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AR (organocatalyst) 1% 2000 4£(Z MacMillan |2 X > TIRE SH-FHET!, & cEL2 T
[RFE - Bt - ISR - BRQRLEOILFENDLRY | MEERN 2 b SRS FbEMD Z & 2T,

AR BN SN DIXESMC B <L 1970 R WIEHD Z & TH 5, Hoffmann-La Roche
@ Hajos, Parrish, Schering AG ® Eder, Sauer, Wiechert 53 HNIZT 2 JEO—FECTHLH T 0 v %&
fibft & 3254y FNARF v Y VBB & L L7z(Scheme 11, AJFIEIX ARk E LCTHH
ey b B EICFEER E U R L EET BN HIETH D,

Scheme 1-1. Hajos-Parrish-Eder-Sauer-Wiechert Reaction

o) O
O .
(S)-Proline (3 mol%) /I/i/\I:g
DMF, rt, 20 h o
o 100%, 93% ee OH

LALLM, ZOWMEDH, RWHZTm Y ATAEAMEEE L THEREZED DL Z LidkhoTl, £
D, AERE AR (B238) (DA TEBAEERS TR & 220 | AT MThiL T\ e, A
Mz AT K512, @RICITRA RIEEIH Y, TNOeRBPRLDIMWEZRTI L0,
AN 2N EDRISHID G SH, TS RBHNT VD, T AL, 1999 412 Ooi, Maruoka
5AEIEE VRV TV BRI (BEIZIURAE & FER T D) ERE L, HEITAR
fibliE 2 T SR o7 X BB G AL Z ST L 72 (Scheme 1-2),

Scheme 1-2. Synthesis of Chiral o.-Amino Acid Catalyzed by Maruoka Catalyst

Ar Br
Cr o |
@ F
N Ar =
T 0 F
(@] Ar (@]

_ (1 mol%) -
thC—N\v/ﬂ\opBu Ph,C=N Ot-Bu

Bn-X Bn
99% ee

fEV T, 2000 FRI21E Barbas, List 5237 1 U U &l L7772 R ET AT ROT LV R—/LK

ST M 2 T o7 Y MBI T AT TV R T —B BT RIS S 2 > TR 24T
STV, 1997 4E1Z Shibasaki H23LA AL 7 L AT REIBEEE A ML AGA AL TE~T B 3o A
SVl BN L Ay R EERREER 7L R— AV ROS iS5 Z L2 S Lo a% T T a Y
VCEREYLYTHOT-OTHS °, TORKE, 7al v’y 5217 8T —8 & FEEOMBER %2
HLTEY, TATE RET braTm ) UIFEENRET 20 CRISHEIT L, @ VbR E g
T 57 K=K % 52 % Z & % FLH L 72(Scheme 1-3),
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Scheme 1-3. Proline Catalyzed Aldol Reaction Reported by List et al.
(S)-Proline (30 mol%) O OH

0 o) .
)J\ *
H DMSO
97%, 96% ee

[F4-, MacMillan 5237 = =)L 7 T =V HEDT I 2% L. 5 Diels-Alder SIS T9
% Z & %R L7=(Scheme 1-4)', TERMETH - - B2 5 = & 2 < SIS HEITT 5 2 L &R
L7z ZHLARE, AREAREED 5B OBFFERE /AT OID X D720 . T OMEITBERBATHE 2 TV

>77,

Scheme 1-4. Diels-Alder Reaction Catalyzed by MacMillan catalyst.

o,
N

rjikt
CHO Ph *HClI Lb . b endo:exo=1:1.3
tPh 7CHO  93% ee (endo)

MeOH, H20, rt CHO Ph 93% ee (exo)
endo exo
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OLRETH D,
SRMEOLE . ERXRKIIALETH D Z ENEL ., FOREELRNIEET AFHK T TITH L E D
D, EWEBREMARD b, —F, BEMEEOBRE . KIEOBEAITEROKEE T T 540
e, fEICITY) 2N TE D,
Q%A TH 5,
BUE, LT AZLVORENMEE 7> TBY . SBRAEOME 2 ML T\ D, AHARMEIX 4 8 At
(ZHARTHERINZM TH Y . Bz iE7 1 U AXRIRIZKRICHFE L, MacMillan filti & RIRIZAFAES
LTI VBEVEGICHEEARETH D,
@ MEDMERN,
BlzIE, AAIT L By, ARXIREBEND L) ICEBMELIT T OEENEE /2D Z N %4
oo, —J, AEMELTERAMEICHASTZOBFENMERNE SN TWD, LbiF, 7'ml TEKR
NTERINDAT I/ BO—FETHLHZ LN ZOHEDRIIFHLNTHD,

iz bZDAY v MIZA2HDHB, FRLDOIFERO=HTHD, ZhHDAV Y NEHRIZ, £
< OWFFEE DA BERLEE DRI E Y A, Fric el gl < du, TS R 2 LG Sz, L
MULRR D, ZOHR LW E & IXEMEICAREA 2 W e FiEigmn ZRICE s T2 filigad ey, 7
U= I A U —OBSIZBW T, AR E 2 s s ERE S iz o FrEEE v 4
e, A%, AL OS5 EIEA £ TU RIZEMEEZER LIZERRD TN TH A 9,
ZHLEEREOL &, EEIFIEMAEERN LA ORI IR A im0 7,




Vara i« =3

B 18 (2S3R)3-bE Rr¥3-AFL7m ) LT
28 (2S3R)3-b RuFx o3 AFA7ul v Oa iz
H1E (2S3R)-3-B Rux3-2F L7l LT

MIERE T X /B THH2S3R)-3-t KX 3-AF 7 a ) v (OIET R F— AFEERICKS
SHUEBTE 2 AT HBRIKT 7L _XTF B, R A _XFFUENLHD TRASINTE S, T D%,
BB EBRENE ] 2479 % FR225659 35 X TY FR225656 726 & FHYR TR & v 7= (Figure 2-1), D X
I1Z(2S3R)-3-E FrFv3-AF L7 a ) (D)IEREEBRENEIEEAH T 2LEWIcE ENTW
DT LG SERZHIAE L7 @R G BIEDRRBE A RO LTS,

Figure 2-1. Structure of Polyoxypeptins, FR225659 and FR225656

H2N NH

: OH
R=OH Polyoxypeptin A A—S‘ R=Me FR225659
R=H Po|yoxypeptinB R=Et FR225656
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B2 (2S3R)-3-t Rr¥3-2AF 7l DA

(2S,3R)-3-t REF v 3-AF 17 a ) NIBTEE TIZE OO T L —TIC L o THBRIEDRHTE S
TV,

%" 2001 4E(C Kobayashi HIC X2 AMMME Shiz b HEILF 7 =4 —1Q%&FEE LT,
Sharpless O K7 =K ¥ UALIIE, T AT /L 6 DT D% bk AT BHESUS & BB M & LCHIOAH
(2% L7=(Scheme 2-1), L2>L7eln 6, 5 OHE Tl 13 TR TEAEICEN 7.7% K<, KEd

LT HESITE VR,

Scheme 2-1. Synthesis of OHMePro by Kobayashi’s Group

o
)\/\)\/\ (_&/ LS (_Q/ OH
CHO

NHCbz NHCbz
5
= (_‘-8/\ A_XA : OH
— / —) —)
NHCba CO,Et CO,Et H COH
6 7 1
dr9:1

reagents and conditions; (a) Ac,O, pyridine, THF, 0 °C to rt, quant.; (b) m-CPBA, CH,Cl,, 81%; (c)

HIO 4+2H,0, THF, 0 °C, 89%; (d) NaClO,, NaH,PO,, 2-methyl-2-butene, t-BuOH, H,O, 96%; (e)
(PhO),P(O)N3, NEts, benzene, reflux, then BnOH, benzene, reflux; (f) K,CO3, MeOH, 67% (two steps); (g)
TBHP, Ti(Oi-Pr)4, D-(-)-DET, 4A MS, CH,Cl,, -23 °C, 55%; (h) (COCI),, DMSO, NEts, CH.Cl,, -78 °C; (i)
(EtO),P(O)CH,CO,Et, NaH, THF, 0 °C, 58% (two steps); () Pd(PPhs),, THF, reflux, 74%; (k) O3, MeOH, -
78 °C, then Me3S, 0 °C, 82%; (I) NaClO2, NaH2PO4, 2-methyl-2-butene, t-BuOH, H>0, 88%; (m) Hy, Pd-C,
MeOH, quant.

VAT 2002 4, 2003 4FIC Yao B Y RO ARIEE WG Lz 2 BHIOG R 3-TF 14—
)& ikl L. Sharpless DR T B KX ka2 T oloth, VA —/L 10 O Zfokigikz 7 I 7 &
NEBH LT, BRALE® 5 TH D (Scheme 2-2), ZAliZ2JiE 2 VTR Y | #IERS 33% & I
ZEWbDTH L0, TREPRVEDNRETHS (13 TR,

Scheme 2-2. 1st Generation Synthesis of OHMePro by Yao’s Group

OH - OH
HO e_g %
\ CO>M CO,Me
— ‘)\/COZMe — BnO/\A/ 2N — Bno/\/g/ 2
3
8 0 11
O = OH =
h,i BOCHN,, + /\/'Q/cone I-n TX-‘ OH
NG (@) BnO 7 —_—
- NHBoc N CO,H
HO N~ H
12 ik 13 1

reagents and conditions; (a) NaH, BnBr, DMF, 94%,; (b) n-BuLi, CICO,Me, THF, -78 °C to rt, 85%); (c)
Me,CuLi, THF, -78 °C, 89%; (d) AD-mix-a,, CH3SO,NH,, t-BUuOH, H50, 0 °C, 90%, 91% ee; (e) NEts,
SOCl,, CH5Cl,, 0 °C to rt; (f) NalO4, RuClz*H,0, CCl,, CH3CN, H,0, 0 °C to rt, 90%; (g) NaN3z, DMF, 80
°C, 86%; (h) H,, Pd-C, Boc,0, EtOACc; (i) Hy, Pd(OH),-C, MeOH, 95%; () 1 N NaOH; (k) CH,N,, Et,0,
guant. (two steps); () MsCl, NEtz, CH,Cl,, 96%; (m) LiOH*H,O, THF, MeOH, H,0; (n) TFA, CH,ClI,, then
Dowex 50 x 2, 97% (two steps)
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2003 FRICHE L2 HIEIEB-7 7 =2 (14) kL L L, = A7 L 15 % Sharpless DRF T E R v
ABIZH U C 3 ALDSLARZ EEE LT %, BRALEE 21T - Tf/%ﬂdw’ T S L CHEEMIE T 21T O B AE
T 5 (Scheme 2-3), TREBOFEMIZIIKRI Lzt 0D, BREEEMMET L, A 2 17 OREITITBN
TAaIDETOT AT UA~Y—NERTHZELH Y \édJ%’ﬁE’J SIEE VR (BRI 12%, 10 TH2) .
Scheme 2-3. 2nd Generation Synthesis of OHMePro by Yao’s Group

1

“«OH
i ad /\)\)(i & % Y ’ ﬂ
—_— \ — - y — /
H,N OH BocHN OEt BOCHN/\/SHJ\OE'[ N

14 15 16 O 17

CO,Et

.0OH reagents and conditions; (a) Boc,0, K,CO3, H,0, dioxane, 98%; (b) N,O-
h,i Dimethylhydroxylamine hydrochloride, N-methylmorpholine, CH,Cl,, -15 °C to rt,
CO,H 80%; (c) MeMgl, THF, -78 °C to rt, 72%; (d) (EtO),P(O)CH,CO,Et, NaH, THF, O
°C to reflux, 66%; (€) AD-mix-B, CHzSO,NH,, t-BuOH, H,0, 0 °C, 89%, 98% e€;
1 (f) DMSO, SOC|2, CH2C|2, -78 °C, 88%; (g) TFA, CH2C|2, 0 °C, then NEt3, CH2C|2,
0 °C to rt, 78%; (h) H,, Boc,O, EtOH, Pd-C, 78%; (i) LiOH+H,0, then TFA, CH,Cl,,
0°Ctort, 81%

2004 FE121E Goti b7 R B RIEA WS LD 1 M IZR)-(D)-> R T~ U v 7 BE(18) & kL &
L. BIR= e rocxt3 27 VU F U LOREEGZ SRS & U TH M A ER L 72 (Scheme 2-4),
AKIFIEZ. 2S3R)-3-E R ¥ 3-AF L7 m ) o D)IETTREZDQRR)-ZEv—H IR I < AKT
HTENFRETHD (BRI 9.9%, 13 L),
Scheme 2-4. Synthesis of OHMePro by Goti’s and Merino’s Group

. OMOM OMOM
CO,H a- MsO
Hozc/>{ 2 \/>.,/\OMS [ S [ S/,/
OH OMOM
18 19 20
:_LOMOM
CO,H

1

reagents and cond|t|ons; (a) EtOH, p-TsOH, benzene, reflux, quant.; (b) CH,(OMe),, P,05, CHClj,
75%; (c) LiAIH,4, THF, reflux, 95%; (d) MsCI, NEtz, CH,Cl,, 0 °C to rt, 78%; (e) NH,OHsHCI, NEt;,
reflux, 82%; (f) MnO,, CH,Cl,, 0 °C, 73%; (g) n-BuLi, furan, THF, -90 °C to rt, quant.; (h) MnO,,
CH,Cl,, 0 °C, quant.; (i) LiAlH,4, THF, rt, 90%; (j) In, EtOH, sat. NH,Cl aq., reflux, 80%; (k) Boc,0,
DMAP, CH3CN, 86%; (I) RuO,, NalO4, H,0, CCl,, CH3CN, 72%; (m) 2 N HCI, MeOH, reflux, then
Dowex 50W, 89%

[F4E, Davis HIEN-ALT 4 =LA I 230 Ba-T 2 /-13-VF T L (25) &%l LGz HE L

7= P, ST 9 TR, GBRIER 4% TAKEZER L TBY., 265 LEFITHRORNARETH
% &3 2 B 5H(Scheme 2-5),

10
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Scheme 2-5. Synthesis of OHMePro by Davis’s Group

e

N N N CO>Me
I Ts Ts
23 24 0" S~p-Tolyl 26 27
25
] “4OH reagents and conditions; (a) n-BuLi, THF, -78 °C, then p-TsCl, -78 °C, 70%, 91%
_hi / \ de; (b) TFA, CH2Cly, H20; (c) p-TsCl, NEt3, DMAP, CH,Cly, 0 °C, 95%; (d)

N~ YCO,H PhI(O,CCF3); CH3CN, H,0, -20 °C, 78%; (e) MeMgBr, THF, Et,0, -78 °C, 85%);

H (f) RuClz*H,0, NalO4, CCl,, CH3CN, H,0, rt; (g) TMSCHN,, MeOH, benzene,

1 76%; (h) LIOHeH,0, THF, H,0; (i) lig. NH3, Na, THF, -78 °C, then Dowex 50 x 2,
72% (two steps)

2005 4E121F Larcheveque BN Z W AIEEZ @G L TW5 P, L7kl a Hv, TEED
HAWNHOD, VA —/ 31 OEEHRICZ LD 0E OBV TR 72D, BREIGRN 7% T & 72
- TV 5 (Scheme 2-6), 72, HFAMEN 80%ee IZE EF-TWNAH I EHLRERMETH D (9 T,

Scheme 2-6. Synthesis of OHMePro by Laecheveque's Group

<

~20OH
_ab _ EtO,C
Et0,C” “NH, - HCI 2 \/\N CO,Et ——= [ g\co T qS\/OH
Boc I 2 !
28 29 Boc Boc
30 31
3 N OH racemic
f 3 OH g-i reagents and conditions; (a) NEtg, ethyl acrylate, EtOH; (b)

- % OAc —— ™ CO.H Boc,0, NaOH, H,0, 68% (two steps); (c) t-BuOK, toluene, -5

%Ioc H 217 °C, 60%; (d) MesAl, toluene, 0 °C, 73%; (e) LiAH,, THF, 0 °C,

80%; (f) Amano AK, vinyl acetate, TBME, 20 °C, 35%, 80% ee;
(9) 3 M LIOH, MeOH; (h) NalO,4, RuClzenH,0, CCl,, CH3CN,
H20, 0 °C, 85% (two steps); (i) TFA, 0 °C, then Dowex 50W

32 1

[, Ye H1X N-Boc(L)-A LA =2@HEWHEE L, a7 X /7 b 38 DT T AT LA T
U AL E S TR T T I LS 286 & L TE R L= (Scheme 2-7)", A J7 1322t 72 5Bk 2
WT 11 TR, B%INRICTERTDZENARETH Y, RN FEmRTHDL EE XD,

Scheme 2-7. Synthesis of OHMePro by Ye’s Group

OH O O
a-C
—_—

OH
NHBoc
33

reagents and conditions; (a) i-BuO,CCl, N-methylmorpholine, NaBH,, THF, MeOH, -15 °C to 0 °C, 92%;
(b) BzClI, NEts, CH,ClI,, -50 °C, 71%; (c) DMP, 0 °C to rt, 95%; (d) (+)-B-allyldiisopino-camphenylborane,
MeOH, NEts, H,0,, 0 °C to rt, 96%, 80% de; () TESOT(, 2,6-lutidine, CH,Cl,, -50 °C to -40 °C, 96%); (f)
NMO, 0OsOQgy; (g) NalOgy4, SiO2; (h) NaBH3CN, AcOH, MeOH, 93% (three steps); (i) DIBAL-H, THF, -78 °C;
() RuO,, NalO4, CH3CN, CCly, H50, acetone; (k) TFA, CH,Cl,, 80% (three steps)

COOH

11
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BIFREICEB N T, FEINICZE DA BIEOBRFEIFFICER Y A TE T,

IEHESIIQL)-A VA =@M bE ML I — R @Dzt LTa vk~ U v hz Hunizor
v B LS AT WOA R A R L TV 5 (Scheme 2-8)°, Z OSBRI D AR TE . &
SEARIERIRMEZ£F O BAEROS Z L LTV A0y, TR 17 TR EEL, REABICHE S WKL E &
ATNDZERRBEE > TS GEEIE  30%),

Scheme 2-8. Synthesis of OHMePro by Kondo et al.

| OH
" - : ?l\:‘\ OI \/QO:‘\ - \L I/
0 OTBDPS
H TsHN N N

H,N" YCO,
38 39
0-q
OH
Ts Ts H
1

reagents and conditions; (a) p-TsCl, Na,COs, Et,0O, H,0O; (b) Mel, KHCO5, DMF; (c) LiBH4, THF; (d)
CH(OMe),, p-TsOH, CH,Cl,, 81% (four steps); (e) NaH, allyl bromide, DMF, 96%; (f) OsO,4, NMO, acetone,
H,0; (g) NalO,4, THF, phosphate buffer; (h) NaBH,4, MeOH, quant. (three steps); (i) I, PhsP, imidazole,
toluene, 97%; (j) 4 N HCI, THF; (k) TBDPSCI, imidazole, DMF, 67% (two steps); (I) DMP, CH,Cl,, quant;
(m) HF, CH3CN, 86%; (n) Sml,, THF, HMPA, -78 °C to -55 °C, 73%; (0) DMP, CH,Cl,; (p) NaClO,,
NaH,PO,, 2-methyl-2-butene, -BuOH, H,0; (q) 6 N HCI, reflux, then Dowex 50W x 4, 91% (three steps)

40

2004 TR BTV A T - T R— iR InIc LA ) DU BIERO% ., SFEIND LR
VW 45 DNESE STFNT 2 oAb E R TARL L7 (Scheme 2-9)'¢, A&/ — MIE TR TILH
HHOD, WREIGRN 75% LKL SEORMEZE L TWD ES 2D,

Scheme 2-9. Synthesis of OHMePro by Suzuki et al

0 OH ~»OH a0
PN QT o GUC (s G T g 5
TsHN™ "CO,Bn ﬁj\ N CO,H N CO,H @]

. N
|
43 44 Ts Ts Ts
) 45 46 47
:_OH dr 95 : 5, racemic
e, f / i
N CO,H
H

1
reagents and conditions; (a) DBU, THF, 0 °C to rt, 82%; (b) H,, Pd-C, MeOH, then CHCl3, 64%; (c) (-)-
cinchonidine, crystallized from EtOAc then 1 N HCI, 76%, 24% ee; (d) WSCI, DMAP, CH,Cl,, then
crystallized from EtOAc (four times), 25%, 97% ee; (e) AcCl, MeOH; (f) 6 N HCI, reflux, then Dowex
50W x 4, 75%

12
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2005 £E12, KH SIIARFRBE L V-~ A 7 -7 b R— VB s K 5 A a2 WE LV, %
HIZTZ VBT T TN ATV A9 WA TV R L RO LD B a U U B O
D%, MK, B X0 Aa%E1T - 72(Scheme 2-10), ASSITE TR, N OENEKRTH DD
TREAMKICHE L TWD, LLRRS, REMBIEIZL 2 HIETH D7D IEMER R 2 124
HEHWRS TR LRV E WS RENZET D (6 L)

Scheme 2-10. Synthesis of OHMePro by Nagata et al.

ST o S

HN" >CO,H o HO

—o a,b O c

T e (e
0=S=00 N

0 A 3

48 49 50

Z.OH Z.OH
d e TSOH
N~ TCO,H N~ "COzH
H H
1 51

reagents and conditions; (a) PCls, Et,0O, 0 °C to rt; (b) (R)-BINOL, pyridine, THF, 0 °C to rt, 74%
(two steps); (c) methyl vinyl ketone, DBU, LiCl, THF, -15 °C to rt, 70%; (d) HCI, AcOH, H,0, 95
°C, then Dowex 50W x 4, quant.; (e) p-TsOH, MeOH, 68%, >99% ee

T ROWE 2, X0 EIERIARQS,3R)-3-t Ru X 3-AF 07l voaaEd B L%
WZHD FHATZ,
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2003 F-Z Sugai HIZ X W 7'r Y U FHERD Candida Antarctica lipase (Chirazyme L-2)% V2= >
F A TRIRA 22 43 BIE DA S 72 (Scheme 2-11)"%, ARSITEBANCISHEIT L, @) F 4
BIRETHMZED Z LI LTV 5,
Scheme 2-11. Enzyme Catalyzed Optical Resolution of N-Boc-Proline

D\ C. antarctica lipase & ( 5
> N COOH + "CO,Me

l}l COZMe \ l}l
Boc Boc Boc
50%, >99.9% ee 49%, 98.7% ee

FH T OBERIT L D IFAE R RBUE L LQS3R)3-E KX o3 A F 17 m ) O iThE
TIEARWNEZ 2T A& & L, ARGHEE LTIE, 73 7 EORER L LT Boc, W/LARF
VIVORFERE L LTI A F L= AT VO FE % VT Candida Antarctica lipase (Chirazyme L-2)IZ L %
K FE1T H 2 & & L7 (Scheme 2-12),

Scheme 2-12. Synthetic Plan of OHMePro Using Enzyme Catalyzed Optical Resolution

2 oH S.OH /. OH
& Candida antarctica lipase / *S **
--------------------- - N* COOH * N~ 'COOMe

N~ YCOOMe \
IIBOC Bloc I%oc
( 1
Vo ¥
s 5
N~ TCOOH N~ “/COOH
H H
(2S,3R) (2R,3S)

A=
LV AREOE Raf v AF L7l 45 245K Lz % F 725, DBU fF/E . Ts-Gly-OBn (43)

EAFNEZNT @D A T NT N R—/VilR RIS 2TV A b T U A = 69:31 T AT VIR
52 Zf%7=, 52 OXUUNIEFMIRICIZ L > TREL, Z20% 7 aa kL ATk L TOEMRE D%
ZFALT, 7 e RV T 28 MEOIRN R 7 VA ERE ABIC L > TlREL, A EROMED
L L= VR R4 & LT, ST HAR R 45 2 27 kL ", 6 N HCl TREIT % 2 &
£ o TRHLRGER X ORI iR % RIRFICHEIT S, SV ABED 3-8 Re$v3-2F 107l 54 %5
T RO T B REINER 68%IC CTET-, HONTEVARED 3-8 Ruax3-2Fv7m v 54 03,
72 ) H%E Boc THRIEL., iV TAF LT AT NALELT) Z & THRDBIDOIE 55 ~LiFE L=

FITMERSEIORERB AT o7, BHEETRRICHE L2 FiEmIic i v, 72 7 5% LG

(Scheme 2-13),
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Scheme 2-13. Synthesis of the Precorsor for Resolution

un

(_i\\ < OH S, OH
TSHN COan H\ CO,Bn o, S'\COOH s <NS;COOM9
Ts
45 53
1. 5 equw
$OH . OH
d / : e f / S
T N~ TCOOH N~ COOMe
H BIOC
54 55

reagents and conditions; (a) DBU (lequiv.), THF, rt, 14 h, cis : trans = 69 : 31; (b) H,, Pd-C, MeOH, t, 14
h, cis: trans = 95 : 5, 52% (two steps); (c) Mel (5 equiv.), KHCO3 (5 equiv.), DMF, rt, 24 h, 70%; (d) 6 N
HCI, reflux, 49 h, then Dowex 50W x 4, 68%; (e) Boc,0O (1 equiv.), Na,CO3 (2 equiv.), dioxane, H,0, rt,
18.5 h; (f) Mel (4 equiv.), KHCO3 (4 equiv.), DMF, rt, 23 h, 98% (two steps)

AT IV AT AR B5 G572 Z & )26, Candida Antarctica lipase (Chirazyme L-2)% H\\C %r“%
WIS BN R Ir T & T A, — KSR OHEIT S /L 572 (Scheme 2-14), % Z THEE % AHililc
TERE Lo AR A AT 5 2 & TR ST IR 5 72 A F /LT X7 /1 55 & IR 44% T2,

Scheme 2-14. Enzyme Catalyzed Optical Resolution

~OH Chirazyme L-2, c-f s OH
phosphate buffer solution (pH = 7)
N~ COOMe > N~ COOMe

I 60°C,11.5h I

Boc Boc

55 55
44%

BONIZAFIE AT )L 55 OIFHEZRET L7295 Boc DFRE, AF NN AT IVOMIKSGiE%
TV, 7 EED R b ER T, RIGEZR S 7 > 57 ~ &L 358 L 72 (Scheme 2-15), fF 64727
7 by 57 % T )V HPLC IZ LV = F U F AR E LI To72 & 2 AH, FEIEKThHoTZ, T2
bbb, BRI L DHERIEFESENCB O CRIENR S BHL L TV RN Z &b hoT,

Scheme 2-15. Conversion of 55 to B-lactone 57

<OH S0H ,OH
e BN o G e (_f)%
N~ ~COOMe N~ ~COOH N7 TCOOH
' H
Boc HCl
55 56 45 57

reagents and conditions; (a) 6 N HCI, reflux, 10.5 h; (b) p-TsCI (1.1 equiv.), NaHCO3 (2.4 + 1.1
equiv.), H,O, Et;,0, rt, 18.5 h; (¢) WSCI (1.7 equiv.), DMAP (0.2 equiv.), CH,Cl,, rt, 9 h, 6.5% (three
steps), 0% ee

PLEDRERI Y, BERZ AW HEERN NS DENC L DA RIIREECTH 2 E Il L, AREREE W
A L7,
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HATE XTIV A WIS TRRET L R— VIR X DGR

F1IETHRRIZL DI, 5)-7 1Y 2R EME S L7z OGP0 THE Sz 01X 1970 40
FOZLTHD % L LUK, BEWHIRT 1 U v % A7 e R 75 RS B 2 0581347 T
TR olz, D& D 72 2000 42T List, Barbas HI1Z &0 7' U & JHWN T2 FRAREFT L R—/V K
JERNEE SR Y ERLE T Y v EED X T IVABMBEE VN EA TR TV D
(Scheme 2-16),
Scheme 2-16. Proline Catalyzed Aldol Reactions

Eder, U. et al. (1971)
Hajos, Z. G. et al. (1974)

)J\/ié (S)-Proline cat. =~ H* L:gg
o )n @) )n

List, B.; Lerner, R. A.; Barbas, C. F. Ill (2000)

0 o (S)-Proline (30 mol%) O OH
)J\ + HJJ\R t /U\/’\R

DMSO

up to 96% ee

LU S, 3 FHRT IV R ROSICBE L TEZEBIR DR Lind 6 BERBEDO A TH T
2021 Baldwin AIJiZ D 5 & % & 6-enolexo-trig, 5-enolexo-trig & & (2GS HEIT Lo b 0 & L TRtk
NBHDZEMD, DFRNT IV R—ILRICBWT 5 BERIEE G FRRICHEIT T2 Z X TPHEND, %
FIZ7 ) ERWEZ OS5 FNAET IV R—/VRONCHER L, RS %(25,3R)-3-8 R ¥ o-3- 4 F
N7 ) VDO ERBITJEH TERWVDRETT 5 Z &I Lz, BaGHEE LT, RimIZT V7T Raf
T507 hoARZ AV T UEBMBIC X500 FNARE TV R— I ROGEITV, B TRO BRI
ZHET@QS3R)-3-E R 3-2F 7 a ) (D) ~EiFE T 5 2 &2 L7=(Scheme 2-17),

Scheme 2-17. Synthetic Plan of OHMePro Using Intramolecular Aldol Reaction

(o) H s

B OH ~a0OH
Aﬂ YH 0 talyst @(H (i
N _Vrganocatalyst [ A P . -
YO T

PG O |

4-1 7V R—)VHIBRIR D ARk

AR SEBRT CBRALRIBEIA T L7 B ROAKICERD AT, =% 7 —L7 I 6B8)DT X /% b
VTR L P DT~ A SIS EITV, BEERTT AT e RE2HFH L0 b0 THDH, 73
O BE O~ A SVEOSTRE R <EAT L, 73—/ K 60 2155 Z & A3 T & 72(Scheme 2-18),
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Scheme 2-18. Synthesis of 60 from Ethanolamine and p-TsCl

0]
a b
I I
Ts Ts
58 59 60

reagents and conditions; (a) NEt; (1.8 equiv.), CH,Cl,, 0 °C to rt, 5.5 h, 72%; (b) methyl vinyl ketone
(1 equiv.), Na,COg3 (2.0 equiv.), n-BuyNCI (0.1 + 0.2 + 0.2 equiv.), toluene, rt, 24 h, 83%

LINLBRBZED%, 7T E Kela~Of{bzfix OF&ETRAZbOD, HETHT7 LT
R{k 6la #4535 Z & N T& 72 h o> 7-(Table 2-1), Entryl, 3 (ZBWCRISHEMEAL LZF R & LTI,
TATE RelaBEMLIE, BIEERFICB N TE LIS LT LES DO TIHZRWDNE NS Z &N
Ezbhvs,

Table 2-1. Oxidation of Alcohol 60

O conditions O
)J\/\N/\/OH _ - )vaH
| |
Ts Ts O
60 6la
entry conditions result
1 DMP (1.5 equiv.), CH,Cl,,0°Ctort, 6 h complex mixture
2 SO3°Py (2.0 equiv.), NEt3 (2.7 equiv.), DMSO, CH,Cl,, 0 °C, 6 h SM recovery
3 PDC (1.6 + 3.3 equiv.), CH,Cl,, 0 °Ctort, 24 h complex mixture

ZIT, AL 74UV ERBLCHI VERT N ULITT AT REERT S Hik
RoIE, PHEIE T CRIGEIT) ZENTELOTIERWMNEE R, TUNLFIILT 2 R62)15
~ ANV X O T v 63a G, T 63a BUBEA A I U AL o TUA =
AL, WA UERT N U AL DBEBBRAEZ R TT LT e K 6la & &K L72(Scheme 2-19),
Scheme 2-19. Synthesis of Aldehyde 61a

(0] (@]
= b,c
N Y
Ts ! J
Ts Ts O
62 63a 6la

reagent and conditons; (a) methyl vinyl ketone (1.0 equiv.), Na,CO3 (2.0 equiv.), n-BuyNCI
(0.1 equiv.), toluene, 0 °C to rt, 4.5 h, quant.; (b) OsO,4 (5 mol%), NMO (1.8 equiv.), acetone,
H-0, rt, 1.5 h, 87%; (c) NalO,4, THF, phosphate buffer (pH 7), 0 °C to rt, 2 h, 88%

BoNZTATE R6lalZv U AV BEXOTAIFICE D0 T LEEIC L > TR ICERIL LT,
F7-. HEDOBU) TS D Z LI > THEBRIL LEERYRE SN TE 72, BAL LI=ARmiE — i
HFEL, TATE REATHLDOEHI2WVWEORHDLZ Enb, LFO SO ENREZ HiLd
(Scheme 2-20), AILAWITIE IR L OBIESFOWTICBW T EWRIGEEZ E>Z Lhb, A
PR X BDBREEOS bR SICHEIT T2 Z E NHfFC& Tz,
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Scheme 2-20. Cyclization of Aldehyde 61a

@]
O'm OH OH
)J\/\ /ﬁ]/H _— Fﬁ\WH or
R N
Ts Ts

"

Ts O

6la 64 65
4-2. 7V R— VUGS ORES

29 LT ROV ICERALAIBRAT LT & K 6la DARITHKE LT-D T, AHEALEEZ V=207

RET N K=V ORFE 21T o 72 (Table 2-2), £TEEDIT(S)-7' 1 U UFTE T, Fix ORERRGHE1T
Sl A, a2 rBLRTE b= NI AR TEHUOY AEREZE L L THEZDHOD, 1Z
EAET T UF BRSO o - (entry 1. 2), — 7. THF Z AW ZZEIIEHREE Tldd 208
TF o FABRIRVEDFEBLD B 6 47 (entry 3), filifit & LC(S)-7"1 U »OROVICHEIGHKS —57 > b
ELTWVWDQRS3R)3-E kX3 AF 7l v a2HWS ExF rFARRIREOR ERR LT
(entry 4), T HIZ, (5)-7' 1V U BLVQRS,3R)-3-E KX v3-AF 7 a ) i HN T —T7 LR
TR Z2IT 72 & Z Aentry 5-12), WEHZ L » T U FARIRPEIC KR E 2BV A S0, fillfit e L
TIEQS3R)-3-E FuFXv3-AF07ul) v H0iE ) B o FiEREZ R T2 &R bno
2o fEHE LT THE Z W2 AICE V=T o F RN E DN D Z E Nbho 7z 2,
Table 2-2. Asymmetric Aldol Reaction ~Solvent Effect~

o 1) catalyst (30 mol%) _:: OH
It B0 S _om
N ’ SN
Ts O 2) NaBH,, EtOH iy
0°C
6la 66a
entry catalyst solvent time yield d  cis:trans?) ee®
1 (S)-Proline CH,Cl, 8h 79% 64 : 36 1% ee
2 (S)-Proline CH3CN 8h 59% 67 : 33 4% ee
3 (S)-Proline THF 8h A47% 79:21 40% ee
4 OHMePro THF 6.5h 92% 88:12 77% ee
5 (S)-Proline 1,4-dioxane 55h 52% 72 : 28 27% ee
6 OHMePro 1,4-dioxane 55h 57% 80 : 20 43% ee
7 (S)-Proline CPME 6h 64% 88: 12 66% ee
8 OHMePro CPME 6 h 57% 88:12 78% ee
9 (S)-Proline i-Pry0 6h 4T% 50 : 50 0% ee
10 OHMePro i-Pr,0 6 h 86% 69 : 31 37% ee
11 (S)-Proline t-BuOMe 6.5h 86% 83:17 63% ee
12 OHMePro t-BuOMe 6.5 h 84% 89:11 76% ee
OHMePro >

a) Isolated yield of diastereomeric mixture.
a) Determined by 'H-NMR of crude reaction mixture.

