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5-HT
Ac
AcOH
ag.
Ar
Bn
b.p.
br

Bu

c

Cy

d
DBU
dd
ddd
ddt
DMAP
DMF
dppm
dppp
dg
dqt
dt
dtd
dtq
EDC
EDG
EWG
eq.
ESI
Et
GABA
h

hexane

5-hydroxytriptamine

acetyl

acetic acid

aqueous

aryl

benzyl

boiling point

broad

butyl

cyclo

cyclohexyl

doublet
1,8-diazabicyclo[5.4.0]undec-7-ene
doublet of doublets

doublet of doublets of doublets
doublet of doublets of triplets
4-dimethylaminopyridine
N,N-dimethylformamide
bis(diphenylphosphino)methane
1,3-bis(diphenylphosphino)propane
doublet of quartets

doublet of quartets of triplets
doublet of triplets

doublet of triplets of doublets
doublet of triplets of quartets
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
electron-donating group
electron-withdrawing group
equivalent

electorospray ionization

ethyl

y-aminobutylic acid

hour

n-hexane



HRMS high resolution mass spectrum

IR infrared

M metal

m multiplet

Me methyl

Mp melting point

n normal

NBS N-bromosuccinimide

NCS N-chlorosuccinimide

ND not detected

NIS N-iodosuccinimide

NXS N-halosuccinimide

NMR nuclear magnetic resonance
NR no reaction

Ph phenyl

Pic 2-picolinate

PTLC preparative thin layer chromatography
q quartet

quint quintet

quintd quintet of doublets

r.t. room temperature

S singlet

sat. saturated

sext sextet

t tertiary

t triplet

td triplet of doublets

THF tetrahydrofuran

TLC thin layer chromatography
TMS trimethylsilyl

tt triplet of triplets



EAvEY D4 1L JRHI & LT Chemical Abstracts D4 HEIZHES T8 ALY kLT —
Z OFLEFCAR X, B O ZEHA LT,
Ada S o A% o Numbering 1 Fit o X 912k — L7z,

1
8b © 1 8b
1 5 1 O-N o @, O-N

)|\/>5 )\/)5 9 Yo ] 3 9 "
HO 3 073 8 } 3a 8
7 6 4 7 5

6 5 6






H X

R - 1
A 9
F1E O-T/FLt Pt A—FORRMGZREMEE T2 3-E ki f Y

Y — VB EIROE K ----9

F1H O-7 Uk Fax¥ A— NOAR—BMISEHM LI 3-E Frfxi 1Y

FA LB AL D B S 14

%1 foEShs L OB RO 14

B2 TH USRI DELL -19

528 N-AFN-3-A Y FH Y 1 G EIE D BT --mommmommmom oo 25
F3EI NO-UAF ke RuafFth A — oAbl kb 4-0-3-14 %5

7B R D B ----- 28

H2# TR EATHAF Y AT —T VO BB — MNBRLEUSIC & 52681
TV U UDERK 35

B S FRATINBRERSIC X BZRERA V9 ) DU DB ffmmmmmmemmeeeeee 39
W28 TSI E D T-T S 7 0T DB mmmmmmmmmmeena- 47

;ﬁﬂ:g{ﬁ} - 53
A 54
B AT EBROE 55
BO1HT 1R 1 EE 1 HOER 56
528 51 R 1 EE 2 HOER 66

53 1 2 Hioo EHR 67
AR 1R 3EOER 70

H 581 B2 A 1 HiOER 79
56 i 52 B 2 MioEER -89

STk 93






=S
o>
=

=

ST REEEML T 5 7 L% > OBBKIS 2 FIR Lz ~7 o B A mRiE I = o
(LEERIRIC S BHRA~T 0B E SR CE2AARTIETH D, Y frc, BE-EFHBEGO
& 9 722 U7 sSRESNL 2 53 T NIC & 2 T V% v O BRSSO A %@4‘%3_%3&[5%#
ICR AR AGIH CE D720, ZRREER~T RRMIGLND, FEIL, BE—
FEAGLLTe FaFr 7 ‘/V?DZL#*‘/A*E%:%O?}b%/@ﬁﬁfﬂﬁm%%ﬂ%& Lie~T
HERAMRIEZ R L T o ~DOARERIC L U 5% L7 (Scheme 1), fflxiX, & Fu
%v7:/\ﬁ%vbkiUﬁ%vAi~7w®M$ﬁ%ﬁﬁﬁméhk?w%y%&%
L.5-endo-dig XX CTHETLZZ L TA VIV Y —ABLIOAS VXYY VERERENT
W5 (type A), P 2B, A VIV — LD ANA~EHRE R ZEATIEAIT. AT SHE
AT D FER RN TH Y | BER T EoBEREL R ITADITIEA STV iny, Zhioxt
LT, YWFEs CIXBBRMGHE ., BRER - EoBEHIL R OSHEZFIHA L, RY & 4 ii~&
WMATE LR BEOENT-ZERA VXY — L ARIEEZRE LTV (type B), Y — 4,
T XY DT =T IVDERFFNT NV B8 L 5-endo-dig MR THBRS A ETT D &
N-7 /o e on—LVERERENTND (typeC), @ £7-. ¥ 2B L UNE Fu X4 L
FAFE IR DRI A NEVAL SN2 T V% 2 T 5 6-endo-dig B D BABR RS IZ L W
B VR U EBAREN TS (type D), " LaL., BBRKGHZICT La¥
I EOBBIL AR L, SIS A0A AT SOSBIE S A ZE R TS L 72 SO
IZIRDND, DT, 7 b= v EOBEHILZ RO RIS~FIN§ 28k SOS OBRFE 1
TAXUERTHE RaXo T I BV AFHERO S 554 AEOILKIZo2
NHEZEZHLND,

addition of - addition of
oxygen to alkyne nitrogen to alkyne
-0 5 OR!
N type A : 1
%Rz (uRSu) : /N/® t c N/OR
2
/ ‘>\< P, R ype | R?
(R®) R’ 1 Y
1 R" = alkyl
R'=H or Me /O Q )n—1 [M]
type B ® OR! ( ®>
NI/O i / [M] :,f . | N7 type D | N 0
4 1 ' Lo~ 1_ :
= 2 R B H S 5
41 R = allyl n= 2 R e NN R2
or [M] or
ArCH, alkyl

Scheme 1. Cyclization reaction of hydroxylamine or oxime derivatives bearing alkyne.
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b= v B OB O ROSHEZ BRE U2 ERE ROSIC LD A Y Y — B LU Y



XY OUBEROEGBIEORBICET Lz, IILDITAF U 2HT50- 7V e R
X A— k1 OB —EBMKRICED 3 KXo g VR — LEOARICET L=
(Scheme 2), T7bb, 7TAXU2HTH50-7 UL Fadd A — b 1 2E BB
WS 2 & BER T OHARKIEDEITL, 4 VXYY —VEkad b ot F Y = A
MAB R TE L B2 06ND, Hit\ T, A% Y = AFREO RIS ZFIA L7-[3,3]-
V= hr BB L0 T U VIR A L~ EERAL AU, ZiEHL 3-E Rad i Y
V=L 2(R*=H) BLU3-A VY XH V1 3(R=Me) BWIIRIIZERTE S L& 7=,

[3,3]-sigmatropic N_o

rearrangement | R’
HO N
X X R%2=H
o(\ - o(\ addition of @of\ s 1
2N 2N~ oxygen to alkyne 2N~
T e RMW : 2
ON (¢} \}\ o) e

'o
1 , 1 M] MeN 1
R M R R2 = Me 740
1 A B 0
3\

Scheme 2. Strategy for the synthesis of 3-hydroxyisoxazoles via
cyclization-rearrangement reactions.

FPT. B RaXHA—hlakx 12-Ur ooz ¥ VBRI, it UCHie () %
HWTHR — 80 SDMET 2 {To7c & 2 A, HIO 3-8 Refxi A Y X4 —L 2a 1
36% DI TG H 7 (Table 1, entry 1), IRIZ, ULERD[A] LD Tz Ok % 724 @ Al 2 g L
7z & 25, PicAuCl, & W25 G I BUS A i bR K AT L. BRYD 2a 73 86% DULR T
BFoinis (entry3), 72, [FRFIZ 34 VXV Yl da HIERIGETH LD Z ERH L E
ootz ®

Table 1. Gold-catalyzed cyclization-rearrangement reactions of hydroxamate 1a.

HN-O X catalyst (5 mol%) NI/O ph X 0o
— 7 + N Ph
oékw\\ (CHCl), ~ HO 4L<>_
N Ph reflux \ o)
1a 2a 4a
entry catalyst time (h) yield (%)
2a 4a
1 AuCl 10 36 ND?
2 AuCl; 2 74 8
3 PicAuCl, 2 86 8

a) ND = Not detected.



AN BT DT X 2 RO EHIEDFAZOWTHFT L 7= (Scheme 3), TDFER, 7
IV U RIRICER 2 7R EHUL 2 S O 1b-g Z WS E TH RIS RIIZET L, HIYO 3-
EREXRI A VXY= 2b-g NILRELSELND Z ENH LN E RS, Y

o 2b (R = 4-MeOCgH,): 78%

UN-O X1 PicAuCl, (5 mol%) N° >R 20 (R=4-CFyCeH,): 75%
_— 2d (R = 4-FCgH,): 88%
07N (CH,CI), HO 2e (R = Me): 65%

reflux 2f (R = n-Bu): 74%

1b-g 2-4h 2b-g 2g (R = t-Bu): 52%

Scheme 3. Substituent effects on the alkyne terminus.

WIZ, REONZHBT 57 VK EOEWELN R 2 M L7z (Scheme 4), = OF5HR, 27 fir
WCAFNEEE LS Fexd A — K 1h ZHWE5EEA. B0 2h 08 B RIETHE Sz
WU LA FAEE LS Fasd A— Ml 2HAVWESES, 3-E Fefi g ysdy—
IV 21 Y BRDULET LGN Rrotz, e, Ui ZHWEIGE T, U fLORFENA
VXYV DANLITEANINT 2 BEEFRM E L TR LN, ZORRENS. ARG
TR E LCRBI-v 7/~ hubt—iifiaRmT o2 nBExosd (35 1 &FH 1 HiF 1
IH), ¥

R? N-C.

R!
/0\3)\»@ _ . | p—Ph 3
HN 2 ; PicAuCl; (5 mol%) HO 41. R2 . %N’O
_ . Ph
o)\ (CH,Cl), R R? M
Ph reflux 3 o
2h
1h:R' = H, R2 = Me 2h (86%) 4h (8%)
1i:R' = Me, R2= H 2i (35%) 4i (18%)

Scheme 4. Substituent effects on the allyl moiety.

PR OfERE S L1T, REICORIGHREK 2 E% L7 (Scheme 5), 7. &filitic L > T
EHELENT=T VX e Radxh A — o7 /b afk UERFE N EE L, 5-endo-dig £ CFA
B9 5L THRIA B-1 BNERT 5, il T, B2DarrA—varinb[33]-v 7~ b
B iR AEIT L, TR C GO D, BB, efEORA L FEDPEITT S 2
ET, HHD 3 FaXxi g VXY — L 2 REONTEEZEZ TS, B, 314 VX1
VBV AFBI3IDAVKRA—Ta ST UIVENERNL L, < oA L 7 e M
AR L > THRLNZEZEZTWD (B 1 =8 15 25,



1 ® ® ]
0 0
[Au] HN’O/k YR NI /R
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u
o @//\/ [Au] x 2\
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— B-2
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Scheme 5. Plausible reaction pathway.

Fo, B ReX P A= 1 ORERT LT AT AVEREEALEEL, ik &R
FAER — B SR EIT L, 3/ Y F Y unrRNEGonstExobhb, 2T, BFEET
FlizAFNEEZEANLTZO-7T U /LE K FH A — |k ba-e Z VT, PicAuCl, |2 X 5 FHER —
WAL 2 BT LT, ZORER, WThOHRE bARKISITINRAITET L, BRDO N-AF
JL-3-A VXYV 1 3ae NEFRINERTHE L (Scheme 6) (55 1 355 2 &), ©

-0,
0 _ MeN 3a (R = Ph): 97%
MeN" "X PicAuCI, (5 mol%) /R 3b (R =4-MeOCgH,): 85%
——— 0O 3¢ (R = 4-FCgH,): 88%

0" (CH,CI), 3d (R = c-propyl): 82%

reflux
5ae R oah 3a_e\ 3e (R = 1-cyclohexenyl): 79%

Scheme 6. Gold-catalyzed cyclization-rearrangement reactions for the synthesis of
N-methyl-3-isoxazolones.

SHIZ, B Rt A= EHWEHARKICO S b5 EHE LT, ~NeRIERIGICE
HL7z, 37bb, NO-UAF Lk FrXHhA— s EHWeaBLEIGETTD &, 4
0-3-A V¥ arn—FIGohbdtBEx, 2T, B RaxHh A— | 6a DB
Bt %, NCS 38 K ONEALER (1) 2 AW TRET L7c, O/, 4 ITERRF 2 EAS N
7234 VXY nm L Tad 84%DINFHE TH: H AL (Scheme 7, method A), £ 7= At 1% NBS
(method B) 35 KXY NIS (method C) Z W 2356 THAEMIZEITL, BA® 8a B LT 9%
MEINER TR LI,

_.OMe o)
MeN _method _ MeN ~)—Ph method A: NCS (1.5 eq.), CuCl, (25 eq.), 6 h.
1) e MeCN o method B: NBS (1.5 eq.), CuCl, (2.5 eq.), 2 h.
N Ph reflux X method C: NIS (1.5 eq.), CuCl, (1.0 eq.), 2 h.

7a: 84% (method A, X = Cl)
6a 8a: 94% (method B, X = Br)
9a: 96% (method C, X =1)

Scheme 7. Halocyclization of hydroxamate 6a for the synthesis of 4-halo-3-isoxazolones.



AT RSO RGHRER & 242 L 7- (Scheme 8), £7°, Hfbsd (1) 2LV N-Nxmp AT v
YA I RO T URFBIOT VR CORERE SV, PRIKE AT D, VT, B
RaXH A — R OT7 VL ax VBENMEHR LS NTZT % 255 L | 5-endo-dig £=UCPAER
T5HZETHRKF BNERKRT D, &%ZIZ, 72 M= MU UWZE > TAFVERIESIND
ZET, A 434 VXYY nr Ta9a NG onb EEZTWD (5B 1 EE 3 ),

Me NXS ge Me—=N NMe
.0 g @1
MeN cucl, | M) 3 MeN-O2 op | ——= MeN©
0PNy MeoN 02\ M M "
N / “Ph o \ 0
Ph o X X
6a ti& F 7a: X =Cl
8a: X =Br
0---CuCl
- 9a: X = |
L E -

Scheme 8. Plausible reaction pathway of halocyclization.

WIZ, TAVXHHTDH O-T U AAFTAT—T/L 10 # iz, BB REMEIC XS
PHER — AHINBRALEUGICAE F L 72 (Scheme 9), T72bb, TIAF 20325 0-7 U A F
LT =710 Z WG, ERIRFOLOHARKICHEITT 22 T N-T L aXx Ty
AFUAV RHPEKRTHEEZOND, T, T/ AFU AU REFIHLT, 7V L
B BTNV AL E D5 T NATIBRAL G D HETT 3R, 2REMEEE b oA VXY
VUUBELI, SHIT, UOAYFFY U UORBRE S BARDMIMERERISIZED |
TERELOUEN S VXYY D R2REGLND EE X,

Q/W O N R O-N R
ST,
A
1 12
A

10 R

M } | [3+2}-cycloaddition
\] v
0 >
_N | addition of ! (,3 f
@ \ nitrogen to alkyne n'/N®. R
---------------- > @)
X (j;T
M R M]
G H

Scheme 9. Strategy for the synthesis of bridged isoxazolidines via cyclization-cycloaddition

reactions.

EF. 10a £V mnT 2 UREAME T, M LTS (1) 2ROV TRRIGE BE
Licd 2 A, BBEhlL4 VX3V U Uy llaB LU= hr v 13a 28 44%E SO 14%DILET
BT (Table 2, entry 1), 7035, 13a i3 11a O V¥4 U DU A BB L= fE 88 L -



LEZTND, RIT, Hx REBE BB ARG LT & Z A AuCI[P(o-tolyl)s] & iV 7235
A1 11a 23 T0% DR TR LT (entry 2), KIZZ v X B VBTSN TS Z Et
L& 2T A, BIRRWZ L1 138 O S 67 DA INBRALEUR D EIT LTz & & 2 b 5 5854
A YXH VY T 12a B SA%DIER TR LI (entry 3), ZORER LV, KIS %E EIRSE
TETITH 2L Tl2aBnfFoid EEZEZX LD, £ 2T, XV ERSH CTRIGETT 9 BT,
saa_UB o Ee LT, #EH 160 °C TRIGERB LIZE Z A, HIIDOA VX4
VY r RamBE—0ERME LTHE L (entry 4), RIZ 12a DIROE LD, 4:fil
BEDORF AT > ToAEE. (AUCDdppm 2 FWZGEICBRIOA V3% 2 12a 7% 90%
DR TH LN (entry 5), *

Table 2. Gold-catalyzed cyclization-intramolecular cycloaddition reactions.

0 0- S Ph 0-
/l\ll/w catalyst (5 mol%) " Ph O\NC?» N Ph
> / + X P + 7
solvent
\\ temperature
Ph
10a 11a 13a 12a
entry catalyst solvent  temp. (°C) time (h) yield (%)
1la 13a 12a
1 AuCl (CH,CI), 83 1 44 14 ND”
2 AuCI[P(o-tolyl)s] (CH,CI), 83 11 70 17 ND
3 AuCI[P(o-tolyl);]  PhCI 132 24 ND” 24 54
49 AuCI[P(o-tolyl);]  PhCI 160 24 ND”  ND” 68
5% (AuCl),dppm PhCI 160 24 ND”  ND” 90

a) The reactions were carried out in sealed tube. b) ND = Not detected.

WA, ARJEO PSR OFEI O 7=, 10a OFABR — B LG TR B b4 11a
B LW 13a, 12a DM EEW A KR L7- (Scheme 10), £3{b&¥ 1la % 12- /7 unx X
VHERAECRIE S E 2 A, = he v Ba g oniz, £, =hrr 183ak s
PR B S LT, BE 160 °C T L5, BRIEHRL Y > ) D 12a
2%DOIETHLNZ, £2T, Naz s ra X Br 2R LT, 4+ 160 °C TN
BT pL, —ZGUERA XY U Uy 12a ~EEBREINTZ, £72, 12a By
B 160 °CITIIR L7256 Tl 12a ER S 7z, LA EDORERD OARBISETIE, 5
AVXH VT Ua BERKL, HEWVWT 1la O L b e -[3+2)- (B LIS A E T LT, =
ke 18a NAERT D, K 13a Doy FHN[B+2-FIBRAL LN EI T 55 2 & T A4 V%
YUV RadEFEEND ZERHLNE T, D)



PhCl, 160 °C, 64%

| o !

O~ Ph O~
N _ph °& N ph
/7 — 7 %—' No reaction
(CH,CI), PhCI
reflux 160 °C PhCI
46% 72% 160 °C
11a 13a 12a

Scheme 10. Interconversion reaction among 11a, 13a, and 12a.

Wiz, LEORERZ S LTRSS D SRR 2552 L7- (Scheme 11), 7", &flific X
D AFL DT —=T DT NF OPEHEES L, PRI T &%, RIZ, AF L2 —T 1
DEEFIFF N L 0 IEM L ST VX 25 L, 5-endo-dig B THIBR L7-14.
BV LT 52T, TYAF A Y FHREE I BERTLEBEZ NS, VT, 57N
WAFET DA V7 4 v & DFIBRALRE R ET L, B 7 1 b oAbl L7 e b ik
MDET L, 2UEHA VXY P Uanfmbhic B2 TnW5d, £72, mIRSGMHF T 1a
OBRRICEI VD = Fa v B8a G 6, S HRDLMMBEKINIZL Y 7 BB % D4UEH1
VXYV RanfFEND Z LRy T, Y

O/ﬁ :\’ O\N Ph O‘N
| ;;;3 Cin P Al
[Au \ ® /
102~ A 5
Ph
H
| K L

[Aul) [Au]
J
S -
H A N=
T ) — y /
[Au]
11a 13a 12a

Scheme 11. Plausible reaction pathway of cyclization-cycloaddition reactions.

WA ARG DO EHIN 2 it L7z (Scheme 12), ZDfE%E., 7 /L% v Rk« 72 (&
BEZ L OGAE TOARKIGDEITT 2 Z N photz, ok, 7%V RKiGICE R
52 10d BLO10e ZHW A, BEFHEEEEZ SO 100 07 L F LA O 10f &b
5 LTRSS RANCHEI T2 Z LN B E o, (2 B 1), ©

O/ﬁ O—N
i R 12b (R = 4-MeOCgH,): 62%
N AuCl).d 5 1% 6 4 °
(AuCl)zdppm (5 mol%) 77 12c (R = 4-FCgH,): 59%
PhCI 12d (R = 4-CF3CGH4): 81%
[ 160 °C 12e (R = 4-NO,CgH,): 82%
12f (R = c-hexyl): 60%

R 24 h
10b-f 12b-f

Scheme 12. Substituent effects on the alkyne terminus.



Flo, AFECEIVERTDOIN-TALIX T Y AF oAU Ridsy FBOGIZ & 05 A HE
ThidrtExbND, 22T, AFXVALZ—TFT VU DON-T7z=L~vLAI K15 LDHT
A INER (LB 2 #iat L7 (Scheme 13), T DOFER, A F v L —F )L 14a & 7 1 7k L
ISR T, il & LC AuCI(PCys) ZH\W=AI, B 7-7 ey 7 m221 74
> 16a 75 83% DR TH LNz, Tk Y, ﬁi&fé%?é?/%%/%)%i il
FOSZHRIARETH D Z ENHSL N E o7, RIZ, TAXURRIIBIT AU B R
FOBEBMIEDRERETI LT Z A, B REIELY bF %T@%%%oﬁ%yAI—Tw

ioﬂ%é% 7-THET 7 aR21NT X 16 WELND T ERgoTe (5B 2 B
2 &), °

OMe R o [AU] OMe

N AuCI(PCys) (3 mol% MeON % R 16a (R = Ph): 83%
. HOIPCYs) (3 molie) M3 . PhN 7/ 16b (R = 4-MeOCeH,): 73%
PPN CHCly L o) 16¢ (R = 4-FCgH,): 71%
reflux PAN_ 16d (R = 4-NO,CgH,): 10%
14a-d o M 16a-d

Scheme 13. Cyclization-intermolecular cycloaddition reactions of oxime ether 14.

PUlDX oz, e L5 7 VX ~OMBRMGERE LT 54 VX — LB LW
x%@%/%%/)yx@ﬁﬁé%%@%%ﬁ%%ﬁoko%®%%\7w%y%ﬁ¢5
b Ra 42— b & AWZGE CIEBRKIG & AL SOG2SER T L, ZE#: 3-& K
DX A VFYH = LEBIR3A Iy arNELND I ENDhoTlz, 2. T
VEATLAF Y ATV ERWESATIE, BBRKG & ATMBR LR AN B A I ST
L. —ZICEEHA VXU U RNEEND 2 ERH LN E T,



A

F1FE O-7/X)Lk Rax¥ A — NOPARMIL & Hilk b
7% 3-b FuFi gy ®dy — LiFg DG

3t RuXi g YIRS — T IR B FEMRETH Y . IR R L R
DOEEVEEE (pKa=4~5) 27T, D fl2IF, 3t FuXxs g YEF Yy —LEaa KR THS
muscimol (17) <° ibotenic acid (18) 1% GABA (19) 3 L O® glutamic acid (20) (A& 58l L
TWDZEMND, FHRMERRICERT L Z M5 Tn% (Figure 1), ™

N-C. CO,H
|/
HO NH; Y
HO NH,
muscimol (17) ibotenic acid (18)
0 0 CO,H
HO NH; HO NH,
y-aminobutylic acid (GABA) (19) glutamic acid (20)

Figure 1. 3-Hydroxyisoxazoles as a bioisostere of carboxylic acid.

KEHZ S OEMIEHEAL AW % Figure 2 127" T, GABAA AR T T =X MNEMZRTIL
A 212 2. GABANZRIRDE T =2 MEMZ/RTLAY 222, GABA FEHL Y iAZ
BREMEA 2~ LAY 239, GABANZARIEHIMEM 2~ LA 24° Nbh s,
Flo. B Fed i RICEBEALEANLIALEY 25 1%, £/ 7 I U bBERILEER 2R
T, O EXBIC, 3k REF oS VYR — L OERMEERTH D 34 VX u ST
EYNEHEIL GO T HREBRH Y . Bl 21X 5-HT, xBZKT T =2 MEMZRI(LE
Wy 26" o, FEMAEBME 2~ TREAITH 2bEm 270 B 28® s Tnb, 2
DEIT 3t FrFT A Y —AHEERB I, & OMERERITS A R EWIEEE
AT AHRA~T e BRILEMDO—FEThH D,



-0

Nl
7 ' NH
HO)\CNH HO /

21 22
GABA, agonist partial GABA, agonist

b

-0
3 e N
HO N-© N | )—Ph
3-hydroxyisoxazole l / % NH (0]
ydroxy HO HO H
NH
23 Ph \
NH, 25

GABA uptake inhibitor 24 py;
GABA t ist monoamine oxidase A
A antagonis inhibitor
Cl
-0 -0
BnN O MeN
RN-O p Ph
Y
/ o N™ N o
o073 NH Cl gt )\%*Me —
O —
3-isoxazolone 26 27 Cl 28
5-HT; receptor agonist  pgrpicides and plant growth preemergence
herbicides

retardants

Figure 2. 3-Hydroxyisoxazole and 3-isoxazolone motifs in biologically active compounds.

INETICHESNTVWDILER -t Fuxi o Y3V — LB E8ROAMIEL
Scheme 14 (2779, Method AL, B-7 h=AX7 /29 Lk FaX 7 I Z W3-k R
FUA VI =3 OGRIETH D, O Tihbb, B b ATV 29 EHEHMESMT
E R 7 I 020Nt Rash o N~ AT 5, kT, BRIESME FinEv 5
BRSPS L OWKEIGAEIT L, BD 3-E Fadi A Y53 — L 31 G55,
ARFIEIZLMP O ANTRS R E V- 3-8 Fefi g Yy — L alRiEThy, =
NETRLEZLFHEN TS, L LIOFETIE, SEROEMIEIC L > Tidr b
WALE B FEX U T R U OMAIC L 0 A% A 30 AR L, BB - CHRT L Z L
T5-A VXY vy R2BAIETLEERD D, 207D, ISR O 72 pH 6l (pH
=10+0.2) BUETHLLENRZ, Fio, 54 VX WV 32 04 EMET 5o T
EE LT BT =R T N 207 F iz b U r 22—V OEANT I > TIR#E LT
e 33 te Raxy 7 L v AVEAKIESIRE S Tnd (method B), ™ 472b 1,
B FaFr T IRV e FeXh AR 34 Z256%., BICLD7 2 —LOkRESHA
BREOGEAT D 2 & CAERMAR 32 24T 52 R ERND 3L Fufxi (Y Fihy—
N3 E/DLZ LKL TWD, ZOMMOFiEE LT, method C IZ/R L7 7 v B A LT
ATNVFHERIB L Faxo 7 I 02038 Faxi (Y d Y —/LFEk 36 D5



2 HHESNTVAN, KFETIT ANICERILEZE AT A= DI T IR TR
BHARVETH D,

method A - _
HO\un 0@ | 3) acidic condition
80 °C
=
1) basic condition OMFN >
- 2
2) NH,0H*HClI, base N
o R'  MeOH/H,0 * ) acidi condit
R2 30 °C 3 acidic condition
OR® NOH 80 °C
29
o) R'
R2
— 30 -
method B
ORY ™\ ' NH,OH-HCI NH
2
)\O><O base ;\O)<O aC|d|c condition
0 R’ MeOH/HZO O " MeOH
R? reflux
33
method C

basic condition

OR3 (pH > 11) N-O .| work-up
NH,OH-HCI, base @MR —
O)‘\ 1 30 °C 0] 4
R o

Scheme 14. Known synthetic methods of 3-hydroxyisoxazole derivatives.

Z T, MEREIIEAR D LER 3 RuFx oA Y Y — VHER O A BIE DT
ZHRE LT, 3 Rafig Y0y — RS b @ EE A % —251217 2 FiBl G ik o
BA%E % H¥E L7z (Scheme 15), +72bb, TAF U 2HTHE FafxHhA— 37 D7 /L
X VR AT VX A FRAINBOS T AU, PRUA P 3R T 5, iV Tl AR
P D 4 (i~DEHIE AL L ORMACRISDNHEITT 5 2 & T, Z@E#H 3-L Fudi (V¥
P —L 3L BEEICERTE D LB T,

RZ
0 ®
- /O _
Hn cylzation ANy oo REOHNQ L tautomerization T g
__________ - / R" —----» )\%—R -
) A 1 ) © 0 o HO 2
R
37 P 28 »

Scheme 15. Synthetic strategy for multi-substituted 3-hydroxyisoxazoles.



A VXY — AR AR T, BB X SRS AFIATE S &
ERTco TTICUMRETIETAF 26T oA X b —TF V& AW PHER — &A1
BOSIZ L D2 @E#A X — VA RIEDOBFIZEEN LT\ 5 (Scheme 16), ASUG TIE,
FH¥ LT —T 0 39 OBFEFEAPNEREBMLLIC X > TEE LS T VX o 258
% Z & C, 5-endo-dig BEUTEABR L. FRIMA R BNERT 5, VT, BERT-EICT UL
KEzb o5, [383]-v 7~ ha v —inEIT L, ZEHRA Y XY — 40 AT D
(K 1), P FE BELCT VA AFAEEZLOBEATIR, 7TV =L AFLED[L,3]->
7 MZE BN RGBT L A Y F S — L AL BERTH xR LTS (K2),%

R3 = allyl N-O
[3,3]-sigmatropic |/ R’ 1)
B 3 ] rearrangement 2
T (F'; ok’ . - R
-0 M] N~ 0
- 40
|/ 3
RN R? S R? R® = CHAr
R1 [M/] R1 [M] [1 ,3]-Sh|ft . Nl,o R1
39 . Q R ] WL{i' @)
Ar
41

Scheme 16. Cyclization-rearrangenemt reactions of alkynyl oxime ethers.

FROMIGEESBIZ, TAF 26895 0-7 U /Le Ra x4 2 — OERE B X
% PABR —Unf UG Z 1B L 72 (Scheme 17), 377205, O-7 U vk RefdH A — K 1 2EB
GBI CIRT 5 L. ETEBEBMBLA T LR RN T A EEZBND, WIT, T
b3 X VBRI N ER e R A X 0 IR LS e T L A KB L 5-endo-dig AT
PAER 32 2 & CTHMEB AR T D W TR T L7 UV LVEMNR3]-v /'~ hr v'—
BN L0 4~ EHRNIT 5 2 & T RRBVKFERTOHATIT AT D VEREA S

[3,3]-sigmatropic N-©

_ _ R1
AN rearrangement | Y,
A //\ @//\ o A
2 /O RZN/O X . RZN/O ’—_,—"
R°N [(M] \ cyclization MW TR H 2 \
----> 1 ) -mmm---- > A =
o%\\\ O)\g\ o o
w MR - T MeNA
1 L A B _ R? = Me 4
(@)
3\

Scheme 17. Transition metal-catalyzed synthetic strategy for multi-substituted 3-hydroxyisoxazoles

and 3-isoxazolones.



