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Cer
CMC
DBU
DCC
DDQ
DEAD
DIAD
DMAP
DMBA
DCE
DMF
EDCI
ER

Et;N
Fmoc
GalCer
GlcACer
GlcCer
GlcDAG
GM-CSF
GPI

alkylacylglycerol

acetyl

allyloxycarbonyl

bone marrow derived dendritic cell

bone marrow derived macrophage

benzyl
N,O-Bis(trimethylsilyDtrifluoroacetamide
benzoyl

ammonium cerium nitrate

cluster of differentiation

ceramide

critical micelle concentration
1,8-diazabicyclo[5.4.0Jundec-7-ene
dicyclohexylcarbodiimide
2,3-dichloro-5,6-dicyano-p-benzoquinone
diethyl azodicarboxylate

diisopropyl azodicarboxylate

N, N-dimethylamino pyridine
dimethylbarbituric acid

dichloroethane

dimethylformamide
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
endoplasmic reticulum

triethylamine
9-fluorenylmethyloxycarbonyl

galactosyl ceramide

glucronosyl ceramide

glucosyl ceramide

glucosyl diacylglycerol

granulocyte macrophage colony-stimulating factor

glycosylphosphatidylinositol



HOBt
HRP
IFN

IL
mCPBA

MHC
MOM

p-TsOH
PBMC
PE

PG

Ph

PI
PMB
PPh;
RBC
ROR
TAPS
TBAF
TBAI
TBDPS
TBS
Bu
TCR
Tf
TFA
THF
™S
TNF
WSC

N-hydroxybenzotriazole
horseradish peroxidase
interferon

interleukin
m-chloroperbenzoic acid
methyl

major histocompatibility complex
methoxy methyl
2-naphthylmethyl
p-toluenesulfonic acid
peripheral blood mononuclear cells
phosphatidylethanolamine
protecting group

phenyl

phosphatidylinositol
p-methoxybenzyl
triphenylphosphine

red blood cells

RAR-related orphan receptor
N-Tris(hydroxymethyl)methyl-3-aminopropanesulfonic acid
tetrabutylammonium fluoride
tetrabutylammonium iodide
tert-butyldiphenyllsilyl
tert-butyldimethylsilyl
tert-butyl

T cell receptor
trifluoromethanesulfonic
trifluoroacetic acid
tetrahydrofuran
trimethylsilyl

tumor necrosis factor

water soluble carbodiimide



7 SUHE 2

ATl R HETENEE A9 2 0R7% 7 A —3 Entamoeba histolytica A /7 3 h—)v
U URRBEIZDWT, HiTICSL LizA 7 > b= L U UIRE OGRS I 5D S A %
ATV EEERBR AT 5 2 & T, S HEITEE DT 217 - 72,

Entamoeba histolytica DAL AL ST T D U R RTF RAK AR 7 U B > (ERLPPG)IT,
GPI 7 v —HokEA 7 b= VIFETHY  IFEZAECDIdEZN L THFF 27 L%
7 — (NK) T Ml ZIEHEET 2 2 L2 LY | 5 EOREREEICENT 5 2 LnmtSh
TV %, EhPla 3 X ONEhPIb (X, ERLPPG D%y FiEifEH O f/ M & U CHBES 721/
h=VUUVIRETHDL, IO, D VYR Y alRE, 2) REH 28 HDH W
IXRFE 30 ORBENIFE A FFD, LW o LRI EEEZ A L T D, RIRK VS
72 EhLPPG. EhPla 3 X OVEhPIb (IR R DFEMEDREMTHLZ L. 7V Er—/b sn-2
NDSAEPKRIE TCh o7 Z &b, MR IEEMEE & AMIEME L OMBEIEA LN E 2>
TW eV, F72, ERLPPG 1%, GPI R OHEGFHEZ A L TV DA, RSN A 2 & h—b
U UVIRBEICH AT 5 2 LI K 2 RERETEE~DOEBIIH S0 Lo TRV, £ T,
AIFFETIL, 7V Er—/ sn2 fLOMWISNLERF LY ERLPPG O FESH (%G % A3 2 EhPI
FH—OMREGAEEE L TEFEAR L, EWEERRZITO 2 210k T omE
TEPEDffT 2175 2 & & LT,

TUDIZ, 2N A v b= ) VIRBEGRIEOLE BIEL, A 2 ¥ b= I
HAOLERIRE Y S E OGO 1T > 72, bbb RAMBIAEIC BINOL, U VJF+ I
WZeLrEATLHY CBEREZEHT A2 & T, Ble A ¥ =LY VEBIRZ R
RCOBINWICAFDL Z LICPI LTz, 72, Ni il X2 7 VX VREMO T v 7V v 7K
IS E BSOS &3 D RSB G MIEAZEM T 22 4T, 7V Er—/ sn2 LD ZDODfK
0 EhPla DAL & R L1z, (5 )

SOEIZ, TSRS S % A9 5 EhPlb 35 L ONESHEE 2 H 9% EhPIb O AL E 1T
572, EhPIb DERITEB T, 53 TR G &2 6 3 2 MR B A IRE A BRIk 3 558
el BRI A B LT, Teb b, KBEOKGHRERLZICT I NVEBLOT U LA F
HNR=NEE AL, RIS T, 2D ORERLZ BER L CER A
B A N —RICRET IS TH D, AEIEEZEMNT 2 2 &Ik, =MoORFEMHE
A9 % EhPIb 35 L ONHERE - DUHEREIE 2 A4 % EhPIb DGR Z K L7, (B =

WEI, BBAEEIZ DN T, FREAEMIEME 21TV, OREFREITEMEZ AT L7z, CD1d
T & OREATEMERBR CIX, FEK 30 Teis ~EiEGEESAH LI-EVilEEZ 43 % EhPla B
L OV EhPIb B#EATEMEZ /R L, CDId 43 1 & OEENZMEEVER 2 R85 255 L0315 51



7o 7o, NKT HERURIPE MR ClE, A9 TE B L 72 EhPIb 73 IFN-yiF &G 2R L,
Hiflf EALPPG DOEME & FERORER G DALz 2 & 5 | EhPIb NEHEEE TH DL 2 L 2Rd
TEICRIILTE, EBIT, AMFEETAEKR LA /v b= U VIEEIE, LY —Yva~w=T
TEVEZ R 72 CRERIIENZ AT 52 RPN DR E, RRT A—fkA /2 K
— VU UNRE OF T I EWIEYE DI RICHER L7z, CGEIUE)



HE—Hf FF2I71F%FF7—NK) TH

FTF 2T %7 —NK) T, MiarEeE cElos B8R U REKO—FTHY . A
AIRC D A L 2 YL 78 & A4 B8 U CARBIENC 72 5, NKT M iTHUR R~ iiEic &
Ll Z2 52 TR Y . PR R iR F E 0 MHC-class 1 BREURHER 77T S CD1d
ICHREA LR - BEIEE 2. NKT Ldap TCR ICH#R LT, &ML 5 2, NKT i
BT Hap TCR O L > T, ZolcKilang * 7hbb, BB Fica— NahizA
Y RY T2 R TCR aff %A % invariant NKT (iINKT) #ilfd & 24672 TCR oz A9 5
diverse (variant) NKT (ANKT or vNKT) #ifad T %5, ~ 7 A iNKT HMifaix, £ > XU 7> R
TCRaf & LT Vald-Jal8 & 2L Valo-Ja50*, TCRAEHIE VPS.1, 82, 7, 2 #FBIL T
Wb, —J, B FINKT #Mifdix, Va24-Jal18, VBI1 Z3BLL T\ 5, F7-, iNKT Miaix
ZOMIERBIZNKLIISCLY4) 7 7 IV —X X7 F Lo - NK g~ —h—Z23B L T
BO, ZOEMNTH AT —T MIIZR#EAZ: CD25, CD44, CD69 &\ o 7oK, ~ /b
3—T MBI R 72 CD4 & 5\ i, & 7 —T MBI FEHIN 72 CD8a & Wy o o s 8 (K A 58
BLLCW5, iNKT Mifaid, Mlis, Fi. MofR, B8c<FEEL. U oo Ei, KM, s
Ak, REHRR. Wi/ MBORBEMRIC b R oD, £o. TOFERTHYFEICL -
THERY |~ 7 AT O 1-2%., &Y > RERD 20-30% % 5D 5 DD, ANZHBWT
307 <0 RiEMO TMEH 0.1-02%DHTh %,

a-Galactosylceramide (a-GalCer)® 72 & CDI1d Y 4> RIZ X 2 HBIZ L » THEMEE L 7=
iNKT fifaix, Bkx 724 NoA v DA OEAEAS, MEEEELRT LT, Mm%
RICBWTERER Y =7 X —{E &Rt %, ZOBRICHEAT DY A FAA & IFN-y,
TNF-a, IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-10, IL-13, IL-17, IL-21, GM-CSF 72 &/
FEINTWD % EFETIE. &L/ EOYA NI A VEAZT S INKT Mot~ & B
HIAIE STV D, T 725 Thet' NKT1 fflifidix IFN-y, GATA3* NKT2 flifaix IL-4, IL-13,
RORyt" NKT17 ffifidix IL-17a, NKT10 #fai3 IL-10 ZpEAET 2 7y FTH D L FRES
NTEY ., TAENOMILIIRE Ol S FE L, B - sl % M, INKT #
Fix BARIEZ RN D ORI L > TEAE SN A M A 2L > THIEMALA FTRE
TH Y "¥Fig. 1-1), T ORREEIZ L D INKT ffdOTEMEIZ L > T, CDId U > R&F 7
WA LT NKT M K 2 G E RN TR Th 5, INKT flfldid, EAT LA
N7 A &St L CRRIRAIRG . NK flifd, B flifd, ~/L 3—T (CD4%) #if<>% 7 —T (CD8") i
RIDIEWAL 21T 5 2 & T, EEREROEMALC~ LS —T #ifdd /T o Z(Th1/Th2)(Z B
HLTWDZERHALMNEIRS> TS P Z 0 & 91 INKT MilglE, Rzl Tzr



=7 Z—ElZRT 2 & T, WM O, R . BE e . ACRERE S B
RGP O, 7 LV —HR 0, RIEMEZ R P OB B 2P A EIRHIR 5o G B O R
BELTWD LI, ZOREEMMLIEBIRFRIEORE LERAIITORL TR 28, 4
RN I WTEHEREE 2 R e LT EMf T TS

agonistic

non-agonistic
or foreign antigen or self antigen

Microbe - (

Fig. 1-1 iNKT #ifie O 1% PEAL R B 2

H_Hi CDIABLUCDIAY HV K
CDId i%., MHC class [ H:HUFH R 7+ CHDH CDl 77 I V=X X EO—DTH Y |
PusSE M 7Z g T < MM Ra . TR, BB EEGMR, B MiaZe SR < ARk, MR
DAL TNDE NI ETHD 2 ZHETIC, e eflEd g3V 00 RE v v
2B L TE k CDId & DESERDOREBEN T S ThD % CDId X, ART Y FEF
Ry bEWnd 2 OORERBUKEOHEFHEHERZA LT, REWY T LT
BTV Da-GalCer DEFEIT, BHT D AVEN A Ry ML AT 4 IV MR E
Ry MIREEL TR, BUKMEDOT T 7 F—RE3E ZARKDoa~Y v 7 2D EEHIALE
T3 P(Fig. 1-2), DO U o RIZHOWTHRBEOIEATHET 22 RN E -
TV 5 3032,

]/



PDB: 1ZT4

Fig. 1-2CDI1d-V %> R &K (PDB: 1ZT4)

CDI1d (%, ffio> CD1 43 F DB & FERIC, /MAEERICIE N T T +— LT 1 7 Ef
B ZDORRIT, F R EREORENDTSH, ERNDOU VIFEEZ Yy XaUFEE LT
e SETWD Y, 20#%, CDId XAV VERZREM L Gl RShizk, Fryr
TF—TETHTHE =L NIETHD AP3 EHAERTLZ Ik, = R A h—
ARHTCTHEMBNICIRYIAEN., &EOICEN = FY =252 03D VY — AIZE|
T 50, ZNHIZEEL CDId X, ¥R > A-D73¥ GM2 activator®, Niemann—Pick C2
BIH N 0 LS T REE Y N B ES L TCIRETUR LS L. BOSH AR £
REND(Fig. 1-3), — . BAMEOE W CDId UV H > RIZOWTIERRD U H v RiEA K
LIBINTND, T72bL, BT ILHE, A7 4 IV U HOARBRREE G 7T v
TR EOWEEZ H T Do-GalCer B8R, =2 Y —A4/Y Y Y = A~DRALZNT 5
Z L7 Ml o CDId ICEERE G T R bAFIET 2 Z &P RIS TS Y,



Short and polyunsaturated lipid
:Direct loading at the cell surface

: Agonistic
Gol
app:rgtlus /’ Ap3l /or foreign antigen

{
Early A
—_— endosome Lipid
transfer
) protein

Endoplasmic Non-agonistic or Late endosome
reticulum self antigen /Lysosome

Fig.1-3CD1d V 77 > RO

CD1d (&, flix DIFESFLHEET 2 ZENFRETH Y ZNETIT, A7 4 » THENRE,
T Vern—n, VURE, VRXRTTF R, =—FTRE., MR TF RRY
ey RELTRESN TS AREKRHY T K& L TH LTV Ha-GalCer (KRN7000)° 1%,
HE#R Agelas mauritianus X 0 HLEfE X 7172 agelasphin 9b* X V) FE (/L S 7= BEAE'E TH VW .CDI1d
IZHE A L NKT fllfid 2 58 < &M 2 ¥ 2 &5 NKT ffa OEreftT icx bbb T g

FEY T FTHD, ZOIEFENITHRMNEY > RE LT, HAEE Bacteroides fragilis*** H
a-GalCer X° Aspergillus fumigatus*® H & p-GalCer, Sphingomonas H ¥ a-GlcACer” | Streptococcus
pneumoniae H K a-GlcDAG* X°> Borrelia burgdorferi ¥ a-GalDAG®, Helicobacter pylori Hi &
cholesteryl a-glycosides™, Leishmania donovani®' <> Entamoeba histolytica> A / 3~ h—/L 1
U HEE.. Mycobacterium tuberculosis H3A 7 h—/L U UIRE S HBFEE SN TCW5H, WIERTME

U 7 RiX, a-. B-GalCer X° GlcCer, isoglobotrihexosylceramide (iGb3), ganglioside D3 (GD3)
EWo TR T L ABERERR AT 7 FIONA ) k=L (PI), RAT7FINTH ) —
NT Y (PE), VYHIOKRATZ 7 F TNzl UREEIFLTND 032



Table 1-1CD1d U % > K

OH HO _OH
HO _OH o  : OY\/\/\/\/\/\/\/\/\/\/\N
Y\/\/\/\/\/\/\/\/\/\/v (o]
\/Y\/\/\/\/\/\/\/
OH OH
agelasphin 9b (Agelas mauritianus) a-GalCer (KRN7000)
HO _oH OH
Hogﬂ W OY\/\/\/\/\/\/V
OH
M\‘/\/\/\/\/\/\( H&é&/o v “ N
L » W
a-GalCer (Bacteroides fragilis) B-GalCer (Aspergillus fumigatus)
o oH oH o _
o OW/ HO/&o Y\/\/\/\W
HO W " HO °
OQY\/V\N\/\NV O\/\/o\n/\/\/\/\/\/\/\/
OH o]
a-GlcACer (Sphingomonas) a-GlecDAG (Streptococcus pneumonia)
o)
HO OH J\/\/\/\/\/\/\
Y\/\/\/\/\/\/\/ (0]
0\/\/0m/\/\/\N=\/\/\/\ HO :
Ji 0~ é >j o~
a-GalDAG (Borrelia burgdorferi) cholesteryl a-glycosides (Helicobacter pylori)
HO ~OH ¢ _ OY\/\/\/\/\/\/E/\/\/\/\
(o}
Ho&ﬁ NH HO __oH NH
HOO\/Y\/\/\/\/\/\/\/ HO%&/O\/\/\/\/\/\/\/\/\/\/
OH HO OH
o-GalCer (mammalian) B-GalCer (mammalian)

HO _oH

o
Hogﬂ HO _oH

&Wﬁc&&/‘?\/\/\/\/\/\/\/\/\/\/

OH

iGb3 (mouse)

o (0]
o )V\/\/\/\_/\/\/\/ o OJ\/\/\/\/\:/\/\/\/
HOHOﬂ/O OO\/\/OWWVW o0 ,ﬁo\}\/oww
"o ‘o o 0
Phosphatidylinositol (PI) Phosphatidylethanolamine (PE)

o OH S) OH

7 0 :
~ /\/O\F?/O\/'\/O Bk T AN OO A OSSN
/’i‘® 8 HaN ) ﬁ

Lysophophatidylcholine (LPC) Plasmalogen PE




o-GalCer DIEIEZ A & U7oiF8RIC L 2 METEMEMBIIEIC L - T, U U v FEER
INKT HEfaiEE LD 55721 T < INKT MR DPEAET DA A L DRT AT HE
BT L ERHLNE o TE S JTETIE, Gk T T2 < KRBk CD1d
YT RIZBWTHBIR A MU A VFEZRTHDOE B0 > TvD *(Table 1-2),
NKT MDY A b A VFEANT VR EHIET 2 2 L1, BARERIES TV F o7V
Ny OB, ZHMEMEIES 7 7 — 2 F78 & O B CRERER & ORBIRFIERE O
BAENPOLEETHY RN Thl HDWIETh2 A b IA VE2FET LA T ARY A
v RO BATHOIL T D28 %0 FE#fl72 Th1/Th2 2 3 T o AHIEFEEIZAR T2 & & 72
S TR, ABFFETIE, Thl BV M A L LTINS IFNy & BIRIICTHEE T 2
CDI1d U > K& U THHEE - #3E0E S 72 Entamoeba histolytica A /> b —/ U U5
H2ER L. 202 a k. EWEEDORIT 21T 72,

Table 1-2 Th1/Th2 IR Y T K

Thi Th2
HO _oH o HO OH ¢
Y\/\/\/\/\/\/\/\/\/\/\/\/ YWVWVVVW\/
HO NH OH oS NH - OH
MOl A HOO\/\‘/W
OH OH
o-C-GalCer OCH
OQ HO _OH ¢
o o WM\/
Ox~NH L
HO T:H o HOO\/’\‘/’\/\/\/\/\/\/\/
o) W/\/\/\/\/\/\/\/\/\/\/ OH
HO NH OH
HOO R :
\/Y\/\/\/\/\/\/\/ .
I a-GalCer (C20:2)
NU-a-GC
Ho og OWF
HO NH OH
OO\/Y\/\/\/\/\/\/\/
OH
TDW-8-5
HO _OH o
HO 2 T\IH
HOG =
VM\/\/\/\/\
SMC124

10



EEH AV =L )VIEE
A7 b= VIRE IR, BEEAEMIASREINTHWD Y VIEETH Y, D-myo 1 />
M= D—RRIEIET Y BRI E S U CHIRE R SR E LI EAREZ A LD T, 1/
Vb=l VIBEORERE I ZHEEICEATRBY, YTV Y kn—L TF
NTINT V=L HHWNIET I FRRESFL LTHRE LEMER RH I Tw
% (Fig. 1-4), 7 Vv —)LONLIKIL, AHFEICL > TR — BRI MEIE sn-1 47
(sn-2)Z U Ui a H9 5 —T5 . MESCEZAEMIL. sn-3 ((sn-2(R)Z U etk A A9
HTENHMBITND ®, A b= U UREIE, ARBERERIEE & L TOMREZ T Tk
o AV b=V EOKBRIEDPR A REMi 22T 52 LIk T T IRER T NI E
DA~ O E EA 7R E SRR EBREZ A L CWD ¥, £/, 4/ ¥ b=V UIEEIE,
CDI1d IZf5E L NKT ffa A5 b3 2 2 & bty STV D Z &0 b it~ DR 5 4
RIS TND
e o)
Qﬂx/\/\/\/\zy«vAvﬂ»/
fLAVQr\/\/\/\/Z\/\/\/\
(0]

H or Acyl chain Diacylglycerol (DAG)

T o

Ho Q eo JWW
Ho (0] g ?:é < MO\AM/\W
Jﬁ"ﬁ Alkylacylglycerol (AAG)
H or Glycan
OW/\/\/\A/
;Jf\/ht;i/\/\/\/\/\/\/\/
OH
\ Ceramide (Cer)

Fig.1-4 1 / ¥ b—/V U UHEE HARE S

TV AVNVKRAT 7 FINA ) h—IU(GPDIL, # /X7 E D C RKEIZHEA L, £ D GPI
BEENL A2 LCH o Xy B il EEb T 22 R oG HERE Td 5 9, GPLIZ,
G L L TARARZY ) =T I 300y /) —A, TEHFIUULEZITTWARWS
NayIrvEBLRA /=LY VEEEZALTEBY, 2fHEELE LT
EtNP-6Man(a1-2)Man(a1-6)Man(a1-4)GleN(o.1-6)myo-inositol-P-lipid #=H L T\ 5, 1/  k
— AT DRy OIS X, EMREIC L > TRRDN, VT VAL ZAXLT v
AL T I R LTV D O JREIZIBW T, GPLIX EZE 2 M sy O —> T
B FAMERROHEFEERFE L THHLNATWD 2 £, GPLIZE R DOIE FMia~0
RARRIZISE N D ORBCEHE R BZENZRIL TSI EEH BN E RS TND 6

11



HEUE A7 b=V VIEEDOARIE

A v b= UIRBEIE. 7 RE, MBS GPL 7 o i — L LT ]
DORIE~DOEEL R & ZHERBEREZ A L TRBY . TOBEMITOD, ZhE T£<
DIN—=TZE>TA v b= VIRERZE OFEROE RN HmE SN TE % L
ML, UVHREILL ) Fh—L ) VBB DOARRICOWTIERONT-BIR M OND DI Th -7,
Vanmiddlesworth 5 = . AN =2 H x 1-stearoyl (or
palmitoyl)-2-linoleoyl-3-glycero-phosphatidyl-D-myo-A{ / 3 b —/L 1 Z HREFE & L, BERIEIC
K% sn-1 OREHIEOGIE, fi< sn-2 OIEMBED sn-1 ~OEALERED FERIEIZ L > T
Lysofungin D&k & 2% L TV 5 (Scheme 1-1)%, F 7=, Eibl 1%, JF0EIEE AV CEZ
A ¥ N VHERICR L, sn2 MRV NVETRE SN T VLT ) v w— L E A
L7oth, RiEFRKERETDHZ L9252 £I2L Y lysophosphatidylinositol DA IZ KD LT
V% (Scheme 1-2)%, Vanmiddlesworth & D5 BiEIZB W TIX, HBEWEN KA TH 57
D, B O BIEHEC, TR ORMERHIR ST LE S BERRH -7, £72, Eibl 5D
Tk, EHEERA 7 2 = PRIEDOEHIZ B W TR L 70 D KEREOR#E, Tl
EOBRDTRPMLETH T, £ T, AR TIE, Uy Megtef /v b= U VIR
B ORI G RIEOBFE A BIE L, (MEERD Y B LR OBIFEIC X D Mo
¥ h— VRGO BRIL E . BROKBICT VAV ) ku— o=y FEEATHIL
KRB I L > THEREROMNFLET Z o7,

S
O O\F?/O\/\/O\[(\/\/\/\/\/\/\/
HO 6 ] o}
l Rhizopus arrhizus Lipase
pH 6.5
® (0]
HO OH K% Q)WM
HoS 0. .0 _~_OH
oo g,
lSOmM1APSpH85
®
Ho ©OH K@O OH
HH%%O\&O\/:\/O\H/\/\/\/\:/\:/\/\/
HO o 0

Scheme 1-2 U YR AT7 7 F PN A /> b—/LOERL (Vanmiddlesworth 5 0 J57%)



P
OMe o)
4 5
Aco  QAc OBn
— > AcO 0 ’/%WOW
AcO . o)

T Hoﬂ/ ﬁ%\/\/o\n/\/\/\/\/\/\/\/

Scheme 1-2 V V7 RATZ 7 F N A ) h—/LDERR (Eibl &0 J k)

GPI 7 v 1 —%, ZOMEDOHEMES | TAMIRB DT 7 F o S 970 o BRR OB
NOALFEE RN EANATONTEY . ZHETICEZL DTNV —TI L > THEEPHE
SN TE 7= 72, Seeberger. Silva &%, Toxoplasma gondii © GPI 7 > 71 — DA RIZEB W T,
3 ODHELZMICREFRERRELEZ AT D~ ) — AFEKR 8 oAk & LT, 2t
UNEZHESE TR 7y 2 BN D UL B 72 TR K - THIERINIC GPL BESHEL Y & Akt 5 & ki
WA BHJE L7 (Scheme 1-3)", ABEM X, Ak 4 72 GPLHESER 5 O 7% ARG AT & 36 H A W] g
ThoH0, IREHS. FCRfaiEe 23 0ENRE AT 2FEEROGRIZB VN TIX, &
A 22 R L O BR R HEKFR T2 AV TV D -0 AR R EECTH > 7,

ARFZETIL, ERUSR ARG RE CIX R Cd o 7o R s & A s 72 Efix O GPI
T oA —RUBERREIC R L O 2 AT E I L. IRETTIRR 2 K 5 ITHRRIT A — Nk
FECBIE 3 S MR E o 7 & L CIRE S o REafiRIAmE &2 6 3 2 Fr R 72 4 F> GPI
A =Y UREIZOWT, T UK T U AFX T IR = VR T RERE
BEWE A3 L 7oA B ATV S E W& B 7o TS PERR AT ~JEBA L 7=,

13



CozHN~~0-P-OH Bno 0
15 H BnO
o) ..
BnBC?O o Toxoplasma gondii
OBn 4 BnO GPI anchor
BnO O o-F-os 11 o_ _ccl
BnO | u \ﬂ/ 3
BnO A1 OBu
10 111( NH
NapO __0OBn
o)
BnO o TBDPSO O('-)e"
CI;COCHN _ NapO v
8 9 O_P_O‘B\“_/ ano VIR OBn
OBu 1 8 OAlyl | HO— 0
n N, | BnO OBn
0 O OBn

||
H%Cwoco/“\;”\o—eigﬂ‘jl/// 13
H35C470CO ; H
4

Scheme 1-3 GPI 7 > 7 — DAL A % (Seeberger )

EHE  FRHE T A — /N Entamoeba histolytica H¥ A 7 ¥ b —nN VU VIRE

IRHIT A —X Entamoeba histolytica(Fig. 1-5)1%, W2 ET DKM EEFRRTH Y |
T A= \NERIGRST A— A EIFRE S Wo t EBEERBPMEL S X ZTHREIRTH D ™,
E. histolytica J&Y=\Z X 0 R CHER] 100,000 ADFEL L TWD EHE SN TWD T U4,
Lotter HIZE VD, ¥V RAET /N TOT A — \WEFFRBEFIEIZIS\WN T, E. histolytica D EE73
FAREAE LRy TH D U R TF RAR AR U B (ERLPPG)AY, CDId/NKT HifE<° B R %
EIRE 2N LEEREEZ R LTV D 2 ERRE SN 2,

" "
N i A
¢ -
- w .
a el . *‘ o

Fig. 1-5 JRH17 A —/3 Entamoeba histolytica (+ 7 7 4> 4 ~H]) Reprinted from Figure 1

(below), The Lancet, 361, Stanley SL Jr., Amoebiasis, 1025, 2003, with permission from Elsevier.

EhLPPG (X, GPL 7 v /1 —BIOHAHFENEE CTh 243, D GPL & 5720 | B ARG
. ¥ 7 7 b — A & F L T W %5 ., & K H E T .
GaloMan(o.1-6)Man(o.1-4)GleN(al-6)myo-inositol-PO5-lipid THVY, HT7 7 h—AD~< > /) —



ANDFEANEIIRIE TH D ™, £ 72, ERLPPG 1%, CD1d {K1FHIZ NKT M2 &2 L L,
JiLlige s L OV U o /RERICIS W T IRN—y@ IR A N b A V2RI 2 ERHE SR
72 32, EhPla 35 &L OV EhPIb (% NKT il il iE 4 & A 9 % e/ iE & L C i S 7z ERLPPG
K oA 7 > b=V UEE T 5 (Fig. 1-6), EhPIb OREEMR M E LT, 1) [RFE 28
B D WIES TNIC RIS G 2 AT D IKkFE 30 LWV o RSB, 2) Vo7 ) &R
=3 AT = 2DV A NVERET NS, B, VR —Lsn2 LD
SR, OB O GPLA#E 76 & DB/ D RIKTZE PRI, RIRETHY , £,
RHHIR IR O A faFnis & O E ISR OFE R D09 LIRESNTNDER T, 0K
FMEIIARILE T o7z, EhPIb |% ERLPPG & [FAIERIC, CD1d #3HY 72 NKT MifaiEE(kic &
% IFN-yBIRE 72 A b A ViFEEZ R T ZENME SN TS, UL EDOREIC, ERLPPG,
EhPla, EhPIb |%, FHEN2EMIEMEEZ RT 2 ERHEINTVDL N, RIRK D Bz
INOALEWII R DENIB AT VDOREM ThoToZ &, 7V Er—/L 2 fLOERN
RIRETH -T2 L OLEEMRIEEMEG & AMIENE L OMBIT LN E o TR o Tz,
S BT, ERLPPG & Gal-Man-Man & o 72RF{8H) 72 GPLFESIE 2 A L TV D N E DAY
EME~DREOWLNER> TR oo, £ 2T, AWFETIEL, EhPL OEMTENEDFEM
BT 5720, ) a—® sn2 fid —ODNAK, B—lFE#E %2495 EhPla B X
OVEhPIb, & O IZFESEMEIE 2 A3 5 EhPIb DL FE AT o 72, E-ZOMRRICE N T, A
HE72 4 7 b= U VIEEEIEOMNL A FEIM LT, ALEERIR U bSO B3 F5
LTV ABIOT VLA AR =V &5 5 BRI O R 217> 7=,
AYEVE DT TIX, £7°. EhPL 3G 2 RENGEIEEA ., MIaEMIE 72 L1 K 5 M set
EHTHZEMBRALN O, MlaE B 21T > 72, KIZ, EhPI © NKT AR iE bR
B OEHT D=, ~ 7 A CDId & OFEGIEHERBR A 1T o7, F7o. IREME X OWESEE
LAEMIEMEOMBE Z RN 5720, AR LI IR E R X OB & OB E k& v TR
FEHINE & % WM T NKT MO YA b A A FEF MM 21T - 72, S5, KIRD ERLPPG %
WIBFE L 0 R szt — v a~ =715 ® 2, A L7z EhPL & H W CTREfT L7,
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HO _OH

OH

m R!'=H
m =0, n =0:EhPla
16a: 2S, 16b: 2R
R1 =—COC15H31
m=1,n=1: GIPL

m =0, n =0: EhPIb

R =R217a: 25, 17b: 2R R =R219a: 2S, 19b: 2R
m =0,n=1: GlcN-EhPIb R =R319c: 25, 19d: 2R
R =R218a: 25, 18b: 2R R =R419e: 25, 19f: 2R

n
OH
o)
HO
— OR!
H3N@ HO
o) OH
o) OH R<
O~/

SP—O—
|
5 Lo
3—O0R

Fig. 1-6 Entamoeba histolytica H3¥kA 7 b —/L U VJE'HE
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FBE ATV PFP—NIIHTHMNEBEBRROY CBILKIE OB L EhPla D4 AR

B xR

A7 b= UIREIE, EERICBIT Dkkx 2BEERICEE L TR Y . £ OAFERIRE
EWTEME DA D=5, %< DI N—FI L > TERMZENThTE =%, /=, A/
V=Y IR, KEEEE 6 Db DA VKD myo-A ) v bV EEREKELTHL
TH Y (Fig. 2-1), TOREDNLIEIZ Y I FRIERLZE O OB RESL 2 1BINAY - RAVITHAT D
ZEiF, BRICBITORER THDL D, TAVE TITAE - AARERIREY R Y U EEo
BNEORBENRINTE T,

(@) CqcH
HO OH
OH (0] OH
C O\\P/ O1 3
HO! OH Ho' OH
OH

ONh=t%
myo-inositol 19 7

Phosphorylation site:
1-position among six hydroxyl groups

HO

Fig. 2-1 (&R A2 U (b

ALERINAY 722 Y VEREE DB AZ SN T, FEIZLL T O 4 DO FIED AR S 41T X 72(Scheme
2-1, Scheme 2-2), T 72 b, 1) HFHENEI LD HFEMRA 7 & F—/ViHEROFIR,
2) FTNT —IVEBIT KD HFENEA 7 > b=V iHEROFREL, 3) TIRONFIEEA 2 &
N VEBERDFIH 4) A /¥ M= USRI D EERLE - SRR ) VIR TH D,
DIZBNT, B, D51, T IRDA /¥ I LiFEERICH L, BEEER AL h—
VHEEEGNLNEFERBT DX T 001 7 v b= VFEERORBEEZRE L P, £
Bruzik &%, #EHED myo-1{ / ¥ b —/ L% L. D-camphor dimethyl acetal % {Ef S,
WTKIREED R VAL ZAT H T & T, HFENEA /& b= VFEEROERUTHEYI L T
% 80 DT W T, Bender %, D~V a3 — A B NFEEREE S5 X% T VT —ViEE
U™ Ferrier S0 S Z 8B & LC, SEFIEMEA /7 & =L OERITREI LT\ D ¥, 3)icks
W TR, 2,3:5,6-bis-0-(1-methylethylidene)-D-myo-inositol 1,4-dibutanoate (27)% HFFE & 35
A b= VIREARDBEE STV D B8 42T, Miller 5%, A VKD myo-
A7V h— VHERICH LT, Y7 2= ) VB a Y REY UEBLAIE L TRFEMER
NRTF MR S22 21k, @ U FARRMIC 1 ALd 50T 3 MKEREIC
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U UBBEAEATHZ LI LTS ¥ F72, 4, 6 MiKEEEEIZK L, SEHEEXTTF
RAEFFAE 7 I 4 A FaRIEZ Y VERbAl & L CER S 2 & T VRSN Y i
EOFEANIEH L TND P, SOISEFETIE, U UBERE BICRAmAZEAL, 2 Y
KOA 72 F—/VFFEIRICK LY B b 21T 5 iEE B IS STV %, Jessen B, v
TNBHFEREZEALZRARe Y IF4 A MRELHND Z LT MERRMETR SR
WH DD, B ORERIREIC K o TER LI SR RER O BB L TR Y % 351
HRARa T I XA FFEDOIEME{LA] % pentafluorphenol ~E B FHF 25 Z & T, SRERMEE
HKHASELLERELTVD Y,

Rl & 0I5k L5

' Optical
ptica
BnO OH  resolution BnO
hthdald
Allylo™ "OBn Allylo™

OAllyl
DL-20

Bruzik & D J7iE OtF45E)

OH
HO OH o Optical S E 0
(o) OH resolution O OBn
HO™ ‘OH _ ) § )
OH HO“ ‘OH BnO® ‘OBn

myo-inositol OH OBn
22 23
Prestwich B D 515 (5T /7 —)LiE)
OMe . OH OoH
errier
HO 0 5steps PMBO rearrangement FMBO OAc PMBO OAc
—_— e
HO™ _OH —»PMBO x_OAc PMBO™ o PMBO™ “'OH
OH OF’MB OPMB OPMB
D-glucose 25 26

HEFENEA > b= AL EY (HTHR)

Scheme 2-1 J320EMA /¥ b —VEREE 1
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Miller & D J#E (=) o F AR Y U FR{b1E)

N Boc/ H 0
© OBu O Nu
OBn 29 me'  OMe oBn O
HO OH  phoj,opcl,Et,N MO O-R~opn
OPh
BnO™" “'OBn Toluene, 0 °C BnO™" “'OBn
OH 65%, >98% ee OH
28 30

Jessen & DIk (VT AT UAEIRKY Y VB LIE)

F
F F

/ \
OF’MB

PMBO* “'OPMB then mCPBA PMBO* “OPMB PMBO" “OPMB
OPMB OPMB OPMB
31 32 33
2:1 diastereomixture

o
NC‘>_O OPMB opms |l o (’CN
HO o

Ph

Scheme 2-2 Y@ EMEA 7 & b — A RkE 2

UED LI, ZHETICHEZEL K OMEERIIR Y CIREOBEANENRE SILTWDR,
DDICBWTITHBOLEM ETIC R BRE LREE0L < O TREPBLERZ L
MNZRNTE, TROF T NA ¥ b= AFEEPEHETHY . £/, TTIZEASHLTY
DRI L o> THEBV— FBHIREND Z & 4D Miller 5O FETIE, EE I LI
F FABEOFRF R MILTH D Z & Jessen HDTFIETIL, U U RIEE ADBIRMEDIL S & W
STEEORMN G -7,

UL EDOIEFENG, EFHIL EhPlab OB KIZEB W T, M RHHA /v =) VIREE
FAEDHESL 2 Bfe L. (LESEIRE Y L BOS 2 808 & § 2 LT O & 9 72 & Rkt 4 37
ZZ L7, (Scheme 2-3) T /2oL, EWPlaB X Ob ik, /1 /U b= VRZATNVET &
NTVER—=LDZODTZ 7 Ay MO THERKR L., B S 7%, BIESM gL
DREZEITHOZETARKRTHIEE LT, 2, A/ Y b—N VU VBB AT VX, A
THIFE Uiz, MLERIN Y U IBEOSIC L > TR L, 77 Uk u— ORI
I, A BIZE o TR I Ni il IC K27 VX AT ARV a Ry 7Y v 7Rk
YEREAL, BT 528 L L,
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1o OR a0 OMOM HO
MO % PriBQ L OPNE EOF’MB
J —> o) OTBS 4 0
o/ 1 3 M
\II>—OBn 19 7

HO EOH
BnO 34 35a: 25
U 23 |

EhPlaR =H » |
EhPIb R =COC,Hy; | Selective phosphorylation | Ni-catalyzed
| Alkyl-Alkyl cross coupling
PG : protecting group | o
OPG ! L=
S | Ho =,
PGO OPG | 36
OH HO ; . OH " \U/ NiCI/1,3-butadiene
| catalyst
HO OH — , o
+ |
HO" “OH : ’BUOM._.,\Br + BngW
OH _ | 37 38
nosi ® U U
myo-inositol X o .
P (lll or V) [
|
I
I

o
OO (S)or (R)

Scheme 2-3  Entamoeba histolytica A /7 > b —/L U VIEE O & BEH

0 0
HO)L(V}’,U\Br HOW
39 40

B IERROY BRSO

YMFREOEREOIL, W a7 MoESX, Bl frE®&iRm Y Vb RS %
MR LT, (Fig.2-2) $7bb, 100, 3070, B8 KOS AKEEIERERO A VKDL ) 2 F—
IV L. JESRiEMEZR 1,1°-bi-2-naphthol (BINOL) Z RFABhAEE L L THT 5 =ik
FOEMY v E A ER S, B VBEZEATLFIETHD, ARIETHNWS
U AN, RS E D 1Ry b1 TRV 2 TRICTHEICAKRTETH D P,
7o BOSHEE & UTRBGEH LTeA 2 & b= ARBERIT, 1 ALK O 3 (LD KBRIE AN LRI 220
TWDTeD, SAKBEEEL D SEEMICEIST 2 EER T, 612, A THL 1 ik X
W3 L) VEEIRIZ Y T AT LA~ — e b o, B ORREREIC X > THEIp IR RN
KOHBENFRE & 72 5
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OPG

OH
2077 pe v
HO OH ® Selectivity

1 3 « BINOL as chiral auxiliary

#®Phosphorylating agent
 easy-to-prepare

€ Product

OO * 1- or 3- position diastereomer

g;p (Il or V) « simple purification method

LT oo

Fig.2-2 NLEZIR Y U BLEOLD 227 b

FP. VUG ORRE L 2B A ) ¥ b= VB BIKD A K A1T - 72(Scheme 2-6), myo-
A b= HBREEE L, 135 MiKBEZ AV F =27 14K 2 LI, 4,6 (L% p-
A MF TR VIL(PMB)E T, 2% MOM 2L CHR#E L, AL b= X7 L Z STk
DIRTH LT, M4 EF/T,

OH
oy  CHIOEN, o5 ? NaH 070
p-TsOH PMBCI
T~ HO-LN . 1o
DMA, 100 °C HO DMF, 0 °C PMBO
OH 72% OH 52% OPMB
OH
myo-inositol 41 42
OMOM
MOMCI %9 HO OH
DIPEA 1N HCl aq
MOMO , >
CH,CI X rt PMBO MeOH/ CHQC|2, rt PMBO\‘ ’/OPMB
quant OPMB 51%
OH
43 44

Scheme 2-4 1 / > h—/ViFER 44 DERL
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UHFFER OEEIL, 4 2 ELE LT, S ) VLA TH 5 47 2Nz 2 A, £/
U U EREAR Z IR 40% TR 72 S D O ALEER ML R & 1172 5> 72(1-P:3-P = 50:50) (Table 1,
Entry 1), IKIZHIDO Y VEBBIEFIETHDLRAFa T I XA MEZEH L 48 H\W=L Z A,
R 74%, 79:21 OFIRVET 1AL Y ALK 45 2 BErIH 5 Z L I2akE) L 7= (Entry 2), A
SR, e 1) UK 45 2 RIFRIUGETH LN b OO, BIRMERS, 48 DKL
PEORSICE WV BREORENMLETH D Z &, KISHEREZ2EEREST 5 Z L2 0 H
k0, EORMA DT, T BEHCTHEARFLIZbOD, BIFRERIIELR
Rinolo, £ ZTERIL B EOM EABEL. S bR OMEE1To72, Entry3,4 TIL,
BOGKE R O ffE 2 f1m LT, milE M 22 & YE L AI(6-CFHOBt ) 36 LY, K 0 ik eiiE % b
2 Hg-BINOL % RAMBhIEE LTHT 5 VU U EbA 49 2 V7203 BIAERY CTH 5 iafl 7a
U UBBAEIEDBA T, BIONE, S OICALEERIREME T T 58 R E o7 %,

Table 2-1 ALEERE) Y BRACRISOBET 1

40
Q0N

OMOM OMOM <
. N O NP~
HO OH conditions HO o
+ 3-P (46)
W ey CH20|2, MS4A, I‘T N ey

PMBO OPMB  1hol moPBA PMBO OPMB
OH OH
44

( ‘O e
o OO leosa

(R)-BPC (47) (R)-BPA (48) (R)-Hg-BPA (49)
Entry Reagent (eq.) Time yield dr (45 : 46)
1 47 (5.0), Et3N (2.0), DMAP(0.5) 1d 40%, dr (50 : 50)
2 48 (5.0), tetrazole (5.0) 1d 74%, dr (79 : 21)
3 48 (3.0), HOBt-CF; (6.0) 1h 53%, dr (75 : 25)
4 49 (5.0), tetrazole (5.0) 2.5h 49%", dr (90 : 10)

a: Structure was determined by X-ray crystallography. b: contains diphosphate ca. 50%.

