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Ac acetyl

ACE angiotensin-converting enzyme
aq aqueous

Ar aromatic, aryl

AT angiotensin

Bn benzyl

Bu butyl

c concentration

Cbz benzyloxycarbonyl

conc. concentrated

d doublet

DMF N,N-dimethylformamide
DMAP N,N-dimethyl-4-aminopyridine
dr diastereomeric ratio

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
ESI electrospray ionization

Et ethyl

eq. equivalent

HRMS high resolution mass spectrum, high resolution mass spectrometry
HOBt 1-hydroxy-1H-benzotriazole
i-Bu iso-butyl

i-Pr iso-propyl

IR infrared

KHMDS potassium bis(trimethylsilyl)amide
L ligand

LA Lewis acid

LDA lithium diisopropylamide

LG leaving group

LiHMDS lithium hexamethyldisilazide
lit literature

MAC masked acyl cyanide

Me methyl

MRSA methicillin-resistant Staphylococcus aureus



MS mass spectrum

n normal

ND not detected

NMM N-methylmorpholine

NMR nuclear magnetic resonance
NOE nuclear Overhauser effect
NOESY nuclear Overhauser enhancement and exchange spectroscopy
NR no reaction

Ph phenyl

py pyridine

quant quantitative

TLC thin-layer chromatograghy

Rf relative to front

rt room temperature

] singlet

t triplet

-Bu tert-butyl

TBAF tetra-n-butylammonium fluoride
TBDPS tert-butyldiphenylsilyl

TBS tert-butyldimethylsilyl

TES triethysilyl

Tf trifluoromethanesulfonyl

THF tetrahydrofuran

TIPS triisopropylsilyl

TMP 2,2,6,6-tetramethylpiperidine
TMS trimethylsilyl

V-70 2,2'-azobis(4-methoxy-2.,4-dimethylvaleronitrile)

o HAbEMOMmAIEL, JFHAIE LT Chemical Abstracts DA IEIZHES Tohy, A7 hLVT
—Z OFEHEFCSLMEET, AR O 2 L7,

o AKESCTF LAY D Numbering X FFRD X H12#E— L7z, 2B, AjwXhclio
BT J[43-cA Y XV DN BRI A Y XV Db LR Y Y
PR [ I
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7 2 FiEZ < OEFELSAEVTEELEWICE ENTWELET TR, AT F RO
ETHH LD, AMEENICED L BEREREMO—D>TH S, V —FHTT I NI
LBEAIZ L DAL PR R ENEEZAT D120 (1eA), AEEAFILZOBESNLEET D L&
Z DGR 43T (Scheme 1), £ D72, 7 2 R&EFIH Lz SO IXREMA AT
PR TELP, REREBRLETHD, LENR-ST, 7 FEFIH LEZH- RIS OBZIX
RIBERFZE7Z 1T T <, ARAS LT OBEN D b EERRETH D,

7 REFALEZREN2)GEO—21Z, NO-7ZT 7' X — L EFHLZRLT v
R—/ 3 & % (Scheme 1, B—2), 2 NO-7 77X —/1 BiFv U i=xz /) —)LT—T
LV ERRIZREERE L LTl & | BRA sREFHI L BUST 2 2L T 7 X RO THZIZ K
F-RBREOVDIERTE DA LRFIETH D, L, BAFRRERELICHERH Y 7
U — V72 8O — AN RIEZEB ST L W ERE 2 E AT 2 01XRE ThH -7,
ZIZ T, NO-TrT 7L =B OMELZHiIE, 7V — KA REMICEATHZ &
MTENL, T ROILRHIAHMDILRIC SN D LE X T2 (B-3),

conventional strategy

o)
N
__5_,R§)wa
o 0 OSiR, E RS
1 2 1 2 1 2
RVANR - . |R N | [REAA R 2
RS RS RS umpolung strategy
A 1 B Nu Q
— Ry N,R2
Nu RS
3 (Nu = Ar)

Scheme 1. Reactivity of N,O-ketene acetal.

ZOEIBERERNG, FEHIET I FOOHEATREZRN,O-7 7 7 & & — VORI )&
MO ERAME LT, EFFEFECTVaxvEeaB457 I RbAEKRTHN0-7 7
YT Z = NASOREHEEASSOBRIEIZEF L7 (Scheme 2), AFIEIL, N-7LaF
TIR 4 ELNEN0-7F T TEL—/ C Ikt L, BHE-MEME ORA L HEIC
T DA ABRIFAE T, W72 KRR L RO SE D 2 & T, BR-MBEBEOMA L RixLE
WHEEATL, 7 X FOfIZK LREABEAT L ZENTE D, 2B, RRISIZBWT, Vv
A AWM & REMEZ ISR OAR T VI =0 AREDNRE R ARERRETHL LB 2
7o ¥



e silylagng agent OSiRs NG 1\)O\SiR3 , o
R R 2 e . R1\/\,\I,R2 AN /R,/\/ ,}rR ...... - R%N,RZ
| | - 3
OR? OR? N, A,‘COR Nu ¢
4 c D 5

Scheme 2. Umpolung a-arylation of N-alkoxyamides.

TUOIC, N-TAaxy T I RPLHRELIENO-7 T v T ' X — N ~DORBEN T = =)
B S &= at Lz (Table 1), £9° . N-7 /L2 %7 I K6a%i-PrNEt (NN-
Diisopropylethylamine: LA T i-ProNEt & B 34°) 24 &) 7 F. TMSOTF (Trimethylsilyl
trifluoromethanesulfonate: LA FTMSOTf & #877) (2.1%4 &) 35 L UPhAl (1M &) L ORISE=E
W CHET L7z, 2 ZOREE, WIFHEA Y KW 7 = = U LEOS D EIT L, afifll 7 = = /LK
PEASINIZT I FTaAB Lt M e U ERTMS L S 728aAN £ N2 HRIER 7278 &
Boivle (entry 1), KIZ, o> U ALFIEB L OHEEO Y EHICHOWTHREI LT & 2 A,
TBSOTf (tert-Butyldimethylsilyl trifluoromethanesulfonate: UL ~ TBSOTf & % 97) & 424 & Di-
ProNEtZ FIW 72358 SRR 7 = = /U EEOR D e b 2R K KHETT L. 7 X R7aA%313%DIX
RTHOLI, FZTBSHHEAR10aANTUDIRTHELNLD Z LR LA LR o7 (entry 5)
(1= H1H), ©

Table 1. Optimization of reaction conditions for the nucleophilic phenylation of N,O-ketene acetal
generated in situ from 6a.
silylating agent (2.1 eq.)
o i-ProNEt o OSIRs

PhsAl (1 eq.) ,
Ph/\)J\N’O g Ph/\)J\N/\/\OR via Ph/\/\N/O
\\> CH,Cl,, rt LA \\>

E

6a 7aA: R = H, 8aA: R = TMS
9aA: R = TES, 10aA: R = TBS, 11aA: R = TIPS

product (yield, %)

entry silylating agent i-ProNEt (eq.)
7aA 8aA-11aA
1 TMSOTf 2 8 8aA: 11
2 TESOTf 2 18 9aA: 30
3 TBSOTf 2 10 10aA: 67
4 TIPSOTf 2 11 11aA: 58
s TBSOTf 4 13 10aA:68

7B ARREEN T = = ALKE T 512 10aAIZIXTLCIZ B W CRIE FIFRE DA W
IMARH E UCTHAEL, KPR TH -7, 22 THEZEGIZTL2EMT, RIGKT
% . TBAF (Tetra-n-butylammonium fluoride: UL FTBAF & #&97) IC L DS U MABEIG 21T 9
L. a7 = =T X RTaAD B ISTA%DIER TR H 7z (Scheme 3) (B 1EE 1),



1) TBSOTY, i-Pr,NEt, Ph,Al

0 0
CH20|2, rt
Ph/\)J\N/O Ph/\)kN/\/\OH
\\> 2) TBAF, AcOH L H
THF, rt
6a 7aA: 74%

Scheme 3. Sequential nucleophilic phenylation and desilylation of 6a.

FEAMIGTEONZa-7 = =/L T 3 K TaA OF AR T 5 HE T, TaA DEHE
EWizAT>72 (Schemed), FT| 7TaA ZENKGETHZ LT, DVRUEERI12 ~EEHL
2o —J7. 7aA % SOCL L )G SHD L 13- AX VPV BREAT DL 303G (GBI
I E), Y

(@] (0] (0]
/\)k conc. HCI P~ SOCl, \/j
Ph OH ™ gioxame _ Ph N OH ~Crcl, | Ph/\)\N
Ph reflux Ph O°Ctort Ph

12: 84% 7aA

Scheme 4. Transformation of 7aA.

AR 7 = = MO D SSEEIZILL T O X 912 2 535 (Scheme 5), £3. N-7
a7 IR 6a & TBSOTEf B LN i-PrNEt LG S®ESZ ETNO-7F 7T RE—)b
F NERT %, WO TFIZx L 15070 PhsAl 23bA AR Tl < sRIERE S LT HIEH
L. BHF-MEHEOBRAB LT = 2 VIEOREKENEITT D (F—G), TOREE., afir
IZ7 == VERBASINTA I 7 — M I DAL, BBICHAEER L O TBAF (2 X D
VbIZ L > Ca-7 ==/ 7 X RTaA 555, LvL, %R 7 A7 LA @&IRW 72
KEW) 7 = = ALKEZBET D L. 2 01O PhiAl MERT 5K F—H) bEETE
20, TDD, BUEDO L Z A F>G=1 B IR F—H—1 O 2 DR CARMIGHHEST LTV
HEEZTND (BB 1 FEE 2 Hi),

o) o)
1) TBSOTH, i-Pr,NEt, Ph,Al
/\)J\ o) > P
Ph N\\> 2) TBAF, AcOH Phﬁ)\ﬂ O
Ph
6a 7aA
TBSOTf OTBS
I-PTZNEt Ph /u N 1) WOFkUp
) Co 2) TBAF, AcOH
Ph<ar
/o
OTBS Ph™ ph OTBS
o Pl N N
Ph Nig — Pph N~ >"0AlPh,
\\> and Ph
. OTBS |
B
Ph._ o
ph 1
b AlPh;
— H —

Scheme 5. Plausible reaction pathway.
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eV TARSNZ BT 2 WE — M2 R T2 BT, FRAxBN-7 L ax o7 I Fa v
TR 7 = = LBUG A e L7= (Scheme 6), ZD#ER., WIFNOEAITBNTH, A
FOSFHEIT L, BEODa-7 = =7 I RTbA-TMANTE Hivlz (GE1EH3E), ¥

1) TBSOTHf, i-ProNEt, PhsAl 0

0

CHzolz, rt 1

RuJ\N/O RW)J\N/\/\OH
L) 2) TBAF, AcOH LoH

THF, rt
6b-6m 7bA-7TmA

o

o 7bA: 80% (R?=Br)
WNMOH 7cA: 76% (R? = CFa) <OWHMOH
b, H 7dA: 80% (R2= Me) 0 Ph
R? 7eA: 63% (R? = OMe) 7tA: 61%
7iA:81% (R'=Ph)

o o 7jA:57% (R'=Ph _ )
. 0, —_
= AN 79A:65% (X =S) Rt AN TkA:68% (R'= pem ")
Q N OH 7ha: 62% (x = 0) N OH
X  Ph Ph 7IA:74%  (R'=PhO _ )
TmA: 76% (R'=Xx~_"32)

Scheme 6. Nucleophilic phenylation of N,O-ketene acetals.

WA AR % SRR 2 AR R SOS ICB B 2 72, SRR VX U o
2O BEHTAON-TILaFTT 2 Rlaz AN ToT7 AT VAR 7 = = LS & Bt
L7 (Scheme7), £3°. N-7 /L2 ¥ 7 2 Klda%i-PrNEtFELE F. TBSOTFH L OPhsAl%
WTCO0CTRIEHITH & WIFRE Y K 7 = = bR IEEIT L, a-7 = =L 7 2 K15aA
M10% DU (dr = 1:1) T H v, [FRFIZTBSHEEARL16aAN40% DI (dr = 2:1) TH LI
oo L2, EB LAY S SRR S . ARISERFICBWT YT 27 LA E8IR
PEASEEAERIL Lo T, ZORKNE LT, NO-7T v 7 & & —/LD %/ it Al
TETVWRWI ENEX b CELEFRANIELE),

(0] OTBS @)
TBSOTHf, i-ProNEt
H H —_— Ph  —
H  CH,CI,, 0°C H
(0] 0 (6]
14a - J - 15aA: 10% (R =H, dr = 1:1)

16aA: 40% (R = TBS, dr = 2:1)
Scheme 7. Diastereoselective nucleophilic phenylation of N,O-ketene acetal J with PhsAll.

Z ZTNO-7 7 7 & & — /N ORMEM,Z T 5 BT, Mk e U A bH &2 v
7=N,O-7 7 > 7 &2 — VilBED BT L, R 7 = = /LG 2 5T L7 (Scheme 8),
F9°, KR FN-7 /L2327 I R14a% LiIHMDS (Lithium hexamethyldisilazide: LA FLIHMDS
EE) TR L, RN T/ 77— M &3S H T, IRICTESCI (Triethylsilyl chloride: LA
TESCIE S & SIS EED Z & T (D)-NO-7 T o7 H— I KaeBE—D®MEM AL LT
B L 7o, TO%, (2)-KEPhAI L BUG SH7-/EF, HIRFIE Y @ L IRIRIRPI R 7 = =

4



JACBOGBEIT U, ofiZI 7 = = VEPREA SN2 T I R15aAD41% D ILHE, TESHE K
17aAN28%DINER T, TNEFNHE—D T AT L A~—L LTELN, 728, TESHEK
17aAIXTBAF CALIR T 5 Z & T, B R ¥ U {RK15aA~ L EMA[RECTh o 7= (H1EFAFF1
IH), 9723, TBSCI (t-Butyldimethylsilyl chloride: LA FTBSCI& W§97) % > U AbAl & L THW
72BE, NO-7 7 v 7' X —NVOAERKIIHER TE T, HHERREAYWE 5 27,

1) OTES o)
Ph/\)J\N’O 1) LIHMDS Ph/\/\N’O
H THF, -78 °C H PhsAl Ph NH —0R
_ > - 5 RN
H ) TESCH H CH,Cl, Ph
o 78°Ctort o 0°Ctort g
14a (2)-K
15aA: R = H (41%, dr >20:1)
TBAF’?S‘;OH’ J 17aA: R = TES (28%, dr >20:1)
° from 14a

Scheme 8. Diastereoselective nucleophilic phenylation of N,O-ketene acetal K with Ph3Al

TN TR T AR R L 7o RS R SR O B & 2 VR E T 272, 15aA ZBIIKS R 9 12 &
DEEEND S VR U~ L F5E L2 (Scheme 9), 570 12 D HIEEE & SCkFLEL % @
H-12D0FN LT HZ EICED, 12 OEBLEIX R ELE CTH D ERE L (5 1
4 155 1 1), >

O

Ph/\)\l;lH <—OH 4 M HCl
dioxane-H,0, reflux OH
g

O

65% Ph
(-)-12
[a]p?® = -127 (c = 1.0, CHCI5)
(+)-(S)-12, lit 83): [a]p2% = +107 (c = 1.0, CHCl5)

Scheme 9. Conversion of 15aA into carboxylic acid 12.

15aA

WITKE 2 AT VR =0 DRERE W C O T AT LARIRI T U — b ROG 2 Bt L
7= (Scheme 10), ZDFEHR, WTFNOBEITEB W THAKNMTET L, BDa-7 U —L 7
I N 15aB-15aF 5617, BRBEKDIINTN O HE—DY T AT L A~v—L L THELR
TWD (B 1 55 4 85 3 1), Y

15aB (Ar = p-MeOCgH,): 40% (dr >20:1)

1) LIHMDS o 15aC (Ar = p-MeCgH,): 51% (dr >20:1)
/\)?\ 2 THE,C-78 °C 15aD (Ar = p-CICgH,): 13% (dr >20:1)

0 TESCI

Ph H N .78 °C to rt Ph ';lH :\—OH MeO
_ ettt | =
H 3) ArAl Ar 15aE (Ar = :©}< ): 41% (dr >20:1)
o CH,Cl, g MeO
O°Ctort

14a 15aB-15aF 15aF (Ar = Me‘(gl{ ): 34% (dr >20:1)

Scheme 10. Diastereoselective nucleophilic arylation of N,O-ketene acetal.

5



W, o, B-AEIFIN-T L3 X 2T X FIbiifl L7z e =177 UNO-7 & & — )L~k
RSOGO BSEIC A F- L7 (Scheme 10), AL L FHKIC, E=/17T 2 NO-
T B — VLIS L R G ORI LSRR TR LA AR R S S 2 & T,
7 X FOyRLCR LREFEAEAT 2 2 LIS/ D L B X T,

o silylating agent OSiR OSiR3 fe)
base IR3 1
; 4 NuM _— _R 1
Me/\)J\N’R """" > /%/\N’R """ > ('%fp)u'\/’?l """ ’NU\Y/\)J\N/R
A | 2 H
OR? OR? Nu—M NU—M“’OR
18 L M 19

Scheme 11. Umpolung y-arylation of o, p-unsaturated N-alkoxyamides.

EP. ap-REAFIN-T7 L 2% 27 3 R20%0-PRNEUFE(E R, TBSOTFIS & UPhsAl & DG
%SRBI TRt L7z (Scheme 12), ZDfER, yi~OREM 7 = =k, B L ORI
L7 (B)-7 2 R212322% DR T SN2, RBHCofiIc 7 = = LIENEA S =T
I F22H35% DR T Lz (1),

0
TBSOTY Ph\/\)J\N/\/\OTBS
0 i-ProNEt OTBS ¥ H
PhaAl
Me/\)J\N/O — /%/\N/o . 21: 22% (E/Z >20/1)
L) CHCh L) 0
rt
o
20 (E/Z >20/1) N NJ\N/\/\OTBS
H
Ph
22: 35%

Scheme 12. Nucleophilic y-phenylation of vinylketene N,O-acetal N generated in situ from 20.

ZZ T, afi~D 7 = =V EOBANEZIHIT 5 BT, of ICEBEZ G T Da, B-REf0
N-7 /L= 27 X R23a%z VTR 7 = = Wb JS 21T > 72 (Scheme 13), & Difiti R,
W8 VYN A~DRIE 7 = = /WALROS S EIRAIZHEIT L, y-7 = =17 I R24aA703 2% D
INRTHOI, FARFICE FeXx I RRTBSIES 727 2 R25aADB4% D IR TH b LT
(P2 =5 1E),

o TBSOTY, i-Pr,NEt o
o PhsAl o
Me™ X N~ > SR N/\/\OR
\\> CH,Cl, rt N
Me ' Me

24aA: 2% (R = H, E/Z >20/1)
23a (E/z >201) 25aA: 54% (R = TBS, E/Z = 10/1)

Scheme 13. Nucleophilic y-phenylation of vinylketene N,O-acetal generated in situ from 23a.



¥, AR T = = ALEOE T 535 24aAIC X TLCIZ B TRAE DS RIFEE (L&Y
MM E UTHEL, BRPRETH 72, T2 CTHUEEZESIZTHENT, MISKT
#%. TBSClZ i\ Tk Fr X% ED T U AL AT -7 (Scheme 14), Z DR, y-7 =
=T X R25aADHB63%DILE T b, IEEHHA T E L7 (BE2EF1HI),

o 1) TBSOTY, i-Pr,NEt o
/\)J\ 0 Ph3A|, CH2C|2, rt Ph \)J\
A - SR N
Me N\\> 2) TBSCI, imidazole, DMAP N oTBS
Me THF, 0 °C to rt Me

23a (E/Z >20/1) 25aA: 63% (E/Z = 10/1)
Scheme 14. Sequential nucleophilic phenylation and silylation of 23a.

AR DO E /2 2\ EA2 IR LT, CHCLHMEE R T CRER 7 = = WEEUR 24T -
7= (Scheme 15), = DS, = A366%IC[M E L7 (B85 1),

1) TBSOTT, i-ProNEt

Q Ph3Al, CH,Cl,, reflux o
Me/\HJ\N/O > Ph\,ﬂ"VJ\N/\/\OTBS
\\> 2) TBSCI, imidazole, DMAP H
Me THF, 0 °C to rt Me

23a (E/Z >20/1) 25aA: 66% (E/Z = 10/1)
Scheme 15. Nucleophilic y-phenylation of vinylketene N,O-acetal generated in situ from 23a.

KR 7 = = U EROS D RUSTREITLL T O X 9 12% 2 TW\% (Scheme16), £7°. a,p-
AREIFIN-7 /L2 %27 I R23a%TBSOTFE L Ni-PRNEtE KIS SEHZ & T, BE=1r T
N,O-7 & # —VORAERKT 5, F\THELNZOIEH L, 193 FDOPhAIN LA AfigE LT
FE/AORZIIEAL, b 210 TOPhAINKREME L TERT 5 (0—P), Dk
By YLIC 7 2= VR EA ST A I T — FQBARKR L, HZICHRLBEB IO Fef v
FEOTBSILIZ L > Ty-7 = =17 2 R2BaAnNE b D (BE2FE5260),

Q 1) TBSOTY, i-Pr,NEt, PhsAl on Q
Me/\)\N’O — \”ﬁ\)kN/\/\OTBS
\\) 2) TBSCI, imidazole, DMAP H
Me Me
23a 25aA
1) workup
_TESCN’E 2) TBSCI, imidazole }
T2 DMAP
Pho,-Ph OTBS
OTBS ' OTBS
Ph =
PhAl ZmZIN
N . Ph N
P, o Ui AP
Me Ph/'/o\l‘Ph Me

Scheme 16. Plausible reaction pathway.
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I, ofiLiChkx REHIEE AT Do, B-Kﬁ@%DN-T/I/:Iﬂ‘r\‘/Y“ RS IANEN 3&1‘%’971
=BG AT L7= (Scheme 17), & DOFE R WFNDOBEAICB W T H  ASSITET L,
HIDYy-7 = = /L7 I F25bA-25rAMF B LTz, if:?/lx#/lx%%ﬁﬁéﬁ%ﬁ?» =L
ML HNTHRE L2 E 24, WThOBE bR T VLIS EIT L, IR T
XD, y-7F T I R259B-259D 723G B AL7e (2= 55 3HH).,

1) TBSOTY, i-PryNEt, NuAl

CH,Cl,, reflux N Q
o
Me*” \)\ u\’JJJ\)J\N/\/\OTBS
2) TBSCI, imidazole, DMAP ¥ R H
THF, 0°Ctort
23b-23r 25bA-25rA, 25gB-25gD
Nu =Ph 25gAY: 72% (R? = H)
25bA?): 54% (R" = Et) o)

25hA%): 71% (R? = Me)

25cAP): 14% (R"=i-Pr) Ph
b ( )TN H/\/\OTBS 25iA9: 55% (R2 = OMe)

Ph\,ﬂ“\)\,\,/\/\oms 25dA°): 55% (R = allyl)
25eA%: 44% (R' = Ph)
25fA% 9 ; 35% (R" = Br) R?

25jA%): 52% (R? = CF,)
25kA°: 65% (R? = Br)
25IA°): 57% (R%2 = F)

0
0
PR ”/\/\OTBS 25mAD: 50% (R® = Me)  Ph. o~~~ o1ps 25PA™: 51% (R* = Me)
25nA9: 42% (R® = OMe) H 25qA": 53% (R* = OMe)
250A9): 49% (R® = CF3) 25rA®): 56% (R* = CF3)
RS RY
Nu = alkyl o} 25gB": 44% (Nu = Me)
NU\MN/\/\OTBS 25gC): 31% (Nu = Et)
Bn N 25gD": 38% (Nu = i-Bu)

a) E/Z = 3/1.b) E/Z = 1/1. c) Ratio of E/Z-isomer could not be calculated due to overlap the signals of olefinic
proton or allylic protons with other signals. d) E/Z = 12/1. e) E/Z=7/1.f) E/Z>20/1. g) E/Z = 10/1.
h) E/Z=17/1.1) E/Z=16/1. j) E/Z = 13:1. k) The reaction was carried out at rt.

Scheme 17. Nucleophilic phenylation and alkylation of vinylketene N,O-acetals.

UED XS NO-TT T & 2 —NDERRFN G DK A EE ) &5 5 KRBT =
=B LT IV IALRIS DBHFEIZ S LTz, AROSIE. 7 X ROofLH D WMy RIS
LIEREARNEETH TR A BEAT L ZEBNARETH D, £lo, JAHEMERA Y F Y
VI EFHTLZILT, VT AT VARRET Y — LIS~ EEBAFRETH D L Ok
HEERa-T V= AT I RPELND ZERW LN EIRoT,



2
alii}

1= N-T7Haxs T I RMLRMLE NO-y 7o Tt
K= )L ~DRIEH) T V) — AL s D B

7 FIIEZ < OEFRBICEEFNL2EERIEAEED 1 > ThD, HlAlE. ACE BHEHK
THDHT T T TV L~ LA VEREOBIRE AT, SRR EKRCTH LNV Z o Y B
TEHBHCH D EHIL DK 25%I2T 2 R EGEN T\ 5 (Figure 1), D

Me

Me._ O

0
Me N
N COH Me” >
” .[ o]
0  COMH “epy O
HN-N

>
Enalapril Maleate N
ACE inhibitor
Valsartan
selective AT ¢ receptor antagonist

Figure 1. Medicines bearing amide moiety.

F7T7 R, BEETEOFEFEEREDNVR NI E O X DR~ 72 R
HfFT&E 2720, AIBEMRICHE W TIEA S FIH S TS (Scheme 18), Bz 1X, 7 I &
FLEOIHLABE TR, EREATDEZETT I REEOEANMEFTIL o0 | EHEIKER
BAOBYEEITRL 785, 10 20D, T2 RIIKEHBEDOT 7872 —L LTEL T
<, FP—LLTHEE, 5 CKE/FEERT 256, KEMDN ERERZ
X7 EDOBFEDW L2 EOMENEIFTE D, D EEMIEE LA O R A—T 3
VEEET S ET, FNAKZRMBAEPFIASRZEbH D, 1D EHIT, T NIIEER
JA-DOBRNE T GRED T, DR VEOREFHENMELS, EERRNICBNTH AT
NWIRED T NVR =G ANEMEFZENEEZ G T 5, D 207, 7 I MgEx 4
YIEMHALEWEAT D 2 & T mWRMEENEEZ R T Z AR SN D, DL ED L oI,
ABERFZEICIBWT T I REHWD 2 &E, 3SR ket R EEOBLRN B IE
HWIZHEETH D,



/o\ - O
H H. _.H
intermolecular o X
hydrogen bond )J\ _R2  eimproved water solubility
R? ’}l +improved affinity between
/ _H medcine and target protein
acceptor o’
o 110! 2 %
R1)\\KI/R2 - 1)LN/R2 H
R
I A~
H (\|1| )
donor Q R
@ﬁkN’ + control of conformation
I
intramolecular X—"H

hydrogen bond

Scheme 18. Effects of intermolecular and intramolecular hydrogen bond.

HHEAALFOBLE DS T X RO HOWTERT L L b EEAKISE LTT
RIERBE B2 Bivd, 7 2 RIEEKISOBRIL Z v E TR AT, BI7E Tlidkk
LIEHE TE DABAOMMEE LTHL SN TS, —FT, 72 Rl bdRo k5 Zpdtngzz
EALDIRIZE Y, 7 bR AT L7 BIZHA_R I VAR = VIO REEMELS . &b
FREMWERT, W ZORH, TIVETT I FaEHW T2 2RO OB RS A K6 D
BRIEb 0T T Rd o7, 7 REFM LIEREBHLRLIED 1 D127 2 ROafir
~DOEWIEEANENH D (Scheme 19), ZDOFIEFX, 7 R0 6 NO-7 T T 24—/ B
R/ 77— F RY R EOREMEALFHHL, RETAENESEDLHLOTHY, 7 FDa
M CHREGZIER CTE A A MRS TIEH 23, BATE ZEBEENRKETHEICES D7
B, TV —AEOENIRECTH T, £12T7 2 ROwKZEOWmIEE (pKa =35)9 1, I
AR, MR EZH WA MER S 5 70 EIRES R KOS RE BN ETh o T,

base OSiR;
silylating agent R%N/RZ +
R3 S
(0] B 0
R%N’Rz N,O-ketene acetal RH)J\N’RZ
H R + E RS
(. W]
pKa up to 35 base
R‘l /RZ
\/\N
R3
R
enolate

Scheme 19. Preparation of a-functionalized amide.
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Lo L4, BREAREMEZHA W=7 a2y 7 ) U I RIEDOREBIZE>T, ZNET
7 2 RONIZEANT L2ORREETH 727 U —/VEEOBEANZER I TS (Scheme 20,
pathA), ' T b, 7 RO LI NO-7F T 72X —VB, b LIE /77— F
R % Pd fEAFE T~ 7ML T U=V ERIBESED Z & T, o-7 U =7 X F 26 M55
Nb, RFEE, 72 ROafiiox Uk 227 V) — VIR E A CTE 5 —J7, RV E F & 23
W, FRSEZEITIELEDICHBRFMIEPLETHL R EOME D T, £z
Maulide &%, EBESBMEEAZEH L2WT 2 FOa-7 U —ALGZ B L T\ 5 (path
B), 8 4 7bb, 7 I ROKREBEFIEMILE ZAVEFL R2T b L7 NO-7 T T
A= S DB3-V I~ hrbE—EEAHTLZ LT, o7V —AT I K28 BEH
HTEEHRELTWD, 20X, HFET X FOa-7 U — AL TR 102803 T
DITWDER, 7 hr 1920 D7 L7 e R192) 22 B0 VAR = U LEMIT RS & RTEH
SIS DI FIZRT 2 RDa-T U — LG OB ICEENEFE > TV 5,

base, silylating agent
or

OR* O
base [PAIL, Ar—X 1 2
R% R2 R -R
N” N
path A R3 Ar R3
B (R* = SiRs) 26
1 o , R (R*=M)
R _R2 __|
N
R3
! o [3,3]-sigmatropi i
ath B + ,3]-sigmatropic 1 2
P 1) Tf,0, 2-IPy )SCO rearrangement R N’R
2) IS Y N’R2 PhS R3
| 4+ ! 3
S< TR
Ph” " "Ph L R J
27 s 28

Scheme 20. Known synthetic methods for a-arylation of amide.

N,O-ketene acetal
FBHVL, BT X RDa-7 U — LRI E BT I12H7-0 |
EZRIR T T vax v EREFETDH NO-TT T X —VITEHR
Lic, BR-MBRENEEATLNO-T Ty T —NLH LT/
7 — M, FRTRERER-RANEZ 7 TNICHET S0, —fk
W72 NO-7 7 T2 F—nb LT, T— e R 5 O % Figure 2.
IRTZERMBN TS (Figure 2), 2 B 21E Somfai 5%, EHE-BEREA DA E 5
WAL, RERICT V=V EEZ2EAT S MEERBRISOBRBICHKII L TWD
(Scheme 21), 2 AURE, N-7/L=2F 7 I K 29 (Z%F L LDA (Lithium diisopropylamide:
IR LDA &) ZEHSELZ2 & T, =/ 7— b TRAERL, fitW\ TER-LHELS O
PIRDHEIT L, A =0 L UNERT D, RICHEEGRARIE TR S Z & T, RN

alkoxy group = (:o_é:f"
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FOGHEIT L, a-7 V=7 X K30 BAEKT D, AFIEIL 7 I FOafLIZ@H, KEH
MANKNEE 72T V) — VA RECEATE DS TH D, LML, 7 RoaRERT E
WCERRTFEZLOIEBRUHEATH LD, WERMEICRIT D, o, MmEEEHNL5 7
O REDOa Y hr— VRN E R Y EREBENEMETH o T,

ZN o

ZN 0 1) LDA, THF, -78 °C
thN\)J\,}l,Ot-Bu thN\HKNH

2) Ar-MgX, -78 °C to rt I
Me Ar  Me

29 30

l T
2 ol N +JO\Li

Ph\/[\\!)\%‘(\N,\(')t-Bu > Ph

\

I\I/Ie Me
T U
Scheme 21. Umpolung arylation of enolate T.

ZDEIRERENSEEIL. NO-TT T v X — I DEFEPRFEES DR ZBRE) 1 L
%, fEHSEEEAEHEAOLRNT I RORERNo-7 U — LIS OBR%F 2 B L7z
(Scheme22), T 72 H, N-7/axs 7 I RANb NO-T 77—V E2ififitg, =
F-MEFRECEARER VA A a2 AW T, EF-MRMES LRSI EE., BXRE
T X BAERT DB R T, TO%, REMEESEDZ LT, 7 I RO RKEFE
DA SNAUR, FiTo AR S PR TE D LB 2 T,

o) _ o)
R R2 LA, Nu R% _R?
N/ ------------------------------------ > ”
|
OR, Nu
4 5
) A
E E Nu_
v 1
OR* OR* OR?
R R Ao R R - RS R
' {OR? :
ORs LA™
v w X

Scheme 22. Strategy for umpolung arylation of N,0-ketene acetal.

—J T N-A FFT-N-AFNNT I R3 06ff L7z N,O-7 7 7 &4 —/L Y-1 I X, retro-
ene FULAEIT L, EFR-BREEVHAT L2 PN TEY | FHEVEEL TV HR
PEEEHSOS ISR TE 202 E BT S D (Scheme 23), 29
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TBSOTf

O 0
Et;N
1 3 1
R\)J\N,Me > R\)J\N,Me

| CH20|2, rt H
OMe

31 32
TBSOTf

Et;N H,O
— )OJ\ —
oTBS
H H

le%ﬁszMe ) oTBS

]
H>?O retro-ene reaction R\)\\N’l\/Ie
H

Y-1 Y4

Scheme 23. Reaction of N,O-ketene acetal Y-1 generated from N-alkoxyamide 31.

FFEIX, BIID NO-7 7 > T2 — N ~DRENT V) — ARG & FEB T 5 720121,
iR X 9 73 retro-ene KIS E M DV ENRNH D EFE 2T, = Z TLEIRO retro-ene [Kin 2D
WCREMIZ B2 L7= (Scheme 24), N-A R -N-AF /LT I K 31 InHAEKT D NO-7 T
> 7 —)L T retro-ene ML HEITT D ER & LT, EF-MHELEEGOHHMBEEZNE 2 51
5o THROH, NNARXTV-N-AFNLNT IR OHAERTD NO-TT> 7T —1LY I,
BHE-HFEEAOHBEERZC LY | Y-2 (sS(NO)-trans)=° Y-1 (3(NO)-cis)/2 ED LR A—3 3
UIFIEL T WD, F D728 Y-1 (S(NO)-cis)D X 91T A FFIHD A FIVE S NA LT 4 v
HPZITDWEREZ, RERO K 5 72 retro-ene BUGHEITT 2 &2 6D, ZOBELK
|2, retro-ene i &2 AZ H72DIZIE, ER-BEMEOHHBEEBEERZMA DL ERH D EE %,
BHER-MBEHAOHRBEEGEEZHBLZERER T Va7 I 2HF3 5 N-7haxy 7 2
F332HWSZ &AM LE,

oTBS oTBS
O Rl Me R' Me
1 N~ N’
|
OMe *H H>|/
H H
3 Y-2 (s(NO)-trans) Y-1 (s(NO)-cis)
o OR?
1 . 1
R\)J\,il/ o/ Rw/\,il/‘\‘ +> retro-ene reaction
O\ a o\,
33 AA (s(NO)-trans)

Scheme 24. Restricted rotation of N—O bond.
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REBMIIRETIE, CHETICTY FrBERO N-TLaxs o) I o ~ORENT U —L
UG % BRI LT % (Scheme 25), 3 ALUSTIEE T, 7 hr 34 & A VY XH U U
BARTDHN-TNLaF v IVABICAET VI =y AREEEH ST L, 4 VX
VYO UOBBERLIZT VI =0 ABRENL L, i TEE-IEEAOBRR L & bR
INTF I ATEAS N, F I UFRIE AD AT B, BEBISIKSRICE Y a7 U —
VA R38R BND,

(6] N (0]

1 b N weso, L n

R1 > R1

I 2) ArsAl 18
34 35

| o
C\o F\ q\ OAIAT,

N ArsAl N7 A,

R1J\ R1Jl\y/—Ar R1JJ\/Ar

R2 R2 R2
AB AC AD

Scheme 25. Umpolung arylation of ketone via N-alkoxyenamine.

FIT.FEHIA VI YV VDU AETHN-TAaXTT I R6 nOERLENO-ZT
VT =N A~DRET U — ARG DB & 5B L 72 (Scheme 26), T 72> H ., N-T /b
axL 7 IR 6 AT, YU MMEANC L > TR TE %5 NO-» T 78 % —/L AE
. N-Tvafxy =t I UnEfETICE L TWA 2, BiRo 7 b OREFREE, v
A AR &R Z RO T L I =0 AR LS SHE 5D Z & T, retro-ene X%
D Z L BHE-MEHEORA L REMOREIENET L, o-7 V—1AT 2 K 36 2
Bonbd BT,

silylating agent
base 0

1 silylating agent
base

OSiR, OSiR,
RL/\ o R - R%N OAIAr,

W
Ar

AE AF
Scheme 26. Nucleophilic arylation of N,0O-ketene acetal with Ar;Al.
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1T RS O

TUDIC, JERMEZBGT272ODOEREL D N-TAaxs T IR 6a DEREIT-
7
ik 2 D FEER BB, pyridine 774E [, 1fillk®  3-phenylpropionyl chloride (37a) & A
XY UG 38) 20 AMGEEDLILETN-TAIXTT K 6a % 99%DIVERT
Ak L7 (Scheme 27),
(0]

0] je, pyridine
/\)]\ " HN\J Hel g F’h/\)J\N’O
Ph Cl CH,Cl, L\;>
37a 38 0*Ctort 6a: 99%

Scheme 27. Preparation of N-alkoxyamide 6a.

