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Horx O AFATER, KEPEEL, S0 FHEZIICD & o lmIic k-
THADLNTWND, 2L DL ITAMILAMTH Y | KFLTLE L
TRFWER, BHR, MERENOHERINILENTHD . DX At
EEMIZDONT, ZORIERKIG, BRI DV TERDY 5 OB ELT: & T
W THY I — RN TIRF L IRFLEM WO FOLFETH D) LER
N52, PRI, IRFBIROTREI L OIRFEREELUC OB, AL FICE
TORKBEERETHY ., TORRBIIHIRERITBIT D NEOAEEZLZA D L
IRICBVWTERIRNLDTH D,

INETOEBEARICEBN T, RHFRE L THA 2R RFT S C& 7208,
FRIZ TSk LT 1 DORBERF 2 EAT DRUSANT TCLIE] TN, Cl
L LT, —AbRFBWEERB AR 25 ppm, 29 mg/m?), RV AT LT E
K(0.3 ppm, 0.37 mg/m?), 7R A% (0.1 ppm, 0.4 mg/m?), 7 At/KkFE(4.7 ppm, 5
mg/m) 72 ENHEL DO HANLNTWDEN, THD% L FEMENE < B #0A
BGTEBRNE WS RED & 5 FFRIRIE DI, 1998 DT A U 71 SR [EHEE
AN E S L DB EEE VT2 %), —F . Z bR BEERETF AR
5,000 ppm, 9,000 mg/m*)ILFmMEDMEL 3, EDEFEDIT & A LN RIRT ARFEE
HA, FMEROBIAET A2 EOFFATH L7204 WMOFNE L Zfir-o
LERMAGAI e CLIRE LTHIff SN D, LavL, ZBMUIRFEZ SOSH & L
THWLDREAE, —RANCHETIEZR W, FlZIE, RIET AT ILRRADERKIC
DONWTHKT L &, ClIRE LTBERFEZHNVLGEIE, mRAT 2 HWD
Yitr & T, W USRSt & 6B & T 2 ACMUR DS PRRELL T ICE £ 5
BA 0 %\ 5(Scheme 0.1), [REEY 7 = =L DA TIZ, mAF % CLIEIZHW

TG A EIBRE ORISR B W TCEINER CTRIET AT VM5 6105 D%



L%, ZRLBH & T a I, Fil - BEORISAM £ B L L, IR
fEVY (Scheme 0.1a), £72 1,3-P 7 = = VRFZEOAHKICHOVWTHRE UL, RAHS
v WG ITIR R R BN TEIGR TIREN G LN D DI L %2 =
FR(LRSEZ O GBI E e S 2 8 b U, RS FFREEE Td D (Scheme

0.1 b),
a) The synthesis of diphenyl carbonate
0] ) . e
PhOH + )k Et3N (2.5-3.5 equiv) )J\
Cl Cl CHCIs, r.t., 3h PhO~ “OPh

93%
Et;N

PhOH +  CO, ZnCl, (cat.) ,EL
(9 MPa) CCls, 110°C,140h  PhO” “OPh

32%
b) The synthesis of 1,3-diphenylurea

(0] : (0]
Et3N (2.5-3.5 equiv
PANH, + I ahd auw) ph. L _Ph
Cl Cl CHCI3, rt., 3h N N
H H
>99%
Ph3SbO (5 mol%) o
0,
PhNHZ + C02 P4S10 (10 mol A)) Ph

; ph.. L
(4.9 MPa) CoHe 120 °C, 12 NN

48%
Scheme 0.1. 7" A7 & W5 i & R VIR 2 AV D i O FLig

RO XD BAKEEE IR LT X BTk D bR FEEEC UG IZ BN T
ACLDMEE LT, BRIV LULEREF & BBRFOMIMAE LTAEL
DHNRFTT— D BI)FHICALZE TR ITRIKEET 5 2 LRE T bh
%(Scheme 0.2)°, ZD7=h, “FAVIKFEZ RV IAATZ T2 ZE b L LT

FH72DIT W T D IREEZ L T2 O TRENMLIEIZR 5, Bz, K
; 1
ROH+CO, — = RRNH+C0, — R.
? RO)kOH ? E, OH

Scheme 0.2. /LR ¥ T — b Dz



WEEL b~ R bR FEEELOF & LT, Cardillo Hix, 7 U AT a3 — &Kk
BIZHWS B bRFEECIEET LIz, 93— 727 hoAfbzdgiEL TS
(Scheme 0.3 a), ZORULSTIX, S LIRFITHT 27 /L 2 — )L ORI X
STHELDANEXTT— R, FURETNAVTNBELHI—F=U L
FRICHIRZ EM S D 2 & T, kUGS 2 BRI T 2 7 VAN 72 BUG S
IZCEERETHE NS, £70, 7T X K~ ZbRFEFHELOFIE LT, Xi b
X 0-7 U— 7 =V NIk L THBERTBD)E AF VR 7T — 2 HN5D
7 7 2 MUESS & # A L7z 8(Scheme 0.3b), Z DG Tik, —f{bikF L T =1
VINBELDBANRELT— FRAFAL LY 75— FOERICL>TA VT
T = h~EEWEIND Z LT, BUKBAERE SN TR Y KR E L TR ghx
VELTDHO0, WED ZFBLIKFEFHK FTICBWT, 5T 57=F MY
T BN RIFRIETHR LN D,

a) Cardillo’s report

\)\Me

"BulLi o
CO,, (bubbling) o
OH THF, r.t. [
, @OJ\O 2 _ OJJ\O
\)\ lodolactonization \)_/
AN
Me |

80%

b) Xi’s report

o
CO, (1 atm)
NH; TBD (1 equiv) HN

motesh - -0
0-DCB, 140 °C, 12 h

73%

H TBD = 1,5,7-Triazabicyclo[4.4.0]dec-5-ene T

0 OMe
N= C OMe

MeOTf

Scheme 0.3. TEMbRFBEECSSEES T—RT T B /1[:%&071%/
KUY U DERY




BRSO K5 IR EE & OFHIX, S e BAELDLE ) T— N E Rk
IRBITREFMINE T2 5GEICHMEE 725, HlIX Jessop Hid. “FLRFETR

PHSUT . 7 b Aok L CHIRIER(DBU) 2 E S5 & -7 b VR RS

s

ODNAZ EEZRAMLE % LanL, B B-7 N IIVR VERIIR G TR R
L. WRTPICBWTIRAICHEWEDO 7 FUo~RLDZEbHELTND, £2
T, Jessop DIFNLEER B-7 NANVKRUBRIIK L CTVT =0 MMl 2 v %38
TROGEATH Z &RV, B-E RRX U AR UVBELERGTELTHEDZ
L\ HE) L 7= 9(Scheme 0.4),

1) CO,

o DBU o O OH O
2) HCI
Me )—> OH Rucat. OH
H,

91% 85%
DBU = 1,8-diazabicyclo[5.4.0Jundec-7-ene

Scheme 0.4. Jessop HIZ LD B-t R B LAR CEROE R

T T— FOMIZ G, REREAZ AV TERLIKE L ORFB-IRFEBEOR
% P D RUSIZOWT, Bix R S 7 ST & 7o, IRFBREEAI & —FafbiRE &
DRSO OB & LT, A F U LAEESS Grignard 7R3 4 V2D UGN A
HALTUV 5 (Scheme 0.5 a), T7ebhH, ZiLb OAHEERIKITK LT @bk
FREeEHSEL L ST DONR VBRI EOND, LL, Zib OEEILM
NIREAITH Y . ZRBREREEZAT 2LEMDOERITK L THW 2 DOIER
HETH B, LTI ERABAMEZ I, RFE- 1 7 A ~OBLRIfHN,
B DWTEHA U RRIESCHRENRIEL O b T A XAZ AL B AL LA
G RFEZ B LIRBICER S 2 HENRHVHILTWS 19Scheme 0.5 b), Zi
B ORISOHFNTIE, FBRAIR 72 ROS ST ZBRGIRE & OIS IEITT 5 6



DHLHHD, S ITEESEELELE T 5, 2. HEMEAEKROT=OIZxu s
N T EOR T RROISR NI L 72 5,

a) Classics of carboxylation on organometal reagent

R-M + CO, R-COOH

(M = Li, MgX’)

b) Transition metal catalyzed carboxylation

M cat.

R-COOM R-COOH

R-M

R-X

(X =B(OR),, ZnX”, halogen, OTf, etc)
(M =Pd, Rh, Cu, Ag, Ni, etc)

Scheme 0.5. A4 JEFEIZ%T D VAR X 2 A6

—J7, IRFB-IKFBREE ZEHE VR X D ALT DO TIE, BB O RIS & g
LT, AR U FRIER EOROGHZ BRI 2 L8R T haxa /3
— OB BN TN D, RE-KFREEITHT D BN VR F ARG O
Ff5l & LT, Kolbe-Schmitt )5 23%81F 541 % (Scheme 0.6), Z DL TlE, 7 =
AP BRB LT 2 ) Y RICBLIREAER S5 2 & T FLEE
PFONDD, @i D@ EOF IR FM 2 LB LT D720, TRA T — /LD

JinE LTHWL DIIREECTH 5,

ONa OH

f Na f C02 (8 13 MPa) COOH

Scheme 0.6. Kolbe-Schmitt )it

BT DRF-KEFREED D NVERX AL TIE R, WL AT =4 D%
AHEREN ) T DR Y A LB A B A A A D IR FEOKFE A TEMAE



AVHN TS 12, iz X, BRI DT =4 FEORAZERE ) & T 2506 &
LC. Hu bIIHEFBHE~T v B ICx L TREEE v U % v 2 iR R EEL
Ot % 13, Kobayashi H1XA > F—/iZxt LT 7 b U F U LE 0D %
bR FE E EAC R 2 T NENHE LTy 5 4(Scheme 0.7 aandb), L7A>L., W
NOIFIZBNTHBNERTHIGT 2 DV RF ULRIIE LN 23, &IRD
OSSR EZMELTH LWV R CHENK > TWD, —FH, ZH OWMEH & [F
UHFHIZ . Nolan B I A HFHE~T R BRIk L TKEE(ED U D AL &b Icaftii s
WD TIVRF 2 ARROG Z 15, Hou BIZHEFHR~T 2 BRIZ LT Y U A -7
M REFMBLZ EBICHWD I VRF I NVRIEEZHRE L TWND 16
(Scheme 0.7 cand d), ZALH DS T, HHE L EREREAMELOERIZ I AE
M HE T AR TR LRFR I L TREMMT 22 & T, XIST5H
WIRFDVIALER G BN S, Bk L BB RMEDIERIC X 26RO
AR &0 T ERFEEMSONE, BEHE LTHEFHRER~ST BB WD
GE LN b2 2B B 0 L B RISSEETEITT 2 b DB HFET S
—H T, RRLE L THIERMFELELE T 258020 12,

BB R AR X D IR -ARFREATEME L 2 Kl & 92 b R R EE
JRIZIB W TS USRI O | TRRED L > T D, Flx I Iwasawa HlE, v v
LA D /B E~OEE D VR X LS T, BLUOVIT U Afil
A NS TV v O VR 2 LG 2 3 L 7= 18(Scheme 0.8),
Iwasawa DT X 2 #E LA B R AL 2 U 2 B VR & 2 UABBOGRIZ D
WTHLIZ B HF N2 SN TWD S 20 T D DORUSIEWT IS AEER A TE
bOWMFEE R D T2, miRFEEZNEE 52 LBE0,



a) Hu'’s report
CO; (1.4 atm)
Cs,CO3 (1.2 equiv)
DMF, 125 °C

:r:”’\\\A/N\>
A=NorC
X=0orS

b) Kobayashi’s report

CO, (1 atm)
@ LiO'Bu (5 equiv)
N DMF, 100 °C

c) Nolan'’s report
CO, (1.5 bar)

via

N (IPr)AuOH (1.5 mol%) N ~N
2L Y KOH (1.05 equiv) R2- D—COOH | R27y S—Au(IPr)
. 1 51
R THF, 20 °C R R
27-94%
d) Hou'’s report
(IPr)CuCl (5 mol%) ,

N CO, (1 atm) — N "'a\ N
WA KOBu (1.1 equiv WA Y e
t D (1.7 equiv) CoHisl § H—C00CeH3 | S—Cu(IPr)
UL~ THF, 80 °C DMF, 80 °C ‘.. _:~x S~ X

A=NorC 14-89%
X=0orN

Scheme 0.7. H&E~T 0 BglC%4 5 _Eefb ik & [E E G

a) Rh catalyzed carboxylation of aryl C-H

CO, (1 atm) ]
7\ [Rh(coe),Cl], (5 mol%)
— PCy3 (12 mol%)
AlMe,(OMe) (2.0 equiv) TMSCHN,
H DMA, 70 °C Et,0-MeOH
0°C
b) Pd catalyzed carboxylation of alkenyl C-H
(0]
CO, (1 atm)
oH Pd(OAc), (5 mol%) 0 |
Ph Cs,CO3 (3.0 equiv) Ph
Diglyme, 100 °C
86% ]

Scheme 0.8. 4 @ Al 2 B\ 5 B 7 VR & 2 U0
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Bk U7z K oiT, IRFEREANE b RF K L TRV D OGTIE, 58772
BEAI 720 LB O RSG5 B L T 558020, OB L LT, ik
IRFBOEREE R H L E— o AdHP = -393.5 kJ/mol) 73 —FfbiRFE (A H° = -110.5
kJ/mol) oA A7 2 (A eHP = -220.1 kJ/mol) 72 & D Cl RFEJR & b~ TESZHIC
LETHY O, KEMMPEIT LIS WD ER%EF b5, —FH, 20X H 2N
a2 L LT, VA AR X 5 R bRFIEELD TREZ Hu
DS EHE SN TWD, Bz X, Hattori HIXT VI =0 AREKE LA AL
L CTHWDTE A D b R 32 B E LSS 2 #is LTV D 2(Scheme 0.9), 2416
DS TIET VI =0 L3 LR B ZIEEET 2720, FERIZBIT HKE
BB DS IR E O SUSRE CHHEEITT 2, LML, WTIOKIG S )
INA A NI ET D70, BREETFAMOBLRICB W CGRENR S 5.,

Me ( ) Me Me
CO, (3 MPa
@ cat. AIBr3/Ph3SiCl ©/COOH
+
neat, r.t. 94% (o:p = 1:8)

COOH
O-AlX3

CO, +AlX3 + R3SIX —=  R,Si0—(/
X

Active spiece

Scheme 0.9. 7 /L X =7 KiR#K & F 2 (b ok 35 [ eV SO

U boXolz, ZbikFEs Cl e LTHWD RINTERIEIZIBW T b Pk
HRETH Y | S ORDFEEPLEEN D, FIREEARE A~ 5 H OB )
O, BRRETFEMEOESWHIEROMNDNERETH L EEZOND, EE L O
TN—TIXINETIE, BTNIETAX U E2HT 5L OGS L TR
VD TR bR FEE E OGS A2 S L7z 21(Scheme 0.10), 2406 OIS TiE,
FEE ORI R ERFBIZHF L THIMLTHNLVRFT T — h a4 L, #Hifih