WIZEF T, FY VBRIV o EOJRTFIZEHR L, O, S, Se EA#HT 5 Z & TILR
BLOERMEOM A3 A 7= (Table 2-2), IZUHIZ. DMAP 235 & LT 47 #{EH 7=
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& Z A, Table 2-1 & [RFRICERIIEIZ R S 720> 72 (Bntry 2), KIZ O 225 S, Se ~ & A H#i
L=V VLA 50, 51 2V CTRata To72, b o, HHEbick-TT7 'K
DTN A= NRT I ALEMDF T FHEEN - AR L LTHE S NTLEMTH
% %, F72. S, Se IZ mCPBA 7% &% W DB LIUSIZ K » TERFE R~ L AR Th
Lo FT. MERTFEAET D50 2 HW -, ZORE. BRERDIZOT LGN
Slz, ZAU, 50 OV mr AL BT DEMEN R RN & R T Ok
HEITLIZS Do e 2 ENRFEREZEZ BND, L L, REMHIZBNTHOT R0 bA1E %
PFHED W EA R HNT2(67:33), KIZ, BLURETEZHETHS51 20 2 A, U@k
O NTEILIGN & HICHIFIZHEIT Le, ZOREE, IR KOS 6 lcm L,
IR T4%, 88:12 DIERMETHIy 1 (LU Uik 45 2155 2 LIZpE LTz, ARG T,
Vo EOJRFA 0, S, Se EJRFHEENKE L RDITHOMN., U G EES DBEIRPED M 1
L7co BOUSER ZONEIRMEDO M B, RO KICE 581, SRR R BRI 25 RS
DEBIREBICHEBELRFE LD LEIbND, 4%, BHEFHEICL > TRRIIGD
BEBBRREEMENTTL5TETHD, RBIORMIZT, 777 LA —/1(20 mmol)iZ b Ji i I 6E
ThY . KA b= VFEARICET 2 EBEFREOENME AIREE Lz, £z,
FOSEREEZ THE, kv LW L= & 2 AEntry 5, 6). U U Lk OEMENE T L,
IR L OEREOR T AR 6N 772, CHCL Al 22 USTEE TH 5 L IRE LT,
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Table 2-2 i [E#IRA) U > AL SOE DRES 2

o I
OMOM g/O
LD

conditions HO

overnight

PMBO" ""OPMB

OH

)-BPA (48) (R)-BPC (47) (R)-BPC (50) (R)-BPC (51)
Entry Reagent (eq.) Solvent Temp. yield dr (45:46)
1 48 (5.0), 1H-tetrazole (5.0) CH.CI, r. t. 74 79:21
2 47 (2.0), DMAP (2.0) CH.Cl, 0°C 56 50:50
50 (2.0), DMAP (2.0)
3 CH.Cl, 0°C 4 66:34

then mCPBA (5.0)

51 (2.0), DMAP (2.0)
4 CH,Cl, 0°C 74 88:12
then mCPBA (2.0)

51 (2.0), DMAP (2.0)
5 THF 0°C 16 76:24
then mCPBA (2.0)

51 (2.0), DMAP (2.0)
6 Toluene 0°C 3 61:39
then mCPBA (2.0)

WIZ, PTAT LAY —IREWTH 2 45 1 LN 46 D4yl O T 21T - 72 (Scheme 2-3),
45, 46 1L, HHAECH T LT uv NI T T 4 — Lo Tail i ORERERETIT 0 BEA W EET
bololzth, 45, 46 O 35 (iKBIEICIRELZEAN L2 EMTHONTHBEDOMET 217 -
Too Flx DUREREORFTOFMER, Alloc EZEHEALL 52 IZBWT, #7L67u~v N7 7

— LB TPT AT LA —DSBICRI LTZ, T, Bon-BE—0RMEEICo>NT
WEIEIRIE ZAT o 7o, XL OIT, Xl SIS AR (2 & 2 MG IR AE & 57 72 (Scheme 2-7), i
A LIV AT T 2720, 52 1Tk L, A HIZ X - THF Sz Ru fillffe %
ZRWT Alloc 2 FRE L%, b2 BT 2 p-7mexX0 A VEEEAL 53 215
776
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omom g0 AllocOBt omMoM O
HO o~ O DMAP AllocO o~ ©
() + 3P a8) Gropn™ 90
PMBO" “OPMB 74% (from 45) PMBO" ""OPMB
OH OAlloc
45 52

0 (0]
OMOM g 0 OMOM ”\O
o)
[CPRU(C3Hs)(CHeNCOO)IPFg ~ HO ‘ SN pBrBzCI p-BrBz0 o~ ‘O
MeOH, quant PMBO™" “'OPMB wmmGWCPwo ““OPMB
OH Op-BrBz
45 53

Scheme 2-5 p-BrBz {L.{& 53 D & Ak

53 7% b= MU LR CHEMRS LERmA SRR, X SRS mEEmT 21772, Lol
NH, HONTEENEREER T o722 OICEROENEL | BEMRIETEZL0
D, REEFTIEEL RN -T2, £ T, LEBEHDOA /¥ b—b-1-U P 10 ~LFFE L,
ESCEE 2 SUBRAE & bbie % 2 & TREIEIRE 21T 9 Z & & L72(Scheme 2-6), 45 (Zxt L. TBS
FZB AL, BINOL Z X D)L X7 L~ LML 34 4572, fe T, TBS HDRE, 7%
HIRERZ ST L > TREL, BA I ZRWBIIER KO A 4 ZHEZ2 B
THHEIL, YV 7ua~Xu T IUET 52 LTS8 2157, 58 DFENLEIT+2.0 CUikfE
190:[a]®,+3.9° (¢ 3.0, H,O)Z /R L 1 (L U V(LK TH D L IRTE LTz,
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?
P TBSC
-0 imidazole
—_——
‘O DMF, 60 °C
"OPMB 95%
45
0
OMOM II/OBn
0~ ~OBn TBAF AcOH po
—_——
THF, 80%
“OPMB PMBO™"
OTBS OH
34 55

o]
OH 1_OH 1) Dowex 1x8 (HCO3")
o~ TOH 2)Dowex 50WX8 (H*)

30% TFA, Me,S HO

OMOM

“OPMB

(I)I/OBn
o ~0Bn TMSBr, BSTFA HO

—_—

HO

OH
57

Scheme 2-6 A /> h—/L 1V k58 DA BR

3) Cyclohexylamine
“'OH quant. (5 steps)

26

BnOH, NaH
THF, 0 °C, 63%

_—
CH,Cl,/Toluene

PMBO" ‘OPMB
OH
56
HO ®
NH,
HO™
2

[o]P,4 +2.0° (¢ 0.389, H,0)
(Iit, [P g +3.9° (¢ 3.0, H,0))100)



®=# EhPla ® &K

EhPla 35 X OVEhPIb [Z, 7'V 0 — b sn2 (LD NARDBRIRE TH -T2 LD, sn-2 LD
RBIXUOSKOmM G AR L, £ OWMETEMHEMEELZH_L5 0 E Lz, 22 TE7T. 7V &
1 —/LERGr DA R & AT o 7= (Scheme 2-7), HIHROGFEMEZ Y ¥ o — L fFEK 59a LV, 7
VIWVHOEBEAN A 7av )T UEORE, VU NVEOEAD = TRZKT 60a z157-%,
sn-2 fL~D PMB &, 7 U VEDREZFR T, T/La—/ 62a 157, WHDINAKED 62b (12D
WCHAO TR TAEREITo 72,

o 1) AllylBr, NaH, DMF o OPMB
ﬁL 2) 90% AcOH aq PMBCI, NaH
d._h_on TBDPSO.____OAlyl ————— TBDPSO\)*VOAIIyI
. . DMF
3) TBDPSCI, EtgN 608 (26 61a (29)
59a (25) DMAP, CH,Cl, 602((2,?)) 82% (61a), 53% (61b) 61b (2A)
59b (2R)  85% (60a), 73% (60b)
Pd(PPha), OPMB
1,3-DMBA
TBDPSO._L_oH
CH2C|2/MeOH
62a (25
85% (62a), 85% (62b) 20 ((ZR))

Scheme 2-7 7'V & 0 — L%k 62a. 62b DAk

WIZ NI\ X DT VS -T X axhy 7 ) v 7Y 2 Lz B8R
DA Z1T > 7=(Scheme 2-8), T D 12-7 & KT W% tert-7 F VT AT )L 37 & L,
FUA Ve =“TRICTZ V=% — LR3I L L vy TV VT HEDODEREB I o7,
B\ T, M %A THF HNiCl,., 1, 3-7 % P U FE RIS S5 2 & TR F#E K 30,
cis DMTRNEZH T 5 BHEIRIRT 2TV 63 DERIZKZ LTz, 63 XML 42
T, tert-7T FNVHEREL, BBAL36 L Lo, FEVWT, 62a LUV 62b LAEG L., UL
EOBEEZITHNT VA7 U v —)L35a BLO35b DA AT 77,

A h=N Y UREML 34 BE O, T Y r—)L 35a 35 LU 35b & ek A L
L3720 T, #i\ T EhPla D&% %17 > /- (Scheme 2-9), 34 127 & b U IEMEHRALY T
AEERSEDL VLT, RUULTATFALE | DBREL, SV CORESREEZHWTT &
N7 r— L OREE 2 21TV, 64a, 64b 1572, U VEEA TBAF & VW TERZE L7214,
TMSBr/BSTFA % VTR DV ABRE R D 2 CORER A TFA OREMESRIFTREL,
I ENERR D U BTN T T AT a~ N7 77 4 — TS 52 LT, 2 DDRAe 5K
? EhPla (16a, 16b) DAk % AL L 7=,
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o NiCl, (1 mol %) o
M NMP, 1,3-butadiene )W
S w0
BuO o Br ¥ BrMg 7 7 THF, —40°C then0°Cc 24O 19 7
37

63

38 64%
For 35a

1) 62a, DCC, DMAP
CHJ.Cly, rt
o 2) TBAF, THF, rt
50% TFA

(0]
)W 79% (3 steps from 63) R! R? W
_— — > . —
CHyClp, it HO 19 ” For 35b Ho A0
36

19 7
1) 62b, WSC-HCI, DMAP ,
CH,Cl,, reflux, 49% 35a (2'S): R11= H, R2= OPZMB
(2 steps from 63) 35b (2'R): R'= OPMB, R“=H
2) TBAF, THF, rt, 80%

Scheme 2-8 €/ 7 LV 7 Y twr—/ L 35a,35b DE Rk

OMOM Q/OBn 1) LiBr, Acetone

PMBO
reflux _ O\\ /
2) monoacylglycerol 35a or 35b
DEAD, PPh4 BnO
THF, 0°C tort

64a: 2'S: 81% (2 steps)
64b: 2'R: 31% (2 steps)

64a (2'S): R'= H, R2= OPMB
64b (2'R): R'= OPMB, R?= H
OH

1) TBAF, AcOH, THF

HO
2'R: 88% Hooﬂ&’gH
2'S: quant e}
2) i) BSTFA, TMSBr " OH
Toluene -~
ii) TFA/CH,Cl, H
s Ot h=t
16a: 2'S: 31% (2 steps) 19 7
16b :2'R: 43% (2 steps) 0
16a: EhPla C30:1 cis (2'S)

16b: EhPla C30:1 cis (2'R)
Scheme 2-9 EhPIa (16a,16b) D & fi%
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EIUE

ARE T, EhPla DEKIZIW T, BRI A /& b=V VIBEERBIE DML Z R
fEL. RN EEIRE ) LS DB Z T o7z, TORE, Vo Bk v 2/7
LV Uz al RS ZH0WEEIlmIER, BFRERETHIE TS 10D U
IBEEGEL Z LI LTz, E6I2, REHEIEZTZ 7 LA —VIZHHEARRER Z LM DBAR
BV — MBI 2 EHEPEEAO B G FIREE Lo, £/, Ni fifitic L5 7 % 1-
TNAXNT ARy TV IS EEMAT 52 8T, BREBHBOARICEI L-, (L&
BIRE) Y VLR R E ORI A RIEZ R E LT, U kr—bsn2 LD 2 D
DINLAKZ AT % EhPla DA I AED L7z, AERV— MEL ZIRICH —DNED A ) 2k
— N BB LND A, o, TAXRA-TAIALIaRh v 7Y 7RG LY ZEk
NERAEE DS FRHE FIBEZ72 2 & 225 | BhPla 724F T2 < Kk x 28D A /o h—L U VIRBE A RIS
HWHTE5 525,

F7o. RETEHR L7 EhPla O AEMTEPEIZ DWW T, HIUE TR D,
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EB=F TIALBIOTIAITXFVINAANES KGR EEL L T2 HEHER
%12 & 5 EhPIb 3 X OB 84-& A EhPIb O A FR

B xR

I TIE, A /¥ M= Tk T HALERIRG U U BER)S OBF & 22 8 BpE & 55
FFT A—"HEA /¥ b= U U EhPla DA RRICOW TR 7o, A Tix, X0 4
72138 % 47 % EhPIb 5 X OHESHE A EhPIb DAk % H Y & L7z, EhPIb 3 & OV O BT
Eix, 205 7WNIic, RfafifEsa. VB AT ARG, AT ARG, VYR ) &
u—»%iﬁ%ﬁ%m%ﬁbfwémgﬁmoﬁﬁ\%®i6&@%ﬁﬁﬁ%ﬁ?5@6%

L BRSO NICR IS AS 2 8 D EAIEEO SR EICESRN Y TOR TS, 77,
REaFfs A a AR AT 5 EAEE IR, EVEEORBBEL o> TVWDBEAND Y |
EIEVEDIRB . RIETEMEMBEFZEOBLE O b AREFIC K DG ORI XEE T
ORI

FEIRAE AL, BMKERTRFICAETHDHZ End, FHEAGK, EAREAKR TS
HENTEER DN =T N Z KD KGRIIRESL L T2 5K Z @A T2 2 &2
TERW 1O ZOBLENG, ITE, XUV EE A LAV e (R RIS O B3 2T
b T& 7=, 2006 4. Nikolaev 5%, Tripanosoma cruzi DTG & A GP1 7 2 h—
DEFITIBN T, HFEME S TERETTREZR N A L(Bz) 5 % BESEHER 4 0 /K R K5 0D 7K 9t B9 15
IR L, BRHICT P LA MR REHWTBz EZREL, GPLT I —DEKIC
FE) LT D (Scheme 3-1)'% UL L7eds b 58EEEMESAFIC KL D Bz EDBREIL, /5 FHIC
FIET 2T AT NAEG DR E VI RIS Z AT BEEME T 2R S - 72, £ 2T,
Guo HIE, /KEEIE D KB IR TE R A I ME S CERETFTREZ: PMB & 372 2 L CZ 0%
R U, T. brucei DEAFINENGEA & A GPL 7 > 11 — DA A K E) L 72 (Scheme 3-2)'%, £ 7=,
Guo LIFARFIELZ LRI CHDLT 7% RUBEEH CD52 Ui GPL 72 1 — D&
FAIZHISH LTS 1% 51T Guo blE, BHlUKFERITFMICAETH 575, AFEEEE
EEVEDIREBNICA R 72 0+ 7 v —7 SRR R ERETCH D, 7V FEB LU
NFRCHEHEANLTEGPLT YA —OEMICAFEZEMA LY, L L7226, PMB %
2T DRI CIL, 7Y 2 Y ERIRE OB G COKISIZEB W T, PMB 04y
WO RIS ET MRS -7, 22T, Silva HlE, BHUESRETREMNRETHD
23, PMB J&\Z LA EYE %A A9 5 2-naphthylmethyl(Nap) % ' Z /K g HE O K il fRi#ER & L

Wi UL T. cruzi © GPLT > 71— 53 HE1&E DB pRIZ % Eh L 7= (Scheme 3-3)'%”, L2x L7236,
Silva O#E TIX, GPLIEHDO 7L a ¥ I VIR ETOEMRTH Y . SHEMIE~DRHHILS
nTWiholz,
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o OB
% z

BzO Q
BzO Q

OR ?g
0 Q o)
SEMO ol_. 1) 0.05 M NaOMe
BocHN % —OBz MeOH, 40% T cruzi
o} o .

o P 2) TFA/H,0 (9r1)  GPlanchor
\\I‘D (0] )W 90%

65 O(CHz)15CH3
Scheme 3-1 Nikolaev & ® 5% (Bz £&)

v OH
o)
PMBO Q
PMBO

. OSMB §b 1) Zn, AcOH
PMBO OPMB /\T::j\ CH,Cl,
NsPMBO -OPMB oMe| 2) DBU, CH.Cl, T brucei
O/Xﬁi2£98¥35 GPI anchor

o- / 2) CH,Cl,-TFA (9/1)

81% (3 steps)
j 1 A=t
=4

66 e}

Scheme 3-2 Guo H D 5% (PMB %)

OR
NapO 0
Napgém’\l o ONap F‘(’;/ 1) DBU, CHJClI,
%%Na 2) Zn, AcOH
o ONap | —ONap CH,Cl,

Osp’0

0 3) TFA/Toluene (9/1)  GPlanchor
/// O)L(\/)/W 72% (3 steps)
NC 7 4
67

O(CH2)47CH3

T. cruzi

Scheme 3-3 Seeberger © D 5% (Nap %5)

LEDE RN, EHIT, RS 28 CEMERESTEE G KITR T 2B 72726 ik
W& LT, KEBBEDOKGIREXICT VLV EB LT I AA RO I AVR=VEEZEHT 5
RIS 2R Lo, T UG IR VERLT VLT AT )L % Kigt i 1 1
WHA KT T T—IE Alloc strategy & L THIHNTED | BEBEERSCRTTF REBUICEH S
e NN REaFEI A SA T AEAREEOGMA L LTE, T F A=A ME LTH
55 Rhodobacter sphaeroides lipid A DRHHE " 21X L, =—F A O L=V b7
PR EARRMENRAE AT LY BN A FEEROGH Wb, RIS T
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BILRMC R R E RS IEE AT 5 U B R A DARKIC Alloc strategy % 3@ f L7z 'V, —
AN ZRBEBH A BRIC I W TIE, BRI GomREE G O v — 7 VR IRE R 2 5 %
FHICEOND ZENLIELIERZ AR, 7T U AT —FT AR KEGRREEZICHN NS Z
CIRFEE A ERD 2T, THITREBREICEWTT U2 —T7 L2 SR TEIW 45 2
ENFELTEHRNEZEZLN T2 LIZE D b0 EEbLD,

TUNEBIOT VAT IR =V ET, EREICENTEY . ORERE Vv
F, TV PMB ., Nap 570 &) ERERISICHIT HEARMEEZ A L TS & 9 R
NHbD, £, TINVEBIOT VA XU hR =V L, EBAEMEEZ ik
FETIRFNZERENRETH VD . ITFETIE, SBREEEPICBT 27 U VEDORESRMES
WESNTWD, R SIE. AZ =R F T ALY UBREBMFIZHEOLT =0 4
PER 69 5. 7 U NVEDOBRESRMEZ#®E LTV 5 (Scheme 3-4)°, 72, B ST, A
Z )=V 13- DX F NNV =Vl T YT MMl A VD Z 8T mIERIZT
2ROT VNEEATDHEIEON T U LS 2 8E LTV % (Scheme 3-5)'%,

)
PFg
ORu__
AllylO._ N 5<) o HOS
N — U e P Hm}\
0
BuO NHFmoc BuO NHFmoc
Ph >99% Ph
68 70
Scheme 3-4 AL & O Tk
OAllyl  Pd(PPhy), OH
A'X'Oﬁ 1,3-dimethylbarbituric acid HO/&%
Iyio MeOH, rt HO o
AllYIO ome 94% OMe
71 72

Scheme 3-5 IR & O Tk

TUNEBLIOT VA F T ARV EE KGR R & L7 (R R I S <
BE84 5 A EhPIb O & % EHHE % LL T2~ 9 (Scheme 3-6), § 72 6. B84 & A EhPIb(16a, 16b)
. KBEEAT ULV EBIOT VAL F S BRIV TIREL-2EERL Y, BERE
B E N TR TORBEREZRETHZETAKRT DI & Lz, &F#ERIE,
WA 73 L8 BERRIA 74a, 74b OV Y a VLIS L > CTHD 2 & & L, ZhERH
K141X, HT77 F—RA, v/ —RALVZNENERK LI HEFEREIRZNER 7Y 22 v Ak
THZ LK AL, fEHERREAR 74a, 74b X, TV RBETT LA ¥ F—L 75 L Da
BRI Z Y 2 U BOETHRRT D2 L& Lz, 4/ 2 h—I V751X, BIEICCTHF L2
EIEIRE Y U LS E W TERR L2 1Y R kiR 45 3@ ke Lalk+ 52 &
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& L7z, o, B8 A S £720 EhPIb [ZOWTIE, ALY VR bk 45 L0 (Ri#EREE T VU v
HERT VNFF T HNVRVIRICEWRLT=276 LTV va—L a0k, BBeR
il CIRERAPRET HZ LICL VAT 5 Z & & L7z (Scheme 3-7),
AllocO _QLev
o)
HO _oH AllylO
o} AllylO
HO% AllyVAlloc Aloco—,
global deprotection A”Rﬁolcﬁt%
Y OAlloc

o)
HO I >
HO -Q fe)
HO OH AllocO O NPh
0 o Allylo Aor
HO ' 3
H(&A OH o OAllyl o 73
0 o] HO )
HO o)kc15H31 AllyIO ¥ O)LC15H31
HoN HO Ns|Allylo
© s A
0 OH o. 0O OAllyl
O / NIV
/P\ I;—O, 1
o) .
HO o AllylO %OA”V'
17a: 2S 3 OM
17b: 2R OCOCoqHs7 74a: 25 19 7
74b:2R O
his 1l
0" "CysHgy

AllylO OAll HO— 1 OAllyl
o OO + e ow * ool
/ .
\\P 3 OM y Nj (6] CF3
19 7
77

7\
AYIO™ oAyl 75 o)
76

Scheme 3-6 ¥i1 /> b—L U VIEE OA G

X
O

HOO CisHas L
HO—\ L O AllyVAlloc ayio ¢ Gt
o P OH  global deprotection AIIocngcA)llﬁlt;l + %OAIIyI

N o

A | > *TONA R =0
> P\ 19 7

Ho © i
OH BnO" ogp 78 o)
76

OCOCygH57
EhPIb

Scheme 3-7 EhPIb O & BEH

33



% _fi EhPIb DA R

X LI, EhPIb DA / ¥ h—/LHI[EK 78 DA% 1T > 7= (Scheme 3-8), £3°, 1LY
AR 45 OKERIED 7 U ML DORET & 1T - 1=, 5aE FEME S (e.g. NaH/AllylBr)<oo@ et 4
:(e.g. TFOH/ Allyl imidate)iX T U WbIKE G 2 72 v o 72238, VT =0 LA 69 % V7= it
KEGT U IACESS " OHRP BRI E T 25 79 UK 55% ThH- % 72, #i T, BINOL Z Mk
FZTR DN AT N~ EZEW L 80 21571 . PMB J£% DDQ Z W TEREL, 7V
NAF T HNVR=VEEZEANL 81 #4572, MOM (X, Y7 unm A X H N 704 o
FR(TFA)ZE EHE 5 Z L THREL, TFA ZB ELIZOBIZT S E /LI F U@ E Ofih
BATH 2T,V UBREOBMAMEI L, 718 DEREIT ST,

©

PF
@%76

/Rlu\
e TN e
- 69 0
OMOM ('?,O OMOM B,O

o
HO oo 2-propen-1-ol AllylO 0" "0
OO DCE, reflux, 55% . . O
PMBO™ ““OPMB PMBO! OPMB
OH OAllyl
45 79
OMOM (')' (0] OMOM 9 OBn
NaH pOB" 1) bDQ, CHCI,, s
At AllylO 0" “OBn  pH7buffer, 70%  AlyIO 0" “oBn
—_— >
THF, 0 °C S .y 2) AllocOBt, DMAP RN P
81% PMBO OPMB CH20|2, 92% AllocO OAlloc

OAllyl OAllyl

80 81

(0]
P%!gitic acid AllyIO 0" "CysHgq
% DCC, DMAP
50% TFA AIIocO’ﬁk/OAlloc
CH,Cl,, 0°C CH.Cl, 1t o /O OAllyl
60% (2 steps) ~p_0Bn
1
B
nO 78

Scheme 3-8 1 / ¥ F—/L 78 D&%

Wiz, 7V a— iy D& %E1T - 72 (Scheme 3-9), EhPIb O/ KIZBWTH 7 U & r
— b sn2 (L OFEETEEARRIFFE D720 R B L NS KO 5 ONAKIZ DWW THREIT > T2,
RO NHEE 7 Y v v — Vi8R 59a LV, —THE2~T 82a 2/ LD HIZ sn2 if
T U VEEZEA L, PMB R % DDQ ZH W THRELIZOBIZ, AIE THM L - EH#HIE
Al 30 (C30:1, cis)F L ORIEED FIETHIK LTz RFEEK 30 - trans, RFEK 28 O K HIRIEE
WEEe L, YU NVEERETH L T87a, 88a, BLU89a 572, b I —HDIKD
7 U u— VEAL G [FERO FIETERM L, 87b, 88 38 K TF 89b 457,
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OAllyl long chain fatty acid

0 1) PMBCI, NaH TBDPSO TBDPSO
X o>< DMF *—kOAIIyI . k
DDQ

2) p-TsOH, MeOH

OH OPMB OH EDCI-HCI, DMAP
59b (R) 4) AIIyIér, NaH 82b (R) 83b (R) 95% (84a)
DMF 82% (83a), 83% (83b) 95% (84b)
quant (85b)
71% (82a), 71% (82b) 75% (86b)
TBDPSO—|: HO e o)
« —OAllyl *_|:OAIIyI —
R =
OR _Ef+ OR 1 7
, THF 0
84a(S):R=R 87a(S): R =R' (90%) R< R2= N
84b (R):R =R 87b (R): R = R'(80%) 19 7
85a(S):R =R? 88a(S): R = R2(62% (2 steps)) 0
85b (R): R = R2 88b (R): R = R2(77%) R3 = W
86a(S):R =R3 89a(S): R = R3(64% (2 steps)) L %
86b (R):R =R3 89b (R): R = R3(83%)

Scheme 3-9 7 U Viri#ExE /) 7o V7 Ut — /L DGR

A b= VR 78 BEOT AU a— Lk 87~89 Z A TE DT,
EhPIb O & 5% % 1T - 7= (Scheme 3-10), 78 DX /LT X5 L% LiBr & b HWTH D AR
ELlzoblo, BIESM 2 Z2HNTT A7V tn— L EEA LK, DEIZ, 90a DX
VNVTZATNERELTEOBIZ, 7Y T U AT IR AVIEO R E R
Teo Ml rmm AR AXE ) —EBAEET LT =0 LE5K 69 ZEM S L 25,
TUNFEXRANR=NVEOBREZTRONTZbOD, TV AEOREIZRON R oT,
ZhiE, RV TATAVOREOBIZA LY VY F U AER, BN TOFFAT
R/ DRMBEDTEMICEE R 7 m by M EBESTLEoLmd B X T, T I T, KIS
HIZ TFA % 1% L72L 2A, W7 U ALRIST BAFICHEIT L. AR Z RO Y
TGNHThrma~x 7T 7 4 =AW THREL 19a I3 88% T35 Z &I L EhPIb
DER A ERK LT, FEED FiEZ2 AW TERS 5 DO EY b IRGEIZAE) L, &t 6 D EhPIb
DA A B LTz,
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X
0~ “CysH
AllylO 1731 4) LiBr, Acetone
All OAlloc reflux
oocOO OAllyl ——————>
Np? 2) DIAD, PPh,
, ~0Bn THF
BnO ettt
78 ; HO 87a(R=
; —|:OAIIyI 88a (R =
OR 89a (R =
| HO 87 (R=
3 —|\OAIIyI 88b (R =
: OR 8% (R=
1
0~ “CysH
AllylO 157781
LiBr AIIocO Oélloc c
_—

Acetone, reflux

—tOAIIyI

A
15H31

IIyIO
AII OAlloc
0cO 3 OAllyl

R)  90a(S): R =R' (66%)
gg 90b (R): R =R’
1 91a(S):R = R2 (63%)
o 9Ib(R:R=R2
Ry 92a(S):R =R3(72%)
R)  92b(R):R=R?

[CpRU(CsH 5)(CgH GNCOO)]PFG

CH,Cl,/MeOH
(1% TFA viv)

90b' (R): R = R (68% from 78)
91b'( )R R2(62% from 78)
92b' (R): R = R3(20% from 78)

Scheme 3-10 EhPIb D4 %,
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2(

2 (45%)
3

(88% from 90a)
(50%)
75% from 91a)

(82% from 92a)
3(44%)



F=H WEHMELHE T2 EhPIb DAL

AIEI D EhPIb DA RKIZIBWNT, T UL« 7 U LA 2 B /L7 = VLR FLHR IS 3 SE31E T &
Tefe, MV CHESREIE 2 A9 % BhPIb D&/ AE1T 72, ERLPPG %, Gal-Man-Man-GlcN
OFEMEZ A LT\ D, £ 2 C, S OMETEEMEE RS-0, 2RONES
A EhPIb & 7 v a3 v ZAT 5 EhPIb ICOWTARTHZ L E Lz, KOTT 7 b—
A= ) =AM OFEEIEIIRIE TH o720, > GPI FESEE & OMFEMEL S
Gal(a1-2)Man(al-6)Man(al-4)GleN Z &35 Z & & L=,

OO ') DDO. CH.GL 1) AllocOBt, DMAP
OMOM S o) )pH 7 buffer oMOM oAl 2 SHeCly 97%
A||y|o\©,o ~0 O O 57% (brsm:71%) AIIyIO\Ep,O’ Sonly A O e
2) NaH, AllylOH 3) Levulinic acid,
PMBO OPMB THE. 60% HO OPMB EDCIHCI, DMAP
OAllyl OAllyl CH,Cl,, 80%
79 93
i X
0 M
OMOM | p- ~OAllyl 1) 50% TFA AIVIO 0" "CygHay H,NNH,AcOH AllyIO 0" "CysHsy
AllylO 0" "OAllyl  in CHxCl, LevoyﬁkgAlloc CH,Cl,/MeOH, 95% Ho/ﬂx'oAlloc
S 0 OAlyl — 0 OAllyl
. -, 2) Palmitic acid, o P/
AllocO' OLev DCC, DMAP 0= OAIIyI ~OAllyi
OAllyl CH,Cl, AllylO AllylO
94 71% (2 steps) 95 75

Scheme 3-11 1 / > h—)LT 7 & 7% —75 ODERL

IXUOIC, A /¥ b=V 175 DERAETT - 72(Scheme 3-11), LA 79 @ 4 il PMB g
PIFRZEIL, CHCL, . 0°C TDDQ ZEH S5 Z L1 LV IR 57%EHENU R 71%)
TITH 2 EITAEI L 93 2 457-, ZhiE, 2+ @ BINOL ONAKEEIZ LY . 6 {iZ PMB A&

12X L DDQ NI LIZK K Roleleb & B X bild, Fit\ T, HEMSMFIZTY Ve A
T NV% BINOL /D7 UNVERAT V~EZEW L T VLA XV VR =)V EOE A 67 PMB
EOBRE, Lev HOBAZRET 94 B L7z, MOM EZBMESRIMFICTRELIZOLIC
IV FUBROMEE ATV, Lev A RT D URFBRA W TRET HZ & TS /v b—b
R TS DB EIT -1,

e T, 7Y RBEH G R 77 O G R & 1T o 72 (Scheme 3-12), BEX1 0 3, 4,
6-tri-O-acetyl-2-azido- 1-tert-butyldiphenylsilyl-2-deoxy-D-glucose'* (96) % HHEME & L7, X
Uz, WSRO T v F b L2, 2277 v 7 AT e R, XKUY AF L p-
RV ZVIR CEEE AN T, 4, 6 (LI 2-F 7 F AT H—LEFK LT, %\ T, BH;,
$il N U 77— MCu(OTh),) & AWT, BRMICT 7 F AT X — L ERRSE B UF—1
98 Zf37=, 98 \ZxF L, MefbdR, RALT VL ZEHWTHHERET 46 MICT U VEZEAL
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99 287, T, BB OEAZIT-7-, 1 (DO U L% TBAF # HHWTHRELT-D

Bz, HEEEMESE T N-phenyl-trifluoroacetoimidoyl chloride'? Z/Ef &+, 7 ¥ FHEf 5.k 77

DEREIT-> T2,

OAc
0
Ac}ggé&omops

N3
96

OH

o)
Napﬂoé&omops

N3
98

OAllyl
NapO o  NPh
fuyEé&H AL

N3 (0] CF3
77

1) NaOMe, MeOH
; IRA-120(H*)

Cu(OTf),
OTBDPS — >
2) 2-naphthaldehyde Ho 90%
CH(OMe)s,

p-TsOH+*H,O, DMF
75% (2 steps)

AllyIBr, Ag,0O

N
68% 8
99

Scheme 3-12 7 ¥ FHE K —77 ® &Rk
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AlyE - og||y| 1) TBAF, ACOH
i oteops _ THF. 67%
CH,Cl,, MS4A

2) CIC(NPh)CFg

K»>COg, Acetone
quant



Table 3-1 7' U = 3 /UERE DR

OR!
R20 (o) NPh oR
A||y|oéﬁm‘ I . R
N; O° 'CFj3 R20
3 AllylO 3

a » OR ; OR
100: R' = Alloc, R? = Lev AllylO conditions N3sAllylO
101: R' = Allyl, R2 = Lev HO OAlloc ——— o) OAlloc
77: R = Allyl, R2 = Nap + /O OAllyl MS4A /O OAllyl
or O:P\ o:/P\
"Bu  gag OR* Rio OR?
OAlloc | | 103: R3 = MOM, R4 =Bn 105: R = Alloc, R2 = Lev, R3 = MOM, R4 =Bn
LevO&&'H 0 104: R3 = -COCy5H3, R4 =Bn 106: R' = Allyl, R2 = Lev, R = MOM, R4 =Bn
AllylO O) 75: R3 = -COC45Hg, R4 = Allyl 107: R = Allyl, R2 = Nap, R3 = -COC45H34, R4 =Bn
3 108: R' = Allyl, R2 = Nap, R3 = -COC;5Hz;, R* = Allyl
102
Entry Donor (eq.) Acceptor (eq.) Activator (eq.) Solvent Temp. Yield
1 100 (2.0) 103 (1.0) TMSOTf (0.2) Et.O -20°C N. D.
2 102 (3.0) 103 (1.0) PPh;AuNTf, (0.4) Et,O 0°C 105, a: 21%
106,
3 101(3.0) 103 (1.0) TMSOTf (0.2) CHCl, —20°C
a:31%, p:ca. 24%
107,
4 77(2.0) 104 (1.0) TBSOTf (0.2) CH.CI./Et,O —20°C
60% (a: g =4:1)7
108,
5 77 (2.0) 75 (1.0) TMSOTf (0.2) CH.CI./Et,0 —20°C
81% (a: p=4:1)
108,
6 77 (2.0) 75 (1.0) TBSOTf (0.2) CH.CI./Et,O —20°C

90% (a: p = 9: 1)°

& a/p ratio was determined by NMR analysis., N. D.= Not Detected, rt = room temperature.

