YRk 25 4EEE EERAIERSC

7)) avF—BHEEEER TS
A X ) BEDERR & TEMERH
Synthesis and biological evaluations of iminosugars with

inhibitory effecton glycosidases

BIURFERFEE Aa@MafZEER LR/ A FTRZEERR
[Tk



=

B ettt ettt ettt ettt ee ettt er ettt en et en et 4
Bom
FE—E WEET NV aA K Batzellaside FHDLARK

BB T U IR T DB i 6
#ffi Brown AET U AbZE AW

RET VAT ILT =L 9,9 DG o 9
% =ff  (-)-Batzellaside AB,C, B LTNC8 TV —DA K covvvereeeeeeeee e 11
FIET 70 32 =B BHETRERAM oo 13

BB g-L-7avyF—PHEEMREZETS
RY e R XY PUBEEROER

e T N B S s 4/ aY v < SRR 15
BTG BEIPRR T U IR 3L DB e 18

FBEH RYE Pl Ui ERoA K,
BEOT a3 =B R coov oot e e, 20
FBZE olL-7avF—PHEFREZAETIHRT I FBA I JEOERK

i BRI AR R 49 DB 26
B TR RELS X BEREERO AR,
BEOT7 2 v F =B HEEERTM oo 30
B B v veee et 36
BT s 37
FEBE DT ..ottt ettt ettt n ettt 38
B TTHR ..cvvocvoeve et 83
JEEZERR S covvoevoeeeesee e 85



W&
ARFCT T BN D MERERFLE 5 (7L 7 X MIE)
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Ac Acetyl

aqg. aqua

Allyl Allyl

Bu Butyl

Bn Benzyl

Boc tert-butoxycarbonyl

Cbz Benzyloxycarbonyl

CM Cross Metathesis

COSsYy Correlation spectroscopy
DEAD Diethyl azodicarboxylate
DIBAL Diisobutylaluminium hydride
DIPEA N, N-Diisopropylethylamine
DMF N, N-Dimethylformamide

Et Ethyl

eq. equivalent

FT-IR Fourier transfer infrared spectroscopy
Fuc fucose

Me Methyl

HMDS Hexamethyldisilazide

HRMS High resolution mass spectrometry
Ipc Isopinocampheyl

MOM methoxymethyl

Mp Melting point

Ms methanesulfonyl

MS mass spectrometry

NMR Nuclear magnetic resonance
NOE Nuclear overhauser effect
NOESY Nuclear overhauser effect correlated spectroscopy
Nu nucleophile

Ph Phenyl

quant. quantitative

r.t. room temperature



sat saturated

TBAF tetrabutylammonium fluoride
TBS tert-butyldimethylsilyl

THF Tetrahydrofuran

TLC Thin Layer Chromatography
TMS trimethylsilyl
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A X/ PEE. HEEOA~T nBRNMRRF e ERFEF TER LA /27D
NV DOBFFTH Y, FEHEBHLIMEZ AT 5, 1 I /HHE. BRR O
YRS AFET DILEWMTH D | THE. RIWLFEO B TIE, Bl

FIHEP L &z /o7 v u A F‘iﬁ@ﬁ%ﬁiﬁéhﬂlﬁbﬂfb\éom

1966 412 nojirimycin (Figure 1) 73, Streptomyces J&®» Ho,, OH
HIEME D DHIO TR S, a- KD B-Fa v g—E o
(ot U CHR 2R BUETEME S B B = L ASHI L, — B, M "oT R
Seam O W Figure 1. nojirimycin

D, R DEEEIMTOIL, nojirimycin OREERELUAZ T TH 25 FELLE
b¥ R SN B F7- piperidine LIS OFPEEUL A & LT, pyrrolidine 7,
indolizidine %!, pyrorrlizidine %, nortropane B OB AW NS S LT
M, b bETRO nojirimycin & [FEEIZ, 7V 23 & —F OIGPEEALI %
LU CHREBRMICHES L, BEIEMEEZ R T Z ERHBIL T 5,

7V avZ—8iL, AENTEEREFZH S TEBY | FEOIKS A E L
7. BN L XV BORRE Tty v S T4 VY — A TOHEES
BOFALICBEBR LTS, A 2 /7 EOMICIE, 7 ) av X —YIREEEZ N
LT, FLUAVAER, PUBIER. BLHIVER, X DICHBMIER 2 %845
L& SN TS Bl S CIiiEFI A Sh T s b o & LT, Miglitol (5
PRIGIREZE) <° Miglustat (= — > = JRIGHEE) N 655 (Figure 2),

OH OH OH OH

OH OH
N N OH N N CH
H

o s AV
2 7

Miglitol Miglustat  N-(n-nonyly-1-deoxynojirimycin - 1-deoxygalactonojirimycin
(N-N-DNJ) (DGJ)

Figure 2. Glycosidase inhibitors

THE, BERAEEFSERBRDOT A Y Y — A EBIEOFHRIBEIK L LT
N-(n-nonyl)-1-deoxynojirimycin (N-N-DNJ) ¢ I/l 5 1_Deoxygalacto-
nojirimycin (DGJ) (Figure 2) 72 & DA I /7 HEiN, B Th 5 Ldisan & sk
TR v N1 CFENER SN TWD, BUE, 74 Y Y —AERIEICH T OH
iREIE & LCiE, BESEMTRREN DD, ZOREIEITIEFICEMTH 5



ZElTNA T, B BARPMEMBIM 2@ cE R ey, THIT— =i
9 pRIER OED R WRBIZ LMEX e E WS ERH S, —H T,
piperidine 41 X / ¥ Miglustat (Figure 2) 1%, 472 EDOHRA~BITTH Z &2
STV D Z LD N-N-DNJ X° DGJ D FHE~DOBATR I ST g P
[10]

P v X R E U CHE STV A N-N-DNJ X° DGJ 1%, 437> v
N LTEHL, 2RBROZEMERZF S, 772bb, B rAERIC
FoThAL, ELLIFVEEENTWARWST Y av F—PICiEa L. ZBREE
FREZEAIE, DARICE T 5 W EE I X 2 0 e hiEd 5, €Dk,
TNUKIZBIT HRBWERAER T, 74 YV —LRNICEDTESN, 74 Y —
DN OFRPESAE T CRERABEET 5 2 & TREHL LTOME 2BV EL, 1A
L e R

TA Y= LIk x 72 7 ) a v A —E N FET LN, B AR
Ba pEERNER L, TOBRICHIE L EENERT 5, Thbb A RS
DFEE DI RIRDAFAE L, RN T ORER ISRIRER T 5 LEN B
HZENBIREEOBRBVBIEFITSIHENTWD, FTARMREEZ GO & L
FEEIREZETH LD, TNENOERERELEITHIE LTGRO BRE M
EENTWD,

DX, A HEHEIIEE LD — RER0 S BILEMDSEAFET
L7, R CTERESCE MK A ThIL TV 5,

FHX, BRa A I BEOHR NG WEEMDNOELNTHOA I HETH
% Batzellaside 8, F£7- L-7 2 — R &L L& 26754 X /HEICEH L,
FNHDOERBEION, a7 U a v X —BICxd 2 HEEERL 21T - 72,



Kim
w2 MEEET AN aA K Batzellaside FHOLE R

B8 TINVE T DA

Batzellaside %8 (Figure 3) (%, ~ & ¥ A W)V EEHEFEIZAR L TV 5EHR
Batzella sp. 7%, Crews HIZ X > THEf ST A X /HEKZAET LT V1
A RTohD, ZIETICRE EOHEDCIE Db ZFLEE7 piperidine B o A
X HENRFE R I TV DA, Batzellaside BHIZVEEEM N B LLTZA X HED
FANOBE L THRRE LA TH 5 M, oH

Crews B2 L 5T, NMR A7 FAF—Xink o Ej\p“
Batzellaside %5 piperidine B _EOARFE L OFE 3 EL S N 0,
BIIRES N, Lo, 60 Eoe Fo ok A
DAXELE ZRET D Z EIXTE 2~ 7= (Figure
)M 2011 L HED L —F Bz 1y
(+)-Batzellaside B @ & #] D & A I EK S U,
Batzellaside B @ 6 iz fl#4 & N % I FE %A
BB X O%ERBLE 2SR E S vi=, Batzellaside HIX., £ X /&2 AL T\ 5
ZEMLEET Y av X —EBERBFERERIRICHET S5 Z LW S D 3,
Crews & 7% Batzellaside %% HLEfE L 725, Staphylococcus epidermidis ¢85 BH 5
Az WS LTSI < W nx TRED L OB/ BETH 5
ZEMND, AMEERBRIT -mIEAL TR, TOXIRERMND,
Batzellaside JED X 0 R ARBRKBIC L 2 2EMB L, £ Y av ¥ —
VRHLEEME 2 e L7,

(-)—batzellaside An=9
(-)—batzellaside B:n=8
(-)-batzellaside c:n=10

Figure 3. Structure of

Batzellaside A, B, and C

Batzellaside ¥HD & 0 ZhEMe AR OB A HIE L, GAGHEIZ LT O &
5 IR A R MEATIC L 0 SEZR L 7= (Scheme 1), 6 AZARIEH - /KER LDl — '~ — 1k
DA BRI IZ ALL, aldehyde (2% % Brown’s asymmetric allylation % % %, 5
725 R (Batzellaside A, B, C) d#§4E%, Olefin Cross Metathesis itz VY 5
Z L TERATHE & & R T,



OH oBn

0Bn OBn OBn
\(\/)/k N\ 1) OH w N '/,,//OBn OH N \
AN SN pr— :>/\/k « b, OB T/ , OBN
M HCO,H P OAO = WINN S o NSNS
N g
batzellaside A: n =9 bz Loz

8 batzellaside B: n =8
) batzellaside C: n = 10

Scheme 1. Retrosynthetic analysis

RO E RSN OB & T Tri-O-benzyl-D-glucal 1 % H3gJFE & LTH
Bk % BRAE U7, STk PN eV PCC BRI K0 5 7 b o 2 \C#FE% KSR,
AFNTZ AT ILEIT AFIVTZ AT IV 3 B8R LT, AF/NLVT AT 3 |Z
R UTHIESET, 7Y REAZEAL 4 7&/\521,710 W THEMKFELZ1T
ZEICRY, TYREDEL LRGN BT L, 512 Chz{bERT
T KN 6 IZE WL, T XA 6 Ik LT DIBAL &L, VA ABESM TIC
BT, TINWA I =0 LA L E2ERKSE, Allyltrimethylsilane % K& S H 7z
EZA, TUMK 7 & 7 2, ARk 10:1 TH 547z (Scheme 2),

1y LioH

MeOH/HZO @Y 0Bn oBn
reflux Me0,C 0Bn HN,, PhsP, DEAD MeO,C BN
W 4> W
TChC, T THF, 0°C tort.
OBN  refix oBn 2) CHN, on ., OBN
5506 ACOEt, 0°C HO 82% Ny "
94% (2steps) 3 4
oBn oBn 1) DIBAL
i CH,Cl,, -78°C
H,, PdIC b‘\\oan CbzCl, LIHMDS omn G TS
o > 2 BEOR, T
AcOEt oBn THF, -78°Cto0°C j n ) BF3 o
98% o”™N 83% 0PN OB Allirimethylsitane A
bz CH,Cl,, -78°C ébz ébz
5 6 50%

7

Scheme 2. Synthesis of 7

FRGEIR 7 OSAREF1L.COSY TN NOESY AXJ hMUZ L > THRELT
(Figure 4), A% NOESY A7 RUIZ LY Figure 4 (|28 L7 ERGEEIR 7 DK
FHT Ha & Hg [T NOE D@l SNz &inb, 2,6-cis (KTHD EREL
7=,



Figure 4. Conformation of 7

ZDOKIEDOSRRIMEIL, LFDO X HIZBLTE D, VA ABTEETITEND
THERTDHIT INAI =LA F 0T, A L B ONAIKEENATRETH D
(Figure 5), Cbz 2.0 L & LD T X FHED C-N fESIT ZHEHAE S ZH T
WA IRIFEHERZ L D, FDD, a7 7 MY TARE L 7R
S7- B TlL a8 & Chz JERIC A2 ALY strain B8 23/ U %, 2 D5 R,
FOSKRRZI T DSAREE L A ICEE S D,

SEAREREE A IR UCREREN KRS 2 Wi, afid BERIOK I NEZ LI
Do PHEINOEELIZEAIL, twist boat H DERIRRE 2% TS EITT 5,
— T, oI B OEAIL, LV LE: chair BRLOBBIRELZRE TS, 2Dz
D, PHEHNLREKELZSHEIV L, a i OHBELIZGAEOFREHTHD
[17]

D XD ISR E A RIS L o TRSIEHE Z v, 260 & 6 (223 cis Hil
BOT VIR T BMEEICEONTZEEZXDND,
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fig 5. Introduction of side chain into lactam unit

Figure 5. Stereoselective allylation



B_H Brown RET IV MELEHAWERETIAT L a—L 9, 9

DEFK

Jam Tk~ 7= X 91T, Batzellaside $. 35 & OV OFRRIA D A WNEMEREARIE—
FNCHEA TR, 6B F e o S BoSE RN b 7= 53, AmigtEo
EVTEBRZES | FEFH X, Batzellaside 8, B LN C8 =B~ —DH KA FKHKIZ
T9720, TUME 7 24tk e LT, Brown RFET VAL BEL75 - &
L7z,

T UK 7 1% LT, Lemieux-Johnson f2fk BZ47v\, 7 AF b Nk 8 %
B LTz, WIZ, 7T e RK 8 1% LT, Brown ~&F7 U ALEZITV, KRE
TUALTNa— 9 & 9 EENEFNARK L (Scheme 3),

2) (M-(1pc)2Ballyly h
oBn 1) 0s0,, NalO, oBn 78°C to rt. /\/'\
hﬂ\OBn 2 6-lutidine 0B 70% (2steps) R ébz
. oBn 14-Dioxane/H,0 (3: 1) 9
NS 229 )J\ //OBn
Loz &bz 0Bn
7 8 2y ()~(Ipc)Ballyly OH WoBn
—CHC, > :
2Ll - ., OBN
-78°Ctor.t. Ws\\‘ N7 s
719 (2steps) ® o

9

Scheme 3. Synthesis of 9 and 9

(+)-(Ipc).B(allyl) ZHWTER LIZAET VAT a—L 9 @ 6 (ilgE LI
FET S FeXx U EOMMELEZRET 572D, BRI A ANA—K 10 &
A1k L7= (Scheme 4),

NaH

_
/\/l\ oBn DMF/THF @1
ébz

9

Scheme 4. Synthesis of 10

BRAR I LR A — K 10 @ COSY K Y NOESY A7 hZHIE L=k R %
LU FIZRd (Figure 6), NOESY AXZ RLZ LV, Hy & Hp M7 NOE 2381



SN ENS, ARETIUATIVa—L 9 O6NMAIBE Eobe Fadx o ot
BEIIREE CTHDL EREIINT,

NOESY

mb oBn
g/\

=
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Figure 6. Stereochemistry of 10
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W=8 ()-Batzellaside A, B, C, 8L C8 = '~—DEHK

BRI LS A— 1 10 12K LT, % % Hoveyda-Grubbs filifit 292 Fv 7=
olefin cross metathesis #17v> 11, 12, 13 % &% L . Pd(OH), & F V7= Bk F k14 .
e THE RN SR T T ORI R ZAT 5 T & T(-)-Batzellaside A, B, C DEEHL
Z iR L7z (Scheme5), E7z., #KH & 23#H L7z (+)-Batzellaside B & 3 A3 &k
L 7=(-)-Batzellaside B ® 'H-NMR, ®*C-NMR Z <7 kL5 — % (3—E L 7= (Table
1)

OBn OBn 1 H2 20% Pd(OH),/C
e vt e OH
H Hoveyda Grubbs cat. 2nd ~ H
\ ., _oBn e R ., _OBn
E N7 " CH,Cl, WONSNS s 2) 4M KOH 0, O
reflux L 2-propanol HCOZ
al o’go /W\““ o’go re}fjlw?
1n=6 3) HCO,H -)-Batzellaside A: n=9
10 12 n=5 (-)-Batzellaside B: n=8
13 n=7

(-)-Batzellaside C:n=10

Cross metathesis Hydrogenation & Hydrolysis

(-)-Batzellaside A n=6 85% 5%
(-)-Batzellaside B n=5 90% 67%
(-)-Batzellaside C n=7 91% 69%

Scheme 5. Synthesis of (-)-Batzellaside A, B, and C
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Table 1. NMR data for of (-)-Batzellaside B
Table 1. NMR DATA for Batzellaside B in MeOH-d,

(+)-(D)-Batzellaside B

()-(L)-Batzellaside B formic acid salt

formic acid salt

Ref.3(a)

O0y(JinHz) 0¢ 0y(JinHz) dc
3.91brm 72.1  391ddd(3.0,30, 720
3.83-3.75m 67.3 3.86-3.75m 67.3
3.59-3.50 m 67.2 3.65-3.49m 67.2
2.01t(14.9) 60.8 = 2.01ddd (14.7,13. 60.8
1.84d(14.3) 58.5 = 1.83dt(14.4,3.0,¢ 585
1.73-1.69 m 535 176-1.64m 53.4
1.48 brs 395 1.46brs 39.4
1.32 brs 39.4  130brs 39.4
0.90t(6.8) 33.0 0.90t(6.8) 33.0
32.6 325

30.8 30.7

30.7 30.7

305 30.6

304 30.4

26.3 26.2

23.7 23.7

14.4 14.4

RET U NATVa—)b 9 Tk LIRRED FIETERIR AN AN A— | 14 [TE X
olefin cross metathesis D%, Pd(OH), & 7= #&filk b, fe O CTHEEMESRMET
TOMKSREZITH Z & T 8-epi-(-)-Batzellaside A, B, C DAk A EM LT
(Scheme 6),

oBn oBn oBn

\0Bn 0Bn Z I L0BN
OH - NaH " Hoveyda Grubbscat.2nd '
/\/\w‘ N ', OB DMETHE @1 WISN "1, /OB CH|2C|2 - WSN 0, OB
90% reflux
bz oo oo
9 14 15 n=6
16 n=5
17 n=7
1) Hy, 20% Pd(OH),/C OH
EtOH OH
- QH (5“‘
> S ., _OH
2) 4M KOH WNNS o
)z—propanol RS H " HCO,H
\ r:ggH 8-epi-(-)-Batzellaside A: n=9
e 8-epi-(-)-Batzellaside B: n=8
8-epi-(-)-BatzeIIaside C: n=10
Cross metathesis Hydrogenation & HydrOIySiS
8-epi-(-)-BatzeIIaside A n=6 90% 72%
8-epi-(-)-Batze|Iaside B n=5 90% 67%
8-epi-(-)-Batze|Iaside C n=7 88% 55%

Scheme 6. Synthesis of 8-epi-(-)-Batzellaside A, B, and C
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B 7V avF—BHEEEMNE

Crews & X Batzellaside %% HLff L 72 . Staphylococcus epidermidis o5 [H
ERZ WG LT et 2o EHEEERITBEE T mE SN T
WRU, F 2T, FH LA LT- Batzellaside A, B, C 38 X U8 C8-epi (A »x 72 7
U oo =B 2 BEEMERHME 2 5 2 /2 o> 72 (Table 2),

Table 2. Concentration of batzellaside giving 50 % inhibition of various glycosidases

ICs (uM)

enzyme (-)-batzellaside A C8-epi-A (-)-batzellaside B C8-epi-B (-)-batzellaside C C8-epi-C
a-glucosidase

Yeast NI NI 897 NI NI NI
B-glucosidase

Bovine liver 43 50 83 NI NI 43
a-galactosidase

Coffee beans NI NI NI NI NI NI
B-galactosidase

Bovine liver 6.7 18 26 45 35 7.5
a-mannosidase

Jack beans NI NI NI NI NI NI
B-mannosidase

Snail NI NI NI NI NI NI
a-L-fucosidase

Bovine kidney NI NI NI NI NI NI
a-L-rhamnosidase

Penicillium decumber. NI NI NI NI NI NI
B-glucronidase

E.coli NI 85 NI NI NI NI
trehalase

Porcine kidney NI NI NI NI NI NI
amyloglucosidase

Aspergillus niger NI NI NI NI NI NI

@NI : No inhibition (less than 50% inhibition at 1000 pM).

W3 oo Batzellaside #8 %, p-galactosidase (Zxf UL EIE M2 R L=, FFIC
Batzellaside A, C8-epi- Batzellaside C I% ICsofE 6.7 uM, 7.5 uM & FIFEEE DFHENE
HANRD BT, T OREER» OREEIEEHEBE 2R3 2 & I3#E L A3, piperidine
B B DKERIED ST DN deoxy L-xylo I THAHZ LR EETHDL EEZ BN
%, F7-. C8-epi- Batzellaside A ® Z B-glucronidase (2%} LB ETEM: 27~ L7z,
B-glucronidase FHEFNZ, AL DEY P RS BEDLV 13D 5 2 &b EIKN,
ELTHETH D, HIZIE RKIEDADIEFRIEIHNGNS CPTIL (A Y /T
BN ETe R v 7 THY SN-38 ([Z73fift% FARA Y AT —BHEEEERT
5. MEHBEIE . BPNHIEE O B-glucronidase |2 & - CTHLInA 25 F. FF U SN-38
ELTHBE R A EET 5, ZOEANRKR CEEREWER 2 & &
ZEDBFBIVTWD A, B-glucronidase FHEIZ LY Z ORIERA RIS Z &
PG STV S = L v P C8-epi-Batzellaside A @ B-glucronidase /513,
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B _E oo-L-7zavy—PHEEHEHEZAT S

R b FeredxrvvxXx) P r#FafioqR

B XY TUBROBE

PEIX, RARTIETEIC DK E LTHFEL TV DT, Dﬁw:—x%Dw77
=R LW o Tz DHEORHEIIER I T RN A IITON TE T, flx X
D-7 /v a— R LTS 2 FF o KW, 1-deoxynojirimycin (DNJ) @ N-t Ko &%
VITFNFERTHHITY b= iE, o-7 U a v X —BEEAICHEL, &0
PEPRIFIRIRIE & L CRRRFIIH ST 5%

— 5. LETHD L-7 a3 — 20 L-F & ) — ZADOHEREIEEE B3 5 AISERF5E
TR D720 ORBURTH B, FEHEDER Lz L-7 32— R TAERKN T
$6_E sialyl Lewis X HUE 72 EITAFE L, RIECHB AR Rk 2 7080k L B %2 D
ZEnEmLENTVWS B LT a s —PiE, X Ry BERE Lo -7 3
— AL T h—RAERIZ N-TEHFALTLay I LD a fEEZUMT 58
RTHDLN, ZORERBEROXRBNRRN T EEZ INDEFIIT a3 F—
VARETF NG, 7av K=V A LT, BT ERICEY, a-L-7 v —F
DRIB L, ARGMESIND L-T7 a—REG RS X7 SOFEIRE N ERT 5
Z LT, PIRMREEL D & LEEERERESIEEZTEHR TH L, Bl
£, RMEERIEETH D, FHIT, 7V avZ—vlERNTA V) —
LERIEIREE L LTEDTHD LWy @iEplicER LWL al-vav 7 —¢
FHEAIX, 73y R= AR 23PN > v o URELZH D B3 & 7
DIFHAREMER S D B X T,

T, o-L-7 a2 v 2 —8iE, DNAMENSHIESA -~ Y v 7 AR T D EARE
HanRL, MH~2HE ARG T ABRICER S TWD 2 & B FE - g
BEDBREHERFICE G L TV A Z e SN TWAZ b B g7 av w7
—EBREEANLA AL ORI 2 SRR L LThfF S b,

DX END, FHIFIERY D URELIC a-L-7av X —EBD T ==
WA SPFET DO TIERWNEWHIMBEOMBIZESE, L-7a—R &
HPEZA L, EXY UUVROERKF B, E20F o LT VT LR
PUBAEA LT 7 oo ¥ —PIHER ORI AT -7,

HHJET5RY B Fafx XY UKD 1-C MITEEX 2T V¥ L%
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FEIZBAT L7202, GG Z LT O X 95 G Fric L st L
(Scheme 7), 1-C fil ;%/z T IVXNEERTHR) B e XY U UikE
KA EICARATRER T VA Z @O S PEE s LTHEE L, 7 U LVEKIT
EARY D OBEMEE L, < TV I TR LD EFE X T, BT VU, a,
B REAFIT 2T L OSBRI b Rkl f< BLRIC L ST 5
Tl o PRI AT VIL-T 7= 2B E L L, SUREEHTH 5
TUATa— L Pl LARTE D L E X,

OMOM OMOM Electrochemical
HO (OH Derivatization  MOMO WOMOM Allylation  MOMO WOMOM  (xjdation
\(j p— p—
“"Me AONWSNTMe MeO” “N~"""Me
R= Alkyl Ckain Boc Boc
OMOM Me OMOM OMOM

(OMOM  Intramolecular (OMOM  Stereoselective

MOMO, MOMO
\(j Cyclization HN)\_)\‘/\OMS S j/j Dihydroxylation
, H - . p—
N — Boc £ AMoM MO~ HN- ““Me

Me

Boc OMOoM Boc
Me Me Me
HNJ\_/\/COZEt _ HNJ\;/\ > HZNJ\COZH
Boc OMOM Boc OH L-Alanine

Scheme 7. Retrosynthetic analysis

FROWEHETOL & ETHOIC, XY P UROBELITV., MAKL
FOWREEAToTe, LLTIZE ORI Z~7,

L-7 7= 18 ZHHFEE LT, A F 1= 274k, N-Boc {L%41T\> Boc
& 19 2457, FHIES O HIEICHEN P one-pot T DIBAL i&7t. Grignard < Jis
ATV, BIE 57 VAT La—)L 20 ZSREIRICER LT-, B ¥
%A MOM 7 L. Lemieux-Johnson f2{k:, #¢< Horner-Wadsworth-Emmons
JEEATV, 1 RFWHE LI o B AT ATV 22 ~B\We, =27 V%
DIBAL it L, TBS R L7212, RHEKFRICEHE LA LT 4 V2BV TED
DIFFEIHEN L D Rax i bz {7, P4 —L 25 ZH—04ARpE L
THZ, BobhizY4—/L 25 Db Fax iz MOM {£:# L. TBAF [2X Y
TBS DA TV, LT v a—/L 27 ~Li#EE ALK 28 Z#%H Lk
IBRSEZB IR0, RIS XY DU 29 OAKEERLIZ, 21 3 5D
b R EoSHR bR, R A T2 R AT SOk P8 Pl g g
1-Deoxyfuconojirimicin (DFJ) ~&#E & 'H-NMR O #2175 Z & TZ OR% 72
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B TR NAAARRLE 23 L 7= (Scheme 8),

Me 1) SOCI,, MeOH Ve DIBAL, CH,Cl, Ve
)\ reflux, 3h )\ -78°C, 3h /'\/\ MOMCI, DIPEA
—_—_— > —_—
H,N“">CO,H 2)Boc,0, Et;N HN-">SCOo,Me " MgCl, CH,Cl, HN Y X CH,Cl,, reflux, 3h
CH,Cl,, rt., 2.5h Boc 0°C, 2.5h Boc OH
18 96% (2steps) 19 63% (2Steps) 20 86%
Me g Sil%‘ (12 ?_?Jmme Me me
4y &y
i - Et )\/\/\
HNJ\_/\ Dioxane-H,0, It. HNJ\_/\/COZ DIBAL _ HN y N OH
Boc OMOM 2 g Nah Boc OMOM CH,Cl,, -78°C 10 0°C  Boc GMOM
EtO,C_ “(OEty, ’ 1.5h
21 THF, 1 t., 15h, 68% (2steps) 22 69% 23
Me Me OH
TBSCI, imidazole W 0s0, (1 mol%), NMO
> HN TB
CH,Cl,-DMF, I t., 15h 8 H oTBS Acetone-H,0, r.t., 16h HN™ OTBS
oc OMOM Boc H
quant. 83% OMOM
24 25
Me OMOM Me OMOM
MsClI, Et;N
MOMCI, DIPEA HN oTes__ TBAF HNJ\_)\‘/\OH , Et3
CH,Cl,, reflux, 15h Boc MOM THF, r.t. 1h Boc ¢ Amom  CHoClp 0°Ctor.t. 16h
95% OMOM quant. OMOM quant.
26 27
OMOM OMOM
Me OMOM MOMO z \\OMOM NaH, Nal MOMO . \\OMOM
A o=, )
Boc I  OMOM MsO™ HN~"Me 90% N7 Me
MOM Boc Boc
28 29
OMOM OMOM
MOMO, A OMOM 10% HCl MOMO, A OMOM
N~ "Me N”""Me
Boc 92% Boc
29 1—deo><yn0jirimicin (DFJ)

Scheme 8. Construction of Piperidine Ring
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B @EPREE 7Y A3 0ARR

Y v 29 1ox LEMER LA AV a ZIC A XA E AL, LA AR
FHETIZBWT, TIWA I =0 LA F 24 S, Allyltrimethylsilane %
JGEEDHZET, TUMEK 30 2EH—DOY T A7 LA~—& LTH7- (Scheme
9)0