¢) Determined by HPLC analysis.
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FENT, S620ERMEORN E2 B L CREDOHMF 2179 Z & & L7c(Table 2-3), L L72A 5,
AR TIHIREZ KT S THREREREOM LT ONT  KEEDR T EH L OATH - 72,

Table 2-3. Asymmetric Aldol Reaction ~Temperature Control~

o 1) catalyst (30 mol%) S OH
T ™ o

'}I/ﬁr ’ . > N

Ts O 2) NaBH,, EtOH Te

6la 0 °C, 40-50 min 66a

entry catalyst solvent temp. time yield 3 cis: trans” ee”

1 OHMePro THF -10°C 6,5h NR nd nd
2 OHMePro t-BuOMe -10°C 6.5h trace nd nd
3 (S)-Proline t-BuOMe -10°C 6.5h 27% 92:8 73% ee
4 OHMePro THF 0°C 6h 50% 81:19 67% ee
5 OHMePro t-BuOMe 0°C 6 h 43% 91: 9 76% ee

OHMePro (1)
a) Isolated yield of diastereomeric mixture. z OH
b) Determined by 'H-NMR of crude reaction mixture. {
¢) Determined by HPLC analysis.
N COCH

H

Tal rERAWTOGIZB W T, KOTIMBNEEL L) v F AR B E 5.2 5 2 L3
BTV D ¥, ERICELKFICOPTNICHET DR OBRBAE 2L EET 5 2 & MEIDE UAA1E
TRIGZE D> 2A, IWRBIOEREICETOIELDENADIL, KOEELZZITTWDHI LN
TRIB XNz, £ 2 TKOBIMORET %17 - 7-(Table 2-4), FDFER., HAKDLMAFITEETlentry 1), /K
5 MEIRI LIZRRZIRIR, U7 A7 VARSI S E 0 REREEBE 5272008, = T4
EIRMED EFA R S7(entry 2), & U2, RAUICIGBRIOKNTEET DI ITT F o F AR, ¥
T AT UAERMEZ RE HER D 2 R IEOHEN L BT (entry 3), #iRL LT, 5 YEDOKE
BINTHZ e E B2, LAEIT S Y ROKEIRINT 2 Z L & Lz, BRI L Ok #
ZBI L CTiEtkik 4 %,

FNT, SRRSO FbE B L, MEEORGTEZ1T 5 2 & & L7 (Table 2-5), ZDfEHE, 5
mol% FE TITRINME, SUEE e ) Z LR IR EITT 5 2 & 28 Liz(entry 1-4), L2>L7Z2A
5 1 mol%lZBWTIFET O =T o F A RIMED TR A Sz (entry 5), it ED AT D LK &
ORI LR N L, TDOZ ENFRNTZF U FARREMET L0 TIEARAWnEEX T, |
mol% 2BV TKRDY EFUZ SOWTHURRF 21T 5 72 (entry 6-12), L2XLARN L, WTHOHEITEN
THiET DT FABRMEEZEDL Z LN TERNSTED T, AFIL S mol%IC THRFT 2B 279 2
L7,
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Table 2-4. Asymmetric Aldol Reaction ~Water Effect~

1) OHMePro (30 mol%)
O

Ho
PO , THFO2M) &OHOH
0°Ctort,5.5h
I\Il/\ﬂ/
Ts O

2) NaBH,, EtOH, 40-60 min |

Ts
6la 66a
entry H,0 yield © cis : trans P) ee?)
1 _ 64% 95: 5 62% ee
2 5 equiv. 69% 9% : 4 85% ee
3 10 vol% 79% 92: 8 81% ee
4°) S 58% 78 : 22 49% ee

a) All reactions were carried out under Ar atmosphere. OHMePro
b) Determined by 'H-NMR or crude reaction mixture. d_-OH
N
H
1

hy

c) Isolated yield of dastereomeric mixture.
d) Determined by HPLC analysis.
e) Use (S)-Proline as catalyst instead of OHMePro.

COCH

Table 2-5. Asymmetric Aldol Reaction ~Catalyst Loading~

1) OHMePro N
Q THF (0.2 M), H,0 s OH
)J\ANAH/H 0°Ctort,55h FLOH
Ts O 2) NaBH,, EtOH "
6la 0 °C, 40-60 min TS 66a
entry OHMePro H,0 yield? cis : trans® ee?d
1 30 mol% 5 equiv. 69% 96: 4 85% ee
2 10 mol% 5 equiv. 74% 95: 5 89% ee
3 5 mol% 5 equiv. 73% 95: 5 88% ee
4°) 5 mol% 5 equiv. 75% 97: 3 87% ee
5 1 mol%9 5 equiv. 75% 91: 9 74% ee
6 1 mol%9 — 16% 29:71 12% ee
7 1 mol%? 0.15 equiv. 7%" 66:34" nd
8 1 mol%9 0.5 equiv. 32% 84:16 71% ee
9 1 mol%9 0.7 equiv. 80% 93: 7 81% ee
10 1 mol%9 1 equiv. 62% 93: 7 82% ee
11 1 mol%9 1.4 equiv. 93% 95: 5 80% ee
12 1 mol%9 2.9 equiv. 77% 92: 8 78% ee
a) All reactions were carried out under Ar atmosphere.
b) Isolated yield of diastereomeric mixture.
¢) Determined by *H-NMR of crude reaction mixture. OHMePro
d) Determined by HPLC analysis. 5 OH
e) Carried out at 0 °C for 29 h. (;
f) Determined by *H-NMR of crude reaction mixture. N~ TCOOH
g) Concentration is 0.7 M. H

h) Determined by the yield of isolated product.
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4-3. HHE it o et

RIS DIEE— 2 it 5720, flix OREAREITO & Lic, GRTHHELE LTETF
PUIR L2 K DI A TFNEEMOT VT NVHRHHFER~ LB LIZE, BLOT X Lotk
RNV ENOMORERENEEX T EZ G T 5 Z & ZFHE L 72 (Scheme 2-21),

Scheme 2-21. Synthetic Plan of Various Aldol Precorsors

0] 0 (0]
Grignard reaction
)I\/\N H — JJ\/\ /\/ g—\ MeO. )J\/\ NS
. RN T
Ts O Ts Me Ts
Michael addition 2
y MeO\N)H . N NF
A |
Me | Ts
(0] (0]
H Mlchael addition
|
PG (0] PG

FPIEDICCIRGEH DO FEICE>CT 7 VAT 4 RE)E N, O- VAF/LE Faki LTy
BN D~ A TNT I TR — BT LT T I R68 AL B N CT UL R LT
K62 & DO~ A 7 VR %4T - 72 (Scheme 2-22),

171

171

Scheme 2-22. Synthesis of 69

HI\II/\/ 5

(@] O
b Ts 62
Cl)ﬁ —a . Meoj\l'ﬁ > MeO\NJJ\/\N/\/

68 69
reagents and conditions; (a) N,O-dimethylhydroxylamine hydrochloride, pyridine (2.2 equiv.), CHClIs,
0°Cton,1h;(b)62 (0.4 equiv.), DBU (0.8 equiv.), CH3CN, 0 °C to rt, 22 h, 37% (two steps from
acryloyl chloride)

BT, 69 10 Table2-6. Grignard Reaction of Weinreb Amide
: s @] ; (@]
7 = —REE A S RMgBI (2 equiv.)
MeO. J’J\/\ AN Et,0 4
5o b CEMEO NG A N N R)J\Aw/\/
\ | Ts 0°Ctort, 3-22 h ts
L 72 E % & Rk L 72 (Table

) ) 69 63b-d

2-6), B A Y T~ ield

o o entr R e

Uy T E I RE d .
e 1 Ph 63b 0,

SHTGEICITRE DGR 2 Et 63c gg(ﬁ

ELTIER LI, v 39 M&TAN/GM 78%

ca~ A TIVOED LT L Me

3 ZE, - 3
T HEERS ZelT a) 4.8 equiv. of RMgBr were used.
XMool
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—h. T EORERE N AN ER L bDIZEHLTUIT INAT IV EAFLE= LT b
LD~ A TNVIUG, Fi T R v OfR#ER G L TIT O 2 SIS K Y AR L7z (Table 2-7)% L2s L7236,
PREEFL L L TR DRV R = VB E OB D DO~ A 7 VNS I T 2 RIAER 3 IR T 7
Ny 639 ODREHNNECH S22, 7T IV OREEITo BT~ A T ARG EIT> TGRE L 7-
(Scheme 2-23),

Table 2-7. Synthesis of Alkene 63e-g

o . (0] 0]
_ DMAP (0.1 equiv.) reagent
)Jm + HNTNF sy )J\/\H/\/ —>Et3N (2 equiv) )K/\,}I/\/
2.5-6.5h 0°Ctort PG
44 70 71 63e-g
1.4-15 equiv.
entry reagent PG yield
1 CbzCl (2 equiv.) Chz 63e 85%
29) Boc,O (1.5 equiv.)  Boc 6f 68%
3 BnSO,CI (1 equiv.) BnSO, 63g 15%

a) EtsN was not used.

Scheme 2-23. Synthesis of Alkene 639

methyl vinyl ketone (1.4 equiv.)

BnSO,CI(1 equiv.) n-Bu,4NCI (0.05 equiv.)

NEt; (1.1 equiv.)

DMAP (0.05 equiv.) Na,COs (2 equiv.) o
' ' = toluene
HZN/\/ H’}l/\/ )J\/\N/\/
CHaCly SO,Bn o \
° i 2 0°Ctort,11 h 30,80
petonamn quant. (2 steps)
" 2 639

FROL T AT 63b-g ZAKLTZDT, ZbDOREEZMUB{EAAI T AL > TYF—L
73b-g ~EAEMLRICEI VEBRT N U LAEHNTIA— A ZRIERICBA LT LT R 61b-g
~ & 5 L 7= (Table 2-8)7,

Table 2-8. Synthesis of Various Type of Aldol Precursors

)OJ\/\ 0s0O4, NMO O NalO,4 0
_ acetone/H,0 (4/1) THF/buffer (pH 7, 4/1) H
R N N - R)J\/\N OH - R)K/\N/\n/
: ! 0°Ctort !
PG PG OH PG O
63b-g 73b-g 61b-g
entry R PG yield (2 steps)
1 Ph Ts 61b 2%
2 Et Ts 61c 81%
3 MQW Ts 61d quant.
Me
4 Me Cbz 6le 83%
6 Me Boc 61f 46%
7 Me BnSO, 619 73%
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Z 9 LCBRALAIBRA T LT & 1 6lb-g ZFiB L= T, Al W= RE T L B—L OGO
& 4T o 7=(Table 2-9), 61f LIS DIEIZIH W TIL, 6lalZtb N TRISHEITS D b o0, R < BUG
INHEAT LTz, ZORERT 2 7 K EOF#EIL PG & LTI IV EDOEAICR D B R e 5%, £
7. ROEHIEE U TUIEMIEO S DI L T 80%RE D =) FARIECTHIME 525 2 &
Wbol, KREEEHND Z LICL s T3MIIKBEEAHT 284 Fax o7 e ) oA
AEEE 2D 5 B,

Table 2-9. Asymmetric Aldol Reactions ~Various Substrate~
1) OHMePro (5 mol%)

R
—OH
o) THF (0.2 M), H,0 (5 equiv.) [_SLVDH
H 0°Ctor,time
A ‘

N
| |
bG O 2) NaBH,, EtOH b
0°C,1h
61b-g 66b-g
entry R PG time yield® cis : trans® ee?
1 Ph Ts 66b 24 h ca 30% 89:11 28% ee
2 Et Ts 66¢C 24 h 61% 90: 10 83% ee
3 MeY\/ Ts 66d 24 h 67% >99: 1 76% ee
Me
4 Me Chz 66e 48 h 49% 89:11 80% ee
5 Me Boc 66f 45h  unknown product — —
6 Me BnSO, 669 24 h 89% 94: 6 84% ee
a) All reactions ware carried out under argon atmosphere. OHMePro
b) Isolated yield of diastereomeric mixture. Z,0OH
c) Determined by 'H-NMR of purified sample. 4_;
d) Determined by HPLC analysis. N COOH
H
1

4-4.(2S,3R)-3-t RuFx L 3-2F L7l o ~DiH

S TNARFET N R—VEOSIZ K DNRBHR )72 B r U O VB EUC RN L 72D T, (2S,3R)-3-E k1
FU3-AFNT Y A O)SOEHEITH Z L& Lz, AEITSEIZR L7z Scheme 2-17 (ZH]- TIT 5,
FIRDWEY . RET I R VS0 RAF 7R IES L ONEIRME A & > THEITT 5 2 L 2R LD T,
KINEHT VT & ROBEHEI VR VEBE~OBIbIS L O NV EORR#EETT S Z &£ TQ2S,3R)-3-E R
BX3-AFALTaY CERRTLZENARETHL EEX DD,

T2 bH, (2S3R)-3-t RuF i 3-AF L7l S(DWFEETF., 77t K 6la DS FHNRET LV E
— VIR EAT 212D, FUSRE WS T2 AR 5 2 L e < HiEREE T Y 7 A2 K5 Pinnick Bk
AT, VR U ER 46 24372 25, OB NVR VBB ERIRICH L C MUV EOBREERAIZEZ A 6N
W CIIRISE E A CHEIT Uo7, 12N R Z Ve & 2 AR S RAA#EEITH Z &2
T&Tz, f3bivie b VEEHR 51 & A A 2 ARWRINEIC K DR A TQ2S,3R)-3-t R F3-AF /L7
7Y ()% 5 LFE 38%INERIZ TH AL L 72 (Scheme 2-24),
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Scheme 2-24. Synthesis of (2S,3R)-3-hydroxy-3-methylproline

o < OH Z,0H < OH

)J\/\ H b & o : FL
w/\ﬂ/ N COOH N~ ~COOH N~ ~COOH
Ts O Ts H H' TsoH
61a 46 1 51

reagents and conditions; (a) OHMePro (5 mol%), H,O (5 equiv.), THF, 0 °C to rt, 8.5 h; (b) NaClO,
(3 equiv.), NaH2PO4 (1 equiv.), 2-methyl-2-butene (5 equiv.), t-BuOH, 0 °Cto rt, 2 h; (c) 6 N HCI, 2-
methyl-2-butene (5 equiv.), 6 N HCI, reflux, 34 h; (d) 12 N HCI, reflux, 45.5 h, then Dowex, 50W X
4; (e) TsOH<H,0 (0.9 equiv.), MeOH, 38% (5 steps)

AALE IR & < BfEMmIC LA FMEO R LIZREETH L Z EnFPRINDLTDH, 22 TO
FHAE AL £ 2 M o FIdWr& L, b I VR 51 IS L72fRIicA Y 7 e Xy — )L L0 ki & 1T
UDEERIEE A1) E ST, Bon LB o=F o F BRI IRET 720, BECTkx OBA Lz
G R NEFETHILLLES TR R UAMIE A6 DT R ) EE N UE L, H TR
7 b ALERRTB-T 7 b 47 Z A% L7=(Scheme 2-25), 57T 7 b 47 @ HPLC HIE%1T - 7=
EZAHNBY%ee THDHIEEMR LI, ZDLIHITQS3R)3-t FrFi3-2AF L7 m ) L AMFEFT
D FRNAEFT IV R—= V5% IV TZ(2S,3R)-3-E R o-3- 2 F 17 U () DERIT 1g BREED A
TVICEBWTIEMERSEIT L, LOLARBRDLIBICAKINE AT —IVT v 7L, KEDQ2S,
3R)-3-t RuX3-AF 07l U ()DEMRERRL I E Licd A, A A U 2HUSE ~D W 75 Be bk
IZBW TN ELT, ZZTHRB COEMERADLZ & & LT,

Scheme 2-25. Determined Enantiomeric exess of 51

* OH TsCI (1 equiv.) < OH DMAP (0.1 equiv.) 3

L_:S‘ NaHCO3 (2.1+1.9+1.8 equiv.) (1 EDC (1.2 equiv.) A—Si
H,Cl
COOH THF, H,O . COOH CH,Cl, . o
N I\ll 0°Ctort,5.5h '\\l
H TsoH rt, 30 h Ts ort, 5. tq
32% (2 steps)
51 46 93% ee 47

FT(2S3R)-3-t FaFx3-AFL7al (O)FEFTOT LT E R 6la O3 FHAET IV R—/VK
ISEATo T4, BT D2 LR HAR TR 46 ~EM{t LIz, FD%, 5 TFHNT 7 F ALK AT
WT 7 N AT B 3 TR 66%INER, 88% ee THH Z EMNTET, NI T 7 h v 4T DNFMEZE —
EOFFEIC LD 98% ee ~E M EXE7-, T2 b 47 13 SCERFE#E O H1EIC X 0 (25,3R)-3-E K
BAFATE Y (D)L 2 ERFRET H 5 (Scheme 2-26)°,

Scheme2-26. Synthesis of B-lactone 47

- e s
H ab [1 c [_X)% 66%, 88% ee (3 steps)
I}I/\ﬂ/ N COOH N O 98% ee after recrystallization
Ts O \ I
Ts

Ts
6la

46 47
reagents and conditions; (a) OHMePro (5 mol%), H50 (5 equiv.), THF, 0 °C to rt, 7.5 h; (b) NaClO,
(3 equiv.), NaH,PO, (2 equiv.), 2-methyl-2-butene (3 equiv.), t-BuOH, 0 °Ctort, 7.5 h; (c) WSCI (1.6
equiv.), DMAP (0.25 equiv.), CH.Cl,, 0 °Ctort, 13.5h
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4-5. RSHsEHE

(2S,3R)-3-t Ko 3-AFv7m U 3t s Uil Th 5720, 3 LW BISHEIZI R TH
Do LZLARDE, (2S3R)-3-BE R F v 3-AF L7l U E(S)-7rl v titfidEs AL TR,
BN DB O SRR E T Z &b, FIER UGB Z R 5 Z L affgsns ,
Houk, List HDHEMET 5 RSN 2 & L IZLLUN D X 5 22 S 2 %5 % 7= (Scheme 2-27),

Scheme 2-27. Mechanism of Asymmetric Aldol Reaction

o}
H
+ ) )J\/\N/\Hr\l\ﬁ OH —_— )J\/\ /\r Q.‘OH
Z,OH te 6 COOH 7s {on  CooH
qg‘COOH A .
H

0 <* H C\Q )OK/\,\I,N m&

-H,0 N
\ COOH | S00H
Ts COOH Ts
5 \"OH E
OH OH
OoH  *tH0
— (LQ‘OH (LQ‘ @n@‘
COOH (oele)
Z OH

H

<_g‘coo ng( FLCOOHZ <_§‘CHO
\

PRI IEE D AN R =AML, A =0 L2 R T I 2 BT 5, =) I KRR -
HE)-T=FIVEERLTH 2D, ZOTFIUNT MU AR = VTR LT TNT IV K=V
ZEZ L, BIELELIIRRDIANIZTLEAEEWT D, A I =0 BRI T52 LT, 7
T b RBRELILD & RIRHCAEA AT 5,

NEARTRPPEICE L CHEEIC OV TIZO B2V FRO L 5 REBEBREAZRHBE L WD EEbhb
(Figure 2-3), 2D X 570 9 BEREBREBIIMRITHREBEINATNLIHDOTHY, 7 r a2 Hnics
TIHEILSAOBND LD TH D, YU staggered conformation 2 & 5 & &2 TV, TOHA. AL
B D " ODBBRENEZ B, ZO T OIERE RER R BIMEORBUCE L THIT 52 L
MINEETIH >72, % Z T eclipsed conformation & it % D Tid/e\ 72 &5 2 7=, eclipsed conformation %
W2%56. DICBW TR VIR E DVRABOT 1~ OKFEREG D BEREY I 2 O KBRS
BIRPNETH Y, C OBBRELZRTHUCHEITT oD EE2 b, BRMEDHBLAZ DL OF
K<HATHZ LN AREE 22 D,
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Figure 2-2. Transition State

staggered conformation

Me Me
e OH *aOH
© [ji%p
) \
OI\I\ ! H__—O o|\|\|"‘H__—o
hf*H h%&H
| I
T/N N,
S Ts
A B

3 OH
> .0OH r:
C,\\IE ~CHO N CHO
Ts Ts

JTAFE. Seebach., Eshenmoser & 737272 A 51 = R LA 4208 U7 %, 5513065k SREIEEHIC
WRNWE ENTWEAFT )Y R T ) ks

T % (Scheme 2-28),

STNAZT L R—V ST Ak

eclipsed conformation

Me Me
aOH =OH
0 O
N
o H—O oo " H—O
< "H =~ "H
Z\L N
Ts ¢ Ts D

ZEH o T

CEBWCTHEHERZEEZH - TS EHEHIL

Scheme 2-28. Mechanism of Proline-Catalyzed Reactions Proposed by Seebach, D. et al.

[;B‘COOH
H

o)
Mg
— N///
Rl/RﬁH tho
W\:L> # H
o)

OH

BEEFTOLEZA, Tul A0S OBBITRER SN TELT,

nNTN<THAS I,

AP
TOLITELZTWD,
THF 1213 T2 W, ZD78 . KIS

WIET b0 L Bbhd, &5 —>

9 BEREBREBIIKFMEDRE Rl 2R/ L

BWTIIAKREZRNT 2 Z LK OSHIMEL, @RS EA Lz, Tk

1% Houk-List & DO#EET 5EBIREL R Thnsd X o1z,
TWah
26

“Ho (ﬁXJk
xk

LB E BB BHBBITD

Bl L CiILL

— DA D VR BEA~ OISR DOIEHETH D, OHMePro (IMMENFEFIZE <
\ZB8 572 DT —EH OFfE L 7= OHMePro Th 5,
52 EI2E W, OHMePro DIEIE~DIEEMENEE V. KGR

K Z& BN
2R 54 % OHMePro 234010 L. K& ad
)}

Do IKIEAET S Z LT, 2N HKERE DM



FAFE T IVAEMBEE -0 FNAEFET IV R—LUGNZ KD ARk

SINDOEEEZ T HbDEEbND, £z, RISHHEIZ LR LIZL 912, ARISIZBW TR S
LTV, ZOZENDSKDIFAENISHEIZELHAD LRI D, LnLens, B
FEE TIOKRDFAEDPICE MRS T2 Y | ARz [ ESE B8N OPHESNTHDR, £

IENDRISIZIT 2 KOEEI ORI ST, RRINZEIT HKOEENZEE L THHER O
a T, SROMIERETH 5,
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30 2 NVF RV BT R VEBEO AR
12 2T XV UBLO~ LT UERIZEI LT

TN F R (THE LR~ T R U CEETS)IE 1995 4, AV OWFFETF— L ThH % Witherup 512 K
T, FKFPEDHY T&H 5 Martinella iquitosensis DR 7> 5 BiEE, Gk Eshizvonsx ) U 5w
T aA RTHD(Figure 3-17', ZOHEORK#MIIv e X ) VUVBREZ T =V U RAIBN G251k
G Cchy, ZovenXx ) U UVERMEEMITIRAN OO CHESNTEK TH D, Bty
HNIART SVERBTIZ K0 Z OMSARRLE IR E SN2 b OO, MERSIARBLEIIRRED L E TH
ST, TOBRMZENEIR LI, Ma BO7NV—T RN VF R VBEORFEGMREERTDZ L TE
D TARRLE S PR E STz 2, Z OBSICHFEEE 25 [alp™ -122.7 (¢ 0.31 MeOH)DAE Z 75 L. STilkAk
([alp®® -9 (¢ 0.01 MeOH)) & K& < B/2 % Z &6, Witherup 5787 ¥ IRIITVE THEEL TV -2
EDRIB I LTV,

Martinella |% / 7€ > 5 X7 BHZJE L M. iquitosensis A. Sampaio & M. obovata Bur, & K. Schum. @ —
FED BN O D Th 5o AMEYNTIINODOFET AV A OEXIZH TS 13 RIEOMCTHIE L LTHH
SNTWEERERR DY . 2O G IEITEWINE O & ROV TZEVIR O R A ) 4 1270 D5 LT
ClciikzmTZ L, 2z 1, 2 BIC ST LHRBIRE R L, 77 LM, 77 Ltz a A2
AW DREGZ L0 51 & Z SRR 2 EORRICE b Tne, £, angre7 07371
VT 4 7 O TCiE M. ovovata D FZ, Ambelania lopezii ™ ¥, Distictella racemosa ® fz % iV TR w0
EONTW RS H D, Z D KD BRFEER KT DHERDRIIRIEMVEDILETH LT T VF =
(BK), b RA¥ I U FIROBE23%E 2 5 Martinella iquitosensis DA A THE Sz, £ Ok
B, wAFRXYV U BIOYILFRY VAT SN,

Figure 3-1 Structure of Martinelline and Martinellic Acid

Martinellic acid (75) R = H
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FFL0nvitro T VA RS T 4 T v BAICBWTBKB, By, o7 RLF UL AABY %K
ZRIRITH LENEH IC5(nM)=6400, 250, 90, 60 Z7~ L, G-7' 1T A L HEZHRITH L TR
WCBHEE 2R T2 0 bhoTnd, £/, invivo IEERBRICBWTHE/LE Y Ao b a
—VHEIES O S EMBKEIRO T T V= AT ERxT7 U VMG EFFICET S Z &N
oY/ b Aoy

ZOROIBRTIVR= LT H =T 2 A= MNEWERTLIETF FULEME LTE, &
RS TIEBKB, 7> % =2 k& LTIMVI16407 BKB, 7 o #Z =2 | & L T WIN64338, FR167344,
FR173657, FR184280, FRI193517 &I HALTWHA * KL LCIIME—THY . 5% ED Y — ]
fb& e LToMERoL & 7% — OIS 2 & A8 S 5 (Figure 3-2), BLED X Hic~LF
U T TR, AL FR RO EHIZ B W THBEV LA L S 25,

Figure 3-2. Partial List of Bradykinin Receptor Antagonist

+
H H O [ | P(C4Hg)3

e L LNAWserN ;(
o .
j HLys-Arg \/ COOH

WIN 64338 JMV1640

4 N/\gi N
N SN N~
o) HCI O
Cl Cl NHACc
NJK/N X N N XN

FR167344 FR173657

0
é
Q
\

FR184280 FR193517
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Fowm ~LTFRI BT R UEEOE RS
2w < ATFRY UBIOYATRY UBOA RS

< TRV v, TR UERITE OREE ORI X OVEBEEO - 0% < OMEEIC L - TE
FAFZER 72 STV D, LN LR L AFEROBEFNTE N D72, BUF, v /vF R U VEHOARFE
BRI DWW TR RIS T D,

2001 4F, Ma DITBRAOHAEIRTOV L FRY VIEOREREER L T D 2, %L 14-7
B TF =V L0 EDNNDIEEMSTRB-T R ) AT V(AT E 1,4-VF— KRB (16 EEE LT
VACEfIE . KD 7 /7}iﬂ3 BLOS ?rV*JT% v I~ PO BB E & D A R 2 R
LTW5, ZTOREE, 25 TR, BRI 2.5%12 TEA % 2K L 72 (Scheme 3-1),

Scheme 3-1. Total Synthesis of Martinellic Acid by Ma’s group

' a,b J/COZME CO,H
| ';lHZ ,_~~_-OH J/ ,_~_0Ac

TBSO._~_~_-CO2Et
76 Ac 79

o 0

_r o, Lk,
N~ ~OAC N7 NAOTBS

H

|
Ac 80
N FCOC,

MeOZC MeOZC

", OTBS
H 1 SN N ~,,//\/OH
|
82 COCF; 83
i MeO,C _
o-r 2 «HCI S-u 75
-, ~_-NH2 )\/\ NBoc Martinellic Acid
N N)J\SMe
84 H
85

reagents and conditions: (a) 77, Cul, K,COgz, DMF, H,0, 100 °C; (b) SOCIl,, MeOH, 0 °C to rt, 72% (two
steps); (c) Ac,0O, 100 °C; (d) NaOH ag., MeOH; (e) Ac,0, 80 °C, 98% (three steps); (f) (COCI),, DMF,
CH,Cl,, 0 °C to rt, then AICI3, 0 °C to rt, 62%; (g) Pd(OAc),, dppp, CO, MeOH, NEt;, DMF, 80 °C; (h) HCI,
MeOH; (i) TBSCI, NEts, DMAP, CH,Cl,, 79% (three steps); (j) LHMDS, BrCH,CH,OTf, CH,Cl,, -40 °C; (k)
NaNj3, DMF, then PhsP, H,0, THF, 48% (two steps); (I) TBAF, AcOH, THF; (m) NaBH,4, THF, AcOH, 0 °C;
(n) TFAA, DMAP, NEt3, CH,Cl,, 94% (three steps); (0) MsClI, NEts, DMAP, CH,Cl,; (p) NaN3, DMF, 87%
(two steps); () PhsP, H,O, THF; (r) HCI, MeOH, 81% (two steps); (s) 85, AgNO3, NEt;, CH3CN, MeOH,
40 °C, 65%; (t) NaOH aq., MeOH, reflux; (u) TFA, anisole, CH,Cl,, 91% (two steps);

2006 272> T Naito HA</LFRY VO RFEARERE L P, HEIF I LA T br—
T 88 D7 VAN, Bk, BiBESUS (RACE: radical addition-cyclization-elimination)% $EEepE & L
Tro TOFER. 11 TR, BHEUIE 10%2 TEAL L7=(Scheme 3-2), F£7-. Naito H1L7 7 = AIEHD
SN L THOME 21T/, 377205 Ma b D FIETIX S TF2 28-50% T - 7 Bt 4 | HIERIG %
AWTEFEICEZ D ZE T4 TR Q% ENET DL EITRIILE,
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Scheme 3-2. Total Synthesis of Martinellic Acid by Naito’s Group

NOBn NOBn

MeO,C

PhaP? “CO,Et

O 89
BnON COzEt
MeOzc\d MeO,C MeO,C
N~ r~_-OH
H
O O 92
90 91 Troc,
HN N
j  MeO,C k1 MeO,C
—_— o
N~~~ _-OH N v, ~~_-OH
H |
93 Troc
Troc_ 94
N
m MeO,C n
> Boc -
SMe .
)\ ’\Il .,,/\/N\H/SMe y N/\)\
BocN NHBoc Troc NBoc 2
95 96 97
Troc,
N
MeO,C o-r
Boc 75
N7 \/\( )\A NBoc martinellinelic acid
|
Troc NBoc SMe

98

reagents and conditions: (a) NBS, AIBN, CCly, reflux; (b) AgNO3, H,O, acetone, reflux; (c) BhnONH,*HCI,
pyridine, 80% (three steps); (d) L-pyroglutamic acid ethyl ester, Pd,(dba)3, xantphos, Cs,CO3, dioxane,
100 °C, 98%; (e) NaBH,4, MeOH, quant.; (f) TFAA, DMSO, NEtz, CH,Cl,, -65 °C, 94%; (g) 89, THF, 94%;
(h) Sml,, THF, t-BuOH, 0 °C, 41%; (i) LiBH,4, THF, MeOH, reflux, 76%; (j) BHz*THF, THF, reflux; (k)
TrocCl, pyridine, DMAP, CHCly, 81%; (I) K2COs, MeOH, H,0, 87%; (m) 95, DIAD, Ph3P, THF, 96%; (n)
97, THF, quant.; (o) Zn, THF; (p) 85, HQCl,, NEts;, DMF; (g) NaOH aq., MeOH, reflux; (r) TFA, CH,Cl,,
56%

eV T Iwabuchi H 1% 2007 ., P DOLFTEEERTOYALTFRY VB RO=FIHOSLVTF R R
DEGH A RS LT *°, %5813 Mukaiyama-Mannich FJ536 X OV 2 F— A BLRS 28R & LT,
%@%%%Iﬁ&@ﬁﬂ%LWMTV”?K)VM%\%I&\Lﬁﬂ%LWMTVW?XUV@

A% % 2£RK L 72 (Scheme 3-3),
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Scheme 3-3. Total Synthesis of Martinelline by Iwabuchi’s Group

TBDPSO
MeO,C CHO P 4 h
@E + TBDPSO™ Y7 7 oTBs MeO,C
NHBoc e NH| OTBS
99 100
101 Boc
TBDPSO TBDPSO
Boc,
N
b MeO,C c,d MeO,C
N oTBS
Boc
102

TBDPSO

106 107

Martinelline (74)

85 108

NBoc H H
J\/\ J\ = N N.
N” “SMe HO/N\(/\T/ [ Boc
NBoc

H

reagents and conditions: (a) 4A MS, LiBF4, benzene, 88%; (b) BF3*OEt,, 4A MS, CH,Cl,, -40 °C to 0 °C,
47% (dr 4.2:1); (c) Boc,O, NaHMDS, THF, 0 °C to rt, 94%; (d) BF3*OEt,, allyltributyltin, CH,Cl,, -40 °C to
0 °C; (e) 9-BBN, THF, 0 °C, then NaOH aq., 30% H,0,, 81% (two steps); (f) BnBr, NaH, TBAI, THF,
45°C, 71%; (g) TBAF, THF, 0 °C to rt, 99%; (h) TPAP, NMO, 4A MS, CH,Cl,; (i) (Ph3P)sRhCI, xylene,
reflux, 82% (two steps); (j) Hp, Pd/C, MeOH, quant.; (k) MsClI, NEtz;, CH,Cl,, 0 °C; () NaN3, DMF, 50 °C,
92% (two steps); (m) Ho, Lindlar's catalyst, MeOH, 97%; (n) HCI-MeOH, 0 °C to rt, quant.; (0) 85, AgNOs,
CH3CN, MeOH, 56%; (p) NaOH ag., MeOH, reflux; (q) TFA, anisole, CH,Cl,, 60% (two steps); (r) NaOH
aq., MeOH, reflux; (s) 108, BOPCI, i-ProNEt, CH,Cl,, 75% (two steps); (t) TFA, CH,Cl,, 70%
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63T 2007 4EIZ1E Lovely 1T & - T AR AT & Ui (Scheme 3-4), 51 Pd % iU 72 5B 0>
TIF = a v EToT BT, T AF A Y RET A2 L O FRB2BHEH IS 21T 5 = &
THRIICB2CAE R X ) U B EMEL, v AF XY UBAOHEE(To Rk, 21 TR, BRI
H0.49%IZ CE DB E ER LT,

Scheme 3-4. Total Synthesis of Martinellic Acid by Lovely’s Group

(@]
Bn_
N
-V W-Z
q MeO,C Martinellic acid (75)
SMe
N NN )\/\ /&
H N~ ~NBoc
119 H
85

reagents and conditions: (a) TsCl, NEts, CH»Cl,, 75%; (b) NaCN, DMSO, 95%; (c) H,SO4, H50,
MeOH, 55%; (d) NaBH,, MeOH, 90%; (e)TBSCI, imidazole, DMF, 95%; (f) 112, Pd,dbas, xantphos,
Cs,COg3, dioxane, 61%; (g) Pd-C, H,, EtOH, 90%; (h) n-CsH,,0ONO, CH,l,; (i) TBAF, THF, 70% (two
steps); () 0-NO,CH,4SeCN, PBus, THF; (k) H,O,, 85% (two steps); (I) LiBH4;, MeOH, 0°C, 80%; (m)
MnO,, CH,Cl,, 90%; (n) BhHNCH,CO,H*HCI, benzene, NEtjz, reflux, 65%; (o) LiBH,, MeOH, THF,
reflux, 88%; (p) Ac,O, NEts, CH,Cl,, 80%; (q) Pd(OAc),, NaOAc, DMF, MeOH, CO (60 psi); (r)
NaOMe, MeOH, 96% (two steps); (s) TFAA, pyridine, CH,Cl,, 55%; (t) MsCI, NEt;, CH,Cl,; (u) NaNs,
60% (two steps); (v) NaOMe, MeOH, 80%; (w) Pd(OH),, H,, MeOH, HCI, 95%; (x) 85, AgNO3, 62%;
(y) NaOH aq., MeOH; (z) TFA, anisole, 91%

FEEIT LRI~ VTF R Y VOB AE BEE L THEICEF LT,
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H3E < TF RV DA AR

BWFZEE TIELIRT, BB L T TO~A 7L - TV R= /LRSI L D~ v FRrY v a
T DT Y IEERITE LT 21T > TV A (Scheme 3-5Y°, SN TH D~ A 7L - 7L R—/L i
BOGIEFEF I IR THEEIT LT D,

Scheme 3-5. Tandem Michael-Aldol Reaction Using Phase Transfer Catalyst

Aldol
o//’\\\ 0 o)
Bno\dj\H Y BnEt3NCI, Na,CO; Bn Ow
+ -
NHBoc
NHTs CHzCl2 N

Ts

N-Michael 98%

NHBoc
O, % 7 VA2 WS Z LT Fa DBFE Lo~ A 7L - Tov R— Vil OGS O A F RIS
R L7z &0 ) EDHR O TIThIL TV S P, WP 90%R1# O =5 > FARIRMEE > TR
D3HEAT L T % (Scheme 3-6),
Scheme 3-6. Tandem Michael-Aldol Reaction Using Organocatalyst

G*OSRS OH O O
—
X=0,s Y// X" R Y// xR
o (o] O*OSiR'?’ OH O i O
N
@\)LH . J)J\H H ArAr o | X H | X H
N R JEONTR JZONTR
B P i P
zIZTZ @T%v4#w TV R VGRS~ v TF R ) D ARFEGKICEMN TE 5D TR
W EBEZLLTO X D ICE AN Z 242 L 7= (Scheme 3-7), 7;7%5’“711/7‘1: KEa, pREEFIT LT &

NeD~A - TR ll/J_f/L)iﬁS%ﬁo TT7 F T Fuax) Y B2 SLIRERIICHE S U721k,
BoONT VT FOBEREERAZITH, BunXx ) U VREMET D HETH D,

Scheme 3-7. Retrosynthetic Analysis of Martineline

MeOZC
Martineline ——




A ERIS. ~A TV - TV R—)LEgG R S O Rt

WA GRS, ~A TV - TV R VGRS Ot

FI~A - T R VG NS ORFHI T CRE AR E To72, 778X =TTk R

DERUTYIEE DEARD FIEIZHEN, y-Er U R(120) & D STRRIGE 68%I2Ta, BAREEFIT LT
bt K125 &/ L7~ (Scheme 3-8)°™%,

Scheme 3-8. Syntehsis of Michael Acceptor Aldehyde

@) O] OH
a b
NH —™ NBoc — ™~ NBoc
120 121 122

NHBoc NHBoc 124
e H reagents and conditions: (a) Boc,0O, DMAP, CH3CN, 99%; (b) DIBAL-H, THF,
> -78 °C, quant.; (c) PhsP=CHCO,Et, toluene, 100 °C, 99%; (d) DIBAL-H,
CH,Cl,, -78 °C, 76%; (e) MnO,, CH,Cl,, 92%

125
NHBoc

—J. RF—=T7 1Tt ROBRMITYSHIFEEDE RO S IEICHE - TIT - 72(Scheme 3-9Y%, +72b b

RO 5-vE Raxs 7o v T =gz Eele U, BnEE7/-1X TBS A CiR#L7-7 /L7 & K 128a, 128b
EENENAKR LT,

Scheme 3-9. Synthesis of Michael Donor Aldehyde

O

HO COOH CO,Me BnO H
T O e
NH, NHTs NHTs
126
128a : 74% (three steps)

@]

d e f TBSO H
NHTs

128b : 86% (three steps)
reagents and conditions: (&) SOCl,, MeOH, reflux, 88%; (b) p-TsCl, pyridine, 97%; (c) BnBr, NaH,
DMF, 93%; (d) TBSCI, imidazole, DMF; (e) LiBH4, THF ; (f) PDC, CH>Cl>

FIEED FIEIC XV, 7 ) H% Boc 8L Cbz THREL-FEE L HbE TAR L7-(Boc 1K : 26%,
Cbz 1K : 50%).
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FAE BIG, ~A TV - TV R bdigi RO O et

BonleT AT e RIZXH LT~ A 7V - 70 K= Wil b et Lz, 3407 I EoE
@%%b/w% 7:/~»ﬁﬂ&%@%£%%nm%&bt% 128b % FH\ 7=(Table 3-1), % D
He S)-71 ) B LUN129 2 AW ZBICIIUS O TIZEIR S o To(entry 1,2), — )5, Sen#
THA A L 72 OHMePro(1)X° 130 % H W 7 BRIZIF UG DO HEFT 28 F, 5 4172 (entry 3-6),

Table 3-1. Asymmetric Michael Aldol Reaction
o (@] solvent (0.5 M)

. o)
NaOAc (0.5 equiv.)
TBSO H | H 4A MS (500 mg / 1 mmol) TBSO N H
+ catalyst (20 mol%) H
NHTs > N \BOC
r, 24 h Ts
128b NHBoc 125 131b
3 equiv.
entry catalyst solvent yield® ee OHMePro (1)

1 Z?i>\7<?H CH,Cl, NR ND Zj’j:?H

N oA N~ ~COOH

129 H
2 (S)-Proline THF trace ND
F
3 OHMePro (1) THF 87%  6%ee CFs
4 OHMePro (1) CPME 9%  4%ee Ar = %
5 OHMePro (1) CH,Cl, 62%  4%ee CF3
OTES

6 N pnh  CICH,CH,CI  quant. 0-88% ee

H ph a) Determined by 'H NMR.

