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tlo

84514 6] N-UEAh B30l A2 2[3.3,01 98] bR sk WA fAHR Sol F4e 9% A

_36_



[0276]

[0277]

[0278]

[0279]

[0280]

SIHS31 10-2013-0038947

olgAle] EA 3sloll s}Eha 69 2-golS YA EddT. dFE E°], & [Daniel. J. Pippel, et.
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~7 2 2
HN,
CbzNH N ™ N
\/g\[o( ~ ©
18
24
WEg-A) I1I0A, 8heba] (20)€] Chz-=2hel o] wlEA v ot =s AESY A%k, olE 5o EDCY A st
by (19)9] Chz-=2Wal S WEAveobylsl wgAA AxF = vk, -20C WA 10T Ato]g LmolA
stk (2009 SEES FAst A%k, dUd FASUEFEEEE Ev FastolaRddRrgoR
THAA, HoY QDA 22U AYEL ATIG. 9V F& UG0S, AT ol YEF Howd
o|E

o EA sel shebd 2D HFBL AW FH AohIE, dE So] AHLFI WgAA o
(22)9] 3 Aohslmiel AxE SRR AR &9, AF Sol US4 F HCIS 24 s, @ of
50T WA 110Ce] FeolAel shaba (22)9] 53 £ e 3ol -S| EEA AL (A
& fue, o1 Cor-3]= A 1) AA B4 (23)9] Cbz FEAZ ABAAG, 7

whgol o) B (24)9) AFmrR o=

& el =4 oM 2 alol ggEY,

T g2 ArGEA, 7] WgA VoA oAl® AF o], 3s}EA] 189 A FRZ2Iolu|=EE Ik Y
(Passerini) ‘ﬂ%% Abg3te] A zdth (dE So], & [A. Doemling et al., Angew. Chem., 2000, 112,

2 25 _/ 24

WA Vel 3ste], EREF O Rl EAN Qlej& vl Fujo] EA sbel Cbz-#d SHEHE (21) % 38
(25)9) ANEFRZEI olihAolHE (3= ZEYx 3. (Oakwood Products, Inc.; W®]=F 29172 AR$-~
AZetolubF gI2=E ZFZu|o} (West Columbia, SC 29172, USA) ZAD oA Al#s)e] whs-o 31812 (24)¢] Al
FRx@goln =g AF3), dE Eo], F3 [Schreiber, et.al., Org. Lett., 2004, 6, 4231]%
e, EZIFLROAHCE T (BAIHA Z9)E v ¢ heislsiy, agE 24)E vz &
53ttt Cbz RE7|E AASI 818k 189 3ltES A& AL dA 74" AT 22 3 =3 shd @4
]

T o AAIGEelA, stk 239 F=FA-AF e T19
6,020,518%; 5 #6,087,530% % & #6,639,094% 0 7]A%¥ "

FnE EFHE 0T 53 A

o 2

NS A7) WA 111 R Vel mAlE wde (Bh9hA 189)) 54 SgRe] $AS dASAw, WA 111 ¥
vl e A8l seta 29) the HE AXT & AT
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[0302]

[0303]

[0304]

[0305]
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2 Vel wske], AZTY Aleke] EA skl 3k 19] wAF
gt 269 B opvmal (o]7]A, Zi= ofnl BErlolH, Ry Be Y] A AMgH= A Aol g
A, EBe st 24 sl AAY 4 lE) I weAIA, B 279 opHE-diHEE

sheba) 279] opp|E-o AH 2R RE AlASIe], 35k 28] opwl-c|AHE detEE AT

A 209h WgAIA, BHoH 309] Eel

i
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(Dess-Martin periodinane; 1,1-T}3]|=2-1,1,1-EgJo}HEA-1,2-HM%Q 9 E24-3(1H)-<); TEMP0S] &4 s}
o] AolPARAER, H doz &7 g4 o=, o7d BHESYEFoR ddT 4 gt}
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ool DCC (HAIEzdAd7t2rT|oln =), DIC (HAERZRIFERYN L), H-p-EF2 U7}
, BOP (1-MlzEdolE HoldiEadfo]E-1-AlgRdd-3-(2-Ra&dod)7t2 o =), EDC (1-

o
0,
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1=
Yol =2 2g)-3-o|d-st2 R || = JEZFZeo|), EIAJolFE, Aol rE | TFFH (B Eg}
ZRRZXFolt g IANEFLEXAHOE), DPPA (HHdEXAE oA H0|E), BOP (MZEZ o}&-1-
AEZA(Hugoln| ) E~x g FAEFLREAHE), HBIU (0-HlZEFo}&-1-U-N,N,N' \N'-H Ez}H|
goay dAE _(P_E:t/'\lﬂo]E) TBIU (O-HlZEgo}&E-1-d-N N N' N'-HEgHE a2y HEHZTFOER
dlolE), TSTU (0-(N-ZAlel o E)-NNN' N' - Eevd§-25 HE}EFLR R olE), HATU (N-[(Hvdolv]
%)-1-H-1,2 3—Ea0}+i 4,5,6]-92Q-1-ddA]-N-v D etolr]F  AANBZORIAANE  N-FA =),
BOP-Cl (H]=(2-24-3-2AlZE|t)d) £~ %ia}o]':) PyBOP ((1-H-1,2,3-MlZEg|o}&-1-L %A
(MZ2YYe)EAEE HESZSZLRZIATHE), BrP (BEREdA(UWEoln ) EAYE AAZFEOEY
2H|o]E), DEPBT (3—(\—401]%44%4%% -1, 2 -l 2 E ol A-4(3H)-2) L= PyBroP (HE2REF
)23 w AAZSFo 2 ¥ Ado|E)7 E3ET;,  EDC, HOAT, BOP-CI 2 PyBrOP7} ®lhzdk slE
Aol HEE= AZY Ak F& oF 1.0 UlX] oF 10.0 % WS dlol] Ak, ofv= Ajf-HA
A AREE g e 9o Akl 9k 1.0 WA ¢F 10.0 B W9 ko] DMAP (4-tHEelv] T g d)
g o2 Aok, o 7] HOBT (1-3|=FAMIZEolE), HOAT (Bl=FAlopAbl=ER]o}E), HOSu (3] =54
ZAolu =) HONB (QIE-N-3] =2 A|-5-2 1 2d-2 3-T]7}2 B x~oluj =) 7} E3hE T},
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Li-PrLP-C(=0)X 2 AZa 4 glon] o714 C(=0)Xe 7A=Y uholA COOHET o wheAdel 7]o]t),
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oA ARREE AT 22 4 F oopnl HevlE diAC A dvk (AE B, 3 [T. W. Greene &
P.G.M Wutz, "Protective Groups in Organic Synthesis," 3" Edition, John Wiley & Sons, Inc. (1999)] %
7] BRe wrh o)l W Ax). Aol o Agd wEslel ool (A, MASA, FASA] D w5
obel t A%E w5719 ool o-FFodAdE AeuolE, (-8 F=ujuol
E, W4 eviielE, EelERorelEdE 8 p-ERALFEeuEst A, old e Jl: Zzy
oAl A AL RW-, Py-, Py-LoPy = PyLyPyLoPo FREOEA ALEE 7 & RO 4R Art. o]zt
719 o= 19 Aol e Fuw EEE §7] Fro BaEo] gtk WO 97/43310, US 20020016294, WO
01/81325, WO 02/08198, WO 01/77113, WO 02/08187, WO 02/08256, WO 02/08244, WO 03/006490, WO 01/74768,
WO 99/50230, WO 98/17679, WO 02/48157, US 20020177725, WO 02/060926, US 20030008828, WO 02/48116, WO
01/64678, WO 01/07407, WO 98/46630, WO 00/59929, WO 99/07733, WO 00/09583, US 20020016442, WO
00/09543, WO 99/07734, US 6,018,020, US 6,265,380, US 6,608,027, US 20020032175, US 20050080017, WO
98/22496, US 5,866,684, WO 02/079234, WO 00/31129, WO 99/38888, WO 99/64442, WO 2004072243 L WO
02/18369.

HE WA VolA BekA ao) sgel dial Bel AAeldAATE dASIAR, ¥ wge s & 194
EASE e 49 RE QA AAE EFSE T Bk oleld RE QAYAAL ol QA WA
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[0325]

[0326]

[0327]

[0328]
[0329]

[0330]

Dyt o
C‘JT%Q;&@A
qwim g 1,5

%ﬁﬁfm
r:"ijJL j:ﬁg J A r:“gf,,

%g W .

N
Lo i [ ) ENN HN
Czjr gmﬁf @ ARG I g

I1. AAq

7] Az A= B«

R

=
shel, Qoo oz ¥ e

[o] o

D— | K | — K

N\ N L NN ~N
H]—% 1

HAx 297 &ﬂ,ﬂﬂ@<ﬂ%ﬂ,§@%,%'
H2lE (100 g, 0.71 mol), TEFEEC =

o}, ﬂﬂEﬁ(%Mm,lﬁ6mUarvﬁﬂ]L
= (500 mL)oll Z2Holdl (64 mL, 0.78 mol)& &

E® s=g g cjzdglon, dzeE0s o o
FEA71AL, ddgdEeZ (1.0 LS #7ketoi.