OMOM
MOMO, ?MO\\'\QMOM 26, FLNBF, - MOMO ?Mcil\gMOM /\/TMS'BF;BZO‘ MOMO, A ,OMOM
\(j' MeOH-MeCN -15¢c j\/j CH,Cl,, -78C o \O
N~"""Me 74% MeO” “N~"""Me 64% TSN e
Boc Boc Boc
29 30 31

Scheme 9. Preparation of Common Intermediate

ZOEE CIYMMEF A RETHZ LI TERN o220, RICEERT 555
RIZZEH L NOE X VWIRE LT, T720b, 7 UMK 31 Z#LLFITRT 1-C-
(p-methoxyphenyl)propyl (£ ~5%E L, /K&K F Ha & Hg 1T NOE 23 8Ll S
722 e, 1,5Cis R ThH D EPE LT (Figure 7),

NOE 5.8%
OH Ha e
MeO HO _A_ .OH HO
\©\/\ | \ Ho Me
wWISN“L“Me NH
aH Hg oH

Figure 7. Stereochemistry of 31

ZOKIEDSRRIMEIL, LFDO X HIZBLTE D, VA ABTEETITBND
THART DT INAI =LA F 0, A L B ONKEENARETH D
(Figure 8.), Boc 27 L # D7 I M&ED C-N fES 1L EEASHEEHO
TWA7D, [ZEVEEEE D, TDH, AFNVERT T MY TIVEE
Ligol= B Tk, AFNHL Boc HEMICHZA AL strain AL 5, 20
FEAE, ROBREIZI T 2SR ERE T A ICEE S LD,
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AVAYNT L beﬂ*@ﬁﬂﬁ&#éﬁm T, alflié BEDOTmINEZ BN
5o PHEIMNOHIE LA 1E, twist boat B DOBERARAE 288 CRUGAHEFTT 5,
— T a@NSOBE LI-GATL, L0 LZER chair BLOBEBIRELZ BT 5,
ZD=H, BPEHNLLRELELEZLGALV L, a@NLKE LA NAF
THnH M,

ZD LD IRSARE A HINFIC L o TREUGIEHE S 4v, 1AL & 54273 cis Fd
BEOT VIR 31 NBERIZHEONTLEEZZ DD,

[Nuq.. O
PO
> PO\A—N

OoP -
g;— - -
(Nu]

-1
- oP \\
[Stereoelectronically }

OP
favored axial ,, attack /NS

Me

l T Y

+
oP OMOoM
_ | wmomo_ i_ .omom
I =10
% }—o~\— 2~ SN e
e Boc

Figure 8. Stereoselective allylation
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B RV PRI PUVBERDER. BXUOT7avy

— B E SR

FHT, BV VUVROEFRF L, £33 o MO ELLICEIEEZHET S
TEMT AV —PHEFEMEICEETHINERIET D20, £1 2 20k
KEE L., 7av X —PHERNTMm AT -7,

7 U LR 31 (2% L5 4% Grubbs filifit 2 i\ 7= olefin cross metathesis *% %
1TV 32 B L. PAIC & MW fitk F (b, BetESF~T MOM A Boc
FEaFRFCBRE L, 7= L7 VK 34a #G8LT-, F72, DRI L
N-7 /L% U b Z21Tv, N-7 ==L 71 ¥ Lk 35 %4537~ (Scheme 10),

OoMOoMm OMOM

= N H
MOMO\(j\\\OMOM ©/\ Grubbs Catalyst 2nd Generation (5 molv MOMO\(j\\\OMOM
» Ph . .,
NN e CH,Cl,, reflux, 15h MW NWTSNTMe
éOC 929% éOC
31 32
OMOM OH
MOMO_ i_ OMOM Ho_ A_ OH
sz 10% Pd/C \(j.\\ 10% HCI \(j,\\
—_——
ACOEL, 1.t 18h PN~ NyAupe  THF reflux, 2days Ph ~ N\~ ope
quant. Boc 28% H
33 34a
OMOM OH Ph Br OH
MOMO_ :_ OMOM 109 Ho_ :_ OH NN Ho_ :_ OH
\(j\\\ 0% HCI K K,CO, K
_—
§ THF, reflux, 2days \(j reflux, 2days \(j
N e , | 2day N e CH,Cl,, reflux, 2day Ne
Boc H 3 . 42% (2steps)
DFJ (1-deo><yfucon0j|r|mycm)
Ph
29 35

Scheme 10. Synthesis of 34a and 35

34a, 35 O o-L-7 a2 X —BITxtT B EEMERME 21T - 725 3. 34a 13 1Cs
& 180nM. 35 % ICsofE 180nM T&H -7 (Figure9), Z DfEERERNH ERY U0
RO a (T NVFNEERCBUVRBEAT LI LN o-L-7 a7 —BHEENE
WCEBETHD I ERREBI N,
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ICq, = 180 M ICs, = 2100 NM

Figure 9. 1Csy value of 34a and 35

WIZEHIIRIGOR BV BO BB ZRIET 5720, TAFNVIEOHREAN
L7ciFEkR e A L,

7 ULk 31 12kt L Lemieux-Johnson f&fk B81Z47 V7 L5 v RiA~E X
Wittig SR ZE1T 9 2 & TH LV 7 ¢ 1K 32b, 32¢, 32e 24572, 728, 32d OAT
U LR 31 /5 olefin cross metathesis (2 &> THE L7z, A L7 ¢ UK 32b-e 1T
%f L PdIC & 7= Btk E L%, BeESF T C MOM 2, Boc & % [RIREIZ BifR
#EL., TILXILK 34b-e 2457= (Scheme 11),

OMOM 050, (1 Mol oMOM OMOM
MOMO, A OMOM Nalo, MOMO, A (OMOM  wittig Reagent MOMO, _A__ OMOM
\(j 2,6-lutidine oHe \(j n-BuLi . *(j
- ., " . . B T r—— 8 ",
ZWSNTMe  ioxaneH,0, 1t 3h NWSNTMe THF, .t W N\WTSNT I Me
Boc Boc Boc
31 32b-e
OMOM OH
Hy, 10% Pd/C MOMO\(j\\\OMOM 10% HCI HO\(j\\\OH
—_— —_—
ACOEt, 1't,15h R A~ Ny e  THF reflux, 2days R~ (N~ e
Boc H
33b-e 34b-e

Scheme 11. Synthesis of 34b-e

Table 2. Synthesis of iminosugar derivatives

method R 32 33 34
b Wittig methyl 80% (2 steps) 99% 81%
c Wittig n-propyl quant. (2 steps) 91% 78%
d CM n-pentyl 92% 98% 96%
e Wittig n-hexyl 65% (2 steps) 98% 68%

34b-e D oa-L-7 a2 X —BIZxtT HHEIEERAL 21T > 7o/ F. 7L L EHO
FERAZAEW, BEMEM O R EITERO b=, BEfFOm 177 a v X —BiHE
KITH 5 DRI & k0] 2 FHEIEMITR O HivZehr- 7= (Figure 10),
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1200 1100

1000
830
800

600

|C50 (n M)

400

190
200 89 97

DFJ 34b 34c 34d 34e

OH OH OH OH OH
S (OH

HO A OH Ho_ i (OH HO A \OH HO A HO A OH
\(Hj"'Me \/\\INj"’Me\/\/\\IHj"’Me \/\/\/\\Iuj"'rwe /\/\/\/\\Iuj"'wle
Figure 10. ICs value of 34b-e
WICEFIRIOXEBVREZEE L, TAFVEHOE I DR 5FHEERO
Bk E R AT,
FIRED FNETT UMK 31 5. 7 ==V F UK 34f, 7 = =)L F Lk

34g Z157= (Table 3),

Table 3. Synthesis of iminosugar derivatives

R 32 33 34
f benzyl 79% (2 steps) 95% 62%
g phenylethyl 65 %(2 steps) 96% 65%

34f-g D o-L-7 3 T F =BTk D HEEML 21T o 7o R Rimlo N8
VEPAET D5, TAFAHOR S OIS | IHEEEOZEITHRD
o 7= (Figure 11),
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200 180 190 180
180

160
140
120
100 89
80
60
40
20

IC50 (NM)

DFJ 34a 34f 34qg

OH OH OH
HO 2 \\OH HO 2 ‘\\OH HO ‘\\OH
@\/\\(Hjme ©/\/\\(Hjm @\/\/\\(Hjm
34a 34f 34g
Figure 11. 1Cs value of 34a, 34f, and 34g
FITEZHL. 7= L7 KICEEL., KO PUi FIcSFES
FARERIL A E A LB EIRO AR A R T,
FIEEDOFIETT UK 31 b, R PrB S ENEERILZEAL
T-HER A AR LTz (Table 4),

Table 4. Synthesis of iminosugar derivatives

R 32 33 34
h 1-naphthyl 87% (2 steps)  quant. 73%
i p-isopropylphenyl 79% (2 steps) 99% 65%
j p-methoxyphenyl 99% (2 steps) quant.  42%
k p-trifluoromethylphenyl 85% (2 steps)  quant. 73%
I p-fluorophenyl 96% (2 steps)  quant. 66%
m p-chlorophenyl 80% (2 steps) 92% 67%

34h-m O o-L-7 3 > F =BTk D BAFEMEL 21T > 72/ R, T 7 F R
1% ICso f 20nM, p- F U 7L a0 A F/UARIT ICs [ 43nM, p-7 & 2 {K1T ICs B
44nM LR )78 7 2 o A —BIHETEMEN GO Hiv7e (Figure 12),

23



100

80

|C50 (I'IM}

. T O

H
34h

OH

H
34k

Figure 12. ICs value of 34h-m

O,

H
34i

OH

N
H
341

OH MeO

OH OH
\v‘ N~""“’Me WSNT 7 Me

Cl

89
82
70 72
43 44
20
DFJ 34h 340 34j 34k 341 34m
OH

HO\("j L(OH
\©\/\\\\‘ N '//Me

H
34§
OH

HO\(‘j ~OH
\©\/\\\“ N”""“"Me

H
34m

FZTEHIL. BROMEENS p-Z7uaKITER L, NP U EoE#E
JRF-DOE, FTIINEDE DFHBRO G A R IR T,
FREOFINETT VLA 31 D, NP Ui EOEFBRFOK, £2I3iE
DE2 HFHER %GR LTz (Table 5),

Table 5. Synthesis of iminosugar derivatives

O T O OS5

R
o-chlorophenyl
m-chlorophenyl

2, 4-dichlorophenyl
2, 4, 6-trichlorophenyl

32
91% (2 steps)
85% (2 steps)
93% (2 steps)
72% (2 steps)

33 34
97% 82%
quant. 70%
95% 72%
98% 63%

34N-q D a-L-7 712 H —PICH T B BT 21T > 72, 2, 4- 7 mm
RIZ ICso fE 13nM, 2, 4,6- U 7 mufkid, KIZICsofE 5nM, KifE 1.1nM &
FEFITH S 22T 2L X —PIHEEIESRD Sz (Figure 13),
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100
90
80
70 63
60
50 43
40
30
20 13
10

89

ICs0 (M)

DFJ 34n 340 34p '

OH OH
HO@\\OH Ho\f'j\\OH cl OH Cl cl Ho\(j
WIONNS 7 Me C|/©\/\\\~’ N7 ""Me \(j
| H H
34n 340

Figure 13. ICs value of 34n-q

I TEHIL. bo L bILEFRMEOMMN -T2, 4, 6- 1V 7 1 o (ROEEFEERIE
FRAE LT, ZOfE, BT F A —ER By A —P Ikt LI
BV HLEEMEZRTH OO, LRIV a-L 73 F—B Tkt LEEE RN ILE
EMEZ RS Z &I L7z (Table 6),

Table 6. Inhibition activities of 34q against various enzymes

enzyme ICs50 (WM)
a-Glucosidase (Yeast) NI
B-Glucosidase (Bovine liver) 412
a-Galactosidase (Coffee beans) NI
B-Galactosidase (Bovine liver) 70
a-Mannosidase (Jack beans) NI
B-Mannosidase (Snail) NI
a-L-Fucosidase (Bovine kidney) 0.005
Trehalase (Porcine kidney) NI
Amyloglucosidase (Aspergillus niger) NI
a-L-Rhamnosidase (Penicillium decumbens) NI

“NI : No inhibition (less than 50% inhibition at 1000 pM).
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BoZE olL-7avF—PHEEREEETAIFRT I RS I 8

DEFK

B EPREE AR UER 49 OERR

L BEOMEREITESR 24250 & L7 9eBl 3B 70 2 L i3 el <7z
DTHDLN, BhnIEROR, THE, T MEEEETDHA I BER o-L
7 a v =PIkt LD o RIS EE 2R3 2 L E ST
% (Figure 14) B B2

B EIZBWT, EHIX ICME 5 1M OIEF I 7 a-L-7 2 v X —PILE
ORI 25 LTz, Loy UEESRIRIVAEICEI L Cid, MV Z T H 00,
B-HTT7 7 " H—ER, - av X —EITx LT, BWEEEEEZ T Z &0
M LT, EEGOARAHE LIEBE., Z0bTnk BT 7 hix—F
R, B-Z v a v —BITxtT AEEMED, T LEIER ORIERKE & 72 5 \)
REMENREIN S,

ZOEIERERNLEFEFIL, BARHEEEERFFL, LV EREREOS
W7 a v X —BHEAORREZBEE L, FH S TORMRKEIEN LIz, £z
BN REINDT I FERRE B 72D, T7o0bb 7T I FERRZ AN T8H#LT X
RELA S DA, BEIW o-L-7 a2 Z—B |64 5 FETE M AL 2 5 L
2o £72. WMEINTWD a-L-7 a v ¥ —BIHEANL. W Bovine kidney
HRD o-L-7 a3 F—EB 2 AW TRl STV S Z &2 6| AEIFE#E 1T, Bovine
kidney H13k D 1ZA2Z, Human lysosome Hi3k DEESETR B4 vy BHE TR PEETAT 4
RE L7z,

K;=0.5nM K,=1uM

Angew. Chem. Int. Ed. 2003, 42, 4661-4664 Bioorg. Med. Chem. 2010, 18, 4648-4660

Figure 14. Fucosidase inhibitor
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B TCORMBREZIEN L, BGHEZ LT O X 5 i & g ic X v sz
Z L7 (Scheme 12), kBt ONSRELZ M E L, NLRF#EHEE L TBoc
FETIT 2 < UK EL THAERTRETH D Chz FEHWHZ L L L, 7 R
MlZ, INVRUBBRET IV OME THETE LB T, IIVRCBIE TV
JUARDY B Lemieux-Johnson E&{LC7 /L7 & R~ X | Pinnick FR{L TH 5 Z &2
TEDHEEZT, TUVIKIE, L7 7= 0 RERICEKRTREEE X2, LD
WA RMEATO B E BT X R 2 2 BEO AR ZBIMG L7- (Scheme 12),

OH OMOM OMOM
HO,_ A .OH Condensation MOMO, A _ \OMOM Oxidation MOMO, A \,OMOM Allylation
o . 0 . .
() = 21— _J =
SNTONWTSN Ve HO” \w">N7"""Me NN Me
H H Lz Loz
OMOM OMOM
= . = Me MOM
MOMO. - .OMom Electrochemical — pomo, 2 ,OMoOM  Intramolecular OMO Stereoselective
j\/j\\‘ Oxidation » Cyclization HN oms Dihydroxylation
p—— — E p—
MeO” ~N~"Me N7"'Me Ebz s OMOM
ébZ ébZ OMOM
Me Me Me
t
HNJ\/\/COZE — HN/'\;/\ _ HZN/'\COZH
tbz SMoM &bz OH L-Alanine

Scheme 12. Retrosynthetic analysis

L-7 5 = & H3EE & LT A F L 257 4L N-Cbz t. 21T\ Cbz & 36 %
7=, Gryko 5D JFEICHEV BY . one-pot T DIBAL J& 7T, Grignard S 2170,
HET 57 U7 va— 37T Vi RERMICER LT, B Refx ks
MOM 17 L. %5 1ttt Grubbs fifiii 4 F 7= olefin cross metathesis BY4-47v >, 1
RFEWIR LTz a, p AEAFIT AT )L 38 ~E\ 2, = AT LA DIBAL iE T L.
TBS R L=  RFRBICHBE LA L 7 ¢ LBV TES O FIEICHE BT
Vb RaFx bz TV, VA —L 42 AHE-0ERMmE L THEZ, oz
VA=) 42 Ok FeFx vz MOM ki L, TBAF IZ XV TBS KD MNi{riE 4
fTDIRRT va—)L 44 ~LEX AT UK 45 28 LERILEG 2B 2720,
BTy 46 OARRREZER L, B P2 46 1Tk LEMERL A AV o fif
IZA FFRVEEZEBAEL, VA ABFETIZBWT, TV I =T LA T 0 %
ARE &4, Allyltrimethylsilane Z &S5 2 & T, T UME 48 ZH—D DT
AT LA ~—& LT (Scheme 13),
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1) SOCI,, MeOH DIBAL, CH,CI, MoMmCl
Me reflux, 3h /’\"'\e -78°C, 3h Me DIPEA
OH
COH 2 cbzcl, NaHCO, HN™ “COMe A mgel, cHyel, HN CH,CI,
ACOELH,O, rt. 150 Cbz 0°C, 14h Soz reflux, 15h
929 (25teps) % 45% (2steps) 3 86%
Hoveyda-Grubbs 2" generation, Me Me
Me DIBAL
owom Ethyl acrylate » OMOM i~ OMOM
Hgi\ﬂ CH,Cl,, reflux, 15h Loz CH,Cl,, -78°C, 2h oz \
~ 98% %
0,Et OH
38 40
Me
TBSCI, DMAP, Et;N OMOM 2% 0504 NMO - OMOM  MOMCI, DIPEA
R
CHZCIZ rt., 15h Acetone-H,0, I.t. 15h ébHZo\\~ WOH  CH,Cl,, reflux, 15h
0, 19 969
9% oTBS oL ,OTBS %
Me
OMOM TBAF OMOM MsCI, Et;N
HN
_ >
ébz LOMOM THF rt 1h &bz L LOMOM CH,Cl,, 0°C tort. 15h
MOMO® MOMO™ Y
95% 94%
0TBS OH
44
OMOM OMOM
NaH, Nal MOMO\(Tj OMOM -2 Et,NBF, MOMO, X _ . OMOM /\/ MS BF,Et,0
", e
THF, 0°c tor.t. 14h N~Me  MEOH-MECN, -15C oo AN\~ e CH,Cl,, -78C
89% Ebz 62% &bz 69%
46 47
OMOM
MOMO\(:j OMOM
NSNS Me
&bz
48

Scheme 13. Synthesis of 48

ZOREETT VIR 48 OSNABREFEERET HZ LILTERD o720, ]

FLIR T DB ERICAH L NOEIZ X WIRE LT, T72b5, 7T UK 48 %LU
T2 T buthyl A~FFE L, KFEJFRT Ha & Hg [T NOE Ml SN2 &
N6, 1,5-Ccis AT D LIRE L= (Figure 15), Z D7 U AL O STARER M1,
ST VK 30 ERERICEZ BN,
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Figure 15. Stereochemistry of 48

7 U LK 48

(=%t L Lemieux-Johnson {2470,

HO

(\‘ NOE 4.9%

~NH
H

HO

TIT B R~ X

Pinnick (b %175 = & THRMRIATH D WL R B 49 %157~ (Scheme 14),

OMOM 1) 2% 0s0,, Nal0,, 2 6-lutidine
OMOM dioxane—HZO, r.t., 15h

MOMO,

ANSNT Ve

2) NaH,PO4.2H,0
2-methyl-2-butene, Naclo,
Loz t-BUOH-H,0, 0°C to r.t., 2h

48 73% (2steps)

Scheme 14. Synthesis of 49
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BE TIFEAIEFEEKOAR. BIXORT7avF—PHE

T MR

FHIL, TV HEEALEZGA LT I NEAEEALLELEO 7 a vy
—PRHEIEEOENERIET 5720, £7 3 2OFERE G LT,

TNVKRUFE 49 LT X U RS S, MOM %, Chz OB Z AR TV T
I RALA X BEF 52a-c & 75%7= (Scheme 15),

OMOM OMOM oH
MOMO\(j OMOM 2\ EpC MOMOU .OMOM ' amenel \(j 10% PAOHIC_ oHo A _WOH
R R
Ho TCH,Cl,, 1L, 150 NN THF, 40°C, "THF, 40°C, 48h ,},)‘\ TMeOH, 1.t 24h R _ N e
(':bz B ébz # (':bZ N i

49 50a-c 5la-c 52a-c

Scheme 15. Synthesis of 52a-c

Table 7. Synthesis of Amide type iminosugar derivatives

R 50 51 52
a phenyl 74% quant. 90%
b benzyl 76% 78% 87%
butyl 70% 85% 71%

7 = =)UK 52a, X UK 520, 7 F LR 52¢ @D a-L-7 =2 Z—F (Bovine
kidney Fi3K) (Zxtd 2 LETEMERHG 21T - 72 i R 2 LU Fi2ord (Figure 16), 52a
& 34a, 52¢ & 34c DR TREND L D12, 7 X RiEA OB X 5 BHEFEME
O ERFREOMETR & L TH LN, Rl PNV EELBEATSH Z & THE
DR T AL LI, AT 52a & 52b L DL, LIV KiglcX B
RAEATHZENHEEESEDORN EICEETHL Z ENREBINT, ﬁ%#ﬂp?ﬁ'f
B L Tk, RUBUEROEAIC LV BHEIEMEILN BT 5 — 0 TRER R
TNFNIEEEA LGS LD L DERNHA LI (Table 8)
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H)'\\\“ N “Me [)/ N N “"Me “"Me /\/\N)\\ ME N NN SN Me

H

Figure 16. Concentration of 52a-c giving 50% inhibition of a-L-fucosidase (Bovine
Kidney)

Table 8. Concentration of 52a, ¢ and 34a, c giving 50% inhibition of various
glycosidase
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ICs0 (UM)
Enzyme 52a 34a 52c 34c

a-Glucosidase
Rat intestinal maltase

NP (0%)°  NI(1.9%) NI(21.0%) NI (8.3%)

B-Glucosidase 754 NI(41.3%) NI(28.6%) NI(37.8%)

Bovine liver

a-Galactosidase NI(6.79%) NI(3.7%) NI(6.6%) NI(9.8%)

Coffee beans ’ ) | !

B-Galactosidase 299 883 NI (45.1%) NI (49.7%)

Bovine liver

a-Mannosidase o . o 0
ook beans NI(9.2%) NI(9.6%)  NI(0%)  NI(11.3%)

B-Mannosidase NI(0%)  NI(O%)  NI©O%)  NI(0%)

snail

a-L-Fucosidase 0.047 0.19 0.16 14
Bovine kidney

B-Glucuronidase

E col NI(20.9%) NI(26.8%) NI(19.4%) NI (19.8%)

a NI ': No inhibition (less than 50% inhibition at 2000 mM).
b () : inhibition % at 1000 mM

WIZEFIL 52a ORIGN B UVROEEIC S £ S E BB AZEA LS
BOAE R ERAT,

[FREDFNETH LR W 49 /5 52d-Ff Z#4RL (Table 9), o-L-7 a3 % —
£ (Bovine kidney Hi3k) (2% 2 BHETEMER AT 217 > 72 (Figure 17),

Table 9. Synthesis of Amide type iminosugar derivatives

R 50 51 52
d p-methoxyphenyl 52% 76% 93%
p-tolyl 77% 75% 78%
f p-fluorophenyl 68% 75% 94%

p-A ¥ K 52d, p- kU LK 52, p-7 LA a Rk 52f @D o-L-7avH—F
(Bovine kidney H12k) (Zxf9 2 BHEIEERM 24T - 7o /5 L. 52e, 52f (%, 52a &
bER1.6-1.8 fi5, BHEVEMOM EAFR® b7z (Figure 17),
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30 - 47
45 - 43

30
26

52a 52d 52e 52f

OH OH OH OH

HO__A_ (OH Meo HO_A_OH Me HO_A_OH F HO_AN O

N A N~ e N W SN e N A N~ IMe N A N7 “Me
H H H H H H H H

Figure 17. Concentration of 52d-f giving 50% inhibition of a-L-fucosidase (Bovine
Kidney)

FITEFRITIREN B VB EOATF VL, 7o BFRFOK, 7005, ME
D BT DHBIRDO AR A R AT,

FEED FINETH VAR B 49 775 52g-n 4L (Table 10), o-L-7 24
—+E (Bovine kidney H1>k) (Zxtd % BLETEMRHEI 21T > 7= (Figure 18),

Table 10. Synthesis of Amide type iminosugar derivatives

R 50 51 52
g o-tolyl 54% 77% 64%
h m-tolyl 74% 75% 87%
i 2, 4-dimethylphenyl 58% 72% 90%
j 2, 4, 6-trimethylphenyl 2% 68% 70%
k o-fluorophenyl 63% 82% 55%
I m-fluorophenyl 65% 78% 85%
m 2, 4-fluorophenyl 51% 72% 77%
n 2, 4, 6-fluorophenyl 31% 82% 85%
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Figure 18. Concentration of 52g-n giving 50% inhibition of a-L-fucosidase (Bovine
kidney)

Table 11. Concentration of iminosugar derivatives giving 50% inhibition of various
glycosidase
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ICs0 (M)
Enzyme 529 52i 52j 52k 52m 52n

a-Glucosidase o oD o o NI (21.7% o o
Rat intestinal maltase NI* (0.3%) NI (0%) NI (9.0%) (21.7%) NI (0%) NI (0%)

B-Glucosidase . o NI o o o
Bovine liver 71 NI(19.8%) NI (0%) (34.3%) NI(48.7%) NI (7.4%)

a-Galactosidase NI (0.3%)

0, 0, 0, 0, 0,
Coffee beans NI(0.8%)  NI(0%) NI (0%) NI(0%)  NI(0%)

B-Galactosidase 8.2 798 NI(20.1%) NI(495%) 346 NI (42.6%)
Bovine liver

a-Mannosidase NI(6.9%)  NI(0%)  NI(11.3%) NI(0%)  NI(11.0%) NI (0%)

Jack beans
B’Ma””OS"’;S; NI(11.4%) NI (12.5%) 588 NI(4.8%) NI(24.3%)  NI(0%)
a-L-Fucosidase 0.047 0.021 0.22 0.012 0.042 0.23

Bovine kidney

B-Glucuronidase

E ool 796 NI (44.4%) NI(21.5%) NI (39.6%) NI(30.9%) NI (0%)

NI : No inhibition (less than 50% inhibition at 1000 mM).
® () : inhibition % at 1000 uM

52g-n D a-L-7 =% —F (bovine kidney Hi3&) (Z5%14 2 BLETEMEREAL 217 -
ToAER, o-7 A R 52k 1T ICs fE 12 nM, KifE 2.1 nM & 58 /) 72 BTG %
7~ L7z (Figure 18), %70, BEFREINMEZ FGE L2 /55, o-7 VA 1k 52k 13 a-L-
7 a A —BIxt LIETFITE ORI 2R L7c (Table 11),

B, 72 R 2 ) BEAE(A 52a-n @ Rat epididymis. Human lysosome
HRD a-L-7 2 > X —BIx 4 2 HEEERAN 21T > 7285 5. Bovine kidney Hi
KD o-L-7 a v F—8 L REEOMER Z 7~ L, RiE Y o-7 /v A4 ek 52k X Human
lysosome Hi 3K D a-L-7 =2 & Z—BIZ%F L ICso i 7.9 nM & 38 ) 2B EEME 278 L
(Table 12), 7 =¥ R—3 RIRHH B L OEHICIIHTE 2 e Ll-7 a v 4 —F
FHEAI ORI A 2Rk LT,

Table 12. Concentration of 52g-n giving 50% inhibition of a-L-fucosidase (Bovine
kidney, Rat epididymis and Human lysosome)
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1Csy (M)

Bovine kidney

Rat epididymis Human lysosome

DFJ

34a

34c

52a (R = phenyl)

52b (R = benzyl)

52¢c (R =butyl)

52d (R = p-methoxyphenyl)
52e (R = p-tolyl)

52f (R = p-fluorophenyl)

52g (R = o-tolyl)

52h (R = m-tolyl)

52i (R = 2 4-dimethylphenyl)
52) (R = 2,4,6-trimethylphenyl)
52k (R = o-flucrophenyl)

521 (R = m-fluorophenyl)
52m (R = 2,4-diflucrophenyl)
52n (R = 2,4, 6-trifluorophenyl)

0n
0.19
1.4
0.047
0.7
0.18
0.043
0.026
0.030
0.047
0.040
0.021
0.22
0.012
0.028
0.042
0.23

0.24 0.14
0.43 0.086
4.1 0.89
0.34 0.030
1.3 0.19
0.78 0.13
0.17 0.026
0.081 0.015
0.10 0.014
0.39 0.058
0.17 0.030
0.19 0.019
1.5 0.20
0.044 0.0079
0.28 0.031
0.35 0.035
33 0.18
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ASEEEF L, Bxe A I 2 BEOHRNG WBEEMNOOHEONTOA I ) FE
T % Batzellaside ¥, £7- L-7 a— A &ML LI-EEEZ AT 54 3 BEICE
HL., ZNHDOERB L, a2 r U av X —BIloxtd 2 HEEEFAG 21T
7,

Batzellaside 38D 45 5 CTix, M@ Tri-O-benzyl-D-glucal 1 75 1 TFETHE S
D SCRREBERI O Z 7 hvinh, 13 TRE, MUK 12.6%, 13.2%, 13.8% T
Batzellaside A, B, B3 X" C oA AN Lo, F7-HIE 13.0%, 12.1%,
9.7% T 8-epi-(-)-BatzellasideA, B, B L " C OAKAEEK L7-, Batzellaside #H
BILOzb~—0&ETS ) a v X —BHEEEZFHM L2 & 2 A Batzellaside A,
C8-epi- Batzellaside C /%, B-galactosidase (Zxf L T ICso ffi 6.7uM, 7.5uM O Hf2
JEDOBLEMER 277 L=, %7 C8-epi- Batzellaside A 1%, B-glucronidase {Z5} L ICso
i 85uM DFFWHEFEEMEZ R~ Z &2 R L7,

7 avZ—EHEROAIRIZIBWTIL, 2,4,6- U 7 v {kiE, B-galactosidase
kL, BV EEMEZ R T 0D, a-L-7 a2 2 —B 1% LE O SRR &
AL, ICsfE 5 nM OIEFIZHR A RAEFEER L AT L LA LT, 61T,
7 2 RBLA 2 7 FEDO AR TIZ, Human lysosome FH3ED a-L-7 22 & &2 —FIZxt L
ICso fI 7.9 nM D57 PHEIEM 2 RFF L. H o XV sV R ERM A2 A LT o-
TN v RORIR A E#RL LT,
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General

Flash chromatography was performed with Kanto Kagaku silica gel 60N (63-210 mm).
NMR spectra were recorded on a Varian Gemini300 or JEOL ECX400 spectrometer in
the solvent indicated. Chemical shifts (8) are given in ppm downfield from TMS and
referenced with CHCI; (7.26 ppm) as an internal standard. Peak multiplicities are
designated by the following abbreviations: s, singlet; d, doublet; t, triplet; g, quartet; m,
multiplet; br, broad and coupling constants are given in (J) Hz. High resolution mass
spectral data was obtained on a JEOL JMS-GC MATEII or JEOL JMS-AX505HAD.
All commercial reagents were used as received unless otherwise noted.

