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e E 2T, AF 7N T—bDL I a MIZERIEE AT IHEITIT, ZRAXF
WHDE NS BEBIETHS>THURER YT AT VARERELZ RTDIZHEH X
2, FRFLEUBOLENH D, ZZTH I M THEINSKICHBIZIHRY,
BRSO 0 hEM: % Rt L 72,

W T 7= TNV VI ATUVNLHEEINE XTI )VA I VEBAIT FAFLERIE
RMAEMERICHN T B Z N —DDETH 2, IZb bbb T EHnY7AT LA
MRRESG SN Tz0iF, ZOEBBIRERE (Fig 3-1) OMIBENIZIKS, T74bb,
Ho77—0 2 MIZBERT 243 /733, 1 MDA FLELBE EOBRRIELDT
KEEDHI E MBMREMEEZ L5, ZOMEZR-T)FILT /T
EMIND2H, T/ 77— M PRI AESESTHOLIEA Y 77 —DF 7 ) 74—
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Fig. 3-1 Transition state structure
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BEIH KNESRITBHNE, 772 T —FL T4 VT ATND a-fiBEHRET Y
THd, £ZT, ATMWEL—WNT 7Ty —FTHB a- M EEBIEELT L
T4 YIATAEIGT, IHITRIREEN LI/ 2200 Hikh~oe > h%E
312010, £V IISAITIEEN D F 7V ERIEE A Z R LTz, AETIZ, MG
SHOEHIAHFN FEEALT, ho 77— DRFEHEFIIIGAL AR EHEL
DU TORBMAFNFFDOLRNEICBHT2HRA AL 2HNE Lz ZOWEND,
B 77 —DAEENA I VI AT AND)FILL ) T — %25 Michael {f
MMISIZ BT YT AT LA NEBROEHNZRSEZMATES, £2T, k1L
TAVIATVD B-PAZFEEGAL 27 72T —52HWTDYT7 AT LA IH
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Et

Bh COOE

Fig. 3-2 Chiral olefin esters
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I AT viE, OB ARIEHIRPHAS L ARITEASE v,
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FWELT, 3-U03-YFFYINTIZIVBIFLELRTEZ LU, 2D
L7274 IATIVIE, R THSE DI R bEHIIERTERZE U

OIVKIIBIZ LY 12- 7= Z2HRL, D EREILICAGIIERTEEZ by

TR LI RM22TWzd, KETIE ZOFINVAVTA XTIV ERT T
—AIVD)FILT/ T—hED Michael INRIEEAIT 2 I2EERIZDVLTIRNS,
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FINAI L | HOFREIRIZVFILIT ) 57— b OEBEAFFEE Michael
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AT Z )NV FIV (12a) 1, PALICHEERBAAGHB F2H4L T3, 20
7€ 7Y =AML AT H > T, MM OGHIE Y (> THIK R T F o F 7
v LTHNTES,

H OQH
ZnC12

OH OH
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12a 12b

9, BHICATTELHEMNHIZZ DY b= %, HILEE 7~
ZH 272 b= MEIZ & > Tl ARIRD ¥ A — L i & AL E IR EL, E X7t
F—=K 11 Nelnalz, DT, ZOVF—)b 11 DIREIRFEESH, BT H#
B R L HOTRIERNIZYINIL T, 72 b= NREE UL T AT R
NEMT B, EIL77 VT e RERBIT 2912 KRR/ MifgzFL &7 Ful)
FTIOLPOIESRIRARS — NEEIL VR T =24 > &£ D Homer-Emmons X Jiis
WKL T, HNET BRI AT )V 12a (2872 (Scheme 3-1),
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HLZ25)V 12a D7 EF — VM DOERKIER , KDL IIZLTIF> 72, THDB,
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CLTRETZZLIZEY 12 1TEMRL T,

3-[(8)-22-Y AFN-1,3-YAFY T2 ANVIT7VIVEELIFIV (12a) #7717

el L TR, QR SR)-H/ T 7= RATART N 1o OVNFILeZZZ )T =R E
32), £9° THF & 78 € IZBWTA I 1a i

FhVI—ERNLIE, T/E2T5—AL 74 12a 2RI GdElbIh
REMTF W2 Ex B, 78 C T 2 BFHIKIE U 28 ICE ISR > TKLEEL,
FAYVATVAT Lelnwieou<e 8757 4 =2 L5 HEREDEZIZ, Michael
fHINk 14a 272 WEK 73 %) IKISEVERPIO 'H NMR ZR7 MVOBREIZ L
3, Michael 1K 14a ZHR—DREAKNLLZY, VT7ATLAT—RFA T
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THRERTTRY 7 AT VA BEREEEL S &GSz ens, FiExhtz,
—Ji, RFENAI DI ATV 1la D) FTLT/ T—bF 3A LRI RFIEN
77€7%— 12b HB0E 12¢ EDRIEZRTToTh Hwie7 7278 -0
WBIFRZR <, B L 72 Michael {SI4K 14b B L 14 BHP—DY T AT L7 —
TdH > 7z (Scheme 3-4),

Scheme 3-4
12b
N~ >coo
Single isomer
14b
12¢
N~ COOEt

“COOEt  Single isomer

14c

WH->T, BEBRYTATULAMBRMUZELTZ72DI21F FIVTI/E2TI—0
B-MERIENLT LY 5 ARINEHERZDLDTHELE I WEE RS, 7T/t
78 —DF T NHLL EDOANT OERIED, —/iDY 7 AT L A HAND KA ORI
ZRINER L T2 ofgtEdaismvy, LADKIEDHEIE T/ 57— T 7%

LI—BLT, MEDY T AT VAT 24N IELExLNE, 22T, ZOH
BAFFRIIBOT, WINOMEEADAFFHEEA LY LRI E < 2% X2 QLB
H3,

WL7e Tz Wb INTRNFT, 7¥ 508V F 9L Z-/ T—b rac-3A
WL, RFICHIRER X SV 7 72 7Y — 12a-¢ £ D Michael {HINRIG%E T
272 (Scheme 3-1 BRZEEDHTRT,
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Scheme 3-5
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7Y — 12a-¢c LOMIETIE, 77179 —DORBUIIEFEZL AL 72 Michael
ik 14a-¢c BWPR—DYT7ATLAIT—TH3Z LI, BBz, ZHhIZHLT,
T IKDAIVITATIV rac-la DY) FILIL/) F— b rac-3A L RFEET 7
7Y — 12a¢c (KF—=IZH LT 1 UBEBEMA) LDOMIETIE Michael {714k
14a’-¢’ 13 72:28~83:17 DY TAT LAY —REMELTHLNZ, TNHDRE
YNT BT ITHE - KT 2213 TE o 72h ZOHRIEINEEVTATL
Av—I3, IRAR)-NV 77— oREINTAIVIZATIV la DT/ F— 1 3A

GO NICHEMAFBTENEZ >THY, (IRAR)-A VT 7—PoFELIAI T
ATV la & DYV h—=UhoBELIFINT 7T — 12 oy F oo
TTHEZ Db, WV T AT LA T—DOREREIZDWLWTIZRIART B0, h
27 <@ (1S 40EF L FAT - DAREINES I YV T ATIWONFI LELS
— M TH3 (15,45)-3A D re HHBMIEL 72RER 473 2 ISEEITH > 72,

FINToETI— 1208, T2 IKDAI VI ZATIV rac-1a »HBFEINS Y
FIN 22T/ F—h rac-3A DWTNDI S FAT—IIM LT EDORERICHE

KTH2, bL vy FoIRT—LIXTYFUIRT—LDOMDOBISHEE %N+
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D 12a ZHT Michael ISR T2 72, &2 B, Ml X FiEET 77

837 DU TARWZARI KT

Michael 1A 14a, 142 DRAMME O, rac-1a & 12a 2 1.1 TRICSEZS
BDYTATLAI—LTHSE 7525 LEAKETH -7,

Table 3-1. Michael Addition Reaction of 1a and rac-1a with Chiral Olefins 12a-c.d

R
N NCcooEt 12

la or rac-1a

12a,14 _ £

12b,14 S

Entry Imine Base Olefin ~ Temp Time Product Yield®  Ratio®
T h %

la LDA(1)/+-BuOH(1) 12af(l) -78 2 14a 73  single
2 la LiCl(0.5)/DBU(0.5) 12a(0.5) rt ) 14a 74 single
3 rac-la LDA(1)/-BuOH(1) 12a(l) -78 2 14a,a’ 74 325
4 rac-la LDA()/-BuOH(1) 12a(0.75) -78 P l14a,a’ 61 83:17
5 rac-la LDA(1)/-BuOH(1) 12a(0.5) -78 P l14a,a’ 68 83:17
6 rac-la NaH(l) 12a(l) 0 l14a,a’ 58 72:28
7 rac-la NaH(l) 12a(0.5) 0 14a,a’ 70 78:22
8 la LDA(1)/t-BuOH(1) 12b(1) rt 2 14b 57  single
9 rac-la NaH(l) 12b(0.5) 0 14b,b’ 96 Zs
10 la NaH(1) 12¢(1) 0 22 ldc 68  single
11 rac-1a NaH(l) 12¢(0.5) 0 1 ld4¢,¢’ 56 75:25

* All reactions were performed in THF. ° Isolated yield. ° Determined on the basis of 'H
NMR spectrum of the crude reaction mixture.

INEDORENL (RLVZUTUTIEIATIV 1a hHFELRZ) FIL
Z2I)5—hk 3A &ERFVFINVETIZETH— 12a £D Michael {TINIGIZH
WTi, 778 TY— 12a D y-NFT UL EOT IV aF VIR, KIGIEGT
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R—IIPOHBINET7ELT7Y— 12a D si MMRKIETEZEIENET 2, 2) 7
vFIAE G2 B XL —Y 3 VERINEBE RTINS ETT 5720, v v F IR
TSI/ T7—bF (IR, 4R)-3A L DMIETIIHRS re MMKIET 2, 3) — N4,
ARYF T RT7RITIT/)T7—b (18,45)-3A EDULTY re HTRIEAE Z
504 T/ F7—h (18,48)-3A D VAKINIZZE WY T AT LA HTH S si lITOD
B, 77275 — 12a @ re HTORIEHR ERKTE2DTI I NF—HNIEL L

/4

B, 4 I VI AT UFIIHAINLZATE LD 1 44L8FFHLID Y,
12a D 12-AXFBEDHMBENRL TEZEZZ MY LRSI, £ZT, 7% 7
Wig (TIVEVTUT I VEBIATIVD) FILL ) T — e K6 % K&t
LTze E2NVTLVTERDLHFERLIZAII ATV 1c I LDA 2ERS®, I
WFINVTIET75— 12a ZBUSZIRT2 (Scheme 3-6),

Scheme 3-6

LDA
lc
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H 19a somer

18), WTFNHH—DYT7AFLFT—mnb%3 (‘HNMR), ZDik
TR DNTNHNTIL7OaT NI 57 4 —FHLTHIBT 5 & Michael {THK 17
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pZemb, BRIRMHIMA 18 L0 Uik 19a ZENENMMLZT S T4
7= LTHLNT,
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# 3 B3 Michael {-JlIHADREEIIE
L7z & DI, QR 4AR)- AV 77— biiBIL7z)FIAN Z-T/F—h 3A &
DY =S BE LU EEN T 22T Y — 12a-¢ £D Michael {TIIET

12a-¢c EDIUETIHONTEY T AT LAY —LH—NTHoIeo FINRT ) T—

FN3A L7 FINET 72T H—&D Michael fNIETIELZ/ F—FD re A

DG 142’ -0 DHEMALE % HEET %

ZOWHAAFBFERUICTHON Y 7 X7 L A HER

Ha, BEAAFENUMICTH 245 NORISICZEDE FHNT 2 Z L IIEMEND 5,
2T, #EEINTANACED F LM E HENLDELENDH B,

Scheme 3-7
Z-Cl
H i
19a 20a
Boc,0
H Boc
19a 2la
TsCl
H Ts
19a 22a

COEW 14aa’ Hh 7 7 —AFHME M rxRELTE D) Y U FEK
WHBL 28, HEACEDII o TWB YA F Y T it d 2 RIilE % REd
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HTDREDIZOHIZ 14a DE ROF UV T I L BNKSH/ BRHRIZE>TE

LT FINVE XV ANVEZNWVRBEEERGAL 725, Haho b o Eizi3s
Lizhotze ETAHM, N-bUIVELERY) 22a 13, YT F VI =TV 06 E#EHT
5 LI E > T EV DR S dh % 14 2 72 (Scheme 3-7)0 €D X-ray RN T21T5

T&lz,
I, rac-la ¥ I)WVT7 7178 — 122 LORICTHEONIZAIV T AT LAV —
142’ DMMAELE Z RE LR TR bV, ZOMER, 14aa’ BHA V7 7—F
rac-la & 12a & D
Michael {S IS T/EILT 240 IAD 2 DY 7 AT LAY —DOREMEZ L Ko+
YIWT I ENRTEE 5 AFVEQ) VU2 ANEUBEIFIIV 19a BHE—DY
FATLAT—&LLT#H LN ("HNMR) (Scheme 3-8)s #:>T, T Michael {10
KD 2 DDV T7ATLAT—DREY 14a,a° D 2 & 3 MOHEITACEIZIEIC R
A TH 2 LERIOITONE, ZDZ L L3I SEInT/I—h
rac-3A Y 12a L IET B I
T2 TS =0 51 WTD
IEHSEIRINIAEFT L 22 & &2 EK L T 3,

Scheme 3-8
H,NOHeAcOH
“COOEt
14a + 14a’ 19a
Two diastereomers Single isomer

—Ji, FINVTIETI— 12a LIIRLBLEREELZLD 12b &F TN/ T
=k 3A LOMIETH—DY 7ATLAT—ELTHOLNS 14b OHXNREEIT, K
DL Yt L7z (Scheme 3-9) FF, WHLAIZEL>T 14b DAV 7 7 —AFKHIH
MpERLELT 5-AFVEQ) VU2 AVER VI F IV 190 [CHEE L%, B
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(IR, 4R)-1a & 727+t 7% — 12a £DRILTH bNDNFEMEZ Michael 1+ N1k
lda A FOF T I TUALT 20a &L, TORHEL%Z Boc R#EL T 21a
XHIZ7EFIV
kLT 21b & L7z EDARY M T—F1E, 14b P HFEHL Tz 21b &< —H
L7zZ &b, 14b OMEXIARLE S 2R,3R TH 2B Z EHMERTE R, FINHDH
BRKRITRTYTZATLAT—52GATHRLI EH, "THNMR L W#ERTE ),

Scheme 3-9
AcQ  OAc AcQ OAc
“COOEt “COOEt o “CO
14b 19b 21b
Single isomer
“COOEt Boc
Boc
14a 2la 23

Single isomer
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4 i A TEBIBRE D& %%

ICHREF INEAI VI ATIVET 1la & a,p- AN ATV 122 DG
PRERIZ YT AT U AMBB RN L TH—DY T AT LA —DAERENT 3
DI LT, rac-1

9yFIRT R LT E L,

L, T2 122 O 12 AFBEORRELBD THVERTHZ, AMTIE, Mk
HTRWY T AT LA HERMEATEBLL 72 A X BB R Z5 5 2,

rac-1 @D 12a £ D Michael {(fITBHBEINIZERE 1,2-AFHEIE, N-TILFY
FOT VI = b O YFIBE/ Tl o pNRANVR AT 7 T =D
I RERNBHRMT ISR 7 > Fi#IK Michael (FINKRISIZHIRE I N2 BRIRE
I DERRETHRYT B LATE S (Fig.3-3)o

(18,45)-3A
Matching pair 3B Missmatching pair 3C
l14a 14a’

Fig. 3-3

Moo MTHWHERT 208, KISHHLO70r T 4 78z g | SR B4
PEE, ZZNXT T/ 7—rDVFILAF N 12a DANVEZIVEEFEIZAL
{322 L IZL>TZOBBIREBMEN KE S L b In s iz BREIREIZ LW
HZ2R%% & 3, T, rac-3A O—JiONFRMAK (IR, 4R)-3A 13, FD re-ffidH’

LOMTe Yy Fr IR 3B #IEKL, Ik 14a 20T 2, 5 —HDNHFR
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Pk (15,48)-A & 12a EDKIETIE, 2 DOV 7 AT LA HOHAEDLE, T4
HH (15,48)-3A D re-lli& 12a D si-MHDHAGHE 3C, BLY, (18,45)-3A
‘ 12a I2&£5 1.2-4%
14a

DY TATLAT—TH3 142" MHELT 3,
1da & 14a’ DOVIKEIREAS, 72:28 75 83:17 DRMTHY FINVVFILT
JU—DbK 3A LT7F TNV BEMAFLT 7)) L— FOBISTEBIBI N2 E R L

N3, — 4, 12a CAIBEIRKEREDISE, BB TEVY 8IS (H BV w-
IR 2L, Y SBXN 3A BLY rac-3A & 12a-¢ & DETHI%

RBERME: & RIS HIASTERIT WL L TV B,

LUFIZ, 12a-¢ ERPEDOBUEIL 7288 £ 2 h-BIRM BRI IS DB % 777,
FHZ, T Annunziata HIZE > THRESI NI NXUOVDF 7)) F—R D) F4
LIkD y-REE BRI IV o B-ARRHIT R T ANDOARF BHRNINSE (FBLR Y, ¥
HHIE 12a IZBLILT: a p-FARRNIZ ATV E T/ T — MDEV sisi-face EIRME %
BMEL T3 (RN 7525~95:5), T 72 12 L[AMD y-BEEBEBBLEETEHTS
AEBFEOU L LT, ()22-YAXAFINAE N3V EAFYS oM LEFY
NED k-BISABHRM IS DBIN R HE I N T B, 2 XI5 12 D Diels-

V-RERERBE T AD= N ) VL F Y OB IS TR ING k-1,2-45%
TV ETA B A RT7LVaXFVETNIREBREL TS ERIREEE TV 3D & 3E

BZNFN Kozikowski D7 FXR) T FF—FFTIIE Houk DA ¥4 K73
FUEFTNRXEL TS (Fig 3-4)0 B IK 12a 23, BUIFHNILERT FR)

Bl i & B3 2 BRI 3F TREIN D,
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anti-periplanar syn-periplanar anti-periplanar

. OEt OEt EtO \
RO\.(\N =/=CRR RO\(\N:":‘CRR RRC:":Nﬁ/OR
o—' o—1 H—o0

3D 3E 3F

HAADIT S IUSIZBLT 12a DR UTZERE k-1 245 FEIE, 7o0FR) 7
7+ —ETIVHERBIRE 3D THYITEZS, 5L, 1Y AFETN 3E TR, T
/7 — FRERINT—TIVEEEN L DMGEHE BEZTITE 20 ZOBBRELRE
BRUSIAEE BXO6NE, X517, B HARBERIFAMYPEEET S a.p-
ARHIZ ZTNAD 13- MAHEEARMINISIZEET 2 B H DERICEDINLTYH , &

(Fig. 3-5)5 "
BSIZL>Tirbh i r e Hd L FAFESHIIRD 3 DD
HHATRE-> T3, T2D5, 1) FINVTI/ETI—Da kA=Y 3 DAY
MBS P et 2) NFP—e7 28275 —5r BB SERS, 3) K=& 7
787y —5r FINZE K LIKRTETH B,
Fig. 3G !5 3 i, 77T —DarkiX—Y 3 o DEERDESH

W, RLEERYRYT7TF—RELY LELELTHE, FDOW 3G »H 31 IZB
W, KB FATH2E ALV T4 oD 13- MM OREERIZ, HERSR
PEUMIT AR RINLTH Y, — /4 30 TR, VIAMIEE /NMITBMmERIRLT
W rZzH6N%,

3G 6 31 DG, T—TNUBELTZ) CREFEFIT 3 MTLVFLTIVHE
L HiAEPEA g < | '
oLz xond, — N, BB FoOT72FR)TIF—FREIIBLTHOEHRE
KIE, HBDIIVIKKTEDS LB LI BBBIE RLERY R TT7F—ET
DIIEH B> TK %,
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a\b,C 3G

AY-OMe/Li (single)

AY-OMe/Li (94:6)
PhCNO (76:24)

RO_{:r\Ph

3K & 3L I3FDWITH 3, 3J ICBWWTKF—DAFILT ATV, EE 7

AY-OMe/Li (single)

c\b/é 3K

AY-OBu/Li (80:20)

AY-OMe/Li : R
AY-OMe/Mg: R
AY-OBu//Li : R
PhCNO :

Fig. 3-5

&
Bp” 31

AY-OMe/Li (single)

AY-OMe/Mg (single)
AY-OBu/Li (single)

PhCNO (70:30)

' [} L
C\b/a 3

AY-OMe/Li (single)
AY-OBu/Li (single)
PhCNO (single)

Br
u A

Ph-C*=N-O

FWVIRATNWIZIB &, TNEEWLTEAFMYIED 4007 2 Z )V & DD K
AT 2720, YoRVT IOV FEXA— a3 TOKRIE, T72bb
3K 2RENT BIUEH Bl B, N-T IV F VIR R F R AT I8/, v
RYFTGF =/ A=Y a CRARINTE. ZEEB T FRNTFF—RT
i, KERMUKENECENLTHS QL) 12, FT7V72 o-TRAZZTIV
12a (&, = MUNVEFT R EDMIETIE, 80220 DY T AT LA ERMZRL, N-
TVXVT 7)) U= hEDUSTIE, BB ER LI, ZTNHDOFRER