A SANAT. % DolRAZE ERE werHA ;

14
o,
tlo
f

m &
e
)

o
o
x
o
o

O
o

N

oA

%71 2 A3t 277t
(50 g, 1.67 mol) & of
1, TEES 40CE 7F2A
A 2Tt

sl GBS 0TAA FH 153 %0} o
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[0331]
[0332]

[0333]
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[0335]
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coxl Bes|EdgolE (96 nL)E 2AI3te] HA Hrtetgleom, fojx EFES 85TAAA E oE 1A ¢
wRksgih. A4 2aetHA, E3ES 160 = o, o SHFES U-28 EF (Dean-
Stark trap) o2 FH3TH. AH AAE S FHEA s A S v e aE oA &3 A
7] HgE AAEl B FHEFERA Y o) TREA &S wrhA] wkEegltt. &7] REE A7 %
E<F 135TCelA 160CE Walitt. " 474 28& %

2 A (23], 247 120 L), FAX F=A4 AS FHAgtoe

S FHAA, ZA SFES AAT (85.3 g, 57% TH).

'H NMR (DMSO-ds, 500 MHz): 5 2.60 (dd, T = 10.88, 2.04 Hz, 4H), 2.23 (dd, ] = 10.88,
4.58 Hz, 4H), 2.12 (t, ] = 7.74 Hz, 4H), 1.91 - 1.84 (m, 2H), 1.44 —1.35 (m, 6H), 0.85 (t, I =
7.25 Hz, 6H)

9y 2

Ar E97] stell, obMEALE (260 mL, 4.67 mol)<S 7IAIA wuby], x4 9 $57)7F F2d 49 12 L 8
3 el 1-x2d-4-Idg = (300 g, 2.12 mol), IHEELH = (150 g, 5.00 mol) & <& A4F (6.00

LY Z3Eo] Hrbetgrr, #A&3 EFES 40CTE 77|, odE &2 (1.50 L) & 2oy (1 92 ml,
2.34 mol)29] &AE 7.543 e HAA Hrlekdth. HUbt gEE FES 40TolA 1.5413F &<t 414
Ak, EFES 22 WX 25TE Y4713, g, FHE 2AE oY ¢4F2 MAFHsa (23], 47
200 mL), FAX oA WF ZHF (90 mmHg, 50 WA 55C) stell ¢ 1.0 L= FFA AT, ddddFg=
(2.60 L), ololA & (570 mL) & SAHsZE (477 g)9 €4S Hrisddy. whs E3HES 85TC=E 7Mdsha,
Sl=dbzl Ries|=golE (279 mb)E 2AIZM AA HUFSIGIYE. #H7bb gEE o]F 85T A AT Bk A%
7hgstal, ol 27 Fo® HAE FHES FHIEAM EFUES 155CTE 7ME3T. & TS5 FUIHe=E
W EHEE O AT AR T SRV TAE w7bA 155 UlH] 165Col A Alg srdEklth. b A
AE T2 P (480 nb) o2 sMA7|aL, B2 AFHETH (23], 22 240 mL).  FAX FA4 ds #Aw (23],
Z}7F 300 mL) o2 FE3IUT.  FHA fAet FEFES FHFAA, 93 A=A B4 AFES AT
(233 g, 52% T8).

Az 2: ($)-3-0h| i N-Al SR L2 Y-2-5| EFA Ao}l = (18)

OALQ A —— o /dl A
A

W& = (overhead) m¥E7], #a} Zw7], dxd4 9 Ar/54 FU77F GFE 250 ol T vk Sk
St Aaw HAST. Bow opn| k-

078 mol, 2.2 & %), ©]oJA] DNF 105 mLE&
< 95 w7k JAFA AT (dEF 15%). Fehea
g, 0.071 mol, 2.0 & &) ZghaFel T x47H°ﬂB}
agkellth, Whg EEage] YEES -10£3CE WA 7] A,
23 ojnl (4.89 g, 0.085 mol, 2.4 & F)E 3t Zuj7|= H7rekdnt. WEE E3ES 515TolA]
ToEQh wgkekal, o] Ao g A3 JhAlZIAL, WhA wwksioivh. kg E3ES Wk 2 S oAby
BAaaR &7)an, AoA = (270 nl)< %7}%}{%1 2N A T DMF/“ =5 35 WA 40°CollA EtOAc (150
mL)Z 33 F&3ta, FHZ EtOAc FEES & (28], 747 300 mL), ©]9JA 10% NaHCO; £ (300 mL) 2 w}
Auto @ B (300 mL)& A3k, EtOAc 5& dl7lgolA wFA71a, @k (100 mb)S H7bshadch. 80+5
CTolAe F7E AFstaL, F7k gk (50 nl)= 37 oRRE AHNES AAYIAH. i%%

85Tl Al 2A17t Ft fFAIA7]aL, Ao Hﬁol WZEAIZ1AL, 1AIRE ¢ fAARE. BEES e AHst
I, 30CelA A 25 muHgoll A AFEA|A, ARES AT (12.86 g). = AAE F 11.44 g2 250 mL %
< v %E}iﬂﬂl 3L, MTBE 50 mLE ﬂﬂo}oﬂo‘ﬂ 2% EelE)E A2olA 3AE EF wnkskgith. A

oo o W
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55 ojysla, Ao]AE MIBE (50 nL) 2 AlHaRet. Axd BAE (6.4 90 TF% ¥4 (92.2 TH%) L
HPLC A% (100 A%)E HoH A= sk

oHgs Wy, WMEAE 83, A% 2 Ax/RA F2A37 229 1.0 L 3% (Buchi) 423 &= 4
2 5o A4 AHAEgit. BEE opvm-3=EA] oful= (49.9 g, 0.156 mol, 7] 71 Az o] A%
=) 2@ g4 20% PA(OH), (2.85 g, 0.002 mol, 50 SF% ), ©]o1A4 MeOH 700 LS &7]o Z=HAZ}.
e g 142 23]

dol Galld wW7kx] EFES 40ToAAN JA—FAZG (A= 152). 871 R WAE /A5 Fow 23
40 psig® ¥AstaL, A2g ARESte] di7Ibem wi7|A7]al, FAaR 23] 40 psig® Zbebsbar, Zb sleEel] th
2 ARG, HFAHoR, WHAE |5 4000 psig® 7HHA7IAL, 8715 WHAE WS F3 30 psig

2 7FgAIAT. FAast 8718 40C 2 30 psig A (EE2E ®HAE T xE)dA 24 5
FAAZT. 8718 dAE ARSI wi7Ite® wi7IA A, EeEE AR 29 2426 gig HPLC A4S ¢
3 AEHIAT (1.8%; A = 0.56% F-=JA)dEA 2F). 878 AHAstaL, F4=2 30 psig= A7
AZ13L, 40CoNA F7F 307 B FAIAIALE. £715 AAR grjde g arAl7|a, &3E AES JIF of
u-olu| =2 93k HPLC 241890 (1.1%; 3 = 0.5% F-EgAo8AA %), |75 AHAG L, 4
2 AZFEAIZIAL, 40TelA F7F 40 B FAAZAT.  &718 di7IGe® wi7IA7 o, A E97] sl v

A LA Z

A o= 97 HPLC 248kl (AE9A &5 @ < 0.5% FEUA
Zol AAEe] QEyL gl ojH iz AR

7hete] AAES SelAAT. EEEE 45TR 7HAA §8E BAsAon, ofF 45T Aufo]E® Fo

A skl H& o]z AolAE MeOH (250 nL) = AA 3 AL, oS 7] el A

Aot ol opAlE ] E (300 mL)% A7rstal, S-S t7Ikel BAl 150 m —‘%’—ﬁWPXl A&t 7] 4

A5 28] ol RkEAZG. JE (150 mL)& 75TCelA Eekiae] FHrbetal, WEes Hd2oR WA,

WazA HF 5T7HA WAL, ZAAstd APES FH8a, &8 Aolas @JE} (75 mL)o2
M Ekar, 7k sholl BEA] 40°Col A A=A AT, ﬁﬁw TAAZA 98.5 A% HPLC &% % 94.2 %9 =
F/5% BAE e g olv ol =E dE AR (21.2 g, 0.114 mol, 73.1% 4&).