BECIEMAL LT T VR SNV F T T — P2 Z el T 5 2 & T, RhsT
L BAGIEN RN 22 SUSRAFIZ BN TEIGR TR LD,

o o}
XH
Z m2R? €O, D RIS
1 R _— R2
R R! 7, R R2R?
X=0,NR,CHR | Ag+ |

Scheme 0.10. SRfREEZ A2 —Fe{b ik 32 E &b

UL O A B E 2 T, EF ITSEAE S X O A B2 R bk
HEEACFIG DB X O A S A~ DRI OWTOME 21T o7z, F]
DOIZEEF I, AR A VD I bR SR B EALBUSIZ W Tz i1 o~
EHE LT HRINCOWTHFZITo72 (81 ®), £/, 7m/L¥ L7y Iy
B B SRANE: TR R FE E EALRUR Tl PRI E LTRAET D E=
JERDERESIZE T 287272 A & LTT 2 MUEEZ R LIZ(F 2 ®), L
VY ) =V E FBICHW D RO TIE, SAEIC X5 T vk v oiE LA H
W AL A O IR 72 S N2 81T D Kolbe-Schmitt B i D B % (2 H
DRLATZ(E 3 ),

ARSI, R EE TSR DB % & AR A A~ O@ IOV T, 3

EIREICDIE o TR0 TH S,



i BRMESIUVARBEZAVSI_BERREECLRICOREELEESR

HERADIGHA
F1E HERA/ VITHT HBRMEZBRERFEEL R

EFLOMETN—T1X, DTFRICTAX 24957 b iBERIce LT
SRAMIE 2 I D IR bR R E E(L 2 W L7 22(Scheme 1.1a), 4L 5 DG Tl
ABEEOERICE Y 7 FUBEERNSAE LT ) T— b LR FITREE
AL, Bl & < SRR K2 7 v v ofR b & fih & 95 2 TR LG
LY, HETDHT77 FUBEERRNLYE KR T T UBERBE LN, A
[, EFTERE O A ) FHERIT LT, & OHE &) 22 m L2 E
SHIE, BELOA T DT ) T— bABILRFITREAN L, 51 & e < Bk
BOSIZ X0, *ET 27 7 b BB ENR G 5D & B X 7-(Scheme 1.1b),

—RIT, A UHERE T L L THW D FNERERUE T, exo BRAE
& endo BRALD 0B AT LIS 5, B2 1L, Miranda H 133 A/ VFHFERT
HD ot FuXxv 7TV — Tz F =)L b w2 REICHWD KSR
T, 5-exo BRALZRUN L 6-endo BRALDSEAT L, KK T 5 5 BEILEWB LU 6 AR
ICEMRELND Z & 2 LT B(Scheme 1.2a), Miranda & 12 X % A DL,
o-t Fux v 7V =T =)L F =)L b BV D HFNEBRILKIGIZEBU
T, 5-exo BIRHY, 6-endo BIRHIL RIS OMENRAL SN TE LD, T D3k
PPEDHALIIZ DWW TIEIRIZITH B L 72> TR B IR A ) I BIT 5
5-exo BRALEIRA) 2 SOSDOH & LT, Jong BT A &/ — /L Tl & O e %
s &5 BERRAERDDEINIHE LN D Z L Z#HE LT 5 2%(Scheme 1.2b),
F7o. Xie HIFHEHEE U THMBEED N TFILRAT 4 U E2 WD & S-exo BN
W72 BRALBOG A EIT 5 2 & % R L7 2#%(Scheme 1.2¢), Bolshan &1, BePES:

-10-



a) Previous works B 7
0 R2R cat. AgOBz
K)\ _CO; (1-2MPa)
< fxﬁ
(MTBD)
(0]
R cat- AgOAc
CO, (1.0 MPa)

Qj (bBU)

LA N
X =H or H-DBU

b) This work

(0] 5 O@
R2 ase S R2
/
1 R4

Conjugated ynone

. 0 o o
Ag™ cat. 2
co, | Qo R 07\ ge|BaseH 0\
W R1 Vi R1 7 /
= ©
- o)
R = . Ag
B Ag _

OH
Tetronic acid

Scheme L1 SRAREZ NS 7 b B RIS D R b SR [ E

E IRV TR 6-endo BRI R B ET T 2 DIZx L, RIEE > 7 L& v
2 Y FNME S Tl S-exo IBINB 72 BRAL DS HEA T35 T & % FLHL L 7= 24¢(Scheme 1.2d),

BeA ) NTxE UCEREE & 3 5L 2 VO BRI B 1T A OGEXEF Tk, 2
NWETOHREFIND S-exo BRALDIBRICETT b0 & TFHEIND, 25
T, ABUSKFHI BN T S-exo BRILDEIT L THOND T 7 P UBRITT b e
E XIS ERSTH U (Scheme 1.1b), 7 A 2 /L E VA= U VA A L3
DER% I TR ERCERMICAON L2 HEFK THDH S, — 7. 7 ha Uk

FERILINETICEZL OERIEDHRE SN TNDHDOD, —fRITEBED G

-11-



a) Miranda’s report

Ph

Ph
K>,CO3
MeO

Ph
MeO

© 2
AN
o (@)
|
O=:_O

MeO
Conditions acetone / reflux 7% 45%
EtOH / r.t. 54% 1%
b) Jong'’s report
OH Ph C AGNG o) Ph O._ _Ph
cat. —
// g 3 |
MeOH
o] O o]
) 95% trace
c) Xie's report
OH PMP 0 PMP Oo.__PMP
= cat. PBus — |
CH,Cl,
o] o o]
PMP = p-methoxyphenyl 95% trace
d) Bolshan'’s report
OMe OMe OMe
OH Ph

=

Ph
O

Conditions Cs,CO3 / acetone

TfOH / DCE, reflux

0O
|
.
0
l
o; o

95%

76%
Scheme 1.2. %1 / VFHERIZBIT D S-exo BIRW 7257 F-INER{L K i

TRENBMLEL D Z ENHMLILTUV S (Scheme 1.3), B 2IX, 7 ha B3 (LD
BSOS TIL, 7 b r CERKEBREORE - IRGED TR, ~e s ke nLy

T, FOHOEBEBESRERND D T U TRISBMLEE 125 2%, £, T
ha o fg 5 OB TIX, AY F U A

RIE7 L O It B ME L
HZENEL BRETFEMEOBLEN GIEN K-> T\ Y, i, 7RI
13- A B ERT 50V R B EEIOS L, A DT ey

BRAAEAR DB RIEN WA ST, JRBF T o % ViR IR SR DO G RKIZRBW



T, BuLiZ WA A4 ) T — FORAZVEL L, FEHREOEEIC L > TUT
BRI ChHZ A L EREETDHHNVR BN EIZ OIREWE L TEOND &
WO R FEIET 5 2(Scheme 1.4),

a) Gall’s report

0 0 o
O~\3 protection O "BuLi © P o p
7 % O ue iP5 “H,0 Ph s
> o ban PR HOT A OBn OBn
0 MeO MeO~ ~©O
0 0O
0 3 1) Suzuki-Miyaura o
iodation / | cross coupling y
Ph 7 2) deprotection Ph
OBn OH
MeO” ~©O MeO” O
b) Pansare’s report
0 0 Q
. o]
O7\3 diazotization O7\3 \ TiClg, EtsN N,
/ 2 [e) Ph /5
5 ph*NOMe 0
OH 0] 0 MeO” SO
Rh catalyzed o 3
C-H insertion Y
Ph-H Ph—7#
OH
MeO~ O
Scheme 1.3. 7 ~ v U BED 3 L& 5 Z~DEHEL D Z AL
0]
o]
=~ "OR2
MeXCOOEt BuLj Me\ R1/ HO |Me
— N
Br Br THF OLi y OR?2
R1
0O
Ag catalyzed 0
cyclization )—Me
R'.A
OR?

Scheme 1.4. SRFRELEZ WD T ko RGOS

-13-



LED X 91T, 3L SAICEREZ AT 57 b o URFEROAIET, K
IS TRECCEREFAMEOBS NG, RIZICE OENK> T\ D, AET
(T, B ICERRATRE 2 A/ B BRI LT, SRAME Rl IR SR EE(E &

VWBHF bR VBRSO IOV Tl B,

-14-



E18E EEDORKRE

AREISIZBNT, ZBLRFE~REMNNT 52 ) T — FOREIINETH D
EEZ, WRWETH DA/ FEERITE L THW IOV TR %
AT > 7z(Table 1.1), 2.0 MPa ® FE{LIRFEFZHKA T, 7 mru A &% H 10 mol% D
WERRER & Fli 2 ORI Z TG 21T o7, U =F LT I 2 (pKa=10.65)
RON-AF A IH Y —)U(pKa =695 H7=HE 12, RISHEITET, JREk
FEE A ETEREMICEYL S 4172 (Entries 1 and 2), DMAP (N,N-V A F /L 4-7 2 )
EY U, pKa=92) ZHWD & 18% & ARIER T H DAY 0315 H A 7= (Entry
3) TNHOHIETHIET HIGITE A EHIT L2V OIL, N )
— FMEREIEDIZEFHTERLS BEO ZWbIRFITR D REZM A
ITLTCW W=D ThDEBXT, 2T, LD RWERMEZRT T IV RE
LT T =V U ROEHERIEIEE VTR 21T>72, TMG (7 R A F L7
T =V, pKa=13.0) ZHWHEEIE. BRI OIERD 37%I 28 % - 7273 (Entry
4), TBD (1,57-h U 7H e 7 a[44.0]7 H-5-= > ,pKa=15.2), DBU (1,8-27
HF e u[54.0]-7-v 7t pKa=13.5), MTBD (7-AF/L-157-F ) THE
7 a[4.4.017 H-5-T 2 pKa=15.0) ZHWTHRHFNZIToT2L 2 A, S-exo-dig B
EANRIRAGIZHEIT L, BHEUE 3257 b r VRN ZNZN 77%. 86%. 90%
DUYLHE TG 5 47z (Entries 5-7), LA EL VD MTBD Z W =8E I BRIO AR
b EWINER T L2 Z & 55 (Entry 7). MTBD & A GOl /e i & L

Iz TRBARENCIWT, HEHED pKa EI3KTIZR T 2 &M OEE R LT 2,

-15-



Table 1.1. LD RKE
CO, (2.0 MPa)

o AgOAc (10 mol%) 0 0
Base (4.0 equiv) (o) Me
Me D—Me o |
Z CH,Cl, (0.1 M) Ph .~ “
Ph 25°C 12 h Ph OH
OH
5-exo-dig 6-endo-dig
1a 2a 3a
Entry?  Base Recovery / %29  Yield 2+ 3(2:3)°/ %P
1 Et;N 92 ND
2 N-methylimidazole 94 Trace
3 DMAP 44 19 (79:21)
4 T™MG 41 37 (>95:5)
5 TBD 1 77 (>95:5)
6 DBU Trace 86 (>95:5)
7 MTBD Trace 90 (>95:5)

a) The reaction was carried out with 0.10 mmol of substrate.

b) Isolated yield. c¢) Determined by "H NMR. ¢ho
d) After quenching by 4 M solution of HCI in 1,4-dioxane, 1a ph)\ﬁj\/

was converted to 4a. The yield was estimated from the yield H 4a
of 4a.
WS 10
MeN~ NM NN C/'\Li NN
€2 €2 H N Me
TMG TBD DBU MTBD

-16-



Fo8 ZBMIERREHORKRE

BT, K VARED bR FBIE) FTIZB T D RIGFEMEE BT 720, A
ST E T D RAGIR R ) DB OV TR 21T o 72(Table 1.2), 7 mr X
X L H25°C T, 10 mol%DFEFEER & 4.0 2450 MTBD % H\W\ TR & k7= &
A, ZEMbRFEET) 2.0 MPa DL ETIIINERIZIZ E A EEB R SN o
23 (Entries 1 and 2), 1.0 MPa LU F TIXET DWW - T, AP OIEE KT
T 5 Z &b o Tz (Entries 3-5), D L& AR OIENMEFT 25— T, K
Brb < B S R2nZ 206, KOS TIZH & 35BS & ITRNTEIR
S b A LTV D ATREMED R STz, Z ORI DWW TR 21T 5 7o, g
LIRFZDORD D IZJEMEDERFHK T TRISZEIT o7& 2 A, BB HE L,
BIAE W E B S - (Entry 6), 'HNMR, BCNMR, ESI-MS % i\ Cfig
WraiTolo& 2 A, ZORERYIT MTBD MEECH L% A/ icxt LT
LA L CTAELUTALEM TH D Z L B B L 72 5 7=(Scheme 1.5), LI EDfE
Kb KOS T B bR F B EARET D720z mn bR FEE
WETH D Z ENRBINT, EIZ, 2MPa O _BILIRFEFHX T, 7 an
A Z L H 25 °C T 10 mol%DEFEAER & 4.0 48D MTBD % T 24 I O Kt
EATHI2E ZAH JIST DT b va UIRFHEIRD R2%DILR TR/ LN Z &b,

Z DM EARINNZEB T 5 feaE sk & L7z (Bntry 7),
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Table 1.2. —Fa{bix 82 E ) DG}

CO, (X MPa)

o AgOAc (10 mol%) 0
MTBD (4.0 equiv) o)
Me
/JV CH,Cl, (041 M) Ph Ay Me
Ph 25°C, 12 h OH
1a 2a
Entry? X/ MPa Recovery /%  Yield 2a/%®
1 3.0 Trace 86
2 2.0 Trace 90
3 1.0 Trace 82
4 0.5 Trace 80
5 0.2 Trace 64
6 N, (balloon) Trace Trace
7° 2.0 Trace 92

a) The reaction was carried out with 0.10 mmol of substrate.
b) Isolated yield. c) 24 h.

