1 v NEEG OWFI 1 OIELAE 73D KA A MELE 6*c-o
CHEHRDEOBRAVREA—2a UPNARIZRDT-HT, =X V7 ) ~v—hRk e
LTHIBNTWD, afflid Z 2 TIEEIET 528, GRS L NMR 2RI H L7z =
YIRA =g VTN G . (S)-CHF RO ZEERLAE L 9-60°0 exo-gauche B TH %
ERME S LT B, (S)-CHF (RIZ KRR FFD 2 DO R ERED 5 b— 7%, IR
A EEL LT,

Z. &b Had-1 M@ o GEEEN R R oz, ZOREND
HE Hf%MT

View from here

¢ = —60° ¢ = 180° ¢ = 60°
(exo-gauche) (exo-anti) (non-exo)
G*coo
OH T H OH
HO T Ho,c HO T o, HO 7 Ho,c
o Gal N K
AcHN Q7> cl)“ AcHN Q7 ~o- AcHN Q7 ~p=Cal
OH 3 OH | OH |
HO HO Gal HO L
'cooH COOH COOH
Q Gal Q @ Gal -
5 o o o
Gal

Figure 1-8. exo-Anomeric Effect on O-Sialoside bond
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Peng © D& IC LAuT, BEFONBFMEIEE 7' v — 7138 A U7 e BOGHE A
DALEIZ L > T3 DICKRBITE B 4, PEESICCH ML 232 Type 1, BR
IKPED RIS B FE IR Z A5 Type 2. % LT - HFDIEE 2 M58 <
fE L7= Type3 TH 5 (Figure 1-9A), Type 3 IXARNASH 2843 DAL E S EE FnrE
HKaFo, 207 v —71%Type 2 DR EZWRT H72DITHFE SN, BEHIC
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B O 2 E8E#% L CLE S 2 EnmbhTns (Figure 1-9B) 7,
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A) Type 1 Type 2 Type 3 B)

- RIS
4% b ;;ﬂ% ﬂ : é%%

g f 3%3%@%%%2@3%

{} Photoactivatable
group

Figure 1-9. (A) Schematic presentation of different photoactivatable lipid probes used
for investigating biomembranes. (B) Type 3 probes were developed to avoid the
drawback of Type 2 phospholipid probes, which tend to loop back to probe the regions
close to the polar head (modified from Peng Xia, Y.; Peng, L. Chem. Rev. 2013, 113 (10),
7880-7929.) . 4
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HLIEFERIZEBNT Y TAG-1 IR I D Z EN0ro T D, EMEROKE
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BENPEEEZ L2 TIERWVWZ L EZH LRI TWNDS, ZOMICE,
ref-1-1 Z W= AP EBRIC L > T A v AU U LT X —IR X° CD9 %
GM3 LHHEMEHAT X X7 E LTRIESN TS 323 UL, AiElx
TNF-o ZLBRIZ Ko TA AU AARPIEIREE 2 N ZRTHE D H L 72NN M 2 1
WTW5, —J5, %13 CDI DS ImFIREEL L 7= HRT18 Hifu CHERk S5k 2 J2kE L T
BY, WFNORRREE T COMABEERZMT L TW\W5, £z, ref-1 OB
FHHEDBRSNTND L DIZ, BUKHERS S VIEROSHERER A IENSHICEAL TV 5D
Ta—71%, GM3 REOMEE K> TWDHAMEEMENRH 0 | Bk SRR R O R
DEEL WV, 7235, Pacuszka B2 L - THAFE S v/ ref-1-2 2 72 s Fo A ok
IZBWTH, GM3 DFEHF /37 IEIEE S TVRY,

Sonnino et al. (2004) 0]

HNWH:@\

OH
HO 7" o,c HO OH OH \ 5
o o O CiaHzr
PH1,COCHN{Z7Q7 0 o Y 2

3

HO OH OH
Ho ©OH
ref-1-1
N3
125|
Pacuszka et al. (1998, 2000) OH
HO M0, HO OH OH HN® 70
é@/go O\/\‘/\/C15H31
ACHNLLAR/ "0 HO og OH
ref-1-2

Figure 1-10. Reported Photoaffinity GM3 Probes.
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1-5. AT B

XTI ONE M GM3 7 — 7 ORES & LT, 1) BESHREE 2SN
IR REER I K > TS NBIOFEEEIZZ L TLE S 2 &, 2) Jehud
PR ZNENHICEAT L Z L TROREOMHEEZR->TWnWHZ L, £LT3)
WS — & o X7 R H AR 2 AT U S OB R 2 Rz e 2 LIS E
HL7-, ZNH0MEESED Y B, AREHICEI L TiX, Sodeoka H i k> TR S
T2 RFEHEFE GM3 7 F 1 7 1-5 BFIHTE 5 &5 2 72, 1-5 1L GM3 DEEME
B, AEWTEEAERT S B, %5 2 SOMBES E T D4, REEER GM3
Thua ORI a Y T NeT xR e 7 LTTEAL, -2 2Ry
BEHHAAEICEBED D I WIRBKME D SCSOSHEEE 2 BEERIZH5 8 L 72, HTHl GM3
SRR 7 e —7 1-6 Z¢EF L7c (Figure 1-11),

Non-hydrophobic Photoaffinity Group Alkyne-tag o R
OH &

HO |'Nao,c HO ~OH OH  HN™
H o 0 '80 K O\/\‘/\/C13H27
@ £ Ho
F 1-6 OH

HG OH OH R =H or alkyl

Sialidase-resistant Analogue

Figure 1-11. Molecular Design of Novel GM3 Photoaffinity Probe (1-6)

1-5-1. JEEOMEEZEZ R WT VX OE AN E DORE

TR AT X DT, IR QBRI B FE R 28 A L7271 —7 (Type
2) 1. BRSO LA T T TR 215551 2 2 L0 IREOMEZA
AL ZENBEIND, L, RZER Y e 72 AdhiEs7e s
RAEAENREBHC L - T S d, ¥ 7 VBRSO RR 2B AT& 5,
GM3 OISREZ T2 L CHEE 22 D DIL, T A B ZHIZT H2RMEDEANTH
%o WBFWEERRG O T a—T — X L R EEARE N 5120, HOeHRe
EATF U EORMENBFEHNONL, T b DR K & s~
BT I EEEAT DL GM3 OMEREL L TLE I ERTHIND,
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FZITCTNAF U ETHNICHGLNLOX 7 E LTEAL, SEHEMEERSREZICZ
NODOHHEHOEREEEZZ U v 77 I A M) —ICk > THATIHEEE X,
B, KT VX EDORISITIET Y R EOBALMMBISN B FH D 34,
—J7, WEST VX 28 A LEEAIIE, 2290 MERZRIH L7k il
ATxsLE206N5 35, FEREOWBEMEZBET S & T 0F I3 ENH
(DEANT 2O E LW, BIRDO K DA T ¢ o APERREONREHIZ, 7 7
A B — RIS R E 2 R LT D, IFOHEIC TiuX, TN 2 1Ak
TOAF U UEITEDANEIZ K o TEEWENR R . TAF U 2EAT HE
(FEEIZRFTT 20N H 5,

Murata & 13N EEIRANCEKFL L2 19 FEDO A7 4TI > (SM)
E2H-NMR ZFH LT, A7 4 >3 2= U UiRHgEOEEE % fight L 7= (Figure
1-12) B, SM O A0 "B EfENTT 5 &, TRV OEEMEII RSV <IN
THEIT5D1z% L, SMEalLzxTFue—L (11) oM LEZYVRY—2%
fEMT UT= Ak, FRIGSH O h A O B 2N i IR > T2, & O A 7
ATV AT TUNMATHELTRBY, 77 MEETHEaL AT r—L
25 SM AESH i & FEEAER T 5 ATREMEZ R LT,

- OH
A <
} N/ O © ' 6 8 10 __12__14 16 _ 18

N _P- ~
~UN"0 OW/W\/\/\

Figure 1-12. N-stearoylsphingomyelin that has been site-specifically deuterium-labeled
on the sphingosine (A) and stearoyl chains (B). *

kD Z Lt w#EBETH L, TRIFEHICEA LT VX OALEIZE > TGM3 D
ME N T D A[REMEIZ e B2 b b, L, BIFEO EofrElc =&
FEAZEANTIVUE., TOREOMNE 2B T 20 MR -T2, £
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ZTC, JEMBEICEAT DT AT U ONEERET DHZ L2, AFEOFHE —DH
& L7,

1-5-2. FEBRKMESE OGRS O B %%

GM3 S FME 7 v — 7 ORI 70 | OB L2 5 DOITEETIZ E o &
D IRIFICMERZE AT L0 Th D, RO L 212, FHRIGHERZ IFEHICE
A L7z GM3, GM1 B L GD3 DYt m— 713, FEHEEN R 510
BT, RUX NI EEE#HR LT, 202 Enb, FH— % "7 B
AAEHORBHNZIL, FEICEROGHE IR EAT DM ERH D Z NI DR R D,
LU, BEfFORBOGHERITBHORMEZ R T 5 OR % <. BAIZ L - THESHOM
BEACEFETHAEENRH D, T, - X XY EHANER O I E
L7z, FEBUKMEDO BSOS DB S 2 AR 0% — ORI E Lz,
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Ho2E TR EHTHREEEN GM3 7 a7 DA

2-1. 7x U 2H9 5 GM3 7 a7 DA R

2-2. TIVF U EFTDHRKFHERT GM3 7 F 1 7 DERK
2-2-1. U Y GM3 7 ua 7 OERIEDHEST

2-2-2. TINEKEFST 7T HE—DT ) 2l
2-2-3. DMPM & F>7 /v 72 —D 7 ) a3 ik
2-2-4. 7'V a v ALRGEIRIN D GM3 7 a T~ 4

2-3. @it A R 257U a v ALIcBd 5B %
2-3-1. MR T 527 ) a ke FRT ORR

2-3-2. (RN TV a v kIiZ G 2 D E

2-3-3. &fiEEFIAT 27V a2 BIZEB T 5 MOGSERED 552

2-4. TIF T D GM3 T T 7 OAYTEMERHE
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2-1. 7IAXr2H3 5 GM3 T 7 OARE

Scheme 2-1 12, kD GM3 71 7 O/ RIE L HH GM3 75 v 7 D& RkE
W 2R g, PEROTIETIE, REFEMEOT INVH T 7 h—A K F—ref 2-1
LT Nna eI I Rref 222 22N ENAK L, @2 FHAT L7 a
fBIZ &> T, GM3 {R#IR ref 2-3 ~ L8\ 7=, 7 VLR IR#ERL, XU UL RR#
FEENERREEL T, GM3 T Zref 2-4 AR Lzt AFEET VX 2
DT Fu T OERIZISHT L7200, LTOHFEPELTWDL EEXT, T
b VINAT I h—RA2-1 T AR CRE LT v a v
NWAT gAY 22 m7 ) ai bz, 2 CORERZRET S, VY
GM3 7517 23 1%L TCT I MMUICE > TT AR U2 EATAZ &3 HL
770
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A) Previous Synthesis of GM3 Analogue
O

OBOM (1.5eq.)
BOMO AcO _OBOM
MeO,C HNJ\CﬂH%
AcHN. =g Op° nBu + HO\?H\ \/Y\VCL%HN
BoMo OBoM F BZO Z oBn
ref-2-1 ref-2-2
hiy
OBOM
A OBOM
PhsPAUNTf, BOMO | Me0,c AP o BnO HN" Ca7Hss
(10 mol %) \?h\ \/Y\/C13H27
—————  AcHN -
CH,Cl,, MS4A | - BzO OBn
e BOMO OBOM F ref-2-3
59%
X
1) NaOMe, MeOH OH
then 1N NaOH aq. HO HO OH OH HN™ "Cq7H3s

o) '50 o _~ X C13Hy7
2) NH; (liq.), Na, THF  acHn . OS V\A/\/

-7810-33 °C I g HO OH
87% (2 steps)

B) Synthetic Plan for Alkyne-tagged GM3 Analogue

OAC ACO OAC

AcO | MeO,C
0__0O PO o8z 4
AcHN -~ BzO alkyl + Ho 4 O\/\‘/\/C13H27
AcO OAc F = op
2-1 22 OBz

P = Protecting group

X C13Ha7
OH R=Horalkyl

Scheme 2-1. A) Previous Synthesis of GM3 analogue; B) Synthetic Plan for
Alkyne-tagged GM3 Analogues.
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2-2. TIX U EAHTHRAZEER GM3 7 7 DA
2-2-1. U GM3 7 F a 7 D& RIEDHEST

EHIT, FTV Y CGM3 T u S ERMIEDH A B Lz, RE&ETRED 2-30
T AL, BB OWERE KRR L DTFE T 7 v bz R T 2 45238 5 (Scheme
2-1), £TZ T, Z/a—RA3, 6% BnikTHR#EL., 7 /5% Chz JETHRi#
LIz NVas VAT 403y 2-T T VB E LTERE LT (Scheme 2-2),
2T XA T AL 25 L7 )a—RA RF—2-6 ZiifEdT 52 L TEHOND &
EZx, 25 L 26 DARRICET LT,

NHCbz NHCbz
HO\/\K\/C13H27 _gl_y_c_o_s_y_I?t_K_)n \%h\ \/\‘/\/013H27
OBz OBn
2-5

: 1) deprotection
;2) acylation

O

BRO OBz
n
TBSO% 00 J\
Pz
OBn 2 O%h\ X C13H27
2-6

Scheme 2-2. Synthetic Plan for Glucosylceramide 2-8.

TNALINWAT 4 AL 2 2-5 DFERKET (Scheme 2-3), Katsumura & D
2TV U7z ref-2-6 12 TFA ZEH &, 7 X 7 7 v a—/b ref-2-7 % i
Lic, T 2 HEKBIEEZZNZIChz 2, Bz A CRiET HZ L TRT 4T
VMR 2-9 ~EFFE LT, 1fokEEEE D TBS £iL. HF - pyridine Z1Ef S &
LHZZLETHREL, AT 4T UEYEKR 25 25 LT,

JNha—AX0 7 TR CHREL LT ref-2-8 O MP A FREL, Yu H38EL
TANR S LR ESEDL LT, TIAFo AR o—h 26 ZAKLT,
eftitz s 2-10 D7) a v ARIFRIEZR S EIT L, IR TZ U 22 U4k
R a2 1=, 7 va—R 4410 TBS #% TBAF Thrkik+5Z & T, 7=
VT 7T E—2-11 LT,

22



NHBoc NH;

H 6 steps
\/\n/ —p> TBSO\/Y\/C13H27 ﬂ» TBSO\/Y\/C13H27
CH,Cl,
OH 0°C OH
L-serine ref-2-6 739 ref-2-7
(o}
1) CbzCl, NaHCO3
THF/H,O, rt 75% NHCbz HF-Pyridine NHCbz
TBSO\/Y\/CBHU oo HO X C13H27
2) BzCl, iProNEt s2 212
4-pyrrolidinopyridine OBz 0°Ctort OBz
toluene, rt 65% 29 85% 2-5
CO,H
OBz OBz .
BnO CAN BnO EDCI, DMAP, iPrNEt
TBSO OMP TBSO OH
O CH4CN, CCl, 0 CH,Cly, rt
OBn phosphate buffer OBn
ref-2-8 0°Ctort ref-2-9 88%

88%

O
BnO o NHCbz 1) Ph3PAUNTf2 (5 mol%)
TBSO z ° o
% . HO\/Y\/CBHN CH3CN, MS4A, 0 °C 97%
2) TBAF, THF, rt 94%
OBz
2-10

OBz NHCbz

HO\%\ OMCHHH

OBn 2-11 OBz

BnO

Scheme 2-3. Synthesis of Glycosylsphingosine Derivative 2-11.

2-11 Z TR 3 fi# 12 K 5 Bz DBrEZRAT- (Scheme 2-4) , Z DFES,
HEOD 2-12 135 6N ODOBINERICE EFED XY U Y ) 2 2-13 #FA4E
e LTH 27, N-LEBRO 7 — S A — NIRRT, 4 Vv T % — b %
AT 22 ERMBILTND 45 2-13 1A VU7 F— MIxF L. ITBEOKERHE
MM 52 ETEMRLIEEZEXTWD, AR LioAFH YU T EkRET
X5bDODOEM, MEEFHNLETHoT-, £I T, IANA—NEET Y
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RIEANLEEF LN NART 4Ty 2-14 FRERAKRT AL L LT,

NHCbz NHCbz
P < NaOMe, MeOH BnOo— ] :
HO O\/\‘/\/C13H27 HO o A C13H27
o then 1N NaOH 0
OBn 2-11 OBz OBn 2-12 OH
NaOMe, MeOH 29%
then 1N NaOH + o
.c*° on  HnK
OH N~ H%no o. _~_.0
H%ng%\o\/\‘/\/cwHw Ogn \/\%
OBn OH 2-13
Cy3H
61% 131127
OBz N3

BnO

HO\%\O\/T\‘/\/CWHW

OBn 2-14 OBz

Scheme 2-4. Attempted Cleavage of Cbz Group in Glucosylsphingosine Derivative
2-11.

2-14 DGRk ZE 3, (Scheme 2-5), Kim & DO 812t > TR L= 27 ¢
T UK 2-15 D 2 FoKFRIEL A R L, TBDPS R4 fRE L, 2-17 #1587, 7
oAb R —2-6 & 2-17 & Z &l 2 W Calfs L, TBAF Z{EFHEE5 2 &
TONAVNAT AL 214 2R LT,

NH, OH N3 :
- = BzCl, iProEtN
HO\/Y\/C13H27 6 steps TBDF’SO\/\‘/\/CmHz? 4-pyrrolidinopyridine
B ——
OH OH toluene
Phytosphingosine 2-15 101%

1) PhsPAUNTH, (5 mol%)
2-6 (1.2 eq.), CH,CN

N3 Ns
B HF-pyridine = MS4A. 0 °C 97°
TBDPSO\/\‘/\/CHHN —>py HO._ A X Ci3Ho7 S4A,0°C 97%
CH,Cl,, Py. 0
OBz 22 OBz 2) TBAF, THF, rt 90%
2-16 83% 217

TBSO

BnO

X _Cq3H \%%

\%h\ \/Y\/ 13H27 OB
OBn

Scheme 2-5. Preparation of Glucosylsphingosine Derivative 2-14.
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TV AVNVAT 4 AT 2-14 SIS R LT & 2 A Bz EROREILEER
\ZHETT L7= (Scheme2-6), L7>L. BirchiZ it k2 Bn EEDOREL TV RDiE
TLETEARRE L2, BROERMEZFRERDL Z ENTE RN, o, M
RO NMR )P BIEA LT 4 UINBIE SN TWD Z E RS, £2 T,
Bn ZireEROFHZWrE L, £ TOKEEEL T VI TIRE LT 2-19 28721
T L L L,

1) NaOMe
MeOH/CH,Cl,, rt
OBz N3 OH/CHLCly. OH NH,
BnO B quant. HO z
HO d o\/Y\/C13H27 HO o) O\/Y\/C13H27
OB OB 2) NHs (lig.), Na OH OH
n Z o
214 THF, -78 to -36 °C 2.18
trace
OBz N3

BzO H

HO%OMY\VCBHN

OBz 2-19 OBz

Scheme 2-6. Attemted Synthesis of Glucosylsphingosine 2-14.

TNALINWVAT 4 AL 2219 13D 7 v a— 2 2-200 K0 6 TRE TR L
7z (Scheme 2-7), 9. 2-20 ® 6 (/K% Bz T, 4 (KgE%Z TBS & T
PREEL ., 221 ~FE L7-, A MU 7 2= VEEZRIVINIZERE L. £ LT KEE
HET LT AL T, TAF= AR o— | 2223 25K LT, & fillit
FIAHLC, 7V RRT gy 2-17 EfE & E7-1k12, TBS KAERETHZ
ET, BTN a L VAT AL 2-19 AR LT,
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OBz 1) BzCl, Et3N OBz

BzO CH,CI BZO CAN
HO\%\OMP e TBSO\%\OMP
2) TBSOTF CH4CN, H,0, CCl,

OH 2,6-lutidine OBz 0°C

2-20 CH,Cl, 2-21 o
(]

72% (2 steps)

Ns (1eq.)
CO,H HO A X C13Har
— 0Bz 2-17
TBSO o EDCI, DMAP, i-Pr,NEt TBSO o P (5 mol%)
OBz CH,Cly, rt OBz Z
2Cly, CH,Cl,, MS4A
2-22 91% 2-23 (1.2 eq) O0°Ctort
76%
OBz N3 - OBz N3
H HF-pyridine -
TBSBOZO O\/Y\/C13H27 - H(B)ZO O\/'Y\/CBHZ
0 CH,Cl,, Py. 9
OBz 2-24 OBz OBz 219 OBz
quant.

Scheme 2-7. Preparation of Glucosylsphingosine Derivative 2-19.

TIVALIVAT 4 AL 2-19 D 450 Bz £, RIERLSBRETHZ &N
T&7- (Scheme 2-8), 7V K&E&E MU AF NIRRT 4T L 8, HEET S
ZERIN-EREBXFURI VA I RERATVERESEHIET, Fray
NET IR 22 EHAKT DI IR LT, Pk, REMEE AR, 2R
SPRFE & T L AL EITT 5 2 & R TE 72,

1) NaOMe 0
OBz N3 MeOH/CH2C|2, rt OH HN a|ky|
BzO : 2% -
HO\%?\O\/Y\/CHHN HOHO O\/Y\/C”H”
2) PMe;, NaOH aq. 0
OBz OBz THF, rt OH OH
219 2-25

then C47H,5(CO)OSu
iPr,NEt, DMF, rt
82%

Scheme 2-8. Synthesis of Glucosylceramide 2-25.
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2-2-2. TIUNEEBEEST /w2 —0 7Y a3k

BEISTHLTTINT T N—RE T NVaAa VAT A D7) a
Vb ERE Lz, £, RIS TR LT YU ERFICHIn S E 5720, 4
TOKEBEHREZ T NV EEThRGE LI RFERER ST IV T T 7 h—A FF—2-29
L 7= (Scheme 2-9), v 7lRL Y 26 TR THMR LTV b 2-26 %
Bz Ji CIRi#E L7=, 77 b ONNABL R TA U KBEEED, FER{E L7V K
IEBRS T EF ML, 2-27 ~L A L7z, BOM £ & TBS M4 [FIRFIZERE
L. AUk EZ Ac HECIREL, 2-28 Ak L7z, 228 DA F¥ T 7 = =)L
BEBALIZREL, INVARUVBEHRAEIELZ LT, 2 COKBEELZT L
ECHRE LT T INHT I h—A RF—2-29 #FHf L7z,

Ho OH Oy _OH BOMO
BOMO 0 o _0OTBS 1) BzCl, DMAP, CH,Cl,
Q/ "OH rt 91%
AcHN 26 steps o (0] OMP
HO OH AcHN = HO 2) NaOMe, MeOH, rt
Sialic acid BomO OBOM F 3) Ac,0, Py., DMAP
2-26 -40 °C

81% (2 steps)
BOMO oac
BOMO | me0,cAQ (773 1) PA(OH)IC, Hy MeOH_ A%D Jie0,cA°) ¢ 77
AcHN O _ OMP  2) Ac,0, pyr., DMAP, AcHN 0 ! OMP
oBom F BZO -40 °C to rt e = BO
BOMO 105% (2 steps) AcO
2.27 2.28

1) CAN, CH3;CN, CCl,
phosphate buffer, 0 °C

OAc
ACO T Me0,cACO OAC
2) COxH 0
o AcHN /™ - o‘”o o
— E Z! //

AcO OAc
2-29

EDCI, DMAP, iPrNEt
CH,Cly, rt
46% (2 steps)

Scheme 2-9. Preparation of Sialylgalactose Donor 2-29.
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TV a VT 7e7H—2-19 #HW\WT, FF—2-29 LD 7Y a Afb)s%
el A, HHOZ Y av Fig—tUBond, TV AT VDA EE
%7 (Scheme 2-10), ZDEKIIZ L a— % 4, 6 MOGHELEOEZSICHD L
HERIL, Fi7liC AcKEZGT D7 7877231 2 LC, 7V av bz
RN LS R Y

OAc OA
AcO | meo,c AcO ¢ 50 OBz N3
0 5 O A X CisHar
AN Q7 ~ 0._0 HO%\ AN
T Z OB
AcO OAc F Z + (1.2eq) z OBz
2-29 2-19

PhsPAUNTF, (10 mol %)
CH,Cl,, MS4A, 0 °C

OAc OA
ACO | Meo,C AcO ~OAC a0 87 N3
AcHN O : O%\ \/Y\/
AcCI) OAcC + Bz OBz OBz

not obtained

OAc
AcO MeOQC AcO OAc

(@]
AcHN Q N
= (e} OBz 3
AcO OAc F O%BZO o R o C1aHor
oh 0o d \/Y\/
2-30 OBz OBz
35%
OBz 'ja
o2 O A A Cratar

OAc 2-31 OBz

Scheme 2-10. Attempted Glycosylation of Glucosylsphingosine Derivative 2-19.

2-31 D& E T, WD 7L a—AD Bn EaEMAZESRIC L > TlEL,
A U= KiR A Ac FE T L 7= (Scheme 2-11), 2-33 D p-A hF v 7 = =)Lk
EEACLANCRE LRI, 77 b—ILEDNVRUERE B &, TF=/L
Ny m— h~ELiWe, 7 3y R —2-35 it eiEtik L, 2-17 %
7V ai b3 bHZ LT, 2-36 AR LT, a3 —RX 47D TBS #% TBAF
THREL, BHOT 78742 —2-31 AR LT,
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OBz

OBz
BnO omp _Pd(OH),, Hy HO omp AcO, DMAP
TBSO o) TOA> TBSO o) ?»
C y.

OBn OH
86% (2 steps)

ref-2-8 2-32
CO,H
OB =
ACO— 27 __CAN | AcO "‘Z‘OH
TBSO% OMP CH.CNH,0 TBSO% EDCI, DMAP, i-Pr,NEt
OAc 0°C OAc CH,Cly, rt
2-33 2-34 68% (2 steps)
Ns (Teq.)
HO A~ X C13Ha7
0Bz 2-17
ACO OBjO PhsPAUNTY, oBz N
TBSO\% (10mol%) __ AcO o MCHHN
OAc CH,Cl,, MS4A o
OAc OBz
2-35 (1.2 eq.) 84% 2-36
OBz ';‘3
TBAF cho K 0 B S C13H27
THF

94%

Scheme 2-11. Preparation of Glycosylaceeptor 2-31.

7V a7 772 =231 N T, =229 L DT Y a v bS %
et L7z (Scheme2-12), ZOfER., 77 v 74 —OR#ERIC Ac x5
HICHHEOZ Y a2y RiEfFond, AV AT VDR EE 2T, AV hT
AT NVDPNFRITENDRHDH DD, Bz £, Ac EWTHOREER L HWERFS |
T ay RReonnolc, ZTOIZENL, K7 U aT AIZEIT 5 XEH
PRBRNISLARRY B R Tl 7 EHERI U 7=, Sodeoka & 23PARTICHRRT L7= ref-2-1
D7V a A TIE, BnETRiE LT 7874 —Z2 b &, HOZ Y =
¥ Rref-2-3 % 59%., 4/ h = X7 )L ref-2-8 % 20% TH- 2 TV 7= (Scheme 2-13)
L AL EFRGETH L7 v VRERELREZ W ha, B0 7Y 2y R
BoneholoZ b, K7 U a v HABIZITE G HEORERE 2 V54
N D EHERI LTz,
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OAc

AcO | Meo,c AcO ~OAC oBz  Ns
0 @8%0\/\/\VC13H27
AcO OAc E =Z + (12eq) OAc OBz
229 2-31

PhsPAUNTF, (10 mol%)
CH,Cl,, MS4A, 0 °C

OAc
AcO Meo C AcO OAc

0 ACO\W\ \/Y\VCHHW
BzO OAc

not obtained

OAc
AcO M602C AcO OAc

AC\O%% \/Y\VCmHz?

2-38 OAc
<81%
Scheme 2-12. Attempted Glycosylation of Glucosylsphingosine Derivative 2-31.

(@]
OBOM )J\
BOMO [ ve0,c AcO OBOM Cy7H35

0 B"SW \/Y\/C13H27
OBn

ref-2-2 (1 5eq.)

PhsPAUNTf, (10 mol %)
CHClz, MS4A, 0°C |

OBOM )J\
BOMO | pe0,c AcO ~OBOM Ci7Has
o) B"O X C13Ha7
AcHN — \/\l/V
OA = z OBn
BOMO YA¢  F ref-2-3

59% (based on recovered acceptor)

O

Z Bn HN™ ~Cq/H
/ OBz A 17135
BOMO OA¢  F O3/ 0 O A CraH
Ph o) o) \/\‘/\/ 130127
ref-2-8 OBn OBz

20% (based on recovered acceptor)

Scheme 2-13. Gold-catalyzed Glycosylation of Ref-2-2.
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2-2-3. DMPM &2 Fo7 7w 72 —n 7 ) a2 ik

ZNETORENG, Zva—2A 3, 6 (MOREREILT ¥ REMFEE TRED ]

BET, Bn IV bEWETHGHEEEF YL O KIS LB 27, £Z T, BBE
HREEREZAT LV 37205 3,4-dimethoxyphenylmethyl (DMPM) #iz
&H L7z, DMPM %1% 1984 4|2 Yonemitsu _J:o“CF'aﬁ%‘ééz/b DDQ (Z

e LB AN OB RE RO H Tl b1 17952 &Zﬂjﬂﬁﬁbéhflﬂ
(Figure 2-1A) %1, %7 Bn Rz, IV EFEETHI LHFENDLZ L

M, K7V a UG EE CTH D LHIWr L=, £Z T, DMPM A% HF9
HDITNAVINWAT 4 A 239 iz 7V a7y 72 —L L TiE
L7z (Figure 2-1B),

A)
DDQ (1.2 eq.)
—r(OMe ————————>
)n CH,Cl,-H,0 OH
(10:1), 20 °C
Structure Yield (%) Time (h) E Structure Yield (%)  Time (h)
o 5 o
86 <0.33 | 60 0.5
MeO F '+ MeO OMe
OMe ast OMe
DMPM E 2,3,4-TMPM
Y ' MeO S
/@f 89 033 \©\/ 95 25
MeO ' OMe
4-MPM E 2,5-DMPM
adapted from Yonemitsu et al. Chem. Pharm. Bull. 1988, 36, 4244.
B)

DMPM group

DMPMO
x_ Cq3H
- Electron-rich \?ﬂ\ \/Y\/ 1
i ODMPM

- Easily Removable Bz

Figure 2-1. A) Cleavage Rate of MPM, DMPM, TMPM ethers with DDQ); B) Glycosyl
Acceptor Possessing DMPM Groups 2-39
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2-39 OAKRERT, T/l lTFFA=TFNEEROI NV a—R T84 —
THE L., 3NKERIEIRAYIZ DMPM F 48 A L7= (Scheme 2-14), 2-42 @ 2
NKERHE A Bz JECIR#E L%, TR X— L ZEchIcBId S, & Ulzkigl
ARF#E LT, DMTST ZHWT 244 L X7 A0 2-17 & 2RSS, 2-45
DTBS HexaBRrETHI LT, 777X —2-39 ZER LT,

Me0:©/CH(OMe)2
HO OH SEt MeO OH
TsOH, DMF o 0

OH
2-40 93% MeO 2-41
DMPM = /©/ b Bu,SnO, toluene, 150 °C
then DMPMCI, EtsN
MeO TBAI, toluene, 80 °C

OMe

3,4-dimethoxyphenylmethyl 55%

MeO o %sa BzCl, py. MeO O%sa
-
o CH,Cl, ©
MeO 2-43 87% MeO 2-42
1) NaCNBHj, HCI in Et,0
THF, MS3A, 0 °C
2) TBSOTY, 2,6-lutidine
CH,Cl,
44% (2 steps) N3 (1eq.)
HO X Ci3Ho7
OBz 2-17
DMPMO OBz DMTST, DBMP
SEt
TBSO% s DT%%%W MC13H27
ODMPM ODMPM
2-44 CH2C|2 2 45

0,
68% l TBAF, THF 87%

BzO N3
X Ci3Ho7

DMPMO =z
HO%\O\/Y\/
ODMPM OBz
2-39

Scheme 2-14. Synthesis of Glucosylsphingosine 2-39.

AR LT 239 L 7Y ai )L R =229 2 HWWT, ZHFETERUEHETZY

aVMbEEEREEZA, ANV R AT VT
Vay R 2-46 ZEINERTEH 27~ (Scheme 2-15),
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HRe Bz FEAE WA, RS T CREINMICANL h= ATV E 52 T,
SDFY KTV al LIS TIR, 778 72— ORI X o> TEBRY R K
BRI TBY., BFt5HoR#ERLEZHWSL Z & T, BRIV av Fia s
DT ENbNoT,

AcO O’:\/ICeOZC AcO ~OAC o 0Bz Ns

ACH@\&&WO (0] HOO\%\O\/'\‘/\/CQHN
AcO OAc B = oP OBz
229 * (1.4eq.) P =DMPM (2-39)

Ph3PAUNTY, (10 mol%)
CH,Cl,, MS4A, 0 °C

OAc OA
ACO | Meo,c ACO ~OAC oo OBz N3
O <
AGHN 0 _ o\%\o\/\‘/\/cmHﬂ
AcO OAc ’i: BzO 9.4 OP OBz

90% (based on donor)

OAc
ACO MeOZC ACO OAC

o
AcHN Q

Bz N3

0 0
Aco OAc  F :
O%SO\WO\/\/\VCBHN
Ph
opP

OBz
not obtained

Scheme 2-15. Successful Glycosylation of Donor 2-29 and Acceptor 2-39

2-2-4. 7' U 3 L ALRAEIR DS GM3 71 7~ DA

TV a AL ERN S HEIO GM3 71 7~ E 2 /iHr L= (Scheme
2-16), 7' U 2 v A bR % DDQ T4 2 & HIfFiE 0 <072 DMPM %
DEREZ I, 2-48 ZEINERTHIZ, ETOT UINVREH#ERLE ATF LT ZAT V%
—ZRIIREES L, 7Y RV Y GM3 71 2 2-49 ~LiFE Lz,
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Ore P = DMPM
ACO | Me0,c AcO ~OAC oo 087 N3
0 o~ X C13H27
AcO OAc F ra .47 OoP OBz
OAc
AcO | Meo,c AcO ~OAC OBz N3
DDQ o HO O~ X C13Ha7
phosphate buffer ~ ACHN | 2 z B20 © O \/\l/\/
CHoCly, rt AcO OAc F z 248 OH OBz
90%
OH
OH
NaOMe, MeOH, rt HO | Nao,c HO o 2 N3
~ 0 Q o o ) Xy Ci3Ha7
then AcHN — o Y Y
NaOH aq., THF, rt OH T OH OH
q HO F 949

56%
Scheme 2-16. Synthesis of Azide Lyso-GM3 Analogue 2-49.

—HEGOMENERRDNENBOGRZHE Lz, ZHETOMmENS, %
FIIHNVR = NVERRIRTF & —ERAD 6 R FUNICH 255, WILR gD H
NS D E VWO MR 25Tz (Figure 2-3), #BlxIX, 2-50 #E 7 v
FNAEFESHETCLIES L T5 L, NMR T 2 —7 O H CHREDHER Y E )3
BT %, £ T, INAVRZABERA L =ZFHEE D 10 L7 LL BB 72552
T L e LT,

e _ g CDCl,
HO 6
2-50 red fibrous solid
Figure 2-3. Generation of Red Fibrous Solid in CDCls.

TV OAEIC K DIEEDENEFIT 5720, 31X 940, 1347, 1747
TR BT DN AT U, DU FISIEMET X7 )L 2-61~2-64 DG LA
/~9° (Scheme 2-17), Undecyn-1-0l 2-51 Z# 7 VX AL L7=DH, TILF 2 PR
— RS TR T V¥ AR L S/ BB, KT LR 2 2-63 ZFRET VXL
fbL, IBMLIC=EFEBEEFFOI VAR 254 &K LT, B FrF U LRy
fg 2-55 # 7 mE b L7zt%, Nal Z{EficETCavHEL, 257127 &F VU R
FERHSELZ LT TS =FER-EGE AT 5 258 G Lz, &klz, ik
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D 2-59, 2-60 ZEie A FHEDO I INAR U EEE N-BE xR 7 A 3 REMEE
SH, EMET AT L 2-61~2-64 A AR LT,

n-BuLi

iodopropane
HO BT, N > HOT ™7 N

HMPA/THF (1:1)

2-51 -40°Cto0°C 2-52
15% NaH
71% | ethylenediamine
1) n-Buli, iodobutane 70°c
HMPA/THF (1:1)
o /
13 -40 °C to 0 °C 44% AM/\/\//
HO 7 - - HO 7
1 2) PDC, DMF, rt
2-54 86% 2-53
O (0]
HOJ\M/\/ OH HBr AR HOM B
13 reflux 13
2-55 quant. 2-56
Nal
0,
86% l acetone, rt
0 Li acetylide o)
W EDA complex )WI
HO g T oeA HO -
2-58 -40°Cto0°C 2-57
105%
@)
0 0O 9
Z 5 N. = 5
HO™ M7 0" ™M
(0]
2-59 2-61 75%
O 43 o 13
HO 11 NHS, EDC
2.54 Et;N, DMAP 35%
CH,Cl,, rt
Q 17
W )W
HO 11
2-58 2-6 47%
! q
2-60 2- 64 81%

Scheme 2-17. Synthesis of N-Hydroxysuccinimide Esters 2-61~2-64.
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AL N-BE FeXxv A7 A I R=ATLVEHNT, 7Y RU Y GM3
T u s 2-49 T AL LTz, 2-2-1 TR UIZSMEISHE 2-49 O T ¥ k%
Wt L, BT 2 <K A OIEEZ AT VA ERSEHZ T, 7%
ET5HGM3 7 a X O A ER LT,

Ho | NaOzC HO OH
\/Y\/C13H27
AcHN
2-49

HO OH
PMej3, NaOH ag. NaO c HO OH NHR
THF, rt \/Y\/C13H27
then AcHN
ROSu, Et3N, rt HO OH

o}

W 2-65: 74%
o}

M 2-66: 94%

R =
(0]
W 207 67%
(0]

}g\/\/\/\/\/\/\/\/\ 2-68: 94%

Scheme 2-18. Synthesis of Alkyne-tagged GM3 Analogues 2-65~2-68.
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2-3. &filit 2R T2 7Y a s kICEET 5 &%
2-3-1. & A2FIHAT 270 as ke FIRADEE

Yu B2 &> T, 2008 FIZBAFE S etz W5 7Y =2 2 U BROG S
EHP MRS CRISEETSE 5 2 LA RS 3418 B e LT ¥ =1~
Y m— REFIH L, S8R LD T AT DEHELE 7~ ) v DER AR T,
X INR=g A T BRAEIELTFETHS (Scheme 2-19),

" OTf - OTf

o) + 0 +
(Op)nmnﬂo o R Au(l)L (OP)%"’O /O R
Z |
AuL
O0._0O__R 0._0O__R
| | _
6)/+ TfOAu(l)L =— AuL
+
TfOH

‘o
(OP)nZ&"‘OR ‘RO% (OP)D

Scheme 2-19. Plausible mechanism of Gold (I)-catalyzed Glycosylation

- OTf

Sodeoka HIZ X > THELNZZNE TOMATIE, K7V a v A kldy 7R
EHT U F—=R a0 SIRFHEREE N, USRI EET L2 L3 nho T
W%, (Scheme 2-20A), 3726, fkbmWETFRIMEEZ AT D CRRIE 59%
T. (R)-CHF {&, CHx {KIZZ=NnZ1 50%, 37% TV av REhxTEY, &
FA L EARLZENNSED FIRTFNENTTN, 7V a3 U ALDIR N E - 7=,
O LT KT U AL B Sal-like 7B IRREA X D 7Y a2 v LT
TN L AR LTWS, —FH. 190 F JRE+%24A7 %(R)-CHF & & (S)-CHF
WCERTDE, 7V av REFNV N AT VOERMNELD Z ERDND, F
AN LD TF A DORLE T TR FIRFONBEFE L ART Y as bk
EHLTWADIZENWRBIND, 7B, ANV N AT )L ref-2-17 #FET Y v
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I DM TS 5 &
g hx-> 7= (Scheme 2-20B),

— RN R N 0D, 7Y al RiZel sy
Z OFERIX,
HZ7 7 bh—=ADT V) aiZBWT, 77U a3 R

itz 2 RS T Y v

R B AR TH D

:k%%%bfwéoHL@:kﬁ@\éﬁﬁ%%wéfU3&»%&%?@
IRBIEFERI S T U NVH T 7 b—A KT —RNFT D F R OSARE TR,

BARRBIC B 1T DiE b=V F —
! X
OBz  HN" "Cy7Hzs
HBOI'IO g o\/\/\/013H27
OBn  ref-2-20Bz (15eq.)
(HO-GlcCer) PhsPAUNTf,
(10 mol %)
+ —
0BO CH,Cly, MS4A
BOM 0°C
0
AcHN {7 > x 0.0 BU
BOMO OBOM B20 =Z

%T% CF, (ref-2-9)
FF

3&; CH, (ref-2-10)

%—} (R)-CHF (ref-2-11)
F

3&_; (S)-CHF (ref-2-12)
E

? X
Bnoo_ 57 HN™ "Cq7H3s
HOn\%\ o\/Y\/C13H27
OBn OBz
ref-2-2 (1eq.)
PhsPAUNTf,
(HO-G'CCGT) (10 mol %)
_—
+
CH,Cl,, MS4A
OBOM  aco 0°C
0
AcHN{ /L7 ™
BOMO oBOM F
Ph7<OGIcCer
ref-2-17

AcHN Q

B2 RIFL TS EHEEREIN S,

OBOM

2
o)
AcH@\xk OGlcCer

BOMO OAc B20

CF, (ref-2-13): 59%

X = CH, (ref-2-14): 37%
(R)-CHF (ref-2-15): 50%
(S)-CHF (ref-2-16): 35%

+

OBOM

AcHN :
BOMO OAc F

0]
(0]
F)r?LOGIcCer

(S)-CHF (ref-2-17): 12%

All yields were calculated based on donor

OBOM

AcO _OBOM
BOMO MeOzC

BOMO OBOM

- L
Ph\/(OGIcCer

ref-2-17  77% recovery
+

ref-2-2  112% recovery

OBOM
BOMO

¢0,CH,AcO ~OBOM

OGilcCer

Bomo OAc  F BZO

not obtained

Scheme 2-20. A) Gold(l)-catalyzed Glycosylation with Carbon-linked Sialylgalactoses
ref-2-9 ~ ref-2-12; B) Treatment of Orthoester ref-2-17 with Glycosylation Condition
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2-3-2. {RFEEMN T a I fkiZ bz B

Z 2T 2 OB G MFET H 7V 2 VI ERIRIZEB W T, R — DR

RN E O X DTSR REIA A~ % KIE T 0% o CH7z\, 2008 4F, Huang
SIHEIE NMR W T a v bz B T 2 bR E 8R4 5 2 L 2R
HTUND A8 REEFL D F 2 % 3 FEEHD ) — (ref-2-18~ref-2-20) (Zxf L,
A A S, -60 °CIZB T D RUSHRIKREZ T LTIz L 2 A, R —DfRG#
FIC X o TSN D FRERN R 5 2 L BNbhotz, BREIWED Bz FE 414
HILICHWEEAS, 7V ai L MY 7 L— b ref-2-21 WA & 4L, -20 °C £ TH-
BLUTHLREICHEMEL TV, —J5, ref-2-20 Z /LA AR TS S & 4%
L= hA A ref-2-24 25 %, -30 °C £ CLREITHIE LT, /-, Ac Kz
T 5 R —ref-2-19 ZiEMHALT 5 &, PV 7L — eIV FFH L= A AN
1: 1 THERLER, ZOOFRHKIIHAZ#RAETH Y, -20 °C ~& Hik
LTEHE RNV 7L — b DHROE—T & 2702, REENT U a v bR
MIFFTEHBIILLTO LS I EN D, EFRGIMED Bz E03dH 256, I F A
POV A X L= AL F U DERBET NG, —JF, EEGEO Bn &
NS B DGREIT AR L=y AL G v+ BB TE D7D, D
U a7 L— EBRER Loz AT b Tnd,

BzO _ 0Bz BzO _ 0Bz
(0] (0] .
BzO STol BzO trifrate
BzO BzO
ref-2-18 ref-2-21 OTf
PAT%ST? OAc OAc
AcO STol _ M L Ao O 4 AcO o _
AcO 0 CDC|3 -60 °C AcO AcO OTf
AOo Tt 50
ref-2-19 ref-2-22 1:1 ref-2-23 Ph
BnO 0OBn BnO _0Bn
§ (0]
o _ - - .
Bno STO' BnO% OTf dloxalenlum on
BzO +,0
ref-2-20 ref-2-24 \<

Scheme 2-21. Reaction Intermediates Observed with Low-Temperature NMR Study
(adapted from Huang et al. J. Org. Chem. 2008, 73, 7952.).
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— . NI —0OH#ERETZT TR, T8 7¥—ORERL 7Y 2 v ALK
JSMIRESHEBT LI ERFRICHMILOFTRINTND Y, Bz KEFfF>O R —
MOEFRAESE Y 7L — b ref-2-21 I LT 2O T 7 & 7% —2{EH &
Hiob A BT REMEOBZ A FT 57 7877 — & ORIEITFE EH#EITET,
T R IA RCR#ESNEZEF GO T 7274 —BNIERRBL 7 ) 2y R
H-Z27- (Scheme 2-22), 77 & 7 Z —IZKAFE L TZ U 22 ROUENEL L TV
% Z Lo, Preactivation tEE FHWTRASEZZ7V asv b U 7 b— MIXT
%7V a v ARSI EA 7 SN BOG TIE 7 < . HERNR 2 0T IETH D
ZEMRBENS,

BzO OBZ OBz

BZO STol BzO

Qo0
BzO

BzO BzO
BzO _0OBz p-TolSCI [ BzO OBZ ref-2-22 <10%

§ o AgOTf fN
S
BZO STO' CDC|3 BZO - o BZO OBz
zZ

STol

BzO N

-60 °C
ref-2-18 ref-2-21 OTf \ ég/
Og i )(
O
X

Scheme 2-22. Influence of Protecting Groups on Acceptors in the Glycosylation with

ref-2-23 90%

Trifrate ref-2-21 (adapted from Huang et al. J. Org. Chem. 2008, 73, 7952.).

2-3-3. G AFIHT 5 27U a s URICBIT D RGBT # %

PLEZZE LT, RFRIZBIT 57V a VAL RS TR BNTEBZRIZHOWNT
BRI\, Al RFEEFERS T 7 F—R 2-29 1ZKkTDH 7Y a AL TIET
I T2 —DRERIZ L > TR BERDIERME G2 T, Thbb, 77
7 —DORGER L LT Ac EEHWIZRHIA /L = AT )L 2-38 D A& RN
(252 72—77 T, DMPM & HIWTZREZ—EI AL b = 2T L DERMN R 6T,
EINERT T Y 22 K 2-46 252 7= (Scheme 2-23),
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OBz N3

- AcO OAc AcO OAc
OAc 537 OBz AcHN {7/ ™
AcO OAc F

F
(HO-GlcSph) (1.4 eq.) %oelcsph
OAc 2-38 Ph
AcO MeOZC AcO OAc /
o <81%
AcHN O _ 0._0 Ph3;PAUNTf, (based on donor)
Ac OAc a BzO 4 (10 mol %)

CH,Cl,, MS4A, 0 °C
229 \
OBz ACO Meo C AcO OAc
PO O
o Cq3H
HO%\ \/Y\/ 13Hr N 0 — OGlcSph
z z

opP OBz AcO OAc E
(HO-GlcSph) (1.4 eq.) 2-46

P = DMPM (2-39) 90%
(based on donor)

Scheme 2-23. Gold(I)-catalyzed Glycosylation of Donor 2-29.