WA ¥ D= NBEZEIRE T Y R EARD 7 ) 2 2 Wb DG 41T > 72 (Table 3-1),
ITUDIT, 400% Lev 2, 6 LA 7 UNAAF AR =/VETRE LT 100 Z Bt 54k L L
THW, B2 E LT, U UBERY LT AT A& AT 5 103 % V72 (Entry 1), £ Off
R 100 DIKRIREDZ < RO, BIERDZGS Z I3 TSR0, RIT, Sl
ZHWT, IBRICTEMEAETTRE R o-~F v =R Y o V2 BBERE 25 IR OBt 5K 102
AW TRISZ1T - 7 (Entry 2), € OFEE, RNETH S LOD, 105 Dotk 21%DILE
THD I LRI L, Entry 2 0BV T BIARBIEE Db 00, Z OIERITEN b
DTHoT, AR, BHEGEEOBFRIMEORBEREIC L > T, EHLEOTHETHD
FEHYHNR=Y DA F A BRRELSNTEY | BIBE T 2 MA ST LT L
FolltbThnHEER, £ I T, HtGE LORELEZE -G HEOT—T LI~ L
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EHESHZ L L, Enry 3128BWC, 6 a7V vzm—T Lt LA TUaw
fEDULFE LA B LA, BIRMEIX X WEER IS O o7, IRIZ, 4 L% Nap i~ L2 H#
L7711 e A7 b= 2%V bANVEE L2104 ZHWEZ A, 77U 2k
DOULRILRFRE TH - 7228, BIENop=4:1 TTH EL7ZEntry4), 512, VTR
TNaET VIVT AT E LIZTS 2RIk e LTHWE & 2 A, BIRVEICZ kI o T
HLOD, EE 81%2m EXH 5 Z LT L7z (Entry 5), {&VE(LAI%Z TBSOTf & Lz & =
AR R FONERME L b Ii2m B L, 108 Z UL 90%., a:f =9:1 TS Z &Ik L7z (Entry
6), 2B, alk PRI Y DTN T L~ N T T 74— TENENEHEEL T,
B o4 PR 10800 7 U L 25 L % LiBr/Acetone D5t & W5 Z & T—5
Bgs U, WICEIES A 2 W T T L 27 Y & i — LD A% 1T - 7=(Scheme 3-13), 7 3 /L2
Utw—/ix, RFEH30, cis KOEVEEEZA L, REBESIOSEKDZ U o — Lz f
45 87a, 8Tb ZEAL, 7L vu— L EZEALLELLDOX, 77 ) ko —L L
DEAD Wiz L CAUTZRAERM E L Y B F NI T A a~ NI T 7 4 —IZ L D8RR
HCThololod, 7Y RPEANLO Nap A FRET HZ L TT74a L 74b ZHEEL 7=, AKES
. 737 Ve — OB ABEBICEBWTRIGHEIT LIS S, BRIETH -7, i
T U URRIRICBERE L TV D T Y RN SLRREE & L TE X, Y RO SRR E L LE
LTWbdbnEtEZHND,

OAllyl o ) LB, A OAllyl o
0 iBr, Acetone HO (0]
Nafio o)kc ... 2)DEAD,PPhy  Alyio o)kc H
Ng|AllylO 157781 87aor 87b, THE Ng|AllylO 15778
owmmc 3) DDQ, CH,Cly/ oﬂlOA"oc
o. O OAllyl  ph 7 buffer o. O OAlly
N4 N /_
P 74a (R): 32% P—0
Ally |O OAIIyI 74b (S): 27% AllylO = —OAllyl
1080, (3 steps) OCOCggHs57
74a (R)
74b (S)

Scheme 3-13 i _FEH EI{A 74a, 74b DA AL

A )V M= DB E K Z DT, WICEHERREOAEREI T2, IZL®IC, ~
v — AOHEEREAE 113 B X 117 O A A% 1T o 72 (Scheme 3-14), BE &1 o
4,6-0-benzylidene-1-O-(p-methoxyphenyl)-D-mannopyranoside (109) L ¥ | 3 fi7i®RA 722 7 U L Hk
DEANZATSTe, V7 2= VRN VBT ATV EMEEE T 5277 N T AALER 72T
NV NVIEDFARUS P @M Lz & ZAIER 67%TE /7 U AR 110 2455 Z LT
L7z, BT, 2 iz L7 Y UEm 2T L e LT-RIZ, XUV YT U EBIESMEChlREL,
111 #4857, 4, 6 (iKEEEEZ T U A F T DR =L THR#EL, CAN 2 VT PMP %%
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BELERIC, A IF— b~ BB, 113 247,

Ho
Ph.O,N
OH Ae OH 1) levulinic acid OlLev
Ph—X-0 o Ph Ph—%-0 WSC-HCI, DMAP HO
0 : KI, AllylBr o) O CH,Cl, HO °
HO —_— Allylo AllylO
MeCN, 60 °C 2) TFA/H,0/CH,Cl,
OPMP 67% OPMP =2/1/20, 81% (2 steps) OPMP
109 110 111
AlocOBt  AllocO—, =" 1) CAN Aloco—,_ -8
DMAP AllocO H,0/MeCN, 80% AllocO Q NPh
————— AlylO Allylo PS
CH,Cl,, 99% 2) CIC(NPh)CF3 0~ “CF,4
OPMP DMAP, CH,Cl,
112 91% 13

Scheme 3-14 ~ >/ — A R} —113 D ARk

WIZ, 77 v 7% —117T DA %1T > 72(Scheme 3-15), 110 LV 2 (\iKEEFEEZ T U 4%
HNVHR= AL LIRS, BEERFIC TRy T UaREL 114 257, KT,
2-chloro-N-methyl-pyridinium lodide Z#E&#Al& LT OoMIKEEELZ L7 Y Ve X7 L& Lo

BT APIZT VLTI IR VA EA LT, %I

HZEThHRELESAEER11T 28K LT,

Lev &4 b NI U Hiliga A

OH HO OAlloc levulinic acid
Ph—X-0 o 1) AllocCl, TMEDA o CPMI
e : HO '
AllylO CHoClp AllylO —
2) TFA/H,0/CH.Cl, CHCl3/DCE
OPMP =2/1/20, 85% (2 steps) OPMP ; DABCO
110 114
OAlloc
Lovo_ OAlloc Lovo— QAlloc HO
HO AllocOBt, DMAP  AliocO 0 HaNNHZ"ACOH — pj10c0 0
S — _—
AllylO CH,Cl Allylo CH,Cly/MeOH AllylO
OPMP 65% (2 steps) OPMP quant OPMP
115 116 117
Scheme 3-15 v~ / — A7 7 v 7% —117 DELEL
Vol 7 7 k — A th ] (LN /=S . BE D

4,6-0-benzylidene-1-O-(p-methoxyphenyl)-D-galactopyranoside'?’ (118)% H#E¥W'E & L THK%E
1T > 72(Scheme 3-9), 2. 3AKBEEICT VVEZBEA LB, BIERGETXUV T %
PrEL 119 24572, WRIZ, 6 (LERAYIZ TBS A HA L, 41T U A F o VR =13
ZE AN L7, TBS 2%, PMP EEORESMICH A 5 Z LN TE oD T, WIT TBS
DEMEAT o772, BRVESIIC T TBS AR E L72RIC, L 7o o o KB EEIC L 7Y Vg
EREETH I ET123 157, 12312k L, CAN ZHWTPMP EZBRELI-H%IZ, 417
— FNEHEATDLZETI124 DEEITo T,
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Ph
o
o}

1) AllylBr, NaH HO _OH o HO _OTBS
%o& DMF, 95% o TBSCI, imidazole o
—_—
HO 2) TFA/H,0/CH,Cl,  AllylO DMF, 95% AllylO
HO “OPMP )=2,1,25, 9o 2 AllylO "OPMP ° AllylO "OPMP
118 119 120
AllocO _OTBS AllocO _OH levulinic acid
AllocOBt, DMAP 0 p-TsOH-H,O o WSC-HCI, DMAP
R — > _—
CH,Cl, Allylo MeCN/H0 Allylo CH,Cl,, quant
quant AllylO OPMP 70% AllylO OPMP
121 122
OLev 1) CAN
AllocO MeCN/H,0, 66% AllocO _OLev
AllylO 2) CIC(NPh)CF AllylO
AllylO "OPMP " BMIAR, CH,Cl, AlylO "0 “CFg
123 88% 124

Scheme 3-16 777 7 F— A K} —124 DE L

B3 SOHEEREEEZ . HKZ Y 2 ib®175 2 L TEHR 13 OB AT 1=
(Scheme 3-17), 117 |Z%f L, TMSOTY ZiEME(LAI &S LT 113 Z s S/ & 2 A, ZhK 125
IR 81% THHT-, Lev £x b T U UFTErRE L, £ U 2 iKEEEICRH L, T 7k
—A R —124 V= F)Lm—TF )L TMSOTF ZiGPE(LAlE LTRSS, = hk 127 %
I 74% TH7z, 127 ® PMP EaREL, A I7— M8 AT 52 LT, —HEft54k 73
DEREIT ST,

WA, BE_HEPHIA 74a, 74b & =WEHLHAK 73 D 7Y 22 Ak %47 - 7=(Scheme 3-18),
T4a B L0732 Y7 nn A X YT s —T VRBVEBH TMSOTf 2 Efl S8z & 2 5,
PREETH D 128a DA EZMHER LT, L LRN L, HEiGAR, KRB X O4ERY
MTLCIZBW TR —ARy N Thotelod, 727 h—R 6 (LD Lev ARk L7-BMT
RS L | 129a 20K 38% T, £72, T4b BL O 13 IZ W THRBRORIESRMIC L - T
BOGEATV, Lev 2% FRET 2 2 & T129b % 22% DW= TH7-,
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R
AllocO Oo
L AllocO :
Aloco—, - Ho— OQAlloc Allylo
O NPh TMSOTt
AllocO 0 OAlloc
Allylo )]\ + Allylo 1)
07 CF, Allylo CH,Cly, —20°C tort AllyIO 0
113 117 OPMP 81% Allylo
OPMP
HoNNH,-AcOH |: R =Lev (125)
CH,Cl,/MeOH, 85% R=H (126
AllocO _OLev  NPh AllocO _QOLev AllocO _QOLev
0 0 0
Allylo 0" CF;  Alylo Allylo
Allylo AIIyIOo AIIyIOO
124 AllocO 1) CAN AllocO
TMSOTf AllocO MeCN, H,0  AllocO 0
AllylO > AllylO
Et,O, -20°Ct0 0 °C OAlloc 2) CIC(NPh)CF;4 o OAlloc
74% DMAP, CH,CI
-0 ) 2Ll -0 NPh
AllylO AllylO
AlylO 79% (2 steps) Riylo
CF;
127 OPMP 73
Scheme 3-17 =¥EH L 73 DGR
AllocO _QOLev
0 OAllyl o
AllylO HO o
AllylO Allylo O)']\C H
0 N |AllylO 1978
AllocO + 8 |Ally cat. TMSOTf
.0 o) OAlloc >
AllocO 0] OAllyl
Allylo -/ CH,Clo/ Et,0
O_. QAlloc > f—o —20°Ctort
AllocO 0 NPh AllylO jtOAIlyI
Allylo BS OCOCaeHs7
73 O CFs 74a (S)
74b (R)
AllocO __OLev AllocO __0OH
0 0
AllylO AllylO
AllylO HoNNH_-AcOH AllylO
o) e o)
AllocO o CH,Cl,/ MeOH AllocO 0
AllocO ’ - mao AllocO
Allylo 124a: 38% Allylo
OAlloc 124b: 22% OAlloc
0] (2 steps) 0]
AllocO Q AllocO Q
AllylO OAllyl 0 Allylo OAllyl 0
o2 M 02
AllylO 0" “CysHa AllylO 0" “CysHa
N3 AllylO N3 AllylO
o) OAlloc o) OAlloc
0 OAllyl 0 OAlly!
Oxp/ Ox/
!3—0 E_O
128a: (S) Allylo kOAIIyI 129a: (S)  AlyiO OAllyl
128b: (R) OCOC,gHs7 129b: (R) OCOC,gHs;7

Scheme 3-18 73, 74ab ® 7' U = 3 LAV i
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W, BA LT REREDOBREDOMGH 21T - 72(Scheme 3-19), 7D R#ERIT, 7 U LR {IE#
K7V RETHDIN, TV REEZRTLEBICAT DT 2 RITEB A B Al 2 JKTE S
BRRENDoTToD, ICT VNVREELEZBRE LI-IC, 7Y REZRTT 2 FIEZ
Eolo, FUOIT, HEHETRHIE 7T4a (I L, BIEITHWo LT =07 L85 69 2 HV iz,
ZORER, TINTXRT VR NVEBION—HOT VAVEOREITEIT LI DD, 2
TOTINEZERET D LITTERholc, 22T BIOFEL LTI VY M4
BHT ORISEME B A#MHT 52 L Lz, Tda kL, Y r7am XX /X H ) —VKD
RATRIET . 40 °CICT13-PAFANLVEY =i E T VLA IR Dy —& L, RE%
Tolzb 2A, 2TOT VNVRREEOREIZRAIFISHEIT Lz, ROSEAYIE. LH-20 % H
WTZ BBV L AR ) —VKIBGERZRWTENT 52 LT, A7 Y0 Al LU
TIUNAAR DX —%RELE, HWT, 7Y REDEILEIT-T2, THF/ A X J —/L/IK
RO ST U AR U, TEMA L L 7o R I WERRS 2 N 2. 5 = & TR
L7z Zn-Cu ZMA PSS E AT Y REORETIZIRIFICET L=, GRS & ik
L. Zn-Cu Z R\ 724212, LH-20 Z W TR 2 2 L T, 7 =4 X 3 L7z EhPlb
(18a) DG A B LTo, 74b (2K L CH RERD GG TRIGEITH 2 & T, 3b DA E
BERL LT,

§§7£

@Ru\
OAllyl o @f ' )) OH o
HO 0 HO O
AIIyIE% PR o 69 o M
N3

0 CisHa; 0 CisHaq

AllylO CH,Cly/MeOH/H,0 Nal HOT o

0 OAlloc (10710/3) o5 B

0 OAllyl
Oy O\\ /

P=0 Pd(PPhg),, 1,3-DMBA
Ayl +[TOAW! CH,Clo/MeOH/H,0

oLlx/vie 2
0COCHsr  (fo/10/3), 40 °C 130a (S) OCOCZng”
74a (5) 130?: ((Ff)
74b (R)

- OH
Zn-Cu, AcOH OO OH
THF/MeOH/H,0 o=F
(10/10/3) /™0

18a (S): 75% HO — oH

18b (R): 66%

(2 steps) (S)-GIcN-EhPIb (18a) OCOCygH 57
(R)-GIcN-EhPIb (18b)

Scheme 3-19 7' /L 2% I &4 EhPIb (18a. 18b)D &K

44



W BRI A T 2 129a 12D T PR O I LR O R 21T - 72 (Scheme 3-20),
J 3 I A INR(18a 3 LO 18b)IZ IV THENL L7,
WZxt L., 18a LFERDOSFMETRIGEAT T2 2 A, BTOT VILRIR#ELED
EITL, T VR 2155 Z S ICE Lo, 6T U /W BiRIC

1T-o7~, 129a
FENE=Y e

B DFRERMICAID | RS %

IRFL

Zn-Cu ZHNWCT P REDBTEZITH 2 & T, 4 FfIMATH 5 17a DEREER LT-, Bl

DNLARD 129b IZ2DWTH FIEEDFNEIZ L7z o THREEDFREZITU,
L7z, B L7-{b&% 17a, 17b. 18a. 18b ([ZO\W\TiX 1H,

17b O &Rk % BERK,
13C. COSY. HSQC. TOCSY

B EOE R & MEIRTE 21T 5 7,
AllocO 1) Pd(PPhg), 1,3-DMBA, HO _OH
10/10/3), 40 °
AllylO (10/10/3), 40 °C HO
Allylo 2) Zn-Cu, AcOH, HOO
Alloco— THF/MeOH/H,0 HO
0 (10/10/3) o
AllocO s HO
AIIyIO 17a (S) 60% HO
OAlloc 17b (R): 58% OH

0] (2 steps) o
AllocO O HO 0
Allylo OAllyl o HO OH o
0 o] 0 0
N= A % Ao

Nz |AllylO HoN /Hoﬁk/o

OAlloc H

“ % OH

OAllyl
Osp! “P-0
(S)-EhGIPLD (17a) HO %OH

\gp 0
OCOC,gHs; | (R)-EhGIPLb (17b) OCOCogHs,

Scheme 3-20 PUFEHE1E 2 /9% EhPIb (17a, 17b)DE K
FINE A

RETIE, 5 FRICARERRE G %2 RO BME R B A IR 287 2 G aigkig & LT,
T U NEBIOT VLA B LR =V i KR L O KR 3 & 3 2 BBl fr it SLHk g
Z i L. EhPIb 35 X OWESE#EE 2 4732 EhPIb O A Z1To 7, T7hbb, H gk
THAFE L7 fr@EEiRny Y B bpOS X 0 G o7z 12 Y gk 4 s e L, e F
B HEORELLT UV REEEA LB SRER L L%, BRIV T = 7 Al
69 & 5\ NI T Ty Al BE(PAPPhy)) 2 EH &5 2 & C. @S R, PSRRI T
U VR REREOFRZEITAYI L, EhPIb 36 X OWESHMEE % A 95 EhPIb O G A R LTz, &
BRI T, EARTEA R PSRRI TR IR Z R E TE D L W O R B R
ECHEAE L RaffEa s G0 EARERE T T, oB iRt REeHiELL 4
T5H0, kL OEEMESEMICH WV EEEZ AT 2EAEEARKIZ AIRE 7RI T
EThorlBEZD,

IRBARFITTER L2 EhPIb 36 L OWESHIE &4 A 7 5 EhPlb OAEMIENEL
PUE Tk %,

129a: (S)
129b: (R)

ZOoOWTiE, B
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BUE FET A—EHEKA /¥ b= VIREDOEWENE

ARETIL ATEE TITHR LTeRHT A —fkA /2 & b= U UIRE (Fig. 4-DIZ DWW T
BAEAEMIEMERBR 21T 5 2 & T, ZOREFMETEELMETT 22 L2 NS L,

HO_ OH HO_OH
OH HO OH
Hogﬁ&OH o) OH

Os

sp-o “P-0
|
HO ijOH HO ~1OH

0 =A%
16a 0 ° 7 16b O ° !
0 (e} o
o0 OH NG OH O’ﬁo/o OH

19a O 19¢ O 19e 0 26
X X i
HO_ 0" "CysHgy HO_ 0" "CysHgy HO OJ\CH—,HM
OH
HOZ N HO LXK, HooLon,
0./ O/ N

19b O 19d O 19f 5 26
OH o OH ol
HO O HO O
HO OJ\C15H31 O)J\C15H31
OH o OH
o/o OH fe OH
Osp-0 Osp-0
HO OH HO —|:OH
O bt Oh— )
18a o 1 7 180 0 ° 7
HO _OH HO oH
0 0
HO HO
HO HO
o
HO Ho— §
RN HNG
oy 17a on 17

Fig.4-1 A1 /¥ F— U URE
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B mERER

AWFFICIBNTER LT2A /& b= U UIREIT. EDO5FWNITIRFEE 28 &5 30
OEHEIENFEAZ A L TRV | KFEH 30 DIEMRIZ OV TIERBafIfEE 2/ L TnD 2 Ln
O EE —EBEOMEEIC X HEMAER £ ITMREER & D RN b o7, £ 2 TET,
b b ARMERIZ 69 2 A iEPE 2 0 E L 7= (Fig. 4-2), & hRIMERICSRT L CAA /> h—L
VIREBXORY T 4T arbu— Ll LTKENMAREERE LT EZ A, 19a DA DT INT
D INEMIEME 2R LT22s, o512 oW TR IMIETE IR B & 1 7p 2> 72 (Fig. 4-3),

Y
o 96 well plate
o9

Red blood cells VUV VUV incubation 1h
37°C, 5% CO,

samples: 0.01-10 ug/ml
Positive ctrl.: RBC+H,O
Negative ctrl.: RBC+PBS

measure absorbance
Take supernatant at 530 nm
Centrifugation without RBCs (reference 630 nm)
> by plate reader

v

Fig. 4-2 ¥ M yE PR O 3 2
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A)

N H0
a-GalCer
El EhLPPG
100 B 16a
95 [ 19a
2 on 19c
Z 90 B2 19e
Q
o
L g5
s
©
£ 80
2 2.0
X 15
1.0
0.5
0-0 s 193 = W= s E Ty —r
Q_Q"Q'.\ "oRe® Q,Q\Qf"v o Q,Q\Q'.‘ "oe® Q.Q\Q'.‘ "o Q,Q"Q'.‘ noe® Q_Q\Q'.\ "oe®
concentration pg/ml
B)
18a
I 17a
2
=
3
(V]
2
>
o
£
)
©
-
R
x_\f;1 ‘rgl;‘ i T T T T
S & & & & & ¢
o &F & & &
O Q?\ Q:\ N 1) O

Fig. 4-3 V& My MR
iy 0 BREL - HEE L 72 R MERIC X L, PBS TIEff &1 7o & FijR i
(001, 0.1, 1, 5, 10 ug/mL)DA /> b—/L VU 5E (16a, 19a, 19¢, 19e,
17a, 18a)35 L OGRS & U CARK A RN L —REIER 8 L7z, #itdh
(Z B ST £ s & 2 A S SRR Ok a2 s LT,
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WA, AT D M P & B A L 72, ~ v A BRI G K OV e b R i B AZ A
(PBMO)IZxt9 %, @A /o~ b=V UHEE. o-GalCer, ERLPPG DKl L ONR K A7
M7 MR 2 SEMIRYeE L7 E 7 e —H A b A B Y —TRIET 5D 2 &1 L §Fh
L 7= (Fig. 4-4),

* Mouse spleen lymphocytes

K-
-

isolation of spleen @ o
gy o— [

spleen spleen lymphocytes sample: 0.1-10 ug/ml
' H.“ma” PBMC 12/24/48 h
= - 37 °C, 5% CO,

Y

<— Plasma

II Density gradient

centrifugation
9 —

>
>

Live/Dead
staining

v

FACS analysis (BD LSRII)

\__ '<— RBCs
whole blood

Fig. 4-4 #ffia kiR O 2L

~ 7 ARRBERIAEIZ 3B T 192 1, IR RS X OWERYRAERY 22 SE AR O SN 2358 60 B AL, A
famtEa A+ 5 2 & AVRE S L7 (Fig. 4-2), —J7. & F PBMC IZ8W\TIE, 19a @ 10 pg/mL
DL IEMIL DM RD NI b DD, Z DM DOILEMIT OV TITIEMALA R & 72
Mo 7 (Fig. 4-5), 19a X, U7 v AEEB L OO R G LA LTS 2 b, JE
B EBEOBIEIC L > THIEZFEL TWbH EBZxbnb, £/, E F PBMC LV b~
T A WA B W TR OB NN 2N L i, EBRICH W~ T ABRREOME, ¥
g VA FEAERE ORI DFAE L 72\ SPF(specific pathogen free)B i F CHIHE S 41TV
HZ LT T, ARFURICH T D EEZEREE > TNDHTEO EHELEIND,
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12— e 24h —— ——a8h ——
2 w
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o
SELRE SRS LA R4S
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EhPIb C30:1 cis (19a)
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(splenacytes)
—— 12h —  ——24h——  ——d48h —
100
5 N
50 - Dead
25
o
SELLE LEREE JEOLE
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Fig. 4-5 il ja 11 3R

A) ~ U AEHIREFS £ OV B) PBMC (Zxt L, BafhExtg & LT A
B LUV, DMSO Z RN L7chitiz | Bl Wi S B 7o A IR EO.1, 1,
10 ug/mL)DaGalCer, EALPPG, & kA /¥ h—/L U fEHE (16a, 19a,
19¢, 19e)Z M L, 12, 24, 48 FEfIE53 L7-14 (2. Zombie UV™ Fixable
Viability Kit Z# AW CHMEAEREL, 7ua—F A4 h A MU —&HWTA
Hifa Fo & OBEME 2 FHA U 7, MERlT M D fA7E R 4 | Bl A AR E o
fb&WmzEx= LT,

F M CDId L ARA /¥ b= VIEE & OREATE MO

RN T A— KA /¥ b= U UHREIE, Lotter 512 X > T CDId #&AFHIIC NKT i i
ZIEMEALT 2 Z P HRE SN TV D, H51%, CDIdKO ~ 7 A % T NKT il e il s 4
IZCDId A THHZ L HRLTNDA, CDId & A /¥ h—L U URE & OE R 724
AERIZT RSN TR, 22T, EFHILCDId ERFT A—HKA /v h— U VIRE
& DFREETEYEZFHIT 2 Z £ 12 XV . NKT MfaiEME b L O ETEEA R 2 i@t - 2
ZkklLi,

ZHNETIZ.CDIA-IRE Y 7> FE OB OB 135 £ D ITH TV, Wong,
EHIE, ZoOEMmE LT, 1) KERY T REHWTHEEIEMEZFHMET 2 FIEN H £ D B
I TWARNI & 2) BRI E/VRECMO)., %iEME. CDI1d 1233 256 3 K OR#E oD
BEEWSIEEY Y ROYHOEZ 2 H1F T 5 1, 2008 4F, £ 51L, CDId-RE Y
By REOMEERZET 5 FEE LT, v~A4 27807 LA EICEENL7a-GalCer &
CDIld & DOFEE KT Do-GalCer A EA DB EMEFEEL, RAFT 5 CDId ZHOLEERST
CDId HUR TR+ 2 Z L 12 L 0 JIE L. a-GalCer #E KOS IR 3+ 5 ik 2 #ik
L7212 S 502 513.,2009 2, L0 i cAL—7» MEORWTEE LT A ELISA
B N— 22 LT B ERMNT FIE A S Uiz, RIETIE, BEFo CDId Y T RThH R
AT 7 FUNTHE ) —ANT I POEET UK E CDId & OREA IR HIRE Y T

OBAHEIENEL, RF T o84 F L PE ZBEGEM T B 2 W THRET 52 &1
FoTHIELE P #H51%, KELZHN T T AB IO F CD1d IZX % o-GalCer 7518
ROFEBTEMERHME 21T 5 Z & T, @iEtE 72 a-GalCer &A% BT Z L IkZh LTV 5 Bl

U bEoBEROb &, EHITLE S O®E L7BiA ELISA {EIC X% CDId-AEE Y 7> KO
MEERfENTEZ@EA L, CDId & &A /¥ b= U VIR OREAIEEERHE 2 2 & &
L7z, XU, BARMMHAEERICEID Z RV EEOS T ERESEDLA L T L— |
(Nunc Maxisorp) (2~ 7 2 CD1d:1gG fiiA # > 737 B (mCD1d:mlgG) % [E &7 5 Mt 217
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ol BEETDHURE LT, Hilv U R 1gG HilkdH 2V THi~ U A Fe ik fEH L7z & =
Ay T RRE R RS o T, £ 2T, BHERT S FES LT protein G 37 L — F &
HICEE SN L= E2EHAT I L Lz, ERIIKRO LS I To70, ThRbbH,
Protein G [E/E{L 7 L — MZxf L mCD1d:mIgG # i L —KFE=EIRTA > FaX—a L
BRI, A RBEORKA )V =NV Y VIREH D WVIEAR YT 4T ar bar— b LT
a-GalCer Z Mz, EHIZEAFUALPE ZIRIML 37 EECT—MiAf o FaX— gLz, 7
L— hEWE L BICHRP A ML T T ED U2 MAA v FaX—Ta L, BEEL
B (TMB)Z @I L, WG (450 nm) 2 I & L 7= (Fig. 4-6).

Indicator lipid: f
HN" “NH
o )
- .? I o} H H —{H
™ ™ o o-P-o_~ M N /" )
_ N6 O N I s
Competitor: AP=1hr Na 0o
a-GalCer o

synth. EhPIs Biotinyl-PE (18:1)
1nM~-10uM  (Avanti)

- R

1
YYYYY 152}

Protein G coated plate

37°C.oin__ | Avidin-HRP; TMB  Measure
then wash %%&f y ~ 0OD:450 nm

Fig.4-6 4 ELISA V512 X % CDI1d # &6 M a5k o B2

ZORER, ROT 4 72 b= ThbHa-GalCer 1L, ICsp: 0257 uM Z 1= L. SCHRE(ICs:
0260 uM"HY& L WNW—FZ R L2 b, FERRIIXYTH DL B X, RFEE 30, cis
DRI % A+ 5 R1KEB LS KD EhPla (16a (S), 16b (R)). EhPIb (19a (S), 19b (R))%
belg U7z & 2 A(Fig. 4-5), a-GalCer & i3 5 & fEETEHEIZIEWH DD, X TOLEMIC
DWTHAEEMZ R L, CDId & OB AR 2 mE T 2R3 iz, £z,
RIAEBIOShZ LT 5 L SIERD ST CDId &4 L, EhPla & EhPIb % i3 % &
EhPla D 57338 < CD1d & &7 2R 035 b 7= (Fig. 4-7).
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(R) EhPla C30:1 cis (16b)

g 150-
c (S) EhPla C30:1 cis (16a)
< 1004 (R) EhPIb C30:1 cis (19b)
(]

O (S) EhPIb C30:1 cis (19a)
? o GalCer
N 504
(1]
£
O
= 0-
-10 -9 -8 -7 -6 -5 -4
log [ligand] (M)
16b 16a 19b 19a aGalCer
IC., (UM) 0.944 0.457 2.26 0.947 | 0.257(0.260'")

Fig. 4-7 %4 ELISA JEICX B4 /v b= U UEE &~ A CDId & OFEATEMERRR 1
A4 F L PE & mCD1d:1gG & S FRIE D ERA / & h— U VIEE
(16a, 16b, 19a, 19b)35 & NaGalCer 777E NhF#E L 72, KiBIRZBREL
mCD1d:IgG & #5A LT\ % B4 F (L PE % Avidin-HRP VTR L
oo HEERITARHE( L7z 450 nm OWOLE A B A RbA Y ORRIE
Zor Uiz, BLERBRIZ prism 7.0 (GraphPad £5) % FIWCTHERL L7z, £
K0 IR & AERL U, e KM K O ME A R 7212, %
S REREAL U IERIB AT LR X 0 SRS R (ICs) & R 72,

RIZ, EhPIb & SIS % 9 5 EhPIb O ik 21T - 7= (Fig. 4-8), ZDfEF., 7L a4
CHBEEZAT S 18b b o & b HE L, IRICHESREE D 720y EhPIb (17b), 4 BEZ2 A4
% EhPIb (19b) & W S AR & 72 o 70, 1, 19d (RFEHK 30, trans 1K)F KOV 19F (B R4k 28)1%.
FHETEMEDS A 6T, CDId ICx T 2/ G TETEDNIEFITIH, HDHWITRE L& v o i
EnfFoni,
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5o ~— (R) EhPIb C30:1 cis (19b)
£ = (R) GIcN-EhPIb C30:1 cis (18b)
5] ~ (R)EhGIPLb C30:1 cis  (17b)
9 100+ - o GalCer
K
N
T 501
E
[*]
=

o L] T T T A )

-10 -9 -8 -'7 -6 -5 -4
log [ligand] (M)

19b 18b 17b aGalCer
ICsq (M) 2.26 1.62 3.89 0.257 (0.260'2")

Fig. 4-8 5i& ELISA B2k D4 /v b= U UEE E~D A CDId & OfEETEMERR 2
A F L PE & mCD1d:1gG Z B HIRE DG A /¥ b —n ) VIEE
(17b, 18b, 19b)i5 L RaGalCer {F1E FH5#E L7k, HBIKEREL
mCD1d:IgG & #5G L TWAH EAF 1k PE % Avidin-HRP FV THi
L7z, fEshiTrE s b L7z 450 nm OWEEZ, s &b ah o
JE &R Uiz, BHEMBRIT Fig. 4-7 & RIEEDO FHETIER L=,

UEDXHIZ, T ACDId EARFTT A—"HKA /v b=V U CIEE O BEHER 720 AAE
METRRT HERPELNT b OO, KREFERIZESNT, IFE Y 7> F-CD1d . FE
VAW F-7b— MEIZB T 5RO S ICERNT 2 AN W EDITH D E R A
bivlz, 7z, ELISA &L, O TREROP THRIEIDO T L — FOWHZ1T 5 MERH DT80,
IRELFE ) Y RIS B L > THRESN D ATREM A H 0 | RIBEFEKICES T 210
DEDFRDOOESEEEZ BN,

I T, ENHEFRT S FikE LT AlphaScreen 75127 B L7z, AlphaScreen |d/3—%
v )b~ — 4RI Ko TR S v F R BEAE IR Tk D — > Tdh % (Fig. 4-9). 680 nm
DI Lo TR S 47z K — e — X%, 200 nm OFFAIC—EEBRRE 2 T 5, o 7H
MEERICE > TR —E—XEHCH DT 787 ¥ — =%, —EEMEE LKL L,
520 nm-620 nm O RO N E T 5, KFEEZ, TEFEBIEOVWL 2 WE—RD T v A T
b FERDFEIES JO, BRHERESREEE XV EENENZ SN EN T 7T
I 7T REPEOND LWV FEEZ AL TnD, EBIFLLTDO L 2T o7,
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1
Excitation O2 Emission

680 nm m 520-620 nm
ife time: 4 pysec
Range : 200 nm {\ /\ /}
ML

4

Biotinyl-PE (18:1)

~~

h
Ve

a
2y oo\
Streptavidin-coated mCD1d:migG , ’ “\

Alpha donor bead Anti-mlgG conjugated
(phthalocyanine) Alpha acceptor bead
(thioxene derivative)

AAN

Fig. 4-9 AlphaScreen 75(Z £ % CDI1d #& & 16 PR O 2

Pl 2 1gG HUABFEA LT-7 78 7% — B — X & mCD1d:mlgG % i T W1 > %
aX—T g LIRS, ke RIBEDA 2 v b= U VIEEH D Fa-GalCer & B AT
{EPE ZIRML, 37 WA > FaX— a2 Lz, ZOF%, AL AT EYYNa— |
SN FF—b—XZHEML—REA > % 2X—2 3 > L7z, Spark 10M (Tecan)% F T
HI7E L 7= (Fig. 4-9), T DOfER, a-GalCer B LUt "NUDKAT 7 F VA /¥ b—)VITHE
A RLIZbOD, AR LTZ S 1K 18a 35 L OVR 1K 18b 1%, BLETHEM % /8 & 727> 7= (Fig.
4-10), a-GalCer (X, ICsy: 0.189 uM &, CEREICITVMEZ R LTz, RATZ 7 FVNA /¥ |
—L B3 SIRDIEH A, RIKX Y H58< CD1d IZFE G T D55 H(S 1K: 3.79 uM vs R 1£: 7.14
UM ST, AEAZEHT5 2L T, 300 Pl CTRIEBEFEBICE T 51E56
DELMMBITEDLZ LI LTz, £72, 18a B XM 18b A FIEMZ R SR> T2 DI,
V72 mCD1d:mIgG 73 5 nM SRS CTH - 7272012, (KBFE & A & 5 EhPL OFE S
DR TE R hol-To L HEER S5,
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g - (R) P1(20:4/18:0)
S 100- —= (S) Pl (20:4/18:0)
8 - aGalCer
o
< o
-g L1 R S A P HO Tq B e Ly
8 HS'J\;R 0% o
‘_5 ? (WPl |}_"I:&‘|K’|I
: .
S o el (T
-9 -8 7 -6 -5 -4 S
log [ligand] (M)
(R)PI (S)PI aGalCer
ICqp (UM) 714 3.79 0.189 (0.260")

Fig. 4-10 Alphascreen %% 72 CD1d 5 &1&E PERUER
mCD1d:IgG (T antimouse I1gG K —bE—X&fEH Ik, ©A4F
{t PE &K MREDA /¥ F—/L U VIFE B X QoGalCer 777E FH#E
L7-%. Streptavidin K — ¥ —X&Z{{I L, —FEf5E52 L, Spark 10M
(Tecan)Z U T Alpha counts % #HI7E L7z, #tHhiTIE4E/ L7 Alpha
counts %, FEENICA /& F— ) UIREORE AR LTz, PHEMHRRIX
Fig.4-7 & [RIRED FiETIER L7z,

F=F  NKT M A R BE o o 52 Af

FIRT A—SfHkA /¥ b= U VHFE O NKT MRS 2 5 M L=, £, v 7 =&
NKT #if 2 ¢, IEEERE D 5 EhPla 3 X OV EhPIb (DWW T, & ORINETENE 2 57 L
Too ThH, BRA /¥ b= U CEE TR L 72 B BRI IR(BMDO)Z X L,
¥ Z(C5TBL/6) Mgl - » HLBE L 72 NKT Mild a2 30 L7-#., 48 FFEIEEZE L, Kid& LiE
DY A ~FA > IFN-y% ELISA JEIZ LV & L 7= (Fig. 4-11), TOFER, 7T AEHNR—DD
EhPla (16a)iX ., IFN-y#%E 2 /R 297 3 FEDOJEE 154 A3 5 EhPIb(19a, 19¢, 19¢)4: T T IFN-y
i & o LT (Fig. 4-12), Z AU, Lotter 512 K - T#iA & 7= il EhPla, EhPIb % FHu 7=
fER & Rk Z R LTz, £72, 2O &b, EhPL O~ 7 A NKT M filiiE s 0
T, ZARDOT U NVEIINATH L8, IBEMEIXEERICHE VB LRI L 2Rl
HFERBGE BT,

WIC, FESREE O B2 % EhPIb 17b, 18b (20T~ 7 A Ul 2 T, S flgis
PEZ R L7z, ~ v Z(C5TBL/6) g a1 . HEfE EnLPPG, 17b, 18b Z SN L7-1% . 48 ff
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W2 U, 55 LiEH o IFN-y% ELISA J5(C L 0 &8 L 7= (Fig. 4-13), = OfER, W24
9% 17b X IFN-2yiBEIEHENE o T b DD, Zva I 2 H3 5 18b 1%, R TH S
Hifff EhLPPG LV 58\ IFN-yi#A 8 5% R L2, CD1d- U #' v REAIRIZ X % NKT Mifldois
PEALIZI W TIE, NKT #ifldd TCR ISR SN OMERHDH Z L b, MFEHEEIT TCR 72
IZRB W TR EE L oo TV D Z ERHER IS,

sample:
Co7BL/G ERLPPG @
a—-GalCer

synth. EhPls
%g g %g g S § % iNKT cell (from spleep)

etet :
Liver lymphocytes

BMDC

Take whole
37°C, 48 h supernatant  E||SA analysis
> 7 (IL-4, IFN-y)

Fig. 4-11 NKT A i il S P sk o A 2
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iINKT cells (from spleen)

400,
5 3001
£
g
< 2001
T—
=<
L —
100-

I S — -

v 7

)

05 l 5
- - - o - m
P 8 5 5 5 g

W ¥ R 16a 1% 192 19c
Jeali\
& Q«
Fig. 4-12 NKT #f i flE PSR 1
C57BL/6 ~ 7 A O Wik & v BiffE L7~ NKT Mifeicxt L, A1 /> b
—/L Y U iE'E (16a, 19a, 19e, 19¢). o-GalCer 33 X Y EALPPG THIIE L 7=
BMDC Z iR L 48 FefHiET# L7-1%. 5548 LIEH @ IFN-y% ELISA 1%
THIE L7,
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1501

%100- g
&
& 50-
0- b : .
s 5§ s § 5"
S ©
Qe & 17b 18b
s 7

Fig. 4-13 NKT #f i il S YR 2
C57BL/6 ~ 7 Z DRIk L. &1 /v b= U UIREATD,
18b). a-GalCer 35 KX UF ERLPPG THI[i# L 7= BMDC Z %3N L 48 Wiftl5:
LI, Ki#& B3E T O IFN-yZ ELISA £ THIE L7,

BUE Y — Y2~ T EEOFEM

eIV — 3 o~ = THE, AAEVER R Leishmania major DY K- TRl &2 Z S 5K
YIETh D B, By, WEH, I —r v NIZBW TR b, BRI 100 77 H 72
IR LT D & S B A B 372 W B P (Neglected Tropical Disease: NTD)IZHEE S 41
TWAHH, BUEE TIZ, ZOAEMRIBEIEIZFRE S TR, RFT A — SHKA 7 &
b= U UIREIE, RFENFIEE IS L > T B EALPPG & H W o AEMSRY e e 6 K
J§ Y — a2~ =T IEDRK TH 5 Leishmania major %f LT, FLEEMEZHTH Z LAREN
7o ¥, £ T, AWETER LTz ERLPPG #/34#1E T d> % EhPla 36 J UF EhPIb % W T
Y —vav=7EEENET L2 L E Lc, v~V AFHiHR~7 17 7 — Y BMM)IZX
L. Ai#Hi=E% (promastigote) D Leishmania major % &Y S ¥ 71212, Hfif|Zo-GalCer, HiHf
ERLPPG, S {&? EhPla 35 X O3 FEONFE & % A3 5 EhPL Z IR0 LER#E L 7o, BRIk % bR
F#% . BMM 722574/ 2 DNA %4t L. KAPA PEOBE FAST 7't —7 % fI\\C Leishmania
major DT 7 F U BIOBMM OB-7 7 F o xiE®m L, D% T Leishmania major ®
b % E B L7 (Fig. 4-14), = OFEF:. a-GalCer, Hifff EALPPG 35 X OVRFEHK 30, cis DR
W% % 43 % EhPla (16a). EhPIb (192)7% BMM (/&Y% U 7= Leishmania major % /0 SH7- 6 D
D, 19¢, 19e [T DWW TIEZE DOIEM % 7R S 727> 72 (Fig. 4-15),
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Murine Macrophages:
Bone marrow derived %
macrophages (BMMs)

Wit
e ] —— |1 g}%%
Macrophage L. major  Stimulant 0;- d 1'!) 1@: @’

gPCR with KAPA probes

Isolation of gDNA
wash steps

éé

Fig.4-14 HiV — 3 =~ = 7 iEMERBR O 22

o 157
:
ég . j * ._-|=i
g3 " % - =
_8805_ /****7 g
1
; 11
0.0 4 8 01 1 10 01 1 10 0_1
g S g 16a 19a
g & 2
& w

Fig.4-15 H1V — 3 =~ = 7 [LETE MR

Leishmania major % &Y ¥ 72 BMM (2% L, &R (0.1, 1, 10 ug/mL) D aGalCer, EALPPG,
EA v b= UHRE (16a,19a,19¢, 19e) Z I L, 48 FeffiRs#E L=, Bz frE L7z
#%I1Z. BMM O % J & DNA ZHitH L. Leishmania major D7 7 F o 2 E&THI L T

Leishmania major DTFAE &R % & LT,
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BRE A

RETIE, ATEETICAR LIERRT A —"fkA 7 > b= ) VIREIZHOWT, #Hk
R, v U X CDId & OFEGIEMERER. NKT MG R, S oichtl) —va~v =715
PERBR 21T o 72, BtERBR T, IRFEH 30, cis DIENiEE% AT % EhPIb (192)73, 7 7172
FRMEROVEMIENE &~ 7 A PEEHIIE 3 X O BMDC (ZR 3 DfifadEtt 2 R~ Lizb oo, 0
DL EBZ SN TR EZ R & 2o T, £72, ~ U A CDId #EGTEMERER CTIE, &*
FHE 30, cis DIENIEE % A % EhPI(16a, 16b, 19a 35 KU 19b)A3, B4 F (K PE D FHLFHIE
PEZ R L, CDId # v /37 L OEBENRH BN 2 RR T 58 R0/ &bz, £z, HEFrR
HIRE A Z K L, AL—7" v MEICHEER T2 AlphaScreen 512 & 5 CD1d-Y 4 > KFH A {E g
HHEORENIIZ b ) LTz, NKT MRS LS ik, TRE8% — A4 7 % EhPIb(19a, 19c,
19e)7° IFN-y#%EEME A 7R L, EhPIb EMEARKTH L Z L2 ONICTH L & biT, AiE
PRI ZAROIREHENMATH D Z L &R Uiz, £72, BE8H% E A L 72 EhPIb [Z2W\ T,
APEERGET L EIETRT T2 00, ZLat I UEEOBRA L. FOENEREET S Z
EWTRENTZ, AT A —"EkA /2 b= U UIEEIC X D NKT ffaoiEE ki, CD1d
(2 & HRREE & B SR GIE 52 25K Toll-like receptor 2 (TLR2) DK D& NMATH D Z L ISR
INTNDLZ LD, 4% TLR2 ORI ED I 572 5 EMIEERER 21T 9 Z & T NKT
R iE AL BERE ORI D & B X D,

LU — v a2~ =7 EERBRICRB W TR, RF#EE 30, cis DIENINEZ A9 % EhPI(16a, 19a)
DL =y a~v =T EEE R LI Z L b EWLPPG 0 & i) — v a2~ =T iEM A
ATDZEEMAOMNC LI, EEAERICOWTIE, REH 28, RFEK 30, rans DN
TIHEEIZR O o7 Z &0 h | REME L EESEE L TS 2 & 2Ry 55 R
DGO, AFERICED ., RET A—"HEKA /7 b=V VRER, V—va~v=T
ERIRETORE) = 2~ = TIEOH - IR E L R D ATRetE &2 R LT,
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BRE ®E

AWFFECrE, NKT ARG 2 B 3 D 0817 A — /N Entamoeba histolytica A / 3/ h—/v
U UIRBEIZOWT, LA ELT D & & bIT, TORMMN R EMEEOMIT 21T Z & %
B E L, £, ABFAREITO R T, 20 - WAL 7 > b= Y VIRBEGRRIED
feSra B L. HEALERIG Y CEBEROSB L0, T UL - T UAFF T H AR =R
FEIL A KB IR L & D HTRLE BRI DBRFE 21T > 72,

R TIEORRALEDEIR Y CRRKEOBRTE & A ) ¥ h— ) IR EhPla DAL AAT
olz, LA ) ¥ h—N U VIFEDOBRIZI N THRE 22 21FINAY 2 U IR OB A
BWT, AVIKDA /¥ b—/ViFEIK 44 (25T 2 I Ic L2 RIRA Y b2 at L
7o U UERIEAIL LT, (R)-BINOL Z RFMIBIIEE LT, £72, U Ui LICHEHE, Fik.
L EATLY CRIEFZREI L2 A JRTF RO RIC L7223 - T(O<S<Se),
RYERm B2 2 2R L, REMIC, L/ U VB ERESL 28HT 52T B
7R JONRIRYECE e — (Y R bk 45 2455 Z LIk LTz, RiEIL, 77 LA
= HEHATHZENTE, A/ =AU VIRERBLOA /¥ b= U VEB(LED
BRI 2 EERHAORMMAE L ATREL L, ALY ULk 4513, 7 =
T A= EIO%, REROLEMBZITH, Ni lICE 27 v —T AT a2y
TV TG E A THERE L - RSIBBE AT VA7) ke — L AR L, (R
DBEEITHIZ LT, ZVka—/b sn2 (LD SO R 55K % A4 % EhPla DA K % i
i L7z,

BT, o TNICRBaMEAEEZ AT 5 £ 0 R EAREARICB T 2 H - h
FREEIG S LT, 7 UL - 7 U LA R B LR =L E A KRR O KRR & D B RLR
FEEEHRIE 2 B9 L. ARHkIE 4 EhPIb J5 KX OWESEE 2 A3 5 EhPIb OARICHET Lz, %
T OBEEREIE D22 EhPIb DEREIT o 7o, B EIZRB W TR LA EEREY U 1L
FOGSE VG ND—AL ) bk 45 3@k & U, KEEEEZT U AV RORERLTE X
7218 Z I L7z, FofB R REREDOIREIT., VT =0 LK 69 Z VT, I
BOBERINT D2 L CRIFICHEIT L, “MORRDIFEHEE AT 5 EhPlb O& A
RR L7z, RIT, ARHRES 2 BESAEIE 263 2 K 0 472 BEhPIb O Ak~ L BB L7z, 79 &
Y . BINOL ONLARFEEIZ K 28RN 72 PMB EOBREZIT o 12tk RELOEW ATV, T
VEHETT L DaBIRA 7Y 3 AL EITV, TV Y ke — L O E1T ) 2 & THE
PEFRA 108 O/ EIT>T-, £7o. KEEEEZ T U LRORHEIL T 2 7= = >0 HpEHE
REFARL AR 7Y 2 VWAL EAT 9 2 & T EFEA8R 73 & 6 U b A 74a,
74b & 7'V a2 v AL EITOBESH S A EhPIb O 2 {R#EAR129a, 129b)DFHI 21T - 7=, BALH)
IR OBREIX, T VU M E WG EICBRFICETTL, ZvaY I B L 0N
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WM& 2 A9 % EhPIb OERREZEM Lo, AGAERIKIL, REWNRIGELOBRENEMT
FIEFHSEGTIT2 2R THATH Y, 5 TFRNISREFREEG O X 9 7B IRt 22w
REEZATH2EAREOA BT, BE X O AR WEATRE A RIS b ATRE 72
K CTH D EEZ D,

