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Total Syntheses of Acromelic Acids A and B
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R = H: Acromelic Acid C (5) R" = H, R? = CO,H: Acromelic Acid E (7)

Figure 1. Structure of Kainoids (1-7).
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Scheme 1. Shirahama’s Synthesis of Acromelic Acid A (3) from Kainic Acid (1).
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Scheme 2. Shirahama’s Synthesis of Acromelic Acid B (4) from Kainic Acid (1).
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Scheme 3. Shirahama’s Total Syntheses of Acromelic Acids B (4) and E (7).
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Scheme 4. Baldwin’s Total Synthesis of Acromelic Acid A (3).



F7z. Baldwin HIET A FANT A RIZ—fliDa "\ b ZEHSETT VAR EREZ L,
2,3-trans, 3,4-cis ONIAR(LSEE —2IHEET 5, ATE & IXR 5L — MZTT 7 a2 U Uik AR) OF
R R LTV D 9,

HHEME AT RF U R 41 KVFE LAY VY v 42 OF LT 4 VoA ViRl 43 &
D Wittig SUGIZ £V 44 21537-1% SRR WD BRI EZ I U FRILTHZ L T4 L LTND,
S— KK 45 IR L—flioa LV hEERESEL 2 LT, Er U P VRO 34 (MONIREFEE VT A
TUAL 611 THEFEL TWD, Z0H%, ~T BEROEE LMLICEIT) 2 & TTr 7r X U Ui AR)
ZEMLTW5S (Schemeb) .

1) allyl isocyanate <\O
EtsN o
BnO OH 2)NaH NJ< MeZS T\\A:j\/\ 0
\/\<é\/ BnO ,,,,/ MeO,C N//<
3) NaOH (\o BnO ) /O
4) CICO,Me OH o‘(/l 43 "
Me
a 5) K,CO3, MeOH 42 MeO,C~ SPPh, 44 OH
84%
Tf0, pyr. Chloro(pyridine)cobaloxime (ll1)
Nal " Me NaBH,, NaOH
6020
65% MeOH, 0 °C
5 64%
|
45 46 +C4-epi (11%)

1) NH,OAc, 54%
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/ 2 4) Hy, PdIC N=COzPh
~-0TBS 5) PCC, DMF
6) CH,N, CO,Me

20% (6 steps)

- > ~—CO,H
70% ™\
COzMe N~ COxH
H
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49

Scheme 5. Baldwin’s Total Synthesis of Acromelic Acid A (3) Using Cobalt Reagent.
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| X
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51 2
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Acromelic Acid B (4)

Scheme 6. Takano’s Total Syntheses of Acromelic Acids A (3) and B (4).
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63% (2 steps) Bn Boc
PMB 69 0.C 70
MeOC, N 1) Jones reagent MeO, NH HO,C NH
/ o acetone; /4 o) 7 o)
— 2 steps
— CH5N,, Et,O / — —
B S‘\COZMe 720/20 2o w3 COMe 71% “ \:‘\COZH
O\/OH <_B\CO M O\
e
N 2) CAN N 2 N~ ~COH
Boc CH4CN/H,0 Boc H
7 50% 15 Acromelic Acid A (3)

Scheme 7. Benetti’s Total Synthesis of Acromelic Acid A (3).

Db Xoic77ar) o ARB) KO B @) 1IZ2NE THL ONDOAKBINHRESHTHDH D
D, TDIFENNENERNRERNL— N THDLZ ENOFEREGMRIIRETHY . E1-—LEWITHF
b L7=FiES 2V, Baldwin & O GIEIFIURINZRERMIETH L0, 727 1 2 U kB (4) A iTER S
NTELT, ARARERFEARIIRESIN TS, ZOXII~TaBREETLHIA /A NITIAL
R ATREZR B BRI IR TSN STV D SIS VB,

11



WOE i
F—H HROTX

INETIZHRADOHEIN—TTIIANLIA /A RTHLT7 ==V A =8 (72) . MFPA (73)
DEFFRZITV, TOREREZER L TE 0, ZOEFKTIE, RAEMBETHL v TAERE R
U7 I REREFT YT MMl Rhy(R-DOSP), & #lA A o CTHW S 40 1A F C—HIE ARSI
Ve Y UUERO 4 MY T DML E @Y T AT UARRIICHEE L, chE2#n & LT
SERIEFE ORI ZAT 572, Theb b ATk LB PRI L E /R trans BT 3 AL OSLIRL A AESE L
k%\Hmvvyﬁ%%%ﬁé:kmiwch@%ﬁmk%wk FEWTA R Ly I—BIISIZ LD 2
MZ= N UNVEAEEATLHZ LT3 DHORNEREME LT, Btk MIRE & BRBALH AT 2 &
THRIEME R 72 B L OV 73 DA & R L7- (Scheme 8),

Q

R N,
©/”\”/Olph Rn(RDOSP),
o o) '\O © (@] ;

@R
%, STOH —= "4 3.5 "COLH
O\ o OZ\
N~ CN N~ ~COH

N H

s

— - R=H :Phenyl Kainic Acid (72)
R = OMe: MFPA (73)

R

Scheme 8. Syntheses of Phenyl Kainic Acid (72) and MFPA (73).

U bEDX5cFhkxid 4 fLlc_UBUBEAT DA /A4 ROGREZER LN, XUBUEE~T
BERICEE TS & Rh B HHE ST LE WV C—HIRARJEDHEIT LW =0, AT & 2T
RSN TV, £, BERORERL— FThd Z &1 OEERERRZ AT 2 ICIIMER S - 72,

— 5 CHE . whii S, JeIENEZR Ni-diamine $5K 74 Z it & L CTHW == hed L7 ¢ ot
T 5 a-7 NZ AT IVORFIEMNINEOSEZ B L, & ORIG% AV 72 MFPA (73) D& Z#HE L T
% W, ARFOG T E SRR HEST L, B8R CHE AR D 2 E N TEHELIECH D Z L2 b,
KEA A B2 IEF A ARG TH D, TDORIGA B =X LE, diamine & Ni 2BIER S
HEEEITTH LI a7 NZ ATV Z-= ) F— FOBTERAAL L, ZHUTH L CT2ZE & OFLE
FoiEElbEhz= bt L7 0 URIETHZ ETHIMKZA T2 DOEEX LN TS (Scheme
9).
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\ /Bn
\\N\ _OAc

/Ni\
| /N OAc

‘an T4
(1 mol%) Ar O OMe
EtzN (5 mol%) : . / —
O5N 3 ~ 4 385 ~CO,H
2 4 COyt-Bu  —— ™\ 2
IPA, rt
COztBu 93%, 91% ee BnO N~ COH
- B H
o MFPA (73)
ll\ll+
J RNy
“Ni
Ar” o~ !
BnO N 0
Ot-Bu

Scheme 9. Conjugate Addition Reaction Catalyzed by a Ni-diamine Complex 74

F 72 ZORISE, BEFOFRIRS E X R0 A A RO 3ANLITHHIET D T VX VO IR L F %
BICHETEX D LW RMAEET 5, SOICT A a— A EEEBOCTHRIGEREITT 22 &b,
AT O FFEE TR E AT OISR SN D Z LR RS EITT 5 2 EABIRTE 5,
FZTAHRIFEEIL, ARG EHEME L TA~T AT H04 /A4 RERICHEA X, M ITE»
OREBRNTIRERAMIEZ ML TH L2 BfE L, £F727ux Y vk A 3) 24—~ v h&
L TR D & 95 7 G a2 CHFZE 2 B4R L 72,

Tbb, NIt c k2= AL 7477 L a-7r hZ ATV 78 & D
T AT VAN U TFABRBRAICHEL Z N TEN LY 34AEN cisBDOE
7Y P75 BELI, EO%D Zhds L OMRH#EOREIC LV T 7 r A Y B AQB) DEE
R CTEXL Bz, £, T2 =batL 7 4 v 77T IIEMOT AT K 79 1Z%HF % Henry X
S EBKIZE VELS Z L& L (Scheme 10)

HO,C

MeO,C
NH
CF

TN

WLk 76 &

e I

T BR LSS IS
E Be

MeOzC
N
OMe  (oR / OMe g
a3 COH > M, =/ —
<_5400 H <_>\Co tB o
N 2 N 2t-Bu CO,t-Bu
H H NOp =2
Acromelic Acid A (3) 75 76
OR
No2
77

78

Scheme 10. Retrosynthetic Analysis of Acromelic Acid A (3)
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M AFIBMAIRIE OB

FT MO FIEHENT AT e K79 268 LT- 12, T 72bb, HEFEECTH 5 2,5-utidine (80) %
LB D SeO, & Ui S 2 LD A F/VENEIRAICb SN VAR R 8L & L, Ziuamtt
FMETAFNLT ATV 82 ~EEW LTz, i\ THEBIL7z 82 12%F L mCPBA % {EH] ST N-oxide 83
& LT, BOKERER T CHNEGER T D2 L T U P UVERO 6 (LICT7 & SN EAIN 84 & L,
ZAUZ NaOMe Z{EH SH 5 Z L TEY R 85~ Lz, o5t K 8512, AgCOsfF(E I
Mel ZEf &5 Z & CBREF RN A F b EiTo72, KW T NBS, AIBN Z W=7 U VK
JAZ XY BALD A TFNIICRFRFZEAL 7 v MK 87 & L7tk BE{bAlL LT pyridine N-oxide, i
b LT KCOs #E &5 Z & T Komblum BE{EIZE D T VT B K79 ~EA LT,

FNTT791Z= b XX EN Z/EA S8 8 25 Henry RO EIT L, B-BE Frdv =hn
TIA 2 88 HAFT, HARIC MSCI, EtsN IS TR % Z & T, KIED X vk, B A E e L T
iTL trans-= b4 L7 ¢ 77 %4537 (Scheme 11),

(0] O
Me. __N Se0, N conc.H,S0, N mCPBA
| HO™ N2y MeOT Y ———
N"Me Py MeOH “ CHCl,
Me 59% (2 steps) Me
2,5-lutidine (80) 81 82

S) 0 0

(0] (6)
'{l@ ACZO N OAc NaOMe (o)
MeO =z |6 — > MeO | N MeO |
reflux MeOH
N Me = Me Z Me

67% (3 steps)

ZT

83 84 85
Ag,CO3 1) o pyridine N-oxide
Mel NBS, AIBN K,CO
N OM 2-U3
MeO z | e . MeO N | OMe __ °"7°
CHCl; N CcCly X Br CH4CN
94% e 78% s 58%
86 87
o Q MsCl Q
N__OMe EtN  Meo” NP | OMe EtsN Me0” SN | OMe
MeO - - NN OH NN
S | CH3NO, CH,Cl, |
CHO NO quant. (2 steps) NO
79 88 2 77 2

Scheme 11. Synthesis of Nitroolefin 77 from 2,5-Lutidine (80).
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=haA LT 4 VDEENET LIEOTHRWC a-7 b ATV EAK Lz, BE, whiiboFED
IRV, THRAEA Y UL (89) M HEEE L7- Weinreb 7 2 R 90 (2t L Grignard S & 1B &8,
a-7 F= AT 91 45 L7 (Scheme 12),

j\mm t-BUOH, THF: ﬁ\ BnO(CH,)sMgBr 0
MeO D — e —
~ _ BnO
cl MeONHMe-HCI ’]‘ CO.t-Bu THF \/\)J\COZt-Bu
o EtsN 52%
89 54% 90 91

Scheme 12. Synthesis of a-Ketoester 91.

ZoDa=y FRERTEZOT, BGE R DAFHLEMMBOER~T o REATH= bt L
7 4 AT B G S T T AR L, = ke A LT 4 v 77 L a- FE AT L 9L TH)
L 5 mol%® Ni-diamine &4 74 Z/EH & 872 & 2 A, RISIEMEICEIT L, SIENOE YT AT
BRI B OFIME 92 B3E b iz, B 67z 92 13F 7 v 7 L% V7= HPLC 43#Ti2 & 0 90%
ee LW U F AR Z TS ZENG, TORINTITFRLIZEY, 77 O X9 RIEEITH L THAR
BERPETRE S ND Z LR HEITT L 2 ENB B E e o7 (Scheme 13),

H\ /Bn
“N_ 0Ac
Ni_
N~ OAc
H/ \Bn 74 COZMe
(0] (5 mol%) N
0 Et;N (25 mol%) |

N._OMe
Me0” S 8o~ g, an Meo” N 0
o

Z DME, rt ON_
| 80%, dr = 20:1 CO,t-Bu
NO, 90% ee BnO

77 91 92

Scheme 13. Ni-Catalyzed Asymmetric Reaction.
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F=H TR UBRADOER

ATENZ IV THE L 72 DRSS OEAT PR TE 272D, HENWTT 7 A Y U A DFREIT D X
<, B U UUVBROBELRAT, K 92 12%F L MeOH 1 Raney Ni % Hv, KEFRFS T @t
TR CTRBRIMEZAT T2 2A, = bR ERBLESNELTET I VR FRNOT hr A I F
Tix=F IV ZFHRL, IR EDHICETLEND I TR Y DUVRMBEEIN 93 & 5 272, Z DR,
SEARBEE D KD /NS Bl & D BREGISE T AT LTz, £, ZOSRMFICKT D Bn = — T L OB
IR B0y 7= (Scheme 14),

MeO,C
T N—OMe
N\ / OBn
COQMe -, S‘\/ MeOZC
N H, (800 psi) O\ =N
| Raney Ni 7 CO,t-Bu Y/ OMe OB
MeO” N o0 ey N - N [~
O,N__~ MeOH, 75 °C /\—/\
’ CO,t-Bu L CO,t-Bu
BnO /7 ” 2
H,
92 W\/\OB" 93
L Ar COt-Bu

Scheme 14. Reductive Cyclization of Adduct 92.