ZORIGERREEZ LT O X OB L LT, RIBEEFKEU T INANTF 7 F—R|Z
G A ER &E 25 & 2 OBEENEG LA X I NA_=y A, F 0 b
LITHFHEDO RY 7Y I RBELL EE X LD (Scheme 2-24), 71 F A i
Bz BRICHRTENM LG EIZ. VA L= AL U NAERT D EHEEIND,
G DT, BHERR AL TG E T T 50T, KGOBRMEIZ NS
DO HFEED B AR E LBEOTEH =R L F —IC Lo TR SN HITT TH
Do BTREMEEEZATHT 787X =T RITKREENMENEZ 25N 2
END, ACKEFFOT VT = I INR=T LA F RN 7Y IR
& D Sn2-like 22 FOSDIEIT LIZK K, A FH L =0 A1 F 2% F 5 Snl-like
RIS ERBE LT, ANV AT VEE X EHRET S, T, B
Dy DMPM 2 Rio7 772 — BRI/ ) av Fa X2 Lk,
FXYINR=T LA TR T 7 U I RED Sn2-like 70 ERBIRAEDS, A 1
L= LA A LD Snl-like 70 BRBIRAE LV HEALIC R o 7o EHELE L T 5,

ARl FFIIRFBEFER T VNT T 7 b—RZkF 57V a3 v ABRIGIC
BWT, DMPM ENEIFETT Y av 25X D2 Ea /i Lz, K7 U av
AL TIE., REEOBEBFRMEENT 7 v 7 F — ORISR B S, B D

W AR 525 Z LR 2 E R HKT,
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Sp2-like Sy 1-like

HO-R
AcO _oAc AcO _0OAc 2/ AcO _0OAc
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Study
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2-4. TIX U BT H GM3 7T 1 OAMTE MR

TV DOEFANI K DEYTEE~DRELZ T T 572, B L7T2 GM3 7
0 7 OAEYIENERER 2 32 LT, ~ 7 A AN FM3A OZE kKT % Had-1
AL (==2—B >y 2R T A VAP RER) X, GM3 ORI X - THlke
HIEATUET 2 2 LMo TS ¥, 22T, 7AX2F7 2 3D GM3
7 Fua s (2-65~2-68) & (S)-linked GM3 (1-5) @ Had-1 #lfaiZ ki3~ 2 Hl e B 5ETS
PEZ e U, EO7 Fa 7B fafnislimg & £ 1-5 & [REROTEMEZ 3 0 & ffeh>
WHZ EE LTz, (Figure 2-4A),

TNhAXEHTDH IO GM3 7Hu s, (S)-linked GM3 1 L VKR GM3
% Had-1 MfLCHEIN®, 4 B B OMIfuE % ik L7z (Figure 2-4B) , KX D GM3
IG5 & OT TR EN B B3, LacCer TiXiE & A ERRIX
Lo lo, Ziulxt L, RZER GM3 71 7 15 24 5 & %E
(RAFAHR S N L, KA GM3 L 0 & i RS RN A s Tz, =
DZ b, NEETT Y X —BIZ LY R GM3 DSRS0 TV 5 Al 6B
PERRIR S D, WNIELT L 2-65 X0 2-66 DA, 10 pM DLW ALEE CIxH
FEFEDREN A LT b OO, EIRE CIdflamttzZ s L7, 50 uM TR
L7 a i3 TOMBEAEH L THE D . NEHT /L F UFFEARIE Had-1 fifaic
LU TERBECTEHEREZRTIENHLNE ST, —FH, K7 LF o &2 FFD
2-67 ZWIM L7281 GM3 7 u 7 L [RER O AEMTEE 2~ L, R 7 /L% 08
FEWITEMEICIE E B LN E R R LT,
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Figure 2-4. The Effect of Sialidase-resistant GM3 Analogues on Cell Proliferation in
Had-1 Cells. A) Structures of Glycolipids Used in This Study; B) Cell Count of
Had-1 Cells after Treatment with Glycolipids
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ISR, ZFOREMW %2 T L3 v — a0 MEREZFRIH L CRENT L 7= (Figure 2-5)
20, I LTZRBIARR IXREHIC L - T FIZY /W MM AT VB hR T 7 F
3 UEHEARANE BRI, B ZAEITD TN 15a-palmitic acid D 553
Zinolo, NENIEE 2 N U 7o % O IR R 2 Ik o3 g U, ERE D RE e 4 fiF
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Figure 2-5. Palmitic Acid Possessing Terminal Alkyne is Incorporated More Efficiently
into RAW 264.7 Cells than Its Counterpart with Internal Alkyne
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HAGA ONEIZ K > THIFHETEIC T 2 R8I 0 | 17 (LI =ER G 2R
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3-1. BEF DSOS D R

TS RE AT, 1962 4E1C Westheimer &30 T T V' 7w F LR 2 s
LCLARE, #ix 2 b OB SN CTE 7= 8 (Figure 3-1), ZZ CIXBETHIL
& D RERMZNCEEZTY RIF 5,

o N=N N=N
AN A A.r)<CF3

Carbene >
1962 1973 1976 1980

Westheimer Knowles Westheimer Brunner E F

F Ns
O

1969 1989
Knowles Platz
(@]

1974
Galardy

v

-
-
y

Figure 3-1. The History of Development of Photoreactive Groups.

HFERT VR

1969 AT, Knowles HIZ K> THASIN=FEFEET ¥ R, HBIARBEEHC
KOk Sh, EONEEEETHH A N E4E T D (Scheme 3-1) 4 )
A RV UL C-HFARISIZE > TH U TEHE TLTE DN, BRSNS
FEAMARLEETHDHZEDRMLILTND S, £z, HEMO—EEH T A FLIL,
BRILAKBOSIZ Ko THNEEZ, SRETHE L THEDE Y KO YT e ka7
YE L ref-3-3 ~LEHBEND, VB KOS A METICRKEET 2/ Bk
EndhiE, HEBEEZAERT IR, £ 9 ThWIEAEE, ERERHTNY 7
DIRRNZ72 015D, HEBRET Y FORHEIZIE 300 nm L FOEREZMNEE T 5,
Z O ERBEIRO NI I FHEET I BERELZRE T S REER S Y ¥
BADHA—UPRREENS, L, EREORKN THyIc7 ks
BALHY ., BB AES 22 En, SEEMMERRIC L A ST
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Scheme 3-1. Labeling Reactions of Phenyl Azide (A), Phenyldiaziridine (B), and

VNS

Benzophenone (C).

—H. INRCEETDL YT VY CORERIT, 1973 0 Knowles b O
AT D e, AR, CHEAIZ L D BERIRF-REMEEIEMRTE D,
KEBIST DR S, G A LSS TOIREN T~ bzl Z Lic<
WEBZDBILTWD JEREHNZ LY FHFHEST VU ref-3-6 1347 L ref-3-7
BEEULD—FHT, T LEY ref-3-9 ZEIET D, RIS T LA WIL,
MRS FCT AR LRI E LTEIL 729, FERERM 2 T bz &l 7
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ZERETH o7, Brunner 512 Ko THAFE S 4u7c trifluoromethylaryldiazirine
X CR BEZBAT 252 LT, VT VLG ~DEMEZMA D Z LTI LT
"o CRs &AL TH7AaRHIH TH 35% RNV T VIR~ BRI ND 72, v
NUARNRIITZEO RN H D DD, F T EA~DEEEN D720 350
nm 2L EDOWEE THIEH R 2 SIIRTTH 5,

RS T )

1974 4E21E Galardy HIZE 5T, HID TRV T = ) U REERSFD T L
fLicRIA SN, R 72/ 213 350 nm FEE OB £ TRk 23 iTRE T, I
FHZ Lo TE T P NAARDO P RUA ref-3-13 24 U 5, BEE T ¥ WL HHEHSYF- D
KFEEBIE PN, B FIZECTT IR, RET VIV ERBEE]
5, BT VAMIKEOELITLS K BB THL720, WRRE G
BIEENEITT S, LnL, XY 7= ) ISR EE L, T Y R
DOHWEZRESEZTLE ) AREMZFF> TV 5,
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3-2. KR E L TD a7 F T IR

W — 2 B AR Z RN T 5123, XYy 7= DL O
T AR R OB R A R U, SRS = X7 | THRBUKRY

RERENEH TOD EE 2T, £ T 122V NV A= b EMDKFEG X
G, T 6, Norrish | RIEUSITHE B Lz, 1,2-Y VR = )UALEW DL
JERTTA S BFFEE TR Y . Norrish 17, Norrish 11 BU)is, Paterno-Biichi SOt 72
ERER RROEMMNA BTN D %, 1,2-U I NVR= AL EWII KRBT 5 & 1,2-047
Moy a7 ATV a7 b7 X RIZaiFbind, KGR E LTRIET%
& EBZ . AENIKS I, SRKE M, ELTY T F~DBAD LY
S& g L7z (Table 3-1), ARNTHHAT 22 2&5258, a-7 P AT L
TR NBER I K > TSN D AN o 5, 1,2-V 1V =L EWIEE D
E G S THETEDL L ICEWVRE LS, HEICIZT VR =14
EEMRT 2 ENRMATHYD . KFTONA Fb— MERERS, REMT X/
W D SRIZBIR I FOCDOERIE T 2 H <, 32D 12-U VAR =/LDOP T, o-
T R7 RRELKRETFENMED, F2, 0-7 P AT AR 0-7 7 2 N3V
Ty RIZTNa—n7 I U Rhiud, 7RI L > TEZICEATH 2 &
WARETH D, UL EDZ L Z2BE LT, EHIT12-PH VA= LEMOTTY
o7 FT X RIZEREY T,

Table 3-1. Comparison of 1,2-Dicarbonyl Group.

(0] (0] o

H
)J\[( )H(O\ )S(N\
(0] (0] (@]
1,2-diketone a -ketoester a-ketoamide
TIRFTS—EICLDDE DEINIRN WAy way: Ty qVANA
REFIHE FEREICHU S1A oOFL)
BADBEHZE ToYoUEME fEGE (7))  /&fE (572)Uk)
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3-2-1. |EINTWD a-7 8T 2 RO

TEMO a-7 BT X RONSINIE, Aoyamal® 535 KO Whitten!t? 512 k- T
IR SN TEBY, UTOA D =R LATEITTEEEZLNTND

(Scheme 3-2), o-7 b7 X R 3-1I30GMRGHT L 0 BhiEd iR EE 3-2 ~ L ER L 7= %%,
7 FERNLO B FBIICLVIEET S, ZORA LT zwitterion 3-3 13
proton transfer 33 & 0" electron reorganizaton % #%C biradical 3-4 ~ &t ZH# X5,
34 DT VANHBREET UL, BILLTB-F77 % 436%525—77, ZFEHA
O electron transfer TAHELU 5 35 OERILT L2 T . AXY VIV 3745
2B

cis
) Mo b
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N hv NN l \(
R1/ R3 —_— R1/ R3 R1 + R3 e
o] o] OH
3-1 3-2 zwitterion (3-5) oxazolldlnone (3-7)
Electron
fast l Transfer lT
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Y o} Proton W OH R? R3
N Tranfer N
R1/o+ ¢ R3 _— 1/ . R3 > N
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Scheme 3-2. Photochemical Reactions of a-Ketoamide.

3-2-2. L7z o-7 N7 2 RO T AL

HI L 92 7L S Z R T D213, a-7 BT 2 R4 WNERAL & i3
HUERDD, 2T, T UAOREZRD LR SND —ERD o7 N7
I N3-8IZ4H LK (Scheme 3-3), —EH#AD a-7 F 7 I RZENIH LG4,
Wb & —EFBE AR T, zwitterion 3-10 2 5.2 5 L & 2 b5, 3-10 DR
T =F IR TFAOT R N ERGICIFGIERS ZERTE WD, 5FA
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Scheme 3-3. Proposed Mechanism of Photochemical Reactions of Mono-substituted
a-Ketoamide.

—EHD a-7 b T IR 31 EHANCTH VXTI EE T ALT 255, LLFO
AN = XN THITT S EHERI L 72 (Scheme 3-4), #— D [REMEIL, SRS
STHELDET VD AAEFRIEK 3-12 3, X VR BEDKFBIRF %5 &4k < fiﬁﬁ
ThbH, KESZHKE TAEUEZT D HNR 313 L 314030 v 7V 7k
BN B HETNMMETE D, OR[N *%%%ﬁ%ﬁéfxﬂﬁf%
%o B D X DI 3-12 1T E R0 H D& %%Z@J J:OTEDW Z zwitterion 3-16
~EEWEIND, L, e FUOBEIZRTAELILE T UL 3-17 D5y
KRFEIZ R EZDETT UL, RO TH UV EE T NfLTE Db L
Zx bbb, HEoORREMEE, 3-12 12X LT, X T EL DO BT BEIN
IV, A4 3318 BILNI1ZHIHRKETHD, A Av3iE7 e FoB
f & electron reorganization Z#%C., 7 U B /L%t 3-13 B LN 3-14 ~ & A H X4,
BN BHTNMMETEDLEEBEZBND, EOREETT /AL #EITT 50
(X, VR = VTR T DB RAICEE SN D ATREMER H 5720, E#HED
B D o7 8T REBEBAAKR LIERT 52 & LT,
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Scheme 3-4. Desired Labeling Reactions with Mono-substituted a-Ketoamides.

3-2-3. o-7 M7 X FEHWE T~ kDR RerE

BAEICE D EToa-7 M7 X FIC K D IEBMEER O BT EE S Tunian g
DD, o-7 8T I FEEE AT DILEWN, SRS X0 2 o7 B LGS
kT 5 Z L ixsiE ST b, Norrish 1 B S o FUIARRE B4 5 Lerner,
Jamda O Bz IuE B S a- BT RR ref-3-15 [T FUAfREE & o

M AR A &2 ERT % (Figure 3-2),

Lerner, Jamda (1998)

OQ)J\/\/\
N (@)
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N
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~
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ref-3-15

Figure 3-2. Reported Substrate to Form Covalent Bond with Antibody Catalyst
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3-3. Bt~y ) — AT a—T DOxE

U EOEEGRZ I a-7 T 2 ROSEE— & v X7 EF B AER O T
TELOMEMEtLic, B— 2 " EMEFERHOETVICE~ Y ) REay
AT 23U A (ConA) DHHAEMZEHMA L, StEitE~ > ) —27n—7%H
WA AR, & G L 7=, Con A lZ L 7 F o EIHEN D RERE & 2 v X BH D
—HETHY ., a-D-~v >/ ¥ FEEEFF O & FERAICH E/ERT 2 Y, 2otk
5, ConA L, FEHOREIERIESCNE S v /37 Ot SRR S0y —L
ELTIHAENTWD, pHT7 AT TIEATE 4 #IK, pHE T THRE2 BIKL L
THEL, 1V T 2=y b Y720 D5y 1-&iL 26.5kDa Th 5, Con A DXFERES
YA M M2t e Ca?* 3 1 DT OE EL, RS GIEMEICE S LT\ 5, FEReRE
PE1E Schwarz & 15, Brewer HIZ K-> THARLNTE Y | HHEOH TiX A F /L o-D-
~r /¥ K (MeMan) 23 b HET 5,

1975 4E Beppu HiE.p-7 ¥ K7 ==/ a-D-~ >/ + R ref-3-16 % fH\ /= Con A
DICEHFIVERER: 2 88 LT\ 5 (Figure 3-3) 8, Zd7%1C Hamachi 5 I3¢Hfn
PERE L 2 I LT Con A lZH 4 T- 28 A L, Con A— 80k TG IR D 81
DA TP — UTHRET S Z L 2WE Lz 120, 2o & OB R RIC
1% ref-3-16 OMIZ G HFR ST VY 2 HT 5 ref-3-17 MEH SN TN D

Beppu (1975), Hamachi (2001) Hamachi (2000, 2001, 2005)

HO OH HO OH
HO 0 HO %
HO 1 HO 1 N=N
O\©\ S\S/\©)8<CF3

ref-3-16 ';'3 ref-3-17

Figure 3-3. Reported Photoaffinity Mannoside Probes for Con A.

INHOMEESEZIZ, v /) —ARIT o7 bT 2 REHEH#H LEBIET 1
— 7 % LU OfRFHZFE SV CEREE L 7= (Figure 3-4) . 372> 5 Beppu &, Hamachi
S5OXEMMET v —T 12\, XX E EGREASEBRT 2 ET )~
—(in D 8 JRFHENTAEICRE Lc, o, DR =/VICBET 2E#E R
I% o-7 FERANME A FTREZ: Ph (3-24) . 2-thienyl (3-25). t-Bu (3-26). i-Pr (3-27).
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Et (3-28) A EIR L., MISHEDE AR T L2 L & L 1024,

O
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~ <$ _S N <
S OIS © R S
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Figure 3-4. Concept for the Design of Photoaffinity Mannose Probe.

3-4. KPTD o7 b7 2 ROMWE
341 a7 T I RERFTAHYY ) —ADERK

ET KPP TONA RL— MNERRND R E R T D720, -7 R T REf
ThHvr ) —ATn—T7 %45 L7 (Scheme 3-5), XU Z T &7 — | 3-20 &
3-bromo-1-propanol & % 7' Y = U b L, 7 a B D E L & KR %% T 3-22
NEEW LT, HEMOKBLIC KD T REET I~ LB L, x DB LR
VIR LA SEH L TEEE D~ ) VN 3-24~3-28 AR LT,
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3-4-2. A Rl — MNEMIZEET D85t

-7 T X RO b ATKREF DR E < L FEBRIZ -7 BT 2R ref-3-18 1349
SIIMKHTANA RL— R & LTHFEET D (Figure 3-5A) %%, o-77 7 X Rigxvh
VIR = UHEERNERT 5 & B ST, "SRRI A Uy, £
T, LIz o7 T X RBEDRRENA FL— M ETERT 502%, NMR % H
WTRHIT 5 Z &T L,

HAKICIEfE S5/ a-7 b7 X REMBL72% ' H-NMR A7 kL% 1
EN AT ER Keg 5 L7= (Figure 3-5B), ZD#EHE., Et AN H - L b g B
L— &R LS < . i-Pr. t-Bu., Ph DJEIZZ OSEAFLY MR- T 2 &
Do To, —J5, thienyl (KTlE A Nb— MIfER SN eoT, 7ok, H
A B ) — VR TONVHELT, BARORFEREOHEMEZ R Lz, ZhbORER
N, a—7 b7 RignAg RL— B —5FETH LD, KFTHLH HIRE
r MEEZHERFT 2 2 E R bo T,

A) Rich et al. (1992)
DO OD
= H
\(\/ Keq ca.1 \(\/N NH,
DZO/DMSO de e} Bh
ref-3-18 (17:83) ref-3-19

B) ho— OH HO— OH
HO % K, HO %
HO y © d HO 4R'0 OR'

O\/\/N\H)J\R solvent O\/\/N\H)<R

o) o)
Substituent R Kgqin DO Keqin CD30D
Ph 0.126 0.212
2-thienyl <0.05 <0.05
t-Bu 0.186 0.212
i-Pr 0.463 0.482
Et 0.585% 0.863%

Condition: The ratio was measured after heating at 100 °C for 4 h.
a) The ratio was measured immediately after preparation of sample.

- R DA

Hydrate Form I:> Keto Form

Figure 3-5. (A) Hydrate Formation of Reported o-Ketoamide ref-3-18. (B)

Evaluation of Hydrate formation
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3-4-3. o-7 b7 X RO IAfRE B AT

RO X 202, R L7=_y Y 7 = ) i, fRICKES &RE TE D
TIRNRNEGE . BERE~ERIET 5D, —J, hihiEsihve o b7 2RI
Norrish Il RIS 2 Z 37207 T, ZODOHNVR=/VHTHRANEZ %
Norrish | B S 28 H L CH DT 2 /MR H D, 2T a7 N7 K%
o7 m—70n, MREIZL > TEDORENSBT DR THZ & L LT,

AR LT 5 D a-7 b7 I RS L, BRSNS EDORRERZ 5
Mgt L= (Figure 3-6), ZOf5R. G L7 5 FE D o-7 7 I FiX
WG RE» THfiEd 2 Z & 2337 - 7= (See experimental section) , 4 s i 13
B RICE - THRZR D0, thienyl 2% F55 3-25 LIS, £ LAWNIZ RO Y-

Sy LA LTz — 7, 3-25 13D 7 e — 7 L Bk 5 & RIRS Ay s B A
FEWZ DR TE T,

HO OH
HO O k
HO (o) hv (365 nm)
o H decomposition
~ N R H20,0°C

(o]
(@] (@]
O\/\/ N \H)J\© O\/\/ N { S )
3-24 0 3-25 o

k=17 min' k=0.017 min™’
t;/o =25 sec ti/> =41 min

HO— OH HO— OH HO—_ OH
HO H (0] HO H (@) HO H (0]

3-26 o 3-27 ¢ 3-28 o)
k =0.12 min™' k = 0.24 min™' k = 0.49 min™
t1/2 = 5.9 min t1/2 =2.9 min t1/2 =1.4 min

Figure 3-6. Decomposition Ratio and Half-life for Mannosides 3-24~3-28.
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3-5. TAXraf(T 5~y /) —A7n—7 ORI

Con A DJEHIFIPEREFRSERR 2 LM L, o-7 b7 X R2OVDERIGHE & U CHRIH ATEE
ERT 52 & & L7z, Ao Beppu &, Hamachi 5%, ConA— 7" a—7#4
KaeT74=FT47m~ T 7 4—THEEL, ~AAXT FVERHWTHNT
LTS, BT R THMRIT 2720121, 10 EE O @O HTED
WL TWAEHERIL, Ta—T — X RV EEAKRESRNRIET 5 2 L &3
L7- (Figure 3-7), 2%V, 7VvX o 2HT 5~ /) —AFr—7TCon A%
FBFMEARRE L72IZ, 2V vy 7 I AN —ZFAL TEty 28 AT 5,
BEIKENE D7 V%, ST 25 2 LT Con A DIEERNREMITL LD &5

o

Photoaffinity

Labeling
\ hv
—>
O
o

ConA

Click Chemsitry *—N3

SDS-PAGE

HO o) | N
HO O N
HO
o

Figure 3-7. Detection of Protein-probe Complex with Click-chemistry.

ConA— 7' —TEAEKRDNT 2 BH T D, TAdraera—7 28N LK
B, Con A b~ /) —ZAOBFMEEIR T S 5 Algettnd 5, Ak Sharon
S5OHEMZEIEX.ConANBET D AR L7 F o OMESY A Maix 7 AR
FXUW (Asp), TANRTFX (Asn), ZLTHEFKET I /L LITrA v
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> o (Lew) BDHEEL., TNHOT IV BEEN~Y ) —AB X7 v a— 2058
HRICE b > TB, Con A L AF )L a-D-~ >/ ¥ RBFEET DERIE Asp 23 6 fir
BLOAAKEEI L | Asn 8 4 (KEEH L KBREG A TERRT 5, £DO—FHT, 2
PRI AKFRESICE G LN EB 2 LN TS, EREIZ, AF )L a-D-v
J v K& Con A OHFESMEE (Figure 3-8) #8545 L., v~ /¥ RiETK
SFEA R ROSMANZEK L9 LT ConA EFEALTEY, 3, 4BLIW
6 NLKERIEDNFE AR 7~ F OIRBOERICALE LTV D,
UEDZeZBEL. 7Yy 5IA NI —IZHWOT VX~ ) — R 2
FLIZEALT7 b7 2 RE#E L2 (Figure3-9), 72, 7L OEAIZLDY
B SiuDd Con A & DBFMMEDIRTIL, L7 F v L ofEaneitmiciil e S
HITCZHWTRHMET 22 & & LT, 125

Figure 3-8. The Crystal Structure of Concanavalin A Complexed with
Alpha-Methyl-D-Mannoside (PDB ID; 5CNA); A) Whole Structure of Con
A-Mannoside Complex B) Magnified View of the Binding Pocket (loop A)

Figure 3-9. Structure of Alkyne-tagged Mannoside Probe.
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35-1. TAFUVE2H8TH~YY ) —ATa—T DA

TNX o affovy ) —ATu—T7DOAEKERT (Scheme 3-6), 7 h 77k
7 — I 3-29 A R S IRIR CHERERLS v ) — R 4, 6 fiKEEHE A~
CUT TR TRE LT, BB Z VLT, AL 3-30 ZAE
BRI T VXU Licth, 78X — NV EBNKGET H 2 & T 3-31 ~ & A H#
L7, 7236, 331 BIRMRFET L, 2 FHNTHII T Y =&k LTz, 3-31
DT Y KEEE Wong DM 212t > GEIL L, 72 3-32 ~ B L7, ik
DHINVKRUBET IV EMASELZ LT, TAX U E2(TH~r /) —A 70
—7 3-33~3-37 &k LT,

FIZHHRDT-HOIT, PANs ZOGMER E L TR r—T7 2 U TDO L 5 IZE
% L7= (Scheme 3-7)., Beppu HD#HAFIZHEV, 3-20 L 4-= T = /) — V&S
U asfh L 3-38 Rt L7z, Ac BR& R L CTA UTakig a7 & % — /L Tk
ML, VAL 339 ~EFHEE L, HEBEAEAFIH L T, 2 fnERIC
aoLR NI E BN L BT 5 2 & C 341 AR LT, 2 Rt L 7RG R
3-41 = FIE NaxS-9H0 ZEH S A Z & T, BIRIZIEICTEH 2 &%
A L7, BonleT7 =0 % BT R~ EHL, 343 a7,
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AQSOSE Oéc 1) NaOMe, MeOH Ph/%OSE 08
AcO 2) PhCHO, HCO,H HO
O\/\/ N3 0 c’C O\/\/ N3
3-29 44% (2 steps) 3-30
1) propargyl bromide

BU4NHSO4
NaOH aq./CH,CI,

2) AcOH/H,0 (7:3)
41% (2 steps)

PMe3
H'(*)O Og\ 0.1 M NaOH aq. Hgo Og\
HO MeOH HO

O~ NH2 O~ N3
3-32 3-31
Carboxylic acid
COMU, NMM
DMSO
HO O\ HO O/\
HO % HO %
HO H 0] HO H @)
O ~N O ~N S
333 334 W/
43% (2 steps) 46% (2 steps)

36% (2 steps) 47% (2 steps)
HO O/\
HO 0
HO H o
OL~N \[HK/
3-37

26% (2 steps)

Scheme 3-6. Synthesis of Mannose probes 3-33~3-37.
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AcO OAc
AcO O
AcO
OAc
3-20

Tl
HO

o)
3-40 \Q
N

90%TFA aq.

0°C
83%

O\©\ EtOH, 50 °C
50%
3-41 NO

BF5OEt, AcO OSC
4-Nitrophenol Aggo
CH,Cl,
-10°Ctort

75%

0
3-38 \©\
NO,

1) NaOMe, MeOH

2) PhCH(OMe),, CSA
CH4CN, 0 °C

68% (2 steps)

OH
propargyl bromide Ph/%O (@)
TBAB HO

(0]
o, 41% NO

NaOH aq./CH5CI,

2

NaZS-QHZO

0!

NaNO, aq.
HCl aqg., 0 °C
then NaN3

30%

Ho— 07 X\
HO
O
O
N3

2

Scheme 3-7. Synthesis of Alkyne-tagged PhNz Probe 3-43.
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3-5-2. ITCZFALI-~> /) —A27a—7 0O

<Y ) —ATa—TICEA LT AR UM, ConA L OFEAICRIETRES
ITC (Isothermal Titration Calorimetry : Z=iREE A 2 U A N U —) TiHli L7z, ITC
X, 2o NI H MBS FRHEERT HRICEL D, ROCEBEZEHEIET 5 Z
T, MEEE (Kd), =2 e =21t (aH), = hr =421t (as) %—
JEIZRD HIVDTFETH D (Figure 3-10),

=

. HO OH
syringe
~_ HS&&‘

OR

——

reference cell sample cell Con A

AG = -RTInK,= AH-TAS

Ka: binding constant
AH

AH: change in enthalpy

AG: change in Gibbs free energy

AS: change in entropy

Figure 3-10. Isothermal Titration Calorimetry (ITC).

2N T VR NFLDO B LTS 5720, ITC Z#HWT, A F /v a-D-v o/
VR T F T AN 32 BL KU A —/13-31 & ConA & OHAANEM & f#AT L
7= (Table3-2), 72, WD N> 7 7 —IZ1E, Beppu 5725 Con A O Fnfhis
WU Lz b o & vz 1, JIEDRER, A F /v a-D-v 2/ ¥ NI 1.05X 10
ML OFEGTESE R L, FRNTSM A B 72 5 Baron 5 <° Brewer © O SCHkE & [FIFR
ETHoToZ b, REBRROZUMEEZMHR TS, o, 3-22 ITATF L~
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V)V REREOREE R EZRL, Vo h—L L TEALLET Y R7 e ek
M Con A LDFREGEIAE LR ENRBINT, TAXF U 2E8ALE N A
—/L 33LIET F T A= ED ERREWVEEERE R L, 2 O B L L
B3 ConA L DFREBICRES AL RITI W LR TE T,

Table 3-2. Thermodynamic Parameters Drived from Titration of Con A with

Mannosides.
HO OH HO OH HO O\
HO O HO 0 HO O
HO HO HO
OMe O~ N3 O~ N3
aMeMan 3-22 3-31
Compound K, [M'x10%] -AG [kcal/mol] ~ —4H [kcal/mol]  -TAS [kcal/mol]
aMeMan 1.05 5.57 3.90 -1.67
3-22 1.20 5.66 7.10 1.44
3-31 3.91 6.37 6.65 0.276
aMeMan 2.802 6.072 5.692 -0.3822
aMeMan 0.82° 5.3° 8.2b 2.9°

Condition: The buffer was 10mM pH 5.0 acetate buffer containing 1mM MnCl, and 1TmM
CaCl,; a) The buffer was 1mM pH 4.5 acetate buffer. (adapted from Baron et al
Biochemistry 1987, 26, 3971.); b) The buffer was 0.1M pH 7.2 HEPES buffer containing
1mM MnCl,, 1mM CaCl,, and 0.9M NacCl. (adapted from Brewer et al Biochemistry 1994,
33, 1149.)

HWT, 5FED o-7 7 2 K, aMeMan, £ X O ref-3-16 OFEA T8z ik L
7= (Table 3-3), ref-3-16 /T oMeMan L ¥ & 5 {52 Con A L OFEG R fES
EF5.03X10° ML 2R LTz, A L7z o-7 b7 2 RiZ R OEHIEIC K- THE
RENALNEZHLOO, WINLEh aMeMan £V % Con A LI fEG Lz, HHE
BRaFD a7 8T X RZHE L6, 2-thienyl 222692 3-25 0, XV
Con A & DB BN ST, —FH, 7AFAETEBRINT o-7 FT IR
(X ST T L2 ConA L OFEENTRL 720 | 3-26 DFEG EEIT 7.39 X 10
MIThHoTe, Thb~y ) —AFERPRT 22V —Efbbm e —
ZFARICER T2 &, HAERHIZBT 28U 2R AT 5, Ko+ —4% v
N7 EMEAER TR, KBE/BEST7 7 T VT — VA AEERAPADO T #
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NE—ZE G2, EOx &L =T KT 1E O iR I ER T 5
2526 gMeMan < ref-3-16 [ D AH, [ED AS Zr L TCEY . HHAEEH OR# L
LT, BAKRBEARICEDBARFOEENREZ bNVD, —FH, o7 b7 I KD %7
AD M, AD AS F—ROTURHTURFMHAEERICA N 7T e 7 7 A v & —
T8 8, KE/BESLT 7 TN — VAL DHR 2 2L —2bE . 4y
FORBRENRHRISND Z LIZE DA Fexr br =2 A, AWICHifEL
BV, REEELTADAG 25 272 Ll SiLD, ConA L OHALERIZEY
T, KEREERLT 7 T NI =V ATOEENRRKE o-7 M7 2 R, Bk
PEDOWROGHEREE L TEELWVWHEZET 5L E 2D,

Table 3-3. Thermodynamic Parameters Derived from Titration of Con A with
a-Ketoamides

HO OH HO OH
HO O HO 0 R = Ph (3-24)
HO 2-thienyl (3-25)
HO O
t-Bu (3-26)

or

H
© O~ N \[HJ\R i-Pr (3-27)
ref-3-16 Et (3-28)
N

, o)
Compound K, [M'x10%] —AG [kcal/mol]  —4H [kcal/mol] ~ -TAS [kcal/mol]
aMeMan 1.05 5.57 3.90 -1.67
ref-3-16 5.03 6.52 4.24 -2.28
3-24 1.58 5.82 7.78 1.96
3-25 3.37 6.30 10.5 4.15
3-26 7.39 6.76 9.41 2.65
3-27 1.59 5.83 8.59 2.76
3-28 1.32 5.71 8.01 2.30

Condition: The buffer was 10mM pH 5.0 acetate buffer containing 1TmM MnCl, and 1mM
CaCls,.
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3-6. v ) —AFa—7 % T B R
36-1. 7 U w77 IARNY—DFM Il

Con A—~ >/ —A7 u—T7EEKROBIEZHLT 5720, ANs 7 u—7
3-43 ZHW T 7' m ha/LOffgsr % BEE L7z, MacKinnon & Taunton & ®OFiL%
B LUF O X DB 2 520t L 7=, ConA & ArNs 7'=—=7" (Con
AE /) <v—IZx L CTI0%E) #iRA L7-1%.0 ‘CT1RERE L7 (Figure 3-11),
TR LT — 2 o X7 OBAIRIZ 365 nm DY & FRET L, Con A &7~ ik L
oo BAZOWRICENIELEZFF ST Y FE2Z, SDS fFEF ¥ v /X7 E—7u
—THEEWICHEEEAEA LT, OB, Cu (N VU > RiZik THPTA %
T TR T M) ULZE Al E LT Lz, U 27 oo (TCA)
EHWTEZ o\ EEREBRSE, Ko+ L EZ2RE L%, SDS EXUKEIT
B Ry EEGEEUT-, EBRIKEGDORY 77 U T 2 K7 V%, CCD imager
TREHT L, Bt RER LTz, T LR T 7 UVT I RS VE, 77—
~ =7 Y U7 7 — (CBB) TYta L7, Yefa L7= 7 /L% 3% CCD imager
ERWCTHITT 52 LT, £V ROX I EEEER LT,
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BODIPY-TMR-azide =

O
NH N=N
THPTA = N%N‘\\\ ]
o OH 3
MeO

h HN
\U complexation hv (365 nm) N3\/\O/\/O\/\OJ

0°C, 60 min 0°C l Detection with
CCD imager

3-44

t

HO 0;\ . BODIPY-TMR azide CBB staining
HSO&A .\ Q . SDS,CuS04, THPTA,

Sodium ascorbate 20% TCA aq. SDS-PAGE Detection with

o)
3-43 \©\ 32°C, 45 min CCD imager
N

3

1.5 mL Eppendorf tube

*buffer A
¥ Con A (1 mg/mL) in buffer A (25 uL, 1 eq.) ¥ 32 °C, 45 min pH 5.0 10 mM acetate buffer
i 1 mM CaCl
¥ ArN; in buffer or M.Q.(0.5 uL, 10 eq.) 20%(v/w) TCA ag. 105 uL .,
; 0 °C for 30 min 1 mM MnCl,

¥ keeping 0 °C for 60 min

¥ hv (365 nm) for 15 min

+ reaction mixture 27 uL + 10% SDS 3 uL
1.5 mL Eppendorf tube

Y BODIPY-TMR azide (1 uL, 500 eq.)

centrifugation (12000 xg, 15 min, 0 °C)
remove supernatant, acetone 130 uL  * Cat. mix
centrifugation (12000 xg, 15 min, 0 °C) {THPTA 50 mM: 10 uL

remove supernatant, dry CuS0O, 500 mM: 5 uL .
6xSB 7 uL and M.Q. 35 uL Sodium Ascorbate 500 mM: 5 uL

-— - - - - - - - - - - -

Cat. mix (0.01 to10 eq.) or 95 °C, 5 min

mock Cat. mix (0 eq.) 4 uL SDS-PAGE, LAS4000
.. ITHPTA:CuSO,4:Na Ascorbate CBB staining

Cat.mix {1 55 LAS4000

(mock cat;Cu was replaced to H,0)

Figure 3-11. Protocol of Photoaffinity Labeling.

JEBUFMPEEE R OAER RN R 2 1 L <R 5 1TiE, #tH 0B A% & &a9IZ
TS/ DMERNHD, £ZC, 7V v 77 IARN)—IZBITD, i1+ rBX
OOt OB ZRE LT, STROSMZSBIT, CuS0s, U I R, EILH D
EB/VEA 5L IZ[EE L7 2, Mt R 4 Figure 3-12 12" ¥, & v /37 BT
LA A DEEE, 001 FEND 10%E (L—21-7), BLO10HEEND
100 &8 (L —> 8~13) DOHFIPH CEX MDD, ¥ X7 BH O EIRE & ik L
Too 2B, B L — 2 OFFRIROEIZIE, #OLRE & CBB et I ifc & X
JEEN DR LT REZ W e, A 4 2 Re 2L T &) 10
BEHOWHA A HWZRE, (3o &0 L EmiEk SN Z N B T &
(L= 1), SA A ZBMLTH, #EMEICREREMITIR N0
(L—211~13), LEOKENS, 7V v 7 I A R Y —I|ZI38iA 4> % 10
EEHWAHZ L LT,

R
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Lane 1 2 3 4 5 6 7 Lane 8 9 10 11 12 13
ArN3 - + + o+ + + + ArNz - + + + + +
Irradiation - - + + 0+ + + Irradiation - - + + + +
Catalyst(eq.) O O 0 00101 1 10 Catalyst (eq.) - - 0 10 50 100
ConA e 3 &= < ConA
25kDa | - -“_ 25 kDa €D -
BODIPY-TMR BODIPY-TMR
CBB CBB
Fluorescence/CBB Fluorescence/CBB
18 18
16 16
z‘ 14 b“
‘0 12 B 12
c c
o 1 S 1
_‘é 08 E 08
°>-’ 0.6 G>.) 06
'% 04 % 04 -
T‘__) 0.2 T‘__, 02
0 — — 0

>
o
S

Figure 3-12. Screening of Equivalent of Catalyst (n =1).

d Y O & & fi{l U7z (Figure 3-13) , 86 7~ b Sz % X 7 8k,
T L7 Y FOFERLHLT LT, BEEIIHEMLE (bL—2r 26, 7~12),
50 &L ET VU REHWD & TS VORI EITIRAICHZ Db DOD, £
D EFITERNThHoTe, 2O EnD, LLFOEIET7 ~ALRSIZIE, 50 %
wEOT YV REHWAZ L& LT,

Lane 1 2 3 4 5 6 Lane 7 8 9 10 11 12 13
ArNz + + o+ + + ArNz + + + + + + +
Irradiation + +  + o+ + + Irradiation + o+ + + + + -
BODIPY (eq.) 0 0O 5 10 25 50 BODIPY (eq.) 0 50 100 250 500 1000 1000
W | ConA e ConA
25 kDa | we— 25kDa | w
BODIPY-TMR BODIPY-TMR
———————
25 kDa 25kDa |« -
CBB
2 35
> >’
@, @ 25
g § .
c 1 €
o o8 o 1
= 06 >
T os <
D o2 © 0.5
0 0
-0.2
-0.5
Fluorescence/CBB Fluorescence/CBB

Figure 3-13. Screening of Equivalent of Fluorophore Azide (n=1).
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3-6-2. A FLAOREML O MR 111 7=

AigicCHRBELE, 7V 70 I AN —DOFKRMFEEZEHNT, o-7 7 IR
3-33~3-37 OIEFHh =R & Fist L7= (Figure 3-14) , SEBIFPEERRIL, St & Rtk 7
2 ha L TEBEL AN 72— OO VIZ,0-7 7 X K 3-33-3-37 Z T,
& T RICR LT, BERFH EBFEAEFERHTHD aD-AF L~ )UK

(MeMan) DB ZfEN DT, ZOREK, a-7 7 I K 3-33, 3-35, 3-36 (&1
TG BREFIRFENCHAE LT, dOETRIE NN L7z, thienyl ££%Ff-> 3-34 1%, 10
RS Lz L& oa0tME N kb m <, Tl EoRSIET, #ohy v 7 B&E
D S8, —F., EtIETERR L0 —7 3-37 12, BRI ER O
Db LT, wEF o RTENRERB S o Te, BREFERICEKFE L
THOLIRE NG 2, 3-35 X°3-36 &I RN SN,

Fluorescence/CBB

7
> 6
2
I3 5
£
o 4
=
S|
B 3
—
2
14
0 -
Probe - 3-33 3-34 3-35 3-36 3-37
Irrad. (sec) 0 0 0 1010180180 0 0 10 10180180 0 0 1010180180 0 0 1010180180 0 0 1010 60 60
MeMan - -+ -+ -+ -+ -+ -+ -+ -+ - 4 -+ -+ -+ -+ -+ -+

HO ) N HO OH
o/\\ R = Ph (3-33) o
HO i HO
HO 0 -thienyl (3-34) HO
H t-Bu (3-35)
OWN%R i-Pr (3-36) OMe
5 Et (3-37) MeMan

Figure 3-14. Effect of Substituent R on The Photoaffinity Labeling (n =1).
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HOBFTIE, WTINO L —1280 T, MeMan ORI X » THEIRE
INEAL Ugino Tz, 7 a—712x% LT 50 [0 dlEAZ ML T, &< 5
SILENR SN hoT22 b, w2 ) — A7 a0 —7 13 RAYIC Con A &
,\ﬁFAﬁéﬁkbf:k?EYHULf:o <~ /) —A7nr—7L Con A LFEGERRICIX
DOFREMENE 2 B b, . ConA OFfEAEAIIC~ Y ) — AT a—T )N
AL, XRFHCE ST a7 b7 X RBEFEOT R R EEFEAEEZERT D
BETHD, ZOMIGHEEE LTV BIRMEERTH D, — 2 HOAHREM
X, JERRHIZ K-> T, Con A OFERE G EMLLASN DG MEK S L5856 Th %,
Con A IZHEMERDH T2V | 1 SOFERE AT LOFFI 72\, K TONSfE (3-7
HiCTHIR) TiX, SFEEATOS M7 I RAWTh L EMERIBEME 5252 &
HERDEWEIO a-r BT I RO Ko TRA LTz @ SOSHEIE AL
R T XY I LTV D REENRE Z LD, b ) — 2D EEMIX
-7 N7 X RBT X VBRIEE L \ BERANIT Y —VELITA I 2T D
BATHD, a7 FT I RiF®Y o7 unF 7 —PHEANICEL AN HHEET,
EEFLO'Y RN IAEREAGEZ T 5 Z LR TW5 (Figure
3-15) BB, AITEF ARSI VBBIT ISR DT, a7 b7 X RO
BNRZTE, WARKE LEEEERLZ D137 Th 5, FEFFRAERAZ M
HT 2720, EHTIT0—TOEEEZBRFT L L L LT,

H

N
His57 |
N

\
\ (o)

\\ Ser 139
H o
;3— NH © 'ﬂ OH

\\\\o ﬁ/
o i M Ser 138
= — er
Inhibitor o HN
HN /&0
N

Gly 137

Figure 3-15. a-Ketoamide Inhibitor Forming Covalent Bond to HCV NS3-4A

Protease.?®
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7u—7 OEBEORFITIX, #ET ULl Con A B SN CWEi-Pr 7 e
—7 3-36 ZHIH L7= (Figure 3-16), ~X 7 & X2 —/L0A I LV IERDS FEFr B AEE
PRICEE D> TV D7 B, a-7 BT 2 ROUMM., BRI L 5o E s
HBZ513TThsd, 22T, TAXUERERWYY ) —ATFar 321 OF
H2H L — BV CRHN L7z, BRSO R, 7' — 7 DERITKLF
U CHEERR BRI L (L— 1~10) | FiATERDERIHEAFRI T D Z & 2 fif
WTE (L—29~12), ZDOZ b, @t ConA DAED, ~I T X —/L
RAIVERIZED LD TIH RN EAURIESI N, L—21~10 TiE~> /) —
AT a2y 32T ORI K > TH#H& o R_XITHENENL, v~ /) —AT )R
R, 7r—73-36 & ConA D EMERZHFNEST - L 2R LT,

Lane 1 2 3 45 6 78 9101112
3-36 (eq.) 11335577 9999
Time (min) 3333333333600
3-27 (15 eq.) + - o+ -+ -+ -+ +
- a-.e
25kDa |w= @
BODIPY-TMR

-l s>
25kDa |™ -

CBB

25

2

15

relative intensity

Fluorescence/CBB

HO O/\ HO OH
HO 0 HO 0
HO H O HO H O
O\/\/NW O\/\/N\H)J\(
3-36 o 3-27 O

Figure 3-16. Screening of Equivalent of Photoaffinity Probe 3-36 (n =1).
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Tu—T7 D% I LI L LB 2 M L7 (Figure 3-17), 7
n—7%3EBERBINIHEAWZ L XOMELE L — 2 1~111Zr8 L7, 5% Con
A DEX, Te—T7DOHOEIMTIEEET (L= 1, 2, 7). KRS E-
THMLTWS (L—23, 7)), MeMan & LI~/ — A7 a7y 327 O
Mz k> T, FREENENED L2 06, v ) — AENLAERILEIC
BbsdZ mmeEni (L—24,5), MeMan &~/ —A7TF+nwr 327 %
WML 72858018, S HICENRENED LTEY ., a-7 b7 2 NRLE L7725
BERNB—EFEL TVWDZ ERNRBEND,

Lane 12 3 4 6 7 8 91011
3-36 (eq.) 0111 1 33333
Irrad. (min) 00 333303333
MeMan - -+ + -+ -+
3-27 N -+ o+
ConA
25kDa | "=
BODIPY-TMR
S - Con A
25kDa |
CBB
1.8
16
2 14
2 12
[J]
‘E 1
'5 0.8
>
= 06
©
Q 0.4
0.2 -

Fluorescence/CBB

HO Og\ HO Og
HO HO
HO e HO L O

Figure 3-17. Screening of Equivalent of Probe 3-36 (n=1).
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3-6-3. S5FHIED a-7 N7 X R & H =S E A i R

INETORGMTRHLESMZ S EIC, 5O 71 —7 3-33~3-37 & ArNs
7a—7 % W e RVERERE 2 96 L 7= (Figure 3-18), Et & (L—1  4~6)
RM-Bu i (L—2 16~18) ZFfou—T MWD L, wmHF L RTEITFRE
B SN o tz, —h, thienyl a2 FF>7 1 —7 3-34 1%, ANz IZRWT,
FFRE N BN o Tz (L—2 8), HEEHRIE X ArNs OB R Tidd 5 23, MeMan
IR DB EN TS E Y LERTE, v/ —AEIZHR L2 T~ bK
JENEIT LT LZEZA BN (L—=29), i-PrAESLPhETEBRIN T n—T7 %
HAWEEEICH . bThRn bHEt Con A DAREZHERT D Z &Rtk (L
— > 1~3, 13~15, 19~21),

Lane 12 3 45 6 7 8 91011 12 Lane 13 14 15 16 17 18 19 20 21
probe Pr Pr Pr Et Et Et Th Th Th N3 N3 N3 probe Pr Pr Pr Bu Bu Bu Ph Ph Ph
Irad.min) 0 3 3 0 3 3 0 3 3 0 3 3 Irmad. min) 0 3 3 0 3 3 0 3 3
MeMan - -+ - -+ - -+ - -+ MeMan - -+ - -+ - -+
- S (ConA - L ConA
25kDa |jwe 25 kDa [
BODIPY-TMR BODIPY-TMR
GEeEEEEE s .- conA - w Con A
25kDa [ = 25kDa|__
CBB CBB
4 4
> >
g g 3
o c
) 2
c c
° 2 = 2
2 =
© o
T 1 I ° 1 I
0 __-J_l - 0 -

Fluorescence/CBB Fluorescence/CBB

0
Hgo%%\ R = Ph (3-33)
2-thienyl (3-34)
HO Ho § t-Bu (3-35)
O ~N \[HJ\R i-Pr (3-36)
I Et (3-37)

Figure 3-18. The Effect of R Groups on Labeling Efficiency (n =1).
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3-6-4. YBIFIMEAR I D pH KIFE

JEBUFNPEARREGR D pH A 2 Terd Lo, BRMED & WM D& T pH A7 4 T
MWOLTH, MES Ny 77 —Z AL, 5D -7 F T I FE ANs 7 e —7
DB FMAEE 2 #ist L7z (Figure 3-19 ~ 3-21), ZDf ., pH OiEWC L - T
AN EN A BT, pHbB.5 D L & 2-thienyl K% D> 3-34 23, 5 FEH D a-
FET7IRDHBHT, bEMMENFEN->7- (Figure 3-19, L—28), Ph X
ZFFD 3-33 X0 0-Pr 2 A R0 3-36 # WA ITIE, EILIRE IR L TR Y,
EttBu A2 AT 57 m—7 Tld, JAZEE ConA ZRHTE 2oz (L—
> 14, 20),

pH 5.5 MES buffe
Lane 12 3 45 6 7 8 91011 12 Lane 13 14 15 16 17 18 19 20 21 22 23 24
probe Pr Pr Pr Ph Ph Ph Th Th Th N3 N3 N3 probe Et Et Et Pr Pr Pr Bu Bu Bu N3 N3 N3
Irrad. (min) 0 33 033 0330 3 3 Irrad. (min) 0 33 033 0330 3 3
MeMan - -+ - - + - - 4+ - - + MeMan S e L e
25kDa |w= . 25kDa |w-= =
BODIPY-TMR BODIPY-TMR
- —— = - - D i —
25 kDa | " 25kDa | ™
CBB CBB
35 ¢
35
2 3 2
E E 3
§ 2 § 25
£ 2 £
o oy 2
= 15 =
‘('5' “—“' 15
@ 1 @ 1
0.5 0.5
04 0-ll.ll.ll. [ |
Fluorescence/CBB Fluorescence/CBB

HO o) N
HO g\\ R = Ph (3-33)
HO 1) 2-thienyl (3-34)

H t-Bu (3-35)
O ~N %R i-Pr (3-36)
5 Et (3-37)

Figure 3-19. The Effect of R Groups in pH 5.5 MES Buffer. (n =2).
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—7J5 pH 6.0 TOMFCTIE, Ph H:%& £ 3-33 X0 i-Pr £: &4 £ 3-36 28, 3-34 &
D OVEOEIRIE 2R L2 (Figure 3-20, L—2 2, 5, 8), L#>L., MeMan f£{E
T ORI L8 DR RN, tho 7o —7 L+ 5 L bFnicE<,
R B A s — AT Lo 2 3 Re s s (Figure 3-20, L—2 3, 6, 9,
12), 7'm—7 3-35, 3-37 1T L [FERIZ, WL batmENME o7 (L—r
14, 20),

pH 6.0 MES buffel
Lane 123 45 6 7 8 91011 12 Lane 13 14 15 16 17 18 19 20 21 22 23 24
probe Pr Pr Pr Ph Ph Ph Th Th Th N3 N3 N3 probe Et Et Et Pr Pr Pr Bu Bu Bu N3 N3 N3
Imad. (min) 0 3 3 0 3 3 0 3 3 0 3 3 Irad.(min) 0 33 0 3 3 0 3 3 0 3 3
MeMan - - + - - + - - 4+ - - + MeMan - -+ - -+ - - + - - +
- - =
- = -
BODIPY-TMR BODIPY-TMR
- ——— - - ————— -
CBB CBB
35 6
3 5
2 2 2
= L
c 2 c
2 i)
c c 3
5 15 5
= 2 2
8 1 8
o [
05 1 I

Fluorescence/CBB Fluorescence/CBB

HO O NV
HO g\\ R = Ph (3-33)
HO o 2-thienyl (3-34)
H

t-Bu (3-35)
OWN%R i-Pr (3-36)
Et (3-37)

Figure 3-20. The Effect of R Groups in pH 6.0 MES Buffer. (n =2).
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pH 7.0 TOEIEZ VX7 EEIL, 333 Vi ainkbEm<, #OLRED
411 Ph > thienyl > i-Pr (272 > 7= (Figure 3-21, L'—> 2.5, 8), L7>L. MeMan
fFE TS L2 E81c b, SEMEMRAR L LTEWEEZ R L TR, HEE
EICHA LW IERFRA 72 T XY U I IT LTV D Z &R 9 s 25 (Figure
321, L—26), 2B, ZOHAICY 3-35 & 3-37 [T MK o 72, ULk
DFERND, a-7 b7 I RONBIFIMAE Tl pH K FHERHFIEL, LY &V pH
TR RN 2 T RY VI PRR LD Z E Ny noTz, oo X 51z, ConA X
pH 5.0 1T CTHRE 2 BiRk%E, pH 7.0 T CTHE 4 BREZKT 5720 ¥, ConA
DEBIRREDEALDEFBR D RITHE L TWD 00 L7, 728, Beppu,
Hamachi & O#&E TIX . pH5.0 D77 — hNy 7 7 —% T Con A OYELfn
PERERR & 20 L T\ B,

pH 7.0 MES buffe
Lane 12 3 45 6 7 8 91011 12 Lane 13 14 15 16 17 18 19 20 21 22 23 24
probe Pr Pr Pr Ph Ph Ph Th Th Th N3 N3 N3 probe Et Et Et Pr Pr Pr Bu Bu Bu N3 N3 N3
Irad. min) 0 33 0 3 3 0 3 3 0 3 3 Irrad. (sec) 0 180180 O 180180 O 180 180 O 180 180
MeMan - - + - - + - - + - - + MeMan e T S &
= =
25kDa (= 25kDa | ==
BODIPY-TMR BODIPY-TMR
- e e o— - an - - —— . ———— — —
25kDa |[w 25kDa ™
CBB CBB
4 4
35 35
2 2
= s = 5
c c
E 25 % 25
s s
E 15 E 15
[ [4]
1 1
0.5 0.5
0 0
Fluorescence/CBB Fluorescence/CBB

o)
HQ‘@%\ R = Ph (3-33)
2-thienyl (3-34)
HO H § t-Bu (3-35)
O ~N %R i-Pr (3-36)
Et (3-37)

Figure 3-21. The Effect of R Groups in pH 7.0 MES Buffer. (n =2).
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3-7. FBIFNPERE G SEER D5 52

Figure 3-18 |2/~ L 7= JeBU RN PEARER 325k C I thienyl, Ph, i-Pr fRDIAIZIE#2)
Tm <, —HtBuR EtEZ W55 1R, ConA L OREENIREfEFR TE 2R
o7z (Figure 3-22), Z OEGRNROBENEZBLZ T H720, 5FHED oa-7 T

~

I N (3-24~3-28) DIH R DIRIE &3l Ar Tz,

J

Labeling

HO OH
HO@%
HO H (0]

Not labeling

Figure 3-22. The Summary of Photoaffinity Labeling.