130

BININTALOAE 2 T H = U FARPRIEDOR BN L ORI o 7o h, Z DB OMFHT &
Zxz=n7ul )= 2 F Y m—T 0 130 AW ZERICIE =T o T ARG téﬂ
LHZERHBMMERR ST, L LR LAREIZB O CiE= ) o F AR RO FHMIC K & 72/
FANRD Z 2, 7 ) — MK A2 R DOV CIR#E L 128a ~E A E LERRICHRF %
752 L& Uiz, Matomig, il 130 2 W 7zERIC iﬁﬁi<mw:+/%ﬁ@m%%ﬁt¢é_
EBRH BN T ol FEAEBEEZRET L& 2 A, CHCON IR A W 2356 IR 94%, 92% ee I
THHWESS Z L IZAE) LT (Table 3-2),

HOETT I A EORGERL L THREDE SR Boe, Cbz AT 2 EEDOMRFE BT 7228,
< B @ﬁb&#otoﬁ%_ﬂ%®Mé%iWﬁ@@%ﬁ%%%tn_kWT%EE®@ﬁ#ﬁ
Lo T,

7R EOBEBIEOENMNIE S SKIEEDOEVIRDO L HICBEZX TS, b IIVERFROE K
BIMEZAZRT 720, NaOAc IC L > TEEZE O o b5l &k T =4 n"AE LT v, — 4. Boc
BERCbz 1T b I VBT ANEFRSIPERL Y | B3R o7 v U RgIEHEPIZS W e T =4
WA T RICHET LN EBE X b D,
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Table 3-2. Asymmetric Michael Aldol Reaction ~Catalyst Effect~

o 0 solvent (0.5 M) o
NaOAc (0.5 equiv.)
BnO H | H  4AMS (500mg/1mmol) ©"© NH
* catalyst (20 mol%) N.
NHTs I\Il Boc
rt, 24 h Ts
131
128a NHBoc 125 3la
3 equiv.
entry catalyst solvent yield ee
OH
1 Oﬁ< CH,Cl, NR ND O\EOTES
N Ph N Ph
H  ph H ph
132 130

2 OHMePro(1) CPME 73% 3% ee

3 130 CICH,CH,Cl  quant. 86% ee

4 130 CPME 92% 91% ee

5 130 CH,Cl, 87%  90% ee

6 130 CHCI3 71% 93% ee

7 130 toluene 63% 93% ee

8 130 CH3CN 94% 92% ee

BENTE B o) FARRIEDN B2 HIE L, SRR OFIF D2 it 21T > 72D TLLTIS
T OfERE RS,

FPFIIXAEINFN OREFS A2 4T - 72 (Table 3-3),
Table 3-3. Asymmetric Michael Aldol Reaction ~Additive Effect~

0 OXOTES
0 N o)
Bno Ho, CHH e BnO “
130 (20 mol%) Ho oy
NHTSs N N-gog

NaOAc (0.5 equiv.) !

4A MS (500 mg / 1 mmol)

128a NHBOC 425 CHLCN (0.5 M) 131a
3 equiv. rt, time

entry NaOAc 4A MS time yield ee
1 O O 24 h 94%  92% ee
2 O X 24 h quant. 91% ee
3 X @) 24 h 93% 81%ee
4 P X 2h quant. 89% ee
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Wang 51X 4AMS 35 X T NaOAc DIRMN L Z R, S HlcoFr FAEREL2m ESE560 L
L CRiICTHE L TWER, FTx ORICBWTUIINSRMAIZ I Z 72 < TH ERMICEUSITEST
L. 89% ee (I CHME T HMIMAENRE SNz (entry 4), T72b b, ARG TIESOGELE O fil it
B0 130 Mz 5 DI THBAERR ORI SOSSEITT 5 Z LV A Lz, £ 2 TUZORGHIT 4A
MS., NaOAc ZFRWeREHWD Z &2 Lz, ek, ZAHRMAIO S ~DB 5B L Tidgicd
NHZEEL, ZZTIREKT D,

W CROSNMRE DR 21T - 72(Table 3-4), SONMBEDOIK T & &bz, = F v FARREITM EL,
20 °C (2B T 97% ee £ TE&IRME LA L L7,

Table 3-4. Asymmetric Michael Aldol Reaction ~Temperature Control~
O
Ph
8o H : H  Ph BnO
+ X H
130 (20 mol%) H
NHTs N.
N Boc

CH5CN (0.5 M) .

128a NHBoc conditions Ts
125 131a
3 equiv.
entry conditions yield ee
1 rt, 2 h quant. 89% ee
2 4°C,24h 97% 96% ee
3 -20°C, 24 h quant. 97% ee

fi i B DR ET 24T - 72 (Table 3-5), 728, %@ﬁ%*ﬁwf4%34m@@z%y%ﬁ@ﬁ¢*ﬁ
TIEVDRR NPT Z LD, 4°CIT TR 21T o7z, EEZ 10 mol% & L7-a ., il 2
20 mol%H W =541 beﬂﬁilgﬂT IREREE RO > T (entry 1, 2), LmL,ﬁMi
Z 5 mol% E TIRJK L7256, ISITERMICEITT 2 b OO NARERIVEDR T 23 & 517 (entry 3),

& T il L WE@ AcOH Z M2 TS EAT > THhIz & T ANARIBIRME D BGE D 7 5 117 (entry 4),
[FERIZ 3 mol% DG AIZIH VTS AcOH DIRINE T2 ZA 7787 ¥ —7 07T RIZHEEARTSH
DO, FF—=7T/Tk R0k ->TLE-7(entry 6), ZREEFHEE HWZI5HE G REES -7z (entry 7). =
ML DTINC X » TSGR S - b o, [EICT 78 742 =T 5 & ROSFREG S
IE LU CRIERDPECTLE SO WEBME T LD EBE X HND, Lo THBEE 5 mol%,
AcOH # 5 mo% % fcili 4eff & L7=,
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Table 3-5. Asymmetric Michael Aldol Reaction ~Catalyst Loading and Additive Effect~

0
0 LA~ .
H N Ph

Bn0 H o, H o pn BnO N
130 (x mol%) H
NHTs N N.

acid I
NHBoc S 580514(2'5 M) e
128a 125 ' 131a
3 equiv.
entry 130 acid yield ee
1 20 mol% none 97% 96% ee

10 mol% none 95% 96% ee

5 mol% none quant. 93% ee

3 mol% none quant. 91% ee

2
3
4 5mol% AcOH (5mol%)  91% 95% ee
5
6 3mol% AcOH (5mol%)  74% 95% ee
7

3 mol% PhCOOH (3mol%) 73% 92% ee

R~ ATNT 78T =TT e K 125 OYEHOMF 51T > 72 (Table 3-6), = Z TiLLix L
125 O FINEUGEBIE L= 2 E 25 E L, JOGREEZ-20 °C F TR T EEZ, TORE, K
JEEMZ D Z ETERTh L, 125 & 3 Y EHWEERICIZ=F o F A &R 98% ee Tl L L7, 125
2 YRR L CHIPERGRIREICE L CiE 3 Y BORF L RIREORENZSE SN, L LR G,

1 YEEFTERBT S L, 7T ROSFRRIENDTINRN LT L, IURNFREICE VX558
R64%) L 2o ZRHEDZ ENG, ARICBWTIL125 2 2 Y& E TEBARETHLZ L2 AL

7o
Table 3-6. Asymmetric Michael Aldol Reaction ~Amount of Michael Acceptor Aldehyde 125~

0
N Ph

BnO H H
H o, | Ph BnO N
130 (5 mol%) H
NHTs > N N<

AcOH !
Y CH4CN (0.5 M) Ts
oc -20°C,24h
128a 125 131a
X equiv.
entry X yield ee

1 3 equiv. 89% 98% ee
2 2 equiv. 92% 98% ee
3 1 equiv. 64% 97% ee
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AT BRS. AV - TV R— LR S Ot

CIITVATFRY COMEICEERITA L, vATFRY VHIZERR FIC AR B D WITED
FEAREZAELTCND, TZT, HONCOHIVRUVBREMIAL L TAFLT ATV EHER BICET
5 HE 2R OB DA RIEE B 512 L TARK L(Scheme3-10)*, <A 7L - 7L R— /LG &EFT -
72(Scheme 3-11),

Scheme 3-10. Preparation of Michael Donor Aldehyde 128c

O
M602c\©\ a,b M902C\©:Br c MeOZC\©\/\ d Me02C H
NH, NHTs NHTs O:NHTS

133 134 135 128¢c
reagents and conditions; (a) p-TsCl, pyridine, 0 °C to rt, 37 h; (b) Bry, AcONa, AcOH, rt, 24 h, 95% (two steps); (c)

tributylvinyltin, BHT, (PPh3)4Pd (5 mol%), toluene, reflux, 5.5 h, 72%; (d) Oz, CH,Cl,, -78 °C, 4.5 h, then (CH;3),S,
92%

Scheme 3-11. Asymmeric Michael Aldol Reaction

0 (TL$PES
Q N 0
Ph
MeOoC Ho, H H  Ph MeO,C Ay
130 (20 mol%) H
NHTs N N.

CH4CN (0.5 M) ) Boc
NHB 20°C, 24 h Ts
128¢ °¢ 125 131c
3 equiv. quant., 99% ee

FOREE, EREINCISITET L, 5T 99% ee [CTHI L T 26K %21525 2 Lok L= ¥,

KEIEDRISHEREIILL T O L 9125 2 T\ D (Figure 3-3), T7hbb, ~A 7 AT 78T X =T LT
b R L A I =T A A 2L, B kS D, B fbEcf I=0v A AR L, ~A 7
IV RF=T VT RICK D~ A T AAIINIERETT D, ACTe=F I BIISFHROT VT K%
KELTT WV R=ARIEHETL, 7 h e Fex Vv Ccngond, ALET R Rex /U
VCDAIVURTNATE RNEEHIND EFRFFICHAKLAEITL, P8 ReX ) U R~ tEhi
%o, Wang HDHEEIZ L5 & NaOAc 1T~ A 7V R —7 47k RO 1 LB | dAAMS 1 X7
FobeFax )/ U A ns5Ye Fafx ) U UAR~OBKEIGIZE D> T RIS TV 5, Lo
LBRG, EFORIBOTULIINORMAIIALETH o7z, BELL, OB T 7 b ALK
Ikt e 7T B R 2V ERR LTEBRICAE U 7o AKBRIE A A v M- T D D LB X T D,
F7o, BUKSOSIZE LTk, SBBAMN=ve Fax ) VA RRZRETHDL EVD Z & T, 4AMS D
WP ARETCH -T2 D & Bbisd,
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Figure 3-3. Mechanism of Michael Aldol Reaction

Ph
N oes OTES (f) " SiEs
| H /\\ ) H . Rz_l\ r>z
1 l

Re face ad dltlon B

OHﬁ Ph 0
I OTES \M\
.‘\ AN X H
_)RZ —> RZ |
L
N~ TR?

I
C N Ph b

H OTES

R

PLEDOKFHZ L0 @R, &= o F AR~ A v - TV R— VRS EITT D 55 % i ST
L7=DT, inNTELNTE~A 7V - T R— A EZ N T LT R o ~DOFEREF AT =
L7,
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o5 v AFRY VEHOBAEE
Fo5E wLFRY VHOBAEE
T, ~A 7 - TV =R Z AW aa X U UBROMBEITLIIREDOEARD S
JRICHESWTYT o 72(Scheme 3-12y°%, LLF, BWEIZFFR LRV OAFFVEBIOA bRV IL

NNV EAEFT L 2 EE N TITo 72,
Scheme 3-12. Synthesis of 141

o
R
X
oL Reesy
7] N\
NHTs O N7 Boc

OTES '

Ts
NHBOC Ph
128a:R = OBn 136 137a:92%, 98% ee
128c : R =CO,Me 2_3 equw. 137c : quant., 99% ee
@]
b, NToH e T OH |,
\ SN N e ™>Napgoe
Ts Ts
138a : quant. 139a: 82% (dr 63:37)
138c : quant 139c : quant. (dr 85:15)
@]
W e
H
/\/N Boc N "”/\/N‘Boc
Ts
140a.85%(dr5149) 14la:84%
140c : 91% (dr 80:20) 141c: quant.

reagents and conditions: a) 136, NaOAc, CH;CN, -20 °C; (b) NaBH,, CeClz*7H,0, MeOH;
(c) m-CPBA, CH,Cl,, 0 °C to rt; (d) Ph3P, I,, imidazole, benzene; (e) Zn, MeOH, AcOH;

R-7v ) ROV T =Tl )= Y =F v v —T )0 136 Zfilft e L CTHWTT
WP~ T NT IV R— Wiz iTv, e Rax /) ox ) 137 257, Bohi/-ve Kax
J U BT TR LT bt Y U AFIE TRFAR T HE T N UL EEH & T Luche IEL ATV,
UNTa— 138 #1572, fi\ T, m-CPBA Bt Z1T5 2 &IZR 0 AF T T 139 2157, 7235,
BONTAXFT T I0IECT AT VAHREN TH LR, %I o ~CELONBiET5 287
SROBJE~EHED T, FHT 139 OKEEIEZ I URA~EHR L T2%, Hehx W&l k0 4
FUTURMBELT V3 —)L 140 ~EFFEE LT, FHNT2T L3 —/L 140 % MnO, BR{L O SAFITHE L
7R 141 BN, 29 LTELRE by 141 1Sk L OV ERTER—IRAY R Cl o=y h A, 9
by T ALV T AE RO REMIKGERA T E 2 A, BN AIE 142 1B ET D b
F U AR TR AR EEIE LT H X 72 (Table 3-6)%,
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Table 3-7. Michael Addition to Unsaturated Ketone Using Potassium Cyanide

0O O
R KCN, AcOH R Ny
H EtOH, H,0 §
v, N. > oy NS
N ~>""Boc temp., time N Boc
141 142
entry R temp. time result
1 OBn 0°C 30 min 99%, cis : trans =>98 : 2
2 CO,Me 50°C 40 min 90%, cis : trans =94 : 6

Z O, K HRIEZ H W IR IS ORBFE b IT > 72 b DO ¥ AR Z M L T H- % 72(Scheme 3-13),

Scheme 3-13. Michael Addition to Unsaturated Ketone Using Nagata Reagent

(0]
M602C

Ts
141c

H
N "’//\/N‘BOC 0

Et,AICN (1.0 M in toluene, 1.9 equiv.) MeO,C

toluene (0.05 M)

°Ctort,3h

(0]

KN
N 1y N “Boc
Ts

142c

cis:trans = 85:15 (crude)

ZZTHLNIATIME 142 ZHNTY ZENS BT o ZE~D R EZ ZN TN ORE 2 T

Fl 2 fRET L7,

HE 1428 WX A X 2 — v IREES U U LA TUET 5 Z LKV HWET D R TR
Ra2FERY E L ThH X725 entry 3), FEMEASHESCERBSEEZHAAT L Z Aentry 4,5)FHE <
kT AR 1438 HESE L ThH 2 DRER MG B 72 )y 7 (Table 3-8),

Table 3-8. Attempts for Epimerization

0] (0]
B w base B
N. solvent N.

N " >""Boc condition N " Boc

Ts Ts

142a 143a

cis:trans =99:1
entry base solvent condition cis : trans

1 DBU PhCH, rt, 17.5 h, then 50 °C, 2.5 h 99: 1
2 t-BUOK t-BuOH rt, 11.5 h n.d.2
3 K,CO3 MeOH rt, 17.5 h, then 50 °C, 1.5 h 40 : 60
4 K,CO3 MeOH 50°C,6h 87 :13
5 K,CO3 MeOH rt, 39 h 85:15

a) 142 was decomposed.
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FEE 142¢ 2 O TZ BEEBREHIB W THEBETH D . T U A K 143c 2 FARME L TIHL Z &
1T H K72 7> > 7= (Table 3-9),

Table 3-9. Attempts for Epimerization

O O
MeoZC\@\)ﬁ“‘\\CN ! base MeOZCWCN ’
. solvent .
N >NBoc  condition N> Ngoc
Ts Ts
142c 143c
cis:trans = 90:10
entry base solvent condition cis : trans
1 DBU (1 equiv.) CH,CI, rt, 12 h 82:18
2 DBU (1 equiv.) MeOH rt, 22 h 82:18
3 K,CO3 (1.2 equiv.) MeOH rt, 22 h 73:27
4 K,CO3 (14 equiv.) MeOH rt, 22 h 78:22
5 Cs,CO3 () MeOH rt, 22 h 72:28
6 LDA (2.1 equiv.) THF -78°C,2h 90:10
7 (S)-Proline (1.8 equiv.) DMF? rt, 24 h 90:10
8 (R)-Proline (1.8 equiv.) DMF? rt, 24 h 90:10

a) DMF contais slight amount of water.

BRI BB W T RIIZIZ Y AMRIZHAR N T U A EKOFRERITH 508, AFEEIZB W T3
BHIRK L T AR ZBRL TN D, ZHIZHOWTIEIUTO X 5 ITHERT 5,
FTINOREICBWTCUI M AEEE T X ) 7P a EAVENSIREELZRET D X 0 ICENENET X
A NMIBLOT X2 XY MLUNET D, VT T ) AF AT N T v A EOEE. 7% v UL
ICEEL, bV E DB 13- 7 XY AMHEEAPECTLE Y, —H. YARDEGEITHBNT
X7 ) AFNVERTA B U TANUAFAEL, ZHUIBEOT X 7 e el ofica Ui 0T 2z
ELEED, BRMTIEH LN, 13- 7 F vy VAR LR TAOT A IR LZERIC 13- 7 %
VY NMHEMERO G RRELS FETDHEBZOND 20, VAREEL LI-H O & ELTE 5 (Figure
3-4), 22T, MUAEDETE Figure 3-4. Comparison of the two isomers

MY AR T v ADLEMICKE o Q

. R o
CHELTWSEEZLND D \[:I%j‘\@dH S R(ijf%r”tNH
END NUNVEDOREEITO Z N NN N )/\/N‘Boc
|
& ORI A Rk C& 5D TlEe Ts Ts
WinkE R T, pseudo 1,3-diaxial interaction

ZTZTHE 142a LT M v ERAT-EZ A, ~ 73 U A HANTEEMICB T hor
HOBRELE LI P OBETEHPEITLTCLEST, 72, TRV DA 77X LU EHWESRMET
IZEIZE L ITRRDERMBE G, BE T DM~ VK 144a 1345 B 472 0> > 72 (Scheme 3-14), %
T, BE 2a I L TERY OV —T N EATF VT AT A~EEW UT%, BN 2 bzl
HZ kb LT
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Scheme 3-14. Detosylation of 142a

% 0 OH
B”O\[::Ijlj”"\CN 4 Mg (50 equiv) B”O\[::I?%j”“\CN H B”O\[::If§]“°\CN H
N~ >NBoc MeOH (0.04 ) N> Ngoe N~ >Ngog
Ts rt, 3 h H H
142a 144a 145
BnO ? Na (100 equiv.) _ B Q
n “SeN H Naphthalene (10 equiv.) BnO WNEN H
N~ >N-goc DME : NN pog
Ts -78 °C, 35 min H
142a 144a

RPN —T R 182875 A F /LT AT VAR 142¢ ~DEHIILL T O X 5 1247 - 72(Scheme 3-15),
= M UMK 1428 DR DN EINT DT SMEAE FHEMIETCORMFICTRRELZH, M) 77—
ko~ 146 L2541 %52 T Gerlach D FIEIZ KV NT D0 W W — LR B ASE 21TV A F v
T AT UK 142c ~E BB LT Y,

Scheme 3-15. Synthesis of 142¢ from 142a

o 0 0
BnO RN a,b TfO RSN ¢ MeO,C RSN
100BTT T <
ty N. 'y N. i, N
I\Il , N Boc '}I , N Boc ’\ll s Boc
Ts Ts Ts
142a 146 142c

reagents and conditions; (&) H,, Pd-C, EtOAc (0.2 M), rt, 60.5 h, quant., dr = 92:8; (b) Tf,O (1.1 equiv.), prydine,
CH,Cl,, 0 °Cto rt, 100 min, 72% (dr = > 99:1); (c) CO, Pd(OAc), (11 mol%), dppp (10 mol%), NEt; (5 equiv.),
MeOH, DMF, 70 °C, 2 h, 45% (dr => 99:1)

BONTZATF LT AT AR 142 D S VEDREIZT MY UL F 72 L UORMFITTTO, PR
FEDULER(40%)\Z TRLLRFER 147 2455 Z LTk Bh Lz, — ¥, BAR= LRI Sl kT v =a—
ARDTPRPBREIEL T LE T, V7 AT LAHICE L TUIREREMA R S, 1FX 111 Ok
RETH LU, T, KEFHAXT Raney-Ni IC KV = MU &g do&, ALET I VB0
A=A IVEBML, HEEMERS i, COBRBTEMBEBTRONEDT AT Ld~—n
FIEHR DL DI o7z, ZHUIA 2 URRIC, offLO BB HEIT Lm0 Bz bNS, 55
NIeA I YT JRFIFR TR T NI UAICESTEILTDHZEICEY ST I EL, BT LK
AT 5H7DIZ Boc ETHR#EA L CERrBEX ) U 148 21572, 7 /KFE(LARUFET MU U LDE
T LS TOT AT LA ~—149 BEU D (ca. 15%), Y VAT NDTAra~ T T7 4—I2LD
ST, T2 TOYT AT VA KITESCAISE ISR HET 25 2 & THET L2 LN THD
EEZEZTND, RBEITIEIZ LD Boc DBR#EZITO Z&ICXV~ATFRY rara G35 )71
150 #1532 Z L 12k L 7= (Scheme 3-16), 150 D& Fitas 7 — Z 13 0MRE & KW —Ba R Lz Z &b,
< NVTF XU RO E AR EER LT,
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Scheme 3-16. Completion of Formal Synthesis of Martinelline

e MeO,C

N I”//\/NHZ

150

reagents and conditions; (a) Na (10 equiv.), naphthalene (10 equiv.), DME, -78 °C, 1.5 h, 40% (dr 57 : 43);
(b) Raney-Ni (W-2), EtOH, H,, 50 °C, 29 h; (c) NaBH;CN (3.1 equiv.), AcOH (pH 4), MeOH, rt, 3 h; (d)
Boc,0 (1.3 equiv), NaHCO; (5.2 equiv.), dioxane/H,O (1/2), 0 °C to rt, 42 h, 70% (three steps); (e) 2 M
HCl/ MeOH, -15 °C to rt, 14 h, 71%

Flo  VARBEO = N U LAHIA 142¢ IZBI LTl b3 B ZATHRNCE R U DV BRAME T H Z &
T, w/F Y & 151 3 L OV 152 OFRRFZARBLE 1X NOE JIE 21TV VR E L 72 (Figure 3-5),

Scheme 3-17. Synthesis toword Martinelline Analogue

O
HN HN—\
M602C\©fjj\\\\CN a,b MeO,C /\\ c-e MeO,C S HCI
e L )
N N “Boc N ’I,/\/N*Boc N s, o NH2
Ts H H
142c 151 152
dr95:5

reagents and conditions; (a) Raney-Ni (W-2), EtOH, H,, 50 °C, 24 h; (b) NaBH3CN (3.0 equiv.), AcOH
(pH 5), MeOH, rt, 4.5 h, 85% (dr > 98 : 2 ); (c) Boc,O (3.2 equiv), Et3N (2.8 equiv.), CH,Cl,, rt, 1 h,
quant.; (d) Mg (51 equiv.), MeOH, rt, 18 h, 97%; (e) 2 M HCI/ MeOH (0.015 M), -15 °C, 23 h, 94%

Figure 3-5. NOE Analysis of 151 and 152
21.8% 11.2%

MeO,C HH'N/\\ MeO,C HH'N/\\
? ~Hy16.7% 2 “Hy9.6%
N~ NHBoc A NH, HC

H H
151 152
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H1E H A=A LT

FAE  ARRET I A A NN DA R
W1 A=A LT

KA =34 2 (153)1F 1997 #-, Sakai HIZL > TI 7 v x U TEDHE TH 5 Dysidea hebacea
L0 B MESERE ST X VB TH S (Figure 4-1), ARALEMWIIRRD TR 7R o AR BRI~ %
ERe7a32-bET VERIC 22T ) Fu vl iV R VENMEA LIEEEEZA LTS, 20
VARERAIAS Y E R 7 e [32b]E T VERIINY ar R vk nasmRbnAbEmIcbEEN T
WD HDDEBEERD R > TEY | TNENOAEAGBRREICE L TN 72TV 5D,

Figure 4-1. Structure of Dysiherbaine

H,Me
(OH

“"IIIIZ +

‘0O0C

-00C ~0

Dysiherbaine (153)

i, ZA 2= COROEMIGIEORE N TOI -, ~ T ADEENIZ 20ug/kg &85 L
2L ZA D10 5 ERICEKTHEEZL > <ATRAP RO F UIERIT RV EA TS RO 508,
N7 EA BRIZH AT 200 %5 B 5RWVIETETH 5, fieW VT 1.3mglkg ZF 5 L7 BRICIT TR E MR AR 58
ERR N, S HICEA®ROG.5mgke)a55-9 5 &, 40 S FRA SN RN TR ITIEIZE - T2,
ZHIETNE I UBEERIEA~DT =2 M LTCOERICHET 25D Th 5,

TNEIVBEZRERE IV I VvBETEE LCRET IR EREOZ L 20, FRIZEIT 2 Bl
P T 7 AR DR E 2> TN D, I, U F 7 AREMEIC LB Tnbd EEnTEY .,
TR ANCHIFFER TN T Dy AZRIRIL G 72 AE S BIC A LR RIR L A 4o F v Fv
BT NVH I VR RIRICKBI &SNS, S, A F ¥ FAR T V2 2RI NMDA Z 25K, AMPA
ZRIN, WA = VRS FIRCDEEND, XA A=A 32D ) HD AMPA ZBEB IO A =
VIR ARRICRIICETIEZ R L, &0 DT A = VAR L OBFIER R, A = VR
KIS LV AMPA Z B RICHAMEZ /R LT S=A M LTERT 2B I A =V, RUEA B
DS TN D A3 (Figure 4-2), XA =23 A L DOET HERRICH T2 5 TADAMERIESER I
INHHEENEY I VBRI LNV EDTHD, ZOZEnD, XA UV EERTHI L
LT NE I VBRI E Y T ROFEIZET 2WFEIZENL D72 TR <L IO TAAMEFIEDE
FECBNTHA = VR R A BRICE D DH T T VEMERA~OEIRN IS NS, 51T,
TIVHE I UBEZRRIET VY oA~ —JF, N T b UdR, AT KIS, SRR LE 7R & O
RUCEDLD EENTNDZ D, XA V=, U OFRRIZINBIFKD A B =X LFEHITIZEH K
NS HEDEBZBND,
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Figure 4-2. Partial List of Glutamate Receptor Agonist

O
Co, COy \/ COy =N
L C by -
N +H(Nl -
*HsNT Tcoy H , COy 2 CO, "H3N® TCOoy
2
L-Glutamate N-Methyl-D-aspartic acid Kainic acid a-Amino-3-hydroxy-5-methylisoxazole-4-
(NMDA) propionic acid
(AMPA)
~/ co; POsH" €02
0,0~ =
+ (1 + s -
HoN co, *HaN co, HsN CO,
Domoic acid (S)-2-Amino-4- (1IR.3R)-1-
phosphonobutyric acid  Aminocyclopentane-1,3-
(AP-4) dicarboxylic acid (ACPD)
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WO A A=A DA

BT HA A=A DB

BEE CTICZORFGBERIHE ST\ 5D, LU0 Z 7R,

1999 4E, Snider HIIHID X A S n—=r31 2 DAL L7z (Scheme 4-1)", ST I LA — K
ToAVEZRF VR, BIOT A axy REFE HBATT— DTN S BHGEFIHAT S
ZLICE DR — R B R RANORBRIR A AL L TV D, LI LR S C4 fLORFH L
DIEFEARA5YTH Y (3:1). ZORFHLOSARIRMENHRE L 2o T3 (17 TR, @
IR 5.34%) ,

Scheme 4-1. Total Synthesis of Dysiherbaine by Snider’s Group

161 153
1:1

reagents and conditions: (&) m-CPBA, CH,Cl,, -20 °C, 73%); (b) NsCl, NEt;, DMAP, CH,Cl,; (c) CsOAc,
DMAP, toluene, reflux; (d) K,CO3, NaHCO3, MeOH, 83% (three steps); (e) NaH, MeNCO, THF, reflux;
(f) MsCl, NEts, 67% (two steps); (g) OsO4, NMO, H,0, acetone; (h) pyridine, reflux; (i) DMP, CH,Cl,,
78% (three steps); () pyrrolidine, benzene, CH;CN; (K) allyl bromide, CH3CN; (1) NaClO,, NaH,POy,, 2-
methyl-2-butene, H,O, CH3CN, acetone, 0 °C, 40% (three steps); (m) WSCI, HOBt, DMBNH,, 86%; (n)
0s0,, acetone, NalOg4, 99%; (0) K,CO3, acetone; (p) TMSCN, Znl,, CH,Cl,, 50% (two steps); (q) 6 M
HCI, 120 °C, 99%
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WO A=A DA

TR, Sasaki HIZ K> THEDORAMNER S N7~ (Scheme 4-2), % 13IA B I AF A HE
RYT e Faad Y —AEHREREE L, 7720 OFERMEEME =1 T4 RED 7 1 A
T Y TR BLOZRF Y R 5 5-=% V-PARKIS A 8IS & LTcAb— MT Lo T
A NI DEAREER L TND, LLRRE C4 MO 4 FARFE H O SEARHIEIC M ZH 72
TARF Y ROMEZBRMED 111 THY | HFEORMMPEINTND (27 T, BRIGE 2.25%)

Scheme 4-2. Total Synthesis of Dysiherbaine by Sasaki’s Group

N3 N3 NHBoc
How 09 HO&___ ~OBn HOL_A_OBn TBSOa__~_ OBn
ISR OIS G HE TS S
—_— —_— —_—n
L - TBSO__ .-
0= 0 = ACO\\‘ (@) o
—0 —0
162 163 164 165
© NBoc NBoc © NBoc
i TBSOa _~_ OB k-m HO_A~_.OBn n, o HO,, _~_..OBn
SO ST SO
HO_.« D N -
o) o o)
166 167 168
NHBoc
NHMe Znl B ’;lHMe
TBSO, : g,  MeOC SO, _A_.0Bn
— L AL —
| wNg MeO,C Yo
169 171
HO,
BocHN '
MeO,C 4
172 173
1:1

reagents and conditions: (a) NaH, BnBr, DMF, 0 °C to rt, 86%; (b) NaN3, NH,4Cl, MeOCH,CH,OH, H,0,
reflux; (c) BF3*OEty, Ac20, 84% (two steps); (d) Et3SiH, TMSOTf, BF3*OEty, CH2Clp, CH3CN, 78%; (e)
NaOMe, MeOH; (f) TBSOTTf, 2,6-lutidine, CH,Cl,; (g) PhsP, THF, then H,0, 45 °C; (h) Boc,O, NEt,,
CHJCl,, 84% (four steps); (i) NaH, Mel, DMF, 0 °C, 96%); (j) CSA, CH,Cl,, MeOH, 99%); (k) Tf,0O, 2,6-
lutidine, CH,Cl,, -78 °C; (I) trimethylsilylacetylene, n-BuLi, THF, HMPA, -78 °C; (m) TBAF, THF, 76%
(three steps); (n) (COCI,), DMSO, i-Pr,NEt, CH.Cl,, -78 °C to rt; (0) NaBH,, THF, MeOH, -78 °Cto 0
°C, 95% (two steps); (p) TBSOTT, 2,6-lutidine, CH>Cl,, 0 °C; (q) B-1-9-BBN, pentane, -20 °C, then
AcOH, 60% (two steps); (r) 170, PdCI,(PPh3),, THF, DMA, 35 °C; (s) TBAF, THF, rt; (f) Boc,O, NEtj,
CHJCl,, 58% (three steps); (u) m-CPBA, CH,Cl,, phosphate buffer (pH 7), 92%; (v) CSA, CH,Cl,; (w) 1
N NaOH, THF; (x) TPAP, NMO, 4A MS, CH3CN; (y) TMSCHN,, MeOH, 24% (four steps); (z) H,, Pd-C,
MeOH; (aa) 6 N HCI, 120 °C, 90% (two steps)
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WO A A=A DA

Sasaki & I3 2008 £E(CHT 72 22 A AR IR IS TR AR E R L TV B (Scheme 4-3), 7 & FL-L-7 5
v — L& HIEWE & L TH, Bselective-C-glycosidation (2 X ¥ C6 N AT k5 & SRR A%
Lz, URIOWMEIZB W CTRIELE 22> T C4 MO MFRERSE OFFEFEIZEI L TITZ O RRIRED
M IR LT D (drd8: 1), TD%, BT VEBREME L, =) I R A7 L O R KE LK
JEERRTHEA =1 A LTz (20 TR, @HEIE  4.4%),

Scheme 4-3. 2nd Generation Total Synthesis of Dysiherbaine by Sasaki’s Group

OAc BnO\)J\/TMS OAc \OH
0 0
H H
176

0
174 17
0 0 0
Me
HN— oA L K
I« 0 TBSO 0 0
BnO BnO_ X g
0] o] HO— 0
H H H
178 179 180
0 0
Me, Me,
m-o H N4 p-r NHCbz H N%
— SO ~MeO,C P
TBSOL{L\Ifj NHChz 267N -
MeO,C— 10 MeOZC)\P(O)(OMe)Z MeO,C— 1o
181 182 183
st HO,C

+ 3 S
[Rh(1)(COD)-(S,S)-Et-DUPHOS]*OTf HO,C— o
184 H
153

reagents and conditions: (a) 175, Yb(OTf);, CH,Cl,, 0 °C, 87%; (b) K,CO3, MeOH, 92%; (c) DEAD,
PhsP, AcOH, THF, 97%; (d) K,CO3, MeOH, 97%; (e) BzZNCO, THF; (f) Nal, t-BuOCI, CH;CN, 86%
(two steps); (g) LiBH,, MeOH, THF, 0 °C, 64%; (h) OsQO,4, (DHQD),AQN, K,CO3, K5[Fe(CN)gl,
CH3SO5NH,, H,0O, t-BuOH, 0 °C, 88% (dr 4.8:1); (i) TBSCI, NEt3, DMAP, CH,Cl,, 84%; () pyridine,
reflux, 70%; (k) NaH, Mel, DMF, 0 °C to rt, 87%; (1) Pd-C, H,, EtOAc, 87%; (m) SO5+pyridine, DMSO,
NEts, CH,Cl,, 0 °C; (n) NaClO,, 2-methyl-2-butene, NaH,PO,, t-BuOH, H,0; (0) TMSCHN,, MeOH,
benzene, 63% (three steps); (p) TBAF, THF, 0 °C to rt, 84%; (q) SOz*pyridine, DMSO, NEt;, CH,Cl,,
0 °C; (r) 182, TMG, CH,Cl,, 0 °C to rt, 73% (two steps); (s) 184, H, (0.9 MPa), THF, 83%; (t) 40%
NaOH, MeOH, 45 °C, 84%
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WO A=A DA

Hatakeyama ©1% 2000 FEI27 7 = O Mt amE =1 NI 77— D ra 2l vy 7Y
U e GRS & 4 B A RIEIC TA B & AL L 7=(Scheme 4-4)°, L2 LAAR/L— M C4 LD 4 %
AFHODONARFIBNCME R AR F > ROSRRIRIED 1:1 TH Y, dEEORMMAKEINTND (27
TR, WREIGE 2.25%),

Scheme 4-4. Total Synthesis of Dysiherbaine by Hatakeyama’s Group

O
Me O
N M
N e‘NJ<
TESO O N
\\ r MeO,C TESO \O S,t
— 1.0 S ¢ i
Tfok o NHCO,Me O
Znl MeO,C Y0
192 Meozc/‘\/ 194
193

MeOC. HO, . Uy
)

MeO,C A

195 196 H ©

11
reagents and conditions : (a) D-(-)-DIPT, Ti(Oi-Pr),, t-BUuOOH, 4A MS, CH,Cl,, -25 °C; (b) DIPAD,
PhsP, p-NO,CsH,CO,H, toluene, -25 °C; (c) K,CO3, MeOH, 64%, >99% ee (two steps); (d)
PhCONCO, THF; (e) K,CO3, n-BuyNCI, CH3CN, 0 °C, 87% (two steps); (f) NaOMe, MeOH (twice),
75%; (g) TBSCI, imidazole, DMF; (h) NaH, Mel, DMF, 80% (two steps); (i) BCl3, CH,Cl,, -60 °C; (j)
TBSCI, imidazole, DMF; (k) Oz, CH,Cl,, MeOH, -78 °C, then Me,S; (1) (PhO),P(0O)CH,CO,Et,
NaH, THF, -78 °C to 0 °C, 67% (four steps); (m) 47% HF, CH3CN, 70 °C, then NaHCO3, 71%; (n)
MeONHMe+*HCI, Me,AICI, CH,Cl,; (0) TESCI, imidazole, DMF; (p) MeMgBr, THF, 0 °C, 82%); (q)
comins reagent, LDA, THF, -78 °C, 79%; (r) 194, (Ph3P),Pd, LiCl, benzene, DMF, HMPA, 80 °C,
73%; (s) 1 M HCI, THF; (t) m-CPBA, CH,Cl,, 35% (two steps); (u) PPTS, acetone; (v) NaOMe,
MeOH, 58% (two steps); (w) TPAP, NMO, CH,Cl,, 76%:; (X) 41% NaOH ag., reflux, quant.
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WO A A=A DA

2007 4E., PEEITHT- 20 A AR IK IS TA R & ERL L 7-(Scheme 4-5)', FDOAREIZ MY -0-7EF /L
-D-777 7 #—n%&JFEE L, Donohoe HOHE LT I /b R b—3ay NIV LNEHND
Terzv Ay 7Y 7 Sharpless D TR F AUISZ UG E LTV, LLETOHIEIZB W TRIE &
725 TWTENIARERINAY 22 AR & & RORESIZEY L CIT Sharpless-Katsuki & O TR ALK EE WD
ZEZEY BeoUT AT VA =2 BT 0 2 LI L (24 TRE, @EIER 4.0%).