FIUE T, IR E TICARLIRET A — "fkA v b= ) VIRE O EYTEED
fEMT D7, HwERER, ~ 7 A CD1d f5&1EMERER. NKT MAafRgE i KOt —
Vav=TIENRBR AT o0, BRSOV TE, R EROEMIEERER &~ v R
HifE & PBMC D SEAIIRYL A X DM EIE O 21T > 72 & 2 A, C30:1, cis DA % 4
% EhPIb (19a)lZ35 TN M fEME & Ml 3580 b7z, ~ 7 A CDId #E & TEME
RECIX. BEFNETH DA ELISA EIC K2R & 1T o7, C30:1, cis DIRWiIBEZH T 5
EhPIa (16a, 16b)35 JX TN EhPIb (19a, 19b)iX. a-GalCer L W XI55\ H DD, HEAITHLH E
FF AL PE L OFEAEFRMEZ R L, CDId & EHEARH B Z RS T 55 E0NE 50
7o NKT A filE 3R Clx, ~ v A NKT #ifd & FH CHEE A% O 272 5 EhPla, EhPIb
ZZHWTIRERMIER O L, ~ 7 2 Plg e 2 H oV TRES S 2 A3 % EhPIb Z I\ T
PESE SR O 21T o 72, ZFOFER., 7 2 L85 A D EhPIb (16a. 16¢. 16e)7’ IEN-y7
ITVEE R L, R ERBROREREZ R L2 LD, ARLIMIZ X 5T EhPIb 2SIEMEARA
ThdILhR Lz, Fio, FHEMELIKRLZL 2 A, TG CIREMHIEEEE Lz b
DD, Tat I CHERECIL, KIRD EILPPG L 0 58 < IFN-yZ#5E L7z, AfERIL. NKT
AL TCR OFRFRIZIBNT, 7 ah I UEE TIIEMNICHFR SN 2 & 2R LT
BY ., TUPEEE XPURIR RN CHEE 2 SR VOIS TV s LRSS, 70,
LU — v a~=7iEMRERCIL, C30:1, cis DIEMiEE % A 79 % EhPla (16a)35 X O EhPIb (19a)
WP =Y a~=T{EMEEZR L, AT A—"H¥KA /¥ b=V U VIRHE O EWIETEDH
TR AN G LT, £, C28:0. C30:1, trans DREHFE19e, 19b) TILIEMED B 5720
ST e, ZOEYIEVEIIIEEREEICEE L TWA Z ERH LN E o T,

PL B ARBFFEA 8 L CEs L7 RTRN E BRI U U bS8 LT U v - T U LA
A VIR S VIR KD BT R SR 1T ARSI W TTH R LSRR T A — Nk
Vh—= VY VIRBEOR LT, Biaxle A ) b=V D VIRE, AV h—= ) VLAY
(CEH AT R R FETH L LB N, AWENEEZ AT LY VESHA /2 F—
TG DEREB L OVEMTEM D S B R DBBIZORNILIBEERDDH DA LB X D,

Flo, R TEHEMRLIZRFT A — Sl A /2 b= U UHEEIC K 2 ATE MR
& o T, NKT MREEACOTEEARENS A 2 > b= U VIFETH D Z & 2R RTS8
Faflizo b, Bl —va~v=TIHEOH MR ES 2 b 5 H MR 2R E Rk
FOEMEEDREINC T 5T DRI EE 2 D,
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BARE EROL

1. Chemistry

General procedure:

Nuclear magnetic resonance (IH NMR, “C NMR, *'P NMR) spectra were measured at 25 C in an
indicated solvent with JEOL ECA 500 or ECX 400 or Agilent INOVA 600 and analyzed Delta 5.0.5
(JEOL) or Vnmrj 32A (Agilent). The proton chemical shifts in CDCI; are reported in parts per million ()
from tetramethylsilane as an internal standard and coupling constants are in Heltz (Hz). The chemical
shifts in other solvent are reported in ppm from the residual proton signal of solvent. The chemical shits
for ?C NMR are reported in ppm from the internal solvent signal (CDCls, & 77.0). High-resolution mass
spectra (HRMS) of synthetic compounds were obtained on an electron spray ionization quadrupole time
of flight (ESI-QTOF) mass spectrometer (micrOTOF-QII-HC; BRUKER). Analytical thin layer
chromatography (TLC) was performed on Silica gel 60 F,s, Plates (Merck, 0.25 mm thickness).
Preparative TLC separations were performed on PLC Silica gel 60 F,s4 Plates (Merck, 0.5 or 1.0 mm
thickness). Silica gel column chromatography was performed using Silica gel 60 (Merck, 0.040 — 0.063
mm) or Silica gel 60 N [spherical neutral (Kanto Chemical Co., Inc., 40 — 50 um)] at medium pressure
(2 — 4 kgem™) using indicated solvent systems. Reagents were purchased from commercial supplier (TCI,
nacalai tesque, Wako pure chemical industry, Ltd., Kanto Chemical Co., Inc.) and were used without
further purification. Unless otherwise noted, Non-aqueous reactions were carried out under argon
atmosphere. Anhydrous dichloromethane was prepared by distillation from calcium hydrate. Anhydrous
tetrahydrofuran was prepared by distillation from Na. Anhydrous N, N-dimethylformamide, methanol,

Toluene were purchased from Wako pure chemical industry, Ltd. and Kanto Chemical Co., Inc.
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Experimental procedures and characterization data

1) CH(OM
OH ) TéOHe)S 070
HO OH F ) o}
DMF, 100 °C
2) NaH, PMBCI HO !
HO"" “'OH ar, PMBO
DMF.
oH OPMB
myo-inositol 42

4,6-di-O-p-methoxybenzyl-myo-inositol 1,3,5-O-orthoformate (42)

To a suspension of myo-inositol (20 g, 111 mmol) in DMF (180 mL) was added p-TsOH (2.11 g, 11.1
mmol) and CH(OEt); (27.7 mL, 166 mmol). The mixture was allowed to warm at 110 °C. After stirring
for 11 h, the reaction mixture was cooled to ambient temperature and then added triethylamine (1.4 mL,
11.1 mmol) and then concentrated in vacuo. The crude mixture was used next reaction without further
purification. To the crude mixture DMF (222 mL) was added then cooled to 0 °C. To the mixture NaH
(60% oil dispersion) (8.88 g, 222 mmol) was added at 0 °C. After stirring for 30 min, TBAI (2g, 11.1
mmol) and PMBCI (12.6 mL, 92.4 mmol) were added to the reaction mixture. The mixture was slowly
warmed up to room temperature and stirred for 11 h. The reaction was quenched with 10% aqueous citric
acid, and extracted with Et,0. The combined organic phase was dried over anhydrous Na,SO, and
concentrated under reduced pressure. The crude residue was purified by silica gel chromatography
(Toluene/EtOAc = 3.5/1 to 2:1) to afford 42 (17.1 g, 35% yield for 2 steps) as a white solid. 'H NMR
(500 MHz, CDCl;) 6 7.18 (d, J = 8.4 Hz, 4H), 6.82 (d, J = 8.6 Hz, 4H), 5.44 (s, 1H), 4.58 (d, /=11 Hz,
2H), 4.50 (d, J = 11 Hz, 2H), 4.40 - 4.39 (m, 1H), 4.33 (t, / = 7.3 Hz, 2H), 4.19 — 4.18 (m, 2H), 3.81 —
380 (m, 7H), 298 (d, J = 11 Hz 1H); "C NMR (125 MHz, CDCly)
0 159.5,129.7,129.5, 113.9, 103.4, 73.5, 73.1, 71.4, 67.9, 61.5, 55.3; HRMS ~ (ESI) calculated for
Ca3H,6NaOg [M+Na]* 453.1520, found 453.1520

070
007\ Q MOMCI 0
HOM _DPEA _ womo—4R
' CH,Cl, PMBO
PMBO L OPMB
42 43

4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol 1,3,5-O-orthoformate (43)

To a solution of 42 (17.0 g, 39.5 mmol) in CH,Cl, (100 mL) at room temperature was added
N,N-diisopropylethylamine (10.5 mL, 59.2 mmol). After stirring for 10 min, MOMCI (4.5 mL, 59.2
mmol) was added to the reaction mixture. The reaction mixture was stirred for over night, and then

extracted with CH,Cl,. The combined organic solution was washed with water and brine and dried over
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anhydrous Na,SO,, concentrated under reduced pressure. The crude product was purified by
recrystallization (EtOAc/Hexane) to afford 43 (11.54 g). The mother liquor was concentrated under
reduced pressure and then purified with silica gel chromatography (Toluene/ethyl acetate = 6/1) to afford
S5 (3.94 g, total 82% yield) as a white solid. '"H NMR (500 MHz, CDCl;) & 7.12 (d, J = 8.3 Hz, 4H), 6.83
(d, J = 8.6 Hz, 4H), 5.50 (s, 1H), 4.79 (s, 2H), 4.59 (d, J = 11 Hz, 2H), 4.49 (d, J = 11 Hz, 2H), 4.38 —
4.37 (m, 1H), 4,31 (dd, J = 3.3, 3.4 Hz, 2H), 4.27 — 4.26 (m, 2H), 4.16 (s, 1H), 3.80 (s, 6H), 3.43 (s, 3H);
C NMR (98 MHz, CDCls) 8 159.5, 129.6, 113.9, 103.3, 96.3, 73.4, 71.6, 71.5, 68.1, 67.1, 55.8,
55.4; HRMS (ESI) calculated for C,5H3oNaOq [M+Na]+ 497.1782, found 497.1788

079 g
O 1M HCl aq
MOMO , - s ' ‘
PMBO CH,Cl,/MeOH  pMBO™ “OPMB
OPMB OH
43 44

4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol (44)

To a solution of 43 (11.54 g, 9.53 mmol) in methanol (432 mL) at room temperature was added 1M HCl
aq (48 mL). Precipitate immediately formed upon addition, and dichloromethane was added until the
precipitate completely dissolved. The reaction mixture was stirred for 18 h at room temperature. The
solution was neutralized with saturated aqueous NaHCO; and then concentrated under reduced pressure
to provide the oil containing NaCl salt. The oil was dissolved with ethyl acetate, and then NaCl was
removed by filtration. The solvent was removed in vacuo to afford the crude mixture. The crude material
was purified with column chromatography (Toluene/EtOAc = 5/6 to 2/3) to afford 44 (6.41 g, 56% yield)
as a white solid. '"H NMR (500 MHz, CDCl;) 8 7.31 (d, J = 8.4 Hz, 4H), 6.88 (d, J= 8.2 Hz, 4H), 4.83 —
4.77 (m, 6H), 3.96 (s, 1H), 3.80 (s, 6H), 3.58 — 3.49 (m, 5H), 3.45 (s, 3H), 2.96 (d, J = 5.7 Hz, 2H), 2.49
(s, 1H); °C NMR (125 MHz, CDCl;) & 159.4, 130.8, 129.9, 129.8, 114.1, 99.1, 81.7, 75.0, 74.7, 71.5,
56.2, 55.4; HRMS (ESI) calculated for Cy4H3,NaOq [MJrNa]+ 487.1939, found 487.1944
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General procedure for regioselective phosphorylation: synthesis of 4,6-di-O-p-
methoxybenzyl-2-0-methoxymethyl-D-myo-inositol-1-((R)-1,1’-bi-2-naphtyl) Phosphate (45) and
synthesis of 4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-

((R)-1,1’-bi-2-naphtyl) Phosphate (46)

The solution of 44 (500 mg, 1.08 mmol), 1H-tetrazole (377 mg, 5.38 mmol) and MS4A powder in
CH,Cl, (15 mL) and the solution of (R)-BPA 48 (2.24 g, 5.38 mmol) and MS4A powder in CH,Cl, (15
mL) were stirred for 30 min. Then, the solution of (R)-BPA 48 was added to the solution of 44 and
1H-tetrazole via cannula. After stirring for 1 day, the reaction mixture was cooled to 0 'C, and then added
mCPBA (928 mg, 5.38 mmol). The mixture was stirred for 1 hour, and then filtrated through a pad of
Celite®. The mixture was washed with aqueous Na,S,0;, saturated aqueous NaHCO; and brine. The
organic solution was dtied over anhydrous Na,SO and concentrated under reduced presser. The crude
product was purified with column chromatography (toluene/ethyl acetate = 2/1) to afford a mixture of 45
and 46 (629 mg, 74% yield, 45 : 46 = 3.8 : 1) as a white foam. 45 (major isomer): 'H NMR (500 MHz,
CDCls) 6 8.01-7.96 (m, 2H), 7.94 (d, J = 8.2 Hz, 1H), 7.90 (d, J = 8.2 Hz, 1H), 7.52-7.45 (m, 3H),
7.43-7.37 (m, 2H), 7.35-7.28 (m, 5H), 6.89-6.85 (m, 4H), 6.59-6.54 (m, 2H), 4.89 (dd, J = 9.6, 6.6 Hz,
2H), 4.83 (d, J = 11.0 Hz, 1H), 4.76 (d, J = 11.0 Hz, 1H), 4.58-4.52 (m, 1H), 4.45-4.39 (m, 2H), 4.35 (d, J
=10.5 Hz, 1H), 3.80-3.73 (m, 4H), 3.71-3.66 (m, 3H), 3.60-3.54 (m, 1H), 3.53-3.45 (m, 5H), 3.37-3.30
(m, 1H), 2.54 (s, 1H); >C NMR (125 MHz, CDCls) 8 159.5, 159.1, 132.3, 132.3, 131.7, 131.7, 131.1,
130.8, 130.3, 129.9, 129.4, 128.6, 128.6,127.4,127.1,126.9, 126.0, 121.5, 121.3, 120.7, 120.3, 114.0,
113.7, 98.9, 81.0, 80.5, 79.8, 79.8, 79.7, 79.6, 75.1, 74.7, 74.5, 71.0, 56.3, 55.4, 55.3; HRMS (ESI)
calculated for Cy44Hi3NaO,P [M+Na]" 817.2384, found 817.2391. 46 (minor isomer): 'H NMR (390
MHz, CDCl;) 6 8.04 (d, J = 9.0 Hz, 1H), 7.95 (d, J = 8.3 Hz, 1H), 7.89 (d, J = 8.2 Hz, 1H), 7.82 (d, ] =
9.0 Hz, 1H), 7.57 (d, ] = 8.9 Hz, 1H), 7.52-7.44 (m, 2H), 7.39-7.26 (m, 8H), 7.20-7.15 (m, 1H), 6.92-6.84
(m, 4H), 4.85-4.66 (m, 4H), 4.65-4.57 (m, 2H), 4.50 (d, J = 6.5 Hz, 1H), 4.33 (s, 1H), 3.87-3.72 (m, 8H),
3.59-3.46 (m, 3H), 3.28 (d, J = 6.1 Hz, 1H), 3.11 (d, ] = 7.0 Hz, 3H), 2.56 (s, 1H), 2.35 (s, 1H); °C NMR
(98 MHz, CDCl;) 6 159.4, 159.3, 147.5, 146.2, 132.3, 132.0, 131.7, 131.6, 131.1, 130.7, 130.7, 129.9,
129.4, 129.1, 128.7, 128.5, 128.3, 127.3, 127.1, 127.0, 126.0, 125.4, 121.5, 121.2, 120.6, 120.5, 114.0,
98.7, 81.0, 80.3, 79.6, 79.5, 79.2, 77.4, 74.7, 74.5, 74.4, 71.0, 55.8, 55.4; HRMS (ESI) calculated for
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C44H43N3012P [M+Na]+ 817.23 84, found 817.2407.
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OH then mCPBA OH
a4 45a 46a

HO.
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4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-((R)-5,5,6,6°,7,7°,8,8’-octahydro-
1,1°-bi-2-naphtyl) Phosphate (45a) and
4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-3-((R)-5,5,6,6°,7,7°,8,8’-octahydro-
1,1°-bi-2-naphtyl) Phosphate (46a)

In a manner similar to the synthesis of 45 and 46, triol 44 (50 mg, 0.11 mmol) was reacted with
(R)-Hg-BPA 49 (226 mg, 0.54 mmol) to affoad 45a and 46a (419 mg, 49% yield)

(45a:46a:diphosphate = 9:1:9)

1) ProNH, EtaN ‘O
Toluene (6]

PCl; ———————> >P-NPr,

OO
OH 49
C”

(R)-5,5,6,6°,7,7°,8,8’-0ctahydro-1,1-binaphtylphosphinite diisopropylamidite (49)

A solution of diisopropylamine (332 pL, 2.36 mmol) and triethylamine (362 pL, 2.36 mmol) in Toluene
(1.2 mL) was added to a solution of PCl; (210 pL, 2.36 mmol) in Toluene (17 mL). The reaction mixture
was warmed up to 70 °C and stirred for over night. The reaction mixture was cooled to room temperature
and then Et;N (724 uL, 4.72 mmol) and (R)-2,2’-dihydroxy-5,5,6,6’,7,7°,8,8’-octahydro-1,1-binaphtyl
(695 mg, 2.36 mmol) were added. The mixture was stirred for 8 h and then evaporated to remove the
solvent. The crude mixture was subjected to silica gel column chromatography (eluting with toluene) to
afford 49 (807 mg, 80%) as a white solid. "H NMR (392 MHz, CDCl;) 6 7.04 (d, 1H, J = 8.2 Hz), 6.98 (d,
2H, J = 7.9 Hz), 6.89 (d, 1H, J = 8.2 Hz), 3.22-3.33 (m, 2H), 2.71-2.86 (m, 4H), 2.57-2.70 (m, 2H),
2.16-2.32 (m, 2H), 1.70-1.82 (m, 6H), 1.47-1.63 (m, 2H), 1.17 (s, 3H), 1.16 (s, 3H), 1.15 (s, 3H), 1.14 (s,
3H); °C NMR (99 MHz, CDCly) § 149.70, 148.83, 137.95, 137.29, 133.85, 132.51, 129.54, 129.33,
129.15, 128.67, 128.34, 127.66, 119.04, 118.77, 44.64, 44.50, 29.31, 29.19, 27.93, 27.77, 24.68, 24.63,
24.59, 22.98, 22.86, 22.67; *'P NMR (159 MHz, CDCl;) & 146.75; HRMS (ESI) calculated for
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C26H3:NNaO,P [M+Na]" 446.2219, found 446.2220.
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OH then mCPBA OH
a4 45 46

General procedure for regioselective phosphorylation of myo-inositol derivative 44: synthesis of
4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-((R)-1,1’-bi-2-naphtyl) Phosphate
(45) and synthesis of
4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-((R)-1,1’-bi-2-naphtyl) Phosphate
(46)

To a stirred solution of 44 (9.51 g, 20.4 mmol) and DMAP (5.0 g, 40.9 mmol) in CH,Cl, (204 mL) at 0 °C
was added (R)-BISEPCI 51 (17.6 g, 40.9 mmol). After stirring for overnight at the same temperature,
mCPBA (75%) (9.4 g, 40.9 mmol) was added to the reaction mixture. The reaction was extracted with
EtOAc and the extract was washed with H,O and brine. The organic phase was dried over Na,SO,,
filtered, and concentrated under reduced pressure. The crude mixture was purified with silica gel column
chromatography (toluene/EtOAc = 2/1) to afford the mixture of 45 and 46 (12.1g, 74%, 45:46 = 88:12) as

a white foam.

AllocOBt
DMAP

PMBO"" K CHxCl,

3,5-di-O-allyloxycarbonyl-4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-((R)-1,1’
-bi-2-naphtyl) Phosphate (52)

To a solution of AllocOBt (26 g, 119 mmol) and DMAP (7.27 g, 59.5 mmol) in CH,Cl, (120 mL) was
added 45 and 46 (8.82 g (45:46 = 3.8:1), 11.1 mmol). The reaction mixture was stirred for over night, and
then 10% aqueous citric acid and then extracted with CH,Cl,. The combined organic phase was washed
with brine and dried over anhydrous Na,SO,4 and concentrated in vacuo. The crude product was purified
with column chromatography elution with toluene/ethyl acetate (6/1) to afford 52 (6.27 g, 74% yield

(from 9a)) as a white foam. 'H NMR (390 MHz, CDCls) & 8.03-7.88 (m, 4H), 7.54-7.43 (m, 3H), 7.40 (d,
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J=8.4 Hz, 1H), 7.36-7.27 (m, 3H), 7.23-7.13 (m, 3H), 6.87 (d, ] = 8.6 Hz, 2H), 6.82 (dd, ] = 11.4, 2.8 Hz,
2H), 6.62 (dd, J = 11.4, 2.7 Hz, 2H), 6.02-5.89 (m, 1H), 5.89-5.75 (m, 1H), 5.39 (dd, J = 17.2, 1.3 Hz,
1H), 5.32 (dd, J =4.8, 1.2 Hz, 1H), 5.28 (t, ] = 1.5 Hz, 1H), 5.20 (dd, ] = 10.4, 1.2 Hz, 1H), 4.95-4.85 (m,
2H), 4.75-4.59 (m, 7H), 4.58-4.49 (m, 3H), 4.37 (s, 2H), 4.04-3.90 (m, 2H), 3.78 (s, 3H), 3.73 (s, 3H),
3.46 (s, 3H); °C NMR (98 MHz, CDCl;) & 159.3, 159.0, 154.1, 147.6, 147.5, 146.4, 132.4, 132.2, 132.0,
131.7, 131.6, 131.5, 131.1, 130.1, 129.6, 129.1, 128.6, 127.4, 127.0, 126.9, 126.0, 121.3, 120.8, 120.3,
119.3, 119.2, 113.7, 113.5, 98.1, 79.0, 78.3, 76.0, 75.1, 74.7, 69.0, 68.9, 56.3, 55.3; HRMS (ESI)
calculated for Cs,H5;NaO;cP [M+Na]+ 985.2807, found 985.2812.

e P\O
0 OO [CPRU(C3Hs)(CaHeNCOO)IPF,

“OPMB MeOH

OAlloc
52

4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-((R)-1,1’-bi-2-naphtyl) Phosphate
(45)

The solution of 52 (1.00 g, 1.04 mmol), and [CpRu(C;Hs)(CoH;NCOO)]PF4 (11 mg, 0.021 mmol) in
MeOH (10.4 mL) was stirred at 35 °C. After stirring for 3 hour, the reaction mixture was concentrated
under reduced pressure. The crude residue was purified with silica gel column chromatography

(toluene/ethyl acetate = 1/1) to afford 45 (1.1461 g, quant) as a white foam.

p-BrBzCl  p-BrBzO.
DMAP

—_—

pyridine, 60 °C pPMBO*™

3,5-di-O-p-bromobenzoyl-4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-((R)-1,1’-
bi-2-naphtyl) Phosphate (52)

To the solution of 45 (50 mg, 63 pmol) and DMAP (3.8 mg, 32 pmol) in pyridine (5 mL) was added
p-bromobenzoyl chloride (138 mg, 0.63 mmol). The mixture was stirred for over night at 60 °C. The
mixture was cooled to room temperature and diluted with ethyl acetate and then washed with H,O and
brine. The organic phase was dried over anhydrous Na,SOy, and filtered, and concentrated in vacuo. The

crude material was purified with column chromatography (toluene/ethyl acetate =10/1 to 5/1) to afford 53
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(34 mg, 47% yield) as a white solid. '"H NMR (390 MHz, CDCl5)  7.84-7.99 (m, 6H), 7.71 (dd, 2H, J =
6.8, 1.7 Hz), 7.45-7.58 (m, 7H), 7.39-7.42 (m, 1H), 7.28-7.34 (m, 4H), 6.89 (t, 2H, J = 8.6 Hz), 6.68 (d,
2H, J = 8.6 Hz), 6.49-6.53 (m, 2H), 6.39-6.42 (m, 2H), 5.40 (t, 1H, J = 9.5 Hz), 5.12-5.17 (m, 1H),
4.92-4.96 (m, 1H), 4.83-4.88 (m, 1H), 4.76-4.80 (m, 1H), 4.72 (t, 1H, J = 2.4 Hz), 4.54 (d, 1H, J=11.3
Hz), 4.41-4.46 (m, 1H), 4.35 (d, 1H, J = 10.9 Hz), 4.18-4.24 (m, 2H), 4.07 (t, lH, J = 9.6 Hz), 3.64 (s,
3H), 3.62 (s, 3H), 3.34 (s, 3H)

0
TBSCI QuoM_ B0
v ~
imidazole  TBSO © OO
—_—

DMF, 60°C ppBo

3,5-di-O-tert-butyldimethylsilyl-4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-((R
)-1,1’-bi-2-naphtyl) Phosphate (54)

To a solution of 45 (1.20 g, 1.50 mmol) in DMF (7.5 mL) at room temperature were added
tert-butyldimethylsilyl chloride (2.27 g, 15.0 mmol) and imidazole (1.23 g, 18.0 mmol). The mixture was
allowed to warm to 60 °C. After stirring for 1 day, methanol was added to the reaction, and then extracted
with Et,O and washed with brine. The organic phase was dried over anhydrous Na,SO,, and concentrated
in vacuo. The crude material was purified with column chromatography (toluene/ethyl acetate =15/1) to
afford 54 (1.46 g, 95% yield) as a white foam. '"H NMR (390 MHz, CDCl;) 6 7.97-7.84 (m, 4H),
7.53-7.40 (m, 3H), 7.32-7.17 (m, 7H), 6.97 (d, J = 8.5 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 6.51 (d, J = 8.6
Hz, 2H), 4.93 (s, 2H), 4.87 (d, J=11.9 Hz, 1H), 4.71 (d, J=11.7 Hz, 1H), 4.58-4.48 (m, 2H), 4.40 (d, J =
10.5 Hz, 1H), 4.33 (s, 1H), 3.80-3.74 (m, 4H), 3.71-3.63 (m, 4H), 3.59-3.53 (m, 1H), 3.53-3.45 (m, 4H),
0.83 (s, 9H), 0.79 (s, 9H), 0.10 (s, 3H), -0.03 (s, 3H), -0.12 (s, 3H), -0.14 (s, 3H); °C NMR (98 MHz,
CDCly) & 158.4, 158.3, 147.6, 147.5, 146.4, 146.4, 132.3, 132.2, 131.9, 131.6, 131.4, 131.3, 131.0,
130.7, 129.7, 129.2, 128.6, 128.5, 128.3, 127.5, 127.3, 127.1, 126.8, 125.9, 125.8, 125.4, 121.4, 121.2,
120.8, 120.6, 113.9, 113.2, 113.2, 98.0, 81.8, 80.4, 80.3, 80.2, 80.2, 78.1, 77.4, 75.1, 74.8, 73.3, 56.2,
55.2, 26.1, 25.2, 18.1, 18.1, 3.8, 4.2, —4.7; HRMS (ESI) calculated for CssH7,NaO,PSi, [M+Na]"

1045.4114, found 1045.4130
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3,5-di-O-tert-butyldimethylsilyl-4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-dib
enzyl Phosphate (34)

To a suspension of NaH (60% oil dispersion) (35 mg, 0.87 mmol) in THF (2.8 mL) at 0 °C was added
benzyl alcohol (100 uL, 0.96 mmol). After stirring for 30 min, the solution of 54 (297 mg, 0.29 mmol) in
THF (3 mL) was added to the reaction at 0 °C. The reaction mixture was warmed up to room temperature,
and stirred for 4 h. The reaction was cooled to 0 °C, and then quenched with 10% aqueous citric acid. The
mixture was diluted with ethyl acetate. The organic solution was washed with saturated aqueous NaHCO;
and brine, dried over anhydrous Na,SO,, and concentrated under reduced pressure. The crude mixture
was purified with column chromatography (toluene/ethyl acetate = 18/1) to afford 34 (175 mg, 63%
yield) as a color less oil. 'H NMR (500 MHz, CDCl3) & 7.32 — 7.24 (m, 10H), 7.19 — 7.17 (m, 4H), 6.83 —
6.80 (m, 2H), 6.77 — 6.74 (m, 2H), 4.97 — 4.84 (m, 6H), 4.80 (d, J = 6.2 Hz, 1H), 4.76 — 4.69 (m, 3H),
422 —4.18 (m, 1H), 4.13 (t, J = 2.3 Hz, 1H), 3.83 — 3.79 (m, 4H), 3.73 (s, 3H), 3.64 (t, / = 9.4 Hz, 1H),
3.51 (dd, J=2.1, 9.6 Hz, 1H), 3.46 (t, J = 8.9 Hz, 1H), 3.40 (s, 3H), 0.81 (s, 9H), 0.78 (s, 9H), —0.03 (s,
3H), -0.05 (s, 3H), —0.07 (s, 3H), -0.13 (s, 3H); “C NMR (125 MHz CDCly)
0 158.8,158.3,131.4,130.9, 129.0, 128.6, 128.5, 128.5, 128.4, 128.0, 127.8, 127.5, 113.4, 113.2,97.9, 8
1.8, 80.3,80.3, 78.2, 78.1, 77.9,75.1, 75.1, 74.7 73.5, 69.4, 69.3, 69.1, 69.0, 55.9, 55.2, 26.1, 25.9, 18.1,
18.0,0.1,-3.8,-3.8, 4.4, —4.8; HRMS (ESI) calculated for CsoH73NaO;,PSi, [M+Na]+ 975.4270, found
975.4269

(0] O
OMOM Il:l)/OBn OMOM II_OBn
~
TBSO o~ ~OBn TBAF < >O0OBn
AcOH HO o
—_—
PMBO' “OPMB THE  puo "OPMB
OTBS OH
34 55

4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-dibenzyl Phosphate (55)
To a stirred solution of 34 (55 mg, 57.7 umol) in THF (577 pL) at 40 °C was added TBAF (577 uL, 0.577
mmol) and AcOH (33 uL, 0.577 mmol). After the reaction mixture was stirred for 2 h, the reaction was

diluted with CHCI;. Organic phase was washed with H,O and brine and them filtrated and concentrated
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under reduced pressure. The residue was purified with silica gel column chromatography eluting with
toluene/ethyl acetate (2/1 to 1/1) to afford 55 (33.5 mg, 80%) as a white solid. '"H NMR (390 MHz,
CDCly) 6 7.37-7.22 (m, 14H), 6.90-6.84 (m, 2H), 6.81-6.75 (m, 2H), 5.05-4.96 (m, 4H), 4.83 (d, /= 11.0
Hz, 1H), 4.74 (dd, /= 10.3, 3.4 Hz, 3H), 4.68 (d, J=11.0 Hz, 1H), 4.61 (d, /= 6.5 Hz, 1H), 4.21 (td, J =
8.1, 2.7 Hz, 1H), 4.12 (t, J = 2.5 Hz, 1H), 3.83-3.75 (m, 4H), 3.73 (s, 3H), 3.53 (t, / = 9.4 Hz, 1H),
3.49-3.38 (m, 2H), 3.36 (s, 3H), 3.30 (d, J = 7.2 Hz, 1H), 2.52 (s, 1H); °C NMR (98 MHz, CDCl;)
01594, 159.3, 135.7, 130.8, 130.6, 129.9, 129.7, 128.7, 128.7, 128.0, 128.0, 114.0, 113.9, 98.8, 81.1,
80.7,79.8,79.8,77.6,77.5,77.1,76.8, 75.0, 74.6, 71.0, 69.6, 69.6, 69.5, 69.4, 56.0, 55.4, 55.3

0 09
OMOM B O8N . - iser, BSTFA P _pgonaN

Pl 1 r, raYe]

HO Y OBn Toluene/CH,Cl» HO (I:|)3N

. . ®

2) 30% TFAin CH,CI HO™ “OH
PMB PMB 212
© © DMS, 0°C tort OH
OH ;cyclohexylamine

D-myo-inositol 1-phosphate Dicyclohexylammonium salt (58)

To a stirred solution of 55 (10 mg, 13.8 umol) in Toluene (300 uL) and CH,Cl, (100 uL) were added
BSTFA (36 uL), followed by TMSBr (18 uL). The reaction mixture was stirred for 1 h, and then
concentrated under reduced pressure. The residue was dried under highly reduced pressure. To the residue
was added CH,Cl, (350 pL) and Me,S (15 pL) and then cooled to 0 °C. TFA (150 pL) was added to the
mixture at 0 °C and stirred 1 h at room temperature. The reaction mixture was concentrated under reduced
pressure. The product was purified with Dowex-1X8 (HCO;") anion exchange resin column (eluting with
H,0 to 0.1 M NH4HCO; aq to 0.5 M NH4HCO; aq) to afford D-myo-inositol 1-phosphate diammonium
salt and then acidified with Dowex-50WX8 (H"). Phosphoric acid was neutlized with
cyclohexylammonium (10 uxL) and then Iyophylized to afford D-myo-inositol 1-phosphate
dicyclohexylammonium salt (containing cyclohexylammonium salt) 58 (7.78 mg, quant.) as a white solid.
'H NMR (390 MHz, D,0) & 4.07 (t, J = 2.8 Hz, 1H), 3.74 (dt, J = 8.4, 2.8 Hz, 1H), 3.59 (t, /= 9.6 Hz,
1H), 3.48 (t, J=9.6 Hz, 1H), 3.42 (dd, /= 10.0, 2.8 Hz, 1H), 3.18 (t, /= 9.3 Hz, 1H), 3.04-2.94 (m, 3H),
1.88-1.77 (m, 6H), 1.70-1.59 (m, 6H), 1.54-1.45 (m, 3H), 1.25-1.10 (m, 14H), 1.08-0.95 (m, 3H); °C
NMR (98 MHz, CDCly) 6 74.4, 74.3, 72.3, 72.3, 71.7, 70.8, 50.4, 30.3, 24.3, 23.8; [a]% +2.0° (¢ 0.389,
H0), (lit, [o]5 +3.9° (¢ 3.0, H,0))"

1) Akiyama, T.; Takechi, N.; Ozaki, S.; Shiota, K. Bull. Chem. Soc. Jpn., 1992, 65, 366.
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1) AllylBr, NaH, DMF

o 2) 90% AcOH aq OH
O._~_OH TBDPSO.__~._OAllyl
3) TBDPSCI, EtsN
59b (2R) DMAP, GH,Cl, 60b (2R)

3-allyl-1-tert-butyldiphenylsilyl-sn-glycerol (60b)

To a stirred solution of (R)-(-)-2,2-dimethyl-1,3-dioxolane-4-methanol (2.5 g, 18.9 mmol) in DMF (37
mL) was added NaH (60% oil dispersion) (910 mg, 27.7 mmol). After stirring for 15 min, allyl bromide
(2.5 mL, 28.3 mmol) was added to the mixture. The reaction mixture was allowed to warm to room
temperature and stirred for over night. The mixture was extracted with Et,O. The combined organic
solution was washed with brine, dried over anhydrous Na,SOy, and concentrated under reduced pressure.
The residue was directly used in the next step. The residue was dissolved in 90% AcOH aqueous solution
(35 mL), and then stirred for over night at 70 °C. The mixture was cooled to room temperature, and then
concentrated under reduced pressure with toluene. The crude residue was used in the next step without
further purification. To a stirred solution of the crude residue and DMAP (462 mg, 4.16 mmol) in CH,Cl,
(95 mL) at room temperature was added Et;N (13.2 mL, 94.5 mmol) and TBDPSCI (5.3 mL, 20.8 mmol).
After stirring for over night, the reaction mixture was extracted with CH,Cl,. The combined organic
phase was washed with brine, dried over anhydrous Na,SO,4, and concentrated in vacuo. The crude
mixture was subjected to silica gel column chromatography (Hexane/EtOAc = 10/1) to afford 60b (5.17 g,
73% yield for 3 steps) as a color less oil. '"H NMR (390 MHz, CDCl3;) 6 7.70-7.62 (m, 4H), 7.47-7.35 (m,
6H), 5.95-5.81 (m, 1H), 5.25 (dd, J=17.2, 1.6 Hz, 1H), 5.18 (dd, J=10.4, 1.0 Hz, 1H), 3.99 (dd, /= 5.7,
1.4 Hz, 2H), 3.95-3.86 (m, 1H), 3.72 (d, J = 5.3 Hz, 2H), 3.58-3.46 (m, 2H), 2.51 (d, J = 5.0 Hz, 1H),
1.06 (s, 9H) ; °C NMR (98 MHz, CDCl3) § 135.7, 134.6, 133.3, 130.0, 127.9, 117.3, 72.4, 71.0, 70.9,
64.8,26.9,19.4; HRMS (ESI) calculated for C»,H3,NaOsSi [M+Na]+ 393.1864, found 393.1870

OH PMBCI, NaH OoPMB
TBDPSO.____OAllyl — == TBDPSO._._OAly
60b (2R) 61b (2R)

3-allyl-1-fert-butyldiphenylsilyl-2-(4-methoxybenzyl)-sn-glycerol (61b)

To a stirred solution of 60b (3.0 g, 8.09 mmol) and PMBCI (1.64 mL, 12.1 mmol) in DMF (40 mL) at 0
°C was added NaH (60% oil dispersion) (390 mg, 9.72 mmol). After stirring for over night at room
temerature, the reaction was quenched with ice. The mixture was extracted with Et,0 and the combined
organic phase was washed with brine, dried over anhydrous Na,SO,, and concentrated under reduced
pressure. The residue was purified with silica gel column chromatography (Hexane/EtOAc = 20/1) to

afford 61b (2.11 g, 53% vyield) as a color less oil. '"H NMR (390 MHz, CDI;) & 7.71-7.63 (m, 4H),
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7.44-7.32 (m, 6H), 7.24 (d, J = 8.5 Hz, 2H), 6.83 (dd, J = 11.4, 2.7 Hz, 2H), 5.95-5.83 (m, 1H), 5.29-5.22
(m, 1H), 5.16 (dd, J=10.4, 1.3 Hz, 1H), 4.57 (s, 2H), 3.99 (d, J = 5.5 Hz, 2H), 3.78-3.75 (m, 4H), 3.75 (s,
1H), 3.72-3.61 (m, 2H), 3.56 (dd, J = 9.9, 5.3 Hz, 1H), 1.05 (s, 9H); °C NMR (98 MHz, CDCl;) & 159.2,
135.8, 135.8, 135.0, 133.7, 133.6, 131.0, 129.8, 129.5, 127.8, 116.9, 113.8, 78.5, 72.5, 72.0, 70.3, 63.7,
55.4,27.0,26.7, 19.4; HRMS (ESI) calculated for C3gH3sNaO,Si [M+Na]+ 513.2432, found 513.2444

orwe AT
: i TBDPSO._ _~._ _OH
TBDPSO OAllyl TN
TN CH,Cl,/MeOH
61b (2R) 62b (2R)

1-tert-butyldiphenylsilyl-2-(4-methoxybenzyl)-sn-glycerol (62b)

To the stirred solution of 61b (2.00 g, 4.08 mmol) and 1,3-dimethylbarbituric acid (1.27 g, 8.16 mmol) in
CH,CI,/MeOH (1/1) (20 mL) was added Pd(PPh;), (94 mg, 81.6 umol). After the reaction mixture was
stirred at 35 °C for over night, the mixture was concentrated under reduced pressure. The residue was
subjected to silica gel column chromatography (Hexane/EtOAc = 10:1) to afford 62b (1.56 g, 85%) as a
colorless oil. '"H NMR (390 MHz, CDCls) 6 7.71-7.63 (m, 4H), 7.46-7.33 (m, 6H), 7.20 (d, J = 8.8 Hz,
2H), 6.84 (d, J = 8.8 Hz, 2H), 4.56 (d, J = 11.3 Hz, 1H), 4.43 (d, J = 11.3 Hz, 1H), 3.84-3.55 (m, 8H),
214 (dd, J = 7.1, 55 Hz, 1H), 1.06 (s, 9H); “C NMR (98 MHz, CDCl)
0 159.4,135.7,135.7, 133.4, 133.2, 130.5, 129.9, 129.5, 127.9, 114.0, 79.4, 72.0, 63.7, 62.9, 55.4, 27.0, 1

9.3; HRMS (ESI) calculated for C,;H34NaO,4Si [M+Na]" 473.2119, found 473.2127

/ o 1) AllylBr, NaH, DMF on
2) 90% AcOH aq
o oH tBDPSO._L_onlyl

3) TBDPSCI, Et;N
59a (25) DMAP, CH,Cl, 60a (25)

1-allyl-3-tert-butyldiphenylsilyl-sn-glycerol (60a)

In a manner similar to the synthesis of 60b, (5)-(+)-2,2-Dimethyl-1,3-dioxolane-4-methanol (10 g, 75.7
mmol) was converted into 60a (23.7 g, 85% yield for 3 steps) as a colorless oil. '"H NMR (500 MHz,
CDCls) 6 7.67 — 7.65 (m, 4H), 7.44 — 7.36 (m, 6H), 5.92 — 5.84 (m, 1H), 5.25 (ddd, J = 2.5, 7.0, 17 Hz,
1H), 5.17 (ddd, J = 1.4, 2.0, 10 Hz, 1H), 3.99 (ddd, J = 1.3, 1.3, 5.6 Hz, 2zH), 3.90 — 3.88 (m, 1H), 3.72
(d, J = 5.4 Hz, 2H), 3.35 (td, J = 4.7, 9.6 Hz, 2H), 2.51 (d, J = 5.0 Hz, 1H), 1.06 (s, 9H); °C NMR (125
MHz, CDCls) 6 135.6, 134.6, 133.3, 129.9, 127.8, 117.3, 72.4, 71.1, 70.9, 64.9, 50.8, 26.9, 19.3; HRMS
(ESI) calculated for C5,H30NaO;Si [M+Na]" 393.1864, found 393.1870
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1-allyl-3-tert-butyldiphenylsilyl-2-(4-methoxybenzyl)-sn-glycerol (61a)

