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1.  Ln(OTf);-Catalyzed Highly Regioselective Alcoholysis of 2,3-epoxy alcohols
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Y — MMLEY OER, HEEEMEMHBNICHET 2 55 Bk OB AR, Ll « 240 DB IHHGTE 5 LA MEED
eSO 2> T w5, K FERARPIEOTFBRICE W TEEAZ#H2R172T00, BREKTH 5, K
TEEDOL I, WERA 7Y —= v S TRE ) — FbA oG RE RO 2 R CERN T L L
TOMEBREIN TS, .29 L TR — MUEPITOWT, FBELPAXF v 74—V FEy BV Ik
Exfrv, WMEFHiZEmL e, 120 7aY ey P TARE NS BELA OREIE 1000 LAY EE £
52LbHD, 3~4 NOART — L THRLEOEYIEE ST 2 BI8 UIRIERHlc i 2 2 & k3, 2D
ED 5, WWEBEAROME TIEIEELEREZS LD, WS, EREECRLUEPES TH Y, Hikms
MENZ L CW B IGASE E N TV 5, 2010 4E, GlaxoSmithKline £ (GSK)?® Macdonald & 13, GSK #k 0 WEI% 2 fE is;
PRI 2005 412 T2 X 172489 4800 SR IC D W THEZ TV, 7 Xufl, 73 FMEBXOALF Y7 2 F
1, Pd iz 72y 770 v OKIG, REEENRED 6 B2 50 5 2 L 2WE L (Figure 1)) 2hH
DIEE, —BATTERDHEZ L, HE MR, FREEECRUMERES TH Y, V—F v 7 — 7 THE
BIREAT I3 L 72 B2 % o,

a)
Ring opening 3% Empty 1%
Reduction 5% Alkylation 17%
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12%

Oxidation
4%

Condensation

Other 5%
17%

Metalation 3%
Hydrolysis 3%
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formation 5%

Halogenation 5% Pd-catalyzed coupling 17%
(4

Noncatalyzed
coupling 1%

Figure 1: GSK #LFF-I SR FHIBR 2T © 2005 SF 12T N7 G (Macdonald & DFa3C & b 51 H)
2015 4F, AstraZeneca 1@ Brown 5 (%, 1985 £ & 2014 £ Z NZNDAEIT J. Med. Chem.i# (JMC i6) 8 #EH X
ZXRIC, RIS CERA SN2 G %EFE L 72 (Figure 2).
Z DFER, 2014 4E12 IMC GEICHBI S NS TIE (Figure | OF@HEY 7 7), O 7 2 FEFATER, @ SyAr,
@ Boc HIZ &k 2 7 2 v OLRFE/ifRE, @ 2T NVONUKDE, © SR-EHA Y 7V IREHEINTw L
WEL TV,
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Figure 2: 1984 4F (FRfa) & 2014 4F (Ha) BIZENMECEM I NG Brown 5 DX & D 51H). RANZ SIS HE S 1

TEERT.,

BAR-E Ay 7V v S RESNDZ 20 Ry T v ORIEE, BEEIA L, s ERECRE-RE
AWK EZRRT 2 L IFEEZE TS, ZOMRIBRRMAFORELAUT 550 TH Y, K7 THIZEIIE
DM RESEZALIED 2L FZ %, 2D EIE, 1984 FICFAREMECRBON TV ARd - AR5
WAy 70 v 7h, 2014 FITEFRIERYG R CHELN OB T S ICAZIZEEHAIN TV 25 AT
Wnz!'LrLzo—h7T, AFRILEVMDI7aRAy 7Y v PRGBS A S iR, BRSO FHEL
{7z, BEbAEmD "7 5y + 7 v ) ALNSET L 7.

2009 4, Wyeth fl: (31 - Pfizer 1) @ Lovering & (&, EERGERZEE L 72 {LEWICOWTHE 7 = — A T L ITHE
MR, T7 7y b7 v By ALY, AR ROBIERZET I ¢ 2 2 L2 ML 2 Cofics v T
Lovering 5 1% sp’ REDHEE%E (Eq.l) DX HIICERL, F,' 2WIEW», Tabb, FhiEIELEYE, ik
72 by & s L TRSE SRR 2 & &, Bl ERRARIBIEDIER TSR 5 v 7' 5 4 7 kitEd 5 m &

ZEickh, KRB EZERL DS LhAHEHARH D EERE L, 72, Brown 5%, ChEMBL (vI8) &
X O AstraZeneca #:D HEE S 4 775 Y —(9000 > V) DA TENT 2175 72558, TN PRt o s wike
VIni% 2 L @5 LT3, Lovering & DG LI, sp’ REOBEBEEDITHRHI NS LI I1ckbh, FHtko
IR BAROBEDO —D L > T 5,

"
=T @
EE

DEDZ h s, IERRLBERENGRC, WML EC, ERERESRUBMEEETT, sp’Y) v F, Thbbir
BRI LAY 2 RBIC AR T 2 BRI, BRMECEOTHREPROKIGO 2L FA %, hTd, flifikiE
&b, EY) 2 A EY) 2 ARRUE CEBER 2 AT E B K, FEAAEICEB W TIERICHE Y —ic
%095,

A 2 R E R 2 B L T T 2SN, B TEER, 20U = FIickh 5 2 EYIEERARY
DEBIHEILIC S K AN, Z OB HEE X SRR 4 SEYIEMEICEH S LT\ % (Figure 3). 7, Hifk:
B, KEEONGRKER-BETERECLD, LBV LENICLHFE T E, 20k, MEB XLV
SEAREIR I 22 L YBREE AL ORESE I TR DA RS R ST E -,



Ph/S]/H H H

002
cephalexin (1)

sy P

lincomycin (3

zanamivir (

0
Ph
%\ H,N
O”"NH O
Ph 6) : H:\O
: HO O O
OH Ph« >]/Ph
(0] (@]

paclitaxel (5)

eribulin (6)
Figure 3: MR RES: 2 B2 L 7GR R () 2 B § 2 B0 FEFEILAGY

2D &) BHBERN AN DRI L EBEL WREICT 2 FiEo—2 L LT, ZRX I ALAYOHBRKIGEAZT S
N3, HEFEELIRIFT 7 La— i, NIRTE37UATILI—LRRETYILTZILa—LIINLT, FH
-Sharpless A& LK * 21l Jacobsen-T5H AFF LA F 1L, Jacobsen FHEEHMIEFAYH. ILARE R X A
HORBFIR X ARG EIT) Z LIS X D A RECAKF N EZEATE, TEOAKFZAT 283> 7L a
—VIRBICAFHHTH S (Scheme 1), BONLIRF T 7N a—iE, ZOOTWISREKEIC X 2 KIG
% 3EFTE LT3, KIBEMEZEYIGERT 2 2 &£ T2 2RO RKIG M ICERIEZE AT 2 2 L 23Tl
Ths, Ei, REAEZEAEET 2 LIckD, BERERECHKL RFHEENLESDICERETE S, D EOK
o, AR IR XS 7L a—VIEAERERICBELTHEAEOE WX FLVELT 4 v 77 uy 7 Th 5,

TEHEEHG D 7- D ICL BOFEER 2 E T 2, K FEEOREBEABRICE L TOHMN TRV T ARTFETDH 5,
ex) OH OH
Ti(OiPr),, DET 3,0 3.0
/\;F TBHP, CHCl, R/g/kw L N
2
X , s
R 7 R Asymmetric epoxidation 8 8
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Nu OH OH OH OH Nu
(o) ; O
R 3 ™R Nucleophile R™3 1R R"s ot R R C R
2 ring opening OH Nu OH
8 of oxirane 9 10 11
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Scheme 1: TR ¥ 7))L a— L DOEBRKIG

CHDXIBHERICED, 23-ZRF LTIV a—)LITHT 2O EDERN 2 BHBR G TG T I ZE D % SN T E 72,
Cl fE~DEHELE AL, IS, Payne BRAZSIGIC X D 12-Z R F o 3-F — VAN ELWAL 2T 5 7288, 7



BRIIZEENT WS ClL AADRIIRIGIC & D#EKLTE S (Scheme 2A). ZOFEDIGAF & LT, 1988 4EIC
Sutherland 5 12 X D #i 5 & 4172 (+)-exo-brevicomin (18) DEEKAZT S5 " Sutherland 5 1%, THXF > 7L a
=V 1S IR L TRALY 7 LEFEETT7F VY F7 L2 EI & ¥ 5 T & T Payne I 2 & S ¢, RhT7u
aX T P16 2B L 7242, ClLAZICAFNVEEZEAL, #Hi BRMLIZ X > T (+)-exo-brevicomin (18) DAELK % i
B L 7z (Scheme 2B).

A) C1-attack: OH N
. u
Nucleophile
base OH
K?A 18—t
1R’ R™3 1R H
Payne rearrangement 2 OH
12 13 14

B) Sutherland (1988)

"BuLi, LiCl A
/\<r\/\ THF, 787G o
then MeCuCNLi | O Oo, .

PdCI2 CuCly2H,0 o)

,.\H
THF rt ©

31% (from 25) (+)-exo-brevicomin

Scheme 2: Payne IEfi % /i L 72 2,3- lzrﬂ?/7(;:/8;—n/ Cl Rz~ NG
23-ZRFTTINA—)LD C2 I ADEBFE AL, 2003 FICE Fo I X VMG I NAFIEICLDERTE S
? (Scheme 3 LEY). BT 5 DEAF1F, Lewis B & L T(MeO);B % 72 13(EtO):B Z 2% Z L K& TH Y, tU T
Naxe RV EAFT T VERD S BERTIERAERIRGE 20 2§ % 2 & T, C2 fi~DAIMBIGHFHE S 11
%, =T oDOTFEDIGAAE LT, 2009 ££12 Molinski & 12 & D G & 4172 (+)-Zwittermicin A (24) DG NE R 3%
17 5412 '%(Scheme 3 H1E%). Molinski & &, (+)-Zwittermicin A (24)D C9-C15 fi R Y A =V 7 F 7" A ¥ + DREEEIC
BWT, AR 23,56-EAZRF AT YL 17-PF =L 21/, EF60FETTIF MY 7 L%
AL LTV, C2C6 I 2007 Y FHEEZEAL TS, FHERICH 7 ELAY % Lewis BB L L TV 25
BREIGOH E LT, 2018 41 Wang 5 I &K Wl S, filliEo R e v gxr w342 83> 7L a—nLo
3ALERN 2T 2 7 ) ADET 545" (Scheme 3 TEY). Wang 51%, TAX> 7)Lba—i 25cxfL, filll27
FHET 22X x> 7= v 26 2FHS® 2 2 LT, C3 MRk 29 %2 @ICE»DFE C3 MBRECH2 2 L

WP L 7z, Wang 513, ZORIGIE 6 BEERIRE 28 2 TEITT 2 LHRIBLTW 2



Miyashita (2003)

Nucleophile !
(MeO)3B or ro. OR' |¥
o (EtO)4B B OH
3 3! .
R/<!/1\OH o R/3<C[)z_11o - R/';;\_%OH
Nu
1
9 ‘\:Nu
20 21

(R* =Me or Et) (Nu = N3, SPh, CN)

ex) Molinski’ s formal synthesis of (+)-Zwittermicin A

(MeO);B, DMF, t; Ns Ns o] y OH NH NH,
- then NaNg, DMF, 50 °C - H 7
M s KK/Y\ HZN)LH/\/NM
OH OH 80% : T S. O OH OH OH OH
22 isomer ratio = 10:1.1:1 OH OH OH OH 07 "NH,
2 (+)-Zwittermicin A (24)
Wang (2018) F
Bo!
_OH
F B 27 0 H t OH
0 NH, OH (15 mol%) AN R N \/\‘/\/OH
NNAOH @[ H H‘N’Q&Q NH
OMe toluene, 60 °C, 24 h MeO @E
OMe
25 26 98%, C3/C4 = >99:1
(95% ee) (1.5eq.) 29
28 (95% ee)

Scheme 3: 2,3-Z K ¥ 3 7L a— )L C2 pi~D I

23-ZHRF T 73—V D C3 M ADEHFLE A X, 1985 41T Sharpless & & D #]1& THIE E 4172 (Scheme 4 |
BY). Sharpless 5 (&, Lewis i & L T Ti(OiPr); Z 125 2 & T23-ZRF > 7N a—)LD7 )Ly > AH C3 ik
RIGIETT 2 2 L 2HE L 2.2 ZDOFSCT Sharpless 51&, % VT & 23- 2K %> 7L a—) L BT8R
TR 2 FEBCAZ (Sharpless’TS) 2T 2B/ A ¥ 7 VERDEADF LI N, CIMOREFHEL EATLZ LT
CI IR EZZ T T b &) G Z B L 72, Sharpless & O % Y Y 12, (LEERNZ T
F¥ o7 a— VORBRKIGOFEMIEE TR OMICTb s k) icko7k,

23-ZRF 7N a—)D C3ALERM ZFHERIOG 2 & § 2o SORgEf: & LT, 1993 H1Z Crotti 51T & -
THE SN, BEEOMEEZER) F 7 L2072 23-Z8F 7L a— )L C3 MBI L 7L a2 ) o A93%E
P54 5 (Scheme4 TE."

InoHmERNDOL  IFHE L EREmEM LAV A 729, BICFWHEEAD#EHARTE R\, 7%, Sharpless
5 DFHTI, Sharpless TR ¥ Al L FRICEBUB ORI RIRRO T & HEKRORIAEMBAEL, ZDkkE
DA 2 EVIRFEA LTS, Z0kd, MBEROBCHIGIETTNUEEZLVWEVR S,



Sharpless (1985)

" TI(OPY), (1.5-2.2 eq.) , Nu
Ho/\?())\/\ —— HO“/\OV\/\ — HOW
H ucleophile (RO)sTi-~" OH
30 31
Sharpless’ TS 32-96% yield
C3-Nu/C2-Nu ratio: up to 100:1
Nucleophile = alcohol, thiol, amine, azide, halogen
O’iPr N N PN HN _Bu
HOW HO N o HO N
OH OH OH
31a 31b 31c

88%, C3 only

88%, C3/C2 = 20:1 complex mixture

Crotti (1993)

" LiCIO, (2-10 M) Nu
ROW Nucleophile ROW
H OH
% 85-993‘;: yield
C3-Nu/C2-Nu ratio: up to 100:1
Nucleophile = alcohol, amine, azide
Scheme 4: ABER D% 7 2,3-Z R X > 7L a—)b C3 fi~D RSO

IRFY FORBRKIGICET 2D HET THAOANITHbILTE .
X FORIGDEERE D SmClL 25 2 &7, EI
BWLWTHLERT

Lewis gL LT7 vy =FzHwi
1987 4¢, Kagan 513, F 4 —VREHIZ Wiz R
KO TT 22 L 2HE LA (Scheme 5 LB Crotti 51& 1993 4E, SmCL237 2/ U ¥ AU
%5:&%%%Lt(&Mm5$&ﬂ5ik,M$6uw%$,Wﬂnmﬁlf#vP®7s/0yxm%m
THRSI e filil & 722 2 L WS LT B (Scheme 5 FEN. s 34, 7% = FRZ XX FOBBKIG
WCEBWTHMNR Lewis BTHL I LZRTHDTH 5.

Kagan (1987) thiol

/<? SmCils (10 mol%) OH
R CH,Cly, t R SR
S Ph
S
OH
35a 35b 35¢
81% 82% 78%
. amine
Crotti (1993) o SmCL(10mol%) oy
R CH,Cly, 1t R/K/NR R
34 36
CeH1s OPh SNEt
BN Y ELN Y Q
OH OH OH
36a 36b 36¢c
81% 82% 78%
Y. Yamamoto (1994) amine
o YbOThHs(10mol%) o
R/<I temperature R)\/ NR'R”
34 36
CgH \NHBn \NHBn
g O wop, O
OH OH NHBoc NHTs
36d 36e 36f 36g
THF, reflux THF, reflux CHCl,, 1t CH,Cl,
81% 86% 84% quant.

(from aziridine)

Scheme 5: Ln* ' % Fv 72 = R ¥ > FOBBK)G



72, -t FEFTZRXFL FOFTFHTOT LAY S RICT I = FEHvple LT, NS oW
B8 X OBAR S OMEH 035 5. FIESIE 1995 4, 45-Z KX 7L a—LDGTFRHTIL ) & ZARIGD,
LA EGRED La(OTH; T, 6-endo BALEIRIVICHEIT T2 2 L 2 MG Lz, £/, MRS I 1998 4, 6,7-Z K%
TN A= LD THNT LAY Y ARG, (LEAERED La(OThH; T, 8-endo BRALEIRMICHET T2 2 L2
HBLTW3, #ARSIE 2003 4, 78-ZRFL 7L a— LR 89-ZHRF L 7L a— LIEHIIEB LT, 1 HED
Eu(fod); 2% exo-BU T FNTOT7 NIV P AR ETIEE L2 MEL T3,

DX, FVFZFEOIRFY FORBRKIGIZE T 2 GHMEREROIE S LV—TIc ko THEI N
Tw, L2LARS, ZXRFXFE 7NV I— VO FRITOREKIGC 7 v % = FiE2 72613 2014
FFETCHREINTORDr o,

Murai (1995)
MeO La(OTf)s (1.1 eq.) OH ”
9) MeOﬁ'\/j + MeO o]
- OH CH,Cly, 1t o o
96% 38 38
6-endo 5-exo
Murai (1998) 38/38” =90:10
MeO A\ La(OTf); (1.1 eq.) OH =
e .
0 MeO \ ¢ Meo”
HO MeCN, 45 °C o o)
71% OH
39
40 40’
8-endo 7-exo
40/40’ = 98:2
Suzuki (2003
HQ OBn

Eu(fod)s (1.0 eq.) o/
toluene, 110 °C
85% 42

HQ Eu(fod); (1.0 eq.) o OH
’ OBn
toluene, 110 °C AN “H

86%
44

)
OBn
o
41
OBn
o

OH
43
Scheme 6: L HEZ WA ZRF > 7L a— LD THNT LY > A K)E

R D Lewis BETO TR ¥ > 7L 3 — VORBREIGIE, 2014 FICIUASIC X D #Io THd S . PIlk S
X 23-Z XX 7V a— L OBBRKICICAERED ¥ v 7 AT iliEE v, C3 AOEIRNIC T S 2 Y 29T L
AV AETTEIEERBLZ, L2, SORIGIRAFLVYHEDOZRF S 7L a— Lo HEET I Vi
b T3 00, BIE7Z VLTV a— VHkO TR F > 7oL a— LRl T 2 v CORIBRKIGIZ %
INTwkpot, F, 737 VP RAFRENETETT2000, 7La VY ARHPREDIKICHE>TE
D, 7raY AL TR TE SR 252 T ighroT,



H. Yamamoto (2014) W(OEt)g

or OH
H3 WO,Cl,, AgOTF Ng , e
HO%R HO TR + HO Ry
o Nucleophile /Y\Ez ! Nu Re
H OH
45 46 46’
C3-Nu isomer C2-Nu isomer
.Ph ~Ph o
: ‘3 ‘3
HO™ " HO T HO™ %
OH 46a OH 46t OH 46c

WO,Cly, AgOTY

52%

WO,Cly, AgOTH

0,

o
C3/C2 =>99:1

WO,Cl,, AgOTf

()

o
C3/C2 =>99:1

C3/C2 = >99:1
() )
_Ph _PMP [ ]
HN HN N
HO™ N HO™ 5 Ph HO%Ph HO 23y
H H
O 46d M s6e O 6t HO P 46g
W(OEt)g W(OEt)g W(OEt)g W(OEt)s
87% 84% 77% %
C3/C2 = 937 C3/C2 = 92:8 C3/C2 = 96:4 C3/C2 = >99:1

Scheme 7: 1A S D 23-Z R F 2 7 )L a—)b C3 DRI

2006 4F, 4=

B E ol TE 3 2 ERRHI NP

Table 1: 5% (entries 1-4) - 353/ (entries 5-8) 1 & % i}

H
H M
o B

Lewis acid (eq.)