(4R, 55, 6R)-4, 5-Bis-benzyloxy-6-benzyloxymethyltetrahydro-pyran-2-one (2)

PCC (43.6 g, 0.20 mol) and silica gel (60 g) were added to a solution of 1 (42.1 g, 0.10
mol) in CH,CI, (100 mL). The resulting suspension was refluxed for 12 h. After cooling,
the reaction mixture was filtered through Celite pad. The Celite pad was washed several
times with AcOEt, and the filtrates were combined and concentrated resulting in a black
oil, which was chromatographed on silica gel (160 g, n-hexane/acetone 10:1) to give 2
(23.9 g, 55.5 mmol, 55%) as a pale yellow solid. The spectral data were identical with
those of reported values.’

(3R, 4R, 5R)-3, 4, 6-Tris-benzyloxy-5-hydroxyhexanoic acid methyl ester (3)

The procedure in ref. 4 was modified as shown below.

Aqueous LIOH (1 N, 1.4 mL) was added to a solution of 2 (0.62 g, 1.44 mmol) in
MeOH (4.2 mL). The reaction mixture was refluxed for 2 h. After cooling, the reaction
mixture was acidified with 10 % HCI to pH 4 and then the aqueous mixture was
extracted with AcOEt (10 mL x 3). The organic layers were combined, washed with
brine, and dried over anhydrous MgSQO,. After removal of the solvent, the residue was
dissolved in Et,O (5 mL) and treated with ethereal CH,N,, prepared from
N-Nitroso-N-methylurea (371 mg, 3.6 mmol) and a solution of KOH (0.57 g, 10.2
mmol) in a mixture of H,O (2 mL) and Et,O (3 mL), at 0 °C for 30 min. The reaction
mixture was concentrated resulting in a pale yellow oil, which was chromatographed on
silica gel (30 g, AcOEt/n-hexane 1:4) to give 3 (0.63 g, 1.35 mmol, 94%) as a pale
yellow oil. The spectral data were identical with those of reported values.®

(3R, 4R, 5S)-5-Azido-3, 4, 6-tris-benzyloxyhexanoic acid methyl ester (4)
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The procedure in ref. 4 was modified as shown below.

PhsP (6.51 g, 24.8 mmol) was added to a solution of 3 (8.87 g, 19.1 mmol) in THF (25
mL). A solution of HN3 (0.8 N, 38.2 mmol) in benzene (48 mL), prepared from NaNj3
(3.26 g, 50.2 mmol) and conc. H,SO4 (1.26 mL, 23.7 mmol) in a mixture of H,O (36
mL) and Benzene (60 mL) at 0 °C, was added to the stirred mixture. Dietyl
azodicarboxylate (c.a. 2.2 mol/L, 11.2 mL, 24.9 mmol) at 0 °C was added slowly to the
stirred mixture. The reaction mixture was stirred for 12 h at room temperature. The
solvent was removed to give a pale yellow oil, which was chromatographed on silica gel
(80 g, ACOEt/n-hexane 1:10) to give 4 (7.67 g, 15.7 mmol, 82%) as a colorless oil. The
spectral data were identical with those for the reported values.*

(4R, 5R, 6S)-4, 5-Bis-benzyloxy-6-benzyloxymethylpiperidin-2-one (5)

10% Pd/C (491 mg) was added to a solution of 4 (6.15 g, 12.6 mmol) in AcOEt (13 mL),
and the resulting suspension was hydrogenated at 1 atm under hydrogen atmosphere for
48 h. The catalyst was filtered off with Celite pad and the filtrate was evaporated to give
5 (5.34 g, 12.4 mmol, 98%) as a colorless oil. This compound was used directly in the
next step without further purification. The spectral data were identical with those for the
reported values.*

(4R, 5R, 6S)-3, 4-Bis-benzyloxy-2-benzyloxymethyl-6-oxopiperidine-
1-carboxylic acid benzyl ester (6)

A solution of lithium bis(trimethylsilyl)amide (10.4 mL, 16.6 mmol, 1.6 mol/L, in THF)
at -78 °C was added to a stirred solution of 5 (5.55 g, 12.9 mmol) in THF (26 mL). The
resulting mixture was stirred at -78 °C for 0.5 h. Benzyl chloroformate (2.75 mL, 19.3
mmol) was added dropwise to the mixture, and the reaction mixture was stirred at
-78 °C for 1 h. The reaction was quenched with sat. NaHCOj3 (aq) and then the aqueous
mixture was extracted with CH,Cl, (30 mL x 3). The organic layers were combined,
washed with brine, dried over anhydrous MgSQ,, and evaporated to give a pale yellow
oil, which was chromatographed on silica gel (80 g, AcOEt/n-hexane 1:10) to give 6
(6.1 g, 10.8 mmol, 83%) as a colorless oil.

'H-NMR (300 MHz) (CDCls) & 7.43-7.17 (20H, m), 4.76-4.58 (6H, m), 4.74-4.39 (3H,
m), 4.25 (1H, ddd, J = 9.0, 7.6, 7.6 Hz), 3.92 (1H, dd, J = 9.9, 1.2 Hz), 3.85 (1H, dd, J =
9.0, 5.4 Hz), 3.64 (1H, dd, J = 9.9, 3.6 Hz), 3.01 (1H, dd, J = 17.1, 7.6 Hz), 2.52 (1H, dd,
J = 17.1, 7.6 Hz); ®*C-NMR (75 MHz) (CDCls) & 169.1, 153.5, 138.0, 137.5, 137.3,
135.0, 128.3, 128.2, 128.1, 128.0, 127.9, 127.7, 127.6, 127.4, 127.3, 127.1, 78.4, 74.4,
73.2,72.9, 72.2, 68.5, 65.9, 54.8, 40.5; IR (neat): 1774, 1721 cm™; MS (ESI): m/z 565
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(M*); HRMS (ESI) Calcd for CasHasNOg 565.2464; Found 565.2454; [a]p>* +11.84 (c
0.98, CHCl5).

(2S, 3R, 4R, 6R)-6-Allyl-3, 4-bis-benzyloxy-2-benzyloxymethylpiperidine-
1-carboxylic acid benzyl ester (7)

A solution of DIBAL (1 M, 11.2 mL, 1.16 mmol, in n-hexane) at -78 °C was added to a
solution of 6 (5.07 g, 8.98 mmol) in CH.Cl, (20 mL), and the reaction mixture was
stirred at the same temperature for 0.5 h. The reaction was quenched with MeOH (6
mL) and 30% Rochella salt (ag) and then the agueous mixture was extracted with
CH,Cl, (30 mL x 3). The organic layers were combined, washed with brine, dried over
anhydrous MgSO, and evaporated to give a pale yellow oil, which was
chromatographed on silica gel (80 g, AcOEt/n-hexane 1:15) to give 7 (2.66 g, 4.49
mmol, 50%) as a pale yellow oil.

'H-NMR (300 MHz) (CDCls) & 7.34-7.22 (20H, m), 5.70 (1H, br), 5.20-5.09 (2H, m),
5.02-4.86 (2H, m), 4.78-4.44 (7H, m), 4.32 (1H, dd, J = 6.4, 6.4 Hz), 3.95-3.87 (1H, m),
3.82 (1H, dd, J = 10.2, 5.7), 3.65 (1H, br), 3.66 (1H, dd, J = 10.2, 5.1 Hz), 2.46-2.41
(1H, m), 2.26-2.15 (1H, m), 2.04 (1H, ddd, J = 12.0, 6.6, 6.4), 1.57 (1H, ddd, J = 12.0,
6.6, 6.4 Hz); *C-NMR (75 MHz) (CDCls) & 155.8, 138.6, 138.2, 138.1, 136.5, 135.6,
128.3, 128.2, 128.1, 127.77, 127.67, 127.59, 127.53, 127.45, 127.41, 127.38, 127.25,
117.1, 100.5, 80.6, 73.0, 72.94, 72.86, 72.5, 69.5, 67.4, 53.2, 50.8, 39.1; IR (neat): 1679
cm™: MS (ESI): m/iz 591 (M"); HRMS (ESI) Calcd for CagHa1OsN 591.2985; Found
591.2980; [a]p> -8.24 (c 1.10, CHClIs).

(2S, 3R, 4R, 6R)-3, 4-Bis-benzyloxy-2-benzyloxymethyl-6-((2R)-2-
hydroxypent-4-enyl)piperidine-1-carboxylic acid benzyl ester (9)

A 3:1 1, 4-dioxane/H,O mixture (40 mL) in a solution of 7 (1.92 g, 3.24 mmol) was
added to 2, 6-lutidine (0.75 mL, 6.48 mmol) and OsO,4 (4.0 mL, 0.648 mmol, 4% in
H.0) at 0 °C. NalO4 (2.77 g, 13.0 mmol) was added to the resulting mixture. The
reaction mixture was stirred at room temperature for 2 h. After the reaction was
complete, 10% HCI (aq) (20 mL) was added, and then the aqueous mixture was
extracted with CH,Cl, (10 mL x 3). The organic layers were combined, washed with
brine, dried over anhydrous MgSO, and evaporated to give the aldehyde (8) as a
colorless oil, which was used directly in the next step.

(+)-(Ipc).B(allyl) (1.0 M, 2.7 mL, 2.67 mmol, in n-pentane) was added to a solution of
the above aldehyde (8) in Et,O (5 mL) at -78 °C. The reaction mixture was stirred at
-78 °C for 2 h. After the reaction was complete, MeOH (2.0 mL) and 2-aminoethanol
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(4.0 mL) were added. The resulting mixture was stirred at room temperature for 17 h.
The reaction solvent was removed to give a pale yellow oil, which was
chromatographed on silica gel (60 g, AcOEt/n-Hexane 1:15) to give 9 (1.44 g, 2.27
mmol, 70%) as a pale yellow oil.

'H-NMR (300 MHz) (CDCls) & 7.32-7.26 (20H, m), 5.74 (1H, br), 5.10-5.00 (5H, m),
4.76-4.57 (6H, m), 4.45 (1H, dd, J = 6.3, 6.3 Hz), 3.90-3.86 (2H, m), 3.64-3.58 (2H, m),
2.18-2.12 (3H, m), 1.94 (1H, ddd, J = 13.1, 6.5, 6.3 Hz), 1.67 (1H, ddd, J = 13.1, 6.5,
6.3 Hz), 1.66-1.65 (3H, m); *C-NMR (75 MHz) (CDCls) & 156.3, 138.5, 138.1, 137.9,
136.3, 134.6, 128.3, 128.24, 128.21, 128.0, 127.6, 127.53, 127.46, 117.5, 80.6, 77.4,
76.6, 73.2, 73.07, 72.97, 72.6, 69.0, 68.7, 67.6, 53.3, 48.7, 42.3, 33.9; IR (neat): 3447,
1692 cm™; MS (ESI): m/z 635 (M*); HRMS (ESI) Calcd for C4HsOsN 635.3247;
Found 635.3261; [a]p? -15.27 (¢ 1.60, CHCIs).

3-Allyl-6, 7-bis-benzyloxy-8-benzyloxymethylhexahydropyrido[1,2-c]-
[1,3]oxazin-1-one (10)

A 3:1 THF/DMF mixture (4 mL) in a solution of 9 (0.20 g, 0.314 mmol) was added to
NaH (17.6 mg, 0.441 mmol, 60% suspension in mineral oil). The stirred reaction
mixture was refluxed for 20 h. After cooling, H,O (10 mL) was added, and then the
aqueous mixture was extracted with AcOEt (10 mL x 3). The organic layers were
combined, washed with brine, dried over MgSO,, and evaporated to give a brown oil,
which was chromatographed on silica gel (5 g, n-hexane/AcOEt, 10:1) to give 10 (0.149
g, 0.283 mmol, 90%) as a pale brown oil.

'H-NMR (300 MHz) (CDCls) & 7.35-7.26 (15H, m), 5.79 (1H, ddt, J = 16.9, 10.3, 6.7
Hz), 5.14 (1H, d, J = 16.9 Hz), 5.13 (1H, d, J = 10.3 Hz), 4.73-4.44 (6H, m), 4.29-4.28
(1H, m), 4.23 (1H, dtd, J = 11.1, 6.7, 2.8), 3.97 (1H, dd, J = 10.3, 4.3 Hz), 3.96-3.93
(1H, m), 3.81 (1H, dd, J = 10.3, 2.6), 3.68 (1H, dddd, J = 11.1, 10.5, 2.8, 2.2 Hz), 2.49
(1H, dt, J = 14.2, 6.7 Hz), 2.32 (1H, dt, J = 14.2, 6.7 Hz), 2.18 (1H, dd, J = 14.0, 5.5
Hz), 1.93 (1H, dt, J = 13.5, 2.8 Hz), 1.76 (1H, dd, J = 14.0, 2.2 Hz), 1.42 (1H, dt, J =
13.5, 11.1 Hz); *C-NMR (75 MHz) (CDCl3) & 152.9, 138.3, 138.2, 137.9, 132.2, 128.3,
128.2, 127.6, 127.58, 127.53, 127.4, 127.3, 118.6, 78.1, 77.4, 75.8, 75.5, 73.3, 72.3,
71.5, 66.8, 54.0, 48.0, 39.5, 35.3, 34.3, 29.8; IR (neat): 1682 cm™; MS (ESI): m/z 527
(M*); HRMS (ESI) Calcd for CasHs;05N 527.2672; Found 527.2661; [a]p?® -20.45 (c
0.46, CHCIs).

6,7-Bis-benzyloxy-8-benzyloxymethyl-3-dec-2-enyl-hexahydro-pyrido[1,2-c][1,3]ox
azin-1-one (11)
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1-Nonene (0.099 mL, 0.569 mmol) was added to a solution of 10 (30 mg, 56.9 umol) in
CH,Cl, (2 mL) at room temperature. Hoveyda-Grubbs Catalyst, 2™ generation (3.7 mg,
5.69 umol) was added to the stirred mixture. The stirred reaction mixture was refluxed
for 24 h. After cooling, the reaction solvent was removed in vacuum to give a black oil,
which was chromatographed on silica gel (5 g, AcOEt/n-Hexane 1:10) to give 11 (30.2
mg, 48.3 umol, 85%) as a pale brown oil.

'H-NMR (300 MHz) (CDCls) & 7.26-7.17 (15H, m), 5.44 (1H, dt, J = 16.5, 5.3 Hz),
5.31 (1H, ddd, J = 16.5, 10.5, 5.1 Hz), 4.64-4.40 (6H, m), 4.21 (1H, br), 4.10 (1H, dtd, J
=11.1, 6.7, 2.8 Hz), 3.89 (1H, dd, J = 7.5, 3.0 Hz), 3.85-3.84 (1H, m), 3.73 (1H, dd, J =
7.5, 1.8 Hz), 3.62-3.56 (1H, m), 2.38-2.33 (1H, m), 2.20-2.12 (1H, m), 1.93-1.82 (2H,
m), 1.69 (1H, d, J = 10.8 Hz), 1.36-1.19 (14H, m), 0.82-0.79 (3H, m); *C-NMR (75
MHz) (CDCl3) 6 153.1, 152.9, 138.4, 138.3, 138.0, 135.0, 134.9, 133.8, 131.7, 128.3,
128.2, 127.7, 127.6, 127.57, 127.47, 127.3, 127.2, 78.1, 76.1, 75.8, 75.6, 73.3, 73.0,
72.2,71.4,38.4, 35.6, 35.3, 35.1, 34.3, 32.9, 32.6, 32.1, 31.8, 31.77, 31.67, 31.57, 31.4,
30.9, 29.6, 29.5, 29.3, 29.26, 29.1, 28.8, 27.4; IR (neat): 1691 cm™; MS (ESI): m/z 625
(M*); HRMS (ESI) Calcd for C4Hs:05N 625.3767; Found 625.3778; [a]p?® -22.96 (c
1.50, CHCl,).

6,7-Bis-benzyloxy-8-benzyloxymethyl-3-non-2-enyl-hexahydro-pyrido[1,2-c][1,3]ox
azin-1-one (12)

1-Octene (0.146 mL, 0.93 mmol) was added to a solution of 10 (49 mg, 93.0 umol) in
CH,Cl, (4 mL) at room temperature. Hoveyda-Grubbs Catalyst, 2™ generation (5.0 mg,
9.3 umol) was added to the stirred mixture. The stirred reaction mixture was refluxed
for 15 h. After cooling, the reaction solvent was removed in vacuum to give a black oil,
which was chromatographed on silica gel (10 g, n-Hexane/Acetone 20:1) to give 12 (51
mg, 83.7 umol, 90%) as a pale brown oil.

'H-NMR (500 MHz CDCl3) & 7.33-7.27 (15H, m), 5.34 (1H, dt, J = 14.3, 7.2 Hz),
5.50-5.31 (1H, m), 4.75-4.41 (6H, m), 4.28 (1H, br), 4.22-4.15 (1H, m), 3.96 (1H, dd, J
=10.1, 4.4 Hz), 3.94-3.87 (2H, m), 3.80 (1H, dd, J = 10.1, 2.6 Hz), 3.72-3.65 (1H, m),
2.53-2.11 (2H, m), 2.04-1.55 (6H, m), 1.37-1.26 (8H, m), 0.88 (3H, t, J = 6.5 Hz).

6,7-Bis-benzyloxy-8-benzyloxymethyl-3-undec-2-enyl-hexahydro-pyrido[1,2-c][1,3]

oxazin-1-one (13)

1-Decene (0.40 mL, 2.12 mmol) was added to a solution of 10 (112 mg, 0.21 mol) in
CH,Cl, (6 mL) at room temperature. Hoveyda-Grubbs Catalyst, 2" generation (13.0 mg,

21.2 umol) was added to the stirred mixture. The stirred reaction mixture was refluxed
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for 15 h. After cooling, the reaction solvent was removed in vacuum to give a black oil,
which was chromatographed on silica gel (10 g, n-Hexane/Acetone 20:1) to give 13
(123 mg, 0.19 mmol, 91%) as a pale brown oil.

'H-NMR (500 MHz CDCl3) & 7.34-7.27 (15H, m), 5.33 (1H, dt, J = 14.4, 7.2 Hz),
5.43-5.33 (1H, m), 4.75-4.41 (6H, m), 4.29 (1H, br), 4.20-4.16 (1H, m), 3.98-3.90 (3H,
m), 3.81 (1H, dd, J = 10.3, 2.9 Hz), 3.69-3.65 (1H, m), 2.51-2.18 (2H, m), 2.05-1.59
(6H, m), 1.35-1.26 (12H, m), 0.88 (3H, t, J = 6.6 Hz).

(-)-batzellaside A formic acid salt

20% Pd(OH),/C (3 mg) was added to a solution of 11 (20 mg, 31.9 umol) in EtOH (3
mL), and the resulting suspension was hydrogenated at 1 atm under hydrogen
atmosphere for 5 days. The catalyst was filtered off with Celite pad and the filtrate was
evaporated to give a hydrogenated product. A solution of 4 M KOH (ag, 0.5 mL) was
added to a solution of this product in 2-propanol (0.5 mL), and the resulting mixture
was refluxed for 2 h. After cooling, the solvent was evaporated, and the residue was
purified by DOWEX 50W resin (X-8, H" form, eluent: 0.7 N aqueous NHs), subjected
to counterion exchange with a mixture of 1% v/v formic acid-methanol at room
temperature, and concentrated in vacuo to yield (-)-batzellaside A as the formic acid salt
(9 mg, 23.9 pmol, 75%).

'H-NMR (500 MHz) (CD;0D) & 3.91 (1H, brs), 3.83-3.75 (3H, m), 3.65-3.51 (2H, m),
2.03-1.98 (1H, m), 1.85-1.82 (1H, m), 1.73-1.68 (2H, m), 1.47 (2H, brs), 1.31 (16H,
brs), 0.90 (3H, t, J = 6.8 Hz); *C-NMR (125 MHz) (CDs;0D) & 72.0, 67.3, 67.2, 60.9,
58.5,53.4,39.5, 394, 33.1, 33.0, 32.6, 30.8, 30.75, 30.70, 30.5, 26.3, 23.7, 14.4; [oc]DZ‘r"7
-5.9 (¢ 0.2, MeOH).

(-)-batzellaside B formic acid salt

20% Pd(OH),/C (5 mg) was added to a solution of 12 (82 mg, 134 umol) in EtOH (5
mL), and the resulting suspension was hydrogenated at 1 atm under hydrogen for 7 days.
The catalyst was filtered off with Celite pad and the filtrate was evaporated to give a
hydrogenated product. A solution of 4 M KOH (ag, 1 mL) was added to a solution of
this product in 2-propanol (1 mL), which was refluxed for 2 h. After cooling, the solvent
was evaporated, and the residue was purified by DOWEX 50W resin (X-8, H* form,
eluent: 0.7 N aqueous NH3), subjected to counterion exchange with a mixture of 1% v/v
formic acid-methanol at room temperature, and concentrated in vacuo to Yyield
(-)-batzellaside B as the formic acid salt (33 mg, 89.8 umol, 67%).

'H-NMR (500 MHz) (CDsOD) &: 3.91 (1H, brs), 3.83-3.75 (3H, m), 3.59-3.50 (2H, m),
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2.04-1.98 (1H, m), 1.85-1.73 (1H, m), 1.73-1.69 (2H, m), 1.48 (2H, brs), 1.32 (16H,
brs), 0.90 (3H, t, J = 6.8 Hz); *C-NMR (125 MHz) (CDs;0D) & 72.1, 67.3, 67.2, 60.8,
58.5, 53.5, 39.5, 39.4, 33.0, 32.6, 30.8, 30.7, 30.5, 30.4, 26.3, 23.7, 14.4; [a]p>>* -13.5
(c 0.1, MeOH).

(-)-batzellaside C formic acid salt

20% Pd(OH),/C (3 mg) was added to a solution of 13 (21 mg, 32.8 pumol) in EtOH (3
mL), and the resulting suspension was hydrogenated at 1 atm under hydrogen for 7 days.
The catalyst was filtered off with Celite pad and the filtrate was evaporated to give a
hydrogenated product. A solution of 4 M KOH (ag, 0.5 mL) was added to a solution of
this product in 2-propanol (0.5 mL), which was refluxed for 2 h. After cooling, the
solvent was evaporated, and the residue was purified by DOWEX 50W resin (X-8, H*
form, eluent: 0.7 N aqueous NHs), subjected to counterion exchange with a mixture of
1% v/v formic acid-methanol at room temperature, and concentrated in vacuo to yield
(-)-batzellaside C as the formic acid salt (9 mg, 22.6 umol, 69%).

'H-NMR (500 MHz) (CDsOD) &: 3.91 (1H, brs), 3.83-3.77 (3H, m), 3.65-3.50 (2H, m),
2.03-1.98 (1H, m), 1.85-1.82 (1H, m), 1.73-1.66 (2H, m), 1.47 (2H, brs), 1.32 (18H,
brs), 0.89 (3H, t, J = 6.8 Hz); *C-NMR (125 MHz) (CDs;0D) & 72.1, 67.3, 67.2, 60.8,
58.5, 53.4,39.5, 33.1, 33.0, 32.6, 30.8, 30.7, 30.5, 30.4, 26.3, 23.7, 14.4; [oc]Dzz'6 -7.4 (c
0.1, MeOH).

(2S, 3R, 4R, 6R)-3, 4-Bis-benzyloxy-2-benzyloxymethyl-6-
((2S)-2-hydroxypent-4-enyl)piperidine-1-carboxylic acid benzyl ester (97)

In a 3:1 ratio of 1, 4-dioxane/H,O mixture (20 mL), a solution of 7 (0.49 g, 0.84 mmol)
was added to 2, 6-lutidine (0.19 mL, 1.68 mmol) and OsO,4 (1.0 mL, 0.17 mmol, 4% in
H.0) at 0 °C. Then to the resulting mixture was added NalO, (0.718 g, 3.36 mmol). The
reaction mixture was stirred at room temperature for 2 h. After the reaction was
complete, 10% HCI (aq) (10 mL) was added, and then the aqueous mixture was
extracted with CH,Cl, (10 mL x 3). The organic layers were combined, washed with
brine, dried over anhydrous MgSO,, and evaporated to give the aldehyde (8) as a
colorless oil, which was used directly in the next step.

(-)-(Ipc).B(allyl) (1.0 M, 0.81 mL, 0.81 mmol, in n-pentane) was added to a solution
of the above aldehyde (8) in Et,O (3 mL) at -78 °C. The reaction mixture was stirred at
-78 °C for 2 h. After the reaction was complete, MeOH (1.0 mL) and 2-Aminoethanol
(2.0 mL) were added. The resulting mixture was stirred at room temperature for 17 h.
The reaction solvent was removed to give a pale yellow oil, which was
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chromatographed on silica gel (15 g, AcOEt/n-Hexane 1:15) to give 14 (0.38 g, 0.60
mmol, 71%) as a pale yellow oil.

'H-NMR (300 MHz) (CDCls) & 7.36-7.29 (20H, m), 5.78 (1H, br), 5.18-5.02 (4H, m),
4.86 (1H, br), 4.78-4.64 (6H, m), 4.44 (1H, dd, J = 5.1, 5.1 Hz), 3.92-3.85 (1H, m)
3.79-3.69 (1H, m), 3.64-3.56 (2H, m), 2.24-2.10 (4H, m), 1.98 (1H, ddd, J = 13.5, 5.1,
4.2 Hz) 1.86-1.73 (2H, m), 1.38 (1H, ddd, J = 13.5, 5.2, 4.2 Hz); *C-NMR (75 MHz)
(CDCl3) 6 156.3, 138.5, 138.1, 138.0, 136.1, 128.4, 128.26, 128.22, 128.0, 127.6, 127.5,
127.4,127.2, 116.6, 80.3, 77.4, 73.6, 73.4, 72.9, 72.5, 69.1, 66.8, 53.4, 48.1, 42.9, 41.4,
35.0, 32.6, 31.0, 21.5; IR (neat): 3448, 1667 cm™; MS (ESI): m/z 635 (M*) ; HRMS
(ESI) Calcd for CaHas06N 635.3247; Found 635.3242; [a]p?* -10.26 (¢ 1.00, CHCIs).

3-Allyl-6,7-bis-benzyloxy-8-benzyloxymethyl-hexahydro-pyrido[1,2-c][1,3]oxazin-1
-one (14)

NaH (42 mg, 1.0 mmol, 60% suspension in mineral oil) was added to a solution of 9’
(0.442 g, 0.70 mmol) in a 4:1 THF/DMF mixture (10 mL). The stirred reaction mixture
was refluxed for 15 h. After cooling, H,O (10 mL) was added, and then the aqueous
mixture was extracted with AcOEt (10 mL x 3). The organic layers were combined,
washed with brine, dried over MgSQ,, and evaporated to give a brown oil, which was
chromatographed on silica gel (15 g, n-Hexane/Acetone 10:1) to give 14 (0.320 g, 0.61
mmol, 87%) as a pale brown oil.