WIZ, N-7vaxy 7 I KA T D NO-7 T > 78X —NL~DOREN T = =LK
JEIZOWTHEET L7 (Scheme28), £3°. N-7 /L% 7 2 K 6a & CH,CL 11 i-ProNEt (2 24
&) 77 F=EIR T, TMSOTf(2.1 ¥ &) BLU'PhAI(l % &) L DOIEEIT-T, ® T Ok
R, FNTNO-TT T EZ =L AG DAL AG ~DREEH) T = = WALSOG A HELT
L7eéEBEZDNDa-7 ==/LT I K 7TaA BL Ok KA TMS (L S 7z 8aA 13155
TZDS, 8%, 11% ERIRIZE EFE o7,

TMSOTf (2.1 eq.)
o ‘pamiee i
Ph/A\V/ﬂ\ = > Ph/A\T/ﬂ\”/A\V/A\OR via Ph/A\¢¢i\ -0

1J> CH,Cl, rt W\)
2T Ph

6a 7aA: 8% (R = H) AG
8aA: 11% (R = TMS)

Scheme 28. Nucleophilic phenylation of N,0-ketene acetal AG with Ph;Al.

ZIZT, o-7 =7 I ROWEDR EEZBR L, RESEFEZ AHTREEZ1To72
(Table2), (ZUDIZ, ¥V LA L OEEIFFET. PAl OB TRIGEITI) &, BL<K
JSTHETT L7e v o 72 (entry 10), 2D Z b SKEE 7 = = /U LEIRIZEB W T N,O- 77 >~
TV EXEELMKCTEERTH D 2 EBRBE N, RICN,O-ZT 7' H—LD
BB 72 > ) LRI ORBRF 21T o7, £, ¥ U kAl E LT TESOTS (Triethylsilyl
trifluoromethanesulfonate: LA~ TESOTf &H&d) & W TAKIGZRGF LTz, £ ORER. a-
7=V 7 X R TaA DS 18% DI, F£ 7= TES #HE(K 9aA 73 30%DILHE TENZNG B,
WEOUENHERTE T (entry 1)y ZDOZEnD, YA ERFLELOBEBREEZNIELLTD
ELNO-TT TR A=NDOREENRB EL, a-7 ==/LT7 I ROWERNE LT 252 &R
iz, 22T, Fonrc@mny U b#AlTod 5 TBSOTE ¥ L U TIPSOTS
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(Triisopropylsilyl trifluoromethanesulfonate: LA T TIPSOTf & l3) 2 HWWTREI L& 2 A,
TBSOTf Z MW= A I 8RR L RN T = = UELEISDEIT L, a-7 ==/ 7 I K 7aA
25 10% DI TBS 58K 10aA 75 67%D IR T H 4172 (entries 2 and 3), ¥KIZ, PhsAl ©
MEHZ 1 YENG 2 YEICHEE L THRET L2, IERIEN E LR o7 (entry 4), RIZ
DI THRET L7 & 2 A, EtN TIFRERICARIC A EITT 2 D123 L, 2,6-lutidine T
IR R MK T2 2 E N S5 72 > 7= (entries 5 and 6), % 7= 2,6-lutidine & F V7=
BE. BFEFCH D 6a BRI INT=Z EnD, NO-7T T X —)VE BPRMIER LT
WRNWZ ENEBZBND, I LICHEEDYEHITOW TG LR, i-PnNEt O Y&
Z2YUEND I YEIZHDS LGS, o7 2= 7 I ROIEENME T L7 (entry 7), —
T i-PpNEt % 4 YEBETHOLAEHATIE, a-7 =2=/L7 2 K 7aA 28 13%. TBS iFElk
10aA 7% 68%DULHE T B, HTTIEH 20U [ E LT (entry 8), YKIZ TBSOTE D4
A 3 YEICHE LA, TBS FHE(K 10aA OAHD T8%DILE T HALE (entry 9),
PLEDORER LY | AR 7 = = /U BLISCBIT D REEFIE, o7 ==/17T I F7aA B
X OVTBS #HE (K 10aA DA FHICEN K B B> 72 entry 8 D 4 25D i-Pr,NEt {F{E F, N-7
NaxTT I RE 21 HEO TBSOTf BLO 1 H¥ED PhhAl &GS HTHATHL 2 &
WHBMNE 25T,

Table 2. Optimization of reaction conditions for nucleophilic phenylation.

silylating agent

OSIR;
0 base e} /\)\ o
= -
Ph/\)J\N/O PhaAl Ph/\)J\N/\/\OR via | Ph N\\>
CH20|2, rt Ph H E
6a 7aA:R =H,9aA: R=TES

10aA: R = TBS, 11aA: R = TIPS

product (yield, %)

entry silylating agent (eq.) base (eq.) Ph3Al (eq.)

7aA 9aA-11aA
1 TESOTf (2.1) i-Pr,NEt (2) 1 18 9aA: 30
2 TBSOTf (2.1) i-ProNEt (2) 1 10 10aA: 67
3 TIPSOTf (2.1) i-ProNEt (2) 1 11 11aA: 58
4 TBSOTf (2.1) i-ProNEt (2) 2 11 10aA: 59
5 TBSOTf (2.1) EtzN (2) 1 20 10aA: 48
62) TBSOTf (2.1) 2,6-lutidine (2) 1 ND 10aA: 19
7b) TBSOTf (2.1) i-ProNEt (1) 1 8 10aA: 36
8 TBSOTf (2.1) i-ProNEt (4) 1 13 10aA: 68
9 TBSOTf (3.1) i-ProNEt (4) 1 ND 10aA: 78
10 none none 1 NR NR

a) 6a was recovered in 47% yield. b) 6a was recovered in 23%.
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RBAKRKN 7 = = LIS TH B D 10aA (21E TLC 128V T R EASFFRE (LA
MW A E UCTHFEEL, RPN TH o7z, £ TREERSICTHHIUT, ARG
T, TBAF IZ X DM U bR ZIT>T0, EORER, a-7 ==/ 7 I K 7TaA ORHN
T4% DIV TH BT,

1) TBSOTf (2.1 eq.), i-ProNEt (4 eq.)

/\)?\ PhsAl (1 eq.), CH,Cly, rt 0
_O /\)J\ /\/\
Ph N OH
Ph N\\> 2) TBAF (3 eq.), AcOH (0.7 eq.) H
THF, rt Ph
6a 7aA: 74%

Scheme 29. Sequential nucleophilic phenylation and desilylation of 6a.

WIZEHT VI =7 DRI O FHEEERIEE W CREN 7 = = U BROS & FRET L
7= (Table 3), £T N-7/L2FX 7 X K 6a & CH,Cl, H i-Pr,NEt f77E N =il T, TBSOTf %5
KOV PhLi &G EITo T, TORER, BDa-7 ==L 7 2 K 7aA B L TBS #HiElK
10aA 135503, MAII-BEEROGIC K > THAVR = VIRFEIC T = = )VEERNE A S iz b
> 397 B 12%DIEETH: BV (entry 2), 72 PhMgBr Z W 23846 7 ko 39D 2345
H3L7z (entry 3), —J7. PhZnI® <> PhyZn® % HW2GA Tide< JISIZ#EIT Leh- 7z
(entries4 and 5), LA EDFER NG | ARKREW 7 = = ALIRIZEBWT, A7 LI =0 A8
HWREELARSRRETHL Z EnHLNE 5T,

Table 3. Nucleophilic phenylation of N,0O-ketene acetal with various organometallic reagents.

TBSOTf (2.1 eq.)

0 i-ProNEt (4 eq.) o
/\)J\ Ph,M (1 eq.) /\)}\ 0]
/O n /\/\ +
Ph N Ph N OR
\\> CH,Cly, rt pp H Ph/\)J\Ph
6a 7aA:R=H 39
10aA: R = TBS
product (yield, %
entry Ph,M(X) ( J
7aA 10aA 39 6a

1 PhsAl 13 68 ND ND
2 PhLi ND ND 12 49
3 PhMgBr ND ND 39 42
4 PhZnl ND ND ND 39
5 Ph,Zn ND ND ND 49
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EHIEARETHELNZa-7 ==/ T 2 FOFAMEEZHRT 5 HET, 7aA O'EREREE
#1%4T 572 (Scheme 30), £7'. 7aA ZENKGIREST D2 & T, TR W12 5 85%DIL
/LN, £72, TaA % SOCL & sS85 &0 TINME RIS HET L, 1,3-4 %3
VBRSPS, 13 28 68%DINER TR BTz,

(0]
conc. HCI
. > Ph OH
dioxane
reflux Ph
12: 85%

o)
Ph/\HJ\N/\/\OH
ph
o)
7aA SOCl, /\p
> NS
CH,Cl, Ph N

0°C tort Ph
13: 68%

Scheme 30. Transformation of 7aA.

bk Xsic, A VXYV 2F925 N-TILaxs7 I Rad i-PoNEt #1F .
TBSOTSF & PhsAl ZERINZ 5 & KEMo-7 = = WERISDEIT L, o-7 ==L 7 I KM
INRELSEBLNADZENHGMNE T,
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H2H NSRRI DE SR

R 7 = = WACROS OHEE S 415 ROG#EHE % Scheme 31 1233 d, £, N-7/bax
7 X K 6a 28 i-PNEt 33 LN TBSOTFIZ L » Tl & kb LN TBS {L 4L N,O-7 7 >~
TEHZ—IVF L5, WITFIZX L PhsAl DMEHT 5 &, BRBHEEEORKLE 7 ==L
HKOREKE (Gand H) BNEITL, A X7 — b I DEKRT D, F T, BREICTFET D
TBSOTfIZ L > Th H —HOMHBEF T TBS b Ini=%, BUFLZ L > TT I R 7aA 235
bl EBZEZ TS,

OTBS OTBS

) S /”\\/J\ =
Ph/\)J\N/O m Ph/\/\N/O M Ph )kt’g} and PhFiZI/))J(’\ICI)}
‘\> \\> Ph—p” Ph” | 4

- Ph  AlPhy
6a F G H

OTBS OTBS
- TBSOTY -
Ph N >"oAlPh, T Ph N >"oTBS

Ph Ph
I AH

]

workup
— Ph/A\T/ﬂ\H/A\V/A\OTBS

Ph
7aA

Scheme 31. Plausible reaction pathway.

T 2T AR Z DT OBFEIZ 3T TRe L < 45,

A VXYY DR

N.O-r 7 > T & — )L DERROMERS & B TIRIEOHEE (F)
KW 7 = = VARG (F—)
Ta%ky RO TBS LS (I—~AH)

A 0w

1. A VXV DR

NO-TrT T/ E—=N~DREN T = = MEBORICEB T 54 Y FH U O O R % ik
BT D0, TR0 BLON ZHOCTARIGERR L7 (Scheme 32), 723l 7=
D, B1LES 1LHOA ISV EGTHN-TAIXTT IR 6a DR 7 = =)L
EREORERERT (R D, T A VYFHS VO rofRbictn ) PraFT57 3
R 400 ZHWTREMN 7 = = WbROGERFT L& 2A 0-7 = =47 I RiZelfimbh
F.40 BE s (K2), ARERED, AT VI =0 LREEE AW RERHN T = =1
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EEOG T, BHAFTRE R ER-BHEHEDHFENNATH DL EBEZbND, TRbbL, A
AR L OCREMSEZ IR R OB T VI =7 ARFIL, NO-r T T'Z—LDA V%
YU O UMBRIR BT D 2 & T, ERBREME S DA X OSREE OB A Z )RR
WCHEITSED EEZLND, WRIZ, T hT78 FR-12-AX%H T D 2HFTH7I K4 T
KRBT 2 = UbEOGE B Z o7 24, BBID0-7 ==/ 7 I R 42 3 2%, £/ D
TBS #5843 3 2%UDIWETHLNIZN, A VY FH VU E2HT 5 6a DREMNT ==
JALEOS OFERITHEASPEEME T L2 (N 3), 2LV, NO-TFT 78X —/L~DRE%
17 = = /AT, RO T RICER T 2 EHF-BEFHEORKEORL INEETHHZ &
NEZOLND, Thbb, A VXH YU UNET FT 8 Ru-12-FFH 2 X TERO
PTHRPKREL | BRE-MBBHEAVHXR LT VWD, AREPIROICETLZEEZ BN
D

TBSOTf (2.1 eq.)
0 i-ProNEt (4 eq.) 0 OTBS

Ph,Al (1 eq.
/\)J\ -0 Al ea) N /\/\ -0 (1)
Ph N Ph N OR | Ph N
\\> CH,Cl rt I H \\>

6a 7aA: 13% (R = H) F
10aA: 68% (R = TBS)

TBSOTY (2.1 eq.)

0 i-ProNEt (4 eq.)
PhsAl (1 eq.
Ph/\)J\N Al (1 eq) / > no reaction (2)
Q CH2C|2! rt
40

TBSOTf (2.1 eq.)

(o) i-ProNEt (4 eq.) o OTBS
PhsAl (1 eq.)
CH20|2’ rt H
Ph
41 42: 12% (R = H) Al

43: 42% (R = TBS)

Scheme 32. Umpolung a-phenylation of various amides.

2. NO-TT T X —)IVOERDHRSE BT EEOHEE (F)

FOGHRNTHER L TNWD EEZX LD NO-7ZT T X —/VOFEEMHRT D720, N-
TNax T IR 6a & CDCL W' i-PrNEt f#(£ . TBSOTf & 5l S 72 (Scheme 33), %
DOFER, HAERM D 'HNMR A7 S E N,O-7 7 7 &% —/)V F OIFEEMER LT,
Thebb, ALV 7 4 VKEOY T FIVHNE: 449 ppm (1H, t, J = 7.0 Hz) ([ZBHI S =2 &
SRR L=, L. HAR® D 'H NMR 227 FUiE, BIEHRO S 7 F LB RKE<,
NOESY ZHMIE L7225, N,O-77 T Z—NORIEMEZHET D LN TE Rl
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WIT, AR T = = MUISIS NO- 7T > T2 Z —/LERHE L TH#EITLTWA Z L 2k
R HHMT, ZOKISHEIRIZ PhsAl 212, % D% TBAF IZ X DM U MBS ZAT >
7o TORFE, AMDa-7 ==/l 7 2 K TaA 28 54%DINETH LN, Loz L kv,
KX, NO-Tr 77X —)IVF ZRFH L THEITL TS EE X DL,

TBSOTf (2.1 eq.) oTBs | 1) PhsAl (1 eq.) 0

o)
/\)J\ i-Pr,NEt (4 eq.) 0°Ctort
.o — .0 Fa N
Ph N\\> CDCl, Ph™ N7 N\\> 2) TBAF, AcoH FPh N OH
rt, 1h H rt Ph
6a F 7aA: 54%
olefinic-H &: 4.49 ppm (1H, t, J = 7.0 Hz)

Scheme 33. Formation of O-TBS N,O-ketene acetal F and nucleophilic phenylayion of 6a.

RIZN,O-7 T T2 E— VORI RN ZHEET H AR T HNEIZTNO-T T TS —
NS 5 Z &2 LT (Scheme 34), §772 5 LIHMDS (CX-> T, N-7Aaxy 7 IR
6a 26/ T — &% . TMSCI (Trimethylsilyl chloride: L F TMSCI & #&97) & s &S
H'HNMR ZHIE L1z, D Z£OFER, HARMD 'THNMR 22 MLinb NO-77 7k
42—V AG DIFEEMER L=, T7hbb, AL 7 4 L KFEDY 7 FILHS: 4.54 ppm (1H,t,J
= 7.5 Hz) (Sl S N7 2 L B8 L7z, WIS, AG % FIV T NOESY DIE &AL 5
E LM, 'THNMR AT RFILIZBW TR UANLOKFEICHKT D 7L e A Y %9
YUY 3INDKRFIZHKRT DT 7 FIVRER S TWelzH, NOESY ORIEITHKE L7,

o 1) LIHMDS (2 eq.) H H OTMS
Ph/\)J\N/O THF, -78 °C, 0.5 h _ Ph)%N/O
L) 2) TMSCI (2 eq.) H HM
-78°Ctort, 1h H
6a AG

3-H, 8: 3.30 ppm (2H, t, J = 7.0 HZz)
benzilic-H &: 3.33 ppm (2H, d, J = 7.0 Hz)
olefinic-H 6: 4.54 ppm (1H, t, J = 7.5 Hz)

Scheme 34. Formation of O-TMS N,O-ketene acetal AG.

Z ZTWIZ, 6a DHIBHZ —IRFBHK LIZ N-TLaxo 7 2 Rej 2T NO-7T 7T
2=V a2 T 5 Z LIZ L7 (Scheme35), 3 Scheme33 & [AERIZ, N-T /L aF 7 3
R 6j # CDCl; H1 i-ProNEt 7/£ . TBSOTf & K& SH7= (Scheme 35), = DFEHR, AL 7 ¢
VKFEOTTF NS 429 ppm (1H, t, J=T2 Hz) \ZBHI SN2 &b, NO-ZF 77k
H—)L A DIFAEZHER LT-, LD UARTHETIE Scheme 33 & [AIEEIC, RAEKBkD > 7)1
MK E < NOESY 12 L 2 %Mo ENREETH D = LN TR,
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OTBS
o)
- Ph
Ph\/\)J\N/O TBSOTF (2.1 eq.) , i-Pr,NEt (4 eq.) \/\%\ o)

N
\\> CDClg, rt, 1 h H HM

H
6j AJ
3-H, 8: 3.21 (2H, t, J = 7.2 Hz)
olefinic-H &: 4.29 (1H, t, J = 7.2 Hz)
Scheme 35. Formation of O-TBS N,O-ketene acetal AJ.

% ZC. Scheme 34 CTHW\zBHEILE o U MLHIN B AR T 2 NO-Tr T o TRZ—N &
e 52 2T, AJ ORMBEEEZHEET D Z LI L, B Y UEANX, NO-7T T
A= VDL EEER ESE S0, TMSCL X0 &7 A FRT EOBEBBBREN ) SEHW
TESCl % Z 212 L7z, 374bbH, LIHMDS [Z K> T N-T7 A aF L7 I R 6j hbx )
7 — b &S, TESCI & KIS S, HAERY O 'THNMR ZHIE Lz, ZOfER, v 7 «
VIKFED VT F VNG 430 ppm (1H, t, J = 7.0 Hz) IZBHI SN2 &b, NO-ZFT > 7Tk
B VOIFIEEER LT, Flo. AL 7 4 VKBEORF Y7 PBLUS VIR HF I UL 3
PWEDOKRFEDILF S 7 WA, N,O- 7T v 7L —)L A EIEIER UfEE R L2 Z £ D, N,O-
TT TR =0 AK IE, A LR CSEARBLE O BTERMER 2 A LT D ST LT, £ 2
TWIZ, NOESY ZHIE LR, AL 74 v DKFEEA VY FHF YV P 3O KFEMIZY
RAE—=7PBHIENT., ZOMRID . AK ORMEMZ Z (K3 LHEE Lo, DL RO
REV | RN TIED 2 BARKEH 7 = = VKBS, (2)-N,O-7 7 > 7 & 2 —/VZ&#EH L
THITL TN D EHEE LT,

o 1) LIHMDS (2 eq.) PhV\H\ 5
THF, -78 °C, 0.5 h SN
F)h\/\)J\N/o g {N3\>
\\> 2) TESCI (2 eq.) &\H\H

-78°Ctort,1h

NOE
6j AK
3-H, &: 3.24 ppm (2H, t, J = 7.0 Hz)
olefinic-H &: 4.30 ppm (1H, t, J = 7.0 Hz)
Scheme 36. Formation of O-TES N,O-ketene acetal AK.

WIWZ Z KD NO-7 7 v 7T XZ— A RERRNICHELNTZEHBIZOWTELR L
(Scheme 37), ¥ FA4 VX WV U I UNIT7 = X TNV TNIWERLTH DL EE X
5D DT, TBSOTE 25 B VAR = VEEFIZEAAL T D BRICIL, TBSOTE & A V¥ U D rin
syn FLiE & 72 DA AL-1 NERT D EEZOND, RICZENERTDHarmA— 3
vELTAL2 #RHBLTH Y2 M ALB IO TBS (k&b Z & T, (2)-NO-r 77k
22—V FPfGoniceBEZTND,
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0] oTBS
TBSOTT, i-ProNEt

\\> CH,Cl,

6a (2)-F
TBSOTf
l i-Pr,NEt T
B i-Pr,NEt B
_-TBSOTf l
7 _ TFOTBS, H o
At o 1
( H PhH,C H
iPr,NEt AL AL-2

Scheme 37. Selectivity of geometrical isomerism.

3. KRBT = = AbE (F=T)

ASIEIE Scheme 38 (2R T X D12, NO-ZF 778X —I/VFIZxL 1 3 FBLO2 071
DEET VI =7 LREMEAT 52 & T, RENT = = WERIEDHETL, 4 25—k
IR LTV D EHERI L T D, BUE, FEMIZRSUSHEREIZ > TOVR WS RS,
N-TaxT7 I RIZx L 1S &ED PhsAl TRICHETTT 5729 .G Z#tH L TRERN 7 =
=IALBOSEIT L TWD EEBEX BNDN, BT 207 AT LA BRI ZRE 7 = =
TALKOS DI SHERE (35 1 B 4 FiE 2 H) B8 25&. NO-7 7 o782 —iZxiL 2
DTOAET VI =0 LRENMEHT ORI O AETERY, TOTDARKIGNIE, path A
B LV path B O 2 OISR CTHETL TWDH LBED L ZAB X T D,
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6a

PhsAl =
TBSOTf RS )u "\'9
i-ProNEt path A F’h\Ar'CO
Ph ¢
OTBS Ph OTBS
G NS
ph N N0 Ph N~ " 0AIPh,
\\) OTBS L
F Pm\ééwi> //// |
PhzAl Ph\ALj (/,O

—Al
path B Ph Ph7™i%

Scheme 38. Plausible reaction pathway for nucleophilic phenylation of N,O-ketene acetal F.

4. TLax Ko TBS AL (I—AH)

Scheme 39 |Z/R T K D12 N,O-7 T > T B H =V ~DREN 7 = = AL & - TR L
oA T — M1 OT N ax s RESH, WBRIAFATET 5 TBSOTFIZ L - T TBSfLE4L (I—
AH), 10aA B EONTZEBED L ZAE X TN D,

OTBS OTBS
- TBSOTY -
Ph N >>"oaAPh, T Ph N >"oTBs
Ph Ph
I AH
0
workup
— " Ph H/\/\OTBS
Ph
10aA

Scheme 39. Plausible silylation of alkoxide I-1.

FE7 RO REME L LT, Scheme 40 |2 R T RSO ATREME S B X b D, T720H, A
IT— R IOERE, 25704 I7— FOMTTBS AOZIFWE LA Z V| TBS A
AHB X7 vaxy N AM &R o 7%, mREIS/FEET S TBSOTf IC X » T TBS ka5
ISR TH D, LnrL, BHEDOL ZA LD 5 OGREE CAKIERHEIT LTV 5 IR
HTH D,
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nN_Si(Me),t-B
6 i(Me),t-Bu

F’h/\)\\N/\/\OAlph2

Ph

Ph

TBSOTf

[N

Ph

Scheme 40. Plausible silylation of alkoxide I-2.
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3 AERIEORE

NO-TT T8 Z =) ~DREN T = = MEBORIC R T 5 EE — kML iR+ 5 B
T, Bkx 72 N-Tvax o7 X R 6b-6q DERLEIT->7- (Schemes41 and 42), ik Y D F ik
HEIN, a7 VAR R 44a-44n % i-PnNEt {F7E F . EDCI (1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide: LAF EDCI & #&37) & HOBt (1-Hydroxy-1H-benzotriazole:
PLF HOBt L9 ZHWTA Y XRU U DG (38) LiiasEs 2L T, BHD

N-7 L2 %7 2 K 6b-6j, 61-6p % 51-99%DULHE THARL L7,
EDCI (1.1 eq.)
HOBt (1.1 eq.)

. o)
(0] 0] i-ProNEt (3 eq.)
+ HN’\j -HCI RuJ\N/O
CHCly, rt \\>

44a-44n 38 6b-6j, 61-6p

o 6b: 92% (R? = Br)

/©/\)J\N/O 6c: 99% (R? = CF3) W -0
\\) 6d: 66% (R? = Me) \\>
R? 6e: 99% (R2 = OMe) X

6f:77% 6g: 83% (X = S)

9] o o 6h: 56% (X = O)
Ph\)J\N\/\O> Ph\/\)J\N‘/\O> PhO\/\)J\N‘,\O>

6i: 88% 6j: 99% 6l: 96%
e} (6]
(0] (0] O
s~ o .0 N/\)J\N’O s~ o
D0 -0
H
(¢}

6m: 72% 6n: 69% 60: 51% 6p: 67%

Scheme 41. Preparation of N-alkoxyamides-1.

FloLN-TAIXTT I N6k BLD6q 1T, Rk OFEESEZ L, €V UVUFET,
TV ERIEA L) 3Tb BE DN 37e LA VXV U D UMERRE 38) HIGSEHI LT
A% L7z (Scheme 42)

0O
O pyridine (2 eq.) \)J\
HQ] ——— R .0
R\)J\CI HN\J CH,Cl, ’\‘\)

0°Ctort
37b, 37¢c 38 6k, 6q
0] ]
6k: 85% 6d: 92%

Scheme 42. Preparation of N-alkoxyamides-2.
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WIZERR LT N-Tva% v 7 IR 6b-6p & HWTREMN Y = = WERIS & /RE LTz
(Table4), XU DT P UBONRTAICT aEE, M 740 AF N A F LA
NV EEETDN-TAIAXTT IR 6b-6e -2 A, WL HHDA-7 ==L
7 X K TbA-TeA G oiic, £lo, N7, AXMMICATF LU HEGTDH N-T IV
XTI RO XN HAETIE, oo 7= =7 I R A THFREDOINETE LN, K
AT HRTOLT A 72 R°T7 T2/ THN-T/LaXTT I Regi LU 6h 2\
EZA, FREEOIETa-72=/L7 I R TgA BL O ThA B EL7z, SHICN-T/v=
F 7 K 6a IZHAMBHA — KRB 61 °— [RFBE 6j, F_UBURE B2/ 6k
EHWEEE . DRI IEDEIT La-7 ==L 7 I K TIA-TKA V53BN T, ISR
Tz ) FVERA LT 4 v EAET D 6l BEO6em T H RN T = = AR A ST
L. 7I FTABLOTMA 56Tz, —FH, KT F L7204 I K, F AT 2
REBTHNTAaFTT IR 6én6p Tk, MEDOHERIZTLCIZTHA LN, -7 ==
T 2R TnA-TpA IFEIEE T ULMGF DN o7, 2O E XD N-7Tvax v 7 X K 6n-
6p Z W24 TlE, RNTRED 2 WITAERDB DML TWDHZ ENEx LD, £
I aNRX B HIVR RO N-T 3y T 2 Rk 6q OHATIE, REM 7 ==L
{EROSIT A< HEITHE T, 6q 2R E 472 (Schemed3), ZDFER LV | a,a- _EHT I KO
LE T NO-Zr T o T X—NVOERPE#ETHD ZEREBEZL LD,

PLED X ST, ZHIFEARN-T AT I RSB L NO-Z T 7' X —/L~

DR T = = )ALSOS O BHFEICRRED LT, AFEITIEE M I & 2 FBREOHIRIL &
DH . BNEMEEREEE DAL LA WIEIZB W TIA DO WFETH D L F R D,
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Table 4. Scope of the nucleophilic phenylation of N,O-ketene acetals.

1) TBSOTf (2.1 eq.), i-ProNEt (4 eq.)

u‘i PhsAl (1 eq.), CH,Cl, 1 0
.~ R
2) TBAF (3 eq.), AcOH (0.7 eq.) Ph H
THF, rt
6b-6p 7bA-7pA
entry R substrate product (yield, %)
1 R2=Br 6b 7bA: 80
2 ©/>< R2= CF,4 6c 7cA: 76
3 R2 R2=Me 6d 7dA: 80
4 R2= OMe 6e 7eA: 63

0
5 < 6f 7fA: 61
o)
6 @/ﬁ X=S 69 79A: 65
7 \_x X=0 6h 7hA: 62

8 Ph 6i 7TiA: 81
9 Ph._ 2. 6j 7jA: 57
10 Me™ >3 6k 7kA: 68
11 PhO ¢ 6l 71A: 74
12 \/\/}( 6m 7TmA: 76
13 /\/\r{ 6n 7nA: 39
0
14 N 60 70A: 17
o)
15 T2 6p 7pA: 19
H

o TBSOTf (2.1 eq.), i-Pr,NEt (4 eq.)
Ph3Al (1 eq.)
N”O v/ - no reaction
\\> CH,Cly, rt
6q

Scheme 43. Umpolung reaction of N-alkoxyamide 6q.
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FAH T AT UAEREREN T U — ARG D B3

A E TR L NO-7T v T 82— ~DREH 7 = = bR D $WO
UT AT LB RS~ DRBICHET L, 7 2 CAKIE THW B R :
JR& LT, Abiko HSBHFE L7 L@ m A Y 24> U P 45% 2 HT o
5 L& LT (Figure 3), JEZAIEMEZRA V34 U 2 L & FIH L7 SRR 45

M 72 a5 & Scheme 44 (Z7Rk9°, Abiko HiE, f VY XH VUV HHTH N- Figure 3.
TNaAFTT IR M4 0L LT —F A0 T AT AT LD LD IR
B eI ED2 T, VT AT VAR T VX LS OBFE ZZR L DGR
1), ® F72 Nemoto Hli&, 77Tk K47 & AV XH VY DU 45HCI P HAKRT D14 1=
L~0 MAC-TBS 3£ (Masked acyl cyanide-TBS #3&: LU MAC-TBS 3£ L #%37) (48) @
REMAIMZ L0 | HAEMERT X BEREMA 49 Z 5L, PR T I BEA~OFFEIC
I LTS (F2), © ZDOXIIT, HFEERA Y XV EHNDL L WTho
FOSIZEBWNT S @ OALABPENFBL I D Z &R STV 5D,

0 [ ok
R1\)J\N/O KHMDS R%N/o
H H

R2-X

e — (1)
H THF H
-78 °C
(o) o)
14 46: 78-96% (dr >95:5) AO
H
Q *HCI OTBS
O NC” “CN
HH H —o
O 45-HCI 48 g NH3Cl
pyridine N 3 steps :
) N, B M e
MeCN, rt ~_CN — )
e /m CN Me
.0
Me TBS
47 49: 88% (dr >99:1) 50: 76% (3 steps)

Scheme 44. Asymmetric reactions using a chiral benzopyranoisoxazolidine.

T T, MFEWRA Y XYY VD2 FT D N-TVaxs 7 I Rae W CREIRE
7R T U — AV SO & 5 L 72 (Scheme 45), 72 H, N-7/ax7 I K145
L 7=F T 07 NO-7ZT 78 H—/L AP DEH-REREDORLL VT 27 L AR
I RIZBEDNEITT 2 2 & T, BFAEERT I IS Gonbd B 2T,
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0 R.Six OSiR3 0
R! 0 3Si- R R’
N base Z >SN0 ArgAl NH —OH
H o > Hoadl /0 | - ---- > Ar PR
H
14 AP 15

Scheme 45. Diastereoselective nucleophilic arylation of N,0-ketene acetal AP.

5B 1IH i SR OGS

LI, WELERDFTINRN-TALaxTT I K 14a DEREIT-T-,

v U ¥ AF(E R, 3-phenylpropionyl chloride (37a) & STk F1EIZHE > TERL LT (+)-
VT IA VIR YT A5W BRESEDH T LT UHFER N-T L aAF T IR 14a
% 99% DI TEHRL L2 (Scheme 46).

o)
.0
HN 0
0 H pyridine Ph/”\w/er
. H
Ph/A\V/M\CI CH,Cl, H
(0] 0°Ctort
99% o
37a (+)-45 (-)-14a

Scheme 46. Preparation of chiral N-alkoxyamide 14a.

WIZ, N-Tvaxs 7 2 R 14a ZHNTYT AT VAR RER 7 = = W LG %
mt L7z (Scheme47), £ N-7 /L 2% 7 2 K 14a % CH,Cl, ' i-Pro,NEt 7£7E F 0°CC,
TBSOTf B LU PhsAl & DS EITH T2, TOFER, BAIDa-7 = =/L7 X K 15aA 7’ 10%
DILHE, 1:1 VT AT LABRME, 8L Fa o528 TBS L& 72 16aA 7% 40% DY
21 OVT AT VAR RETENENS O, IFFLIU T AT UARRMRIFEA L
FHLL o7 (1), SARRIRMENEIL L 20 o 728l & LT A RIR 7 EOE#IEN
MEETEDZEMBERZ DN, 7 A FFF EOEHIL)S TBSOTE £ ¥ /S TESOTSE
ZHWT, REUSZRGET LT (FU2), TORER, o-7 = =/L7 I K 15aA 73 39% DR, 6:1
DT AT UABRRMETE O, $@E0 U7 27 LARIRMIEN E L2, flEoun<
R TIT R o Tz, RBUSIZEBWT YT AT LA RIRMENMEN - 721K E LT, NO-7T
VTR E =V ORMBEMENEIETE TWRWZ ENE X BT,
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TBSOTf (2.1 eq.) OTBS 0
i-ProNEt (4 eq.)
PhsAl (1 eq.) Phﬂ/\N’o Ph NH —OR
H P Ph  — (1
CH,Cl,, 0°C
o o
o)
/\)J\ o - J - 15aA: 10% (R = H, dr = 1:1)
Ph ) N 16aA: 40% (R = TBS, dr = 2:1)
H
o — f—
i-ProNEt (4 eq.)
N
PhsAl (1 eq.) Ph/b”“)\N © Ph NH —oH
H — Ph  — ()
CH,Cl, 0 °C H
o of

- K - 15aA: 39% (dr = 6:1)
Scheme 47. Diasteroselective nucleophilic phenylation of N,O-ketene acetals with Phs;Al.

ZIZ T, NO-TT v T2 —NOKMBMEEHERTHLEHNT, N-7VaXT 7 IR 14a
% CDCl; H' i-Pr,NEt f#{E I, TBSOTf & St S, FAA O 'THNMR % I7E L 72 (Scheme
48), T DOFEFR, HERH D 'HNMR A7 MUIZBWTA LT 4 VIKFEO VT F IR
54.81 ppm (1H, t, J =72 Hz) 3L 18480 ppm (1H, t, J = 7.2 Hz) IZBIAI Sz Lnb,
NO??VT??~WJ®Eﬁﬁ%ET%t(fDOit\ﬂﬂﬂﬂ®ﬁéfﬁﬁbfw
HZELHLMNERST, HNTELNZ JIZPAl 225 &, afifil 7 = = )LEAE A
éﬂt?:%1&Aﬁh1@y7XTVﬁ@ﬁ@fﬁEm [FIFIZ TBS 55848 16aA 75 1:1
DIT AT UABRRVETHE Bz, RIZY U AbAl%Z TESOTE (CAE L, FEEDO UGS
FTTNO-TTo7eZ—NEHFHKL, HAERYD 'HNMR ZHIE L7 (X 2), ZORE,
ﬁv74ym%®y7+wﬁmwﬂmmniLhﬂzH@*bf#’ﬁMénk:&#%
N,O-7 77 'E =/ K DIFELZHER CELN, NO-TT T EEZ—/L K O4fEIE
L. EIZOREEZREHT L LIXTERD)oT, TORBMLIZ KICPhAIZNZ5 &, o
M7 = = VEEDNE A I NTZT R Fl&A#3l®/717Vﬁ@ﬁﬁT%%hto_®F
REV NO-TT o7 —IVKITEKR L TWDED, 7 A FHT EOEHIL TBS (2~
INEWTZD, KISRLEL 2D . T 7L & TH NMR JIERFZ 23T Tofig 3 1T
LicEBEZTWD, iksmmm%‘ﬁ1®#%#5@%ﬁ’iﬁéﬁ NO-7r 77 %
2 — L DEMBENEL U7 27 UARREICIIHEER AL, YT ALY LY 7
Z— k& i-PNEt Z W= NO-7 T /7’~E§?w/1/a%ﬂ—i<‘/iif“ . (O)-NO-r7 o7& —I
RIS 5 2 RN TH D Z R TRl ST,
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TBSOTf (2.1 eq.)
Ph/’VL\//\N/O

i-ProNEt (4 eq.) PhaAl Ph/ﬂ\kaNH s OR
— Ph (1)
CDClj H
0°C,1h
(0] (0] (0]

Ph/\)J\N”O - J(EzZz=11) T 15aA: 26% (R = H, dr = 1:1)
H §4.81 ppm (1H, t, J = 7.2 Hz) 16aA: 46% (R = TBS, dr = 1:1)
H §4.80 ppm (1H, t, J = 7.2 Hz)
o B OTES | o
TESOTf (2.1 eq.)
N0
14a i-ProNEt (4 eq.) Ph/“)\N Phoal PP NH —OH
H — Ph  — )
CDClj4 H
0°C,1h
o o
K 15aA: 55% (dr = 3:1)

§4.79 ppm (1H, t, J = 7.2 Hz)
Scheme 48. Formation of N,O-ketene acetal J and K.