MeOH (0.2 M)

D5 R, FUEEEN2H T 2 KAY TH 2 (-)-Irciniastatin B (50) D C1-C6 Mi#IR 7 7 7" X
Y MEREPDES 23-Z R XTI T—) 4T DAY ) —NVIZ X B C3 ALEIRI 2 BB EOG 2§ TR & T 5 &Gt
W% 372 L, Table I, entries 1-4 IZ/8 T S CHiGT 2 ML 72, Z DF5ER, 521 Lewis B2 & L T Yb(OT); (Table
1,entry 4) Z V2% &, Sharpless 5 O Fi(Table 1, entry 2), Crotti & D T4 (Table 1, entry 3), BF3-OEt, (Table 1,
entry 1) &R, BAFZINEE X OMZEERMET 3 RNk 48 23 505 2 & % B L 722" 2010 451213 2405
HOPEAIT LD Table 1, entries 5-8 (T 78 9 4% fF ¢ filt B¢ & K 0 B 5 2347 b 4,
2,6-di-tert-butyl-4-methylpyridine (DTBMP) % 2 HHZ R IIT % & (Table 1, entry 11)IZ & D W %)L A4 A 8D & % fil

L /\M
HOM + Ho N3

H temperature OH OMe
47 48 48’

Entry Lewis acid (x eq.) Additive (y eq.) Temperature (°C) Yield of 58 Ratio of 58/58°
1 BF;-OEt, (1.5 eq.) none 0°C 65 1:1
2 Ti(O'Pr), (1.5 eq.) none reflux 54 3:1
3 LiClO4 (10 M) none reflux 10 6:1
4 Yb(OTf); (2.0 eq.) none 1t 83 >20:1
5 Yb(OTf); (0.1 eq.) none 1t 7 1:1
6 Yb(OTf); (0.2 eq) Et;N (0.2 eq.) reflux 20 n.d.?
7 Yb(OTf); (0.2 eq.) pyridine (0.2 eq.) reflux 21 n.d.?
8 Yb(OTf); (0.2 eq) DTBMP (1.2 eq.) reflux 82 8.3:1
9 Sc(OT1); (0.2 eq) DTBMP (0.8 eq.) reflux 87 4:1
10 La(OTf); (0.2 eq) DTBMP (0.8 eq.) reflux 90 17:1
11 Eu(OTf); (0.2 eq) DTBMP (0.2 eq.) reflux 86 18:1

a) not determined

Eu(OTH; K O



2014 4, YHAEEO L2, Eu(OTHy/DTBMP BTN ICEWT, 7L aY s RicEIF a7 va—Lvogzil
FRMEANLENT 2 EZERL, TAa—ADINCL T 2 v, FA = LREFIDSEHRETH B 2 L & HH
L7, 7, FERZR I 7L a—EEDNL, R RF - VEETHRBRICKIOETT 5 2 &2 H
HMLZPIns oMmAEZEE 2, YFEZETIXILAS L[ L 2014 4£12, Eu(OTH)y/DTBMP filiit ¢ o 23- 2K ¥ >
7V 2 =)V DBIBRE I DWW T L 22

Our group (2010)

target moiety

Eu(OTf);3 (20 mol%)

/\;\/& DTBMP (20 mol%) OH 48
HO™ N - +
‘0 MeOH, reflux OH

H 86% ,
47 HO 3
Olle 48’ Ry = OH, R, = H: Irciniastatin A (49)
S Co—1g - 1=OH, Ry = H: Irciniastatin
C3:C2=18:1 R; = R, = O: Irciniastatin B (50)

Our group (2014)
Eu(OTf); (5-20 mol%)

DTBMP (5-20 mol% Nu oH
R OM\R R,0 R, ¥ RO R
1 © "2 Nucleophile O ) R O YR,
up to 98% yield
2,3-epoxy alcohol C3-Nu/C2-Nu ratio

Nucleophile: alcohol, thiol, amine
R; = H, Me, MOM, PMB up to >10:1

0> Ph OMe s Fh " HN" Ph
HO S PMBO TN o e HO HOW
OH OH OH OH OH
52a 52b 52c 52d 52e
91% 88% 80% 90% 88%
C3/C2=25:1 C3 only C3/C2 = 15:1 C3/C2 = 25:1 C3/C2 = 9:1

Scheme 8: Y4WF%E = TDIATHISE

WFFEEE ¢ R S 1172 Eu(OTHy/DTBMP filili % v 2 S&0F1%, ILAS DY v 7 A7 V% v 5 554 & g
L, 7VaY R8T @ IEt: e R C3ALEREZELTWS, £/, 7 ay s ATEN S P
bFA—NVICHBEHATEETH 2 & V)R D D, ILAR S D5 & i U CHLEDEAHFIH 2N AV R bR Cd 5.
IS DR 6, K7 T EEROERMESL EMIGERAYOGRMBICB O TCOHALBKIGTH 2 EHFZ TV
%,

L L IO, 7V = FRBICOW IR I N Tnhrot, 7V = FRElE, 44 v
B2 Lewis BB A XY 74 Vo 7 4 V% EOYIULANEE DB Z N Z 0 ORIETREY, 20 LRIEED
ARERET 2 EPMEISND, £, WHEOYPIRETHRE L &M% EuOTh; M &k
DTBMP? % 20 mol%M\» 3 2 &5 6, X D A WlE CRIGIZER TEIUZIA FPOMICEWVLTHEE L L,
DlbZEE 2 CHMESE, LOVRKIBEOEVT VS /74 FEFREEZRITRL, 99 /74 MY 77 —FDA
V== v P RFEMLT. ZORE, Ho2REAORICE D, BBzl R 2MEmich s 2 L5 1 8ICT
Wb T 5. £, ARIBOEREZR TR, 7457087 QS)DF — A v F a—%—2 (AI-2)FEE K
DY =7y bAVZ YTy FREEBHEEZEL, Al2 HiREOSHEMAZFEML 72D TZL 51OV THE2
B CRldh Y 5.



Ti(OiPr),
L-(+)-DIPT 1) 4-OoN-CgH,4-CO,H

o, DIAD, PPhg, CH,CI O,
OH CH,Cl, OH 2) K,COg3, MeOH OH
n-PrOH (0.2 M)
La(OTf)3 (cat.)
DTBMP (cat.)
OH 0 ®
Hy, PA/C AZAZS)CI)_H, lgaNOz ?H
HO - PN P oYY
S A0 O _~_0O OH
C3-dihydro-C4-propoxy- C5-benzyloxy-
HDP C4-propoxy-DPD
HCI
in MeOH
rt, 6 min, 57%
AZADOL®
0 NaClO-5H,0 0 0 HO OH
OMe OMe 2 M HCI <
~o KBr BuNBr \/\o’Q&OH HOW
OH > o] Ho OH ~0 O
C3-dihydro-C2-methoxy- C2-methoxy-C4-propoxy C4-propoxy-THMF C4-propoxy-HDP
C4-propoxy-DHMF -DHMF
linear:cyclic =1 : 1.5 (in CDCly)

linear:cyclic =1 : 7.4 (in D,O/DMSO-dg)
Overall yield: 4.5% (9 steps)

Key Step: La(OTf)s-catalyzed regioselective alcoholysis:

La(OTf); (cat.) OH
0., DTBMP (cat.) Py :
P : OH ——— 3 Ph (6]
Ph” ~O AN N
/\/\é? 60°C 0 OH
(solvent)
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A
B E: R 2 BN LT v Y= R T A A2 Y —=v )

%1 fi: trans-2,3-T XX 27V a—)VIEEHICET 8
13 7YV a— L REHRITOBR
&1 H: BERFETOR Y —=vr

9, FHEZ rans23-TRFIAFH UA-A L (53) ZETNUHEELEL, TUYATN A=) (54)%EEE
AW RTI v = PO R 7 ) —= v 7% FE LT, RAZ V==V 7OHNIZZ v ¥ = F&E & SO -
fir R & OB DM B X O, ARSI TH 5 720, FIWIGAE & L AR 10 mol% Tl L 72. KIEIc
W7 N a— AP hule, TRXS 73— VIEHOKBENSZ R XS PANLRIKT 5 2 & T4 RLDE
7%, 2OZEPSTNaA— VRERZBERNAS 2L E L, WERELE Ln(OTh; & DTBMP D HIZD
WX, I L DL SNSRI bY CIREEE 02 M, Ln(OTf); & DTBMP D% 1:1 L L7z, 2D
B%, La, Ce, Pr,Nd, Sm, Eu, Gd, Tb, Er, Yb D 10fiD 7> % /A RV 75— 2R ) —=v 7Lk, F7, i
ERMERZ EfCEET 2720, BERTHLT, HREYORETHZA a7 74 —F 7% 'H NMR
(600 MHz) 1 CWEEHE: 2 JH v TGRS X O E SRR Z B L Tw 2, &k, NMREIEDEERICS » %
Z FOBEAC X 2WSOHELZH C, RO TROEMLOME S X OHEEEEORIEZ A IS 5720, [
BEEREZ 7 F A Lict;, 7T —bALFEELL. #R% Table2 ISR,

Table 2: AR DO 7 VL 7L a— L% RGHNZH O BEOMEED 2 7 1) — =~ 7“#5‘%

H LDn'|('gI/|f|):? (11 0 mc)IL%) o/\/
53 54 55 55
(0.2M=73.5e€q.)

Entry” Ln(OTf); Time [h] Yield of 55 Ratio of 55/55°%
1 La 5.0 90 31:1
2 Ce 6.5 92 27:1
3 Pr 5.1 91 18:1
4 Nd 6.4 90 22:1
5 Sm 75 89 19:1
6 Eu 5.2 86 16:1
7 Gd 5.4 85 14:1
8 Tb 3.1 88 18:1
9 Er 2.8 87 18:1
10 Yb 3.2 85 18:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (53, 400 pmol), allyl
alcohol (0.2 M), 2,6-di-tert-butyl-4-methylpyridine (10 mol%) and Lanthanide(III) triflate (10 mol%) at
60 °C for indicated times. b) determined by GC analysis, obtained after treatment with Ac,O(8.3 eq.)
DMAP (0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h.

RKA7 ) == 7 TiE, WINOEED BIFRINE - C3 MR T 3 M BHERIGE R 55 M5 o -, thTd,
La(OTf);  Ce(OTH; D &k H 124 AV PEDBZKE VT V¥ ) A4 IR OALEEREC 3 M ANk 55 %2 52 2 f51A
DR, WINOLED 3~8 I THE 53 HA L, ZEEIZ TLC LT3 LA SR I N1 o7,

11



8 2 H: L ARRRRIF ORI Y —=v
RIZ, REH 2L B0 3 7Y L7 ra—)L (54) OEZ 10 B8R L THEO RS 2 F2E L 72
(Table 3). Z OB, FEICK VLI NESEMICADET IV VAR 02 M, Ln(OTf); & DTBMP D H¥K %
111 L L, FEHEDRERTOBG & AbY, il X O DTBMP DE%EZ ZNZ4L 10 mol% & L7-. #ERZDITIC
RY, KRAZY == 7T, Sm(OT;, Eu(OTf)s, GA(OTf); 23 b KA EDER M T 3 Atk 55 2 5.2 %
LY, BIERO7 VLTIV a— L EHGRENS L IZ R B HEISR S N

Table 3: 10 D 7V L 7L a— L& RKEFNH W 7ZBEOMIED 2 7 ) — = v FHER

H Ln(OTf)3 (10 mol%) O/~\49 OH
HO/A\%fF\//\\ A DTBMP (10 mol%) /“\r/\\//\\ /A\r/«\//
b 0 toluene
53 54 60°C,24h 55 55
(10eq)

Entry” Ln(OTf)s Yield of 55 Ratio of 55/55°%

1 La 65 13:1

2 Ce 70 23:1

3 Pr 74 24:1

4 Nd 78 23:1

5 Sm 73 24:1

6 Eu 71 25:1

7 Gd 79 25:1

8 Tb 74 16:1

9 Er 84 22:1

10 Yb 76 17:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (53, 400 pmol),
allyl alcohol (10 eq.), 2,6-di-tert-butyl-4-methylpyridine (10 mol%) and Lanthanide(III) triflate (10
mol%) at 60 °C for 24h. b) determined by GC analysis, obtained after treatment with Ac,O(8.3 eq.)
DMAP (0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h.

ING 2 D2DA7 ) —= Vv I7HERED, FHIZ, MO REHORICED 72 ) v ADRHEMBED R 2
DTIERVHE W) REAE LT,

BOGYE DI DA DI RS & 2R %2 DU ISR 2, WEESEM TR ISR, La(OTH; 13322002
IR L 723, KA %Z 10 BRICH U 72356, RIGHIBHEICIE La(OTh, 135820 3, SR HofGE & &
HIRZ B L 72, SHE PV VBB OB OIR SRR T 2 ¢ E 2605, i, KRR TORE L
Wl 2 & SOBRRIDIER 23 & 0, BB 53 13 SUBHIRD> & 24 IR IIZIZIE R L 72, OLEDE I (3B R 4T
b OO, WERETOME &KL TICRDE T2 MR S Nz, 72, TLC LTRIThR7L iR §

5 ERLEEMED ARy FERD 6T,
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%3 H: ZRHLIRICBIT 2 5%

FHEDPHIHOBG 7 VLTV a— L RgAZ 10 YRISKE T7La) ey 227>k e 25, TLC LIt i
bk L E 2Ky P DSMERS N, FAkO@EmED 2 KXy Mg, EEICk 2%GETOIERSINTED, Lk
Bick W troEiiIn w3, 2R, itk tEEimETco 7 a ) > Zomatoi b, KEgHlE L
T'BuOH % 5 4B T 7L a2 > 2RO %2 FE L 72 (Scheme 9). Z DEF, KDY 50%Ic1kF H, TLC kT
FRED ARy b BEBIER S o, 2 2T LI L, ESI-MS % b 72 @it %2 47> 72 (Scheme 9).
ZORER I E R X T a— VEHO 2 &tk 57, 58 B L O 3 BILIK 59, 60 DIFENRBRI N T A 4
YE— 7 ZHER L, RRIEEORGEHE oG, BB ORGRICHPHETT 5 LB L 7%,

Uesugi’s result
BUOH (5.0 eq.) J< OH
H La(OTf)3 (20 mol%) o} H

DTBMP (20 mol% : 23
HOW ( ) HO/\ZK"’\/\ . HO/Y\/
M (0] toluene, 60 °C OH O\’<
53 56 56’

50%

56/56’ = 10:1
observed by ESIMS
0 N o)< o™ <> o)<
< 0 OH: O/\'/\/\ /\(')ﬂ‘\
- /\'/\/\ 9
HO/Y\/\ O o : OI—Q
OH /Y\/\ /Y\/\ O/\'/\/\
HO OH B
57 OH &5 59 HO > ™" 60
OH

Scheme 9: 212 X 2 R OVEIA: L 72 % Ak o f@hr

FEoEERZEE Z, FEFZEBEORARMICOVTUTO LI ICER L, 7La) sy ARKIETIR,
HHRKAGHIS 7 a—AoKIBEZ A L TE D, REEMEICHEE 22037\ 00, RIGHINC & 2 ~F i & 8
DIKFREEIC & 2 R EMMDBFAET 5. FHEDOWENE L2 ORGET & i LU TBER D 7720, ROGHEE T 13 fil
BERICEET 2 EE 2 5N B EER O KR Z G 5a, RHICOBRORKEHINEEL Tw 5, 2070,
REANC & 2 MBMEERIC 2 5720, FEKBIEIC XL 2 2K 3> FORBRPIGEI S 5. —5 KA O = % K%
T2 & RPUTHFHET 2 RIZAI O ROEER A VGG LKL Th R, 207, EEREO R Z v
756 E AN TR 2RI BOGEER S e § <, KiRE L THREMNEOERENS ks, ZORR,
REMIEICRER S 2 @ED ARy P BRI N EBEE LT, £, AT 2 HREMIMNC X ) EEHES
N2 EDIRETOHTIE R\ EEEL /-,

HOTETS O AN
) ) R
HO/\<'\/\ : O) :
0) HO
dimer trimer

Scheme 10: % =V O IE S)GHERE



o2 W X% — KRBT BT B Bt
I, flo kAT D RO A 64 2 DR T R, RiGHlZ 2 5 7 —)VICEH L CHEBEO MG % %
i L7z (Table 4), IAED X% 7 =N ZH BT, 7YNLTILa—)L (54) & FHERIC La(OTS); %2 Ce(OTH);
DEIAF VHEEDBRE T v ) A4 FRROGALEERIET 3 ANk 61 2 52 2Rl e nsz, 7V

TN A= VERERHOZGE LT 2 &, IRIZRVLH ODOMEBREROE T 2D &,
Table 4: VAIEED X ¥ 7 — L% REGHNC A EZBOMEBED 2 7 1) —= v ZfER

MeOH (0.2 M)
Ln(OTf)3 (5 mol%)

Ha DTBMP (5 mol%) Acz0, DMAP , OMe ) OAc
HOW ) ACO IS 4 a0 T
m O 60 °C, time pyridine OAc OMe
53 (0.2 M = 123.4 eq.) 61 61’
Entry” Ln(OTf); Time [h] Yield of 61 Ratio of 61/61°"
1 La 17.0 90 25:1
2 Ce 11.5 28 il
3 Pr 12.0 91 -
4 Nd 9.3 93 21:1
3 Sm 8.5 92 19:1
6 Eu 53 92 19:1
7 Gd 5.0 92 18:1
8 Tb 3.0 92 15:1
9 Er 6.0 86 13:1
10 Yb 5.0 77 9:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (53, 400 pmol),
methanol (0.2 M), 2,6-di-tert-butyl-4-methylpyridine (5 mol%) and Lanthanide(III) triflate (5 mol%) at
60 °C for indicated times. b) determined by GC analysis, obtained after treatment with Ac,0O (8.3 eq.)
DMAP (0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h.

RIZ, 10 J4mD X ¥ ) — )L CHEFROMG 2 FEhi L 72458, 7Y v 73— EFEERIZ, Sm(0ThH;, Eu(OTh:s,
Gd(OTH); 23 b ROAZEGERIET 3 MMk 61 2522 L v, IEEEOT VLT a— Lz e 5fh i
W 2 EIASE S N (Table5). 7Y ALTNAa—)b, X% —=LWTINOEES 10 BEIEHT 2 & INEDK
TR SN, 7UA TV a— v EHCIGE LT 3 &, TERIZR WS O DAEREAEDIE T 250 6
7z, T DS EEORKEHN DS DEFER DR\ Z EAVRB I 7,
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Table 5: LD A ¥ 7 — )L %2 RIGHICH G BOMBED 2 7 ) — = JHER Y
MeOH (10 eq.)

o BOmETY  acoowe v o
HOW A I 4 AT TN
by © s toléjgl;\é(gth) pyridine Oé:c 61QMe
Entry” Ln(OTf)s Yield of 61 Ratio of 61/61°%
1 La 59 16:1
2 Ce 57 14:1
3 Pr 38 18:1
4 Nd 53 16:1
5 Sm 68 18:1
6 Eu 65 15:1
7 Gd 70 16:1
8 Tb 67 17:1
9 Er 68 13:1
10 Yb 49 12:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (53, 400 pmol),
methanol (10 eq.), 2,6-di-tert-butyl-4-methylpyridine (5 mol%) and Lanthanide(III) triflate (5 mol%) at
60 °C for 24 h. b) determined by GC analysis, obtained after treatment with Ac,O (8.3 eq.) DMAP (0.2
eq.) in pyridine (0.8 M) at room temperature for 2 h.

B8, XY —VRERADOLEL, 7YV TV 3 — VRIEH & RRR IR 2 AR L 72 B it o vE g o
BIBRD SN, BEETOXY 7 V2 LKL CRIGROER DL & 1l SOGHIGH 24 R <EORHE

HEMRL72DbDD, TUNLTILa—) L% 10 YR WL FERCERARRK & B L SEmEo 2Ky b2
TLC LCHER S e,

02 fii: cis-23-TARF 7N a— VIR BT B G

&1 H BERRETOR Y -V )

RIZ, cis-23-THRF T 7N a3 — )L TH RO DA S N5 DER TR, BEEHZ cis-23-TRF o~ ¥ v
1A=L (62) IS L, A8 — VR TCHEEROMG 2 FEfi L 72 (Table 5). Z DGR, trans-2,3-T R F > ~F 4
vol-A—=)v (53) VG A EFBRIC La(OTH; ® Ce(OTH; D& I 1A F VERVPKRE VT v F /4 FHBR
PLEGEREC 3 (AP NE 63 2 5 2 MR ol 7, Rt L2 ToilicE v, rans23-Z R ¥
NF Y V-F =)L (53) DB (Table 3) & Hilt U CROBIRFEIDIER 2L & 17213202, RO T DMfEse S iz,
ZDIEDS, cis23-TRFIAFH U 0-F =)L (62) 1F, trans-23-TRF T ~FH-1-F—)b (53) LKL
TRIGEPECEETH 2 L FERX 5. LEORRLD, 23-2 8% > 7L a— VB OFEE D RKEAITO 7V
Y ARIFITEBNT, 2O EA SN\ T EDRR I N,



Table 5: cis-2,3-Z X F > TN 2 —VIEETOMBED 2 7 ) —= v FHERY
MeOH (0.2 M)

, BOBE)  woowe  qw que
HO &Ny ACO/\‘/'S\A + AcO/\‘/:'i\/\
H o 60 °C, 24 h pyridine OAc OMe
62 (0.2M=123.4eq.) 63 63’
Entry” Ln(OTf)s Yield of 68 Ratio of 68/68°"

1 La 74 9:1
2 Ce 74 8:1
3 Pr 81 7:1
4 Nd 80 7:1
5 Sm 76 6:1
6 Eu 75 6:1
7 Gd 43 6:1
8 Tb 59 6:1
9 Er 71 5:1
10 Yb 69 4:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (62, 400 pumol),
methanol (10 eq.), 2,6-di-tert-butyl-4-methylpyridine (5 mol%) and Lanthanide(III) triflate (5 mol%) at
60 °C for 24 h. b) determined by '"H NMR analysis, obtained after treatment with Ac,0(8.3 eq.) DMAP
(0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h.