BNTHEONTZ 983 DR Y U U 2 (LICEMRT 2 = AT VORI E R LTz, £T7 I &%
Boc ZECIRFEL 94 & L7, @I HIT &L - Tty &4172 NaH, DBU & FlW 7= 5 D =2, Klotz 512 &
- T Sz KHMDS & V54013 | LDA, LHMDS 72 & % Fiu 2 i FEMES 1 T Bk b 2 ik 2
s, BE9W 95 131G bhlehoTe, T DUGERIIFIZE N TTIW TS AL MRS b7
72, AFINVT AT IVONKGIRNBILZ > TWDHDO TRVt E X, Bon-HAERME DT £
B AZTHIR LN ATF VAT VTG LNT ., EHRIEEWE 522 DI 1272 (Scheme 15),

MeO,C N MeO,C \ MeO,C N
\’ /’/ OMe\/anBIEO;ZZ'\IO» \’ / (:Te\/osn M \’ / OTe\/OBn
O, CH,Cl, 4<—>, O\
N~ 'CO,t-Bu N3 "C0gBu Mo
’ doo Boc
93 04 .

Scheme 15. Attempt at C-2 Epimerization.

PLEDFERNS SRR EZ AV DRETIIRU DALY T o0 ) P U 4 o7 a kriig|
RPN D Z ENZ LD GREOGD ., B LR b ELRE L TEITL TV SO T e EX T, 22
ZORIBISZE T 5720, 20O KFER T OBRMEZ EiF, L0 RS LRI TR AT
DL EBER, T 983D 7 I/ FE%E Chz I TRFE L, t-Bu = A7 /L2 TBSOTf A EH S ¥ LR
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VP96 ~E AL T, RVNT 96 & EDCIL, DMAP St F-_v & 74 r 7« ) —/b (PfpOH) s
SHTIEMER Plp = AT L~ L8, ISR L DBU 2EH S 72 & 2 ABRM(EREIT L, Er Y

BREOTRTONMMEENRERM E —F+ 5 Plp =27 /L 97 ~ L8 Z LIk L= (Scheme
16),

MeO,C MeO,C,
e0, N €0, _N 1) PfpOH MeO,C N
OMe 1) CbzCl, Et;N OMe EDCI, DMAP =N\ oMe
\_/ ~__0OBn_"CHyCl, \_/ "~ __0OBn  CHCl, \_/  __o8n
[ 2) TBSOTf [ 2) DBU, CH,Cl, O\
N~ 'COut-Bu  2,6-lutidine N~ 'CO.H E r N CO,Pfp
H CHZC|2 | |
Cbz _ Cbz
93 96 Pfp = F
97

FF

Scheme 16. C-2 Epimerization via Pfp-ester.

feWNT 97 @ Bn HAFRE L, L UTKBEDEMLZ1TH> Z & & Lz, MeOH HKFEFRIHK T Pd/C
X Pd(OH), % fift & U CHEMIR U AAT o 7oy, BN E T ARISTEZ &3, RE OGN ET L
7oo EPEZR Pfp " AT VR O TIX 72\ & B 2 B 21T 2 BIOIEE 94a 2%t LT Bn DR
EHRBTN, FRRICEEONEREIT Le, ZhIEE ) CUBRICHHT 28 e @ L TlfT LT
LD TIEHRNNEEZEZX TS, BUTVUVRNPEBELSNTLEI LD INLDOEEEZH WY 71 2
UrEE A (3) OEBIZHEEECTH D EREFRFHT 7223, RIMITHIET 22 TORHEHE & LI L 2 5
THENTE, BT 225 EHMEST 5 ETHHAZRAANE L (Scheme 17),

MeOzC MeOZC
— H —
OMe 2 OMe
Pd catalyst
\_J . osn Pdealahst N J oM
{ Mo { M
N R N~ R
R’ R
97 :R'=Cbz, R? = p-CO,Pfp 98 : R' = Cbz, R? = 8-CO,Pfp
94a : R' = Boc, R? = 0-CO,t-Bu 99 : R' = Boc, R? = 0-CO,t-Bu

Scheme 17. Attempts at Removal of Bn Group.
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Bn ZEDORENKEIZ 72720, KO EGIZHRERREZ: PMB A~ RERLLZEET L TEREITI Z
Ll L., [AEROAFEIZEY PMB A2 b OEZEK LT, 37205, Ni-diamine $51& 74 2 H\\ 72K
JEIZ X0 BB AN 101 2 7= 1% ETiBREEOG 2 -V B r U O U BROMEE, %710 Chz
RF#IZEY 102 & L=, ZhizktL, DDQ Z#HWT PMB EEDREERAIZE Z A, KNI MEICTE
ITL7 v a—)L 103 1572, 103 O/KEEIEZ B PERIICHE L L A F /L= 27 /0 104 ~EFFEE L, 2
Ler U2 M ORMALEIT 572, & FBRIC 104 % B VAR VR 105 ~E 28 L, PfpOH & ffi
G L7, Pfp = A7 LTk 2 BAMEAIZTEICHETIT L, KRR & RO NARRLE 2 FF> 106 21572
(Scheme 18),

H\ /Bn
CL‘N\ _OAc
Ni_
n. OAc
0 H Bn 74 CO;Me
i 0,
N OMe Ni cat. (5 mol%) NTX

MeO | X 0 Et3N (25 mol%) |

=
P PMBo\/\)J\COZt_Bu Meo” 0

DME, rt :
| 81%, dr = 25:1 O2N CO,t-Bu
NO, 93% ee PMBO

77 100 101
1) DMP, CH,Cl,
. 2) NaCIOz, NaH2P04
1) Ha, Raney Ni — ar, \:\/OPMB Ar, S\/OH 2-methyl-2-butene AT, ~CO,Me
MeOH — pbQ O t-BUOH, H,0
2) CbzCl, BN N COztBu CHzClz, Ho0 N" CO2BU 3) socl,, MeOH N e0aB
HoCl, ° 66% (3 steps Cbz
65% (3 steps) Cbz Cbz o (3 steps)
102 103 104
1) PfpOH MeOoC _
EDCI, DMAP OMe
TBSOTf Ar, <~CO,Me CH,Cl, N\ // -
2,6-lutidine O 39% (2 steps) ~, & COyMe
CH,Cly N COH 2) DBU, CH,Cly Q‘Cozpfp
429 )
Cbz %o Loz
105 106

Scheme 18. Synthesis of Pyrrolidine 106.

TruAY A (3) OEAMKE TR THBIIRELDOREDOR LIt oTc, 2 TOREHL%Z BCl;
WCE D —BEBEICCBRELEL Y ERABENAF Lo —T VIS, 107 55z, 2T TMSI
FEHSEIZEZA ATF AL —T VORADETL, 771 XY Ui ADRENE S 22 TRIZTE
i% L7- (Scheme 19),

MeOzC HOZC HOzC
=" OMe =N // NH
N7/ BCl3 N ) Me TMSI D

‘. N COzMe _ ,’/’ \:\\COZH I — . ,//’ \:\\COZH

O\ CH,Cl, & CH,Cl,
,}j CO,Pfp N~ ~COH 42% (2 steps) N~ ~COH
Cbz H H

106 107 Acromelic Acid A (3)

Scheme 19. Completion of Total Synthesis of Acromelic Acid A (3).
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FWE 77XV BB DA

FEWVCRIENICB W TN LA RRIEN 7 7 v 2 U U EBEARISEA FTRECTH 2 D REHT <~ 77
A Y UBEEOPTT 7 a A ) U AB) ICRWTHBEBL T BIEEOEWT 7 e 2 U Vg B (4) DR
FRAFZEICE T LI, 77 A ) Vg B@4) 77 u 2 U Vg AR) OARBIEICHEWERTHZ L& L,
LUF D X 5 72 G icikig 2 72 T 7= (Scheme 20) . 97245, Ni-diamine $81& 74 % Fv 2 iSOG IZ &
Denl UUBRO 34 MONKRILFEETESE, = briEoE i o rNBRIERISIC e )Y
108 EAEET D& L Ui, RELEMIMBISORIBMATHS = ka4 L7 > 110 (X Henry X
JMZ XD T AT R 111 J0ERTH 0L L, TATE R UL 3R Y P UR EOREFEFZ 2
23/ 012 2,3-pyridinedicarboxylic anhydride (112) @ 2 fit & 3 MO ZHIE T 5 Z & TAKT
x5 EEZT-,

(0) MeQ MeO

NH N N
N /) coH /' )—CO:Meqpyg @’CO2M90PMB
4 35 COH > =, —> =/, —

", 4 33

§ () [\
N COZH N ”'COZt-BU

N N N02 COQt-BU
Acromelic Acid B (4) 108 109
Ni-Catalyzed
Asymmetric Reaction
o
o o] OPMB
M N
N2 Meo NI\, e0 [ oM
| o (4 | y — N + { o
Z, & | CO,t-Bu
o o] NO,
112 111 110 100

Scheme 20. Retrosynthetic Analysis of Acromelic Acid B (4).
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FERICIEV= b rA L7 > 110 DERRERA T, TkO 2,3-pyridinedicarboxylic anhydride
(112) Z HiFEJERE L, SCRREBER O 7RIS TILEBRIYIC A TV 2T L LT 113 245721, 20
B, ZODHILR VBN AT IEENTZV T AT UK 114 bE OGN0, Bl X 0 85258k
THIENTE, HiVT 13 & EtSH Lffia LF A= ATV 115 & L7zt @ILEE D ICTT LT
bt N 116 & L7 (Scheme21) ,

o EtSH Pd/C Q
| N MeOH Me EDCI DMAP OMe Et38|H | N OMe
Z reflux C|-|2C|2 SEt THF = H
o) 84% 57% (2 steps)
12

116

/)

/)

| OMe
Pz OMe

0]
114

Scheme 21. Synthesis of Aldehyde 116.

WICEY DUBRD 6 (LT A PFUEABA L, £7 116 DT AT E FELEZ T ATF LT B H —
e LTHR#EL, ZNICH L mCPBA Z{EM ST N-oxide 117 & L7z, &IZ, 117 % M KEEREH C
MBGERET HZETEI D UVERD 6 (LT M UVEABEALL, ZOLETAFATELZ—/ILDA
FETEOODLEON T R VETEB SN, 119 G bN7z, Tk L NaOMe ALEEZ{TH Z &
TEU Ro~OEMEIT-T-E 2 A, RRICT AT B REALAY A F AT & Z—VICHER S 120
DEF BTz, HEVV T AQCOs fF1E T Mel ZEH &2 Z LT YU R OBFERZ2 R A F Lk
Lo BBICBMUSE T, DATFAT B =LV ERETDHILET 6 (LA M VEEAROT LT E R
111 %#157- (Scheme 22) ,

N i 1) CSA, CH(OMe); SQ i i i

#MN[ OMe  MeOH, 50°C N [ ome &Acoﬁjﬁo“"e e | N owe

X H 2) mCPBA . OMe reflux = (K%Me Z o
o) CHCl; OMe HOAc O
116 117 118 119

Mel
NaOMe OMe  A%CO; | MeO /N OMe MHCI

44% (6 steps)
120 121 111

Scheme 22. Introduction of Methoxy Group.
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BT, 111 O=FaAd L7 2 110 ~OEWMEZRG L7z, RO EtN AR L UTHW L &M
T Henry K &1To72& 24, FEHIMATA2b00, AL 5 122  L< 1T 110 360, &=
2 126 DERNHERENTZ, ZHIE= P A Z O LY 123 BEUTZBIC, ORI B
BT 5 2 MO AT VHMERILKEEZRZ LTI 7 b 124 2k, W THREL TR U #
125 L7220 BFBICH D = FO=Fa A Z R INT 52 L TEBRLTND EEZ TS (Scheme
23)

0 o o}
MeO.__N Et;N MeO. _N OMe MeO.__N oMe
Z | OMe o , | oW  Totetee- - |
A X
A H CH3NO, |
o NO, NO,
1M 122 110
0 9 0
MeO.__N > M N
MeO N~ ome EtaN FONETN ome Oz
U - . [ tog  —— Lo
"\ CH3N02 (
NO,
®CH2N02 NOZ H
1M1 123 124
0 o]
MeO.__N MeO.__N
Nz OH Oz o
N | N | ¥
NO, c NO,
N02 ®CH2N02
126 125

Scheme 23. Nitro Aldol Reaction of Aldehyde 111.
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Z D% 122 1G5 HEE, FOCSKE, BER S, Fx ORISEEERET L2, Wb BRY
BELZLIFH kol FIT2 fiDAF LT AT L EEEWN t-Bu TATFIVICEFR T3 Z LT,
Henry FUSIZ R WAL D KE L BET 5= ATV & DS FHNEILZIH TEZ 52D TVt B Z
72 (Scheme 24) .

(0] O
MeO N MeO N
base € = | OMe © z | OR
x OH ~~TTTTTTT = x
CH3N02 |
N02 NOZ
111 122
i 7 Meye MeO_ _N i
e
MeO. _N Ot-Bu base MeO. N OJ<Me - | Ot-Bu
S I 5 — S | wo<°|—— N OH
CH3NO o
“\ 3NO; (e}
®CH2NOZ O,N NO,
127 128 129

Scheme 24. Attempt for Nitroolefination.

