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high-resolution mass spectrometry
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methyl

melting point
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a-methoxy-a-(trifluoromethyl)phenylacetic acid
normal
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PGME phenylglycine methyl ester

Ph phenyl

Piv pivaloyl

ppm parts per million

PyBOP (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
rt room temperature

t- tertialy-

sat. saturated

TBAF tetrabutylammonium fluoride
TBDPS tert-butyldiphenylsilyl

THF tetrahydrofuran

quant. quantitative yield

VGAT vesicular GABA transporter
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1. IL®IZ

HXARRRDERE, T70b D 9 D, TN = — [/ S—F Y 7R & OFE &4 OFEAREE I FE S R
LoTHBY, TORERISHLHNT D ETRENTHD B O RmER, B9 SFOBmEK L
LT, MRREEWE b7 AR —%— (NTTs : neurotransmitter transporters) Z () & L 7-3KDBRFIFZEN % <
RENTND, NTTs OHREZIRET D &, v F 7 REBROMRARED IR LA U, IS B ERAE
MbEnd, ARBREN ETHSN TS Z ENbREND X9, NTTs OFEMIEN & L TOHRAMETREN] &
ncTuna,

1950 FRIz, H—MROZBRP ) >ETHLA I T T I VBRI, kbt AZ I U E LTH
WEINTZA I T T IU0F, U AMBRICKEB SN 7 v (MR EDE) OFRY AAERET 5 E
)T IV TUAR—E—ERITHD ZEBBRICHLNE otz B A IF7F 302300 LT 5 28R
P19 DEOIEBERBTOMEIZL Y B/ 7 IV OBRVIALEZRE LT T AMBOE ) 7 I ViREELY L
HERDHIETHISERZRTEVIE 7 2 ARG B BB S, ZOFEGICH > TEL Ot DR
BRI SN TE o, Ll Zhb =ZBRAR D DIITBIRENZ L, BIZIE, A X777 Ividkr b= FT
VAR=H =R ) NEERT Y U N TURAR—H =TT AAD Y URFR, B AX I UZRKFIR, TR
VU v a ZBERE WS G F N BB Z BRI OIENT 5, £2C, ZoM@EZBRELZ, T
AR—H =2 L0 BRAYeBHEAI & LT, @Rt F =2 I IABREHR (SSRI) v b= LT R
LU BRI ER] (SNRI) 23BR%E S, 9 DIF O R E L TRV LA TS B

A SC TR E O —> T3 % GABA (y-aminobutylic acid) (254 5 T, BIRA7Z GABA 7 v A
R—%— (GAT) [HEX DRI Z HEY & Lo fEEEEARBAIZEIZ DOV TR R %,

2. MHRHAEWE | T AR~ S —

b7 22K =5 —I3, ABC (ATP-binding cassette) 7> A—%4— & SLC (solute carrier) b7 > A —4 —
DREL 2DODA—=R=T 7 I Y =TT bILD,ABC b T U AR—F — T 1ifE2= > Fdbi= V) 25D ATP
O oML v 5y o G e

Endogenous Substrate

P = SLC6A1 GAT1 GABA
EVC‘\\ ATP 0)7]!] 7k§7\ﬁﬁfﬁ% E Amino acid/orphan SLC6A2 NET Norepinephrine
h 5 - Z\‘ /I/ 3.(‘ - %%IJ )EH L/ T SLC6A3 DAT Dopamine
B SLC6A4 SERT Serotonin
W DL A AT 5 — IRPERE
SLC6A5 GLYT2 Glycine
> S S} SLC6A6 TAUT Taurine
Bk A CThH D, B FTIET
SLC6AT PROT Proline
~ — by LC6A8 1 reatine
D7 7 3 Y —, 49 FHH Sicets  CTy Crad
SLC6A9 GLYT1 Glycine
NS \ — .
S ETES TS, R SLC6A10°
— ° SLC6A11 GAT3 GABA
SLC b7 vV AR —H —% SLC6A12  BGT1 Betaine, GABA
SLC6A13 GAT2 GABA
ATP jJ[I 7k ﬁj\ﬁgi* }1/ ﬂfiv—— % SLC6A14 ATBO+ \c:xctl:'i::l cationic amino
*Uﬁﬁ‘ﬂ.ﬁa}\ *YK‘@'@EE@J%%T SLC6A15 NTT73 lu;giod:outral amino
SLC6A16 NTT5 Unknown
» R/ N SLC6A17 N N al amino acids
4 C 7o NS O A A SLGAls  BOATs  Neutral amino acids
SLC6A19 BOAT1 Neutral amino acids
Vs Y SLC6A20 XTRP3 Proline, pi late,
O P B A & M D ik e

PEREBVRIE A ATV BUEE T Figure 0-1. hSYRE—H—T73U— (SLCR—/S—T73—HEUSLC6T73Y—) DA
\252 77 U —_ #) 380 fE (Mol. Aspects Med. 2013,34,197. &Y 5| )
FADMAET Do GABA X /8



2. AT RLF U U E2I LD ETHIMBEIENED N T AR—F—X SLC b T v AKR—H—D SLC6
77 IU—IZB/L, AEE NaEoER, LI N/ Cl &FHDO N T UV AR—F—Th b, DI
SLC6 kT v AR—%—IL Figure 0-1 IZ/RT L IICKREL 42 (Dkr b=/ LR 7Y v RV
REDE )T IV R T UAR—Z— @GABA h T LV AR—H— QT VIR EDT I BN T AR
— @WENLHNDF—T 7 N T UAR—Z =) I IND, ZOF—T 7 NI UAR—E =T I
KT UAR=HZ—=TEH LN, TOWRED S IIREMPA S TR B

b T U AR=Z =TI AL T DS NV ETHY | S R BT E X 7 ERAB O R B - RS -
fan kO T X TOWME TR ERNERMED 72D, ZOMEMTREL W2 ERmoNTWD, o fr/r—=
THAROHEHRIZ LD 1990 FRE LV T v AR —Z —BIs 1 OFRIER L ORREMET A3 HE A 2001 4712 ABC
KT AR—2—Th% MshA DFSEHEN R T v AR—F—L LT THESNE B ok 5 2Es
RGBT, EEREEZEZEZLD LT, b T AR—F —ORER L OEBRE 2 EA4 5 2 L3I
LD O ZOMEITENTWDLORERTH D, EBRIZ, Er b= R332 GABA 7 AR —
2 —ZREEND NTTs BT D h T U AR—F—FE (SLC-6 7 7 I U —) O=WRoeH¥ /37 ERGEIX, K€
nY—ET Y T EED, AFEAERA STV, KR GAT RV Y v b T VAR —FZ =TT
Ty U FEAAIRL, AR BT B IFEIIAR T TH D, T D120 GAT DREEIZ OV T,
ATREEIZIBNTT I RS ORI 50~60% 2 " e A > F T U AR—Z — (LeuT) ZHEIZEZ HILT
W5, LeuT XL FBHIZE VA7 T U TSR Sz Na 5% RL R 7 0 AR — % —C, 2005 £ X s s
EaHE S B Z2ofiEiT 12 KROBEE~Y v 7 0520, NRRUO 5RO~ v 7 2 & C K
DS ARDA~Y v 7 AN, W& PO EEZ &> TWD, FloaTlHBEL IS 2 10 RKOEEE~
U w7 ANEEICES LT 5, HIREO FRfBE T 1 &R E 6 FHONY v 7 2A0O/EINE T TV B ESy
WY, B LA A OREEEALNFIET % (Figure 0-2),

kT AR—HF =Dl EE L U CRAET 7 & A8 (Alternating Access 1#4#) 73 1966 412 JardetzKy |2 K
DERIE S, 2010 FEICEA HIC LY Z oS s B RS U AR—F 3 HFNEICIEE DR SR
HBAaRD, 2 ORBOBHICH 5B G T2 MR O TN A BICBMA S5 2 & Tk a1T 9, 207
WA AIE OBV AEE (outward-facing open), b\ & DA U7-#%i& (outward-facing occluded), WA & DPA L 7=
1% (inward-facing occluded), PNIH & OBV V/24#1E (inward-facing open) @ 4 FEEEDOREE NIFIET D 2 & 3
BIL TV, SLC6 N TV AR—F—ThH 5D GAT THIEETH D EHE 2 HiLdH (Figure 0-3), 2D X HIT T
VAR—=H =TI LR 4 oDa s Ty — A= a VEEEZ T I & TRAT 7 & AEIZIE VB Ol %
1T, BEANTIZND 4 SDOBXRERMEDOMINNT, NTUAR—F—LfEG L TEOMEELENL, =
VI F— A= a VBT Rbb T AR—Z—IC L Al AILET L EEIOND,

"GAT DN, GAT-1 DAER V—EF U v 7 1% 2010 4E1Z Skovstrup H 12 L » T S cung 1)
2
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Figure 0-2. ~SURR—L—DiEiE Figure 0-3. X E 7Yt A#4E (Alternating Accesstiig)

(Mol. Aspects Med. 2013,34,197. £Y5|F) (Pharmacol. Rev. 2011, 63, 585. &Y 5|F)

3. GABA & GAT

GABA [ZHAHXINHIME O IRAREY) E oasergicnewrons o eweleels
: : Succinic
X\ ¥ ik : H coo” Glutamate P GABA H semiaidohyde ©)
—( EP*[:*EP'fj:'}ﬁ /};%}_L‘VC FII-S &iﬂ?ﬂm Hg?“}ff)/o\cooo decarboxylase ] N/\/\c © aminotransferase o)\/\cooa del ydogenase. oj\/\cooe :

................................ ' semialdehyde

%%XH@? & Vo 7L: 3'61:% ﬁﬂﬁ‘ﬁk — %) ﬁ@ l/\ 5 L-Glutamate e ‘:”5‘ PLP pmp _ Succinic o NADPH Succinate

SR, WRRRETE, TADASEOBEB LY  obamons || o % ‘
CBboTVBEBEABRTNS, i w Som el ) NP,
GABA IZBAKMED(E X 705 MR *"“mﬁ __________________________ Howama, oo
(blood-brain barrier) #i@iEd 25 Z &3 T Figure 0-4. GABAD{tH#ZH&

. o N ACS Chem. Neurosci. 2015, 6, 1591.
&P MEMSENE THD L7 V7 3 ¢ e el )

VERING I NE I VBT ANV X T —BIC K W MNTESR SN D, AR S L2 GABA [3/ME GABA k7
YARN—H— (VGAT) (2L Y v F 7 A2/l S 4L, B S 2072 GABA [IAFREHIIRIC & 0 277 A~
EHHEND, T AR & ST GABA 2 GABA ZAF K EFEAT 5 2 & TU 7 AL ERO AN
Ja~IMHEIEDITERAZEN 72 S, T D% GAT 2L Y GABA NEL D IAEN D L IERISENK T35, £72, GAT
W2 X VY IAE T GABA XN 7 A/NMEIZE 2 HAVEFIH S5 > TCA [B1# (tricarboxylic acid cycle,
7 T URREIE) I X DRSNS, MIEPNICEY IAE 72 GABA X GABA F 7 VAT I F—BIZ L pfif s
NanzgeI7A7Fe REARY TCARIKIZ L v A#E &5 (Figure 0-4) M,

GAT |3HIfE £ TIZ GAT-1, GAT-2, GAT-3, BGT-1 (Betain-GABA transporter) 0 4 >D V7 X A4 T R[EIE S
TV, EREEEILS 7 2K D Sz GABA O F 7 ARIBICEH T S IEEHRETH S M (Figure
0-5), ATICHE N TV AR—F =BT XA ST HRBEE LD 5,



Pre-synaptic

Neuron GAT-1
GAT-2
GAT-3
BGT-1
GABA

GABA
receptor

Astrocyte

& 000

Post-synaptic D @

Neuron
Figure 0-5. GABAMZ{EEZENERXE

GAT-1 [ ZHARAFRRIC R EBL L Tl 0 . KRBV, WIS, /M. SR, FRESMEIEIC R b, GABA v~
AFFEOT A a7 TICHFET S, ERliEix s+ 7 AMBRICEIT 5 GABA OREHRETCHY, v+
AR Sz GABA % IRV AZ LTy 7 Z/NANICHTE T 5, £72. MIEOBSHA R Z 5 &
GAT-1 DWRENE Z V. - F 7 AR~ GABA % it 3 2% E b - Tng B

GAT-2 1%, b MIBWTHHRS L OHRMME E DICHBL TRV, P CIImEE-CM= L, KT
TEIECRIRIC B L T D, MH), & FD GABA T 2 AR—4—& LT GAT-1, GAT-3, BGT-1 /2%
STWEbDD, v 7 A GAT-3L T v h GAT-2 IZHHAT 5 & hD GABA T v AR—4 —TFHALEN T\
inotm, UL 2001 4 Gong 512k W SLC 77 I U —d SLC6AL3 8~ 7 A GAT-3 & T v  GAT-2 |4
LB TESNEZ SO E AR L, B b GAT-2 W & iv7e, AEFFERE & L TlL GABA DR FRHE A~
DT I BEEICED S TNA E SITWAN, A S THZRWESS 3% B

GAT-3 |3Z DFBA PRI RICIRE SN, FI2Z7 U THIKBICRE L TRV . OMICHER, A, H1
IRICHFET D, GAT-1 & & H 12 GABA OV IAIMZ L 5 v F 7 AMRIZE T 5 GABA DR EEF%E
IZBb-oTWnBEEZLN TS B

BGT-1idma _H A LT b T U AR—& —L LTRE S, $%ICGABA bIE L 45 Z L AVHIB Lz, K

*

b b, vUR Tv D% GAT 7 ¥ A 7OMEE FRIZRT,

Human hGAT-1 hGAT-2 hGAT-3 hBGT-1
Rat rGAT-1 rGAT-2 rGAT-3 rBGT-1
Mouse mGAT-1 mGAT-3 mGAT-4 mGAT-3

VPRI ANIT VU DAFNFEERT, TV DT I I AFUERI OB LN ATFAZY Vv B
E?%?%WK%@&TV%:WA%4ﬁyﬁﬁkﬁﬁ@4ﬁyﬁﬁ%%oﬂﬁ4ﬁymé%®%%&Lfﬁw%
nz el

0
Hee., S

HiC™ + o

4



FERE CIEEICHIRSOB IR BB L, IR CIIME— D2 4 V2 EHE$TH N T UV AR—F—ThH b, P TIX
TAaYA (7Y TR, VES. RIKERE. MK, M &S E S ERTICHBLL TWDR, ZD3
Bl GABA {EEMHIR D45 & —E L TE 57, GABA {EEIfRE S 7 AfEICITIE & A CREE TV
AGNAIRBIIRZE A ET D, DT Z A I GABA ~OHFFEMERNZ &S, BGT-1 X GABA
DHFARIETIZZR L . T T ZANTHER L 72 GABA DRER L UNRZ A o DiRiE EFHHEIC B 2 Ml s~
Dk EEZ bR TS 1,

#%ik4 578 GAT-1 (ZBAL CTix, AHRIRIIFLER N O TV DT, HlkryE BRI RE AR O BFZE D3
HATND, = THD 32OV T X A4 FIZONTIE EEEORREZE D AEEDZ XK TH 5,

4. GABA B#[E3K - GAT FHEA
R X 912 GABA OMRIzEICHEET 5 R

R2
GABA Z RIS L O GAT 1%, HARAPR BIAREE (““\ }/i H HgN'A“‘L”/\COZH
DI L 72 5. KT GABA ZA KA &+ 538 R N Jr Q@
< LRI SN, GABAL ZAEKICHERT 5 &ifw @I T
Y TVT R EUHEESL L EY — VIETEERIY  benzodiazepins barbiturates baclofen
EARIECHIA LI, FLTANAZEL LT, GABAg GABA, agonists GABAg agonist

TA=ARNTHHINAZ 07 = PRSI L LT
BEPR CULAH ST\ % (Figure 0-6), — ., GAT %
R &3 A EREIT FLC A AL L TEAR I T D GAT-1 BIRHIBHEFHIF 7 # £ (Tiagabin, Gabitril®,
Figure 0-7) OHRIZE E > TV 5,
=RaF U NV THPO 72 8 O @ik ©or & O/ S\ GABA Slifka U — R & LT, BUKSER

BERL AN LT Y7 & A 7RI GAT BLEAI O AIBFZE M Thh T & 7= B Figure 0-7 ICBIfE £ Tlo#ily &
NTWHIREZR GAT [HLERI %759, SNAP-5114 |3 GAT-2/GAT-3 [HEH, (R/S)-EF1502 |% GAT-1/GAT-2 L%
#l. NNC 05-2090 |FiERMENR M D DR J) 72 BGT-1 HEHS & L THHITWD, 7% A T8I GAT
FLEANXT 7 B ARE S D GAT-L BFEANCIR 50TV 2, T4 GAT-1 SN DOH 7 & A FIZ2on T
FARA R EROMEN SN TE 72, B121F 2015 4£1Z Clausen Hix, ~NA AL —F v h A7 J—= 7|2k
VIR LT A F L EEEROREIEVEARBIRIZEIC LV GAT-3 BREHRI 2 LT\ 5 (Figure 0-8) M9, UL,
ZDE DT GAT-1 DS DT 7 % A F1TkT B8R ER OMEFNT D72 < . BEFOERIZZE D% < i
PFHEIZZ LWz, bV 7% A 7 OABBEEERMANEN THWDLER E /2> TWnd, L7zdi-> T, GAT-1LL
DY T A TEIRIIBAER OBZ T, FRERGEM S Lo BT GAT LA L ORRCETRE
BHOANAL FY—LE LTHLHAEERTH 5,

Z ZTEHIT, GAT OAEFEREOMII LOWHERY — ROAIMZ BN E LT, GAT-1 LStoH7 X 1
TR GAT [HEA ORI Z Afs 2 & & Lz,

Figure 0-6. GABAZ FEA L {ZEH) LT HEE



(S)-nipecotic acid

COLH \COH - COH i
sauloule e !
N
H OH

(R)-nipecotic acid

guvacine

[fT]»COZH
MeO N
QL !

THPO

O\
| N

NH,
exo-THPO

h

CO,H O
O HO
wo IO
OMe
Tiagabin SNAP-5114 (R/S)-EF1502 NNC 05-2090
ICs0 (M)
Compund
hGAT-1 rGAT-2 hGAT-3 hBGT-1
GABA 17 15 17 51
(R)-nipecotic acid 5.9 19 51 2310
(S)-nipecotic acid 116 763 2320 6410
guvacine 14 58 119 1870
THPO 1300 800 5000 3000
exo-THPO 1000 3000 3000 3000
Tiagabin 0.07 + 0.0007 1410 £ 250 917 + 193 1670 + 722
SNAP-5114 233 £ 62 348 10+4 208 + 65
(R/S)-EF1502 7 26 >300 >300
NNC 05-2090 19 41 15 1.4
Figure 0-7. GABA ZAffi{A3s X O GAT FLER| O & iEME
ICs0 (1M)
H o) Compund R R?
R2 hGAT-1 hGAT-2 hGAT-3 hBGT-1
o
H N a H Ph 876 63 8 314
1
H R b H thienyl >1000 203 6 749
c Bn Cl >1000 >1000 34 >1000

Figure 0-8. GAT-3 B4R EH A O ETEMEAA BT IE



B—E el uXUBELOBERICZI D GABA BLEEHH
i S rrz kb GABA BRI R E A

i L OWERICEST 5 ) A FOFREE SHEe S MAE cis
EYNCEET S Z & T U H v RIS %bﬁ%‘&ﬂﬁfﬁaﬂ’ﬁﬁﬁ
PEOEND, VT RBEEOEN S R0 G LG T DI ” *

%5%%&%W%\é&k%%_ﬁﬁﬁé_kiV%%&/A vy A° s
7 A~ OB BRNED [ 1721 T < IR RE R b E A A
M7 ERTo D, ZIRITCERERNIRBLRE DR - HIBC L D4k Figure 1L 2 AR SUARAOEREOHE
BECFEDNT 2 P HE &L T HRERIHE T & LT EHE OB T HMERTIIY 7 u a0 o AME4E27R LT
Xie, vruTan3 o ra T THY . RS EFEERT ABCSIAEE L 21t <
DT DOBLEEE > A b T v ATERENCHIEI T 5 (Figure 1-1), /2% 4 2537 07 a XU BRI LY By
A EHILOBE S H1H T X 54 A REEREE T TH D P

GABA D% kT U AR—F —~DOFBH#ITIT, 7T IV EDVRUBBOZERNEENEECTHD LHESIND,
ZOEWEER A BEND . & GAT 7 % A F1xt 3 DG BIUEIT R e D ATReMER & 5, FEAEUE ORI
SARIBLEAIBAT A 22 T & 72 543, GABA Z AIKIC DV CIE AL EEIEHEARBIRFE D M2 B 5 b o B
fE % 2R B ORBIORE LN R R 723D Z 2oy EREE OfRIA RN TV D GAT 128V T, GAT 12X
% GABA DOfEAHLEEICBT AT, BIEE TICHE SN TWHE L O GAT FHEAIL, =~XaF U me
TR ) —ReT 5, =XaF UBe/ Ny ik, GABA & EHRBHN R D B-7 2/ BHEIATH
D, THEHEEKD GAT ~OFFIMER L ONRIRMEIIIK< | il Y — Mea & izE vy P —5 7T, v
TR WE D — RMeAE Lz GAT ILERIOREFIL 2V, SHFFEREOFHHIZ, GABA O LIz ko
07 aRrEEAL, SIRTTHICSERICEE Z il L7- GABA B8 (ARt 25451 - AT 5 2 & T, GAT ~D
EMRE ORI LW, 7 % A TR ZRFHHEIRY — MEeawrall & 5 LB 27, T72b5H GABA
DIIVIER R a ML O P AL Z 1 IRFE TG L2 2,3-A % 7 GABA (). BALE O y (% 1 R#%E CTHME LT
34-A% 7 GABA(Il) %, ZNENT AR N Z 2B bt rFA~—4% 00 8 Akt « Gk
L7, %4 GAT 7 % A 71Zxtd % GABA BUAA PR ETEME & i~ 7ot . GAT-3, BGT-1 I[ZPHETEM: 2 7”9 35,4R-
A% 7 GABA(lla) #RHEL7= B Lo, W¥ 7 2 A 7oz Z L < (selectivity index: GAT-3/BGT-1
= 2.54), PHEIEME S 4 Tld/ed o7 (GAT-3: ICs = 13.9 uM, BGT-1: ICs = 5.48 uM) (Figure 1-2),



1 1
1 1
I CO,H ~ "CO5H I
[ la Ib [
1 1
; HN’“”A\ HaN /A\ :
[ “CO,H 2T N Co,H 1 GAT-1: ICq0 = >100 uM
14 a(2) 1 ent-la ent-lb 1 H N\A GAT-2: ICs0 = 36.9 uM
NTTN"co, AN coH GAT-3:ICs=13.9 M
B (3) [ A 1 BGT-1: IG5 = 5.48 UM
1 PR A I lla GAT3/BGT-1 = 2.54
GABA AN A N A= :
1 ~ACOH HaN A0 (35,4R-methano-trans) (selectivity index)
1 lla Ilb 1
| A A |
| HoN |
~F=.__COsH A _COsH
1 CO2 HoN 02 I
: ent-lla ent-llb :

Figure1-2. <7 10 71,8 % B\ - GABAR I #| [R5 S

Figure 1-3 12 lla & BEZID 4 GABA itk & o>, U > R%&h=" (LE: ligand efficiency) 35 & T8 ICs fEZ 79,
Ha [T EW & il LT GAT-3 B LU BGT-1 DWW T ATV T 4 W LE (GAT-3: 0.83, BGT-1: 0.89) %R
LTW5, ZORHRIT Na 23 GAT-3 B3 LU BGT-1 BAFAIDO Y — Mg & L TEAL TS Z L 2R LT
Do

I T, EHITGAT3 BLU'BGT-1 FAFAIAINZHFE L., 2D Na U — & LT, 2N X OB
O LA E Lz,

GAT-3 BGT-1

Compund GAT-3 : BGT-1
LE ICs0 (uM) LE IC50 (UM) (Ratio)
HoN
2 \A/C%H 0.83 13.9 0.89 5.48 25:1
lla
CO,H
(Nj’ 0.65 51 0.40 2310 1:45
H
(R)-nipecotic acid
~CO2H
(Nj 0.40 2320 0.33 6410 1:2.8
H
(S)-nipecotic acid
N CO,H
0.59 119 0.41 1870 1:16
N
guvacine
N
H’\()I/\/(N 0.42 800 0.31 5000 1:6.3

THPO OH

Figure 1-3 LE & ICs fE D ik

“LE IIAKELUSANDEEFHT- Y OFEETRIALE—L LT FORDE I ICEHRSH., DTFEND/KE L ERA(LEWE
O T B L LTV SRS, LE OESHNEE Y — LAt s LB b0 & 725, IColi
WTERIICHE S h B 5HA 8% P

LE = (AG)/ Nnon—hydrogen atoms ~ 1-36(_pIC50)/Nnon—hydrogen atoms
8



Vv

BE v a T a R BRBERORE LA

1. ¥ 7 a7 TR < BRI
7 a7 a s A ISR B HEER IR WD BRIRBEHEN. OEHIL T 7 U T AR EE Sh, BEES R
B E OBEHIEIIL 1,3-7 VL ELEED K E f;i{zli}i%\ébxi U5, BRI sps ik FE DA 2L, Figure 1-4 O X
CEHBDRNE 72D XD e b VREE O/NSWEHILDN 7 v 7 a S UBRANTEL W U 72 Bl DS e 0E & 78
D, SERBLEICHEKSE L CRIBEE RER OB A 2 HI e Th B P,

Bulkiness : L>M > S

By — AL = b2

® ®

Figure 1-4. > 7 a7 m /N ERL

WMHFZRRO/NEF HI1E, 7 a7 a XU ERCLY V7 a7 a IO B RERE O =R TN 72 22 L E & il
THZENRTEDEEXTZ, PO OEINF T Tk L, NMDA ZBKT v 2 A=A ML e b=
¥ N T AR —HEEEOIEHEEORRE . B LU NMDA A IERIRMEOm E2HE LT, vor”
R ERCEDEERIEEZ B Z otz Thbb, Y a N UBENICT VR LA EAL, BirD 4
HOSNRMEFEEFEOINT VT T VEERIRFF SR A G Lz, 26 OB DI OFE R, 7 b=

UBHEEM AT E AL TR ST, NMDA SZRRT & 2= & MEMNZE L < #9557~ PPDC % BT = LIk
HLTws 2 (Figure 1-5),

NH, Et
c d (R) W W (S)
ompoun NH2

NEt2 NEt,

NEt, NEt, NH>
()-Milnacipran PPDC ( ent-18S ent-1R
NMDA receptor binding
a 6.3+0.3 0.20 £ 0.02 8.2+21 8.2+20 11 £0.05
(ICs0, uM)
5-HT uptake
b 0.0085 + 0.0006 24+0.9 >100 >100 >100
(Ki, uM)

@ Assay was done with cerebral cortical synaptic membrane of rats using [°H]MK-801.
b Assay was done with cerebral cortical synaptic membrane of rats using [*H]paroxetine.

Figure 1-5. 7 u 7/ a0 ELE AW INT V7T UaFEER & 3K
FIUHREOWEREDITE AX IV HyZBRT X A= Mkt LTy 7 a7 a X BRI U E
B ZTTH 2 & T E AKX I U He ZRRICH T B ARSI 2 MR E2 155 2 Loz LTuw s Pl(Figure
1-6), T7bb, EEICEERA I XY — e 470 P73 2T, 3R Bl Went-3S I2B1) A4
EBRERDGAICT X T =R MEWENRH ELTZ, L7E23> T LAY 2 B X OMLAEW ent-2 D Hy 2 BRIRIC
PURCARAY SR B LI 3Rimtoemssa@m*&ﬁﬂibfbws ENHEEINTL, SHIT, K- RIFLIE. &
7 uFusSCBRICESL S FRE R, RTFRIAT 07 ZAHA~ERBEL TS P



Hj receptor

HN HN HN
<\ \ <\ \ <\ Compound (K, nM)?
N N NHR N Et
NHR _(R) " (S)

H //Et H™ 2 iR 2 84+15
2 3R 3s ent-2 36£04
3R 19.8+2.8
y y 7
\ N7 \ NZ \ 2 ent-3R 129 +6.0
N]\—\/\ N]\;yEt N S NHR
NHR (S) ~(R)
ent-2 ent-3R ent-3S ent-3S 6.7+04
R = 4-chlorobenzy! @ Assay was carried out with 293-EBNA cells or cell

membranes expressing the human Hj receptor subtype.

Figure 1-6. > 7 m ' m XU E LA AWz b 22 I U EREFHEAR & ST

bz Enbv a7 u/ N EBh e UEERIEEL 7 v ao]r EORISEOREEFINI 5 LA
NMTHY ., RKiEX, V7 a7 a XU AbEMOIEERS L ONERRM O b, F 2 EEEORERICBIERT 5 2 &
NTE D,

2. Y7 BT ENVERICHES L GABA BRI E RO

EEITY — FMEAMTHD Na DB AR VEE afTRFICER Lim, 20 aREBLHHEOT 7 n o Uik
DEOFEEDOEERE, ¥/ r 7 rARVERZ Lo THE SN TOD bOD, & HFEHMEHESATRETH D,
MacroModel 10.9 Z W CREFMLRREEfT 2B 272 & 2 A, TR /LX—7EM 1 keal/mol K2 syn
A anti B0 2 SORRD TLRERBEA T 155 2 & AVHIB L7 (Figure 1-7), # 2 C, HEEDOEH WA LA
R ORISR A X BB T B = LT TR L OSBRI O . X B\ IEERCE O RS B T &
BLEZT. Thbb, IARVEBEEERZE FIC T AFAEEPEAT S L EA LT A LEICERT 3 KA
&Ry /T RAVERCED, BAAOT bSPTIR L, £ ORI EELT antl BUE, RO
syn BLEIN L TERLIE & 72 D & 2T, VAR Rl RIC A FV R H A L72 1S (Me-anti), IR (Me-syn),
F QX F VA A8 A L7z IVS (Et-anti), IVR (Et-syn) % &%5F L7= (Figure 1-8), MacroModel 10.9 % i\ 7= ficl &%
HrOFER, (M OILEMTIBNTH, REEBLEN D 4 keal/mol LIN D =3 )V F — % F T 2 Ja P& & Bl 2 1 347
ELRD -T2,

TR HT B anti BUE, syn BLEAIE, T2 B u AT/ S AR = B OB TERE L. LR =R
vruaZasNr b syn FEo b 0% syn B, anti FEIO O % anti Bl E T 5,
10



Conformation A

H,N H
H .,
H CO.H

lla (anti)

v

AE < 1.0 kcal/mol

HoN

CO,H
H

Conformation B

H

lla (syn)

Figure 1-7. {L&% lla OELEEMENT (MacroModel 10.9, solvent: H,0, force field: MMFFs)

H,N H
H

H “COo,H
lla (anti)
H,oN
H Y,
H COQH
H,oN H
H /,
/ CO,H

AE > 4.0 kcal/mol

AE > 4.0 kcal/mol

HoN

H 4
7 HO,C H

H,N
2 A‘/COZH
R

IS (Me-anti) : R=Me
IVS (Et-anti) : R=Et

H,N
2 A/COQH

R
IR (Me-syn) : R=Me
IVR (Et-syn) : R=Et

Figure1-8. 27 u 7 U BERZFIH L-H KO

1



3. ¥ uTuNUERITEES < GABA B FRFEER 1S (Me-anti), IR (Me-syn) DE AL
VHEMR RIEO— 7 aae RY v 4 2 IREEE LC MR CRIRLEFE P 2HnCThI 0%
R, YAk r7urura=y N7, 8 4 L7~ (Scheme 1-3).