In a manner similar to the synthesis of 61b, 60a (18.5 g, 50.0 mmol) was converted into 61a (20 g, 82%
yield) as a colorless oil. 'H NMR (500 MHz, CDCl3) & 7.69-7.63 (m, 4H), 7.47-7.32 (m, 6H), 7.26-7.21
(m, 2H), 6.86-6.82 (m, 2H), 5.95-5.82 (m, 1H), 5.29-5.22 (m, 1H), 5.16 (dq, J = 10.4, 1.5 Hz, 1H), 4.56
(d, J = 1.3 Hz, 2H), 4.03-3.95 (m, 2H), 3.79 (s, 3H), 3.77-3.61 (m, 4H), 3.55 (dd, J = 10.1, 5.5 Hz, 1H),
1.04 (s, 9H); °C NMR (125 MHz, CDCls) 8 159.2, 135.7, 135.7, 135.6, 135.0, 129.7, 129.4, 127.9, 127.8,
116.8, 113.8, 78.5, 72.4, 72.0, 70.3, 63.6, 55.4, 26.9, 19.3; HRMS (ESI) calculated for C;,H3sNaO,Si
[M+Na]" 513.2432, found 513.2443

OPMB PA(PPh,), OPMB
1,3-DMEA
TBDPSO._JL_onlyi teopso._L_or
CH,Cl,/MeOH
61a (25) 62a (25)

3-tert-butyldiphenylsilyl-2-(4-methoxybenzyl)-sn-glycerol (62a)

In a manner similar to the synthesis of 62b, 61a (1.14 g, 2.30 mmol) was converted into 62a (0.88 g, 85%
yield) as a colorless oil. '"H NMR (390 MHz, CDCl;) § 7.67 (dt, J = 8.0, 1.4 Hz, 4H), 7.48-7.33 (m, 6H),
7.23-7.16 (m, 2H), 6.88-6.81 (m, 2H), 4.56 (d, J = 11.3 Hz, 1H), 4.44 (d, J = 11.3 Hz, 1H), 3.83-3.74 (m,
5H), 3.74-3.56 (m, 3H), 2.03 (dd, J = 7.2, 5.5 Hz, 1H), 1.05 (s, 9H); °C NMR (98 MHz, CDCl3) § 159.4,
135.7, 135.7, 135.6, 133.3, 133.2, 130.5, 129.9, 129.5, 127.8, 114.0, 79.3, 71.9, 63.6, 63.0, 55.4, 26.9,

19.3; HRMS (ESI) calculated for Co;H3,Na0,Si [M+Na]" 473.2119, found 473.2124

0 NiCI (1mol %) o}

)w/\ NMP, 1,3-butadiene )W/
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10 7 THF, -40°C t0 0 °C
37 38 63

tert-butyl cis-21-triacontenoate (63)

To a stirred solution of LiAIH,(2.16 g, 57.0 mmol) in THF (50 mL) at 0 'C was added the solution of
Oleic acid (12 mL, 38.0 mmol) in THF (12 mL) dropwise over a period of 15 min. The mixture was
allowed to warm to room temperature, and stirred for 18 h. The reaction mixture was quenched with H,O
(2 mL), 15% aqueous NaOH (2 mL), and H,O (6 mL). Then, it was allowed to stir for 1 h. The mixture
was filtrated through a pad of celite, concentrated under reduced pressure. The crude oil was directly used

for the next step. To the crude oil and CBr4 (20.2 g, 60.8 mmol) in CH,Cl, (70 mL) at room temperature
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was added the solution of PPh; (19.9 g, 76.0 mmol) in THF (30 mL). After stirring for 14 h, solvent was
removed under reduced pressure. Hexane was added to the mixture, and removed
triphenylphosphineoxide by filtration. The mixture was concentrated in vacuo. The crude material was
subjected to silica gel column chromatography (Hexane only) to afford alkylbromide (11.2 g, 89% yield
for 2 steps) as a colorless oil. '"H NMR (500 MHz, CDCl3)  5.38 — 5.31 (m, 2H), 3.40 (t, J = 6.9 Hz, 2H),
2.01 (dt, J= 6.3, 12 Hz, 4H), 1.89 — 1.82 (m, 2H) 1.44 — 1.39 (m, 2H), 1.36 — 1.27 (m, 20H), 0.88 (t, J =
6.9 Hz, 3H). To a stirred solution of alkylbromide (928 mg, 2.80 mmol) were added Mg (146 mg, 6.00
mmol) and a piece of I, in THF (2 mL), then heated to reflux temperature. After stirring for 30 min,
grignard reagent 3 was cooled to —40 °C. The solution of 37 (671 mg, 2.00 mmol) and NMP (193 uL) in
THF (2 mL) was added to the mixture, followed by 1,3-butadiene (44.8 mL) and NiCl, (2.6 mg). The
mixture was allowed to warm to 0 °C, and stirred for 2 h. The reaction mixture was quenched with
saturated aqueous NH,4Cl. AcOEt was added to the mixture, and washed with saturated aqueous NH,4Cl
(x3), brine (x2). The organic solution was dried over anhydrous Na,SO,, concentrated under reduced
pressure. The crude oil was subjected to silica gel column chromatography (Hexane/EtOAc = 30/1) to
afford 63 (651 mg, 64% yield) as a white solid. "H NMR (500 MHz, CDCls) & 5.35 (t, J = 4.6 Hz, 2H),
2.20 (t, J = 7.5 Hz, 2H), 2.01 (dd, J = 12.5, 6.8 Hz, 4H), 1.61-1.53 (m, 2H), 1.44 (s, 9H), 1.38-1.19 (m,
44H), 0.88 (t, J = 6.9 Hz, 3H); °C NMR (125 MHz, CDCl3) 8 173.4, 130.0, 79.9, 35.7, 32.0, 29.9, 29.8,
29.7, 29.7, 29.7, 29.6, 29.6, 29.4, 29.2, 28.2, 27.3, 25.2; HRMS (ESI) calculated for Cs;4HeNaO,
[M+Na]" 529.4955, found 529.4965

1) EDCI-HCI

DMAP, CH,Cl,
OPMB
TBDPSO.__~.__OH o
i 50% TFA i 62b QPME )W
(o] i —

po =y A= Ho_~_0” M

CH,Cl, 2) TBAF, THF
63 36 35b (2R)

2-(4-methoxybenzyl)-3-(cis-21-triacontenyl)-sn-glycerol (35b)

63 (75 mg, 0.15 mmol) was dissolved with TFA (0.75 mL) and CH,Cl, (0.75 mL) at room temperature,
and stirred for 1 h. To the mixture was added toluene, and concentrated under reduce pressure. This
operation was repeated 3 times. The crude acid 36 was directly used for the next step. To a stirred
solution of crude material, 62b (100 mg, 0.22 mmol) and DMAP (15 mg, 0.12 mmol) in CH,Cl, (6 mL)
was added EDCI*HCI (71 mg, 0.37 mmol). After stirring for over night at reflux, the reaction mixture
was concentrated under reduced pressure. The residue was subjected to silica gel column chromatography

(Hex/EtOAc = 20/1) to afford ester (64 mg, 49%) as a colorless oil. To a stirred solution of ester in THF
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(1.26 mL) was added TBAF (252 uL, 0.25 mmol) at room temperature. After stirring for over night, the
solvent was removed under reduced pressure. The crude mixture was subjected to silica gel column
chromatography (Toluene/ethyl acetate = 5/1 to 4/1) to afford 35b (70.5 mg, 80% yield) as a white solid.
'H NMR (390 MHz, CDCl;) § 7.30-7.24 (m, 2H), 6.91-6.85 (m, 2H), 5.35 (t, J = 4.6 Hz, 2H), 4.65 (d, J =
11.4 Hz, 1H), 4.52 (d, J = 11.2 Hz, 1H), 4.21 (d, J = 4.9 Hz, 2H), 3.80 (s, 3H), 3.71-3.64 (m, 2H), 3.60
(dd, J=12.6, 7.0 Hz, 1H), 2.32 (t, /= 7.5 Hz, 2H), 2.06-1.96 (m, 4H), 1.61 (q, /= 7.2 Hz, 2H), 1.37-1.20
(m, 44H), 0.88 (t, J = 6.7 Hz, 3H); °C NMR (98 MHz, CDCl;) § 173.9, 159.5, 130.5, 130.0, 129.6, 114.0,
76.9,71.9, 62.8, 62.1, 55.4, 34.3, 32.0, 29.9, 29.8, 29.8, 29.7, 29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 27.3, 25.0,
22.8, 14.2; HRMS (ESI) calculated for C4;H;,NaOs [M+Na]" 667.5752, found 667.5292
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63 Zre 36 ) 35a (25)

2-(4-methoxybenzyl)-1-(cis-21-triacontenyl)-sn-glycerol (35a)

In a manner similar to the synthesis of 35b, 63 (174 mg, 0.34 mmol) was converted into 35a (177 mg,
79% yield) as a white solid."H NMR (500 MHz, CDCl3) § 7.28 — 7.25 (m, 2H), 6.89 — 6.86 (m, 2H), 5.38
—5.31 (m, 2H), 4.64 (d, /=11 Hz, 1H), 4.52 (d, J = 11 Hz, 1H), 4.21 (d, J = 5.0 Hz, 2H), 3.80 (s, 3H),
3.70 — 3.65 (m, 2H), 3.62 — 3.59 (m, 1H), 2.31 (t, J = 7.4 Hz, 2H), 2.03 — 1.98 (m, 4H), 1.65 — 1.59 (m,
2H), 1.34 — 1.25 (m, 44H), 0.87 (t, J = 6.9 Hz, 3H); °C NMR (125 MHz, CDCl;)  173.9, 159.5, 130.0,
130.0, 129.6, 114.0, 71.9, 62.8, 62.1, 55.4, 34.3, 32.0, 29.9, 29.8, 29.8, 29.7, 29.7, 29.6, 29.6, 29.4, 29 4,
29.2,27.3,25.0,22.8, 14.2; HRMS (ESI) calculated for C4H7,NaOs [M+Na]" 667.5272, found 667.5286
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3,5-di-O-tert-butyldimethylsilyl-4,6-di- O-4-methoxybenzyl-2-(4-methoxybenzyl)-3-O-((cis-21-triaco
ntenyl)-sn-glycerol-3-benzylphosphate)-2-O-methoxymethyl-D-myo-inositol (64b)
To a stirred solution of 34 (120 mg, 0.13 mmol) in Acetone (4 mL) was added LiBr (33 mg, 0.38 mmol).

The reaction mixture was refluxed for over night. The mixture was cooled to ambient temperature, and
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then concentrated under reduced pressure. The residue was purified with silica gel column
chromatography eluting with toluene/EtOAc (1:1) to CH,Cl,/MeOH (6:1) to afford lithium salt. The salt
was passed through the cation exchange resin column (Dowex SOWXS8 50-100) to obtain acid form.
Fractions containing the desire product was collected and concentrated under reduced pressure. The
residue was dissolved with THF (1.0 mL). 35b (60 mg, 93.0 umol), PPh; (73 mg, 0.28 mmol) was added
to the solution. To the mixture was added DIAD (55 uL, 0.28 mmol). After stirring for over night, the
reaction mixture was concentrated under reduced pressure. The residue was purified with silica gel
column eluted with toluene/EtOAc (5:1) to afford 64b (43.6 mg, 31%) as a colorless oil. "H NMR (390
MHz, CDCl;) 8 7.35-7.26 (m, 6H), 7.23-7.11 (m, 5H), 6.85-6.71 (m, 6H), 5.34 (t, J = 4.6 Hz, 2H),
5.03-4.67 (m, 8H), 4.53-4.36 (m, 2H), 4.33-3.84 (m, 6H), 3.84-3.75 (m, 7H), 3.75-3.69 (m, 3H),
3.67-3.58 (m, 2H), 3.57-3.44 (m, 2H), 3.44-3.35 (m, 3H), 2.28-2.16 (m, 2H), 2.01 (dd, J = 12.0, 6.4 Hz,
4H), 1.60-1.52 (m, 2H), 1.37-1.19 (m, 44H), 0.87 (t, J = 6.8 Hz, 3H), 0.81 (s, 9H), 0.79 (s, 9H), 0.00-0.04
(m, 3H), -0.06 (d, J = 3.3 Hz, 6H), -0.11-0.18 (m, 3H); °C NMR (98 MHz, CDCl3) § 173.5, 159.4, 158.8,
158.2, 131.4, 130.9, 130.0, 129.9, 129.5, 129.4, 129.2, 129.1, 129.0, 128.8, 128.7, 128.6, 128.5, 128.3,
128.0, 127.8, 127.4, 125.4, 113.9, 113.5, 113.2, 97.8, 81.9, 80.3, 80.3, 78.2, 77.9, 77.8, 77.7, 75.1, 74.8,
74.8,74.7,73.4,71.7,55.9,55.3, 34.2,32.0, 29.9, 29.8, 29.7, 29.6, 29.6, 29.4, 29.4, 29.3, 29.2, 27.3, 26.1,
26.0, 25.0, 22.8, 21.6, 18.1, 14.2, -3.8, —4.3, —4.8; HRMS (ESI) calculated for CssH;3;NaO¢PSi,
[M+Na]" 1511.9075, found 1511.9075
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3,5-di-O-tert-butyldimethylsilyl-4,6-di-O-4-methoxybenzyl-2-(4-methoxybenzyl)

-3-O-((cis-21-triacontenyl)-sn-glycerol-1-benzylphosphate)-2-O-methoxymethyl-D-myo-inositol (64a)
In a manner similar to the synthesis of 65b, 34 (250 mg, 0.26 mmol) was converted into 64a (299 mg,
81%) as a colorless oil. '"H NMR (500 MHz, CDCls) § 7.35-7.26 (m, 6H), 7.23-7.10 (m, 5H), 6.85-6.73
(m, 6H), 5.40-5.28 (m, 2H), 5.04-4.65 (m, 8H), 4.53-4.34 (m, 2H), 4.32-3.85 (m, 6H), 3.84-3.75 (m, 7H),
3.75-3.70 (m, 3H), 3.67-3.57 (m, 2H), 3.58-3.44 (m, 2H), 3.43-3.35 (m, 3H), 2.28-2.17 (m, 2H),
2.07-1.92 (m, 4H), 1.57-1.50 (m, 2H), 1.37-1.18 (m, 44H), 0.87 (t, J = 6.9 Hz, 3H), 0.81 (s, 9H), 0.79 (s,
9H), 0.03-0.01 (m, 3H), -0.03-0.10 (m, 6H), -0.10-0.17 (m, 3H); °C NMR (125 MHz, CDCl;)  173.4,
159.4, 158.8, 158.3, 131.4, 130.9, 130.5, 130.0, 129.9, 129.5, 129.3, 129.0, 128.9, 128.8, 128.8, 128.6,
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128.6, 127.9, 127.8, 127.5, 113.8, 113.5, 113.2, 97.8, 81.9, 75.1, 75.0, 74.7, 73.5, 55.9, 55.3, 55.2, 34.2,
32.0, 29.9, 29.8, 29.8, 29.7, 29.6, 29.4, 27.3, 26.1, 25.9, 25.0, 22.8, 18.1, 14.2, -3.8, 4.3, —4.8; HRMS

(ESI) calculated for Cg4H,3;NaO¢PSi, [M+Na]" 1511.9075, found 1511.9075
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4,6-di-0-4-methoxybenzyl-2-(4-methoxybenzyl-3-0-((cis-21-triacontenyl)-sn-glycerol-3-benzylphos
phate)-2-methoxymethyl-D-myo-inositol (64b’)

To a stirred solution of 64a (43.6 mg, 29.2 umol) in THF (600 pL) at 35 °C was added TBAF (293 uL,
29.3 umol) and AcOH (17 uL, 29.2 pmol). After the reaction mixture was stirred for 4.5 h, TBAF (293
uL, 29.3 umol) was added and then stirred at 40 °C for 5 h. To the mixture was added another TBAF (586
uL, 58.6 umol) and stirred for Sh. The reaction was concentrated under reduced pressure. The residue
was purified with silica gel column chromatography eluting with toluene/ethyl acetate (2/1) to afford 64b’
(32.6 mg, 88%) as a colorless oil. 'H NMR (390 MHz, CDCl3) 8 7.37-7.23 (m, 9H), 7.23-7.14 (m, 2H),
6.91-6.85 (m, 2H), 6.84-6.76 (m, 4H), 5.40-5.27 (m, 2H), 5.07-4.96 (m, 2H), 4.87-4.79 (m, 1H),
4.79-4.60 (m, 5H), 4.51-4.43 (m, 2H), 4.29-3.95 (m, 6H), 3.81-3.62 (m, 11H), 3.58-3.48 (m, 1H),
3.48-3.30 (m, SH), 2.30-2.19 (m, 2H), 2.06-1.93 (m, 4H), 1.63-1.49 (m, 2H), 1.38-1.20 (m, 44H), 0.88 (t,
J = 6.8 Hz, 3H); °C NMR (98 MHz, CDCl3) § 173.6, 159.4, 159.3, 135.8, 135.8, 130.8, 130.6, 130.0,
129.8, 129.6, 129.6, 129.5, 128.7, 128.7, 128.0, 114.0, 113.9, 98.8, 81.0, 80.6, 80.6, 80.5, 80.5, 79.8, 79.7,
71.5,77.1,76.8,75.0,75.0, 74.9, 74.8, 74.8, 74.6, 71.8, 71.0, 71.0, 69.7, 69.9, 69.5, 66.5, 66.4, 66.4, 66.3,
62.4, 56.0, 55.3, 34.2, 32.0, 29.9, 29.8, 29.7, 29.6, 29.4, 29.3, 27.3, 25.0, 22.8, 14.2; HRMS (ESI)

calculated for C7,H;p9NaO;¢P [M-i-Na]+ 1283.7345, found 1283.7374
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4,6-di-0-4-methoxybenzyl-2-(4-methoxybenzyl-3-O-((cis-21-triacontenyl)-sn-glycerol-1-benzylphos

phate)-2-methoxymethyl-D-myo-inositol (64a’)
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In a manner similar to the synthesis of 64b’, 64a (289 mg, 0.19 umol) was converted into 64a’ (205.4 mg,
84%) as a colorless oil. 'H NMR (500 MHz, CDCl3) § 7.35-7.26 (m, 6H), 7.23-7.10 (m, 5H), 6.85-6.73
(m, 6H), 5.40-5.28 (m, 2H), 5.04-4.65 (m, 8H), 4.53-4.34 (m, 2H), 4.32-3.85 (m, 6H), 3.84-3.75 (m, 7H),
3.75-3.70 (m, 3H), 3.67-3.57 (m, 2H), 3.58-3.44 (m, 2H), 3.43-3.35 (m, 3H), 2.28-2.17 (m, 2H),
2.07-1.92 (m, 4H), 1.57-1.50 (m, 2H), 1.37-1.18 (m, 44H), 0.87 (t, J = 6.9 Hz, 3H), 0.81 (s, 9H), 0.79 (s,
9H), 0.03-0.01 (m, 3H), -0.03-0.10 (m, 6H), -0.10-0.17 (m, 3H); >C NMR (125 MHz, CDCl;) 8 173.5,
159.4, 159.3, 135.8, 130.8, 130.7, 130.5, 130.0, 129.8, 129.6, 129.6, 129.6, 129.5, 129.1, 128.7, 128.7,
128.3, 128.0, 128.0, 125.4, 114.0, 113.9, 98.7, 81.1, 80.6, 80.5, 79.8, 79.7, 79.2, 77.6, 74.9, 74.9, 74.9,
74.8,74.8,74.6,74.5,71.8,71.8,71.1, 71.0, 69.7, 65.5, 62.4, 62.4, 56.0, 55.4, 55.3, 34.2, 32.7, 32.0, 29.9,
29.8, 29.8, 29.7, 29.6, 29.4, 29.3, 27.3, 24.9, 22.8, 14.2; HRMS (ESI) calculated for C;,H,09NaO;cP

[M+Na]" 1283.7345, found 1283.7345
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16b: To a stirred solution of 64b’ (5 mg, 3.90 umol) in Toluene (200 uL) was added BSTFA (31 uL),
followed by TMSBr (120 uL). The reaction mixture was stirred for 3.5h, and then concentrated under
reduced pressure. To the residue was added MeOH and stirred for 30 min. The mixture was concentrated
under reduced pressure. The residue was dried under highly reduced pressure. To the residue was added
CH,Cl, (350 pL) and Me,S (14 pL) and then cooled to 0 °C. TFA (150 uL) was added to the mixture at 0
°C and stirred for 5 min and then stirred for 30 min at room temperature. The reaction mixture was
concentrated under reduced pressure. The product was purified with silica gel column chromatography
eluting with CHCl3/MeOH/2.2M NH4OH (25 : 10 : 2) to afford 16a (1.32 mg, 43% for 2 steps) as a white
solid (ammonium salt). 'H NMR (390 MHz, CDCl;:CD;0D:D,0 = 25:10:2) § 5.25-5.27 (m, 2H, —
CH,CH=CHCH,-), 4.13 (s, 1H, ino-2), 3.97-4.08 (m, 2H, gly-1x2), 3.79-3.94 (m, 4H, ino-1, gly-2,
gly-3x2), 3.65 (t, 1H, J = 9.6 Hz, ino-6), 3.53 (t, 1H, J = 9.6 Hz, ino-4), 3.35-3.38 (m, 1H, ino-3), 3.17 (t,
1H, J = 9.0 Hz, ino-5), 2.26 (t, 2H, J = 7.6 Hz, -COCH,-), 1.91-1.96 (m, 4H, —-CH,CH=CHCH,-),
1.49-1.54 (m, 2H, -COCH,CH,-), 1.17-1.28 (m, 46H, -CH,-), 0.79 (t, 3H, J = 5.6 Hz, -CH;); °C NMR
(98 MHz, CDCl5:CD;0D:D,0 = 25:10:2) 6 174.7, 129.8, 76.2, 74.1, 72.3, 71.5, 71.2, 68.5, 66.6, 64.9,
49.0, 48.8, 48.6, 48.4, 48.2,47.9, 47.7, 33.8, 31.8, 29.7, 29.6, 29.4, 29.4, 29.3, 29.2, 29.2, 29.1, 29.1, 27.0,

24.7,22.5, 13.8; *'P NMR (158 MHz, CDCl;: CD;0D:D,0 = 25:10:2) § 0.027; HRMS (ESI) calculated
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for C39H74012P [M-H]- 7654923, found 765.4941
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16a: In a manner similar to the synthesis of 16b, 64a’ (103 mg, 81.6 pmol) was converted into 16b (19.7
mg, 31% for 2 steps) as a white solid (ammonium salt). '"H NMR (600 MHz, CDCl;:CD;0D:D,0 =
5:5:1) 8 5.25-5.29 (m, 2H, —CH,CH=CHCH,-), 4.14 (s, 1H, ino-2),4.05-4.08 (m, 1H,
gly-3),4.00-4.02 (m, 1H, gly-3), 3.88-393 (m, 2H, ino-1, gly-2), 383 (m, 2H,
gly-1),3.66 (t, 1H,J =94 Hz, ino-6),3.54 (t,1H,J=9.5Hz, ino-4),3.36(dd, 1H,J=10.0,2.6 Hz,
ino-3),3.16 (t, 1H, /= 9.4 Hz, ino-5),2.26 (t,2H,/=76Hz, @ -COCH,-),191-1.96 (m,4H, -
CH,CH=CHCH,-), 151 (q,2H,J=7.1 Hz, -COCH,CH,-),1.17-1.24 (m,46H, -CH,-), 0.79 (t,
3H,J =7.0 Hz, —-CH,); *C NMR (150 MHz, CDCl;:CD;0D: D,0O = 5:5:1) & 174.0, 129.6, 129.0, 75.8,
73.7,71.8,71.0,70.7,70.4, 67.9, 65.9, 64.3, 48.9, 48.0, 33.1, 31.6, 31.0, 29.7, 28.8, 28.8, 28.6, 28.5, 28.4,
28.4, 28.3, 28.3, 26.2, 24.3, 23.9, 21.7, 12.9; *'P NMR (242 MHz, CDCl;:CD;OD:D,0 = 5:5:1)

0 1.57; HRMS (ESI) calculated for C30H7,0,,P [M-H] 765.4923, found 765.4941
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3,5-di-0-allyl-4,6-di-O-p-methoxybenzyl-2-O-methoxymethyl-D-myo-inositol-1-((R)-1,1’-bi-2-napht
yl) Phosphate (79)

The solution of 45 (2.82 g, 293 mmol), allyl alcohol (810 uL, 11.7 mmol), and
[CpRu(C;H5)CoHNCOO]PF in 1,2-dichloroethane (2.9 mL) was heated to reflux and stirred for 9 h. The
reaction mixture was cooled to room temperature and the solvent was removed under reduced pressure.
The crude mixture was purified with silica gel column chromatography (toluene/ethyl acetate = 5.5/1) to
afford 79 (1.06 g, 41% yield) as a white foam. 'H NMR (400 MHz, CDCL;) & 7.91-8.01 (m, 4H),
7.42-755 (m, 4H), 7.23-7.36 (m, 6H), 6.82-6.87 (m, 4H), 6.50-6.52 (m, 2H), 5.89-6.00 (m, 2H),
5.32-536 (m, 1H), 5.23-5.30 (m, 1H), 5.19 (dd, 1H, J = 10.5, 1.4 Hz), 5.14 (d, 1H, J = 10.3 Hz),
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4.90-4.94 (m, 1H), 4.78-4.82 (m, 2H), 4.68 (d, 1H, J = 10.1 Hz), 4.50-4.56 (m, 3H), 4.23-4.36 (m, 4H),
4.08-4.13 (m, 1H), 3.78-3.89 (m, 5H), 3.69 (s, 3H), 3.51 (s, 3H), 3.23-3.33 (m, 2H); *C NMR (100 MHz,
CDCly) o 159.35, 158.95, 147.72, 147.60, 146.51, 135.23, 134.63, 132.38, 132.27, 131.98, 131.74,
130.94, 13041, 130.02, 129.41, 129.34, 126.97, 125.96, 121.52, 121.34, 120.88, 117.04, 116.60, 113.90,
113.55, 97.66, 82.53, 80.98, 80.23, 80.16, 79.52, 79.28, 75.78, 75.36, 74.69, 73.68, 71.54, 56.16, 55.39,

55.33; HRMS (ESI-QTOF) calcd for C5(H5,NaO,,P [M+Na]*, 897.3010; found: 897.3023
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3,5-di-0-allyloxy-4,6-di-O-p-methoxybenzyl-2-methoxymethyl-D-myo-inositol-1-dibenzylphosphate
(80)

To a suspension of NaH (60% oil dispersion) (100 mg, 2.52 mmol) in THF (16.8 mL) at 0 °C was added
benzyl alcohol (288 uL, 2.77 mmol). After stirring for 30 min, the solution of 79 (734 mg, 0.84 mmol) in
THF (6 mL) was added to the reaction at 0 °C. The reaction mixture was warmed up to room temperature,
and stirred for 1.5 h. The reaction was cooled to 0 °C, and then quenched with 10% aqueous citric acid.
The mixture was diluted with ethyl acetate. The organic solution was washed with saturated aqueous
NaHCO; and brine, dried over anhydrous Na,SOy, and concentrated under reduced pressure. The crude
mixture was purified with column chromatography (toluene/ethyl acetate = 5/1) to afford 80 (548 mg,
81% yield) as a colorless oil. 'H NMR (500 MHz, CDCl3) § 7.20-7.34 (m, 14H), 6.83-6.87 (m, 2H),
6.75-6.77 (m, 2H), 5.84-5.99 (m, 2H), 5.24-5.30 (m, 2H), 5.11-5.17 (m, 2H), 4.92-5.05 (m, 4H),
4.76-4.80 (m, 4H), 4.66-4.71 (m, 2H), 4.32 (dddt, 2H, J=28.1, 12.4, 5.5, 1.4 Hz), 4.26 (t, 1H, J = 2.4 Hz),
4.05-4.14 (m, 2H), 3.98 (ddt, 1H, J = 12.6, 5.3, 1.5 Hz), 3.90 (t, 1H, J = 9.6 Hz), 3.83 (t, 1H, J = 9.6 Hz),
3.79 (s, 3H), 3.74 (s, 3H), 3.40 (s, 3H), 3.25 (t, I1H, J = 9.2 Hz), 3.16 (dd, 1H, J = 9.9, 2.4 Hz); "C NMR
(125 MHz, CDCl;) 8 154.36, 134.31, 133.92, 131.61, 131.46, 128.68, 128.64, 128.00, 127.94, 119.08,
119.03, 117.34, 117.16, 97.49, 78.21, 77.36, 77.10, 76.85, 76.70, 76.32, 75.39, 75.35, 73.70, 72.68, 71.05,
69.62, 69.56, 68.77, 68.72, 56.01; HRMS (ESI-QTOF) calculated for Cy44Hs3NaO,,P [M+Na]" 827.3167,
found 827.3189
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3,5-di-0-allyloxy-2-methoxymethyl-D-myo-inositol-1-dibenzylphosphate (81)

To a stirred suspension of 80 (124 mg, 0.15 mmol) in CH,Cl, (6.8 mL) and pH 7 buffer (760 uL) was
added DDQ (140 mg, 0.62 mmol) at room temperature. The reaction mixture was stirred for 6 h and then
quenched with saturated aqueous NaHCO;. H,O was added to the mixture and extracted with CH,CI, 3
times. The combined organic phase was washed with brine and dried over Na,SQ,, filtered and
concentrated under reduced pressure. The residue was purified with silica gel column chromatography
eluting with Toluene/ ethylacetate (1/1) to afford 4,6-diol (60.8 mg, 70% yield) as a white solid. '"H NMR
(500 MHz, CDCl;) 6 7.36 — 7.34 (m, 10H), 6.01 — 5.84 (m, 2H), 5.33 — 5.24 (m, 2H), 5.20 — 5.17 (m, 2H),
5.14 - 5.04 (m, 4H), 4.66 (q, J = 6.7 Hz, 2H), 4.37 (tq, J = 12.7, 1.43 Hz, 2H), 4.17 — 4.10 (m, 3H), 4.00
(dt,J=9.3, 3.0 Hz, 1H), 3.95 - 3.89 (m, 2H), 3.33 (s, 3H), 3.13 (t, /= 9.2 Hz, 1H), 3.07 (dd, J=9.9,2.3
Hz, 1H), 2.82 (d, J = 2.9 Hz, 1H), 2.51 (d, J = 1.9 Hz, 1H); "C NMR (125 MHz, CDCl;)
0 135.2,134.1, 128.7, 128.7, 128.1, 128.1, 117.9, 117.2, 97 .4, 82.1, 78.7, 78.6, 73.9, 72.7, 71.9, 71.9, 71.
0, 69.9, 69.6, 55.8 HRMS (ESI-QTOF) calculated for C,sH3;7;NaO,oP [M+Na]+ 587.2017, found
587.2039. To a solution of AllocOBT (863 mg, 3.94 mmol) and DMAP (300 mg, 2.46 mmol) in CH,Cl,
(5 mL) was added 4,6-diol (278 mg. 0.49 mmol). The reaction mixture was stirred for 6 h, and then
quenched with saturated 10% aqueous citric acid. The reaction mixture was diluted with dichloromethane,
and the solution was washed with saturated aqueous NaHCOj; and brine. The organic solution was dried
over anhydrous Na,SOy, filtered and concentrated in vacuo. The crude product was purified with column
chromatography elution with toluene/ethyl acetate (5/1) to afford 81 (333 mg, 92% yield) as a colorless
oil. '"H NMR (500 MHz, CDCls) § 7.30-7.36 (m, 10H), 5.89-5.97 (m, 1H), 5.75-5.85 (m, 3H), 5.32-5.38
(m, 2H), 5.22-5.30 (m, 4H), 5.10-5.21 (m, 4H), 5.03 (dd, 4H, J = 7.9, 2.7 Hz), 4.73 (s, 2H), 4.65 (dt, 2H,
J=5.28, 1.3 Hz), 4.57 (ddt, 1H, J=13.0, 5.7, 1.4 Hz), 4.40 (ddt, 1H, J=13.0, 5.9, 1.4 Hz), 4.26-4.31 (m,
2H), 4.06-4.13 (m, 3H), 3.86 (ddt, 1H, J=12.9, 5.5, 1.5 Hz), 3.43 (t, 1H, J = 9.5 Hz), 3.36 (s, 3H), 3.26
(dd, 1H, J = 10.1, 2.2 Hz); “C NMR (125 MHz, CDCl3) & 154.36, 134.31, 133.92, 131.61, 131.46,
128.68, 128.64, 128.00, 127.94, 119.08, 119.03, 117.34, 117.16, 97.49, 78.21, 77.36, 77.10, 76.85, 76.70,
76.32, 75.39, 75.35, 73.70, 72.68, 71.05, 69.62, 69.56, 68.77, 68.72, 56.01; HRMS (ESI-QTOF)
calculated for CssHy4sNaO 4P [M+Na]+ 755.2439, found 755.2447
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3,5-di-0-allyloxy-4,6-di-O-allyloxycarbonyl-2-palmitoyl-D-myo-inositol-1-dibenzyl phosphate (78)
The solution of 81 (100 mg, 0.14 mmol) in CH,Cl, (6.8 mL) was cooled to 0 °C. To the solution was
added trifluoroacetic acid 6.8 mL) at 0 °C and stirred for 1h. The solvent removed under reduced pressure
and added toluene then concentrated in vacuo. The residue was dried under highly vacuum and used for
next step without further purification. The residue and palmitic acid (174 mg, 0.68 mmol) and DMAP
(16.6 mg, 0.14 mmol) were dissolved with CH,Cl, (1 mL) at room temperature. To the stirred mixture
was added DCC (130 mg, 0.68 mmol) and stirred for over night. The mixture was filtered and
concentrated under reduced pressure. The residue was purified with silica gel column chromatography
eluting with Toluene/ ethyl acetate (20/1 to 10/1) to afford 78 (84.7 mg, 67% yield) as colorless oil. 'H
NMR (400 MHz, CDCls) & 7.28-7.35 (m, 10H), 5.93 (ddd, 1H, J=22.7, 10.8, 5.6 Hz), 5.71-5.84 (m, 4H),
5.36 (dd, 1H, J=17.3, 1.3 Hz), 5.23-5.30 (m, 4H), 5.10-5.19 (m, 5H), 4.95-5.05 (m, 4H), 4.66 (d, 2H, J =
5.8 Hz), 4.50-4.57 (m, 2H), 4.31 (dd, 1H, J=13.0, 5.8 Hz), 4.08-4.18 (m, 5H), 3.86 (dd, 1H, J=12.8, 5.8
Hz), 3.43-3.51 (m, 2H), 2.31-2.43 (m, 2H), 1.56-1.64 (m, 2H), 1.23-1.30 (m, 24H), 0.88 (t, 3H, J = 6.8
Hz); ”C NMR (150 MHz, CDCly) & 177.85, 172.75, 171.27, 154.33, 154.28, 135.65, 135.59, 134.11,
133.72, 131.50, 131.34, 128.58, 128.53, 128.32, 127.93, 127.74, 119.18, 119.13, 117.70, 117.51, 77.95,
77.46, 77.14, 76.81, 76.18, 74.69, 74.23, 73.78, 70.86, 69.59, 69.44, 68.86, 68.82, 67.68, 60.51, 34.22,
33.99, 32.03, 29.81, 29.79, 29.58, 29.47, 29.38, 29.22, 29.09, 25.07, 24.89, 22.79, 21.15, 14.29, 14.23;
HRMS (ESI-QTOF) calculated for CsoH;;NaO4P [MJrNa]+ 949.4477, found 949.4511
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2) p-TsOH, MeOH

OH OPMB
3) TBDPSCI, DMAP
59a (S) EtsN, CH,Cl, 82a(S)
4) AllylBr, NaH
DMF

2-allyl-3-tert-butyldiphenylsilyl-1-(4-methoxybenzyl)-sn-glycerol (82a)
To a stirred solution of (S)-(+)-2,2-dimethyl-1,3-dioxolane-4-methanol (59a) (10 g, 75.7 mmol) in DMF
(200 mL) were added NaH (60% oil dispersion) (4.5 g, 0.11 mol) and then PMBCI (12.4 mL, 91.0 mmol)

and the mixture was stirred for 4 h. The reaction was quenched with MeOH and ans the mixture was
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extracted with CH,Cl,. The extract was washed with brine, dried over Na,SO,, and concentrated under
reduced pressure. To the solution of the residue in MeOH (200 mL) was added p-toluene sulfonic acid
monohydrate (700 mg, 3.68 mmol). After stirring for 1 h, the reaction was quenched by addition of
NaHCO; (1 g) and the solvent was removed under reduced pressure. The residue was purified with silica
gel column chromatography (hexane/ethyl acetate = 1/3) to afford diol (7.9 g, 50% yield, for 2 steps) as a
colorless oil. To a stirred solution of the diol (7.9 g, 41.9 mmol), Et;N (26 mL, 0.19 mol), and DMAP
(590 g, 4.83 mmol) in CH,Cl, (74 mL) was added TBDPSCI (11 mL, 42.8 mmol). After stirring for over
night, the reaction was extracted with CH,Cl,. The extract was washed with brine, dried over Na,SO,, and
concentrated under reduced pressure. The residue was purified with silica gel column chromatography
(hexane/ethyl acetate = 5/1) to afford sn-2 alcohol (14.6 g, 87% yield) as a colorless oil. To a stirred
solution of sn-2 alcohol (2.0 g, 4.44 mmol) in DMF (13 mL) at 0 °C was added NaH (60% oil dispersion)
(242 mg, 5.77 mmol). After stirring for 15 min, allyl bromide (0.60 mL, 6.66 mmol) was added and then
the mixture was stirred for 2 d at room temperature. The reaction was quenched with 10% citric acid aq.
and extracted with ethyl acetate. The extract was washed with brine, dried over Na,SO,, and concentrated
under reduced pressure. The residue was purified with silica gel column chromatography (hexane/ethyl
acetate = 10/1) to afford 82a (1.54 g, 71% yield) as a colorless oil. '"H NMR (400 MHz, CDCl;) &
7.65-7.67 (m, 4H), 7.34-7.43 (m, 6H), 7.22-7.24 (m, 2H), 6.83-6.87 (m, 2H), 5.84-5.92 (m, 1H), 5.23 (dq,
1H,/=172,1.7Hz),5.12 (dq, 1H,J=10.4,14 Hz),447 (dd,2H,J=16.8,11.6 Hz),4.07-4.09 (m, 2H),
3.79 (s, 3H), 3.73 (t, 2H, J = 2.6 Hz), 3.61-3.65 (m, 2H), 3.52-3.56 (m, 1H), 1.03 (s, 9H); "C NMR (125
MHz, CDCl5) 6 159.21, 135.74, 135.71, 135.37, 133.66, 133.59, 130.59, 129.72, 129.33, 127.75, 116.73,
113.83, 78.82, 73.13, 71.39, 69.92, 63.56, 55.36, 2690, 19.31; HRMS (ESI-QTOF) calcd for

C3H::NaO,Si [M+Na]*, 513.2432; found: 513.2439

¢ 1) PMBCI, NaH TBDPSO
--~o>< DMF «1OAllyl
2) p-TsOH, MeOH

OH OPMB
3) TBDPSCI, DMAP
59b (R) ELN, CH,Cly 82b (R)
4) AllylBr, NaH
DMF

2-allyl-1-tert-butyldiphenylsilyl-3-(4-methoxybenzyl)-sn-glycerol (82b)

In a manner similar to the synthesis of 82a, (R)-(-)-2,2-dimethyl-1,3-dioxolane-4-methanol (6.0 g, 45.4
mmol) was converted into sn-2 alcohol (14.6 g, 42% yield for three steps) as a colorless oil and sn-2
alcohol (2.0 g, 4.44 mmol) was converted into 82b (1.54 g, 71% yield). '"H NMR (400 MHz, CDCl;) &
7.67 (d,4H,J = 6.7 Hz), 7.31-7.42 (m, 6H), 7.23 (d, 2H, J = 8.3 Hz), 6.84-6.87 (m, 2H), 5.88 (dq, 1H, J =
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226,53 Hz),524 (dd, 1H,J=17.3,1.6 Hz),5.12 (dt, 1H,J=104,0.6 Hz), 447 (dd,2H,J=15.0, 11.7
Hz),4.08 (d,2H,J = 5.6 Hz), 3.77 (s, 3H), 3.74 (d, 2H, J = 5.2 Hz), 3.62-3.66 (m, 2H), 3.55 (dt, 1H, J =
114, 3.5 Hz), 1.04 (s, 9H); “C NMR (100 MHz, CDCl;) & 159.27, 135.79, 135.77, 135.41, 133.69,
133.62, 130.62, 129.80, 129.40, 127.83, 116.81, 113.87, 78.84, 73.18, 71.44, 69.92, 63.60, 55.38, 26.97,
19.37; HRMS (ESI-QTOF) calcd for C;H;NaO,Si [M+Na]*, 513.2432; found: 513.2438

TBDPSO TBDPSO
_kjomw| _kjomwl
OPMB DDQ

OH

82 S CH20|2,
a(S) pH 7 buffer 83a(S)

2-allyl-3-tert-butyldiphenylsilyl-sn-glycerol (83a)

To a stirred mixture of 82a (0.85 g, 1.73 mmol) in CH,Cl, (50 mL) and pH 7 phosphate buffer (5.5 mL)
was added DDQ (787 mg, 3.47 mmol). After stirring for over night, the mixture was extracted with
CH,CI,. The extract was washed with saturated NaHCO; aq. and brine, dried over Na,SO,, and
concentrated under reduced pressure. The residue was purified with silica gel column chromatography
(hexane/ethyl acetate = 5/1) to afford 83a (528 mg, 82% yield) as a colorless oil. '"H NMR (400 MHz,
CDCly) 6 7.66-7.68 (m, 4H), 7.37-7.46 (m, 6H), 5.82-5.91 (m, 1H), 5.20-5.26 (m, 1H), 5.13-5.16 (m, 1H),
4.08 (ddt, 1H, J = 12.7, 5.6, 1.4 Hz), 3.99 (ddt, 1H, J = 12.7, 5.7, 1.3 Hz), 3.73-3.84 (m, 2H), 3.65-3.70
(m, 2H), 3.51-3.58 (m, 1H), 2.05-2.09 (m, 1H), 1.05 (s, 9H); *C NMR (100 MHz, CDCl;) § 135.70,
135.67,134.87, 133.32, 133.20, 129.89, 127.84, 117.24,79.40,71.24, 63.53, 62.95, 26.89, 19.25; HRMS
(ESI-QTOF) calcd for C,,H;,NaO,Si [M+Na]*, 393.1856; found: 393.1858