3 Rexi A YFhY—L2n/ G EEZE, —J5, RICAFLVEE LOHEAT
X, 40LIZT VAR EASINT 34 VXY ey 3 BNGLoND EE X T, RTETIE,
BERETLEOBBILICE>T3E X Y — L 314 Yy m o 28RN
AR TEDFIEIIRVED,



F1HEI O-T Uk Rax¥ A— MO —BANSEFH L=
3-t R A VHI YV — LA RIED %S

B SRR K OB R O

TUDICE L RDT X 2ET50-7 U vEe FrXdA— | la-g BL 1l 0E&
R &4T> 7= (Scheme 18), ik * OJjika5EIC, TAX U E2HT 570 AL 424
HYTF LT I UB IO DMAP fFE F, EDC ZfgaAlE LCTHWTO-7 U/l Ru
DT I UHEREE 43a LA S E 52 LT HBOE FedH A— | lag BLO 1
% 50-91%DULHE THHEL L7z,

OH EDC.DMAP  HN"O""XX\ R = Ph, 4-MeOCqgH,, 4-CF3CqHa,
o + HaNO o~ Et;N 4-FCgHy4, Me, n-Bu, t-Bu,
% *HCI —— = O % c-propyl, c-hexyl,
. CHCl, R 1-cyclohexenyl
42a-j 43a 0°Ctort. .
50-91% Ta-g,j-

Scheme 18. Preparation of O-allyl hydroxamates la-g,j-I.

Fo A BB AETAT I NAEAEZ LSO FesxHh A —F1lhBLO1i.Im. 1n 4.
PR FEREOFREEZANT I A LEE 42a L b R X7 I R 43b-e Z2ES S8
% Z L THAEL L= (Table 3),

Table 3. Preparation of various hydroxamates 1h,i,m,n.

EDC, DMAP _OR
OH Et;N HN
+ HNOR — >
O)‘\ -HCI CH,Cl, o%\
Ph 0°Ctort. Ph
42a 43b-e 1h,i,mn
entry R product  vyield (%)
1 Me 1h 28
2 1i 53
f\/\/Me (43c)
3 & 1m 47
\© (43d)
4 1n 60

S CO,Et (43¢)




WIT, TAFCREGIZT ==V % O Fr X A — b OuEgn e PR —is00 UGS %
et L7z (Tabled), £9°, B FuX¥A—|hlaz 12-V7 ooz ¥ U a@iidcif T, filft L
LT b (1) 2, BIR —EBARICZBRET L (entry 1), ZOREER, HIfFEY B
FOSDHEIT LI ZE X HND 3-8 ReX A Y X4 —/L 2a 73 36%DILHE T B ALT2 A3,
JFENCH D 1a 2% 44%lali S 7z, Z OEBIL, Hikd (1) ZHVWESE, &R0 A A
FAVER TS < . TR B NRIITTEE (L TE W), RIS HET LN B X
H5ib, WITALEY 2a DRI L& HiE LT, Bix 2B 4 B A 2 O CRBUG &2/
P L72, ZOREE, HALSE (1) LHLE4 (1) Tl KOS TE T EEEI Th > 7=
D3 B (IN) 2 RWZ5E TIESEMICKERET L, B 3-8 Fr¥ oo VY x i
V=)L 2a DN TA%DILETHE H 7= (entries 2-4), F7=. 7TV NENER BTN LT &5
26534 YFH e rda bIRETIEH AN ER L TNDZ ERbroTz, RIZ, B
b () ZHWTRISZIT272& 2A, 34 VXY rr da i3fFbingnorzin, B
D 2a DR BT L= (entry5), & 51T, PicAuCL? Z W THE L7-#E 8, bRk
SBUSHHETT L, HRYD 2a 73 86%DILHE T BT (entry 6), 7235, ARJLFMAIZINT
Hoentry 4 L[RERIC, 34 VXVl 4a 8NDILETH LN, £-, &fitz Vg
WEARKSZERTT LI E 2 A, BISITET L7 (entry 7), LLEDORERND ., AN
JEDOWEITITIT BN MIEHTH Y . 72T PicAuCl W2l CH 2 Z E RIS L
o,

Table 4. Optimization of cyclization-rearrangement reactions for the synthesis of
3-hydroxyisoxazole 2a.

HN,O\/\ catalyst (5 mol%) | )—Ph \/\N”O
o‘i\sgg\ (CHc),  HO™ ¢ : 04$\4)h_Ph
Ph reflux \
1a 2a 4a
entry  catalyst  time (h) yield (%)?
2a 4a
1 AuCl 10 36 (44) ND”
2 CuCl, 24 NR®
3 PtCl, 11 NR?
4 AuCls 2 74 (8) 8
5 AuBT; 6 64 ND”
6  PicAuCl,” 2 86 8
7 None 24 NR® | D
= 0]
a) Yields in parentheses are for the recovered 1la. N
b) ND = Not detected. ¢) NR = No reaction. C"A:U/O
d) Pic = 2-Picolinate PicAUCH,




WIZ, RSB T DT F R OEHIEDRIZOWTHRFT L7z (Table 5), £3°,
VRUVBREDORIMLUIA FXVEBIO NI TAF e A TR T yFEEFTHE KaF
P A — b 1b-d Z IV BN O fx i (Table 4, entry 6) 2 HIUNTARLUG Z 3t L7z (entries
1-3), ZDOFER. WTHOLEIZBW T HERMUCSARIRAHEIT L, BRD 3-8 FeX
DAY XYY = 2b-d BPINER LGOI, WIS, TAFURECT AT VAL SO R
22— | le-g B L1l Z W TARKISOET 21T > 72 (entries 4-9), Z DOfER, S04k
DT IVFIVEERLEIRDO T VX NVILE /TS le-g B LN -l THFEREICKSOEITL, AR
D3t FrXi Y8y —L2e-gBION2j-I| WHRREND BIF7/2 IR THE LN, Lk
DFERNG . RIS TIET L F RO EBREOFEFICEAD LT, WIThoHas 3-8 K
BX A IR GEOND T ERHALMNE T, 72, entryd BE Wentry 7 2B
WT, WINOEE B ER BICT U VEMNEASRT 3-4 YV F Yy u v 4 RRERHCHE S
Too 3A VXYY B ADERITONTERT DL, entryd DAF VAL E D le DIET
X, de [FMG Do o3, tert-7 TV EEE © D 1g DG TIEL, 49 723 15% DI TH: 5
Nz, ZNHORERLY, 34 VXY ur 4 OERITIZT LV 2 Kl O E#LEE O LR
FRNEELTWDL EEZBND,

Table 5. Substituent effects on the alkyne terminus.

HN-O~X\  PicAuCl, (5 mol%) Nl’o/ R X\ 0

. N
o)\ (CH,Cl), HO * M R

R re2flﬁx \ (@)
1b-g,j-I 2b-gj-I 4b-g j-I
entry  substrate R yield (%)
2 4
1 1b 4-MeOCeH,  2b:78  4b:9
2% 1c 4-CF4CqH, 2c:75  4c:5
1d 4-FCgH, 2d:88  4d:6
le Me 2e:65  4e: NDY
1f n-Bu 2f: 74 4f: 11
6% 19 t-Bu 29:52  4g:15
7 1j c-propyl 2j: 72 4j: NDY
8 1k c-hexyl 2k: 75  4k: 11
9 1l 1-cyclohexenyl  2I: 90 41: 3

a) The reactions were carried out for 4 h.
b) ND = Not detected.



WIZ, RIS HBT 27 U VM EOBEBRIEZHFIC OV TRRET L72 (Scheme 19), £, 27
PAZATFNEE SO Fax¥ 2 —k 1h 2V, st CAKGE KRG L2 A, B
D 3-&B Raf A Vx4 —/L 2h B 86% & BAF/RICETH LN, F72 31 V¥ ¥ Y
> 4h RGO (U 1), WIZ, BRI R eFrlkzboe Fufxdi—|
i ZRHWTARIGERF LTIZE 2 A, A4 XV =D 4 (L7 a F IO HEIT L
ALEW 2B L2 b BB BN ST LA 4 B L0 BELRT (U
2), 2B, 3 NORBIFRF DA Y FH ) — VEBRD ANITEAN S 2i BEABD & LTH
BN D, ARSIEERK & LT)RI]-> 7~ hu B —iii A oS EZRE LT 5
ENRBEIND, £, 3-BE Raxi A VX — 27 HIRIELRNLELNTZZ &
5. ARRIEO—EIT 7 a F KOS F AL FIO[L,3]-2 7 ML DM EAET LTV D
tEZLND, £, BIEFRA LY7o~k EE Lo FaddA—K 1Im O
JETIE, B E TRV ERF TRy 7 e~V EREASINE 34 VXU
odm BEARYE L TELNE (U 3), ZOEAEE, FERIZOWTIR®B T AR, v
EAF = VOV RS EmSOTDEEZEZND, —FH., T U AEOREZT AT
NEFTLHE Fufxdi—In 2 VGG TIE BIRENZ LI23-E FrfiAf Y33
V= 2n PE—OEEME LT N4, EOZ L RRISTIET U AED
2 LT VRN EERTHHE T 3-8 ReX oA VXY — U RRIE LD D,
U B LY 3 LT AF AL S OEE TIET U AVIEORRALIZ IS 1T 5 N0 & SR M 2 il 4H
TERWZ ERbnotz, —F, 3 LT AT LD X REBEFRIEEHT 856 TIL
FEREX A YIS —LOANBTELNDL T ERHLNE R ST,



/o 1 0, N/O
HN > PicAuCl, (5 mol%) | )—Ph YN’O
1 3 HO e * Mez M—Ph (1)
S (CH;CI, o Me o
Ph reflux
2h
Th 2h (86%) 4h (8%)
1 Me
\ '
> NO
M—Ph
0_AUM o
- e
HN" T PicAuCH, (5 mol%) 4i (18%)
> (2)
0%\ (CH,Cl)y
Ph reflux 0
i 2h N~ y g
| Me™ -0
2 )—Ph
0
4 (18%)

N-O
-0 , 0 | Ph
HN PicAuCl, (5 mol%) Y N N-©
. HO M—Ph (3)
07 (CH,CI), o
Ph reflux
2h
1
m 2m (27%) 4m (56%)
.0 CO,Et -0
HN- O SACOE ol (5 mol%) N|/ Ph
~ HO )
07 (CHoCl),
Ph reflux EtO,C \
1 2h
n
2n (71%)

Scheme 19. Substituent effects on the allyl moiety.
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AREFSONTBNT, 3-8 ReXv A Y4 — o 4 (LT VVENEAIND TR
FOGEREE X, AR OfES (Scheme 19, =X 2) 705, [3,3]-3 7~ b B —ixfriZ L 55+
RitEEZzbivh, £ T, ZIKJiFM%\%W}iFET“&)é L EERT AT, BEfILOR
2B o00-7 U e Redd A — NEE AN TREEREIT 72 (Scheme 20), T 72
b TF RIS 7 uasF VR LRI BICT U VEE SO IKEB LT, Tk
Kl 7 = =WV EBERIR T B2 2-2AF AT UV EE &0 lh OFRIELVEIEEYZ, 1,2-
JanxH UG T, PicAuCl, TR L7- & 2 A, BRSO HEIT L%, 0 FINT
N PUOSSEIT LT 3-8 Rk f Va9 —L 2k BL O 2h BRENENFFLE DR T
oIz, 70k, 4 [ TN SR N HEST L7224 W) 20 35 KL O 2a 135 H /e - 7z,
ZORREY | AKRISIZBIT D7 VIVEEORRAL ST RIS THEIT L T D Z & A3
Hinklpole,

N~

HN O -0
|/ N-C
(0] % |/
HO Me
1k 20

. (62%)
PicAuCl, (5 mol%)

- + +
+ M (CH,CI),
e reflux
HN/O\/§ 2 h N/O N/O
| )—Ph | )—Ph
0" N . HO Me HO
1h 2a \
2h (59%)
1k :1h=1:1

Scheme 20. Crossover reaction of 1k and 1h.

PLEDORERZ S L2, RSO RIGHER 2 5% L7 (Scheme 21), £7°, O-7 ULk RH
XY A — N L BNSMBEORNIZ XV IEHE LIS A & 725, it T, E RefHA—hO7T
Jb 3 X VEEFRF R K 0 IEMHL S T VR v A BB L 5-endo-dig B TRABR 3
52T, TR B A ELIND, RIS, 7T U NVEOENEISIZBWNT DD I R A—
arinFExbid, B21L6 BEREBIRELZZKL TS arRmA—2 3 ThHY, B-3
I35 BEEBIRELZTERT 220 R A— g Thd, KRGO ERETIL, B2 o=y
RA—Ta rB[33-v < bu Bz L0 7V VIO OGS T L, A C
WAERRT HEEZOND, &EIZ, @MEORAE L FHPEITTL2E T, 3-8 Fr¥k
TAVXHY =L 2B BN EBZLTWD, —FH, A VXY R4 EB3 DALk
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/onizbBEZTND, ®
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Scheme 21. Plausible reaction pathway.

W2, FRRORIGHEEEZ S L2, LTO/RRIZOVWTELE LT,

1. AREISZEBT D 3-A VX% v 4 BNERT DO

2. suaFnEkErboe FexthA—F U153 FaxiAf Y3y — 2 80200
DSAERR T 2 BRI

3. TUNKED 3 fLlc=AT vEE ok FrXthA—h In 2256 3B ¥ A Vi
V=L 2n PRIRAGIC AR T 2D SOSHR I

1. AIRCEBT D 3-A VX a4 PERT D RISFEEE
A TT VxR tert-7 F /LA ok Rr X4 A — | 1g (Table 5, entry 6) <°,
BERT LIy 7 a1 EE o Re¥H A — |k 1m (Scheme 19, R.3) #Hu 7z
BT 3-A Y FHF Y r s 4 OPERPEINT HMAA A DND, FrZ, Im ZHWizGE
TIE 4m OUCERTHE| Ciﬁ‘*‘ﬂﬂbfco INHDOHBEZRD K HIZEL LT (Scheme 22), 7 &
EWEIEEZ 72720 1e DA (R=Me: Avalue 1 1.7) R I EEWEHEZ o 1g @




%a (R=1-Bu: A-value > 45) LI LT, B2DarhA—a VEEMNICEDZ LRE
ZoND, D, B2 ODavkAiA—rarkE b EAICHERL[BI-V 7~ hu B—ix
MEDEIT L, HID 3-8 Raf A VY —L 2e RRIIZE LN EEZBND (X
1.R=Me), —J7, T/LX VKIIZ tert-7 F LD X 5 e S @ W ERRIEZ 5 1g D4
le L HEE L CAKIEED 2D B2D a R A—2 a VAR 257280 . B-3D 3 R A —
Ta UINBERA S EIT L7234 VXY m L AgDILERENHIM Lz L &2 T (i,
R =tBu), £7-. BBEFF LICo 7 a~Fbo LD L5 RS KIch S &V ERELE &
OBE.B2M DAL IRA—T g BT, Y aaft o ikl 7 2 = oA il &
DYNKBEPRAELD EEZ BND (2), TOFER. B2m DA R A— 3 80§ B-3m
DALVKRA—=a VMBI 572034 VXV ar dm OINENPEINLZEE 2T
Al

=~ ® N-©
L )R] )R B )\/X\ o 0
(0] o) O
4 [Au] [Au] 2\
B-3 B-2

R = Me (1e): A-value 1.7
R = t-Bu (19): A-value > 4.5

- .

HN-OC __. HNO P ;ﬂL

)\/f Ph )\/X = @
H

o
[Au] [Au]
B-3m B-2m

-4

\

N o)
Scheme 22. Conformations of 1g and 1m bearing bulky substituents.

2. ZuFnHErt o FaXxHh A—h1inb 3-E ReX A VXH Yy — L 2 BLUN2A°
DS AR 2 USRI
AR DFEFERF Rl 7 v F iz b2k Frfxd A — K 1i OIS (Scheme 19, K 2) (2
BT, 3t FrFo A Y F4Y— 2 i Cidid 20 #MEohTnd, 207k, K
BOE[3,3]-3 7'~ b m B —HA(IZ X 5 BOC#ERS (Scheme 23, path A) 721) T/ <, — &8I
VLT WHRERL, ER LD F A ~DOF (path B) 125V 3-B Fafx oAV
XY —ABELNTNDZ ENEZBILS (Scheme 23),

ElAvalue @ a A DT X T A—T A U T L G
FEERICET 5= XA F—ETh Y | SR AREE 7D R T
—OThDH, @ R
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Scheme 23. Other reaction pathway of allyl migration.

ZZ T, Z7uaF a0 1 iz C, Scheme 23 @ path B Z#%&H L TS EITT 5
HHZZER L, $7200, 1i OFARBICEIZAER T 5 H A B-2i I2k W\ T, 7 U VR
B D A F VK & B & DSRRKFENAE T D Z b, T UL D B-2a LH#L T
B-2i ®a AR A—va &kl LTCEN SN ET LITK K25 B2 B 5 (Scheme
24), FTo, VA TFNATFAANIRER2HRAIT AL #REBT 5720, 7TINVATFA L Lk
LT aFADF A AIBRGIAERT HEEZOLND, ) TDd, —HOB-li Dav
RA—=arnbraF T4 nAk L, Scheme 23 @ path B OGRS TH 3-8 F
BX A YFHY AR GELNEEZXTND,

o/ \-Me HNEE el N\ HNSE
HN-© - )Ph i HNO lPh
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Scheme 24. Conformation of O-crotyl hydroxamate 1i.

IOEIREZOLE, B ReXY A — 1 1L OB VR AT A2 BT DAL G DK
RS 2 B 53 LT (Scheme 25), 7o, Al & [AERICEAELIC L IS (b= T v



SR L Fafd A — hOmBERFALHERE L, THEB-1 &5, HW\WT, Z7aFu
HEOBBESET L, 7 aFADFAHUPNERT L EELOND, PRI nFALhTF
DA X — VD AFA~EBASNDHIET, 3-8 FakxiA V3 Y —L 2 BE50
HEZEZOND, 7T NN ANA~EFAINDLEMIZBWT, path COXHIZrmTF
VI F A N CIRE — IRFBAE A A TR T DGR &, path D DL D27 v F L F4
VRIBES CIRFB — IRBRERETER T DGR N EZ bND, ZD=d, LAW 2 7213 T
I <ALEW 2 bRIFFCGE DN B X bId,
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| / Ph
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B X Me ]
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Scheme 25. Proposed reaction pathway through the crotyl cation formation.

B ARBIGTIE3A VXV v 4i B IO BEFEEOIETH ST 5 (Scheme
19, X 2), 2T, ZOHAEERTIED 4i BLIO 4T OAERRKICONWTERLEZ
(Scheme 26), 4i DAFRIEIT B-3 D 3 LR A — 3 U BEEAL RGN HEI T3 5 28 (path
E) KXW uaTFnAhTFAroEpks 7 a A Z bz k5 AA DERDO%R, 7 aTF s
F A L NESCAIINBOS LT 28888 (path F) BB X bid, —J7. 4 OERREKIT
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Scheme 26. Proposed reaction pathway for the formation of 4i and 4i".



I aFNRFA L DERNRI LN AA OAERERB L, 7 1 F L F 4 2 R TS
BT DREENE 2 HLD (path G), @ 7eds, 7 aF b F A4 ~OMIRIGIX, —#%
ENTARBEE O /N S W RIRA~EIRASAINT 2 Z E BRI TV D, ARG TIiX, 4 034K
9% path G 721 TIE R < 4 BWAERRT D7 o F v T4 L INENZA IS 3 8473 5 path F
EHENL S HETTT 5 path E BT 5720, 4i B L O A BRRE DR TER LIZ L E
ZTW5,

3. TUNEDI LIz AT /N EL D8 RaXx¥ A — F & HWERIRIZE T 5 MR

—F. FRROBREEK LT, 7Y AV EOKEGIZZAT VA D8 Rr¥H A— K 1n T
X3 R A YIHh Yy —n NHE—OEFYME L THELALTWSD (Scheme 19, K 4),
UL B REIETHLZAT N E LD L TL fLTOHNVRD T A U AERPAF & 72
L7z, [33]-3 7~ b B —E(IZ X DS DR BET LR EE X B D (Scheme
27).

— 2' —_
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Scheme 27. Favored conformation of 1n in the rearrangement of allyl moiety.

UboXoic, EHEITAXCZ2H8T5 O-7 Uk Faxd 4 — hO&itic L 5H
B U Z R Lz 3-8 RaXxi of V29— LoOFHERIEORBICKRI LZ, &K
FOSITER % 7o R ¥ XA — D BEERBET 45-@F#: 3-8 X1 VXY —L
NELNLENTZTIETH D,
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S YRV a b AEPE LA E ENTWA T, FRHA~T B {tEMTh b, +
D=, L@ 3-A V%Y 0 ORMIEORFEME L L AT TBY ., Zhbof%
Scheme 28 (12~ F, I HEFHINTWD RIEZ, 3-8 FrfF o VX4V —/L 46 O
JEMESIET I AL T XL E I N-T AR ALEIGICE D 31 V¥ H Y mr 47 B&
Va8 AT 2 HETHD (K1), " AFEIIMEICEE 2 2T VX NVIEEEATE S
O, EMIEHELAMOSRICHRIAER TS, L, ZOHFETIEABO N-7 ¥ L
bl 47 35 10V 48 LRIBEIC O-T L ALK 49 B L VB0 WEHND, £7-, friE Sk
R E DR 3 YR YY a URIIARE LB ShTns (X2, P 4nbb, b
Rt A — | 51 Z9REIE TS % 2 & THIBRRISHAET L, 34 V¥ % m 52 M
WA LTELNINTREDINETH 5,

N-©. RI, K,CO4 RN-© -0

N
L/ > Y, + |/ (1)
HO acetone ) RO
NCO,Me reflux NCO;Me NCO,Me
46 30 min
47 (R = Me: 41%) 49 (R = Me: 42%)
48 (R = Bn: 49%) 50 (R = Bn: 30%)

Me,N  \~tBu

Me,N | I
1 27 Py -R—NMe,

-0 -0
MeN 77/R Me,N NMez MeN / R )
3 _
O//L\>\ ) toluene 0]
o OR reflux OR?

3-24 h o
51 52 (13-68%)

y

Scheme 28. Known synthetic method of 3-isoxazolones.

F I TERIL. LR ORI R L ER 3-14 VXYY n U ERIEDIE L BIE L
T, EFRFTECATFAEEZ L O RrX¥ A — FOMABR — 8L Z 51l L 7= (Scheme
29), bbb, TAX U 2HT50- 7Lk RuX$A—K1DEHREITAF LEEZEA
L7z 5 &l CAE 2 & 5 1 Hi Tl 7R & [FERIC 7 V% v iR b L OFAER
FOSHET L, HFREIR AD RAEKRTDHEEZBND, Ft\T, A VXV —LEROD 4 [~
ET UNEOENBETTHZ LT, BRI A VXY ar3nfGohd &Bxl,
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Scheme 29. Synthetic strategy for 3-isoxazolones via cyclization-rearrangement reactions.

FP.EBERCATFAEE L O Raxd A — 5 O&H%EFT-7- (Scheme 30), STk 2
DIFHEHEN, & FaFdA—| laks L 1b, 1d, 1h, 1j ZKFELT b U 7 L(F7E T,

A TFVTRILL T N-AFIALEATU,

39-70% DL THRL LT,

.0
HN S e MeN- O
R
0& DMF 0"
R 39-70% R
1a,b, d, h, j 5a-e

R =

HEJD N-AF /b RadxH$ A— | bae %

Ph, 4-MeOCHy, 4-FCgHy,,
c-propyl, 1-cyclohexenyl

Scheme 30. Preparation of N-methyl hydroxamates 5a-e.

Y/ 1N

TV EHHTDHN-AF/LE Fafxt 2 — K5Oz L 25 HE— G Ko %

Ef L7 (Table 6), £, Bk D 3-t R o VWV — LERIEDOKESETH D 1,2
U7 nnx X g F PicAuCl, (5 mol%) & V2 UGS T ba Z v =@ S &
179 &, BB PABRBUG SN SOSNEIT L, BIO N-X FL-3-A V¥4V 3ain

Table 6. Cyclization-rearrangement reactions of N-methyl hydroxamates 5a-e for the synthesis of
3-isoxazolones.

-0
MeN
MeN" O PicAuCI, (5 mol%) © P
SN (CH,C1), °
reflux \
5a-e 24 h 3a-e
entry  substrate R product  yield (%)
1 5a Ph 3a 97
2 5b 4-MeOCgH, 3b 85
3 5c 4-FCgH,4 3c 88
4 5d c-propyl 3d 82
5 5e 1-cyclohexenyl 3e 79




7N DU T LT (entry 1), RICT AF U RKimOERILE L TRUE VR EOE#IL
RERRILIZE A, RUBVEREDONRIMICA P VESLT vEEATDHE Rk
A—h Bb B LU 5c THLUSIFRIRAITHET L, HD N-AFIL-3-A Y FH >V 3b ik
KOV 3c N ERAFRINEE T AL (entries 2 and 3), IRICT /L% A RKImlZ > 7 v 7' m B LELR
YrunFl= LA S 5d BLU 5e DA THKISHNETL, X535 N-A F/1-3-
AVFHyrry 3d BLO 3e BNERGRIGETHELND Z ERH LN E R ST (entries 4
and 5),

b X Hic, FFIFERR - EICATFAEEZ S S0-7 ULk RrdH A — FOMER—
HARL RS & % 45- B 3- V) X4 0 L DOARITHRE LT-, ARG TIZWFHo N- A
FN-0-7T Uk FaxHhA—rZ2HWEHETHHMD 31 Y XY o RN EIER T
LNDZERHALMNE ST,



F3H NO-VATF/E FaxHA— o vBIbLKIGZXK D
4-r~11-3-A VXY 1 A RRIEDBFE

ATE T~ 7 & 9 ICH B 1RO R R L EH 3-1 Y F

Y u U ARIEABR L, LinL, AFETIEA V39— RZN-O »
BRO 4 NLISEATE DEMENT VVERICRES D, £ZTH OM
FlL, AN R x B A AT 52 L 2ZE LT, 40ih e X

53

4-halo-3-isoxazolone

FoAbENT 34 VXY e KR LEZ, Thbb, 4-N8-3-
AYFYH Y a3 BEMRTEL ezl & LT
IR EBESEANAETH D EE X HND,

ZI T, 4nm3- A FH Y a o GliEEZRET L2 HNT, 7% 2035 NO-P A
Foe FaxtA—bk 6O vBR{ERIGIZHEH L7z (Scheme 31), T4V T2 Y4HF9EE Tl
TNAX L HHT5H NO-UAF /)L Rkt A — K 54 OB b OBZIZRTI L T
% (K1), P2 TEHIL. COFEEAE R A— b6 ST, A Y2V —
NEBEOREEE L N~ 7 AN —2RICHIT L, 434 Y Fx PV ar 79 WELND EEX
7= (X 2),

.OMe B ® N

MeN MeN-OMe o)
/
o NCS, CuCl, 5 S
MeCN
% reflux \ R \ R
o R . | cl
AE 55
YO
Me
meN OME xS cucly |\ 0@ MeNO
MeCN )R T > )\27 2)
O%\ reflux o)\gi © X
R
X 7:X=Cl
6 AF 8: X=Br
9: X =1

Scheme 31. Halocyclization of N,O-dimethyl hydroxamates bearing alkyne.

T, TAFUERTH NO-UAFILE RaxH A — |k 6ag OERKAETT-72 (Scheme
32), ik 2 OFEICHE, T u B AR 4Ta-d, f-h 2 B Y =F L7 2 23 LU DMAP 7%
fEF. EDC ##fiaAHl & LTHWTNO-Y AT /L Ruafx 7 I VR 56 Sfia sS85
ZET, HOE Ru i A — | 6a-g & 48-92%DUR TARK L1z,



OH ,OMe

OMe EDC, DMAP  MeN R = Ph, 4-MeOCgH,,
o)\ ¥ MeHN~ ‘HCI  EtsN TP 4-CF3CgH,, 4-FCgHy,
-Bu, t-Bu, c- I
R CH,Cl, AN R n-Bu, t-Bu, c-propy
42a-d, f-h 56 0°Ctort. 6a-g
48-92%

Scheme 32. Preparation of N,O-dimethyl hydroxamates 6a-g.

T, MEFFEOBEHILE LTV E LD O Pk Refd A — | 58
DEREIT->72 (Scheme 33), & KXt A — kK 6 OAMIELFEKIC, v B4 /LEE 47a
ZRUZF LT I B L DMAP fFE T, EDC ZfiAAlIE LT O Pk ey 7
SUHBIE LS SEDH LT, O Ve FaddA— K57 A LT-, KIZ, B R
72X A— b 57 ZKHFTFT NV T AEHET, FUAATATUET S Z LT N-AF ik
LTV, HID O-_U PL-N-AF )Lk Ra 4 A — |k 58 # ARk L7z,

OH BnONH,+HCI Hn-CBn NaH Men-CB"
),\ EtsN, DMAP, EDC Mel
o > _—
X CH,Cl, O%\ DMF . 07
42 Ph 0°Ctort 57 Ph 0°Ctort. Ph
a t.
50% 74% 58

Scheme 33. Preparation of O-benzyl-N-methyl hydroxamate 58.

WIZ, TAXV R 7 ==V A2 H D NO-U AT /e KuefxihA— |k 6a OBl
[t ERat Lz (Table 7). LARTOBIZE 3 25812, 2 BED NCS B L 2.5 4 EOH{LHE
() FETF 6a 27 & F= F U LERSEM T B LS Ba Lz (entry 1), % DOfE R,
@ 0 N BILBUSEIT L. BAIO 4-7 nn-3-4 V&9V o Ta 2 84%DIR T
BTz, WIT, 34 Y FH Y 7a DR L& B LT, NCS EH8 (1) 0Y&E
Bamit L, £9°. 2 48D NCS & 1 Y 'O (1) ZHV5 &, 7Ta DIEENKT
L7z (entry 2), —J, ¥ b#A (1) FEFAE T 2 B ED NCS DI CTARMIGEFT » 7241,
Ta X2 G&E 6N o7 (entry 3), KRIZ. NCS FEFFIE T 2.5 Y EDHALE (1) DA TR
ZHETLIZE 2 A, BLISITEIT Lo 72 (entry 4), ZHDHDOFEENS ., RS TIE
HALEA (1) & NCS OB ENMETHDH Z ENghoT-, WIT, 25 HEOHE(LSE . NCS
15 YEFE CHE LA, BROLEY Ta 8 84% DR THOLND Z LR L 0 E
7polz (entry 5), ZORERNG . WRIFETFAEAT D ERICRISIE entry 5 DSR2 5 T
LT ENghol, WIS, o e S U BT HHNT, FRx R N-~NeB X7 A IR
(NBS 35 LTENIS) Z W TAREUG & et L7z, 1.5 258D NBS 36 LN 2.5 2 & DM bd (1)
WL ZA, BiIffE ) e B LU EIT L, BRO 4-7 0E-3-14 Y ¥V u 8a
DS UANDIRTIHF LN (entry 6), 7. ABUSICHWT, 4IRS BAINTIZA Y



XHhyur TalifGEoniholoiod, A Xy AlEAINS N 1S i NBS B3k
ThoHIERHABMERST, 72k, HALH (1) FEFEET 2 M 5D NBS & UV CARRIG
ERRETLIZE 2 A, entry 3D NCS D& L1382 . HIO/LEY) 8a 73 2T% DI T
L7z (entry 7), IKIZ, 1.5 &M NIS I L8, 2.5 HEDMEE (1) 2O TARKIGZIT>
A ThH, BHIID 4-3 — R-3-A4 VX9V o2 9a NERTHE ST~ (entry 8), S 512,
NIS Z W2 356 Tid, ks (1) 2 1 9EE TREL Th 3 — PRSP ET L, H
BIDALEW 9a 28 96% DI R T H 7= (entry 9), 7233, HALgA (1) FEAFE T 2 48D NIS
EHWTARRISERET LT 2 A, BROLAEY 9a PR DI TH L7z (entry 10).
ULEDFRERNS . AaBES TR, BREFRBIO, RFAFF. 3 vRFEFOWTH
LEARGETHDLZ EBHLMNE ST,

Table 7. Optimization of the halocyclization of N,O-dimethyl hydroxamate 6a.

Men-OMe NXS, CuCl, MeN-© o
MeCN //‘\/27
o % reflux O X
6a Ph
7a: X =Cl
8a: X =Br
9a: X = |

entry NXS(eq) CuCly(eq) time(h) X  vyield (%)?