©

O) H,O O)
) me N (\NMe Ph O
Z Ph NCEN )ﬁ)g

Ph Me | N”"N
N N OH

® Byproduct

Ch)

Scheme 1.5. &It DI K OHEE i %A
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E3E HEE—MHEOBE

o bt & AV C, e OB A ) B ERICA RS O F % 7 72 (Table
1.3), FHNT, &7 b afLOEHIE R ICA FILIEE AT 5 IEEIC OV THFE
1T > 7= (Entries 1-6), 7 /L% REnDEHE R OFHHFERICT = =)L H(1a), o- F
U AH1Db), m- ~ U HEe), p- U AVEADE AT L EETIE WITROBE S
T DT b r CEEFRER 2a-d D3 EAILEIL 92%., 88%. T4%. 8T%DULFHETH &
N7z (Entries 1-4), 7VF VKM p-A bF 7 == VA2 HT 5 HE(1e) % H
Wb e, BIUE T DA 2e BEEMICS G L2 (Entry 5), E#EL RNZ p-X
V= MU NEREAETLEEAN DI, B 2f 2% 62%D IR TH b AL 72 (Entry
6), tDIE % M6 & i U TIERB OO T L72DiE, B K5I DT
FEICE V=) T— FORBHREMET L2720 Th i EEZOLND, KT, 7 b
VafLDOEHEE R 2OV THFET %217 - 7=(Entries 7-11), 7 b ¥ a fLICE#LIE S
2 WEVE Q)R n-~F UV AT 2 HE(Ah)Z W6 S-exo-dig BRAL
FOS S EARPNZHEIT Lo 57 b 1 U EEFH SR 2g 33 L OV 2h N E 4024 95%.
97% DI T B AL TZ(Entry 8), —F, 77 F v afillA YV 7 m BB LT
7 a~F V1) EE T HEEE T, 6-endo-dig BRALBUG A THFIT L. %I
TH7 b UHER2 L e v o a3 08, 21 88% (2i:3i=
89:11), 77% (2j:3j = 85:15) DI & M T H 172 (Entries 9 and 10), 241 H
DFERI G BRI R ORI 2% 5 S 3 6-endo-dig BRALSUS 2R3 5 2 &
DR STy, FEZRRIRII B L 2p o Tunvieny, —JF, EHERICT =
=NEEETHEEARNEZ AW THRETZ1T 9 & S-exo BRALDOHDBET L, Rk

957 b o RN 2k 2 T5%DULER T S 7= (Entry 11),
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Table 1.3. B MO

o AgOAc (10 mol%) 0
m2 €Oz (2.0 MPa) o
/J\/ MTBD (4.0 equiv) Rl A/ R?
R! CH,Cl, (0.1 M) oH
1 25°C, 24 h 5
Entry? R' R? 1 2 Yield 2/ %"
1 Ph Me 1a 2a 92
Me

2d ©)% Me b 2b 88

3¢ MGG)“ Me 1c  2c 74

49 @Z Me 1d  2d 87
Me

5 ﬁ Me e 2e >99
MeO

6° d Me 1 2f 62
NC

7d Ph H 19 29 95

89 Ph 4 ™~""Me 1h 2h 97

M )

geh Ph © 1i 2 88/

6X\Me
10019 Ph i{o i 2 770
116eh Ph Ph 1Kk 2k 75

a) The reaction was carried out using 0.10 mmol of substrate.

b) Isolated yield. c) DBU was used instead of MTBD.

d) 3.0 equiv. MTBD. e) CH3CN was used as solvent at 40 °C. f) 48 h.
g) 20 mol% AgOAc. h) 20 mol% AgOTf. i) The product was an 89:11
mixture of 2i and 3i. j) The product was an 85:15 mixture of 2j and 3;j.
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% 4 8 Aspulvinone E & A~DIGH

B EWTEE AT 57 b u UEERFEAR 3 TH % Aspulvinone E DA HLIC
DT, RRISOMEM R AT, FECTH LA /v i, T HT7 1%
YEXZATNME I TRTAEK L, T2Db 4A Xy T 2= AT ®F L
\Z "BuLi ZIIML T FULTEFY FaRESHE, Tha 4-A MFT 7=
NMEEB= T VI L nEE s 2 bicky, %1 v unfFoniz, 2o
HAZA 7 AT U RS T 2 Rl bR R B E OS2 mH Uiz, 2AE
11125 LT 2 MPa D P{biRAZFFPHK T, 7% b=k UL 40 °C T 20 mol%
OEEERIR L 4 M &ED MTBD Z/E&® 5 &, 3T 57 b U EFEER 21 A
T3%DUETHE LI, BB, B 22 BNAETD DDA MF IR LT,
—RAEAR TR E DA FALEAIT S & Aspulvinone E 7% 96% DI T, #4
IV 29% T L7z, L E X U A FTREZREEE) 5 777> 3 T2 T Aspulvinone
E D& BIZHE) L7 (Scheme 1.6a), {EKIETIL, BB VL HEMEL
Dieckmann BR{LSUG A HETFE L 45 Aspulvinone E DERIENHE S T=
31(Scheme 1.6b), Z DERIETIL, FEIOE /L E VR D DCC Mitll X oA
TMb, T DT RTFAG, RNT VT A WSy T T RS, A
T VA% T, Dieckmann BALESIZ Ko TUEEY 20 E B, RBIC=R
bR T HRIZ L DA F AKIZ LV | Aspulvinone E 2358 THEH 6 TR TH LN D,
RERRAERIE L T D &L ARWIGETH D ERAMEE "R bR R EE(LRUS Z R D F

B, A7y T ra ) I20BRNOEATN DS,
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a) Previously reported synthesis

O
0] CF3CH,0H (1.5 equiv) O Ac,0 (15 equiv) P
Me DCC (1.1 equiv) Me ~ TsOH (2 mol%) O~ "CF3
OH 0" CF3 HQ(1.0mol%) O_ Me
0 o) hif
O
O

PMP—I (2.0 equiv) PMP” XXy >0 “CF; 1) CF3CH,OLi (1.5 equiv)
Pd(OAc); (3 mol%) O_ _Me 2) HO

NaHCO; (2.0 equiv) hig PP

Bu,PBr (0.5 equiv) 0] o) (1.05 equiv)

DCC (1.1 equiv)
DMAP (2 mol%)

o o)

PMPN)J\O/\CF?, 'BUOK (3.0 equiv) o) BB .
PMP. L/ PMP Aspulvinone E

Totally 6 steps

OH
© 21
b) Our strategy
o CO, (2.0 MPa)
"BuLi (2.0 equiv) o AgOAc (20 mol%)
EtO)K/PMP BF3OEt, (2.4 equiv) /jVPMP MTBD (4.0 equiv)
+ PMP ° = o
THF, -78 °C = CH3CN, 40 °C
/ ’ 3 )
Z , 41% PMP 72 h, 73%
(2.0 equiv) 1
[commercially available]
(o] (o]
HO
0 BB, ‘ o
PMP.___/ —PMP " ggq, Y O OH
21 OH OH Aspulvinone E

Totally 3 steps
Scheme 1.6. A& Aspulvinone E & E~? iz H

LB X R IL, B A BB U AR R b R E [ E AL S &
MWD T ba U BOGHIEICHOWTHRE Lz, ARSTE= 7—F & ik
BRFEDORKEATIN & . SRAEE X 5 7 % o ORI & Kbl & 95 5-exo-dig R
FIZRBALEOS A EIT L. ST 27 b u IR EEN SR TELNLE Z L %
R U7z, ARIGIE Aspulvinone E A RIZE A AIRETH W . 7 b VBROHT 7278
BRTFIEELTHEHTH D,
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$2E RMETRERFEELRIEZEHATITI/ EZLFFHIIS/
VaERK

&

il

EHOOHIET V=T, TV T L 3 — )VEERICR L TR A
D R LR FE BSOS 2 S L7z 33%(Scheme 2.1), £ 5 AV 72 BRIR R EE = 2
TIND exo-A LT 4 LV DOEMBMEN ZIKTHSTZ &G, 2O TIERF
IZRWT, SR CIEMAL Lz T v % 0 & “BMEIRBHREDO I LRF VT — bk
D anti fHML TE=VERPEERZ AL Gl &k E=/WRo 7 m A& D,
FRIAD exo-A L7 ¢ L DTN ZREF LT ARG DAL Z L DVRIE S
iz, FHREAFHFIECEN TS, ZORIGHERII SR ST D 3%,

o o O
OH Ag*
J %DJ\O oA oA
COo, , o} 0
Z R ) R R
R1 Z R2 DBU = R2 z R2 4 R2
Z R2
R1 /"»,AR: Ag R2 H R2
Propargy! alcohol — d Vinyl-silver -~ Cyclic carbonate
intermediate (Z)-Isomer only

Scheme 2.1. $RIREEA FAVNA 7 LT )L o — L Zkbd 5 bR EEE

—H =R, AR A V5% < OBERISIZIB N T, RS LTE
DIFENFEINTVDICHEL LT, Bt fliZiz e A LRnH, v =1
RITFIB TR - —BALK L, 13-V 2EL 52 ERREIATH
% ¥ab(Scheme 2.2), Sadighi 5% 2017 £, NHC ELAZ (= SIPHZ A5 Z L1
X0, I E CHEEREETH - 727 LR IUERZ S TRk & 2R IR FE SRS R N 22 E R
WRERTHELND ZL2ME LN, ZOFEICBWN TS B =143 'H NMR (2
K DEMMERORTEE->TEY, BRTHMT L7 OBEEEICIIE > TR
VY 34(Scheme 2.3), BIFEE TICHBEICAE) LT B = VEROEIX, T v ERALN
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EMEILT vy RSN~ T A a TV = VEROGETET T D 35(Scheme

2.4),

Me Li [Ag(PBu)sll4 1,4-Dioxane
— Ether, -78 °C  -28 °C, -Lil

Me Ag | (decomp.) Me”™ ™
\—/ _— + Ag + PBu
] r.t. Me. _~ 9 ®
n

Scheme 2.2. EIRIZRB T 5 B = /LR D4y i

Me Me
M M
MgB T\l N )
gBr (SIPr)AgCI (decomp.)
_— ——— %12 o~ +Ag+SIPr
P CoDe, I't. ipr ;g ipr 24 h Z
A

~  Detected by "H NMR.

Scheme 2.3. Sadighi 52X 5 B =/VERDG R & 43R

R CFs F CF3 FsC F
= = =
FsC Ag F  Ag F Ag

Scheme 2.4. Z i CICHBE SN~V 7 VA0 T /L7 =)LER

HEE Sz B = VRV LSBT TR AT 2 B = LR RO ZE #7751
DOWNT ZIVE THEA 22 MiET 23 72 &4 C & 72(Scheme 2.5 and 2.6), 312 1X. Hummel
S, HEEL TR LN RER-ILV T VA TV = VERICK L, RO 3 —
RAZHERIEDERIETD2ATFAUER, 1 YEBEDORFBELIEH
SHDLERET DT rEMAERENENENETHOND Z L 2HWE LT3
(Scheme 2.5 a), [A U<, Webb HITHHEEL 72~V T A a7 v = VERIZ%E L,
KeMfnn L= Vilo7m FAeh, REZHNWD L7 v e b HIFIicET
L. T2 mons 2 ea L, £/, 2O =/L8F 300 °C

-24-



PLEIZMET %5 & 8k L, 20°C TI— RAZ U ZNAx 5 ExtIET 5 A F vk
B, U AFAIarT T WD EInT DY U IR EITT S L bR
X3 TUVD 3 (Scheme 2.5 b), Ruff Hi%, ~Lv 74w 7 v = LERIZx L,
BUTAT v 7ah-E) T T UOENNVR=NVEEREERHESE S L, BE=
SRR D BRI B L7 SEIRDMG DAL D 2 & A L7z *%(Scheme 2.5 ¢),
ZOIEH, TR E LTRAET D E = LEEOLHIEIZOWNT b ET 1 ThiL T
X 72 37(Scheme 2.6), Drischel &1%, B =/L U F 7 AMIHLEAZIEH SETHE LN
% B = VR R D EHIE 25 AR To, £ DORR, T OB = VERIIARZE THIRT
KON ETT 2000, RIERGETHNITZ, A ¥/ —, G UK BEL
MnsZ e Thicd 27 m bvb, g v, RENETTLZ L2 REL
72 ¥3(Scheme 2.6 a), F7-. Liu bida-7 L =/L7T 2 % B ERAEEERL G
IZBWTAEL L E=/LRICx LT, 7 v FEEAITH D NFSIWV-7 v A X8
ANB A I REFEAESE, T 5704 ren ) UG o s Kk s s
L 7= 37>¢(Scheme 2.6 b), [AIFFIIZ, Matsubara (X -7 L=/ T I kT D8R
LB LRSI W T, ZaafbFlO N-vmua X7 A I REHWD & xf
ST H 7 un e n Y UREERNE LD S L L7z 374 (Scheme 2.6 ¢), & D
#%. Miesch BT FRICT AT 20T 5 V> ) — Lo —7 Likakz jl
WD IRIEER U BUSIZIB W T N-F— RAZ v A I REflnd & B = LR
R g — NMe L7z Emntsoins 2 & %2 R L7z 37¢(Scheme 2.6 d), F7-.
Liu 5EI7vF =47 =Y  ORMBERCG THEL D B = /LR RIS L
T 2-RNUTFNANART T U ERNWDZ &TC, B VRO AR HEITT H 2 &
ZHE L7z 7 (Scheme 2.6 €), LA ED X 912, T ETITHEA 7o B = LR A 2
DR SN TE D, ZomMEHIL, v haAk, ~m ik, AFk. b
URAFNL I, BT U ARAZARICE EE - TS,
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a) Hummel’s report

CHasl (excess)

F CFs

Ag

CFs

Br, (1 equiv)

b) Webb’s report

CH4CN

H,0

20°C

Br2

CH4CN, 20 °C

300-350 °C

CHjl

20°C

Me;SiCl

c) Ruff’s report

20 °C

(PPN)z[Wz(CO)1 0] (05 eqUiV)

THF

(PPN);[Cry(CO)1¢] (0.5 equiv)

CF3

CF3 Ag

THF

(PPN)2[Mo5(CO)40] (0.5 equiv)

CF3

THF

PPN = Bis(triphenylphosphine)iminium

CF3

F  CFs
= 86%
CF; CHy
F CFs
— 91%
CF3 Br
F CF
V=( 99%
F H
F  CF
N=( 88%
F Br
F CF
— F 56%
/=
CF; F
F  CF
Y=( 95%
F CH,
F CF
=( 99%
F SiMe;
F CFs
= 63%
W(CO)s - (PPN)
F CFs
= 34%
Cr(CO)s - (PPN)
F CF
= 26%
Mo(CO)s - (PPN)

Scheme 2.5. HEE X L7~V 7 v 40 7 LA = )LER D ZE #i
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a) Drischel’s report CH3OH Ph Cl

Ph H
Ph Cl Ph Cl I Ph Cl
> — < AgCl : _ : P .
Ph Li THF/Ether PH Ag Ph> <I
-75--85°C
r.t
‘ Br2 Ph Cl
decomp. BH -
b) Liu’s report
AgNO3 (20 mol%) .
K5,CO3 (2 equiv) Ts via TS
NHTs N , N
R3 PhOzS.\-SOPh 1 5 equivy R R
R F _ _
R2 Et,O, r.t. R3 F R3 Ag
c) Matsubara’s report
[Ag(phen)OTf] (10 mol%) R1 via |Iq1
NHR! 2,6-lutidine (40 mol%) R2 N R? N
sz\/ NCS (1.3 equiv) \g Z \S_Z
CH3CN, 80 °C, 30 min
R® ’ R ClI R Ag

d) Miesch’s report

OoTBS

AgNTf, (20 mol%)
NIS (1 equiv)
DCE, 23°C, 14 h

e) Liu’s report

R?  AgSbFg (5 mol%) SnBu; | via A
g
7 ﬂ\ (2 equiv) 3
0 SnBuj q N R? N R?
NHR' DCE, 80 °C, 12 h N N
R1 R!