952 W RSVHS FIcBYd 2 5%

cis-2,3-TRF T ANFH V-1-F =)L (62) ZH7MREf T, trans-23-Z R F > ~FH v-1-4—)L (583) 2w
76 E IR L TROGREDMER U, I, MZEEREMET L7z, 2O LitonT, FEHFRBRD L) ITEE
L7,

trans-
MeOH (02M) [ Nu 74
H La(OTf)3 (5 mol%) H
s DTBMP (5 mol%) M\/ OMe
HO N O g H — 24
o, 3
) 0 60 °C =~ HO/Y\/\
53 OH
| less hindered 61
Tstrans
cis-
MeOH (0.2 M) [ N ¥
La(OTf)g (5 mol%) u OMe
, 13 DTBMP (5 mol%) KAH
HO H ' Z
ACOW
H s, 60°C O\L & OAc
2 63
more hindered

Scheme 11: Lﬁ’ﬂeywm-wo;gglz&)imﬁ@ﬁﬂ:omf
trans-2,3-T R X > ~FH -1-4— )b (53) & La(OTH); 1ZBH TERR 2 PEELA. TSpuns @ DD D EEZ SIS,
ZOE, EFaXxe AFNEEE T AF VB anti-DSARBLER & 2720, REHDHEREL T, —T cis-2,3-
IRFIAFH V-1 = (67) DYH, EFRF O XFOUEL 7L X LI syn ODVERELZ L5 LT
(TSeis), BB RGEGEDSNARINTIEA G, REROEEPIHEI NS, ZOZ LT X D RIGHEPMET L 72 & &%
L 7z (Scheme 11).
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03 fili: 34-TARF 72— VILRICEB T BT

B 1 W trans34-ZRF TN A= NIEETOAZ ) —=v

RIZ, 34-TRF T 7L a— )VEEICE L THERDOMEA DR S N5 0 2 MR TN, trans-3,4-T R F > ~F
P U-1-A =)L (64) ISR L THBRORE Z M L 72, IBHERDOA Y ) — VTR L7ET A, 23-ZKF> TV
a—)L & 1357 D (Table 1, 3, 5), Eu(OTh);, Gd(OTh); 3% b R\ 7 EEEIRMET 4 (240K 65 %2 5 2 2 AR S
N7z (Table6). F7z, 23-ZTARF T 7)) a— VEH LKL TYEPE TR T LA, ZHid23-2 K% 7 a
— VELET & Ll U Ol 2 BR 2 FERLAE R D D5 K, BRI E R L D50 dTh b LELEL .

Table 6: trans-3,4- TR ¥ 7L a— LVIY, BHEDOAY ) — L TOMBED A 7 ) —= v FFEHRY

MeOH (0.2 M)
Ac,0, DMAP OAc OMe

Ln(OTf)3 (5 mol%)
ACO/\/'N/\ + ACOW

Ho DTBMP (5 mol%,)
Ho/\)&“/\ . H H
H 60°C, 24 h pyridine OMe OAc

64 (0.2M=123.4¢eq.) 65 65’
Entry” Ln(OTf)s Yield of 65 Ratio of 65/65°”
1 La 82 5:1
2 Ce 83 6:1
3 Pr 85 8:1
4 Nd 82 7:1
5 Sm 87 8:1
6 Eu 88 10:1
7 Gd 90 8:1
8 Tb 89 7:1
9 Er 81 6:1
10 Yb 83 5:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (64, 400 jmol), methanol
(0.2 M), 2,6-di-tert-butyl-4-methylpyridine (5 mol%) and Lanthanide(III) triflate (5 mol%) at 60 °C for 24 h. b)

determined by IH NMR analysis, obtained after treatment with Ac,O (8.3 eq.) DMAP (0.2 eq.) in pyridine (0.8
M) at room temperature for 2 h.

FRRIC, 10 MED XY /) =)L TR L7 L 25, BHETOMNFIER L FAKLOMEM T, Eu(OTh;, Tb(OTh;
D3R S B OALEERVET 4 M2AHINE 65 2 5- 2 2 A E S 17z (Table 7). Z DRI, 23-ZAF > 7 a—
JVIHVE (Table 1-5) & 13824 2HPITH D, BIRFEOHERTH 5.



Table 7: trans-3,4- TR F 7N a— VHH, 10 4EEDRXY ) — L TOMBED R 7 ) —= v FfER
MeOH (10 eq.)
Ln(OTf)3 (5 mol%)

Ho DTBMP (5 mol%) Ac;0, DMAP /\/(y)ic/\ /\)Ole/\
Ho/\)ﬁ“/\ toluene - AcO ’ = + A0 ° 2
o H 60 °C. 24 h pyridine sthe o OAc
Entry” Ln(OTf)s Yield of 65 Ratio of 65/65°”
1 La 76 4.4:1
2 Ce 63 4.1:1
3 Pr 69 5.0:1
4 Nd 66 4.9:1
5 Sm 68 5.1:1
6 Eu 69 6.3:1
7 Gd 64 5.2:1
8 Tb 64 5.3:1
9 Er 60 5.1:1
10 Yb 47 4.0:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (64, 400 pmol), methanol
(10 eq.), 2,6-di-tert-butyl-4-methylpyridine (5 mol%) and Lanthanide(III) triflate (5 mol%) at 60 °C for 24 h. b)
determined by 'H NMR analysis, obtained after treatment with Ac,0(8.3 eq.) DMAP (0.2 eq.) in pyridine (0.8
M) at room temperature for 2 h.

WTNOEAEIZEWTY, 23-ZFRAF > 7V a— VHE & L CERIE TR T L, 23 23-2 R %>
TV a—)UHE & LUl U CHRIE A BRIR 2 FERCAZ 2 LD D6 K, BRI Z R L OS5 WwkdTh 2 L EEL 1,

¥ 2 cis-34-ZEF TN A—NIEE DAY —=v

RIZ, cis-34-TRFXFT 7N a— )L THRBRDMEISA S IS PHERT XL, HEZ cis-34-Z R F > ~FH v
1-A =)V (66) ICZH L TRBOMA £ KM L 7 (Table 8). Z ORGH, Tb(OTH); 23 b K v RS> EHER
MT 4 RPNk 67 2 5.2, trans34-TRF S ATV V-1-F—)L (64) ERBEOBEANICZ >, F/, wWiho
BAEICEWTOIEL X O EEREDIR TR S e,
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Table 8: cis-3,4-Z X ¥ > 7N a2 —VIEETOMBED 2 7 ) —= v FHERY

0o H Ln?él)e'l'?)?(<1062m’\g%°/o) OAc OMe
HO%E DTBMP (10 mol%) Acz0, DMAP W\ W\
AcO 3 + AcO 3
66 (O.QGI?/I =C 1 :3.2 eq.) pyridine 67 OMe o7 O7°
Entry” Ln(OTf)s Yield of 67° Ratio of 67/67°%
1 La 60 2.5:1
2 Ce 55 2.8:1
3 Pr 71 2.4:1
4 Nd 56 3.1:1
5 Sm 65 2.8:1
6 Eu 68 2.8:1
7 Gd 71 3.0:1
8 Tb 51 3.1:1
9 Er 59 3.4:1
10 Yb 69 2.4:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (66, 400 pmol),
methanol (10 eq.), 2,6-di-tert-butyl-4-methylpyridine (5 mol%) and Lanthanide(III) triflate (5 mol%) at
60 °C for 24 h. b) determined by '"H NMR analysis, obtained after treatment with Ac,0(8.3 eq.) DMAP
(0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h.

INEE L O EDEREOMR T I, 23-ZRF S 7L a— VIR 23-2 R F 2 7L a2 — )VEVE & il L <ol
RRBIR 2 BERLAZ 2 D 95 <, PIBRIEZ AL LD 6wl kO, 552 fifh 2 o~ &80, BYR 2 R %
& BB BB OGRS AR Y, RIZHIOEEDHE I N2 MO 2 FUISER T2 b0 EFEL 7,

INSDFERED, 34-ZRXT 7N a— VIEREAORICE 5T, Eu, Sm, Gd, Tb % WM b RO IR ES
K ORI © 4 M bk %2 52 2 2 LR I re,

94 fili: Wir B A RO A

il 2 fiofRED, 7y = FeE L oS X O EEREOHBIC L CEHa R R S h ko, &F&H
b9 1 DOHWNTH 2 il E DT O VT, 5 mol% F Tl E DRI IER L T iBEx ¥ 7 ) > R
DFEME TN ZEML 7. £7 La(OThH; 2\, fillEE%Z 3 mol% F THIKL 72 & 2 5, KISHhHE 24
IREfE CUNE 88%, C3/C2 = 14:1 T61 MFohsz, RIC, fE% 3 mol% x TEM L 72 £ 2 5, KIGHIHH 24
R CUR I 49%, C3/C2=7:1 £ TIET L7228, BERIOBEEBR S, 2 2 CRICKHZ 48 RifiICiER L 7%
EZ A, IE86%, C3/C2=12:1 & 3 mol% D&ty & VIR E X OZER AT 61 2155 2 LITKIIL
72, TDZ X, La(OTH; 28 23-ZRF > 7))L a— LD 3B RINABRKINICE T 26 i ch s 2 L %
AHIRTH 5.



Table 9: VA ED X ¥ /) — L% REGHNC AL EZBOMEED 2 7 1) —= v ZfER

MeOH (0.2 M)
La(OTf)3 (x mol%) OMe OAc
o DTBMP (x mol%) Ac,0, DMAP o L3
H OW AcO/Y3\/\ + AcO/\‘/Q'\/
Y o] 60 °C, time pyridine OAc OMe
53 (0.2 M = 123.4 eq.) 61 61’
Entry” La(OTf);/DTBMP (x mol%) Time (h) Yield of 61% Ratio of 61/61°”
1 10 17 90 25:1
2 3 24 88 14:1
3 1 24 49 7:1
4 1 48 86 12:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (53, 400 pmol),
methanol (0.2 M), 2,6-di-tert-butyl-4-methylpyridine (x mol%) and Lanthanide(III) triflate (x mol%) at
60 °C for indicated times. b) determined by GC analysis, obtained after treatment with Ac,0O (8.3 eq.)
DMAP (0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h.

405 fii: BODEEREICBIY 555

FEZ, AGOICKEEREZRD X HI12EZ L7 (Scheme 12, 13). 7Y ¥ = F VU 77 —hE, Fi#TxRL
7z Sharpless & @ TiO(Pr); % FH\ > 72 SR TOHEEBERE (Scheme 4, Sharpless’ TS 22H) & [AEIC 23-Z R F¥
T A=)V EER 2 BRI TS-12 82D EEZ o605, ZOKE, FL—varviBickdAxe 7 VB
DEADFLI N, HR, GUOREFER LA TEEEZ NS, ZORBEFHEOERICLD, C3MERDY

WCBIBKIGASET L2 b D EMES N, VY= R, d 7 vy Z7uHE & g 2 & fHuEDERIRICIAD 5 T
WRLDEEZONDS, 2D, d 70y 7ILED &9 HUIRER TN Z R OWREH AR Tl e <, BROSTR
AF v L OFFEMAERICIEDICTERMT 2 EEZASNS. 7V FIdF ¥ v EHRL, ¥ L — 3 VIEERIR
DENLREDI T W7D, FL— avH A P T VI /A FEBOY A XDRTER S AT 2 Bk b 23RN
HlhEnzocEszwertEzI 6N,

in alcohol ) 1
3
HS Ln(OTf)s H \OW Nu
HO/W . . ':' e HO/\‘Z/S\/\
H Nucleophile Ln3j'” OH
53 A
TS-1
monomer
) B e
in toluene 3

H 2
) \OV\/\
H (OT) - hu

2 3 Ln 8 .:. . o _— 2 -
HO™ 1Mo i Lnd¥ O HOT e

H Nucleophile O‘S‘//—CFS OH
53 0. o) A
F,¢° O—Ln% h
TS-2
oligomer
ionic radii
La3+ Ce3+ Pr3+ Nd3+ Sm3+ Eu3+ Gd3+ Tb3+ Er3+ Yb3+
1.03A 1.01A 0.99 A 0.98 A 0.96 A 0.95 A 0.94 A 0.92 A 0.89 A 0.87 A

Scheme 12: JJGEERE D E 5



SV P, RNTHEARE L) T —"2 B IcH 2 L EZSIL LIy DL RN EEZA L 2w
WA ) I —THFEL, RIDZMEL Tw2 5D EFEZ 5N D (TS-2).—/i 7V a—)ViREEh T, 4
VI —25E/2—I1l% D (TS-1), RIGZMEL TWEHDEEZ 545 (Scheme 12),

Nu

)T
H Ln(OTf)s Hog 2 Nu
, s Ln(OThs ! W ,
HOW " » v o HO/Y3\/\
ucleophile 78
" s e o
A
TfOH TS-1 from bidentate
Nucleophile
B Nu -
()
HO/\2<(5\/\ Nu OH
: HO/YS\A + HOW
H. o OH A Nu A
.§=0 from free TFOH
| 1s3 FC 0

Scheme 13: F V) 7Y v 7 [BIc & 2 M EEIHELS T

ARIBIZBWT, Y7 =FbU 77— LRPDT7Va—LEDOREFHICLD, MEDONY 7Y v V[
DT 52 EE 2605 (53 = TS-3). LU MY 7Yy Z7WEH Bronsted lE& LT, A ¥ 7 VERZIEHALT
2% 2 LT (TS-3), AN ABBRKIGDEL S N, MEEREOR TP 260 EME L2, KiEAlo &)
Pl U 7Yy ZEBIZRPICHRIL 72 DTBMP I X W 2&ichfiang EESN S, 20K, K
JEEED E > Eu(OThH; % GA(OTH; ZARNRMICFABRMIG 2 Mt 2 b D EEZ 6N D, —T7, RZFDERIL Y
&, FY 7Yy 70 DTBMP CRAICHRIINT, MY 7Yy ZEBE L 7 M 2 BB SOGIC X D A7
EOEREOE TR 2 A o5, 2B, EuOTH; % GA(OTh); & R THIGH:DS 2 La(OTH); D55 b
V70w g% T 5 03707 I La(OTh); 23t 22 il & 72 o 7= D Tld e \nd £ B% L 72 (Scheme
13).

*5 v = R EQUERN I X B 2 EEAOBl & LT, Lu, Liu 5Ic X hREI Nz
7Yy =FA) 7+ 7V —=)-1-7 & T — b BUEHEA (Lo, Y.-B.; Jiang, X.-M.; Zhu,
S.-D.; Du, Z.-Y.; Liu, C.-M.; Xie, Y.-R.; Liu, L.-X. Inorg. Chem. 2016, 55,3738.) 3% %
£ Lu, Liu 5 DX 55 H L 7.
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ZDZEED, Table 10 IR L7z X912, Flw 2 REAIDRIC K 2 REMEDZEEIASNI-DTIE R\ L
ARIN5,

Table 10: trans-2,3- TR ¥ > 7 a— VIEE/7 VLTV a— LRKEFICOfED 2 7 ) —= v FfEg

H Ln(OTf)s (10 moic%) O/\/ OH
Ho/“*%qf\//\\ + o~ DTBMP (10 mol%) /“\r/\\//\\ /«\r/\\//
H ™ 53 UEJ Kluene 55 %
Entry® Allyl alcohol (x eq.) Ln(OTf)s Yield of 55 Ratio of 55/55°% Note
1 02M=73.5¢eq La 90 31:1 No toluene
2 10 eq. Eu 71 25:1
3 10 eq. Gd 79 25:1

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (53, 400 pumol), allyl alcohol (x eq.),

2,6-di-tert-butyl-4-methylpyridine (10 mol%) and Lanthanide(III) triflate (10 mol%) at 60 °C for 24 h. b) determined by GC
analysis.

9 o6 fHli: 55 1 RO

M EOBEHEZRIET 2, FHZ, 23-2RFS7La— L7 al) s 2B WT, HEEORK%H % T
WG e 10 YROKREA e GG TRilZR 7 v 8 /) A PSR 2L, Thbb, 23-ZRF>7
NaA—N D7) ¥ ATIE, REEOREAZ A La(0OTh; 235 B WLiZEGEIRME T 3 Mk z 5
Z, L EREHREORMEAZ H\ 7284, Sm(0TH);, Eu(OTh)s, GA(OT); 28 3 i ik z 522 £ \vw9 2 e 2RI L
oo —hH, 3AZRXTTNLA=—NDTILIAYTRAICEVLTE, 23-ZRFC7La— L7 L3 TR EIFHE
20, REAIDEIC X B iR o 72 513 72 <, Eu(0OTH); % To(OTH:; 23 4 hifbinik%z 5.2 2 Z £ b R L 72, 2,3-
IRFT 7N a— VIETEREAIORICLD 7L a3V > ZADRIGHEICZERDA U 2 s IER I EEEZE D,

T, FEHEF23-TAXSTNLNA—NDEFERTORXY /) > ATE W TH A 2 iR OKHE2 B L7, 2

DGR, e %Z 1 mol% E TR L T HIULE 86%, C3/C2=12:1 £\ EHWINEE X OVE W 3 AERMET 3 fff
IEDT S i,
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Table 11: 4 OILH - KGHNC BT 2D A 7 ) — = FHER
Nucleophile (x eq.)

Ln(OTf)3 (y mol%)
H3 DTBMP (y mol%) Nu oH
HOW HO/W\ + HOW
H tolene OH A Nu A
Entry” substrate Nucleophile (x eq.) Ln(OTo); (y mol%)® Yield of A/A’ Ratio of A/A’
1 MeOH (0.2 M) La (5 mol%)® 909 25:19
H d) d)
2 W MeOH (10 eq.) Sm (5 mol%) 68 18:1
HO

3 H 23 Allyl alcohol (0.2 M) La (10 mol%)? 909 31:19
4 Allyl alcohol (10 eq.) Gd (10 mol%) 799 25:19

2 3
5 HO oH MeOH (0.2 M) La (5 mol%)© 749 9:19

H

62
6 Ho MeOH (0.2 M) Eu (5 mol%) © 88° 10:1°
7 64 1 MeOH (10 eq.) Eu (5 mol%) 699 6:19

H
o)
8 HO%H MeOH (0.2 M) Tb (10 mol%) 719 3:1°
66

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (53, 62, 64, 66, 400 umol), methanol (10 eq.),
2,6-di-tert-butyl-4-methylpyridine (y mol%), lanthanide(IIl) triflate (y mol%) and toluene (0.2 M) at 60 °C. b) The lanthanide
affording the best regioselectivity is shown. c¢) without toluene d) determined by GC analysis obtained after treatment with Ac,O(8.3
eq.) DMAP (0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h. e) determined by 'H NMR analysis, obtained after treatment
with Ac,O(8.3 eq.) DMAP (0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h.

ionic radii
La3t Ced+ Pr3+ Nd3* Sm3+ Eud+ Gd3+ To3+ Er3+ Yp3+
1.03 A 1.01A 0.99 A 0.98 A 0.96 A 0.95A 0.94 A 0.92 A 0.89 A 0.87 A
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02 257687 A=A Cd-propoxy-5-hydroxy-2,3-pentanedione

(C4-propoxy-HDP) DR~ DjEH

B1ETBREZLHIZ, VY= FRY757—FIF, 23-ZRFS7La—nLD3MERNATILaY v AR
JEZ @R O @O AL EERE O 2. 2 2 TEE R, ARSZESFERICRD ) 2LaW~L#ETT 2
T EBEZ, SREREX, /XTI VT (QS) DA— A VT a—H—TdH 23 Al-2 DHEREEHITA
RIGZE#EHT 2 e Lk,

o1 i P

91 M TR BYYERTRIC B 58

2014 £ Smith &5 DWEFIT X 2 &, MIBEELE, RIKEBD 37%, BEIET 7 F 7L A 7D 48%%2 159 5 £ #
HBENTLBEIZZOHTH, EHEAF ) VilE# G 7 R 7 RE (MRSA) 3y a< 4 > Vit ERE (VRE),
AR LTHER (CRE) D K 9 7o 3EANHE B IS AR S 2 &GS, PR IS iEZ R T o680 7%
C2ERED 72 <, RIE M O BE DG L 72854, WIMEL BUMIESIC X D BREZ SRS Lo 2 0l
Kb, ooy EEE 2> Tws, ZORIZWRT 2 FRE LT, BUEMEES S LD 6 wIEGYER
DAMNKELFEE 2 oTED, R=v Vv, 7 24, INMARZLAEOMEOTEWESLX /vy %
VU RO &) BB OYIER 20 & L 72 3ERIT% TR 2 O IRSHEERBIRTH 2. 2 2T, RIS EEN 2
FHE L, WE2RI TWEEOHRIEDOARZMZ 25 4 7ORBRGHERE D AFIN TV S,

W2 2470y vy LI

2% 5Lk (QS) 1, 1970 4E, Nealson & Hastings (2 & DRI X4, Vibrio JBICJE T 2 dEPEMEIE
DAEMF O TR I T E BB RIS CH 2.7 QS DB ICHEIISEICE S T 2EaWiE, A — A
YT a—%— (Al) EMEHENTED, FEXY YT 7 b (HSL, 68-70), A —FA ¥ T 2 —H—2 (AI-2) EWMEE
N252-AFN-2334-7 7 bFux> 77k RFu”7 7Y (THMF, 72,73) 8L O ZDHL —  (THMF-borate,
74),* 22~ F3-E Fr ¥ 4%/ 1y (PQS, 75), (5)-3-E Fux bV F A v4-4 v (CAI-, 76),
cyclo-(L-Leu-L-Pro(4-OH)) 77, cyclo-(L-Tyr-L-Pro(4-OH)) 78 & \» - 7253 (LAY ComX (79) % AIP (80) & I
BNERTFFPA =L v Fa—H—LLTEHT S I EBHMSNT S (Figure 4).° MIEEIZ s A4 —
M YT a——% Mo TR L ERIZEEZTH. WS, Vibrio Bl O EWF DL G, EKEHO 4 —
M YT a—t—DRE» SMOEEDOEZIEI L, EVFOCIBEG T 2851 2FBT 2, Z DfER, Vibrio &
MR FHE Y R REEL, EMRNEIT) KIS D,
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Homoserine lactone (HSL)