Scheme 1-1
1) PhSO,CH,CN o. o 1) Me(MeO)NH,CI Me.-OMe
0 EtONa, EtOH EtzN, AICI5,CH,Cly
A ————— TBDPSO 0
2) aq. AcOH SO,Ph  2) TBDPSCI, EtsN SO,Ph
DMAP, CH,Cl,
2 steps 47% 2 steps 91%
4 5 6
Me\N/OMe
Mg (I)Me
- TBDPSO/\A”/N‘ + TBDPSO/\AAO
MeOH Me
o
53% 36%
7 8

o7 AEOY 7 a 7 a0 Winereb 72 K7 %2-78°C IZBWTDIBAL TETLTCT /LT b
K9 & L. MeOCH,PPhsCl & iV 7= Wittig SUGMZ LV 1L IRFEEWR L~ /) —Lv=—T )L 10 237, =—7
JL 10 OFEINAKSFRIC L 05N =T V7 & K% Pinnick BR{LIZfAF L TH AR CER 1L & LT,

Scheme 1-2
MeOCH,PPh,CI _ 1)aq. HCI
DIBAL NaHMDS 0 THF, 0 °C 0
—————— > TBDPSO H TBDPSO = —————> TBDPSO
CH,Cl,, -78 °C THF, 0°C 2) NaClO,, NaH,PO, OH
o 2-methyl-2-butene
86% 90% aq. tBUOH
9 10 1

TR PR 1K UIRA TR BEAKIEIZ L0 REMBIEETH 5 (AR)-4-X U U N-2-F XYV U ) VMG L.,
Z % THF =78 °C (23 T NaHMDS 3 L OV CH3l THLBEE L TV 7 AT L ARIRIIZ VIR U BR a Ll A T
NIEEEANLE, XYV VY v a2BREL, BONTEIVRVEE 14 20PN AT )V L L=, TBDPS
HERELTT Va— L 16 ~LE o, Z % Dess-Martin fiz{b.33 L O Pinnick B2z X 0 BeRERIICER{E L 7=
#%. DPPA TR L THET ¥ R~E A, S BT -7 % /7 — /L HINEGER L T Crutius #50712 K % 1 JRFEDRUK
TRET AT 25T BT Boc Bk & R D VLA R L TEAE S IR (Me-syn) %A% L7- (Scheme 1-3),

T HARHV YUY CERFMBEL LTHNWDL LT, BRI TF AL L ORI Lo TEUEAEE Sz
F—IEBELD, 2O ) T— b D 2ODOKIGHON, —HOEIZAFH YUY ) v ORI L - TR
BNTHERE S LD T2, M7 DE DD DG HMESEANTHEIT T 5, 2 AT & 0 RIS 2 SRR E 2 A 3 s H3 1847
fcE s s B



Scheme 1-3

1) PivCl, EtsN, CH,Cly, 0 °C

2) O  nBuLi
HN" O
Bn o o
11 —HR-78°C _  1gppso J
N" O
2 steps 82% Br

12

1) CbzCl, EtsN, DMAP

/\M CH,Cly, 0 °C to rt M
TBDPSO
OH 5 HO

NH4F, MeOH, reflux H

2 steps 59%
14 15

HM 1) Hy, PAIC, THF HzNA/
Boc” B
oC 0Bn COzH

2) 4 M HCl/dioxane - HCI :

2 steps 91%
17 IR (Me-syn)

CHsl, NaHMDS

THF, -78 °C

83%

1) DMP, CH,Cl,
_
OBN 2) NaCIO,, NaH,PO, :

o 09 LiOH, H,0,
TBDPSO N
T N o aq. THF, 0 °C
B 97%

13

Q o 1) (PhO),P(O)N3, Et;N
How CH,Cl,
OBN 5 1BUOH, reflux
2-methyl-2-butene
aq. tBuOH 4 steps 71%

16

R LAY 1S (Me-anti) DA R %2 Scheme 1-4 12777, A/LAR UBR 11 (25 LARFMBIIEE LT, IR
(Me-syn) OEROBEEITH DT F v FF~—ThH o (4S)-4-X2 DN-2-4FH VT ) U afia Uiz, I

IR (Me-syn) & [AERDOFREE THR LT,

Scheme 1-4
1) PivCl, Et3N, Ch,Cly, 0 °C
2) O  nBuLi
HN"O
\'\_/
B o o o o .
. CHsl, NaHMDS LiOH, H,0,
__THF, -78°C _ TBDPso/\A\)kNJKO S TBDPSO NN
THF, -78 °C aq. THF, 0 °C
L/ |V
2 steps 88% 18 BA 56% 19 Bn' 97%
1) CbzCl, Et;N, DMAP 1) (PhO),P(O)N3, EtsN
Q CH,Cl,, 0 °C to rt 0 1) DMP, CH,Cl, 0 CH,Cl,
TBDPSO —~ ~ > HO = > HO oB
OH 2) NH,F, MeOH, reflux OBN ) NaCIO,, NaH,PO, N 2) tBUOH, reflux
2-methyl-2-butene
2 steps 86% . 9
20 p o 21 aq. tBuOH 22 4 steps 60%
H 0
N 1) Hp, Pd/C, THF HoN
Boc _— CO2H
OBn )4 M HCl/dioxane - Hcl
0,
23 2 steps 89% NS (Me-anti)



A TV LB EE B R DR TR L PGME 1 BY i L v L7 (Figure 1-9), 725, Scheme 1-5 {277
FTROITHAR WL 14,20 12xF L. (R) £7-1% (S)-PGME ZZNZNHEA L, MY T 27 LA ~—D 'HNMR
DT INNTT FDOEERDD L TRE LI,

Scheme 1-5
(S)-PGME, PyBOP (R)-PGME, PyBOP
M HOBt, NMM M HOBt, NMM M
TBDPSO ~————— TBDPSO ——————— TBDPSO
: (S)-PGME DMF, 0 °C : OH DME, 0 °C H (R)-PGME
2 99% 14 90% 25
o (S)-PGME, PyBOP o (R)-PGME, PyBOP o
HOBt, NMM HOBt, NMM
TBDPSO -~ TBDPSO - -~ TBDPSO
(S)-PGME DMF, 0 °C OH DMF, 0 °C (R)-PGME
26 90% 20 96% 27
-0.018 +0.021
.0.015 -0.057 +0.023 *0.037
-0.017 O +0.114 (6]
TBDPSO 2023 TBDPSO
0011 Y (S)- or (R)-PGME +0.062 (S)- or (R)-PGME
:0.006 =0.011
24 (S)-PGME 26 (S)-PGME
25 (R)-PGME 27 (R)-PGME

Figure 1-9. PGME JEIC & 2 #axf SLIRECE OIRE  AS = 85 - g (ppm; CDCl3 500 MHz)

F 72 HIS (Me-anti) & 1R (Me-syn) ([ZDWTHEA X/ — /LI D i ERLE % NOE FEBRIZ LV §i~7=
(Figure 1-10), ZDfEH., WbAW & Iy 7 0 7 a XU BN T/ N OBE#ILTH HKEBRFN, v r7n
B ANCEANCEL L TWD Z E AR ST, ZORRNG, O FRGHRHCHIRE L7zl v | B L7 E RIS
BRI 27 a7 a0 EBRE D NS (Me-anti) 728 anti idE, IR (Me-syn) 23 syn il & Zh 2 & - T

WA ZEDIRIEB ST,

Figure 1-10. fZ89{LA % IS (Me-anti) 3 X OV IR (Me-syn) ¢ NOE 5% (CD;0D, 500 MHz)

14



4. Va7 aNrERTHS < GABA BRI REEEM IVS (Et-anti), IVR (Et-syn) DAk

k7 ZFD Weinreb 7 X K 7 (2% L Grignard SOGIZ LY =F VEEEE AL, Hoivizsr bR 28 12xf L
T. MeOCH,PPhsCI %ﬂﬂb\f: Wittig SOGIC L0 1 RFBER Lz ) — L =—F /129 & LIz, =—F /L 29 DR
MoKy AR, Pinnick BR{biC L W &SN 7= VR R E CbzCl Z W TRy L A5/ 30 & L, TBDPS Jk%
PRELIZRICT T AT LA~ =31, R 2R LT, BoNTAETT AT LAY —N0b, AF VKL RO
BRI, ThRbb T v a— k& T BEREOBLICAT LT AL R 33,35 ~ L E | DPPA ZIVWTEET ¥ R
~NEEH LT, S 62 Crutius BRAZIC K D L IRFBORR 2R TENEIVLEW 34,36 & L, IZIC~> DL Ek
B LU Boc B A& FRE L TEREEY IVR (Et-syn) , IVS (Et-anti) %A% L7= (Scheme 1-6),

Schem 1-6.
1) aq. HCI, THF, 0 °C
2) NaClO,, NaH,PO,
MeOCH,PPh;CI 2-methyl-2-butene
QMe EtMgBr NaHMDS aq. tBUOH
TBDPSO N., —— > TBDPSO Et ——————> TBDPSO s - -
Me THF THF, 0 °C 0" 3)cCbzCl
o] o] Et;N, DMAP, CH,Cl,
97%
7 28 29
TBDPSO i TBAF /\A\)Ok i
—_— HO HO
OBn THE ~"SoBn 0Bn
-~ 5 steps -
30 11% (for 31) 31 (more polar) 32 (less polar)
7% (for 32)
o o o 1) (PhO),P(O)N3, EtzN H o 1) Hy, Pd/C, THF
1) DMP, CH,Clp CH,Cl, N 2) 4 M HCl/dioxane H,N
HO < cf »HO ——F >  Boc _— CO,H
¥ TOBN ) NaCIO,, NaH,PO, Y~ "OBn 2) BUOH, reflux 7 OBn - Hel i
3 2-methyl-2-butene 3 pd 2
- aq. tBuOH - 4 steps 28% 2 steps 82% ~
31 (more polar) 33 34 IVR (Et-syn)

1) (PhO),P(O)Ng, EtsN 1) Hy, Pd/C, THF

) DMP, CH,Cl; CH2 I2 _N o 2)4 M HCI/&iioxane H,N

OBn BN 2) BuOH, reflux " OBn COH
2) NaClO,, NaH2P04 N 2) tBuOH, reflux . HCI
2-methyl-2-butene

aq. tBuOH 4 steps 35% 2 steps 82%
(less polar) 36 IVS (Et-anti)

15



N Lo = F OV OB IR B OMERITARRLE (X, 26 & [FERIZ PGME £ CYE L7 (Scheme 1-7, Figure 1-11),

Scheme 1-7.

° 1) (S)-PGME, PyBOP H o 1) (R)-PGME, PyBOP o
HZNM HOBt, NMM, DMF Boc/NM HOBt, NMM, DMF HZNM
- Hel T T(SFPGME ) 4 M HCI/ACOEL T O 2) 4 M HCI/ACOEY * Hel Y “(R1-PGME
s ~ ~
29 80% a7 81% 0
o 1) (S)-PGME, PyBOP H o 1) (R)-PGME, PyBOP o
HoN HOBY, NMM.DMF N HOBt, NMM, DMF HoN
- Hel (S)-PGME 3y 4 M HCI/ACOEL OH 2) 4 M HCI/ACOEt * HClI (R)-PGME
" 93% 38 73% 42
-0.194
-0.121
0
H,N -0.023
2001 7 N(S)- or (R)-PGME
so1s3 10028
39 (S)-PGME 41 (S)-PGME
40 (R)-PGME 42 (R)-PGME

Figure 1-11. PGME k(2 X 2 $axISTARELE ORIE A8 = 8 - g (ppm; CD;0D 400 MHz)

EAX ) — /L TO NOE HIEDFEL, IVS (Et-anti) 35K IVR (Et-syn) & £7=. IS (Me-anti), IR
(Me-syn) & [RIERICEE 0@ Y OFELEZEL> T 5 2 & 3R Shuiz (Figure 1-12),

CO,H

Figure 1-12. fZ89{LA % IVS (Me-anti) 3 L T IVR (Me-syn) ¢ NOE 8% (CD;0D, 500 MHz)

16



5. > 7 uNUERFFEHEA NS, IR, IVS, IVR OPHIGABA B Y A 2L ETEM:"

AR Lizy 7 v 7 a s ERFEEK IS (Me-anti), HIR (Me-syn), 1VS (Et-anti), IVR (Et-syn) (22T, %
GAT Y7 & A FZxtd 2 BEIEME 2 - L7245 5% Table 1-1 12779, & b GAT & J8l X 7= CHO Hfifi &
W, AEBWIIEFE FICH W T, & P I v AR—2—|2 L W RV IAENS[PHIGABA D&% 100% & L, #{ta
¥ 100 pM 777E F TOPHIGABA DR Y AL B & HIE LTz, = F L&A L2 L& IVR (Et-syn) 1L TIVS
(Et-anti) TiX, WTND GAT %7 % A 7% L CHEEFHRITI RO R oTc, —HTAFARKREZEANL
LA T, syn D 1R (Me-syn) (GAT-3: BGT-1=1:6.8) 7% anti {£® 111S (Me-anti) (GAT-3: BGT-1=1:2.2)
LR BGT-1 2% LiBIRA 72 BLEIEMEZ R L2, ZOfERNL Y — MMeadWmThH 5 Ha ik, syn BED BGT-1
ZXET DIGTERLEE Td 2 AlREMES R &7z, L L, WTROEEMIZHE N TH U — FMeAw L v HBRES
PEDME T L7z,

Table 1-1. ¥ 7 1 7 a /XU ERFHEME IS, IR, IVS, IVR O[PH]GABA 1t ¥ A2 ML 1

Inhibitory effects at 100 pM (%)?

. GAT-3 : BGT-1
Compund syn/anti (Ratio)
GAT-1 GAT-2 GAT-3 BGT-1
HZNA/
COM  syn 42714539 5154233 9.28 + 12.7 62.7 + 6.32 1:6.8
mR -
H,N
? ArCOzH anti 0.03 +0.89 -11.1 £0.78 25.6 +12.1 57.3+11.7 1:2.2
s
HZNA/CO H
T syn 8.57 +13.3 3.20 + 4.23 —2.44 +4.73 13.4 + 6.40
IVR/
H,N
CO,H
Vs z anti 12.2 + 9.30 —-2.40 + 8.20 -14.6 + 4.05 —-1.33+7.82

8Data are expressed as means = 1 SEM (n = 3)

TR L O B O & A IE MR AR KRB T b SR BRI JE 5 00 B SCR AT o AV,
EBRRIEIES 530k B 221,
17



W synBEEY 7 b a XU BAH KO L ARk

1. syn ey 7 v 7 a R BERFERORE

% GAT 1259 % [PH]GABA H 0 A BHEIEMEIC BT, [ U syn BLEEZ B D IC b v b, A F ks d
35 IR (Me-syn) & Lol L C=F LA H 425 IVR (Et-syn) ORIV HAMEA M L 72, Z Ui Figure 1-13
WRT KD 7% VR U o fEN LT B UL LR 2 NI B & OFEEEMIZ T D SRR EN K TH
D EHER LT,

IS (Me-syn) 0 IVR (Et-syn)

weak steric hindrance stronger steric hindrance

Figure 1-13. GAT-3 ® GABA fi &AL ~D X F /LK IR (Me-syn) & = F /LK IVR (Et-syn) DHEEULERE

ZFZTHNaDHIVR U o M F NI T O EE S 2R ox REREEAZEAL, 7 a7 a0 ERIC
X o THUEEZ syn BLEE~ & Hil4E L7 4 SOFERRE V-1-4 Z5%5F L7z (Figure 1-14), 212 LV BGT-1 (249
% Na OIEVEREDS syn Bl T D Z & ZRIL-S1F 2 & L Hiz, L0 &R - BUFbEm B2 R 72 BREL 2
FIET DI & ElAT,

HoN H,N H,N HoN
CO,H CO,H CO,H CO,H
6H IL: ’ils /

V-1 V-2 V-3 V-4

Figure 1-14. 3% L7728l syn BlJfE > 7 v 7' m X U B AR E R

FFHERIZOUV T MacroModel 10.9 % FWWCRIEBALSEAICEE Z T L7z & 2 A, V-2 LIS 3 SOFFER
WZOWTIEEA LT 5 syn Bl A IR ZERE L T ORRP GO, Ll VR BofLIZ T v FREA
SN2 V-2 120V THE, ETERETH 5 syn BLFED S 1.0 keal/mol LANIZ anti BLEE R ATZE ERCE & L THF
FET 52 YA L7z (Figure 1-15), ZAud, 7 v RBOMUOERILIC g U TR/ E <, I DRFE—7
v FAEA DB OIZ Cis fLOKFR & DNARFEN+03 TlE7e . 7 a7 a /U BB RH5I2@ 72\ W=
EHEESIND,

AE < 1.0 kcal
H2N>A§,002H . H2N>AyF
4 H
H H F H ‘COH
syn-form anti-form

Figure 1-15. A4 V-2 OEEMEYT (MacroModel 10.9, solvent: H,0, force field: MMFFs)
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2. synEREY 7 v TN BEREEIRDO AR

EERLAY) V-1 D& % Scheme 1-8 12T, HFIENE T AT 7 v 7 a /N J ViR VERIC(AR)-4-R
N2-F XYY U R LA 12 #FEE L L. THF H-78 °C (235 T NaHMDS 5 & Uf Davis D7k
BLRIETHD N-T 2=V AL T 4 oA AFH DY DB 2T O7 257 LIRS I LR U BRafr
WAKRBBIEAZEAN UALEW A3 2157271, HV T 0 CICBWTRFTY I/ R U LA MRV REFEL, 43 &
FIGEEDZETAFINTRAT VA4 L LTz, T AT VA4 DIINVER VR a fLOKEEIEEZ T £ F VI CTRE L,
TBDPS A& FRE L TULAEY 46 2157, (LAY 46 % Dess-Martin f2{L35 1 OY Pinnick F2(bIZ L 0 BERERYIZER{L
L7-t4. DPPA CTHMLEEL CHAT ¥V R ~E M L7-, &5\ Crutius 85712 K 25 1 IRFEDOWIR 2R TILAW 48 &
L. SRR IR+ 25 2 & TRTOREREZBREL T V-1 2B LT,

Scheme 1-8

o O @ o O MeMgBr premixed in MeOH 0
TBDPSO NJL . TBDPSO N)L TBDPSO oM

O NaHMDS, THF, -78 °C (0] 0°C Y
B OHBnI 2 steps 41% OH
12 43 44
(0] (0] Q (0]
(CH5C0),0, NEts, DMAP NH,F 3) DMP, CH,Cl,
S e rBDPSO oMe ———————— HO DOV e L o
CH,Cl; = ®  MeOH, reflux T OMe 4y Nacio,, NaH,PO, v~ “OMe

OAc OAc 2-methyl-2-butene OAc

45 46 aq. tBuOH 47

5) (PhO),P(O)N3, EtsN

H
CH,Ch Boc/NM 4 M ag. HCI HZNA/CO "
-~ “OMe 2

6) tBuOH, reflux reflux - HCI -

oA OH
6 steps 46% © quant.
p ° 48 V-1

N-T7 2= VAL T = A A FH DY DUTHERO N D) F R P U 2Ry T S KLY FEK L7 B

ay ey
NT K;COj3, Oxone /N

0=5=0 = 0=8=0
toluene/H,0O

84%

Tt A U 72 K B L OO e ST AR 13 2 2 Mosher 75 B 12 kv i Lz (BB IR),
PARISICBW T N-Z 2= L2 LT 4 = A DU O U HRORI AR 2 BT 22 s o 12728 . = AT )L 44 TH
ks S 7=,
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EREEY V-2 DA% Scheme 1-9 (27”9, L& 12 Z3E & L, THF #1-78 °C |28\ T NaHMDS # X
ORB\E 7 v FEERIETHD NFSI ZHN TV T AT VABRINC VR VR o (L7 v FRIEEZEA L
B8 %5 NT 0 CICBWTRHITYF T AR IUAAXY REFEL, 49 LG SHDL I L TRUVLTRT
& Uz, PRI V-L L RBRDERGRIRIC KV | EANEEY V-2 2GR LT,

Scheme 1-9
oF 9
O30 0
0 0 )k BnOH, nBuLi TBAF, AcOH
192 —————— TBDPSO —_— TBDPSO OB —_—
NaHMDS, THF THE, 0°C Y n THE
o F 2 steps 76%
0, sleps
44% 49 Bn 50 p o

o) 3) (PhO),P(O)N3, EtsN
/\A\)CL 1) DMP, CH,Cl, How CH,Cly . /HM 4M aq. HCI
"o - OBn - OBn o¢ Y OBn

H 2) NaClO,, NaH,PO, z 4) tBuOH, reflux Y reflux
2-methyl-2-butene F F 95%
51 aqg. tBuOH 52 4 steps 50% 53

H,N
2 A/C02H

- HCI

E
V-2

EERE W) V-3 DA% Scheme 1-10 1277, (LA 12 #3E & L. THF H1-78 °C |23 T KHMDS 5 &
VBRI AT Y REAWTOT AT LARBIRIC VR U o fric 7 FEZEALEZE T —ovrzsua

BT ¥ MMESOSICB W TR CH 5 12 L AW 54 & OSEERREECH > T2 A F L 2T b LT
L&) 55 OB CHBER R L 7o, DARRIE V-1, V-2 & [AERITAERI LAY V-3 Z 5 LTz,

Scheme 1-10

TrisN3, KHMDS,
THF, =78 °C

; ACOH, r.t. MeMgBr preixed in MeOH o NH,F
12 ——" - TBDPSO JL TBDPSO _—
0°C OMe MeOH
n 2 steps 38% & 95%
54 55

O 3) (PhO),P(O)N3, EtzN
M 1) DMP,CH ,Cl, How CH,Cl 5 /HM 4 M aq. HCI
B B
Ho Y OMe , OM o¢ OMe

NaClO,, NaH,P z € 4) {BuOH, reflux s reflux
) aC 02, arfy 04 - =

N3 2-methyl-2-butene N3 Ns quant.
56 aq. tBuOH 57 4 steps 75% 58

H,N
2 A/C02H

- Hel Y

N3
V-3

T LT Y RO ST A B B Mosher 12 L0 E LTz (BEBROES ),
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ELEY V-4 O RGEHE % Scheme 1-11 127 d, UALOKREA LV T 4 13y 7 a7 w77k K 60
125t L MePPhsBr # FHU Mz Wittig SOBZ LV BT 5, 7 v 7m0 77 b K60 I3 LAWY 59 AT
HZEEL, ZOMAEWBI O UAORKIREIL, RFMES LTES)4-X DN-2-F4 X% V) a2
THIEW 18I D, VT AT VAR DT F U ATFIRIC IO EET L2 & LT,

Scheme 1-11 P& V-4 DL RKETE

diastereoselective benzyloxymethylation

TBDP A e 1 Il Vo e
SO 1 N)K > TBDPSO N » TBDPSO L ~o8n >

L/ \_/ H
S NS
B BnO” g X0
18 59 6
N i H,N
TBDPSO/\A\T/\ Iz, Boc” M ,,,,,,,,,, > H2 A/CO?'
T OBn H OBn - HCI Y
Z “ P
61 62 V-4

REMBIEL LTUS)-4-RDN2-FFXH VY ) vt 5y runrasra=y 18 2HEE L LT,
VT AT VBRI O AR A F Lz B Z oISV, #E LT NaHMDS % 724
BIISISDNEITE TR & 72 > 7223, HiJE%A LHMDS ~EZEH LI b F UL EZRINT 5 Z & T, &I
FTHROLAEY 59 #137- (Scheme 1-12),

Scheme 1-12
M JOL BOMCI (o} ).i
TBDPSO conditions TBDPSO
N" "o - N" O
/ THF, =78 °C \_/
B BnO™  gp’
18 59
entry conditions yield (%)
1 NaHMDS no reaction (SM recovery)
2 NaHMDS, Nal 34 %
3 LHMDS, Lil 91%
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{bE#59 % LiBH, TUHELL TAFH YU P/ 2R TICERE L G b7 /L2 —/1 63 % Dess-Martin
fbicff LTy a7 a0 705 e K60 & L, 747 & R 60 2% L MePPhsBr % JHV 72 Wittig S iC &
D VAR A L7 4 VERESELT, AL 7 42 61 O UNVEEE DDQ #HWTCREL, AUET L a—
)V % Dess-Martin B2{b.35 K OF Pinnick BA{LIC & 0 BERERICERIL L7248 R DT b a— L Efiga L T AT )L
65 & L7z, LARRIZZ N E CL RO G M CEALAY V-4 28R LT,

Scheme 1-13
LiBH,4 DMP MeP(Ph);Br, nBuLi
9 TBDPSO —— > TBDPSO TBDPSO
THF/MeOH, 0 °C OH  chyel, 7 OBN THE, 78°Cto0°C ; OBn
89% BnO 89% H S0 83% =
63 60 61

1) DMP, CH,Cl,
2) NaClO,, NaH,PO,

2-methyl-2-butene o o
DDQ TBDPSO/\A\/\ aq. tBUOH TBDPSOW TBAF, AcOH (2.5 eq) How
_
OH ~" > 0Bn =~ >0Bn

CH,Clx/H,0 : 3) BnOH, EDC, DMAP H THF :
= CH,Cl,, 0 °C = =z
92% 64 3 steps 79% 65 85% 66
0 1) (PhO),P(O)N3, Et;N
o) 2 3 3 H

1) DMP, CH,Cl, How CH,Cly Boc/NM 4 M agq. HCI HZNA/CO ]
e —_— —_— 2
2) NaClO,, NaH,PO, T OBn  2)1BuOH, reflux 7~ "OBn reflux - HCI X

2-methyl-2-butene = = =

4 steps 75% 26%
aqg. tBuOH 67 p o 62 ° V-4

© VR U o {0 T = L HERRE SR DA SLRELE OB EIZ W TR D, (LA 65 O T F = L A Bk 3R
BT LIALEW L. =F /LK IVS (Et-anti), IVR (Et-syn) DA A TH 51648% 31, 32 7> 5 7- §2-6, S2-7 &
D HNMR A7 ML & LT, ZFOFE5. LA S2-6 L{bE 65 D ' HNMR 227 MR —F L, BEHL
TAHNKTHDZ LR LT,

/\A\)(l 0
H
HO " OBn O/\%)kOBn
e

31

32
H,, Pd/C H,, Pd/C
THF THF
quant. quant.
HO/\A\)(l Hp, P/C /\M Hy, Pd/C o o)
HO —
- quant. &
S$2-6 65 S2-7
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EERNUEEY V-1-4 OFEA & ) — VBT D 22 E R 2 NOE F2BRIZ X 0 Fi 7= (Figure 1-16), #EAMEA
WV-1,V-3 B NV-4 D3 5DLEMIEL, ZHETERERICEABY OBLEAZ I TWD Z L AVRIR STz,
LAY V-2 12BN ThH, IR afiKFED H-L (X7 a7 a0 R#E Eo H-3b LY, H-2 MBI LT,
L72>L. IS (Me-anti), I1IR (Me-syn), IVS (Et-anti) , IVR (Et-syn) (ZIZR 6720 -7, H-1'" & H-1 & OFERE
PRSIz, ZOEBRRERIL, SHEAFREITEE RO PRI L OIT, V2 Ty 7 rr a U ERIC
K DEERIE S+ TR < 7 v T a BRI OKRFEDR T 7 v T a R B s L Ed A LTV RV AT REE
DIRE S AT,

V-1

V-3

Figure 1-16. LAY V-1-4 © NOE 3B (CD,0D, 400 MHz)
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LA V-2 D AR U 0 hLHRFEDNRIC SN TEET 5, Figure 1-17 I8 555K D *HNMR 222 kLo
a4, voruaraXrolEsD 2507 8 b id 0.7 ppm ~ 1.2 ppm O EESGIEEICAFET D, 2
anti BUEED 111S, IVS & Heli LT, syn BUED IR, IVR TiE, 2025071 kDl I ALY 7 hOER/N
EL o TNDZ ENFRTE D, ZOMEMNT, DIVR VR a fiRFBEDONMLFB L O syn BLEETH D Z &M
MR EN TS V-1, V-3, V-4 O 'HNMR 12BN T H R BN 5, V-2 12BN T HIAKD I v 7 MR LT

WD EMB, V-2 DINVR B a fRRIFEA L TOHVMARETH S LRI D,

T 1
o NN OO R ENEO TR T =T OO =NG 2
=2 R R R R R B e

k] \ERLnhnknRRLRIRHARRZODRRRD ]
@ coso 3

/3348

)
5 = z| =g 4 g L
IS (anti) ‘ P J i : 2| H
R (S (0, P S S .U SR
33838
H7N\A/C02H
Me
IR (syn)
—— PPM|
4.0 . 0.0
HQN\A\,COZH
Et
IVS (anti)
i
_ A -
4.0 memom 0.0
s
HzN
2 \A\/cozH
Et
IVR (syn) l
. PPM
4.0 . 3 § : an an 20 n no

Figure 1-17. %> 7 0 7 a /XU BEHFHEED HNMR 227 R Lo ik
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3. synBlJfE T 7 v 7 a N R BHEAR V-1-4 0 GABA H Y 1A FHETE

B LTz syn BLFE S 7 v 7 XU FBHFFER V-1-4 12OV T, GAT-2, GAT-3 K BGT-1 D 3 D7 4 A

T D PHIGABA BV A BB ETEMEREAT O 54 Table 1-2 1254, 7 FEAZAT 5 V-3 12 LTI, kb
B BGT-1 38R M e L ETEME AR LTz, 7 v HEK V-2 12O T, 30D % 7 F A 7O T GAT-2 1Tk b v
PREVEM: AR LT 0 | BGT-1 k7 2 UM - BRETEMEME T LTV e, ZHITEHRAL RT3 K OV NOE
FEROFERNO TSN L DT, 7 a7 a /BRI K AEEREN 53 TR Z R ST, i
e LT, WTNOLEMITIBNTH LR LT 23U - Bt m HIFERO b idoTc, AFAHEID E
BEWT YRR, 2T = VA E AL V-3, V-4 7210 Tl AT ARED L EE S O/NS VKR ZEA L
7ZV-1HU— NMealla X0 LEEEDER T LTS, X380 Hy RIEGEMIZE VT Hla d
TINVIR PR o (LR BB B AL 2 A TFTRE /e AN— AT E A LN 2 LRI NS,

Table 1-2. syn BLEES 7 v 7 1 /8 BHFHER V-1-4 O GABA LV iA B ETF

Inhibitory effects at 100 uM (%)?