Scheme 2.6. TEA L L TRAET S =L
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EE O ORI V— TR, A TN D T e LR LT I R ERITRT
D BbRFBEE RIS EHmE L % Gohlcv=rdFH VT o
exo-A L7 4 DB ERMEN ZIKTH—THo72Z LM, ZORIBITEN TS
FOSFER R TE = VERFBUAR AT TWD Z e PR S, £z, 2 OHREIRIC
XL CREFANIZ AN D E=/VHROZBHIEIZOWTHRE Lz, ZHETIT, K
ETH T — REFI S 22 L7 m BALH 3 2 0D 2SI X0 B = LRk
ToHONaFCEB LIS X Y VHEERBE LD Z L2 R
L 7-(Scheme 2.7),

0]
o H R1%Z/)o;/<<NR3
NHR3 Ag* 1 o//<NR3 H R2 R?
///R\ZRZ CO, RWA/%RZ ]

g R

R1

>~o

Propargylamine Vinyl-silver intermediate X+ o

— WNW
B R
(X = |s BI") ¥ R2 R2

Scheme 2.7. 7' 1 /L X)LT X UFRERIT KT S SRAREE T FR{L R SR [E E L

Al EFITE = VERPEEROF -2k L LT, ZE TIcHER D2
W7 I MRS ERS T, TRDL T a7 I UREERIS R D SRR
T LR FBEEMIZ L > TEL D B = VERPRIRICR L, SREFRIT X /B
ERHOIE, 8T 27 I ) E=AFXFH I onsEbnb EE LT
(Scheme 2.8), AE TliL, R “FLRFEENMKCEZRZBRTLH7 I BE=1
FxRYV YD CEMIEDBFEIZOWNWTIRR S,
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[0

o]
NHR3 0J< 0//<

3 3
/\RZ A | o WNR N, W/*NR
= R2 COZ R2 R2 N R2 R2

R? Ag

Propargylamine Vinyl-silver intermediate  Aminovinyloxazolidinone

Scheme 2.8. SRfiIE (VIR FBEEERATHLT I /=49 UV
DA RK
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F1E RIGEHORE

AR T, REFHIT I EAIE LTT Y O HIVR VBT AT V&
7=, 9, ETVEE Sa ik LT, 1.0 MPa @ _B{bIREFHAK T, 7k K
= b UVEEEF 30 °C T, 10 mol%DFFEEFR L 1 2 &D DBU B LU 3 HED
DBAD(T V' VHNRUBED -7 FNEERESE S & 5T 271 kAbIK 6a
&7 X AR Taa 3 EALE I NMR IE 70% & 30% T 5 4172 (Table 2.1, Entry
Do 728, 72 /fbiE Taa DX VA L 7 ¢ L OBATEE IOV 3 Hilc T
%k 5, WIT, 7 X /UK Taa OBIR R GRLE B L. & DICRUREMEIZD
VN CHRET 24T 5 72(Table 2.1, Entries 2-9), SUGIRE % 50 °C I _EH LG E1T-
7e& 25, DBAD O ENEITL, 1Z&AETm R ABIK 6a DH-DARKIZE &
F o7 (Entry2), £Z T, 7 I MEEREZEBRITHE L 7-DI2IE, LV IKIRD K&
FUERELTVWD EEZ X, 15°C, -15°C, -30 °C DKIREICIB W TS ZIT
&L TR AUIR T DR L, LI 36%, 45%, 58%DINERTT X/
{bAK 7aa 15 & U7=(Entries 3-5), Z 2T, -30 °C OJSERMHICHWT LR FHE
FREMEIC L THEE1TY & 7 bombfk 6a &7 2 /(LK Taa BENTH
21% & 67% DR THE AL, BWECHE )& FICB W TH AR EIER E b

[CBAF e fERTH O Z & D B(Entry 6), LA CTIX ZBLIRBIENZHIELE L
TEREIT 70, LVIRIRSFETHRETZIT 9 & -40°C TN S 5 iZm k
L(6a:7aa=10:90), 7 X /{LARDULEE 89% CTHF HALT= A, -45°C IZHB W TIHULE
AR E BITEEEN R O o T T2, -40 °C ZARUGNZ I 1T 2 Feid i
IR & U7-(Entries 7 and 8), HFIZUGIRFE-40 °C IZ8W\ T, DBAD ¥ &E% 1.5
HEIZE TEBL THIE - AR & bICZ2 T, FEO bR IR
T, 7 b=k UVRBEH-40°C T, 5mol%DEFEER & 1 4580 DBU B L V1.5
BEDODBAD ZFHSEL L AMNETH7 I/ E=AFH Y U2 s 80%
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OHBENERTH LN Z &S (Entry 9). Z DRMFE ARSI T 2 st &
L7z, 2B, AKETEHELF 27— —TA3AZHNTWAER, 2z Hv
RWNGE | FHCARIRRFIC B W THIMENELS D7D, ELFa T ——T A
IVETHD, ELFaT7—v—T 220 0GEE, LIZLIET I bR LT
7 b AT L7 < 72D, ZHUE, DTNTIRA L72K2 DBU O & #FH
FLTWDLEDTHDLEBEALND, ARISITIHIT D DBU ORRITH 4 HilZ T
w5,

Table 1. OSSR ET

CO, (X MPa)
AgOAc (10 mol%) o o]
NHPr BBU (1.0 equiv) o o
DBAD (3.0 equiv) N Boc N"Pr
Z wele Ph N
Me CH3CN (0.1 M), t°C 7 . 7
Fh MS 3A, 12 h me Me N Me Me
’ H e Boc Ph
5a 6a 7aa
Entry X/ MPa t/°C Yields? 6a/% 7aa/% 6:7
1 1.0 30 70 30 70:30
2 1.0 50 96 2 >95:5
3 1.0 15 65 36 64:36
4 1.0 -15 55 45 55:45
5 1.0 -30 31 58 35:65
6 balloon -30 21 67 24:76
7 balloon -40 10 89 10:90
8 balloon -45 11 87 11:89
gb.c balloon -40 9 87 (80)¢  9:91
a) Determined by 'H NMR. b) 1.5 equiv DBAD. c) 5 mol% AgOAc. d) Isolated yield.
O
DBAD = 5, O)L NcN\n/O'Bu

O

-31-



Fof HEE—MUEDOHE

LG EE 2O T o VX LT I U CEA LY A
(Scheme 2.9), 7 3 /{k#AIZ1X DBAD (A: R*="Bu) X}, DEAD (B:R*=Et) %
iz, 7T AVEEGa)ZHWTHREZIT) & s3T5 7 I/ E=rA4F8
YUY/ v TaA BEL N TaB 23, EALEI 80% 72\ LERMITHF DL, WIT, 7
L RGO ERIE RUCE 5 EE2 G357 7 0rF LT X /(5b and 5¢)%
AWTHR# 1T o7, TOREE, p-A bF¥ 7 = = VEEH T 5 HE(5b) TiL,
HEYDT X 74K TbA 36 LT TbB DRI 94% 72 W LIEERITH D | p-P AF
NT )7 ==V EAT DB GBI, ERY TeA BEL O 7eB 3 98%7¢
WLEBEMIZAERK Lz, —J7, BEHERICE RS ETHL p-7un 7=
AT HIEG)TIE, B 7dA B L 7dB OILRIT 47%. 68% & HFEE
IZEEFE o, BHRERICEFGELZ AT LG LA B RIIELF
G ZICREME T T2 01X, B REIFEOHRIZI Y | B = VERORZRENKT
L7zl ThdEBLLND, BRI R ICTF = V2 HT 5 HE(Se) 2 H
7oE Tl DBAD M L7236, 7 X /(01K TeA DAL 25%Ic & EF -
7273, DEAD Z H\WI25A X HHID LR TeB 3 82%DINFETH LN, =
DWEDZEL, TV VHINRKR BT AT VORIGHEOE NI LD DO TH D |
DEAD O BEVKREFHEEH T 5720 9, SR THIGT 57 2/ {LIK(TeB)
PIFONTZEZEZBND, Ht\ T, BEEE RUIA /L MINEWR L7727 = =V
EHET L7000 F 0T X U (Sfand 5g) & O TRET L7z, TO/ER, WIho
HHIZBWTH T I BITMHEIZEIT L, o- MU VEEZET A IEGHE HW
AL, HGT 2B TIA & 1B BENTI 80%72\\ LEREMITH DAL, 1-
FITFNEEETHIEEG) DL, BOLEY TgA B LN 7gB BRZENE i

66%3 LN 96% CHEE S iz, 7 2 v EoE#IEL R2 22 DL EBh) 20 L p-
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ARFIRUCUNVEGHEAET L7 a0 LT 2 v EAW TR EITo T2 L
Z A5, HE Sh SIS 57 X B ThA & ThB 728, £ THL 80%72\ L
ERMICAE LT, £, EE S OITEMNOLAEY TIA BLIOTIB 3, T2
L61%E 99% THE bz, HkIZ, 7 /7 ULF LD EHRE ROV TR &
[Tolce ZA, RBICZFNEEZETHHEG)HEHWTGE, fcT57I 8
SNFXH VT U TA B LN TBIEFE NIV 72%3 L TN 98% DUL=R T
oo,
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CO, (balloon)

NHR?

AgOAc (5 mol%)
DBU (1.0 equiv)

_Ngs DBAD or DEAD (1.5 equiv) R*00C NR2
~ R3 o N
ri~ R CHZCN (0.1 M), -40 °C HN’ WRs R* = Bu : (DBAD)
MS 3A, 12 h . Rt R®
R*00C = Et : (DEAD)
5 7
£ £ {
o o
R‘00C \(S(anr R*00C NPr R400C NPr
N
N7 N~z N~
HN L MeMe HN MeMe HN MeMe
R*00C R*00C R*00C
OMe NMe,
Yield® 7aA 80% (DBAD) 7bA  94% (DBAD) 7cA 98% (DBAD)
7aB >99% (DEAD) 7bB >99% (DEAD) 7¢B >99% (DEAD)
o o) o)
o
Rf00C Npr RPOOC Npr ROOC NPr
HN‘N HN'N HN’N
) MeMe ) MeMe  Réo0C’ MeMe
R*00C R*00C Me
)
cl
7dA 47% (DBAD) 7eA 25% (DBAD) 7fA  88% (DBAD)
7dB  68% (DEAD) 7eB  82% (DEAD) 7fB >99% (DEAD)
o o
R‘00C NTPr R‘0OC 97 “_gn
H N )
R*00C” meMe HN b, MeMe
R400C

o0

7gA 66% (DBAD)
7gB 96% (DEAD)

R4ooc;
N
HN

|
R*00C

7iA 61% (DBAD)
7iB  99% (DEAD)

o
O//(N—PMB R*00C
7
mMe H'\‘l
Ph R400C

a) Isolated yield. b) 3.0 equiv of DBU was used.
Scheme 2.9. FE — %MD MGt
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7hA 80% (DBAD)
7hB >99% (DEAD)

(0]
wN”Pr
Et

N~

ph Et

7iA 72%° (DBAD)
7jB  98%" (DEAD)



EIH ERYORAEEDRE

B2 EICHRARZIEY . AT A O 7 a2V X LT L U bkA IR T
JEEZNAF RV D) RGBT, ZILLERMID exo-F VT 4 IF, FEE
TR ZNETOREFLFE U, B= VP REIIRDRMEE 2 ff5F L T
HH0EEZ, AL X SAEEMITIC L 5 8MEE OMERER AT, T asr
XTI VDT IVF LRI p-A MF V7 2= V2 HTHEGb) RV LT
JVOEFR ROV EEAT HEEGh)ICR LT, 7 X /(b E LT DBAD
ERWDIENOELNDET I E=Ad XY U Y ) 2 TbA B8 L ONThA Tl
BRSNS O, HfE X G 2172 &, TRIIRK L TE=14R
R S X ORI 252 2 LB B E 72 72(Scheme 2.10), & OfER:
(X, RERCHBT 2 B = VRO BHSIGS, 2V E TOREF] & 135872 5 SR
AR THEITLTNDZ L ERR LTV, ZOIGHEREDOFEMIC W TS 4
HicrEL<ikR5B, —J, 7 /{LAlE LT DEAD Z W5 KHIZ L > TH D
AT I E=AFXH YD UnbITHERPED R o728, NOE
HEIZLY XY F LT ¢ ORMBEZHEE L7z, HEShIcxLTT I /1fk
Al LCDEAD Z W THELNDT X ) E=AAFH YUY U TbBIZ DN T
NOEMIEZAITO &, AFX VY VY VEPATL2 ODOAFNVEEOT v F
ELp-ARF VT =V EOT e B ATBWTCHBEN R SN 7-7-%, DEAD &
AWZEHAICH DBAD WG A LR UM ELZHTD57 3 ) E=L4 %
YUY LB LR L E % 55 (Scheme 2.11),
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o]
NHRZ  Ag* /4

4 RSR C02 3R3

R1 R
5 VinyI—S|Iver Intermediate
: L A ok

f NNy O'Bu o o) o
BuO” o (DBAD) N ] NR2 | = BOCN wNRz

7 R'” N7

R3 R3 R3 R3 H'\ll ; RS R3
Boc\-N~Boc Boc R
H
6 7

Me

OMe
7bA 7hA

Scheme 2.10. 7 X/ B =)L ARH U AR E AR O BERES X RRAEE

EHT
Me
( J<o
NH"Pr O 0+© o
Agt Ero*N:Ny Ot Y N\
_~T"Me DBU O (DEAD) HN-N 7 ~&Me\—Me
~ Me co /& 1 CHs
2 o )
J (@]
MeO Me NOE: 1.3%
5b OMe 7bB

Scheme 2.11. NOE #7EZ X 2 &/ El & O HEE
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F4E RIGEBOEER

SOCHEREE 22 D728 | Fix OxtFRFEBR & 1T > 7=(Scheme 2.12), e I ERARE D
BIRIZOWTIRETT D70, SRIMBERISIM ORI TS AT 5 &1 Uk 5a H°
86%[RIY X 41, BRALIKITIZIZAER Lo 7272 ASIZEB W TH ZiLETO
A2 FI 2D LR FBEE(L DR EBIO X D12, IR FTT— FOBRL
WRICBWT, @M X5 T A X OIEHEIERAREATH L EEZOND
(Scheme 2.12a), #iV T, DBU #INIDZNFAZ DWW TN D 72D, B2 HW$IC
RISEAT-T2& 2 A, JREHENIZ & £ F 5 72(Scheme 2.12b), Z 4L E TOHEH]
[ZBWT, 7 a b F T L AT D SRR T ER L R SR EE(L FUG I, IR R
WL 25°C ORNMREEIZB W TEEZRINET L #7552 206 RRISD
IRIRSOGSRAETIE. 7 2 O 2B RT3 T 5 R I OBFR T I T, KK
REM ED7®IZ, DBUIZELDT I E7a hrOF|EhENMLETH 2L
ZHD,

WIZ, T MBS BT D RIS OV TR T 72, 8 1 f#iThik~7
EOEARKIETHONDT I /B2 F YV U D exo-F LT 4 U,
TEIND E=)VERPHARORMEE & R D, THE TITHE Lo B =Lk
DT AL, T AED K I, B VR RSB REH & L CTRETHNCHE
AT 255 TlE, B = VP RRO BB ENMRFF SN D Z & D | REUGIZE
F 5 E= VRO T 2 Ak, 5 EIEBIO KRG & o THEFT LTV B AlEE
WRRBEE NI, Z2C. b LE=ROFEY T 4 v 7HREICL YV E= LT
TR ECHIE, BEAERD 1-F P HNADBRITENT R Y F LT ¢ o DR
WAL Y, MESND B =V & T oS B2 AT 5bE W
PFONDAREMEDN B D LB AT, ARISIZEWT T PHVRISHET LT