Wiz, SMEMEEZHIE L7 NO-7 T o T2 — v aEGRT bz, sk MY 7%
NIz el) ReEHWTHRE L7z (Scheme49), F£9°, LIHMDS (2L > T, N-7 /sy
TIRldanbxr /T — e, D% TBSCl & Kt S H 7 HARMY O 'THNMR OH
ExRAT T2, NO-TrT o TR Z—NJOERITHERTE P, BHERIRAWE S 2T,

O 1) LIHMDS (2 eq.) OTBS

~ o THF, -78 °C ~ Ao
Ph N 05nh Ph N

H - H
H 2) TBSCI (2 eq.) H
-78 °C to rt

o] 1h o)

14a J:ND

Scheme 49. Formation of N,O-ketene acetal J.

Wz Y Ak Al % TESCL (288 L, Scheme 49 & [REED SRR T NO-7Z T 7k
X — )V OB fRET L7z (Scheme 50), & DS, MM O 'THNMR A7 K UZEBWT
FV T 4 VAKRFEOT T F IS 4.79 ppm (1H,t,J=7.0Hz) OAIZEBHEi=Z &b, NO-
T TRE = K BDE—OBMRMERE L TAEKRL TS Z ERERTE 7, il T
NOESY DHEZAT o TR, AL T 4 v KFELA Y FH VU T 9 MDKER-IZT 7 A
E— 7 RS, ZORELD, NO-Z T o T — )V K O EMEE ZKREHEE L
7zo WIT K % PhsAl LSS5 & HIFRE Y SEERRIIZRE 7 = = WAL RS 3 1T
L. 72 ROULIZT7 = =/VEPNEA ST 2 K 15aA 28 41%DILR, £ 7= TES HEK
17aA 78 28% DR, TNEHHE—~DVT AT LA~—L LTHELNT-, 728 TES #HEK
17aA X TBAF THLHEIT 52 L Tk Ru ik 15aA ~E BB ICEH|T D LN TE 7=,
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o) 1) LIHMDS (2 eq.) OTES
THF, -78 °C
PhA)J\N”O 0.5h Ph/\/\N’O
H Hj 9b
H 2) TESCI (2 eq.) NOE H
-78 °C to rt
(0] 1h (0]
14a (2)-K
olefinic-H 6: 4.79 ppm (1H, t, J = 7.0 Hz)
9b-H &: 4.62 ppm (1H, d, J = 7.0 Hz)
(0] 0]

PhsAl (3 eq.) Ph/\Hk H —OH Ph/\Hkl;lH ~—OTES
Ph ‘ Ph  —
CH,Cl,
O°Ctort 0 0

15aA: R = H (41%, dr >20:1) 17aA: R = TES (28%, dr >20:1)

! |

TBAF, AcOH, rt, 79%

nZ

Scheme 50. Diastereoselective nucleophilic phenylation of N,O-ketene acetal K with Ph3Al.

WIZ, TR LTe AR F IRBOMIIELE 2 R ET 572012, REN T = = /WALRIGT
HBoNlcoa-7==/LT I R 15aA ZENKE O IZXOBEMO VAR o~ FFaE LT
(Scheme 51), 3 54172 12 O HFESEE OMEIZ SCME & DAL R H -7 b DD, fFFEN—H L
2 ED, 12 DB IZ R EEETHD LRE L, %

0]

Ph/\HJ\ H —OH 4 M HCI
Ph >/_—\ ) g Ph/\HJ\OH
dioxane-H50, reflux
(0]

O

Tz

65% Ph
(-)-12
15aA [a]p2® = -127 (c = 1.0, CHCI3)
(+)-(S)-12, lit 8): [a]p%® = +107 (c = 1.0, CHCl3)

[a]p?® = -113 (c = 0.50, acetone)
(-)-(R)-12, 1it 8®): [0]p?° = -126 (c = 0.49, acetone)

Scheme 51. Conversion of 15aA into (-)-12.
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WA, SEESBRIREO 72 R EE 8D 7 = = WALSUS O BUSR I DWW TEZL L7z (Scheme 52), A
FOSIEES 1 355 2 i & Ffk, NO-7 T v 78 Z— Lzl L TRIGHAEITL TS EE X
bNb, T7b5H, LIHMDS ICLX > T N-7AaXT T I R 1d4a b ) F— b &k,
TESCI & ;&S EEDH Z & TU(2)-NO-7 T > T &—L KPNHE—DOR AR TERT D,
WIZ, 1 5F 0 PhsAl 34 VX3V ) Do Do —F UBRER IR T 5 (K—AQ-1), &
D%, BHR-MIFHGORRE 7 == VEDBEAN, A VFH VD2 2OT—T )L
KT BN L7z PhaAl & ONIARECRE A BT 2 K 912, Si D anti-S\2RTH#ATL, A
17— b AR AT D (AQ-1—AR), H&IZ AR OHIKSFIZ LY | HFEEE/2a-7 =
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Scheme 52. Plausible reaction pathway.
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Scheme 53. Geometrical isomerism in N,O-ketene acetal-1.
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EBERTIE, 72X T NEOFRA Y XH VI R TAFAT YL RY 7T —h
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Scheme 54. Geometrical isomerism in N,O-ketene acetal-2.

QNO-TTUTBE—=NDIALKRA— g OHEE (AQ-1)

N-7vaxy7 I K 1da DOAERLIZ(Z)-NO-7 T T X — VK DALKRA—T 3
I%. Scheme 55 IR T LD IC4FHEZ bND, RBINLD AL KRA—T 3 NIRRT, U
WrE D EFR-MRE{EG LT I SO EHEGD n EFPFEATICESI L TnD, Ei2 1
DFDPHAL A Y FH VD2 oD —TIIVRFFA LB L TEBY ., & 512 EtSi
X, A VXV VDS EDONREEZRT A a AR A= arazloTND,

BEDOLZA, WFNOa VR A—y g UV TRKIGHEIT L TS NNEIRHETH 5238,
AREMED | DL LTUTOELIICERE LTz, FTHRERNDODBRIZRDN, ARIGIZHB D
THITATAER LTEAFRFEOMKBELEN RELE CH -T2 LD, DEIEWNA Y FH VY
DU DNKREEDIZD SIKOAERNDELET HEEZELX BN AR A—T 3 AQ-4 [TFRS}
T&, arvEAA—T a2 AQ-1, AQ-2 HH WX AQ-3 ZfEH L TREN 7 = = WAL A
HEITLTWDEEZLND, RICAVHEA—T 3 AQ-1, AQ-2 B LN AQ-3 & bl L7z,
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Scheme 55. Conformations of N,0-ketene acetal in diastereoselective nucleophilic a-phenylation.
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Figure 4. Stereochemical feature of diastereoselective a-phenylation.
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o 3T REEFE OIS

NO-7 777 —=MIZH L, 7= VEEUANOT V — V2 SRSEIRIZCEAT 5 H
BT, BRA AT VI = AR E O TREN 7 = = MBS E /G L 72, (Table 5),
FPARCBUVBONRTIMNICA FFXVESCATFNEEAT LA T VI =0 LR E V.
KIS ZRE LTc, ZORER, WTFNOGEIZEBW T @A OS S E T L, B
B Da-7 U —/L7 I K 15aB 38 LN 15aC HAHRREOINETH S 4172 (entries 1 and2), —J7
T, NI m e 2 BT 57 VI =0 AREOLA TIX, a-7 U —/L7 2 K 15aD
IHERCRET LG O o7 (entry 3), RIZ, VA MFTELZFFOAKT LI =T ALK
2T ZITo MR, o-7 U —/L7 I K 15aE [ZHREDILE T H 172 (entry
4, EIHIIANTHERTHD 2-ATFNVT 72T HHAKT VI =0 L5385 W25
BWTH, PREOINE Ta-7 U —/T 2 K 15aF MG 5172 (entry 5), 72 B4R 15aB-
15aF [TWT OO T AT LA~ —¢& LTHELALTWNWD, £/, Table5 TITW T
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Table 5. Diastereoselective nucleophilic arylation of N,0-ketene acetal K.

o] 1) LIHMDS (2 eq.)[ OTES | o)
THF, -78 °C _
Ph/\):I\N’O 0.5 h Ph ) N-© Ar;Al (3 eq.) Ph/ﬁ)kl;lH <—OH
— —_— Ar
H 2) TESCI (2 eq.) H| cH,Cl,
-78 °Ctort °
o i o 0°Ctort 0
14a — K - 15aB-15aF
entry ArzAl product product (yield, %)
1 MeO Al 15aB 40 (dr >20:1)
3
2 Me Al 15aC 51 (dr >20:1)
3
3 cl Al 15aD 13 (dr >20:1)
3
4 MeO Al 15aE 41 (dr >20:1)
3
MeO
5 | Sal 15aF 34 (dr >20:1)
Me o 3
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Figure 5. y-Substituted o,3-unsaturated amide motifs in biologically active compounds.
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I o, B-A BRI T X R OyRE~D EHFE A SO 2 FI A U 7cy-Efio,B-Aafl 7 I KAk
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WDDN, o,B-REEFIT I K51 2O E =L T U NO-7 2 —/L AXO B
VI T —FAYY O X 9 AR & REFHI & OIS TH S (Scheme 56, path A), AF1%
IE. o B-REAFNT I ROYELTHEITZITIRFB-IRFBREC DB TE DA MR FIETIEH 508, E
A FREZREHIE N R E TR DD 72, 2O ABEICHEN S 5, F Iy I BisER
AT Do, AT I R 53 LEBEEMEND -7 U Ve BT RIK AZ ZIERE, B
BEEBATLFELHEIN TV, - AT I ROYNITH b2 U B 28 A
LTBIMERSH - (path B), #
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Scheme 56. Preparation of y-functionalized o,3-unsaturated amides.

%%i Bricigy-Efio,B- AT X RERELZHETIHIZHT

vinylketene N,O-acetal

BRI RIZT v ax VAT Do AR N vaFy T T &@"-
:%ﬂ B AgE e B =L 7T NO- T X —VIZEHLE ./%%mﬁ.
(Figure 6), 2 BRI AT RE R B HE R ERA LA THE= A7 T N,O- - 1

TR —UE, RO =T NO-T 2 X — VDR E K&
SEpDZEnmbnTVnD,

Bz X Kim 51, ZBFFE TRV EERTH0p-REMN-TLaxy 7 IR
54 OB LI =T 2 NO-T 2 —v BA DT VAV EH-TREEA O %
FIHT 52 LT, ap-REFT I ROYICK LT AFNVT OANEENTH T EITRBIL
TW % (Scheme 57), ¥ RFVEDORRBIC LD  ERIEL IFR L E=1TT 2 NO-TEX—
NORISPEDBIRIZRE L=, =7 T v NO-Te X — V& RETHEE L THATS

FRPEHA SO X BT STy,
o) LiIHMDS OTBS o)

Figure 6.
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Scheme 57. Radical alkylation of vinylketene N,O-acetals BA.
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I TEFIL VA ABIC LV RAARRRER-BESEELHET HE= 17T NO-T
B 2=V ERIR LT T 2R SOS DB 2 BHE LT, Zod8. vk LaREZFEDNVE A
T & DARPEERH S 2 R L 7o y-iE o, B-REAF 7 X RERIED Fu HIZ ko THESNT
% (Scheme 58), “4) AIJSIE, ETTIAXLRT LU E2AT DT 2 K (56 0r57) DORAL
\ZAR AT ¢ DS RN AN % 2 & T OWEAS A 2/ T 5 HRHEBB B EKT 5,
BT, FRIABB 237 1 F AL EAUBC L2 0 | SREEFED BC Oy REEKES 2 Z &
T, 41U KBD 725, &&ZIZ[12]-7 0 by 7 b e AERMEICL > THAEAL Ao
K BE L 72 o721k, RA T 4 UARIBEO A L [RIRFICy-E Hio, B- R AR T X K 52b 34T
Do
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Scheme 58. Preparation of y-functionalized o.,3-unsaturated amides by umpolung reaction.

UED X512, Fu bliIA U FOFEZ L AHICHIH U I RSO S I BRI A L T
D, =haAZ oo B AT LORT v h A X > TEKRT D Y 7 M irFEREE
LT NV a— VR T I RERFE 72 EO~T v RIZEFMOBEAZZER L T\ D
L2, 7V = VEEOBNIRIEZERL STV,

ZOXIRIERNS, FEHIIE =TTV NO-T | X =N ~DRER TV — LD
B2 T L7 (Scheme 59), 2B 1 HIZTA VXYV VP EHFHTH N-T/Laxy 7
SReMBAERLIENO-ZT T 8H—/LBF I LET VI =0 AR EZEH S8 5
ZET, REMNT Y = ALRIGBEITL, a-7 UV — A7 I RABONDLZ Ex RH LT
5 (Xl £ZZC, AV VDU ERTDHaB-REMT I R 20 6 ATRER E =L
7T NO-7TEZ =BG EAET NI =0 LS E S SED 2 LT, BERRERS
DR ERENT UV —ALBOEPHETIT L, y-7 U — Lo B-REfT 2 R 58 BNELND L&
2T
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umpolung a-arylation

0 TBSOTH, i-ProNEt OTBS
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Scheme 59. Nucleophilic arylation of vinylketene N,O-acetal BG with Ar;Al.
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1T RS O

IZUOIT, RS ZRFTT 27200 EE L2 Do, B-AREF N-7/4ax2 7 IR 20 O
BREIT ST,

SCHK 2 O FEEZFIZ, pyridine f71E F. (E)-2-butenoyl chloride (39) &4 V¥V ¥

LRI (38) 2 NS D 2 L To, BRI N-7 LIS T 3 R 20 & 31%DILERT

Ak L72 (Scheme 60),
0
HN\j *HCI
38
(0]

0] pyridine
~A g MeA\)J\N’o
Me cl CH,Cl, \\>
0°Ctort

(E)-59 20: 31% (E/Z >20/1)

Scheme 60. Preparation of a,-unsaturated N-alkoxyamide 20.

RIZ, o, B-AEAFIN-T L a7 I LA T HE=VT7 T 2 NO-7 2 H —/L~D3K
)7 = = VLRSI OW TR L 72 (Scheme 61), 2B E =477 N,O-7 &% —/Lifi
A, F1EFIHHER LEFEE2BIToT2, T72bb, a, B-RafI N-7 L2 %
7 X R 20 % CHoCL ' i-ProNEt (4 24 &) {F(E F=iR T, TBSOTf (2.1 &) 3 KU PhsAl
(1 %8) LOREEIT->T2, TORER, FNTE =L T2 N,O-7 &% —v N DR &
SYE~DRER 7 = = ALEOSE T OEEEDNEIT LB 6ND (E)y-T7 ==/LT
2 R 21 28 2%DINETHE LI, RFHZafL~DREN 7 = = UALRERNE T L2 E B2 S
Noa-7 = =/LT7 I K228 35%DIETHLNT,

0]
Ph\y/\)J\H/\/\OTBS
TBSOTf (2.1 eq.) 21: 22% (E/Z >20/1)
o i-ProNEt (4 eq).) OTBS
Ph3Al (1 eq.
/\)J\ _0 » /""\'\,/\ O | —— +
Me N\\> CH,Cl,, rt ~ N\\>
0]

20 (E/Z >20:1) N MH/\/\OTBS

Ph
22: 35%
Scheme 61. Nucleophilic phenylation of vinylketene N,O-acetal N generated in sifu from 20.
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WIZ, o, B-REAFI N-T L a2 T 2 ROL~DREN 7 = = LG 2 < BRI T, a
MACEBRIEEZHT Do, B-REAFIN-T L 2% 7 2 REZHWTHRH L7, 2B, LE22a, p-
REAFN N-7 /L3 %27 2 RiE Scheme 62 (R HIETHI Lz, 254 4 72b 5, (E)-2-
methyl-2-butenoic acid (60a) % (COCl), 35 & T DMF (N,N-Dimethylformamide: LA F DMF & %
) Ko TR I 61a ~EEH L%, A VXV U DU EREE (38) 20 B
X O pyridine &SI HEDHZ E T, o, B-AREFIN-T /L a2X 27 I R 23a % 49%DILHE TH

77
Jo
HN\j *HClI
0 0 38 0
/\H]\ (COCl),, DMF /\H}\ pyridine /\H]\ o
X X X -
Me OH  ch,cly, it Me cl CH,Cl, Me N\\>

Me Me 0°Ctort Me

(E)-60a 61a 23a: 49% (E/Z >20/1)
Scheme 62. Preparation of a,B-unsaturated N-alkoxyamide 23a.

F9, o, B-AEFI N-T L ax 7 2 K 23a & CH,ClL 1 i-PrNEt 777E =R T, TBSOTf
BLOPhAI( ¥&E) &AW TANIGZKRG L7z (Table 6, entry 1), £ DOFEHR, HWifF@m K
Bily-7 = = UALROE DO HDBEIT L, -7 ==/ 7 X K 24aA 23 2%DUETE G, AR
IZb R 3k TBS b &7z 25aA 2N 43% DIRTH LTz, W TINERD M L% B
L. PhAl Z3%&EFE T LIEMRR, BT TR 2DBNEOM L3RS S (entry 2),

Table 6. Nucleophilic phenylation of vinylketene N,O-acetal O generated in situ from 23a.

TBSOTY (2.1 eq.)

0 i-ProNEt (4 eq.) OTBS o)
Ph3Al _ Ph
Me”™ X N\/\O> CH,Cl, /\% N\/\O> —_— SR ”/\/\OR
2
Me rt Me Me
24aA:R=H
a)
23a o 25aA: R = TBS
roduct (yield, %
entry PhsAl (eq.) P v )
24aA 25aA
1 1 22) 43P
2 3 22) 54°)

a) E/Z >20/1. b) E/Z = 10/1.

WIZy-7 = =17 I FOWEOR L2 BHIE L, 74 BR - EOBEBIEN R Dk~ 72 K
V7NN U Y77 — e W TARKICZRGE LTz (Table7), 728 NO-77 Tk
H =)V ~DREH) T = = EROSIZBN T, 7 A BT EOBEHBEPIRICRE < 8%
FIFTZENE 1 BE 1 #HiOBREIVARBIN TS, TLHIC, U fbHlE LT
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TMSOTf Z W TARKS ZMET L2 (entry 1), ZDFfER., b Fr ¥ A TMS fk v 7zy-
7 = =LT 2R 62aA B 25% DI TH: 5 41, TBSOTSE % W 7235612 He IR O KE 72 K
TRRD LN, WIT, A FERF EOBEHIL) TMSOTE £V 22 & TESOTE B8 LY
TIPSOTf & HVTy-7 = = /WAL BUG 2 fi5t L 72 (entries2 and 4), & Df5 R, TESOTE %
723541, TBSOTS & RIFREDINER Ty-7 = =)L 7 2 N 24aA 1 L O TES 78 (A 63aA 7315
HNTZDIZXF L, TIPSOTE ZHWHE T, IEME TN T2 ERHALNE RS, F
7=, TBSOTf DY &EH % 2.1 Y& O 3.1 Y&EITHIN L THRET L7223, IEROM BITFED 5
nipmolz, LEORSREIY, H1EFH1HiLRK ©=17T 2 NO-T X —IVORE
P &R OB FITITFERE RO L, 2.1 ¥ & TBSOTf Z# HW -G & Ily-7 ==L 7 I K
Wi BIE LGN,

Table 7. Optimization of reaction conditions for the nucleophilic phenylation of vinylketene N,O-

acetal with various silylating agents.

silylating agent

I-PerEt (4 eq) OSIR3

0 0
o PhsAl (3 eq.) o _ P
Me/kﬁkN\/\} CHClhrt w\ﬁkﬂ/\/\OR via /%H\N\/\)
Me ’ Me

Me

23a? 24aA: R = H, 62aA: R = TMS BI
63aA: R = TES, 25aA: R = TBS, 64aA: R = TIPS

product (yield, %)
24aA 25aA, 62aA-64aA

entry silylating agent (eq.)

1 TMSOTf (2.1) ND 62aA: 252
2 TESOTf (2.1) 142) 63aA: 392
3 TBSOTf (2.1) 22) 25aA: 54°)
4 TIPSOTf (2.1) ND 64aA: 40°)
5 TBSOTf (3.1) ND 25aA: 55°)

a) E/Z>20/1.b) E/Z=10/1.c) E/Z =9/1.

IR I 7250 Ea Bis LEEORG 21T 572 (Table 8), £7. EtN Z W\ T,
KB 7 = = RIS E BRI LT & 2 A -7 ==/ 7 2 K 24aA 78 17%. TBS i E1K 25aA
DS 41% DR T H AL, i-PrNEt 2 W56 & [FRRRE DI TH > 72 (entries 1 and 2),
KIZ, TMP (2,2,6,6-Tetramethylpiperidine: L~ TMP L Hg9) ZHWTARKISZMRFT Lz &
ZA, y-7 =07 X ROWEME T L7z (entry 3), F72. 2,6-lutidine Z W 7255 1215,
KR 7 = = UALROGITEITE T, EMRIEGWAE 5 272 (entry 4), LLEDOFER LV, K
BOGIZ BT i-PoNEt iR TH D Z L R bho Tz,
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Table 8. Optimization of reaction conditions for the nucleophilic phenylation of vinylketene

N,O-acetal O with various bases.

TBSOTf (2.1 eq.)

0 base (4 eq.) OTBS 0
PhsAl (3 eq.) _ Ph
Me™ XX N/O - | S N/O — > R N/\/\OR
CH20|2, rt \\> H
Me Me Me
23a? o 24aA:R=H
25aA: R=TBS
product (yield, %)
entry base
24aA 25aA
1 i-ProNEt 22) 54)
2 Et;N 173 41°)
3 TMP 42 36)
4 2,6-lutidine ND ND

a) E/Z >20/1. b) E/Z = 10/1.

BRI 7 = = /RIS THE SN D 24aA 1213 TLC [I2BWT RE R FEREOLE
MR E U TIEEL, BENRRNETH -T2, T2 THEE2AESICT 2 HBT, ARG
& T# . TBSCI % VT TBS (bt #1T - 7= (Scheme 63), = D#EF:., & Ko %3 TBS
fEEN7oy-7 = =7 2 K 25aA OBD, 63%DIHETH LI, IRLETH LT,

1) TBSOTf (2.1 eq.), i-ProNEt (4 eq.)

O
Ph3A| (3 eq. ) CH20|2 rt
\\> 2) TBSCI (3.3 eq.), imidazole (3.75 eq.) M H
e

DMAP (0.3 eq.), THF, 0 °C to rt

23a (E/Z >20/1) 25aA: 63% (E/Z = 10/1)
Scheme 63. Sequential nucleophilic phenylation and silylation of 23a.

2T, WHEROTE 25w EA2HFF LT CHCL FAIBGEDE T TR 7 = = LS 21T
. T Dk TBS LG #1T > 72 (Scheme 64), = DFER, -7 = =/L' 7 I K 25aA 7% 66%D
Wéfﬁ%h AT TIELdD 2 BERO M RGO b,

1) TBSOTf (2.1 eq.), i-ProNEt (4 eq.)

O
Ph3Al (3 eq.), CH5Cly, reflux
\\) 2) TBSCI (3.3 eq.), imidazole (3.75 eq.) M H
e

DMAP (0.3 eq.), THF, 0 °C to rt

23a (E/Z >20/1) 25aA: 66% (E/Z = 10/1)
Scheme 64. Nucleophilic phenylation of vinylketene N,O-acetal generated in situ from 23a.
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2B, DI 25aA X E/Z=10/1 DIREWMTH Y | LA O KT ERNEIX NOESY Dff
R L VR LT- (Figure7), = DFEFR., —HOBRMAKD 2 (LD A FILIEDKFE L 4 NLDKFE
M7 v A= BSBIESNIZDICK L, b9 —HORMEKRTIZ, BlllShignole, U
FOEREEIY 7o A= BPBHIS N FERYOT I ROKMEMEZ E R EHER LT,

O
H
Ph Ph
>4(\2%1\,\1/\/\0_”33 ep O
HH me M N AN
— > N OTBS
/ H
Me
NOE
(E)-25aA (2)-25aA

2-Me &: 1.98 ppm (3/11H, s)

2-Me 8: 1.96 ppm (30/11H, s)
4-H &: 3.52 ppm (2/11H, d, J = 6.0 Hz)

4-H §: 3.48 ppm (20/11H, d, J = 7.2 Hz)
Figure 7. Geometry of y-phenylamide 25aA.

UEDLoz, A VXV VP E2HT Ha,p-Aafl N-7 L a2x 7 I K% i-PrNEt {7
£ T, TBSOTf & PhsAl ZNAKIMN 25 & REEMY-7 = = LSRN ET L, -7 = =T
T RRELNEZERHLNE RS,
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H2H NSRRI DE SR

HETE ISR 2 Scheme 65 12”7, 9, o,B-HEIfI N-7 /L 2% 27 I K 23a 7% i-ProNEt
BILOTBSOTfIZ L »TH7 1 hALB IO TBS L&, E=Lv7 7 NO-7TEZ—/L 0
WAERRT 5, WIZ OITKk L PhsAl BMERT 5 &, EHR-BFEME ORR &y ~DArE IR
727 = = VOB AN (0—P) PHETL, 4 I7— M QMBAEKT 5, F\ T, WRINAFE
T% TBSOTfIZ L »TH H —HOBERF T8 TBS (L SN 7-% FZALHIZ X > TT 2 K 25aA
DEFEONTZEEZ TS,

Ph Al Ph
OTBS
o TBSOTf OTBS ﬁ)ﬂ\'

| -
wos oo, 2R Lo e O
L) L) Ve O
Me Me 4

Ph~/\

N
23a o P ph Ph
OTBS OTBS
y N N OAIPh, N N OTBS
Me Me
Q BJ

(0]
workup Ph
> N ONT"0TBS
Y M H
e

25aA

Scheme 65. Plausible reaction pathway.

Z 2T AR E LT OB T TR LT 5,
. A YU OE
2. E=AHTT U NO-T 'Y —LVOEROHE (0)
3. KRBT = = UALROSIZ BT A ALEEIRE (0—P)

. A XV OB E

H1EE2HICBWNT, NO-TT o T B X —N~DOKREMN T = = USR8 54 Y
TN U OMBEEMER LT, T T, E=T T U NO-T X — L ~DREN T ==
JALEOSIZ BT 4 Y X4 U DO bRETT 5 2 & & L7z (Scheme 66), 7235tz D
72, 2 EE 1O 23a ~OREN T = = LIS OR R E RS (K1), £ A VF
PV TroROVIZER IV UERETLT IR 657 AWV TREMN T = = VLS %
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Bt Lo 2A y-7 == 7 2 RIFELGELRT, 65 BElt s/ (K 2), ZiuzktL,

N-A RF-N-ZAF LT I R 66" & HWTRENT = = /UERISZ T T & 2 A, BIDy-
TV R RiEELNT, BR-MBEEESNR LIZBy-REfT 2 K 68 N7 (K
3)e LEDRERMNS, ARINZEB T 24 VXV U PO PIZONTLLTFD L 5 I35
Lice T, v U0 a6357 I F65s Wit 65 NEIENT-Z &b R
JEDOHETICIE, AT V2 =0 ARIRIC L - TR AEREFZ-MEEAVNHATH DL Z &
DN o7, I N-A RFV-N-AF LT I K 66 & HW=5EIT retro-ene i 2Y
DT LB ZONDB,y-REEFT I K68 BNiGH izl &b, N-A MFV-N-AF /LT
TR66 MOLEMTHE= VST NO-TvH—/VBK # VW HAIT, EFR-BE/EGD
HHIEEAIC X0 RN 7 = = WALROGOHEIT LY retro-ene its (BK-2—68) %185 L T
T2 EMEBEZLND, ZDD, RKEN T = = AL KGZH#IT S D 72DI121%, E5-
A OAMEEZHIRE LR 7L axs 7T I U EHWDARERS D Z LN ool

TBSOTf (2.1 eq )

"PEAL S o oTBS
3 eq _ Ph\‘\,\x" /\/\ / _0 (1)
N OR |Z ™ N
Q cHic L/
rt Me
23a (E/Z >20/1) 24ah: 2% (R = H) o)

25aA: 54% (R = TBS)
o TBSOTf (2.1 eq.), i-ProNEt (4 eq.)
/\)k Ph3Al (3 eq.)
AN > no reaction
Me ! "D CH,Cl,, rt (2)
e

65 (E/Z >20/1)

TBSOTf(2.1eq.) _

0 i-Pr,NEt (4 eq.) oTBS o
PhsAl (3 eq.
Me/\)J\N’Me 3Al (3 eq.) /%’/\N,Me —f— Ph\/\)J\NH )
I CH,Cl,, rt
Me OMe z¥2 Me O*H Me Me
H
66 (E/Z >20/1) BK-1 (s(NO)-trans) 67: ND
OTBS retro-ene
MN’MG reaction Q
Me) (|) - MNH
H-L2 Me Me
H
BK-2 (s(NO)-cis) 68: 21%

Scheme 66. Umpolung y-phenylation of various amides.
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2. =TTV NO-T X —ILOERDHET (0)

FISBNTERLTWD EEZBNDE=L T NO-T X —/L O OIF(EEERT
L2, ap-REIF N-7 L3 %27 2 R 23a 2 CDCL 1 i-ProNEt /£ K. TBSOTf & i
SH 72 (Scheme 67), SIGBRLA 1 KEff# & 2 KEE# O 2 [FII24531F T 'H NMR OH#IE %17 -
e, BE=ATT U NO-TEZ =/ O DIFEZHERT D Z LIXTERoT7,

0 T'BSOTf (2.1 eq.) OTBS
o i-ProNEt (4 eq.) _ o
D T e TR
Me 8 Me
23a (E/Z >20/1) O: ND

Scheme 67. Formation of vinylketene N,O-acetal O.

RIZ, FBLIETNO-TT T2 =N afiflT BT AWz, iR L R 7L
vUnrul Rickae=1vr7 > NO-7v & — Villfik %z /K5 L7= (Scheme 68), 772
B, LIHMDS (ZX 5 Co,p-Afiafn N-7 /a7 I K 23a b/ 77— b2k,
TESCI & St SH 'HNMR ZHIE L7z, LirL, AFECBNTH, =177 NO-T
¥ —/VBL ODFEEHRT D EIXTE o, TNHORREY B =177 N,O-
TR EZ—E NO-TT T B E = VIR E 4D ThDH Z EN TRl S L, 'THNMR A
ART VIZ X D RO RS L7,

1) LIHMDS (2 eq.)

e} THF, -78 °C OTES
0 0.5h _ 0
SO e 7 | T
Me 78 °C to rt Me
23a (E/Z >20/1) th BL: ND

Scheme 68. Formation of vinylketene N,O-acetal BL.

WA, RSB E =V 7T 2 NO-T ' X2 —/L &R L CT\W5 Z & 24045 BT, By-
AREAFT N-7axs 7 I REHWTRERN T = =V E S %Z1T > 72 (Schemes 69 and
Scheme 70), FUGSH MK TH DL E=/V7rT  NO-TEX —/L O 1L, op-REaf1 N-7 /L%
TR R 2anbiEF TR, By-REAFIN-T LA XL T I R 6905 biiflAfETH D &
Z %2 Hivd (Scheme 69), *
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TBSOTf OTBS TBSOTf
ﬁ)k\\} i-ProNEt /%%\\\) _ ProNEL /\)kd

(o)

a,B-unsaturated amide vinylketene N,O-acetal B,y-unsaturated amide

Scheme 69. Formation of vinylketene N,O-acetal O.

ZZ T, By-REAFI N-T /L2327 2 K 69 % i-PNEt /#7E . TBSOTf 35 L O PhsAl &
DI )EZAT > 72 (Scheme 70), & DFER ., o,B-AEIFI N-T /L2 F 7 I K 23a (T K 5 REEH
7 =S, v-7 ==L 7 2 R 25aA NEREDOIERTHEONTZ, ZOFRENS,
ARG IEHBEIT =177 NO-TEX—/L 0 THDHZ LRl SNz, 7B,
By-REIFI N-7 L3 %7 X K 69 %‘:ﬁﬁb\fﬂﬁfé’ﬂ7 = =BG EAT o 123856 o p-REd
FIN-TAaxs 7 2 R 23a 2HOEHAICHREROBEIEMET L=, BRIZRHTH
Do

1) TBSOTf (2.1 eq.), i-ProNEt (4 eq.) o
Ph3Al (3 eq.), CH,CI,, reflux
/\)k - Ph\’m’d\)J\N/\/\OTBS
\\> 2) TBSCI (3.3 eq.), imidazole (3.75 eq.) Me H

DMAP (0.3 eq.), THF, 0 °C to rt

25aA: 59% (E/Z = 5/1)

OTBS
|
Me

(o)

TBSOTf , i-Pr,NEt PhsAl

Scheme 70. Nucleophilic phenylation of vinylketene N,O-acetal O from f,y-unsaturated
N-alkoxyamide 69.

3. REW T = = UUSIZ BT DACEERME (0—P)

E= 7T N,O-TEZ—/L O OyL@EIREITRKER 7 = = WALOS 3 EAT L7z B NI
DWTEL LT (Scheme 71), B =77 2 N,O-7 & X —/)L O ~DOREH 7 = = ALK&
= pathA}oJ:U‘path BD2HEVEZ LI, =TT NO-TEX—/1 0O DOYLizE N
T SN2” B 50 NEFTT AL y-7 ==/ 7 2 R 25aA 23S 51U (path A), ofiZIZ330 T SN2’
FOSDEITTIUL, a-7 ==/L7 I R70 355405 (pathB), 52 5 1 HillcB W\ T, a-
WA D o, B-FREAFD N-T b ax 7 2 R 20 20 CREM 7 = = /UALROG 2 Wit U7 BE.
HEOYy-7 ==17 I K21 17 T2, a-7==/L7 2 K 22 HRIFFCHELNZ, ZhiC
R L. oI A FIVIEEGT Do B N-7 a7 2 R 23a 2 HWOTARRMIGETT S
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L. BHHOYy-7 ==L 7 X R 25aA OAHDPFFHIL, afi~DREZH 7 = = WAL G Z #il5
HZENTE, ZORENSG, of LICEMEZE T Da,B- R N-T/LaFx T I FEH
W5 & SEERBEEOFRIZ LV afi~OREN 7 = = /LS (path B)&Z #1325 Z &£ 23 C
X, path A DBREINTZEBEDOL ZABZTnD, 723, AKX Scheme 71 @ path A
IR TE T, 297D PAl =)L T NO-7 & &% —/LZx LTER LTW5S A[EE
MEEZTBY, A VXY PUVBRERF~ORNLE B =TT NO-T ' F—/L~D
T2 = VIEOEAN 1 5T OERT 52 8T REN T = = MBS EITL T D &

EZTND,
o)
Me/\)J\N/O
R’ L\;>
Ph,Al
20 (R' = H) .
23a (R' = Me) path A
TBSOTf
i-ProNEt
y attack
OTBS
/«,\,\f‘/ N-©
TR L\;>
N (R"=H) 5
O (R' = Me) :
o attack :
' PhaAl
------ >
path B

PthEff¥ OTBS
|
=
Ph f23ﬁ<%>wi:>
R' (O
_AI
P%# Ph
BM (R' = H)
P (R' = Me)
OTBS

o
4¢%ﬁﬁiiwi:>
ph. ph R" (O
A Al
Ph pr Ph
BN (R" = H)
BO (R' = Me)
or
OTBS
P N}
\
R (0
ZAi
Ph~Al
ph Ph
BP (R'=H)
BQ (R' = Me)

0]

Ph
\/\)J\H/\/\OTBS

y

21 (from 20)

(0]
Ph
\YN‘N\)J\H/\/\OTBS
Me

25aA (from 23a)

0]

4¢f§<ﬂ\N/\\//\0TBS
Ph" R'H

22 (R'=H)

70 (R' = Me)

Scheme 71. Regioselectivity for nucleophilic phenylation of vinylketene N,O-acetal.
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o 3HT EHIENRE L OSSR ORET

E= T N,O-T B2 — I ~DREN 7 = = LS 31T % BHIE R 2 R 5
HHJ T, ofLictkx REHEEZ AT Do,B-REF N-7 /a2 x 27 I R 23b-23t DK EIT >
72 (Scheme 72), 3K 2540 O F k% B35 Bk 7277 V7R Tk 60b-60t %4 (COCI), 35 £ U DMF
(2 &> THIVR U EREALY) 61b-61t ~E B LT-th, A VX9V U U UERE 38) BL O
pyridine & SRS H5H Z & T, o, B-ARafI N-7 /b 2% 27 I R 23b-23t & 36%-quant. DULE
TERK LT,

0
HN -HCI
o (COCI),, DMF o idi " 0
2, pyrl ne
Meﬂd\)kOH Me’d\)kCI Meﬂd\)kN”o
1 CH,Cl, 1 CH,Cl, 1 \\>
R R A R
rt, 2 h 0°Ctort
60b-60t 61b-61t 23b-23t

23g°: 86% (R*=H
23b?): 64% (R" = Et) gc) o ( ) )
b 1_ . 23h%: quant. (R* = Me)
23c): 56% (R' = i-Pr)

o)
o) : o)
1 Me” " °N 23i°): 98% (R2 = OMe)
Me®™ XX N-OL  23d9: 36% (R' = allyl) .
R' \\>

23j°): 80% (R2 = CF
23e°): quant. (R" = Ph) ! o 0° ( , 3)
239: 47% (R" = Br) 23k°): 79% (R? = Br)

231°: 74% (R? = F)

o)
o)

Me™ ™3 N\\> 23m°: 85% (R® = Me) 23p°©): 76% (R* = Me)
23n%: 65% (R® = OMe) 23q°: 93% (R* = OMe)
230°%: 75% (R® = CF3) 23r°): 78% (R* = CF3)

R3

O
o)

Me™ ™ N \\> (0]
® SRS
O 23t: 80%

23s9: 80%

a)E/Z=10/1.b) E/Z=9/1. c) E/Z>20/1. d) E/Z 1/>20.