Scheme 4-5. 2nd Generation Total Synthesis of Dysiherbaine by Hatakeyama's Group

OAc
: OTHP

e ERy o Ny SRS
AcO_ . HO_ . N
N O N (@) J\ J R K 0

200

197 198
=~ 0" 0
4’{/A\ 199
o o
OTHP >\NH2

\O \O \O*

Me\ _Boc Me. .Boc
TESO N

k\\\\\ [ji] OH mo TESO/[?T] OTES Eiifo[jéj OTES
206

Me. _.Boc
OH N

TESQO :  OTES
N O
207
Me. .Boc
Boc H oS

210

reagents and conditions (a) Et3SiH, BF3*OEt,, CH,Cl,, 0 °C; (b) NaOMe, MeOH; (c) TBSCI,
imidazole, DMF; (d) NH4F, MeOH, 88% (four steps); (e) 2,6-lutidine, Tf,O, CH,Cl,, -78 °C; (f) 199,
n-BuLi, DMPU, THF, -65 °C, 81% (two steps); (g) TBAF, THF; (h) CCI3(CO)NCO, CH,Cl,, 0 °C,
then K,CO3, MeOH, quant. (two steps); (i) NaOH, t-BuOCI, i-ProNEt, K,0sO,(OH),, n-PrOH,
65%; (j) 2-methoxypropene, PPTS, DMF, acetone, 0 °C; (k) LiAlH4, THF, 0 °C; (1) conc. HCI,
MeOH, reflux, then NaOH, Boc,0, 80% (three steps); (m) Ac,0, pyridine; (n) 2,6-lutidine,
TESOTf, CH,ClI,, -78 °C; (0) K,CO3, MeOH, 80% (three steps); (p) Red-Al, Et,O, 0 °C, then I,, -
40 °C to rt; (q) TESCI, NEtz, DMAP, CH,Cl,, 58% (two steps); (r) 170, (PPh3),4Pd, benzene,
HMPA, dimethylacetamide, 80 °C; (s) TBAF, AcOH, THF, 91% (two steps); () L-(+)-DIPT, Ti(Oi-
Pr), TBHP, 4A MS, CH,Cl,, -35 °C, 79%; (u) TBAF, AcOH, THF; (v) PPTS, CH,Cl,; (w) NalOy,
THF, H,0; (x) TPAP, NMO, 4A MS, CH3CN; (y) 6 M HCI, 80 °C, then NaOH, 32% (six steps)
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2002 4£, Chamberlin 58 AF T 7 F b —/L &5k & L CRA A #RL L7 (Scheme 4-6)°, %513,
TINE I VROV TOT VAL & RS XD BREEAZRBEICE LTS, L LR HLZ D8R
FE T & DERIEEEPEN 48% L RINETH Y, 2O Z L NBANEOK TFTO—B LER->Tnd (17T
R, BRI 0.5%),

Scheme 4-6. Total Synthesis of Dysiherbaine by Chamberlin’s Group

CO,Me
OH QJ( QJ(
HO« . \OH HO_~_.0 BnOL _~_.O  BocHN” ~CO,Me
O R G By ¢ it
HO K \\\‘ \\‘\
N O | O | O
OTBDPS OTf
211 212 213
QJ( y QJ( J(
BnO_~_° 0O ~_.0 NHBoc y 9
\(j _ MeOZCAQ_f;I\/jA\O
f-i j :
BOCMH © H O HOOC o
MeO,C CO,Me BocHN CO,Me H
215 216 217
\N,Boc
NHBoc  OH NHBoc 1y I
k| MeO,C 0 OH mn MeO,C o) o
. . ‘ _ 2 . 153
MeO,C 0 MeO,C 0
H H
218 219

reagents and conditions: (a) TBDPSCI, imidazole, DMF, 0 °C, then CSA, 2-methoxypropene; (b)
NaH, BnBr, THF, 15-crown-5, 0 °C to rt; (c) TBAF, THF, 80% (three steps); (d) DTBMP, Tf,0,
toluene, -55 °C, quant.; () LHMDS, HMPA, 214, THF, -78 °C to -30 °C, 75%; (f) H,, Pd-C, THF,
qguant.; (g) 4A MS, NMO, TPAP, CH,Cl,, 95%; (h) NaBH,, MeOH, -20 °C, quant.; (i) CSA, pyridine,
benzene, reflux, 71%; (j) NaHMDS, I,, -78 °C to -20 °C, THF, 48%; (k) TMSCHN,, CH,Cl,, MeOH,
77%; () FeCl3+SiO,, AcOH, CHCl3, quant.; (m) 4A MS, NMO, TPAP, CH,Cl,, 0 °C, then EtOH,
CH3NH4CI, Ti(Oi-Pr),4, NaBH,4, NEt3, 0 °C; (n) Boc,O, NEt;, MeOH, 18% (two steps); (0) 6 M HCI,
80 °C, then ion exchanege, 55%
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H3E KA N— A DA REE

HIE HA A=A OEREHE

LA U= DRHEAIREIE L, TOATHIE L R DV AMER LT 5 MO 6 BERNORLE T 7
REETH D, €I TEHIIIOREEDNARBRNRERL L RGO E L, LUT O XK 5 22085 R
MT %17 - 7= (Scheme 4-7),

Scheme 4-7. Retrosynthetic Analysis of Dysiherbaine

NH4*
‘00C > @) O RN
. o N, * LONCOR
-00C Yy Me 222
OR
221
, NHR
RO RO
p— O O f— 0 — \ O
N, RO N N
H Me H Me H Me

RO RO RO
RO RO RO
223 224 225

NHR
ﬂ @] N Me
O
RHN =
— p—1 OH . A
H Me
RO OR
RO 227 228
226

Trbb, XA = (AL T 7 & L 221 DIGEENLIZEIT D 7 PV 0 222 (2659 5 KEZ AT
IR AT 272128 T 7 2 DML BB T2 2 L TR TE D E B X 70, 222 13V 7T V1K 224 815
Rh ikl 2 V72537 O-H FALUS, fi BABRIC L o T T 5, U7 VIR 224 I 57 2 v
225 X7 VT V221 LT VLT X2 228 DG EAT o T2RIZ, PABRA X B A AT 2 & T
FARETH D & B 2 7o, AEHIEIZIE W TIL Rh filllE 2 W25 7N O-H i ASUSBESUS TH 0 |
FIo BRI E Y 221 OREFEE L IEFICHEECTH L Z LTINS,

S 612, FIROIFIE L TRV — F TOARRIE S LE L7z (Scheme 4-8), ¥ A S/ — 31 IR F
K229 10 ZED S KINC LV ERATRETH H LB X T2, =ARFT N 2291341 7 1 2 230 DEfk
WK VET D, AL 7 0 230 1 IR T VT v T 5 ZFOLEM%E Grubbs DA L7 4 v A Xk
VALK Ty TV TIHDL L TENRT D, KAAEMEICBWTEET, A7 4 A XU R
WCBWCHMET D270 A vy 7 U T REBE L THELNDIDE ) DRMEE 25, £/-, AL 7
A4V DTIRFY RAORREPBRE L EITT N E I NEN I mb RERFEL D,
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Scheme 4-8. Retrosynthetic Analysis of Dysiherbaine

NH3+ H ’-\jHZMe

.Me
O>¥ OH Rl;l
‘00C 0. IO g L Vo OR
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153 229
O M
:Phﬁﬁ o RYT i i OH RN
N Y ANAOR /\\/I\\l§/ «_ - OR
O TN : — 0 ) + N
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H OR a oR
230 231

232
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Faxw MHEPRAET VLT I DA

Faw HEPEET UALT I UCOERK

FIE EOMARMNTICB N CTRRZT VLT 22236 2@ FRAE LCRELEZ, ZOT VAT
I 236 1FZLLF D KL 9 IZEBRA ATRE T 5 (Scheme 4-9)°, D-7'V ¥ AT ATt FT7 ¥ hF A Rio~r
UNT IVEEHSETA IR LI, E:wﬁU:%~%%%HMéﬁT7UW7°V%%
FT D, TO#%, BRIEEBREZITV, HEFMIK 236 24T 5, AFETE TR, 2 omitRc
BT D ZENARETH LD THEIZHRIREWRIETH D, L LRBDL, Kﬁ%:®o&ofé
AT E 2 A, B2 7 ) =% =DM IS B W THBMEN TN T, RIGRICKD S Z &
DUIXUIER G,

Scheme 4-9. Synthesis of Allylamine 236

B b o B 3

HN<
o HN Bn Boc

233 234 235 236
reagents and conditions: (a) BnNH,, MgSOy,, Et,0O, 0 °C to rt; (b) vinylmagnesium bromide, Et,O, 0 °C
to rt, 76% (two steps); (c) DIPEA, Boc,0, 1,4-dioxane, 50 °C to rt; (d) Li, lig. NH3, Et,0, -50 °C, 81%

F 2 C. KRR V724 Scheme 4-10. Retrosynthetic Analysis of Allylamine 237

EH2 N — DA B 2 b & WL WL
\ o O OH Wl OH
L?L:(Scheme 4—10)0 TUNLT o — O\M/OH — BOCO_N /7,
L 237 1 U A — 238 L 0 A H 7N H >
\ Y _N.
WHETHDLEL, UFd— Me” N “Boc Me” oo 07 s
238 LT VY V)T a— L 237 0
239 LVFHEETDH, TV H
— | TsO. .Boc
TV 3 —)b 239 XA HE AR o) + H
T ap-RERT AT b FICk 240 2a1

T2T7 V) ALBISIZE T
BT %,

ETIHOICT VU D ARISOETEITO 2L & Lic, a ) U E V=T U P U ABEOR T
2007 &, Cérdova &2 & » THE 7= (Scheme 4-11), 2 I7 VT 8 REX O — A —FZ2HWN
TT7 PV UVREZMEE LTz, Cordova b DITEITEWT T U FARERRMEZRTHOD, IR, U7 X
T UABRIEIPREICE EE-oTWD, Fio, JUSEENHROT VX AT AT e RIZIRESHT
o,

Scheme 4-11. Aziridination of o,—Unsaturated Aldehyde

0
0 [jkfgms
H H Ph w H

Ph BOC_N/,I
L PO -PC (20 mol%)
R H CHCl4 (0.25 M) R
3 . i - 0,
R = Not branched PG =Boc or Cbz rtto 40 °C yield : up to 8%

dr:upto10:1

alkyl or alkkenyl group ee:upto 99% ee
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Farw HEPRAET I LT I DA

BIFIEEDOER, B Exr RICL > TS ORIFEMABRMEINTOI, ZOREER, EFREHTH
DH—NA—FOBBERZ T2 PR UEND Foa U EALERL, HEEARNTL2LI2E-T
Cordova & D HIETIIIERETT LR o T2 FE/RT VT v R, BROT 7 1 LA U THRISDETT
3% Z & & FLH L 72(Scheme 4-12)%,

Scheme 4-12. Aziridination of o,3—Unsaturated Aldehyde

Catalyst (20 mol%) 0)

%H . TsO\N,Boc Na,COs3 (3 equiv.) ‘ ’ yield : 76%
| H CH,Cl, (02M),4°C  BocN;, ee : 92% ee
0o Catalyst (20 mol%) 0
Na,CO3 or NaOAc (3 equiv.) yield : up to 89%
ﬁH + TsO.-Boc - Boc—N"" H dr: >99:1
R H CH,Cl,, 4 °C R/h ee : up to 99% ee
R = alkyl
O Catalyst (20 mol%) O
J)LH . TsO. Boc NaOAc (3 equiv.) ka yield : up to 97%
\N/ o Boc—NX dl‘ >991
] | N CH,Cly (0.2 M),-20 °C e ee - up 10 99% ee
R = aryl
OTES
Catalyst O\KOTES [&OTES
N Ph N Ph
H Ph H Ph

FIROWRAESBIT VU DM ER AL L, BET VT E RIZLLFTO X 512/ L
7z(Scheme 4-13)"", D-~v> = h—/-UT ¥ bF A RE@BI VHEBET N T LATUIETSZ L1280,
D-ZURBAT AT R7H b FA F~EEHBL, R 2R R—F—2Fr AR 2 &
WX Vo p-Afafie A7 L~ LEL ) FWT, DIBAL-H ZHWCiEt L, A7 VAT v a—L %
T~ LR o T E TS L TT AT RARLTZ,

Scheme 4-13. Synthesis of a,B-Unsaturated Aldehyde 240

T o

242 243 240

reagents and conditions; (a) NalO,4, 5% NaHCO; aq., H,O, 0 °Ctort, 1 h; (b)
(EtO)2P(O)CH2CO2EL, 6 M K2CO3 ag., 0 °Ctort, 24 h, 64% (two steps); (c¢) DIBAL-H,
CH,Cl,, -78 °C, 70 min, quant.; (d) MnO,, CH,Cl,, 5 h, 90%

WIZESNT=T AT B K240 ZHWNTCTT VU VAU D S5 21T - 72 (Table 4-1), 728, 55
N7V TATE RIAT7 BREIC X ORGITENLTLE S 2 & D, IR, BIRMEITH AR
¥ NMR LY kE LT,
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Farw HEPRAET I LT I DA

HINE T 272U P2 55720128)-7 1 U ol 130 ZfEH L7z A S LT~y
7 hERWEE ZARIRDEL | JFEIE S T L E > (entry 1), BEiE T MY U AZRINTAHZ LI &
STRIBDBINET 2 Z ENHLNTWEZ Enb, RET N U LAOMRDVICEET MY 7 AZTRIN
L7zt 2 A, PGB BRI L5gks Liz(entry 2), ZOBRICHEOLNTE 72TV U Y/ 7Tk R
245 WETHY | MAKRELENRIFED YT AT LA~ —246 L LT MRN LA U, —J, fillli%R)-
Tr ) CHRD 16T LTl 2 A 244 EAI E LTI HIL.245 & 246 H—FEB AL B AU7 (entry 3),
oDz Lk, ERTLET7VY O ONMBMEFIERIO T VT e RONURIZED 57, filiio N7
BIZE o TRESIND, Flo, EDOSRIC K o TRIGHEBEIC KR ZREVR LR NE NS Z
BN o T, 7k, BHRREAIE LT 247 2 W EITIZ B & 3 2 AR PR DI Cf5
LMD bDOD, FUSHEHMEIL L TLE ST,

Table 4-1. Aziridination of o, 3-Unsaturated Aldehyde (240)

) carabamate 241 O
catalyst . H
| H  base (3 equiv.) Boc N N Boc N H + another
o CH,Cl, (0.2 M), temp. diastereomer
>< >< 246
© 240 244 245
entry catalyst base temp. yieda) 244 : 245 : 246
1 130 (15 mol%) Na,CO3 rt 48% 0:95:5
2 130 (5 mol%) NaOAc O°Ctort quant. 0:98:2
3 136 (4.2 mol%) NaOAc rt quant. 91: 4:5

a) Determined by *H-NMR of crude reaction mixtures.

O\KOTES Z )., OTES Boc. -OTs Cbz. .OTs
ﬁph H N

Ph H
136 241 247

BNT, TPUY ) TILT e R 245 &7 )L =—)1 239 ~ L &0 L 7= (Scheme 4-14), SEWRZ LICT
N — AR 23913 H T ARERICKI L THLETH Y, WRL B ESD Z LN TE T, BILKIS
ISR Z RS T5, HH5WIEKFEF IR T NIV LOEEZLLTHZ LITE > T, —& Boc D
IKERFE~DEL N B BT,

Scheme 4-14. Conversion of Aziridinoaldehyde to Alcohol

o carbamate 241 (1.1 equiv.)

catalyst 130 (5 mol%)
| H  base (3 equiv.) _ Boc—N)"

0 CH,Cl, (0.2 M) o 0°Ctort,1h
5 0°Ctort,185h o quant. (two steps)
240 245 239

NaBH4 (1.1 equiv.)
H MeOH (0.2 M)
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FHar @hEERT VAT I OEK

FNWTT VY PUOBBREITY 2 & Lz, TORBIZIE, RICKERA L 7 4 o~ LB TZDICBREE
e — DA LN OB MAL D, T2 TEHIE Myers b OIS LIZFEMASfcozRF
COMBESEICT LI L L L, Myers 5% 23-TRF T 7L a—Lx " BLRBAE T, RIE
BT ATUET L ZLICLVE FrX U —A R — b8 HEEZRE LT D, RGBS
REEREECOBEATERBEMAXMTHHZ L1, KEEICLBEAAETH S &M &1T

ST,

FPTUADIT Myers B D FHEIZD - Table 4-2. Ring Opening Reaction of Aziridine

ELoTwRBEIVLAEZHWEZE Z i OH CO, (gas) O

e Boc—N}, reagent o} O%
AL OGS HELT L 72 5> o 7= (Table On > DMF O\)\/k/o
42), & T, HHLE IO >< ! '

e} time, rt Hﬁ\
ﬁ%iﬁ%’\k%ﬁ Lflﬂ%iiﬁ‘ﬁﬂl 239 248 Boc
EBIIolz b TAKMIET L, .

entry reagent time result
A AN ZH. - : )
HIvE T ofbah 248 2455 = &1 1 CsCO3(0.16 equiv.),3AMS 14h No reaction
B LT, BELL, REEET T A 2 DBU (0.05 equiv.) 51h 90%

DOEh . T X DK OIEMAL

AT TH T DI ZIRILIRE & DFUSHETT LR o Te b D EEZBND, £To. ARG TIE
F T Boc BWKBBIEITEN LT OBRHOLNDL 2 ERHY | BIEE TIZZORIMKIGEFER L SBI<H
Eimz AT,

RIZ N- A F v Table 4-3. N-Methylation of 248

fLiz2>W TR \%_ )f reagent \%_ Jf
_ o O DMF o O
L 7z (Table 4-3), 3 MO

KFEAT FU D _ temp., time H
ABEBE YL N-Boc M “Boc
AF % T 248 249
AT R S A entry reagent temp. time result
1 NaH (2.1 equiv.), Mel (2.1 equiv.) 0°C 1.5h unknown product
BHEAL L B 2 Ag,0 (8.0 equiv.), Mel (14.5 equiv.) rt 43 h guant.

s RNl s
Kiginole, —J5, BRLERE O3 VK A TF L EZ WA IR IS B E T 2L /5 2 &
(B Lz, Ly LR DARBUSIEEM 72 2 REZICHW D LERH Y | EHR8EENRROBILD,

FEWNT I —ARR— b 249 Z KR b T R Y O AT 5 Z LITE VDRI A —/1 238 ~LiEN
7% corey-winter JiZ L W F AN —Rp— 1 250 R THMETHT VAT 22 237 DA E ERK
L72(Scheme 4-15)7, L2sL7edd 6. ARHFEIC L D ERITMEFDOL— MIHRTEHLEL . RO
WHEICE ST L ITEWVER 2D RIFIEIC XL DA RUIMIE LT,
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Scheme 4-15. Synthesis of Allylamine 238

'

N. ~
Me~ ~Boc Me Boc Me
249 238 250

c #‘O reagents and conditions; (a) 2 M NaOH agq.,
- O\)\/\ MeOH, 0 °C, 4 h, quant.; (b) 1,1-

Ph :z Thiocarbonyldiimidzole (1.2 equiv.), rt, 15 h,

74%; (c) 251 (2.0 equiv.), THF, rt, 31 h, 49%

Me~ PN -Me Me

251
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o5 HA T N— DA
5-1. Rh il H\ 72 O-H i ASIZ & 5 & pRAfF4e

IRV A FIFIAEEZR CH fEICHARSZEZ T, SHIZEnET TR, HEZR O-H
RN-HESICOFARGER ZTZ NN TWD, EFIIRRISNZA =  DEFH~E
HHAEETH B LB 2 MFt&1To 72,

TR~ 7= A i i (Scheme 4-7)ZHEVY, BB V) A REBMEO AR ETT o 72, £THOIC, B
BRAL 74 AZ BV ADIHETHLT I JE25BLOT VAT 2 262 DARKICE VAT, 7
I R 255 ICBI L TIE 2 U 2 (252) % J5EE L LT Scheme 4-16 (2R L72/b— M CARL LT S, — 4,
T UNT 2262 (2B LTI Y4 AFZE=R @ Sylvan Lectard O J5 12 £33 CHHL L 72 (Scheme 4-17),

Scheme 4-16. Synthesis of N-Boc-Allylglycine
O

i a PN i b Ph}— i ¢, d  BocHN
HC|°H2N\)J\ t —_— >:N —_— =N OR —™ OH
O'Bu BH OR PH
252 253 ﬂ/’ 254 | 255

reagents and conditions; (a) benzophenoneimine (1 equiv.), CH,Cl, (0.2 M), rt, 3 h, 81%; (b) NaH (1
equiv.), Allyl bromide (0.85 equiv.), reflux, 3 h, 82%; (c) 6 N HCI (1 M), 61.5, rt; (d) Boc20 (5 equiv),
NaHCO3 (8.2 equiv.), H,O, 1,4-dioxane, rt, 94% (two steps)

Scheme 4-17. Synthesis of Allyl Amine

(@)

le)

I
(@)
U
<
T
N
Ul
\‘
e
<
T
pd
0
<
U
12
I

242 256 258 259
dr88: 12
PMP PMP
Me -Me
PMP” TN’ . HN
de PMP '}'H f, g = h,i -
—> ~ — —
r/\i/”\OTBDPs W/\T/A\OTBDPS W/\T/»\OTBDPS
| OH OH OBOM
260 261 262

reagents and condition; (a) NalO, (2 equiv.), sat. Na,COgz aq., CH,Cl,, 5 °C to rt, 2 h; (b) 257 (1 equiv.), 4A
MS, Et,0, rt, 90 min, quant.; (c) vinylmagnesium bromide (2.7 equiv.), Et,O, 5 °C to rt, 16 h, 80% (three
steps); (d) 1.2 M HCI, THF, rt, 90 min; (e) TBDPSCI (1.3 equiv.), NEt3 (1.75 equiv.), DMAP (0.15 equiv.),
CH,Cly, rt, 24 h, 97% (two steps); (f) (HCHO)n (3 equiv.), benzene, reflux, 2 h; (g) BH3*THF (1.1 equiv.),
THF, 0°C, 1 h, quant.; (h) BOMCI (2 equiv.), DMAP (0.3 equiv.), DIPEA (2 equiv.), reflux, 48 h; (i) AcOH,
reflux, 15 min, 59% (two steps)
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FNTARLET VLT 2262 LT 2 VR 255 O DH%., AL 74 A XU ALY HRE
1T 7-(Scheme 4-18), £FHNT-T /L7 263 DY b KXk b aiT-7-%., 7 2 / 5D Boc Z [k
T5Z & T, DT UEEIRIERA 265 1572, B, MELIEWTNOMAEM L YT AT LAIREY

TIEH DM, L IFDEEEFIc it iz,

Scheme 4-18. Synthesis of diol 265 from 255 and 262

BocHN BocHN N~
OH a
r\‘/\OTBDPS — OTBDPS
OBOM (\ﬁ
255 262 OBOM

263

BocHN

HO  on 9BOM

264
reagents and conditions; (a) WSCI (1.8 equiv.), HOOBt (0.1 equiv.), DIEPA (3.0 equiv.),
CHCl,, 0 °C, 20.5 h, 86%; (b) Grubbs catalyst 2nd generation (2.7 mol%), benzene (0.01 M),
reflux, 14.5 h; (c) OsO,4 (50 mol%), NMO (2.1 equiv.), THF, H,O, rt, 71 h, 88% (two steps); (d)
TFA, CH,Cl,, 0°Ctort, 23.5 h, 70%

BB RV 265 & VT Rh filliE & V72 O-H 3 A SIS O M 217 - 72 (Table 4-4)”, L7 L7278
%\VTVKF%2%®$&#%WT%@P EMBIRASICDOEIT NN TH D EE X, Ar— |
TOEKRZWE LT,

Table 4-4. Synthesis of Diazo Compound

reagent
solvent ) OTBDPS
reflux, time
265
entry reagent solvent time result
1 AcOH (0.1 equiv.) CH,CI, (0.020 M) 55h unknown product
Isoamyl nitrite (1.1 equiv.)
2 TFA (0.2 equiv.) CH,CI,/AcOEt (1/1,0.02M)  3.5h unknown product

Isoamyl nitrite (1.2 equiv.)

5-2. VT HRAAFZVVARGENRKRIR AR F T ROBELFLE LAk

FWNT, b9 —20/)— KN TOARRICHNT T, BEORMAIT-7-, T ULT I 237 OERKICE
LTI 4 BTN L= SCRBEEM b A o7 U LT 2 2 236 % N-A F Lk L TA L L 7=(Scheme
4-19)*,
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Scheme 4-19. Synthesis of N-Methyl-Allylamine 237

o o o P
a c-e
o HN-< _N_
N\Bn Bn Me
233 234 235 237

Boc

reagents and conditions: a) BnNH, (1 equiv.), MgSO, (1.5 equiv.), Et,O (0.3 M), 0 °C to rt, 75 min; (b)
vinylmagnesium bromide (2.5 equiv.), Et,O (0.25 M), 0 °C to rt, 24% (two steps); (c) DIPEA (0.1 + 0,1
equiv.), BocyO (2.5 + 1.3 equiv.), dioxane (0.32 M), 50 °C, 84%,; (d) Li (8.3 equiv.), lig. NHz, EtoO (0.14 M), -
78 °C, 43%; (e) NaH (3.0 equiv.), Mel (2.1 equiv.), DMF, 0 °C, 97%

AFEC LD BRI E =7 ) = —RIEOMIMOBFFI I TH L RDE L (24%), SCHRE
Z RIEIZ T E> T 81%), ZOFKIZOWTIREAATH 5, 7o, N—FETIC L D Bn DR
ROBEPED C-NIEG DU SRR A Sav, TR 43% L S0 Dho T,

— 5. WERRT 7 % 231 Scheme 4-20. Synthesis of Bicyclic Lactam

. = H H
B LTI BE T O R i : _ : .,
S CTHRO LS ICHM LT P N 2 o P
(Scheme 4-20)°, & E o  Ph S Pn
267 268 231
1.1

reagents and conditions; (a) LDA (1 equiv.), Allyl bromide (2.0 equiv.),
THF (0.5 M), -78 °C, 3.5 h, 97%; (b) MoOPH (3 equiv.), LDA (2 equiv.),
THF (0.67 M), -78 °C, 2 h, 66%

ZOLTERLIEEEEZHNTA VT 4 U A XU ARKIGOREHIEY AT,

Scheme 4-21. Homo Coupling Reactions

~,,.Boc \/]\ -, .Boc catayst
N S N /7

R catalyst 0 :
\/\(\O YR \)\/WO MeS/NYN‘Mes
0 N 0 Cl~Ry—
ﬂ Boc” \[k CI"?I)u
271
( Ph O

HOW catalyst O/\ N~ \ ,OH
‘\H - //\//,
H ‘.,

HO N—/

231 270
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JOARARY VARG EITIICHIZY ., ZNODOEETHRED v 7V VIR EDOREEITT E 0%
MR LI-EZ A, REBKIENZ L1277 VAT 22 237 13 L e EITET, —F5H, PERIRT 7 ¥
A 23LII KRB L HECDITHED v 7V o THR210~E B L S D 2 & B 5 L 72 5 72(Scheme
4-21), Zho6DZ &L, TUNAT I 2 237 IFSHEDZE L RS, BERIRT 7 & 2 231 1T RIS
BATWD LIS D,

WOFEFFEREZZEIZL, MEDOEWIERIRT 7 #5281 23 ) VORC T THRAICH T LT
W< Z & & L7 (Table 4-5),
Table 4-5. Olefin Metathesis Reaction

{ / .
HO Y Boc catalyst z ? ~ - Boc
Ho Qk/;\r/\ CH,Cl, (0.06 - 0.07 M) de[j§{OH\\ :
07N 0 0O 50 °C, time : /\/\(\O
< using syringe pump
PN s 237 272
entry catalyst time result
1 274 (9.1 mol%) 25h SM (237) + homo coupling (270)
2 273 (10 mol%) 275h 34%
3 271 (4.7 mol%) 28.5h 34%
4 271(9.6 mol%) 27 h 74%
50) 271 (5.2 mol%) 28.5h 41%
6 271 (9.1 mol%) 64.5 h 58%

a) 3.6 equiv of 231 was used.
b) not using syringe pump.

Hoveyda-Grubbs Catalyst Grubbs Catalyst Grubbs Catalyst
2nd Generation 2nd Generation 1st Genetation
PCys
Mes -N N\Mes Mes/NYN\Mes Cl
Cl-p <l cre U

"Ru= Ru= | Ph
Cl Cl* |
iPrp@ poy, " PCys
271 273 274

ZDOFER, B AR Grubbs filtfif 274 2 W ZBRICIZ B DS H 0T, 270 & JREHR237) Z [BIIT 2
DIHTIHoT=(entry 1), —J7, & AL Grubbs fillf 273 35 J:U\M#ﬂ'ﬁ Grubbs-Hoveyda fillif 271 %
RAWZZERIZiE, &6 6 B RFREDOPCRIZ TRISHET L7223, 8 1A Grubbs filtfif 273 # 5 &
HFROENIEL 2o T LESTZZ END, ARRISTITE - ﬁ‘ﬁ Grubbs-Hoveyda fiftfi: 271 735 L CTu»
HEHW L7, EROmEZBIEL, PERIRZ 7 L2881 OBEEHEO LT ZARIFTA ELTELD
D, FBE LTIE EDNERITHF bR n o Tz,

AEIERICBWTIIMERIR T 7 X LDORET » 7Y 7K 270 OERNIEFICELS . £/, T UL
TIVDOEREN TV TIR269 NELELNRNZ D, T THRDICHERIRT 7 X DIRED v
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TV TR 210 ICEB I N BRIV T =0 M L SR EZ TR L. ZOSEERRT VLT I L RIS
LCorZuaRhy T TERBELND Z PG END, 22T, Y IRy T EEDLTIRIERS
R TRIS 2R T & ZAINRITEWVIA LN T EOBENBZE L IELWZ Lo T, £z,
ZORBMENIE LR BIE, NS L 22RO I SOG RS ] 22 3B 3R 1B 1T SR B D DT
FeninEBz2, RICRHEZIER L7 L 2A, ICERUESI N,

RESIANTIBVTITIREED 0.1 M 72 & S%FEE L SUGREE o 7e/ew, IREZ 1M E£TLERY
7o & 2 AZIZEERMIC B3 54T X 72 (Scheme 4-22),
Scheme 4-22. Olefin Metathesis Reaction in a Large Scale

N 271 (6.7mol%) PR O ~ - BoC
0 N + \/\(\O 0O 'l'//\/\(\
- 0] 50°C,41h R O
o a 0
Ph

231 237 272
2 equiv 98%

BT, BONTAMIMEE TR ACDORMFICH LTI L 24, WTROERMFIZIBW TS B 275
35 B FL72 7> 7-(Table 4-6)°',
Table 4-6. Epoxidation of Alkene 272

~N .Boc

\ .Boc
reagent
/\/\(\ soIvent N\(\
\[/\ condltlons

entry reagents solvent conditions result
1 m-CPBA (2.0 equiv.), NaHCO3 (2.9 equiv.)  CH,Cl, 0°Ctort,22h SM recovery
2  TBHP (6.1 equiv.), VO(acac), (0.23 equiv.) toluene 70°C,24.5h Decomposition
3 oxone (1.6 equiv.), NaHCOg3 (4.8 eqauiv.) CH;CN rt, 14 h SM recovery
tetrahydrothiopyranone (0.66 equiv.) Na*EDTA aqg.