3 BLU I KB Thbilvbhd, $42bb KF—&L<T
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AIVIATIVDAY VI ) L—rEuizfin, =R LAFT FED B EHLER
Bl xn 2,

12a & 3A DI, LOWITIE 3G 25 31 IKMET R E26N5%, T&b
b, 12a 3, BN FANILERT FR)TI7F O HEA—- 3 VER>TK
IS5, ZHIZA I/ T — MRMIAEIT S BB, fPERER L ZITS
I—FIVREEEBT, XFLIDOYTAT L Aii%BRT S, TOHER, 2R
k-1 2- AT FEBEL I NIz 52605,
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55 B KA
NIRRT LD, A 77— ) o ehblBUTEEZXFSVEAI TR

HHEL) 2L 0D LT, YT AT LU HBIEERL, FIIT 78T 5 —D
a MICHERMEBATE L, ENBAFNHED LTINS LBERETH-TYH, V7

B EIBIBINE Y 7 AT U ARSI ES 95% ILEVTHY o (HEBHRD
T2 Ty —=EMOBKISIIH TS VT AT LA HEREIIGUFEORMAERIN
Tz EZTARTIE, Y7 AT LA HBRY % XACT 2R Z2MXB 72012, *
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W7 7—AIVIATINVERTEEIVAKRBEBRNIIKIGL, B—DfHkS 7 27 L
Av—EdER LT,

2) FXIKDHY T 7—AIVIATNEFING B-VFFYIAVTI) F—
FERIOWIEKISIZBWT Y, FBOMNINMAY 7 AT L AT—DH—DY T AT L %<
—LLTERTEIENL, ASVIRATVDH Y T 7 —AFFMEICLEAERS
ET7IETI—D B-TAFYTINAHFMPBEIILEZASAFRBLTIE, BHITLD
AHRBEEFIIN LRI T WS LR TE S, ZOF 5 ) 7 4 —XBHEDSF
N T EHINBASTERPRDYFGLAE L P —F& VAR IENT 7Y
T—REDRIBIZBNTH—DY TATL A= HENZZ b I3,
3) AREZ LI, 78T —FMHIZ AT LD B A FFEIZLEFT Y
T4 — KB ENE, 2,2-TVAFN-1,3-VFFY T A4ANHDBZEHT, 1,3-V
ARV T A ANKDZ I y IOBBIENR T NV VETYH, EE2ERFT
V74 —MHAEBERTE S, TNHDHRIZEDODNVT AIVIZATVD)FILT
/7= K EARMUHIT X7V & D Michael (- JISED B IREMES LOMIGIZE 53

ABISTRBAFBGIHGFINT 72Ty —1F, BUZEHWLIEFEERE 52 3
DAHTRL, BT EI7NVY I U EHEURD 3 (I 12-Ve FaFvzFuiisrl
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Ethyl (E]S)-4,5-Diacetoxy-2-pentenoate (12b) .
12a (1 g, 5 mmol) @ CH3CN (35 mL containing 2 mL of water) #iklZ 0°C T 2 M
HCl 3.5 mL) ZJIIZ, i T 4 KeMBIFEL 72#% NaHCO3 /KIS TULFE L, EtOAc (15
mL x 2) T3 %, iK% MgSO; TWREHE, BE MIZHEHEEREEL, #VLH
g, 5 mmol) I LIIKRTEZZ LYY (10
mL) IZH L, AcO (10 mL) 21X 5%, HMT—BEBFEL, BIE MZRAEL, A
BYVATNAZ LU "I T 7 (NFH Y | HERBEIFIV) ICEVERL 12b
(0.973 g, 80%) % fi#7z,  Colorless liquid; bp 125 9C/1.5 mmHg (bulb-to-bulb); [aJf® =
12.9°(c = 1.1, EtOH); IR (neat) 2984, 1748, 1665, 1445, 1372, 1221, 1182, 1117, 1044,
980, 866, and 716 cm'!; 'H NMR (CDCl3) & 1.30 (3H, t, J = 7.0 Hz, COOEY), 2.07, 2.13
(each 3H, each s, Ac), 4.21 (2H, q, J =7.0 Hz, COOE), 4.22 (2H, m, H-5), 5.65 (1H, m,
H-4), 6.04 (1H, dd, J>.3 = 15.8 and J>.4 = 1.5 Hz, H-2), and 6.84 (1H, dd, J3.2 = 15.8 and
J3.4=5.1 Hz, H-3); 13C NMR (CDCI3) & 14.21 (COOE), 20.76, 20.61 (each Ac), 60.67
(COOEY), 63.94 (C-5), 70.13 (C-4), 123.64 (C-2), 140.77 (C-3), 165.25 (COOEY), 170.16,
and 169.43 (each Ac); MS m/z (rel intensity, %) 244 (M*, 1), 185 (27), 184 (10), 172 (75),
157 (19), 142 (35), 130 (base peak), 129 (15), and 97 (30). Anal. Caled for C11H60¢: C,

54.09; H, 6.60%. Found: C, 53.75; H, 6.61%.

Ethyl (E)-3-[(S)-1,3-Dioxolan-4-yl]acrylate (12¢).

p g, 5 mmol) DAMI—T IV (30
mL) #WIZ/NT 72V LTIV TER (0.2 g 5 mmol) LU p-TsOH H,0 (0.014 g)
Mz, 20 ReINBSRIET 2, ZHIZ AcONa (0.014 g) % X /2% MgSOy TH %

IF)IV) IZLOKBL, 12¢ (0.258 g, 30%) %F##/z,  Colorless liquid; bp 71 <C/0.4
mmHg (bulb-to-bulb); [alp’ = 7.0° (c = 1.0, EtOH); IR (neat) 2984, 2876, 1721, 1663,

1468, 1372, 1306, 1269, 1179, 1090, 1034, 982, 939, 868, and 718 cm’l; !H NMR
(CDCl3) §1.29 (3H, t, J = 7.3 Hz, COOEY), 3.62 (1H, dd, Jgem= 8.4 and J54 = 6.2 Hz, one

of H-5 of dioxolanyl), 4.13 (2H, q, J = 7.3 Hz, COOE), 4.25 (1H, dd, Jgem=8.4 and J5 4 =
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7.0 Hz, the other of H-5 of dioxolanyl), 4.65 (1H, dddd, J4 5 =7.0, 6.2, J4.3=5.5, and J4
= 1.5 Hz, H-4 of dioxolanyl), 4.98, 5.07 (each 1H, s, H-2 of dioxolanyl), 6.09 (1H, dd, J>_3
=15.8 and =1.5 Hz, H-2), and 6.87 (1H, dd, J3.,=15.8 and J3.4 = 5.5 Hz, H-3); 13C
NMR (CDCl3) 6 14.18 (COOE), 60.55 (COOE), 69.18 (C-5 of dioxolanyl), 74.40 (C-4 of
dioxolanyl), 95.59 (C-2 of dioxolanyl), 122.45 (C-2), 143.94 (C-3), and 165.74 (COOE);

MS (rel intensity, %) 173 (M+H*, 1), 142 (base peak), 127 (20), 97 (22), 84 (42), and 69 (67).
HRMS Calcd for CgH3NO4: M+Ht, 173.0814. Found: m/z 173.0836.

Diethyl N-[(1R,4R)-2-Bornylidene]-3-[(S)-2,2-dimethyl-1, 3-dioxolan-4-yl]-(2R, 3R)-glutamate
(14a).

n-BuLi (1.64 M in hexane; 0.6 mL, 1 mmol) & N,N-¥ 4 70ELVT I (0.1 g,
1 mmol) 25 %L 72 LDA @ THF (2 mL) ##&iZ -78 C TA I (-)-1a (0.237 g,
I mmol) @ THF (1 mL) #§#%, +BuOH (0.074 g, 1 mmol) ® THF (1 mL) i LW
12a (0.2 g, 1 mmol) ® THF (1 mL) &% X %, -78 <C T 2 Kefififeeg, Hlk7 >
EoY LRRUKERZINZ, T—7)V 3x20 mL) THthY %5, T—7VE=H/KT b
) LTERSE, LR LURROORAE2ES, ChEVVATVAS L O
RIS 7 (NFHY /BRI FIV) ICEKRBL, (K 14a (0.323 g, 74%) %15
1zo  Colorless liquid; IR (neat) 2959, 1736, 1372, 1159, 1034, and 862 cm'!; 1H NMR
(CDC13) 6 0.76, 0.92, 0.94 (each 3H, each s, Me of camphor), 1.25, 1.26 (each 3H, eacht, J
= 7.0, Hz, COOEY, 1.6 - 2.0 (6H, m, camphor), 1.32, 1.38 (each 3H, each s, 2-Me of
dioxolanyl), 2.34 (I1H, m, camphor), 2.56 (1H, dd, chm =16.5 and J4.3 =5.9 Hz, one of H-
4), 2.58 (1H, dd, Jgem = 16.5 and J43 = 5.9 Hz, the other of H-4), 2.81 (1H, quint, / = 5.9
Hz, H-3), 3.76 (1H, dd, Jgem = 8.4 and J5.4' = 7.3 Hz, one of H-5 of 4.03 (1H,
dd, Jgem = 8.4 and J5:_ 4 = 6.6 Hz, the other of H-5 of and 4.04 (1H, ddd, Jy.5 =
7.3, 6.6, and J4.3 = 5.9 Hz, H-4 of dioxolanyl), 4.14 (4H, q, J = 7.0 Hz, 2xCOOE!), and
4.20 (1H, d, J>.3=5.9 Hz, H-2); 13C NMR (CDCl3) 4 11.39, 14.17, 14.21, 19.02, 19.45,
25.30, 26.41, 27.47, 31.88 (camphor, 2-Me of dioxolanyl, and COOEY), 32.64 (C-4), 36.10
(camphor), 41.27 (C-3), 43.92, 47.49, 54.37 (camphor), 60.32, 60.88 (each COOEY), 64.49
(C-2), 67.95 (C-5 of dioxolanyl), 76.17 (C-4 of dioxolanyl), 108.46 (C-2 of dioxolanyl),
171.11, 173.10 (each COOEY), and 186.26 (C=N); MS m/z (rel intensity, %) 437 (M*, 4),
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422 (11), 336 (15), 264 (9), 238 (17), 237 (base peak), 163 (13), and 43 (13). Anal. Calcd
for Co4H39NOg: C, 65.88; H, 8.98; N, 3.20%. Found: C, 65.75; H, 8.78; N, 2.90%.

¥ 14a BLY 14a' %1472, 14a': 'HNMR (CDCl3) d 0.75, 0.93, 0.95 (each 3H,
each s, camphor), 1.31, 1.37 (each 3H, each s, 2-Me of dioxolanyl), and 3.75 (1H, dd, Jgem =

8.43, and J5.4 = 7.3 Hz, one of H-5 of dioxolanyl). Other signals are overlapping with those

of 14a.

Diethyl N-[(1R,4R)-2-Bornylidene]-3-[(S)-1,2-diacetoxyethyl]- (2R, 3R)-glutamate (14b) .

14a DAL EHBRIZL T ()-1a(0.237 g, 1 mmol) & 12b (0.244 g, 1 mmol) DX
WS TV 14b (0.237 g, 49%) DRtk % 1$72, IR (neat) 2959, 2878, 1744, 1684,
1447, 1372, 1225, 1182, 1100, 1032, 949, and 868 cm’!; 'H NMR (CDCl3) 6 0.78, 0.92,
0.94 (each 3H, each s, Me of camphor), 1.23, 1.27 (each 3H, each t, J = 7.3 Hz, COOE1),
1.37 (1H, dd, J =9.2 and 4.0 Hz, camphor), 1.68 (1H, dt, J =12.5 and 3.7 Hz, camphor),

1.80 - 1.96 (4H, m, camphor), 2.04 (6H, s, OAc), 2.33 (1H, dt, J = 16.9 and 4.0 Hz,
camphor), 2.49 (1H, dd, Jgem = 16.9 and J43 = 7.3 Hz, one of H-4), 2.59 (1H, dd, Jgem =

16.9 and J4.3 = 5.1 Hz, the other of H-4), 3.02 (1H, dddd, J3.4=7.3, 5.1, J3.1'= 5.9, and J3.
2=15.5 Hz, H-3), 4.06 (1H, dd, Jgem= 12.1 and J'.1'= 7.3 Hz, one of H-2 of diacetoxyethyl),
4.09 (1H, d, J2.3 = 5.5 Hz, H-2), 4.14 (4H, q, J = 7.3 Hz, COOE), 4.33 (1H, dd, Jgem =
12.1 and J2.1' = 3.3 Hz, the other of H-2 of diacetoxyethyl), and 5.20 (1H, ddd, Jy.2' = 7.3,
3.3, and J1..3 = 5.9 Hz, H-1 of diacetoxyethyl); 13C NMR (CDCl3) 6 11.33, 14.11, 14.20,

19.04, 19.47, 20.78, 20.89, 27.39, 31.96 (camphor, OAc, and COOEY), 32.15 (C-4), 36.26
(camphor), 39.31 (C-3), 43.92, 47.63, 54.50 (camphor), 60.43, 61.12 (each COOEY), 63.49
(C-2), 64.06 (C-2 of diacetoxyethyl), 71.92 (C-1 of diacetoxyethyl), 170.68, 170.74 (each
OAc), 170.13, 172.52 (each COOEW), and 187.61 (C=N); MS m/z (rel intensity, %) 482 (M*

+ 1, 13), 481 (M*, 52), 436 (10), 423 (17), 422 (68), 337 (21), 336 (base peak), and 237
(51); HRMS Calcd for CosH39NOg: M, 481.2675. Found: m/z 481.2668.

Diethyl N-[(1R,4R)-2-Bomylidene]-3-[(S)-1,3-dioxolan-4-yl1]- (2R, 3R)-glutamate (1 4c¢).
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(0.194 g, 0.82 mmol) & 12¢ (0,141 g, 0.82 mmol)
DRIEZITUY 14e (0.191 g, 57%) DEAKAKZTIFZ, IR (nea) 2959, 2876, 2760,
1738, 1684, 1447, 1373, 1248, 1179, 1094, 1030, 943, and 860 cm'!; !H NMR (CDCl3) &
0.77, 0.92, 0.95 (each 3H, each s, Me of camphor), 1.23 (3H, t, J = 7.0 Hz, one of COOEY),
1.26 (3H, t, J = 7.3 Hz, the other of COOE), 1.35 (1H, m, camphor), 1.67 (1H, dt,J = 11.7
and 3.3 Hz, camphor), 1.83 - 1.95 (4H, m, camphor), 2.33 (1H, dt, J = 16.9 and 3.7 Hz,
camphor), 2.56 (1H, dd, Jgem = 16.9 and J43 = 6.6 Hz, one of H-4), 2.64 (1H, dd,
Jgem=16.9 and J4.3 = 6.6 Hz, the other of H-4), 2.82 (1H, dq, J3.4 = 12.1 and J3.4 =J32 =
6.6 Hz, H-3), 3.74 (1H, dd, Jgem = 8.4 and J5.4 = 6.6 Hz, one of H-5 of dioxolanyl), 3.94
(1H, dd, Jgem = 8.4 and J5' ¢ = 6.6 Hz, the other of H-5 of dioxolanyl), 4.10 (1H, dt, J4.3 =
12.1 and Jy.5 = 6.6 Hz, H-4 of dioxolanyl), 4.13 (4H, q, J = 7.3 Hz, 2xCOOE), 4.15 (1H, d,
J23 = 6.6 Hz, H-2), 4.80, and 4.98 (each 1H, each s, H-2 of dioxolanyl); 13C NMR
(CDCl3) 11.39, 14.15, 14.21, 19.01, 19.45, 27.47, 31.92 (camphor and COOE1), 32.74 (C-
4), 36.08 (camphor), 41.18 (C-3), 43.90, 47.49, 54.38 (camphor), 60.36, 60.93 (each
COOEY), 64.42 (C-2), 68.45 (C-5 of dioxolanyl), 76.34 (C-4 of dioxolanyl), 94.83 (C-2 of
dioxolanyl), 170.97, 172.97 (each COOE1), and 186.52 (C=N); MS m/z (rel intensity, %)

409 (M+, 22), 364 (29), 336 (22), 238 (17), 237 (basepeak), and 164 (9). HRMS Calcd for
C22H35NO¢: M, 409.2464.. Found: m/z 409.2474.

1-Ethyl-5-methyl N-[(1R,4R)-2-Bornylidene]-3-isopropyl-(2R,3R)-glutamate (16).

14a DL EERRIZL T (9-1a(0.237g, 1 mmol) & X FI)V 4-XF) 2.7 T
— b (0.244 g, 1 mmol) DIIEZEITV> 16 (0.211 g, 48%) BLUVEDY T AT L <
— 16' (0.03 g, 7%)DEEW %1372,  Colorless liquid; IR (neat) 2950, 2870, 1740,
1670, 1435, 1390, 1370, 1330, 1250, 1160, 1110, 1065, 1020, 950, 890, 840, 760, and 740
cml;  TH NMR (CDCl3) d 0.74 (3H, s, Me of camphor), 3.64 (3H, s, COOMe), and 4.06
@H, g, J = 7.3 Hz, COOEY). Other signals are overlapping with those of 16.]. 16:
Colorless liquid; IR (neat) 2960, 2880, 1740, 1690, 1440, 1395, 1370, 1330, 1270, 1170,
1115, 1070, 1030, 940, 890, 860, and 760 cm'!; 1H NMR (CDCI3) 6 0.77 (3H, s, Me of
camphor), 0.88, 0.90 (each 3H, each d, J = 3.3 Hz, i-Pr), 0.92, 0.94 (each 3H, each s, Me of
camphor), 1.22 (3H, t,J = 7.3 Hz, COOEW, 1.35 (2H, m, camphor), 1.66 (2H, m, camphor),
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1.81 - 1.95 (3H, m, camphor), 2.33 (1H, m, i-Pr), 2.38 (1H, dd, Jgem = 16.1 and J4.3 = 5.9
Hz, one of H-4), 2.49 (1H, dd, Jgem = 16.1 and J4.3 = 8.1 Hz, the other of H-4), 2.63 (1H, m,
H-3), 3.65 (3H, s, COOMe), 4.02 (1H, d, J2.3 = 5.9 Hz, H-2), and 4.12 (2H, q, /= 7.3 Hz,
COOEY); 13C NMR (CDCl3) & 11.37 (Me), 14.17 (COOEY), 19.04, 19.06, 19.45, 20.56

(each Me), 27.54, 29.64, 31.75, 32.92, 36.28, 43.57, 43.92, 47.49 (camphor, C-3, C-4, and
i-Pr), 51.37 (COOMe), 54.25 (C-1 of camphor), 60.66 (COOEt), 65.84 (C-2), 171.90,
174.25 (each COO), and 185.57 (C=N); MS m/z (rel intensity, %) 365 (M*, 30), 337 (14),

323 (14), 322 (64), 292 (32), 250 (11), 238 (17), and 237 (base peak). Anal. Caled for
C21H35NO4: C, 69.01; H, 9.65; N, 3.83%. Found: C, 68.84; H, 9.55; N, 3.48%.

Diethyl (2R,3R,4R 5R)-5-t-Butyl-3-[(§)-2,2-dimethyl-1, 3-dioxolan-4-yl]-pyrrolidine-2, 4-
dicarboxylate (1 8).

