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Organic Letters 2005, 7, 19679 AFAl8] 7|5 9-o}n]| = (9-t]&A])d YAl s} dZZolugHE Ay w82
1 5 9-82 29 WS F3te] e 1 e 5}5}5; 22 XI|HE 7] FulE gAY, dE 5o A1
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AAe 1: Bis—QN-TU Zw]e] A= ¥

-2 4
— S ONle
OMe N//\N)J\N/\\N
HOAN (R A
i x>
R E——
| NH, N~
N. =~
epi-9-amino(deoxy)-quinine Bis-QN-TU
7] WA 4ol whe, A2eA HER R E(50 L) 9 9—°P“li(9—ﬂl£'\1)ﬂ 1(10 mmol) &Hell 1,1-Afe]
SItRd-tololn|thE(4 mmol)S FH7bskaL, H2olA Hof wwkeidivk. A" FujE 249 ARviEIHI R
elste] old oAHo]EE o] &3 AAMow uAE s, WFidxste] B1s ON-TU(82%) & W A 314 &
T, ool MR #4 A5 = 1o e,

I MR (300 MHz, ds-DMSO) & 0.78-0.85 (m, 1H), 1.14-1.21 (m, 1H), 1.47-1.53 (m, 3H), 2.22 (s, 1H),

2.49-2.50 (m, 3H), 2.60-2.66 (m, 1H), 2.90-3.20 (m, 5H), 3.90 (s, 3H), 4.88-4.97 (m, 2H), 5.62-5.81
(m, 2H), 7.30-7.39 (m, 2H), 7.81-7.94 (m, 3H), 8.65 (d, J = 4.5 Hz, 1H);

“C NMR(400MHz, ds-DMSO) .

AX 4 2: Bis-HON-TU &vjo] A|Zw
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g4 5
S OMe
H
OMe N//\N N/\\N
He /N =/ v N
—_—
= NH, N A
N~
epi-9-amino(deoxy)-dihydroquinine Bis-HQN-TU

371 g sl mEk, Aol HI (50 nl) T 9-obv=(9-tlEAD T dte] =2 A (10 muol) 8]
1 1-Abol e 7bmd-thol o P kg (4 mmol)& H7bshar, Aol Aok wutsioltt. 44w Fujs Ay A2vtE
g Eeste] od olAEo]EE o] &3 HAHoE mAE upsli, WFAZE] Bis-HN-TU(78%)E )
MIAZ FESGIL, o] NR #4] A7E = 20 vl

MR (300 MHz, d@&-DMSO) & 0.72-0.79 (m, 4H), 1.06-1.22 (m, 3H), 1.24-1.43 (m, 2H), 1.47-1.53 (m,

20), 2.29-2.36 (m, 1H), 2.40-2.48 (m, 1H), 2.90-3.14 (m, 4H), 3.10 (s, 3H), 5.61 (d, J= 10.5 Hz, 1H),
7.29 (d, J=4.5Hz, 1H), 7.37 (dd, J = 2.6 and 9.2 Hz, 1H), 7.80-7.95 (m, 3H), 8.65 (d, J = 4.5 Hz,
1H);

“C NMR(400MHz, ds-DMSO) .

AA e 3: BisQD-TU Zmj¢] A=xHH

HI--OQN 6

E54

Bis-QD-TU

2

A7) dkg-2] goll w}, Ao tEZ2W (50 mL) 9 9-obv =(9-HIEADFAYUL (10 mmol) o 1,1-A}
o] e 7tR d-ttolo|m|t}E (4 mmol)S H7Fstar, Ao Hof wwtadict. AAME ZFuiE AY A=viEady

2 EYste dE ofMH|EE o] &3 AMAHoZ uAE AFsta, FFHAEEI] Bis-QD-TU(85D)E A 1A
2 FESA, ol MR 24 ZE = 39 eI

' NMR (300 MHz, ds-DMSO) & 0.77-0.86 (m, 1H), 1.11-1.18 (m, 1H), 1.42-1.51(m, 3H), 2.16-2.22 (m, 1H),

2.49 (s, 1H), 2.67-3.07 (m, 6H), 3.91 (s, 3H), 4.96-5.05 (m, 2H), 5.70-5.89 (m, 2H), 7.31-7.39 (m,
2H), 7.80-7.81 (m, 1H), 7.89-7.92 (m, 2H), 8.65 (d, J = 4.5 Hz, 1H);

“C NMR(400MHz, ds-DMSO) .

A Ao 4: Bis—HQD-TU Zvuje] A=
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g4 7

epi-9-amino{ deoxy}dihydroquinidine Bis-HQD-TU

A7) 9ke-a 7o wEl, Aol fEFR22EEH(50 mL) T 9-obu] = (9-d| A o] =2 A Y (10 mmol) £
o 1,1-A}o] Q7R d-tholo|n|thE(4 mmol)S H7lslta, ALo|x Hol wulksigict, AAHE =& Ay A=2v}
Eoguz Egste] oE olAMHoEE o] &3 AQAAHoRT uAES o¥star, FAZSEe] Bis-HAD-TU(81%)E

WA A 2 FEa.

' NR (300 MHz, d&s-DMSO) & 0.73 (t, 1H, J =6.4Hz), 1.04 (m, 1H), 1.29 (m, 1H), 2.46 (m, 1H), 2.74

(m, 1H), 3.00 (dd, J =8.6Hz, J =17.6Hz, 1H), 3.91 (m, 1H), 5.69 (d, J =6.2Hz, 1H), 7.37 (dd, 1H, J
=2 4Hz, J =9.1Hz), 7.80 (d, 1H, J =2.0Hz), 7.92 (d, 1H, J =9.2Hz), 8.05 (s, 1H), 8.69 (d, 1H, J
=4.4Hz) .