3-7-1. o3 f# O fEAT
5 FEHD a-7 b7 X K (3-24~3-28) A /KHCTHIRE L, JFUEHE K & iR

=57 4
ﬁ‘l:‘/f )

HPLC # W THRIT L7z, & o-7 N7 X RO RO A LI FIZRT,

=
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Ph {4 3-24 O Y53 fidty

SFEY D HPLC 70T OFER, UV IR (<190 nm) %~ d 01358 SRt S
Role, £ T, DY EEREBEL G VEEICHEET L2 e BT, Ak
ATORER, Bz kT 52 & THfma BT 5 Z LA kT2, &FE NMR A7
RV Z W CIRE L=, Zehavi H DO#iE 0 LEPO — &K ETH D Z
& G- (Figure 3-23),

1) hv (365 nm)

HO OH H,0, 0 °C, 80 sec
HO
HO 2) BzCl, CH,Cl,
OBz

DMAP OBz
324 1% (2 steps) HO Ph ’Z\i\OBz
Ph g, OBz
BzO N._~_0O
BzO HN
BzO O
(@)
O I
03L
o \/\/\?)
o N~
\)/ O
o /.
C, COSsY
HMBC
Zehavi (1977) Ph OH
o . hv e} PhH
H (high pressure Hg lamp) N\Cy
cy” Ph HNS O §
EtOH ij
(0]
ref-3-20
ref-3-21

21% + 17%
Figure 3-23. Photolysis of a-Ketoamide 3-24.
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Thienyl {& 3-25 D55 fi# )

3-25 D47 iR O HPLC fifdT C & UV I & FE AL G MITRERR T X 2o 7z,
ESI-MS & NMR DA77 hUEARNV LT 2 R 3-46 DA ZRIB L TV, #F
ERILIZ K > CTHHBET 2 2 L idHkien o7z, £ 2T, Bl&HA VAT 2 K 3-46
ZARE L, YO NMR & Hlg U T2 fER ., 3-46 30 M O F A Th %
Z LS HER T & 72 (Figure 3-24) , [FIEE DA /LR = /WAL BOEIE Bulusu 512 K -
THE STV D P, EREEE IOV Tidfili S 40Tz (Scheme 3-8) 31383,

HO— OH HO— OH
HO y © hv (365 nm) HO H

O ~UN S\, H,0,0°C.6h O\/\/N\H/H
3-25 O \ / 4% 3-46 O
(NMR vyield)

Photoproduct _
(crude) Y

164.289

wmmwwwwﬂm%mmmmwmwww bl W ’W WLM lww»m«w

N T T T T T T T
180.0 170 0 160 0 15 0 0 140 0 HU 0 120 0 1 lO 0 IOO 0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 [
X : parts per Million : Carbon13

HO OH
HO H

164.289
T 2R.045

>o

=

o=

fu o
T 99866

\
WWMMWMWWWMWMMWWWW meﬁmww%mm%w

T T T T
1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 60 500 400 300 200 100 0
X : parts per Million : Carbon13

Figure 3-24. Photolysis of a-Ketoamide 3-25.
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Bulusu et al.(1999, 2004, 2009)
HO,,,

MeO

OMe OMe OMe OMe OMe OMe

FK520
f-3-2 3.
(ref-3-22) ref-3-23 ref-3-24
75% 15%

Scheme 3-8. Reported Decarbonylation of o-Ketoamide ref-3-22.
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t-Bu (RO )

o-7 BT IR 3-26 MR LA X, HPLC ECBERWINEZ R E—2
Z 3 OMERTETZ, TNENOE—7 2R UEGERE L& A, BEERGEND
WSS & BT 2 Z LTS L7z (Figure 3-25), 4 72b b, t-Bu £ £
FNUENBIKRBHIEHRENEZ > TEK LI EEZ XN DL Y I a7 B/ ) —)L
3-47 % 34% ChHx 7=, iz, =F I R 348 BAEKL TVDZ & LR TE 7=,
BB, 7T us) = VEERIGIZOWTIEARED 3-8 fi THikT 5,

HO— OH
o}
Hﬁo%ﬁ e hv (365 nm)
—_—
O_~_N H,0, 0 °C
270 min
3-26 o)

Figure 3-25. Photolysis of a-Ketoamide 3-26.
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i-Pr K35 L ONEt KD ey fiftt

FIUL TAFLVBERRLLE S, 3-2T OSSR TIZ=F I R349 2 52 45—
T, D-~v> /) —2AHL4 L7 (Scheme3-9), s x> ruruasX) — LDk
RITHER C& 7evo Tz, —F, 3-28 XK L7-%HAD., =3I K 3-50 & D-

~ ) —ArhH 27,

HO OH
HO O
HO o} hv
H —_—

o\/\/NW H,0, 0 °C
150 min
3-27 e}
HO OH
HO
OH

D-mannnose

10%
(NMR vyield)

HO OH
HO O
HO o} hv
H —_—
O\/\/N H,0, 0 °C
16 min

328 O HO— OH
HO 0
HO
OH

D-mannnose

9%
(NMR vyield)

O\/\/N\H/é\(
3-49 0

5% as diastereo mixture
(NMR vyield)

3-50 o

3% as diastereo mixture
(NMR vyield)

Scheme 3-9. Photolysis of a-Ketoamides 3-27 and 3-28.
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3-7-2. Et AR KO t-Bu KOEERZNRICES 3 5 B 22

Et (A LN t-Bu th%Z 7o — 7 HW2EH . Con A D F ~L{kidda EH#EIT L
727> 7= (Figure 3-22), 3-4 HiOFITIL, Et{KIFNA FL— FEEA LT

<, KFTOHGENRENSTZ, ZOZEEBEZDE, Bt RITHEHIZL - T
Z R EEDRIS R bICIEPEL LT eTe ), =M MR- T &
HHTES, —FH, tBuKiX i-Pr (AL b, A FL—FZ2EBERLICSL, 8
RN BED ST H 0D 5T, ConA & DOFREANER CTCE o T-, ZDOFH
T, Ta—T ONGRORERE S LITER LT,

o7 BT X R3-26% KT 5 & S FNTHREERDPEIT LI 7 r 7 mx
J =) xF I RARARL L T2 (Scheme 3-10), — 7. 3-27D 3643 Tld—
I RD-~v ) —ADBERK LT, B, D-~v /—RE, LTI RT A =X
LATTF 2 RIANBAER LTZEEZ TS, i-PHRD IR TIZY 7 v 7

J—IVDERPHER TX o7 2 D, t-BulR O FER2h = M R R 13
3-4T% 5.2 553 FABUED, TR EET D702 L HEEE LTz,

HO OH OH
HO%&‘ n HO H
hv (365 nm
HO H (@] ( ) :(,{/\/N . M/N
O_~_N H,0, 0 °C
(@] (@]
326 g 3-47 3-48

34% 20%
d.r. = 1.2:1)

HO OH
HO 0 o i og
HO o hv (365 nm)  x<_~X N HO
H TS + HO
O\/\/NW)H/ H,0, 0 °C o OH
3-27 o) 3-49 D-mannnose

5% 10%
(mixture of diastereomers)

HO— OH
HO%&‘ HO— OH OH
HO decomposition HO&B\Q N NN
O\/\/N HO
OH o

D-mannnose 3-51

Scheme 3-10. The Result of Photolysis of a-Ketoamides 3-26 and 3-27.
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SR D AERHEREIILL T O L 91254 L7 (Scheme 3-11), Whitten & D
HEEBRETDHE, oo T X NI K 2kl & EFBEI 25T, zwitterion
382525 LEZXOND, ROBEHEPt-BuELDOHE, NEF LEOT m h o
MRBT =4 NBENT D E, BT VHNAIBIEERD, TIVLIVAINMTLED
YEDKFG &P EERTELLI-ET UV ANIB4L. TN TH Yy TV 7L,
voromarasnR)—=N3A4T1x 52T EHER LT, —J5, 352 BN fafiLdo 7 e |k
IS % & | electron organizationZ#% T, 3-55% L < (F3-56~ L A I 5,
3-55HELIIC T v b DIRBENEIT L, = I FAVER LT E B AT,

Proton OH
Hof ET. Transfer N
SN %R ls1l %\( WX N
(@] = t-Bu O\
H
R = t-Bu (3-26) No- proton 3 52 553
-Pr (3-27
e ) 1) Proton Transfer R = £Bu. iP
2) Electron Reorganization = tbu, T
| | OH
H 5 H H OH
-~ P N
}{\/ N }&N\[H\R N \\H\’<
o 0] OH
3-48 3-55 3-54

Scheme 3-11. Plausible Mechanism for the Formation of Cyclopropanol 3-47 and
Enamides 3-48~3-49.
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3-7-3. i-Pr &8 L OV Ph KO EERZNRIZEE 9 5 B2

Con A & OFEEAER D HERR T X 72 i-Pr &2 Ph AR D3 CTld, =7 I K 3-49
o AR 3-45 ORI R T X 7= (Scheme 3-12), &K 3-45 (%, =)+ I R
HBEOPFEME 361, I FDo-7 T I RERISTHZETHERLIZE
EZHND, NORTA U 3-49 R 3-45 1%, W A 3-58 OFE )
ERTAERLEZZ G, 327324 DT ~ULkIL, BFBEN&ZRE L CiEfT

L CWDAREEN RSN D,

H (0] hv (365 nm) H O Electron
v nm . Transfer
H,0, 0 °C
(0] (0]
R = i-Pr (3-27) 3-58 3-59
Ph (3-24)

1) Proton Transfer
OH 2) Electron Reorganization

HO A
HO
Ho&ﬁ 4 HO neipr | M w HO " , H , OH
= /- +
o\/\/NW/H/ i-Pr \'/\,\;m)\R interconversion }%\/N%R
(e}

3-49 o %
59 3-61 3-60
0
(mixture of diastereomers) R; Z,O %

O HN
HO— ©OH
Ho%% | R=en
HO Ph

HO Ph o Ph H

M "

BzCl, DMAP

HN HN (@] o
O CH,Cl,

(e}

3-45 3-62
1% (2 steps)

Scheme 3-12. Photolysis of a-Ketoamides 3-24 and 3-27.
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3-7-4. Thienyl (K DIEFENRIZE T D B %

—7J5. thienyl {KDONETIIHRNL LT I R 3-46 OERN R SH37= (Scheme
3-13), ZDZ EMnb, thienyl (KOJERUE TIXE T HENIC K D zwitterion 3-64 @
BRI SN TS Z EN I DB R D, HERFHIZL > TAEUR 3-63 1%, =D
D 1)V R =)V CBAAAHETT T 5 Norrish Type | RO S #RX T, BmALT IR
346 B2 - LB LT,

H 1) H O Electron H
}{\/N s hv (365 nm) %\/N ) Transfer }(\/'}rj / S
T o 0oe \ \_/
5 \ /  Hy0,0°C o o)
3-25 3-63 3-64

55 +co+ N

disproportionationl 3-65

H
N H
}{\/\([)]/

3-46
4%

Scheme 3-13. Photolysis of a-Ketoamides 3-25.
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3-7-5. —@&Ha-7 N T I ROHEIE T~ bkt

U EDOFERNG, —@H# a-r b7 X RBX X0 E % 7T 5856 OHE
EREI 2 £ &7 (Scheme 3-14), B\ BEZ & Z LIZ< V thienyl &1%, 3-12
OEFBEIMEI S, (D) CRTRETH O RIVEZ T LTZEEZT
WD, —Ji, -Pr&Se PhRIZE T U VBRI RIA 3-12 70 B0y TN F R E) 2 %
% (2) O, b LLIFF NI ENLO—FBTBENEZ S (3) ORKKE
FeCT, TR HEIT LT EHEER LT,

(0] OH
RN L RN
~ . O R2 Proton ~ “ R2
(o) Transfer (o)
3-16 317
Ph. i-Pr l protein
(’2) fast Intramolecular
Electron Transfer H OH
RT_N_N_,
thienyl Tx)\R ., OH
1 (0] 1
H Q H O- ( ). 3.13 RN R2
R" N hv R' N . protein
° ° TS Ry e
3-11 3-12 \N)NW NG HR
H (0]
Ph, i-Pr 11 3-15
(3) protein Intermolecular 3-
Electron Transfer
o R 1) Proton Tranfer
; H H 2) Electron Reorganization
RN Sp2 + ;\'Jr N
R H 5
0] @]

3-18 3-19

Scheme 3-14. Desired Labeling Reaction with Mono-substituted o-Ketoamide.
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38. a7 N7 I ROV uFusx ) — KK e
3-8-1. o-7 F7 I R 7 a7 a ) — LB GO &

KRKEORZIZ, OO B TR Lz, Bl 7 e v ) — g
RS DW TR %, 3-7-1 Tk 7= K H 2, tBukZ2HF 3 Da-7 7 2 K&t
B+ 2L, > r7uara, ) —)L347+ ) 3 R3-4803 4% LT~

HO OH
Hﬁ&g e hv (365 nm)
O _~_N H,0, 0 °C
3-26 E)J\’<

HO OH
HO
HO ., OH
\/\/ \/\/N\HA’<
3-47 3-48 o)
34% 20%

(d.r.=1.2:1)
Scheme 3-15. Photolysis of a-Ketoamide 3-26.

SEBFPEERIZISH TE D, S FRIRKISEZATWEERIZE > T, v/ R
TR ) = VIBREOGIE “BIROS” Th o 72, L Ly ARRISIHER AN #E72t-Bu
R EOCHfEE %, KRR OATIEM L TE, 2=—s v s a7 m ) — g
A5 25 8 THEREN, ZNETICH, BMEFRIGEFIH L, 7oy
g raR ) — VRN E S Cwb  (Figure 3-26), L L., KIGEE
INERRE T SRR HIE Stz b oref3-25 L < X, 8- ANfAFn A b v
ref-3-28%, B-7 3 / /7 bk ref-3-31%5% B-t Rk 4 b Lref-3-33%837 LI [R
HBILTWD, ZIbD7 b OBICEIR SN ERERIL, 7 VIO ENIC
HHL, 14-KkFEEhEaRBHIcLT0Wbs &2, —J, a7 RT3 R
Dy aT ) =B NE, 4 FE THREILRY, 22T, e 7 ax
J—= Vv LORMICE X Da-7 BT X REREL, “BIINEH#H 7 a7
a2\ — VBRI~ E BT 8 L LT,
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Scheffer and Trotter (1986)

Soovhy

OH
O

ref-3 -25 ref-3-26 ref-3 -27
Zimmerman (1988) Ph
ol 2 LA el
Ph
ref-3-28 ref-3-29
ref-3-30
Roth (1970, 1974); Kraus (1991) etc.
O NR, RN
hv  HO =R ~ /N
Ph R2 _— NR2 = NMez, N O
1 Ph™ > /
R =
ref-3-31 ref-3-32

Yoshioka (1992, 1993)

R R
O OH Ho  eOH Ho  LOH
hv ‘), +
Ar)%R Ar Ar

ref-3-33 ref-3-34 ref-3-35

X =NR,, OH, vinyl

X
R lv X R)\/\ X s
ref-3-36 ref-3-37 ref-3-38

Figure 3-26. Precedents of Cyclopropanol Formation from Ketones.

BiTHE Tk 72 X 918, 3-26D W SITLA T D A B = X A THITT 25 EHERI L T
Wb, 3267 LIRS 5 & BhERIEZ R CTE B EI D ETT Lzwitterion 3-66%
BT D, ZOFRE, NFRF EO7 v NURBET =AU IBEHTLHE, T I Ry
NOKBHIZRELEDTNOT N D TV o T o T 34T~ EHREIND,
—J7. 3-667> LN Fofd 7 m b D iEET D &, 3-67H L<I1E3-68% 525 &
EZXBND, 367071 b UBEIRICHREST 52 & T, =S I ’3-B5&x G170k
R LT 2ORA D= L% IS EFHIINGE Fofiid 7 1 b2 (No-7' 2 k)
WZHEHB LT, 3662026257 w FooBENE, NERF Eo7m hd L <IENe-
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7 NUNRBET = A BT S, £ 2 C. No-7' a2 hodpve-7r TR
ZEREF L ORGSR, BIRMicy s aa ) — a5z 5 LB LT,

- Proton OH

O 0]
H hv E.T. H Transfer
jﬂ{\/NW g lS1‘ ~ 77{\('\},\[%\’< - :“{\/NUW
o H O o4
3-26 3-66 3.53
1) Proton Transfer
2) Electron Reorganization
|
H HO H H OH OH
+ —
o o OH .
3-48 3-67 3-54
H interconversion l
H HO
}e\/ \H)\’< s~ N
0]
3-68 3-47

Scheme 3-16. Proposed Mechanism of formation of cyclopropanol 3-47 and enamide
3-48.

3-8-2. WHRIFF FoBEBEORKG

bW RERKIC, N 1 EoEBEEZRG Lz, KBS ERFT 5 ET,
RAOEIL, HE EO XD ITINRIRICRN T 20 Th oo, BHMERIK
JE DI, HER—EDONEICHE SN TWAILERD D, £z, KIGH
RaeBET L. R E ONEROEREITEN TR E Ly, 61T, SRS
WS, RONRED ERZBT A Z L b EETH D, BITHBROR, EHIX
Figure 3-27 12" T X 9 SRR EZ R Lo, ABRE ICEERK ~y F& AR
52 & T, il s IR FEE Lo, RBRE IR, BIRTE2KBITRL. K
SRR 22— E R - 72, JEIRIZIEZ OMROM ZUV-C20H, ZUV-H20MB, ZUV-L8H
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ZHAWVT, 365 nm OYeEMRE L7z, 2B, B COWEITEFE N AT 15 457
Uo7 LTRSS =,

Glass Tube Equipped with LED Spectra of Blue LED lamp

Relative Intensity

1.0

05

340 350 360 370 380 390
Wave Length [nm]

Figure 3-27. Photochemistry Set-up.
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N R EDOEHIEIZ No-7' 1 b Z2Ri2 720 t-Bu 2280 L, MeOH H1 ¢t
K& ®EEZ A, = F I FOEMIT—URGNT, HfFEY, 7 a7 am
~/1/7”z15'f6 Z LB L7z (Table 3-4), —J5. n-~F I Lk a @I HW
BOSIE L RREITER LI b0, HMERIEAME 5 2T, XU
T%@Lk\wﬁF7:F&wc%%%%bkﬁé\E%®V7H7HN/~W
3-69c ZENZH- 27203, A L TV DI H 00 BT X DL DAL 3 HELT
L. 3-69d X° 3-70d % 5 %7z, 3-69d NERK L TW=Z EMnB, A 2 K 3-69d X°
3-69e DI E T L7, DIy 7 v 7 asx) — L oIRpE BT 250
HCThH-oT-, Flo, B Pt A— |k 3-69f T2 s Lo lz, —FH, b
T2 =)V AFNEEFT D 3-699 DS BUSDEITED - T b D DEEIIIC
vrmaran ) —VIIEBRIND Z ERDbroT-, NMR Z HW - f#NT Tl
3-69g (A X ) —NHT—EHA~AITELZ—NANEZRK L TWNWDZ ENbhroTlz, T
DO EPRIEDOETEZELELER EEZZ HND, 72k, EHILEZ 720 o-
7 87X R 3-69h MRS L7 e BEAMNC L mIGER Ty 7 n T u X)) — iz b
27T

Table 3-4. Effect of Substituent on Nitrogen Atom.

(o) hv HO
RHN (365 nm)  RHN
MeOH
o o

Entry substrate R Time (h) product yield (%)
1 3-69a t-Bu 3 3-70a 71
2 3-69b CH,(CH,),CH3 1 3-70b 78
3 3-69c CH,Ph 1.5 3-70c 13P
4 3-69d COPh 11 3-70d 28
5 3-69e CO(CH,),CH; 1 3-70e 31
6 3-69f Ot-Bu 12 3-70f 0°
7 3-69g CPhs 12 3-70g 50¢
8 3-69h H 5 min 3-70h 94
a) NMR vyield

b) 3-69d (31%) and 3-70d (24%) were obtained.
c) starting material was recovered (98%).
d) starting material was recovered (50%).
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3-8-3. BB DREFT

3-69g D7 1 F R ) —)VERIGICBIT D B2 i L7 (Table 3-5),
NITEH—NOEKEBEL T, TER=NIALLDMF 2 ED, 7 b
PEVEIEE A fRET L7 & 2 A, PRI L, RISHERIZER SR olz, —FH, &
EBWT L a—)LEEREE L THWEZE ZA, WL RIRE S RIS EIT Lz,
FFIZ 2-BUOH Z{EHEE L THW= & & 99% DINEE T 7 v 7'r sy /) —)L 3-70g
PHEz25ZERH LI, XUV, by, v aadtrlnozrib
KFROEBETIIEE O ENRONT-, =—T X OMLH & 58 %
et L7efi R, THE Z HHWEGE IR B 7 a7 a s ) — Ve 5 2 12h5,
RAKEINZ . e bR E < RO THETT L7z 2-BUOH & A2 31T B i 70 Vs it
L L7,

Table 3-5. Screening of Solvent for Cyclopropanol Formation.

(0] hv HO
TrHN W (365nm)  TrHN
o

Solvent o)
(80 mM)
3-69g 3-70g
Yield (%)?
Entry Solvent Time (h) 3-70g Recovery

1 MeOH 12 51 48
2 CH3CN 12 42 58
3 DMF 12 36 63
4 n-BuOH 11 95 4

5 i-PrOH 11 90 n.d.
6 2-BuOH 9 99 n.d.
7 Benzene 12 n.d. 35
8 Toluene 12 n.d. n.d.
9 Cyclohexane 12 n.d. n.d.
10 THF 12 77 20
11 Et,O 12 12 n.d.
12 CHCl, 12 n.d. 21
13 CH,Cl, 12 n.d. 54
14 EtOAc 12 39 40
15 Acetone 12 10 51

a) n.d = not detected
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3-8-4. 7 NEHLILOKES

AN E# 72 N R B OB L R4 B Lo T, FEFH LT MIlo®E
BILZ G Lz, EEDEET DA D= AL TIL, 3-713g DT I VLT UHILIE
TRy NMNOKFEEGIEHE, REBETUHNVEART D EHEZ TS (Scheme
317, b L.o-7 M7 X NIZEALIZERE X 2, 7 VW2 L ETE L,
X NEBREISNZREZEETEIRICT VAN RET DI EEZ NS, HBELED)
ROWFFGTE LT NFNER, IFAEF 2 bONT i 8%, B X
ELTEHATIVUL, 7 a7 asn) — VB O ERIR M2 1 T X 5 & HEE
L7,

O (@) Proton OH
TrHN\[H% hv TrH’\i\[H-\g _Transfer — TiN__~
Electron U W
o X Transfer o X o H
3-71g 3-72g 3-73g

HO OH
TrHN - TN Y\g
o] X OH .

3-75g 3-74g

Scheme 3-17. Proposed Mechanism of Cyclopropanol Formation of a-Ketoamide 3-71g

Z ORI, 7 MUl E LN B2 D FE O S & Gt LT- (Table
&&o&%\%%%ﬁgzﬁékw\Nﬁ%i@%@%:i\uv&mwﬁmﬁ
UFNEEBRH L. X & LT Me %%1’%7\ L7z 3-7la OGS T, A5 v
AFVHTCEW ST RFE B CHBRREAHEIT L, 3-75a #RINMIZH- 2 7=, =
DL EERS D 2OV T AT I/ZLV—\syn-BJSa L anti-3-75a [JkEFE & X
DA SLARBLIE & Bl S d LT, SEARBLE ORE FIEC DWW TCE#%IR T 5, 7
¥, 3-Tla DILSUETIL 3-76a DAEMIL @ﬁ%ﬂ&ﬂoﬁo%iﬁ%%fﬁﬁ
Sz, 3-71b % 3-71c 2 L2 H/AIT b SURITERIITHEIT L, 2RE
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< 3-75b X° 3-75¢ & 5- 2. 7=, —J5, X 7% OAc FECiE# S N7, 3-71d &2 G &
5L Me D RFE ETHERKISDHEIT LTz 3-76 NBIRIIZAER LT-, 2 b
DFER G, B X 03, 7 a7 a X)) — VEROMERIPEIC, KEE
B DRI, X IOKBEEZRFOEEIX, vuaranx) —Liesy
KEZFT FVINVOAREPIZ LD (ST D7 0T e K377 2527, —J5,
XBBrEoOGAII= /) o 3- 185527, =/ idvrmrax ) —)n7at
FEOWBEZE - THERT 25 Z L TAER LI EHZ X TS (Scheme 3-18).,

Table 3-6. Photo-induced Cyclopropanol Formation of a-Ketoamide 3-71

syn anti
0 v HO, HO,
TYHN (365 nm) TrHN X+ TrHN S+ TrHN
S 2-BuOH o H o H

X
3-71 syn-3-75 anti-3-75 3-76
yield (%)
Entry substrate X syn-3-75 anti-3-75 3-76
1 3-71a Me 80 17 n.d.
2 3-71b OBn 88 12 n.d.
3 3-71c OTBS 68 11 n.d.
4 3-71d OAc 4 n.d 80
OH
TrHN
5 3-71e OH
o) 0
3-77: 54%?
________________________________________________________ G
TrHN =
6 3-71f Br
o)
3-78: 11%°

a) starting material was recovered (11%). b) starting material was recovered (14%).
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0 o 0
h )
TrHN\[HJ\g A N TrHNm)K)\
ol ( o

Br
371F O © 3-78

Scheme 3-18. Simultaneous Ring-opening and B-Eliination

ARONMEIE D EEmWEZICOEHAFET, 2 =— 7 B E R OZE Y 7
n7asN ) —)LEAKTE 7= (Scheme 3-19), = 2T, SUNTEREL DL K
FET. BIRIICETT LTV, TS L EE 8 I8 2h B8 RO O SR v
WCHE L TWAHZEDRIMMNZD,

2-BuOH '

3-71g 3 7sg. 80%
2.8uoH "N
0
3-71h 3-75h: <65%
HO,
TrHN 365 nm) TrHN <, HO
"2.BuOH T TrHN
O H J
3-71i 3-75i: 50% 3-75i: 12%

Scheme 3-19. Photo-induced Cyclopropanol Formation of a-Ketoamide 3-71
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3-8-5. > aruaN ) —)LONAREFEORE

AEICIXARR DO v 7 a7 a X ) —)b 3-75 OFX LA ELEO R EIZ DOV TRl
L7cy, RIFOSIZ > THERT 27 v 7wy —)1 3-75a~3-75d 1%, —BIR
ki m hrE—o LR T, MR LR EFEORENRETH -T2, EHD
X NMR & DFT 352 0FF L T b ORTE & A7,

F9°, 3-75a DNMALFEDREIZ OV TR D, syn-3-75a & anti-3-75a D, /K
FIF T H L Me & (Me? 35 KUY MeB) DRI NLIARILS:1T NOE FHBE & JL I ke L
7= (Figure 3-28), syn-3-75a MFA T H & Me?, B IOV HP & MeB ORIV
NOE fHESS R iz, 2D Z Enh (HE & Me® 3 syn DBRICH D LIRE LT,
F7-. anti-3-75a DG, H2E MeB, B L UTHP & Me? DRNZHRHBIAMELIHI S
Nz ZOZENSL, HE M anti DRERICH D LIRE LT, RFEEKFED
71y 7Y T EE Nen X i AIKITT D, syn3-T5a DA syn ORRICH 5
H2 & Me* D 3JcniE, anti DBIRICHD H L MeB D Jen KV b RELS 2D LEHE
2 b5, HMBC FHB & i< 72 2 L HERITE 5, EBRIT syn-3-75a & fiftT 4
%5 L. NOE BLHl S 7z H & MeA D Tld» & 1 & L7z HMBC FHBIAMELHI T
& 72, anti-3-75a A MM L% A1, NOE BBl Sz H2 & MeB L Dfiic
HMBC #HB MM T 7=, (Figure3-29), & 512, Ycnfl% DFT HETHRED
>72& 25, HMBC MO ES & en ORNBHIGT 52 & DR TE

(Figure 3-30), Z OfFHAIE Ha & WV R = ViRFERICHLEHATE 52, M
KESTARER & O E (R L7z, 3-75a ¢ major isomer (X H2 & I /LR =)Lk & D
H1Z HMBC FHES MR T & D DZ%F L, minor isomer X H2 & B /LR = ViR
OB BN T 2o 7= (Figure 3-29), Z @® Z L 75, major isomer X
syn-3-75a T 5 & ftamft i 7=,
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syn-3-75a anti-3-75a
Figure 3-28. NOE effects for syn-3-75a and anti-3-75a.

weak

Not observed

syn-3-75a anti-3-75a
Figure 3-29. HMBC correlations for syn-3-75a and anti-3-75a.

29Hz

3.5 Hz 1.6 Hz
syn-3-75a anti-3-75a

Figure 3-30. Estimated 3Jc.n values of syn-3-75a and anti-3-75a. (DFT calculations
were conducted with t-Bu-amide analogues. Method; Gaussian 09,
MPW1PW91/6-311+(d,p), GIAO method, NMR = mixed).
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a7 uasR ) —)u 3-750~3-75d DO SLARALFITIE & RIEED J71ECIRE LT,
3-75b~3-75d ? major isomer L7 v a Ry EOKER & VR = ViR L
DO TIE->& Y & L7z HMBC BB T & 7=, —J57 T, 3-75b~3-75d @ minor
isomer X% DN R bZe o7z, RFFIE LT, syn-3-75b & anti-3-75b @
HMBC fHB & \DFT FtHIZ L > THIE S - 72 3 fl % 7~ 3 (Figure 3-31, 3-32).,
HMBC D55 & 3o IEOR/NBZZTH—HLTWAHZ LB TE 5, H
& TV AR =V RFE & ORI HMBC FHEAAMBIH T & 72 major isomer % syn (K72 &
fEEmA T 72,

Not

Observed ) Not observed
syn-3-75b anti-3-75b
Figure 3-31. HMBC correlations for syn-3-75b and anti-3-75b.

0.4 Hz
syn-3-75b anti-3-75b

Figure 3-32. Estimated 3Jc.n values of syn-3-75b and anti-3-75b. (DFT calculations
were conducted with t-Bu-amide analogues. Method; Gaussian 09,
MPW1PW91/6-311+(d,p), GIAO method, NMR = mixed).
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3-76d ORI L TH, FEROFIETHRE LTz, £3 HY & H° % NOE
Shif % FlzyaE L7z (Figure 3-33), HY 22557 2 RO B LR =)L fR#FE~D HMBC
MBI, Bl SN2 s, 3-76d 1£7 X RE ATF VIS anti OBAfRIZZ2 5 K
IINIALF B FFO L IE LTz, 728, DFT §HE THE LI e il b = O
EaRETH LD TH-o7- (Figure 3-34),

3-76d 3-76d

Figure 3-33. Representative HMBC (left) and NOE (right) correlations for 3-76d.

OAc OAc

Stereoisomer of 3-76d

Figure 3-34. Representative estimated Jc. values for 3-76d and its stereoisomer (DFT
calculations were conducted with t-Bu-amide analogues. Method; Gaussian 09,
MPW1PW91/6-311+(d,p), GIAO method, NMR = mixed).
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3-8-6. v/ m X —VIEARIUZ F3 1T 2 33 B A A [RISL A4 20 2
Whitten 5 OHEIC L IUR, 7 X 204KV VU 52D TEBOD a-
7872 R, No-7'a b2 EKRE LT, FNER RIS B S L7 n
(Scheme 3-20) X, —o>Z lix. @D a-7 M7 I RO TIE., AKFEB| X
HRE RPN TIXR WD 2 RIB LTV 5,

Whitten et al. (1992)

e 2 D H
e
\‘/ o) hy +
Ph/N\[HJ\Ph MeOH-H,0 Ph~ %Ph Ph~ W)\Ph
o (1:1) o o
ref-3-34 KIE=1.04:1 ref-3-35 ref-3-36
51% 49%
Me D H Me D Me H
0 hy o Yo
+
Ph/N%Ph MeOH-H,0 Ph Nm)\Ph Ph Nm)\Ph
o (1:1) S o
ref-3-37 KIE=1.12:1 ref-3-38 ref-3-39
27% 24%
ph D H 5 D OH H OH H OH
oh N hv Ph Ph ;. Ph Ph , N N Ph
7( Ph MeOH-H,O _N N—, Ph\ﬁ
HH 6 (1:1) Bn 0 Bn OH D
ref-3-40 KIE=1.08:1  ref-3-41 ref-3-42 ref-3-43

26%

24% 50%

Scheme 3-20. KIE Effect Observed in Photolysis of a-Ketoamide.

Ko7 a7 asn ) — )VIBRRKGDOHEEERE AR D720, EARKFZEINT a7
F7 2 K 3-699-dg ZFHHL L. MeOH 1 TR s &t L7z (Scheme 3-21), a-

7R R 3-69g & a- BT K 3-69g-de DIRA

W (1:1) % 2 BpfDEIET L7z

A, vruaTuanr) —)vE 6% THZ, TORORNARZREIT KIE = 3.0:1

Thol-, Fi-.

8 IFfHI IR L 72356
Tl U EDZ ED, yANOKFESI EHRE IS,
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TS Z LR IRRS NIz, 723, 3-8 HiOMFHIZRIKKDOH Db L iE(T

L7z,
0 H,C
TrHN CHs HO_\~CHs
TrHN
o CHs H
CHs (3-699:3-69g-dg = 1:1) O H
3-69g hy 3-70g
+ (365 nm) +
o 2-BuOH D,C
TrHN CD; HO_}-CDs
TrHN
S CDs D
3-699g-d 3-70g-d
9% o 6% (3-70g:3-70g-dg = 3.0:1) 9-Cs
8h: 23% (3-709:3-70g-dg = 3.1:1)
Scheme 3-21. Photolysis of the Mixture of 3-69g and 3-69g-do.
© g
Reaction time; 2 h Reaction time; 8 h
Average ratio; - Average ratio;
3-70g:3-70g-dg=3.0: 1 6H | 3-70g:3-70g-dg=3.1:1
G
6H 3.2:1
31 1534 321
3.2:1 S 3
3H 3.3:1 1H
3H
e 3H|3H
2.8:1
1H 2.7:1
| E I8
UJ‘ L m ) | l -
N A
""" 20 10 0 A

Figure 3-35. H-NMR of the mixture 3-70g and 3-70g-ds.
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FATE SCRMMARR A RN L2 o-7 b= AT L DR

4-1. BRFBIRAFICHET 570 DR\ a-7 R AT L
4-2. —RAI7R o= BT AT IV OIERUG

4-3. [RFE-IRFER BT AED a-7 b= 2TV DIRUG
4-4. EHIE R I L OVR? DAk

4-5. N,N-Dimethylacetamide & D% v~ 7"V > ' Kt

4-6. BIBEAZRED 7 XA I RiHFERORCLES
4-7. 7 RBL O —T VEREL &9 2 W5

4-8. T3 — )L L F D ROR

4-9. TIVI) v m s L B ROG

4-10. B> 7Y T R— NP —DHE RO

4-11. Tetrahydro-1,4-diazepine-2.5-dione D& f%

4-12. YRt E L TCO a7 P ATV
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4-1. BEFEFFICET 27 oD o hT AT )L

HoETIE, NREAICHEET 27 by No-7'1 b)) R0 o7 BT
X N 3-69g Z T 5 & Norrish 1| U SIGI S, 7 mrm/R ) —u
370 #5252 &L &FTcIC A L7z (Scheme 4-1), ZOHA % a-7 h= AT
MG L, BB FICHET 57 1 ooy o b= A7 VO NG & R
FMTH L& LT, oo BT R 3-69g 1MV B U FL AR 4-1 2R L /-
N, REETHDHZ ENbholz, T2 T, BT R LEOE#HILIC CMePh

(o-cumyl) FEZEA L7- 4-2a O ZRET L7z, MeOH H1 4-2a % JERUis &
Wil A, a7 ax ) —OAERIT—UMER TE T, MeOH {1k 4-3a
WAERRT D &R LR,

No Na-proton

\ H 9 . HO
PhXN ——>  TrHN
PH Ph O MeOH

50% ©

3-69g (50% recovery) 3-70g

No Oa-proton

(@]
ph§<o\ﬂ)l\’< by unstable to
hydrolysis
PH Ph O MeOH yaroly

41
No Oa-proton
\ o HO
hv HO
Ph_ O — > PhMe,CO
7< 0 MeOH
54% o)
CMe,Ph 4-2a 4-3a

(a-Cumyl)

Scheme 4-1. Photochemical Reaction of a-Ketoamide 3-69¢g and a-Ketoester 4-2a.
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4-2. —fRE972 -7 b= AT VDN

a-7 P AT VO FUSIFTH K MOMFES N TR Y RS L > TU T D X
I IRGRRIE A D EEZ B TS (Scheme 4-2) Y2, o-7 R AT )L 4-4 &
T 5 &, AR VEN n BRI Lo ThiE Siv, B 7 U vek R
K 4-5 ~EEH XI5, Norrish Type I S & L THIBD y M KFESI &k &K
ISR Z D &L L4-E T VU HV 46 ZEKT D, SRICHERTZL DI, a-7 hT R
K2 1,2-U 47 b Cld, 4 BRIERBISH L OND N, o-7 h = A7 /LTI
FOLREZY, e Raex o748 0 49 %525, —J, 450301
MTKFEZGEHOTHAIE, 410 OAEREZRT BT 2R/ MESNT
W5,

R2
H-atom R3

R2
R3 H o R? OH
\{/ \{/ . Abstraction \( *  OH | Cyclizaton _, ’
_— > — R R
R O:\t

R
0]
4-4 4-5 4-6 4-7
Intermolecular
H-atom Fragmentation
Abstraction
H R> O OH 0 2H on
1
R0 YR Y on .
RS_O O~ gt R1\ R R
o1 R’ R 0o
H'g2 o OH 0 4-8 4-9
4-11 4-10

Scheme 4-2. Possible Reaction Pathways for Irradiation of a-Ketoester.

4-3. IRF-IRFAEATERZFED a-2r b= AT VDG

C-H A OUIN /S, a-7 b= AT )LD WEFH IR -k s A T ORI E
DFNEIS, aFREBIGE BITREBIARONTVND
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53 TR SR - IR 5 A T A RO

Neckers & DHEIZ L VE, ANVH T FESLT IV EATEBINZ, o7 b=
27V (ref-4-1 or ref-4-4) % JEMH L7256, A7 1.8-kFEBEH S L <X
1,6-KkFEBEFZRZ L, BRILERME 5 225 (Scheme 4-3) 3, 72k, AN H T K
ERINR= D6 o HFRREHEN TOTHERILBISITET L, K TEREH 15
DTV P EBRTEDLZEDREINTWD Y F72, 7 MAlOEHEED C-H
BT 5, KFFIEHERIEH VL DdlE SN TN 5D 8,

Neckers et al. (1997)
0]

H O OH
)\ /\/O\[HJ\ L o Ph R=H(ref-4-2) quant
R™ S Ph PhH { R = CHj (ref-4-3) quant.
o) s R
ref-4-1
H O o)
(0]
oo e, (T
| o) "M eN” Ph
€2
0,
ref-4-4 70% ref-4-5
Neckers et al. (1997) o n=1~9
H o] OH
)\ o% hv o Ph
5T Ph phH {
O _ 0
rof-4-6 25-100% oS
ref-4-7

Scheme 4-3. Photo-induced Cyclization of a-Ketoesters to Form C-C Bond.

53 [ R 3R - ER 385 B T A RO

C-H #E B DM 2L 9 a-4 F = 2T VD4 FRIFSIE. BIEE TIZ 4 BHlOH
E0RH 5 (Scheme 4-4), BV E VEETT )L ref-4-8 & L7 m~F& TR IRE
LG a. By 70 TROEDPEITT 5 %, —J7, HMPA ZiAlEE L7254, N
JiA a fLOD C-H G DY 2 £ > T ref-4-11 BT 25, 2=—2772flE LT
X, ¥ 3T A FFHEE ref-4-12 12533 2 0 REIZ K - T, MeOH 073 A R
THZEBLHMONTWD, F72, o7 = AT )L ref-4-15 & 4H-Y° 7 U iFEK L
DAy TV TRISbHE SN T WD, Ll RISEINRDR< 0 BE &G
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FIOMERTEDBELNTWND, 2T EFITDERLS Dy 7V IR ETT S -
FRZATNLERBL, EOXO Dy 7 7= F—0FHTE 500
R Z LT,

Jolly and De Mayo et al (1964) Kohmoto et al (1990) o)
MezN\ M
-P.
o : o MesN \N/
hv OH i hv
OEt — OEt | OAllyl — 5 OH
Me cyclohexene ~ Me  Ph HMPA Ph OAllyl
80% o ! o 20%
ref-4-8 ref-4-9 ref-4-10 ° ref-4-11 O

Nakanishi et al (1990)

MeO
hv
- > R = H (ref-4-13): 60%
MeOH CHs(ref-4-14): 30%

ref-4-12
Bouillon and Hoffman et al (2000) ™S
1 2 f
/@ (0.5 eq) 0\ R R Yield (%)
o) T™S” 0" STMs  TMSTN\_{ oH o, CraChs 82
2 OR2 (CH3); CH3CH3

R OR R Ph CHs 52

o hV, PhH 0 p-MeOC6H4 CH3 49

ref-4-15 ref-4-16 1naphtyl  CHs e

Scheme 4-4. Photo-induced Coupling Reaction of a-Ketoesters to Form C-C Bond.

4-4. EHIE RV B X OVR? O E b

Ry TV IPEITT D oo AT LR RET -0, BEHRERYE
FORZ#HFI L7 (Table4-1), R?I1Z2 00 7' k> ZHFD 4-2b X° 4-2¢ % JREF L
=%t BEIZREIAER S, BMREEME 5 272, BEIDERWITED
IZELNTEHOD, ILEMEL | ESI-MS % W 72T Tl T BAIK 4-12 O AR
R TET, ZOZ b, o FHICKEF EHEATEER Oo '8 b 3720
B Ay TV T B L TR T 2 & D3RR T & 72, 4-2d DY TIE 25%
THhHy VT RE5 25500, thienyl a2 E> 4-2e DBEEIXA DL
IXI—UERTE R oT-y —F . HIVAR=AD o 2 i-Pr a2 HT5 o-7 h=
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AT NERET S L, 4205 68% CTHEXDHZ AN LI, RV A2 Bt EICE#R L
7o 4-29 DY E . ROSONFRITELS . FBH2 23%EIN LTz, 7o, DUGKH 2 &
< LTH, MeOH AR LM E L oo 7-, LLEDORKFNE, MeOH &
DFRIETIE, R ZHEHESE T AR AL T v 7 U I RRE L
17952 B0 o,

Table 4-1. Photo-induced Coupling of a-Ketoesters with MeOH.

HO ] o
hv R
o R?0
HO
R20 1 (365 nm) R20 1 R%0
R R R
MeOH
o (80 mM) o o OH
4-2 4-3 4-12
Yield (%)
Entry Substrate R! R? Time Product Recovery
1 4-2a t-Bu CMe,Ph 4 h 54 n.d.c
2 4-2b t-Bu CH,CH,Ph 20 min 3 n.d.c
3 4-2c t-Bu CHMePh? 5 min 10 (d.r = 1:1)° n.d.c
4 4-2d Ph CMe,yPh 1h 25 n.d.c
5 4-2e 2-thienyl CMe,Ph 1h 0 n.d.c
6 4-2f i-Pr CMe,Ph 3h 68 n.d.©
7 4-2g Et CMe,Ph 1h 15 23

a) (R) isomer was used; b) diastereomeric ratio; c) not detected

4-5. N,N-Dimethylacetamide & D4~ 7"V > 7 Kt

-7 N ATINEH TN T L0 FERONIT D7D, 4-2f OIS E
BREt LT ZA, a2y 72D v 7 ) 7T LTz, FRIC, NNN-U 2T L
TERNTI REEEe LIRS, RO IWBRES Dy 7Y IREITL, B-7 2/
FEehi R 4-13f Z 5 C&x 5 Z L Z A L7z (Table 4-2), NN-U A F L7 & K
T REBEBEIZHNS E, MeOH DB v 7V U T OENED -T2 4-2d R
429 b BIFRINERTH v 7Y 7K 4-13d B LW 4-13g 2 52 7=, KB v 7V
TRINET 7 7 2 RO N-methyl X THETLTEBY, IArFR= v afiiTh v/
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Uo7 LTc 4-14 1 3—0ER S e o 7z, BURIZEE$ % C-H fii & O & ik
T ALF O % gt 5 L, N-methyl K & LR =0 o T 10 keal/mol 2
DFENRD Y | ARIOE TR BT BRPETOR0MA Lic< vy (Figure4-1), 202
Lnb KAy TV U TRISICIE, KRS EHEUAOHEESEER TS L
MR LT,

Table 4-2. Photo-induced Coupling of a-Ketoesters with N,N-Dimethylacetamide.
O B \ ]

. \N)\\ o N—

O (365 nm) HO HO
PhMezco\[HJ\R 6 PhMe,CO R PhMe,CO R

0
o )J\N/ o} L o} i
|

4-2 4-13 4-14
(80 mM)

Entry Substrate R Time (min) Product Yield (%)
1 4-2f i-Pr 10 4-13f 85
2 4-2d Ph 5 4-13d 55
3 4-2g Et 40 4-13g 52

N, N-dimethylformamide N, N-dimethylacetamide
X i
H™ N H \)J\N/
K, |
~105 kcal/mol 91.0 kcal/mol

Figure 4-1. C-H Bond Dissociation Energies of Amides.