'H-NMR (400 MHz) (CDCls) & 7.27-7.21 (15H, m), 5.74 (1H, ddt, J = 17.3, 10.3, 6.6
Hz), 5.08 (1H, d, J = 17.1 Hz), 5.07 (1H, d, J = 10.3 Hz), 4.59-4.38 (6H, m), 4.34 (1H,
m), 4.09-3.95 (3H, m), 3.86-3.83 (1H, m), 3.79-3.77 (1H, m), 3.70-3.68 (1H, m), 2.48
(1H, dt, J = 13.2, 6.6 Hz), 2.25 (1H, dt, J = 13.2, 6.6 Hz), 2.15-2.07 (1H, m), 1.88-1.81
(1H, m), 1.65-1.56 (2H, m); **C-NMR (125 MHz) (CDCls) & 152.6, 138.5, 138.2, 138.1,
132.6, 128.4, 128.2, 127.7, 127.66, 127.63, 127.55, 127.54, 127.4, 118.6, 75.1, 74.3,
73.0, 72.6, 71.3, 67.4, 56.8, 47.4, 39.1, 34.2, 31.4; IR (neat): 1699 cm™; MS (ESI): m/z
527 (M*); HRMS (ESI) calcd for CssH370sN 527.2672; Found 527.2671; [a]p”>® -59.5
(c 1.1, CHCIy).

6,7-Bis-benzyloxy-8-benzyloxymethyl-3-dec-2-enyl-hexahydro-pyrido[1,2-c][1,3]ox
azin-1-one (15)

1-Nonene (0.14 mL, 0.834 mmol) was added to a solution of 14 (44 mg, 83.4 umol) in
CH,Cl, (5 mL) at room temperature. Hoveyda-Grubbs Catalyst, 2™ generation (5.0 mg,
8.34 umol) was added to the stirred mixture. The stirred reaction mixture was refluxed
for 24 h. After cooling, the reaction solvent was removed in vacuum to give a black oil,
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which was chromatographed on silica gel (5 g, n-Hexane/Acetone 20:1) to give 15 (47
mg, 75.1 umol, 90%) as a pale brown oil.

'H-NMR (500 MHz) (CDCls) & 7.32-7.25 (15H, m), 5.55-5.33 (2H, m), 4.68-4.44 (6H,
m), 4.30 (1H, br), 4.13-4.02 (3H, m), 3.91-3.89 (1H, m), 3.84 (1H, dd, J = 10.1, 4.9 Hz),
3.74-3.72 (1H, m), 2.53-2.11 (2H, m), 2.09-1.51 (6H, m), 1.31-1.26 (10H, m), 0.88 (3H,
t, J=6.9 Hz).

6,7-Bis-benzyloxy-8-benzyloxymethyl-3-non-2-enyl-hexahydro-pyrido[1,2-c][1,3]ox
azin-1-one (16)

1-Octene (0.25 mL, 1.57 mmol) was added to a solution of 14 (83 mg, 157 umol) in
CH,Cl, (8 mL) at room temperature. Hoveyda-Grubbs Catalyst, 2" generation (10 mg,
17.7 umol) was added to the stirred mixture. The stirred reaction mixture was refluxed
for 15 h. After cooling, the reaction solvent was removed in vacuum to give a black oil,
which was chromatographed on silica gel (10 g, n-Hexane/Acetone 10:1) to give 16 (86
mg, 141.3 pumol, 90%) as a pale brown oil.

'H-NMR (500 MHz) (CDCls) & 7.33-7.27 (15H, m), 5.55-5.33 (2H, m), 4.72-4.44 (6H,
m), 4.29 (1H, br), 4.14-4.02 (3H, m), 3.93-3.90 (1H, m), 3.84 (1H, dd, J = 10.1, 4.9 Hz),
3.74-3.72 (1H, m), 2.53-2.12 (2H, m), 2.09-1.56 (6H, m), 1.33-1.26 (8H, m), 0.88 (3H, t,
J=6.9 Hz).

6,7-Bis-benzyloxy-8-benzyloxymethyl-3-undec-2-enyl-hexahydro-pyrido[1,2-c][1,3]
oxazin-1-one (17)

1-Decene (0.17 mL, 0.91 mmol) was added to a solution of 14 (48 mg, 0.091 mol) in
CH,Cl, (5 mL) at room temperature. Hoveyda-Grubbs Catalyst, 2™ generation (5 mg,
9.1 umol) was added to the stirred mixture. The stirred reaction mixture was refluxed
for 15 h. After cooling, the reaction solvent was removed in vacuum to give a black oil,
which was chromatographed on silica gel (10 g, n-Hexane/Acetone 20:1) to give 17 (51
mg, 0.08 mmol, 88%) as a pale brown oil.

'H-NMR (500 MHz) (CDCls) & 7.33-7.27 (15H, m), 5.52-5.30 (2H, m), 4.64-4.47 (6H,
m), 4.29 (1H, br), 4.13-4.02 (3H, m), 3.98-3.89 (1H, m), 3.84 (1H, dd, J = 10.1, 4.9 Hz),
3.73-3.71 (1H, m), 2.48-2.13 (2H, m), 2.04-1.54 (6H, m), 1.33-1.26 (12H, m), 0.88 (3H,
t,J=6.6 Hz).

6-(2-Hydroxydodecyl)-2-hydroxymethylpiperidine-3,4-diol formic acid salt
20% Pd(OH),/C (5 mg) was added to a solution of 16 (110 mg, 178 umol) in EtOH (5

mL), and the resulting suspension was hydrogenated at 1 atm under hydrogen for 7 days.
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The catalyst was filtered off with Celite pad and the filtrate was evaporated to give a
hydrogenated product. A solution of 4 M KOH (ag, 1.5 mL) was added to a solution of
this product in 2-propanol (1.5 mL), which was refluxed for 2 h. After cooling, the
solvent was evaporated, and the residue was purified by DOWEX 50W resin (X-8, H"
form, eluent: 0.7 N aqueous NHs), subjected to counterion exchange with a mixture of
1% v/v formic acid-methanol at room temperature, and concentrated in vacuo to yield
19 (48 mg, 128.2 umol, 71%).

'H-NMR (500 MHz) (CD3;0D) & 3.93-3.76 (5H, m), 3.64 (1H, brs), 3.49 (1H, t, J = 6.3
Hz), 2.15-2.10 (1H, m), 1.98-1.84 (2H, m), 1.69-1.66 (1H, m), 1.47 (2H, brs), 1.31
(16H, brs), 0.89 (3H, t, J = 6.9 Hz); *C-NMR (125 MHz) (CD50D) & 69.7, 67.2, 67.1,
61.0, 58.1, 51.3, 39.2, 38.4, 33.1, 32.0, 30.7, 30.5, 30.4, 26.3, 23.7, 14.4; [oc]DZB'0 -16.0
(c 0.1, MeOH).

2-Hydroxymethyl-6-(2-hydroxyundecyl)piperidine-3,4-diol formic acid salt

20% Pd(OH),/C (5 mg) was added to a solution of 17 (82 mg, 134 umol) in EtOH (5
mL), and the resulting suspension was hydrogenated at 1 atm under hydrogen for 6 days.
The catalyst was filtered off with Celite pad and the filtrate was evaporated to give
hydrogenated product. A solution of 4 M KOH (ag, 1 mL) was added to a solution of
this product in 2-propanol (1 mL), which was refluxed for 2 h. After cooling, the solvent
was evaporated, and the residue was purified by DOWEX 50W resin (X-8, H* form,
eluent: 0.7 N aqueous NH3), subjected to counterion exchange with a mixture of 1% v/v
formic acid-methanol at room temperature, and concentrated in vacuo to yield 20 (33
mg, 89.8 umol, 67%).

'H-NMR (500 MHz) (CDsOD) & 3.92-3.78 (5H, m), 3.64 (1H, brs), 3.50 (1H, m),
2.15-2.10 (1H, m), 1.95-1.82 (2H, m), 1.70 (1H, m), 1.47 (2H, brs), 1.31 (14H, brs),
0.90 (3H, t, J = 6.3 Hz); *C-NMR (125 MHz) (CDs0D) & 69.7, 67.2, 67.1, 61.0, 58.1,
51.3, 39.2, 38.4, 33.1, 32.0, 30.8, 30.75, 30.70, 30.4, 26.7, 23.7, 14.4; [a]p>>* -7.0 (c 0.1,
MeOH).

2-Hydroxymethyl-6-(2-hydroxytridecyl)piperidine-3,4-diol formic acid salt

20% Pd(OH),/C (3 mg) was added to a solution of 18 (51 mg, 79.7 umol) in EtOH (3
mL), and the resulting suspension was hydrogenated at 1 atm under hydrogen for 6 days.
The catalyst was filtered off with Celite pad and the filtrate was evaporated to give
hydrogenated product. A solution of 4 M KOH (ag, 1 mL) was added to a solution of
this product in 2-propanol (1 mL), which was refluxed for 2 h. After cooling, the solvent
was evaporated, and the residue was purified by DOWEX 50W resin (X-8, H* form,
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eluent: 0.7 N aqueous NH3), subjected to counterion exchange with a mixture of 1% v/v
formic acid-methanol at room temperature, and concentrated in vacuo to yield 21 (17
mg, 43.8 umol, 55%).

'H-NMR (500 MHz) (CD3;0D) & 3.91-3.76 (5H, m), 3.63 (1H, brs), 3.49 (1H, t, J = 6.6
Hz), 2.15-2.12 (1H, m), 1.96-1.82 (2H, m), 1.70-1.66 (1H, m), 1.47 (2H, m), 1.31
(18H, brs), 0.89 (3H, t, J = 6.9 Hz); *C-NMR (125 MHz) (CDs0D) & 69.7, 67.2, 67.1,
61.0, 58.1, 51.3, 39.2, 38.4, 33.1, 32.0, 30.74, 30.70, 30.5, 26.7, 23.7, 14.4; [oc]DZ‘L9 -4.4
(c 0.15, MeOH).

(3S, 4S)-4-tert-butoxycarbonylamino-3-methoxymethoxy-1-pentene (21)
N-Ethyldiisopropylamine (14 mL, 79 mmol) and chloromethyl methyl ether (5.5 mL, 72
mmol) were added to a solution of 20" (4.83 g, 24 mmol) in CH.Cl, (48 mL) at 0 °C.
The stirred reaction mixture was refluxed for 18 h. After cooling, the volatiles were
removed in vacuo to give a yellow oil, which was chromatographed on silica gel (40 g,
n-Hexane/Acetone 20:1) to give 21 (4.83 g, 21 mmol, 86%) as a pale yellow oil.
1H-NMR (300 MHz, CDCl3): & 1.15 (3H, d, J = 6.6 Hz), 1.41 (9H, s), 3.36 (3H, ),
3.71~3.77 (1H, br), 3.92~3.96 (1H, br), 4.52, 4.59 (2H, ABq, J = 6.9 Hz), 4.64~4.71
(1H, br), 5.24 (1H, dd, J = 1.1, 15.9 Hz), 5.25 (1H, dd, J = 1.1, 11.3 Hz), 5.64~5.76 (1H,
m); 13C-NMR (75 MHz, CDCly): 6 17.75, 28.41, 49.40, 55.64, 79.04, 79.31, 93.86,
100.54, 118.94, 134.73, 155.29; IR (CHCIl5): 150, 1706, 3447 cm™; MS (El) m/z 189
(M*-56), 246 (M'+1), 144 (M*-101); HRMS (El) Calcd for C;H14sNO,: 144.1025
(M*-101), found: 144.1023; [o]p> +50.9 (c 1.0, CHCI5).

Ethyl (2E, 4S, 5S)-5-tert-butoxycarbonylamino-4-methoxymethoxy-2-hexenoate
(22)

In a 3:1 1, 4-dioxane/H,O mixture (40 mL), a solution of 3 (1.64 g, 6.69 mmol) was
added to 2, 6-lutidine (1.60 mL, 13.4 mmol) and OsO, (2.0 mL, 0.67 mmol, 2% in H,0)
at 0 °C. Then to the resulting mixture was added NalO, (5.70 g, 26.8 mmol). The
reaction mixture was stirred at room temperature for 2 h. After the reaction was
complete, 10% Na,S,03 (ag) (10 mL) was added, and then the aqueous mixture was
extracted with AcOEt (20 mL x 3). The organic layers were combined, washed with
10% HCI (aq), dried over anhydrous Na,SO,, and evaporated to give the aldehyde as a
colorless oil, which was used directly in the next step.

Ethyl diethylphosphonoacetate (2.70 mL, 13.4 mmol), and NaH (0.508 g, 12.7 mmol,
60% dispersion in paraffin liquid) were added to a solution of the above aldehyde in
THF (20 mL) at 0 °C. The reaction mixture was stirred at room temperature for 15 h.
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After the reaction was complete, H,O was added, and then the aqueous mixture was
extracted with Et;O (20 mL x 3). The organic layers were combined, dried over
anhydrous Na,SO, and evaporated to give 22 as a yellow oil, which was
chromatographed on silica gel (40 g, n-Hexane/Acetone 15:1) to give 22 (1.54 g, 4.82
mmol, 72%) as a pale yellow oil.

'H-NMR (300 MHz, CDCl3): & 1.19 (3H, d, J = 6.9 Hz), 1.29 (3H, t, J = 7.1 Hz), 1.45
(9H, s), 3.39 (3H, s), 3.89 (1H, br), 4.15~4.23 (1H, br), 4.19 (2H, q, J = 7.1 Hz),
4.59~4.65 (1H, m), 4.60, 4.62 (2H, ABq, J = 6.9 Hz), 6.01 (1H, dd, J = 1.4, 15.7 Hz),
6.83 (1H, dd, J = 6.0, 15.7 Hz); *C-NMR (75 MHz, CDCls): § 14.10, 17.18, 28.20,
48.93, 55.73, 60.24, 77.31, 79.21, 94.86, 123.41, 144.35, 155.10, 165.69; IR (CHClIy):
1504 cm™, 1711 cm™, 3447 cm™; MS (El) m/z 317 (M*); HRMS (EI) Calcd for
C1sH27NOg: 317.1838 (M™), found: 317.1827; [a]p?* +16.5 (c 1.2, CHCIs).

(2E, 4S, 5S)-5-tert-butoxycarbonylamino-4-methoxymethoxy-2-hexen-1-ol (23)

A solution of DIBAL (1.0 M in n-hexane, 1.70 mL, 20.5 mmol,) at -78 °C was added to
a solution of 22 (0.188 g, 0.590 mmol) in CH,CI, (3 mL), and the reaction mixture was
stirred at the same temperature for 2 h. The reaction was quenched with MeOH (6 mL)
and then the insoluble materials were filtered off with Celite pad. The organic layer was
separated, dried over anhydrous Na,SO, and evaporated to give a pale yellow oil, which
was chromatographed on silica gel (10 g, n-Hexane/Acetone 3:1) to give 23 (0.124 g,
0.45 mmol, 76%) as a colorless oil.

'H-NMR (300 MHz, CDCls): & 1.19 (3H, d, J = 6.6 Hz), 1.44 (9H, s), 1.81 (1H, br),
3.38 (3H, s), 3.79 (1H, br), 4.00~4.03 (1H, br), 4.16 (2H, br), 4.53, 4.61 (2H, ABq, J =
6.6 Hz), 4.67~4.70 (1H, br), 5.63 (1H, dd, J = 7.7, 15.7 Hz), 5.88 (1H, dt, J = 5.2, 15.7
Hz); *C-NMR (75 MHz, CDCls): & 17.86, 28.37, 49.69, 55.66, 62.62, 78.26, 79.22,
93.80, 127.73, 133.94, 155.61; IR (CHCIls): 1507 cm™, 1697 cm™, 3443 cm™; MS (EI)
m/z 144 (M*-131), 218 (M*-57), 275 (M"); HRMS (EI) Calcd for C;H14NO,: 144.1025
(M*-131), found: 144.1023; [o]p™® +57.2 (c 0.4, CHCI5).

(2E, 4S, 5S)-5-tert-butoxycarbonylamino-1-tert-butyldimethylsilyloxy-
4-methoxymethoxy-2-hexene (24)

tert-Butyldimethylchlorosilane (1.67 g, 11.1 mmol) and imidazole (1.89 mL, 27.8
mmol) were added to a solution of 23 (1.53 g, 5.56 mmol) in CH,CI, (15 mL) at 0 °C,
and the reaction mixture was stirred at room temperature for 15 h. After the reaction was
complete, H,O was added, and then the aqueous mixture was extracted with Et,O (20
mL x 3). The organic layers were combined, dried over anhydrous Na,SO, and
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evaporated to give the residue, which was chromatographed on silica gel (20 g,
n-Hexane/Acetone 40:1) to give 24 (2.18 g, 5.59 mmol, quant.) as a pale yellow oil.
'H-NMR (300 MHz, CDCls): 6 0.06 (6H, s), 0.90 (9H, s), 1.17 (3H, d, J = 6.6 Hz), 1.44
(9H, s), 3.38 (3H, s), 3.76 (1H, br), 3.97~4.01 (1H, m), 4.19 (2H, d, J=3.0 Hz), 4.52,
4.61 (2H, ABq, J = 6.6 Hz), 4.66~4.70 (1H, br), 5.59 (1H, dd, J = 8.0, 15.4 Hz), 5.79
(1H, dt, J = 4.7, 15.4 Hz); *C-NMR (75 MHz, CDCls): & -5.20, 17.74, 18.38, 25.66,
25.91, 28.42, 55.64, 62.94, 78.34, 98.71, 125.97, 134.70, 155.40; IR (CHCl5): 1502 cm™,
1707 cm™, 3448 cm™; MS (EI) m/z 389 (M*); HRMS (FAB) Calcd for CygH4NOsSi:
390.2676 (M*+1), found: 390.2669; [a]o>* +49.7 (c 0.9, CHCI5).

(2R, 3S, 4R, 5S)-5-tert-butoxycarbonylamino-1-tert-butyldimethylsilyloxy-
4-methoxymethoxyhexane-2, 3-diol (25)

A solution of NMO (1.70 mL, 8.16 mmol, 4.8 mM in H,0) and OsO, (0.25 mL, 0.04
mmol, 2% in H,0O) were added to a solution of 24 (1.59 g, 4.08 mmol) in acetone (9
mL) at 0 °C, and the reaction mixture was stirred at room temperature for 13 h. After the
reaction was complete, 10% Na,S,03; (agq) (4 mL) was added, and then the aqueous
mixture was extracted with CH,Cl, (10 mL x 3). The organic layers were combined,
dried over anhydrous Na,SO, and evaporated to give a yellow oil, which was
chromatographed on silica gel (20 g, n-Hexane/Acetone 10:1) to give 25 (1.43 g, 3.39
mmol, 83%) as a white solid.

'H-NMR (300 MHz, CDCls): 6 0.08 (6H, s), 0.90 (9H, s), 1.22 (3H, d, J = 6.9 Hz), 1.44
(9H, s), 2.63 (1H, d, J = 4.4 Hz), 3.42 (3H, s), 3.57 (2H, br), 3.78~3.80 (3H, m), 3.94
(1H, br), 4.10 (1H, br), 4.71, 4.73 (2H, ABq, J = 6.3 Hz), 4.89 (1H, d, J = 9.6 Hz);
BC-NMR (75 MHz, CDCls): 6 -5.48, 17.72, 18.17, 25.82, 28.27, 46.23, 56.28, 65.08,
69.37, 69.78, 79.54, 80.57, 98.25, 156.38; IR (CHCIl3): 1507 cm™, 1686 cm™, 3443
cm®; MS (El) m/z 424 (M*+1); HRMS (FAB) Calcd for CioHiNO;Si: 424.2731
(M*+1), found: 424.2686; [0]p"2 -33.5 (c 1.4, CHCI3); m.p. 70~73 °C

(2R, 3R, 4R, 5S)-5-tert-butoxycarbonylamino-1-tert-butyldimethylsilyloxy-2, 3,
4-methoxymethoxyhexane (26)

N -Ethyldiisopropylamine (0.65 mL, 3.71 mmol) and chloromethyl methyl ether (0.27
mL, 3.38 mmol) were added to a solution of 25 (0.204 g, 0.48 mmol) in CH,Cl, (5 mL)
at 0 °C, and the stirred reaction mixture was refluxed for 17 h. After cooling, the
volatiles were removed in vacuo to give a yellow oil, which was chromatographed on
silica gel (20 g, n-Hexane/Acetone 15:1) to give 26 (0.283 g, 0.54 mmol, quant.) as a
pale yellow oil.
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'H-NMR (300 MHz, CDCls): 5 0.07 (6H, s), 0.89 (9H, s), 1.22 (3H, d, J = 6.6 Hz), 1.43
(9H, s), 3.38 (3H, ), 3.39(3H, ), 3.41 (3H, ), 3.64~3.65 (1H, m), 3.72~3.85 (4H, m),
4.01 (1H, br), 4.62~4.89 (6H, m), 5.04 (1H, br); **C-NMR (100 MHz, CDCls): § -5.51,
-5.42, 18.14, 18.84, 25.82, 28.38, 46.15, 55.70, 56.14, 56.24, 62.86, 77.38, 77.99, 78.75,
80.55, 97.55, 97.99, 98.70, 155.23; IR (CHCls): 1499 cm™, 1704 cm™, 3445 cm™; MS
(E1) m/z 410 (M*-101), 455 (M*-57); HRMS (EI) Calcd for C17H3sNOgSi: 410.2210
(M*-101), found: 410.2208; [o]p* +4.6 (c 1.1, CHClIs).

(2R, 3R, 4R, 5S)-5-tert-butoxycarbonylamino-2, 3, 4-methoxymethoxyhexan-1-ol
(27)

A solution of tetrabutylammonium fluoride (1.0 M in THF, 6.40 mL, 6.40 mmol,) was
added to a solution of 26 (1.64 g, 3.20 mmol) in THF (6 mL) at 0 °C, and the reaction
mixture was stirred at room temperature for 1 h. After the reaction was complete, brine
(4 mL) was added, and then the aqueous mixture was extracted with CH,Cl, (10 mL x
3). The organic layers were combined, dried over anhydrous Na,SO, and evaporated to
give 9 as a yellow oil, which was chromatographed on silica gel (20 g,
n-Hexane/Acetone 3:1) to give 27 (1.31 g, 3.30 mmol, quant.) as a colorless oil.
'H-NMR (300 MHz, CDCl3): 8 0.07 (6H, s), 0.89 (9H, s), 1.22 (3H, d, J = 6.6 Hz), 1.43
(9H, s), 3.38 (9H, s), 3.64~3.65 (1H, m), 3.72~3.85 (4H, m), 4.01 (1H, br), 4.62~4.89
(6H, m), 5.04 (1H, br); **C-NMR (75 MHz, CDCls): § 19.28, 28.30, 31.49, 45.67, 55.81,
56.25, 62.98, 78.25, 79.14, 80.28, 81.38, 97.72, 98.70, 98.86, 155.16; IR (CHCl3): 1498
cm?, 1703 cm™, 3439 cm™; MS (El) m/z 247 (M*-150), 278 (M*-119); HRMS (EI)
Calcd for C11Hp1NOs: 247.1420 (M*-150), found: 247.1382; [a]o® -6.7 (c 1.4, CHCIs).

(2R, 3R, 4R, 5S)-5-tert-butoxycarbonylamino-1-methylsulfonyloxy-2, 3,
4-methoxymethoxyhexane (28)

Methanesulfonyl chloride (0.34 mL, 3.05 mmol) and EtzN (0.55 mL, 3.97 mmol) were
added to a solution of 27 (0.602 g, 1.53 mmol) in CH,CI, (4 mL) at 0 °C, and the
reaction mixture was stirred at room temperature for 15 h. After the reaction was
complete, sat. NaHCO3 (aq) (10 mL) was added, and then the aqueous mixture was
extracted with CH,Cl, (10 mL x 3). The organic layers were combined, dried over
anhydrous Na,SO, and evaporated to give a yellow oil, which was chromatographed on
silica gel (15 g, n-Hexane/Acetone 6:1) to give 28 (0.745 g, 1.57 mmol, quant.) as a
pale yellow oil.

'H-NMR (300 MHz, CDCl3): 8 1.21 (3H, d, J = 6.6 Hz), 1.44 (9H, s), 3.06 (3H, s), 3.41
(9H, s), 3.64 (2H, m), 4.02~4.12 (2H, m), 4.39~4.52 (2H, m), 4.64~4.82 (6H, m), 4.90
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(1H, d, J = 10.7 Hz); *C-NMR (75 MHz, CDCls): § 13.97, 19.01, 28.20, 31.39, 37.02,
45.81, 55.76, 55.95, 56.10, 68.96, 75.09, 78.86, 80.96, 97.47, 98.31, 154.89; IR
(CHCI3): 1504 cm™, 1708 cm™, 3393 cm™; MS (FAB) m/z 476 (M*+1); HRMS (FAB)
Calcd for C1gH3sNOwS: 476.2166 (M*+1), found: 476.2147; [a]p?? -9.7 (¢ 1.0, CHCI).

(2S, 3R, 4S, 5R)-2-Methyl-3, 4, 5-trimethoxymethoxy-piperidine-1-carboxylic acid
tert-butyl ester (29)

NaH (0.313 g, 7.83 mmol, 60% dispersion in paraffin liquid) and Nal (0.466 g, 3.13
mmol) were added to a solution of 28 (0.745 g, 1.57 mmol) in DMF (4 mL) at 0 °C, and
the reaction mixture was stirred at room temperature for 20 h. After the reaction was
complete, sat. NaHCO3 (ag) (6 mL) was added, and then the aqueous mixture was
extracted with CH,Cl, (10 mL x 3). The organic layers were combined, dried over
anhydrous Na,SO, and evaporated to give a yellow oil, which was chromatographed on
silica gel (20 g, n-Hexane/Acetone 15:1) to give 29 (0.535 g, 1.41 mmol, 90%) as a pale
yellow oil.

'H-NMR (300 MHz, CDCls): & 1.26 (3H, d, J = 7.1 Hz), 1.45 (9H, s), 3.19 (1H, d, J =
13.7 Hz), 3.39 (6H, s), 3.41 (3H, s), 3.83 (1H, m), 3.89~3.94 (2H, m), 4.04 (1H, d, J =
14.0 Hz), 4.45 (1H, br), 4.60~4.78 (6H, m); *C-NMR (75 MHz, CDCls): §12.23, 28.32,
37.10, 48.90, 55.46, 55.51, 71.57, 72.74, 75.88, 79.43, 94.76, 95.34, 97.06, 154.99; IR
(CHCI3): 1694 cm™; MS (EI) m/z 379 (M*); HRMS (EI) Calcd for Ci7H33NOsg:
379.2206 (M), found: 379.2192; [a]p?? -38.0 (c 1.1, CHClIs).

(3S, 4R, 5R, 6S)-2-Methoxy-6-methyl-3, 4, 5-trimethoxymethoxy-piperidine-1-
carboxylic acid tert-butyl ester (30)

Et;,NBF, (0.800 g, 3.68 mmol) was added to a solution of 29 (0.318 g, 0.84 mmol) in a
4:1 MeCN/MeOH mixture (60 mL) and the reaction mixture was stirred at -15 °C for 15
h under 100 mA electricity passed through by use of graphite anode and cathode
electrodes. Then the reaction solvent was removed to give a yellow oil, which was
chromatographed on silica gel (10 g, n-Hexane/Acetone 10:1) to give 30 (0.252 g, 0.61
mmol, 73%) as a pale yellow oil.

'H-NMR (300 MHz, CDCl3): 8 1.39 (3H, d, J = 7.1 Hz), 1.48 (9H, s), 3.30 (3H, s), 3.39
(3H, s), 3.40 (3H, s), 3.41 (3H, s), 3.86 (1H, t, J = 3.6 Hz), 3.97 (1H, dd, J = 3.3, 6.3
Hz), 4.05 (1H, d, J = 2.8 Hz), 4.43~4.53 (1H, br), 4.70~4.75 (6H, m), 5.36 (1H, br);

(2R, 3R, 4R, 5R, 6S)-2-Allyl-6-methyl-3, 4, 5-trimethoxymethoxy-piperidine-1-
carboxylic acid tert-butyl ester (31)
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Allyltrimethylsilane (0.56 mL, 3.52 mmol) and BF3z*Et,O (0.13 mL, 1.10 mmol) were
added to a solution of 30 (0.360 g, 0.88 mmol) in CH,Cl, (3 mL) at -78 °C, and the
reaction mixture was stirred at the same temperature. After 3 and 5 h, BFz*Et,0 (0.13
mL, 1.10 mmol) was added to the reaction mixture, and the resulting solution was
stirred at -60 °C for 17h. After the reaction was complete, sat. NaHCO3 (aq) (6 mL) was
added, and then the aqueous mixture was extracted with CH,Cl, (10 mL x 3). The
organic layers were combined, dried over anhydrous Na,SO, and evaporated to give a
yellow oil, which was chromatographed on silica gel (10 g, n-Hexane/Acetone 4:1) to
give 31 (0.236 g, 0.56 mmol, 64%) as a pale yellow oil.