Autoinducer-2 (Al-2)

HyO :
RWN"-H HO :\OH (O OH
0O o O HO DE— -OH
68 o OH O HO OH
RWH, H (45)-THP (71) (2R,485)-2-methyl-2,3,3,4-
- tetrahydroxytetrahydrofuran
HO H O 0 “ (R)-THVIF, 72)
N-acyl homoserine lactone (AHL) i O OH
Ho. (R=Me~CyiHa) ; j.‘\OH B(OH)4 Hog%(') N
H H ? OH HO ©0°B~
= N HO  OH OH
o) t (123',145)-2-nt19tth¥]l-2d,3,]§,4- (25,45)-2-methyl-2,3,3,4-
etranydroxytetranyaroturan  tetrahydroxytetrahydrofuran borate
N-(p-coumaroy))-HSL (70) ((S)-THMF, 73) (S THF borate, 74)
(0] H O
HO g
N
| T o
Cusm AN+
H
H o)
2-heptyl-3-hydroxy-4-quinolone el -
(PQS, 75) Cyclo-(L-Leu-L-Pro(4-OH))
H O
o) "N
~1OH
/\)K/\/\/\/\ HO HN\H)Q\/>
OH o
(8)-3-hydroxytridecan-4-one Cyclo-(L-Tyr-L-Pro(4-OH)) 78
(CAI-1, 76)

ComX (79)

( (0]
-0
NH
NH, HO ’

AL

X

\)J\ f _Ph
YOH

AIP-1 (80)

Figure4: 7 — A v T2 —%—L L EHT 295 F

W3WE: vAsLRrIvS LWEE

OF 7 Lk vy 7R, Vibrio harveyi DHEVIFOCLINC S BE O 4 2 EmiGEICBG L CB D, HikoD
BRWTGET), NA T 7 4V DIEIR, B, —RAEEYEL, = P F> P dy b x oot

PUR A~ DI PERE S, JWEEOFEBICSBG L Tw s

3F 72, QS PHEARNIMAEEEA RS> DNA EilZ & Db

EWEPEBRIERD S =7y b &T 5, MEEHO AL 2K 2 HE L Lo, JUAEWESE L TE

PRIEDME <,

MEERIN DSV EEZEZISNTWVS, 207k, QS ZHETE LA - vTa—Y

—Hix R

VAT E UL, BN E T 5 28T, WIER &2 AR 2WEERBIZHECE 2 LEZ TR

a4 AU IMEIBILT
bl Z L6, QS DWFFEIXEEA LT
Blackwell & D 7'V — 7% FHI[TbILTE 7=,

IZBH S 2 SCHREUZ 7 1A 2 D 5 B CAR A BEINEIANC & % H3(F (1), QS BHE

i 7z 72 L ERE) D DBRTH 5 7

bNTED, QS HEZHEMW L ZEEWIZ%ED Janda 5, Bassler 5,

L2 L %235, Figure 5 DY 7 7127 £ 91T, 2000 4E DA,
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1600

1400
2000 +—m—mmm—————————————
io0 +—7n7 7 —
800 T/ it “quorum sensing
600 T 11T oot “ guorum sensing inhibition
400 — e
200 EEEEEEEEEEEI l"
0 .||II|||||l|[[[[ l
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Figure 5: 1992 4£~2018 fE 0 QS Bl (F )k X U8 QS FHEHEBIHE DI (AR L)

QS FHED #H X IE, QS BhEDFH X TH® 2 EHA MRS DD, 2001 FED ) H LIRS 4 BMER 2 H 5
ZohTy, BEFCICRESINZA— b v T 2 — 3 —FRLAWIZ HSL EEIADOE & A8\ (Figure 6,

g( @wﬁo % QQVL§

F (0]
F (0] FsC o)
F N N/_Qo [ o Q 0o 0
HH 0 X N a N e} QS/
H Z N/ \N
F F Br o HH le} H
F 85 86 87

H
88

o)
0 o 0O O
N /\/\/\/\)J\)J\
’S\ /\/\ ‘ /g\
NN
H H

89 91

PSS O PPN Sy
92 93 or
Figure 6: qe&% X7z HSL HE
2009 4E, Scientific American 512 QS FHEICEH T 2 i HM BRI N2 Z O HHEEH S /- 4K, HSL Fik
ROERIZEEDETH -5 7228, O HSL HigE I« OMIERICER TH 2 2 L% <, R0Hi QS A7 + 7
LEAT 2HEAOMHPE L v, @ FEEREYCHIRPE S EHEoaw e FEEEEIPA S, O
QS FHEANZBLWIH L 2R 2w PHIE NG, EWHMERRDH D, 2D I Lo oI K OB
ST & D Blackwell D2 X v FOFIH I N TV, LElEAZ %KL, QS MHEAZAIM T 27Tk
JEWHL QS ARY + 7 L% HT 25T — FMLEWEIUS S %5, K FDANDES Y T 4 T QS BHH & iR
THMEDD 5,

B2 fli: A—FAvTa—Y—2 LiX
F—=rA VT a—Y—=2 (A1-2) &, HWEVEME Vibrio fischeri DYEFE TH 5 4 A DIRNTEMFNT 2 BRI,
QS MR G T 2R3 FLEWTH Y, Escherichia coli EHEC, Haemophilus influenzae, Helicobacter pylori,
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Pseudomonas aeruginosa, Streptococcus aureus 5 DGR _LRFTEIC 7 2 M E I B W TH Z DFEEDHER I LT
VW3, 207w, QSMEEEEE T 5 A2 FRAVAIHE T E UL, AVHEHARY F 702635, HiLwfE
FIBET O BAIERE~DIGHDFERTE L LEZ 6N D,

Al-2 %, (45)-DPD (94) D277 b YA DKANC X D (48)-THP (71) & 7 - 72 4%, B LT 2 &% © THMF (72, 73)
NEBHI NG, 7214, (45)-DPD (94) DEMLIC X ) DHMF (95,96) & 7o 7%, 7 b > DKRFANC X D THMEF (72,
73) NEEWI NG, ZD2RHD (45)-DPD (94)%> 5 THMF (72, 73) ICESFHICE VLT, 2nFhofbéEy
T ICH 5. (S)-THMF (73) & Vibrio JEDWEHFEME 2 QS ICH WA A — A ¥ T a—H—TH %205, D
b DIHEARTD BOH), I & D (S)-THMF-RL — F(74) ~NEZHXh, QSIcHwsinz

0. O _oH
S_Z’OH H:0 E_Y’OH

HO 0 HO  OH
(R)-DHMF (95) (R)-THMF (72)
0 HO, OH HO O HO OH
Hzo HO ‘P/’ ~
HO —_— L %” ~0
oft O 48 THHP 71 on o
(45)-DPD (94) (45)-THP (71) phospho-(45)-THP (97)
S. Typhimurium
H “ E. coli
O OH
O .oH H,O O0J.0oH B(OH), J;)l”o
. = Yo . o a~OH
5—\‘“0'* HO o°B
HO e} HO OH OH
(S)-DHMF (96) (S)-THMF (73) (S)-THMF borate (74)
V. harveyi

Scheme 13: 4 — F A 7 2 — ¥ —2 (Al-2)

03 fli: A= LT 2a—Y— 2 OHWINE

AL2 B A% & L 72 & FZE 13 Janda 6,% Semmelhack 5,"' De Keersmaecker 5*IC & - TfibNTE
D, DPD Z LAY & L TRERPBERI LTV %, 2004 4F Janda 5 1%, v ¥ = F— VRO 7L a—)L 98
% Swern (L. D% Corey-Fuchs KBTI T 2 E TP X v 99 #1372, 2Dk, 9D7 F=FZEREL, X b
FURFLYT Y —NANERHEREEZBHIFZT100 & LA, 7AFx i a2 RERT, derhv@ghy
LEFHAGTRLL TS 7 b 101 & L7z, 20, pH 6 DY VIBEE R ZHWTI101 DX FXT A FL T X
Z— )L %ZE L, DPD (94) 214 TW>2 (Scheme 14). Z DFF Janda & 1%, 7IL¥ v 99 ZEEMLICAIL TS 7
F>102 & L%, Biigh 7 b= F2EEL TDPD (94) 2132 2 £ Z2A T35, @HED DPD (94) O
HEERHEETH D, IRAYBEO NI ERE L Tw5, 72, Janda 513 2 DERAY O GG 1E A2 &R
WEE R L, EEERY 3 e Bl 2 L b 2 K5REOMAEY 103 2 5 2 7 LXRRT W3 (attempted

route).
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1) (COCI),, DMSO, CH,Cly;
then EtsN 1) 60% ACOH

2) CBry, PPhg, CH,Cl, =" 2) CH(OMe)s, Ho,SO, (cat. =
o 7 TOH  3)BuLi, Mel, THF o = )nea(t )a» 12504 (cat.) o/ﬁ/
)ro ﬁ/o »-0

98 99 MeO 100
o o) HO, OH
KMnO, o H,0 o HO -
acetone/buffer >/O O  PH 6.5 phosphate buffer (0.1 M) OH O OH O
MeO NaCl ag. (0.15 M) (4S)-DPD (94) (4S)-THP (71)
2 101
attempted route:
0 0
=
= KMnO, 60% AcOH
Q o] — 4 . HO
%/O acetone/buffer O 0 OH O
99 102 (45)-DPD (94)

Scheme 14: Janda 5 12 X % DPD (94) DAk

2005 4F, Semmelhack & (370 V#h> 5555 L 72 104 % KIO, THMLINHAZ 1T, 77 & F 105 2157,
Z D%, TILTE F 105 % Corey-Fuchs MIGICAI L 7R 7L v 106 & LR 7F LY Fo0z2EHSE 3
CETTAXINT oA YANEEW, =AYV CTVX N T AV EIIVFTHIETTILX Y 107
Z37. ZOTNF V% RuO/NalO, Z O TIRLL, a-P /7 b v 108 N & 284 L 2B MESt:, KFE T T
7~V TUERRETSHIETDPD (94) 25 TW5,

Semmelhack

O; O: [e) K|O4, K2003 QO Ph3Py CBr4 QO 1) MBulLi

= R =

o : o
oo HoO/CH,Cl, H 7% H  2)Mel
\/ﬁo 76% Y |

64% (2 steps)
HO OH o 06 Br Br
1
104 105
o]
Qo RuO,, Nalo, 0 o PH1315 HOW
o : o_ = OH O

\/\ NN B g
107 108 O

Scheme 15: Semmelhack & 12 & % DPD (94) D&k

De Keersmaecker 5 13, T A5V 109 % Weinreb 7 3 F 110 IZ B L 7248, 4 VY 7uRz =7 %y h70
SFEREHSETAL 70 111 E L, 7 b= F% Dowex"TliZ L, DPD (94) #f5T\ 3,

i e D o N
® 50X8-

O/ﬁo/u\o/ Me;NH O |,\|/ MgBr O/E)J\”/ Dowex® 50X8-100 HO o
© %/ MeOH

109 EtOH ﬁ’ 110 Et,O/THF 1 €0 (45)-DPD (94)

Scheme 15: De Keersmaecker 5 12 & % DPD (94) D)%

WINDEED DPD D467 L SIS T 202 7Ty — VAR L 72, 4AM7ICTeA RFEZ AT 286k
DFERPSHEL, BBTT7LY —ILOBRERZIT) EVIREEZ LTV EDRRETH 5.
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93 i A— AT a—Y— 2 HikofIEI%

81 M BEECIRAIINA— b V7 2 —H— 2 KRk

QS FHFHAIZ Hi L 72 Al-2 Bligfk o fIBHIZE &L EIEFE /T T 5 (Figure 7). Freeza & &, DPD @ 4 fi
L shiokigIEE 72 F AL L 72 112 JKO'DPD @ 1 f2D X F )L HE% CFy & U 72 113 DS PEMEHIE V.harveyi 128
WT QS 7= A MEMZRT I E2WME L7 Sintim 5%, DPD D 1 i X FLIEr s 7u~F o L L
72114 28 V.harveyi \ICE VT QS 7 A= A MEMEZ R T 2 & 3 L 72.* Meijler 51, DPD @ 1 7D X F )L 4%
n-7FNEEE L7 115 R n-_X v FOVEE L U 72 116 DR BEE P. aeruginosa DIRIRA T 70 > 7 = > OpEL % [HE
T2 2 EEW|EL .Y Gardiner 513, 4 fi/kEHE%E 7 v FICHER L 72 4F-DPD (117) 7% V.harveyi D QS % [H#E ¥

52 LWL

0 0 Q o)
HOW ACOW Ho/\HJ\H/ HO
OH O OAc O OH O OH O
(48)-DPD (94) 112 113 114
le) O (0]
OH O OH O F O
115 116 4F-DPD (117)

Figure 7: Al-2 &k (112-117)

% L O 7V — 77T A2 iR O E BT b T v 328, T b A2 FRA DT % R IC T -
T2 DI Janda 6 DFFE 7V —7Tdb %Y Janda 5 1ZBIE F TIC C1-7 )L ¥ L-DPD 118,* C5- X F/)L-DPD 119,
C4-7 )L a % -DPD 120, DHMP (121),° triHMP (122),° C3-’/"1-DPD 123, C5-SH-DPD (124), C5-X F ¥
-DPD (125),”' C5-/\u-DPD 126 O 9 FiDHRIAZ AR L, Z DEMEFMi%ZIT> Tw 3,

0 (0]
a R O/ oH OH
HOW HO
OH
oH

OH O OH O R-0
C1-alkyl-DPD 118 C5-methyl-DPD 119 C4-alkoxy-DPD 120 DHMP (121)
o O
OH
HO X"
X X HO OH HO OHQ
HO  OH o ©
tiHMP (122)  C3-dihalo-DPD 123  C5-SH- DPD (124) C5-MeO-DPD (125)  C5-haloDPD 126
X =F, Cl, Br X =F, Cl, Br
R = Me, By

Figure 8: Janda 512 & D Al X 172 AT-2 B

% 72, Janda 5 (B FEFEEARIC DV T Vharveyi TOIEMERHI % 174> Figure 9 IS8T X 9 BRIGMEDIFHD3H 5 2
EEHELTWwE?
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decreasing

most active
W W Ho)jlg
OH O OH o}
(45)-DPD (94) Laurencione (127) MHF (128) (4R)-DPD (94’)

ECso =0.044+0.002 uM ECs0 =27+9 uM ECs0 = 39+7 MM ECso = 84+3 MM

Vk)JVOH HOM{ J\(‘b W/E(E

OH © least active
D-ribulose (129) DEHD (130) D-xylulose (131)  L-ascorbic acid (132)
ECs0 = 108+17 uM ECs0 = 429+30 uM  ECs0 = 56085 uM  ECs0 = 737425 uM

Figure 9: DPD K OFEEAD QS iEMEDFFF

% 2 J: C4-7'2 K ¥ 2 -DPD
2012 4E, Janda 5 (%, DPD (94)D C-4 (iK% 7L F N T —F VN EEH L 72 C4-7 )L 2 % 2 -DPD 120,” 73,
memKBWTﬁw7ﬁ:XFﬁﬁ%ﬁ?l&%ﬁ%bk(ﬁ@mmXFWﬂLCAQK@%%mfuﬁ#
ICHBEZER L 72 C4- 70 K ¥ 2 -DPD (133) 2 b R\ 7 2= 2 MEEZ/RT Z & % Janda & 13530h TR
T3, F7220194F, Ventura, Maycock 512 & D, (45)-7 1R ¥ -DPD (133a), (4R)-7'H A ¥ -DPD (133b)
D ZNZFNDNEEMAR DGR & GG 23T h i, (4S)-7 0K ¥ -DPD (133a)D ST 05iEETH % 2 & Sl
manr?

Janda (2012) Ventura, Maycock (2019)
(0] H
HO !
6 0 "o 6 o | HOW
N N E ~_0 ©
C4-propoxy-5-hydroxy-2,3-pentadione C4-propoxy-HDP |
(C4-propoxy-DPD, 133) (134) ; (45)-C4-propoxy-DPD (133a)
ECso0 in Vibrio.harveyi: 0.15+0.03 uM ECso in Vibrio.harveyi: 0.065+0.002 uM
1 o)
0 P
0 E HOW
HO f0H (_3 )
OH O ~ 0" Ton e
(45)-DPD (94) OH ; (4R)-C4-propoxy-DPD (133b)
ECsp = 0.044:0.002 uM C4-propoxy-THMF ! ECso in Vibrio.harveyi: 0.897+0.034 uM
(134°) :

Figure 10: C4-7°1 K ¥ & -DPD (133)

% 3 JH:Janda S DEIE

Janda 51, 7V F =7 a—)b 135 D 2 fuKEEEZ 7L X L, T—F7 V136 & L 748, 7IL¥ VEffL
% RuOy/NalOy Z W TE 7 b Y 13T ANERHRL T w5, ZDORY 7 b v 137 2 RIESRMFTUEE T 3 2 LT, TBS
HoORE LT b v OKRZEITW, C4-7 0 RF T -HDP (134) 2T\ 5,

- RuO, (2.5 mol%) S~
OH n-PrBr(1.5eq) " o o o
NaH (1.2 eq. NalO, (2.25 eq.
TBSO af(1-2e9) 1ggo 4 (2-25eq) TBSOM
\_THF. 1, 25h \__ CCl/MeCN/H,0 I
135 (18%) 136 (1:1:1) 137
rt, 30 min
(63%)
HO OH le)
D2S0;4 (5 mM) OW - MH
H —_—
~~"T0 "
DMSO-de/D,0 (1:4) -~ _0O O ol oH
rt, 1 day
(crude) C4-propoxy-HDP C4-propoxy-THMF
(134) (134)

Scheme 16: Janda & D & EE
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ZOFfJanda 51, C4fin-7RAFXFTHIZOVT, FIFDO7LF AT VA= L EZHOT, TrRFT
oM RO AAEZHEHE TICEAL TW2 . E, KBOTLET, TBS EDOREL 7 b rokilok, H
HERSEL 2T o, BAREICH L7 6ilE & bR L7 TBS HHkD > 7 /7 — )V NRAE L 7R A8 CIG 3R % FE i L
T\ %, Ventura, Maycock & b WHIEEAR 7L F =)L 7L a—)L 135525 Janda & EFRO TR T C4- 70 R ¥
-HDP (134) %213 T\ %28, WARMEARIC OV THIREERZ T 2> Twukve, FHE, 02 0820ETEN
X, Thbb, CAMNDT X NVIEDRERI LG & RARERDOBEERHEBICEUE, A—Ff VT
— I —HRML AV ORI RO MR % T2 2 L3 TE, FRAAIBZEBIEL LSBT IcfTbNns kI I
RDHDTIE R EEZEZT,

MeOH (0.2 M)
La(OTf)3 (x mol%) OMe OAc
H DTBMP (x mol%) AczO, DMAP . 2
H OW AcO/YS*\/\ + AcO/Y3\/
e 60 °C, time pyridine OAc OMe
53 (0.2 M = 123.4 eq.) 61 &1

x =10 mol%: 17 h, 90%, 61/61’ = 25:1
x =1 mol%: 48 h, 86%, 61/61° = 12:1

Scheme 17: EH SR L7 Va3V ¥ ARG

HEH SR ZBBEME, BEE I AR T a— LI L, KRR EfELZE L, Ko d o
I & D AR TR ORI T VR VI — T VML 2 R TTE 2. 2 D70, (K FEIEO MGG B
RSB VTR LREBEERY =il ) 5, $7, FEES OHBEMIGIFFICT? VL2 Y T 2AICB W THITH
D, 7vF = Ptz 1 mol% % T L T b EIE»DE - C3 MOBIRMECHBREHREZ 52 5. Zho iR
kD, FHEFIFECTRELLZ7Z VAV AZETRAL LT, A2 BRAOERHE S W2 7 A uEHm % 37
HL, A2 FEEARANOEMEZT-o 7,

04 fli: A— b VT 2=V —HRikDOH

85 1 M At

AIRGHIIZ D WTELTIZR T, (5)-C4- 71 A ¥ ¥ -THMF (134°) & (S)-C4- 7" 1 K ¥ 2 -HDP (134) 13 i ic b % 72
B, (5)-C4-7"'1 R % 2 -HDP (134) 2 &gtk & L THMGEHIZ . L 72, (5)-C4-7'1 R ¥ > -HDP (134) (3, Hi
EADBAEIC X DIEC 2L e L, BREDBICTEERIEC A 7 LG 2T 2 2 EMRELE A 515 C5-
RYYNVAF-C4-7 0K ¥-HDP (138)% HISKIRICERIE L 72, RIT C5-R¥ )L F F-C4-7'0 K ¥ > -HDP
(138)1F, C5-RVP)ILAFT-C4-70HK ¥ -DPD (139)D P77 b ¥ DL OTEMET COKMBIGIC X D 24
=)L 140 K DET B EEZ T, COBE, UWTRE TRHMICHIZEDSFENE S LT 5 AZADO/MEFE 2 v 5 51T
DR ZZ Tz, A=)V 140 1F, HEEESZ TR F S 7L a— L 4L I L CEESORMLA7 LAY R
BOG, $hbb, 1EICTHRE LT ¥~ MY 75— F/DTBMP filllii N COREEED 70 v -1-F — Lz Al
7N a) P ARBTHEF 2 EEZL, T RFC 7V a—)L 141 TEBAITH 2 7L T a—L 14250
Sharpless NA TR ¥ AL Z W2 ENECCROND EEX . B8, OGRRECIIRE LEE CoOMlE
k1% ClogP=1.2 FEEDEIERTH 2 72 OWH OB TR Z 2 2 LB FHEI N, R&K TRTHNY L %
BRICHRPMEDSHEMT 2 b DD, KEHAOWZBUREZFEL ZWicd Ny YV TI3ESTH A ) LRI Nk,
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HO OH HO OH o

/ Pd cat. Ph/\OW
HO/\‘)\H/ — N0 W :

~_0 o 0 0
S)-C4-propoxy-THMF (S)-C4-propoxy-HDP CS-benzonxy- C5-benzyloxy-
© p(11§)4’)y (134) C4-propoxy-HDP (138) C4-propoxy-DPD (139)
“ [0l
La(OTf), OH
Sharpless-AE o, DTBMP P s
P oY
-0 — OH —————
o S S BO.Q
142 141 140

(known)
Scheme 18: FHEDE L - &K ETHH]

B2 W PYLTPLIA—NDAFZEF AR 7L 2Y S ARG

5 1 H: Sharpless AAZ R X ALEYT7 V2 Y 2 ARG
9, SCHERIO 7 VL 70 2 —)b 142 12X L Ti(0-iPr); & L-(+)-DIPT % FH\>7z Sharpless A& T K ¥ > ki
L, ZRXT 73— anti-141 ZIER 2% TELP BoNAZ RIS 7V 3 —)b anti-141 IR L, KR
O02M)D a8V 1-F—)V%, ZNF1L 20 mol%D La(OTf)/DTBMP it T, 60°C MZNT T 24 R Iz ¢
2k, TAaV T REHEE anti-140 & T L TOFHEPREEREIERY) EROGEZ R XS T La—)L
anti-141 DIRGVIDMG S 7z, AR X ICRE L 72 (Scheme 19).