4-6. BT BENERS 7 X VA I RFEROBRIL S

Mariano © 1%, MeOH HT7 Z /LA I NFFHEIL ref-4-17 Z 325 L, —&
F B 2R CERAGSS A EIT L, ref-4-20 2 525 Z & Z#&E LT\ 5 (Scheme
4-5A) WU REOED AT =X LMFUTO LS ICHH SN TWD, 720 A K
TR ref-4-17 Z XM TH LT, AT HT X H, A ROBLR=L
B ~D—BAFBEIE Z 5, zwitterion ref-4-18 |%, i7" v FAfbd L < I
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VUbZER T, €700 ref4-19 ~L B In5, 1,6-87 P idssFINT
Ny TV T L, ~TaB{bAYref-4-20 # 525, ZOWEEZL LT, Kb v
TV TG TIERO X5 7205 FHETFBHNETL TS EHEMNL

(Scheme 4-5B), o-7 F = AT AONREHNZ LV AT 2T P HL 4-15 125 L
T NN-UAFATEFT I RO N RF20—EFBENETS S, AU7A
Z %t 4-16, 4-17 1371 B Eh L& electron reorganization Z#%C. T ¥ L%t
4-18, 4-19 ~EEMEIND, ZOT AP FHETREGT D2 LT Ay
Vo TR 413 2 52 7= L HEZR LT,

A) Mariano et al. (1994, 1997, 1998)

O [ o- ]
hv .
—_—
N~ X E SET N~ x g
+e
o o)
ref-4-17 ref-4-18
X =NMe, NAc, O, S u
E=H, TMS
Ho_ /X OH
/7 E’ y
N .
-~ N ~ Ny
O o)
ref-4-20 L ref-4-19
B T _
O. O O - (@)
. . ')K hV . ~° +
PhMe,CO + \N . PhMe,CO + N
R R
k SET k
(0] 0 H
4-15 4-16 417
1) Proton Transfer
o 2) Electron
— C-C Bond Reorganization
N Formation
R OH O
HO
PhMe,CO . PhMeZCO\H)\'R F L
O 0] . |
4-13 L 4-18 4-19

Scheme 4-5. A) Photochemical Reaction of Phthalimides Reported by Mariano et al;
B) Photo-induced Coupling of a-Ketoesters via Intermolecular Electron Transfer.

118



4-7. 7 FBIXO=—TF L2 &4 2 R

MMV}%»??%??PM%@?*P%%ﬁmﬁwf%ﬁm%@%bt&
WP BERFEA D o L TRIGHHEIT L= (Figure 4-2), EHEIZ N-X F
AT T I REHAWZSEIT. mW4fﬁm¢4mﬁ%5zto%$ﬁ¥®a
MZATF Lo ZFEo2-v'rn ) RUZEEIZHWESGEITH A v 7Y 7K 4-21f
[FAER L, N-AF e ) RORORICTIE, AT LR TRIS L 4-22f B
FOAFNVETRIGE LT 4-23F 2223 57%., 1T% ThH 270, £72. KA v~7
U > 7RSI — 7 VR C H (T L7z, I8t & LT t-BuOMe & W 72354,
15 73 CRUGHTERE L, BINER CTt-Bu =—T7 NV 4-24f 2 5. 272, 7=V — /L=< 1,4-
UAXY R ORGTIL, PELE DILE T 4-25F 0 4-26F 23ERL LT,

0 n HO R
365 nm
PhMe,CO ; PhMe,CO
R-H
e} (solvent) 0
4-2f (80 mM)
N-methyl- O N-methyl-
acetamide 2-pyrrolidone pyrrolidone o
PhMeZCO\H)%/ PhMeZCO PhMeZCO PhMezCO%(
4-20f: 84% 4-21f: 31% (d.r. =1:1) 4-22f: 57% (d.r.=1:1) 4-23f: 17%
35 min 15 min 10 min
t-BuOMe anisole 1,4-dioxane \>
PhMeZCOfé/ PhMeZCO\yﬁé/ PhMezCO
4-24f. 73% 4-25f: 40% 4-26f: 50%
15 min 70 min 20 min

Figure 4-2. Photo-induced Coupling of a-Ketoesters with Amides and Ethers.
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v aXrF N AF T —7 ) (CPME) ZIEEICHWEGEIZ, by 7Y v
TINAFNVITHELT LTz 4-27F DIEH 4-12f B L O 4-28F DA HER TE -

(Scheme 4-6), N OHDEMBDE 52 - IGRKEEZ L TO X IICER L

(Scheme 4-7) ,0-7 F = A7 )L 4-2f [T N PEGHT K > Thbid &4 4-15f 2 5- 2 5,
4-15f 3K 5| Pk & 2l 23 REMRIZ A E TE 2V 8, CPME DRFEIEF71 5
— B BEIE Z AU 4-16F DNERT D EHERI L7z, 4-16f OFERT =4 13,
et ER L7 CPME DA TF VB L OAF O T o b &5 & P& . 4-30
H LT 431 24T D, — TP HN 430 1%, 4-18F L DH v T TN
TLA2If 2 5272 FB 20615, —FH. 3T PV 431 IFE TS LITAT
ROER NS, BT 418f L7V 7 TET, ZEK 41208 Rex
TERATIVA8E R LT EHERILT, ZOZEND, Oa-AFUHE o b
T AT NDT Y TV T ROSITHEIT LIS WD &R S T,

H
OH
o (365 nm) PhMe,CO
PhMe,CO PhMe; CO + PhMe,CO + PhMe,CO
CPME

O (80 mM) 0

4-2f 4-27f 4- 12f 4-28f

23% 20% 19%

Scheme 4-6. Photo-induced Coupling Reactions of a-Ketoesters with CPME.
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0]

] " ]
PhMe,CO v | PhMe,cO + E>70
CPME \
0 i 0 |

4-2f 4-15f l Electron Transfer

] o ) )
PhMeQCOW N QLOT
L O \_H_

4-16f 4-29

1) Proton Transfer
2) Electron Reorganization

OH OH
PhMezooW + Q—o\ or PhMeZCOW+ E>70
. \

o) o)

4-18f

4-18f 4-30 4-31
/ . Dimerization |
Coupling or Coupling
Disproportionation

o

o) O
HO oH OH MeO
PhMe,CO HO
PhMe,CO 2 + PhMe,CO
2 m)%/ PhMo.CO PhMe,CO
o) OH O
o)

4-27f: 23% 4-12f: 20% 4-28f: 19% not obtained

Scheme 4-7. Proposed Mechanism for the Coupling Reactions of a-Ketoesters with
CPME.

121



4-8. T )V a— )L EVEEE LS5 RO

MeOH LIAAD T N a— L EEEEE LT o-7 F T AT VOGS & et L7z
(Figure 4-3), n-BUOH Z# W= HA12id, Ay 7V o7 k0 b —8Bbn i
TL, EFeX =27 )L 4-28f OAERBIER TS, T Vva—1Thoh
i-PrOH & OFUGSTiX. AIMEOIEEIL S HIZK T Lz, JEiZsr L7z CPME H T
DFEREZET DL, R0FY Oa-AF VKX a-7 hZATAED TV T L
W WZEMIDDAD,

O oH
hv OH
o (365 nm) HO R PhMe,CO
PhMe,CO » PhMe,CO PhMe,CO PhMe,CO
R-H OH
(0] (solvent) o o) (0]
4-2f (80 mM) L 4-12f 4-28f
MeOH HO n-BuOH i-PrOH
PhMe,CO PhMe,CO PhMe,CO
o} o} o}
4-3f: 68% 4-32f: 33% (d.r. = 1.6:1)? 4-33f; 8%P
3h 20 min 1h

Isolated yields are shown unless otherwise noted; a) 4-12f (52%, calculated yield) and 4-28f (5%, calculated
yield) were obtained; b) 4-12f (64%, calculated yield) and 4-28f (5%, calculated yield) were obtained.

Figure 4-3. Photo-induced Coupling Reactions of a-Ketoesters with Alcohols.
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4-9. TV v TR L3 A RO

B RAVKEZEZ N T o-7 h = AT VOIS L= (Scheme 4-8).
Mz randh BTyl y 7Y T ROSITEIT L R P ALO C-H
D (RSO fREE—= L X —; BDE = 89.7 kcal/mol) 7217 T/ <, v 7 a~FH
?® C-H &% (BDE =99.5 kcal/mol) ® b EIMIC&E 5 Z L &R LI, ~T BJEAFD
RVRIEAKFE E OIS TITEFBENIE Z 53, © 7 PRI 4-15F Dk
Tl & E2RT, By TV TIRPAER LT EHERITX %5 (Scheme 4-9), =
DI EeMNS, RKEWNI T v 7Y o TR— FF—I2 L » T, B 58K CRIGH
T 5 Z LR SN D,

hv Ph :
O (365 nm) HO ! H
PhMe,CO ——— >  PhMe,CO :
toluene !
o (80 mM) o) 1 89.7 kcal/mol
4-2f 1h 4-34f- 38%
hv !
Q (365 nm) HO : H
PhMe,CO —— > PhMe,CO .
cyclohexane E
o (80 mM) o} ' 99.5 kcal/mol
4-2f Th 4-35f 40% '

Scheme 4-8. Photo-induced Coupling Reactions of a-Ketoesters with Alkanes.

O hv Y R-H

PhMeZCO\[HJ\( — . PhMeZCOW

o) @) H-atom

4-2f 4-15f Abstraction
HO. R HO

PhMe2COW - PhMeZCOW + R

o o)

R = benzyl (4-34f) 4-18f

R = cyclohexyl (4-35f)

Scheme 4-9. Proposed Reaction Mechanism for the Coupling Reactions of

a-Ketoesters with Alkanes.
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4-10. B v 7V T R— F P —DEEDOKTT

INETORFTIH, By TV IR — " —ZEEEER L T e, 2
BAEMO T Z EAHBRIVE, BERS, GRICEZ < OIREEET 551 L DX
JRIC O ARFELZEHATE L LM TEL, £E2CLar hm ATV ED T >
TERZ ST, WL UTHIHRER D T ERRHZ L L Lz (Tabled-3), 7
¥ by, N t-BuOH, CHsCN, t-BuOAc, % L T CFsPh H1C 4-2f % 3E/X
IEEETE A, ﬁ/7)/7%i%af%ﬁ\ﬁﬂﬁ%wéﬂﬁMémto
JFEHERHE X T & F o OoR B EZ WS AICES DA Z L2 RHL, 2
D EARFERISIZ BT 5 R 7wt & L,

Table 4-3. Solvent Screening for Photolysis of a-Ketoester.

O hv decomposition
PhMeZCOW _(3650m) _ N
0 (‘;%I‘ﬁ&t) recovery (4-2f)
4-2f
Entry Solvent Time (h) Recovery (%)@

1 acetone 1 77
2 benzene 1 80
3 t-BuOH 1 69
4 CH4CN 1 54
5 t-BuOAc 1 44
6 CF3;Ph 1 59
7 acetone 3 29
8 benzene 3 47
9 t-BuOH 3 20
10 CH3;CN 3 20
11 t-BuOAc 3 10

12 CF4Ph 3 n.d.P

a) NMR yield are shown; b) n.d. = not detected.

50, 15 BL NS EBON-AFLTE T I REETF, RUEBUHPToa-7 bz
AT N A0 ZRE LTI A, ZNFI 73, 70, 8L 23% THANA 4-20f %
5.z 7~ (Table 4-4A), N-AF LT b7 2 REREEE L THWESGA, MG
35 4y CoefE L7=2Y (Figure 4-1), TOEEEZHIRTHE, WFhoxzo b U —
TSRS RIEICHEM L7z, NP R TORISESET-8EE . — ok
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N LI L2 BETHE (Table 4-3) . BAD UG & R & 35i4 L C
WHZ ENREINT, 2T, KVES Iy 7Y I RIGHET L7 NN-T
AFNTE FT I FEHWTRBROHE 2l 72 (Table 4-4B), 15 <& D N,N-
CAFNTE NT R RIFETHERAN LG4, 83% Th v 7' U V7K 4-13f 245
D2 EICHE LTc, ZORFOIERIL, WHED NN-AF LT F7 I RN
THEGSHTRELERIRE Ch T, £70, FEE S HRICKD LB AIC D,
4-13f % 67% CH 25 Z L PR T 7=,

Table 4-4. Coupling Reaction of a-Ketoester with Acetamides in Benzene; A) with
N-methylacetamide; B) with N,N-dimethylacetamide

A)
N-methylacetamide H- N»\
0 (Xeq.) HO
PhMezCO\H)K( hv(365nm) PhMe2CO\[X(
benzene
o) (80 mM) 0
4-2f 4-20f
_ i Yield (%
Entry N-methylacetamide Time (h) (%)
(X eq.) 4-20f
1 50 2.5 73
2 15 4 70
3 5 4 23
) (@)
B
N,N-dimethylacetamide - N»\
e} (Xeq.) HO
PhMezcom)K( hv (365 nm) PhMeZCO\yeéﬁ
benzene
o (80 mM) o
4-2f 4-13f
N,N-dimethylacetamide . . Yield (%)
Ent ’ Time (min
i (Xeq.) (min) 4-13f
1 50 20 87
2 15 50 83
3 5 60 67
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4-11. Tetrahydro-1,4-diazepine-2.5-dione O %

TV TR—= R —DFEBELHIRTE L PR TEIDOT a7 b=
AT NAA LEERTHL 7V U F8IKA-36 L DT > 7Y I UG R T2 (S
cheme 4-10), VAfEVEORIENL T b U Z2FRBEE LCTHA L, 15 80D 4-36
ERIIEESE T, TORR, TIJBO afLTH vy T Y T Uiz 4-38 ZEMNIC
HBZTeb DD, N-AFNVEETEIERNTSUEEIT L, 4-37 & 58% THEH Z &I
Y UTe, BRILERC X > T 4-37 ® Boc £ & = A7 V& RIRRHZERE L, HEET S
T LKA SE D Z LT, tetrahydro-1,4-diazepine-2.5-dione (homo-diketopipera
zine) #FHEAK 4-39 DA E T TRRINE 49% Tk L7, 4-39 L HR O % R
ALEM DB RITEEF OMENH D & DD B KFiEEZFHTSHZ L T, 617

B FE & A9 D tetrahydro-1,4-diazepine-2,5-one DA FRIZEIN LTz, 728,
o-cumyl F13 L 0 IRF 25 CRENFEETH H Z & 28 L7z (Scheme 4-11),

BocHNL
- © 0
N
0 4-36 (15 eq.) o nooin
PhMeZCOW hv (365 nm) PhMeZCO\yezﬁ PhMe,CO /N/
e} acetone 0 0
(80 mM) . 589 4-38: 6%
4-2f 4-37: 58% - 0. o -
1) TFA-CHZCIZ

(3:

(@]
BOCHNJJ\N/ 2) HBTU, Et;N \f
| toluene, MS4A
4-36 reflux
-39

49% (2 steps)

Scheme 4-10. Synthesis of tetrahydro-1,4-diazepine-2.5-dione.
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Juaristi et al. (2005) Stockel-Mascheka and Neubert (2005)

'Bn R= CH3 H
N__O CH(CH3), Bhy N O
CH,CH(CH3),
g\ KR CH(CH3)CH3CH3 HO'§\ f,/
N CH,Ph N \//
o H Ph o)
ref-4-21 ref-4-22

Figure 4-3. Similar Examples of Tetrahydro-1,4-diazepine-2.5-dione Derivatives.

HO 1) i-Pr3SiH HO

HO 2%TFA-CH,Cl, HO
PhMe,CO >  MeO
2) TMSCHN,
o) MeOH-Et,O 0]
4-2f 89% (2 steps) 4-40

Scheme 4-11. Cleavege of a-Cumyl Group.

4-12. YOG MEREE LT -4 hm AT )L

ARETIE, D FHTHEAGERTED a7 b= AT VERH L, JOSICHAT
XD H TV T NR—= v F—=FHLNC L, o-Cumyl &2 HTH a-7 h R

TIE, KR I E DRUSPHEIT L2 &b 3T VRV EEZ R a-4 b

T AT NVALLITE N TED TSR TE D EWIFF s D (Figure 4-4)

o-7 b7 I REHEKT D L -7 h AT VTR EFEDRE < AFRHTIEA

VRN IT A NERNRESIND, 2. AT TR ANMRLEE

TAHVNEND D, ZHHBESIEH 20D, SRIOBHFNIL > T, o-7 b A

TOVDHTIOEROGTER L UL TR T& DRt 274 2 & kT2,

HO Og\ e
HO 0 : N >L
0O o_R® /0 /—OH
Ao L e o ]

1 p2
441 O RR etc

Figure 4-4. Proposed Mannose Probe Possessing a-Ketoester.
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Experimental Section

General

NMR spectra were recorded on a JEOL ECS-400 spectrometer at 400 MHz for *H-NMR and
100.4 MHz for 3C-NMR, on a JEOL ECA-500 at 500 MHz for *H-NMR and 125.8 MHz for
13C-NMR, and on an Agilent VNMR500 at 500 MHz for *H-NMR. Chemical shifts were reported in
the scale relative to CHCI3z (7.26 ppm for *H-NMR), CeHs (7.16 ppm for *H-NMR), CH3zOH (3.31
ppm for *H-NMR), (CH3)2SO (2.50 ppm for *H-NMR), CDCls (77.16 ppm for 33C-NMR), CDs0D
(49.00 ppm for 3C-NMR), and (CD3)2SOs (39.52 ppm for 3C-NMR) as an internal reference.
Optical rotation was measured on JASCO DIP-370 Digital Polarimeter or JASCO P-2200
Polarimeter. IR spectra were measured on Thermo Scientific Nicolet iS5 FT-IR with ZnSe iD3 ATR.
MS spectrum was taken on a Bruker Daltonics micrOTOF-QII (ESI) and on a Bruker Daltonics
autoflex speed (MALDI). Column chromatography was performed with silica gel 60 (40-50 pm)
purchased from KANTO CHEMICAL Co. Anhydrous THF, Et.O, CH.CI,, toluene, DMF, and
methanol were purchased from KANTO CHEMICAL Co. and purified by Glass Contour Solvent
Dispensing System.
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Chapter 2
1. Experimental section for synthesis of compounds

Synthesis of 2-16

N BzCl, i-PrEtN N
K 4-pyrrolidinopyridine B

TBDPSO X _Ci3Ha7 ~. TBDPSO X _Ci3Ho7
\/\‘/\/ toluene \/Y\/

OH OBz
2-15 2-16
To a solution of 2-15 (90.3 mg, 0.159 mmol) in toluene (3.2 ml) were added i-ProNEt (138 pl,
0.795 mmol) and 4-pyrroridinopyridine (23.6 mg, 0.159 mmol), and BzCl (37 ul, 320 umol). After

stirring for 32 h, a saturated aqueous solution of NaHCO3z was added at 0 °C. The organic layer was

separated and the aqueous layer was extracted with CH.Cl, twice. The combined organic layers were
washed with a 1 N aqueous solution of HCI and brine. The organic layer was dried over MgSO4 and
concentrated in vacuo. Further purification was carried out by silica gel column chromatography to
give 2-16 (113.4 mg, 101%) as a colorless oil.

'H NMR (400 MHz, CDCl3) § 0.89 (t, J = 6.9 Hz, 3H, sphH18), 1.08 (s, 9H, SiC(CHa)s3), 1.21-1.37
(m, 22H, sphH7-H17), 2.03 (m, 2H, sphH6), 3.73-3.76 (m, 2H, sphH1a, sphH1b), 3.83 (dt, J = 6.4,
5.1 Hz, 1H, sphH2), 5.51 (br dd, J = 15.2, 7.8 Hz, 1H, sphH4), 5.68 (dd, J = 7.8, 5.1 Hz, 1H, sphH3),
5.90 (dt, J = 15.2, 6.9 Hz, 1H, sphH5), 7.30-7.35 (m, 2H, BzH), 7.37-7.47 (m, 6H, SiPhH), 7.57 (tt, J
= 7.4, 1.4 Hz, 1H, BzH), 7.63-7.70 (m, 4H, SiPhH), 7.99-8.03 (m, 2H, BzH); *C NMR (100 MHz,
CDCls) 6 14.27 (sphC18), 19.24 (SiC(CHa)s), 22.83 (sphCAlkyl), 26.82 (3C, SiC(CHzs)z), 28.83
(sphCAlkyl), 29.24 (sphCAlkyl), 29.49 (sphCAlkyl), 29.55 (sphCAlkyl), 29.70 (sphCAlkyl), 29.80
(4C, sphCAlkyl), 32.06 (sphCAlkyl), 32.47 (sphC6), 63.48 (sphC1), 65.88 (sphC2), 74.44 (sphC3)
123.37 (sphC4), 127.89 (2C, ArC), 127.94 (2C, ArC), 128.52 (2C, BzC), 129.86 (2C, BzC), 129.95
(SiPhC), 129.99 (SiPhC), 130.19 (BzC), 132.81 (SiPhC), 132.95 (SiPhC), 133.19 (BzC), 135.68 (4C,
SiPhC), 138.61 (sphC5), 165.29 (-COPh).

Synthesis of 2-17

N N
23 HF -pyridine 23
TBDPSO. - x_ C13Hy7 HO_ A o C13Ho7
e i CH,Cl,, Py. i i
OBz OBz
2-16 217

To a solution of 2-16 (90.2 mg, 0.135 mmol) in CH2Cl> (500 pl) and pyridine (500 pl) was added
hydrogen fluoride pyridine (240 pul) at 0 °C. After stirring for 14 h at room temperature, a saturated
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aqueous solution of NaHCO3 was added at 0 °C. The organic layer was separated and the aqueous
layer was extracted with CH,Cl, twice. The combined organic layers were dried over Na;SO4 and
concentrated in vacuo. Further purification was carried out by silica gel column chromatography to
give 2-17 (48.3 mg, 83%) as a colorless oil.

'H NMR (400 MHz, CDCl3) & 0.88 (t, J = 6.7 Hz, 3H, sphH18), 1.21-1.33 (m, 20H, sphH8-H17),
1.38 (m, 2H, sphH7), 1.96 (dd, J = 8.0, 4.8 Hz, 1H, -OH), 2.08 (td, J = 7.4, 6.9 Hz, 2H, sphH6), 3.63
(ddd, J =11.7, 6.9, 4.8 Hz, 1H, sphH1a), 3.75 (m, 1H, sphH1b), 3.81 (m, 1H, sphH2), 5.60 (m, 1H,
sphH4), 5.62 (m, 1H, sphH3), 5.96 (m, 1H, sphH5), 7.46 (dd, J = 7.8, 7.4 Hz, 2H, BzH), 7.59 (br t, J
= 7.4 Hz, 1H, BzH), 8.06 (m, 2H, BzH); *C NMR (100 MHz, CDCls) & 14.26 (sphC18), 22.83
(sphCAlkyl), 28.82 (sphCAlkyl), 29.27 (sphCAlkyl), 29.49 (sphCAlkyl), 29.55 (sphCAlkyl), 29.71
(sphCAlkyl), 29.79 (4C, sphCAlkyl), 32.06 (sphCAlkyl), 32.52 (sphC6), 62.12 (sphC1l), 66.33
(sphC2), 74.75 (sphC3) 123.39 (sphC4), 128.64 (2C, BzC), 129.87 (BzC), 129.95 (2C, BzC), 133.49
(BzC), 138.98 (sphC5), 165.65 (-COPh).

Synthesis of 2-28

BOMO AcO

OTBS 1) Pd(OH),/C, H OA
BOMO MeochcO . )Me(O ! )2 2 AcO | eO2CAco Oc
AcHN 7™ OBZOMP 2) Ac,0, pyridine. AcHN 7™ OBZOMP
BOMO OBOM F DMAP AcO OAc F

2-27 2-28

To a solution of 2-27 (130.9 mg, 97.07 pmol) in MeOH (1.9 ml) was added Pd(OH)./C (Aldrich
212911, 26 mg) at room temperature. The mixture was stirred under hydrogen atmosphere for 15 h.
the reaction mixture was filtered with Celite® and concentrated in vacuo. Further purification was
carried out by silica gel column chromatography to give corresponding hexaol (71.8 mg) as a white
amorphous solid. To a solution of crude hexaol (54.2 mg) were added a solution of acetic anhydride
(490 pL, 5.18 mmol) and 4-dimethylaminopyridine (4.4 mg, 36 umol) in pyridine (490 pL, 6.08
mmol) at -40 °C. After stirring for 14 h at 0 °C, the reaction mixture was allowed to warm to room
temperature and stirred for an additional 1.5 h. The mixture was diluted with CH>Cl, and a saturated
aqueous solution of NaHCO3 was added at 0 °C. The organic layer was separated and the aqueous
layer was extracted with CH2Cl, twice. The combined organic layers were washed with brine, dried
over NaxSO4 and concentrated in vacuo. The crude product was purified by silica gel column
chromatography to give 2-28 (69.6 mg, 105% in 2 steps) as a white amorphous solid.

'H NMR (400 MHz, CDCl3) § 1.58 (s, 3H, -COCHs), 1.83 (s, 3H, -NHCOCHs3) , 1.98 (s, 6H,
-COCHj3), 2.06 (s, 3H, -COCHs3), 2.17 (brt, J = 13.3 Hz,1H, siaH3ax), 2.206 (s, 3H, -COCH3), 2.214
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(s, 3H, -COCHz3), 2.39 (dd, J = 13.1, 4.1 Hz, 1H, siaH3eq), 3.30 (m, 1H, galH3), 3.71 (s, 3H,
MP-OCHg), 3.83 (s, 3H, CO.CH3), 3.88 (dd, J = 10.8, 9.9 Hz, 1H, siaH5), 4.00 (dd, J = 10.8, 2.1
Hz, siaH6), 4.02-4.12 (m, 3H, galH6a, galH6b and siaH9b), 4.20 (dd, J = 6.8, 6.4 Hz, 1H, galH5),
4.29 (dd, J = 12.4, 2.3 Hz, 1H, siaH9b), 4.40 (dd, J = 46.5, 7.3 Hz, 1H, -CHF-), 4.57 (brd, J = 2.3 Hz,
1H, galH4), 4.80 (m, 1H, siaH4), 5.03 (brd, J = 9.9 Hz, 1H, CH3CONH-), 5.21 (dd, J = 10.1, 2.1 Hz,
1H, siaH7), 5.32 (d, J = 7.6 Hz, 1H, galH1), 5.70 (ddd, J = 10.1, 6.0, 2.3 Hz, 1H, siaH8), 5. 78 (dd, J
=11.0, 7.6 Hz, 1H, galH2), 6.71 (d, J = 9.2 Hz, 2H, MPH), 6.90 (d, J = 9.2 Hz, 2H, MPH), 7.41 (t, J
= 7.4 Hz, 2H, BzH), 7.53 (tt, J = 7.4, 1.4 Hz, 1H, BzH), 8.05 (d, J = 7.4 Hz, 1H, BzH); 3C NMR
(100 MHz, CDCIs) & 20.51 (COCHzs), 20.80 (2C, COCHs3), 20.87 (COCHz3), 20.93 (COCHzs), 21.55
(COCHs3), 23.27 (NHCOCHs3), 33.03 (d, J = 7.7 Hz, siaC3), 39.98 (d, J = 19.3 Hz, galC3), 49.19
(siaC5), 53.44 (COOCHz), 55.66 (MP-OCHg), 62.21 (galC6), 62.78 (siaC9), 66.96 (siaC7), 67.57
(siaC8), 67.62 (d, J = 10.6 Hz, galC2), 68.16 (d, J = 3.9 Hz, galC4), 69.72 (siaC4), 72.49 (siaC6b),
72.84 (galC5), 80.94 (d, J = 20.2 Hz, siaC2), 90.82 (d, J = 199.4 Hz, CHF), 102.49 (galC1), 114.40
(MPC), 119.00 (MPC), 128.35 (BzC), 130.01 (BzC), 130.66 (BzC), 132.95 (BzC), 151.65 (MPC),
155.48 (MPC), 165.25 (-COPh), 169.70 (d, J = 7.7 Hz, siaCl), 170.22 (-NHCOMe), 170.34
(-COMe), 170.38 (-COMe), 170.55 (-COMe), 170.82 (-COMe), 170.86 (-COMe), 171.07 (-COMe);
IR (cm™): 3374, 2959, 1737, 1683, 1669, 1450, 1506, 1450, 1369, 1214, 1175, 1109, 1070, 1035,
948, 829, 752; HRMS-ESI (m/z): [M+Na]* calcd for C4sHssaFNNaO21, 986.3070; found, 986.3072.

Synthesis of 2-29

AcO OA
AcO 1) CAN, CH5CN, CCl, AcO [ \1e0,cACO c
ACO | \e0,cA%? OAc phosphate buffer
o) 2 OMP 2) CO,H AcHN Q/ ™ 0._0O
AcHN - AcO OAG = OBz =

AcO OAc F OBz —

2-28 2-29

EDCI, DMAP, iPrNEt
CH,Cl,

To a solution of 2-28 (40.9 mg, 42.4 umol) in CH3CN (680 pL), pH 7.0 phosphate buffer (0.1 M,
150 pL) and CCl4 (60 pL) was added CAN (58.2 mg, 106 umol) at 0 °C. After stirring for 3 h at 0 °C,
the reaction mixture was diluted with EtOAc and a 1N aqueous solution of Na.S>03 was added at
0 °C. The organic layer was separated and the aqueous layer was extracted with EtOAc twice. The
combined organic layers were dried over Na>SO4 and concentrated in vacuo. The crude product was
purified by silica gel column chromatography to give lactol. Further purification was carried out by
MPLC (column: ULTRA PACK, Silica-40A, 11x300 mm) to give lactol (28.2 mg, 78%) as a white

amorphous solid. To a solution of the lactol were added o-cyclopropylethynylbenzoic acid (9.2 mg,
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49 pumol) in CH2Cl> (330 pL), 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (12.6
mg, 65.8 umol), DMAP (6.0 mg, 49 umol), and i-Pr.NEt (14 pL, 82 pmol) sequentially at 0 °C.
After stirring for 10 h at room temperature, the reaction mixture was diluted with CH2Cl, and a
saturated aqueous solution of NaHCO3 at 0 °C. The organic layer was separated and the aqueous
layer was extracted with CH.Cl twice. The combined organic layers were washed with brine, dried
over Na;SO4 and concentrated in vacuo. The resulting mixture was purified by silica gel column
chromatography to give 2-29. Further purification was carried out by GPC to give 2-29 (23.6 mg,
70%) as a white amorphous solid.

[a]o?” 23.79 (c 1.180, CHCIls); *H NMR (400 MHz, CDCls) § 0.86 (s, 2H, cyclopropylH), 0.87 (br s,
2H, cyclopropylH), 1.48 (quintet, J = 6.4 Hz, 1H, cyclopropylH), 1.63 (s, 3H, -COCH3s), 1.83 (s, 3H,
-NHCOCHs3) , 1.97 (s, 3H, -COCHBa), 2.06 (s, 3H, -COCHz3), 2.13 (s, 3H, -COCHa), 2.19 (brt, J =
12.9 Hz,1H, siaH3ax), 2.20 (s, 3H, -COCHz), 2.24 (s, 3H, -COCH3), 2.38 (dd, J = 12.9, 4.6 Hz, 1H,
siaH3eq), 3.43 (m, 1H, galH3), 3.83 (s, 3H, CO.CHz3), 3.89 (dd, J = 10.6, 10.1 Hz, 1H, siaH5), 4.02
(m, 2H, glcH6a and siaH6), 4.11 (dd, J = 11.5, 6.4 Hz, 1H, glcH6b), 4.17 (dd, J = 12.4, 5.5 Hz, 1H,
siaH9a), 4.27 (dd, J = 12.4, 2.3 Hz, 1H, siaH9b), 4.36 (dd, J = 6.9, 6.4 Hz, 1H, galH5), 4.43 (dd, J =
46.4, 6.9 Hz, 1H, -CHF-), 4.65 (brd, J = 2.5 Hz, 1H, galH4), 4.80 (ddd, J = 10.6, 4.6, 1.6 Hz, 1H,
siaH4), 5.06 (brd, J = 10.1 Hz, 1H, CH3CONH-), 5.25 (dd, J = 10.1, 2.3 Hz, 1H, siaH7), 5.73 (ddd, J
=10.1, 5.5, 2.3 Hz, 1H, siaH8), 5. 82 (dd, J = 8.7, 8.3 Hz, 1H, galH2), 6.32 (d, J = 8.3 Hz, 1H,
galH1), 7.17 (ddd, J = 7.8, 7.4, 1.4 Hz, 1H, alkynylBzH5), 7.32 (ddd, J = 7.8, 7.4, 0.9 Hz, 1H,
alkynylBzH4), 7.33-7.38 (m, 3H, alkynylBzH3 and BzH), 7.47 (brt, J = 7.6 Hz, 1H, BzH), 7.83 (dd,
J =78, 0.9 Hz, 1H, alkynylBzH6), 7.96 (dd, J = 7.4, 1.4 Hz, 1H, BzH); *C NMR (100 MHz,
CDCIs) & 9.00 (cyclopropylC), 9.05 (cyclopropylC), 20.60 (NHCOCHs3), 20.85 (-COCHgs), 20.88
(-COCHBg), 20.97 (2C, -COCHs), 21.55 (-COCHs), 23.31 (-COCHs), 33.09 (d, J = 7.7 Hz, siaC3),
40.07 (d, J = 18.9 Hz, galC3), 49.27 (siaC5), 53.48 (COOCH?3), 61.97 (glcC6), 62.81 (siaC9), 66.90
(d, J = 10.6 Hz, galC2), 67.01 (siaC7), 67.75 (siaC8), 68.18 (d, J = 3.9 Hz, galC4), 69.74 (siaC4),
72.69 (siaC6), 73.52 (galC5), 74.51 (alkynylBzC), 81.01 (d, J = 21.2 Hz, siaC2), 91.01 (d, J = 198.4
Hz, CHF), 94.19 (galC1), 100.07 (alkynylBzC), 125.63 (alkynylBzC2), 128.38 (BzC), 129.74
(AlkynylBzC1), 129.92 (2C, BzC), 130.27 (BzC), 130.94 (alkynylBzC6), 132.20 (alkynylBzC4),
133.05 (BzC), 134.33 (alkynylBzC3), 163.38 (alkynylBzCO), 165.37 (-COPh), 169.66 (d, J = 7.7 Hz,
siaCl), 170.31 (2C, -NHCOMe and -COMe), 170.33 (-COMe), 170.74 (-COMe), 171.05 (-COMe),
171.09 (-COMe).
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Synthesis of 2-30

1.2 eq.
Aco | MeO c AcO ~OAC o OBz N (1:2eq)
z o_ _~ X CisHo7
ACHN ! HO%\ \/\‘/\/
AcO OAc ‘ OBz OBz
2-29 2-19
Ph;PAUNTf,
CH,Cl,, MS4A

To a solution of 2-29 (7.7 mg, 7.0 pumol), 2-19 (7.6 mg, 8.4 pmol), and MS4A in CH2Cl> (100 pL)

was added a 0.05 M solution of PhsPAUNTT, in CHCl (7 pL, 1.19 pmol) at 0 °C. After stirring for 2
h, the reaction mixture was added triethyl amine at 0 °C. The resulting mixture was filtered through
Celite® pad. The resulting mixture was diluted with distilled water and extracted with CH,Cl; twice.
The combined organic layers were washed with a saturated aqueous solution of NaHCO3 and brine.
The organic layer was dried over MgSOa4 and concentrated in vacuo. Further purification was carried
out by silica gel column chromatography to give 2-30 (4.3 mg, 35%) as a colorless oil.
'H NMR (400 MHz, CDCls3) & 0.88 (t, J = 6.9 Hz, 3H, sphH18), 1.13-1.33 (m, 22H, sphH7-H17),
1.86 (s, 3H, -NHCOCHs3), 1.87 (m, 2H, sphH6), 1.987 (s, 3H, -COCHz3), 1.993 (s, 3H, -COCH3),
2.030 (s, 3H, -COCHs3), 2.043 (s, 6H, -COCHpg), 2.08 (s, 3H, -COCHz3), 2.22 (dd, J =7.1, 3.0 Hz, 1H,
siaH3ax), 3.14 (m, 1H, galH3), 3.53-3.62 (m, 2H, siaH5 and sphH1a), 3.71-3.77 (m, 2H, siaH6 and
sphH1b), 3.73 (s, 3H, -CO2CHa), 3.83-3.95 (m, 4H, sphH2, glcH5, siaH%, galH6b), 3.98-4.00 (m,
2H, siaH9b, galH6b), 4.12 (t, J = 9.2 Hz, 1H, glcH4), 4.29 (dd, J = 45.5, 7.8 Hz, 1H, -CHF-),
4.43-4.49 (m, 2H, galH2, glcH6a), 4.63 (dd, J = 12.0, 2.8 Hz, 1H, glcH6b), 4.73 (d, J = 7.8 Hz, 1H,
glcH1), 4.78 (br s, 1H, galH4), 4.82 (dd, J = 10.8, 4.4 Hz, 1H, siaH4), 4.90-4.98 (m, 1H, siaH8), 5.04
(d, J =10.1 Hz, 1H, -CH3CONH-), 5.15 (d, J = 1.8, 9.2 Hz, 1H, siaH7), 5.36-5.45 (m, 2H, sphH4,
glcH2), 5.51 (dd, J = 8.4, 3.6 Hz, 1H, sphH3), 5.64-5.73 (m, 2H, sphH5, glcH3), 5.76 (d, J = 4.6 Hz,
1H, galH1), 7.22-7.25 (m, 5H, BzH), 7.31-7.58 (m, 15H, BzH), 7.90-8.01 (m, 10H, BzH);
MALDI-TOF/MS (m/z): [M+Na]" calcd for CooH107FN4NaOso, 1765.685; found, 1765.508.
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Synthesis of 2-38

OAc
ACO |Me0,c AcO ~OAc o OBz N (1.2 eq.)
0 c oA X Ci3Hor
Ao Q7 0._0 HO%\ Y™
AcO OAc B =z, OAc OBz
2-29 2-37
OAc
AcO Me02C AcO OAc
PhsPAUNTf, o 0
CH,Cly, MS4A AehN : 0 N
2Cla, - 0] Bz 3
Ao ORC F O/ #¢0 0 A CysH
O O \/Y\/ 131127
Ph

OAc OBz
2-30

To a solution of 2-29 (7.9 mg, 7.2 umol), 2-37 (6.8 mg, 8.7 umol), and MS4A in CH2Cl> (130 uL)
was added a 0.05 M solution of PhsPAuNTf, in CH.Cl, (14 pL, 0.72 pmol) at 0 °C. After stirring for
4 h, the reaction mixture was allowed to warm to room temperature. After stirring for additional 3 h,
the mixture was added triethyl amine at 0 °C. The resulting mixture was filtered through Celite® pad
and extracted with CH.Cl, twice. The combined organic layers were washed with a saturated
aqueous solution of NaHCO3 and brine. The organic layer was dried over MgSO4 and concentrated
in vacuo. Further purification was carried out by silica gel column chromatography to give 2-30 (9.5

mg, 81%) as a colorless oil.

Synthesis of 2-39

o BzO N3 o BzO N3
DT%%%%\O\/—Y\/C13H27 _TBAF_ DMPH%%\O\/Y\/CmHz?
ODMPM OBz THE ODMPM OBz
2-45 2-39

To a solution of 2-45 (37.6 mg, 33.9 pumol) in THF (340 ul) was added a 1 M solution of
tetrabutylammmonium fluoride in THF (40 pl, 41 pmol) at 0 °C. After stirring for 30 h at room
temperature, the reaction mixture was concentrated in vacuo. Further purification was carried out by
silica gel column chromatography to give 2-39 (32.8 mg, 97%) as a colorless oil.

[a]p?® -13.06 (c 1.093, CHCI3); *H NMR (400 MHz, CDCl3) & 0.88 (t, J = 6.9 Hz, 3H, sphH18),
1.15-1.33 (m, 22H, sphH7-H17), 1.90 (m, 2H, sphH#6), 2.82 (d, J = 2.3 Hz, 1H, -OH), 3.51-3.57 (m,
2H, glcH5, sphH1a), 3.64 (s, 3H, -OCH3s), 3.68 (dd, J = 9.7, 8.5 Hz, 1H, glcH3), 3.73-3.92 (m, 5H,
glcH6a, glcH6b, glcH4, sphH1b, sphH2), 3.79 (s, 3H, -OCHzs), 3.87 (s, 3H, -OCH3), 3.89 (s, 3H,
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-OCHz3), 4.48 (d, J = 11.5 Hz, 1H, DMPM-CH>), 4.54 (d, J = 11.5 Hz, 1H, DMPM-CHy), 4.57 (d, J =
7.8 Hz, 1H, glcH1), 4.64 (s, 2H, DMPM-CH), 5.27 (dd, J = 8.5, 7.8 Hz, 1H, glcH2), 5.42 (dd, J =
15.2, 7.8 Hz, 1H, sphH4), 5.50 (dd, J = 7.8, 3.7 Hz, 1H, sphH3), 5.69 (dt, J = 15.2, 6.7 Hz, 1H,
sphH5), 6.66 (d, J = 8.0 Hz, 1H, DMPMH), 6.71 (d, J = 1.8 Hz, 1H, DMPMH), 6.73 (dd, J = 8.0, 1.8
Hz, 1H, DMPMH), 6.81-6.89 (m, 3H, DMPMH), 7.39-7.45 (m, 2H, BzH), 7.55 (m, 1H, BzH),
7.98-8.04 (m, 2H, BzH); 3C NMR (100 MHz, CDCls) § 14.27 (sphC18), 22.83 (sphCAlkyl), 28.75
(sphCAlkyl), 29.27 (sphCAlkyl), 29.50 (sphCAlkyl), 29.54 (sphCAlkyl), 29.74 (sphCAlkyl), 29.81
(4C, sphCAlkyl), 32.06 (sphCAlkyl), 32.41 (sphC6), 55.68 (-OCHz3), 55.92 (-OCHz), 56.02 (-OCH),
56.05 (-OCH), 63.72 (sphC2), 68.01 (sphC1), 70.22 (glcC®6), 72.42 (glcC4), 73.17 (glcC2), 73.92
(DMPM-CHz), 74.33 (glcC5), 74.58 (DMPM-CH>), 75.06 (sphC3), 82.03 (glcC3), 101.12 (glcC1),
110.79 (DMPMC), 110.09 (DMPMC), 111.24 (DMPMC), 111.32 (DMPMC), 120.56 (DMPMC),
120.66 (DMPMC), 122.63 (sphC4), 128.51 (2C, BzC), 128.56 (2C, BzC), 129.88 (2C, BzC), 129.90
(2C, BzC), 130.13 (DMPMC), 130.13 (BzC), 130.59 (DMPMC), 133.21 (BzC), 133.32 (BzC),
139.04 (sphC5), 148.78 (DMPMC), 148.94 (DMPMC), 149.11 (DMPMC), 149.20 (DMPMC),
165.09 (-COPh), 165.12 (-COPh); IR (cm™®): 2924, 2852, 2101, 1724, 1515, 1461, 1451, 1262, 1068,
1026; HRMS-ESI (m/z): [M+Na]" calcd for CssH73N3NaO13, 1018.5041; found 1018.5031.

Synthesis of 2-41

MeO CH(OMe),
OH @/ OH
MeO HO
HO 4 0o/ ©
TsOH, DMF

OH MeO
2-40 2-41

To a solution of 2-40 (2.819 g, 12.57 mmol) in DMF (25 ml) was added veratraldehyde
dimethylacetal® (3.201 g, 15.08 mmol) and p-toluenesulfonic acid monohydrate (239 mg, 1.26
mmol). The reaction mixture was stirred for 18 h and veratraldehyde dimethylacetal (488.1 mg,
2.300 mmol) was added furthermore. After stirring for 22 h, a saturated aqueous solution of NaHCOs3
was added to the reaction mixture. The resulting mixture was extracted with CHCIs twice. The
combined organic layers were washed with brine, dried over MgSQOs, and concentrated in vacuo.
Further purification was carried out by silica gel column chromatography to give 2-41 (1.732 g,
37%) as a white amorphous solid.

'H NMR (400 MHz, CDCls) § 1.33 (t, J = 7.6 Hz, 3H, CHa), 2.60 (d, J = 2.3 Hz, 1H, -OH),

I Napolitano, E.; Giannone, E. R.; Fiaschi, A.; Marsili, /. Org. Chem. 1983, 48, 3653.
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2.73-2.80 (M, 3H, CH2CHs,-OH), 3.49-3.60 (m, 3H, glcH2, glcH4, and glcH5), 3.76 (t, J = 9.9 Hz,
1H, glcH6a), 3.85 (dd, J = 8.7, 2.1 Hz, 1H, glcH3), 3.88 (s, 3H, -OCHs3), 3.91 (s, 3H, -OCHs), 4.35
(dd, J = 10.6, 4.6 Hz, 1H, glcH6b), 4.48 (d, J = 9.7 Hz, 1H, glcH1), 5.50 (s, 1H, -CHAT), 6.85 (br d,
J = 8.7 Hz, 1H, ArH), 7.01-7.05 (m, 2H, ArH); 3C NMR (100 MHz, CDCls) § 15.26, 24.69, 55.94
(2C), 68.55, 70.45, 73.27, 74.49, 80.33, 86.42, 101.89, 109.27, 110.74, 119.10, 129.68, 148.84,
149.68.

Synthesis of 2-42

OH DMPM _ OH

MeO HO SEt Bu,SnO, toluene, reflux  MeO 2 SEt

then DMPM(CI, EtsN
MeO 2-41 TBAI, toluene, 80 °C MeO 2-42

DMPM = 3,4-dimethoxyphenylmethyl

To a solution of 2-41 (134.6 g, 0.3617 mmol) in toluene (14.5 ml) was added dibutyltin oxide
(117.1 mg, 0.4704 mmol). After refluxing for 20 h in toluene, the reaction mixture was cooled to
room temperature and concentratred in vacuo. To a resulting mixture were added toluene (11 ml),
triethylamine (190 pl, 1.09 mmol), DMPMCI? (202.7 mg, 1.086 mmol), and cesium fluoride (55.0
mg, 0.362 mmol) at room temperature. After stirring for 3 h at 40 °C, the reaction mixture was
stirred for 17.5 h at 60 °C. The reaction mixture was heated to 80 °C and stirred for 14.5 h. To the
mixture was added cesium fluoride (42.6 mg, 0.280 mmol) furthermore at room temperature. After
stirring for 9 h at 80 °C, an additional cesium fluoride (40.6 mg, 0.267 mmol) was added at room
temperature. After stirring for 4 h at 80 °C, the reaction mixture was concentrated in vacuo. The
resulting residue was purified by silica gel column chromatography to give 2-42 (151.6 mg)
including a small amount of impurity. Further purification was carried out by gel permeation
chromatography (LC-918, Japan Analytical Industry Co.) to give 2-42 (103.8 mg, 55%) as a white
amorphous solid.