AAld 1: N-t-FE A T2 R Y-3-oLAH| A E2[3.3.0] &% (6)

y, i
COOR!
5 [
w1

Z1A% A7), 500 mL Asl Zufy] @ LxAE AAE A ek 2 L 37 B wpet ek 3-olxuAE
2[3.3.0]x s=g2F2ao]= (100 g, 0.677 mol), EAFZE (187 g, 1.35 mol), t-5E =& o= (220
i) % (160 )& SSANA FANAE. EHEE 14 U 16T G ) 50 al A E)
o]o] (erylenmeyer) Zg}2oA Boc,0 (T-t-F4 T7I2HUY|0|E; 145 g, 0.644 mol) E t-5-€ =& o=
(190 n)E FAAAT. 43 gal8 WA waigld. golg A Zuvle R, W £E
g 25C vIRoR §AAIEA 37 wg EFE AT, B (200 al)S Aol wAE $AAd,
ZFES 10 WA 167 sk wdtslglr. e A S BEe olF, /7] A4S 5% 549 NalSo, (Zﬂ, 7}7}
145 mL), °o]% & (145 mL)i AR, 77 4E sF5A71, g t-F4 dEZ (1.3 LE #7Fekd, t-
2 F ¥4 3FgE gA9S AT, o E 59, & [R.Griot, Helv. Chim. Acta., 42, 67

=l

E (160 mL) & BAFZE (187 g, 1.35 mol)9 §d& 3-olAHAEZ[3.3.0] 5% 3=2F2gol= (100 g,
0.677 mol) % t-5d g ogHZ (220 mL)Y ZTFEo| H7E, ozl EFES 14 WA 16C=E
(

= =4
WZIA T, 2EE 35C wwrom FXA7|AA -5 dE oHE (190 mL) & Boc,0 (145 g, 0.644 mol)<]
LS HUtEA. HUE olF, EFEES AR HoF mwteta, olF ot 1AE MIBE (50 mL)Z Al
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Ao, A BEAs i, §7) A 5% 54 NalSO, (23], 7Hz 145 nL) 2 E (145 mL) 2 Al Hsa, WF

3 |

3kl 300 mL& E=AFTh. MIBE (300 mL)E H7bsla, TFES A7, B 50 ppm W] o2 A AL},
w229 NIBE (400 mL)® 3|AA|A, NIBE & %A 33Ee] & AF5¢t).
AAlY 2 rac2-(t-FBAIFIZE YD) B 22 A E2HAMEH c ] E-1-FI12 524 (7)
/\ " N
O O\COZH

COztBu COztBu

6 7
U1

AAle] 1 Wy 1253 Ee 848 VAA wnky], s 2w, 2dEolo]d (ReactIR) L2H H 2LA|7} &
2% 5 L 47 Zg2Te SA-AAFHY. 3, 7-yZ2H-3, 7-tolA B A EFZ[3.3. 1] (183 g, 0.88 mol)S =
deziel FAAZAT. dolH $4& eelEoleld J7ldA Azaglen, g 72 WA 75T WA
Atk sec-H-9dF (600 mL, AFZIAMN F 1.6 S 93 EEo] M3 H7 Sl =

o2 FAAHG. HIME g Eojeld V7|2 EUEHPEN o, 33 A& 2~ (28 1HE)e] digte] 1698
om oM FHEIL AREATL, 1654 cn A9 FFEe] Frpr} FX 2

WA -72CAA 3AZE Bok ABAAL. Ak F 0,0 10% EFEL W EFE 2U2YA 2aa,

H
S =S -70T mvtez FAAZG. 000 et F3=7t gl Ecto|d AHAE A e o] F (2350

cm ) 23S FAANHAY. EFEE 0 WA 5CTE 7F2A1713L, 30 F% NalS0, €9 (1.4 L& H7tsklth
FIAES 22 YA 25CTE 7F2A1713, 30& &<t unkellg. 4 A4S BEEA71a, 7] S (700 mL) =
AFsEATE. FA4 A4S AAHEEAZIA, §7] e FEAA, A4 IFES ATSSlth

O 2

MTBE (300 mL) % 3,7-T)Z=2-3,7-To}AHAIZ2[3.3. 1] (183 g, 0.87 mol)e] &AS 71A2 w7,
Asl Zuw7], g dEctold a8 W LA|7} Fabg %E} A AAld 1 WY 22 5E ] N-t-FE A7}
ZRY-3-ol XA FZ[3.3.0]F&e] &N Hrlstar, E3}ES -75C WA -72CE YA HY. Wb 225
~70°C vwroz §AAIHA, 1698 cm oM FFEIF AT 1654 cn A FFEe] Z7p} FAE o
A sec-FEEF £ (510 mL, 1.6 )= A7tk &AE 75 WX -72C A 3A1ZF 5t wRkelSIT).
ey —%E%— -70C Mgtz FAAZIEA WS EEES N, T 10% (0.2 =943k, 00 tgk &3 =7}

g Eolojet ~HAEHA JEFS uw] (2339 cmfl) Bt 52
30 FF% NalS0, &9 (1.4 L)& Hrbshar, =S 22 U1 257

S AL, 48 S FARSEe] phzh 3 vwiRkIAl RISt f7] S & (700 mL)E AHERAL, o] F
300 nL® HEHEAALG. Y obAElOlE (1.7 L)E Hr4eky, THEL 300 al2 23] HFAA, oD opAHol
E % mA SyEe g2 A}

AN 3t (9)-1,2,3,4-F|ETS 2T GA-1-0}7]F (1S,3aR,628)-2-(t~ F-EA 2R D) SEps| = A S
BHcl¥ E-1-7t2E Aol E (9a)

2/\ A
N 'COOH ,il (vleloy NHg*
CO,t-Bu CO,t-Bu
8 9a
w1

g obdElolE (2.3 LB Aol 2 B 19 AFEA Frekn, EFEE Aol=® A= Fa ofzetyl
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-1,2,3,4-B|Egs| == -1-Uy=Zgoelvl (56.7 g, 0.385 mol)S H7}eta, €MS 22 =] 25CA 3
4N S Nkl EEES odsia, TAE oY ofAlHOE (200 mL)E MATGTE.  LAE 44]
ZF Bk 2F sloll 20 WA 30CAA HARAIA, AAHE 99.02 g& ATt (73% F&, 71Z HPLCA <938 90%

T xd7], 7144
2-1-UyZEUdRE 9 (88.98 g, 0.22 mol), o€ olAElo]E (712 mL) % 2-Z2F2 (666 ml)S FHAH

= A a7

E =

U Ed=s wwkebEA 70 A 75CE hAIRE. ERES 15 WA 30 Eob awkshar, o] % 1)1t
z} ]

())j\ =

, 85 57 2 24 wE (bubbler)7} H-2E 35 RBFO (S)-1,2,3,4-H E&}3]

=] -10CE WAAHY. do4R &8 E dFsta, nAE W olE oA HCE (180 mL)Z AA 3}
. TAE 35 WA 40CoAA FAZ 3lol] AFZAA, WA 1A 7.37 ¢& AU} (83% F&, 98% ee).
3

AA e 2w 2mRE e 2R Nt E S AR R Y3 ol A A 2 2[3.3.0] G272 R A 4e] olE obAH

OJE gL od olAHC]E (300 mL) & ($)-1,2,3,4-HEgs=z-1-v}=doldl (56.7 g, 0.385 mol)e] &
Hol| H7lepqlvt.  EFES 22 A 25TolA 3 WA 4A3F &<t aRkelar, o] oeiglon], uAE od
olAHIOIE (200 mL)2 A3, AAFES 4AZF S HF Shell 20 WA 30CoANA HAEAA, 95 0 5 F
JA )G AA v E 2t A SFFES AATE (99.02 g, 36% TE).

¥ 3T Ze A (89.0 g), oAlE olAEHClE B 2-Zaego] EES &yt guE wriA 70 WA
75CE 7FAAT. EFES 2413 AH -5 WA -10CE WYZAA7]ar, 3 WA 4412+ B¢t wntelgith,. &
Hala, YHAES 35 WA 40CoAN AxAA, FA FFES AU (73.72, 83% T, > 99.5%

AAle 4: (R)-1-Fdd&olr]E (1S,3aR,6a8)-2-(t-FFHAIFIZ R L) GBI 2/ S 24 e c] 9] E-1-71 2547

°|E (9b)
/\§ 2/\:5 \\NH;’
Q\COOH Q\coo-

J:ozt Bu <\:ozt Bu

8 9b

ol olMHO]E (100 mL) % Aln] N-t-F-E S A 72 R d-3-0}2HH| A E2[3.3.0 K,
o & ﬂoﬂ (R)-a-"Euldelyl (56.7 g)& H71stgon, €08 22 7] 25CoA 16A17F SoF wukatict.
%?& & dgetar, TAE oY ofHEH o ER MAERT. IAE 443 B W ol 20 WA 30T A
é/\]ﬁ, AAE 1.47 g& AT (43%, 82% ee, 92:8 N4 FEAA o)A AA H]).