AX 4 5: Bis-CN-TU & AZx4Y

HI--OQN 8

E54

Bis-CN-TU

A7) kg2 8ol wha}, Aol tEZZW (50 mL) 9 9-obv w=(9-HISADAZ (10 mmol) o 1,1-A}
o] e 7tR d-tolo|m|ttE (4 mmol)S H7Fstar, Aol Hof wwtadict. AAME ZviE AY Az2viEay
galo] ole olAH|ES o] &% AAAOR TAZ oAFeta, AFAZE Bis-N-TU(79%) S A 14

' NR (300 MHz, d-DMSO) & 0.66-0.76 (m, 1H), 0.98-1.05 (m, 1H), 1.16 (t, J =7.1Hz ,1H), 1.40-1.44

(m, 3H), 1.97 (s, 1H), 2.14-2.16 (m, 1H), 2.70-3.00 (m, 5H), 4.01 (dd, 1H, J =7.1Hz), 5.01-5.05 (m,
2), 5.72-5.87 (m, 2H), 7.43-7.57 (m, 2H), 7.69-7.74 (m, 1H), 7.98-8.10 (m, 2H), 8.37 (s, 1H), 8.85
(s, 1H).

AA e 6: Bis—HON-TU Zwj&] A=w
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[0095]
[0096]

[0097]

[0098]

[0099]
[0100]

[0101]

[0102]

[0103]

S=50ol 10-1130818

84 9
I
FONT TN
N N
N H \9f =
HAN" Y7 CH,Cl
2 N
epi-9-amino({deoxy }-dihydrocinchonine Bis-HCN-TU

A7) vbe-A 9o wheEl, AoA fEFRZZ2WEH50 nl) F 9-ol] = (9-HlS A US| =24 F W (10 mmol) &Y
o 1,1-Ato] 7t d-tholo]n|thE (4 mmol )& H7bshar, A-olA Hof wulsilct, AdE FvlE Ay 32w}
Eoguz Egste] dE olAMHoEE o] &3 AQAAHoRT uAS o¥star, RFAZSEe] Bis-HON-TU(83%) S
WA p A2 F5SSIT.

' NMR (300 MHz, ds-DMSO) 60.59-0.65 (m, 1H), 0.74 (t , J =6.4Hz, 2H), 0.97 (m, 1H), 1.13-1.36 (m, 5H),

2.34-2.38 (m, 1H), 2.73-2.95 (m, 3H), 5.63 (s, 1H), 7.43-7.58 (m, 1H), 7.43-7.74 (m, 1H), 7.99-8.09
(m, 1H), 8.37 (s, 1H), 8.85 (s, 1H).

AA e 7: Bis-CD-TU Zmj¢] AZHH

¥re-4] 10

epi-9-amino(deoxy)-cinchonidine Bis-CD-TU

g7] iEgA 100w, Ao HEZ2WEH(50 mL) T2 9-obv| = (9-HS AN A Z YT (10 mmol) & 1,1-
Ato]l St d-thol ol thE (4 mmol)& H718bar, A2oA Hob wnksigitt. AGE FulE AY Z2rtE 1
g2 Halslo oﬂE‘ OLAEIC]ES o] &3t QA or uAE oFstar, F-FAZFI] Bis-CD-TU(86%) S A 31
AR F53193, ol MR 4 AxE = 4o vehfAL).

I NMR (300 MHz, ds-DMSO) & 0.84-0.86(m, 1H), 1.10-1.11 (m, 1H), 1.44-1.52(m, 3H), 2.22 (s, 1H), 2.48-

2.66 (m, 3H), 2.92-3.20 (m, 4H), 4.86-4.96 (m, 2H), 5.62-5.78 (m, 2H), 7.34 (d, J = 4.5 Hz, 1H), 7.51-
7.54 (m, 1H), 7.67-7.72 (m, 1H), 7.92-8.02 (m, 2H), 8.40 (d, J=8.5 Hz , 2H), 8.81 (d, J = 4.5 Hz ,
1H);

“C NMR(400MHz, ds-DMSO) .

AA e 8: Bis—HCD-TU Zwje] A=w

_16_



[0104]
[0105]

[0106]

[0107]

S=50dl 10-1130818

g4 11
X
N7 N
N N H
H /N = = ﬂ '
- X N
NN, T g
pZ
e S
epi-9-amino(deoxy)-hydrocinchonidine Bis-HCD-TU

A7) w82l 110 ek, ALoM YF2Z2d e (50 L) 9 9-obv k= (9-dlSA]) o] =2 A Z YT (10 mmol) &
Nof| 1,1-Afo] o7tRd-tho]olw|thE (4 mmol )& H7Fstal, A-&oA] Hol wnksigict. A Fuls A A=
ntEOHA R FEste] oE oMAEo]EE o]|8&% AAAHSR IAE sk, WIFHFs  Bis-HOD-
TU(83%)E WA A2 $538H30aL, o] NMR 4 A& = 50 JERHIT.

' NMR (300 MHz, ds-DMSO) & 0.72-0.76 (m, 4H), 1.04-1.21 (m, 3H), 1.34-1.36(m, 2H), 1.47-1.48 (m, 2H),

1.97 (s, 1H), 2.48-2.50 (m, 2H), 2.93-3.16 (m, 3H), 4.02-4.09 (q, J = 7 Hz, 1H), 5.58-5.61 (d, J =
10.4 Hz, 2H), 7.32-7.34 (d, J = 4.5 Hz ,2H), 7.51-7.56 (m, 1H), 7.67-7.72 (m, 1H), 7.90-8.02 (m, 2H),
8.19-8.20 (s, 1H), 8.36-8.40 (d, J = 8.5 Hz, 1H), 8.80-8.81 (d, J =4.5Hz , 1H).

AAlel 1WA 8ol wet 5% 771 S Egt=& 7] & 1ol YEhiiv.