'H NMR (400 MHz, CDCls) 8 1.32 (t, J = 7.5 Hz, 3H, CH3), 2.50 (d, J = 1.8 Hz, 1H, -OH), 2.75 (qd,
J=17.5, 2.8 Hz, 2H, -CH2CH3), 3.50 (m, 1H, glcH4), 3.57 (m, 1H, glcH2), 3.64-3.73 (m, 2H, glcH3
and glcH5), 3.76 (s, 3H, -OCH?3), 3.77 (t, J = 10.6 Hz, 1H, glcH6a), 3.86 (s, 3H, -OCH3), 3.88 (s, 3H,
-OCHz3), 3.89 (s, 3H, -OCH3), 4.35 (dd, J = 10.6, 5.1 Hz, 1H, glcH6b), 4.46 (d, J = 9.7 Hz, 1H,
glcH1), 4.77 (d, J = 11.5 Hz, 1H, DMPM-CH>), 4.90 (d, J = 11.5 Hz, 1H, DMPM-CH>), 5.54 (s, 1H,
-CHAXr), 6.80 (d, J = 7.8 Hz, 1H, ArH), 6.85-6.93 (m, 3H, ArH), 7.03-7.06 (m, 2H, ArH); 3C NMR

2 O’'Byrne, A.; Murray, C.; Keegan, D.; Palacio, C.; Evans, P.; Morgan, B. S. Org. Biomol. Chem. 2010,
8, 539.
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(100 MHz, CDCls) § 15.12 (CHs), 24.40 (-CH,CHs), 55.53 (OCHs), 55.70 (OCHs), 55.75 (OCHb),
55.80 (OCHs), 68.46 (glcC6), 70.53 (glcC4), 72.87 (glcC2), 74.35 (DMPM-CHy), 80.95 (glcC3),
81.04 (glcC5), 86.50 (glcC1), 101.17 (-CHATr), 108.99 (ArC), 110.55 (ArC), 110.74 (ArC), 111.23
(ArC), 118.54 (ArC), 120.41 (ArC), 129.89 (ArC), 130.68 (ArC), 148.56 (ArC-OCHs), 148.62
(ArC-OCHs), 148.88 (ArC-OCHs), 149.34 (ArC-OCHs).

Synthesis of 2-43
DMPM. DMPM.
W BzCl, Py W
2-42 2-43

To a solution of 2-42 (1.074 g, 2.055 mmol) in CH2Cl> (5.7 ml) was added pyridine (11.4 ml,
141.2 mmol). Benzoyl chloride (715 ul, 6.17 mmol) was added at 0 °C. After stirring for 18.5 h at
room temperature, a saturated aqueous solution of NaHCO3s was added to the reaction mixture at
0 °C. The resulting mixture was extracted with CH2Cl. twice. The combined organic layers were
dried over MgSO4 and concentrated in vacuo. Further purification was carried out by silica gel
column chromatography to give a-ketoamide 2-43 (1.286 g, quant.) as a white amorphous solid.
'H NMR (400 MHz, CDClz) & 1.22 (t, J = 7.5 Hz, 3H, CHa), 2.72 (qd, J = 7.5, 2.8 Hz, 2H,
-CH2>CH3), 3.44 (s, 3H, -OCHj3), 3.58 (m, 1H, glcH5), 3.75-3.88 (m, 2H, glcH4 and glcH6a), 3.78 (s,
3H, -OCHp3), 3.895 (s, 3H, -OCHz3), 3.902 (s, 3H, -OCHs3), 3.92 (m, 1H, glcH3), 4.41 (dd, J = 10.7,
5.0 Hz, 1H, glcH6b), 4.62 (d, J = 11.5 Hz, 1H, DMPM-CH), 4.63 (d, J = 10.1 Hz, 1H, glcH1), 4.77
(d, J =11.5 Hz, 1H, DMPM-CH?), 5.32 (dd, J = 10.1, 8.7 Hz, 1H, glcH2), 5.58 (s, 1H, -CHAr), 6.59
(d, J = 8.0 Hz, 1H, DMPMH), 6.63 (d, J = 1.8 Hz, 1H, DMPMH), 6.67 (dd, J = 8.0, 1.8 Hz, 1H,
DMPMH), 6.89 (br d, J = 8.7 Hz, 1H, ArH), 7.06-7.09 (m, 2H, ArH), 7.44 (m, 2H, BzH), 7.59 (m,
1H, BzH), 7.97 (m, 2H, BzH); 3C NMR (100 MHz, CDCls) & 14.92 (CHs), 24.18 (-CH2CHs), 55.40
(OCHpg), 55.88 (OCHs3), 55.97 (OCHz3), 56.07 (OCHg), 68.74 (glcC6), 70.86 (glcC5), 72.01 (glcC2),
74.37 (DMPM-CH,), 79.16 (glcC3), 81.71 (glcC4), 84.44 (glcC1), 101.40 (-CHAY), 109.16 (ArC),
110.53 (ArC), 110.82 (ArC), 111.33 (ArC), 118.75 (ArC), 120.63 (ArC), 128.55 (BzC), 129.74,
129.92 (BzC), 130.06 (ArC), 130.35 (ArC), 133.41 (BzC), 148.66 (ArC-OCHj3), 148.91 (ArC-OCHp3),
148.97 (ArC-OCHjs), 149.64 (ArC-OCHj3), 165.22 (-COPh); MALDI-TOF/MS (m/z): [M+Na]" calcd
for CasH3gNaO10S, 649.208; found, 649.380.
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Synthesis of 2-44

DMPM._ OBz  1)NaCNBHs;, MS3A OBy
MeO O SEt  HClin Et,0, THF DMPMO
© o 0 - SEt
o) . TBSO o)
2) TBSOTTf, 2,6-lutidine ODMPM
MeO CH,Cl,
2-43 2.44

To a solution of 2-43 (1.286 g, 2.052 mmol) in THF (39 ml) was added molecular sieves 3A.
Sodium cyanoborohydride (1.289 g, 20.52 mmol) and a 2.0 M solution of HCI in Et,O (16 ml, 16
mmol) were added at 0 °C. After stirring for 45 min at same temperature, a saturated aqueous
solution of NaHCO3 was added. The resulting mixture was filtered through Celite® and extracted
with EtOAc twice. The combined organic layers were washed with a saturated aqueous solution of
NaHCO3z and brine. The organic layer was dried over MgSO4 and concentrated in vacuo. Further
purification was carried out by silica gel column chromatography to give secondary alcohol (1.961 g)
as a colorless oil. To a solution of secondary alcohol in CH2Cl> (21 ml) was added 2,6-lutidine (960
pL, 8.21 mmol). After stirring for 15 min, tert-butyldimethylsilyl trifluoromethanesulfonate (940 pl,
4.10 mmol) was added at 0 °C. The mixture was stirred for 9 h at room temperature before
quenching with a saturated aqueous solution of NaHCOz at 0 °C. The resulting mixture was
extracted with CH.Cl, twice. The combined organic layers were washed with a 0.6 M aqueous
solution of HCI, and brine. The organic layer was dried over MgSQO4 and concentrated in vacuo.
Further purification was carried out by silica gel column chromatography to give 2-44 (966 mg, 63%
in 2 steps) as a white amorphous solid.

'H NMR (400 MHz, CDClIz) & 0.02 (s, 3H, SiCHs), 0.03 (s, 3H, SiCHa), 0.87 (s, 9H, SiC(CHs)s3),
1.22 (t, J = 7.8 Hz, 3H, CH3), 2.71 (m, 2H, -CH>CHj3), 3.50-3.61 (m, 2H, glcH5 and glcH6a),
3.62-3.79 (m, 3H, glcH3, glcH4 and glcH6b), 3.66 (s, 3H, -OCH3), 3.76 (s, 3H, -OCH3), 3.87 (s, 3H,
-OCH3), 3.89 (s, 3H, -OCHs), 4.46 (d, J = 11.7 Hz, 1H, DMPM-CHy), 4.53-4.58 (m, 2H, glcH1 and
-CH.DMPM), 4.61 (d, J = 11.7 Hz, 1H, DMPM-CHy), 4.62 (d, J = 11.0 Hz, 1H, DMPM-CHy), 5.31
(dd, J =9.7, 8.7 Hz, 1H, glcH2), 6.57-6.66 (m, 3H, DMPMH), 6.82 (d, J = 8.3 Hz, 1H, DMPMH),
6.87 (dd, J = 8.3, 1.8 Hz, 1H, DMPMH), 6.92 (d, J = 1.8 Hz, 1H, DMPMH), 7.40 (m, 2H, BzH),
7.53 (m, 1H, BzH), 7.97 (m, 2H, BzH); **C NMR (100 MHz, CDCl3) & -4.61 (SiCHs), -3.54 (SiCHs3),
15.02 (CHa), 18.09 (SiC(CHs)3), 24.03 (-CH2CHa), 26.04 (3C, SiC(CHz3)3), 55.57 (OCHs3), 55.79
(OCH3s), 55.93 (OCHas), 56.03 (OCHs), 69.13 (glcC6), 71.20 (glcC4), 72.91 (glcC2), 73.41
(DMPM-CHy), 75.33 (DMPM-CH), 81.05 (glcC5), 83.62 (glcC1), 84.83 (glcC3), 110.36 (DMPMC),
110.92 (DMPMC), 111.00 (DMPMC), 111.06 (DMPMC), 119.92 (DMPMC), 120.25 (DMPMC),
128.48 (2C, BzC), 129.79 (3C, BzC), 130.58 (DMPMC), 130.96 (DMPMC), 133.29 (DMPMC),
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148.31 (DMPMC-OCHs), 148.62 (DMPMC-OCHs), 148.78 (DMPMC-OCHs), 149.12
(DMPMC-OCHz), 165.39 (-COPh).

Synthesis of 2-45

OBz N (1.2eq.)
DTI\/lBPSI\C/l)(i%?\SEt + HO\/T\‘/\/C13H27
ODMPM OBz
2-44 217
DMTST, DBMP  DMPMO B0 0 ’:13
, TBSO\%\ \/Y\/C13H27
CH,Cl,, MS4A ODMPM OBz
2-45

To a solution of 2-44 (77.7 mg, 0.105 mmol), 2-17 (50.0 mg, 0.116 mmol),
2,6-di-tert-butyl-4-methylpyridine (107.8 mg, 0.525 mmol), and MS4A in CHCl, (525 pL) was
added a 0.65 M solution of DMTST in CH2Cl2 (646 pL, 0.420 mmol: prepared from TfOMe (85 pL)
and dimethyldisulfide (68 pL) in CH2Cl2 (1 ml)) at -40 °C. After stirring for 2 h, further stirring was
performed at 0 °C for 12 h. The reaction mixture was added triethyl amine (100 pL) at O °C, then
diluted with CH2Cl,. After filteration through Celite®, a saturated aqueous solution of NaHCO3 was
added to the filtrate. The organic layer was separated and the aqueous layer was extracted with
CH2Cl2 twice. The combined organic layers were dried over Na.SO4 and concentrated in vacuo. The
resulting mixture was purified by silica gel column chromatography to give 2-45 (79.1 mg). Further
purification was carried out by MPLC (column: ULTRA PACK, Silica-40A, 11x300 mm) to give
2-45 (57.0 mg, 49%) as a colorless oil.

[a]o?® 8.90 (c 1.12, CHCI3); 'H NMR (400 MHz, CDCls) & -0.01 (s, 3H, -TBSH), 0.02 (s, 3H,
-TBSH), 0.84 (s, 9H, -TBSH), 0.87 (t, J = 6.9 Hz, 3H, sphH18), 1.14-1.31 (m, 22H, sphH7-H17),
1.88 (m, 2H, sphH6), 3.48-3.58 (m, 3H, glcH5, glcH6 and sphH1), 3.61-3.67 (m, 4H, glcH3 and
gal3-O-DMPM-3-OCHpg), 3.69-3.76 (m, 5H, glcH4, glcH6 and gal3-O-DMPM-OCHg), 3.85 (s, 3H,
gal3-O-DMPM-3-OCHpg), 3.85 (s, 3H, gal6-O-DMPM-0OCHz3), 3.86 (s, 3H, gal6-O-DMPM-OCHj),
3.86-3.95 (m, 2H, sphH1 and sphH2), 4.42 (d, J = 12.0 Hz, 1H, DMPM-CH), 4.53-4.62 (m, 3H,
glcH1, DMPM-CH>), 5.30 (t, J = 7.8 Hz, 1H, glcH2), 5.30 (dd, J = 15.2, 8.0 Hz, 1H, sphH4), 5.51
(dd, J = 8.0, 3.5 Hz, 1H, sphH3), 5.66 (dt, J = 15.2, 6.7 Hz, 1H, sphH5), 6.62 (m, 3H,
gal3-DMPMH), 6.83 (m, 3H, gal6-DMPMH), 7.38 (m, 2H, BzH), 7.40 (m, 2H, BzH), 7.51 (m, 1H,
BzH), 7.53 (m, 1H, BzH), 7.97 (brd, J = 8.3 Hz, 2H, BzH), 8.00 (brd, J = 8.3 Hz, 2H, BzH); 1*C
NMR (100 MHz, CDCls) 4 -4.65 (-OSiCHz), -3.59 (-OSiCHz3), 14.24 (sphC18), 18.07 (-OSiC(CH?3)),
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22.79 (sphCAlkyl), 26.00 (3C, -OSiC(CHs)), 28.71 (sphCAlkyl), 29.23 (sphCAlkyl), 29.46
(sphCAlkyl), 29.50 (sphCAlkyl), 29.70 (sphCAlkyl), 29.76 (sphCAlkyl), 29.79 (sphCAlkyl), 32.02
(sphCAlkyl), 32.38 (sphC6), 55.56 (gal3-DMPM-OCHs), 55.77 (gal3-DMPM-OCHa), 55.88
(gal6-DMPM-OCH), 55.99 (gal6-DMPM-OCH), 63.73 (sphC2), 67.73 (sphC1), 69.05 (glcC®6),
71.12 (glcC4), 73.52 (gal6-DMPM-CH3>), 73.91 (glcC2), 75.05 (gal3-DMPM-CHy), 75.12 (sphC3),
77.01 (glcC5), 83.25 (glcC3), 100.94 (glcCl), 110.35 (gal3-DMPM5C), 110.94 (gal6-DMPMS5C),
110.99 (gal6-DMPMZ2C), 111.08 (gal3-DMPM2C), 119.92 (gal3-DMPM6C), 120.28
(gal6e-DMPM6C), 122.55 (sphC4), 128.46 (2C, BzC), 129.78 (BzC), 129.83 (BzC), 130.10
(gal3-DMPM1C), 130.52 (gal6-DMPM1C), 130.78 (2C, BzC), 133.13 (BzC), 133.23 (BzC), 138.97
(sphC5), 148.33 (gal3-DMPMC), 148.64 (gal6-DMPMC), 148.79 (gal3-DMPMC), 149.06
(gal6-DMPMC), 165.04 (-COPh), 165.08 (-COPh); IR (cm™): 2926, 2854, 2105, 1727, 1593, 15186,
1464, 1452, 1419, 1359, 1316, 1264, 1158, 1139, 1095, 1070, 1028; HRMS-ESI (m/z): [M+NHa]*
calcd for, Ce2Ho1N4O13Si, 1127.6351; found 1127.6327.

Synthesis of 2-46

AcO
A
AcO | Me0, CACO OAc
DMPMO
o CisH
AGHN ! O \?ﬂ\ 1327
AcO OAc ODMPM
229 239
AA(SCO AcO OAc pmPM OB N
C
PhsPAUNTf, 7 | MeO,C : z AS
- o) O%O Xy C13H27
CH,Cl,, MS4A  AcHN . \/Y\/
272 - OBz ODMPM OBz

AcO OAc  F
2-46

To a solution of 2-29 (13.0 mg, 11.9 umol), 2-39 (16.4 mg, 16.5 pumol), and MS4A in CH.Cl, (214
ML) was added a 0.05 M solution of PhsPAUNTf, in CH2Cl2 (24 pL, 1.19 umol) at 0 °C. After
stirring for 1 h, the reaction mixture was allowed to room temperature. The reaction mixture was
added triethyl amine (50 pL) at 0 °C, and diluted with CH2Cl,. The resulting mixture was filtered
through Celite® and concentrated in vacuo. Further purification was carried out by silica gel column
chromatography to give 2-46 (19.7 mg, 90% (calculated based on donor)) as a colorless oil.

[a]p?” 13.6 (c 0.985, CHCI3); *H NMR (400 MHz, CDCl3) & 0.87 (t, J = 6.9 Hz, 3H, sphH18),
1.03-1.37 (m, 22H, sphH7-H17), 1.65 (s, 3H, -NHCOCHs3), 1.82 (m, 2H, sphH®6), 1.84 (s, 3H,
-COCHa), 1.967 (s, 3H, -COCHs3), 1.972 (s, 3H, -COCHjs), 2.02 (s, 3H, -COCHa), 2.08 (s, 3H,
-COCHj3), 2.18 (s, 3H, -COCHa), 2.18 (m, 1H, siaH3ax), 2.37 (dd, J = 13.1, 4.6 Hz, 1H, siaH3eq),
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3.22 (br dd, J = 9.7, 9.2 Hz, 1H, galH3), 3.33 (ddd, J = 9.5, 5.1, 1.8 Hz, 1H, glcH5), 3.38 (dd, J =
10.1, 6.0 Hz, 1H, sphH1a), 3.54 (s, 3H, gal3-O-DMPM-OCHg), 3.58 (dd, J = 11.3, 5.1 Hz, 1H,
glcH6a), 3.64 (dd, J = 11.3, 1.8 Hz, 1H, glcH6b), 3.73 (dd, J = 10.1, 6.9 Hz, 1H, sphH1b), 3.74-3.78
(m, 1H, glcH3), 3.76 (s, 3H, gal3-DMPM-OCHz), 3.80 (s, 3H, -CO.CH3), 3.83 (br dd, J = 6.0, 1.8
Hz, 1H, sphH2), 3.84 (s, 3H, gal6-DMPM-OCHs), 3.85 (s, 3H, gal6-DMPM-OCHs), 3.83-3.86 (m,
1H, galH6), 3.90 (t, J = 10.6 Hz, 1H, siaH5), 3.95-4.08 (m, 2H, galH6b and siaH6), 4.05 (dd, J = 6.9,
6.4 Hz, 1H, galH5), 4.14 (dd, J = 9.5, 8.7 Hz, 1H, glcH4), 4.17 (dd, J = 12.7, 5.5 Hz, 1H, siaH9a),
4.17 (dd, J = 12.7, 2.3 Hz, 1H, siaH9b), 4.33 (d, J = 11.5 Hz, 1H, gal6-DMPM-CHy), 4.38 (d, J = 7.8
Hz, 1H, glc1H), 4.36 (m, 1H, -CHF-), 4.43 (d, J = 11.5 Hz, 1H, gal6-DMPM-CHy), 4.55 (d, J = 2.3
Hz, 1H, gal4H), 4.60 (d, J = 11.5 Hz, 1H, gal3-DMPM-CHy), 4.78 (brdt, J = 4.6, 10.6 Hz, 1H,
siaH4), 4.87 (d, J = 11.5 Hz, 1H, gal3-DMPM-CH,), 5.08-5.12 (m, 1H, -CH3CONH-), 5.10 (d, J =
7.8 Hz, 1H, galH1), 5.15 (dd, J = 8.3, 7.8 Hz, 1H, galH2), 5.27 (dd, J = 10.1, 2.3 Hz, 1H, siaH7),
5.34 (dd, J = 15.2, 7.8 Hz, 1H, sphH4), 5.42 (dd, J = 7.8, 3.9 Hz, 1H, sphH3), 5.58 (dt, J = 15.2, 6.9
Hz, 1H, sphH5), 5.56-5.61 (m, 1H, galH2), 5.74 (ddd, J = 10.1, 5.5, 2.3 Hz, 1H, siaH8), 6.57 (d, J =
8.1 Hz, 1H, gal3-DMPMH), 6.64 (d, J = 1.8 Hz, 1H, gal3-DMPMH), 6.78 (dd, J = 8.1, 1.8 Hz, 1H,
gal3-DMPMH), 6.77 (m, 2H, gal6-DMPMH and gal6-DMPMH), 6.84 (dd, J = 8.3, 1.8 Hz, 1H,
gal6-DMPMH), 7.365 (dd, J = 8.1, 7.4 Hz, 2H, BzH), 7.370 (dd, J = 8.1, 7.4 Hz, 2H, BzH), 7.46 (dd,
J=8.1, 7.4 Hz, 2H, BzH), 7.49-7.58 (m, 3H, BzH), 7.88 (brd, J = 8.1 Hz, 2H, BzH), 7.95 (brd, J =
8.1 Hz, 2H, BzH), 8.13 (brd, J = 8.1 Hz, 2H, BzH); **C NMR (100 MHz, CDCls) & 14.27 (sphC18),
20.66 (COCHg), 20.72 (COCHs3), 20.78 (COCHs3), 20.86 (COCHgs), 20.96 (COCHz3), 21.44 (COCHs),
22.83 (sphCAlkyl), 23.31 (NHCOCHS3), 28.69 (sphCAlkyl), 29.24 (sphCAlkyl), 29.69 (sphCAlkyl),
29.79 (sphCAlkyl), 32.05 (sphCAlkyl), 32.36 (sphC6), 33.16 (d, J = 7.7 Hz, siaC3), 39.97 (d, J =
18.3 Hz, @alC3), 49.23 (siaC5), 53.49 (COOCHz3), 55.57 (gal3-DMPM-30CHz), 55.84
(gal3-DMPM-40CHzs), 56.00 (gal6-DMPM-30CH3 and gal6-DMPM-40CHa), 61.85 (galC6), 62.45
(siaC9), 63.58 (sphC2), 67.00 (siaC7), 67.42 (siaC8), 67.88 (sphC1), 68.18 (d, J = 3.9 Hz, galC4),
68.40 (glcC6), 68.42 (d, J = 8.7 Hz, galC2), 69.74 (siaC4), 72.66 (siaC6 and galC5), 72.95 (siaC5
and gal6-DMPM-CH), 74.21 (gal3-DMPM-CH), 75.11 (sphC3), 75.19 (glcC5), 75.80 (glcC4),
80.02 (glcC3), 80.99 (d, J = 21.2 Hz, siaC2), 91.06 (d, J = 198.4 Hz, CHF), 100.89 (glcC1), 101.33
(galC1), 110.55 (gal3-DMPMS5C), 110.97 (2C, gal6-DMPM2C and gal6-DMPM5C), 111.44
(gal3-DMPM2C), 119.94 (gal6-DMPM6C), 120.50 (gal3-DMPM6C), 122.41 (sphC4), 128.38 (BzC),
128.47 (BzC), 128.58 (BzC), 129.83 (2C, BzC), 129.90 (BzC), 130.05 (BzC), 130.45 (BzC), 131.04
(gal6-DMPM1C), 131.21 (gal3-DMPMIC), 133.11 (BzC), 133.15 (BzC), 133.23 (BzC), 139.00
(sphCb), 148.33 (DMPMC) , 148.50 (gal3-DMPMC4), 148.77 (DMPMC), 148.92 (gal3-DMPMC3),
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165.00 (-COPh), 165.05 (2C, -COPh), 169.62 (d, J = 7.7 Hz, siaC1), 170.31-170.424 (4C, -COMe
and -NHCOMe), 170.62 (-COMe), 170.93 (-COMe), 171.12 (-COMe).; 1*F NMR (377 MHz, CHCls)
§-203.06 (d, J = 46.1 Hz, -CHF-); IR (cml): 3727, 3702, 3627, 3599, 3367, 2927, 2854, 2104, 1742,
1687, 1666, 1602, 1517, 1452, 1419, 1370, 1317, 1266, 1238, 1176, 1156, 1139, 1110, 1093, 1070,
1036, 971, 946; HRMS-ESI (m/z): [M+NH4]* calcd for CosH1sFNsOsp, 1852.8135; found
1852.8116.

Synthesis of 2-48

AcO
ACO | pMeo,cPo0 OAc DMPM OBz N3
O 004%\0 Xy CrsHzr
AcHN Q/ ™ \/Y\/
Ac(l) OAc E OBz ODMPM OBz
2-47
AcO
OA
DDQ AcO MeOzCACO c OBz N3
—_— O BO%\O\/—Y\/CHHN
CH,Cl,  AcHN-! Q/ ™ oo oH I
T VA zZ
A OAc F
c0 248

To a solution of 2-47 (13.3 mg, 7.24 umol) in CH2Cl (360 pL) and pH 7.0 phosphate buffer (0.1 M,
72 pL) was added a 0.05 M CH2Cl: solution of DDQ (360 pL, 18.1 umol) at 0 °C. After stirring for
2 h at room temperature, the reaction mixture was diluted with CH>Cl, and a saturated aqueous
solution of NaHCOs at 0 °C. The organic layer was separated and the aqueous layer was extracted
with CHClstwice. The combined organic layers were dried over Na,SO4 and concentrated in vacuo.
The crude product was purified by silica gel column chromatography to give 2-48 (9.7 mg, 90%) as a
white amorphous solid.

[0]o?® 8.19 (c 0.485, CHCI3); *H NMR (400 MHz, CDCls) & 0.88 (t, J = 6.9 Hz, 3H, sphH18),
1.13-1.32 (m, 22H, sphH7-H17), 1.73 (s, 3H, -COCHg), 1.84 (s, 3H, -NHCOCHS3) , 1.90 (m, 2H,
sphH6), 1.95 (s, 3H, -COCHg), 1.97 (s, 3H, -COCH3), 2.09-2.18 (m, 1H, siaH3ax), 2.13 (s, 3H,
-COCH3), 2.16 (s, 3H, -COCHs), 2.22 (s, 3H, -COCH3), 2.34 (dd, J = 13.1, 4.1 Hz, 1H, siaH3eq),
2.84 (brt, J = 5.5 Hz, 1H, glc6-OH), 3.24-3.42 (m, 4H, galH3, glcH5 and sphH6), 3.52 (dd, J = 10.6,
6.2 Hz, 1H, sphH1a), 3.75 (dd, J = 10.6, 6.9 Hz, 1H, sphH1b), 3.79 (s, 3H, CO.CH3), 3.81-3.95 (m,
5H, glcH3, glcH4, galH6a, siaH5 and sphH2), 3.97-4.07 (m, 3H, galH6b, siaH6 and siaH9a), 4.24
(dd, J = 8.7, 4.1 Hz, 1H, galH5), 4.36 (dd, J = 46.4, 7.4 Hz, 1H, -CHF-), 4.38 (s, 1H, gal3-OH), 4.46
(brs, 1H, gal4H), 4.48 (dd, J = 12.4, 2.8 Hz, 1H, siaH9b), 4.51 (d, J = 7.8 Hz, 1H, glcH1), 4.74
(brdt, J = 4.1, 10.6 Hz, 1H, siaH4), 4.98 (d, J = 7.8 Hz, 1H, galH1), 5.07 (brd, J = 10.1 Hz, 1H,
-CH3CONH-), 5.14-5.20 (m, 2H, glcH2 and siaH7), 5.42 (dd, J = 15.2, 8.3 Hz, 1H, sphH4), 5.54 (dd,
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J=8.3, 4.1 Hz, 1H, sphH3), 5.59 (dd, J = 11.3, 7.8 Hz, 1H, galH2), 5.73 (dt, J = 15.2, 6.9 Hz, 1H,
sphH5), 5.84 (ddd, J = 10.1, 5.5, 2.3 Hz, 1H, siaH8), 7.37-7.43 (m, 4H, BzH), 7.44-7.60 (m, 5H,
BzH), 7.98 (dd, J = 8.3, 1.4 Hz, 2H, BzH), 8.04 (dd, J = 8.3, 1.4 Hz, 2H, BzH), 8.04 (dd, J = 8.3, 1.4
Hz, 2H, BzH), 8.20 (dd, J = 8.1, 7.4 Hz, 2H, BzH); 3C NMR (100 MHz, CDCls) 5 14.27 (sphC18),
20.54 (COCHs3), 20.77 (COCH3), 20.88 (COCH3), 20.95 (COCHs), 21.02 (COCHs), 21.54 (COCHs),
22.83 (sphCAIKyl), 23.27 (NHCOCHs), 28.73 (sphCAIkyl), 29.25 (sphCAlkyl), 29.49 (sphCAlkyl),
29.70 (sphCAIkyl), 29.79 (sphCAIlkyl), 29.82 (sphCAIKyl), 32.06 (sphCAIKyl), 32.42 (sphC6), 33.18
(d, J = 8.1 Hz, siaC3), 39.82 (d, J = 18.9 Hz, galC3), 49.07 (siaC5), 53.65 (COOCHS), 59.93 (glcCB),
62.34 (galC6), 63.53 (sphC2), 63.85 (siaC9), 66.95 (siaC8), 67.56 (d, J = 8.1 Hz, galC2), 67.72
(siaC7), 68.07 (d, J = 3.4 Hz, galC4), 68.32 (sphC1), 69.67 (siaC4), 72.62 (siaC6), 73.17 (galC5),
73.41 (glcC2), 73.49 (glcC4), 74.70 (glcC5), 75.14 (sphC3), 80.28 (glcC3), 80.96 (d, J = 21.0 Hz,
siaC2), 90.96 (d, J = 198.2 Hz, CHF), 100.96 (glcC1), 102.78 (galC1), 122.40 (sphC4), 128.39
(BzC), 128.51 (2C, BzC), 129.87 (2C, BzC), 129.94 (BzC), 130.01 (BzC), 130.18 (BzC), 130.31
(BzC), 133.05 (BzC), 133.25 (BzC), 133.34 (BzC), 139.10 (sphC5), 165.17 (-COPh), 165.32 (2C,
-COPh), 169.67 (d, J = 7.4 Hz, siaC1), 170.31 (-NHCOMe), 170.62 (-COMe), 170.75 (2C, -COMe),
170.82 (-COMe), 171.15 (-COMe), 172.16 (-COMe).; 1°F NMR (377 MHz, CHCls) —203.06 (d, J =
46.1 Hz, -CHF-): IR (cm): 3485, 2925, 2855, 2106, 1741, 1686, 1670, 1602, 1541, 1451, 1371,
1316, 1267, 1226, 1176, 1110, 1070, 1038, 974, 945: HRMS-ESI (m/z): [M+Na]* calcd for
CrsHosFN4NaO2s, 1557.6328; found 1557.6317.

Synthesis of 2-49

AcO AcO _OAC N
AcO MeO,C c DMP/M OBz 3

& WO : X C13H27

AcO OAc = OBz ODMPM OBz
2-48
HO
H OH
NaOMe, MeOH HO | Nao,C © OH Ns
Q HO O X C13H27

then AcHN O . ) ) \/Y\/

2-49

To a solution of 2-48 (9.6 mg, 6.4 umol) in MeOH (205 pl) was added sodium methoxide (1.4 mg,
25.7 umol). After stirring for 1 h, THF (100 ul) and a 1N aqueous solution of NaOH (100 ul) were
added. The mixture was stirred for 60 h and a 1N aqueous solution of NaOH (100 ul) was added. The
reaction was stirred for 8 h, the mixture was concentrated in vacuo. The resulting mixture was
purified by gel filteration (Sephadex LH-20, eluent: CHCIls/MeOH/H.O = 20/10/1). Further
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purification was carried out by latro beads column chromatography (6RS-8060, eluent:
CHCI3/MeOH/H20 = 65/65/8) to give 2-49 (3.0 mg, 56%).

'H NMR (500 MHz, CD3s0D) & 0.90 (t, J = 6.9 Hz, 3H, sphH18), 1.26-1.37 (m, 22H, sphH7-H17),
1.41 (m, 2H, sphH7), 1.99 (m, 1H, siaH3ax), 2.01 (s, 3H, -NHCOCH:z3), 2.07 (m, 1H, sphH6), 2.51 (tt,
J =11.2, 2.9 Hz, 2H, galH3), 2.68 (dd, J = 12.6, 4.6 Hz, 1H, siaH3eq), 3.28 (m, 1H, glcH2),
3.41-3.45 (m, 2H, glcH3), 3.50-3.83 (m, 13H, glcH5, glcH4, sphH2, siaH4, galH2, and galH4),
3.86-3.98 (m, 4H), 4.02 (m, 1H), 4.18 (dd, J = 7.5, 5.2 Hz, 1H, sphH3), 4.32 (d, J = 8.0 Hz, 1H,
glcH1), 4.47 (d, J = 7.5 Hz, 1H, galH1), 4.84 (m, overlapped with solvent signal, 1H, -CHF-), 5.51
(dd, J = 15.5, 7.5 Hz, 1H, sphH4), 5.77 (dt, J = 15.5, 6.6 Hz, 1H, sphH5); MALDI-TOF/MS (m/z):
[M+Na]* calcd for Cs2H73FN4NaO19, 979.475; found, 979.636.

Synthesis of 2-52

n-BuLi

iodopropane
HO/\/\/\/\/\ CMPATHE (1 > Ho/\/\/\/\/\/\
(1:1)

2-51 2-52

To a solution of 2-51 (324.9 mg, 1.931 mmol) in THF (3.2 ml) and HMPA (3.2 ml) was added a

1.6 M solution of n-butyllithium (2.41 ml, 3.86 mmol) at -40 °C. After stirring for 10 min,
iodopropane (282 ul, 2.90 mmol) was added. After stirring for 10 min, an additional 1.6 M solution
of n-butyllithium (1.20 ml, 1.92 mmol) was added and stirred for 20 min at the same temperature.
The reaction mixture was warmed to 0 °C and stirred for 20 min. The reaction mixture was warmed
to room temperature and stirred for 1.5 h. To the reaction mixture was added n-butyllithium (1.21 ml,
1.94 mmol) at -40 °C. After stirring for 10 min, iodopropane (94 ul, 0.96 mmol) was added and the
reaction mixture was allowed to warm to room temperature. After stirring for 6 h, distilled water was
added. The organic layer was separated and the aqueous layer was extracted with Et2O twice. The
combined organic layers were washed with brine, dried over MgSQs, and concentrated in vacuo.
Further purification was carried out by silica gel column chromatography to give 2-52 (183.8 mg,
45%) as a colorless oil.
'H NMR (400 MHz, CDCl3) & 0.96 (t, J = 7.4 Hz, 3H, CHs), 1.20-1.41 (m, 10H, alkyl-CH>),
1.42-4.61 (m, 6H, CH.CH20H, homopropargyl-CH>), 2.09-2.17 (m, 4H, propargyl-CHz), 3.64 (br t,
J = 6.4 Hz, CH,OH); C NMR (100 MHz, CDCls) & 13.56 (CHs), 18.83 (propargylC), 20.86
(propargylC), 22.65 (CAlkyl), 25.83 (CAlkyl), 28.92 (CAlkyl), 29.18 (CAlkyl), 29.24 (CAlkyl),
29.47 (CAlkyl), 32.87 (CH2.CH20H), 63.08 (CH20H), 80.16 (C=C), 80.45 (C=C).
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Synthesis of 2-63

@)
O N-hydroxysuccinimide o
W EDC, Et;N, DMAP N. W
HO 11 = o 11
CH,Cl, 3
2-58 2-63

To a solution of 2-58 (16.6 mg, 55.4 umol) in CH2Cl, (500 ul) were added N-hydroxysuccinimide

(12.8 mg, 111 umol), triethylamine (23 ul, 160 umol), and
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (31.9 mg, 0.166 mmol). After
stirring for 14.5 h, distilled water was added at 0 °C. The organic layer was separated and the
aqueous layer was extracted with Et>O twice. The combined organic layers were washed with brine,
dried over MgSOs4, and concentrated in vacuo. Further purification was carried out by silica gel
column chromatography to give 2-63 (9.9 mg, 107%) as a colorless oil.
'H NMR (400 MHz, CDCl3) & 1.23-1.44 (m, 22H, steH4-14), 1.52 (m, 2H, steH15), 1.74 (m, 2H,
steH3), 1.94 (t, J = 2.8 Hz, steH18), 2.18 (td, J = 7.1, 2.8 Hz, 1H, steH16), 2.60 (t, J = 7.4 Hz,
steH18), 2.84 (br d, J = 4.6 Hz, 2H, OSu-CHy); *C NMR (100 MHz, CDCls) & 18.53 (steC16),
24.70 (steC16), 25.72 (steC3), 28.63 (OSu-CHy), 28.92 (2C, steCAlkyl), 29.22 (steCAlkyl), 29.24
(steCAlkyl), 29.48 (steCAlkyl), 29.64 (steCAlkyl), 29.67 (2C, steCAlkyl), 29.73 (2C, steCAlkyl),
29.76 (steCAlkyl), 31.08 (steC2), 68.16 (steC18), 84.97 (steC17), 168.84 (steCl), 169.34 (2C,
OSu-CO).

Synthesis of 2-65

HO
OH
HO' | Nao,c HO OH Ng
O HWO : X Ci13H2r
o e} 'e) \/Y\/
AGHN-! . on
HO OH FOH OH
2-49
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7
o > AcHN Q < (H)%O\/Y\/CQHN
then ROSu, EtzN | z OH OH OH

HO OH F
DMF 2.65

To a solution of 2-49 (1.2 mg, 1.3 umol) in anhydrous THF (100 ul) were added a 0.1 M solution
of NaOH ag. (25 pl, 2.5 umol) and a 1.0 M solution of trimehtylphosphine in THF (3.8 pl, 3.8 pmol)
at room temperature. After stirring for 6 h, a 0.1 M solution of 2-61 in THF (25 pl, 2.5 pmol) was
added. The reaction mixture was stirred for 9 h. An additional 0.1 M solution of 2-61 in THF (14 pl,
1.4 umol) was added. After stirring 10 h, a 1.0 M solution of triehtylamine in THF (10 ul, 10 pmol)
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was added. The mixture was stirred for 30 min. To the reaction mixture was added a 0.1 M solution
of 2-61 in THF (5 ul, 0.5 umol). After stirring 2.5 h, the mixture was concentrated in vacuo. Further
purification was carried out by gel filteration (Sephadex LH-20, eluent: CHCIls/MeOH/H.O =
20/10/1). Further purification was carried out by latro beads column chromatography (6RS-8060,
eluent: CHCIl3/MeOH/H-0 = 65/65/8) to give 2-65 (1.1 mg, 74%).

[a]p?* +1.27 (¢ 0.11, CHCI3/MeOH = 1:1); *H NMR (500 MHz, DMSO-ds/D,0 = 96/4) § 0.841 and
0.843 (t, 6H, J = 6.8 Hz, cerH18 and cerH18’), 1.18-1.47 (m, 44H, cerH7-H17 and cerH3’-H7’ and
H12°-H17°), 1.63 (brt, J = 10.5 Hz, 1H, siaH3ax), 1.88 (s, 3H, -NHCOCHSs) , 1.92 (t, J = 6.9 Hz, 1H,
cerH6), 2.02 (t, J = 7.5 Hz, 2H, cerH2), 2.08 (t, J = 6.3 Hz, 4H, cerH8’ and cerH11’), 2.34 (m,
overlapped with solvent signal, 1H, galH3), 2.50 (m, overlapped with solvent signal, 1H, siaH3eq),
3.03 (t, J =8.0 Hz, 1H, glcH2), 3.17 (m, 1H, siaH7), 3.25-3.61 (m, 14H, siaH4, siaH5, siaH6, siaH9a,
siaH9b, galH2, galH4, galH5, glcH3, glcH4, glcH5, glcH6a, glcH6b and cerH1a), 3.64-3.80 (m, 4H,
siaH8, galH6a, galH6b and cerH2), 3.87 (t, J = 7.5 Hz, 1H, cerH3), 3.98 (m, 1H, cerH1b), 4.15 (d, J
= 8.0 Hz, 1H, glcH1), 4.17 (d, J = 7.3 Hz, 1H, galH1), 4.70 (d, J = 48.7 Hz, 1H, -CHF-), 5.33 (dd, J
= 7.5, 14.9 Hz, 1H, cerH4), 5.52 (dt, J = 14.9, 6.9 Hz, 1H, cerH5), 7.54 (d, J = 9.2 Hz, 1H, cerNH),
8.10 (m, 1H, -NHCOCHs3) *C NMR (125 MHz, DMSO-ds/D20 = 96/4) & 14.09 (2C, cerC18 and
C18%), 18.17 and 18.19 (cerC8’ and cerC11’), 22.24 (2C, cerCAlkyl), 22.56 (NDCOCHj3), 25.50
(cerC3’), 28.29 (2C, cerCAlkyl), 28.60 (2C, cerCAlkyl), 28.64 (cerCAlkyl), 28.72 (cerCAlkyl),
28.77 (cerCAlkyl), 28.81 (cerCAlkyl), 28.85 (cerCAlkyl), 28.90 (cerCAlkyl), 29.17 (cerCAlkyl),
29.20 (cerCAlkyl), 29.24 (cerCAlkyl), 31.37 (cerCAlkyl), 31.44 (cerCAlkyl), 31.89 (cerC6), 35.68
(cerC2’), 36.74 (m, siaC3) 45.65 (d, J = 18.0 Hz, galC3), 53.00 (cerC2), 53.13 (siaC5), 60.27
(glcC6), 60.45 (galCe), 63.39 (siaC9), 65.01 (d, J = 13.5 Hz, galC2), 67.52 (siaC4), 67.99 (galC4),
68.83 (siaC7), 69.21 (cerC1l), 70.77 (cerC3), 70.89 (siaC8), 73.26 (glcC2), 74.32 (glcC3), 74.45
(siaC6), 74.86 (glcCh), 78.22 (galC5), 80.32 and 80.37 (cerC9’ and cerC10’), 80.65 (glcC4),
82.88 (d, J = 16.5 Hz, siaC2), 95.93 (d, J = 190.7 Hz, CHF), 103.62 (glcC1), 106.03 (galC1), 131.43
(cerC4), 131.72 (cerC5), 170.84 (d, J = 7.5 Hz, siaC1), 172.11 (cerC1’), 172.49 (-NDCONa).; *°F
NMR (377 MHz, DMSO-ds/D20 = 96/4) 5 —198.89 (br s, -CHF-); IR (cm™): 3334, 2923, 2853, 1634,
1607, 1377, 1165, 1114, 1065, 1036, 1028; HRMS-ESI (m/z): [M+Na]* calcd for CsoH104FN2NaO2o,
1215.7142; found 1215.7144.
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Synthesis of 2-66

HO
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To a solution of 2-49 (1.4 mg, 1.5 umol) in anhydrous THF (200 ul) were added a 0.1 M solution
of NaOH aqg. (29 pl, 2.9 umol) and a 1.0 M solution of trimehtylphosphine in THF (4.0 pl, 4.4 pmol)
at room temperature. After stirring for 3 h, a 0.1 M solution of 2-62 in THF (44 ul, 4.4 umol) was
added. After stirring for 13 h, to the mixture was added a 1.0 M solution of triehtylamine in THF (8.8
ul, 8.8 umol). After stirring for 10 h, the reaction mixture was concentrated in vacuo and purified by
gel filteration (Sephadex LH-20, eluent: CHCIs/MeOH/H,O = 20/10/1). Further purification was
carried out by latro beads column chromatography (6RS-8060, eluent: CHCls/MeOH/H.O =
65/65/8) to give 2-66 (1.6 mg, 90%).
[a]p® +1.27 (c 0.16, CHCIs/MeOH = 1:1); *H NMR (500 MHz, DMSO-ds/D20 = 96/4) & 0.84 (m,
6H, cerH18 and cerH18”), 1.18-1.48 (m, 44H, cerH7-H17 and cerH4’-H17"), 1.64 (dd, J = 12.0, 10.9
Hz, 1H, siaH3ax), 1.89 (s, 3H, -NHCOCH3) , 1.92 (t, J = 6.9 Hz, 1H, cerH6), 2.01 (t, J = 7.2 Hz, 2H,
cerH2”), 2.09 (m, 4H, cerH12’ and cerH15’), 2.33 (m, 1H, galH3), 2.50 (m, overlapped with solvent
signal, 1H, siaH3eq), 3.03 (t, J = 7.5 Hz, 1H, glcH2), 3.17 (d, J = 9.2 Hz, 1H, siaH7), 3.29-3.62 (m,
14H, siaH4, siaH5, siaH6, siaH9a, siaH9b, galH2, galH4, galH5, glcH3, glcH4, glcH5, glcH6a,
glcH6b and cerH1a), 3.62-3.80 (m, 4H, siaH8, galH6a, galH6b and cerH2), 3.86 (t, J = 7.5 Hz, 1H,
cerH3), 3.98 (m, 1H, cerH1b), 4.15 (d, J = 8.6 Hz, 1H, glcH1), 4.17 (d, J = 8.0 Hz, 1H, galH1), 4.70
(d, =475 Hz, 1H, -CHF-), 5.33 (dd, J = 15.2, 7.2 Hz, 1H, cerH4), 5.52 (dt, J = 15.2, 6.9 Hz, 1H,
cerH5), 7.56 (d, J = 8.6 Hz, 1H, cerNH), 8.13 (m, 1H, -NHCOCH3) C NMR (125 MHz,
DMSO-de/D20 = 96/4) 5 13.56 (cerC18), 14.06 (cerC18), 17.85 (propargylC), 18.15 (propargylC),
21.40 (cerCAlkyl), 22.21 (cerCAlkyl), 22.55 (NDCOCH?g), 25.53 (cerC3’), 28.28 (cerCAlkyl), 28.63
(cerCAlkyl), 28.80 (cerCAlkyl), 28.82 (cerCAlkyl), 28.88 (cerCAlkyl), 29.14 (cerCAlkyl), 29.18
(cerCAlkyl), 29.23 (cerCAlkyl), 30.79 (cerCAlkyl), 31.42 (cerCAlkyl), 31.87 (cerC6), 35.72
(cerC2”), 36.70 (d, J = 6.0 Hz, siaC3), 45.63 (d, J = 18.0 Hz, galC3), 53.01 (cerC2), 53.13 (siaCbh),
60.27 (glcC6), 60.43 (galC6), 63.36 (siaC9), 64.99 (d, J = 13.5 Hz, galC2), 67.50 (siaC4), 67.96
(galC4), 68.82 (siaC7), 69.21 (cerC1l), 70.74 (cerC3), 70.86 (siaC8), 73.24 (glcC2), 74.30 (glcC3),
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74.44 (siaC6), 74.85 (glcC5), 78.19 (galC5), 80.30 (2C, alkyneC), 80.61 (glcC4), 82.84 (d, J = 16.5
Hz, siaC2), 96.89 (d, J = 190.7 Hz, CHF), 103.61 (glcC1), 105.98 (galC1), 131.41 (cerC4), 131.68
(cerC5), 170.97 (d, J = 6.0 Hz, siaC1), 172.12 (cerC1’), 172.47 (-NDCONa).; 1°F NMR (377 MHz,
DMSO-ds/D20 = 96/4) § —199.12 (m, -CHF-); IR (cm™): 3350, 2922, 2852, 1633, 1556, 1465, 1377,
1205, 1162, 1065, 1036; HRMS-ESI (m/z): [M+Na]* calcd for CeoH10sFN2NaOgo, 1215.7142; found
1215.7147.

Synthesis of 2-67

HO
OH
HO | Nao,c HO OH N
O HWO X C13Hz7
0 o} o \/Y\/
AcHN- - oH
HO OH o OH OH
2-49
0
HO o J\M//
PMes, NaOH aq. HO | Nao,c H? OH HN 15
THF O HO O _~ - C13Ha7
> AcHN Q7 ™ © © \/Y\/
then ROSu, Et3N e 3 OH OH OH
DMF HO
2-67

To a solution of 2-49 (1.2 mg, 1.3 umol) in anhydrous THF (100 ul) were added a 0.1 M solution
of NaOH aqg. (25 pl, 2.5 umol) and a 1.0 M solution of trimehtylphosphine in THF (3.8 ul, 3.8 umol)
at room temperature. After stirring for 12 h, the reaction mixture was evaporated. To a solution of the
crude amine in anhydrous THF (150 pl) were added a 0.025 M solution of 2-63 in THF (200 pl, 5.0
umol) and a 1.0 M solution of triehtylamine in THF (5 ul, 5 umol). After stirring for 12 h, the
reaction mixture was purified by gel filteration (Sephadex LH-20, eluent: CHCl3/MeOH/H20 =
20/10/1). Further purification was carried out by latro beads column chromatography (6RS-8060,
eluent: CHCIl3/MeOH/H-0 = 65/65/8) to give 2-67 (1.0 mg, 67%).