) 7)Y T FIVIATIVIERE (0.279 g, 2 mmol) @ CH,Cly (10 mL) ##KIZ
Et3N (0.202 g, 2 mmol) Z X T 10 51859 %, 22 MgS04(0.361 g, 3 mmol)
EE/NILTITER (0172 g, 2 mmol) ZMZ, XHIZ 30 75T 5, BEEXBE/E
ML L IgkEEZR2 T —T IV THRITL, T—TIVEZRAL, 1¢(0.222 g, 65%) %1372,

2)  ld4a OBHEEEKIZLT 1¢(0.222 g 1.29 mmol) & 12a(0.244 g, 1 mmol)
DEIEZETTV 17 BLU 18 DIREY (0.339 g, 71%) *HAMKIEE L THE X,
COBREME D IATNVATLZOR T T 7 (NFH 2 | BRI TFIV) I L DEHE
L.Z727% 2. 19a(0.067 g, 13%) LT BHR(FINA 18 (0.161 g, 22%) %372, 18:
[a]f® = -5.56° (c = 0.36, EtOH); IR (neat) 3584, 2984, 2924, 1742, 1728, 1478, 1372,
1312, 1260, 1184, 1123, 1067, and 858 cm'l; H NMR (CDCIl3) 6 1.03 (9H, s, +-Bu), 1.26,
1.31 (each 3H, each t, J = 7.3 Hz, 2xCOOEt), 1.36, 1.42, (each 3H, each s, 2-Me of
dioxolanyl), 2.54 (1H, m, H-3), 2.99 (1H, s, NH), 3.02 (1H, m, H-4), 3.60, (1H, d, Js5.4 =
5.1 Hz, H-5), 3.79 (1H, dd, Jgem = 8.1 and J5.y = 6.2 Hz, one of H-5 of dioxolanyl), 4.09,
(2H, q, /= 7.3 Hz, COOEY), 4.13 - 4.21 (3H, m, H-2, H-4 of and the other of H-
5 of dioxolanyl), and 4.26 (2H, g, J = 7.3 Hz, COOEt); 13C NMR (CDCl3) & 14.19, 13.89
(each COOEW), 26,57, 25.23 (each 2-Me of dioxolanyl), 27.42 (¢-Bu), 32.55 (t-Bu), 47.73 (C-
3), 53.34 (C-4), 61.12, 60.44 (each COOEY), 62.88 (C-2), 67.95 (C-5 of dioxolanyl), 72.73
(C-5), 76.88 (C-4 of dioxolanyl), 109.14 (C-2 of dioxolanyl), 172.04, and 174.66 (each
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COOEY; MS m/z (rel intensity, %) 371 (M+, 1), 356 (35), 315 (18), 314 (base peak), 298
(13), 268 (34), 257 (13), 256 (87), and 171 (13). HRMS Caled for Cj9H33NOg: M,

371.2308. Found: m/z 371.2308.

Ethyl (2R,3R)-3-[(§)-2,2-Dimethyl-1,3-dioxolan-4-yl]-5-oxopyrrolidine-2-carboxylate (19a).
14a (0.697 g, 1.6 mmol) @ EtOH (3 ml) ##IZ NH,OH HCI (0.221 g, 3.2 mmol),
NaOAc'3H,0 (0.436 g, 3.2 mmol) % 1, 2 KEIMIINBURIET %, IRIEIRRIDBK A%
YOATWVAZ L7 ORI T T (NFH L | BRI FINV)ICEDKEL, 19a (0.411
g, 100%) %172,  Paleyellow liquid; [a]g’=-37.1°(c =1.23, EtOH); IR (neat) 3258,
2986, 2938, 2903, 1705, 1373, 1213, 1061, and 856 cm-!; IH NMR (CDCl3) & 1.31 (3H, t,
J=7.3 Hz, COOEY), 1.44, 1.36 (each 3H, each s, 2-Me of dioxolanyl), 2.43 (1H, dd, Jgem =
17.2 and J4.3 =9.2 Hz, one of H-4), 2.51 (1H, dd, Jgem=17.2 andJ4.3 = 6.6 Hz, the other of
H-4), 2.70 (1H, dddd, J3.4= 9.2, 6.6, J3.2=5.9, and J3.4 = 4.8 Hz, H-3), 3.65 (1H, dd,
Jgem = 8.4 and Js5:.4 = 6.2 Hz, one of H-5 of dioxolanyl), 4.09 (1H, d, J>.3 = 5.9 Hz, H-2),
4.11 (1H, dd, Jgem = 8.4 and J5'_4' = 6.2 Hz, the other of H-5 of dioxolanyl), 4.24 (2H, q, J =
7.3 Hz, COOEY), 4.35 (1H, dt, J4.5:= 6.2 and J, 3= 4.8 Hz, H-4 of dioxolanyl), and 6.35
(IH, s, NH); 13C NMR (CDCl3) 8 13.13 (COOE), 25.36, 24.05 (each 2-Me of dioxolanyl),

30.75 (C-3), 40.93 (C-4), 57.85 (C-2), 61.76 (COOEY), 67.30 (C-5 of dioxolanyl), 75.93 (C-
4 of dioxolanyl), 108.81 (C-2 of dioxolanyl), 160.17 (C-5), and 176.43 (COOEY); MS m/z
(rel intensity, %) 257 (M*, 2), 243 (14), 242 (base peak), 200 (16), 199 (64), 184 (74), 169
(53), 168 (13), 155 (11), 154 (23), 126 (15), 102 (10), 101 (91), 84 (9), and 72 (9). Anal
Caled for C, 56.02; H, 7.44; N, 5.44%. Found: C, 55.74; H, 7.35; N,

5.01%.

Ethyl (2R,3R)-3-[(S)-1,2-Diacetoxyethyl]-5-oxopyrrolidine-2-carboxylate (19b).
19a O & b (0.237 g, 0.49 mmol) % LB
5Z&IZEY 19b (0.148 g, 100%) % 1}72,  Yellow solid; mp 132.5-134C; [«

=-1.38°(c = 1.1, EtOH); IR (neat) 3362, 2984, 2922, 1736, 1699, 1437, 1373, 1236, 1122,
1030, and 862 cm-!; 1H NMR (CDCl3) 6 1.31 (3H, t, J = 7.0 Hz, COOEY), 2.12, 2.07 (each

3H, each s, 2xOAc), 2.48 (2H, d, J4.3=8.4 Hz, H-4), 2.88 (1H, ddt, J34 = 8.4, J3.2 = 4.4,
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and J3.1=4.0 Hz, H-3), 4.10, 4.08 (each 1H, each dd, Jgem=12.1 and J>'.1: = 6.2 Hz, H-2 of
diacetoxyethyl), 4.24 (2H, dq, /= 7.0 and 1.1 Hz, COOEY), 4.31 (1H, d, J>.3= 4.4 Hz, H-2),
5.37 (1H, dt, J1 2= 6.2 and J;:.3= 4.0 Hz, H-1 of diacetoxyethyl), and 6.85 (1H, s, NH);
13C NMR (CDCl3) 6 14.11 (COOEY, 20.85, 20.69 (each Ac), 30.84 (C-3), 39.34 (C-4),

57.55 (C-2), 62.07 (COOE), 63.51 (C-2 of diacetoxyethyl), 70.78 (C-1 of diacetoxyethyl),
170.48, 170.28 (each Ac), 171.00 (C-5), and 176.14 (COOEt); MS m/z (rel intensity) 301
(M*, 12), 242 (9), 241 (62), 228 (20), 213 (20), 181 (54), 169 (20), 168 (base peak), 153
(11), and 126 (32). HRMS Caled for Ci13H19NO7;: M, 301.1160. Found: m/z

301.1159.

Ethyl (2R,3R)-N-t-Butoxycarbonyl-3-[(S)-2,2-dimethyl-1, 3-dioxolan-4-yl]-5-oxopyrrolidine-
2-carboxylate (21a).

aH (60% in oil; 0.053 g, 1.32 mmol) @ dry THF 2 mL) {JA#KIZ 0C TF 27
52 19a (0.308 g, 1.2 mmol) EIKFEY -+-7 FIVT AT IV (0.262 g, 1.2 mmol) D dry
THF 4 mL) #ik#= N2 5, KT 12 FHEPEESHICREOLEEL Y ) AT v h
FL7TRNTTT7 (NFH L BB FIL)IZEVKEBL 21a(0.327 g, 76.3%) %
3725 Colorless liquid; [a]p® = -14.0° (¢ = 0.53, EtOH); IR (neat) 2984, 2938, 1794,
1717, 1750, 1458, 1372, 1318, 1202, 1155, 1059, 932, 853, and 777 cm-!; IH NMR
(CDCI3) 6 0.91 (3H, t,J = 7.3 Hz, COOEY), 1.25, 1.09 (each 3H, each s, 2-Me of dioxolanyl),
1.41 (9H, s, r-Bu), 1.87 (1H, dddd, J3.4=8.4, 4.8, J3.4=5.9, and J3., = 3.3 Hz, H-3), 2.32
(1H, dd, Jgem=17.6 and J4_3 = 8.4 Hz, one of H-4), 2.41 (1H, dd, Jgem=17.6 and J4_3 = 4.8
Hz, the other of H-4), 3.23 (1H, dd, Jgem = 8.4 and J5:4 = 5.9 Hz, one of H-5 of dioxolanyl),
3.48 (1H, dd, Jgem= 8.4 and J5.4' = 5.9 Hz, the other of H-5 of dioxolanyl), 3.62 (1H, q, J4
5 =J4.3=5.9 Hz, H-4 of dioxolanyl), 3.94 (2H, dq, J = 7.3 and 0.7 Hz, COOE), and 4.46
(1H, d, Jo.3=3.3 Hz, H-2); 13C NMR (CDCl3) & 14.07 (COOE), 24.80, 26.23 (each 2-Me

of dioxolanyl), 27.79 (t-Bu), 32.67 (C-3), 37.27 (C-4), 61.63 (COOE), 61.72 (C-2), 67.18
(C-5 of dioxolanyl), 76.12 (C-4 of dioxolanyl), 83.40 (+-Bu), 109.72 (C-2 of

148.86 (NCOOBu-#), 170.36 (C-5), and 171.76 (COOE!); MS m/z (rel intensity, %) 342
M+ - Me, 67), 284 (44), 258 (15), 257 (51), 242 (33), 240 (10), 199 (17), 198 (10), 185 (13),
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184 (base peak), 156 (11), 126 (14), 101 (68), 57 (22), and 56 (19). Anal. Calcd for
Ci17H27NO7: C, 57.13; H, 7.61; N, 3.92%. Found: C, 56.81; H, 7.51; N, 3.50%.

Ethyl (2R, 3R)-N-t-Butoxycarbonyl-3-[(S)-1,2-diacetoxyethyl]-5-oxopyrrolidine-2-carboxylate
21b).

) LidD 21a DG EERKD /T, 19b (0.253 g, 0.84 mmol) ZHLEEL 21b
0.161 g, 47.8%) %7z,

2) 23 (0.227 g, 0.716 mmol) DY) Y2 (1.4 mL) #HIZ 0°C T Ac0 (1.4 mL)
A, 28 WFMBHFPEIRIEIRRS, BE2 U ATV AT LU0 NI 77 (NFH
v BERETF V) WL VRIBIL 21b(0.264 g, 92%) %1872, Colorless liquid; [ ]2’
=7.9°(c = 0.8, EtOH); IR (neat) 2982, 2940, 1796, 1748, 1372, 1316, 1221, 1157, 1046,
945, and 851 cm!; 1H NMR (CDCl3) 6 1.31 (3H, t, J = 7.3 Hz, COOEY), 1.50 (9H, s, ¢-
Bu), 2.09, 2.07 (each 3H, each s, 2xOAc), 2.50 - 2.80 (3H, m, H-3 and H-4), 4.10 (1H, dd,
Jgem = 7.3 and J2.;' = 4.4 Hz, one of H-2 of diacetoxyethyl), 4.25 (2H, q, J = 7.3 Hz,
COOEW), 4.29 (1H, dd, Jgem = 7.3 and J5.' = 4.4 Hz, the other of H-2 of diacetoxyethyl),
4.45 (1H, d, J, 3= 3.7 Hz, H-2), and 5.25 (1H, q, Jy.2»= 4.4 Hz, H-1 of diacetoxyethyl);
I3CNMR (CDCl3) & 14.17 (COOE), 20.66 (OAc), 27.86 (¢-Bu), 32.87 (C-3), 35.65 (C-4),
61.65 (COOEY), 62.04 (C-2), 62.89 (C-2 of diacetoxyethyl), 71.29 (C-1 of diacetoxyethyl),
84.01 (+-Bu), 148.94 (NCOOBu-1), 170.06 (C-5), 170.35, 170.31 (each OAc), and 171.61
(COOEt); MS m/z (rel intensity, %) 386 (M+- 15, 1), 301 (34), 272 (17), 241 (33), 228 (15),
181 (19), 169 (11), 168 (base peak), 126 (16), and 57 (15). Anal: Calcd for C1gH27NOy:

C, 53.86; H, 6.78; N, 3.49%. Found: C, 53.62; H, 6.81; N, 3.33%.

Ethyl (2R, 3R)-N-Benzyloxycarbonyl-3-[(§)-2, 2-dimethyl-1, 3-dioxolan-4-yl]-5-oxo-
pyrrolidine-2-carboxylate (20a).

NaH (60% in oil, 0.018 g, 0.45 mmol) @ dry T—7 )V (0.5 mL) {TAMIKIZ 0 <C
TZ7274 L 19a(0.105 g, 0.41 mmol) @ dry T—7 )L (0.5 mL) KL X YyaFx ¥
HAVHR=)7aF4 K (0.27 mL, 0.45 mmol) @ dry CH>Clp (1 mL) k% Nz %, %
WT 24 BEMIBHP LU 28BS EVUBIL, YU ATV AT L7270 RT T 7 (AF
B BRI FIL) WL VREBIL 20a (0.048 g, 30%) %f}72,  Pale yellow liquid;
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[a]b’ = -11.53°(c = 0.26, EtOH); IR (neat) 2986, 2339, 1797, 1747, 1498, 1456, 1381,
1302, 1203, 1109, 1057, 983, 856, 775, 740, and 698 cm'!; 'H NMR (CDCl3) 6 1.18 (3H,
t,J=7.3 Hz, COOE), 1.33, 1.41 (each 3H, each s, 2-Me of dioxolanyl), 2.38 (1H, dddd, J3.
4=8.8,4.4, J34=5.1,and J3.2 = 3.3 Hz, H-3), 2.63 (1H, dd, Jgem =18.0 and J43 = 4.4
Hz, one of H-4), 2.72 (1H, dd, Jgem = 18.0 and J4.3 = 8.8 Hz, the other of H-4), 3.66 (1H,
dd, J5-4 = 8.4 and Jgem = 5.5 Hz, one of H-5 of dioxolanyl), 4.24 (1H, dd, J5.4 = 11.7 and
Jgem = 5.5 Hz, the other of H-5 of dioxolanyl), 4.14 (1H, ddd, J4.5 = 11.7, 8.4, and J43 =
5.1 Hz, H-4 of dioxolanyl), 4.44 (1H, d, J2.3 = 3.3 Hz, H-2), 5.21, 5.33 (each 1H, each d,
Jgem = 12.1 Hz, PhCHp), and 7.37 (SH, m, Ph); 13C NMR (CDCl3) & 14.01 (COOE),
24.79, 26.29 (each 2-Me of dioxolanyl), 32.61 (C-3), 37.68 (C-4), 61.87 (COOE), 62.00 (C-
2), 67.34 (C-5 of dioxolanyl), 68.41 (PhCHy), 76.38 (C-4 of dioxolanyl), 110.10 (C-2 of
dioxolanyl), 128.15, 128.46, 128.58, 134.97 (each Ph), 150.78 (NCOO), 170.39 (C-5), and
171.90 (COOEY); MS m/z (rel intensity, %) 391 (M*, 25), 376 (9), 174 (14), 101 (22), 92
(9), 91 (base peak), 44 (9), and 43 (17). HRMS Calced for CoH25NO7: M, 391.1631.

Found: m/z 391.1632.

Ethyl (2R,3R)-N-p-Toluenesulfonyl-3-[(§)-2,2-dimethyl-1, 3-dioxolan-4-yl]-5-oxopyrrolidine-
2-carboxylate (22a).

NaH (60% in oil, 0.029 g, 0.724 mmol) ® dry T—7 /v (1 mL) {JABHKIZ 0 C
TI7 %2 19a(0.169 g, 0.658 mmol) @ dry T—F )V (1 mL) &ik& p-hLT
VR=Z)Z 874 K (0.125 g, 0.658 mmol) @ dry CH2Cly (2 mL) k% Nz %, =id
T 24 BEMIBIFP L RIS KV BRL, 2D AT VAT L7ax bT T 7 (ANFH
v BRI FIV) IEOKBIL 22a (0.178 g, 65.8%) %137z,  Colorless prisms
(diethyl ether); mp 118.5-120.5 C; [alp’=-67.17°(c = 0.4, benzene); IR (KBr) 2992,
2938, 2905, 1921, 1757, 1597, 1491, 1476, 1262, 1200, 1171, 1152, 1088, 1059, 1017, 961,
856, 816, 704, and 667 cm'l; 1H NMR (CDCI3) & 1.26, 1.22 (each 3H, each s, 2-Me of
dioxolanyl), 1.32 (3H, t, /= 7.3 Hz, COOE), 2.40 (1H, m, H-3), 2.44 (3H, s, p-Me), 2.45
(IH, dd, Jgem=17.6 and J4 3 = 2.9 Hz, one of H-4), 2.64 (1H, dd, Jgem= 17.6 and /4.3 = 9.2
Hz, the other of H-4), 4.09 (1H, dd, Jgem= 8.8 and Js5' 4 = 6.6 Hz, one of H-5 of
4.28 (2H, q, J = 7.3 Hz, COOE), 3.61 (1H, dd, Jgem= 8.8 and J5' 4 = 5.5 Hz, the other of H-
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5 of dioxolanyl), 4.35 (1H, m, H-4 of dioxolanyl), 4.63 (1H, d, J>.3 = 2.6 Hz, H-2), 7.32
(2H, d, J = 8.4 Hz, tolyl), and 7.96 (2H, d, J= 8.4 Hz, tolyl); 13C NMR (CDCl3) & 14.11
(COOEY, 21.68 (p-Me), 25.93, 24.59 (each 2-Me of dioxolanyl), 31.92 (C-3), 39,06 (C-4),
62.33 (C-2), 62.83 (COOEt), 67.11 (C-5 of dioxolanyl), 76.59 (C-4 of dioxolanyl), 110.03
(C-2 of dioxolanyl), 129.23, 129.05, 135.09, 145.22 (each tolyl), 170.26 (C-5), and 171.69
(COOEY); MS ml/z (rel intensity) 411 (M*, 1), 396 (26), 348 (14), 347 (67), 338 (26), 308
(11), 274 (24), 238 (15), 174 (9), and 101 (base peak). Anal. Calcd for Cj9H25NO;S: C,
55.46; H, 6.12; N, 3.40%. Found: C, 56.02; H, 6.02; N, 3.46%. X-Ray Structure
Analysis: 22a D Hi& L X #R[OIFTHIAEIE, graphite-monochromatized Mo Ka radiation (A =
0.71069) % JiJv37z TEXSAN system8) T1rvs, REEDMAHTIZIZ, MITHRILY HEE%
filvs7zo  Space group P2y, a = 11.244(2), b = 8.421(2), and ¢ = 12.039(2) V =

1049.3(4) Z =2. Thefinal R factor was 0.050 for 1453 observed reflections.10)

Ethyl (2R,3R)-N -t-Butoxycarbonyl-3-[(S)-1,2-dihydroxyethyl]-5-oxopyrrolidine-2-carboxylate
(23).

21a (0.327 g, 0.915 mmol) @ MeCN (7 mL containing 0.15 mL of water) #¥#&IZ 0
€ T 2MHCI (0.7 mL) %2MZ, EildT 4 FEMIBIFEL 2% AcOEr TH ML , NaHCO3
THIH], NaySO4 THBMIE 7z, MICIRED N OMEIZ L) MEERARE, Fikx
MR LT 23 (0.290 g, 100%) % f3#7z.  Colorless liquid; [a]g = -22.2°(c = 0.9,

EtOH); IR (neat) 2982, 2936, 2342, 1780, 1748, 1651, 1458, 1372, 1314, 1202, 1155,
1096, 1032, 961, 905, 837, 777, and 750 cm-!; TH NMR (CDCl3) 4 1.30 (3H, t,/ = 7.0 Hz,

COOE), 1.48 (9H, s, +-Bu), 2.34 (1H, dddd, J3.4=9.2, 5.9, J3.2=4.8, and J3.;' = 3.7 Hz

H-3), 2.59 (1H, dd, Jgem = 17.9 and J4.3 = 9.2 Hz, one of H-4), 2.61 (2H, brs, 273
(1H, dd, Jgem = 17.9 and J4.3 = 5.9 Hz, the other of H-4), 3.56 (1H, dd, Jgem = 11.0 and J2-.
I'= 7.3 Hz, one of H-2 of dihydroxyethyl), 3.70 (1H, dd, Jgem = 11.0 and J21' = 3.3 Hz, the
other of H-2 of dihydroxyethyl), 3.87 (1H, ddd, Jy.2r = 7.3, 3.3, and J).3 = 3.7 Hz, H-1 of
dihydroxyethyl), and 4.44 (1H, d, J>.3 = 4.8 Hz, H-2); 13C NMR (CDCl3) & 14.18 (COOEY),
27.88 (t-Bu), 32.37 (C-3), 36.80 (C-4), 61.87 (COOEY, 61.96 (C-2), 64.51 (C-2 of
dihydroxyethyl), 71.78 (C-1 of dihydroxyethyl), 83.94 (+-Bu), 149.21 (NCOOBu-1), 171.20
(C-5), and 173.33 (COOEt); MS m/z (rel intensity, %) 244 (M+ - COOEL, 10), 217 (12), 188
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(63), 186 (9), 147 (9), 144 (69), 126 (16), 91 (33), 84 (48), 73 (16), 59 (10), 57 (base peak),
and 56 (15). HRMS Calcd for C14H24NO7: M+H*, 318.1553. Found: m/z 318.1533.
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AR (TAVFVTUTINTEI—FDTVTER, 432 EDRIE

Mmooy
Ay 2-3 ETIRRTELLIIZ, RVXTIVTERET )Y U AFVIRATIV
MOBFHFINBEXLV) T T I/ MM XFIVIE, LiBr/Ne,, H 5 id
B-ASBUH] A7)V AR Z AL E W) &AL EE M ORI S
IELTE D) VU BEAREERT 2, ZOBRRMMNISIZ BT 2 @ Ak i)
M, AIVIRATNVORER FL I ATVREELMB) FILAFT 0T
W*FL—hFTBZLI2L2T /7D Z RE~DEE T/7—h&A L7
A I ATIVO DM SBUC L 25 I EER DV F I L4 %

MEITTB12HTHBLEHEZIHNT NS,

Fro, A IVIRELOERIEE LTHEE 7 FIVEZBALRZ 22-UXAF
n7ae) 7T o7 I BEX FERWTERROKIGEIT) & BUGERHIZ £
D BRI IR & Michael {fIIADR S35 5 1%, Michael {401 & ERAR{S
POBIE & p B[Rl — DKL % b DR ERT 2 2 &3 T 2 BOMIG
ARUDERINEZFETHEITLTVB I EEZRL TS,

Chart 4-1

" LiBr/EN U N/\T— COMe
BU” SN CoMe ’ %

Li

AIVIZATVD)FILIL) 77— A oB-PREAI A VERZIALEDID &
NI gy R R e BSOS T 2 Z LizEA N, MISHOBIEN, S
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X, LV KEFPEDHTVTERET7 72Ty —L LTHWRZEMNTES
T TH2, LAbZORIGHVKERINICE FTHE, 1 I2TZATVD )
FhbmAide KE PR REDIrY F=VRIEE pla ez 7 3 2
AR BEIRDNIKBINN S IILEE T 22215, LinL, PIIROFRIC £
nE, IRAR)-NV T 7=, TNV VIFNVIATANLFEINEFI NG
4 BUZERFPIMB P F VUL 2T =MENY XTNFTE VEOBTT V=0
JSIRHEITT 2 6 DD, RICHRTH LN D BRI HELR 4 DDV T AT L%

Chart 4-2
1) LDA

2) PhCHO

Four diastereomeric mixture

SIoI, a,B-AEHAN K ZWALEY) & DIISA VIS & SRR R %
R Z &, ZORIGHRTR DM BRI 2 AL THEITTH I LICL B L/
HIL TE D, ANVKRZILAEPTIIBUDERINEMEEZ S Z LATE 2
Vi, LAL, |ELIIFL—Va AV iV tEREEZ D/ I %
Mg, B BBARIERL % #2 2 BINMED GV IIEASHLANL D L HIFF T &
%,

Fig. 4-1
Transition state structures for addition reaction of Schiff base
with aldehyde and activated Imine.
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FINIGEA I VI ATIVE G TV K= AEINBOSIZIE, RD & D 26 A
Hb, TTMNISIE, FTINUVE abRKOaFI Ao 2270y tTFLIAT
WL FEHINEZFI NG acb FOF LA I T AT A ERMWIEZTZVE— L

TLTIN XY RIZERL&IBEE L TAH) DLV A Y TaELr7 I K A
WTIL/ I— b ERESR, XUXT LT REDREAMIERTF> T3,
LarL, B TH3 p-ekoFy a-7I/BOVTATLAEREBL Y
V7 AT LA MERMTIAK L, threoerythro = 76:24 TH Y, threo FREKRD
HFBCEIE 64% ee 12 E 2200,

Chart 4-3

1) AcOH t
H,
~COBu* -
2) Boc-S-
reagent
threo : erythro =76 : 24
64 % ce.

