AFRLIEAL - T B AN B K DY
Dieckmann #g& DB & it H

2013



AFTRLAEIY 53 - [ B AN B Je OF

Dieckmann #i& O BEFE & i H

BR
FLTR ettt bt i
BT o ii
HimDOE
BB wereeeeeese et st se s ettt 1

B AF LIRS T BIRATINES DO B%E & & R~ DISH

B8 AFFCIBERL S T BTN OO BATE oo 4
B T MANZACIAIN A DD AT ettt ettt et et et eae et et e e et et e et eeeaeeeeann 8

= WERAKFER Dieckmann fiH D PEF

BB ARFFRLIETL Dieckmann MHEN oo 11
B WEHRREESE -7 7 Z LT X BFHERO B L T DREREE. oo 14
B WEHIREEA -T2 b7 X BEFEIRD B AL oo 21
FEVNET HEBIKFEZ A A 2 B U B3 IR D B oo 24
B OAFLEMEOGE FHWTZHHLT P A T OA— VD EREIIE oo, 28

B B cvvrveersees et 29

EROE

BT BT D TR oottt 31

B BT BT D TR ot 50
GIFHITHR vt bbbttt s s 72
B T ettt ettt et h s e e b s R A A AR Akt A bt a st b s s ettt en s 74



Boc: tert-butoxycarbonyl

Bn: benzyl

Bz: benzoyl

‘Bu: isobutyl

‘Bu: tert-butyl

CAN: ammonium hexanitratocerate (IV)
DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene
DIEA: N,N-diisopropylethylamine

DMAP: 4-dimethylaminopyridine

DME: 1,2-dimethoxyethane

DMF: N,N-dimethylformamide

DMSO: dimethylsulfoxide

DPPA: diphenylphosphoryl azide

Et: ethyl

EDC * HCI: 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
FAB: fast atom bombardment

HMPA: hexamethylphosphoric triamide
HR: high resolution

IR: infrared absorption spectrometry
KHMDS: potassium bis(trimethylsilyl)amide
LiHMDS: lithium bis(trimethylsilyl)amide
LDA: lithium diisopropylamide

MS: mass spectrometry

MEM: methoxyethoxymethyl

MOM: methoxymethyl

Me: methyl

NCS: N-chlorosuccinimide

NaHMDS: sodium bis(trimethylsilyl)amide
NMR: nuclear magnetic resonance

"Pr: isopropyl

PMB: p-methoxybenzyl

Ph: phenyl

L-Pro: L-proline

RPHPLC: reverse phase high performance liquid chromatography
r. t.: room temperature

SOs; * py: sulfer trioxide pyridine complex
THEF: tetrahydrofuran



TBDPS: tert-butyldiphenylsilyl

TBAB: tetra-n-butylammonium bromide
TFA: trifluoroacetic acid

TMEDA: tetramethylethylenediamine
TMS: trimethylsilyl

Z(=Cbz): benzyloxycarbonyl
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Table 2-1 7 5 = VFEFRZ AV FFEIRE S FRFKR ARG DT

1.2eq. BnOOC  COOEt BnOOC  COOEt

COOBn COOEt
Y + ﬁ/ ﬁ» 4””')',,N,BOC + 4"/,,)\N/BOC

Boc/'\:‘MOM Boc/N4‘Boc 78°C BOC’N‘MOM Boc BOC’N‘MOM Boc
1.0 eq. 2.0 eq. A 8

Time (min) for Combined drb© i&)b)
Entry Base Solvent Addition? Reaction yield (%) (7TA/7B) 7A 7B
1 KHMDSY toluene/THF (4/1) 60 10 68 171 ND 82
2 NaHMDS? toluene/THF (4/1) 60 10 quant. 1/1 63 ND
3 LDA  toluene/THF (4/1) 60 10 25 171 ND ND
4  KHMDS® toluene 60 10 75 171 92 92
5 KHMDS® toluene/THF (1/1) 60 10 56 171 ND 86
6 KHMDS® toluene/THF (1/4) 60 10 74 171 87 84
7  KHMDSY THF 60 10 quant. 171 74 ND
8 KHMDS® toluene/DMF (1/4) 60 10 31 171 91 94
9 KHMDSY  THF/DMF (1/1) 60 10 83 1/2 93 93
10 KHMDS?  THF/DMF (1/1) 350 10 quant. 172 97 97
11 KHMDSY  THF/DMF (1/1) 309) 10 70 1/2 22 22
12 KHMDS?  THF/DMF (1/1) 350 120 90 1/2 ND 97
13" KHMDS?  THF/DMF (1/1) 350 10 98 1/2 97 98

a) A solution of substrates 1 and 4 was added to a solution of base. b) The diastereomeric
ratio and the enantiomeric excess were determined after conversion to 9A and 9B. c) The
relative configuration was determined by NOESY spectrum of 8A and 8B.
d) THF solution. e) Toluene solution. f) A KHMDS solution was added to a solution of 1 and
4. g) A solution of 1 was treated with KHMDS for 30 min, and then a solution of 4 was added
dropwise to the mixture. h) A gram scale reaction. ND : Not Determined

BnOOC  COOEt BnOOC BnOOC
i Ay BOC 4M HCI/ACOEt Mein \\\COOEt Mer COOEt
—~N |
Boc™ oM Boc HN.__NH HN___NH
7 8A 8B
BnOOC BnOOC
ZCl, EtsN Me....}/\‘\\\COOEt M ‘/\rCOOEt
HN\/N\Z HNVN\Z
9A 9B

T T = UHRBERCARFE B T RIS A R TE L D e D o T X BAOm A A
A4 I T 72 (Table 2-2), 7 ==L 7 7 =B8R (10) IZB W T, ICRITTEEMICHEITL,
T AT VA=t 32, TNTEN 9% ee. 9% ee THMID a,y-T7 2/ BEiHER 14 2157~ (Entry
). NV FFER (1) 1, SOSHEREN > 7272 D KSIRE % -40°C £ CEA XS TG EIT- T2
(Entry 2), ZOfER. 154 ZUILFE 50%, 87% ee H—D T T AT LA~—¢& L TfH{k, vA v FY
R (12) 1 TE 62%, VT AT LA~ —t 122, TIEI 97% ee. 97% ee THULAHEIT L (Entry 3).
AFF=FFER 13) IZBWTHIERITERMIZ, VT AT LAY —H 1.2, TIEN 91% ee. 92%
ee CHBWMAZ G 27- (Entry 4), PA XD SR, @ SCRERIRAY 2 A A T A 4y 7 [ A AN B
DBAFIZ A LTz,



Table 2-2 BANDT7 I/ BFEXREAVALFRER S FRLEMMRRE ?

R. _COOBn COOEt HmDS®) BnOOC COOEt BnOOC COOEt
\I/ + ﬁ/ _— R~ "'N'BOC + R N/BOC
N. N< - —
Boc” "MOM Boc” “Boc ' /PME(/) Boc N\MOM Boc N‘MOM Boc
10~13 4 14A ~ 17A 14B ~ 17B
) )
Time temp Combined dr*? ee (%)°
Entry R (hy (°c) Product vyield(%) (A/B) A B
1 PhCH, (10) 0.3 -78 14 quant. 3/2 97 97
2 i-Pr (11) 24 -40 15 50 1/0 87 -
3 i-Bu (12) 2 -78 16 62 1/2 97 97
4 MeS(CH,), (13) 0.2 -78 17 quant. 1/2 91 92
a) A KHMDS solution was added to a solution of amino acids and 2. b) THF solution c)
The diastereomeric ratio and the enantiomeric excess were determined after
conversion to 22A, 24A or 25A and 22B, 24B or 25B. c) The relative configuration of
14 and 15 was determined by NOESY spectrum of (18A+18B) and 19A, respectively.
BnOOC COOEt BnOOC BnOOC
. WCOOEt COOEt
R-7" -Boc 4M HCI/AcOEt Rim o
NN > *
Boc— ‘MOM Boc HN__ NH HN__ NH
14: R = PhCH, 18A: R = PhCH, 18B: R = PhCH,
15: R = j-Pr 19A: R = i-Pr
16: R = i-Bu 20A: R =i-Bu 20B: R=/-Bu
17: R = MeS(CH,), 21A: R =MeS(CH), 21B: R = MeS(CH,),
BnOOC BnOOC
ZCl, Et;N R....h‘\\\COOEt . R....}/\rCOOEt
HN\/N\Z HN\/N\Z
22A: R = PhCH, 22B: R = PhCH,
24A:R =j-Bu 24B: R =/-Bu

25A: R = MeS(CH,),  25B: R = MeS(CH,),

AN 3
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72 30 DOEPER e BIATEITRI L 70s, MR A W C— BT R CORELEZRET D 2 L ITa
L7z, ZOMRERZ KD OMEICESET ¥ r— /L= 27 /L L manzacidin A DE LA R L7,
Z LAY D 'THNMR A2 kL% Figure 2-2 (2R $, KD DEARHD NMR & BV —E &R L
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> > o
2) Br N COOH
44% (2 steps) H 5§
1\ ccl,
N HN\7N
26 0 , NaH / DMF manzacidin A

Scheme 2-6 manzacidin A D&/

B ALEW 28B D 6 (i ~—THD R KT AT LA ~—b [FFEIC ent-manzacidin C ~i5
L, manzacidin C & FEFENE OMEIHERL T OKFEAY hANR—8KT 252 L 2R Lz (&K
ent-manzacidin C [a]’p= -82.9 (¢ 0.45, MeOH), lit.16 manzacidin C [a]* b= +89.3 (¢ 0.73, MeOH)}, Figure
2-3 1213 'HNMR Ol z R L7z,

PLbEo Z & X0 RARER 1B ATMEIS OBIFEIC ) L, manzacidin A OEEKIZE YD Z D
ARMEZ R Z LR TET,



\‘/\rCOOH
O T

HN =N

manzacidin A

CHACN

80 7.0 6.0

20 1.0

50 40 30

Figure 2-2 manzacidin A ® 'HNMR (CD;OD) X~R% kL., a) EESIZKHERHILEYW. b) KMD

L& BEMIEEN.

Br
hYo
N
N \‘/\‘.‘\COOH

a)

O I
HN N

ent-manzacidin C

Br &3 T 1._‘0 “-0 -l‘l’l L0 2o l_.ﬂ I.l

b) /) )

N Oy ‘

H B COOH ‘ _

HN N - B | =- BN
manzacidin C ‘
J _ ..J_L Jl IUM J L 1'4__, .

I T T T T T J L 2 T ‘l'

Figure 2-3 "H NMR (CD;0D) Z’\7 L. a) EELIC J:%JAEE ent-manzacidin C, b) Xffa

% & R manzacidin C.
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T W BEAAEGZEMR Dieckmann iSO BR

F—H AFFEE Dieckmann HEH

Dieckmann #i51d a-KEEZHT DTN AT NG, BIR B-7r = AT NV EEKT D HIET
&% (Scheme 3-1)

o) (0] o}

H O + O
mWHNAvkm.Eﬁ,(f@q _i,(f 1
o) OR H OR
enolate cyclic B-ketoester

Scheme 3-1 —fi&#7; Dieckmann #E&

BHFFEEOPEL 51T, 2008 I C-N #iERF = /) T — b & HWIZARFFLER Dieckmann ##6 OB
FEITFUN, TV B — 2B TEEE I EA] Ranirestat” 2P OERTRA ASI2 OAEZ#RE LTS 19,
ZOARFFES Dieckmann fEA TlX, 7 AT X UFFEAR 31 2 OIUBEBRKRFEZHEINTEBA IR
AR 32 BEHD (scheme 3-2), L22L72R3 G, ZOHEFHEFMEIIRI 2 ODORINETH
DUEPLETH Tz, £ T, IR, ®ERORARAFEN Dieckmann #fi & OBH%E A BB
REITHZ L E LT

By
PMB \o 0 okt o PMB
O__N ® COOEt KHMDS \</m o N
O O N TBME o7 (
Boc”™ "MEM  _7g°c 2h ven ) N OEt Boc— N COOEt
31 o” MEM
L PMB J
32
o N 37%, 94% ee

Ranirestat (AS-3201)
Scheme 3-2 %2182 Dieckmann #i&

Z ORI OFINITIEE 31 (Scheme 3-2) Dy (M HNVR=NVIEEGTDHZ EICED afit e BAL
OPLT e b ALDEAETHDHEEZ, BT o b AbOBEA LARWREFIEZETHHE D~ F
(Figure 3-1) Z HHWTHRTAATH 2 & & Lic, (k&M D »blE -7 7 2 27 XV BEFHEIE G 23, 1k
AW E DOIX y-T7 7 T R BEFHER H S, ALAY F 5131 2 R U3 4 UFER T 25
LD ERESND, TNETIC, G ORBRHEREDIEMRRRESH -7 7 X L7 I BiHERD
EIL, Yang HIZ KV B-7 h=AT D= b VTV R—=)VUSZEB W TER Z TV D (Scheme
33, F72, H OBARHBMEONERIRESH v-7 27 b7 2 BEHEROMEL, Rawal HIZ X
% B R AT AADARFE FF VAL P Vedejs 51K DARFH VKRR LIV G & e T
7 kAL PORAM HIC L HARFA  Mannich SUSEFESRTICE D T2 h Ak PR lic L vERSh
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TUW2%  (Scheme 3-4 ~6), 1 DERZRIUE ?ﬁ&rﬂeé‘ﬁ4’ ¥R B3 A RFEAROREIT Xu HIZXY,
B-7 b = AT )LDARFF Michael ﬁj][l}iﬁl‘?\ 28)@8 IZ XV ER STV ADY (Scheme 3-7), 2L B L&Y
DE L E A7 RLEM Dieckmann i & EJZéﬁ’WJﬁJ 72\, L72d > T, A RLER Dieckmann
Ha A DOBAFE L, E%Tﬁ&rﬂaaﬁfﬁ% B—/f F:1:7\T/ViEODﬁ@ﬁf:fip?ﬁE@K%%%% b BN

50

’ COOR4
R
X N COOR! COOR?
\ﬂ/ \/\r \/\r @[ “Boc
0 N
Boc”™ “MOM COoX

E

| l

1
N 4
Eg:o ©:&COOR
Q Boc\ 3
BOC—p N COOR

N 1
N COOR MOM
MOM

G H I
Figure 3-1 FF:2fE%! Dieckmann fig& DIZH R

CF3

A =gl

NH ” 3

= | (5 mol%)
o HO

MeO.
O NO S
\%, . N
COOMe 65% L 7<COOMe
67% ee
Scheme 3-3 -~ FIRTILD= FAYTI F—ILRIGICEZUEBBRRFZESHR-S V2 LTI/ B
BHEHl (Yang 5 )

Qj:ﬁ(;

O,
O o tBuOOC\ (1 mol%) o
+ N=N > H *
M ~
COOR COO'Bu tBLUOOC” ” COOR
R = Me, Et R = Me 90%, 98% ee
R = Et 93%, 95% ee
Scheme 3-4 -4 FIRATILDFFE FS T Uik (Rawal 5 )
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Me., .Me
oP N°H

h
Y PhOOC 0]
o e} |\ Cgﬁ‘:
TBso\/\(( N

0
(1mol%)  _ TBSO HF - pyridine ] QZZO
N® “COOPh
95% 85% H
91% ee MeO

Scheme 3-5 T%jm-h UNEEBRIGEHELS ST e (Vedejs 5 *Y)

O
(0]
L-Pro (20 mol%) NaBH BN T F
+ |N > oHcHN, O — 4
(@) N
§ HO
¥ e L )

72%, 99% ee, >20/1 (syn/anti)
Scheme 3-6 3 Mannich Rt &E#E<ETIZES5Y ot GRES Y)

§ oF
T ’
MeO S
(0] SF 00
L0 OMe e OMe
R'-G + Rz’\/NOZ > R_/
Z N (6] N =
\ v 2 NO
Ac Ac Ry

90%, dr = >20/1, 95% ee
(R'=H, R? = Ph)

Scheme 3-7 =% Michael HIIRBIZED A2 K o-3-F VBB EDAR Xu 5 )
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B NBEBRREE -7 7 727 I BHEEOBRE T OREEE

—HITHARIZL T, TARTXUFHEL 31 O ¢y NODIVR=VEEDOFIEIZ LD afit s B
NMNOBT e M ALDBEEEMZ D Z ETHHD B-7 AT ANELND EE Xy MO IV R=)L
Ko ATF LV ATEB L TALEWE AR L. AERLERICOME 21T > T2, BUSIZHW 5 EE DA AL
1L, 9, BEHGE Y Boc-Z V¥ X @ Hoffmann &G L D 15 517z N*Boc-oy-2 7 X/ BfR
(33) PO p-T = AT AT REDBTH-N-T X MUIZE D PMB HEDOEADE, # %7 3 /&
ET T HNR= LT, 0T a MO NVERF I NIEE T F VT AT ANER LD, T
I FEHIT MOM A EA LARFRREMOCORTERA 34 28 Lz, LInLARR6, 20 34 O
KHMDS DAL CIEa < IS HEIT L7220 > 7= (Scheme 3-8),

p-anisaldehyde, NaBH;CN / MeOH

1)
2) CICOOE, Et;N / CH,Cl,
3) EDC-HCI, EtOH, DMAP / CH,Cl,
4)

(CH,0)n, TMSCI, MgSO, / CH,Cl, PMB
H,N COOH then 20% Et3N / MeOH . EtO N>(\‘/COOEt
NHBoc 17% (4 steps) O'H _H N,
° P Boc” "MOM
33
34
PMB
KHMDS o N
toluene, THF or DMF 7 Boee 0
oc~pn*
-78°C, 3h N COOEt
MOM
35

Scheme 3-8 7% 2fE%! Dieckmann #E& D#EAEET

ZOFRRIEA T REEERT 2 FICAR-72Z LI L A RBHRBEOREF DK T L, y 20D sp* D
HNVRZIVRED sp° DA F LU REITR -T2 LIC X HEEEBEOM ENFERTH D & &2,
ZIT AINEEEZALZEE, = Fa E—MICISDAFNCHEIT T2 ¢ EZ 2 65 2 2O= |k
FUHINR=NVEERTL2XFY A IREK 38 25T 52 LI LT, 38 DA
Boc-Glu(OBn)-OEt (36) # tHFJFEL L LTITV, B — " A — FEFRD MOM ({LE1TV 37 ~iFE L7
. HEMEITTIC K DX DN XA TV OMiRGE S #E< Curtius AL OZDOFRIEA YV 72— D
TH )= )L TCOMRICE YD ZF T — /" A— WU T, HAZRIT T —N A — FOIKFE % B EAT
(7 EIboMilO7H) @ NaHMDS Tl v R Afb L7 eanX@BoF L tnddsrl L Ttoo
¥ AN AR=1T I /(K 38 Z437= (Scheme 3-9),

(CH,0)n, TMSCI, MgSO, / CH,Cl, B"OOC\/\‘/COOEt

Boc-Glu(OBn)-OEt
then 20% DIEA / MeOH _N.

36 Boc MOM
95% 37
1) Hy, 10% Pd-C / EtOH
2) DPPA, Et3N / toluene O~ _OEt
then EtOH
3) CICOOEt, NaHMDS / THF \[]/ \/YCOOE'(
47% N.
Boc” “MOM
38

Scheme 3-9 TV 4 3 K{Kk 38 MDA
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38 OARF BRI OBFHER A Table 3-1 (237, B THF, ¥ 2 KHMDS % FV T 30 4y
FithS®7ee A, BHE LI -7 27 2 A7 X 7 39 OMIZ 1 fLO= R B LAR = VB R
N 40 NEHNTZ (Entry 1), 20 40 OYEEMEITEL NE ZLI20% ee TRERTEIK
f%otowgkLTNﬁmms%%th 1% 22%I0RT 39 3G H AL, LML 5% ee ThH o
7= (Entry 2), LIHMDS TI34 < KIS HEIT L7220 > 72 (Entry 3), LDA TIiE 5% IR 5 23% ee &
o L7z (Entry 4), BUSHNE %%ﬁLtDMF%%wtﬁmfi SEMBESE NS
GMwﬁoit&ﬁA%ﬁwfﬁﬁ%@ﬁﬁﬁ%ﬂﬁﬁﬁébﬁﬂotGMw® —7J7. HMPA %
BN LTSS T, -7 7 2 LFFEAR 40 O~ x— FFER 41 &Lz,

Table 3-1 TV 4 I Mk 38 OFFLRERIEDERHHER
COOEt

Oy, -OFEt COOEt
cond|t|ons EZ:
EtO_ _N COOEt COOEt
T Y S COOEt _N.
o)

Boc\N COOEt Boc\N

N Boc MOM
Boc” “MOM MOM a1
38 39 40
Yield

Entry Base (sol.) (eq.) Additive Solvent Time (h) 39 40 41

1 KHMDS (THF) (1.1) - THF 0.5 <48%2)  39% (0% ee®)

2 NaHMDS (THF) (1.1) - THF 0.5  22% (5% ee)?

3 LiHMDS (THF) (1.1) - THF 0.5 -

4 LDA (hex, THF) (1.1) - THF 05 5% (23% ee)?

5 LDA (hex, THF) (1.1) - DMF 0.5 - -

6  LDA (hex, THF) (2) - THF 10 trace 16% (18% ee®)

7 LDA (hex, THF) (1.2) HMPA (5eq.) THF 10 - 23% 37%
a) An unseparable mixture of 39 and 38 (ca. 30%). b) Chemical yield COOEt

1

and enantiomeric excess were determined after convertion to 42. c)

H

The enantiomeric excess was determined after convertion to 43. N N
o) o o) o

\\‘ \\‘

FREAERICIBWT,  Entry 1 OFMFETHRFAEHEN G DN -T2Z & £72, Entry 7 IZBWT
TR TN TF v r— NFEEEAPRIERD E L THELN TS Z D, ZORISIEN-CT &
NIEEEBNEZY, 7RI Vv TF v rx— 2B L CHEITT S0 EMEE L7, (Scheme

3-10),
ICOOEt

Y EO ,&9 COOE N
B0 N COORt — Y " Yecooet | —= QZZO
o N (e} B _N. Boc~p\” "COOEt
_N. oC MOM
Boc” “MOM A
achiral MOM
38

Scheme 3-10 #7F L - R H4#E

ZOHEE A I = A LNIE LT AUE, BRYE L7 AFFEEA Dieckmann & CldZe < REREES C-
T UMb ERBET D Z LD, ARG Z AT IUEAEFEES Dieckmann #i& OBHFEIZ O
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WHEEBEZ, BEtafid s b Lz, 22 TET, BB THEME EO R A aflicfFET DT
VAT V0D OFt & BN, AFEFLER C-7 2 bick v Pk~ x— MIF I icin b L&
Z (Figure 3-2), #&'E 38 O7 X /BTN AT /)N EFRRD -7 N VR =V IgHESR
FIZEALE 4 ZHVTRFZITI 2 & LT

Os_R
Y 1 R l\? COOEt
R__N
e OEt " > VY
I O goc—N. COR
Boc” “MOM MOM
R # OFt chiral

Figure 3-2 AFMEDOM EZ B E L-EERE

ItA&Y) 44 OEF%E Scheme 3-11 1ZFET, (LAY 37 OHEALERTIC L B Pz XA T LDl
& i< Curtius BELOBOFEIEA VT R — D -7 4% ) — /)L TOHRIZ LD Boc FEA~EHL7-,
KIZ . Boc,O.DMAP ZHWTT 2 REF LIZ22HDBoe £%EAL bis-Boc 7 X /1K 44 #457~,

B”OOC\/\rCOOEt 1) Hy, 10% Pd-C / EtOH ‘BuO\n/ \/\rCOOEt

N.
Boc”  “MOM 2) DPPA, Et3N / toluene Boc” MOM
then ‘BuOH
37 45
Os__OBu
_Boc0, DMAP_ 5,0 N COOEt
CHACN Y
N.
© Boc” “MOM
44

Scheme 3-11 t&%) 44 DERKR

AR LT 4 ZRHOCRFRERKSDOME 21T -7 (Table 3-2), 9. &ELC THF, #EEEIC
KHMDS # V), -78°C THRUGEAT -7/, Er U VRO | MBRMRE S, = AT VRGERED ¢
TFNIRAH T y-F 7 Z LT 2 BRFEIR 46 ZIUE 10% THET- (Entry 1), Z OILAWITAE
WD HEATEER (82% ee) T o 7o, SUNIRE D-50°C ~D EFITINERE 71% F CTH B S22, 3t
FRIEEIE 52% ee ETIK TN L7 (Bntry2), L22L7en56 DOFRER LY 78°C THL =/ 7 — FDIi
P BT 52 L TERVIEFHEO EFINRITLETE S &%z\ W 2175 Z L12 L7z, THF &
DEAIPEDR S < ROSED R W ) T — F &R AT H LR TE S DMF X° DME W TGS &
72& 25, DMF, DME & HIZIEROUEITITE ST, F7IZ DMF (2% > TIIOLFHE O KigE 22K T
W, L L7e» 6 DME & W28 1300 MDY 94% ee LR TE DR TH -7 (Entry
3,4), 2T, LoEfENEL ., BUStEOE WS ) T — FOREAZWIFF LT 18-crown-6 % THF
THWE L Z ANEIL 68%F TRIEIZ T L, 94% ee & iEh% L 7= (Entry 5), i’ﬁg@@ﬁﬁ’ﬂi\NaHMDS
et L < 70%, 97% ee Z AL L7 (Entry 6), LIHMDS Tida < L2 #{T L7227 > 7= (Entry 7).
T—7 LR TIER LT I ROTMANLE L RN D> 72 (Entry 1 vs. Entry 8),
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Table 3-2 TV A 3 Nk 44 OFFREERIS

Os_O'Bu H

N
tBUO\n,N\/\rCOOEt conditions I;):O
Boc~
(0]

1} N “CO0Bu
Boc” “MOM MOM
44 46

Temp. Time Yield ee?
Entry  Base (sol.) (eq.) Additive (eq.) Solvent (ratio)  (°C) (h) (%) (%)

1 KHMDS (THF) (1.2) THF 78 12 10 82
2 KHMDS (THF) (1.2) THF 50 10 71 52
3 KHMDS (THF) (1.2) THF/DMF (1/4) -65 14 32 29
4 KHMDS (THF) (1.2) THF/DME (11) -78 12 4 94
5 KHMDS (THF) (1.2) 18-crown-6 (2.4) THF 78 12 68 94
6 NaHMDS (THF) (1.2) 15-crown-5 (2.4) THF 78 12 70 97
7 LIHMDS (THF) (1.2) 12-crown-4 (2.4) THF 78 12 -

8  KHMDS (THF)(1.2)  TMEDA (5.0) THF 78 12 10 85

a) The enantiomeric excess was determined after conversion to 47. //@
N
O
Boc~

N’ “cootBu
MOM
47
A
{EEWD 46 OMEXBLE IXFHEERDO X-Bik s ST I L 0V ITo 72, T72b b, 1 iz 7 'Y
VAL, Boc &, MOM % -7 F VT AT VAFHE FIBIRIIZERE L, XUy A b L 48 =157,
48 O HfES XSS I X 0 | D@ LR B O E L S TH Y | SRR TAGA T2
Z LAVHIB L7z (Figure 3-3),

Br
Br
H 1) Br NaH, / DMF
g)zo 2) 4M HCI / AcOEt N o
o S
Boc~ 3) BzCl, Et;N / CH,Cl, Q g):

o
N" "COO'Bu N* “cOO'Bu

Figure 3-3 {L&1) 48 MERE 48 O X-RIEREE AHOZAREISFRTOKEHEELTY)

WIZ. Table 3-2 IZBWTEHE L AERDOD oD AT ILINZTF LN T FILAKHIN TS
T BETF LT AT VNIV S IVIRFEICH RS AR 46 TO IR =V HEE BC FuL
17



L LI EE 2ROV THEEET S Z 2Lz, 1-°C UK 54 OARKIZ TR OKIZIT > 7~ (Scheme
3-12), £9. 1-°C 7V @9) ZEEE L, =F AT AT AL 50 & Lz, KIZ, RV T =
S oAb, T VNBENR DN AT NIRRT DA TN E T ok, XY T2 ) AR
V% Boc FEAEHAL 51 L L7c, 517006 DOF5EIT Scheme 3-9, 3-11 & [FEED H1ETITV 54 21572,

NH
1) CH,Cl,
% OBn

SCOOH  socCl, 13CO0OEt 2) O +K2CO3 TBAB/CHiCN g noc 13600Et
_—
NH, EtOH HCI NH, 3) 1M HCl aq. / Et,0 | .
49 quant. 50 4) Boc,O / CH,Cl,

51
84%

1) Hy, 10% Pd-C / EtOH
1) (CH,0)n, TMSCI, MgSO, / CH,Cl, Bnooc\/\Fcooa 2) DPPA, Et5N / toluene then 'BuOH

o

2) 20% DIEA / MeOH N. 46%
79% Boc” “MOM
52
BocHN 3COOEt jo°
Boc,0, DMAP N 13COOEt
\/Y 2—> Boc” V\r
_N. CH4CN
Boc” "MOM Boc” V*MoM
94% oc
53 54

Scheme 3-12 °C SR)LIK 54 DERK

54 O -T2 HZ LT I BE~OEHIL, Table 3-2, entry 5 O FIEIZHEV, KHMDS/18-crown-6 % H
WTATV 55 %7572 (Scheme 3-13), 1L&% 55 @ C NMR (DMSO-de) HI7E TIE T ~Ub S - H
D7 FNE169.4ppm TH o7, 1694 ppm ([ZIHJEINDIRFEY VT NWIET 7 Z LR 2 LD T VAR
SIVIRFBTHSTZZ ML T I ZLR2MNT IS INTWD Z EN ot bbb, IE 4
DIZF VT AT VD IVIR=)VIRBZBITERY) 46 O = AT )V HIVIR=)L TR T 7 Z LB ILR =)L
ThdHZ EBnmhoilz,

f H
N O N, 169.4 ppm
Buo_ _N 13cooet KHMDS, 18-crown-6 Q&O
\IC])/ Boc—N H Boc~p” ~COOBuU
MOM Mom
54 55