Ti(OPr)4 (1.2 eq.)

ity n-PrOH (0.2 M)
L S o) La(OTf)5 (20 mol%) oH
N W MS4A O, DTBMP (20 mol%) Y :
PR™ 0 ph 0N Ph" 0
OH  DCM (0.35 M) N\g 60°C, 24 h PR
-20°C, 145 h , a0
142 42.1% (based SM) ant-141 anti-
% (t d anti-141
(known) 84% (based KR product) and anti-141+

inseparable byproduct
Scheme 19: Sharpless 7 LR ¥ LT 7L a Y > R

%2 H: BOSTEK P ICBIT 55%

Z#ud, Sharpless FPAZARFIAUICKDBONLZRAFS TN A=) anti-141 D 27N aAa— )L EFT XS 7
VIBRDONLARILIED anti-h & 725 2 L6, BBRKIGORIC 5 HREROX L —v a v 2BHRLI6 K, ko
ETFPERI N2, £, SERRFL - a v 2B LZBICZ R3S 70 a— VRGO X F LA
X2 T VBE syn OVARBLE R &5 2 T, C3 WD RISHIEFE D SIAEIITIRA G, REEA QLR HE X
N5 EICERET 2D EELL % (Scheme 20).
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Ti(OiPr),

L-(+)-DET 0, Mitsunobu; o.
TBHP N 2 then hydrolysis PN A
Ph/\O/\/\( Ph O/\/\‘/ Ph N0 i
OH OH OH
142 anti-141 syn-141
nucleophile nucleophile
\ La(OTf‘;g,/DTBMP La(OTf)s/DTBMP
Nu Nu
L "
L H Oy,
N, Me WH P N0 @ Me
Ph (0] N o
0 H o
H oqu M
more hindered less hindered
| OH | OH
- P -
Ph/\o/YY Ph O/Y\:/
.0 OH ~_0 OH
anti-140 syn-140

+ anti-141 + inseparable byproduct

Scheme 20: JGMEAR T ICBE§ % &%

Z 20, MIEREY & < MRS RO X O i RKEEZ T, KD FL—va v BHLLT L, KIGREHD
RAGODEE I NG EPRIND syn-ZRXF T a—)Lsyn-141 NEFEL, Zbo2HOT7La) v R
DO #1TH Z LI L7z,

H 3 Higpn-ZRF S PN A= TOPILIY SR

anti-T R ¥ L 7V 3 —)b anti-141 1ICKE L, WIEERKIEEFTV, IR 95% T syn-T A ¥ > T AT L& 745, K
SR X D IR 91%, JAEMEE 95% ee T syn-T AR ¥ 7L 3 —)b syn-141 21372, 2D syn-THRF T 7L a—)L
syn-141 1K L, anti-T R F > 7V 23— )b anti-141 EF CSEIA L, 24 KRG Z1T9 2 &C, BHERGAR
HDY A =)L syn-140 % HEENEE 89% TR, ZOFEIRIE, JIB 7 SIGHED 2 FIT O W T OREHE X
R 28R THY, K 2RI A X 7 a—VHITE VT, X2 7 VBE 2 KR O SRR 23 SUG
TEICKRESEET R 2B TIIDTH S, £, 7ILa) P ABWLTMBEEKROMN 27k o7. %
DHFGH, 5 mol%! 2 AR 2 (K38 L T b HUEELILK 95% & @GR TY A — )b syn-140 DG SN 7. Zads, LML
1395% ce THY, TN T ADFRTORFEMEDET RS NLd o7,

1) 4-02N-CGH4-COZH (1 2 eq.) n-PrOH (0.2 M)
DIAD (2.0 eq.), PPhs (1.8 eq.) La(OTf)3 (x mol%) OH
o, CHCl, (0.13 M), 1t 2 DTBMP (x mol%) :
Ph/\o : 24.5 h, 95% Ph/\o/\/\/ Ph/\o
OH 2) K,COs (1 6q.) OH 607C, 24h ~_0O OH
anti-141 MeOH (0.11 M) syn-141 1) x = 20: 89%
rt, 20 min, 91% (95% ee) 2) x =5:95%, 95% ee syn-140

reactivity: anti-144 < syn-144
Scheme 21: YEIES G syn-141 TO T2 Y > A

853w MWL ARELE O e

TNAY T RATRL NI YA — )b syn-140 DN ARBLIE I, & A — )b syn-140 IZH L, 72 & — ALz 1T\,
TP F143 & L7, 7 F=F 143 D NOESY MIEIC K DIRE L 72, 727 —flid 22-2 X F ¥+ 7o
8V % TsOH B T TS ¥ 2 2 L TfTw, INFE8I% T F=F 143 BfFonk, o7 b=F 143 %
NOESY Ml L 724558, Scheme 22 HCARv TR L 7o /KFE R OFH TR L KER T2 Z BN RS e 2
ED S, A= 140 DM VARELE S syn-TH 5 L RE L 7.
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H -, ,
? MeOXOMe (2.1 eq) @ Ho 1.3

4(d, J=6.0 Hz, 3.0 H)
Hp: 4.08 (dq, 7.7, 6.0 Hz, 0.9 H
Ph N0 Y TsOH-H,0 (6 mol%) Hod O W Hiaee qu T )
. A~ e H: 3.50 (ddd, 5.7, 3.4 Hz, 1 H
~_0 OH CH,Cly, 1t Ph (@) S Hq Hy d ( z )

16 h, 89% A~

syn-140 NOE

143

Scheme 22: AH* 2R IE D P i

84 DA — NV OBLIG

RIZ, oSN/ A =) syn-140 D C5-R ¥V P)LA F-C4-7' 0 R ¥ 2 -DPD (139) ~DEIL DM %175 72,
ARTRRICE, Y= TR S N AR AZADO 2 w7 Bb 2 FEMid 2 2 L L L, AZADO OFEB{LAl &
L T, NaNO,*' % Fl\» 3 511 5 X OV DIAD % i\ 2 4% Mgt L 72, DIAD % V> 72 & Tld, AZADO % 20 mol%
FOMELTH B HOBLRERTH 27 F 7V a—)L 144 225 C5-R¥ P )L A F > .C4-7 1 K F 2 -DPD
(139) “DELRLREWBUITE LD o7, —H, NaNO, Z 724 Tl%, AZADOL®% 10 mol%fH\»2% Z LT
A=)l syn-140 1ZITIFFERITHAR L, ZDEEE TS5 mol%?D AZADOL® & 10 mol% D NaNO, ZB/T 2 2 & T
F7ILa—)L 144 205 C5-RUY PN A ¥ -C4-7 0K ¥ 2 -DPD (139) ~DIFIFFEE L EHZER L, HHRNE
74% T C5-RV P I)VA ¥ 2 -C4- 70 R * 2 -DPD (139035 6 117z, C DRFREEMEIE>95% ee TH D, BLIIED
Wi CONAMMEDR T 1A 6 Nie o 7z,

a) AZADO/DIAD:
AZADO (20 mol%)
OH DIAD (8 eq.) OH 0]
B AcOH (8 eq.
~ cOH (8 eq.) Ph/\OW Ph/\OW
0T —
O OH CH,Cl, (0.1 M) ~_0 O ~_0 O
N rt, O, balloon
19 h, 75% 144 C5-benzyloxy-
syn-140 C4-propoxy-DPD (139)
b) AZADOL®/NaNO,:
AZADOL® (15 mol%)
OH NaNO, (30 mol%) OH 0
B AcOH (5 eq.) Ph/\OW Ph/\OW
AN _—
Ph (0] -
/\O(\(:): MeCN (0.2 M) ~0 O ~0 O
A rt, O, balloon
19'h, 78% 144 C5-benzyloxy-
syn-140 ~95% ee C4-propoxy-DPD (139)

ammount of catalyst: AZADOL®/NaNO, < AZADO/DIAD
Scheme 23: (L

85 5 M ARMoBE

iRy O NAIC LS, B C5-RY PV F X2 -C4- 70 RK¥-DPD (139)%, Hid T, WHKEE <
BARL, AKHE 138 33 o N2 5T L2, KR, WEERh, 2 MiERh & X O Ein TR L, TLC T
JREIRZ T > 7228, WTNOgED TLC L TELIE@RD o g, KR ERIIHR I Nk >%, 2T T,
2XF P M, KEFHG T TOBAR Y P IALELT I BIKZRIML, By 2l &K% — L oM §
5ZtELT.

o H,O* HO \\OH
A0 0 ~_0 O
139 138

AcOH/H,0, H,S0O,4/H,0, 2 M HCI ag.: no reaction
Scheme 24: KFID IR
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¥ o6 Wi iRy Pk
% 1 H:Pd/C TOMKGT

FHIZCS-RUYPIAFL-C4- 7B EXT-DPD (139) DRV P bIicO VT, £73, 10%Pd/C % 10 wt%,
K% 10 BB TR 217> 723, RIS 5 24 R OR [ CHBENE RIS e o7, ORI Y
7 LD S TUTRUMEIL L 7 2 EVRR S N te, 2 20, gl I N 87 27 LA OFAKERIC X B IR
b2 fFLC20puL D7 u RV L ZHML, BT OREHE L 203NN R IR I N oz, 20K
NTTT L% 30 wi%ITHR L CREN 2 FE M L 7228, BEROMRBHER S W ar o7, TS HAEBRYZ NMR
MEZITR o708 25, FROMICHR Y P IIEL TR VEILRYIPER N DA TH >, T ORI
RV T, ANVRZNVIEOBITRERIGE L TGETL, 7 F 7L a—)L 145 L E 2 o L2 {LEWH
U7 EEZE L 72 (Scheme 25).

0 H,, Pd/C OH
conditions HO, O H ~
Ph” 0 HOW Ph" 0
~_90 O THF, rt ~_0 © ~_0 O
139 134 145
(predicted)

conditions
a) 10% Pd/C (10 wi%), H,0 (10 eq.), rt
b) 10% Pd/C (10 wt%), CHCl3 (20 uL.), rt }— SM was not disappeared
¢) 10% Pd/C (30 wt%), CHCI3 (20 uL.), rt
Scheme 25: Pd/C TOMES
% 2 H: Pearlman fillliE TG}

RIZ, PA/IC & D &G Pearlman il % AV % 2 & TEEBHER T 2 D TIE R\ £ & Z, Pearlman fillliE G
B2 SEHME L 72 (Scheme 26). 73, &7/KHF A 7°D Pearlman il % 30 wt%H\ > THKZ G L 72\ 5k TG % 5
il 7. #E, TLC L TRHP DL bR I i, KIZ, 7 F v DIKAIE X O Pearlman il D IRTE AL 2 BAfE
L, 2 BUEEREZ 20 pL ¥ L CREET 2 5406 L 7. FEE o THE I§ICIEIE Z 3 L, =i T 3 REHEE L T
KRN DZERIIMER S N dp o T2, T DFRHNIT Pearlman i % 50 wt%lll 2 72 & & 2 B JURHZ 58431 4 5%
L72b DD, 3 KE#ICIE TLC TR DR lhsmEzE S vz, RIC2 MR 20 pL & Pearlman 2 2 100 wt%
BT 7208, 3 KRR ICIZEURHEE R L 7228 2 11 % TD Pearlman filtfit ¢ o SOGHEH & HARIC TLC
LETRP DL S LR I 1Tz,

(0] H,, Pd(OH),/C HO OH
o~ conditions s
0 O THF A0 O
139 134

conditions
a) 20% Pd(OH),/C (30 wt%), THF, rt
b) 20% Pd(OH),/C (50 wt%), 2 M HCI (20 uL.), rt many spots
c) 20% Pd(OH)o/C (100 wt%), 2 M HCI (20 uL.), rt
Scheme 26: Pearlman fillliE C DO RES

Pearlman il 2 100 wt% 2 I\ 2 R(MFICE VT, 2OEFMLL ARy PHIC UV HEZ RS ARy B3
3MAFEL L, BXOEBOMADPRD NI D6, KIBKEZL I A 2L, HAERY O NMR HlE
12 & D RGO A ROMER B X VREREERDIFIBEZIT 7. 10% X% /7 —)/7aa F )V A% T
HAERYZ TLCRM L7 EZ A, TZAATAVTREALLAR Y MIUVHLEZRIBW I AR Y FDAT
Hote, 22T, HAEBYONMR 2HEL 7L 25, HEREROE — 7 IIEBRHREL2A6 0T, By
POMUEDPMEAT LI LB A, B, ZORETIE, REREERDORIBIETCE Rro7. 2O 05, TLC %
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AWl BAT L7, 10% X % 7 —)L/7aadl Mgz e CHERY %2 TLCERL, 7=2AZAFA T
—HE O BAPHER I N RE=02 o FRETT =Y Y I LEAR Y bZEREZNDNDT I TZENZT IS
ML, 202U b DOV TEZv RV AZHOTNMR Z2HIE L 72, 8, wIinbrkor—2>
DER I N, B TH 2 0B DIREIETE R o7, 22T, Janda 6 DHESRMEESHIC, 20
ZHHEI/K/E DMSO = 4:1 WATABECHME L 72, Z Of5HE, Janda 5D 'HNMR & —H L R0 b DD, 134 L7
JBAMBE 2 27 FLAIE S, PC NMR ICX D AV AR VISR 2 ©— 253206 ppm fHEICH oz, %
0, MBEREZEML S, WTNoGaICbHEHPIS 2 ENTET, BEERO bR oNnkd ok,
BUEFH I Z DD DIZOWT, KISHEERICRO TR TIE R whr b EHEL Tw5

%72, Pearlman fliiE% 7B, UV HEEZREBWVARY FD 1 9026 C3-P & Fr-C4-70 K * 2 -HDP
(146) DREIENGRD SNtz, TOHERBHFEEL RKIGHS L 72 2 L 2> 5F# 1L, Pearlman MBETIZTEMED R
iR AL E AN R ZVEEDEITCDSBEE T 5135, 1] & D DRSS & T % 7 b KSR 3L L 72D
TldZe\wd & & Z 72 (Scheme 27),

Ha

0 Pd(OH),/C (100 wt%) HO, OH OH
~0 O 2NHCI(204l) _~_O O _~_0O 0O andmanyspots
THF, 1t, 9 h ]
139 34 146

(not obtained) (trace)
Scheme 27: Pearlman fillliE T DORES

B3 H: A= 140 DRV P L1E
7 b Y OFEDPKIEEEM L Tws EE 2, BLICHTHTIOY A — )V syn-140 TD Pd/IC % VTR v
MEEIT o7, ZDFEHE, PA/C % 100 wt% VT 50 °C MBS 2 & & CROGKER 15 IKEfE, UK 81%T Y
=N 14T DR SNT, 2O LD, 139506 134 B PRV P IUKIZE VT, 139 D)V R Z)VIEDKIG
ML I E T B LB L 7 (Scheme 28).

OH Hop OH
H Pd/C (100 wt%) i
Ph" 0 Y Y HOTY Y
L THF, 50 °C _~_0O OH
N 15h, 81%
syn-140 147

Scheme 28: ¥4 — )L syn-140 DfE X > LAk

% 4 H:Pd/C TOPGH
Pearlman filtli T SOSEDIERB E T AN R ZVEDOEITTL 2 DRI KIGHER I L EZ, HEPIC %
ATHE 2 =ML 72, 7 74 7 SH0 (BR) B PH (5%), AD (10%), LB (5%) D 3 7L — F TG
ZHEMEL AR, W TNOLA B ERHIIZIEWEAL, B0 UVEEZ RS RV ARy P34 U7, HEERE
7\, 'THNMR I8 U 724558, Janda & O (L 7 b 23T 3 E— 27 H 64, C4-7 1 K ¥ 2 -HDP (134)
DERIIHERTE R, L2 LEDNS, 134 DlIZ 146 L L & E— 7 MR I 4, 134 FEBRIEETIE Rd o 7,
ZDMETIE, AD (10%) i b 134 DEHLED% 025 72 (Scheme 29).
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o OH

H,, Pd/C (100 wt%) HG, OH W
Ph/\OW HOW + HO

~_0 © THF, rt ~_0 O 0 0
134 146
139 (predicted)

Palladium
a) 5% Kawaken PH
b) 10% Kawaken AD }— SM was almost disappeared
c) 5% Kawaken LB
Scheme 29: Pd/C T D]
PLEDORER LD EHIZ, BRI MEEBEET 2NV EZVEOBEITIIGE T2 2 L 23WEHETH 2 L k5w

7z, 22T, 134 &£ 146 ZIHAYTHEEL 7205, BBLRIGIZAIL, 134 NEPR S5 2 & 2 ilA T,

85 H: By )bt o Bt

FHEIZ, FAHTOMBERIIL, C4-7 0 KX -HDP (134) & C3-P & FH-C4-7 0 KX -HDP (146) DIk
Yz L, C4-7a KX -DPD (133a) ~NNHI®BZ L Lk 2O, 27 b ot cHv7z AZADOL”
LHfEEE T P Y AR AV LEECRET L. ZoBE, SROETIC X 2 OBHE T 2@ I /720, 40 °C
TG % FEhfi L 72. AZADOL®% 10 mol%, Hifi§#z 7 bV 7 &% 20 mol% F CHEL THEMOBELRAD 5,
RIGED % mifbd3i8ed 6 1l T OfER L D FH#H L, B IGR I RE UERERl S o Rl RS0 ER S 7z #5281
R EC e EBHEL, = tuX VI AN e L) RIGHEDE N\ nor-AZADO I L, RIGHIRIIZ 20
mol% A\ 2 GOt 2 7o 7. ZOES AZADOLY & [, JHEOERE» RS Sh, KIED% Lo
N, oo s, = baXS LI P ANEZHAGERTIE C3MD 2 BKBEOBLKIEIE N LB X
OV BIRREIG I 72 o 72 BRIC CS AL 1 FOKBIEIZ DWW T H LI N5 L TT VT & F 148 R F 2 R D
U B2 EDRBE NI (Scheme 30). Z 2 CEHIIMbOEMTOBE 2179 2 & & L1k,

OH conditions o) H O
AcOH (5 eq.)
HO ——— > HO + 0
MeCN (0.2 M) O O
~0O O 40 °C, O, balloon N O 0
146 133a 148
conditions:

a) AZADOL (10 mol%), NaNO, (20 mol%)—many spots, SM did not disappeared
b) nor-AZADO (20 mol%), NaNO, (40 mol%)—many spots, SM did not disappeared

Scheme 30: P& (L D #ET

96 H: KRB Y 7L 5K (SHCS®) 27 Lo

HFL, 2 oKERELRINN 2L GO G 21T, FToick b snE&hz LAY FTF5
EWESE, 2 SOKIERL & 1 oKBE A2 G T2V 4A—icB W T, 7 b= b Y, XHEEEEEF VY 7 L5 KA
Y (SHCS®)Z2 w3 &, 2 KBHEDOAMBILTE R Z L2 ME L TWw3 .M FHFHiE, ozl dscLt
L7, MFISHCS® 3=t ¥ L7 AN KD IDT O ENEZ o N0, PG E LT3 YEH
WTRIBZE T o7, 5%, RICHBE 5 7 THEEREREDZED 51, C4-7a R X -DPD (133a) L ML E AR v
FOER S Lz, L L, 10 06 IC TLC THIMEBFL 72 & 25, 133 LRLE ARy MIWEARL, WY
ERL SEMED ARy b ANENORL 72720, KISHIRE 15 7 ClRE 21607, CORIRIE, BHDOEH
DR FERTH YD, HARZMENT XD 133a DML B AZER L 9 3 L H 27, 2 2T, SHCS® Offi
FARIC DWW TR 2 FEHi L 72, 0.5 4&A2 5 SHCS® % 0.5 SR3OS & TS %2 £ L 7228, FOGIZICR
T, 146 DEHEVAD Sz, 22T, SHCS® % 3 YEMA W KGR OME 2 £ L 72, 2 Df5H, 0 °Cc T
SHCS® Z M Z 7-#%, 15 57T 146 DIHRIFAD 5N, TLC LT 133a &—HT 2 ARy FPHERSI N, L L
BRS, ZORIMIFEEICZLL, ¥, TLC LT 133 LT 2{LAMIco 0w T, MR BT 210
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25705 7% (Scheme 31).