Scheme 72. Preparation of a,p-unsaturated N-alkoxyamides.
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wiZ, AR LTma,B-AEafn N-7 a7 2 R 23b-23t & W CREN 7 = =W bG
R L7z (Table9), 302, offiiC =T NVEEZHT Da,B-REF N-7 /2% 7 I K 23b
ROV, KOS ZET LT, ZORER, KN T = = W LEOSHEIT L, y-7 = =47
R 25bA MG LT, oI A FNUEEZGT Do B-AEFIN-7 /L ax 2T I REeHWE
AIHAURITE T L (entry 1), £ 2T, BEHEONIEH S ORREZHERT D720, ofif
WL DEEWNA Y TrEAEERT 5T 2 R23¢ 2 AWV TRKISZ G LTz, & D5 R,
K7 = = ARSI HELT L7228, BRIDy-7 = =L 7 3 K 25¢A 1200 14% L0viE 5
Niginofe, ZOZE XY affiZhS@mWEBRELEZ AT 256, RROSHETLIZS W
EMBRZOND, WIZ, TINERLT = = VEEZFT Do ,B-REFI N-7/LaFx 7 I R 23d
BLO23e ANzt ZA, AOYy-7 ==/ 7 2 F 25dA 3 L 25eA PR DILR T
547 (entries3and4), 72, oLl 7 mEEE AT H5E. BRGEMH T CARICZIT S
ELRINERTIEH D2y-7 ==L T 2 N 25fA 155 Z LN TE T (entry 5), RIZ, ofifiZ
NRUVNIEEFT Da,p-RE N-T Va2 %27 2 R 23g 2O TCREN 7 = =BG &
ITo7z (entry 6), ZDFEFR, REISVNRANTHEIT L, BIDOT I K 25gA BICE L < HEH
Nz, ZZTRIZ, NUB VR EOEBMBNREZBF T 2720, XUBUVERONTAL, A
ZAL, AV MUIZE G, BRI, ~"a s o2 DOXUBURBHER LTS
F I ERE & fpa,B-REBFD N-T L3637 2 R 23h-23s AWV TRBER 7 = = W B ROE
ZA{T o7 (entries 7-18), EDFER, WHRIZETDOIXL2ZTITIH LN, -7 ==/L7
R 25hA-25sA 2315 A7z, DA EDOFRER I D | REOSIIN B U8R FOBEBREOZEZ T L
P EZIF RN ERHLNE R o, WIS, YT aAnFR U BEAT Do p-RELF N-T7 L
ax 7 I Rt HOTARKGZRFT Lz E 2 A B ORI TLC 12 THERR T 7228,
IR T LAw-7 ==/ 7 X R 25tA GO hoTz, 2O L XY, 23t ZJHV25E
T, RNTEED D2 WVIFERYN SR L TND 2 ENEZ LD,
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Table 9. Substituent effect of the nucleophilic phenylation of vinylketene N,0O-acetals.
1) TBSOTf (2.1 eq.), i-Pr,NEt (4 eq.) o
Ph3Al (3 eq.), CH5Cl,, reflux Ph
Mep’\)k > \“Pﬂ\)kN/\/\OTBS
\\> 2) TBSCI (3.3 eq.), imidazole (3.75 eq.) R H

DMAP (0.3 eq.), THF, 0° C to rt

23b-23s 25bA-25sA

entry R’ substrate  product (yield, %)  E/Z
1 Et 23b 54 3/1
2 i-Pr 23c 14 1/1
3 allyl 23d 55 b
4 Ph 23e 44 ----b)
52 Br 23f 35 b
6 R%=H 23g 72 12/1
7 RZ = Me 23h 71 _.b)
8 R? = OMe 23i 55 _b)
9 , R2=CF, 23j 52 71
10 R R2 = Br 23k 65 _.b
11 RZ=F 231 57 )
12 RS = Me 23m 50 >20/1
13 R3 = OMe 23n 42 b
14 R3=CF; 230 49 10/1

R3

15 R* = Me 23p 51 17/1
16 R* = OMe 23q 53 16/1
17 R4 R*=CF, 23r 56 7/

18 O 23s 53 —---D)

a) The reaction was carried out at rt.
b) Ratio of E/Z-isomer could not be calculated due to overlap the signals of olefinic proton or
allylic protons with other signals.

0 1) TBSOTF (2.1 eq.), i-Pr,NEt (4 eq.)
PhsAl (3 eq.), CHoCl,, reflux
N-© ~ Ph N~ >"oTBS
2) TBSCI (3.3 eq.), imidazole (3.75 eq.) H
DMAP (0.3 eq.), THF, 0° C to rt
23t 25tA: 30%
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BIC T ARV IEOEA R R LTz (Table 10), 72353 & LTI, Table 9 THt b IR
FLy-7 2= V7 I FEH X, il _X DNV EERT Ho,p-REF N-T L ax T
k23g & Uz, EIHE LIATRET L S = 0 AR A5 I AT TTHEZR MesAl EAL
BLWi-BwAl # AWz, ZORER, WITHOHE b REWN T VX LS EIT L, AKX
FTIEH LM, y-TF T 2K 25gB-25gD 3MF LT,

Table 10. Nucleophilic alkylation of vinylketene N,0-acetals.
0 1) TBSOTf (2.1 eq.), i-Pro,NEt (4 eq.) o
NusAl (3 eq.), CH,Cly, reflux NU
Me/\)kN’o — > \pﬂ"\)kN/\/\OTBS
\\> 2) TBSCI (3.3 eq.), imidazole (3.75 eq.) H
Bn Bn
23g

DMAP (0.3 eq.), THF, 0° C to rt

25gB-25gD

entry NusAl product product (yield, %) E/Z
1 MeszAl 25gB 44 >20/1
2 EtsAl 25¢gC 31 1311
3 i-BusAl 25gD 38 >20/1

b X Hiz, FEITHEX Ra,p-REF N-7raxy 7 Kbl Lzt =177 v
N,O-T 2 H =)V ~DRE T = = MEOSBRABIZREI LTc, 7o, TAXVEEZRETLHE
7 =0 AR E WD Z & T REMT AV RS DBIFRIC b ) LTz, a,B-A
M7 2 FOBAERTHE= LT T NO-T X =N aREFFEE L TH AT 5 s
P TEREGIA 22 < BB FE L WA D,
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/N

E‘ﬁ:
p={(1(}

FHIT NO-TT o7 —NVOER-FERZEESORKAEEE ) & L2 RENT U —1k
BLOT T LRGSO BRI AR) LT,

© AV VP E[TDH NTAaXTT I PR NO-FT 78—
(XL PhsAl ZEH S5 &, RN = = ALROEBHEIT L, a-7 ==L T I RS
"BoNDZ L2 LT, RBUSIE, 7 X RO LIEKREABRNETH 727 =
=NV RBNNCEAT 52 ENFAHETH D, RIEEMERA VX D V2
THNTNaFTT I REMBATSZ T, VT AT LABRKSRENT Y —uk
BOG~E RS 5 Z LT bR LT,

TBSOTf

(0]

i-Pr,NEt PhoAl
H

Ph

Mo nummos ey Aﬁk
Ph N 2) TESCI H ArAl - Ph NH —OH
H H Hf ————™ Ar
Q@ oB-AREFIN-TNAAXTT I RPLHB L= VT T 2 NO-7 & Z— /L ~DREZH
7 2= LB LT VXL RIS E B Lc, AFES ERRIOR LEISFEEE, B =

VT v NO-T B X2 — VO iS5 ENAETHY  E= 7T > NO-T
X — )V DF T 7 FOSME D BRI ) LT,

TBSOTf

o OTBS 0
o _FPrNEt PO Y
Me” Xy~ ON- = | AN NI ONT"oTBS
R L) R L) rR M

Nu = Ph or alkyl
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B

ABFIEIZER L CTHehh TR 2R S, iR 2050 £ L2 BAN, EHERERICE D &
DIEHELET, £lo, IRELZBETEoNT 252 T EE o2y HELF iz (B
FREBRFPFPR)IEHB LT, £, MAARQ/EIE L ERSE 2z E#EEE £ LK
AL RHAII R S TRAMEL L 9, SEBRICER LI <« O 2 TH & £ L7z 2RI 2R
STREIEL £797

AWFEOFRLEFEEICHIZY . AR2MIE LEIRELHY £ Lo EA O HIRREEER,
B LORIAEO/NRIARESZ, BN BIRITEHE L £

S DICAWIRIZER L, SR N 2THE £ LEREH AL MNEAR 751 2
W22 P HAME S 7 & QNS P 8RR 23K L A JE =R Ok ISR 2 L £ 97

NMR BEL O MS ZHEL TFSWE Lo RoHrE, RS-kl K OHH T8
AN L U

RERD D, BEHRICEOTREEBIZ Y £ LI2MSIATEIEN AR A SR
B L O HARE AL RIFFLSI AN SR R L £ 9,
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5 3E  FEEROE

'H NMR and *C NMR spectra were recorded on a Varian Mercury 300 MHz, a Varian VNS AS 500
MHz or a Varian VNS AS 600 MHz operating at 300 MHz/75 MHz, 500 MHz/125 MHz, or 600
MHz/150 MHz for 'H and '3C acquisitions, respectively. Chemical shifts are reported in ppm with
the solvent resonance or TMS as the internal standard. Multiplicities are indicated by (s = singlet, d
= doublet, t = triplet, q = quartet, quint = quintet, sext = sextet, sept = septet, dd = doublet of doublets,
dt = doublet of triplets, dq = doublet of quartets, td = triplet of doublets, qd = quartet of doublets, qt
= quartet of triplets, qq = quartet of quartets, septd = septet of doublets, ddd = doublet of doublet of
doublets, ddt = doublet of doublet of triplets, m = multiplet, br = broad). Infrared (IR) spectra were
recorded on a Perkin-Elmer SpectrumOne A spectrometer. High-resolution mass spectra (HRMS)
were obtained by ESI method on Thermo Fisher Scientific Exactive Instrument. Melting points
(uncorrected) were determined on BUCHI M-565 apparatus. Flash column chromatography were
performed using Silicycle silica gel (SiliaFlash® F60, 40-63 um) or performed on Biotage Automated
Liquid Chromatography System Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges.
Preparative thin-layer chromatography (preparative TLC) separations were carried out on 0.25 or 0.50
mm E. Merck silica gel plates (60 F2s4). HPLC analyses were carried out on a SHIMADZU LC-20AT
pump and SPD-20A UV/Vis detector or JASCO PU-4180 RHPLC pump and UV-4075 UV/Vis
detector. Optical rotations were measured on a JASCO DIP-370 degital polarimeter. All reactions
were carried out under an argon atmosphere with dry solvents under anhydrous conditions, unless
otherwise noted.
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1-(2-Isoxazolidinyl)-3-phenyl-1-propanone (6a). To a solution of isoxazolidine hydrochloride?®
(1.09 g, 10 mmol) in CH,Cl; (20 mL) were added 3-phenylpropionyl chloride (1.69 g, 10 mmol) and
pyridine (1.62 mL, 20 mmol) at 0 °C. After being stirred at room temperature for 3 h, the reaction
mixture was diluted with EtOAc. The mixture was washed with 1 M HCI, saturated NaHCO3, H,O,
and saturated NaCl. The organic phase was dried over MgSO,, and concentrated under reduced
pressure. The residue was purified by flash column chromatography (n-hexane : EtOAc=1: 1) to
afford 6a (2.03 g, 99%) as a colorless oil. IR (neat): 1651 cm™; '"H NMR (300 MHz, CDCls) 8: 7.31-
7.16 (SH, m), 3.81 (2H, t, J = 7.0 Hz), 3.68 (2H, br t, J= 7.0 Hz), 2.96 (2H, br t, J= 7.5 Hz), 2.75
(2H, brt,J=7.5Hz), 2.25 (2H, quint, J=7.0 Hz); *C NMR (75 MHz, CDCl;) &: 172.5, 141.1, 128.4,
128.3, 126.0, 69.1,42.9, 34.4, 30.7, 27.4; ESI-HRMS m/z: calcd for C12Hi6ON [M + H] * 206.1176,
found 206.1163.

Nucleophilic phenylation of N,0-ketene acetal with Ph;Al [Scheme 28]. To a solution of N-
alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH.Cl, (1.25 mL) were added TMSOTf (95 uL, 0.525
mmol), i-Pr.NEt (87 uL, 0.50 mmol), and PhszAl (1.0 M in n-Bu20, 0.25 mL, 0.25 mmol) dropwise
at 0 °C under an argon atmosphere. After being stirred at room temperature for 15 h, the reaction
mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was
extracted with CHCIls. The organic phase was dried over MgSO4 and concentrated under reduced
pressure. The residue was purified by column chromatography (Biotage Isorera One using Biotage
SNAP KP-Sil 509 silica gel cartridges) (n-hexane : EtOAc =5 : 1 to EtOAc) to give a-phenyl amide
7aA (5.7 mg, 8%) and TMS-protected amide 8aA (9.8 mg, 11%).

N-(3-Hydroxypropyl)-2,3-diphenylpropanamide (7aA). White solid; IR (CHCl3): 3299, 1648
cm’!; 'H NMR (500 MHz, CDCl3) &: 7.32-7.12 (10H, m), 5.93 (1H, br s), 3.59 (1H, dd, J = 9.0, 6.5
Hz), 3.50 (1H, dd, J = 13.5, 9.0 Hz), 3.38-3.28 (3H, m), 3.26-3.19 (2H, m), 2.98 (1H, dd, J = 13.5,
6.5 Hz), 1.51-1.46 (2H, m); 3*C NMR (125 MHz, CDCl3) 8: 174.0, 139.5, 129.0, 128.7, 128.3, 127.8,
127.4, 126.2, 58.9, 55.6, 39.6, 36.2, 32.0; ESI-HRMS m/z: calcd for CisH21O:NNa [M + Na]*
306.1465, found 306.1468. One of aromatic carbons overlapped with other aromatic carbons in 3C
NMR spectrum.

N-[3-[(Trimethylsilyl)oxy|propyl]-2,3-diphenylpropanamide (8aA). A colorless oil; IR (neat):
3296, 1648 cm™'; 'TH NMR (300 MHz, CDCls) 8: 7.26-7.05 (10H, m), 5.91 (1H, br s), 3.52-3.40 (4H,
m), 3.30-3.13 (2H, m), 2.98-2.87 (1H, m), 1.57-1.48 (2H, m), 0.00 (9H, s); *C NMR (75 MHz,
CD:Ch) 6: 172.2,140.2, 139.9, 128.9, 128.5,128.2, 127.9, 127.0, 126.1, 61.0, 55.5, 39.8, 37.8, 31.8,
-0.7; ESI-HRMS m/z: calcd for C21H30O.NSi [M + H]* 356.2040, found 356.2042.
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Nucleophilic phenylation of N,O-ketene acetal with PhzAl [Table 2, entry 1]. To a solution of N-
alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH2Cl, (1.25 mL) were added TESOTT (0.12 mL, 0.525
mmol), i-PrNEt; (87 pL, 0.50 mmol), and PhsAl (1.0 M in n-Bu.O, 0.25 mL, 0.25 mmol) dropwise
at 0 °C under an argon atmosphere. After being stirred at room temperature for 12 h, the reaction
mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was
extracted with CHCIls. The organic phase was dried over MgSO4 and concentrated under reduced
pressure. The residue was purified by column chromatography (Biotage Isorera One using Biotage
SNAP KP-Sil 509 silica gel cartridges) (n-hexane : EtOAc =5 : 1 to EtOAc) to give a-phenyl amide
7aA (12.9 mg, 18%) and TES-protected amide 9aA (29.8 mg, 30%).

N-[3-[(Triethylsilyl)oxy]propyl]-2,3-diphenylpropanamide (9aA). A colorless oil; IR (neat): 3296,
1646 cm!; '"H NMR (300 MHz, CDCls) 6: 7.30-7.09 (10H, m), 6.00 (1H, br s), 3.56-3.44 (4H, m),
3.38-3.19 (2H, m), 3.02-2.91 (1H, m), 1.59-1.54 (2H, m), 0.91 (9H, t, /= 7.5 Hz), 0.52 (6H, q, J =
7.5 Hz); *C NMR (75 MHz, CD,Cl,) 8: 172.3, 140.4, 140.1, 129.2, 128.7, 128.4,128.2, 127.3, 126.3,
61.9, 55.9, 40.1, 38.4, 32.0, 7.0, 4.7; ESI-HRMS m/z: caled for C,4H360,NSi [M + HJ" 398.2510,
found 398.2512.

Nucleophilic phenylation of N,O-ketene acetal with Ph;Al [Table 2, entry 2]. To a solution of N-
alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH,Cl, (1.25 mL) were added TBSOTf (0.12 mL, 0.525
mmol), i-PrNEt; (87 uL, 0.50 mmol), and PhsAl (1.0 M in n-Bu,0O, 0.25 mL, 0.25 mmol) dropwise
at 0 °C under an argon atmosphere. After being stirred at room temperature for 4 h, the reaction
mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was
extracted with CHCIls. The organic phase was dried over MgSO4 and concentrated under reduced
pressure. The residue was purified by column chromatography (Biotage Isorera One using Biotage
SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 : 1 to EtOAc) to give a-phenyl amide
7aA (7.1 mg, 10%) and TBS-protected amide 10aA (66.6 mg, 67%).

N-[3-[[(1,1-Dimethylethyl)dimethylsilyljoxy]|propyl]-2,3-diphenylpropanamide (10aA). White
solid; IR (CHCls): 3304, 1647 cm’!; 'H NMR (600 MHz, CDCl3) é: 7.31-7.19 (7H, m), 7.15 (1H, br
t,J=7.5Hz), 7.10 (2H, br d, J= 7.5 Hz), 5.90 (1H, br s), 3.57-3.50 (3H, m), 3.47 (1H, dd, J = 8.5,
6.0 Hz), 3.34-3.29 (1H, m), 3.26-3.20 (1H, m), 2.97 (1H, dd, J = 13.0, 6.0 Hz), 1.59-1.50 (2H, m),
0.86 (9H, s), -0.01 (6H, s); 3*C NMR (150 MHz, CDCl3) 8: 172.4, 139.9, 139.8, 129.0, 128.6, 128.2,
128.0, 127.2, 126.1, 62.0, 55.9, 40.0, 38.0, 31.4, 25.9, 18.2, -5.5; ESI-HRMS m/z: calced for
C24H360,NSi [M + H]* 398.2510, found 398.2514.

Nucleophilic phenylation of N,O-ketene acetal with PhsAl [Table 2, entry 3]. To a solution of N-
alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH.Cl, (1.25 mL) were added TIPSOTf (0.14 mL, 0.525
mmol), i-PrNEt, (87 uL, 0.50 mmol), and PhszAl (1.0 M in n-Bu,0O, 0.25 mL, 0.25 mmol) dropwise
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at 0 °C under an argon atmosphere. After being stirred at room temperature for 19 h, the reaction
mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was
extracted with CHCIls. The organic phase was dried over MgSQO4 and concentrated under reduced
pressure. The residue was purified by column chromatography (Biotage Isorera One using Biotage
SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 : 1 to EtOAc) to give a-phenyl amide
7aA (7.8 mg, 11%) and TIPS-protected amide 11aA (63.8 mg, 58%).

N-[3-[[Tris(1-methylethyl)silyljoxy]propyl]-2,3-diphenylpropanamide (11aA). White solid; IR
(CHCI): 3300, 1647 cm'; 'H NMR (300 MHz, CDCl;) 6: 7.30-7.09 (10H, m), 6.06 (1H, br s), 3.63
(2H, br t, J = 7.5 Hz), 3.54-3.44 (2H, m), 3.38-3.23 (2H, m), 2.99-2.94 (1H, m), 1.62-1.53 (2H, m),
1.01-1.00 (21H, s); 3C NMR (75 MHz, CDCl;) &: 172.4, 139.8, 139.7, 128.9, 128.5, 128.1, 127.8,
127.1, 126.1, 62.4, 55.7, 39.9, 38.2, 31.3, 17.9, 11.7; ESI-HRMS m/z: caled for C7H4,0O,NSi [M +
H]" 440.2979, found 440.2980.

[Table 2, entry 4]. To a solution of N-alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH.Cl, (1.25 mL)
were added TBSOTT (0.12 mL, 0.525 mmol), i-ProNEt (87 uL, 0.50 mmol), and PhsAl (1.0 M in n-
Bu20, 0.50 mL, 0.50 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room
temperature for 4 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The
resulting suspension was extracted with CHCIls. The organic phase was dried over MgSO. and
concentrated under reduced pressure. The residue was purified by column chromatography (Biotage
Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 : 1 to
EtOAc) to give a-phenyl amide 7aA (7.8 mg, 11%) and TBS-protected amide 10aA (58.7 mg, 59%).

[Table 2, entry 5]. To a solution of N-alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH.Cl, (1.25 mL)
were added TBSOTT (0.12 mL, 0.525 mmol), EtsN (70 uL, 0.50 mmol), and PhzAl (1.0 M in n-Bu.0,
0.25 mL, 0.25 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room
temperature for 2 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The
resulting suspension was extracted with CHCIls. The organic phase was dried over MgSO. and
concentrated under reduced pressure. The residue was purified by column chromatography (Biotage
Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 : 1 to
EtOAc) to give a-phenyl amide 7aA (14.2 mg, 20%) and TBS-protected amide 10aA (47.7 mg, 48%).

[Table 2, entry 6]. To a solution of N-alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH,Cl, (1.25 mL)
were added TBSOTT (0.12 mL, 0.525 mmol), 2,6-lutidine (58 uL, 0.50 mmol), and PhzAl (1.0 M in
n-Bu0O, 0.25 mL, 0.25 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at
room temperature for 24 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
M). The resulting suspension was extracted with CHCIs. The organic phase was dried over MgSQO4
and concentrated under reduced pressure. The residue was purified by column chromatography
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(Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 :
1) to give TBS-protected o-phenyl amide 10aA (18.9 mg, 19%) and recover 6a (24.1 mg, 47%).

[Table 2, entry 7]. To a solution of N-alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH2Cl, (1.25 mL)
were added TBSOTT (0.12 mL, 0.525 mmol), i-ProNEt (44 pL, 0.25 mmol), and PhzAl (1.0 M in n-
Bu20, 0.25 mL, 0.25 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room
temperature for 11.5 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M).
The resulting suspension was extracted with CHCIs. The organic phase was dried over MgSO4 and
concentrated under reduced pressure. The residue was purified by column chromatography (Biotage
Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 : 1 to
EtOAc) to give a-phenyl amide 7aA (5.7 mg, 8%), TBS-protected amide 10aA (35.8 mg, 36%) and
recover 6a (11.6 mg, 23%).

[Table 2, entry 8]. To a solution of N-alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH.Cl; (1.25 mL)
were added TBSOTT (0.12 mL, 0.525 mmol), i-ProNEt (0.17 mL, 1.0 mmol), and PhsAl (1.0 M in n-
Bu.0, 0.25 mL, 0.25 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room
temperature for 3.5 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M).
The resulting suspension was extracted with CHCIs. The organic phase was dried over MgSO4 and
concentrated under reduced pressure. The residue was purified by column chromatography (Biotage
Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 : 1 to
EtOACc) to give a-phenyl amide 7aA (9.2 mg, 13%) and TBS-protected amide 10aA (67.5 mg, 68%).

[Table 2, entry 9]. To a solution of N-alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH.Cl, (1.25 mL)
were added TBSOTT (0.18 mL, 0.775 mmol), i-ProNEt (0.17 mL, 1.0 mmol), and PhsAl (1.0 M in n-
Bu0, 0.25 mL, 0.25 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room
temperature for 2.5 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M).
The resulting suspension was extracted with CHCIs. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The residue was purified by column chromatography (Biotage
Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 : 1) to give
TBS-protected a-phenyl amide 10aA (77.3 mg, 78%).

Sequential reaction of 6a [Scheme 29]. To a solution of N-alkoxyamide 6a (51.3 mg, 0.25 mmol)
in CH,Cl, (1.25 mL) were added TBSOTT (0.12 mL, 0.525 mmol), i-Pr,NEt (0.17 mL, 1.0 mmol),
and PhsAl (1.0 M in n-Bu20, 0.25 mL, 0.25 mmol) dropwise at 0 °C under an argon atmosphere.
After being stirred at room temperature for 4 h, the reaction mixture was quenched with an aqueous
Rochelle’s salt (1.3 M). The resulting suspension was extracted with CHCls. The organic phase was
dried over MgSO. and concentrated under reduced pressure. To a solution of crude product in THF
(1.0 mL) were added AcOH (10 pL, 0.17 mmol) and TBAF (1.0 M in THF, 0.75 mL, 0.75 mmol)
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dropwise at 0 °C under an argon atmosphere. After being stirred at room temperature for 16 h, the
reaction mixture was diluted with EtOAc. The mixture was washed with saturated NaHCOs3, H,O,
and saturated NaCl. The organic phase was dried over MgSO,, and concentrated under reduced
pressure. The residue was purified by column chromatography (Biotage Isorera One using Biotage
SNAP KP-Sil 50g silica gel cartridges) (EtOAc) to give a-phenyl amide 7aA (52.4 mg, 74%).

Nucleophilic phenylation of V,0-ketene acetal with PhLi [Table 3, entry 2]. To a solution of N-
alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH,Cl, (1.25 mL) were added TBSOTf (0.12 mL, 0.525
mmol), i-PrNEt (0.17 mL, 1.0 mmol), and PhLi (1.6 M in n-Bu2O, 0.16 mL, 0.25 mmol) dropwise
at 0 °C under an argon atmosphere. After being stirred at room temperature for 4 h, the reaction
mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was
extracted with CHCIls. The organic phase was dried over MgSQO4 and concentrated under reduced
pressure. The residue was purified by column chromatography (Biotage Isorera One using Biotage
SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =4 : 1) to give ketone 392" (6.3 mg, 12%).

Nucleophilic phenylation of V,0-ketene acetal with PhMgBr [Table 3, entry 3]. To a solution of
N-alkoxyamide 6a (51.3 mg, 0.25 mmol) in CH.Cl; (1.25 mL) were added TBSOTf (0.12 mL, 0.525
mmol), i-Pr,NEt (0.17 mL, 1.0 mmol), and PhMgBr (1.0 M in THF, 0.25 mL, 0.25 mmol) dropwise
at 0 °C under an argon atmosphere. After being stirred at room temperature for 4 h, the reaction
mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was
extracted with CHCIls. The organic phase was dried over MgSQO4 and concentrated under reduced
pressure. The residue was purified by column chromatography (Biotage Isorera One using Biotage
SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc = 4 : 1) to give ketone 392" (20.5 mg,
39%).

2,3-Diphenylpropanoic acid (12)? [Scheme 30]. To a solution of amide 7aA (61.5 mg, 0.21 mmol)
in dioxane (0.50 mL) was added conc. HCI (0.50 mL) at room temperature. After being stirred at
reflux for 11 h, the reaction mixture was diluted with H,O. The mixture was extracted with EtOAc.
The organic phase was washed with brine, dried over MgSO,, and concentrated under reduced
pressure. The residue was purified by preparative TLC (EtOAc) to give carboxylic acid 12 (40.4 mg,

85%) as colorless solid.

2-(1,2-Diphenylethyl)-5,6-dihydro-4H-1,3-oxazine (13) [Scheme 30]. To a solution of amide 7aA
(85.0 mg, 0.30 mmol) in CH,Cl; (2.0 mL) was added thionyl chloride (109 uL, 1.1 mmol) at 0 °C.
After being stirred at room temperature for 5 h, the reaction mixture was neutralized with 1 M NaOH.
The resulting mixture was extracted with CHCI3/MeOH (v/v = 10 : 1). The organic phase was dried

over MgSO,, and concentrated under reduced pressure. The residue was purified by preparative TLC

(CHCl3: MeOH = 10 : 1) to give 5,6-dihydro-4H-1,3-oxazine 13 (53.9 mg, 68%) as white solid. 'H
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NMR (300 MHz, CDCls) &: 7.27-7.07 (10H, m), 4.09-4.05 (2H, m), 3.62 (1H, t, J = 7.5 Hz), 3.37-
3.30 (3H,m), 2.97 (1H,dd, J=13.5,7.5 Hz), 1.82-1.72 (2H, m); 3C NMR (75 MHz, CDCl5) é: 160.1,
140.8, 139.8, 129.0, 128.2, 127.9, 127.8, 126.6, 125.8, 65.0, 53.7, 42.3, 39.8, 21.9; ESI-HRMS m/z:
[M + H]J" calcd for CisH20ON 266.1539, found 266.1537.

67



1 25 2 HiOESR

\)
z
i

3-Phenyl-1-(tetrahydro-2H-1,2-0xazin-2-yl)-1-propanone (41). To a solution of tetrahydro-2H-1,
2-oxazine hydrochloride®) (1.24 g, 10 mmol) in CH2Cl, (20 mL) were added 3-phenylpropionyl
chloride (1.69 g, 10 mmol) and pyridine (1.62 mL, 20 mmol) at 0 °C. After being stirred at room
temperature for 3 h, the reaction mixture was diluted with EtOAc. The mixture was washed with 1 M
HCI, saturated NaHCOs, H,O, and saturated NaCl. The organic phase was dried over MgSO,,, and
concentrated under reduced pressure. The residue was purified by flash column chromatography (n-
hexane : EtOAc =1 : 1) to afford 41 (2.00 g, 92%) as a colorless oil; IR (neat): 1659 cm™'; '"H NMR
(300 MHz, CDCls) 6: 7.32-7.17 (5H, m), 3.83-3.76 (4H, m), 2.96 (2H, br t, J=7.5 Hz), 2.73 (2H, br
t,J=7.5 Hz), 1.81-1.66 (4H, m); '3*C NMR (75 MHz, CDCIl;) &: 171.1, 141.4, 128.5, 128.4, 126.0,
73.2,42.5,33.9, 30.8, 24.3, 22.6; ESI-HRMS m/z: calcd for Ci3H;70,NNa [M + Na]* 242.1152, found
242.1139.

Nucleophilic phenylation of N,O-ketene acetal generated from N-alkoxyamide 41 [Scheme 32,
(3)]. To a solution of N-alkoxyamide 41 (54.8 mg, 0.25 mmol) in CH.Cl, (1.25 mL) were added
TBSOTTf (0.12 mL, 0.525 mmol), i-Pr,NEt (0.17 mL, 1.0 mmol), and Phs;Al (1.0 M in n-Bu,0O, 0.25
mL, 0.25 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room temperature
for 4 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting
suspension was extracted with CHCls. The organic phase was dried over MgSO, and concentrated
under reduced pressure. The residue was purified by column chromatography (Biotage Isorera One
using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5 : 1 to EtOAc) to give
a-phenylated amide 42 (9.2 mg, 12%) and TBS-protected amide 43 (42.9 mg, 42%).

N-(4-Hydroxybutyl)-2,3-diphenylpropanamide (42). Colorless solid; IR (KBr): 3304, 1647 cm’;
'"H NMR (300 MHz, CDCl5) 8: 7.28-7.08 (10H, m), 5.79 (1H, br s), 3.57-3.48 (4H, m), 3.23-3.06 (2H,
m), 2.97 (1H, dd, J=16.0, 10.0 Hz), 2.12 (1H, br s), 1.42-1.32 (4H, m); *C NMR (125 MHz, CDCl;)
d: 172.7, 139.6, 139.5, 128.8, 128.4, 128.0, 127.8, 127.0, 126.0, 61.9, 55.4, 39.6, 36.2, 29.5, 25.9;
ESI-HRMS m/z: caled for Ci9H230,NNa [M + Na]* 320.1621, found 320.1616.

N-[4-[[(1,1-Dimethylethyl)dimethylsilyl]oxy]|butyl]-2,3-diphenylpropanamide (43). Colorless
solid; IR (CHCls): 3302, 1646 cm'; 'H NMR (300 MHz, CDCl3) &: 7.27-7.07 (10H, m), 5.52 (1H, br
s), 3.56-3.46 (4H, m), 3.25-3.04 (2H, m), 3.00-2.90 (1H, m), 1.43-1.26 (4H, m), 0.86 (9H, s), 0.01
(6H, s); 3C NMR (75 MHz, CDCls) &: 172.3, 139.7, 139.6, 128.8, 128.4, 128.0, 127.8, 127.0, 125.9,
62.5, 55.6, 39.8, 39.3, 29.8, 25.9, 18.3, -5.27; ESI-HRMS m/z: calcd for C,sH33s0.NSi [M + H] *
412.2666, found 412.2666. One of alkyl carbons overlapped with other alkyl carbons in *C NMR
spectrum.
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Formation of O-TBS N,O-ketene acetal F and sequential nucleophilic phenylation/desilylation
of 6a [Scheme 33]. To a solution of N-alkoxyamide 6a (51.3 mg, 0.25 mmol) in CDCls (1.25 mL)
were added TBSOTT (0.12 mL, 0.525 mmol) and i-ProNEt (0.17 mL, 1.0 mmol) dropwise at 0 °C
under an argon atmosphere. After being stirred at room temperature for 1 h, the reaction mixture
indicated that olefinic proton signal of F was observed in the H NMR spectrum at 8 = 4.49 (1H, t, J
=17.0 Hz). To a reaction mixture was added Phs;Al (1.0 M in n-Bu,0O, 0.25 mL, 0.25 mmol) dropwise
at 0 °C. After being stirred at room temperature for 3 h, the reaction mixture was quenched with an
aqueous Rochelle’s salt (1.3 M). The resulting suspension was extracted with CHCls. The organic
phase was dried over MgSO. and concentrated under reduced pressure. To a solution of crude product
in THF (1.0 mL) were added AcOH (10 uL, 0.17 mmol) and TBAF (1.0 M in THF, 0.75 mL, 0.75
mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room temperature for 16
h, the reaction mixture was diluted with EtOAc. The mixture was washed with saturated NaHCO3,
H>O, and saturated NaCl. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The residue was purified by preparative TLC (n-hexane : EtOAc = 1 : 1) to give a-
phenylated amide 7aA (38.3 mg, 54%, from 6a).

Formation of O-TMS N,O-ketene acetal AG [Scheme 34]. To a solution of LIHMDS (1.1 M in
THEF, 0.91 mL, 1.0 mmol) in THF (2.0 mL) was added N-alkoxyamide 6a (102.6 mg, 0.50 mmol) in
THF (2.5 mL) dropwise at -78 °C under an argon atmosphere. After being stirred at the same
temperature for 30 min, TMSCI (0.13 mL, 1.0 mmol) was slowly added at -78 °C. The resulting
solution was stirred at the same temperature for 30 min. The dry ice/acetone bath was then removed
and the solution was allowed to warm up to room temperature. The solution was stirred at the same
temperature for 30 min, the solution was then concentrated under reduced pressure. The residue was
washed by n-hexane (5.0 mL), then the mixture was filtered under an argon atmosphere. The solvent

was removed under reduced pressure to give desired O-trimethylsilyl N,0-ketene acetal AG.

2-[3-Phenyl-1-[(trimethylsilyl)oxy]-1-propen-1-yl]isoxazolidine (AG). A colorless oil. 'H NMR
(500 MHz, CDCls) &: 7.30-7.14 (5H, m), 4.54 (1H, t, J= 7.5 Hz), 3.98 (2H, t, /=7.0 Hz), 3.33 (2H,
d,J=7.0 Hz), 3.30 (2H, t, J= 7.0 Hz), 2.17 (2H, br quint, J= 7.0 Hz), 0.25 (9H, s); *C NMR (125
MHz, CDCl;) o: 151.2, 142.4, 128.20, 128.21, 128.4, 88.5, 66.4, 50.1, 31.1, 27.2, 0.33.

Formation of O-TBS N,O-ketene acetal AJ [Scheme 35]. To a solution of N-alkoxyamide 6j (54.8
mg, 0.25 mmol) in CDCl; (1.25 mL) were added TBSOTT (0.12 mL, 0.525 mmol) and i-Pr:NEt (0.17
mL, 1.0 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room temperature
for 1 h, the reaction mixture indicated that olefinic proton signal and isoxazolidine 3-H; protons signal
of AJ were observed in the *H NMR spectrum at ((olefinic H: 6 = 4.29 (1H, t, /= 7.2 Hz)) and ((3-
H»: 6 =3.21 (2H, t, J=7.2 Hz)).
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Formation of O-TES N,O-ketene acetal AK [Scheme 36]. To a solution of LIHMDS (1.1 M in THF,
0.91 mL, 1.0 mmol) in THF (2.0 mL) was added N-alkoxyamide 6j (109.6 mg, 0.50 mmol) in THF
(2.5 mL) dropwise at -78 °C under an argon atmosphere. After being stirred at the same temperature
for 30 min, TESCI (0.17 mL, 1.0 mmol) was slowly added at -78 °C. The resulting solution was
stirred at the same temperature for 30 min. The dry ice/acetone bath was then removed and the
solution was allowed to warm up to room temperature. The solution was stirred at the same
temperature for 30 min, the solution was then concentrated under reduced pressure. The residue was
washed by n-hexane (5.0 mL), then the mixture was filtered under an argon atmosphere. The solvent

was removed under reduced pressure to give desired O-triethylsilyl N,O-ketene acetal AK.