F_OBELT, TREUBEET VY UV AFNIATIUVNLFEHINEF T

Wigd I VI RATIVE G 7V K= A IBIEAY Jommi 512 & > TS &

B-7 =

)t ) S BEIKEDY threoerythro = 1.7 DY T AT LA T—HTHRHLN, threo
RYEIKRD NFUEEIE 60%ee, envthro SRTEIKIE 14% ee TH 72,

Chart 4-4
1) KDA
2) PhCHO
3) TMSCI
A 4) AcOH, H,0

threo [ erythro = 1.7
5) BzCl, EisN threo; 60% e.e.

erythro 14% e.e.
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—Ji, T/ 5= brDA I UADRMMNMBUGE, EUHE MRIEE#E S
ZLIZE2T B-F75 B LAMNTH Y, FHOBENNH S, H< D
Wity PN EFEBEALZY 7 27 LA BRI INRISIZE Y B-7 3
R B-T 7 LEEHLTVEN, SHFLSEEATEMNEIZL>T, RD
LITFELHB T LAHINKS,

Chart 4-5

M.

) A4 8% R

Brown 537 IKD o- XUV TN T /) =NV ar7vsr
ERDLFEHLIAIVEMG, JV L UVEGAD)FILTL ) F—hED)
FILAL X ANDFL—Y 3 U EFA LN B L T3, Y
2) AVHEZ B R) WKAFESEZBALIA IV T 72T —% iz
#: Andreoli 513, (+)-PS-5 BLY (+)-PS-6 ODHAMMARADF—Z T v T
S)-Z 77NV TERELEGELIZLEE A I ADTIY VBT VDY
FILL) T— FDMNMBIEZE TV, 96 : 4 DY T AT LAV —lTHL K
RUEKEB/LL T B, ¥

COOH

Fig. 4-2
(+)-PS-5 (R=H) and (+)-PS-6 (R=Me)

EA ) YNCY S WO FHEHLIUA— NV ETY—NLELTA I IE
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AL, TNEAZNVE I F—= EDORISEAT, 18, 'Na, - Zn. T2 2=FBb 13
2-)-B-T VI LM, TIi T/ F7— b nbid 2-(R)-B-7 75 LBERNNIZHELNS
EEMEL TS, Y

) RF— I ATNVERRITIN (X) LLTAFEFEZGALRLY -
Braun 513, R)-N) 7z =7 a—LExA5EEL, TOTONUHEI AT
VWOV FILL) FT—heA IVORIEERITOTWVS, ZOHR, IFIRE L
TO=ZMT N I— DS 2,3- 8T 2 XkA, R#@INTWLE55
IZIE 2,3-V ZAHSBINIZI O NB &2 LG L T3, @ £/, BEL X
FiGtE -7z v anFH /) — v ERWE QR3ISB-T VY LDERE
1TV, XHICZDIERFIH L2 Taxol DEICDWTHREL T3, 7 R
bid, W7 7—0bBZEHELET7 I/ T7TIVaA—LVEAFRIZAY, LD
LAA2DL) 5= EREIRTA I VADMNMKIEERI LTS, ¥ 2D
FE, WS 9% A BT FUFARIRNET -7 77 5 AKLTV:5, 1~

W NTONTFRFSVS/)D Ti T/ F—heA I EDRIERIT>T
2-7J =

Boger 51% Bleomycin A LU ZDHHEYIHDOGHIIAOTT, 1 I ~DF
SVT7IRD Sn T/ 57— bDYT AT LARRBAIMIEEIT> T %, 10
4) RFE=9010 alk¥E L (R F7E R) WKAFEFEHALLYH Ha &
3, VO ATNVD) FILL T— b -7 7 ADVKERN
AR BELTWS, 1 ZoMIETIE, RHUC HMPA ZERIML T FRIFL
—a EYMITEZEIICED, HELWLEIRMOWN LB I T%, £/
WK, KFENE a- ANV T A ZVHBI AT VD, BADOERT /) 57— D
AIEDRUEERITHIHER, VFILL /) F7—bTHRE 97:3 DY T ATV
T EBIL T3, "2 Alcaide 513 a-7IVF VT B-F 275 LDAWH

Cinquini 513 2-EV Y IV FA T AT
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WDAZ VI T—rEMTzA I o ADMINBUSIZDOWT, BOMER A~
van der Steen 5 {3
NN-VERZ )V DORIBT ) 77— b &Ml a7 3/ B-7 78 LOIKE
RGEBIZDOWTHEL, 3.7 /2. 7¥F Y/ COEBIIET 28 9 %
Wang b, 1 I & XYWL/ F— hEDMIRIED K
ODESRS DN %, ab initio Ji % LT REFN FHAC L D FREL T3, 17
INHLDOWEDPIZELS ALNET VT RfEEF3A I BEDLAI L
I/ T7—bDRNIZES 6 HEEBIREEZMS UK bo— v etkE L
T, 13-BU BRI OB ARE T AR A Tay ho— g 5729
FRBHEEOG N LI NG, £FZTAGIRIG, 1,3-AU FERARG N R

IVIATIVDEGIBL) F—REHW, TVTERBLUAI DT THY—
AN IS BT B RBINEIZOWTRITZ2Z & 2HNE Lz, 43~
TrR7y - LTS, BERF LB FRGIMRE AT 51 I VFAEKE A
WTKIEZIT2 12,
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FH L) T— bERGBREIN TV K — VS

9, XUV TUT I /MM F L% THFE HYEHE FT LDA, LiBr/EN,
LiBr/DBU, Me,AICI/Et,N, TiCL,(OPr),/Et,N, -BuMgCl 72 ¥ DI TUHF 2 =
LWL THIBL ) T— MALFHL, BT ZAF/RRTVTREREL T
Hond p-= hoXVXT7NVTe REHHEEEE, /57— DT AVTER
NDOEIRMN MK YT BT F IV 5-(0-= hO T2 2))2-T 2 =NVAFHY Y
VUAANVKREEE, 45-F ARMAKEL 45 8T O ARMAEDREEME L T
Mo, INEDFFHYV Y Y AAKIIEDIINKDIREZIT B 128, KIG#H
FEFLBIZRNIKIMLT B-E ROF V-7 /) T AT ANEEMBMLT, 'H
NMR AR R JUAIZEETVARERE R S L 72,

Scheme 4-1
|
1) Base, additive n
2) p-NO,CcH,CHO
1d 3) H3O+
OH

syn-24

FOMWR, ITRVTLIL ) T — DT IV K=V RIS >R
N (antisyn =11:89) ZRLIZH DD DT /T — ~ & DIIEDBINMEITHE
LMo 7z, sinTE RIS, 7o FRIMLERTHELE 22, Bz,
antisyn =53 :47 (LDA, =78 °C, 1 h), 68 :32 (LiBr/Et,N, =78 <C, 20 h), 52 : 48
(LiBr/DBU, =78 <C, 50 h), 50 : 50 (Me,AIC/Et,N, —78 <C, 20 h), 71 : 29
(Me,AICIEG,N, 0 <C, 64 h), 53 :47 (TiCl,(OPr) ,JE;,N, rt, 24h)e 7V I ZJ LT/
F—h&D 0 C IIBITBIIETIZ, MR & LT 7 > F R AN
ISR OENE T b, RIERH XA TH S 2 Rk Ds, B X
BEFCTT7 o FRUEEALENRTE2ZEMb0 S, 77279 - LTXRVXT
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VTFe RZEHWTY, BEEkOERE 522, K=& LTUVFILT) T
— r M50, 7V K=V IUSH [ Wi HEFT L T, BNFHAlEING Z
LiFnidlnd s, ®

DHdLEIOLNE, £2ZT RUKT7 VT e K& 7 BUS3 R E R AL X
NG LWL, T/ 77— MBREBHAFNITIT I Iodil XV FU T
I /MM F LA THF H —78 C 1BV T BuMgCl THEWUHT 0, H5
vaid, 9 LDA TUEELTYUF LT/ I—bERELLRIZ, &BEE M
ATCRTZ U AAIZVIEL THEIBT / 57— MIZEMR L (LDAMe,AICI,
LDA/TICL (OPr'),, LDA/TiCI(OPr),, & %23 LDA/ZrCl,Cp,)o FEAX DGR 7
VT REDMIEHETIT 12t il & [RARDBEHNT & V) Bk ST BRALBE % 17
2T, 73/ 7Nha—)VESM %Rz, $5R% Tabled-1 IZF &7z,

Table 4-1  Aldol Reaction of the Metal Enolates of N -Benzylideneglycinate 1d to

Aldehydes.”
1) Base, additive .
2) RCHO
Id 3) H;0* ant-25ab 1 syn-25ab O
25a:R=/Pr
25b : R =¢-Bu
Enry R Solvent Timeh  Yield %  antisyn®
1 i-Pr  -BuMgCl THF 2 77 64:36
2 tBu tBuMgCl CH,Cl, 1 87:13
3 i-Pr  LDAMe,AICI THF 2 82:18
4  rBu LDAMe,AICI THF 1 | 87:13
5  i-Pr  LDA/TICL(OPr), THF 2 93:7
6 t-Bu  LDA/TiICL(OPr), THF 1 >99:1
7  +Bu LDA/TICIOPr);  THF 4 83:17
8  +Bu LDA/ZrClL,Cp, THF 2 47:53

Each one equivalents of 1d, base, additive, and aldehyde were used. All reaction
were performed at -78 <C. ®Imine 1d was treated with a base and then an additive.
“Yield of isolated of isomers. “Based on 'H NMR or *C NMR spectrum of the
crude reaction mixture.

99



UNAZIAT) T7— MEDKISHERERNT, WIRbrkYEny o F
BRMEAERR U2, FHZ, 7T e NOEBRIEDE &S S AEREOS S L HBE L
T3 Z LA L 7=, # 2 1E, LDA/TICL(OPY), M H&FELI=F¥ 1) 55—
FEBEWT LV TE RTHS -BuCHO LD -78 C IZBIT B UGIE, 1Z3IT5ER
W7 U FRINNTH 72, MU/ T— MIo[ iR T TOREIRZZ &
MTE S A (TiCL(OPr),/ t,N BT DBU, -78C), kT A X L{L %423

LDA/TIiCI(OPY), M HMBL 721/ 5 — hDRINMY:
3K,

Scheme 4-2

syn-25 )
anti-26 syn-26

INSTNR=VIEMHBMoNET I/ 7Iva—)b, i, BRRTN
B THBAFHYV ) U AMARDOIIRREEIX, KD LD 2L FERE ZXT |
VT =8 DRHMOBGIIRETE 2, T2bB, 7I/TNhVI—NVEEI%
NXUJA ML T2 R EZHOWTT 2 FZ RAEERTEZ LT, HE
WLEERTEy—NEBRBEILNTES, Z0D H-4 & HS5 HOMEERD L

CIRBTERZ NS, 7I/7NVa— VKRBTV FREAKTHZ LRETE
%,

A7 o FRINEER BT, A I VT ZATIVDT IV =)V DERIE A
T FNHED LS ITHEG S E L, ZHITKL, £ I VIRE FOREREY
LT r 7 FNERBATZZ L3, BRMEOKE 20 LI 52 0A8,
RS T2/ o8 LA I VI ATVIEG, Tha— Bl Iz
FLHTH>TYH, BTy FRIRNEZRT, ZOHAIZIE, —ROBERES
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LOTNVFE REDKIETY, Mk ) EuRitEsBgIn, Lal, 55
B7LTE KdBLIE af- RRNTLFE K E QRIS 51T 58 RIS H

o7%8

Table 4-2 Aldol Reactions of Titanium Enolates of N-Alkylideneglycinates or N-
Alkyledeneglicinamide to Aldehydes.”

Base, additive

1) RCHO

le-g 4A
25a: R =i-Pr, X = OEt
R 25b : R =#-Bu, X = OE
___oH OH 25c¢ : R =i-Bu, X = OEt
anti-25a- syn-25a-j 254 . R = i-Pr, X = OBu'
lCZRlz R2=H,X=OEt 25e : R = ¢t-Bu, X = OBU’
Id:R'= R%?= X-=OEt 25f: R =n-Pr, X = OEt
le: R' =Ph, R°=H, X = OBY 25g : R =Ph, X = OEt
If : R' =Ph, R? = Ph, X = OEt 25i : R = (£)-PhCH=CH, X = OEt
1g: R' = Ph, R%=Ph, X = N(CH,), 25j : R =1-Bu, X = N(CH),
R B X R Time/h  Yield/% °
1 Ph H OEt i-Bu 2.5 68 91:9
2 Ph H OEt i-Pr 2 62 93:7
3 Ph H OEt t-Bu 78 >99:1
4 Ph H OB i-Pr g 70 >99:1
5 Ph H OBY t-Bu 45 >99:1
6 ¢+Bu H OEt (=] B 2 43 92:8
7 t+Bu H OFEt t-Bu 70 98:2
8 Ph Ph OF n-Pr 2 65 90:10
9 Ph Ph OFE i-Bu 2 64 94:6
10 Ph Ph OFt i-Pr 2 59 98:2
11 Ph  Ph OFEt Ph 2.5 34 65:35
12 Ph Ph OFEt (E)-PhCH=CH 4 64 65:35
13 Ph  Ph NI(CH), Bu ) 75 >99:1

Titanium enolates

reaction mixture.

4A were generated by treating imine 1 with LDA and then
TiCL(OPr'), in THF. The aldol reactions were followed by acid hydrolysis.
isolated mixture of isomers. °Based on 'H NMR or *C NMR spectrum of the crude
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— I, FIY T/ T— b 2B TV R=iSE, BAwsr/ 5—FD

W2, M4 DKW)Y EWMATH BT ) T — FERWIRIGS ¥ U ERTY
Thd, ZOEKT, AR TBERINZEG 7 FRREEZ, 70—
BIZE B FaF U7 3/ BAEERERIZBVLTHEDTRRNTHY, 0
BISAMBEIRIETHEELEZ S, £ZT, ZOAIVIATVOFI L
/7= ENOBIREET VT KEDT o FE I T IV E—IVIEER, A7
BOCIZ IR 2 Z & & EHm L 72,
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® 3 AFT IR —IVBUSNDIED

BTG O, BIRA 4 2L BREEEDINT & LEE LB L LA F
HiEZ IEL 720 RIRA A4 > DAFAE FTRIGHRITD ZEARMEE IN T 72
1,3- B EBRARN INBUGEDF 1) 7 1 —HliH % EKT 2 Z EAHNTH > 72,
FFHY VLD 2 P 2 DDTIVFNHEEEATSE L, 3 iEHE EoOFW
R7 YWD T I REEN Z BEBICEEI NS, EOR EHA N TH S
AR, D—H DY 7 AT U A 1A 4 L F 7 )Vl EOERIE TV R
INBZ e, MDY T AT LA I TOMIGHEEIIIETT 5, FE,
ZD22-IT7NVENZTFHV) I ALFMMPEEZ B L, BFFIV T4 —

FRABBE NIz,

Fig. 4-3 Structure of the novel chiral acceptor

FIT, ASVIATNVEAIVTIREL, EEAFHYV )YV AEFFBY
HEBGALIAIVT7IRNERBKLT, 20F% >/ 57— EBWET VT
EREDTNVR—IVIRIEERNTEZEE Lz, TORMIERT2EEIZ,
DFDHEIZ L > THEHIIBETES, $2bb, ERICL>TAFTTES X

TPIERIGERT 3- 7007 b7 FIZERLIE, che7 2 E=7K
ERIBIRTT VY7 I NFRAKETE, IHWEYTIZNAFLIOTI >
ERIBER TS 72N AF LTI N7 I N, ZTNH6D7 IV *
DT T7 I /M7 I RIE, WBRINALERESTTHY, 4 I Tom
KR %EZITRT DT, ZORMBIZIZIEERIL S LENHZ, £2T, B
HNZ LYY ATV FL 100DX 2 AL THWS Y Y AT vra<w 75 7
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A= (R =T WNFH ) KL > TERPMIIIES 2 Z LT, #
Rt 2145 Z EMTE 72,

Scheme 4-3
1
CICH,COCI/NEt,
CH,Cl,, 0°Ctort, 2 h /Y
27 58 O
R R

RZ
H Ph, =N
N_ O
CIH-HgN/ﬁr x
29 ¥

73IK 30 @ THF HUZBI1FT5 LDA LB FA1kix, -78 C, 30 7T

U TARIENET, €il FIZBWLWTHRISET, ZFERIIIFERT7 I K 30 43
I Nz, 22T, YFILIL/F—F% TICL(OPY), AL THRWER
DFFZ L) T— MIEH (78C,1 Bl LT 22-YXFnTu/Nt—né&
DIIEEITH &, =78C TIRIFBIFIZT / 57— hDBAHEE LTz, RICK T H#,
B DI G UPIZ LD A I V82 kT 5 &, a-7 3 /p-E RO
FUTERT7IRA 955 OVARMKDREME LT b, ZORIRNM:
3, TOFIAD 2 DY 727V AT—ICHIXT %, T4 5 S TER
TN/ I—rDOYT AT LA RMBBRIEITHKT 22 &4 "CNMR ARZ
ML DIIHHERPOWIE NI S NI, ThbD, TNHRT U F/o v RIEKRD
RBEMTHNIE, METECZF I VHLIRED B 0T F TIZEMR L -E R
MRKESRZBILFEY 7 MiEZ/RTITTHS, —H InortFHy )y
UAFMEIIN T BT AT LAY — I T o FREK) THEZHEITE,

SUIREDIL Y 7 MBI /R 265, BEIN4 R, %
HATH-oTz,
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Table 4-3  Asymmetric Aldol Reactions of the Titanium Enolates of Oxazolidine

Amides 3 0.
TiCl,(OPri),, -78 °C, 1 h
O 3RcHO
4) INHCLrt,05h
30a-d 3la-j
30a: R‘ Ph,R>=H 3la:R'=Ph,R®=H,R=¢-Bu 31f:R!'=Bn R®=H,R=n-Pr
30b:R'=i-Pr, RP=H 31b :R'=/-Pr,RZ=H,R=rBu 3lg:R'=Bn,R®>=H, R=Et
30c: R‘ Bn, R®°=H 3lc:R'=iPr,RP=H,R=iPr 3lh:R'=Bn R®=H,R=Me
30d : R! = Bn, R? = Me 31d :R'=Bn,R®=H,R=¢-Bu  3li:R'=Bn R®°=H,
3le:R'=Bn,R?=H,R =/-Pr R =n-PrCH=CH
, 31j:R1:Bn,R2=Me,R=i-Px
Entry R Yield/%" Isomer
Ph H t-Bu 35 67:33
P i-Pr H t-Bu 59 95:5
3 i-Pr H I-Pr 61 90:10
4 Bn H t-Bu 46 >99:1
5 Bn H i-Pr s 97:3
6 Bn H n-Pr 50 -
7 Bn H Ex 46 95:5
8 Bn H Me 45 95:5
9 Bn H n-PrCH=CH 33 3
10 Bn Me I-Pr 33 81:19
*Yield of isolated mixture of stereoisomers based on30. __________ by NMR of

the crude reaction mixture of 31. °Not determined due to the contamination by
unidentified products.