. GAT-3 : BGT-1
Compund syn/anti (Ratio)
GAT-1 GAT-2 GAT-3 BGT-1
HzN\A/
OO syn N.D. 201+12.8 8.27 £+19.9 44.7 1.1 1:54
V-1 OH
HoN
2 \kCOzH syn N.D. 453 +21.1 5.23+24.3 222 +33.7 1:4.2
V2 F
H N\k
? COH syn N.D. 6.84 + 43.6 11.8 + 8.89 57.2+33.5 1:4.8
v-3 N
H,N
COH syn N.D. —9.49 + 36.4 -3.61+25.1 -32.5 + 30.1
V-4 /:

8Data are expressed as means = 1 SEM (n = 2)
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BE TRVERRIC K DR
FHf e 7 aBLOIF Y E R A FIH L7 GABA BLEEHIBREEE A DRk

B—HTRLIEESIC, ¥/ nT v ELE “KéngW
FIA U 7o Bl BRI EE KIS PERL R R SR 2 L 72 07 1k )
MChDH, Lol BESIEODY 7 a7 ass
VBRI U B RS X B D “toric hindrance
EAEML ENTIRCRE AT, EWTEYEAME T 95 Figure2-l. v 7 v 7 moSu B A I L= BRI RIS A
EWORBERN D D, EBRIT, v rrrraE

HZ&FIH L= GABA FHERTH 5 IR (Me-syn) & IVR (Et-syn) (23T, IR (Me-syn) Tl BGT-1 (Zx%f L
BARAZRLEREME 2R L2 b O, IVR (Et-syn) 1 BGT-1 2 & Tl D V7 ¥ A 712 G BEEME 278 S 7220
oz, R UL7Z X512, WibAWHIE CELEZ B DI H 0300 b T AYTEEIZENECT20iE, IVRUE o
PATEANLTCBEEETH D ATF AL = F VDGR S DEWIZ X DX 37 E & OSNARKFE DR 2T
bHo LRI,

ZovruduNoBRORBEEORE LT, BIETHMN TS ED/NTELICL D, IATFTTTT U
K TdH D PPDC 1% HivD (Figure 2-2), HL9 D3I LS 7 Z ikt L, Er b= (B-HT) h 7 A
RN—% =237 5 NMDA S BAR~ORIRMED M E2 BE LT, 7 a7 a2 UBCLEEZ 614 L
o ZOMEETEMEMBEMIIE O T, v u T N UBHEM OB A A TR, = F =V =TTV S SR
T 5L, 2TOMEHNRE CEEEZRDIZS 00 53, BA LEREO SR SN KT 501250 T
5-HT K7V AR—Z —~OEIEENG LTz, b7 VAR —# —[HEEHOKRTIX, 7 a7 m X pE
MEHEOEE ST L TWD Z b, SMEEEDRBIC L2 b0 LHEIND, ZOHEITIE, =F
JARIZEB T, HAYD NMDA ZAEEBFMERHERF S 4L, RITER CTH 5 5-HT b7 v AR —H —~OFHETEE
RIEES LT2 7ol = F VO m S A H B OEREO M LICFHE L,

AL G, AL A A

Introducing a substituent

NEt NEt, Et
Compound
R H Me ethynyl Et
NMDA receptor bindin
pror PInding 6.3+0.3 0.350.08 029402 0.20 +0.02
(ICs0, HM)
5-HT uptake
P b 0.0085 * 0.0006 0.014 + 0.002 0.19+0.2 24+0.9
(Kj, M)

a Assay was done with cerebral cortical synaptic membrane of rats using [PH]MK-801.
b Assay was done with cerebral cortical synaptic membrane of rats using [*H]paroxetine.

Figure 2-2. 37 0 7 o /R BHEM O EHIED & & & & AT OB
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o anNCBLOMBER TEHHENLTZERIEC LD VR A EREL DD, 7 n T a/R B L HE
FRICELE Z I35 2 LN TEIUR IEHIR M 2R Z 907 v 7o S U BBEE L A = ROy ZEmIZ Bl & C
THLEX, JREMEEKRTHET 2 2L 2BR L, Thbb, ZBRELBROMEE LY 7 1[3.1.0]~
XU F kK S LA VIR (bicyclo-anti), VIS (bicyclo-syn) % &% &t L 7= (Figure 2-3),

Figure 2-4 237 m 7 /N B EED < GABA BLEEHIBREE SR IR (Me-syn), 111S (Me-anti) & ZBRMEE 4%
(ZH-5< GABA BLEEHI PR EIA VIR (bicyclo-anti), VIS (bicyclo-syn) @, MacroModel 10.9 % WV CEFR L7z
LEREOERG O ZRT, IEHEICEEEZEX N7 I EWVR VRO, ZOORERIEEC X 522H
FOBLE 2 i3~ 5 72  EHRADLEIE Y 7 v 7 a0 TfTo 7z, syn BUEE & anti BLEEW T OBELEIZHB VT
P n TN BRI L DHEEE TRWERICEDFERDOT I L VR RO ZRTALEN R < =R
DT EVHER I, TIUL TERMEERICE DBLERIEN, 7 v 7 a XU B AT LD EERIE & Rk, Al
OB ZHEFTRETHD Z L AR L TWD, F72, syn BEEICB L T, Malg TIERWHEERMEDET b
BW(1S,35)-3-7 X ) vy N B 1Ty VIR U BE D B TE LR % FLE L 72, [RIBRIZ MacroModel 10.9 & VT
FHR Lo R ZERE O EIE DY & Figure 2-5 (2”9, HREDOEILT I v & WK U L OZE DRITTORKR
FCITolz, LAY DORLERIEIZBIT DT v & VR CEBEO ZRTEEIIFEFIZEL L T D 00,
ZDORFED L EVEITIRE K B2 D, VIS (bicyclo-syn) (ZME— > DRI 2 fc 2 ERE L LT &Y, sREICT I v
& HIIVR BB ORI ZHIES 5, —J5. (1S,39)-3-7 2 /7 u Ly X - A VIR U RRIE. ERRO B ER S
WIS TER L TREEREN S 4.0 keal/mol BANIZ 3 D JRFT ERE N FAES 5 3B RS S -
(Figure 2-6),

steric hindrance sterictw nce

r Other conformational restriction strategy based on bicyclo ring system —

HoN HoN HoN
2 A’COZH 2 A,COQH ? é’cozH
e

Et
Me-syn Et-syn |:> bicyclo-syn
H;N Hs;N H,N
? \%A\COZH 2 \%\\\COZH 2 6
“Co,H

Me-anti Et-anti bicyclo-anti

Figure 2-3. " BRME I K D ECEERIAE & 3% 3 L7z GABA Ft il [R5 E (R
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HN_A HoN. HoN_ A HaN A
CO,H £ COzH 7\
#L02 /coyH \
Me N Me " CoH
IR (blue) VIS (orange) IS (blue) VIR (orange)

Figure 2-4. > 7 u 7 m /R HIT K D BLEHIRFE SR & “RMEEHIC X 2 BEFHERO KL EREOERE DY
(MacroModel 10.9, solvent: H,0, force field: MMFFs)

HoN HN,
CO,H O\
CO,H

IVS (orange) (1S,3S)-3-aminocyclopentane-1-carboxylic acid
(green)

Figure 2-5. “ERMEEHIC X HELEFHEIR & HERMEAL W O L2 ERUE DO B G e
(MacroModel 10.9, solvent: H,0, force field: MMFFs)

Figure 2-6. HERMEALA W ORERHT (MacroModel 10.9, solvent: H,0, force field: MMFFs)
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EFHOWFZELWAT LT, MR T, 7 a7 a0 BRI ABERIEEE LTo BHEkHK. By
7 B [3.L0]1~F VSIS K D BLEEREEZ . B A I UFERICR L THRA TN D,

WHFFEE OPEHEIT, He BEL O HZBFIRIZBT 57 2 7 7TV X VRIS O MERCRE 2 8858 L 7=, Figure 2-6 |Z
AT LT a T e R OSRAEEEITS U CEMERLE S 72 D558 & 72 5 7=, down-trans ‘B 4% D ent-2 851>
T, syn BlFED ent-3a & V| anti Bl D ent-3b DIEMEAMEIL TV V2, ZHUZ K Y down-trans 4% Tl anti B2
DMEMERCE L HELR S L7223 U — RMEEW O ent-2 K0 & DT NTIEEOIR T8 A 6 vz, BaFgEs o/MkiL,
ZORRIL, 7 v T a BB AR U CEE Z2 i3 2 72 OIE A L7e 7 L T VDO SRR E 23K T &
HEBEZ, BV a[BL0IF Y B R CEUE A I Lo e R 8 S RS 2w EE L B, SR
PEEFAR OO 5, anti BLHEIZ EE syn BLEED ent-30° 23V Hy A FPEZ R Li-, ZHhid. anti BdEDNENE
BoE L HER S =y 7 u 7 a R BRI L H6EWEE (ent-3a, ent-3b) DOFER L B2 5, 7272, ent-3b°1% Hs
SRR E Hy 2B E DIFMHED A 108 5 &0V 9 | @MWV Hy SRR Z R LTz, 7 a7 a0 EBRIZLD
HE U7 AL A RE T BRIRRINER BB L e o 1272, ZO@EWEZERERIRMEIT, Y7 v[3.1.01~FV
BRI KD BB HIENE S BT RREE Lo IR LRI SN D,

N— HN— HN-—
(\ H {\ ‘II‘ ~ & JI ~ i
N Sl . NS Bt N~ NHR ) H, receptor 4 receptor
“"NHR ?’{(S) ~Lr) Compound Configuration (K. nM)? (K, nM)? Hq/H3
“—NHR Et
ent-2 ent-3a ent-3b ent-2 down-trans 19.8 23.8 1.3
! | ent-3a down-trans-syn 3.6 37.2 10.3
ent-3b down-trans-anti 8.7 9.0 1.2
- HN—
HN il ) ent-3a’ down-trans-syn 56 602 108
<\\ o~ S
N™ a
[ [ A NHR ent3b'  down-trans-anti 31.6 501 15.9
7 —NHR 7
ent-3a’ ent-3b’ @ Assay was carried out with 293-EBNA cells or cell membranes expressing
R = 4-chlorobenzyl the human Hs or Hy receptor subtype.

Figure 2-6. FF5EMARD Hy 3 LU H, BRI BT D & BT
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BE B/ m[810]~F B AR L7z GABA BLEEHI RS SR DA B

1. BREF L7o#F8 R0 & pkdt

FREE L2 ERIMEE A GABA BEIR O A AFEE & Scheme 2-1 (2R, SEEALAMIZY T AT LA RAWM T
HHTNLTE RT2ID, VT AT L A~—0OnBf L FRERELRIZEIVE/KT S, 70T R721Ze 27
2 [3.1.0]~F W B E AT D8RR 71 1255, MeOCH,PPhsCl % Fu 7= Wittig SOt & e < BRI 45 i
WZEDEL, PR 71 OB 7 aRBLl0NF Y UERKIZ, e Tdanr Ty 69 MHMBRA XU A
(RCM, ring-closing methathesis) & A L7 ¢ OBRMEICE VEEST H, =691, HEETE 7 rot
RUERE L L CGELSORBITHENEN B/ 70 7m0 T 7 Fo 8 b R/AMTHZ L 8T 5,

Scheme 2-1

ring-closing metathesis

4 68 69 70

73
TBDPSO/A ffffffffffffffffff TBDPso/\éI *************** L +
o) CHO oA N H,N
COBn - - CO,H
71 72

2. TERMWEKAEFIH L7z GABA BLEEH|FRFEE R VIR (bicyclo-anti), VIS (bicyclo-syn) D4k

HFEEZR RIAO 7 moe Y v 4 2 H%ERE LTCaEb ot Bhicitnyrarn 527 b
68 # AL L=, #iV T Park 501k B 2nE iz 69 ~ L= 14IC, 45 X Grubbs fil A V72
FERA X ALV EEW CH AT VAT IV a—)v 70 24 7=, 7 U /LT /L =—)L 70 (2% L Ru filllit %
MW RMERIZE Y B 7 v [BLOIFH o BREEE L, 8#THAE 71 268U, #PRIIE 71 025
MeOCH,PPh;Cl & NaHMDS % Hv 7= Wittig SOt & i < BEIIK S FRIZ L0 . T AT VHREWM TH LT VT
ER72L L7, TATE RT2%27 AT LAHRAYO £ £ Pinnick BR{LICfT L. &SN 7- VAR g & ChzCl
EHWTRU DL 270l L, TBDPS A FRELCRICU T AT LA~ —T3, 74 R L, &7
AT VA ~—nb, 73—/ L% Dess-Martin i2{t.35 & OY Pinnick B2{biz X 0 BERERIICER{L L7-1% . DPPA T4l
BLUCBRT Y RT7,78 & Liz, 7 Y K 77,78 %, LU HIENRN T % Z & C Crutius BX(IC L0 A V&
T = h~EEH L, BRINAKSRT D Z LT, TR ~EEHT D ERIFHC AR UV AR E L CTHEMLEY
VIR (bicyclo-anti), VIS (bicyclo-syn) % &% L 7= (Scheme 2-2),
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Scheme 2-2

o O

EtOMOEt

° NaOEt EtO,C
A —4mM8
EtOH, rt to reflux o
0,
s 53% 68

1) DMP, CH,Cl,
2) 2 ugel

TBDPSO;>A\> THF, -78 °C
—_—
= OH

2 steps 75%
76

1) MeOCH,PPh,ClI,
NaHMDS
THF, 0 °C

>

2)aq. HCI, THF, 0 °C

TBDPSO
(0}

71

1) DMP, CH,Cl,

2) NaClO,, NaH,PO,4
2-methyl-2-butene
aq. tBuOH

—_— -
3) (PhO),P(O)N3, EtsN
CH,Cl,

HO

“CO,Bn
73
(less polar)

1) DMP, CH,ClI,

2) NaClO,, NaH,PO,4
2-methyl-2-butene
aq. tBuOH

3) (PhO),P(O)N3, EtsN
CH,Cl,

HO
CO,Bn

74
(more polar)

1) NaOH, EtOH

2) LiBHy4, THF, reflux
then 2 M aq. HCI

—_— -

TBDPSO
3) TBDPSCI, Et;N o
o) DMAP, CH,Cl, O
3 steps 89%
75

TBDPSO Grubbs 2nd cat.

_ =

CH,Cl,

OH

88%
69

3) NaClO,, NaH,PO4
2-methyl-2-butene
aq. tBuOH

4) CbzCl, Et3N, DMAP
CH,Cl,

5) NH4F
CHO MeOH, reflux
5 steps 45%

ca.1:1

TBDPSO

72

0 4) toluene, reflux

5) 4 M aq. HCI, reflux

N3 - =

“C0,Bn
77 5 steps 91%

(e} 4) toluene, reflux
5) 4 M aq. HCI, reflux

N3 B ———

CO,Bn

78 5 steps 85%

31

HO

1) DIBAL, CH,Cl,, -78 °C
2) CH3PPhgBr, NaHMDS
THF, 0 °C

2 steps 70%

Ru(CO)HCI(PPh
TBDPSO M
OH toluene, reflux
78%
70
HO
* CO,Bn
“C0O,Bn
73 74
(less polar) (more polar)
H,N
- HCI
“Co,H
VIR
(bicyclo-anti)
HoN
- HCl COzH

VIS
(bicyclo-syn)



“o0fbE. VIR (bicyclo-anti), VIS (bicyclo-syn) @ 2 frikFED AR EEAE, 1 AKERF & 2 (ikFEH 1
D 'HNMR IZB T DA EKERD D 2 & TRE LT, WEAMORKAEERITTNEN, Jip, =46 HZ B LW
Ji2=0Hz Th o7z, anti (RICBWT 1ALE 2050 2 SOKEFRFO " HFAIE 90 FEITHEVMELE & 5720, fEid
TEFLDAEH /N E W VIR (bicyclo-anti) % anti /&, VIS (bicyclo-syn) % syn {& L & L7= (Figure 2-8),

HoN WH-1 H,N wH-1
CO,H H-2

“H-2 “CO,H
VIS (bicyclo-syn) VIR (bicyclo-anti)
Jy=4.6 Hz Ji2=0Hz

Figure 2-7. VIR (bicycle-anti) 35 X Ot VIS (bicycle-syn) Dt AR E OWE (D,0, 500MHz)
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T CBRMEERE AR L7 GABA LI BRI o A iE

1. % GAT IZ81F % [PH]IGABA Hit V) JA Zx [ 528k Ky U5 & B 525

TERMEEH AR L7- GABA BLEERFRFEE IR VIR (bicyclo-anti), VIS (bicyclo-syn) @, % GAT 7 % A 7|z
%35 PHIGABA I V) iA 2 B 1E M AT D # S % Table 2-1 12759, anti B2 VIR (bicyclo-anti) & Ebigs LT,
syn Bt VIS (bicyclo-syn) 23@EWHEREZ . #FIZ BGT-1 1% L TR Lz, ZHUTE—FE Ty r/n a8
H a2 R LT B RO AEMIEERE RO, UV — NMEaWwTod 5 lla D BGT-1 (2% HIEMEALE DS syn Bl T o
DEWVIOHELR L —ET DR L IR oT,

Table 2-1. “BeME#ZFIH L7 GABA BlEEHIFRFHEIL VIR , VIS @ GABA H D 1A Z [HETHM:

Inhibitory effects at 100 uM (%)?

Compund syn/anti
GAT-1 GAT-2 GAT-3 BGT-1
HoN
CO.H syn 12.2 +10.9 29.0 + 3.87 48.2 + 0.91 97.6 +1.14
VIS
HoN
) anti 0.03 £+ 0.89 -25.9+8.97 2.39+529 63.9 + 0.48
‘CO,H
VIR

8Data are expressed as means + 1 SEM (n = 3)

TEMED E D > 72 VIS (bicyclo-syn) (B LT, 4 GAT 7 % A FI2kt LPPH]GABA % W 2 i & Hofs A& P2
FERAATV 50%PHEIREE (ICs fE) ZHIE L7z, HlgxtiE LT, BEFD GAT FHREAIT BGT-1 IZEIRED
VY NNC 05-2090 % F 7=, PSS — 12 R fhik & Figure 2-8 (2. ICs E A, U — LA TH 5 lla DfE & 412 Table
2-2 |2 Y, ZOfER. BGT-11281F 5 VIS (bicyclo-syn) @ ICs fElE 0.59 uM T ¥ . NNC 05-2090 L L ¥ Ha
R0 fEEVMEE R LTz, X512, GAT-3 1ZxFd % BGT-1 ~Di&R 2 #3355 (selectivity index) 1X
129 & 720, NNC 05-2090 33 LU lla & bb~349 40 fi5 ) B U7z, LLEOFERN S| 58172 B E 2 R T Y05
BIRK BGT-1 FLEA AR 2 ik L7z Y,

F7-. Table 2-2 (Zi% Na & VIS (bicyclo-syn) @ LE fE &7~ L7z, BUFERAEIOFR] AL, @E OFFEIRERIZ I
WCIHA SN 2BUKMEERRIEEA L B0 HTEERESEBLSEH 2 LR EHEELR EXEbnd 2
ETHY ZORER. Y — MEEW L RI%O LEE A2 HEFF T X 5 50T 5, VIS (bicyclo-syn) @ LEfE (LE = 0.85)
X, U —KEE® lla(LE=0.89) Li#ta/2VMEE & > TEY ., VIS (bicyclo-syn) H{kH F 722 BGT-1 BHEHAZ
Bl 2 ECENTZY — NMeEW e D Z LR IS5,

72%. LIFE VIS (bicyclo-syn) % BC-GABA & FEFRT %, BC-GABA (X, GABA D & ST =k L L AR 72 L
A 2 BRPECHIE (Ly 7 v a0 Ko AEKGHIE, 2.3 7 v[3.1.0]~F ¥ B #IC X 2RI E0HIE)
THENS, AEMNS TRFHC L VAR SN AR KRERFBATH D, ZOMEIT, V7 a7 a v o
BPE2TE A Lo ket s, T%Lﬂ%’ﬂ@ﬁfé’w YRTBEIZRT DU RORIMICHEATHS Z L AR LT
5o
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GAT-1 GAT-2
3 150+ 3 150
= - NNC 05-2090 £ - NNC 05-2090
c c
S l - VIS (bicyclo-syn) [ =+ VIS (bicyclo-syn)
‘s 100 5 1 ‘s 1004
£ 501 £ 50
3 3
< <
o o
g 0 T T T T g 0 T T T :
-7 -6 -5 -4 -3 -7 6 -5 -4 -3
Concentration [log M] Concentration [log M]
GAT-3 BGT1
3 150- 3 1504
.E - NNC 05-2090 .E - NNC 05-2090
9 —* VIS (bicyelo-syn) § i 3 —* VIS (bicyclo-syn)
G 1004 o 1004 .
& =
2 2
£ 501 g 509
3 3
< <
m m
< < 01 L
(o] 0 T T $ 4 (V] T T T T
-7 6 -5 -4 -3 -8 7 -6 -5 -4
Concentration [log M] Concentration [log M] n=3
Figure 2-8. %& GAT %7 4% A ZIZ81F % VIS KT NNC 05-2090 0D i i — 55t 4 B E dhf
Table 2-2. & GAT %7 % A FIZ81F % lla, VIS KX NNC 05-2090 @ ICs fi
IC50 (uM)
Compund GAT-3/BGT-1 LE
hGAT-1 hGAT-2 hGAT-3 hBGT-1  (selectivity index)
N
1.4 6.20 15 5.10 2.94
HO
OMe
NNC 05-2090
iaN A oo >100 36.9 13.9 5.48 2.54 0.89
lla OH
H,N
COzH >1000 >100 76.3 0.59 129 0.85
VIS
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2. 4 GABA ZZRIZx L6 5R

~ 7 A DRGHLIEREAR Z F\ T, BC-GABA D4 GABA K RICkT 2456 Ei A2 ¥ Z 72~ 7= (Figure 2-9),
MU F U AERR & - GABA AR Y Y R XU IEIE D BC-GABA % AV T & ZAIRDPH] U 7w N
ZHEL KEEZEH L7, SREY H o FE LT GABAy ZAMKITIZPH]L v E—/L, GABAg SZAKITIE
[PHICGP-54626 % IV T\ %", Z DfEH. BC-GABA |% GABAs ZAMKITITREE Lghr o 7275, GABANZ A
i@ is e Bt EZ R LTz,

GABA, receptor GABAg receptor
140 4 K = 0.35 uM 140 4
120 4 (95C1:0.21-0.57) 120 4 I I { } } {
1 100 ¢ i —1 3

N B
o o
L L

0 T T T T
11 10 9 8 -7 6 5 4
n

Concentration (log M)

o

Specific binding (% of control)
Specific binding (% of control)
o o
o o

T T T T T T T T

10 8 8 -7 6 5 -4
=3 Concentration (log M) n=

'
-
-

3

Figure 2-9. BC-GABA D% GABA Z ZKIZE T B kA EBROKE

FEABFMEDE 2y o 72 GABAA ZRIKIZHT 2D BC-GABA DIEA %, m—LB Ny F 7 T FIEIC I VR
i L7z, 50 FRETREZ AR IEAIAI T 6 L, BEEAT 2 +10 mV IZ1REE L7212 GABANZ AT A=A FThH LY
E—)LH DL BC-GABA A /L& L. holding current D2 L& BE L=, TOREE, L B—/L L FEEEIC,
BC-GABA % JLE L 72 B3C, GABAAZEIRZ N LTz Cl A A2 O NI X 28Iy -7 A% ERNEE SR
722 &5, BC-GABA I GABAN S AIRICHK LT A=A & LTIERT 2% Z & 2383 L 7= (Figure 2-10),

Muscimol BC-GABA
3 puM 30 uM

\ 50 pA

3 min

Figure 2-10. BC-GABA ® GABA SZ 2K t3 5 /5 0 #Afh

OH

0 PN
N NH. 1 =
w 2 6 on M

HO'
muscimol CGP-54626
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3. BC-GABA O 3EHRE ST

BC-GABA Dt 9 1l % RIGIEHBR " (Tail Suspension Test) (L ¥ #4ii L 7=, BC-GABA 35 L 1f GABAA %
BERT A=A D LVE—VE~ T ADRRKMENICEE L, ~ 7 AOMERR 2 H1E Lz, S{bawoks
I% GABAA Z FIRICHTT 2 KiED . (BC-GABA: K; = 0.35 pM, A3 E—/L: K = 0.026 uM) L 0 i@ L7z,
Figure 2-11 |Z/” 3 K 912, BC-GABA ¥ 5- L7~ 7 A Tl HEBENRFH 2 BN IR S 7, 2L BC-GABA
N AR LI SMEHZ R T Z L AR LTV D, —J7, AV —/ L CIEEEIREHE OB 138152 S e
o7, EikD GABA ZHRIT KT 2455 EBRAE R L U . BC-GABA 1 BGT-1 HETEME 1T T/ < GABAA A
BT I=Z2 MNEMZA LTS, ZhbORREZESE 2, BC-GABA OFL ) S1EHIE, BGT-1 BHEEM. H 5
UME BGT-1 BEIE M & GABAA AR T I =2 MEMHOE AW Z2ERICER T 2 FREMA RS-, ZOR
IGTERBRIZIB VT, 5ng/5 pL (5.6 uM) LI EDJEE D BC-GABA %~ 7 AZIMENHZEE L TH., BEKFN
72 SEERFR O FIAEIL R S AR5 7, 5ngl5 ul OFEEE T 100%DFKN & R T EICE L7 aTEEtE b H 545, K
ERERE LTEMET BT D500 AEHOEFHI O L S AREL TV LBERD, DIl LDk
MEBOZWNL, BE A OEEZ2 L WNITEBEIC L 0 iThLd, OO REBN W HIER XA L TR
0| Bl 7R ENE T VAL L CWR, T OE T VENM) OFTENRBUI X D REM O 8 L I 23, SRR BIER
HOABKICB T pEEL2->T0D Y RERICBWTHLZORELZIT TS EHESND,

(0]
HyN -
2 COH N)\J/\NHQ
200 -~ 200 -

HO
BC-GABA muscimol

150 - 150 1
“ 0
o o
E E
- -

Z100 - £ 100 |
) )
) o
£ £
- £

50 + 50 -

0 0 A

control . 150 (ng/5 pL) control } 10 (ng/5pL)

n=7-13
*P < 0.05 vs control (ANOVA with Dunnett’'s Multiple Comparison test )

Figure 2-11. Tail Suspension Test (& X % 5t 5 >E A O it

" RARIEFBR (Tail Suspension Test) ,
VU ADRET T CTREEERFO 7 v Z7ICHEL TV AEZHSHVICT S, v 7 AX A'
BAERATENZ & B3, LIEDHL Lcth, EMEMREDROLND L IR DI0, L OESD) v
R 2 E 5, EEIFE AR VIE ET ) BB Z & 28T,
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FEIUET  BGT-1 %7 2 I HEALAE

GABA DIEMERLEEIZ DWW T #2945, Figure 2-12 |2 MacroModel 10.9 TEHE L7= U — FMEAY 1la @ syn il
JE (a) & anti BAEE (b). HIR (Me-syn) (c) 35 & (8NBC-GABA (d) O ERE% 17, L&Y lla D syn B
(blue), IR (Me-syn) (green), BC-GABA (orange) ORELFEAZ BT & Z A, {FMEICEERT I LWV KRUBEO
SWOTHIBCE N R S AR D Z R ST (Figure 2-12-e), Z DOFEEN S, GABA O BGT-1 1% A& M:AL
JEEAS trans-syn B Td 5 Z & 23R iz (Figure 2-12-f),

c) d) f)

{

/ / —sCOH
T ) ; w K Y GABA
JV ) » =
)& ' trans-syn-form.
Y

Figure 2-12. LAY DKL ERE L BERAEDLE RO TFHE I D GABA OTENERE
(MacroModel 10.9, solvent: H,0, force field: MMFFs)
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B8 I URAR—FZ BN B2 ER L REER GABA FEEORE L AR
B b7y AR —RIE R AR L7 TR GABA FE RO

BC-GABA (X5 /) 72 B EIGEMEZ A3 54D BGT-1 Mm@ IR EAITH 5, LarL, GAT (2B L Tix BGT-1
PT LA TR TIEH D B DD, GABAL ZAEKICK L THRmWEIFWEZ R LT, RIE TRz~ 7 2% H
V72 in vivo #EBRIZ ISV T BC-GABA 13519 DTEM Z 7R LTz, GABANZ AT T=A FD Ly E—/VIZIEH
IR R N7 oTo Z e HLO SIEMOFREUZ BGT-1 OLENEDL > TW\WH ZERHERIND b
DD, GABApNZEART T = MEWNEE L TWD AREMEIIHRE TE RV, LeA > T, BGT-1 OFfEMiZR/E
FRREEREAZIAICIZ. GABAASZBIR~DEINEZFi 272V E O BGT-1 @R EAIN RO b, £ 2T, BEH
I3 GABA Z FIE~DOEFM: & Ff 7272\ \GABA k7 v AR — & — &R LER ORI EZ Hig+ 2 L & L,

GABALAZERIL 5 2OV T 2=y "W DIEREND A A0 T ¥ FABZREIKRT, £V T 2=y MNITNT
NAKRDOEEE~NY v 7 2% G35, V7 2=y MIBUEE TIZ al-6, B1-3,y1-3, 8, ¢, 0, w, p1-3 ¢ 19 & A3[A]
EINTVD, GABANZAERIZING Y 7=y b OkkA Rl AEDEIC LD 5 BRTHEEL., Wi 5
T 2=y OBV LY BB EE, ISR DR MR EAR D, N T alp2y2 DA G
WEcH VN, 2014 12 Miller HIZ8 Y B3 ARE 5 BIRD X BREFEEEENRE SN TNDHD, alf2y2 250
oV 7 2= FOMAEDEIZL D GABANZAEEOHEERL LY T ROFEHRR L, £ ITREITH
B S AL Cueny BB

ZDE I GABANZEIRIZHE T D U I ROFEGHRAN AR THSH Z L 2 HE 2. BC-GABA [ZBUKME
REAEZH AT 5 Z LT, GABANZAIKRD Y T RS EHENLICI T DILRFEFIZ LD . BGT-1 ~DHEFEM: 4
HEFF LoD, GABAA ZAMMICHT2BFMEEAZIK T T2 2N TEDL LB X, . AT HEREAZBUK
P& L7z did, GABA IFBUKMEAME < MBI 2 @il TE 2 e W) A2 UET 5720 Th b, £ 2T,
WO R EREHSE AL ARG 5720, a v B a—F—v I alb—va KA aiEHT s 2 & &
L72. BC-GABA & ZDIERZ L RV B TdHh 2D BET-1 DHRER D —ET L ED Ry F 7k 0 PRI D
A8 % Figure 3-1 1277, 2B, BGT-1 OARE 1 ¥ —F 5 /L% Modeller 9.14 % T LeuT Z#81 & L THE
FL. Fyd o /S8R HRIT Schrodinger Suit 2015-2 (& £ 54V 7 b &2 HWE, ¥ 2 b —3 a3 »Off
B, TIVCHEATAESL T ATV, BLOY Y 7 B EOSRIIZ/N S 7B REHEN, 3NMRFICIE
R W RERE A EAT D ANR—ANH D Z ENRB I Nz, —F, Y7 a7 as U OFEIERO 6 (L K%E
T ERREA G AT D AR=AN RN LV Lo, ZORRABE 2 BGT-1 (0% LBUKIEEREAE 28 A
ARE/R AR—ADRPFEHIE LT, 3 MBLOT I AT NVEEEA LT ZRIEEHK GABA #FHiER
VII-1-3 Z&¢EF L 7o (Figure 3-2),
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\

Figure3-1. Ry ¥> 7 v I alb—y a2k b FllS7z BC-GABA @ BGT-1 E T /MIZHBIT 5 iEEGHEK

HoN
CO,H
Me

ViI-1

N
e
COzH

Vii-2

Substituents not tolerated

Me
Small substituents tolerated N
ex. methyl, dimethyl, isopropyl Me
: COH
Bulky residues tolerated vila ’

Figure 3-2. Tl SN 7- BREESE AT REZR 0L & 5% EF L 72 BRME GABA 538K VII-1-3
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i

[

i b7 AR =2 =R B AT U7 BRI E R GABA #B 5RO G Ak

REF L7z CERMEE RS GABA FHEAK VII-1-3 DA E ZNZEIVLL FICRT, BAVR BB T7912%L 8-7 2 /%
VU EMEA L, Pd Al T3 C-HIEMAL 1T L 0 A F L% 3NRBITEA LILEW 81 #1587, 5.