_17_



5
/Q, y

Bis-QN-TU

Bis-HCD-TU
[0108]
[0109]  AAle] 9 ~ AAd] 18
[0110] Zuje] Qe vasy] Slskel, 87) WA 120 weh ehaE of=etE

ofri=qt A E

w2 12

[0111]

N
-
0" o
1a

SESECH

Catalyst  Allyl-OH

_18_
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[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

S=50dl 10-1130818

A e 9: Bis—ON-TUE AME3r ojm|At o 2E 2] AX(A2)

Ao A ofzEE(1a) 0.5 mmolS TEFEE ek 1 mLo] &3iA17 & F7]15 v (Bis-QN-TU)E 10 mol% X 7}8}aL
U LdFEE 2 TS AN HIbsta 6A1F wkekith. o] whg& #2 A FE&(IN, 1 mL)E AHES
of AAAZT. F5& cddotdEolE(2 X b nl) 2 FEF3kaL, FAX F715E MeSO,= H=xstal sFHAZTh.
g Ed4 AR0E 299 (=22-A0 Fdl 15% o "olAlHo]E) R A st LA AE(2a, 97% FE
; 80% ee, (S)-formE FEIAT. AL JAMBAEL udT AAAZnEINYE o] &5t FAHAT
(CHIRALCEL OD-H, 9:1, &Aal:o]AX =z AL Inl/#, t(FAXEE) =59 ¥, t(FHAE) = 9.9 &).

T
=

ot
>

o>’

f

' NIR (400 MHz, CDCl3) & 0.99 (d, J = 6.8, 30), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71

(m, 20), 4.81 (dd, J = 5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.

AAl 10: Bis—HON-TUS AR&-3E ofv| =4k 2B 9 Ax(FL)

~

AFLo| A olZFE(1a) 0.5 mmolS TEE22 HE 1 mLoll &34 & F7]Z 0] (Bis-HN-TU)Z 10 mol% 3 7}3}
I 4 dISS 2GHES SVHHM] H7Vekal 24A17F wHkeFSITE, o] WHE H2 A4 FEI(IN, 1 mb)E A}
G3te] AAAFHY. FF2 oEHolAHOIE(2 X 5 mL)E FE31, TAA #7152 MgS02 AZRstal 5FAA
ot AL ZY4] azEvE g (=24l Fo 15% ool HolE)® AAste] L™ o] 2~E|(2a, 96%
TE& 5 84% ee, (S)-form)E F53AUTH. ALY JAABAE L 15 qAAZvEDHIE o] &35l SHFA
t} (CHIRALCEL OD-H, 9:1, 3ikio]AZ 2 58 Inl/E, t(FARE) =5.9 &, t(FHHE) =9.9 &),

1H NMR (400 MHz, CDCls) & 0.99 (d, J = 6.8, 3H), 1.01 (d, J =6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71
(m, 2H), 4.81 (dd, J =5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J =1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCls) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.

AA 11: Bis—CD-TUE A3 olu| At 2 o] AF(AL)

Ao A of=gtE(1a) 0.5 mmolS TEEE e 1 mLo] |3AZ 3 F7]ZF(Bis-CD-TU)Z 10 mol% H7}s}a

S5 29%S A HIbsta 2443 wkekgith, o] RESS FH2 A4 FEA(IN, 1 mb)E AFES)
ATt 755 dEoAH I E(2 X 5 nb)E FE33, FAI F715S MgSO.E A=xsta FFHAH .
Bl

7 AzvtE a9 (e2-FAd Foll 156 dldopAlHolE) = FAlste] 4 A 2H(2a, 67% &
* Al

=

; 82% ee, (S)-formE F53IT. ALY dAAdEEL 345 o JJEH}EZPMJ—E— o] g3t A3tk
(CHIRALCEL OD-H, 9:1, &F:o]lAZad 43L& Inl/&, ((FAEE) =59 &, ((FAHE) =9.9 &),

N

AL

' NIR (400 MHz, CDCl3) & 0.99 (d, J = 6.8, 30), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71

(m, 20), 4.81 (dd, J = 5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.
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[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

S=50dl 10-1130818

AAld 12: Bis—HCD-TUE ARE3E ofr]i=t 2B o] Az (A2)

o
o

oA o}zgE(la) 0.5 mmolS YF=EE ver 1 mlol|l &3)A71 & F7]Z0(Bis-HCD-Tu)S 10 mol% 3 7}3}
3 4 4FES 29FS M #HIbsta 24413 Wkt o] S F2 QA FEAON, 1 al)E A}
|35t AAAFATE. & oA HOIE(2 X 5 nb)E FE313, FHZ {715 NgSO,2 AFR3sIL FFHAH
o FALE EdU4 AReE a2 d-dARl Fol 15% dlEolAE o E) R gAlste] & o ~F(2a, 94%
TE& 5 8% ee, (S)-formE FE53AUTE. ALY JALGLL AT AAIAZELHIE o83l ZH3I3
o} (CHIRALCEL OD-H, 9:1, &ik:o]la= 2 43& Inl/w, t(FA84%) =5.9 &, t(FAHYE) = 9.9 &).

' NIR (400 MHz, CDCl3) & 0.99 (d, J = 6.8, 30), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71
(m, 20), 4.81 (dd, J = 5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.

A 13: Bis-QD-TUE AHE-3E opr|iegh o 2B o] AZE(A2)

Ao ofz&E(1a) 0.5 mmolS YEFEE e 1 mLol|l &322 & §7]&m(Bis-QD-TU)E 10 mol% 7}t
2t &8 29HS 7 bt 24417F wRESIGIT). o] WhgE HE At FE&AH(IN, 1 mL)E AREE
of AAAZT. F5& ddotdEolE(2 X b nl) &2 FEF3kaL, FAX F715E MeSO,= H=xstal sFHAZTh.
TAbe Ed4 AZvE 29 (=220 Foll 15% ddotAEle]E) = AAlste] 4 ol ~E(2a, 59% &
; 69% ee, (R)-form)E F53ATH AL JAAYELE 145 AAIAZrEIHIE o] &ato] FAs AT
(CHIRALCEL OD-H, 9:1, &Aal:o]AX e AL InL/#, t(FAXEE) =59 ¥, t(FAAE) =9.9 &).

' NIR (400 MHz, CDCl3) & 0.99 (d, J = 6.8, 30), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71

(m, 20), 4.81 (dd, J = 5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.