T TR AMLEWE L, Bl OO FEREERERADZ L L, —DEFYE e
fb& ZUTkE < BRILEIG, &9 —DlEd— Ro—7 bR TH 5,

TE R X UK LRI ORI o=t D0, B Z2E &0 CHEaRT 5 2 & 23
%@:%EK%@MA%ﬁﬁ%hT%kSmmm¢B)S~FI~?wMﬁm CEALTHEERTH Y |

BONREERL DR TRIGHET LIz L Bbs b DI3fF 5 T2 205 7= (Tabled-7)7, 5HE 5
Lﬁv74/®ﬁEﬁﬁﬁﬁﬁﬂ%ﬁ01w<%mfké
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Scheme 4-23. Dihydroxylation of Alkene 272

Ph 0 \N,BOC 0s0O, in t-BuOH (7.9 mol%)

g 2 NMO in H,O (1.9 equiv.)
A OjQ t, 215 h
272

Table 4-7. Iodoetherification of Alkene 272

Ph 0O _Boc
- \N

3 N reagents
/N OH : solvent

(@) -.,//\/\(\
: o iti
i 0 conditions
272

277

Unknown product was obtained.

entry reagents solvent conditions result
1 I> (3.0 equiv.), NaHCO3 (3.1 equiv.) CH3CN rnt,25h not obtained
2 278 (21 equiv.) CH,Cl, rt, 15 h not obtained
278
|+ N/ \ PFG
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b, KianaeF bRk LI035,

HEHIIBRRT T XTI F KRRV A X RTF U ORT 2 /B THH(2S,3R)-3-E FrF3-2F
n7a ) OERRIZEY AT, ARRIZH T > TIXARMBL L5 0FNAE TV R— L 285 L
L7z,

AL =7 FELTWDHRS3R)-3-E FaFx3-AF 7ol o a2a e L THWSZ &I
E0. BFRRET N RNV EITT 52 L2 A LTe, SO 2MFTOMERE, KE 5 4&EM
THZEILEY, WFE T3% « T AT UAEIRME 95:5 « =F U F A IRIRNME 88% ee (ICTHIYE T A1
IMEDMG BTz, REUSIZ L > TR LN TEAMINMAZ & 5124 TRROERZ#CT(2S,3R)-3-t K& -3-
AFNT vl O RRIZEY) L7z (Scheme 5-1),

Scheme 5-1. Synthesis of (2S,3R)-3-hydroxy-3-methylproline

; w5
4 HO. [jii;v/ yield 73%
)I\AN/\W ) N OH Zis:trans = 95:5
'i's o then reduction I 88% ee

Ts

/jiw/«\ OHMePro Z.OH s .OH
ol (5 (%
H 2% —_—
N N~ TCHO N~ ~COOH
|
Ts O Ts H
(2S,3R)-3-hydroxy-3-methylproline

TV UZBRT A A=A MEERET O AT R B IO AVTFRY CEEORE R
ZEICH D ALA T B EIZ B T o TUIAMABIZ L5 RE TP~ A ATV R—= ARG E 8GR & LTz,
Tul) XV EGICHEENRERY 7 2= T 0] )= ) 2 F v =T L a il LTHN
TARET <A T NT IV R—=/L&BITo o fER, IUE quant. « =) > F A EIRNME 99% ee ICTHIIE T2
AT NIz, D%, FONIATIMEDEREEHRZITS 2 & T= MU MK E 37z, Lo
L7eRNH= N ULAIRIZEAD b7 U ABLE TIE R YARBE Th oo/, HI - lSEIC L 5 5%
AL ZFE 2 MRET L2 N 7 VAR EFRNC G 25 Z LIXTE R olz, N IIVEEDNHRREE R Z O
ELTEZOLNIEZEND MUV ERET D2 EICL 0 B EIT L, 2T LTELORZM b
IVIROERREEIEZITH Z & T, vATFRY U~ LFERRARTRIKREZ G L, vV TFRY VO
BB A B A 12K L 72 (Scheme 5-2),
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Scheme 5-2. Synthesis of Martinelline

o]
O
[ ). OTES Q

MeOzC H . H N ”Ilﬁph MGOZC A H
NHT - - H
s ',,//\/ ~

CH4CN ? Boe
NHBoc quant., 99% ee

"Boc then cyclization

N NH o
R= g)\/\ J\ Martinelline
H NH,

O HN
MeoZC\@fﬁ“\\\CN y detosylation M602C\©(9 HCI
N N H -~ NH2

HAUN—NA NI T e R T REOWER I Y HBES N EE T I BkEThy, 7s
: Eovey

IVIREERT A=A MERIC K DM FEFARIEAZA L T D, EFEL A =" D2
WOKMATE, TINT IVBILOFINANEIRT 7 2 LOMBRA 2 ATHE

k& B¥e L CHFZEIC
SBIIE LT IMRD =R

{tt{{ Hoveyda-Grubbs filtiit & 2 Z S L W IR L IS EIT LT, 4
F b, ZEO S\2 ISR THE A =31 DA B (Scheme 5-3),

Scheme 5-3. Synthesis of Dysiherbaine

N
~ (-
Boc g (0] CH,Cl,

[\
~N I\l\Mes

Dysiherbaine
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ca.
Cbz

COD
CPME
CSA

Cy

dba

DBU

de

DEAD
DET
(DHQD),AQN
DIAD
DIBAL-H
DIPEA
DMA
DMAP
DMB
DME
DMF
DMP
DMPU
DMSO

dppp
dr

acetyl

ethyl acetate

2, 2’-azo bisisobutyronitrile
aqueous
9-borabicyclo[3.3.1]nonane
1,1°-bi-2,2’-naphthol
benzyl

tert-butoxycarbony
benzyloxymethyl
bis(2-o0x0-3-oxazolidinyl)phosphinic chloride
butyl

benzoyl

circa

benzyloxycarbonyl
1,5-cyclooctadiene
cyclopentyl methyl ether
camphorsulfonic acid
cyclohexyl
dibenzylideneacetone
1,8-diazabicyclo[5,4,0]lundec-7-ene
diastereomeric excess
diethyl azodicarboxylate
diethyltartarate

hydroquinidine (anthraquinone-1,4-diyl) diether

diisopropyl azodicarboxylate
diisobutylaluminum hydride
diisopropylethlamine
N,N-dimethylacetamide
4-(N,N-dimethylamino)pyridine
m-dimethoxybenzene
dimethoxyethane
dimethylformamide
Dess-Martin periodinane
N,N-dimethyl propylene urea
dimethyl sulfoxide
1,3-bis(diphenylphsphino)propane

diastereomeric ratio
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DTBMP
ee

equiv.
Et

FAB
HMPA
HOBt
HOOBt
HPLC

IC
IR

LDA
LHMDS

2,6-di-tert-butyl-4-methylpyridine
enantiomeric excess

equivalent

ethyl

fast atom bombardment (in mass spectrometry)
hexamethylphosphoric tiamide
1-hydroxybenzotriazole
hydroxy-3,4-dihydro-4-oxo-1,2,3-benzotriazine
high performance liquid chromatography
iso

inhibitory concentration

infrared

coupling constant (in NMR)
lithium diidopropylamide

lithium hexamethyldisilazidde
literature

liquid

mol/L

meta

meta chloroperbenzoic acid
methyl

mesityl

methoxymethyl

melting point

methanesulfonyl

Molecular Sieves

normal

N-bromosuccinimide

not determined

nuclear magnetic resonance
4-methyl morpholine N-oxide
nuclear overhauser effect

nosyl

para

palladium carbon

pyridinium dichromate

protecting group
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Ph phenyl

PPTS pyridiniu p-toluenesulfonate

Pr propyl

Py pyridine

quant quantitative

Red-Al sodium bis(2-methoxyethoxy) aluminum hydride
rt room temperature

SM starting material

t-BuOMe tert-butyl methyl ether

TBAF tetrabutylammmonium fluoride

TBAI tetra-n-butylammonium iodide
TBDPS tert-butyldiphenylsilyl

TBHP tert-buthyl hydroperoxide

TBME tert-buthylmethylether

TBS tert-butyldimethylsilyl

temp. temperature

TES triethylsilyl

t- tertiary

Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

TFAA trifluoroacetic anhydride

THF tetrahydrofuran

TLC thin layer chromatography

TMS trimethylsilyl

TMG 1,1,3,3-tetramethylguanidine

TPAP tetra-n-propylammonium perruthenate
Troc 2,2,2-trichloroethoxycarbonyl

Ts p-toluenesulfonyl

p-tolyl 4-methylphenyl

WSCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
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General

Melting points were measured with a SIBATA NEL-270 melting point apparatus. Infrared (IR) spectra were
recorded on a SIMADZU FT IR 8100 JASCO FT/IR-230 spectrophotometer. Optical rotations were measured on
a JASCO P-1020 polarimeter with a sodium lamp (589 nm) and were recorded as follows: [oc]DT (c, g/100 mL,
solvent).

NMR spectra were recorded on a JEOL JNM-GSX 400A spectrometer (400 MHz) and JNM-ECP-400
spectrometers (400 MHz). Chemical shifts are recorded in ppm from tetramethylsilane or chloroform as the
internal standard. Data were recorded as follows: chemical shift, integration, multiplicity (s = singlet, d = doublet,
t = triplet, q = quartet, br = broad, m = multiplet), coupling constant (Hz), and assignment. HPLC was carried out
with JASCO UV-970 (Detector) and PU-980 (Pump) high pressure liquid chromatography.

Analytical thin layer chromatography was performed on Merck Art. 5715, Kieselgel 60F254/0.25 mm
thickness plates. Visualization was accomplished with UV light and iodine, or phosphomolybdic acid-sulfonic
acid, cerium-phosphomolybdic acid, ninhydrin, and anisaldehyde solution followed by heating. Mass spectra
were obtained on a JEOL HX-110A (LR-FAB, HR-FAB, LREI) spectrometer, JEOL JMS-AX500 (FAB-LRMS)
spectrometer and JEOL JMS-AX505 (FAB-LRMS) spectrometer. Column chromatography was performed with
silica gel 60N (spherical, neutral) 40-50 um (Kanto Co.).

Reagents and solvents were purified by standard means or used as received otherwise noted.
Tetrahydrofuran (THF), Cyclpentyl methyl ether (CPME), t-butyl methyl ether (t-BuOMe), and diethyl ether
(Et;0) were distilled from sodium / benzophenone ketyl. Acetonitrile (MeCN), 1,2-dichloromethane
(CICH,CH,CI), dichloromethane (CH,Cl;), N,N-dimethylformamide (DMF), n-hexane, toluene, chloroform
(CHCl;), and N,N-dimethylsulfoxide (DMSO) were distilled from calcium hydride. Methanol (MeOH) and

ethanol (EtOH) were distilled from magnesium alkoxide.
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(2S,3R)- and (2R,35)-3-Hydroxy-3-methyl-1-(p-toluenesulfonyl)-pyrrolidine-2-carboxylic acid (45)

I"I
I"I

Q $.OH H,, Pd-C .OH
R HI\ DBU (L equiv.), THF / § MeOH [ §
TSHN” >CO,Bn + - -
| rt, 14 h N COBN g N" COH
43 44 Ts then CHCl3 Ts
52 45

Prepared according to the literature procedure'®.

(2S,3R)- and (2R,3S)-3-Hydroxy-3-methyl-1-(p-toluenesulfonyl)-pyrrolidine-2-carboxylic acid methyl ester (5)

--OH Mel (5 equiv.) $-OH
d KHCOj3 (5 equiv.) [1
COOH  DMF (0.5 M) COOMe

N N
Ts rt, 24 h Ts
45 53

To a stirred solution of 45 (12.6 g, 42.2 mmol) and KHCO; (21.1 g, 211 mmol) in DMF (84.4 mL) at room
temperature was added Mel (13.1 mL, 210 mmol). After being stirred for 24 h, the reaction mixture was diluted
with EtOAc (200 mL). The organic layer was washed with H,O and brine, dried over Na,SO,, filtered, and
concentrated in vacuo. The residue was purified by recrystallization from n-hexane/EtOAc to give methyl ester
53 (9.19 g, 29.3 mmol, 70%) as white solids: 'H-NMR (400 MHz, CDCls) & 1.29 (3H, s), 1.54 (1H, d, J = 0.8
Hz), 1.85 (1H, dd, J = 6.4, 12.8 Hz), 2.42 (3H, s), 2.12 (1H, ddd, J = 8.8, 10.8, 12.8 Hz), 3.41 (1H, ddd, J = 6.8,
8.8, 10.8 Hz), 3.65 (1H, dt, J = 1.6, 8.8 Hz), 3.74 (3H, s), 4.07 (1H, d, J = 0.8 Hz), 7.31 (2H, d, J =8 Hz), 7.75
(2H, d, J = 8.4 Hz).

(2S,3R)- and (2R,35)-3-Hydroxy-3-methylproline (54)

SOH 6N HCI (0.1 M) 3, OH
{ S reflux, 49 h _
COOMe <N§‘COOH

'}I then Dowex 50W H

Ts
53 54
A stirred mixture of 53 (8.52 g, 27 mmol) in 6 N HCI (270 mL) was refluxed for 49 h. After cooling, the

reaction mixture was concentrated in vacuo to give the crude hydrochloride salt. The hydrochloride salt was
charged on Dowex 50W x 4 resin (H' form) and eluted with 2 M aqueous pyridine to give pure 54 (2.65 g, 18.3
mmol, 68%) as yellow-brown solids: "H-NMR (400 MHz, D,0) 6 1.32 (3H, s) 1.87-2.04 (2H, m) 3.28-3.50
(2H, m) 3.75 (1H, s).
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(2S,3R)- and (2R,3S)-3-Hydroxy-3-methyl-pyrrolidine-1,2-dicarboxylic acid-1-tert-butyl 2-methyl ester (55)

1) Boc,O (1 equiv.)
Na,COs3 (2 equiv.) OH

OH dioxane/H,0 (1/1, 0.2 M)
[ S i, 18.5 h [ S
N~ ~COOH > COOMe

14,
14,

’
1

4

H 2) Mel (2 + 2 equiv) I}I
KHCOj3 (2 + 2 equiv.) Boc

54 DMF (0.44 M) 55
t, 23 h

To a stirred solution of 54 (1.95 g, 13.4 mmol) and Na,COj; (2.86 g, 27.0 mmol) in 1,4-dioxane (33mL) and
H,0 (33 mL) at room temperature was added portionwise Boc,O (2.94 g, 13.5 mmol). After being stirred for
18.5 h, the reaction mixture was concentrated in vacuo to half volume. The residue was diluted with ethyl
acetate (100 mL), washed with 10% aqueous citric acid and brine (20 mL), dried over Na,SOy, filtered, and
concentrated in vacuo to give yellow-brown solids (3.27 g). This material was used for next reaction without
further purification.

To a stirred solution of the carboxylic acid (3.27 g) and KHCO; (2.64 g, 26.3 mmol) in DMF (30 mL) at room
temperature was added Mel (1.7 mL, 26.3 mmol). After 8 h, additional Mel (1.7 mL, 26.3 mmol) and KHCO;
(2.56 g, 25.5 mmol) was added. After further 15 h, the reaction was quenched with saturated aqueous NH,4Cl,
and resulting mixture was extracted with EtOAc (80 mL x 2), washed with brine, dried over Na,SQy, filtered,
and concentrated in vacuo. The residue was purified by silica gel column chromatography (n-hexane/EtOAc =
1/1) to give 55 (3.39 g, 13.1 mmol, 98% in 2 steps) as a yellow oil: 'H-NMR (400 MHz, CDCl;) & 1.31 and
1.33 (3H, s), 1.39 and 1.45 (9H, s), 1.89-2.06 (2H, m), 3.52-3.76 (2H, m), 3.73 (3H, s), 4.12 and 4.21 (1H, s).

(2S,3R)- and (2R,3S)- 3-Hydroxy-3-methyl-pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl 2-methyl ester (55)

vy,
14y

OH . =, OH
L—i Chirazyme L-2, c-f 4—;
hosphate buffer solution (pH =7
N~ ~coome P (PH=T7) N~ ~COOMe
| ) |
Boc 60 °C, 11.5h Boc
55 55

To a stirred solution of 55 (204 mg, 0.79 mmol) in phosphate buffer solution (pH 7, 7.8 mL) at room
temperature was added Chirazyme L-2, c-f (365 mg). After being stirred for 11.5 h at 60 °C, the reaction
mixture was filtered, and the filtrate was extracted with EtOAc. The organic layer was dried over Na,SOy,
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 2/1) to give 55 (89.4 mg, 0.34 mmol, 44%) as a yellow oil: "H-NMR (400 MHz, CDCl3) 6
1.31 and 1.33 (3H, s), 1.39 and 1.45 (9H, s), 1.89-2.06 (2H, m), 3.52-3.76 (2H, m), 3.73 (3H, s), 4.12 and 4.21
(1H, s).
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(2S,3R)- and (2R,3S)-3-Hydroxy-3-methyl-1-(p-toluenesulfonyl)-pyrrolidine-2-carboxylic acid (45)

R TsCl (1.1 equiv.) .
S OH NaHCOj3 (2.4+1.1 equiv.) I OH

OH 3
m 6N HCl d H,0, Et,0 d
COOH } COOH

y

N COOMe reflux, 105h N rt, 18.5 h N
Boc H ha Ts
o 56 45

A stirred mixture of 55 (20.0 mg, 77.1 pumol) in 6 N HCI (0.7 mL) was refluxed for 10.5 h. After cooling, the
reaction mixture was concentrated in vacuo to give hydrochloride salt 56 as a yellow oil. The crude residue was
dissolved in Et,O (0.25 mL) and H,O (0.25 mL). TsCl (16.0 mg, 83.9 umol) and NaHCO; (15.6 mg, 185.7
pmol) were added to the mixture at room temperature. After 3 h, additional Et,O (0.5 mL), H,O (0.5 mL) and
NaHCOs; (7.1 mg, 84.5 umol) were added. And, after further 1 h, additional NaHCOs; (44.4 mg, 528.5 pumol)
was added. After further 14.5 h, the reaction mixture was acidified with 6 N HCI, and extracted with CH,Cl, (20
mL x 3). The organic extracts were washed with brine (10 mL), dried over Na,SQO,, filtered, and concentrated in

vacuo to give 45 (18.6 mg) as white solids. This material was used for next reaction without further purification.

(1S,5R)-and (1R,5S)-5-Methyl-2-(p-toluenesulfonyl)-6-oxa-2-aza-bicyclo[3.2.0]-heptan-7-one (57)

N WSCI (1.7 equiv.) N
:,OH DMAP (0.2 equiv.) 2.0
. —

COOH T o
’}I rt, 9 h I}I
Ts Ts
45 57

To a stirred solution of 45 (18.6 mg) and DMAP (1.7 mg, 13.9 umol) in CH,Cl, (0.6 mL) at 0 °C was added
WSCT (25.1 mg, 131 umol). After being stirred for 9 h at room temperature, the reaction was quenched with
10% aqueous citric acid and the resulting mixture was extracted with EtOAc. The combined organic layers were
washed with saturated aqueous NaHCOj5 and brine, dried over Na,SO,, filtered, and concentrated in vacuo. The
crude product was purified by silica gel column chromatography (n-hexane/EtOAc = 2/1) to give 57 (1.5 mg,
4.98umol, 6.5% in 3 steps) as white crystals: "H-NMR (400 MHz, CDCl3) 6 1.67 (3H, s), 1.80 (1H, ddd, J =
14.3,11.5, 8.3 Hz), 2.22 (1H, dd, J = 14.2, 6.2 Hz), 2.44 (3H, s), 3.15 (1H, dt, J = 11.6, 6.0 Hz), 3.99 (1H, dd, J
=112, 8.4 Hz), 5.08 (3H, s), 7.34 (2H, d, J = 8.0 Hz), 7.79 (2H, d, J = 8.4 Hz); >C-NMR (100 MHz, CDCl;)
620.64, 21.58, 35.17, 46.70, 73.51, 87.32, 127.87, 129.79, 134.81, 144.46, 164.48; LRMS (FAB, NBA) calcd
for C3H [ gNO4S : 282 (M+H+). Found : 282.

The HPLC analysis was carried out by using CHIRALCEL AD (n-hexane/i-PrOH = 65/35, 0.5 mL / min,
retention time for (1S,5R) : 18.1 min, (1R,5S) : 20.4 min).
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N-(2-Hydroxy-ethyl)-4-methyl-benzenesulfonamide (59)

TsCI (1 equiv.)
OH EtsN (1.8 equiv.) OH

o T

Prepared according to the literature procedure™.

To a stirred solution of ethanolamine (5 mL, 82.8 mmol) and Et;N (23 mL, 165 mmol) in CH,Cl, (60 mL) at
0 °C was added portionwise TsCl (17.36g, 91.1 mmol). After being stirred for 3.5 h at room temperature,
additional ethanolamine (1 mL, 16.6 mmol) was added. After further 2 h, the reaction was quenched with ice,
and extracted with EtOAc (150 mL x 2). The organic Isyers were washed with brine (50 mL x 2), dried over
Na,SO,, filtered, and concentrated in vacuo. The crude product was purified by silica gel column
chromatography (n-hexane/EtOAc = 1/2) to give 59 (14.19 g, 65.9 mmol, 72%) as a colorless oil: 'H-NMR
(400 MHz, CDCl;) 6 2.43 (3H, s), 2.46 (1H, t, J = 5.2 Hz), 3.06-3.10 (2H, m), 3.66-3.71 (2H, m), 5.32 (1H, t, J
=6.2 Hz), 7.31 (2H, d, J= 7.6 Hz), 7.76 (2H, d, J = 8.4 Hz).

N-(2-Hydroxyethyl)-4-methyl-N-(3-oxobutyl)benzenesulfonamide (60)

methyl vinyl ketone (1.0 equiv.)

Na,CO (2 equiv.) o)

L~ OH  MBUNCI (01:02+0.2equiv) )J\/\N ~_OH
+3 toluene 'i's
59 rt, 24 h 60

To a stirred solution of 59 (281 mg, 1.31 mmol), Na,CO; (289 mg, 2.73 mmol) and n-BuyNCl (36.6 mg, 0.132
mmol) in toluene (5 mL) at room temperature was added dropwise methyl vinyl ketone (0.11 mL, 1.32 mmol).
After being stirred for 6 h and 20 h at room temperature, additional n-BuysNCI (6 h : 71.0 mg, 0.255 mmol, 20
h : 72.5 mg, 0.261 mmol) was added respectively. After further 4 h, the reaction was quenched with saturated
aqueous NH4CI (5 mL), and extracted with EtOAc (30 mL). The organic layers were washed with brine (10 mL),
dried over Na,SO,, filtered, and concentrated in vacuo. The crude product was purified by silica gel column
chromatography (n-hexane/EtOAc = 1/1 to 1/2) to give 60 (310 mg, 1.08 mmol, 83%) as a colorless oil:
'H-NMR (400 MHz, CDCl3) & 2.18 (3H, s), 2.44 (3H, s) 2.73 (1H, s, br), 2,92 (2H, t, J = 7.0 Hz), 3.22 (2H, t, J
=5.2Hz),3.37 (2H, t,J = 6.8 Hz), 3.76 (2H, d, J=4.0 Hz), 7.33 (2H, d, J = 8.0 Hz), 7.69 (2H, d, J = 8.0 Hz).

N-Allyl-4-methyl-N-(3-oxobutyl)benzenesulfonamide (63a)

e) Na,CO3 (2 equiv.)

. (@]
[CH3(CH,)s]4,NCI (0.1 equiv.)
)ﬁ + HN/\/ toluene > )J\/\N/\/
! I
Ts 0°Ctort, 4.5h Ts
62 63a
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To a stirred solution of 62 (14.0 g, 66.3 mmol), Na,COs3 (14.2 g, 134 mmol), and n-BuyNCl (1.75 g, 6.30 mmol)
in toluene (150 mL) at 0°C was added dropwise methyl vinyl ketone (5.6 mL, 67.27 mmol). After being stirred
for 4.5 h at room temperature, the reaction was quenched by saturated aqueous NH4Cl (100 mL). The reaction
mixture was extracted with EtOAc (200 mL), washed with brine (50 mL), dried over with Na,SQO,, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (n-hexane/EtOAc =
1.9/1) to give 63a (21.2 g, 75.3 mmol, quant.) as a colorless oil: IR (neat) 3962, 3854, 3749, 3629, 2927, 2007,
1713, 1597, 1419, 1336, 1153, 1091, 1015, 904, 815, 732, 661 cm™'; 'H-NMR (400 MHz, CDCl;) & 2.13 (3H, s),
242 (3H, s), 2.80 (2H, t, J = 7.4 Hz), 3.31-3.35 (2H, dt, J = 7.4, 1.2 Hz), 3.78 (2H, dd, J = 6.4, 1.2 Hz),
5.12-5.21 (2H, m), 5.58-5.69 (1H, m), 7.31 (2H, d, J = 9.6 Hz), 7.67-7.69 (2H, dd, J = 8.2, 1.8 Hz); "C-NMR
(100 MHz, CDCls) & 21.25, 29.94, 42.22, 43.16, 51.55, 118.86, 126.96, 129.56, 132.87, 136.19, 143.25, 206.53;
HRMS (FAB, NBA) calcd for C;4H,0NO;S : 282.1164 (M+H"). Found : 282.1191.

The representative procedure for dihydroxylation of alkene and oxidative clevage (A)

4-Methyl-N-(3-oxobutyl)-N-(2-oxoethyl)-benzenesulfonamide (61a)

0] 0s0y4 (0.05 equiv.) 0o
)J\/\ NMO (1.8 equiv.) )J\/\
N acetonelH,0 = 4/1
\ 0= N ow
Ts 0°Ctor, 2h Ts OH
63a

NalOy4 (2.0 equiv.)

H
THF/buffer . N/\n/

|
rt,2h Ts O
6la

To a stirred solution of 17a (4.00 g, 14.23 mmol), NMO (5.9 mL, 25.2 mmol, 50% in H,O) in acetone (22.4 L)
and H:0O (5.6 mL) at 0 °C was added OsO4 (7.1 mL, 0.71 mmol, 0.1 M in t-BuOH). After stirred for 1.5 h at

room temperature, the reaction was quenched with Na,S,0, at 0 °C. The mixture was extracted with CH,Cl,
(150 mL X 2), washed with brine (20 mL), dried over Na,SQO,, filtered and concentrated in vacuo to give diol
(3.90 g, 12.35 mmol) as a brown oil of which the purity was enough to use for the next reaction without further
purification: '"H-NMR (400 MHz, CDCl;) & 2.18 (3H, s), 2.44 (4H, s), 2.92 (2H, dt, J = 6.8, 4.8 Hz), 3.36 (2H,
dt,J=7.4,4.0 Hz), 3.64 (1H, dd, J = 11.6, 4.4 Hz), 3.70-3.74 (2H, dd), 3.88-3.91 (1H, m), 7.34 (2H, d, J=8.0
Hz), 7.69 (2H, d, J = 8.4 Hz).

To a stirred solution of diol (200 mg, 634 umol) in phosphate buffer (pH 7, 0.5 mL) and THF (2mL) at 0 °C was
added NalO4 (272 mg, 1.27 mmol). After stirred for 2 h at room temperature, the reaction mixture was quenched
with phosphate buffer (pH 7, 2 mL), and the mixture was extracted with EtOAc (30 mL), washed with
phosphate buffer (pH 7, 5mLx2), washed with brine (5 mL), dried over Na,SQy, filtered and concentrated in
vacuo to give 61a (175.0 mg, 618 pumol) as a yellow oil which was used for the next reaction without further
purification. The analytical sample was recrystallized from Et,O to give white solids: mp 62.0-65.0 °C; IR
(KBr) 2843, 1725, 1708, 1598, 1407, 1329, 1280, 1151, 1112, 1088, 1059, 1027, 943, 894, 813, 773, 751, 708,
681 cm™'; 'H-NMR (400 MHz, CDCl;) & 2.14 (3H, s), 2.43 (3H, s), 2.86 (2H, t, J = 6.2 Hz), 3.37 (2H, t, J = 6.2
Hz), 3.98 (2H, d, J = 0.8 Hz), 7.33 (2H, d, J = 8 Hz), 7.68 (2H, d, J = 8.4 Hz), 9.52 (1H, d, J = 1.2 Hz);
BC-NMR (100 MHz, CDCls) & 21.42, 30.00, 43.69, 44.74, 58.94, 127.25, 129.83, 135.31, 143.99, 197.62,
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206.73; HRMS (FAB, NBA) calcd for Ci3H;sNO,S : 284.3524 (M+H"). Found : 284.0956.

The representative procedure for intramolecular asymmetric aldol reaction catalyzed by
(25,3R)-3-hydroxy-3-methylproline (B)
2-Hydroxymethyl-3-methyl-1-(toluene-4-sulfonyl)-pyrrolidin-3-ol (66a)

o 1) OHMePro (5 mol%) OH
H,O (5 equiv.), THF &/OH
)J\/\NAH/H 0°Ctort, 55h
|
Ts O

N
> |

2) NaBH, (2 equiv.), EtOH Ts

6la )0°c,fﬁ quiv) 66a

To a stirred solution of 61a (73.7 mg, 260 pwmol) and H,O (23 pl, 1.28 mmol) in THF(1.3 mL) at 0 °C was
added (2S,3R)-3-hydroxy-3-methylproline (3.8 mg, 26.2 umol). After stirred for 5.5 h at room temperature
under an argon atmosphere, a solution of NaBH, (20.4 mg, 540 umol) in EtOH (1.3 mL) was added dropwise to
the reaction mixture at 0 °C. After 1 h at 0 °C, aqueous 2 M NaOH (1.3 mL) was added, and the mixture was
concentrated in vacuo. This resulting mixture was extracted with EtOAc (30 mL x 2), washed with brine (10
mL), dried over Na,SQ,, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 1/2) to give 66a as white solids (55.1 mg, 193, umol, 74%, 89% ee,
cis:trans = 95:5): mp 88.0-90.0 °C; [a]p™>" +57.2 (¢ 0.48 CHCls, 89% ece); IR (KBr) 3855, 3840, 3485, 3385,
2962, 2917, 2875, 1595, 1340, 1225, 1156, 1096, 1041, 979, 820, 666 cm™'; 'H-NMR (400 MHz, CDCl3) & 0.98
(3H, s), 1.46-1.53 (1H, ddd, J=12.5, 7.5, 6.4 Hz), 1.92 (1H, dt, J =12.8, 6.4 Hz), 2.45 (3H, s), 2.63 (1H, dd, J =
8, 5.2 Hz), 3.09 (1H, dd, J = 4.2, 3 Hz), 3.14 (1H, s), 3.21 (1H, ddd, J = 10.2, 7.4, 6.6 Hz), 3.61 (1H, ddd, J
=10.5, 7.3, 6.4 Hz), 3.93-3.98 (1H, m), 4.12 (1H, dt, J =12.4, 4.6 Hz), 7.35 (2H, d, J = 8.4 Hz), 7.72 (2H, d, J =
8.4 Hz); C-NMR (100 MHz, CDCl3) & 21.56, 26.32, 39.02, 46.89, 62.60, 67.39, 78.83, 127.53, 129.83, 133.18,
144.04; HRMS (FAB, NBA) calcd for Cj3H;oNO,S : 286.1113 (M+H"). Found : 286.1091.

The HPLC analysis was carried out by using CHIRALCEL AD (n-hexane/i-PrOH = 75/25, 0.5 mL / min,
retention time for (2R,3R) : 15.6 min, (25,3S) : 23.7 min. The diastereomeric ratio was determined by
comparison of integrated area of the peaks (Cis : 0.98 ppm, trans : 1.31 ppm in CDCls) in "H-NMR data of the

crude product.

N-Methoxy-N-methylacrylamide (68)

0 Me pyridine (2.2 equiv.) Q
CI)H + \|\I|H - HCI CHC|3 R Me\N)H
|
| OMe 0°Ctort,1h OMe|
67 68

Prepared according to the literature procedure®.

To a stirred solution of acryloyl chloride (19 mL, 234 mmol) and N,O-dimethylhydroxylamine hydrochloride
(25.2 g, 258 mmol) in chloroform (500 mL) at 0 °C was added dropwise pyridine (42 mL, 519 mmol). After
stirred for 1 h at room temperature, the mixture was concentrated in vacuo and 1 M aqueous HCI was added to
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the residue. The resulting mixture was extracted with a 1:1 mixture of ether and CH,Cl, (700 mL x 2). The
organic layers were washed with saturated aqueous NaHCO; (100 mL) and brine (100 mL), dried over Na,SOy,
filtered and concentrated in vacuo. The crude product was distilled to give the amide 68 (12.7 g, <104 mmol, bp
82-83 °C under 63 mmHg) containing small amount of pyridine which was used for the next reaction without

further purification.

3-[Allyl-(toluene-4-sulfonyl)-amino]-N-methoxy-N-methylpropionamide (69)

Q DBU (0.8 equiv.) Q
Me\N)H + H’\Il/\/ CH4CN Me\NJk/\N/\/
| | |
OMe| Ts 0°Ctort 22 h OMe Ts
68 62 69
0.4 equiv.

To a solution of 68 (12.7 g, <104 mmol) and 62 (20 g, 94.7 mmol) in CH;CN (200 mL) at 0 °C was added
dropwise DBU (2.8 mL, 18.9 mmol). After stirred for 22 h at room temperature, the reaction was quenched with
saturated aqueous NaHCO; (50 mL) and the mixture was diluted with EtOAc (500 mL x 2). The organic layers
were dried over with Na,SOy, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc =2/3) to give ketone 69 (28 g, 85.8 mmol, 37% in 2steps from acryloyl
chloride) as a colorless oil: IR (neat) 2978, 2938, 1660, 1597, 1419, 1389, 1339, 1158, 1091, 990, 923, 816, 746,
664 cm™'; "TH-NMR (400 MHz, CDCl3) & 2.43 (3H, s), 2.80 (2H, t, J = 7.4 Hz), 3.16 (3H, s), 3.40 (2H, t, J = 7.6
Hz), 3.69 (3H, s), 3.83 (2H, dt, J = 6.4, 1.2 Hz), 5.14 (1H, dq, J = 10.0, 1.4 Hz), 5.19 (1H, dq, J = 17.2, 1.4 Hz),
5.65 (1H, ddt, J = 17, 10.2, 6.5 Hz), 7.30 (2H, d, J = 8 Hz), 7.71 (2H, d, J = 8 Hz); C-NMR (100 MHz,
CDCly): 621.42, 31.92, 32.31, 43.31, 51.79, 61.25, 119.07, 127.13, 129.65, 132.99, 136.46, 143.27, 172.00;
HRMS (FAB, NBA) calcd for C;sH2»N,0,S : 327.1379 (M+H"). Found : 327.1358.

The representative procedure for Grignard Reaction (C)

N-Allyl-4-methyl-N-(3-oxopentyl)-benzenesulfonamide (63c)

Et,0
Etl + M > EtMgl
reflux, 30 min - 2 equiv.
0 L 9
Me\NJ\/\N/\/ _ \)J\/\N/\/

' ' Et,0 1

OMe Ts o
69 O0°Ctort, 4.5h

To a mixture of Mg (83.2 mg, 3.42 mmol) in Et,O (1 mL) at room temperature was added dropwise a solution
of EtI (250 pl, 3.22 mmol) in Et,O (1 mL) under an argon atmosphere and the resulting mixture was heated to
reflux for 30 min. This prepared Grignard reagent he solution was cooled to room temperature to give grignard
reagent in Et,O. This Grignard reagent (1.6 M in Et,0, 0.5 mL, 0.8 mmol) was added to a solution of Weinreb
amide 69 (130.2 mg, 0.40 mmol) in Et,O (0.5 mL) at 0 °C under an argon atmosphere. After stirred for 4.5 h at
room temperature, the reaction was quenched with saturated aqueous NH4Cl (1 mL) and the resulting mixture
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was extracted with EtOAc (25 mL). The organic layer was washed with brine (7 mL), dried over Na,SOy,
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc= 4/1) to give 63cC as a yellow oil (106 mg, 360 umol, 90%): IR (neat) 2978, 2938, 1713, 1643,
1597, 1494, 1451, 1418, 1379, 1340, 1305, 1218, 1158, 1091, 1037, 993, 921, 872, 847, 816, 756, 662 cm';
'H-NMR (400 MHz, CDCl;) & 1.04 (3H, t, J = 7.4 Hz), 2.39-2.45 (5H, m), 2.78 (2H, t , J = 7.4 Hz), 3.33 (2H, t,
J=7.4Hz),3.78 (2H, dt, J = 6.4, 1.2 Hz), 5.12-5.20 (2H, m), 5.59-5.69 (1H, m), 7.31 (2H, d, J = 8.0 Hz), 7.69
(2H, d, J = 8.4 Hz); "C-NMR (100 MHz, CDCL): & 7.54, 21.48, 36.20, 42.25, 42.52, 51.92, 119.12, 127.16,
129.72, 133.04, 136.26, 143.40, 209.61; HRMS (FAB, NBA) calcd for C;sHyNO;S : 296.1320 (M+H)).
Found : 296.1306.