1 NCS (2) 2.5 6 Cl 84

2 NCS (2) 1.0 6 Cl 64

3 NCS (2) - 24 Cl  NR"(99)
4 - 2.5 24 Cl  NRY(99)
5 NCS (1.5) 2.5 6 Cl 84

6 NBS (1.5) 2.5 2 Br 94

7 NBS (2) - 24 Br 27 (63)
8 NIS (1.5) 2.5 2 | 96

9 NIS (1.5) 1.0 2 | 96

10 NIS (2) - 24 | 53 (45)

a) Yields in parentheses are for the recovered 6a.
b) NR = No reaction.

W, RGBT DT 0% o RKimOEBIED R 2 MEt L7 (Table 8), £3°, X B
B EDOARINOBEBRIEHRERF LIZE A, A MFVEBIORNY 7041 2 FVH
7w F#F & B 6b-d DA TIEINCS BLUINBS,NIS DWWz HW=EAThH, B 4-



a3 Y XY r L 7b-d B LV 8b-d, 9b-d MR THE ST (entries 1-9), fEl>
T TAFRURICT VFAEEZ SO FrEd At —| 6e-g 2O TARIGEZBRH LTz,
ZOREF, NCS & AV HETIEAMO 4-7 0031 V%4 12 Te-g [HRILHET LA
Foh7rino7z (entries 10, 13, and 16), —7J7. NBS I8 LU NIS 2 HIW 12356 TIHBUGHR)
FKHJPTHEIT L, HIID 4-~1-3-A VF % 110 8e-g 3L N 9e-g M RAFARULKTHE L
(entries 11, 12, 14, 15,17, and 18). ZH H DR B, NCS & V7o~ m BHUSUE & i L
T, NBS BLUNIS &0 m BERISOHA, HIO 4-110-3-1 Y 4> 0 L AR I
HRTHOLND ZEBRALNE RS2,

Table 8. Substituent effects on the alkyne terminus for the synthesis of 4-halo-3-isoxazolones.

MeN MeN R method A: NCS (1.5 eq.),
method )\/2’ CuCl, (2.5 eq.), 6 h.

6b-g reflux 7x=c cNIS |(21(.§'2qe.§1,')’ o
8: X=Br CuCl, (1.0 eq.), 2 h.
9: X =1
entry  substrate R method  product  vyield (%)
1 A 7b 61
2 6b 4-MeOCgH, B 8b 86
3 C 9b 93
4 A 7c 70
5 6C 4-CF;CgH, B 8c 87
6 C 9c 90
7 A 7d 83
8 6d 4-FCgH, B 8d 90
9 C 9d 95
10 A 7e 29
11 6e n-Bu B 8e 74
12 C %e 95
13 A 7f 23
14 6f t-Bu B 8f 87
15 C of 76
16 A 79 49
17 69 c-propyl B 89 68
18 C 99 95




KIS DPOGTER 2T 5 BT, BERF LI PV EEe b ok Fa i X —

k58 @ NIS & i 7z~ B L BUS & i L7 (Scheme 34), Z DOfEHR. N~ mBRILSISITH)
KEPNHEIT L, 4-F— F-3-A4 VY XH Y 1 9a B UUOICRTH L, [FRFIZ N-X 2L
T RT 2 R 5978 84% DI T b T,

MeN/OBn NIS, CuCl, MeN~© Ph )OJ\
> +
07 MeCN 07‘\/87 Me~ “NHBn
AN reflux |
Ph 2 h
58 9a (94%) 59 (84%)

Scheme 34. Halocyclization of O-benzyl-N-methyl hydroxamate 58.

WIZ, T BT X K59 AT D RUSKEHS & 5% L= (Scheme 35), £7°, Bk
JRIZ XD A AG AT D EBEZBbILD, RIZ, W THLTE =R LITL-T
HEE AG O DVERIR S, 4-93— R34 VXY ey 9aBLONN-U U=
NUUDAALF Y AHBAERT D EEZ LD, ¥ HV0 T, RERE (Y) ICk>T=hV D
T AA A AH SHEHEE AL 60 b L < 1T AL ASERE L, % BB 1Tk BMIINT % 2 & T N
DVTERTIRBBEOENTEEZEZTND, 7ok, REFIINXS HRETHAT &
YA RT =A B R OMALSE (1) 2 DRAET DA A THLEBEZTVDNR, 7
T RHATS 5,

Me :N\

OB ®/Bn
.OBn NIS 2
MeN cucl, | MeN© MeN-©
2 ) Phl— /) —Ph
0" MeCN 0 o)
Ph | |
58 AG 9a
_ v 7
+
Me/gNBn
® Y@ 60 H,O )OJ\
P — p— — >
Me—=N~—Bn °5 Me~ “NHBn
AH Yo
_ 59
Me—=N—Bn
Al

Scheme 35. Proposed reaction pathway for the formation of N-benzyl acetamide.



PLEDORERZ S L2, RRISORISREK 2522 L7 (Scheme 36), £7°. M b (1) i
KO NBRT A I RO T VR ET T DNEEIEIS S Z & THRE A 2
T 5, W, B REXH A — 0T L aXx UEEERFAER SN T AR R K
B L, 5-endo-dig BkAUTPABR T 5 2 & T, K AF AT 5, T, BETHL T
F=hRU Ko TAFVERHIESN, BOD 4-a-3-4 VX H >V m 79 BRELNT-
EEBEZTNWD, 2B, N-AF A=Y VT ALFy AKITRERE (Y) ICX it Sh, &
BIZKBIMT D ETN-AFATERT I K2 ~EEBEINTLEEZIBND,

B Me—:N\
OM Me Me
_ e
MeN NXS, CuCly | MeN~© MeNCj)O/)
- . R
O)\R O)\Q O//j'\/gi
/R X
o. X
6 N AF
\O\
- “CuCl, _
~ v _
0 © Me/gNMe
MeN Y H.0 o
_— > R + 61 2
7/ Me—=N-Me —> or —
(0} Me NHMe
X AK v@ 62
7: X=Cl L Me _l\%Me
8: X =Br - _
9: X =| AL

Scheme 36. Plausible reaction pathway of halocyclization.

AKEISTEONZ 4 a3-1 VXY o o OFREEZERT 5 HE T, RE—-IRERS
TERRTE D =FHDO 7 u A0 v 7 ) 7 sz et LIz (Scheme 37), £4°, 9a &7 =
=ATEFLERCCHED v 7V RIS ERR Lz (1), 30k o ki 5B,
DMF i, P F /LT I AF(E ., il & LT PACl,(PPhy), 38 X OV 3 w4kER (1) % VT
JSEAT ST RE R, AN T VR N EASNT A Y X5V a Ly 63 BN REDRTELN
Too WIT, 9a &7 == VRN a UBOSAKR—"EHA v 7 ) 7RO E Lie (3N 2), SCHR
B DHEEBEIC, B LT ==L 1 g% DMF 1, K,CO3 71E K. PdCly(PPhs), fii
BT L= 2 A, 7= VEOEASINT-A XYy 6d N Ebniz, 5T, 9a
EAF LD Heek SR #Bat Lz e 2 A, LAW 65 2155 2 Ll Lz (X3), =
DI, 4-F3—R3AVFH a9 3kkA R Ty 7Y OSBRI TE S Z &R
oMM E 7o T,



MeN-©

H——=———Ph Y Ph
PACI,(PPhs),, Cul, Et;NH o 1)
DMF I\
50 °C
5h Ph
63 (55%)
VN0 PhB(OH), MeN-©

PACI,(PPhs),, K,CO3

MPh
O DMF

/ Ph

L

2
5 (2)

9a 6h 64 (55%)
Zph
MeN-C.
PdCIz(PPh3)2, BU4NBr, K2CO3 / Ph (3)
DMF © —
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65 (74%)

Scheme 37. Cross-coupling reactions of 4-iodo-3-isoxazolone 9a.

UEDOEITERIIT NV 26T H5NO-PAF/)Le Fath A — koo ig{bisx
FRELZ 4034 Xy ar OFRICHKI LTz, £/, BF iz 4-9— R-3-1 V%
yua ik, Wy TR ED AN~ EREA REHRIEAEANTE L AR LT,



B2HE TNAXRUEATAHALIF L —TI)LVOEE—fTIN
BALRSIC KB ZEERLA. %Y ) O DAL

R TR _7= K 912, A Y ¥ %Y — ViR L R EMER L EDICEENL TV DE
Hla~TaB{bamTh 5, £, TORITLETHDLA VX TV U D0 FRIERICRAMS
EMEHLAMICEEN TS, ¥ ZOHFTHHERA VX3V ) DU 2 G KRM b
BTk, ZOHI% Figure 3 (277, MldEMEZ <3 Securinega 7 /L B A KD
virosaine A (66)*” <>, Lycopodium japonicum 7> 5 HiEfE S 7 S A N FLEER 2 3
lycojaponicumin A (67)*. Alstonia pneumatophora 7> & Hififf & 1 7= HUIEIETE M 2 R 9
alsmaphorazine A (68)2 NG SN TWVD, ZO LI ICEBEEEZ oA VIV U DU
Z OBMRMEIE 72T TR < BREFA OAMIENE 2 R AT REE S IR T X B k)M 7ok
WAL TH D, 1o T, BEBHA VX9 ) Y OAKRIEDBIFITAA AL EE L OE)
HOBURNOEERPEDO —>TH %,

HO™ -
Me
virosaine A (66) lycojaponicumin A (67) alsmaphorazine A (68)
cytotoxic activity inhibition of pro-inframmatory factor

anti-tumor activity

Figure 3. Isoxazolidine motifs in natural products.

INETICHRE SN TODEER A VX9 ) Do OA k% Scheme 38 127777, £77,
method A 1278 L7 FiEIL, = hr 2 69 OOFWNITHIET 24 L7 1 & D4y FN[3+2]-f+
INBALEUGIC X D AUERIA V%9 U 20 70 DEFKIETH S (301, method A), P AFik
FEFEMEOEWEMRFIETH D0, MUK £ CTRIFFADLETH 5550132\ (> 36
h, £/, = baH{bEW 72 L7 a XX Px 73 & O[A+2]-HMERAL KR L 5 2848
BIA XY YD TADOERIELHRE S TS (X2, method B), * AFiETIE, & F
BXYABRTILO OB L= ha HeEm T2 L7 a2V 13 05 A nEb
FOSC k0, ZBERIA VX U DU TANELBNDS, S5, X/ UV TAFRAT L —
JLT5 e ReXoT 2276 o, @RI~ A T AATIBORIT K 2246 A x4
VU DT OEBIELHRE STV (33, method C),* L7> L. method B 3 J U method
C Tk, ZLORMICEEN TV ABHNICERF T2 H T H4EM A X ) ov
EART D LIIRETH S,
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A
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Scheme 38. Known synthetic methods for bridged isoxazolidines.

FTEEIL, WEREITERDYER A VX ) DUOAKIEDOREEZ B E LT,
MR BT UV LEEZLON-TLaxF T AF A U RAM Z2 W= 5FEAHns(L
FOSC# B L= (Scheme 39), 472 b, 7l ax & o “HiEAES 2 B MR T & L,
DFPNCTFET DT Y ATF A4 U R EDOB+2-BRALEG 23S T3 AUE, #7272 287 o
VRS TIENARTED LB X,

intramolecular

O-N
(I)g\/ cycloaddition R N-Q RZ _ N R?
R1vN§/R2 ---------------- . m
R1

AM 78

Scheme 39. Intramolecular cycloaddition of N-alkoxyazomethine ylides for the synthesis of bridged
isoxazolidines.

N-Taxs TS AF oA ) RERWERIGEZ AV E TIZEB] Lol S Tunan
(Scheme 40), “Padwa 5 I/ FHNICY T VY HE b O4 ¥ AT —T /L 79 &1 ¥ Al ¢
WS 2L TT Y AF AU FAN ZFHR L, BB 80 & OFINBRLIIE 21T - T
% (1), £72, McMills HIEN-T VXTI AF oA ) RERBELEZTYU P 830
BEREREL TS (R2), T7hbb, PTYVEEL OV AT T8 1Ty Al



TS LTI AF A Y FAO OFRKSHETL, 7TV P 8 M EKT D, L
ML, TNHDHEIFEZRF A EOEBIEN A X URICRESN TS D, Takx
VEIFAEDNTIER SN TR, £, INETICHE SN TWVAD N-A XU T Y AF
AU ROARIEZ, 7 MbEWE v U0 MMl CUE T 5 FIEOHLTHY | EH5 1O
e % £ 5 AR FIRIIR R OBEN L WEORMA D 5,

R2
H , " © i[ . NOMe
X -OMe  R® Rhy(OAc), xy-OMe R2 R
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Scheme 40. Known reactions utilizing N-alkoxyazomethine ylides.

TOEIREFEOLE, HILWON-TLaX T AF AU ROFREALEE AW
ERISIC X DGR A VX Y P OE R ZFHE L7 (Scheme 41), T 726, afifilT
NEXLERTDH O-T U AAF T AT—T )b 10 O T /L% N INER B AR CIEE(L &
N, &R LA BHRBFFNEE L SN T L F o~ L, 5-endo-dig BERTHBRT 2 2
ET IR A REATHNTALAXRLT I AF A FHBRERTSEEZRD, Y

LU0 o

. . O 1 1 1
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= ©¢\\ cyclization /l\i :—\: \ __N& <
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% \
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Scheme 41. Synthetic strategy for bridged isoxazolidines via cyclization-cycloaddition reactions.



FWT . T haxT i EOT T AL GRANRT) & OFINBRIC S ST 3 U X285
AYXFV YD U BERT D, SHITA VIR DUOBR ® L &S 5B
FOSSEIT AU, B8 @8 s V3 Vv 23 Bonsd L& 2, AFEE B
MERAUEHEIEZ oA VXY U DU —EORKINRECTHIEMICHE TE 57217 T <,
EEIHET DT R COFETDERDPICHAAEN D720, JRFIROBE L HLER
T FEZRVED,



FHLE AFPUTINBEEUSIC K D BAER A Y 92 ¥ DA

FP. WE LR O- 7T U A X AT —T )L 10a-h DEKEITo7-, LHEEATH D o
R T VR b oy 7 a~Ft /2 84a-h™ 28 208 LU Na,SO FE T, O-7 U L
B Red o7 I UHEBIE 43a L OMAERISEITVY., BO (E)-A % Ax=—7 /L 10a-h
% 53-95% DI H THEL L7= (Scheme 42),

o/ﬁ
0 Na2804 _ lll |

" R = Ph, 4-MeOCgH,
+ H,jgo N P, 4-CF 4CoHy, 4-FCHy,
X '\/(')e%H N 4-NO,CgH,, c-hexyl,
R 43a 53-95% R £Bu, TMS
84a-h 10a-h

Scheme 42. Preparation of oxime ethers 10a-h.

F7-. X LT —F )L 10h Z 30k 0 O FEICHEND TMS 2 RE L%, K7L
> 10i Z n-BuLi # HWTC U F LT EF Y R L, 7 aX@AF L TRILTY =25
NEHBD (E)-4F LT —T7 /L 10j AR L7- (Scheme 43),

o o) 2" )

— _ N =
(X NaOH ©/\ —.C')J\OMG (;K
X MeOH XN THF A

TMS 99%, -78 °C CO,Me
10h 10i 73% 10j

Scheme 43. Preparation of oxime ether 10j.
Flo, v/ B UED IMMIZATFAEEL B (BE)-AF L= —T7 )L 10k I L UWEHR

JFF B2 2-AF LT VLRSS (BE)-AF LA —T/1 101 b, Bk & FEED HIETERK
L7z (Scheme 44),

R2
?
0 R2  NaySO, _N
+ H2NO\/§ pyridine

i A HCI MeOH 3 A
R Ph 0°C R1 Ph
84i (R" = Me) 43a (R%2 = H) 10k (R' = Me, R? = H): 78%
84a (R' = H) 43b (R? = Me) 101 (R" = H, R? = Me): 54%

Scheme 44. Preparation of oxime ethers 10k and 10I.



WIZ, TAF Lo Z2HT54F L —T )L 10a % AV — 5NN L UG % 1
L7z (Table 9), £, A¥T LT —F/L10a% 12-¥ 7 n o X BT, il s
L CH ke () &2 AW TR — 0 FINBRLBOS 2 Mt LTz & 2 A I8 D 43 A
INBALEOS DM EIT L7 &% 2 B 45 3,6-methanopyrrolo[1,2-blisoxazole ‘H# % & > 11a 3 &
N= ka2 13a BENEI 35%F KN 12%DINRTHE: Hiv7- (entry 1), 723, = Fr 13a
X, La DA VXYV PUPRHBRLTELNLEBEZ LN, £ 2T, LU ERMICEE
BAa Y xH )P0 1la 2135 BT, Hx 2B RAE ARG Lz, Hd (1) 2 M
WelmA, AT VXY ) Vv lla B LU= b e v 13a BNENE I 44%3 KON 14% 0
IWRTH LN (entry 2), LU, HAbd (1) BEL O AgBF, & W54 Tt llaB Xk
O 13a TR R T LG B e iy~ 7= (entries 3 and 4), WRIZ . ARUSIZH T 214 (1) @
BUAL 128t L7z, PPhy & & i bd (1) ZAWTRIEZIToT & 2 A, ZUEHA VX4
YUYy llaB = hr v 13a M ENER 46%35 KON 24% DI T LTz (entry 5),
LA L, PPhy LIl LT o RI—PEDEKV P(OPh)™ % b oHifbd: (1) 2 HAVi=H4, 1la
DIWEBRDOTNUL T L (entry6), —FH. £V o FI—MHoEWEAT7 U H KT
% PCys™ % b oHifd: (I) Z AW CARRIGZRT L7& 2 A, BIO 11a 2% 63% DI
THLNT (entry 7). ZHUHLODOFRERNG, o RT—MHOBEWERRAT 4 U Raeb Ol
b4 () ZHWESAICEMNO La PRGN ZERH LN ER ST, RIZ. 6 K
F—MEDENKRAT 4 U H Y R THD Po-tolyl);? & & otEiks (1) 2HWTRIGZ
TFol- b 2 A, BUEMA Y %4 ) 20 1a B 10%DILR THE b7 (entry 8), * Ll Lo
fiti k726 AuCI[P(o-tolyl)s] & W 7o B I A UE R Y 4> U 22 1la MRIICE b
HZENHLMNE ST, WIZ, Na DA VXYY VT UORERE, = hr o4 7ARHIN
BRACKOCDEITT 2 2 L THRLILD L& % Hild 2,6-methanopyrrolo[1,2-blisoxazole ‘& #% %
0 12a DA% H 8 L. AuCI[P(o-tolyl)s] & F € IR IEERh B L OSSR O 217 -
2o £, /e aXUBURREH CAKIGERGF L 2A, BB A VX )Y
O MBRES DR DAMAIMEBEARKRIESEIT LR EZ X DLND
2,6-methanopyrrolo[1,2-b]isoxazole ‘B & % & -> 12a 7 54%DILR TH SN =, = bz 13a
b 28% DR THE SN (entry 9), KIZ, 7 1 a1 ¥t AuCI[P(o-tolyl)s] 2 VT, #t
1160 °C TRUSEMFEI L7z ZA, 7T BRZ bOAUGTA V&4 U U 12a 75 68% D
TR LN (entry 10), KIZ, 7 BB A b O4UFER ¥ %9 ) Vv 12a DIEOR L
D=, EEEORE 21T - 7255 F. (AuCl),dppm % AW 7235412 BRIDO/L &Y 12a 7% 90%
DINERTH ST (entries 11 and 12), ZOFER LV, 7o X B o f filifit s LT
(AuCI),dppm % IV C, #&h 160 °C CRUEETTH 2 L CHMOD 7 B4 b O4UEH A
XYV U 12a NRGRIETHEOLND Z LB Lo T,



Table 9. Optimization of cyclization-intramolecular cycloaddition reactions of a-alkynyl oxime
ether 10a for the synthesis of bridged isoxazolidines.

(0] O\N O\N
P l\ll | catalyst (5 mol%) Ph Ph
- /) + + 7
solvent
% reflux
Ph
10a 11a 13a 12a
entry catalyst solvent  temp. (°C) time (h) yield (%)

1la 13a 12a
1 AuCl, (CH,CI), 83 0.5 35 12 NDY
2 AuCl (CH,CI), 83 1 44 14 ND”
3 CuCl, (CH,CI), 83 5 9 13 NDY
4 AgBF, (CH,CI), 83 5 18 18 NDY
5 AuCI(PPh,) (CH,CI), 83 7 46 24 NDY
6 AUCI[P(OPh);]  (CH,CI), 83 15 39 23 NDY
7 AuCI(PCy;)  (CH,CI), 83 7 63 27 NDY
8  AUCI[P(o-tolyl)s] (CH,CI), 83 11 70 17 NDY

9  AuCI[P(o-tolyl);]  PhCI 132 24 ND” 24 54

10?  AuCI[P(o-tolyl);] ~ PhCI 160 24 ND”  NDY 68

119 (AuCl),dppp PhCI 160 24 ND”  NDY 85

129 (AuCl),dppm PhCI 160 24 ND”  NDY 90

a) The reactions were carried out in sealed tube. b) ND = Not detected.

B, 6 BB LOEBA L VXYYV LlaB L= h e 13a T X s S S R

Figure 4. X-ray crystal structures of 11a and 13a.



Briz X - CTHEiE A2 s L7z (Figure 4), £7-.7 BERZ L oA V¥4V U U 12a DI,
lla B LW 13a DIEIEEB B, FEARY MT—HIZLVHEE LT,

WA ABUED R DA O 7=, 10a DR — B UG THE b2t &9 11a
BLW13a, 12a O AEWZ KEt L7- (Scheme 45), £3b&¥ 1la % 12- /7 unxX
VBRI RN S E I A, A VFT VU D UOBBRMIGAEITL, = e 13a
NELN. - = hrr13as 7 oo PrafAn, &40 160 °C THELV L 7254
BB A VXY ) v 128 S T2%DIEE TR L, £2C, llazszrrXr B %
B L LT, HEH 160 °C TMENT 5 &, — 2GRS Y 5 U D0 12a ~E AW S
Niz, =, 12az 70X rf 160 °C ML 7-54A T, 12a AEIR S =, L
FORERENOAREIE T, ETA Y IV U P Nandpk L, T 1la D L b e-[3+2]-
FHMBRALEE LT LT, = b 13a AT 5, H 21T 13a D41 N[3+2]-fH R kI
JDEITTHZET, AV YU 12a BELNDH T EDRHLNE -T2, BT,
1la7 b 13a 3 LN 12a ~DO IR/ FIMBAO B THEITT 5 Z E R B N E o7z,

PhCl, 160 °C, 64%

|

O- O-
N _Ph N_Ph
7 —_— / —\Af> No reaction
(CH,CI), PhCI
reflux 160 °C PhCI
46% 72% 160 °C
11a 13a 12a

Scheme 45. Interconversion reaction among 11a, 13a, and 12a.

INHORERE S LT, REIGD KSR 2522 L7= (Scheme 46), £ 4% hx—TF
JV10a DT NV A BREENENL T A Z & THIRR | BAERKT S, it T, AF v AT —
TNDOEFRIFFMEMLES N T L F 2K E L, 5-endo-dig BE=UTRASR L. A AR 28
AT 5, 50T, AR DEMALISICE D T AF A4 ) RINERK L, DFPRICHFEET
LPPNBATH DA VT 1 2 & DRB+2IMIBRCIENETT 5 Z & T, AIEREIE K 23
BT D, ED%., 7'r b OB O B EEISIZ K0 IR L 3R L, #i 7r
N AEREITTHZET, A VXV V0 lla NGz EEZEXLTWS, /2, Z7un
RV Ui UCTHW @RS T 1la OBBRKSICE YV =bhr o 13a 720, Hit
WTE LR D [B+2-MMBALE NI TT 5 2 T A VY F Y UV Rangoni-t s
ZTWD,



0 9(9/\¢ f A
/A\ﬂ cyclization N ' d

\
zZ-

— @E{bph T N
Ph
3 (Aup ©
[A(j]j Ph AR J [Au]
' [3+2]-
cycloaddition
O-N
Ph
[Au] O-N @u}
(I)/m ® Ph [Au] /
_N //
K
R N H
10a Ph
- S -
O-NY b retro-[3+2]- o® Phi+ar O-N_ pp
cycloaddition N cycloaddition y
—_—m
1a 13a 12a

Scheme 46. Plausible reaction pathway of intramolecular cycloaddition reactions.

AT, RBUGSIZIBT D7 % VoRKu O BRI R 2 Bt L7z (Table 10), <> BB ED
NINEDOBBIEDRERTT LI A, A MFUVESLT v FE b o4FF A= —F )L 10b
BELO10c 2 AWTgA, BOLERLL V34> U2 120 3L O 12¢ 3P REE DI
THOLN (entriesland 2), — ., XUBUBREDONRINAC KU ZFd 0 A FLER= b
nHE B OAF AT —T L 10d BLON10e AWV TARGEERT Lz L 24, BAFRIN
T HPOIMERALIA 12d 35 KOV 12e 7345 Hau7= (entries 3 and 4), RIZT /L& 2 KU T
NERNEERT DA% Y AT =TV EMOTARIEERF Lz, £, 7% Ry
Juan~nF Ao 10f 2 Wcha, PREOIETHBOMINEREIR S b
(entry 5), —J5. tert-7 FLED L O i S mWVE#ILE L § 0 10g WA TiE. B
DALED 2% DR TLIME SN0 - 72 (entry 6), F7-, TIAF U RMIIZ AT L%
A9 5 10] TARKISZRFT L725GA THRIGET L, BIOA V34 ) 22 12h 23 56%
DINRTHLND Z ENHLMNE o7 (entry 7)., LA ED X 1T, T Kok 72
BEHEE L OGE THLENETL, BORERERA VX U Do nGoind 2 &M
Hntieoiz,



Table 10. Substituent effects on the alkyne terminus.

0 _
,{,/m O-N R

(;/K (AuCl)odppm (5 mol%) Y
PhCI
X 160 °C

10b-g,j A 24h 12b-g,j
entry  substrate R product  vyield (%)
1 10b 4-MeOCg¢H, 12b 62
2 10c 4-FCgH, 12c 59
3 10d 4-CF3CgH, 12d 81
4 10e 4-NO,C¢H, 12e 82
5 10f c-hexyl 12f 60
6 10g t-Bu 129 42
7 10j CO,Me 12j 56

TF UKD B EONTAUCE G A $ 5 10b & k51 A 2 10d
BEO 10e OFERZLLIZ LT 2 A, BREIEEZ S OGE DT EBORER A Y X4
VU DUNEDENETHELN, ZHUI N-TAvaxs 7Y AF oA ) RERIKROZE
PEREE LTWD EEZHBND (Schemed?), 77205, 100 WOHAERTHT VS AF AV
KAS &, 10d BLW10e NOHAEKT DT VY AF AU RATIZERTHE, TV AT A
U K AS DA TIH, B2FRFRTO a fIEKR LI INAN=F U ORENTET, (IR
(EEEDSNHRHNHEAT Lo Te B bivD, —H. T AF A4 Y AT O5E TiE,
WELIET =F DN EFRIEICEI > TLEEINDZENEZOND, DD, &
KBlIHEAE L OAF AT —T 0 10d BLD 10e DEAIET Y AF 4 U RHBIE AT 2 &
DEENINDTZO, BIIOZERA VX% U DURBENITH LN EEZTND,
B, TAXUREIZT VX NVEE O AT —T L 10f BL O 10g DGE TliX, &
FHEEZ L OFF U A —T )L 10b ERBRICHAE LT 7 =F o R EEE NN EE X
bhb, ZDH, EFRKIEKE LS4 F L AT —F /0 10d B L 10e 2 HW 84 L L

VBB XY D 12 DIEERME T LI EE TV D,



AN

AN S
10b EDG | 10d,e EWG
'.[%%TQI}_HBE 5F\ ST EWG [i:[{F#C3%$WG
| G
[Au] : [Au] [Au]
AS i AT-1 AT-2
I more stable
less stable !

Scheme 47. Stability of N-alkoxyazomethine ylides.

Fo, AT AE LD 10] ZHWEEA T, TAX OB FEEMET T 5720400
BEOT NF L ~OBNLNHEEL 705 2 0, AT VD A IVIR = )VEESR IR -2 A Al )3 El
MBI ENEBEZHND (Scheme 48), T D 7=, FABRKIGAZIRAICHEITET . BAIOAF
INERALAR 120 NHFEEDILR T LME DN/ T2EEZ TV D

Scheme 48. Reactivity of oxime ether 10j bearing ester moiety.

WIZ, 7~ UREBIOT UK RICEREL b HOFF T A —T7 /L 10k B &
OV 101 & W CARRS 2 et L7z (Scheme 49), £, 7 a~Ft U BRD (LI A FLHEE
ZHOAF T LT —T L 10k ZHWTARRIEZIT o 7ok R, BRIOZERM A VX3 ) &
> 120 23 A0% DR TR/ bz, RICIBEIEF RFIZ 2-AF AT VLV EE b O F o bx—
T 10l W TARRIGZ G LT & 2 A BIOZEER A v X241 2 12 53 58% DU
FTH LT,



Q/W O~N_pn
N (AuCl),dppm (5 mol%)

/
PhCI
I 160 °C Me
Me Ph 24 h
10k 40% 12i
QWMG PN ph
N (AuCl),dppm (5 mol%) Me Y
PhCI
RN 160 °C
Ph 24 h
101 58% 12j

Scheme 49. Substituent effects on the cyclohexene-ring and allyl moiety.

WIZ, ARRISTHEONZEER A Y2 )P0 12 0F A 2845 BT, bass
VERASEHET S L A E L7 (Scheme 50), £, LA 12a &, I UL A F L&A
W2 N-AFIUBOSNIZ K T, A Y FH Y Vo= A 85 AL, fiW\CHgHZ L D
H—BHRIEG OBITIRBRAEOR > 2175 Z LT, HWO a2/ —)L 86 b7z,

Q
Ph N pp NMe
Mel Zn (dust) HO
/ . y -
Et,O / CH,CI, 50% AcOH agq.
reflux
12a - 85 = 86

94% (2 steps)
Scheme 50. Conversion of 12a to tropenol 86.

U bo X oz, @iz L5 0-7 VU h-a-T /L F = o O-N
VX b —T L& Wk 2R AR — 2 TN _N | R_H
MBS 2RI LTG0 Y 4 ) vy ©/\ — {
R DB ) LTz, AT O RS ET X

3ODRF—RFEMEB L1 DDORFE —EREA.

IR — BN G, RE KB EMEET MM eTIETH D, £, ARERITEEIC

ffﬁ‘%ﬁ‘“\“(@ﬁ?ﬁ)éﬁk%qj ITHHAA N DR PR RICENT-FIETH D, EHIC
SONTEERA VXV D FR I e X)) — A~ LFETEX LR AL,



e

H2H S FRMINBES NI LD T-T ey a T X U DERK

RIEICHEH L, o ST AX U E2HT D O-T U NAF U AT —T VOB X 5
B — o PN LS DBRF T LTc, AFEZ N-TAaFx Ty AF oAU RO
Bl RAERIETHY | JRFIEOBLEN O bEN-FIETHD, £2 T AFETEKRT
HNTNaAXT TV AF A4 Y REFM Lo R IERLSC#EIS T 5 2 & T, 7-7
e aR21~7 % U EksE S D 88 BRI BN 5 &5 2 7= (Scheme 51),

2 7 OR?
OR? OR 2 N
_N Ay N® _ R
—_— R1 __________ - R3W /
S ©
% >’\ 1
R1 [AU] R [AU]
87 L AW AX - 88

Scheme 51. Strategy of intermolecular cycloaddition reaction for the synthesis of
7-azabicyclo[2.2.1]heptane derivatives.

-7 ey uR2INTE CEREIE = a T T e T ) CRRET 3= A ME
%777 epibatidine (89)%® <o, HIV 717 7 —PIHEEM 2R 90 ICEEN TV A FRT
HHTD, TOFMEREORRBIIEECTHD EE X HND (Figure 5),

o)
)\\/\Ph
N
Cl
H = HN
N I }—NH ogb
SN Me
o)
B\O Me
epibatidine (89) 20

nicotinic acetylcoline

HIV protease inhibitor
receptor agonist

Figure 5. 7-Azabicyclo[2.2.1]heptane motif in bioactive compounds.