'H-NMR (300 MHz, CDCls): 5 1.28 (3H, d, J = 6.9 Hz), 1.41 (9H, s), 2.46 (1H, ddd, J
= 6.9, 13.7 Hz), 2.60 (1H, m), 3.33 (3H, s), 3.36 (6H, s), 3.79 (1H, br), 3.85 (1H, br),
3.95 (1H, dd, J = 2.8, 6.4 Hz), 4.23~4.34 (2H, br), 4.61~4.73 (6H, m), 5.00 (1H, d, J =
8.2 Hz), 5.03 (1H, d, J = 15.1 Hz), 5.71~5.81 (1H, m); *C-NMR (75 MHz, CDCly): &
16.07, 28.33, 38.41, 54.93, 55.53, 55.66, 71.93, 75.73, 79.60, 85.06, 95.64, 95.88, 96.42,
107.60, 116.97, 135.89, 154.99; IR (CHCls): 1691 cm™; MS (El) m/z 379 (M*-41), 419
(M*); HRMS (EI) Calcd for Ci7HsNOg: 378.2128 (M*-41), found: 378.2120; [o]p®
-1.6 (c 0.4, CHCI,).

General procedure for Lemieux-Johnson oxidation and Wittig reaction

2, 6-Lutidine (0.030 mL, 0.31 mmol), OsO4 (0.2 mL, 0.015 mmol, 2% in H,0), and
NalO4 (0.132g, 0.61 mmol) were added to a solution of 31 (0.063 g, 0.15 mmol) ina 3:1
1, 4-dioxane/H,O mixture (4 mL) at 0 °C, and the stirring was continued at room
temperature for 1 h. After the reaction was complete, 10% Na,S,03 (aq) was added, and
then the aqueous mixture was extracted with AcOEt. The organic layers were combined,
washed with 10% HCI (aq), dried over anhydrous Na,SO,, and evaporated to give the
aldehyde as a colorless oil, which was used directly in the next step.

A solution of n-BuLi (1.6 M in n-hexane, 3.9 eq) was added to a suspension of Wittig
reagent (4 eq) in THF at 0 °C. Then a solution of the above aldehyde in THF was added
at the same temperature to the reaction mixture, and the reaction mixture was stirred at
room temperature for 15 h. After the reaction was complete, H,O was added, and then
the aqueous mixture was extracted with Et,O. The organic layers were combined, dried
over anhydrous Na,SQO,, evaporated, and chromatographed on silica gel to give 32.

(2R, 3R, 4R, 5R, 6S)-2-(2-Buten-1-yl)-6-methyl-3, 4, 5-trimethoxymethoxy-
piperidine-1-carboxylic acid tert-butyl ester (32b)
Yield 80% (E, Z mixtures) (2 steps); *H-NMR (300 MHz, CDCls): 5 1.34 (3H, d, J = 7.1
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Hz), 1.46 (9H, s), 1.65 (3H, d, J = 6.3 Hz), 2.38 (1H, m), 2.75~2.83 (1H, m), 3.37~3.41
(9H, m), 3.80 (1H, br), 3.89 (1H, br), 4.01 (1H, dd, J = 2.5, 6.3 Hz), 4.24 (1H, br), 4.41
(1H, br), 4.65~4.79 (6H, m), 5.47 (1H, m), 5.55 (1H, br).

(2R, 3R, 4R, 5R, 6S)-2-(2-Hexen-1-yl)-6-methyl-3, 4, 5-trimethoxymethoxy-
piperidine-1-carboxylic acid tert-butyl ester (32c)

Yield 89% (E, Z mixtures) (2 steps); *H-NMR (300 MHz, CDCls): § 0.91 (3H, t, J = 7.1
Hz), 1.33 (3H, d, J = 6.9 Hz), 1.46 (9H, s), 2.04 (2H, g, J = 7.1 Hz), 2.32~2.37 (1H, br),
2.73~2.78 (1H, m), 3.37~3.41 (9H, m), 3.81 (1H, br), 3.88 (1H, br), 4.01 (1H, dd, J =
2.5,6.3 Hz), 4.24 (1H, br), 4.39 (1H, br), 4.66~4.80 (6H, m), 5.40~5.45 (2H, m).

(2S, 3R, 4R, 5R, 6R)-2-Methyl-6-(2-nonen-1-yl)-3, 4, 5-trimethoxymethoxy-
piperidine-1-carboxylic acid tert-butyl ester (32¢)

Yield 65% (E, Z mixtures) (2 steps); *H-NMR (300 MHz, CDCls): & 0.88 (3H, br),
1.27~1.34 (11H, br), 1.46 (9H, s), 2.05 (2H, br), 2.34 (1H, m), 2.72 (1H, m), 3.36~3.41
(9H, m), 3.80 (1H, br), 3.88 (1H, br), 4.00 (1H, m), 4.21 (1H, br), 4.41 (1H, br),
4.65~4.79 (6H, m), 5.38~5.46 (2H, m).

(2S, 3R, 4R, 5R, 6R)-2-Methyl-6-(4-phenyl-2-buten-1-yl)-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (32f)

Yield 79% (E, Z mixtures) (2 steps); *H-NMR (300 MHz, CDCls): & 1.34 (3H, t, J = 6.9
Hz), 1.47 (9H, s), 2.51 (2H, m), 2.86~2.94 (2H, m), 3.37~3.41 (9H, m), 3.87 (2H, br),
4.02 (1H, br), 4.31~4.47 (2H, br), 4.66~4.88 (6H, m), 5.57 (1H, m), 5.66 (1H, m),
7.18~7.30 (5H, m).

(2S, 3R, 4R, 5R, 6R)-2-Methyl-6-(5-phenyl-2-hepten-1-yl)-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (329)

Yield 65% (E, Z mixtures) (2 steps); *H-NMR (300 MHz, CDCls): & 1.3 (3H, t, J = 6.9
Hz), 1.45 (9H, s), 2.35 (4H, m), 2.67 (2H, t, J = 7.7 Hz), 3.36~3.38 (9H, m), 3.78 (1H,
br), 3.86 (1H, br), 4.00 (1H, dd, J = 2.5, 6.6 Hz), 4.22 (1H, br), 4.35 (1H, br), 4.64~4.77
(6H, m), 5.43~5.50 (2H, m), 7.17~7.29 (5H, m).

(2S, 3R, 4R, 5R, 6R)-2-Methyl-6-[3-(naphthalene-1-yl)allyl]-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (32h)

Yield 87% (E : Z =3 : 1) (2 steps); *H-NMR (300 MHz, CDCls): & 1.41~1.52 (12H, m),
2.62 (0.5H, m), 2.87 (1.5H, m), 3.37~3.42 (9H, m), 3.95 (2H, br), 4.06 (1H, dd, J = 2.5,
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6.6 Hz), 4.42 (2H, br), 4.67~4.83 (6H, m), 5.97 (0.3H, m), 6.25 (0.7H, m), 7.00 (0.3H, d,
J =118 Hz), 7.17 (0.7H, d, J = 15.4 Hz), 7.34~7.51 (3.9H, m), 7.58 (0.7H, d, J = 6.9
Hz), 7.74 (0.7H, d, J = 8.2 Hz), 7.83 (0.7H, m), 7.98 (0.3H, m), 8.10 (0.7H, m).

(2R, 3R, 4R, 5R, 6S)-2-[3-(4-1sopropylphenyl)allyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (32i)

Yield 79% (E : Z = 4 : 1) (2 steps); *H-NMR (300 MHz, CDCls): § 1.24 (9H, m), 1.44
(9H, m), 2.73~2.92 (4H, m), 3.36~3.42 (9H, m), 3.76 (1H, br), 3.90 (1H, br), 4.02 (1H,
dd, J=2.2, 6.6 Hz), 4.33~4.42 (2H, br), 4.66~4.80 (6H, m), 5.61 (0.2H, m), 6.18 (0.8H,
m), 6.40 (0.8H, d, J = 15.7 Hz), 6.48 (0.2H, d, J = 11.5 Hz), 7.13~7.27 (4H, m).

(2R, 3R, 4R, 5R, 6S)-2-[3-(4-Methoxyphenyl)allyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (32j)

Yield 99% (E : Z =5 : 1) (2 steps); *H-NMR (300 MHz, CDCls): & 1.36 (3H, d, J = 7.1
Hz), 1.41 (9H, s), 2.64~2.73 (2H, m), 3.36~3.42 (9H, m), 3.80 (3H, s), 3.89 (2H, br),
4.03 (1H, d, J = 7.1 Hz), 4.36~4.56 (2H, br), 4.66~4.80 (6H, m), 5.81 (0.2H, m), 6.08
(0.8H, m), 6.36 (1H, d, J = 16.5 Hz), 6.43 (0.2H, d, J = 10.4 Hz), 6.82 (2H, d,J = 7.4
Hz), 7.26 (2H, d, J = 7.4 Hz).

(2S, 3R, 4R, b5R, 6R)-2-Methyl-6-[3-(4-trifluoromethylphenylallyl]-3, 4,
5-trimethoxymethoxypiperidine-

1-carboxylic acid tert-butyl ester (32k)

Yield 96% (E : Z = 2 : 1) (2 steps); *H-NMR (300 MHz, CDCls): § 1.15 (1H, d, J = 7.1
Hz), 1.36 (2H, d, J = 6.9 Hz), 1.40 (9H, s), 2.77(2H, t, J = 7.7 Hz), 3.38~3.43 (9H, m),
3.74~3.77 (1H, br), 3.88 (1H, br), 4.03 (1H, d, J = 6.3 Hz), 4.45~4.54 (2H, br),
4.67~4.82 (6H, m), 5.83 (0.3H, m), 6.36 (7H, m), 6.45 (0.7H, d, J = 15.7 Hz), 6.53
(0.3H, d, J=11.5 Hz), 7.37~7.43 (2H, m), 7.52~7.58 (2H, m).

(2R, 3R, 4R, 5R, 6S)-2-[3-(4-Fluorophenyl)allyl]-6-methyl-3, 4,
5-trimethoxy-methoxypiperidine-1-carboxylic acid tert-butyl ester (32I)

Yield 85% (E : Z =2 : 1) (2 steps); *H-NMR (300 MHz, CDCls): & 1.36 (3H, d, J = 6.9
Hz), 1.40 (9H, s), 2.72 (2H, t, J = 7.7 Hz), 3.42 (9H, m), 3.87 (2H, br), 4.02 (1H, br),
4.39~4.56 (2H, br), 4.59~4.79 (6H, m), 5.68 (0.3H, m), 6.15 (0.7H, m), 6.32 (0.7H, d, J
=15.9 Hz), 6.45 (0.3H, d, J = 11.8 Hz), 6.93~7.02 (2H, m), 7.21~7.30 (2H, m).

(2R, 3R, 4R, 5R, 6S)-2-[3-(4-Chlorophenyl)allyl]-6-methyl-3, 4,
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5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (32m)

Yield 80% (E : Z = 3 : 1) (2 steps); *H-NMR (300 MHz, CDCls): & 1.21 (3H, m), 1.42
(9H, m), 2.74 (2H, t, J = 7.1 Hz), 3.41~3.42 (9H, m), 3.65~3.87 (2H, br), 3.94 (0.3H,
br), 4.02 (0.7H, br), 4.35~4.53 (2H, br), 4.67~4.79 (6H, m), 5.73 (0.3H, m), 6.21 (0.7H,
m), 6.37 (0.7H, d, J = 15.7 Hz), 6.45 (0.3H, d, J = 11.3 Hz), 7.24~7.27 (4H, m).

(2R, 3R, 4R, 5R, 6S)-2-[3-(2-Chlorophenyl)allyl]-6-methyl-3,
4 5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (32n)

Yield 85% (E : Z = 1.3 : 1) (2 steps); *H-NMR (300 MHz, CDCls): & 1.14 (1.3H, br),
1.39 (1.7H, br), 1.47 (9H, s), 2.76~2.90 (2H, m), 3.37~3.43 (9H, m), 3.91 (2H, br), 4.03
(1H, d, J = 6.6 Hz), 4.38~4.60 (2H, br), 4.62~4.89 (6H, m), 5.86 (0.4H, m), 6.22 (0.6H,
m), 6.60 (0.4H, d, J =12.9 Hz), 6.79 (0.6H, d, J = 15.9 Hz), 7.13~7.52 (4H, m).

(2R, 3R, 4R, 5R, 6S)-2-[3-(3-Chlorophenyl)allyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (320)

Yield 91% (E : Z = 3 : 1) (2 steps); *H-NMR (300 MHz, CDCls): § 1.16 (0.8H, d, J =
7.1 Hz), 1.36 (2.2H, d, J =7.1 Hz), 1.41 (9H, s), 2.74 (2H, t, J = 7.1 Hz), 3.38~3.42 (9H,
m), 3.87~3.88 (2H, br), 4.03 (1H, dd, J = 2.2, 6.3 Hz), 4.41~4.51 (2H, br), 4.68~4.81
(6H, m), 5.78 (0.3H, m), 6.26 (0.7H, m), 6.36 (0.7H, d, J = 15.7 Hz), 6.44 (0.7H, d, J =
12.4 Hz), 7.16~7.31 (4H, m).

(2R, 3R, 4R, 5R, 65)-2-[3-(2, 4-Dichlorophenyl)allyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (32p)

Yield 93% (E : Z = 1: 1) (2 steps); *H-NMR (300 MHz, CDCls): 5 1.11 (1.5H, d, J =
6.6 Hz), 1.37 (1.5H, d, J = 6.6 Hz), 1.47 (9H, s), 2.72~2.81 (2H, m), 3.38~3.43 (9H, m),
3.72 (1H, m), 3.89 (1H, br), 4.02~4.04 (1H, m), 4.40~4.54 (2H, br), 4.66~4.80 (6H, m),
5.89 (0.5H, br), 6.22 (0.5H, br), 6.53 (0.5H, d, J = 11.3 Hz), 6.71 (0.5H, d, J = 16.2 Hz),
7.15~7.45 (3H, m).

(2S, 3R, 4R, 5R, 6R)-2-Methyl-6-[3-(2, 4, 6-trichlorophenyl)allyl]-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid tert-butyl ester (32q)

Yield 72% (E : Z > 99 : 1) (2 steps); *H-NMR (300 MHz, CDCl5): § 1.39 (3H, d, J = 7.1
Hz), 1.43 (9H, s), 2.71 (1H, dd, J = 6.6, 13.5 Hz), 2.87~2.97 (1H, m), 3.36~3.42 (9H,
m), 3.96 (2H, br), 4.04 (1H, d, J = 6.6 Hz), 4.38 (2H, br), 4.66~4.80 (6H, m), 6.18~6.26
(1H, m), 6.34 (1H, d, J = 16.5 Hz), 7.32 (2H, 3).
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General procedure for olefin cross metathesis

Grubbs Catalyst, 2" generation (6 mol%) and 1-alkene (5 eq) were added to a solution
of 31 in CH,CI, at room temperature, and the stirred reaction mixture was refluxed for
15 h. After cooling, the volatiles were removed in vacuo, and chromatographed on silica
gel to give 32.

(2S, 3R, 4R, 5R, 6R)-2-Methyl-6-(3-phenyl-allyl)-3, 4, 5-trimethoxymethoxy-
piperidine-1-carboxylic acid tert-butyl ester (32a)

Yield 92% (E : Z > 99 : 1); *H-NMR (300 MHz, CDCls): & 1.37 (3H, t, J = 6.9 Hz), 1.41
(9H, s), 2.70~2.80 (2H, m), 3.40~3.43 (9H, m), 3.89 (2H, br), 4.03 (1H, d, J = 5.5 Hz),
4.40 (2H, br), 4.67~4.80 (6H, m), 6.23 (1H, br), 6.42 (1H, d, J = 16.8 Hz), 7.16~7.34
(5H, m).

(2S, 3R, 4R, 5R, 6R)-2-Methyl-6-(2-octen-1-yl)-3, 4, 5-trimethoxy-
methoxypiperidine-1-carboxylic acid tert-butyl ester (32d)

Yield 98% (E, Z mixtures) ; *H-NMR (300 MHz, CDCls): & 0.87 (3H, t, J = 7.1 Hz),
1.25~1.32 (9H, m), 1.45 (9H, s), 1.98 (2H, br), 2.42 (1H, m), 2.56 (1H, m), 3.36~3.40
(9H, m), 3.87 (2H, br), 3.99 (1H, dd, J = 2.8, 6.3 Hz), 4.24 (1H, br), 4.40 (1H, br),
4.65~4.77 (6H, m), 5.36~5.52 (2H, m).

General procedure for the synthesis of 34

10% Pd/C was added to a solution of 32 in MeOH, and the resulting suspension was
hydrogenated at 1 atm under hydrogen atmosphere for 2 days. The catalyst was filtered
off with Celite pad and the filtrate was evaporated to give a hydrogenated product 33,
which was used directly in the next step.

10% HCI (ag) was added to a solution of hydrogenated product 33 in THF at room
temperature, and the reaction mixture was refluxed for 48 h. After the reaction was
complete, the reaction mixture was basified with 10% NaOH (ag) to pH 11. The
volatiles were removed in vacuo and purified by DOWEX 50W resin (X-8, H* form,
eluent: 0.7 N aqueous NHjs) to give 34.

(1R, 2R, 3R, 4R, 5S)-1-(3-Phenylpropyl)fuconojirimycin (34a)

Yield 98%; *H-NMR (400 MHz, D,0):5 1.21 (3H, d, J = 6.4 Hz), 1.56 (1H,br), 1.71
(1H, br), 1.82~1.86 (2H, m), 2.68 (3H, m), 3.13 (1H, br), 3.55 (1H, m), 3.88 (1H, br),
7.27 (1H, d, J = 7.3 Hz), 7.31 (2H, d, J = 7.3 Hz), 7.38 (1H, dd, J = 7.3 Hz); *C-NMR
(100 MHz, D,0): & 18.91, 29.43, 33.39, 38.00, 55.26, 61.42, 74.25, 75.13, 77.64,
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128.76, 131.40, 131.43, 145.67; IR (neat): 1652 cm™, 3399 cm™; MS (EI) m/z 265
(M*); HRMS (EI) Calcd for C15H2sNO3: 265.1678 (M*), found: 265.1639; [a]p®® +5.1 (c
= 0.5, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-Butylfuconojirimycin (34b)

Yield 81%; 'H-NMR (400 MHz, D,0):5 0.87 (3H, t, J = 6.9 Hz), 1.11 (3H, d, J = 6.4
Hz), 1.43 (1H, br), 1.59 (2H,m), 1.75 (1H, br), 2.43~2.48 (1H, m), 2.84 (1H, td, J = 5.5,
6.9 Hz), 3.37 (1H, t, J = 9.6 Hz), 3.51 (1H, m), 3.62 (3H, br), 3.79 (1H, br); *C-NMR
(100 MHz, Acetone-dg): 6 14.39, 18.13, 23.91, 32.77, 54.25, 60.85, 73.66, 74.18, 77.79;
IR (neat): 3304 cm™; MS (El) m/z 203 (M*); HRMS (EI) Calcd for CioH,:NO3:
203.1521 (M™), found: 203.1529; [o]p™ -0.3 (c = 0.4, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-Hexylfuconojirimycin (34c)

Yield 78%; 'H-NMR (400 MHz, D,0):5 0.87 (3H, t, J = 6.9 Hz), 1.11 (3H, d, J = 6.4
Hz), 1.25~1.43 (4H, m), 1.59 (3H,m), 1.78 (1H, m), 2.46 (1H, m), 2.84 (1H, td, J = 5.5,
6.9 Hz), 3.37 (1H, t, J = 9.6 Hz), 3.51 (1H, m), 3.63 (3H, br), 3.79 (1H, br); *C-NMR
(100 MHz, Acetone-ds): & 14.34, 18.13, 23.31, 25.80, 32.62, 33.09, 35.21, 54.21, 60.85,
62.32, 73.55, 74.16; IR (neat): 1644 cm™, 3427 cm™; MS (EI) m/z 231 (M*); HRMS
(El) Calcd for CioHsNOs: 231.1834 (M), found: 231.1836; [o]p™® +1.6 (c = 0.2,
MeOH).

(1R, 2R, 3R, 4R, 5S)-1-Octylfuconojirimycin (34d)

Yield 96%; *H-NMR (400 MHz, Acetone-dg):5 0.87 (3H, t, J = 6.4 Hz), 1.06 (3H, d, J =
6.4 Hz), 1.15~1.28 (12H, m), 1.56 (1H,m), 1.85 (1H, m), 2.27 (1H, td, J = 2.8, 9.2 Hz),
2.72 (1H, m), 3.17 (1H, t, J = 9.2 Hz), 3.26 (1H, dd, J = 2.8, 9.2 Hz), 3.53 (1H, br);
BC-NMR (100 MHz, Acetone-ds): & 14.33, 18.13, 23.30, 26.67, 27.84, 30.72, 30.75,
32.62, 33.09, 54.24, 60.86, 73.62, 74.17, 77.77; IR (neat): 1638 cm™, 3406 cm™; MS
(ED) m/z 259 (M"); HRMS (EI) Calcd for C14H29NOs: 259.2147 (M™), found: 259.2160;
[a]p?® +1.3 (¢ = 1.1, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-Nonylfuconojirimycin (34e)

Yield 68%; "H-NMR (400 MHz, Acetone-dg):5 0.87 (3H, t, J = 6.9 Hz), 1.06 (3H, d, J =
6.4 Hz), 1.13~1.28 (14H, m), 1.53 (1H,m), 1.85 (1H, br), 2.28 (1H, td, J = 2.8, 9.2 Hz),
2.71 (1H, qd, J = 1.4, 6.9 Hz), 3.18 (1H, t, J = 9.2 Hz), 3.27 (1H, dd, J = 2.8, 9.2 Hz),
3.56 (1H, br); *C-NMR (100 MHz, Acetone-dg): & 14.29, 18.10, 23.26, 26.64, 29.19,
29.38, 30.35, 30.72, 32.58, 33.05, 54.23, 60.86, 73.63, 74.13, 77.76; IR (neat): 1637
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cm?, 3433 cm™; MS (EI) m/z 273 (M*); HRMS (EI) Calcd for CysHs:NO3: 273.2304
(M), found: 273.2307; [0]p® +1.3 (¢ = 1.1, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-(4-Phenylbutyl)fuconojirimycin (34f)

Yield 62%; *H-NMR (400 MHz, D;0):5 1.19 (3H, d, J = 6.4 Hz), 1.28~1.37 (2H,m),
1.86 (1H, m), 2.52 (1H, t, J = 7.3 Hz), 2.85 (1H, br), 3.28 (1H, br), 3.46~3.57 (2H, m),
3.83 (1H, br), 7.09~7.24 (5H, m); *C-NMR (100 MHz, Acetone-dg): & 18.13, 26.40,
32.76, 32.91, 36.52, 54.22, 60.83, 73.66, 74.21, 77.79, 126.29, 128.97, 129.12, 143.64;
IR (neat): 1637 cm™, 3434 cm™; MS (El) m/z 279 (M*); HRMS (EI) Calcd for
C16H2sNO3: 279.1834 (M*), found: 279.1834; [a]p>* +3.8 (¢ = 0.4, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-(5-Phenylpentyl)fuconojirimycin (349)

Yield 65%; "H-NMR (400 MHz, Acetone-d):8 1.06 (3H, d, J = 6.9 Hz), 1.19 (1H,m),
1.34 (3H, m), 1.60 (3H, m), 1.85 (1H, br), 2.27 (1H, td, J = 2.3, 9.2 Hz), 2.60 (2H, t, J =
7.8 Hz), 2.71 (1H, m), 3.16 (1H, t, J = 9.2 Hz), 3.25 (1H, br), 3.56~3.66 (3H, br),
7.12~7.26 (5H, m); *C-NMR (100 MHz, Acetone-dg): & 18.04, 26.47, 30.30, 32.37,
33.02, 36.47, 54.23, 60.83, 73.65, 74.15, 77.76, 126.30, 128.97, 129.13, 143.59; IR
(neat): 1636 cm™, 3423 cm™; MS (EI) m/z 293 (M*); HRMS (EI) Calcd for C17H,7NOs:
293.1991 (M™), found: 293.2008; [o]p™® +4.2 (c = 0.3, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(1-Naphthyl)propyl]fuconojirimycin (34h)

Yield 73%; *H-NMR (400 MHz, Acetone-dg):8 1.06 (3H, d, J = 6.4 Hz), 1.32~1.41 (1H,
m), 1.74~1.85 (1H, m), 1.85~2.00 (1H, m), 2.39 (1H, td, J = 2.8, 9.2 Hz), 2.72~2.76
(1H, m), 3.00~3.16 (2H, m), 3.21 (1H, t, J = 9.2 Hz), 3.29 (1H, dd, J = 2.8, 9.2 Hz),
3.57 (1H, br), 7.36~7.53 (4H, m), 7.72 (1H, d, J = 7.3 Hz), 7.87 (1H, dd, J = 1.4, 7.8
Hz), 8.15 (1H, d, J = 8.2 Hz); *C-NMR (100 MHz, Acetone-ds): 5 18.14, 28.29, 33.15,
33.88, 54.27, 60.71, 73.66, 74.26, 77.75, 124.83, 126.33, 126.43, 126.64, 127.09,
129.37, 132.78, 134.86, 139.87; IR (neat): 1636 cm™, 3434 cm™; MS (EI) m/z 315
(M*); HRMS (EI) Calcd for C19H,sNO3: 315.1834 (M*), found: 315.1851; [a]p™® +5.0 (c
= 1.1, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(4-1sopropyl)phenylpropyl]fuconojirimycin (34i)

Yield 65%; *H-NMR (400 MHz, Acetone-dg):8 1.06 (3H, d, J = 6.9 Hz), 1.19~1.28 (8H,
m), 1.60~1.62 (1H, m), 1.84~1.92 (2H, m), 2.32 (1H, td, J = 2.8, 9.2 Hz), 2.55 (2H, m),
2.71 (1H, q, J = 6.6 Hz), 2.84 (2H, m), 3.19 (1H, t, J = 9.2 Hz), 3.27 (1H, dd, J = 3.2,
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9.2 Hz), 3.56 (1H, br), 7.11~7.13 (4H, m); **C-NMR (100 MHz, Acetone-dg): & 18.09,
24.43, 28.91, 32.91, 34.46, 36.47, 54.35, 60.87, 73.69, 74.22, 77.79, 126.89, 129.07,
140.98, 146.62; IR (neat): 1513 cm™, 3364 cm™; MS (EI) m/z 307 (M*); HRMS (EI)
Calcd for C1gH2gNO3: 307.2147 (M*), found: 307.2151; [a]o™® +5.4 (¢ = 1.1, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(4-Methoxy)phenylpropyl]fuconojirimycin (34j)

Yield 42%; *H-NMR (400 MHz, Acetone-dg):8 1.07 (3H, d, J = 6.9 Hz), 1.21~1.29 (1H,
m), 1.57~1.64 (1H, m), 1.80~1.95 (2H, m), 2.35 (1H, td, J = 2.8, 9.2 Hz), 2.47~2.60
(2H, m), 2.75 (1H, qd, J = 1.3, 6.6 Hz), 3.20 (1H, t, J = 9.2 Hz), 3.28 (1H, dd, J = 3.0,
9.2 Hz), 3.57 (1H, dd, J = 1.3, 3.0 Hz), 3.74 (3H, s), 6.81 (2H, d, J = 8.7 Hz), 7.10 (2H,
d, J = 8.7 Hz); **C-NMR (100 MHz, Acetone-dg): & 17.99, 28.99, 32.71, 35.94, 54.35,
55.37, 60.82, 73.57, 74.08, 77.70, 114.39, 130.04, 135.54; IR (neat): 1511 cm™, 3374
cm™; MS (El) m/z 295 (M*); HRMS (EI) Calcd for C1sHosNO,: 295.1784 (M), found:
295.1770; [a]p™® +6.2 (c = 0.4, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(4-Trifluoromethyl)phenylpropyl]fuconojirimycin (34k)
Yield 73%; *H-NMR (400 MHz, Acetone-dg):8 1.06 (3H, d, J = 6.9 Hz), 1.23~1.30 (1H,
m), 1.62~1.72 (1H, m), 1.84~1.96 (2H, m), 2.33 (1H, td, J = 2.3, 8.7 Hz), 2.67~2.76
(2H, m), 3.20 (1H, t, J = 9.2 Hz), 3.29 (1H, dd, J = 3.2, 9.2 Hz), 3.57~3.58 (2H, br),
7.43 (2H, d, J = 7.8 Hz), 7.58 (2H, d, J = 7.8 Hz); *C-NMR (100 MHz, Acetone-dg): 5
18.11, 28.48, 32.72, 36.52, 54.25, 60.72, 73.64, 74.10, 77.72, 125.79, 128.12, 129.87,
148.53; IR (neat): 1637 cm™, 3434 cm™; MS (EI) m/z 333 (M*); HRMS (EI) Calcd for
C16H2FsNO3: 333.1552 (M*), found: 333.1552; [a]p™® +4.3 (c = 0.5, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(4-Fluoro)phenylpropyl]fuconojirimycin (34l)