IDEZDLE, AFNLTAT)LE t-Bu T AT L~ELEH L, Henry 2k 7=, 261 & D]
& 121 ZIAKSRE LT, tBu A4 Y 7 L7 130 ZHW\T t-Bu =R 7/ 131 L L7z ¥, fnCy
AFNANT®Z—NVEREL, 7T E RN 132 24572, 132 [ZXL Henry RIG&E{To72 & 2 A5 1N

DBALSITIHE TE . BOB-t Faxs = ra 7L 133 35T, %12 MsCl Z2 T
KBS ZEITH Z&T=haA L7 12 134 A L7 (Scheme 25)

0 o)
1) ag. KOH MeO N
MeO /N | OMe THF | A Ot-Bu 1 M HCI MeO | N\ Ot-Bu
_ OMe Ot-B = OMe — H
2))\NJ\\Nﬂ\ 80% -I(—;zte S)
OMe H OMe o p 0
121 130 131 132
NH,CI
CH,Cl,/t-BuOH
(e} 0}
M N M N
EtsN €0 | X Ot-Bu MsCl, Et3N o | X Ot-Bu
- P OH - =
CH3N02 CHZCIZ |
64% (2 steps)
N02 NOZ
133 134

Scheme 25. Synthesis of Nitroolefin 134 from Methyl Ester 121.
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TrurAYUEEB@) ST A= had LT v 134 RERTE =0T, #K5TH D RE A&
NS Z et Uiz (Tablel), o-7 b2/ 91 KT 100 & HWRIGSSKEZREI L2 25, 1%
LI Bn AW a7 P ATV 91 TV T AT LA BRFIENFRETH - 72 (entries 1, 2)
LU, KEEEORELEZ PMB & L7z oo F= A7 /L 100 VW5 &, BHIIARBHTH 573,
UT AT UARIRMEDN TR L U7 (entry3) , £72, RISZEBETITH) Z LT, IR, VT A
T UABRIMENR M E L7z (entry4) . I B IREEZ —10 CLT5 2 & TERERMDOVARRING (dr=
20:1,91% ee) (Z HHYDAHINA 136 #1525 Z LIk L= (entry5) .

Table 1. Ni-Catalyzed Asymmetric Reaction of 134.

H_ ,Bn

“N 0Ac
O\ /Ni‘OAc
0 74 4 ‘en Ar O
MeO | N “otBu 0 EtN O,N \/\E:l)\n/ot-Bu
% | + RO/\/\Q)J\Ot-Bu T RO o
134 NO, temperature R=Bn -135
R = PMB: 136
entry R conc. (mol/L) T (°C) yield (%) dr
1 Bn (91) 0.07 rt 87 3:1
2 Bn (91) 0.3 0 71 4:1
3 PMB (100) 0.3 0 86 12:1
4 PMB (100) 1.0 0 99 14:1
5 PMB (100) 1.0 -10 quant. 20:1
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BFONIAMAE 136 124 L MeOH H Raney Ni Z V>, KFEFRFE T @IERMIC COKBRME
BiTolz, ZHIZE0en ) PUBBNBR IS, BifiE B2V ER Y DUV 2 MOV T AT LA
~—IRAEW 139 NE LNz, ZHITIE Y DU ANOBBIEOENS, Er ) VRO IR A
—a UNEAL LT e DI a i 6 DIRTTA—TEIT L2 ThH LBEZTWD, £D% 139 O
IU% Chz HICTHREL, OT AT v AY—%2 VAN T ha~ NTTT7 4 —TChiT 52 &

(24D 140a, 140b 2T 2 BEFSILER 47%, 26% CT15%7- (Scheme 26)

OMe _
B
NI = H, (700 psi) /A\ 0 OPMB 77N
Raney Ni T, S
tBuO,C~ Y 0O Y \/\:’)1\002, By —> k’WOPMB .
N~ MeOH O\ CO,t-Bu
0, CO,t-Bu PMBO CO,t-Bu )
PMBO 137 138
136 L _
MeO MeQ N
N —
= CbzCl CO,t-Bu CO,t-Bu
CO,t-Bu Q’ 7 jopms O 7 jopms
O S\/OPMB EtsN .
& CH,Cl, [ 3,“ O\
N~ CO,t-Bu 0°C N CO,t-Bu N CO,t-Bu
H Cbz Cbz
139 140a 140b
(47% from 136) (26% from 136)

Scheme 26. Reductive Cyclization of Adduct 136.

WIZ 140a 7 HHir 1400 ~DOEVALE BT LIz, ZOMERT 70 A U A L3R Y | t+-BuOK
WGBS AMBICEIT L, Ea U P rB EOT XRTONMEENRAY & —E9 5 140b
~NEWR LT, ZHAUEEEWEBU = AT LB U D VBREDNVRIBIZED, BEr U VR ANMO
T b EE VD UVRMERL LTIV R A=Y a BB ERRMETHHI-DIC, ErY VU 4
REDOBMEEPNE T L TWAREDELEZ TS, 20X ) ICHEZEEKICEWLTH bk oEn I
&0 BMACIC B R ST ZERN A U D 2 IR ISRV (Scheme 27)

MeO MeO,
CO,t-Bu CO,t-Bu
\ / __OPmB t-BuOK \ / S\/OPMB

( \ benzene/t-BuOH O\
N~ 'COut-Bu 62% N~ COt-Bu

|

Cbz Cbz

140a 140b
5 o '
i Acromelic Acid A MeO,C MeO,C
' SN N
. \ ) —OMe \ Y—0Me
; .4 ; — N ; —=  Decomposition |
! HT :
' t-BuO A !
+ Acromelic Acid B MeQ MeQ
! / CO,t-Bu \ CO,t-Bu |
E e \4)?( —>  No decomposition :

t—BUO- v H

................................................................................................

Scheme 27. C-2 Epimerization of 140a.
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TruAY R B4) OEEME TIETREL. vl DU 3 MO I VAR ERA~DRERML &
Ri#ELROBRETH D, £7°, 1400 @ PMB % DDQ IZ X VWBREL, A4 Ul KEEiE%Z AZADO % H
WCEL LA VAR R 142 ~E LT 1, T, BB iIC XV &2 COMREREEZREL L H LRAA
Tein, AFNZ—=T VIS Lo le, S 6ICELT 143 IZxfL TMSI Z{EH S E72i, 20
FUETHLAF LT VORZITHET Lo, AFNAZ—T L ORRENEIT L2V OIL, KIS
LRTWNWZ AT RN =N A — FBRICHR#E SN D Z & THEUTZINVRUEERLT 2 I &> THIK
PEAEL 220 BEBERE LTI LT LE D 2 ENRRTIERWMNEE X, KEEEEE U THE
HaRAT, RATOFER, HBr ZHWDH Z & TAF N —T L E B2 TOREERORENR 2T

fTL, 77 v A g B@) ORAREZ S 20 LRI TER L7 (Scheme 28) .
MeQO MeOQ,

—N —N
CO,t-Bu Ocozt-su AZADO
ZQ;Z?— Z_OPMB ppq \_/ ~_oH PhI(OAC),

B ———

CH,Cl,/H,0 O\ CH,Cl,
Q\COZPBU 09% N~ ~CO,t-Bu

99% phosphate buffer (pH 7.6)

| | 0°C
Cbz Cbz 87%
140b 141
MeO, MeQ o
—N —N NH
\ / COZt-BU BBF3 \ / COzH TMSI \ / COQH
“, \:\\ CcO P H “, \:\\ CcO 2 H e ~, \3‘\ CcO 2 H
O\ CH,Cl, O\ CH3CN O\
N SCOtBu 3% N~ ~COH reflux N~ COH
| H
Cbz H
142 143 Acromelic Acid B (4)

HBr '

AcOH/H,0, 100 °C
99%

Scheme 28. Completion of Total Synthesis of Acromelic Acid B (4).
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BHE ERNAREBEORR

RIETE COMPHZ LV, 72782V VB A3),B @) DAL — NERELTDHZ ENTE, Lnl
A— MIKEEREZITD ETHLO0OBEZEL TR, ZNERIRTHILERD D,

TP, = bhrA LT 4 OBRRICE TREZETHZ L, BEOE Se0, RFEli7: AgCOs &V o7z
RELFERBEACD LEBFET L2 ENE, ZOREEXITHI L L L, £IZ THREERE R
HTZETINDOMBEEMRIRTELEE X2, LD X 5 725 kEHE % 7-CT7= (Scheme 29) ., ¥ 72b
H, = haF L7 g UHIBRA 144, 145 D= AT VENLIT ST 57 na v 20 146, 147 (26T 5
COMARIGICE VAR TE D L& X T-, £7- 146,147 DT LT & REALOE AT 2,6-dichloropyridine
(148) DIEHFMLEFIAT S Z & T, [FA—DIFENSDIEY I RNFRETH D L& 2T,

CO,R CO insertion formylation
1_ 2_ 1_ 2_
R'=H,R"=CHO: 144 R"=H,R"=CHO: 146 2,6-dichloropyridine (148)
or or
R'=CHO, R?=H: 145 R'=CHO, R? = H: 147

Scheme 29. Alternative Retrosynthesis of Nitroolefins.

SN 148 (26 L. 1@FIED NaOMe Z/EM S5 2 L T OEB DL A k¥ I THEH
INev U vy 149 2157, 149 1% L t-Buli Z1E/H &5 & 5 LRI N7 = b AL EIT L,

ZHUZDMF 2Nz % Z TP AT e K147 2457, —F. 149 12 NBS Z{EH & &% & 3 (i3RI
RFEFFPHEAINT 150 W60, 2oL & SANZRBRFNEASIIALED b BEART
LW, VBTN HT L~ 8T T 7 40— LI n-hexane 75 OFFEMBIZE Y 150 DA %EHD 2
EMARETH -T2, FW T, & 547z 150 (2xF L turbo-Grignard 73 19 A B &8 2 Z & THE IR
e a7 R AP EIT L, ZHUCDMF 225 2 & TP /0T & R 146 %4572 (Scheme 30) .

t-BulLi
Cl N -Cl NaOMe Cl N._OMe THF, -78 °C; Cl N OMe
| 1 L&
Z MeOH 3NS5 DMF ZCHo
quant. 4
148 149 147
NBS
CH3CN, 63%
i-PrMgCI-LiCI
U _THF, 20°C; MeO. _N._Cl
" CHo
150 146

Scheme 30. Desymmetrization of 2,6-Dichloropyridine (148).

PLED X 512148 OFERFMEIZ I D\ F—DFENST 7 a2 Y VEEAB),B @IIKIGT DT AT
b N 147,146 Z{E0 5315 5 Z L WA[RE & 7 o 72, & 2 CTHEV T CO FASUGIZ K D T AT VEL O
HaRHTz, TTTTE R 147 1Sk L — (L REBEZIAK T . BHEHC MeOH % il dppf % Bl 1 &
T2 Pd il 2 EH &7 L 2 A CO fASUSITIESCMICHEAIT L, EINETHNE T DA F LT AT
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R T 257, ZhUCE v, 77a XY A 3) ST D= et L7 o v OAEE 5 BikE
M5 Z LTl Lz, £7-AF7% Se0 R mifliZe AgeCOs DI Z [T 2 Z L3 T, LV FEHW
BREMRIEET DI ENTE,

—FT Tk K 146 12K L t-BuOH Z AL AV T CO R ASUG &2 A 7228, t-BUOH DR &0
7o 132 OARIIMER TE T, FEHEICHE R N RE SN TZRIZERY 151 2525 DH Th ol
(Scheme 31)

cl<__N._OMe CO (balloon) MeO,C.__N._ _OMe

2 | Pd(dppf)Cl,, NaOAc \EJ:
N N
CHO MeOH/toluene CHO
147 97% (2 steps) 79
MeO._N_Cl CO (balloon) MeO._N_CO,t-Bu MeO__N_H

| Pd(dppf)Cly, NaOAC U |

Pz Pz =

CHO
CHO t-BuOH/toluene CHO
reflux
146 132 151

Scheme 31. Attempt for Transformation of CI Group to Ester Group.

Z ZTHiV— FOHFRERTH D AF LT 2TV 111 Z2EET L #5772, Lozl BED—
BRI B RS T CIESOSHE DN IEF B o 1o, EIRESRMET THROSERATZA, IFEIT 35%
THY., 2L EoWRE LIZNETH 72, 20L&, BOTZZT /L 111 & & HITA FFUHED
NI AT ALHELT LTz 165 MFHiTz, TAUFETHFEICH L Pd 3L L 72, A
X )=V T T e RIZMAINL 163 &7, 2R +NT Pd & HERZEHKL, &#%ZIZ B-E K
U FREhNCE < EIThBEEIc L v 155 NELND LD EE 2T 5D (Scheme 32) . ZORIKIEZB<
7o 146 OT VT b REfLZ T B & —/L & U TR L7z 146a 12k LT CO f ARG EAT - 72208, B

HATETIREEIRE N D DA TH T,

CO (400 psi)

MeO N cl Pd(OAc),, DPPF CO,Me MeO N\ H
| ~ NaOAc |
Z H + Pz OMe
MeOH/toluene
146 (@] reflux 155 o)
35%
l Pd(0) [
Y
MeO N\ Pd—Cl MeO N\ P‘tCI MeO N\ Pd
| — | o
//i H _AN__0© =
H
MeOH 02 OMe MeO
152 153 154
CO (400 psi)
MeO._ _N___Cl Pd(OAc),, DPPF  MeO_ _N. _CO,Me
| N NaOAc | ~
P2 OMe = OMe
MeOH/toluene
146a OMe reflux 111a OMe

Scheme 32. Transformation of CI Group to Methyl Ester Group.
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ZITRY@MIRTRISZEITS 2 & T CO MAMGDEEZL B ST, WATT 2RIRISIZ X DUL

FARFTRIEI CTE LD TIIRWMNEEXT-, TAa—L e LTAX ) —/L LV E#ED n-BUOH %

. B ERFBFEFERT 100 CTHIGEITHT2EZ A, AT /L 1566 OULET 2 BHEINE T 65%F
Tk L7 (Scheme 33) ,

CO (balloon)
Pd(dppf)Cl, MeO.__N.___CO,n-Bu
MeO | N\ cl NaOAc | ~ 2
% H
7 H n-BuOH/toluene
0 100 °C (0]
65% (2 steps)
146 156

Scheme 33. Transformation of Cl Group to n-Butyl Ester Group.