INETICHEESNTWS -7 7 a2 ~F % ViFEIE 92 DA RIEE 3 2124
¥6L7= (Scheme 52), — D HIX, BRIROT V' AF AU KAY 4 LT —/L#FE K 91
A VLT 4 U EDIBALRINIC K D T-TH e 7 a221~7#% v 92 OEKRIETH D
(method A), 7 AFikI, fha e@iiE —RICHEATEX2ENLTETHD, Z2HIL,
B2 H T 5 7 a~F T 22 93 OFBERMIGICE D 7-THEY 7 221 ~7 4



V92 OAETHS (method B), ® 7. Bu U Py 94 DB ARY FAHLEFIALE 7-
THEL I rR21]~T X2 Q2 AR B STV (method C), * 4 EIBA%E LizA4 ¥
Lo —T VOB —NBRILOREZ R LIZN-T a7 AF oA U REAEE ST
MIFINBRAEEOSICRIATIE, ZHETEIFERD 7- 7 ey 7 a2l ~7 % B
ARIEICIR D EE 2T,

R3 R3 RS

N |
N@R1 - 1
NRor [ N-R T g

R2 , \ NR1 R3 SnBu3
R

method A R® -BuLi
n-BulLi N—-R’

AY 91

R2 R4 method C

R'HN R3 ) y 92 \
R method B 94

R4
X
93

Scheme 52. Known synthetic methods for the synthesis of 7-azabicyclo[2.2.1]heptanes.

F. HELA O-ATFIIAFT AT —TF )L lda-e 5K LT, BiffiOFIEIENS B
v 84a-d B L 184h & Na,SO, B L O U P UMFEF.O-AF /L Ru ko7 2 Uikt 95
L OEAE RIS EZITW., BRIOA X A= —F )L lda-e % 21-T6% DR TH K L 7

(Scheme 53),

0 N32804 C|)Me

pyridine ~N R = Ph, 4-MeOCgHy,,
+ Hy;NOMe*HCl —— 4-FCgHy4, 4-NO,CgHy,

S MeOH ™S

A . 95 0°C AN
21-76%

84a-d, h 14a-e

Scheme 53. Preparation of a-alkynyl oxime ethers 14a-e.

Fo, ¥ AT —T )L e % Scheme 43 D FIEIZHEV TMS B ZFrE L7214, Kin7 /v
X Uf & nBuli ZHWTCTY FUATEFY REL, Z7uaX@BAT L TREL T AT
NEHOFX T AT —T )L 149 AR LT- (Scheme 54),



OMe
QMe ome 2 O .
=
N l\ll )J\ N
(;K NaOH (;/K CI” “OMe
Mo THF U
NV MeOH . AN
Nrus  92% X 78 °C CO,Me
14e 14f 75% 14g

Scheme 54. Preparation of oxime ether 14g.

RIZ, AF T Lhx—T /v 1da & AT AR — 0 FUINBR(L IS & et L 72 (Table 11),
FT. AFTLT—T 0 Ua LT L LTN-T72=L~vLA I K15 2 HWCHIHIC
BT DEFME CARRICZRGT LT & 2 A, BHRIEEMD GO (entry 1), &KIZ, &
fii & LT AuCI[P(o-tolyl)s] % N TR G DI ET 21T > 7273, entry 1 & [FAEEICEHE/R IR S
MBELNTE (entry2), ZHHDOFMERIY, ZauXoBraEs e LT, 9T 160 °C

Table 11. Cyclization-intermolecular cycloaddition reactions of alkynyl oxime ether 14.

CI)Me o) o SMe
_N catalyst
* PN | Tovent - TN y
% 4 reflux 0]
R
14a-d,g 15 16a-e
entry  substrate R catalyst (mol%) solvent  product yield (%)
19 14a Ph (AuCl),dppm PhCI - decomp.
2% 14a Ph AuCI[P(o-tolyl)s] (5) PhCI - decomp.
3 14a Ph AUCI[P(o-tolyl)s] (5) PhMe - decomp.
4 14a Ph AuCI[P(o-tolyl)s] (5) (CH,CI), 16a 51
5 14a Ph AuCI(PCys3) (5) (CH,CI), 16a 65
6 14a Ph AUuCI(PCys) (5) MeCN 16a 28
7 14a Ph AUuCI(PCys) (5) THF 16a 34
8 14a Ph AUCI(PCys) (5) CHCl; 16a 85
9 14a Ph AUCI(PCys) (3) CHCl; 16a 83
10 14b 4-MeOCgH, AUCI(PCys) (3) CHCl, 16b 73
11 14c 4-FCgH, AuCI(PCys;) (3) CHCl, 16¢ 71
12 14d 4-NO,CgH, AUCI(PCys) (3) CHCl, 16d 10
13 149 CO,Me AuCI(PCys;) (3) CHCl, - NR?

a) The reactions were carried out in sealed tube at 160 °C. b) NR = No reaction



TRIGEAT>TEHAETIE., KICRENER THLZ ENBZL2bNLDL, £ T,
AUCI[P(o-tolyl)s] & AV, 1A RS L OMIGIRE 2Bt L7z, TO/E, Mo ag@iis
HECITEMER RSB, 12-Y 7 B a7 VRS, B 7-7 ey
B[22~ R E B O 16a 28 51%DIR T H 47z (entries 3 and 4), 723, F 51
T-AHINERAGAR 16a (X H — DN AREMER E U TE BT, IRIZ, 0 FINAINERIL S (Table 9,
entry 7) (2R T LM BAF 72 5 35 D =BT & 5 AuCI(PCys) % HVN TARB R & 1
L&A, BIOMINERILIK 16a 2% 65%DILHE TH: S 417- (entry 5),

W, 16a OUWHROM L2 B L T, BESRE LOMSREL B Lz, 72 h=F
UNEB L THF 2 W56 T, 16a OUERITWE SR 07208, 7 1 1 k)b LI
SRS EAT > T2 AT 16a 2% 85%DIULR TG S 47~ (entries 6-8), 7%,
AUCI(PCys) % 3 mol%IZiifE L CH., HAD 16a N EFRINETE LN, ZNb LD,
F %y b —T )b 1da DR — 0 RN LS IZIRB N T, 7 v e R)L AREM T 3
mol%® AUCI(PCys) Z W oD il T D Z & 1353 ino 70,

FENT, XV LT —T )V 14 DT VX VRO BBRED R EZ G Lz, £9, <vBr
B EORTANCERIEEZ O F v A= —T )L 14b-d ZAWVTAMKISZRGT LIz & 2 A,
B RTHLA P VEBIOT7 vFE2 Lo 14b B LW 14c Z HW=HATITEMIO
HNERALAA 16b F6 L O 16¢ 23 RAFARUNE T 4172 (entries 10 and 11), —J5, &3R5 5
Thbdr= bzt 14d DA TIE, BO 16d 1ZRIGE T LG D78 -7 (entry
12), /2. TAXFURIRCZ AT VAR L OFF v AT —T )L 14g Z W56 Tk, £&<
FOSIEHEIT L2 > 7= (entry 13),

FRLORERE S &1, AEISDORGRER 2 E%2 L= (Scheme55), £3, 7 vx & fF7
DA F Y DT =T )V 14 DT IV ENLDB AT &Ko THIEM L S D 2 & THRMAR AZ 23
AT %, WIC, FF v Ao —T VORERIFRFNIEE (LS 7 v v 2 B8 L | 5-endo-dig
BT L. PRA BA 23ERKT 5, VT R BA ORMALEIGIC L Y 7Y A F
YA ) RHEEMBER L, ~LA 2 REDOHTRB+2-MMBRILS NI T35 Z & T

OMe EMG Pgle ANCIALT
ZN [Au] 7 cyclization = MeO-Nx
4 R o, !
\\ !
% PhN_ \
A R Al R [A:D ?
b L AZ BA O m
OMe OMe H@ OMe
cycloaddition o N R(‘* 0 o N'R
—  PhN [Aul [Au]
PhN PhN y
© o [Au] O
&
BB | BC | i

Scheme 55. Plausible reaction pathway of intermolecular cycloaddition reaction.



FINERALIA BB 2ERRT D, &&IC, 71 b OBBECEE > BRI ERIS &, Hid 7 a b
bR EITT 52T, BRIDO 7-T Y E L 7 a221]~7F X 16 bzt E X TV,
SEAREERINCATINERAC BSOS D3 AT L7 BRI 2RI K 9 1282 L7 (Figure 6), 57 1[N
BALSUGOBRIREIL, 7Y AF A U RIZxt LT 1A 2 K2 exo (1925 M OZERIR
BEF L ONendo AT 5 M OEBIREED —>WEZ LD, M OEBIREETIZ, 7V AF
AU RE~LA I ROMKEENEL DD, RRREBIREICRD EEZXBND, £
D78, SEARBEEFE DN S\ M OBRARRED D SR HEIT L7 FE R, SRR AHMER L
K16 "MEobNT=EEZTND,

RO AU RO _IAU]

A/ ®
MeO-N-x MeO-N~
6 O !
AN %Q;y

0]

/ —_————

3
>

Figure 6. Stereochemical feature of [3+2]-cycloaddition.
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Scheme 56. Reactivity of oxime ether with electron-withdrawing group on the alkyne terminus.
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NMR spectra were recorded at 300 MHz/75 MHz (*H NMR/C NMR), 500 MHz/125 MHz (*H
NMR/*C NMR) or 600 MHz/150 MHz (*H NMR/“C NMR) using Varian MERCURY plus 300
(300 MHz), Varian NMR system AS 500 (500 MHz) or Bruker AVANCE Il HD (600 MHz)
spectrometers. IR spectra were obtained on a Perkin Elmer SpectrumOne A spectrometer.
High-resolution mass spectra were obtained by ESI methods on Thermo Fisher Scientific Exactive.
Melting points (uncorrected) were determined on BUCHI M-565 apparatus. Preparative TLC
separations (PTLC) were carried out on precoated silica gel plates (E. Merck 60F254). X-ray
diffraction data was collected on a Rigaku RAPID imaging plate with two-dimensional area

detector and graphite-monochromatized CuKa radiation.
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General Procedure for Preparation of N-(2-Propen-1-yloxy)-2propynamide [Scheme 18]. To a
solution of propiolic acid (10 mmol) in CH,CI, (0.5 M, 20 mL) were added O-allyl hydroxylamine
hydrochloride (12 mmol), EtzN (12 mmol), 4-(N,N-dimethylamino)pyridine (0.5 mmol), and
EDC+HCI (10.5 mmol) at 0 °C. After being stirred for 3 h at r.t., the reaction mixture was diluted
with H,O and extracted with CHCI; (3 times). The organic phase was dried over MgSQO, and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 3 : 1) to afford la-g, j-I.

3-Phenyl-N-(2-propen-1-yloxy)-2-propynamide (1a). 51% yield; Yellow oil; IR (CHCI5): 3172,
2220, 1641 cm™; *H NMR (300 MHz, CDCls) 8: 9.06 (1H, br s), 7.62-7.48 (2H, m), 7.45-7.30 (3H,
m), 6.01 (1H, ddt, J = 17.0, 10.5, 6.5 Hz), 5.40 (1H, d, J = 17.0 Hz), 5.35 (1H, d, J = 10.5 Hz), 4.48
(2H, d, J = 6.5 Hz); *C NMR (75 MHz, CDCls) &: 152.0, 132.6, 131.6, 130.4, 128.5, 121.2,
119.6, 87.6, 79.9, 77.7, HRMS (ESI) m/z: [M + H]" calcd for C;;H;;NO, 202.0863, found
202.0864.

3-(4-Methoxyphenyl)-N-(2-propen-1-yloxy)-2-propynamide (1b). 89% vyield; Pale yellow solid;
Mp: 76-77 °C (hexane-AcOEt); IR (CHCI): 3382, 2209, 1670 cm™; *H NMR (300 MHz, CDCl,)
d: 9.80 (1H, brs), 7.40 (2H, d, J = 8.0 Hz), 6.76 (2H, d, J = 8.0 Hz), 5.96 (1H, ddt, J = 17.0, 10.5,
6.5 Hz), 5.32 (1H, d, J = 17.0 Hz), 5.26 (1H, d, J = 10.5 Hz), 4.43 (2H, d, J = 6.5 Hz), 3.73 (3H, 3);
C NMR (75 MHz, CDCl;) &: 161.0, 152.3, 134.3, 131.7, 120.7, 114.0, 111.4, 88.3, 79.2,
77.4,55.2; HRMS (ESI) m/z: [M + H]" calcd for C15H1,NO3232.0968, found 232.0969.

N-(2-Propen-1-yloxy)-3-[4-(trifluoromethyl)phenyl]-2-propynamide (1c). 50% vyield; White
sold; Mp: 92-94 °C (hexane-AcOEt); IR (CHCIy): 3422, 2254, 1675 cm™; 'H NMR (300 MHz,
CDCl3) 8: 8.38 (1H, br s), 7.72-7.60 (4H, m), 6.01 (1H, ddt, J = 17.0, 10.5, 6.5 Hz), 5.44 (1H, d, J =
10.5 Hz), 5.43 (1H, br d, J = 17.0 Hz), 4.49 (2H, d, J = 6.5 Hz); *C NMR (75 MHz, CDCl,)
8:151.3, 132.8, 132.0 (q, J = 32.5 Hz), 131.5, 12555 (q, J = 4.0 Hz), 123.44 (q, J = 271.0 Hz),
123.42, 121.4, 85.6, 81.6, 77.8; HRMS (ESI) m/z: [M + H]" calcd for C;3H13:NO,F3 270.0736, found
270.0737.

3-(4-Fluorophenyl)-N-(2-propen-1-yloxy)-2-propynamide (1d). 73% vyield; Yellow oil; IR
(CHCIs): 3203, 2220, 1660 cm™; *H NMR (300 MHz, CDCl;) 8: 8.57 (1H, br s), 7.62-7.48 (2H, m),
7.12-7.02 (2H, m), 6.01 (1H, ddt, J = 17.5, 10.5, 6.5 Hz), 5.41 (1H, br d, J = 17.5 Hz), 5.38 (1H, d,
J=10.5Hz), 4.48 (2H, d, J = 6.5 Hz); *C NMR (75 MHz, CDCls) &: 163.7 (d, J = 252.0 Hz), 151.8,



134.8 (d, J = 8.0 Hz), 131.6, 121.4, 116.2, 116.1 (d, J = 22.0 Hz), 86.6, 79.8, 77.8; HRMS (ESI)
m/z: [M + H]" calcd for C;,H;;NO,F 220.0768, found 220.0771.

N-(2-Propen-1-yloxy)-2-butynamide (1e). 65% yield; Pale yellow oil; IR (CHCI;): 3388, 2250,
1678 cm™; 'H NMR (300 MHz, CDCl;) &:8.24 (1H, br s), 5.96 (1H, ddt, J = 17.0, 10.0, 6.5
Hz), 5.37 (1H, dd, J = 17.0, 1.0 Hz), 5.35 (1H, dd, J = 10.0, 1.0 Hz), 4.41 (2H, ddd, J = 6.5, 1.5, 1.0
Hz), 1.96 (3H, br s); *C NMR (75 MHz, CDCl;) &: 151.8, 131.6, 120.6, 86.4, 77.2, 71.6, 3.6;
HRMS (ESI) m/z: [M + H]" calcd for C;H;,NO, 140.0706, found 140.0706.

N-(2-Propen-1-yloxy)-2-heptynamide (1f). 64% vyield; Pale yellow oil; IR (CHCIs): 3207, 2246,
1671 cm™; *H NMR (300 MHz, CDCls) &: 9.12 (1H, br s), 6.08-5.90 (1H, m), 5.37 (1H, d, J = 17.0
Hz), 5.33 (1H, d, J = 10.5 Hz), 4.42 (2H, d, J = 6.0 Hz), 2.44-2.26 (2H, m), 1.62-1.35 (4H, m), 0.92
(3H, br t, J = 7.5 Hz); *C NMR (75 MHz, CDCl,) &: 151.9, 130.7, 120.7, 90.5, 77.3, 72.3, 29.4,
21.7,18.2, 13.3; HRMS (ESI) m/z: [M + H]" calcd for C10H;6NO, 182.1176, found 182.1180.

4,4-Dimethyl-N-(2-propen-1-yloxy)-2-pentynamide (1g). 81% yield; Colorless oil; IR (CHCI,):
3177, 2228, 1641 cm™; "H NMR (300 MHz, CDCl3) &: 8.27 (1H, br s,), 5.98 (1H, ddt, J = 17.5, 10.5,
6.5 Hz), 5.39 (1H, dq, J = 17.5, 1.5 Hz), 5.35 (1H, br d, J = 10.5 Hz), 4.42 (2H, dt, J = 6.5, 1.5 Hz),
1.27 (9H, s); *C NMR (75 MHz, CDCl,) 8: 152.1, 131.7, 120.7, 97.6, 77.4, 70.9, 29.9, 27.4; HRMS
(ESI) m/z: [M + Na]" calcd for CyyH1sNO,Na 204.0995, found 204.0999.

3-Cyclopropyl-N-(2-propen-1-yloxy)-2-propynamide (1j). 64% vyield; Yellow oil; IR (CHCIy):
3211, 2224, 1663 cm™; *H NMR (300 MHz, CDClIs) 8: 9.62 (1H, br s), 5.88 (1H, ddt, J = 17.0, 10.5,
6.5 Hz), 5.26 (1H, d, J = 17.0 Hz), 5.21 (1H, d, J = 10.5 Hz), 4.31 (2H, d, J = 6.5 Hz), 1.32-1.20
(1H, m), 0.92-0.70 (4H, m); *C NMR (75 MHz, CDCl;) &:151.9, 131.7, 120.4, 93.8, 77.2,
67.3, 8.7, -0.9; HRMS (ESI) m/z: [M + H]" calcd for CgH;,NO, 166.0863, found 166.0867.

3-Cyclohexyl-N-(2-propen-1-yloxy)-2-propynamide (1k). 76% yield; Yellow oil; IR (CHCIy):
3194, 2233, 1647 cm™; "H NMR (300 MHz, CDCl;) 8: 8.20 (1H, br s), 5.97 (1H, ddt, J = 17.0, 10.5,
6.5 Hz), 5.37 (1H, dg, J = 17.0, 1.5 Hz), 5.34 (1H, br d, J = 10.5 Hz), 4.41 (2H, dt, J = 6.5, 1.5 Hz),
2.54-2.40 (1H, m), 1.90-1.22 (10H, m); **C NMR (75 MHz, CDCl,) &: 152.1, 131.8, 120.7, 94.0,
77.4,72.2,31.4, 28.8, 25.4, 24.5; HRMS (ESI) m/z: [M + H]" calcd for C;,H;sNO, 208.1132, found
208.1135.

3-(1-Cyclohexen-1-yl)-N-(2-propen-1-yloxy)-2-propynamide (1l). 91% vyield; Yellow oil; IR
(CHCI,): 3190, 2207, 1650 cm™; *H NMR (300 MHz, CDCI;) 8: 9.20 (1H, br s), 6.40-6.29 (1H,
m), 5.93 (1H, ddt, J = 17.0, 10.5, 6.5 Hz), 5.31 (1H, dd, J = 17.0, 1.0 Hz), 5.27 (1H, d, J = 10.5



Hz), 4.37 (2H, br d, J = 6.5 Hz), 2.16-2.02 (4H, m), 1.64-1.48 (4H, m); **C NMR (75 MHz, CDCl,)
8: 152.3, 141.0, 131.7, 120.7, 118.3, 89.7, 77.7, 77.4, 27.9, 25.8, 21.7, 20.9; HRMS (ESI) m/z: [M +
HJ* calcd for Cy,H;gNO, 206.1176, found 206.1178.

General procedure for preparation of 3-phenyl-2-propynamide [Table 3]. To a solution of
phenylpropiolic acid (10 mmol) in CH,CI, (0.5 M, 20 mL) were added O-allyl hydroxylamine
hydrochloride derivatives (12 mmol), Et;N (12 mmol), 4-(N,N-dimethylamino)pyridine (0.5 mmol),
and EDC<HCI (10.5 mmol) at 0 °C. After being stirred for 3 h at r.t., the reaction mixture was
diluted with H,O and extracted with CHCI; (3 times). The organic phase was dried over MgSO,4and
concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 3 : 1) to afford 1h, i, m, n in yield shown in Table 3.

N-[(2-Methyl-2-propen-1-yl)oxy]-3-phenyl-2-propynamide (1h) [Table 3, entry 1]. Yellow oil;
IR (CHClIs): 3190, 2216, 1650 cm™; "H NMR (300 MHz, CDCls) 8: 8.60 (1H, br s), 7.62-7.48 (2H,
m), 7.47-7.30 (3H, m), 5.08 (2H, s), 4.40 (2H, s), 1.85 (3H, s); **C NMR (75 MHz, CDCl5) &: 151.7,
139.5, 132.5, 130.2, 128.4, 119.6, 115.9, 80.4, 80.0, 66.5, 19.5; HRMS (ESI) m/z: [M + H]" calcd
for C13H14NO,216.1019, found 216.1019.

N-(2-Buten-1-yloxy)-3-phenyl-2-propynamide (1i) [Table 3, entry 2]. Yellow oil; IR (CHCIs):
3185, 2216, 1654 cm™; "H NMR (300 MHz, CDCl,) 8: 8.42 (1H, br s), 7.64-7.49 (2H, m), 7.48-7.32
(3H, m), 5.87 (1H, dg, J = 15.0, 6.5 Hz), 5.72-5.60 (1H, m), 4.40 (2H, d, J = 6.5 Hz), 1.76 (3H, dm,
J = 65 Hz); ®C NMR (75 MHz, CDCl;) &:151.8, 133.9, 1325, 130.2, 128.4, 124.4,
119.7, 87.4, 80.0, 77.3, 17.8; HRMS (ESI) m/z: [M + H]" calcd for Cy3H14,NO, 216.1019, found
216.1020.

N-(2-Cyclohexen-1-yloxy)-3-phenyl-2-propynamide (1m) [Table 3, entry 3]. Yellow oil; IR
(CHCI5): 3180, 2216, 1645 cm™; *H NMR (300 MHz, CDClIs) &: 8.39 (1H, br s), 7.62-7.49 (2H, m),
7.48-7.32 (3H, m), 6.10-5.99 (1H, m), 5.87 (1H, ddt, J = 10.5, 3.5, 2.0 Hz), 4.54-4.42 (1H, m),
2.18-1.54 (6H, m); *C NMR (75 MHz, CDCl;) &: 152.3, 134.3, 132.6, 130.4, 128.6, 124.4,
119.7, 87.4, 80.1, 79.1, 26.8, 25.2, 18.5; HRMS (ESI) m/z: [M + H]" calcd for C;5H;sNO, 242.1176,
found 242.1174.

Ethyl 4-[(3-phenylpropynoylamino)oxy]-2-butenoate (1n) [Table 3, entry 4]. Yellow oil; IR
(CHCI,): 3224, 2216, 1716, 1665 cm™; 'H NMR (300 MHz, CDCls) &: 8.89 (1H, br s), 7.58-7.50
(2H, m), 7.48-7.33 (3H, m), 6.99 (1H, dt, J = 16.0, 5.5 Hz), 6.12 (1H, br d, J = 16.0 Hz), 4.66 (2H,
dd, J=5.5, 1.5 Hz), 4.22 (2H, g, J = 7.0 Hz), 1.29 (3H, t, J = 7.0 Hz); **C NMR (75 MHz, CDCl5)
3:165.8, 152.2, 140.9, 132.5, 130.4, 128.4, 123.8, 119.4, 88.0, 79.7, 74.8, 60.7, 14.0; HRMS (ESI)



m/z: [M + H]" calcd for Cy5H16NO, 274.1074, found 274.1071.

Cyclization-rearrangement reactions of 1a [Table 4, entry 1]. To a solution of 1a (40.2 mg, 0.2
mmol) in (CH,CI), (5 mL) was added AuCl (2.4 mg, 0.01 mmol) under Ar atomosphere and warm
up to refluxing temperature. After being stirred for 10 h, the reaction mixture was concentrated
under reduced pressure. The crude product was purified by PTLC (hexane : AcOEt =3:1 + 1%
AcOH) to give 2a (14.5 mg, 36%) and recovered 1a (17.5 mg, 44%).

3-Hydroxy-5-phenyl-4-(2-propen-1-yl)isoxazole (2a). Pale yellow solid; Mp: 116-118 °C
(hexane-AcOEt); IR (CHCIs): 3022, 1538 cm™; *H NMR (300 MHz, CDCl,) &: 10.29 (1H, br s),
7.72-7.65 (2H, m), 7.52-7.44 (3H, m), 6.03 (1H, ddt, J = 16.0, 11.0, 5.5 Hz), 5.16 (1H, dd, J = 11.0,
2.0 Hz), 5.14 (1H, dd, J = 16.0, 2.0 Hz), 3.35 (2H, dt, J = 5.5, 2.0 Hz); *C NMR (75 MHz, CDCl5)
5:170.7, 165.5, 134.1, 130.1, 128.8, 128.0, 126.7, 116.2, 103.0, 25.5; HRMS (ESI) m/z: [M + H]"
calcd for C1,H;,NO,202.0863, found 202.0863.

[Table 4, entry 4]. To a solution of 1a (40.2 mg, 0.2 mmol) in (CH,CI), (5 mL) was added AuCl;
(3.3 mg, 0.01 mmol) under Ar atomosphere and warm up to refluxing temperature. After being
stirred for 2 h, the reaction mixture was concentrated under reduced pressure. The crude product
was purified by PTLC (hexane : AcOEt =3 : 1 + 1% AcOH) to give 2a (29.5 mg, 74%) and 4a (3.0
mg, 8%).

5-Phenyl-2-(2-propen-1-yl)-3-(2H)isoxazolone (4a). Pale yellow oil; IR (CHCI;): 3009, 1669,
1628 cm™; 'H NMR (300 MHz, CDCls) &: 7.70-7.63 (2H, m), 7.55-7.43 (3H, m), 6.04 (1H, s), 5.92
(1H, ddt, J = 17.0, 10.0, 6.5 Hz), 5.36 (1H, dd, J = 17.0, 1.0 Hz), 5.25 (1H, dd, J = 10.0 Hz, 1.0
Hz), 4.57 (2H, dt, J = 6.5, 1.0 Hz); *C NMR (75 MHz, CDCls) &: 168.5, 168.1, 131.5, 130.6, 129.0,
126.4, 125.7, 119.2, 95.4, 48.6; HRMS (ESI) m/z: [M + H]" calcd for Cy,H;,NO, 202.0863, found
202.0862.

[Table 4, entry 5]. To a solution of 1a (40.2 mg, 0.2 mmol) in (CH,CI), (5 mL) was added AuBr;
(4.4 mg, 0.01 mmol) under Ar atomosphere and warm up to refluxing temperature. After being
stirred for 6 h, the reaction mixture was concentrated under reduced pressure. The crude product
was purified by PTLC (hexane : ACOEt =3 : 1 + 1% AcOH) to give 2a (25.7 mg, 64%).

[Table 4, entry 6]. To a solution of 1a (40.2 mg, 0.2 mmol) in (CH,CI), (5 mL) was added
PicAuCl, (3.9 mg, 0.01 mmol) under Ar atomosphere and warm up to refluxing temperature. After
being stirred for 2 h, the reaction mixture was concentrated under reduced pressure. The crude
product was purified by PTLC (hexane : AcOEt =3 : 1 + 1% AcOH) to give 2a (34.5 mg, 86%)



and 4a (3.2 mg, 8%).

General Procedure for Gold-Catalyzed Cyclization-rearrangement reactions of hydroxamates
[Table 5]. To a solution of 1b-g, j-I (0.2 mmol) in (CH,CI), (5 mL) was added PicAuCl, (0.01
mmol) under Ar atomosphere and warm up to refluxing temperature. After being stirred for 2-4 h,
the reaction mixture was concentrated under reduced pressure. The crude product was purified by
PTLC (hexane : AcOEt = 3 : 1 + 1% AcOH) to afford 2b-g, j-I and 4b-g, j-1 in yield shown in
Table 5.

3-Hydroxy-5-(4-methoxyphenyl)-4-(2-propen-1-yl)isoxazole (2b) [Table 5, entry 1]. Pale yellow
solid; Mp: 139-141 °C (hexane-AcOEt); IR (CHCI5): 3020, 1542 cm™; *H NMR (300 MHz, CDCl5)
8:10.57 (1H, brs), 7.62 (2H, br d, J = 9.0 Hz), 6.98 (2H, br d, J = 9.0 Hz), 6.01 (1H, ddt, J = 16.5,
11.0, 5.5 Hz), 5.14 (1H, dd, J = 11.0, 1.5 Hz), 5.13 (1H, dd, J = 16.5, 1.5 Hz), 3.85 (3H, s), 3.32 (2H,
br d, J = 5.5 Hz); *C NMR (75 MHz, CDCl5) 8: 170.7, 165.5, 160.9, 134.3, 128.2, 120.7, 116.0,
114.2, 101.6, 55.3, 25.5; HRMS (ESI) m/z: [M + H]* caled for Cy3H14sNO; 232.0968, found
232.0968.

5-(4-Methoxyphenyl)-2-(2-propen-1-yl)-3-(2H)isoxazolone (4b) [Table 5, entry 1]. Brown oil;
IR (CHClIs): 3020, 1666 cm™; *H NMR (300 MHz, CDCls) 8: 7.61 (2H, br d, J = 9.0 Hz), 6.97 (2H,
br d, J =9.0 Hz), 5.91 (1H, ddt, J = 17.0, 10.0, 6.0 Hz), 5.90 (1H, s), 5.35 (1H, dg, J = 17.0, 1.5
Hz), 5.29 (1H, dg, J = 10.0, 1.5 Hz), 4.53 (2H, dt, J = 6.0, 1.5 Hz), 3.87 (3H, s); *C NMR (150
MHz, CDCly) 6: 169.0, 168.9, 162.2, 130.9, 127.5, 119.1 114.4, 93.8, 55.5, 48.9; HRMS (ESI) m/z:
[M + H]" calcd for Cy3H;4NO; 232.0968, found 232.0966.

3-Hydroxy-4-(2-propen-1-yl)-5-[4-(trifluoromethyl)phenyl]isoxazole (2c) [Table 5, entry 2].
Yellow solid; Mp: 113-115 °C (hexane-AcOEt); IR (CHCI5): 3021, 1545 cm™; *H NMR (300 MHz,
CDClIs;) 8: 10.85-8.75 (1H, br), 7.81 (2H, d, J = 8.5 Hz), 7.74 (2H, d, J = 8.5 Hz), 6.02 (1H, ddt, J =
17.0, 10.0, 5.5 Hz), 5.18 (1H, dd, J = 10.0, 1.5 Hz) 5.14 (1H, dd, J = 17.0, 1.5 Hz), 3.37 (2H, dt, J
= 5.5, 1.5 Hz); *C NMR (75 MHz, CDCls) &: 170.7, 163.9, 133.6, 131.8 (g, J = 33.0 Hz), 131.1,
126.9, 125.9 (q, J = 3.5 Hz), 123.7 (g, J = 271.0 Hz), 116.5, 104.6, 25.4; HRMS (ESI) m/z: [M +
H] " calcd for Cy3Hy; NOLF5 270.0736, found 270.0736.

2-(2-Propen-1-yl)-5-[4-(trifluoromethyl)phenyl]-3-(2H)isoxazolone (4c) [Table 5, entry 2].
Yellow solid; Mp: 54-56 °C (hexane-AcOEt); IR (CHCI;): 3013, 1669 cm™; *H NMR (300 MHz,
CDCl3) 8: 7.78 (2H, d, J = 8.5 Hz), 7.74 (2H, d, J = 8.5 Hz), 6.14 (1H, s), 5.92 (1H, ddt, J = 17.0,
10.0, 6.0 Hz), 5.37 (1H, dg, J = 17.0, 1.5 Hz), 5.32 (1H, dg, J = 10.0, 1.5 Hz), 4.59 (2H, dq, J = 6.0,
1.5 Hz); *C NMR (150 MHz, CDClI;) 8: 167.4, 166.7, 133.2 (g, J = 33.0 Hz), 130.5, 129.8, 126.09,



126.07 (g, J = 3.5 Hz), 123.5 (q, J = 271.0 Hz), 119.5, 97.3, 48.8; HRMS (ESI) m/z: [M - H] calcd
for C13HeNO,F; 268.0591, found 268.0592.