[a]p?* +4.78 (c 0.06, CHCl3s/MeOH = 1:1); *H NMR (500 MHz, DMSO-ds/D20 = 96/4) & 0.84 (t, 3H,
J=6.9 Hz, cerH18), 1.18-1.34 (m, 44H, cerH7-H17 and cerH4’-H14"), 1.37-1.47 (m, 4H, cerH3’and
cerH15”), 1.63 (brs, 1H, siaH3ax), 1.88 (s, 3H, -NHCOCHS3) , 1.92 (brt, J = 6.9 Hz, 2H, cerH6), 2.02
(t, J = 7.4 Hz, 2H, cerH2’), 2.12 (ddd, J = 7.2, 6.9, 2.8 Hz, 2H, cerH16"), 2.35 (brt, J = 12.0 Hz, 1H,
galH3), 2.52 (m, overlapped with solvent signal, 1H, siaH3eq), 3.03 (dd, J = 8.3, 7.9 Hz, 1H, glcH2),
3.17 (m, 1H, siaH7), 3.25-3.48 (m, 11H, siaH5, siaH9b, galH2, galH4, galH5, glcH3, glcH4, glcH5,
and cerHla), 3.51 (m, 1H, siaH4), 3.59 (m, 2H, siaH6, siaH9%a), 3.66 (m, 1H, glcH6a), 3.71 (m, 2H,
siaH8, glcH6a), 3.76 (m, 1H, cerH2), 3.87 (dd, J = 7.9, 7.4 Hz, 1H, cerH3), 3.98 (dd, J = 9.6, 4.5 Hz,
1H, cerH1b), 4.15 (d, J = 7.9 Hz, 1H, glcH1), 4.17 (d, J = 7.2 Hz, 1H, galH1), 4.70 (d, J = 48.5 Hz,
1H, -CHF-), 5.33 (dd, J = 15.3, 7.4 Hz, 1H, cerH4), 5.52 (dt, J = 15.3, 6.9 Hz, 1H, cerH5), 8.47 (s,
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1H, -NHCOCHs3); C NMR (125 MHz, DMSO-ds/D-0 = 96/4) & 14.07 (cerC18), 17.77 (cerC16°),
22.22 (2C, cerCAlkyl), 22.54 (NDCOCHs3), 25.53 (cerC3’), 28.07 (cerCAlkyl), 28.24 (cerCAlkyl),
28.60 (cerCAlkyl), 28.84 (cerCAlkyl), 28.88 (cerCAlkyl), 29.04-29.27 (cerCAlkyl), 31.43
(cerCAlkyl), 31.88 (cerC6), 35.71 (cerC2’), 36.75 (d, J = 6.0 Hz, siaC3), 45.54 (m, galC3), 52.98
(cerC2), 53.11 (siaC5), 60.24 (glcC6), 60.42 (galC6), 63.39 (siaC9), 64.97 (d, J = 15.0 Hz, galC2),
67.51 (siaC4), 67.96 (d, J = 6.0 Hz, galC4), 68.83 (siaC7), 69.22 (cerC1), 70.72 (cerC3), 70.85
(siaC8), 71.14 (cerC18’), 73.24 (glcC2), 74.28 (glcC3), 74.41 (siaC6), 74.83 (glcC5), 78.20 (galCh),
80.66 (glcC4), 82.86 (d, J = 16.5 Hz, siaC2), 84.69 (cerC17’), 95.94 (d, J = 190.7 Hz, CHF), 103.61
(glcCl), 106.03 (galCl), 131.44 (cerC4), 131.66 (cerC5), 170.68 (d, J = 6.0 Hz, siaC1), 172.07
(cerC1’), 172.42 (-NDCONa).; °F NMR (377 MHz, DMSO-ds/D.0 = 96/4) § —198.75 (br s,
-CHF-); IR (cm™): 3345, 2916, 2849, 1633, 1593, 1555, 1464, 1376, 1161, 1113, 1065, 1034;
HRMS-ESI (m/z): [M+Na]" calcd for CeoH104FN2NaO2o, 1215.7142; found 1215.7135.
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Chapter 3
1. Experimental section for synthesis of compounds
Synthesis of 3-24

HO OH
HO— OH 1) Pd/C, MeOH HO&‘%
o
HS&R 2 o HO | . 0
O~ N3 Hojﬁkph TN \H)J\Ph

3-22 O 3-24
COMU, NMM, DMSO

To a solution of 3-22 (194.6 mg, 0.7392 mmol) in MeOH (7.4 ml) was added Pd/C (Aldrich

330108, 58.4 mg) at room temperature. The mixture was stirred under hydrogen atmosphere for 8 h.
The reaction mixture was filtered through Celite® and concentrated in vacuo. To a solution of crude
amine (190.7 mg, 0.7392 mmol) in anhydrous DMSO (3.7 ml) was added N-methylmorphorine (163
ul, 1.48 mmol), a-0x0-benzeneacetic acid (133.2 mg, 0.8870 mmol), and COMU (379.7 mg, 0.8870
mmol) sequentially at room temperature. The mixture was stirred for 15h at the same temperature
before quenching with distilled water at 0 °C. The resulting mixture was putified by Sep-Pak Vac 20
cc (5 g) C18 cartridge (Waters). Further purification was carried out by silica gel column
chromatography to give 3-24 (123.8 mg, 45%) as a colorless oil.
'H NMR (400 MHz, CD30D) & 1.91 (m, 2H, -OCH2CH2CH;NH-), 3.40-3.64 (m, 4H, -CH,NH-,
-CH20-a, manH5, and manH4),3.67-3.76 (m, 2H, manH3, manH6a), 3.81-3.89 (m, 3H, manH2,
-CH20-a, manH8b), 4.77 (d, J = 1.8 Hz, 1H, manH1), 7.54 (m, 2H, ArH), 7.68 (m, 1H, ArH), 8.10
(m, 1H, ArH); C NMR (100 MHz, CDsOD) & 30.12 (-OCH2CH,CH:NH-), 37.62 (-CH2NH-),
62.93 (manC6), 66.09 (-CH.0-), 68.64 (manC4), 72.15 (manC2), 72.63 (manC3), 74.74 (manC5),
101.76 (manC1), 129.80 (ArC), 131.33 (ArC), 134.58 (ArC), 135.53 (ArC), 166.54 (-NHCOCO-),
190.77 (-NHCOCO-).

Synthesis of 3-25

HO OH
HO OH 1) Pd/C, MeOH HO 0
(0]
HSO&R 2) 0 HO Ho ©
0O N HO S O\/\/N S
o} (0]

3-22 3-25
COMU, NMM, DMSO

To a solution of 3-22 (249.3 mg, 0.9470 mmol) in MeOH (9.5 ml) was added Pd/C (Aldrich
330108, 74.8 mg) at room temperature. The mixture was stirred under hydrogen atmosphere for 8.5 h.

152



The reaction mixture was filtered through Celite® and concentrated in vacuo. To a solution of crude
amine in anhydrous DMSO (4.7 ml) was added N-methylmorphorine (208 ul, 1.894 mmol),
a-0X0-2-thiopheneacetic acid (177.4 mg, 1.136 mmol), and COMU (486.5 mg, 1.136 mmol)
sequentially at room temperature. The mixture was stirred for 15h at the same temperature before
quenching with distilled water at 0 °C. The resulting mixture was putified by Sep-Pak Vac 20 cc (5 g)
C18 cartridge (Waters). Further purification was carried out by silica gel column chromatography to
give 3-25(195.5 mg, 55%) as a colorless oil.

[a]o?? +39.44 (¢ 0.765, MeOH); *H NMR (500 MHz, CD3s0D) & 1.89 (m, 2H, -OCH,CH2CHzNH-),
3.38-3.56 (m, 4H, -CH2NH-, -CH20-a, and manH5), 3.60 (t, J = 9.5 Hz, 1H, manH4), 3.70 (dd, t, J =
12.0, 5.7 Hz, 1H, manH6a), 3.73 (dd, J = 9.3, 3.4 Hz, 1H, manH3), 3.81-3.87(m, 3H, -CH20-b,
manH6b and manH2), 4.76 (br s, 1H, manH1), 7.24 (m, 1H, thienylH4), 7.99 (m, 1H, thienylH3),
8.29 (m, 1H, thienylH5); ¥C NMR (125 MHz, CDsOD) & 30.00 (-OCH2CH.CH,NH-), 38.07
(-CH2NH-), 62.96 (manC6), 66.41 (-CH20-), 68.69 (manC4), 72.16 (manC2), 72.66 (manC3), 74.74
(manC5), 101.77 (manC1l), 129.32 (thienylC4),138.49 (thienylC5), 138.81 (thienylC2), 139.30
(thienylC3), 163.62 (-NHCOCO-), 180.39 (-NHCOCO-); IR (cm™): 3366, 2923, 2882, 1684, 1647,
1499, 1408, 1360, 1233, 1131, 1052.

Synthesis of 3-26

HO OH
HO— OH 1) Pd/C, MeOH HO 0
O :
HS(;%L‘ 2 5 HO%O . 0
O~ N3 HO\[HJ\t-Bu TN \[Hj\t'Bu

3-22 O 3-26
COMU, NMM, DMSO

To a solution of 3-22 (382.5 mg, 1.453 mmol) in MeOH (5.0 ml) was added Pd/C (Aldrich 330108,
87.1 mg) at room temperature. The mixture was stirred under hydrogen atmosphere for 15 h. The
reaction mixture was filtered through Celite® and concentrated in vacuo. To a solution of the
resulting residue in MeOH (5.0 ml) was added Pd/C (Aldrich 330108, 87.1 mg) at room temperature.
The mixture was stirred under hydrogen atmosphere for 23 h. The reaction mixture was filtered
through Celite® and concentrated in vacuo. To the crude amine (129.8 mg, 0.5471 mmol) in
anhydrous DMSO (5.0 ml) was added N-methylmorphorine (120 upl, 1.09 mmol),
3,3-dimethyl-2-oxobutyric acid (94 ul, 0.77 mmol), and COMU (328.0 mg, 0.7659 mmol)
sequentially at room temperature. The mixture was stirred for 15h at the same temperature before
quenching with distilled water at 0 °C. The resulting mixture was putified by Sep-Pak Vac 20 cc (5 g)
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C18 cartridge (Waters). Further purification was carried out by silica gel column chromatography to
give 3-26 (195.5 mg, 55%) as a colorless oil.

[a]o® +51.03 (c 0.605, MeOH); *H NMR (400 MHz, CDs0D) & 1.28 (s, 9H, t-Bu-CHs), 1.83 (m, 2H,
-OCH2CH>CH2NH-), 3.26-3.40 (m, 2H, -CH2NH-), 3.46 (m, 1H, -CH20-a), 3.52 (m, 1H, manH5),
3.60 (t, J = 9.4 Hz, 1H, manH4), 3.67-3.73 (m, 2H, manH6a, manH3), 3.79 (m, 1H, -CH20-b),
3.80-3.85 (m, 2H, manH6b and manH2), 4.75 (br s, 1H, manH1); *C NMR (100 MHz, CDsOD) §
26.66 (3C, t-Bu-CHa), 30.10 (-OCH2CH2CH2NH-), 37.36 (-CH2NH-), 43.60 (t-Bu-C(CHz)3), 62.92
(manC6), 66.18 (-CH20-), 68.64 (manC4), 72.13 (manC2), 72.63 (manC3), 74.71 (manC5), 101.72
(manC1), 164.96 (-NHCOCO-), 205.65 (-NHCOCO-); IR (cm™): 3378, 2956, 2930, 2876, 1706,
1669, 1521, 1394, 1366, 1131, 1096, 1058, 1029, 976.

Synthesis of 3-27

HO OH
HO— OH 1) Pd/C, MeOH Ho&g
A .
Hﬁg%g 2 5 HO | . 0
O~ Ns3 HO\H)J\i-Pr g \[HJ\"‘Pr

3-22 o 3-27
COMU, NMM, DMSO

To a solution of 3-22 (162.0 mg, 0.6154 mmol) in MeOH (6.0 ml) was added Pd/C (Aldrich 330108,
48.6 mg) at room temperature. The mixture was stirred under hydrogen atmosphere for 22 h. The
reaction mixture was filtered through Celite® and concentrated in vacuo. To a solution of crude
amine in anhydrous DMSO (3.1 ml) was added N-methylmorphorine (81 ul, 0.74 mmol),
3-methyl-2-oxo-butanoic acid sodium salt (102.0 mg, 0.7385 mmol), and COMU (316.3 mg, 0.7385
mmol) sequentially at room temperature. The mixture was stirred for 15h at the same temperature
before quenching with distilled water at 0 °C. The resulting mixture was putified by Sep-Pak Vac 20
cc (5 g) C18 cartridge (Waters). Further purification was carried out by silica gel column
chromatography to give 3-27 (75.2 mg, 36%) as a colorless oil.

[a]p®® +61.12 (c 0.95, MeOH); *H NMR (400 MHz, CDs0D) & 1.11 (d, J = 6.9 Hz, 6H, i-Pr-CHa),
1.84 (m, 2H, -OCH2CH>CH2NH-), 3.29-3.54 (m, overlapped with solvent signal, 5H, i-Pr-CH,
-CH2NH-, -CH20-a, and manH5), 3.56-3.65 (m, 1H, manH4), 3.67-3.75 (m, 2H, manH3 and
manH6a), 3.77-3.85 (m, 3H, -CH20-b, manH6b and manH2), 4.74 (d, J = 1.4 Hz, 1H, manH1) 3C
NMR (100 MHz, CD3:0D) & 15.94 and 17.96 (i-Pr-CH3), 30.00 (-OCH.CH.CH,NH-), 35.56
(i-Pr-CH), 37.83 (-CH2NH-), 62.89 (manC6), 66.32 (-CH20-), 68.61 (manC4), 71.79 (manC2), 72.59
(manC3), 74.68 (manC5), 101.68 (manC1), 162.85 (-NHCOCOIiPr), 202.94 (-NHCOCOQIPr); IR
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(cm™): 3365, 2968, 2931, 2877, 1669, 1539, 1131, 1091, 1057, 1029.

Synthesis of 3-28

HO OH
HO— OH 1) Pd/C, MeOH HO 0
0) >
Hﬁo&»ﬁ 2) 0 HO&A L O
HO O ~N
O~ Ns

3-22 O 3-28
COMU, NMM, DMSO

To a solution of 3-22 (77.9 mg, 0.296 mmol) in MeOH (3.0 ml) was added Pd/C (Aldrich 330108,

23.4 mg) at room temperature. The mixture was stirred under hydrogen atmosphere for 22 h. The
reaction mixture was filtered through Celite® and concentrated in vacuo. To a solution of crude
amine in anhydrous DMSO (1.5 ml) was added N-methylmorphorine (39 ul, 0.35 mmol),
2-0x0-butanoic acid (36.3 mg, 0.355 mmol), and COMU (152.1 mg, 0.355 mmol) sequentially at
room temperature. The mixture was stirred for 15h at the same temperature before quenching with
distilled water at 0 °C. The resulting mixture was putified by Sep-Pak Vac 20 cc (5 g) C18 cartridge
(Waters). Further purification was carried out by silica gel column chromatography to give 3-28
(25.1 mg, 26%) as a colorless oil.
[a]p?® +49.04 (c 0.69, MeOH); *H NMR (400 MHz, CD30D) & 1.07 (t, J = 7.4 Hz, 3H, CH3CH,-),
1.66-1.92 (m, 2H, -OCH>CH2CH:NH-), 2.87 (q, J = 7.4 Hz, 2H, CH3CH-), 3.24-3.56 (m,
overlapped with solvent signal, 4H, -CH>NH-, -CH20-a, and manH5), 3.57-3.64 (m, 1H, manH4),
3.67-3.75 (m, 2H, manH3 and manH6a), 3.77-3.85 (m, 3H, -CH>O-b, manH6b and manH2),
473-476 (m, 1H, manH1); 3C NMR (100 MHz, CDsOD) & 7.38 (CHsCHz), 29.94
(-OCH2CH2CH2NH-), 31.32 (CH3CH3-), 37.82 (-CH2NH-), 62.90 (manC6), 66.35 (-CH20-), 68.59
(manC4), 72.08 (manC2), 72.58 (manC3), 74.66 (manC5), 101.65 (manC1), 162.87 (-NHCOCOEt),
200.11 (-NHCOCOEY); IR (cm™): 3367, 2360, 2343, 1722, 1669, 1539, 1131, 1093, 1057.

Synthesis of 3-30

AcO OAc OH
Acg SE A 1) NaOMe, MeOH Ph/%OSE o
AcO 2) PhCHO, HCO,H HO
O N3 O~ N3
3-29 3-30
To a solution of 3-29 (4.156 g, 9.207 mmol) in MeOH (90 ml) was added sodium methoxide
(2.984 g, 55.24 mmol). After stirring for 15 h, Amberlite IR-120H was added. The resulting mixture

was filtered and concentrated in vacuo. The resulting residue was used for the next step without
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further purification. To a solution of tetraol (3.732 g, 14.18 mmol) in formic acid (19.7 ml) was
added benzaldehyde (18.8 ml, 184 mmol) at 0 °C. After stirring for 5 h, EtsN (80 ml), distilled water,
and CH2Cl, were added to the reaction mixture. The resulting mixture was extracted with CH2Cl
twice. The combined organic layers were washed with a saturated aqueous solution of NaHCOs, a 1
N aqueous solution of HCI, and brine. The organic layer was dried over Na;SO4 and concentrated in
vacuo. Further purification was carried out by silica gel column chromatography to give 3-30 (1.421
g, 44% in 2 steps).

[0]o?® 37.46 (c 0.495, CHCIls); *H NMR (400 MHz, CDCls) & 1.89 (quintet, J = 4.3 Hz, 2H,
-OCH>CH2CH:N3), 2.61 (br s, 1H, -OH), 2.62 (br s, 1H, -OH), 3.41 (td, J = 6.4, 0.9 Hz, 2H, -CH2N3),
3.52 (dt, J =10.1, 6.0 Hz, 1H, -CH.0-a), 3.77-3.87 (m, 3H, -CH20-b, manH5, manH®6a), 3.94 (t, J =
9.0 Hz, 1H, manH4), 4.05-4.11 (m, 2H, manH3, manH2), 4.29 (m, 1H, manH6b), 4.88 (br s, 1H,
manH1), 5.58 (br s, 1H, -CHPh), 7.36-7.41 (m, 3H, PhH), 7.48-7.51 (m, 2H, PhH); 3C NMR (100
MHz, CDCls) 6 28.89 (-OCH.CH2CH2N3), 48.39 (-CH2N3), 63.38 (manC5), 64.62 (-CH20-), 68.67
(manCe6), 68.86 (manC3), 70.94 (manC2), 78.91 (manC4), 100.41 (manC1), 102.35 (-CHPh), 126.39
(2C, PhC), 128.48 (2C, PhC), 129.42 (PhC), 137.25 (PhC); IR (cm): 3339, 3225, 2900, 2098, 2098,
1136, 1114, 1099, 1069, 1032.

Synthesis of 3-31

ph/%o Og\ AcOH/H,0 (7:3) HHoO Og\
HO HO
O ~_Ns3 O~ N3

To a solution of 3-30 (52.6 mg, 0.129 mmol) in formic acid (19.7 ml) was added benzaldehyde
(18.8 ml, 184 mmol) at 0 °C. After stirring for 5 h, EtsN (80 ml), distilled water, and CH2Cl, were
added to the reaction mixture. The resulting mixture was extracted with CH2Cl, twice. The combined
organic layers were washed with a saturated aqueous solution of NaHCO3, a 1 N aqueous solution of
HCI, and brine. The organic layer was dried over Na>SO4 and concentrated in vacuo. Further
purification was carried out by silica gel column chromatography to give 3-31 (1.421 g, 44% in 2
steps).

[a]o?® 45.48 (c 1.815, CH3OH); 'H NMR (400 MHz, CDCl3) & 1.87 (quintet, J = 6.4 Hz, 2H,
-OCH2CH2CH2N3), 2.49 (br s, 1H, -OH), 2.51, (t, J = 2.3 Hz, 1H, -C=CH), 2.80 (br s, 1H, -OH),
3.22 (brs, 1H, -OH), 3.40 (m, 2H, -CH2N3), 3.47-3.57 (m, 2H, -CH20-a, manH5), 3.72-3.88 (m, 6H,
manH4, -CH>0-a, manH6a, manH3, manH6b, manH2), 4.28 (dd, J = 16.1, 2.3 Hz, 1H, propargylH),
4.37 (dd, J = 16.1, 2.3 Hz, 1H, propargylH), 4.94 (d, J = 1.4 Hz, 1H, manH1); *3C NMR (100 MHz,
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CDCls) § 28.87 (-OCH2CH2CH:N3), 48.40 (-CH2N3), 58.95 (propargylC), 61.89 (manC6), 64.47
(-CH20-), 67.79 (manC4), 71.31 (manC3), 72.34 (manC5), 75.59 (-C=CH), 77.85 (-C=CH), 79.59
(manC2), 97.93 (manC1); IR (cm%): 3392, 3295, 2929, 2883, 2360. 2343, 2098, 1299, 1134, 1099,
1061, 1020.

Synthesis of 3-33
0

HO\H)J\ HO (@) \
Hgo&g O HO e
COMU, NMM
’ > O\/\/N\[HJ\
O~ NH; DMSO I Ph
3-32 3-33

To a solution of 3-32 (34.2 mg, 0.124 mmol) in DMSO (1.2 ml) were added N-methylmorphorine
(27.4 ul, 0.249 mmol), anda-oxo-benzeneacetic acid (26.1 mg, 0.174 mmol) sequentially at room
temperature. COMU (74.5 mg, 0.174 mmol) was added to the mixture at 0 °C. The mixture was
stirred for 22 h at the room temperature before quenching with distilled water at 0 °C. The resulting
mixture was putified by Sep-Pak Vac 20 cc (5 g) C18 cartridge (Waters). Further purification was
carried out by silica gel column chromatography to give 3-33 (19.8 mg, 39%) as a colorless oil.
[0]o?® 40.83 (¢ 1.000, CH3OH); *H NMR (400 MHz, CDsOD) § 1.92 (quintet, J = 6.4 Hz, 2H,
-OCH2CH.CH2NH-), 2.87, (t, J = 2.3 Hz, 1H, -C=CH), 3.40-3.60 (m, 4H, -CH2N, -CH>0-a, manH5,
manH4), 3.67 (dd, J = 12.0, 6.0 Hz, 1H, manH6a), 3.77-3.89 (m, 4H, -CH>0-b, manH6b, manH3,
manH2), 4.31 (dd, J = 16.1, 2.3 Hz, 1H, propargylH), 4.37 (dd, J = 16.1, 2.3 Hz, 1H, propargylH),
4.97 (d, J = 0.9 Hz, 1H, manH1), 7.51-7.56 (m, 2H, ArH), 7.65-7.70 (m, 1H, ArH), 8.09-8.13 (m, 2H,
ArH); ¥C NMR (100 MHz, CDsOD) & 30.11 (-OCH,CH,CH:NH-), 37.62 (-CH.NH-), 59.57
(propargylC), 62.97 (manC6), 66.18 (-CH20-), 69.00 (manC4), 72.47 (manC3), 74.81 (manC5),
76.12 (-C=CH), 79.44 (manC2), 80.86 (-C=CH), 99.31 (manC1), 129.79 (2C, ArC). 131.35 (2C,
ArC), 134.59 (ArC), 135.53 (ArC), 166.50 (-NHCOCOPh), 190.75 (-NHCOCOPh); IR (cm): 3388,
3293, 2929, 1663, 1449, 1225, 1133, 1099, 1063, 1024.
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Synthesis of 3-34

@)

\_/
HO O/\ © Hgo O(:\
Hﬁo&g COMU,NMM "o e

DMSO O\/\/N S
O~ NH; \ /

3-32 3-34 ©

To a solution of 3-32 (35.2 mg, 0.127 mmol) in DMSO (1.3 ml) were added N-methylmorphorine

(32.0 ul, 0.291 mmol), and a-oxo-2-thiopheneacetic acid (28.0 mg, 0.179 mmol) sequentially at
room temperature. COMU (76.7 mg, 0.179 mmol) was added to the mixture at 0 °C. The mixture
was stirred for 22 h at the room temperature before quenching with distilled water at 0 °C. The
resulting mixture was putified by Sep-Pak Vac 20 cc (5 g) C18 cartridge (Waters). Further
purification was carried out by silica gel column chromatography to give 3-34 (22.2 mg, 42%) as a
colorless oil.
[0]o?® 40.19 (c 1.095, CH3OH); *H NMR (400 MHz, CDsOD) & 1.90 (quintet, J = 6.4 Hz, 2H,
-OCH2CH>CH2NH-), 2.86, (t, J = 2.3 Hz, 1H, -C=CH), 3.38-3.59 (m, 5H, -CH2N, -CH>0-a, manH5,
manH4), 3.66 (dd, J = 11.7, 5.7 Hz, 1H, manH6a), 3.78-3.87 (m, 4H, -CH>0-b, manH6b, manH3,
manH2), 4.31 (dd, J = 16.1, 2.3 Hz, 1H, propargylH), 4.37 (dd, J = 16.1, 2.3 Hz, 1H, propargylH),
4.96 (br s, 1H, manH1), 7.24 (dd, J = 5.1, 3.7 Hz, 1H, ArH), 7.99 (dd, J = 5.1, 0.9 Hz, 1H, ArH),
8.29 (dd, J = 3.7, 0.9 Hz, 1H, ArH); $3C NMR (100 MHz, CD30D) & 30.03 (-OCH2CH,CH,NH-),
38.01 (-CH2NH-), 59.59 (propargylC), 62.96 (manC6), 66.44 (-CH.O-), 69.01 (manC4), 72.46
(manC3), 74.79 (manC5), 76.11 (-C=CH), 79.46 (manC2), 80.87 (-C=CH), 99.32 (manC1), 129.32
(ArC). 138.50 (ArC), 138.75 (ArC), 139.34 (ArC), 163.58 (-NHCOCOPh), 180.34 (-NHCOCOPh);
IR (cm™): 3375, 2927, 1681, 1647, 1536, 1499, 1408, 1360, 1234, 1134, 1100, 1064, 1022.

Synthesis of 3-35
o)

HO\[HJ\
t-Bu
HO o/\\

HO— 07N 0 HO o
Ho&g comu, NMM Mg Lo
HO -
DMSO o N
O~ NHz TN \[Hj\t—Bu

3-32 3-35 ©
To a solution of 3-32 (32.6 mg, 0.118 mmol) in DMSO (1.2 ml) were added N-methylmorphorine
(28 ul, 0.25 mmol), and 3,3-dimethyl-2-oxobutyric acid (20 ul, 0.17 mmol) sequentially at room
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temperature. COMU (71.0 mg, 0.165 mmol) was added to the mixture at 0 °C. The mixture was
stirred for 22 h at the room temperature before quenching with distilled water at 0 °C. The resulting
mixture was putified by Sep-Pak Vac 20 cc (5 g) C18 cartridge (Waters). Further purification was
carried out by silica gel column chromatography to give 3-35 (15.7 mg, 34%) as a colorless oil.

[0]o?” 40.58 (c 0.680, CH3OH); *H NMR (400 MHz, CDs0OD) § 1.28 (s, 9H, t-Bu-CHs), 1.83 (quintet,
J = 6.5 Hz, 2H, -OCH2CH>CH2NH-), 2.87, (t, J = 2.3 Hz, 1H, -C=CH), 3.26-3.41 (m, 2H, -CH2N-),
3.44-3.51 (m, 2H, -CH20-a, manH5), 3.55 (dd, J = 9.7, 8.7 Hz, 1H, manH4), 3.66 (dd, J = 12.0, 6.0
Hz, 1H, manH6a), 3.75-3.85 (m, 4H, -CH.O-b, manH6b, manH3, manH2), 4.31 (dd, J = 16.1, 2.3 Hz,
1H, propargylH), 4.37 (dd, J = 16.1, 2.3 Hz, 1H, propargylH), 4.94 (d, J = 1.4 Hz, 1H, manH1); 3C
NMR (100 MHz, CD30D) 6 26.66 (t-Bu-CHz3), 30.10 (-OCH2CH2CH2NH-), 37.32 (-CH2NH-), 43.60
(t-Bu-C(CHg3)3), 59.57 (propargylC), 62.96 (manC6), 66.24 (-CH.O-), 68.99 (manC4), 72.46
(manC3), 74.79 (manC5), 76.09 (-C=CH), 79.45 (manC2), 80.86 (-C=CH), 99.31 (manC1), 164.96
(-NHCOCOt-Bu), 205.66 (-NHCOCOt-Bu); IR (cm™): 3382, 3288, 2959, 2930, 2874, 1706, 1670,
1134, 1101, 1065, 1024.

Synthesis of 3-36
o]

Nao%i—Pr
07N

HO
HO— 07\ 0 HO o

HO o COMU, NMM N o
HO H

DMSO 9] N
O_~_NH, NN \[Hj\i-Pr

3-32 3-36 o
To a solution of 3-32 (26.6 mg, 96.6 umol) in DMSO (480 ul) was added N-methylmorphorine
(12.7 pl, 0.116 mmol) at room temperature. 3-Methyl-2-oxo-butanoic acid sodium salt (16.0 mg,

0.116 mmol) and COMU (49.6 mg, 0.116 mmol) were added to the mixture at 0 °C. The mixture was

stirred for 18 h at the room temperature before quenching with distilled water at 0 °C. The resulting
mixture was putified by Sep-Pak Vac 20 cc (5 g) C18 cartridge (Waters). Further purification was
carried out by silica gel column chromatography to give 3-36 (20.0 mg, 53%) as a colorless oil.

[a]p?’ 42.23 (¢ 1.00, CH30H); *H NMR (400 MHz, CD30OD) & 1.11 (d, J = 6.9 Hz, 6H, i-Pr-CHa),
1.85 (quintet, J = 6.5 Hz, 2H, -OCH2CH2CH>NH-), 2.88 (t, J = 2.3 Hz, 1H, -C=CH), 3.31-3.58 (m,
6H, -CH2N-, -CH>0-a, manH5, i-Pr-CH, manH4), 3.66 (dd, J = 12.0, 6.0 Hz, 1H, manH6a),
3.75-3.85 (m, 4H, -CH20-b, manH6b, manH3, manH2), 4.31 (dd, J = 16.0, 2.3 Hz, 1H, propargylH),
4.37 (dd, J = 16.0, 2.3 Hz, 1H, propargylH), 4.94 (br s, 1H, manH1); *3C NMR (100 MHz, CDs0D)
& 17.98 (i-Pr-CH3), 30.02 (-OCH2CH.CH;NH-), 35.59 (i-Pr-CH), 37.83 (-CH:NH-), 59.58
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(propargylC), 62.97 (manC6), 66.40 (-CH20-), 69.01 (manC4), 72.45 (manC3), 74.80 (manC5),
76.13 (-C=CH), 79.45 (manC2), 80.87 (-C=CH), 99.30 (manC1), 162.89 (-NHCOCOi-Pr), 205.66
(-NHCOCOI-Pr); IR (cm™): 3382, 3299, 2969, 2932, 2877, 1716, 1668, 1532, 1132, 1098, 1065,
1021; HRMS-ESI (m/z): [M+Na]" calcd for C17H27NNaOs, 396.1634; found 396.1639.

Synthesis of 3-37

(0]

HO HO— O "X
Ho— 07 \u \H)J\Et o g\\
HSO&}% O HO L O
COMU, NMM o) N
o NH ~ \H)J\Et
N Y2 DMSO o
3-32 3-37

To a solution of 3-32 (28.9 mg, 105 pumol) in DMSO (530 ul) was added N-methylmorphorine

(13.9 pl, 0.116 mmol) at room temperature. 2-Oxo-butanoic acid (12.9 mg, 0.126 mmol) and COMU
(53.9 mg, 0.126 mmol) were added to the mixture at 0 °C. The mixture was stirred for 18 h at the
room temperature before quenching with distilled water at 0 °C. The resulting mixture was putified
by Sep-Pak Vac 20 cc (5 g) C18 cartridge (Waters). Further purification was carried out by silica gel
column chromatography to give 3-37 (10.8 mg, 29%) as a colorless oil.
[0]o?® 42.77 (¢ 1.08, CH3OH); *H NMR (400 MHz, CD3sOD) & 1.07 (t, J = 7.4 Hz, 3H, Et-CHj3),
1.79-1.92 (m, 2H, -OCH,CH,CH2NH-), 2.84-2.91 (m, 3H, Et-CH», -C=CH), 3.31-3.44 (m, 5H,
-CH2N-, -CH20-a, manH5, manH4), 3.66 (m, 1H, manH6a), 3.75-3.86 (m, 4H, -CH>0O-b, manH6b,
manH3, manH2), 4.31 (m, 1H, propargylH), 4.37 (m, 1H, propargylH), 4.93 (br s, 1H, manH1); 3C
NMR (100 MHz, CDCls) & 7.23 (Et-CHz), 28.89 (-OCH2CH2CH:NH-), 30.49 (Et-CH2), 37.36
(-CH2NH-), 58.85 (propargylC), 62.69 (manC6), 66.04 (-CH20-), 69.01 (manC4), 71.43 (manC3),
72.25 (manC5), 75.66 (-C=CH), 77.48 (manC2), 79.47 (-C=CH), 97.87 (manCl), 160.37
(-NHCOCOE), 199.99 (-NHCOCOE); IR (cm™): 3377, 3295, 2933, 2882, 1670, 1534, 1133, 1099,
1063, 1022; HRMS-ESI (m/z): [M+Na]" calcd for C16H2sNNaOsg, 382.1478; found 382.1475.

Synthesis of 3-43

HO O/\ HO /\
HO 0 NaNO, aq., HClag. HO )
HO then NaN HO
o en NaN; o
: : N

3-42 3-43 3
To a solution of 3-42 (13.2 mg, 42.7 umol) in a 0.4M aqueous solution of HCI (320 pl) was added

NO,
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a 0.5 M aqueous solution of NaNO> (94 pl, 47 umol) at 0 °C. The mixture was stirred for 15 min and
added amidesulfuric acid (19.0 mg, 0.196 mmol). After stirring for 5 min, sodium azide (3.1 mg,
47.0 umol) was added. The reaction mixture was allowed to warm to room temperature over 6 h. The
mixture was then diluted with MeOH, and added amberlite MB-3. The resulting mixture was filtered
and concentrated in vacuo. The Further purification was carried out by silica gel column
chromatography to give 3-43 (14.0 mg, 98%).

[o]o?* 89.49 (c 0.395, CH3OH); *H NMR (400 MHz, CD3s0OD) § 2.90 (t, J = 2.3 Hz, 1H, -C=CH),
3.56 (m, 1H, manH5), 3.68 (m, 2H, manH6a and manH4), 3.76 (dd, J = 12.0, 2.3 Hz, 1H, manH6b),
3.95 (dd, J = 9.2, 3.7 Hz, 1H, manH3), 3.98 (dd, J = 3.7, 1.4 Hz, 1H, manH2), 4.37 (dd, J = 16.1, 2.3
Hz, 1H, propargylH), 4.43 (dd, J = 16.1, 2.3 Hz, 1H, propargylH), 5.64 (d, J = 1.4 Hz, 1H, manH1),
7.00 (m, 2H, ArH3), 7.16 (m, 1H, ArH2); *C NMR (100 MHz, CDsOD) § 59.79 (propargylC),
62.64 (manC6) , 68.61 (manC4), 72.20 (manC3), 75.49 (manC5), 76.36 (-C=CH), 79.15 (manC2),
80.79 (manC6), 98.42 (manC1), 119.43 (ArC2), 121.02 (ArC3), 135.44 (ArC4), 155.31 (ArCl); IR
(cm™): 3381, 3293, 2119, 1502, 1231, 1104, 1071, 1007.

Synthesis of 3-47, 3-48

HO— ©OH
0
Hﬁo&g L0 hv (365 nm)
O\/\/NW H,0, 0 °C
0

HO— OH HO— OH
HO 4 HO , Ho L, OH
O\/\/N\[ﬂ\ O\/\/N\[H\’<
O O

3-47 3-48

(a mixture of diastereomers) (d.r.=1.2:1)

A degassed 40 mM solution of 3-26 in H2O (700 pl) was irradiated with 365 nm LED lamp at
0 °C. Irradiation was continued for 270 min until starting material was consumed. The crude material
was purified by HPLC (PEGASIL ODS SP100 4.6¢ x 250 mm,) to give cyclopropanol 3-47 (3.3 mg,
34%), major diastereomer of 3-48 (1.1 mg, 11%), and minor diastereomer of 3-48 (0.9 mg, 9%) as a
colerless oil.
[major diastereomer of 3-47] *H NMR (400 MHz, D;0) & 0.81 (d, J = 5.5 Hz, 1H, cyclopropylHa),
1.11 (s, 3H, CHg), 1.21 (s, 3H, CH3), 1.27 (d, J = 5.5 Hz, 1H, cyclopropylHb), 1.78-1.89 (m, 2H,
-OCH2CH>CH2NH-), 3.25-3.43 (m, 2H, -CH2NH-), 3.49-3.66 (m, 3H, -CH>0-a, manH5, manH4),
3.70-3.82 (m, 3H, -CH20-b, manH6a, manH3), 3.86 (br d, J = 12.4 Hz, 1H, manH6b), 3.93 (m, 1H,
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manH2), 4.86 (d, J = 3.7 Hz, 1H, manH1); *C NMR (100 MHz, D,0) & 18.78 (CHs), 20.42 (CHj3),
26.10 (cyclopropyl-CHz), 26.27 (C(CHs).), 28.38 (-OCH.CH2CH2NH-), 36.65 (-CH2NH-), 60.94
(manCe6), 62.07 (a-hydroxyC), 65.44 (CH.0), 66.79 (manC4), 70.05 (manC2), 70.59 (manC3), 72.73
(manC5), 99.88 (manC1), 175.57 (-NHCO).

[major diastereomer of 3-48] *H NMR (400 MHz, CDsOD) & 0.97 (s, 9H, t-Bu-CHs), 3.54 (ddd, J =
9.7,5.5, 2.3 Hz, 1H, manH5), 3.60 (t, J = 9.7 Hz, 1H, manH4), 3.67-3.73 (m, 3H, manH6a, manH3,
a-hydroxy-CH), 3.78 (dd, J = 3.2, 1.8 Hz, 1H, manH2), 3.85 (dd, J = 12.0, 2.3 Hz, 1H, manH6Db),
4.02 (ddd, J = 12.2, 7.6, 1.1 Hz, 1H, CH20a), 4.21 (ddd, J = 12.2, 6.2, 1.2 Hz, 1H, CH>0b), 4.81 (d,
J = 1.8 Hz, 1H, manH1), 5.52 (ddd, J = 14.3, 7.6, 6.2 Hz, 1H, NCH=CH-), 6.93 (br d, J = 14.3 Hz,
1H, NCH=CH-); *C NMR (100 MHz, CD30D) & 26.54 (3C, t-Bu-CHjs), 36.08 (t-Bu-C(CHzs)s3),
62.94 (manC6), 66.91 (CH20), 68.66 (manC4), 72.24 (manC2), 72.62 (manC3), 74.72 (manC5),
80.20 (a-hydroxy-CH), 100.30 (manC1), 110.15 (NCH=CH-), 127.00 (NCH=CH-), 173.79
(-NHCO).

[minor diastereomer of 3-48] *H NMR (400 MHz, D20) & 0.95 (s, 9H, t-Bu-CHz), 3.59-3.68 (m, 2H,
manH4, manH5), 3.71-3.80 (m, 2H, manH3, manH6a), 3.81-3.92 (m, 3H, manH6b, manH2,
a-hydroxy-CH), 4.10 (dd, J = 12.0, 7.8 Hz, 1H, CH20a), 4.24 (dd, J = 12.0, 6.9 Hz, 1H, CH.0b),
4.91 (br s, 1H, manH1), 5.58 (ddd, J = 14.3, 7.8, 6.9 Hz, 1H, NCH=CH-), 6.92 (d, J = 14.3 Hz, 1H,
NCH=CH-); ¥*C NMR (100 MHz, D;0) & 25.25 (3C, t-Bu-CHs), 34.53 (t-Bu-C(CHs)s), 60.90
(manC6), 66.02 (CH.0), 66.77 (manC4), 70.07 (manC2), 70.57 (manC3), 72.80 (manC5), 79.19
(a-hydroxy-CH), 98.86 (manC1), 110.09 (NCH=CH-), 125.94 (NCH=CH-), 173.44 (-NHCO).

Synthesis of 3-49

HO— OH HO— OH
o) 0
HO HO
HO&A Lo hv (365nm) HO&H , OH
O\/\/N\H)J\( H,0, 0 °C O\/\/N\[H\(
0 o

3-27 3-49
(a mixture of diastereomers)

A degassed 40 mM solution of 3-27 in H,O (700 pl) was irradiated with 365 nm LED lamp at
0 °C. Irradiation was continued for 2.5 h until starting material was consumed. After the mixture was
concentrated in vacuo, “NMR vyield” of the desired enamide (5%) was calculated by *H NMR
spectrum of the crude material using DMF as an internal standard.
[major diastereomer of 3-49] *H NMR (400 MHz, CDsOD) & 0.86 (d, J = 6.9 Hz, 3H, i-Pr-CHs),
1.00 (d, J = 6.9 Hz, 3H, i-Pr-CHa), 2.07 (septet doublet, J = 6.9, 3.9 Hz, 1H, i-Pr-CH), 3.54 (ddd, J =
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9.7, 5.5, 2.3 Hz, 1H, manH5), 3.60 (dd, J = 9.7, 8.9 Hz, 1H, manH4), 3.70 (dd, J = 8.9, 3.7 Hz, 1H,
manH3), 3.71 (dd, J = 11.5, 5.5 Hz, 1H, manH#6a), 3.78 (dd, J = 3.7, 1.5 Hz, 1H, manH2), 3.85 (dd, J
= 11.5, 2.3 Hz, 1H, manH6b), 3.88 (d, J = 3.9 Hz, 1H, a-hydroxy-CH), 4.03 (ddd, J = 12.0, 7.4, 0.9
Hz, 1H, CH.0a), 4.21 (ddd, J = 12.0, 6.4, 1.4 Hz, 1H, CH,Ob), 4.81 (d, J = 1.5 Hz, 1H, manH1),
5.55 (ddd, J = 14.3, 7.4, 6.4 Hz, 1H, NCH=CH-), 6.93 (br d, J = 14.3 Hz, 1H, NCH=CH-); *C NMR
(100 MHz, CD30D) 6 16.43 (i-Pr-CHzs), 19.46 (i-Pr-CHz), 33.25 (i-Pr-CH), 62.97 (manC6), 66.86
(CH20), 68.68 (manC4), 72.25 (manC2), 72.63 (manC3), 74.74 (manC5), 77.07 (a-hydroxy-CH),
100.34 (manC1), 110.49 (NCH=CH-), 126.94 (NCH=CH-), 174.72 (-NHCO).

[minor diastereomer of 3-49] *H NMR (400 MHz, CD3;0D) § 0.86 (d, J = 6.9 Hz, 3H, i-Pr-CHa),
1.00 (d, J = 6.9 Hz, 3H, i-Pr-CHz3), 2.07 (septet doublet, J = 6.9, 3.9 Hz, 1H, i-Pr-CH), 3.54 (ddd, J =
9.7, 6.0, 2.3 Hz, 1H, manH5), 3.60 (dd, J = 9.7, 9.2 Hz, 1H, manH4), 3.69 (dd, J = 9.2, 3.2 Hz, 1H,
manH3), 3.71 (dd, J = 11.5, 6.0 Hz, 1H, manH6a), 3.77 (dd, J = 3.2, 1.7 Hz, 1H, manH2), 3.85 (dd, J
=11.7, 2.3 Hz, 1H, manH6b), 3.85 (d, J = 3.9 Hz, 1H, a-hydroxy-CH), 4.03 (ddd, J = 12.0, 7.4, 0.9
Hz, 1H, CH0a), 4.21 (ddd, J = 12.0, 6.4, 1.4 Hz, 1H, CH20b), 4.81 (d, J = 1.7 Hz, 1H, manH1),
5.55 (ddd, J = 14.3, 7.4, 6.4 Hz, 1H, NCH=CH-), 6.93 (br d, J = 14.3 Hz, 1H, NCH=CH-); 13C NMR
(100 MHz, CD30D) 6 16.42 (i-Pr-CHz3), 19.46 (i-Pr-CHs), 33.26 (i-Pr-CH), 62.96 (manC6), 66.88
(CH20), 68.68 (manC4), 72.28 (manC2), 72.63 (manC3), 74.74 (manC5), 77.09 (a-hydroxy-CH),
100.34 (manC1), 110.51 (NCH=CH-), 126.94 (NCH=CH-), 174.73 (-NHCO).

Synthesis of 3-50

HO OH HO OH
0o o
HO HO
Hg% e hv (365nm) HO&H L, o
O\/\/N\H)J\/ H,0, 0 °C O\/\/N\[H\/

3-28 O 3-50 0
(a mixture of diastereomers)
A degassed 40 mM solution of 3-28 in H2O (700 ul) was irradiated with 365 nm LED lamp at
0 °C. Irradiation was continued for 16 min until starting material was consumed. After the mixture
was concentrated in vacuo, “NMR yield” of the desired enamide (3%) was calculated by *H NMR

spectrum of the crude material using DMF as an internal standard.
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2. Experimental section for kinetic study for photolysis of a-ketoamides in H.O
1) Experimental procedures
HPLC analysis after photolysis of a-ketoamide 3-24 (Typical procedure for HPLC analysis

after photolysis of a-ketoamide 3-24~3-28)

A 40 mM solution of a-ketoamide 3-24 in H,O (700 pl) was irradiated with 365 nm LED lamp
(OMROM ZUV-C20H, ZUV-H20MB. ZUV-L8H). After each irradiation time (0, 10, 20, 40, 60, 80,
and 100 min), an aliquot of reaction mixture (2 ul) was injected into Shimazu HPLC system
(LC-20AP, DGU-20A, CTO-20AC, SPD-M20A) to obrain chromatogram. The peak area of starting
material in each irradiation times were analyzed with Shimazu LCsolution software. The
relationships between the peak area and irradiation time was shown in Figure S2. Kinetic parameters

k and ty2 were calculated from fitted curves in the graph.

Ph standard curve
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Figure S1. Standard curve of a-ketoamide 3-24.
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Thienyl standard curve

5.00E+07
4.00E+07
y = 1164479.628 x — 2007568.042
S R = 0.987
=
% 3.00E+07
]
=
()
=
®  2.00E+07
(3]
o
1.00E+07
0.00E+00 : : : : ‘
0 10 20 30 40 50
Conc. of ketoamide [mM]
Figure S2. Standard curve of a-ketoamide 3-25.
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Figure S3. Standard curve of a-ketoamide 3-26.
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FPr standard curve
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Figure S5. Standard curve of a-ketoamide 3-28.
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2) Chromatograms and fitting curves
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Figure S6. Kinetic Analysis for the Decomposition of Manoside 3-24; A) Chromatograms on Each
Irradiation Times; B) Concentration of Starting Material on Each Irradiation Times
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Figure S7. Kinetic Analysis for the Decomposition of Manoside 3-25; A) Chromatograms on Each
Irradiation Times; B) Concentration of Starting Material on Each Irradiation Times
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Figure S8. Kinetic Analysis for the Decomposition of Manoside 3-19; A) Chromatograms on Each
Irradiation Times; B) Concentration of Starting Material on Each Irradiation Times
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Figure S9. Kinetic Analysis for the Decomposition of Manoside 3-20; A) Chromatograms on Each
Irradiation Times; B) Concentration of Starting Material on Each Irradiation Times
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3. Experimental section for ITC measurement

1) Experimental procedures

The solutions of concanavalin A (purchased from Wako Pure Chemical Industries) were prepared
by weight in the buffer A (pH 5.0 acetate buffer containing ImM MnCl> and 1mM CaCly). The
protein solution was dialyzed for 4h at 0 °C. The dialysis buffer was changed and the solution of Con
A was dialyzed for another 5h. The dialysis buffer was changed and the solution of Con A was
dialyzed overnight. Solutions of the compounds were prepared in the dialysate. Isothermal titration
calorimetry was performed with a GE MicroCal iTC 200. The obtained low data was processed using
analyzed with MicroCal Origin softwear. (Figure S11~S13)

2) Titration curves
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Figure S11. Upper panel represents ITC profiles for the titration of saccharides into a 300 pM
solution of Con A in buffer A at 25°C. Each heat burst curve is the result of a 2 pL injection from 3
mM solution of saccharides into Con A. Lower panel represents corresponding heat signals versus
molar ratio of saccharides to Con A. A) D-methylmannoside; B) 3-22
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Figure S12. Upper panel represents ITC profiles for the titration of saccharides into a 300 uM
solution of Con A in buffer A at 25°C. Each heat burst curve is the result of a 2 pL injection from 3
mM solution of saccharides into Con A. Lower panel represents corresponding heat signals versus
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Figure S13. Upper panel represents ITC profiles for the titration of saccharides into a 300 uM
solution of Con A in buffer A at 25°C. Each heat burst curve is the result of a 2 pL injection from 3
mM solution of saccharides into Con A. Lower panel represents corresponding heat signals versus
molar ratio of saccharides to Con A. A) 3-26; B) 3-27; C) 3-28.
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4. Schemes S1~S2: Preparation of substrates 3-69
Scheme S1. Preparation of substrates 3-69a, 3-69b, 3-69c, 3-69¢g, and 3-699

HOW + HoNR
o]

COMU (1.2 eq.)
N-Methylmorpholine e}

(2.0 eq.) RHN\H)J\’<
CH,Cl, (0.5 M) o

rt
S2 3-69
(2.0 eq.)
R = t-Bu* 3-69a: 51%
R = CH,(CH,),CH3 3-69b: 53%
R = CH,Ph 3-69c¢: 54%
R = CPh3 3-699: quant.
3-69h: 60%

N/\ R = H (NH,CI)

*) Reaction concentration: 0.1 M

Scheme S2. Preparation of substrates 3-69d, 3-69e, and 3-69f

o) 2)

H,N

(1.92 eq.)

O

1) (COClI), (1.07 eq.)