4-Methy-N-(2-oxoethyl)-N-(3-oxopentyl)benzenesulfonamide (61c)

1) OsOy4 (4 mol%)

o NMO (1.8 equiv.) o
\)J\/\ o~ acetone, Hzﬁ \)J\/\ Y
O0°Ctort,3
N N
Ts 2) NalO,4 (2 equiv.) Ts O
63c THF, buffer 61c
rt, 2.5 h

Prepared according to the representative procedure A described above. 83% yield as a colorless oil. The
aldehyde was used for next reaction without further purification: "H-NMR (400 MHz, CDCl3) 6 1.05 (3H, t, J =
7.4 Hz), 2.41-2.47 (SH, m), 2.85 (2H, t, J = 6.4 Hz), 3.39 (3H, t, J = 6.2 Hz), 4.00 (2H, s), 7.33 (2H, d, J = 8.8
Hz), 7.68 (2H, d, J = 8.4 Hz), 9.52 (1H, s).

N-Allyl-4-methyl-N-(3-oxophenylpropyl)benzenesulfonamide (63b)

0 PhMgBr (2 equiv.) 0
MeO\NJJ\/\N/\/ Et,O N Phk/\N/\/
| Ts 0°Ctort,2h Ts

69 63b

Prepared according to the representative procedure C described above. 88% yield as a colorless oil: "H-NMR
(400 MHz, CDCl3) 6 2.43 (3H, s), 3.36 (2H, t, J = 7.4 Hz), 3.51 (2H, t, J = 7.4 Hz), 3.85 (2H, d, J = 6 Hz), 5.15
(1H, dd, J=1.0, 10.2 Hz), 5.20 (1H, dd, J = 1.4, 10.2 Hz), 5.69 (1H, ddt, J= 6.4, 10.2, 16.6 Hz), 7.30 (2H, d, J
=7.6 Hz), 7.47 (2H, t,J = 7.6 Hz), 7.71 (2H, d, J= 7.6 Hz), 7.93 (2H, d, J = 7.2 Hz).

4-Methy-N-(2-oxoethyl)-N-(3-oxophenylpropyl)benzenesulfonamide (61b)

1) OsO4 (5 mol%)
NMO (1.8 equiv.)

o acetone, H,0 O
rt, 4.5h
Ph)]\/\N/\/ . Ph)J\/\N/\[rH
Ts 2) NalOy (2 equiv.) Ts O
63b THF, buffer 61b
O0°Ctort,35h
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Prepared according to the representative procedure A described above. 72% yield as a colorless oil. The
aldehyde was used for next reaction without further purification: 'H-NMR (400 MHz, CDCl;) & 2.44 (3H, s),
3.43 (2H, t,J = 6.4 Hz), 3.59 (2H, t, J = 6.4 Hz), 4.07 (2H, s), 7.33 (2H, d, J = 8.4 Hz), 7.48 (2H, t, J = 7.6 Hz),
7.59 (1H,t,J="7.6 Hz), 7.71 (2H, d, J = 8.0 Hz), 7.93 (2H, d, J=7.6 Hz), 9.55 (1H, d, J = 1.2 Hz).

N-Allyl-4-methyl-N-(6-methyl-3-oxoheptyl)benzenesulfonamide (63d)

o] ) O
Me\N)J\/\N/\/ (CH3)2CH(CH2)2MgBr (4.8 equiv.) _ WNV
| | ° |
OMe Ts Et,0,0°Ctort,6h Ts
69 63d

Prepared according to the representative procedure C described above. 78% yield as a colorless oil: IR (neat)
2956, 2870, 1712, 1655, 1598, 1494, 1450, 1418, 1384, 1342, 1305, 1159, 1091, 1048, 987, 922, 816, 755, 662
cm’'; "TH-NMR (400 MHz, CDCl;) & 0.88 (6H, dd, J = 6.4, 1.2 Hz), 1.40-1.55 (6H, m), 2.38 (2H, t, J = 7.8 Hz),
242 (3H, s), 2.78 (2H, t, J = 7.4 Hz), 3.33 (2H, t, J = 7.4 Hz), 3.79 (2H, d, J = 6.4 Hz), 5.12-5.20 (2H, m),
5.59-5.69 (1H, m), 7.30 (2H, d, J = 7.2 Hz), 7.68 (2H, d, J = 7.6 Hz); "C-NMR (100 MHz, CDCl;) & 21.30,
22.13, 27.43, 32.19, 40.95, 42.29, 51.69, 118.92, 126.99, 129.57, 132.91, 136.21, 143.23, 209.19; HRMS (FAB,
NBA) calcd for C;sH»;NO;S : 338.1790 (M+H"). Found : 338.1781.

4-Methyl-N-(6-methyl-3-oxoheptyl)-N-(2-oxoethyl)benzenesulfonamide (61d)

1) 0sOy4 (1 mol%)
o NMO (1.8 equiv.)

acetone, H,0 o
AN O0°Ctort,8h _ H
Ts 2) NalO4 (2.1 equiv.) Ts O
63d THF, buffer 61d
0°Ctort,3.5h

Prepared according to the representative procedure A described above. Quant. yield as a colorless oil. The
aldehyde was used for next reaction without further purification. 'H-NMR (400 MHz, CDCl5) 6 0.89 (6H, d, J =
6.4 Hz), 1.41-1.54 (3H, m), 2.40 (2H, t, J = 7.8 Hz), 2.44 (3H, s), 2.85 (2H, t, J = 6.4 Hz), 3.38 2H, t, J = 6.2
Hz), 4.00 (2H, d, J = 0.4 Hz), 7.33 (2H, d, J=8.0 Hz), 7.69 (2H, d, J = 8.4 Hz), 9.52 (1H, t, J = 1.0 Hz).

Benzyl allyl-(3-oxobutyl)-carbamate (63€)
CbzCl (2.0 equiv.)

O :
DMAP (0.1 equiv.) @)
HZN/\/ . |Hk Et;N (1+1 equiv.) )J\/\N/\/
THF Cbz
70 44 63e
1.4 equiv.

Prepared according to the literature Procedure®. 85% yield as a yellow oil: IR (neat) 3837, 3478, 2953, 1699,
1559, 1540, 1472, 1417, 1363, 1241, 1165, 1138, 1054, 997, 920, 769, 735, 697 cm™'; 'H-NMR (400 MHz,
CDCl; mixture of conformational isomer) 6 2.09 (3H, brs, minor isomer), 2.15 (3H, s, major isomer) , 2.67 (2H,
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brs, major isomer), 2.77 (2H, br, major isomer), 3.49 (2H, t,J = 6.4 Hz), 3.91 (2H, d, J=4.4 Hz), 5.12-5.14 (4H,
brs), 5.75-5.79 (1H, br), 7.29-7.37 (5H, m); BC-NMR (100 MHz, CDCl;, mixture of conformational isomer)
8 14.05, 20.88, 30.04, 41.34, 42.15, 42.46, 41.63, 50.30, 116.51, 117.08, 126.75, 127.28, 127.61, 127.80, 128.30,
128.33, 133.43, 133.59, 136.51, 141.07, 155.78, 170.97, 206.85, 207.24, 30.16, 41.43, 42.25, 42.55, 41.73,
50.40, 62.22, 67.05; HRMS (FAB, NBA) calcd for C;sHoNOj3 : 262.1443 (M+H"). Found : 262.1451.

Benzyl (3-oxobutyl)-(2-oxoethyl)carbamate (61e)
1) OsO4 (4 mol%)
NMO (1.8 equiv.)
(0] acetone, H,0O (@]

)J\/\N/\/ 0°Ctort, 8h )K/\N/\H/H

é 2) NalO, (2 equiv.) !

63e

THF, buffer
0°Ctort, 2h, 6le

Prepared according to the representative procedure A described above. 83% yield as a yellow oil. The aldehyde
was used for next reaction without further purification: 'H-NMR (400 MHz, CDCls, mixture of conformational
isomer) 0 2.10 (3H, s, minor), 2.15 (3H, s, major), 2.74 (2H, t, J = 6 Hz, minor), 2.84 (2H, t, J = 6 Hz, major),
3.53-3.57 (2H, m), 4.19 (2H, s, major), 4.21 (2H, s, minor), 5.08 (2H, s, major), 5.17 (2H, s, minor), 7.25 (5H,
m), 9.49 (1H, s, major), 9.55 (1H, s, minor).

Allyl-(3-oxobutyl)-carbamic acid tert-butyl-ester (63f)

(0] 1) DMAP (0.1 equiv.) (0]

THF, t,25h
1 1 /
o PPN

2) Boc,0 (1.5 equiv.) !

70 44 0°Ctort,55h 63t

To a stirred solution of DMAP (73.3 mg, 0.60 mmol) and methyl vinyl ketone (0.75 mL, 9.00 mmol) in THF
(30 mL) at room temperature was added dropwise allylamine (0.45 mL, 6.00 mmol). After stirred for 2.5 h,
Boc,O (1.97 g, 9.03 mmol) was added to the reaction mixture at 0 °C. After further 5.5 h, the reaction was
quenched with 10% aqueous citric acid. The resulting mixture was extracted with EtOAc (100 mL), washed
with brine (20 mL), dried over Na,SOy, filtered, and concentrated in vacuo. The residue was purified by silica
gel chromatography (n-hexane/EtOAc = 2/1) to give 63f (929 mg, 4.09 mmol, 68%) as a colorless oil: 'H-NMR
(400 MHz, CDCl3) 6 1.52 and 1.54 (9H, s), 2.17 and 2.17 (3H, s), 2.76 and 2.84 (2H, t, J = 6.4 Hz), 3.49 and
3.51 (2H,t,J="7.0 Hz), 3.91 and 3.94 (2H, d, J = 5.8 Hz), 5.19-5.26 (2H, m), 5.72-5.85 (1H, m).
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(3-Oxobutyl)-(2-oxoethyl)-carbamic acid tert-butyl ester (61f)

1) OsO4 (6 mol%)
NMO (1.7 equiv)
0] acetone, H,0O o)

O°Ctort,7h
! 2) NalO4 (2.2 equiv.) !
Boc THF, buffer Boc O
63f 0°Ctort, 2h 61f

Prepared according to the representative A described above. 46% yield as a yellow oil. The aldehyde was used
for next reaction without further purification: "H-NMR (400 MHz, CDCl3) 6 1.40 and 1.48 (9H, s), 2.15 and
2.16 (3H, s), 2.74 and 2.80 (2H, t, J = 6 Hz), 3.48 and 3.51 (2H, t, J = 6 Hz), 4.05 and 4.10 (2H, s), 9.49 and
9.53 (1H, s).

N-Allyl-N-(3-oxobutyl) phenylmethanesulfonamide (63g)

BnSO,CI (2 equiv.) methyl vinyl ketone (1.4 equiv.) @]
EtzN (1.1 equiv.) Na,CO3 (2 equiv.) )J\/\
N~ DMAP (0.05 equiv) Hv/A\¢¢? n-BusNCI (0.05 equiv.) - N/A\<4?
0 °C to rt, 40 min SO2Bn toluene SO2Bn
70 72 0°Ctort,11h 639

To a stirred solution of allyl amine (0.1 mL, 1.33 mmol), Et;N (0.2 mL, 1.43 mmol) and DMAP (8.1 mg, 66.3
pmol) in CH,Cl, (2.7 mL) at 0 °C was added BnSO,Cl1 (253 mg, 1.33 mmol). After stirred for 40 min at room
temperature, the reaction was quenched with saturated aqueous NH4Cl (2 mL) and the resulting mixture was
extracted with EtOAc (20 mL). The organic layed was washed with brine (5 mL), dried over Na,SO,, filtered,
and concentrated in vacuo. The residue was used for the next step without further purification. To a mixture of
the above crude product, Na,CO; (282 mg, 2.66 mmol), and n-BuyNCI (18.4 mg, 66.2 umol) at 0 °C in toluene
(7 mL) was added dropwise 3-butene-2-one (150 uL, 1.80 mmol). After stirred for 11 h at room temperature,
the reaction was quenched with water (7 mL), and the resulting mixture was extracted with EtOAc (25 mL).
The organic layer was washed with brine (10 mL), dried over Na,SQy, filtered, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc = 1.5/1) to give 639 as a colorless
oil (396 mg, 1.41 mmol, quant.): IR (neat) 3628, 3065, 2979, 2926, 1714, 1646, 1559, 1542, 1496, 1456, 1418,
1382, 1335, 1202, 1149, 1127, 1019, 932, 826, 797, 738, 699 cm™'; 'H-NMR (400 MHz, CDCl;) § 2.09 (3H, s),
2.64 (2H,t,J =17.2 Hz), 3.28 (2H, t, J = 7.2 Hz), 3.59 (2H, d, J = 6.4 Hz), 4.24 (3H, s), 5.17 (1H, dd, J = 10.0,
1.2 Hz), 5.20 (1H, dd, J = 17.0, 1.4 Hz), 5.60 (1H, ddt, J = 17.2, 10.0, 6.7 Hz), 7.38 (5H, s); "C-NMR (100
MHz, CDCls) 6 30.12, 42.73, 43.54, 51.91, 57.83, 119.09, 128.75, 128.78, 129.00, 130.65, 133.62, 206.78;
HRMS (FAB, NBA) calcd for C14H;oNO;S : 282.1164 (M+H"). Found : 282.1164.
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N-(3-Oxobutyl)-N-(2-oxoethyl) phenymethanesulfonamide (619)

1) OsOy4 (4 mol%)
NMO (1.6 equiv.)

O acetone, H,O o
)J\/\N/\/ 0°Ctort, 4h )J\/\N/\H/H
| . |
BnO,S 2) NalOy (3.6 equiv.) BnO,S O
63 buffer, THF 61
9 0°Ctort,2.5h 9

Prepared according to the representative procedure A described above. 73% yield as a yellow oil. The aldehyde
was used for next reaction without further purification: 'H-NMR (400 MHz, CDCl3) 6 2.12 (3H, s), 2.73 (2H, t,
J=6.2 Hz),3.35 (2H, t, J=6.2 Hz), 3.93 (2H, s), 4.32 (2H, s), 7.39-7.44 (SH, m), 9.42 (1H, s).

3-Ethyl-2-hydroxymethyl-1-(toluene-4-sulfony) pyrrolidin-3-ol (66¢)

1) OHMePro (5 mol%) z

0 H,0 (5 equiv.), THF OH
\)J\/\NWH 0°Ctort, 24 h OH
|
Ts O

- N
2) NaBH, (2 equiv.), EtOH Ts

0°C,1h

61c 66¢C

Prepared according to the representative procedure B described above. 61% yield, dr = 90:10, 83% ee as white
solids: mp. 78-81 °C; [a]p™"*-63.3 (c 0.31 CHCls, 80% ee); IR (KBr) 3518, 3346, 2931, 1597, 1457, 1337,
1166, 1092, 1064, 1011, 812, 742, 711, 670 cm™; "H-NMR (400 MHz, CDCls) & 0.76 (3H, t, J = 7 Hz), 1.10
(1H, sextet, J = 7.2 Hz), 1.23 (1H, sextet, J = 7.3 Hz), 1.43-1.50 (1H, m), 1.81-1.88 (1H, m), 2.45 (3H, s),
2.92-2.95 (1H, m), 3.18-3.25 (3H, m), 3.59 (1H, dt, J = 10.4, 6.9 Hz), 3.90-3.96 (1H, m), 4.10 (1H, dt, J = 12.0,
4.6 Hz), 7.35 (2H, d, J = 8 Hz), 7.70 (2H, d, J = 8.4 Hz); "C-NMR (100 MHz, CDCly) & 7.67, 21.55, 31.55,
36.69, 46.91, 62.84, 65.98, 81.56, 127.50, 129.80, 133.42, 144.00; HRMS (FAB, NBA) calcd for C;4H,NO,S:
300.1270 (M+H"). Found : 300.1255.

The HPLC analysis of acetyl derivative was carried out by using CHIRALCEL AD (n-hexane/i-PrOH = 80/20,
0.3 mL / min, retention time for major isomer : 34.6 min, minor isomer : 38.2 min). The diastereomeric ratio
was determined by comparison of integrated area of the peaks (major : 0.77 ppm, minor : 0.90 ppm in CDCls)

in "H-NMR data of the purified product.

2-Hydroxymethyl-3-(3-methylbutyl)-1-(toluene-4-sulfonyl) pyrrolidin-3-ol (66d)

-

o 1) OHMePro (5 mol%) Z40OH
H,0 (5 equiv.), THF L—S\/OH
H 0°Ctort,24h
Ts O 2) NaBH, (2 equiv.), EtOH Ts
61d 0°C,1h 66d

Prepared according to the representative procedure B described above. 67% yield, dr = >99:1, 76% ee as white
solids: mp. 75-78 °C; [a]p™"®-51.8 (¢ 0.29 CHCls, 76% ee); IR (KBr) 3498, 3351, 2936, 1596, 1464, 1387,
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1335, 1228, 1163, 1090, 1037, 997, 822, 687, 655 cm™'; "H-NMR (400 MHz, CDCls) 8 0.72 (6H, t, J = 6.8 Hz),
0.94-1.12 (4H, m), 1.25 (1H, septet, J = 6.5 Hz), 1.50-1.57 (1H, m), 1.87 (1H, dt, J = 12.4, 7.3 Hz), 2.43 (3H, s),
2.90 (1H, br), 3.15-3.21 (3H, m), 3.56-3.62 (1 H, m), 3.92 (2H, d, J = 11.6 Hz), 4.08 (1H, d, J = 11.2 Hz), 7.73
(2H, d, J = 8.4 Hz), 7.75 (2H, d, J = 8.0 Hz); "C-NMR (100 MHz, CDCl;) & 21.48, 22.14, 22.41, 28.16, 31.94,
36.79, 36.94, 46.77, 63.01, 66.13, 81.14, 127.56, 129.82, 133.22, 144.05; HRMS (FAB, NBA) calcd for
C17H27NO,S : 342.1739 (M+H"). Found : 342.1712.

The HPLC analysis was carried out by using CHIRALCEL AD (n-hexane/i-PrOH = 85/15, 0.3 mL / min,
retention time for major isomer : 27.0 min, minor isomer : 31.1 min). The diastereomeric ratio was determined

'H-NMR data of the crude product.

Benzyl-3-Hydroxy-2-hydroxymethyl-3-methylpyrrolidine-1-carboxylate (66€)

1) OHMePro (5 mol%) 3

0] H20 (5 equiv.), THF OH
)J\/\N/\H/H 0°Ctort,48h OH

N
Cbz O 2) NaBH, (2 equiv), EtOH Chz
6le 0°C,1h 66e

Prepared according to the representative procedure C described above. 49% yield, dr = 89:11, 80% ee as a
colorless oil: [o]p™*"-45.4 (¢ 0.71 CHCls, 80% ee); IR (neat) 3388, 2964, 1671, 1558, 1456, 1418, 1118, 1035,
863, 697 cm'l; "H-NMR (400 MHz, C¢Dg, 60 deg, mixture of conformational isomer, major isomer) 6 0.95 (3H,
s), 1.18-1.23 (1H, m), 1.47-1.52 (1H, m), 3.16-3,96 (SH, m), 5.04 (1H, d, J =12 Hz), 5.14 (1H, d, J = 12.4 Hz),
6.95-7.35 (5H, m); BC-NMR (100 MHz, C¢Dg, mixture of conformational isomer, major isomer) 6 26.15, 38.71,
45.10, 62.13, 67.23, 68.10, 77.86, 137.24, 128.32, 128.69, 156.33; HRMS (FAB, NBA) calcd for C;7H;7NO,S :
266.1392 (M+H"). Found : 266.1383.

The HPLC analysis of N-tolunensulfonyl derivative was carried out by using CHIRALCEL AD
(n-hexane/i-PrOH = 75/25, 0.5 mL / min, retention time for major isomer : 15.6 min, minor isomer : 23.7 min).

The diastereomeric ratio was determined by yield of isolated product.

2-Hydroxymethyl-3-methyl-1-phenylmethanesulfonyl-pyrrolidin-3-ol (66g)

~

0 1) OHMePro (5 mol%) <= OH
)J\ﬂ H2O (5 equiv.), THF &/OH
N/A\H/H 0°Ctort 24 h

N
| - |
BnSOz O 2)NaBH, (2 equiv.), EtOH SO2Bn
61g 0°C,1h 669

Prepared according to the representative procedure C described above. 89% yield, dr = 94:6, 84% ee as white
solids: mp. 102-105 °C; [a]p>*® -24.3 (c 0.59 CHCls, 84% ee); IR (KBr) 3352, 2976, 2909, 2858, 1456, 1335,
1242, 1142, 1055, 932, 852, 792, 773, 742, 695, 662 cm’; 'H-NMR (400 MHz, CDCl3) & 1.34 (3H, s),
1.70-1.78 (1H, m), 1.87 (1H, ddd, J = 4.0, 6.6, 12.6 Hz), 2.46 (1H, t, J = 6.6 Hz), 3.27- 3.40 (4H, m), 3.76 (1H,
ddd, J=2.4,7.2,12.4 Hz), 3.86 (1H, ddd, J = 4.0, 6.4, 12.6 Hz), 4.28-4.36 (2H, m), 7.39-7.46 (5H, m);
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BC-NMR (100 MHz, CDCl3) & 26.25, 39.90, 47.28, 57.56, 61.08, 67.35, 79.55, 129.07, 128.93, 128.81,
130.67.; HRMS (FAB, NBA) calcd for C13HoNO,S : 286.1113 (M+H"). Found : 286.1094.
The HPLC analysis was carried out by using CHIRALCEL AD (n-hexane/i-PrOH = 75/25, 0.5 mL / min,
retention time for major isomer : 24.1 min, minor isomer : 16.1 min). The diastereomeric ratio was determined
by comparison of integrated area of the peaks (major : 1.34 ppm, minor : 1.42 ppm in CDCl;) in 'H-NMR data
of the purified product.

(1S,5R)-5-Methyl-2-(p-tolylsulfonyl)-6-oxa-2-azabicyclo[3.2.0]heptan-7-one (47)

/ﬂ\//\ 1) OHMePro (5 mol%) = OH

H 0 H

+N/\([)]/ H,O (5 equv.), THF N&«
S

2)0°Ctort, 7.5h Ts

6la

2-methyl-2-butene (3 equiv)

NaH,PO, (2 equiv.) = WSCI (1.6 equiv.) :
NaClO, (3 equiv.) s OH DMAP (0.15 equiv.) =0
t-BUOH/H,0 = 4/1 OH  cH.Cl, o
N N
0°Ctort,3h s O 0°Ctort,13.5h Ts
46 47

To a stirred solution of 61a (1.42g, 4.99 mmol) and H20 (450 ul, 25.0 mmol) in THF(25 mL) at 0 °C was
added (2S,3R)-3 Hydroxy-3-methylproline (27.0 mg, 186 umol) and the mixture was stirred for 7.5 h at room
temperature under an argon atmosphere. After the reaction mixture was concentrated in vacuo, the obtained
residue was dissolved in t-BuOH (20.5 mL) and H:0 (4.1 mL), and 2-methyl-2-butene (1.6 mL, 15.1 mml),
NaH:PO, (1.20 g, 9.97 mmol) and NaClO: (1.36 g, 15.0 mmol) were added portionwise to the mixture at 0 °C.
After stirred for 3 h at room temperature, the solution was acidified with aqueous HCI (1 N in H,0), extracted
with CH,Cl, (3 x 50 mL), dried over with Na,SOy, filtered, and concentrated in vacuo to give the carboxylic
acid 46.
To a stirred solution of the above carboxylic acid 46 and DMAP (152 mg, 1.24 mmol) in CH,Cl, (25 mL) was
added portionwise WSCI (1.55 g, 8.06 mml) at 0 °C. After stirred for 13.5 h at room temperature, the solution
was acidified with 10% aqueous citric acid, and extracted with EtOAc (100 mL). The organic layed was washed
with brine (30 mL), dried over Na,SOy,, filtered, and concentrated in vacuo. The residue was purified by silica
gel chromatography (n-hexane/EtOAc = 2/1) to give the lactone 47 (914 mg, 3.25 mmol, 66% yield in 3 steps)
as white solids. The solids were recrystallized from EtOAc/n-hexane to give white crystals (584 mg, 2.07 mmol,
42% yield, 98% ee): mp. 127-129 °C; [a]p>"®-127.1 (¢ 1.08 CHCL3); 'H-NMR (400 MHz, CDCls) & 1.67 (3H,
s), 1.80 (1H, ddd, J = 8.3, 11.5, 14.3 Hz), 2.22 (1H, dd, J = 6.2, 14.2 Hz), 2.44 (3H, s), 3.15 (1H, dt, J = 6.0,
11.6 Hz), 3.99 (1H, dd, J = 8.4, 11.2 Hz), 5.08 (3H, s), 7.34 (2H, d, J = 8.0 Hz), 7.79 (2H, d, J = 8.4 Hz);
BC-NMR (100 MHz, CDCl3) & 20.64, 21.58, 35.17, 46.70, 73.51, 87.32, 127.87, 129.79, 134.81, 144.46,
164.48; HRMS (FAB, NBA) calcd for C;3H;oNO,S : 282.0800 (M+H"). Found : 282.0772.
The HPLC analysis was carried out by using CHIRALCEL AD (n-hexane/i-PrOH = 65/35, 0.5 mL / min,
retention time for (1S,5R) : 18.1 min, (1R,5S) : 20.4 min).
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tert-Butyl-(6-oxohex- 4-enyl) carbamate (125)

@] @]
dNH dNBoc

Boc,0 (1.2 equiv.)

EEROEL

DIBAL-H(1.5 equiv.)

OH

DMAP (0.05 equiv.) THE
CH4CN, rt, 2 h _7g °
120 3 121 78°C, 1h 122
(0] OH
Ot DIBAL-H (2.2 equiv.) |
Ph3P=CHCO,Et (1.2 equiv.) CH,Cl,
toluene, 100 °C, 13 h -78°C,3h
NHBoc NHBoc
123 124
(@]
H
MnOZ, CH2C|2
rt, 12 h
NHBoc
125

Prepared according to the procedure of literature procedure®.

N-(4-Benzyloxy-2-formylphenyl)-4-methylbenzenesulfonamide (128a)

SOCl, (3.5 equiv.)
MeOH

HO \C[COZH

NH, rt, 48 h, then reflux, 4 h
126

Ho\[::]:COZMe

NH,

BnBr (1.1 equiv.)

TsCl (1.1 equiv.) HO CO,Me  NaH (1.1 equiv.) BnO CO,Me
NHTs o
1,5 h 17 0°C,15h NHTSs
LiBH4 (1.5 equiv.) Q
4 (1. . PDC (1.2 equiv.)
BnO BnO
THF o \[::]:”\OH CH,Cl, n H
reflux, 20 h NHTs rt, 33 h NHTs
128a

Prepared according to the procedure of literature procedure®.
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3-Bromo-4-(toluene-4-sulfonylamino)-benzoic acid methyl ester (134)

1) TsCl (1.2 equiv.)

MeO,C pyridine (0.33 M) MeO,C Br
\[::L 0°Ctort, 37 h j[:j:
NH NHTs

2 2)Br, (1.0 equiv.)
133 AcOH (0.22 M) 134
AcONa (4 equiv.)
rt, 24 h

To a stirred solution of methyl p-aminobenzoate (500 mg, 3.31 mmol) in pyridine (10 mL) at 0 °C was added
p-toluenesulfonyl chloride (761 mg, 3.99 mmol) and the mixture was allowed to gradually warm to room
temperature. After stirring the mixture for 37 h, the mixture was quenched with H,O (5 mL), and the resulting
mixture was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SO,, filtered and
concentrated in vacuo to give tosylamide (1.34 g) as pink solids, which was used for next reaction without
further purification: "H-NMR (400 MHz, CDCl3) 6 2.38 (3H, s), 3.87 (3H, s), 6.66 (1H, s), 7.11 (2H, d, J = 8.8
Hz), 7.25 (2H, d, J=9.6 Hz), 7.70 (2H, d, J=8.4 Hz), 7.92 (2H, d, J = 8.8 Hz);

Bromine (0.17 mL, 3.32 mmol) was slowly added to a stirred solution of the above tosylamide (1.34 g) and
NaOAc (1.09 g, 13.3 mmol) in AcOH (15 mL) at room temperature. After stirring for 24 h, the reaction was
quenched with aqueous 50% NaOH at 0 °C. The resulting mixture was extracted with EtOAc, washed with
aqueous 2 N NaOH and brine, dried over Na,SQOy, filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (n-hexane/EtOAc = 4/1 to 2/1) to give 134 (1.21 g, 3.16 mmol, 95%) as
white solids: mp 124-126 °C; IR (ATR) 3342, 3274, 1711, 1597, 1492, 1432, 1375, 1333, 1285, 1264, 1217,
1161, 1115, 1088, 1038, 972, 894, 814, 759, 653 cm™'; 'H-NMR (400 MHz, CDCl;) § 2.38 (3H, s), 3.88 (3H, s),
7.25 (2H, d, J = 8.4 Hz), 7.30 (1H, s), 7.69 (1H, d, J = 8.8 Hz), 7.71 (2H, d, J = 8.8 Hz), 7.90 (1H, dd, J = 2.0,
8.4 Hz), 8.11 (1H, d, J = 2.0 Hz); *C-NMR (100 MHz, CDCl;) & 21.5, 52.3, 113.8, 119.7, 127.2, 127.3, 129.8,
129.9, 134.0, 135.5, 138.7, 144.7, 165.1; HRMS (FAB, NBA) calcd for C;sH4BrNO,S : 382.9827 (M+).
Found : 382.9808;

4-(Toluene-4-sulfonylamino)-3-vinyl-benzoic acid methyl ester (135)

Tributyl vinyl tin (1.5 equiv.)
BHT (0.1 equiv.)

MeO,C Br (PPh3)4Pd (5 mol%) MeO,C N
toluene (0.2 M)
NHTs NHTs

134 reflux, 5.5 h 135

To a stirred solution of 134 (10.0 g, 28.7 mmol), BHT (632 mg, 2.87 mmol) and (PPh;),Pd (1.65 g, 1.43 mmol)
in toluene (140 mL) was added tributyl(vinyl)tin (12.5 mL, 42.8 mmol) at room temperature under argon
atmosphere and the mixture was heated to reflux for 5.5 h. The mixture was cooled to room temperature,
filtered through a short pad of silica gel, and concentrated in vacuo. The residue was dissolved to EtOAc,
filtered and concentrated in vacuo. The residue was crystallized and purified by recrystallization from n-hexane/
/EtOAc to give 135 as yellow solids (4.37 g, 13.2 mmol, 46%). The mother liquor was concentrated in vacuo,
and the residue was purified by silica gel column chromatography (n-hexane/EtOAc = 6/1 to 2/1) to give 135 as
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yellow solids (2.46 g, 7.42 mmol, 26%): mp. decomp.(>200 °C); IR (ATR) 3288, 1714, 1594, 1490, 1434, 1400,
1336, 1301, 1263, 1163, 1118, 1087, 915, 883, 815, 761, 704, 664 cm™'; 'H-NMR (400 MHz, CDCls) & 2.39
(3H, s), 3.89 (3H, s), 5.43 (1H, dd, J = 0.6, 11.4 Hz), 5.60 (1H, dd, J = 0.8, 17.6 Hz), 6.50 (1H, dd, J = 11.0,
17.6 Hz), 6.72 (1H, s), 7.24 (2H, d, J = 8.4 Hz), 7.50 (1H, d, J = 8.4 Hz), 7.66 (2H, d, J = 8.4 Hz), 7.87 (1H, dd,
J=1.8, 8.4 Hz), 7.96 (1H, d, J = 2.0 Hz). "C-NMR (100 MHz, CDCl3) § 21.5, 52.1, 119.9, 121.9, 126.9, 127.1,
128.8, 129.7, 129.7, 130.5, 130.8, 136.0, 137.5, 144.2, 166.3; HRMS (FAB, NBA) calcd for C;7H sNO,S :
382.0957 (M+H"). Found : 332.0956.

3-Formyl-4-(toluene-4-sulfonylamino)-benzoic acid methyl ester (128¢)

O3, CH,Cl, (0.2 M)

MeOzC\©\/\ -78°C,45h . MeO,C ’
NHTS then (CH3),S (5.0 equiv.) NHTS

135 128c

135 (2.00 g, 6.03 mmol) was dissolved in CH,Cl, (30 mL) and cooled to -78 °C. Ozone was bubbled through
the solution at -78 °C until the solution turned blue. Oxygen was then bubbled through the solution until it
turned colorless. The reaction was quenched with dimethyl sulfide (2.2 mL) and was warmed to room
temperature. The mixture was extracted with EtOAc. The organic layer was washed with aqueous 0.5 M
Na,S,0; and brine, dried over Na,SO,, filtered and concentrated in vacuo. The residue was purified by silica gel
column chromatography (n-hexane/EtOAc = 2/1) to give 128c¢ (1.84 g, 5.53 mmol, 92%) as white solids: mp
140-142 °C; IR (ATR) 3126, 1710, 1667, 1614, 1492, 1444, 1392, 1343, 1294, 1269, 1185, 1159, 1133, 1087,
978,924, 872, 851, 802, 764, 734, 694, 658 cm™'; 'H-NMR (400 MHz, CDCl3) & 1.55 (9H, s), 2.38 (3H, s), 3.91
(3H, s), 7.27 (2H, d, J = 8.8 Hz), 7.73 (1H, d, J = 8.8 Hz), 7.81 (2H, d, J = 8.0 Hz), 8.14 (1H, dd, J = 2.0, 8.8
Hz), 8.31 (1H, d, J = 2.4 Hz), 9.90 (1H, s), 11.07 (1H, s); *C-NMR (100 MHz, CDCls) & 21.5, 52.4, 116.8,
120.9, 124.5, 127.3, 129.9, 135.9, 136.5, 137.8, 143.5, 144.7, 165.2, 194.5; HRMS (FAB, NBA) calcd for
C16H1sNOsS : 334.0749 (M+H"). Found : 334.0746.

(25)-6-Benzyloxy-2-(3-tert-buthoxycarbonylaminopropyl)-3-formyl-1-(toluene-4-sulfonyl)-1,2-dihydroquinolin
e (137a)

o O] { \ OTES

N o
Ph
Bno H H o H Pn BnO N
+ (5 mol%) 136 - H
NHTs N

NHBoc
ACOH (2 mol%) TN
CHACN (0.5 M) Ts

128a NHBoc 125  -20°C,24h 137a

To a stirred solution of 125 (8.50 g, 39.9 mmol) and 136 (370 mg, 1.01 mmol) in CH;CN (40 mL) and AcOH
(23 uL, 0.40 mmol) at -20 °C was added 128a (7.60 g, 19.9 mmol). After stirring the mixture for 24 h at -20 °C
under an argon atmosphere, the reaction mixture was diluted with EtOAc, washed with water and brine, dried over
Na,SO, filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography
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(n-hexane/EtOAc = 2/1) to give 137a (11.7 g, quant., 96% ee) as yellow amorphous powder: [a] p > +207 (¢ 0.66
CHCl3, 96% ee); IR (neat) 3404, 2928, 1671, 1162 cm™; 'H-NMR (400 MHz, CDCl3) & 1.23-1.41 (11H, m),
1.55-1.72 (2H, m), 2.31 (3H, s), 3.12 (2H, dt, J= 6.8, 6.8 Hz), 4.56 (1H, br), 5.09 (2H, s), 5.19 (1H, dd, J = 4.4,
9.7 Hz), 6.61 (1H, s), 6.78 (1H, d, J =2.8 Hz), 7.02 (2H, d, J = 8.6 Hz), 7.11 (1H, dd, J = 2.9, 9.0 Hz), 7.16 (2H, d,
J=8.2Hz), 7.34-7.46 (5H, m), 7.72 (1H, d, J = 8.8 Hz), 9.12 (1H, s); *C-NMR (100 MHz, CDCl;) 5 21.4, 25.7,
28.3,28.4,29.1,39.7,51.9,70.4, 114.2, 118.0, 126.8, 127.5, 127.6, 128.2, 129.1, 135.3, 136.2, 139.0, 139.5, 143.6,
155.9, 157.4, 189.5, HRMS (FAB, NBA) calcd for C3,H3sN,O4S : 576.2294 (M"). Found : 576.2298.
The HPLC analysis was carried out by using CHIRALCEL AD-H (n-hexane/i-PrOH = 80/20, 1.0 mL / min,

retention time for major : 17.7 min and minor: 23.6 min).