5-(4-Fluorophenyl)-3-hydroxy-4-(2-propen-1-yl)isoxazole (2d) [Table 5, entry 3]. Pale yellow
solid; Mp: 132-134 °C (hexane-AcOEt); IR (CHCI5): 3020, 1507 cm™; *H NMR (300 MHz, CDCl5)
5:10.67 (1H, br s), 7.73-7.63 (2H, m), 7.22-7.12 (2H, m), 6.01 (1H, ddt, J = 17.0, 10.5, 5.0
Hz), 5.16 (1H, d, J = 10.5 Hz), 5.12 (1H, br d, J = 17.0 Hz), 3.32 (2H, br d, J = 5.0 Hz); *C NMR
(75 MHz, CDCly) 8: 170.7, 164.6, 163.6 (d, J = 250.0 Hz), 134.0, 128.8 (d, J = 8.5 Hz), 124.3 (d, J
= 3.5 Hz), 116.2, 116.1 (d, J = 22.0 Hz), 102.8, 25.4; HRMS (ESI) m/z: [M + H]" calcd for
C12H1uNO,F 220.0768, found 220.0769.

5-(4-Fluorophenyl)-2-(2-propen-1-yl)-3-(2H)isoxazolone (4d) [Table 5, entry 3]. Pale yellow
solid; Mp: 78-80 °C (hexane-AcOEt); IR (CHCI,): 3009, 1669 cm™; *H NMR (300 MHz, CDCl5)
8:7.71-7.62 (2H, m), 7.21-7.12 (2H, m), 5.98 (1H, s), 5.91 (1H, ddt, J = 17.5, 10.0, 5.5 Hz), 5.36
(1H, dg, J = 17.5, 1.5 Hz), 5.30 (1H, dg, J = 10.0, 1.5 Hz), 4.55 (2H, dt, J =5.5, 1.5Hz); *C NMR
(150 MHz, CDCl,) 6: 168.2, 167.7, 164.6 (d, J = 251.5 Hz), 130.7, 128.0 (d, J = 9.0 Hz), 122.9 (d, J
= 3.0 Hz), 119.3, 116.4 (d, J = 22.0 Hz), 95.3, 48.8; HRMS (ESI) m/z: [M + H]" calcd for
C12H1uNO,F 220.0768, found 220.0768.

3-Hydroxy-5-methyl-4-(2-propen-1-yl)isoxazole (2e) [Table 5, entry 4]. Yellow oil; IR (CHCI,):
3022, 1538 cm™; *H NMR (300 MHz, CDCls) 8: 9.05 (1H, br s), 5.95-5.79 (1H, m), 5.10-5.00 (2H,
m), 3.05 (2H, d, J = 6.0 Hz), 2.24 (3H, s); *C NMR (75 MHz, CDCl5) &: 170.2, 166.2, 134.4, 115.6,
103.2, 24.9, 11.5; HRMS (ESI) m/z: [M + H]* calcd for C;H3,NO, 140.0706, found 140.0708.

5-Butyl-3-hydroxy-4-(2-propen-1-yl)isoxazole (2f) [Table 5, entry 5]. Yellow oil; IR (CHCIy):
3020, 1537 cm™; *H NMR (300 MHz, CDClI;) &: 7.40-6.80 (1H, br), 5.87 (1H, ddt, J = 17.0, 9.5, 6.5
Hz), 5.06 (1H, d, J = 17.0 Hz), 5.05 (1H, d, J = 9.5 Hz), 3.05 (2H, d, J = 6.5 Hz), 2.58 (2H, t, J =
7.5 Hz), 1.61 (2H, quint, J = 7.5 Hz), 1.34 (2H, sext, J = 7.5 Hz), 0.91 (3H, t, J = 7.5 Hz); *C NMR
(75 MHz, CDCly) 6: 170.1, 157.4, 134.6, 115.6, 102.9, 29.2, 25.7, 24.9, 22.2, 13.6; HRMS (ESI)
m/z: [M + H]" calcd for CyoH;6NO, 182.1176, found 182.1178.

5-Butyl-2-(2-propen-1-yl)-3-(2H)isoxazolone (4f) [Table 5, entry 5]. Yellow oil; IR (CHCIy):
3022, 1665 cm™; 'H NMR (300 MHz, CDClI;) &: 5.82 (1H, ddt, J = 17.0, 10.0, 5.5 Hz), 5.49 (1H,
s), 5.27 (1H, dqg, J = 17.0, 1.5 Hz), 5.24 (1H, dqg, J = 10.0, 1.5 Hz), 4.42 (2H, dt, J = 5.5, 1.5 Hz),
2.49 (2H,t,J =7.0 Hz), 1.60 (2H, quint, J = 7.0 Hz), 1.37 (2H, sext, J = 7.0 Hz), 0.92 (3H, t, J =7.0
Hz); *C NMR (75 MHz, CDCl;) &: 174.0, 168.5, 130.7, 119.0, 97.3, 48.4, 28.4, 27.2, 22.0, 13.6;
HRMS (ESI) m/z: [M + H]" calcd for CyH;6NO, 182.1176, found 182.1178.



5-(1,1-Dimethylethyl)-3-hydroxy-4-(2-propen-1-yl)isoxazole (2g) [Table 5, entry 6]. Pale yellow
solid; Mp: 104-106 °C (hexane-AcOEt); IR (CHCIs): 2976, 1538 cm™; 'H NMR (300 MHz, CDCls)
3:10.90-10.19 (1H, br), 5.90 (1H, ddt, J = 17.0, 10.0, 6.0 Hz), 5.05 (1H, dd, J = 10.0, 1.5 Hz), 5.01
(1H, dd, J = 17.0, 1.5 Hz), 3.19 (2H, dt, J = 6.0, 1.5 Hz), 1.33 (9H, s); *C NMR (75 MHz, CDCl5)
8:175.0, 170.6, 135.4, 115.4, 101.2, 34.1, 28.5, 25.4; HRMS (ESI) m/z: [M + H]" calcd for
C1oH1sNO; 182.1176, found 182.1175.

5-(1,1-Dimethylethyl)-2-(2-propen-1-yl)-3-(2H)isoxazolone (4g) [Table 5, entry 6]. Pale yellow
oil; IR (CHCIs): 3022, 1667 cm™; *H NMR (300 MHz, CDCls) &: 5.82 (1H, ddt, J = 17.0, 10.0, 5.5
Hz), 5.44, (1H, s), 5.25 (1H, d, J = 17.0 Hz), 5.24 (1H, d, J = 10.0 Hz), 4.44 (2H, d, J = 5.5 Hz),
1.26 (9H, s). *C NMR (75 MHz, CDCI;) &: 181.0, 168.6, 130.6, 118.8, 94.9, 48.4, 33.2, 27.8;
HRMS (ESI) m/z: [M + H]" calcd for CyoH16NO, 182.1176, found 182.1175.

5-Cyclopropyl-3-hydroxy-4-(2-propen-1-yl)isoxazole (2j) [Table 5, entry 7]. Yellow oil; IR
(CHCI5): 3020, 1537 cm™; *H NMR (300 MHz, CDCls) &: 9.60 (1H, br s), 5.91 (1H, ddt, J = 17.0,
11.0, 6.0 Hz), 5.07 (1H, d, J = 17.0 Hz), 5.06 (1H, dd, J = 11.0, 1.5 Hz), 3.12 (2H, dd, J = 6.0, 1.5
Hz), 1.87 (1H, tt, J = 16.0, 5.0 Hz), 1.06-0.93 (4H, m); *C NMR (75 MHz, CDCls) &: 170.3, 169.7,
134.8, 115.5, 102.6, 24.7, 7.5, 7.0; HRMS (ESI) m/z: [M + H]" calcd for CgH,;,NO, 166.0863, found
166.0864.

5-Cyclohexyl-3-hydroxy-4-(2-propen-1-yl)isoxazole (2k) [Table 5, entry 8]. Pale yellow oil; IR
(CHCI5): 2935, 1538 cm™; 'H NMR (300 MHz, CDCl,) &: 12.36 (1H, br s), 5.88 (1H, ddt, J =
17.5, 9.5, 6.0 Hz), 5.03 (1H, dq, J = 17.5, 1.5 Hz), 5.02 (1H, dg, J = 9.5, 1.5 Hz), 3.06 (2H, dt, J =
6.0, 1.5 Hz), 2.65 (1H, tt, J = 12.0, 3.0 Hz), 1.87-1.64 (5H, m), 1.62-1.46 (2H, m), 1.38-1.18 (3H,
m); °C NMR (75 MHz, CDCl5) &: 173.2, 171.1, 135.1, 115.3, 101.9, 36.4, 30.2, 25.9, 25.6, 24.9;
HRMS (ESI) m/z: [M + H]" calcd for Cy,H,sNO, 208.1332, found 208.1332.

5-Cyclohexyl-2-(2-propen-1-yI)-3-(2H)isoxazolone (4k) [Table 5, entry 8]. Brown oil; IR
(CHCI5): 3022, 1662 cm™; 'H NMR (300 MHz, CDCl;) &:5.83 (1H, ddt, J = 17.0, 10.0, 6.0
Hz), 5.43 (1H, s), 5.26 (1H, dg, J = 17.0, 1.0 Hz), 5.25 (1H, dg, J = 10.0, 1.0 Hz), 4.43 (2H, dt, J =
6.0, 1.0 Hz), 2.54-2.41 (1H, m), 2.00-1.91 (2H, m), 1.83-1.65 (3H, m), 1.42-1.20 (5H, m); *C NMR
(75 MHz, CDCl,) 6: 177.8, 168.6, 130.8, 118.8, 95.6, 48.4, 36.9, 30.1, 25.5, 25.4; HRMS (ESI) m/z:
[M + H]" caled for Cy,H1gNO, 208.1332, found 208.1333.

5-(1-Cyclohexen-1-yl)-3-hydroxy-4-(2-propen-1-yl)isoxazole (2I) [Table 5, entry 9]. Pale yellow
solid; Mp: 110-112 °C (hexane-AcOEt); IR (CHCI,): 2941, 1536 cm™; *H NMR (300 MHz, CDCls)
8:10.63 (1H, brs), 6.33-6.27 (1H, m), 5.92 (1H, ddt, J = 17.0, 10.0, 5.5 Hz), 5.07 (1H, dd, J = 10.0,



1.5 Hz), 5.02 (1H, dd, J = 17.0, 1.5 Hz), 3.19 (2H, dt, J = 5.5, 1.5 Hz), 2.36-2.33 (2H, m), 2.25-2.20
(2H, m), 1.76-1.61 (4H, m); **C NMR (75 MHz, CDCl;) &: 170.4, 167.2, 134.7, 131.8, 126.9, 115.6,
101.3, 25.6, 25.5, 24.9, 22.0, 21.5; HRMS (ESI) m/z: [M + H]* calcd for Cy,H:;gNO, 206.1176,
found 206.1174.

5-(1-Cyclohexen-1-y)-2-(2-propen-1-yl)-3-(2H)isoxazolone (4l) [Table 5, entry 9]. Brown oil; IR
(CHCI,): 3015, 1650 cm™; *H NMR (300 MHz, CDCl,) &: 6.55-6.49 (1H, m), 5.86 (1H, ddt, J =
17.0, 10.0, 5.5 Hz), 5.55 (1H, s), 5.29 (1H, dg, J = 17.0, 1.5 Hz), 5.26 (1H, dg, J = 10.0, 1.5
Hz), 446 (2H, dt, J = 5.5, 1.5 Hz), 2.27-2.16 (4H, m), 1.79-1.58 (4H, m); **C NMR (75 MHz,
CDCls) 8: 169.4, 168.6, 132.3, 130.9, 125.1, 119.0, 94.3, 48.5, 25.4, 24.3, 21.7, 21.4; HRMS (ESI)
m/z: [M + H]" calcd for Cy,H;6NO, 206.1176, found 206.1178.

General Procedure for Gold-Catalyzed Cyclization-rearrangement reactions of hydroxamates
[Scheme 19]. According to the general procedure for the gold-catalyzed rearrangement reaction
described in Table 5, 2h, i, i", m, n and 4h, i, i", m, n was obtained in the yields shown in Scheme
19.

3-Hydroxy-4-(2-methyl-2-propen-1-yl)-5-phenylisoxazole (2h) [Scheme 19, eq. 1]. White solid;
Mp: 149-151 °C (hexane-AcOEt); IR (CHCIy): 3422, 1538 cm™; '"H NMR (300 MHz, CDCl,)
d: 7.70-7.64 (2H, m), 7.51-7.43 (3H, m), 4.90 (1H, br s), 4.75 (1H, br s), 3.26 (2H, s), 1.88 (3H, s);
3C NMR (75 MHz, CDCls) &: 170.8, 165.8, 142.1, 130.1, 128.8, 128.1, 126.7, 111.4, 103.3, 29.5,
22.8; HRMS (ESI) m/z: [M + H]" calcd for C;3H1,NO, 216.1019, found 216.1017.

2-(2-Methyl-2-propen-1-yl)-5-phenyl-3-(2H)isoxazolone (4h) [Scheme 19, eqg. 1]. White solid;
Mp: 52-54 °C (hexane-AcOEt); IR (CHCls): 3017, 1667 cm™; 'H NMR (300 MHz, CDCl,)
8: 7.70-7.60 (2H, m), 7.54-7.42 (3H, m), 6.05 (1H, s), 4.99 (2H, s), 4.50 (2H, s), 1.78 (3H, s); °C
NMR (75 MHz, CDCly) &: 168.1, 167.7, 139.0, 131.5, 129.0, 126.5, 125.7, 114.1, 95.4, 51.8, 19.9;
HRMS (ESI) m/z: [M + H]" calcd for Cy3H14,NO, 216.1019, found 216.1021.

3-Hydroxy-4-(1-methyl-2-propen-1-yl)-5-phenylisoxazole (2i) [Scheme 19, eq. 2]. Pale yellow
solid; Mp: 116-118 °C (hexane-AcOELt); IR (CHCI3): 3017, 1537 cm™; *H NMR (300 MHz, CDCl5)
5:10.24 (1H, br s), 7.65-7.58 (2H, m), 7.52-7.44 (3H, m), 6.18 (1H, ddd, J = 17.0, 10.0, 7.0
Hz), 5.11 (1H, dt, J = 17.0, 1.0 Hz), 5.10 (1H, dt, J = 10.0, 1.0 Hz), 3.66 (1H, quintd, J = 7.0, 1.0
Hz), 1.46 (3H, d, J = 7.0 Hz); ®*C NMR (75 MHz, CDCl5) &: 170.7, 165.1, 140.4, 130.1, 128.7,
128.1, 127.5, 114.1, 108.4, 32.4, 18.8; HRMS (ESI) m/z: [M + H]" calcd for C;3H;,NO, 216.1019,
found 216.1024.



4-(2-Buten-1-yl)-3-hydroxy-5-phenylisoxazole (2i") [Scheme 19, eq. 2]. Yellow solid; Mp:
108-110 °C (hexane-AcOEt); IR (CHCIy): 3020, 1540 cm™; 'H NMR (300 MHz, CDCl,)
d: 8.80-7.80 (1H, br), 7.73-7.65 (2H, m), 7.52-7.42 (3H, m), 5.69-5.47 (2H, m), 3.30-3.24 (2H, m),
1.69 (3H, d, J = 5.5 Hz); *C NMR (75 MHz, CDCl5), 8: 170.7, 165.1, 130.0, 128.8, 128.2, 126.7,
126.67, 104.0, 24.4, 17.8; HRMS (ESI) m/z: [M + H]" calcd for Cy3Hy,NO, 216.1019, found
216.1025.

2-(1-Methyl-2-propen-1-yl)-5-phenyl-3-(2H)isoxazolone (4i) [Scheme 19, eq. 2]. Yellow oil; IR
(CHCIs): 3016, 1661 cm™; *H NMR (300 MHz, CDCls) &: 7.72-7.62 (2H, m), 7.54-7.42 (3H, m),
6.02 (1H, s), 5.98 (1H, ddd, J = 17.0, 10.5, 5.5 Hz), 5.29 (1H, d, J = 17.0 Hz), 5.24 (1H, d, J = 10.0
Hz), 5.12 (1H, quint d, J = 7.0, 1.5 Hz), 1.53 (3H, d, J = 7.0 Hz); **C NMR (75 MHz, CDCl,)
5:168.3, 168.1, 131.5, 131.1, 129.0, 126.6, 125.7, 123.4, 95.6, 48.2, 17.8; HRMS (ESI) m/z: [M +
H]" calcd for C;3H1,NO, 216.1019, found 216.1020.

2-(2-Buten-1-yI)-5-phenyl-3-(2H)isoxazolone (4i") [Scheme 19, eq. 2]. Brown oil; IR (CHCIy):
3020, 1661 cm™; *H NMR (300 MHz, CDCl5) &: 7.70-7.62 (2H, m), 7.54-7.42 (3H, m), 6.01 (1H,
s), 5.82 (1H, dqt, J = 15.5, 6.5, 1.0 Hz), 5.56 (1H, dtq, J = 15.5, 6.5, 1.5 Hz), 4.49 (2H, dt, J =6.5,
1.5 Hz), 1.73 (3H, dg, J = 6.5, 1.5 Hz); *C NMR (75 MHz, CDCl;) §: 168.7, 168.4, 135.7, 131.5,
129.0, 126.6, 125.7, 117.0, 95.8, 54.5, 17.1; HRMS (ESI) m/z: [M + H]" calcd for C;3sH1,NO;
216.1019, found 216.1020.

4-(2-Cyclohexen-1-yl)-3-hydroxy-5-phenylisoxazole (2m) [Scheme 19, eq. 3]. White solid; Mp:
176-178 °C (hexane-AcOEt); IR (CHCls): 3082, 1536 cm™; '"H NMR (300 MHz, CDCls)
5: 7.66-7.59 (2H, m), 7.52-7.44 (3H, m), 5.92-5.84 (1H, m), 5.63 (1H, dd, J = 10.0, 2.0 Hz),
3.66-3.54 (1H, m), 2.27-1.84 (5H, m), 1.73-1.56 (1H, m); *C NMR (75 MHz, CDCls;) &: 170.5,
165.3, 130.0, 128.7, 128.3, 127.6, 120.8, 109.0, 30.7, 28.2, 24.6, 22.3; HRMS (ESI) m/z: [M + H]"
calcd for Ci5H16NO, 242.1175, found 242.1174.

2-(2-Cyclohexen-1-yI)-5-phenyl-3-(2H)isoxazolone (4m) [Scheme 19, eqg. 3]. Brown oil; IR
(CHCI5): 3013, 1660 cm™; *H NMR (300 MHz, CDCls) &: 7.70-7.60 (2H, m), 7.54-7.39 (3H, m),
6.08-5.97 (1H, m), 6.03 (1H, s), 5.70-5.62 (1H, m), 5.13-5.05 (1H, m), 2.24-1.65 (6H, m); *C NMR
(75 MHz, CDCls) &: 168.2, 168.0, 132.5, 131.4, 128.9, 126.6, 125.7, 124.9, 95.7, 52.8, 27.0, 24.3,
20.7; HRMS (ESI) m/z: [M + Na]" calcd for C15H15NO,Na 264.0995, found 264.0993.

Ethyl 2-(3-hydroxy-5-phenylisoxazol-4-yl)-3-butenoate (2n) [Scheme 19, eq. 4]. White solid;
Mp: 108-110 °C (hexane-AcOEt); IR (CHCI5): 3027, 1732, 1543 cm™; *H NMR (300 MHz, CDCls)
d: 9.60-8.50 (1H, br), 7.67-7.58 (2H, m), 7.52-7.45 (3H, m), 6.35 (1H, ddd, J = 17.0, 10.0, 6.5



Hz), 5.31 (1H, dt, J = 10.0, 1.0 Hz), 5.18 (1H, dt, J = 17.0, 1.0 Hz), 4.47 (1H, d, J = 6.5 Hz), 4.17
(2H, g, J = 7.0 Hz), 1.20 (3H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCl) &: 171.2, 169.7, 166.7,
132.5, 130.5, 128.9, 127.5, 127.3, 118.2, 102.2, 61.9, 43.6, 13.9; HRMS (ESI) m/z: [M + HJ" calcd
for C1sH:1sNO, 274.1074, found 274.1076.



28T 1 EH 1HIE 2 HOER

Crossover Reaction of 1k and 1h [Scheme 20]. To a solution of 1k (20.7 mg, 0.1 mmol) and 1h
(21.5 mg, 0.1 mmol) in (CH,CI), (5 mL) was added PicAuCl, (3.9 mg, 0.01 mmol) under Ar
atomosphere and warm up to refluxing temperature. After being stirred for 2 h, the reaction mixture
was concentrated under reduced pressure. The crude product was purified by PTLC (hexane :
AcOEt =3 : 1+ 1% AcOH) to afford 2k (62%), 2h (59%), 4k (8%), and 4h (8%).
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General procedure for preparation of N-methyl hydroxamate 5a-e [Scheme 30]. To a solution
of O-allyl hydroxamate 1a, b, d, h, j (10 mmol) in DMF was added portionwise NaH (15 mmol) at
0 °C under Ar atomosphere and the mixture was then stirred for 5 min. Methyl iodide (20 mmol)
was slowly added to the reaction mixture at same temperature. After being stirred for 3 h at r.t., the
reaction was quenched with sat. NaHCO; ag. and extracted with AcOEt (3 times). The organic
phase was washed with H,O and brine, dried over MgSO,, and concentrated under reduced pressure.
The crude product was purified by flash column chromatography (hexane : AcOEt = 3 : 1) to give
corresponding N-methyl hydroxamate 5a-e.

N-Methyl-3-phenyl-N-(2-propen-1-yloxy)propynamide (5a). 64% vyield; Yellow oil; IR (CHCIy):
2220, 1632 cm™; *H NMR (300 MHz, CDCls) &: 7.59-7.53 (2H, m), 7.47-7.33 (3H, m), 6.05 (1H,
ddt, J =17.5, 10.5, 6.5 Hz), 5.43 (1H, brd, J = 17.5 Hz), 5.36 (1H, d, J = 10.5 Hz), 4.52 (2H, d, J =
6.5 Hz), 3.30 (3H, br s); *C NMR (75 MHz, CDCI;) &: 154.8, 132.3, 131.2, 130.0, 128.3, 120.7,
120.1, 90.2, 80.5, 75.9, 33.6; HRMS (ESI) m/z: [M + H]" calcd for C;3H1,NO, 216.1019, found
216.1018.

3-(4-Methoxyphenyl)-N-methyl-N-(2-propen-1-yloxy)propynamide (5b). 63% yield; Yellow oil;
IR (CHCls): 2211, 1628 cm™; *H NMR (300 MHz, CDCl5) &: 7.54-7.48 (2H, m), 6.92-6.85 (2H, m),
6.06 (1H, ddt, J = 17.0, 10.5, 6.0 Hz), 5.43 (1H, d, J = 17.0 Hz), 5.36 (1H, d, J = 10.5 Hz), 4.52 (2H,
d, J = 6.0 Hz), 3.84 (3H, s), 3.30, (3H, br s); *C NMR (75 MHz, CDCl5) &: 161.0, 155.3, 134.2,
131.4, 120.6, 114.0, 111.9, 91.1, 80.3, 75.9, 55.1, 33.6; HRMS (ESI) m/z: [M + H]" calcd for
C14H1sNO3 246.1125, found 246.1126.

3-(4-Fluorophenyl)-N-methyl-N-(2-propen-1-yloxy)propynamide (5c). 39% vyield; Yellow oil;
IR (CHCls): 2220, 1635 cm™; *H NMR (300 MHz, CDCls) &: 7.59-7.50 (2H, m), 7.20-7.02 (2H, m),
6.04 (1H, ddt, J = 17.0, 10.5, 6.5 Hz), 5.42 (1H, br d, J = 17.0 Hz), 5.36 (1H, d, J = 10.5 Hz), 4.51
(2H, d, J = 6.5 Hz), 3.30 (3H, br s); *C NMR (75 MHz, CDCl,) &: 163.4 (d, J = 251.5 Hz), 154.8,
134.6 (d, J = 8.5 Hz), 131.3, 120.8, 116.4, 115.9 (d, J = 22.5 Hz), 89.3, 80.9, 76.0, 33.7; HRMS
(ESI) m/z: [M + H]" calcd for Cy3H;3NO,F 234.0925, found 234.0926.

3-Cyclopropyl-N-methyl-N-(2-propen-1-yloxy)propynamide (5d). 70% yield; Pale yellow oil; IR
(CHCI,): 2234, 1630 cm™; *H NMR (300 MHz, CDCls) &: 5.95-5.79 (1H, m), 5.27 (1H, d, J = 17.5
Hz), 5.22 (1H, d, J = 10.5 Hz), 4.31 (2H, d, J = 6.5 Hz), 3.11 (3H, br s), 1.35-1.24 (1H, m),
0.88-0.73 (4H, m); *C NMR (75 MHz, CDCl;) &:154.7,131.2, 120.2, 96.9, 75.5, 68.3,



33.3, 8.7, -0.8; HRMS (ESI) m/z: [M + H]" calcd for CyH;4,NO, 180.1019, found 180.1016.

3-(1-Cyclohexen-1-yI)-N-methyl-N-(2-propen-1-yloxy)propynamide (5e). 60% vyield; Pale
yellow oil; IR (CHCI,): 3013, 2936, 2864, 2205, 1635, 1620 cm™; 'H NMR (300 MHz, CDCl,)
d: 6.43-6.36 (1H, m), 6.01 (1H, ddt, J = 17.0, 10.0, 6.5 Hz), 5.39 (1H, dd, J = 17.0, 1.5 Hz), 5.34
(1H, d, J = 10.0 Hz), 4.46 (2H, dt, J = 6.5, 1.5 Hz), 3.26 (3H, br s), 2.23-2.10 (4H, m), 1.71-1.55
(4H, m); *C NMR (75 MHz, CDCI,) &: 155.7, 140.8, 131.5, 120.8, 118.9, 92.9, 78.9, 76.0, 33.8,
28.2,25.9, 21.9, 21.1; HRMS (ESI) m/z: [M + H]" calcd for C13H1gNO, 220.1332, found 220.1333.

General procedure for gold-catalyzed cyclization-rearrangement reaction of O-allyl-N-methyl
hydroxamates 5a-e [Table 6]. To a solution of O-allyl-N-methyl-hydroxamate 5a-e (0.2 mmol) in
(CH.CI), (5 mL) was added PicAuCl, (0.01 mmol) under Ar atomosphere. After being stirred at
reflux for 24 h, the reaction mixture was concentrated under reduced pressure. The crude product
was purified by PTLC (hexane : AcOEt = 1 : 1) to give 3a-e in yield shown in Table 6.

2-Methyl-5-phenyl-4-(2-propen-1-yl)-3-(2H)isoxazolone (3a) [Table 6, entry 1]. Yellow oil; IR
(CHCI5): 3009, 1663 cm™; 'H NMR (300 MHz, CDCl;) &: 7.68-7.60 (2H, m), 7.52-7.44 (3H,
m), 5.99 (1H, ddt, J = 17.5, 9.5, 5.5 Hz), 5.14 (1H, dqg, J = 17.5, 1.5 Hz), 5.13 (1H, dgq, J = 9.5, 1.5
Hz), 3.61 (1H, s), 3.28 (2H, dt, J = 5.5, 1.5 Hz); **C NMR (75 MHz, CDCl;) &: 167.7, 162.9, 133.9,
130.7, 128.8, 127.2, 126.7, 116.0, 106.9, 32.6, 26.0; HRMS (ESI) m/z: [M + H]" calcd for
C13H14sNO; 216.1019, found 216.10109.

5-(4-Methoxyphenyl)-2-methyl-4-(2-propen-1-yl)-3-(2H)isoxazolone (3b) [Table 6, entry 2].
Yellow oil; IR (CHCI,): 3431, 1663, 1643 cm™; ‘*H NMR (300 MHz, CDCl,) &: 7.61-7.53 (2H, m),
7.00-6.93 (2H, m), 5.96 (1H, ddt, J = 16.5, 11.0, 5.5 Hz), 5.15 (1H, dg, J = 16.5, 1.5 Hz), 5.09 (1H,
dg, J = 11.0, 1.5 Hz), 3.84 (3H, s), 3.56 (3H, s), 3.23 (2H, dt, J = 5.5, 1.5 Hz); *C NMR (75 MHz,
CDCl,) &:168.3, 163.2, 161.4, 134.1, 128.4, 119.7, 115.9, 114.2, 105.3, 55.3, 32.7, 26.1; HRMS
(ESI) m/z: [M + H]" calcd for Cy,H16NO; 246.1125, found 246.1126.

5-(4-Fluorophenyl)-2-methyl-4-(2-propen-1-yl)-3-(2H)isoxazolone (3c) [Table 6, entry 3]. Pale
yellow oil; IR (CHCI5): 3001, 2254, 1664 cm™; *H NMR (300 MHz, CDCl3) &: 7.79-7.60 (2H, m),
7.22-7.12 (2H, m), 5.97 (1H, ddt, J = 18.0, 9.5, 5.5 Hz), 5.13 (1H, dq, J = 9.5, 1.5 Hz), 5.12 (1H, dq,
J=18.0, 1.5 Hz), 3.60 (3H, s), 3.25, (2H, dt, J = 5.5, 1.5 Hz); *C NMR (75 MHz, CDCls) &: 167.7,
163.9 (d, J = 251.0 Hz), 162.0, 133.8, 128.9 (d, J = 9.0 Hz), 123.5 (d, J = 3.5 Hz), 116.12 (d, J =
22.0 Hz), 116.09, 106.7, 32.7, 26.0; HRMS (ESI) m/z: [M + H]" calcd for Ci3H13NO,F 234.0925,
found 234.0925.



5-Cyclopropyl-2-methyl-4-(2-propen-1-yl)-3-(2H)isoxazolone (3d) [Table 6, entry 4]. Yellow
oil; IR (CHCI5): 3004, 1645 cm™; *H NMR (300 MHz, CDClI5) §: 5.86 (1H, ddt, J = 17.0, 10.0, 6.0
Hz), 5.05 (1H, dq, J = 17.0, 1.5 Hz), 5.00 (1H, dq, J = 10.0, 1.5 Hz), 3.36 (3H, s), 3.03 (2H, dt, J =
6.0, 1.5 Hz), 1.83 (1H, tt, J = 7.0, 6.0 Hz), 0.98-0.93 (4H, m); *C NMR (75 MHz, CDCl;) &: 168.8,
168.3, 134.6, 115.4, 106.2, 32.8, 25.1, 7.4, 6.9; HRMS (ESI) m/z: [M + H]" calcd for Cy,H1,NO;
180.1019, found 180.1021.

5-(1-Cyclohexen-1-yl)-2-methyl-4-(2-propen-1-yl)-3-(2H)isoxazolone (3e) [Table 6, entry 5].
Brown oil; IR (CHCI5): 3018, 1657 cm™; *H NMR (300 MHz, CDCls) &: 6.38-6.32 (1H, m), 5.89
(1H, ddt, J = 16.5, 10.5, 5.5 Hz), 5.05 (1H, dq, J = 10.5, 1.5 Hz), 5.03 (1H, dqg, J = 16.5, 1.5 Hz),
3.50 (3H, s), 3.13 (2H, dt, J = 5.5, 1.5 Hz), 2.34-2.16 (4H, m), 1.78-1.58 (4H, m); *C NMR (75
MHz, CDCls) &: 168.2, 164.7, 134.6, 133.5, 126.3, 115.4, 105.2, 32.5, 26.1, 25.5, 24.7, 21.9, 21.3;
HRMS (ESI) m/z: [M + H]" calcd for Cy3H15NO, 220.1332, found 220.1330.



oA HT 1 EE 3 HID R

General Procedure for Preparation of N-Methoxy-N-methyl-2-propynamide [Scheme 32]. To
a solution of propiolic acid (10 mmol) in CH)CIl, (0.5 M, 20 mL) were added N,O-dimethyl
hydroxylamine hydrochloride (12 mmol), Et;N (12 mmol), 4-(N,N-dimethylamino)pyridine (0.5
mmol), and EDC<HCI (10.5 mmol) at 0 °C. After being stirred for 3 h at r.t., the reaction mixture
was diluted with H,O and extracted with CHCI; (3 times). The organic phase was dried over MgSO,
and concentrated under reduced pressure. The crude product was purified by flash column
chromatography (hexane : AcOEt = 3 : 1) to afford 6a-g.