FWNT n-Bu = A7 /L 156 12X L Henry ISEZIT-72n, AF A A7 )0 111 124 5 K&
(Scheme 23) LHEBLOSFNEBRALDAEZ Y HAD B-t FuXxo=ra7 b 157 28K T5HZ &
X TERDoTe, T 111 & FRIC 4 BRI TriL— M & [R Ui 132 ~ L A#id 5 2 & CH
MoO=hratL 7 ¢ 134 ~Li#EH /= (Scheme 34) ,

MeO N COyn-Bu

COyn-Bu n-B
S Et3N 2 Ozn-Bu
A H  —H#—= (AN _OH e
CH3N02
O

156

1) CSA, CH(OMe);

MeOH, 50 °C, 70% MeO._ _N. _CO,t-Bu 1)EtN MeO. N _CO,t-Bu
2) aq. KOH, THF | A CH3NO, |
Ot-Bu Z H Z
3) i 2) MsCl, Et;N |
NTON o CH,Cl,, 0 °C NO,
130 132 64% (2 steps) 134
NH,4CI, CH,Cl,
4) 1M HCI, THF

80% (3 steps)

Scheme 34. Conversion of Aldehyde 156 to Nitroolefin 134.
DlEo X 52l T, HREEREZV 210 TRIZTT Z7r A ) VBB @) IIeT o= et L7 1

134 OERAETET Lz, ZAUT KV ATEHIOGR E i LT 3 LROEMICKD Lz, £z, BROH
% EtSH R°mifliZs Ag:COs DERM A Z[EES 5 Z LN TE I EMWREGRIELTDL I ENTEE,
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INETOBRFNTEY | RFMBESOSCHND = b L7 0 U ERROE TR Lz, —H,
BUED AR — MMTIIARFMBEREHIC PMB 2EOBRE &4 U KBREORRL &\ ) B 24 A TV
b DD a-7 NTATIVOILEWREZ THT 70 2 U VEROBILEM - —%X¥ 52 & T PMB
KORELBLEERTEL, KVIRNRERIECRD EEXT, T, a7 FZAT LD
ANR=Ny (D ONCHTATIVE LT 169 # VWA Z LT r Y VU RESEK, 2 (o Rkl
ERFEFLDOREDHRTEEMPENR TE DD TIERW ) EE X7 (Scheme 35)

MeO.C HO,C
RGN NH
CO,R 7/ Ny—OMe / o
Q ------- > =,  .—COR ------ T, ="  +COAH
CO,tBu ™\ _o O\
NO COztBU H CO2H
160 Acromelic Acid A (3)

Scheme 35. Short Synthetic Route.

ZITET, INECTERLBEEDORLRD -7 hmATALEEHTDHZLE LI, 5FETDa-7 b
T AT )=y FOARRKRIZIE Grignard G E AWTWER, D FRNICE AT LV EERIEICH L 2O
FiEEERTHZ IR TH D, ZDTOF TR a-7r NEATILVOEMIEERB T HULERNH ST,
FLBUEDOEHL— D -7 P AT 1100 OEKIZE L TH | RNRTHOpHENEER Y = I T v
A=K 162 DEIET D70 REGWROBIIHERARNETH L L0 MEN S -2 2 &b deE
DVED & > 7= (Scheme 36)

Mg, E4O; 0 0
PMBO” B ———(———> PMBO/\/\H)j\Ot-Bu PMBONOt-Bu

MeO. Ot-Bu (o] HO OH
161 Me O 90 100 162
THF, -78 °C

29%

Scheme 36. Synthesis of a-Ketoester 100.

ZZTa-7 hZ ATV OREEIZ  FAFR =T LAY FOBLEHWD FED Z#HT 2 L &
L 7= (Scheme 37) ., ALUST /LR U 163 & 164 #4iA L CTHOLNDKRAKR=T LA U K 165 (2%
LAY Vb adTH) 2 ETHELDT AT T =R 166 & 7L a— B8 KGEL, a-7 b X T VENLH
BEINDLENIBDOTHDL, LNLT VI —AOEEIOONEO t-Bu = A7 /L 167 1IfF 51
BB E FHEN R MeOH L KUG LT A F LT AT LR 168 B EARM & L TH L,
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CN

P
PPhs 164
o EDCI, DMAP Q FPha O3 0 7
OH t—BuOJ\/\ﬂ/U\CN "B“OJ\/\H/U\CN
t-BuO CH,Cl, 5 £-BUOH, CH,Cl, o
le) -78 °C;
163 165 PPhs 166
0 0 0 0
—# ™ tBuO Ot-Bu t—BuOJ\/\”/U\OMe
0 o]
167 168

Scheme 37. Attempt at Synthesis of a-Ketoester 167.

ZZTHLNUED tBu TATNLVERTHHRAR=T ALY Rt LIMLSEFT ) 2 & & Lz
(Scheme 38), ¥72d> 5, 169 % = v H#E(b L7z, Wittig idFK 170 LSS EHZ LIk AU K 171
ELED, ZORE, RUGE /ST D7D 2 HED Wittig EZHWDILERH L H OO, [
U7 R TR 2 Z LI X DV FIAFRECTH DL Z L 2B Lz, G L7z 171 134 Y Vb %
1792 THRAR=T LAY FOBALHIPARDPEITL, a-7 F= R TV 167, 172-174 %435 Z &1
R LTz,

—Ji. TNETOERL— N THWOLND -7 hZ ATV 100 &K T 5L, FROFIEICTH
R LTEARAR =T LA U RA751Zx LAY Vb a1 T 572 & 2 A PMB DR DAL DRE L 2
D HR® 100 I Do 7o, 2Tl DR LA 2 O CTRET L2 #E 8, Davis 3K 176 22
ZHWTZRFIZ PMB RO b2 232 L < HID a -7 = A7/ 100 3G BTz,

1) Nal 0,
0 acetone Q Q CH,Cly, -78 °C; Q Q
RO Ot-Bu X
ROy 2§ L PPh, RO Ot-Bu
+BuO” 3 (0]
PPh;
169 170 171 R = Me (172), Bn (173)
EtOAc, 70 °C t-Bu (167), Dpm (174)
1) Nal Ph _SO,Ph
acetone o %O/N 17; o]
PMBO™ - r 5 O PMBON\H)J\Ot'B“ PMBO/\/\H)j\Ot-Bu
) PPh, CHoCl, o
LB ] 71% (3 steps)
PPhs ° P
EtOAc, 70 °C

Scheme 38. Efficient Synthesis of a-Ketoesters.
ZHUC XLV LRTOTFEIZHANTREIIEA 72 b OO0 R 2 KIFIZWET 52 LIk Lz, /-,

Grignard UG D K 9 72 MK 2 B L L= OB EIXfEE L 720 . AL 2EIERY b o BENRE S
THDHIENL -7 hZAT VO KREEKRNHEE 2o T2,
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Wiz, B LT a-7 hm AT 172 L= bt L7 42 77 & OIBAIMGE 2 ATz, L L,
PERDISRMI WL Z AT AT VAR ITEZE IS T L (Table 2, entry 1), L L¥T /L
BT BERANTHONEIToT R, ET AT LAY —II@mOEEMELZ A L T D Z LR TE
oo ZOZEMWL, HVRZNADyMBRTZATNERDIETONR= NV afLDT v b > OEERMERE D
EHR LU, ERSEOMIER RO EGN ICL Y 2~ — (b L TN D DIZTT AT LA LMET L
TWHEFPHLTL, 22T, ZATLVOREEELZRELLTLHZ LTI~ —(LEF 20 Tidk
WhEFEZ Bndk, tBuLTCR#EL- a-7 P ATV 173,167 Z W TR 21T > 7= (entries 2, 3),
ZORER, AT VOR#ELEZRELTHIHENS T AT LA O ERA SN, &5 &7
STAER,. DpM T AT NV EAHT D a-7 P ATV 174 12x L —10 CIZTRIGETH 2 & T, b T
BWTT AT LA, = FARPWEISTINA 180 MG DD Z &Aoo 7z (Table 2),

Table 2. Optimization of Asymmetric Reaction for Acromelic Acid A (3).

H\ /Bn
O\;N\ _OAc
Ni
N~ OAc
MeO,C.__N._OMe o H Bn 74 Ar O
| (5 mol%) O,N :
X COyt-Bu —————— > CO,t-Bu
| + EtsN
NO, CO,R DME CO,R
temp.
77 R =Me (172), Bn (173) R =Me (177), Bn (178)
t-Bu (167), Dpm (174) t-Bu (179), Dpm (180)
entry R T(°C) vyield (%) dr ee (%)
1 Me- rt 71 2:1 93
2 Bn- rt 72 6:1  not determined
3 tBu- rt quant. 10:1 79
4 tBu- 0 75 271 94
5 Ph,CH- 0 93 10:1 92
6 Ph,CH- -10 88 25:1 95
7 Ph,CH- -20 N.R.

31



—J, = kAL 7 4134 F VT a7 NZATIL 174 L DRI HEIT o2& 2 A, IR,
EtsN OFHEICED O T, U7 A7 LARIPETIT L A ERBLL 720> 72 (Table 3),

Table 3. Optimization of Asymmetric Reaction for Acromelic Acid B (4).

H  Bn
N

\\N\ ,OAc
Ni_
N~ OAc
MeO. _N._ _CO,t-Bu o H B T4 A O
e -
| Et;N O.N :
S + CO,t-Bu - 2 CO,t-Bu
| solvent
NG, CO,Dpm temp. CO,Dpm
134 174 181
entry solvent 74 (mol%) Et3N (mol%) T (°C) dr
1 DME 20 25 0 1:1
2 DME 20 25 -10 1.3:1
3 DME 100 0 0 1.2:1
4 IPA 20 25 0 1.3:1

UEDOFRERLY, 77m A0 U AR) IZOWTITEE LRERZEM L2 G iE R R TH -
Teo =05, 7270 AU BB (4) ICB L TIMILEPE OB MG IINEE T H 5 Lffamft i) 72,
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YU EORERINOHT= 72T 70 A ) U AR) OERIEZEZE L2 (Scheme 39), £ T ARMESIGIZ KD
5 DAV AHIN{A 180 % Raney Ni & FIWN o i e ICf 32 & T r U 182 ~E A LT, £
Dk D BN D T2 OEEVESAIC L 2RI 72 t-Bu FEOBRE 2R A 7228, Dpm ZEOFRENIFAT L Tl &
Too £ZC2 LRRIZT Dpm % A FV AL EH LT, EFRFEF% Chz KICTHREL, TFAIZ L -
TtBuZZBRETHZ ETHARUEE 105 & L=, 105 OEMEIZ IV E T Plp = 27 L4k, HEHEIC
LD D 2 TRENPLETH 7oy, BoKEE L BT M) U LAFEE IS 2 & RPTHUALRY
BRI & L CIEM b SN D Z & T B TORM(ENTTETH D 2 E Ny oTz, BT 7
gAY UEEB LRIBRIC HBriC L DR#EATT S 2 & T HIBEEL Y 13 TR, RINE 6% TT 7 1
AV UBEAQR) AT D0 — NaiENL LT,

H_ _Bn

N
Q 'Ni(OAC), COMe
N
N, NTX
MeO,C._N_OMe 0 0 H Bn 74 P
u/\ t—BuOJ\”/\/U\Ome MeO™ " O
NO, 0 DME, -10 °C O,N A~ CO.LB
88%, dr = 25:1 2t-Bu
77 174 95% ee
180 CO,Dpm
MeO,C MeO,C
H, (900 psi) =N 1) Hy, Pd/C =N CbzCl
Raney Ni \ / OMe MeOH \ /OMe EtzN
S %, STCObpm > ~  STCOMe — >
MeOH O 2) SOCl,, MeOH O CH,Cl,
0, 0,
N "/CO,t-Bu 68% (3 steps) N "/CO,t-Bu 89%
H H
182 183
MeOZC MeOZC MeOZC
—N —N =N
\ / OMe TFA \ / OMe NaOAc \ / OMe
2 ~~CO,Me ~, ST COMe —— » ~, ST CO,Me
f \ CH20|2 f \ ACZO
N~ "COyt-Bu N~ "COH 70% (2 steps) N~ COH
| | |
Cbz Cbz Cbz
184 105 185
HO,C
NH
HBr / Y
—_— ~,  STCO,H
AcOH, H,0
uant.
d N~ ~COH
H

Acromelic Acid A (3)

Scheme 39. Short Step Synthesis of Acromelic Acid A (3).

BB, L LAV — 2 AWTEBICKEAY—/VT 3,4 DEKREIToTm, TDOFEFR3,4D
WFRUIZB W TS BRERTOILAME VT DA — L THEDLZ SR L, RAREIC X B85 D
BRI NARETH D Z LR TE T,
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B=E e

ASEEFEFEILT 7 A ) UEBEO BTG 2 TR & TR A TV, JEEIEMEZR Ni-diamine 8514
T4 L A RFHBAINFG 28RS E LT 70 2 ) VEEAR) M U'B (4) O REEEMEER LT,
ZOARBIEFASETICHE SN TS HEL i L TE TR TH Y | REFRFEMBEOBRIE & D T
FBWZENLARATHL EEZLND, FTNHEN ARV —FTHY, Hnd=rat L7 1%
BHEFLH L THRA RFEEROGHRICHICARETH D, LT, AFEICEVE LRI DN T
T D,

SKRVAIZxIET D= hat L7 4 77, 134 13FA— DB Y ¥ U 3FE K 149 (24 2 (LRI A 22 7R
VI E CO BARISIZ L D= AT UL, = had L7 ¢ UL OREFIZ L > TEY 31T 5 Z &3

"RETH > 7= (Scheme 40),

t-BulLi MeO,C N OMe
Cl~_N__OMe Me020 =

Me  THF, 78 °C; N - |
Oy ® (I -
CHO |

149 77 N
NBS
CH;CN
i-PrMgCI-LiCl MeO.__N.__CO,t-Bu
Cl THF -40 °c; MeO CO,n- Bu - |
G T\I o T\I S
NO,

150 56 134
Scheme 40. Synthesis of Nitroolefins.