2-[(1Z)-4-Phenyl-1-[(triethylsilyl)oxy]-1-buten-1-yl]-isoxazolidine (AK). A colorless oil. '"H NMR
(500 MHz, CDCls) 6: 7.28 (2H, br d, J = 8.0 Hz), 7.22-7.16 (3H, m), 4.30 (1H, t, /= 7.0 Hz), 3.94
(2H, t,J=7.0 Hz), 3.24 (2H, t, J=7.0 Hz), 2.65 (2H, br t, /= 8.0 Hz), 2.33 (2H, dt, /= 8.0, 7.0 Hz),
2.11 (2H, quint, J= 7.0 Hz), 1.01 (9H, t, J= 8.0 Hz), 0.74 (6H, q, J = 8.0 Hz); 3C NMR (125 MHz,
CDCl3) &: 150.9, 142.5, 128.4, 128.1, 125.6, 88.8, 66.2, 50.1, 36.7, 27.0, 26.9, 6.7, 5.1; NOE
correlation was observed between olefinic-H (6: 4.30) and 3-H, (6: 3.24) in NOESY.
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General procedure for the preparation of N-alkoxyamides 6b-6j and 61-6p [Scheme 41]. To a
solution of carboxylic acid (10 mmol) and isoxazolidine hydrochloride?® (1.04 g, 9.5 mmol) in
CHCl; (30 mL) were added EDCT (2.10 g, 11 mmol), HOBt (1.49 g, 11 mmol), and i-Pr,NEt (5.2
mL, 30 mmol) at room temperature. After being stirred at the same temperature for 16 h, the reaction
mixture was diluted with EtOAc. The mixture was washed with 1 M HCI, saturated NaHCO3, H,O,
and saturated NaCl. The organic phase was dried over MgSO,, and concentrated under reduced
pressure. The residue was purified by flash column chromatography (n-hexane : EtOAc=1: 1) to
afford N-alkoxyamides 6b-6j and 61-6p in the yields shown in Scheme 41.

3-(4-Bromophenyl)-1-(2-isoxazolidinyl)-1-propanone (6b). A colorless oil; IR (neat): 1651 cm™;
"H NMR (300 MHz, CDCI;) &: 7.39 (2H, br d, /= 8.0 Hz), 7.11 (2H, br d, J = 8.0 Hz), 3.86 (2H, br
t,J=7.0Hz), 3.69 2H, brt,J=7.0 Hz), 2.92 (2H, brt, J=7.5 Hz), 2.72 (2H, br t, J=7.5 Hz), 2.27
(2H, quint, J= 7.0 Hz); *C NMR (75 MHz, CDCls) é: 171.4, 139.8, 130.9, 129.8, 119.3, 68.8, 42.6,
33.6,29.5,27.1; ESI-HRMS m/z: calcd for C12HisON7’Br [M + H]* 284.0281, found 284.0280.

1-(2-Isoxazolidinyl)-3-[4-(trifluoromethyl)phenyl]-1-propanone (6¢). White solid; IR (CHCIls):
1658 cm'; 'TH NMR (300 MHz, CDCls) 8: 7.53 (2H, br d, J = 8.0 Hz), 7.35 (2H, br d, J = 8.0 Hz),
3.87 2H, brt,J="7.0 Hz), 3.70 (2H, br t, J= 7.0 Hz), 3.03 (2H, brt, J=7.5 Hz), 2.77 2H, br t, J =
7.5 Hz), 2.28 (2H, quint, J= 7.0 Hz); *C NMR (125 MHz, CDCls) 8: 171.7, 145.4, 128.8, 128.5 (q,
J=132.0Hz), 1253 (q, J=4.0 Hz), 124.3 (q, /= 270.0 Hz), 69.2, 43.0, 34.0, 30.4, 27.5; ESI-HRMS
m/z: calcd for C13H140,NF3Na [M + Na]* 296.0869, found 296.0869.

1-(2-Isoxazolidinyl)-3-(4-methylphenyl)-1-propanone (6d). White solid; IR (CHCI3): 1655 cm™';
'"H NMR (300 MHz, CDCls) 8: 7.14-7.07 (4H, m), 3.84 (2H, br t, J=7.0 Hz), 3.69 (2H, br t, J=7.0
Hz),2.92 2H, brt, J=7.5 Hz), 2.73 (2H, br t, J= 7.5 Hz), 2.31 (3H, s), 2.26 (2H, br quint, J= 7.0
Hz); *C NMR (75 MHz, CDCls) &: 172.4, 137.9, 135.3, 128.8, 128.1, 68.9, 42.8, 34.4, 30.1, 27.3,
20.8; ESI-HRMS m/z: caled for C13H130.N [M + H]* 220.1332, found 220.1333.

1-(2-Isoxazolidinyl)-3-(4-methoxyphenyl)-1-propanone (6¢). A colorless oil; IR (neat): 1655 cm™';
'"H NMR (300 MHz, CDCl;) é: 7.13 (2H, br d, J = 8.0 Hz), 6.80 (2H, br d, J = 8.0 Hz), 3.80 (2H, br
t,J=7.0Hz), 3.75 (3H, s), 3.65 2H, br t, /= 7.0 Hz), 2.89 (2H, br t, /= 7.5 Hz), 2.70 2H, br t, J =
7.5 Hz),2.21 (2H, quint, J= 7.0 Hz); '3*C NMR (75 MHz, CDCl5) é: 172.1, 157.4,132.7, 128.8, 113.3,
68.6,54.6,42.5,34.2,29.4,27.0; ESI-HRMS m/z: calcd for C13Hi703NNa [M + Na]* 258.1101, found
258.1101.
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3-(1,3-Benzodioxol-5-yl)-1-(2-isoxazolidinyl)-1-propanone (6f). A colorless oil; IR (neat): 1645
cm’!; 'TH NMR (300 MHz, CDCls) 8: 6.73-6.65 (3H, m), 5.90 (2H, s), 3.85 (2H, br t, J=7.0 Hz), 3.68
(2H, brt, J=7.0 Hz), 2.87 (2H, brt, J= 7.5 Hz), 2.70 (2H, br t, J= 7.5 Hz), 2.26 (2H, quint, J= 7.0
Hz); *C NMR (75 MHz, CDCl;) 8: 172.0, 147.1, 145.3, 134.6, 120.7, 108.5, 107.7, 100.4, 68.7, 42.6,
34.2,30.0,27.1; ESI-HRMS m/z: calcd for Ci3HsOsNNa [M + Na]* 272.0893, found 272.0892.

1-(2-Isoxazolidinyl)-3-(2-thienyl)-1-propanone (6g). A pale yellow oil; IR (neat): 1648 cm™!; 'H
NMR (300 MHz, CDCl) 6: 6.98 (1H, br d, J= 5.0 Hz), 6.78 (1H, br dd, J = 5.0, 3.0 Hz), 6.72 (1H,
brd, J=3.0 Hz), 3.73 (2H, br t, J= 7.0 Hz), 3.56 (2H, br t, J= 7.0 Hz), 3.06 (2H, br t, /= 7.5 Hz),
2.69 (2H, br t, J=7.5 Hz), 2.12 (2H, quint, J= 7.0 Hz); *C NMR (75 MHz, CDCl3) &: 171.3, 143.2,
126.2, 124.0, 122.7, 68.6, 42.5, 33.9, 26.9, 24.2; ESI-HRMS m/z: calcd for C10Hi4O2NS [M + H]*
212.0740, found 212.0736.

3-(2-Furanyl)-1-(2-isoxazolidinyl)-1-propanone (6h). A pale yellow oil; IR (neat): 1656 cm™!; '"H
NMR (300 MHz, CDCls) &: 7.28 (1H, d, /= 1.5 Hz), 6.25 (1H, dd, /= 3.0, 1.5 Hz), 6.02 (1H, br d, J
=3.0Hz),3.91 (2H, brt,J=7.0 Hz), 3.71 (2H, brt, J=7.0 Hz), 2.98 (2H, br t, /= 7.5 Hz), 2.78 (2H,
brt, J= 7.5 Hz), 2.29 (2H, quint, J = 7.0 Hz); *C NMR (75 MHz, CDCl) é: 171.3, 154.1, 140.4,
109.6, 104.5, 68.6, 42.5, 30.4, 26.9, 22.4; ESI-HRMS m/z: calcd for CioHi30:NNa [M + Na]*
218.0788, found 218.0788.

1-(2-Isoxazolidinyl)-2-phenylethanone (6i). A colorless oil; IR (neat):1651 cm™; '"H NMR (300
MHz, CDCl;) &: 7.34-7.22 (5H, m), 3.84 (2H, t, J=7.0 Hz), 3.77 (2H, s), 3.71 (2H, br t, /= 7.0 Hz),
2.27 (2H, quint, J = 7.0 Hz); 3C NMR (75 MHz, CDCls) &: 170.9, 134.8, 129.2, 128.4, 126.7, 69.3,
43.1, 40.1, 27.5; ESI-HRMS m/z: caled for Ci1H130,NNa [M + Na]* 214.0839, found 214.0835.

1-(2-Isoxazolidinyl)-4-phenyl-1-butanone (6j). A colorless oil; IR (neat): 1654 cm’'; 'H NMR (300
MHz, CDCl) &: 7.29-7.14 (5H, m), 3.89 (2H, br t, /= 7.0 Hz), 3.67 (2H, br t, /= 7.0 Hz), 2.67 (2H,
brt,J=7.5Hz),2.45 2H, br t, J=7.5 Hz), 2.25 (2H, br quint, J = 7.0 Hz), 1.96 (2H, quint, /= 7.5
Hz); *C NMR (75 MHz, CDCls) &: 172.9, 141.6, 128.3, 128.1, 125.6, 68.9, 42.8, 35.1, 32.0, 27.3,
26.0; ESI-HRMS m/z: caled for C13H170.NNa [M + NaJ* 242.1152, found 242.1151.

1-(2-Isoxazolidinyl)-4-phenoxy-1-butanone (61). A colorless oil; IR (neat): 1652 cm™'; '"H NMR
(300 MHz, CDCl3) &: 7.30-7.25 (2H, m), 6.95-6.88 (3H, m), 4.03 (2H, br t, /= 7.5 Hz), 3.94 (2H, br
t,J=7.0Hz), 3.72 2H, br t, J = 7.0 Hz), 2.65 (2H, br t, J = 7.5 Hz), 2.30 (2H, quint, J = 7.5 Hz),
2.13 (2H, quint, J = 7.0 Hz); 3C NMR (75 MHz, CDCl;) &: 172.4, 158.7, 129.2, 120.4, 114.3, 69.0,
66.7, 42.9, 29.0, 27.4, 24.0; ESI-HRMS m/z: caled for Ci3Hi703NNa [M + Na]" 258.1101, found
258.1101.
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1-(2-Isoxazolidinyl)-6-hepten-1-one (6m). A colorless oil; IR (neat): 1657 cm™'; 'H NMR (300 MHz,
CDCl;) 8: 5.80 (1H, ddt, J=17.0, 10.0, 6.5 Hz), 5.04-4.92 (2H, m), 3.95 (2H, br t, J=7.0 Hz), 3.71
(2H, brt, J = 7.0 Hz), 2.44 (2H, br t, J = 7.5 Hz), 2.31 (2H, quint, J = 7.5 Hz), 2.12-2.04 (2H, m),
1.66 (2H, quint, J=7.0 Hz), 1.44 (2H, quint, J= 7.5 Hz); 3C NMR (75 MHz, CDCL3) 5: 173.2, 138.4,
114.3, 69.0, 42.9, 33.3, 32.5, 28.4, 27.4, 24.0; ESI-HRMS m/z: calcd for CioH;70.NNa [M + Na]*
206.1151, found 206.1152.

1-(2-Isoxazolidinyl)-6-heptyn-1-one (6n). A colorless oil; IR (neat): 1652 cm™'; 'TH NMR (300 MHz,
CDCl) ¢: 3.95 (2H, t, J= 7.0 Hz), 3.71 (2H, t, J= 7.0 Hz), 2.46 (2H, br t, J = 7.5 Hz), 2.31 (2H,
quint, J = 7.5 Hz), 2.23 (2H, td, J = 7.0, 2.5 Hz), 1.94 (1H, t, J = 2.5 Hz), 1.81-1.54 (4H, m); *C
NMR (75 MHz, CDCls) 6: 172.6, 83.8, 68.9, 68.2,42.8,31.9,27.7,27.3,23.4, 17.9; ESI-HRMS m/z:
calcd for CioH;sO,NNa [M + Na]* 204.0995, found 204.0995.

2-[3-(2-Isoxazolidinyl)-3-oxopropyl]-1H-isoindole-1,3(2H)-dione (60). White solid; IR (CHCI;):
1772, 1713, 1649 cm!; 'TH NMR (300 MHz, CDCls) é: 7.87-7.81 (2H, m), 7.74-7.67 (2H, m), 4.02
(2H, brt,J=7.0 Hz), 3.98 (2H, brt, J=7.0 Hz), 3.69 (2H, brt, J= 7.5 Hz), 2.85 2H, brt,J=7.5
Hz), 2.32 (2H, quint, J = 7.5 Hz); *C NMR (75 MHz, CDCls) 8: 169.7, 168.1, 133.8, 132.1, 123.2,
69.3, 43.0, 33.7, 31.7, 27.5; ESI-HRMS m/z: calcd for C14H404sN2Na [M + Na]* 297.0846, found
297.0839.

N-[3-(2-Isoxazolidinyl)-3-oxopropyl]-4-methyl-benzenesulfonamide (6p)°). White solid; IR
(CHCls): 3227, 1622 cm'; 'H NMR (300 MHz, CDCLy) 8: 7.75 (2H, br d, J = 8.5 Hz), 7.30 (2H, br
d,J=8.5Hz), 5.47 (1H, brt, J= 5.5 Hz), 3.94 (2H, brt, J= 7.5 Hz), 3.67 (2H, br t, /= 7.5 Hz), 3.19
(2H, br dd, J = 12.0, 5.5 Hz), 2.65 (2H, br t, J = 5.5 Hz), 2.42 (3H, s), 2.31 (2H, quint, J = 7.5 Hz);
13C NMR (75 MHz, CDCl;) &: 170.4, 143.2, 137.0, 129.6, 126.9, 69.2, 42.9, 38.7, 32.2, 27.3, 21.4;
ESI-HRMS m/z: calcd for C13H1304N2SNa [M + Na]* 321.0880, found 321.0873.

General procedure for the preparation of N-alkoxyamides 6k and 6qg [Scheme 42]. To a solution
of isoxazolidine hydrochloride?® (1.09 g, 10 mmol) in CH>Cl; (20 mL) were added acid chloride (10
mmol) and pyridine (1.62 mL, 20 mmol) at 0 °C. After being stirred at room temperature for 3 h, the
reaction mixture was diluted with EtOAc. The mixture was washed with 1 M HCI, saturated NaHCOs,
H>0, and saturated NaCl. The organic phase was dried over MgSO,, and concentrated under reduced
pressure. The residue was purified by flash column chromatography (n-hexane : EtOAc=1: 1) to
afford N-alkoxyamide 6k and 6q in the yields shown in Scheme 42.

1-(2-Isoxazolidinyl)-1-hexanone (6k). A colorless oil; IR (neat): 1661 cm™'; '"H NMR (300 MHz,
CDCl3) 6:3.94 (2H, br t, J=7.0 Hz), 3.71 (2H, brt,J=7.0 Hz), 2.42 (2H, brt, /= 7.5 Hz), 2.31 (2H,
quint, J = 7.5 Hz), 1.68-1.59 (2H, m), 1.37-1.29 (4H, m), 0.90 (3H, br t, /= 7.0 Hz); '3C NMR (75
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MHz, CDClL) o: 173.5, 68.9, 42.8, 32.6, 31.3, 27.4, 24.2, 22.2, 13.7; ESI-HRMS m/z: calcd for
CoHi70:NNa [M + Na]" 194.1152, found 194.1151.

Cyclopentyl-(2-isoxazolidinyl)methanone (6q). A colorless oil; IR (neat): 1655 cm™'; '"H NMR (300
MHz, CDCls) &: 3.94 (2H, br t, J = 7.0 Hz), 3.71 (2H, br t, /= 7.0 Hz), 3.09 (1H, br quint, J= 7.5
Hz), 2.30 (2H, br quint, J = 7.5 Hz), 1.91-1.52 (8H, m); 1*C NMR (75 MHz, CDCls) &: 176.1, 68.9,
429, 41.1, 29.4, 27.3, 25.7; ESI-HRMS m/z: calcd for CoH;sO.NNa [M + Na]* 192.0996, found
192.0993.

General procedure for sequential nucleophilic phenylation/desilylation of N,O-ketene acetal
generated from N-alkoxyamides 6b-6p [Table 4]. To a solution of N-alkoxyamide 6b-6p (0.25
mmol) in CH.Cl, (1.25 mL) were added TBSOTf (0.12 mL, 0.525 mmol), i-Pr.NEt (0.17 mL, 1.0
mmol), and PhsAl (1.0 M in n-Bu;O, 0.25 mL, 0.25 mmol) dropwise at 0 °C under an argon
atmosphere. After being stirred at the same temperature for several hours, the reaction mixture was
quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was extracted with
CHCIs. The organic phase was dried over MgSO,4 and concentrated under reduced pressure. To a
solution of crude product in THF (1.0 mL) were added AcOH (10 uL, 0.17 mmol) and TBAF (1.0 M
in THF, 0.75 mL, 0.75 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at
room temperature for 16 h, the reaction mixture was diluted with EtOAc. The mixture was washed
with saturated NaHCO3;, H>O, and saturated NaCl. The organic phase was dried over MgSO, and
concentrated under reduced pressure. The residue was purified by column chromatography (Biotage
Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (EtOAc) to give a-phenyl amides
7bA-7pA in the yields shown in Table 4.

3-(4-Bromophenyl)-NV-(3-hydroxypropyl)-2-phenylpropanamide (7bA) [entry 1]. White solid; IR
(CHCl3): 3298, 1646 cm™'; 'H NMR (300 MHz, CDCls) 8: 7.35-7.26 (7H, m), 6.98 (2H, br d, J = 8.0
Hz), 5.78 (1H, br s), 3.55-3.27 (6H, m), 3.04 (1H, br s), 2.93 (1H, dd, J = 12.0, 5.5 Hz), 1.52 (2H,
quint, J = 6.0 Hz); *C NMR (75 MHz, CDCls) &: 173.7, 139.1, 138.4, 131.2, 130.7, 128.7, 127.7,
127.4, 120.0, 58.8, 55.0, 38.8, 36.1, 31.8; ESI-HRMS m/z: caled for CisH,O.N7’Br [M + HJ*
362.0750, found 362.0751.

N-(3-Hydroxypropyl)-2-phenyl-3-[4-(trifluoromethyl)phenyl]propanamide (7cA) [entry 2].
White solid; IR (CHCl3): 3300, 1651 cm’!; 'H NMR (300 MHz, CDCls) 8: 7.47 (2H, brd, /= 8.0 Hz),
7.32-7.26 (5H, m), 7.22 (2H, br d, J= 8.0 Hz), 5.82 (1H, br s), 3.63-3.55 (2H, m), 3.40-3.28 (4H, m),
3.04 (2H, m), 1.52 (2H, quint, /= 6.0 Hz); *C NMR (125 MHz, CDCl;) é: 173.5, 143.7, 139.0, 129.4,
128.6 (q,/=32.0 Hz), 128.1, 127.9, 127.7, 125.2 (q, /= 4.0 Hz), 124.3 (q, J=270.0 Hz), 59.1, 55.3,
39.4,36.4,32.0; ESI-HRMS m/z: caled for CioH21ONF3 [M + H]" 352.1519, found 352.1519.
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N-(3-Hydroxypropyl)-3-(4-methylphenyl)-2-phenylpropanamide (7dA) [entry 3]. White solid;
IR (CHCl3): 3299, 1647 cm’!; 'H NMR (300 MHz, CDCls) &: 7.32-7.26 (5H, m), 7.03-7.00 (4H, m),
5.82 (1H, br s), 3.56 (1H, dd, J = 8.5, 6.0 Hz), 3.47 (1H, dd, J = 13.0, 8.5 Hz), 3.37-3.22 (4H, m),
2.95(1H, dd, J=13.0, 6.0 Hz), 2.78 (1H, br s), 2.28 (3H, br s), 1.49 (2H, quint, J= 6.0 Hz); *C NMR
(75 MHz, CDCls) 6: 174.2, 139.6, 136.4, 135.7, 128.9, 128.8, 128.7, 127.8, 127.4, 58.8, 55.7, 39.2,
36.1, 32.0, 21.0; ESI-HRMS m/z: caled for C19H240,N [M + H]" 298.1802, found 298.1803.

N-(3-Hydroxypropyl)-3-(4-methoxyphenyl)-2-phenylpropanamide (7eA) [entry 4]. A colorless
oil; IR (neat): 3293, 1647 cm™!'; 'TH NMR (300 MHz, CDCls) &: 7.32-7.24 (5H, m), 7.05 (2H, br d, J
=8.5Hz), 6.77 (2H, br d, J= 8.5 Hz), 5.75 (1H, br s), 3.76 (3H, s), 3.55-3.20 (7H, m), 2.93 (1H, dd,
J=13.0, 6.0 Hz), 1.50 (2H, quint, J = 6.0 Hz); 3C NMR (75 MHz, CDCls) é: 174.1, 157.9, 139.6,
131.5,129.9, 128.6, 127.8, 127.2, 113.6, 58.7, 55.6, 55.1, 38.7, 36.0, 31.9; ESI-HRMS m/z: calcd for
Ci9H2403N [M + H]* 314.1751, found 314.1743.

3-(1,3-Benzodioxole-5-yl)-N-(3-hydroxypropyl)-2-phenylpropanamide (7fA) [entry 5]. A
colorless oil; IR (neat): 3310, 1648 cm!; "TH NMR (300 MHz, CDCls) 6: 7.32-7.24 (5H, m), 6.67 (1H,
d, /=8.0 Hz), 6.62 (1H, d, J= 1.5 Hz), 6.58 (1H, br dd, J = 8.0, 1.5 Hz), 5.89 (2H, s), 5.78 (1H, br
s), 3.54-3.22 (6H, m), 2.90 (1H, dd, J = 13.0, 6.0 Hz), 1.53 (2H, quint, J = 6.0 Hz); '*C NMR (75
MHz, CDCls) 6: 174.0, 147.4, 145.9, 139.4, 133.3, 128.8, 127.9, 127.4, 122.0, 109.3, 108.1, 100.8,
58.8, 55.9, 39.3, 36.1, 32.1; ESI-HRMS m/z: calcd for Ci9H2104NNa [M + Na]* 350.1363, found
350.1361.

N-(3-Hydroxypropyl)-2-phenyl-3-(2-thienyl)propanamide (7gA) [entry 6]. White solid; IR
(CHCI): 3301, 1648 cm'; '"H NMR (300 MHz, CDCl;) é: 7.34-7.26 (5H, m), 7.09 (1H, dd, J = 5.0,
1.0 Hz), 6.86 (1H, dd, J = 5.0, 3.5 Hz), 6.74 (1H, br dd, /= 3.5, 1.0 Hz), 5.78 (1H, br s), 3.76 (1H,
dd, J=14.5, 8.0 Hz), 3.61 (1H, dd, J = 8.0, 6.5 Hz), 3.43-3.27 (4H, m), 3.21 (1H, dd, J=14.5, 6.5
Hz), 3.04 (1H, br m), 1.54 (2H, quint, J= 6.0 Hz); *C NMR (75 MHz, CDCI5) 8: 173.7, 141.7, 139.0,
128.9, 127.9, 127.6, 126.7, 125.8, 123.7, 58.9, 55.8, 36.2, 33.7, 32.1; ESI-HRMS m/z: calcd for
Ci6H2002NS [M + H]290.1209, found 290.1207.

3-(2-Furanyl)-N-(3-hydroxypropyl)-2-phenylpropanamide (7hA) [entry 7]. A pale yellow oil; IR
(neat): 3301, 1652 cm™'; '"H NMR (300 MHz, CDCl;) &: 7.31-7.24 (6H, m), 6.22 (1H, dd, /= 3.0, 2.0
Hz), 6.01 (1H, br s), 5.94 (1H, brd, /J=3.0 Hz), 3.77 (1H, dd, /= 8.0, 6.5 Hz), 3.52 (1H, dd, J = 14.5,
8.0 Hz), 3.45-3.22 (5H, m), 3.03 (1H, dd, J = 14.5, 6.5 Hz), 1.55 (2H, quint, J = 6.0 Hz); *C NMR
(75 MHz, CDCl3) &: 173.8, 153.1, 141.1, 139.1, 128.8, 127.7, 127.5, 110.2, 106.6, 58.8, 52.1, 36.1,
32.1, 31.9; ESI-HRMS m/z: calcd for Ci16H19OsNNa [M + Na]* 296.1257, found 296.1253.
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2,2-Diphenyl-N-(3-hydroxypropyl)acetamide (7iA)’? [entry 8]. White solid; IR (CHCIs): 3298,
1652 cm”'; "H NMR (300 MHz, CDCls) : 7.34-7.24 (10H, m), 6.06 (1H, br s), 4.94 (1H, s), 3.58 (2H,
t, J= 6.0 Hz), 3.46-3.40 (2H, q, J = 6.0 Hz), 3.10 (1H, br s), 1.64 (2H, quint, J = 6.0 Hz); *C NMR
(75 MHz, CDCls) 6: 173.3, 139.2, 128.7, 128.6, 127.2, 59.2, 58.8, 36.5, 31.9; ESI-HRMS m/z: calcd
for C17H200,N [M + H]" 270.1489, found 270.1491.

2,4-Diphenyl-N-(3-Hydroxypropyl)butanamide (7jA) [entry 9]. A colorless oil; IR (neat): 3309,
1647 cm’!; "H NMR (300 MHz, CDCls) &: 7.37-7.13 (10H, m), 5.90 (1H, br s), 3.55-3.30 (6H, m),
2.59-2.44 (3H, m), 2.15-2.05 (1H, m), 1.59-1.53 (2H, m); 3C NMR (75 MHz, CDCl;) 3: 174.8, 141.3,
139.5, 128.9, 128.4, 128.3, 127.9, 127.4, 125.9, 58.9, 52.3, 36.1, 34.4, 33.5, 32.2; ESI-HRMS m/z:
calcd for Ci9H230,NNa [M + Na]* 320.1621, found 320.1618.

N-(3-Hydroxypropyl)-2-pheylhexanamide (7kA) [entry 10]. A colorless oil; IR (neat): 3300, 1651
cm’!; 'TH NMR (300 MHz, CDCls) é: 7.37-7.24 (5H, m), 5.74 (1H, br s), 3.54-3.49 (2H, br m), 3.40-
3.30 (3H, m), 3.17 (1H, br s), 2.22-2.05 (1H, m), 1.84-1.72 (1H, m), 1.64-1.55 (3H, m), 1.39-1.11
(3H, m), 0.86 (3H, t, J = 7.0 Hz); '3*C NMR (75 MHz, CDCl;) &: 175.2, 140.1, 128.7, 127.8, 127.1,
58.9,53.3,36.1,32.8,32.1,29.8,22.5, 13.8; ESI-HRMS m/z: calcd for CisH240,N [M + H]"250.1801,
found 250.1799.

N-(3-Hydroxypropyl)-4-phenoxy-2-phenylbutanamide (71A) [entry 11]. A colorless oil; IR (neat):
3301, 1652 cm™'; 'TH NMR (300 MHz, CDCl3) 8: 7.34-7.23 (7H, m), 6.93 (1H, br t, J = 7.5 Hz), 6.85
(2H, brd, J=7.5Hz), 5.85 (1H, br s), 4.01-3.93 (1H, m), 3.88-3.81 (1H, m), 3.74 (1H, t, /= 8.0 Hz),
3.52-3.45 (2H, br m), 3.40-3.33 (2H, br m), 3.08 (1H, br s), 2.69-2.58 (1H, m), 2.25-2.14 (1H, m),
1.61-1.53 (2H, m); *C NMR (75 MHz, CDCl;) &: 174.3, 158.6, 139.2, 129.3, 128.8, 127.8, 127.3,
120.6, 114.3, 65.1, 59.0, 49.1, 36.2, 32.7, 31.9; ESI-HRMS m/z: calcd for CioH2O3N [M + H]*
314.1751, found 314.1751.

N-(3-Hydroxypropyl)-2-pheyl-6-heptenamide (7mA) [entry 12]. A colorless oil; IR (neat): 3301,
1646 cm!; 'TH NMR (300 MHz, CDCls) é: 7.35-7.26 (5H, m), 5.83 (1H, brs), 5.75 (1H, ddt, J=17.0,
10.0, 7.0 Hz), 4.98 (1H, br d, J=17.0 Hz), 4.93 (1H, br d, /= 10.0 Hz), 3.49 (2H, br m), 3.38-3.32
(3H, m), 2.22-1.99 (3H, m), 1.85-1.73 (1H, m), 1.62-1.54 (2H, m), 1.41-1.21 (2H, m); 3C NMR (75
MHz, CDCl3) &: 175.0, 139.9, 138.3, 128.8, 127.8, 127.3, 114.7, 58.9, 53.3, 36.1, 33.5, 32.6, 32.2,
27.0; ESI-HRMS m/z: calcd for Ci6H240.N [M + H]" 262.1802, found 262.1803.

N-(3-Hydroxypropyl)-2-pheyl-6-heptynamide (7nA) [entry 13]. A colorless oil; IR (neat): 3295,
1646 cm™!'; 'H NMR (300 MHz, CDCI3) &: 7.37-7.24 (5H, m), 5.92 (1H, br s), 3.57-3.43 (2H, m),
3.39-3.24 (4H, m), 2.31-2.13 (3H, m), 1.94 (1H, t, /= 2.5 Hz), 1.93-1.85 (2H, m), 1.63-1.37 (3H, m);
BC NMR (75 MHz, CDCl;) &: 174.7, 139.6, 128.9, 127.8, 127.4, 83.9, 68.6, 59.1, 52.8, 36.2, 32.1,
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26.5, 18.2; ESI-HRMS m/z: caled for Ci16H2202N [M + H]* 260.1645, found 260.1644. One of alkyl
carbons overlapped with other alkyl carbons in **C NMR spectrum.

1,3-Dihydro-/N-(3-hydroxypropyl)-3-(2H-isoindole)-1,3-dioxo-2-phenylpropanamide (70A)
[entry 14]. White solid; IR (CHCls): 3328, 1773, 1712, 1642 cm™!; 'TH NMR (300 MHz, CDCls) 8:
7.77-7.73 (2H, m), 7.69-7.65 (2H, m), 7.36-7.23 (5SH, m), 5.97 (1H, br s), 4.29-4.16 (3H, m), 3.49
(2H, br t, J = 5.5 Hz), 3.42-3.29 (2H, m), 2.92 (1H, br s), 1.62-1.54 (2H, m); '*C NMR (75 MHz,
CDCl) 6: 172.2, 168.0, 136.4, 133.9, 131.7, 128.9, 128.3, 128.1, 123.2, 59.3, 50.2, 40.5, 36.4, 32.0;
ESI-HRMS m/z caled for C20H2104N> [M + H]* 353.1496, found 353.1493.

N-(3-Hydroxypropyl)-3-[[(4-methylphenyl)sulfonyl]amino]-2-phenylpropanamide (7pA)
[entry 15]. A colorless oil; IR (neat): 3369, 1655 cm™'; '"H NMR (300 MHz, CDCls) 8: 7.71 (2H, br
d, J = 8.5 Hz), 7.32-7.20 (7H, m), 6.07 (1H, br m), 5.61 (1H, br t, J= 5.5 Hz), 3.76-3.70 (1H, m),
3.60-3.32 (6H, m), 3.23-3.14 (1H, m), 2.41 (3H, s), 1.62 (2H, quint, J= 5.5 Hz ); *C NMR (75 MHz,
CDCl) 6: 173.1, 143.4, 136.9, 136.7, 129.8, 129.1, 128.1, 128.0, 127.0, 59.6, 52.9, 46.1, 36.6, 31.8,
21.5; ESI-HRMS m/z: caled for C19H2s0O4N2S [M + H]* 377.1530, found 377.1531.
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1-[(3aS8,9bR)-3a,9b-Dihydro-3H-[1]benzopyrano|4,3-c]isoxazol-1(4H)-yl]-3-phenyl-1-
propanone (14a). To a solution of (+)-benzopyranoisoxazolidine®? (1.09 g, 10 mmol) in CH2Cl; (20
mL) were added 3-phenylpropionyl chloride (1.68 g, 10 mmol) and pyridine (1.62 mL, 20 mmol) at
0 °C. After being stirred at room temperature for 3 h, the reaction mixture was diluted with EtOAc.
The mixture was washed with 1 M HCI, saturated NaHCO3, H>O, and saturated NaCl. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The residue was purified by
flash column chromatography (n-hexane : EtOAc =1 : 1) to afford N-alkoxyamide 14a (2.03 g, 99%)
as a colorless oil. [o]p?* =-214.0 (¢ = 1.00, MeOH); IR (neat): 1666 cm™'; 'TH NMR (500 MHz, CDCl5)
8: 7.65 (1H, d, J=7.5 Hz), 7.30-7.17 (6H, m), 6.99 (1H, td, /= 7.5, 1.0 Hz), 6.87 (1H, dd, J=17.5,
1.0 Hz), 5.45 (1H, d, /= 8.0 Hz), 4.26 (1H, dd, /= 11.5, 5.0 Hz), 3.93 (1H, dd, /= 8.5, 3.0 Hz), 3.84
(1H, dd, J=11.5,8.5 Hz), 3.71 (1H, dd, J= 8.5, 6.5 Hz), 3.09-3.04 (1H, m), 3.04-2.95 (2H, m), 2.89-
2.78 (2H, m); C NMR (125 MHz, CDCls) &: 175.5, 155.0, 141.1, 131.5, 129.0, 128.49, 128.48,
126.2,122.2,121.6, 116.9, 71.4, 65.3, 52.2,40.3, 34.5, 30.8; NOE correlation was observed between
3a-H (6: 3.09-3.04) and 9b-H (5: 5.45) in NOESY; ESI-HRMS m/z: calcd for Ci19H2003N [M + H]*
310.1438, found 310.1437.

Diastereoselctive nucleophilic phenylation of N,O-ketene acetal with Ph;Al [Scheme 47, (1)]. To
a solution of N-alkoxyamide 14a (154.7 mg, 0.50 mmol) in CH,Cl, (2.5 mL) were added TBSOTf
(0.25 mL, 1.05 mmol), i-ProNEt (0.34 mL, 2.0 mmol), and PhsAl (1.0 M in n-Bu.O, 0.50 mL, 0.50
mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at the same temperature for
6 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting
suspension was extracted with CHCls. The organic phase was dried over MgSO, and concentrated
under reduced pressure. The residue was purified by column chromatography (Biotage Isorera One
using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =5:1to 1 :1) to give a-
phenyl amide 15aA (38.7 mg, 10%, dr = 1:1) and TBS-protected amide 16aA (100.3 mg, 40%, dr =
2:1).

(2R/S)-N-[(3R,4R)-3,4-Dihydro-3-(hydroxymethyl)-2H-1-benzopyran-4-yl]-2,3-

diphenylpropanamide (15aA). White solid; 15aA was obtained as an inseparable diastereomeric
mixture (dr = 1:1); [a]p® = -80.0 (¢ = 1.00, MeOH); IR (CHCIls): 3254, 1643 cm’'; "H NMR (500
MHz, CDCls) ¢: 7.37-7.12 (12H, m), 6.83-6.76 (1H+1/2H, m), 6.61 (1/2H, br dd, J = 7.5, 1.5 Hz),
5.75 (12H, brd, J=7.5 Hz), 5.69 (1/2H, br d, J= 7.5 Hz), 5.00-4.98 (1/2H, m), 4.95-4.93 (1/2H, m),
4.34 (1H, br dm, J = 10.5 Hz), 3.90-3.82 (1H, m), 3.64 (1/2H, dd, J = 10.0, 5.5 Hz), 3.61 (1/2H, dd,
J=10.0, 5.5 Hz), 3.53-3.47 (1H, m), 3.36-3.19 (2H, m), 3.06-3.01 (1H, m), 2.93 (1/2H, td, J = 11.5,
4.5 Hz), 2.69 (1/2H, td, J = 11.5, 4.5 Hz), 2.33-2.21 (1H, m); *C NMR (125 MHz, CDCl;) 3: 174.2,
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173.9, 154.5, 139.4, 139.2, 139.1, 138.9, 130.8, 130.6, 129.82, 129.77, 129.1, 129.00, 128.95, 128.9,
128.6, 127.68, 127.66, 127.59, 127.5, 126.6, 126.5, 121.0, 120.9, 120.5, 120.3, 117.1, 117.0, 63.1,
63.0, 59.1, 58.8, 55.9, 55.8, 45.4, 44.8, 40.6, 40.2, 40.0, 39.8; ESI-HRMS m/z: calcd for Co5H,603N
[M + H]* 388.1907, found 388.1907. Two of aromatic carbons overlapped with other aromatic
carbons in *C NMR spectrum.

(2R/S)-N-|(3S8,4R)-3,4-Dihydro-3-[[[(1,1-dimethylethyl)dimethylsilyl]-oxy]methyl]-2 H-1-

benzopyran-4-yl]-2,3-diphenylpropanamide (16aA). A colorless oil. 16aA was obtained as an
inseparable diastereomeric mixture (dr = 2:1). Stereostructures of diastereomers have not been
established. [a]p?’ =-18.0 (¢ = 1.00, CHCI5); IR (neat): 3312, 1646 cm™'; '"H NMR (600 MHz, CDCl5)
6: 7.38-7.05 (11H, m), 6.74-6.68 (8/3H, m), 6.56 (1/3H, brd, J= 8.0 Hz), 6.00 (2/3H, brd, J=10.0
Hz), 5.93 (1/3H, br d, J = 10.0 Hz), 5.29 (2/3H, dd, J = 10.5, 6.5 Hz), 5.25 (1/3H, dd, J = 10.5, 6.0
Hz), 4.28-4.24 (1H, m), 3.89 (2/3H, dd, /= 13.5, 8.5 Hz), 3.79 (1/3H, dd, /= 13.5, 9.0 Hz), 3.72-3.68
(1H, m), 3.61-3.52 (2H, m), 3.35 (2/3H, dd, J = 12.5, 9.5 Hz), 3.23 (1/3H, dd, J = 12.5, 10.0 Hz),
3.05-3.00 (1H, m), 2.33-2.21 (1H, m), 0.86 (18/3H, s), 0.80 (9/3H, s), 0.01 (6/3H, s), -0.01 (each 6/3H,
s), -0.085 (3/3H, s), -0.096 (3/3H, s); '*C NMR (150 MHz, CDCls) &: 172.5, 172.1, 154.4, 154.3,
139.54, 139.52, 129.1, 129.0, 128.9, 128.8, 128.79, 128.5, 128.4, 128.3, 127.8, 127.7, 127.4, 126 .4,
126.3, 122.1, 121.8, 120.8, 116.49, 116.46, 66.1, 65.6, 61.3, 61.0, 56.2, 55.9, 46.0, 45.5, 40.0, 39.5,
38.8, 38.5, 25.9, 18.2, -5.46, -5.52, -5.6, -5.9; ESI-HRMS m/z: calcd for C31H40OsNSi [M + H]*
502.2772, found 502.2770. Six of aromatic carbons overlapped with other aromatic carbons in 3C

NMR spectrum.