Tl 2 BREAE A Z AT,

Scheme 3-1

TBDPSO
/ACOZH

79

8-aminoquinoline
EDC, HOBt

CH,Cl,

60%

1) Boc,O, DMAP

CH4CN, 70 °C o)
3 TBDPSO

2) LIOH H,0, H,0,

OH
aq. THF

82

1) DMP, CH,Cl,
2) NaClO,, NaH,PO,4
2-methyl-2-butene o
aqg. tBuOH aq. (0]
777777777777777 > N3
3) (PhO),P(O)N3, EtsN

oB
CH,Cl, "

85

HRIDIERLEM Z BT 2 TETH D,

Mel (1.5 eq)
Pd(OAc), (20 mol %)
O
TBDPSO AQOAc(1.5€9) _ 1gppgo i
N = toluene (0.2 M) N =z
Ho oy 80 °C, 24h H |
N N
25%
80 81
BnBr,K,CO fo) TBAF, AcOH 10
--------- 2>~ TBDPSO seeeeen il HO
DMF OBn THF OBn
83 84
4) toluene, reflux
5) 4 N aq. HCI, reflux H,N
,,,,,,,,,,,,,, -
CO,H
Vi1

T RS TH D C-HIEMEALISIC W CIEEINE 2 Tk 5.,
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{bE5% 86 2 NaH & CHsl TR L CTT7 2 /K% E / AF /UL L. Boc EZEL TEMEEY VII-2 246

K L7=, F£7=. BC-GABA Z/K/L AT /LT b I L NaBH;CN Z VW TE
CAF ML, ER LAY VII-3 ARk L7= (Scheme 3-2), 1H

LB EIC TR 5,
Scheme 3-2
H CHl, NaH
Boc”
o¢ CO,H DMF
86
HoN HCHO, NaBH,CN
—_—
- HClI CO,H MeOH
BC-GABA

T I MBI LTT R
B LI2 AL B DM IENE L ZEIZ O T

4 M HCl/dioxane /H
CO,H . HCl CO,H

2 0,
steps 86% Vil-2

| . |
_N 4 M HCl/dioxane _N
CO,H . HCl COzH

a8 2 steps 88% ViI-3
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BWNE SF-ABRMORRFZER LESBHT 7 oy GABA FEMAEOREH L AR

B Z@E#S 7 07 a0 GABA BEKOKE

BC-GABA DAIRIZ kv BGT-1 BIRMEIXM L L7223, UV — NMEA®MTHS lla id BGT-1 7217 T2 < GAT-3
Wk L CHEEEZ AT 5, GAT-3 ~OER kR L OBt R L2 B Ry E LT, Na lZBUKEEREZE
AT HZ L LT, Figred-1 1R T X512, FHIFUURNCY — NMEEMOT I 53 L OB VAR IR L
BUKMEEREZEA LA OFEREZER L, 20D OO DEEEHEFERE 2T~ 7208, Wi
DILBEMIZE N T b GAT-3 1244 5 FAMELIRINIE D ) FI1TER0 b7 B

C§2A\pw+ —— Wké;pw+ — HWJ&V%)

GAT-3: IC5¢ = 13.9 uM

BGT-1: IC5y = 5.48 uM

GAT-3/BGT-1 = 2.54
(selectivity index)

R? B
N
R ¥ % R®
H H H o 0
N\ \/N\ N\
- e’j ;é \( ;é L%_ O/\ L%?_ NH,

H | \
@\/N\; /N\; \/N\; o] 0
SIS
(0]

Figure 4-1. 7 3 L HBE L OV VAR o BB o0 R i 15 AR B AR 22

Bii- 7K REESE AL E LT, Hla O3 7 a7 a Ry O =MRFEICEH Lz, UV— NMea®wo lla
X, 3MLE ANED 2 DDV 7 v TNV = RIkFEER LT, ZOW, BC-GABA 0O BRI B A G
N ANICEBRIEEZEAN LA EEBEZDND, L, 3y 7 a7 a U =R FICEREZEA LT
GABA FHERIZIZNE TARINIZZ LW, =2 T, HAER LR 0 & 72 5 BREEROFFRMESH 72
PRIBIRME DI DO AIREVE AR T D720, 3 7 a7 a R SRR FIC B A S A L =@ 7 a7
13 GABA FFEE VII-1-3 Zi%FF L7z (Figure 4-2).
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" AR
I <

P
|
HoN A HoN A% HaN \A(\ HEN\A{"%/]
\/%‘COQH COH CO»H COsH
VilI-1 Viil-2 Vill-3

Figure 4-2. &3 L7-=@#as 7 1071/ GABA FHEE VII-1-3
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WO @S 7 n a3y GABA BBEARD AR

ZE# 7 1S a8 GABA BBERD A AT E

ﬁAm BOTHEE L7 a0 T a0 3MESRRBA~OBERILOE AL, Pd 2l L+ 5 C-H iEMAL
FOSzEFIMT 52 & & Lic, SEEORRIL, Y AROT 7 a7 a /N AZx L 8-T X /¥ /Y s afidmike
LT, Pd Zfilifif & 4% C-HIEMALZ#E DT U — /UALBISIZ E D &7 v 7 a Ny EDORFE-KFEREIZELET Y
—VIEEATH Z L2 LT D WL OIS, RERINEETH o 7255 = MR E -k #iE A 2 1E L
L CRFEE~EHBELZEANLHOFITH S, S DIZERT, FEEOFIETT VX LIEOEANZONT H G
LT3 U (Figure 4-3),

Ar-1 (3.0 eq.)

Pd(OAc), (20 mol%)
AgOAc (1.5 eq.)

TBDPSO B TBDPSO
toluene (0.2 M)
o N 80°C,6h
Ho oo
X 31-95%
Pd(OAc), (15 mol%)
(BnO),P(O)OH (1.5 eq.) Alkyl
TBDPSO _— TBDPSO
tBuOH (0.25 M)
o H | 50°C,12h o H |
N N

Alkyl-X (3.0 eq.)

31-93%
HsC
Alkyl = Me, Bu, PN
r‘é etc.
Figure 4-3.Pd Zfifit & 42 C-HIHMALIC L B Y7 a7 o X0 8 R EDO TV — LB L O T L%k

ZEHLS 7 v m R GABA R VII-1-3 OB KGR 4 Scheme 4-1 10”3, A/LVAR £ 11IC8-T 2/
X2V UEMAELIE NIV AEOY 7 a7 a0 AbE Y 84 12k L, EROSEIRIZ I Y 7 e a S Z|l
BTV NES L ETARANEEZEAT L, NTUABOY 7 a7 a /Al 5B LT, =F v
FKIZOWTOLRERITWME L TV, UKIZZNE TOMLEY & REEORE CHEMEAY VIII-1-3 24551
Do

Scheme 4-1

Pd(Il)-catalyzed allylation and alkylation via C(sp®)-H activation

o
R
TBDPSOWOH ------------- - TBDPSO/\%\ ------------- - TBDPSO/\Aj\

11 89

O
Iz
(@]
Iz
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Sy 7 v a8 GABA HERD A K
ANREELN & 8T I /X /Y ZMaLTEEm 89 L Lic, ZDO NI U RAEOY 7 ara /i AbEW
9IX LT, 87/ F/ U rafidmbits LT, Pd Zfilifl & 32 C-HEMALZRD T U —/ kX237 L%
MEBIRIC R 27 v 7 aRy EORRIRFICEEEREEZEA L, LEY 90-92 21572 (scheme 4-2),

Scheme 4-2
Mel (1.5 eq.)
o 8-aminoquinoline Pd(OAc), (10 mol %)
EDC, HOBt AgOAc (1.5 eq.)
TBDPSO —— > TBDPSO _— TBDPSO
OH CH,Cl, toluene (0.2 M)
80 °C, 24h
1 65% 8§ N | 42%
Phl (3.0 eq.)
Pd(OAc), (20 mol %)
AgOAc (1.5 eq.) Etl (1.5 eq.)

K3PO, (1.0 eq.)

o Pd(OAc), (10 mol %)
toluene (0. 24!\?0/110 C, 24h Ag,CO5 (15 eq.)
0

(BnO),P(O)OH (1.5 eq)
oivene (05 M) TBDPSO
oluene .
TBDPSO 7540 12h %

41%

{bE#) 90-92 7 X K% Bocfb L, < MAKDEIC LY 8T /% /7 Vv a2BRELE, o hLRy
fi£ 93-95 # X2 VLT AT )L & LTt TBDPS & FREL CTT/La— L 99-101 ~ L E\ =, ZD%, ZhvE
TOLE & FIRRIZTE 2 BREERZH ATV RS VINI-1-3 25 L 72 (Scheme 4-3).

Scheme 4-3

1) Boc,0O, DMAP

R CH,CN r BnBr,K,COs r
TBDPSO —  ~  1BDPSO TS . TBDPSO
2) LIOH-H,,0, H,0, OH 0Bn

DMF
aq. THF
o |
90 :R = Me Nx 93 :R = Me : 2 steps 93% 96 :R = Me
91:R=Et 94 :R=Et :2 steps 95% 97 :R=Et
92:R=Ph 95: R =Ph : 2 steps 86% 98 : R =Ph

o) 3) (PhO),P(O)N3, EtzN

TBAF, AcOH R © 1) DMP, CH,Cl, R CH,Cl,
- T . HO — > HO 2
OBn OBn

THF 2) NaClO,, NaH,PO, 4) tBuOH, reflux
2-methyl-2-butene

99 : R = Me : 2 steps 81% aq. tBuCH 102 : R = Me
100 : R=Et :2steps 97% 103 : R =Et
101 : R = Ph : 2 steps 88% 104 : R = Ph

H (0]
_—
o¢ OBn OH

reflux - HCI
105 : R = Me : 4 steps 46% VIII-1 : R = Me quant.
106 : R=Et :4 steps 42% VIll-2:R=Et 94%
107 : R = Ph : 4 steps 42% VIII-3 : R =Ph 97%
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EBROER

General Procedure

All '"H NMR and *C NMR spectra were recorded on a JEOL JNM-AL-400, JEOL JMM-ECX-400P or JEOL
JMM-ECA-500 spectrometer. "H NMR chemical sihfts are reported as d values in ppm relative to tetramethylsilane (0.00
ppm) when CDCI3 was used as the solvent, or a solvent residual peak (CD,H-OD: 3.31 ppm) when CD30D was used as
the solvent. Coupling constants (J) are reported in Hz and multiplicity is indicated as follows: s (singlet), d (doublet), dd
(double doublet), t (triplet), q (quartet), brs (broad singlet). **C NMR chemical shifts are reported as d values in ppm
relative to deuterated solvent (CDClj: 77.0 ppm or CD;0D: 49.0 ppm). All mass spectra were obtained on a JEOL
JMS-700TZ, JIMS-HX11 or JEOL JMS-FABmate spectrometer. Elemental analysis was performed with a Yanaco CHN
Corder MT-6 or J-Science MICRO CODER JM10 analyzer. Optical rotations were measured with a JASCO P-1030
digital polarimeter. All non-aqueous reactions were carried out under argon atmosphere in anhydrous grade solvents.
Silica gel column chromatography was performed using Merck Silica Gel 60 or Kanto Silica Gel 60. TLC was
performed using glass-backed silica gel 60F254.
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]
(1R, 5S)-1-(phenylsulfonyl)-3-oxabicyclo[3.1.0]hexan-2-one (5)

To a solution of phenylsulfonylacetonitrile (18.1 g, 100 mmol) in EtOH (350 mL) was added 20% | O_ o
NaOEt in EtOH (78.4 mmol, 200 mmol), and the mixture was stirred at rt for 1.5 h. And then %
(R)-epichlorohydrin was added to the mixture. After being stirred at rt for 20 h, the resulting mixture SO,Ph

was concentrated in vacuo and poured into H,O. After adjusting pH to 4 with AcOH, the mixture was stirred for 22 h.
After addition of sat. NaHCOg, the mixture was partitioned between AcOEt and sat. NaHCOs. The organic layer was
washed with brine, dried (Na,SO,), and evaporated. The residue was purified by silica gel column chromatography
(hexane/AcOEt 1:1) to give 5 (11.2 g, 47.1 mmol, 2 steps 47%) as a white solid. "H NMR (400 MHz, CDCl5) & 8.08-7.59
(5H, m, aromatic), 4.41 (1H, dd, J = 9.6, 4.8 Hz, H-4b), 4.20 (1H, d, J = 9.6 Hz, H-4a), 3.21-3.17 (1H, m, H-5), 2.20 (1H,

dd, J = 8.8, 5.2 Hz, H-6b), 1.47 (1H, dd, J = 5.2, 5.2 Hz, H-6a). *H NMR is in agreement with that reported previously
[26]

(1R,25)-2-(t-Butyldiphenylsilyloxy)methyl-1-(N-methoxy-N-methylcarbamoyl-1-phenylsulfonylcyclopropane (6)

To a suspension of N,O- dimethylhydroxyamine hydrochloride (390 mg, 4.00 mmol) in Me. _OMe

CH,CI; (2.5 mL) was added Et;N (562 ulL, 4.00 mmol), and the mixture was stirred at rt N
TBDPSO/\MO

for 40 min, and then the resulting mixture were filtered off. To a solution of 5 (238 mg,
1.00 mmol) and AICI; (266 mg, 2.00 mmol) in CH,Cl, (2.5 mL) was added the filtrate

via cannula at 0 °C, and the reaction mixture was stirred at rt for 2 h. The resulting mixture was diluted with AcOEt,

SO,Ph

washed with 1 M ag. HCI, sat. NaCO; and brine, dried (Na,SO,), and evaporated to give the corresponding alcohol as a
pale yellow oil.

To a solution of the aforementioned alcohol in CH,Cl, (5 mL) was added Et;N (211 ulL, 1.50 mmol),
4-dimethylaminopyridine (18.3 mg, 0.150 mmol), and TBDPSCI (390 pL, 1.50 mmol), and the reaction mixture was
stirred at rt for 11 h. After addition MeOH, the reaction mixture was diluted with CHCl;, washed with 1 M aq. HCI, sat.
NaCOj3; and brine, dried (Na,SO,), and evaporated. The residue was purified by silica gel column chromatography
(hexane/AcOEt 10:1 - 3:1) to give 6 (487 mg, 0.906 mmol, 2 steps 91%) as a colorless amorphous. *H NMR (400 MHz,
CDCls, 60 °C) & 7.82-7.33 (20H, m, aromatic), 3.84 (1H, dd, J = 11.6, 5.6 Hz, -CHaHbOTBDPS), 3.70 (3H, s, -NOCHy),
3.53 (1H, dd, J = 11.6, 6.0 Hz, -CHaHbOTBDPS), 3.25 (3H, s, -NCH3), 2.12 (1H, brs, H-2), 1.92 (1H, brs, H-3a), 1.56
(1H, brs, H-3a), 1.00 (9H, s, tBu). *H NMR is in agreement with that reported previously ).

(1R,2R)-2-(t-Butyldiphenylsilyloxymethyl)cyclopropane-1-(N-methoxy-N-methyl)carboxamide (trans) (7)

and
(1S,2R)-2-(t-Butyldiphenylsilyloxymethyl)cyclopropane-1-(N-methoxy-N-methyl)carboxamide (cis) (8)

To a solution 6 (15.9 g, 29.6 mmol) in MeOH (100 Me., .OMe
N

mL) was added Mg powder (10.8 g, 444 mmol) at 0 °C OMe
TBDPSO N. TBDPSO/\AAO

and stirred at rt for 1.5 h. The reaction mixture was Me

diluted with AcOEt, washed with 1 M ag. HCI, sat. o

NaCO; and brine, dried (Na,SO,4), and evaporated. The residue was purified by silica gel column chromatography
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(hexane/AcOEt 4:1) to give 18 (6.19 g, 15.6 mmol, 53%) as a colorless oil and 19 (4.17 g, 10.5 mmol, 36%) as a
colorless oil. cis: *H NMR (500 MHz, CDCls) § 7.69-7.63 (4H, m, aromatic), 7.43-7.35 (6H, m, aromatic), 3.92 (1H, dd,
J =10.0, 5.5 Hz, -CHaHbOTBDPS), 3.79 (3H, s, -OMe), 3.70 (1H, dd, J = 10.0, 10.0 Hz, -CHaHbOTBDPS), 3.24 (3H,
s, -Me), 2.35-2.33 (1H, m, H-2), 1.63-1.59 (1H, m, H-1), 1.09-1.07 (1H, m, H-3a), 1.02 (9H, s, tBu), 0.94-0.89 (1H, m,
H-3b). trans: "H NMR (500 MHz, CDCl,) & 7.67-7.64 (4H, m, aromatic), 7.44-7.36 (6H, m, aromatic), 3.77 (1H, dd, J =
11.0, 4.5 Hz, -CHaHbOTBDPS), 3.73 (3H, s, -OMe), 3.58 (1H, dd, J = 11.0, 5.5 Hz, -CHaHbOTBDPS), 3.21 (3H, s,
-Me), 2.20-2.18 (1H, m, H-2), 1.70-1.64 (1H, m, H-1), 1.20-1.16 (1H, m, H-3a), 1.03 (9H, s, tBu), 0.88-0.84 (1H, m,

H-3b). 'H NMR is in agreement with that reported previously !,

(1R,2R)-2-t-Butyldiphenylsilyloxymethyl-1-formylcyclopropane (9)
To a solution of 7 (13.8 g, 34.7 mmol) in CH,ClI, (350 mL) was added DIBAL-H (0.99 M
in toluene, 51 mL, 52.1 mmol) at —78 °C, and the reaction mixture was stirred at same TBDPSO/\%(H

temperature for 2 h. After addition of MeOH and brine, the reaction mixture was stirred at 1 o)

h and filtered with a Celite pad. The filtrate was concentrated in vacuo and the residue was purified by silica gel column
chromatography (hexane/AcOEt 20:1) to give 9 (10.1 g, 29.8 mmol, 86%) as a colorless oil. *H NMR (400 MHz, CDCl,)
89.06 (1H, d, J = 5.6 Hz, -CHO), 7.65-7.63 (4H, m, aromatic), 7.46-7.37 (6H, m, aromatic), 3.76 (1H, dd, J = 7.6, 4.8
Hz, -CHaHbOTBDPS), 3.63 (1H, dd, J = 7.6, 5.2 Hz, -CHaHbOTBDPS), 1.86-1.81 (1H, m, H-2), 1.77-1.70 (1H, m,
H-1), 1.27-1.22 (1H, m, H-3a), 1.12-1.07 (1H, m, H-3b), 1.04 (9H, s, tBu). 'H NMR is in agreement with that reported

previously #°,

(1R,2R)-2-t-Butyldiphenylsilyloxymethyl-1-((E,Z)-2-methoxyvinyl)cyclopropane (10)

To a suspension of MeOCH3PPh;Cl (25.5 g, 74.5 mmol) in THF (260 mL) was added o~
NaHMDS (1.9 M in THF, 47 mL, 300 mmol) at 0 °C, and the mixture was stirred at same TBDPSO/\A/

temperature. After 1 h, a solution of 9 (10.1 g, 29.8 mmol) in THF (40 mL) was added via cannula, and the reaction

mixture was stirred at 0 °C. After 2 h, the reaction was quenched with sat. NH4Cl and concentrated in vacuo to remove
THF. The residue was diluted with AcOEt, washed with H20 and brine, dried (Na,SO,), and evaporated. The residue
was purified by silica gel column chromatography (hexane/AcOEt 8:1) to give 10 (9.86 g, 26.9 mmol, 90%, diastereo
mixture, 1:0.7) as a colorless oil. major diastereomer (E) : *H NMR (500 MHz, CDCl5) & 7.68-7.66 (4H, m, aromatic),
7.42-7.31 (6H, m, aromatic), 6.32 (1H, d, J = 12.7 Hz, -CH=CHOMe), 4.49 (1H, dd, J = 12.7, 7.2 Hz, -CH=CHOMe),
3.72-3.67 (1H, m, -CHaHbOTBDPS), 3.56-3.52 (1H, m, -CHaHbOTBDPS), 3.47 (3H, s, OMe), 1.04 (9H, m, tBu),
1.00-0.95 (1H, m, H-2), 0.65-0.60 (1H, m, H-1), 0.54-0.41 (2H, m, H-3). minor diastereomer (Z) : 'H NMR (500 MHz,
CDCl3) 6 7.68-7.66 (4H, m, aromatic), 7.42-7.31 (6H, m, aromatic), 5.88 (1H, d, J = 6.3 Hz, -CH=CHOMe), 3.90 (1H,
dd, J = 6.3, 3.2 Hz, -CH=CHOMe), 3.65-3.59 (1H, m, -CHaHbOTBDPS), 3.59 (3H, s, OMe), 3.49-3.45 (1H, m,
-CHaHbOTBDPS), 1.10-1.04 (1H, m, H-2), 1.04 (9H, m, tBu), 0.54-0.41 (3H, m, H-1 and H-3). '"H NMR is in

agreement with that reported previously 1,
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Carboxylic acid (11)
To a solution of 10 (4.64 g, 12.7 mmol) in THF (330 mL) was added ag. HCI (12 M,

@]
30 mL) at 0 °C, and the mixture was stirred at the same temperature for 3 h. After TBDPSO/\A/U\
addition of sat. ag. NaHCO3 and removal of THF in vacuo, the residue was extracted OH

with AcOEt. The organic layer was washed with sat. ag. NaHCO; and brine, dried (Na,SO,), and evaporated to give the
crude product of corresponding aldehyde as a colorless oil. To a suspension of the aldehyde in ag. tBuOH (80%, 125
mL) were added 2-methyl-2-butene (11.0 mL, 101 mmol), sodium dihydrogenphosphate dihydrate (3.95 g, 25.3 mmol)
and sodium chlorite (4.58 g, 50.6 mmol) at 0 °C, and the mixture was stirred at rt for 3 h. The resulting mixture was
partitioned between CHCI; and ag. HCI (1 M). The organic layer was washed with brine, dried (Na,SO,), and evaporated.
The residue was purified by silica gel column chromatography (hexane/AcOEt = 10/1-2/1) to give 11 (4.14 g, 11.8 mmol,
2 steps 93%) as a colorless oil. 'H NMR (500 MHz, CDCls) & 7.68-7.66 (4 H, m, aromatic), 7.43-7.35 (6 H, m, aromatic),
3.64 (1 H, dd, J=10.5, 5.5 Hz, -CHaHbOTBDPS), 3.50 (1 H, dd, J = 10.5, 6.5 Hz, -CHaHbOTBDPS), 2.27 (2 H, d, J =
4.5 Hz, H-1°), 1.04 (9 H, s, tBu), 0.97-0.91 (2 H, m, H-1 and H-2), 0.50-0.49 (1 H, m, H-3a), 0.39-0.35 (1 H, m, H-3b).

'H NMR is in agreement with that reported previously 1°!.

Compound (12)

O O
To a solution of 11 (1.60 g, 4.34 mmol) in CH,Cl, (40 mL) were added Et;N (666 TBDPSO/\A/U\ )k
N

uL, 4.78 mmol) and pivaloyl chloride (588 uL, 4.78 mmol) at 0 °C, and the mixture )__/O
Bn

was stirred at 0 °C for 1 h. After dilution with CH,ClI,, the mixture was washed with

H,0O and brine, dried (Na,SO,4), and evaporated to give the corresponding acid anhydride as a pale yellow oil. To a
solution of (4R)-4-benzyl-2-oxazolidinone (2.46 g, 13.9 mmol) in THF (35 mL) was added nBuLi (1.6 M in THF, 8.10
mL, 13.0 mmol) at —78 °C, and the mixture was stirred for 1 h. To the mixture was added a solution of the
aforementioned acid anhydride in THF (7.0 mL) via cannula at —78 °C, and the resulting mixture was stirred at —78 °C
for 1 h. After addition of AcOH and removal of THF in vacuo, the residue was partitioned between AcOEt and H,O. The
organic layer was washed with brine, dried (Na,SO,), and evaporated. The residue was purified by flash silica gel
column chromatography (hexane/AcOEt = 12/1) to give 12 (1.87 g, 3.54 mmol, 2 steps 82%) as a colorless viscous oil.
[a]p?’ = —45.3° (¢ 1.09, CHCI,); *H NMR (500 MHz, CDCl;) & 7.68-7.66 (4 H, m, aromatic), 7.42-7.19 (11 H, m,
aromatic), 4.67-4.62 (1 H, m, -NCH(Bn)CH,0-), 4.15 (2 H, d, J = 5.0 Hz, -NCH(Bn)CH,0-), 3.60 (2 H, d, J = 6.0 Hz,
-CH,OTBDPS), 3.29 (1 H, dd, J = 9.0, 3.5 Hz, -NCH(CHaHbPh)CH,0-), 2.96 (1 H, dd, J = 17.0, 6.5 Hz, H-1°a), 2.79 (1
H, dd, J = 17.0, 7.5 Hz, H-1°b), 2.75 (1 H, dd, J = 9.0, 9.0 Hz, -NCH(CHaHbPh)CH,0-), 1.05 (9 H, s, tBu), 1.03-0.98 (2
H, m, H-1 and H-2), 0.52-0.49 (1 H, m, H-3a), 0.42-0.38 (1 H, m, H-3b); *C NMR (125 MHz, CDCl;) § 172.6, 153.5,
135.6, 135.3, 134.0, 133.9, 129.5, 129.5, 129.4, 128.9, 127.6, 127.3, 66.8, 66.2, 55.1, 39.8, 37.9, 26.8, 20.3, 19.2, 11.8,
9.5; HRMS (ESI) calcd for C3,H3;0,NNaSi 550.2384, found 550.2390 [(M+Na)’].

; N O
(1.9 M in THF, 2.5 mL, 1.1 mmol) at —78 °C, and the mixture was stirred at —78 °C z )__/
for 1 h. To the mixture was added CH3l (1.2 mL, 24 mmol), the resulting mixture n

was stirred at =78 °C for 30 h. After addition of AcOH and removal of THF in vacuo, the residue was partitioned

Compound (13) o 0O
To a solution of 12 (1.25 g, 2.37 mmol) in THF (20 mL) was added NaHMDS TBDPSO/\A/U\ )k
B

between CHCI; and H,0. The organic layer was washed with brine, dried (Na,SO,), and evaporated. The residue was
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purified by flash silica gel column chromatography (hexane/AcOEt = 10/1) to give 13 (1.06 mg, 1.96 mmol, 83%) as a
colorless viscous oil. [a]p®® = —42.7° (¢ 1.33, CHCL3); 'H NMR (500 MHz, CDCls) & 7.69-7.66 (4 H, m, aromatic),
7.42-7.20 (11 H, m, aromatic), 4.71-4.66 (1 H, m, -NCH(Bn)CH,0-), 4.17-4.15 (2 H, m, -NCH(Bn)CH,0-), 3.60 (1 H,
dd, J = 10.5, 5.5 Hz, -CHaHbOTBDPS), 3.29 (1 H, dd, J = 10.5, 7.0 Hz, -CHaHbOTBDPS), 3.27 (1 H, dd, J = 13.5, 3.0
Hz, -NCH(CHaHbPh)CH,0-), 3.15 (1 H, m, H-1°), 2.75 (1 H, dd, J = 13.5, 9.5 Hz, -NCH(CHaHbPh)CH,0-), 1.36 (3 H,
d, J = 7.0 Hz, CHy), 1.09-0.94 (11 H, m, tBu, H-1 and H-2), 0.45-0.41 (1 H, m, H-3a), 0.40-0.36 (1 H, m, H-3b); *C
NMR (125 MHz, CDCl3) § 176.8, 153.1, 135.5, 135.2, 133.9, 129.5, 129.5, 129.4, 128.9, 128.8, 127.6, 127.3, 67.0, 66.0,
55.3, 41.6, 37.8, 26.8, 20.2, 19.9, 19.2, 17.7, 8.9; HRMS (ESI) calcd for Ca3H30,NNaSi 564.2541, found 564.2546
[(M+Na)'].

Carboxylic acid (14)
The mixture of 13 (2.05 g, 3.78 mmol) in THF/H,O (5/1, 18 mL) were added aq. /\UJ\
H,0, (30 wt%, 2.1 mL, 19 mmol) and ag. LiOH (1 M, 7.6 mL, 7.6 mmol) at 0 °C, and HO OB

the mixture was stirred at 0 °C for 1 h. After addition of sat. ag. Na,SQ,, the resulting

n

mixture was extracted with CH,Cl,. The organic layer was washed with ag. HCI (1 M), H,O and brine, dried (Na,SO,),
and evaporated. The residue was purified by flash silica gel column chromatography (hexane/AcOEt = 10/1) to give 14
(1.40 g, 3.68 mmol, 97%) as a colorless viscous oil. [o]p”® = —24.5° (¢ 1.54, CHCI5); *H NMR (400 MHz, CDCl5)
§ 7.68-7.65 (4 H, m, aromatic), 7.42-7.36 (6 H, m, aromatic), 3.71 (1 H, dd, J = 10.4, 5.6 Hz, -CHaHbOTBDPS), 3.35 (1
H, dd, J =10.4, 7.2 Hz, -CHaHbOTBDPS), 1.82-1.74 (1 H, m, H-1"), 1.29 (3 H, d, J = 7.0 Hz, CH3), 1.05 (9 H, s, tBu),
0.93-0.81 (2 H, m, H-1 and H-2), 0.55-0.50 (1 H, m, H-3a), 0.45-0.40 (1 H, m, H-3b); *C NMR (125 MHz, CDCl5) &
182.6, 135.6, 133.8, 129.6, 127.6, 66.8, 43.7, 26.8, 20.4, 20.2, 19.2, 16.8, 9.2; HRMS (ESI) calcd for C,3H3,0sNaSi
405.1856, found 405.1862 [(M+Na)"].