Al 14: Bis—HAD-TUE ARE-3E ofv| =4t 2B 9 Ax(FL)

Aeo A o}z E(1a) 0.5 mmolS UFEE wWek 1 nLol 3N & F71=

v} (Bis-HAD-TU)E 10 mol% % 7}3}k

19 438s 2 9ES Wibﬁoﬂ H7yskal 24A17F wksiGiTh. o] WhES HS b FEN(N, 1 nl)S A}

gate] AAANAT. F5E odEHoHOIE(2 X 5 ml) 2 FFata, A F715S MeS0,= Axsta FFHAZ
A

o AAE Fa4 AEehE 2992 2-gAe Bl 156 AobAHoIE)E AAste] He o) 2E(2a, 62
S 16T ce, (D-formE FEAGAT. ALY ANGYE 14T AAARAETAAE o 8el ZY3t
o} (CHIRALCEL OD-H, 9:1, &ih:io]ax=d 43 &, Inl/4, t(FAHE) =5.9 &, t(FBEE) =9.9 &).

' ONMR (400 MHz, CDCls) & 0.99 (d, J = 6.8, 3H), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71
(m, 20), 4.81 (dd, J = 5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.
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[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

S=50dl 10-1130818

AA 15: Bis—CN-TUEZ A3 olu| At 2] AF(AL)

Ao A o}=FE(1a) 0.5 mmole YF=EZ wWgk 1 mLol &A1 & #7712 (Bis-CN-TU)Z 10 mol% F7}shaL
UTEES 2 THS AR HUbstar 2442 wREsGITE. o] WS HES 94F FEH(IN, 1 mb)& AHE
AAXNAY. F$5& odgolAEHolE(2 X 5 mb)E FHstx, FAX F715S NgS0,E Axstn

FEANAT. FAE ZYH aRvE g9 (e28-dAc] o] 15% dEolAEc]E)R AAste] 4 o AH
(m,%%?%:G%ea(M#mMi?ﬂdﬁﬂ.ﬂ%%ﬂﬂﬁﬂﬁﬁivﬂi“ﬂiiﬂélﬂﬂéﬂﬁﬂﬁ
=239 (CHIRALCEL OD-H, 9:1, #zk:ola=Zgd 23L& Ilal/E, t(FAHE) = 5.9 B, t(FAHE) =
9.9 &),

HONMR (400 MHz, CDCly) & 0.99 (d, J = 6.8, 3H), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71
(m, 2H), 4.81 (dd, J = 5.2, J = 8.8, 1), 5.26 (dd, J = 1.2, J = 10.4, 1H), 5.35 (dd, J = 1.2, J =
17.4, 1), 5.87-5.97 (m, 1), 6.86 (d, J = 8.8, 1), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

“C MR (400 MHz, CDCly) & 17.83, 18.95, 31.41, 57.25. 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.

AAld 16: Bis—HON-TUE AH&-3E ofw]i=gt 2B ] Az (A2)

AFLo| A olZFE(1a) 0.5 mmolS TEE2E HE 1 mLoll &34 & F7]ZF 0] (Bis-HON-Tu) = 10 mol% A 7}3s}
a4 dRESS 2 GFS I/ Hkekar 2443 wkekgith o] whgE He A &N, 1 nb) S Ab
g3to] AAANAYG. F5S A HHOIE(2 X 5 mL)E FEF3, FHN F71F5S NgSO,= AZRsa FFHAIH

A Zd4 AzvtE 29 (=220 Fol 156 dlEolAHolE) 7 AA|ste] &4- o ~E(2a, 51%
FE& 5 64% ee, (R)-formE F53UTH. ALY AAMYELE 14%F oﬂxﬂliu}EZwﬂME o]-g3ato] 433
t} (CHIRALCEL OD-H, 9:1, #AbrolAxzd 43S InL/%, t(FAAEE) =59 &, t(FAHE) =9.9 &),

£
2
>~
-

' NIR (400 MHz, CDCl3) & 0.99 (d, J =6.8, 3H), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71

(m, 20), 4.81 (dd, J = 5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.

A e 17: Bis-HIN-TUE AME3F ojm| At o 2E 2] AZX(-20TC)

-20Col A o}ZFE(1a) 0.5 mmolS YFEE HE 1 mlol] &3fAZ & F7]=Z9(Bis-HN-TU)Z 10 mol% A7}
sta 4 dFIEE 2 FEFS FAAd HUreta YT A] 4841 wdtEit), o] RESE FHE Ak 89
(IN, 1 mL)& A3t AMAANFT, 73S dEolAHOIEQ X 5 mb)E F&33, A F715S NgSo,=E A
Fotal EFAZAT. e EU4 A20E 29 (=2 AQl Sl 15% c"olMEH ol E) R FAste] o
ol ~E(2a, 96% =& : 91% ee, (S)-form)E FEFAT. ALY dAMGOH LS 14T wzﬂﬂiu}é:ﬂ]ﬂ% o]
f3lo] =Aalgith (CHIRALCEL OD-H, 9:1, #ih:olAxad 43E lal/%, t(FAAEE) = 5.9 2, ((FAA
) =9.9 3).

o it

' NIR (400 MHz, CDCl;) & 0.99 (d, J =6.8, 3H), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71

(m, 20), 4.81 (dd, J = 5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.
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[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]
[0155]

[0156]

[0157]

[0158]

S=50dl 10-1130818

A e 18: Bis-QD-TUS AFE3E ol =4t 2B A =(-207C)

-20Co A of=gE(la) 0.5 mmolS UEF2E HE Mﬂ&ﬂﬂﬂi§%7]UMmywﬁw%ﬁMmm%@ﬂﬂ
3 g IdFELEE 2GS IR XUPOFE %C” ToA 48A1ZF wRESIGITE. o] WhES FHE 4l 89
(IN, 1 mL)E AHE3te] AAARAT. $5& Ao HOIEQ X 5 mE FE31a, FAY F715S NgSO,E A

iﬂﬂ~%%4ﬁ4.ﬁﬂé-%ﬂﬂ ARvE 29 (=28
o ~E](2a, 41% & ; 7% ee, (R)-form)E FE3}9t}.
0M47ﬂ4“4(me%L®H 9:1, b0 Ly
E) =99 %),

Al Foll 15% olEolAElo|E)Z HAste] 4™
AL QAL 1% AAARELYTE o]
, Inl/%, t(FAPE) = 5.9 &, t(FAA

m£ N
ik
M

o

' NIR (400 MHz, CDCl3) & 0.99 (d, J = 6.8, 30), 1.01 (d, J = 6.8, 3H), 2.26-2.34 (m, 1H), 4.61-4.71
(m, 20), 4.81 (dd, J = 5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J=10.4, 1), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77, 133.81, 167.03, 171.58.