Scheme 3-13 °C SRk 54 2RV -5 98 L7 3/ BEERK 55 DERK

PLEDOFER LV | Scheme 3-10 DAEEITIEL < S EZ L DD LIRD K 512725 (Sheme 3-14),

Step 1: Boc &7 F RN I T F—DariA—aldH b a/KFEN KHMDS (2 X0 5| & Hn
T C-N Wt RF = T — FAERKT 5,

Step 2: HMEARF T/ 7 — NMIMEH ED NBoc), &G L, tert-7 k% 3 1 VR = Ak % SEAREE
FEO/NIV N-MOM I B 23 QLIRREF), Z OBRBEEST 2013 7 M2 FTIE7R
KA—NRA=RNERLEOT =F 0 Thd, Tk, BBEREOILEEED pKa THATE 5, T
72HbH, 'BuOH @ pKa 1L 17 72Dk L, 7 VX B NH O pKa X 15fHtEEz 505
ZEMND, UL EUERAABBE LT N T = DB DD THDH, ZICKY ¢+

18



TFNVTZAT IV a BT D,

Step 3: A UTER LOT =F IR EEO/NS DWZTF LT 27 U LV ALFEIRIZT >k
BT, -T2 X LREERT D, BB LT T TN AT IVEML & 13 BR D  A T VL
EBRILTHOT, —RAVARKEE L7 E T2 AT AR LT L) IR A5,

Step 4: ELD = FF T NI U UER | LD Boc EZKE L, N-Boc EDMifrRiEIN, B

MREsN5,
Bu t
\O Bu . Boc
Boc O% OEt O%
1 /’//,,’, r
‘Buo\« zﬁj\to = o=\ ot
/ @ N \ ( @ 4
MOM N—TMS Boc” 7\7//0% / 07 ~OBu
i Mom A N MOM
™S 0 IRREF
4 OB
B, N%:\U/GOE'[ Bu, LN
—> 0 % —> O%% WOrk work up_ %O
N /)~o'B N /7~o'Bu /N /7~ofBu
MOM MOM

BT L ikRER
Scheme 3-14 RIGHED FE &L H

T t% DPREE ML, Ak =155 DIZIEFICEETH 5, — 72 Dieckmann #F41E Scheme 3-1
OFRIZ, KT D B-7Z FZAT LD a7 a hUBBBEL7=7 vaxy RICE U7 e vk s
nx ) 5— ke LTLENT D72, i Dieckmann #ia T TETICHBMNESND 2, Lol
RBS, EREISTIEE LI B hT AT MIHEREFEEA LTI BT 571 i

W, KIStEOEm W T v axs RBNAED S & o

- “ . G - OR
Figure 3-4 @ X 9 (2  Claisen #fi & <> W Xj
. : retro Claisen
Dieckmann #E&NE & 2 A[EEMHELRH D, L L7 Boc. g;;\(aA condensation
/]/OEt : retro Dieckmann
condensation

236, Scheme 3-14 (TR L OIZ, = hFFD MO,\'A Of\
N-A I F~OEBE LY T I RT=FNELD S
728, i Claisen #f§A=<Cif Dieckmann i & 234517
LILHMIBICR L Foict B2 bh b,

ZORIEEBIIR O EBFER L B EET D, T20BLILAEY 4 O oafff= ATV ERIET I R
LT AN A NS Lt F L= A7 UAICERE T 2 7o DNLIRRFF TS HEIT T 5 L B 2 56
O L. RECIERMRGZIT 72 (Scheme 3-15), Z D%, JE 56 OMIHT T HAR=/L
FOBIEER LS 72D IRINETIE S o 7248, TR O SRR CHETT L7ALA Y ent-46 % 1537-, Hukf
Bl L. 46 & RERIC N-XU Uiz kY ent-47 & L. X T 08 T L% iz HPLC 2812 47 K&
W' IR E OREFFRFMOBIC L VR Lz, {7272 L, ZORIGTIE, = hF T A R=1ED
% OTHE Y 13, WMEETHEE X 225 KK a %;@éﬂa LEZbDTHDLA, a 2RBEET, H
PRI AERE b 288 L TV D ATREMEIRSERICE E TE RV (ZO%ETX, EH19IC Dieckmann #§5
ST LT 2 LR DY, v-T 7 Z L7 2 EihEAR 46 G D SOSHEMERRAT > & TPRIA Y A

LTWAHDEEZTVDL,

Figure 3-4 % b h 58RI
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Oy OFEt KHMDS (1.2 eq.) H
Y 18-crown-6 (2.4 eq.) N oL _N cooB
EtO__N COO0BU S E{!ZZO Y Y !
\g’ ~Y THF Boo-\"NCOOBU O N
N. 0
Boc” “MOM -78°C, 12h MOM °°
57
56 ent-46

36% 640/0

=N o

\ Et0 NWCOO’BU j .
Lo

O Boc—N ’,’COOEt

MOM Boc~N® TCOOBu
Y MOM
) ent-47
Bu t
\ Bu\
O o]
O%/"’/u,, OBu Sy, OBu
pr— A\ 1y,
r N 0 N (0]
EtO N\/ OEt OEt
LY < o o
MOM o) O MOM
Y

C-N 8 RFT/5—b

Scheme 3-15 IL{RRIFTHEITT S A Dieckmann #EE

IS IGHEDOIRIIC LV | v-T7 7 X AERUTIE BN 72 Dieckmann fEA TIXR2 2 & A3 5 2
Llpofeld, EEMRAETES Dieckmann #ia OBRZ HAYE L, BB ORERED pKa 5
BL, 724U NEVREICRDEIOFRFF LR T 2 ) RV NR= VI BAQ22-F) 70
T hEFUHNARZINERE Z2,22- MY 7AF e b F AR =N ERBIEA LAY 58 ~
60 Z AR LIRET 21T o722y, &< Y 61 13567, 58 NOITHEMREGYE 52, 59 BLD
60 DI, BT VA X IR VEOBIREDNE Z 2 DA ToH 72 (Scheme 3-16), = Dfifri#
. BOGRFPOEENESEA I REHBELTHNDHHDEELZLTND,

(0] R
Y H
H
R N H KHMDS, 18-crown-6 y o N ° R N H
\g/ B\/\< THF 7 lZ: \g/ B::|§<COOEt

_ YCOOEt \
oc=N Boc~p® YCOOEt

MOM YoM MOM
R = OPh (58) 61 R = OCH,CCl; (62)
OCH,CCl; (59) OCH,CCF3 (63)
OCH,CCFj (60)

Scheme 3-16 EEMNLZAFECEE Dieckmann fiEEIZHEITTORA

PLEDOFRERED, -7 7 7 L5 EHIE Lo E#EN A ERLER Dieckmann 55 OB % 132K
NPT b DD, RFRER C-7 oAbz ER L, WERIREZEER v-7 7 ¥ L7 X JBROE=T
FUFAERM AR EITO T ENTE 2, HENZ2AELER Dieckmann 55 ORI ITM O ILE T
11TH 2 &z,
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B=H WEBRREH v-7 7 b7 I BBEEEDOERK

B 72 A FLIEA! Dieckmann ME & OB A HHE L T, SIS —FRx— MEEE2H T 5 5
(65~67) LV, -T2 b7 X VEEHEEROGHIT) 2L & Lic, SSEOEMITT AT F ViR Y
7k (64) ZHIFFEE L0, IBRAMEKYZRE LB ITIC L A U kiR iEE I — R 2 — b
Zo#a L CE R L7 (Scheme 4-1),

1) CICOOBu, EtzN / THF,

HOOC/\‘/COOEt then NaBH, water o R/O\H/O N H
_N. 2) ROCOCI, pyridine / CH,Cl, O Boc—N 'COOEt
Boc MOM MOM
64 R = Me (65)
R = Bu (66)

R = Cl3CCH, (67)

Scheme 4-1 FiC1EE! Dieckmann HEEDHIBRAN—RR— FDERK

Table 4-1 \ZIXER LT —AR R — FORFFLEMOEDOREFERZ R LTz, AF AT —HRF— |
65 % THF {&iErH-78°C ¢ KHMDS (2.0 Z&) CUELZ T2 & SUSBBEHEC 2 0 &< BT E
Lotz (Entry 1), 7 F B —HRF— bk 66 TIIIENELETLARN->72 (Entry 2), F7-.
M) ZauaxFAdi—ARr— b 67 ZFRERICLET S L HID v-7 27 F 68 % 72%. 63% ee TiF
7= (Entry 3), Entry 1 ~ 3 OFERIV ., BEEE LTHESNDS T LaFx T K (OR) LhERY &
IS DT v axy ROEEEED pKa NEE A EEDLRWESA (MeOH B L OEER Y I
DT T —/UE & HIT pKa 16 (4150 12 AEE Y AMNEES 5 Z & b &2 bid I Figure 3-4 T
A LT K D 7238 Claisen #fi&<°1i Dieckmann MG 235 2 0 | x4 REIKICHIBETE 2, —H. W
BESE DI D pKa BN/ NEWRE 222-FY Zuux X ) —L® pKa 1% 12 £ %) (ZAE&E Y .
OR WNRERT =4 & UCHiBEL, E#A97: Dieckmann fEAHET L, BN EORIZEE X
HivDd, KHMDS % 1.2 &z W EBR Tl UL 86% ee ~A L L72 b O DIEIT 43% ~
X F L7 (Entry 4), ZOSKMETIERKISOFEEINL o> TWZDOT, =/ F— b EESCHEE &
mixed aggregate ZERL L., MICZHELZHD LB NS, BEEMFICIX DMF, hl>=> Tidse
< HEOIE s N80 -7 (Entry 5. 6), —J7. THF &~ DME DINTINER, JepE %\
SHEDHZ ENFN 5T, 10% DME/THF (v/v) #EEIZEH VT KHMDS % 2.0 MW 2gA 1%, IR
78%. 79% ee ~~[A L L7= (Entry 7), & 51T, 25% DME/THF (v/v) BT ISR 83%, 92% ee % EEhK
L7 (Entry 8), RILT—FT VRDRPETHD VxF L7 ) a— P XAFLr—7 )b (diglyme) %
W2 & RIBICICRIME T L7z (Entry 9), KRIZ 25% DME/THF (v/v) EECEE L, HIEORF 217
572, NaHMDS % V7254 13IR 64%., 86% ee (Entry 10), LiHMDS % V72354 13U ER 87%.
80% ce Tdr -7 (Entry 11), ZONFMEDIKTIZ, =/ F— FOIEKISHEICER LTI Y. C-N il
HEARAET ) 7= bOTEIMPRRKRTHD EBXHND, ZILE TORGHERIL, EEOBIKICHEEL
ZMTFLTHELNIZLEDOTH DM, Entry 12 ORRICHEICIEE 2 F1 25 HE~OEF Clde< B
MIIEoNRhole, TO y-7 7 AT, RO y-7 7 Z LG EITRR s 70y 2—TF
M ELSIRDB A 672 -7 (Bntry 13), Z DS TIL DMF, Diglyme, 18-crown-6 72 EBIAZEN
B < SOEEDFE\NT ) T — N B RA X HIEBECTIINANT, JSREEMCLTLE D ZEB3005,
T )7 —NeHE WEOT TV — NOWIS N T UARIEFICEE THDH I Lo,
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Table 4-1 "% EEE! Dieckmann #E&IZL D y-5U FoT7 S/ BEERDERK

Bu_
0._0 H dit 0 7
R” 3 conditions i,
\g/ Boo—N' YCOOEt — g~ _ 5 © ﬁk/ /—‘f:: Cc))'f t

Mom oc~\" YCOOEt ( 5

R = Me (65) MOM 7%7f0R

='Bu (66) 68

R = CI3CCH, (67) C-N im'li{’l'ﬁl/j'—

Entry Substrate Base (eq.) Solvent Time (h) Procedure® Additive (eq.) Yield (%) ee (%)
1 65 KHMDS (2.0) THF 10 | - -
2 66 KHMDS (2.0) THF 10 | - -
3 67 KHMDS (2.0) THF 10 | 72 63
4 67 KHMDS (1.2) THF 10 | 43 86
5 67 KHMDS (1.2) DMF 10 | - -
6 67 KHMDS (1.2) PhMe 10 | - -
7 67 KHMDS (2.0) THF/DME (9/1) 10 | 78 79
8 67 KHMDS (2.0) THF/DME (3/1) 10 | 83 92
9 67 KHMDS (2.0) THF/Diglyme (3/1) 10 I 21 89
10 67 NaHMDS (2.0) THF/DME (3/1) 10 | 64 86
11 67 LiHMDS (2.0) THF/DME (3/1) 10 | 87 80
12 67 KHMDS (2.0) THF/DME (3/1) 6 I - -
13 67 KHMDS (2.0) THF 10 | 18-crown-6 (2.4) - -

a) I: A solution of the base was added to a solution of the substrate .

II: A solution of the substrate was added

to a solution of the base . b) The enantiomeric excess was determined after conversion to 69.

-
pKa of alcohols

pKa ( in water)

Cl;CCH,OH 12
MeOH 16
HO\/\rCOOEt
~16
Boc” “MOM
‘BuOH 17

RO HE#

BB D 68 D E 137
&Y 69 (FHfbaut: 98% ee) D= kA iE
FEARDMF DAL= T, Bk G XIS AT 217
FaelEf Diekmann #E S ISLARFRETTT 5 2

1) 4M HCI/AcOEt

o
2
o ) /©)J\CI
o O,N , Et3N
BOC‘N COOEt  3) H,/10%Pd-C
MOM e
68

Br

4)
o
B , EtsN

Figure 4-1 £ &%) 70 DERE X-IRiEREE

PR D X-BAEEHERITIC L VT o7z, bbb,

%ee HIRE LT
T, TRERXUYAMEL 70 ~FHET D E B
o7- (Figure 4-1), ZOfER, #EXIEEIL § T, AR
& RS LTz,

70
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TE SN D ORI DY T D (Scheme 4-2), y-7 7 Z LFERA K OB & RIEEORRIIC X
D%?DF/%LT%%%K%%T%E/7~F& KREFHN O —ARR— b EARFEFED /NS0
MOM A2 BEOG L, LD pKa /NS WY 7 max M2 RERREL 7223 5B b L, SRR
ﬁf@%@rf%ﬁ?éynﬁ MNoBEREEZDEEZLND,

Bu

o A
O e} ‘ny,, OEt
C|3c\/o‘\g ) H{\ &K . ﬁ/ O=(<§%

MOM STMs %f ccl
TMSN MOM J N 3 MOM
KR

Scheme 4-2 FFE & h % RICHEE

PLEORER I | EHEM R AEFES Dieckmann #i& &2 Wz y-F 27 b o7 2 BBHERO AR
BRERK LT,
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EUE WBHRIRESHE [~ U v-3—F L FEEDOARK

WIZ, BEENLAFTES Dieckmann #EE OULHAMEDOIERZBIEL T, N-7 U —L7 X iEHE
K (713~75) B L, ISR EITH 2L & Lz, WEOAMKIEIMa &, SHFEEOMO L O®RE
ICHEWT = = LT T = UERER (1) . NV UEREK (72) ZHIEEE L Y, Parikh-Doering F21L.
Pinnick f&ft. = AT WALIZ X V1T-7= (Scheme 5-1),

1) SO3+py, EtsN / DMSO
2) NaClO,, NaH,PQy4, 2-methyl-2-butene

R. _COOEt / water, CH3CN XOC
\r 3) EDC-HCI, alcohol or thiol, DMAP / CH,Cl, R,,;<H
g w

Boc” EtOOC
HO Boc

73: R =Bn, X = OEt
R=Bn (71) 74:R = Bn, X= SPh
R = Pr (72) 75: R = 'Pr, X = SPh

Scheme 5-1 7% 258! Dieckmann E&ICHWA N-7)— L7 I/ BFEEK 713~7T5DEK

AR LT 73 ~75 OARFRLABASUG OMGHER 4~ L7z (Table 5-1), XU B VB oLl X0
WIR=)VEE R AT DEEE 73 AV, -78 °C, I THF, Mt KHMDS THOBLS 2 & H YD MY & #a i
FREAA L RY U3 A VFHERIEONT B X WV R= b LIAbEY 78 &I 72% T
7z (Entry 1), 23 Figure 3-4 T~/ X 512, #f Claisen RISHEZ o7& FEZbID, £ I T,
BEERL D DT =4 > DB VR =V EA~OBEE TR . V7 N A o7 = =L F 4
TATNVERTHLEY 74 ZHOTRICEIT> T2, WEIZ THF ZH, -78°C (2B W\ THi K
KHMDS THELT % LARE@ Y ARYDMERRFEZ A A~ F U 3-F U iFEIK 76 ZUUR 54% T
72 (Entry 2), L L7 B 3517276 OWFEHMEEIL 18%ee EIEFIENLDTH o7, £ 2T,
Ot ED WL ) T — N AR SEH 2 L2 HE L, IBl% THF 75 DMF IZ8H L TG ZEAT
ST, TOFRERMEIL 29% IR T LI2bDD, HFMEET 56% ee % Tt# L7 (Entry 3), Entry 1 ~
3 OEHT, WEICHEZE FL W0 T, WEICHEEAH T 5 HIBICER L2 A, EE
47%., SRR 81% ee ~RMEICHGE L7 (Bntry 4), 72 2 SUSHNE A HFF LT, 18-crown-6 Z ¥R
L7zE A, IES51%, 92% ee (2 L L7z (Entry 5), #iJ% NaHMDS [CAF 325 R FED D
TR ToD3, 99% ee HEEAK L7Z (Entry 6), ZAUVH DG TIE, BIAERM E LT N-Boc 7> h 7=/
RGO TV, ZORIERMIT., 72=ATT7=00 B AKEFIE/REITE D B2 MBBkEA L &
biv, TR ELRWRIRTH D &5 272 (Scheme 5-2), 2NV VFFER 75 (X B ALl —»o
DAFNVIEBGFET D720, B2 BBEZ KT 5 LB 2, USRI E1T o7, DMFIREE T, ke
L C NaHMDS ., #SHIFNC 15-crown-5 Z M L 12 FERSEZITo72 8 2 A, 77 2R 62%., 99% ee
TH372 (Entry 7). BOUGKFRIOIERAZ X 0 JFEHIVER L, I 75%, 99% ee &R L7 (Entry 8), X
JEREE A -40°C ~& EH S THIFMEDK FIT R b /eh > 72 (Entry 9),
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Table 5-1 7&F:iC1EH! Dieckmann EEIZE DA 2V K U-3-F VFEFEDER

YOC
:@ MHMDS (1.2 eq. /8\1) th@
EtOOC conditions EtOOC N

Boc SRR
73: R=Bn, X = OEt 76: R Bn
74: R = Bn, X= SPh 77: R = i-Pr
75: R ='Pr, X = SPh
Additive
Entry Substrate M (2.4 eq.) Procedure® Solvent Temp (°C) Time (h) Product Yield (%) ee (%)
1 73 K - | THF -78 1 78 72
2 74 K - | THF -78 13 76 54 -18
3 74 K - | DMF -60 4.5 76 29 56
4 74 K - 1] DMF -70 1 76 47 81
5 74 K  18-crown-6 1] DMF -70 4 76 51 92
6 74 Na 15-crown-5 1] DMF -70 6 76 51 99
7 75 Na 15-crown-5 1 DMF -70 12 77 62 (g)b) 99
8 75 Na 15-crown-5 1] DMF -70 24 77 75 99
9 75 Na 15-crown-5 1] DMF -40 6 77 73 99
a) I: A solution of the base was added to a solution of the substrate. Il : A solution of the substrate (and

additive) was added to a base solution. b) A value in the parenthesis indicates the recovery yield (%) of the
substrate (99% ee).

"N
H H

H
N N
Ph)Q\‘/COOEt —_» | Boc” H_20> Boc”
S
Boc” N PhsOC HooC

PhSOC :

Scheme 5-2 FE SN B8R

A
bEWD 71 DR ELEILFH IR D XA mEMTIc L ViTo72, T7bb, k&M 77 ©
N-Boc % iffi#ts, 7 ue~_0 Y AL L 19 ~FET D & B RNEDNTZOT, Hikh
XA ERRNT 21T > 7= (Figure 5-1), 2 OFER, MxtilEiX R TH Y | RUSH SRR CHETITT 5
Z iR L,

0}

1) HBr aq. / CH3CN

EtOOC N 2) 0
Bod /@)J\CI
77
Br ) NaH

Figure 5-1 {L&¥ 79 MERKE 79 D X-RiEREE

ZORIEDOFE 74,75 [ZITE NI, [BIERFREE O @\ s A ORI S R RS FET 5, A~
FHWUISIZF T AT ) F— DT IMbE A5 - DIRE TIT 5 DT, @&\ R L v i
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ML EIAFAET D 2 DORBREMEESBT 7 M ALBRRICHEL 5252 tnBxohb, £ T,
{bEW 75 [ZBWTRIERREREA R L, Z OREREERE D SIS ~DEBIZ DWW TERET L Z LT L,
[Ml#AERE DB H T DMF-d, H CTOIRERZ NMR (VT NMR) (2 X v kd7= (Figure 5-2)2 ,{Z® 75
® 'HNMR (231 5 20°C TORMEARD HLFRIT 60:40 (5L & 0 EH) TH D A3.50:50 Ll L TIT
ST ) F O REHAERE L, -70°C (DMF) T 16.2 keal/mol T&H Y, -70°C TITKI 10°/F D E T
FIAERT 2 2 DOREREEROBEW EEZZ BND, 2O 2 DOEEZEMERIT Figure 5-2 (8 74k
IZ C(a)-N(Ar)Boc #DFEHAIHEIZEE S D LB X, T b OEHREMAEARIX, C(w)-H & N-C(Boc) 23
RN T T F—REEERED A b, TUFRY T T —REEE RO B O _fEEEHEE LT,
ZO X BV AZERIT, RIEOKIGC T 7 M AICEELZ 525 B2 b5,

1 'PhSOC
(h\ P
IV etooc” N
II \ Boc
\"'J/ | | 75 J
\ | \\ PhS N\,
| 65°C (338 K) !
| 1| ke BAR
U/f |'| 4/\ 64°C (337 K)
/'\ 63°C (336 K) = T,

—

A 62°C (335K)

(L

61°C (334 K)

=
Z
==

| \ O,
|l | B0°C (333K)

|
Vv

W

| v \\_/b 50°C (323 K) o M
(1 °

Mislh 40°C (313K)
_/\L_.../‘\._____.«-J v Y I

- i Jl |I J'Iﬂ ﬁurL 30°C (303 K)

U LA} v I|

: |.—"'_'L_ 20°C (293 K)
-CH(CHa), -CH(CH3),

Y N NN N

|

T

_/\Jlil’\_.__.»-’

Figure 5-2 {L&% 75 @ 'H viNMR (DMF-d;) Dik¥&#ERBILOER (BILYP/6-31G* 5tH)

FT. 75 Oar T A—vaF AV —F L DFT GREIC K W EER#E(L 21T o7, T ORER
B N ZEWHETH -T2, A/B BOZR/LF—7EL 0.31 keal/mol TH Y, (LGP 75 D 20°C I
B D EHEEMEROLZ (60:40) & —F L7z, F7/=, Table 5-1, Entry7 LV, KUt 12 FefEf: & R
BEEIY S 3, Z OEIFEEIO ML 9% ee TH D, DI 1L, 77 OEERBIERN S D I
7 e AR DI EEZRL TS, ZTNHEBE L, RO ATEEMZEE L T\ 5 (Scheme 5-3),
Thbb, AV ¥ —/pEEREMAAR B (60%) 1% C(a)-H & N-C(Boc) BT > F_VU 7T F—rplid i % b
Lo M ALRRL =/ T — FORE N E OBIGBIEFFITH S | @VIEFHIE T H Y
BELND, —FH, vA TR EHRERMER A (40%) I v R AEBELS | FUSRTTA TV v —7p 5
MR ~R 2 BB SHT 0 b oAb ZEZ T D, 2D Z LT, 12 BB HRBEWE D 99%0D Seeqi
THEIRE N Z LICAEBT D (Batry 7). SUGHMZIER T2 & 2O~ A F—REERS S 5B
BT v b ALEZTROEAEITT 20T, JFEHIHER L, IR\ B L, AEMEICEEs 52
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720y (Entry 8), — 7. 7 = =LT T =2 74 O~ A F—BEERIE B LY B2 BBEOHETTARL
PRIL 50% RETHIHbLTWAH EE X HID (Entry 4~6),

FERBEMERIL, REEHETHD B EHELL, ZOarhRA—rarhbira b ALl
20, ALz C-N it RE T, 7 — MIxt L, REFHOFAZ AT VIH T 1 b AR Z -
TAMNCAAES 2 D TEOE FIELONISIS LR FF RIS ETT 5, —H . a fLDKFEN Boc H
LRV T TF=ZHD A PLDORT e F AL EBEWERIZ, TRED 2 REZEZXTWD, O
NaHMDS (2 XZ 257 v R ALDBRIZ, Boc & NaHMDS ONAKFEENRKEZ N &, @ —IIC
il 7" v b Abid, 48 (Scheme 5-3 TiX Na' ZBIIZFI#EL) AT 2T VB VR = VIR 5 Z L1
£V o fi7w hrOmHERm EL, BITLOT R0 EEXbND, BER A I KHMDS 733t
3% L Boc HAS Scis 2R A= a2l P Na™ BEZXT A HAR= L TIRELS | LA R
HHNMED Z 0 @ Boe D HVR = VAZEL L, B 1 b oALIEBFEZBLE LT D 2 EARIR & &
26D, EDTDB T v R ALIFE A EHEITET | N-ColliD[RHERIZ L5 A ORMELIZL > T B
WCEBINT- R 7 e AR EIT T EEZBND,

fast (R = Bn) E2 BBt
slow (R = Pr)

slow 6«—‘{\:‘\
Na

(SPh
PhS R OEt PhS R,, OEt ‘\O I RRER [e)
0 ﬁ]_< 0 ‘m_<o R, OEt COOEt
—_ = 4
N

k=10%s 1

tBL|J
O =0
\?’” OEt
N
o) H
Phs%
B

Scheme 5-3 AJEEA R IGHETE

oEt IR 0

o
fast_ RH‘\ COOEt
O-Na > R
0 N
N

\e / |
TMS TMS

PLEOFER X 0 REFER Dieckmann fie & HW A > R U-3—F B8R OA &2 2 LT,

NaHMDS

\
Boc

R=Bn,Pr
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=8 AFRREARISE W T P2 § T A — L D&

EH OB T DR TIEINE TIo, RERIERSUSZFIA Lz 7 v AbRUs ™, 686N
V7 EHE L ONBRIKFEEHT 2/ BOAKEZRE L T\5D, £/, BICil Lk,
manzacidin A DEAREER LZOHFRAMEEZ R L CTEz, 2O, o528 HMEREBHE LT
THFEATF A ROAKEFE LY, 27 04 RZiZ e A EDEMOAERNIC TESR S, AR
FROLBE I, JBI IR ORARER & L TR STV o, MEas/LE 2 & U THERERZ R
LTWb, A7 A REKIE3I OOV 7 a~FHhUERE 1 DOV 7 aXu ¥ VRINLRD 4 fiGER IR
FHETH D, AT A REKRBEOERICER L TRONDEEMIT, EERVEYEIC L TEEE
BEVAT BA REFRENE L, BEFHEOALRROIFBME CHD, ZOHpAT AR
IS AR E AR R ICHIREES 2T 1A MEF OB REEO R EZ O TS, ThETE
EihE LTAT A NEKREAT D2 LA HRE SN TVE R, EBRIFF~OEHIC LY A
e, O, REMHE CSOICHTRMAEZSEOND Z EBHfFCE 5, 22 T4hE, RAELERK
ISEFIA LTIHRT V=2 7 VA — VL OSEEE1T > 72,

28



A LR T IR A IBIE OB & 2B RA~DIEH 72 B NS R A LR Dieckmann # & 0B
% L SSHEE O AR 21T - 72,

FB—E AFTERES T EEEAIRS D% & 2GR A~DINH

INE TCORFREBRLE CRIRFE TH 727 MR OmNT 7 = HEOF T 1
J Z— NeHER & T 25 TR MBS ORI Uiz, ~A T VT 78T X —IZE A (-7 k
X LANKR=)NT T VAT F V2 R, BIEZ THE/DMF  (1/1) OIRGEEE, -78°C THRE
ICHHEAZTINT 5 Z L2k 0 | EICRERINAC oy-V 7 2 BB SR EST-, 20 ay-U7 3 /%
FHER D manzacidin A ODEARLIEN L, WO CAFLEYICOFAEZ ~RT 2 ENTE
(Scheme 7-1),

COOBn yCOOEt KHMDS BnOOC  COOEt BnOOC  COOEt
Y + — T e /)u,,, )',,N,Boc + /)',,,/ )\N,Boc

N. N< - —
Boc” “MOM Boc” “Boc THF/DMF (1/1) Boc—N Boc—N

) 1
‘Mom Boc ‘Mom Boc

97% ee 98% ee
SRR

quant.