Alcohol (15)
A mixture of 14 (50.0 mg, 136 umol), EtsN (57 L, 0.41 mmol), DMAP (1.66 mg, 13.6 M
TBDP
S0 OH

pmol) and benzyl chloroformate (29 puL, 0.20 mmol) in CH,CI, (1.5 mL) was stirred at rt for

6 h. The mixture was partitioned between AcOEt and aq. HCI (1 M), and the organic layer :

was washed with brine, dried (Na,SO,) and evaporated. The residue was passed through a silica gel pad (hexane/AcOEt
15:1) to give a crude product of corresponding ester (44.0 mg) as a colorless oil. A mixture of the aforementioned ester
and NH4F (34.4 mg, 931 umol) in MeOH (1.0 mL) was stirred under reflux conditions for 11 h. After removal of the
solvent in vacuo, the residue was partitioned between CHCI; and H,O. The organic layer was dried (Na,SO,) and
evaporated. The residue was purified by silica gel column chromatography (hexane/AcOEt = 4/1-1/1) to give 15 (18.8
mg, 80.2 pmol, 2 steps 59%) as a colorless oil. [o]p™® = —28.0° (¢ 0.44, CHCI5); *H NMR (500 MHz, CDCls) & 7.38-7.26
(5 H, m, aromatic), 5.14 (2 H, s, -CH,Ph), 3.54 (1 H, dd, J = 11.5, 7.0 Hz, -CHaHbOH), 3.36 (1 H, dd, J = 11.0, 7.5 Hz,
-CHaHbOH), 2.03-1.97 (1 H, m, H-1°), 1.23 (3 H, d, J = 6.5 Hz, CH3), 0.99-0.88 (2 H, m, H-1 and H-2), 0.62-0.58 (1 H,
m, H-3a), 0.50-0.46 (1 H, m, H-3b); BC NMR (125 MHz, CDClg) 6 175.9, 136.1, 128.5, 128.2, 128.0, 66.6, 66.2, 42.7,
20.5, 19.9, 16.3, 9.0; LRMS (ESI) m/z 257 [(M+Na)']; Anal. calcd for C14H1503+0.1 H,0: C, 71.22; H, 7.77. Found: C,
71.27; H, 7.69.
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Precursor compound (17)

To a solution of 15 (300 mg, 1.28 mmol) in CH,CI, (13 mL) was added Dess—Martin HM
periodinane (1.36 g, 3.20 mmol) at 0 °C, and the mixture was stirred at rt for 3 h. After Boc” _ OBn
addition of a mixture of sat. aq. Na,S,05 and sat. ag. NaHCO; (1:1), the resulting mixture =

was stirred vigorously and extracted with CHCI;. The organic layer was washed H,0, dried (Na,SO,), and evaporated to
give the crude product of corresponding aldehyde as a colorless oil. To a suspension of the aforementioned aldehyde in
ag. tBuOH (80%, 15 mL) were added 2-methyl-2-butene (1.10 mL, 10.2 mmol), sodium dihydrogenphosphate dehydrate
(399 mg, 2.56 mmol) and sodium chlorite (463 mg, 5.12 mmol) at 0 °C, and the mixture was stirred at rt for 5 h. The
resulting mixture was partitioned between CHClI; and ag. HCI (1 M), and the organic layer was washed with brine, dried
(Nay;SOy), and evaporated. The residue was passed through a short silica gel pad (hexane/AcOEt = 4/1) to give the
corresponding carboxylic acid as a colorless oil. To a solution of the aforementioned carboxylic acid in CH,Cl, (12 mL)
were added EtzN (1.80 mL, 12.8 mmol) and DPPA (820 uL, 3.84 mmol), and the mixture was stirred at rt for 5 h. The
reaction mixture was partitioned between AcOEt and H,O. The organic layer was washed with brine, dried (Na,SO,),
and evaporated. The residue was passed through a silica gel pad (hexane/AcOEt = 20/1) to give the corresponding acyl
azide (299 mg) as a colorless oil. A solution of the aforementioned acyl azide in tBuOH (20 mL) was stirred under reflux
conditions for 19 h. After removal of the solvent in vacuo, the residue was purified by silica gel column chromatography
(hexane/AcOEt = 8/1) to give 17 (290 mg, 0.908 mmol, 4 steps 71%) as a white solid. [o]p*® = —22.6° (c 0.91, CHCly);
m.p. 66.5-68.0 °C; "H NMR (500 MHz, CDCls) & 7.37-7.30 (5 H, m, aromatic), 5.13 (2 H, s, -CH,Ph), 4.76 (1 H, s,
-NHBoc), 2.36-2.31 (1 H, m, H-2), 1.89-1.84 (1 H, m, H-1°), 1.44 (9 H, s, tBu), 1.36 (3 H, d, J = 7.5 Hz, CH,), 1.11-1.05
(1 H, m, H-1), 0.78-0.71 (2 H, m, H-3a and H-3b); *C NMR (125 MHz, CDCl;) 5 175.2, 156.2, 136.0, 128.5, 128.1,
127.9, 79.3, 66.1, 42.7, 28.8, 28.3, 23.9, 16.6, 12.9; LRMS (ESI) m/z 342 [(M+Na)']; Anal. calcd for C1gH,sNO,: C,
67.69; H, 7.89; N, 4.39. Found: C, 67.48; H, 7.77; N, 4.34.

Target compound (11IR)

A mixture of 17 (95.3 mg, 0.298 mmol) and Pd/C (5% on carbon, 48.0 mg) in THF (3 mL) H NA/
2
CO,H

was stirred vigorously under an H, atmosphere for 1 h. The resulting mixture was filtered | Hel

through a Celite pad and the filtrate was concentrated in vacuo to give the crude product of

corresponding carboxylic acid (74.0 mg) as a white solid. The aforementioned carboxylic acid was dissolved in HCI
solution (4 M in dioxane, 2.0 mL) and the mixture was stirred at rt for 1 h. The resulting mixture was partitioned
between AcOEt and H,0O. H,O layer was evaporated to give I1IR (45.0 mg, 0.272 mmol, 2 steps 91%) as a white solid.
[a]o™® = —40.9° (c 2.43, CH3;0H); 'H NMR (500 MHz, CD30D) & 2.55-2.51 (1 H, m, H-1°), 1.82-1.73 (1 H, m, H-2),
1.38-1.31 (1 H, m, H-1), 1.29 (3 H, d, J = 8.5 Hz, CH3), 1.01-0.97 (1 H, m, H-3a), 0.95-0.90 (1 H, m, H-3b); *C NMR
(100 MHz, CD;0D) & 178.4, 42.8, 28.6, 21.9, 17.0, 10.8; LRMS (ESI) m/z 130 [(M+H)"]; Anal. calcd for CgHyNO,*1
HCI+0.3 H,0: C, 42.14; H, 7.43; N, 8.19. Found: C, 41.85; H, 7.07; N, 8.18.

Compound (18) o O
18 (5.46 g, 10.3 mmol, 2 steps 88%, a colorless viscous oil) was prepared from TBDpsow )k
N O

11 (4.14 g, 11.8 mmol) as described for the preparation of compound 12. [a]p® = /
14.6° (c 1.90, CHCly); 'H NMR (500 MHz, CDCly) 6 7.69-7.67 (4 H, m, aromatic), Bn'
7.41-7.18 (11 H, m, aromatic), 4.68-4.63 (1 H, m, -NCH(Bn)CH,0-), 4.18-4.13 (2 H, m, -NCH(Bn)CH,0-), 3.64 (1 H,
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dd, J = 10.5, 6.0 Hz, -CHaHbOTBDPS), 3.58 (1 H, dd, J = 10.5, 6.0 Hz, -CHaHbOTBDPS), 3.29 (1 H, dd, J = 13.0, 3.0
Hz, -NCH(CHaHbPh)CH,0-), 2.92 (1 H, dd, J = 17.0, 6.5 Hz, H-1"a), 2.86 (1 H, dd, J = 17.0, 7.5 Hz, H-1"b), 2.74 (1 H,
dd, J = 14.0, 10.0 Hz, -NCH(CHaHbPh)CH,0-), 1.07-1.03 (10 H, m, tBu and H-2), 1.00-0.96 (1 H, m, H-1), 0.55-0.51
(1 H, m, H-3a), 0.44-0.40 (1 H, m, H-3b); *C NMR (125 MHz, CDCl3) § 172.6, 153.5, 135.6, 135.3, 133.9, 129.5, 129.4,
128.9, 127.6, 127.3, 66.7, 66.2, 55.1, 39.6, 37.9, 26.8, 20.3, 19.2, 11.7, 9.53; HRMS (ESI) calcd for C3,Hs;0,NNaSi
550.2384, found 550.2390 [(M+Na)'].

Compound (19) 5 o
19 (2.78 mg, 5.13 mmol, 56%, a colorless viscous oil) was prepared from 18 |tgppso )k
(4.80 g, 9.09 mmol) as described for the preparation of compound 13. [a]p? = 28.1° /\AHA\N\__/O

(c 2.30, CHCls); '"H NMR (400 MHz, CDCls) & 7.67-7.63 (4 H, m, aromatic), Bn\\c

7.41-7.18 (11 H, m, aromatic), 4.62-4.57 (1 H, m, -NCH(Bn)CH,0-), 4.09-4.3.98 (2 H, m, -NCH(Bn)CH,0-), 3.59 (1 H,
dd, J = 10.4, 5.6 Hz, -CHaHbOTBDPS), 3.45 (1 H, dd, J = 10.4, 6.0 Hz, -CHaHbOTBDPS), 3.28-3.22 (2 H, m,
-NCH(CHaHbPh)CH,0- and H-1°), 2.75 (1 H, dd, J = 13.6, 9.6 Hz, -NCH(CHaHbPh)CH,0-), 1.29 (3 H, d, J = 7.0 Hz,
CHj3), 1.09-0.98 (11 H, m, tBu, H-1 and H-2), 0.46-0.36 (2 H, m, H-3a and H-3b); *C NMR (125 MHz, CDCl;) & 176.6,

153.2, 135.5, 135.3, 134.0, 129.5, 129.5, 129.4, 128.9, 127.6, 127.6, 127.3, 66.9, 65.9, 55.4, 40.9, 37.8, 26.8, 20.5, 19.8,
19.2,17.1, 8.5; HRMS (ESI) calcd for C33H3s0,NNaSi 564.2541, found 564.2546 [(M+Na)'].

Carbocylic acid (20)

20 (1.69 g, 4.41 mmol, 97%, a colorless viscous oil) was prepared from 19 (2.46 g, e
4.54 mmol) as described for the preparation of carboxylic acid 14. [a]p?* = 0.86° (c 1.04, | TBDPSO
CHCI3); *H NMR (400 MHz, CDCly) & 7.67-7.64 (4 H, m, aromatic), 7.41-7.35 (6 H, m,
aromatic), 3.60 (1 H, dd, J = 10.5, 6.0 Hz, -CHaHbOTBDPS), 3.47 (1 H, dd, J = 10.5, 6.5 Hz, -CHaHbOTBDPS),
1.86-1.80 (1 H, m, H-1"), 1.23 (3 H, d, J = 6.5 Hz, CH5), 1.13-1.07 (1 H, m, H-2), 1.03 (9 H, s, tBu), 0.90-0.84 (1 H, m,
H-1), 0.47-0.44 (1 H, m, H-3a), 0.36-0.32 (1 H, m, H-3b); *C NMR (125 MHz, CDCl;) 5 181.5, 135.6, 133.7, 129.5,
127.6, 66.4, 43.5, 26.8, 20.1, 19.8, 19.1, 16.4, 8.7; HRMS (ESI) calcd for Cy3H3,0sNaSi 405.1856, found 405.1862
[(M+Na)"].

OH

Alchol (21)
21 (876 mg, 3.74 mmol, 2 steps 86%, a colorless oil) was prepared from 20 (1.67 mg, 4.36 0

mmol) as described for the preparation of alcohol 15. [a]p** = 32.3° (¢ 2.00, CHCIy); '*H |HO
NMR (500 MHz, CDCl3) 6 7.39-7.26 (5 H, m, aromatic), 5.14 (2 H, s, -CH,Ph), 3.63 (1 H,
dd, J = 9.0, 9.0 Hz, -CHaHbOH), 3.14 (1 H, dd, J = 9.0, 9.0 Hz, -CHaHbOH), 1.86-1.1.80 (L H, m, H-1), 1.28 (3 H, d, J
= 7.0 Hz, CH3), 1.06-0.99 (1 H, m, H-2), 0.84-079 (1 H, m, H-1), 0.53-0.50 (1 H, m, H-3a), 0.44-0.40 (L H, m, H-3b):
¥C NMR (125 MHz, CDCl3) 6 176.2, 135.9, 128.5, 128.2, 128.1, 66.5, 66.3, 43.6, 20.8, 20.6, 16.8, 9.1; LRMS (ESI) m/z
257.12 [(M+Na)']; Anal. calcd for C14H;504°0.2 H,0: C, 70.68; H, 7.80. Found: C, 70.69; H, 7.64.

OBn
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Precursor compound (23)

23 (676 mg, 2.12 mmol, 4 steps 60%, as a white solid) was prepared from 21 (833 mg, o)

ZT

3.56 mmol) as described for the preparation of precursor compound 17. [a]p> = —35.0° (¢ |Boc
1.07, CHCIls); m.p. 68.0-69.0 °C; 'H NMR (500 MHz, CDCls) & 7.37-7.27 (5 H, m,
aromatic), 5.16 (2 H, d, J = 5.5 Hz, -CH,Ph), 4.62 (1 H, s, -NHBoc), 2.47-2.44 (1 H, m, H-2), 1.96-1.93 (1 H, m, H-1°),
1.43 (9 H, s, tBu), 1.21 (3 H, d, J = 7.0 Hz, CH3), 1.09-1.04 (1 H, brs, H-1), 0.76 (1 H, brs, H-3a), 0.64-0.60 (1 H, m,
H-3b); *C NMR (125 MHz, CDCl5) & 175.3, 156.2, 136.2, 128.6, 128.2, 128.2, 79.3, 66.3, 42.2, 28.6, 28.4, 23.3, 15.9,
13.1; LRMS (ESI) m/z 342 [(M+Na)*]; Anal. calcd for C1gH,sNO,: C, 67.69; H, 7.89; N, 4.39. Found: C, 67.39; H, 7.76;
N, 4.45.

OBn

Target compound (111S)

I11S (26.0 mg, 0.157 mmol, 2 steps 89%, as a white solid) was prepared from 23 (56.2 mg, HoN
0.176 mmol) as described for the preparation of target compound IIR. [o]p"® = —11.3° (¢ 0.23, . HCl COoH
CH3OH); 'H NMR (500 MHz, CD;0D) & 2.62-2.58 (1 H, m, H-1°), 2.00-1.94 (1 H, m, H-2),

1.42-1.36 (1 H, m, H-1), 1.23 (3 H, d, J = 7.0 Hz, CH3), 1.04-1.00 (1 H, m, H-3a), 0.84-0.80 (1 H, m, H-3b); *C NMR
(125 MHz, CD;0D) & 178.4, 42.5, 28.9, 21.8, 16.5, 9.9; LRMS (ESI) m/z 130 [(M+H)']; Anal. calcd for CgHy3;NOye1

HCI+0.1 H,0: C, 43.0; H, 7.34; N, 8.37. Found: C, 42.76; H, 7.02; N, 8.27.

(S)-PGME amide (24)

To a solution of 14 (23.7 mg, 62.0 umol) in DMF (0.50 mL) were added e)
(S)-PGME<HCI (16.2 mg, 80.5 pmol), PyBOP (41.9 mg, 80.5 pmol), HOBt TBDPSO/\A)J\
(10.8 mg, 80.5 pmol) and N-methyl morpholine (41 uL, 0.37 mmol) at 0 °C,
and the mixture was stirred at rt for 3 h. The reaction mixture was partitioned between AcOEt and agq. HCI (1 M), and the

(S)-PGME

organic layer was washed with sat. ag. NaHCO3 and brine, dried (Na,SO,), and evaporated. The residue was purified by
flash silica gel column chromatography (hexane/AcOEt = 6:1) to give 24 (32.5 mg, 61.3 umol, 99%) as a white solid. *H
NMR (400 MHz, CDCl,) & 7.67-7.25 (15 H, m, aromatic), 6.77 (1 H, d, J = 7.2 Hz, NH), 5.58 (1 H, d, J = 7.2 Hz, NCH),
3.72-3.68 (4 H, m, OCHj; and -CHaHbOTBDPS), 3.36 (1 H, dd, J = 11.2, 3.6 Hz , -CHaHbOTBDPS), 1.66-1.58 (1 H, m,
H-1°), 1.28 (3 H, d, J = 6.8 Hz, CH3), 1.05 (9 H, s, tBu), 0.94-0.88 (1 H, m, H-2), 0.80-0.73 (1 H, m, H-1), 0.52-0.48 (2
H, m, H-3).

(R)-PGME amide (25)
25 (32.7 mg, 61.7 pumol, 90%, a colorless oil) was prepared from 14 (26.3 )
mg, 68.7 umol) as described for the preparation of (S)-PGME amide 24 using TBDPSO/\A;/U\(R)_PGME
(R)-PGME-HCI instead of (S)-PGME-HCL. *H NMR (400 MHz, CDCly) & z
7.68-7.31 (15 H, m, aromatic), 6.76 (1 H, d, J = 6.8 Hz, NH), 5.58 (1 H, d, J = 6.8 Hz, NCH), 3.73-3.69 (4 H, m, OCH;

and -CHaHbOTBDPS), 3.38 (1 H, dd, J = 10.8, 3.6 Hz , -CHaHbOTBDPS), 1.63-1.56 (1 H, m, H-2’), 1.27 (3 H, d, J =
6.8 Hz, CHy), 1.05 (9 H, s, tBu), 0.96-0.89 (1 H, m, H-1), 0.86-0.79 (1 H, m, H-2), 0.56-0.48 (2 H, m, H-3).
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(S)-PGME amide (26)

26 (31.4 mg, 59.3 umol, 91%, a white solid) was prepared from 20 (30.0 mg, @)
78.4 pmol) as described for the preparation of (S)-PGME amide 24. '"H NMR | TBDPSO (S)-PGME
(500 MHz, CDCly) & 7.66-7.28 (15 H, m, aromatic), 6.68 (1 H, d, J = 7.0 Hz,
NH), 5.54 (1 H, d, J = 7.0 Hz, NCH), 3.77 (1 H, dd, J = 11.0, 6.5 Hz -CHaHbOTBDPS), 3.66 (3 H, s, OCHs), 3.48 (1 H,
dd, J = 11.0, 4.0 Hz, -CHaHbOTBDPS), 1.80-1.74 (1 H, m, H-1°), 1.17 (3 H, d, J = 7.0 Hz, CH3), 1.10-1.03 (10 H, m,
H-2 and tBu), 0.89-0.84 (1 H, m, H-1), 0.55-0.52 (1 H, m, H-3a), 0.40-0.37 (1 H, m, H-3b).

(R)-PGME amide (27)

27 (35.9 mg, 67.7 pumol, 96%, a colorless oil) was prepared from 14 (27.0 mg, )
70.6 pumol) as described for the preparation of (R)-PGME amide 25. ‘H NMR |TBDPSO (R)-PGME
(500 MHz, CDCI3) 6 7.65-7.24 (15 H, m, aromatic), 6.64 (1 H, d, J = 7.0 Hz,
NH), 5.53 (1 H, d, J = 7.0 Hz, NCH), 3.74 (1 H, dd, J = 11.0, 6.5 Hz -CHaHbOTBDPS), 3.70 (3 H, s, O CH3), 3.36 (1 H,
dd, J = 11.0, 4.0 Hz, -CHaHbOTBDPS), 1.78-1.72 (1 H, m, H-1"), 1.18 (3 H, d, J = 7.0 Hz, CH3), 1.07-1.02 (10 H, m,
H-2 and tBu), 0.83-0.78 (1 H, m, H-1), 0.53-0.50 (1 H, m, H-3a), 0.37-0.33 (1 H, m, H-3b).

Ketone (28)
To a solution of 7 (1.10 g, 3.01 mmol) in THF (30 mL) was added EtMgBr (3.0 M soln.
TBDPSO Et

in THF, 1.67 mL, 5.02 mmol) at —78 °C, and the mixture was stirred at same temperature

for 4 h. After addition of sat. ag. NH,CI and removal of THF in vacuo, the residue was 9)

partitioned between AcOEt and H,0O. The organic layer was washed with brine, dried (Na,SO,), and evaporated. The
residue was purified by silica gel column chromatography (hexane/AcOEt = 20/1) to give 28 (1.07 mg, 2.92 mmol, 97%)
as a colorless oil. [a]p™ = 72.9° (c 0.81, CHCI5); *H NMR (500 MHz, CDCl,) & 7.66-7.64 (4 H, m, aromatic), 7.45-7.37
(6 H, m, aromatic), 3.77 (1 H, dd, J = 7.5, 6.0 Hz, -CHaHbOH), 3.50 (1 H, dd, J = 16.0, 6.0 Hz, -CHaHbOH), 2.51 (2 H,
g, J = 9.0 Hz, -CH,CH;), 1.84 (1 H, m, H-2), 1.67 (1 H, m, H-1), 1.18 (1 H, m, H-3a), 1.07 (3H, t, J = 9.0 Hz, CH3),
1.083 (9 H, s, tBu), 0.85 (1 H, m, H-3b); **C NMR (125 MHz, CDCl,) & 210.7, 135.5, 133.5, 129.7, 127.7, 64.7, 36.8,
26.8,26.7, 25.3,19.2, 14.4, 8.0; LRMS (ESI) m/z 389 [(M+Na)*]; Anal. calcd for Cp3H300,Si: C, 75.36; H, 8.25. Found:
C, 75.24; H, 8.27.

Alcohol (31) and alcohol (32)

To a suspension of MeOCH3PPhsCl (2.33 g, 6.82 mmol) in HO/\A)OJ\ HO i
. OB OBn

THF (20 mL) was added NaHMDS (1.9 M soln. in THF, 4.3 mL, n

8.2 mmol) at 0 °C, and the mixture was stirred at same ~

temperature for 1 h. To the mixture was added a solution of 28 (1.00 g, 2.73 mmol) in THF (5.0 mL) via cannula, and the
resulting mixture was stirred at 0 °C for 3 h. After addition of AcOH and removal of THF in vacuo, the residue was
partitioned between AcOEt and H,0. The organic layer was washed with brine, dried (Na,SQ,), and evaporated. The
residue was passed through silica gel pad (hexane/AcOEt = 8:1) to give a crude product of a diastereomixture of olefin
29 as a colorless oil. To a solution of 29 in THF (37 mL) was added ag. HCI (12 M, 3.4 mL) at 0 °C, and the mixture was
stirred at the same temperature for 5 h. After addition of sat. ag. NaHCO; and removal of THF in vacuo, the residue was

extracted with ACOEt. The organic layer was washed with sat. ag. NaHCO3 and brine, dried (Na,SO,), and evaporated to
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give the crude product of corresponding aldehyde as a colorless oil. To a suspension of the aforementioned aldehyde in
aqg. tBuOH (80%, 30 mL) was added 2-methyl-2-butene (2.3 mL, 22 mmol), sodium dihydrogenphosphate dehydrate
(851 mg, 5.46 mmol) and sodium chlorite (987 mg, 10.9 mmol) at 0 °C, and the mixture was stirred at rt for 2.5 h. The
reaction mixture was partitioned between CHCI; and ag. HCI (1 M). The organic layer was washed with brine, dried
(Na,SOy), and evaporated to give the crude product of corresponding carboxylic acid as a colorless oil. To a solution of
the aforementioned carboxylic acid in CH,Cl, (25 mL) were added Et;N (1.2 mL, 8.2 mmol), DMAP (33.3 mg, 273
pmol) and benzyl chloroformate (584 L, 4.09 mmol), and the mixture was stirred at rt for 10 h. The reaction mixture
was partitioned between AcOEt and ag. HCI (1 M). The organic layer was washed with brine, dried (Na,SO,), and
evaporated. The residue was passed through silica gel pad (hexane/AcOEt = 10:1) to give the crude product of ester 30
(330 mg) as a colorless oil. To a solution of 30 in THF (20 mL) was added TBAF (1.0 M soln. in THF, 5.46 mL, 5.46
mmol), and the mixture was stirred at rt for 2 h. After removal of the solvent in vacuo, the residue was purified by silica
gel column chromatography (hexane/AcOEt = 8:1-2:1) to give 31 (75.7 mg, 0.305 mmol, 5 steps 11%, more polar) as a
colorless oil and 32 (50.5 mg, 0.203 mmol, 5 steps 7%, less polar) as a colorless oil. 31: [a]p?° = 27.0° (¢ 0.81, CHCI,);
'H NMR (500 MHz, CDCl3) & 7.39-7.32 (5 H, m, aromatic), 5.15 (2 H, d, J = 12.0 Hz, -CH,Ph), 3.65 (1 H, dd, J = 5.0,
5.0 Hz, -CHaHbOH), 3.12 (1 H, dd, J = 5.0, 5.0 Hz, -CHaHbOH), 2.00 (1 H, s, OH), 1.83-1.75 (1 H, m, H-1"), 1.00-0.93
(4 H, m, H-2 and —~CH,CHj), 0.84-0.79 (1H, m, H-1), 0.57-0.54 (1H, m, H-3a), 0.47-0.44 (1H, m, H-3b); *C NMR (125
MHz, CD;OD) 5 175.9, 135.9, 128.6, 128.3, 66.6, 66.3, 50.7, 25.4, 19.9, 18.7, 11.5, 9.9; LRMS (ESI) m/z 271
[(M+Na)*]; Anal. calcd for C1sH,005°0.24H,0: C, 71.31; H, 8.17. Found: C, 71.38; H, 8.08. 32: [a]p> = —31.6° (c 1.42,
CHCI3); *H NMR (500 MHz, CDCl3) & 7.38-7.32 (5 H, m, aromatic), 5.14 (2 H, s, -CH,Ph), 3.48-3.45 (2 H, m,
-CH,0H), 1.82-1.74 (1 H, m, H-1"), 1.72-1.63 (2 H, m, -CH,CHj3), 0.99-0.90 (4 H, m, H-2 and —CH,CHj3), 0.90-0.85 (1
H, m, H-1), 0.56-0.52 (1 H, m, H-3a), 0.46-0.43 (1 H, m, H-3b); *C NMR (125 MHz, CD;0D) & 175.3, 136.0, 128.5,
128.1, 128.0, 66.4, 66.1, 51.0, 25.6, 21.0, 19.2, 11.8, 8.6; LRMS (ESI) m/z 271 [(M+Na)']; Anal. calcd for
C15H20030.2H,0: C, 71.52; H, 8.16. Found: C, 71.50; H, 8.07.

Precursor compound (34)

34 (307 mg, 0.921 mmol, 4 steps 28%, a white solid) was prepared from alcohol 31 (810 /H\UJ\
mg, 3.26 mmol) as described for the preparation of precursor compound 17. [a]p® = —23.8° Boc I OBn
(c 1.21, CHCI5); m.p. 46.0-47.2 °C; '"H NMR (500 MHz, CDCls) & 7.37-7.30 (5 H, m, ~
aromatic), 5.14 (2 H, s, -CH,Ph), 4.70 (1 H, s, -NHBoc), 2.37-2.35 (1 H, m, H-1°), 1.89-1.81 (1 H, m, -CH,CHj),
1.70-1.65 (1 H, m, H-2), 1.44 (9 H, s, tBu), 1.11-1.05 (1 H, m, H-1), 0.92 (3 H, t, J = 7.5 Hz, -CH,CHj3), 0.79-0.66 (2 H,
m, H-3a and H-3b); **C NMR (100 MHz, CDCl5) & 174.8, 156.2, 136.1, 128.5, 128.1, 128.0, 79.5, 66.1, 50.4, 29.4, 28.3,
25.3,22.8, 12.5, 11.9; LRMS (ESI) m/z 356 [(M+Na)*]; Anal. calcd for C1oH,,NOy: C, 68.44; H, 8.16; N, 4.20. Found: C,
68.30; H, 8.13; N, 4.18.

Precursor compound (36)

36 (270 mg, 0.809 mmol, 4 steps 35%, as a white solid) was prepared from 32 (570 mg, H 0
2.29 mmol) as described for the preparation of precursor compound 17. [a]p?* = —40.6° (c Boc” OBn
0.57, CHCIy); m.p. 51.2-52.2 °C; 'H NMR (500 MHz, CDCl;) & 7.38-7.33 (5 H, m,
aromatic), 5.17 (2 H, s, -CH,Ph), 458 (1 H, s, -NHBoc), 2.43-2.40 (1 H, m, H-1"), 1.77-1.68 (1 H, m, -CH,CHj),

1.65-1.62 (1 H, m, H-2), 1.43 (9 H, s, tBu), 1.08-1.01 (1 H, m, H-1), 0.90 (3 H, t, J = 7.5 Hz, -CH,CHs), 0.82-0.77 (1 H,
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m, H-3a), 0.65-0.61 (1 H, m, H-3a); 3¢ NMR (100 MHz, CD;0D) 6 174.7, 156.1, 136.2, 128.5, 128.2, 128.2, 79.3, 66.2,
49.9, 28.3, 28.0, 24.8, 21.9, 13.9; LRMS (ESI) m/z 356 [(M+Na)']; Anal. calcd for C19H»NO4+0.1H,0: C, 68.08; H,
8.18; N, 4.18. Found: C, 68.08; H, 8.14; N, 4.20.

Target compound (1VR)

IVR (22.0 mg, 0.123 mmol, 2 steps 82%, a white solid) was prepared from 34 (50.0 mg, HzN\A/
0.150 mmol) as described for the preparation of target compound H1R. [a]p®* = —40.3° (c 1.07, |. HCI - COzH
CH3OH); 'H NMR (500 MHz, CD30D) & 2.58-2.55 (1 H, m, H-1"), 1.82-1.73 (3 H, m, H-2 and
-CH,CH3), 1.43-1.38 (1 H, m, H-1), 1.04-1.00 (1 H, m, H-3b), 0.99 (3 H, t, J = 7.5 Hz, -CH,CHs), 0.90-0.86 (1 H, m,
H-3a); *C NMR (100 MHz, CD;0D) & 177.9, 50.5, 29.1, 26.3, 20.6, 12.0, 10.3; LRMS (ESI) m/z 144 [(M+H)"]; Anal.
calcd for C;H14CINO,0.1H,0: C, 46.34; H, 7.89; N, 7.72. Found: C, 46.16; H, 7.86; N, 7.62.