N-Methoxy-N-methyl-3-phenyl-2-propynamide (6a). 92% yield; Pale yellow solid; Mp: 39-40 °C
(hexane-AcOEt); IR (CHClIs): 2220, 1642 cm™; *H NMR (300 MHz, CDCls) &: 7.64-7.53 (2H, m),
7.48-7.32 (3H, m), 3.85 (3H, s), 3.29 (3H, br s); *C NMR (75 MHz, CDCls) &: 154.5, 132.5, 130.1,
128.4, 120.3, 90.2, 80.7, 62.1, 32.4; HRMS (ESI) m/z: [M + H]" calcd for Cy;H3,NO, 190.0863,
found 190.0863.

N-Methoxy-3-(4-methoxyphenyl)-N-methyl-2-propynamide (6b). 63% vyield; Pale yellow solid;
Mp: 67-69 °C (hexane-AcOEt); IR (CHCIs): 2215, 1638 cm™; *H NMR (300 MHz, CDCls) §: 7.52
(2H, br d, J = 9.0 Hz), 6.89 (2H, br d, J = 9.0 Hz), 3.84 (6H, s), 3.30 (3H, br s); **C NMR (75 MHz,
CDCl,) 6: 161.1, 155.0, 134.4, 114.1, 112.1, 91.0, 80.0, 62.0, 55.3, 32.4; HRMS (ESI) m/z: [M +
H]" calcd for C;,H;4NO3 220.0968, found 220.0966.

N-Methoxy-N-methyl-3-[4-(trifluoromethyl)phenyl]-2-propynamide (6c). 48% vyield; Yellow
0il; IR (CHCI,): 2226, 1647 cm™; *H NMR (300 MHz, CDCls) 8: 7.69 (2H, d, J = 9.0 Hz), 7.64 (2H,
d, J=9.0 Hz), 3.86 (3H, s), 3.30 (3H, br s); **C NMR (75 MHz, CDCls) &: 153.6, 132.5, 131.4 (q, J
= 32.5 Hz), 125.1 (q, J = 3.5 Hz), 124.0, 123.3 (q, J = 266.5 Hz), 87.9, 82.4, 61.9, 32.3; HRMS
(ESI) m/z: [M + H]" calcd for Cy,H1;NO,F; 258.0736, found 258.0735.

3-(4-Fluorophenyl)-N-methoxy-N-methyl-2-propynamide (6d). 52% yield; White solid; Mp:
66-68 °C (hexane-AcOEt); IR (CHCI5): 2224, 1639 cm™; *H NMR (300 MHz, CDCl5) &: 7.62-7.52
(2H, m), 7.12-7.03 (2H, m), 3.85 (3H, ), 3.30 (3H, br s); *C NMR (75 MHz, CDCls) &: 163.8 (d, J
= 251.5 Hz), 154.3, 134.7 (d, J = 8.5 Hz), 116.4, 115.9 (d, J = 22.0 Hz), 89.2, 80.6, 62.1, 32.4;
HRMS (ESI) m/z: [M + H]" calcd for Cy,H,;NO,F 208.0768, found 208.0769.

N-Methoxy-N-methyl-2-heptynamide (6e). 68% yield; Yellow oil; IR (CHCIs): 2237, 1644 cm™;
'H NMR (300 MHz, CDCls) 8: 3.76 (3H, s), 3.23 (3H, br s), 2.38 (2H, t, J = 7.0 Hz), 1.58 (2H, br



quint, J = 7.0 Hz), 1.45 (2H, br sext, J = 7.0 Hz), 0.93 (3H, t, J = 7.0 Hz); *C NMR (75 MHz,
CDClI,) 6: 154.2,93.3, 77.2, 73.0, 61.5, 29.6, 21.7, 18.4, 13.3; HRMS (ESI) m/z: [M + H]" calcd for
CgoH1sNO, 170.1176, found 170.1178.

N-Methoxy-N,4,4-trimethyl-2-pentynamide (6f). 91% vyield; Colorless oil; IR (CHCIs): 2236,
1635 cm™; *H NMR (300 MHz, CDCls) &: 3.63 (3H, s), 3.08 (3H, br s), 1.17 (9H, s); *C NMR (75
MHz, CDCls) §: 154.6, 100.2, 71.4, 61.5, 32.0, 29.8, 27.4. HRMS (ESI) m/z: [M + H]" calcd for
CgH1sNO, 170.1176, found 170.1174.

3-Cyclopropyl-N-methoxy-N-methyl-2-propynamide (6g). 51% yield; Colorless oil; IR (CHCI5):
2224, 1639 cm™; 'H NMR (300 MHz, CDCl;) &: 3.76 (3H, s), 3.23 (3H, br s), 1.42 (1H, tt, J
= 8.0, 5.0 Hz), 1.00-0.85 (4H, m); **C NMR (75 MHz, CDCl,) &: 154.4, 96.9, 68.1, 61.7, 32.1, 8.9,
0.0; HRMS (ESI) m/z: [M + Na]" calcd for CgH,;,NO,Na 176.0682, found 176.0683.

3-Phenyl-N-(phenylmethoxy)-2-propynamide (57) [Scheme 33]. To a solution of phenylpropiolic
acid (1.46 g, 10 mmol) in CH,Cl, (0.5 M, 20 mL) were added O-Benzyl hydroxylamine
hydrochloride (1.92 g, 12 mmol), EtzN (8.7 mL, 12 mmol), 4-(N,N-dimethylamino)pyridine (61.1
mg, 0.5 mmol), and EDC-HCI (2.01 g, 10.5 mmol) at 0 °C. After being stirred for 3 h at r.t., the
reaction mixture was diluted with H,O and extracted with CHClI; (3 times). The organic phase was
dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
flash column chromatography (hexane : AcOEt = 3 : 1) to afford 57 (1.26g, 50%) as a white solid.
Mp: 89-90 °C (hexane-AcOEt); IR (CHCIs): 3380, 2214, 1655 cm™; *H NMR (300 MHz, CDCl,)
8: 8.54-8.20 (1H, br), 7.62-7.48 (2H, m), 7.48-7.31 (8H, m), 5.00 (2H, s); *C NMR (75 MHz,
CDCls) 4: 151.9, 134.8, 132.6, 130.5, 129.3, 128.9, 128.7, 128.6, 119.6, 87.6, 79.9, 78.6; HRMS
(ESI) m/z: [M + H]" calcd for C;6H14NO, 252.1019, found 252.1018.

N-Metyl-3-phenyl-N-(phenylmethoxy)-2-propynamide (58) [Scheme 33]. To a solution of 57
(1.26 g, 5 mmol) in DMF was added portionwise NaH (60% oil suspension) (300 mg, 7.5 mmol) at
0 °C under Ar atomosphere and the mixture was then stirred for 5 min. Methyl iodide (623 pL, 10
mmol) was slowly added to the reaction mixture at same temperature. After being stirred for 3 h at
r.t., the reaction was quenched with sat. NaHCO; ag. and extracted with AcOEt (3 times). The
organic phase was washed with H,O and brine, dried over MgSQO,, and concentrated under reduced
pressure. The crude product was purified by flash column chromatography (hexane : ACOEt=3: 1)
to give 58 (981.2 mg, 74%) as a yellow oil. IR (CHCI5): 2219, 1640 cm™; "H NMR (300 MHz,
CDCl;) &: 7.55-7.48 (2H, m), 7.48-7.31 (8H, m), 5.01 (2H, s), 3.27 (3H, br s); *C NMR (75 MHz,
CDCly) 6: 155.1, 134.2, 132.6, 130.2, 129.4, 128.9, 128.6, 128.5, 120.3, 90.5, 81.3, 77.4, 33.9;
HRMS (ESI) m/z: [M + Na]" calcd for C1;H;sNO,Na 288.0995, found 288.0989.



Optimization of the Halocyclization of 6a [Table 7]

Chlorocyclization Reaction of 6a [Table 7 entry 1]. To a solution of 6a (47.3 mg, 0.25 mmol) in
MeCN (5 mL) was added NCS (66.8 mg, 0.5 mmol) and CuCl, (84.7 mg, 0.63 mmol) and the
reaction mixture was stirred under argon atomosphere at refluxing temperature. After being stirred
for 6 h, the reaction mixture was diluted with H,O and extract with AcOEt. The organic phase was
dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
PTLC (hexane : AcOEt =1 : 1) to afford 7a (44.1 mg, 84%).

4-Chloro-2-methyl-5-phenyl-3(2H)-isoxazolone  (7a). White solid; Mp: 81-83 °C
(hexane-AcOEt); IR (CHCI5): 3011, 1692 cm™; *H NMR (300 MHz, CDCl5) &: 7.97-7.89 (2H, m),
7.58-7.46 (3H, m), 3.64 (3H, s); *C NMR (75 MHz, CDCI;) &: 163.2, 160.2, 131.5, 128.8, 126.3,
125.4, 102.5, 33.4; HRMS (ESI) m/z: [M + H]" calcd for C10HsNO,**Cl 210.0316, found 210.0316.

[Table 7 entry 2]. To a solution of 6a (47.3 mg, 0.25 mmol) in MeCN (5 mL) was added NCS (66.8
mg, 0.5 mmol) and CuCl,(33.6 mg, 0.25 mmol) and the reaction mixture was stirred under argon
atomosphere at refluxing temperature. After being stirred for 6 h, the reaction mixture was diluted
with H,O and extract with AcOEt. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was purified by PTLC (hexane : AcOEt = 1 : 1) to afford 7a
(33.6 mg, 64%).

[Table 7 entry 5]. To a solution of 6a (47.3 mg, 0.25 mmol) in MeCN (5 mL) was added NCS (50.1
mg, 0.38 mmol) and CuCl, (84.7 mg, 0.63 mmol) and the reaction mixture was stirred under argon
atomosphere at refluxing temperature. After being stirred for 6 h, the reaction mixture was diluted
with H,O and extract with AcOEt. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was purified by PTLC (hexane : AcOEt = 1 : 1) to afford 7a
(44.0 mg, 84%).

Bromocyclization Reaction of 6a [Table 7 entry 6]. To a solution of 6a (47.3 mg, 0.25 mmol) in
MeCN (5 mL) was added NBS (66.7 mg, 0.38 mmol) and CuCl, (84.7 mg, 0.63 mmol) and the
reaction mixture was stirred under argon atomosphere at refluxing temperature. After being stirred
for 2 h, the reaction mixture was diluted with H,O and extract with ACOEt. The organic phase was
dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
PTLC (hexane : AcOEt =1 : 1) to afford 8a (59.8 mg, 94%).

4-Bromo-2-methyl-5-phenyl-3(2H)-isoxazolone (8a). White solid; Mp: 66-68 °C (hexane-AcOEt);
IR (CHCI;): 3011, 1682 cm™; *H NMR (300 MHz, CDCls) &: 7.98-7.91 (2H, m), 7.57-7.45 (3H, m),
3.65 (3H, s); *C NMR (75 MHz, CDCls) &: 164.2, 161.9, 131.6, 128.8, 126.7, 125.9, 89.4, 33.6;



HRMS (ESI) m/z: [M + H]" calcd for C4,HsNO,"°Br 253.9811, found 253.9813.

[Table 7 entry 7]. To a solution of 6a (47.3 mg, 0.25 mmol) in MeCN (5 mL) was added NBS (89.0
mg, 0.5 mmol) and the reaction mixture was stirred under argon atomosphere at refluxing
temperature. After being stirred for 24 h, the reaction mixture was diluted with H,O and extract with
AcOEt. The organic phase was dried over MgSO, and concentrated under reduced pressure. The
crude product was purified by PTLC (hexane : AcOEt = 1 : 1) to afford 8a (17.1 mg, 27%) and
recovered 6a (30.0 mg, 63%).

lodocyclization Reaction of 6a [Table 7 entry 8]. To a solution of 6a (47.3 mg, 0.25 mmol) in
MeCN (5 mL) was added NIS (84.4 mg, 0.38 mmol) and CuCl, (84.7 mg, 0.63 mmol) and the
reaction mixture was stirred under argon atomosphere at refluxing temperature. After being stirred
for 2 h, the reaction mixture was diluted with H,O and extract with ACOEt. The organic phase was
dried over MgSO, and concentrated under reduced pressure. The crude product was purified by
PTLC (hexane : AcOEt =1 : 1) to afford 9a (72.4 mg, 96%).

4-lodo-2-methyl-5-phenyl-3(2H)-isoxazolone  (9a).  Yellow solid; Mp: 113-115 °C
(hexane-AcOEt); IR (CHClIs): 3016, 1674 cm™; 'H NMR (300 MHz, CDCls) &: 8.01-7.93 (2H, m),
7.57-7.45 (3H, m), 3.66 (3H, s); *C NMR (75 MHz, CDCl;) &: 166.1, 164.5, 131.6, 128.6, 127.1,
126.4, 58.7, 33.8; HRMS (ESI) m/z: [M + H]" calcd for C1oHoNO,I 301.9673, found 301.9672.

[Table 7 entry 9]. To a solution of 6a (47.3 mg, 0.25 mmol) in MeCN (5 mL) was added NIS (84.4
mg, 0.38 mmol) and CuCl; (33.6 mg, 0.25 mmol) and the reaction mixture was stirred under argon
atomosphere at refluxing temperature. After being stirred for 2 h, the reaction mixture was diluted
with H,O and extract with AcOEt. The organic phase was dried over MgSO, and concentrated under
reduced pressure. The crude product was purified by PTLC (hexane : AcOEt = 1 : 1) to afford 9a
(72.5 mg, 96%).

[Table 7 entry 10]. To a solution of 6a (47.3 mg, 0.25 mmol) in MeCN (5 mL) was added NIS
(122.5 mg, 0.5 mmol) and the reaction mixture was stirred under argon atomosphere at refluxing
temperature. After being stirred for 24 h, the reaction mixture was diluted with H,O and extract with
AcOEt. The organic phase was dried over MgSO, and concentrated under reduced pressure. The
crude product was purified by PTLC (hexane : AcOEt = 1 : 1) to afford 9a (40.0 mg, 53%) and
recovered 6a (21.2 mg, 45%).

General Procedure for Chlorocyclization (Method A) [Table 8]. To a solution of N,O-dimethyl
hydroxamate (0.2 mmol) in MeCN (5 mL) was added NCS (0.3 mmol) and CuCl, (0.5 mmol) and



the reaction mixture was stirred under argon atomosphere at refluxing temperature. After being
stirred for 6 h, the reaction mixture was diluted with H,O and extract with AcOEt. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The crude product was
purified by PTLC (hexane : AcOEt = 1 : 1) to afford 7b-g in yield shown in Table 8.

General Procedure for Bromocyclization (Method B) [Table 8]. To a solution of N,O-dimethyl
hydroxamate (0.2 mmol) in MeCN (5 mL) was added NBS (0.3 mmol) and CuCl, (0.5 mmol) and
the reaction mixture was stirred under argon atomosphere at refluxing temperature. After being
stirred for 2 h, the reaction mixture was diluted with H,O and extract with AcOEt. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The crude product was
purified by PTLC (hexane : AcOEt = 1 : 1) to afford 8b-g in yield shown in Table 8.

General Procedure for lodocyclization (Method C) [Table 8]. To a solution of N,O-dimethyl
hydroxamate (0.2 mmol) in MeCN (5 mL) was added NIS (0.3 mmol) and CuCl; (0.2 mmol) and
the reaction mixture was stirred under argon atomosphere at refluxing temperature. After being
stirred for 2 h, the reaction mixture was diluted with H,O and extract with AcOEt. The organic
phase was dried over MgSO, and concentrated under reduced pressure. The crude product was
purified by PTLC (hexane : AcOEt = 1 : 1) to afford 9b-g in yield shown in Table 8.

4-Chloro-5-(4-methoxyphenyl)-2-methyl-3(2H)-isoxazolone (7b) [entry 1]. White solid;
Mp: 98-100 °C (hexane-AcOEt); IR (CHCIs): 3011, 1689 cm™; "H NMR (300 MHz, CDCls) &: 7.88
(2H, br d, J = 9.0 Hz), 6.99 (2H, br d, J = 9.0 Hz), 3.87 (3H, s), 3.61 (3H, s); *C NMR (75 MHz,
CDCls) 8: 163.9, 161.9, 160.6, 128.1, 118.0, 114.3, 100.8, 55.4, 33.7; HRMS (ESI) m/z: [M + H]"
caled for CyHyNO;*CI 240.0422, found 240.0422.

4-Bromo-5-(4-methoxyphenyl)-2-methyl-3(2H)-isoxazolone (8b) [entry 2]. White solid; Mp:
108-110 °C (hexane-AcOEt); IR (CHCI5): 3018, 1680 cm™; 'H NMR (300 MHz, CDCls) &: 7.95
(2H, br d, J = 9.0 Hz), 7.01 (2H, br d, J = 9.0 Hz), 3.89 (3H, s), 3.64 (3H, s); *C NMR (75 MHz,
CDCls) 6:164.7, 162.1, 162.0, 128.5, 118.3, 114.2, 87.5, 55.5, 33.8; HRMS (ESI) m/z: [M + H]"
caled for CyHy;NO;Br 283.9917, found 283.9917.

4-1odo-5-(4-methoxyphenyl)-2-methyl-3(2H)-isoxazolone (9b) [entry 3]. Pale yellow solid,;
Mp: 80-82 °C (hexane-AcOEt); IR (CHCI;): 3008, 1671 cm™; ‘*H NMR (300 MHz, CDCl5) &: 7.95
(2H, br d, J = 8.5 Hz), 6.99 (2H, br d, J = 8.5 Hz), 3.88 (3H, s), 3.64 (3H, s); *C NMR (75 MHz,
CDCl5) &: 166.7, 164.6, 162.1, 128.9, 118.7, 114.1, 56.5, 55.4, 33.7; HRMS (ESI) m/z: [M + H]"
calcd for C1H11NO;1 331.9778, found 331.9773.



4-Chloro-2-methyl-5-[4-(trifluoromethyl)phenyl]-3(2H)-isoxazolone (7¢) [entry 4]. White solid;
Mp: 99-101 °C (hexane-AcOEt); IR (CHCIs): 3020, 1694 cm™; *H NMR (300 MHz, CDCI5) &: 8.05
(2H, d, J = 8.0 Hz), 7.76 (2H, d, J = 8.0 Hz), 3.68 (3H, s); **C NMR (75 MHz, CDCls) &: 162.6,
158.5, 133.1 (g, J = 32.5 Hz), 128.8, 126.7, 125.8 (q, J = 3.5 Hz), 123.3 (q, J = 270.5 Hz), 104.6,
33.6; HRMS (ESI) m/z: [M + H]" calcd for C1;HsNO,F;*Cl 278.0190, found 278.0191.

4-Bromo-2-methyl-5-[4-(trifluoromethyl)phenyl]-3(2H)-isoxazolone (8c) [entry 5]. Pale yellow
solid; Mp: 93-95 °C (hexane-AcOEt); IR (CHCI,): 3011, 1682 cm™; *H NMR (300 MHz, CDCl5)
8: 8.12 (2H, d, J = 8.5 Hz), 7.79 (2H, d, J = 8.5Hz), 3.70 (3H, s); *C NMR (75 MHz, CDCl5)
3:163.5, 160.2, 131.1 (q, J = 33.0 Hz), 129.2, 127.1, 125.9 (q, J = 4.0 Hz), 123.4 (q, J = 271.0
Hz), 91.4, 33.7; HRMS (ESI) m/z: [M + H]" calcd for C;;HsNO,F5°Br 321.9685, found 321.9687.

4-lodo-2-methyl-5-[4-(trifluoromethyl)phenyl]-3(2H)-isoxazolone (9c) [entry 6]. Pale yellow
solid; Mp: 87-89 °C (hexane-AcOEt); IR (CHCI,): 3009, 1678 cm™; *H NMR (300 MHz, CDCl5)
8: 8.12 (2H, d, J = 8.0 Hz), 7.76 (2H, d, J = 8.0Hz), 3.69 (3H, s); *C NMR (75 MHz, CDCl5)
d: 165.5, 162.8, 133.2 (q, J = 33.0 Hz), 129.8, 127.6, 125.7 (q, J = 3.5 Hz), 123.4 (q, J = 271.0 Hz),
60.9, 33.8; HRMS (ESI) m/z: [M + H]" calcd for C1;HgNO,F;1 369.9546, found 369.9543.

4-Chloro-5-(4-fluorophenyl)-2-methyl-3(2H)-isoxazolone  (7d) [entry 7]. White solid;
Mp: 89-91 °C (hexane-AcOEt); IR (CHCIs): 3013, 1693 cm™; 'H NMR (300 MHz, CDCls) &:
7.98-7.90 (2H, m), 7.25-7.16 (2H, m), 3.64 (3H, s); *C NMR (75 MHz, CDCl,) &: 164.2 (d, J =
252.5 Hz), 163.3, 159.4, 128.7 (d, J = 8.5 Hz), 121.9, 116.2 (d, J = 22.0 Hz), 102.4, 33.6; HRMS
(ESI) m/z: [M + H]" calcd for C1oHsNO,F*°Cl 228.0222, found 228.0223.

4-Bromo-5-(4-fluorophenyl)-2-methyl-3(2H)-isoxazolone (8d) [entry 8]. Pale yellow solid;
Mp: 87-89 °C (hexane-AcOEt); IR (CHCIs): 3015, 1683 cm™; 'H NMR (300 MHz, CDCl,)
8: 8.02-7.94 (2H, m), 7.24-7.15 (2H, m), 3.65 (3H, s); *C NMR (75 MHz, CDCl5) &: 164.4 (d, J =
252.0 Hz), 164.2, 161.1, 129.1 (d, J = 9.0 Hz), 122.2 (d, J = 3.5 Hz), 116.2 (d, J = 22.0 Hz), 89.2,
33.7: HRMS (ESI) m/z: [M + H]" calcd for C,,HsNO,F"°Br 271.9717, found 271.9718.

5-(4-Fluorophenyl)-4-iodo-2-methyl-3(2H)-isoxazolone (9d) [entry 9]. Pale yellow solid; Mp:
109-111 °C (hexane-AcOEt); IR (CHCIy): 3008, 1675 cm™; 'H NMR (300 MHz, CDCl,)
3: 8.04-7.96 (2H, m), 7.24-7.15 (2H, m), 3.66 (3H, s); *C NMR (75 MHz, CDCl;) &: 166.1, 164.4
(d, J = 252.5 Hz), 163.6, 129.5 (d, J = 9.0 Hz), 122.7 (d, J = 3.5 Hz), 116.0 (d, J = 22.0 Hz), 58.6,
33.7; HRMS (ESI) m/z: [M + H]" calcd for C1oHgNO,F1 319.9578, found 319.9574.

5-Butyl-4-chloro-2-methyl-3(2H)-isoxazolone (7e) [entry 10]. Colorless oil; IR (CHCI3): 2933,



1683 cm™; 'H NMR (300 MHz, CDCls) &: 3.53 (3H, s), 2.62 (2H, t, J = 7.5 Hz), 1.65 (2H, quint, J
= 7.5 Hz), 1.39 (2H, sext, J = 7.5 Hz), 0.95 (3H, t, J = 7.5 Hz); **C NMR (75 MHz, CDCl;) &: 167.3,
163.4, 103.4, 33.4, 28.0, 25.7, 22.0, 13.5; HRMS (ESI) m/z: [M + H]" calcd for CgH;3NO,*CI
190.0629, found 190.0632.

4-Bromo-5-butyl-2-methyl-3(2H)-isoxazolone (8e) [entry 11]. Yellow oil; IR (CHCIs): 3009,
2963, 1679 cm™; 'H NMR (300 MHz, CDCls) &: 3.54 (3H, s), 2.62 (2H, t, J = 7.5 Hz), 1.65 (2H,
quint, J = 7.5 Hz), 1.39 (2H, sext, J = 7.5 Hz), 0.95 (3H, t, J = 7.5 Hz); *C NMR (75 MHz, CDCl5)
5:169.1, 164.2, 90.2, 335, 28.1, 26.5, 22.0, 13.5; HRMS (ESI) m/zz [M + H]" calcd for
CsH13NO,°Br 234.0124, found 234.0123.

5-Butyl-4-lodo-2-methyl-3(2H)-isoxazolone (9¢) [entry 12]. Pale yellow oil; IR (CHCI3): 3005,
2961, 2933, 1674 cm™; 'H NMR (300 MHz, CDCI5) 8: 3.53 (3H, s), 2.62 (2H, t, J = 7.5 Hz), 1.64
(2H, br quint, J = 7.5 Hz), 1.39 (2H, sext, J = 7.5 Hz), 0.95 (3H, t, J = 7.5 Hz); *C NMR (75 MHz,
CDCl3) &:172.1, 166.1, 59.8, 33.7, 28.4, 28.0, 22.1, 13.6; HRMS (ESI) m/z: [M + H]" calcd for
CgH13NO,1 281.9986, found 281.9982.

4-Chloro-5-(1,1-dimethylethyl)-2-methyl-3(2H)-isoxazolone (7f) [entry 13]. White solid; Mp:
60-62 °C (hexane-AcOEt); IR (CHCI5): 3018, 1679 cm™; *H NMR (300 MHz, CDCl;) &: 3.54 (3H,
s), 1.38 (9H, s); *C NMR (75 MHz, CDCls) &: 171.4, 163.7, 101.9, 34.4, 33.3, 27.2; HRMS (ESI)
m/z: [M + H]" calcd for CgH13NO,*Cl 190.0629, found 190.0630.

4-Bromo-5-(1,1-dimethylethyl)-2-methyl-3(2H)-isoxazolone (8f) [entry 14]. White solid; Mp:
73-75 °C (hexane-AcOEt); IR (CHCI5): 3007, 2981, 1679 cm™; *H NMR (300 MHz, CDCls) &: 3.53
(3H, s), 1.39 (9H, s); *C NMR (75 MHz, CDCl,) 8: 172.9, 164.5, 88.2, 34.4, 33.3, 27.1; HRMS
(ESI) m/z: [M + H]" caled for CgHysNO,°Br 234.0124, found 234.0124.

5-(1,1-Dimethylethyl)-4-iodo-2-methyl-3(2H)-isoxazolone (9f) [entry 15]. White solid; Mp:
100-102 °C (hexane-AcOEt); IR (CHCI,): 3005, 2982, 1669 cm™; 'H NMR (300 MHz, CDCls) &:
3.54 (3H, s), 1.41 (9H, s); °C NMR (75 MHz, CDCl;) &: 174.8, 166.4, 56.6, 34.6, 33.4, 27.5;
HRMS (ESI) m/z: [M + H]" calcd for CgH13NO,I 281.9986, found 281.9984.

4-Chloro-5-cyclopropyl-2-methyl-3(2H)-isoxazolone (7g) [entry 16]. White solid; Mp: 85-87 °C
(hexane-AcOEt); IR (CHCI5): 3010, 1684 cm™; "H NMR (300 MHz, CDCls) 8: 3.45 (3H, s), 2.01
(1H, tt, J = 8.0, 6.0 Hz), 1.16-1.08 (4H, m); *C NMR (75 MHz, CDCls) &: 167.5, 164.2, 102.5, 33.7,
7.7,7.6; HRMS (ESI) m/z: [M + Na]" calcd for C;HgNO,Na*Cl 196.0136, found 196.0137.



4-Bromo-5-cyclopropyl-2-methyl-3(2H)-isoxazolone (8g) [entry 17]. White solid; Mp: 94-96 °C
(hexane-AcOEt); IR (CHCI,): 3013, 1679 cm™; *H NMR (300 MHz, CDCl,) &: 3.47 (3H, s), 2.03
(1H, tt, J = 8.0, 5.5 Hz), 1.17-1.08 (4H, m); *C NMR (75 MHz, CDCl;) &: 169.3, 165.1, 89.1,
33.8, 8.5, 7.8; HRMS (ESI) m/z: [M + H]" calcd for C;HoNO,"°Br 217.9811, found 217.9812.

5-Cyclopropyl-4-iodo-2-methyl-3(2H)-isoxazolone (99g) [entry 18]. White solid; Mp: 86-88 °C
(hexane-AcOEt); IR (CHCI,): 3009, 1671 cm™; *H NMR (300 MHz, CDCl,) &: 3.47 (3H, s), 2.02
(1H, tt, J = 7.5, 6.0 Hz), 1.15-1.07 (4H, m); *C NMR (75 MHz, CDCl;) &: 172.2, 167.0, 58.1,
33.9, 9.9, 8.2; HRMS (ESI) m/z: [M + H]" calcd for C;HgNO,I 265.9673, found 265.9673.

lodocyclization of 58 [Scheme 34]. According to the general procedure for iodocyclization
(Method C) described in Table 8, 9a and N-benzyl acetamide 59 were obtained in yields shown in
Scheme 34.

N-(Phenylmethyl)acetamide (59) [Scheme 34]. White solid; Mp: 57-59 °C (hexane-AcOEt); IR
(CHCI5): 3306, 3012, 1659 cm™; *H NMR (300 MHz, CDCls) &: 7.38-7.22 (5H, m), 6.12-5.78 (1H,
br), 4.40 (2H, d, J = 5.5 Hz), 2.00 (3H, s); **C NMR (75 MHz, CDCls) &: 169.9, 138.2, 128.7, 127.8,
127.5, 43.7, 23.2; HRMS (ESI) m/z: [M + H]" calcd for CgH;,NO 150.0913, found 150.0914.

N-Methyl-5-phenyl-4-(phenylethynyl)-3(2H)-isoxazolone (63) [Scheme 37]. To a solution of 9a
(60.2 mg, 0.2 mmol) in DMF (5 mL) were added PdCl,(PPhs), (1.4 mg, 0.002 mmol) and Cul (0.8
mg, 0.004 mmol). The reaction mixture was flushed with argon, and phenylacetylene (26 uL, 0.24
mmol) was added to the stirred reaction mixutute. Et,NH (1 mL) was added dropwise to the
reaction mixture and the reaction mixture was stirred at 50 °C. After being stirred for 5 h, the
reaction mixture was diluted with sat. NH,CI ag. and extract with AcOEt (3 times). The organic
phase was washed with H,O and brine, dried over MgSO,, and concentrated under reduced pressure.
The crude product was purified by PTLC (hexane : AcOEt =1 : 1) to afford 63 (30.2 mg, 55%) as a
brown solid. Mp: 92-94 °C (hexane-AcOEt); IR (CHCI,): 3011, 2355, 1676 cm™; *H NMR (300
MHz, CDCl5) 8: 8.16-8.07 (2H, m), 7.60-7.46 (5H, m), 7.37-7.31 (3H, m), 3.63 (3H, s); *C NMR
(75 MHz, CDCl,) 6: 166.0, 165.9, 131.7, 131.6, 128.7, 128.6, 128.2, 126.4, 126.2, 122.6, 97.6, 94.9,
77.9, 33.3; HRMS (ESI) m/z: [M + H]" calcd for C15H1,NO, 276.1019, found 276.1018.

2-Methyl-4,5-diphenyl-3(2H)-isoxazolone (64) [Scheme 37]. To a solution of 9a (60.2 mg, 0.2
mmol) in DMF (5 mL) were added PdCI,(PPhs), (7.0 mg, 0.01 mmol), K,CO3; ag. (3M) (333
uL, 5.0 eq.) and phenylboronic acid (29.3 mg, 0.24 mmol), and the reaction mixture was stirred
at 80 °C under argon atomosphere. After being stirred for 6 h, the reaction mixture was diluted with
H,O and extract with AcOEt (3 times). The organic layer was washed with brine, dried over MgSQy,



and concentrated under reduced pressure. The crude product was purified by PTLC (hexane :
AcOEt=1:1) to give 64 (27.5 mg, 55%) as a pale yellow solid. Mp: 91-93 °C (hexane-AcOEt); IR
(CHCls): 3009, 1660 cm™; *H NMR (300 MHz, CDCls,) &: 7.55-7.48 (2H, m), 7.48-7.26 (8H, m),
3.65 (3H, s); *C NMR (75 MHz, CDCls) 8: 166.6, 162.2, 130.8, 129.1, 128.7, 128.6, 128.5, 128.3,
127.9, 127.2, 110.0, 32.9; HRMS (ESI) m/z: [M + H]" calcd for C;sH,NO, 252.1019, found
252.1020.