Ao 19 ~ AA]o 28
N-o}A ojmi=ito 2 RE] B o] wpE ZujS ALEsle] olmwal o AHE A 25T

dr&4) 13
G~ 0
DCC Catalyst
O N O
H o CH20I2 ° AIIyI-OH 0
1a 2a
A4 19

A7) Wke-2) 130wl 10-20ColA N-Hllzd 29 0.5 mmol ¥ CEFE22 wE 1 nlLe] &
ﬂéiﬂ]ﬂcmmfz1%EH*ﬂﬂ41,%%ﬂﬁivukﬂ%ﬁi?—%CﬂHwﬁl
mol% i47}o}57_ ola OL:V_Q__Q_ 2 DLE]:% tﬂ—ﬂlﬂ ] 23|

AF FEA(IN, 1 mb)E A3 ﬂ%ﬂﬁq.?%%»ﬂ%@ﬂﬂﬂECZX5mm§.+%ﬂl A 575
MgSO.2 AZx3ta FFAH . FIALE Zdl4 AZrE 29 (=28-d A2 Fol 15% oleolAlH | E)Z A

ZJ_I‘
N
)
ol
ol
=
offt
e,
rlo
k1
=2
x
B
o
>
N
[
=
(T
14
ol
ol
%4,
ﬂl -1}1’ ]101'
o
T
14
mlo
4
r

to] Lo ~E(2a, 95% & ; 91% ee, (S)-form)E F53F . AL YAAEH L 1T dAAZED
g E olgste] A8kt (CHIRALCEL OD-H, 9:1, #ib:ojax=2d 43, b/, t(FA8A4=) = 5.9 &,
t(FAEE) = 9.9 &).

' NMR (400 MHz, CDCls) & 0.99 (d, J = 6.8, 3H), 1.01 (d, J = 6.8, 3H). 2.26-2.34 (m, 1H), 4.61-4.71
(m, 2H), 4.81 (dd, J =5.2, J=28.8, 1), 5.26 (dd, J = 1.2, J = 10.4, 1H), 5.35 (dd, J = 1.2, J =
17.4, 1H), 5.87-5.97 (m, 1H), 6.86 (d, J = 8.8, 1H), 7.39-7.51 (m, 3H), 7.79-7.82 (m, 2H) ppm;

“C MR (400 MHz, CDCly) & 17.83, 18.95, 31.41, 57.25, 65.72, 118.78, 126.82, 128.26, 131.22, 131.41,
133.77. 133.81, 167.03, 171.58.
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[0159]

[0160]

[0161]
[0162]

[0163]

[0164]

[0165]

[0166]
[0167]

[0168]

S=50ol 10-1130818

AAH 20

A7) 984 130 uheh, 10-20ColH N-ilzd & 0.5 mmol ¥} tE22F dek 1 mLe E3E0] talo] Sz 4
Ftar ol =(DCCO)E 1.05 9= Hrletar, ALoA 1A7F wyt , 20T H71& W (Bis-QD-TU) S 2
mol% FH7Fstal 4 Ld3LE 29%S dAH Hrlstal FU2=oAA 48417 HPOWBP o] o—% He 4
2B FEAN, 1 nl)E AMESte] AFHAIAT. $5S oEolAHOIE(2 X 5 ml)E FE5Ha, FHA F71F
NSO, = AZ3IA HEHAATH IS Zei4] ARuE 289 (2 R- A2 Fd 15% o Yol E| ]E)i A
sto] Ul 2~E](2a, 420 & ; 78% ee, (R)-form)E F53IAth. A& JAMYEL 145 AAAZnET
Yy = o]g3ste] FAETE (CHIRALCEL OD-H, 9:1, #Aabioliazzsd 45E Inl/E, t(FAHE) = 5.9 2,
t(FAAEE) = 9.9 ).

_?{_',
o

w2 14
o) o)
DCC Catalyst
OH | N O
5o CH,Cly 0 ) AIIyI LOH ” )
1b %
AAd 21

A7) wke- Al 140wk, 10-20C el A N-oFA o}n| :=4F(1b) 0.5 mmol
2384 FlEroeln=(DCC)E 1.05 B Hrlstar, A2olA 1A7F ,
TS 10 mol% A7}eln 98 A3Le 2 Peks FAMH A7etn SALo|A 2447 o

=

S F2 G4 FEA(IN, 1 ) E ARgste] AAAAT. 55 dEdolAHo|E(2 X 5 nb)E FE5ta, $HI
F715S  MgSO,E  AFsa  FEFAFY. S ZH4 AZvE 92 @H-dA0 Fol 15%

EotMH ol E)RZ HAste] 4 o 2~E(2b, 98% & ; 82% ee, (S)-form)E F5ATE. A JAAHA

& 2AS AAAREaRI S o] &ste] SA4sIth (CHIRALCEL OD-H, 9:1, &ibio]axed 4mg, Inl/E,
BAMEE) =57 & t(FAXHE) =12.8 &).