Br

o}

o
.Boc ——> -,

NN HN

BnOOC
BnOOC  COOEt , Bn COOEt 7\
N
| H
\MOM Boc

NH COOH

N Q

HN N
manzacidin A

Scheme 7-1 AFREE S FRIKERMAFMKIG E manzacidin A £5

Boc—

R WBEARKFER Dieckmann MEA DB

FP T IHALT I BRAERTIIREICE AT XN R=WEEET D ay-U 7T 2 B
R ZE W TRHRET 21T > 72T, — 5., Dieckmann #i & 25 ARSE THEAT L = A7 VAL LT ALEW)
PFOALTZ, Ly L7203 BEE 72 BOSHREREATIC K U | E4H289 72 Dieckmann #E513ET L TR ST,
ARFFLE C-7 L ITHE ALAEIRA e N-7 2 BIC KD RALEMR RO D Z L 26 e L
72 (1), Zhizxt L, BBEROZENESY 7 MEZZEL 222-M) Zuen=F A h—ARRr— Mg
BTL2HEELY -7 7 b7 I EEFERE X 2) N-7U—AT I BFEENLA R 23-
FripiEm (N3) @R, @SRRI E D EEN R AR LER Diekmann #fi & 2B L 72
(Scheme 7-2),
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O~ _OBu

H
N
tBUOT \/>/CO0Et NaHMDS, 1 5'C|’0W”'i g):o (Et1 )

O Boc—N" H Boc~N’ “COO'BuU
How oW RIKRER
—Ri
g N\ i
C-N BT FL/5—k BuO_ N COOEt
~D C-T7IiE 008 ESEIRMIE N-7 2 ILE
(LI RE) O Boc—N u Boc D {R:E

MOM

O,
Cl C
3 \"/ \/\< KHMDS EZZO 83%, 92% ee (=%£2)

°°\N COOEt THF/DME
Boc\,\! COOE_t._
T
o)

PhSOC .
R’/< NaHMDS, 15-crown-5 “, R = Bn (51%,99% ee) (=3)
EtOOC N DMF Etoo‘; N IPr (75%, 99% ee)
ocC oC

AR
Scheme 7-2 FFiE1EE! Dieckmann EEIZHITHFRFIEE

B=E FAEFRBREMSEHAWEFRT VX T UV —IV ORISR
FEMIEENCNED S BYE CHH AT O A R ENIAEENE L, EEEOLNR D IHME

DA AZBEZEL LT, 7TV T AN T U= LOAEME AT BRI MIMSOEZ# TR & L THRETL
7=,
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EEROED

General. '"H NMR spectra were measured in CDCl; solution (TMS: 0.00 ppm), methanol-d, solution
(CD,HOD: 3.31 ppm), C¢Dg solution (C¢DsH: 7.15 ppm), DMSO-ds (CD3;SOCD,H: 2.49 ppm) and DMF-d,
(CDgNCHO: 8.01 ppm) using JEOL ECX-400 (400 MHz) or JEOL ECA-600 (600 MHz) spectrophotometer,
unless otherwise noted. *C NMR spectra were measured in CDCl; solution (CDCl;: 77.0 ppm), (CD3),SO
solution ((CD3),SO: 39.5 ppm) and methanol-d, solution (CD;0D: 49.0 ppm) using JEOL ECX-400 (100
MHz) or JEOL ECA-600 (150 MHz) spectrophotometer, unless otherwise noted. Chemical shifts are reported
in ppm. When peak multiplicities are reported, the following abbreviations are used: s, singlet; d, doublet; t,
triplet, q, quartet; m, multiplet; br, broadened. IR spectra were recorded on JASCO FT/IR-4200 spectrometer.
Mass spectra were obtained on JEOL JMS-700. Elemental analyses were performed with CHN J-science-lab.
Microcoder JM10. Optical rotations were determined on HORIBA SEPA-200. Flash column chromatography
was performed on Silica Gel (SiliaFlash® F60). Thin layer chromatography was performed on precoated plates
(0.25 mm, silica gel Merck Kieselgel 60F,4;), and compounds were visualized with UV light and
p-anisaldehyde stain, phosphomolybdic acid stain or ninhydrin stain. Preparative thin layer chromatography
was performed on precoated plates (0.5 mm, silica gel Merck Kieselgel 60F,45) and visualized with UV light.
Melting points were measured with Yanaco MICRO MELTING POINT APPARATUS. Anhydrous THF was
purchased from Kanto Kagaku and pre-treated with activated MS4A. Anhydrous toluene was purchased from
Wako and distilled from calcium hydride, and the distilled toluene was kept over MS4A. Anhydrous DMF was
purchased from Wako and distilled from P,Os after being pre-treated with MS4A for 1 day, and the distilled
DMF was kept over MS4A.

F—F AETEES FREEMANE OB & 28R ~DRH
Methoxymethylation of amino acid derivatives was carried out by reported method””.

Preparation of 1(Ala derivative)

\rCOOBn

N.
Boc” "MOM
1

A solution of Boc-Ala-OBn (5.59 g, 20.0 mmol) in CH,Cl, (200 mL) was added to a mixture of
paraformaldehyde (0.901 g, 30.0 mmol) and MgSO, (20.0 g, 166 mmol) at rt. After the resulting mixture was
cooled to 0 °C, TMSCI (6.52 g, 60.0 mmol) was added to the mixture. The suspension was stirred at rt for 17 h,
and 20% Et;N in MeOH (65 mL) was added to the suspension at 0 °C. The suspension was stirred at the same
temperature for additional 30 min, and the reaction was quenched by addition of saturated aqueous solution of
NaHCOj; (200 mL). The biphasic solution was extracted with CHCI; (50 mLx2), and the organic extracts were
combined. The solution was washed with 10% aqueous solution of citric acid (100 mL) and brine (100 mL),
dried over Na,SOy, and filtered. The filtrate was concentrated in vacuo. The residue was purified by flash
silica-gel column chromatography (Hexane/AcOEt=10% to 20%) to give 1 as a colorless oil (4.45 g, 69%);
[0]*’p= —13.7 (¢=1.0, CHCL); IR (neat) cm™: 2978, 2939, 1746, 1707, 1458, 1427, 1389, 1370, 1337, 1301,
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1243, 1214, 1174, 1103, 1077, 1034; 'HNMR (400 MHz, CDCl;) &: 1.37 (5H, s), 1.46 (4H, s), 1.52 (3H, d, J =
7.3 Hz), 3.27 (1.3H, s), 3.31 (1.7H, s), 4.15 (0.55H, q, J = 7.3 Hz), 4.39 (0.45H, q, J = 7.3 Hz), 4.67-4.83 (2H,
m), 5.10-5.20 (2H, m), 7.28-7.38 (5H, m); "CNMR (100 MHz, CDCl;) &: 15.3, 15.9 (rotamer), 28.1, 28.2
(rotamer), 54.1, 54.7 (rotamer), 55.4, 55.7 (rotamer), 66.8, 66.9 (rotamer), 78.0, 78.3 (rotamer), 81.0, 81.1
(rotamer), 128.1, 128.3, 128.4, 128.5, 135.5, 135.8 (rotamer), 154.5, 154.9 (rotamer), 172.0, 172.1 (rotamer);
MS(FAB) m/z [M+Na]" 346; HRMS(FAB) m/z [M+Na] caled for [C;;H,sNOs+Na]™ 346.1630, found
346.1631.

Preparation of 10 (Phe derivative)

o /\rcooan

N.
Boc” “MOM
10

A solution of Boc-Phe-OBn (1.35 g, 3.80 mmol) in CH,Cl, (38 mL) was added to a mixture of
paraformaldehyde (0.17 g, 5.70 mmol) and MgSO, (3.80 g, 31.5 mmol) at r. t. After the mixture was cooled to
0 °C, TMSCI (1.24 g, 11.4 mmol) was added to the mixture. The suspension was stirred at r. t. for 12 h, and
20% Et;N in MeOH (13 mL) was added to the suspension at 0 °C. The suspension was stirred at the same
temperature for additional 1.5 h, and the reaction was quenched by addition of saturated aqueous solution of
NaHCOj; (50 mL). The biphasic solution was extracted with CHCI; (30 mLx2), and the organic extracts were
combined. The solution was washed with 10% aqueous solution of citric acid (30 mL) and brine (30 mL), dried
over Na,SOy, and filtered. The filtrate was concentrated in vacuo. The residue was purified by flash silica-gel
column chromatography (Hexane/AcOEt=10% to 20%) to give 10 as a colorless oil (0.94 g, 62%); [o]*’p= —
85.4 (c=1.0, CHCly); IR (neat) cm™: 3031, 2976, 2932, 1742, 1707, 1496, 1454, 1428, 1388, 1369, 1345, 1297,
1256, 1219, 1171, 1141, 1092, 1060, 1023; '"HNMR (400 MHz, CDCl3) &: 1.43 (5.4H, s), 1.44 (3.6H, s), 3.00
(1.2H, s), 3.12 (1.8H, s), 3.19 (0.8H, dd, J = 10.1, 14.2 Hz), 3.40 (1.2H, dd, J= 5.0, 14.2 Hz), 3.86 (0.6H, d, J =
11.0 Hz), 3.99 (0.4H, d, /= 11.0 Hz), 4.21 (0.6H, dd, J = 5.0, 10.1 Hz), 4.29 (0.4H, dd, J = 5.0, 10.1 Hz), 4.56
(0.4H, d, J = 11.0 Hz), 4.70 (0.6H, d, J = 11.0 Hz), 5.12 (1H, d, J = 11.9 Hz), 5.23 (1H, d, J = 11.9 Hz),
7.15-7.35 (10H, m); BCNMR (100 MHz, CDCl5) &: 28.2, 35.3, 36.2 (rotamer), 55.4, 55.9 (rotamer), 60.5, 60.7
(rotamer), 67.0, 67.1 (rotamer), 79.3, 79.4 (rotamer), 80.9, 81.2 (rotamer), 126.4, 126.6 (rotamer), 128.1, 128.3,
128.4, 128.4, 128.5, 129.2, 135.3, 135.6 (rotamer), 137.8, 138.1 (rotamer), 154.3, 154.8 (rotamer), 170.9, 170.9
(rotamer); MS(FAB) m/z [M+Na]~ 422; HRMS(FAB) m/z [M+Na]" calcd for [Co;H,oNOs+Na]™ 422.1943,
found 422.1954.

Preparation of 11 (Val derivative)

)\rcoosn

N.
Boc” "MOM

11
A solution of Boc-Val-OBn (1.33 g, 4.33 mmol) in CH,Cl, (43 mL) was added to a mixture of
paraformaldehyde (0.20 g, 6.49 mmol) and MgSO, (4.33 g, 35.9 mmol) at r. t. After the mixture was cooled
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to 0 °C, TMSCI (1.41 g, 13.0 mmol) was added to the mixture. The suspension was stirred at r. t. for 12 h, and
20% EtN in MeOH (15 mL) was added to the suspension at 0 °C. The suspension was stirred at the same
temperature for additional 1.5 h, and the reaction was quenched by addition of saturated aqueous solution of
NaHCO; (100 mL). The biphasic solution was extracted with CHCI; (50 mLx2), and the organic extracts were
combined. The solution was concentrated in vacuo. The residue was purified by flash silica-gel column
chromatography (Hexane/AcOEt=10% to 20%) to give 11 as a colorless oil (0.80 g, 51%); [a.]*’p=—34.0 (c=1.0,
CHCL); IR (neat) cm™: 2971, 2934, 2876, 1742, 1707, 1459, 1427, 1389, 1369, 1335, 1295, 1255, 1172, 1120,
1084, 1004; '"HNMR (400 MHz, CDCls) 8: 0.92 (3H, d, J = 6.9 Hz), 1.00-1.05 (3H, m), 1.40 (4.5H, s), 1.46
(4.5H, s), 2.39 (1H, m), 3.22 (1.5H, s), 3.27 (1.5H, s), 3.80-3.83 (0.5H, m), 4.20-4.23 (0.5H, m), 4.67-4.82 (2H,
m), 5.13 (1H, s), 5.14 (1H, s), 7.28-7.38 (5H, m); "CNMR (100 MHz, CDCl;) &: 19.1, 19.2 (rotamer), 20.4,
21.2 (rotamer), 28.1, 28.3, 28.6 (rotamer), 55.8, 56.2 (rotamer), 63.3, 64.8 (rotamer), 66.5, 66.7 (rotamer), 77.6,
78.6 (rotamer), 80.9, 81.1 (rotamer), 128.0, 128.3, 128.4, 128.5, 135.5, 135.7 (rotamer), 155.2, 155.3 (rotamer),
171.0, 171.3 (rotamer); MS(FAB) m/z [M+Na]" 374; HRMS(FAB) m/z [M+Na]" calcd for [C;oH,0NOs+Na]"
374.1943, found 374.1945.

Preparation of 12 (Leu derivative)

\Q/COOBn

N.
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A solution of Boc-Leu-OBn (1.61 g, 5.00 mmol) in CH,Cl, (50 mL) was added to a mixture of
paraformaldehyde (0.23 g, 7.50 mmol) and MgSO, (5.00 g, 41.5 mmol) at r. t. After the mixture was cooled to
0 °C, TMSCI (1.63 g, 15.0 mmol) was added to the mixture. The suspension was stirred at r. t for 5 h, and
20% Et;N in MeOH (15 mL) was added at 0 °C. The suspension was stirred at the same temperature for
additional 15 min and the reaction was quenched by addition of saturated aqueous solution of NaHCO; (150
mL). The biphasic solution was extracted with CHCl; (100 mLx2), and the organic extracts were combined.
The solution was concentrated in vacuo. The residue was purified by flash silica-gel column chromatography
(Hexane/AcOEt=10% to 20%) to give 12 as a colorless oil (1.42 g, 78%); [a]*’p= —24.0 (c=1.0, CHCly); IR
(neat) cm™': 2959, 2871, 1742, 1707, 1460, 1421, 1389, 1368, 1299, 1257, 1175, 1124, 1085, 1011; 'HNMR
(400 MHz, CDCl3) 6 0.93 (3.3H, d, J=7.2 Hz), 0.94 (2.7H, d, J= 7.2 Hz), 1.39 (5H, s), 1.46 (4H, s), 1.61-1.71
(1H, m), 1.76-1.88 (2H, m), 3.24 (1.35H, s), 3.29 (1.65H, s), 4.25 (0.55H, dd, J = 6.9, 7.3 Hz), 4.53 (0.45H, dd,
J=16.9,73 Hz), 4.62- 4.67 (1H, m), 4.77 (0.45H, d, /= 11.0 Hz), 4.84 (0.55H, d, J = 11.0 Hz), 5.09-5.19 (2H,
m), 7.28-7.38 (5H, m); BCNMR (100 MHz, CDCls) &: 21.7, 21.7 (rotamer), 22.9, 23.1 (rotamer), 24.7, 24.8
(rotamer), 28.1, 28.2 (rotamer), 38.4, 39.1 (rotamer), 55.8, 56.1 (rotamer), 56.5, 57.1 (rotamer), 66.7, 66.8
(rotamer), 78.0, 78.3 (rotamer), 80.9, 81.0 (rotamer), 128.0, 128.2, 128.4, 128.5, 135.6, 135.7 (rotamer), 155.0,
155.3 (rotamer), 172.0, 172.2 (rotamer); MS(FAB) m/z [M+Na]" 388; HRMS(FAB) m/z [M+Na]" calcd for
[C2oH3 NOs+Na]" 388.2100, found 388.2111.

Preparation of 13 (Met derivative)
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A solution of Boc-Met-OBn (1.55 g, 4.57 mmol) in CH,Cl, (46 mL) added to a mixture of
paraformaldehyde (0.23 g, 7.53 mmol) and MgSO, (4.57 g, 37.9 mmol) at r. t. After the mixture was cooled
to 0 °C, TMSCI (1.49 g, 13.7 mmol) was added to the mixture. The suspension was stirred at r. t for 5 h, and
20% Et;N in MeOH (14 mL) was added at 0°C. The suspension was stirred at the same temperature for
additional 30 min and the reaction was quenched by addition of saturated aqueous solution of NaHCOj; (100
mL). The biphasic solution was extracted with CHCl; (50 mLx2), and the organic extracts were combined. The
solution was concentrated in vacuo. The residue was purified by flash silica-gel column chromatography
(Hexane/AcOEt=10%) to give 13 as a colorless oil (1.09 g, 62%); [a]*’p= —35.0 (c=1.0, CHCl3); IR (neat)
cm’': 2976, 2924, 1742, 1707, 1455, 1427, 1390, 1369, 1341, 1298, 1219, 1170, 1090, 1044; 'HNMR (400
MHz, CDCl;) &: 1.38 (5H, s), 1.45 (4H, s), 2.04-2.26 (1H, m), 2.09 (3H, s), 2.34-2.43 (1H, m), 2.51-2.66 (2H,
m), 3.26 (1.35H, s), 3.31 (1.65H, s), 4.32 (0.55H, dd, J= 5.5, 7.8 Hz), 4.47 (0.45H, dd, J = 6.9, 7.3 Hz), 4.63-
4.69 (1H, m), 4.78 (0.45H, d, J= 11.0 Hz), 4.86 (0.55H, d, /= 11.0 Hz), 5.09-5.22 (2H, m), 7.28-7.40 (5H, m);
BCNMR (100 MHz, CDCls) 8: 15.1, 28.1, 28.1 (rotamer), 29.0, 29.6 (rotamer), 30.9, 55.8, 56.1 (rotamer), 57.6,
57.9 (rotamer), 67.0, 79.1, 79.2 (rotamer), 81.1, 81.3 (rotamer), 128.2, 128.3, 128.3, 128.4, 128.5, 135.3, 135.6
(rotamer), 154.7, 155.0 (rotamer), 171.2, 171.3 (rotamer); MS(FAB) m/z [M+Na]" 406; HRMS(FAB) m/z
[M+Na]" calcd for [C19H2sNOsS+Na]"” 406.1664, found 406.1674.

Preparation of 4

yCOOEt

N<
Boc” “Boc

4

To a solution of ethyl 2—(tert—butoxylcarbonyl)aminoacrylate35) (12.4 g, 57.6 mmol) in CH;CN (120
mL) were added DMAP (1.41 g, 11.5 mmol) and Boc,O (12.6 g, 57.6 mmol) at r. t., sequentially, and the
solution was stirred at r. t for 9.5 h. After removal of volatiles in vacuo, the residue was diluted with AcOEt
(200 mL), and the solution was washed with 10% aqueous solution of citric acid (100 mLx2) and brine (100
mL), dried over Na,SO,, and filtered. The filtrate was concentrated in vacuo. The residue was purified by flash
silica-gel column chromatography (Hexane/AcOEt=20%) to give 4 as a colorless solid (17.5 g, 96%); IR (KBr)
cm’': 2982, 2938, 2910, 1959, 1722, 1699, 1646, 1479, 1460, 1363, 1321, 1276, 1240, 1196, 1163, 1125, 1069,
1028; "HNMR (400 MHz, CDCl;) &: 1.31 (3H, t, J = 6.9 Hz), 1.47 (18H, s), 4.26 (2H, q, J = 6.9 Hz), 5.64 (1H,
s), 6.35 (1H, s); "CNMR (100 MHz, CDCl;) &: 14.2, 27.8, 61.4, 83.0, 124.5, 150.6, 163.4; MS(FAB) m/z
[M+H]" 316; HRMS(FAB) m/z [M+H]" calcd for [C1sH,sNOg+H]" 316.1760, found 316.1748.

Intermolecular conjugate addition reactions between 1 and 4 (Table 1, entry 13)
COOBN COOEt BnOOC COOEt BnOOC COOEt
\r + ﬁ/ —_— 4',,,1 )/,,N,Boc + 4',,,1 )\N,Boc

N. No —
Boc™ "MOM Boc” “Boc Boc—N
1 4

) - |
‘Mom Boc Boc ‘Mom Boc

7A 7B
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To a solution of 1 (1.09 g, 3.37 mmol) and 4 (2.13 g, 6.74 mmol) in THF (12.1 mL)/DMF (20.2 mL)

was added dropwise a solution of 0.5 M KHMDS in THF (8.09 mL, 4.04 mmol) over 25 min at —78 °C under
Ar, and the solution was stirred at the same temperature for 10 min. The solution was poured into saturated
aqueous solution of NH4C1 (100 mL), and the solution was extracted with AcOEt (100 mLx2). The combined
extracts were washed with water (100 mL), dried over Na,SO, and filtrated. The filtrate was concentrated in
vacuo. The residue was purified by flash silica-gel column chromatography (Hexane/AcOEt =10%, 20% to
30%) to give a 1/1 diastereomeric mixture of 7A (97% ee) and 7B (98% ee) as a colorless oil (2.15 g, 98%).
Diastereomeric ratio and relative configuration of 7A and 7B were determined after their conversion to 8A and
8B. Enantiomeric excesses of 7A and 7B were determined after their conversion to 9A and 9B.
A 1/1 Diastereomeric mixture of 7A and 7B: IR (neat) em™: 3091, 3066, 2980, 2935, 2828, 1794, 1745, 1704,
1497, 1478, 1457, 1368, 1301, 1253, 1145, 1094; 'HNMR (400 MHz, CDCl3) &: 1.21-1.28 (3H, m), 1.40-1.57
(30H, m), 2.22-2.41 (0.35H, m), 2.50-2.77 (0.65H, m), 2.89-3.15 (1H, m), 3.15-3.42 (3H, m), 4.10-4.17 (2H,
m), 4.70 (0.65H, d, J = 11.9 Hz), 4.80 (0.35H, d, J = 11.9 Hz), 4.85-5.25 (4H, m), 7.27-7.39 (5H, m); "CNMR
(100 MHz, CDCly) &: 14.1, 14.1, 21.8, 27.9, 27.9, 36.2, 38.3, 54.5, 54.6, 55.4, 61.3, 61.4, 62.9, 66.8, 66.9, 75.5,
75.8, 81.0, 81.7, 83.0, 83.1, 128.1, 128.4, 135.5, 151.9, 154.8, 170.8, 171.1, 174.1; MS(FAB) m/z [M+Na]"
661; HRMS(FAB) m/z [M+Na]" calcd for [C3,HsoN,O,;+Na]” 661.3312, found 661.3336.

Determination of diastereomeric ratio, relative configuration, and ee of 7A and 7B

BnOOC  COOEt BnOOC BnOOC
N Boe  AMHOUACORL e, WwCOOE "y ) COOEt
N i
Boc™\1om Boc HN.__NH HN._NH
7 8A 8B
BnOOC BnOOC
ZCl, Et;N MenNwCOOE yeun COOEt
HN N HN N,
9A 9B

A mixture of 7A/7B (4.28 g, 6.70 mmol) and 4 M HCI/AcOEt (34 mL) was stirred at r. t. for 30 min.
The solution was concentrated in vacuo, and saturated aqueous solution of NaHCO; (200 mL) was added to the
residue. The solution was extracted with AcOEt (50 mLx3), and the combined extracts were dried over Na,SO4
and filtered off. The filtrate was concentrated in vacuo to give a 1/1 diastereomeric mixture of 8A/8B as a pale
yellow oil (2.05 g, quant.); IR (neat) cm™: 3323, 3255, 3065, 3033, 2979, 1737, 1497, 1455, 1373, 1288, 1252,
1234, 1187, 1136, 1099, 1075, 1034; 'HNMR (400 MHz, CDCl;) &: 1.26 (1.95H, t, J= 7.5 Hz), 1.28 (1.05H, t,
J=17.5Hz), 1.31 (1.05H, s), 1.36 (0.35H, dd, J = 12.8, 12.8 Hz), 1.49 (1.95H, s), 1,64 (0.65H, t,J=11.4, 12.8
Hz,), 1.91-2.05 (2.65H, m), 2.54 (0.35H, dd, J = 3.2, 12.8 Hz), 3.45 (0.35H, dd, /= 2.8, 12.4 Hz), 3.62 (0.35H,
d,J=12.4 Hz), 3.73 (0.65H, dd, J= 3.7, 11.4 Hz), 3.84 (0.65H, d, J = 13.3 Hz), 3.90 (0.35H, d, J = 12.4 Hz),
4.00 (0.65Hz, d, J = 13.3 Hz), 4.11-4.22 (2H, m), 5.14 (0.65H, d, J = 12.4 Hz), 5.20 (0.65H, d, J = 12.4 Hz),
5.20 (0.35H, d, J = 12.4 Hz), 5.24 (0.35H, d, J = 12.4 Hz), 7.30-7.40 (5H, m); CNMR (100 MHz, CDCl5) §:
14.1, 14.1, 20.3, 28.2, 37.2, 38.1, 53.5, 55.5, 55.6, 56.8, 58.6, 58.9, 61.1, 61.2, 67.0, 67.1, 128.1, 128.2, 128.4,
128.4, 128.6, 128.6, 135.4, 135.6, 172.4, 172.8, 175.0, 175.1; MS(FAB) m/z [M+H]" 307; HRMS(FAB) m/z
[M+H]" calcd for [C1¢H2oN,04+H]" 307.1658, found 307.1657. A small amount of a diastereomeric mixture of
8A/8B was separated by preparative thin layer chromatography to determine each of relative configurations by
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To a solution of 8A/8B (38 mg, 0.12 mmol) in CH,Cl, (1.2 mL) were added Et;N (15.3 mg, 0.15
mmol) and CbzCl (23.2 mg, 0.14 mmol) at 0 °C, successively, and the solution was stirred at r. t. for 5 h. After
removal of volatiles in vacuo, the residue was purified by preparative thin layer chromatography
(Hexane/AcOEt=33%) to give 9A as a colorless oil (7.2 mg, 13%) and 9B as a colorless oil (11.3 mg, 21%),
respectively.
9A: 97% ee; [0]*p=33.9 (c=0.36, CHCLy); IR (neat) cm™: 3336, 3065, 3033, 2980, 1737, 1705, 1497, 1455,
1416, 1366, 1349, 1326, 1294, 1251, 1202, 1152, 1117, 1062, 1028; "HNMR (400 MHz, CDCl) &: 0.84-0.96
(3H, m), 1.30-1.41 (3H, m), 2.08 (1H, dd, J = 7.4, 13.7Hz), 2.11-2.24 (1H, m), 2.47 (1H, br s), 3.87-4.01 (2H,
m), 4.33-4.50 (1H, m), 4.74-4.77 (0.5H, m), 4.85-4.90 (0.5H, m), 4.93-5.05 (2.5H, m), 5.13-5.24 (2.5H, m),
7.12-7.31 (10H, m); "CNMR (100 MHz, CDCls) &: 14.1, 28.2, 34.0, 52.0, 52.6, 52.8 (rotamer), 56.1, 61.6,
67.3, 127.9, 128.1, 128.2, 128.5, 128.6, 135.3, 136.2, 153.7, 153.8 (rotamer), 171.6, 175.0; MS(FAB) m/z
[M+H]™ 441; HRMS(FAB) m/z [M+H] caled for [C,4HosN,Os+H]™ 441.2026, found 441.2025; HPLC
conditions: column: DAICEL CHIRALPAK® AS-H, flow  rate: 1 mL/min, eluent:
Hexane/i-PrOH/Et,NH=91.5/8/0.5, detection: 254 nm, retention time: fmajor=30.3 mMin, fminor=24.7 min.
9B: 98% ee; [a]*’p=—24.0 (c=0.50, CHCl;); IR (neat) cm™": 3329, 3064, 3033, 2979, 2903, 1739, 1704, 1497,
1455, 1416, 1368, 1333, 1306, 1256, 1209, 1151, 1118, 1084, 1046, 1029; '"HNMR (400 MHz, CDCl3) &:
1.14-1.23 (3H, m), 1.32 (3H, s), 1.78-1.92 (3H, m), 2.81 (1H, dd, J=15.1, 17.8 Hz), 3.92-4.20 (2H, m), 4.35-4.
45 (1H, m), 4.71-4.84 (2H, m), 5.03 (1H, d, J = 12.4 Hz), 5.15 (2H, s), 5.18 (1H, d, J = 12.4 Hz), 7.27-7.39
(10H, m); "CNMR (100 MHz, CDCl;) &: 14.0, 28.1, 34.9, 51.6, 52.0 (rotamer), 54.5, 54.6 (rotamer), 56.4,
61.4,67.2, 67.5 (rotamer), 127.9, 128.1, 128.2, 128.4, 128.5, 128.6, 135.4, 136.2, 154.7, 155.8 (rotamer), 171.3,
174.2; MS(FAB) m/z [M+H]" 441; HRMS(FAB) m/z [M+H]" calcd for [Cp4HsN,Os+H]"™ 441.2026, found
441.2025; HPLC conditions: column: CHIRALPAK® AS-H, flow rate: 1 mL/min, eluent:
Hexane/i-PrOH/Et,NH=91.5/8/0.5, detection: 254 nm, retention time: fmjor=22.2 Min, fminor=37.3 min.

Reaction between 10 and 4 (Table 2-2, entry 1)

BnOOC COOEt BnOOC COOEt

Bn—7".” 1y Boc . gn—7, N Boc
—N 1 —N |
Boc ‘MoMm Boc Boc ‘MOM Boc
14A 14B

To a solution of 10 (0.16 g, 0.39 mmol) and 4 (0.25 g, 0.78 mmol) in THF (1.40 mL)/DMF (2.33 mL)
was added dropwise a solution of 0.5 M KHMDS in THF (0.93 mL, 0.47 mmol) over 50 min at -78 °C under
Ar, and the solution was stirred at the same temperature for 10 min. The solution was poured into saturated
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aqueous solution of NH4CI (20 mL), and the solution was extracted with AcOEt (20 mLx2). The combined
extracts were washed with water (10 mL), dried over Na,SO,, and filtered off. The filtrate was concentrated in
vacuo. The residue was purified by flash silica-gel column chromatography (Hexane/AcOEt=10% to 50%) to
give a 3/2 diastereomeric mixture of 14A (97% ee) and 14B (97% ee) as a colorless oil (0.278 g, quant.).
Diastereomeric ratio and relative configuration were determined after their conversion to 18A and 18B
Enantiomeric excesses of 14A and 14B were determined after their conversion to 22A and 22B.

A 3/2 Diastereomeric mixture of 14A and 14B: IR (neat) em™: 3064, 3031, 2979, 2936, 2905, 2828, 1793, 1745,
1704, 1496, 1478, 1456, 1393, 1368, 1295, 1229, 1171, 1144, 1119, 1081, 1049; "HNMR (400 MHz, CDCl;) &:
1.23-1.28 (3H, m), 1.41-1.51 (27H, m), 2.23-2.33 (0.4H, m), 2.82 (0.6H, m), 3.03 (1.2H, s), 3.13 (1.8H, s),
3.08-3.62 (3H, m), 4.11-4.23 (2H, m), 4.50-4.56 (0.8H, m), 4.61-4.84 (1H, m), 4.92-4.98 (1.2H, m), 5.09-5.19
(0.8H, m), 5.21-5.31 (1.2H, m), 7.04-7.11 (2H, m), 7.21-7.38 (8H, m); "CNMR (100 MHz, CDCl;) &: 14.1,
27.8, 27.9, 28.2, 36.4, 37.6, 54.5, 54.5, 54.8, 61.5, 61.7, 65.3, 66.5, 67.0, 67.2, 75.3, 75.6, 81.0, 82.0, 83.3,
126.8, 127.8, 128.1, 128.6, 128.9, 130.7, 135.9, 151.6, 154.7, 170.6, 170.9, 172.3; MS(FAB) m/z [M+Na]" 737;
HRMS(FAB) m/z [M+Na]" caled for [C33Hs4sN,0,+Na]" 737.3625, found 737.3643.