FTHRAR=T LAY a4 b LIS Davis 3K 176 (C L VI3 2 FEIC LY | fifEe8(E
Ta-7 hZ=AT VA REERAETHD Z &2 HH L7 (Scheme 41),

O O

O3
R R
Ot-Bu or Ot-Bu
PPhy Ph YN/sozph o
o 176

Scheme 41. Efficient Synthesis of a-Ketoesters.

F2, HBo2=v F&EHWT Ni-diamine $51K 74 % AW =il SOS O 217572, 77 a A Y
UIEAIZONWT a7 P ATV 174 W & ZT Ni BSOS 2 @A AR ICETT T 5 2 & &
R U7z, o072k 180 IXRTBRILIRIC X2 B a V) O U BRIBEL, 2 (o Rk iz X1 KR
W) & RERDSIIR b~ L E | e < BRI & 0 2R 2,6-dichloropyridine (148) L 1 13 B,
IR 36%ICTT 7 A Y U AR) ODEA%ZER L= (Scheme 42),
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N OM
MeO” NS ° CO,Me MeOL
Z Ni-Catalyzed NTX Intramolecular @’OMG
| Asymmetric | Reductive , ~~CO,Dpm
7 Reacti F Cyclization — 2oP
NO, eaction MeO z 0 y! i
O,N ~ -
H N/Bh 2 \/\ﬁ‘\C02t-BU H COzt Bu
< .OAc
meOZC/\)J\COﬁ Bu Q N CO,Dpm 182
N
174 W Bn 180 ' i
HO,C 74 MeO,C MeO,C
NH =
/ o , OMe OMe
_ v
“,  SCO,H . STCOMe ————— <COo,Me
Q\COZH Q\COZH i,},}"'cozH
H Cbz Cbz
Acromelic Acid A (3) 185 105

Scheme 42. Synthetic Route of Acromelic Acid A (3).

—HTTrosuirl) W B

T2 Lz AL, k136 o

IZHOWTIT a-4 b A5 /L 100 % V= FRZ

Ni il SO 28 38R ME B <

TEHBRLEOSIC LD Er U U U BROMEE, 2 (o R LEi1T

W, D% PMB HEDFRE LA UTOKBRIEORAL, PR OFREIZ XY IR 2,6-dichloropyridine

(148) X0 17 B, RBIGE 6.9%IC
N\ CO,t-Bu

Ni- Catalyzed
| Asymmetrlc
Reactlon

0
PMB
O\/\)J\COQt-Bu

100

H 'Bn
74

o)

NH
CO,H Deprotectlon
/2R

SCO,H

O\COZH

N
H

Acromelic Acid B (4)

\\N\ _OAc
NI
N OAc

ITCT7ua XY Ul B@4) OfAEERK Lz (Scheme 43),

Intramolecular | MO, N
N7 X Reductive - CO,t-Bu
[ P Cyclization \_/ OPMB
—— {BuO 2C M - / E
CO,t-Bu N~ "'COzt-Bu
PMBO (I')bz
136 140a
MeQ
—N
~COH _~———
Cbz cbz
142 140b

Scheme 43. Synthetic Route of Acromelic Acid B (4).

AR LD A~T RBaHTDUA ) A FITIK < TREZ2 MG BIE D HENL ST, ZARRFEE
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Analysis instruments

Nuclear magnetic resonance [*H NMR (500 MHz), *C NMR (125 MHz)] spectra were determined on
JEOL ECA-500 instrument. Chemical shifts for *H NMR were reported in parts per million downfields from
tetramethylsilane (8) as the internal standard and coupling constants were in hertz (Hz). The following
abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, br =
broad. Chemical shifts for 3C NMR were reported in ppm relative to the centerline of a triplet at 77.0 ppm for
deuteriochloroform.

Melting points (Mp), determined on a Yanaco Micro Melting Point Apparatus MP-S3, are uncorrected.

High-resolution mass spectra (HRMS) were obtained on a BRUKER DALTONICS micrOTOF (ESI).

Infrared (IR) spectra were recorded on a SHIMADZU IRPrestige-21.

Optical rotations were measured on a JASCO P-1030 Polarimeter at RT using the sodium D line.

Analytical thin layer chromatography (TLC) was performed on Merck precoated analytical plates, 0.25 mm
thick, silica gel 60 F254.

Column chromatography separations were performed on KANTO CHEMICAL Silica Gel 60 (spherical) 40
— 50 um, Silica Gel 60 (spherical) 63 — 210 um or Silica Gel 60 N (spherical, neutral) 63 —210um.

Chiral HPLC was performed on SPD-M20A, CTO-20A and LC-20AD using 0.46 cm ¢ x 25 cm ChiralPak
AD-H, ChiralCel OD-H from Daicel.

Reagents and solvents were commercial grades and were used as supplied with the following exceptions.
1) Dichloromethane, diethyl ether, n-hexane, tetrahydrofuran and toluene: dried over molecular sieves 4A.
2) Methanol and acetonitrile: dried over molecular sieves 3 A.

All reactions sensitive to oxygen or moisture were conducted under an argon atmosphere.
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2-Chloro-6-methoxypyridine (149)

Cl N Cl NaOMe Cl N OMe
] »
= MeOH, 60 °C =
quant.
148 149

To a stirred solution of 2,6-dichloropyridine (148) (68.9 g, 466 mmol) in MeOH (500 mL) was added
NaOMe (100 g, 1.86 mol, 4.0 equiv) and the mixture was stirred at 60 °C for 24 hours. After cooling to room
temperature, the mixture was quenched with 2 M aqueous HCI, and extracted with CH2Cl,. The organic layer was
dried over anhydrous MgSQOs, filtered and concentrated under reduced pressure to afford 149 (66.9 g, quant.) as a

colorless oil.

IR (film, cm™): 1599, 1585, 1560, 1468, 1410, 1302, 1265, 1152, 1024, 876, 789.

IH NMR (500 MHz, CDCls, 8): 7.51 (t, J = 7.37 Hz, 1H), 6.90 (d, J = 7.37 Hz, 1H), 6.65 (d, J = 7.37 Hz, 1H),
3.94 (s, 3H).

13C NMR (125 MHz, CDCls, §): 163.9, 148.4, 140.5, 116.2, 109.1, 54.0.

HRMS (ESI-TOF): calcd for CeH,CINO (M+H)* 144.0211, found 144.0211.
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Methyl 5-formyl-6-methoxypicolinate (79)

CcO
t-BuLi Pd(OAc),, DPPF
Cl<_Ny_OMe THF, -78 °C; Cl | Ny -OMe NaOAc MeO,C | N -OMe
—_—
| = DMF ZCHo MeOH, toluene \(;ECHO
50 °C, 97% (2 steps)
149 147 79

To a stirred solution of 149 (20.8 g, 145 mmol) in THF (400 mL) was added t-BuLi in heptane (ca.1.6 M,
100 mL, 160 mmol, 1.1 equiv) at -78 °C under Ar atmosphere. After stirring at the same temperature for 1 hour,
DMF (33.8 mL, 435 mmol, 3.0 equiv) was added dropwise. After being stirred at the same temperature for 30
minutes, the reaction mixture was warmed to room temperature over 30 minutes. After stirring, the reaction was
quenched with 2 M aqueous HCI, and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SOs, filtered and concentrated under reduced pressure. The residue was used in the next step without further
purification.

To a suspension of 147 (crude, 145 mmol) and NaOAc (17.8 g, 218 mmol, 1.5 equiv) in MeOH / toluene
(300 mL / 150 mL) were added Pd(OAc). (651 mg, 2.90 mmol, 0.02 equiv) and DPPF (2.41 g, 4.35 mmol, 0.03
equiv) under Ar atmosphere. The reaction mixture was stirred at 50 °C under CO atmosphere for 23 hours. After
stirring, the reaction was quenched with 1 M aqueous HCI, and extracted with EtOAc. The organic layer was
dried over anhydrous Na;SO., filtered and concentrated under reduced pressure. The residue was purified by

column chromatography (n-hexane / EtOAc = 2:1) to afford 79 (27.5 g, 97%) as a colorless solid.

Mp. 87 - 88 °C.

IR (film, cm): 1726, 1694, 1591, 1456, 1381, 1254, 1134.

IH NMR (500 MHz, CDCls, 8): 10.4 (s, 1H), 8.22 (d, J = 7.94 Hz, 1H), 7.79 (d, J = 7.94 Hz, 1H), 4.17 (s, 3H),
4.00 (s, 3H).

13C NMR (125 MHz, CDCls, 5): 188.6, 164.7, 164.0, 149.8, 138.6, 121.2, 118.5, 54.3, 53.0.

HRMS (ESI-TOF): calcd for CoHoNO,Na (M+Na)* 218.0424, found 218.0428.
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Nitroolefin 77

MeOZC

MeO,C |N\ OMe Et3N MsCl, Et3N MeO,C |N\ OMe
\L;ECHO CH3NO, CHQCIZO °C F NP No,

quant. (2 steps)
79 77

To a stirred solution of 79 (616 mg, 3.16 mmol) in CH3sNO; (10 mL) was added EtzN (319 mg, 3.16 mmol,
1.0 equiv) at room temperature. After stirring for 1.5 hours, the solvent was removed under reduced pressure to
afford crude 88 as a yellow solid.

To the residue dissolved in CH2Cl, (10 mL) were added EtsN (319 mg, 3.16 mmol, 1.0 equiv) and MsCI
(996 mg, 4.74 mmol, 2.0 equiv) at 0 °C. After being stirred for 3 hours, the reaction mixture was quenched with
saturated aqueous NaHCOs, and extracted with CH2Cl,. The organic layer was dried over anhydrous Na;SQOs,
filtered and concentrated under reduced pressure. The residue was purified by column chromatography (CHClI3/

EtOAc = 9:1) to afford 77 (750 mg, quant.) as a pale yellow solid.

IR (film, cm): 1726, 1632, 1516, 1342, 1271.

IH NMR (500 MHz, CDCls, 5): 8.02 (d, J = 13.8 Hz, 1H), 7.98 (d, J = 13.8 Hz, 1H), 7.87 (d, J = 7.45 Hz, 1H),
7.79 (d, J = 7.45 Hz, 1H), 4.19 (s, 3H), 3.99 (s, 3H).

13C NMR (125 MHz, CDCls, §): 164.8, 161.9, 147.3, 141.9, 140.9, 132.7, 118.8, 117.6, 54.6, 53.0.

HRMS (ESI-TOF): calcd for C1oH10N20sNa (M+Na)* 261.0482, found 261.0494.
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Benzhydryl 3-bromopropanoate (S2)

(o) Ph,CN» 0
—_—
Br/\)J\OH Et,0 Br/\)J\Ome
85%
s1 s2

To a stirred solution of S1 (818 mg, 5.35 mmol) in Et,O (20 mL) was added diphenyldiazomethane in Et,O
at 0 °C, and the reaction mixture was stirred at room temperature for 21 hours. The solvent was removed under
reduced pressure. The residue was purified by column chromatography (n-hexane / EtOAc = 8:1) to afford S2

(1.38 g, 85%) as a colorless oil.

IR (film, cm™): 1742, 1497, 1450, 1366, 1287, 1267, 1233, 1132.

IH NMR (500 MHz, CDCls, 8): 7.25-7.36 (m, 10H), 6.92 (s, 1H), 3.60 (t, J = 7.15 Hz, 2H), 3.03 (t, J = 7.15 Hz,
2H) .

13C NMR (125 MHz, CDCls, 8): 169.6, 139.7, 128.5, 128.0, 127.1, 77.6, 38.0, 25.6.

HRMS (ESI-TOF): calcd for C16H1sBrO;Na (M+Na)* 341.0148, found 341.0162.
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Alfa-ketoester 174

o)
r-Bqum
PPhs o) 0
Nal > Q —>170 )J\”/\/U\
t-BuO ODpm
Br/\)J\Ome acetone | ODpm EtOAc PPh P
60 °C 3
S2 S3 S4
O3
CH,Cly, -78 °C: Q 0
PPh, t-BuO I ODpm
0,
46% (3 steps) 174

To a stirred solution of S2 (18.2 g, 57.0 mmol) in acetone (60 mL) was added Nal (10.26 g, 68.4 mmol, 1.2
equiv), and the mixture was stirred at room temperature for 11 hours. Then, the reaction mixture was filtered,
and the solvent was removed under reduced pressure. The residue was diluted with CHCI3 and washed with
saturated aqueous Na;S,0s. The organic layer was dried over anhydrous Na,SQs, filtered and concentrated under
reduced pressure. The residue was used in the next step without further purification.

To a solution of crude S3 in EtOAc (120 mL) was added Wittig reagent 170 (48.3 g, 128 mmol, 2.5 equiv)
and the mixture was stirred at 60 °C for 48 hours. Then, the reaction mixture was filtered and the organic solvent
was concentrated under reduced pressure. The crude residue was used in the next step without further
purification.

To a stirred solution of S4 in CH,Cl, (500 mL) was introduced ozone gas at -78 °C. The reaction was
checked by TLC, and Ar gas was introduced to purge of remained ozone gas as soon as S4 disappeared. The
reaction mixture was treated with PPhs (11.5 g, 43.9 mmol, 1.2 equiv) and warmed to room temperature. After
being stirred for 1.5 hours, the mixture was concentrated under reduced pressure. The residue was purified by

column chromatography (n-hexane / EtOAc = 4:1) to afford 174 (9.71 g, 46% from S2) as a colorless oil.

IR (film, cm™): 1738, 1722, 1371, 1163, 1080, 1030, 853, 835, 745, 700.

IH NMR (500 MHz, CDCls, 8): 7.20-7.35 (m, 10H), 6.87 (s, 1H), 3.12 (t, J = 6.85 Hz, 2H), 2.75 (t, J = 6.85 Hz,
2H), 1.52 (s, 9H).