OH O H O
HOW NaClO-5H,0 (3 eq.) HOW OW
MeCN (0.2 M) ~_0 O _~_0 O
0 O rt, 15 min
146 133a 150
(minor) (major)

Scheme 31: REHEHEME T + V) 7 L 5 KAY (SHCS®) TOMLOBES

07 W 77 VBB OB

BSHBIOHE 6 HOilL e k912, PRy ONALOBICELETH &, IBBRIRINICERLEIHMET L T,
FHBEHALT S, 22T, C5-RUP AL FT-C4-7 0K * 2 -DPD (139) DR Y P NWALDOEEIZ C3-P K
-C4-70 K ¥ -HDP (146) ~EEHL 7248, X% /7 — ViR, BMESMECUB T 2 2 8 CT7 9 VBRZERE
¥, C3-Pt Fu-C2-X FF-C4-78 KX -DHMF (151) NEFRETE UL, 2 KL AL TE 2 DT
BFhwrtEZ, TOTRTHOND C2-X FF2-C4-7' B A X2 -DHMF (152) X, R\T2Hiix b ¥ &%
HETEIET, C4-70 KX -HDP (134) ~EEETE 9 % (Scheme 32).

0 OH
S W Ha, PA/C 3 H*, MeOH ° o
Me
o ——— oYY .

0 0 ~_0 O OH
C5-benzyloxy-C4- C3-dihydro-C4-propoxy- C3-dihydro-C2-methoxy-
propoxy-DPD (139) HDP (146) C4-propoxy-DHMF (151)

l Oxidation
HQ, OH 0 H*, H;0 °

H W OH OMe

(0] B ~o on — "y

~0 O HO 0
C4-propoxy-HDP (134) C4-propoxy-THMF (134’) C2-methoxy-C4-propoxy

-DHMF (152)
Scheme 32: C4-7°0 K ¥+ -HDP (134) D& R i
9, FHIL, C5-RUINAFL-C4-7R KX -DPD (139)%25 C3-2 & Fr-C4-7 1 K ¥ 2 -HDP (146) % 15
52 &L L7 PAdCHEEE LTNWEZ 74 v 77 SHL (B #D AD (10%)% 200 wt% W TKEFHKT, B
RYPIEB L O3 MA VR VDT Z A7, Z DOFER, KSR 8.5 N[ TIEIX T8 2z 1K L,
C3-P & FR-C4-7" 10 K X 2 -HDP (146) H3ULEK 94% CTfF 5 4172 (Scheme 33).

le) H, OH
Pd/C (203 wi%) W
1t (6] (0]
~0 O 8.5 h, 94% e
139 146

Scheme 33: C3-2 & F1-C4-7' 10 K ¥ 2 -HDP (146) DR

RIZ, fF6N7 C3-PE Fu-C4-7' 82 K% 2 -HDP (146) 2°5 C3-¥ k Fu-C2-X F ¥ -C4-7'8 K ¥ > -DHMF
(151) ~OZHEZBE L7, £3FEE I, BEBEZ RN L ThOB%2 FEh L 7253, TLC LTldB ik e L &
ARy FOEEDPHERINDHOD, BINEEZITH & 146 DA I N, BEBEHOKE X OKR ORI % (T
I ET, PERINC XD 146 DHAET B LEZ o7, WEETIE % CHELKFEDO XY 7 — VIR Z VT
Bt #z47T >, EEROEE 2 V-CRAZHRRIL 72D BBRIEEEA E 217 ) BUH TR LB L 72, ZOR5E,
FOGEMHET L, PREOINET, C3-Pt Fr-C2-X F ¥ -C4-712 K ¥ -DHMF (151) 2B 507

(Scheme 34).
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OH

O
10% HCIl in MeOH (1.0 eq.)
HOW 0o OMe

MeOH
O 0 1, 6 min, 57% OH

146 151
Scheme 34: C3-2 & F1-C2-X k ¥ -C4-7" 1 X % ¥ -DHMF (151) DAL

95 8 JH: KIBIEDIRAL

FLTERIX, C3-PE FR-C2-X b ¥ 2-C4-7 0K ¥ -DHMF (151) @ 3 fiKEEFIc >\, Bz -
7o, W= CHYE S 7z, AZADO/NaClO TORUEE: I, BED 2 Bk DRI 8\ T b 58RI IR
ZET 2. ZomAEIC, F#HIE AZADONACIO £ TOMMLZEML 72, C3-Y & Fu-C2-X b *¥>-C4-7
0 R ¥ 2 -DHMF (151) IZR L, iEfL#Al & LT AZADOL® % 1.5 mol%, % 6 H T%1F 72 SHC5® (NaClO*5H,0) #
KRR E LT 1.5 YR W CRELABRICA L & 22, RISHEE | K CEBIO I/ S 1, I 65%
T C2-A b ¥>-C4-7 1 R ¥ -DHMF (152) 233 5 4172 (Scheme 35).

AZADOL® (1.5 mol%)
o NaClO-5H,0 (1.5 eq.) o
KBr (12 mol%), BusNBr (5 mol%)
LfOMe /[X(:OMe
~"0 CH,Cly/aq. NaHCO; "0
OH 0°C, 1h, 65% (0]

151 152
Scheme 35: C2- X b ¥ 2 -C4- 71 &K ¥ ¥ -DHMF (152) DEK

09 JH: C4- 70 K ¥ T -HDP (134) DEIK

C2-A P ¥+ -C4-7 B R¥ T -DHMF (152) DMFoN/DT, 2iX X REZRET LI L E L, FHIZ
BITHTRLULHBREED, KOFET, BUEEMFTRIEZIT) 2T, BRI 204 ¥ HOBREIDERTE
ZEEML7. 22T, HTHOEMEITEBWT, ®iE%E THF, B%E2 2 MBEBANLEHL, RKIbxFEML. 2
DGR, BOSHRE 21 IKHET 152 DERDHER I 4, IFHE 46% T C4- 72K X -HDP (134) & C4- 7R AR F
-THMF (134°) 7%, Z OIEKHME L DFEREYE L CTHon. oS N PR ORE & L C,
Scheme 36 TBYZ/R L 72 C4-7"1 R X > -HDP (134) D/KAIEE L OFEKRAIE, C4-7° v R ¥ 2 -THMF (134°) KAl
B X OIEKFAEE X OV C4- 71 K ¥ 2 -THMF (134°) D C2 M DIARL2AICRIKT 2 P 7 AT LA v —D 6 flidd
MEIN S (Scheme 36).

0 HO, OH 0
OMe 2MHCI(1.0eq.) z OH
"0 HO + 0 0

0 THF H
m2th 6% -~ O O HO
152 134 134
linear : cyclic =1 : 1.5 (in CDCl5)
linear : cyclic =1 : 7.4 (in D,O/DMSO-dg)
C4-propoxy-HDP (134) C4 -propoxy-THMF (134°)
HO OH \L
o 8 B0 L AP CAPS AW o
(hydrate) (non hydrate) : hydrate (non- hydrate (hydrate (non- hydrate

Scheme 36: C4- 710 & % & -HDP (134) DA
Z DRFEARD 'TH NMR HIEDFER, SonlflEizd iz b 4 0B EKOBEEY TH B EBREZ
Nz, 72, C4-70 K * P -HDP (134) B X OIEKFMED 1 iz X F VL C4-7 0 K ¥ 2 -THMF (134°) & L OJE
IKHED 2 7 XA F NV FEDOFE T & O SRR & BRI AR O EFE 2 B L 7255, CDCI; Tl SR Bkt
EBRREMAARDTEEILIZ 1:1.5TH D, D,O/DMSO-dg I CILEBR B M & BRIRBEMKOFEELIZ1:74 TH D,
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Janda SG3HE L7 ARZ FPILERGEDBER SN, ZOREDL S, KRIFHEF TIZERIRBEER I 2ME 2
2 &, BIOIEKREBDTIRERAERO A 2HoE 5 2 LIZNEETH S 2 LRRI NS,

9505 fi: 3 2 MO

FHIZ, SRIERHM L7V ) v A2 TR E L C4-7 0 KX 2 -HDP 134)D ST % Eli L 72, Z Dk
B, SGRBEAIO 7 VL7 )L a—)L 142 505 5 TR T C5-RY PV A ¥ 2-C4- 71 K ¥ 2 -DPD (139) DAHRIC K
L, fit S R AL DG TIE, KEFHLT, PI/C E X O Pearlman filtiit ¢f7 9 & C4-7"'1 K X > -HDP (134)
D CIMANFZNVENERICI N C3-P & Fr-C4- 70K ¥ 2 -HDP (146) LR E L THonk, 2oL
FZBWT, GBMANVRZNVEORITGZIHTE 2RV b DEME, BX0Y e Fu-c4-7 0K * & -HDP
(146) DIEMRHETD 2 OKBRELEIRI 2 BLEE IC O W T2 N Z R 2 E M L 7225, WO e Tt
ZEERIEsN Lok, 22T, C3-PE Fu-C4-7 0 X¥ 2 -HDP (146) %ML CUBIT 2 2 LT, C3-
Yt Fe-C2-X F¥-C4-7'08 A ¥ 2 -DHMF (151) &£ L,C4-7 0K X -HDP (134) 1B 5 SMEHHINEEHL,
Fhti L 72, ZDFER, C3-PE Fu-C4-7 0 K%L -HDP (146) 7°5 3 LT C4-7 0 K%L -HDP (134) % C4-7
0 AR ¥ -THMF (134°) B LU ZNZNDIKAEK L O PHEAE L THEK - T 2 2 LIl L %
(Scheme 37). FAZHAEARTH 2 EHIEAWICO VT, 'THNMR HIE %217 - 725558, CDCLHE X O D,0/DMSO-d,
FOLFNOEAITEWTY C4- 70 R ¥ -THMF (134°) BEELBEEAETH -7, ZOEEIE, C4-TrRF
-HDP (134) "B ZICEL L7 <, #ik7e C4-7 v X -HDP (134) & L CHIET 2 Z & I3IERICEECH % 2
ERIRNRT 5,

Ti(OiPr)4 (1.2 eq.)

1) 4-O,N-CgH,4-CO,H (1.2 eq.)
L-(+)-DIPT (1.2 eq. 2N-Lgg-Llo
(L DF a A o), ) DIAD (2.0 eq.), PPhs (1.8 €q.)
MS4A o, CH,Cl, (0.13 M), rt 0
PN = PN P 24.5 h, 95% EP
Ph™ "0 Ph”™ O : NANAN
/\/Y DCM (0.35 M) /\/Y Ph (0] Y
OH  20°C, 145h OH 2) Islz%?_ls((g ea) ) OH
142 - e : syn-141
(known)  42.1% (based SM) anti-141 rt, 20 min, 91%, 95% ee Y
84% (based KR product) n-PrOH (0.2 M) .
La(OTf)3 (5 mol%) SR,
DTBMP (5 mol%) 95%, 95% ee
AZADOL® (15 mol%) OH
OH Hy o NaNO; (30 mol%) :
o S Pd/C (203 wt%) P /\H}\[{ AcOH (5 eq.) Ph/\O/Y\;/
O O THF, rt O O N
N 8.5 h, '940/0 N 02 balloon, rt, 19 h Syn_14o
; C5-benzyloxy- 78%, >95% ee
C3-dihydro-C4-propoxy- C4-propoxy-DPD (139)
HDP (146)
HCI (1.0 eq.)
in MeOH

AZADOL® (1.5 mol%)
NaClO-5H,0 (1.5 eq.)

0 KBr (12 mol%) ° 2N HCl 0 HO OH
° (1.0 eq.) :
OMe BuyNBr (5 mol%) v\OmOMe \/\O/;')”{OH HOW
~"0 THF no o ~_0 ©
OH CH,Cly/aq. NaHCO; t, 21 h, 46%

o 0,
. 0°C, 1h, 65% C2-methoxy-C4-propoxy C4-propoxy-THMF (134°)  C4-propoxy-HDP (134)
C3-dihydro-C2-methoxy- -DHMF (152)

C4-propoxy-DHMF (151) linear:cyclic =1 : 1.5 (in CDClj)
linear:cyclic =1 : 7.4 (in D,O/DMSO-dg)

Overall yield: 4.5% (9 steps)
Scheme 37: C4- 71 K ¥ & -HDP (134) D&KL

rt, 6 min, 57%

ZDOABMZEICB VT, 9 TR, BHEIEK 4.5% TD C4-7 0 KX -HDP (134) DEMEZER L 2. AKEHHT
TORTETH 2, UMARETHE SN, FEFCLDERINLT VY P ARG, VEEEDH 5 2R * >
TAa—VEEICNT 2EAERH 2L, BLOT7 7 VEBICH T 2 AERW 2 HIBEAZERT 5 2 £ 2R
L7, 2O/RED, LaOTH; Z V702 ) v ARG, EVSEEME O GKICE W TH Ak E W RIET
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HHILERERLEEFRIZEZLTVS,

MEEWIFETHENL L 72 C4-7" 1 R ¥ 2 -HDP (134) D &)L L, Janda 6 ¥ X U Ventura, Maycock 5 12 K > T
BLE N D GIE & B ), REBEROREEOREL DR, MRS %172 2 720, IHEm I 21k
BT v TN~ DREE DR L ITER T 2 KMV OBEAZE T o5, £, THROAEZHNT, FLELED
i 2 B ED O P RE DL LR CTHEIT L, C4-7B KX -HDP (134N EFETE 2, DN LERIETH
MEDFECAEEEIC R D ) 5 LEFEHFIEZEZ T3,
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i

= lg

SRFEEE, 23-ZRF TN A NVDT VA ARIGICEIFL27 Y= F ) 77— to@ELET VY
S 2T BT B JUSHE K O EEIRE & OB 2 & 012§ 2 & & RO R OMEIRZER T2 2 L 2 HE L
THMED R 7 ) —= v 7R FEML 72, ZOFEHE, FHHIE, 23-TAXFS7La—Lo7La) sy R8T, &
RO RAGH 2 O E L 10 YROREAZ I GE TRz 7 v 8 7 4 B EZ D, RO K%
#l 7z Fva 723556 La(OTh); 23, L& O KAl 2 Hv 72556, Sm(OTH);, Eu(OTH);, GA(OTD); 23 & B\ IR K
OPEGERYE T3 M fE 2 525 vy T EZ R L, —J, 34-ZRF 7 La—Lo7LaY sy RicE
WL, 23-ZRF TN a— o7 ayY s RALIFRED, KA ORIC X 2 REflED 25T 7% <, Eu(OTh);
2 To(OTH; N4 hifd k%2 5223 Z L bR LA, 23-2RXF> 7 ra—nro7ial) s 2oL T, 7
VHZKRAZ L E23-ZRFS TN a— VRN A v L OBEMEERICHED»TEMLL, FL—sa vy
AbETVE A PRBOY A XD TERCEET 2BUHIFRINCTEEL L B L, REEH ORI X 2 Row il
DAEFICB L T ARG RO RGN Z VBRI 2 BIAE 234 T2 —DF7 v ¥ = F MY 77— b 238, IG5
BORGAZ O GAETHRED T VI =P MY 77— b BRIGEMIET 2720 L B2 T, 72, FHE I
BOMHEHRIL, 7Y% =FF) 77— K0 DIBMP % Z1Z# 1mol% % T L T b @SR O Ea iz
EDEIRET 3 MAHInE2 R S s & v ) FRZ %

Table 13: 4 OILE - KEHNC B 2D A 7 ) — = FHER
Nucleophile (x eq.)

Ln(OTf)5 (y mol%)
H DTBMP (y mol%) Nu oH
Ho/\?\/é\/\ Ho/\i/M + HOW
H foluene OH A Nu A
Entry” substrate Nucleophile (x eq.) Ln(OTo); (y mol%)® Yield of A/A’ Ratio of A/A’
1 MeOH (0.2 M) La (5 mol%)® 909 25:19
H
2 Ho/\%(g\/A\ MeOH (10 eq.) Sm (5 mol%) 689 18:19
o}
3 H 53 Allyl alcohol (0.2 M) La (10 mol%)® 909 31:19
4 Allyl alcohol (10 eq.) Gd (10 mol%) 799 25:19
> 3
5 HO oH MeOH (0.2 M) La (5 mol%)® 749 9:1°
H
62
6 Ho McOH (0.2 M) Eu (5 mol%)® 88°) 10:19
7 64 1 MeOH (10 eq.) Eu (5 mol%) 699 6:19

H
o
8 HO/\vagiif MeOH (0.2 M) Tb (10 mol%)® 719 3:1°
66

a) Unless noted otherwise, reactions were performed by employing epoxy alcohol (53, 62, 64, 66, 400 umol), methanol (10 eq.),
2,6-di-tert-butyl-4-methylpyridine (y mol%), lanthanide(IIl) triflate (y mol%) and toluene (0.2 M) at 60 °C. b) The lanthanide
affording the best regioselectivity is shown. ¢) without toluene d) determined by GC analysis obtained after treatment with Ac,O(8.3
eq.) DMAP (0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h. ¢) determined by '"H NMR analysis, obtained after treatment
with Ac,O(8.3 eq.) DMAP (0.2 eq.) in pyridine (0.8 M) at room temperature for 2 h.

ionic radii
Lad+ Ce3+ Pr3+ Nd3+ Sm3+ Eud+ Gd3+ T3+ Er3+ Yb3+
1.03A 1.01A 0.99 A 0.98 A 0.96 A 0.95A 0.94 A 0.92 A 0.89 A 0.87 A
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FHEE, SBEHLZZT7 V) > ADRESF L, B TEESRICE T 28NV —NVIChbEEZ, &
BIRHLZZ7 L) v 2A2H TR E L7 C4-7' 1 KX S -HDP (134) DEIITE % il L 72, SCGREEAI DO 7 ) L7
La—)L 139 25 9 TR, WEEIEK 4.5%T C4-7' 10 K ¥ 2 -HDP (134)D &I L 7=,

COBBRDE L, BIRERZ 2 fkBEZAHTLIZRAFSTLI—NDT LAY ATIEAFFS T VL
KIBEED SIARRELISOGEDE A ER L TED, syn-ZARF 7L a— Lzl AR 7ILVa) vy AD
FOGHERRIFCH B ) 2R LA, 4, W27 % Y759 —FBLUDTBMP D&% 5 mol%
ANDEEER L, VERREOH L TR F S TN a— VI IS 28R R T 2 LIS L 7 (Scheme 38).
FHEIEZ, OBRIMEICE LT, Tra) s ARIGBEMZEEICE LT DRt E ciliTd 5 2 L 2mt
72EFEZTH3,

Ti(OiPr), (1.2 eq.)