HZERMBEL, 7 YVMAHERAIE LT TEMPO (2,2,6,6-7 b7 AF LY Y
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VARV ERINL TG ERATZE Z A, JFEHIHE L7 1 R ALK 6a
DID 19% DI TIH B 7= (Scheme 2.12¢), ZDZ &1, 72 /{bDiEfEIc T
CANEEEE LTV AR A RIE L TWD, B, 7Y VNV R B AT
NERWDT 2 EOEE, LIELIET P clfiT+ 2 2 3 mohn
W R, Ee, BBHOREHNCL DL, TY VANV R AT AT L, P T =
SNVRAT 4 ORI IV BET O HNFEET D LM, ESR JIER IO
ERfbaE e B E IS L VR I T D B(Scheme 2.13a), ZDZ &b, AKX
JRIZBWTHERRIC, 7Y AR AT V& DBU MO EFRT ¥ VN
AL TWDAREMENE 2 535 (Scheme 2.13 b), & Z CTHE Sb kLT, 7V
DAHNVRARTE AT NADONRD YIS ER BT V=T Vv EA9 % DPPH (2,2-
U7z -1 U v RT UMWV ERWTRIGEITY &, B =)L L DPPH 73
Bt UTA CT2AbE 4 8b 73 8% DI T 54172 (Scheme 2.12d), Z4LiE, AKX
JSIZBIT D E= RO T 2 LN T U K > THEITT 5 2 & BaRE T
LR TH D,

UL EDFER D BH 2 b D HEE BUCHERE 2 LU T I8 L72(Scheme 2.14), £77,
TRERBEFEFK T T R LT 2 ATk L CERlE & DBU AMERMT 5
LD T IO B UIRFITKT D REM I & 5 & < BRALEOS D EIT L,
B UEREA I NEL D, 2O = UERFBIA T 23, DBU O 71 b Akl L
Fitd 5 &, B=rtx8 U2 v 6 AT 5 (Scheme 2.14, path a), —J7.
B VR T2, T O ANVR R ATV E DBUNLAEUTERT O
NEERIET D & REFEREENFEY T 4 v 7KL, E=AT VIV &
42 U % (Scheme 2.14, path b), —#%IZ, 7 ==L EEHFTHE=LFT VU MT n-
TIOANTHY, BROWEEEZ L DY, ZOE=ATVH ML, HIOEHET

UANEPOET D EICED . MIST LTI =AY T R
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HELDHDLDEHESNDL, ZZTEBRLET I K TOZ XV AL T 0 W,

B UER T OMAELE & BAD5DE, oV T PNV EEBET U HNVFEDK

TR WT, EBHET

LEEBEADLND M,

A IVFEDNE

a) Without Ag salt

CO, (balloon)
w/o Ag salt O

B R ORI WET TS L7272 Th

O

NHPr  DBU (1.0 equiv)
_ Me DBAD (1.5 equiv) N”Pr Boc N”Pr
pr~” Me"" CH,CN (0.1 M), -40 °C Phw HN' \N Recovery
MS 3A, 12 h Loe Ph Me Me
5a 6a 7aA 5a
2% nd 86%
b) Without DBU
CO, (balloon)
n AgOAc (10 mol%) O O
NH"Pr wl/o DBU
_ e DBAD(1.5 equiv) N"Pr Boc N”Pr
b Me™" CHyCN (0.1 M), -40 °C Phw \(‘W< Recovery
MS 3A, 12 '
ba 6a 7aA 5a
nd nd 90%
c¢) Addition of TEMPO
CO, (balloon)
AgOAc (10 mol%)
DBU (1.0 equiv) o o
NH"Pr DBAD (1.5 equiv) oK
_ Me TEMPO (0.5 equiv) N"Pr BOC N"Pr
pn~” Me"" CH,CN (0.1 M), -40°C Ph / \N Recovery
MS 3A, 12 h
5a 6a 7aA 5a
79% nd nd
d) The use of DPPH O-N
2
NO2 CO;, (balloon) NO, O
NH"P 2
r AgOAc (20 mol%)
= Me + DBU (1.0 equiv) OoN L N"Pr
Me —  ON NO2 CHsCN (0.1M),40°C pp -
o MS 3A, 24 h meMe
MeO 2 (DPPH)
5b 24 eqUiV 8b
OMe 8%
Scheme 2.12. %tHASEER
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a) Radical formation from the combination of DEAD and PPhy

+
~

PhsP

0
O ~. .N_ _OEt
Ph,P . -
ji o S:i o EDJ\,NYOB EtO” °N 1{
.N_ _OEt 3 _N_ _OEt ()
E07 Ny E07 N SET 0
o) o} N E
EKyJLN, \”/o t
© o
b) Possible reaction of DEAD and DBU
DBU
O L]
o ~..N_ _OEt
0 Eto,JL,\I-.N\H,OEt EtO” N W/
J .N_ _oEt _bBU o) )
EtO” "N Y SET 0
o AL t

EtO N'N\H/OE
© o

Scheme 2.13. DEAD C ¥R LA LR T U VDI E
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PLEX D EHFFIABECBN T a L X7 2 ATk D R iRk
FEE)EERBET DT I E=AAF T )T VERICOWTHE LT,
ARG, 7 a7 0O ZURFICRET 2 RKEMINE | 5l &< T
X UNTHRT B ERABEBR LSS £ 0 A U D B = UERPRIRDN D 7 2 L3 ST
ToHLEEZOND, B BOREZESET DT I IT TV E TITHEH
378 < ARBUSITHHLEOSBRFE OBLE b BRI, Fio, ARIKCBIT D B =
RO T I JUIE T VI NMEEIZ Lo THEITL T D Z LR Sh, Boh
BT I ATV YT 0t BRI D exo-A LT 4 D]
Bl S IR DAY E LTROND Z &AM LT,

-42-



3F LYLY/—IIEIZHT HEMEEHET D Kolbe-Schmitt & i

i

B
il

F 1 BETHRRZL I, EELDONEIN—TIXINETITT VF =17

PRI 69 5 SRARE "L IR R EELOS 2 S Lz 2, 2 b DORIS
TlE, WEOIERZE > T FrFEENOA LD ) T — M (LR AIC
REEFHIN L. Bl &< BALBUSC X o THHind™ 2 A 5343 5 41 % (Scheme 3.1
a), © 2 CELII_MAbRFITKT HREH L LT, Hizic 7 =/ % FOiE A
BRI, TbL, 2 fHNICTAX U E2HT 57 = /) — /L RIzk L, $RIE
EWU) R A EH S UL, BELLL T =/ 2 FRRFREA L LT
LA LTRINL . 5l &#e < BLRIRIC KO XIS 2 7 7 b BB m»RH
535 &% % 7= (Scheme 3.1b),

a) Previous work
O R2 R2
ﬂ\)\ COZ
K X

(MTBD) Me

b) Primal concept of this work

o

OH 0‘@)
COZ VR
Organic Base
HO % HO

R R
3-Hydroxyphenol - phenoxide

OH ¢ OH O

.
HO HO Z R

Scheme 3.1. REDHFFEIZ 1T 5 PIHHERE

()

/] o
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EEIZ, HTNOBEERfLEICT VX 2B LK 3-8 Rad v 7o /) —Lih
BRA B L UTHW, Z bR FBFRIRT . il & OFil & ik & L T DBU
(18- T7H L7 1[54.0]-7-7 T NEHANTRIGEIT) &, findT 5%
F BT BARD G B L7 (Scheme 3.2 a), L2 LEEAX BRETORER, Z OSUG TR
fRiE 2 N2 WG RICB TS, ORBREEIT T2 LWL MNE R
(Scheme 3.2 b), ZDFERNE . FIROKISIT AV E THE L 72 SRAGE bk
REEALSIS OB & 1352 | ZEBRFE EEAIZ IV TERAMEZ X 5754l
TNFXDT VAMIARETHL Z RIS, ERIZ. 3-E Frfd 7=
J=v (L) =) EFEENE LT, B bRFEFRBES T, DBU Z{EH &
HH L, ST DY U FIOVEETHERNE BN AR L 72 (Scheme 3.2 ¢), £ Z T

AEIEFIL, VY VY ) — VBB A IV D Kolbe-Schmitt 4 55 O BAFE

IZEF LT,
a)
OH AgNO; (20 mol%) OH o OH O
CO, (2.0 MPa)
DBU (4.0 equiv) o) | o Recovery
HO N DMF30°C,24h Ho \  Ho Z>ph
Ph Ph
30% 5% 40%
b)
OH wio Ag* OH o OH O
CO, (2.0 MPa)
DBU (4.0 equiv) o 9 Recovery
HO N DMF30°C.24h Ho | HO Z>ph
Ph Ph
8% trace 73%
c)
OH CO, (2.0 MPa) oH
2 .
DBU (4.0 equiv) COOH
o DMF,30°C,24h
Resorcinol >99% (determined by 'H NMR)

(3-Hydroxyphenol)
Scheme 3.2. 3-t Nu x> 7 =/ —)LiEEKAE ATt
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Kolbe-Schmitt [ZJiix, 7 =/ —/vEKEE(ET R UL 6HELNLT I D
A7 = )XV R LT, BIREFE T CoMbRFLEA ST ) FALBES
B E LT, 1860 41T Kolbe 512 & o THAE &7z #%(Scheme 3.3 a), Schmitt
FEBICKIEDOHREITVY, 7=/ — v E@RT M) U ADKISITE > TAL
LELIZT N LT 2 F REMW, @R O®EEDIGSEM T T
fLIRFELERIGSEDZ LT, VU TFAEETEENICHD Z LTk Lz 4
(Scheme 3.3b), F 7= Marasse X, 7 =/ &3 RAER L HEEO TREZEH LR T
by V= /L EBREEOREES U LI L CHEESRESED BRbREE
ERHEEDZETYH U FABBENETHEOLND Z &% R L7z 4%(Scheme 3.3
c)o

a) Kolbe's Method
OH ONa OH O

NaOH CO, oH
180-250 °C

less than 50% vyield

b) Schmitt's Method
ONa OH O

OH
Na CO, (8-13 MPa)
130 °C OH

almost quant.

c) Marasse's Method

OH excess K,CO3 OH O

CO, (8-13 MPa)
175 °C OH

70% yield

Scheme 3.3. Kolbe-Schmitt 5 )it

B U FOUEED TR APETFRE L LT, Kolbe-Schmitt S MIIRIETH H WD
NTEY., ARENTITERICB L Z 2,600 b OV U FEENERESH, T/

-45-



JuphoBiE A, EEROFEE LTRSS Tnd %, LnL, BIfT7 7 MZ
B DRIET 0t 2T, RECHERUSFREEZLIEE LTWD, 772D 5,
Tz )=V EKEALT N U LADIREWN O EERER L TR O ET N Y
UATx ) ¥ ROBYERIZ L CBbRFBEAER ST D &0 FIER, Bl
FEIZBWTH AL TND 4,

TR A — BT 25 ClE. Kolbe-Schmitt SCMN T 24V E Tlokk~ 7k B
MR SN TE2N, BUEICBWTHERZRW LEEOWE 2 G2 LE LT 5
WEDIEAETHD Y, Bl 21X 5T, Larossa HIXHINAIE LT 2,4,6- 81U X F
VT = ) —vZE D Kolbe-Schmitt St 2 #is L7z 8, T OIS T, HINFA
DY AFNT ) —)Vin ZRLRE Z I U CRUSRHITE Y A T LR %
L ERET D726, HIESEFAS T T Kolbe-Schmitt SO HET T3 503, K5
& LT 185 °C OEIRLMNHE L 7T 5 (Scheme 3.4 a), IRFI72SUGSRMT
WD A E LT, 2,3-DHBD Ao (2,3-Dihydroxybenzoic acid decarboxylase)7¢ &
O R BB FE 2 W 5 Kolbe-Schmitt ! i b A X T v b
B, KR EORBENVLEL 725 5 2, REOBMAKEANEROLIALTND ¥
(Scheme 3.4 b), F7-. Kolbe-Schmitt S hts & KK E AL OEFRIZEH L T2 4

a) Larrosa’s report (Under an atmospheric pressure)

H H O
0 NaH (4.0 equiv) 0
R X 2,4,6-Trimethylphenol (1.0 equiv) R X OH
L CO, (1 atm), 185°C, 2 h P

up to 92% vyield

b) Faber’s report (Enzyme reaction)

2,3-DHBD_Ao OH O
Phosphate buffer (pH 8.5) (10 equiv)
X KHCO; (3 M) (300 equiv) X OH
R 30°C, 24 h RT _

up to 74% vyield
Scheme 3.4. iz @ Kolbe-Schmitt )it O #5451
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LHE SN TNDA, R mIREFEZLEE U, DERIITREICEE > T
% 0,

EZAT, LYY —inbiEbid Y FARHEER (LY Ly U ER)
(IR 2 AETEEERCERSOFKICE TN TN D S, 2 b DbAWA KR
D78, EBXZ Kolbe-Schmitt SRV LIV T DB S 528, KINRICHE £
L85 1%\ S1(Scheme 3.5), il 21X, Platensimycin [ZHI4EME & L CIEMERHM
LA FIEIZ O W T O FENEANATON TR Y | ZOHEEERDOERIEIZE T
ERIZ LV ) — VEEERICRT S Kolbe-Schmitt SV HIL TN 5,
Kogever 512 & =T 2009 4RI S iz 2 OFRIREBIEX, KEBEORLE -
JifRFED TREZMLE L LV R TIuE T Platensimycin AEL D H#ENT
WDN 320120 °C Ot e U, WEREPHRELLTICE ES &0 o[
BN B D S1(Scheme 3.5a), F£7- BX-2819 (%, A T AL L » TR S
PUEER A2 G T 268 THY . ZOEFBRIZIENT L Y Ly ) —/LifEk
2% % Kolbe-Schmitt SV HAVTWA S, RIGERICE £ 5 & v 9 A
233 > 7= 5(Scheme 3.5 b), TDOMIZH, LYy ) — & FEEIZHW S Kolbe-
Schmitt SOt &L, ZHE TICHE A OWRENBRINTELDN, RKRE L THEIRZRW
LEEDOFMZMELTHZENLITLITTH S 2
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a) Kocever’s report

H 9" co, (dryicessealed) H OH O
RN KoCO3 (3 equiv) RN oH |
Y DMSO, 120 °C, o ;
HO 12 h HO ;
Platensimycin’s analogs
15-52% yields : (-)-Platensimycin
b) Feldman'’s report (Bayer Healthcare)
OH N- -NH
S
KHco3
& >Loa
30% yield
BX-2819

Scheme 3.5. L Y /Ly /) — /LB KIZ %9 % Kolbe-Schmitt S it & % D s

bk k oz, vy —izxtd % Kolbe-Schmitt [ i lE. S SAERUR
KOMIZBWTEIRE L THRENESTBY, EHIKENREENSH, KET
X, LY Ly ) — Uik U TC A A2 W DI 78 SRR T @ Kolbe-

Schmitt B S O BAFEIZ DU Tk = 5 (Scheme 3.6),

OH o} o OH O
CO, G
—_— > I — OH
Organic Base lo) ‘H*
HO HO HO
Resorcinol phenoxide Salicylic acid