Determination of diastereomeric ratio, relative configuration, and ee of 144 and 14B

B;?]OC,,U, Cositoc 4M HCI/ACOEt B';?::.C \\\\COOEt+Br§]2.C COOEt
BOC/N"MOM Boc HN__ NH HN.__NH
14 18A 18B
2C1, EtN Bré?‘fi%&\cooEtf%?:f‘;/\roooa
HN. _N., HN. N,
22A 22B

A mixture of 14A/14B (43 mg, 6.0x10 mmol) and 4 M HCI/AcOEt (0.6 mL) was stirred at r. t. for
30 min. The solution was basified with saturated aqueous NaHCOj; solution. The solution was extracted with
AcOEt (15 mLx2), and the combined extracts were dried over Na,SO,4 and filtered off. The filtrate was
concentrated in vacuo to give a 3/2 diastereomeric mixture of 18A/18B as a pale yellow oil (23 mg, quant.); IR
(neat) cm™: 3322, 3063, 3031, 2979, 2929, 2854, 1737, 1496, 1455, 1373, 1286, 1261, 1190, 1115, 1084, 1030;
'HNMR (400MHz, CDCl3) 8: 1.27 (1.2H, t, J= 7.3 Hz), 1.27 (1.8H, t, J = 7.3 Hz), 1.50 (0.6H, t, J = 12.8 Hz),
1.89 (0.4H, dd, J = 13.3, 13.6Hz), 2.04-2.22 (2.4H, m), 2.55 (0.6H, dd, J = 3.2, 13.3 Hz), 2.83 (0.6H, d, J =
13.3 Hz), 2.96 (0.6H, d, J = 13.3 Hz), 3.04 (0.4H, d, /= 13.7 Hz), 3.26 (0.4H, d, /= 13.7 Hz), 3.38 (0.6H, dd, J
=2.8, 12.4 Hz), 3.63 (0.6H, d, J = 12.4 Hz), 3.86 (0.4H, dd, /= 3.7, 10.1 Hz), 3.90 (0.6H, d, J=12.4 Hz), 4.00
(0.4H, d, J=12.8 Hz), 4.07 (0.4H, d, /= 12.8 Hz), 4.11-4.25 (2H, m), 5.03 (0.4H, d, J = 11.8 Hz), 5.08 (0.4H,
d,J=11.8 Hz), 5.13 (1.2H, s), 6.97-7.08 (2H, m), 7.19-7.38 (8H, m); *CNMR (100 MHz, CDCl;) &: 14.1, 36.6,
37.3, 39.6, 47.7, 53.7, 55.4, 55.7, 58.4, 61.1, 61.2, 63.0, 67.0, 67.0, 126.9, 127.2, 128.3, 128.4, 128.4, 1284,
128.5, 128.6, 129.8, 130.0, 134.4, 135.1, 135.3, 135.8, 172.5 172.6, 173.8, 173.9; MS(FAB) m/z [M+H]" 383;
HRMS(FAB) m/z [M+H]+ calcd for [C22H26N204+H]+ 383.1971, found 383,1975. A small amount of a
diastereomeric mixture of 18A/18B was separated by preparative thin layer chromatography to determine each

of relative configurations (See spectra data).
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To a solution of 18A/18B in CH,Cl, (0.6 mL) were added Et;N (9.1 mg, 9.0x10” mmol) and CbzCl

A 18B

(13.3 mg, 7.8% 107 mmol) at 0 °C, successively, and the solution was stirred at r. t. overnight. The solution was
directly treated with preparative thin layer column chromatography (Hexane/AcOEt=50%) to give 22A as a
colorless oil (7 mg, 23%) and 226B as a colorless oil (6 mg, 18%), respectively.

22A: 97% ee; [a]p=31.1 (c¢=0.35, CHCLy); IR (neat) cm™": 3344, 3032, 2979, 1732, 1712, 1496, 1455, 1417,
1368, 1319, 1193, 1131, 1081, 1031; '"HNMR (400 MHz, CDCl;) &: 1.10-1.33 (3H, m), 2.10-2.28 (1H, m), 2.44
(1H, dd, J = 6.0, 13.8 Hz), 2.63-2.82 (1H, m), 2.91 (2H, s), 4.00-4.30 (2H, m), 4.30-4.54 (1H, m), 4.70-4.89
(1H, m), 4.95-5.21 (4H, m), 7.03-7.10 (2H, m), 7.16-7.20 (2H, m), 7.22-7.38 (6H, m); "CNMR (100 MHz,
CDCl;) &: 14.1, 33.1, 43.8, 52.5, 52.9 (rotamer), 53.1, 53.2 (rotamer), 60.8, 61.5, 67.5, 126.9, 127.9, 128.0,
128.4, 128.5, 128.6, 128.6, 130.2, 135.0, 135.4, 136.2, 154.7, 171.5, 174.2; MS(FAB) m/z [M+H]" 517;
HRMS(FAB) m/z [M+H]+ calcd for [C30H32N206+H]+ 517.2339, found 517.2333; HPLC conditions: column:
DAICEL CHIRALPAK® AS-H, flow rate: 1 mL/min, eluent: Hexane/i-PrOH/Et,NH=89.5/10/0.5, detection:
254 nm, retention time: #myjo,=11.0 min, #pino=14.7 min.

22B: 97% ee; [o]*’p=—20.5 (c=0.28, CHCl;); IR (neat) cm™': 3327, 3063, 3032, 2980, 1739, 1705, 1604, 1496,
1455, 1415, 1369, 1333, 1257, 1204, 1134, 1085, 1060, 1029; "HNMR (400 MHz, CDCl;) &: 1.12 (1.35H, t, J
=7.3 Hz), 1.18 (1.65H, t, J= 7.3 Hz), 1.96-2.04 (1H, m), 2.77-2.91 (2H, m), 2.97 (0.45H, d, J = 13.3 Hz), 2.99
(0.55H, d, J = 13.3 Hz), 3.85-4.15 (2H, m), 4.37 (0.45H, d, J = 12.8 Hz), 4.43 (0.55H, d, J = 12.8 Hz),
4.71-4.78 (1.45H, m), 4.84 (0.55H, d, J = 7.3 Hz), 4.90 (0.45H, d, J = 9.2 Hz), 4.93 (0.55H, d, J = 9.2 Hz),
5.05-5.13 (3H, m), 7.03-7.08 (2H, m), 7.19-7.40 (8H, m); "CNMR (100 MHz, CDCl5) &: 13.9, 33.2, 33.5
(rotamer), 46.8, 47.0 (rotamer), 51.6, 52.0 (rotamer), 54.3, 54.4 (rotamer), 60.4, 60.5 (rotamer), 61.4, 67.2, 67.5,
127.3, 127.8, 127.9, 128.1, 128.4, 128.5, 130.1, 130.2, 134.4, 135.0, 136.2, 154.6, 155.0 (rotamer), 171.3,
173.2; MS(FAB) m/z [M+H]" 517; HRMS(FAB) m/z [M+H]" caled for [C30H3,N,O6+H]" 517.2339, found
517.2351; HPLC conditions: column: DAICEL CHIRALPAK® AS-H, flow rate: 1 mL/min, eluent:
Hexane/i-PrOH/Et,NH=89.5/10/0.5, detection: 254 nm, retention time: #mjo;=15.9 min, fyino=14.0 min.

Reactions between 11 and 4 (Table 2-2, entry 2).

BnOOC COOEt
ipr=—gm, Ay - Boc
-, N
Mom Boc
15A

To a solution of 11 (90.7mg, 0.26 mmol) and 4 (0.16 g, 0.52 mmol) in THF (0.93 mL)/DMF (1.55
mL) was added dropwise a solution of 0.5 M KHMDS in THF (0.62 mL, 0.31 mmol) over 30 min at —40 °C

Boc

under Ar, and the solution was stirred at the same temperature for 24 h. The solution was poured into saturated
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aqueous solution of NH4Cl (20 mL), and the resulting solution was extracted with AcOEt (20 mLx2). The
combined extracts were washed with water (20 mLx2), dried over Na,SQO,, and filtered off. The filtrate was
concentrated in vacuo. The residue was purified by flash silica-gel column chromatography
(Hexane/AcOEt=15%) to give 15A (85.2 mg, 50%, 87% ee) as the sole product; IR (neat) cm™: 2979, 2934,
1792, 1743, 1707, 1478, 1456, 1392, 1368, 1299, 1254, 1225, 1170, 1145, 1119, 1085, 1030; 'HNMR (400
MHz, CDCl;) &: 0.87-1.01 (6H, m), 1.20-1.28 (3H, m), 1.38-1.50 (27H, m), 2.40-2.61 (2H, m), 3.22-3.41 (4H,
m), 4.12 (2H, q, J= 6.9 Hz), 4.49-4.61 (1H, m), 4.74-4.92 (1H, m), 5.01 (1H, d, J=12.4 Hz), 5.04-5.24 (1H, m),
5.16 (1H, d, J = 12.4 Hz), 7.25-7.40 (5H, m); "CNMR (100 MHz, CDCl;) &: 14.0, 14.1, 18.9, 19.1, 19.2, 27.8.
27.9, 28.1, 31.0, 33.8, 36.2, 38.3, 54.2, 54.5, 55.0, 55.4, 61.5, 66.5, 66.6, 68.7, 69.4, 75.9, 81.8, 82.9, 127.7,
128.1, 128.2, 128.4, 136.0, 149.6, 151.6, 154.9, 170.9, 171.1; MS(FAB) m/z [M+Na]" 689; HRMS(FAB) m/z
[M+Na] " caled for [C34HssN,O,;+Na]™ 689.3625, found 689.3635. Diastereomeric ratio, relative configuration

and enantiomeric excess of 15A were determined after their conversion to 19A

Determination of relative configuration and ee of 194
BnOOC

iPrIIIn
HN

WCOOEt
NH
19A
A mixture of the compound 15A (64 mg, 9.6x10” mmol) and 4 M HCI/AcOEt (1.0 mL) was stirred at
r. t. for 30 min. The solution was basified with saturated aqueous NaHCO; solution. The solution was extracted
with AcOEt (15 mLx2), and the combined extracts were dried over Na,SO, and filtered off. The filtrate was
concentrated in vacuo, and the residue was purified by preparative thin layer chromatography
(MeOH/CHCl3=5%) to give 19A as a pale yellow oil (8.8 mg, 28%, 87% ee).; IR (neat) cm™: 3324, 3065, 3033,
2967, 2936, 2877, 1731, 1498, 1456, 1390, 1373, 1352, 1290, 1257, 1190, 1148, 1097, 1054, 1028; 'HNMR
(400 MHz, CDCl,) 6: 0.85 (3H, d, J= 6.9 Hz), 0.90 (3H, d, /= 6.9 Hz), 1.29 (3H, t,J = 6.9 Hz), 1.38 (1H, dd,
J =124, 12.4 Hz), 1.76-1.85 (1H, m), 1.83 (2H, br s), 2.42 (1H, dd, J = 2.8, 12.4 Hz), 3.45 (1H, dd, J = 2.8,
12.4 Hz), 3.60 (1H, d, J = 12.4 Hz), 3.92 (1H, d, J = 12.4 Hz), 4.11-4.26 (2H, m), 5.18 (1H, d, J = 12.4 Hz),
5.25 (1H, d, J = 12.4 Hz), 7.32-7.40 (5H, m); "CNMR (100 MHz, CDCl5) &: 14.3, 16.6, 16.8, 33.6, 37.1, 55.9,
58.9, 61.1, 65.5, 66.9, 128.5, 128.6, 128.7, 135.7, 173.1, 174.6; MS(FAB) m/z [M+H]" 335; HRMS(FAB) m/z
[M+H]+ caled for [CgHsN,O4+H] 335.1971, found 335.1969; HPLC conditions: column: DAICEL
CHIRALPAK® AS-H, flow rate: 1 mL/min, eluent: Hexane/i-PrOH/Et,NH=89.5/10/0.5, detection: 254 nm,

retention time: fmajor=8.5 MiN, fmine=6.9 min.

Reaction between 12 and 4 (Table 2-2, entry 3)
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To a solution of 14 (0.12 g, 0.34 mmol) and 4 (0.21 g, 0.68 mmol) in THF (1.22 mL)/DMF (2.03 mL)
was added dropwise a solution of 0.5 M KHMDS in THF (0.81 mL, 0.41 mmol) over 30 min at —78°C under Ar,

N

Boc—™ Boc—™

and the solution was stirred at the same temperature for 2 h. The solution was poured into saturated aqueous
solution of NH4Cl1 (30 mL), and the solution was extracted with AcOEt (20 mLx2). The combined extracts
were washed with water (20 mL), dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo.
The residue was purified by flash silica-gel column chromatography (Hexane/AcOEt=10%) to give a 1/2
diastereomeric mixture of 16A (97% ee) and 16B (97% ee) as a colorless oil (0.14 g, 62%). Diastereomeric
ratio of 16A/16B was determined after their conversion into 20A/20B by 'H NMR. Enantiomeric excesses of
20A and 20B were determined after their conversion to 24A and 24B.

A 1/2 Diastereomeric mixture of 16A and 16B: IR (neat) em™: 2979, 2934, 2873, 1797, 1744, 1704, 1456, 1392,
1367, 1297, 1255, 1221, 1146, 1080, 1033; '"HNMR (400 MHz, CDCl;) 8: 0.83 (3H, m), 0.88 (1H, d, J = 6.9
Hz), 0.93 (2H, d, J = 6.9 Hz), 1.21-1.26 (3H, m), 1.39 (6H, s), 1.42 (3H, s), 1.49 (6H, s), 1.50 (12H, s),
1.58-1.75 (1H, m), 1.77-1.92 (1H, m), 1.98-2.18 (1H, m), 2.56 (0.35H, m), 2.73-2.77 (0.65H, m), 3.00-3.04
(0.65H, m), 3.13-3.22 (3H, m), 3.30-3.34 (0.35H, m), 4.09-4.17 (2H, m), 4.70 (0.65H, d, J = 12.0 Hz),
4.86-4.94 (1.7H, m), 5.04 (1.65H, m), 5.14 (1H, d, J = 12.4 Hz), 7.28-7.38 (5H, m); "CNMR (100 MHz,
CDCly) 6: 14.0, 14.1, 14.1, 23.3, 23.4,23.9, 24.7,25.2, 27.8. 27.8, 27.9, 28.0, 28.0, 33.0, 35.1, 40.9, 54.3, 54.4,
55.3,56.0, 61.4, 65.4, 65.6, 66.7, 66.8, 75.0, 75.6, 80.0, 81.7, 82.8, 83.0, 83.1, 127.9, 128.0, 128.2, 128.2, 128.5,
135.8, 152.0, 154.8, 155.0, 170.8, 171.1, 171.2, 172.9, 173.0; MS(FAB) m/z [M+Na]" 703; HRMS(FAB) m/z
[M+Na]" calcd for [C3sHsgN,Oy;+Na]" 703.3782, found 703.3792.

Determination of diastereomeric ratio and ee of 164 and 16B

BnOOC  COOEt BnOOC BnOOC
ipr ) Boc  4M HCI/ACOEt . WCOOEt COOEt
l,,’ N/ > ) +.
Boc~N, ' PP HN_NH P’ HN.__NH
MOM Boc ~ ~
16 20A 20B
BnOOC BnOOC
ZCl, Et;N " wCOOEt A COOEt
y 3! . /|||-.h\ N /.....1/\(
y li
Pr AN NS, PrHN N,
24A 24B

A mixture of 16A/16B (0.10 g, 0.15 mmol) and 4 M HCI/AcOEt (1.5 mL) was stirred at r. t. for 45
min. The solution was basified with saturated aqueous NaHCO; solution. The solution was extracted with
AcOEt (20 mLx2), and the combined extracts were dried over Na,SO,4 and filtered off. The filtrate was
concentrated in vacuo to give a 1/2 diastereomeric mixture of 20A and 20B as a pale yellow oil (51 mg,
quant.); IR (neat) cm™: 3326, 3033, 2956, 2870, 1737, 1497, 1456, 1372, 1348, 1286, 1262, 1215, 1186, 1146,
1029; "HNMR (400 MHz, CDCl3) &: 0.76 (2H, d, J = 6.0 Hz), 0.84 (2H, d, J= 6.4 Hz), 0.93 (2H, d, J = 6.4 Hz),
1.25 2H, t,J=73 Hz), 1.28 (1H, t, /= 7.3 Hz), 1.35-1.58 (2.35H, m), 1.66-1.73 (1.65H, m), 1.92-2.03 (2.65H,
m), 2.52 (0.35H, dd, J = 3.2, 13.3 Hz), 3.45 (0.35H, dd, J = 3.2, 12.4Hz), 3.66 (0.35H, d, J = 11.9 Hz), 3.70
(0.65H, d, J = 13.8 Hz), 3.77 (0.65H, dd, J = 3.2, 11.4 Hz), 3.89 (0.35H, d, J = 12.4 Hz), 3.99 (0.65Hz, d, J =
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13.3 Hz), 4.09-4.24 (2H, m), 5.14 (1.4H, s), 5.17 (0.3H, d, /= 11.9 Hz), 5.24 (0.3H, d, J = 12.4 Hz), 7.32-7.40
(5H, m); "CNMR (100 MHz, CDCl3) &: 14.1, 14.1, 22.4, 23.2, 24.2, 242, 243, 37.7, 37.8, 40.2, 50.8, 53.6,
55.3,55.5,58.3,59.2,61.0, 61.1, 61.9, 66.9, 67.0, 128.4, 128.5, 128.6, 135.2, 135.4, 172.7, 172.8, 174.8, 175.4;
MS(FAB) m/z [M+H]" 349; HRMS(FAB) m/z [M+H]" calcd for [CsH,sN,O4+H]" 349.2127, found 349.2119.
To a solution of 20A/20B (49 mg, 0.14 mmol) in CH,Cl, (1.4 mL) were added Et;N (20.0 mg, 0.20
mmol) and CbzCl (28.8 mg, 0.18 mmol), and the solution was stirred at r. t. for overnight. The solution was
directly treated with preparative thin layer chromatography (Hexane/AcOEt=33%) to give 24A as a colorless
oil (7.7 mg, 11%) and 24B as a colorless oil (13 mg, 19%), respectively.
24A: 97% ee; [a]’p=41.5 (¢=0.39, CHCLy); IR (neat) cm™": 3341, 3065, 3033, 2955, 2870, 1737, 1708, 1497,
1455, 1416, 1367, 1326, 1305, 1217, 1154, 1075, 1028; 'HNMR (400 MHz, CDCL3) &: 0.73 (3H, d, J = 6.4 Hz),
0.87 3H, d, J = 6.4 Hz), 1.19-1.27 (3H, m), 1.60-1.72 (3H, m), 2.17 (2H, m), 2.62 (1H, br s), 4.10-4.23 (3H,
m), 4.41 (0.4H, m), 4.58 (0.6H, m), 4.78-4.88 (1H, m), 5.04-5.19 (4H, m), 7.27-7.38 (10H, m); *CNMR (100
MHz, CDCl;) &: 14.1, 22.8, 24.2, 34.2, 34.4 (rotamer), 40.9, 52.3, 52.8, 59.1, 61.5, 67.4, 127.9, 128.1, 128.5,
128.5, 128.6, 135.2, 136.3, 135.4, 155.0, 171.7, 175.3; MS(FAB) m/z [M+H]" 483; HRMS(FAB) m/z [M+H]"
calcd for [C27H34N206+H]+ 483.2495, found 483.2500; HPLC conditions: column: DAICEL CHIRALPAK®
AS-H, flow rate: 1 mL/min, eluent: Hexane/i-PrOH/Et,NH=89.5/10/0.5, detection: 254 nm, retention time:
Tmajor=8.8 MiN, fmine,=14.1 min.
24B: 97% ee; [o]*’p=—22.2 (c=0.64, CHCl;); IR (neat) cm™': 3328, 3065, 3033, 2956, 2870, 1739, 1705, 1497,
1455, 1414, 1367, 1334, 1259, 1202, 1124, 1056; '"HNMR (400 MHz, CDCl3) &: 0.78 (3H, d, J = 6.4 Hz), 0.85
(3H, d, J= 6.4 Hz), 1.16-1.24 (3H, m), 1.44-1.50 (1H, m), 1.61-1.69 (2H, m), 1.84 (1H, dd, J= 6.9, 13.8 Hz),
2.78 (1H, t, J=15.0 Hz), 3.99-4.20 (2H, m), 4.40-4.50 (1H, m), 4.70-4.78 (2H, m), 5.02 (1H, d, J = 12.4 Hz),
5.11-5.16 (2H, m), 5.15 (1H, d, J = 12.4 Hz), 7.28-7.38 (10H, m); "CNMR (100 MHz, CDCl3) 8: 14.0, 23.7,
23.8, 24.3, 34.9, 35.2 (rotamer), 50.0, 51.7, 52.1 (rotamer), 54.1, 54.3 (rotamer), 59.3, 61.4, 67.2, 67.4
(rotamer), 127.9, 128.1, 128.4, 128.5, 128.5, 128.6, 135.2, 136.3, 154.6, 155.0 (rotamer), 171.4, 173.9;
MS(FAB) m/z [M+H]" 483; HRMS(FAB) m/z [M+H]" calcd for [C,7H34N,Os+H]" 483.2495, found 483.2503;
HPLC conditions: column: DAICEL CHIRALPAK® AS-H, flow rate: 1 mL/min, eluent:
Hexane/i-PrOH/Et,NH=91.5/8/0.5, detection: 254 nm, retention time: #majo,=15.3 min, fyino=11.7 min.

Reaction between 13 and 4 (Table 2-2, entry 4)
BnOOC COOEt BnOOC COOEt

MeS ey, )l"N’ Boc MeS ', N Boc
—N | — 1
Boc ‘MoM Boc Boc ‘MOM Boc
17A 17B

To a solution of 13 (0.20 g, 0.52 mmol) and 4 (0.33 g, 1.04 mmol) in THF (1.88 mL)/DMF (3.13 mL)
was added dropwise a solution of 0.5 M KHMDS in THF (1.25 mL, 0.626 mmol) for 25 min at —78 °C under
Ar, and the solution was stirred at the same temperature for 10 min. The solution was poured into saturated
aqueous solution of NH4CI (30 mL), and the solution was extracted with AcOEt (20 mLx2). The combined
extracts were washed with water (20 mL), dried over Na,SO,, and filtered off. The filtrate was concentrated in
vacuo. The residue was purified by flash silica-gel column chromatography (Hexane/AcOEt=10% to 30%) to
give a 1/2 diastereomeric mixture of 17A (91% ee) and 17B (92% ee) as a colorless oil (0.37 g, quant.).
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Diastereomeric ratio of 17A/17B was determined after their conversion into 21A/21B by 'H NMR.
Enantiomeric excesses of 17A and 17B were determined after their conversion into 25A and 25B.

A 1/2 Diastereomeric mixture of 17A and 17B: IR (neat) em™: 2980, 2934, 2830, 1792, 1741, 1704, 1477, 1456,
1368, 1300, 1256, 1234, 1173, 1145, 1081, 1022; "HNMR (400 MHz, CDCL3) &: 1.21-1.28 (3H, m), 1.39 (6H,
s), 1.43 (3H, s), 1.49 (18H, s), 1.98 (3H, s), 2.15 (1H, m), 2.32 (1H, m), 2.45-2.68 (2H, m), 2.97-3.00 (1H, m),
3.23 (3H, m), 4.10-4.18 (2H, m), 4.67 (1H, d, J = 12.4 Hz), 4.84-4.97 (2H, m), 5.05 (1H, d, J = 12.4 Hz), 5.20
(1H, d, J = 12.4 Hz), 7.31-7.39 (5H, m); "CNMR (100 MHz, CDCl;) &: 14.1, 14.1, 14.2, 15.3, 15.4, 27.9, 28.0,
28.1, 28.6, 32.5, 54.1, 54.3, 55.6, 61.5, 61.6, 65.8, 66.9, 67.0, 75.3, 75.8, 81.0, 81.2, 83,1, 83.3, 128.1, 128.4,
128.5, 135.6, 152.0, 152.1, 154.7, 170.7, 171.1, 171.2, 172.4, 172.4; MS(FAB) m/z [M+Na]  721;
HRMS(FAB) m/z [M+Na]" calcd for [C34Hs4N,O,;S+Na]" 721.3346, found 721.3345.

Determination of diastereomeric ratio and ee of 174 and 17B

BnOOC  COOEt BnOOC BnOOC
s Boc 4M HCI/AcOEt ‘ . WCOOEt . COOEt
MeS “ N / +
—N 1 MeS MeS
Boc ‘Mom Boc HN__ NH HN__ NH
17 21A 21B
BnOOC BnOOC
ZCl, Et,N WCOOEt A COOEt
=2 =37 e /"“' + "".1/\(
MeS —/
HN\/N\Z MeS HN\/N\Z
25A 25B

A mixture of 17A/17B (0.37 g, 0.52 mmol) and 4 M HCI/AcOEt (5.2 mL) was stirred at r. t. for 40
min. The solution was basified with saturated aqueous solution of NaHCO;. The solution was extracted with
AcOEt (30 mLx2), and the combined extracts were dried over Na,SO,4 and filtered off. The filtrate was
concentrated in vacuo to give a 1/2 diastereomeric mixture of 21A and 21B as a pale yellow oil (0.18 g, 94%);
IR (neat) cm™: 3320, 3033, 2977, 2918, 2871, 1732, 1455, 1373, 1339, 1311, 1254, 1209, 1186, 1166, 1114,
1072, 1030; 'HNMR (400 MHz, CDCl5) 8: 1.25-1.30 (3H, m), 1.40 (0.35H, t, J = 12.8 Hz), 1.57 (0.65H, dd, J
=11.9, 13.3 Hz), 1.80-1.89 (1H, m), 1.99 (3H, s), 2.01-2.12 (3H, m), 2.20-2.28 (1H, m), 2.30-2.38 (1H, m),
2.48-2.59 (1H, m), 3.44 (0.35H, dd, J = 3.2, 12.4 Hz), 3.65 (0.35H, d, J = 12.4 Hz), 3.72 (0.65H, d, J = 13.8
Hz), 3.77 (0.65H, dd, J = 2.7, 11.9Hz), 3.91 (0.35H, d, J = 12.4 Hz), 3.98 (0.65H, d, J = 12.4 Hz), 4.09-4.26
(2H, m), 5.12 (0.65H, d, J=11.9 Hz), 5.21 (0.35H, d, J=11.9 Hz), 5.23 (0.65H, d, /= 11.9 Hz), 5.25 (0.35H, d,
J=11.9 Hz), 7.32-7.40 (5H, m); *CNMR (100 MHz, CDCl;) : 14.0, 14.3, 15.4, 15.5, 27.5, 28.7, 31.9, 36.6,
37.0, 40.9, 53.5, 55.0, 55.4, 58.3, 59.4, 61.0, 61.2, 61.9, 67.1, 67.2, 128.4, 128.4, 128.5, 128.6, 128.6, 135.2,
135.4, 172.4, 172.5, 174.0, 174.0; MS(FAB) m/z [M+H]" 367; HRMS(FAB) m/z [M+H] calcd for
[C1sH26N,0,4S+H]" 367.1692, found 367.1701.

To a solution of 21A/21B (60 mg, 0.14 mmol) in CH,Cl, (1.6 mL) were added Et;N (23.1 mg, 0.23
mmol) and CbzCl (33.5 mg, 0.20 mmol), and the solution was stirred at r. t. for overnight. The solution was
concentrated in vacuo, and the residue was treated with preparative thin layer chromatography (Hexane/AcOEt
33%) to give 25A as a colorless oil (7.5 mg, 9%) and 25B as a colorless oil (19 mg, 23%), respectively.
25A: 91% ee; [a]°p=49.3 (c=0.38, CHCL3); IR (neat) cm™": 3335, 3065, 3033, 2976, 2962, 2919, 1736, 1706,
1417, 1366, 1290, 1273, 1203, 1166, 1112, 1083, 1028; 'HNMR (400 MHz, CDCl3) &: 1.18-1.29 (3H, m),
1.87-1.98 (4H, m), 2.11-2.27 (3H, m), 2.49 (1H, m), 2.60-2.73 (1H, m), 4.10-4.21 (3H, m), 4.40 (0.45H, m),
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4.59 (0.55H, m), 4.78-4.90 (1H, m), 5.04-5.21 (4H, m), 7.28-7.38 (10H, m); "CNMR (100 MHz, CDCl;) &:
14.1, 15.5, 28.3, 33.2, 36.6, 51.9, 52.3, 52.4 (rotamer), 59.1, 61.6, 67.4 (rotamer), 67.6, 127.9, 128.1, 128.4,
128.5, 128.7, 135.1, 136.2, 151.0, 171.4, 174.2; MS(FAB) m/z [M+H]" 501; HRMS(FAB) m/z [M+H]" calcd
for [C26H32N2068+H]+ 501.2059, found 501.2062; HPLC conditions: column: DAICEL CHIRALPAK® AS-H,
flow rate: 1 mL/min, eluent: Hexane/i-PrOH/Et,NH=89.5/10/0.5, detection: 254 nm, retention time: #myjor=16.7
min, fmino=22.5 min.