Diastereoselctive nucleophilic phenylation of N,O-ketene acetal with Ph;Al [Scheme 47, (2)]. To
a solution of N-alkoxyamide 14a (77.3 mg, 0.25 mmol) in CH,Cl; (1.25 mL) were added TESOTf
(0.12 mL, 0.525 mmol), i-ProNEt (0.17 mL, 1.0 mmol), and PhzAl (1.0 M in n-Bu20, 0.25 mL, 0.25
mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at the same temperature for
3 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting
suspension was extracted with CHCls. The organic phase was dried over MgSO, and concentrated
under reduced pressure. The residue was purified by column chromatography (Biotage Isorera One
using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc = 1 : 1) to give a-phenyl
amide 15aA (37.7 mg, 39%, dr = 6:1).

Formation of O-TBS N,O-ketene acetal J and nucleophilic phenylation [Scheme 48, (1)]. To a
solution of N-alkoxyamide 14a (77.3 mg, 0.25 mmol) in CDCl; (1.25 mL) were added TBSOTT (0.12
mL, 0.525 mmol) and i-Pr.NEt (0.17 mL, 1.0 mmol) dropwise at 0 °C under an argon atmosphere.
After being stirred at the same temperature for 1 h, the reaction mixture indicated that olefinic proton
signal of J was observed in the *H NMR spectrum at  =4.81 (1H, t,J=7.2 Hz), § =4.80 (1H, t,J =
7.2 Hz). To a reaction mixture was added PhsAl (1.0 M in n-Bu.O, 0.25 mL, 0.25 mmol) dropwise at
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0 °C. After being stirred at the same temperature for 8 h, the reaction mixture was quenched with an
aqueous Rochelle’s salt (1.3 M). The resulting suspension was extracted with CHCls. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The residue was purified by
column chromatography (Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges)
(n-hexane : EtOAc =5:1to 1: 1) to give a-phenyl amide 15aA (25.3 mg, 26%, dr = 1:1) and TBS-
protected amide 16aA (57.6 mg, 46%, dr = 1:1).

Formation of O-TES N,O-ketene acetal K and nucleophilic phenylation [Scheme 48, (2)]. To a
solution of N-alkoxyamide 14a (77.3 mg, 0.25 mmol) in CDCls (1.25 mL) were added TESOTTf (0.12
mL, 0.525 mmol) and i-Pr,NEt (0.17 mL, 1.0 mmol) dropwise at 0 °C under an argon atmosphere.
After being stirred at the same temperature for 1 h, the reaction mixture indicated that olefinic proton
signal of K was observed in the *H NMR spectrum at & = 4.79 (1H, t, J = 7.2 Hz). To a reaction
mixture was added PhsAl (1.0 M in n-BuzO, 0.25 mL, 0.25 mmol) dropwise at 0 °C. After being
stirred at the same temperature for 7 h, the reaction mixture was quenched with an aqueous Rochelle’s
salt (1.3 M). The resulting suspension was extracted with CHCI3. The organic phase was dried over
MgSO4 and concentrated under reduced pressure. The residue was purified by column
chromatography (Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-
hexane : EtOAc =1 : 1) to give a-phenyl amide 15aA (52.9 mg, 55%, dr = 3:1).

Formation of (Z2)-N,O-ketene acetal [Scheme 50, 14a—XK]. To a solution of LIHMDS (1.1 M in
THF, 0.91 mL, 1.0 mmol) in THF (2.0 mL) was added N-alkoxyamide 14a (154.7 mg, 0.50 mmol) in
THF (2.5 mL) dropwise at -78 °C under an argon atmosphere. After being stirred at the same
temperature for 30 min, TESCI (0.17 mL, 1.0 mmol) was slowly added at -78 °C. The resulting
solution was stirred at the same temperature for 30 min. The dry ice/acetone bath was then removed
and the solution was allowed to warm up to room temperature. The solution was stirred at the same
temperature for 30 min, the solution was then concentrated under reduced pressure. The residue was
washed by n-hexane (5.0 mL), then the mixture was filtered under an argon atmosphere. The solvent
was removed under reduced pressure to give desired O-triethylsilyl N,O-ketene acetal K. This
structure was confirmed by 'H NMR in which the olefinic proton signal was observed at 4.79 (1H, t,
J=17.0 Hz). The N,O-ketene acetal K was used to next reaction without further purification.

1-[(12)-3-Phenyl-1-[(triethylsilyl)oxy]-1-propen-1-yl]-(3aS,9bR)-3a,9b-dihydro-3H-[1]
benzopyrano[4,3-clisoxazole (K). 'H NMR (500 MHz, CDCls) &: 7.31 (1H, br dd, J = 7.5, 1.0 Hz),
7.29-7.14 (6H, m), 6.88 (1H, td, J= 7.5, 1.0 Hz), 6.85 (1H, dd, J= 7.5, 1.0 Hz), 4.79 (1H, t, J= 7.0
Hz),4.62 (1H, d, J=7.0 Hz), 4.30 (1H, dd, J=9.0, 8.0 Hz), 4.20 (1H, dd, J= 11.5, 3.5 Hz), 4.15 (1H,
dd, J=11.5, 6.0 Hz), 3.83 (1H, dd, J = 8.0, 6.0 Hz), 3.4 (1H, dd, J = 15.5, 7.0 Hz), 3.40 (1H, dd, J
=15.5,7.0 Hz), 3.09-3.01 (1H, m), 1.03 (9H, t, J= 7.5 Hz), 0.80 (6H, q, J = 7.5 Hz); 3C NMR (125
MHz, CDCls) §: 155.6, 149.6, 141.6, 130.6, 128.8, 128.30, 128.28, 125.8, 121.1, 120.5, 116.7, 97.0,
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67.4,64.9,57.6,39.4,31.5, 6.8, 5.5. NOE correlation was observed between olefinic-H (0: 4.79) and
9b-H (5: 4.62) in NOESY.

Diastereoselective nucleophilic phenylation of N,0-ketene acetal K [Scheme 50, K—15aA and
17aA] To a solution of N,0-ketene acetal K (0.50 mmol) in CH>Cl, (2.5 mL) was added PhsAl (1.0
M in n-Bu20, 1.5 mL, 1.5 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at
room temperature for 3 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
M). The resulting suspension was extracted with CHCls. The organic phase was dried over MgSO4
and concentrated under reduced pressure. The residue was purified by column chromatography
(Biotage Isorera One using Biotage SNAP KP-Sil 509 silica gel cartridges) (n-hexane : EtOAc =5 :
1to1:1)to give a-phenyl amide 15aA (79.4 mg, 41%, dr >20:1) and TBS-protected amide 17aA
(70.2 mg, 28%, dr >20:1).

(2R)-N-|(3R,4R)-3,4-Dihydro-3-(hydroxymethyl)-2 H-1-benzopyran-4-yl]-2,3-diphenyl-

propanamide (15aA). White solid; [a]p?* = -40.0 (¢ = 1.00, MeOH); IR (CHCIs): 3427, 1655 cm™';
"H NMR (500 MHz, CDCl3) 6: 7.37-7.14 (12H, m), 6.79 (1H, td, J= 7.5, 1.5 Hz), 6.77 (1H, br d, J =
7.5 Hz), 6.61 (1H, dd, /= 7.5, 1.5 Hz), 5.69 (1H, br d, /= 7.5 Hz), 5.01-4.99 (1H, m), 4.33 (1H, dd,
J=11.5,4.5 Hz), 3.91-3.88 (1H, m), 3.61 (1H, dd, J = 10.0, 5.5 Hz), 3.51 (1H, dd, J=13.5, 10.0
Hz), 3.34 (1H, t, J=11.5 Hz), 3.32 (1H, td, /= 11.5, 4.5 Hz), 3.03 (1H, dd, J=13.5, 5.5 Hz), 2.94
(1H, td, J = 11.5, 4.5 Hz), 2.35-2.28 (1H, m); '*C NMR (125 MHz, CDCls) 8: 174.2, 154.5, 139.4,
139.2,130.8, 129.8, 129.01, 128.96, 128.6, 127.7, 127.5, 126.5, 120.9, 120.3, 117.0, 63.1, 59.1, 55.9,
44.8, 40.6, 40.0; ESI-HRMS m/z: caled for C2sH2403N [M - H]" 386.1761, found 386.1767.

(2R)-N-|(3S,4R)-3,4-Dihydro-3-[[(triethylsilyl)oxy|methyl]-2 H-1-benzopyran-4-yl]]-2,3-diphenyl-
propanamide (17aA). White solid; [a]p?5 = -65.0 (¢ = 1.00, CHCL;); IR (CHCls): 3431, 1668 cm'; 'H
NMR (300 MHz, CDCL3) §: 7.37-7.18 (10H, m), 7.07 (1H, br t, J = 7.5 Hz), 6.72-6.68 (2H, m), 6.49
(1H, brd, J=7.5 Hz), 6.10 (1H, br d, J = 8.5 Hz), 5.22 (1H, dd, J = 8.5, 4.5 Hz), 4.24 (1H, dd, J =
11.5,3.0 Hz), 3.79 (1H, dd, J= 11.5, 7.5 Hz), 3.70 (1H, dd, J= 10.5, 6.5 Hz), 3.58-3.49 (2H, m), 3.25
(1H, dd, J=10.5, 8.5 Hz), 2.99 (1H, m), 2.29-2.21 (1H, m), 0.84 (9H, t, /= 7.5 Hz), 0.46 (6H, q, J =
7.5 Hz); 3C NMR (75 MHz, CDCls) 8: 171.9, 154.2, 139.6, 139.4, 129.0, 128.9, 128.7, 128.6, 128.3,
127.5,127.3, 126.2, 121.7, 120.7, 116.4, 65.7, 60.8, 56.3, 45.7, 40.0, 38.8, 6.8, 4.3; ESI-HRMS m/z:
caled for C3Hi00sNSi [M + H]* 502.2772, found 502.2756.

Desilylation of 17aA [Scheme 50]. To a solution of 17aA (54.1 mg, 0.11 mmol) in THF (0.44 mL)
were added AcOH (5 uL, 0.09 mmol) and TBAF (1.0 M in THF, 0.34 mL, 0.34 mmol) dropwise at
0 °C under an argon atmosphere. After being stirred at room temperature for 1.5 h, the reaction
mixture was diluted with EtOAc. The mixture was washed with saturated NaHCO3;, H,O, and

saturated NaCl. The organic phase was dried over MgSO,, and concentrated under reduced pressure.
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The residue was purified by preparative TLC (CHCIz : MeOH =100 : 1) to give a.-phenylated amide
15aA (33.7 mg, 79%, from 17aA).

(R)-2,3-Diphenylpropanoic acid (12)” [Scheme 51]. Amide 15aA (77.5 mg, 0.20 mmol) was
dissolved in 4 M HCl in dioxane (1.0 mL) and H,O (0.50 mL) at room temperature. After being stirred
at reflux for 2 h, the reaction mixture was diluted with H,O. The mixture was extracted with EtOAc.
The organic phase was washed with brine, dried over MgSO,, and concentrated under reduced
pressure. The residue was purified by preparative TLC (EtOAc) to carboxylic acid (R)-12 (29.4 mg,
65%, 95% ee) as colorless solid. [a]p?* =-127 (¢ = 1.0, CHCl3) {Lit* [a]p?* =+107 (¢ = 1.0, CHCl5)
for (5)-12 with 92% ee}. [a]p? = -113 (c = 0.50, acetone) {Lit"® [a]p>’ = -126 (c = 0.49, acetone) for
(R)-12 with 95% ee}. The enantiomeric purity was determined by HPLC analysis [Chiracel 1A (0.46
cm x 25 cm, from Daicel Chemical Ind., Ltd.) n-hexane/i-PrOH/TFA = 95/5/0.1, flow rate = 1.0
mL/min, A = 254 nm, temperature: 25 °C, retention time: 12.1 min ((R)-12), 14.1 min ((S)-12)]. 'H
NMR (300 MHz, CDCls) &: 7.32-7.09 (10H, m), 3.85 (1H, dd, /J=8.5, 7.5 Hz), 3.40 (1H, dd, J=13.5,
8.5 Hz), 3.03 (1H, dd, J=13.5, 7.5 Hz).
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General procedure for preparation of triarylaluminum reagents (0.20 M solution). To a solution
of AICl; (400 mg, 3.0 mmol) in THF (6.0 mL) was added corresponding ArMgBr (1.0 M) in THF
solution (9.0 mL, 9.0 mmol) at 0 °C under an argon atmosphere. The resulting mixture was stirred at
room temperature for 3 h, and was used directly in the following reaction.

General procedure for preparation of tri(5-methylfuryl)aluminum reagent (0.30 M solution).
To a solution of 2-methylfuran (0.82 mL, 9.0 mmol) in THF (6.6 mL) was added n-BuLi (2.67 M in
n-hexane, 3.4 mL, 9.0 mmol) dropwise at -78 °C. After stirring at 0 °C for 30 min, AIClIs (400 mg,
3.0 mmol) was then added to the reaction mixture. The resulting solution was stirred at 0 °C for 3 h,
and was used directly in the following reaction.

General procedure for diastereoselective nucleophilic arylation of V,0-ketene acetal K [Table
5]. To a solution of NV,0-ketene acetal K (0.50 mmol) in CH>Cl, (2.5 mL) was added ArsAl (1.5 mmol)
dropwise at 0 °C under an argon atmosphere. After being stirred at room temperature for 3 h, the
reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension
was extracted with CHCIs. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The residue was purified by column chromatography (Biotage Isorera One using Biotage
SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =1 : 1) to give a-arylated amides 15aB-
15aF in the yields shown in Table 5.

(2R)-N-[(3R,4R)-3,4-Dihydro-3-(hydroxymethyl)-2H-1-benzopyran-4-yl]-2-(4-
methoxyphenyl)-3-phenylpropanamide (15aB). White solid; [a]p?* = -21.0 (¢ = 1.00, MeOH); IR
(KBr): 3276, 1638 cm™; 'H NMR (300 MHz, CDCls) &: 7.30-7.13 (8H, m), 6.87-6.76 (4H, m), 6.61
(1H, dd, J= 7.5, 1.5 Hz), 5.69 (1H, br d, J = 7.5 Hz), 5.01-4.97 (1H, m), 4.42-4.38 (1H, m), 3.92-
3.89 (1H, m), 3.80 (3H, s), 3.56 (1H, dd, J = 10.0, 5.5 Hz), 3.46 (1H, dd, J = 13.0, 10.0 Hz), 3.38-
3.31 (2H, m), 3.02-2.91 (2H, m), 2.37-2.27 (1H, m); '3C NMR (75 MHz, CDCls) &: 174.6, 158.9,
154.4,139.2,131.4,130.9,129.7,129.0, 128.51, 128.48, 126.4, 120.8, 120.3, 116.9, 114.2, 63.0, 58.9,
55.2,54.8,44.6,40.5,40.0; ESI-HRMS m/z: calcd for C26H2304N [M + H]"418.2013, found 416.2016.

(2R)-N-[(3R,4R)-3.,4-Dihydro-3-(hydroxymethyl)-2 H-1-benzopyran-4-yl]-2-(4-methylphenyl)-

3-phenylpropanamide (15aC). White solid; [a]p** = -13.0 (¢ = 1.00, MeOH); IR (CHCIs): 3427,
1655 cm™'; "TH NMR (300 MHz, CDCls) 8: 7.31-7.11 (10H, m), 6.81-6.75 (2H, m), 6.59 (1H, dd, J =
7.5, 1.5 Hz), 5.77 (1H, br d, J = 7.5 Hz), 4.99-4.95 (1H, m), 4.46-4.41 (1H, m), 3.90-3.84 (1H, m),
3.58 (1H, dd, J=10.0, 5.5 Hz), 3.48 (1H, dd, J=13.0, 10.0 Hz), 3.38-3.31 (2H, m), 3.04-2.89 (2H,
m), 2.34-2.22 (4H, m); 3C NMR (75 MHz, CDCl;) &: 174.4, 154.4,139.2, 137.3, 136.3, 130.9, 129.7,
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129.6, 129.0, 128.5, 127.3, 126.4, 120.8, 120.3, 116.9, 63.0, 59.0, 55.4, 44.7, 40.6, 39.9, 21.1; ESI-
HRMS m/z: caled for CogH2703NNa [M + Na]*™ 424.1883, found 424.1884.

(2R)-2-(4-Chlorophenyl)-N-|(3R,4R)-3,4-dihydro-3-(hydroxymethyl)-2 H-1-benzopyran-4-yl|-
3-phenylpropanamide (15aD). White solid; [a]p?* =-30.0 (¢ = 0.31, MeOH); IR (KBr): 3265, 1640
cm’; 'TH NMR (300 MHz, CDCls) &: 7.33-7.13 (10H, m), 6.82-6.76 (2H, m), 6.56 (1H, brdd, J=7.5,
1.5 Hz), 5.69 (1H, br d, J = 7.5 Hz), 5.00-4.97 (1H, m), 4.30 (1H, dd, J = 11.0, 4.0 Hz), 3.95-3.90
(1H, m), 3.57 (1H, dd, J = 10.0, 5.5 Hz), 3.45 (1H, dd, /= 13.0, 10.0 Hz), 3.41-3.31 (2H, m), 3.02-
2.90 (2H, m), 2.39-2.28 (1H, m); '*C NMR (75 MHz, CDCls) é: 173.8, 154.4, 138.7, 137.7, 133.5,
130.8,129.8,129.1, 129.0, 128.8, 128.6, 126.7, 120.9, 120.1, 117.0, 63.1, 59.1, 55.3, 44.9, 40.5, 40.2;
ESI-HRMS m/z: caled for C2sH2403N*CINa [M + Na]*™ 444.1337, found 444.1340.

(2R)-N-|(3R,4R)-3,4-Dihydro-3-(hydroxymethyl)-2 H-1-benzopyran-4-yl]-
2-(3,4-dimethoxyphenyl)-3-phenylpropanamide (15aE). White solid; [a]p?* = -31.0 (¢ = 0.36,
MeOH); IR (KBr): 3253, 1634 cm™!; 'TH NMR (300 MHz, CDCls) 8: 7.30-7.12 (6H, m), 6.92 (1H, d,
J=1.5Hz), 6.85-6.76 (4H, m), 6.64 (1H, dd, J=7.5, 1.5 Hz), 5.86 (1H, br d, /= 7.5 Hz), 5.01-4.98
(1H, m), 4.47-4.44 (1H, m), 3.90-3.85 (7H, m), 3.56 (1H, dd, /=10.0, 5.5 Hz), 3.46 (1H, dd, J=13.0,
10.0 Hz), 3.36-3.24 (2H, m), 3.03-2.91 (2H, m), 2.34-2.23 (1H, m); '3C NMR (75 MHz, CDCls) &:
174.5,154.4,149.1, 148.3,139.1, 131.9, 130.8, 129.7, 128.9, 128.5, 126.4, 120.9, 120.2, 119.8, 117.0,
111.1, 110.2, 63.0, 59.0, 55.9, 55.8, 55.2, 44.6, 40.6, 40.1; ESI-HRMS m/z: calcd for C,7H20OsNNa
[M + Na]* 470.1938, found 470.1942.

(2R)-N-|(3R,4R)-3,4-Dihydro-3-(hydroxymethyl)-2 H-1-benzopyran-4-yl|-2-(5-methyl-2-
furanyl)-3-phenylpropanamide (15aF). White solid; [a]p?® = -26.0 (¢ = 0.67, CHCl5); IR (KBr):
3247, 1653 cm™; '"H NMR (300 MHz, CDCls) é: 7.31-7.13 (6H, m), 6.81-6.77 (2H, m), 6.63 (1H, br
d,J=7.5Hz), 6.08 (1H, d, J= 3.0 Hz), 5.89-5.87 (2H, br m), 5.01-4.98 (1H, m), 4.28-4.26 (1H, m),
4.00-3.96 (1H, m), 3.75 (1H, brdd, J= 8.5, 6.5 Hz), 3.53-3.32 (3H, m), 3.20-3.12 (2H, m), 2.39-2.31
(1H, m), 2.23 (3H, s); *C NMR (75 MHz, CDCls) é: 172.2, 154.4, 151.8, 150.0, 138.5, 130.8, 129.7,
128.9, 128.5, 126.6, 120.8, 120.2, 117.0, 108.1, 106.5, 63.0, 58.9, 49.1, 44.9, 40.6, 36.7, 13.5; ESI-
HRMS m/z: caled for CosH250sNNa [M + Na]* 414.1675, found 414.1670.
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(2E)-1-(2-1soxazolidinyl)-2-buten-1-one (20). To a solution of the isoxazolidine hydrochloride?®)
(2.19g, 20 mmol) in CH.Cl; (40 mL) were added (E)-2-butenoyl chloride (2.09 g, 20 mmol) and
pyridine (3.4 mL, 42 mmol) at 0 °C. After being stirred overnight at room temperature, the reaction
mixture was diluted with EtOAc. The mixture was washed with 1 M HCI, saturated NaHCO3, and
saturated NaCl. The organic phase was dried over MgSQs, and concentrated under reduced pressure.
The residue was purified by flash column chromatography (n-hexane : EtOAc = 1 : 1) to afford
20 (888.8 mg, 31%, E/Z >20/1) as an orange oil. IR (neat): 1664, 1619 cm™; *H NMR (300 MHz,
CDCls) 6: 6.97 (1H, dg, J = 15.3, 6.9 Hz), 6.46 (1H, br d, J = 15.6 Hz), 3.95 (2H, t, J = 6.9 HZz), 3.77
(2H, brt, J =7.5 Hz), 2.31 (2H, quint, J = 6.9 Hz), 1.90 (3H, br d, J = 6.9 Hz); 13C NMR (75 MHz,
CDCls) 8: 165.6, 141.5, 120.4, 68.7, 42.7, 26.8, 17.5; ESI-HRMS m/z: calcd for C;H1;0,NNa [M +
Na]* 164.0682, found 164.0681.

Nucleophilic phenylation of vinylketene N,0-acetal N in situ from 20 [Scheme 61]. To a solution
of o,pB-unsaturated N-alkoxyamide 20 (70.6 mg, 0.50 mmol) in CH.Cl, (1.25 mL) were added
TBSOTT (0.24 mL, 1.05 mmol), i-PrNEt; (0.35 mL, 2.0 mmol), and PhsAl (1.0 M in n-Bu,O, 0.50
mL, 0.50 mmol) dropwise at 0 °C under an argon atmosphere. After being stirred at room temperature
for 20 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting
suspension was extracted with CHCls. The organic phase was dried over MgSO, and concentrated
under reduced pressure. The residue was purified by column chromatography (Biotage Isorera One
using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc=4:1to1:1)to give TBS-
protected y-phenyl amide 21 (18.7 mg, 22%, E/Z >20/1) and TBS-protected a.-phenyl amide 22 (28.9
mg, 35%).

(3E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilyljoxy|propyl]-4-phenyl-3-butenamide  (21). A
yellow oil; IR (neat): 3294, 1644 cm™'; 'H NMR (300 MHz, CDCl;) §: 7.61-7.21 (5H, m), 6.51 (1H,
d, J=15.9 Hz), 6.30 (1H, dt, /= 15.9, 7.2 Hz), 6.18 (1H, br s), 3.71 (2H, t, J= 5.7 Hz), 3.39 (2H, q,
J=6.0 Hz), 3.12 (2H, d, J = 7.2 Hz), 1.72 (2H, quint, J = 5.7 Hz), 0.89 (9H, s), 0.04 (6H, s); 1*C
NMR (75 MHz, CD,Cl) &: 170.5, 136.7, 134.1, 128.5, 127.6, 126.3, 122.7, 62.2, 41.1, 38.2, 31.6,
25.9, 18.2, -5.5; ESI-HRMS m/z: calcd for C19H3,0,NSi [M + H]" 334.2197, found 334.2191.

N-[3-[[(1,1-Dimethylethyl)dimethylsilyl]oxy|propyl]-2-phenyl-3-butenamide (22). A pale yellow
oil; IR (neat): 3299, 1650 cm™!; 'H NMR (300 MHz, CDCl;) &: 7.36-7.24 (5H, m), 6.24 (1H, ddd, J =
17.2,10.2,7.5 Hz), 6.06 (1H, brs), 5.23 (1H, brd, /=9.9 Hz), 5.12 (1H, brd, /= 17.4 Hz), 4.11 (1H,
d,J=7.8 Hz), 3.66 (2H, t, J=6.0 Hz), 3.37 (2H, br q, /= 6.3 Hz), 1.69 (2H, quint, /= 6.3 Hz), 0.88
(9H, s), 0.03 (6H, br s); *C NMR (75 MHz, CD,Cl) &: 171.5, 138.9, 136.6, 128.7, 128.1, 127.2,
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117.5, 61.9, 57.5, 38.0, 31.5, 25.9, 18.2, -5.5; ESI-HRMS m/z: calcd for C19H3,0O,NSi [M + H]"
334.2197, found 334.2187.

(2E)-1-(2-1soxazolidinyl)-2-methyl-2-buten-1-one (23a). To a solution of (E)-2-methyl-2-butenoic
acid (2.00 g, 20 mmol) in CH2Cl (7.0 mL) were added oxalyl chloride (2.1 mL, 24 mmol) and a few
drops of DMF under an argon at room temperature. After being strirred for 2 h at room temperature,
the solvent and excess of oxalyl chloride were removed under reduced pressure to give crude product
(acyl chloride) which was used without further purification. Subsequently, to the solution of the acyl
chloride in CH,Cl; (44 mL) were added isoxazolidine hydrochloride?® (2.2 g, 42 mmol) and pyridine
(3.4 mL, 42 mmol) at 0 °C. After being stirred overnight at room temperature, the reaction mixture
was diluted with EtOAc. The mixture was washed with 1 M HCI, saturated NaHCO3, and saturated
NaCl. The organic phase was dried over MgSO., and concentrated under reduced pressure. The
residue was purified by flash column chromatography (n-hexane : EtOAc = 1 : 1) to afford 23a (1.52
g, 49%, E/Z >20/1) as a pale yellow oil. IR (neat): 1659, 1623 cm™; *H NMR (300 MHz, CDCls) &:
6.17 (1H,qq, J=6.9, 1.5 Hz), 3.93 (2H, t, J = 6.9 Hz), 3.76-3.71 (2H, m), 2.28 (2H, br quint, J = 6.9
Hz), 1.87 (3H, brs), 1.75 (3H, dg, J = 6.9, 1.5 Hz); *C NMR (75 MHz, CDCls3) 8: 171,8, 131.1, 130.9,
68.8, 44.7, 27.3, 13.6, 13.5; ESI-HRMS m/z: calcd for CgH130,NNa [M + Na]* 178.0839, found
178.0840.

Nucleophilic phenylation of vinylketene N,O-acetal O in situ from 23a [Table 6, entry 1]. To a
solution of 23a (54.3 mg, 0.35 mmol) in CH.Cl, (1.25 mL) were added TBSOTf (0.17 mL, 0.74
mmol), i-PraNEt (0.24 mL, 1.4 mmol), and PhsAl (1.0 M in n-Bu,0, 0.35 mL, 0.35 mmol) dropwise
at room temperature under an argon atmosphere. After being stirred at room temperature for 7 h, the
reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension
was extracted with CHCIs. The organic phase was dried over MgSO, and concentrated under reduced
pressure. The residue was purified by flash column chromatography (Biotage Isorera One using
Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =4 : 1 to EtOAC) to give y-phenyl
o, B-unsaturated amide 24aA (2.0 mg, 2%, E/Z >20/1) and TBS-protected amide 25aA (52.0 mg, 43%,
E/Z = 10/1).

(2E)-N-(3-Hydroxypropyl)-2-methyl-4-phenyl-2-butenamide (24aA). A pale yellow oil; IR
(neat): 3331, 1659, 1615 cm™;*H NMR (300 MHz, CDCls) 8: 7.33-7.17 (5H, m), 6.49 (1H, brt, J =
7.2 Hz), 6.18 (1H, brs), 3.63 (2H, br t, J = 5.4 Hz), 3.51-3.45 (4H, m), 3.33 (1H, brs), 1.97 (3H, s),
1.70 (2H, quint, J = 5.7 Hz); **C NMR (75 MHz, CDCls) &: 170.5, 139.2, 134.4, 131.4, 128.6, 128.4,
126.4, 59.3, 36.5, 34.5, 32.3, 12.9; ESI-HRMS m/z: calcd for C14H1902NNa [M + Na]* 256.1308,
found 256.1308.

86



(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-methyl-4-phenyl-2-butenamide
(25aA). A yellow oil; An inseparable mixture of E/Z isomers. E/Z = 10/1; IR (neat): 3321, 1661, 1620
cmt; 'H NMR (600 MHz, CDCls) &: 7.57-7.16 (5H, m), 6.41-6.38 (2H, m), 3.74 (20/11H, t, J = 6.0
Hz), 3.61 (2/11H, t, J = 6.0 Hz), 3.52 (2/11H, d, J = 6.0 Hz), 3.48 (20/11H, d, J = 7.2 Hz), 3.43
(20/11H, g, J = 6.0 Hz), 3.34 (2/11H, q, J = 6.0 Hz), 1.98 (3/11H, s), 1.96 (30/11H, s), 1.74 (20/11H,
br quint, J = 6.0 Hz), 1.64 (2/11H, br quint, J = 6.0 Hz), 0.87 (9H, s), 0.03 (6H, s); 1*C NMR (150
MHz, CDCls) 8: 169.3, 169.1 (Z), 139.4, 139.3 (2), 133.1, 133.0 (2), 132.4 (Z), 132.3, 128.9 (2),
128.7 (2), 128.6, 128.5, 126.3, 126.2 (Z), 62.83 (2), 62.78, 38.72 (Z), 38.67, 34.5, 34.1 (Z), 31.54 (2),
31.48, 25.92, 25.88 (Z), 18.4, 13.04 (Z2), 13.00, -5.4, -55 (Z); ESI-HRMS m/z: calcd for
C20H330.NNaSi [M + Na]* 370.2173, found 370.2172.

[Table 6, entry 2]. To a solution of 23a (54.3 mg, 0.35 mmol) in CH2Cl, (1.25 mL) were added
TBSOTTf (0.17 mL, 0.74 mmol), i-ProNEt (0.24 mL, 1.4 mmol), and PhsAl (1.0 M in n-Bu,O, 1.05
mL, 1.05 mmol) dropwise at room temperature under an argon atmosphere. After being stirred at
room temperature for 20 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
M). The resulting suspension was extracted with CHCIs. The organic phase was dried over MgSO4
and concentrated under reduced pressure. The residue was purified by flash column chromatography
(Biotage Isorera One using Biotage SNAP KP-Sil 509 silica gel cartridges) (n-hexane : EtOAc =4 :
1 to EtOAcC) to give y-phenyl a,B-unsaturated amide 24aA (2.0 mg, 2%, E/Z >20/1) and TBS-
protected amide 25aA (65.3 mg, 54%, E/Z = 10/1).

Nucleophilic phenylation of vinylketene NV,0-acetal with various silylating agents [Table 7, entry
1]. To a solution of 23a (54.3 mg, 0.35 mmol) in CH,Cl; (1.25 mL) were added TMSOTT (0.13 mL,
0.74 mmol), i-Pr.NEt (0.24 mL, 1.4 mmol), and PhsAl (1.0 M in n-Bu,O, 1.05 mL, 1.05 mmol)
dropwise at room temperature under an argon atmosphere. After being stirred at room temperature
for 7.5 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting
suspension was extracted with CHCls. The organic phase was dried over MgSO, and concentrated
under reduced pressure. The residue was purified by flash column chromatography (Biotage Isorera
One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc = 4 : 1) to give TMS-
protected y-phenyl o, B-unsaturated amide 62aA (27.2 mg, 25%, E/Z >20/1).

(2E)-2-Methyl-4-phenyl-N-[3-[(trimethylsilyl)oxy]propyl]-2-butenamide (62aA). A pale yellow
oil; IR (neat): 3323, 1661, 1621 cm*;*H NMR (300 MHz, CD-Cl,) é: 7.32-7.17 (5H, m), 6.49 (1H,
brs), 6.40 (1H, brt, J=7.5Hz), 3.70 (2H, t, J = 5.7 Hz), 3.48 (2H, d, J = 7.5 Hz), 3.37 (2H, q, J =
5.7 Hz), 1.93 (3H, s), 1.72 (2H, quint, J = 5.7 Hz), 0.08 (9H, s); **C NMR (75 MHz, CD.Cl,) 5: 168.6,
139.8, 133.2, 132.0, 128.6, 128.5, 126.3, 62.1, 38.8, 34.5, 31.4, 12.7, -0.9; ESI-HRMS m/z: calcd for
C17H270,NNaSi [M + Na]* 328.1703, found 328.1697.
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[Table 7, entry 2]. To a solution of 23a (54.3 mg, 0.35 mmol) in CH,Cl, (1.25 mL) were added
TESOTTf (0.17 mL, 0.74 mmol), i-ProNEt (0.24 mL, 1.4 mmol), and PhsAl (1.0 M in n-BuzO, 1.05
mL, 1.05 mmol) dropwise at room temperature under an argon atmosphere. After being stirred at
room temperature for 24 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
M). The resulting suspension was extracted with CHCls. The organic phase was dried over MgSO4
and concentrated under reduced pressure. The residue was purified by flash column chromatography
(Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =4 :
1 to EtOAC) to give y-phenyl a,B-unsaturated amide 24aA (9.6 mg, 14%, E/Z >20/1) and TES-
protected amide 63aA (40.9 mg, 39%, E/Z >20/1).

(2E)-2-Methyl-4-phenyl-N-[3-[(triethylsilyl)oxy]propyl]-2-butenamide (63aA). A pale yellow
oil; IR (neat): 3322, 1661, 1620 cm™; 'H NMR (300 MHz, CD,Cly) &: 7.33-7.17 (5H, m), 6.48 (1H,
brs), 6.37 (1H, brt, J =7.5Hz), 3.73 (2H, t, J = 5.4 Hz), 3.48 (2H, d, J = 7.2 Hz), 3.38 (2H, q, J =
5.4 Hz), 1.93 (3H, s), 1.73 (2H, quint, J = 5.7 Hz), 0.93 (9H, t, J = 7.8 Hz), 0.58 (6H, g, J = 7.8 H2);
13C NMR (75 MHz, CD-Cl,) 5: 168.8, 139.8, 133.0, 132.3, 128.6, 128.5, 126.2, 62.4, 38.8, 34.5, 31.6,
12.8, 6.6, 4.2; ESI-HRMS m/z: calcd for C20H330,NNaSi [M + Na]* 370.2173, found 370.2166.

[Table 7, entry 4]. To a solution of 23a (54.3 mg, 0.35 mmol) in CH,Cl, (1.25 mL) were added
TIPSOTf (0.20 mL, 0.74 mmol), i-Pr.NEt (0.24 mL, 1.4 mmol), and Phs;Al (1.0 M in n-Bu.O, 1.05
mL, 1.05 mmol) dropwise at room temperature under an argon atmosphere. After being stirred at
room temperature for 6 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
M). The resulting suspension was extracted with CHCIs. The organic phase was dried over MgSO4
and concentrated under reduced pressure. The residue was purified by flash column chromatography
(Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc = 4 :
1) to give TIPS-protected y-phenyl a,B-unsaturated amide 64aA (54.1 mg, 40%, E/Z = 9/1).

(2E)-2-Methyl-4-phenyl-N-[3-[[tris(1-methylethyDsilyl]Joxy]propyl]-2-butenamide (64aA). A
pale yellow oil; An inseparable mixture of E/Z isomers. E/Z = 9/1; IR (neat): 3323, 1660, 1620 cm-:;
H NMR (300 MHz, CDCls) &: 7.32-7.15 (5H, m), 6.43 (1H, br s), 6.36 (1H, br t, J = 7.2 Hz), 3.82
(18/10H, t, J = 5.4 Hz), 3.70 (2/10H, t, J = 5.4 Hz), 3.48-3.43 (4H, m), 1.96 (3H, s), 1.77 (2H, br
quint, J = 5.4 Hz), 1.08-1.02 (21H, m); *C NMR (75 MHz, CDCls) &: 169.5, 139.4, 133.3, 132.5,
128.6,128.4,126.3,63.0,38.7,34.5,31.5,17.9, 13.0, 11.8; ESI-HRMS m/z: calcd for C3sH3s0O,NNaSi
[M + Na]* 412.2642, found 412.2640.