W& AL T VBT AT T F LT bR B HERI I, BRIR
A TIZ 2 < T 7 K=V A DEIL L T Z &A% 'THNMR A7 |
WOREIZ L > TH EhIZI N, HIZIE LD TIZ Hit7>E= A

BT T FIEEIHEEL 22BN, a- (722 RXFLUT I ))B-
EROFOT7ER7IRMBIEPR—DYTATLFT—LLTEETNRTWIZA,
CDCl, "#il FTHIET 2 &, RAIZE FOF U IVHEMBEN A I U KRFE L D
THERL 722 F9 V) Y U FEKIZET 22 LB Iz, TOHRKIE
&, ZVR=VIIEDY T AT L g BIME% T 2 B K E 2MFHIZL S D
T, 7V RE=IVBISOBIZH I L DIEEIRL NIRRT 2L B0 EL S, 2
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Table 4-3  Asymmetric Aldol Reactions of the Titanium Enolates of Oxazolidine

Amides 3 0.
TiCl,(OPri),, -78 °C, 1 h
O 3RcHO
4) INHCLrt,05h
30a-d 3la-j
30a: R‘ Ph,R>=H 3la:R'=Ph,R®=H,R=¢-Bu 31f:R!'=Bn R®=H,R=n-Pr
30b:R'=i-Pr, RP=H 31b :R'=/-Pr,RZ=H,R=rBu 3lg:R'=Bn,R®>=H, R=Et
30c: R‘ Bn, R®°=H 3lc:R'=iPr,RP=H,R=iPr 3lh:R'=Bn R®=H,R=Me
30d : R! = Bn, R? = Me 31d :R'=Bn,R®=H,R=¢-Bu  3li:R'=Bn R®°=H,
3le:R'=Bn,R?=H,R =/-Pr R =n-PrCH=CH
, 31j:R1:Bn,R2=Me,R=i-Px
Entry R Yield/%" Isomer
Ph H t-Bu 35 67:33
P i-Pr H t-Bu 59 95:5
3 i-Pr H I-Pr 61 90:10
4 Bn H t-Bu 46 >99:1
5 Bn H i-Pr s 97:3
6 Bn H n-Pr 50 -
7 Bn H Ex 46 95:5
8 Bn H Me 45 95:5
9 Bn H n-PrCH=CH 33 3
10 Bn Me I-Pr 33 81:19
*Yield of isolated mixture of stereoisomers based on30. __________ by NMR of

the crude reaction mixture of 31. °Not determined due to the contamination by
unidentified products.

W& AL T VBT AT T F LT bR B HERI I, BRIR
A TIZ 2 < T 7 K=V A DEIL L T Z &A% 'THNMR A7 |
WOREIZ L > TH EhIZI N, HIZIE LD TIZ Hit7>E= A

BT T FIEEIHEEL 22BN, a- (722 RXFLUT I ))B-
EROFOT7ER7IRMBIEPR—DYTATLFT—LLTEETNRTWIZA,
CDCl, "#il FTHIET 2 &, RAIZE FOF U IVHEMBEN A I U KRFE L D
THERL 722 F9 V) Y U FEKIZET 22 LB Iz, TOHRKIE
&, ZVR=VIIEDY T AT L g BIME% T 2 B K E 2MFHIZL S D
T, 7V RE=IVBISOBIZH I L DIEEIRL NIRRT 2L B0 EL S, 2
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B, TONKIIEEFIZBLTIE, 2,2-Y X FAFHV) U UARHME T
2L 7\,

22V AFNAFH VI LD 4 NDMHEREN7 2= VHTH 245G

:33) L oniholzn, AV 7o dHiuniz

N UNMDOBEITE B REER R L 72, FRIZ,
SV U VI TEMURE bOF YT S T— b 22T AF T BN~
WEDRIETIE, W—DVTATVLEAY—%52 T2, 45—, TOa/))—
NigED—HMTIVTEREDRIETY, 955 L TE3RIMEERLI,
7 K=V BUSTHEBR U 7KL S DA 9 U O RERMBEDR LT,
LU FIZR 560 FTOMNKIIRIZ L > TESIZERTE 2, FFRZ, T F
HBIZE T, 7 F TV R=IATNAAD 2R 3R DM % T2 Z L HH]
EMIENTz, Thbhd, 22X FLTanF—AnoBonrzAk 31c # 5
N HRg &I 100 € T L%E, JobEL A NTHRT % L,
QR3R)-B-EROFIOA A 65% ODWHRTHELNIZ, EDRII VIIKLFEL
HEXVLAL AL, BRI G & DT (225-228 ©) B LUHIENE ([al, = -
22.09 DLEBIIELWTHREL 2, 2

Scheme 4-4

1) 5N HCI, 100 °C, 12 h
2) Propylene oxide, EtOH, reflux, 0.5 h

3lc 32

INHT N K= IMEDT »F RIEAKD Y 7 27 L A HERNERIE, 72

NREHEAHLNL L THEITT B H5 2002, FL—2 a3V ERRELX LT
AHBZEOMELTIE, 1) XL —y 3 VBRIRELR RS RISTIEY VR
WUEATEBIT 2139 THB L, 2 F¥ /77— hORIEHR) F 4T
/7= DS ED RN EMRBTONE, HHIIOVWTE, /55— b
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DEBA XTIV TE RBERITRNI T2 LI E>TT 7275 —DRIGTE
M L7222 KRL TWE EHWTES, ¥4/ 77— RiE, 2 fid 2
DDA FIIEE DK EE KT B0 z RikE LTOSIEEL, 2/ 5
— D 4 (MRFEIZHIL TR WY 7 AT L AHAERNIZT VT ERAD
BRI 2, X9V Y AR HBAEANANITE I #R 2 B 50, K
DY T AT LA MBI KE L FT S, Zhid A—rREFL—T 3
R & AT AR & DN B < RS S YER LRI AL T, ERIRER &
MALEE I BIHEHZ2 BT ENTES,

Fig. 4-4 Transitionstate structure of 30c with aldehyde

2 MEBERDF F 5V ) P UARKBNLFEAGE &, K
WU T AT LA HERME LB I g, AT, 7o F/y v BIREDEE
TELEHDTIRBW, BEL, FEPLNIUTEEDFE ) F7~bD 2
DORE SRR Z BLU E oV~ —) AHFIIRISIZEEL-#RE R
bz, X612, EEMDLEREARDREME L TEET 272, VKRR
HEOYIE b D TIKEEE 722,

4B 4B’
Fig. 4-5 Conformational isomers of titanium enolate of imine
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a4 AIEDME

ST, FHLRINIVVTUoT7I /MBI FVE N L THVS T
RIGOREN Y, DA I 27y rsuaXy  hERFTY 700y
AV 7aRFLFL L (1.3 UR) OFE FTRIFERMIZREL T, BK
KTHE3ZLFN (T FFLAVRII R FIV)r2,05-Y 7 2 =) t-4-4 3
TSV ANVKEY T — b2 M—D VKRR E L TERT 2 Z &% Hus il
5,

Chart 4-6

HNVNCH 2CO2Et  + isomer

B FDA I 2 ADONEARERNFARM RIS DS R B I N 2, RSO FF
N DWBTIIBEWIETIZ 2vans, TOVRRBRIREDRBLT 1) EF EiCH &
WFYUEIRA A HBNTEZ LY EZ- TS AXAFA) K (S FHY) M
BINIIREL 2) 728 T —DIRAFVBEESRNF—T /) 55— DERA
U AZE L TIEM LI N3 X L — 3 VEBINER S & L THTE
%o

o, BE LAV VHERES S OEHIEI I 2T /Ty — &
L TRICIZHUE, o, B-AERI AV R 2L BPIORICE R D F L — 3
VEBRANIER £ , — RN AR A I AT INRIEAAT 2 % L WIFFTE %,
BHB 1T R IR A9 2N LA I ik, Hart, Wiithwein,
BLUY Collet DSEEBHILTHEKR LT, * $/b5, THF HREFTA
FHRAFIVI YT HMDS) LT FILDFILNLRBLIZY FILNF
BAFIVY LSV R (LHMDS) &7V T b REDKIEG (1 15 217728,
BRI RIAARI 2T > T N- R XFI V)V A I FilHANE BTz, e o
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N-TIVEYTUAUNI BT FLELSEL 2,

Chart 4-7
Li/ Base
Scheme 4-5
1) n-BuLi/ THF
H r.t., 30 min.
- 2) PhCHO CHClIj; reflux )
HMDS rt,1h 33 1% 34
63% Yield 74.4% Yield

bp. 52 °C /0.4 mmHg bp. 90 °C/ 0.27 mmHg

ZDEITL THELU i, IV BHATH 2 NV YT AN
SUBIFIV 34 L AT T—AIVIATIV (la) OFRESIEIEALD
ZIBRT ) 5 — N EDMIGE RS LTz, ZOKRISTIE, ERPIOAfER 4 DDV
TATLAT—DETHELYE L THLNTA, YRk E 7 F Rk
ERFVIATNATLIOTRT T T 4 —IZL>THHENAETH 72, ¥
BLUOT7 o FRARDENENIIEINZ U7 2T L AT BRI & B RIEK
(V7 AT LA MREA) LoEid, o miike 7o FREKEZEFNEFN
L 2%, '"H NMR AT ML EHIZL TITo 72, FDOR ¥ B HAD
VT AT LA MRHALLIRG b DD, 7 U FRIKIZOWTIEA R Fn Y
T AT LA skl % 4742 Z LANHBIL 72,
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Scheme 4-6
1) LDA (1 eq.)
~ -78°C Syn-35 (81.2%)
10 min. Diastereomer ratio
N COE 2), Ay ~CORE!
la (1 eq.) 4

Anti-35 (17.6%)
Diastereomer ratio

LDA % s B[ e FTRAESI RV F UL/ 7— bR WG
(Entry 1-4), ] L/ 7 — b & HHvs?z +BuOH {#{E F TOXIE (Entry 5-8), LiBr/
7 I A T2 oS FTOBUE (Entry 9-13), D EBLT/ 7 — b % A
W3 7zBOE (Entry 14-18) 2 E R RRETL, ENOLDER%E Tabled-4 IZF L7,

VUBIRNTHBIZTE R, IHIT, § 2 FETEX/z Michael {THKIG TS
ERENIRER U e 7 FIUT7INa—NVERERNT B E, Vo7 FRERED
BEAEBBINLZ S, ZNIZXNL, DBU, E,N, NN NN-T R T XFIL
IFVLYYT7IY (TMEDA) DL D727 I Ui e LiBr 2#laGh® Tol
FNFTOVFILT) 77— MEREIRTTUSITMNE L, ¥ UBRENE L
KMET2ZExRHILI, AfHRMA:FTH, AV TLAFTCHEVIETT
VI LA FAHE FTIZBIEAE ML, A A BLUVFSY A X AFHE
TIHENMITIFWMALTLE D, ZHIIHL, ikt FTREX R4
T/ 7 — M EHWIZAUED Y > BIPEA S S IR BITHT 2,

VURMHKIZBIT A Y T AT LA NERYER, fRETRTOHEEITHEERNT
THoDIIXNL, 7o FRHATIE, 2t LT LDA 2V, KIEE LY
KELTE D M (Entry 2) T4 7 F 73—V EFML TRISRIER %
EXE®2 (Enry7) Z&I2EYD, EREDN EAGED STz,

110



Table 4-4
Basc, additive
THF
“NCO,Et
A 34
Entry Base/Additive Temp
(C)
1 LDA -78
2 LDA - 100
3b LpA -78
4¢ LDA -78
5 LDA/t-BuOH -78
6 LDA/t-BuOH - 100
7b LDA/t-BuOH -78
8 LDA/t-BuOH -42
9 t-BuOK -78
10 DBU/LiBr -78
11¢ DBU/LiBr =78 6
12 DBU/LiBr rt 0.5
13 Et3N/LiBr -78/0/r.t. 1.5/8/40
14 TMEDA/LiBr S 731/ 05/ Akt IS/ YI2A
15 DBU/AgOAC -78/0 181
16 DIA/n-BuMgCl -78/0  2/0.5
17 EtpZn =78 /10 2082
18 DBU/TICL,(OPr), -78/0/rt  2/3/12

* D.R.: Diastereomer ratio which was determined by TH-NMR spectrum.
0.1 Equivalent of base was used.

EtO.

were used.

yield / %

99
100
100

9 (36)

98

97

95

)
100

92

83

87

82

89

g9

73

A

35

syn

(D.R.)a
82 (38:62)
82 (41:59)
72 (45:55)
83 (32:68)
38 (38:62)
62 (38:62)
46 (46:54)
48 (33:67)
85 (38:62)
92 (29:71)
90 (26:74)
94 (37:63
92 (34:66
93 (36:64
58 (25:75
81 (20:80
91 (35:65

51 (6:94)

)
)
)
)
)
)

Addition Reactions of Chiral Schiff Base 1a with Activated Imine 3 4.

anti
(D.R.)a
18 (16:84)
18 (9:91)
28 (16:84)
17 (33:67)
62 (12:88)
38 (16:84)
54 (19:81)
5(27:93)
15 (18:82)
8 (22:78)
10 (13:87)
6 (42:58)
8 (28:72)
7 (29:81)
42 (31:69)
18 (20:80)
9 (44:56)

49 (11:89)

ZITHbNy KT U FROMEREL FORRIZLTIREL 72 32D

WT, 6NV 7IVETEMNRNRBETEZEICEINVAIFTVI YV VFE

AN &V 72 (Scheme 4-7)0
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® Solvent:
¢ 0.1 Equivalents each of base and additive



Scheme 4-7

i+ oEt
H
7%)
H EtOH, reflux 3h H p-TsOH
- N acetone, reflux
Minor product (Anti-35) Minor 36 (62%)
Ph’ 'COOEt Ph COOEt
Major 37 (67% + recovery 29%) Minor 37 (30% + recovery 34%)

ZDHARFEAKIZ DV T MNDO HEIZEZMEDEEILZITV C4 B &
U C5 D 2 DOXF IKERFORT ZMRAEHAL 2, ZOFHFEER
Karplus DXITHRAL THEEERE BN L 72, ZOHAEMEE RS EREL %
LT, ENENOMIMADKIIKLER RE L2, EREATHE Y
RYUK syn-35) OHFH LA IFVY) YK Major 37 D NMR AN7 k
WAZ BT BEEBEBOKRIN U,5) & 6.3Hz THY, FzalIRMK (andi-35)
MHOFHLIA IFV) YK Minor 37 DOXIET 245 E8UE 10.1 Hz TH
Sl — N, YUBLUT U FHREARD HAMIZENEN 1339 BB LU
56 LRI HECBIIENEN 43Hz BLU 81 Hz %%, #->T,

SR syn-35 &2 URMEHK, F12, BIRMWAK anei-35 27 0 FREEKE R
E LTz MNDO gH3HIZ > TRDieA IV ) U UHIRKDREE % Fig. 4-4
e

i



Syn-37 Anti-37

Fig. 4-6 Stable conformation of 37 by MNDO -calculation

WG & 72 > TRIIEXBLINT VS, HB0id, RISRPUTFET 6 5
WE2TI I LB R MR > T3[R H 5 LHEM L 72, 22 T,
LARD 3 rizkRdtL 72,

1) iy o REAREZRML CNISERELE LTV FOLYAY 0Ly
I KN (LDA) ZEMSE1A8, Y& REIZBEEIN/eh > 72 (Scheme 4-8),
Scheme 4-8

H H
' bl

.78 °C,
syn-35 anti-35

2y LhoA IS EZMME 23728, (FIAD N-2 D) BIZDOWT K
&1 o7 (Scheme4-9), T72HH, b hY) XFi V) )L (TMSCl) DIFLE
WCAKIGER T2 720, Z2ROMICHEIEAFHL <K F 37203 7T, {Hiikosn
NIZIE TMS EDEAIN TR IZ EAVHHL 72,
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Scheme 4-9

N C oE

IHVEER A 22 34 &% LiBr fA{E ¥ THF " THEARIGT 3 &, ERMIZIE
W OO INARRE SN (85%), T 72, LiBr fF{E FTOMIERMT (40 C, 10
kbar, 2 days) DBISIZHBWT S, HEANMANBROENE Z 2R WEL
42%)0 ZD LI IRFMETIE, 7O M U EXFUSRIELIENWI %2 FE X3 &
34 A4 TOIEHHALMA I AR T 27T ERTREFNS 0 2 BUGHE A
M TEAZ &A1 5,
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05 HER
AIVIATNVDFY L/ 77— MMz 7 v K—=IVIRIEH T > F B IR %
ERTZLE, RDEIWXEBZBZZLNTES, 7, ZoFy /55— b
DM EMEL, TNFTFTHOTERYFTILI/ I—hERBRIZ, 1 3I09
HELEARF Y AT FNBC L TRESLEIERZITB D 22/ 5 —
NELTHET R EHEZTE, 2D/ F— T TEREDKRISIZIZ,
LLFD 2 DOKICKERA 2 bNb, £F, VFILT/ 77— e o p-Af1
MZRAFNWEDIIETH NIz 1,3- WEEEARMS NG DZBANE TS4-3 %
KRTHEITTIEGE, BEO7IVR=VNIBIZ 6 >TT7IVTeRT7 72T %
—DREFER DT Y VIR L TEE LI N, RE-IKEEEHITEELI N
2 BIBINE TS4-4 2R ELTHS, AiHTIE, TLHTERE, ZOHEMK
EAIVIATIVDOI )/ 7— MR OVKEERBITZ LD ICRET S &
ZZTENDT, Y NVKBRESBIINSI1IT THS (Fig 4-7, TS4-3),
RBIZ, BRINIIARBREITIT7 > FTHhoz, T2bL, KISIE 1,3-hk
YSRGS MBS DBRIRE TS4-3 R TLHEITL Tk Z &ilizb,

8l



FEYAFTDRELGBGEENEE525E, FY L/ T7— M7V TENR
T B0, ZOMBEILHBF & A4 BN L TEML S 26 RS
THEIEMNBHIITREING, iH & bIE, Z22 /77— FL—V a3 VB
AR THIST NS BEqIRELEBIT HA ZDETHW FY 12/ 5
— R T, FYAF DA IVBEN IR L TEDRBEESEIESI NS 72
DIZ, WH L IR B BN REEH Tl ns, Z0Z & BHIZE 2 &
WWBLTIELL LUz,

S THIEIOERINERE L, S A A DIBELEEINIZZ-AF VT )T
—hETUTFERDDLBEYZ7OR21NTY % (HEwiE, =/7—F
ETNVT E RBMIIEAT IR — MY 6 BERIKERIRE) R2 M T
&%, 7VTFb NOBEMMIT, 4 I 80 & DVIARIE%R BT TRHA S #
LY 57), 7o FRREZRLIZEEZLONS, ZOFF HFRETVF b
K& BRI s IR 7V T & K& R RIS TEVGIBRESBER X
NHEZEno AR TE S,

FINERTVYTIRNDA IVFGURLLREIEIFY T/ F— R
BULTYH TS4-4 L[ARRDEBRARER K T MRICHEITT 2 & &5 2605,
OB, VT ATLAMOBIUIKD L D IZHW TR TES, FI71 7
IRWOORETRLEFI T/ T— MR, 7 I NIRE-LSELEER O RS 0] i
DIzHIZ 2 FEOBHRRYEA A BLU B & LTHETSETHA S, E-RIEK
I/7—bFB Tld, T/ 77— MEE LOKENTFHY) Y O ALEHPEDK
b ALAIIZ ¥ S 4 AL DRI KE R KRIHEEZE LS, /K> T, EDLH %
fEED YV Z- 0K, F—h A BARE Y, ERMIZT IV K=V IS
WS A, T/ 7 — D re- I TERINMIIIEHHEITTEEHEZ BT LM
TE%,

oD 7vRAZUERTIVDEL ) Z—sb & NPT UL 3 o B
IZF)IVEDMNIMIKIIZBVTIE, FivOMISEBIREMELS I ETH B, F

WAL 7R & A wid, oA 2TV &EDIRICHFEHT S 1,3- Al BR
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ERARD DAL IS
DO7arT 4 7TWERMBEMHIIINZ T, FL—y a3 URIBENL 2 EBBIK &
RO I 2 I LA AWEF T E S (TS4-5) —H1 TOWEMA I IET
WT e REUIMIEHIEARRTIEHTES, bid IV EENT /T —
REIRA A IHHLT B0, HB IS, AWNT— MEFEPRULT SN TR
2 BRINEBMEA END Z &2/ 5 (TS4-6, TS4-7),

Et OEt

EtO

TS4-5 TS4-6

Et

TS4-7

Fig. 4-8 Transition state structures.