HONMR (400 Mz, CDCly) & 0.99 (d, J = 6.8, 3H), 1.01 (d, J = 6.8, 3H), 2.25-2.34 (m, 1H), 2.38 (s,

3H), 4.61-4.71 (m, 2H), 4.81 (dd, J=4.8, J=28.8, 1H), 5.26 (dd, J=1.2, J=11.2, 1H), 5.35 (dd, J
=1.2, J=17.2, 1H), 5.87-5.97 (m, 1H) , 6.78 (d, J = 8.4, 1), 7.21 (d, J = 8.0, 2H), 7.71 (d, J =
8.0, 2H) ppm;

13C NMR (400 MHz, CDCl;) & 17.84, 18.96, 21.35, 31.47, 57.19, 65.70, 118.77, 126.83, 128.92, 130.95,

131.27, 141.82, 166.94, 171.66.
vrs4 15
o
Catalyst
NHOH N, O~
H o CH,Cl, AIIyI -OH H o

AA o 22

A7) wke- Al 150wk, 10-20°C el A N-oFA o} :=Ak(1c) 0.5 mmol™} T 1 mLe &= tjAle]Z
284 2R goen=(DCC)E 1.05 B3 Hrhshar, A2oa 1AIF muksk & Ao A] {7]Zul(Bis-HCD-
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[0169]

[0170]

[0171]

[0172]

[0173]

[0174]

[0175]

[0176]
[0177]

S=50ol 10-1130818

TOE 10 mol% H7bstar 4d 4SS 2 TS 7ol H7bstal Fd2 =0l A 24417 wRksgitt, o] vk
& w2 A FEAN, 1 nl)& ARkl AFARY. 55 ddotAEHCIE(2 X 5 nl)E FEsta, A
T715&  MgSO.=  Axsta sFAZY. e E4 ARvkE adde=E-sARl Tl 15%

1
& g% AAAREINAES o]gste] FASIGITE (CHIRALCEL OD-H, 9:1, #b:o]Ahxad dag, lnl/E,
q

olAH o E)R AA|ste] & o ~H (2¢, 9% & ; 86% ee, (S)-form)S FE53FATE. ASA YA EA
t(FAAE) = 10.6 ¥, t(FYAE) =1

3.3 ).

'H NMR (400 MHz, CDCls) & 0.96 (d, J = 6.8, 3H). 1.07 (d. J = 6.8, 3H), 2.29-2.37 (m, 1H), 4.60-4.70
(m, 2H), 4.90 (dd, J=1.2, J=8.8, 1), 5.26 (dd, J = 1.2, J=10.6, 1H), 5.35 (dd, J = 1.2, J =
17.2. 1), 5.87-5.97 (m, 1H) . 6.62 (d, J =8.8, 1), 7.41 (dd. J = 7.2, J=28.0, 1H), 7.47-7.55 (m,
9H), 7.63 (d, J=7.2, 1), 7.83 (d, J = 8.0, 1H), 7.88 (d, J = 8.0, 1H), 8.32 (d, J = 8.0, 1H) ppm;

“C MR (400 MHz, CDCly) & 17.73, 19.16, 31.26, 57.31, 65.81, 118.89, 124.44, 124.94, 125.15, 126.20,

126.94, 128.06, 129.87, 130.57, 131.29, 133.36, 133.76, 169.11, 171.37.

vHs-2] 16
° Oy :
DCC Catalyst
i 8 SeR T
" 8 CH,Cls 0o | AlyloH 0
O 1d O 2d
AA4 23

2371 9hg2] 160 whek, 10-20Cell A N-obad ofr|i=4k(1d) 0.5 mmol¥} HE 22 wek 1 nLo] EHEol

284 FhERYOMEMDOE 1.05 3 FH7bsta, d2oA 1ARF W 715

THE 10 mol% FH7bsha & d32& 2 FF& AWl Hrheti gd2molA 24413 akaioint. o] nhe
& @ dab FEAN, 1) E AREst] AN, F5E oldotEOlE(Q X 5 )2 FEShaL, FAHx
71es MgSO,E  Axshal sHAZG. e FHH ARAE age a2 E-siAel
dldotElolE) & HFAlste] & o 2E(2d, 97% & ; 86% ee, (S)-form)E FHIUT. A& YA EA
& 1% Qﬂxﬂﬂiu}EZﬂME o]-g3te] Z743kth (CHIRALCEL OD-H, 9:1, #ib:o]hxzd 43 & Inl/¥,
t(PAEE) = 10.1 &, ((FAEE) = 16.6 &).

' NMR (400 MHz, CDCls) & 1.03 (d, J = 6.8, 3H). 1.06 (d, J = 6.8, 3H), 2.31-2.39 (m, 1H), 4.64-4.73
(m, 2H), 4.89 (dd, J = 4.8, J=8.8, 1), 5.27 (d, J=10.4, 1), 5.37 (d, J = 17.6, 1H), 5.88-5.98
(m, ), 6.92 (d, J = 8.4, 1H), 7.50-7.55 (m, 2H), 7.83-7.91 (m, 4H), 8.31 (s, 1H) ppm;

“C MR (400 MHz, CDCls) & 17.98, 19.07, 31.65, 57.42, 65.90, 118.97, 123.44, 126.60, 127.40, 127.55,

128.30, 128.76, 131.08, 131.30, 132.32, 134.60, 167.14, 171.78.

/LH’OH Catalyst \’Erro
N ™ ‘-..—/‘R‘x
Ho o CH,Cly <:; L Al-OH H
F F 0
1le ’e
AA o 24
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[0178]

[0179]

[0180]

[0181]
[0182]

[0183]

[0184]

[0185]

S=50dl 10-1130818

o

}7) 9k 170wk, 10-20Col A N-opd obm|=Ak(le) 0.5 mmol®} TIE 2= w1
dld FtaRtem=(D0O)E 1.056 3% H7ket, c}ioﬂﬂi A7 wke 3 4ke
TOE 10 mol% F7etx &2 438 2 YJEs 374 }aﬁ\%m Eﬂ‘iﬂﬂﬁ?ﬁhﬂ
o @A FEA(IN, 1 nl)E AREste]l AAAF T 2 il
715 NgSO,E AFEsta wFAFT. S %WH JEH}E ZPJM(LEU AL Fell 15%
oeolAHolE)Z HAste] & o ~E|(2e, 98% F& ; 82% ee, (S)-form)E 4%6}913} i%é} AA L B
< 14T °”xﬂ:l?au}E1?41J48 o] &-3to] ZAskdrh (CHIRALCEL OD-H, 9:1, &ak:o]x

t(FRAAE) = 6.3 &, t(FAAE) =24.0 #).