Yield 66%; "H-NMR (400 MHz, Acetone-dg):8 1.05 (3H, d, J = 6.4 Hz), 1.15~1.27 (2H,
m), 1.79~1.94 (2H, m), 2.32 (1H, td, J = 2.8, 9.2 Hz), 2.61 (2H, m), 2.71 (1H, g, J = 6.4
Hz), 3.18 (1H, t, J = 9.2 Hz), 3.26~3.31 (2H, br), 3.56 (1H, s), 3.67 (2H, br), 7.00 (2H, t,
J = 8.7 Hz), 7.20~7.24 (2H, m); *C-NMR (100 MHz, Acetone-dg): & 18.12, 28.91,
32.73, 35.92, 54.24, 60.76, 73.65, 74.17, 77.75, 115.56, 130.71, 139.66, 163.09; IR
(neat): 1640 cm™, 3468 cm™; MS (EI) m/z 283 (M*); HRMS (El) Calcd for
C1sH2FNO3: 283.1584 (M*), found: 283.1587; [a]p™® +4.0 (c = 0.8, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(4-Chloro)phenylpropyl]fuconojirimycin (34m)
Yield 67%; "H-NMR (400 MHz, Acetone-dg):8 1.06 (3H, d, J = 6.4 Hz), 1.10~1.26 (1H,
m), 1.63 (1H, br), 1.88~1.90 (2H, br), 2.31 (1H, t, J =9.2 Hz), 2.61 (2H, m), 2.71 (1H, d,
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J = 6.4 Hz), 3.17 (1H, t, J = 8.2 Hz), 3.26 (2H, br), 3.56~3.63 (3H, br), 7.22 (2H, d, J =
8.2 Hz), 7.27 (2H, d, J = 8.2 Hz); *C-NMR (100 MHz, Acetone-dg): & 18.13, 28.67,
32.70, 36.04, 54.24, 60.74, 73.65, 74.16, 77.74, 128.92, 130.90, 131.53, 142.60; IR
(neat): 1638 cm™, 3457 cm™; MS (EI) m/z 299 (M*); HRMS (El) Calcd for
C1sH2CINOs: 299.1288 (M™), found: 299.1286; [a]o™® +4.8 (¢ = 0.5, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(2-Chloro)phenylpropyl]fuconojirimycin (34n)

Yield 70%; *H-NMR (400 MHz, Acetone-dg):8 1.06 (3H, d, J = 6.4 Hz), 1.25~1.34 (1H,
m), 1.58~1.68 (1H, m), 1.80~1.99 (2H, m), 2.34 (1H, td, J = 2.8, 9.2 Hz), 2.66~2.76
(2H, m), 3.21 (1H, t, J = 9.2 Hz), 3.29 (1H, dd, J = 3.2, 9.2 Hz), 3.57 (1H, br), 7.16 (1H,
dd, J=1.8, 7.3 Hz), 7.19 (1H, d, J = 1.8 Hz), 7.22 (1H, dd, J = 1.4, 7.3 Hz), 7.25 (1H, d,
J = 1.4 Hz); C-NMR (100 MHz, Acetone-dg): & 18.12, 27.15, 32.84, 34.36, 54.27,
60.80, 73.64, 74.12, 77.74, 127.78, 128.18, 129.99, 131.41, 134.15, 141.04; IR (neat):
1637 cm™, 3538 cm™; MS (EI) m/z 299 (M*); HRMS (EI) Calcd for CisH2»CINOs:
299.1288 (M™), found: 299.1279; [o]p™ +6.0 (c = 1.1, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(3-Chloro)phenylpropyl]fuconojirimycin (340)

Yield 82%; *H-NMR (400 MHz, Acetone-dg):8 1.06 (3H, d, J = 6.9 Hz), 1.20~1.27 (1H,
m), 1.64~1.67 (1H, m), 1.88~1.90 (2H, m), 2.32 (1H, td, J = 2.8, 9.2 Hz), 2.59~2.65
(2H, m), 2.72 (1H, m), 3.18 (1H, t, J = 9.2 Hz), 3.27 (1H, dd, J = 3.2, 9.2 Hz),
3.56~3.80 (2H, br), 7.15~7.29 (4H, m); *C-NMR (100 MHz, Acetone-dg): & 18.12,
28.56, 32.71, 36.37, 54.25, 60.72, 73.64, 74.14, 77.73, 126.37, 127.76, 129.10, 130.61,
134.26, 146.23; IR (neat): 1637 cm™, 3434 cm™; MS (EI) m/z 299 (M*); HRMS (EI)
Calcd for C1sH2CINOs: 299.1288 (M™), found: 299.1296; [a]p?° +3.6 (¢ = 1.3, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(2, 4-Dichloro)phenylpropyl]fuconojirimycin (34p)

Yield 72%; *H-NMR (400 MHz, Acetone-dg):8 1.06 (3H, d, J = 6.9 Hz), 1.24~1.32 (1H,
m), 1.63~1.65 (1H, m), 1.85~1.94 (2H, m), 2.33 (1H, td, J = 2.8, 9.2 Hz), 2.69~2.75
(3H, m), 3.19 (1H, t, J = 9.2 Hz), 3.28 (1H, dd, J = 3.2, 9.2 Hz), 3.57 (2H, br), 7.28 (1H,
dd, J = 2.3, 8.2 Hz), 7.35 (1H, d, J = 8.2 Hz), 7.42 (1H, d, J = 1.8 Hz); *C-NMR (100
MHz, Acetone-dg): 6 18.13, 26.95, 32.70, 33.74, 54.25, 60.73, 73.64, 74.12, 77.73,
127.93, 129.47, 132.40, 132.59, 135.00, 140.11; IR (neat): 1638 cm™, 3433 cm™; MS
(ED) m/z 333 (M"); HRMS (El) Calcd for CisH2CINO5: 333.0898 (M™), found:
333.0931; [a]p?* +5.7 (¢ = 1.4, MeOH).

(1R, 2R, 3R, 4R, 5S)-1-[3-(2, 4, 6-Trichloro)phenylpropyl]fuconojirimycin (34q)
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Yield 63%; "H-NMR (400 MHz, Acetone-dg):8 1.05 (3H, d, J = 6.9 Hz), 1.32~1.34 (1H,
m), 1.55~1.60 (1H, m), 1.81 (1H, m), 1.98 (1H, m), 2.34 (1H, td, J = 2.8, 9.2 Hz),
2.68~2.92 (4H, m), 3.20 (1H, t, J = 9.2 Hz), 3.28 (1H, dd, J = 2.8, 8.7 Hz), 3.56 (1H, br),
7.46 (2H, s); *C-NMR (100 MHz, Acetone-dg): & 18.13, 25.67, 31.82, 32.90, 54.26,
60.77, 73.65, 77.76, 128.84, 132.68, 136.33, 138.41; IR (neat): 1638 cm™, 3475 cm™;
MS (El) m/z 367 (M"); HRMS (EI) Calcd for Ci5H2,CIsNOs: 367.0509 (M™), found:
367.0481; [a]p™ +0.6 (c = 0.4, MeOH).

N-(3-phenylpropyl)-1-deoxyfuconojirimycin (35)

10% HCI (aq) (1mL) was added to a solution of 29 (95mg, 0.25 mmol) in THF (1 mL)
at room temperature, and the reaction mixture was refluxed for 52 h. After the reaction
was complete, the reaction mixture was basified with 10% NaOH (aq) to pH 11. The
volatiles were removed in vacuo and dissolved in CH,Cl, (1 mL). Then K,CO3 (69 mg,
0.50 mmol) and 3-phenylpropyl bromide (0.042 mL, 0.28 mmol) were added to the
solution. After the reaction was complete, the volatiles were removed in vacuo and
purified by DOWEX 50W resin (X-8, H* form, eluent: 0.7 N aqueous NHj3) to give 35
(28mg, 0.11 mmol, 42 % in 2 steps).

'H-NMR (400 MHz, CDCl3):8 1.28 (3H, d, J = 6.9 Hz), 1.41 (9H, s), 2.46 (1H, ddd, J =
6.9, 13.7 Hz), 2.60 (1H, m), 3.33~3.36 (9H, m), 3.79 (1H, br), 3.85 (1H, br), 3.95 (1H,
dd, J = 2.8, 6.4 Hz), 4.23~4.34 (2H, br), 4.61~4.73 (6H, m), 5.00 (1H, d, J = 8.2 Hz),
5.03 (1H, d, J = 15.1 Hz), 5.71~5.81 (1H, m); *C-NMR (100 MHz, CDCls): & 16.26,
26.14, 33.36, 51.71, 56.14, 58.33, 69.56, 74.04, 125.88, 128.24, 128.36, 141.77; IR
(neat): 3400 cm™; MS (EI) m/z 265 (M"); HRMS (EI) Calcd for Cy5H,3NO3: 265.1678
(M™), found: 265.1679; [0]p> +36.8 (c = 0.4, MeOH).

(3S, 4S)-4-Benzyloxycarbonylamino-3-methoxymethoxy-1-pentene (38)

N-Ethyldiisopropylamine (3.00 mL, 17.4 mmol) and chloromethyl methyl ether (1.09
mL, 13.2 mmol) were added to a solution of 3*? (1.35 g, 5.74 mmol) in CH,Cl, (10 mL)
at 0 °C. The stirred reaction mixture was refluxed for 15 h. After cooling, the volatiles
were removed in vacuo to give a yellow oil, which was chromatographed on silica gel
(20 g, n-Hexane/Acetone 15:1) to give 38 (1.391 g, 4.98 mmol, 87%) as a pale yellow
oil. 'H-NMR (500 MHz, CDCl3) : 7.38-7.29 (5H, m), 5.72 (1H, ddd, J = 13.7, 10.1, 6.7
Hz), 5.27 (1H, dd, J = 13.7, 0.7 Hz), 5.26 (1H, dd, J = 10.1, 0.7 Hz), 5.10 (2H, s), 4.94
(1H, br), 4.53, 4.68 (2H, ABq, J = 6.6 Hz), 3.98 (1H, dd, J = 6.7, 3.1 Hz), 3.89 (1H, br),
3.36 (3H, s), 1.22 (3H, d, J = 6.8 Hz); *C-NMR (125 MHz, CDCls) ¢ 155.99, 137.18,
137.03, 128.46, 128.02, 118.15, 117.84, 92.30, 76.74, 66.55, 55.64, 53.29, 16.33; IR
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(neat): 3334, 1712 cm™; MS (EI): m/z 279 (M*); HRMS (EI) Calcd for CisHp1OsN
279.1471; Found 279.1508; [0]p° +45.6 (c 1.00, CHCIs).

Ethyl (2E, 4S, 5S)-5-Benzyloxycarbonylamino-4-methoxymethoxy-2-hexenoate (39)
Hoveyda-Grubbs Catalyst, 2" generation (7.0 mg, 10.5 pmol) and ethyl acrylate (0.190
mL, 1.79 mmol) were added to a solution of 38 (100 mg, 0.356 mmol) in CH,CI, (7
mL) at room temperature, and the stirred reaction mixture was refluxed for 15 h. After
cooling, the volatiles were removed in vacuo to give a black oil, which was
chromatographed on silica gel (10 g, n-Hexane/Acetone 10:1) to give 39 (122 mg, 0.347
mmol, 98%) as a pale yellow oil. *H-NMR (400 MHz, CDCls) §: 7.37-7.32 (5H, m),
6.81 (1H, dd, J = 15.8, 6.4 Hz), 6.01 (1H, d, J = 15.8 Hz), 5.09 (2H, s), 4.89 (1H, br),
4.59, 4.63 (2H, ABq, J = 7.0 Hz), 4.20 (2H, q, J = 7.1 Hz), 3.95 (1H, br), 3.75 (1H, dd, J
= 6.6, 6.4 Hz), 3.37 (3H, 5), 1.29 (3H, t, J = 7.1 Hz), 1.22 (3H, d, J = 6.6 Hz); *C-NMR
(100 MHz, CDCl3) o: 165.57, 155.63, 144.03, 136.31, 128.33, 127.91, 127.87, 123.74,
94.79, 77.12, 66.50, 60.38, 55.72, 49.59, 17.20, 14.01; IR (neat): 3337, 1718, 1700
cm™ MS (El): m/z 351 (M*); HRMS (EI) Calcd for CigHxs06N 351.1682; Found
351.1665; [a]p>* +19.4 (c 1.00, CHCI5).

(2E, 4S, 5S)-5-Benzyloxycarbonylamino-4-methoxymethoxy-2-hexen-1-ol (40)

A solution of DIBAL (1.0 M in n-hexane, 20.5 mL, 20.5 mmol,) at -78 °C was added to
a solution of 39 (1.60 g, 4.56 mmol) in CH,Cl, (16 mL), and the reaction mixture was
stirred at the same temperature for 2 h. The reaction was quenched with sat. NH4Cl (aq)
and then the insoluble materials were filtered off with a Celite pad. The organic layer
was separated, dried over anhydrous Na,SO, and evaporated to give a pale yellow oil,
which was chromatographed on silica gel (20 g, n-Hexane/Acetone 3:1) to give 40 (1.09
g, 3.52 mmol, 77%) as a colorless oil.'H-NMR (400 MHz, CDCls) 6: 7.39-7.30 (5H, m),
5.87 (1H, dt, J = 14.7, 5.2 Hz), 5.61 (1H, dd, J = 14.7, 6.8 Hz), 5.09 (2H, s), 4.96 (1H,
br), 4.52, 4.67 (2H, ABq, J = 6.8 Hz), 4.13 (2H, d, J = 5.2 Hz), 4.03 (1H, br), 3.88 (1H,
br), 3.36 (3H, s), 1.23 (3H, d, J = 6.8 Hz); *C-NMR (100 MHz, CDCls) &: 156.09,
136.42, 134.35, 128.38, 127.98, 127.92, 127.14, 93.64, 78.07, 66.55, 62.27, 55.53,
50.25, 17.69; IR (neat): 3339, 1702 cm™; MS (El): m/z 309 (M*); HRMS (EI) Calcd for
C16H230sN 309.1576; Found 309.1614; [a]p>* +44.7 (c 1.00, CHCI5).

(2E, 4S, 5S)-5-Benzyloxycarbonylamino-1-tert-butyldimethylsilyloxy-
4-methoxymethoxy-2-hexene (41)
tert-Butyldimethylchlorosilane (0.935 g, 6.20 mmol), DMAP (0.126 g, 1.03 mmol) and
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EtsN (1.10 mL, 7.83 mmol) were added to a solution of 40 (1.07 g, 3.46 mmol) in
CH,Cl, (15 mL) at 0 °C, and the reaction mixture was stirred at room temperature for
15 h. The volatiles were removed in vacuo to give a yellow oil, which was
chromatographed on silica gel (20 g, n-Hexane/Acetone 20:1) to give 41 (1.43 g, 3.38
mmol, 98%) as a pale yellow oil.'"H-NMR (400 MHz, CDCls) &: 7.36-7.30 (5H, m),
5.79 (1H, dt, J = 14.4, 3.4 Hz), 5.58 (1H, dd, J = 14.4, 7.2 Hz), 5.09 (2H, s), 4.93 (1H,
br), 4.50, 4.68 (2H, ABq, J = 6.4 Hz), 4.17 (2H, d, J = 3.4 Hz), 4.00 (1H, br), 3.85 (1H,
br), 3.35 (3H, s), 1.21 (3H, d, J = 6.6 Hz), 0.91 (9H,s ), 0.05 (6H, s); *C-NMR (100
MHz, CDCls) ¢: 155.83, 136.57, 134.89, 128.40, 128.01, 127.96, 125.74, 93.57, 78.13,
66.48, 62.76, 55.54, 50.26, 25.81, 18.27, 17.76, -5.33; IR (neat): 3337, 1718 cm™; MS
(E): m/z 423 (M"); HRMS (EI) Calcd for C,H3,0sNSi 423.2411; Found 423.2435;
[a]p?! +36.6 (¢ 1.00, CHCI5).

(2R, 3S, 4R, 5S)-5-Benzyloxycarbonylamino-1-tert-butyldimethylsilyloxy-4-
methoxymethoxyhexane-2, 3-diol (42)

NMO (0.782 g, 6.68 mmol) and OsO, (2.0 mL, 0.171 mmol, 2% in H,O) were added to
a solution of 41 (1.41 g, 3.33 mmol) in acetone (16mL) at 0 °C, and the reaction mixture
was stirred at room temperature for 15 h. After the reaction was complete, 10% Na,S,03
(ag) (4 mL) was added, and then the aqueous mixture was extracted with CH,Cl, (10
mL x 3). The organic layers were combined, dried over anhydrous Na,SO, and
evaporated to give a yellow oil, which was chromatographed on silica gel (20 g,
n-Hexane/Acetone 10:1) to give 42 (1.39 g, 3.04 mmol, 91%) as a colorless
0il.'H-NMR (400 MHz, CDCls) §: 7.37-7.31 (5H, m), 5.05, 5.13 (2H, ABq, J = 12 Hz),
4.70, 4.74 (2H, ABq, J = 6.4 Hz), 4.18 (1H, br), 3.79 (3H, br), 3.62 (2H, br), 3.41 (3H,
s), 1.25 (3H, d, J = 6.8 Hz), 0.90 (9H, s), 0.09 (6H, s); **C-NMR (100 MHz, CDCls) :
156.45, 136.25, 128.29, 127.94, 127.92, 97.96, 79.96, 70.19, 69.02, 66.64, 65.33, 56.12,
46.91, 25.69, 18.03, 17.25, -5.61; IR (neat): 3417, 1700 cm™; MS (El): m/z 457 (M");
HRMS (EI) Calcd for CaoH3gO7NSi 457.2496; Found 457.2468; [a]p? -22.6 (¢ 1.00,
CHCly).

(2R, 3R, 4R, 5S)-5-Benzyloxycarbonylamino-1-tert-butyldimethylsilyloxy-2, 3,
4-methoxymethoxyhexane (43)

N -Ethyldiisopropylamine (2.10 mL, 12.2 mmol) and chloromethyl methyl ether (0.80
mL, 9.69 mmol) were added to a solution of 42 (1.37 g, 3.00 mmol) in CH,CI, (15 mL)
at 0 °C. The stirred reaction mixture was refluxed for 15 h. After cooling, the volatiles
were removed in vacuo to give a yellow oil, which was chromatographed on silica gel
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(20 g, n-Hexane/Acetone 15:1) to give 43 (1.57 g, 2.88 mmol, 96%) as a pale yellow
0il.'H-NMR (400 MHz, CDCls) 6: 7.35-7.30 (5H, m), 5.09 (2H, s), 4.79-4.66 (6H, m),
4.09 (1H, br), 3.82-3.76 (3H, m), 3.74-3.68 (2H, m), 3.39 (3H, s), 3.38 (3H, s), 3.37 (3H,
s), 1.25 (3H, d, J = 6.3 Hz), 0.89 (9H, s), 0.06 (6H, s); *C-NMR (100 MHz, CDCl5) &:
155.56, 136.60, 127.76, 127.70,128.17, 98.34, 97.60, 97.30, 80.03, 77.90, 77.25, 66.15,
62.63, 55.86, 55.42, 46.72, 25.60, 18.53, 17.92, 13.86,-5.74; IR (neat): 3338, 1719 cm™;
MS (EI): m/z 545 (M"); HRMS (EI) Calcd for CosH4709NSi 545.3020; Found 545.3014;
[a]p?® +3.0 (¢ 1.00, CHClIs).

(2R, 3R, 4R, 5S)-5-Benzyloxycarbonylamino-2, 3, 4-methoxymethoxyhexan-1-ol
(44)

A solution of tetrabutylammonium fluoride (1.0 M in THF, 5.70 mL, 5.70 mmol,) was
added to a solution of 40 (1.55 g, 3.39 mmol) in THF (10 mL) at 0 °C, and the reaction
mixture was stirred at room temperature for 1 h. After the reaction was complete, brine
(4 mL) was added, and then the aqueous mixture was extracted with CH,Cl, (10 mL x
3). The organic layers were combined, dried over anhydrous Na,SO, and evaporated to
give 44 as a yellow oil, which was chromatographed on silica gel (20 g,
n-Hexane/Acetone 3:1) to give 44 (1.38 g, 3.20 mmol, 94%) as a colorless oil. *H-NMR
(400 MHz, CDCl;) 6: 7.36-7.31 (5H, m), 5.09 (2H, s), 4.75-4.65 (6H, m), 4.06 (1H, dd,
J=17.6, 7.5 Hz), 3.83 (2H, br), 3.75-3.66 (3H, m), 3.53 (1H, br), 3.45 (3H, s), 3.43 (3H,
s), 3.40 (3H, s), 1.24 (3H, d, J = 6.8 Hz); *C-NMR (100 MHz, CDCls) &: 155.62,
136.37, 128.32, 127.94, 127.94, 98.62, 98.43, 97.56, 80.96, 80.17, 78.05, 66.46, 62.75,
56.28, 56.14, 55.70, 46.30, 19.10; IR (neat): 3436, 1715 cm™; MS (FAB): m/z 432
(M*+1); HRMS (FAB) Calcd for CaoHasOgN 432.2234; Found 432.2234; [a]o® -4.4 (c
1.00, CHCl,).

(2R, 3R, 4R, 5S)-5-Benzyloxycarbonylamino-1-methylsulfonyloxy-2, 3,
4-methoxymethoxyhexane (45)

Methanesulfonyl chloride (0.40 mL, 5.15 mmol) and EtzN (0.98 mL, 6.97 mmol) were
added to a solution of 44 (1.14 g, 2.65 mmol) in CH,Cl, (15 mL) at 0 °C, and the
reaction mixture was stirred at room temperature for 15 h. After the reaction was
complete, sat. NaHCO3 (ag) (4 mL) was added, and then the aqueous mixture was
extracted with CH,Cl, (10 mL x 3). The organic layers were combined, dried over
anhydrous Na,SO, and evaporated to give 45 as a yellow oil, which was
chromatographed on silica gel (20 g, n-Hexane/Acetone 3:1) to give 45 (1.27 g, 2.50
mmol, 94%) as a pale yellow oil. *H-NMR (400 MHz, CDCls) §: 7.37-7.31 (5H, m),
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5.09 (2H, s), 4.79-4.67 (6H, m), 4.49-4.40 (2H, m), 4.08 (2H, br), 3.65 (2H, br), 3.42
(3H, s), 3.40 (3H, s), 3.39 (3H, s), 3.03 (3H, 5), 1.24 (3H, d, J = 7.0 Hz); **C-NMR (100
MHz, CDCls) J: 155.69, 136.45, 128.40, 128.03, 128.02, 98.59, 98.45, 97.64, 80.95,
77.62, 75.27, 68.93, 66.54, 56.25, 56.13, 55.92, 46.59, 37.16, 19.02; IR (neat): 3397,
1707 cm™; MS (FAB): m/z 510 (M*+1); HRMS (FAB) Calcd for CyHss011NS
510.2009; Found 510.2012; [0]p”% -10.4 (c 1.00, CHCI3)

(2S, 3R, 4S, 5R)-2-Methyl-3, 4, 5-trimethoxymethoxypiperidine-1-carboxylic acid
benzyl ester (46)

NaH (0.497 g, 12.4 mmol, 60% dispersion in paraffin liquid) and Nal (0.746 g, 4.97
mmol) were added to a solution of 45 (1.27 g, 2.50 mmol) in THF (20 mL) at 0 °C, and
the reaction mixture was stirred at room temperature for 20 h. After the reaction was
complete, sat. NaHCO3 (ag) (6 mL) was added, and then the aqueous mixture was
extracted with CH,Cl, (10 mL x 3). The organic layers were combined, dried over
anhydrous Na,SO, and evaporated to give 46 as a yellow oil, which was
chromatographed on silica gel (20 g, n-Hexane/Acetone 15:1) to give 46 (0.940 g, 2.28
mmol, 91%) as a pale yellow oil. *H-NMR (400 MHz, CDCls) §: 7.35-7.27 (5H, m),
5.19, 5.09 (2H, ABq, J = 12.4 Hz), 4.80-4.67 (6H, m), 4.56 (2H, br), 4.09 (1H, br),
3.97-3.91 (2H, m), 3.83 (1H, br), 3.40 (3H, s), 3.39 (3H, s), 3.38 (3H, s), 1.29 (3H, d, J
= 7.1 Hz); ®C-NMR (100 MHz, CDCls) §: 155.67, 136.74, 128.36, 127.84, 127.68,
97.10, 95.43, 95.11, 75.74, 72.98, 71.52, 67.05, 55.61, 55.53, 55.52, 49.37, 37.74,
12.41; IR (neat): 1700 cm™; MS (El): m/z 413 (M*); HRMS (EI) Calcd for CyoH3;0gN
413.2050; Found 413.2023; [a]p? -34.6 (c 1.00, CHCl5)

(3S, 4R, 5R, 6S)-2-Methoxy-6-methyl-3, 4, 5-trimethoxymethoxypiperidine-1-
carboxylic acid benzyl ester (47)

Et;,NBF, (0.400 g, 1.84 mmol) was added to a solution of 46 (0.300 g, 0.73 mmol) in a
4:1 MeCN/MeOH mixture (20 mL) and the reaction mixture was stirred at -15 °C for
4.5 h with 100 mA electricity passed through by use of graphite anode and cathode
electrodes. Then the reaction solvent was removed to give 47 as a yellow oil, which was
chromatographed on silica gel (10 g, n-Hexane/Acetone 10:1) to give 47 (0.200 g, 0.45
mmol, 62%) as a pale yellow oil. *H-NMR (400 MHz, CDCls) §: 7.39-7.33 (5H, m),
5.19 (2H, s), 4.78-4.66 (6H, m), 4.52 (1H, br), 4.09 (1H, br), 3.99-3.90 (2H, m), 3.83
(1H, br), 3.40-3.38 (9H, m), 3.32 (3H, s), 1.43 (3H, d, J =7.0 Hz)

(2R, 3R, 4R, 5R, 6S)-2-Allyl-6-methyl-3, 4, 5-trimethoxymethoxypiperidine-1-
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carboxylic acid benzyl ester (48)

Allyltrimethylsilane (0.46 mL, 2.9 mmol) and BFz;*Et,O (0.10 mL, 0.80 mmol) were
added to a solution of 47 (0.335 g, 0.76 mmol) in CH,Cl, (4 mL) at -78 °C, and the
reaction mixture was stirred at the same temperature for 5 h. After the reaction was
complete, sat. NaHCO3 (ag) (6 mL) was added, and then the aqueous mixture was
extracted with CH,Cl, (5 mL x 3). The organic layers were combined, dried over
anhydrous Na,SO, and evaporated to give 48 as a yellow oil, which was
chromatographed on silica gel (10 g, n-Hexane/Acetone 15:1) to give 48 (0.238 g, 0.53
mmol, 70%) as a pale yellow oil. *H-NMR (400 MHz, CDCls) §: 7.39-7.30 (5H, m),
5.78 (1H, br), 5.17-5.02 (4H, m), 4.77-4.64 (6H, m), 4.51 (1H, br), 4.38 (1H, br), 4.03
(1H, dd, J = 6.8, 2.3 Hz), 3.92 (1H, br), 3.87 (1H, br), 3.40 (9H, s), 2.72-2.51 (2H, m),
1.37 (3H, d, J = 6.8 Hz); *C-NMR (100 MHz, CDCls) §: 155.81, 136.71, 135.54,
128.35, 127.80, 127.65, 117.33, 96.48, 95.90, 95.67, 75.56, 75.54, 71.75, 67.11, 55.69,
55.56, 55.54, 49.63, 38.30, 29.19, 16.02; IR (neat): 1696 cm™; MS (El): m/z 453 (M");
HRMS (El) Calcd for CysHss0sN 453.2363; Found 453.2358; [a]p®® -8.7 (¢ 0.50,
CHCly)

(2R, 3R, 4R, 5R, 6S)-2-Carboxymethyl-6-methyl-3, 4, 5-trimethoxymethoxy-
piperidine-1-carboxylic acid benzyl ester (49)

2, 6-Lutidine (0.030 mL, 0.26 mmol), NalO,4 (0.132 g, 0.62 mmol) and OsO,4 (0.20 mL,
0.017 mmol, 2% in H,0) were added to a solution of 48 (0.070 g, 0.15 mmol) ina 3:1 1,
4-dioxane/H,O mixture (4 mL) at 0 °C, and the resulting mixture was stirred at room
temperature for 2 h. After the reaction was complete, 10% Na,S,03 (aq) (1 mL) was
added, and then the aqueous mixture was extracted with AcOEt (5 mL x 3). The organic
layers were combined, washed with 10% HCI (aq), dried over anhydrous Na,SQO,4, and
evaporated to give the aldehyde as colorless oil, which was used directly in the next step.
2-Methyl-2-butene (0.65 mL, 6.12 mmol), NaH,PO4¢2H,0 (0.238 g, 1.53 mmol), and
NaClO; (0.118 g, 0.91 mmol) were added to a solution of the above aldehyde in a 3:1
t-BUOH/H,O mixture (4 mL) at 0 °C. The reaction mixture was stirred at room
temperature for 2 h. After the reaction was complete, sat. NaHSO3 (aq) and 10% HCI
(ag) were added, and then the aqueous mixture was extracted with AcOEt (5 mL x 3).
The organic layers were combined, dried over anhydrous Na,SO,, and evaporated to
give 49 as a yellow oil, which was chromatographed on silica gel (10 g,
n-Hexane/Acetone 15:1) to give 49 (0.053 g, 0.11 mmol, 73%) as a colorless oil.
'H-NMR (400 MHz, CDCls) 6: 7.36-7.30 (5H, m), 5.20, 5.13 (2H, ABq, J = 12.4 Hz),
4.77-4.63 (7H, m), 4.51 (1H, br), 4.04 (1H, dd, J = 6.4, 2.4 Hz), 3.96 (2H, br), 3.40 (3H,
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s), 3.39 (3H, s), 3.38 (3H, s), 3.21 (1H, dd, J = 14.2, 10.2 Hz), 2.70 (1H, dd, J = 14.2,
4.6 Hz), 1.35 (3H, d, J = 7.1 Hz); ®®C-NMR (100 MHz, CDCls) ¢: 175.56, 155.70,
136.44, 128.38, 127.87, 127.59, 96.74, 95.60, 95.50, 76.74, 75.38, 71.15, 67.37, 55.68,
55.61, 55.56, 51.35, 37.72, 29.10, 15.96; IR (neat): 3485, 1732, 1695 cm™; MS (El): m/z
471 (M*); HRMS (EI) Calcd for Ca,H33010N 471.2104; Found 471.2105; [a]p** -16.4 (c
0.50, CHCls)

General procedure for the synthesis of amides (50a-n)
EDC (2 eq), DMAP (0.1 eq) and amine (1 eq) were added to a solution of 15 in CH,Cl,
at room temperature, and the reaction mixture was stirred at the same temperature for 15
h. After the reaction was complete, the volatiles were removed in vacuo, and the residue
was chromatographed on silica gel to give the amide (50).