(4)- 1) 4-O,N-CgH,-CO,H (1.2 eq.)
L-(+)-DIPT (1.2 eq.) DIAD (2.0 eq.), PPhg (1.8 eq.)
TBHP (1.3 eq.)
MS4A 0. g:'gﬁ]'z ég-}s M), rt o
A~ = A~ : . % T
Ph (6] Ph (e} ’ NANN
W DCM (0.35 M) /\/Y Ph” O :
OH 5o OH 2) K,COj3 (1 eq.) OH
20 °C, 14.5h MOH (0.11 M) 141
142 o 2 0. syn-
42.1% (based SM) anti-141 rt, 20 min, 91%, 95% ee Y
(known) o
84% (based KR product) n-PrOH (0.2 M)
La(OTf)3 (5 mol%) | 80 °C, 24 h
DTBMP (5 mol%) | 95%; 95% ee
AZADOL® (15 mol%) OH
OH Hy 0 NaNO, (30 mol%) :
3 Pd/C (203 wt%) AcOH (5 eq.) Ph" N0 _
o o THF, it MeCN 0
SN 949, ~0 0 O, balloon, rt, 19 h
8.5 h, 94% 2 08 b syn-140
- C5-benzyloxy- 78%, >95% ee
C3-dihydro-C4-propoxy- C4-propoxy-DPD (139)
HDP (146)
HQI (1.0 eq.)
. I6nn'\'<|i?10’:!)-|7% AZADOL® (1.5 mol%)
’ ’ : NaClO-5H,0 (1.5 eq.) 0 5N HCI o HO OH
KBr (12 mol%) (1.0 eq.) W
OMe Bu4NBr (5 mol%) ~"0 OMe ——— "0 ., OH =HO
~"o (0] THF HO OH ~.0 O
OH CH,Cly/aq. NaHCO, i, 21 h, 46%
0°C, 1h,65%
’ ’ C2-methoxy-C4-propox C4-propoxy-THMF (134’ - -
C3-dihydro-C2-methoxy- y propoXy propexy ( ) Cd-propoxy-HDP (134)

-DHMF (152)

C4-propoxy-DHMF (151) linear:cyclic =1 : 1.5 (in CDClj3)

linear:cyclic =1 : 7.4 (in D,O/DMSO-dg)
Overall yield: 4.5% (9 steps)
Scheme 38: C4-7°0 K ¥ 2 -DPD (134)D &)
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Experimental Section

General Remarks

Unless otherwise noted, all reactions were carried out under argon atmosphere with dehydrated solvents under
anhydrous conditions. Dehydrated THF and CH,Cl, were purchased from Kanto Chemical Co. Inc., dehydrated MeOH was
purchased from Wako Pure Chemical Co. Ltd., and other solvents were distilled according to standard protocols.
Lanthanide (IIT) triflates were purchased from Sigma-Aldrich Inc. (La, Pr, Nd, Sm, Eu, Gd, Er, Tb, Yb) and Tokyo
Chemical Industry (Ce) and used without further purification. 2,6-di-tert-Butyl-4-methylpyridine (DTBMP) was purchased
from Sigma-Aldrich Inc. and used without further purification. Palladium charcoal (AD, 10%) was obtained from Kawaken
Fine Chemicals Co. Ltd. and used without further purification. Sodium hypochlorite pentahydrate (SHC5®) was obtained
from Nippon Light Metal Company, Ltd. and used without further purification. Reactions were monitored by thin-layer
chromatography (TLC) using E. Merck Kieselgel 60N F,s,4 precoated silica gel plates (0.25 mm thickness) and visualization
was conducted UV lamp (254 nm) and p-anisaldehyde stain. Organic solutions were concentrated in vacuo with a rotary
evaporator. Column chromatography was carried out using silica gel 60 N (spherical, neutral, 63-210 um and 40-50 pm) of
Kanto Chemical Co. Inc. Preparative TLC (PTLC) was performed on E. Merck Kieselgel 60N F,s, precoated silica gel
plates (0.5 mm thickness and 0.25 mm thickeness). 'H and *C NMR spectra were recorded on JEOL JNM-ECA600
(597.17 MHz for 1H NMR, 150.16 MHz for 13C NMR; 594.17 MHz for 1H NMR, 149.40 MHz for 13C NMR; 600.17
MHz for 1H NMR, 150.91 MHz for 13C NMR) instruments. Data for '"H NMR are reported as chemical shift (8 ppm),
integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, sept = septet, br = broad) coupling
constants (Hz). Data for *C NMR are reported as chemical shift (8 ppm). 1,3,5-trimethoxybenzene was used as internal
standard for determine NMR yields. GC analyses were performed on an Agilent 7890A using Agilent HP-5 GC column
(0.32 mm x 30 m, 0.25 um) and dodecane was used as internal standard for determine GC yields. Optical rotations were
measured on a Jasco P-2200 polarimeter with a Jasco CG3-50 cylindrical glass cell (¢3.5 mm x 50 mm) High-resolution
mass spectra analyses (HRMS) were carried out using JEOL JMS-DX303 El-sector MS, JEOL JMS-T100GC EI-TOF MS,
JEOL JMS-700 FAB-double-focusing MS, JEOL JMS-T100GCV ESI-TOF MS, and Bruker Daltonics solariX
ESI-FT-ICR MS instruments. HPLC analysis was performed on a Hitachi Chromaster 5410 series HPLC system, UV
detection monitored at 254 nm respectively, using Daicel Chiralpak AD-H (0.46 cm x 25 cm) and Chiralpak IE (0.46 cm x

25 cm).
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Preparation of epoxy alcohols

((25*, 35%)-3-propyloxiran-2-yl)methanol (53)**%’
H

Ho/\Ké\/\

H
To a solution of (F)-hex-2-en-1-ol (2.00 g, 19.98 mmol) in dichloromethane (100 mL) was added vanadyl

acetylacetonate (164.90 mg, 621.89 umol) and 2-hydroperoxy-2-methylpropane (1.60 M in CH,Cl,, 25.0 mL, 40.00 mmol)
at 0 °C. The reaction was allowed to warm to room temperature and stirred for 3.5 h. The reaction was quenched with
saturated aqueous Na,S,0;, and then stirred for 30 min. The organic phase was extract with CH,Cl,, Combined organic
phase was dried over MgSQO, and concentrated in vacuo gave crude material. The crude material was purified by column
chromatography (Et,O/hexane = 1:4 to 4:1) to afforded ((25*,35%*)-3-propyloxiran-2-yl)methanol (53, 1.84 g, 79 %) as a

colourless oil.

Spectroscopic data is consistent with the literature.

((25*,3R *)-3-propyloxiran-2-yl)methanol (62)>*

H
HOYOF

H

To a solution of (Z)-hex-2-en-1-ol (2.00 g, 20.01 mmol) in dichloromethane (100 mL) was added vanadyl
acetylacetonate (267.00 mg, 1.01 mmol) and 2-hydroperoxy-2-methylpropane (2.74 M in CH,Cl,, 14.6 mL, 40.0 mmol) at
0 °C. The reaction was allowed to warm to room temperature and stirred for 2.5 h. The reaction was quenched with
saturated aqueous Na,S,0;, and then stirred for 30 min. The organic phase was extract with CH,Cl,, Combined organic
phase was dried over MgSQO, and concentrated in vacuo gave crude material. The crude material was purified by column
chromatography (Et,O/hexane = 1:4 to 4:1) to afforded ((25%*,3R*)-3-propyloxiran-2-yl)methanol (62, 1.82 g, 78 %) as a

colourless oil.

Spectroscopic data is consistent with the literature.

2-((25*,35*)-3-ethyloxiran-2-yl)ethan-1-ol (64)**%

0]
oA

H

To a solution of (E)-hexen-1-o0l (1.36 g, 13.55 mmol) in CH,Cl, (27.0 mL) was added 3-chlorobenzoperoxoic acid (5.01
g, 20.00 mmol) at 0 °C and stirred for 1 h. The reaction was quenched with saturated aqueous NaHCOj; and organic phase
was washed with saturated aqueous NH,4Cl. The aqueous phase was extracted with CH,Cl,, combined organic phase was
dried over MgSO,and concentrated in vacuo gave crude material. The crude material was purified by column
chromatography (Et,O/hexane = 1:4 to 4:1) to afforded 2-((2S *,3S *)-3-ethyloxiran-2-yl)ethan-1-ol (64, 900 mg, 57 %) as a

colourless oil.

Spectroscopic data is consistent with the literature.
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2-((25*,3R *)-3-ethyloxiran-2-yl)ethan-1-ol (66)**”°

(0]
HO/\)QtH

To a solution of (Z)-hexen-1-o0l (2.01 g, 20.08 mmol) in CH,Cl, (40.0 mL) was added 3-chlorobenzoperoxoic acid (7.39

g, 30.00 mmol) at 0 °C and stirred for 1 h. The reaction was quenched with saturated aqueous NaHCOj; and organic phase
was washed with saturated aqueous NH,4Cl. The aqueous phase was extracted with CH,Cl,, combined organic phase was
dried over MgSO,4and concentrated in vacuo gave crude material. The crude material was purified by Kugelrohr distillation

(3 Torr, 95-130 °C) to afforded 2-((2SR,3RS)-3-ethyloxiran-2-yl)ethan-1-o0l (66, 1.36 g, 58.%) as a colourless oil.

Spectroscopic data is consistent with the literature.
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Typical procedure for Ln(OTf);-catalyzed epoxy ring opening reaction (solvent amount)

x mol% Ln(OTf)3 Nu OH
x mol% DTBMP R K/L
Ho/\(cl)\R HO "R , HOT Y R
nucleophile (0.2 M) OH Nu
60 °C, time

To a solution of epoxy alcohol (400 pmol in nucleophile (0.2 M) was added 2,6-di-fert-butyl-4-methylpyridine (x
mol%) and Lanthanide(IIl) triflate (x mol%) sequentially. The mixture was stirred for indicated time at 60 °C. The
mixture was allowed to cooled to room temperature, and concentrated under reduced pressure gave crude material. The

crude material was purified by column chromatography to afford ring opening products.

Typical procedure for Ln(OTf);-catalyzed epoxy ring opening reaction (stoichiometric amount)

nucleophile (10 eq.)
x mol% Ln(OTf)3

x mol% DTBMP Nu /\/OLH
HO” >R HO" "R , HOT YR
o toluene (0.2 M) OH Nu
60 °C, time

To a solution of epoxy alcohol (400 umol) in toluene (0.2 M) was added nucleophile (10 eq.), 2,6-di-fert-
butyl-4-methylpyridine (x mol%) and Lanthanide(III) triflate (x mol%) sequentially. The mixture was stirred for indicated
time at 60 °C. The mixture was allowed to cooled to room temperature, and concentrated under reduced pressure gave
crude material. The crude material was purified by column chromatography (AcOEt/hexane = 1:5~2:1) to afford

corresponding diols.
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Typical procedure for acetylation

Aco0 (8.3 eq.) 0 Nu
Nu DMAP (0.2 eq.) )J\ s
HO/Ya\/\ e 0em !
pyridine (0.
OH 0°Ctort \(fjl/

To a crude material of diol (theoretical: 400 umol) in pyridine (0.8 M) was added acetic anhydride (8.3 eq.) and
N,N-dimethylpyridin-4-amine (0.2 eq.) at 0 °C and then the reaction was allowed to warm to room temperature and stirred
2 h. The reaction was quenched by 2 M of aqueous HCIl, and then extract with Et,0. Combined organic phase was washed
with saturated aqueous NaHCO3, dried over MgSQO, and concentrated in vacuo gave crude material. The crude material was

purified by column chromatography (AcOEt/hexane = 1:10) to afforded corresponding diacetate.
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(28 *.3R *)-3-(allyloxy)hexane-1,2-diol (55)**

O/\/

HO™
OH
55

Solvent amount: Following the typical procedure for solvent amount of nucleophile, 2,6-di-tert-butyl-4-methylpyridine
(5 mol%) and La(OTf); (5 mol%) gave (25*3R*)-3-(allyloxy)hexane-1,2-diol (55, 90%, yield, C3/C2=31:1) as a

colourless oil.

Stoichiometric amount: Following the typical procedure for stoichiometric amount of nucleophile, 2,6-di-terz-butyl-

4-methylpyridine (5 mol%), Gd(OTf); (5 mol%) and toluene gave (2SR,3RS)-3-(allyloxy)hexane-1,2-diol (55, 79%,

55/55°=25:1) as a colourless oil.
Spectroscopic data consistent with that previously reported.*

To determine yield and ratio of regio isomer, corresponding diol was converted to diacetate S1.

(25*,3R *)-3-(allyloxy)hexane-1,2-diyl diacetate (S1)

(0]
oY

'"H NMR (597.17 MHz, CDCl;) &: 5.93-5.84 (m, 1 H), 5.26 (dq, /= 17.1, 1.7 Hz, 1 H), 5.16 (dq, /= 10.3, 1.4 Hz, 1 H),
5.15-5.11 (m, 1 H), 4.38 (dd, J = 12.0, 3.1 Hz, 1 H), 4.16 (dd, J = 13.0, 7.5 Hz, 1 H), 4.13-4.07 (m, 1 H), 4.04-3.98 (m, 1.0
H), 3.50 (dt, J= 8.2, 4.1 Hz, 1 H), 2.09 (s, 3 H), 2.05 (s, 3 H), 1.59-1.42 (m, 3 H), 1.42-1.31 (m, 1 H), 0.93 (t, 6.8 Hz, 3 H).

(25*,3R *)-3-methoxyhexane-1,2-diyl diacetate (61)

o
o I

Solvent amount: Following the typical procedure for solvent amount of nucleophile and typical procedure for
acetylation, 2,6-di-tert-butyl-4-methylpyridine (5 mol%) and La(OTf); (5 mol%), gave (25*3R*)-3-methoxyhexane-1,2-

diyl diacetate (61, 90%, yield, 61/61°=25:1) as a colourless oil.

Stoichiometric amount: Following the typical procedure for stoichiometric amount of nucleophile and typical procedure

for acetylation, 2,6-di-tert-butyl-4-methylpyridine (5 mol%), Eu(OTf); (5 mol%), and toluene gave (25*3R*)-3-

methoxyhexane-1,2-diyl diacetate (61, 68%, 61/61°=18:1) as a colourless oil.
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'"H NMR (597.17 MHz, CDCly) &: 5.15-5.12 (m, 1 H), 4.37 (dd, J = 11.97, 3.1 Hz, 1H), 4.15 (dd, J = 12.31, 7.52 Hz, 1
H), 3.40 (s, 3 H), 3.33 (dt, J = 8.2, 4.1 Hz, 1 H), 2.09 (s, 3 H), 2.06 (s, 3 H), 1.58-1.41 (m, 3 H), 1.41-1.31 (m, 1 H), 0.93 (t,

J=6.8 Hz, 3 H).

(25*,35*)-3-methoxyhexane-1,2-diyl diacetate (63)**

)J\O/\ZH:’\/\
O\[(
63 o)
Solvent amount: Following the typical procedure for solvent amount of nucleophile and typical procedure for
acetylation, 2,6-di-tert-butyl-4-methylpyridine (5 mol%), La(OTf); (5 mol%) gave (25*35%)-3-methoxyhexane-1,2-diyl

diacetate (63, 74%, 63/63°=9:1) as a colourless oil.

'"H NMR (597.17 MHz, CDCL3) &: 5.21 (dt, J= 7.5 3.8 Hz, 1 H), 4.34 (dd, J= 11.97, 3.8 Hz, 1 H), 4.15 (dd, J = 12.0,
7.9 Hz, 1 H), 3.43 (s, 3 H), 3.32 (dt, J= 8.2, 4.1 Hz, 1 H), 2.11 (s, 3 H), 2.06 (s, 3 H), 1.55-1.46 (m, 1 H), 1.45-1.39 (m, 2

H), 1.39-1.30 (m, 1 H), 0.93 (t, J= 7.2 Hz, 3 H).

(3R *,45*)-4-methoxyhexane-1,3-diyl diacetate (65)**

o}
o o
PN NN
65 O

Solvent amount: Following the typical procedure for solvent amount of nucleophile and typical procedure for
acetylation, 2,6-di-tert-butyl-4-methylpyridine (5 mol%) and Eu(OTf); (5 mol%) gave (3R*45*)-4-methoxyhexane-1,3-

diyl diacetate (65, 88%, yield, 65/65°=10:1) as a colourless oil.

Stoichiometric amount: Following the typical procedure for stoichiometric amount of nucleophile and typical procedure

for acetylation, 2,6-di-tert-butyl-4-methylpyridine (5 mol%), Eu(OTf); (5 mol%) and toluene gave (3R*4S5%)-4-

methoxyhexane-1,3-diyl diacetate (65, 69%, 65/65°=6:1) as a colourless oil.

'"H NMR (597.17 MHz, CDCls) §: 5.08-5.04 (m, 0.94 H), 5.04-5.00 (m, 0.06 H), 4.26-4.19 (m, 0.06 H), 4.19-4.13 (m,
0.06 H), 4.15-4.06 (m, 1.88 H), 3.41 (s, 2.82 H), 3.39 (s, 0.18 H), 3.33-3.28 (m, 0.08 H), 3.26-3.15 (m, 0.94 H), 2.08 (s,
0.18 H), 2.07 (s, 2.82 H), 2.06 (s, 0.18 H), 2.04 (s, 2.82 H), 1.98-1.89 (m, 1.88 H), 1.87-1.73 (m, 0.06 H), 1.54-1.46 (m,
1.88 H), 0.97 (t, J= 7.5 Hz, 2.82 H), 0.92 (t, /= 7.5 Hz, 0.18 H).

(3R *,4R *)-4-methoxyhexane-1,3-diyl diacetate (67)**
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O )OJ\ O
SIS VN

67 SN

Solvent amount: Following the typical procedure for solvent amount of nucleophile, 2,6-di-tert-butyl-4-methylpyridine
(10 mol%) and Tb(OTf); (10 mol%) gave (3R *,4R*)-4-methoxyhexane-1,3-diyl diacetate (67, 71%, yield, C4/C3=3:1) as a

colourless oil.

'"H NMR (597.17 MHz, CDCL3) 8: 5.14 (dt, J = 8.5, 4.3 Hz, 0.7 H), 4.93 (dt, J = 8.2, 4.3 Hz, 0.3 H), 4.24-4.13 (m, 0.6 H),
4.10 (t,J = 6.5 Hz, 1.4 H), 3.44 (s, 3 H), 3.35 (dt, J = 8.2, 4.1 Hz, 0.3 H), 3.15-3.10 (m, 0.7 H), 2.09 (s, 0.9 H), 2.08 (s, 2.1
H), 2.06 (s, 0.9 H), 2.05 (s, 2.1 H), 2.03-1.90 (m, 1.4 H), 1.85-1.74 (m, 0.6 H), 1.74-1.65 (m, 0.3 H), 1.64 (s, 0.3 H),

1.63-1.57 (m, 0.3 H), 1.57-1.44 (m, 1.4 H), 1.00-0.90 (m, 3 H).
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(R)-1-((2R,3R)-3-((benzyloxy)methyl)oxiran-2-yl)ethan-1-ol (anti-141)

Ti(OiPr), (1.0 eq.)
(+)-DIPT(1.2 eq.)

(@)
_ TBHP (1.2 eq.) 9.
Ph/\o ol St oA Ph/\o/\/Y
OH CH4Cl,, -20 °C, 22 h
142 -2 anti141 OH

42% (based SM)
84% (based KR material)

MS4A (449 mg) was activated by microwave and then CH,Cl, (8.0 mL) was added. The slurry was cooled to -20 °C, the
mixture was stirred for 30 min at -20 °C, tetraisopropoxytitanium (1.11 mL, 3.75 mmol) and diisopropyl (2S,35)-2,3-
dihydroxysuccinate (940 pL, 4.50 mmol) was added. The mixture was stirred for 30 min, 2-hydroperoxy-2-methylpropane
(1.08 M in CH,Cl,, 4.27 mL, 4.61 mmol) was added dropwise for 10 min. After the mixture was stirred for 30 min,
(E)-5-(benzyloxy)pent-3-en-2-ol (142, 720.39 mg, 3.75 mmol) in CH,Cl, (3.0 mL) was added to the reaction mixture and
stirred for 22 hour at -20 °C. The reaction was quenched by 10% NaOH in brine and stirred at room temperature. the
precipitate was filtered through Celite™ 545 pad, and the precipitate was washed with AcOEt. The filtrate was dried over
MgSO, and concentrated under reduced pressure gave crude material. The crude material was purified by silica gel column
chromatography (AcOEt/hexane = 1:2) to afforded 1-((2R,3R)-3-((benzyloxy)methyl)oxiran-2-yl)ethan-1-ol (anti-141,

328.81 mg, 42 % yield, anti-141/syn-141 = 12:1) as colourless oil.

'"H NMR (597.17 MHz, CDCly) &: 7.41-7.25 (m, 5 H), 4.58 (q, J = 12.1 Hz, 2 H), 3.98 (brs, 0.92 H), 3,83-3.74 (m, 1 H),
3.72-3.67 (m, 0.08 H), 3.50 (ddd, J = 11.6, 5.5, 3.4 Hz, 1.4 H), 3.31-3.23 (m, 0.92 H), 3.23-3.17 (m, 0.08 H), 3.01-2.93 (m,
0.92 H), 2.93-2.89 (m, 0.08 H), 1.98 (s, 1 H), 1.25 (dd, 6.8, 1.4 Hz, 3 H); *C NMR (150.16 MHz, CDCl;) &: 137.7, 128.4,
127.7, 127.6, 73.2, 69.6, 67.0, 64.7, 59.6, 58.8, 55.1, 53.6, 21.9, 19.8, 18.7; HRMS (EI): [M]" calcd for [C;sH404]"
268.1675, found: 268.1677.; [o]p’’ -1.2 (¢ 0.67, CHCI5).

($)-1-((2R,3R)-3-((benzyloxy)methyl)oxiran-2-yl)ethyl 4-nitrobenzoate (S2)

4'02N‘C6H4'COZH o

. Q/ DIAD, PPhs, Ph/\o/W NO,
Ph™ 0 N o

OH CH,Cly, 1t, 24.5 h
anti-141 95% S2 (0]

To a solution of (R)-1-((2R,3R)-3-((benzyloxy)methyl)oxiran-2-yl)ethan-1-ol (anti-141, 296.58 mg, 1.42 mmol),
4-nitrobenzoic acid (287.47 mg, 1.72 mmol) and triphenylphosphane (674.04 mg, 2.57 mmol) in THF (11.0 mL) was added
dropwise diisopropyl (E)-diazene-1,2-dicarboxylate (570 puL, 2.89 mmol) at 0 °C. The reaction was allowed to warm to
room temperature and then stirred for 24.5 h at room temperature. The reaction mixture was diluted with Et,O and washed
by saturated aqueous NaHCO;, and back-extracted with Et,O. The combined organic phase was dried over MgSO,4 and
excess solvent was removed under reduced pressure. Resulting residue was diluted with 25% (v/v) AcOEt in hexane and
white solid was removed by filtration. Resulting filtrate was concentrated under reduced pressure gave crude material. The
crude material was purified by silica gel column chromatography (AcOEt/hexane = 1:10) to afforded

(8)-1-((2R,3R)-3-((benzyloxy)methyl)oxiran-2-yl)ethyl 4-nitrobenzoate (S2, 484.06 mg, 95 %) as a yellow oil.
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'"H NMR (597.17 MHz, CDCls) &: 8.29 (d, J = 8.2 Hz, 2 H), 8.21 (d, J = 8.2 Hz, 2 H), 7.39-7.27 (m, 5 H), 5.10 (quint, J
= 6.2 Hz, 1 H), 4.58 (dd, J = 19.8, 12.3 Hz, 2 H), 3.78 (dd, J = 11.6, 2.7 Hz, 1 H), 3.56 (dd, J = 11.6, 4.8 Hz, 1 H),
3.23-3.17 (m, 2 H), 1.47 (d, J = 6.8 Hz, 2.8 H), 1.43 (d, J = 6.2 Hz, 0.2 H); *C NMR (150.16 MHz, CDCl;) &: 163.9, 150.6,
137.6, 135.4, 130.8, 128.5, 127.9, 127.7, 123.5, 73.4, 71.9, 69.2, 65.8, 56.8, 54.9, 16.7, 15.3; HRMS (EI): [M]" calcd for
[C1oH oNOg] " 357.1212, found: 357.1209.; [o]p>* -30.4 (c 0.47, CHCLs).