mLe] E3HEo] tjrlolF
A §71Z vl (Bis-HCD-
Rk, o] Wkg

f

Jo o

' NIR (400 MHz, CDCl3) & 1.00 (dd, J = 7.2 and 8 Hz, 6H), 2.257-2.338 (m, 1H), 4.616-4.719 (m, 2H),

4.779 (dd, J=5.2 and 8.8 Hz, 1H), 5.27 (dd, J = 1.2 and 10.4 Hz, 1H), 5.36 (dq, J = 17.2 and 1.6 Hz,
1H), 5.876-5.974 (m, 1H), 6.924 (br d, J = 8.8 Hz, 1H), 7.043-7.109 (m, 2H), 7.790-7.850 (m, 2H);

13CNMR (100 MHz, CDClz) & 17.88, 18.92, 18.94, 57.40, 65.78, 115.15, 115.18, 115.37, 118.82, 129.20,

129.29, 129.92, 129.95, 131.21, 163.19, 165.70, 166.05, 171.67.

284 18

Catalyst AIIyI-OH

! O
. CH,CI,

10

A A 25: Bis-HCD-TUE AL&3F ofm| Al o 2E 9] A|Z(A2)

Ab7] 92l 18el whek, 10-20ColA ol=E(lo) 0.5 mmold TZEE WEr 1 mlel] &3IXF F 750
(Bis-HCD-TU)E 10 mol% F7}8la & 45 &E 2938 7o Hrlksta 24413 wkslgieh, o] whg-&

AAF FEAN, 1 mh)& AMEste] AAAZT. 758 dldetMEHelE(2 X 5 mb) 2 F&3kaL, FHI {7
S MgSO,2 =3l FFAZAT. e T4 ARvE 29 (=2 8-IAQ] Foll 15% dEoAH o E) =

of\ rlo

AAE] & o AE (20, 94% F& 5 85% ee, (S)-form)E FE53YTH. AL YALAGH L 1% AAIR
nfE g H S o] g5te] A4St (CHIRALCEL OD-H, 9:1, &ik:ojiaxad 43& Inl/¥&, t(FAHHE) =5.9

T, t(FAEE) =101 #).

H MR (400 MHz, CDCly) & 1.00 (dd, J = 6.8 and 10 Hz, 6H), 2.26-2.34 (m, 1H), 4.60 4.71 (m, 2H),

4.81 (dd, J= 4.8 and 8.4 Hz, 1H), 5.26 (dd, J= 10.4 and 1.2 Hz, 1H), 5.35 (dgq, J= 16.8 and 1.2 Hz,
1H), 5.85 5.97 (m, 1H), 6.86 (br d, J = 8.8 Hz, 1H), 7.38 7.43 (m, 2H), 7.46 7.51 (m, 1H), 7.78
7.83 (m, 1H);

e MR (100 MHz, CDCl;) & 17.84, 18.96, 21.35, 31.47, 57.19, 65.70, 118.77, 126.83, 128.92, 130.95,

131.27, 141.82, 166.94, 171.66.
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[0186]
[0187]

[0188]

[0189]

[0190]

[0191]
[0192]

[0193]

[0194]

S=50dl 10-1130818

wrg2] 19

N Catalyst  Allyl-OH
O ’ ©  chel

A Ao 26: Bis-HCD-TU & AL&3F o}u| =2t o 2E o] AX(AFL)

7] Wb 199wl 10-20Tl A of= mmol S T]EZZ vk 1 mLo| &3lA1%1 & R7]1Ew(Bis-HCD-
=

=2E 0.5
2}
TS 10 mol% H7bsta 4 4325 2 & 7AWl H7bskal 24413 kst o
TEAON, 1 mb)& ARstd ARG, 55 odopAHlE(2 X 5 mb)=2 FF38haL,
NgS0, = Axstar 5ARAY. e FdH A=rE 29 (22890 T 15% cEobAE =)=
ato] 4™ ol =F(2p, 96% & ; 86% ee, (S)-form)E FEIIAT. 7&F AL ude qAA=vtE
a9 E ol gste] At (CHIRALCEL OD-H, 9:1, #ih:ola=ed 45&, Ial/¥, t(FA4E) = 10.3
=, t(FAEE) = 13.1 ).
MR (400 Miz, CDCly) & 0.96 (d, J= 7.2 Hz, 3, 1.07 (d, J= 6.8 Hz, 3H), 2.28-2.37 (m, 1), 4.55-

4.70 (m, 2H), 4.90 (dd, J = 4.4 and 8.8 Hz, 1H), 5.26 (dd, J = 10.4 and 0.8 Hz, 1H), 5.36 (dd, J =
17.2 and 1.6 Hz, 1H), 5.87 5.99 (m, 1H), 6.62 (br d, J = 8.8 Hz, 1H), 7.41 (dd, J = 7 and 8 Hz, 1H),
7.46-7.55 (m, 1H), 7.63 (dd, J = 0.8 and 7.2 Hz, 2H), 7.81-7.89 (m, 2H), 8.32 (d, J = 8 Hz, 1H);

“C MR (100 MHz, CDCls) & 17.73, 19.16, 31.26, 57.31, 65.81, 118.89, 124.44, 124.94, 125.15, 126.20,
126.94, 128.06, 129.87, 130.57, 131.29, 133.36, 133.76. 169.11, 171.37.