2-Methyl-5-phenyl-4-[(1E)-2-phenylethenyl]-3(2H)-isoxazolone (65) [Scheme 37]. A stirred
mixture of 9a (60.2 mg, 0.2 mmol), styrene (46 uL, 0.4 mmol), tetrabutylammonium bromide (64.5
mg, 0.2 mmol), K,CO; (69.1 mg, 0.5 mmol) and PdCI,(PPh3), (7.0 mg, 0.01 mmol) in DMF (5 mL)
was heated at 60 °C. After being stirred for 12 h, the reaction mixture was filtrated and concentrated
in vacuo. The residue was dissolved in Et,O and H,0O, and the organic phase was washed with H,O.
The organic layer was dried over MgSO, and concentrated under reduced pressure. The crude
product was purified by PTLC (hexane : AcOEt =1 : 1) to afford 65 (40.9 mg, 74%) as a brown oil.
IR (CHCI5): 3018, 1667 cm™; *H NMR (300 MHz, CDCl3) &: 7.94 (1H, d, J = 16.0 Hz), 7.68-7.62
(2H, m), 7.55-7.42 (5H, m), 7.31 (2H, t, J = 7.5 Hz), 7.27-7.19 (1H, m), 6.92 (1H, d, J = 16.0 Hz),
3.63 (3H, s); *C NMR (75 MHz, CDCls) &: 165.9, 162.2, 137.4, 132.2, 130.8, 128.9, 128.4, 127.6,
127.5, 126.3, 125.7, 114.9, 107.2, 32.6; HRMS (ESI) m/z: [M + H]" calcd for C1gH1sNO, 278.1176,
found 278.1174.
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General Procesure for Preparation of O-Allyl-a-Alkynyl Oxime Ethers [Scheme 42]. To a
solution of a-alkynyl ketone (10 mmol) in MeOH (0.2 M, 50 mL) were added O-allyl
hydroxylamine hydrochloride (20 mmol), Na,SO, (20 mmol) and pyridine (45 mmol) under N,
atmosphere at 0 °C. After being stirred at the same temperature for 1 h, the reaction mixture was
diluted with H,O and extracted with AcOEt. The organic phase was washed with 10% HCI aqg. and
brine, dried over MgSO, and concentrated under reduced pressure. Purification by flash column
chromatography (hexane : AcCOEt =15: 1 - 20 : 1) afforded 10a-h.

(E)-2-(Phenylethynyl)-2-cyclohexen-1-one O-(2-Propen-1-yl) Oxime (10a) [Scheme 42]. 64%
yield; Brown oil; IR (CHCI5): 2927, 1597 cm™; *H NMR (500 MHz, CDCl5) &: 7.50-7.46 (2H, m),
7.33-7.27 (3H, m), 6.68 (1H, t, J = 5.0 Hz), 6.07 (1H, ddt, J = 15.5, 10.5, 6.5 Hz), 5.33 (1H, dq, J =
15.5, 1.5 Hz), 5.23 (1H, dq, J = 10.5, 1.5 Hz), 4.69 (2H, dt, J = 6.5, 1.5 Hz), 2.66 (2H, t, J = 6.5 Hz),
2.30 (2H, td, J = 6.5, 5.0 Hz), 1.77 (2H, quint, J = 6.5 Hz); *C NMR (125 MHz, CDCl5) &: 153.9,
1425, 134.3, 131.6, 128.1, 128.0, 123.6, 119.5, 117.5, 90.4, 85.5, 75.3, 25.7, 23.0, 20.4; HRMS
(ESI) m/z: [M + H]" calcd for Cy;H1gNO 252.1383, found 252.1385.

(E)-2-[(4-Methoxyphenyl)ethynyl]-2-cyclohexen-1-one  O-(2-Propen-1-yl)  Oxime  (10b)
[Scheme 42]. 84% vyield; Brown oil; IR (CHCIs): 2936, 2055, 1646 cm™; *H NMR (300 MHz,
CDCl,) &: 7.41 (2H, br d, J = 9.0 Hz), 6.84 (2H, br d, J = 9.0 Hz), 6.65 (1H, t, J = 4.5 Hz), 6.06 (1H,
ddt, J = 17.5, 10.5, 6.0 Hz), 5.33 (1H, dq, J = 17.5, 1.5 Hz), 5.22 (1H, dg, J = 10.5, 1.5 Hz), 4.69
(2H, dt, J = 6.0, 1.5 Hz), 3.81 (3H, s), 2.65 (2H, t, J = 6.0 Hz), 2.29 (2H, td, J = 6.0, 4.5 Hz), 1.76
(2H, quint, J = 6.0 Hz); *C NMR (75 MHz, CDCly) &: 159.4, 154.0, 141.9, 134.4, 133.0, 119.6,
117.4, 115.7, 113.8, 90.3, 84.2, 75.3, 55.2, 25.6, 23.0, 20.4; HRMS (ESI) m/z: [M + H]" calcd for
C1sH20NO, 282.1489, found 282.1492.

(E)-2-[(4-Fluorophenyl)ethynyl]-2-cyclohexen-1-one O-(2-Propen-1-yl) Oxime (10c)
[Scheme 42] 54% vyield;: Brown oil; IR (CHCI;): 2933, 2220, 1600 cm™; *H NMR (300 MHz,
CDCl,) &: 7.49-7.41 (2H, m), 7.05-6.95 (2H, m), 6.66 (1H, t, J = 5.0 Hz), 6.06 (1H, ddt, J = 17.0,
10.5, 6.0 Hz), 5.33 (1H, dq, J = 17.0, 1.5 Hz), 5.22 (1H, dq, J = 10.5, 1.5 Hz), 4.68 (2H, dt, J = 6.0,
1.5 Hz), 2.65 (2H, t, J = 6.5 Hz), 2.29 (2H, td, J = 6.5, 5.0 Hz), 1.76 (2H, quint, J = 6.5 Hz); **C
NMR (75 MHz, CDCl3) &: 162.3 (d, J = 247.5 Hz), 153.8, 142.6, 134.2, 135.4 (d, J = 8.5 Hz), 119.5
(d, J=4.0 Hz), 119.2, 117.5, 115.4 (d, J = 22.0 Hz), 89.2, 85.2, 75.3, 25.6, 22.9, 20.3; HRMS (ESI)
m/z: [M + H]" calcd for Cy;H;;NOF 270.1289, found 270.1284.



(E)-2-[[4-(Trifluoromethyl)phenyl]ethynyl]-2-cyclohexen-1-one  O-(2-Propen-1-yl)  Oxime
(10d) [Scheme 42]. 56% yield; Brown oil; IR (CHCI,): 2940, 2225, 1617 cm™; *H NMR (300 MHz,
CDCls) &: 7.63-7.55 (4H, m), 6.72 (1H, t, J = 4.5 Hz), 6.06 (1H, ddt, J = 17.0, 10.5, 6.0 Hz), 5.33
(1H, dg, J =17.0, 2.5 Hz), 5.23 (1H, dg, J = 10.5, 2.5 Hz), 4.69 (2H, dt, J = 6.0, 2.5 Hz), 2.66 (2H, t,
J=6.5Hz),2.31 (2H, td, J = 6.5, 4.5 Hz), 1.78 (2H, quint, J = 6.5 Hz); *C NMR (75 MHz, CDCl5)
d: 153.7, 143.6, 134.3, 131.8, 129.6 (q, J = 32.5 Hz), 127.4, 125.1 (q, J = 4.0 Hz), 124.0 (9, J =
270.0 Hz), 119.1, 117.6, 89.0, 88.0, 75.3, 25.7, 22.9, 20.3; HRMS (ESI) m/z: [M + H]" calcd for
C1sH17NOF; 320.1257, found 320.1253.

(E)-2-[(4-Nitrophenyl)ethynyl]-2-cyclohexen-1-one O-(2-Propen-1-yl) Oxime (10e)
[Scheme 42]. 55% yield; Yellow oil; IR (CHCIs): 2931, 2216, 1594 cm™; 'H NMR (300 MHz,
CDCl,) 6: 8.18 (2H, br d, J = 8.5 Hz), 7.60 (2H, br d, J = 8.5 Hz), 6.76 (1H, t, J = 4.5 Hz), 6.06 (1H,
ddt, J = 17.5, 10.5, 6.0 Hz), 5.34 (1H, dq, J = 17.5, 1.5 Hz), 5.24 (1H, br d, J = 10.5 Hz), 4.69 (2H,
dt, J =6.0, 1.5 Hz), 2.67 (2H, t, J = 6.0 Hz), 2.34 (2H, td, J = 6.0, 4.5 Hz), 1.79 (2H, quint, J = 6.0
Hz); ®°C NMR (75 MHz, CDCl;) &: 153.4, 146.6, 144.3, 134.1, 132.1, 130.4, 123.4, 118.8,
117.6, 91.0, 88.5, 75.3, 25.7, 22.7, 20.1; HRMS (ESI) m/z: [M + H]" calcd for C1;H;N,03 297.1233,
found 297.1235.

(E)-2-(Cyclohexylethynyl)-2-cyclohexen-1-one O-(2-Propen-1-yl) Oxime (10f) [Scheme 42].
65% vyield; Yellow oil; IR (CHCI5): 2931, 2230, 1689 cm™; *H NMR (300 MHz, CDCls) &: 6.50 (1H,
t,J = 4.5 Hz), 6.04 (1H, ddt, J = 17.5, 10.5, 6.0 Hz), 5.30 (1H, dg, J = 17.5, 2.0 Hz), 5.20 (1H, dgq, J
=10.5, 2.0 Hz), 4.64 (2H, dt, J = 6.0, 2.0 Hz), 2.59 (2H, t, J = 6.5 Hz), 2.21 (2H, td, J = 6.5, 4.5 Hz),
1.88-1.70 (4H, m), 1.72 (2H, quint, J = 6.5 Hz), 1.63-1.44 (4H, m), 1.44-1.23 (3H, m); *C NMR
(75 MHz, CDCl,) é: 154.3, 141.1, 134.5, 119.7, 117.4, 95.4, 75.2, 43.2, 32.6, 29.5, 26.0, 25.5, 24.6,
23.0, 20.5; HRMS (ESI) m/z: [M + H]" calcd for Cy;H,,NO 258.1852, found 258.1858.

(E)-2-(3,3-Dimethyl-1-butyn-1-yl)-2-cyclohexen-1-one ~ O-(2-Propen-1-yl)  Oxime  (10gQ)
[Scheme 42]. 95% yield; Yellow oil; IR (CHCIs): 2969, 2235, 1647 cm™; *H NMR (300 MHz,
CDCls) &: 6.46 (1H, t, J = 4.5 Hz), 6.03 (1H, ddt, J = 17.0, 10.0, 6.0 Hz), 5.29 (1H, dg, J = 17.0, 1.5
Hz), 5.20 (1H, br d, J = 10.0 Hz), 4.61 (2H, dt, J = 6.0, 1.5 Hz), 2.56 (2H, t, J = 6.5 Hz), 2.19 (2H,
td, J = 6.5, 4.5 Hz), 1.69 (2H, quint, J = 6.5 Hz), 1.26 (9H, s); *C NMR (75 MHz, CDCl5) &: 154.0,
140.7, 134.4, 119.5, 117.4, 75.1, 74.8, 30.9, 30.6, 27.8, 25.3, 22.9, 20.4; HRMS (ESI) m/z: [M + H]"
calcd for C45H,,NO 232.1696, found 232.1696.

(E)-2-[(Trimethylsilyl)ethynyl]-2-cyclohexen-1-one O-(2-Propen-1-yl) Oxime (10n)
[Scheme 42]. 53% vyield; Yellow oil; IR (CHCIs): 2961, 2155, 1424 cm™; 'H NMR (300 MHz,
CDCly) 6: 6.64 (1H, t, J = 4.5 Hz), 6.04 (1H, ddt, J = 17.0, 10.0, 6.0 Hz), 5.31 (1H, dqg, J = 17.0, 1.5



Hz), 5.21 (1H, dg, J = 10.0, 1.5 Hz), 4.65 (2H, dt, J = 6.0, 1.5 Hz), 2.59 (2H, t, J = 6.5 Hz), 2.23
(2H, td, J = 6.5, 4.5 Hz), 1.72 (2H, quint, J = 6.5 Hz), 0.21 (9H, s); *C NMR (75 MHz, CDCl5) 5
153.6, 143.4, 134.3, 119.4, 117.6, 101.0, 95.3, 75.3, 25.5, 22.8, 20.2, 0.0; HRMS (ESI) m/z; [M +
H]* calcd for CuH,,NOSi 248.1465, found 248.1464.

(E)-2-Ethynyl-2-cyclohexen-1-one O-(2-Propen-1-yl) Oxime (10i) [Scheme 43]. A solution of
oxime ether 10h (1.24g, 5 mmol) in MeOH (0.5 M, 10 mL) was treated with 0.1 M NaOH (220.0
mg, 5.5 mmol). The reaction mixture was stirred at r.t. for 4 h, and then quenched with 2 M HCI aq.,
diluted with AcOEt, washed with H,O, and dried over MgSQ,. Evaporation gave 10i (867.4
mg, 99%) as a yellow oil. IR (CHCI5): 3306, 2931, 2108, 1645 cm™; "H NMR (300 MHz, CDCls) &:
6.64 (1H, t, J = 4.5 Hz), 5.98 (1H, ddt, J = 16.5, 10.5, 6.0 Hz), 5.26 (1H, br d, J = 16.5 Hz), 5.16
(1H, br d, J =10.5 Hz), 4.63 (2H, br d, J = 6.0 Hz), 2.98 (1H, s), 2.57 (2H, t, J = 6.5 Hz), 2.21 (2H,
td, J = 6.5, 4.5 Hz), 1.69 (2H, quint, J = 6.5 Hz); **C NMR (75 MHz, CDCls) &: 153.7, 144.2, 133.8,
118.2, 117.3, 79.4, 78.2, 75.0, 25.3, 22.6, 20.0; HRMS (ESI) m/z: [M + H]" calcd for Cy,H1,NO
176.1070, found 176.1071.

Methyl (E)-3-[6-[(2-propen-1-yloxy)imino]-1-cyclohexen-1-yl]propiolate (10j) [Scheme 43]. To
a stirred solution of 10h (867.4 mg, 5 mmol) in THF (0.15 M, 33 mL) at -78 °C under argon was
added n-BuLi (2.6 M in hexane) (2.1 mL, 5.5 mmol) dropwise. The solution was allowed to stir for
1.5 h, at which time methyl chloroformate (425 pL, 5.5 mmol) was added dropwise. The reaction
was allowed to stir for 2 h at -78 °C, and then was quenched with H,O and extracted with Et,0. The
combined organic layers were washed with brine and dried over MgSO,. The solvent was removed
under reduced pressure, and resulting residue was purified by flash column chromatography
(hexane : AcOEt = 10 : 1) to afford 10i (851.0 mg, 73%) as a yellow oil. IR (CHCI,): 2953, 2220,
1714 cm™; *H NMR (300 MHz, CDCl5) 8: 6.85 (1H, t, J = 4.5 Hz), 6.03 (1H, ddt, J = 17.0, 10.0, 6.0
Hz), 5.31 (1H, dq, 17.0, 1.5 Hz), 5.22 (1H, dg, J = 10.0, 1.5 Hz), 4.67 (2H, dt, J = 6.0, 1.5 Hz), 3.80
(3H, s), 2.62 (2H, t, J = 6.0 Hz), 2.31 (2H, td, J = 6.0, 4.5 Hz), 1.76 (2H, quint, J = 6.0 Hz); **C
NMR (75 MHz, CDCly) 6: 154.4, 152.7, 147.8, 133.9, 117.7, 117.5, 83.0, 81.2, 75.4, 52.6, 25.9,
22.6, 19.9; HRMS (ESI) m/z: [M + H]" calcd for Cy3H16NO; 234.1125, found 234.1125.

Preparation of 10k and 101 [Scheme 44]. According to the general procedure for preparation of
O-allyl-a-alkynyl oxime ethers described in Scheme 42, 10k, | was obtained in yield shown in
Scheme 44,

(E)-3-Methyl-2-(phenylethynyl)-2-cyclohexen-1-one O-(2-Propen-1-yl) Oxime (10K)
[Scheme 44]. Brown oil; IR (CHCIs): 2922, 2211, 1596, 1490 cm™; *H NMR (300 MHz, CDCls) &:
7.53-7.46 (2H, m), 7.36-7.26 (3H, m), 6.07 (1H, br ddt, J = 17.5, 10.5, 5.0 Hz), 5.33 (1H, br d, J =



17.5 Hz), 5.22 (1H, br d, J = 10.5 Hz), 4.68 (2H, br d, J = 5.0 Hz), 2.62 (2H, t, J = 6.5 Hz), 2.27 (2H,
t,J = 6.5 Hz), 2.16 (3H, s), 1.75 (2H, quint, J = 6.5 Hz); *C NMR (75 MHz, CDCly) §: 154.6, 151.9,
1345, 131.4, 128.1, 128.8, 123.9, 117.3, 114.3, 95.1, 84.3, 75.1, 31.6, 23.1, 22.6, 20.3; HRMS
(ESI) m/z: [M + H]" calcd for C15H,NO 266.1539, found 266.1538.

(E)-2-(Phenylethynyl)-2-cyclohexen-1-one O-(2-Methyl-2-propen-1-yl) Oxime (aon
[Scheme 44]. Yellow oil; IR (CHCI5): 3010, 2930, 2869, 1653, 1598 cm™; ‘H NMR (300 MHz,
CDCly) &: 7.52-7.46 (2H, m), 7.35-7.26 (3H, m), 6.67 (1H, t, J = 5.0 Hz), 5.01 (1H, br s), 4.92 (1H,
brs), 4.61 (2H, s), 2.67 (2H, t, J = 6.5 Hz), 2.29 (2H, td, J = 6.5, 4.5 Hz), 1.80 (3H, br s), 1.77 (2H,
quint, J = 6.5 Hz); *C NMR (75 MHz, CDCls) &: 153.7, 142.4, 142.1, 131.6, 128.1, 127.9, 123.5,
119.4, 1125, 90.3, 85.5, 78.1, 25.6, 22.9, 20.3, 19.8; HRMS (ESI) m/z: [M + H]" calcd for
C1sH20NO 266.1539, found 266.1540.

Cyclization-cycloaddition of 10a [Table 9, entry 1]. To a solution of 10a (50.3 mg, 0.2 mmol) in
(CH.CI), (5 mL) was added AuCl; (3.0 mg, 0.01 mmol) under Ar atmosphere at room temperature.
The reaction mixture was stirred for 0.5 h at reflux, then concentrated under reduced pressure.
Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 11a (17.6 mg, 35%) and 13a (6.0 mg,
12%).

3a-Phenyl-3,3a,7,8-tetrahydro-2H-3,8a-methanoisoxazolo[2,3-a]indole (11a). Colorless crystals;
Mp: 102-104 °C (hexane-AcOEt); IR (CHCI): 2935, 1448 cm™; 'H NMR (300 MHz, CDCl;) &:
7.54 (2H, brd, J =7.5Hz), 7.37 (2H, brt, J = 7.5 Hz), 7.29 (1H, br t, J = 7.5 Hz), 6.10 (1H, dd, J
= 9.5, 2.0 Hz), 6.00 (1H, ddd, J = 9.5, 6.0, 2.0 Hz), 5.41 (1H, s), 3.91 (1H, d, J = 6.0 Hz), 3.66 (1H,
dd, J = 6.0, 2.0 Hz), 2.72 (1H, d, J = 6.0 Hz), 2.37 (1H, dtd, J = 17.5, 5.5, 2.0 Hz), 2.30-2.20 (1H,
m), 2.14 (1H, dd, J = 12.5, 5.5 Hz), 2.06 (1H, td, J = 12.5, 5.5 Hz), 1.76 (1H, ddd, J = 11.0, 6.0, 2.0
Hz), 1.34 (1H, d, J = 11.0 Hz); *C NMR (75 MHz, CDCl,) &: 141.3, 138.2, 132.8, 128.4, 127.1,
126.2, 120.3, 119.2, 82.1, 79.4, 78.1, 42.2, 38.4, 25.5, 22.9; HRMS (ESI) m/z: [M + H]" calcd for
C17H1sNO 252.1380, found 252.1377.

1la was recrystallized from CHCI; to give single crystals suitable for X-ray single
crystallographic analysis. X-ray diffraction data was collected on a Rigaku RAPID imaging plate
with two-dimensional area detector and graphite-monochromatized CuKo radiation. The
crystallographic calculation was performed with the Crystal Structure 4.2: crystal structure analysis
package from Rigaku. The crystal structure was solved by direct methods (SHELXT), and refined
by the full-matrix least-squares method (SHELXL Version 2014/7). All non-hydrogen atoms were
anisotropically refined. Hydrogen atoms were located in idealized positions and were not subjected
to further refinement. X-ray diffraction study was performed at 213 K. The independent four
molecules are in a unit cell. Crystallographic data of: C,;H;;NO; space group P2;/n (#14);



a=5.78770(16) A, b=41.2014(12) A, ¢=10.9269(3) A, V=2584.26(13) A® $=97.3454(15)° Z=8,
Peaieg = 1.292 g cm %, T=213.1K; 11=6.249 cm™; reflection total: 26775, unique: 4122; R1=0.0920 (I
> 2.00(l)), Rw=0.3092 (all data); GOF=0.856. Crystallographic data for this structure has been
deposited with the Cambridge Crystallographic Data Centre as supplementary publication number
CCDC-1520700.

2-Phenyl-7a-(2-propen-1-yl)-7,7a-dihydro-6H-indole 1-Oxide (13a). Yellow crystals; Mp:
70-72 °C (hexane-AcOEt); IR (CHCI5): 3409, 3060, 2948, 1643 cm™; ‘*H NMR (500 MHz, CDCl5)
d:8.34 (2H, br d, J = 7.0 Hz), 7.56-7.39 (3H, m), 6.54 (1H, s), 6.40 (1H, br d, J = 9.5 Hz), 5.96-5.91
(1H, m), 5.43 (1H, ddt, J = 17.0, 10.0, 7.0 Hz), 5.06 (1H, dg, J = 17.0, 2.0 Hz), 4.93 (1H, br d, J =
10.0 Hz), 2.80 (1H, dd, J = 13.5, 7.0 Hz), 2.64 (1H, dd, J = 13.5, 7.0 Hz), 2.53-2.37 (3H, m),
1.91-1.83 (1H, m); **C NMR (125 MHz, CDClI,) &: 144.6, 143.2, 131.5, 130.8, 129.9, 128.5, 127.2,
121.1, 118.9, 115.9, 80.7, 38.3, 29.7, 23.8; HRMS (ESI) m/z: [M + H]" calcd for C;;H;sNO
252.1380, found 252.1383.

13a was recrystallized from CHCIl; to give single crystals suitable for X-ray single
crystallographic analysis. X-ray diffraction data was collected on a Rigaku RAPID imaging plate
with two-dimensional area detector and graphite-monochromatized CuKo radiation. The
crystallographic calculation was performed with the Crystal Structure 4.2: crystal structure analysis
package from Rigaku. The crystal structure was solved by direct methods (SHELXT), and refined
by the full-matrix least-squares method (SHELXL Version 2014/7). All non-hydrogen atoms were
anisotropically refined. Hydrogen atoms were located in idealized positions and were not subjected
to further refinement. X-ray diffraction study was performed at 213 K. The independent four
molecules are in a unit cell. Crystallographic data of: C,;H;7NO; space group P-1(#2); a=6.6073(5)
A, b=115317(9) A, ¢=17.9568(14) A, V=1353.88(18) A% 0=97.864(4)°, $=90.882(4)°,
y=92.351(4)°, Z=4, peacs = 1.233 g cm>; T=213.1K; x=5.964 cm™; reflection total: 13428,
unique: 4249; R1=0.1184 (I > 2.00(1)), Rw=0.3818 (all data); GOF=0.852. Crystallographic data for
this structure has been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication number CCDC-1520701.

[Table 9, entry 2]. To a solution of 10a (50.3 mg, 0.2 mmol) in (CH,CI), (5 mL) was added AuCl
(2.3 mg, 0.01 mmol) under Ar atmosphere at room temperature. The reaction mixture was stirred
for 1 h at reflux, then concentrated under reduced pressure. Purification by PTLC (hexane : AcOEt
=3:1) afforded 11a (22.1 mg, 44%) and 13a (7.0 mg, 14%).

[Table 9, entry 3]. To a solution of 10a (50.3 mg, 0.2 mmol) in (CH,Cl), (5 mL) was added CuCl,
(1.3 mg, 0.01 mmol) under Ar atmosphere at room temperature. The reaction mixture was stirred
for 5 h at reflux, then concentrated under reduced pressure. Purification by PTLC (hexane : AcOEt



=3: 1) afforded 11a (4.5 mg, 9%) and 13a (6.5 mg, 13%).

[Table 9, entry 4]. To a solution of 10a (50.3 mg, 0.2 mmol) in (CH,CI), (5 mL) was added AgBF,
(1.9 mg, 0.01 mmol) under Ar atmosphere at room temperature. The reaction mixture was stirred
for 5 h at reflux, then concentrated under reduced pressure. Purification by PTLC (hexane : AcOEt
=3: 1) afforded 11a (9.0 mg, 18%) and 13a (9.0 mg, 18%).

[Table 9, entry 5]. To a solution of 10a (50.3 mg, 0.2 mmol) in (CH,CI), (5 mL) was added
AUCI(PPh;3) (4.9 mg, 0.01 mmol) under Ar atmosphere at room temperature. The reaction mixture
was stirred for 7 h at reflux, then concentrated under reduced pressure. Purification by PTLC
(hexane : AcOEt = 3: 1) afforded 11a (23.1 mg, 46%) and 13a (12.1 mg, 24%).

[Table 9, entry 6]. To a solution of 10a (50.3 mg, 0.2 mmol) in (CH,CI), (5 mL) was added
AUCI[P(OPh);] (5.4 mg, 0.01 mmol) under Ar atmosphere at room temperature. The reaction
mixture was stirred for 15 h at reflux, then concentrated under reduced pressure. Purification by
PTLC (hexane : AcOEt = 3: 1) afforded 11a (17.6 mg, 39%) and 13a (6.0 mg, 23%).

[Table 9, entry 7]. To a solution of 10a (50.3 mg, 0.2 mmol) in (CH,CI), (5 mL) was added
AUCI(PCys) (5.1 mg, 0.01 mmol) under Ar atmosphere at room temperature. The reaction mixture
was stirred for 7 h at reflux, then concentrated under reduced pressure. Purification by PTLC
(hexane : AcOEt = 3: 1) afforded 11a (31.7 mg, 63%) and 13a (13.6 mg, 27%).

[Table 9, entry 8]. To a solution of 10a (50.3 mg, 0.2 mmol) in (CH,CI), (5 mL) was added
AUCI[P(o-tolyl)s] (5.4 mg, 0.01 mmol) under Ar atmosphere at room temperature. The reaction
mixture was stirred for 11 h at reflux, then concentrated under reduced pressure. Purification by
PTLC (hexane : AcOEt = 3: 1) afforded 11a (35.2 mg, 70%) and 13a (5.5 mg, 17%).

[Table 9, entry 9]. To a solution of 10a (50.3 mg, 0.2 mmol) in PhCl (5 mL) was added
AUCI[P(o-tolyl)s] (5.4 mg, 0.01 mmol) under Ar atmosphere at room temperature. The reaction
mixture was stirred for 24 h at reflux, then concentrated under reduced pressure. Purification by
PTLC (hexane : AcOEt = 3 : 1) afforded 13a (12.0 mg, 24%) and 12a (27.2 mg, 54%).

3a-Phenyl-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole (12a). Colorless crystals.
Mp: 95-97 °C (hexane-AcOEt); IR (CHCI,): 2940, 1603 cm™. *H NMR (300 MHz, CDCl5) &: 7.52
(2H, br d, J = 7.5 Hz), 7.30 (2H, brt, J = 7.5 Hz), 7.20 (1H, br t, J = 7.5 Hz), 6.17 (1H, br dd, J
= 9.5, 3.0 Hz), 5.97 (1H, br ddd, J = 9.5, 6.0, 3.0 Hz), 5.74 (1H, s), 5.16 (1H, t, J = 5.5 Hz), 2.29
(1H, br dt, J = 19.5, 7.0 Hz), 2.26 (1H, d, J = 11.5 Hz), 2.22-2.08 (1H, m), 2.19 (1H, ddd, J =



11.5, 5.0, 1.5 Hz), 1.98 (1H, td, J = 11.5, 5.5 Hz), 1.87 (1H, d, J = 11.5 Hz), 1.86 (1H, br dd, J =
11.5, 1.5 Hz), 1.70 (1H, ddd, J = 11.5, 5.5, 1.5 Hz). *C NMR (75 MHz, CDCls) &: 144.3, 141.0,
132.8, 128.2, 126.9, 126.5, 125.8, 121.7, 86.4, 79.7, 73.9, 47.9, 43.6, 32.3, 23.2; HRMS (ESI) m/z:
[M + H]" calcd for Cy;H:sNO 252.1383, found 252.1379.

[Table 9, entry 10]. In a sealed tube, to a solution of 10a (50.3 mg, 0.2 mmol) in PhCI (5 mL) was
added AuCI[P(o-tolyl)3] (5.4 mg, 0.01 mmol) under Ar atmosphere at room temperature and the tube
was sealed. The reaction mixture was stirred for 24 h at 160 °C, then concentrated under reduced
pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 12a (34.1 mg, 68%).

[Table 9, entry 11]. In a sealed tube, to a solution of 10a (50.3 mg, 0.2 mmol) in PhCI (5 mL) was
added (AuCl),dppp (8.8 mg, 0.01 mmol) under Ar atmosphere at room temperature and the tube was
sealed. The reaction mixture was stirred for 24 h at 160 °C, then concentrated under reduced
pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 12a (42.7 mg, 85%).

[Table 9, entry 12]. In a sealed tube, to a solution of 10a (50.3 mg, 0.2 mmol) in PhCI (5 mL) was
added (AuCl),dppm (8.5 mg, 0.01 mmol) under Ar atmosphere at room temperature and the tube was
sealed. The reaction mixture was stirred for 24 h at 160 °C, then concentrated under reduced
pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 12a (45.3 mg, 90%).

Interconversion from 11a to 13a [Scheme 45]. A solution of 11a (50.3 mg, 0.2 mmol) in (CH,CI),
was heated at reflux and stirred for 6 h, then concentrated under reduced pressure. The crude
product was purified by PTLC (hexane : AcOEt = 3 : 1) to give 13a (23.0 mg, 46%).

Interconversion from 13a to 12a [Scheme 45]. In a sealed tube, a solution of 13a (50.3 mg, 0.2
mmol) in PhCl was heated at 160 °C and stirred for 24 h, then concentrated under reduced pressure.
The crude product was purified by PTLC (hexane : AcOEt = 3 : 1) to give 12a (36.1 mg, 72%).

Interconversion from 11a to 12a [Scheme 45]. In a sealed tube, a solution of 11a (0.2 mmol) in
PhCl was heated at 160 °C and stirred for 24 h, then concentrated under reduced pressure. The
crude product was purified by PTLC (hexane : AcOEt = 3 : 1) to give 12a (32.2 mg, 64%).

General Procedure of Gold-Catalyzed Cyclization-Cycloaddition reaction [Table 10]. In a
sealed tube, to a solution of O-allyl oxime ether (0.2 mmol) in PhCl (5 mL) was added
(AuCl).dppm (0.01 mmol) under Ar atmosphere at room temperature and the tube was sealed. The
reaction mixture was stirred for 24 h at 160 °C, then concentrated under reduced pressure. The
crude product was purified by PTLC (hexane : AcOEt = 3 : 1) to afford 12b-h in yield shown in



Table 10.