TBDPSO TBDPSO
-1 OAllyl -1 OAllyl
OPMB DDQ
—_—

OH

2 R CHQC|2,
82b(R) pH 7 buffer 83b (R)

2-allyl-1-tert-butyldiphenylsilyl-sn-glycerol (83b)

In a manner similar to the synthesis of 83a, 82b (5.1 g, 10.4 mmol) was converted into 83b (3.23 mg,
83% vyield) as a colorless oil. '"H NMR (400 MHz, CDCl;) & 7.64-7.69 (m, 4H), 7.36-7.46 (m, 6H),
5.81-591 (m, 1H), 5.22 (dq, 1H, J = 17.2, 1.6 Hz), 5.14 (dt, 1H, J = 104, 1.3 Hz), 4.06-4.11 (m, 1H),
3.99 (ddt, 1H, J = 12.7,5.8, 1.3 Hz), 3.73-3.81 (m, 2H), 3.64-3.71 (m, 2H), 3.51-3.56 (m, 1H), 2.25 (dd,
1H,J=7.1,5.5Hz), 1.06 (s, 9H); *C NMR (100 MHz, CDCl,) & 135.73, 135.71, 134.92, 133.34, 133.22,
12993, 127.89, 117.27, 79.51, 71.28, 63.53, 6292, 26.92, 19.28; HRMS (ESI-QTOF) calcd for
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C,,H,,NaO,Si [M+Na]*, 393.1856; found: 393.1860

TBDPSO TBDPSO
_|jOAIIyI 36, EDCI-HCI OAllyl
o Onpfh=th
833(8) CHQCIQ 84a (S) 0 19 7

2-allyl-3-tert-butyldiphenylsilyl-1-(cis-21-triacontenyl)-sn-glycerol (84a)

To a stirred solution of 63 (557 mg, 1.10 mmol) in CH,Cl, (5.5 mL) was added trifluoroacetic acid (5.5
mL) and the mixture was stirred for 1 h at room temperature. The solvent was removed under reduced
pressure and co-evaporated with toluene three times. The resulting 36 was added to the solution of 83a
(488 mg, 1.32 mmol) and DMAP (67 mg, 0.55 mmol) in toluene (5.5 mL). EDCI*HCI (632 mg, 3.30
mmol) was added to the reaction mixture and the mixture was stirred and heated under reflux for over
night. The reaction mixture was extracted with ethyl acetate. The extract was washed with water and
brine, dried over Na,SO,, and concentrated under reduced pressure. The residue was purified with silica
gel column chromatography (hexane/ethyl acetate = 15/1) to afford S5a (839 mg, 95%) as a colorless oil.
'H NMR (400 MHz, CDCl,) & 7.66-7.68 (m, 4H), 7.36-7.46 (m, 6H), 5.80-5.90 (m, 1H), 5.32-5.39 (m,
2H),5.23 (dq, 1H,J=17.2,1.6 Hz),5.14 (ddd, 1H, J = 10.3,2.9, 1.2 Hz),4.32 (dd, 1H, J = 11.6,3.9 Hz),
4.14-4.18 (m, 1H), 3.99-4.08 (m, 2H), 3.68-3.75 (m, 2H), 3.61-3.67 (m, 1H), 2.29 (t, 2H, J = 7.6 Hz),
1.97-2.04 (m, 3H), 1.58-1.67 (m, 2H), 1.24-1.34 (m, 44H), 1.05 (s, 9H), 0.88 (t, 3H, J = 6.8 Hz); "*C
NMR (100 MHz, CDCl,) & 173.82, 135.68, 134.70, 133.31, 130.00, 129.81, 127.79, 117.21, 77.25, 71.30,
63.58, 63.08, 34.35, 32.01, 29.80, 29.58, 2942, 29.26, 27.31, 26.86, 25.03, 22.78, 19.28, 14.22; HRMS
(ESI-QTOF) calcd for C5,HgNaO,Si [M+Na]*, 825.6188; found: 825.6207

TBDPSO
TBDP
~1OAllyI 36, EDCI-HCI SO
' DmaP -1 OAllyl
OH JE

83b (R) 84b(R)
2-allyl-1-tert-butyldiphenylsilyl-3-(cis-21-triacontenyl)-sn-glycerol (85a)
In a manner similar to the synthesis of 84a, 36 (250 mg, 0.49 mmol), 83a (274 mg, 0.74 mmol) was
converted into 85a (377 mg, 95%) as a colorless oil. '"H NMR (400 MHz, CDCl;) & 7.66-7.68 (m, 4H),
7.36-7.46 (m, 6H), 5.80-5.90 (m, 1H), 5.32-5.39 (m, 2H), 5.23 (dq, 1H,J =172, 1.6 Hz), 5.14 (dq, IH, J
=104,14Hz),433 (dd, 1H,J=11.6,39 Hz),4.16 (dd, 1H,J=11.6,5.6 Hz),4.04 (dq,2H,/J=5.6,1.6
Hz), 4.04 (dq, 2H, J = 5.6, 1.6 Hz), 3.68-3.75 (m, 2H), 3.61-3.67 (m, 1H), 2.25-2.32 (m, 2H), 1.96-2.06
(m, 4H), 1.61 (q, 2H, J = 7.2 Hz), 1.30 (d, 44H, J = 36.7 Hz), 1.04 (s, 9H), 0.86-0.90 (m, 3H); *C NMR
(100 MHz, CDCly) & 173.83, 149.35, 135.71, 134.90, 133.41, 133.30, 130.00, 129.82, 127.80, 117.16,
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77.23, 71.30, 63.58, 63.06, 34.36, 32.02, 29.88, 29.82, 29.75, 29.68, 29.63, 29.59, 2943, 29.27, 27.32,
26.87, 25.04, 22.79, 19.28, 14.24; HRMS (ESI-QTOF) calcd for C5,H,NaO,Si [M+Na]*, 825.6188;
found: 825.6212

EDCI-HCI, DMAP

o
CH,Cl, 85b (A) hs ;

0]

TBDPSO ] TBDPSO
-1 OAlly] fatty acid (C30:1, trans) -1 OAlly]
OH

83b (R)
2-allyl-1-tert-butyldiphenylsilyl-3-(¢rans-21-triacontenyl)-sn-glycerol (85b)
In a manner similar to the synthesis of 84a, fatty acid (C30:1, trans) (75 mg, 0.15 mmol) and 83b (82 mg,
0.22 mmol) was converted into 85b (123 mg, quant) as a colorless oil. 'H NMR (400 MHz, CDCl;) &
7.66-7.68 (m, 4H), 7.36-7.45 (m, 6H), 5.80-5.90 (m, 1H), 5.37-5.39 (m, 2H), 5.20-5.26 (m, 1H), 5.14 (dd,
1H,J=10.3,13Hz),4.33 (dd, 1H,J=11.6,3.9 Hz),4.16 (dd, 1H,J =11.6,5.6 Hz), 4.03-4.05 (m, 2H),
3.68-3.75 (m, 2H), 3.61-3.67 (m, 1H), 2.29 (t, 2H, J = 7.6 Hz), 1.96 (dd, 4H, J = 10.9, 6.0 Hz), 1.61 (q,
2H, J = 7.1 Hz), 1.25 (s, 44H), 1.05 (s, 9H), 0.88 (t, 3H, J = 6.8 Hz); *C NMR (99 MHz, CDCl,) &
173.83, 135.68, 134.89, 133.41, 133.30, 130.46, 129.82, 127.80, 117.15, 77.23, 71.30, 63.58, 63.06,
34.35,32.72,32.01, 29.81, 29.77, 29.64, 29.59, 2942, 29 .28, 26.86, 25.03, 22.79, 19.28, 14.23; HRMS
(ESI-QTOF) calcd for C5,HgNaO,Si [M+Na]*, 825.6188; found: 825.6216

TBDPSO fatty acid (C28:0) 1 BDFSO
~nOAllyl  EDCI-HCI, DMAP ~1OAllyl
—_——
26
83b (R) 86b(R) ¢

2-allyl-1-tert-butyldiphenylsilyl-3-octacosanoyl-sn-glycerol (86b)

In a manner similar to the synthesis of 84a, fatty acid (C28:0) and 83b (173 mg, 0.44 mmol) was
converted into 86b (183 mg, 75%) as a colorless oil. 'H NMR (400 MHz, CDCL,) 6 7.66-7.68 (m, 4H),
7.36-7.45 (m, 6H), 5.80-5.90 (m, 1H), 523 (dt, 1H, J = 17.2,0.7 Hz), 5.14 (dd, 1H, J = 104, 0.6 Hz),
433 (dd, 1H,J =11.6,3.9 Hz), 4.16 (dd, 1H, J = 11.6, 5.6 Hz), 4.00-4.08 (m, 2H), 3.61-3.75 (m, 3H),
2.29 (t,2H,J =7.6 Hz), 1.60 (t, 2H, J = 7.1 Hz), 1.21-1.31 (m, 48H), 1.05 (s, 9H), 0.88 (t, 3H, J = 6.7
Hz); “C NMR (99 MHz, CDCl;) & 173.83, 135.71, 135.68, 134.90, 133.41, 133.30, 129.82, 127.80,
117.15,77.23,71.30, 63.57, 63.07, 34.36, 32.04, 29.81, 29.58, 29.47, 29.40, 29.26, 26.87, 25.04, 22.80,
19.28, 14.24; HRMS (ESI-QTOF) calcd for C5,Hg,NaO,Si [M+Na]*, 799.6031; found: 799.6051
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OAllyl —EOAIIyI

O e th — e
19 7 THF 19 7

84a(S) g 87a(S) g
2-allyl-1-(cis-21-triacontenyl)-sn-glycerol (87a)
To a stirred solution of 84a (300 mg, 0.37 mmol) and AcOH (22 uL) in THF (3.7 mL) was added TBAF
(1 M in THF) (0.82 mL, 0.82 mmol). After stirring for over night, the solvent was removed under reduced
pressure. The crude mixture was purified with silica gel column chromatography (hexane/ethyl acetate =
5/1) to afford 87a (191 mg, 90% yield) as a white solid. 'H NMR (400 MHz, CDCL;) & 5.88-5.95 (m, 1H),
5.34-5.39 (m, 2H), 5.30 (dq, 1H, J = 17.2, 1.6 Hz), 5.21 (dq, 1H, J = 10.4, 1.4 Hz), 4.15-4.20 (m, 3H),
4.09 (ddt, 1H,J=12.7,5.8, 1.3 Hz), 3.59-3.73 (m, 3H), 2.33 (t,2H, J = 7.6 Hz), 1.95-2.03 (m, 4H), 1.61
(q,2H,J = 7.3 Hz), 1.25-1.34 (m, 44H), 0.88 (t, 3H, J = 6.9 Hz); *C NMR (125 MHz, CDCl;) § 173.91,
134.54,129.98, 117.68,71.27,62.77,62.10, 34.29, 32.00, 29.86, 29.79, 29.75, 29.70, 29.65, 29.61, 29.55,
2941, 29.35, 29.22, 27.29, 2501, 22.77, 14.19; HRMS (ESI-QTOF) calcd for C;;HNaO, [M+Na]*,
580.5010; found: 587.5021

TBDPSO—|> HO

~+1OAllyl ~uOAllyl

Ou et — LOYM
19 7 19 7

84b(R) g THE  87b(R) §

2-allyl-3-(cis-21-triacontenyl)-sn-glycerol (87b)

In a manner similar to the synthesis of 87a, 84b (549 mg, 0.68 mmol) was converted into 87b (310 mg,
80% yield) as a colorlesss oil. 'H NMR (400 MHz, CDCl;) 6 5.86-5.96 (m, 1H), 5.27-5.38 (m, 3H),
5.19-5.24 (m, 1H), 4.15-4.21 (m, 3H), 4.09 (ddt, 1H,J = 12.6,5.8, 1.3 Hz), 3.57-3.73 (m, 3H), 2.33 (t, 2H,
J=75Hz),2.20-2.09 (1H), 1.97-2.06 (m, 4H), 1.58-1.66 (m, 2H), 1.25 (s, 44H), 0.88 (t, 3H, J = 6.8 Hz);
C NMR (99 MHz, CDCl,) 6 173.92, 134.53, 129.98, 117.70, 71.27, 62.78, 62.07, 34.29, 32.01, 29.87,
29.80, 29.71, 29.66, 29.62, 29.57, 2942, 29.37, 29.22, 27.30, 25.02, 22.78, 14.21; HRMS (ESI-QTOF)
caled for C3HggNaO, [M+Na]*, 580.5010; found: 580.5012
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2-allyl-3-(trans-21-triacontenyl)-sn-glycerol (88b)

In a manner similar to the synthesis of 87a, 85b (173 mg, 0.22 mmol) was converted into 88b (94 mg,
77%) as a colorless oil. 'H NMR (400 MHz, CDCL,) 6 5.87-5.97 (m, 1H), 5.37-5.39 (m, 2H), 5.30 (dq,
1H,J=17.3,1.6 Hz),5.21 (dq, 1H,J=10.3, 1.3 Hz), 4.15-4.20 (m, 3H), 4.09 (ddt, 1H,/J=12.7,59,1.3
Hz), 3.59-3.70 (m, 3H), 2.33 (t, 2H, J = 7.6 Hz), 1.96 (dd, 4H, J = 10.8, 5.9 Hz), 1.58-1.66 (m, 2H),
1.25-1.32 (m, 44H), 0.88 (t, 3H, J = 6.8 Hz); *C NMR (99 MHz, CDCl,) 6 173.94, 134.62, 130.47,
130.44, 117.75,77.45,77.13,76.80, 71.27, 62.75, 62.09, 34.31, 32.72, 32.00, 29.82, 29.79, 29.75, 29.62,
29.56, 2941, 29.36, 29.26, 29.22, 25.01, 22.78, 14.21; HRMS (ESI-QTOF) calcd for C;sHNaO,
[M+Na]*, 587.5010; found: 587.5016

TBDPSO—L HO

-~ OAllyl ~OAllyl

OW _TBAF 0
g8eb(R) o *® THF geb(R) o *

2-allyl-3-(trans-21-triacontenyl)-sn-glycerol (89b)

In a manner similar to the synthesis of 87a, 86b (174 mg, 0.22 mmol) was converted into 89b (101 mg,
84%) as a colorless oil. 'H NMR (400 MHz, CDCL,) & 5.85-5.95 (m, 1H), 5.29 (dq, 1H,J = 17.2, 1.5 Hz),
5.20 (dd, 1H, J = 104, 1.3 Hz), 4.14-4.22 (m, 3H), 4.08 (ddt, 1H, J = 12.7, 5.9, 1.2 Hz), 3.58-3.71 (m,
3H), 2.32 (t,2H, J = 7.6 Hz), 1.57-1.65 (m, 2H), 1.20-1.28 (m, 48H), 0.87 (t, 3H, J = 6.8 Hz); *C NMR
(99 MHz, CDCl;) 6 173.93, 134.53,117.72,71.27,62.78, 62.08, 34.29,32.03, 29.80, 29.71,29.57,29 .47,
29.37,29.23, 25.02, 22.79, 14.22; HRMS (ESI-QTOF) calcd for C;,H,NaO, [M+Na]*, 561.4853; found:

561.4857
TBDPSO TBDPSO HO
—EOA”W fatty acid (C30:1, trans) —EOAIIyI —EOAIIyI
OH  EDCI-HCI, DMAP o M TBAF o M
83a(5) CHaCl 85a(s) o 7 THF  gga(s) § ® 7

2-allyl-1-(trans-21-triacontenyl)-sn-glycerol (88a)
To the solution of fatty acid (C30:1, trans) ‘Bu ester (253 mg, 0.50 mmol) in CH,Cl, (2.5 mL) was added

TFA (2.5 mL) at room temperature and stirred for 1h. The solvent was removed under reduced pressure
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and dried under highly vacuumed. The residue and 85a (370 mg, 1.0 mmol) was dissolved with
CH,Cl,/toluene (1/1) (5 mL) and then added DMAP (6.25 mg, 51 gmol) and DCC (400 mg, 1.94 mmol).
The mixture was stirred for over night at room temperature. The mixture was filtered and concentrated
under reduced pressure. The residue was roughly purified with silica gel column chromatography
(Hexane/ethyl acetate = 5/1). The mixture was dissolved with THF (4 mL) and added TBAF (1 M in
THF) (1 mL, 1.0 mmol) and stirred for over night. The mixture was concentrated in vacuo. The residue
was purified with silica gel column chromatography (Hexane/ethyl acetate = 5/1) to afford 88a (176 mg,
62% yield for 3 steps) as a white solid. '"H NMR (500 MHz, CDCl3) 6 5.95 — 5.87 (m, 1H), 5.38 (t, J =
3.7 Hz, 2H), 5.30 (dq, J = 17.2, 1.4 Hz, 1H), 5.21 (dd, J = 10.3, 1.1 Hz, 1H), 4.22 — 4.07 (m, 5H), 3.70 —
3.60 (m, 3H), 2.33 (t, J = 7.6 Hz, 2H), 1.96 (q, J = 6.2 Hz, 4H), 1.62 (quin, J = 7.3 Hz, 2H), 1.34 — 1.24
(m, 44H), 0.88 (t, J= 6.7 Hz, 3H); °C NMR (125 MHz, CDCls)  173.9, 134.5, 130.4, 117.7, 71.3, 62.8,
62.1, 60.5, 34.3, 32.7, 32.0, 29.8, 29.7, 29.7, 29.6, 29.6, 29.6, 29.5, 29.4, 29.3, 29.3, 29.2, 25.0, 22.8, 14.3,

14.2,21.1; HRMS (ESI-QTOF) calculated for C3sHgNaO4 [M+Na]" 587.5010, found 587.5020

TBDPSO—ko TBDPSO HO
Allyl  fatty acid (C28:0) Allvl Allvl
OH  EDCI-HCI, DMAP 8 Y TBAF 8 /
—— B —
H.CI W W
83a(S) CHCle gea(s) o * THF gga(s) 5 =

2-allyl-1-octacosanoyl-sn-glycerol (89a)

In a manner similar to the synthesis of 88a, 83a (200 mg, 0.416 mmol) was converted into 89a (144 mg,
64% yield for 3 steps) as a white solid. '"H NMR (500 MHz, CDCl3) § 5.94 — 5.86 (m, 1H), 5.29 (dq, J =
17.2, 1.6 Hz, 1H), 5.19 (dq, J = 10.3, 1.1 Hz, 1H), 4.19 — 4.14 (m, 3H), 4.08 (ddt, /= 12.7, 5.9, 1.3 Hz,
1H), 3.69 — 3.60 (m, 3H), 2.32 (t, /= 7.4 Hz, 2H), 1.61 (quin, J = 7.6 Hz, 2H), 1.29 — 1.21 (m, 48H), 0.87
(t, J = 6.9 Hz, 3H); "C NMR (125 MHz, CDCl3)  173.9, 134.5, 117.7, 71.3, 62.8, 62.1, 34.3, 32.1, 29.8,
29.7, 29.7, 29.5, 29.4, 29.3, 29.2, 25.0, 22.8, 14.2; HRMS (ESI-QTOF) calculated for C3sH¢NaOy4

[M+Na]" 561.4853, found 561.4864
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3,5-di-allyl-4,6-di-O-allyloxycarbonyl-2-allyl-3-O-((cis-21-triacontenyl)-sn-glycerol-3-benzylphosph
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ate)-2-palmitoyl-D-myo-inositol (90a)

To a stirred solution of 78 (38.1 mg, 41.1 wmol) in Acetone (2.7 mL) was added LiBr (7.2 mg, 82.2
umol). The reaction mixture was refluxed for 1 d. The mixture was cooled to ambient temperature, and
then concentrated under reduced pressure. The residue was purified with silica gel column
chromatography eluting with Toluene/AcOEt (3 : 1) to CH,Cl,/MeOH (6 : 1) to afford lithium salt. The
salt was passed through the cation exchange resin column (Dowex 50WX8 50-100) to obtain proton form.
Fractions containing the desire product was collected and concentrated under reduced pressure. The
residue was dissolved with THF (411 uL). 87a (46.4 mg, 82.2 umol), PPh; (21.6 mg, 82.2 umol) was
added to the solution. The mixture was cooled to 0 °C, and then DIAD (16 uL, 82.2 umol) was added to
the reaction mixture. The reaction was warmed to room temperature. After stirring for 1d, the reaction
mixture was concentrated under reduced pressure. The residue was purified with Preparative TLC
(Toluene/AcOEt = 6 / 1) to afford 90a (37 mg, 60% for 2 steps) (~1:1 diasteromixture) as a colorless oil.
'H NMR (500 MHz, CDCl3) § 7.30-7.40 (m, 5H), 5.72-5.97 (m, 6H), 4.97-5.38 (m, 18H), 4.28-4.71 (m,
5H), 3.98-4.21 (m, 9H), 3.85-3.90 (m, 1H), 3.64-3.72 (m, 1H), 3.42-3.50 (m, 2H), 2.33-2.44 (m, 2H),
2.29 (dd, 2H, J = 14.9, 7.2 Hz), 1.94-2.03 (m, 4H), 1.56-1.65 (m, 4H), 1.25-1.33 (m, 68H), 0.88 (t, 6H, J
= 6.9 Hz); °C NMR (125 MHz, CDCl3) & 173.58, 172.60, 154.31, 134.48, 134.11, 133.74, 131.51,
129.98, 128.62, 127.96, 127.77, 119.11, 117.63, 117.49, 77.94, 77.36, 77.10, 76.85, 76.16, 75.08, 74.76,
74.21, 72.39, 71.36, 70.88, 70.39, 69.63, 68.98, 68.86, 68.80, 67.66, 66.34, 62.51, 34.19, 32.02, 29.86,
29.81, 29.65, 29.61, 29.45, 29.41, 29.26, 29.13, 27.29, 25.14, 24.96, 22.78, 22.00, 21.80, 14.20; HRMS
(ESI-QTOF) calculated for C79H3;NaO,;P [M+Na]* 1405.9016, found 1405.9041

o)
0
)k O "CysH3y
0t AllylO
N OAIIyIO OAloe 1) LIBR Acstone ’(\D"OCOO Oé%’l(i/l
o 0 Oaly __eflix "plg
N 3
P opn 2) DIAD, PPhs EOAIIyI
| BnO
Bno 88a, THF OM
78 o) 19 7
91a

3,5-di-allyl-4,6-di-O-allyloxycarbonyl-2-allyl-3-O-((trans-21-triacontenyl)-sn-glycerol-3-benzylphos
phate)-2-palmitoyl-D-myo-inositol (91a)

In a manner similar to the synthesis of 90a, 78 (55 mg, 59.4 umol) was converted into 91a (52.3 mg, 60%
for 2 steps) (~1:1 diasteromixture) as a colorless oil. "H NMR (500 MHz, CDCls) & 7.30-7.39 (m, 5H),
5.72-5.97 (m, 6H), 4.97-5.39 (m, 18H), 4.31-4.71 (m, 5H), 3.98-4.21 (m, 9H), 3.85-3.90 (m, 1H),
3.64-3.72 (m, 1H), 3.43-3.51 (m, 2H), 2.35-2.43 (m, 2H), 2.27-2.33 (m, 2H), 1.96 (dd, 4H, J = 11.0, 6.1
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Hz), 1.58-1.68 (m, 4H), 1.25-1.32 (m, 68H), 0.88 (t, 6H, J = 6.9 Hz); *C NMR (125 MHz, CDCl;) &
173.50, 172.65, 154.31, 134.48, 134.11, 133.74, 131.51, 131.46, 131.36, 130.44, 128.64, 128.62, 127.95,
127.76, 119.22, 119.14, 119.09, 117.67, 117.61, 117.47, 77.93, 77.38, 77.12, 76.86, 76.17, 75.08, 74.75,
74.72, 74.20, 72.35, 71.36, 71.28, 70.87, 70.83, 70.40, 69.63, 68.97, 68.85, 68.80, 62.50, 34.27, 34.18,
32.69, 32.01, 31.98, 29.80, 29.74, 29.62, 29.57, 29.45, 29.39, 29.25, 29.12, 29.08, 25.14, 25.04, 24.96,
22.77, 22.00, 21.80, 14.19; HRMS (ESI-QTOF) calculated for C;oH;3;NaO;P [M+Na]" 1405.9016,
found 1405.9041
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3,5-di-allyl-4,6-di-O-allyloxycarbonyl-(2-allyl-1-O-((octacosanyl)-sn-glycerol-3-benzylphosphate))-2
-palmitoyl-D-myo-inositol (92a)

In a manner similar to the synthesis of 90a, 78 (62.5 mg, 67.5 umol) was converted into 92a (65.8 mg,
72% for 2 steps) (~1:1 diasteromixture) as a colorless oil. 'H NMR (500 MHz, CDClj) 6 7.29-7.40 (m,
5H), 5.71-5.96 (m, 6H), 4.94-5.38 (m, 14H), 4.31-4.70 (m, 5H), 3.98-4.23 (m, 9H), 3.87 (ddd, 1H, J =
12.9, 5.6, 4.3 Hz), 3.62-3.72 (m, 1H), 3.42-3.50 (m, 2H), 2.36-2.44 (m, 2H), 2.28 (q, 2H, J = 7.4 Hz),
1.53-1.64 (m, 4H), 1.25-1.31 (m, 72H), 0.87 (t, 6H, J = 6.9 Hz); °C NMR (125 MHz, CDCl;) & 173.51,
172.60, 154.31, 154.27, 138.00, 134.49, 134.12, 133.75, 131.52, 131.46, 129.12, 128.65, 128.30, 127.96,
127.77, 125.38, 119.10, 117.62, 117.48, 77.94, 77.37, 77.12, 76.97, 76.86, 76.17, 75.09, 74.76, 74.21,
71.36, 71.31, 70.88, 69.63, 68.98, 68.86, 68.80, 67.65, 66.64, 66.52, 66.35, 62.58, 62.51, 34.28, 34.19,
32.02, 29.79, 29.75, 29.59, 29.45, 29.39, 29.25, 29.13, 29.09, 25.14, 25.05, 24.96, 22.78, 21.53, 14.21;
HRMS (ESI-QTOF) calculated for C;7H,90NaO P [M+Na]+ 1379.8860, found 1379.8861
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3,5-di-allyl-4,6-di-O-allyloxycarbonyl-2-allyl-3-O-((cis-21-triacontenyl)-sn-glycerol-1-benzylphosph
ate)-2-palmitoyl-D-myo-inositol (90b’)

To a stirred solution of 78 (25 mg, 27.0 umol) in Acetone (1 mL) was added LiBr (23 mg, 0.27 mmol).
The reaction mixture was refluxed for over night. The mixture was cooled to ambient temperature, and
then concentrated under reduced pressure. The residue was purified with silica gel column
chromatography eluting with Toluene/AcOEt (3 : 1) to CH,Cl,/MeOH (6 : 1) to afford lithium salt. The
salt was passed through the cation exchange resin column (Dowex 50WX8 50-100) to obtain proton form.
Fractions containing the desire product was collected and concentrated under reduced pressure. The
residue was dissolved with THF (500 puL), 87b (76 mg, 0.14 mmol), PPh; (35 mg, 0.14 mmol) was added
to the solution. To the mixture was added DIAD (27 uL, 0.14 mmol) and stirred for over night. The
reaction mixture was concentrated under reduced pressure. The residue was purified with preparative
TLC (Toluene/AcOEt =5/ 1) to afford 90a containing residue. The residue and LiBr (23 mg, 0.27 mmol)
was dissolved with acetone (1 mL) and then heated to reflux for over night. The mixture was cooled to
ambient temperature, and then concentrated under reduced pressure. The residue was purified with silica
gel column chromatography eluting with Toluene/AcOEt (3 : 1) to CH,Cl,/MeOH (20 : 1) to afford
lithium salt (24.1 mg, 68% from 78) as a colorless oil. 'H NMR (400 MHz, CDCl3) & 5.73-6.02 (m, 6H),
5.07-5.39 (m, 16H), 4.63-4.69 (br, 4H), 4.10-4.22 (br, 6H), 3.42-3.43 (br, 2H), 2.31-2.45 (m, 4H),
1.99-2.03 (m, 4H), 1.58-1.61 (m, 4H), 1.25-1.25 (m, 72H), 0.88 (t, 6H, J = 6.8 Hz); *C NMR (125 MHz,
CDCl;) 6 154.60, 134.35, 131.74, 130.00, 118.68, 117.06, 77.43, 77.11, 76.79, 74.14, 71.29, 70.81, 68.89,
68.53, 50.80, 34.81, 34.39, 32.71, 32.05, 32.01, 29.88, 29.69, 29.62, 29.50, 29.42, 29.19, 27.31, 25.00,
22.79, 14.23, 0.10; HRMS (ESI-QTOF) calculated for C;,H;,4Na,O;;P [M+Na]+ 1337.8372, found

1337.9303
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3,5-di-allyl-4,6-di-O-allyloxycarbonyl-2-allyl-3-O-((trans-21-triacontenyl)-sn-glycerol-1-benzylphos
phate)-2-palmitoyl-D-myo-inositol (91b’)

In a manner similar to the synthesis of 90b’, 78 (25 mg, 27.0 ymol) was converted into 91b’ (21.9 mg,
62% from 78) as a colorless oil. 'H NMR (400 MHz, CD;0D) & 5.67-5.94 (m, 6H), 4.93-5.33 (m, 16H),
4.51-4.60 (m, 4H), 4.04-426 (m, 6H), 3.47-3.54 (m, 2H), 2.21-2.32 (m, 4H), 1.90-1.98 (m, 4H),
1.55-1.57 (m, 4H), 1.22-134 (m, 72H), 0.83 (t, 6H, J = 6.8 Hz); HRMS (ESI-QTOF) calcd for
C,H,,,Na,0,,P [M+Na]*, 1337.8366; found: 1337.8366, calcd for C,,H,,,0,,P [M]", 1291.8582; found:
1291.8581.
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92b'

3,5-di-allyl-4,6-di-O-allyloxycarbonyl-2-allyl-3-O-((octacosanoyl)-sn-glycerol-1-benzylphosphate)-2-
palmitoyl-D-myo-inositol (92b’)

In a manner similar to the synthesis of 90b’, 78 (25 mg, mmol) was converted into 92b’ (6.93 mg, 20%
from 78) as a colorless oil. 'H NMR (400 MHz, CD3;0D) & 5.63-5.95 (m, 6H), 5.09-5.36 (m, 14H),
4.62-4.68 (br, 4H), 4.11-421 (br, 6H), 3.70-3.70 (br, 2H), 2.36-2.36 (br, 4H), 1.53-1.68 (br, 2H),
1.25-1.25 (m, 72H), 0.88 (t, 6H, J = 6.8 Hz); LRMS (ESI-QTOF) calculated for C;,H,,Na,O;P

[M+Na]' 1311.8215, found 1311.899
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(S)-EhPIb C30:1 cis (19a)

To a stirred solution of 90a (22.8 mg, 16.4 pmol) in Acetone (1.1 mL) was added LiBr (28.6 mg, 0.33
mmol) and refluxed for 6 h. After the removal of solvent, the crude mixture was subjected to silica gel
column chromatography (Toluene/ethyl acetate = 5/1 to CH,Cl,/MeOH = 6/1) to afford lithium salt. The
salt was dissolved in CH,Cly/MeOH = 1/1 containing 1% TFA (vol/vol) (1 mL).
[CpRu(C3H;5)(CoHgNCOO)PF¢ (8.6 mg, 1.6 pmol) was added to reaction mixture. After stirring for 3 h,
the solvent was removed under reduced pressure. The crude mixture was purified by silica gel column
chromatography (CHCl;/MeOH/2.2 M NH,OH = 45/10/1.4) to afford 19a (14.6 mg, 88% yield for 2
steps) as a white solid. IH NMR (600 MHz, CDCl,/CD;0D/D,0) & 5.57-5.58 (m, 1H), 5.36 (t, 2H, J =
4.7 Hz, -CH,CH=CHCH,-) , 4.09-4.17 (m, 3H, ino-1, Gly-3x2), 3.89 (1H, Gly-2), 3.82 (m, 1H, Gly-1),
3.73-3.77 (m, 1H, Gly-1), 3.64 (t, 1H, J = 9.0 Hz, ino-6), 3.54 (dd, 1H, J = 2.4, 9.4 Hz, ino-3), 3.49 (t, 1H,
J = 9.5 Hz, ino-4), 3.25 (1H, ino-5), 2.35-2.41 (m, 4H, -COCH,-), 2.03 (dd, 4H, J = 12.5, 6.7 Hz, —
CH,CH=CHCH,-), 1.59-1.64 (m, 4H, -COCH,CH,-), 1.28-1.35 (m, 68H, -CH,-), 0.89 (t, 6H, J = 6.9
Hz, -CH,); °C NMR (150 MHz, CDCIl,/CD;0D/D,0) & 174.43, 174.40, 129.60, 74.06, 72.91, 72.81,
72.57, 72.22, 69.75, 68.54, 66.53, 64.79, 33.92, 33.73, 31.61, 31.58, 30.12, 29.41, 29.38, 29.33, 29.30,
29.27, 29.13, 29.11, 29.05, 29.02, 28.97, 28.94, 28.91, 28.87, 26.83, 26.80, 24.58, 24.53, 22.32, 13.54;
31P NMR (125 MHz, CDCly/CD;0D/D,0) & 1.21; HRMS (ESI-Q-TOF) calculated for CssH;psO 3P~
[M] 1003.7220, found 1003.7219
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(S)-EhPIb C30:1 trans (19¢)

In a manner similar to the synthesis of 19a, 91a (10 mg, 7.22 ymol) was converted into 19¢ (5.46 mg,
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75% yield for 2 steps) as a white solid. '"H NMR (600 MHz, CDCL,/CD,0D/D,0) & 5.58 (1H, ino-2), 5.39
(t, 2H, J = 3.7 Hz, -CH,CH=CHCH,-), 4.10-4.17 (m, 3H, ino-1, Gly-3x2), 3.97-4.01 (m, 1H, Gly-2),
3.90-3.96 (m, 1H, Gly-1), 3.83-3.88 (m, 1H, Gly-1),3.75 (t, 1H, J = 9.4 Hz), 3.64 (dd, 1H,J = 10.8,2 .4
Hz, ino-3), 3.59 (t, 1H, J = 9.5 Hz, ino-4), 3.34 (1H, ino-5), 2.35-2.41 (m, 4H, -COCH,-), 1.96-2.00 (m,
4H, -CH,CH=CHCH,-), 1.60-1.65 (m, 4H, -COCH,CH,-), 1.27-1.36 (m, 68H, -CH,—), 0.89 (t, 6H, J =
7.0 Hz, —CH,); °*C NMR (150 MHz, CDCl,/CD;0D/D,0) & 175.18, 174.59, 130.85, 74.93, 74.78, 73.57,
73.38, 72.98, 70.73, 70.49, 69 .44, 69.28, 67.36, 65.57, 65.48, 58.88, 57.18, 57.08, 34.68, 34.47, 32.93,
32.34,32.31, 30.11, 30.01, 29.97, 29.85, 29.76, 29.70, 29.67, 29.63, 29.47, 29.41, 25.32, 25.28, 23.05,
1425; *'P NMR (125 MHz, CDCl/CD,OD/D,0) & 1.50; HRMS (ESI-Q-TOF) calculated for

CssH,0,0,:P~ [M]™ 1003.7220, found 1003.7222
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(S)-EhPIb C28:0 (19¢)

In a manner similar to the synthesis of 19a, 92a (8.8 mg, 6.48 ymol) was converted into 19e (5.21 mg,
82% yield for 2 steps) as a white solid. 'H NMR (600 MHz, CDCl,/CD,0D/D,0) & 5.59 (dd, 1H,J =24,
2.4 Hz, ino-2), 4.10-4.20 (m, 3H, ino-1, Gly-3x2), 3.98-4.01 (m, 1H, Gly-2), 3.93-3.96 (m, 1H, Gly-1),
3.84-3.89 (m, 1H, Gly-1), 3.75 (t, 1H, J = 9.6 Hz, ino-6), 3.58-3.65 (m, 2H, ino-4, ino-3), 3.56 (1H,
ino-5), 2.35-2.41 (m, 4H, -COCH,-), 1.61-1.65 (m, 4H, -COCH,CH,-), 1.28-1.34 (m, 72H, -CH,-),
0.89 (t, 6H, J = 7.0 Hz, —CH;); *C NMR (150 MHz, CDCI,/CD,0D/D,0) 6 174.13,174.52,73.94, 73.80,
72.62,72.36, 72.03, 69.51, 68.25, 66.28, 64.54, 33.66, 33.45, 31.31, 30.89, 28.92, 28.74, 24 31, 24,27,
22,03, 13.17; *'P NMR (125 MHz, CDCly/CD;OD/D,0) & 1.15; HRMS (ESI-Q-TOF) calculated for

Cs3H,0,0,5P~ [M]™977.7064, found 977.7063
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(R)-EhPIb C30:1 cis (19b)
90b> was dissolved in CH,Cly/MeOH = 1/1 containing 1% TFA (vol/vol) (500 pL).
[CpRu(C3H;5)(CoHgNCOO)PF¢ (1.5 mg, 2.8 umol) was added to reaction mixture. After stirring for over
night, the solvent was removed under reduced pressure. The crude mixture was purified by silica gel
column chromatography (CHCl;/MeOH/2.2 M NH4OH = 45/10/1.4) to afford 19b (4.65 mg, 50% yield)
as a white solid. '"H NMR (400 MHz, CDCl,/CD;0D/D,0) § 5.55 (m, 1H, ino-2), 5.34 (t, 2H, J = 4.8 Hz,
-CH,CH=CHCH,-),), 4.01-4.13 (m, 3H, ino-1, Gly-1x2), 3.94-4.00 (m, 1H, Gly-2), 3.87-3.92 (m, 1H,
Gly-1), 3.77-3.85 (m, 1H, Gly-1) 3.65 (t, 1H, J = 6.8 Hz, ino-6), 3.57-3.62 (m, 2H, ino-3, ino-4),
3.36-3.39 (m, 1H), 1.99-2.04 (m, 4H, -COCH,-), 1.91-1.95 (m, 4H, -CH,CH=CHCH,-), 1.59-1.62 (m,
4H, -COCH,CH,-), 1.25-1.36 (m, 68H, -CH,-), 0.87 (t, 6H, J = 6.4 Hz, -CH;); HRMS (ESI-Q-TOF)

calculated for CssH040 3P~ [M]™ 1003.7220, found 1003.7220
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(R)-EhPIb C30:1 trans (19d)

In a manner similar to the synthesis of 19b, 91b’ (10 mg, 7.6 mmol) was converted into 19d (3.4 mg,
44%) as a white solid. 'H NMR (400 MHz, CDCl,/CD;0D/D,0) & 5.56-5.56 (m, 1H, ino-2), 5.36-5.38
(m, 2H, -CH,CH=CHCH,-), 4.07-4.15 (m, 3H, ino-1, Gly-1x2), 3.95-4.00 (m, 1H, Gly-2), 3.90-3.93 (m,
1H, Gly-1), 3.83-3.86 (m, 1H, Gly-1), 3.72 (t, 1H, J = 8.8 Hz, ino-6), 3.54-3.59 (m, 2H, ino-3, ino-4),
3.36 (m, 1H, ino-5), 2.32-2.39 (m, 4H, -COCH,-), 1.93-1.98 (m, 4H, -CH,CH=CHCH,-), 1.58-1.60 (m,
4H, -COCH,CH,-), 1.25-1.34 (m, 68H, -CH,-), 0.87 (t, 6H, J = 6.8 Hz, -CH;); HRMS (ESI-Q-TOF)

calculated for CssH040 3P~ [M]™ 1003.7220, found 1003.7220
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(R)-EhPIb C28 (191)

In a manner similar to the synthesis of 19b, 92b’ (4.3 mg, 3.1 mmol) was converted into 19f (1.3 mg,
44%) as a white solid. '"H NMR (392 MHz, CDCI,/CD,0D/D,0) & 5.55 (t, 1H, J = 2.6 Hz, ino-2), ,
4.09-4.14 (m, 3H, ino-1, Gly-1x2), 3.94-4 00 (m, 1H, Gly-2), 3.87-3.95 (m, 1H, Gly-1), 3.77-3.85 (m, 1H,
Gly-1), 3.72 (t, 1H, J = 9.9 Hz, ino-6), 3.54-3.64 (m, 2H, ino-3, ino-4), 3.32 (1H, ino-5), 2.32-2.42 (m,
4H, -COCH;,-), 1.56-1.60 (m, 4H, -COCH,CH,-), 1.26-1.26 (m, 72H,-CH,-), 0.87 (t,6H, J = 6.6 Hz, —

CH;); HRMS (ESI-Q-TOF) calculated for Cs;H,,03P™ [M] 977.7064, found 977.7063

o)
omvom _OAllyl

1) DDQ, CH,Cl, - OAllyl
JpH 7 buffer Allylo ©
2) NaH, AllylOH HO™ “""OPMB
THF
OAllyl OAllyl
79 93

3,5-di-0-allyl-6-0O-(4-methoxybenzyl)-2-methoxymethyl-D-myo-inositol-1-diallyl phosphate (93)