AAld] 5: (1S,3aR,6a8)-t-F& SEB| =2 A E2HEHc]HE-1-FI2EAF o E, t-FEHoxHZ, A oE

I
)
e
N
NG
I
I

>

>
>,
N
(o))
(o))
[

=

PN == H
T 5 O\ +CoH04
O\ 'CO, +-BuU
T 'COO” NHg*
CO,t-Bu
9a 1
w1

Ao 3 " 10|49 o] AFE (5)-1,2,3,4-HEIGI=EE-1-UZTEITF 9 (81.7 g, 0.203 mol), t-%
g og o EZ (400 mL) ¥ 5% NaHSO,~H.0 (867 mL, 0.304 mol)®] EIES BE TA7} 32 wrlx] 302
=oF watslodth.  f7] AS E (334 mL)E AMAHstI, o]F 259 nLE FEA|ZTH. t-2E g o HE (334
L) & M7bskar, §98 259 nL2 Al FFAIZAY. HUb-w5 A S 23] o WHEEY. HF w5 olF

t-BuOH (158 mL) ¥ tjWgolu]-agel (5.04 g, 41.3 mmol)S H7Fstoich.  t-REdWE e (52.0 L) &
BoC,0 (67.6 g, 0.31 mol)9] & HI7ISIATE. A=A 5AIZF &<t wnkst o] t-Fe vE Jg= (158
mL) ¥ 5% 44 NalSO,~H.0 (260 mL)E H7Fsta, Aoz E3&ES wwslglth. f7] 4 5% 43 NaCl=

o

MASG T (23], ZH2F 260 nl). 7] A4S 320 nLE EE2A7)3, HEHSEZFES (320 nL)E H7 ek,
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o

7] A4S 320 nL®E U sFA7|, HESS=2FE (320 nL)S F7Fekdvk. 13] o 320 nb®E FFAIZ o
%, mg =F4F (80.1 g, 0.62 mol)& H7FstaL, &H& A2olA 4.543F &t wytekgivt.  wkE
30% K, C05 7€ (571 mL)oll H7ista, uwlalgict. 4 A& oAz Ed opHolE (320 L)
ok AR f7] 3 320 nlE EFA7IAL, o]k 2d opAHelE (320 ml)E HIFSiTh. f7
L= TRl FFAZT. F7] 4 B (320 mb)® AIFHSGIT. o]ax e obHolE (320 nl)E
A7yskar, 9L 192 nL® FEFAZT. ol AT R olAlHo]E (320 mL)E 23] Hrbsta, 7] &9S 192 mL

7

=

olz:» bt
W

22 EEANFY. olAZRY oA Eo]E (448 nl) F SAAF (24.1 g, 267 mmol)9] £NE 247k
LMol H7FetAct. ERES 2 WA 4A3F Bk wRkelal, &Y E e, WA 3AE ola
AEOIE (100 mL)E MAsFaL, 2F slol] 35 WA 40ColA AFXAA, FA 3JIE 52.6 g 59T (85%
TE).

Ao 3 W 29 W o] AxE AP} 22 (9)-1,2,3,4-HEHS| E2-1-U2EHAdRE ¢ (148 g, 0.609
mol), t-5g& e o= (726 mL) & 5% NaHSO,~H;0 (1.58 L, 0.913 mol)¢] & &S RE A7} &34 o
74X wEkekd T, S BEAl7aL, f7] AS 2 (726 nb)E AHsEY. 7] S oF 400 mlE
FEAZAT. t-FE WE oHZ (726 mL)E H7IsIaL, TFES 590 nLE FFAIZAT. t-5E wE oHE9]
A7 2 e2S diEslo] ) 350 ple] HE BIE Art. fWdolnxTEld (8.42 g, 68.9 mmol) @ t-F¥

o= (260 mL)S H7bskar, o]ojA MIBE (88 mL) % BoC0 (112 g, 0.52 mol)o] &N 0.5A1kel AA H7}st

2 22 WA 25CNN 5AZE B wukslt. B F 5% FRAUEFS §9e retn, £F
ES 0.5A1F 5 wdkskdtt. 7] S 5% FSHEF (23], 7247 440 mL) o2 A|H3sFaL, 270 mLE

0 5
At HEZS|=EFE (540 mb)S H7bekal, E}ES 270 nb® sHAZCH, o3 HAE 23] o] vhE
stof, 270 mLe] FHE FIE AT 2EE 30T vwom FAAZIHA w24 (67 nl)S 0.543F] 2
A A7bstal, EdEs 22 A 25TCellA 12417 Sot Rkl RS 22 WA 25T E FAATEAN &5
25 30% SAEE 8 (478 mb)el H7FHY. EfEs oldtstal, A BEA7IAL, FAE A olaTE

(]

g oA ER FESIT (23], ZH7F 540 mL). 7] A4S 270 mL =) o]F o] g oA H] o]
E (540 ml)$}F A 23] SHAIA, 540 mLe] HF FIE AT, F7] S B2 A (28], 540 mL), ©]
T o]Aax g opAHolE (320 mL)%t $A 23] FHAIA, 320 nlo] HF FIE AUk Fr] olhxm=Ed
obAHIOIE (429 mL)E FH7Fstal, olojA £XE 22 WA 25TColA fAA7IWA t-FEvE o8 = (321 mL)
T St (40.4 g, 0.448 mol) o] &S 24l AR 7SS Egh=E 22 WA 25Tl 3ARE E)F w
e Ol? oHatirt. o Alo]aF o]AXEE opAHo|E (100 nL)&E M FH3ow, AFES 35 WA
40ColA g sfoll AxAA, WA aAZA FA setes AT (88.4 g, 81%).

AAld] 6: (1S,3aR,6aS5)-t-F&E 2-((S)-2-(AALAFIZ R ol x)-3,3-UHE R E =) SEFS| =2 A F 2 A E}
[c]FE-1-7I 25 H ) E (27)

1

W= wRky], $%7], A 2 Hax wE7F FFE 3L 3? T outg ZEtaa s R 5 2aE
Astnt. W] ZelxzoA, Ak (46.2 nl, 0.867 mol)S & 442 mLE I|AAZTH. &9 okzF Wz
ATk, Cbz-L-tert-FA YA ZRddolwl & (330.0 g, 0.739 mol)S ¥H3 Zgkxzo] FAAAT. -3dE
HE ofHl 2 (1620 nl)E WH&7|o Hrteta, EFES wRkslY A8 FEAIAT. 2EE 2015ToA FAA]
1WA 7] Az A 89S oF 104l AA wkgrlel Hbsth. EES digF AR B Aol A iyt
&tal, o]F B (455 mL)E MA3] XA, A"E AA A7), Fol %

< 35k, pH 19 74 &9 1100 mLE xﬂ%ﬁ}ait}. FepaTel ol
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sE=e A flel 1L &E (Schott) o2 At F19 54 £A% wFE] T3 511.6 gollth. &
of BA W goll =eko ) fHE (Chz-L-tert-FA 187.2 g (0.706 mol)S THralitt.

oHEE wHby], dAR, A 2wy 2 AA FYE7 =" 5 L 47 52 oupe Zeks3e] HOBT - HO
(103.73 g, 0.678 mol, 1.20 B w=k), EDC-HC1 (129.48 g, 0.675 mol, 1.20 & =) 2 DMF (480 mL)Z
AAZE.  £8EE 0 WA 5T ‘%;17“\175‘D} 255 0 WA 5CoA f= 171133_*1 DMF (491.3 g, 0.745
mol, 1.32 & 3) 5 CbzL-tert-FA1Y A9 36.6 5FH% |NE 478 AA wr-$ EgEo] 78t
HHE EES 1IARE 278 B9 ﬂ%}o}iﬁﬂr. Whg X250 WA 5.1TCelA FAAIZIH 1 01 Ze3 olA g o]
E (28.8 %, 414.3 g, 0.564 mol) & 3-olAMHAZFR(3.3.0)FE-2-7t2 54 t-5d a2 §4S
53wl Ax H7Fsiith. WhE EFES oF 1AZbe] AA 20£5CE 7F2AIZT. 4-mE EE%—% (34.29 g,
0.339 mol, 0.60 = B%)S 5ol ZA H7lekalvk. W EFES 16A17F 5 JAGA 7|0, o] F ojiax ey
oAl o] E (980 mL) g Qoo Hrlelgltt, & (53.02 g) & 3| 2~EMH - 2HCL (41.58 g, 0
' @) &HE 4 of, oJojA] 4-MEEE=ZH (45.69 g, 0.45 mol, 0.80 & B&F)S Wkg 3= #H7}
shlth.  3.5A17F o] F Whg EFES AMEHSNY. B (758 nl)& HUMstL, EFES oF 208 <
AR, s AR T S olAZEYE olHolE (716 ml)® FE3FL
S 5 (1435 ml)o] A7}8te] 1 N 4 HC1S AZFsAr.  #
B (1540 mL)oll K,CO3 (171 g, 1.23 mol, 2.19 & ©=)S &3

A 10 FFR K0y FE&NE AZSIAT. F7] & oF 208 5 10 TF% KL0 o2 gAY
opol 1862.1 g9l AF FHA vl AT A 7] SAL WEYsha, S Bt o B d &
Mol TFE VIeeR, 47 S #A sg=e] A4S 238.3 g (0.520 mol)& ekt

"H NMR (DMSO-ds, 500 MHz): § 7.37 ppm (5 H, s), 7.25-7.33 ppm (1 H, m), 5.03 ppm (2
H, s), 4.17 ppm (1 H, d), 3.98 ppm (1 H, d), 3.67-3.75 ppm (2 H, m), 2.62-2.74 ppm (1 H, m),
2.48-2.56 ppm (1 H, m), 1.72-1.89 ppm (2 H, m), 1.60-1.69 ppm (1 H, m), 1.45-1.58 ppm (2
H, m), 1.38 ppm (9 H, s), 1.36-1.42 ppm (1 H, m), 0.97 ppm (9 H, s).