25B: 92% ee; [a] b= —8.6 (¢c=0.92, CHCl;); IR (neat) cm™": 3325, 3033, 2979, 1738, 1704, 1497, 1455, 1415,
1367, 1333, 1256, 1202, 1152, 1071, 1045, 1029; 'HNMR (400 MHz, CDCl3) &: 1.17-1.27 (3H, m), 1.73-1.81
(1H, m), 1.88 (1H, dd, J = 6.9, 14.2 Hz), 1.93-2.01 (4H, m), 2.11-2.20 (1H, m), 2.44 (1H, dt, J= 4.6, 12.4 Hz),
2.80 (1H, t, J=15.0 Hz), 3.98-4.22 (2H, m), 4.47-4.52 (1H, m), 4.65 (1H, d, J = 12.8 Hz), 4.68 (0.5H, m), 4.78
(0.5H, m), 5.04 (1H, d, J = 12.4 Hz), 5.10-5.17 (2H, m), 5.19 (1H, d, J = 12.4 Hz), 7.28-7.38 (10H, m);
PCNMR (100 MHz, CDCls) &: 14.0, 15.4, 27.8, 34.2 34.4 (rotamer), 40.4, 51.6, 52.0 (rotamer), 53.9, 54.1
(rotamer), 59.1, 61.5, 67.2, 67.4, 127.9, 128.1, 128.5, 128.6, 128.6, 135.1, 136.2, 154.5 (rotamer), 155.0, 171.3,
173.0; MS(FAB) m/z [M+H]" 501; HRMS(FAB) m/z [M+H]" calcd for [CasH3,N,06S+H]™ 501.2059, found
501.2062; HPLC conditions: column: DAICEL CHIRALPAK® AS-H, flow rate: 1 mL/min, eluent:
Hexane/i-PrOH/Et,NH=91.5/8/0.5, detection: 254 nm, retention time: fmajor=22.9 mMin, fminor=25.0 min.

Total Synthesis of manzacidin A (Scheme 2-6)
4-Benzyl 1-(tert-butyl) 6-ethyl-(4R,6R)-4-methyltetrahydropyrimidine-1,4,6(2H)-tricarboxylate (28A)
4-Benzyl 1-(tert-butyl) 6-ethyl (4R,65)-4-methyltetrahydropyrimidine-1,4,6(2H)-tricarboxylate (28B)

BnOOC BnOOC
" WCOOEt COOEt
Men--h‘ Men..‘/Y
HN.__N. HN.__N.
~""“Boc " "“Boc
28A 288

A mixture of 7A/7B (0.39 g, 0.61 mmol) and 4 M HCI/AcOEt was stirred at r. t. for 1.5 h. The
solution was concentrated in vacuo, and the residue was treated with AcOEt azeotrope. To the residue in
CH,Cl, (6 mL) were added Et;N (0.184 g, 1.81 mmol) and Boc,O (0.139 g, 0.635 mmol), and the solution was
stirred at rt for overnight. The resulting mixture was diluted with AcOEt (50 mL), and washed with water (30
mL) and brine (30 mL). The organic layer was dried over MgSQ,, and filtered off. The filtrate was concentrated
in vacuo. The residue was purified by flash silica-gel column chromatography (Hexane/AcOEt=15% to 50%)
to give 28A as a colorless oil (81.4 mg, 33%) and 28B as a colorless oil (118 mg, 48%).
28A: 97% ee; [a]°p=27.0 (c=1.20, CHCL3); IR (neat) cm™": 3337, 2978, 2933, 1739, 1699, 1477, 1455, 1393,
1367, 1349, 1328, 1299, 1251, 1197, 1147, 1123, 1067; '"HNMR (400 MHz, CDCl;) 8: 1.28 (3H, t, J = 6.9 Hz),
1.33 (3H, s), 1.36-1.50 (9H, m), 2.21 (2H, m), 2.43 (1H, br s), 4.16-4.25 (3H, m), 4.33-4.50 (0.5H, m),
4.55-4.85 (1.5H, m), 5.18 (2H, s), 7.30-7.42 (5H, m); *CNMR (100 MHz, CDCl;) &: 14.3, 28.3, 34.1, 51.1,
52.1 (rotamer), 52.3, 52.8 (rotamer), 56.0, 62.3, 67.2, 80.5, 128.1, 128.4, 128.6, 135.3, 154.1, 171.8, 175.0;
MS(FAB) m/z [M+H]" 407; HRMS(FAB) m/z [M+H]" calcd for [C,;H3oN,O¢+H]" 407.2182, found 407.2175.
28B: 98% ee; [0]*’p=—28.1 (c=1.02, CHCl;); IR (neat) cm™': 3646, 2978, 2933, 1739, 1697, 1477, 1455, 1392,
1367, 1337, 1254, 1203, 1146, 1121, 1047; 'HNMR (400 MHz, CDCl3) 8: 1.22 (3H, t, J = 6.8 Hz), 1.34 (3H, s),
1.37-1.50 (9H, m), 1.83 (1H, dd, J = 7.4, 14.2), 2.03-2.04 (1H, m), 2.79 (1H, dd, J = 13.5, 14.2 Hz), 3.94-4.15
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(2H, m), 4.29-4.37 (1H, m), 4.59-4.76 (2H, m), 5.04 (1H, d, J= 12.4 Hz), 5.17 (1H, d, J = 12.4 Hz), 7.34-7.37
(5H, m); "CNMR (100 MHz, CDCl3) &: 13.9, 28.0, 28.1, 34.5, 34.7 (rotamer), 51.0, 52.2 (rotamer), 53.7, 54.7
(rotamer), 61.0, 67.0, 80.4, 128.0, 128.2, 128.5, 135.3, 154.0, 154.3 (rotamer), 171.5, 174.2; MS(FAB) m/z
[M+H]" 407; HRMS(FAB) m/z [M+H]" calcd for [C,H3N,Os+H]" 407.2182, found 407.2181.

(4R,6S5)-1-(tert-butoxycarbonyl)-6-(ethoxycarbonyl)-4-methylhexahydropyrimidine-4-carboxylic acid

HOOC
Metne
HN

COOEt

N<
~ "Boc

To a solution of 28B (1.31 g, 3.22 mmol) in EtOH (28 mL) was added a suspension of 10% Pd-C (50
mg) in EtOH (20 mL), and the resulting suspension was stirred under H, atmosphere at r. t. for 45 min. The
reaction mixture was diluted with MeOH to dissolve the white precipitate, and filtered to remove Pd-C. The
filtrate was concentrated in vacuo to give the title compound as a colorless solid (0.988 g, 97%). For the
elemental analysis, a small amount of the product was recrystallized from MeOH/Et,0. Thus obtained product
indicated 1/3 H,O adduct; [a]*’p= —8.6 (¢=1.00, MeOH); IR (KBr) cm™: 3107, 2980, 2935, 2878, 1744, 1712,
1628, 1590, 1476, 1418, 1394, 1368, 1340, 1284, 1251, 1208, 1156, 1128, 1035; 'HNMR (400 MHz, CD;0D)
8: 1.29 (3H, t, J= 6.9 Hz), 1.45-1.50 (12H, m), 1.94-2.04 (1H, m), 2.86 (0.5 H, d, /= 14.7 Hz), 2.92 (0.5 H, d,
J=14.7 Hz), 4.10-4.28 (2H, m), 4.59 (0.5H, d, J=11.9 Hz), 4.71 (0.5H, d, J=11.9 Hz), 4.74 (0.5H, d, /= 6.9
Hz), 4.81 (0.5H, d, J = 6.9 Hz), 5.06 (0.5H, d, J = 12.4 Hz), 5.15 (0.5H, d, J = 12.4 Hz); "CNMR (100 MHz,
CDCly) o: 14.4, 26.0, 26.2 (rotamer), 28.3, 28.4 (rotamer), 33.4, 51.6, 53.0 (rotamer), 53.2, 54.3 (rotamer), 61.0,
62.9, 83.4, 83.6 (rotamer), 154.8, 155.0 (rotamer), 171.4, 171.5 (rotamer), 173.5; MS(FAB) m/z [M+H]+ 317;
HRMS(FAB) m/z [M+H]" calcd for [C4H24N,0s+H]" 317.1713, found 317.1716; Elemental analysis (1/3 H,O
adduct), C, 52.16, H, 7.71, N, 8.69, found C, 52.05, H, 7.88, N, 8.53.

(4R,65)-3-((Benzyloxy)carbonyl)-1-(ztert-butoxycarbonyl)-6-(ethoxycarbonyl)-4-methylhexahydropyrimid
ine-4-carboxylic acid

HOOC

COOEt
Met
2N~ MNogoc
To a solution of (4R,65)-1-(tert-butoxycarbonyl)-6-(ethoxycarbonyl)-4-

methylhexahydropyrimidine-4-carboxylic acid (0.37 g, 1.16 mmol) in CH,Cl, (12 mL) were added Et;N (0.13 g,
1.28 mmol) and CbzCl (0.21 g, 1.22 mmol) at 0 "C, and the solution was stirred at r. t. for 30 min. The
resulting mixture was diluted with AcOEt (100 mL), and the solution was washed with 10% aqueous solution
of citric acid (50 mL), saturated aqueous solution of NaHCOj; (50 mL) and brine (50 mL), successively. The
organic layer was dried over MgSQO,, and filtered off. The filtrate was concentrated in vacuo to give the title
compound as a pale brown oil (0.52 g, quant.); [0]*’p=5.2 (c=0.84, CHCl;); IR (neat) cm™: 3480, 3066, 2980,
2937,2626, 1714, 1492, 1455, 1415, 1368, 1233, 1165, 1129, 1076, 1029, 1007; "HNMR (400 MHz, CDCl;) &:
1.24-1.31 (3H, m), 1.40-1.44 (9H, m), 1.60-1.62 (3H, m), 2.17-2.42 (2H, m), 4.15-4.24 (2H, m), 4.38 (0.5H, dd,
J=06.0, 13.3 Hz), 4.46-4.51 (1H, m), 4.53 (0.5H, dd, J = 6.4, 12.8 Hz), 5.06-5.22 (2H, m), 5.84 (0.5H, d, J =
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12.8 Hz), 5.98 (0.5H, d, J = 12.8 Hz), 7.26-7.38 (5H, m), 8.48 (1H, br s); "CNMR (100 MHz, CDCl;) &: 14.1,
14.2 (rotamer), 20.0, 28.0, 28.1 (rotamer), 34.5, 34.7 (rotamer), 50.8, 50.9 (rotamer), 51.8, 52.0 (rotamer), 59.2,
59.2 (rotamer), 61.6, 67.6, 81.6, 81.6 (rotamer), 127.7, 127.8, 128.0, 128.1, 128.4, 135.7, 153.1, 153.3
(rotamer), 153.5, 153.6 (rotamer), 171.1, 171.4 (rotamer), 177.4; MS(FAB) m/z [M+Na]" 473; HRMS(FAB)
m/z [M+Na]" caled for [C2,H30N,Os+Na]” 473.1900, found 473.1900.

1-Benzyl 3-(tert-butyl) 4-ethyl
(4S,6R)-6-(hydroxymethyl)-6-methyldihydropyrimidine-1,3,4(2H,4 H)-tricarboxylate (29)

HO

Me.:’/\(COOEt

zN~Ngoe
29

To a solution of (4R,6S5)-3-((benzyloxy)carbonyl)-1-(fert-butoxycarbonyl)-6-(ethoxycarbonyl)-
4-methylhexahydropyrimidine-4-carboxylic acid (0.40 g, 0.88 mmol) in CH,Cl, (8.8 mL) were added Et;:N
(0.11 g, 1.05 mmol) and isobutyl chloroformate (0.13 g, 0.92 mmol) at 0 "C, and the solution was stirred at the
same temperature for 30 min. The resulting suspension was filtered off. The filtrate was added dropwise to the
suspension of NaBH, (0.133 g, 3.51 mmol) in H,O/THF (5 mL, 3/2, v/v) over 10 min at 0 °C, and the
suspension was stirred for 30 min. The reaction was quenched by cautious addition of 10% aqueous solution of
citric acid (30 mL), and the solution was extracted with AcOEt (30 mL X2). The combined extracts were
washed with saturated aqueous solution of NaHCO; (20 mL), dried over Na,SO,, and filtered off. The filtrate
was concentrated in vacuo, and the residue was purified by flash silica-gel column chromatography
(Hexane/AcOEt=35% to 75%) to give 29 as a colorless oil (0.27 g, 72%); [a]*"p=4.6 (c=1.0, CHCl;); IR (neat)
cm’': 3478, 3066, 3033, 2979, 2935, 2252, 1746, 1705, 1496, 1455, 1414, 1367, 1258, 1230, 1200, 1149, 1115,
1076, 1047, 1009; '"HNMR (400 MHz, CDCl;) &: 1.24-1.30 (3H, m), 1.36 (3H, s), 1.39-1.46 (9H, m), 1.82
(0.5H, dd, J = 5.5, 14.2 Hz), 1.90 (0.5H, dd, J = 6.0, 14.2 Hz), 2.33-2.40 (1H, m), 3.47 (1H, d, J = 10.5 Hz),
4.04 (1H, dd, J = 9.6, 10.5 Hz), 4.15-4.22 (2H, m), 4.33-4.41 (1.5H, m), 4.50 (0.5H, dd, J = 6.0, 13.3 Hz),
5.05-5.11 (1H, m), 5.16 (0.5H, d, J = 5.5 Hz), 5.19 (0.5H, d, J = 6.4 Hz), 5.89 (0.5H, d, J = 13.3 Hz), 6.06
(0.5H, d, J = 13.3 Hz), 7.29-7.39 (5H, m); CNMR (100 MHz, CDCl3) &: 14.0, 14.1 (rotamer), 19.1, 28.0,
28.0 (rotamer), 34.0, 34.3 (rotamer), 51.4, 51.6 (rotamer), 52.2, 52.8 (rotamer), 58.3, 61.2, 67.1, 67.3 (rotamer),
68.1, 81.1, 127.5, 127.9, 128.1, 128.3, 128.4, 128.4, 135.8, 136.1 (rotamer), 153.2, 153.6 (rotamer), 154.3,
171.8, 172.0 (rotamer); MS(FAB) m/z [M+Na]" 459; HRMS(FAB) m/z [M+Na]" calcd for [C,,H3,N,O-+Na]"
459.2107, found 459.2115.

1-benzyl 3-(tert-butyl) 4-ethyl
(45,6 R)-6-(((tert-butyldiphenylsilyl)oxy)methyl)-6-methyldihydropyrimidine-1,3,4(2 H,4H)-tricarboxylate

TBDPSO.

COOEt
Me':,/Y

NN
Z” > TBoc

To a solution of 29 (0.26 g, 0.60 mmol) in CH,Cl, (6 mL) were added imidazole (65 mg, 0.95 mmol)
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and tert-butyldiphenylchlorosilane (0.21 g, 0.77 mmol) at 0 °C, and the solution was stirred at r. t. for overnight.
The resulting mixture was cautiously diluted with CHCI; (30 mL) and washed with saturated aqueous solution
of NaHCO; (20 mL). The organic layer was dried over Na,SO, and filtered off. The filtrate was concentrated in
vacuo, and the residue was purified by flash silica-gel column chromatography (Hexane/AcOEt=10%) to give
the title compound as a colorless oil (0.31 g, 77%); [a]’p=12.2 (c=1.41, CHCL); IR (neat) cm™: 3070, 3032,
2976, 2932,2894, 2858, 1960, 1892, 1747, 1697, 1589, 1538, 1490, 1472, 1455, 1410, 1366, 1282, 1258, 1226,
1199, 1151, 1113, 1031, 1008; "HNMR (400 MHz, CDCl;) &: 1.01-1.04 (9H, m), 1.26-1.31 (3H, m), 1.35-1.44
(12H, m), 1.70-1.83 (1H, m), 2.59-2.68 (1H, m), 3.43-3.47 (1H, m), 4.17-4.28 (2H, m), 4.33 (0.6 H, dd, J = 5.0,
13.8 Hz), 4.44 (0.4H, dd, J= 5.0, 13.3 Hz), 4.42-4.50 (1H, m), 5.04-5.28 (2H, m), 5.93-6.14 (1H, m), 7.26-7.42
(11H, m), 7.56-7.59 (4H, m); "CNMR (100 MHz, CDCl;) &: 14.1, 14.2 (rotamer), 19.2, 19.5 (rotamer), 26.7,
26.7 (rotamer), 28.1, 28.1 (rotamer), 34.3, 51.8, 52.0 (rotamer), 52.6, 53.1 (rotamer), 57.8, 66.8, 81.0, 127.6,
127.6, 127.9, 128.4, 128.4, 129.7, 132.8, 132.9 (rotamer), 133.2, 135.5, 135.5 (rotamer), 153.4, 154.3, 172.0,
172.3 (rotamer); MS(FAB) m/z [M+Na]™ 697; HRMS(FAB) m/z [M+Na]" calcd for [C3sHsoN,O,Si+Na]"
697.3285, found 697.3284.

1-(tert-butyl) 6-ethyl
(4R,6S5)-4-(((tert-butyldiphenylsilyl)oxy)methyl)-4-methyltetrahydropyrimidine-1,6(2 H)-dicarboxylate

TBDPSO

COOEt
Me':,/\(

HN NJ
~ “Boc

To a solution of 1-benzyl 3-(tert-butyl) 4-ethyl (4S,6R)-6-(((tert-butyldiphenylsilyl)oxy)methyl)-6
-methyldihydropyrimidine-1,3,4(2H,4H)-tricarboxylate (0.49 g, 0.73 mmol) in EtOH (10 mL) was added a
suspension of 10% Pd-C (50 mg) in EtOH (10 mL), and the suspension was stirred under H, atmosphere at . t.
for 4 h. The resulting mixture was filtered, and the filtrate was concentrated in vacuo to give the title compound
as a colorless oil (0.39 g, quant.); [a]*’p=—18.6 (c=0.74, MeOH); IR (KBr) cm™": 3330, 3071, 3049, 2963, 2931,
2858, 1740, 1699, 1589, 1473, 1462, 1428, 1392, 1366, 1334, 1301, 1252, 1199, 1167, 1112, 1090, 1052;
'HNMR (400 MHz, CDCl;) 8: 1.08 (9H, s), 1.12 (3H, s), 1.18 (3H, t, J = 6.9 Hz), 1.44 (9H, s), 1.77 (1H, dd, J
= 6.4, 14.2 Hz), 1.81 (1H, s), 2.17 (1H, m), 3.38 (1H, d, J = 10.1 Hz), 3.45 (1H, d, J = 10.1 Hz), 4.00-4.13 (2H,
m), 422 (1H, d, J = 11.9 Hz), 4.38 (1H, br s), 4.53 (1H, m), 7.35-7.45 (6H, m), 7.61-7.65 (4H, m); "CNMR
(100 MHz, CDCl,) 6: 14.1, 19.3, 24.7, 26.9, 28.2, 32.8, 51.8, 52.4, 53.3 (rotamer), 61.0, 68.7, 69.5 (rotamer),
80.4, 129.7, 129.7, 133.1, 133.2, 135.6, 135.6, 154.4, 172.6; MS(FAB) m/z [M+H]" 541; HRMS(FAB) m/z
[MJrH]+ calcd for [C30H44N2058i+H]+ 541.3098, found 541.3100.

Ethyl {(4’R,6’S)-3’-tert-butoxycarbonyl-6’-(tert-butyldiphenylsiloxy)methyl-6’-methyl-
3°,4°,5°,6’-tetrahydropyrimidin-4’-yl}carboxylate (30)

TBDPSO.

\‘/\rcooa
Metn

N No
X~"“Boc

30

46



To a solution of 1-(tert-butyl) 6-ethyl (4R,65)-4-(((tert-butyldiphenylsilyl)oxy)methyl)-4
-methyltetrahydropyrimidine-1,6(2H)-dicarboxylate (0.13 g, 0.24 mmol) in CH,Cl, (2.4 mL) was added
N-chlorosuccinimide (NCS) (64 mg, 0.48 mmol) at 0 °C. After being stirred for 15 min at same temperature,
DBU (0.148 g, 0.960 mmol) was added to the mixture and the resulting solution was stirred at r. t. for overnight.
The solution was directly treated with flash silica-gel column chromatography (Hexane/AcOEt=15%) to give
30 as a colorless oil (0.13 g, quant.); [a]*’p= —46.3 (c=1.0, CHCl;); IR (neat) cm™: 3071, 3049, 2966, 2932,
2858, 1730, 1647, 1590, 1473, 1462, 1428, 1392, 1370, 1311, 1256, 1197, 1166, 1140, 1112, 1032, 1009;
'HNMR (400 MHz, CDCl3) &: 1.08 (9H, s), 1.16 (3H, s), 1.23-1.27 (3H, m), 1.49 (9H, s), 1.93 (1H, m), 2.07
(1H, m), 3.42 (1H, d, J = 9.6 Hz), 3.64 (1H, d, J = 9.6 Hz), 4.09-4.15 (2H, m), 4.30 (1H, t, J = 6.7 Hz),
7.34-7.43 (6H, m), 7.61-7.65 (4H, m) 7.92 (0.6H, br s), 8.04 (0.4H, br s); "CNMR (100 MHz, CDCl) &: 14.0,
14.1 (rotamer), 19.3, 23.1, 26.9, 27.9, 31.4, 51.3, 52.1 (rotamer), 61.3, 71.3, 83.4, 127.5, 129.6, 129.6, 133.2,
133.3, 135.6, 135.6, 141.3, 151.3, 171.0; MS(FAB) m/z [M+H]" 539; HRMS(FAB) m/z [M+H]" calcd for
[C30H4uN,05Si+H]" 539.2941, found 539.2939.

Manzacidin A

/ﬂ A COOH
O e
HN. N
manzacidin A

To a solution of 30 (50 mg, 9.28x10 mmol) in 1,2-DME (0.47 mL) was added 8 M HCI aq. (116
puL), and the solution was stirred at 60 °C for 1 h. After addition of 8 M HCl aq. (116 uL), the solution was
stirred at 60 °C for further 1.5 h. After addition of 8 M HCl aq. (116 pL), the solution was stirred at 60 °C for
additional 1 h. The resulting mixture was diluted with 2 M HCI aq (3 mL) and the solution was washed with
AcOEt (1 mLx2). The organic layer was extracted with 2 M HCI aq (2 mL), and all aqueous layers were
combined. The aqueous layers were concentrated in vacuo. The residue was treated with Dowex-50W X4 (H"
form) (2 g, water to 1 M NH4OH) to give (4S, 6R)-6-hydroxymethyl-6-methyl-1,4,5,6-tetrahydropyrimidine-
4-carboxylic acid as a white film (9.6 mg). To a solution of the compound in DMF (1.5 mL) was added NaH
(60% in oil) (4.5 mg, 0.11 mmol), and the suspension was stirred at r. t. for 15 min. To the solution was added
4-bromo-2-trichloroacetylpyrrole (40.5 mg, 0.14 mmol), and the solution was stirred at r. t. for 4 h. After
dilution with 2 M HCI aq. (3 mL) at 0 °C, the solution was washed with AcOEt (1 mL X 2). The aqueous layer
was concentrated in vacuo, and the residue was purified by RPHPLC (column: COSMOSIL 5C18-Ar-1I
4.60x250 mm, flow: 1 mL/min, detection: 254 nm, 20% CH;CN/water containing 0.1% TFA) to give
manzacidin A as a white amorphous solid (14 mg, 44%, 2 steps); [oc]ZOD =-24.2 (¢=0.70, MeOH) {lit17 [0L]27D
=224 (c=0.52, MeOH)}; IR (neat) cm™: 3192, 2979, 1706, 1668, 1580, 1454, 1399, 1384, 1316, 1182, 1135,
1076; '"H NMR (CD;0D): & 1.47 (3H, s), 2.22 (1H, dd, J=10.1, 14.0 Hz), 2.39 (1H, dd, J = 5.0, 14.0 Hz), 4.24
(1H, d, J=11.4 Hz), 4.38 (1H, d, /= 11.4 Hz), 4.46 (1H, dd, J = 5.0, 10.1 Hz), 6.94 (1H, d, J= 1.2 Hz), 7.04
(1H, d, J = 1.2 Hz), 8.09 (1H, s); "CNMR (100 MHz, CD;OD) &: 24.0, 31.1, 49.4, 53.8, 68.8, 98.2, 118.5,
123.3, 125.4, 152.1, 160.6, 171.7; MS(FAB) m/z [M+H]" 344, 346, [M+Na]" 366, 368; HRMS (FAB) m/z
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[M+H]" calced for [C1,H4BrN;O4+H]" 344.0246, 346.0227, found 344.0243, 346.0227.
RPHPLC chart

FILE 1 3¥3 1 3EQ 2

z
CH. 1<D> C.5 Z.59 &IT © OFFS 4 18798511 12:38

= 8,
E: 3: f?g
:)_
: &8
som e 8. 21
15-
D-758% INTEGRATOR REPORT
ANALYZED: 18/98711 1Z:3% REPORTED: 1@s98s11 1Z:5%
SYSTEM : 1
METHOD : KH OPERATOR: HIBASE
CHANNEL : 1 <DIGITAL> SEG : z
FILE 11 (BI/IGSBE 15:35)
CALC-METHOD: AR/HIX <AREA>  COMPONENT TBL : @
RO RT ARES  HEIGHT CONC BC
1 Z. 55 2885 Z58 @, 886 BY
z Z. 2% 283¢ 318 2. 71¢ VB
3 3. 449 122¢ as . 473 BB
4 2.9z 255 23 @.112 BB
g 7.12 Z7% z3 @, 66 BB
B 8. 23 G2e 37 @, 148 BB
7 B, 8Z 4187 a44 1.826 BV
B 8.21 381853 23637 9B, 479 VB
TOTAL
486164 24363 190. 808
PEAK REJ : @
ent-Manzacidin C
Br
\ O
N
H COOH
o i N
HN. N

ent-manzacidin C

RPHPLC conditions; column: COSMOSIL 5C18-Ar-II 4.6¢x250 mm, flow: 1 mL/min, detection: 254 nm, 20%
CH;CN/water containing 0.1% TFA; [a]*’p = -82.9 (¢ = 0.45, MeOH); IR (neat) cm™: 2979, 1700, 1666, 1578,
1451, 1386, 1311, 1183, 1134; "H NMR (400 MHz, CD;0D) &: 1.45 (3H, s), 2.00 (1H, dd, J=10.5, 14.2 Hz),
2.61 (1H, dd, J=5.5, 14.2 Hz), 427 (1H, d, J= 11.4 Hz), 438 (1H, d, J= 11.4 Hz), 448 (1H, dd, J = 5.5, 10.5
Hz), 6.90 (1H, d, J= 1.4 Hz), 7.05 (1H, d, J= 1.4 Hz), 8.10 (1H, s); "CNMR (100 MHz, CD;0D) &: 23.8, 32.4,
50.8, 53.4, 69.2,98.2, 118.3, 123.3, 125.5, 152.0, 160.6, 172.1; MS(FAB) m/z [M+H]" 344, 346, [M+Na]" 366,
368; HRMS (FAB) m/z [M+H]" calcd for [C1,H 4BrN;O,+H]" 344.0246, 346.0227, found 344.0248, 346.0228.
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RPHPLC chart

FILE 1 S¥5 1 SEQ 2z
CH. 1<D> C.5 2.5 aTT & OFFS & 97/15/11 18:21

5.98
10-
15-
D-7609 INTEGRATOR REPORT
ANALYZED: 97/15/11 19321 REPORTED: @7/15/11 10:41
SYSTEM : 1
METHCD ¢ KH OPERATOR: HIRASE
CHANNEL : 1 <DIGITAL> SEQ : z
FILE 1 (97/10/0Z 15:35)
CALC-METHOD: AR/HIX <AREA>  COMPONENT TBL : 0
HO. RT ARES CONC  BC
1 598 273235  100.006 BB
TOTAL
273235  109. 008
PEAK REJ : o
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FE HBRAARFFER Dieckmann #EH DB
B NEBRRREE -7 7 757 I BHEEROERE TOREEE
Preparation of Ethyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-(ethoxycarbonyl)(p-methoxybenzyl)

aminobutanoate (34)

1) p-anisaldehyde, NaBH;CN / MeOH
2) CICOOEt, Et3N / CH,Cl,

3) EDG-HCI, EtOH, DMAP / CH,Cl, PMB
4) (CH,0)n, TMSCI, MgS0, / CH,Cl, ! coor
HoN COOH  then 20%Et;N / MeOH _ Etooc” \/\r t
NHBoc 17% (4 steps) Boc” " *MOM
33 34

To a suspension of 4-amino-2-(tert-Butoxycarbonyl)aminobutanoic acid (33)* (0.436 g, 2.00 mmol)
in MeOH (10 mL) were added p-anisaldehyde (0.272 g, 2.00 mmol) and NaBH;CN (0.251 g, 4.00 mmol), and
the suspension was stirred at r. t. for 6 h.  The reaction mixture was concentrated in vacuo.

To the residue in CH,Cl, (10 mL) were added Et;N (0.243 g, 2.40 mmol) and ethyl chloroformate
(0.217 g, 21.00 mmol) on ice, and the solution was stirred at r. t. for 10 h. To the solution was added AcOEt
(70 mL), and the solution was 10% citric acid solution (30 mLx2) and brine (30 mL). The organic layer was
dried over Na,SOy,, and filtered off. The filtrate was concentrated in vacuo, and the residue was treated with
flash  silica-gel column  chromatography (50 g,  CHCl;/MeOH 3%) to give crude
2-(tert-butoxycarbonyl)amino-4-(ethoxycarbonyl)(p-methoxybenzyl)aminobutanoic acid.