13C NMR (125 MHz, CDCls, §): 193.3, 171.1, 159.7, 139.8, 128.4, 127.9, 127.0, 84.0, 77.3, 77.2, 33.9, 27.7.
HRMS (ESI-TOF): calcd for C22H240sNa (M+Na)* 391.1516, found 391.1535.

41



Michael adduct 180

H,  .Bn
N
QN,Ni(OAc)z CO,Me
H Bn N7
MeO,C._ _N._ _OMe o o 74 |
| + MeO” N 0
P DpmO Ot-Bu © :
NO, o DME, -10 °C ON__A
88%, dr = 25:1 COt-Bu
0,
95% ee CO,Dpm
77 174 180

To a stirred solution of 77 (5.40 g, 22.7 mmol) in DME (230 mL) were added o-ketoester 174 (8.77 g, 23.8
mmol, 1.05 equiv) and Ni-diamine complex 74 (576 mg, 1.14 mmol, 0.05 equiv) at -10 °C, and the mixture was
stirred at the same temperature for 48 hours. The mixture was diluted with n-hexane and filtered through SiO;
pad. The filtrate was concentrated under reduced pressure, and the residue was purified by column
chromatography (n-hexane / EtOAc = 2:1) to afford 180 (12.1 g, 88%) as a colorless oil. The ee was determined
by chiral HPLC analysis.

HPLC (DAICEL CHIRALCEL OD-H, n-hexane / IPA = 9:1, 1.0 mL/min, 254 nm, Tmajor 25.1 MiN, Tminor 29.2
min).

[a] o2 +4.4 (c 1.0, CHCl3, 95% ee).

IR (film, cm™): 1724, 1584, 1555, 1460, 1371, 1267, 1167, 1022, 982, 760, 702.

H NMR (500 MHz, CDCls, 8): 7.61 (d, J = 7.37 Hz, 1H), 7.45 (d, J = 7.37 Hz, 1H), 7.20-7.38 (m, 10H), 6.82 (s,
1H), 4.92 (dd, J = 13.0, 9.07 Hz, 1H), 4.78 (dd, J = 13.0, 453 Hz, 1H), 4.31-4.25 (m, 1H), 4.02 (s, 3H),
4.01-3.95 (m, 1H), 3.93 (s, 3H), 2.95 (dd, J = 17.0, 9.64 Hz, 1H), 2.73 (dd, J = 17.0, 4.53 Hz, 1H), 1.43 (s, 9H).
13C NMR (125 MHz, CDCls, §): 193.8, 170.0, 165.0, 161.0, 159.3, 145.3, 140.0, 139.4, 139.3, 128.5, 128.4,
128.1, 128.0, 127.2, 126.9, 122.5, 118.7, 84.4, 77.9, 75.1, 53.8, 52.6, 42.9, 41.6, 35.0, 27.5.

HRMS (ESI-TOF): calcd for Cs2HzsN2O10 (M+H)* 607.2286, found 607.2312.
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Pyrrolidine 183

COZME

MeOQC M602C
NTX H, (900 psi) =N 1) Hy,, Pd/C =N
L Raney Ni \ / OMe MeOH \  OMe
MeO™ X~ O ., <CO,Dpm . STCO,Me
O,N - MeOH O 2) SOCl,, MeOH O
CO,t-B ° , 0 ,
2l-BuU 75 °C N "CO,t-Bu 68% (3 steps) N ""CO,t-Bu
CO,Dpm H H
180 182 183

Compound 180 (2.33 g, 3.84 mmol) was hydrogenated by Raney nickel (6.0 g, purchased from Aldrich,
washed with water and MeOH) in MeOH (80 mL) under hydrogen atmosphere (900 psi) at 75 °C for 2 hours.
The mixture was cooled to room temperature and filtered through a pad of celite. The catalyst and the celite were
washed with EtOAc. The combined organic solvent was concentrated under reduced pressure to afford 182 as a
yellow oil. The residue was used in the next step without further purification.

The residue was hydrogenated by Pd/C (10% dry, 1.0 g) in MeOH (40 mL) under hydrogen atmosphere
(balloon) for 1.5 hours. The mixture was filtered through a pad of celite and the organic solvent was concentrated
under reduced pressure. The residue was used in the next step without further purification.

To the residue dissolved in MeOH (40 mL) was added SOCI; (0.28 mL, 3.84 mmol, 1.0 equiv) at 0 °C, and
the mixture was stirred at room temperature for 20 hours. The reaction mixture was diluted with toluene and the
solvent was removed under reduced pressure. The residue was purified by column chromatography (CHCI; /
MeOH = 96:4) to afford 183 (1.07 g, 68% from 180) as a yellow oil.

[0] 02 -89.5 (¢ 0.97, CHCls).

IR (film, cm): 1740, 1462, 1263, 1211, 1159.

H NMR (500 MHz, CDCls, 8): 7.68 (br s, 2H), 4.69-4.63 (m, 1H), 4.15-4.08 (m, 2H), 4.07 (s, 3H), 3.96 (s, 3H),
3.89-3.82 (m, 1H), 3.74-3.66 (M, 1H), 3.34 (s, 3H), 2.36 (dd, J = 8.00, 17.8 Hz, 1H), 2.18 (dd, J = 5.75, 17.8 Hz,
1H), 1.46 (s, 9H).

13C NMR (125 MHz, CDCls, §): 170.8, 165.8, 165.3, 161.6, 144.7, 137.3, 122.3, 118.4, 85.6, 63.3, 54.1, 52.7,
51.7, 46.1, 40.6, 38.9, 30.5, 27.9.

HRMS (ESI-TOF): calcd for CaoHzeN207 (M+H)* 409.1969, found 409.1968.
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Pyrrolidine 184

MeO,C MeO,C
=N CbzCl =N o
\ / OMe Et;N N\ // €
~co,Me ——— ", SCO,Me
O CH2C|2
0, Ty
N~ COt-Bu 89% N7 COstBY
H Cbz
183 184

To a stirred solution of 183 (540 mg, 1.22 mmol) in CHCl (5 mL) were added EtzN (0.51 mL, 3.66 mmol,
3.0 equiv) and CbzClI (0.26 mL, 1.83 mmol, 1.5 equiv) at 0 °C and the mixture was stirred at room temperature
for 5 hours. After stirring, the reaction was quenched with saturated aqueous NH4Cl and extracted with CHCl..
The organic layer was dried over anhydrous Na;SO., filtered and concentrated under reduced pressure. The
residue was purified by column chromatography (n-hexane / EtOAc = 2:1) to afford 184 (589 mg, 89%) as a
colorless amorphous solid.

This compound exists as a mixture of rotamers in CDCls at 25 °C.

[0] 02 -63.2 (c 0.90, CHCls).

IR (film, cm): 1742, 1721, 1709, 1460, 1412, 1368, 1287, 1265, 1213, 1155.

IH NMR (500 MHz, CDCls, 8): 7.86 (d, J = 7.37 Hz, 0.55H), 7.79 (d, J = 7.37 Hz, 0.45H), 7.70-7.66 (m, 1H),
7.40-7.25 (m, 5H), 5.26-5.10 (m, 2H), 4.55 (d, J = 8.50 Hz, 0.45H), 4.51 (d, J = 8.50 Hz, 0.55H), 4.03 (s, 3H),
3.97-3.86 (m, 3H), 3.95 (s, 3H), 3.55 (s, 1.65H), 3.52 (s, 1.35H), 3.59-3.49 (m, 1H), 2.35 (dd, J = 18.0, 6.24 Hz,
0.55H), 2.24 (dd, J = 17.6, 6.80 Hz, 0.45H), 2.18 (dd, J = 17.6, 8.50 Hz, 0.45H), 2.09 (dd, J = 18.0, 8.50 Hz,
0.55H), 1.37 (s, 4H), 1.21 (s, 5H).

13C NMR (125 MHz, CDCls, 8): 117.6, 1715, 169.1, 168.9, 165.4, 161.4, 154.5, 154.4, 143.7, 143.6, 138.5,
138.1, 136.3, 136.1, 128.4, 128.3, 127.9, 127.8, 125.8, 125.5, 118.5, 118.4, 82.1, 82.0, 67.2, 67.1, 62.3, 61.5,
53.7,52.5, 51.4, 50.5, 49.5, 40.5, 39.2, 39.0, 37.8, 31.2, 31.1, 27.7, 27.5.

HRMS (ESI-TOF): calcd for CasHasN20g (M+H)* 543.2337, found 543.2350.
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Carboxylic acid 185

MeO,C MeO,C MeO,C
=N =N —N
\ / OMe TFA N\ / OMe NaOAc \ OMe
g STCopMe —— > ©, S CO;Me - STCOyMe
CH,Cl, Ac,0, 110 °C

N~ 'CO.t-Bu N~ 'COH 70% (2 steps) N~ ~COH
| | |
Cbz Cbz Cbz

184 105 185

To a stirred solution of 184 (589 mg, 1.09 mmol) in CH,Cl, (7.5 mL) was added TFA (2.5 mL). After
stirring at room temperature for 19 hours, the mixture was concentrated under reduced pressure. The residue was
used in the next step without further purification.

To a suspension of crude 105 and NaOAc (894 mg, 10.9 mmol, 10 equiv) in Ac.O (5.5 mL) was stirred at
110 °C for 25 hours. After completion of the reaction, the mixture was concentrated under reduced pressure and
the residue was diluted with water. After being stirred for 1 hour, the mixture was extracted with CHCIs. The
organic layer was dried over anhydrous Na;SQ,, filtered and concentrated under reduced pressure. The residue
was purified by column chromatography (CHCls / MeOH = 98:2) to afford 185 (370 mg, 70% from 184) as a
colorless amorphous solid.

This compound exists as a mixture of rotamers in CDCls at 25 °C.

[a] 025 -55.3 (c 0.87, CHCl3).

IR (film, cm™): 1738, 1591, 1462, 1433, 1362, 1267, 1207, 1171, 1132.

H NMR (500 MHz, CDCls, 8): 10.08 (br s, 1H), 7.68 (d, J = 7.37 Hz, 0.45H), 7.64 (d, J = 7.37 Hz, 0.55H),
7.45-7.25 (m, 6H), 5.28-5.13 (m, 2H), 4.26 (d, J = 5.10 Hz, 0.55H), 4.22 (d, J = 5.10 Hz, 0.45H), 3.80-4.05 (m,
3H), 3.99 (s, 3H), 3.96 (s, 3H), 3.59 (s, 1.35H), 3.58 (s, 1.65H), 3.44-3.36 (M, 1H), 2.35-2.20 (M, 1H), 2.05-1.95
(m, 1H).

13C NMR (125 MHz, CDCls, §): 176.0, 175.1, 171.6, 171.5, 165.4, 161.4, 155.1, 154.3, 144.1, 136.6, 135.9,
128.5, 128.4, 128.2, 128.0, 127.7, 125.1, 125.0, 118.8, 118.6, 67.7, 67.6, 63.5, 63.0, 53.9, 52.6, 51.8, 49.0, 48.9,
42.8,41.6, 39.2, 38.4, 33.1.

HRMS (ESI-TOF): calcd for Co4H2sN209 (M-H)- 485.1555, found 485.1554.
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Acromelic Acid A (3)

MeO,C HO,C
=N ) NH
\ /OMe HBr =0
~,  STCcoMe —— > " STCOH
AcOH, H,0
CO.H 100 °C
N 2 quant. N~ ~COH
Cbz H
185 Acromelic Acid A (3)

To a stirred solution of 185 (271 mg, 557 pumol) in H2O (1.5 mL) was added HBr in AcOH (5M, 6.0 mL)
and the mixture was stirred at 100 °C for 12 hours. The mixture was concentrated under reduced pressure.
Purification of 3 was carried out according to the reported procedure.* The residue was charged onto a column
containing Dowex-50 WX8 hydrogen form (200-400 mesh). After elution with H,O (25 mL) and 3% aqueous
NHs (25 mL), the collected fractions were concentrated under reduced pressure. The resulting ammonium was
charged onto a column containing Amberlite IRC-50 hydrogen form. After elution with H-O, the collected
fractions were concentrated under reduced pressure to give free amino acid 3 (172 mg, quant.) as a colorless

solid.

Mp. >310 °C (decomp.).

[a] o2 +30.0 (¢ 1.11, H20) (lit.! [a]o +27.8 (c 0.35, H20)).

IR (film, cm): 3422, 1618, 1381, 787.

IH NMR (500 MHz, D;0, 8): 7.52 (d, J = 7.37 Hz, 1H), 6.94 (d, J = 7.37 Hz, 1H), 4.12 (d, J = 7.37 Hz, 1H),
3.84-3.68 (m, 3H), 3.20-3.12 (m, 1H), 2.61 (dd, J = 16.7, 5.10 Hz, 1H), 2.15 (dd, J = 16.7, 10.2 Hz, 1H).

13C NMR (125 MHz, D;0, §): 176.7, 173.6, 166.3, 163.1, 142.7, 139.5, 129.8, 108.9, 65.8, 47.5, 42.5, 42.4,
35.7.

HRMS (ESI-TOF): calcd for C13H13N2O7 (M-H)~ 309.0717, found 309.0715.

1 Konno, K.; Hashimoto, K.; Ohfune, Y.; Shirahama, H.; Matsumoto, T. J. Am. Chem. Soc. 1988, 110, 4807.
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3-Bromo-2-chloro-6-methoxypyridine (150)

MeO N Cl NBS MeO N\ Cl
T — |
7 CH3CN = Br
reflux
149 63% 150

To a stirred solution of 149 (7.00 g, 48.8 mmol) in CHsCN (25 mL) was added NBS (13.0 g, 73.1 mmol, 1.5
equiv) and the mixture was refluxed for 24 hours. After cooling to room temperature, the reaction was quenched
with saturated aqueous NazS;03 and extracted with EtOAc. The organic layer was dried over anhydrous NazSOs,

filtered and concentrated under reduced pressure. The residue was purified by column chromatography (n-hexane

/ EtOACc = 98:2) to afford 150 (6.83 g, 63%) as a colorless solid.