To a stirred mixture of 79 (1.39 g, 1.59 mmol) in CH,Cl, (36 mL) and pH 7 phosphate buffer (4 mL) at 4
°C was added DDQ (391 mg, 1.74 mmol). After stirring for 5 h, the reaction was diluted with CH,Cl,.
The mixture was washed with brine, dried over Na,SO,, and concentrated under reduced pressure. The
crude product was purified with silica gel column chromatography (toluene/ethyl acetate = 5.5/1 to 4:1) to
afford de-4-O-PMB (680 mg, 57% yield) as a white form and recovered 79 (284 mg, 20% yield). To a
stirred suspension of NaH (60% oil dispersion) (108 mg, 2.70 mmol) in THF (9 mL) at 0 °C was added
allyl alcohol (214 uL, 3.15 mmol). After stirring for 30 min, the solution of de-4-O-PMB (680 mg, 0.90
mmol) in THF (9 mL) was added to the reaction mixture and the mixture was stirred for 3 h. The reaction
was quenched with 10% citric acid aq. and the reaction mixture was extracted with Et,O. The extract was
dried over Na,SO, and concentrated under reduced pressure. The crude mixture was purified with silica
gel column chromatography (toluene/ethyl acetate = 2/1 tol/2) to afford 93 (315 mg, 60% yield) as a
colorless oil. "H NMR (400 MHz, CDCl;) 8 7.28-7.32 (m, 2H), 6.83-6.86 (m, 2H), 5.77-6.00 (m, 4H),
5.14-5.35 (m, 8H), 4.70-4.81 (m, 4H), 4.40-4.59 (m, 4H), 4.29-439 (m, 3H), 4.17-4.25 (m, 2H),
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3.93-4.03 (m, 2H), 3.85-3.91 (m, 1H), 3.79 (s, 3H), 3.41 (s, 3H),3.24 (t, 1H, J = 9.1 Hz), 3.14 (dd, 1H, J
=99, 2.2 Hz); “C NMR (100 MHz, CDCl;) 6 159.19, 135.23, 134.20, 132.55, 132.48, 130.75, 129.57,
118.29, 118.16, 117.81, 116.85, 113.71, 97.55, 82.55, 79.57, 79.50, 78.55, 78.24, 78.18, 77.45, 77.13,
76.80, 75.34, 74.29, 72.94, 72.43, 70.97, 68.40, 68.35, 68.28, 68.22, 55.90, 55.36; HRMS (ESI-QTOF)
caled for CH, NaO,,P [M+Na]*, 607.2279; found: 607.2281

0 o)
omom oAl D A||02c02|3t, DMAP oMOM ,';'/O Al
~
AllylO 0~ OAllYl 2) pDQ, CH,Cl, AllylO o~ TOAlyl
/pH 7 buffer
HO™ “OPMB 3) LevOH, DMAP AllocO™™ “Olev
OAllyl EDCI-HCI, CH,Cl, OAllyl
93 94

3,5-di-0-allyl-4-O-allyloxycarbonyl-6-O-levulinyl-2-methoxymethyl-D-myo-inositol-1-diallyl
phosphate (94)

To a stirred solution of 93 (315 mg, 0.54 mmol) and AllocOBt (591 mg, 2.69 mmol) in CH,CI, (5.4 mL)
was added DMAP (328 mg, 2.69 mmol) and the mixture was stirred for 2 h. The reaction was quenched
with 10% citric acid aq. and extracted with CH,Cl,. The extract was washed with brine, dried over
Na,SO,, and concentrated under reduced pressure. The crude mixture was purified with silica-gel column
chromatography (toluene/ethyl acetate = 5/1 to 2/1) to afford 4-O-alloc compound (315 mg, 97% yield) as
a colorless oil. To a stirred mixture of 4-O-alloc compound (351 mg, 0.53 mmol) in CH,Cl, (11.7 mL)
and pH 7 phosphate buffer (1.3 mL) was added DDQ (353 mg, 1.58 mmol). After stirring for 4 h, the
reaction mixture was diluted with CH,Cl, and washed with saturated NaHCO; aq. and brine, dried over
Na,SO,, and concentrated under reduced pressure. The residue was purified with silica gel column
chromatography (toluene/ethyl acetate = 2/1) to afford de-6-O-PMB compound (277mg, 96% yield) as a
colorless oil. To a stirred solution of de-6-O-PMB compound (277mg, 0.51 mmol), levulinic acid (205
uL, 2.02 mmol), and DMAP (30.8 mg, 0.25 mmol) in CH,Cl, (5§ mL) was added EDCI*HCI (387 mg,
2.02 mmol). After stirring for over night, the reaction mixture was extracted with ethyl acetate. The
extract was washed with saturated NaHCO; aq., brine, dried over Na,SO,, and concentrated under
reduced pressure. The residue was purified with silica gel column chromatography (toluene/ethyl acetate
= 2/1) to afford 94 (262 mg, 80% yield) as a colorless oil. "H NMR (400 MHz, CDCL;) 6 5.76-5.98 (m,
5H),5.54 (t,1H,J =98 Hz),5.37 (ddd, 3H,J = 17.1,4.4, 1.3 Hz), 5.11-5.28 (m, 8H), 4.74-4.79 (m, 2H),
4.65 (d, 2H, J = 5.7 Hz), 4.50-4.57 (m, 4H), 4.27-4.34 (m, 2H), 4.07-4.17 (m, 3H), 3.92-3.97 (m, 1H),
3.33-3.48 (m, 5H), 2.57-2.80 (m, 4H), 2.18 (s, 3H); °C NMR (100 MHz, CDCl,) & 206.31, 171.76,
154.39, 13443, 133.96, 132.21, 131.60, 119.00, 118.63, 118.49, 11740, 117.13, 97.39, 78.10, 76.70,
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75.63, 75.58, 73.46, 72.79, 71.99, 71.14, 68.68, 68.41, 68.35, 55.97, 37.76, 29.99, 28.12; HRMS
(ESI-QTOF) calcd for C,yH,;NaO,,P [M+Na]*, 669.2283; found: 669.2286

ﬁ O
OMOM -~ y! ( 15H31

o)
o~ TOAlyl _ AllylO
1) 50% TFAin CH,Cl,, LevO OAlloc
0°C 0 OAllyl

o\/

Allylo

AllocO™ “OlLev — g
Allvl 2) palmitic acid, DCC 1 ~OAllyl
OAlly DMAP, CH,Cl, Allylo
94

3,5-di-0-allyl-4-O-allyloxycarbonyl-6-O-levulinyl-2-palmitoyl-D-myo-inositol-1-diallyl phosphate
95)

To a stirred solution of 94 (262 mg, 0.41 mmol) in CH,Cl, (20 mL) at 0 °C was added TFA (20 mL).
After stirring for 1.5 mL at 0 °C, the solvent and TFA was removed under reduced pressure and then
co-evaporated with toluene three times. To the solution of the residue in CH,Cl, (4 mL) was added
palmitic acid (520 mg, 2.03 mmol), DMAP (25 mg, 0.20 mmol), and dicyclohexyl carbodiimide (417 mg,
2.03 mmol). After stirring for over night, the mixture was filtered to remove white precipitate and the
filtrate was concentrated under reduced pressure. The residue was purified with silica gel column
chromatography (toluene/ethyl acetate = 5/1 to 3/1) to afford 95 (259 mg, 76% yield) as a colorless oil.
'H NMR (400 MHz, CDCl,) 6 5.72-5.98 (m, 6H), 5.46 (t, 1H, J = 9.9 Hz), 5.36 (dqd, 3H, J = 17.1, 3.0,
1.5 Hz), 5.20-5.30 (m, 5H), 5.09-5.17 (m, 3H), 4.65 (dt, 2H, J = 5.8, 1.3 Hz), 441-4.54 (m, 5H),
4.09-4.16 (m, 3H), 3.87-3.92 (m, 1H), 3.43-3.48 (m, 2H), 2.62-2.83 (m, 4H), 2.41 (td,2H,J=7.5,3.5
Hz), 2.21-2.16 (3H), 1.58-1.64 (m, 2H), 1.24-1.32 (m, 24H), 0.86-0.90 (m, 3H); *C NMR (100 MHz,
CDCly) 6 206.29, 172.79, 171.71, 154.32, 134.28, 133.77, 13227, 119.13, 118.60, 118.45, 117.80,
117.55, 77.84, 7471, 74.09, 73.94, 7093, 68.82, 68.42, 37.73, 29.80, 29.38, 28.07, 25.10HRMS
(ESI-QTOF) calcd for C,;HgoNaO,,P [M+Na]*, 863.4317; found: 863.4328

X i
0~ >CysH 0”7 >CysH
AllylO 15781 AllylO 15781
OAlloc . OAlloc
(lJ_evo/ 5 AIGC,  HaNNH+ACOH 5 HO/ 5 Aloc,
N = 0%
P~0Allyl CHCl,/MeOH P~0Allyl
AllylO AllylO
95 75

3,5-di-0-allyl-4-O-allyloxycarbonyl-2-palmitoyl-D-myo-inositol-1-diallyl phosphate (75)
To a stirred solution of 95 (259 mg, 0.31 mmol) in CH,Cl, (15 mL) and MeOH (15 mL) was added

hydrazine acetate (62.4 mg, 0.68 mmol). After stirring for over night the mixture was concentrated under
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reduced pressure. The residue was purified with silica gel column chromatography (toluene/ethyl acetate
= 4/1) to afford 75 (222 mg, 97% yield) as a white solid. '"H NMR (400 MHz, CDCL,) & 5.71-5.99 (m,
6H), 5.35-5.40 (m, 3H), 5.21-5.29 (m, 5H), 5.16 (q, 2H, J = 5.0 Hz), 5.06 (t, 1H, J = 10.0 Hz), 4.66 (d,
2H,J =54 Hz),4.51-4.62 (m, 4H), 4.28-4.33 (m, 2H), 421 (q, 1H, J = 6.2 Hz), 4.11 (dd, 1H, J = 12.9,
5.1 Hz),4.03 (td, 1H,J =9.5,2.8 Hz),3.90 (q, 1H, J = 6.2 Hz), 345 (dd, 1H, J = 10.2, 2.9 Hz), 3.33 (t,
1H,/=95Hz),3.12(d, 1H,J =29 Hz),2.37 (td,2H,J=7.6,4.6 Hz), 1.60 (q, 2H, J = 7.2 Hz), 1.27 (d,
24H, J = 13.2 Hz), 0.83-0.88 (m, 3H); "C NMR (100 MHz, CDCl;) & 172.75, 154.56, 134.59, 133.87,
132.25, 131.57, 119.07, 118.57, 117.70, 117.48, 79.94, 76.96, 76.49, 76.43, 74 .81, 74 .33, 72.33, 70.90,
68.91, 68.86, 68.76, 68.67, 68.61, 67.93, 34.29, 32.02, 29.79, 29.58, 2945, 29.38, 29.10, 25.12, 22.78,

14.22; HRMS (ESI-QTOF) calcd for C4H;NaO,,P [M+Na]*, 765.3949; found: 765.3958

NaOMe, MeOH

OAc 1) o
ACO 0 - IRA-120 (H*) O o
ACS&LOTBDPS <I-)IO OTBDPS

N3 2) 2-naphthaldehyde O Ny
CH(OMe)3, p-TsOH
96 DMF 97

2-azido-1-O-tert-butyldiphenylsilyl-4,6-O-naphthylidene-2-deoxy-g -D-glucopyranoside (97)

To a stirred solution of 96 (2.7 g, 4.74 mmol) in MeOH/toluene (4/1) (25 mL) was added 1 M NaOMe in
MeOH (950 gL, 0.95 mmol) and the mixture was stirred for 2 h. To the reaction mixture was added
IRA-120 (H"), and the mixture was filtered and concentrated under reduced pressure. To a solution of the
residue in DMF (9.5 mL) were added 2-naphthaldehyde (1.3 g, 9.48 mmol), p-toluene sulfonic acid
monohydrate (285 mg, 1.66 mmol), and CH(OMe); (1 mL, 9.48 mmol) and the solution was heated to 70
°C. After stirring for over night, the reaction was quenched with Et;N (250 L) and the mixture was
extracted with Et,0. The extract was washed with water and brine, dried over Na,SO,, and concentrated
under reduced pressure. The residue was purified with silica gel column chromatography (hexane/ethyl
acetate = 6/1) to afford 97 (2.03 g, 74% yield) as colorless oil. 'H NMR (400 MHz, CDCL,) & 7.89 (s, 1H),
7.79-7.83 (m, 3H), 7.70-7.72 (m, 4H), 7.36-7.52 (m, 9H), 5.61 (s, 1H), 4.52 (d, 1H, J =7.7 Hz), 401 (q,
1H,J=52Hz),3.64 (t, 1H,J = 10.3 Hz), 3.52-3.59 (m, 2H), 3.46 (dd, 1H,J = 9.1, 8.0 Hz), 3.04 (dt, 1H,
J=140,49 Hz),2.66 (d, 1H, J = 1.8 Hz), 1.13 (s, 9H); HRMS (ESI-QTOF) calcd for C;;H;sN;NaO;Si

[M+Na]*, 580.5010; found: 580.5012

O o Cu(OTf), OH
BHgTHF
0 0 3 o)
HS&&OTBDPS — Napﬂg&&omops
N3 Nj
o7 98

2-azido-1-O-tert-butyldiphenylsilyl-4-O-naphthylmethyl-2-deoxy-g -D-glucopyranoside (98)
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97 (500 mg, 0.86 mmol) was dissolved with BH;*THF (4.3 mL, 4.30 mmol) at O °C. To the mixture was
added Cu(OTY), (49 mg, 0.13 mmol) and the mixture was stirred at 0 °C for over night. The reaction was
quenched with Et;N (610 L) and MeOH (1.7 mL) and then the mixture was concentrated under reduced
pressure. The crude mixture was purified with silica gel column chromatography (hexane/ethyl acetate =
6/1) to afford 98 (449 mg, 90%) as a colorless oil. 'H NMR (400 MHz, CDCl,) § 7.78-7.82 (m, 3H),
7.69-7.72 (m, 5H), 7.36-7.49 (m,9H),4.89 (d, 1H,J=11.6 Hz),4.79 (d, 1H, J = 11.6 Hz), 4.54-4.57 (m,
1H), 3.33-3.53 (m, 5H), 2.97 (ddd, 1H, J = 9.2, 5.1, 2.8 Hz), 2.40-2.42 (m, 1H), 1.11 (s, 9H); *C NMR
(100 MHz, CDCly) & 135.76, 135.73, 135.30, 133.93, 133.30, 133.13, 132.48, 130.22, 130.05, 128.56,
128.02, 127.90, 127.82, 127.58, 126.94, 126.36, 126.21, 125.81,97.01, 77.22,75.18,74.84, 69.03, 61.87,

26.85,19.11; HRMS (ESI-QTOF) calcd for C;;H5,N;NaOsSi [M+Na]*, 606.2395; found: 606.2409

OH AllylBr, Ag,0
Napoé& oA N 0«§§&
OTBDPS a
HO N CH,Cl,, MS4A lﬂlylo OTBDPS
3 NS
98 99

3,6-0-allyl-2-azido-1-O-tert-butyldiphenylsilyl-4-O-naphthylmethyl-2-deoxy-f -D-glucopyranoside
99)

The mixture of 98 (100 mg, 0.17 mmol), allyl bromide (74 uL, 0.86 mmol), tetra-butyl ammonium iodide
(6.3 mg, 17.1 uymol), and activated MS4A (350 mg) in CH,Cl, was stirred for 30 min at room temperature.
To the mixture was added Ag,O (230 mg, 0.99 mmol) and the mixture was stirred for over night under
dark. To the mixture were added allyl bromide (37 uL, 0.43 mmol) and Ag,0O (115 mg, 0.50 mmol) and
the mixture stirred for 1d. The reaction mixture was filtered thought a pad of Celite and concentrated
under reduced pressure. The crude mixture was purified with silica gel column chromatography to afford
99 (77 mg, 68% yield) as a colorless oil. 'H NMR (400 MHz, CDCL;) § 7.71-7.81 (m, 9H), 7.31-7.48 (m,
10H), 591-6.01 (m, 1H), 5.71-5.81 (m, 1H), 5.25-5.31 (m, 1H), 5.07-5.18 (m, 3H),4.94 (d, IH,/J=11.2
Hz),4.77 (d, 1H,J = 11.3 Hz), 4.27-4.35 (m, 3H), 3.88 (ddt, 1H, /= 13.1,54, 1.5 Hz), 3.76 (ddt, 1H, J =
13.1,5.5,1.5 Hz), 3.61-3.65 (m, 1H), 3.52 (dd, 1H, /= 11.3,4.0 Hz), 3.42-3.46 (m, 1H), 3.21 (dd, 1H, J
=9.9,9.0 Hz),2.97 (ddd, 1H,J =99, 4.0, 1.7 Hz), 1.12 (s, 9H); *C NMR (100 MHz, CDCl;) 8 136.09,
136.07, 135.76, 134.94, 134.83, 133.43, 133.38, 133.09, 132.67, 130.03, 129.77, 128.25, 128.01, 127.80,
127.71,127.45, 126.62, 126 .24, 126.06, 125.97, 117.30, 116.74, 96 .91, 83.00, 77.71,75.07, 74.99, 74 33,
72.56, 68.82, 68.35, 26.91, 19.27. HRMS (ESI-QTOF) calcd for C;yH,sN;NaOsSi [M+Na]*, 686.3021;

found: 686.3025
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N-phenyltrifluoroacetoimidoyl 3,6-0-allyl-2-azido

-4-O-naphthylmethyl-2-deoxy-f -D-glucopyranoside (99)

To a stirred solution of 99 (100 mg, 0.15 mmol) and AcOH (43 L, 0.75 mmol) in THF (3.5 mL) at -10
°C was added TBAF (1 M in THF) (380 uL, 0.38 mmol). After stirring for 3 h at —10 °C, H,O was added
to the reaction mixture and the mixture was extracted with CHCI;. The extract was washed with brine,
dried over Na,SO,, and concentrated under reduced pressure. The crude material was purified with silica
gel column chromatography (hexane/ethyl acetate = 3/1) to afford hemiacetal. The hemiacetal and K,CO,
(17 mg, 0.12 mmol) were dissolved with acetone (770 uL) and then added CIC(NPh)CF; (24 uL, 0.15
mmol). After stirring for 2.5 h, the reaction was filtered and concentrated under reduced pressure. The
crude material was purified with silica gel column chromatography (hexane/ethyl acetate = 10/1) to afford
77 (61 mg, quant) as a colorless oil. 'H NMR (400 MHz, CDCl;) & 7.76-7.86 (m, 4H), 7.36-7.57 (m, 3H),
7.25-7.34 (m, 2H), 7.08-7.12 (m, 1H), 6.83-6.90 (m, 2H), 5.83-6.07 (m, 2H), 5.16-536 (m, 5H),
4.98-5.08 (m, 1H), 4.80-4.86 (m, 1H), 4.32-4.47 (m, 2H), 3.63-4.07 (m, 7H), 3.40 (s, 1H); "C NMR (100
MHz, CDCl5) 0 143.34, 135.40, 134.45, 13432, 133.39, 133.17, 128.90, 128.40, 128.03, 127.84, 126.81,
126.36, 126.22, 125.96, 124.59, 11941, 117.80, 117.68, 117.53,95.78, 82.81, 80.14, 7591, 75.47,75 .27,

74.55,73.47,72.57,68.02, 6526, 62.87. CyHy FsN,NaO5 [M+Nal*, 619.2139; found: 619.2143.

0 OAllyl o)
NapO O
OAllyl O)LC15H31 ;{)uylo o)Lq sHaq
a OAlloc TMSOTY OAlloc
Alylo Jo o+ Hog OAllyl % OAllyl

Ny 'O~ “CFg Oxp/ CH,Cly/MeOH Osp?
77 | ~OAllyl MS4A, —20 °C tort | ~OAllyl
AllylO AllylO
75 108a.

108a: 77 (47.3 mg, 79.3 pmol) and 75 (29.4 mg, 39.6 pmol) were co-evaporated with toluene three times
and dried highly under vacuum. The residue was dissolved with Et,0O/CH,Cl, (1/1) (420 xL) and MS4A
(50 mg) was added. The mixture was then cooled to —20 °C. To the mixture was added TBSOTf (0.1 M in
Et,0/CH,CI, (1/1)) (79.2 uL, 7.92 ymol) at —20 °C and the mixture was stirred at room temperature for 3
h. The reaction was quenched with Et;N (20 yL) and then the reaction mixture was concentrated under
reduced pressure. The residue was purified with silica gel column chromatography (toluene/ethyl acetate
= 15/1 to 10/1) to afford o/f mixture of 108 (41.1 mg, 90% yield, a/p = 9/1) and then separated a/f§

mixture (hexane/ethyl acetate = 4/1 (0.5% HFIP)) as colorless oil. a-anomer (108c.): 'H NMR (400 MHz,
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CDCl,) 6 7.79-7.86 (m, 3H), 7.75 (s, 1H), 7.40-7.51 (m, 4H), 5.71-6.03 (m, 8H), 5.52 (d, 1H, J = 3.7 Hz),
5.33-5.39 (m, 3H), 5.23-5.30 (m, 6H), 5.13-5.20 (m, 4H), 5.00-5.08 (m, 3H), 4.81 (d, 1H, J = 11.6 Hz),
4.47-4.65 (m, TH), 4.35-4.37 (m, 2H), 4.18-4.26 (m, 3H), 4.11-4.18 (m, 2H), 4.06 (dd, 1H, J =12.7,5.6
Hz), 3.85-3.91 (m, 3H), 3.76-3.81 (m, 1H), 3.63-3.71 (m, 2H), 3.43 (dd, 1H, J = 10.2, 2.6 Hz), 3.34-3.39
(m, 1H), 3.27 (dd, 1H, J = 10.1, 3.7 Hz), 2.35-2.44 (m, 2H), 1.61 (dd, 2H, J = 14.3,7.0 Hz), 1.26-1.35 (m,
24H), 0.88 (t, 3H, J = 6.8 Hz); *C NMR (100 MHz, CDCl;) 8 172.49, 154.56, 136.17, 134.68, 134.49,
133.89, 133.35, 132.96, 132.34, 131.54, 128.03, 127.89, 127.79, 126.23, 125.95, 125.90, 125.57, 119.12,
118.61, 118.49, 118.11, 117.63, 117.50, 96.99, 79.52, 78.69, 78.02, 77.61, 75.24, 74.79, 74.68, 74.17,
7246, 70.73, 70.33, 68.77, 68.70, 68.54, 68.49, 68.21, 68.16, 63.03, 34.22, 32.02, 29.80, 29.76, 29.61,
29.46, 29.38, 29.11, 25.06, 22.78, 14.23; HRMS (ESI-QTOF) calcd for C,;HgN;NaO,,P [M+Na]*,
1172.5794; found: 1172.5829
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19 7
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74a: To a stirred solution of 108a. (30 mg, 26.1 pmol) in acetone (1 mL) was added lithium bromide (11
mg, 0.13 mmol) and the mixture was heated to reflux. After stirring for 11 h, the solvent was removed
under reduced pressure. The residue was purified with silica gel column chromatography (toluene/ethyl
acetate = 3/1 then CH,Cl,/MeOH = 6/1) to afford Li salt. The Li salt was dissolved minimal amount of
MeOH and passed though Dowex 5S0WX to convert to acid form. The resulting phosphoric acid, 87a (44
mg, 78.2 mmol), and PPh; (34 mg, 0.13 mmol) were dissolved with THF (500 pL). To the mixture was
added DEAD (60 uL, 0.13 mmol) and the mixture was heated to 40 °C. After stirring for over night, the
solvent was removed under reduced pressure. The residue was roughly purified with silica gel column
chromatography (toluene/ethyl acetate = 25/1 to 10/1) to afford oil containing desired material. The oil
was dissolved with CH,Cl, (900 uL) and pH 7 phosphate buffer (100 pL). To the mixture was added
DDQ (17.5 mg, 78.2 mmol) and the mixture was stirred for over night. The reaction was extracted with
CH,Cl,. The extract was washed with brine, dried over Na,SO,, and concentrated under reduced pressure.
The residue was purified with silica gel column chromatography (toluene/ethyl acetate = 10/1 to 5/1) to
afford 74a (12.8 mg, 32% yield, ~1:1 diastereomixture) as a colorless oil. '"H NMR (400 MHz, CDCL,) &
5.73-6.05 (m, 8H), 5.45-5.46 (m, 1H), 5.13-5.39 (m, 14H), 5.05 (t, 1H, J = 9.8 Hz), 4.46-4.65 (m, 5H),
4.32-4.39 (m, 2H), 3.97-4.29 (m, 15H), 3.88 (dd, 1H, J = 13.0, 5.8 Hz), 3.71-3.78 (m, 4H), 3.58-3.64 (m,
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1H), 3.44 (dt, 1H, J=10.2, 2.5 Hz), 3.36 (td, 1H, J=9.7, 1.9 Hz), 3.18 (dd, 1H, J=9.9, 3.4 Hz), 2.77 (d,
1H, J = 9.1 Hz), 2.30-2.41 (m, 4H), 2.01 (dd, 4H, J = 12.0, 6.4 Hz), 1.61 (s, 4H), 1.25 (68H), 0.86-0.90
(m, 6H); *C NMR (100 MHz, CDCL,) § 173.58, 172.49, 154.55, 134.81, 134.47, 13432, 134.00, 133.89,
132.33, 131.54, 129.99, 119.13, 118.65, 118.02, 117.76, 117.49, 97.20, 97.12, 79.01, 78.79, 75.05, 74.71,
7391, 73.81, 72.63, 72.47, 72.29, 71.36, 71.30, 70.75, 69.92, 69.80, 69.56, 68.78, 62.52, 62.47, 34.22,
32.02,29.81,29.61,29.41,29.27, 29.14,27.30, 25.16, 24.97, 22.78, 14.21; HRMS (ESI-QTOF) calcd for

Cg;H,,N;NaO P [M+Na]*, 1538.9867; found: 1538.9813

OAllyl o
OA||y| 0 HO (0] )k
NapO 0} 1) LiBr, Acetone AllylOo 0~ “C..H
/{)Ilylo OJ\C H 2) 87b, DEAD Nj Allylo 157731
Na|Alylo 187581 PPhg, THF ﬂl’
0}

o y oAl
OAlloc y!
o. 20 OAlyl 3)DDQ e’ o,
\\P/—OAII | CHCly/pH 7 buffer s
Y AlyiO 2| 'OAllyl
AllylO 3 OM
19 7
108a 74b O

74b: In a manner similar to the synthesis of 74a, 108a (30 mg, 26.1 ymol) was converted into 74b (11
mg, 28% yield, ~1:1 diastereomixture) as a colorless oil. 'H NMR (400 MHz, CDCl;) 6 5.71-6.05 (m,
8H),5.45 (d, 1H, J = 3.3 Hz), 5.12-5.38 (m, 14H), 5.05 (t, 1H, J = 9.9 Hz), 4.49-4.69 (m, 5H), 3.98-4.37
(m, 15H), 3.88 (dd, 1H, J = 12.8, 5.9 Hz), 3.72-3.76 (m, 4H), 3.55-3.64 (m, 1H), 344 (d, 1H, J =103
Hz), 3.35-3.40 (m, 1H), 3.18 (s, 1H), 2.82 (s, 1H), 2.30-2.45 (m, 4H), 1.99-2.02 (m, 4H), 1.61 (s, 4H),
1.25-1.35 (m, 68H), 0.86-0.92 (m, 6H); "C NMR (100 MHz, CDCl;) & 173.57, 172.45, 154.54, 134.80,
13443, 134.32, 133.99, 133.88, 132.36, 131.53, 12998, 119.11, 118.64, 118.03, 117.74, 117.46, 97.18,
78.99, 78.79, 78.48, 7745, 77.13, 76.80, 75.04, 74.71, 7391, 73.81, 72.62, 72.30, 70.74, 69.80, 69.52,
68.77, 64.23, 62.62, 6246, 62.33, 34.21, 32.01, 29.85, 29.80, 29.65, 29.60, 29 40, 29.26, 29.12, 27.29,
25.14, 25.05, 24.96, 22.77, 14.49, 14.21; HRMS (ESI-QTOF) calcd for CgH,,,N;NaO,,P [M+Na]*,

1538.9867; found:1538.9890

Ph
OH \g/oj OH
Ph—X-0 \®
o 0 Ph/ Ph/VOO 0
HO Hy  AllylBr Allylo
OPMP KIl, K,CO3, MeCN OPMP
109 110

3-0-allyl-1-0O-(p-methoxyphenyl)-4,6-O-benzylidene-o -D-mannopyranoside (110)
110: The solution of 109 (2.38 mg, 6.35 mmol), 2-aminoethyl diphenyl borinate (143 mg, 0.64 mmol), KI
(1.05 g, 6.35 mmol), K,CO; (0.97 g, 6.99 mmol) and allyl bromide (8.22 mL, 95 mmol) in MeCN (31

mL) was warmed up to 60 °C. After stirring for 1 day, the reaction mixture was diluted with ethyl acetate
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and washed with water and brine. Combined organic phase was dried over Na,SO,, and filtered, and
concentrated under reduced pressure. The residue was purified with silica gel column chromatography
(hexane/ethyl acetate = 2/1) to afford (1.49 g, 57%) as colorless oil. '"H NMR (400 MHz, CDCl;) &
747-749 (m, 2H), 7.35-7.39 (m, 3H), 6.97-6.99 (m, 2H), 6.82-6.85 (m, 2H), 5.90-6.00 (m, 1H), 5.59 (s,
1H), 5.51 (s, 1H), 5.34 (dd, 1H,J =172, 1.5 Hz), 522 (d, 1H, J = 104 Hz),4.37 (dd, 1H, J = 12.8, 5.3
Hz), 4.23-4.28 (m, 2H), 4.19 (dd, 1H, J = 10.2, 4.7 Hz), 4.12 (t, 1H, J = 9.5 Hz), 3.95-4.04 (m, 2H),
3.79-3.84 (m, 1H), 3.73-3.76 (m, 3H), 2.91 (s, 1H); °C NMR (100 MHz, CDCl,) & 155.22, 14991,
137.57,134.61, 128.35,126.17, 117.80, 117.66, 114.74, 101.77, 98.86, 78.82, 75.15,72.18,70.12, 68 .80,

63.98,55.75; HRMS (ESI-QTOF) calcd for C,;H,,NaO, [M+Na]*, 437.1571; found: 437.1574

1) LevOH, DMAP

OH EDCI-HCI, CH,Cl, OLev
Ph—Y0\ | o 2) CH,ClTEAH,0 . AllocO
o AllocO
= 20/2/1
AllylO AllylO
OPMP  3) AllocOBt, DMAP OPMP
110 CHCl, 112

3-0-allyl-4,6-0-allyloxycarbonyl-1-O-(p-methoxyphenyl)-2-O-levulinoyl-o -D-mannopyranoside
112)

To a stirred solution of 110 (2.18 g, 5.26 mmol) in CH,Cl, (21 mL) were added DMAP (321 mg, 2.63
mmol), levulinic acid (1.64 mL, 15.8 mmol), and EDCI°HCI (3.5 g, 18.4 mmol). After stirring for 9 h, the
reaction mixture was extracted with CH,Cl,. The extract was washed with brine, dried over Na,SO,, and
concentrated under reduced pressure. The residue was dissolved with CH,Cl, (46 mL) and H,O (2.3 mL)
and cooled to 0 °C. To the reaction mixture was added TFA (4.6 mL) at 0 °C and stirred for 1.5 h. The
reaction was quenched with saturated NaHCO; aq. and the mixture was extracted with CH,Cl,. The
extract was washed with brine, dried over Na,SO,, and concentrated under reduced pressure. The residue
was purified with silica gel column chromatography (hexane/ethyl acetate = 1/3) to afford diol (1.82 g,
82% yield for steps) as a colorless oil. To a stirred solution of the diol (1.39 g, 3.77 mmol) in CH,Cl, (25
mL) were added AllocOBt (4.96 g, 22.6 mmol) and DMAP (2.76 g, 22.6 mmol). After stirring for 2 h, the
reaction mixture was washed with saturated NaHCO; aq. and brine, dried over Na,SO,, and concentrated
under reduced pressure. The crude mixture was purified with silica gel column chromatography
(hexane/ethyl acetate = 2/1) to afford 112 (1.92 g, 99% yield) as a colorless oil. 'H NMR (400 MHz,
CDCl;) 8§ 6.95-6.99 (m, 2H), 6.76-6.83 (m, 2H), 5.79-6.00 (m, 3H), 5.45 (dd, 1H, J = 3.1, 2.0 Hz),
5.24-5.39 (m, 6H), 5.15-5.20 (m, 1H), 5.07 (t, 1H, J = 10.0 Hz), 4.59-4.70 (m, 4H),4.34 (dd, IH,J=11.9,
5.4 Hz), 4.22-4.28 (m, 1H), 4.10-4.17 (m, 2H), 3.95-4.08 (m, 2H), 3.76 (s, 3H), 2.68-2.80 (m, 4H), 2.20
(s, 3H); *C NMR (100 MHz, CDCL,) & 206.43, 171.86, 155.49, 154.79, 154.36, 149.79, 134.14, 131.61,

108



131.38, 119.14, 118.85, 118.02, 117.50, 114.74, 96 91, 74.34, 71.69, 70.83, 68.98, 68.83, 68.72, 68.56,
65.99, 55.69, 38.05,29.85, 28.23; HRMS (ESI-QTOF) calcd for C,0H;(NaO,; [M+Na]*, 615.2048; found:
615.2059

OLev
AllocO OLev
AllocO Q 1) CAN, MeCN AllocO
AllylO H20 AllocO O NPh
Opmp 2 CIC(NPh)CF,  AMO OLCFS
12 DMAP, CH,Cl, 13

N-phenyltrifluoroacetoimidoyl
3-0-allyl-4,6-0-allyloxycarbonyl-2-O-levulinoyl-c.-D-mannopyranoside (113)

To a stirred solution of 112 (144 mg, 0.17 mmol) in MeCN (3.5 mL) and H,O (3.5 mL) was added CAN
(445 mg, 0.81 mmol) and the mixture was stirred for 3 h. The mixture poured into brine and extracted
with ethyl acetate. The extract was washed with water, dried over Na,SO, and concentrated under
reduced pressure. The crude material was purified with silica gel column chromatography (hexane/ethyl
acetate = 2/1) to afford the desired alcohol containing material as yellow oil. The oil and CIC(NPh)CF;
(82 L, 0.52 mmol) were dissolved in CH,Cl, (4.3 mL). To the mixture was added DMAP (48 mg, 0.39
mmol) and the mixture was stirred for 4.5 h. The solvent was removed under reduced pressure. The crude
mixture was purified with silica gel column chromatography (hexane/ethyl acetate = 5/1 to 4/1) to afford
113 (117 mg, 91% yield) as a colorless oil. 'H NMR (400 MHz, CDCl;) § 7.29-7.33 (m, 2H), 7.09-7.14
(m, 1H), 6.82-6.86 (m, 2H), 5.75-5.99 (m, 3H), 5.34-5.45 (m, 3H), 5.23-5.31 (m, 4H), 5.19 (ddd, 1H, J =
10.4,7.6,1.5 Hz),4.97-5.09 (m, 1H), 4.59-4.73 (m, 4H), 4.28-4.42 (m, 2H), 3.93-4.16 (m, 3H), 2.67-2.82
(m,4H),2.19 (d, 3H, J = 1.8 Hz); ®*C NMR (100 MHz, CDCl,) & 206.22,206.05, 171.60, 154.78, 154.24,
143,02, 133.85, 133.72, 131.51, 131.23, 129.42, 128.87, 124.67, 120.58, 119.44, 119.33, 119.07, 118.02,
93.72, 75.86, 73.95, 72.96, 71.27, 71.11, 70.77, 70.65, 69.21, 69.16, 68.85, 67.23, 66.19, 65.96, 65.83,
53.54, 38.11, 37.98, 29.82, 28.10; HRMS (ESI-QTOF) calcd for C;H;,FsNNaO,, [M+Na]*, 680.1925;

found: 680.1933

OH OAlloc
Ph—0 1) AllocCl, TMEDA
% 0 CH,Cl, WO o
AllylO AllylO
Spyp 2 CHCLTFAHZO
110 = 20/2/1 114 OPMP

3-0-allyl-2-0O-allyloxycarbonyl-1-O-(p-methoxyphenyl)-o.-D-mannopyranoside (114)
To a stirred solution of 110 (1.8 g, 4.35 mmol) in CH,CI, (14 mL) was added TMEDA (664 uL, 13.0
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mmol) and then AllocCl (1.4 mL, 13.0 mmol). After stirring for over night, the reaction was quenched
with 10% citric acid aq. and the mixture was extracted with CH,Cl,. The extract was washed with
saturated NaHCO; aq., water, dried over Na,SO,, and concentrated under reduced pressure. The residue
was dissolved with CH,Cl, (38.7 mL) and H,O (1.9 mL) and then cooled to 0°C. To the mixture was
added TFA (3.87 mL) and the mixture was stirred for 1 h. The solvent was removed under reduced
pressure and the residue was subjected to silica gel column chromatography (hexane/ethyl acetate = 1/1)
to afford 114 (1.52 g, 85% yield for 2 steps) as a colorless oil. 'H NMR (400 MHz, CDCl;) & 6.96-7.00
(m, 2H), 6.81-6.85 (m, 2H), 5.89-5.99 (m, 2H), 5.49 (d, 1H, J = 1.8 Hz), 5.31-5.40 (m, 2H), 5.27-5.30 (m,
2H), 5.22-5.25 (m, 1H), 4.64-4.65 (m, 2H), 4.27 (ddt, 1H, J = 12.5,5.5, 1.4 Hz), 4.06-4.11 (m, 1H), 3.99
(td, 1H,J=9.3,2.3 Hz),391 (dd, 1H,J =94, 3.1 Hz), 3.81-3.87 (m, 3H), 3.77 (s, 3H), 2.77 (d, 1H, J =
2.5Hz),2.11 (t, 1H, J = 6.2 Hz); >*C NMR (100 MHz, CDCL;) & 155.46, 154.54, 149.84, 134.23,131.32,
119.35, 118.13, 118.05, 114.79, 97.25, 72.73, 71.77, 70.86, 69.06, 66.77, 62.47, 55.73; HRMS

(ESI-QTOF) calcd for C,,H,sNaO, [M+Na]*, 433.1469; found: 433.1467

OAll 1) LevOH, CPMI OAlloc
HO e CHCly, DCE LevO
HO Q : DABCO AllocO
AllylO AllylO
2) AllocOBt, DMAP
’ OPMP
114 OPMP CHLCl 116

3-0-allyl-2,4-di-O-allyloxycarbonyl-6-O-levulinoyl-1-O-(p-methoxyphenyl)-o -D-mannopyranoside
(116)

To a stirred solution of 114 (1.28 g, 3.12 mmol) and levulinic acid (635 gL, 6.24 mmol) in
1,2-dichloroethane (10 mL) and chloroform (2 mL) was added 2-chloro-1-methylpyridinium iodide (1.59
g,6.24 mmol) and the mixture was stirred for 30 min. To the reaction mixture was added DABCO (1.14 g,
9.36 mmol) and the mixture was stirred for 9 h. The reaction mixture was filtered though a pad of Celite
and washed with water, dried over Na,SO,, and concentrated under reduced pressure. The crude mixture
was purified with silica gel column chromatography (hexane/ethyl acetate = 2/1) to afford 6-O-levulinoyl
ester. The resulting compound and DMAP (1.14 g, 9.33 mmol) were dissolved in CH,Cl, (15 mL) and
then cooled to 0 °C. To the mixture was added AllocOBt (2.04 g, 9.33 mmol) at 0 °C and the mixture was
stirred for over night. The mixture was quenched with 10% citric acid aq. and extracted with CH,Cl,. The
extract was washed with brine, dried over Na,SO, and concentrated under reduced pressure. The crude
material was purified with silica gel column chromatography (hexane/ethyl acetate = 2.5/1) to afford 116
(120 g, 65% yield) as a colorless oil. 'H NMR (400 MHz, CDCL;) 6 6.95-7.00 (m, 2H), 6.81-6.84 (m,
2H), 5.82-5.99 (m, 3H), 5.44-5.53 (m, 1H), 5.25-5.41 (m, 6H), 5.20 (d, 1H,J =104 Hz),5.11 (t, 1H,J =
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9.9 Hz), 4.56-4.71 (m, 4H), 4.15-4.30 (m, 3H), 4.04-4.09 (m, 3H), 3.77 (s, 3H), 2.72 (t, 2H, J = 6.7 Hz),
2.55-2.62 (m, 2H), 2.16 (s, 3H); *C NMR (100 MHz, CDCl,) & 206.57, 172.30, 155.53, 154.49, 15425,
149.65, 134.11, 131.37, 131.28, 119.35, 119.17, 117.94, 117.63, 114.74, 96.69, 74.45, 72.20, 71.54,
71.18, 69.11, 69.06, 68.98, 62.58, 55.72, 37.93, 29.89, 28.00; HRMS (ESI-QTOF) calcd for C,,H;sNaO,
[M+Na]*, 433.1469; found: 433.1467
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LevO OAlloc HO OAlloc
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116 17

3-0-allyl-2 4-di-O-allyloxycarbonyl-1-O-(p-methoxyphenyl)-o.-D-mannopyranoside (117)

To a stirred solution of 116 (1.16 g, 1.96 mmol) in CH,Cl, (98 mL) and MeOH (98 mL) was added
hydrazine acetate (216 mg, 2.35 mmol) and the mixture was stirred for 12 h. The solvent was removed
under reduced pressure. The crude mixture was purified with silica gel column chromatography
(hexane/ethyl acetate = 2.5/1) to afford 117 (1.09 g, quant) as a colorless oil. 'H NMR (400 MHz, CDCl,)
0 6.97-7.01 (m, 2H), 6.77-6.87 (m, 2H), 5.83-5.99 (m, 3H), 5.54 (d, 1H, J = 10.8 Hz), 5.39-5.40 (m, 1H),
5.25-5.36 (m, 6H),5.20 (d, 1H,J =10.4 Hz),5.12 (t, 1H, J = 10.0 Hz), 4.57-4.73 (m, 4H), 4.22 (dd, 1H, J
=13.0,5.3 Hz),4.03-4.15 (m, 2H), 3.87-3.91 (m, 1H), 3.74-3.80 (m, 3H), 3.64-3.73 (m, 2H), 2.30 (t, 1H,
J = 6.9 Hz); "C NMR (100 MHz, CDCl;) & 155.48, 155.00, 154.53, 149.67, 134.24, 131.27, 119.31,
117.85, 117.58, 114.81, 96.77, 74.18, 72.40, 71.67, 7137, 71.26, 69.09, 61.31, 55.72; HRMS
(ESI-QTOF) calcd for C,,H;NaO,, [M+Na]*, 517.1680; found: 517.1688

Ph
1) AllylBr, NaH
o DMF
o 2) CH,CL/TFAH,0  AllocO _OTBS
&o& o &&%
HO o AllylO
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Ho opmp ) TBS AlyO  “OPMP
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118 CH,Cl, 121