\on

Target compound (1VS)

IVS (29.0 mg, 0.161 mmol, 2 steps quant., a white solid) was prepared from 36 (50.0 mg, H,N
0.150 mmol) as described for the preparation of target compound IVR. [a]p? = —19.9° (c 0.52, |. HCI COzH
CH30OH); 'H NMR (500 MHz, CD;0D) & 2.58-2.55 (1 H, m, H-1°), 1.82-1.77 (1 H, m, H-2),
1.75-1.66 (2 H, m, -CH,CHj), 1.43-1.37 (1 H, m, H-1), 1.07-1.02 (1 H, m, H-3b), 0.96 (3 H, t, J = 7.5 Hz, -CH,CHs),
0.84-0.80 (1 H, m, H-3a); **C NMR (100 MHz, CD,0D) & 178.1, 50.0, 28.5, 25.9, 20.4, 11.7, 10.5; LRMS (ESI) m/z 144

[(M+H)™]; Anal. calcd for C;H1,CINO»#0.2H,0: C, 45.88; H, 7.92; N, 7.64. Found: C, 45.78; H, 7.89; N, 7.53.

(S)-PGME (39)
39 (24.7 mg, 75.6 umol, 80%, a white solid) was prepared from 37 (23.0 mg, 94.6

(0]
HZNM
umol) as described for the preparation of (S)-PGME amide 24. [o]p"® = —91.4° (¢ 1.34, |- HCI (S)-PGME

CH3OH); *H NMR (400 MHz, CD;0D) §8.77 (L H, d, J = 7.6 Hz, NH), 7.38-7.34 (5 -

H, m, aromatic), 5.49 (1 H, d, J = 7.6 Hz, NCH), 3.71 (3 H, s, CH3), 2.60-2.57 (1 H, m, H-2), 1.90-1.85 (1 H, m, H-1"),
1.79-1.72 (1 H, m, -CHaHbCHS3), 1.72-1.65 (1 H, m, -CHaHbCHj), 1.40-1.32 (1 H, m, H-1), 1.00-0.95 (2 H, m, H-3a
and H-3b), 0.86 (3 H, t, J = 7.2 Hz, -CH,CHj); *C NMR (100 MHz, CD;0D) § 176.2, 172.5, 137.2, 130.0, 129.7, 128.9,
58.3, 53.0, 50.4, 29.2, 26.3, 21.2, 12.1, 9.8; LRMS (ESI) m/z 291 [(M+H)']; HRMS (ESI) calcd for CisH2N,Os:
291.1709, found 291.1703 [(M+H)"].

(R)-PGME (40)
40 (26.6 mg, 81.4 umol, 81%, a white solid) was prepared from 37 (24.6 mg, 0.101 H,N

mmol) as described for the preparation of (R)-PGME amide 25. [a]p® = 57.2° (c 1.23, |- HCI
CH3OH); *H NMR (400 MHz, CD;0D) & 8.76 (1 H, d, J = 7.6 Hz, NH), 7.40-7.35 (5
H, m, aromatic), 5.47 (1 H, d, J = 7.2 Hz, NCH), 3.70 (3 H, s, CHj), 2.51-2.47 (1 H, m, H-2), 1.81 (1 H, m, -CHaHbCHj),
1.85-1.76 (1 H, m, H-1), 1.76-1.69 (1 H, m, -CHaHbCH;), 1.38-1.30 (1 H, m, H-1), 1.01 (3 H, t, J = 7.2 Hz, -CH,CH),
0.89-0.83 (1 H, m, H-3b), 0.81-0.76 (1 H, m, H-3a); *C NMR (100 MHz, CD;0D) & 176.3, 172.4, 137.2, 130.0, 129.7,
128.9, 58.3, 52.9, 50.8, 29.1, 26.5, 21.2, 12.1, 9.9; LRMS (ESI) m/z 291 [(M+Na)*]; HRMS (ESI) calcd for C1sH,,N,05:
291.1709, found 291.1703 [(M+H)™].

(R)-PGME

¥:
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(S)-PGME (41)
41 (32.0 mg, 97.9 umol, 98%, a white solid) was prepared from 38 (24.3 mg, 0.100 H,N o

mmol) as described for the preparation of (S)-PGME amide 24. [a]p™® = 86.8° (c 1.25, |- HCI (S)-PGME
CH3OH); ‘*H NMR (400 MHz, CD;0D) § 8.75 (1 H, d, J = 7.2 Hz, NH), 7.50-7.35 (5
H, m, aromatic ), 5.51 (1 H, d, J = 6.5 Hz, NCH), 3.73 (3 H, s, CH3), 2.66-2.63 (1 H, m, H-2), 1.92-1.86 (1 H, m, H-1"),
1.74-1.63 (1 H, m, -CHaHbCH5), 1.62-1.52 (1 H, m, -CHaHbCH3), 1.36-1.29 (1 H, m, H-1), 1.05-1.00 (1 H, m, H-3b),
0.90-0.85 (1 H, m, H-3a), 0.81 (3 H, t, J = 7.6 Hz, -CH,CH3); *C NMR (100 MHz, CD;0D) & 176.4, 173.0, 137.0,
130.0, 129.8, 128.9, 58.2, 53.2, 50.0, 27.8, 26.1, 21.1, 12.0, 10.9; LRMS (ESI) m/z 291 [(M+H)"]; HRMS (ESI) calcd for
Ci16H2N,05: 291.1709, found 291.1703 [(M+H)™].

(R)-PGME (42)

42 (24.0 mg, 73.4 umol, 73%, a white solid) was prepared from 38 (24.3 mg, 0.100 H,N o
mmol) as described for the preparation of (R)-PGME amide 25. [a]p™® = —100.5° (¢ |- HCI (R)-PGME
1.17, CH;OH); '"H NMR (400 MHz, CD;0OD) §8.76 (1 H, d, J = 7.2 Hz, NH),

7.41-7.38 (5 H, m, aromatic ), 5.45 (1 H, d, J = 7.2 Hz, NCH), 3.70 (3 H, s, CH3), 2.48-2.45 (1 H, m, H-2), 1.92-1.86 (1
H, m, H-1"), 1.85-1.73 (1 H, m, -CHaHbCH), 1.74-1.62 (1 H, m, -CHaHbCH3), 1.43-1.36 (1 H, m, H-1), 1.03-0.98 (4
H, m, H-3b and -CH,CHys), 0.77-0.71 (1 H, m, H-3a); *C NMR (100 MHz, CD;0D) & 176.6, 172.5, 136.9, 130.0, 129.8,
129.0, 58.5, 52.9, 50.2, 27.8, 26.6, 20.8, 11.9, 10.6; LRMS (ESI) m/z 291 [(M+H)*]; HRMS (ESI) calcd for C1gH2,N,0s:
291.1709, found 291.1703 [(M+H)'].

U
Compound (44)

To a solution of 12 (1.93 g, 3.66 mmol) in THF (30 mL) was added NaHMDS (1.9 M
TBDPSO
M soln. in THF, 3.9 mL, 7.3 mmol) at —78 °C and the mixture was stirred at —78 °C OMe

for 1 h. To the mixture was added Davis oxaziridine (1.43 g, 5.49 mmol) and the

OH

resulting mixture was stirred at —78 °C for 25 h. After addition of AcOH (1.2 mL) and removal of THF in vacuo, the
residue was partitioned with AcOEt and H,O. The organic layer was washed with brine, dried (Na,SO,), and evaporated.
The residue was passed through a silica gel pad (hexane/AcOEt = 20:1) to give the crude product of 43 (920 mg) as a
colorless viscous oil. A solution of MeMgBr (3.0 M, 2.3 mL, 6.8 mmol) in Et,O was added to MeOH (12 mL) at 0 °C,
and the suspension was stirred at 0 °C for 10 min. To the suspension was added a solution of 43 in MeOH (5.0 mL) via
cannula, and the resulting mixture was stirred at 0 °C for 2 h. After addition of sat. ag. NH4Cl, the mixture was extracted
with CHCIs. The organic layer was washed with H,O, dried (Na,SQ,), and evaporated. The residue was purified by flash
silica gel column chromatography (hexane/AcOEt = 12:1) to give 44 (550 mg, 1.38 mmol, 2 steps 41%) as a colorless oil.
[a]o™® = —30.0° (c 0.98, CHCI3); '"H NMR (500 MHz, CDCls) & 7.66-7.64 (4 H, m, aromatic), 7.43-7.36 (6 H, m,
aromatic), 3.89 (1 H, dd, J = 6.0, 6.0 Hz, H-1"), 3.77 (3 H, s, OCH3), 3.65 (1 H, dd, J = 10.5, 5.0 Hz, -CHaHbOTBDPS),
3.49 (1 H, dd, J = 10.5, 6.5 Hz, -CHaHbOTBDPS), 2.59 (1 H, d, OH), 1.18-1.14 (1 H, m, H-2), 1.08-1.04 (10 H, m, H-1
and tBu), 0.72-0.68 (1 H, m, H-3a), 0.50-0.46 (1 H, m, H-3b); *C NMR (125 MHz, CDCl5) § 175.0, 135.6, 135.5, 133.8,
133.8, 129.6, 127.6, 71.3, 65.8, 52.5, 26.8, 19.8, 19.2, 17.3, 6.5; HRMS (ESI) calcd for C,3H300,SiNa: 421.1811, found
421.1819 [(M+Na)'].
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Precursor compound (48)

A mixture of 44 (238 mg, 0.597 mmol), Et;N (250 pL, 1.79 mmol), DMAP (7.30 mg, HM
0.0597 mmol) and acetic anhydride (110 uL, 1.19 mmol) in CH,CI, (6.0 mL) was stirred at Boc” . OMe
0 °C for 1 h. The reaction mixture was partitioned between AcOEt and HCI (1 M), and the OAc

organic layer was washed with sat. ag. NaHCO; and brine, dried (Na,SO,), and evaporated. The residue was passed
through a silica gel pad (hexane/AcOEt = 15:1) to give the crude product of 45 (243 mg) as a colorless oil. A mixture of
45 and NH4F (204 mg, 5.52 mmol) in MeOH (5.0 mL) was stirred at rt for 12 h and under reflux conditions for 2 h. After
removal of the solvent in vacuo, the residue was partitioned between CHCI; and H,O. The organic layer was dried
(Na,SO,4) and evaporated. The residue was passed through a silica gel pad (hexane/AcOEt = 2:1) to give the crude
product of the corresponding alcohol (91.0 mg) as a colorless oil. To a solution of the aforementioned alcohol in CH,CI,
(4.0 mL) was added Dess—Martin periodinane (477 g, 1.13 mmol) at 0 °C, and the mixture was stirred at rt for 3 h. After
addition of a mixture of sat. ag. Na,S,03 and sat. ag. NaHCO; (1:1), the resulting mixture was stirred vigorously and
extracted with CHCIls. The organic layer was washed H,0, dried (Na,SO,), and evaporated to give the crude product of
corresponding aldehyde as a colorless oil. To a suspension of the aforementioned aldehyde in ag. tBuOH (80%, 5 mL)
were added 2-methyl-2-butene (380 pL, 3.60 mmol), sodium dihydrogenphosphate dehydrate (140 mg, 0.900 mmol) and
sodium chlorite (163 mg, 1.80 mmol) at 0 °C, and the mixture was stirred at rt for 2 h. The resulting mixture was
partitioned between CHCI; and agq. HCI (1 M), and the organic layer was washed with brine, dried (Na,SO,), and
evaporated. The residue was passed through a short silica gel pad (hexane/AcOEt = 2/1) to give the corresponding
carboxylic acid (82.0 mg) as a colorless oil. To a solution of the aforementioned carboxylic acid in CH,Cl, (4.0 mL)
were added EtzN (530 pL, 3.79 mmol) and DPPA (250 pL, 1.14 mmol), and the mixture was stirred at rt for 5 h. The
reaction mixture was partitioned between AcOEt and H,0. The organic layer was washed with brine, dried (Na,SO,),
and evaporated. The residue was passed through a silica gel pad (hexane/AcOEt = 20/1) to give the corresponding acyl
azide (83.8 mg) as a colorless oil. A solution of the aforementioned acyl azide in tBuOH (4.0 mL) was stirred under
reflux conditions for 21 h. After removal of the solvent in vacuo, the residue was purified by silica gel column
chromatography (hexane/AcOEt = 8/1) to give 48 (78.0 mg, 0.272 mmol, 6 steps 46%) as a white solid. [o]p'® = —51.1°
(c 0.23, CHCI5); m.p. 93.0-94.0 °C; *H NMR (500 MHz, CDCl3) & 4.77 (1 H, s, -NHBoc), 4.56 (1 H, brs, H-1"), 3.77 (3
H, s, OCHy), 2.63-1.99 (1 H, m, H-2), 2.15 (3 H, s, COCHy), 1.44 (9 H, s, tBu), 1.40-1.35 (1 H, m, H-1), 1.01-0.97 (1 H,
m, H-3a), 0.92-0.88 (1 H, m, H-3a); *C NMR (125 MHz, CDCls) & 170.4, 169.6, 156.0, 79.7, 73.1, 52.4, 28.4, 20.9,
20.7, 11.6; HRMS (ESI) calcd for C13H,:NOgNa: 310.1267, found 310.1261 [(M+Na)'].

Target compound (V-1)

A solution of 42 (25.7 mg, 89.5 umol) in ag. HCI (4 M, 1.0 mL) was stirred under reflux H NA/
2
conditions for 5 h. The resulting mixture was evaporated and the residue was partitioned COH

- HCI z
between H,O and CHCI;. The water layer was evaporated to give V-1 (15.1 mg, 90.1 umol, OH

quant.) as a white solid. [a]p™® = —25.5° (¢ 0.55, CH;OH); '"H NMR (500 MHz, CD;0D) & 3.98 (1 H, brs, H-1),
2.73-2.70 (1 H, m, H-2), 1.70-1.62 (1 H, m, H-1), 1.18-1.02 (2 H, m, H-3a and H-3b); *C NMR (125 MHz, CD;0D)
§176.2, 69.6,26.5,21.5, 8.2; LRMS (ESI) m/z 132 [(M+H)"]; Anal. calcd for CsHgNO3+1 HCI+0.2 H,0: C, 35.08; H,
6.12; N, 8.18. Found: C, 34.80; H, 5.96; N, 8.02.
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Compound (49)

o O
To a solution of 12 (1.06 g, 2.00 mmol) in THF (15 mL) was added NaHMDS TBDPSO/\A)J\ )k
N O

(2.9 M soln. in THF, 1.60 mL, 3.00 mmol) at —78 °C, and the mixture was stirred at I:: )__/
—78 °C for 1 h. To the mixture was added a solution of N-fluorobenzenesulfonimide Bn

(946 mg, 3.00 mmol) in THF (5.0 mL) via cannula, and the resulting mixture was stirred at —78 °C for 2 h. After
addition of AcOH and removal of THF in vacuo, the residue was partitioned between CHCI; and sat. ag. NH,CI. The
organic layer was dried (Na,SO,4) and evaporated. The residue was purified by flash silica gel column chromatography
(hexane/AcOEt = 10:1) to give 49 (484 mg, 0.887 mmol, 44%) as a colorless oil. [o]p'® = —36.9° (c 0.89, CHCI,); 'H
NMR (500 MHz, CDCls) § 7.64-7.62 (4 H, m, aromatic), 7.41-7.19 (11 H, m, aromatic), 5.83 (1 H, dd, J = 49.0, 6.0 Hz,
H-1%), 4.67-4.62 (1 H, m, -NCH(Bn)CH,0-), 4.16 (1 H, dd, J = 9.0, 3.0 Hz, -NCH(Bn)CHaHbO-), 4.05 (1 H, dd, J = 9.0,
9.0 Hz, -NCH(Bn)CHaHbO-), 3.74 (1 H, dd, J = 11.0, 5.0 Hz, -CHaHbOTBDPS), 3.44 (1 H, dd, J = 11.0, 6.0 Hz,
-CHaHbOTBDPS), 3.36 (1 H, dd, J = 13.0, 3.0 Hz, -NCH(CHaHbPh)CH,0-), 1.43-1.33 (2 H, m, H-1 and H-2), 1.04 (9
H, s, tBu), 0.92-0.87 (1 H, m, H-3a), 0.58-0.54 (1 H, m, H-3b); *C NMR (125 MHz, CDCl3) & 152.9, 135.5, 134.9,
133.8, 129.7, 129.6, 129.4, 129.0, 127.7, 127.6, 127.5, 66.8, 65.6, 56.4, 37.5, 26.8, 19.2, 17.8, 17.8, 17.6; *°F NMR (376
MHz, CDCls) 6 —195.3 (1 F, d, J = 49.0 Hz); HRMS (ESI) calcd for Cs,H3sNFO,SiNa: 568.2295, found 568.2291
[(M+Na)"].

Alcohol (51)

To a solution of BnOH (190 pL, 1.80 mmol) in THF (5.0 mL) was added nBuLi (1.6 M /\Uj\
soln. in THF, 0.520 mL, 1.35 mmol) at 0 °C, and the suspension was stirred at 0 °C for 30 HO OB

min. To the mixture was added a solution of 49 (474 mg, 0.869 mmol) in THF (4.0 mL) via F

cannula, and the resulting mixture was stirred at 0 °C for 2 h. After addition of sat. ag. NH,Cl, the resulting mixture was

n

extracted with AcOEt. The organic layer was washed with H,O and brine, dried (Na,SO,), and evaporated. The residue
was passed through a silica gel pad (hexane/AcOEt = 15:1) to give the crude product of 51 (351 mg) as a colorless oil. A
mixuture of 50, TBAF (1.0 M soln. in THF, 1.00 mL, 1.00 mmol) and AcOH (40 uL, 0.702 mmol) in THF (7.0 mL) was
stirred at rt for 5 h. After removal of the solvent in vacuo, the residue was purified by silica column chromatography
(hexane/AcOEt = 10:1) to give 51 (158 mg, 0.663 mmol, 2 steps 76%) as a colorless oil. [a]p"’ = —21.1° (¢ 1.02, CHCI,);
'H NMR (500 MHz, CDCl3)  7.38-7.35 (5 H, m, aromatic), 5.24 (2 H, s, -CH,Ph), 4.47 (1 H, dd, J = 49.0, 6.0 Hz, H-1"),
3.53 (1 H, dd, J = 14.0, 8.0 Hz, -CHaHbOH), 3.42 (1 H, dd, J = 14.0, 9.0 Hz, -CHaHbOH), 1.65 (1 H, s, OH), 1.36-1.18
(2 H, m, H-1 and H-2), 0.86-0.80 (1 H, m, H-3a), 0.70-0.64 (1 H, m, H-3b); **C NMR (100 MHz, CDCl,) § 169.9, 135.0,
128.7, 128.6, 128.5, 128.4, 90.5, 67.1, 65.2, 19.2, 18.2, 7.3; “F NMR (376 MHz, CDClI3) 6 —189.3 (1 F, d, J = 49.0 Hz);
HRMS (ESI) calcd for C;3H1sFO3Na: 261.0903, found 261.0897 [(M+Na)*].

Precursor compound (53)

53 (106 mg, 0.327 mmol, 4 steps 50%, as a white solid) was prepared from 51 (158 mg, HM
0.663 mmol) as described for the preparation of precursor compound 17. [a]p™ = —18.7° (c Boc” ~~ “OBn
0.35, CHCIl5); m.p. 93.5-94.0 °C; 'H NMR (500 MHz, CDCl) & 7.38-7.34 (5 H, m, F
aromatic), 5.25 (2 H, d, J = 5.5 Hz, -CH,Ph), 4.68 (1 H, s, -NHBoc), 4.52 (1 H, brs, H-1), 2.67 (1 H, brs, H-2),
1.48-1.39 (10 H, m, tBu and H-1), 1.00 (1 H, mrs, H-3a), 0.92 (1 H, brs, H-3b); *C NMR (125 MHz, CDCl5) & 168.5,
156.0, 135.1, 128.6, 128.6, 128.4, 89.0, 79.8, 67.2, 28.3, 27.2, 21.7, 11.1; "*F NMR (470 MHz, CDCl,) 5 —192.3 (1 F, d,
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J =465 Hz); HRMS (ESI) calcd for C17H,FNO,Na: 346.1431, found 436.1425 [(M+Na)'].

Target compound (V-2)

V-2 (16.6 mg, 97.9 umol, 98%, a white solid) was prepared from 53 (32.6 mg, 100 umol) as H,N ACO y
described for the preparation of target compound (V-1). [a]p™* = —50.7° (c 0.59, CH;OH); 'H |. HCI 2
NMR (500 MHz, CD5;0D) 6 4.65 (1 H, dd, J = 47.5, 7.5 Hz, H-1’), 2.87-2.84 (1 H, m, H-2), F
1.84-1.76 (1 H, m, H-1), 1.25-1.16 (2 H, m, H-3a and H-3b); *C NMR (125 MHz, CD;0D) & 171.5, 89.0, 27.3, 19.9,
8.76; "F NMR (470 MHz, CD;0D) & —190.1 (1 F, d, J = 47.5 Hz); LRMS (ESI) m/z 134 [(M+H)']; Anal. calcd for
CsHgNO3s+1 HCI+0.3 H,0: C, 34.32; H, 5.53; N, 8.00. Found: C, 34.27; H, 5.30; N, 7.87.

Compound (55)

To a solution of 12 (560 mg, 1.06 mmol) in THF (7.0 mL) was added KHMDS (0.5 M
M in toluene, 3.20 mL, 1.59 mmol) at —78 °C and the mixture was stirred at —78 °C TBDPSO - OMe

for 2h. To the mixture was added a cooled solution (=78 °C) of N3

2,4,6-triisopropylbenzenesulfonyl azide (491 mg, 1.59 mmol) in THF (3.0 mL) via cannula, and the resulting mixture
was stirred at —78 °C for 30 min. After addition of glacial AcOH (255 uL, 4.45 mmol), the mixture was warmed slowly
to rt over 8 h and stirred at rt for 42 h. After addition of sat. ag. NaHCO; and removal of THF in vacuo, the residue was
extracted with CHCI3. The organic layer was washed with H,O and brine, dried (Na,SO,), and evaporated. The residue
was passed through a silica gel pad (hexane/AcOEt = 20:1) to give the crude product of 54 (260 mg) as a colorless oil. A
solution of MeMgBr (3.0 M, 1.3 mL, 4.0 mmol) in Et,O was added to MeOH (7.0 mL) at 0 °C, and the suspension was
stirred at 0 °C for 10 min. To the suspension was added a solution of 54 in MeOH (3.0 mL) via cannula, and the
resulting mixture was stirred at 0 °C for 1 h. After addition of sat. ag. NH,4CI, the mixture was extracted with CHCI3. The
organic layer was washed with H,O, dried (Na,SO,), and evaporated. The residue was purified by flash silica gel column
chromatography (hexane/AcOEt = 10:1) to give 55 (171 mg, 0.403 mmol, 2steps 38%) as a colorless oil. [a]p™ = —21.9°
(c 1.37, CHCI,); *H NMR (500 MHz, CDCls;) & 7.70-7.65 (4 H, m, aromatic), 7.44-7.26 (6 H, m, aromatic), 3.79 (3 H, s,
OCHg), 3.66 (1 H, dd, J = 11.0, 5.5 Hz, -CHaHbOTBDPS), 3.58 (1 H, dd, J = 11.0, 6.5 Hz, -CHaHbOTBDPS), 3.28 (1 H,
d, J =10.0 Hz, H-1"), 1.28-1.23 (1 H, m, H-2), 1.20-1.16 (1 H, m, H-1), 1.05 (9 H, s, tBu), 0.70-0.63 (2 H, m, H-3a and
H-3b); B¢ NMR (125 MHz, CDCls) 6 170.4, 135.6, 135.6, 133.6, 129.6, 127.7, 65.1, 65.0, 52.6, 26.8, 19.6, 19.2, 17.1,
7.8; HRMS (ESI) calcd for Cp3HoN305SiNa: 446.1876, found 446.1870 [(M+Na)*].

Alcohol (56)

A mixture of 55 (323 mg, 0.763 mmol) and NH.F (282 mg, 7.63 mmol) in MeOH (7.0 M
mL) was stirred at rt for 25 h. After removal of the solvent in vacuo, the residue was HO Y oM

e

partitioned between AcOEt and H,0. The organic layer was dried (Na,SO,4) and evaporated. N3

The residue was purified by silica gel column chromatography (hexane/AcOEt = 3:1) to give 56 (135 mg, 0.726 mmol, 2
steps 95%) as a colorless oil. [o]p"’ 11.2° (¢ 0.41, CHCI3); *H NMR (500 MHz, CDCIl3) 6 3.82 (3 H, 5, OCH3), 3.59 (1 H,
dd, J = 14.0, 6.5 Hz, -CHaHbOH), 3.42 (1 H, dd, J = 14.0, 6.5 Hz, -CHaHbOH), 3.42 (1 H, d, J = 8.0 Hz, H-1°), 1.97 (1
H, s, OH), 1.27-1.18 (2 H, m, H-1 and H-2), 0.82-0.78 (1 H, m, H-3a), 0.71-0.68 (1 H, m, H-3b); BC NMR (125 MHz,
CDCl3) 6 170.2, 65.2, 64.5, 52.7, 19.7, 17.6, 8.1; HRMS (ESI) calcd for C;H;;N3;O3Na: 208.0698, found 208.0700
[(M+Na)’].
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Precursor compound (58)

58 (84.3 mg, 0.312 mmol, 4 steps 75%, as a white solid) was prepared from 56 (76.5 mg, /H\UJ\
0.413 mmol) as described for the preparation of precursor compound 17. [a]p"’ = —3.28° (c Boc OMe
0.20, CHCls); m.p. 75.0-76.0 °C; '"H NMR (500 MHz, CDCl5) & 4.81 (1 H, s, -NHBoc),
3.81 (3 H, s, OCHj3), 3.38 (1 H, brs, H-1°), 2.61 (1 H, brs, H-2), 1.45-1.36 (11 H, m, tBu, H-1 and H-2), 0.99-0.92 (2 H,
brs, H-3a and H-3b); *C NMR (125 MHz, CDCl,) & 169.8, 155.9, 79.7, 63.3, 52.6, 28.2, 20.9, 21.7, 12.0, 11.7; HRMS
(ESI) calcd for Cy3H1gN,O4Na 293.1220, found 293.1226 [(M+Na)"].

Target compound (V-3)

V-3 (18.7 mg, 96.2 umol, quant., a brown solid) was prepared from 58 (26.0 mg, 96.2 umol) HzN\A/
as described for the preparation of target compound (V-1). [a]p™® = 29.9° (c 0.14, CH;0H); *H |. HCl Y COzH
NMR (500 MHz, CD;0D) & 3.85 (1 H, d, J = 10.0 Hz, H-1°), 2.76-2.72 (1 H, m, H-2), N3
1.73-1.66 (1 H, m, H-1), 1.19-1.10 (2 H, m, H-3a and H-3b); *C NMR (125 MHz, CD;0D) § 172.2, 63.1, 27.4, 19.4,
9.5; LRMS (ESI) m/z 157 [(M+H)']; HRMS (ESI) calcd for CsHgN4O, 157.0726, found 157.0724 [(M+H)*].

Compound (59)

O O
To a solution of 18 (1.05 g, 2.00 mmol) in THF (15 mL) was added LHMDS (1.3 |1gppso )k
M soln. in THF, 2.30 mL, 3.00 mmol) at —78 °C, and the mixture was stirred at — N\ /O
78 °C for 1 h. To the mixture was added a solution of benzyl chloromethyl ether BnO B

(550 pL, 4.00 mmol) and Lil (535 mg, 4.00 mmol) in THF (5.0 mL) via cannula and the resulting mixture was stirred at
—78 °C for 48 h. After addition of AcOH and removal of THF in vacuo, the residue was partitioned between CHCI;, and
sat. ag. NH,4CI. The organic layer was washed with H,0O, dried (Na,SO,), and evaporated. The residue was purified by
flash silica gel column chromatography (hexane/AcOEt = 15:1) to give 59 (1.18 g, 1.82 mmol, 91%) as a colorless oil.
[alo"’ = 14.6° (c 1.29, CHCI3); 'H NMR (500 MHz, CDClg) & 7.64-7.62 (4 H, m, aromatic), 7.42-7.16 (11 H, m,
aromatic), 4.66-4.62 (1 H, m, -NCH(Bn)CH,0-), 454 (2 H, d, J = 3.0 Hz, OCH,Ph), 4.03-3.92 (3 H, m,
-NCH(CH,Ph)CH,0- and -CHaHbOBn), 3.83-3.78 (1 H, m, H-1°), 3.72-3.66 (2 H, m, -CHaHbOTBDPS and
-CHaHbOBN), 3.29 (1 H, dd, J = 11.0, 7.5 Hz, -CHaHbOTBDPS), 3.18 (1 H, dd, J = 13.5, 3.0 Hz, -NCH(Bn)CHaHbO-),
2.72 (1 H, dd, J = 13.5, 4.5 Hz, -NCH(Bn)CHaHbO-), 1.23-1.17 (1 H, m, H-2), 1.02 (9 H, s, tBu), 0.98-0.92 (1 H, m,
H-1), 0.45-0.41 (2 H, m, H-3a and H-3b); *C NMR (125 MHz, CDCl3) & 174.5, 153.3, 138.2, 135,5, 135.2, 133.9, 133.8,
129.6, 128.8, 128.3, 127.6, 127.6, 127.6, 127.5, 127.1, 73.1, 71.7, 66.8, 65.5, 55.2, 46.3, 37.5, 26.8, 19.2, 18.7, 16.5, 8.6;
HRMS (ESI) calcd for C4H4sNOsSiNa: 670.2965, found 670.2953 [(M+Na)'].