Scheme 3.6. L V' )L ) — L% L CABIE I 2 H\ 5 Kolbe-Schmitt 284 57 it
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EA1H IBESLUBAERE

AP T LR B REAAINT 27 =4 L FOFEEDB VA TH H 120,
ETNIEDO LY VY ) —(9a)lxt L THWDHEIIZ DV TRst L7z (Table
3.1), Kolbe-Schmitt ZIGIZIBWTIAL WS D 47 BEREIE L 2 VTS 21T
D&, KEBIEH Y U AT EITE T (Entry 1), £72, R 7 AL 7
N B U T AERWESE. B 10a OEBRITZNEI 35%, 28%I2& &
F o> 7-(Entries 2 and 3), ZiL 5 ORI IL A W T2 5B RO DS ELT LR W BE K]
D—2& LT, BHIEROT & b= b U LIRSS T DME DRI BB 25
Nize L L—FH T It LT a boZenLIET v b PO @At ¢
b5, KT a2 —)L DMFWN,N-Y A TV LT 2 R)a HO85GE, RN
FRELTICHE D0, SlRmEORIGHRMENPLEIZ 20 Z LEAHRE ST
% 33,

eV T, AR A W T 21T 272 2A, R U =F L7 X U (pKa=18.8)
TIEBUSDET L7 » 72 b O D(Entry 4), HH#RIEICH S, TBD (1,5,7- KV
TYET 7 a[44.0]7 H-5-, pKa=260), TMG (7T T AT NITT =,
pKa = 23.4), BTMG (2-t- 7 F/-1,13,3-7 b T AF NI T = pKa = 26.5),
MTBD (7-A F/V-1,57-8 U 77 1[4.4.0]7 #-5-=> pKa=255) %M
72%6 . Kolbe-Schmitt BUSS A EIT L, 33259 U FAEETHEE 10a 23E 4L
ZAL70%. 87%. 95%. 99% & U= TG & 4172 (Entries 5-8), %72 DBU (1,8-%
THEL 7 u[540]-7-7 T, pKa=243) ZHAWD L B U FILER 10a
ERMICHEES N2 L7225 (Entry 9). DBU ZANSICBIT 2 aiike L
7zo (E3Ro pKa fEIZT & h= F UL O EEEEOMEEZ R LT 5,)

7 b= FU VPSSO Z AT 21T o7& 2 A, DMF Z iV ziGa

Zi%, EEMICY U FOVERFE SR 10a 235 5405 OIZxE L(Entry 10), hbxy
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ZRWTESATE 22%DIRICE EF o 7= (Bntry 1), ARG TliE, BY Vo X
DWERGRTE M=)V EREEERE L, 7ok, RRISIE 2.0 %50 DBU %
WA 6 FBICH#EI T4 5 23 (Entries 12 and 13), UIE LIEFHMENES S 7e
7B END, 3.0 48D DBU WA 5 kst & Lz,

Table 3.1. I35 X OO RFT

OH CO, (2.0 MPa) OH O
/@ Base (3.0 equiv) /ﬁj/mOH
Solvent, 30 °C, 24 h
HO HO
9a 10a
Entry Base Solvent  pKa (in CH3CN)® Recovery/%?2 Yield 10a/%?

1 KOH CH4CN — quant nd

2 K,CO3 CH5CN — 63 35

3 BuOK CH3CN — 63 28
e EtN CHCN 188  quant nd

5 TBD CH3CN 26.0 25 70

6 TMG CH3CN 234 9 87

7 BTMG CH3CN 26.5 nd 95

8 MTBD CH3CN 255 nd 99

9 DBU CH5CN 243 nd >99b

10 DBU DMF — nd >99

11 DBU Toluene — 56 22
12 pBUY  CHeN 243 nd 99

13 DBU® CH3CN 243 50 41

a) The yields were determined by '"H NMR.

b) Isolated yield.

¢) pKa values of the corresponding conjugated acid in CH3CN were displayed.
d) 2.0 equiv. e) 1.0 equiv.

X A Yy
Me,N” ~NMe; N g SN
DBU

R=H: TMG R=H: TBD
R = Bu: BTMG R = Me: MTBD
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Fof HEE—MUEDOHE

LS 2 D VY vy ) — VIR L7 (Scheme 3.8), & AT,
EHILICT VT VEEAETDH LYY ) —L(9b-e) & AN TRt 21T o 72, &t
B RUTATFVEEOb), = F LI Oe) AT HRE T, Xsd o4 U F s E
K 10b 35 LT 10¢ 23 ZALE A 95% DINEF L OVE R LT, B R2 I
AV TaENEERTLEENDIE. AROLEY 10d 75 85% DR THLN
2o ZOW Y FIUEE 10d 1231 =4I Ko TS S A7 bA 4 BX-2819 Dil
BACTH Y . ARUSITZNE TOAME &l L COREOR TERL TV S S
(Scheme 3.5b), EHLHL R} I A FNHEAFHT HEEOe) & HNTHE 2179 & X
SRS HELT LR 10e 7% 95% DR TR bz, EHitGREE2H T 55
BOH)ZHWTRIGETT D &, B R 20 L R ICA MR U2 AT 55
(9f and 9g)7> S 1%, VU FILER 10f 35 X OV 10g 23 F 40 83%. 93%DULHE TH:
bz, EHE R ICE FeX I AFAEELET LY 0T ) —/L(9h) % iz
4. Kolbe-Schmitt D SUGAHEST L7223, BOSME IERFOERLERIZ L - TERAL
FOSEST L, s 3 D BRI 10h(5,7-dihydroxyphthalide) 2y 92% DU E T 5
i, BHILRIUCT & M7 X N AT LEEO) 2 HIE, G T 5% U Fuiz
TR 101 23T 90% THF BTz, Z ORI 101 13HTA 48 C & % Platensimycin
DIERRIATH Y 312 Kolbe-Schmitt S 2 FAV 218 £ OFERAK G AL & g4 %
&L ARBUSITRMZ2BUNRE TH#ITT 5 2 & B X ORINERTER B HZ LD
JLCHEIL TV 5 (Scheme 3.5a),

N T, BRI EEZFTLHHEEHO TR EITO &, BEHRER 2L R
T B FAEER T HEE 9] and 9K HiE, BIIOLEY 10§ 33 XL OV 10k 8%
NEI 74%. T0%DICETH Lz, £z, B R, RIICEAENT mEH
A % HE (91and 9m) Z VTG kG 2 AR 101 3 KT 10m 73 92%,
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94% TR LALLM, EHE RPIC7aekEasHTH5L Y0y —On)TiEH
FUEE 10n DAERIE 20% DRI E EF o7, AR 10n 2MENERICE E 20
X, TORLZEMICERT S EEZ, YUFAEE 10 2L TT7E =ML
HDBU ZER S H72L 2 A, B L ALY Ly — L 9n 3'H NMR
IC kR SNz (Figure3.1), ZhED . 5-7BELY LY ) —AO@n)E AV
BOSIZR W TRINRICHE £ 2 D1E, BB 10n SARZE T, WG T L ik
BRI IZHEAT T D720 Th B 2 E AR S Tz,

—Ji. HHE 90-q T HWTRISZAT O & BV F LU LOAERIPED Z 1
FTLERDAEFMPEONT, T7obb, BRARIZT EFNLVELZAET LK
' (90)7> 51, 100°C TRIGZITH Z LIk Vbt 29 U F LR ER 110 23
43% THEL, BHRERBLIORICE 0 U EREAT 5 EEOp) TlE., Kt
FE 50 °C OEMITBWTULR 82% THM llp MG b7, F7=. EHILE R
A MR EEAT LB E WSS 13 30°C TS HIIZHEIT L, Rk
Y 11q HEEMIE OGN,

B EOBRFHZBWT, LY Ly —)b 9a-n 2> HIEH U FLEE 10a-n 73,
LY Ly ) =) 90-q 22 HIEH U FLEE 1lo-q W TS H—D{bEmE L THE
bz,
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Scheme 3.8. 52&—

CO, (2.0 MPa)
DBU (3.0 equiv)

CH,CN

30°C,24h

e

OH
/©/COOH
HO

10a
Yield® = >99%
OH
COOH
HO
Me”™ "Me
10d
85%
OH
COOH
HO
OMe
10g
97%
L OH
Me N COOH
T
(0]
HO
10i
90%
OH
BrIj/COOH
HO
101

92%

jij,COOH

10b
95%

OH
i TCOOH
HO Me

10e
95%?

OH ¢
oo
HO

10h
92%

O OH
HO

10j
74%b

OH
COOH
HO
B

10m
94%

10f
83%

OH
COOH

&

OH

10h’

OH
COOH

Me

I
@)
O g

10k
70%P

COOH

D

HO Br

10n
20%P

a) Isolated yields. b) 40 °C.

P DR ES
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OH OH O (o} OH
R1 C02 (20 MPa) R1
DBU (3.0 equiv) OH, HO
CH4CN +
3 3 3 3
HO R 30°C, 24 h HO R HO R
R2 R? R2
9 10 11
OH OH
HOOC HOOC
OH
HO HO 0 HOOC
0~ "Me Me™ X O HO OMe
1o 11p 1q
43%°¢ 82%¢ >99%
a) Isolated yields. c) 100 °C, DMF, 48 h. d) 50 °C.
Scheme 3.8. Continued
oH Ar (balloon) , oH ,
Ha COOH  ppy (3.0 equiv) Ma Hp
CH3CN, 30 °C, 24 h
HO Br Br
Ho Hy'
10n 9n
22% Conv.
Hp H.

PPM

6.0

067 ———
6.063 —

|

>
o
=

146 ——

6

-]

Figure 3.1. U F /L2 10n O i fx %
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E3E MEEREDER

INETOWREH LY LY Ly ) —MERIEO DBU Z/EHEE 5 & 07
SFCHEPREAET LI EDNRINTND S, 2070, REISIZE W TH LY L
¥ =K D DBU OIRINC XV FUSHRP T T =4 R4 T TERD,
NS POSTEHEREE L TN TS &EF 2 bid, £ 2 THNMR v T, DBU
WINBIZ LYy ) — A BAE L D ROGERIZ W CTlift 21T o 72, 372b
HBEOTINI L > TCOT =4 N E LI, VY Ay ) — VOB HEEN
BMED, 'HNMR B\ hrE—7 OFEBS Y7 "Bl ce s L E X
7

FERIZ, BV E = MU AEHWTET VEE 9a ® 'H NMR JIEZ17 572,
¥, UUFEO 'H NMR Z W FEBRIZEWNT, £7e hrobv =23y 7Y
YIRE— v JEB L ORESMEIC X o TR LT, ZOfER, DBU UL
TWARVREETIX, Ha b EEH Ao e —27 & LTEI, S~ a ~
> Hp IE Ha £ 0 HAEBEGANC B AL 7= (Figure 3.2 a), L2 L. £ 9a [Tk LT 1
B8O DBU #2725 LIWiITEEw L, 24 ' HNMR THIET 2 &, BUGR
M7 e Fr Hy 1T Ho ZiBWERE, Ieb @G lor—27 & LTallsnT
(Figure 3.2b), DBU % 2 Y4 &ININT 5 L BOGEHRERE 2D, ZEIET S
&L Ho XS HICERBE Y 7 b L= (Figure 3.2 ¢c), DBU % 3 &N L 72K
NP EO &R T M FEI S e )y o 7= (Figure 3.2 d), F5E 9a (2 DBU % 3
WVEMZZET ' b= U MERKICH L C LR EZIEASED L. Hy B3F
VAR F VOVIRIZE S U7 102D B — 7 ST L 72 (Figure 3.2¢), =
OEPFER D | AOS T 2 Y &L LD DBU OFIMNC L > TLy vy ) —v
DYT =FPFEALTEY . THNROGTEVERL & LT RRAL R I SREZA N
LTWEHbDEEZDLND, # 1 BOHEEOKFHIBWT, P =F LT I
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WG AT HEIT Lo oDk, MU =F LT I (pKa = 18.8)DifE
FEMEDY . DBU (pKa = 24.3)X°% OO AHERIE FE(pKa = 23.4-26.5) & X THH< |
DT =FUBRELRDP IO THDLEEZ B XD, (pKa DIEIZT B F= |
UNAHIZRB T 2 &moEZz L2 %) KBS, AR LTHI2FAT I
AV, O THNMR BlEAATH &, DBU Z WL E DX 572 Ha & Hy D
7 MBEALFEAIBHI ST, 3 YEIRINL72E S, e b — 7 OEES
7 EBNEEAEBRISNBNZ Db, P ZFAT I U EHWZYG . DBU
WA & RO SOSTEMERRIZAE U TR0 2 & 3R S u7= (Figure 3.3),

a)9a OHg
Ha Hb

H40 H,
Hp 9a

Hc

b) 9a + DBU (1 equiv)

c) 9a + DBU (2 equiv)

d) 9a + DBU (3 equiv)

s
B
It

e) 9a + DBU (3 equiv) + CO2 (balloon)

°‘. Hy
ZW

Figure 3.2. J&'H 9a [ZXF3 % DBU iisIIO 2R

Hy 102’
(X =H or H-DBU*) Hy' Ha’ PPM
7.0 6.0

| % 1.00




OHy4
N Ha Hb
<
g —
— HqO H
Hy, 9a

b) 9a + EtsN (1 equiv)

c) 9a + EtsN (2 equiv)

1.00

d) 9a + EtsN (3 equiv)

T T T T T T T T PPM
7.0 6.0

Figure 3.3. JXE 9a (ZX3 5 MU =F LT I RO R

WIZA4-TE'F L LY VY ) —u(90) % W TRIEZTT > 72, F5E 90 TIiX Ha A
FOSHAID 7 v b T 5, EBHITHE 90 (2% LT DBU % 3 4 &IN5 &,
7a b DOE =7 3T S KIBICESRICS 7 S L, Ho OB —27 b H
WMo v —2r & U CEIM & 7= (Figure 3.4 a and b), Z 22 F{LKFEZIEM
SHEDHE, Ha BDANVRF UVIITERR U2 ARKY 110°0D B — 27 357 ICBH S

U7z (Figure 3.4 ¢),
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b) 90 + DBU'(3 equiv)

c) 90 + DBU (3 equiv) + CO2 (balloon) ox

X00C, Hy’
X0 H’
Ac

(X =H or H-DBU")
10’

1.00
1.06

0
S
o
—"Hy’
Jd

_PPM

7.0 6.0

Figure 3.4. 72 90 (ZXF3 % DBU iSO #h R

DFEFRTIE, 92 72\ L 90 ZHW W TNOHAICEB W TH, DBU N
BIZBOW TR L EBSRNCALET D 7 a b DD VRF U VERICER L, 2
ZEMD, REISITEIT DI VR LD ER IR E T =4 D E
FARRBIZITAABED & 5 AIREMEDN B 2 HivTo, £ 2T, ABUS TG L7 BEE O
VT = AT T RIS B3LYP/6-311++G** % T HOMO % 38 L 7=,
ZORER, BE 9q DHAERLS £ TOREEIZBW T, YT =42 ® HOMO &
TV F VAL OALERIRME AR B 23 B 5 7= (Figure 3.5), T 72 b, AKIGIC
BIFLHNVRF UL, EEE DBU NGAEL D VT =4O HOMO (280
. BFEEPHEMPICEWRENOGEITL TS Z DRI N,
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OH
N co, /@CWH
-z DBU <
N X
HO R HO R