[Table 7, entry 5]. To a solution of 23a (54.3 mg, 0.35 mmol) in CH2Cl; (1.25 mL) were added
TBSOTTf (0.25 mL, 1.09 mmol), i-Pr:NEt (0.24 mL, 1.4 mmol), and PhsAl (1.0 M in n-Bu;0O, 1.05
mL, 1.05 mmol) dropwise at room temperature under an argon atmosphere. After being stirred at
room temperature for 4 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
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M). The resulting suspension was extracted with CHCls. The organic phase was dried over MgSO4
and concentrated under reduced pressure. The residue was purified by flash column chromatography
(Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =4 :
1) to give TBS-protected y-phenyl o,-unsaturated amide 25aA (67.1 mg, 55%, E/Z = 10/1).

Nucleophilic phenylation of vinylketene V,0-acetal with various bases [Table 8, entry 2]. To a
solution of 23a (54.3 mg, 0.35 mmol) in CH2Cl, (1.25 mL) were added TBSOTf (0.17 mL, 0.74
mmol), EtzN (0.20 mL, 1.4 mmol), and PhsAl (1.0 M in n-Bu0O, 1.05 mL, 1.05 mmol) dropwise at
room temperature under an argon atmosphere. After being stirred at room temperature for 1 h, the
reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension
was extracted with CHCIs. The organic phase was dried over MgSO. and concentrated under reduced
pressure. The residue was purified by flash column chromatography (Biotage Isorera One using
Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =4 : 1 to EtOAC) to give y-phenyl
o, B-unsaturated amide 24aA (14.0 mg, 17%, E/Z >20/1) and TBS-protected amide 25aA (49.6 mg,
41%, E/Z = 10/1).

[Table 8, entry 3]. To a solution of 23a (54.3 mg, 0.35 mmol) in CH,Cl, (1.25 mL) were added
TBSOTf (0.17 mL, 0.74 mmol), 2,2,6,6-tetramethylpiperidine (TMP) (0.24 mL, 1.4 mmol), and
PhsAl (1.0 M in n-Bu2O, 1.05 mL, 1.05 mmol) dropwise at room temperature under an argon
atmosphere. After being stirred at room temperature for 4 h, the reaction mixture was quenched with
an aqueous Rochelle’s salt (1.3 M). The resulting suspension was extracted with CHCls. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The residue was purified by
flash column chromatography (Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel
cartridges) (n-hexane : EtOAc = 4 : 1 to EtOAC) to give y-phenyl a,B-unsaturated amide 24aA (3.3
mg, 4%, E/Z >20/1) and TBS-protected amide 25aA (43.8 mg, 36%, E/Z = 10/1).

Sequential nucleophilic phenylation/silylation of vinylketene N,0-acetal generated from o,f-
unsaturated N-alkoxyamide 23a [Scheme 63]. To a solution of o, f-unsaturated N-alkoxyamide 23a
(54.3 mg, 0.35 mmol) in CH,ClI; (1.25 mL) were added TBSOTT (0.17 mL, 0.74 mmol), i-Pr.NEt
(0.24 mL, 1.4 mmol), and PhsAl (1.0 M in n-Bu,O, 1.05 mL, 1.05 mmol) dropwise at room
temperature under an argon atmosphere. After the addition, the reaction mixture was stirred at rt for
13.5 h. Then this reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The
resulting suspension was extracted with CHCIs;. The organic phase was dried over MgSO, and
concentrated under reduced pressure. To a solution of crude product in THF (2.5 mL) were added
imidazole (88.5 mg, 1.3 mmol), DMAP (13.4 mg, 0.11 mmol), and TBSCI (180 mg, 1.2 mmol) at
0 °C. After being stirred overnight at room temperature, the reaction mixture was quenched with
saturated NaHCOj3. The mixture was extracted with CHCls. The organic phase was dried over MgSO4
and concentrated under reduced pressure, the residue was purified by flash column chromatography
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(Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc =4 :
1) to give TBS-protected y-phenyl o,-unsaturated amide 25aA (77.1 mg, 63%, E/Z = 10/1).

Sequential nucleophilic phenylation/silylation of vinylketene V,0-acetal [Scheme 64].

To asolution of o, B-unsaturated N-alkoxyamide 23a (54.3 mg, 0.35 mmol) in CH2Cl> (1.25 mL) were
added TBSOTf (0.17 mL, 0.74 mmol), i-Pr.NEt (0.24 mL, 1.4 mmol), and PhsAl (1.0 M in n-Bu.0,
1.05 mL, 1.05 mmol) dropwise at room temperature under an argon atmosphere. After the addition,
the reaction mixture was stirred at 40 °C for 5.5 h. Then this reaction mixture was quenched with an
aqueous Rochelle’s salt (1.3 M). The resulting suspension was extracted with CHCIs. The organic
phase was dried over MgSO. and concentrated under reduced pressure. To a solution of crude product
in THF (2.5 mL) were added imidazole (88.5 mg, 1.3 mmol), DMAP (13.4 mg, 0.11 mmol), and
TBSCI (180 mg, 1.2 mmol) at 0 °C. After being stirred overnight at room temperature, the reaction
mixture was quenched with saturated NaHCO3. The mixture was extracted with CHCls. The organic
phase was dried over MgSO. and concentrated under reduced pressure, the residue was purified by
flash column chromatography (Biotage Isorera One using Biotage SNAP KP-Sil 50g silica gel
cartridges) (n-hexane : EtOAc = 4 : 1) to give TBS-protected y-phenyl o,B-unsaturated amide 25aA
(80.5 mg, 66%, E/Z = 10/1).
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[Scheme 66, (3)]. To a solution of 669 (28.6 mg, 0.20 mmol) in CH,Cl, (0.71 mL) were added
TBSOTT (0.10 mL, 0.42 mmol), i-ProNEt (0.13 mL, 0.80 mmol), and PhsAl (1.0 M in n-Bu20O, 0.60
mL, 0.60 mmol) dropwise at room temperature under an argon atmosphere. After being stirred at
room temperature for 7.5 h, the reaction mixture was quenched with an aqueous Rochelle’s salt (1.3
M). The resulting suspension was extracted with CHCls. The organic phase was dried over MgSO4
and concentrated under reduced pressure. The residue was purified by preparative TLC (CHCI; :
MeOH =10 : 1) to give B,y-unsaturated amide 68 (4.8 mg, 21%).

N,2-Dimethyl-3-butenamide (68). A colorless oil; IR (neat): 3300, 1654, 1637 cm™; *H NMR (300
MHz, CDCls) &: 5.90 (1H, ddd, J = 17.4, 10.2, 7.8 Hz), 5.64 (1H, br s), 5.23-5.16 (2H, m), 2.99 (1H,
quint, J = 7.2 Hz), 2.80 (3H, d, J = 5.1 Hz), 1.28 (3H, d, J = 6.9 Hz); 3C NMR (75 MHz, CDCl5) &:
174.3, 138.4, 116.9, 45.4, 26.4, 16.8; ESI-HRMS m/z: calcd for C¢H:1:ONNa [M + Na]* 136.0733,
found 136.0732.

1-(2-1soxazolidinyl)-2-methyl-3-buten-1-one (69). To a solution of 2-methyl-3-butenoic acid (200
mg, 2.0 mmol) in CH>Cl, (6.0 mL) was added 4-methylmorpholine (0.44 mL, 4.0 mmol) at 0 °C.
After 15 minutes, ethyl chloroformate (0.19 mL, 2.0 mmol) was added dropwise and stirring for 15
minutes at 0 °C. Subsequently, isoxazolidine hydrochloride?® (219 mg, 2.0 mmol) was added at 0 °C
and this solution was gradually warmed to room temperature. After being stirred overnight at room
temperature, the reaction mixture was diluted with EtOAc. The mixture was washed with 1 M HCI,
saturated NaHCOs, and saturated NaCl. The organic phase was dried over MgSO., and concentrated
under reduced pressure. The residue was purified by preparative TLC (n-hexane : EtOAc=1: 1) to
give 69 (122 mg, 0.79 mmol, 40%) as a colorless oil; IR (neat): 1651, 1634 cm™; *H NMR (300 MHz,
CDCly) 8: 5.93 (1H, ddd, J = 17.4, 10.2, 7.7 Hz), 5.17-5.07 (2H, m), 3.96 (2H, t, J = 6.9 Hz), 3.79-
3.61 (3H, m), 2.31 (2H, br quint, J = 6.9 Hz), 1.25 (3H, d, J = 6.9 Hz); 3C NMR (75 MHz, CDCl5)
8:173.6,137.8,115.4,69.3,43.1,40.8,27.4, 16.6; ESI-HRMS m/z: calcd for CgH130.NNa [M + Na]*
178.0839, found 178.0840.

Nucleophilic phenylation of vinylketene N,0-acetal O generated from f,y-unsaturated N-
alkoxyamide 69 [Scheme 70]. To a solution of B,y-unsaturated N-alkoxyamide (54.3 mg, 0.35 mmol)
in CH,Cl; (1.25 mL) were added TBSOTT (0.17 mL, 0.74 mmol), i-Pr.NEt (0.24 mL, 1.4 mmol), and
PhsAl (1.0 M in n-Bu20O, 1.05 mL, 1.05 mmol) dropwise at room temperature under an argon
atmosphere. After the addition, the reaction mixture was stirred at 40 °C for 4 h. Then this reaction
mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was

extracted with CHCIs. The organic phase was dried over MgSO4 and concentrated under reduced
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pressure. To a solution of crude product in THF (2.5 mL) were added imidazole (88.5 mg, 1.3 mmol),
DMAP (13.4 mg, 0.11 mmol), and TBSCI (180 mg, 1.2 mmol) at 0 °C. After being stirred overnight
at room temperature, the reaction mixture was quenched with saturated NaHCO3. The mixture was
extracted with CHCls. The organic phase was dried over MgSQO4 and concentrated under reduced
pressure, the residue was purified by flash column chromatography (Biotage Isorera One using
Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc = 4 : 1) to give TBS-protected y-
phenyl o, B-unsaturated amide 25aA (72.0 mg, 59%, E/Z = 5/1).
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General procedure for preparation of a,B-unsaturated carboxylic acid methyl ester®3.

To a solution of 3-hydroxy-2-methylene-butanoic acid methyl ester (0.61 mL, 5.0 mmol) in MeOH
(20 mL) were added arylboronic acid (20 mmol) and [Rh(cod)CI]. (12.0 mg, 0.50 mol%) at room
temperature. After being stirred at reflux overnight, the reaction mixture was concentrated under
reduced pressure. The residue was purified by flash column chromatography (n-hexane : EtOAc =
10 : 1) to give a,B-unsaturated carboxylic acid methyl ester in the yields as described below.

(2E)-2-[(3-Methylphenyl)methyl]-2-butenoic acid methyl ester. 87% vyield; A colorless oil; E/Z
>20/1; IR (CHCIs): 1717, 1650 cm'%; *H NMR (300 MHz, CDCls) &: 7.17-6.97 (5H, m), 3.69 (3H, s),
3.66 (2H,s), 2.31 (3H, s), 1.89 (3H, d, J = 7.2 Hz); 1*C NMR (75 MHz, CDCls) 6: 168.0, 139.4, 138.8,
137.8,131.9,128.9,128.1,126.7,125.1,51.6, 31.8, 21.4, 14.6; ESI-HRMS m/z: calcd for C13H160-Na
[M + Na]* 227.1043, found 227.1040.

(2E)-2-[(2-Methoxyphenyl)methyl]-2-butenoic acid methyl ester. 88% vyield; A pale yellow oil;
E/Z >20/1; IR (CHCIs): 1716, 1649 cm; 'H NMR (300 MHz, CDCls) 8: 7.16 (1H, br t, J = 7.8 Hz),
7.08-7.01 (2H, m), 6.87-6.82 (2H, m), 3.83 (3H, s), 3.69 (3H, s), 3.67 (2H, s), 1.82 (3H, d, J = 7.2
Hz); 13C NMR (75 MHz, CDCls) &: 168.3, 157.2, 139.3, 131.1, 128.7, 127.5, 127.0, 120.2, 109.9,
55.2,51.6, 26.2, 14.5; ESI-HRMS m/z: calcd for C13H1s0sNa [M + Na]* 243.0992, found 243.0987.

(2E)-2-[[2-(Trifluoromethyl)phenyl]methyl]-2-butenoic acid methyl ester. 68% yield; A colorless
oil; E/Z >20/1; IR (CHCIs): 1717, 1650 cm*; *H NMR (300 MHz, CDCls) 8: 7.64 (1H, d, J = 7.8 Hz),
7.41 (1H,t, J=7.8 Hz), 7.30-7.18 (2H, m), 7.11 (1H, d, J = 7.5 Hz), 3.90 (2H, s), 3.69 (3H, s), 1.80
(3H, d, J = 6.9 Hz); 1*C NMR (75 MHz, CDCls) &: 167.9, 141.0, 137.9, 131.8, 130.3, 128.4 (q, J =
29.6 Hz), 128.2, 126.0, 125.9 (g, J = 5.9 Hz), 124.6 (q, J = 272.1 Hz), 51.8, 28.1, 14.5; ESI-HRMS
m/z: calcd for C13H1302F3Na [M + Na]* 281.0760, found 281.0758.

General procedure for preparation of a,B-unsaturated carboxylic acid 60. To a solution of a,f3-
unsaturated ester (1.0 equiv) in EtOH/H,0 (v/iv =4 : 3, 0.14 M) was added LiOH-H;0 (3.0 equiv) at
room temperature. After being stirred at 100 °C for overnight, this reaction mixture was diluted with
CHCl; and water. The water layer was washed with CHCI3 three time. Subsequently, the water layer
was acidified with an ag. solution of HCI (1 M) until pH = 1 and the resulting suspension was
extracted with CHCIs. The organic phase was dried over MgSO,4 and concentrated under reduced
pressure. The residue was purified by flash column chromatography (n-hexane : EtOAc =1 : 2) to
give o,B-unsaturated carboxylic acid 60b, 60g-60s in the yields as described below. (60c 5%, 60d6
57.58) 60e 60 61) and 60f%2 63 are already known compounds.)
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(2E/Z)-2-Ethyl-2-butenoic acid (60b)’¥. Quantative yield; A pale yellow oil; An inseparable
mixture of E/Z isomers. E/Z = 4/1; IR (neat): 2972, 1687, 1642 cm™*; *H NMR (300 MHz, CDCls) &:
6.98 (4/5H, q, J = 7.2 Hz), 6.17 (1/5 H, br q, J = 7.2 Hz), 2.37-2.25 (2H, m), 2.04 (3/5 H, br d, J =
7.5 Hz), 1.84 (12/5 H, d, J = 7.2 Hz), 1.06 (3/5 H, t, J = 7.5 Hz), 1.03 (12/5 H, t, J = 7.5 Hz); 13C
NMR (75 MHz, CDCls) §: 174.0 (Z), 173.5, 139.6, 139.0 (Z), 134.3, 133.6 (2), 27.3 (2), 19.3, 16.0
(2),14.2,13.7 (Z2), 13.4; ESI-HRMS m/z: calcd for CsHgO- [M - H]* 113.0608, found 113.0598.

(2E)-2-(Phenylmethyl)-2-butenoic acid (60g)*>. 94% yield; White solid; E/Z >20/1; IR (CHCIy):
3012, 1691, 1642 cm™; *H NMR (300 MHz, CDCls) &: 7.29-7.15 (6H, m), 3.69 (2H, s), 1.92 (3H, d,
J = 7.5 Hz); ¥C NMR (75 MHz, CDCls) 6: 173.4, 141.8, 139.3, 131.4, 128.3, 128.1, 126.0, 31.5,
14.9; ESI-HRMS m/z: calcd for C11H1,02Na [M + Na]* 199.0730, found 199.0726.

(2E)-2-[(4-Methylphenyl)methyl]-2-butenoic acid (60h)>. Quantative yield; White solid; E/Z
>20/1; IR (CHCl5): 3011, 1690, 1642 cm; ‘H NMR (300 MHz, CDCls) §: 7.16 (1H, g, J = 6.9 Hz),
7.07 (4H, m), 3.64 (2H, s), 2.30 (3H, s), 1.91 (3H, d, J = 6.9 Hz); 3C NMR (75 MHz, CDCls) §:
172.9, 141.4, 136.2, 135.5, 131.6, 129.1, 128.1, 31.1, 21.0, 14.9; ESI-HRMS m/z: calcd for
C12H1402Na [M + Na]* 213.0886, found 213.0887.

(2E)-2-[(4-Methoxyphenyl)methyl]-2-butenoic acid (60i)*>. 77% yield; White solid; E/Z >20/1; IR
(CHCl5): 3012, 1688, 1642 cm™; *H NMR (300 MHz, CDCl5) 5: 7.18-7.08 (3H, m), 6.80 (2H, br d, J
= 8.7 Hz), 3.77 (3H, s), 3.62 (2H, s), 1.92 (3H, d, J = 7.2 Hz); 1*C NMR (75 MHz, CDCls) 5: 173.2,
157.8, 141.3,131.8, 131.4,129.1, 113.7, 55.1, 30.6, 14.8; ESI-HRMS m/z: calcd for C12H1403Na [M
+ Na]* 229.0835, found 229.0836.

(2E)-2-[[4-(Trifluoromethyl)phenyl|methyl]-2-butenoic acid (60j)>>. 84% yield; White solid; E/Z
>20/1; IR (CHCIs): 2944, 1687, 1643 cm*; *H NMR (300 MHz, CDCls) &: 7.51 (2H, d, J = 8.1 Hz),
7.31-7.20 (3H, m), 3.73 (2H, s), 1.92 (3H, d, J = 7.2 Hz); 3C NMR (150 MHz, CDCls) &: 172.4,
143.4, 142.5, 130.6, 128.47, 128.51 (g, J = 32.0 Hz), 125.3 (q, J = 3.8 Hz), 124.3 (g, J = 270.2 Hz),
31.5, 15.0; ESI-HRMS m/z: calcd for C12H1002F3 [M - H]* 243.0638, found 243.0638.

(2E)-2-[(4-Bromophenyl)methyl]-2-butenoic acid (60k)>*. 84% yield; White solid; E/Z >20/1; IR
(CHCl5): 3014, 1687, 1643 cm'*; *H NMR (300 MHz, CDCls) &: 7.38 (2H, d, J =8.4 Hz), 7.18 (1H,
g, J =7.5 Hz), 7.06 (2H, d, J = 8.1 Hz), 3.63 (2H, s), 1.91 (3H, d, J = 7.5 Hz); 3C NMR (75 MHz,
CDCls) 6: 173.0, 142.1, 138.3, 131.4, 131.0, 129.9, 119.8, 31.0, 15.0; ESI-HRMS m/z: calcd for
C1:H100,"Br [M - H]* 252.9870, found 252.9872.

(2E)-2-[(4-Fluoropheny)methyl]-2-butenoic acid (601)°>. 92% yield; White solid; An inseparable
mixture of E/Z isomers. E/Z = 16/1; IR (CHCIs): 2940, 1691, 1642 cm™; *'H NMR (300 MHz, CDCl3)
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§: 7.21-7.11 (3H, m), 6.98-6.90 (2H, m), 3.64 (32/17H, s), 3.55 (2/17H, s), 2.07 (3/17 H, d, J = 7.2
Hz), 1.92 (48/17 H, d, J = 7.2 Hz); 1*C NMR (150 MHz, CDCls) &: 172.6, 161.4 (d, J = 240.0 Hz),
142.3 (2), 141.8, 134.9, 131.4, 131.2 (), 130.4 (Z) (d, J = 7.8 Hz), 129.6 (d, J = 7.8 Hz), 115.1 (d, J
= 21 Hz), 39.2 (2), 30.8, 16.1 (Z), 14.9; ESI-HRMS m/z: calcd for C11H1002F [M - H]* 193.0670,
found 193.0665.

(2E)-2-[(3-Methylphenyl)methyl]-2-butenoic acid (60m). 79% yield; White solid; E/Z >20/1; IR
(CHCIs): 3012, 1687, 1642 cm™; *H NMR (300 MHz, CDCls) 6: 7.22-7.12 (2H, m), 6.99-6.98 (3H,
m), 3.65 (2H, s), 2.31 (3H, s), 1.91 (3H, d, J = 6.9 Hz); 1*C NMR (75 MHz, CDCls) 8: 173.3, 141.7,
139.2, 137.9, 131.4, 128.9, 128.2, 126.8, 125.1, 31.4, 21.4, 14.9; ESI-HRMS m/z: calcd for
C12H140:Na [M + Na]* 213.0886, found 213.0886.

(2E)-2-[(3-Methoxyphenyl)methyl]-2-butenoic acid (60n)**. Quantative yield; White solid; E/Z
>20/1; IR (CHCl5): 3011, 1687, 1642 cm; ‘H NMR (300 MHz, CDCls) §: 7.22-7.15 (2H, m), 6.79-
6.70 (3H, m), 3.77 (3H, s), 3.66 (2H, s), 1.91 (3H, d, J = 7.2 Hz); 3C NMR (75 MHz, CDCl5) §:
173.1,159.6, 141.9, 140.9, 131.2, 129.3, 120.5, 114.1, 111.2,55.1, 31.5, 14.9; ESI-HRMS m/z: calcd
for C12H1203Na [M + Na]* 229.0835, found 229.0835.

(2E)-2-[[3-(Trifluoromethyl)phenyljmethyl]-2-butenoic acid (600)>>. 98% yield; White solid; An
inseparable mixture of E/Z isomers. E/Z = 17/1; IR (CHCI3): 3032, 1688, 1644 cm™; *H NMR (300
MHz, CDCls) é: 7.46-7.36 (3H, m), 7.27-7.20 (2H, m), 3.74 (34/18H, s), 3.64 (2/18H, s), 2.10 (3/18H,
d, J =7.5Hz), 1.94 (51/18H, d, J = 7.2 Hz); **C NMR (150 MHz, CDCls) &: 172.6, 142.5, 140.3,
131.6, 130.8 (q, J = 31.8 Hz), 130.6, 128.8, 124.9 (q, J = 3.8 Hz), 124.1 (g, J = 270.3 Hz), 123.0 (q,
J=4.0 Hz), 31.4, 15.0; ESI-HRMS m/z: calcd for C12H1002F3 [M - H]* 243.0638, found 243.0637.

(2E)-2-[(2-Methylphenyl)methyl]-2-butenoic acid (60p)>*. 94% yield; White solid; E/Z >20/1; IR
(CHCl5): 3012, 1688, 1643 cm-t; *H NMR (300 MHz, CDCls) &: 7.30-7.25 (1H, m), 7.17-7.08 (3H,
m), 6.97-6.94 (1H, m), 3.62 (2H, s), 2.35 (3H, s), 1.84 (3H, d, J = 7.2 Hz); 3C NMR (75 MHz, CDCl5)
8:172.9, 142.3, 136.9, 136.2, 130.7, 130.3, 126.6, 126.0, 125.9, 28.7, 19.8, 14.9; ESI-HRMS m/z:
calcd for C12H130; [M - H]* 189.0921, found 189.0918.

(2E)-2-[(2-Methoxyphenyl)methyl]-2-butenoic acid (60q). 94% yield; White solid; E/Z >20/1; IR
(CHCIs): 3011, 1691, 1642 cmt; 'H NMR (300 MHz, CDCls) &: 7.22-7.14 (2H, m), 7.08 (1H, br d, J
=7.2 Hz), 6.87-6.82 (2H, m), 3.82 (3H, s), 3.65 (2H, s), 1.85 (3H, d, J = 7.2 Hz); C NMR (75 MHz,
CDCls) 6: 173.6, 157.2, 142.0, 130.7, 128.7, 127.2,127.1, 120.3, 109.9, 55.1, 25.8, 14.7; ESI-HRMS
m/z: calcd for C12H140sNa [M + Na]* 229.0835, found 229.0832.
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(2E)-2-[[2-(Trifluoromethyl)phenyl]methyl]-2-butenoic acid (60r). 86% yield; White solid; E/Z
>20/1; IR (CHCIs): 2990, 1691, 1645 cmt; 'H NMR (300 MHz, CDCls) : 7.64 (1H, d, J = 7.8 Hz),
7.44-7.26 (3H, m), 7.12 (1H, d, J = 7.5 Hz), 3.90 (2H, s), 1.80 (3H, d, J = 7.2 Hz); 13C NMR (150
MHz, CDCls) 6: 172.8, 143.9, 137.6, 131.9, 129.8, 128.5 (g, J = 29.6 Hz), 128.1, 126.1, 126.0 (9, J =
6.2 Hz), 124.6 (q, J=272.3 Hz), 27.7, 14.8; ESI-HRMS m/z: calcd for C12H1002F3 [M - H]* 243.0638,
found 243.0638.

(2E)-2-[(1-Naphthalenyl)methyl]-2-butenoic acid (60s)*®. 93% yield; White solid; E/Z >20/1; IR
(CHCIs): 3012, 1687, 1643 cm!; 'H NMR (300 MHz, CDCls) &: 8.11 (1H, br d, J = 8.1 Hz), 7.86
(1H, brd, J=9.0 Hz), 7.71 (1H, d, J = 8.1 Hz), 7.56-7.47 (2H, m), 7.41-7.33 (2H, m), 7.12 (1H, d, J
=7.2 Hz), 4.13 (2H, s), 1.83 (3H, d, J = 7.2 Hz); 3C NMR (75 MHz, CDCls) 5: 173.4, 143.2, 134.2,
133.7,131.9, 130.3, 128.7, 126.7, 125.9, 125.50, 125.46, 123.6, 123.2, 28.2, 14.9; ESI-HRMS m/z:
calcd for C15sH130; [M - H]* 225.0921, found 225.0918.

General procedure for preparation of a,p-unsaturated N-alkoxyamides (23) [Scheme 72]. To a
solution of o,B-unsaturated carboxylic acid (2.0 mmol) in CH,Cl, (0.70 mL) were added oxalyl
chloride (0.20 mL, 2.4 mmol) and a few drops of DMF under an argon atmosphere at room
temperature. After being strirred for 2 h at room temperature, the solvent and excess of oxalyl chloride
were removed under reduced pressure to give crude product (acyl chloride) which was used without
further purification. Subsequently, to the solution of the acyl chloride in CH,Cl; (4.3 mL) were added
isoxazolidine hydrochloride?® (0.22 g, 2.0 mmol) and pyridine (0.34 mL, 4.2 mmol) at 0 °C. After
being stirred overnight at room temperature, the reaction mixture was diluted with EtOAc. The
mixture was washed with 1 M HCI, saturated NaHCOs3, and saturated NaCl. The organic phase was
dried over MgSQ,, and concentrated under reduced pressure. The residue was purified by flash
column chromatography (n-hexane : EtOAc = 1 : 1) to give a,B-unsaturated N-alkoxyamides 23b-
23t in the yields shown in Scheme 72.

(2E)-2-Ethyl-1-(2-isoxazolidinyl)-2-buten-1-one (23b). A yellow oil; An inseparable mixture of
E/Z isomers. E/Z = 10/1; IR (neat): 1660, 1630 cm;*H NMR (300 MHz, CDCls) 8: 6.04 (10/11H, qt,
J=6.9,0.9 Hz), 5.55 (1/11H, qt, J= 6.9,1.5 Hz), 3.94 (2H, t, J = 6.9 Hz), 3.78-3.74 (2H, m), 2.38
(2H, br q, J=7.5 Hz), 2.28 (2H, br quint, J= 6.9 Hz), 1.76 (30/11H, dt, J=6.9, 0.6 Hz), 1.69 (3/11H,
dt,J=6.9, 1.5 Hz), 1.09-0.98 (3H, m); **C NMR (75 MHz, CDCls) 6: 172.0, 137.7 (Z), 137.5, 129.8,
68.8,44.7,27.2,27.0 (2), 20.6,14.7 (2), 13.2, 12.8, 12.1 (Z); ESI-HRMS m/z: calcd for CoH150.NNa
[M + Na]* 192.0995, found 192.0994.

(2E/2)-1-(2-1soxazolidinyl)-2-(1-methylethyl)-2-buten-1-one (23c). A pale yellow oil; An
inseparable mixture of E/Z isomers. E/Z = 9/1; IR (neat): 1661, 1634 cm; 'H NMR (300 MHz,
CDCls) 8: 5.72 (9/10H, qd, J = 7.2, 0.9 Hz), 5.52 (1/10H, qd, J = 6.9, 1.5 Hz), 3.95 (2H, t,J = 7.2
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Hz), 3.77-3.72 (2H, m), 2.87 (9/10H, septd, J = 6.9, 0.9 Hz), 2.60 (1/10H, sept, J = 6.9 Hz), 2.40-2.24
(2H, m), 1.75 (3H, d, J = 7.2 Hz), 1.14 (54/10H, d, J = 6.9 Hz), 1.07 (6/10H, d, J = 6.9 Hz); *C NMR
(75 MHz, CDCls) 8.178.3 (2), 170.71, 142.3 (2), 141.3, 126.8, 68.8, 44.5, 43.0 (2), 27.7, 27.4, 21.1
(2), 21.0, 14.8 (2), 13.8 (2), 13.0; ESI-HRMS m/z: calcd for C1oH17O.NNa [M + Na]* 206.1152,
found 206.1150.

(2E)-1-(2-1soxazolidinyl)-2-(2-propen-1-yl)-4-butene-1-one (23d). A yellow oil; E/Z >20/1; IR
(neat): 1661, 1635 cm™; *H NMR (300 MHz, CDCls) 6: 6.23 (1H, qt, J = 7.2, 0.9 Hz), 5.80 (1H, ddt,
J=17.1,9.9, 6.3 Hz),5.11-4.98 (2H, m), 3.93 (2H, t, J = 6.9 Hz), 3.78-3.73 (2H, m), 3.13 (2H, br d,
J=6.3Hz), 2.26 (2H, br quint, J = 6.9 Hz), 1.78 (3H, dt, J = 7.2, 0.9 Hz); 13C NMR (75 MHz, CDCls)
8: 171.9, 135.0, 133.5, 1325, 115.5, 69.1, 44.7, 31.8, 27.4, 13.7; ESI-HRMS m/z: calcd for
C10H1502NNa [M + Na]* 204.0995, found 204.0997.

(2E)-1-(2-1soxazolidinyl)-2-phenyl-2-buten-1-one (23e). White solid; E/Z >20/1; IR (CHCIs): 1646,
1619 cm™;'H NMR (300 MHz, CDCls) 8: 7.37-7.24 (5H, m), 6.40 (1H, q, J = 7.2 Hz), 3.72 (2H, t, J
= 6.9 Hz), 3.63-3.58 (2H, m), 2.20 (2H, br quint, J = 6.9 Hz), 1.80 (3H, d, J = 7.2 Hz); *C NMR (75
MHz, CDCls) 6: 169.2, 137.0, 135.1, 131.8, 128.6, 127.7, 126.9, 68.6, 44.5, 27.5, 14.8; ESI-HRMS
calcd for C13H1s02NNa [M + Na]* 240.0995, found 240.0994.

(22)-2-Bromo-1-(2-isoxazolidinyl)-2-buten-1-one (23f). A pale yellow oil; E/Z 1/>20; IR (neat):
1634 cm*; 'H NMR (300 MHz, CDCls) 6: 6.63 (1H, g, J = 6.6 Hz), 4.02 (2H, t, J = 6.9 Hz), 3.81-
3.76 (2H, m), 2.36 (2H, br quint, J = 6.9 Hz), 1.90 (3H, d, J = 6.6 Hz); *C NMR (75 MHz, CDCls)
8: 163.5, 134.4, 116.5, 69.4, 45.0, 27.4, 17.2; ESI-HRMS calcd for C;H100.N°BrNa [M + Na]*
241.9787, found 241.9788.

(2E)-1-(2-1soxazolidinyl)-2-(phenylmethyl)-2-buten-1-one (23g). A pale yellow oil; E/Z >20/1; IR
(neat): 1663, 1630 cm; *H NMR (300 MHz, CDCls) &: 7.28-7.13 (5H, m), 6.20 (1H, br q, J = 6.9
Hz), 3.74 (2H, s), 3.66 (2H, t, J = 6.9 Hz), 3.58-3.53 (2H, m), 2.00 (2H, br quint, J = 6.9 Hz), 1.88
(3H, d, J = 6.9 Hz); 1*C NMR (75 MHz, CDCls) &: 171.6, 138.8, 134.7, 130.9, 128.2, 128.0, 125.7,
68.8,44.9,33.4,27.2,14.1; ESI-HRMS calcd for C14H170:NNa [M + Na]* 254.1152, found 254.1147.

(2E)-1-(2-1soxazolidinyl)-2-[(4-methylphenyl)methyl]-2-buten-1-one (23h). A yellow oil; IR
(neat): E/Z >20/1; 1662, 1633 cm'L; 'H NMR (300 MHz, CDCls) &: 7.10-7.04 (4H, m), 6.18 (1H, g, J
= 6.9 Hz), 3.72-3.67 (4H, m), 3.58-3.53 (2H, m), 2.29 (3H, s), 2.01 (2H, br quint, J = 7.2 Hz), 1.86
(3H, d, J= 6.9 Hz); *C NMR (75 MHz, CDCl3) &: 171.9, 135.8, 135.2, 135.0, 130.8, 128.8, 128.1,
68.7, 44.7, 32.6, 27.0, 20.7, 13.7; ESI-HRMS calcd for C1sH190-.NNa [M + Na]* 268.1308, found
268.1305.
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(2E)-1-(2-1soxazolidinyl)-2-[(4-methoxyphenyl)methyl]-2-buten-1-one (23i). A pale yellow oil;
E/Z >20/1; IR (neat): 1664, 1635 cm?; *H NMR (300 MHz, CDCls) &: 7.12 (2H, d, J= 8.7 Hz), 6.79
(2H, d, J= 8.7 Hz), 6.16 (1H, br q, /= 6.9 Hz), 3.77 (3H, s), 3.71-3.66 (4H, m), 3.58-3.53 (2H, m),
2.02 (2H, br quint, J=7.2 Hz), 1.87 (3H, d, J= 6.9 Hz); °C NMR (75 MHz, CDCls) : 172.1, 157.8,
135.3, 131.1, 130.7, 129.4, 113.6, 68.9, 55.1, 44.8, 32.3, 27.1, 13.8; ESI-HRMS m/z: calcd for
CisH1903NNa [M + Na]* 284.1257, found 284.1254.

(2E)-1-(2-1soxazolidinyl)-2-[[4-(trifluoromethyl)phenyl]methyl]-2-buten-1-one (23)). A
colorless oil; E/Z >20/1; IR (neat): 1661, 1618 cm*; *H NMR (300 MHz, CDCls) §: 7.51 (2H, d, J =
8.1 Hz), 7.32 (2H, d, J=8.1 Hz), 6.35 (1H, q, /= 6.9 Hz), 3.80 (2H, s), 3.73 (2H, t,J = 7.2 Hz), 3.65-
3.60 (2H, m), 2.11 (2H, br quint, J = 7.2 Hz), 1.86 (3H, d, J = 6.9 Hz); 2*C NMR (150 MHz, CDCl5):
8:171.3, 143.6, 133.8, 133.2, 128.7, 128.5 (q, J = 32.1 Hz), 125.3 (q, J = 3.7 Hz), 124.3 (q, J = 270.1
Hz), 69.2, 44.5, 33.2, 27.2, 14.1; ESI-HRMS m/z: calcd for CisH1602NFsNa [M + Na]* 322.1025,
found 322.1023.

(2E)-2-[(4-Bromophenyl)methyl]-1-(2-isoxazolidinyl)-2-buten-1-one (23k). A colorless oil; E/Z
>20/1; IR (neat): 1661, 1622 cm™; *H NMR (300 MHz, CDCls) é: 7.37 (2H, br d, J = 8.1 Hz), 7.08
(2H, brd, J= 8.1 Hz), 6.27 (1H, br q, J = 7.2 Hz), 3.72 (2H, t, J = 6.9 Hz), 3.68 (2H, s), 3.63-3.58
(2H, m), 2.10 (2H, br quint, J = 6.9 Hz), 1.85 (3H, d, J = 7.2 Hz); 3C NMR (75 MHz, CDCls) &:
171.4, 138.3, 134.2, 132.4, 131.3, 130.1, 119.7, 69.1, 44.5, 32.7, 27.2, 14.0; ESI-HRMS m/z: calcd
for C14H160,N"BrNa [M + Na]* 332.0257, found 332.0259.

(2E)-2-[(4-Fluoropheny)methyl]-1-(2-isoxazolidinyl)-2-buten-1-one (23l). A colorless oil; E/Z
>20/1; IR (neat): 1663, 1627 cm™;'H NMR (600 MHz, CDCls) 8: 7.17-7.15 (2H, m), 6.95-6.92 (2H,
m), 6.23 (1H, q, J=7.2 Hz), 3.71-3.69 (4H, m), 3.60-3.58 (2H, m), 2.07 (2H, br quint, J = 7.2 Hz),
1.86 (3H, d, J= 7.2 Hz); *C NMR (150 MHz, CDCls) &: 171.8, 161.4 (d, J = 242.7 Hz), 134.9 (d, J
= 3.2 Hz), 134.8, 131.8, 129.9 (d, J = 7.7 Hz), 115.1 (d, J = 21.0 Hz), 69.0, 44.6, 32.5, 27.2, 13.9;
ESI-HRMS m/z: calcd for C14H160.NFNa [M + Na]* 272.1057, found 272.1059.

(2E)-1-(2-1soxazolidinyl)-2-[(3-methylphenyl)methyl]-2-buten-1-one (23m). A colorless oil; E/Z
>20/1; IR (neat): 1662, 1634 cm™; *H NMR (300 MHz, CDCls) &: 7.14 (1H, t, J= 7.5 Hz), 7.01-6.96
(3H, m), 6.18 (1H, br q, J= 6.9 Hz), 3.70-3.65 (4H, m), 3.58-3.53 (2H, m), 2.30 (3H, s), 2.00 (2H, br
quint, J= 6.9 Hz), 1.87 (3H, d, J= 6.9 Hz); 13C NMR (75 MHz, CDCls) 8: 172.2, 139.1, 137.8, 135.0,
131.1, 129.2, 128.2, 126.7, 125.4, 68.9, 44.8, 33.2, 27.1, 21.3, 13.9; ESI-HRMS m/z: calcd for
C1sH1902NNa [M + Na]* 268.1308, found 268.1307.