To the crude product in CH,Cl, (8.2 mL) were added EtOH (0.113 g, 2.46 mmol), DMAP (20 mg,
0.164 mmol) and EDC < HC1 (0.377 g, 1.97 mmol), and the solution was stirred at r. t. for 18 h.  To the solution
was added AcOEt (100 mL), and the solution was 10% citric acid solution (30 mLx2) and brine (30 mL). The
organic layer was dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo, and the residue
was treated with flash silica-gel column chromatography (15 g, Hexane/AcOEt 15%) to give crude ethyl
2-(tert-butoxycarbonyl)amino-4-(ethoxycarbonyl)(p-methoxybenzyl)aminobutanoate. © To a mixture of
paraformaldehyde (0.0374 g, 1.25 mmol) and MgSO, (0.832 g, 6.91 mmol) was added a solution of the crude
product in CH,Cl, (8.5 mL), and to the suspension was added TMSCI (0.271 g, 2.50 mmol) (distilled from
CaH,) on ice. The suspension was stirred at r. t. for 14 h. To the suspension was added 20% Et;N/MeOH
(2.5 mL) on ice, and the suspension was stirred at the same temperature for 30 min. To the suspension was
added saturated aqueous NaHCOj; solution (50 mL), and the solution was extracted with CHCl; (30 mL X2).
The extracts were combined, and the solution was dried over Na,SO,, and filtered off. The filtrate was
concentrated in vacuo, and the residue was purified by flash silica-gel column chromatography (10 g,
Hexane/AcOEt 20%) to give 34 as colorless oil (0.167 g, 17%, 4 steps). [a]”’p=-13.5 (¢ 1.0, CHCl;); IR
(neat) cm™: 2979, 2936, 2836, 1740, 1702, 1612, 1513, 1470, 1425, 1389, 1368, 1300, 1248, 1175, 1092, 1035,
914, 860, 817, 773; "HNMR (400 MHz, CDCl3) &: 1.23-1.29 (6H, m), 1.42 (5.5H, s), 1.48 (3.5H, s), 1.87-2.12
(1H, m), 2.25-2.41 (1H, m), 3.21-3.43 (4H, m), 3.79 (3H, s), 4.10-4.25 (4H, m), 4.38-4.45 (1H, m), 4.61-4.67
(1H, m), 4.70-4.85 (1H, m), 6.82-6.89 (2H, m), 7.12-7.30 (2H, m); "CNMR (100 MHz, CDCl;) &: 14.0, 14.6,
28.0, 28.1 (rotamer), 29.1, 43.5, 44.2 (rotamer), 49.1, 49.6 (rotamer), 55.1, 55.7, 56.0 (rotamer), 56.3, 56.9
(rotamer), 61.1, 61.3, 78.4, 78.7 (rotamer), 81.0, 81.1 (rotamer), 113.7, 113.8 (rotamer), 128.4 (rotamer), 128.6,
129.0 (rotamer), 129.2, 129.8, 129.9 (rotamer), 154.8, 155.0 (rotamer), 156.3, 156.6 (rotamer), 158.8, 171.8;
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MS(FAB) m/z [M+Na]" 505; HRMS(FAB) m/z [M+Na]  caled for [Cp4H3sN,Os+Na]™ 505.2526, found
505.2531.

Preparation of 38
Benzyl 4-ethoxycarbonyl-4-(zer--butoxycarbonyl)(methoxymethyl)aminobutanoate (37)

Boc-Glu(OBn)-OEt

(CH20)n, TMSCI, MgSO,4 / CH,Cl, BnOOC\/YCOOEt

then 20% DIEA / MeOH N.
36 Boc” “MOM

37

To a mixture of paraformaldehyde (0.637 g, 21.2 mmol) and MgSO, (14.1 g, 117 mmol) was added a
solution of Boc-Glu(OBn)-OEt (36) (5.17 g, 14.1 mmol) in CH,Cl, (141 mL), and to the suspension was added
TMSCI (4.60 g, 42.3 mmol) (distilled from CaH,) on ice. The suspension was stirred at r. t. for 6 h. To the
suspension was added 20% DIEA/MeOH (47 mL) on ice, and the suspension was stirred at the same
temperature for 30 min. To the suspension was added saturated aqueous NaHCO; solution (200 mL), and the
solution was extracted with CHCl; (100 mLX2). The extracts were combined, and the solution was dried
over Na,SO,, and filtered off. The filtrate was concentrated in vacuo, and the residue was purified by flash
silica-gel column chromatography (200 g, Hexane/AcOEt 30%) to give 37 as colorless oil (5.47 g, 95%).
[0]*’p=-24.5 (¢ 1.0, CHCL3); IR (neat) cm™: 2979, 2936, 1739, 1707, 1427, 1389, 1367, 1297, 1255, 1164, 1092,
1033, 913, 863, 751, 699; 'HNMR (400 MHz, CDCls) &: 1.24-1.31 (3H, m), 1.42 (5.5H, s), 1.47 (3.5H, s),
2.10-2.19 (1H, m), 2.33-2.51 (3H, m), 3.32 (1.2H, s), 3.34 (1.8H, s), 4.08 (0.6H, dd, J = 6.0Hz, 9.3 Hz),
4.10-4.23 (2H, m), 4.31 (0.4H, dd, J = 6.0Hz, 9.3 Hz), 4.61-4.64 (1H, m), 4.76 (0.4H, d, ] = 11.9 Hz), 4.80 (0.6
H, d, ] =11.9 Hz), 5.12 (2H, s), 7.31-7.38 (5H, m); "CNMR (100 MHz, CDCl) 8: 14.1, 24.8, 25.5 (rotamer),
28.1, 30.7, 55.9, 56.1 (rotamer), 57.9, 58.5 (rotamer), 61.2, 61.2 (rotamer), 66.3, 78.8, 79.3 (rotamer), 81.1,
81.3 (rotamer) 128.2, 128.5, 135.8, 135.9 (rotamer), 155.0, 157.1 (rotamer), 171.2, 172.8; MS(FAB) m/z
[M+Na]" 432; HRMS(FAB) m/z [M+Na]" calcd for [C»;H3;NO;+Na]" 432.1198, found 432.2004.

Ethyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-bis(ethoxycarbonyl)aminobutanoate (38)

1) Hy, 10% Pd-C / EtOH
2) DPPA, Et3N / toluene

O~ OEt
then EtOH
BnOOC COOEt
\/\r 3) CICOOEt, NaHMDS / THF _ EtO\n,N\/\rCOOEt
N.
Boc” “MOM o) N
37 Boc” "MOM

38

To a solution of 37 (2.69 g, 6.57 mmol) was added a suspension of 10% Pd-C (130 mg) in EtOH (66
mL), and the suspension was stirred under an H, atmosphere at r. t. for 14 h. The suspension was filtered to
remove Pd-C. The filtrate was concentrated in vacuo to give crude carboxylic acid as colorless oil (2.16 g).
To a solution of the residue in toluene (33 mL) were added Et;N (1.33 g, 13.1 mmol) and DPPA (1.90 g, 6.90
mmol), and the solution was stirred at 80°C for 1 h. To the solution was added EtOH (3.03 g, 65.7 mmol),
and the solution was stirred at 80°C for 12 h. To the solution was added toluene (33 mL), and the solution
was washed with 10% citric acid solution (50 mL), brine NaHCO3 solution (50 mL) and brine (50 mL). The
organic layer was dried over Na,SQOy, and filtered off. The filtrate was concentrated in vacuo, and the residue
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was purified by flash silica-gel column chromatography (20 g, Hexane/AcOEt 10% to 50 %) to give
2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-(ethoxycarbonyl) aminobutanoate (2.38 g). Thus obtained
product (0.552 g, 1.52 mmol) was used in a following reaction. To a solution of the product (0.552 g) in THF
(12.4 mL) was added a solution of 1.89 M NaHMDS (0.776 mmol, 1.45 mmol) at -78°C, and the solution was
stirred at the same temperature for 10 min. To the solution was added a solution of CICOOEt (0.181 g, 1.67
mmol) in THF (2 mL) by cannulation, and the solution was stirred for 1 h.  The reaction mixture was added
to saturated NH4Cl aq. (20 ml), and the solution was extracted with AcOEt (20 mL X2). The extracts were
combined, and the solution was dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo.
The residue was purified by flash silica-gel column chromatography (10 g, Hexane/AcOEt 10%) to give 38 as
colorless oil (0.308 g, 47%)

[0]*’p=-21.7 (¢ 1.0, CHCL3); IR (neat) cm™: 2981, 2937, 1793, 1743, 1708, 1448, 1372, 1332, 1295, 1194, 1094,
914, 865, 777; '"HNMR (400 MHz, CDCl;) &: 1.20-1.31(9H, m), 1.41-1.46 (9H, m), 2.01-2.14 (1H, m),
2.30-2.40 (1H, m), 3.31-3.35 (3H, m), 3.98-4.26 (7H, m), 4.66-4.79 (2H, m); >CNMR (100 MHz, CDCl;) &:
14.1, 28.0, 28.1(rotamer), 28.8, 29.8 (rotamer), 44.1, 44.2 (rotamer), 55.8, 56.0 (rotamer), 56.4, 57.1 (rotamer),
60.9, 61.2 (rotamer), 63.0, 78.4, 78.9 (rotamer), 81.0, 81.2 (rotamer), 153.4, 154.7, 154.9 (rotamer), 171.0,
171.1 (rotamer); MS(FAB) m/z [M+Na]" 457; HRMS(FAB) m/z [M+Na]" caled for [CoH34N,O9+Na]"
457.2162, found 457.2168

Preparation of 44
Ethyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-(zer-butoxycarbonyl) aminobutanoate (45)

H
B”OOCV\rCOOEt 1) Hp, 10% Pd-C / EtOH tBuo\n,N\/\rCOOEt
o) N

Boc” N *MOM 2) DPPA, Et;N / toluene
37 then ‘BuOH

Boc” “MOM
45

To a solution of 37 (10.5 g, 25.6 mmol) was added a suspension of 10% Pd-C (525 mg) in EtOH (256
mL), and the suspension was stirred under an H, atmosphere at . t. for 6 h. The suspension was filtered to
remove Pd-C. The filtrate was concentrated in vacuo to give crude carboxylic acid as colorless oil (8.40 g).
To a solution of the residue in toluene (130 mL) were added Et;N (5.18 g, 51.2 mmol) and DPPA (7.40 g, 26.9
mmol), and the solution was stirred under reflux for 35 min. To the solution was added ‘BuOH (19.0 g, 256
mmol), and the solution was stirred at 80°C for 2 days. The solution was washed with 10% citric acid
solution (50 mL), brine NaHCOj solution (50 mL). The organic layer was dried over Na,SOy, and filtered off.
The filtrate was concentrated in vacuo, and the residue was purified by flash silica-gel column chromatography
(300 g, Hexane/AcOEt 15% to 100 %) to give 45 as colorless oil (7.89 g, 78.9%). [o]*’p=-42.7 (¢ 1.0,
CHCLy); IR (neat) cm™: 3373, 2979, 2935, 1741, 1712, 1523, 1429, 1391, 1367, 1298, 1250, 1174, 1098, 1031,
915, 864, 776; 'HNMR (400 MHz, CDCl3) 8: 1.24-1.30 (3H, m), 1.44 (13H, s), 1.49 (5H, s), 1.95-2.11 (1H, m),
2.17-2.33 (1H, m), 2.99-3.20 (1H, m), 3.30-3.40 (4H, m), 4.02 (0.55H, dd, J = 5.5 Hz, 8.2 Hz), 4.10-4.23 (2H,
m), 4.27-4.35 (0.45H, m), 4.67-4.82 (1H, m), 5.00 (1H, brs); CNMR (100 MHz, CDCl;) &: 14.1, 28.1, 28.4,
29.9, 30.7 (rotamer), 37.3, 37.5 (rotamer), 56.0, 56.2 (rotamer), 56.6, 57.5 (rotamer), 61.2, 61.3 (rotamer), 79.1,
79.9, 81.2, 81.4 (rotamer) 154.9, 155.9 (rotamer), 171.4, 171.5; MS(FAB) m/z [M+Na]" 413; HRMS(FAB) m/z
[M+Na]+ calcd for [C18H34N207+Na]+ 413.2264, found 413.2269
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Ethyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-bis(tert-butoxycarbonyl) aminobutanoate (44)

Os_O'Bu

H
‘BuO._ _N COOEt
g \/\r _Boc0,DMAP_ 500 N COOEt
5 N CHACN \n/ \/\‘/
Boc’ MOM O _N.
45 Boc MOM
44

To a solution of 45 (1.51 g, 3.87 mmol) in CH3CN (39 mL) were added DMAP (47 mg, 0.387 mmol)
and Boc,O (1.01 g, 4.64 mmol), and the solution was stirred at r. t. for 11 h. To the solution were additionally
added DMAP (47 mg, 0.387 mmol) and Boc,0 (0.422 g, 1.94 mmol), and the solution was stirred at r. t. for 11
h. To the solution was added AcOEt (50 mL) and the solution was washed with 10% citric acid (30 mLx2).
The organic layer was dried over Na,SQOy,, and filtered off. The filtrate was concentrated in vacuo. The
residue was purified by flash silica-gel column chromatography (100 g, Hexane/AcOEt 15 %) to give 44 as
colorless oil (1.70 g, 89%). [a]*’p=-17.6 (¢ 1.0, CHCl,); IR (neat) cm™: 2979, 2936, 1790, 1743, 1709, 1450,
1393, 1366, 1302, 1280, , 1255, 1220, 1176, 1140, 1035, 915, 859, 776; 'HNMR (400 MHz, CDCl;) &:
1.24-1.30 (3H, m), 1.44-1.50 (27H, m), 2.00-2.16 (1H, m), 2.31-2.42 (1H, m), 3.36 (3H, s), 3.66-3.69 (2H, m),
4.01 (0.6H, t, J = 6.9 Hz), 4.10-4.25 (2H, m), 4.70-4.73 (1H, m), 4.78-4.83 (1H, m); "CNMR (100 MHz,
CDCly) o: 14.2, 28.0, 28.1(rotamer), 29.1, 30.1 (rotamer), 44.3, 56.0, 56.2 (rotamer), 56.8 (rotamer), 57.3, 61.3,
79.0, 81.3, 82.4, 152.4, 152.5, 152.6, 171.3, 171.4 (rotamer); MS(FAB) m/z [M+Na]" 513; HRMS(FAB) m/z
[M+Na]" caled for [Co3HaoN,Og+Na]" 513.2788, found 513.2791

Ethyl 3-(tert-butoxycarbonyl)(methoxymethyl)amino-2-oxopyrrolidin-3-ylcarboxylate (40)

Oy OEt y
Elo, Mo~ CO0E KDY Q:o
\g/ N THF Boc~N" “coOEt
Boc” "MOM MOM
38 40

(Conditions of entry 1 in Table 3-1)

To a solution of 38 (54 mg, 0.124 mmol) in THF (1 mL) was added dropwise 0.53M KHMDS (in
THF) (257 uL, 0.136 mmol) at -78°C. The reaction mixture was stirred at the same temperature for 30 min.
The reaction mixture was added to saturated NH4ClI aq. (20 ml), and the solution was extracted with AcOEt (20
mL X2). The extracts were combined, and the solution was dried over Na,SO,, and filtered off. The filtrate
was concentrated in vacuo. The residue was purified by flash silica-gel column chromatography (5 g,
Hexane/AcOEt 50% to 100%) to give 40 as colorless oil (15 mg, 39%, 0%ee). Enantiomeric excess of 40 was
determined after conversion to 43. 'HNMR (400MHz, CDCl3) &: 1.20-1.32 (3H, m), 1.44 (9H, s), 2.29-2.36
(1H, m), 3.19-3.30 (1H, m), 3.26 (3H, s), 3.36-3.50 (2H, m), 4.08-4.37 (2H, m), 5.01-5.22 (2H, m), 6.72 (1H,
brs); "CNMR (100MHz, DMSO-d6) &: 14.0, 28.1, 33.2, 34.5 (rotamer), 39.3, 55.5, 62.3, 68.3, 76.0, 76.1
(rotamer), 81.6, 82.0 (rotamer), 154.7, 154.8, 169.4, 170.6, 170.8 (rotamer); MS(FAB) m/z [M+H]" 317

Ethyl 3-benzoylamino-2-oxopyrrolidin-3-ylcarboxylate (40)
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COOEt
O OEt ; POOEt

N N
El0, N~ C00E: NaOS L= |— o Lo
THF Boc~
o) _N. N COOEt N COOEt
Boc®™ 'MOM MOM
38 39 42

(Conditions of entry 2 in Table 3-1)

To a solution of 38 (48 mg, 0.110 mmol) in THF (1 mL) was added dropwise 1.89 M NaHMDS (in
THF) (64 pL, 0.121 mmol) at -78°C. The reaction mixture was stirred at the same temperature for 30 min.
The reaction mixture was added to saturated NH4Cl aq. (20 ml), and the solution was extracted with AcOEt (20
mL X 2). The extracts were combined, and the solution was dried over Na,SO,, and filtered off. The filtrate
was concentrated in vacuo. The residue was treated with flash silica-gel column chromatography (10 g,
Hexane/AcOEt 15% to 50%) to give crude 39 as colorless oil (23 mg).

The residue 39 and 4M HCI/AcOEt (0.5 mL) was stirred at r. t. for 2 h. The solution was
concentrated in vacuo, and to the residue in CH,Cl, (0.6 mL) were added DIEA (15.2 mg, 0.118 mmol) and
benzoyl chloride (9.2 mg, 6.5x10” mmol) on ice, and the solution was stirred at r. t. for 1 h. The reaction
mixture was directly treated with preparative thin layer chromatography (AcOEt) to give 42 as colorless oil (8.6
mg, 22%, 2steps, 5% ee). 'HNMR (400MHz, CDCLy) &: 1.31 (3H, t, J = 7.1 Hz), 1.38 (3H, t, ] = 7.1 Hz),
2.62-2.74 (2H, m), 3.95-3.97 (1H, m), 4.06-4.12 (1H, m), 4.24-4.36 (2H, m), 4.36 (2H, q, J] = 7.1 Hz),
7.44-7.48 (2H, m), 7.54 (1H, t, J = 7.3 Hz), 7.81-7.84 (2H, m); HPLC conditions: column: DAICEL
CHIRALPAK® AD-H, flow rate: 1 mL/min, eluent: Hexane/i-PrOH=80/20, detection: 254 nm, retention time:

fminor=25 min, major=28 min.

Ethyl 3-benzoylamino-2-oxopyrrolidin-3-ylcarboxylate (43)

H
¥ iy
QZZO 1) 4M HCI/ AcOEt o QZ:o
BOC\N COOEt 2) BzCl, DIEA / CH,Cl, H COOEt
MOM

40
A mixture of 40 (15 mg, 4.8x102 mmol) and 4M HCI/AcOEt (0.5 mL) was stirred at r. t. for 2 h.

43

The solution was concentrated in vacuo, and to the residue in CH,Cl, (0.5 mL) were added DIEA (12 mg,
9.6x10™ mmol) and benzoyl chloride (7.5 mg, 5.3x 107 mmol), and the solution was stirred atr. t. for 1 h. The
reaction mixture was directly treated with preparative thin layer chromatography (AcOEt) to give 43 as
colorless oil (3 mg, 23%). 'HNMR (400MHz, CDCl;) &: 1.30 (3H, t, ] = 7.4 Hz), 2.62-2.70 (1H, m),
2.95-3.01 (1H, m), 3.59-3.70 (1H, m), 4.30 (2H, q, J = 7.4 Hz), 6.78 (1H, s), 7.38 (1H, s), 7.45 2H, t, J = 7.3
Hz), 7.53 (1H, t, ] = 7.3 Hz), 7.83-7.86 (2H, m); >CNMR (100MHz, CDCl3) &: 14.0, 32.4, 40.0, 62.9, 64.2,
127.2, 128.6, 132.0, 133.8, 167.0, 169.2, 171.6 HPLC conditions: column: DAICEL CHIRALCEL® OJ, flow

rate: 1 mL/min, eluent: Hexane/i-PrOH=85/15, detection: 254 nm, retention time: t=22 min, t=27 min.
(Byproduct of entry 7 in Table 3-1)
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Boc—l\{ COOEt

MOM
41
IR (neat) em’': 3384, 2981, 2934, 1712, 1530, 1451, 1370, 1298, 1252, 1208, 1173, 1097, 1031, 861, 758;
'HNMR (400MHz, CDCl3) &: 1.20-1.37 (9H, m), 1.46 (9H, s), 2.40 (2H, t, ] = 6.4 Hz), 3.36 (3H, s), 3.37-3.42
(2H, m), 4.06-4.11 (2H, m), 4.19-4.27 (4H, m), 4.93 (2H, s), 5.06 (1H. brs); >*CNMR (100MHz, DMSO-d6) &:
13.9, 14.6, 28.0, 34.5, 36.9, 56.0, 60.6, 68.8, 76.2, 82.0, 154.9, 156.5, 168.5; MS(FAB) m/z [M+Na]" 457;
HRMS(FAB) m/z [M+Na]" calcd for [C15H34N,00+Na]™ 457.2162, found 457.2167

tert-Butyl 3-(tert-butoxycarbinyl)(methoxymethyl)amino-2-oxo-pyrrolidin-3-ylcarboxylate (46)

Oy O'Bu N
‘BUO. Nv\rCOOEt NaHMDS, 15-crown-5 g):o
\[(])/ N THF Boc~,\£ "COO'Bu
Boc” “MOM MOM
a4 46

(Conditions of entry 6 in Table 3-2)

To a solution of 44 (55.5 mg, 0.113 mmol) in THF (1.06 mL) was added 15-crown-5 (60 mg, 0.271
mmol), and to the mixture was added dropwise 1.89M NaHMDS (in THF) (72 uL, 0.135 mmol) at -78°C.
The reaction mixture was stirred at the same temperature for 12 h. The reaction mixture was added to
saturated NH,4Cl aq. (20 ml), and the solution was extracted with AcOEt (20 mL X2). The extracts were
combined, and the solution was dried over Na,SOy, and filtered off. The filtrate was concentrated in vacuo.
The residue was purified by flash silica-gel column chromatography (10 g, Hexane/AcOEt 50%, 100%) to give
46 as colorless solid (27 mg, 70%, 97% ee). Enantiomeric excess of 46 was determined after conversion to 47.
[0]*’p=102.2 (¢ 0.72, CHCl;); IR (neat) cm™: 3317, 2979, 2933, 1710, 1456, 1371, 1298, 1257, 1160, 1084,
1033, 941, 849, 756;'HNMR (400MHz, CDCl3) &: 1.46 (9H, s), 1.48 (9H, s), 2.29-2.36 (1H, m), 3.15-3.30 (1H,
m), 3.27 3H, s), 3.36-3.44 (2H, m), 4.95-5.22 (2H, m), 6.42 (1H, brs); "CNMR (100MHz, DMSO-d6) &: 27.4,
27.8, 33.1, 34.5 (rotamer), 38.4, 54.9, 68.5, 75.1, 76.0 (rotamer), 80.6, 81.2 (rotamer), 154.3, 168.1, 169.4;
MS(FAB) m/z [M+H]" 345; HRMS(FAB) m/z [M+H]" calcd for [CsH,sN,O+H]" 345.2026, found 345.2023

Correlation in 'H-"3C HMBC NMR (DMSO-dg)

H 169.4 ppm
H |
N YN
H \C40
O—1tgy
H " c 168.1 ppm
N
Boc—

tert-Butyl 1-benzyl-3-(tert-butoxycarbinyl)(methoxymethyl)amino-2-oxo-pyrrolidin- 3-ylcarboxylate (47)
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N’ “coo'Bu foe T
46 MOM
47

To a solution of 46 (5.2 mg, 1.51x10” mmol) in DMF (0.15 mL) were added NaH (60% in oil) (0.8
mg, 1.96x10” mmol) and Benzyl bromide (3.1 mg, 1.81x10” mmol) at r. t., and the solution was stirred at the
same temperature for 40 min. To the solution was added 10% citric acid solution (5 mL), and the solution was
extracted with AcOEt (10 mLx2). The extracts were combined, and to the solution was added hexane (10
mL). The solution was washed with water (5 mLx2). The solution was dried over Na,SQOy, and filtered off.
The filtrate was concentrated in vacuo. The residue was purified by preparative thin layer chromatography
(Hexane/AcOEt 33 %) to give 47 as colorless solid (4.7 mg, 71%). [a]*’p=113.5 (¢ 0.805, CHCl;); IR (KBr)
cm’: 2980, 2931, 1751, 1700, 1454, 1370, 1305, 1263, 1154, 1082, 1041, 943, 911, 859, 764, 705; 'HNMR
(400MHz, CDCls) 6: 1.45 (9H, s), 1.48 (9H, s), 2.15-2.22 (1H, m), 3.02-3.33 (3H, m), 3.21 (3H, s), 4.44 (1H, d,
J =147 Hz), 4.55 (1H, d, ] = 14.7 Hz), 4.97-5.22 (2H, m), 7.23-7.34 (5H, m); "CNMR (100MHz, CDCl) §:
27.7,28.2,31.0, 43.8, 47.5, 55.2, 69.2, 81.3, 82.0, 127.6, 128.1, 128.6, 135.7, 154.7, 160.8, 168.0; MS(FAB)
m/z [M+H]" 435, [M+Na]" 457; HRMS(FAB) m/z [M+H]" caled for [C3H3N,Os+H]™ 435.2495, found
435.2490; HPLC conditions: column: DAICEL CHIRALPAK® OD, flow rate: 1 mL/min, eluent:

Hexane/i-PrOH=97/3, detection: 254 nm, retention time: tmajor=8.1 min, tminor=10.1min.

Determination of absolutely configuration of 46
tert-Butyl 1-(4-bromo)benzyl-3-(benzoyl)amino-2-oxo-pyrrolidin-3-ylcarboxylate (62)

Br
Br
H 1) Br. NaH, / DMF
g)zo 2) 4M HCI / AcOEt N °
o)

Boc o 3) BzCl, Et;N / CH,Cl, g):

N COOBu N “coo'Bu

MOM H

46 48

To a solution of 46 (67 mg, 0.195 mmol) in DMF (2 mL) were added NaH (60% in oil) (10 mg, 0.253

mmol) and p-bromobenzyl bromide (53.6 mg, 1.81x10 mmol) at r. t., and the solution was stirred at the same
temperature for 40 min. To the solution was added AcOEt (30 mL), and the solution was washed with 10%
citric acid solution (10 mL) and water (10 mLx2). The solution was dried over Na,SO,, and filtered off.
The filtrate was concentrated in vacuo. The residue was purified by preparative thin layer chromatography
(Hexane/AcOEt 33 %) to give 4-bromobenzylated compound as a colorless solid (82.5 mg). The solid was
used in a following reaction without further purification. A mixture of the residue and 4M HCI/AcOEt (1.6
mL) was stirred at r. t. for 2.5 h. The solution was concentrated in vacuo, and to the residue in CH,ClI, (1 mL)
were added Et;N (48.9 mg, 0.483 mmol) and benzoyl chloride (34 mg, 0.241 mmol), and the solution was
stirred at r. t. for 1 h.  To the solution was added CHCI; (30 mL), and the solution was washed with 10% citric
acid solution (20 mL) and brine (20 mL). The solution was dried over Na,SOy, and filtered off. The filtrate
was concentrated in vacuo. The residue was purified by preparative thin layer chromatography (1*
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Hexane/AcOEt 20 % and 2™ toluene/AcOEt 5/ 1) to give 48 as colorless solid (22 mg). The solid was
recrystallized from Et,O/hexane, and was used in X-ray crystallography. [a]*’p=33.7 (¢ 0.330, CHCl;); IR
(KBr) em™: 3353, 2973, 1756, 1709, 1654, 1522, 1485, 1368, 1287, 1261, 1157, 1113, 1068, 848, 713; 'HNMR
(400MHz, CDCl;) o: 1.44 (9H, s), 2.56-2.69 (1H, m), 3.40-3.49, 3.21 (3H, s), 4.36 (1H, d, J = 14.6 Hz), 4.72
(1H, d, J = 14.7 Hz), 7.23 (2H, d, ] = 8.2 Hz), 7.43-7.54 (6H, m), 7.84-7.86 (2H, m); "CNMR (100MHz,
CDCl;) 6: 27.8,29.6,44.3,47.0, 65.4, 84.1,121.7, 127.2, 128.5, 129.9, 131.8, 131.9, 133.5, 134.9, 166.6, 168.6,
168.6; MS(FAB) m/z [M+H]" 473, 475; HRMS(FAB) m/z [M+H]" calcd for [Ca3H,sBrN,O,+H]™ 473.1076,
475.1059 found 473.1067, 475.1057

X-ray structural analysis of 48

Crystal Data of 48 Cy3H,sBrN,O4 M = 473.36, space group P212121,a=11.975 4) A, b=12.732 (5) A, c =
29.233(11) A, a = 90°, B = 90°, y = 90°, V = 4457(3) A, Z = 8, peaiea = 1.411Mg/m’, Moy, radiation, A =
0.71075 A, p=1.875 mm-1, T = 103(2) K. The final R7 and wR2 were 0.0411 and 0.0747 for 618 parameters.
CCDC 955163 contains the supplementary crystallographic data for this paper. These data can be obtained free

of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Determination of the reaction mechanism of y-lactams
Preparation of 54
1-"*C Ethyl 2-aminoacetate hydrochloride (50)

13COOH  SOCl, 3COOEt
—_—
NH, EtOH  Hcl NH,
49 quant. 50

A thionyl chloride (2.6 mL) was added dropwise to EtOH (15 mL) for 8 min on ice, and the solution
was stirred at the same temperature for 2 min. To the mixture was added 1-"°C glycine (49) (1.00 g, 13.1
mmol) on ice, and the suspension was stirred at r. t. for 4 h. The suspension was additionally stirred at 40°C
for 13 h. The suspension was concentrated in vacuo. The residue was suspended to Et,O, and filtered to
give 50 as a colorless solid (1.84 g, quant.). 'HNMR (400MHz, DMSO-ds) &: 1.22 (3H, t, ] = 7.3 Hz), 3.76
(2H, d, J = 6.4 Hz), 4.16 (1H, dd, J = 3.2Hz, 7.3 Hz), 4.20 (1H, dd, J = 3.2Hz, 7.3 Hz), 8.41 (3H, brs); "CNMR
(100MHz, DMSO-dg) 8: 14.0, 61.6, 167.7 (°C labeled) (CH, signal was not be detected because this signal
would hide in solvent peak. (’C NMR of HCI-Gly-OEt indicated that CH, signal observed in 41.1 ppm in
D,0); MS(EI) m/z [M]" 104; HRMS(EI) m/z [M]" caled for [C;">CH,NO,]" 104.0667, found 104.0666