2,3-di-0-allyl-4-0-allyloxycarbonyl-6-O-fert-butyldimethylsilyl-1-O-(p-methoxyphenyl)-o. -D-mann
opyranoside (121)

To a stirred mixture of 118 (6.33 g, 16.9 mmol) in DMF (37 mL) at 0 °C was added NaH (1.72 g, 43.0
mmol) and allyl bromide (3.5 mL, 20.7 mmol). After stirring for 6h, the reaction was quenched with H,O
and extracted with diethyl ether. The extract was washed with H,O and brine, and dried over Na,SO,, and

concentrated under reduced pressure. The residue was purified with silica gel column chromatography
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(hexane/ethyl acetate = 3/1 to 2/1) to afford di-allyl ether (7.27 g, 95%) as a white solid. To a stirred
mixture of di-allyl ether (2.0 g, 4.40 mmol) in CH,Cl, (38 mL) and H,O (1.9 mL) at 0 °C was added TFA
(3.8 mL). After stirring for 3 h, the reaction was quenched with saturated NaHCO; aq. and extracted with
CH,CL,. The extract was washed with brine, dried over Na,SO,, and concentrated under reduced pressure.
The residue was purified with silica gel column chromatography (hexane/ethyl acetate = 1/1) to afford
diol (1.48 g, 93% yield) as a colorless oil. To a stirred solution of the diol (1.23 mg, 3.36 mmol) in DMF
(22.4 mL) were added imidazole (576 mg, 8.39 mmol) and TBSCI (1.27 g, 8.39 mmol). After stirring for
30 min, the reaction was quenched with MeOH and extracted with Et,0. The extract was washed with
water, dried over Na,SO,, and concentrated under reduced pressure. The residue was purified with silica
gel column chromatography (hexane/ethyl acetate = 8/1) to afford 6-O-TBS ether (1.53 g, 95% yield) as a
colorless oil. The TBS ether (1.46 g, 3.04 mmol) and DMAP (1.1 g, 9.12 mmol) were dissolved in
CH,CI, (20 mL) and then cooled to 0 °C. To the mixture was added AllocOBt (2.00 g, 9.12 mmol) at 0 °C
and the mixture was stirred for over night. The mixture was quenched with 10% citric acid aq. and
extracted with CH,Cl,. The extract was washed with brine, dried over Na,SO,, and concentrated under
reduced pressure. The crude material was purified with silica gel column chromatography (hexane/ethyl
acetate = 8/1) to afford 121 (1.86 g, quant, o/ = 1/1 mixture) as a colorless oil. 'H NMR (400 MHz,
CDCly) 8 7.03-7.07 (m, 2H), 6.98-7.02 (m, 2H), 6.78-6.83 (m, 4H), 5.85-5.99 (m, 6H), 544 (d, 1H, J =
3.8 Hz), 5.33-5.35 (m, 2H), 5.24-5.39 (m, 12H), 5.24-5.32 (m, 7H), 5.13-5.18 (m, 4H),4.78 (d, 1H, J =
7.9 Hz), 4.62-4.65 (m, 6H), 441 (ddt, 1H, J = 125, 5.6, 1.3 Hz), 4.22-4.33 (m, 4H), 4.06-4.17 (m, 4H),
4.00 (dd, 1H, J = 10.1, 3.1 Hz), 3.82 (dd, 1H, J = 10.0, 3.7 Hz), 3.68-3.76 (m, 9H), 3.62-3.66 (m, 3H),
3.50 (dd, 1H, J = 9.6, 3.4 Hz), 0.87 (s, 9H), 0.85 (s, 9H), 0.02 (s, 3H), 0.02 (s, 3H); HRMS (ESI-QTOF)

caled for Cy,H,,NaO,Si [M+Na]*, 587.2647; found: 587.2658

AllocO OTBS AllocO _OR
0 p-TsOH 0
AllylO MeCN, H,0  AllylO
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121 LevOH, DMAP 122: R = OH
EDCI-HCI, CH,Cl, > 123 R = Lev

2,3-di-0-allyl-2-0-allyloxycarbonyl-6-O-levulinoyl -1-0-(p-methoxyphenyl)-o. -D-mannopyranoside
(121)

To a stirred solution of 121 (1.66 g, 2.94 mmol) in CHCI; (20 mL) and MeOH (10 mL) was added
p-toluene sulfonic acid monohydrate (253 mg, 1.47 mmol). After stirring for 5 h, the reaction was

quenched with saturated NaHCO; aq. and the mixture was extracted with CHCl;. The extract was washed
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with brine, dried over Na,SO,, and concentrated under reduced pressure. The crude material was purified
with silica gel column chromatography (hexane/ethyl acetate = 2/1) to afford a-122 (552 mg, 39% yield)
and B-122 (552 mg, 39% yield) as a colorless oil, respectively. To a stirred solution of a-122 (452 mg,
1.00 mmol), levulinic acid (292 uL., 2.88 mmol) and DMAP (70 mg, 0.58 mmol) in CH,Cl, (4.6 mL) was
added EDCI*HCI (661 mg, 3.45 mmol). After stirring for over night, the solvent was removed under
reduced pressure. The residue was purified with silica gel column chromatography (hexane/ethyl acetate
= 2/1) to afford a-123 (514 mg, 93% yield) as a colorless oil. a-123: 'H NMR (400 MHz, CDCl;) &
7.02-7.07 (m, 2H), 6.80-6.85 (m, 2H), 5.86-6.00 (m, 3H), 547 (d, 1H, J = 3.6 Hz), 5.27-5.40 (m, 5H),
5.15-5.20 (m, 2H), 4.64-4.66 (m, 2H), 4.12-4.33 (m, 7H), 4.00 (dd, 1H, J=10.0, 3.4 Hz), 3.84 (dd, 1H, J
=10.0, 3.6 Hz), 3.77 (s, 3H), 2.41-2.72 (m, 4H), 2.15 (s, 3H); °C NMR (100 MHz, CDCl;) 6 206.47,
172.27, 155.34, 154.78, 150.83, 134.88, 134.64, 131.51, 118.99, 118.66, 11743, 117.11, 114.59, 97.53,
75.40, 75.13,72.90, 72.19, 71.32, 68.90, 67.17, 62.52, 55.71, 37.87, 29.85, 27.84; f-123: 'H NMR (400
MHz, CDCl;) & 6.98-7.02 (m, 2H), 6.79-6.84 (m, 2H), 5.85-6.01 (m, 3H), 5.26-5.40 (m, 5H), 5.22 (d, 1H,
J=27Hz),517 (td, 2H,J =104, 1.7 Hz),4.79 (d, 1H, J = 7.7 Hz), 4.65 (d, 2H, J = 5.3 Hz), 441 (ddt,
1H,J =125,5.7, 14 Hz), 4.15-4.34 (m, 5H), 4.10 (ddt, 1H, J = 12.8, 5.6, 1.4 Hz), 3.82-3.86 (m, 1H),
3.77 (s,3H),3.70 (dd, 1H,J =9.6,7.8 Hz),3.52 (dd, 1H, J = 9.6, 34 Hz), 2.73-2.76 (m, 2H), 2.57 (t, 2H,
J=6.2Hz),2.17 (s, 3H); "C NMR (100 MHz, CDCl;) 6 206.61, 172.42, 155.49, 154.85, 151.49, 135.12,
134.54,131.51, 118.80, 117.36, 116.88, 114.54, 102.87, 78.58, 78.03, 74.30, 71 .48, 70.89, 70.62, 68 .84,
62.14,55.74,38.00, 29.87,27.93; HRMS (ESI-QTOF) calcd for C,gH;,NaO,, [M+Na]*, 571.2150; found:
5712153

AllocO _OLev 1) CAN, MeCN AllocO _OLev
AV AllylO "OPMP 2 %ﬁ%;@ﬁg&z AV Allylo OJ\CFS
123 124

N-phenyltrifluoroacetoimidoyl 2,3-di-O-allyl-4-0-allyloxycarbonyl-6-O-levulinoyl
-a.§ -D-mannopyranoside (124)
To a stirred solution of 123 (100 mg, 0.18 mmol) in MeCN (2.3 mL) and H,O (2.3 mL) was added CAN
(300 mg, 0.55 mmol). After stirring for over night, the reaction mixture was poured into brine and
extracted with ethyl acetate. The extract was washed with water, dried over Na,SO,, and concentrated
under reduced pressure. The crude material was purified with silica gel column chromatography

(hexane/ethyl acetate = 2/3) to afford hemiacetal (53.5 mg, 66% yield) as yellow oil. To the solution of

the oil and CIC(NPh)CF; (51 uL, 0.33 mmol) in CH,Cl, (2.2 mL) was added DMAP (30 mg, 0.24 mmol).
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After stirring for 8 h, the solvent was removed under reduced pressure. The residue was purified with
silica gel column chromatography (hexane/ethyl acetate = 4/1) to afford 124 (65 mg, 88% yield, ~1:1.1 of
of mixture) as a colorless oil. '"H NMR (400 MHz, CDCl;) & 7.27-7.32 (m, 2H), 7.11 (t, 1H, J = 7.4 Hz),
6.83 (d, 2H, J = 74 Hz), 5.83-6.02 (m, 3H), 5.17-5.40 (m, 8H), 4.65 (dt, 2H, J = 4.3, 1.4 Hz), 4.06-4.26
(m, 7H), 3.85-3.88 (m, 1H), 3.53 (s, 1H), 2.47-2.78 (m, 4H), 2.18 (s, 1.5 H), 2.14 (s, 1.36 H); *C NMR
(100 MHz, CDCl;) & 206.57, 206.50, 172.36, 172.31, 154.68, 154.63, 151.18, 143.51, 134.60, 134.51,
134.37, 13431, 131.42,129.43, 128.84, 126.37, 12440, 120.59, 119.49, 119.28, 119.12, 119.04, 117 .50,
117.40,117.21,78.61,74.83,74.44,74.32,72.81,71.62,71.42,71.25,70.63,69.21, 69.01, 68.97, 62.19,
61.73, 37.94, 29.85, 29.81, 27.88; HRMS (ESI-QTOF) calcd for C,,H;,FsNNaO,, [M+Na]*, 636.2027,
found: 636.2030

R
AllocO Q

Ao 19
TMSOTH Y 1 oo

M3+117 —

CH,Clp, MS4A AllocO 0
Allylo

OPMP

HNNH,ACOH — 125: R = Lev
CH,Cl,. MeOH > 126 R = OH

126: 113 (117 mg, 0.18 mmol) and 117 (68 mg, 0.14 mmol) were co-evaporated with toluene three times
and dried highly under vacuum. The residue was dissolved with CH,Cl, (1.4 mL) and MS4A (100 mg)
was added and then the mixture was cooled to —20 °C. To the mixture was added TMSOTT (5 uL, 0.27
uM) at =20 °C and then the mixture was stirred at room temperature for 1.5 h. The reaction was quenched
with pyridine and then the mixture was concentrated under reduced pressure. The crude mixture was
purified with silica gel column chromatography (hexane/ethyl acetate = 4/1 to 3/1 to 2/1) to afford 125
(107 mg, 81% yield) as a colorless oil. '"H NMR (400 MHz, CDCL;) 8 6.97-7.01 (m, 2H), 6.86-6.90 (m,
2H),5.71-5.99 (m, 6H), 5.51 (d, 1H, J = 1.6 Hz), 5.07-5.40 (m, 14H), 4.96-5.06 (m, 2H),4.77 (d, 1H, J =
1.6 Hz), 4.59-4.73 (m, 9H), 4.19-4.34 (m, 3H), 3.96-4.08 (m, 5H), 3.72-3.84 (m, 5H), 3.51 (dd, 1H, J =
10.8, 1.6 Hz), 2.74-2.79 (m, 2H), 2.62-2.67 (m, 2H), 2.18 (s, 3H); *C NMR (100 MHz, CDCl,) & 206.50,
171.65, 155.29, 154.90, 154.51, 154.31, 149.65, 134.15, 134.04, 131.73, 131 .48, 131.43, 131.33, 119.31,
119.18,119.04, 118.84, 117.56, 117.37, 117.33, 114.86, 97.37, 96.17, 77.37, 74.64, 7438, 72.19, 71.69,
71.60, 71.14, 70.73, 70.02, 69.09, 69.00, 68.87, 68.72, 68.48, 68.31, 66.45, 66.15, 55.64, 38.08, 29.83,
28.28; HRMS (ESI-QTOF) calcd for C,4H5sNaO,, [M+Na]*, 985.3312; found: 985.3333. To a stirred
solution of 125 (85 mg, 88.3 ymol) in CH,Cl, (4.4 mL) and MeOH (4.4 mL) was added hydrazine acetate
(12 mg, 0.13 mmol). After stirring for 7 h, the solvent was removed under reduced pressure. The crude

material was purified with silica gel column chromatography (hexane/ethyl acetate = 3/1 to 2.5/1) to
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afford 126 (76 mg, quant) as a colorless oil. "H NMR (400 MHz, CDCl;) & 6.95-7.00 (m, 2H), 6.84-6.89
(m, 2H), 5.78-5.98 (m, 6H), 5.51 (d, 1H, J = 1.7 Hz), 5.32-5.40 (m, 5H), 5.25-5.30 (m, 6H), 5.13-5.23 (m,
3H), 5.10 (t, 1H, J = 10.0 Hz), 5.01 (t, 1H, J = 99 Hz), 4.89 (d, 1H, J = 1.5 Hz), 4.59-4.73 (m, 8H),
4.27-431 (m, 2H), 4.22 (ddt, 1H,J =13.0,5.3, 1.4 Hz), 3.93-4.10 (m, 7H), 3.83 (q, 1H, /= 5.6 Hz), 3.75
(s,3H),3.68 (dd, 1H,J =9.5,3.3 Hz),3.56 (dd, 1H,J = 11.2, 1.7 Hz), 2.46 (d, 1H, J = 1.5 Hz); *C NMR
(100 MHz, CDCly) & 155.34, 154.89, 154.55, 154.50, 154.24, 149.62, 134.15, 133.98, 131.72, 131.48,
131.29,119.39,119.10, 118.84, 117.74, 117.59, 117.47, 114.83,98.94, 96.32, 76.64,74.74,72.17, 71 91,
7148, 71.17, 71.11, 70.13, 69.10, 68.99, 68.88, 68.70, 68.19, 68.06, 66.39, 66.00, 55.67 HRMS
(ESI-QTOF) calcd for C,H5,NaO,, [M+Na]*, 887.2944; found: 887.2948
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127: 124 (65 mg, 0.11 mmol) and 126 (76 mg, 87.9 ymol) were co-evaporated with toluene three times
and dried highly under vacuum. The residue was dissolved with Et,O (1.0 mL) and MS4A (140 mg) was
added and the mixture was then cooled to —20 °C. To the mixture was added TMSOTf (3.2 L, 0.18
pumol) at =20 °C and then the mixture was stirred at O °C for 3.5 h. The reaction was quenched with Et;N
(60 uL) and then the mixture was concentrated under reduced pressure. The residue was purified with
silica gel column chromatography (hexane/ethyl acetate = 3/1 to 2.5/1) to afford 127 (84 mg, 74% yield)
as colorless oil. '"H NMR (400 MHz, CDCl,) § 6.97-7.00 (m, 2H), 6.85-6.89 (m, 2H), 5.76-6.00 (m, 9H),
5.50 (d, 1H, J = 1.7 Hz), 5.37-5.40 (m, 3H), 5.23-5.35 (m, 14H), 5.03-5.21 (m, 8H), 4.58-4.72 (m, 10H),
4.18-4.30 (m, 5H), 4.11-4.17 (m, 4H), 3.99-4.10 (m, 6H), 392 (ddd, 2H, J = 12.7,5.2, 1.7 Hz), 3.78-3.88
(m, 3H),3.73 (d,3H,J =4.7 Hz), 3.65-3.70 (m, 1H), 3.54-3.59 (m, 1H), 2.67-2.72 (m, 2H), 2.53 (t, 2H, J
= 6.4 Hz), 2.15 (s, 3H); °C NMR (100 MHz, CDCl;) & 206.50, 172.44, 155.34, 154.86, 154.75, 154.49,
154.39, 15423, 149.68, 135.43, 134.74, 13446, 134.14, 131.73, 131.58, 131.47, 131.29, 119.45, 119.09,
118.93,118.88,117.56,117.43,117.06, 116.75, 116.55, 114.87,99.00, 98 .43, 96.38,77.36,75.87, 74 91,
74.73, 72.60, 72.24, 72.17, 7140, 71.33, 71.09, 70.96, 70.23, 69.15, 68.97, 68.86, 68.75, 67.08, 66.48,
66.05, 62.81, 55.66, 37.81, 29.88, 27.84; HRMS (ESI-QTOF) calcd for Cg,HgNaO,, [M+Na]*,
1311.4677; found: 1311.4684
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73: To a stirred mixture of 127 (50 mg, 38.7 mmol) in MeCN (500 L) and H,O (500 L) at 0 °C was
added CAN (64 mg, 0.12 mmol) and the mixture was stirred for 2.5 h at room temperature. The reaction
mixture was poured into brine and extracted with ethyl acetate. The extract was washed with H,O, dried
over Na,SO,, and concentrated under reduced pressure. The residue was roughly purified with silica gel
column chromatography (hexane/ethyl acetate = 3/1 to 1/1) to afford the hemiacetal. The hemiacetal was
dissolved with CH,CI, (690 uL). To the solution was added DMAP (9.5 mg, 77.4 umol) followed by
CIC(NPh)CF; (16.5 L, 0.10 mmol) and the mixture was stirred for 6 h. The solvent was removed under
reduced pressure. The residue was purified with silica gel column chromatography (hexane/ethyl acetate
= 20/1) to afford 73 (26 mg, 49% yield for 2 steps) as a colorless oil. '"H NMR (400 MHz, CDCl;) &
7.29-7.33 (m, 2H), 7.12 (t, 1H, J = 7.5 Hz), 6.82-6.88 (m, 2H), 5.79-5.99 (m, 9H), 5.04-5.39 (m, 26H),
4.58-4.75 (m, 10H), 3.83-4.25 (m, 19H), 3.63-3.69 (m, 2H), 2.51-2.76 (m, 4H), 2.04-2.11 (m, 3H); “C
NMR (100 MHz, CDCl;) & 207.23, 206.44, 172.41, 154.84, 154.75, 154.33, 154.26, 154.00, 142.90,
13543, 134.76, 134.43, 133.86, 131.68, 131.59, 131.44, 131.15, 129.00, 124.83, 119.56, 119.41, 119.08,
118.81, 118.06, 117.35, 116.71, 116.55, 99.07, 98.74, 76.06, 74.90, 74.70, 74.45, 72.54, 72.24, 72.06,
71.33,70.84, 7045, 69.32, 69.11, 68.74, 67.04, 66.56, 65.88, 62.64, 60.46, 37.83, 31.00, 29.78, 27.79,

21.12,14.27; HRMS (ESI-QTOF) calcd for C;H,sF;NNaO,, [M+Na]*, 1376.4555; found: 1376.4533
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128a: To a stirred solution of 74a (14 mg, 9.22 umol), 73 (25 mg, 18.4 umol), and MS4A (30 mg) in
CH,CIl,/Et,0 (1/1) (250 pL) was added 0.1 M TMSOT{ in CH,Cl, (46 uL) at 0 °C then the mixture was
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warmed up to room temperature. After stirring for 4 h, the reaction was quenched with Et;N (10 uL) and
the mixture was then filtered though a pad of celite and concentrated. To the solution of the residue in
CH,Cl,/MeOH (9/1) (400 pL) was added hydrazine acetate (1.70 mg, 18.4 pmol). After stirring for 2 h,
the solvent was removed under reduced pressure. The residue was purified with amino silica gel column
chromatography (toluene/ethyl acetate = 6/1 to 3/1) to afford 128a (9.15 mg, 38% yield for 2 steps, ~1:1
diastereomixture) as a colorless oil. 'H NMR (700 MHz, CDCl,) & 5.77-5.98 (m, 17H), 5.47-5.51 (m, 2H),
5.06-5.38 (m, 38H), 4.74 (q, 1H, J = 6.3 Hz), 4.60-4.67 (m, 12H), 4.38-4.43 (m, 2H), 4.23-4.31 (m, 8H),
4.04-4.22 (m, 24H),3.91-4.01 (m, 6H), 3.76-3.86 (m, 6H), 3.72 (dd, 1H,J =9.7,3.5 Hz),3.61 (d,2H, J =
15.5 Hz), 3.44-3.47 (m, 1H),3.37 (td, 1H,J=9.6,4.1 Hz),3.26 (dd, 1H,J=10.2,3.5 Hz),2.41 (td, 2H, J
=149,6.8 Hz),2.34 (dd,2H,J=12.8,7.5 Hz),2.04 (q,4H, J = 6.3 Hz), 1.64 (d, 5H, J = 22.1 Hz), 1.28
(68H), 0.90 (t, 7H, J = 6.9 Hz); *C NMR (175 MHz, CDCL,) & 173.53, 173.51, 154.84, 154.44, 154 01,
13542, 134.74, 134.60, 134.45, 13438, 134.28, 134.17, 134.06, 133.92, 133.72, 131.77, 131.70, 131.59,
13147, 131.41,131.31, 12991, 119.53,119.17, 119.09, 118.98, 118.92, 118.83, 118.19, 117.77, 117.72,
117.56, 117.48, 117.36, 117.20, 117.15, 117.09, 99.02, 98.84, 98.72, 90.29, 76.02, 75.73, 75.05, 74 .84,
7428, 73.71,73.21, 7239, 7222, 71.77, 71.24, 71.02, 69.98, 69.02, 68.92, 68.76, 68.71, 68.57, 6791,
67.64, 6744, 67.39, 66.58, 66.49, 66.38, 66.27, 53.46, 34.15, 31.96, 29.88, 29.80, 29.71, 29.60, 29.55,
29.44,29.36,29.21,29.06, 27.23, 24.90, 22.72, 14.17; HRMS (ESI-QTOF) calcd for C,3;H,,sN;Na,O,,P
[M+Na,]**, 1314.1826; found: 1314.1834
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128b: In a manner similar to the synthesis of 128a, 74b (10 mg, 6.60 ymol) was converted into 128b (3.8
mg, 22% yield for 2 steps, ~1:1 diastereomixture) as a colorless oil. 'H NMR (700 MHz, CDCl;) &
5.77-6.00 (m, 17H), 5.47-5.51 (m, 2H), 5.06-5.40 (m, 38H), 4.74 (dd, 1H, J = 13.3, 5.7 Hz), 4.62-4.68 (m,
12H), 4.37-4.43 (m, 2H), 4.23-4.34 (m, 8H), 4.05-4.21 (m, 24H), 3.89-4.09 (m, 6H), 3.75-3.88 (m, 6H),
372 (dd, 1H,J=95,3.8 Hz), 3.61 (d, 2H, J = 12.4 Hz), 3.45-3.48 (m, 1H), 3.36-3.39 (m, 1H), 3.24-3.27
(m, 1H), 2.33-2.45 (m, 4H), 2.04 (q,4H, J = 6.5 Hz), 1.63-1.66 (m, 4H), 1.28 (68H), 0.90 (t, 6H,J = 6.9
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Hz); *C NMR (175 MHz, CDCL,) 6 173.44, 170.63, 154.84, 154.39, 135.36, 135.30, 134.76, 134 .44,
134.30, 134.14, 133.86, 133.70, 131.77, 131.70, 131.60, 131.49, 131.41, 131.28, 12991, 119.53, 119.18,
119.10, 119.04, 118.98, 118.92, 118.83, 118.67, 118.06, 117.73, 117.68, 117.57, 117.49, 117.41, 117.23,
117.15,117.08,116.73,99.05, 98.89, 98.76, 89.48,76.06, 75.75,75.22,75.11,74.98, 74.86, 74.79, 7474,
74.55, 7431, 73.36, 72.49, 72.38, 72.25,72.19, 72.14, 71.84, 71.77, 71.29, 71.26, 71.15, 71.05, 70.99,
70.90, 70.67, 70.59, 70.51, 70.42, 70.00, 69.25, 69.05, 68.93, 68.89, 68.84, 68.76, 68.72, 68.65, 68.60,
68.53, 68.26, 67.80, 67.75, 67.66, 67.48, 67.09, 66.56, 66.51, 65.75, 53.47, 34.15, 31.96, 29.80, 29.76,
29.71, 29.60, 29.55, 29.49, 29.40, 29.36, 29.28, 29.21, 29.16, 29.10, 29.05, 27.23, 24.97, 24.90, 22.72,
14.17; HRMS (ESI-QTOF) calcd for C,33H,3N;Na,0,,P [M+Na,]**, 1314.1826; found: 1314.1868
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To a stirred solution of 74a (2.48 mg, 1.68 pmol) and 1,3-dimethylbarbituric acid (3.8 mg, 24.4 mmol) in
CH,Cl,/MeOH/H,0 (10/10/3) (300 pnL) was added Pd(PPh;), (1.8 mg, 1.63 umol) and the mixture was
stirred at 40 °C for 2 h. The reaction mixture was directly subjected into LH-20 size exclusion resin
column (CHCl3;/MeOH/H,0O = 5/5/1) to remove reagents. The desired product-containing fraction was
concentrated under reduced pressure. To the solution of the residue in THF/MeOH/H,O (10/10/3) (300
pL) were added AcOH (1 drop) and Zn-Cu couple (prepared from 50 mg of Zn) and the mixture was
vigorously stirred for 1 h. The mixture was filtered and purified with LH-20 size exclusion resin column
(CHCI3/MeOH/H,0 = 5/5/1) to afford 18a (1.43 mg, 75% yield for 2 steps) as a white solid. 'H NMR
(700 MHz, CDCI,/CD,0D/D,0 = 60/35/4) 8 5.56-5.57 (m, 1H, inositol-2), 5.54-5.54 (m, 1H, GlcNH,-1),
5.36 (t,2H, J = 4.7 Hz, sp>-CH), 4.35 (td, 1H, J = 9.6, 3.1 Hz, inositol-1), 4.17 (dd, 1H,J = 11.5, 4.6 Hz,
Glycerol-1), 4.10-4.14 (m, 2H, Glycerol-1, GlcNH,-5), 3.97-4.00 (m, 1H, Glycerol-2),3.92 (t, 1H,J=9.5
Hz, inositol-6), 3.88-3.83 (m, 3H, GIcNH,-3, GlcNH,-6, Glycerol-3), 3.77 (dd, 1H, J = 12.2, 4.5 Hz,
GlcNH,-6), 3.65-3.59 (m, 2H, inositol-3, inositol-4), 3.45 (t, 1H, J = 9.7 Hz, GIcNH,-4), 3.41 (t, 1H, J =
9.0 Hz, inositol-5), 3.16 (dd, 1H, J = 10.0, 3.1 Hz, GIcNH,-2), 2.37-2.45 (m, 4H, -CO-CH,-), 2.04 (dd,
4H,J =12.7,6.8 Hz, -CH,CH=CHCH,-), 1.63-1.64 (m, 4H, -CO-CH,-CH,-), 1.43-1.28 (m, 68H, -CH-),
0.90 (t, 6H, J = 7.0 Hz, -CH,-CH,); '*C NMR (175 MHz, CDCL,/CD,0D/D,0) & 174.68, 173.79, 129.7
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(spZ-CH), 95.3 (GIcNH,-1), 77.3 (inositol-6), 74.5 (inositol-1), 73.0 (inositol-5), 73.0 (inositol-4), 72.9
(inositol-2), 72.4 (GlcNH,-5), 70.1 (GIcNH,-3), 69.7 (GlcNH,-4), 69.5 (inositol-3), 68.8 (Glycerol-2),
67.0 (Glycerol-3), 65.0 (Glycerol-1), 60.6 (GlcNH,-6), 54.0 (GIcNH,-2), 34.0 (2C, -CO-CH,-), 3391,
31.82, 31.80, 29.60, 29.55, 29.54, 29.47, 29.45, 29.36, 29.30, 29.26, 29.20, 29.12, 29.02, 27.1 (2C,
-CH,CH=CHCH,-), 26.95, 25.1 (2C, -CO-CH,-CH,-), 24.73, 22.54, 14.1 (2C, -CH,-CH;); *'P NMR (242
MHz, CDCl,/CD,0D/D,0 = 60/35/4) 6 4.82; HRMS (ESI-QTOF) calcd for CqH,;sNO,P [M],

1164.7908; found: 1650.7894
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18b: In a manner similar to the synthesis of 18a, 74b (3.38 mg, 2.22 ymol) was converted into 18b (1.73
mg, 67% yield for 2 steps) as a white solid. "H NMR (700 MHz, CDCl,/CD,0D/D,0 = 60/35/4) § 5.51
(1H, inositol-2), 5.49 (1H, GlcNH,-1), 5.32 (2H, sp’-CH), 427 (1H, inositol-1), 4.08 (1H, Gly-1), 4.05
(2H, Gly-1, GIcNH,-5), 3.95 (1H, Glycerol-2), 3.87 (1H, inositol-6), 3.84 (2H, GlcNH,-6, Glycerol-3),
3.78 (1H, GIcNH,-3), 3.71 (1H, GlcNH,-6), 3.65 (2H, inositol-3, inositol-4), 3.38 (1H, GlcNH,-4), 3.34
(1H, inositol-5), 3.09 (1H, GIcNH,-2), 2.33 (2H, -CO-CH,-), 2.27 (2H, -CO-CH,-), 199 (4H,
-CH,CH=CHCH,-), 1.57 (4H, -CO-CH,-CH,-), 1.44-1.26 (68H, -CH,-), 0.85 (6H, -CH,-CH;) ;*C NMR
(175 MHz, CDCIly/CD;OD/D,0 = 60/35/4) & 129.7 (sp>-CH), 95.2 (GlcNH,-1), 77.5 (inositol-6), 74.5
(inositol-1), 72.9 (inositol-5), 72.5 (GIcNH,-5), 72.1 (inositol-4), 70.1 (GIcNH,-3), 70.1 (inositol-3), 69.8
(GIcNH,-4), 68.7 (Glycerol-2), 66.8 (Glycerol-3), 64.7 (Glycerol-1), 60.9 (GlcNH,-5), 54.1 (GlcNH,-2),
34.3 (2C,-CO-CH,-), 27.3 (2C, -CH,CH=CHCH,-), 25.1 (2C, -CO-CH,-CH,-), 14.2 (2C, -CH,-CH;) ; *'P
NMR (242 MHz, CDCl;/CD;0D/D,0 = 60/35/4) & 4.42; HRMS (ESI-QTOF) calcd for CqH,sNO,,P

[M], 1164.7908; found: 1650.7966
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17a: To a stirred solution of 128a (1.87 mg, 0.72 umol) and1,3-dimethylbarbituric acid (3.4 mg, 21.7
mmol) in CH,Cl,/MeOH/H,O (10/10/3) (300 pL) was added Pd(PPhs); (I mg, 0.87 umol) and the
mixture was stirred at 40 °C for 1 h. The reaction mixture was directly subjected into LH-20 size
exclusion resin column (CHCl;/MeOH/H,O = 10/10/3) to remove reagents. The desired
product-containing fraction was concentrated under reduced pressure. To the solution of the residue in
THF/MeOH/H,0 (10/10/3) (300 pL) were added AcOH (1 drop) and Zn-Cu couple (prepared from 30
mg of Zn) and the mixture was vigorously stirred for 1.5 h. The mixture was filtered and purified with
LH-20 size exclusion resin column (CHCI;/MeOH/H,0 = 10/10/3) to afford 17a (0.71 mg, 60% yield for
2 steps) as a white solid. 'H NMR (700 MHz, CDCL,/CD;0D/D,0 = 60/35/4) & 5.56 (1H, inositol-2),
5.50 (1H, GIcNH,-1), 5.36 (2H, sp’-CH), 5.22-5.20 (2H, Gal-1, Man-1), 5.06 (1H, Man-1), 431 (1H,
inositol-1), 4.20 (1H, GIcNH,-5), 4.17, 4.12 (2H, Glycerol-1), 4.06 (1H, GIcNH,-3), 4.01 (Glycerol-2),
3.99, 3.93 (2H, Glycerol-3), 3.89, 3.85 (1H, GlcNH,-6), 3.80 (1H) 3.71 (1H, GIcNH,-6), 3.68 (1H), 3.64
(1H), 3.61, 3.57, 3.59 (1H, inositol-4), 3.41 (1H, inositol-5) 3.12 (1H, GlcNH,-2), 2.43 (-CO-CH,-), 2.37
(-CO-CH,-), 2.04 (4H, -CH,CH=CHCH,-), 1.63 (4H, -CO-CH,-CH,-), 1.34-1.28 (68H, -CH,-)0.90 (6H,
-CH,-CH;); *C NMR (175 MHz, CDCl,/CD,0D/D,0 = 60/35/4) & 129.8 (sp°>-CH), 101.6 (Gal-1), 98.2
(Man-1), 80.1, 73.1 (inositol-5), 72.4, 71.2 (GlcNH,-3), 70.3, 70.3, 69.4, 68.5 (Glycerol-2), 67.1
(GIcNH,-5), 67.1, 66.2 (Glycerol-3), 65.7 (inositol-1), 65.1 (Glycerol-1), 62.3, 61.0 (GlcNH,-6), 50.4
(GIeNH,-2), 33.8 (2C, -CO-CH,-), 31.6, 294, 270 (2C, -CH,CH=CHCH,-), 22.5, 139 (2C,

-CH,-CH;) ;HRMS (ESI-QTOF) calcd for C;0H,,sNO5,P [M]", 1650.9493; found: 1650.9464
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17b: In a manner similar to the synthesis of 128a, 128b (1.70 mg, 0.66 ymol) was converted into 17b
(0.64 mg, 59% yield for 2 steps) as a white solid. "H NMR (700 MHz, CDC1,/CD;0D/D,0 = 60/35/4) &
5.52 (1H, inositol-2), 5.49 (1H, GIcNH,-1), 5.33 (2H, sp’-CH), 5.20 (1H, Gal-1), 5.18 (1H, Man-1), 5.04
(1H, Man-1), 4.33 (1H, inositol-1), 4.21 (1H, GIcNH,-5), 4.08 (1H, Glycerol-1), 4.03 (1H, GlcNH,-3),
397, 3.96 (1H, Glycerol-2), 3.90 (1H), 3.89 (1H, Man), 3.86 (1H, inositol-6), 3.83 (2H, GIcNH,-6,
Gly-3), 3.77 (1H), 3.76 (1H, GlcNH,-6), 3.75 (1H, Man), 3.69 (2H), 3.66 (1H, GIcNH,-4), 3.62 (1H,
inositol-3), 3.60 (1H, inositol-4), 3.39 (1H, inositol-5), 3.21 (1H, GlcNH,-2), 2.39 (2H, -CO-CH,-), 2.36
(2H, -CO-CH,), 2.00 (4H, -CH,CH=CHCH,-), 1.59 (4H, -CO-CH,-CH,-), 1.45-1.25 (68H, -CH,-), 1.14
(6H, -CH,-CH;); C NMR (175 MHz, CDCl,/CD,0D/D,0 = 60/35/4) 6 130.0 (sp’>-CH), 101.8 (Gal-1),
101.1 (Man-1), 98.4 (Man-1), 95.5 (GIcNH,-1), 80.3, 77.9 (inositol-6), 73.0 (inositol-2), 72.8 (inositol-4),
724 (Man), 71.1 (2C, GlcNH,-3, GIcNH,-5), 71.0, 70.4, 70.0 (Man), 69.1 (2C, Glycerol-2, inositol-3),
66.8 (Glycerol-3), 67.4 (GlcNH,-4), 61.0 (GIcNH,-6), 65.0 (Glycerol-1), 61.4, 54.3 (GlcNH,-2), 31.9,
339 (2C, -CO-CH,-), 29.6, 27.0 (2C, -CH,CH=CHCH,-), 24.9 (2C, -CO-CH,-CH,-), 224, 13.7 (2C,
-CH,-CH;) ; *'P NMR (CDCly/CD;OD/D,0 = 60/35/4) & 5.71; HRMS (ESI-QTOF) calcd for
C,o0H4sNO3,P [M]7, 1650.9493; found: 1650.9498

121



2.  Biology

Hemolytic activity on human whole blood.

aGalCer, ERLPPG and synthetic compounds were diluted in PBS and distributed in 96 well plates in
concentrations ranging from 0.1 to 20pg/ml. An equal volume of red blood cells (RBCs) obtained from
EDTA-preserved peripheral blood of a healthy donor was added. After incubation for 1h at 37°C, RBCs
were centrifuged at 800 x g, RT, 10 min. The absorbance of the supernatant was measured at 530 nm in
an ELISA counter (MRXe, Dynex, Magellan Bioscience) with the reference filter set at 630 nm.
Percentage hemolytic activity of each stimulant was estimated as (A-A¢/Amax-Ag) x 100 where A is the
background hemolysis obtained by the incubation of RBCs with PBS and Amax is the 100% hemolysis

achieved upon incubation of RBCs in distilled water.

Cytotoxicity on murine splenocytes and human PBMCs.

For the administration of the cytotoxicity on murine splenocytes and human PBMCs, murine spleen cells
were collected from perfused mouse spleen and submitted to erythrolysis and human PBMCs were
isolated by density gradient centrifugation. 1x10° splenocytes or human PBMCs were distributed in 96
well plates and stimulated with 0.1, 1.0 and 10.0 pg/ml aGalCer, EALPPG and synthetic compounds for
12, 24 or 48h. After incubation cells were harvested and stained with live dead staining (Zombie uvi™
Fixable Viability Kit, BioLegend) after manufacturers instructions. Data acquisition was performed on a

BD LSRII flow cytometer.
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Fig. S1 Gating strategy of cytotoxicity test on murine splenocytes and human PBMCs.

Enzyme-linked immunosorbant assay (ELISA)-based competitive binding assay

Pierce protein G coated 96 well plates (Thermo Fisher Scientific) were washed with 200 pL of PBST
(PBS containing 0.05% Tween-20) three times. 50 pL of mouse CD1d:Ig fusion protein (BD bioscience)
(10 pg/mL in PBS) for 1h at room temperature. 25 pL of Serially diluted inositol phospholipids and
a-galactosylceramide (GalCer) with PBS were added to the plates and then added 25 pL of 18:1 biotinyl
PE (1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-(Biotinyl), Avanti Polar Lipids) (8 ug/mL in
PBS) and incubated for overnight at 37 °C. After washing the plates with PBST three times,
mCD1d:Ig-biotinyl PE complex was detected with HRP-labeled Avidin (Biolegend). Inhibition curves

were constructed using GraphPad Prism software (ver. 7.02, GraphPad).

Competitive binding assay using Alphascreen® technology

Affinities between synthetic inositol phospholipid and mouse CDI1d molecule was measured by
competitive binding assay, using 18:1 Biotinyl PE [1,2-
dioleoyl-sn-glycero-3-phosphoethanolamine-N-(Biotinyl) (Avanti Polar Lipids)], as an indicator, utilizing
Alphascreen® technology (Perkin Elmer). 5 nM of mCD1d:mIgG dimer (BD Bioscience) and 10 yg/mL

of antimouse IgG acceptor bead (Perkin Elmer) were added to 1/2 AREAPLATE-96 (Perkin Elmer) and
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incubated for 1 h in dark at room temperature. Synthetic inositol phospholipids were serially diluted (10
#M to 1 nM) with PBS containing 0.005% tween-20 and then added into wells and incubated for 12 h at
37 °C. After addition of 2 yM of 18:1 Biotinyl PE into wells, the plates was incubated for 12 h at 37 °C.
18:1 Caproylamine PE [1,2- dioleoyl-sn-glycero-3-phosphoethanolamine-N-(hexanoylamine) (Avanti
Polar Lipids)] was used as a positive control. 10 pg/mL of Streptavidin donor bead (Perkin Elmer) was
added into each wells and incubated for 1 h at room temperature in dark. Biotinyl PE-CD1d complex was
detected with Spark 10M (Tecan). Inhibition curves were constructed using GraphPad Prism software
(version 7.0; GraphPad).

Titration assay: Biotinyl PE (Avanti Polar Lipids) (0.3, 1, 3, 10 xM) ()in PBS containing 0.005%
tween-20 was incubated with mCD1d:IgG (BD Bioscience) (3, 10, 30, 100 nM) in PBS at 37 °C for 12 h
in 1/2 AREAPLATE-96. To the each well were added Streptavidin donor beads and antimouse IgG

acceptor bead and incubated for 1 h in the dark. Alpha counts were measured with Spark 10M (Tecan).
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Fig. S2 Titration assay for determination of Biotinyl PE and mCD1d:IgG concentration

Mouse NKT cells or spleen cell stimulation assay
NKT cell or spleen cells were isolated from C57BL/6 mice, seeded at a concentration of 2x10°/well and
incubated with isolated EALPPG or synthetic inositol phospholipids at indicated concentrations for 48 h.

IFN-vy induction in the supernatant was determined by ELISA.
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In vitro infection models using murine macrophages.

Murine bone marrow derived macrophages (BMM) were isolated from tibias and femurs of 6- to
10-week-old female BALB/c mice and cultured for 10 days in Iscove’s Modified Dulbecco’s Medium
(IMDM, Sigma) supplemented with 10% heat inactivated FCS (Sigma), 5% horse serum (Sigma), 30%
L929 supernatant. For infection, BMM were harvested, washed and seeded into 24-well plates (Sarstedt)
at a density of 2x10° cells/well. The macrophages were incubated for 72 h at 37°C and 5% CO, to allow
adhesion of the cells. Adherent BMM were infected with stationary phase promastigotes at a multiplicity
of infection of 10 parasites per macrophage. After 4 h of incubation at 37°C in IMDM, non-phagocytosed
parasites were removed by multiple washing steps with warm PBS and BMMs for 24-well plates were
treated with 4.0pg/ml aGalCer 8.0pg/ml EALPPG and 0.1, 1.0 or 10pg/ml synthetic compounds. for 48h.
After incubation the medium supernatants were removed. BMM in 24-well plates were washed twice and
the cells were collected and subjected to genomic DNA (gDNA) isolation (QIAmp gDNA Kit, QIAGEN).

gDNA was used to determine the parasite burden via a probe PCR for detection of Leishmania actin.
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