3a-(4-Methoxyphenyl)-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole (12b)
[entry 1]. Colorless crystals; Mp: 126-128 °C (hexane-AcOEt); IR (CHCI,): 2937, 1612 cm™; *H
NMR (300 MHz, CDCl,) 8: 7.45 (2H, br d, J = 8.5 Hz), 6.86 (2H, br d, J = 8.5 Hz), 6.17 (1H, br dd,
J=09.5, 2.5 Hz), 5.97 (1H, br ddd, J = 9.5, 6.0, 2.5 Hz), 5.72 (1H, s), 5.16 (1H, t, J = 4.5 Hz), 3.79
(3H, s), 2.29 (1H, br dt, J = 12.0, 4.5 Hz), 2.24-2.08 (3H, m), 1.97 (1H, td, J = 12.0, 4.5 Hz),
1.89-1.80 (1H, m), 1.86 (1H, d, J = 11.0 Hz), 1.68 (1H, dd, J = 11.5, 4.5 Hz); *C NMR (75 MHz,
CDCly) 6: 1584, 141.1, 136.7, 132.9, 127.19, 127.17, 122.1, 113.7, 86.5, 79.3, 74.0, 55.3, 47.8, 43.6,
32.3, 23.2; HRMS (ESI) m/z: [M + H]" calcd for C1gH,0NO, 282.1489, found 282.1487.

3a-(4-Fluorophenyl)-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole (12c) [entry
2]. Colorless crystals; Mp: 113-115 °C (hexane-AcOEt); IR (CHCIs): 3017, 1609 cm™; *H NMR
(300 MHz, CDCls) &: 7.55-7.45 (2H, m), 7.06-6.95 (2H, m), 6.17 (1H, br dd, J = 9.5, 2.5 Hz), 5.99
(1H, br ddd, J = 9.5, 6.0, 2.5 Hz), 5.70 (1H, s), 5.17 (1H, t, J = 5.0 Hz), 2.30 (1H, br dt, J = 18.5, 6.0
Hz), 2.26 (1H, d, J = 11.5 Hz), 2.24-2.07 (2H, m), 1.97 (1H, td, J = 12.0, 5.0 Hz), 1.86 (1H, d, J =
12.0 Hz), 1.85 (1H, br d, J = 11.5 Hz), 1.70 (1H, dd, J = 11.5, 5.0 Hz); *C NMR (75 MHz, CDCl,)
8: 161.7 (d, J = 243.0 Hz), 141.4, 140.4, 133.2, 127.7 (d, J = 8.0 Hz), 126.7, 122.0, 115.1 (d, J =
21.0 Hz), 86.5, 79.3, 74.0, 47.9, 43.5, 32.3, 23.2; HRMS (ESI) m/z: [M + H]" calcd for Cy;H;;NOF
270.1289, found 270.1287.

3a-[4-(Trifluoromethyl)phenyl]-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole
(12d) [entry 3]. Colorless crystals; Mp: 120-122 °C (hexane-AcOEt); IR (CHCI,): 2944, 1619 cm™;
'H NMR (300 MHz, CDCls) &: 7.67 (2H, br d, J = 8.0 Hz), 7.58 (2H, br d, J = 8.0 Hz), 6.18 (1H, dd,
J =10.0, 2.5 Hz), 6.02 (1H, ddd, J = 10.0, 6.0, 2.5 Hz), 5.71 (1H, s), 5.18 (1H, t, J = 5.0 Hz), 2.32
(1H, br dt, J = 17.0, 5.0 Hz), 2.31 (1H, d, J = 11.5 Hz), 2.25-2.15 (1H, m), 2.15 (1H, ddd, J =
11.5,5.0, 2.0 Hz), 1.98 (1H, td, J = 11.5, 5.0 Hz), 1.92-1.83 (1H, m), 1.89 (1H, d, J = 11.5 Hz), 1.72
(1H, ddd, J = 11.5, 5.0, 2.0 Hz); *C NMR (75 MHz, CDCl;) &: 148.5, 141.8, 133.5, 128.9 (q, J =
32.0 Hz), 126.4, 126.1, 125.4 (q, J = 3.5 Hz), 124.1 (g, J = 271.5 Hz), 121.9, 86.5, 79.6,
74.0, 48.0, 43.5, 32.2, 23.1; HRMS (ESI) m/z: [M + H]" calcd for CigH;;NOF; 320.1257, found
320.1255.

3a-(4-Nitrophenyl)-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole (12e) [entry 4].
Colorless crystals; Mp: 132-134 °C (hexane-AcOEt); IR (CHCI,): 3431, 2944, 1600 cm™; *H NMR
(300 MHz, CDCls) 6: 8.19 (2H, br d, J =9.0 Hz), 7.73 (2H, br d, J = 9.0 Hz), 6.18 (1H, dd, J = 10.0,
2.5 Hz), 6.04 (1H, ddd, J = 10.0, 5.5, 2.5 Hz), 5.69 (1H, s), 5.19 (1H, t, J = 5.5 Hz), 2.40-2.27 (1H,
m), 2.35 (1H, d, J = 11.5 Hz), 2.26-2.16 (1H, m), 2.12 (1H, ddd, J = 11.5, 5.5, 2.0 Hz), 1.98 (1H, td,



J =115, 55 Hz), 1.91 (1H, d, J = 11.5 Hz), 1.91-1.83 (1H, m), 1.74 (1H, ddd, J = 11.5, 5.5, 2.0
Hz); *C NMR (75 MHz, CDCl;) 5: 151.8, 146.7, 142.2, 133.9, 127.0, 125.4, 123.7, 121.8, 86.6,
79.7,74.1, 48.0, 43.4, 32.2, 23.1; HRMS (ESI) m/z: [M + H]" calcd for C7H;7N,05 297.1234, found
297.1229.

3a-Cyclohexyl-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole  (12f) [entry 5]
Colorless crystals; Mp: 102-104 °C (hexane-AcOEt); IR (CHCly): 2924, 1445 cm™; *H NMR (300
MHz, CDCly) 6: 6.15 (1H, br dd, J = 9.5, 2.0 Hz), 5.91 (1H, br ddd, J = 9.5, 6.0, 2.0 Hz), 5.57 (1H,
s), 5.01 (1H, t, J =5.0 Hz), 2.24 (1H, br dt, J = 17.5, 5.0 Hz), 2.19-2.09 (1H, m), 2.04 (1H, br d, J =
13.0 Hz), 1.85 (1H, td, J = 12.5, 5.5 Hz), 1.82-1.54 (8H, m), 1.41 (1H, tt, J = 12.0, 3.0 Hz),
1.33-1.06 (4H, m), 1.01-0.84 (2H, m); *C NMR (75 MHz, CDCl;) &: 141.4, 132.0, 124.4,
122.3, 85.8, 80.9, 73.7, 44.1, 43.8, 43.3, 32.2, 29.3, 27.9, 26.7, 26.6, 26.3, 23.2; HRMS (ESI) m/z:
[M + H]" calcd for Cy;H4NO 258.1852, found 258.1852.

3a-(tert-Butyl)-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole (12g) [entry 6].
Colorless crystals; Mp: 79-81 °C (hexane-AcOEt); IR (CHCI5): 2963, 1651 cm™; *H NMR (300
MHz, CDCly) 6: 6.15 (1H, br dd, J = 9.5, 2.0 Hz), 5.91 (1H, br ddd, J = 9.5, 6.0, 2.0 Hz), 5.62 (1H,
s), 5.00 (1H, br t, J = 5.0 Hz), 2.25 (1H, br dt, J = 18.5, 4.5 Hz), 2.17-2.05 (1H, m), 2.00 (1H, ddd, J
=12.0, 5.0, 2.0 Hz), 1.86 (1H, td, J = 12.0, 5.0 Hz), 1.78 (1H, br dd, J = 12.0, 5.0 Hz), 1.72 (1H, d,
J =12.0 Hz), 1.59 (1H, d, J = 12.0 Hz), 1.58 (1H, br d, J = 12.0 Hz), 0.96 (9H, s); *C NMR (75
MHz, CDCl,) &: 140.8, 131.9, 125.6, 122.2, 85.6, 83.3, 74.3, 44.0, 40.5, 34.5, 32.1, 26.0, 23.2;
HRMS (ESI) m/z: [M + H]" calcd for Cy5H,,NO 232.1696, found 232.1697.

Methyl  2,3,7,8-tetrahydro-3aH-2,8a-methanoisoxazolo[2,3-a]indole-3a-carboxylate  (12h)
[entry 7]. Yellow oil; IR (CHCI5): 2952, 1738, 1437 cm™; *H NMR (300 MHz, CDCl;) &: 6.18 (1H,
dd, J=9.5, 2.0 Hz), 6.02 (1H, ddd, J = 9.5, 6.0, 2.0 Hz), 5.74 (1H, s), 5.13 (1H, t, J = 5.0 Hz), 3.80
(3H, ), 2.36-2.23 (1H, m), 2.31 (1H, ddd, J = 12.0, 5.0, 2.0 Hz), 2.20-2.05 (1H, m), 2.01 (1H, d, J =
12.0 Hz), 1.97 (1H, td, J = 12.0, 5.0 Hz), 1.86-1.75 (1H, m), 1.80 (1H, d, J = 13.5 Hz), 1.67 (1H,
ddd, J = 12.0, 5.0, 2.0 Hz); *C NMR (75 MHz, CDCls) &: 172.2, 142.8, 133.8, 121.9, 121.7, 85.6,
79.1, 74.5, 52.7, 44.2, 43.3, 31.9, 23.0; HRMS (ESI) m/z: [M + H]" calcd for C;3H;6NO; 234.1125,
found 234.1123.

Gold-Catalyzed Cyclization-Cycloaddition Reaction [Scheme 49]. According to the general
procedure described in Tablel10, 12i, j was obtained in yield shown in Scheme 49.

5-Methyl-3a-phenyl-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole (12i)
[Scheme 49]. A colorless oil; IR (CHCI3): 3010, 2978, 2942, 1448 cm®: 'H NMR (300 MHz,



CDCly) &: 7.54 (2H, br d, J = 8.0 Hz), 7.31 (2H, br t, J = 8.0 Hz), 7.24-7.15 (1H, m), 5.75 (1H,
s), 5.74-5.67 (1H, m), 5.14 (1H, t, J = 5.0 Hz), 2.26 (2H, d, J = 11.5 Hz), 2.20-2.05 (1H, m), 2.18
(1H, br dd, J = 13.0, 5.0 Hz), 1.95 (1H, td, J = 11.5, 5.5 Hz), 1.88-1.76 (1H, m), 1.83 (1H, d, J =
11.5 Hz), 1.78 (3H, s), 1.69 (1H, br dd, J = 11.5, 5.0 Hz); *C NMR (75 MHz, CDCls) &: 144.6,
143.3,129.0, 128.4, 128.3, 126.5, 125.8, 125.4, 86.5, 79.6, 74.4, 48.1, 43.5, 32.7, 23.2, 18.0; HRMS
(ESI) m/z: [M + H]" calcd for C15H,NO 266.1539, found 266.1539.

2-Methyl-3a-phenyl-3,3a,7,8-tetrahydro-2H-2,8a-methanoisoxazolo[2,3-a]indole (12j)
[Scheme 49]. A pale yellow oil; IR (CHCI,): 2933, 1732, 1494, 1449 cm™; 'H NMR (300 MHz,
CDCly) é: 7.58-7.50 (2H, m), 7.38-7.28 (2H, m), 7.21 (1H, tt, J = 7.0, 2.0 Hz), 6.17 (1H, dd, J =
10.0, 2.0 Hz), 5.98 (1H, ddd, J = 10.0, 5.5, 2.0 Hz), 5.74 (1H, s), 2.37-2.25 (1H, m), 2.29 (1H, d, J =
11.5), 2.25-2.08 (1H, m), 2.08 (1H, dd, J = 11.5, 2.5 Hz), 1.97 (1H, td, J = 12.0, 5.5 Hz), 1.94 (1H,
d, J=5.0 Hz), 1.89 (1H, d, J = 11.0 Hz), 1.57 (1H, dd, J = 11.0, 2.5 Hz), 1.54 (3H, s); *C NMR (75
MHz, CDCly) &: 144.8, 141.1, 132.9, 128.4, 126.9, 126.6, 125.9, 122.1, 94.5, 81.1, 75.4, 53.2, 48.7,
32.4,23.2,19.5; HRMS (ESI) m/z: [M + H]" calcd for C15H,0NO 266.1539, found 266.1539.

10-Methyl-8-phenyl-3,4,5,6,7,8-hexahydro-4aH-benzocyclohepten-4a,8-imin-6-ol (86)
[Scheme 50]. To a solution of 12a (50.3 mg, 0.2 mmol) in anhydrous Et,O and dichloromethane
(10: 3, 5 mL) was added methyl iodide (523 pL, 8.4 mmol) and this mixture was stirred under N, at
room temperature for 12 h. The resulting mixture was then refluxed for an additional 24 h. The
solvent was removed in vacuo and the crude product was used without further purification. To a
solution of the crude product in 50% aqueous acetic acid was added zinc dust under N,. The
resulting mixture was warmed to 70 °C and stirred for 3.5 h. The remaining solids were filtered off
and washed with H,O (ca. 70 °C). The filtrate was saturated with sodium carbonate and
continuously extracted with dichloromethane for 18 h. The dichloromethane solution was dried over
MgSQ,, and concentrated. The resulting product was purified by PTLC (hexane : AcOEt=2: 1) to
afford the 86 (50.3 mg, 94%) as a yellow oil. IR (CHCIs): 3020, 2938, 1447 cm™; *H NMR (300
MHz, CDCly) 8: 7.52-7.43 (2H, m), 7.39-7.23 (3H, m), 6.23 (1H, br d, J = 10.0 Hz), 5.92 (1H, ddd,
J=10.0, 5.0, 2.5 Hz), 5.60 (1H, s), 3.82 (1H, tt, J = 10.0, 7.0 Hz), 2.41-2.21 (2H, m), 2.17 (1H, dd,
J =13.0, 7.0 Hz), 2.08 (1H, dd, J = 13.0, 9.5 Hz), 2.02 (3H, s), 1.91 (1H, br dd, J = 12.5, 4.5 Hz),
1.86 (1H, dd, J = 13.0, 7.0 Hz), 1.74 (1H, td, J = 11.5, 6.5 Hz), 1.42 (1H, dd, J = 13.0, 10.0 Hz); **C
NMR (75 MHz, CDCIly) é: 142.3, 141.3, 131.5, 128.1, 127.8, 127.2, 127.1, 121.3, 70.3, 66.3, 64.8,
30.9, 29.8, 28.7, 27.2, 23.8; HRMS (ESI) m/z: [M + H]" calcd for CisH,,NO 268.1696, found
268.1697.
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General Procesure for Preparation of O-Allyl-a-Alkynyl Oxime Ethers [Scheme 53]. To a
solution of a-alkynyl ketone (10 mmol) in MeOH (0.2 M, 50 mL) were added O-methyl
hydroxylamine hydrochloride (20 mmol), Na,SO, (20 mmol) and pyridine (45 mmol) under N,
atmosphere at 0 °C. After being stirred at the same temperature for 1 h, the reaction mixture was
diluted with H,O and extracted with AcOEt. The organic phase was washed with 10% HCI aqg. and
brine, dried over MgSO, and concentrated under reduced pressure. Purification by flash column
chromatography (hexane : AcCOEt = 15: 1 - 20 : 1) afforded 14a-e.

(E)-2-(Phenylethynyl)-2-cyclohexen-1-one O-Methyl Oxime (14a) [Scheme 53]. 50% vyield;
Brown oil; IR (CHCIs): 2935, 2220, 1596 cm™; *H NMR (300 MHz, CDCls) &: 7.53-7.46 (2H, m),
7.35-7.27 (3H, m), 6.69 (1H, t, J = 4.5 Hz), 3.98 (3H, s), 2.62 (2H, t, J = 6.5 Hz), 2.30 (2H, td, J =
6.5, 4.5 Hz), 1.77 (2H, quint, J = 6.5 Hz); *C NMR (75 MHz, CDCl,) &: 153.8, 142.8, 131.6, 128.1,
128.0, 123.4, 119.3, 90.3, 85.4, 62.0, 25.6, 22.7, 20.3; HRMS (ESI) m/z: [M + H]" calcd for
Ci1sH1sNO 226.1226, found 226.1225.

(E)-2-[(4-Methoxyphenyl)ethynyl]-2-cyclohexen-1-one O-Methyl Oxime (14b)
[Scheme 53]. 59% vyield; Yellow oil; IR (CHCIs): 2939, 2214, 1604 cm™; *H NMR (300 MHz,
CDCly) 6: 7.43 (2H, br d J = 9.0 Hz), 6.84 (2H, br d, J = 9.0 Hz), 6.66 (1H, t, J = 4.5 Hz), 3.98 (3H,
s), 3.81 (3H, s), 2.61 (2H, t, J = 6.0 Hz), 2.29 (2H, td, J = 6.0, 4.5 Hz), 1.76 (2H, quint, J = 6.0 Hz);
BC NMR (75 MHz, CDCly) 6: 159.4, 153.9, 142.3, 133.1, 119.3, 115.5, 113.7, 90.3, 84.0, 62.0, 55.2,
25.6, 22.8, 20.4; HRMS (ESI) m/z: [M + H]" calcd for CysH1sNO, 256.1332, found 256.1333.

(E)-2-[(4-Fluorophenyl)ethynyl]-2-cyclohexen-1-one O-Methyl Oxime (14c¢) [Scheme 53]. 21%
yield; Yellow oil; IR (CHCIy): 2940, 2224, 1600 cm™; 'H NMR (300 MHz, CDCl;) &: 7.52-7.43
(2H, m), 7.05-6.95 (2H, m), 6.67 (1H, t, J = 4.5 Hz), 3.97 (3H, s), 2.61 (2H, t, J = 6.0 Hz), 2.28 (2H,
td, J = 6.0, 4.5 Hz), 1.75 (2H, quint, J = 6.0 Hz); **C NMR (75 MHz, CDCl,) &: 162.2 (d, J = 247.5
Hz), 153.7, 142.8, 133.4 (d, J = 8.5 Hz), 119.4 (d, J = 3.5 Hz), 119.1, 1154 (d, J = 22.0
Hz), 89.2, 85.1, 61.9, 25.6, 22.7, 20.2; HRMS (ESI) m/z: [M + H]" calcd for C;5sH1sNOF 244.1132,
found 244.1131.

(E)-2-[(4-Nitrophenyl)ethynyl]-2-cyclohexen-1-one O-Methyl Oxime (14d) [Scheme 54]. 42%
yield; Yellow oil; IR (CHCI5): 2938, 2216, 1594 cm™; "H NMR (300 MHz, CDCls) &: 8.19 (2H, br
d, J=9.0 Hz), 7.62 (2H, br d, J = 9.0 Hz), 6.77 (1H, t, J = 4.5 Hz), 3.99 (3H, s), 2.63 (2H,t, J = 6.5
Hz), 2.34 (2H, td, J = 6.5, 4.5 Hz), 1.79 (2H, quint, J = 6.5 Hz); *C NMR (75 MHz, CDCl,) &:



153.4, 146.7, 144.6, 132.3, 130.4, 123.4, 118.8, 91.0, 88.5, 62.1, 25.7, 22.6, 20.1; HRMS (ESI) m/z:
[M + H]" calcd for Cy5H35N,05 271.1077, found 271.1075.

(E)-2-[(Trimethylsilyl)ethynyl]-2-cyclohexen-1-one O-Methyl Oxime (14e) [Scheme 53]. 76%
yield; Yellow oil; IR (CHCI5): 2961, 2155, 1456 cm™; *H NMR (300 MHz, CDCl;) &: 6.65 (1H, t, J
= 4.5 Hz), 3.95 (3H, s), 2.55 (2H, t, J = 6.0 Hz), 2.24 (2H, td, J = 6.0, 4.5 Hz), 1.71 (2H, quint, J =
6.0 Hz), 0.22 (9H, s); **C NMR (75 MHz, CDCls) &: 153.5, 143.7, 119.3, 100.9, 95.4, 61.9, 25.5,
22.6, 20.2, 0.0; HRMS (ESI) m/z: [M + H]" calcd for C1,HoNOSi 222.1309, found 222.1308.

(E)-2-Ethynyl-2-cyclohexen-1-one O-Methyl Oxime (14f) [Scheme 54].

A solution of 14e (1.11 g, 5 mmol) in MeOH (0.5 M, 10 mL) was treated with 0.1 M NaOH (220.0
mg, 5.5 mmol). The reaction mixture was stirred at r.t. for 4 h, and then quenched with 2 M HCI aq.,
diluted with AcOEt, washed with H,O, and dried over MgSO,. Evaporation gave 14f (686.5
mg, 92%) as a brown oil. IR (CHCIs): 3284, 2935, 2099, 1680 cm™; *H NMR (300 MHz, CDClIs) :
6.70 (1H, t, J = 4.5 Hz), 3.97 (3H, s), 3.04 (1H, s), 2.59 (2H, t, J = 6.0 Hz), 2.26 (2H, td, J = 6.0, 4.5
Hz), 1.74 (2H, quint, J = 6.0 Hz); *C NMR (75 MHz, CDCl,) &: 153.9, 144.6, 118.4, 79.7, 78.3,
62.0, 25.5, 22.6, 20.2; HRMS (ESI) m/z: [M + H]" calcd for CoH;,NO 150.0913, found 150.0912.

Methyl (E)-3-[6-(Methoxyimino)-1-cyclohexen-1-yl]propiolate (14g) [Scheme 54]. To a stirred
solution of 14f (596.8 mg, 4 mmol) in THF (0.15 M, 27 mL) at -78 °C under argon was added
n-BuLi (2.6 M in hexane) (1.7 mL, 4.4 mmol) dropwise. The solution was allowed to stir for 1.5 h,
at which time methyl chloroformate (340.0 uL, 4.4 mmol) was added dropwise. The reaction was
allowed to stir for 2 h at -78 °C, and then was quenched with H,O and extracted with Et,O. The
combined organic layers were washed with brine and dried over MgSO,. The solvent was removed
under reduced pressure, and resulting residue was purified by flash column chromatography
(hexane : AcOEt = 10 : 1) to afford 14g (621.5 mg, 75%) as a yellow oil. IR (CHCIs): 2944, 2220,
1712 em™; *H NMR (300 MHz, CDCl5) &: 6.86 (1H, t, J = 4.5 Hz), 3.96 (3H, s), 3.80 (3H, s), 2.58
(2H, 1, J = 6.0 Hz), 2.31 (2H, td, J = 6.0, 4.5 Hz), 1.75 (2H, quint, J = 6.0 Hz); *C NMR (75 MHz,
CDCls) &: 154.4, 152.6, 147.9, 117.3, 82.9, 81.2, 62.1, 52.6, 25.8, 22.4, 19.9; HRMS (ESI) m/z: [M
+ H]" calcd for Cy;H;4NO; 208.0968, found 208.0968.

Gold-Catalyzed Cyclization-Intermolecular Cycloaddition of O-Methyl Oxime Ether [Table
11, entry 4]. To a solution of 14a (45.1 mg, 0.2 mmol) and N-phenylmaleimide (41.6 mg, 0.24
mmol) in (CH,CI), (5 mL) was added AuCI[P(o-tolyl)s] (5.4 mg, 0.01 mmol) under Ar atmosphere
at room temperature. The reaction mixture was stirred for 6 h at reflux, then concentrated under
reduced pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 16a (39.7 mg, 51%).



10-Methoxy-2,4-diphenyl-3a,8,9,9b-tetrahydro-4,9a-epiminobenzo[e]isoindole-1,3(2H,4H)-dio
ne (16a). Colorless crystals; Mp: 130-131 °C (decomp.) (hexane-AcOEt); IR (CHCIs): 3026, 2940,
1772, 1712 cm™; *H NMR (500 MHz, CDCls) &: 7.86 (2H, br d, J = 7.5 Hz), 7.44-7.38 (3H, m),
7.38-7.32 (3H, m), 7.12 (2H, br d, J = 7.5 Hz), 6.22 (1H, br dd, J = 9.5, 2.0 Hz), 6.15 (1H, br ddd, J
=95, 6.0, 2.0 Hz), 5.82 (1H, s), 4.38 (1H, d, J = 8.0 Hz), 3.79 (1H, d, J = 8.0 Hz), 3.36 (3H, s),
3.02-2.93 (1H, m), 2.44-2.37 (1H, m), 2.36 (1H, dd, J = 13.0, 5.5 Hz), 2.33 (1H, td, J = 13.0, 6.5
Hz); *C NMR (125 MHz, CDCls) &: 175.5, 175.3, 139.8, 136.4, 136.3, 132.0, 129.0, 128.7, 128.4,
128.2, 128.1, 126.5, 125.0, 120.0, 81.0, 75.3, 62.3, 51.1, 50.3, 25.8, 22.9; HRMS (ESI) m/z: [M +
H]" calcd for CysH,3N,03 399.1703, found 399.1710.

[entry 5]. To a solution of 14a (45.1 mg, 0.2 mmol) and N-phenylmaleimide (41.6 mg, 0.24 mmol)
in (CH,CI), (5 mL) was added AuCI(PCys) (5.1 mg, 0.01 mmol) under Ar atmosphere at room
temperature. The reaction mixture was stirred for 6 h at reflux, then concentrated under reduced
pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 16a (50.5 mg, 65%).

[entry 6]. To a solution of 14a (45.1 mg, 0.2 mmol) and N-phenylmaleimide (41.6 mg, 0.24 mmol)
in MeCN (5 mL) was added AuCI(PCys) (5.1 mg, 0.01 mmol) under Ar atmosphere at room
temperature. The reaction mixture was stirred for 6 h at reflux, then concentrated under reduced
pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 16a (21.9 mg, 28%).

[entry 7]. To a solution of 14a (45.1 mg, 0.2 mmol) and N-phenylmaleimide (41.6 mg, 0.24 mmol)
in THF (5 mL) was added AuCI(PCy;) (5.1 mg, 0.01 mmol) under Ar atmosphere at room
temperature. The reaction mixture was stirred for 6 h at reflux, then concentrated under reduced
pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 16a (26.4 mg, 34%).

[entry 8]. To a solution of 14a (45.1 mg, 0.2 mmol) and N-phenylmaleimide (41.6 mg, 0.24 mmol)
in CHCI; (5 mL) was added AuCI(PCys) (5.1 mg, 0.01 mmol) under Ar atmosphere at room
temperature. The reaction mixture was stirred for 6 h at reflux, then concentrated under reduced
pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 16a (66.3 mg, 85%).

[entry 9]. To a solution of 14a (45.1 mg, 0.2 mmol) and N-phenylmaleimide (41.6 mg, 0.24 mmol)
in CHCI; (5 mL) was added AuCI(PCys) (3.1 mg, 0.006 mmol) under Ar atmosphere at room
temperature. The reaction mixture was stirred for 6 h at reflux, then concentrated under reduced
pressure. Purification by PTLC (hexane : AcOEt = 3 : 1) afforded 16a (64.7 mg, 83%).

General procedure for Gold-Catalyzed Cyclization-Intermolecular Cycloaddition [entries
10-13]. To a solution of O-methyl oxime ether (0.2 mmol) and N-phenylmaleimide (0.24 mmol) in



CHCl; (5 mL) was added AuCI(PCys;) (0.006 mmol) under Ar atmosphere at room temperature. The
reaction mixture was stirred for 6 h at reflux, then concentrated under reduced pressure. Purification
by PTLC (hexane : AcOEt = 3 : 1) afforded 16b-d in yield shown in Table 11.

10-Methoxy-4-(4-methoxyphenyl)-2-phenyl-3a,8,9,9b-tetrahydro-4,9a-epiminobenzo[e]isoindo
le-1,3(2H,4H)-dione (16b) [entry 10]. Colorless crystals; Mp: 145-146 °C (decomp.)
(hexane-AcOEt); IR (CHCIs) cm™: 3020, 1772, 1710; *H NMR (300 MHz, CDCls) &: 7.78 (2H, br d,
J =9.0 Hz), 7.47-7.32 (3H, m), 7.18-7.10 (2H, m), 6.97 (2H, br d, J = 9.0 Hz), 6.23 (1H, dd, J =
10.0, 2.5 Hz), 6.16 (1H, ddd, J = 10.0, 6.0, 2.5 Hz), 5.83 (1H, s), 4.36 (1H, d, J = 8.0 Hz), 3.85 (3H,
s), 3.79 (1H, d, J = 8.0 Hz), 3.37 (3H, s), 3.07-2.89 (1H, m), 2.47-2.36 (2H, m), 2.32 (1H, td, J =
13.0, 6.0 Hz); **C NMR (75 MHz, CDCls) &: 175.5, 175.4, 159.3, 139.7, 136.2, 136.2, 131.9, 129.8,
129.0, 128.4, 128.3, 126.4, 125.0, 120.0, 113.5, 80.4, 75.2, 62.3, 55.2, 51.1, 50.3, 25.7, 22.8; HRMS
(ESI) m/z: [M + H]" calcd for CysH,5N,04 429.1809, found 429.1807.

10-Methoxy-4-(4-fluorophenyl)-2-phenyl-3a,8,9,9b-tetrahydro-4,9a-epiminobenzo[e]isoindole-
1,3(2H,4H)-dione (16c) [entry 11]. Colorless crystals; Mp: 135-136 °C (decomp.)
(hexane-AcOEt); IR (CHCIs): 3026, 2938, 1772, 1710 cm™; 'H NMR (300 MHz, CDCls) &:
7.89-7.79 (2H, m), 7.47-7.30 (3H, m), 7.16-7.05 (4H, m), 6.21 (1H, br dd, J = 10.0, 2.0 Hz), 6.15
(1H, br ddd, J = 10.0, 6.0, 2.0 Hz), 5.78 (1H, s), 4.32 (1H, d, J = 8.0 Hz), 3.78 (1H, d, J = 8.0 Hz),
3.36 (3H, s), 3.05-2.86 (1H, m), 2.47-2.32 (2H, m), 2.30 (1H, td, J = 13.0, 6.0 Hz); *C NMR (75
MHz, CDCl,) &: 175.4, 175.2, 162.5 (d, J = 245.0 Hz), 139.8, 136.5, 132.3 (d, J = 3.5 Hz), 131.8,
130.4 (d, J = 8.5 Hz), 129.0, 128.5, 126.4, 124.6, 119.8, 115.0 (d, J = 21.0 Hz), 80.3, 75.2,
62.3, 51.0, 50.4, 25.7, 22.8; HRMS (ESI) m/z: [M + H]" calcd for CysH»,N,OsF 417.1609,
found 417.1610.

10-Methoxy-4-(4-nitrophenyl)-2-phenyl-3a,8,9,9b-tetrahydro-4,9a-epiminobenzo[e]isoindole-1

,3(2H,4H)-dione (16d) [entry 12]. Yellow crystals; Mp: 150-151 °C (decomp.) (hexane-AcOEt);
IR (CHCI5): 3028, 2938, 1774, 1713 cm™; *H NMR (300 MHz, CDCl;) &: 8.28 (2H, br d, J = 8.5
Hz), 8.11 (2H, br d, J = 8.5 Hz), 7.47-7.33 (3H, m), 7.13-7.07 (2H, m), 6.25-6.17 (2H, m), 5.74 (1H,
s), 4.33 (1H, d, J = 7.5 Hz), 3.83 (1H, d, J = 7.5 Hz), 3.41 (3H, s), 3.06-2.88 (1H, m), 2.49-2.37 (2H,
m), 2.34 (1H, td, J = 13.0, 6.0 Hz); *C NMR (75 MHz, CDCls) &: 175.6, 175.2, 148.0, 144.5, 140.6,
137.5, 131.9, 130.1, 129.4, 129.0, 126.7, 124.0, 123.7, 120.0, 80.7, 75.8, 62.8, 51.2, 50.8, 26.0,
23.1; HRMS (ESI) m/z: [M + H]" calcd for C,5H2,N305 444.1554, found 444.1558.
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