1-"C 5-Benzyl 1-ethyl 2-(tert-butoxycarbonyl)aminopentanedioate (51)

NH
1) CH,ClI,
% OBn
13C00Et 2) o KzCO3y TBAB / CH;?,CN= BnOOGC 13COOEt
3) 1M HCl aq. / Et,0
HCI NH, 4) 5 O/CqH CIZ NHBoc
50 ) Bocy 2Cla 51

To a suspension of 50 (0.703 g, 5.00 mmol) in CH,CI, (18 mL) was added benzophenonimine (0.906
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g, 5.00 mmol), and the suspension was stirred at r. t. for 24 h. To the reaction mixture was added water (50
mL), and the biphasic solution was extracted with CHCI; (50 mLx2). The extracts were combined, and the
solution was washed with brine (20 mL). The organic layer was dried over Na,SOy, and filtered off. The
filtrate was concentrated in vacuo. The residue was purified by flash silica-gel column chromatography (30 g,
Hexane/AcOEt 10% to 50%) to give 1-"C ethyl 2-(diphenylmethylene)aminoacetate as colorless oil (1.29 g).
Thus obtained crude product (1.21 g) was used in a following reaction. To a solution of the residue (1.21 g,
4.51 mmol) in CH3CN (16.5 mL) were added K,CO5 (1.87 g, 13.5 mmol) and tetra-n-butylammonium bromide
(0.145 g, 0.451 mmol), and to the suspension was added dropwise benzyl acrylate (1.46 g, 9.02 mmol) in
CH;CN (3.5 mL) for 3 min. The suspension was stirred at r. t. for 3 h. The insoluble materials were filtered
off, and the filtrate was concentrated in vacuo. The residue was purified by flash silica-gel column
chromatography (20 g, Hexane/AcOEt 10% to 30%) to give 1-°C 5-benzyl 1-ethyl
2-((diphenylmethylene)amino)pentanedioate as colorless oil (1.65 g, 85%). Thus obtained crude product (1.61
g) was used in a following reaction. To a solution of the residue (1.61 g, 3.74 mmol) in Et,O (37.4 mL) was
added 1M HCI aq. (18.7 mL, 18.7 mmol), and he biphasic solution was stirred at r. t. for 4.5 h. The organic
layer was removed, and the aqueous layer was washed with Et;0O (10 mL). The aqueous layer was basified by
NaHCO3;, and the solution was extracted with AcOEt (30 mLx2). The extracts were combined, and the
solution was dried over Na,SQ,, and filtered off. The filtrate was concentrated in vacuo. To the residue in
CH,Cl, (35 mL) was added Boc,O (0.816 g, 3.74 mmol), and the solution was stirred at r. t. for 4 h. To the
reaction mixture was added CHCI; (50 mL), and the solution was washed with 10% citric acid solution (30 mL)
and brine (30 mL). The organic layer was dried over Na,SQO,, and filtered off. The filtrate was concentrated
in vacuo. The residue was purified by flash silica-gel column chromatography (20 g, Hexane/AcOEt 20%) to
give 51 as a colorless solid (1.15 g, 84%). 'HNMR (400MHz, CDCls) &: 1.27 (3H, t, J = 6.9 Hz), 1.44 (9H, s),
1.91-2.01 (1H, m), 2.14-2.26 (1H, m), 2.39-2.52 (2H, m), 4.16-4.22 (3H, m), 4.29-4.36 (1H, m), 5.12 (3H, m),
7.30-7.40 (5H, m); "CNMR (100MHz, CDCl5) &: 14.1, 27.4, 27.8, 28.3, 30.3, 52.8 (d, split by C-C coupling, J
= 60.1 Hz), 61.6, 66.5, 80.0, 85.2, 128.3, 128.3, 128.6, 135.7, 146.7, 155.4, 172.2 ("C labeled), 172.6;
MS(FAB) m/z [M+H]" 367, [M+Na]" 389; HRMS(FAB) m/z [M+H]" caled for [C;5"CH»NOg+H]™ 367.1949,
found 367.1950

1-"C 5-Benzyl 1-ethyl 2-(tert-butoxycarbonyl)(methoxymethyl)aminopentanedioate (52)

13
BnOOC 13COOEt 1) (CH,0)n, TMSCI, MgSO, / CH,Cl, B”OOC\/\(COOEt
NHBoc 2) 20% DIEA / MeOH B0 Nmom
51 52

To a solution of 51 (1.11 g, 3.03 mmol) in CH,Cl, (30 mL) were added paraformaldehyde (0.136 g,
4.55 mmol) and MgSO, (3.03 g, 35.1 mmol) at r. t., and to the suspension was added TMSCI (0.988 g, 9.09
mmol) at 0°C. The suspension was stirred at r. t. for 9.5 h, and to the suspension was added 20% DIEA in
MeOH (10 mL) at 0°C. The suspension was stirred at the same temperature for 30 min, and to the reaction
mixture was added saturated aqueous NaHCOj; solution (50 mL). The biphasic solution was extracted with
CHCI; (30 mLx2), and the extracts were combined. The solution was dried over Na,SO,, filtered off. The
filtrate was concentrated in vacuo. The residue was purified by flash silica-gel column chromatography
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(Hexane/AcOEt 15% to 30 %) to give 52 as colorless oil (0.982 g, 79%). 'HNMR (400MHz, CDCls) §:
1.23-1.30 (3H, m), 1.43 (5.2H, s), 1.47 (3.8H, s), 2.10-2.22 (1H, m), 2.38-2.52 (3H, m), 3.32 (1.3H, s), 3.34
(1.7H, s), 4.06-4.34 (3H, m), 4.63 (1H, d, J = 11 Hz), 4.76 (0.42H ,d, J = 11 Hz), 4.80 (0.58H, d, J = 11 Hz),
5.12 (2H, s), 7.30-7.40 (5H, m); "CNMR (100MHz, CDCl3) 8: 14.1, 24.8, 25.5 (rotamer), 28.1, 30.8, 55.9,
56.2 (rotamer), 57.9 (d, split by C-C coupling, J = 59.1 Hz), 58.5 (rotamer, d, split by C-C coupling, J = 59.1
Hz), 61.2, 61.2 (rotamer), 66.3, 78.8, 79.3 (rotamer), 81.1, 81.3 (rotamer), 128.2, 128.5, 135.8, 155.0, 171.2
(°C labeled), 171.2 (*C labeled) (rotamer), 172.2, 172.8 (rotamer); MS(FAB) m/z [M+Na]® 433;
HRMS(FAB) m/z [M+Na]" calcd for [Co"°CH3;NOs+Na]” 433.2031, found 433.2032

1-"C Ethyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-(fert-butoxcarbonyl) aminobutanoate (53)

N 1) H,, 10% Pd-C / EtOH .
B”OOC\/\rCOOEt 2) DPPA, EtsN / toluene then ‘BuOH BOCHN\/\rCOOEt

Boc” " "MOM Boc” " "MOM
52 53

To a solution of 52 (0.948 g, 2.31 mmol) in EtOH (13 mL) was added a suspension of 10% Pd-C (50
mg) in EtOH (10 mL), and the suspension was stirred under an H, atmosphere at r. t. for overnight. The
suspension was filtered, and the filtrate was concentrated in vacuo. The residue was used in a next reaction
without further purification. To a solution of the residue (0.740 g, 2.31 mmol) in toluene (12 mL) were added
Et;N (0.467 g, 4.62 mmol) and DPPA (0.636 g, 2.31 mmol), and the solution was stirred at 80°C for 30 min.
To the solution was added ‘BuOH (1.71 g, 23.1 mmol), and the solution was stirred at 80°C for 68 h. To the
solution was added toluene (50 mL), and the solution was washed with 10% citric acid solution (30 mL), brine
(30 mL). The organic layer was dried over Na,SQOy,, and filtered off. The filtrate was concentrated in vacuo,
and the residue was purified by flash silica-gel column chromatography (50 g, Hexane/AcOEt 20% to 35 %) to
give 53 as colorless oil (0.414 g, 46%). 'HNMR (400 MHz, CDCl;) &: 1.16-1.23 (3H, m), 1.36-1.41 (18H, m),
1.89-2.03 (1H, m), 2.10-2.24 (1H, m), 2.93-3.19 (1H, m), 3.11 (1H, m), 3.21-3.34 (4H, m), 3.92-4.28 (3H, m),
4.60-4.74 (3H. m), 3.39 (1.8H, s), 5.06 (1H, brs); "CNMR (100MHz, CDCl3) 8: 13.9, 28.0, 28.2, 29.7, 30.6
(rotamer), 37.2, 37.3 (rotamer), 55.8, 56.0 (rotamer), 56.5 (d, split by C-C coupling, J = 61 Hz), 57.3 (d, split by
C-C coupling, J = 61 Hz, rotamer), 61.0, 61.1 (rotamer), 78.8, 79.7 (rotamer), 81.0, 81.1 (rotamer), 154.8, 155.8
(rotamer), 171.2 ("°C labeled), 171.3 (rotamer’ °C labeled); MS(FAB) m/z [M+Na]" 414; HRMS(FAB) m/z
[M+Na]" caled for [C1,"CH34N,07+Na]" 414.2295, found 414.2302

1-"C Ethyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-bis(fer-butoxcarbonyl) aminobutanoate
(54)

Boc
13 1
BocHNv\rCOOEt Boc,O, DMAP Boc/N\/\FCOOEt
N < CH3CN
Boc” "MOM Boc” " "MOM
53 54

To a solution of 53 (0.372 g, 0.950 mmol) in CH;CN (9.5 mL) were added DMAP (12 mg, 0.0950
mmol) and Boc,O (0.249 g, 1.14 mmol), and the solution was stirred at r. t. overnight. To the solution
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wereadditionally added DMAP (12 mg, 0.0950 mmol) and Boc,O (0.249 g, 1.14 mmol), and the solution was
stirred at 50°C for 2 h.  The solution was concentrated in vacuo, and the residue was purified by flash
silica-gel column chromatography (20 g, Hexane/AcOEt 15 %) to give 54 as colorless oil (0.440 g, 94%).
'HNMR (400 MHz, CDCl;) &: 1.15-1.22 (3H, m), 1.36-1.42 (27H, m), 1.93-2.07 (1H, m), 2.23-2.36 (1H, m),
3.28 (3H, s), 3.58-3.62 (2H, m), 3.90-4.18 (3H, m), 4.63 (1H. d, J = 10.6 Hz), 4.70-4.74 (1H, m); "CNMR
(100MHz, CDCl,) 6: 14.0, 27.8, 27.9 (rotamer), 28.9, 29.9 (rotamer), 44.0, 55.7, 55.9 (rotamer), 56.5 (d, split
by C-C coupling, ] = 61.5 Hz), 57.1 (d, split by C-C coupling, ] = 61.5 Hz, rotamer), 61.0, 78.3, 78.8 (rotamer),
80.8, 81.0 (rotamer), 82.1, 152.2, 152.3 (rotamer), 154.5, 154.8, 170.0, 171.0 (13C labeled), 171.1 (BC labeled)
(rotamer); MS(FAB) m/z [M+Na]" 514; HRMS(FAB) m/z [M+Na]" caled for [Ca,*CH4N,O4+Na]™ 514.2820,
found 514.2821

2-B¢C tert-Butyl 3-(tert-butoxycarbinyl)(methoxymethyl)amino-2-oxopyrrolidin-3- ylcarboxylate (55)

Fi’:oc 1I;I‘H
Boc’N\/\FCOOEt KHMDS, 18-crown-6> C:o
N THF BOC\N COOtBU
Boc”™ "MOM MOM
54 55

A solution of 18-crown-6 (71 mg, 0.269 mmol) in THF (0.87 mL) was added to 54 (56 mg, 0.112
mmol), and to the mixture was added dropwise 0.53M KHMDS (in THF) (0.253 mL, 0.134 mmol) at -78°C.
the reaction mixture was stirred at the same temperature for 12 h. The reaction mixture was added to saturated
NH,4CI aq. (20 ml), and the solution was extracted with AcOEt (20 mL X2). The extracts were combined, and
the solution was dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo. The residue
was purified by flash silica-gel column chromatography (10 g, Hexane/AcOEt 50%) to give 55 as colorless oil
(36 mg, 94%). 'HNMR (400MHz, DMSO-dq) &: 1.36 (9H, s), 1.40 (9H, s), 2.03-2.23 (1H, m), 2.92-3.02 (1H,
m), 3.13 (3H, s), 3.13-3.24 (2H, m), 4.82-5.01 (2H, m), 8.32 (1H.s); "CNMR (100MHz, DMSO-d6) &: 27.4,
27.8, 33.1, 34.5 (rotamer), 38.4, 38.4 (rotamer), 54.9, 68.5 (d, split by C-C coupling, J = 47 Hz, rotamer), 75.1.,
76.0 (rotamer), 80.6, 81.2 (rotamer), 154.3, 168.1, 169.4 (BC labeled); MS(FAB) m/z [M+H]+ 346, [M+Na]"
368, HRMS(FAB) m/z [M+H]" calcd for [C;5s" CH,sN,Os+H]" 346.2057, found 346.2059

Preparation of tert-Butyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-(ethoxycarbonyl) aminobutanoate

(56)

Benzyl 4-(tert-butoxycarbonyl)-4-(tert-butoxycarbonyl)(methoxymethyl)aminobutanoate
(CH,0)n, TMSCI, MgSO, / CH,Cl, )
then 20% DIEA / MeOH BnOOC\/\‘/COO Bu

Boc/N‘MOM

Boc-Glu(OBn)-OBu

To a mixture of paraformaldehyde (0.288 g, 9.61 mmol) and MgSO, (6.39 g, 53.1 mmol) was added a
solution of Boc-Glu(OBn)-O'Bu (2.52 g, 6.40 mmol) in CH,Cl, (64 mL), and to the suspension was added
TMSCI (2.09 g, 19.2 mmol) (distilled from CaH,) on ice. The suspension was stirred at r. t. for 14 h. To the
suspension was added 20% DIEA/MeOH (21 mL) on ice, and the suspension was stirred at the same
temperature for 30 min. To the suspension was added saturated aqueous NaHCOj; solution (200 mL), and the
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solution was extracted with CHCl; (100 mLX2). The extracts were combined, and the solution was dried
over Na,SQO,, and filtered off. The filtrate was concentrated in vacuo, and the residue was purified by flash
silica-gel column chromatography (150 g, Hexane/AcOEt 5%, 10%) to give the title compound as colorless oil
(1.69 g, 61%). [a]*’p=-14.7 (¢ 0.785, CHCl;); IR (neat) cm’': 2977, 2936, 1738, 1707, 1426, 1367, 1254,
1160, 1092, 914, 746, 699; '"HNMR (400 MHz, CDCl3) 8: 1.41-1.50 (18H, m), 2.32-2.53 (3H, m), 3.31-3.38
(3H, m), 3.99-4.06 (0.5H, m), 4.15-4.25 (0.5H, m), 4.59-4.66 (2H, m), 4.72-4.78 (1H, m), 5.12 (2H, s),
7.29-7.39 (5H, m); "CNMR (100 MHz, CDCl;) &: 24.9, 25.5 (rotamer), 28.0, 28.2, 30.9, 55.9, 56.2 (rotamer),
58.7, 59.3 (rotamer), 66.3, 78.9, 79.4 (rotamer), 80.9, 81.2 (rotamer) 81.4, 81.5 (rotamer), 128.2, 128.5, 135.8,
154.7, 155.3 (rotamer), 170.0, 170.3 (rotamer), 172.8, 172.9 (rotamer); MS(FAB) m/z [M+Na]™ 460;
HRMS(FAB) m/z [M+Na]" calcd for [C,3H3sNO;+Na]” 460.2311, found 460.2313

tert-Butyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-(ethoxycarbonyl) aminobutanoate

H
¢
BNOOC\/\rCOO BU 1) H,, 10% Pd-C / EtOH _ EtO__N COO'Bu
- \n/
_N. 2) DPPA, Et3N / toluene le} N.

Boc™ MOM then EtOH Boc” "MOM

To a solution of benzyl 4-(fert-butoxycarbonyl)-4-(tert-butoxycarbonyl)(methoxymethyl)
aminobutanoate (1.69 g, 3.86 mmol) was added a suspension of 10% Pd-C (85 mg) in EtOH (77 mL), and the
suspension was stirred under an H, atmosphere at r. t. for 2 h. The suspension was filtered to remove Pd-C.
The filtrate was concentrated in vacuo to give crude carboxylic acid as colorless oil (1.38 g). To a solution of
the residue in toluene (20 mL) were added Et;N (0.781 g, 7.72 mmol) and DPPA (1.06 g, 3.86 mmol), and the
solution was stirred under reflux for 15 min. To the solution was added EtOH (1.78 g, 38.6 mmol), and the
solution was stirred at 80°C for 1 h. To the solution was added AcOEt (50 mL), and the solution was washed
with 10% citric acid solution (30 mL), brine NaHCO; solution (30 mL). The organic layer was dried over
Na,SO,, and filtered off. The filtrate was concentrated in vacuo, and the residue was purified by flash
silica-gel column chromatography (100 g, Hexane/AcOEt 10%, 15%, 20% to 50 %) to give the title compound
as colorless oil (0.941 g, 62.3%). [0]*p=-35.5 (¢ 1.08, CHCl,); IR (neat) cm™: 3356, 2979, 2935, 1708, 1529,
1428, 1391, 1368, 1300, 1252, 1158, 1098, 1041, 963, 916, 849, 758; 'HNMR (400 MHz, CDCl;) &: 1.20-1.27
(3H, m), 1.42-1.48 (18H, m), 1.94-2.05 (1H, m), 2.13-2.25 (1H, m), 3.00-3.16 (1H, m), 3.30-3.45 (4H, m),
3.87-3.99 (0.5H, m), 4.04-4.24 (2.5H, m), 4.61-4.73 (1.5H, m), 4.86 (0.5H, d, J = 10.5 Hz), 5.15-5.23 (0.5H, m),
5.25-5.32 (0.5 H, m); "CNMR (100 MHz, CDCl3) 8: 14.6, 27.9, 27.9 (rotamer), 28.2, 29.9, 30.5 (rotamer),
37.7 37.8 (rotamer), 56.0, 56.2 (rotamer), 57.4, 58.5 60.6, 79.2, 80.2 (rotamer), 81.0, 81.3 (rotamer), 81.6,
154.9, 155.1 (rotamer), 156.6, 170.1, 170.4; MS(FAB) m/z [M+Na]" 413; HRMS(FAB) m/z [M+Na]" calcd for
[C1sH34N,07+Na]" 413.2264, found 413.2266

tert-Butyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-bis(ethoxycarbonyl) aminobutanoate (56)

H O OFEt
EtO\n/N\/\rCOOtBu KHMDS, CICOOEt ¢y, N\/\rcoo‘Bu
© Boc/N\MOM THF \g/ Boc’N‘MOM
56
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To a solution of fert-Butyl 2-(tert-butoxycarbonyl)(methoxymethyl)amino-4-(ethoxycarbonyl)
aminobutanoate (0.180 g, 0.461 mmol) in THF (3.7 mL) was added dropwise 0.52M KHMDS in THF (0.877
mL, 0.452 mmol) over 5 minute-periods at -78°C. To the solution was added CICOOEt (60 mg, 0.553 mmol),
and the solution was stirred at -78°C for 15 min.  The solution was added to saturated aqueous NH4Cl
solution (20 mL), and the solution was extracted with AcOEt (20 mLx2). The extracts were combined, and
the solution was washed with water (20 mL). The organic layer was dried over Na,SO,, and filtered off.
The filtrate was concentrated in vacuo. The residue was purified by flash silica-gel column chromatography
(20 g, Hexane/AcOEt 15%) to give 56 as colorless oil (90 mg, 42%). [0]*p=-11.5 (¢ 0.625, CHCl;); IR (neat)
em’': 2979, 2936, 1793, 1707, 1451, 1371, 1332, 1287, 1156, 1094, 915, 864, 776; 'HNMR (400 MHz, CDCls)
o: 1.33 (6H, t, J = 6.9 Hz), 1.45-1.49 (18H, m), 2.04-2.13 (1H, m), 2.28-2.37 (1H, m), 3.36 (3H, s), 3.71-3.83
(2H, m), 3.94-4.01 (0.5H, m), 4.14-4.19 (0.5H, m), 4.23-4.29 (4H, m); 4.66-4.79 (2H, m); *CNMR (100 MHz,
CDCly) o: 14.1, 27.9, 27.9 (rotamer), 28.1, 28.2 (rotamer), 29.0, 29.7 (rotamer), 44.3, 44.3 (rotamer), 55.3, 56.0
(rotamer), 57.3, 57.9 (rotamer), 62.9, 62.9 (rotamer), 78.6, 78.9 (rotamer), 80.8, 81.8 (rotamer), 81.3, 81.4,
153.5, 154.5, 155.3 (rotamer), 169.9, 170.1 (rotamer); MS(FAB) m/z [M+Na]" 485; HRMS(FAB) m/z [M+Na]"
calcd for [C21H38N209+Na]+ 485.2475, found 485.2475

(R)-tert-Butyl 3-(fert-butoxycarbonyl)(methoxymethyl)amino-2-oxopyrrolidin-3-carboxylate (enz-46)

OsOFEt H
N
Eto\n,N\/\rcoofBu KHMDS, 18-crown-6 Ezzo
o) _N. THF Boc~N" YcooBU
Boc MOM \
MOM
56 ent-46

To a solution of 56 (90 mg, 0.195 mmol) was added a solution of 18-crown-6 (0.123 g, 0.468 mmol)
in THF (1.5 mL) was added dropwise 0.515M KHMDS in THF (0.453 mL, 0.233 mmol) for 5 minute at -78°C,
and the solution was stirred at -78°C for 12 h.  The solution was added to saturated aqueous NH,4Cl1 solution
(20 mL), and the solution was extracted with AcOEt (20 mLx2). The extracts were combined, and the
solution was dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo. The residue was
purified by flash silica-gel column chromatography (3 g, Hexane/AcOEt 20% and 50%) to give ent-46 as
colorless oil (24 mg, 36%, 91% ee). Enantiomeric excess of ent-46 was determined after N-benzylation same
as compound 47. HPLC conditions: column: DAICEL CHIRALPAK® OD, flow rate: 1 mL/min, eluent:

Hexane/i-PrOH/ =97/3, detection: 254 nm, retention time: tmajor=10.1 min, tminor=8.2 min.

FEE WMEBEMRREH -7 27 b7 I BEEEROEK

Preparation of (S)-Ethyl 2-[(tert-butoxycarbonyl)(methoxymethyl)amino]-4-{[(2,2,2-trichloroethoxy)
carbonyl]oxy}butanoate (67)

1) IBCF, EtzN / THF,

H OOC/\rCOOEt then NaBH, water _ C|30vo\n/o\/\rcoorzt
_N. 2)TrocCl, pyridine / CH,Cl, o) N
Boc MOM BOC/ ‘MOM
64 67
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To a solution of 64'” (0.615 g, 2.01 mmol) in THF (10 mL) were added Et;N (0.244 g, 2.41 mmol)
and isobutyl chloroformate (0.303 g, 2.22 mmol) on ice, and the solution was stirred at the same temperature
for 20 min. The suspension was filtered, and to the filtrate was added a solution of NaBH, (0.228 g, 6.03
mmol) in water (2 mL) on ice, and the suspension was stirred for 40 min. To the solution was added AcOEt
(100 mL), and the solution was washed with saturated aqueous NaHCO; solution (30 mL). The organic layer
was dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo, and the residue was purified
by flash silica-gel column chromatography (30 g, Hexane/AcOEt 50%) to give homoserine derivative as
colorless oil.  To a solution of the residue (0.414 g) in CH,Cl, (7 mL) was added pyridine (7 mL) at r. t., and
to the solution was added Troc-Cl (0.331 g, 1.56 mmol) on ice, and the solution was stirred at the same
temperature for 150 min. The solution was concentrated in vacuo, and the residue was treated with column
chromatography (30g, Hexane/AcOEt 10%) to give 67 as colorless oil (0.646 g, 98%) [a]*’p=-27.3 (c 1.0,
CHCL); IR (neat) cm™: 2979, 2936, 1762, 1709, 1428, 1392, 1369, 1251, 1175, 1100, 1031, 1004, 916, 861,
820, 782, 730, 573; 'HNMR (400 MHz, CDCl5) 8: 1.25-1.32 (3H, m), 1.45 (5.4H, s), 1.48 (3.6H, s), 2.17-2.35
(1H, m), 2.49-2.58 (1H, m), 3.37 (3H, s) 4.10-4.42 (5H, m), 4.66 (1.2H, d, J = 10.5 Hz), 4.77 (2H, s), 4.79
(0.4H, d, ] = 11.0 Hz), 4.85(0.4H, d, ] = 11 Hz); "CNMR (100 MHz, CDCl;) &: 14.0, 28.1, 28.8, 29.6 (rotamer),
55.9, 55.9, 56.1 (rotamer), 56,.1 (rotamer), 61.2, 61.3 (rotamer), 65.9, 66.0 (rotamer), 76.6, 79.4, 81.2, 81.4
(rotamer), 94.3, 153.7, 154.4, 154.8 (rotamer), 170.8; MS(FAB) m/z [M+Na]" 488 (100%), 490 (90%), 492
(29%), ; HRMS(FAB) m/z [M+Na]" caled for [Ci¢Has> ClsNOg+Na] ™ 488.0622, found 488.0626

(S)-Ethyl 2-{(tert-butoxycarbonyl)(methoxymethyl)amino}-4-{(methoxycarbonyl)oxy}butanoate (65)

o__O COOEt
Y
© Boc’N\MOM
65

The preparation of 65 was conducted in same procedure of synthesis of 67. CICOOMe was used in
the place of CICOOCH,CCls. [a]*’p=-33.4 (¢ 1.55, CHCly); IR (neat) cm™: 2979, 1750, 1709, 1443, 1390,
1368, 1272, 1175, 1099, 1031, 916, 862, 792; "HNMR (400 MHz, CDCl5) 8: 1.24-1.31 (3H, m), 1.44 (5.4H, s),
1.48 (3.6H, s), 2.13-2.30 (1H, m), 2.44-2.53 (1H, m), 3.37 (3H, s), 3.78 (3H, s), 4.10-4.30 (5H, m), 4.64 (1H, d,
J=11 Hz), 4.82 (0.4H, d, J = 11.0 Hz), 4.86 (0.6H, d, ] = 11.0 Hz); "CNMR (100 MHz, CDCl;) &: 14.0, 28.0,
28.9, 29.8 (rotamer), 54.6, 55.9, 56.1, 61.2, 61.3 (rotamer), 64.7, 79.3, 81.1, 81.3 (rotamer), 154.5, 154.8
(rotamer),155.5, 170.9; MS(FAB) m/z [M+Na]" 372 ; HRMS(FAB) m/z [M+Na]" calcd for [C;sH,7NOg+Na]"
372.1634, found 372.1639

(S)-Ethyl 2-{(tert-butoxycarbonyl)(methoxymethyl)amino}-4-{(methoxycarbonyl)oxy}butanoate (66)

tBU,O\H/O\/\rCOOEt
@) N

Boc” “MOM
66

To a solution of ethyl 2-(fert-butoxycarbonyl)(methoxymethyl)amino-4-hydroxybutanoate (0.321 g,
1.10 mmol) which is intermediate of preparation of 67 in CH;CN (5.5 mL) were added DMAP (3 mg, 0.110
mmol) and Boc,O (0.288 g, 1.32 mmol), and the solution was stirred at r. t. for 13 h. The reaction mixture

63



was concentrated in vacuo. The residue was treated with column chromatography (40 g, Hexane/AcOEt 20%
to 50%) to give 66 as colorless oil (0.148 g, 34%). [a]*’p=-34.1 (c 1.1, CHCl5); IR (neat) cm™: 2980, 2936,
1742, 1710, 1461, 1427, 1391, 1368, 1281, 1255, 1166, 1099, 1032, 916, 859, 793, 773; 'HNMR (400 MHz,
CDCl;) 8: 1.24-1.32 (3H, m), 1.44-1.48 (18H, m), 2.10-2.30 (1H, m), 2.42-2.51 (1H, m), 3.37 (3H, s),
4.09-4.28 (5H, m), 4.62 (1H, d, J = 11 Hz), 4.81 (0.4H, d, ] = 11.0 Hz), 4.87 (0.6H, d, ] = 11.0 Hz); "CNMR
(100 MHz, CDCl;) &: 14.1, 27.7, 28.1, 28.8, 29.7 (rotamer), 55.9, 56.0 (rotamer) 56.2, 61.1, 61.2 (rotamer),
63.7, 79.3, 81.1, 81.3 (rotamer), 81.9, 82.0 (rotamer), 153.3, 154.5, 154.9 (rotamer), 171.1; MS(FAB) m/z
[M+Na]" 414; HRMS(FAB) m/z [M+Na]" calcd for [C,sH33NOg+Na]" 414.2104, found 414.2108

(S)-Ethyl
3-(tert-butoxycarbonyl)(methoxymethyl)amino-2-o0xo0-1,2,3,4-tetrahydrofuran-3-yl-carboxylate (68)

0
ClsC._O O\/\rCOOEt KHMDS [Z:o
bl —
© M

Boc N0 THF/DME (3/1) Boc\N\*‘ COOEt
67 MOM
68
(Conditions of entry § in Table 4-1)

To a solution of 67 (58.9 mg, 0.126 mmol) in a mixture of THF (0.462 mL) and 1,2-DME (0.315 mL)
was added dropwise a solution of 0.521 M KHMDS in THF (0.483 mL, 0.252 mmol) for 8 minute at -78°C,
and the solution was stirred at -78°C for 10 h.  The solution was added to saturated aqueous NH4Cl1 solution
(20 mL), and the solution was extracted with AcOEt (20 mLx2). The extracts were combined, and the
solution was dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo. The residue was
purified by flash silica-gel column chromatography (10 g, Hexane/AcOEt 15% and 70%) to give 68 as
colorless oil (33.3 mg, 83%, 92% ee). Enantiomeric excess of 68 was determined after conversion to 69.
[0]*’5=-37.0 (¢ 1.1, CHCLy); IR (neat) cm™': 2980, 2934, 1782, 1739, 1712, 1474, 1460, 1371, 1297, 1256, 1216,
1166, 1101, 1083, 1031, 959, 859, 758; '"HNMR (400 MHz, CDCls) &: 1.26-1.32 (3H, m), 1.47 (9H, s),
2.58-2.66 (1H, m), 3.15-3.35 (4H, m), 4.12-4.35 (2H, m), 4.43 (t, ] = 7.3 Hz), 490 (1 H, d, J = 10.0 Hz)),
4.98-5.18 (1H, m) ; CNMR (100 MHz, CDCl3) 8: 13.9, 28.0, 34.1, 34.9 (rotamer), 55.4, 62.8, 66.5, 67.1
(rotamer), 76.1, 82.4, 154.2, 167.2, 170.2; MS(FAB) m/z [M+H]+ 318, [M+Na]" 340; HRMS(FAB) m/z
[M+Na]" calcd for [C14H,3NO5+Na]" 340.1372, found 340.1374.