Alcohol (63)
To a solution of 59 (68.0 mg, 0.105 mmol) in THF (0.50 mL) were added MeOH (4
TBDPSO

ul) and LiBH, (1.0 M soln. in THF, 260 pL, 0.260 mmol) at 0 °C, and the mixture was OH
stirred at 0 °C for 2 h. After addition of MeOH and sat. aq. NH,4CI, the mixture was BnO
extracted with AcOEt. The organic layer was washed with H,O and brine, dried (Na,SO,), and evaporated. The residue

was purified by flash silica gel column chromatography (hexane/AcOEt = 10:1) to give 63 (44.5 mg, 0.0937 mmol, 89%)
as a colorless oil. [a]p*’ = —28.1° (¢ 0.55, CHCI5); "H NMR (500 MHz, CDCls) & 7.68-7.64 (4 H, m, aromatic), 7.44-7.26
(11 H, m, aromatic), 4.51 (2 H, d, J = 7.0 Hz, OCH,Ph), 3.92-3.77 (3 H, m, -CH,OH and -CHaHbOBn), 3.60 (1 H, dd, J
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= 9.0, 4.0 Hz, -CHaHbOBN), 3.48 (1 H, dd, J = 9.0, 9.0 Hz, -CHaHbOTBDPS), 3.17-3.15 (1 H, m, H-1"), 3.02 (1 H, dd,
J=9.0, 9.0 Hz, -CHaHbOTBDPS), 1.90-1.85 (1 H, m, H-1"), 1.09-1.02 (10 H, m, tBu and H-2), 0.80-0.75 (1 H, m, H-1),
0.52-0.48 (1 H, m, H-3a), 0.44-0.40 (1 H, m, H-3b); *C NMR (100 MHz, CDCl,) & 138.2, 135.6, 133.4, 129.7, 128.4,
127.7, 127.6, 127.5, 73.3, 72.9, 68.1, 66.5, 45.5, 26.8, 20.0, 19.1, 16.8, 7.7; HRMS (ESI) calcd for CsoH3503SiNa:
497.2488, found 497.2488 [(M+Na)'].

Aldehyde (60)
To a solution of 63 (215 mg, 0.453 mmol) in CH,CI, (5.0 mL) was added Dess—
TBDPSO OB

Martin periodinane (530 mg, 1.25 mmol) at 0 °C and the mixture was stirred at rt for 6
h. After addition of a mixture of sat. ag. Na,S,03; and sat. ag. NaHCO; (1:1), the H

n
:\
/\O

resulting mixture was extracted with CHCI;. The organic layer was washed with H,O, dried (Na,SQO,), and evaporated.

The residue was purified by flash silica gel column chromatography (hexane/AcOEt = 20:1) to give the 60 (190 mg,
0.402 mmol, 89%) as a colorless oil. [o]p”™ = 2.44° (¢ 0.68, CHCI3); *H NMR (500 MHz, CDCl3) § 9.75 (1 H, s, CHO),
7.65-7.63 (4 H, m, aromatic), 7.41-7.27 (11 H, m, aromatic), 4.51 (2 H, d, J = 3.0 Hz, OCH,Ph), 3.75 (1 H, dd, J = 9.0,
7.5 Hz, H-1’, -CHaHbOBnN), 3.70-3.65 (2 H, m, -CHaHbOBnN and -CHaHbOTBDPS), 3.48 (1 H, dd, J = 11.0, 6.5 Hz,
-CHaHbOTBDPS), 1.90-1.85 (1 H, m, H-1"), 1.09-1.02 (10 H, m, tBu and H-2), 0.80-0.75 (1 H, m, H-1), 0.52-0.48 (1 H,
m, H-3a), 0.44-0.40 (1 H, m, H-3b); *C NMR (125 MHz, CDCls) § 202.8, 138.0, 135.5, 133.7, 129.6, 128.4, 127.6,
1275, 68.9, 66.2, 56.0, 26.8, 19.5, 19.2, 13.5, 8.4; HRMS (ESI) calcd for Cs;H3603NaSi 507.2326, found 507.2331
[(M+Na)"].

Olefin (61)

To a suspension of MeP(Ph),Cl (160 mg, 0.450 mmol) in THF (2.0 mL) was added /\A/\
nBuLi (1.54 M in hexane, 270 uL, 0.418 mmol) at O °C, and the mixture was stirred at TBDPSO OB

same temperature for 1 h. To the mixture was added a solution of 60 (132 mg, 0.279 =z

n

mmol) in THF (1.0 mL) via cannula at —78 °C, the resulting mixture was stirred at —78 °C for 7 h and warmed to 0 °C
for 30 min. After addition of sat. ag. NH,CI and removal of THF in vacuo, the residue was extracted with AcOEt. The
organic layer was washed brine, dried (Na,SO,), and evaporated. The residue was purified by flash silica gel column
chromatography (hexane/AcOEt = 30:1) to give 61 (109 mg, 232 mmol, 83%) as a colorless viscous oil.  [a]p® =
-18.3° (¢ 0.32, CHCl5); *H NMR (500 MHz, CDCl5) & 7.68-7.65 (4 H, m, aromatic), 7.40-7.25 (11 H, m, aromatic),
5.87-5.80 (1 H, m, -CH=CH,), 5.22 (1 H, d, J = 17.5 Hz, -CH=CHaHb), 5.07 (1 H, d, J = 10.0 Hz, -CH=CHaHb), 4.52
(2 H, d, J = 3.0 Hz, OCH,Ph), 3.63 (1 H, dd, J = 11.0, 6.0 Hz, -CHaHbOTBDPS), 3.54 (1 H, dd, J = 9.5, 5.0 Hz,
-CHaHbOBN), 3.48-3.43 (2 H, m, -CHaHbOBn and -CHaHbOTBDPS), 1.79-1.74 (1 H, m, H-1"), 1.04 (9 H, s, tBu),
0.92-0.86 (1 H, m, H-2), 0.67-0.62 (1 H, m, H-1), 0.38-0.33 (2 H, m, H-3a and H-3b); **C NMR (125 MHz, CDCl5)
6139.1, 138.6, 135.6, 134.0, 129.5, 128.3, 127.6, 127.5, 127.4, 115.3, 73.7, 73.0, 67.2, 47.2, 26.8, 19.2, 19.2, 18.1, 8.7,
HRMS (ESI) calcd for Ca3H350,SiNa: 493.2539, found 493.2540 [(M+Na)'].

Alcohol (64)

To a solution of 63 (23.5 mg, 0.0500 mmol) in CH,CI,/H,0 (20/1, 1.05 mL) was /\Aﬂ
TBDPSO
added DDQ (45.4 mg, 0.200 mmol), and the mixture was stirred at 40 °C for 5 h. The 7 OH

mixture was partitioned between CHCI; and sat. ag. NaHCOs. The organic layer was Z
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washed with brine, dried (Na,SQO,), and evaporated. The residue was purified by flash silica gel column chromatography
(hexane/AcOEt = 10:1) to give 64 (17.6 mg, 0.0462 mmol, 92%) as a colorless oil. [o]p?* = —19.7° (¢ 1.08, CHCIy); *H
NMR (500 MHz, CDCls) 6 7.68-7.65 (4 H, m, aromatic), 7.44-7.36 (6 H, m, aromatic), 5.75-5.68 (1 H, m, -CH=CHy,),
5.21 (1 H, d, J = 17.0 Hz, -CH=CHaHb), 5.14 (1 H, d, J = 10.5 Hz, -CH=CHaHb), 3.75-3.62 (3 H, m, -CHaHbOTBDPS
and -CH,0Bn), 3.33 (1 H, dd, J = 10.5, 7.5 Hz, -CHaHbOTBDPS), 1.84-1.78 (1 H, m, H-1*), 1.05 (9 H, s, tBu),
0.97-0.90 (1 H, m, H-2), 0.65-0.60 (1 H, m, H-1), 0.40-0.34 (2 H, m, H-3a and H-3b); **C NMR (125 MHz, CDCls) &
137.9, 135.6, 135.6, 133.8, 133.8, 129.6, 127.6, 117.1, 67.4, 66.0, 49.0, 26.8, 19.2, 18.1, 17.7, 8.1; HRMS (ESI) calcd for
C,4H3,0,NaSi 403.2064, found 403.2070 [(M+Na)"].

Ester (65)

To a solution of 64 (320 mg, 0.841 mmol) in CH,Cl, (8.0 mL) was added Dess— /\Uj\
Martin periodinane (890 mg, 2.10 mmol) at 0 °C and the mixture was stirred at rt for 5 TBDPSO OBn

h. After addition of a solution of sat. ag. Na,S,03; and sat. ag. NaHCO; (1:1), the =
mixture was extracted with CHCl3. The organic layer washed with H,O and brine, dried (Na,SO,), and evaporated. The
residue was dissolved in ag. tBuOH (80%, 8.0 mL), and to the solution were added 2-methyl-2-butene (710 uL, 6.72
mmol), sodium dihydrogenphosphate dehydrate (262 mg, 1.68 mmol) and sodium chlorite (303 mg, 3.36 mmol) at 0 °C.

After the mixture was stirred at rt for 12 h, the mixture was partitioned between CHCI; and ag. HCI (1 M). The organic
layer was washed with brine, dried (Na,SO,4), and evaporated. The residue was passed though a silica gel pad
(hexane/AcOEt = 2:1) to give the crude product of corresponding carboxylic acid (286 mg) as a colorless oil. To a
solution of the aforementioned carboxylic acid in CH,CI, (8.0 mL) were added BnOH (220 pL, 2.10 mmol), EDC (265
mg, 2.10 mmol) and DMAP (10.3 mg, 0.0840 mmol), and the mixture was stirred at rt for 16 h. The mixture was
partitioned between CHCI; and sat. ag. NaHCOs;. The organic layer was washed with H,O, dried (Na,SO,), and
evaporated. The residue was purified by silica gel column chromatography (hexane/AcOEt = 30:1) to give 65 (320 mg,
0.660 mmol, 3 steps 79%) as a colorless viscous oil. [a]p?° = —10.7° (¢ 0.60, CHCls); *H NMR (500 MHz, CDCl3) &
7.66-7.64 (4 H, m, aromatic), 7.43-7.31 (11 H, m, aromatic), 5.98-5.91 (1 H, m, -CH=CH,), 5.26 (1 H, d, J = 17.0 Hz,
-CH=CHaHb), 5.14 (1 H, d, J = 10.5 Hz, -CH=CHaHb), 5.14 (2 H, s, CH,Ph), 3.64 (1 H, dd, J = 10.5, 5.5 Hz,
-CHaHbOTBDPS), 3.44 (1 H, dd, J = 10.5, 7.0 Hz, -CHaHbOTBDPS), 2.46-2.43 (1 H, m, H-1"), 1.08-1.03 (10 H, s, tBu
and H-2), 0.95-0.89 (1 H, m, H-1), 0.52-0.43 (2 H, m, H-3a and H-3b); 3C NMR (125 MHz, CDCls) 6 173.4, 136.0,
135.6, 135.6, 134.8, 133.8, 129.6, 128.5, 128.1, 127.9, 127.6, 117.1, 66.6, 66.3, 53.6, 26.8, 19.9, 19.2, 18.4, 8.8; HRMS
(ESI) calcd for C3;H3505NaSi 507.2326, found 507.2320 [(M+Na)’].

Alcohol (66)

To a solution of 65 (40.8 mg, 0.0842 mmol) in THF (1.0 mL) were added TBAF (1.0 M in /\UJ\
HO
THF, 130 uL, 0.13 mmol) and AcOH (12 uL, 0.21 mmol), and the mixture was stirred at rt : OB

for 40 h. After the removal of THF in vacuo, the residue was purified by silica column =
chromatography (hexane/AcOEt = 8:1) to give 66 (17.5 mg, 0.0710 mmol, 85%) as a colorless oil. [a]p>* = —1.18° (c
0.25, CHCI3); *H NMR (500 MHz, CDClg) § 7.38-7.31 (5 H, m, aromatic), 5.90-5.83 (1 H, m, -CH=CHj), 5.20-5.13 (4
H, m, -CH=CH, and CH.Ph), 3.55 (1 H, dd, J = 11.0, 6.0 Hz, -CHaHbOH), 3.36 (1 H, dd, J = 11.0, 7.5 Hz, -CHaHbOH),
2.65-2.61 (1 H, m, H-1"), 1.09-1.02 (1 H, m, H-2), 1.01-0.96 (1 H, m, H-1), 0.62-0.58 (1 H, m, H-3a), 0.54-0.50 (1 H, m,
H-3b); *C NMR (125 MHz, CDCl,) & 173.3, 135.8, 134.1,128.5, 128.2, 128.0, 117.9, 66.5, 66.3, 52.6, 19.6, 18.9, 8.7;

n
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HRMS (ESI) calcd for C;5H1503Na 269.1148, found 269.1149 [(M+Na)'].

Precursor compound (62)

62 (16.0 mg, 59.5 pumol, 4 steps 60%, as a white solid) was prepared from 66 (20.0 mg,

H o)
Boc/NM
v OBn

81.2 pumol) as described for the preparation of precursor compound 17. [o]p®° = —15.5° (c Y
0.65, CHCI3); m.p. 91.5-92.5 °C; 'H NMR (500 MHz, CDCls) & 7.38-7.32 (5 H, m, Z

aromatic), 5.90-5.83 (1 H, m, -CH=CHy,), 5.20-5.13 (4 H, m, -CH=CH, and CH,Ph), 2.57-2.54 (1 H, m, H-2), 2.44-2.38
(1H, m, H-1°), 1.43 (9 H, s, tBu), 1.28-1.24 (1 H, m, H-1), 0.79 (1 H, brs, H-3a and H-3b); *C NMR (125 MHz, CDCl5)
6 172.7, 135.9, 134.1, 128.8, 128.5, 128.4, 128.2, 128.0, 117.9, 79.6, 66.5, 52.3, 28.4, 13.1; HRMS (ESI) calcd for

C19H250,NNa 354.1676, found 354.1677 [(M+Na)'].

Target compound (V-4)

V-4 (2.1 mg, 11.8 umol, 26%, a brown solid) was prepared from 62 (15 mg, 46 umol) as HzN\A/
described for the preparation of target compound (V-1). [a]p'® = —14.6° (¢ 0.090, CH;OH); 'H |. HCl COH
NMR (400 MHz, CD;0OD) 6 6.00-5.91 (1 H, m, -CH=CH,), 5.26 (1 H, d, J = 14.5 Hz, /:
-CH=CHaHb), 5.22 (1 H, d, J = 6.0 Hz, -CH=CHaHb), 2.65-2.60 (1 H, m, H-1°), 2.55-2.52 (1 H, m, H-2), 1.58-1.51 (1
H, m, H-1), 1.05-0.93 (2 H, m, H-3a and H-3b); *C NMR (500MHz, CD;0D) & 176.1, 135.7, 118.5, 52.9, 28.2, 20.4,
10.4; LRMS (ESI) m/z 142 [(M+H)"]; Anal. calcd for C;H;;NO»+2.2 HCI: C, 37.98; H, 6.01; N, 6.33. Found: C, 37.85; H,
5.73; N, 5.98.
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Determination of the absolute configuration of stereocenters by chiral auxiliary mediated enolate reactions

Scheme S2-1.
(S)-(-)-MTPACI (R)-(-)-MTPACI
TBDPSO ~——— TBDPSO —————————> TBDPSO
7 OMe CH,Cl, 7 OMe CHCl, T OMe

0.__0

0._0 quant. OH 79%
s2-1 F3Cu. 44 S22 F3;C ~
MeO MeO

O
F3C— »
MeO

$2-1 (R)-MTPA
§2-2 (S)-MTPA

Figure S2-1. Determination of the absolute configuration by the modified Mosher’s method; A8 = 85 — &g (ppm; CDCl; 500 MHz)

(R)-MTPA ester (S2-1)

o)
A mixture of 44 (9.00 mg, 22.6 umol), Et;N (16 uL, 0.11 mmol), DMAP (0.30 mg, TBDPSOM
. . el
0.023 mmol) and (S)-(-)-MTPACI (8.5 uL, 0.045 mmol) in CH,ClI, was stirred at 0 = ©

0._.0O
°C for 1 h. After addition of sat. ag. NaHCO3, the mixture was extracted with AcOEt. E.C)
3 1
The organic layer was washed with H,O, dried (Na,SO,), and evaporated. The MeO

residue was purified by flash silica gel column chromatography (hexane/AcOEt =
12:1) to give S2-1 (15.0 mg, 22.6 pmol, quant.) as a colorless oil. *H NMR (500 MHz, CDCl;) & 7.63-7.59 (6 H, m,
aromatic), 7.42-7.33 (9 H, m, aromatic), 4.78 (1H, d, J = 8.0 Hz, H-1"), 3.79 (3 H, s, -OCHj3), 3.61 (3 H, s, -CH3), 3.55 (1
H, dd, J = 11.0, 5.0 Hz, -CHaHbOTBDPS), 3.43 (1 H, dd, J = 11.0, 5.0 Hz, -CHaHbOTBDPS), 1.27-1.21 (1 H, m, H-2),
1.14-1.08 (1 H, m, H-1), 1.00 (9 H, s, tBu), 0.68-0.62 (2 H, m, H-3a and H-3b); LRMS (ESI) m/z 615 [(M+H)].

(S)-MTPA ester (S2-2) o

S2-2 (11.0 mg, 17.9 umol 79%, a colorless oil) was prepared from 44 (9.00 mg, TBDPso/\A/U\OMe
22.6 umol) as described for the preparation of (R)-MTPA ester S2-1 using
(R)-(+)-MTPACI instead of (S)-(—)-MTPACI.'H NMR (500 MHz, CDCl;) 5 7.62 (4 F\C
H, m, aromatic), 7.57-7.55 (2 H, m, aromatic), 7.42-7.33 (9 H, m, aromatic), 4.70 (1 MeO
H, d, J = 8.0 Hz, H-1’), 3.75 (3 H, s, -OCHj3), 356 (2 H, d, J = 5.0 Hz,
-CH,OTBDPS), 3.52 (3 H, s, -CH3), 1.29-1.24 (1 H, m, H-2), 1.21-1.14 (1 H, m, H-1), 1.02 (9 H, s, tBu), 0.78-0.74 (1 H,
m, H-3a), 0.70-0.66 (1 H, m, H-3b); LRMS (ESI) m/z 615 [(M+H)"].

on-

)
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Scheme S2-2.
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Figure S2-2. Determination of the absolute configuration by the modified Mosher’s method; A8 = 85 — &g (ppm; CDCl; 500 MHz)

Amine (S2-3)

To a solution of 55 (20.6 mg, 48.6 umol) in THF (1.0 mL) was added Pd (10% on M
carbon, 12.0 mg), the mixture was stirred under an H, atmosphere for 1.5 h. The TBDPSO - OMe

resulting mixture was filtered through a Celite pad and the filtrate was concentrated in NH,

vacuo. The residue was purified by silica column chromatography (hexane/AcOEt = 2:1-1:1) to give S2-3 (19.1 mg,
48.0 pmol, 99%) as a colorless oil. [a]p® = —37.6° (¢ 0.54, CHCI,); *H NMR (500 MHz, CDCly) & 7.67-7.64 (4 H, m,
aromatic), 7.44-7.37 (6 H, m, aromatic), 3.72 (3 H, s, OCHs), 3.69 (1 H, dd, J = 11.0, 7.0 Hz, -CHaHbOTBDPS), 3.58 (1
H, dd, J =11.0, 7.0 Hz, -CHaHbOTBDPS), 2.94 (1 H, d, J = 8.0 Hz, H-1"), 1.09-1.01 (10 H, s, tBu and H-2), 0.96-0.91
(1 H, m, H-1), 0.65-0.61 (1 H, m, H-3a), 0.48-0.44 (2 H, m, H-3b); **C NMR (125 MHz, CDCl,) & 175.5, 135.6, 133.7,
129.6, 127.6, 66.2, 57.5, 52.0, 26.8, 21.9, 19.2, 7.8; HRMS (ESI) calcd for C,3H3,03NSi 398.2146, found 398.2151
[(M+H)].

(R)-MTPA ester (S2-4)

o]
S2-4 (22.5 mg, 35.2 umol, quant., a colorless oil) was prepared from S2-3 (14.0 TBDPSOW
mg, 35.2 pmol) as described for the preparation of (R)-MTPA ester (S2-1). 'H NMR : OMe

HN. _O

(500 MHz, CDCly) 67.63-7.59 (6 H, m, aromatic), 7.42-7.33 (9 H, m, aromatic), 4.09 c
F 1.
(1H,d,J=8.0Hz, H-1),3.76 (3H, s, -OCH3), 3.49 (3 H, s, -CHs), 3.51 (1 H, dd, J I\;eo

= 110, 50 Hz, -CHaHbOTBDPS), 341 (1 H, dd, J = 11.0, 50 Hz,

-CHaHbOTBDPS), 1.27-1.21 (1 H, m, H-2), 1.14-1.08 (1 H, m, H-1), 1.00 (9 H, s, tBu), 0.68-0.62 (2 H, m, H-3a and
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H-3b); LRMS (ESI) m/z 614 [(M+H)"].

(S)-MTPA ester (S2-5) 0
S2-5 (15.5 mg, 25.3 umol 90%, a colorless oil) was prepared from S2-3 (11.2 mg, TBDPSO/\A/U\OMe

28.2 umol) as described for the preparation of (S)-MTPA ester (S2-2). *H NMR (500 Hril 0
MHz, CDCls) 6 7.66-7.63 (4 H, m, aromatic), 7.57-7.55 (2 H, m, aromatic), FsC
7.42-7.33 (9 H, m, aromatic), 4.03 (1 H, d, J = 8.0 Hz, H-1°), 3.73 (3 H, s, -OCH3), MeO

3.727 (L H, d, J = 5.0 Hz, -CHaHbOTBDPS), 3.36 (1 H, dd, J = 11.0, 5.0 Hz,
-CHaHbOTBDPS), 3.31 (3 H, s, -CHs), 1.29-1.24 (1 H, m, H-2), 1.21-1.14 (1 H, m, H-1), 1.02 (9 H, s, tBu), 0.78-0.74
(1 H, m, H-3a), 0.70-0.66 (1 H, m, H-3b); LRMS (ESI) m/z 614 [(M+H)'].

Scheme S2-3.
/\A\)(i (0]
HO —0Bn HO OBn
/
31 32
H,, Pd/C H,, Pd/C
THF THF
quant. quant.
7 Pd/C, H, Q Pd/C, H, 0
HO " HO — HO
7 ToH THF ¥ ToBn THE OH
-~ quant. &
$2-6 65 $2-7
Alcohol (S2-6)

To a solution of 65 (12.0 mg, 48.7 umol) in THF (1.0 mL) was added Pd (10% on carbon,
6.0 mg), and the mixture was stirred under an H, atmosphere for 1.5 h. The resulting mixture

5
>
@)
ke

was filtered through a Celite pad and the filtrate was concentrated in vacuo. The residue was

purified by silica column chromatography (CHCI;/MeOH = 20:1) to give S2-6 (9.7 mg, 61 umol, quant.) as a colorless
oil. [a]p"’ = —40.6° (c 0.48, CHCI3); 'H NMR (400 MHz, CDCls) 5 3.54-3.46 (2 H, m, -CH,OH), 1.81-1.74 (1 H, m,
H-1), 1.73-1.64 (2 H, m, -CH,CHj3), 1.00-0.98 (4 H, m, H-2 and -CH,CHj3), 0.91-0.86 (1 H, m, H-1), 0.61-0.58 (1 H, m,
H-3a), 0.52-0.48 (1 H, m, H-3b); B3¢ NMR (125 MHz, CDCIl3) 6 181.3, 66.5, 50.8, 25.4, 20.9, 19.1, 11.8, 8.7; HRMS
(ESI) calcd for CgH1403Na: 181.0841, found 181.0859 [(M+Na)™].
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Ketone (71)
To a solution of 70 P® (3.35 g, 9.19 mmol) in toluene (90 mL) was added

Ru(CO)HCI(PPhs)s (438 mg, 0.460 mmol) and stirred at 90 °C for 1 h. The reaction mixture TBDPSO

was concentrated in vacuo to remove toluene. The residue was purified by silica column o
chromatography (hexane/AcOEt = 15:1) to give 71 (2.63 g, 7.21 mmol, 78%) as a yellow oil. '"H NMR (400 MHz,
CDCl3) 8 7.64-7.62 (4 H, m, aromatic), 7.46-7.37 (6 H, m, aromatic), 3.83 (1 H, d, J = 10.9 Hz, -CHaHbOTBDPS), 3.69
(1 H, d, J = 10.9 Hz, -CCHaHbOTBDPS), 2.21-2.00 (4 H, m, H-3, H-4), 1.72 (1 H, dd, J = 9.1, 3.2 Hz, H-1), 1.30 (1 H,

dd, J = 9.1, 4.5 Hz, H-6a), 1.08 (1 H, dd, J = 4.5, 3.2 Hz, H-6b), 1.04 (9 H, s, tBu). '"H NMR is in agreement with that
[34]

reported previously

Alcohol (73) and Alcohol (74)
. . H
To a suspension of MeOCH3PPh;Cl (7.54 g, 22.0 mmol) in THF HO © CO,Bn
(60 mL) was added NaHMDS (1.9 M soln. in THF, 14 mL, 27 “C0O,Bn

mmol) at 0 °C, and the mixture was stirred at same temperature for 1 h. To the mixture was added a solution of 71 (2.63
g, 7.21 mmol) in THF (10 mL) via cannula, and the reaction mixture was stirred at 0 °C for 4 h. After addition of sat. aq.
NH,4CI and removal of THF in vacuo, the residue was extracted with AcOEt. The organic layer was washed with H,O
and brine, dried (Na,SQOj,), and evaporated. The residue was passed through a short silica gel pad (hexane/AcOEt = 20:1)
to give the crude product of corresponding enol ether (2.46 g) as a colorless oil. To a solution of the aforementioned enol
ether in THF (110 mL) was added ag. HCI (12 M, 10 mL) at 0 °C, and the mixture was stirred at the same temperature
for 3 h. After addition of sat. ag. NaHCOj3; and removal of THF in vacuo, the residue was extracted with AcOEt. The
organic layer was washed with sat. aqg. NaHCO3; and brine, dried (Na,SQ,), and evaporated to give the crude product of
corresponding aldehyde as a colorless oil. To a suspension of the aforementioned aldehyde in ag. tBuOH (80%, 50 mL)
were added 2-methyl-2-butene (5.3 mL, 50 mmol), sodium dihydrogenphosphate dihydrate (1.96 g, 12.5 mmol) and
sodium chlorite (2.27 g, 25.1 mmol) at 0 °C, and the mixture was stirred at rt for 13 h. The resulting mixture was
partitioned between CHCI; and ag. HCI (1 M), and the organic layer was washed with brine, dried (Na,SO,), and
evaporated. The residue was passed through a silica gel pad (hexane/AcOEt = 8:1-4:1) to give the crude product of
corresponding carboxylic acid (2.00 g) as a colorless oil. To a solution of the aforementioned carboxylic acid in CH,CI,
(50 mL) were added BnOH (1.30 mL, 12.7 mmol), EDC (1.60 g, 12.7 mmol) and DMAP (61.9 mg, 0.507 mmol), and
the mixture was stirred at rt for 1 h. The resulting mixture was partitioned between CHCI; and H,0, and the organic layer
was dried (Na,SO,4) and evaporated. The residue was passed through a silica gel pad (hexane/AcOEt = 12:1) to give the
crude product of corresponding ester (1.88 g) as a colorless oil. A solution of the aforementioned ester and NH4F (1.44 g,
38.8 mmol) in MeOH (40 mL) was stirred under reflux conditions for 15 h. After removal of the solvent in vacuo, the
residue was partitioned between CHCI; and H,0. The organic layer was dried (Na,SO,) and evaporated. The residue was
purified by silica gel column chromatography (hexane/AcOEt = 6:1-4:1-2:1) to give 73 (320 mg, 1.30 mmol, 5 steps
18%) as a colorless oil and 74 (485 mg, 1.97 mmol, 5 steps 27%) as a colorless oil. 73 (anti) : [a]p? = 14.7° (c 0.81,
CHCI3); *H NMR (400 MHz, CDCls) & 7.40-7.32 (5 H, m, aromatic), 5.14 (2 H, s, -OCH,Bn), 3.85 (1 H, dd, J = 10.9,
7.7 Hz, -CHaHbOH), 3.38 (1 H, d, J = 10.9 Hz, -CHaHbOH), 2.88 (1 H, d, J = 8.2 Hz, H-2), 2.12 (1 H, d, J = 7.7 Hz,
-OH), 2.08-2.00 (1 H, m, H-3a), 1.87-1.81 (1 H, m, H-4a), 1.73-1.67 (1 H, m, H-4b), 1.60-1.49 (1 H, m, H-3b), 1.34-1.31
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(1 H, dd, J = 8.1, 45 Hz, H-1), 0.62-0.55 (2H, m, H-6); **C NMR (100 MHz, CDCl;) 5 176.46, 135.79, 128.61, 128.33,
128.21, 66.93, 66.49, 44.70, 31.26, 26.86, 26.34, 24.46, 11.77; LRMS (ESI) m/z 269 [(M+Na)'T; HRMS (ESI) calcd for
C15H1503Na 269.1148, found 269.1147 [(M+Na)"].

74 (syn) : [a]p"® = —79.3° (¢ 1.02, CHCI5); *H NMR (400 MHz, CDCls) § 7.37-7.29 (5 H, m, aromatic), 5.13 (2 H, s,
-OCH,Bn), 3.61 (1 H, d, J = 11.7 Hz, -CHaHbOH), 3.57 (1H, d, J = 11.7 Hz, -CHaHbOH), 3.10-3.05 (1 H, m, H-2),
2.14 (1 H, brs, -OH), 1.90-1.84 (3 H, m, H-3a and H-4), 1.66-1.56 (1 H, m, H-3b), 1.48-1.44 (1 H, m, H-1), 0.78 (1 H, dd,
J = 9.0, 5.8 Hz, H-6a), 0.49 (1 H, dd, J = 8.1, 5.8 Hz, H-6b); "*C NMR (125 MHz, CDCl;) & 174.81, 136.05, 128.38,
127.94, 127.73, 67.06, 65.96, 44.59, 31.11, 28.78, 24.44, 24.23, 9.50; LRMS (ESI) m/z 269 [(M+Na)*]; HRMS (ESI)
calcd for C15H1505Na 269.1148, found 269.1149 [(M+Na)'].