(2S)-2-(3-tert-butoxycarbonylamino)-3-formyl-1-(toluene-4-sulfonyl)-1,2-dihydro-quinoline-6-carboxylc  acid

methyl ester (137¢)
Q [ \. ortEs
I//ﬁ o

o H N Ph

MEOZC Ph MEOZC SN H
H (20 mol%) 136
+ . N ,, ~~_-NHBoc
NHTs CH3CN (0.5 M) )
NHBoC -20°C, 24 h T1537C
128¢c 125

Prepared according to the procedure described above for 137a. Quant. yield, 99% ee as brown amorphous
powder: [a]p*** +305 (¢ 0.414 CHCL); IR (ATR) 3402, 2976, 1674, 1633, 1511, 1439, 1363, 1276, 1246, 1203,
1159, 1107, 1088, 862, 808, 751, 705, 692, 662cm™; '"H-NMR (400 MHz, CDCl;) & 1.24-1.38 (3H, m), 1.40
(9H, s), 1.56-1.77 (3H, m), 2.32 (3H, s), 3.11 (2H, dd, J = 6.6, 13.2 Hz) 3.96 (3H, s), 4.58 (1H, s), 5.31 (1H, dd,
J=4.4,10.0 Hz), 6.80 (1H, s), 7.05 (2H, d, J = 8.0 Hz), 7.20 (2H, d, J = 8.4 Hz), 7.92 (2H, d, J = 8.8 Hz), 8.13
(1H, dd, J = 2.0, 8.4 Hz), 9.22 (1H, s); "C-NMR (100 MHz, CDCl3) & 21.5, 25.6, 28.4, 29.9, 39.8, 44.0, 52.1,
52.5, 126.6, 126.7, 128.0, 128.6, 129.4, 130.1, 132.5, 135.5, 138.7, 138.7, 139.2, 144.2, 155.9, 165.8,
189.3;HRMS (FAB, NBA) calcd for C,7H3,N,0,SK : 567.1567 (M+K"). Found : 567.1589.

The HPLC analysis was carried out by using CHIRALCEL AD-H (n-hexane/i-PrOH = 80/20, 1.0 mL / min,

Retention time for major isomer : 22.7 min, minor isomer : 26.6 min)

(25)-6-Benzyloxy-2-(3-tert-butoxycarbonylaminopropyl)-3-hydroxymethyl-1-(toluene-4-sulfonyl)-1,2-dihydroq
uinoline (138a)

BnO CHO NaBH,4 (2.0 equiv.) BnO
A CeCly»7H,0 (1.5 equiv.) Ny ©OH
N -+, ~_-NHBoc » N +o;, ~~_-NHBoOC
Ts

MeOH (0.2 M) N

rt, 18 h
137a 138a

To a stirred solution of 137a (1.05 g, 1.82 mmol) and CeCl;- 7H,0 (1.01 g, 2.71 mmol) in MeOH (9.1 mL) was
added NaBH,4 (137 mg, 3.62 mmol) and the reaction mixture was stirred at room temperature for 18 h. The
reaction mixture was quenched with aqueous 1 M KHSO, and extracted with EtOAc. The organic layer was
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washed with water and brine, dried over Na,SQO,, filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (n-hexane/EtOAc = 2/1 to 1/1) to give 138a (1.05 g, quant.) as white
amorphous powder: [a] D24 +5.67 (¢ 1.04 CHCIl3, 96% ee); IR (neat) 3394, 2976, 2929, 1685, 1490, 1161 cm'l;
'H-NMR (400 MHz, CDCl;) & 1.24-1.30 (1H, m), 1.40-1.49 (1H, m), 1.44 (9H, s), 1.80-1.90 (1H, m), 2.33 (3H,
s), 2.88 (1H, br), 3.07 (1H, dq, J = 5.2, 14.4 Hz), 3.50-3.61 (1H, br), 3.89 (1H, dd, J = 4.4, 13.9 Hz), 3.98 (1H,
dd, J =4.8, 13.6 Hz), 4.64 (1H, br), 4.97 (1H, d, J = 10.1 Hz), 5.04 (2H, s), 5.78 (1H, s), 6.54 (1H, d, J = 2.8
Hz), 6.91 (1H, dd, J = 2.9, 8.8 Hz), 7.07 (2H, d, J = 8.1 Hz), 7.29-7.45 (7H, m), 7.65 (1H, d, J = 8.8 Hz);
PC-NMR (100 MHz, CDCl3) & 21.5, 25.7, 27.0, 28.4, 38.5, 54.1, 63.2, 70.2, 79.4, 112.2, 113.8, 119.3, 124.9,
127.2, 127.5, 128.0, 128.6, 128.8, 129.0, 130.2, 135.7, 136.6, 141,9, 143.2, 156.8, 157.3; HRMS (FAB, NBA)
calcd for C3,H3gN,O6S : 578.2451 (M+). Found : 578.2433.

(25)-2-(3-tert-Butoxycarbonylaminopropyl)-3-hydroxymethyl-1-(toluene-4-sulfonyl)-1,2-dihydro-quinoline-6-c
arboxylic acid methyl ester (138c)

NaBH, (2.1 equiv.)

MeO,C CeCl; 7H,0 (15 equiv.) MeO,C N OH
MeOH (0.2 M)
> N -,,//\/NHBoc
0°Ctort, 1h I
Ts
138c

Prepared according to the procedure described above for 138a. Quant. yield as white amorphous powder: [o]p>
+104 (c 0.45 CHCI;); IR (ATR) 3393, 2932, 1685, 1598, 1518, 1437, 1392, 1348, 1274, 1200, 1160, 1089, 1033,
915, 853, 810, 768, 726, 704, 684, 659 cm™'; "H-NMR (400 MHz, CDCl;) 1.22-1.60 (3H, m), 1.44 (9H, s),
1.47-1.60 (2H, m), 1.84 (1H, br, s), 2.33 (3H, s), 3.08 (1H, dt, J = 5.0, 14.8 Hz), 3.17-3.20 (1H, m), 3.62-3.64
(1H, m), 3.91 (3H, s), 3.92-4.06 (2H, m), 4.66 (1H, s), 5.16 (1H, d, J = 9.2 Hz), 5.94 (1H, s), 7.07 2H, d, J =
8.4 Hz), 7.35 (2H, d, J = 8.0 Hz), 7.63 (1H, s), 7.83 (1H, d, J = 8.4 Hz), 7.92 (1H, dd, J = 2.0, 8.4 Hz);
BC-NMR (100 MHz, CDCl3) & 21.4, 25.5, 27.5, 28.3, 38.4, 52.1, 54.2, 62.9, 79.4, 118.7, 127.0, 127.1, 127.5,
127.9, 128.7, 128.8, 129.0, 135.7, 136.2, 142.4, 143.7, 156.9, 166.5; HRMS (FAB, NBA) calcd for
C,7H3sN>,05S @ 531.2165 (M+H"). Found : 531.2188.

(25)-{3-[6-Benzyloxy-1a-hydroxymethyl-3-(toluene-4-sulfonyl)-1a,2,3,7b-tetrahydro-1-oxa-3-azacyclopropala]
naphthalen-2-yl]propyl}carbamic acid tert-butyl ester (139a)

BnO m-CPBA (1.5 equiv.) BnO <9
Wi:jjﬁj/\OH CH,Cl, (025 M) j[:jjij/\OH
., NHBoc ., NHBoc
N g 0°Ctor, 45h N TN
Ts Ts
138a 139

To a stirred solution of 138a (7.09 g, 12.3 mmol) in CH,Cl, (49 mL) at 0 °C was added m-CPBA (4.53 g, 18.4
mmol) and the reaction mixture was stirred at room temperature for 45 h. The reaction mixture was quenched

with saturated aqueous Na,SO; and extracted with EtOAc. The organic layer was washed three times with water
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and brine, dried over Na,SQy,, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 1/1) to give 139a (5.94 g, 82%, dr = 63:37) as yellow amorphous powder:
[a]p>* -58.4 (¢ 0.53 CHCls, 96% ee, dr = 54:46); IR (neat) 3403, 2929, 1685, 1496, 1159 cm™; "H-NMR (400
MHz, CDCl;) 6 1.01-1.08 (1H, m), 1.43 (9H, s), 1.57-1.65 (2H, m), 1.77-1.80 (1H, m), 2.34 (3H, s), 3.09 (1H,
dd,J=54,15.4 Hz),3.43 (1H, d, J=12.9 Hz), 3.47 (1H, s), 4.07 (1H, d, J = 12.9 Hz), 4.72 (1H, br), 4.89 (1H,
d,J=11.2 Hz), 5.03 (2H, s), 6.84 (1H, d, J = 2.9 Hz), 6.97 (1H, dd, J = 2.9, 8.8 Hz), 7.15 (2H, d, J = 8.3 Hz),
7.33-7.45 (7TH, m), 7.74 (1H, d, J = 8.8 Hz); "C-NMR (100 MHz, CDCl;) & 21.6, 25.2, 26.7, 28.4, 38.7, 52.4,
53.8, 59.4, 62.0, 70.2, 79.4, 115.3, 115.5, 116.1, 126.1, 127.4, 127.5, 127.5, 127.8, 128.1, 128.2, 128.6, 128.8,
129.5, 135.4, 135.5, 136.3, 136.4, 143.0, 156.6, 156.7, 157.6; HRMS (FAB, NBA) calcd for C;,H3sN,04S :
594.2400 (M"). Found : 594.2396.

(1R,2S,7bR)-and-(1S,2S,7bS)-2-(3-tert-Butoxycarbonylaminopropyl)-1a-hydroxymethyl-3-(toluene-4-sulfonyl)-
1a,2,3,7b-tetrahydro-1-oxa-3-aza-cyclopropa[a]naphthalene-6-carboxylic acid methyl ester (139c)

O

MeO,C mCPBA (2.0 equiv.) MeO,C
WOH CH2Cl2 (0.25 M) OH
N~ NHBoc ~ N~ NHBoC

| O0°Ctort,19.5h |
Ts Ts

138c 139c

Prepared according to the procedure described above for 139a. Quant. yield, dr = 85:15 as orange amorphous
powder: [a]p”' -0.1 (¢ 0.58, CHCls, dr = 79:21); IR (ATR) 3394, 2951, 1685, 1615, 1519, 1436, 1393, 1346,
1277, 1205, 1160, 1088, 1035, 929, 882, 808, 751, 721, 703, 673 cm’'; 'H-NMR (400 MHz, CDCls, major
isomer) 6 1.01-1.09 (1H, m), 1.43 (9H, s), 1.46-1.70 (3H, m), 2.34 (3H, s), 3.05-3.12 (2H, m), 3.43-3.56 (2H,
m), 3.61 (1H, s), 3.91 (3H, s), 4.10 (1H, d, J = 13.2 Hz), 4.70 (1H, s), 5.02 (1H, d, J = 11.2 Hz), 7.16 2H, d, J =
8.4 Hz), 7.48 (2H, d, J = 8.4 Hz), 791 (1H, d, J = 2.4 Hz), 7.92 (1H, d, J = 8.8 Hz), 8.01 (1H, dd, J = 2.0, 8.4
Hz); "C-NMR (100 MHz, CDCl;, major isomer) & 21.6, 25.6, 26.7, 28.4, 38.7, 52.2, 52.5, 53.7, 62.1, 71.9, 79.6,
126.6, 126.9, 127.3, 128.0, 129.0, 130.7 x 2, 135.1, 138.0, 143.7, 156.8, 166.0; HRMS (FAB, NBA) calcd for
C,7H35N,04S : 547.2114 (M+H"). Found : 547.2106;

(2S)-6-Benzyloxy-2-(3-tert-butoxycarbonylaminopropyl)-4-hydroxy-3-methylene-1-(toluene-4-sulfonyl)-1,2,3,
4-tetrahydroquinoline (140a)

1) PPh3 (2.5 equiv.)
I, (2.0 equiv.)
imidazole (2.5 equiv.) OH

o benzene (0.25 M)
BnO L = (U BnO
: OH ft, 20 min :
N -, ~_-NHBoc = N -, _~~_-NHBoc

| 2) Zn (8 equiv.) \
Ts MeOH/ AcOH (10/ 1) Ts
139a rt, 30 min 140a
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To a stirred solution of 139a (472 mg, 0.794 mmol, dr = 54:46) in benzene (3.2 mL) at room temperature were
added imidazole (135 mg, 1.98 mmol), triphenylphosphine (520 mg, 1.98 mmol) and iodine (402 mg, 1.59
mmol), and the reaction mixture was stirred at room temperature for 20 min. The reaction mixture was
quenched with saturated aqueous Na,SO; and extracted with EtOAc. The organic layer was washed with water
and brine, dried over Na,SOy, filtered and concentrated in vacuo.

Activated Zn (415 mg, 6.35 mmol) was added to a stirred solution of the above residue in MeOH (4.0 mL)
and AcOH (0.4 mL) at room temperature, and the reaction mixture was stirred at room temperature for 30 min.
The reaction mixture was diluted with EtOAc and washed with aqueous 0.5 M Na,S,0;, saturated aqueous
NaHCOs;, water and brine, dried over Na,SQ,, filtered and concentrated in vacuo. The residue was purified by
silica gel column chromatography (n-hexane/EtOAc = 2/1) to give 140a (391 mg, 85%, dr = 51:49) as yellow
amorphous powder: [a]p 2 489 (c 0.56 CHCIl3, 96% ee, dr = 51:49); IR (neat) 3403, 2929, 1685, 1491, 1157
cm'; "H-NMR (400 MHz, CDCl;) & 1.41 (9H, s), 1.44-1.63 (4H, m), 2.35 (3H, s), 3.08-3.14 (2H, m), 4.47 (1H,
br), 4.76-4.86 (1H, m), 4.99 (1H, d, J = 2.6 Hz), 5.04 (1H, s), 5.07 (2H, s), 6.97-7.01 (2H, m), 7.14 2H, d, J =
7.9 Hz), 7.27 (2H, d, J = 8.2 Hz), 7.34-7.48 (5H, m), 7.62 (1H, d, J = 8.6 Hz); "C-NMR (100 MHz, CDCl;) &
21.5, 26.5, 28.4, 30.4, 32.8, 39.7, 58.7, 62.6, 66.3, 67.0, 70.2, 79.1, 113.9, 114.6, 115.9, 125.8, 127.0, 127.3,
127.6, 128.1, 128.1, 128.3, 128.6, 128.8, 129.0, 129.3, 129.6, 134.8, 135.0, 135.8, 136.5, 136.6, 143.1, 143.5,
143.7, 157.6, 157.9; HRMS (FAB, NBA) calcd for C3,H3sN,O¢S : 578.2451 (M"). Found : 578.2446.

(25,4R)-and-(2S,4S)-2-(3-tert-Butoxycarbonylaminopropyl)-4-hydroxy-3-methylene-1-(toluene-4-sulfonyl)-1,2,
3,4-tetrahydro-quinoline-6-carboxylic acid methyl ester (140c)

1) imidazole (2.5 equiv.)
PPh3 (2.5 equiv.) OH

@) I, (2.0 equiv.)
Meozc\m\oH benzene (0.20 M) MGOZCW
rt, 1 h
N -,,//\/NHBOC > N -,,//\/NHBOC

'I’s 2) Zn (8.3 equiv.) +s
139¢ MeOH/AcOH=10/1 (0.23 M) 140¢c
rt, 75 min

Prepared according to the procedure described above for 140a. 91% yield, dr = 80:20 as orange amorphous
powder: [a]p™’ -6.76 (¢ 0.63 CHCls, dr = 81:19); IR (ATR) 3391, 2977, 1687, 1609, 1517, 1436, 1346, 1265,
1160, 1088, 1036, 913, 856, 813, 769, 729, 703, 672 cm '; 'H-NMR (400 MHz, CDCl;) & 1.41-1.61 (4H,
m), 1.41 (9H, s), 2.34 (3H, s), 3.10 (2H, brs), 3.93 (3H, s), 4.48 (1H, s), 5.00-5.22 (4H, m), 7.14 (2H, d, J=8.0
Hz), 7.32 (2H, d, J = 8.4 Hz), 7.85 (1H, d, J = 8.8 Hz), 7.98 (1H, dd, J = 2.0, 8.8 Hz), 8.13 (1H, d, J =2.0 Hz);
BC-NMR (100 MHz, CDCl;, major isomer) & 21.4, 26.3, 28.2, 30.3, 39.6, 52.1, 62.5, 66.5, 79.0, 113.2, 125.9,
127.7, 127.8, 129.1, 129.6, 130.7, 132.5, 135.1, 138.5, 142.0, 144.1, 155.9, 166.2; HRMS (FAB, NBA) calcd
for C,7H35N,07SK : 569.1724 (M+K). Found : 569.1708.
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(25)-6-Benzyloxy-2-(3-tert-butoxycarbonylaminopropyl)-3-methylene- 1-(toluene-4-sulfonyl)-1,2,3,4-tetrahydro
quinolin-3-one (141a)

OH O
MnO2
N ., ~~NHBoC rt, 155 h N 1, ~-NHBoc
| |
Ts Ts

140a 141a

To a stirred solution of 140a (2.60 g, 4.49 mmol) in CH,Cl; (22.5 mL) at room temperature was added MnO,
(18.2 g) and the reaction mixture was stirred for 15.5 h. The reaction mixture was filtered through Celite and the
filterate was concentrated in vacuo. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 2/1) to give 141a (2.18 g, 84%) as yellow amorphous powder: [a] p°® +113 (¢ 0.65 CHCL,,
96% ee); IR (neat) 3420, 2976, 1682, 1485, 1162 cm™; "H-NMR (400 MHz, CDCl5) & 1.42 (9H, s), 1.37-1.46
(1H, m), 1.59-1.69 (3H, m), 2.33 (3H, s), 3.07-3.22 (2H, m), 4.51 (1H, br), 5.03-5.06 (1H, m), 5.11 (2H, Abq, J
=11.4,15.2 Hz), 5.27 (1H, s), 5.96 (1H, s), 7.08 (2H, d, J = 8.2 Hz), 7.24 (2H, d, J = 8.2 Hz), 7.29 (1H, dd, J =
3.3,9.0 Hz), 7.35-7.47 (6H, m), 7.74 (1H, d, J = 9.0 Hz); "C-NMR (100 MHz, CDCl3) & 21.4, 26.5, 28.2, 32.1,
39.2, 60.6, 70.3, 78.9, 111.1, 122.7, 124.2, 127.5, 127.6, 128.1, 128.5, 128.9, 129.4, 129.9, 132.7, 134.1, 136.0,
141.0, 144.0, 155.8, 157.5, 181.3; HRMS (FAB, NBA) calcd for C3H3sN,OgS : 576.2294 (M"). Found :
576.2329.

(25)-2-(3-tert-Butoxycarbonylaminopropyl)-3-methylene-4-oxo-1-(toluene-4-sulfonyl)-1,2,3,4-tetrahydro-quino
line-6-carboxylic acid methyl ester (141c)

OH O
MeO,C MnO, MeO,C
CHCl»
N v, ~_ NHBoc it 21 h N 0, ~_ NHBoC
Ts Ts

140c 141c

Prepared according to the procedure described above for 141a. Quant. yield as white amorphous powder:
[a]p”! +143 (¢ 0.36 CHCIy); IR (ATR) 3394, 2925, 1684, 1607, 1684, 1607, 1508, 1424, 1361, 1255, 1164,
1088, 963, 813, 766, 727, 704, 673 cm™; "H-NMR (400 MHz, CDCls) & 1.38-1.68 (4H, m), 1.41 (9H, s), 2.33
(3H, s), 3.08-3.24 (2H m), 3.95 (3H, s), 4.49 (1H, s), 5.17 (1H, s), 5.34 (1H, s), 6.03 (1H, s), 7.10 (2H, d, J=8.0
Hz), 7.29 (2H, d, J = 8.0 Hz), 7.94 (1H, d, J = 8.8 Hz), 8.27 (1H, dd, J = 2.0, 8.8 Hz), 8.58 (1H, d, J =8.8
Hz); ®C-NMR (100 MHz, CDCl3) & 21.5, 26.6, 28.3, 32.2, 39.3, 52.4, 60.9, 79.2, 124.7, 127.3, 127.4, 127.7,
128.6, 129.7, 134.7, 135.1, 140.7, 143.2, 144.6, 1559, 165.6, 181.1; HRMS (FAB, NBA) calcd for
C,7H33N,04S : 529.2008 (M+H"). Found : 529.1995.
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(2S,3R)-6-Benzyloxy-2-(3-tert-butoxycarbonylaminopropyl)-3-cyanomethyl-1-(toluene-4-sulfonyl)-1,2,3,4-tetr
ahydroquinolin-4-one (142a)

0 0
BHOW fxng(z(f.seggm.) Bn0\©\)ﬁm\\
R CN
N NHBOC - EtoH/H,0 (1011, 0.19M) N7~ NHBoC
+5 'i's

50 °C, 40 min
141a 142a

To a stirred solution of 141a (2.02 g, 3.50 mmol) in EtOH (17.5 mL) at room temperature were added KCN
(0.480 g, 7.37 mmol) in H,O (1.75 mL) and AcOH (0.3 mL, 5.24 mmol) and the reaction mixture was stirred at
50 °C for 40 min. The reaction mixture was concentrated in vacuo. The residue was dissolved in EtOAc,
washed with water and brine, dried over Na,SQ,, filtered and concentrated in vacuo. The residue was purified
by silica gel column chromatography (n-hexane/EtOAc = 2/1) to give 142a (2.09 g, 99%, dr = 90:10) as yellow
amorphous powder: [a]p 2 148.0 (c 0.55 CHCls, 96% ee, dr =90:10); IR (neat) 3404, 2976, 1691, 1487, 1161
cm'; 'H-NMR (400 MHz, CDCl;) & 1.26-1.32 (1H, m), 1.38-1.48 (1H, m), 1.41 (9H, s), 1.66 (2H, dt, J = 8.1,
13.4 Hz), 2.26 (1H, dd, J=9.2, 17.6 Hz), 2.41 (3H, s), 2.53 (1H, dt, J=4.9, 9.7 Hz), 2.86 (1H, dd, J = 4.8, 17.8
Hz), 3.04-3.12 (1H, m), 3.15-3.20 (1H, m), 4.51 (1H, br), 4.80 (1H, dt, J = 3.8, 12.8 Hz), 5.08 (2H, s), 7.24-7.30
(3H, m), 7.33-7.45 (6H, m), 7.60 (2H, d, J = 8.2 Hz), 7.91 (1H, d, J = 9.2 Hz); "C-NMR (100 MHz, CDCl;) &
14.3, 21.5, 23.0, 26.5, 28.2, 39.1, 44.8, 58.5, 70.3, 79.0, 110.5, 117.2, 123.7, 125.1, 126.7, 127.1, 127.5, 128.1,
128.2, 128.6, 130.0, 130.3, 132.4, 135.9, 136.3, 144.8, 156.0, 156.6, 190.8; HRMS (FAB, NBA) calcd for
C33H37N306S : 603.2403 (M"). Found : 603.2431.

(2S,3R)-2-(3-tert-Butoxycarbonylamino-propyl)-3-cyanomethyl-4-oxo-1-(toluene-4-sulfonyl)-1,2,3,4-tetrahydr

o-quinoline-6-carboxylic acid methyl ester (142c)

O KCN (2.1 equiv.) o)
MeO,C AcOH (1.4 equiv.) MeO,C N
EtOH/H>0=10/1 (0.19 M) ; CN
NHBoc > NHBoc
N 0°C,1h N 1N
Ts Ts
141c 142c

Prepared according to the procedure described above for 142a. 90% yield, dr = 94:6 as yellow amorphous
powder: [a]p”” +25.2 (¢ 0.48 CHCI;, dr = 94:6); IR (ATR) 3376, 2929, 1698, 1608, 1516, 1426, 1363, 1257,
1163, 1086, 1010, 917, 814, 767, 750, 705, 667 cm™; 'H-NMR (400 MHz, CDCls) & 1.25-1.68 (4H, m), 1.40
(9H, s), 2.33 (1H, dd, J=10.0, 17.6 Hz), 2.42 (3H, s), 2.57 (1H, ddd, J = 4.8, 4.8, 9.2 Hz), 2.90 (1H, dd, J = 4.8,
17.2 Hz), 3.05-3.20 (2H, m), 3.94 (3H, s), 4.53 (1H, s), 4.91 (1H, d, J = 11.2 Hz), 7.30 (2H, d, J = 8.4 Hz),
7.65 (2H, d, J = 8.8 Hz), 8.11 (1H, d, J = 8.8 Hz), 8.26 (1H, dd, J = 2.0, 8.8 Hz), 8.55 (1H, d, J =2.0 Hz);
BC-NMR (100 MHz, CDCly) & 14.3, 21.7, 23.1, 26.7, 28.3, 39.1, 45.3, 52.5, 58.4, 79.3, 117.1, 123.5, 125.5,
126.9, 127.5, 129.2, 130.6, 136.1 x 2, 142.8, 145.5, 156.1, 165.4, 190.1; HRMS (FAB, NBA) calcd for
CsH34N304S : 556.2117 (M+H"). Found : 556.2131.
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(2S,3R)-2-(3-tert-butoxycarbonylaminopropyl)-3-cyanomethyl-6-hydroxy-1-(toluene-4-sulfonyl)-1,2,3,4-tetrah
ydroquinolin-4-one (279)

O O
BnO SN H, (1 atm), Pd-C  HO RO
© ©CN EtOAc (0.2 M) © ©CN
NHBoc > NHBoc
|\I| 1N i, 60.5 h ll\l 1N
Ts Ts
142a 279

To a stirred solution of 142a (292 mg, 0.484 mmol, dr = >90:10) in EtOAc (2.4 mL) at room temperature was
added Pd-C (29.2 mg) and the reaction mixture was stirred for 60.5 h under an atmosphere of hydrogen. The
reaction mixture was filtered through a Celite and the filterate was concentrated in vacuo. The residue was
purified by silica gel column chromatography (n-hexane/EtOAc = 1.5/1 to 1/1) to give 279 (255 mg, quant., dr
= 92:8) as yellow amorphous powder: [a] 5% +79.0 (c 0.52 CHCI3, 96% ee, dr = 92:8); IR (neat) 3374, 2977,
1684, 1160 cm™; "H-NMR (400 MHz, CDCls) & 1.24-1.28 (1H, m), 1.40-1.45 (1H, m), 1.44 (9H, s), 1.55-1.69
(2H, m), 2.30 (1H, dd, J=10.1, 17.6 Hz), 2.41 (3H, s), 2.51 (1H, dt, J=4.4, 9.5 Hz), 2.85 (1H, dd, J = 5.3, 17.6
Hz), 3.07-3.18 (2H, m), 4.65 (1H, br), 4.78 (1H, dt, J = 3.8, 12.5 Hz), 6.60 (1H, br), 7.14 (1H, dd, J = 3.1, 9.0
Hz), 7.26-7.29 (3H, m), 7.59 (2H, d, J = 8.4 Hz), 7.84 (1H, d, J = 9.0 Hz); "C-NMR (100 MHz, CDCl;) & 14.3,
21.6,23.1, 26.6, 28.3, 39.6, 44.8, 58.6, 80.0, 112.3, 117.5, 123.6, 125.3, 126.8, 128.2, 130.4, 131.3, 136.3, 144.9,
155.0, 156.7, 191.0; HRMS (FAB, NBA) calcd for C,sH3,N306S : 514.2012 (M+H"). Found : 514.1994.

(2S,3R)-2-(3-tert-butoxycarbonylaminopropyl)-3-cyanomethyl-1-(toluene-4-sulfonyl)-6-(trifluoromethanesulfo
nyl)-1,2,3,4-tetrahydroquinolin-4-one (146)

0 o)
Tf,0O (1.1 equiv.)
HO . 2 Ui TfO R
\O\)‘j~ AN CH,Cl, / pyridine (10/ 1,0.18 M) NN
NHBoc > NHBoc
N N 0 °C to rt, 100 min N 1IN
Ts Ts

279 146

To a stirred solution of 279 (184 mg, 0.358 mmol, dr = 92:8) in CH,Cl, (1.8 mL) and pyridine (0.18 mL) at 0 °C
was added dropwise Tf,0 (67 pL, 0.398 mmol) and the reaction mixture was allowed to warm to room
temperature for 100 min. The reaction mixture was diluted with EtOAc, washed with water, aqueous 1 M
KHSO,, water and brine, dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified by
silica gel column chromatography (n-hexane/EtOAc = 3/1) to give 146 (166 mg, 72%, dr = >99:1) as white
amorphous powder: [a] D26 +44.6 (¢ 0.49 CHCl;, 96% ee, dr =>99:1); IR (neat) 3423, 2978, 1698, 1211, 1165,
1135 cm™; "TH-NMR (400 MHz, CDCls) § 1.28-1.33 (1H, m), 1.41 (9H, s), 1.44-1.51 (1H, m), 1.61-1.63 (1H, m),
2.32 (1H, dd, J = 10.3, 17.9 Hz), 2.44 (3H, s), 2.55 (1H, dt, J = 5.1, 8.6 Hz), 2.87 (1H, dd, J = 4.8, 17.8 Hz),
3.03-3.11 (1H, m), 3.17-3.24 (1H, m), 4.53 (1H, br), 4.87 (1H, dt, J = 3.7,11.4 Hz), 7.34 (2H, d, J = 8.1 Hz),
7.53 (1H, dd, J = 2.9, 9.2 Hz), 7.65 (2H, d, J = 8.4 Hz), 7.79 (1H, d, J = 2.9 Hz), 8.14 (1H, d, J = 9.2 Hz);
PC-NMR (100 MHz, CDCl3) § 14.2, 21.6, 23.0, 26.7, 28.2, 38.9, 45.1, 58.4, 79.2, 116.9, 119.8, 120.1, 125.1,
126.9, 128.1, 128.1, 130.6, 135.8, 138.9, 145.6, 146.6, 156.1, 189.4; HRMS (FAB, NBA) calcd for
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Ca7H3 1 F3N305S; : 646.1505 (M+H"). Found : 646.1482.

(2S,3R)-2-(3-tert-Butoxycarbonylamino-propyl)-3-cyanomethyl-4-oxo-1-(toluene-4-sulfonyl)-1,2,3,4-tetrahydr

o-quinoline-6-carboxylic acid methyl ester (142c)

o CO (1 atm) o
Pd(OAc), (11.3 mol%)
Tfo\O\)Jjo\\CN dppp (10.3 mol%), NEt; (5 equiv.) Meozc\@\)ﬁ»“\c,\,
N1 ~NHBOC \eOH / DMF (2/1,067 M) N~ e~ NHBoC
) 70°C,2h )
Ts Ts
146 142¢

To a stirred solution of 146 (45.8 mg, 70.9 umol, dr =>99:1) in DMF (0.71 mL) and MeOH (0.35 mL) at room
temperature were added Pd(OAc), (1.8 mg, 8.02 umol), dppp (3.0 mg, 7.27 umol) and Et;N (50 pL, 0.361
mmol), and the reaction mixture was stirred at 70 °C for 2 h under atmosphere of carbon monooxide. Then the
reaction mixture was cooled to room temperature, diluted with brine and filtered. The filtrate was diluted with
EtOAc, washed with water, aqueous 1M KHSO,, and brine, dried over Na,SQ,, filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatography (n-hexane/EtOAc = 2/1) to give 142c
(17.9 mg, 45%, 96% ee dr =>99:1) as a yellow oil.

(25,3R)-and-(2S,35)-2-(3-tert-Buthoxycarbonylaminopropyl)-3-cyanomethyl-4-oxo-1,2,3,4-tetrahydro-quinolin
e-6-carboxylic acid methyl ester (147)

Q Na (10 equiv.)
MeO,C NN Naphthalene (10 equiv.) MeO2C
DME (0.05 M)
N ~.,, _~~_-NHBoc /\/NHBoc
|

-78°C,15h

142c 147

A solution fo sodium naphthalenide was prepared from sodium (113 mg, 4.89 mmol) and naphthalene (637 mg,
4.97 mmol,) in DME (4 mL) by stirring the mixture at -78 °C for 1 h under an argon atomospher. A solution of
142¢ (278 mg, 0.500 mmol, dr = 94:6) in DME (6 mL) was added dropwise to the solution of sodium
naphthalenide via cannula over 20 min. After stirring the mixture at -78 °C for 1 h, the reaction mixture was
treated with MeOH, and allowed to warm to room temperature. The resulting mixture was extracted with
EtOAc. The organic layer was washed with H,O and brine, dried over Na,SQO,, filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatography (CH,Cl,/EtOAc = 2/1) to give 147 (80.2
mg, 0.20 mmol, 40%, dr = 57:43) as a yellow oil: [(l]D17 -170 (¢ 0.22 CHCls, dr = 57:43); IR (ATR) 3354, 2949,
2249, 1674, 1612, 1517, 1435, 1421, 1391, 1365, 1345, 1275, 1234, 1166, 1108, 1041, 968, 836, 750, 666 cm’';
'H-NMR (400 MHz, CDCls, major isomer) & 1.25-1.30 (1H, m), 1.46 (9H, s), 1.54-1.79 (3H, m), 2.70-2.90
(3H, m), 3.20 (2H, q, J = 6.4 Hz), 3.76-3.81 (1H, m), 3.87 (3H, s), 4.82 (1H, brs), 6.04 (1H, brs), 6.79 (1H, d, J
= 8.8 Hz), 7.97 (1H, dd, J = 2.0, 8.8 Hz), 8.50 (1H, d, J =2.0 Hz); "C-NMR (100 MHz, CDCls, major isomer) &
15.1, 25.6 x2, 28.4, 39.5, 46.5, 51.9, 54.7, 79.8, 115.8, 115.9, 117.5, 119.8, 130.7, 136.4, 153.1, 156.7, 166.4,
190.7; HRMS (FAB, NBA) calcd for CpsH3oN304 : 401.1951 (M"). Found : 401.1941.
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(3aS,4S,9bS)-4-(3-tert-Butoxycarbonylaminopropyl)-2,3,3a,4,5,9b-hexahydro-pyrrolo[3,2-c]quinoline-1,8-dicar
boxylic acid 1-tert-butyl ester 8-methyl ester (148)

1) Raney-Ni (W-2), Hy (1 atm)
EtOH, 50 °C, 29 h

(0] 2) NaBH3CN (3.1 equiv.)

ACOH (pH=4), MeOH (0.1 M)
MeOZC\©\)Jj‘J\CN ', 3 h MeO,C
- NHBoc .
N7 TN 3) Boc,O (1.3 equiv.)
H NaHCO4 (5.2 equiv.)
147 dioxane/H,0 (1/2, 0.044 M) 148

0°Ctort,42h

To a stirred solution of 142 (80.2 mg, 0.200 mmol, dr = 57:43) in EtOH (2.5 mL) at room temperature was
added Raney-Ni (W-2, 699 mg). After being stirred at 50 °C for 29 h under an atmosphere of hydrogen, the
reaction mixture was cooled to room temperature and filtered through a pad of Celite. The filtrate was
concentrated in vacuo.

The residue was dissolved in MeOH (2.0 mL), and NaBH;CN (38.5 mg, 0,613 mmol) was added at room
temperature. The resulting mixture was acidified to pH 5 with AcOH, and stirred at room temperature for 3 h.
After the reaction mixture was concentrated in vacuo, the residue was dissolved in CH,Cl,, washed with
aqueous saturated NaHCO;, dried over Na,SQy, filtered and concentrated in vacuo.

The residue was dissolved in 1,4-dioxane (1.5 mL) and H,O (3.0 mL). NaHCO; (228 mg, 1.04 mmol) and
Boc,O (55.0 mg, 0.252 mmol) were added to a solution at 0 °C. After stirring the reaction mixture at room
temperature for 42 h, the reaction mixture was extracted three times with CH,Cl,. The combined organic layers
were dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 2/1) to give 148 (58.0 mg, 0.118 mmol, 59%) and 148 in purity, which was
subjected to preparative TLC (n-hexane/EtOAc = 1/1) to give 148 (11.1 mg, 0.227 mmol, 11%) as a colorless
oil: [a]p"” -156 (c 0.467 CHCl;); IR (ATR) 3345, 2974, 2935, 1673, 1607, 1518, 1393, 1365, 1276, 1247, 1163,
1127, 909, 769, 729 cm™; 'H-NMR (400 MHz, CDCls, 55 °C) 8 1.44 (9H, s), 1.51-1.62 (4H, m), 1.59 (9H, s),
1.94 (2H, t, J = 8.4 Hz), 2.34-2.40 (1H, m), 3.04-3.17 (2H, m) 3.26-3.32 (2H, m), 3.45 (1H, q, J=9.2 Hz), 3.81
(3H, s), 4.52-4.59 (2H, br, m), 5.00 (1H, brs), 6.43 (1H, d, J = 8.4 Hz), 7.68 (1H, dd, J = 2.0, 8.4 Hz), 8.26 (1H,
s); “C-NMR (100 MHz, CDCls, 55 °C) & 27.0, 27.4, 28.4, 28.5, 33.2, 40.2, 41.1, 44.5, 51.2, 51.5, 52.4, 79.4,
80.0, 113.6, 119.1, 120.1, 130.0, 132.4, 145.6, 155.2, 156.1, 167.1; HRMS (FAB, NBA) calcd for C,H39N3Og :
489.2839 (M"). Found : 489.2868.