4 2 DDEBINED DS, 4 I L RAENEBEIBA A VIR L TEMAL
INBE (TS4-6), NBDT IV R —=)VBUSIZBIT 2 iamMn 6 oMk K 51T,
7 F RSB IND 3T HROT, TGTHEZERINEMEDW R, 5
B TENTES, %D 2 DI, hvNNT— MEENREI|A A IWZRHIL 72
x4 2L % 4T 2, &blE, 7027 4 THEHEMEIC L 2% E
LOWIFTES, LWOWS 13- M EARM NS D EBBAREN AR EEZ 5
N5 (TS4-5),

W BFRHIRTVET 7275 — 2 LTHWBMISEHBLT, Y VER
BBLUOV7 AT UAMBBREMB T L T2 &L, HOBRUSHEHAITIED
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7212, TUOFIUOBRMET I TIY =3 THBZ N-TIVF)FUHINS

TLOHMETIZ%ZL, fEFSATFHIZHTF > Td L3Nz RnI LA, &ER%E
BFo—ETHA5, @ MAT, KISIKAWkEZ/5—b3Fb 77275 —
THBHNVINT— IR TR E 2 LEL S iER oy FRiLDT, X
ISP ER LR ZITR T AR e L THEIToNE, B ML K
ICRED A, TNHD LR FIZKESEBLIAEREZZTWS, H 2

TERENA I DORMALDEE LY B 2D, BISIENILE s E-RYE
R & DIICKERAEIL L TERUEN EFH L, Y OMYBERX AT 5 IMA %
BRMIZY 2T DEHE 2N, —F, HEIREGIERZ AW TRIEEZIT -
e, Yy 78O S —hDA I UIMNT EEREN A I ORELD
WG LY bR TZDHIZ, Z-REREDRICHHEITL, %> TERUAET L 72
bDLEZBIENTES,
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956 M Kidh

L&D Michael fSIRIGHS, Y7 AT LU AERNANIHEITTEZ %2 RLZL

VIATFNVDYFILL) I—RRTLUVTERIINLTEHWRIEEEZbDES
Zbb, ZOMKLFEOHIHEAETHNE, TOMIGE p-eFoF.
a-7 /DY T AT LA ENNEMIEE 25,

DL RBUITT VT REDIIER RS LIz, T TFINMRAI
IZATILREIRIEMADEIRT ) 7 —he p-= bRV XTIV TER
EDIIETIE, IEKHOFEBIZME>TT7 o FERESM ETE2Z 00, K
ICVEER PN BRI NT, Bilm7 o FRIER L - e MIRENn 5, RIS %
HRIER LB FTIF 12, 77277 —%BHKRT VT & NIZEX TIN5
P TRESRIZT /) T— M EDRIEERITH T2,

FOER, 1) FYL I/ T— b EHORBIIRS BOLERESBRIN, &
7 F BRI BIEALEST L 726

2) FRIZ, MEWBREEZ L OBKR7Z VT E RTEWT o FEREEZRL 72,

ZDONKBBIRN T IV R —VIUEDF F ) 7 4 —HlliHEZ TS 72T, mEE

vERWE, TNETVRINTUOTFI/ BEROTIRELTAITINICHE
FIAATRISIZHIOTAE R, LY 7 27 L A i@ IREABIRI N,

3) FRIZ, 4 PR VIWVREEER O V) VUK MELS R L EN
TWT, HoHiNISEEI R F YT /) T— M 2T FVT VTR RERY
TAFLA2—%85271,

ABISIZE Y, FEEE ) O FERE ST Z el ko7, L

EONTE 12, ) o BERIEILER TP AT AIBZEE  AFRRTIcZ <
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T& 3,

IHIZ, NV TFUT7I /MBI ATV bFEINFIY /) T—
A5, VERBIUNIZ 2 BIE TR 8 ER WL, TDA I U ADVIKEIRTIER
IR IMIEDERR EPRTHEZ DL, N-TIVFDT AN VI AT VIR
a,

TEMTE, E-T,

ZBYUNIZ Michael T2 L ZEXONE, EZTFIN A T7—A IV
IATNWVDIL)T—h& NTVFVTUANVNI VBEIATIVEDKIGE B
it U7z,

BAT =AE D TATFNRLY T et INsTF W VTSN NS BT

LDA &R\ 7zEnf Wigef: FTIE, 72~82% DEIRMET &~
KR BRI & U TER L 7248, Michael (ISR OR 6Nz
TFINTINA—=LDEINT Y VBIREERK T IR,

4) LDA OO VIV T F Vg% Lz EIZIE 10% 138 ORERMED M)
Aoz,

5) IHIZ, YLD FILAHEFTT I VARSI ® 20 %&M4 F T,
0% Z¥Z 5L VERREVBBEINT, R, ERT LiBy/DBU {F{E FIZXIG
BITDZ&IZENY Y 7o F =946 TR ELIZA YDV TRATLA
T LM R, S%OREEHT L L k0T,

AMNROEER, A I VIZATVDI ) T— KD N-TIVF) T HIVINI VR
I AT IADH B7e S VBIUINAINBUEZE B2 UTze KBUBIZE Y, 1,2-¥
TI DY BRNGHAfEE 2oz, U7 I VHMESETIHEOSG KA
AR X TV AFES, F UMK FIZEIIHONTNREZ D
B ENAMNE IO TEWE b, LrLahs, GbFEfNziE
TA5HITE, FREFELEMEDIT YT AT UAMBIRESREIL 2L 13E 2
AT
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507 B S

Ethyl N-benzylideneglycinate (1d).

Colorless Liquid; 'H NMR (CDCl,) 6 1.24 (3H, t,J =7.15 Hz, COOE1), 4.16 (2H, q,
J=7.15Hz, COOE1), 4.33 2H,s, -CH,-), 7.21-7.53 (3H, m, Ph), 7.58-7.85 (2H, m, Ph),
and 8.2 (1H, s, CH=N).

t-Bu N-benzylideneglycinate (1 e).
Colorless Liquid; 'H NMR (CDCl,) & = 1.50 (9H, s, OBu’), 4.32 (2H, S, -CH,-),
7.35-7.50 (3H, m, Ph), 7.70-7.95 (2H, m, Ph), and 8.37 (1H, s, CH=N).

Ethyl N-diphenylmethyleneglycinate (1f).
Colorless Prisms (m.p. 50-52 °C); '"H NMR (CDCl,) =1.20 (3H, t, J = 7.14 Hz, OEv),
4.0(2H, q, J=7.14 Hz, OEY), 4.0 (2H, s, -CH,-), and 6.9-7.5 (Ph).

(3-(4-nitrophenyl)-seline ethyl ester (anti-24).

1f (191 mg, 1 mmol) @ THF ##kiZ +-BuMgCl (1 ml, 1 M THF solution) % -78 C
TN, 15 9389 %, TDHIKIZ 0-NO,CH,CHO (151 mg, 1 mmol) % M X, 14 Kf
H%IR THIP L, NH,Cl SIRIKSREINZ %5, T3 MeOH B LU 4 N HCl %
A, 2 BRI TP L 728, ABEE T —FT )L ThRE /KE% 2 N NaOH THIH]
L. CH,Cl, T3 %, fil¢i%k MgSO, THML -8t M ICIRKEL, Bons:
Bk VATV ATLZOT T T 7IZLIRBIL T 24 21872,

Colorless Solid (mp. 134-138 °C); IR (KBr) 3350, 3300, 3000, 2820, 2700, 1720,
1570, 1520, 1450, 1340, 1200, 1150, 1020, 950, 850, 780, 740, 700, 550, 350 cm®; 'H
NMR (CDCl,) & = 1.24 (3H, t, J = 7.15 Hz, OEt), 2.66 (3H, Broad S, OH and NH)),
3.89 (1H, d, J = 6.59 Hz, H-2), 4.20 (2H, q, J = 7.15Hz, OE), 5.60 (1H, d, J = 3.67
Hz, H-3), and 7.44, 7.64, 7.82, 7.98 (each 1H, m, Ph); '*C NMR (CDCl,) 6 = 14.03
(OE1), 58.56 (C-2), 61.11 (OED, 69.11 (C-3), 12.52, 128.46, 129.24, 133.3, 137.18
(Ph), and 172.79 (CO).



(3-(4-nitrophenyl)-seline ethyl ester (s yn-24).

'"H NMR (CDCl,) & = 1.03 (3H, t, J = 7.15 Hz, OEt), 2.66 (3H, Broad S, OH and
NHs),'3.91, (EH, d, J =4.76 Hz, H2), 3.97 2H, q, / =7.15Hz, OE®, -5.56 (1H,d, J =
4.76 Hz, H-3), and 7.42-8.00 (4H, m, Ph); '*C NMR (CDCl,) & = 13.80 (OEt), 58.96
(C-2), 61.44 (OE1), 70.62 (C-3), 124.7, 128.4, 128.8, 133.1, 147.7 (Ph), and 172.7
(CO).

(3- (i-propyl)seline ethyl ester (anti-25a).

Colorless Liquid; IR (Neat) 3400, 3000, 1740, 1600, 1460, 1380, 1180, 1020, 860,
and 400 cm’; 'H NMR (CDCly) & = 0.96, 0.98 (each 3H, d, J = 4.4 Hz, 4-Me x 2), 1.30
(3H, t, J=7.15 Hz, OEt), 1.80 (1H, m, H-4), 2.33 3H, br, OH and NH,), 3.42 (1H,
dd, J =6.96, 5.13Hz, B:3), 389 (1H, d, J='6.13Hz H-2), and 4.21 2H; q,F=7.15
Hz, OE); "C NMR (CDCl,) & = 14.18 (OEt), 18.08 (C-4), 19.50 (4-Me x 2), 30.65
(C-3), 56.74 (C-2), 61.05 (OEt), and 174.5 (CO); Anal. Found: C, 53.93; H,
9.46; N 7.94%; Calcd for C;H,,O,N,: C, 54.84; H, 9.78; N, 7.99%.

(3-(i-propyl)seline ethyl ester (syn 25a).

'"H NMR (CDCl,) = 0.94, 1.01 (each 3H, d, /= 6.6 Hz, 4Me x2), 1.29(3H, t,J =
7.15Hz, OEY), 1.80 (1H, m, H-4), 2.33 (3H, br, OH and NH,), 3.47 (1H, dd, J = 6.96,
4.03 Hz, H-3), 3.53(1H, d,J=4.03 Hz, H-2), and 4.19 (2H, q, J = 7.15 Hz, OEY); *C
NMR (CDCl,) & = 14.07 (OE1), 17.98 (C-4), 19.41 (4-Me x 2), 30.79 (C-3), 56.10
(C-2), 61.19 (OEt), and 174.7 (CO).

(- (-butyl)seline ethyl ester (anti-25b).

Colorless Liquid; IR (neat) 3500, 3350, 2950, 2300, 1750, 1640, 1600, 1480, 1380,
1300, 1200, 1050, 930, 800, and 400 cm™; 'H NMR (CDCl,) & =0.94 (9H, s, -Bu), 1.30

(3H, t, J =7.15 Hz, OEt), 2.33 3H, br, OH and NH,), 3.39 (1H, d, J =3.7 Hz, H -3),
3.57(1H, d, J = 3.7 Hz, H-2), and 4.18 (2H, q, J= 7.2 Hz, OE); "“C NMR (CDCl,) & =

13.99 (OEv, 26.29, 35.19 (each t-Bu), 54.88 (C-2), 61.07 (OE1), and 175.53 (CO);
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Anal. Found: C, 56.07; H, 9.85; N, 6.84%; Calcd for C,H,,O,N,: C, 57.12, H,
10.12, N, 7.4 %;

B-(t-butyl)seline ethyl ester (s yn-25b).

'"H NMR (CDCL,) 6 = 0.97(9H, s, +-Bu), 1.29 (3H, t, / = 7.1 Hz, OE1, 2.33 (3H,
br., OH and 3.46 (1H, d,J=2.9 Hz, H-3), 3.61 (1H, d, /= 2.9 Hz, H-2), and
4.17 2H, q, J= 7.1 Hz, OE1); "C NMR (CDCl,) 6 = 14.07 (OEt), 26.11, 35.32 (each ¢-
Bu), 53.53 (C-2), 61.33 (OEt), and 173.13 (CO).

(3-(i-butyl)seline ethyl ester (anti-25c).

Colorless Liquid; 'H NMR (CDCl,) 6 = 0.89, 0.93 (each 3H, eachd, J = 6.59 Hz, 5-
Me x 2), 1.05(1H, ddd, J = 3.2, 9.4, 13.9 Hz, H-4), 1.29 3H, t, J =7.15 Hz, OEY),
1.44 (1H, ddd, J = 4.4, 9.9, 13.9 Hz, the other of H-4), 1.84 (IH, m, H-5), 3.34 (3H, br,
OH and NH,), 3.66 (1H, d, J=3.67 Hz, H-2), 3.98 (1H, ddd, J = 3.2, 3.67, 9.9 Hz, H-
3), and4.21 (2H, ABq, J=7.15 Hz, OEt); "C NMR (CDCl,) 6 = 14.23 (OE1), 21.64,
23.66 (5-Me x 2), 24.46 (C-5), 41.15(C-4), 59.00(C-3), 61.18 (OEn), 70.15 (C-2),
and 173.14 (CO).

(- (i-butyl)seline ethyl ester (syn-25c).
Colorless Liquid; '>C NMR (CDCl) & = 14.70 (OEYt), 21.96, 23.44 (5-Me x 2),
24.66 (C-5), 41.29 (C-4), 59.12 (C-3), 61.28 (OEt), 70.26 (C-2), and 173.67 (CO).

B3- (i-propyl)seline t-butyl ester (anti-25d).
Colorless Liquid; '"C NMR (CDCl,) & = 17.23, 18.52 (4-Me x 2), 27.05, 56.13
(OBu'), 29.85(C-4), 77.7 (C-3), 80.75(C-2), 172.7 (CO).

B3-(i-propyl)seline t-butyl ester (syn-25d).

3C NMR (CDCl,) & =17.23, 18.52 (4-Me x 2), 27.05, 56.13 (OBu’), 29.85 (C-4),
77.7 (C-3), 80.75 (C-2), 172.7 (CO).
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3-(-butyl)seline ¢-butyl ester (anti-25e).

Colorless needles (from hexane-EtOH) mp. 84-85 °C; IR (KBr) 3200, 2950, 1720,
1500, 1380, 1360, 1280, 1250, 1200, 1140, 1000, 840, 750, 700, 580, 470 cm'; 'H NMR
(CDCI,) & = 0.96 (9H, s, +-Bu), 1.48 (9H, s, OBu'), 2.43 (3H, br, OH and NH,), 3.36
(1H, d, J = 3.3 Hz, H-3), and 3.44 (1H, d, J = 3.3 Hz, H-2); '*C NMR (CDCl,) 6 =
26.43, 35.17 (¢--Bu), 27.93, 55.39 (OBu), 81.96 (C-3), 82.8 (C-2), and175.0 (CO).

(- (t-butylseline t-butyl ester (syn-25e).

'"H NMR (CDCl,) 6=0.93 OH, s, -Bu), 1.46 (OH, s, OBu’), 2.43 (3H, br, OH and
NH,), 3.40 (1H, d, J = 2.9 Hz, H-3), and 3.50 (1H, d, J = 2.9 Hz, H-2); “C NMR
(CDCL) 6=26.29, 35.43 (+-Bu), 28.08, 54.90 (OBu’), 81.84(C-3), 82.5(C-2), and
172.2 (CO).

(3-propylseline ethyl ester (anti-25f).

Colorless Liquid; 'H NMR (CDCl,) =0.92 (3H, t, /= 6.96 Hz, 5-Me), 1.29 3H, t,
J=7.15 Hz, OEt), 1.27-1.63 (4H, overlapping, H-4, 5), 2.33 (3H, br, OH and NH,),
3.57 (1H, d, J= 4.39 Hz, H-2), 3.83 (1H, ddd, J =8.42, 4.24, 4.39 Hz, H-3), and 4.21
(2H, g, J = 7.15 Hz, OEY;'°C NMR (CDCl,) & = 13.95 (OE1), 14.23 (C-5), 19.02 (C-4),
58.67 (C-3), 61.15 (OEt), 72.05(C-2), and173.86 (CO).

3-propylseline ethyl ester (sy n-25f).

'"H NMR 6=0.96 3H, t, J=8.06 Hz, 5-Me), 1.30 (3H,t,J=7.14 Hz, OEY),
1.27-1.63 (4H, overlapping, H-4, 5), 2.33 (3H, br, OH and NH,), 3.61 (1H,d, J=5.13
Hz, H-2), 3.68-3.91 (1H, overlapping, H-3), and 4.15-4.27 (2H, overlapping, OEt); "C
NMR (CDCl,) 6 = 18.04 (C-5), 30.7 (C-4), 58.40 (C-3), 61.25 (OE1), 71.85 (C-2),
and 174.34 (CO).

3-phenylseline ethyl ester (anti-25g).

Colorless needles (mp. 76-78 C); IR (KBr) 3500, 3050, 2900, 1720, 1640, 1560,
1450, 1230, 1040, 740, 700, 560 cm”; '“C NMR (CDCl,) & = 13.95, 59.90 (each OE),
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61.02 (C-2), 74.28 (C-3), 126.3, 127.9, 128.17, 139.79 (Ph), and 172.95 (CO); Anal.
Found: C, 60.36; H, 7.37; N, 6.38%; Calcd for C,;H,,O;N;: C, 63.14; H, 7.23;
N, 6.69 %.

(3-phenylseline ethyl ester (syn-25g).
C NMR (CDCl,) 6=13.89, 60.60 (each OEt), 61.10 (C-2), 74.22 (C-3), 126.0,
127.7, 128.2, 140.8 (Ph), and 173.2 (CO).

(- (+-butyl)seline pyrrolidine amide (anti-25j).

Colorless Prisms (mp. 84-85 <C); IR (KBr) 3280, 2980, 1620, 1450, 1050, 1020, 900,
850, 550 cm”’; 'H NMR (CDCl)) & = 0.92 (9H, s #-Bu), 1.80-2.03 (4H, m, H-3', 4'),
2.30 (3H, br, OH and NH,), 3.33 (1H, d, J =2.93 Hz, H-2), 3.39-3.51 (4H, m, H-2', 5'),
and 3.9 (1H, d, J = 2.93 Hz, H-2); "“C NMR (CDCl,) 6 = 24.1, 25.9 (C-3', 4'), 25.9,
35.1 (+-Bu), 45.8, 46.6 (C-2',5'), 504 (C-3), 84.5(C-2), and174.5 (CO).

f3-(-butyl)seline pyrrolidine amide (s y n-25j).
>C NMR (CDCl,) & =24.0, 26.1 (C-3', 4'), 26.6, 35.0 (¢-Bu), 45.6, 46.5 (C-2', 5"),

52.2 (C-3), 84.7(C-2), and 173.5 (CO).

Ethyl N-benzoyl-5-(¢-butyl)-oxazolidine-4-carboxylate (anti-26b).

Colorless Needles (mp. 112-116 €C); IR (KBr) 2900, 1720, 1620, 1400, 1230, 1190,
1150, 1060, 1040, 880, 840, 740, 750, 650 cm™; 'H NMR (CDCl,) = 0.94 (9H, s, +-Bu),
1.15(3H, t, J =7.15 Hz, OEt), 1.73, 1.93 (each 3H, s, 2-Me), 3.91 (1H, d, J=5.9 Hz,
H-5), 3.98 (2H, q,J=7.1Hz, OEY, 4.12 (IH,d,J=5.9Hz, H-4), and 7.2-7.4 (5H,
m Ph); NOE H-4/H-5; "’C NMR (CDCly) & = 13.75 (OEt), 23.94, 24.95 (each 2-Me),
25.86, 32.19 (each t-Bu), 61.25 (OE), 63.22 (C-4), 85.19 (C-5), 95.50 (C-2),
125.42, 128.55, 129.28, 137.78 (each Ph), 168.25, and 170.33 (each CO); Anal.
Found: C, 68.92; H, 8.26; N, 4.55%; Calcd for C,,H,,O,N,: C, 68.44; H, 8.16;
N, 42 %.
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Ethyl N-benzoyl-5-(t-butyl)-oxazolidine-4-carboxylate (anti-26b). (From syn Product).

'H NMR (CDCI,) & = 0.95 (9H, s, t-Bu), 1.82, 1.84 (each 3H, s, 2-Me), Other
signals are overlapping with those of 4,5-cis; '*C NMR (CDCl,) & = 13.81 (OEY), 25.25,
25.48 (each 2-Me), 25.30, 33.45 (each +-Bu), 61.32 (OEt), 67.81 (C-4), 85.60 (C-5),
95.18 (C-2), 168.75, and 171.30 (each CO). Other signals are overlapping with those of

(4,5-cis) N -benzoyl-5-t-Bu-oxazolidine-4-carboxylic acid pyrrolidine amide (From anti
Product).

Colorless Needles (mp. 170-175 C); IR (KBr) 2900, 1620, 1430, 1400, 1350, 1250,
1190, 1150, 1070, 1040, 880, 800, 760, 740, 700, 650, 600, 500 cm’; 'H NMR (CDCl,) &
=0.92 (9H, s, +-Bu), 1.38-1.49, 1.53 - 1.64 (4H, m, H-3',4'), 1.73, 1.99 (each 3H, s,
2-Me x2), 2.14-2.15, 2.90-2.96, 3.16-3.23, 3.3-3.38 (4H, m, H-2',5'), 3.92(1H,d, J =
5.65 Hz, H-5), 4.16 (1H, d, J=5.65 Hz, H-4), and 7.25- 7.38 (5H, m, Ph); NOE H-
4/H-5; 'C NMR (CDCl,) 6 =23.56, 23.84 (C-3', 4'), 24.30, 25.86 (2-Me x 2), 26.66,
32.02 (+-Bu), 4572, 46.10 (C-2', 5'), 60.72 (C-5), 85.47 (C-4), 95.03 (C-2),
125.29, 128.46, 128.70, 138.57 (Ph), and 167.6, 167.8 (CO); Anal. Found: C, 70.46;
H, 8.32; N, 7.62%; Calcdfor C, H,; O,N,: C, 70.36; H, 8.44; N, 7.81%.