Yy 2

LEE 9 20CE FAA7IHEA & (220 mL) 5 BAMZE (73.3 )9 §9& o|AxX=2d ofAHO|E (400 mL)
Z (1S,25,5R) 3-o}AH|A| S 2[3.3.0]E-2-7l2 524 (-FEo2g2, Z2ao]E (80.0 g)o dE o] =
]_

74skitk.  EFES 0.5A17F Sk wubala, A4S A AL, 7] S 25% wiw A BAFE (80 mL) o &
A= afed Trwﬂ f71e Eols A, R SEaAA, 20T RS FAATIEA 4 4t (400 oL,
0.863 W)= t-F&rld oH= (640 mL) F Cbz-t-FAl A= Pl & (118.4 g)o] AE el H7Fsk3itt.
EPES 0.547& Eob mwbatal, S BEA7IAL, 7] S B (200 mb)E AHESIY. S EEAlrla
N-rEdReEd (80 mL)S F7] Aol H7bstlon, of& 40Tl 2k shell 80 L2 SHAA, N-vE 222
A Fo gorA fFul kS AT 47 84S 0 WA 10TeA N-HEREE- (280 mL) S EDC - HCI
(50.8 g) % HOBt 3|=zo]E (40.6 g)o Edt=el H7bsklek. EF=S oF 5Tl 1A Ft anksigict
A7 EEE O 3-olAMAZR[3.3.0]58-2-7t2 524, (-F e 2H 20 &9 olojx N-WdREEY (32

mL)E 0 WX 20CAA H7Feltt. E}ES 6A1ZF 5 wukslal, o]$ olAx a2 d ol Ee]E (600 mL), ©]
o]A 1 N HCl (400 mL)E 3B|AAIZTE,  0.5A1%F wgkgl o] % A& a, 71 e 25% w/w A ek
ZE (400 mb) 2 & (80 mL)E AF3IEY. EFES oF 1A Bk wwteta, A4S BEAlA, o]AX2dF o}
Ao E F EA 33Ee] &9 At

¥ 3

H

[rtt
1
>
2
T
4z

(1S,2S,5R) 3-oFAH|A|EZ[3.3.0]%E-2-7}
AEOIE (6 vol.)ol dHEA71, =
A7bsld. ERES A B

o ~H| 2, SAHOIE (1.0 eq.)E o|haZ=ET o}
0 eq.)el &4E& 20 WA 25CelA
AT 7] S B (2 vol) = AFESH

i_,

)

(3.5 vol.) =
_Hr‘

ageha, o F g

)

2

Ak (1.3 eq.)g 20 LM 25CAA A7tstith. ERES 0% Sk wwska, A
=2 23 AFsAT (22 2.5 vol.).

A71REEe 27kA] gels @A AL, o]F 0 WA 5TE ¥AAZ Y. HOBt d=#°]E (1.1 eq.) % EDC (1.1
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eq.)E E3Ed dEA]7A, EFES 6A1ZF Bk wdtslgth. ERES B2 AFHS (5 vol.), oA F
7] 28 20 WA 25ColA L-8]4 (1 eq.) 2 N-HEZZZH (NMM) (2 eq.) 22 HEsle], o A o ~EHE
= ié—g_/\]ﬁﬂr 01? $ES 5% ©AHAE (5 vol.), 1 N &94F (5 vol.), 5% EAHZE (5 vol.) 2 E=

A 7: (1S,3aR,6aS)-t-5& 2-((S)-2-o}1| -3, 3-T M R E} =Y )-SE}s| = 2 A Z A e o] 9] Z-1-7t 222
golE (28)

WD — XL

CO,tBu O 28 CO,tBu

Y1

1L 32 23718 A4 33 AAEART. oA olAlE|o]E (39.39 g, 0.086 mol) % (1S,3aR,6aS)-
t-%g 2-((9-2-(NF A 7FER Do} 2 )-3 3-THE R El =) SELS| =2 A S 2 EH ]9 E-1-7t 2 54 g o] E
(AAe 6 W 19 Wl o) AlxE)Y 12.8 THR &89 307.8 g FES wkgIlo] FAAAG. o]A=
232 olAlH|o]E (100 mL)E WkE-7)o] H7Ietitk. o]AZT 2 olAEo]E (168 mL) 5 50% = 2 &8 20%
PA(OH),/¥F4 (3.97 g)o] &elgl& Axeta, vk37]dl 7|15, %S AlAssit. RES7E AL 7|AE
AH&-ste] 30 psig® ZRbslal, diZIge = wir]Eiglct.  ol& 23] WEIIGIY. RvEUE i

psigZ 7FtAl71aL, di7Idez wi7|AF . ol & 23] WHEEIIth. WEUIE =

A Z)aL, AedA 1A17F FoF wakslitk.  9fEW (Whatman) #1 o¥A = REY Zur|E AL&s}
oA, FulE AASAT. A A)AE o]AxEA ofAHC|E (80 mL)E MHsIT. ] A =
 Cbz 31E9 12.8 TH% &4 617 ¢ © 290.6 g& AL&3le] 23] oA wHEEIQIT). sa FasRRE B
As FAHaL, S (28" Hg) sl SRAIZTH. ol &9 (468.68 g)= XA 33 o}
(23.2%, 98.9% <%).

m{u
=
2
Mo
>
[0
ol
38

'HNMR (DMSO-dg, 500 MHz): & 3.96 ppm (1 H, d), 3.67 ppm (1 H, dd), 3.53 ppm (1 H,
dd), 3.19 ppm (1 H, 5), 2.66-2.75 ppm (1 H, m), 2.49-2.53 ppm (1 H, m), 1.75-1.92 ppm (2 H,
m), 1.66-1.74 ppm (1 H, m), 1.48-1.60 ppm (4 H, m), 1.38 ppm (9 H, s), 1.36-1.42 ppm (1 H,
m), 0.91 ppm (9 H, s)

U 2
Ao 6 WY 228EH Cbz F=A 279] &4& 43 FA A Pd0)./E (50%, 12.2 g)ol 7}t
FAE FA2E A 30 psigfa 7FAIZIAL, o] % oF 20T olA] 2A1ZF FF wwtelsitt,  ERES o Tstd

, A3 Ao]laZ o]AZEY ol HIE (160 mL)E Attt TR oML 40TolA oF 4
| 2

Sule] ek} M Y= 351 ZHA|A, o)Az ad oAHES AASYL. dogF &HFE 0CE Y7t
A 7Zla, et on, AAHES AF st AXAA, TA SFES AU (78.8 g, 98.3% w%).

Uy 3

2AAd 6 W 30 ZHE S o]AZRT oA g o] S,3aR,6a8)-t-F8 2-((S)-2-0}1] -3, 3-U] W & F-E} =

1m lm

A)-ZEP| =2 A F 2 HE o] ¥] E-1-Ft2 52 gl o] 9] % S 20% PA(OH), (2 =% =Y, 50% &) A7}
stal, EFES 2 bar 2 20 WA 25TColA 243 FoF FAFAIAY. FulE Aot 93] AAT AL, o]AEZR
I olAHOlEZ MG (2 vol.). JHE 7 loll 40TolA 10 vol . 2 FFA|A, o]AZZE olAHo|
E F EA 3gEo £498 A,

AAld 8: (1S,3aR,6a5)-t-HE 2-((85)-2-((S)-2-(HMAZA|FI2 H o}y = )-2-A| F 2 & Aol A| Eolr] =)-3,3-T]
WE e - A) LS E 2 A 2 AE ]V E-1-7t2 2 Aol E (30)
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LT e L ﬂ;c?
H Z-]
2 Y NH

N +

HN O - = [¢] CO,tBu
28 CO,tBu O
29 30

Yy 1

o= wwty], A%, A ZAur], Ax wET 2 Wexsk A" 3L 3T T vbe ZEkaFe] HOBt -
HO (51.74 g; 0.338 mol, 1.05 & w=), EDC-HCl (64.8 g; 0.338 mol, 1.05 & @), o]ojx DMF (197.1

g, 208.8 mb)E TAA7IaL, IS AFEgd. &£8Es 0 WA 5T= ¥ZA7]aL, ol% DWF (172.4 g;
182.9 mL) & 4F 29 (98.45 g; 0.338 mol, 1.05 &= W) &NE& Axstar, A3t Zur|d FdA AT, =&
=25 0 WA 5ColA FAAZIEA o] & °F 3020l 7“% ol Hdrzpsklcy. A HrPE faEd, vhe &9