(2R, 3R, 4R, 5R, 6S)-2-(Phenylcarbamoylmethyl))-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid benzyl ester (R = Phenyl, 50a)
Yield 74%; *H-NMR (500 MHz, CDCls) §: 7.43 (2H, d, J = 6.8, Hz), 7.29-7.21 (7H, m),
7.03 (1H,t, J=6.8 Hz), 5.17,5.10 (2H, ABq, J = 12.3 Hz), 4.74-4.61 (7TH, m), 4.47 (1H,
t, J = 6.8 Hz), 4.02-3.91 (3H, m), 3.37 (3H, s), 3.36 (3H, s), 3.12 (3H, s), 3.09 (1H, dd, J
= 14.4,9.7 Hz), 2.58 (1H, br), 1.32 (3H, d, J = 7.1 Hz); **C-NMR (125 MHz, CDCls)
168.82, 157.96, 136.31, 130.86, 128.88, 128.54, 128.09, 127.76, 124.08, 119.82, 96.94,
96.60, 95.71, 75.57, 74.26, 71.25, 67.66, 55.86, 55.82, 55.78, 53.76, 49.63, 42.43,
16.26; IR (neat): 3323, 1693, 1682 cm™; MS (EI): m/z 546 (M*); HRMS (EI) Calcd for
CugH3509N; 546.2577; Found 546.2580; [a]p>> +8.8 (¢ 0.50, CHCl3)

(2R, 3R, 4R, 5R, 6S)-2-(Benzylcarbamoylmethyl))-6-methyl-3, 4,
5-trimethoxy-methoxypiperidine-1-carboxylic acid benzyl ester (R = Benzyl, 50b)
Yield 76%; *H-NMR (500 MHz, CDCl3) §: 7.34-7.23 (10H, m), 5.11 (2H, s), 4.75-4.61
(7H, m), 4.54-4.29 (3H, m), 4.04-3.96 (3H, m), 3.39 (3H, s), 3.35 (3H, s), 3.32 (3H, 3),
3.03 (1H, dd, J = 14.8, 10.2 Hz), 2.63 (1H, br), 1.29 (3H, d, J = 7.1 Hz); **C-NMR (125
MHz, CDCl3) §: 170.24, 156.01, 138.40, 136.43, 128.58, 128.51, 128.01, 127.79,
127.72, 127.37, 96.77, 96.32, 95.59, 75.53, 75.42, 71.20, 67.43, 55.75, 55.71, 55.64,
52.70, 49.37, 43.44, 40.85, 16.15; IR (neat): 3325, 1693, 1682 cm™; MS (EI): m/z 560
(M*); HRMS (EI) Calcd for CogHaOsN, 560.2734; Found 560.2736; [o] o> +2.3 (C
0.50, CHCl3)

(2R, 3R, 4R, 5R, 6S)-2-(Butylcarbamoylmethyl))-6-methyl-3, 4,
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5-trimethoxy-methoxypiperidine-1-carboxylic acid benzyl ester (R = Butyl, 50c)
Yield 70%; *H-NMR (500 MHz, CDCls) &: 7.36-7.30 (5H, m), 5.19, 5.15 (2H, ABq, J =
12.5 Hz), 4.76-4.63 (7H, m), 4.50 (1H, br), 4.04-3.97 (3H, m), 3.41 (3H, s), 3.39 (3H, 9),
3.33 (3H, s), 3.27-3.14 (2H, m), 2.97 (1H, dd, J = 14.0, 10.0 Hz), 2.63 (1H, br),
1.45-1.27 (7H, m), 0.89 (3H, t, J = 7.5 Hz); *C-NMR (125 MHz, CDCly) 6: 170.27,
155.85, 136.36, 128.40, 127.91, 127.59, 96.64, 96.21, 95.46, 75.49, 75.23, 71.06, 67.33,
55.63, 55.60, 55.59, 52.68, 49.14, 40.77, 39.08, 31.44, 19.91, 16.08, 13.60; IR (neat):
3325, 1693, 1683 cm™; MS (El): m/z 526 (M*); HRMS (EI) Calcd for CyH4200N;
526.2890; Found 526.2867; [a]p™ +2.2 (c 0.90, CHCl5)

(2R, 3R, 4R, B5R, 6S)-2-[(4-Methoxyphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic ~ acid  benzyl ester (R =
p-Methoxy-phenyl, 50d)

Yield 52%; *H-NMR (500 MHz, CDCls) J: 7.45-7.28 (7H, m), 6.82 (2H, d, J = 9.0 Hz),
5.21, 5.14 (2H, ABq, J = 12.3 Hz), 4.79-4.65 (7H, m), 4.52 (1H, br), 4.00-3.98 (3H, m),
3.77 (3H, s), 3.41 (3H, s), 3.35 (3H, s), 3.32 (3H, s), 3.11 (1H, dd, J = 14.5, 9.5 Hz),
2.76 (1H, br), 1.36 (3H, d, J = 7.0 Hz); *C-NMR (125 MHz, CDCl3) J: 168.58, 156.21,
136.31, 131.11, 128.51, 128.04, 128.03, 127.70, 121.67, 113.98, 96.87, 96.53, 95.65,
76.01, 75.52, 71.20, 67.59, 55.77, 55.74, 55.41, 53.39, 53.05, 49.48, 42.09, 16.22; IR
(neat): 3325, 1693, 1682 cm™; MS (El): m/z 576 (M*); HRMS (EI) Calcd for
CuoH40010N, 576.2683; Found 576.2682; [a]o™ +13.9 (¢ 0.50, CHCI3)

(2R, 3R, 4R, B5R, 65)-2-[(4-Methylphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid benzyl ester (R = p-Tolyl, 50¢e)
Yield 77%; *H-NMR (500 MHz, CDCl3) d: 7.37-7.29 (7H, m), 7.09 (2H, d, J = 8.5 Hz),
5.21,5.14 (2H, ABq, J = 12.5 Hz), 4.79-4.65 (7H, m), 4.54-4.47 (1H, m), 4.06-3.98 (3H,
m), 3.42 (3H, s), 3.40 (3H, s), 3.32 (3H, s), 3.12 (1H, dd, J = 15.0, 9.8 Hz), 2.77 (1H,
br), 2.30 (3H, s), 1.37 (3H, d, J = 7.5 Hz); *C-NMR (125 MHz, CDCls) &: 168.63,
156.16, 136.25, 133.53, 129.24, 128.41, 128.37, 127.93, 127.61, 119.84, 96.78, 96.41,
95.54, 75.41, 71.33, 71.11, 67.48, 55.70, 55.67, 55.63, 53.34, 49.40, 41.97, 20.71,
16.10; IR (neat): 3325, 1698, 1684 cm™; MS (EI): m/z 560 (M*); HRMS (EI) Calcd for
CooH009N; 560.2734; Found 560.2751; [a]p”® +10.0 (¢ 1.00, CHCIs)

(2R, 3R, 4R, 5R, 6S)-2-[(4-Fluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic ~ acid  benzyl ester (R =
p-Fluorophenyl, 50f)
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Yield 68%; *H-NMR (500 MHz, CDCls) §: 7.42-7.31 (7H, m), 6.97 (2H, t, J = 8.5 Hz),
5.23, 5.15 (2H, ABq, J = 12.5 Hz), 4.79-4.66 (7H, m), 4.52 (1H, br), 4.07-3.97 (3H, m),
3.42 (3H, s), 3.41 (3H, s), 3.33 (3H, s), 3.11 (1H, dd, J = 15.0, 9.0 Hz), 2.82 (1H, br),
1.37 (3H, d, J = 7.5 Hz); *C-NMR (125 MHz, CDCls) §: 168.78, 160.16 (d, J = 242.8
Hz), 156.79, 136.21, 134.07, 128.48, 128.04, 127.61, 121.53, 115.36 (d, J = 23.0 Hz),
96.83, 96.50, 95.66, 76.14, 75.52, 71.19, 67.61, 55.77, 55.76, 55.70, 53.37, 49.59, 42.08,
16.23; IR (neat): 3323, 1699, 1680 cm™; MS (EI): m/z 564 (M*); HRMS (EI) Calcd for
CosH3709N,F 564.2483; Found 564.2482; [o]o”™ +15.0 (¢ 0.90, CHCI3)

(2R, 3R, 4R, B5R, 65)-2-[(2-Methylphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid benzyl ester (R = o-Tolyl, 50g)
Yield 54%; *H-NMR (500 MHz, CDCl3) 8: 7.71 (2H, d, J = 7.5 Hz), 7.35-7.30 (6H, m),
7.18 (1H, t, J = 7.5 Hz), 7.07 (1H, t, J = 7.5 Hz), 5.21, 5.14 (2H, ABq, J = 12.5 Hz),
4.84-4.66 (7H, m), 4.53 (1H, br), 4.08-3.92 (3H, m), 3.41 (3H, s), 3.40 (3H, s), 3.34 (3H,
s), 3.20 (1H, dd, J = 15.0, 10.5 Hz), 2.73 (1H, br), 2.23 (3H, s), 1.39 (3H, d, J = 7.5 Hz);
BC-NMR (125 MHz, CDCls) §: 168.97, 156.09, 136.29, 135.55, 130.35, 129.82, 128.40,
127.94, 127.68, 126.49, 125.20, 123.55, 96.77, 96.41, 95.51, 75.69, 75.21, 71.08, 67.47,
55.73, 55.69, 55.64, 53.35, 49.36, 41.95, 22.61, 17.69; IR (neat): 3307, 1693, 1681
cm™; MS (El): m/z 560 (M*); HRMS (EI) Calcd for CagHaoOgN, 560.2734; Found
560.2739; [a]p™ +2.4 (c 0.50, CHCIs)

(2R, 3R, 4R, B5R, 65)-2-[(3-Methylphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid benzyl ester (R = m-Tolyl, 50h)
Yield 74%; *H-NMR (500 MHz, CDCls) : 7.36-7.29 (7H, m), 7.17 (1H, t, J = 7.5 Hz),
6.90 (1H, d, J = 7.5 Hz), 5.22, 5.16 (2H, ABq, J = 12.3 Hz), 4.79-4.66 (7H, m), 4.52
(1H, t, J=6.5 Hz), 4.07-4.00 (3H, m), 3.42 (3H, s), 3.41 (3H, s), 3.32 (3H, s), 3.14 (1H,
dd, J = 14.5, 9.5 Hz), 2.76 (1H, br), 2.33 (3H, s), 1.37 (3H, d, J = 6.5 Hz); *C-NMR
(125 MHz, CDCl3) o: 168.73, 156.17, 138.67, 136.27, 128.61, 128.46, 127.99, 127.98,
127.65, 120.37, 116.82, 96.83, 96.51, 95.57, 76.10, 75.45, 71.13, 67.53, 55.77, 55.72,
55.70, 52.93, 49.43, 42.25, 21.40, 16.15; IR (neat): 3323, 1693, 1682 cm™; MS (EI): m/z
560 (M*); HRMS (EI) Calcd for CaoHagOgN, 560.2734; Found 560.2721; [a]p* +15.7
(c 0.50, CHCI,)

(2R, 3R, 4R, 5R, 65)-2-[(2, 4-Dimethylphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid benzyl ester (R = 2,
4,-Dimethylphenyl, 50i)
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Yield 58%; *H-NMR (500 MHz, CDCl3) 8: 7.45 (1H, d, J = 6.8 Hz), 7.35-7.28 (5H, m),
6.99 (1H, s), 6.98 (1H, d, J = 6.8 Hz), 5.21, 5.15 (2H, ABq, J = 12.0 Hz), 4.79-4.65 (7H,
m), 4.53 (1H, br), 4.08-4.02 (3H, m), 3.42 (3H, s), 3.41 (3H, s), 3.32 (3H, s), 3.19 (1H,
dd, J=15.0, 10.5 Hz), 2.72 (1H, br), 2.28 (3H, s), 2.17 (3H, s), 1.38 (3H, d, J = 7.2 Hz);
BC-NMR (125 MHz, CDCls) d: 169.01, 156.03, 136.33, 135.03, 132.86, 131.04, 130.22,
128.44, 127.97, 127.70, 127.05, 123.90, 96.78, 96.41, 95.51, 75.24, 74.14, 71.09, 67.48,
55.82, 55.72, 55.67, 53.37, 49.31, 41.78, 26.43, 22.62, 16.13; IR (neat): 3318, 1699,
1684 cm™; MS (EI): m/z 574 (M*); HRMS (EI) Calcd for C3oHa,09N, 574.2890; Found
574.2881; [a]p>® +3.9 (c 0.50, CHCls)

(2R, 3R, 4R, 5R, 6S)-2-[(2, 4, 6-Trimethylphenylcarbamoyl)methyl]-6-methyl-
3, 4, 5-trimethoxymethoxypiperidine-1-carboxylic acid benzyl ester (R =2, 4,
6-Trimethylphenyl, 50j)

Yield 49%; *H-NMR (500 MHz, CDCls) d: 7.35-7.29 (5H, m), 6.85 (2H, s), 5.18 (2H, s),
4.86 -4.66 (7H, m), 4.56 (1H, br), 4.10-4.03 (3H, m), 3.42 (3H, s), 3.41 (3H, s), 3.34
(3H, s), 3.27-3.23 (1H, br), 2.80 (1H, br), 2.24 (3H, s), 2.12 (6H, s), 1.39 (3H, d, J=7.0
Hz); *C-NMR (125 MHz, CDCls) &: 170.55, 153.90, 137.61, 136.34, 128.77, 128.47,
128.43, 127.96, 127.75, 127.67, 96.79, 96.30, 95.70, 74.15, 73.04, 71.39, 67.45, 55.73,
55.64, 55.61, 53.38, 51.55, 41.48, 26.45, 22.63, 17.59; IR (neat): 3327, 1699, 1683
cm™; MS (El): m/z 588 (M*); HRMS (EI) Calcd for CsHaOgN, 588.3047; Found
588.3049; [a]p?° +5.9 (c 0.50, CHCls)

(2R, 3R, 4R, 5R, 6S)-2-[(2-Fluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic  acid  benzyl ester (R =
o-Fluorophenyl, 50k)

Yield 63%; *H-NMR (500 MHz, CDCl3) 8: 8.23 (1H, d, J = 8.0 Hz), 7.35-7.28 (5H, m),
7.13-7.04 (3H, m), 5.21, 5.13 (2H, ABq, J = 12.5 Hz), 4.79-4.65 (7H, m), 4.53 (1H, br),
4.08-4.01 (3H, m), 3.41 (3H, s), 3.40 (3H, s), 3.32 (3H, s), 3.20 (1H, dd, J = 14.5, 10.0
Hz), 2.75-2.72 (1H, br), 1.39 (3H, d, J = 7.5 Hz); *C-NMR (125 MHz, CDCls) &:
168.88, 155.79, 152.52 (d, J = 241.0 Hz), 136.35, 128.34, 127.85, 127.64, 126.10,
126.02, 124.38, 122.21, 114.72 (d, J = 19.38 Hz), 96.77, 96.26, 95.50, 75.59, 75.29,
71.13, 67.36, 55.67, 55.62, 55.61, 52.54, 49.31, 16.06; IR (neat): 3315, 1695, 1684
cm™; MS (El): m/z 564 (M*); HRMS (EI) Calcd for CogH3709N,F 564.2483; Found
564.2470; [a]p?* +5.5 (¢ 0.50, CHClIs)

(2R, 3R, 4R, 5R, 6S)-2-[(3-Fluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
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5-trimethoxymethoxypiperidine-1-carboxylic ~ acid  benzyl ester (R =
m-Fluorophenyl, 501)

Yield 65%; *H-NMR (500 MHz, CDCls) 6: 7.46-7.31 (6H, m), 7.26-7.14 (1H, m), 6.78
(1H, td, J = 8.0, 2.0 Hz), 5.23, 5.15 (2H, ABq, J = 12.5 Hz), 4.79-4.67 (7TH, m), 4.51
(1H, t, J =6.5 Hz), 4.06 (1H, dd, J = 6.5, 1.5 Hz), 3.98 (2H, br), 3.43 (3H, s), 3.41 (3H,
s), 3.33 (3H, s), 3.12 (1H, dd, J = 15.0, 9.0 Hz), 2.83 (1H, br), 1.37 (3H, d, J = 7.0 Hz);
BC-NMR (125 MHz, CDCls) 6: 168.94, 162.89 (d, J = 243.0 Hz), 156.01, 139.26,
136.19, 129.01, 128.54, 128.13, 127.72, 114.91, 110.66 (d, J = 20.6 Hz), 107.15 (d, J =
25.5Hz), 96.92, 96.66, 95.73, 75.59, 72.23, 71.23, 67.74, 55.87, 55.83, 55.78, 52.99,
49.77, 42.60, 16.29; IR (neat): 3325, 1695, 1674 cm™; MS (El): m/z 564 (M*); HRMS
(El) Calcd for CgH3709N,F 564.2483; Found 564.2493; [a]p”* +18.4 (¢ 0.50, CHCI3)

(2R, 3R, 4R, 5R, 6S)-2-[(2, 4-Difluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid benzyl ester (R = 2,
4-Difluorophenyl, 50m)

Yield 51%; *H-NMR (500 MHz, CDCl3) 8: 8.12 (1H, d, J = 8.4 Hz), 7.35-7.28 (5H, m),
6.86 (1H, d, J =8.4 Hz), 6.83 (1H, s), 5.21, 5.13 (2H, ABq, J = 12.5 Hz), 4.79-4.67 (7TH,
m), 4.55-4.49 (1H, br), 4.08-4.00 (3H, m), 3.41 (3H, s), 3.40 (3H, s), 3.33 (3H, s), 3.18
(1H, dd, J = 14.5, 10.0 Hz), 2.75 (1H, br), 1.38 (3H, d, J = 7.0 Hz); ®*C-NMR (125
MHz, CDCl3) o: 168.99, 155.99, 154.75 (d, J = 258.1 Hz), 148.92 (d, J = 274.3 Hz),
136.36, 128.45, 127.99, 127.74, 123.59, 111.11 (d, J = 18.3Hz), 103.63 (d, J = 26.8 Hz),
96.91, 96.41, 95.66, 75.81, 75.46, 71.25, 67.53, 55.88, 55.80, 55.74, 53.40, 49.51, 41.85,
16.19; IR (neat): 3302, 1695, 1670 cm™; MS (EI): m/z 582 (M*); HRMS (EI) Calcd for
CsH3509N2F, 582.2389; Found 582.2394; [a]p® +5.0 (c 0.50, CHCl5)

(2R, 3R, 4R, 5R, 6S)-2-[(2, 4, 6-Trifluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trimethoxymethoxypiperidine-1-carboxylic acid benzyl ester (R = 2, 4,
6-Trifluorophenyl, 50n)

Yield 31%; *H-NMR (500 MHz, CDCls) : 7.37-7.29 (5H, m), 6.72 (2H, t, J = 8.5 Hz),
5.19-5.14 (2H, m), 4.78-4.67 (7H, m), 4.53 (1H, br), 4.08-3.92 (3H, m), 3.41 (3H, s),
3.40 (3H, s), 3.38 (3H, s), 3.24 (1H, br), 2.82 (1H, br), 1.37 (3H, d, J = 7.0 Hz);
BC-NMR (125 MHz, CDCls) &: 169.92, 161.46 (d, J = 243.1 Hz), 159.17 (d, J = 203.0
Hz), 155.15, 128.47, 128.00, 127.82, 127.72, 108.66, 101.01 (t, J = 19.38 Hz), 96.88,
96.18, 95.53, 75.45, 71.41, 71.08, 67.48, 56.06, 55.79, 55.69, 53.40, 51.18, 40.86,
14.02; IR (neat): 3290, 1697, 1679 cm™; MS (EI): m/z 600 (M*); HRMS (EI) Calcd for

73



CusH3509N,F3 600.2295; Found 600.2328; [a]p’’ +8.3 (¢ 0.30, CHCI3)

General procedure for the synthesis of triols (51a-n)

10% HCI (aq) was added to a solution of 50 in THF at room temperature, and the
reaction mixture was stirred at 40 °C for 48 h. After the reaction was complete,
NaHCOs3 (ag) was added, and then the aqueous mixture was extracted with AcOEt (5
mL x 3). The organic layers were combined, dried over anhydrous Na,SO,4 and
evaporated to give the residue, which was chromatographed on silica gel to give 51

(2R, 3R, 4R, 5R, 6S)-2-(Phenylcarbamoylmethyl))-6-methyl-3, 4, 5-trihydroxy-
piperidine-1-carboxylic acid benzyl ester (R = Phenyl, 51a)

Yield quant.; *H-NMR (500 MHz, CDCly) &: 7.42 (2H, d, J = 7.8 Hz), 7.31-7.28 (5H,
m), 7.22 (2H, t, J = 7.8 Hz), 7.03 (1H, t, J = 7.8 Hz), 5.13, 5.08 (2H, ABq, J = 12.4 Hz),
4.62 (1H, br), 4.26 (1H, t, J = 7.0 Hz), 4.04 (2H, br), 3.73 (1H, br), 3.12 (1H, dd, J =
14.8,10.2 Hz), 2.67 (1H, dd, J = 14.8, 4.4 Hz), 1.25 (3H, d, J = 6.4 Hz); "*C-NMR (125
MHz, CDCl3) 4: 168.61, 156.30, 130.87, 128.87, 128.81, 128.78, 128.51, 128.04,
127.69, 120.25, 74.15, 72.90, 72.55, 67.59, 53.75, 53.02, 38.69, 16.35; IR (neat): 3566,
1697, 1683 cm™; MS (El): m/z 414 (M*); HRMS (EI) Calcd for CaoHzs06N2 414.1791;
Found 414.1795; [a]p>® +27.6 (c 0.50, CHCl5)

(2R, 3R, 4R, 5R, 6S)-2-(Benzylcarbamoylmethyl))-6-methyl-3, 4,
5-trihydroxy-piperidine-1-carboxylic acid benzyl ester (R = Benzyl, 51b)

Yield 78%; *H-NMR (500 MHz, CDCl3) d: 7.27-7.14 (10H, m), 5.02 (2H, s), 4.52 (1H,
br), 4.34-4.20 (3H, m), 4.02 (2H, br), 3.73 (1H, br), 2.98 (1H, dd, J = 15.4, 10.5 Hz),
2.50 (1H, dd, J = 15.4, 5.6 Hz), 1.21 (3H, d, J = 6.8 Hz); *C-NMR (125 MHz, CDCls)
0. 167.74, 159.70, 136.29, 132.41, 130.86, 128.77, 128.57, 128.02, 127.73, 127.62,
75.51, 72.87, 72.15, 68.13, 55.74, 53.78, 43.49, 40.93, 16.36; IR (neat): 3376, 1695,
1681 cm™; MS (EI): m/z 428 (M*); HRMS (EI) Calcd for Cp3H,506N, 428.1947; Found
428.1940; [a]p*® +7.5 (c 1.10, CHCI3)

(2R, 3R, 4R, 5R, 6S)-2-(Butylcarbamoylmethyl))-6-methyl-3, 4,
5-trihydroxy-piperidine-1-carboxylic acid benzyl ester (R = Butyl, 51c)

Yield 85%; *H-NMR (500 MHz, CDCls) §: 7.27-7.22 (5H, m), 5.06, 5.03 (2H, ABq, J =
12.5 Hz), 4.45 (1H, br), 4.24 (1H, t, J = 6.9 Hz), 3.99 (1H, br), 3.94 (1H, br), 3.71 (1H,
br), 3.09-2.89 (3H, m), 2.45 (1H, dd, J = 14.5, 4.5 Hz), 1.33-1.19 (7H, m), 0.80 (3H, t, J
= 7.5 Hz); ®C-NMR (125 MHz, CDCls) §: 171.73, 156.12, 136.29, 128.47, 127.98,
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127.66, 72.84, 71.94, 69.50, 67.45, 53.76, 51.37, 40.99, 39.32, 31.25, 19.95, 16.29,
13.66; IR (neat): 3387, 1697, 1682 cm™; MS (EI): m/z 394 (M*); HRMS (EI) Calcd for
CaoH3006N2 394.2104; Found 394.2096; [a]p> +6.4 (¢ 0.50, CHCl5)

(2R, 3R, 4R, B5R, 6S)-2-[(4-Methoxyphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = p-Methoxyphenyl, 51d)
Yield 76%; *H-NMR (500 MHz, CDCls) d: 7.33-7.23 (7H, m), 6.70 (2H, d, J = 8.0 Hz),
5.11, 5.02 (2H, ABq, J = 12.0 Hz), 4.65 (1H, br), 4.22 (1H, br), 3.99 (2H, br), 3.73 (1H,
br), 3.65 (3H, s), 3.08 (1H, dd, J = 14.0, 10.0 Hz), 2.65 (1H, br), 1.22 (3H, d, J = 6.5
Hz); *C-NMR (125 MHz, CDCls) &: 170.05, 156.40, 136.25, 131.36, 130.76, 128.52,
128.03, 127.69, 122.14, 113.96, 72.89, 72.44, 70.20, 67.61, 55.66, 55.34, 51.58, 41.76,
16.36; IR (neat): 3379, 1690, 1682 cm™; MS (EI): m/z 444 (M*); HRMS (EI) Calcd for
CusH2507N; 444.1897; Found 444.1894; [a]p”® +34.9 (¢ 0.25, CHCls)

(2R, 3R, 4R, B5R, 65)-2-[(4-Methylphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = p-Tolyl, 51e)

Yield 75%; *H-NMR (500 MHz, CDCls) §: 7.30-7.23 (7H, m), 6.96 (2H, d, J = 8.0 Hz),
5.11,5.02 (2H, ABq, J = 12.0 Hz), 4.65 (1H, br), 4.21 (1H, br), 3.98 (2H, br), 3.72 (1H,
br), 3.11 (1H, dd, J = 14.5, 10.5 Hz), 2.65 (1H, br), 2.19 (3H, s), 1.22 (3H, d, J = 6.5
Hz); *C-NMR (125 MHz, CDCls) §: 170.13, 156.32, 136.22, 135.17, 133.87, 129.27,
128.46, 127.98, 127.65, 120.30, 73.47, 72.89, 72.32, 67.60, 53.75, 51.53, 41.75, 20.76,
16.31; IR (neat): 3407, 1695, 1682 cm-1; MS (El): m/z 428 (M+); HRMS (EI) Calcd for
CusH2506N; 428.1947; Found 428.1945; [a]p™* +29.8 (¢ 0.30, CHCls)