9a-9n 10a-10n
o©
: Me]@
o
9b’
o
%o
© Me Me
od’
°
) e
%o
of

Figure 3.5. %L YLy /) — L7 =5 92’9’ HOMO (B3LYP/6-311++G**)
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Figure 3.5. Continued
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OH OH
HOOC

| A CO, A
-z DBU z
oN oN
HO R HO R
90-9q 110-11q

o
N Co” t ~OMe

9q

Figure 3.5. Continued

—Ji, 5-A RXT LYY ) =9 EHWEKIETIE, e by Ho DR
BWINVREI AL LT U FUEE 1q B ESND, FEE9q 0 6EL5 LY
N )=V T = F 29I OV T HOMO %335 &, Ho D RED T3
WEFEEZAT DL AR TRRNE O, ERRER &R RN ER D
HHIZOWTEET LD, LY Ly ) —)b9q Z V5 UG DR LIZ D0
T 'HNMR ZHWWTEBIN L7, £OfE, RUSBMG G 1 RFHEZRICBWT, B

7212 2 2@ doublet @ & — 7 HEHI S 4172 (Figure 3.6 b), ZiLiL, FEE 9q @ Hy
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BB B AT AL LTALE Y 103 R LT 2 & 2R T R THh Y, 3
BlZBWTTPRINTAERBIEL =BT 5, LaL, OIS EkRT 5
&L AE LT 2 DD doublet B— 7 [T 2 (12 L, ROV IZ 1 DD singlet D &'—
7 DB U 7= (Figure 3.6 c and d), Z @ singlet ® B — 7 X, H. {3 B /LR F L
L LTALE) 1N DI 72 B 2 RS D85 R ThH Y o SURBAGA 5 24 B %
B WL, BERERICE L, BARF IR 11q° %<7 singlet D B —
7 DIHHFE S T2 (Figure 3.6 e), LA EDFERNDL, LY Ly ) — 9q HWZK
JETIE, WIHAIDBMEICB O CTIEFHEND PHEIND K )T, Hy llORFENL D
TIVRF VAL DPMERBNTHEIT L TV D0, IR F VUK 10 3 AR E T
BSOS EITT D720, RSB ZE LAY N DERKIC

INE %D Z & D3R 72 (Scheme 3.9),
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a) 9q + DBU (3 equiv) OX Oh

H, Hp
XO OMe
Hp
(X = H or H-DBU") JL
Ha Ho
9q’
b) 90 + DBU (3 equiv) ;J"éOz (balloon), after 1h 1h
ox !
Ha'jﬁ;[coox
X0 OMe ’ ) |
b 10q° Ha" and Hv’ (doublet)
(X = H or H-DBU") M
c) after 3l".lh 3h

'
'
'
1 '
1 '
' '
' ' 1
' ' '
' ' ' '
' 1 ' '
' . . '
' l
'
'
'
'

d) after 6 hi 6h
\ OX ” : i \
XOOC H, Hy” (singlet)
XO OMe

H  11q .‘
(X =H or H-DBU") ',

e) after24 h 24h
PPM
\
Figure 3.6. J&'2 9q % 2 UG DRRR AL
OX OoX OoX
H, CooX . o, H, Hp co, X00C Hp
XO OMe XO OMe XO OMe
Hb’ Hb Hb”
(X =H or H-DBU") (X =H or H-DBU") (X =H or H-DBU")
10q’ 9q’ 1qg’

Scheme 3.9. JLE 9q % 2 i D% 52
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EA4H BEFHTICEIT S

S THik_72 £ 30 | Kolbe-Schmitt SIS TBI/EIZIBWT S @il LEE
DRES RS2 LT L LT, T¥EMRY Y FABOARIITAV L
HHOD, Ty AT INNVAERE BNETHO5E LTUIFALIZS WO
WERTH o7, £ 2T, AR SRE TEITT O ARKSIZB W T, EHITH
JE R bR FR IR NI DET 44T - 72(Scheme 3.10), £ DfEHR, €7 /LA
BOLY Ny ) —nOa)d HWCRIGEITo 7o & A, kb d 2% U FILRTHE
A 10a NEBMICE O, F7o, B RUZA T AHEOGL), =F V9% H
WEGEAIZEB W TS, BIOERY 10b 35 X 10e BZENEIEENIZHE I
Io BHEHITH D A b F U EAEHIL RNV LEHIL R29)ICHAT 54
B2 DTS CIEL 6ST D AR 10f 38 X0V 10g B FHF0 77%., 90%D I
KB LN, BT, 11.0 g DFTILVIE 9a (100 mmol) it U TAS i % i
L. SR O®IEZBLKERAK TIZBNTY T AR — /L TORGER
Hl & TA L BOSH FIEICHETT U, BOSE 1L D3R EME & Bfbdbic K 0 | 3
T 5% U FOUEEH IR 10a 23 84% DI T 12.9 g (83.8 mmol) T H L7z,

kX, AEIZBOWTEEIZL Y LY ) —cx L TABEEZ AV 5
Fn7e SOG4 T @ Kolbe-Schmitt B EIZ DWW THE Uiz, ARSI~ 72 L)
Ny ) =K LCHEAFEETH O, (G 55 U FOVBRFH GRS m IR T
Lo Z &a W Lic, RBOSIZET 2 VR F 2 AL OB REIUE T K
FHTHY , EEHEMEENOA LD LY LY ) — YT =4O HOMO 12
BT, EFEEPHTAINSE VIR DN SRR E L TWD Z &R S
iz, Flo RRUSITEE ZIERBFHRTICBWTHETT 52 2 /AL
7
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OH CO, (balloon) OH

R? DBU (3.0 equiv)  R! COOH
CHsCN (0.1 M)
HO R3 30°C,72h HO R3
R? R?
9 10
OH OH OH
/©/COOH Mejij/coori Etj©/COOH
HO HO HO
10a 10b 10c
>99% >99% >99%
OH OH
MGOD/COOH COOH
HO HO
OMe
10f@ 109g°
77% 90%
30°C,24h 30°C,48h
Scale-up experiment
OH CO,, (balloon) OH
DBU (3.0 equiv) COOH
CHCN (02 M)
HO rt., 28 h HO
9a 10a
11.09 129¢
(100 mmol) (83.8 mmol, 84%,

recrystallization)

a) MS 3A (100 mg) was used.

Scheme 3.10. £ (LR FFIAK TICIH T D MES
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1R4E

ARFHSCTIE, SRARGE & AL & I D TSR E EAL U 0 B & A
AHEE A~ DRI DWW THRE LT,

51 BT, SRAMEE A WD IR A EREIRIT KT D R bR B EE(L K
Gl T b a R EARA A~ OB I OV Tk, L, AR O & i
YR AR R OGFIE T C bR F L R )V ERIRSE D &, Hfkr ) v
MBELTET ) 7 — b AL RIS REAIN U VAR %o T — R 3B, 5l
e X SRAMEE CIEMEL S NT=T v U ~DBRALSUNZ LV . XfIid 5 5 BERT
7 NUBEERPEOND EB X T, TUXT b a g L FETIL, R TR A TEE
WEREHRHMICRONDIGH R FER Th D, USRI OV TR L7ofE
. 2MPa O B LIRFBEFKT., 7 ma A7 P 25°C T, kA v
PR Ui B O FEERER & MTBD (7- A F1-1,5,7- 5 U 7 E L 7 11[4.4.0]
THS-TZNEERESED L, $UET 257 ba VEEFEENEINETHELND Z
xR Lo, KOS, flix O A 7 U BRIET D% 127 b a R
WRTEHEOND, I BT, Z D&% Aspulvinone E Ak O THEALICHEA L7,

B2 BT, SR VD R LR FEE AT 5T I =gk
VD) CERISIZOWNWTIRANTz, Ay U2 FEKL R SR
NOEBERGFEKTH D, EFIT, 7T r LT LT I TR 2 A b
IRFEEELRISITIB W TA L 5 B = /LR REIRICR L CRETFHT 2 /LAl %
ER SR, SIGT 257 E= A U ) oidfGond & X, &
BRiC, 70T R VBRI LT, WEO ZBILIRFBFEMHK T, 7k b
= MU VIERF 40 °C T, filliiE ORI & AEILCH 5 DBU (1,8- 7
BT 7 u(540]-7-v 7 Y), BIOKREFHT I 2FIELTT VAR
VBT AT NVERINT D & T LRFFEES & B = RO T I ARG
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PHEITL, $ET 5T B2 A X3 U2 VEERPENE TR LN D
ZEERHULIL, RRISTHONDGT I/ E=AF X YY) VD exo-4 L
7 4 v OBMELE L, E = VERPER D PRI N D RMEE L W CTh otz £
2T RSB OV TR 2 ORFTEIT o7& 2 A REUSICEIT D B =/LR0
T2 ACSUSIE T VA X o THEIT L T D ATREME AR LT,

%3 HETIE, LYY = VEISHT DI OSSR TIZE T S Kolbe-
Schmitt ST DUV TR~ Tz, B ANTERAREESOS 2 5% 51 L 72 25 P I RGS O#s
Ry MBI X DTN F L DOTEHGIIAETH L Z RN ERoT, £ 2
T, LYY ) =K LT 2 MPa @ “BRLIRFBFEHEK T, 71 b= b VIR
i 30 °C THIEH A TH D DBU Z/EH S % & Kolbe-Schmitt B0 [ 73 1
7L KT 20 Y FAMFBEENENRTHLND ZERHALMNERoT, L
VY ) =N LN DY FOVERGEEARIT, bR 22 BT T E SO R
MmOERICEENTOWDIEEREHE TH L, ARISTIE. WTFhory vy ) —
JVHERINS G 4 ML L 2 MRS VR Uk L= W U F OV BRRE SR 28 i
FETHDLILD Z & & R LTz, NMR CFHFEAL A TIEC K DM OfE R, AR
JETTIX, DBU OFINZ L > TLY Ny ) — A BRAET VT =4 U B EUGTE
MRELE L CTERLTEY., DRV IULOAEERME XY T =4 > D HOMO
DEFEEZRKML TNDZEEP LN L, £z, Hik - Wt B bRFED
WHATEDZL, VT LARr—VOFERELARETHDL Z L ER LT,
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EERDE
1. EHRAEE
iR s 227 hJL(NMR) : AL-400(JEOL), alpha-400(JEOL),
ECX-400(JEOL), %7-i%. ECS-400(JEOL)
IRIMIUL A ~22 |~ JL(IR) : Nicolet 6700 FT-IR(Thermo Fisher Scientific)
Al E 2L # © MPA100(Stanford Research System)
BBy HTHEE © LCT Premier XE(Waters)

2. v NI T 14—
BT L~ h7T 7 ¢ — : Silica Gel 60 N(E Bk 4.
CHROMATOREX PSQ 100B(Fuji Silysia)

3. fgfbirFEH A
TIRLIRFE L. AL BRE 99.9% DL B bIRFABEA L TFDOE
FHW, B, AR TIE O BbRFZOS —VEE R LT,

4. AT A T B SRR R b R A EAL OGS 1 )

4-1. T

k> 7w 22 0%, EIEFHERASHENOHA LD EZZEDE EHWE
(AL E - © 11338-85), Bi/Kk7 & h=FULiX, &7 ¢ v aFeisiskatt
NHEEALT-b D20 E AV (HEE  010-22905),

4-2. K

n-7F VY F 7 LADONFY VAT (1.6 M in hexane) i, BABAL RS0 B 1
ALTebDEZDOEEHNZ(EHES : 04937-05), HEfAER & BF;*OEtL, LW
BBr; DY/ mu A X R (1.0 M in CH2Ch)i, &£ 7 ¢ v A FesliERkla
HPOBEALIEbDEZOEEFH W (#EES © AgOAc 197-09842, BF3*OEt,
024-08361, BBr3 022-13931), MTBD [ (LK TEMRXNSHNOEA L2 O
ZZEDOFEERWE (WEFES M1443), N Tvdm 2 Z o 2V R & AR
IKFBD 1,4-T A XY PR (4.0Min 1,4-dioxane)(E, Aldrich L2 HHEAL7ZH O
EZOFEFEHWE (BLEES © AgOTf 483346, HC1 345547),

4-3. 381 ) 1 DERB L MLEW T — 4
2.0 equiv alkyne

@) 2.0 equiv "BulLi R
EtOJ\/R 2.4 equiv BF;-OEt, /J\/

THF, -78 °C R
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Ynones 1a-11 were synthesized by the following literature.’® Ethynylbenzene (0.88
mL, 8.0 mmol) was dissolved into THF (8 mL), and the solution was cooled to -78 °C.
To the solution, n-BuLi (5.0 mL, 8.0 mmol, 1.6 M in hexane) was added. After being
stirred for 1 h at -78 °C, ethyl propionate (0.46 mL, 4.0 mmol) and BF3-OEt; (1.2 mL,
9.6 mmol) were added successively. The reaction was quenched by sat. NH4Cl aq., and
the mixture was extracted three times with EtOAc. The combined organic layer was dried
over NaSOj4, and the solvent was removed under reduced pressure. The residue was
purified by column chromatography (SiO», eluent: hexane/EtOAc) to afford the desired
ynones la (576.1 mg, 91%). The other ynones 1b-11 were synthesized by similar

procedure using the corresponding alkynes and esters.

1-phenylpent-1-yn-3-one (1a)>%>7
0 Pale yellow liquid; '"H NMR (400 MHz, CDCls): § = 1.22 (t, J= 7.2 Hz,
> 3H),2.70 (q,J=7.2 Hz, 2H), 7.35-7.41 (m, 2H), 7.43-7.48 (m, 1H), 7.55-
Ph 7.59 (m, 2H); 3C NMR (100 MHz, CDCl3): 6 = 8.1, 38.8, 87.6, 90.6,
120.0, 128.5, 130.6, 132.9, 188.5; IR (KBr): 2980, 2939, 2201, 1676, 1489, 1113, 1046,
759, 690; HRMS (ESI): [M+H]" calcd for C11H110%, 159.0804; found, m/z 159.0807.

1-(o-tolyl)pent-1-yn-3-one (1b)

The reaction was carried out with the corresponding ester (0.17 mL,
1.5 mmol) and alkyne (348.5 mg, 3.0 mmol); Pale yellow liquid (233.8
mg, 90%); '"H NMR (400 MHz, CDCl3): 6 = 1.24 (t, J = 7.2 Hz, 3H),
2.50 (s, 3H),2.71 (q,J=7.2 Hz, 2H), 7.16-7.22 (m, 1H), 7.23-7.28 (m,
1H), 7.31-7.38 (m, 1H), 7.51-7.57 (m, 1H); 3C NMR (100 MHz, CDCls): § = 8.2, 20.6,
38.9, 89.8,91.4, 119.8, 125.8, 129.7, 130.7, 133.5, 142.0, 188.6; IR (KBr): 2979, 2939,
2193, 1671, 1458, 1124, 1049, 759; HRMS (ESI): [M+H]" calcd for C12H;30%, 173.0961;
found, m/z 173.0953.