CH,Cl, (1 M)
DMF (a few drops)

Benzamide (1.0 eq.)
NaH (2.5 eq.)
THF (0.25 M), rt

7%

Hexanoyl chloride
(1.0 eq.)
KOtBu (2.5 eq.)

THF (0.1 M)

31%

1) Cl,CHOMe (2.0 eq.)

2) H,NOBu (1.0 eq.)
Et;N (2.0 eq.)
CH,Cl,

15%
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5. Experimental section for preparation of 3-69
1) Experimental procedures
Synthesis of 3-69g (Typical procedure for synthesis of 3-69a, 3-69b, 3-69c, 3-69g, and 3-699)
To a solution of 3,3-dimethyl-2-oxobutyric acid (S1, 133 mg, 1.02 mmol) in CH2Cl, (2 ml) was
added N-methylmorpholine (224 ul, 2.04 mmol), trityl amine (530 mg, 2.04 mmol) and COMU (525

mg, 1.23 mmol) sequentially at room temperature. The mixture was stirred for 9 h at the same

temperature before quenching with distilled water. The resulting mixture was extracted with CH2Cl»
twice. The combined organic layers were dried over MgSO4 and concentrated in vacuo. Further
purification was carried out by silica gel column chromatography to give a-ketoamides 3-69g (332

mg, 87%) as a white amorphous solid.

Synthesis of 3-69d

To a solution of 3,3-dimethyl-2-oxobutyric acid (S1, 500 mg, 3.84 mmol) in CH2Cl> (3.8 ml) was
added oxalyl chloride (0.35 ml, 4.11 mmol) and several drops of DMF. After stirring for 2 h, the
reaction mixture was evaporated in vacuo to give the corresponding acid chloride. To a solution of
benzamide (465 mg, 3.84 mmol) in THF (15 ml) was added NaH (60 % dispersion in mineral oil,
384 mg, 9.61 mmol) at 0 °C. After stirring for 30 min, freshly prepared acid chloride was added to
the reaction mixture at room temperature. Then, the reaction mixture was stirred for 2 h before
quenching with a 1 N aqueous solution of HCI. The resulting mixture was extracted with CH>Cl
twice. The combined organic layers were dried over MgSO4 and concentrated in vacuo. Further
purification was carried out by silica gel column chromatography to give 3-69d (63.0 mg, 7%) as a

white amorphous solid.

Synthesis of 3-69e

To a solution of 3,3-dimethyl-2-oxobutyramide (3-69h, 182 mg, 1.41 mmol) in THF (7 ml) was
added hexanoyl chloride (98.8 mg, 734 umol) and potassium tert-butoxide in THF (1.0 M, 1.76 ml)
at 0 °C. The mixture was stirred for 4 h at room temperature before quenching with a saturated
aqueous solution of NH4CI. The resulting mixture was extracted with EtOAc twice. The combined
organic layers were dried over MgSO4 and concentrated in vacuo. Further purification was carried
out by silica gel column chromatography to give 3-69e (52.2 mg, 31%, based on hexanoyl chloride)

as a colorless oil.
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Synthesis of 3-69f

A mixture of 3,3-dimethyl-2-oxobutyric acid (S1, 371 mg, 2.85 mmol) and dichloromethyl methyl
ether (254 pl, 2.85 mmol) was stirred for 30 min at 50 °C. The mixture was concentrated in vacuo.
To a solution of the crude acid chloride in CHxCl> (285 pul) was added
O-(1,1-dimethylethyl)-hydroxylamine hydrochloride (145 mg, 1.15 mmol) and triethylamine (398 pl,
2.85 mmol). After stirring for 30 min, distilled water and CH2Cl> were added to the reaction mixture.
The resulting mixture was extracted with CH2Cl, twice. The combined organic layers were washed
with a saturated aqueous solution of NaHCOs3, a 1 N aqueous solution of HCI, and brine. The organic
layer was dried over MgSO4 and concentrated in vacuo. Further purification was carried out by silica
gel column chromatography, preparative TLC, and gel permeation chromatography (LC-918, Japan
Analytical Industry Co.) to give 3-69f (35.0 mg, 15%) as a mixture with a small amount of some

impurities.

2) Compounds data

Compound 3-69a

T

Yield: 98.7 mg (51%), a white amorphous solid (from 137 mg of S1)

'H NMR (400 MHz, CDCls) & 1.31 (s, 9H), 1.36 (s, 9H), 6.70 (br s, 1H); *C NMR (100 MHz,
CDCls) § 26.6 (3C), 28.5 (3C), 43.0, 51.4, 159.6, 204.7; IR (cm™): 3291, 2973, 1704, 1637, 1558,

1366, 1221, 1077, 869; HRMS-ESI (m/z): [M+Na]* calcd for CioH19NNaO., 208.1314; found
208.1323.

Compound 3-69b
H O

\/\/\,N\H)K’<
O

Yield: 104 mg (53%), a colorless oil (from 119 mg of S1)

'H NMR (400 MHz, CDCl3) § 0.87 (t, J = 6.4 Hz, 3H), 1.25-1.36 (m, 6H), 1.32 (s, 9H), 1.52 (m, 2H),
3.24 (m, 2H), 6.91 (br s, 1H); *C NMR (100 MHz, CDCls) § 14.1, 22.6, 26.4 (3C), 26.7, 29.3, 31.5,
39.2, 43.1, 159.9, 203.8; IR (cm™): 3364, 2958, 2931, 2869, 2860, 1707, 1675, 1521, 1482, 1460,
1366, 1102; HRMS-ESI (m/z): [M+Na]* calcd for C12H23NNaO2, 236.1627; found 236.1624.
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Compound 3-69c
SN
N\H)J\’<
0]

Yield: 91.1 mg (54%), a colorless oil (from 100 mg of S1)

'H NMR (400 MHz, CDCl3) & 1.36 (s, 9H), 4.45 (d, J = 6.0 Hz, 2H), 7.22 (br, 1H), 7.25-7.38 (m,
5H); *C NMR (100 MHz, CDCl3) & 26.4 (3C), 43.2, 43.3, 127.9, 128.0 (2C), 129.0 (2C), 137.3,
159.7, 203.5; IR (cm™): 3388, 3315, 1705, 1676, 1516, 1497, 1481, 1456, 1365, 1097, 1077, 950;
HRMS-ESI (m/z): [M+Na]" calcd for C13H17NNaO>, 242.1157; found 242.1159.

Compound 3-69d

O O

Yield: 63.0 mg (7%), a white amorphous solid (from 500 mg of S1)

'H NMR (400 MHz, CDCls) & 1.38 (s, 9H), 7.53 (t, J = 7.8 Hz, 2H), 7.65 (tt, J = 7.8 Hz, 1.4 Hz,
1H), 7.87 (dd, J = 7.8, 1.4 Hz, 2H), 9.29 (br s, 1H); *3C NMR (100 MHz, CDCl3) § 26.4 (3C), 42.6,
128.3 (2C), 129.2 (2C), 130.9, 134.1, 165.8, 203.5 (one carbonyl carbon was not observed); IR
(cm™): 3284, 1716, 1703, 1675, 1464, 1304, 1242, 996; HRMS-ESI (m/z): [M+Na]* calcd for

C13H15NNaOs, 256.0950; found 256.0948.

Compound 3-69e

Yield: 52.2 mg (31%), a colorless oil (from 98.8 mg of hexanoyl chloride)

'H NMR (400 MHz, CDCl3) & 0.89 (t, J = 7.1 Hz, 3H), 1.29-1.36 (m, 13H), 1.66 (m, 2H), 2.67 (br t,
J = 6.9 Hz, 2H), 9.04 (br s, 1H); C NMR (100 MHz, CDCls) § 14.0, 22.5, 23.8, 26.4 (3C), 31.3,
37.3, 42.9, 174.0, 202.4 (one carbonyl carbon was not observed); IR (cm™): 3267, 2960, 2934, 1734,
1691, 1481, 1464, 1312, 1151, 1049, 998; HRMS-ESI (m/z): [M+Na]* calcd for Ci2H2:NNaOs,
250.1419; found 250.1414.
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Compound 3-69f

LRI

_N

OVH<
O

Yield: 35.0 mg (15%) including a small amount of impurity, a white amorphous solid (from 145 mg
of S1)

'H NMR (400 MHz, CDCls) & 1.29 (s, 9H), 1.33 (s, 9H), 8.72 (br s, 1H); 3C NMR (100 MHz,
CDCl3) § 26.2 (3C), 26.4 (3C), 43.5, 83.2, 158.9, 204.0; IR (cm™): 3191, 3010, 2974, 1706, 1653,
1367, 1182, 994, 885; HRMS-ESI (m/z): [M+Na]* calcd for CizHi7NNaO., 224.1263; found
224.1261.

Compound 3-69¢g
o)

Ph__N

Pty

Yield: 332 mg (87%), a white amorphous solid (from 133 mg of S1)

'H NMR (400 MHz, CDCl3) 6 1.28 (s, 9H), 7.16-7.19 (m, 6H), 7.25-7.33 (m, 9H), 8.08 (br s, 1H);
13C NMR (100 MHz, CDCls) § 26.4 (3C), 43.1, 70.6, 127.4 (3C), 128.2 (6C), 128.7 (6C), 144.0 (3C),

159.5, 204.5; IR (cm™): 3391, 3090, 2966, 1693, 1490, 1480, 1075, 908; HRMS-ESI (m/z): [M+Na]*
calcd for CosHosNNaO», 394.1783; found 394.1784.

Compound 3-69h

Hszkﬁ
@)

Yield: 122 mg (72%), a white amorphous solid (from 139 mg of S1)

'H NMR (400 MHz, CDCls) & 1.34 (s, 9H), 5.32 (br s, 1H), 6.74 (br s, 1H); 3C NMR (100 MHz,
CDCl3) § 26.3 (3C), 42.9, 162.9, 203.5; IR (cm™): 3395, 2935, 1686, 1057, 1002; HRMS-ESI (m/z):
[M+Na]" calcd for CsH11NNaO2, 152.0688 ; found 152.0689.

179



6. Experimental section for irradiation of 3-69

1) Experimental procedures

Photo-reaction of 3-69e (Typical procedure for photo-reaction of 3-69a~3-699)

A degassed 80 mM solution of 3-69e in MeOH (700 ul) was irradiated with 365 nm blue LED as
described in Figure S1. Irradiation was continued until starting material was consumed (3 h for
3-69¢). The crude material was purified with silica gel column chromatography to give

cyclopropanol 3-70e (7.4 mg, 71%) as a white amorphous solid.

2) Compounds data

Compound 3-70c

Yield: 1.6 mg (13%), a colorless oil (from 12 mg of 3-69c)

'H NMR (400 MHz, CDCl3)  0.74 (d, J = 5.5 Hz, 1H), 1.23 (s, 3H), 1.27 (s, 3H), 1.50 (d, J = 5.5 Hz,
1H), 2.60 (br s, 1H), 4.47 (d, J = 6.0 Hz, 2H), 7.13 (br s, 1H), 7.25-7.36 (m, 5H); *C NMR (100
MHz, CDCl3) 6 19.5, 21.1, 26.9, 27.9, 43.7, 63.2, 127.6, 128.0 (2C), 128.8 (2C), 138.7, 172.5; IR
(cm™): 3350, 2945, 2925, 1642, 1523, 1497, 1454, 1181; HRMS-ESI (m/z): [M+Na]* calcd for
C13H17NNaO, 242.1157; found 242.1167.

Compound 3-70d

N
O O
Yield: 3.7 mg (28%), a colorless oil (from 13.1 mg of 3-69d)
'H NMR (400 MHz, CDCls) § 0.93 (d, J = 5.5 Hz, 1H), 1.12 (s, 3H), 1.34 (s, 3H), 1.48 (m, 1H), 4.96
(brs, 1H), 7.44 (m, 2H), 7.57 (m, 1H), 7.84 (m, 2H), 9.73 (br s, 1H); 3C NMR (100 MHz, CDCl3) &
19.7, 20.5, 27.5, 29.0, 64.1, 128.0 (2C), 129.1 (2C), 132.7, 133.4, 165.9, 173.2; IR (cm™): 3373,
2945, 2914, 1734, 1465, 1445, 1227, 1112; HRMS-ESI (m/z): [M+Na]* calcd for C1sHisNNaOs,

256.0950; found 256.0956.
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Compound 3-70e

\/\/\[rN

O O
Yield: total 8.0 mg (31%), a colorless oil (from 12.7 mg of 3-69e: 2 batches)
'H NMR (400 MHz, CDCl3) 6 0.88 (t, J = 7.4 Hz, 3H), 0.89 (d, J = 5.5 Hz, 1H), 1.14 (s, 3H), 1.30 (s,
3H), 1.31-1.36 (m, 4H), 1.51 (d, J = 5.5 Hz, 1H), 1.65 (m, 2H), 2.72 (t, J = 7.4 Hz, 2H), 3.71 (br s,
1H), 9.15 (br s, 1H); *C NMR (100 MHz, CDCls) & 14.1, 19.3, 20.7, 22.5, 24.1, 28.3, 29.1, 31.4,
37.5, 63.5, 172.2, 175.3; IR (cm™): 3349, 2957, 2933, 2873, 1749, 1696, 1658, 1467, 1380, 1294,

1226, 1207, 1169; HRMS-ESI (m/z): [M+Na]" calcd for C12H21NNaOs, 250.1419; found 250.1416.

Compound 3-70a

Yield: 7.4 mg (71%), a colorless oil (from 10.4 mg of 3-69a)

'H NMR (400 MHz, CDCls) & 0.65 (d, J = 5.5 Hz, 1H), 1.16 (s, 3H), 1.25 (s, 3H), 1.36 (s, 9H), 1.41
(d, J = 5.5 Hz, 1H), 2.71 (br s, 1H), 6.65 (br s, 1H); *C NMR (100 MHz, CDCl3) 6 19.2, 21.1, 26.1,
26.8, 29.0 (3C), 51.0, 63.5, 171.6; IR (cm™):3329, 2973, 2928, 1653, 1522, 1457, 1366, 1218, 1182;
HRMS-ESI (m/z): [M+Na]" calcd for C10H19NNaO2, 208.1314; found 208.1323.

Compound 3-70g

Yield: 10.5 mg (50%), a colorless oil (from 20.8 mg of 3-69¢): 10.2 mg (49%) recovery of 3-69g

'H NMR (400 MHz, CDCls) § 0.63 (d, J = 5.1 Hz, 1H), 1.08 (s, 3H), 1.27 (s, 3H), 1.40 (d, J = 5.1 Hz,
1H), 2.62 (br s, 1H), 7.20-7.31 (m, 15H), 8.10 (br s, 1H); 13C NMR (100 MHz, CDCl3) 5 19.3, 21.1,
27.0, 27.4, 64.0, 70.3, 127.1 (3C), 128.0 (6C), 128.9 (6C), 145.1 (3C), 171.2; IR (cm™): 3388, 3087,
3056, 3021, 3007, 2945, 2869, 1663, 1490, 1451, 1285, 1247, 1213, 1185, 1112; HRMS-ESI (m/z):
[M+Na]" calcd for C2sH2sNNaO2, 394.1783; found 394.1797.
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Compound 3-70h

g
HoN

o
Yield: 6.8 mg (94%), a white amorphous solid (from 7.2 mg of 3-69h)
'H NMR (400 MHz, CDCl3) § 0.77 (d, J = 5.3 Hz, 1H), 1.22 (s, 3H), 1.29 (s, 3H), 1.48 (d, J = 5.3 Hz,
1H), 2.60 (br s, 1H), 5.50 (br s, 1H), 6.72 (br s, 1H); *C NMR (100 MHz, CDs0OD) & 19.7, 21.5,
27.3,27.7,63.0, 179.0; IR (cm™): 3440, 3382, 3202, 2987, 2945, 1624, 1420, 1319, 1187, 1117, 1101,

907; HRMS-ESI (m/z): [M+Na]* calcd for C¢H11NNaO2, 152.0688; found 152.0691.
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7. Schemes S3~S5: Preparation of substrates 3-71

Scheme S3. Preparation of substrates 3-71a, 3-71b and 3-71i

o} HBTU (1.1 eq.)
IS NaH (1.0 eq.)
HO R 0
THF (0.1M), rt
S5a or 85b NaH (1.0 eq.) Ncm)kR Oxone 2.0eq) | . _ 9
R
S DMPF:H,0 (1:1) %
Br oy NaH (1.1eq.) \ / (0.05 M) °
_/
C% THF (0.2 M), rt S7a or S7b t S8a or S8b
S6 TrNH, (1.5 eq.)
(1.1 eq.) COMU (1.5 eq.)
N-Methylmorpholine (2.0 eq.)
CH,Cl, (0.1 M), rt
O
R = C(CHj3),CH,CHj5 3-71a: 54% (in 3 steps)  TrHN %
R = C(CH3),CH,OCH,Ph  3-71b: 34% (in 3 steps) 8 R
R = 1-methylcyclohexyl 3-71h: 25% (in 3 steps) 3-71
TrNH, (1.5 eq.)
COMU (1.5€eq.)
N-Methylmorpholine (2.0 eq.)
CH,Cl, (0.1 M), rt
HBTU (1.1 eq.)
o NaH (1.1 eq.) O o
THF (0.1M), rt Nc% Oxone (2.0 eq.)
HO HO\H)J\
then NaH (2.5 eq.) S DMF:H,0 (1:1) o Q
S5i S6 (1.1eq.), rt \ / (0.05 M)
rt S8i
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Scheme S4. Preparation of substrates 3-71c, 3-71d, 3-71e, and 3-71f

Hy TBSCI (2.0 eq.)
o Pd(OH), o Imidazole (2.0 eq.) o

TrHNm)l\§ (10mol%) TrHrYk§ DMAP (0.2 eq.) TrHNm)k§
MeOH (0.1 M THF (0.1 M
o) oB ( ) o) oH ( ) o)

n rt rt
3-71b 78% 3-7T1e

OTBS

69% 3-71¢

o Ac,0 (2.0 eq.) CBry (3.0 eq.) o

TrHNTH% DMAP (0.2 eq.) PPh (3.0 eq.) TrHNTW)Kf
O o CH2C|2, rt CH2C|2, rt O

Ac
3-71d 94%

Scheme S5. Preparation of substrates 3-71g and 3-71h
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o O
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+
Br
CS—/CN
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0
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o)

R =CHj; 3-719: 14% (in 5 steps from S3)
R = CH,CH3; 3-71h: 1% (in 5 steps from S3)
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8. Experimental section for preparation of 3-71

Sulfur ylide S7 and a-ketoacid S8 were prepared by the modified method described in the
literature.®
Synthesis of 3-71a

O

TrHN
O

To a solution of 2,2-dimethyl-butanoic acid (S5a, 300 mg, 2.58 mmol) in THF (24 ml) was added
HBTU (1.08 g, 2.84 mmol) and NaH (60 % dispersion in mineral oil, 103 mg, 2.58 mmol) at 0 °C,
and the resulting mixture A was stirred for 1 h at room temperature. In a different flask, to a solution
of S6 (591 mg, 2.84 mmol) in THF (12 ml) was added NaH (60 % dispersion in mineral oil, 114 mg,
2.84 mmol) at 0 °C, and the resulting mixture B was stirred for 1 h at room temperature. Then, to the
mixture A was added the mixture B. After stirring for 10 min, NaH (60 % dispersion in mineral oil,
103 mg, 2.58 mmol) was added furthermore. After stirring at room temperature for 7 h, the reaction
was quenched with distilled water. The reaction mixture was concentrated in vacuo to remove THF,
and the resulting residue was extracted with CH2Cl, twice. The combined organic layers were
washed with a saturated aqueous solution of NH4Cl, dried over MgSOs, and concentrated in vacuo.
Further purification was carried out by silica gel column chromatography to give sulfur ylide S7a
(637.4 mg) as a mixture with some impurities.

To a solution of S7a in DMF-H2O (v/v = 1:1, 51 ml) was added Oxone (3.18 g, 5.17 mmol) at
room temperature. After stirring for 3 h, a 1 N aqueous solution of HCI and EtOAc were added. The
organic layer was separated and washed with a 1 N aqueous solution of HCI. The combined aqueous
layers were extracted with EtOAc. The combined organic layers were washed with brine, dried over
MgSOs, and concentrated in vacuo to give a mixture containing S8 (yield calculated by NMR: 267
mg, 1.91 mmol). The resulting residue was used for the next step without further purification.

To a solution of crude S8a in CH2Cl> (20 ml) was added N-methylmorpholine (420 ul, 3.82 mmol),
trityl amine (991 mg, 3.82 mmol), and COMU (982 mg, 2.29 mmol) sequentially at room
temperature. The mixture was stirred for 10 h at the same temperature before quenching with
distilled water. The resulting mixture was extracted with CH.Cl. twice. The combined organic layers
were dried over MgSO4 and concentrated in vacuo. Further purification was carried out by silica gel
column chromatography to give a-ketoamide 3-71a (539.3 mg, 54% in 3 steps) as a white

amorphous solid.

3 Ju, L.; Lippert, A. R.; Bode, J. W., J. Am. Chem. Soc. 2008, 130, 4253-4255
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'H NMR (400 MHz, CDCl3) & 0.76 (t, J = 7.6 Hz, 3H), 1.23 (s, 6H), 1.83 (g, J = 7.6 Hz, 2H),
7.16-7.20 (m, 6H), 7.24-7.33 (m, 9H), 8.11 (br s, 1H); 3C NMR (100 MHz, CDCls) & 9.46, 24.0
(2C), 32.3, 47.2, 70.6, 127.4 (3C), 128.2 (6C), 128.7 (6C), 144.1 (3C), 159.5, 204.8; IR (cm™): 3391,
3087, 3052, 3021, 2966, 2925, 2873, 1692, 1490, 1473, 1448, 1077; HRMS-ESI (m/z): [M+Na]*
calcd for C26H27NNaO2, 408.1940; found 408.1941.

Synthesis of 3-71b

@)

TrHN TH%
o

OBn

a-Ketoamide 3-71b was prepared by the similar procedure with preparation of 3-71a as described
above. Yield: 417 mg (34% in 3 steps), a white amorphous solid (3.05 g of S3b was converted to
1.38 g of S8b. Among them, 229 mg of S8b was converted to 3-71b.)

'H NMR (400 MHz, CDCls) § 1.26 (S, 6H), 3.79 (s, 2H), 4.43 (s, 2H), 7.16-7.20 (m, 6H), 7.22-7.33
(m, 9H), 8.12 (br s, 1H); 1*C NMR (100 MHz, CDCls) § 22.5 (2C), 48.0, 70.4, 73.2, 77.4, 127.3 (2C),
127.4 (3C), 127.6, 128.2 (6C), 128.4 (2C), 128.7 (6C), 138.3, 144.1 (3C), 159.5, 202.6; IR (cm™):
3395, 3087, 3059, 3025, 2973, 2925, 2862, 1694, 1590, 1490, 1444, 1379, 1365, 1313, 1206, 1154,
1095, 1074, 1026, 1002, 946, 898, 812, 801, 748, 697, 626; HRMS-ESI (m/z): [M+Na]* calcd for
Cs2H3:NNaO3, 500.2202; found 500.2207.

Synthesis of 3-71c

O

TrHN ng
o

OTBS

To a solution of 3-71e (31.1 mg, 80.3 umol) in THF (0.58 ml) was added TBSCI (2.43 mg, 161
pmol), imidazole (11.0 mg, 161 pmol), and DMAP (2.0 mg, 16.1 pmol) sequentially at room
temperature. After stirring for 9 h, the solvent was removed in vacuo. The residue was purified by
silica gel column chromatography to give 3-71c (28.0 mg, 69%) as a white amorphous solid.

'H NMR (400 MHz, CDCls3) § -0.01 (s, 6H), 0.83 (s, 9H), 1.21 (s, 6H), 3.94 (s, 2H), 7.16-7.20 (m,
6H), 7.23-7.32 (m, 9H), 8.09 (br s, 1H); *C NMR (100 MHz, CDCls) § -5.42 (2C), 18.3, 21.8 (2C),
26.0 (3C), 49.4, 70.3, 70.5, 127.4 (3C), 128.2 (6C), 128.8 (6C), 144.1 (3C), 159.5, 202.8; IR (cm™):
3391, 2956, 2925, 1696, 1490, 1473, 1448, 1099, 1071, 836; HRMS-ESI (m/z): [M+Na]" calcd for
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C31H39NNaOsSi, 524.2597; found 524.25909.
Synthesis of 3-71d

O

TrHNTHKg
o

OAc

To a solution of 3-71e (26.9 mg, 69.4 umol) in CH2Cl. (0.43 ml) was added Ac20 (13.1 pL, 139

pmol) and DMAP (1.7 mg, 13.9 umol) at room temperature. After stirring for 9 h, the mixture was
concentrated in vacuo. Further purification was carried out by silica gel column chromatography to
give 3-71d (28.1 mg, 94%) as a white amorphous solid.
'H NMR (400 MHz, CDCls3) & 1.28 (s, 6H), 2.00 (s, 3H), 4.39 (s, 2H), 7.16-7.19 (m, 6H), 7.25-7.33
(m, 9H), 8.12 (br s, 1H); 1*C NMR (100 MHz, CDCls) § 20.9, 22.1 (2C), 46.8, 70.7, 77.4, 127.5 (3C),
128.3 (6C), 128.7 (6C), 144.0 (3C), 159.0, 170.7, 201.4; IR (cm™): 3395, 3056, 3021, 2921, 1743,
1694, 1489, 1475, 1448, 1237, 1074, 1035; HRMS-ESI (m/z): [M+Na]* calcd for C27H27NNaOs,
452.1838; found 452.1839.

Synthesis of 3-71e

O

TrHN ng
0

OH

To a solution of 3-71b (1.91 g, 4.00 mmol) in MeOH (300 ml) was added Pd(OH)./C (Aldrich

212911, 56 mg) at room temperature. The mixture was stirred under hydrogen atmosphere for 3.5 h.
Then, Pd(OH)2/C (Aldrich 212911, 112 mg) was added furthermore. After stirring under hydrogen
atmosphere for additional 2 h, the reaction mixture was filtered through Celite® and concentrated in
vacuo. Further purification was carried out by silica gel column chromatography to give 3-71e (1.20
g, 78%) as a white amorphous solid.
'H NMR (400 MHz, CDCl3) & 1.25 (s, 6H), 2.86 (br s, 1H), 3.70 (br s, 2H), 7.15-7.20 (m, 6H),
7.26-7.34 (m, 9H), 8.09 (br s, 1H); *C NMR (100 MHz, CDCls) § 21.7 (2C), 49.1, 69.3, 70.9, 127.6
(3C), 128.3 (6C), 128.7 (6C), 143.8 (3C), 160.6, 203.4; IR (cm™): 3391, 3084, 3059, 3018, 2973,
2935, 2873, 1690, 1491, 1472, 1448, 1213, 1185, 1161, 1073, 1036; HRMS-ESI (m/z): [M+Na]"
calcd for C2sH2sNNaOs, 410.1732; found 410.1725.
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Synthesis of 3-71f

O

TrHN W
o

Br

To a solution of 3-71e (100 mg, 258 pmol) in CH2Cl, (5 ml) was added CBr4 (257 mg, 774 pmol)

and PPh3 (203 mg, 774 pmol) at room temperature. After stirring for 1.5 h, the solvent was removed
in vacuo. The residue was purified by silica gel column chromatography to give 3-71f (71.0 mg,
61%) as a white amorphous solid.
'H NMR (400 MHz, CDCls) & 1.38 (s, 6H), 3.86 (s, 2H), 7.18-7.22 (m, 6H), 7.27-7.35 (m, 9H), 8.17
(br s, 1H); 3C NMR (100 MHz, CDCls) § 24.1 (2C), 40.5, 48.3, 70.7, 127.5 (3C), 128.3 (6C), 128.8
(6C), 143.9 (3C), 158.4, 200.4; IR (cm™): 3392, 3053, 3025, 2974, 1695, 1490, 1471, 1447, 1423,
1250, 1068; HRMS-ESI (m/z): [M+Na]* calcd for C2sH24BrNNaO2, 472.0888 and 474.0868; found
472.0884 and 474.0865.

Synthesis of 3-71g

O

TrHN
O

Carcoxylic acid S5g was prepared according to the literature procedure from ethyl isovalerate
(1.66 ml, 11.1 mmol).*®

To a solution of the crude S5¢g (approx. 6.32 mmol) in THF (77 ml) was added HBTU (2.64 g,
6.95 mmol) and NaH (60 % dispersion in mineral oil, 278 mg, 6.95 mmol) at 0 °C. After stirring for
30 min at room temperature, S6 and NaH (60 % dispersion in mineral oil, 623 mg, 15.8 mmol) was
added to the reaction reaction mixture at 0 °C. After strring for 2 h, the reaction was quenched with
distilled water. The resulting mixture was extracted with EtOAc twice. The combined organic layers
were washed with brine, dried over MgSOa, and concentrated in vacuo. Further purification was
carried out by silica gel column chromatography to give sulfur ylide S7g (698.2 mg) as a mixture
with some impurities.

To a solution of the crude ylide S7g (698.2 mg) in DMF-H20 (v/v = 1:1, 58 ml) was added Oxone
(3.59 g, 5.83 mmol) at room temperature. After stirring for overnight, a 1 N aqueous solution of HCI

and EtOAc were added to the reaction mixture. The organic layer was separated and washed with a 1

4 Hickey, E. R.; Liu, W.; Sun, S.; Ward, Y. D.; Young, E. R. R. US20040180886A1, 2004.
5 Giri, R.; Lan, Y.; Liu, P.; Houk, N. K;; Yu, J. -Q. J. Am. Chem. Soc. 2012, 154, 14118—26.
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N aqueous solution of HCI twice. The combined aqueous layers were extracted with EtOAc. The
combined organic layers were washed with brine, dried over MgSQOa, and concentrated in vacuo to
give a mixture containing S8g (yield calculated by NMR: 190 mg, 1.2 mmol). The resulting residue
was used for the next step without further purification.

To a solution of crude a-ketoacid (S8g, 190 mg, 1.20 mmol) in CH2Cl> (12 ml) was added

N-methylmorpholine (264 ul, 2.40 mmol), trityl amine (622 mg, 2.40 mmol), and COMU (617 mg,
1.44 mmol) sequentially at room temperature. The mixture was stirred for 5 h at the same
temperature before quenching with a distilled water. The resulting mixture was extracted with
CH2Cl> twice. The combined organic layers were dried over MgSO4 and concentrated in vacuo.
Further purification was carried out by silica gel column chromatography to give a-ketoamides 3-71g
(311.6 mg, 14% in 5 steps) as a white amorphous solid.
'H NMR (400 MHz, CDCls) § 0.78 (d, J = 6.9 Hz, 6H), 1.14 (s, 6H), 2.68 (septet, J = 6.9 Hz, 1H),
7.16-7.20 (m, 6H), 7.24-7.33 (m, 9H), 8.18 (br s, 1H); *C NMR (100 MHz, CDCl3) & 17.8 (2C),
20.3 (2C), 32.5, 50.2, 70.5, 127.4 (3C), 128.2 (6C), 128.7 (6C), 144.1 (3C), 159.4, 204.9; IR (cm™):
3388, 3087, 3059, 3025, 2959, 2873, 1693, 1489, 1448, 1393, 1379, 1075; HRMS-ESI (m/z):
[M+Na]" calcd for C27H20NNaO2, 422.2096; found 422.2102.

Compound 3-71i
@)

TrHN
0]

To a solution of 1-methyl-1-cyclohexanecarboxylic acid (S5i, 800 mg, 5.63 mmol) in THF (68 ml)
was added HBTU (2.35 g, 6.20 mmol) and NaH (60 % dispersion in mineral oil, 248 mg, 6.20 mmol)
at room temperature. After stirring for 1 h, S6 (1.76 g, 8.44 mmol) and NaH (60 % dispersion in
mineral oil, 564 mg, 14.1 mmol) were added at room temperature. After stirring for 12 h, the reaction
was quenched with distilled water. The reaction mixture was concentrated in vacuo to remove THF,
and the resulting residue was extracted with EtOAc twice. The combined organic layers were washed
with brine, dried over MgSOg4, and concentrated in vacuo. Further purification was carried out by
silica gel column chromatography to give sulfur ylide S7i (2.32 g) as a mixture with impurities.

To a solution of S7i (1.50 g) in DMF-H20 (v/v = 1:1, 73 ml) was added Oxone (4.47 g, 7.28
mmol) at room temperature. After stirring for overnight, a 1 N aqueous solution of HCI and EtOAc
were added. The organic layer was separated and washed with a 1 N aqueous solution of HCI. The
combined aqueous layers were extracted with EtOAc twice. The combined organic layers were

washed with brine, dried over MgSOs4, and concentrated in vacuo to give a mixture containing S8h
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(1.38 ). The resulting residue was used for the next step without further purification.

To a solution of crude S8i (798 mg) in CH.Cl, (25 ml) was added N-methylmorpholine (473 pl,

4.20 mmol), trityl amine (1.09 g, 4.20 mmol), and COMU (1.08 g, 2.52 mmol) sequentially at room
temperature. The mixture was stirred for 5.5 h at the same temperature before quenching with
distilled water. The resulting mixture was extracted with CHCl, twice. The combined organic layers
were dried over MgSO4 and concentrated in vacuo. Further purification was carried out by silica gel
column chromatography to give a-ketoamide 3-71i (216 mg, 25% in 3 steps) as a white amorphous
solid.
'H NMR (400 MHz, CDCls) § 1.29-1.61 (m, 8H), 1.31 (s, 3H), 2.17-2.24 (m, 2H), 7.17-7.21 (m, 6H),
7.25-7.34 (m, 9H), 8.06 (br s, 1H); *3C NMR (100 MHz, CDCls3) § 23.1 (2C), 24.3, 26.1, 34.8 (20),
47.5,70.6, 127.4 (3C), 128.2 (6C), 128.7 (6C), 144.1 (3C), 159.9, 205.1; IR (cm™): 3391, 3021, 2933,
2855, 1690, 1490, 1448, 1071; HRMS-ESI (m/z): [M+Na]" calcd for C2sH29NNaO3, 434.2096; found
434.2099.
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9. Experimental section for Irradiation of 3-71

1) Experimental procedures

Photo-reaction of 3-71a (Typical procedure for photo-reaction of 3-71a~3-71i)

A degassed 80 mM solution of 3-71a in 2-BuOH (700 ul) was irradiated with blue LED as
described in Figure S1. Irradiation was continued until starting material was consumed (12 h for
3-71a). After the mixture was concentrated in vacuo, “NMR yield” of the desired cyclopropanol was
calculated by *H NMR spectrum of the crude material using CH2Br, as an internal standard. The
residue was purified with silica gel column chromatography to give cyclopropanol syn-3-75a (17 mg,
80%) and anti-3-75a (3.7 mg, 17%).

2) Compounds data

Compound syn-3-75a

HO,
TrHN Mo

@) H
Yield: 17.3 mg (80%), a colorless oil (from 21.6 mg of 3-71a)
'H NMR (400 MHz, CDCls) 6 0.96 (d, J = 6.4 Hz, 3H), 1.065 (s, 3H), 1.069 (s, 3H), 1.52 (g, J = 6.4
Hz, 1H), 2.21 (br s, 1H), 7.19-7.30 (m, 15H), 8.10 (br s, 1H); 3C NMR (100 MHz, CDCl5) & 6.84,
14.9, 20.9, 26.6, 28.4, 64.3, 70.4, 127.1 (3C), 128.0 (6C), 128.9 (6C), 145.2 (3C), 171.5; IR (cm™):
3405, 3059, 3025, 2980, 2942, 1714, 1700, 1659, 1597, 1491, 1447, 1204, 1182, 949; HRMS-ESI
(m/z): [M+Na]" calcd for C26H27NNaO2, 408.1940; found 408.1948.

Compound anti-3-75a

HO,
TrHN i

@) Me
Yield: 3.7 mg (17%), a colorless oil (from 21.6 mg of 3-71a)
'H NMR (400 MHz, C¢Ds) & 0.73 (q, J = 6.4 Hz, 1H), 1.10 (s, 3H), 1.21 (d, J = 6.4 Hz 3H), 1.23 (s,
3H), 7.02 (m, 3H), 7.09 (m, 6H), 7.40 (m, 6H), 8.23 (br s, 1H); 3C NMR (100 MHz, CDCls) & 7.95,
14.8, 22.9, 30.1, 35.4, 63.8, 70.4, 127.0 (3C), 128.0 (6C), 128.9 (6C), 145.3 (3C), 170.8; IR (cm™):
3384, 3056, 2949, 2921, 1662, 1490, 1447, 1220, 1165, 1116, 1099, 1081; HRMS-ESI (m/z):
[M+Na]" calcd for C2sH27NNaO2, 408.1940; found 408.1937.
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Compound syn-3-75b

HO,
TrHN .1OBn

O H
Yield: 23.5 mg (88%), a colorless oil (from 26.8 mg of 3-71b)
'H NMR (400 MHz, CDCl3) § 1.11 (s, 3H), 1.15 (s, 3H), 2.33 (br, 1H), 3.58 (s, 1H), 4.51 (d, J = 11.5,
1H), 4.66 (d, J = 11.5, 1H), 7.14-7.40 (m, 15H), 7.94 (br s, 1H); 3C NMR (100 MHz, CDCls) & 14.1,
18.7, 29.8, 61.7, 66.6, 70.3, 73.9, 127.1 (3C), 128.0 (6C), 128.6, 128.8 (2C), 128.9 (6C), 129.0 (2C),
137.2, 145.1 (3C), 169.7; IR (cm™): 3409, 3059, 3021, 3007, 2921, 2866, 1684, 1490, 1448, 1230,
1216, 1178, 1154, 1095, 1078, 1029; HRMS-ESI (m/z): [M+Na]" calcd for, C32H3:NNaO3s, 500.2202;

found 500.2202.

Compound anti-3-75b

HO,
TrHN A<y

O OBn
Yield: 3.2 mg (12%), a colorless oil (from 26.8 mg of 3-71b)
'H NMR (400 MHz, CDCl3) & 1.17 (s, 3H), 1.18 (s, 3H), 3.46 (s, 1H), 4.58 (s, 2H), 7.09-7.33 (m,
15H), 8.25 (br s, 1H); **C NMR (100 MHz, CDCls3) & 14.7, 19.4, 29.6, 63.1, 70.6, 70.9, 74.5, 127.1
(3C), 128.0 (6C), 128.1, 128.6 (2C), 128.70 (6C), 128.76 (2C), 136.2, 144.6 (3C), 171.0; IR (cm™):
3333, 3059, 3025, 2928, 2866, 1666, 1524, 1496, 1448, 1271, 1237, 1213, 1192, 1171, 1119, 1095;

HRMS-ESI (m/z): [M+Na]" calcd for, C32H31NNaOs, 500.2202; found 500.2197.

Compound syn-3-75c¢

HO,
TrHN OTBS

@) H
Yield: 19.1 mg (68%), a colorless oil (from 28.1 mg of 3-71c)
'H NMR (400 MHz, CDCls) § 0.10 (s, 3H), 0.11 (s, 3H), 0.91 (s, 9H), 1.07 (s, 3H), 1.12 (s, 3H), 2.62
(s, 1H), 3.59 (s, 1H), 7.20-7.32 (m, 15H), 8.08 (s, 1H); *C NMR (100 MHz, CDCls) § -5.02, -4.89,
14.0, 18.3, 18.4, 25.9 (3C), 29.4, 60.67, 60.70, 70.3, 127.0 (3C), 128.0 (6C), 128.9 (6C), 145.2 (3C),
169.9; IR (cm™): 3519, 3416, 3059, 3021, 2949, 2925, 2852, 1676, 1491, 1472, 1447, 1254, 1150;
HRMS-ESI (m/z): [M+Na]" calcd for, C31H3sNNaOsSi, 524.2597; found 524.2599.
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Compound anti-3-75¢

HO,
TrHN by

O OTBS

Yield: 3.1 mg (11%), a colorless oil (from 28.1 mg of 3-71c)

'H NMR (400 MHz, CDCls) & -0.01 (s, 3H), 0.03 (s, 3H), 0.84 (s, 9H), 1.15 (s, 3H), 1.20 (s, 3H),
1.86 (br, 1H), 3.51 (s, 1H), 7.20-7.31 (m, 15H), 8.13 (s, 1H); 3C NMR (100 MHz, CDCl3) & -5.42,
-4.72, 14.9, 18.7, 19.1, 25.8 (3C), 29.2, 62.6, 66.1, 70.9, 127.0 (3C), 128.0 (6C), 128.9 (6C), 144.6
(3C), 171.8; IR (cm™): 3322, 3059, 3021, 2956, 2925, 2855, 1669, 1521, 1507, 1491, 1472, 1448,
1254, 1146, 1095; HRMS-ESI (m/z): [M+Na]® calcd for, C3iH3sNNaOsSi, 524.2597; found
524.2593.

Compound syn-3-75d

HO,
TrHN OAG

@] H
Yield: 1.2 mg (4%), a colorless oil (from 24.1 mg of 3-71d)
'H NMR (400 MHz, CDCl3) & 1.14 (s, 3H), 1.15 (s, 3H), 2.12 (s, 3H), 2.71 (s, 1H), 4.11 (s, 1H),
7.19-7.31 (m, 15H), 8.05 (s, 1H); **C NMR (100 MHz, CDCls) & 14.1, 18.2, 20.7, 29.1, 61.8, 62.0,
70.5, 127.2 (3C), 128.1 (6C), 128.9 (6C), 144.9 (3C), 169.2, 171.6; IR (cm™): 3404, 3056, 3021,
2952, 2919, 2849, 1734, 1669, 1490, 1447, 1369, 1231, 1185, 1079; HRMS-ESI (m/z): [M+Na]*
calcd for, Co7H27NNaO4, 452.1838; found 1832.

Compound 3-66d

OAc

HQ oy
TrHN

(e H

Yield: 19.3 mg (80%), a colorless oil (from 24.1 mg of 3-71d)

'H NMR (400 MHz, CDCl3) § 0.72 (d, J = 5.5 Hz, 1H), 1.29 (s, 3H), 1.54 (d, J = 5.5 Hz, 1H), 2.05 (s,
3H), 3.98 (d, J = 11.5 Hz, 1H), 4.35 (d, J = 11.5 Hz, 1H), 7.17-7.29 (m, 15H), 8.20 (br s, 1H); *C
NMR (100 MHz, CDCl3) 6 16.7, 21.2, 25.3, 29.9, 62.3, 66.0, 70.4, 127.2 (3C), 128.1 (6C), 128.8
(6C), 144.9 (3C), 170.5, 171.1; IR (cm™): 3398, 3056, 3018, 2928, 1734, 1718, 1663, 1507, 1491,
1448, 1235, 1190, 1027; HRMS-ESI (m/z): [M+Na]* calcd for, C27H27NNaQa, 452.1838; found
452.1833.
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Compound 3-77

OH

TrHN 7‘)\6
() X

o

Yield: 11.6 mg (53%), a colorless oil (from 21.7 mg of 3-71e)
'H NMR (400 MHz, CDCl3) § 1.01 (s, 3H), 1.14 (s, 3H), 3.39 (d, J = 5.5 Hz, 1H), 4.36 (d, J = 5.5 Hz,
1H), 7.20-7.32 (m, 15H), 8.02 (br s, 1H), 9.41 (s, 1H); 3C NMR (100 MHz, CDCls) § 17.2, 18.8,
50.7, 70.5, 74.3, 127.3 (3C), 128.1 (6C), 128.7 (6C), 144.5 (3C), 170.2, 205.4; IR (cm™): 3371, 3056,
3021, 2980, 1718, 1668, 1507, 1491, 1448, 1217, 1087; HRMS-ESI (m/z): [M+Na]* calcd for,
C2sH2sNNaO3, 410.1732; found 410.1737.
Compound 3-78

O

TrHN)W
o)

Yield: 2.3 mg (11%), a colorless oil (from 25.2 mg of 3-71f)

'H NMR (400 MHz, CDCls) 6 2.00 (s, 3H), 2.27 (s, 3H), 7.11 (s, 1H), 7.18-7.22 (m, 6H), 7.26-7.33
(m, 9H), 8.53 (br s, 1H); *C NMR (100 MHz, CDCls) § 21.9, 28.9, 70.4, 117.2, 127.4 (3C), 128.2
(6C), 128.8 (6C), 144.1 (3C), 161.1, 165.5, 186.0; IR (cm™): 3381, 3056, 3021, 2918, 1670, 1672,
1613, 1490, 1446, 1378, 1209, 1118, 1057, 1034; HRMS-ESI (m/z): [M+Na]" calcd for,
CasH23NNaO3, 392.1627; found 392.16109.

Compound 3-75¢g

HO
TrHN

O
Yield: 17.9 mg (80%), a colorless oil (from 22.4 mg of 3-71Q)
'H NMR (400 MHz, CDCls) §1.14 (s, 6H), 1.16 (s, 6H), 2.30 (s, 1H), 7.20-7.31 (m, 15H), 8.23 (br s,
1H); $3C NMR (100 MHz, CDCls) § 17.25 (2C), 17.34 (2C), 31.2 (2C), 64.4, 70.4, 127.0 (3C), 128.0
(6C), 128.9 (6C), 145.4 (3C), 171.2; IR (cm™): 3405, 3056, 3021, 3007, 2942, 2918, 1669, 1490,
1448, 1258, 1237, 1213, 1195, 1137, 1102; HRMS-ESI (m/z): [M+Na]* calcd for, C27H20NNaO-,
422.2096; found 422.2087.
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Compound 3-75i

HO,
TrHN -

(o
HMBC

Yield: 11.6 mg (50%), a colorless oil (from 23.1 mg of 3-71i); Diastereoisomer of 3-75h was not
detected.

'H NMR (400 MHz, CDCls) & 1.12 (s, 3H), 1.24-1.45 (m, 5H), 1.60 (m, 1H), 1.64 (dd, J = 8.5, 2.1
Hz, 1H), 1.82-1.98 (m, 2H), 2.32 (br s, 1H), 7.18-7.38 (m, 15H), 8.14 (br s, 1H); ¥*C NMR (100
MHz, CDCls) 6 18.0, 21.1, 21.6, 22.3, 25.5, 26.6, 26.9, 64.8, 70.4, 127.1 (3C), 128.0 (6C), 128.9
(6C), 145.2 (3C), 171.5; IR (cm™): 3402, 2928, 2852, 2254, 1659, 1490, 1447, 1218, 1254, 1216;
HRMS-ESI (m/z): [M+Na]" calcd for, C2sH20NNaO>, 434.2096; found 434.2090.

Compound 3-75i

HO
TrHN

o)
Yield: 2.7 mg (12%), a colorless oil (from 23.1 mg of 3-71i)
'H NMR (400 MHz, CDCls) § 0.65 (d, J = 5.1 Hz, 1H), 1.33-1.69 (m, 10H), 1.41 (d, J = 5.1 Hz, 1H),
2.42 (brs, 1H), 7.19-7.34 (m, 15H), 8.11 (br s, 1H); 3C NMR (100 MHz, CDCls) & 25.8, 26.3, 26.4,
26.6, 28.7, 31.4, 34.5, 64.1, 70.3, 127.1 (3C), 128.0 (6C), 128.9 (6C), 145.1 (3C), 171.2; IR (cm™):
3388, 2926, 2852, 1633, 1491, 1447, 1227, 1217, 1182, 1171; HRMS-ESI (m/z): [M+Na]" calcd for,
C2sH20NNaO3, 434.2096; found 434.2085.
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Chapter 4

1. Scheme S1: Preparation of Substrates 4-2
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2. Experimental Section for Preparation of 4-2
1) Experimental Procedures
Synthesis of 4-2f (Typical procedure for synthesis of 4-2b, 4-2c, 4-2d, 4-2e, and 4-2f)
To a solution of 3-methyl-2-oxo-butanoic acid sodium salt (1.03 g, 7.47 mmol) in THF (9.8 ml)

were added a,a-dimethoxy benzenemethanol (2.05 g, 15.0 mmol) and pyridine (1.55 ml, 18.7 mmol).
The mixture was cooled to 0 °C, and methanesulfonyl chloride (700 ul, 8.97 mmol) was added. The
reaction mixture was stirred for 25 min at room temperature before quenching with distilled water at
0 °C. The resulting mixture was extracted with diethylether twice. The combined organic layers were
washed with brine, dried over MgSQOs, and concentrated in vacuo. Further purification was carried

out by silica gel column chromatography to give 4-2f (699.7 mg, 40%) as a colorless oil.

Synthesis of 4-2g (Typical procedure for synthesis of 4-2a and 4-29)

To a solution of NaH (60 % dispersion in mineral oil, 105 mg, 9.61 mmol) in diethylether (9.5 ml)
was added a,a-dimethyl benzenemethanol (3.04 g, 22.3 mmol) at 0 °C. After stirring for 40 min at
room temperature, trichloroacetonitrile (2.0 ml, 20.0 mmol) was added at 0 °C. The reaction mixture
was stirred for 3 h at room temperature and concentrated in vacuo. Hexane (2.5 ml) and MeOH (0.1
ml) were added to the resulting residue. The mixture was filtered through Celite® and concentrated in
vacuo to give S9° (4.85 g, 78%).