=& 0 A 5TColA 2A17F &<t JAGAZTE.  o]hx g2l ofAHoE F ofFl 289 & (450 g &9; 4k 29
104.4 g §Hr, 0.322 mol)S A3t Zwjr]el FHAI7IAL, 255 0 WA 5TolA FAAZIEA 1A 2A A
7hepeich. AE AL §hgo] SRHA F%eS YEhM, F7he] EDC 3|=RF Rkl (3.89 g)& H7bsh
Atk AR o] F, AIES] BAS 1.8% obwl 28¢] Wte& YEbWTE. HOBT - H:0 (2.59 g; 0.0169 mol) #
EDC - HCl (3.24 g; 0.0169 mol)®] &#]&] S DMF (10.44 mL) FollA AZxs}a, 0 WA 5CE FZAZch.  DWF
(10.44 ml) & 4F 29 (4.92 g; 0.169 mol)e] &ME& Az, §FE 255 0 WA 5CAA X
of Ax DNF % EDC - HCl %! HOBTS] &#gel #H7bstgivk. E33ES 0 WA 5CAA 1A Bt wwkelar, o
0 WA 5CTE FAANIIHA 7]E9 E£3=0 Hrtetddvk. TFES oF 25ToA 1A &t wikaigict.
& a, 5 WA 108 ZH ws

I

>
Y
r_‘a
>
w
(e
o dt

E (8.9 mL) & 3d]~EF - 2HCl (11.84 g; 0.064 mol)e] &HE A %3 EEE
A7 e, wiA] 255 20+5CoA FAAZIHA 4-wHERE2E (13.01 g; 0.129 mol)2] SHES oF 10&
of AA wixel HIFsIQlTE. WhE EHFES o|AZEI ofAHO|E (443 mL), °]ojA & (585 mL)E I AAIA
. B (585 mL) T AR (57.8 g)9 §98 Hubsta, EFES 0.543F ek atelditk. S8 B
7131, 4 & olAZEI olAHlE (23], Z47t 235 mL)E 23] FE3AT. AR £ AS B F 18%
A HCL (585 mL), ©]F & (585 mL) = NaHCO; (43.25 g)& AMH3IATt. =& EAA, o]AZ2F oA

1E 3 16.0 w/w% 2 30 &a3l= o] 1159.3 g (1275 mL) ¢l o)Az 23 olAHoE &= AAE 309 9
A gAS AU,

'H NMR (DMSO-dg, 500 MHz): § 7.74 (1H, d), 7.36 (5H, m), 7.34-7.26 (1H, m), 5.01 (2H,
8), 4.51 (1H, d), 4.02 (1H, t), 3.96 (1H, d), 3.73 (1H, m), 3.66 (1H, m), 3.68 (1H, m), 2.53
(1H, m), 1.86-1.76 (2H, m), 1.70-1.30 (10H, m), 1.39 (9H, s), 1.15-0.85 (5H, m), 0.96 (9H,
s).

Yy 2

SEE °F 0CE FAAIZIHEA, N-vEdZ8E (126 L) 5 Cbz AF 29 (59.62 g)o] &8 N-vEy
(221 mL) % EDC.HCL (39.23 g) HOBt 3|=d#lo|E (31.34 g)¢ A ho] H7lslivy. 7} o|F, EIES oF
0ColA 1.54%F F<F wukslitt, itg °F 0CE FAAIZIHUA o]ax=d olAHO|E (632 mL) & ©}4l
(63.24 g, AAled] 7 W 204 AZE A 25 §HE ZFE HUlsgith. b o], £FES AR
O R ZhAIR o™, 5AIZF EF uwk 6}213}

g)e &H4E& Hrtskgivk. EF}ES 0.54% < A
L) & EAFAE (105.3 @) 7 A-Ys] wwetd

H
i
i
o F}'ﬂ

B (
. . R e EYA7)a, 1N HCL (316 mb), o]F B
(158 nL)& AHate], o]AxZ 2 olHolE F A 3FE 309 12.7% w/w &3S At
w3
ol ~=xad olMHOlE (10 vol.) & (1S,3aR,6aS)-t-5€ 2—((5)—2—01—‘3]5‘_—3 U ERE =Y )-SES| E 2 A
SR c] 9 E-1-712 54801 (1 eq.)e] &ol NWP (5 vol.), ©]°}A] EDC (1.15 eq.), HOBT 3]=glo=

(1.0 eq.) B (9)-2- (Hﬂél%f\]ﬂéi‘J_O}Ul+)—2—f\1%i§‘—1%‘°wl€4 (29, 1.05 eq.)& F7bstar, @ENE 20
g2 25CAA 4x7E EF adteliny. EES 5% ©AHEE (5 vol. )R AT :ELE] (1 eq.),

NMM (2 eq.) 2 & (1 vol.)9] %J‘“ A7kskal, EFES 447 Fob wuksl), 01—?, EFES 5% B
ZHE (5 vol.), 1 N @4 (5 vol.), 5% ¥ FZ2E (5 vol.) ¥ &= 23] (47 5 vol.) AlFs}e], ]iiié
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[0399]
[0400]

[0401]

[0402]
[0403]

[0404]

[0405]

[0406]
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obAElOlE F Al SR §UE Atk

AA 4 9: (1S,3aR,6aS)-tert-58 2-((S)-2-((S)-2-0}u| =-2-A| FZ A A o} A Eo}n] £)-3, 3-T]H| D FE} = ) 2
E}S| ER2 A S 2 E o] T E-1-7t2 54 o] E (31)

o]
Cbz-HN\/u\ j;;/ HzN\z)l\Hbiy/N: 2
) %0,tBu

COleu

30 31

Y1

60 ZB# o] sl~elZ o] (hasteloy) F43F HIS7|E o|AZEF olAHo]E (109 kg) = Cbz HE= 30 (15.1
kg)e] §doz FAAFT. 7] §84E 50ToNA F st 68 L2 ). o] %, E3ES 25+5C2 ¥

A7]1aL, MeOH (15.4 kg) & H7Fstdth. EFES €7]2 wEA7]aL, w718 AZRAA AzE HEg7]o
PA(OH)./C (20%, 1.51 kg)E F=HAATF. Cbz HEIZ= 30 FHsls 98 wb-37]d H7leta, 4 (30
psi)E EFAEAT. WFSES 204£5C 2 150 WA 220 rpmoll A 2A17F Sk wHkE T, 48 o]F

: | =
23 oM HIE (6.8 kg) T &4 A (0.97 kg)ol £ E wiAd Hrleta, EFES 158 <t wikekal
o}, E 2SS ~A9F# (Sparkler) € % 0.1 wm 7IEHA LHE B
o] kit VIS olAM mY opAHOlE (33.0 kg)® AL, AANE v 3=
A 28-S o]AZ 2 ol HE (25.6 kg) 2 MeOH (5.73 kg)¢] E3H& %)
CollA] A3 sloll 30 L2 A AT, |48 20 A 30CE YzIA| 7|3, NE
Atk FHE A HAEI e, =S 30 L AEAT. A AAE F 43 e HWUE (318 2
92 &v] A (719 Ze)E NS if;é Al 5CE BAAZ e, BEES s, e
2 AHs. H& 1A (14.0 kg)S 15 WA 20ColA JF slol A TFoz AxAA, #A
33HES AT (10.17 ke).

'H NMR (DMSO-ds, 500 MHz): & 7.97 (1H, d), 4.49 (1H, d), 3.96 (1H, d), 3.76 (1H, m),
3.67 (1H, m), 3.05 (1H, d), 2.70 (1H, m), 2.53 (1H, m), 1.87-1.77 (2H, m), 1.7-1.3 (10H, m),
1.39 (94, s), 1.2-0.85 (5H, m), 0.96 (94, s).
U 2
Ao 8 W 1ZRE 9 3EE 309 fRS Jet WS 50% & 20 =H% E-AA PA(OH), (3.16 g)ell
ES

B Abgstel 30 psicld Zhdela, EHES o 1T B

A7edn. whgrlE § S AL

Fetir, dEE olazEd opMHolER AFsta, FAX f71ES oF 65 nlZ FHRAZT. E4e] 0.5% 7|

ghe] ol e opAlHo|ES uEhd w7hA] EES e (316 nl)I A 3 ST Aol &9
Zi A 5] WzA7IaL, AEelS 1ARE F 3k

E oF 320 nL2 FA A7 AL, o] F FF Tp2A
WHESEAL, o] % ojuEeith. o AelaE
AlA, A A 2A 2A4 eSS AT (80.16 2).
Oy 3

A 9 WY 30 2HE o)A 2T oM EolE F (1S,3aR,6aS)-t-FE 2-((S)-2-((S)-2-(NAZ A 7t2 1 d
O}Uli)—Z—Mﬁi Aolr Eolr] )-3, 3-THE e =) SE S| E2 A S 2 HEH ¢ ]I E-1-7I 25 A H 0| E9] &