Mp. 64 - 65 °C.

IR (film, cmt): 1584, 1551, 1466, 1408, 1344, 1306, 1256, 1155, 1121, 1022, 1009.

IH NMR (500 MHz, CDCl3, 5): 7.72 (d, J = 8.50 Hz, 1H), 6.58 (d, J = 8.50 Hz, 1H), 3.92 (s, 3H).
13C NMR (125 MHz, CDCls, 8): 162.4, 147.3, 143.8, 110.9, 110.1, 54.3.

HRMS (ESI-TOF): calcd for CeHsBrCINO (M+H)* 221.9316, found 221.9314.
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Butyl 3-formyl-6-methoxypicolinate (156)

CcO
i-PrMgCI-LiCl Pd(dppf)Cl,
MeO N Cl THF, -20 °C: MeO N Cl NaOAc MeO N CO,n-Bu
| A ) ) U U
= Br DMF = CHO n-BUOH, toluene = CHO
100 °C
150 146 65% (2 steps) 156

To a stirred solution of 150 (6.83 g, 30.7 mmol) in THF (120 mL) was added i-PrMgClI-LiCl in THF
solution (ca.1.0 M, 32.2 mL, 32.2 mmol, 1.05 equiv) at -20 °C under Ar atmosphere. After stirring at the same
temperature for 2 hours, DMF (7.2 mL, 92.1 mmol, 3.0 equiv) was added dropwise. After being stirred at the
same temperature for 30 minutes, the reaction mixture was warmed to room temperature. The reaction was
guenched with saturated aqueous NH4Cl and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SOs, filtered and concentrated under reduced pressure. The crude residue was used in the next step without
further purification.

To a suspention of the crude 146 and NaOAc (3.78 g, 46.1 mmol, 1.5 equiv) in n-BuOH / toluene (60 mL /
60 mL) was added Pd(dppf)Cl. (1.12 g, 1.54 mmol, 0.05 equiv) under Ar atmosphere. The reaction mixture was
stirred at 100 °C under CO atmosphere for 18 hours. The reaction was quenched with saturated aqueous NH4ClI,
and the mixture was filtered through a pad of celite. The filtrate was extracted with EtOAc. The organic layer
was dried over anhydrous Na,SQg, filtered and concentrated under reduced pressure. The residue was purified by

column chromatography (n-hexane / EtOAc = 2:1) to afford 156 (4.75 g, 65% from 150) as a yellow oil.

IR (film, cml): 2963, 2876, 1721, 1692, 1595, 1481, 1337, 1277, 1261, 1219, 1138, 1072, 1022.

IH NMR (500 MHz, CDCls, 8): 10.39 (s, 1H), 8.18 (d, J = 8.50 Hz, 1H), 6.94 (d, J = 8.50 Hz, 1H), 4.44 (t, J =
6.80 Hz, 2H), 4.06 (s, 3H), 1.83-1.76 (m, 2H), 1.54-1.45 (m, 2H), 0.99 (t, J = 7.37 Hz, 3H).

13C NMR (125 MHz, CDCls, 5): 189.1, 166.1, 165.2, 150.7, 138.6, 125.9, 114.1, 66.3, 54.5, 30.5, 19.2, 13.7.
HRMS (ESI-TOF): calcd for C1oH1sNO4Na (M+Na)* 260.0893, found 260.0891.
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Methyl 3-(dimethoxymethyl)-6-methoxypicolinate (121)

CSA MeO.__N._CO,Me
MeO N\ COyn-Bu CH(OMe); | N
ST
ZCcHo MeOH, reflux
70% OMe
156 121

To a stirred solution of 156 (4.75 g, 20.0 mmol) in MeOH (100 mL) were added CH(OMe)s (11 mL, 100
mmol, 5 equiv) and CSA (465 mg, 2.00 mmol, 0.1 equiv), and the resulting mixture was refluxed for 24 hours.
After cooling to room temperature, the organic solvent was removed under reduced pressure. The residue was
diluted with saturated aqueous NaHCQOj3; and extracted with EtOAc. The organic layer was dried over anhydrous
Na,SOs, filtered and concentrated under reduced pressure. The residue was purified by column chromatography
(n-hexane / EtOAc = 9:1) to afford 121 (3.40 g, 70%) as a yellow oil.

IR (ATR, cml): 2951, 2832, 1730, 1597, 1479, 1321, 1250, 1217, 1109, 1070, 1051, 1026, 974, 831.

IH NMR (500 MHz, CDCls, §): 7.90 (d, J = 8.50 Hz, 1H), 6.86 (d, J = 8.50 Hz, 1H), 5.85 (s, 1H), 3.97 (s, 3H),
3.96 (s, 3H), 3.34 (s, 6H).

13C NMR (125 MHz, CDCls, 5): 166.9, 163.3, 145.5, 138.3, 127.1, 113.0, 100.0, 53.8, 53.6, 52.6.

HRMS (ESI-TOF): calcd for C1yHisNOsNa (M+Na)* 264.0842, found 264.0842.
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tert-Butyl 3-formyl-6-methoxypicolinate (132)
1) KOH, H,0 MeO._ _N._ _CO,t-B
MeO._N_CO,Me THF, 40 °C © s 2Bl HCl MeO._N_CO,t-Bu
mOMe ot-B = OMe | =
2) +Bu H,0O, THF
Py CHO
OMe )\N ”J\ 130 OMe 80% (3 steps)

121 NH,CI, CH,Cl, 131 132

To a stirred solution of 121 (500 mg, 2.07 mmol) in THF (4 mL) was added aqueous KOH (1 M, 4.15 mL,
4.15 mmol, 2.0 equiv). After stirring at 40 °C for 3 hours, the mixture was concentrated under reduced pressure.
The residue was used in the next step without further purification.

To a stirred suspension of crude residue in CHxCl, (5 mL) were added NH4CI (277 mg, 5.18 mmol, 2.5
equiv) and N, N -diisopropyl-O-tert-butylisourea (130) (1.63 mL, 7.25 mmol, 3.5 equiv), and the mixture was
stirred at room temperature for 15 hours. The reaction mixture was filtered and the organic solvent was removed
under reduced pressure. The residue was used in the next step without further purification.

To a stirred solution of the crude 131 in THF (2 mL) was added aqueous HCI (1 M, 2 mL). After stirring for
1.5 hours, the reaction mixture was diluted with water and extracted with EtOAc. The organic layer was dried
over anhydrous MgSOs., filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (n-hexane / EtOAc = 4:1) to afford 132 (391 mg, 80% from 121) as a colorless oil.

IR (film, cm): 2982, 1736, 1595, 1481, 1335, 1279, 1223, 1167, 1138, 1072, 1020, 845.

H NMR (500 MHz, CDCls, 8): 10.35 (s, 1H), 8.14 (d, J = 8.50 Hz, 1H), 6.91 (d, J = 8.50 Hz, 1H), 4.06 (s, 3H),
1.65 (s, 9H).

13C NMR (125 MHz, CDCls, 5): 189.1, 166.1, 164.2, 152.3, 138.5, 125.1, 113.6, 83.9, 54.4, 28.1.

HRMS (ESI-TOF): calcd for C1,H1sNOsNa (M+Na)* 260.0893, found 260.0881.
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Nitroolefin 134

Ozt Bu

MeO |N\ CO,t-Bu Et3N MsCl, Et3N MeO |N\ CO,t-Bu
\L;ECHO CH3N02 CH2<:|2 0°C PNF NO,
64% (2 steps)
132 134

To a stirred solution of 132 (1.48 g, 6.22 mmol) in CH3sNO> (30 mL) was added EtzN (1.72 mL, 12.4 mmol,
2.0 equiv) at room temperature. After stirring for 20 hours, the solvent was removed under reduced pressure to
afford crude 129 as a yellow solid.

To the residue dissolved in CH2Cl, (30 mL) were added EtsN (1.29 mL, 9.33 mmol, 1.5 equiv) and MsClI
(963 puL, 12.4 mmol, 2.0 equiv) at 0 °C. After being stirred for 3 hours, the reaction mixture was quenched with
saturated aqueous NH4Cl and extracted with CH,Cl,. The organic layer was dried over anhydrous MgSQs,
filtered and concentrated under reduced pressure. The residue was purified by column chromatography (CHCIs /

EtOAc = 9:1) to afford 134 (1.12 g, 64% from 132) as a pale yellow solid.

IR (film, cm): 3115, 2978, 2943, 1734, 1630, 1595, 1560, 1508, 1481, 1425, 1395, 1370, 1331, 1275, 1260,
1171, 1144, 1074, 1020, 966, 957, 833, 596.

IH NMR (500 MHz, CDCls, 5): 8.59 (d, J = 13.6 Hz, 1H), 7.76 (d, J = 8.50 Hz, 1H), 7.42 (d, J = 13.6 Hz, 1H),
6.91 (d, J = 8.50 Hz, 1H), 4.04 (s, 3H), 1.66 (s, 9H).

13C NMR (125 MHz, CDCls, 8): 165.2, 164.1, 149.1, 137.7, 137.4, 135.5, 118.9, 114.2, 84.0, 54.2, 28.1.

HRMS (ESI-TOF): calcd for C1sH1sN20sNa (M+Na)* 303.0954, found 303.0958.
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Alfa-ketoester 100

1) Nal o PR on S0P

acetone © 476 o
PMBO™ " Br o o PMBO/\/\H)j\Ot-Bu PMBO/\/\H)J\OI‘-BU
tBuo)S PPh; CH,Cl,, 0 °C o
i Il 170 71% (3 steps)
161 PPhs 175 100
AcOEt, 70 °C

To a stirred solution of 161 (18.3 g, 70.5 mmol) in acetone (70 mL) was added Nal (12.7 g, 84.6 mmol, 1.2
equiv). After stirring at room temperature for 6 hours, the reaction mixture was quenched with water and
extracted with CHCIls. The organic layer was dried over anhydrous MgSO., filtered and concentrated under
reduced pressure. The residue was used in the next step without further purification.

To a stirred solution of the residue in EtOAc (200 mL) was added Wittig reagent 170 (53.0 g, 141 mmol,
2.0 equiv) and stirred at 70 °C for 16 hours. The mixture was filtered and the organic layer was concentrated
under reduced pressure. The residue was used in the next step without further purification.

To a stirred solution of the crude 175 in CH:Cl, (140 mL) was added Davis reagent 176 2 (36.8 g, 141
mmol, 2.0 equiv) at -78 °C. The resulting mixture was warmed to 0 °C and stirred for 8 hours. The reaction was
quenched with saturated aqueous NH4Cl and extracted with CH2Cl,. The organic layer was dried over anhydrous
MgSQsq, filtered and concentrated under reduced pressure. The residue was purified by column chromatography
(n-hexane / EtOAc = 9:1) to afford 100 (15.3 g, 71% from 161) as a colorless oil.

IR (film, cm): 2981, 2937, 2864, 1744, 1713, 1614, 1511, 1372, 1302, 1242, 1173, 1105, 1034, 833, 756, 579.
H NMR (500 MHz, CDCls, 8): 7.23 (d, J = 8.50 Hz, 2H), 6.87 (d, J = 8.50 Hz, 2H), 4.40 (s, 2H), 3.80 (s, 3H),
3.47 (t, J = 6.24 Hz, 2H), 2.87 (t, J = 7.09 Hz, 2H), 1.97-1.90 (m, 2H), 1.52 (s, 9H).

13C NMR (125 MHz, CDCls, 5): 195.2, 160.5, 159.1, 130.3, 129.2, 113.7, 83.7, 72.4, 68.5, 55.2, 36.1, 27.7, 23.6.
HRMS (ESI-TOF): calcd for C17H240sNa (M+Na)* 331.1516, found 331.1506.

2 In the case of ozone gas, PMB ether was cleaved.
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Michael adduct 136

H Bn
QN\ ,OAc
Ni
n” OAc
H Bn OMe
MeO.___N Et.N
\Eji()\t-su PMBO\/\)J\CO - 3 e B, o
FNF 2 IPA, -10 °C ON_ -
No2 quant., dr = 20:1 CO,t-Bu
91% ee PMBO
134 100 136

To a stirred solution of 134 (400 mg, 1.43 mmol) in IPA (0.4 mL) were added Ni-diamine complex 74
(36.2 mg, 71.4 umol, 0.05 equiv), a-ketoester 100 (880 mg, 2.85 mmol, 2.0 equiv) in IPA (1.1 mL) and EtzN (49
ul, 357 umol, 0.25 equiv) at -10 °C, and the mixture was stirred at the same temperature for 14 hours. The
solvent was removed under reduced pressure. The residue was purified by column chromatography (n-hexane /

EtOAc = 7:3) to afford 136 (887 mg, quant.) as a colorless oil. The ee was determined by chiral HPLC analysis.

HPLC (DAICEL CHIRALPAK AD-H, n-hexane / IPA = 19:1, 1.0 mL/min, 254 nm, tminor 14.1 MIN, Tmajor 15.8
min)

[a] b2 -33.0 (¢ 1.01, CHCls, 91% ee).

IR (film, cm): 2980, 2938, 2868, 1719, 1601, 1555, 1512, 1481, 1370, 1329, 1283, 1250, 1171, 1148, 1098,
1030, 847, 826.

IH NMR (500 MHz, CDCls, 8): 7.57 (d, J = 8.50 Hz, 1H), 7.17 (d, J = 8.50 Hz, 2H), 6.85 (d, J = 8.50 Hz, 2H),
6.74 (d, J = 8.50 Hz, 1H), 4.87 (dd, J = 13.0, 5.10 Hz, 1H), 4.81 (dd, J = 13.0, 6.80 Hz, 1H), 4.47-4.38 (m, 1H),
430 (d, J = 11.9 Hz, 1H), 4.26 (d, J = 11.9 Hz, 1H), 4.09 (dt, J = 9.6, 4.0 Hz, 1H), 3.92 (s, 3H), 3.79 (s, 3H),
3.49-3.41 (m, 2H), 2.18-2.00 (m, 2H), 1.64 (s, 9H), 1.36 (s, 9H).