F )V Schiff Hizk 30 DA

27 BELY NE, (2.95 m) @ CH,Cl, H#IHIL7 O OREME (1.67 m) 2 0 <C
TMZ, HiET 2 BEMHBHPT %, ZOW%Z/K @om) THRL, CH,Cl, THIHY
%, fiklG% MgSO, TR H, MIE FIZHIARREL, BEAAMT I L1t
2T 28 %27,

28 @ DMF iz HERBELRNLT7 U EZ7/KEERTMZ 2 IFHBHEL
1%, 3% HCI-MeOH % X %, IJICIEGY R WIE FIZIRREL, 29 2145, 29 D
CHyCl, #MIZY 722N AF L7 I R EMTINZ, 24 KR T 2, USRS
WNZ/Kk% X, CH,CL, THHLL, fikE% MgSO, T, BIEIRKET %, %
ExVNTNVATLZOT T T 7IZEVEBIL, 30 2157,
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30 ET7NVT B RDT IV K=V
vy 74 30 & LDA @ dry THF ##IZ -78°C, BH£ F T ML, 30 TP
L72% TiCl, C TMAZHIZ 1 MB35, 778 KD THF %

NHCl & MeOH %%, 2 B RIATHAPL, ABEE2 T— T )V THREL 2% /KE
% 2N NaOH THHIL, CH,Cl, THitlid %, fAREEIZ MgSO, TR R, R/t
WIRRE L, YDAV AT L70< b7 T 7 EVRERIL 7V K=k % &7z,

(4S)-2,2-dimethyl-4-phenyloxazolidine 27 a.

Pale Yellow Oil, lH NMR (CDCI3) 6 =0.91, 1.05 (each 3H, each d, J = 6.38 Hz, Pr),
1.31, 1.44 (each 3H, each s, 2 x 2-Me), 1.12-1.47 (1H, br, NH), 1.68 (1H, m, CH(Me)2),
3.14 (1H, m, H-4), 3.34 (1H, dd, J = 7.25, 15.38 Hz, one of H-5), and 3.94 (1H, dd, J =
6.59, 7.25 Hz, the other of H-5);

(4S)-4-isopropyl-2,2-dimethyloxazolidine 27 b.

Pale Yellow Oil, |H NMR (CDCl13) & = 1.43, 1.50 (each 3H, s, 2 x 2-Me), 2.80 (1H,
br, NH), 3.67 (1H, t, /= 8.0 Hz, H-5), 4.23 (1H, t, / = 8.0 Hz, H-5), 4.50 (1H, t, H-4), and
7.20-7.40 (5H, s, Ph);

(4S)-4-benzyl-2,2-dimethyloxazolidine 27 c.
Pale Yellow Oil, !H NMR (CDCI3) & = 1.31, 1.44(each 3H, Each s, 2 x 2-Me), 1.90

(1H, br, NH), 2.70 (1H, dd, J = 13.6, 7.3 Hz, one of 4-CH2Ph), 3.01 (1H, dd, J = 13.6, 5.4
Hz, the other of 4-CH2Ph), 3.20-4.00 (3H, m, H-4, H-5), 7.17-7.35 (5H, m, Ph); 13C
NMR (CDCI3) & = 26.31, 27.47 2 x 2-Me), 39.29 (4-CH2Ph), 58.83 (C-5), 9.90 (C-4),

94.72 (C-2), and 126.14, 128.17, 128.44, 137.92 (Ph);

(4S)-4-benzyl-2,2,5,5-tetramethyloxazolidine 27d.
Pale Yellow Oil, !H NM (CDCI13) 6 =1.09, 1.13, 1.29, 1.43 (each 3H, each s, 2-Me,

and 5-Me), 1.95 (1H, br, NH), 2.66 (1H, dd, J = 1.43, 5.9 Hz, one of 4-CH2Ph), 2.75 (1H,
dd, J = dd, J = 14,3, 8.1 Hz, the other of 4-CH2Ph), 3.38 (1H, dd, J = 8.7, 6.9 Hz, one of

127



H-5), 3.72 (1H, dd, J = 8.7, 8.0 Hz, the other of H-5), 3.82 (1H, m, H-4), and 7.17-7.34
(5H, m, Ph);

(4S)-3-chloroacetyl-2,2-dimethyl-4-phenyloxazolidine 28a.

Colorless needles, 1H NMR (CDCI3) & = 1.62, 4.90 (each 3H, each's, 2 x 2-Me), 3.58,
3.80 (each 1H, each d, H-2'), 3.97 (1H, dd, one of H-5), 5.02 (1H, dd, the other of H-5), and
7.2-7.5 (5H, m, Ph); Anal. found: C, 61.39, H, 6.46, N, 555 % Calcd for
C13H1602N1Cl1 C, 61.54, H, 6.36, N, 5.52 %;

(4S)-4-isopropyl-3-chloroacetyl-2,2-dimethyloxazolidine 28 b.

Colorless oil, [a]y* =-6.67°(c 0.68, CHCL); '"H NMR (CDCL,) &=0.95 (6H, d, 4-
Pr), 1.58, 1.62 (each 3H, s, 2 x 2-Me), 2.05 (IH, m, 4-Pr), 3.65-4.30 3H, m, 4-H
and 5-H), 4.00 (2H, dd, 2’-H).

(4S)-4-benzyl-3-chloroacetyl-2,2-dimethyloxazolidine 28d.

Colorless needles (from hexane-EtOH) mp. 84-86 C Anal. found: C, 65.02, H,
7.58, N, 4.62 % Caledfor C16H2202N1Cl1  C, 64.97, H, 7.5, N, 4.73 %;

(4S)-3-chloroacetyl-2,2-dimethyl-4-phenyloxazolidine 30a.

Colorless Liquid, (silica gel column chromatography, hexane - EtOAc, 4 : 1 v/v); [a]
=-143.69° (c 0.563 CHCI3); IR (neat) 3000, 1650, 1400, 1280, 1200, 1150, 1080, 920,
850, 780, 700, 400 cm-! IH NMR (CDCI3) & = 1.68, 1.81 (each 3H, s, 2-Me x 2), 3.75,
3.98 (each 1H, d, J = 16.1 Hz, H-2'), 3.87 (1H, dd, J = 9.16, 2.2 Hz, H-5), 4.34 (1H, dd, J
=9.16, 6.6 Hz, H-5), 5.04 (1H, dd, 2.2, 6.6 Hz, H-5), and 6.97 - 7.81 (15H, m, Ph); 13C
NMR (CDCI3) 6 = 23.21, 25.41 (2-Me x 2), 58.24 (C-5), 60.60 (C-4), 71.50 (C-2'), 96.38
(C-2), 125.98, 127.55, 127.7, 127.9, 128.3, 128.4, 128.5, 128.6, 128.9, 130.0, 130.3,
132.4, 136.1, 139.3, 141.1 (Ph), 167.69 (C=N), and 171.11 (CO); Anal. found: C, 76.78,

H, 6.47, N, 6.38 % Caled for C26H2602N2 (C, 78.36, H, 6.58, N, 7.03 %:
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(4S)-3-chloroacetyl-4-isopropyl-2,2-dimethyloxazolidine 30b.

Colorless Liquid. (silica gel column chromatography, hexane - EtOAc, 4 : 1 v/v); [alD
=3.39°(c 1.09 CHCI3); IR (neat) 3200, 2890, 1650, 1400, 1360, 1280, 1240, 1060, 905,
840, 775, 730, and 700 cm-1; 1H NMR (CDCI3) & = 0.83, 0.90 (each 3H, d, J = 6.97 Hz, 4
-i-Pr), 1.54, 1.67 (each 3H, s, 2-Me x 2), 1.89 (1H, m, 4 - i-Pr), 3.76 (1H, dd, J = Hz, H-4),
3.88 (2H, d, J = 3.29 Hz, H-5), 4.17, 4.26 (each 1H, d, J/ =14.7 Hz, H-2'), and 7.21 - 7.81
(10H, br, Ph); 13C NMR (CDCI3) & = 17.22, 19.74, 30.87 (4 - i-Pr), 22.79, 25.93 (2-Me x
2), 57.9 (C-2'), 61.91 (C-5), 64.35 (C-4), 95.5 (C-2), 127.8, 127.9, 128.3, 128.5, 128.7,
130.0, 130.3, 132.4, 136.2, 139.3 (Ph), 197.5 (C=N), and 171.4 (CO); Mass m/z (rel
intensity, %) 51 (50), 77 (121), 105 (239), 128 (13), 181 (26), 182.(143), 195 (17), and
364 (base Peak); Anal. found: C, 75.52, H, 7.58, N, 7.18 % Calcd for C23H2802N>2

C, 75.79, H, 7.74, N, 7.69 %;

(4S)-4-benzyl-3-chloroacetyl-2,2-dimethyloxazolidine 30 c.
Colorless Liquid, (silica gel column chromatography, hexane - EtOAc, 4 : 1 v/v); [alD

=-68.96 °(c 0.406 CHCI3); IR (neat) 3100, 3000, 2900, 1650, 1500, 1450, 1400, 1380,

1320, 1300, 1250, 1200, 1150, 1070, 1050, 130, 950, 920, 850, 780, 750, 700, and 650 cm"
1. 1H NMR (CDCI3) & = 1.58, 1.74 (each 3H, eachs, 2 x 2-Me), 2.79 (1H, dd, J = 9.15,

13.56 Hz, one of CH2Ph), 2.86 (1H, dd, J = 4.03, 13.56 Hz, the other of CH2Ph), 3.816,

3.823 (each 1H, each s, H-5), 4.12 (1H, dd, J = 4.03, 9.15 Hz, H-4), 4.22 (2H, ABq, J =
4.22 Hz, H-2"), and 7.02-7.82 (15H, m, Ph); 13C NMR (CDCI3) & = 23.0, 26.8 (2 x 2-Me),

40.3 (benzyl), 57.8, 58.8 (C-4 and C-5), 66.6 (C-2'), 95.6 (C-2), 127.8, 128.0, 128.3,
128.67, 128.72, 128.8, 129.2, 130.0, 130.4, 136.2, 137.5, 139.3 (Ph), 166.5 (C=N), and
171.4 (CO); Anal found: C, 77.47, H, 6.84, N, 6.08 % Calcd for C27H2802N2 (,

78.61, H, 6.84, N, 6.79 %;

(45)-4-benzyl-3-chloroacetyl-2,2,5,5-tetramethyloxazolidine 30d.
Colorless Liquid, (silica gel column chromatography, hexane - EtOAc, 4 : 1 vv); [alD
=-9.13 °(c 0.865 CHCI3); IR (neat) 3000, 1740, 1650, 1580, 1500, 1450, 1400, 1370,

1320, 1280, 1200, 1150, 1080, 1030, 1000, 950, 920, 850, 780, 700, and 650 cm-1; 1H
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NMR (CDCI3) & = 1.29, 1.42 (each 3H, each s, 2 x 2-Me), 1.77 (6H, s, 5-Me), 2.82 (1H, dd,
J=8.25, 14.11 Hz, one of CH2Ph), 2.96 (1H, dd, J = 6.05, 14.11 Hz, the other of CH2Ph),
3.39 (2H, s, H-2'), 4.32 (1H, dd, J = 6.05, 8.25 Hz), and 7.03-7.83 (15H, m, Ph); 13C
NMR (CDCI3) & = 24.2, 27.8 2 x 2-Me), 28.9, 29.0 (2 x 5-Me), 38.5 (benzyl), 58.5 (C-5),
65.6 (C-4), 80.8 (C-2'), 94.4 (C-2), 127.8, 127.4, 128.3, 128.5, 128.6, 128.7, 128.8, 129.2,
130.0, 130.2, 138.1, 139.3 (Ph), 168.2 (C=N), 170.2 (CO); Anal. found: C, 76.31, H,
7.09, N, 5.48 % Caledfor C29H3202N2 (C, 79.06, H, 7.32, N, 6.36 %:;

Aldol adduct of 30a with 2,2-dimethylpropanal (31a).

Colorless solid (silica gel column chromatography, EtOAc Rf = 0.1); Colorless
needles (from Hexane - EtOH) mp. 165-167 C IR (KBr) 3250, 2950, 2900, 1620, 1430,
1360. 1270, 1240, 1200, 1160, 1140, 1050, 1000, 920, 840, 750, 700, 660, 575, 530 cm-1;
IH NMR (CDCI3) & = 0.45 (9H, s, 3'-t-Bu), 1.63, 1.86 (each 3H, s, 2-Me x 2), 1.83 (2H, br,
H-2" and 3'), 3.02 (1H, d, /= 1.98 Hz, H-3'), 3.17 (1H, d,J = 1.98 Hz, H-2'), 3.89 (1H,
dd, J =1.54, 9.01 Hz, H-5), 4.39 (1H, dd, J =6.56, 9.01 Hz, the other of H-5), 5.14 (1H,
dd, J = 1.54, 6.56 Hz, H-4), and 7.26 - 7.36 (5H, m, Ph); 13C NMR (CDCI3) & = 22.0,
25.2 (2 x 2-Me), 26.1, 34.7 (t-Bu), 50.3 (C-2'), 60.9 (C-5), 71.1 (C-4), 86.7 (C-3'), 96.0
(C-2), 126.5, 128.3, 129.2, 142.1 (Ph), and 173.9 (CO) Anal. Found: C, 67.13, H,
8.72, N, 8.55 % Calcd for C1gH2803N2  C, 67.47, H, 8.81, N, 8.74 %;

diastereomer of 31a.

Colorless solid (silica gel column chromatography, EtOAc Rf = 0.4); Colorless
needles (from Hexane - EtOH) mp. 162-164 € IR (KBr) 3250, 2950, 1620, 1420, 1350,
1240, 1050, 1000, 840, 760, 730, 700 cm-!; 1H NMR (CDCI3) & = 0.95 (9H, s, 3'-t-Bu),
1.62, 1.88 (each 3H, s, 2-Me x 2), 3.29 (2H, br, H-2' and 3'), 3.92 (IH, d, J = 2.42, 9.02
Hz, H-5), 4.40 (1H, dd, J = 6.59, 9.01 Hz, the other of H-5), 4.99 (1H, dd, J = 2.42, 6.6 Hz,
H-4), and 7.41 - 7.27 (5H, m, Ph); 13C NMR (CDCI3) & = 22.6, 25.2 (2 x 2-Me), 26.7,
35.1 (¢-Bu), 52.2 (C-2'), 61.5 (C-5), 71.2 (C-4), 83.7 (C-3'), 96.3 (C-2), 125.9, 128.4,
129.4, 141.3 (Ph), and 175.2 (CO);Anal. Found: C, 66.66, H, 9.00, N, 8.26 % Calcd
for C1gH2803N2 C, 67.47, H, 8.81, N, 8.74 %;
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Aldol adduct of 30b with 2,2-dimethylpropanal (31b).
Colorless Solid (silica gel column chromatography, EtOAc); Colorless needles (from
mp. 101-104 C IR (KBr) 3250, 3000, 1620, 1560, 1430, 1360, 1340,
1250, 1150, 1070, 1020, 970, 850, 750, 720, 670, 560, 530 cm-l; 1H NMR (CDCI3) & =
0.88 (9H, s, ¢+-Bu), 0.90, 0.93 (each 3H, d, J = 6.97 Hz, 4-Pr'), 1.43, 1.61 (each 3H, s, 2-Me
x2), 1.75 (2H, br, NH,), 2.07 (1H, m, i-Pr), 3.28 (1H, d, J = 3.66 Hz, H-3'), 3.43 (1H, d,
J=3.66 Hz, H-2'), 3.75 (IH, dd, J = Hz, H-4), and 3.87 (each 1H, dd, H-5); 13C NMR
(CDCI13) & =16.44, 19.9 (2 - i-Pr), 22.0, 25.4 (2 - Me x2), 26.6 (+-Bu), 31.4 (i-Pr), 35.1 (-
Bu), 51.7 (C-2'), 62.4 (C-5), 63.5 (C-4), 84.6 (C-3'), 95.5 (C-2), and 174.4 (CO); Mass
myz (rel intensity, %) Anal. Found: C, 63.18, H, 10.37, N, 9.33 % Calcd for
C15H3003N2 C, 62.90, H, 10.56, N, 9.78 %;

diastereomer of 31b.

13C NMR (CDCI3) & = 16.2, 19.8 (2-Pr), 25.2, 25.8 (2-Me x 2), 26.8 (¢-Bu), 31.9 (i-

Pr), 51.3 (C-2"), 61.4 (C-5), 63.3 (C-4), 85.1 (C-3"), 95.6 (C-2) and 173.8 (CO);

Aldol adduct of 30b with 2-methylpropanal (3 1¢).

Colorless solid (silica gel column chromatography, EtOAc); Colorless needles (from
Hexane - EtOH) mp. 111-113 «C IR (KBr) 3250, 2900, 1620, 1430, 1350, 1240, 1000,
830, 650, 520 cml;  1H NMR (CDCI3) & = 0.93, 0.98 (each 3H, d, eachJ = 7.32, 6.6 He,
i-Pr, and 4-Me x 2), 1.52, 1.67 (each 3H, s, 2-Me x 2), 1.88 (2H, m, i-Pr, and H-4'), 3.38
(kH, dd/ J =33, 7.38" {2y H=§'),"3p52 {1 R4, &  7.3-Hz, H-@') 3.91 - 3.95 (31,
overlapping, H-4, and H-5); 13C NMR (CDCI3) & = 15.52, 17.07, 19.66, 19.85 (each 3H,
each s, 4-Pr' and 4'-Me x 2), 22.40, 25.67 (2 x 2-Me), 29.60 (C-4), 31.50 (4-CH(Me)2),

54.58 (C-2'), 61.85 (C-5), 64.1 (C-4), 79.39 (C-3'), 95.19 (C-2), and 173.6 (CO); Anal.
Found: C, 61.97, H, 10.37, N, 10.26 % Calcd for C14Hpg03N2 C, 61.73, H, 10.36,

N, 10.28 %;
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diastereomer of 31 ¢
13C NMR (CDCI13) 6 =15.72, 17.30, 19.55, 19.60 (each 3H, each s, 4-Pr' and 4'-Me x
2), 20.1, 25.7 2 x 2-Me), 29.77 (C-4), 31.61 (4-CH(Me)2), 54.34 (C-2'), 63.02 (C-5),

64.24 (C-4), 79.06 (C-3'), 95.3 (C-2), and 172.69 (CO);

Aldol adduct of 30 ¢ with 2,2-dimethylpropanal (31d).

Colorless solid (silica gel column chromatography, EtOAc ); Colorless needls (Hexane)
m.p. 42-45 € IR (KBr) 3250, 2950, 2850, 2350, 1620, 1430, 1360, 1250, 1200, 1140,
1050, 840, 750, 720, 550 cm-1; 1H NMR (CDCI3) & = 0.97 (+-Bu), 1.53, 1.73 (each 3H, s,
2-Me x 2), 2.90 (1H, dd, J =13.55, 9.90 Hz, benzyl), 3.16 (1H, dd, J = 13.55, 4.40 Hz,
benzyl), 3.33 (1H, d, J = 4.03 Hz, H-3'), 3.57 (1H, d, J = 4.03 Hz, H-2') 3.87 (2H,
overlapping, H-5), 4.15 (1H, m, H-4), and 7.18 - 7.47 (5H, m, Ph); 13C NMR (CDCI3) &
=23.0, 26.9 (2-Me x 2), 26.7, 35.3 (+-Bu), 40.5 (4-Benzyl), 52.8 (c-2'), 59.4 (C-5), 66.5 (C-
4), 84.3 (C-3'), 95.7 (C-2), 127.1, 129.0, 129.3, 130.0, 137.3 (Ph), and 173.6 (CO); Anal.
Found: C, 68.94, H, 9.16, N, 8.42% Calcd for C19H30O3N2 C, 68.23, H, 9.04, N,

8.38 %;

Aldol adduct of 30 ¢ with 2-methylpropanal (3 1e).

Colorless solid (silica gel column chromatography, EtOAc); IR (neat) 3400, 3000, 2950,
1640, 1430, 1380, 1250, 1230, 1170, 1150, 1100, 1050, 1000, 950, 850, 830, 750, 700, 400
em-l; 1H NMR (CDCI3) &= 0.91, 0.94 (each 3H, each d, J = 6.96 Hz, 4'-Me x 2), 1.56,
1.77 (each 3H, each s, 2 x 2-Me), 1.92-2.03 (1H, m, H-4'), 2.87 (1H, dd, J = 8.43, 13.56
Hz, one of CH2Ph), 3.03 (1H, dd, J = 6.59, 13.56 Hz, the other of CH2Ph), 3.28-3.33 (2H,
overlapping, H-2' and H-3'), 3.81-3.89 (2H, overlapping, H-5), 4.32 (1H, m, H-4), and
7.19-7.47 (5H, m, Ph); 13C NMR (CDCI3) & = 15.33, 19.97 (2-Me x 2), 22.82, 26.97 (4'-
Me x 2), 29.55 (C-4'), 40.92 (4-benzyl), 55.36 (C-2'), 58.77 (C-5), 67.14 (C-4), 79.17 (C-
3", 95.59 (C-2), 127.02, 128.92, 129.07, 129.45, 137.54 (Ph), and 173.3 (CO);
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diastereomer of 3 1 e
13¢ NMR (CDCI3) 6 = 16.34, 20.30 (2-Me x 2), 22.64, 27. 04 (4'-Me x 2), 29.71 (C-
4'), 40.54 (4-benzyl), 55.19 (C-2'), 58.33 (C-5), 66.79 (C-4), and 172.1 (CO). Other signals

are overlapping with those of major products.