S 20% PA(OH); (2 =% =9, 50% o)l H7tsta, €FES 2 bar 2 20 WA 25ToA 223 <
23N AT, ZuE oo 93 AATAL, o]AZRI oA HOIE (1 vol.)2 AHFAL. LuS IFF 3o
ek (8.6 vol.)I A 23 THAIA nE3IF. EIFES 1Al A 78CE WZAFaL, ol F 241k

dA 22CE dA4AZT. 22ColA 1At o] F, dENS ofaetal, AoladE A (3.2 vol.) o2 AlHskaL,
Bdes da HA @7 E st 30TAAM AxAA, FA =S A

A 100 (18,3aR,629)-t-FE  2-((9)-2-((9)-2-AZ2HA-2-(Heh-2- Fh=520pn]%)ola] Eopr x2)-
3,3-T MR 5B Q) S TS SR A FRATH ]9 B- 12 R A e ol = (33)
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[0408]
[0409]

[0410]

[0411]
[0412]

[0413]

[0414]

[0415]
[0416]
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W5 s NN dve

0 tomu H
0 2 0 CO,Bu
3 32 O 33

Y1

100 mL T Bte ZgfA30 Jgd-2-7F2 8224 (32) (1.6070 g, 12.95 mmol) ¥ DMF (4 mL)ZS H7}3}ict.
Zelg S 20 WA 25TelA mur }Oﬂt} ZAlel, (DI (2.1012 g, 12.96 mmol, 1 & weF) = DMF (8.80 g,
9.3 mL)E 25 mL Feh=AolA A (DI 89S AxsGTE. FEHA 7 (300)8t &3lE FIAF.
(DI &9& 20 UlA] 25CE WA 7)o, Fep-2-7t2 544k Lefelo] H7bsholth.  1.5A1%F &<t A& ant
sto] abs ShxlE] AsiAIzen, olitstekAt FAbER Al AAEJT. FAldl, of¥l 31 (5.0002 g, 10.78
mnol)S 30CE F=gA 7FA71WA DIF (14.15 g, 15 mL)oll &ajA1A 4] &5 ZAAAT. A7) &
NG 20 WA 25CE ¥AAAT. =eh, &4 gzl §9& oF 15T2 YAAHY. 55 oF 143 &< 30
CTolA FAAZIHA 83HE 319 &8 &4 Il 7h2 54500 H7bsisinh. 95 20 WA 25C= 37t
Al71aL, ©]F 0ColA & (100 nl) & BHFHE (0.25 2)¢ &do] Hrbsginh. EFES ofeta, & (43],
72474 50 mL)E AlFHsR. o3} AolAE 20 WA 25ColA AlFste] 1 o] AxA|71aL, AolArt UA
SFo] 2 w7bx] 24A43F o] F 30T E 72AlA, ®A FFES AAT (5.99 g).

Fﬂl

)

'H NMR (DMSO-dg, 500 MHz): § 9.19 ppm (1 H, d, T =13 Hz), 8.90 ppm (1 H, d, J=2.5
Hz), 8.76 ppm (1 H, dd, J = 2.4 Hz, 1.5 Hz), 8.50 ppm (1 H, d, J = 9.2 Hz), 8.22 ppm (1 H, 4,
J=9.0 Hz), 4.68 ppm (1 H, dd, J = 9.1 Hz, 6.6 Hz), 4.53 ppm (1 H, d, T = 9.0 Hz), 3.96 ppm
(1H,d,T=42Hz),3.73 ppm (1 H, dd, T = 105 Hz, 7.5 Hz), 3.68 ppm (1 H, dd, J = 10.6
ppm, 3.4 ppm), 2.68-2.74 ppm (1 H, m), 2.52-2.58 ppm (1 H, m), 1.70-1.88 ppm (3 H, m),
1.51-1.69 ppm (7 H, m), 1.31-1.44 ppm (2 H, m), 1.39 ppm (9 H, s), 1.00-1.19 ppm (4 H, m),
0.97 ppm (9 H, s), 0.91-0.97 ppm (1 H, m).

o
EE

2
2 Fggol= (11.29 nL)E ¢k 30T Wddl ZEgtol= (150 mL) A

dre %% (59.28 mL)e] &Nl H7RaIGIh.  E3ES 0.5A41%F Sk wnteta, o]F wEd FRo|=
(150 mL) & oF%l 31 (50.0 g)o] &ML °F 30°CelA H 13ttt 0.54%F o] %, &

23k, 4 S WEd F2E0)= (100 mb) 2 FF3he], WEd F2eo)s F %A gFgEe] 98 o
Ao, o]F vk wA (AAld 11 B 2)dlA A3 ARSIt

AA G 11 (19)-2-((S)-2-((S)-2-AN F =& A-2- (¥ g} -2-Ft 28 2o}u| &) op x| Eoln] &)-3, 3-U] v & B} =)
2 eS| E2ZAFE2AE ] Y E-1-7I2E2AF (34)

=T

K (10 0 g) = FFAd HEE 33 (50.0 g)o]
= WS 166.5 go® M. HWEd SR

&2t aRkate], *M,%% LA AT, e AT, 4 S
=2 ] E (75 mL) &= AlF3taL, o]F 5OC, 1 atmoll A

/3 F-H 2 FHEAZT. 54 (100 L) A4 Hrteta, ddg &4E 56C olstelA] X3 3sfel oF
1/3 o= FEAZAY. EFES 20 WA 26CE YA R0, AdEe] AT, I (75 mb)S A1A
| s Z8EE o3slal, o3 AolaE e (50 mL)oE

AlF AT, ALAE 20 WA 25TCelA 2 soll Ax=AA, ZA StES AATE (15.19 g).

3k HCL (150 g, 0.015 mol, 1.2 & @&H)S 0ColA =
kel gdlo] xAs] Hrbsigltk. 3.3A1% 5
p

Zr
(100 mL)E& H7}sta, HHEE& 102
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[0420]
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[0423]

[0424]
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AAel 10 9 2= E e E sh3hE 39 dEA FRejels §91g 0 VX 5TR WAL, olF eRE
o7 SXAZIHA X3 HCI (200 nl)S Hrbsladtl, ESFES 3A7F B mulslal, o3 & 10

C mrez fAA7IWA £ (200 mL)i A A, S HeAm, F 00
F71 e & (100 mL) 2 AlAHskaL, 54 AlF = 9
o d-=8 B St @FAA BE TulAZESIH %@%% %—%oﬂ o3 Ha
7 & 7
al

=

ok
o
ftlo
=
i
=
il
H
k)
)
I
—~ M
-

Q

F

I (500 nL) o2 FAMAZFon, oF f7] -
0CE AA3] WAz doixl &Y E oHsta, O%Jﬂr ﬂ]ol«—g— =5

ok, EES of 67t A 2
(100 mL)o. & MAst3, o]& AT QEA] oF 454TCAA ARAA, & 17% EFAL TFHal= G Fub
A BA BEES AlTsR (64.7 ).

AAle] 12: (1S,3aR,6aS)-2-((S)-2-((S)-2-A| 2 A2~ (Y FA-2-F2 F 2o}n| =)o} Eofr] 12 )-3, 3-T] | &
FEF=)-N-((39)-1-(ANEFZEZZ2Ho}n| =) -2-3| EEA-1-F 4P A4-3-A ) eS| =2 A S 2 E o] E-1-712
B olu= (35)

v Lt —

CO.H

@Mﬂ@ Q
geliganes

Y1
eHsl= wu), $57], 4% 9 Aa wEPr FRE 500 ol 37 T wbet Behsaag FE B
A3y, WE=-AF 34 (25.0 g, 0.049 mol), EDC-HCl (10.35 g, 0.054 mol, 1.1 & 2%) 3 HOBt-H0

(8.27 g, 0.054 mol, 1.1 & ©=F), o]ojx wWEed F=2dlol= 175 nLE Zg2Ad ZHAAT. EIJES A
oA 1AZF EoF WHlElal, o]F LR E 10T uvte R FXA7|HA 2084 ZAA vEd FRelo|=
iny

(75 mL)
% dleFAjou=-oll 18 (11.1 g, 0.054 mol, 1.1 & &)< @erde] H7psgivt. H7F €84, N-HER
2Z¥ (5.94 mL, 0.054 mol, 1.1 2 Z2h)S 23] Uyo] HArledy. EES Aeozm sleAl7a, 3A7F
ot wukslgdtl. RESES E 200 mL 3 NaHCOs (8.0 )& F7lelwA AA&IT. S EErzla, 7]

< & (175 ml), 0.5 N aq. HCI (200 mL), & (33], 77 200 mL) % 323} NaCl (200 mL)2 A& 3ke], 100 A
=

% == FA 3E 359 16 5% WEd FEeol= A4S AAT (B FE 100%).
Oy 2
L5E 0 WA 5CAA FHAZIHEA N-WER=ZZ2 (38,19 nl, 347.3 mmol)S HEd ZFRelol= & JE =-