(2R, 3R, 4R, 5R, 6S)-2-[(4-Fluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = p-Fluorophenyl, 51f)
Yield 75%; *H-NMR (500 MHz, CDCls) d: 7.40-7.26 (7H, m), 6.85 (2H, d, J = 7.0 Hz),
5.12, 5.02 (2H, ABq, J = 12.0 Hz), 4.65 (1H, br), 4.21 (1H, br), 3.99 (2H, br), 3.73 (1H,
br), 3.10 (1H, dd, J = 13.5, 9.5 Hz), 2.67 (1H, br), 1.21 (3H, d, J = 6.5 Hz); *C-NMR
(125 MHz, CDCl3) ¢: 170.12, 158.41 (d, J = 257.0 Hz), 155.38, 128.49, 128.44, 128.06,
127.96, 127.63, 121.97, 121.97, 115.51 (d, J = 12.0 Hz), 74.02, 72.79, 72.38, 67.61,
53.40, 52.58, 40.63, 16.58; IR (neat): 3420, 1698, 1670 cm™; MS (EI): m/z 432 (M™);
HRMS (EI) Calcd for CaoHas06NoF 432.1697; Found 432.1694; [o]p™ +17.1 (c 0.30,
CHCly)

(2R, 3R, 4R, B5R, 65)-2-[(2-Methylphenylcarbamoyl)methyl]-6-methyl-3, 4,
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5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = o-Tolyl, 519)

Yield 77%; *H-NMR (500 MHz, CDCls) : 7.35-7.21 (7H, m), 7.10 (1H, t, J = 7.0 Hz),
7.02 (1H, t, J = 7.0 Hz), 5.12, 5.08 (2H, ABq, J = 12.5 Hz), 4.60 (1H, dd, J = 8.5, 2.5
Hz), 4.28 (1H, t, J = 8.5 Hz), 4.07 (1H, br),4.03 (1H, br), 3.74 (1H, br), 3.16 (1H, dd, J
=14.3,11.0 Hz), 2.68 (1H, dd, J = 14.3, 4.0 Hz), 2.15 (3H, s), 1.26 (3H, d, J = 7.0 Hz);
BC-NMR (125 MHz, CDCls) §: 170.58, 156.16, 136.24, 135.16, 132.40, 130.86, 130.49,
128.77, 128.76, 128.50, 128.04, 127.75, 72.82, 72.14, 68.12, 67.58, 55.93, 51.48, 38.69,
22.95, 17.80; IR (neat): 3393, 1700, 1678 cm™; MS (El): m/z 428 (M*); HRMS (EI)
Calcd for CasH2s06N, 428.1947; Found 428.1945; [a]p?’ +13.6 (¢ 0.50, CHCl5)

(2R, 3R, 4R, B5R, 65)-2-[(3-Methylphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = m-Tolyl, 51h)

Yield 75%; *H-NMR (500 MHz, CDCls) : 7.34-7.21 (7H, m), 7.07 (1H, t, J = 8.0 Hz),
6.82 (1H, d, J =8.0 Hz), 5.12, 5.06 (2H, ABq, J = 15.0 Hz), 4.63 (1H, br), 4.23 (1H, t,J
= 7.0 Hz), 4.00 (2H, br),3.73 (1H, br), 3.10 (1H, dd, J = 15.0, 10.0 Hz), 2.64 (1H, br),
2.17 (3H, s), 1.22 (3H, d, J = 6.9 Hz); *C-NMR (125 MHz, CDCls) §: 170.17, 156.31,
138.61, 137.64, 136.17, 128.60, 128.46, 127.99, 127.66, 125.11, 120.80, 117.31, 72.89,
72.72, 72.34, 67.60, 53.76, 51.52, 41.84, 21.30, 16.28; IR (neat): 3379, 1690, 1680
cm™; MS (El): m/z 428 (M"); HRMS (EI) Calcd for Cp3Hos06N, 428.1947; Found
428.1939; [0]p®’ +24.4 (c 0.50, CHClIs)

(2R, 3R, 4R, 5R, 65)-2-[(2, 4-Dimethylphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = 2, 4-Dimethylphenyl,
51i)

Yield 72%; *H-NMR (500 MHz, CDCls) d: 7.31-7.23 (6H, m), 6.87 (1H, s), 6.85 (1H, d,
J = 8.5 Hz), 5.08, 5.04 (2H, ABq, J = 12.5 Hz), 4.58 (1H, br), 4.38 (1H, br), 4.03 (1H,
br), 3.98 (1H, br), 3.71 (1H, br), 3.10 (1H, dd, J = 14.5, 11.0 Hz), 2.63 (1H, dd, J = 14.5,
4.0 Hz), 2.19 (3H, s), 2.06 (3H, s), 1.22 (3H, d, J = 7.0 Hz); *C-NMR (125 MHz,
CDClg) ¢: 170.56, 156.15, 136.24, 135.47, 132.48, 131.10, 130.85, 128.75, 128.47,
127.99, 127.72, 126.95, 72.80, 72.12, 69.51, 67.52, 53.76, 51.46, 41.68, 23.69, 20.80,
16.35; IR (neat): 3371, 1690, 1681 cm™; MS (EI): m/z 442 (M*); HRMS (EI) Calcd for
CosH3006N; 442.2104; Found 442.2113; [a]p?° +25.4 (c 0.40, CHCl5)

(2R, 3R, 4R, 5R, 6S)-2-[(2, 4, 6-Trimethylphenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = 2, 4, 6-Trimethylphenyl,
51j)
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Yield 68%; *H-NMR (500 MHz, CDCl3) §: 7.41-7.27 (5H, m), 6.81 (2H, s), 5.13, 5.09
(2H, ABq, J = 12.5 Hz), 4.57 (1H, br), 4.31 (1H, br), 4.05 (1H, br), 4.03 (1H, br), 3.69
(1H, br), 3.13 (1H, dd, J = 14.5, 10.5 Hz), 2.73 (1H, dd, J = 14.5, 3.0 Hz), 2.22 (3H, s),
2.07 (6H, s), 1.28 (3H, d, J = 6.5 Hz); *C-NMR (125 MHz, CDCls) &: 171.56, 155.84,
136.29, 135.18, 128.46, 128.11, 127.96, 127.82, 127.65, 127.63, 73.23, 72.86, 69.51,
67.45, 53.75, 53.41, 38.43, 26.42, 22.64, 16.25; IR (neat): 3393, 1691, 1676 cm™; MS
(ED: m/z 456 (M"); HRMS (EI) Calcd for CysH3,0N, 456.2260; Found 456.2251;
[a]o™® +6.5 (¢ 0.20, CHCl3)

(2R, 3R, 4R, 5R, 6S)-2-[(2-Fluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = o-Fluorophenyl, 51k)
Yield 82%; *H-NMR (500 MHz, CDCls) : 8.19 (1H, t, J = 8.0 Hz), 7.35-7.29 (5H, m),
7.13-7.05 (3H, m), 5.15 (2H, s), 4.62 (1H, dd, J = 7.3,3.0 Hz), 4.36 (1H, t, J = 7.3 Hz),
4.16 (1H, br), 4.07 (1H, br), 3.78 (1H, br), 3.22 (1H, dd, J = 15.5, 11.0 Hz), 2.73 (1H,
dd, J = 15.5, 3.5 Hz), 1.32 (3H, d, J = 7.0 Hz); *C-NMR (125 MHz, CDCl;) J: 170.31,
156.13, 152.88 (d, J = 243.0 Hz), 136.20, 128.72, 128.39, 127.91, 127.63, 124.78,
122.67, 114.73 (d, J = 19.5 Hz), 72.77, 72.21, 69, 51, 67.50, 53.72, 51.34, 41.55, 16.21;
IR (neat): 3375, 1697, 1682 cm™ MS (El): m/z 432 (M*); HRMS (EI) Calcd for
CooH2506N,F 432.1697; Found 432.1694; [ +10.0 (¢ 0.50, CHCI3)

(2R, 3R, 4R, 5R, 6S)-2-[(3-Fluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = m-Fluorophenyl, 51I)
Yield 78%; *H-NMR (500 MHz, CDCl3) 8: 7.42 (1H, d, J = 8.0 Hz), 7.35-7.25 (6H, m),
7.08 (1H, d, J=8.0 Hz), 6.80 (1H, t, J = 8.0 Hz), 5.16 (2H, s), 4.57 (1H, dd, J = 6.8,3.0
Hz), 4.37 (1H, t, J = 7.0 Hz), 4.14 (1H, br), 4.07 (1H, br), 3.78 (1H, br), 3.14 (1H, dd, J
=15.3, 10.5 Hz), 2.72 (1H, br), 1.30 (3H, d, J = 6.5 Hz); *C-NMR (125 MHz, CDCls)
0. 170.05, 162.34 (d, J = 249.1Hz), 155.00, 133.94, 132.35, 128.54, 127.81, 127.70,
123.56, 115.28, 109.89 (d, J = 7.3 Hz), 106.35 (d, J = 9.8Hz), 75.97, 73.39, 72.62, 69.58,
55.60, 53.85, 41.04, 16.35; IR (neat): 3370, 1688, 1680 cm™; MS (EI): m/z 432 (M™);
HRMS (EI) Calcd for CaHas0sN2F 432.1697; Found 432.1694; [o]p™ +8.6 (¢ 0.50,
CHCly)

(2R, 3R, 4R, 5R, 6S)-2-[(2, 4-Difluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = 2, 4-Difluorophenyl,
51m)

Yield 72%; *H-NMR (500 MHz, CDCls) &: 7.97 (1H, m), 7.35-7.27 (5H, m), 6.78 (2H,
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m), 5.13, 5.08 (2H, ABq, J = 12.5 Hz), 4.64 (1H, br), 4.31 (1H, t, J = 6.5 Hz), 4.05 (2H,
br), 3.78 (1H, br), 3.20 (1H, dd, J = 14.8, 10.5 Hz), 2.70 (1H, dd, J = 14.8, 4.5 Hz), 1.28
(3H, d, J = 7.0 Hz); ®*C-NMR (125 MHz, CDCls) 6: 171.59, 155.58, 155.51 (d, J =
281.0 Hz), 150.18 (d, J = 266.4 Hz), 134.00, 133.91, 128.63, 128.53, 128.12, 127.81,
112.09 (d, J = 7.3 Hz), 106.38 (t, J = 13.4 Hz), 76.03, 73.60, 68.12, 67.63, 58.05, 53.75,
42.81, 14.10; IR (neat): 3350, 1690, 1676 cm™; MS (El): m/z 450 (M*); HRMS (EI)
Calcd for CoH2406N,F2 450.1602; Found 450.1602; [o]p™ +11.6 (¢ 0.20, CHCI3)

(2R, 3R, 4R, 5R, 6S)-2-[(2, 4, 6-Trifluorophenylcarbamoyl)methyl]-6-methyl-3, 4,
5-trihydroxypiperidine-1-carboxylic acid benzyl ester (R = 2, 4, 6-Trifluorophenyl
51n)

Yield 72%; *H-NMR (500 MHz, CDCl5) &: 7.31-7.27 (5H, m), 6.62 (2H, m), 5.10 (2H,
s), 4.67 (1H, br), 4.04 (3H, br), 3.78 (1H, br), 3.20 (1H, dd, J = 15.0, 9.5 Hz), 2.81 (1H,
dd, J = 15.0, 5.0 Hz), 1.22 (3H, d, J = 6.5 Hz); *C-NMR (125 MHz, CDCl;) J: 169.14,
161.61 (d, J = 229.6 Hz), 157.16 (d, J = 299.0 Hz), 156.22, 128.52, 128.07, 128.00,
127.73, 106.4 (t, J = 7.1 Hz), 97.81 (t, J = 6.1 Hz), 75.36, 73.07, 72.19, 68.14, 54.57,
51.67, 39.93, 16.23; IR (neat): 3351, 1695, 1684 cm™; MS (El): m/z 468 (M*); HRMS
(El) Calcd for CoH2306N,F3 468.1508; Found 468.1504; [o]p*® +5.8 (¢ 0.20, CHCI5)

General procedure for the synthesis of iminosugars (52a-n)

20% Pd(OH),/C was added to a solution of 51 in MeOH, and the resulting suspension
was hydrogenated at 1 atm under hydrogen atmosphere for 2 days. The catalyst was
filtered off with a Celite pad, and the filtrate was evaporated to give a hydrogenated
product, which was purified using Dowex 50W resin (X-8, H* form, eluent: 0.5 N
aqueous NHs) to give 52.

N-Phenyl-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(phenylcarbamoylmethyl)-
deoxyfuconojirimycin] (52a)

Yield 90%; *H-NMR (500 MHz, DMSO-ds) 6: 7.56 (2H, d, J = 7.6 Hz), 7.28 (2H, t, J =
7.6 Hz), 7.01 (1H, t, J = 7.6 Hz), 4.64-4.33 (3H, br), 3.51 (1H, br), 3.18-3.12 (1H, m),
2.71-2.61 (1H, m), 2.27-2.20 (1H, m), 0.99 (3H, d, J = 6.4 Hz); *C-NMR (125 MHz,
DMSO-dg) 0: 171.18, 130.19, 129.15, 120.40, 119.41, 75.86, 72.73, 70.09, 58.76, 53.30,
40.00, 15.92; IR (KBr): 3421, 1662 cm™; MS (EI): m/z 280 (M*); HRMS (EI) Calcd for
C14H2004N5 280.1423; Found 280.1421; [a]p? +7.5 (c 0.10, MeOH); m.p. 221-223 °C

N-Benzyl-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(benzylcarbamoylmethyl)
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deoxyfuconojirimycin] (52b)

Yield 87%; *H-NMR (500 MHz, DMSO-dg) d: 7.30-7.21 (5H, m), 4.68-4.42 (3H, m),
4.35-4.21 (2H, m), 3.48 (1H, br), 3.21-3.14 (1H, m), 2.71-2.54 (1H, m), 2.12 (1H, br),
1.01 (3H, d, J = 6.8 Hz); *C-NMR (125 MHz, DMSO-dg) J: 171.84, 128.63, 127.72,
127.55, 127.09, 74.69, 72.19, 71.71, 61.46, 52.93, 52.84, 40.89, 13.41; IR (KBr): 3420,
1662 cm™; MS (EI): m/z 294 (M*); HRMS (EI) Calcd for C15H,,04N, 294.1580; Found
294.1583; [a]p> +5.7 (c 0.10, MeOH); m.p. 231-232 °C

N-Butyl-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(butylcarbamoyl-
methyl)deoxyfuconojirimycin] (52c)

Yield 71%; 'H-NMR (500 MHz, DMSO-dg) d: 4.57-4.20 (3H, br), 3.49 (1H, br),
3.16-3.14 (1H, br), 3.08-3.00 (2H, m), 2.61 (1H, dd, J = 13.0, 6.5 Hz), 2.00-1.96 (1H,
m), 1.38-1.25 (4H, m), 0.96 (3H, d, J = 6.5 Hz), 0.86 (3H, t, J = 7.0 Hz); *C-NMR (125
MHz, DMSO-ds) o: 171.82, 76.40, 72.84, 72.14, 58.25, 53.32, 39.54, 38.48, 31.72,
20.07, 18.37, 14.21; IR (KBr): 3419, 1652 cm™; MS (El): m/z 260 (M*); HRMS (EI)
Calcd for CioH2404N, 260.1736; Found 260.1737; [a]o® +13.0 (¢ 0.40, MeOH); m.p.
230-231 C

N-(4-Methoxyphenyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(4-methoxy-
phenylcarbamoylmethyl)deoxyfuconojirimycin] (52d)

Yield 93%; *H-NMR (500 MHz, DMSO-dg) J: 7.47 (2H, d, J = 8.8 Hz), 6.86 (2H, d, J =
8.8 Hz), 4.69-4.41 (3H, br), 3.71 (3H, s), 3.48 (1H, br), 3.20 (1H, br), 2.69 (1H, m),
2.24 (1H, m), 1.01 (3H, d, J = 5.5 Hz); **C-NMR ( 125 MHz, DMSO-d) 6: 173.24,
136.27, 131.19, 128.92, 120.96, 74.02, 72.44, 72.04, 62.47, 58.65, 55,61, 44.21, 16.74;
IR (KBr): 3410, 1653 cm™; MS (El): m/z 310 (M*); HRMS (EI) Calcd for C1sH20sN,
310.1529; Found 310.1527; [a]o®> +9.4 (c 0.25, MeOH); m.p. 233-234 °C

N-(4-Tolyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(4-methylphenyl-
carbamoylmethyl)deoxyfuconojirimycin] (52e)

Yield 68%; *H-NMR (500 MHz, DMSO-d6) J: 7.45 (2H, d, J = 8.5 Hz), 7.08 (2H, d, J =
8.5 Hz), 4.64-4.33 (3H, br), 3.46 (1H, br), 3.12-3.24 (1H, m), 2.69-2.61 (1H, m),
2.23-2.14 (4H, m), 0.99 (3H, d, J = 6.5 Hz); *C-NMR (125 MHz, DMSO-d6) ¢: 170.71,
137.32, 132.15, 129.51, 119.39, 76.32, 72.86, 71.98, 58.15, 53.24, 40.43, 20.93, 18.41;
IR (KBr): 3411, 1656 cm-1; MS (El): m/z 294 (M+); HRMS (EI) Calcd for C15H2,04N;
294.1580; Found 294.1585; [0]p” +4.8 (c 0.10, MeOH); m.p. 241-242 °C
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N-(4-Fluorophenyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(4-fluorophenyl-
carbamoylmethyl)deoxyfuconojirimycin] (52f)

Yield 94%; *H-NMR (500 MHz, DMSO-ds) 6: 7.59 (2H, dd, J = 8.8, 5.0 Hz), 7.12 (2H,
t, J = 8.8 Hz), 4.75-4.51 (3H, br), 3.49 (1H, br), 3.21 (1H, br), 2.72-2.63 (1H, m),
2.30-2.26 (1H, m), 1.02 (3H, d, J = 7.0 Hz); *C-NMR (125 MHz, DMSO-ds) 6: 170.72,
158.25 (d, J = 236.9Hz), 136.33, 121.15, 115.71 (d, J = 23.1 Hz), 76.15, 72.72, 71.76,
57.99, 53.34, 18.20; IR (KBr): 3409, 1661 cm™; MS (EI): m/z 298 (M*); HRMS (EI)
Calcd for Ci4H1904N,F 298.1329; Found 298.1352; [a]p?* +3.2 (c 0.10, MeOH); m.p.
204-205 C

N-(2-Tolyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(2-methylphenyl-
carbamoylmethyl)deoxyfuconojirimycin] (529)

Yield 64%; *H-NMR (500 MHz, DMSO-dg) d: 7.30 (1H, d, J = 7.5 Hz), 7.19 (1H, d, J =
7.5 Hz), 7.14 (1H, t, J = 7.5 Hz), 7.04 (1H, t, J = 7.5 Hz), 5.22-4.88 (3H, br), 3.60 (1H,
br), 3.11-2.95 (1H, br), 2.84 (1H, br), 2.22 (3H, s), 2.21-2.09 (1H, m),1.15 (3H, d, J =
6.0 Hz); *C-NMR (125MHz, DMSO-ds) J: 168.63, 131.26, 130.71, 126.54, 126.40,
121.74, 119.92, 74.83, 71.51, 71.27, 58.03, 53.90, 18.43, 15.40; IR (KBr): 3402, 1654
cm™; MS (El): m/z 294 (M*); HRMS (EI) Calcd for Ci5H,,04N, 294.1580; Found
294.1583; [a]p?® +2.8 (c 0.20, MeOH); m.p. 217-218 °C

N-(3-Tolyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(3-methylphenyl-
carbamoylmethyl)deoxyfuconojirimycin] (52h)

Yield 87%; *H-NMR (500 MHz, DMSO-dg) &: 7.42 (1H, s), 7.33 (1H, d, J = 7.5 Hz),
7.15 (1H, t, J = 7.5 Hz), 6.83 (1H, d, J = 7.5 Hz), 4.68-4.39 (3H, br), 3.47 (1H, br),
3.21-3.14 (1H, m), 2.69-2.62 (1H, m), 2.26 (3H, s), 2.21-2.12 (1H, m), 1.00 (3H, d, J =
6.5 Hz); *C-NMR (125 MHz, DMSO-ds) 6: 170.87, 139.74, 138.31, 129.00, 124.08,
119.95, 116.62, 76.26, 72.81, 71.89, 58.12, 53.31, 39.83, 21.71, 18.34; IR (KBr): 3397,
1655 cm™; MS (EI): m/z 294 (M*); HRMS (EI) Calcd for C15H,,04N, 294.1580; Found
294.1578; [a]p?® +13.5 (¢ 0.20, MeOH); m.p. 200-201 °C

N-(2,4-Dimethyphenyl)-2p-DFJ  acetamide [(1R, 2R, 3R, 4R, 5S)-1-(2,
4-dimethylphenylcarbamoylmethyl)deoxyfuconojirimycin] (52i)

Yield 90%; *H-NMR (500 MHz, DMSO-dg) &: 7.65 (1H, d, J = 8.0 Hz), 6.98 (1H, s),
6.93 (1H, d, J = 8.0 Hz), 4.70-4.46 (3H, br), 3.49 (1H, br), 3.22-3.12 (1H, m), 2.74-2.58
(1H, m), 2.34-2.26 (1H, m), 2.22 (3H, s), 2.18 (3H, s), 1.03 (3H, d, J = 6.5 Hz);
BC-NMR (125 MHz, DMSO-ds) 6: 170.69, 134.95, 133.14, 131.13, 129.17, 126.88,
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122.91, 76.09, 72.86, 71.84, 58.09, 53.26, 39.02, 20.92, 18.36, 18.21; IR (KBr): 3412,
1653 cm™; MS (EI): m/z 308 (M*); HRMS (EI) Calcd for C16H,404N, 308.1736; Found
308.1747; [a]p® +9.8 (c 0.10, MeOH); m.p. 215-216 °C

N-(2,4,6-Trimethyphenyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S5)-1-(2, 4,
6-trimethylphenylcarbamoylmethyl)deoxyfuconojirimycin] (52j)

Yield 70%; *H-NMR (500 MHz, DMSO-ds) &: 6.84 (2H, s), 4.87-4.69 (3H, br), 3.53
(1H, br), 3.27 (1H, br), 2.85-2.57 (1H, m), 2.21 (3H, s), 2.14-2.07 (7H, m), 1.05 (3H, d,
J =5.5 Hz); *C-NMR (125 MHz, DMSO-ds) 6: 169.56, 139.28, 135.17, 128.63, 122.48,
79.13, 72.32, 72.18, 57.97, 53.57, 40.59, 20.98, 18.63, 16.36; IR (KBr): 3418, 1653
cm™; MS (El): m/z 322 (M*); HRMS (EI) Calcd for Ci7H»604N, 322.1893; Found
322.1883; [a]p® +5.0 (c 0.10, MeOH); m.p. 237-240 °C

N-(2-Fluorophenyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(2-fluorophenyl-
carbamoylmethyl)deoxyfuconojirimycin] (52k)

Yield 65%; *H-NMR (500 MHz, DMSO-ds) 6: 7.60 (1H, dd, J = 8.5, 2.0 Hz), 7.34-7.23
(2H, m), 6.84 (1H, td, J = 8.5, 2.0 Hz), 4.73-4.49 (3H, br), 3.48 (1H, br), 3.20-3.16 (1H,
m), 2.88-2.58 (1H, m), 2.31-2.24 (1H, m), 1.01 (3H, d, J = 6.5 Hz); *C-NMR (125
MHz, DMSO-dg) ¢: 171.18, 160.86 (d, J = 216.0 Hz), 141.76, 141.53, 130.83 (d, J =
35.1 Hz), 115.38 (d, J = 37.8 Hz), 109.97, 76.07, 72.69, 71.67, 57.87, 53.40, 37.80,
18.54; IR (KBr): 3412, 1653 cm™; MS (El): m/z 298 (M*); HRMS (EI) Calcd for
CuH21004NoF  298.1329; Found 298.1334; [a]p® +13.5 (c 0.10, MeOH); m.p.
208-209 C

N-(3-Fluorophenyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S)-1-(3-fluorophenyl-
carbamoylmethyl)deoxyfuconojirimycin] (52I)

Yield 85%; *H-NMR (500 MHz, DMSO-dg) &: 8.20 (1H, td, J = 8.0, 1.5 Hz), 7.25-7.03
(3H, m), 4.71-4.45 (3H, br), 3.50 (1H, br), 3.22-3.11 (1H, m), 2.59-2.53 (1H, m),
2.40-2.35 (1H, m), 1.05 (3H, d, J = 6.5 Hz); *C-NMR (125 MHz, DMSO-ds) 6: 171.50,
152.93 (d, J = 243.0 Hz), 127.49, 125.05, 122.37, 115.69 (d, J = 18.3 Hz), 108.42 (d, J
= 12.5 Hz), 76.17, 72.92, 71.96, 58.01, 53.31, 18.16; IR (KBr): 3406, 1654 cm™; MS
(E): m/z 298 (M"); HRMS (EI) Calcd for Cy4H21004NoF 298.1329; Found 298.1313;
[a]o® +3.3 (¢ 0.10, MeOH); m.p. 197-198 °C

N-(2,4-Difluorophenyl)-2p-DFJ  acetamide [(1R, 2R, 3R, 4R, 5S)-1-(2,
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4-difluorophenylcarbamoylmethyl)deoxyfuconojirimycin] (52m)

Yield 77%; *H-NMR (500 MHz, DMSO-dg) J: 8.17-8.13 (1H, m), 7.33-7.28 (1H, m),
7.05-7.02 (1H, m), 4.72-4.46 (3H, br), 3.49 (1H, br), 3.17-3.11 (1H, m), 2.70-2.57 (1H,
m), 2.32-2.22 (1H, m), 1.03 (3H, d, J = 6.5 Hz); *C-NMR (125 MHz, DMSO-ds)
171.30, 157.89 (d, J = 374 Hz), 155.62 (d, J = 193.3 Hz), 123.41, 120.33, 111.60 (d, J =
47.0 Hz), 103.44 (t, J = 8.5 Hz), 79.67, 72.79, 71.86, 57.93, 53.22, 18.10; IR (KBr):
3419, 1654 cm™; MS (El): m/z 316 (M"); HRMS (El) Calcd for CisH1504NoF4
316.1235; Found 316.1224; [a]p®* +1.7 (c 0.10, MeOH); m.p. 224-226 °C

N-(2,4,6-Trimethyphenyl)-2p-DFJ acetamide [(1R, 2R, 3R, 4R, 5S5)-1-(2, 4,
6-trifluorophenylcarbamoylmethyl)deoxyfuconojirimycin] (52n)

Yield 85%; *H-NMR (500 MHz, DMSO-dg) &: 7.25 (2H, t, J = 8.5 Hz), 4.70-4.26 (3H,
br), 3.52 (1H, br), 2.90-2.85 (1H, m), 2.73-2.57 (1H, m), 2.33-2.26 (1H, m), 1.05 (3H, d,
J = 6.5Hz); *C-NMR (125 MHz, DMSO-ds) &: 170.1, 160.0 (d, J = 234.6 Hz), 157.9 (d,
J =232.1 Hz), 114.7 (t, J = 6.3 Hz), 100.0 (t, J = 6.1 Hz), 71.58, 71.04, 70.43, 53.24,
51.44, 17.91; IR (KBr): 3408, 1653 cm™; MS (EI): m/z 334 (M*); HRMS (EI) Calcd for
CuH1704NoF3 334.1140; Found 334.1127; [o]o®™ +4.0 (c 0.10, MeOH); m.p.
267-270 C

Biological assays

The enzymes [-glucosidase (bovine liver), a-galactosidase (from coffee beans),
B-galactosidase (from bovine liver), a-mannosidase (from jack bean), B-mannosidase
(from snail), a-L-rhamnosidase (from Penicillium decumbens), a-L-fucosidase (from
bovine kidney), pB-glucuronidases (from bovine liver; from Escherichia coli),
p-nitrophenyl glycosides, and various disaccharides were purchased from
Sigma-Aldrich Co. Brush border membranes were prepared from the rat small intestine
according to the method of Kessler et al ™ and were assayed at pH 5.8 for rat intestinal
maltase using maltose. Rat epididymis a-L-fucosidase was partially prepared from
epididymis according to the method of Skudlared et al®®. Human Ilysosome
a-L-fucosidase was prepared according to our previous methods ! and was assayed
using 4-methylumbelliferyl-o-L-fucopyranoside as substrate. For rat intestinal maltase
activities, the reaction mixture (0.2 mL) contained 25 mM maltose and the appropriate
amount of enzyme, and the incubations were performed for 10-30 min at 37 °C. The
reaction was stopped by heating at 100 °C for 3 min. After centrifugation (600 g; 10
min), 0.05 mL of the resulting reaction mixture were added to 3 mL of the Glucose
Cll-test Wako (Wako Pure Chemical Ind., Osaka, Japan). The absorbance at 505 nm was
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measured to determine the amount of the released D-glucose. Other glycosidase
activities (including the rat epididymis o-L-fucosidase) were determined using an
appropriate p-nitrophenyl glycoside as substrate at the optimum pH of each enzyme.
The reaction mixture (1 mL) contained 2 mM of the substrate and the appropriate
amount of enzyme. The reaction was stopped by adding 2 mL of 400 mM Na,COgs. The
released p-nitrophenol was measured spectrometrically at 400 nm.
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