(3aS,4S,9bS)-4-(3-Aminopropyl)-2,3,3a,4,5,9b-hexahydro-1H-pyrrolo[ 3.2-C]quinoline-8-carboxylic acid
methyl ester (150)
Boc,
N HN
MeO,C 2 MHCI - MeOH MeO,C HCl
N~~~ NHBoc 15 °Ctort, 14 h N~ NH:
H H
148 150
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The protected pyrroloquinoline 148 (57.6 mg, 117 pmol) was treated with 2 M HCI/MeOH (7.8 mL) at -15 °C.
After being stirred at room temperature for 14 h, the reaction mixture was concentrated in vacuo. The residue
was dissolved in H,O, washed with EtOAc and concentrated in vacuo to give 150 (33.1 mg, 82.8 umol, 71%) as
a yellow oil: [a]p'® -54.4 (c 0.29 MeOH); IR (ATR) 3204, 2904, 2736, 2667, 2580, 2468, 1681, 1609, 1528,
1434, 1418, 1334, 1289, 1255, 1229, 1147, 1024, 960, 844, 769 cm™'; "H-NMR (400 MHz, CD;0D) & 1.69-1.87
(4H, m), 2.11-2.17 (1H, m), 2.40-2.44 (2H, m), 3.00-3.13 (3H, m), 3.30-3.40 (3H, m), 3.84 (3H, s), 4.67 (1H, d,
J=5.6 Hz), 6.82 (1H, d, J = 8.8 Hz), 7.78 (1H, dd, J = 2.0, 8.8 Hz), 7.98 (1H, d, J = 2.0 Hz); "C-NMR (100
MHz, CD;0D) 6 23.9, 27.9, 30.4, 39.3, 40.8, 43.5, 50.8, 52.2, 59.2, 113.4, 115.7, 119.3, 132.8, 133.9, 151.1,
168.4; HRMS (FAB, glycerol) calcd for C,cH,4N30; : 290.1869 (M+H+). Found : 290.1843.

(3aS,4S,9bR)-4-(3-tert-Butoxycarbonylaminopropyl)-5-(toluene-4-sulfonyl)-2,3,3a,4,5,9b-hexahydro-1H-pyrrol
0[3,2-c]quinoline-8-carboxylic acid methyl ester (151)

H
1) Raney-Ni (W-2)

(0] N/\
MeO,C N EtOH, H, (1 atm) MeO,C R
. N .
c 50 °C, 24 h -
“ NHBoc o “ NHBoc
N N l}l SN
Ts Ts

\ 2) NaBH;CN
MeOH, AcOH (pH=5)
142¢ 151

To a stirred solution of 142¢ (83.0 mg, 0.149 mmol, dr = 95:5) in EtOH (2.0 mL) at room temperature was
added Raney-Ni (W-2, 699 mg). After being stirred for 24 h under an atmosphere of hydrogen at 50 °C, the
reaction mixture was filtered through a pad of Celite. The filtrate was concentrated in vacuo. The residue was
dissolved in MeOH (1.5 mL) and NaBH;CN (27.8 mg, 0,442 mmol) was added at room temperature. The
resulting mixture was acidified to pH 5 with AcOH and stirred at room temperature for 4.5 h. After the reaction
mixture was concentrated in vacuo, the residue was dissolved in CH,Cl,, washed with aqueous saturated
NaHCOs3, dried over Na,SQy, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 1/2 to CHCI;/MeOH = 9/1) to give 151 as a colorless oil (69.2 mg, 0.127
mmol, dr = > 98:2, 85%): [a]p"’ -74.7 (¢ 0.69 CHCl;); IR (ATR) 3385, 2929, 1701, 1609, 1513, 1437, 1341,
1267, 1160, 1088, 1037, 917, 813, 747, 707, 666 cm™'; 'H-NMR (400 MHz, CDCls) & 0.88-1.00 (1H, m),1.25
(1H, s) 1.40 (9H, s), 1.53 (2H, quin, J = 6.8 Hz),1.60-1.68 (1H, m), 1.91 (1H, tq, J = 4.4, 8.8 Hz), 2.26 (1H,
brs), 2.38 (3H, s), 2.80 (1H, dt, J = 8.0, 10.4 Hz), 2.95-3.01 (1H, m), 3.05 (2H, q, J=6.4 Hz), 3.41 (1H, d, J =
8.4 Hz), 3.90 (3H, s), 4.40-4.47 (2H, m), 7.17 (2H, d, J = 8.4 Hz), 7.45 (2H, d, J = 8.4 Hz), 7.85 (1H, d, J = 8.4
Hz), 7.95 (1H, dd, J = 2.0, 8.8 Hz), 8.09 (1H, s); "C-NMR (100 MHz, CDCls) & 21.5, 25.1, 27.2, 28.3, 28.7,
39.6 x 2, 45.6, 52.1, 55.9, 56.1, 79.0, 126.7, 126.9, 127.6, 128.7, 129.7, 130.2, 133.3, 137.1x2, 143.8, 155.9,
166.5; HRMS (FAB, NBA) calcd for CosH3gN306S : 544.2481 (M+H). Found : 544.2452.
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(3aS,4S,9bR)-4-(3-tert-Butoxycarbonylaminopropyl)-5-(toluene-4-sulfonyl)-2,3,3a,4,5,9b-hexahydro-pyrrolo[ 3,
2-C]quinoline-1,8-dicarboxylic acid 1-tert-butyl ester 8-methyl ester (280)

H Boc,

N\ N7\
R Boc,0 (3.2 equiv.) N
MeO,C & 2 1 MeO,C ~
5 NHBoc = 5 NHBoc
l}l ,,/\/ I"t, 1h |}| ,//\/
Ts Ts

151 280
To a stirred solution of 151 (69.2 mg, 0.127 mmol) in CH,Cl, (2.0 mL) at room temperature were added Et;N

(50 ul, 0.361 mmol) and Boc,O (87.8 mg, 0.402 mmol). The solution was stirred at room temperature for 1 h
and diluted with EtOAc. The mixture was washed with H,O and brine, dried over Na,SO,, filtered and
concentrated in vacuo. The residue was purified by silica gel column chromatography (n-hexane/EtOAc = 2/1)
to give 280 as a colorless oil (85.1 mg, 0.132 mmol, quant.): [a]p'’ -13.1 (¢ 0.27 CHCl;); IR (ATR) 3368, 2975,
1689, 1609, 1516, 1437, 1391, 1364, 1288, 1254, 1161, 1129, 1091, 990, 909, 858, 815, 768, 730, 708, 692, 658
cm’; "TH-NMR (400 MHz, 55 °C, CDCls) & 1.07-1.17 (2H, m), 1.42 (9H, s), 1.62-1.71 (4H, m), 2.38 (3H, s),
2.96 (1H, brs), 3.08-3.19 (2H, m), 3.30 (2H, d, J = 8.0 Hz), 3.48 (1H, d, J = 6.8 Hz), 3.88 (3H, s), 4.51 (1H, brs),
4.61 (1H, brt,J=9.6 Hz), 7.19 (2H, d, J = 8.0 Hz), 7.47 (2H, d, J= 8.4 Hz), 7.65 (1H, d, J = 8.0 Hz), 7.80 (1H,
s), 7.97 (1H, d, J =7.6 Hz); "C-NMR (100 MHz, 55 °C, CDCls) & 21.4, 25.6, 27.1, 28.3, 28.4, 29.4, 40.0, 44.6,
45.5, 52.0, 54.3, 55.1, 79.1, 80.0, 126.7, 127.9, 128.7, 128.9, 129.7, 130.0, 134.9, 137.5, 137.7, 143.8, 154.8,
156.0, 166.4; HRMS (FAB, NBA) calcd for C53H46N505S : 644.3006 (M+H+). Found : 644.2954.

(3aR,4S,9bR)-4-(3-tert-Butoxycarbonylaminopropyl)-2,3,3a,4,5,9b-hexahydro-pyrrolo[ 3,2-C]quinoline-1,8-dica
rboxylic acid 1-tert-butyl ester 8-methyl ester (281)

Boc Boc_

‘N N
MeO,C 3 /\\\ Mg (51 equiv.) MeO,C < /X
N~ NHBoc r, 18 h N R
b '

280 281

To a stirred solution of 280 (70.4 mg, 0.109 mmol) in MeOH (3 mL) at room temperature was added Mg (136
mg, 0.560 mmol) and the mixture was stirred for 18 h. The reaction mixture was quenched with aqueous
saturated NH,4Cl. The resulting mixture was extracted with EtOAc. The organic layer was washed with H,O and
brine, dried over Na,SQ,, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 1/1) to give 281 (51.5 mg, 0.105 mmol, 97%) as a colorless oil:
[a]p'® +82.1 (¢ 0.38 CHCIls); IR (ATR) 3345, 2976, 2249, 1672, 1609, 1513, 1435, 1393, 1365, 1329, 1278,
1245, 1213, 1164, 1104, 992, 907, 770, 727 cm’'; "H-NMR (400 MHz, 55 °C, CDCl;) & 1.45 (9H, s), 1.49-1.60
(4H, m), 1.85 (2H, t, J = 9.6 Hz), 2.42 (1H, brs), 3.17 (2H, q, J = 6.4 Hz), 3.27-3.33 (1H, m), 3.46 (1H, brs),
3.54 (1H, dt, J = 2.8, 6.4 Hz), 3.81 (3H, s), 4.14 (1H, brs), 4.58 (1H, brs), 5.11 (1H, brs), 6.44 (1H, d, J = 8.4
Hz), 7.68 (1H, dd, J = 1.6, 8.4 Hz), 8.29 (1H, s); >C-NMR (100 MHz, 55 °C, CDCl3) & 21.6, 26.6, 28.4, 28.5,
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31.2,40.6, 41.4, 44.6, 50.9, 51.3, 55.7, 79.4, 80.1, 113.5, 119.8, 121.2, 129.8, 132.4, 147.4, 154.8, 156.1, 167.1;
HRMS (FAB, NBA) calcd for CogH3oN3O5 : 489.2839 (M"). Found : 489.2820.

(3aR,4S,9bR)-4-(3-Aminopropyl)-2,3,3a,4,5,9b-hexahydro- 1 H-pyrrolo[3.2-C]quinoline-8-carboxylic acid
methyl ester (152)
Boc
N HN
= 2 N HCI -MeOH (0.015 M) A
MeO,C - /\\ > MeO,C ~ /\‘ HCI
-15°C, 23 h
N I"//\/NHBOC N I'///\/NHz
H H
281 152

Hydrogen chloride (2 M) in MeOH (6 mL) was added to 281 (44.0 mg, 89.9 umol) at -15 °C and the reaction
mixture was gradually allowed to warm to room temperature. After stirring the mixture for 23 h, the reaction
mixture was concentrated in vacuo. The residue was dissolved in H,O, washed with EtOAc, and concentrated in
vacuo to give 152 (33.6 mg, 84.3 pmol, 94%) as a yellow oil: [a]p'®-73.7 (¢ 0.34 MeOH); IR (ATR) 3376,
3261, 2947, 2066, 1698, 1607, 1518, 1436, 1322, 1285, 1233, 1195, 1134, 1049, 1018, 986, 940, 880, 838, 769
cm™'; 'TH-NMR (400 MHz, CD;0OD) & 1.64-1.86 (4H, m), 2.00-2.17 (2H, m), 2.88-2.95 (1H, m), 3.01 (2H, t, J =
7.2 Hz), 3.25-3.35 (2H, m), 3.47 (1H, dt, J = 2.8, 6.8 Hz), 3.84 (3H, s), 4.57 (1H, s), 5.05 (1H, d, J = 9.2 Hz),
6.80 (1H, d, J = 8.4 Hz), 7.77 (1H, dd, J = 1.6, 8.4 Hz), 7.96 (1H, d, J = 1.2 Hz); >C-NMR (100 MHz, CD;0D)
0 23.6, 24.8, 30.9, 40.7, 42.3, 45.5, 52.2, 52.3, 58.8, 116.1, 116.2, 120.5, 132.2, 132.7 152.2, 168.2; HRMS
(FAB, glycerol) calcd for C;sHy4N30; : 290.1869 (M+H"). Found : 290.1843.
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5 4 FIZ B 5 F2R
3 -[(4S) -2,2 -Dimethyl-1,3 -dioxolan-4 -yl] -(E) -propenal (240)

0]
1) NalO,, NaHCO; aq. 1) DIBAL-H
OH O HZO CH,Cl, H
0°Ctort, 1h -787°C, 70 min
o : )
)VO OH 2) (EtO),P(O)CH,CO,Et >< 2) Mn02 CH,Cl, ><
K,CO3 agq. 0]
242 0°Ctort, 24 h 240
Prepared according to the literature procedure38b.
(25,35)-tert-butyl 2-[(S)-2,2-dimethyl-1,3-dioxolan-4-y1]-3-(hydroxymethyl)aziridine-1-carboxylate (239)
OTES
N Ph
0 HPh 130 0
H (5.1 mol%) ‘ H
o | + Boc. -OTs  NaOAc (3.0 equiv.) Bog_N”‘
><o H CH,Cl, (0.20 M) ><o
0°Ctort, 185h
240 241 245
NaBH, (1.1 eqiv.) Boc—n'[ O

MeOH (0.20 M)

@]
O°Ctort,1h ><

o]

239

To a stirred solution of 240 (857 mg, 5.48 mmol), NaOAc (1.37 g, 16.7 mmol) and 130 (102 mg, 0.277 mmol)
in CH,Cl, (27 mL) was added 241 1.73 g (6.01 mmol) at 0 °C. After stirred for 18.5 h at room temperature, the
reaction was quenched with saturated aqueous NH,4Cl, and extracted three times with EtOAc. The combined
organic layers were washed with saturated aqueous NaHCO; and brine, dried over Na,SO,, filtered and
concentrated in vacuo to give 245 as a yellow oil. This crude product was used for the next step without further
purification.

NaBH, (231 mg, 6.11 mmol) was added to a solution of 245 in MeOH (27 mL) at 0 °C. After stirred for 1 h at
room temperature, the reaction was quenched with saturated aqueous NH4Cl, and extracted three times with
CH,Cl,. The combined organic layers were dried over Na,SOy, filtered and concentrated in vacuo. The residue
was purified by silica gel column chromatography (n-Hexane/EtOAc = 2/1 to 1.5/1) to give 245 (1.16 g, 3.65
mmol, 90%): [a]p> -0.76 (¢ 0.86 CHCIs); IR (ATR) 3444, 2982, 1714, 1455, 1368, 1320, 1253, 1213, 1149,
1059, 916, 842, 795, 733 cm™; '"H NMR (400 MHz, CDCls, 55 °C) & 1.35 (3H, s), 1.45 (3H, s), 1.48 (9H, s),
2.49 (1H, dd, J = 3.0, 11.0 Hz), 2.56 (1H, dd, J = 4.4, 8.8 Hz), 2.70-2.72 (1H, m), 3.53 (1H, ddd, J = 4.8, 6.8,
12.4 Hz), 3.85 (1H, dd, J = 5.8, 12.8 Hz), 3.90 (1H, dd, J = 5.8, 8.6 Hz), 4.09-4.15 (1H, m), 4.18 (1H, dd, J =
6.4, 8.4 Hz); °C NMR (100 MHz, CDCls) 25.1, 26.4, 27.7, 41.1, 42.3, 61.3, 67.9, 75.3, 81.8, 109.8, 160.6;
LRMS (FAB, NBA) calcd for C;3H,40sN : 274.1654 (M+H"). found : 274.1677.
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tert-butyl (R)-[(S)-2,2-dimethyl-1,3-dioxolan-4-yl][(R)-2-0x0-1,3-dioxolan-4-yl] methylcarbamate (248)

0
CO, (gas) ~L

DBU (0.049 equiv.) o o
DMF (0.12 M) o O

rt, 51 h HN.
239 248

Boc

To a stirred solution of 239 (1.11 g, 4.06 mmol) in DMF (34 mL) was added DBU (30.5 mg, 0.200 mmol) at roo,
temperature, and the mixture was stirred for 51 h at room temperature under an atmosphere of carbon dioxide.
After the reaction was diluted with EtOAc, the oeganic layer was washed with H,O and brine, dried over
Na,SOy,, filtered and concentrated in vacuo. The residure was purified by silica gel column chromatography
(n-Hexane/EtOAc = 4/1 to 1/1) to give 248 (1.16 g, 3.65 mmol, 90%) as a white amorphous powder: [OL]D19
+12.0 (c 0.65 CHCI;); IR (ATR) 3332, 2983, 1798, 1693, 1532, 1455, 1368, 1245, 1153, 1051, 927, 846, 767,
734,701 cm™; "TH NMR (400 MHz, CDCls, 55 deg.) & 1.34 (3H, s), 1.44 (3H, s), 1.45 (9H, s), 3.93 (1H, dd, J =
6.2, 8.6 Hz), 3.99-4.04 (1H, m), 4.12 (1H, dd, J = 6.8, 8.8 Hz), 4.26 (1H, dd, J = 5.8, 12.2 Hz), 4.29-4.60 (2H,
m), 4,81-4.88 (2H, m); °C NMR (100 MHz, CDCl;) 24.8, 26.3, 28.1, 53.9, 66.6, 74.4, 76.3, 80.7, 1102, 154.6,
155.4; LRMS (FAB, NBA) calcd for C;4H»307NNa : 340 (M+Na+). found : 340.

tert-butyl (R)-[(S)-2,2-dimethyl-1,3-dioxolan-4-y1][(R)-2-0x0-1,3-dioxolan-4-yl|methyl(methyl)carbamate
(249)
O Ag,0 (8.0 equiv.) O
#\o o//< Mel (14.5 equiv.) #\o oJ{
O\)\/k/o VP OTM > O\)\/k/o
= rt, 43 h -

HN. N.
Boc Me~ "Boc
248 249

To a stirred solution of 248 (596 mg, 1.88 mmol) in DMF (19 mL) were added Ag,0 (3.48 g, 15.0 mmol) and Mel
(1.7 mL, 27.3 mmol) at room temperature, and the reaction was stirred for 43 h at same temperature. The reaction
mixture was filtered through a pad of Celite, and the filtrate was concentrated in vacuo. The residue was purified
by silica gel column chromatography (n-Hexane/EtOAc = 2/1) to give 249 (628 mg, 1.89 mmol, quant.) as a
colorless oil: [a]p> +2.32 (¢ 0.61 CHCLy); IR (ATR) 2980, 1802, 1683, 1480, 1367, 1304, 1213, 1145, 1063, 884,
842,765, 731 cm™'; "TH-NMR (400 MHz, CDCls, 55 °C) § 1.35 (3H, s), 1.44 (3H, s), 1.46 (9H, s), 2.90 (3H, s),
3.86 (1H, dd, J = 6.6, 8.8 Hz), 4.06 (1H, dd, J = 6.4, 8.8 Hz), 4.06 (1H, brs), 4,92-4,97 (1H, m); *C-NMR (100
MHz, CDClj) 25.2,26.4, 28.1, 59.3, 67.1, 67.5,73.3, 77.7, 80.9, 110.2, 154.8, 155.8; HRMS (FAB, NBA) calcd
for CsH,50,NNa : 354.1529 (M+Na"). found : 354.1510.
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tert-butyl (1S,2R)-1-[(S)-2,2-dimethyl-1,3-dioxolan-4-yl1]-2,3-dihydroxypropyl(methyl)carbamate (238)

O
#\o O% 2 N NaOH aq. #\O OH
O\)\/k/o MeOH O\)\/k/OH
- 0°C,4h -
N ’ N.
Me/N Boc Me~ "Boc
249 238

To a stirred solution of 249 (1.36 g, 4.11 mmol) in MeOH (26 mL) was added aqueous 2 N NaOH (13 mL) at 0 °C.
After being stirred for 4 h at 0 °C, the reaction mixture was extracted with CH,Cl,. The organic layer was dried
over Na,SOy, filtered and concentrated in vacuo. The residue was purified by silica gel column chromatography
(CHCl/MeOH = 19/1) to give 238 (1.32 g, 4.32 mmol, quant.) as a colorless oil: '"H-NMR (400 MHz, CDCl;,
55°C) 6 1.39 (3H, s), 1.46-1.48 (12H, m), 2.85 (3H, s), 3.56-3.94 (4H, m), 4.02-4.13 (2H, m), 4.39-4.54 (1H, m).

tert-butyl (R)-[(S)-2,2-dimethyl-1,3-dioxolan-4-yl][(R)-2-thioxo-1,3-dioxolan-4-ylJmethyl(methyl)carbamate
(250)

S
#\O OH 1,1-thiocarbonyldiimidazole (1.2 equiv.) ﬁ\o O//<
OMOH LS OMO
- rt, 15 h H
Me~ "Boc Me”~ “Boc
238 250

To a stirred solution of 238 (302 mg, 0.988 mmol) in THF (10 mL) was added 1,1°-thiocarbonyldiimidazole (212
mg) at room temperature. After being stirred for 15 h at room temperature, the reaction mixture was diluted with
CH,Cl,. The organic layer was washed with H,O and brine, dried over Na,SQ,, filtered and concentrated in vacuo.
The residue was purified by silica gel column chromatography (n-hexane/EtOAc= 2/1) to give 250 (254 mg, 0.731
mmol, 74%) as a colorless oil: "H-NMR (400 MHz, CDCls, 55 °C) 6 1.36 (3H, s), 1.44 (3H, s), 1.46 (9H, s), 2.91
(3H, s), 3.82 (1H, dd, J = 6.4, 8.4 Hz), 4.05-4.25 (2H, m), 4.48-4.62 (3H, m), 4.94-4.98 (1H, m).

tert-butyl (S)-1-[(S)-2,2-dimethyl-1,3-dioxolan-4-yl]allyl(methyl)carbamate (237)
Fl’h
S~y 281
#\O 040 \——/ (2.0 equiv.)

~ ~

Me~ "Boc rt, 31 h Me”
250 237

Boc

To a stirred solution of 250 (254 mg, 0.731 mmol) in THF (5 mL) was added 251 (0.27 mL, 1.49 mmol) at room
temperature. After being stirred for 31 h at room temperature, the reaction mixture was concentrated in vacuo. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc= 8/1) to give 250 (96.4 mg, 0.355
mmol, 49%) as a colorless oil: 'H-NMR (CDCls, 400 MHz) 1.36 (3H, s), 1.43 (3H, s), 1.47 (9H, s), 2.77 (3H, s),
3.74-3.77 (1H, m), 4.03 (1H, dd, J = 6.2, 8.6 Hz), 4.27 (1H, quin, J = 6.4 Hz), 4.35-4.58 (1H, br), 5.23 (1H, d, J =
17.2),5.30 (1H, d, J=10.4 Hz), 5.95 (1H, ddd, J = 16.8, 10.8, 6 Hz).
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N-Boc-Allylglycine (255)

benzophenoneimine (1 equiv.) Ph O
HCl HZN\)kO gy 2l >:N\/U\OR

Ph
252 rt, 3h 253
i Ph Q 1) 6 N HCl ©
NaH (1.0 equiv.) )
allyl bromide (0.85 equiv.) Ph>:N\§)J\OR rt, 61.5 h BocHN OH
reflux, 3 h |r 2) Eolci'z((:)o(S(Eq;iv.) v) (
al 3 (8.2 equiv.
254 H,O, dioxane 255
rt, 73 h

Prepared according to the literature procedure™®.

(35,45)-4-(benzyloxymethoxy)-5-(tert-butyldiphenylsilyloxy)-N-methylpent-1-en-3-amine (262)

1) NalO, (2 equiv.) PMP

sat. Na,CO; aq. )\
WLO OH CH,Cl, PMP N vinylmagnesium bromide (2.7 equiv.)

3 : 5°Ctort, 2 h | Et,0
z O H o [}
z 2) 257, 4AMS 5°Ctort,16 h

242 rt, 90 min 258

PMP 1) 1.2 M HCI PMP 1) (HCHO), (3 equiv.)
THF )\ benzene
PMP '}‘H rt, 90 min PMP I;IH reflux, 2 h
7Y 0 2)TBDPSCI (1.3 cquiv) (X OTBDPS 2) BH.THF (1.1 equiv)
07Q NEt; (1.75 equiv.) OH THF
259 DMAP (0.15 equiv.) 260 0°C,1h
CH,Cl,
rt, 24 h
PMP 1) BOMCI (2 eqiuv.)
-Me DMAP (0.3 equiv.) .Me
PMP™ N DIPEA (2 equiv.) HN PMR
: reflux, 48 h : >—NH2
NOTBDPS WOTBDPS PMP 257
OH 2) AcOH, reflux, 15 min OBOM
261 262

Prepared according to the procedure written by Sylvain Lectard

tert-butyl
1-{[(3S,45)-4-(benzyloxymethoxy)-5-(tert-butyldiphenylsilyloxy)pent-1-en-3-yl](methyl)amino } -1 -oxopent-4-¢
n-2-ylcarbamate (263)

0o WSCI (1.8 eqauiv.) 0
- HOOBt (0.1 equiv.)
BocHN HN DIPEA (5.1 equiv.) ~ BocHN -
OH - N
(\‘/\OTBDPS CH:Cl :
+
| OTBDPS
0°C,20.5h r N
f OBOM |l dBOM
255 262 263
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To a stirred solution of 255 (361 mg, 1.68 mmol) and 262 (824 mg, 1.68 mmol) in CH,Cl, (33 mL) were added
WSCI (588 mg, 3.08 mmol) and HOOBt (27.8 mg, 0.170 mmol) followed by DIPEA (0.88 mL, 5.05 mmol) at
0 °C. After being stirred for 20.5 h at 0 °C, the reaction mixture was diluted with EtOAc. The organic layer was
washed with H,0, saturated aqueous NaHCO; (twice) and brine, dried over Na,SOy, filtered and concentrated
in vacuo. The residure was purified by silica gel column chromatography (SiO,, n-Hexane/EtOAc = 9/1 to 4/1)
to give 263 (991 mg, 1.44 mmol, 86%): "H NMR (400 MHz, CDCl;, diastereo mixture) & 1.04 (9H, s), 1.05 (9H,
s), 1.41 (18H, s), 2.05-2.14 (1H, m), 2.25-2.32 (2H, m), 2.40-2.47 (1H, m), 2.88 (3H, s), 2,97 (3H, s), 3.57-3.66
(2H, m), 3.68-3.75 (2H, m), 3.96-4.00 (1H, m), 4.05-4.09 (1H, m), 4.45-4.64 (6H, m), 4.71-4.83 (3H, m),
4.90-4.95 (3H, m), 5.05-5.10 (3H, m), 5.19-5.39 (3H, m), 5.55-5.76 (2H, m), 5.98-6.11 (2H, m), 7.22-7.42 (20H,
m), 7.63-7.67 (10H, m); LRMS (FAB, NBA) calcd for C49Hs5N,O¢Si : 687 (M+H). found : 687.

tert-butyl
(5)-7-[(5)-9,9-dimethyl-1,8,8-triphenyl-2,4,7-trioxa-8-siladecan-5-yl]-1-methyl-2-0x0-2,3,4,7-tetrahydro- 1H-az
epin-3-ylcarbamate (279)

o)

BocHN N~ Grubbs catalyst 2nd generation (2.7 mol%)
H benzene (0.01 M)

OTBDPS
flux, 14.5 h
”/ IT/\Z;;;W reflux, 14.5

263 282

To a stirred solution of 263 (300 mg, 0.437 mmol) in degassed benzene (44 mL, 0.01 M) was added Grubbs
Catalyst 2nd Generation (9.9 mg, 2.7 mol%) under an atomspher of argon. After being refluxed for 24.5 h, the
reaction was cooled to room temperature, filtered through SiO, pad and concentrated in vacuo. The residure was
purified by silica gel column chromatography (n-Hexane/EtOAc = 4/1) to give 282 (307 mg, 0.465 mmol,
quant.) as a green oil: 'H NMR (400 MHz, CDCl3, major isomer) o6 1.07 (9H, s), 1.43 (9H, s), 2.17-.48 (2H, m),
3.11 (3H, s), 3.70 (1H, dd, J = 6.2, 11.2 Hz), 3.83 (1H, dd, J = 4.0, 10.8 Hz), 4.01 (1H, dd, J = 6.2, 10.4 Hz),
428 (1H, t, J = 6.4 Hz), 4.35 (1H, s, J = 12 Hz), 4.45 (1H, d, J = 12 Hz), 4.59 (2H, dd, J = 7.2, 17.6 Hz),
5.01-5.05 (1H, m), 5.69-5.73 (1H, m), 5.83-5.87 (2H, m); LRMS (FAB, NBA) calcd for C3gHsN,O4Si : 659
(M+H). found : 659.

tert-butyl
(5)-7-[(5)-9,9-dimethyl-1,8,8-triphenyl-2,4,7-trioxa-8-siladecan-5-yl]-5,6-dihydroxy- 1 -methyl-2-oxoazepan-3-y
Icarbamate (264)

O
0s0y (0.5 equiv.) BocHN
NMO (2.1 equiv.)
OTBDPS THF/H,0 (4/1, 0.023 M) OTBDPS
OBOM rt, 71 h HO  OH OBOM
282 264

To a stirred solution of 282 (307 mg, 0.465 mmol) and NMO (0.2 mL, 50% in H,O, 0.96 mmol) in THF (16
mL) and H,O (4 mL) was added OsO, in t-BuOH (0.1 M, 2.3 mL, 0.23 mmol) at room temperaturet. After
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being stirred for 71 h at room temperature, the reaction was quednched with saturated aqueous Na,S,0; and
extracted three times with CH,Cl,. The combined organic layers were dried over Na,SO,, filtered and
concentrated in vacuo. The residure was purified by silica gel column chromatography (n-Hexane/EtOAc = 1/1
to 1/2) to give 279 (265 mg, 0.383 mmol, 82%) as a white amorphous powder: 'H-NMR (400 MHz, CDCls,
major isomer) & 1.07 (9H, s), 1.43 (9H, s), 1.80 (1H, dd, J = 12.0, 23.2 Hz), 2.00-2.05 (1H, m), 3.18 (3H, s),
3.65-3.76 (2H, m), 3.97-4.04 (3H, m), 4.20-4.23 (1H, m), 4.35 (1H, d, J = 3.6 Hz), 4.42-4.50 (2H, m), 4.60 (1H,
d, J = 12.4 Hz), 7.29-7.66 (15H, m); LRMS (FAB, NBA) calcd for C;sHs,N,OgSiNa : 715 (M+Na). found :
715.

(5)-3-amino-7-[(S)-9,9-dimethyl-1,8,8-triphenyl-2,4,7-trioxa-8-siladecan-5-yl]-5,6-dihydroxy- 1-methylazepan-2
-one (265)

O O

BocHN H,N

TFA, CH,Cl,

OTBDPS OTBDPS

0°Ctort,23.5h y OBOM

HO OH OBOM HO O
264 265

To a stirred solution of 264 (215 mg, 0.310 mmol) in CH,Cl, (6 mL) was added TFA (0.6 mL) at 0 °C. After
being stirred for 23.5 h at room temperature, the reaction mixture was quenched with saturated aqueous
NaHCOj; and extracted three times with CH,Cl,. The combined organic layers were dried over Na,SO,, filtered
and concentrated in vacuo. The residue was purified by silica gel column chromatography (CHCl;/ MeOH= 9/1
to 4/1) to give 265 (130 mg, 0.218 mmol, 70%) as a yellow oil: "H-NMR (400 MHz, CDCls, major isomer)
6 1.06 (9H, s), 1.93 (2H, brs), 3.15 (3H, s), 3.65-3.72 (2H, m), 3.94 (2H, m), 4.12 (1H, m), 4.34-4.61 (6H, m),
7.20-7.66 (15H, m); LRMS (FAB, NBA) calcd for C33H45N;06Si : 593 (M+H). found : 593

tert-butyl (S)-1-[(S)-2,2-dimethyl-1,3-dioxolan-4-yl]allylcarbamate (236)

1) BnNH, (1 equiv.)

MgSOQO, (1.5 equiv.)
0 Et,0 0
0°Ctort, 75 min
O\)\”/H O\)\_/\

2) vinylmagnesium bromide (2.5 equiv.) N
O HN.
Et,O Bn

233 0°Ctort,21h 235
DIPEA (0.2 equiv.) ﬁ\o :Ti (?\ﬁHequiv.) o
Boc,O (3.8 equiv.) 19. NF3
dioxane O\)\/\ Et,O O\)\/\
50°C,41.5h Boc’N\Bn -78°C,4.5h HN\BOC

280 236

Prepared according to the literature procedure™.
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tert-butyl (S)-1-[(S)-2,2-dimethyl-1,3-dioxolan-4-yl]allyl(methyl)carbamate (237)

#\ NaH (3.0 equiv.) #\
O Mel (2.1 equiv.) o]
o\)\/\ DMF (0.2 M) OM

N 0°C,5h N
HN\Boc Me/N\Boc
236 237

To a stirred solution of 236 (884 mg, 3.43 mmol) in DMF (17 mL) was added NaH (60% oil, 414 mg) at 0 °C.
After beind stirred at 0 °C for 40 min, Mel (0.44 mL) was added to the reaction. After being stirred for 5 h at
room temperature, the reaction was quenched with H,O and extracted with EtOAc twice. The combined organic
layers were dried over Na,SOy, filtered and concentrated in vacuo. The residue was purified by silica gel
column chromatography (n-hexane/EtOAc = 9/1) to give 237 (898 mg , 3.31 mmol, 97%) as a colorless oil: IR
(ATR) 2979, 1690, 1455, 1382, 1366, 1303, 1251, 1215, 1142, 105, 922, 873, 842, 769 cm™'; "H-NMR (CDCl,,
400 MHz) 1.36 (3H, s), 1.43 (3H, s), 1.47 (9H, s), 2.77 (3H, s), 3.74-3.77 (1H, m), 4.03 (1H, dd, J = 6.2, 8.6
Hz), 4.27 (1H, quin, J = 6.4 Hz), 4.35-4.58 (1H, br), 5.23 (1H, d, J=17.2 Hz), 5.30 (1H, d, J = 10.4 Hz), 5.95
(1H, ddd, J = 16.8, 10.8, 6 Hz); "C-NMR (CDCls, 400 MHz, 55deg) 25.5, 26.6, 28.3, 30.8, 60.0, 67.2, 76.4,
79.8, 109.8, 117.9, 133.3, 155.6; HRMS (FAB, NBA) calcd for C4H,O4N : 282.1862 (M+H"). Found :
272.1875.

(3R,6S,7aS)-6-allyl-6-hydroxy-3-phenyltetrahydropyrrolo[ 1,2-C]oxazol-5(1H)-one (231)
';l LDA (1 equiv.) MoOPH (3 equiv.) \/

H
T o allyl bromide (2.0 equiv.) N\ : 0 LDA (2 equiv.) ; o
N/ THF N—/ THF HO N/
o} Ph
268

O Ph -78°C,35h -78°C,2h O _ Pn
267

Prepared according to the literature procedure®.

tert-butyl
(S,E)-1-[(S)-2,2-dimethyl-1,3-dioxolan-4-yl]-4-[(3R,6S,7aS)-6-hydroxy-5-ox0-3-phenylhexahydropyrrolo[ 1,2-C]
oxazol-6-yl]but-2-enyl(methyl)carbamate (272)

~. _Boc Hoveyda-Grubbs catalyst Ph o)

N 2nd generation (9.6 mol%) ~y-Boe
S CH,Cl, g NTNOH =
+ \/Y\ /,//W\
5 _

o 50°C, 27 h i

O
O\ﬁ
237 272

To a stirred solution of 237 (25.6 mg, 94.3 umol) and 231 (87.0 mg, 336 umol) in degassed CH,Cl, (1.5 mL,

0.06 M) was added Hoveyda-Grubbs Catalyst 2nd Generation (5.7 mg, 9.07 pmol) under argon atomspher at

room temperature. After being stirred for 24.5 h at 50 °C, the reaction was concentrated in vacuo. The residure

was purified by silica gel flash column chromatography (SiO,, n-Hexane/EtOAc = 1/1 to 1/2) to give 272 (35.1

mg, 69.8 umol, 74%) as a pale yellow oil: 'H NMR (400 MHz, CDCl3, major isomer) ¢ 1.32 (3H, s), 1.44 (9H,
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s), 1.47 (3H, s), 2.07 (1H, dd, J = 7.2, 13.2 Hz), 2.43 (1H, dd, J = 4.6, 13.6 Hz), 2.53 (1H, dd, J = 6.8, 12.8 Hz),
2.62 (1H, dd, J = 5.4, 13.6 Hz), 2.81 (3H, s), 3.58 (2H, t, J = 8.2 Hz), 3.91-4.07 (3H, m), 4.31-4.34 (2H, m),
5.69-5.80 (2H, m), 6.29 (1H, s), 7.32-7.45 (5H, m); LRMS (FAB, NBA) calcd for C,;H3sN,O7Na : 525 (M+Na).
found : 525.
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