13C NMR (125 MHz, CDCls, 8): 195.0, 165.3, 162.4, 159.8, 159.2, 147.3, 139.2, 129.7, 129.3, 125.3, 113.7,
113.0, 83.7, 82.7, 77.6, 72.3, 67.3, 55.3, 53.5, 46.0, 39.9, 31.1, 28.1, 27.6.

HRMS (ESI-TOF): calcd for CsoHaoN2O10Na (M+Na)* 611.2575, found 611.2570.

53



Pyrrolidine 140a

OMe
§ 1) Hy (700 psi) M, MeO_
NI |\R/|ar(])e|}l| Ni OCOZT’BUOPMB Ocogt-BuOPMB
tBuO,C~ N 0 LN [~ . L~
O,N_ A 2) CbzCl, EtsN O\
tB ’ L
COLBu oy, N~ "COt-Bu N~ ~CO,t-Bu
PMBO 73% (2 steps) ) )
Cbz Cbz
136 140a 140b

Compound 136 (7.77 g, 13.2 mmol) was hydrogenated using Raney nickel (23 g, purchased from Aldrich,
washed with water and MeOH) in MeOH (65 mL) under hydrogen atmosphere (700 psi) for 1.5 hours. The
mixture was filtered through a pad of celite. The separated solid was washed with MeOH. The combined organic
solvent was concentrated under reduced pressure to afford pale yellow oil. The residue was used in the next step
without further purification.

To a solution of the residue in CH2Cl> (70 mL) were added Et;N (3.66 mL, 26.4 mmol, 2.0 equiv) and
CbzClI (2.81 mL, 19.8 mmol, 1.5 equiv) at 0 °C. After stirring at the same temperature for 30 minutes, the
mixture was quenched with saturated aqueous NaHCOs and extracted with CH,Cl,. The organic layer was dried
over anhydrous MgSOs., filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (n-hexane / EtOAc = 3:1) to afford 140a (4.19 g, 47% from 136) as a colorless oil and 140b
(2.30 g, 26% from 136) as a colorless oil.

This compound exists as a mixture of rotamers in CDCl3 at 25 °C.

[] p2°-31.0 (c 1.18, CHCl3).

IR (film, cm): 3002, 2977, 2941, 2904, 1740, 1721, 1709, 1698, 1601, 1513, 1480, 1412, 1368, 1329, 1281,
1248, 1169, 1144, 1032, 847, 824, 755, 698.

H NMR (500 MHz, CDCls, 8): 7.89 (t, J = 8.50 Hz, 1H), 7.40-7.27 (m, 5H), 7.21-7.08 (m, 2H), 6.85-6.72 (m,
3H), 5.22-5.08 (m, 2H), 4.49 (d, J = 9.1 Hz, 0.45H), 4.44 (d, J = 9.1 Hz, 0.55H), 4.36-4.20 (m, 2H), 4.14-3.89
(m, 2H), 3.93 (s, 3H), 3.83-3.70 (m,1H), 3.78 (s, 3H), 3.40-3.00 (M, 3H), 1.66-1.54 (M, 11H), 1.44 (s, 4H), 1.29
(s, 5H).

13C NMR (125 MHz, CDCls, §): 170.5, 170.4, 166.2, 162.0, 159.1, 154.8, 154.4, 148.1, 147.9, 140.2, 140.1,
137.9, 136.5, 136.3, 130.5, 129.2, 128.9, 128.5, 128.4, 128.0, 127.9, 126.4, 126.1, 113.7, 113.6, 112.6, 112.5,
82.6, 82.5, 82.2, 82.1,72.5, 72.4, 68.3, 68.2, 67.2, 67.1, 63.4, 62.9, 55.2, 53.5, 52.4, 51.8, 41.9, 40.9, 40.8, 39.9,
28.2,28.0, 27.8, 27.7, 27.6.

HRMS (ESI-TOF): calcd for CsgHasN2OgNa (M+Na)* 699.3252, found 699.3246.
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Pyrrolidine 140b

MeQ, MeQ,

—N —N
CO,t-Bu Ocozt_gu
t-BuOK
Q’ :\/OPMB - \ /,’/ S\/OPM B

— t-BuOH, benzene O\
[ >"'c:ozt-Bu 62% CO,t-Bu

N N
Cbz Cbz
140a 140b

To a stirred solution of 140a (60 mg, 88.4 umol) in t-BuOH / benzene (810 uL / 90 pL) was added t-BuOK
(14.9 mg, 133 pumol, 1.5 equiv) at 0 °C and the mixture was stirred at room temperature for 6 hours. The mixture
was quenched with saturated aqueous NH4Cl and extracted with EtOAc. The organic layer was dried over
anhydrous Na;SOs, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography (n-hexane / EtOAc = 3:1) to afford 140b (37 mg, 62%) as a colorless oil.

This compound exists as a mixture of rotamers in CDCls at 25 °C.

[0] 02 -17.2 (¢ 1.03, CHCs).

IR (film, cm™): 2978, 2938, 2870, 1736, 1709, 1599, 1512, 1481, 1414, 1368, 1356, 1331, 1281, 1248, 1157,
1032, 824, 698.

IH NMR (500 MHz, CDCls, 8): 7.44-7.28 (m, 6H), 7.21-7.13 (m, 2H), 6.86-6.70 (m, 3H), 5.22-5.07 (m, 2H),
4.36-4.33 (m, 2H), 4.26-4.21 (m, 1H), 4.11-4.04 (m, 1H), 3.96-3.85 (m, 4H), 3.80-3.62 (m, 4H), 3.48-3.19 (m,
2H), 2.80-2.70 (m, 1H), 1.70-1.33 (m, 20H).

13C NMR (125 MHz, CDCls, §): 171.2, 165.9, 162.0, 159.1, 154.8, 154.5, 148.2, 148.1, 138.5, 136.6, 136.4,
130.3, 129.2, 129.1, 128.5, 128.4, 128.0, 127.9, 127.8, 127.7, 124.9, 113.7, 112.4, 82.5, 82.4, 81.7, 81.6, 72.7,
68.3, 68.0, 67.1, 64.8, 64.4, 55.2, 53.5, 50.0, 45.0, 43.6, 40.4, 39.5, 29.1, 29.0, 28.1, 28.0, 27.8.

HRMS (ESI-TOF): calcd for CasHagN20sNa (M+Na)* 699.3252, found 699.3263.
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Alcohol 141

_N _N
CO,t-Bu OCOZFBU
DDQ
Ql 2 _opms _ Dba \ / \\\\/OH

O\ CH,Cly, H,0 O\
N COZt-BU 99% N COzt-BU

To a stirred solution of 140b (100 mg, 147 pumol) in CH.CI; / H,O (700 uL / 35 pL) was added DDQ (50
mg, 221 umol, 1.5 equiv). After stirring at room temperature for 1 hour, the mixture was quenched with saturated
aqueous NaHCOj; and extracted with CH2Cl,. The organic layer was dried over anhydrous Na,SQs, filtered and
concentrated under reduced pressure. The residue was purified by column chromatography (n-hexane / EtOAc =
1:1 and n-hexane / Et,0 = 1:2) to afford 141 (89.9 mg, 99%) as a colorless oil.

This compound exists as a mixture of rotamers in CDCl3 at 25 °C.

[0] 02 -34.0 (c 1.45, CHCls).

IR (film, cm®): 2978, 2936, 1740, 1719, 1701, 1690, 1655, 1597, 1560, 1481, 1458, 1420, 1368, 1331, 1283,
1157, 1028, 847, 698.

IH NMR (500 MHz, CDCls, 8): 7.43-7.28 (m, 6H), 6.77 (d, J = 8.50 Hz, 0.55H), 6.74 (d, J = 8.50 Hz, 0.45H),
5.21-5.11 (m, 2H), 4.18 (d, J = 5.10 Hz, 0.45H), 4.16 (d, J = 5.10 Hz, 0.55H), 4.09-4.01 (m, 1H), 3.93 (s, 3H),
3.92-3.86 (m, 1H), 3.80-3.67 (M, 1H), 3.64-3.54 (m, 2H), 2.81-2.72 (m, 1H), 1.70-1.35 (m, 2H), 1.59 (s, 9H),
1.49 (s, 4H), 1.39 (s, 5H).

13C NMR (125 MHz, CDCls, 8): 171.5, 171.4, 166.2, 162.1, 154.7, 154.4, 148.1, 148.0, 138.3, 136.5, 136.3,
128.5, 128.4, 128.0, 127.9, 125.5, 125.4, 112.7, 82.8, 82.7, 82.0, 67.3, 67.2, 64.8, 64.4, 60.9, 60.8, 53.5, 50.6,
44.9,43.8,40.5,39.6, 32.1, 28.1, 27.9, 27.8.

HRMS (ESI-TOF): calcd for CaoHaiN20g (M+H)* 557.2857, found 557.2858.
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Carboxylic acid 142
MeO, MeO

—N —N
CO,t-Bu AZADO Ocozt-su
@’ ~oH PhI(OAc), \ /

\C\\ C 02 H

. -
N~ ~CO,t-Bu N~ ~CO,tBu

phosphate buffer
| o |
Cbz 0°C, 87% Cbz

141 142

To a stirred solution of 141 (250 mg, 449 umol) in CH2Cl, / phosphate buffer (pH 7.6) (1.35 mL/1.35 mL)
were added AZADO (13.7 mg, 89.8 umol, 0.2 equiv) and PhlI(OACc), (434 mg, 1.34 mmol, 3.0 equiv) at 0 °C.
After stirring at the same temperature for 8 hours, the mixture was added to saturated aqueous Na;S,03 at 0 °C.
After being stirred at room temperature for 1 hour, the mixture was extracted with EtOAc. The organic layer was
dried over anhydrous MgSQs, filtered and concentrated under reduced pressure. The residue was purified by
column chromatography (n-hexane / EtOAc = 1:1) to afford 142 (222 mg, 87%) as a colorless amorphous solid.

This compound exists as a mixture of rotamers in CDCl; at 25 °C.

[0] 2 -39.6 (C 1.05, CHCls).

IR (film, cm™): 2980, 2941, 2906, 1710, 1599, 1560, 1481, 1413, 1367, 1332, 1282, 1253, 1228, 1161, 1093,
1030, 844, 736, 698.

IH NMR (500 MHz, CDCls, 8): 7.42-7.28 (m, 6H), 6.77 (d, J = 8.5 Hz, 0.55H), 6.74 (d, J = 8.5 Hz, 0.45H),
5.22-5.08 (m, 2H), 4.20-4.11 (m, 2H), 3.96-3.89 (m, 1H), 3.92 (s, 3H), 3.80-3.67 (m, 1H), 3.21-3.11 (m, 1H),
2.27-2.16 (m, 2H), 1.57 (s, 9H), 1.47 (s, 4H), 1.37 (s, 5H).

13C NMR (125 MHz, CDCls, §): 176.4, 176.3, 170.4, 165.6, 162.2, 154.6, 154.4, 148.1, 138.0, 136.4, 136.2,
128.4, 128.3, 128.0, 127.9, 127.8, 124.6, 124.5, 112.8, 82.7, 82.6, 82.0, 81.9, 67.3, 64.9, 64.6, 53.5, 50.1, 49.9,
43.6,42.6, 39.9, 39.0, 33.8, 28.0, 27.9, 27.7.

HRMS (ESI-TOF): calcd for CaH3sN20sNa (M+Na)* 593.2470, found 593.2486.
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Acromelic Acid B (4)

MeQO (0]
—N NH
CO,t-Bu CO,H
N/ § HBr N/ 2
©, STCOH 5 “, S COyH
AcOH, H,0
N CO,t-Bu 100 °C N CO,H
| 99% H
Cbz
142 Acromelic Acid B (4)

To a stirred solution of 142 (195 mg, 342 umol) in H2O (1.7 mL) was added 30% HBr in AcOH (3.4 mL)
and the mixture was stirred at 100 °C for 36 hours. The solvent was removed under reduced pressure. The
residue was charged onto a column containing Dowex-50 WX8 hydrogen form (200-400 mesh). After elution
with H20 and 3% aqueous NHs, the collected fractions were concentrated under reduced pressure. The resulting
ammonium salt was charged onto a column containing Amberlite IRC-50 hydrogen form. After elution with H20,
the collected fractions were concentrated under reduced pressure to give free amino acid 4 (105 mg, 99%) as a

colorless amorphous solid.

[0] 02 -68.8 (¢ 0.98, H,0) (lit.3 [o] 02" -74.0 (¢ 0.1, H,0)).

IR (film, cm): 3300-2700, 1655, 1597, 1419, 1363, 1251, 1167, 1060, 842, 801, 673.

H NMR (500 MHz, D,0, §): 7.68 (d, J = 9.16 Hz, 1H), 6.70 (d, J = 9.16 Hz, 1H), 4.65 (dt, J = 11.5, 8.0 Hz, 1H),
4.08 (d, J = 5.7 Hz, 1H), 3.80 (dd, J = 11.5, 8.0 Hz, 1H), 3.65 (t, J = 11.5 Hz, 1H), 3.27-3.20 (m, 1H), 2.52 (dd, J
= 16.6, 6.3 Hz, 1H), 2.35 (dd, J = 16.6, 8.6 Hz, 1H).

13C NMR (125 MHz, D0, §): 175.7, 173.0, 166.5, 163.1, 143.3, 141.2, 120.4, 115.3, 65.5, 47.3, 42.3, 38.6, 34.7.
HRMS (ESI-TOF): calcd for CisH1sN207 (M+H)* 311.0874, found 311.0877.

3 Takano, S.; Tomita, S.; Iwabuchi, Y.; Ogasawara, K. Heterocycles 1989, 29, 1473.
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