To a solution of S9 (1.11 g, 3.94 mmol) in CH2Cl> (4.9 ml) was added 2-oxobutanoic acid (208.4
mg, 2.04 mmol), and the mixture was stirred for 10 h. The reaction mixture was filtered through
Celite® and concentrated in vacuo. The residue was purified by silica gel column chromatography to

give 4-29 (142.7 mg, 32%) as a colorless oil.

2) Compounds Data

Compound 4-2a

o}
>‘)H(O
O
Yield: 129.6 mg (27%), a colorless oil (from 250 mg of 3,3-dimethyl-2-oxobutanoic acid)

IH NMR (400 MHz, CDCls) & 1.23 (s, 9H), 1.87 (s, 6H), 7.29 (m, 1H), 7.36 (m, 2H), 7.41 (m, 2H):
13C NMR (100 MHz, CDCls) § 25.9 (3C), 28.5 (2C), 42.7, 84.9, 124.5 (2C), 127.6, 128.5 (2C), 144.5,

4, a) Yue, C; Thierry, J.; Potier, P. Tetrahedron lett. 1993, 34, 323; b) Virta, P.; Karskela, M.; Lénnberg,
H. J. Org. Chem. 2006, 71, 1989.
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163.1, 202.1; IR (cm™): 2976, 1734, 1712, 1300, 1244, 1140, 1050, 999; HRMS-ESI (m/z): [M+Na]*
calcd for C1sH20NaOs, 271.1310; found 271.1306.

Compound 4-2b

>y

IO

Yield: 110.8 mg (31%), a colorless oil (from 200 mg of 3,3-dimethyl-2-oxobutanoic acid)

'H NMR (400 MHz, CDCls) & 1.18 (s, 9H), 3.03 (t, J = 7.4 Hz, 2H), 4.47 (t, J = 7.4 Hz, 2H),
7.22-7.25 (m, 3H), 7.31 (m, 2H); **C NMR (100 MHz, CDCls) & 25.7 (3C), 35.0, 42.7, 66.1, 127.0,
128.8 (2C), 129.0 (2C), 137.1, 163.9, 202.1; IR (cm™): 2969, 1737, 1719, 1290, 1238, 1052, 1008;

HRMS-ESI (m/z): [M+Na]" calcd for C14H18NaOs, 257.1154; found 257.1150.

Compound 4-2c

0
O
Yield: 92.5 mg (50%), a colorless oil (from 94.2 mg of 3,3-dimethyl-2-oxobutanoic acid)
'H NMR (400 MHz, CDCl3) & 1.21 (s, 9H), 1.64 (d, J = 6.5 Hz, 3H), 6.03 (g, J = 6.5 Hz, 1H),
7.29-7.40 (m, 5H); 3C NMR (100 MHz, CDCls) & 22.1, 25.8 (3C), 42.9, 74.4, 126.4 (2C), 128.5,

128.8 (2C), 140.4, 163.5, 202.2; IR (cm™): 2976, 1734, 1721, 1286, 1240, 1048, 1004; HRMS-ESI
(m/z): [M+Na]" calcd for C14H1gsNaOs, 257.1154; found 257.1153.

Compound 4-2d

O
o)
e
Yield: 325.5 mg (18%), a pale yellow oil (from 996.9 mg of a-0x0-benzeneacetic acid)
'H NMR (400 MHz, CDCl3) 8 1.95 (s, 6H), 7.31 (m, 1H), 7.39 (m, 2H), 7.49 (m, 4H), 7.64 (m, 1H),
7.94 (m, 2H); *C NMR (100 MHz, CDCls) & 28.6 (2C), 85.4, 124.5 (2C), 127.7, 128.6 (2C), 129.0

(2C), 130.1 (2C), 132.5, 134.9, 144.5, 163.0, 186.5; IR (cm™): 3056, 2963, 1738, 1686, 1593, 1451,
1213, 1178; HRMS-ESI (m/z): [M+Na]" calcd for C17H16NaOs, 291.0997; found 291.0995.

198



Compound 4-2e

0
S o)
\_/ 4
Yield: 71.0 mg (36%), a pale yellow oil (from 103.8 mg of a-oxo-2-thiopheneacetic acid)

IH NMR (400 MHz, CDCls) & 1.94 (s, 6H), 7.16 (m, 1H), 7.29 (m, 1H), 7.37 (t, J = 7.4 Hz, 2H),
7.45 (br d, J = 7.4 Hz, 2H), 7.78 (br d, J = 4.6 Hz, 1H), 7.98 (br d, J = 3.7 Hz, 1H); 3C NMR (100
MHz, CDCls) § 28.6 (2C), 85.5, 124.5 (2C), 127.7, 128.6 (2C), 128.7, 137.1, 137.2, 139.3, 144.4,
160.8, 177.3; IR (cm™): 1730, 1663, 1410, 1209, 1136, 1056; HRMS-ESI (m/z): [M+Na]* calcd for
C1sH14NaOsS, 297.0561; found 297.0563.

Compound 4-2f
0
O
Yield: 699.7 mg (40%), a colorless oil (from 1.03 g of 3-methyl-2-oxo0-butanoic acid sodium salt)
'H NMR (400 MHz, CDCls) § 1.13 (d, J = 6.9 Hz, 6H), 1.87 (s, 6H), 3.18 (septet, J = 6.9 Hz, 1H),
7.28 (m, 1H), 7.33-7.42 (m, 4H); 3C NMR (100 MHz, CDCls3) § 17.1 (2C), 28.4 (2C), 36.9, 84.8,

124.5 (2C), 127.6, 128.6 (2C), 144.5, 161.3, 198.9; IR (cm™): 2976, 1726, 1273, 1140, 1028;
HRMS-ESI (m/z): [M+Na]" calcd for C14H18NaOs, 257.1154; found 257.1158.

Compound 4-2g

0
\)S(O
O
Yield: 142.7 mg (32%), a colorless oil (from 208.4 mg of 2-oxo-butanoic acid)

'H NMR (400 MHz, CDCls) § 1.11 (t, J = 7.2 Hz, 3H), 1.87 (s, 6H), 2.80 (q, J = 7.2 Hz, 2H) 7.29 (m,
1H), 7.33-7.42 (m, 4H); *C NMR (100 MHz, CDCls) & 7.07, 28.4 (2C), 32.7, 84.7, 124.4 (2C),
127.6, 128.6 (2C), 144.5, 160.4, 195.9; IR (cm™): 2980, 1725, 1272, 1139, 1096, 1031; HRMS-ESI
(m/z): [M+Na]" calcd for C13H1s6NaOs, 243.0997; found 243.1000.
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3. Experimental Section for Irradiation of 4-2 in MeOH

1) Experimental Procedures

Photo-reaction of 4-2f (Typical procedure for photo-reaction of 4-2a~4-2q)

A degassed 80 mM solution of 4-2f in MeOH (700 pl) was irradiated with 365 nm LED lamp
(OMRON ZUV-C20H, ZUV-H20MB, ZUV-L8H) as described Figure 3-27. Irradiation was
continued until starting material was consumed (3 h for 4-2f). The crude material was purified by

silica gel column chromatography to give 4-3f (10.2 mg, 68%) as a colorless oil.

2) Compounds Data

Compound 4-3a

OH

OH
%OX J

O
Yield: 8.5 mg (54%), a colorless oil (from 13.9 mg of 4-2a)
'H NMR (400 MHz, CDCls) & 1.01 (s, 9H), 1.80 (s, 3H), 1.89 (s, 3H), 3.64 (br s, 1H), 3.75 (d, J =
11.0 Hz, 1H), 4.09 (d, J = 11.0 Hz, 1H), 7.27 (m, 1H), 7.32-7.37 (m, 2H), 7.42-7.46 (m, 2H); *C
NMR (100 MHz, CDCls) & 25.9 (3C), 27.7, 29.4, 36.6, 63.9, 82.7, 84.7, 124.7 (2C), 127.5, 128.4

(2C), 144.7, 174.3; IR (cm™): 3488, 2976, 2952, 1718, 1367, 1267, 1221, 1122, 1101; HRMS-ESI
(m/z): [M+Na]" calcd for C16H24NaO4, 303.1572; found 303.1571.

Compound 4-3b
OH
OH
o
A
Yield: 0.5 mg (3%), a colorless oil (from 13.1 mg of 4-2b)
'H NMR (400 MHz, CDCls) 6 0.90 (s, 9H), 1.98 (dd, J = 11.0, 2.8 Hz, 1H), 3.02 (t, J = 7.1 Hz, 2H),
3.61 (d, J =0.9 Hz, 1H), 3.67 (dd, J = 11.0, 2.8 Hz, 1H), 3.92 (td, J = 11.0, 0.9 Hz, 1H), 4.47 (t, J =
7.1 Hz, 2H), 7.22-7.25 (m, 3H), 7.29-7.34 (m, 2H); **C NMR (125 MHz, CDCls) § 25.7 (3C), 35.1,

36.5, 63.8, 66.8, 83.2, 126.9, 128.8 (2C), 129.0 (2C), 137.4, 175.5; IR (cm™Y): 3502, 2957, 1723,
1267, 1211, 1123; HRMS-ESI (m/z): [M+Na]* calcd for C1sH22NaOs, 289.1416; found 289.1418.
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Compound 4-3c
OH

OH
%OYQ

O
Yield: 1.5 mg (10%) as a mixture of two diastereomers (dr = 1:1), a colorless oil (from 13.1 mg of
4-2¢)
'H NMR (400 MHz, CDCls, mixture of 2 diastereomers) & 0.88 (s, 9H), 1.02 (s, 9H), 1.626 (d, J =
6.7 Hz, 3H), 1.632 (d, J = 6.7 Hz, 3H), 1.99 (dd, J = 11.2, 2.8 Hz, 1H), 2.08 (dd, J = 11.2, 2.8 Hz,
1H), 3.66 (d, J = 0.9 Hz, 1H), 3.67 (d, J = 0.9 Hz, 1H), 3.72 (dd, J = 11.2, 2.8 Hz, 2H), 4.02 (td, J =
11.0, 0.9 Hz, 1H), 4.03 (td, J = 11.0, 0.9 Hz, 1H), 5.988 (q, J = 6.7 Hz, 1H), 5.993 (g, J = 6.7 Hz,
1H), 7.28-7.41 (m, 10H); C NMR (125 MHz, CDCls, mixture of two diastereomers) & 21.9, 22.4,
25.7 (3C), 25.9 (3C), 36.6, 36.7, 63.7, 63.8, 75.0, 75.4, 82.9 (2C), 126.0 (2C), 126.8 (2C), 128.2,

128.5, 128.7 (4C), 140.5, 140.8, 174.96, 175.03; IR (cm™): 3503, 2956, 2929, 1718, 1266, 1207,
1122, 1060; HRMS-ESI (m/z): [M+Na]" calcd for C1sH22NaOs, 289.1416; found 289.1405.

Compound 4-3d

OH
O

o)

Yield: 4.2 mg (25%), a colorless oil (from 15.0 mg of 4-2d)
'H NMR (400 MHz, CDCls3) 8 1.75 (s, 3H), 1.83 (s, 3H), 3.81 (d, J = 11.3 Hz, 1H), 4.07 (br s, 1H),
4.37 (d, J = 11.3 Hz, 1H), 7.18-7.27 (m, 5H), 7.35-7.42 (m, 3H), 7.58-7.62 (m, 2H); *C NMR (100
MHz, CDCls) & 28.4, 28.6, 68.2, 79.5, 85.0, 124.3 (2C), 125.7 (2C), 127.5, 128.4 (3C), 128.6 (2C),
138.4, 144.6, 172.5; IR (cm™): 3474, 2980, 1728, 1267, 1230, 1131, 1101, 1075; HRMS-ESI (m/z):
[M+Na]" calcd for C1sH20NaOa, 323.1259; found 323.1261.

Compound 4-3f

OH
OH
%O
O
Yield: 10.2 mg (68%), a colorless oil (from 13.1 mg of 4-2f)
'H NMR (400 MHz, CDCls) 6 0.88 (d, J = 6.9 Hz, 3H), 0.94 (d, J = 6.9 Hz, 3H), 1.81 (s, 3H), 1.86 (s,
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3H), 2.06 (septet, J = 6.9 Hz, 1H), 2.06 (m, 1H), 3.40 (br d, J = 1.8 Hz, 1H) 3.76 (d, J = 11.0 Hz, 1H),
3.88 (br m, 1H), 7.27 (m, 1H), 7.32-7.37 (m, 2H), 7.40-7.43 (m, 2H); 3C NMR (100 MHz, CDCls) &
165, 17.2, 27.9, 28.9, 32.7, 66.7, 80.9, 84.3, 124.6 (2C), 127.6, 128.4 (2C), 144.8, 174.4; IR (cm™L):
3485, 2969, 1727, 1270, 1225, 1134, 1102, 1077, 1031; HRMS-ESI (m/z): [M+Na]* calcd for
Ci1sH2oNaOs, 289.1416; found 289.1412.

Compound 4-3g

OH

S L
o)

O
Yield: 2.1 mg (15%), a colorless oil (from 12.3 mg of 4-29)
'H NMR (400 MHz, CDCls) & 0.89 (t, J = 7.8 Hz, 3H), 1.64 (m, 1H), 1.76 (m, 1H), 1.81 (s, 3H),
1.84 (s, 3H), 2.11 (dd, J = 10.1, 3.5 Hz, 1H), 3.47 (s, 1H), 3.63 (dd, J = 11.0, 3.5 Hz, 1H), 3.88 (dd, J
=11.0, 10.1 Hz, 1H), 7.28 (m, 1H), 7.33-7.41 (m, 4H); C NMR (100 MHz, CDCls) §; 7.39, 28.1,
28.9, 68.0, 78.9, 84.3, 124.5 (2C), 127.6, 128.5 (2C), 144.9, 174.1; IR (cm™): 3464, 2980, 2931,
1731, 1249, 1134, 1102, 1067; HRMS-ESI (m/z): [M+Na]* calcd for C14H20NaO4, 275.1259; found
275.1251.
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4. Experimental Section for coupling reaction of 4-2 with various partners

1) Experimental Procedures

Photo-chemical synthesis of 4-32f (Typical procedure for photo-reaction of 4-2d, 4-2f, and 4-29)

A degassed 80 mM solution of 4-2f in 1-butanol (700 pl) was irradiated with 365 nm LED lamp
(OMRON ZUV-C20H, ZUV-H20MB, ZUV-L8H) as described in Figure 3-27. Irradiation was
continued until starting material was consumed (20 min for 1-butanol). The crude material was
purified by silica gel column chromatography to give 4-32f (5.7 mg, 33%) as a colorless oil. The
dimers 4-12f and alcohol 4-28f was obtained in some cases as a mixture (52% and 5% respectively
in the case of the reaction with 1-butanol). The yields of 4-12f and 4-28f were determined by
'H-NMR, unless otherwise noted. The dimers 4-12f were formed as diastereomeric mixtures, and

combined yield of two diastereomers was shown.

2) Compounds Data
Compound 4-12f

HO O @
0
0

HO O >b

[Diastereomer A] *H NMR (400 MHz, CDCl3) § 0.92 (d, J = 6.9 Hz, 6H), 1.08 (d, J = 6.9 Hz, 6H),
1.77 (s, 6H), 1.78 (s, 6H), 2.34 (septet, J = 6.9 Hz, 2H), 3.87 (s, 2H), 7.21-7.35 (m, 6H), 7.44 (m,
4H); 3C NMR (100 MHz, CDCl3) & 18.5 (2C), 19.3 (2C), 27.6 (2C), 28.2 (2C), 33.2 (2C), 84.01
(2C), 84.6 (2C), 125.18 (4C), 127.5 (2C), 128.2 (4C), 144.8 (2C), 173.45 (2C).

[Diastereomer B] *H NMR (400 MHz, CDCls3) 6 0.84 (d, J = 6.9 Hz, 6H), 1.01 (d, J = 6.9 Hz, 6H),
1.82 (s, 6H), 1.86 (s, 6H), 2.39 (septet, J = 6.9 Hz, 2H), 3.72 (s, 2H), 7.21-7.35 (m, 6H), 7.48 (m,
4H); ¥C NMR (100 MHz, CDCl3) & 18.2 (2C), 18.9 (2C), 27.4 (2C), 28.2 (2C), 34.7 (2C), 83.96
(2C), 84.9 (2C), 125.23 (4C), 127.7 (2C), 128.3 (4C), 144.6 (2C), 173.48 (2C).

IR (mixture, cm™): 3472, 2976, 2938, 2879, 1718, 1385, 1247, 1134, 1101, 1077; HRMS-ESI
(mixture, m/z): [M+Na]* calcd for CosHssNaOs, 493.2566; found 493.2551.
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Compound 4-13d
0

A

Yield: 11.0 mg (55%), a colorless oil (from 15.0 mg of 4-2d)

[Major rotamer]: *tH NMR (400 MHz, CDCl3) & 1.74 (s, 3H), 1.76 (s, 3H), 2.06 (,s 3H), 2.82 (s, 3H),
3.82 (d, J = 14.3 Hz, 1H), 4.23 (d, J = 14.3 Hz, 1H), 5.71 (br s, 1H), 7.03-7.13 (m 2H), 7.18-7.22 (m,
3H), 7.30-7.42 (m, 3H), 7.57-7.62 (m, 2H); *C NMR (100 MHz, CDCls) § 22.0, 27.9, 29.0, 39.3,
57.6, 80.3, 83.7, 124.3 (2C), 125.8 (2C), 127.2, 128.1, 128.28 (2C), 128.34 (2C), 140.2, 145.2, 171.9,
174.2; IR (cm™): 3485, 2979, 1726, 1623, 1496, 1448, 1406, 1258, 1137, 1102, 1076; HRMS-ESI
(m/z): [M+Na]" calcd for Co1H2sNNaOas, 378.1681; found 378.1682.

Compound 4-13f
0

e
e

Yield: 15.3 mg (85%), a colorless oil (from 13.1 mg of 4-2f)

[Major rotamer]: *H NMR (400 MHz, CDCl3) § 0.86 (d, J = 6.7 Hz, 3H), 0.97 (d, J = 6.7 Hz, 3H),
1.79 (s, 3H), 1.86 (s, 3H), 2.06 (m, 1H), 2.07 (s, 3H), 2.93 (s, 3H), 3.58 (d, J = 14.0 Hz, 1H), 3.85 (d,
J = 14.0 Hz, 1H), 4.60 (s, 1H), 7.23-7.47 (m, 5H); *C NMR (100 MHz, CDCls) § 16.1, 17.4, 22.1,
26.9, 28.9, 35.5, 39.1, 55.3, 81.2, 83.6, 125.0 (2C), 127.5, 128.3 (2C), 145.2, 173.1, 174.4; IR (cm™):
3502, 3326, 2973, 2935, 2876, 1719, 1630, 1406, 1256, 1136, 1102, 1031; HRMS-ESI (m/z):
[M+Na]* calcd for C1gH27NNaOa4, 344.1838; found 344.1835.

Compound 4-13g
0

A

Yield: 8.9 mg (52%), a colorless oil (from 12.3 mg of 4-29)
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[Major rotamer]: *H NMR (400 MHz, CDCl3) & 0.87 (t, J = 7.4 Hz, 3H), 1.66 (dq, J = 13.8, 7.4 Hz,
1H), 1.82 (s, 3H), 1.83 (m, 1H), 1.84 (s, 3H), 2.10 (s, 3H), 3.02 (s, 3H), 3.62 (d, J = 14.0 Hz, 1H),
3.77 (d, J = 14.0 Hz, 1H), 4.30 (s, 1H), 7.24-7.44 (m, 5H); **C NMR (100 MHz, CDCls3) § 7.6, 22.1,
27.6, 28.6, 30.6, 39.1, 55.7, 79.3, 83.8, 124.7 (2C), 127.5, 128.4 (2C), 145.2, 172.8, 174.1; IR (cm™):
3504, 3403, 2976, 2932, 1723, 1628, 1496, 1448, 1405, 1366, 1273, 1247, 1174, 1134, 1101;
HRMS-ESI (m/z): [M+Na]" calcd for C17H2sNNaOs, 330.1681; found 330.1680.

Compound 4-20f
0

.,
AR

Yield: 14.5 mg (84%), a colorless oil (from 13.1 mg of 4-2f)

'H NMR (400 MHz, CDCls) 6 0.88 (d, J = 6.9 Hz, 3H), 0.95 (d, J = 6.9 Hz, 3H), 1.78 (s, 3H), 1.83 (s,
3H), 1.94 (s, 3H), 2.07 (septet, J = 6.9 Hz, 1H) , 3.20 (br d, J = 13.3 Hz, 1H), 3.41 (s, 1H), 4.11 (dd,
J = 13.3, 8.3 Hz, 1H), 5.69 (br m, 1H), 7.27 (m, 1H), 7.33 (m, 2H), 7.39 (m, 2H); 3C NMR (100
MHz, CDCl3) ¢ 16.4, 17.2, 23.5, 27.6, 28.4, 34.0, 44.6, 79.4, 84.5, 124.8 (2C), 127.7, 128.4 (2C),
144.4, 170.2, 174.3; IR (cm™): 3499, 3319, 2973, 2935, 1727, 1654, 1545, 1449, 1385, 1368, 1274,
1240, 1179, 1133, 1102; HRMS-ESI (m/z): [M+Na]" calcd for Ci17H2sNNaO4, 330.1681; found
330.1681.

Compound 4-21f

OH
O

)

o]

Yield: 5.6 mg (31%, d.r. = 1:1), a colorless oil (from 13.1 mg of 4-2f)

[Diastereomer A] *H NMR (400 MHz, CDCl3) § 0.88 (d, J = 6.9 Hz, 3H), 0.95 (d, J = 6.9 Hz, 3H),
1.84 (s, 6H), 2.17 (m, 2H), 2.25-2.37 (m, 3H), 3.44 (s, 1H), 4.01 (dd, J = 9.0, 5.2 Hz, 1H), 5.88 (br s,
1H), 7.27-7.38 (m, 5H); *C NMR (100 MHz, CDCls) § 16.5, 17.3, 21.4, 28.0, 28.1, 30.2, 32.4, 59.0,
81.9, 85.2, 124.7 (2C), 128.0, 128.6, 144.1, 173.2, 178.0; IR (cm™): 3381, 3246, 2969, 2935, 1692,
1465, 1389, 1243, 1132, 1102; HRMS-ESI (m/z): [M+Na]* calcd for C1sH2sNNaO4, 342.1681; found
342.1682.
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[Diastereomer B] *H NMR (400 MHz, CDCls) § 0.97 (d, J = 6.9 Hz, 6H), 1.85 (s, 3H), 1.88 (s, 3H),
2.00-2.43 (m, 5H), 3.22 (s, 1H), 4.05 (dd, J = 7.6, 4.8 Hz, 1H), 5.22 (br s, 1H), 7.31 (m, 1H),
7.36-7.43 (m, 4H); °C NMR (100 MHz, CDCls) § 17.0, 17.5, 21.7, 27.9, 28.3, 29.9, 33.5, 57.9, 81.0,
84.9, 124.9 (2C), 128.2, 128.7 (2C), 143.8, 173.4, 178.6: IR (cm™): 3501, 3208, 2973, 2929, 1693,
1386, 1368, 1274, 1245, 1133, 1101; HRMS-ESI (m/z): [M+Na]" calcd for C1gH2sNNaO4, 342.1681;
found 342.1685.

Compound 4-22f

Yield: 10.6 mg (57%, d.r. = 1:1), a colorless oil (from 13.1 mg of 4-2f)

[Diastereomer A, including impurities] *H NMR (400 MHz, CDCls) § 0.79 (d, J = 6.9 Hz, 3H), 0.97
(d, J =6.9 Hz, 3H), 1.80 (s, 3H), 1.82 (s, 3H), 2.17 (m, 1H), 2.27-2.41 (m, 4H), 2.88 (s, 3H), 3.28 (s,
1H), 3.81 (dd, J = 7.6, 4.4 Hz, 1H), 7.29 (m, 1H), 7.33-7.36 (m, 4H); 13*C NMR (100 MHz, CDCl3) &
16.2, 16.9, 19.6, 27.7, 28.0, 30.1, 31.2, 33.0, 66.0, 82.7, 85.3, 124.7 (2C), 127.9, 128.6 (2C), 144.1,
173.8, 176.1; IR (cm™): 3505, 2976, 2938, 2880, 1722, 1676, 1449, 1388, 1274, 1240, 1131, 1101;
HRMS-ESI (m/z): [M+Na]" calcd for C19H27NNaO4, 356.1838; found 356.1841.

[Diastereomer B, including impurities] *H NMR (400 MHz, CDCls) § 0.92 (d, J = 6.9 Hz, 3H), 0.99
(d, J=6.9 Hz, 3H), 1.91 (s, 3H), 1.94 (s, 3H), 2.03-2.25 (m, 4H) , 2.44 (m, 1H), 2.76 (s, 3H), 3.32 (s,
1H), 4.02 (dd, J = 7.6, 4.4 Hz, 1H), 7.33 (t, J = 7.4 Hz, 1H), 7.37 (dd, J = 7.4, 7.8 Hz, 2H), 7.49 (m,
2H); 3C NMR (100 MHz, CDCls) § 16.7, 17.4, 20.3, 27.0, 28.2, 29.9, 30.0, 35.1, 63.8, 80.4, 85.7,
125.5 (2C), 128.2, 128.5 (2C), 143.4, 173.6, 176.7; IR (cm™): 3502, 3388, 2980, 2935, 1717, 1679,
1471, 1450, 1386, 1368, 1274, 1240, 1130, 1101; HRMS-ESI (m/z): [M+Na]® calcd for
C19H27NNaOs, 356.1838; found 356.1834.

Compound 4-23f

=,
e
o
o]
Yield: 3.9 mg (21%), a colorless oil (from 13.1 mg of 4-2f)
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'H NMR (400 MHz, CDCls) § 0.83 (d, J = 6.9 Hz, 3H), 0.97 (d, J = 6.9 Hz, 3H), 1.79 (s, 3H),
1.79-1.94 (m, 2H), 1.84 (s, 3H), 2.13 (septet, J = 6.9 Hz, 1H), 2.34 (dd, J = 8.3, 7.8 Hz, 2H), 3.23 (d,
J =13.8 Hz, 1H), 3.29 (ddd, J = 10.1, 7.6, 6.4 Hz, 1H), 3.58 (ddd, J = 10.1, 8.0, 6.0 Hz, 1H), 3.72 (s,
1H), 4.05 (dd, J = 13.8 Hz, 1H), 7.27 (m 1H), 7.34 (dd, J = 7.8, 7.4 Hz, 2H), 7.44 (m, 2H); 13C NMR
(100 MHz, CDClz) 6 16.2, 17.3, 18.5, 26.8, 28.8, 30.9, 34.9, 49.55, 49.60, 80.7, 84.3, 125.0 (2C),
127.7, 128.3 (2C), 144.7, 174.3, 176.6; IR (cm™): 3502, 2969, 2935, 1718, 1685, 1423, 1385, 1273,
1252, 1132, 1102; HRMS-ESI (m/z): [M+Na]" calcd for C19H27NNaOa, 356.1838; found 356.1842.

Compound 4-24f

X

OH
S

O
Yield: 13.2 mg (73%), a colorless oil (from 13.1 mg of 4-2f)
'H NMR (400 MHz, CDCls) § 0.88 (d, J = 6.9 Hz, 3H), 0.96 (d, J = 6.9 Hz, 3H), 1.19 (s, 9H), 1.81 (s,
6H), 2.10 (septet, J = 6.9 Hz, 1H), 3.22 (s, 1H), 3.47 (d, J = 8.3 Hz, 1H), 3.65 (d, J = 8.3 Hz, 1H),
7.25 (m, 1H), 7.33 (m, 2H), 7.43 (m, 2H); *C NMR (100 MHz, CDCls) & 16.6, 17.4, 27.6 (3C),
28.45, 28.49, 33.0, 67.0, 73.3, 79.9, 83.4, 124.7 (2C), 127.2, 128.3 (2C), 145.6, 173.9; IR (cm™):

3533, 2975, 2931, 2880, 1735, 1469, 1365, 1234, 1197, 1178, 1136, 1101; HRMS-ESI (m/z):
[M+Na]" calcd for C19H30NaOa, 345.2042; found 345.2034.

Compound 4-25f

Q

0

OH
Py

O
Yield: 7.6 mg (40%), a colorless oil (from 13.1 mg of 4-2f)
'H NMR (400 MHz, CDCl3) § 0.94 (d, J = 6.9 Hz, 3H), 1.05 (d, J = 6.9 Hz, 3H), 1.76 (s, 3H), 1.82 (s,
3H), 2.24 (septet, J = 6.9 Hz, 1H), 3.42 (s, 1H), 4.14 (d, J = 8.7 Hz, 1H), 4.25 (d, J = 8.7 Hz, 1H),
6.91 (br d, J = 8.3 Hz, 2H), 6.98 (br t, J = 7.4 Hz, 1H), 7.22-7.35 (m, 7H); *C NMR (100 MHz,
CDCl3) 6 16.5, 17.2, 27.7, 28.9, 32.9, 72.6, 79.4, 84.1, 114.7 (2C), 121.2, 124.6 (2C), 127.5, 128.4

(2C), 129.6 (2C), 144.9, 158.7, 173.4; IR (cm™): 3516, 2976, 2935, 2873, 1736, 1600, 1497, 1245,
1135; HRMS-ESI (m/z): [M+Na]" calcd for C21H26NaO4, 365.1729; found 365.1728.
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Compound 4-26f

Yield: 9.1 mg (50%, d.r. = 1:1), a colorless oil (from 13.1 mg of 4-2f).

[Diastereomer A] *H NMR (400 MHz, CDCl3) § 0.93 (d, J = 6.9 Hz, 3H), 1.06 (d, J = 6.9 Hz, 3H),
1.82 (s, 3H), 1.87 (s, 3H), 1.96 (septet, J = 6.9 Hz, 1H), 3.34 (s, 1H), 3.59 (dd, J = 11.5, 10.3 Hz, 1H),
3.59-3.87 (m, 4H), 3.89 (dd, J = 11.5, 2.3 Hz, 1H), 4.02 (dd, J =10.3, 2.3 Hz, 1H), 7.28 (m, 1H), 7.34
(m, 2H), 7.43 (m, 2H); **C NMR (100 MHz, CDCl3) § 17.1, 17.5, 28.1, 28.7, 32.6, 66.55, 66.62, 67.4,
77.7, 80.5, 84.4, 124.8 (2C), 127.5, 128.3 (2C), 144.9, 173.0; IR (cm™): 3502, 2966, 2907, 2855,
1731, 1243, 1119; HRMS-ESI (m/z): [M+Na]" calcd for C1gH26NaOs, 345.1678; found 345.1678.
[Diastereomer B] *H NMR (400 MHz, CDCls) 6 0.90 (d, J = 6.9 Hz, 3H), 0.97 (d, J = 6.9 Hz, 3H),
1.85 (s, 3H), 1.86 (s, 3H), 2.04 (septet, J = 6.9 Hz, 1H), 3.41 (s, 1H), 3.57 (td, J = 11.4, 2.9 Hz, 1H),
3.68-3.88 (m, 6H), 7.28 (m, 1H), 7.35 (m, 2H), 7.44 (m, 2H); 3C NMR (100 MHz, CDCls) & 16.3,
17.3, 28.1, 28.7, 31.7, 66.6, 67.1, 67.6, 79.4, 80.4, 84.6, 124.9 (2C), 127.7, 128.4 (2C), 144.5, 172.4;
IR (cm™): 3505, 2969, 2880, 1730, 1270, 1239, 1220, 1135, 1117, 1101, 1076; HRMS-ESI (m/z):
[M+Na]* calcd for C1gH2sNaOs, 345.1678; found 345.1678.

Compound 4-27f

SN

OH

O
Yield: 4.4 mg (23%), a colorless oil (from 13.1 mg of 4-2f)
4-12f (2.7 mg, 20% isolated yield) and 4-28f (2.5 mg, 19% isolated yield) were also obtained.
'H NMR (400 MHz, CDCls) 6 0.87 (d, J = 6.9 Hz, 3H), 0.95 (d, J = 6.9 Hz, 3H), 1.46-1.55 (m, 2H),
1.62-1.75 (m, 6H), 1.80 (s, 3H), 1.82 (s, 3H), 2.09 (septet, J = 6.9 Hz, 1H), 3.24 (s, 1H), 3.50 (d, J =
9.2 Hz, 1H), 3.70 (d, J = 9.2 Hz, 1H), 3.94 (m, 1H), 7.26 (m, 1H), 7.33 (m, 2H), 7.41 (m, 2H); ©°C
NMR (100 MHz, CDCl3) 6 16.5, 17.3, 23.77, 23.80, 28.2, 28.6, 32.2, 32.4, 33.0, 73.8, 80.1, 82.5,
83.5, 124.6 (2C), 127.3, 128.3 (2C), 145.5, 173.9; IR (cm™): 3523, 2964, 2876, 1734, 1449, 1384,

1366, 1239, 1173, 1136, 1102; HRMS-ESI (m/z): [M+Na]* calcd for C20H3oNaOs, 357.2042; found
357.2051.
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Compound 4-28f

Ty

'H NMR (400 MHz, CDCl3) § 0.85 (d, J = 6.9 Hz, 3H), 1.06 (d, J = 6.9 Hz, 3H), 1.81 (s, 3H), 1.84 (s,
3H), 2.16 (septet doublet, J = 6.9, 3.2 Hz, 1H), 2.66 (d, J = 5.9 Hz, 1H), 4.01 (dd, J = 5.9, 3.2 Hz,
1H), 7.27 (m, 1H), 7.32-7.39 (m, 4H); 3C NMR (100 MHz, CDCls) & 15.8, 19.3, 28.1, 28.9, 32.2,
75.1, 83.6, 124.5 (2C), 127.6, 128.5 (2C), 145.0, 173.9; IR (cm™): 3505, 2967, 2932, 1729, 1261,
1135, 1100; HRMS-ESI (m/z): [M+Na]* calcd for C14H20NaO3, 259.1310; found 259.1311.

Compound 4-32f

OH
HO o

o)
Yield: 5.7 mg (33%, d.r. = 1.6:1), a colorless oil (from 13.1 mg of 4-2f)
4-12f (52%) and 4-28f (5%) were also obtained.
[Major diastereomer] *H NMR (400 MHz, CDCls) § 0.92 (d, J = 6.9 Hz, 3H), 0.94 (d, J = 6.9 Hz,
3H), 0.96 (t, J = 6.9 Hz, 3H), 1.32-1.48 (m, 2H), 1.56-1.71 (m, 2H), 1.83 (s, 3H), 1.86 (s, 3H), 2.00
(d, J =6.4 Hz, 1H), 2.23 (septet, J = 6.9 Hz, 1H), 3.40 (s, 1H), 3.81 (ddd, J = 10.6, 6.4, 1.4 Hz, 1H),
7.29 (m, 1H), 7.35 (m, 2H), 7.42 (m, 2H); 3C NMR (100 MHz, CDCls) § 14.2, 16.4, 17.7, 20.0, 28.0,
28.7,32.6, 33.7, 74.4, 82.8, 84.4, 124.9 (2C), 127.7, 128.4 (2C), 144.5, 173.8; IR (cm™): 3474, 2961,
2928, 2873, 1722, 1451, 1385, 1243, 1136, 1101, 1017; HRMS-ESI (m/z): [M+Na]* calcd for
C1sH2sNaO4, 331.1885; found 331.1885.
[Minor diastereomer] *H NMR (400 MHz, CDCls) § 0.93 (d, J = 6.9 Hz, 3H), 0.95 (t, J = 7.4 Hz,
3H), 0.97 (d, J = 6.9 Hz, 3H), 1.19-1.28 (m, 1H), 1.36-1.46 (m, 1H), 1.56-1.71 (m, 2H), 1.85 (s, 3H),
1.87 (s, 3H), 2.15 (septet, J = 6.9 Hz, 1H), 3.36 (s, 1H), 3.85 (td, J = 11.0, 1.8 Hz, 1H), 7.28 (m, 1H),
7.36 (M, 2H), 7.44 (m, 2H); 3C NMR (100 MHz, CDCls) § 14.2, 16.7, 17.1, 19.4, 28.2, 28.6, 32.9,
33.6, 73.3, 82.1, 84.8, 124.9 (2C), 127.7, 128.5 (2C), 144.5, 174.4; IR (cm™): 3499, 2960, 2935,
2873, 1721, 1385, 1245, 1136, 1077; HRMS-ESI (m/z): [M+Na] * calcd for C1gH2sNaO. , 331.1885;
found 331.1885.
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Compound 4-33f

HO,
OH
@)

O

Yield: 1.4 mg (8%), a colorless oil (from 13.1 mg of 4-2f)

4-12f (64%) and 4-28f (5%) were also obtained.

'H NMR (400 MHz, CDCl3) § 0.80 (d, J = 6.9 Hz, 3H), 1.08 (d, J = 6.9 Hz, 3H), 1.10 (s, 3H), 1.43 (s,
3H), 1.876 (s, 3H), 1.879 (s, 3H), 2.36 (septet, J = 6.9 Hz, 1H), 2.77 (s, 1H), 3.48 (s, 1H), 7.31 (m,
1H), 7.37 (m, 2H), 7.45 (m, 2H); *C NMR (100 MHz, CDCls) & 17.9, 18.5, 24.4, 27.0, 27.5, 27.9,
31.9, 74.1, 82.8, 84.8, 125.1, 128.0, 128.4, 144.0, 174.7; IR (cm™): 3492, 2977, 2935, 2917, 1718,
1385, 1253, 1128, 1101, 1030; HRMS-ESI (m/z): [M+Na]" calcd for C17H26NaO4, 317.1729; found
317.1726.

Compound 4-34f

OH
o)

O

Yield: 7.0 mg (38%), a colorless oil (from 13.1 mg of 4-2f)

'H NMR (400 MHz, CDCls) § 0.87 (d, J = 6.9 Hz, 3H), 1.08 (d, J = 6.9 Hz, 3H), 1.63 (s, 3H), 1.67 (s,
3H), 2.15 (septet, J = 6.9 Hz, 1H), 2.92 (d, J = 13.8 Hz, 1H), 3.14 (s, 1H), 3.15 (d, J = 13.8 Hz, 1H),
7.23-7.31 (m, 10H); *3C NMR (100 MHz, CDCls) & 16.4, 17.6, 27.3, 28.3, 36.4, 42.9, 80.3, 84.1,
124.7 (2C), 126.7, 127.5, 128.1 (2C), 128.4 (2C), 130.5 (2C), 137.2, 145.0, 174.6; IR (cm™): 3502,
3025, 2969, 2935, 1722, 1262, 1203, 1136, 1029; HRMS-ESI (m/z): [M+Na]" calcd for C21H26NaOs,
349.1780; found 349.1788.

Compound 4-35f

OH
O

O
Yield: 7.2 mg (40%), a colorless oil (from 13.1 mg of 4-2f)
4-12f (20%) and 4-28f (1.0 mg, 8% isolated yield) were also obtained.
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'H NMR (400 MHz, CDCl3) § 0.89 (d, J = 6.9 Hz, 3H), 0.93 (d, J = 6.9 Hz, 3H), 1.05-1.39 (m, 5H),
1.48-1.89 (m, 6H), 1.85 (s, 3H), 1.87 (s, 3H), 2.14 (septet, J = 6.9 Hz, 1H), 3.24 (s, 1H), 7.26-7.31
(m, 1H), 7.33-7.38 (m, 2H), 7.42-7.46 (m, 2H); *C NMR (100 MHz, CDCls) § 16.4 17.5, 26.5,
26.71, 26.72, 26.8, 27.6, 27.9, 28.5, 32.2, 43.4, 81.7, 83.8, 125.1 (2C), 127.7, 128.3 (2C), 144.6,
175.4; IR (cm™): 3516, 2976, 2928, 2848, 1718, 1444, 1382, 1252, 1226, 1133; HRMS-ESI (m/2):
[M+Na]* calcd for C20H3oNaOs, 341.2093; found 341.2088.
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5. Experimental Section for Irradiation of 4-2f with N-methylacetamide in benzene
Photo-reaction of 4-2f with 50 eq. of N-methylacetamide

To a degassed 115 mM solution of 4-2f in benzene (486 pl) was added degassed
N-methylacetamide (214 pl, 2.80 mmol). The resulting solution (700 ul) was irradiated for 150 min
with 365 nm LED lamp (OMRON ZUV-C20H, ZUV-H20MB, ZUV-L8H). The crude material was
purified by silica gel column chromatography to give 4-20f (12.5 mg, 73%) as a colorless oil and
4-12f (0.5 mg, 4%) as a colorless oil.

Photo-reaction of 4-2f with 15 eq. of N-methylacetamide

To a degassed 88.1 mM solution of 4-2f in benzene (636 pl) was added degassed
N-methylacetamide (64 ul, 0.84 mmol). The resulting solution (700 pl) was irradiated for 4 h with
365 nm LED lamp. The crude material was purified by silica gel column chromatography to give
4-20f (12.1 mg, 70%) as a colorless oil and 4-12f (1.5 mg, 11%) as a colorless oil.

Photo-reaction of 4-2f with 5 eq. of N-methylacetamide

To a degassed 82,5 mM solution of 4-2f in benzene (679 pl) was added degassed
N-methylacetamide (21 ul, 0.27 mmol). The resulting solution (700 ul) was irradiated for 4 h with
365 nm LED lamp. The crude material was purified by silica gel column chromatography to give
4-20f (3.9 mg, 23%) as a colorless oil and a mixture of 4-12f (13%) and 4-28f (1%) (total 1.8 mg, the
yields were calculated from H-NMR).

6. Experimental Section for Irradiation of 4-2f with N,N-dimethylacetamide in benzene
Photo-reaction of 4-2f with 50 eq. of N,N-dimethylacetamide

To a degassed 127 mM solution of 4-2f in benzene (440 pl) was added degassed
N,N-dimethylacetamide (260 ul, 2.81 mmol). The resulting solution (700 pl) was irradiated for 20
min with 365 nm LED lamp (OMRON ZUV-C20H, ZUV-H20MB, ZUV-L8H). The crude material
was purified by silica gel column chromatography to give 25f (15.6 mg, 87%) as a colorless oil and
4-12f (1.0 mg, 8%) as a colorless oil.

Photo-reaction of 4-2f with 15 eq. of N,N-dimethylacetamide
To a degassed 90.0 mM solution of 4-2f in benzene (622 pl) was added degassed
N,N-dimethylacetamide (78 ul, 0.84 mmol). The resulting solution (700 ul) was irradiated for 50 min

with 365 nm LED lamp. The crude material was purified by silica gel column chromatography to
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give 25f (14.9 mg, 83%) as a colorless oil and a mixture of 4-12f (15%) and 4-28f (1%) (total 2.0 mg,
the yields were calculated from *H-NMR).

Photo-reaction of 4-2f with 5 eq. of N,N-dimethylacetamide

To a degassed 83.1 mM solution of 4-2f in benzene (674 pl) was added degassed
N,N-dimethylacetamide (26 ul, 0.28 mmol). The resulting solution (700 ul) was irradiated for 60 min
with 365 nm LED lamp. The crude material was purified by silica gel column chromatography to
give 25f (12.1 mg, 67%) as a colorless oil and a mixture of 4-12f (15%) and 4-28f (1%) (total 2.2 mg,
the yields were calculated from *H-NMR).

7. Experimental Section for Synthesis of 4-37
Synthesis of 4-37

O
BOCHN\)J\N/ NHBoc
05(

4-36 (15 eq. ) N—
hv (365 nm) OH
O._Ph
W 7< acetone ><
(80mM) 0]
4-2f 4-37

To a degassed 160 mM solution of 4-2f in acetone (350 ul) was added a degassed 2.40 M solution

of N-[2-(dimethylamino)-2-oxoethyl]-carbamic acid 1,1-dimethylethyl ester (4-36, 350 ul, 0.840
mmol). The resulting solution (700 pl) was irradiated for 50 min with 365 nm LED lamp (OMRON
ZUV-C20H, ZUV-H20MB, ZUV-L8H) as described in Figure 3-27. The crude material was purified
by silica gel column chromatography to give 4-37 (14.3 mg, 58%) as a colorless oil.
[Major rotamer]: *H NMR (400 MHz, CDCls) § 0.84 (d, J = 6.7 Hz, 3H), 0.97 (d, J = 6.7 Hz, 3H),
1.45 (s, 9H), 1.79 (s, 3H), 1.84 (s, 3H), 2.09 (septet, J = 6.7 Hz, 1H), 2.92 (s, 3H), 3.50 (d, J = 13.8
Hz, 1H), 3.90 (m, 2H), 3.95 (s, 1H), 4.05 (m, 1H), 5.51 (br s, 1H), 7.26-7.45 (m 5H); *C NMR (100
MHz, CDClz) & 16.1, 17.3, 26.8, 28.5 (3C), 28.7, 35.2, 36.3, 42.7, 54.4, 79.8, 80.7, 84.1, 125.0 (2C),
127.7, 128.3 (2C), 144.8, 155.8, 170.2, 174.1; IR (cm™): 3419, 2970, 2935, 1715, 1653, 1487, 1367,
1252, 1168, 1134, 1102; HRMS-ESI (m/z): [M+Na]" calcd for C23HzsN2NaOsg, 459.2471; found
459.2467.
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Synthesis of 4-39
NHBoc

b o
1)TFA-CH cl
2Ll %T
g N
>< 2) HBTU, EtsN IN
437 4-39

toluene, MS4A
reflux

To a solution of 4-37 (12.9 mg, 29.5umol) in CH2Cl, (430 pl) was added i-PrsSiH (30.1 pl, 146
umol) and trifluoroacetic acid (1.29 ml) at 0 °C. After stirring for 1 h at room temperature, the
reaction mixture was diluted with toluene and concentrated in vacuo to give the corresponding amino
acid (11.0 mg). The resulting residue was used for the next step without further purification.

To a solution of the amino acid in toluene (2.95 ml) was added triethylamine (12.3 pl, 88.5 pumol),

molecular sieves 4A (100 mg), and HBTU (16.8 mg, 44.3 pmol) sequentially at room temperature.
After refluxing for 17 h in toluene, the reaction mixture was filtered through Celite® and
concentrated in vacuo. Further purification was carried out by silica gel column chromatography to
give 4-39 (3.2 mg, 49%) as a white amorphous solid.
'H NMR (400 MHz, CDs0D) 6 0.99 (d, J = 6.9 Hz, 3H), 1.03 (d, J = 6.9 Hz, 3H), 2.16 (septet, J =
6.9 Hz, 1H), 3.06 (s, 3H), 3.28 (m, 1H), 3.46 (d, J = 15.2 Hz, 1H), 4.13 (d, J = 16.1 Hz, 1H), 4.35 (d,
J = 15.2 Hz, 1H); *C NMR (100 MHz, CD30D) § 16.2, 17.5, 36.6, 37.4, 46.6, 53.4, 80.5, 172.6,
177.9; IR (cm™): 3321, 2965, 2925, 1735, 1654, 1522, 1469, 1221, 1162, 1087; HRMS-ESI (m/z):
[M+Na]" calcd for CoH16N2NaOs3, 223.1059; found 223.1059.

8. Experimental Section for Deprotection of CMe2Ph group

OH 1) i-PrsSiH (5.0 eq.) OH
OH 2%TFA-CH,Cl, OH
OCMe,Ph > OMe
2) TMSCHNS, (4.0 eq.)
o) MeOH-Et,0 o)

4-2f 89% (2 steps) 4-40

To a solution of 4-2f (7.7 mg, 28.9 umol) in CH2Cl2 (294 ul) was added i-Pr3SiH (28.0 pl, 137
umol) and trifluoroacetic acid (6.0 ul). After stirring for 40 min, the mixture was concentrated in
vacuo to give the corresponding carboxylic acid (6.4 mg). To a solution of the carboxylic acid in
MeOH-Et,0 (300 pl, v/v = 1) was added a solution of 2.0 M TMSCHN: in Et2O (54.0 pul, 108 pumol).
After stirring for 5 min, the reaction mixture was concentrated in vacuo. Further purification was
carried out by silica gel column chromatography to give 4-40 (3.9 mg, 89%) as a colorless oil.

'H NMR (400 MHz, CDCl3) 6 0.85 (d, J = 6.9 Hz, 3H), 0.93 (d, J = 6.9 Hz, 3H), 2.00 (septet, J = 6.9
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Hz, 1H), 2.08 (br s, 1H), 3.43 (br s, 1H), 3.73 (dd, J = 11.0, 2.3 Hz, 1H), 3.80 (m, 1H), 3.83 (s, 3H);
13C NMR (100 MHz, CDCls) 6 16.4, 17.4, 32.7, 53.2, 66.5, 81.4, 176.1; IR (cm™): 3474, 2966, 1734,
1225, 1163, 1139, 1080; HRMS-ESI (m/z): [M+Na]* calcd for C;H14sNaOs, 185.0790; found
185.0792
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