Target compound (VIR) H,N
To a solution of 73 (270 mg, 1.10 mmol) in CH,Cl, (11 mL) was added Dess—Martin |- HCI
periodinane (929 mg, 2.19 mmol) at 0 °C, and the mixture was stirred at rt for 3 h. After addition //COZH

of a mixture of sat. aq. Na,S,0;3 and sat. ag. NaHCO; (1:1), the resulting mixture was partitioned between CHCI; and
H,0. The organic layer was dried (Na,SO,) and evaporated. The residue was suspended in ag. tBuOH (80%, 10 mL),
and to the mixture were added 2-methyl-2-butene (930 uL, 8.76 mmol), sodium dihydrogenphosphate dehydrate (342
mg, 2.19 mmol) and sodium chlorite (396 mg, 4.38 mmol) at 0 °C. After stirring at rt for 2 h, the mixture was partitioned
between CHCI; and ag. HCI (1 M). The organic layer was washed with brine, dried (Na,SO,), and evaporated. The
residue was passed through a silica gel pad (hexane/AcOEt = 4:1-2:1) to give the crude product of corresponding
carboxylic acid (270 mg) as a colorless oil. To a solution of the aforementioned carboxylic acid in CH,Cl, (10 mL) were
added Et;N (1.40 mL, 10.4 mmol) and DPPA (670 uL, 3.11 mmol), and the mixture was stirred at rt for 5 h. The
resulting mixture was partitioned between AcOEt and H,O, and the organic layer was washed with brine, dried (Na,SO,),
and evaporated. The residue was passed through a silica gel pad (hexane/AcOEt = 30:1) to give the crude product of
corresponding acyl azide (295 mg) as a colorless oil. A solution of the aforementioned acyl azide in toluene (10 mL) was
stirred under reflux conditions for 2 h. After removal of the solvent in vacuo, the residue was dissolved in ag. HCI (4 M,
10 mL) and the solution was siteed under reflux conditions for 17 h. After removal of the solvent in vacuo, the residue
was partitioned between H,O and CHCI;. The aqueous layer was evaporated to give VIR (168 mg, 0.946 mmol, 5 steps
91%) as a white solid. [a]p>* = 8.6° (¢ 0.35, H,0); *H NMR (500 MHz, D,0) & 2.86 (1 H, d, J = 8.6 Hz, H-2), 2.12-2.03
(2 H, m, H-3a, H-4a), 1.99-1.91 (2 H, m, H-4b, H-1), 1.65-1.57 (1 H, m, H-3b), 1.10 (1 H, dd, J = 9.2, 7.4 Hz, H-6a),
0.94 (1 H, dd, J = 7.4, 4.6 Hz, H-6b); BC NMR (125 MHz, D,0) 6 179.28, 43.93, 40.48, 28.03, 24.72, 23.75, 10.70;
LRMS (ESI) m/z 142 [(M+H)']; Anal. calcd for C;H13NO,+1 HCI+0.12 H,0: C, 46.76; H, 6.87; N, 7.79. Found: C,
47.42; H, 6.96; N, 7.19.

Target compound (VIS, BC-GABA)

VIS (303 mg, 1.70 mmol, 5 steps 91%) was prepared from 74 (485 mg, 1.97 mmol) as
described for the preparation of target compound (VIR). [a]p”* = —67.3° (c 0.55, H,0) :'H
NMR (500 MHz, D,0) 6 3.30-3.25 (1 H, m, H-2), 2.21-2.17 (1 H, m, H-3a), 2.07-1.97 (2 H, m, H-4), 1.96-1.92 (1 H, m,
H-1), 1.52-1.43 (1 H, m, H-3b), 1.11-1.03 (2 H, m, H-6); *C NMR (125 MHz, D,0) § 178.26, 43.09, 40.10, 29.09,
23.57, 23.05, 9.21; LRMS (ESI) m/z 142 [(M+H)™]; Anal. calcd for C;Hy3NO,+1 HCI+0.2 H,0: C, 46.39; H, 6.90; N,
7.73. Found: C, 46.51; H, 6.68; N, 7.65.

H,N
- Hel CO,H
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Target compound (V11-2)

To a solution of 42 (24.1 mg, 0.100 mmol) and CHg;l (19.0 uL, 0.300 mmol) in THF (1.0 mL) H
was added NaH (60% dispersion in Paraffin Liquid, 12.0 mg, 0.275 mmol) at 0 °C, and the N
mixture was stirred at rt for 24 h. The resulting mixture was partitioned between CHCI; and aq.

CO,H
. HCI 2

HCI (1 M). The organic layer was dried (Na,SO,) and evaporated. The residue was passed through a silica gel pad
(hexane/AcOEt = 1:1) to give the corresponding N-methyl amine. The aforementioned N-methyl amine was dissolved in
HCI solution (4 M in dioxane, 1.0 mL), and the mixture was stirred at rt for 1 h. After removal of the solvent in vacuo,
the residue was triturated with dry Et;O. The precipitation was filtered off and dried to give VII-2 (16.5 mg, 86.4 umol,
2 steps 86%) as a white solid. [o]p™ = —64.2° (¢ 0.65, CH;0H); "H NMR (500 MHz, CD50D) & 3.25-3.20 (1 H, m, H-2),
2.75 (3H, s, NMe), 2.25-2.21 (1 H, m, H-3a), 2.16-1.98 (3 H, m, H-4 and H-1), 1.63-1.54 (1 H, m, H-3b), 1.15-1.13 (2 H,
m, H-6); *C NMR (125 MHz, CD;0D) & 176.7, 48.7, 44.4, 31.8, 28.3, 25.9, 24.8, 10.5; LRMS (ESI) m/z 156 [(M+H)"];
Anal. calcd for CsHgNO3+1 HCI+0.1 H,0: C, 49.67; H, 7.40; N, 7.24. Found: C, 49.40; H, 7.31; N, 7.10.

Target compound (V11-3)
To a solution of BC-GABA (VS) (12.0 mg, 0.0678 mmol) and aq. HCHO (36.5%, 13 uL,
0.17 mmol) in MeOH (1.0 mL) was added NaBH3;CN (12.6 mg, 0.200 mmol) and the mixture

was stirred at rt for 7 h. After removal of the solvent in vacuo, the residue was passed through a

l
_N

CO,H
- HCI 2

silica gel pad (CHCI3/MeOH = 4:1-1:1) to give the crude product of corresponding N,N-dimethyl amine (15.4 mg). The
aforementioned N,N-dimethyl amine was dissolved in HCI solution (4 M in dioxane, 1.0 mL) and the mixture was stirred
at rt for 1.5 h. After removal of the solvent in vacuo, the residue was triturated with dry Et,0. The precipitation was
filtered off and dried to give V11-3 (12.3 mg, 60.0 umol, 2 steps 88%) as a white solid. [a]p™ = —44.3° (¢ 0.37, CH;OH);
'"H NMR (500 MHz, CD50D) & 3.35-3.23 (1 H, m, H-2), 2.95 (6 H, s, NMeMe), 2.30-2.13 (3 H, m, H-3a and H-4),
2.06-2.00 (1 H, m, H-1), 1.64-1.55 (1 H, m, H-3b), 1.33-1.30 (1 H, m, H-6a), 1.24-1.21 (1 H, m, H-6b); 3¢ NMR (125
MHz, CD;OD) & 176.5, 55.7, 44.3, 41.7, 27.0, 24.8, 24.4, 12.1; LRMS (ESI) m/z 170 [(M+H)"]; Anal. calcd for
CsHgNOs2 HCI: C, 44.64; H, 7.08; N, 5.78. Found: C, 44.24; H, 6.69; N, 5.82.
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8-aminoquinoline amide (89)
To a solution of carboxylic acid 11 (3.68 g, 10.0 mmol) in CH,CI, (100 mL)
was added EDC (2.30 g, 12.0 mmol) and HOBt (1.35 mg, 10.0 mmol) at 0 °C.

After 15 min, 8-aminoquinoline (1.73 mg, 12.0 mmol) was added and the o) H |
Nx

TBDPSO

reaction mixture was warmed to rt and stirred at rt for 22 hr. The resulting
mixture was diluted with CHCIs, washed with 1 M ag. HCI, sat. NaCOj3; and H20, dried (Na,SO,), and evaporated. The

residue was purified by silica gel column chromatography (hexane/AcOEt 6:1) to give 89 (3.19 mg, 64.5 mmol, 65%) as
a pale yellow solid. *H NMR (500 MHz, CDCI3): & 10.2 (1 H, s, NH), 8.78-8.76 (1 H, m, aromatic), 8.55-8.53 (1 H, m,
aromatic), 8.11-8.07 (1 H, m, aromatic), 7.68-7.66 (4 H, m, aromatic), 7.54-7.47 (2 H, m, aromatic), 7.40-7.31 (7 H, m,
aromatic), 3.74-3.71 (2 H, m, -CH,OTBDPS), 3.69 (1 H, dd, J = 10.5, 4.7 Hz, H-1’a), 2.52 (1 H, dd, J = 16.0, 6.0 Hz,
H-1'b), 2.45 (1 H, dd, J = 16.0, 6.7 Hz, H-2), 1.15-1.08 (1 H, m, H-1), 1.03 (9 H, s, tBu), 0.75 (1 H, dd, J = 12.5, 5.5 Hz,
H-3a), 0.55 (1 H, dd, J = 12.5, 5.2 Hz, H-3b). *H NMR is in agreement with that reported previously [*°!.

Compound (90)
The mixture of 89 (494 mg, 1.00 mmol), CHsl (93 uL, 1.50 mmol), AgOAc

(250 mg, 1.50 mmol) and Pd(OAc), (22.5 mg, 10 mol%) in dry toluene (5.0 mL)

was heated at 80 °C for 24 h under Ar. The reaction mixture was cooled to rt and 0] ” |
N

TBDPSO

filtered through a Celite pad. The filtrate was concentrated in vacuo to remove

toluene. The residue was purified by flash silica gel column chromatography (hexane/AcOEt = 30:1) to give 90 (212 mg,
42%) as a colorless oil. [a]p"" = —6.31° (¢ 1.32, CHCI5); *H NMR (400 MHz, CDCI3) & 10.2 (1 H, s, NH), 8.80-8.77 (1
H, m, aromatic), 8.62-8.60 (1 H, m, aromatic), 8.14-8.12 (1 H, m, aromatic), 7.70-7.67 (4 H, m, aromatic), 7.55-7.49 (2
H, m, aromatic), 7.43-7.26 (7 H, m, aromatic), 3.90-3.82 (2 H, m, -CH,OTBDPS), 2.52 (1 H, d, J = 15.6 Hz, H-1’a),
242 (1 H, d, J = 15.6 Hz, H-1b), 1.28-1.21 (4 H, m, H-2 and Me), 1.01 (9 H, s, tBu), 0.88-0.85 (1 H, m, H-3a),
0.46-0.43 (1 H, m, H-3b); BC NMR (100 MHz, CDCls) 6 170.4, 148.2, 138.5, 136.2, 135.6, 134.6, 134.0, 133.9, 129.5,
127.9, 127.6, 127.6, 127.4, 1215, 121.3, 116.4, 64.1, 49.7, 26.8, 25.7, 19.1, 18.0, 17.7, 17.4; HRMS (ESI) calcd for
Ca,H37N,0,Si: 509.2624, found 509.2646 [(M+H)"].

Compound (91)
The mixture of 89 (1.48 g, 3.00 mmol), ethyl iodide (720 uL, 9.00 mmol),

Ag,CO3(1.08 g, 3.90 mmol), (BnO),PO,H (1.08 g, 3.90 mmol) and Pd(OACc),

(135 mg, 20 mol%) in dry tBuOH (6.0 mL) was heated at 75 °C for 36 h under Ar. O ” |
N

TBDPSO

After the reaction mixture was cooled to rt and was filtered through a Celite pad.

The filtrate was concentrated in vacuo to remove tBuOH. The residue was purified by flash silica gel column
chromatography (hexane/AcOEt 30:1) to give 18 (634 mg, 41%) as a colorless oil. ‘H NMR (500 MHz, CDCI3) & 10.2
(1 H, s, NH), 8.78-8.76 (1 H, m, aromatic), 8.59-8.58 (1 H, m, aromatic), 8.11-8.09 (1 H, m, aromatic), 7.69-7.67 (4 H,
m, aromatic), 7.53-7.46 (2 H, m, aromatic), 7.40-7.33 (7 H, m, aromatic), 3.95 (1 H, dd, J = 11.0, 7.0 Hz,
-CHaHbOTBDPS), 3.80 (1 H, dd, J = 11.0, 7.0 Hz, -CHaHbOTBDPS), 2.54 (1 H, d, J = 15.5 Hz, H-1"a), 2.47 (1 H, d, J
=15.5 Hz, H-1'b), 1.56-1.51 (2 H, m, -CH,CH3) 1.29-1.26 (1 H, m, H-2), 1.14 3 H, d, J = 7.5 Hz, -CH,CH3)1.01 9 H, s,
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tBu), 0.85-0.82 (1 H, m, H-3a), 0.43-0.40 (1 H, m, H-3b); *H NMR is in agreement with that reported previously 4.

Compound (92)
The mixture of 89 (24.7 g, 50.0 umol), iode benzene (11 pL, 100 pmol),

AgOAc (12.5 mg, 75.0 umol), K3PO, (10.6 mg, 50.0 umol) and Pd(OAc), (2.2
mg, 20 mol%) in dry toluene (250 pL) was heated at 110 °C for 24 h under Ar. 0~ °N

H
The reaction mixture was cooled to rt and was filtered through a Celite pad. The Nx

TBDPSO

filtrate was concentrated in vacuo to remove tBuOH. The residue was purified by flash silica gel column
chromatography (hexane/AcOEt = 10:1) to give 92 (11.7 mg, 20.7 umol, 41%) as a colorless oil. [a]p"" = 2.31° (c 0.82,
CHCls); *H NMR (500 MHz, CDCI3) § 9.97 (1 H, s, NH), 8.70-8.69 (2 H, m, aromatic), 8.10-8.08 (1 H, m, aromatic),
7.63-7.15 (18 H, m, aromatic), 3.51 (1 H, dd, J = 11.0, 6.0 Hz, -CHaHbOTBDPS), 3.35 (1 H, d, J = 14.5 Hz, H-1’a),
3.15 (1 H, dd, J=11.0, 6.0 Hz, -CHaHbOTBDPS), 2.47 (1 H, d, J = 14.5 Hz, H-1'b), 1.59-1.54 (1 H, m, H-2), 1.23-1.20
(1 H, m, H-3a), 1.12-1.09 (1 H, m, H-3b), 0.99 (9 H, s, tBu); **C NMR (125 MHz, CDCls) & 169.6, 147.9, 139.5, 138.3,
136.1, 135.5, 134.5, 133.7, 133.6, 130.4, 129.5, 129.3, 128.2, 127.8, 127.5, 127.4, 127.3, 126.6, 121.4, 121.2, 116.3, 64.2,
50.2, 28.6, 27.1, 26.7, 19.0, 14.2; HRMS (ESI) calcd for C57H3N,0,Si: 571.2781, found 571.2765 [(M+H)*].

Carboxylic acid (93)

To a solution of 90 (200 mg, 0.393 mmol) in CH3CN (4.0 mL) were added DMAP (96.0
mg, 0.786 mmol) and Boc,O (270 pL, 1.18 mmol), and the mixture was stirred at 70 °C for
4 h. The reaction mixture was concentrated in vacuo to remove CHsCN. The residue was 07 SOH

TBDPSO

passed through a silica gel pad (hexane/AcOEt = 5:1) to give the crude product of corresponding amide. To a solution of
the aforementioned amide in ag. THF (80%, 4.0 mL) were added aq. H,O; (30 wt%, 220 uL, 22.7 mmol) and ag.
LiOH-H,0 (1 M, 9.07 mL, 9.07 mmol) at 0 °C, and the mixture was stirred at rt for 5 h. After addition of sat. aq. Na,SO3,
the resulting mixture was extracted with CH,Cl,. The organic layer was washed with ag. HCI (1 M), H,O and brine,
dried (Na,S0O,), and evaporated. The residue was purified by flash silica gel column chromatography (hexane/AcOEt =
6:1-3:1) to give 3 (141 mg, 0.369 mmol, 2 steps 93%) as a colorless viscous oil. [a]p™’ = 7.03° (¢ 1.14, CHCIl5); *H NMR
(400 MHz, CDCI3) 6 7.70-7.66 (4 H, m, aromatic), 7.42-7.36 (6 H, m, aromatic), 3.83 (1 H, dd, J = 11.2, 5.6 Hz,
-CHaHbOTBDPS), 3.51 (1 H, dd, J = 11.2, 8.8 Hz, -CHaHbOTBDPS), 2.29 (1 H, d, J = 15.6 Hz, H-1’a), 2.22 (1 H, d, J
= 15.6 Hz, H-1'b), 1.17 (3 H, s, Me), 1.11-1.05 (10 H, m, H-2 and tBu), 0.65-0.62 (1 H, m, H-3a), 0.22-0.19 (1 H, m,
H-3b); BC NMR (100 MHz, CDCly) 8 177.8, 135.6, 133.8, 129.6, 127.6, 64.3, 45.5, 26.8, 25.6, 19.1, 17.6, 17.2, 17.1;
HRMS (ESI) calcd for C,3H3005SiNa: 405.1862, found 405.1857 [(M+Na)'].

Carboxylic acid (94)

94 (43.5 mg, 0.110 mmol, 2 steps 95%, a colorless viscous oil) was prepared from 91
17

TBDPSO
(60.0 mg, 0.115 mmol) as described for the preparation of precursor compound (93). [a]p

= 5.25° (¢ 1.38, CHCly); ‘H NMR (400 MHz, CDCI3) § 7.70-7.66 (4 H, m, aromatic), 0~ “OH
7.42-7.36 (6 H, m, aromatic), 3.80 (1 H, dd, J = 11.6, 6.0 Hz, -CHaHbOTBDPS), 3.55 (1 H, dd, J = 11.6, 6.8 Hz,
-CHaHbOTBDPS), 2.37 (1 H, d, J = 15.6 Hz, H-1’a), 2.21 (1 H, d, J = 15.6 Hz, H-1'b), 1.51 (1 H, m, -CHaHbCHs), 1.40
(1 H, m, -CHaHbCHs), 1.17 (3 H, s, Me), 1.16-0.98 (13 H, m, H-2, -CH,CH; and tBu), 0.64-0.60 (1 H, m, H-3a),
0.20-0.17 (1 H, m, H-3b); *C NMR (100 MHz, CDCls)  177.6, 135.6, 133.7, 129.6, 127.6, 63.9, 41.7, 26.8, 26.4, 23.8,
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2256, 19.1, 16.2, 11.1; HRMS (ESI) caled for CpHz,0sSiNa: 419.2018, found 419.2013 [(M+Na)'], calcd for
Cu4H3,03Si: 395.2042, found 395.2119 [(M—H)].

Carboxylic acid (95)
95 (63.1 mg, 0.142 mmol, 2 steps 94%, as a colorless viscous oil) was prepared from 92

TBDPSO
(86.0 mg, 0.151 mmol) as described for the preparation of precursor compound (93).

[a]o"’ = —35.1° (c 0.94, CHCIl5); 'H NMR (500 MHz, CDCI3) & 7.62-7.61 (2 H, m, 0~ “OH
aromatic), 7.41-7.23 (13 H, m, aromatic), 3.47 (1 H, dd, J = 11.0, 5.0 Hz, -CHaHbOTBDPS), 3.05 (1 H, dd, J = 11.0, 8.5
Hz, -CHaHbOTBDPS), 2.95 (1 H, d, J = 15.0 Hz, H-1’a), 2.29 (1 H, d, J = 15.0 Hz, H-1'b), 1.43-1.38 (1H, m, H-2), 1.00
(9 H, s, tBu), 0.98-0.95 (1 H, m, H-3a), 0.85-0.83 (1 H, m, H-3b); *C NMR (125 MHz, CDCl;) & 177.0, 139.7, 135.5,
135.4, 133.8, 133.6, 130.4, 129.5, 129.4, 128.1, 127.6, 127.5, 126.7, 64.3, 46.0, 27.8, 26.8, 26.7, 19.1, 14.5; HRMS (ESI)
calcd for C,gH3,05SiNa: 467.2018, found 467.2004 [(M+Na)'], calcd for C,gHz05Si: 443.2042, found 443.2096

[(M-H) ].

Alcohol (99)
To a solution of 93 (189 mg, 0.494 mmol) in DMF (5.0 mL) were added K,COj3; (102 mg,

0.741 mmol) and BnBr (90 uL, 0.74 mmol) at 0 °C, and the mixture was stirred at 0 °C for 5 h.
The resulting mixture was partitioned between CH,CI, and H,0, and the organic layer was O~ 0OBn

HO

dried (Na,SO,) and evaporated. The residue was passed through a silica gel pad (hexane/AcOEt = 8:1) to give the crude
product of corresponding ester. To a solution of the aforementioned ester in THF (5.0 mL) were added AcOH (70.0 pL,
1.25 mmol) and TBAF (1 M soln. in THF, 750 pL, 0.750 mmol), and the mixture was stirred at rt for 36 h. After removal
of THF in vacuo, the residue was purified by silica column chromatography (hexane/AcOEt = 8:1-1:1) to give 99 (93.5
mg, 0.399 mmol, 2 steps 81%) as a colorless oil. [a]p** = 37.4° (¢ 0.44, CHCls); *H NMR (500 MHz, CDCI3) &
7.39-7.33 (5 H, m, aromatic), 5.14 (2 H, d, J = 4.0 Hz, -CH,Ph), 3.83 (1 H, dd, J = 10.5, 6.0 Hz, -CHaHbOH), 3.36 (1 H,
dd, J = 10.5, 10.5 Hz, -CHaHbOH), 2.59 (1 H, d, J = 16.0 Hz, H-1’a), 2.02 (1 H, d, J = 16.0 Hz, H-1'b), 2.01 (1 H, s,
OH), 1.18 (3 H, s, Me), 1.10-1.04 (1 H, m, H-2), 0.68-0.65 (1 H, m, H-3a), 0.30-0.28 (1 H, m, H-3b); *C NMR (100
MHz, CDCly) & 172.7, 135.8, 134.8, 128.6, 128.4, 66.4, 63.3, 44.8, 25.8, 17.6, 17.4, 16.8; HRMS (ESI) calcd for
C14H150sNa: 257.1154, found 257.1157 [(M+Na)*].

Alcohol (100)
100 (140 mg, 0.564 mmol, 2 steps 97%, a colorless oil) was prepared from 94 (230 mg, 0.580

mmol) as described for the preparation of alcohol (99). [a]p** = 45.8° (¢ 0.17, CHCI5); '"H NMR
(500 MHz, CDCI3) 6 7.40-7.31 (5 H, m, aromatic), 5.13 (2 H, d, J = 6.5 Hz, -CH,Ph), 3.83 (1 H, (©) OBn
dd, J =10.5, 5.5 Hz, -CHaHbOH), 3.42 (1 H, dd, J = 10.5, 10.5 Hz, -CHaHbOH), 2.69 (1 H, d, J = 17.0 Hz, H-1’a), 2.01
(1 H,s, OH), 1.93 (1 H, d, J = 17.0 Hz, H-1'b), 1.66-1.59 (1 H, m, -CHaHbCHj3), 1.31-1.24 (1 H, m, -CHaHbCHj),
1.15-1.07 (1 H, m, H-2), 0.95 (3 H, dd, J = 10.0, 10.0 Hz, -CH,CHj), 0.68-0.62 (1 H, m, H-3a), 0.28-0.25 (1 H, m,
H-3b); B¢ NMR (100 MHz, CDCl) 6 172.7, 135.8, 134.8, 129.4, 128.6, 128.3, 127.6, 66.3, 62.7, 41.0, 26.7, 23.4, 22.4,
16.1, 11.0; HRMS (ESI) calcd for C1sHp00sNa: 271.1310, found 271.1315 [(M+Na)*].

HO
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Alcohol (101)
101 (78.0 mg, 0.263 mmol, 2 steps 88%, a colorless oil) was prepared from 95 (114 mg,

0.300 mmol) as described for the preparation of alcohol (99). [a]p? = —30.6° (¢ 1.03, CHCI,);
'H NMR (400 MHz, CDCI3) & 7.32-7.17 (10 H, m, aromatic), 5.00 (2 H, s, -CH,Ph), 3.32 (1 H, 0~ ~0OBn
dd, J=11.2, 5.6 Hz, -CHaHbOH), 3.18 (1 H, dd, J = 11.2, 7.6 Hz, -CHaHbOH), 2.90 (1 H, d, J = 15.6 Hz, H-1’a), 2.39
(1 H, d, J=15.6 Hz, H-1'b), 1.67 (1 H, s, OH), 1.46-1.41 (1 H, m, H-2), 1.10-1.06 (1 H, m, H-3a), 1.00-0.98 (1 H, m,
H-3b); *C NMR (100 MHz, CDCls) & 171.4, 139.9, 135.7, 129.8, 128.4, 128.1, 128.1, 126.9, 66.1, 63.6, 46.1, 27.9, 26.5,
15.1; HRMS (ESI) calcd for C1gH,003Na: 319.1310, found 319.1315 [(M+Na)'].

Precursor compound (105)
105 (59.0 mg, 0.185 mmol, 4 steps 46%, as a white solid) was prepared from 99 (93.5 mg,

ZT

Boc
0.399 mmol) as described for the preparation of precursor compound (17). [a]o"" = —9.36° (c

0.25, CHCI5); m.p. 71.5-72.5 °C; *H NMR (500 MHz, CDCI3) § 7.36-7.30 (5 H, m, aromatic), O~ "0Bn
5.13 (2 H, s, -CH,Ph), 4.70 (1 H, s, NH), 2.49 (1 H, d, J = 145 Hz, H-1’a), 2.43 (1 H, brs, H-2), 2.12 (1 H, d, J = 145
Hz, H-1'b), 1.44 (9 H, s, tBu), 1.15 (3 H, 5, Me), 0.94-0.92 (1 H, m, H-3a), 0.43 (1 H, brs, H-3b); **C NMR (100 MHz,
CDCl3) 6 171.7, 156.6, 136.0, 128.5, 128.3, 128.1, 79.3, 66.1, 43.3, 33.9, 28.3, 19.2, 18.9, 17.0; HRMS (ESI) calcd for
CigH2sNO,Na: 342.1681, found 342.1682 [(M+Na)'].

Precursor compound (106)

106 (75.5 mg, 0.227 mmol, 4 steps 42%, as a white solid) was prepared from 100 (135 mg,
=-7.15° (c
0.32, CHCI5); m.p. 98.0-98.5 °C; 'H NMR (500 MHz, CDCI3)  7.36-7.31 (5 H, m, aromatic), 0~ ~0Bn
5.12 (2 H, s, -CH,Ph), 4.65 (1L H, s, NH), 2.52 (1 H, brs, H-2), 2.44 (1 H, d, J = 154.5 Hz, H-1’a), 2.18 (1 H, d, J = 14.5
Hz, H-1'b), 1.49-1.44 (11 H, m, -CH,CHj; and tBu), 0.97-0.92 (4 H, m, -CH,CH;and H-3a), 0.42 (1 H, brs, H-3b); Bc
NMR (100 MHz, CDCls) 6 171.8, 156.6, 136.0, 128.5, 128.2, 79.4, 66.2, 39.7, 34.5, 28.3, 23.8, 23.6, 18.4, 10.7; HRMS
(ESI) calcd for C1H,;NO,Na: 356.1838, found 356.1838 [(M+Na)'].

Boc
0.544 mmol) as described for the preparation of precursor compound (17). [a]p™

Precursor compound (107)

107 (49.3 mg, 0.129 mmol, 4 steps 42%, as a white solid) was prepared from 101 (91.2 mg,
0.308 mmol) as described for the preparation of precursor compound 17. [a]p"’ = 43.3° (c 0.20,
CHCl5); m.p. 81.0-81.5 °C; 'H NMR (500 MHz, CDCI3) & 7.31-7.17 (10 H, m, aromatic), 5.00 0~ ~OBn
(2 H, s, -CH,Ph), 4.18 (1 H, s, NH), 3.07 (1 H, d, J = 14.5 Hz, H-1’a), 2.91 (1 H, brs, H-2), 2.23 (1 H, d, J = 14.5 Hz,
H-1'b), 1.47 (1 H, brs, H-3a), 1.35 (9 H, s, tBu), 1.14-1.12 (1 H, m, H-3b); *C NMR (100 MHz, CDCls) 5 171.0, 156.2,
138.5, 135.8, 130.2, 128.5, 128.4, 128.1, 128.1, 127.1, 79.4, 66.1, 43.5, 34.4, 28.3, 28.2, 17.8; HRMS (ESI) calcd for
Co3H,sNO,Na: 404.1838, found 404.1837 [(M+Na)'].

ZT

Boc

Target compound (VI11-1)
A solution of 25 (16.0 mg, 50.0 umol) in aq. HCI (4 M, 1.0 mL) was stirred under reflux

conditions for 8 h. After removal of the solvent in vacuo, the residue was partitioned between

H,O and CHCls. The aqueous layer was evaporated to give VI11-1 (9.00 mg, 50.0 pmol, quant.) as a white solid. [o]p°
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36.1° (¢ 0.22, CH30H); *H NMR (500 MHz, CD;0D) § 2.59-2.57 (1 H, m, H-2), 2.40 (1 H, d, J = 16.5 Hz, H-1’a), 2.24
(1 H, d, J = 16,5 Hz, H-1'b), 1.30 (3 H, d, J = 8.5 Hz, Me), 1.04-1.01 (1 H, m, H-3a), 0.76-0.74 (1 H, m, H-3b); **C
NMR ( MHz, CD;0OD) & 174.9, ; LRMS (ESI) m/z 130 [(M+H)']; Anal. calcd for CgHyNO,+1 HCI*0.3 H,0: C, 42.14; H,
7.43; N, 7.94. Found: C, 41.95; H, 7.04; N, 7.94.

Target compound (VI111-2) HoN
VI1-2 (4.20 mg, 23.4 TImol, 94%, a white solid) was prepared from 26 (8.33 mg, 25.0 Cmol) | HCl

as described for the preparation of target compound (VI11-1). [o]p™ = 6.76° (c 0.28, CH;OH); CO,H
'H NMR (500 MHz, CD;0D) & 2.66-2.63 (1 H, m, H-2), 2.57 (1 H, d, J = 20.5 Hz, H-1"a), 2.00 (1 H, d, J = 20.5 Hz,
H-1'b), 1.79-1.70 (1 H, m, -CHaHbH3), 1.43-1.33 (1 H, m, -CHaHbH3), 1.08 (3 H, dd, J = 9.5, 9.5 Hz, -CH,Hj3),
1.00-0.97 (1 H, m, H-3a), 0.73-0.70 (1 H, m, H-3b); **C NMR (125 MHz, CD;0D) & 174.9, 39.6, 34.5, 23.7, 23.5, 16.8,
10.9; LRMS (ESI) m/z 144 [(M+H)™]; Anal. calcd for C;H13NO,+1 HCI+0.1 H,O: C, 46.34; H, 7.89; N, 7.72. Found: C,
46.11; H, 7.74; N, 7.59.

Target compound (VI111-3)

VI1-3 (11.0 mg, 48.4 umol, 97%, a white solid) was prepared from 27 (26.0 mg, 96.2 umol) H,N
as described for the preparation of target compound (V111-1). [a]p™ = 2.37° (c 0.38, CH3OH); . HCl
'H NMR (500 MHz, CD;0D) & 7.50-7.33 (5 H, m, aromatic), 2.98-2.95 (1 H, m, H-2), 2.79 (1 H, CO,H
d, J = 16.0 Hz, H-1’a), 2.49 (1 H, d, J = 16.0 Hz, H-1'b), 1.51-1.48 (1 H, m, H-3a), 1.42-1.40 (1 H, m, H-3b); *C NMR
(125 MHz, CD30D) § 174.1, 137.7, 131.7, 130.2, 129.4, 44.9, 33.2, 28.6, 16.9; LRMS (ESI) m/z 192 [(M+H)']; Anal.
calcd for C;H;3NO,+1 HCI+0.4 H,0: C, 56.25; H, 6.35; N, 5.96. Found: C, 456.22; H, 6.03; N, 5.93.
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