N Catalyst  Allyl- OH

SO

A A e 27: Bis-HCD-TU

it

AR opm| At o 2E O] Al (A2)

HE-g-21 200 whel 10-20TC oA ol=2ZHE 0.5 mmolS TIEFZ2 W 1 mLol] &3iA121 & R7]1E v (Bis-HCD-TU) &
10 mol% H7Fstal &4 LIEE 2 DS 7wl H7Fsta 24A17F wksiglet. o] W& #2 94 &9
(IN, 1 mL)& AR&3te] ZAMAANZT. F5& dEolMHCEQ X 5 mbE FE3t1, FAX F715& NgSo,=E
Z3al FEART. IS EH4 ARAE g9 (23400 Foll 15% dEolAHolE) R AAste] 4dE
o] ~H(2q, 97% & ; 86% ee, (S)-form)E F53IUTE. ALY YANGLS 3% AAIAZvETHAE
o] g3le] ZAa}9tt (CHIRALCEL OD-H, 9:1, 3AbiolaAxgd U4x:E Inl/E, t(FAAHE) = 10.0 &, t(FA
AE) =16.6 ¥).

:l:4‘

I NR (400 MHz, CDCl3) & 1.05 (dd, J = 6.8 and 7.2 Hz, 6H), 2.28-2.37 (m, 1H), 4.60-4.74 (m, 2H),

4.89 (dd, J = 4.8 and 8.8 Hz, 1H), 5.27 (d, J = 10.4 1H), 5.37 (d, J = 17.6, 1H), 5.88 5.99 (m, 1H),
6.92 (br d, J = 8.4 Hz, 1H), 7.49-7.57 (m, 2H), 7.83-7.91 (m, 4H), 8.31 (s, 1H);
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[0195]

[0196]
[0197]

[0198]

[0199]

[0200]

[0201]

S=50ol 10-1130818

“C MR (100 MHz, CDCls) & 17.98, 19.01, 31.65, 57.42, 65.90, 118.97, 123.44, 126.60, 127.40, 127.55,
128.30, 128.76, 131.08, 131.30, 132.32, 134.60, 167.14, 171.78.

Catalyst  Allyl-OH

| =0 N
g CH,Cl, o

1r 2r

AAld 28: Bis—HCD-TU & AM&-& opn|:=it o 2Ejo] Ax(42)

whg-2) 210 whe} 10-20TC oA o= E 0.5 mmolS TIEFEE wWek 1 mLol &A1 F F7]F ) (Bis-HCD-TU) =
10 mol% HA7bstm 4 L7 L&S 2 IS A Hrlsta 24X 7 wwketgich. o] S FE G 789
(IN, 1 mL)E A3t AMAANFT. FF& dEolAHOEQ X 5 mb)E F&33, A F715E NgSo,=E A
3t FHEAFT. e FH4 A20E 29 (=249 Foll 15% c"olAElo|E) R FAste] o
ol =B (2r, 90% & ; 85% ee, (S)-form)E F5At. ALY %‘iﬂ*d%““& IS QA AR EINIE
o] g3t ZAal9ltl (CHIRALCEL OD-H, 9:1, &ab:olAx =z 438 Inl/%, t(FAHE) = 5.7 %, t(FA
AE) =12.6 ).

' NMR (400 MHz, CDCl3;) & 1.00 (dd, J= 6.8 and 10 Hz, 6H), 2.25-2.34 (m, 1H), 2.38 (s, 3H), 4.59 4.71

(m, 2H), 4.81 (dd, J = 4.8 and 8.8 Hz, 1H), 5.26 (dq, J = 10 and 1.2 Hz, 1H), 5.35 (dq, J = 16.8 and
1.2 Hz, 1H), 5.86 6.00 (m, 1H), 6.78 (br d, J = 8.4 Hz, 1H), 7.21 (d, J =8 Hz, 2H), 7.71 (d, J =8

Hz, 2H);

13C NMR (100 MHz, CDCl;) & 17.84, 18.96, 21.35, 31.47, 57.19, 65.70, 118.77, 126.83, 128.92, 130.95,
131.27, 141.82, 166.94, 171.66.

at7] % 2 B 3E 3° AAlel 9 WA 289 wkgol ek & B JAMEAS YERUT.
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el

X
L
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-
It

I
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[0203]

7) )

o
S
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S=50dl 10-1130818

AA 4 S FgEd ARE LEC) | AR | $8(%) | ee(%)

0 o
19 | Bis-HCD-TU NX(OH NSO | 20 48 95 91
H o § H 9§
o Xr o N
20 | Bis-QD-TU OH N0 | =20 48 42 78
©)LH H/\n/
[¢] o]
21 | Bis-HCD-TU NN OH O | AR | 24 98 82
H o H o

A

[} (o]
N OH N O X
23 Bis-HCD-TU O Aol O Aol e 24 97 86
(o]
24 Bis-HCD-TU /©)LN OH O/&N O e 24 98 82
H o] H (o]
F F

o
N
25 | Bis-HCD-TU y{o @)LNI(O\/\ A8 | 24 94 85
(o] H
. . N
26 Bis-HCD-TU O | {o

[o]

N O\/\

H 0 4L 24 96 86
ORANRS

0
O
27 Bis-HCD-TU "f{o ﬁ 3 - AL 24 97 86
|
[e]
28 | Bis-HCD-TU /O/N( o /O)Lu O~ | Qe | 90 85
0 )

Bis-HCD-TU 99 86

5
O—.
)

[0204]

[0205] A7) F 3014 BT F ol vleh @ol PFa ojulibe] ojxeHE R ol ojulwsbse /1de) 42
el e Be FetaEgs FEE B o 4 ol
EdY] gug 49

[0206] 1 2 e ANe) 1614 AzF o484 AL fF71Eve] MR 2A2%E e ooy,

[0207] % ob B wre] ANe] 204 AZF o484 AL f71Eve] MR 2A27E epis ooy,

[0208] 38 2 wre) ANe] o4 AzF o484 AL f71Eve] MR 2A2%E ehs ooy,

[0209] w4 B o] Ax 7oA Az o8 72 fr1Eue) NR BAAAE JEE Temold.

[0210] © 5% 2 wre) ANd] ol AzF o484 AL fF71Eve) MR 2A27E vehis ooy,
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