Aldol adduct of 30 ¢ with butanal (3 1f).

Colorless solid (silica gel column chromatography, EtOAc ); Colorless prisms
(Hexane-EtOH) m.p. 100-102 € IR (KBr) 3250, 2950, 1620, 1440, 1350, 1250, 1200,
1140, 1070, 1030, 950, 840, 740, 730, 690, 530 cm-1; 1H NMR (CDCI3) = 0.92 (3H, t,
J=6.96 Hz, H-6'), 1.15-1.72 (4H, overlapping, H-5' and H-4'), 1.54, 1.79 (each 3H, eachs,
2x 2-Me), 2.07 (3H, br, NH2 and OH), 2.90 (1H, dd, J = 8.42, 13.55 Hz, one of CH2Ph),
3.03 (I1H, dd, J = 6.23, 13.55 Hz, the other of CH2Ph), 3.24 (1H, d, /= 5.5z H-2'), 3.51
(1H, m, H-3'), 3.88 (2H, br, H-5), 4.35 (H, m, H-4), and 7.20-7.38 (5H, m, Ph); 13C
NMR (CDCI3) & = 14.0 (C-6'), 18.9 (C-5'), 23.0, 27.1 (2 x 2-Me), 35.5 (C-4'), 41.0
(benzyl), 57.9 (C-2'), 59.0 (C-5), 67.1 (C-4), 73.4 (C-3'), 95.7 (C-2), 127.1, 129.0, 129.5,
137.3 (Ph), 172.0 (CO);

diastereomer of 31 f.
13C NMR (CDCI3) & = 14.0 (C-6'), 19.1 (C-5'), 22.7, 26.8 (2 x 2-Me),
36.3 (C-4'), 40.8 (benzyl), 57.6 (C-2'), 74.6 (C-3').  Other signals overlapping with those of

major products.; Anal.  Found: C, 67.69, H, 8.84, N, 855 % Caled for
C1gH2803N2  C, 67.47, H, 8.81, N, 8.74 %;

Aldol adduct of 30 ¢ with propanal (31g).
Colorless solid (silica gel column chromatography, EtOAc); Colorless prisms (Hexane-

EtOH) m.p. 103-109 € IR (KBr) 3280, 2950, 1620, 1440, 1350, 1250, 1200, 1100,
1050, 960, 850, 800, 750, 700, 530 cm-1; 1H NMR (CDCI3) 6 =0.97 (3H, t, /= 7.33 Hz,

H-5'), 1.23-1.44 (2H, m, H-4'), 1.54, 1.78 (each 3H, each s, 2 x 2-Me), 2.03 (3H, br, NH2
and OH), 2.89 (1H, dd, J = 8.43, 15.55 Hz, one of CH2Ph), 3.04 (1H, dd, J = 8.43, 15.55
Hz, the other of CH2Ph), 3.26 (1H, d, J = 5.87 Hz, H-2'), 3.46 (I1H, m, H-3'), 3.85-3.93
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(2H, br, H-5), 4.23 (1H, m, H-4), and 7.19-7.38 (5H, m, Ph): 13C NMR (CDCI3) & = 22.8

(C-5'), 22.8, 26.9 (2 x 2-Me), 26.3 (C-4'), 40.9 (benzyl), 57.4 (C-3'), 58.9 (C-5), 67.0 (C-4),
75.2 (C-2), 95.6 (C-2), 127.0, 128.9, 129.4, 137.2 (Ph), and 172.0 (CO);

diastereomer of 3 1g.
13C NMR (CDCI3) & = 10.6 (C-5'), 22.9, 27.0 (2 x 2-Me), 41.1 (benzyl), 57.5 (C-3'),
66.5 (C-4), 76.5 (C-2'), 95.8 (C-2), 172.3 (CO). Other signals overlapping with those of

major products.;

diastereomer of 3 1g.

13C NMR (CDCI3) & = 10.8 (C-5'), 58.1 (C-3'), 94.0 (C-2), 172.3 (CO). Other

signals overlapping with those of major products.; Anal. Found: C, 66.88, H, 8.54, N,
9.04 % Caled for C17H2603N2 C, 66.64, H, 8.55, N, 9.14 %;

Aldol adduct of 30c with ethanal (3 1h).
Pale yellow solid (silica gel column chromatography, EtOAc); IR (KBr) 3400, 2950,

1640, 1430, 1370, 1250, 1200, 1140, 1080, 1050, 850, 820, 740, 700, 530 cm-1; 1H NMR
(CDCI3) & = 1.12 (3H, d, J = 6.6 Hz, 3-Me), 1.53, 1.79 (each 3H, eachs, 2 x 2-Me), 2.22

(3H, br, NH2 and OH), 2.80-3.06 (2H, overlapping , benzyl), 4.27 (1H, m, H-4), 3.23 (1H,
d, J = 5.13 Hz, H-2'), 3.88 (2H, br, H-5), and 7.21-7.35 (Ph); 13C NMR (CDCI3) & =
19.2 (C-4'), 23.0, 27.1 (2 x 2-Me), 41.0 (benzyl), 58.5, 58.9 (C-3' and C-5), 67.2 (C-4),
69.1 (C-2'),95.7 (C-2), 127.1, 129.0, 129.5, 137.3 (Ph), and 171.5 (CO);

diastereomer of 31 h.

IH NMR (CDCI3) & = 1.48 (3H, d, J = 5.13 Hz, 3-Me), 1.55, 1.74 (each 3H, eachs, 2

x 2-Me), Other signals overlapping with those of major products.; 13C NMR (CDCI3) & =

20.2 (C-4'), 23.1, 26.9 (2 x 2-Me), 40.3 (benzyl), 58.4, 58.8 (C-3' and C-5), 95.7 (C-2),

169.2 (CO). Other signals overlapping with those of major products.;
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diastereomer of 31h.

1H NMR (CDCI3) 6 =1.30 (3H, d, J = 6.23 Hz, 3-Me), 1.57, 1.72 (each 3H, eachs, 2
x 2-Me).  Other signals overlapping with those of major products.; 13C NMR (CDCI3) & =
20.1 (C-4"), 22.7, 26.8 (2 x 2-Me), 40.9 (benzyl), 66.4 (C-4), 70.8 (C-2'), 95.6 (C-2), 171.7

(CO). Other signals overlapping with those of major products.;

Aldol adduct of 30 ¢ with cinnamaldehyde (31i).

Pale yellow oil (silica gel column chromatography, EtOAc ); IR (neat) 3250, 2950,
1650, 1430, 1350, 1240, 1200, 1140, 1080, 1050, 970, 850, 740, 700, 400 cm~1; 1H NMR
({€DCR) & =0.89 3H, t, J="7.33-Hz, H8"), 1.37 CH, &, J = 7.33, 14.65 Hz, H-7), 1.51,
1.76 (each 3H, each s, 2 x 2-Me), 2.01 (2H, q, J = 6.59 Hz, H-6"), 1.85-2.40 (3H, br, NH2
and OH), 2.88 (1H, dd, J = 8.79, 13.56 Hz, one of CH2Ph), 3.03 (1H, dd, J = 5.86, 13.56
Hz, the other of CH2Ph), 3.33 (1H, d, J = 5.5 Hz, H-2'), 3.84 (2H, br, H-5), 4.02 (1H, dd,
J=5.86, 11.7 Hz, H-3'), 4.20 (1H, m, H-4), 5.38 (1H, dd, J = 6.59, 15.39 Hz, H-5'), 5.71
(1H, m, H-4'), and 7.19-7.89 (5H, m, Ph);13C NMR (CDCI3) & = 13.6 (C-8'), 22.2 (C-7'),
22.9, 26.9 (2 x 2-Me), 34.28 (C-6'), 40.8 (benzyl), 57.6 (C-2'), 58.9 (C-5), 66.9 (C-4), 74.9
(C-3'),95.6 (C-2), 127.0 (C-5'), 128.8, 128.9, 129.4, 137.3 (Ph), 134.0 (C-4'), and 170.9
(CO);

diastereomer of 3 11.

IH NMR (CDCI3) & = 1.55, 1.71 (each 3H, each s, 2 x 2-Me), 3.44 (1H, d, J = 6.23 Hz,

H-2'), 5.50 (1H, dd, J = 7.88, 15.6 Hz, H-5'). Other signals overlapping with those of
major products.; 13C NMR (CDCI3) & = 14.1 (C-8'), 22.4 (C-7'), 22.6, 26.8 (2 x 2-Me),

33.3 (C-6'), 40.6 (benzyl), 57.5 (C-2'), 59.0 (C-5), 65.9 (C-4), 74.6 (C-3'), 95.5 (C-2),
126.7 (C-5'), 134.8 (C-4'), and 172.0 (CO); Other signals overlapping with those of major

products.;

Aldol adduct of 30d with 2-methylpropanal (31j).
Colorless solid (silica gel column chromatography, EtOAc ); 1H NMR (CDCI3) & =

0.93 (9H, s, Bu’), 1.30, 1.42 (each 3H, each s, 2 x 2-Me), 1.72, 1.75 (each 3H, each s, 2 x 5-
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Me), 3.01, 3.04 (each 1H, brs, H-2' and H-3'), 3.09 (2H, brs, CH2Ph), 4.11-4.16 (1H, H-
4), and 7.21-7.82 (5H, m, Ph); 13C NMR (CDCI3) & = 24.3, 27.3 (2 x 2-Me), 26.7, 35.4
(Bu"), 27.8, 28.5 (2 x 5-Me), 38.6 (benzyl), 44.4 (C-2'), 54.7 (C-5), 65.7 (C-4), 80.9 (C-3"),
94.5 (C-2), 128.5, 129.0, 130.0, 138.1 (Ph), and174.6 (CO);

diastereomer of 31j

13C NMR (CDCI3) & = 24.1, 27.0 (2 x 2-Me), 26.8, (Bu"), 28.0, 28.4 (2 x 5-Me), 38.0
(benzyl), 47.2 (C-2'), 57.8 (C-5), 66.7 (C-4), 80.0 (C-3'), 172.2 (CO); Other signals

overlapping with those of major products.;

(2R, 3R) (3-Hydroxyleucine 3 2.
Colorless Needls (From H20 / EtOH,); [a]lp?® = -22.03 ° (c 0.962 H20); IR (neat)

3450, 3100, 2400, 2100, 1650, 1580, 1420, 1350, 1320, 1050, 1000, 725, 860, 820, 640,
550, 470, and 400 cm-1; 1H NMR (CDCI3) & = 0.82, 0.84 (each 3H, d, J = 2.75 Hz, 4-Me

x2), 1.79 (1H, m, H-4), 3.39 (1H, dd, J = 2.93, 8.98 Hz, H-3), 3.77 (1H, d, J = 2.93 Hz,
H-2), and 4.63 (3H, br, NH2 and OH); 13C NMR (CDCI3) & = 21.2, 21.3 (4-Me x 2), 32.9

(C-3), 59.8 (C-3), 78.8 (C-2), and 174.5(CO); Anal. Found: C, 48.90, H, 8.76, N,
9.43 % Calcdfor CeH1303N1 C, 48.96, H, 8.90, N, 9.52 %,;

N-(trimethylsilyl)benzaldimine 3 3.

HMDS (10 ml, 47.4 mmol) @ THF (40 ml) ##IZ n-BuLi (26.3 ml, 43.1 mmol) D
1.64 M NFH A 0C T 30 ANITTNRS, TNERIRTI HIZ 30 TP
L, TRV ZX7NWVTER @4ml43.1mmol) % 0C T 20 57T TIMZA%, Z
DA 1 REIBIFPRARNI I VKR, @ik 33 (5.294 g, 63%) ®H7=,
bp 0.4 mmHg/ 52 C; IR (neat) 2960, 2800, 1650, 1250 cm’: 'H NMR & 0.27 (s, 9H,
SiMe,), 7.3 (m, 3H, ArH), 7.7 (m, 2H, ArH), 8.9 (s, 1H, CH=N); MS m/ z (relative
intensity) 177 (52), 163 (21), 162 (100), 147 (48), 105 (43), 104 (54), 73 (91),
59487):
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N -(ethoxycarbonyl)benzaldimine 3 4.
33(5.294 g, 29.9 mmol) % fiE/k 7 oadL LIS L, HILEMAET TV (2.86 ml,
29.9 mmol) D7 O ORIV L (40m) #WikEx 40 73T Titd F3 5,1 ReINEERHE L
(3.939 g, 74%) DHEEWAEIFT2, bp
0.27 mmHg/ 90 °C.; IR (neat) 1730, 1715, 1635, 1625, 1600, 1575 cm?; 'H NMR &
1.38 (t, 3H, J= 7 Hz, CH,), 4.35 (q, 2H, J = 7 Hz, CH,), 7.25-7.65 (m, 3H, Ar H),
7.80-8.15 (m, 2H, Ar H), 9.00 (s, 1H, CH=N); *C NMR §13.92 (CH,), 62.70 (CH,),
128.53, 129.89, 133.38, 133.53 (ArC), 163.33 (C=0), 170.45 (C=N).

N -bornilydene-[3-ethoxycarbonylamino—[3-phenylalanyne ethyl ester 3 5.

vy 7413 1a (237 mg, 1 mmol) @ THF (2 ml) #iKIZ -78 «C THEH (1~1.1
mmol) % MIZ, 10 5HIHEET 2, TNIZA I 34 (177 mg, 1 mmol) D THF (4 m))
WA M LIE S S BT %, Hib 7 =7 LK E A TRIS% 1B, BEfET
F 3x30m) THET %, ABEEMIKT b I LATERSE, BEMJREL,
B VIATNVAZ L0 M T 7L VLT 35 (82-99%) % Mtk &
L TR,
Syn-35; IR (neat) 3427, 2959, 1730 cm’; 'H NMR 8 7.20 (s, 5H, Ph), 6.32 (br, 1H,
NH), 5.43 (dd, 1H, C3-H,J =9.0 Hz), 4.12 (q, 2H, ester CH,, J = 8.4 Hz), 4.12 (q,
2H, ester CH,, J= 5.6 Hz), 4.03 (d, 1H, C2-H, J=9.0 Hz), 1.25(t, 3H, ester Me, J= 5.6
Hz), 1.25 (1, 3H, ester Me, J = 8.4 Hz), 1.60-1.98 (m, 7H, camphor CH, and CH),
0.77-1.01, 0.20 (m, 9H, camphor Me); *C NMR 8 187.3, 187.0 (C=N), 169.7, 169.6
(ester C=0), 155.9 (amide C=0), 140.9, 127.9, 127.0, 126.9, 126.5, 126.4 (Ph), 67.8
(C-3), 61.2, 60.8 (ester CH,), 56.4 (C-2), 61.2, 60.8, 56.4, 54.4, 47.2, 46.7, 43.8,
35.7, 31.8, 31.7, 27.4, 27.1, 19.4, 18.9, 14.6, 14.1, 11.5, 11.2 (camphor and ester Me);
(+)FABMS m/ z (rel. intensity) 415 (M"+1, 100), 369 (9), 341 (10), 238 (9), 237(12),
236 (30); HRMS Calcdfor C,,H,;,O,N,+H: 415.5529, Found: 415.2590.

Anti-35: 'H NMR & 7.23 (m, 5H, Ph), 5.56 (d, 1H, NH, J= 8.4 Hz), 5.15 (dd, 1H,
C3H,J=8.4, 6.6 Hz), 4.28 (d, 1H, C2-H,J = 6.6 Hz), 4.03 (q, 2H, ester CH,,J= 7.5
Hz), 4.06 (g, 2H, ester CH,, J = 7.3 Hz), 1.57-1.91 (m, 6H, camphor CH, and CH),
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0.75-1.00 (each s, 9H, campor Me), 1.10 (t, 3H, ester Me, J= 7.5 Hz), 1.20 (t, 3H, ester
Me, J= 7.3 Hz); "“C NMR & 187.4 (C=N), 169.8 (ester C=0), 155.7 (amide C=0),
139.5, 128.0, 127.9, 127.5 (Ph), 67.9 (C-3), 60.9, 60.8 (ester CH,), 56.8 (C-2), 54.5,
47.3, 43.9, 36.0, 32.1, 27.4, 19.5, 19.0, 14.6, 14.0, 11.4 (camphor and ester Me);
(+)FABMS m / z (rel. intensiti) 415 (M*+1), 341 (10), 238 (11), 237 (12), 236 (32); HRMS
Calcd for C,,H,.O,N,+H: 415.5529, Found: 415.2581.

[3-ethoxycarbonylamino-[3-phenylanilyne ethyl ester 3 6.

{4k 35 (100 mg, 0.24 mmol) DY / —IVEikx e FOoxI 7 I &
THBIZEVIWBL, A7 20 b T T 7L DFBILT 36 45mg, 67%) D EA
Kz 1Rz,

Syn-36: IR (neat) 3385, 3331, 2980, 1956, 1728 cm”; 'H NMR & 7.22 (s, 5H, Ph), 5.88
(d, 1H, NH, J=9.2 Hz), 5.13(dd, 1H, C3-H, J=9.2,3.0Hz), 4.06 (q, 2H, ester CH,, J
=72Hz), 4.15 (g, 2H, ester CH,,J=72Hz), 3.82(d, 1H,-C2-H, J=3.0Hz), 1.50
(br, 2H, NH,), 1.15 (t, 3H, ester Me, J = 7.2 Hz), 1.23 (t, 3H, ester Me, J = 7.2 Hz);
BC NMR 6 172.1 (ester C=0), 155.8 (amide C=0), 126.3-128.4, 139.7 (Ph), 61.4,

60.8 (ester CH,), 58.5, 56.8 (each CH), 14.5, 14.1 (ester Me).

Anti-36: IR (neat) 3383, 2,982, 1,957, 1884, 1,714 cm'; 'H NMR & 7.21 (s, 5H, Ph),
6.05 (d, 1H, NH, J=7.8 Hz), 5.11 (dd, 1H, C3-H, J=4.6, 7.8 Hz), 4.06 (q, q, 4H, ester
CH,,J=7.5H2z, 3.77(d, 1H, C2-H, J =4.6 Hz), 1.66 (br, 2H, NH,), 1.23 (t, t, total
6H, ester CH,, /= 7.5Hz): ""C NMR & 175.0 (ester C=0), 155.7 (amide C=0), 137.9,
126.8-128.3 (Ph), 61.2, 60.9 (ester CH,), 58.5, 56.5 (each CH), 14.6, 14.1 (ester Me).

Ethyl 1-N -ethoxycarbonyl-2,2-dimethyl-5-phenyl-1,3-imidazolidine-4-carboxylate 3 7.

36 (45 mg, 0.16 mmol) D7 k> 3 ml) WHKIZ 2,2-¥ X bF 7T/ (0.03
ml, 0.24 mmol) LT p-TSA 3 mg, 0.016 mmol) % MIZ, 2 HEIEARIKT S, ZD
W% MR T F IV CTARL, KB R ) 7 LKE ke SO RIEAKTHRIRL, Hifg ~
VLTI WL FIZIRRT 2, BEx LU AT vhoLrav b s 71l
DRRL, 37 32 mg, 63%) DWEHMRMELE 36 (13 mg, 29%) D% TH72,
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Syn-37: 'H NMR & 7.20 (s, 5H, Ph), 4.89 (d, 1H, C3-H, J=6.3 Hz), 4.18 (g, 2H,
ester CH,, /= 6.9 Hz), 3.90 (br, 2H, ester CH,), 3.75(d, 1H, C2-H, J=6.3 Hz), 2.25
(br, 1H, NH), 170 (s, 6H, acetonide Me), 1.26 (t, 3H, ester Me, J = 6.9 Hz), 0.90 (m,
3H, ester Me); "“C NMR & 171.4 (ester C=0), 153.1 (amide C=0), 141.5, 125.8-128.8

(Ph), 79.4 (acetonide quaternary), 66.4, 66.1 (ester CH,), 61.7, 60.6 (each CH), 26.8-
27.3 (acetonide Me), 14.19 (ester Me).

Anti-37: 'HNMR & 7.16 (m, 5H, Ph), 5.12(d, 1H, C3-H,/=10.1 Hz), 4.35(d, 1H,
C2H, J=10.1 Hz), 3.92 (m, 2H, ester CH,), 3.79(q, 2H, ester CH,, /=3.0 Hz), 1.92

(s, 3H, acetonide Me), 1.57 (s, 3H, acetonide Me), 1.02 (t, 6H, ester Me, J = 3.0 Hz);
BC NMR 8 168.3 (ester C=0), 152.3 (amide C=0), 137.8, 127.9, 127.5, 126.5 (Ph),

78.3 (acetonide quaternary), 63.9, 62.0 (ester CH,), 61.0, 60.7 (each CH), 26.7, 25.0
(acetonide Me), 14.2, 13.7 (ester Me).
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