(8)-1-((2R,3R)-3-((benzyloxy)methyl)oxiran-2-yl)ethan-1-ol (syn-141)

)

PN /\'}\/ NO, K.CO O,
e 5 = Ph 07NN
MeOH, rt, 20 min OH

S2 o 91%, 95% ee syn-141

To a solution of (5)-1-((2R,3R)-3-((benzyloxy)methyl)oxiran-2-yl)ethyl 4-nitrobenzoate (S2, 484.06 mg, 1.35 mmol) in
MeOH (12.00 mL) was added Potassium carbonate (189.17 mg, 1.37 mmol) at 0 °C. and The reaction was allowed to
warm to room temperature and then stirred for 20 min. The reaction was quenched with saturated aqueous NH4Cl and
organic phase was extract with Et,0. Combined organic phase was washed with brine and dried over MgSO4 gave crude
material. The crude material was purified by silica gel column chromatography (AcOEt/hexane = 1:2) to afforded
(S)-1-((2R,3R)-3-((benzyloxy) methyl)oxiran-2-yl)ethan-1-ol (syn-141, 256.47 mg, 91 %, 95% ee, syn-141/anti-141 =

15.1:1) as a colourless oil.

"H NMR (597.17 MHz, CDCl3) &: 7.39-7.24 (m, 5 H), 4.57 (dq, J = 12.1, 2.7 Hz, 2 H), 4.02-3.96 (m, 0.06 H), 3.76 (dt, J
=11.6,3.1 Hz, 1 H), 3.73-3.67 (m, 0.94 H), 3.50 (ddd, /= 11.6, 5.8, 3.4 Hz, 1 H), 3.28-3.25 (m, 0.06 H), 3.18 (dq, /= 5.8,
2.9 Hz, 0.94 H), 2.96 (dd, J= 5.5, 3.4 Hz, 0.06 H), 2.93-2.88 (m, 0.94 H), 1.93 (s, 0.94 H), 1.29 (dd, /= 6.8, 3.4 Hz, 2.8 H),
1.25 (dd, 6.2, 3.4 Hz, 0.2 H); *C NMR (150.16 MHz, CDCl;) &: 137.8, 128.4, 127.8, 127.7, 73.3, 69.6, 66.7, 59.6, 55.1,
20.0; [a]p™® -14.3 (¢ 0.96, CHCl5); Enantiomeric excess of major diastereomer (syn isomer) was determined by HPLC with
a Chiralpak AD-H column (PrOH/hexane = 5 : 95), 0.5 mL/min, t. = 41.73 (major enantiomer), 44.81 min (minor

enantiomer).

(3R.45)-5-(benzyloxy)-4-propoxypentane-2,3-diol (syn-140)

n-PrOH (0.2 M)

La(OTf)3 (5 mol%) OH
O, DTBMP (5 mol%) H
N Ph" 0 .
6H 60 °C, 24 h S 6m
95%, 95% ee SN
syn-141 syn-140

To a solution of I1-((2R,3R)-3-((benzyloxy)methyl)oxiran-2-yl)ethan-1-ol (syn-141, 524.92 mg, 2.52 mmol) in
propan-1-ol (12.6 mL, 168.30 mmol) was added 2,6-di-fert-butyl-4-methylpyridine (26.20 mg, 127.59 umol) and
tris(((trifluoromethyl) sulfonyl)oxy)lanthanum (73.71 mg, 123.02 umol) sequentially. The mixture was stirred for 24 h at
60 °C. The mixture was allowed to cooled to room temperature, the reaction was quenched with saturated aqueous
NaHCOj; and extracted with AcOEt. The organic phase was washed with brine, dried over MgSO, and concentrated under

reduced pressure gave crude material. The crude material was purified by silica gel column chromatography
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(AcOEt/hexane = 1:4) to afforded (3R,4S)-5-(benzyloxy)- 4-propoxypentane-2,3-diol (syn-140, 642.73 mg, 95 %, 95% ee)

as a colourless oil.

'H NMR (597.17 MHz, CDCl3) 8: 7.38-7.28 (m, 5 H), 4.55 (s, 2 H), 3.98 (brs, 1 H), 3.72-3.57 (m, 4 H), 3.52 (t, J = 4.8
Hz, 1 H), 3.49-3.40 (m, 1 H), 2.90 (d, /= 6.8 Hz, 1 H), 2.78 (d, J=4.1 Hz, 1 H), 1.66 (brs, 1H), 1.59 (sextet, J= 7.1 Hz, 2
H), 1.23 (d, 6.8 Hz, 3 H), 0.91 (t, J=7.5 Hz, 3 H); °C NMR (150.16 MHz, CDCl3) &: 137.7, 128.5, 127.9, 127.7, 79.9, 74.7,
73.6,72.9, 69.7, 66.8, 23.2, 19.6, 10.5; HRMS (EI): [M]" calcd for [CsH404]" 268.1675, found: 265.1677; [a]p> -22.4 (c
0.42, CHCI3); Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (PrOH/hexane =5 : 95),0.5

mL/min, t. = 31.76 (major enantiomer), 37.83 min (minor enantiomer).

The relative configuration of alcoholysis product syn-137 was determined by NOESY experiment after conversion of

the into the acetal derivative 140, which was prepared according to bellow procedure.

(4R ,55)-4-((S)-2-(benzyloxy)-1-propoxyethyl)-2.2.5-trimethyl-1,3-dioxolane (143)

oH MeO><OMe (21eq) ol
PhAo/Y\/ TSOH-H,0 (6 mol%) H o]
(_)H Ph/\o ", B

O CH,Cly, 1t oH H
16 h, 89% A~ s

syn-140

To a solution of (25,3R,4S)-5-(benzyloxy)-4-propoxypentane-2,3-diol (syn-140, 41.13 mg, 153.3 pumol) in CH,Cl, (250
pL) was added 2,2- dimethoxypropane (40 uL, 0.33 mmol) and 4-methylbenzenesulfonic acid (1.77 mg, 9.31 umol) at 0 °C,
and then the reaction mixture was stirred for 16 h. The reaction was quenched with saturated aqueous NaHCO; and the
organic phase was extracted with CH,Cl,. The organic phase was dried with brine, dried over MgSO, and the solvent was
concentrated under reduced pressure gave crude material. The crude material was purified by silica gel column
chromatography (AcOEt/hexane = 1:20) to afforded (4R,5S5)-4-((S)-2-(benzyloxy)-1-propoxyethyl)-2,2,5-trimethyl-

1,3-dioxolane (143, 42.05 mg, 89 %) as colourless oil.

'"H NMR (597.17 MHz, CDCl3) &: 7.33 (d, J = 4.4 Hz, 4 H), (4.2 Hz, 1 H), 4.56 (s, 2 H), 4.08 (dq, 7.7, 6.0 Hz, 1 H),
3.72 (dd, J = 10.3, 3.3 Hz, 1 H), 3.69-3.63 (m, 2 H), 3.55 (dd, J = 10.4, 5.4 Hz, 1 H), 3.50 (ddd, J = 5.7, 3.4 Hz, 1 H) 3.43
(td, J=9.2, 6.8 Hz, 1 H), 1.62-1.54 (m, 2 H), 1.39 (s, 3 H), 1.35 (s, 3 H), 1.33 (d, J = 6.0 Hz, 3 H), 0.91 (t, J = 7.4 Hz, 3.0
H); C NMR (150.16 MHz, CDCl5) §: 138.3, 128.3, 127.6, 127.5, 108.2, 81.2, 80.0, 75.4, 73.4, 72.9, 70.3, 27.4, 26.9, 23.3,

19.3, 10.6; HRMS (EI): [M]" calcd for [C17H204]" 294.1831, found 294.1826; [o]>° -4.44 (c 0.66 , CHCls).

NOE was observed as bellow
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(8)-5-(benzyloxy)-4-propoxypentane-2,3-dione (139)

AZADOL® (15 mol%)

OH NaNO, (30 mol%) 0
H AcOH (5 eq.) ~
Ph" 0 Ph™ "0
m MeCN (0.2 M) ~_0 O
e rt, O, balloon
syn-140 19 h, 78% 139
>95% ee

A solution of (25,3R,4S)-5-(benzyloxy)-4-propoxypentane-2,3-diol (syn-140, 185.81 mg, 692.42 numol), acetic acid (198
uL, 3.46 mmol) , AZADOL® (6.09 mg, 39.74 umol) and sodium nitrite (5.21 mg, 75.52 pmol) in MeCN (3.46 mL) was
stirred under O, atmosphere at room temperature for 3.5 h. And then AZADOL® (5.73 mg, 37.40 umol) and sodium nitrite
(5.52 mg, 80.0 pmol) were added to the reaction mixture and stirred under O, atmosphere for 7 h, and then AZADOL"
(5.60 mg, 36.55 umol) and sodium nitrite (5.58 mg, 80.88 umol) were added to the reaction mixture and stirred under O,
atmosphere for another 8.5 h. The reaction was quenched by saturated aqueous NaHCO;, extracted with Et,0 and washed
with brine. The organic phase was dried over MgSO, and concentrated under reduced pressure gave crude material. The
crude material was purified by silica gel column chromatography (AcOEt/hexane = 1:10) to afforded (S)-5-(benzyloxy)-

4-propoxypentane-2,3-dione (139, 143.56 mg, 78 %, 95% ee) as yellow oil.

'H NMR (594.17 MHz, CDCls) &: 7.34-7.28 (m, 5 H), 4.77 (t, J = 4.8 Hz, 1 H), 4.54 (d, J=11.7 Hz, 1 H), 4.46 (d, J =
11.7 Hz, 1 H), 3.90 (dd, J = 10.3, 5.5 Hz, 1 H), 3.73 (dd, J=10.3, 4.1 Hz, 1 H), 3.52 (dt, J = 8.9, 6.9 Hz, 1 H), 3.39 (dt,
J=8.9, 6.9 Hz, 1 H), 2.27 (s, 3 H), 1.61 (sextet, J = 7.2 Hz, 2 H), 0.91 (t, J =7.6 Hz, 3 H); >*C NMR (150.16 MHz, CDCl;)
8: 199.2, 198.0, 137.4, 128.4, 127.8, 127.8, 79.5, 73.6, 73.2, 70.0, 24.2, 23.0, 10.39; HRMS (FAB): [M+H]" calcd for
[C15H2104]+ 265.1440, found: 265.1433. ; [()L]D23 -20.3 (c 0.50, CHCI;); Enantiomeric excess of major diastereomer (anti
isomer) was determined by HPLC with a Chiralpak IE column (PrOH/hexane = 5 : 95), 0.5 mL/min, t. = 31.76 (major

enantiomer), 9.34 min (minor enantiomer).

(5)-3,3,5-trihydroxy-4-propoxypentan-2-one (134) and (4.5)-3,5-dihydroxy-4-propoxypentan-2-one (146)

0 Hy, Pd/C (102 wit%) HO, ,~‘OH OH
Ph/\OW HOW + HOW
/\/O (0] THF, rt, 4 h /\/O o) /\/O O
139 134 - 146
(minor) (major, predicted)

To a solution of (§5)-5-(benzyloxy)-4-propoxypentane-2,3-dione (139, 18.30 mg, 69.23 pumol) in THF (740 plL) was
added 10% Pd/C (18.70 mg, 102 wt%) and stirred for 4 h at room temperature under hydrogen atmosphere. The mixture
was then filtered through Celite and concentrated under reduced pressure gave crude material. The crude material was
purified by silica gel chromatography (AcOEt/hexane = 1 : 3) to afford a mixture of (S)-3,3,5-trihydroxy-4-

propoxypentan-2-one 134, and (4S)-3,5-dihydroxy-4-propoxypentan-2-one 146 (2.40 mg).

'"H NMR (600.17 MHz, DMSO-dy/D,0=1:4) &: 4.50-3.30 (m, 8 H), 2.35 (s, | H), 1.64-1.61 (m, 2 H), 1.49 (s, 1 H), 1.45

(s, 0.6 H), 1.42-1.41 (m, 0.7 H), 1.00-0.93 (m, 3 H), 0.89-0.86 (m, 1 H).
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(2S5, 3R.45)-2-propoxypentane-1,3.,4-triol (147)

OH Hy OH
? Pd/C (100 wi%)
Ph" 0 - c HO T
= THF, 50 ° 0 OH
O OH 15h, 81% N
139 147

To a solution of (25,3R,4S5)-5-(benzyloxy)-4-propoxypentane-2,3-diol (139, 200.43 mg, 746.90 pmol) in THF (8.0 mL)
was added 10% Pd/C (200.59 mg, 100 wt%) and stirred for 15 h at 50 °C under hydrogen atmosphere. The mixture was
then filtered through Celite and concentrated under reduced pressure gave crude material. The crude material was purified
by silica gel column chromatography (AcOEt/hexane =1 :2 - 5 : 1) to afford (S)-3,3,5-trihydroxy-4-propoxypentan-2-one

(147, 107.74 mg, 81%) as colourless oil.

'"H NMR (597.17 MHz, CDCls) 8: 3.98 (d, J = 4.1 Hz, 1 H), 3.85-3.71 (m, 2 H), 3.61-3.54 (m, 2 H), 3.53-3.48 (m, 1 H),
3.43 (dd, J=5.0 Hz, 1 H), 2.80 (brs, 1 H), 2.54 (brs, 1 H), 2.45 (brs, 1 H), 2.29 (s, 7 H), 1.61 (sextet, J= 7.1 Hz, 2 H), 1.27
(d, J= 6.2 Hz, 3 H), 0.94 (t, J =7.5 Hz, 3 H); °C NMR (150.16 MHz, CDCl;) &: 80.3, 74.3, 72.3, 67.0, 61.1, 23.2, 19.9,

10.5.; HRMS (FAB): [M+H]" caled for [CsH;404]" 179.1283, found 179.1276; [a]p'” -19.1 (c 0.45 , CHCL;).

(45)-3.5-dihydroxy-4-propoxypentan-2-one (146)

Ho OH
Q Pd/C (203 wt%) ° OH
Ph/\OW HO — o
THF, rt OH

o
~0O O 8.5 h, 94% N

To a solution of (§)-5-(benzyloxy)-4-propoxypentane-2,3-dione (139, 98.51 mg, 372.9 pumol) in THF (4.0 mL) was
added 10% Pd(OH),/C (200.38 mg, 203 wt%) and stirred for 8.5 h at room temperature under hydrogen atmosphere. The
mixture was then filtered through Celite and concentrated under reduced pressure gave crude material. The crude material
was purified by silica gel column chromatography (AcOEt/hexane = 1 : 7) to afford (4S)-3,5-dihydroxy-4-propoxypentan-

2-one (146, 61.84 mg, 94.2%) as yellow oil.

'H NMR analysis indicated that 146 was likely to be a mixture of 146’ and their diastereomers exists as ca. 146major :
146’ major : 146’ minor : 146minor = 7 : 2 : 2 : 1 equilibrium mixture; HRMS (FAB): []\/[-i-K]+ calced for [CgH sKO4]+ 215.0686,

found: 215.0668.

(45)-2-methoxy-2-methyl-4-propoxytetrahydrofuran-3-ol (151)

OH o)
W 10% HCl in MeOH (1.0 eq.) Lfio'\"e
"o MeOH o
O 0 rt, 6 min, 57% OH
(146) (151)

To a solution of (45)-3,5-dihydroxy-4-propoxypentan-2-one (146, 41.47 mg, 235.3 umol) in THF (2.9 mL) was added

10% HCI in MeOH (80 pL, 105 wt%) and stirred for 6 min at room temperature. The reaction was quenched with solid
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NaHCO; (22.74 mg) and concentrated under reduced pressure. The residue was dissolved into AcOEt and brine and the
organic layer was extracted with AcOEt. Combined organic layer was dried over MgSO,4 and concentrated under reduced
pressure gave crude material. The crude material was purified by silica gel column chromatography (AcOEt/hexane =1 : 7)

to afford (4S)-2-methoxy-2-methyl-4-propoxytetrahydrofuran-3-ol (151, 25.38 mg, 56.6%) as colourless viscous oil.

'H NMR analysis indicated that 151 was likely to be a mixture of diastereomers exists as ca. 18 : 14 : 6 : 1 equilibrium
mixture; HRMS (ESI): [M+Na]" calcd for [CoH sNaO,]+ 213.1103, found: 213.1097; HRMS (FAB): [M+K]" calcd for
[CoH sKO,4]" 229.0842, found: 229.0854.

(45)-2-methoxy-2-methyl-4-propoxytetrahydrofuran-3-one (152)

AZADOL® (1.5 mol%)
o NaClO-5H,0 (1.5 eq.) o
KBr (12 mol%), BusNBr (5 mol%)
,[giwe QOMe
~"0 CH,Cly/aq. NaHCO; "o
OH 0°C,1h,65% o
(151) (152)

To a solution of (4S)-2-methoxy-2-methyl-4-propoxytetrahydrofuran-3-ol (151, 33.42 mg, 175.68 pumol), AZADOL"
(0.41 mg, 2.7 umol) and potassium bromide (2.59 mg, 21.8 umol) in CH,Cl, (4.6 mL) was added tetrabutylammonium
bromide (2.92 mg, 9.06 umol) in saturated aqueous NaHCO; (2.5 mL) and the mixture was cooled to 0 °C. Sodium
hypochlorite pentahydrate (44.71 mg, 271.8 pmol) saturated aqueous NaHCO; (3.9 mL) was added dropwise to the
reaction mixture over 30 min and then the mixture was stirred for 1 h at 0 °C. The reaction was quenched with saturated
aqueous Na,S,0; and the organic layer was extracted with AcOEt. Combined organic layer was washed with brine, dried
over MgSO, and concentrated under reduced pressure gave crude material. The crude material was purified by silica gel
column chromatography (AcOEt/hexane = 1 : 7) to afford (45)-2-methoxy-2-methyl-4-propoxytetrahydrofuran- 3-one (152,

21.55 mg, 65.2%) as colourless oil.

'H NMR analysis indicated that 152 was likely to be a mixture of 146’ and their diastereomers exists as ca. 20 : 10 : 1
equilibrium mixture; HRMS (ESI): [M+Na]" caled for [CoH ¢NaO4]" 211.0946 (ketone form) and [CoH sNaOs]" 229.1052
(hydrate form), found: 211.0941 (ketone form) and 229.1047 (hydrate form); HRMS (FAB): [M+K]" calcd for
[CoH, sKOs]" 245.0791 (hydrate form), found: 245.0772 (hydrate form).

(5)-3,3,5-trihydroxy-4-propoxypentan-2-one (134)

0 HO, OH 0
OMe 2N HCI (1.0 eq.) S OH
e} HO + 0 oH

ol THF
woth a6% 0 O HO

(152) (134) (134)

To a solution of (4S5)-2-methoxy-2-methyl-4-propoxytetrahydrofuran-3-one (152, 13.88 mg, 73.74 umol) in THF (920
pL) was added 2 M HCI (37 pL) and stirred for 21 h at room temperature. The reaction was quenched with saturated
aqueous NaHCOj; and the organic layer was extracted with AcOEt. Combined organic layer was washed with brine, dried

over MgSO, and concentrated under reduced pressure gave crude material. The crude material was purified by silica gel
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column chromatography (AcOEt/hexane = 1 : 7) to afford (S)-3,3,5-trihydroxy-4-propoxypentan-2-one (134, 6.51 mg,
45.9%) as yellow oil.

'H NMR (594.17 MHz, DMSO-dy/D,0=1:4, added a drop of D,SO,) &: 4.25-4.10 (m, 3 H), 3.91-3.82 (m, 2 H),
3.80-3.48 (m, 5 H), 2.39 (s, 0.18 H, likely to non-hydrate linear form), 2.36 (s, 0.54 H, hydrate cyclic form), 1.70-1.48 (m,
7 H), 1.45 (s, 0.3 H, likely to non-hydrate cyclic form), 1.44 (s, 0.66 H likely to non-hydrate cyclic form), 1.41 (s, 2.34 H,
hydrate cyclic form), 1.38 (s, 1.98 H, hydrate cyclic form), 1.00-0.79 (m, 9 H). The ratio of linear/cyclic isomer was
estimated to be approximately 1 : 7.4; 3C NMR (149.40 MHz, DMSO-ds/D,0=1:4, added a drop of D,SO,) 5: 105.0, 104.7,
82.7,82.1,74.2, 70.1, 68.9, 23.7, 23.6, 21.0, 20.8, 11.2; HRMS (ESI): [M+Na]" calcd for [CsH;sNaOs]" 215.0895 (hydrate
form) and [CgH;NaO4]" 197.0790 (non-hydrate form), found: 197.0784 (non-hydrate form); HRMS (EI): [M]" caled for
[CsH 1404]" 174.0892 (non-hydrate form), found: 174.0882 (non-hydrate form).
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