Determination of ee of 68

Preparation of Ethyl 3-(4-nitrobenzoyl)amino-2-0x0-1,2,3,4-tetrahydrofuran-3-yl-carboxylate (69)

o 0
[Z:o 1) 4M HCI/ACOEY 0 EZ:O

Boc\N:" COOEt  2) O ,EN N COOEt
MOM
|
68 ° O,N 69
O,N 2

A mixture of 68 (9 mg, 2.84x10” mmol) and 4M HCI / AcOEt (0.3 mL) was stirred at r. t. for 1 h.
The solution was concentrated in vacuo. To the solution of the residue in CH,Cl, (0.3 mL) were added Et;N
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(8.6 mg, 8.51x 10 mmol) and 4-nitrobenzoyl chloride (5.3 mg, 2.84x10” mmol), and the solution was stirred
atr. t. for 1 h. The solution was treated with preparative thin layer chromatography to give 69 as a colorless
solid (7.2 mg, 78%). [a]*’p=-7.95 (¢ 1.1, CHCl;); IR (KBr) cm™": 3344, 1767, 1732, 1663, 1603, 1530, 1484,
1354, 1327, 1302, 1270, 1216,1177, 1122, 1022, 954, 716, 526 'HNMR (400 MHz, CDCl3) &: 1.35 (3H, t, J =
7.4 Hz), 2.84 (0.35H, dd, J = 3.2Hz, 7.8Hz), 2.87 (0.65H, J = 3.2Hz, 7.8Hz), 2.93 (0.65H, t, ] = 9.2Hz), 2.96
(0.35H, t, ] =9.2Hz), 4.59 (0.35H, dd, J = 7.8Hz, 9.2Hz), 4.61(0.65H, dd, J = 7.8Hz, 9.2Hz), 4.73 (0.65H, dd, J
= 3.2Hz, 9.2Hz), 4.75(0.65H, 3.2Hz, 9.2Hz), 7.56 (1H, brs), 8.01 (2H, d, J = 8.7Hz), 8.33 (2H, d, J = 8.7Hz);
C NMR (100 MHz, CDCly): 13.9, 32.5, 63.1, 64.0, 66.6, 123.9, 128.5, 137.9, 150.2, 164.6, 170.6; MS(FAB)
m/z [M+H]+ 323 [M+Na]® 345, HRMS(FAB) m/z [M+H]" calcd for [C4HsN,O,+H]" 323.0879, found
323.0879; HPLC conditions: column: DAICEL CHIRALPAK® AS-H, flow rate: 1 mL/min, eluent:

Hexane/i-PrOH=70/30 detection: 254 nm, retention time: major=30.0 min, minor=24.9 min.

Determination of absolutely configuration of 68

Preparation of Ethyl 3-[4-[(4-bromobenzoyl)amino]benzoyl}amino-2-o0xo0-1,2,3,4-tetrahydrofuran-3-
yl-carboxylate (70)

0 o)
0

0 EZ:O C{Eo

N* YCOOEt 1) Hp 10%Pd-C _ 0 N" YcooEt

H 2) CoCl |, Et;N /@/U\N
H
.
Br 70

OoN Br

To a solution of 69 (98% ee, 12 mg, 3.7x10~ mmol) in EtOH (1 mL) was added a suspension of 10%

Pd-C (30 mg) in EtOH (4 mL) was stirred under an H, atmosphere at r. t. for 3 h. The insoluble materials
were filtered off, and the filtrate was concentrated in vacuo. To the residue in CH,Cl, (4 mL) were added
Et;N (4.1 mg, 4.1x10” mmol) and p-bromobenzoyl chloride (8.2 mg, 3.7x10 mmol), and the solution was
stirred at r. t. for 3 h. The solution was diluted with AcOEt (40 mL), and the solution was washed with 10%
citric acid (20 mL), saturated aqueous NaHCOj; solution (20 mL). The solution was dried over Na,SO,, and
filtered off. The filtrate was concentrated in vacuo. The residue was purified by flash silica-gel column
chromatography (5 g, Hexane/AcOEt 40%) to give 70 as colorless solid (9 mg). The solid was recrystallized
from CHCI3/Et,O to obtain the crystalline solid for X-ray crystallography. 'HNMR (400 MHz, CDCl;) 8: 1.33
(3H, t, J=6.9 Hz), 2.77 (0.4H, dd, J = 3.2Hz, 7.8Hz), 2.81 (0.6H, J = 3.2Hz, 7.8Hz), 2.90 (0.6H, t, J = 9.6Hz),
2.93 (0.4H, t, ] = 9.6Hz), 4.24-4.37 (2H, m), 4.56 (0.4H, dd, J = 7.8Hz, 9.6Hz), 4.58 (0.6H, dd, J = 7.8Hz,
9.6Hz), 4.71 (0.4H, dd, J = 3.2Hz, 9.6Hz), 4.74 (0.6H, 3.2Hz, 9.6Hz), 7.41 (1H, brs), 7.62 (2H, d, J = 8.7Hz),
7.73 (4H, s), 7.79 (2H, d, ] = 8.7Hz), 8.41 (1H, s); °C NMR (100 MHz, CDCls): 13.9, 32.7, 62.9, 63.8, 66.7,
119.7, 126.9, 127.7, 128.4, 128.9, 132.0, 133.2, 141.6, 164.9, 165.7, 167.9, 171.6; MS(FAB) m/z [M+H]+ 475,
477, [M+Na]” 497, 499, HRMS(FAB) m/z [M+H]" calcd for [CyHyo ' BrN,Os+H]™ 475.0505, found 475.0495,
[CoiH " BIN,Og+H]™ 477.0487, found 477.0486

X-ray structural analysis of 70

Crystal Data of 70: C;;H9BrN,O M = 475.29, space group P21, a=7.5060(14) A, b=5.4543(7) A, c=23.444(3)
A, a=90°,90.984(10)°, y = 90°, V = 959.6(3) A°, Z =2, peaica = 1.645 Mg/m’, Moy, radiation, A = 0.71075 A,
p=2.186 mm-1, T = 103(2) K. The final R/ and wR2 were 0.0360 and 0.0741 for 272 parameters. CCDC
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955164 contains the supplementary crystallographic data for this paper. These data can be obtained free of

charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

FIUED WEBMRREBEH A~ N U-3-F VHEEOARL

Preparation of (S)-ethyl 2-([tert-butoxycarbonyl]{2-[ethoxycarbonyl]phenyl}amino)-3-phenylpropanoate
(73)
1) SO5-py, Et;N / DMSO
Ph 2) NaClO,, NaH,PO,, 2-methyl-2-butene Ph

COOEt / water, CH;CN COOEt
3) EDC-HCI, EtOH, DMAP / CH,Cl,

N > _N
0 e 0
HO EtOOC

To a solution of 71°' (2.11 g, 5.28 mmol) in DMSO (53 mL), and to the solution were added Et;N

(5.34 g, 52.8 mmol) and SO5-pyridine (3.36 g, 21.1 mmol) on water bath, and the solution was stirred at r. t. for
1 h. To the suspension was added 10% citric acid solution (100 mL) on ice bath, and the solution was
extracted with AcOEt (50 mLx2). The extracts were combined, and the solution was washed with water
(30mLx2). The solution was dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo,
and the residue was purified by flash silica-gel column chromatography (100 g, Hexane/AcOEt 30%) to give
the aldehyde as a colorless solid (1.99 g). Thus obtained aldehyde was used a following reaction without
further purification. To a solution of the residue in CH;CN (100 mL) were added a solution of NaClO, (1.47 g,
15.0 mmol) in water (20 mL), 2-methyl-2-butene (3.51 g, 50.0 mmol) and a solution of NaH,PO, (1.80 g, 15.0
mmol) in water (20 ml) on ice bath, and the solution was stirred at . t. for 24 h. To the suspension was added
a solution of Na,SO; (0.63 g) in water (2 mL) on ice bath, and the suspension was stirred at the same
temperature for 1 h. To the suspension was added 10% citric acid solution (50 mL), and the solution was
extracted with AcOEt (50 mLx3). The extracts were combined, and the solution was washed with brine (30
mL). The solution was dried over Na,SOy, and filtered off. The filtrate was concentrated in vacuo, and the
residue was purified by flash silica-gel column chromatography (150 g, Hexane/AcOEt 30% and 70%) to give
the carboxylic acid as colorless oil (1.85 g). The 0.203 g of the product was used in a following reaction. To
a solution of the residue (0.203 g) in CH,Cl, (4.9 mL) were added EtOH (0.113 g, 2.45 mmol), DMAP (6 mg,
4.91X10'2rnm01) and EDC-HCI (0.122 g, 0.638 mmol), and the solution was stirred at r. t. for 9 h. The
reaction mixture was treated with flash silica-gel column chromatography (20 g, Hexane/AcOEt 15%, 40%) to
give 73 as colorless oil (61 mg, 24%, 3 steps). [a]*’p=24.3 (c 1.04, CHCL); IR (neat) cm™: 3064, 3028, 2980,
2934, 1705, 1601, 1492, 1453, 1368, 1324, 1291, 1254, 1201, 1166, 1093, 1048, 1020, 858, 753, 702;'HNMR
(400 MHz, CDCl;) &: 1.02-1.09 (2.1H, m), 1.1-1.15 (0.9H, m), 1,26 (4.7H, s), ), 1.31 (4.1H, s), 1.35 (1.5H, s),
1.34-1.39 (3 H, m) 1.45 (2.3H, s), 1.52 (0.7H, s), 2.56-2.79 (1.4H, m), 3.38 (0.23 H, dd, J = 3.7 Hz, 13.7 Hz),
3.48 (0.07 H, d, J = 14.2 Hz), 3.62 (0.23H, d, J = 13.7 Hz), 3.65 (0.07H, d, J = 14.2 Hz), 4.01-4.36 (4H, m),
4.45 (0.07H, d, J =7.8 Hz), 4.59 (0.23H, dd, J = 3.6 Hz, 9.2 Hz),4.82 (0.18H, dd, J = 6.4 Hz, 10.5 Hz), 4.97
(0.52H, dd, J = 6.8 Hz, 9.6 Hz), 6.93-6.99 (1.25 H, m), 7.13-7.24 (3H, m), 7.32-7.43 (1H, m), 7.50-7.60 (1H,
m), 7.68-7.72 (0.75H, m), 7.89-7.95 (1H, m); BCNMR (100 MHz, CDCl;) &: 13.9 (rotamer), 14.1 (rotamer),
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14.3 (rotamer), 14.4, 28.1, 28.3 (rotamer), 36.7, 37.4 (rotamer), 37.5 (rotamer), 60.8 (rotamer), 61.0, 61.1
(rotamer), 61.2, 61.3 (rotamer), 61.6, 62.5 (rotamer), 65.6 (rotamer), 80.7, 81.0 (rotamer), 81.4 (rotamer), 126.3
(rotamer), 126.7, 126.8 (rotamer), 126.8 (rotamer), 127.5, 127.9 (rotamer),128.2, 128.3, 128.3 (rotamer), 129.2,
129.4 (rotamer), 130.9, 131.0 (rotamer), 131.0 (rotamer), 132.4, 132.7 (rotamer), 132.8 (rotamer), 136.6
(rotamer), 136.8, 138.7, 138.8 (rotamer), 139.1 (rotamer), 153.5 (rotamer), 154.2, 166.1, 173.4; MS(FAB) m/z
[M+H]" 442, [M+Na]" 464; HRMS(FAB) m/z [M+H]" calcd for [C,sH3NOs+H]" 442.2230, found 442.2234,

Preparation of (8)-ethyl 2-([tert-butoxycarbonyl]{2-[(phenylthio)carbonyl|phenyl}amino)-3-
phenylpropanoate (74)

Ph
COOEt

N

Boc”

PhSOC :

74

The 1.34 g of carboxylic acid, which described above was used in a following reaction. To a
solution of the residue (1.34 g) in CH,Cl, (32 mL) were added thiophenol (0.714 g, 6.48 mmol), DMAP (40 mg,
0.324 mmol) and EDC-HCI (0.807 g, 4.21 mmol), and the solution was stirred at r. t. for 22 h. To the reaction
mixture was added CHCl; (50 mL), and the solution was washed with 10% citric acid (30 mL), saturated
aqueous NaHCOj; solution (30 mL) and brine (30 mL). The organic layer was dried over Na,SOy, and filtered
off. The filtrate was concentrated in vacuo. The reaction mixture was purified by flash silica-gel column
chromatography (150 g, Hexane/AcOEt 10%, 15%) to give 74 as pale yellow oil (0.885 g, 45%, 3 steps).
[0]*’5=21.8 (¢ 0.903, CHCIl;); IR (KBr) cm™: 3063, 3027, 2978, 2934, 2902, 1731, 1699, 1687, 1596, 1575,
1485, 1455, 1448, 1442, 1391, 1367, 1328, 1308, 1293, 1271, 1256, 1200, 1169, 1062, 1020, 905, 880, 861,
771, 744, 700, 687, 664, 653;'HNMR (400 MHz, CDCL3) &: 0.93-1.17 (3H, m), 1.32 (4.1H, s), 1.35 (1.4H, s),
1.44 (2.6H, s), 1.49 (0.9H, s), 2.48-2.56 (0.75H, m), 2.77-2.93 (0.75H, m), 3.40-3.69 (0.5H, m), 3.95-4.19 (2H,
m), 4.29-4.37 (0.25H, m), 4.74 (0.25H, dd, J =5.0 Hz, 11.5 Hz), 4.89 (0.5H, dd, J = 5.5 Hz, 11.0 Hz), 7.02-7.24
(5H, m), 7.42-7.61 (7.25H, m), 7.79 (0.75H, d, J = 7.8 Hz), 7.91-7.98 (1H, m); "CNMR (100 MHz, CDCl5) §:
13.7, 13.8 (rotamer), 28.0, 28.2 (rotamer), 36.9, 37.6 (rotamer), 60.7, 62.0, 62.7 (rotamer), 81.0, 81.6 (rotamer),
126.1 (rotamer), 126.6, 127.7 (rotamer), 127.8, 128.0 (rotamer),128.1, 128.1 (rotamer), 128.8, 129.3, 129.4
(rotamer), 129.5, 131.4, 131.9 (rotamer), 132.5, 132.7 (rotamer), 132.9 (rotamer), 134.6 (rotamer ), 134.8,
135.0 (rotamer), 136.4 (rotamer), 136.6, 136.7 (rotamer), 137.2, 153.7, 154.0 (rotamer), 173.3, 189.4;
MS(FAB) m/z [M+H]" 506, [M+Na]" 528; HRMS(FAB) m/z [M+H]" calcd for [C,0H3;NOsS+H]" 506.2001,
found 506.2008.

Preparation of (S)-ethyl 2-([tert-butoxycarbonyl]{2-[(phenylthio)carbonyl]phenyl}amino)-3-
methylbutanoate (75)
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1) SO5-py, Et;N / DMSO

2) NaClO,, NaH,POy,, 2-methyl-2-butene
COOEt / water, CH3CN COOEt

3) EDC+HCI, PhSH, DMAP / CH,Cl,

- N
Boc/N Boc”
45% (3 steps)
HO PhSOC

72 75

To a solution of 72°'” (3.67 g, 10.4 mmol) in DMSO (104 mL), and to the solution were added Et;N
(10.5 g, 104 mmol) and SO;-pyridine (6.65 g, 41.8 mmol) on water bath, and the solution was stirred at r. t. for
2 h. To the suspension were added crashed ice (30 mL) and 10% citric acid solution (150 mL), and the
solution was extracted with AcOEt (100 mLx2). The extracts were combined, and the solution was washed
with 10% citric acid solution (50 mLx2) and brine (30 mL).  The solution was dried over Na,SO,, and
filtered off. The filtrate was concentrated in vacuo, and the crystalline solid was collected with AcOEt. The
filtrate was concentrated in vacuo, and the residue was purified by flash silica-gel column chromatography (30
g, Hexane/AcOEt 15%) to give the aldehyde as a colorless solid (2.06 g). Thus obtained aldehyde was used a
following reaction without further purification. To a solution of the aldehyde (2.06 g) in CH;CN (120 mL)
were added a solution of NaClO, (1.74 g, 17.7 mmol) in water (35 mL), 2-methyl-2-butene (4.14 g, 59.1 mmol)
and a solution of NaH,POy,4 (2.12 g, 17.7 mmol) in water (35 ml) on ice bath, and the solution was stirred at . t.
for 2 days. To the suspension was added a solution of Na,SO; (1.49 g) in water (5 mL) on ice bath, and the
suspension was stirred at the same temperature for 1 h. To the suspension was added 10% citric acid solution
(200 mL), and the solution was extracted with AcOEt (100 mLx2). The extracts were combined, and the
solution was washed with brine (100 mL). The solution was dried over Na,SQO,, and filtered off. The filtrate
was concentrated in vacuo, and the residue was purified by flash silica-gel column chromatography (150 g,
CHCIl3/MeOH 5%) to give the carboxylic acid as colorless oil (2.16 g). To a solution of the residue in CH,Cl,
(30 mL) were added thiophenol (0.977 g, 8.87 mmol), DMAP (72 mg, 0.591 mmol) and EDC-HCI (1.36 g, 7.09
mmol), and the solution was stirred at r. t. for 2 h. To the reaction mixture was concentrated in vacuo. The
reaction mixture was purified by flash silica-gel column chromatography (150 g, Hexane/AcOEt 10%, 15%) to
give 75 as colorless oil (1.36 g, 29%, 3 steps). [a]**p=3.08 (¢ 1.01, CHCl;); IR (KBr) cm™: 2979, 2934, 2874,
1739, 1699, 1593, 1573, 1479, 1454, 1387, 1312, 1252, 1294, 1171, 1134, 1032, 896,760, 689; 'HNMR (400
MHz, DMF-d7) &: 0.64 (1H, d, J = 5.5 Hz), 0.88 (2H, d, J = 6.4 Hz), 0.98 (1H, d, J = 5.5 Hz), 1.05 (1H, t, ] =
6.9 Hz), 1.12 (2H, d, ] = 6.4 Hz), 1.23-1.32 (8H, m), 1.41 (3H, s), 1.86-1.95 (0.65H, m), 2.12-2.22 (0.35 H, m),
3.90-4.01 (0.7 H, m), 4.14-4.31 (1.3H, m), 4.35 (0.65H, m), 4.60 (0.35H, d, J = 9.6 Hz), 7.38-7.43 (0.35H, m),
7.50-7.65 (6.35H, m), 7.70-7.86 (1.65H, m), 8.07-8.17 (0.65H, m); *CNMR (100 MHz, CDCl3) 8: 13.9, 14.3
(rotamer), 18.7, 19.0, 19.3 (rotamer), 21.8, 22.5 (rotamer), 27.6 (rotamer), 28.0, 28.2 (rotamer), 30.5 (rotamer),
60.5 (rotamer), 60.7, 66.2, 66.5 (rotamer), 80.7, 80.8 (rotamer), 127.3 (rotamer), 127.6, 128.8, 129.1, 129.2,
129.5, 131.4 (rotamer), 131.8, 132.3, 132.7 (rotamer), 134.6, 134.7, 135.1 (rotamer), 154.0, 154.1 (rotamer),
170.0, 172.5 (rotamer), 189.4; MS(FAB) m/z [M+H]" 458, [M+Na]" 480; HRMS(FAB) m/z [M+H]" calcd for
[CasH3,NOsS+H]" 458.2001, found 458.1196;
[Computational Details (Figure 5-2)]
Geometry optimization was performed with SPARTAN’10 build 1.1.0. The ground-state geometrie of 75
was determined by means of the following successive steps: Conformational search with MMFF, HF, then DFT
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calculation with B3LYP functionals. The basis sets of employed were for HF geometry optimization, 3-21G*,
and DFT geometry optimization, 6-31G*. Conformer A: SCF Done: E = -1761.122272 A. U. after 1 cycle.
Conformer B: SCF Done: E =-1761.122763 A. U. after 1 cycle.

Ethyl 1-(tert-butoxycarbonyl)-2-benzyl-3-oxoindolin-2-carboxylate (76)

Ph o
COOEt
kr NaHMDS, 15-crown-5 EtOOC\Q\/@
Boc/Nj@ DMF Bn N
/
Boc
PhSOC 76

(Conditions of entry 6 in Table 5-1)

To a solution of 1.04 M NaHMDS in THF (0.160 mL, 0.166 mmol) in DMF (0.22 mL) at -70°C was
added a solution of 74 (70 mg, 0.138 mmol) and 15-crown-5 (73 mg, 0.331 mmol) in DMF (1 mL), and the
solution was stirred at -70°C for 4 h.  The solution was added to saturated aqueous NH,4Cl solution (20 mL),
and the solution was extracted with AcOEt (20 mLx2). The extracts were combined, and the solution was
dried over Na,SO,, and filtered off. The filtrate was concentrated in vacuo. The residue was purified by
preparative thin layer chromatography (Hexane/AcOEt 33%) to give 76 as pale yellow oil (28 mg, 54%, 99%
ee). [a]p=137.7 (¢ 0.80, CHCl;); IR (neat) cm™: 3031, 2980, 2936, 1757, 1714, 1606, 1469, 1366, 1308,
1252, 1161, 1109, 1072, 1010, 842, 758, 702; "HNMR (400 MHz, CDCl3) 8: 1.23 (3H, t, ] = 6.9 Hz), 1.63-1.67
(9H, m), 3.68-3.91 (2H, m), 4.06-4.40 (2H, m), 6.95-7.03 (6H, m), 7.44-7.56 (2.25H, m), 8.08 (0.75H, d, J =
8.2 Hz); >C NMR (100 MHz, CDCl;): 14.0, 28.3, 39.1, 62.4, 76.1, 83.2, 116.2, 122.5, 123.1, 123.9, 127.0,
128.0, 129.6, 134.4, 137.3, 149.9, 154.1, 166.3, 194.0; MS(FAB) m/z [M]" 395 [M+Na]" 418 HRMS(FAB) m/z
[M]" caled for [C,3H,sNOs]" 395.1733, found 395.1734.; HPLC conditions: column: DAICEL CHIRALCEL®
OD-H, flow rate: 1 mL/min, eluent: Hexane/i-PrOH=99/1 detection: 254 nm, retention time: major=7.61 min,

minor= not detected

1-(tert-Butoxycarbonyl)-2-benzyl-3-indolinone (78)

Ph
COOEt o
KHMDS  Ph
Boc” >
s SR
Et0OC Bod
73 78

(Conditions of entry 1 in Table 5-1)

In the case of the use of 73 (61 mg, 0.138 mmol) as substrate and KHMDS (0.318 mL, 0.166 mmol)
as base in THF (1.06 mL), the conpound 78 was obtained (32 mg, 72%). IR (neat) cm™: 2978, 2931, 1712,
1607, 1525, 1470, 1374, 1288, 1254, 1151, 1068, 1008, 757, 700; 'HNMR (400 MHz, CDCl5) &: 1.65 (9H, s),
3.38 (1H, dd, J = 3.2 Hz, 13.8 Hz), 3.45-3.54 (1H, m), 4.45-4.51 (1H, m), 6.98 (1H, t, ] = 7.4 Hz), 7.02-7.11
(5H, m), 7.46 (1H, t, ] = 7.4 Hz), 7.55(1H, d, J = 6.9 Hz), 7.96 (1H, brs); °C NMR (100 MHz, CDCl;): 28.4,
36.6, 65.9, 82.6, 116.4, 122.7, 123.4, 124.2, 126.7, 128.0, 129.5, 134.6, 136.8, 150.9, 198.9; MS(FAB) m/z
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[M]" 324 HRMS(FAB) m/z [M]" calcd for [CaoH,NOs+H]" 324.1600, found 324.1600

Ethyl 1-(tert-butoxycarbonyl)-2-isopropyl-3-oxoindolin-2-carboxylate (9177)

0
COOEt
/kl/ NaHMDS, 15-crown-5 Etooc@
_N > R
Boc DMF 7 N
Boc/
PhSOC

75 77

(Conditions of entry 8 in Table 5-1)

To a solution of 1.04M NaHMDS in THF (0.101 mL, 0.104 mmol) at -70°C was added a solution of
75 (40 mg, 8.74x10* mmol) and 15-crown-5 (46 mg, 0.210 mmol) in DMF (0.77 mL), and the solution was
stirred at -70°C for 24 h.  The solution was added to saturated aqueous NH4CI solution (20 mL), and the
solution was extracted with AcOEt (20 mLx2). The extracts were combined, and the solution was dried over
Na,SOy, and filtered off. The filtrate was concentrated in vacuo. The residue was purified by preparative thin
layer chromatography (Hexane/AcOEt 17%) to give 77 as colorless oil (23 mg, 75%, 99% ee). [a]*’p= 267 (c
0.77, CHClL); IR (neat) cm™: 2977, 2936, 1759, 1716, 1606, 1469, 1371, 1344, 1254, 1229, 1161, 1055, 759;
'HNMR (400 MHz, CDCl;) 8: 0.99 (3H, d, J = 7.4 Hz), 1.01 (3H, d, ] = 7.3 Hz), 1.17 (3H, t, ] = 7.3 Hz), 1.55
(9H, s), 2.91-3.01 (1H, m), 4.03-4.30 (2H, m), 7.16 (1H, t, J = 7.8 Hz), 7.65 (1H, t, ] =7.8 Hz), 7.71 (1H, d, J =
7.8 Hz), 8.28 (1H, brs); °C NMR (100 MHz, CDCl;): 14.0, 16.9, 18.7, 28.1, 33.4, 61.7, 77.9, 83.3, 117.0,
123.3, 124.0, 137.2, 150.5, 166.3, 194.7; MS(FAB) m/z [M]" 347, [M+Na]" 418, HRMS(FAB) m/z [M]" calcd
for [C19H25N05]+ 347.1733, found 347.1729; HPLC conditions: column: DAICEL CHIRALCEL® OD-H,
flow rate: 1 mL/min, eluent: Hexane/i-PrOH=99/1 detection: 254 nm, retention time: major=>5.9 min, minor=

5.4 min

Determination of absolutely configuration of 77
Preparation of Ethyl 1-(4-bromobenzoyl)-2-isopropyl-3-oxoindolin-2-carboxylate (79)

o)
Etooc\ek/©
w
DARY
o

B
79 r

To a solution of 77 (22 mg, 6.33x10 mmol) in CH5CN (0.9 mL) was added 47% HBr aq. (0.1 mL),
and the solution was stirred at r. t. for overnight. The reaction mixtrue was concentrated in vacuo, and the
crystalline solid was collected with AcOEt. The filtrate was concentrated in vacuo, and the residue was
treated with preparative thin layer chromatography (Hexane/AcOEt=3/1). Thus obtained aldehyde was used a
following reaction without further purification.

To a solution of the residue in DMF (1.2 mL) were added NaH (2.2 mg, 5.6x10” mmol) and
4-bromobenzoyl chloride (10.4 mg, 4.8x10” mmol, and the solution was stirred at r. t. for I h. To the
suspension were added AcOEt (20 mL) and hexane (5 mL). The solution was washed with water (5 mLx3).
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The solution was dried over Na,SQy, and filtered off. The filtrate was concentrated in vacuo, and the residue
was purified by preparative thin layer chromatography (Hexane/AcOEt=3/1) to give 79 as a colorless solid (9
mg, 49%). '"HNMR (400 MHz, CDCl3) &: 1.06 (3H, d, J = 6.9 Hz), 1.08 (3H, d, J = 6.9 Hz), 1.18 (3H, t, ] =
6.8 Hz), 3.11-3.22 (1H, m), 4.12-4.20 (1H, m), 4.22-4.30 (1H, m), 6.32 (1H, d, J =8.2 Hz), 7.14 (1H, t,J =7.4
Hz), 7.34 (1H, t, J = 6.8 Hz), 7.46 (2H, d, ] = 8.2 Hz), 7.65 (2H, d, ] = 7.8 Hz); *C NMR (100 MHz, CDCl;):
14.0, 17.2, 194, 33.9, 62.0, 116.1, 124.0, 124.5, 124.9, 126.3, 129.4, 132.4, 134.4, 136.3, 153.2, 165.5, 167.3,
194.1; MS(FAB) m/z [M+H]" 430, 432, HRMS(FAB) m/z [M]" calcd for [CyH,BrNO,<+H]" 430.0649,
432.0649, found 430.0654, 432.0636

X-ray structural analysis of 79

Crystal Data of 79: CyHyBrNO, M = 430.29, space group P212121, a=10.2892(1) A, 11.8272(2) A,
15.7226(3) A, a = 90°, 90°, y = 90°, V = 1913.32(5) A’, Z = 4, peaea = 1.494 Mg/m’, Moy, radiation,\, =
0.71075 A, p = 2.175 mm-1, T = 103(2) K. The final R/ and wR2 were 0.0237 and 0.0532 for 324
parameters. CCDC 955165 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data  Centre via

www.ccdc.cam.ac.uk/data_request/cif.
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