(2E)-1-(2-1soxazolidinyl)-2-[(3-methoxyphenyl)methyl]-2-buten-1-one (23n). A yellow oil; E/Z
>20/1; IR (neat): 1662, 1632 cm™; 'H NMR (300 MHz, CDCls3) é: 7.17 (1H, t, J= 7.8 Hz), 6.81-6.70
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(3H, m), 6.21 (1H, br q, J= 6.9 Hz), 3.77 (3H, s), 3.73-3.69 (4H, m), 3.60-3.55 (2H, m), 2.04 (2H, br
quint, J= 6.9 Hz), 1.87 (3H, d, J= 6.9 Hz); *C NMR (75 MHz, CDCl3,) §: 172.0, 159.6, 140.8, 134.7,
131.6, 129.2, 120.8, 114.1, 111.4, 68.9, 55.0, 44.8, 33.3, 27.2, 13.9; ESI-HRMS m/z: calcd for
CisH1903NNa [M + Na]* 284.1257, found 284.1252.

(2E)-1-(2-1soxazolidinyl)-2-[[3-(trifluoromethyl)phenyl|methyl]-2-buten-1-one (230). A pale
yellow oil; E/Z >20/1; IR (neat): 1662, 1627 cm;*H NMR (600 MHz, CDCls): 81 7.49-7.36 (4H, m),
6.34 (1H, br q, J = 7.2 Hz), 3.80 (2H, s), 3.70 (2H, t, J = 7.2 Hz), 3.63-3.61 (2H, m), 2.09 (2H, br
quint, J = 7.2 Hz), 1.87 (3H, d, J = 7.2 Hz); *C NMR (150 MHz, CDCls): §.171.4, 140.4, 133.7,
133.2,132.1, 130.6 (q, J = 31.9 Hz), 128.8, 124.9 (q, J = 3.8 Hz), 124.2 (q, J = 270.4 Hz), 122.9 (q,
J = 3.8 Hz), 69.1, 445, 33.0, 27.2, 14.1; ESI-HRMS m/z: calcd for CisH160:NFsNa [M + Na]*
322.1025, found 322.1018.

(2E)-1-(2-1soxazolidinyl)-2-[(2-methylphenyl)methyl]-2-buten-1-one (23p). A colorless oil; E/Z
>20/1; IR (neat): 1663, 1635 cm™*;*H NMR (300 MHz, CDCls) 8: 7.18-7.07 (4H, m), 6.19 (1H, br q,
J=6.9 Hz), 3.69 (2H, s), 3.61 (2H, t,J= 7.2 Hz), 3.56-3.51 (2H, m), 2.33 (3H, s), 1.96 (2H, br quint,
J=7.2Hz), 1.85 (3H, br d, J = 6.9 Hz); C NMR (75 MHz, CDCls) &: 171.9, 136.7, 136.2, 134.1,
130.8, 129.8, 128.6, 126.0, 125.7, 68.8, 44.3, 30.6, 27.0, 19.4, 13.7; ESI-HRMS m/z: calcd for
C1sH1902NNa [M + Na]* 268.1308, found 268.1303.

(2E)-1-(2-1soxazolidinyl)-2-[(2-methoxyphenyl)methyl]-2-buten-1-one (23q). A yellow oil; E/Z
>20/1; IR (neat): 1664, 1630 cm™;'H NMR (300 MHz, CDCls) 8: 7.19-7.13 (2H, m), 6.87-6.81 (2H,
m), 6.13 (1H, br q, J= 6.9 Hz), 3.82 (3H, s), 3.71-3.66 (4H, m), 3.56-3.51 (2H, m), 1.96 (2H, br quint,
J=6.9Hz), 1.84 (3H, d, J= 6.9 Hz); 13C NMR (75 MHz, CDCls) 6: 172.4,157.2,134.3,131.3, 129.8,
127.3,127.2,120.2,109.9, 68.7,55.1, 45.1, 27.8, 27.1, 13.7; ESI-HRMS m/z: calcd for C15H1903NNa
[M + Na]* 284.1257, found 284.1252.

(2E)-1-(2-1soxazolidinyl)-2-[[2-(trifluoromethyl)phenyl]methyl]-2-buten-1-one (23r). A pale
yellow oil; E/Z >20/1; IR (neat): 1661, 1624 cm™;*H NMR (600 MHz, CDCls) 8: 7.62 (1H, d, J=7.8
Hz), 7.44-7.39 (2H, m), 7.29-7.26 (1H, m), 6.44 (1H, q, J=7.2 Hz), 3.95 (2H, s), 3.79 (2H, t, J="7.2
Hz), 3.67-3.65 (2H, m), 2.14 (2H, br quint, J=7.2 Hz), 1.76 (3H, d, J= 7.2 Hz); *C NMR (150 MHz,
CDCly) 8: 171.0, 137.8, 134.6, 133.2, 131.8, 129.9, 128.4 (q, J = 29.7 Hz), 126.0, 125.8 (g, J = 5.8
Hz), 124.6 (q, J = 272.2 Hz), 69.2, 44.3, 29.7, 27.2, 14.0; ESI-HRMS m/z: calcd for C15sH1602NF3;Na
[M + Na]* 322.1025, found 322.1021.

(2E)-1-(2-1soxazolidinyl)-2-[(1-naphthalenyl)methyl]-2-buten-1-one (23s). A pale orange oil; E/Z
>20/1; IR (neat): 1662, 1626 cm™;*H NMR (300 MHz, CDCls) &: 8.07 (1H, br d, J = 8.4 Hz), 7.85-
7.82 (1H, m), 7.70 (1H, dd, J= 6.9, 2.7 Hz), 7.55-7.34 (4H, m), 6.26 (1H, q, /= 6.9 Hz), 4.18 (2H,

99



s), 3.47 (2H, t, J= 6.9 Hz), 3.43-3.38 (2H, m), 1.92 (3H, d, J = 6.6 Hz), 1.77 (2H, br quint, J = 6.9
Hz); 3C NMR (75 MHz, CDCls) &: 171.8, 134.7, 134.4, 133.6, 131.8, 131.7, 128.5, 126.8, 126.2,
125.8, 125.5, 125.4, 123.6, 68.8, 44.6, 30.4, 26.9, 14.0; ESI-HRMS m/z: calcd for C1sH190.NNa [M
+ Na]* 304.1308, found 304.1301.

1-Cyclohexene-1-yl-2-(isoxazolidinyl)methanone (23t). An orange oil; IR (neat): 1658, 1622 cm;
H NMR (300 MHz, CDCls) 6: 6.39 (1H, sept, J = 1.8 Hz), 3.95 (2H, t, J = 6.9 Hz), 3.79-3.74 (2H,
m), 2.33-2.24 (4H, m), 2.20-2.14 (2H, m), 1.71-1.59 (4H, m); 1*C NMR (75 MHz, CDCl;) &: 171.4,
134.2, 133.0, 69.0, 44.8, 27.3, 25.2 (2C), 22.1, 21.6; ESI-HRMS m/z: calcd for C10H1s02NNa [M +
Na]* 204.0995, found 204.0995.

General procedure for preparation of y-phenylated a,B-unsaturated amides 25 [Table 9]. To a
solution of a,B-unsaturated N-alkoxyamide (0.35 mmol) in CH,Cl; (1.25 mL) were added TBSOTf
(0.17 mL, 0.74 mmol), i-ProNEt (0.24 mL, 1.4 mmol), and PhsAl (1.0 M in n-Bu.0, 1.05 mL, 1.05
mmol) dropwise at room temperature under an argon atmosphere. After the addition, the reaction
mixture was stirred at 40 °C and monitored by TLC until the complete consumption of 23. Then this
reaction mixture was quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension
was extracted with CHCIs. The organic phase was dried over MgSO, and concentrated under reduced
pressure. To a solution of crude product in THF (2.5 mL) were added imidazole (88.5 mg, 1.3 mmol),
DMAP (13.4 mg, 0.11 mmol), and TBSCI (180 mg, 1.2 mmol) at 0 °C. After being stirred overnight
at room temperature, the reaction mixture was quenched with saturated NaHCO3. The mixture was
extracted with CHCls. The organic phase was dried over MgSQO4 and concentrated under reduced
pressure, the residue was purified by flash column chromatography (Biotage Isorera One using
Biotage SNAP KP-Sil 50g silica gel cartridges) (n-hexane : EtOAc = 4 : 1) to give y-phenylated o,3-
unsaturated amide 25bA-25tA in the yields shown in Table 9.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-ethyl-4-phenyl-2-butenamide
(25bA). A pale yellow oil; An inseparable mixture of E/Z isomers. E/Z = 3/1; IR (neat): 3317, 1658,
1620 cm™; *H NMR (500 MHz, CDCls) 3: 7.58-7.16 (5H, m), 6.42-6.39 (1H, m), 6.23-6.17 (1H, m),
3.75-3.72 (2H, m), 3.52 (2/4H, d, J = 7.5 Hz), 3.47 (6/4H, d, J = 7.5 Hz), 3.44-3.41 (2H, m), 2.50-
2.43 (6/4H, m), 2.32 (2/4H, br q, J = 7.5 Hz), 1.78-1.72 (2H, m), 1.09 (3/4H, t, J = 7.5 Hz), 1.06
(9/4H, t, J = 7.5 Hz), 0.90 (9/4H, s), 0.87 (27/4H, s), 0.07 (6/4H, s), 0.02 (18/4H, s); *C NMR (75
MHz, CDCls) 6: 169.4, 139.5, 139.4, 131.4, 131.2 (2), 128.9 (Z), 128.7 (2), 128.6, 128.4, 126.3, 62.7,
38.5,38.4 (2), 34.1, 315, 25.9, 20.6, 20.5 (2), 18.3, 13.6, -5.4 (2), -5.5; ESI-HRMS m/z: calcd for
C21H350,NNaSi [M + Na]* 384.2329, found 384.2334.

(2E/Z2)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-(1-methylethyl)-4-phenyl-2-
butenamide (25cA). A pale yellow oil; An inseparable mixture of E/Z isomers. E/Z = 1/1; IR (neat):
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3301, 1655, 1627 cm; *H NMR (300 MHz, CDCls) &: 7.64-7.16 (5H, m), 6.42-6.18 (1H, m), 5.83
(1/2H, t, J = 7.5 Hz), 5.52 (1/2H, td, J = 7.5, 1.5 Hz), 3.72 (2H, q, J = 5.7 Hz), 3.52-3.34 (4H, m),
2.94 (1/2H, sept, J = 6.9 Hz), 2.60 (1/2H, br sept, J = 6.9 Hz), 1.80-1.67 (2H, m), 1.23 (6/2H, d, J =
6.9 Hz), 1.08 (6/2H, d, J = 6.9 Hz), 0.89 (9/2H, s), 0.86 (9/2H, s), 0.05 (6/2H, s), 0.01 (6/2H, s); *3C
NMR (75 MHz, CDCls) 6: 170.7, 170.2, 145.3, 144.8, 140.3, 139.7, 128.9, 128.6, 128.5, 128.4, 128.3,
126.2,126.1, 124.8, 62.54, 62.46, 38.03, 38.00, 35.4, 33.6, 32.1, 31.7, 31.6, 28.1, 25.90, 25.87, 25.86,
21.4, 21.3, 18.2, -5.5; ESI-HRMS m/z: calcd for CzH37O.NNaSi [M + Na]* 398.2486, found
398.2483.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilyl]Joxy]propyl]-2-(2-propen-1-yl)-4-phenyl-2-
butenamide (25dA). A colorless oil; An inseparable mixture of E/Z isomers. Ratio of E/Z isomer
could not be calculated due to overlap signals of (E)-allylic protons with (Z)-allylic protons; IR (neat):
3315, 1656, 1620 cm*; *H NMR (300 MHz, CDCls) 6: 7.59-7.16 (5H, m), 6.42 (1H, t, J = 7.5 Hz),
6.34 (1H, br s), 5.94-5.80 (1H, m), 5.16-5.06 (2H, m), 3.71 (2H, t, J = 6.0 Hz), 3.54-3.47 (2H, m),
3.41(2H, q,J=6.0 Hz), 3.20 (2H, t, J = 5.7 Hz), 1.72 (2H, quint, J = 6.0 Hz), 0.86 (9H, s), 0.02 (6H,
s); BC NMR (75 MHz, CDCls) 8: 168.9, 139.4,139.1, 135.2, 134.5, 134.3,129.0, 128.7, 128.6, 128.5,
126.4, 115.9, 62.3, 38.3, 34.3, 34.0, 31.6, 31.4, 25.9, 25.6, 18.3, -5.4; ESI-HRMS m/z: calcd for
C22H3s0.NNaSi [M + Na]* 396.2329, found 396.2324.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylloxy]propyl]-2,4-diphenyl-2-butenamide (25eA).
A yellow oil; An inseparable mixture of E/Z isomers. Ratio of E/Z isomer could not be calculated due
to overlap signals of olefinic protons with Ph protons; IR (neat): 3313, 1662, 1626 cm™;*H NMR (300
MHz, CDCls) 6: 7.57-7.03 (11H, m), 5.57 (1H, brs), 3.58 (2H, t, J = 6.3 Hz), 3.41-3.34 (2H, m), 3.32
(2H, d, J = 8.1 Hz), 1.72-1.64 (2H, m), 0.84 (9H, s), -0.02 (6H, s); **C NMR (75 MHz, CDCls) &:
166.6, 139.1, 138.4, 136.5, 135.6, 135.5, 129.79, 129.76, 129.0, 128.9, 128.5, 128.4, 128.2, 128.0,
126.2, 60.8, 37.1, 35.3, 32.0, 25.9, 25.5, 18.3, -5.5; ESI-HRMS m/z: calcd for CsH3s02NNaSi [M +
Na]* 432.2329, found 432.2333.

(2E/Z)-2-Bromo-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-4-phenyl-2-butenamide
(25fA). A yellow oil; An inseparable mixture of E/Z isomers. Ratio of E/Z isomer could not be
calculated due to overlap signals of (Z)-allylic protons with (E)-allylic protons; IR (neat): 3333, 1656,
1625 cm™;*H NMR (300 MHz, CDCls) 6: 7.56-7.18 (6H, m), 7.06 (1H, brs), 3.74 (2H, t, J = 5.7 Hz),
3.64 (2H,t,J=7.2 Hz), 3.46 (2H, q, J =5.7 Hz), 1.78 (2H, quint, J = 5.7 Hz), 0.91 (9H, s), 0.08 (6H,
s); BC NMR (75 MHz, CDCls) 8: 161.3, 139.5, 139.3, 137.2, 136.5, 128.9, 128.8, 128.5, 128.4, 126.5,
1186, 62.1, 39.1, 38.9, 38.2, 31.6, 29.9, 26.2, 18.7, -5.0, ESI-HRMS m/z: calcd for
C19H3002N"BrNaSi [M + Na]* 434.1121, found 434.1121.
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(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-4-phenyl-2-(phenylmethyl)-2-
butenamide (25gA). A pale yellow oil; An inseparable mixture of E/Z isomers. E/Z = 12/1; IR (neat):
3313, 1658, 1622 cm™; *H NMR (600 MHz, CDCls) 8: 7.63-7.19 (10H, m), 6.51 (1H, t, J = 7.8 Hz),
6.26 (1H, brs), 3.90 (2/13H, s), 3.88 (24/13H, s), 3.65 (2H, t, J = 6.0 Hz), 3.61 (2H, d, J = 7.8 Hz),
3.40 (2H, q, J = 6.0 Hz), 1.68 (2H, quint, J = 6.0 Hz), 0.89 (9H, s), 0.04 (6H, s); *C NMR (150 MHz,
CDCls) 6: 169.0, 139.04, 139.00, 136.1, 134.0, 133.8 (2), 128.62, 128.58, 128.53, 128.51 (Z), 128.3,
126.4, 126.3, 126.2 (2), 62.14, 62.09, 38.20, 38.15, 34.6, 33.0, 31.5, 25.91, 25.88, 18.3, -5.5; ESI-
HRMS m/z: calcd for C2Hs7O-NNaSi [M + Na]* 446.2486, found 446.2482.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-[(4-methylphenyl)methyl]-4-
phenyl-2-butenamide (25hA). A pale yellow oil; An inseparable mixture of E/Z isomers. Ratio of
E/Z isomer could not be calculated due to overlap signals of allylic protons with CH,OTBS protons;
IR (neat): 3319, 1658, 1622 cm*; *H NMR (300 MHz, CDCls) 6: 7.58-7.07 (9H, m), 6.47 (1H,t,J =
7.5 Hz), 6.15 (1H, br s), 3.78 (2H, br s), 3.62-3.56 (4H, m), 3.35 (2H, g, J = 6.0 Hz), 2.33 (3H, 3),
1.64 (2H, quint, J = 6.0 Hz), 0.86 (9H, s), 0.00 (6H, s); **C NMR (75 MHz, CDCls) &: 168.6, 138.8,
135.9, 135.8, 135.5, 135.4,133.7,133.5,129.0, 128.7, 128.4, 128.3, 128.2, 127.8,127.1, 126.7, 126.1,
61.9, 38.1, 34.6, 34.3, 32.6, 31.6, 26.0, 21.1, 18.4, -5.2; ESI-HRMS m/z: calcd for C27H390.NNaSi
[M + Na]* 460.2642, found 460.2637.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-[(4-methoxyphenyl)methyl]-4-
phenyl-2-butenamide (25iA). A pale yellow oil; An inseparable mixture of E/Z isomers. Ratio of
E/Z isomer could not be calculated due to overlap signals of allylic protons with CH,OTBS protons;
IR (neat): 3322, 1655, 1616 cm™*;*H NMR (300 MHz, CDCls) 6: 7.58-7.12 (7H, m), 6.82 (2H, d, J =
8.7 Hz), 6.45 (1H, t, J = 7.5 Hz), 6.19 (1H, brs), 3.78 (3H, s), 3.75 (2H, s), 3.62-3.55 (4H, m), 3.33
(2H, g, J = 5.4 Hz), 1.63 (2H, quint, J = 5.4 Hz), 0.84 (9H, s), -0.02 (6H, s); 1*C NMR (75 MHz,
CDCls) 6: 169.0, 158.1, 139.1, 136.4, 136.3, 133.8, 133.6, 130.9, 129.2, 128.9, 128.7, 128.6, 128.5,
126.4, 114.0, 62.0, 55.2, 38.1, 34.5, 34.2, 32.0, 31.5, 25.9, 18.2, -5.5; ESI-HRMS m/z: calcd for
C27H3903NNaSi [M + Na]* 476.2591, found 476.2582.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-4-phenyl-2-[[4-(trifluoromethyl)-
phenyl]methyl]-2-butenamide (25jA). A pale yellow oil; An inseparable mixture of E/Z isomers.
E/Z =7/1; IR (neat): 3316, 1658, 1618 cm™; *H NMR (600 MHz, CDCls) 8: 7.57-7.18 (7H, m), 7.12
(2H, d, J=7.2 Hz), 6.42-6.36 (2H, m), 3.90 (2/8H, s), 3.88 (14/8H, s), 3.65 (2H, t, J = 5.4 Hz), 3.59
(2/8H, d, J =7.2 Hz), 3.54 (14/8H, q, J = 7.8 Hz), 3.37 (2H, q, J = 5.4 Hz), 1.67 (2H, quint, J =5.4
Hz), 0.83 (9H, s), -0.02 (6H, s); **C NMR (150 MHz, CDCls,) &: 168.8, 143.5, 138.7, 136.2, 136.1,
133.7,133.6, 128.8 (q, J = 30.8 Hz), 128.73, 128.67, 128.4, 125.4 (q, J = 3.7 Hz), 124.2 (q, J = 270.0
Hz), 126.6, 62.6, 38.74 (2), 38.68, 34.7, 34.3 (2), 32.9, 31.3, 25.9, 18.2, -5.5; ESI-HRMS calcd for
C27H360,NFsNaSi [M + Na]* 514.2360, found 514.2357.
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(2E/Z)-2-[(4-Bromophenyl)methyl]-N-[3-[[(1,1-dimethylethyl)dimethylsilylJoxy]propyl]-4-
phenyl-2-butenamide (25kA). A pale yellow oil; An inseparable mixture of E/Z isomers. Ratio of
E/Z isomer could not be calculated due to overlap signals of (E)-allylic protons with (Z)-allylic
protons; IR (neat): 3316, 1656, 1620 cm; *H NMR (300 MHz, CDCls) &: 7.58-7.09 (9H, m), 6.39-
6.32 (2H, m), 3.78 (2H, br s), 3.65 (2H, t, J =5.4 Hz), 3.54 (2H, d, J = 7.2 Hz), 3.37 (2H,q,J =54
Hz), 1.67 (2H, quint, J = 5.4 Hz), 0.85 (9H, s), 0.01 (6H, s); *C NMR (75 MHz, CDCls) 5: 168.4,
138.5, 137.9, 136.0, 135.9, 133.4, 131.3, 129.9, 128.5, 128.4, 128.2, 126.3, 119.8, 62.4, 38.6, 34.7,
32.5,31.5,26.0, 18.4, -5.2; ESI-HRMS m/z: calcd for C2H3s0,N"°BrNaSi [M + Na]* 524.1591, found
524.1595.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-[(4-fluorophenyl)methyl]-4-
phenyl-2-butenamide (251A). A pale yellow oil; An inseparable mixture of E/Z isomers. Ratio of
E/Z isomer could not be calculated due to overlap signals of olefinic protons with NH proton; IR
(neat): 3317, 1654, 1622 cm*; *H NMR (300 MHz, CDCls) §: 7.69-7.01 (9H, m), 6.47 (1H,t,J=7.2
Hz), 6.39 (1H, brs), 3.87 (2H, s), 3.71 (2H, t, J = 5.7 Hz), 3.63 (2H, d, J = 7.2 Hz), 344 (2H, q,J =
5.7 Hz), 1.73 (2H, quint, J = 5.7 Hz), 0.92 (9H, s), 0.07 (6H, s); 1*C NMR (150 MHz, CDCls): &,
168.93, 168.89, 161.5 (d, J = 242.6 Hz), 138.9, 136.5, 134.8 (d, J = 3.3 Hz), 133.6,129.8 (d, J =7.7
Hz), 128.7, 128.5, 126.5, 115.3 (d, J = 21.3 Hz), 62.4, 38.4, 34.6, 32.2, 31.4, 25.9, 18.3, -5.5; ESI-
HRMS m/z: calcd for C2H3sO2.NFNaSi [M + Na]* 464.2392, found 464.2383.

(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilyl]Joxy]propyl]-2-[(3-methylphenyl)methyl]-4-
phenyl-2-butenamide (25mA). A colorless oil; E/Z >20/1; IR (neat): 3317, 1656, 1620 cm™; H
NMR (300 MHz, CDCls) 8: 7.32-7.00 (9H, m), 6.49 (1H, t, J = 7.2 Hz), 6.19 (1H, brs), 3.78 (2H, s),
3.61-3.55 (4H, m), 3.34 (2H, q, J = 6.0 Hz), 2.30 (3H, s), 1.63 (2H, quint, J = 6.0 Hz), 0.84 (9H, s), -
0.02 (6H, s); *C NMR (75 MHz, CDCls) 6: 169.0, 139.1, 138.8, 138.2, 135.9, 134.2, 129.0, 128.62,
128.55, 128.49, 127.1, 126.4, 125.2, 62.0, 38.1, 34.6, 32.9, 31.5, 25.9, 21.4, 18.3, -5.5; ESI-HRMS
m/z: calcd for C27H390-NNaSi [M + Na]* 460.2642, found 460.2637.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-[(3-methoxyphenyl)methyl]-4-
phenyl-2-butenamide (25nA). A pale yellow oil; An inseparable mixture of E/Z isomers. Ratio of
E/Z isomer could not be calculated due to overlap signals of (E)-allylic protons with (Z)-allylic
protons; IR (neat): 3321, 1657, 1620 cm™; *H NMR (300 MHz, CDCls) &: 7.63-7.19 (6H, m), 6.87-
6.79 (3H, m), 6.53 (1H, t, J = 7.5 Hz), 6.26 (1H, br s), 3.84 (2H, br s), 3.80 (3H, s), 3.67-3.60 (4H,
m), 3.39 (2H, g, J = 5.7 Hz), 1.69 (2H, quint, J = 5.7 Hz), 0.89 (9H, s), 0.03 (6H, s); *C NMR (75
MHz, CDCls) &: 169.0, 159.8, 140.5, 139.0, 135.8, 134.3, 129.6, 128.6, 128.5, 126.4, 120.6, 113.8,
111.9, 62.0, 55.1, 38.1, 36.4, 33.0, 31.5, 25.9, 18.3, -5.5; ESI-HRMS m/z: calcd for C,7H3s03NNaSi
[M + Na]* 476.2591, found 476.2586.

103



(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-4-phenyl-2-[[3-(trifluoromethyl)-
phenyllmethyl]-2-butenamide (250A). A pale yellow oil; An inseparable mixture of E/Z isomers.
E/Z = 10/1; IR (neat): 3319, 1658, 1622 cm™;*H NMR (600 MHz, CDCls) &: 7.57-7.17 (8H, m), 7.13
(1H, d, J = 7.2 Hz), 6.41-6.36 (2H, m), 3.91 (2/11H, s), 3.88 (20/11H, s), 3.65 (2H, t, J = 5.4 Hz),
3.55 (2H, d, J = 7.2 Hz), 3.37 (2H, q, J = 5.4 Hz), 1.66 (2H, quint, J = 6.0 Hz), 0.83 (9H, s), -0.03
(6H, s); °C NMR (150 MHz, CDCls, TMS) &: 168.8, 140.2, 138.7, 136.2, 136.1, 133.8, 133.6, 131.9,
130.8 (g, J = 31.9 Hz), 128.9, 128.7, 128.5, 126.6, 124.9 (q, J = 3.6 Hz), 124.1 (q, J = 270.7 Hz),
123.1 (g, J = 3.8 Hz), 62.6, 38.6, 34.7, 32.8, 31.3, 25.8, 18.2, -5.5; ESI-HRMS m/z: calcd for
Ca7H3s02NFsNaSi [M + Na]* 514.2360, found 514.2357.

(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-[(2-methylphenyl)methyl]-4-
phenyl-2-butenamide (25pA). A pale yellow oil; An inseparable mixture of E/Z isomers. E/Z = 17/1;
IR (neat): 3315, 1655, 1620 cm™*; *H NMR (300 MHz, CDCls) &: 7.56-7.11 (9H, m), 6.53 (1H, t,J =
7.2 Hz), 6.22 (1H, br s), 3.78-3.76 (2H, br s), 3.60 (2H, t, J = 5.7 Hz), 3.49 (2H, d, J = 7.2 Hz), 3.39
(2H, g, J = 6.0 Hz), 2.38-2.37 (3H, brs), 1.63 (2H, quint, J = 5.7 Hz), 0.85 (9H, s), -0.01 (6H, s); °C
NMR (75 MHz, CDCls) &: 169.1, 139.0, 136.7, 136.3, 136.2 (Z), 135.5, 134.7, 130.3 (2), 130.2,
128.72 (2), 127.68 (Z), 128.61, 128.5, 127.5, 126.4, 126.3, 126.1, 62.1, 38.1, 34.6, 31.5, 30.2, 25.9,
25.6 (2), 19.8, 18.3, -5.5; ESI-HRMS m/z: calcd for C7H330-.NNaSi [M + Na]* 460.2642, found
460.2637.

(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-[(2-methoxyphenyl)methyl]-4-
phenyl-2-butenamide (25gA). A colorless oil; An inseparable mixture of E/Z isomers. E/Z = 16/1;
IR (neat): 3318, 1658, 1622 cm™;'H NMR (300 MHz, CDCls) 6: 7.31-7.12 (7H, m), 6.91-6.81 (2H,
m), 6.62 (16/17H, t, J = 7.5 Hz), 6.34-6.31 (1H, m), 5.64 (1/17H, br t, J = 7.8 Hz), 3.85 (3H, br s),
3.78 (2H, s), 3.61-3.56 (4H, m), 3.31 (2H, q, J = 6.6 Hz), 1.64 (2H, quint, J = 6.6 Hz), 0.85 (9H, s), -
0.01 (6H, s); 1*C NMR (75 MHz, CDCls) &: 168.7, 156.8, 139.3, 135.2, 134.9, 129.4, 128.51, 128.49,
128.4 (Z), 127.5,127.0, 126.2,120.7, 120.6 (Z), 110.10, 110.05, 61.6, 55.2, 37.7, 34.5, 31.7, 31.5 (2),
26.4, 25.8, 18.2, -5.5; ESI-HRMS m/z: calcd for Cz7H3sOsNNaSi [M + Na]* 476.2591, found
476.2588.

(2E)-N-[3-[[(1,1-Dimethylethy)dimethylsilyl]Joxy]propyl]-4-phenyl-2-[[2-(trifluoromethyl)-

phenyl]methyl]-2-butenamide (25rA). A pale yellow oil. An inseparable mixture of E/Z isomers.
E/Z =7/1; IR (neat): 3314, 1657, 1622 cm™; *H NMR (600 MHz, CDCls) 8: 7.67-7.10 (9H, m), 6.64
(1H,t,J=7.8 Hz), 6.24 (1H, br s), 4.03 (2/8H, s), 4.00 (14/8H, s), 3.61 (2H, t, J = 6.0 Hz), 3.49 (2/8
H, d, J=7.2 Hz), 3.45 (14/8H, d, J = 7.8 Hz), 3.36 (2H, q, J = 6.0 Hz), 1.64 (2H, quint, J = 6.0 Hz),
0.85 (9H, s), -0.01 (6H, s); *C NMR (150 MHz, CDCls) &: 168.4, 138.7, 137.5, 136.4, 134.2, 132.0,
129.5, 128.9 (q, J = 30.6 Hz), 128.7, 128.5, 126.50 (Z), 126.46, 126.36, 126.0 (q, J = 5.6 Hz), 124.7
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(g, J = 271.9 Hz), 62.14, 62.08 (2), 38.31 (Z), 38.25, 34.7, 31.5, 29.1, 25.9, 18.3, -5.5; ESI-HRMS
m/z: calcd for C27H3s0.NF3NaSi [M + Na]* 514.2360, found 514.2358.

(2E/Z)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-[(1-naphthalenyl)methyl]-4-
phenyl-2-butenamide (25sA). A pale yellow oil; An inseparable mixture of E/Z isomers. Ratio of
E/Z isomer could not be calculated due to overlap signals of allylic protons with CH,OTBS protons;
IR (neat): 3314, 1655, 1619 cm’*; *H NMR (300 MHz, CDCls) &: 8.15-8.11 (1H, m), 7.89-7.86 (1H,
m), 7.76-7.73 (1H, d, J = 8.1 Hz), 7.58-7.13 (9H, m), 6.64 (1H, t, J = 7.5 Hz), 6.22 (1H, brs), 4.26
(2H, brs), 3.57-3.51 (4H, m), 3.33 (2H, g, J = 6.0 Hz), 1.63-1.55 (2H, m), 0.80 (9H, s), -0.07 (6H, s);
13C NMR (75 MHz, CDCls) 6: 169.1, 138.9, 135.5, 135.3, 135.2, 134.3, 133.8, 132.0, 128.8, 128.7,
128.62, 128.55, 127.1, 126.4, 126.1, 125.7, 125.5, 125.1, 123.4, 61.9, 38.1, 34.7, 31.5, 29.8, 25.8,
18.2, -5.5; ESI-HRMS m/z: calcd for C3oH3s0.NNaSi [M + Na]* 496.2642, found 496.2632.

N-[3-[[(1,1-Dimethylethyl)dimethylsilyl]Joxy]propyl]-3-phenyl-1-cyclohexene-1-carboxamide
(25tA). A colorless oil; IR (neat): 3315, 1655, 1619 cm™; 'H NMR (300 MHz, CDCls) 8: 7.33-7.16
(5H, m), 6.54 (1H, brd, J=3.0 Hz), 6.42 (1H, br s), 3.75 (2H, t, J = 5.4 Hz), 3.52-3.42 (3H, m), 2.37-
2.30 (2H, m), 2.06-1.97 (1H, m), 1.91-1.72 (3H, m), 1.69-1.50 (2H, m), 0.88 (9H, s), 0.04 (6H, s);
13C NMR (75 MHz, CDCls) &: 168.5, 145.0, 134.72, 134.66, 128.5, 127.8, 126.4, 62.8, 42.1, 38.6,
31.50, 31.48, 25.9, 24.4, 21.0, 18.4, -5.4; ESI-HRMS m/z: calcd for C;2H3sO,NNaSi [M + Na]*
396.2329, found 396.2327.

General Procedure for Preparation of y-alkylated a,B-unsaturated amides [Table 10]. To a
solution of a,B-unsaturated N-alkoxyamide (0.35 mmol) in CH,Cl; (1.25 mL) were added TBSOTf
(0.17 mL, 0.74 mmol), i-Pr.NEt (0.24 mL, 1.4 mmol), and NusAl (1.05 mmol) dropwise at room
temperature under an argon atmosphere. After the addition, the reaction mixture was stirred at 40 °C
and monitored by TLC until the complete consumption of 23g. Then this reaction mixture was
quenched with an aqueous Rochelle’s salt (1.3 M). The resulting suspension was extracted with
CHCIs. The organic phase was dried over MgSO4 and concentrated under reduced pressure. To a
solution of crude product in THF (2.5 mL) were added imidazole (88.5 mg, 1.3 mmol), DMAP (13.4
mg, 0.11 mmol), and TBSCI (180 mg, 1.2 mmol) at 0 °C. After being stirred overnight at room
temperature, the reaction mixture was quenched with saturated NaHCO3. The mixture was extracted
with CHCIs. The organic phase was dried over MgSO. and concentrated under reduced pressure, the
residue was purified by flash column chromatography (Biotage Isorera One using Biotage SNAP KP-
Sil 50g silica gel cartridges) (n-hexane : EtOAc = 4 : 1) to give y-substituted a,B-unsaturated amide
25gB-25gD in the yields shown in Table 10.

(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-(phenylmethyl)-2-pentenamide
(25gB). A pale yellow oil; E/Z >20/1; IR (neat): 3317, 1658, 1621 cm*;*H NMR (300 MHz, CDCls)
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8: 7.31-7.20 (5H, m), 6.37 (1H, t, J = 7.5 Hz), 6.20 (1H, brs), 3.71 (2H, s), 3.63 (2H, t, J = 5.7 Hz),
3.37 (2H, q, J = 5.7 Hz), 2.26 (2H, quint, J = 7.5 Hz), 1.67 (2H, quint, J = 5.7 Hz), 1.07 (3H, t,J =
7.5 Hz), 0.89 (9H, s), 0.05 (6H, s); *C NMR (75 MHz, CDCls) §: 169.2, 139.2, 137.7, 134.6, 128.5,
128.2, 126.1, 62.1, 38.1, 32.8, 31.5, 25.9, 21.7, 18.3, 13.5, -5.4; ESI-HRMS m/z: calcd for
C21H3s0.NNaSi [M + Na]* 384.2329, found 384.2326.

(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-2-(phenylmethyl)-2-hexenamide
(25gC). A colorless oil; An inseparable mixture of E/Z isomers. E/Z = 13/1; IR (neat): 3314, 1656,
1619 cm;'H NMR (300 MHz, CDCls) &: 7.31-7.18 (5H, m), 6.40 (1H, t, J = 7.5 Hz), 6.17 (13/14H,
brs), 5.47 (1/14H,t,J = 7.5 Hz), 3.72 (2H, s), 3.62 (2H, t, J = 5.7 Hz), 3.36 (2H, g, J = 6.0 Hz), 2.22
(2H, q, J=7.5 Hz), 1.65 (2H, quint, J = 6.0 Hz), 1.49 (2H, sext, J =7.2 Hz), 0.96 (3H, t,J = 7.2 Hz),
0.89 (9H, s), 0.04 (6H, s); 3C NMR (75 MHz, CDCls) 8: 169.1, 139.2, 136.3, 135.2, 128.5, 128.4,
128.2, 126.3, 126.2, 62.0, 38.0, 32.8, 31.6, 30.5, 25.9, 22.2, 18.3, 14.0, -5.4; ESI-HRMS m/z: calcd
for C22H3;0,NNaSi [M + Na]* 398.2486, found 398.2480.

(2E)-N-[3-[[(1,1-Dimethylethyl)dimethylsilylJoxy]propyl]-6-methyl-(2-phenylmethyl)-2-
heptenamide (25gD). A yellow oil; E/Z >20/1; IR (neat): 3315, 1658, 1620 cm™*;*H NMR (300 MHz,
CDCls) 8: 7.29-7.16 (5H, m), 6.36 (1H, t, J = 7.5 Hz), 6.14 (1H, br s), 3.69 (2H, s), 3.60 (2H, t, J =
6.0 Hz), 3.33 (2H, q, J = 6.0 Hz), 2.21 (2H, q, J = 7.5 Hz), 1.67-1.53 (3H, m), 1.34-1.25 (2H, m),
0.89-0.86 (15H, m), 0.02 (6H, s); **C NMR (75 MHz, CDCls) 6: 169.2, 139.2, 136.6, 134.9, 128.5,
128.1,126.1, 62.0, 38.0, 32.8, 31.5, 27.7, 26.3, 25.9, 25.5, 22.4, 18.3, -5.4; ESI-HRMS m/z: calcd for
C24H410,NNaSi [M + Na]* 426.2799, found 426.2796.
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