2b 34 (100.0 g, 89.2 %%, 173.7 mmol), HOBt 3l=wlo|E (26.79 g, 87.6 %%, 173.7 mmol), EDCI
(36.62 g, 191.04 mmol) % 3J|=FAJolu| =0}yl 189] &3& oﬂ 304l AA HUpsIk. M7t ol F, EFES
20C 2 7}F2A7]aL, 5A17F EoF ww s}Oﬂu} o, TFES & (500 mL)Z 3|MA7|aL, oF 0.5A1%F Tk iyt
stk AS BYA7Ia, 7] A4S 1N HCL (500 mL), 5 £F% A4 FHAYEE (500 mL) o2 A& s},
98.5% AUC &%, 95% &N ?%OL, e F2gols 5 ﬁxﬂ shgtEe] &S Ao,

Y 3

FE=AF 34 (1.00 eq.), EDCI (1.10 eq.), HOBt 3]=#o]E (1.00 eq.) ¥ 3=
S CHCly (5 vol.)ol AEA7|aL, £35S 0 WA 5CE IZ4AAY. whs 2x=
NMM (2.0 eq.)< 30 WA 6 %];ﬁ%@ﬂ&ﬁﬂ kS E8LE-S 303 ZAx

7}2 SAIZF FoF wakEkedt. Wk ES & (5 vol.), 1 N HCI (5 vol.) ¥

ZaJobl 18 - HCL (1.05 eq.)
S 5C mRto g FXA]7]HA
20 WA 25CE 7h2A713, F
%% 44 NallCO; (5 vol.)=

Ln_?L
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[0432]
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AHske], CHCl, & FA 3tgE2 &< Alesln.

AN 13: (1S,3aR,6a9)-2-(($)-2-((S)-2-A 22 A A-2-(3 2 7-2-Fh2 B20}v] 1) o H] E v 12)-3, 3-1]v] &
REhi ) N-((8)-1-(A 2 2 Z2 Fokn] 1e)-1,2-1] $2:8141-3-91) SE}8| = 2 Al F R AEH ]9 S-1-7h2 2 2opn] =
(4)

H

Y1

eHEE wwkr), 571, A 9 Aa wiE vk AEE 500 ml 37 e vbE FEhiAE SR e AR
HAsgrt. wgd F2gols F 3 =EAolul= FAES olu|= 35 (128.64 g, 16 WA 17 2F %, 20.6 g
2 30 mmole] 35)9] WiEd SZetol= §AS wkg FTepaFe] HUbstal, o]ojA 15% w/w aq. NaBr (13 mL)
2 7.5% w/w aq. NaHCO; (52 mL)& Z7lstqlch. €918 WZo|A 5£3C2 WAL TEMPO (0.7 )&

gdd FZelol= (3 mL)oll &dA7]a, Wk E3EC Hrlsgith. MRl dEdulolo] FelaFdA, 10 W
2] 13% NaOCl €% (23.25 mL, <7} = 108 mg/mL, 2.51 g, 33.7 mmol, 1.12 & B & (70 nl)o] FAIA
A, NaOCl €98 225 8C wvto g fXAY|E £22 A3 Zur|s 5 v EgE=2 FHAAHT.
S 3353 1AIZF BQF 53T oA wtsdet. & EAI7I, §7] 55 10% (w/w) aq. Na,SO; (100
mL) 2 AAsar, & (100 nL)E AHSITE.  dellA ARAA f7] S ZFAA AL, AAE olE oA E o
E (100 mL) 2 AgtHstar, 34 Zurjoa st uAE A% BAEAT 99 A%). ElE 5
£ Alolae FL 16.6 goloH, B F&L 80% (FH)olAdt. H& Aolar AFg-AE EZo| FoI
Aoz FE A oy witol] HRAZ|A gk

O 2

TEMPO (1.09 g, 6.95 mmol)Z AAld] 12 W 225 E 9] 3135 359 1%@11 Frglol= gl o]o]X E (400
mL) & FERMHESF (21.89 g, 260.5 mmol)e] & o] *47}0} , BB 0 UK 5CE 1@7_}/\] . exE o

WA 5CE FAAZ|HA 2fold 2ANVEF (122.17 g, 11.64 5%, 191.04 mmol) 2] &N 2A1 7k A FH
Zhetgitk. EFES 0 WA 5CAA A et wRkstar, o]% s AT, F7] 4& & (500 mL), 1
F% A FoFEMIUEF (500 mL) 2 & (500 mL)E AlHskaL, o]F Anp ojnpsigitk.  EZIES 38 WA
42°C, 710 muHgoll A oF 320 mLe] ¥-3] &2 ZFAIZTE. old olAHOlE (44 mL), olo]A FHA] 3FE 49 A=
A4 1.5 g& #7heta, E3FES 38 A 42CelA 1563 &<t wiksaict. %Eg 38 UlA] 42°Cell A FAA7]
WA o' olAlEHO]E (800 mL)E 3AITbl AA bkt o]F, EFES 38 UA] 42T, 200 WA 250 mmHg
oAl °F 400 mLeo] F-H 2 FHRAIFCTE. F71] o" ofAlElo]E (200 )E 0.5A1% el Ax H7beqlek.  dof
21 &8s ARkl A2A 20 WA 25CE WZAA7]5L, 59 REoA F7F AlRE wgkelglty, E3HES of ¥
3tar, o3} AolaE old ofHE (23], 27 300 mL)E M AL, 45 WA 55ToA AA BT = (bleed)

b A A skl AEAA, sEFA o= JEE opn|= HRNH WA uARAM A w45 AAr
(102.4 g, 99.7% AUC =1, 85% +8).
¥ 3

TEMPO (0.06 eq.)E AAd 12 W 30 2XHE 33HE 359 CHCl, £do H7leta, €98 BE TEMPO7; &3
2 wj7hx] 20 UR] 25Tl A wRkeATE, 7] S (4 vol.) & NallCO; (1.5 eq.)9] €98 #H7}sF3AT).

=
Adold 24 EFES 0 WA 5CE IA4AAY. 9eE L5220 WA 5CE FAAZIHA, 10 WA 13 =%
NaOCl &9 (1.10 eq.)S 2 WA 3A|7rel AA Hrbsta, EIES F712 147 Z¢F wvksiiict. =5
AZ13L, 7] 55 0 WA 5ColA HO (5 vol.), 1 5F% Na,S0; (5 vol.) ® H,0 (5 vol.)&E A& 3. H

O



[0436]

[0437]

[0438]
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253 (0.12 eq.)& (Ll = 3}ehe 49 & H7bste], 3gte 45 Mzl

A 14: 334 49 SFES AEAs

AAl 13 R 302 RE 9 S3HE 49 &S AtolEE Tl oFstir, ofd &HE 20T HRbA T F
Fol of& 3.1 WX 3.3 Fy= Z:‘i/\ﬁflt} 7 ool%, %@101 38 WA 42TC7F == 3k¢lem, o]F EtOAc
(0.80 vol. )& H7teta, olojA FHtE 4 A= (FFE 340 diste] 1.5 $F%, HAAld 12)5 71kt
dojzl EEES 38 WA 42TolA 158 & LT 2 38 YR 42504 §AA 1‘?4*1 EtOAc (8
vol. )& 3AIFbl AA A7) EFEel H7lekdlvr. ol%F, &89 F FIE 38 WA 42TAA IF FqHol 9
3 3.9 UlX 4.1 FIE PBaAFG. WA 2EE 1 FAAZIEA 37 %?25%011 EtOAc (2
vol. )& 300 AA H7tedvhk. o|F, Fojx &HjElE Azl ZA 20 A 25TE IZAA7IaL, F7F 14
7F 9t 20 WA 25°CelA wwksiitk.  &elEls oA, o ﬂlOBE EtOAc (23], Z}7Z} 3 vol )R A
ek, 6417 B¢k 45 WX 55ColA AA Ee=e s WF sholl AZRAHL

i

AzH o3 Aolze 2.2 WA 2.4 F3]9] CHCLE 3.1 WA 3.3 39 & Rug Hrlsqct. EFEo] 38
WA 42TC7F HEE st 723 &0 Adrt. EtOAc (0.80 vol.)E AHA7etx, oo 33dE 4 A= (3%
& 340 HEte] 1.5 F%, A4 12)2 HAUegn. dojd EgES 338 W 1 42°ColA 158 B¢t nwkal s
o L5 E 38 WA 42TColA FAAZIEA EtOAc (8 vol.)E 33Xzt A A7 £3E0] Hrbsgict. o]
s#Ele & FuE 38 WA 42CoA AF Sl 98] 3.9 WA 4.1 B2 AAAZT. 82 255 38 U]
A 42TCAA FAAZIHA EtOAc (2 vol )E 7] E3&d 308 ZH H7lsksich. o]F, Aozl &HEE 1
Alzkell AA 20 WA 25TCTE PZ4A]7]ar, F7F2 1A E9F 20 WA 25CHA adkeelct. &8s

3 AolAE EtOAc (23], Z+7F 3 vol. )& AlA3kar, 45 W#] 55ColA 12412 5oF A Bel=9}
of AxAIA, FAE 3E 45 AT}

o
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