(0]

=

1-(m-tolyl)pent-1-yn-3-one (1¢)

0 The reaction was carried out with the corresponding ester (0.17 mL,
1.5 mmol) and alkyne (348.5 mg, 3.0 mmol); Pale yellow liquid (256.3
mg, 99%); 'H NMR (400 MHz, CDCls): 6 = 1.22 (t, J= 7.2 Hz, 3H),
2.36(s,3H),2.70 (q,J=7.2 Hz, 2H), 7.25-7.28 (m, 2H), 7.36-7.41 (m,
2H); 3C NMR (100 MHz, CDCl3): 6 = 8.2, 21.1, 38.8, 87.4, 91.0,

119.8, 128.5, 130.1, 131.6, 133.5, 138.4, 188.6; IR (KBr): 2979, 2939, 2203, 1672, 1184,

=
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1112, 1048, 786, 689; HRMS (ESI): [M+H]" calcd for C12H1307, 173.0961; found, m/z
173.0957.

1-(p-tolyl)pent-1-yn-3-one (1d)*®
o The reaction was carried out with the corresponding ester (0.17 mL,
P 1.5 mmol) and alkyne (348.5 mg, 3.0 mmol); Pale yellow solid
~ (209.7 mg, 81%); mp 39-40 °C (lit. 34-36 °C>®); 'H NMR (400 MHz,
CDCL): 6=1.21 (t,J= 7.2 Hz, 3H), 2.39 (s, 3H), 2.69 (q, /= 7.2
Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H); 1*C NMR (100 MHz, CDCl5):
0=28.2,21.7,38.7,87.5,91.3, 116.9, 129.4, 133.0, 141.3, 188.7; IR (KBr): 2981, 2942,
2905, 2196, 1669, 1115, 1046, 822; HRMS (ESI): [M+H]" caled for C12H1307, 173.0961;

found, m/z 173.0954.

1-(4-methoxyphenyl)pent-1-yn-3-one (1e)

o The reaction was carried out with the corresponding ester (0.17
mL, 1.5 mmol) and alkyne (396.5 mg, 3.0 mmol); Pale yellow
solid (261.8 mg, 93%); mp 42-43 °C; 'H NMR (400 MHz,
MeO CDCh): 6 =1.21 (t, J = 7.2 Hz, 3H), 2.68 (q, J = 7.2 Hz, 2H),
3.84 (s, 3H), 6.89 (d, J = 8.8 Hz, 2H), 7.53 (d, J = 8.8 Hz, 2H); '*C NMR (100 MHz,
CDCl3): 6=28.2,38.6,55.4,87.5,91.7,111.8, 114.3, 135.0, 161.5, 188.6; IR (KBr): 2974,
2940, 2919, 2191, 1658, 1603, 1510, 1251, 1113, 1045, 837; HRMS (ESI): [M+H]" calcd

for C1pH 302", 189.0910; found, m/z 189.0902.

AN

4-(3-oxopent-1-yn-1-yl)benzonitrile (1f)

o The reaction was carried out with the corresponding ester (0.17
mL, 1.5 mmol) and alkyne (381.5 mg, 3.0 mmol); Yellow solid
(17.2 mg, 6%); mp 53-54 °C; 'H NMR (400 MHz, CDCls): 6 =
NC 1.22 (t, J=17.2 Hz, 3H), 2.73 (q, J = 7.2 Hz, 2H), 7.64-7.72 (m,
4H); 3C NMR (100 MHz, CDCl3): 6 = 7.9, 38.9, 87.1, 90.1, 113.9, 117.6, 124.8, 132.2,
133.2, 187.9; IR (KBr): 2984, 2943, 2229, 2206, 1675, 1112, 838, 557; HRMS (ESI):

[M+H]" calcd for Ci12H1oNO™, 184.0757; found, m/z 184.0769.

N\

4-phenylbut-3-yn-2-one (1g)°%>
o  The reaction was carried out with the corresponding ester (1.2 mL, 4.0
mmol) and alkyne (0.88 mL, 8.0 mmol); Pale yellow liquid (576.7 mg,

Z
Ph quant.); '"H NMR (400 MHz, CDCl3): 6 = 2.46 (s, 3H), 7.35-7.42 (m, 2H),
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7.43-7.49 (m, 1H), 7.54-7.61 (m, 2H); '*C NMR (100 MHz, CDCl3): = 32.7, 88.2, 90.3,
119.8, 128.6, 130.7, 133.0, 184.6; IR (KBr): 3060, 2203, 1701, 1490, 1359, 1281, 1157,
758, 689; HRMS (ESI): [M+H]" calcd for Ci1oHoO", 145.0648; found, m/z 145.0647.

1-phenyldec-1-yn-3-one (1h)
o The reaction was carried out with the corresponding ester
/K/\/\/\ (0.80 mL, 4.0 mmol) and alkyne (0.88 mL, 8.0 mmol); Pale
o yellow liquid (913.4 mg, quant); "H NMR (400 MHz, CDCl5):
0=0.89 (t, J= 6.8 Hz, 3H), 1.25-1.39 (m, 8H), 1.69-1.79 (m, 2H), 2.66 (t, J = 7.0 Hz,
2H), 7.36-7.41 (m, 2H), 7.43-7.48 (m, 1H), 7.56-7.59 (m, 2H); 3C NMR (100 MHz,
CDCl3): 6 =14.0,22.6,24.1,28.9,29.0,31.6,45.5, 87.8,90.5, 120.0, 128.6, 130.6, 133.0,

188.3; IR (KBr): 2928, 2857, 2203, 1671, 1273, 1079, 758, 689; HRMS (ESI): [M+H]"
caled for C16H2107, 229.1587; found, m/z 229.1590.

5-methyl-1-phenylhex-1-yn-3-one (1i)%°
o The reaction was carried out with the corresponding ester (0.60 mL,
/K)\ 4.0 mmol) and alkyne (0.88 mL, 8.0 mL); Pale yellow liquid (483.4 mg,
Ph ~ 65%); '"H NMR (400 MHz, CDCl3): 6 = 1.01 (d, J = 6.8 Hz, 6H), 2.34
(sep, J = 6.8 Hz, 1H), 2.55 (d, J = 6.8 Hz, 2H), 7.35-7.42 (m, 2H), 7.42-7.48 (m, 1H),
7.54-7.60 (m, 2H); *C NMR (100 MHz, CDCl3): 6 = 22.4, 25.2, 54.4, 88.1, 90.4, 120.0,
128.6, 130.6, 133.0, 187.9; IR (KBr): 2959, 2872, 2202, 1670, 1295, 1165, 1067, 758,
689; HRMS (ESI): [M+H]" caled for C13H150", 187.1117; found, m/z 187.1114.

1-cyclohexyl-4-phenylbut-3-yn-2-one (1;)°!
o The reaction was carried out with the corresponding ester (0.72 mL,

_ 4.0 mmol) and alkyne (0.88 mL, 8.0 mmol); Pale yellow liquid

Ph (872.3 mg, 96%); 'H NMR (400 MHz, CDCl3): 8 = 0.95-1.08 (m,
2H), 1.10-1.23 (m, 1H), 1.24-1.38 (m, 2H), 1.62-1.83 (m, 5H),1.95-2.08 (m, 1H), 2.54 (d,
J=17.0 Hz, 2H) 7.35-7.41 (m, 2H), 7.42-7.49 (m, 1H), 7.55-7.60 (m, 2H); '*C NMR (100
MHz, CDClL): 6 = 26.0, 26.1, 33.0, 34.3, 53.1, 88.1, 90.3, 120.0, 128.6, 130.6, 133.0,
187.9; IR (KBr): 2924, 2852, 2203, 1665, 1445, 1290, 1066, 758, 689; HRMS (ESI):

[M+H]" calcd for CisHi9O", 227.1430; found, m/z 227.1427.
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1,4-diphenylbut-3-yn-2-one (1k)®

0 The reaction was carried out with the corresponding ester (0.64 mL, 4.0
/J\/Ph mmol) and alkyne (0.88 mL, 8.0 mmol); Yellow liquid (609.3 mg,
Ph 69%); 'H NMR (400 MHz, CDClz): 8= 3.93 (s, 2H), 7.26-7.49 (m,
10H); '3C NMR (100 MHz, CDCls): 6 = 52.1, 87.6, 92.9, 119.8, 127.4, 128.5, 128.7,
129.8, 130.8, 133.1, 133.2, 185.2; IR (KBr): 3063, 3030, 2204, 1664, 1490, 1283, 1075,
759, 689; HRMS (ESI): [M+H]" calcd for CisHi30%, 221.0961; found, m/z 221.0959.

1,4-bis(4-methoxyphenyl)but-3-yn-2-one (11)%3
o oMe The reaction was carried out with the corresponding
O ester (776.6 mg, 4.0 mmol) and alkyne (1.057 g, 8.0
Z mmol); Pale yellow solid (463.6 mg, 41%); mp 75-
MeO O 76 °C (lit. 78-80 °C®); '"H NMR (400 MHz, CDCI;3):
0 =13.81 (s, 3H), 3.83 (s, 3H), 3.85 (s, 2H), 6.87 (d, J
= 8.8 Hz, 2H), 6.91 (d, J= 8.8 Hz, 2H), 7.23 (d, /= 8.8 Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H);
BC NMR (100 MHz, CDCls): 6 = 51.2,55.3,55.4,87.7,94.0, 111.7, 114.1, 114.3, 125.5,
130.9, 135.1, 158.9, 161.7, 185.6; IR (KBr): 2964, 2899, 2190, 1669, 1601, 1509, 1251,

1071, 835; HRMS (ESI): [M+H]" caled for CisH1705", 281.1172; found, m/z 281.1172.

4-4.7 b Uk 2 DA

The reaction was performed using a pressure-resistant test-tube equipped with a
stirring bar in a 30 mL autoclave. To a mixture of AgOAc (1.7 mg, 0.01 mmol) and 1a
(15.8 mg, 0.1 mmol) in dry CH2Cl> (1 mL) in the test-tube was added MTBD (57.3 uL,
0.4 mmol). The test-tube containing the reaction mixture was placed in the autoclave. The
autoclave was purged with CO, and the reaction mixture was stirred at 25 °C for 24 h
under CO; atmosphere (2 MPa). After CO, was carefully released, the reaction was
quenched with HCI solution (I mL, 4.0 M in 1,4-dioxane) at 0 °C. The mixture was
charged directly onto silica-gel and purified by column chromatography (SiO., eluent:
hexane:EtOAc=10:1, then hexane:EtOAc:AcOH=50:50:1) to afford desired product 2a
(18.6 mg, 92%) as a pale yellow solid.
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45. 7 rnvE2 X 0e Fr¥oerny 3ofbaYT — 4
(2)-5-benzylidene-4-hydroxy-3-methylfuran-2(5H)-one (2a)

O Pale yellow solid; mp 198 °C (decomp.); 'H NMR (400 MHz, DMSO-
des): 6=1.77 (s, 3H), 6.32 (s, 1H), 7.28-7.35 (m, 1H), 7.37-7.45 (m, 2H),
7.67-7.74 (m, 2H); *C NMR (100 MHz, DMSO-ds): 6 =6.5,97.1, 104.9,
128.4, 128.8, 129.8, 132.9, 143.2, 163.5, 170.1; IR (KBr): 3071, 1719,
1613, 1300, 1245, 1057; HRMS (ESI): [M+H]" calcd for Ci2H1:03", 203.0703; found,
m/z 203.0694.

(e}
Ph A/

OH

(2)-4-hydroxy-3-methyl-5-(2-methylbenzylidene)furan-2(5H)-one (2b)
0 The reaction was carried out with 1b (17.2 mg, 0.1 mmol), AgOAc
(1.7 mg, 0.01 mmol) and MTBD (43.0 uL, 0.3 mmol) in CH>Cl; at 25
°C for 24 h; Pale yellow solid (19.0 mg, 88%); mp 170 °C (decomp.);
"H NMR (400 MHz, DMSO-ds): § = 1.76 (s, 3H), 2.36 (s, 3H), 6.46
(s, 1H), 7.15-7.32 (m, 3H), 7.78-7.89 (m, 1H); *C NMR (100 MHz, DMSO-ds): = 6.5,
19.7,97.2,102.0, 126.2, 128.3, 129.6, 130.4, 131.3, 136.9, 143.3, 163.5, 170.2; IR (KBr):
3021, 2922, 1717, 1639, 1416, 1063, 756; HRMS (ESI): [M+H]" calcd for Ci3Hi305%,
217.0859; found, m/z 217.0851.
(£)-4-hydroxy-3-methyl-5-(3-methylbenzylidene)furan-2(5H)-one (2¢)
O The reaction was carried out with 1¢ (17.2 mg, 0.1 mmol), AgOAc
w (1.7 mg, 0.01 mmol) and MTBD (43.0 pL, 0.3 mmol) in CH2Cl; at
25 °C for 24 h; Pale yellow solid (16.0 mg, 74%); mp 171 °C
(decomp.); '"H NMR (400 MHz, DMSO-dc): & = 1.76 (s, 3H), 2.31
(s, 3H), 6.27 (s, 1H), 7.10-7.16 (m, 1H), 7.26-7.32 (m, 1H), 7.45-7.53 (m, 2H); '*C NMR
(100 MHz, DMSO-ds): 6 =6.5,21.0,97.0,105.0, 127.1, 128.7, 129.2, 130.3, 132.8, 137.9,
143.1, 163.6, 170.1; IR (KBr): 3212, 2927, 1735, 1630, 1304, 1223, 1045; HRMS (ESI):
[M+H]" calcd for Ci3H;305", 217.0859; found, m/z 217.0869.

O
P

OH

OH

(2)-4-hydroxy-3-methyl-5-(4-methylbenzylidene)furan-2(5H)-one (2d)
O The reaction was carried out with 1d (17.2 mg, 0.1 mmol), AgOAc
w\ (1.7 mg, 0.01 mmol) and MTBD (43.0 uL, 0.3 mmol) in CH»Cl, at
OH 25 °C for 24 h; Pale yellow solid (18.8 mg, 87%); mp 183 °C
(decomp.); '"H NMR (400 MHz, DMSO-dc): § = 1.76 (s, 3H), 2.30
(s, 3H), 6.29 (s, 1H), 7.22 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 2H); '*C NMR (100

MHz, DMSO-ds): 6 = 6.5, 21.0, 96.8, 105.0, 129.5, 129.8, 130.1, 138.1, 142.6, 163.6,
170.1; IR (KBr): 3059, 2924, 1716, 1615, 1296, 1256, 1063; HRMS (ESI): [M+H]" calcd
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for C13H1305™, 217.0859; found, m/z 217.0852.

(Z)-4-hydroxy-5-(4-methoxybenzylidene)-3-methylfuran-2(5H)-one (2e)
MeO O The reaction was carried out with 1e (18.8 mg, 0.1 mmol),
w AgOAc (1.7 mg, 0.01 mmol) and MTBD (57.3 pL, 0.4 mmol) in
CH>Cl; at 25 °C for 24 h; Pale yellow solid (23.2 mg, quant); mp
193 °C (decomp.); '"H NMR (400 MHz, DMSO-ds): 6 = 1.75 (s,
3H), 3.77 (s, 3H), 6.28 (s, 1H), 6.99 (d, J = 8.8 Hz, 2H), 7.66 (d, J = 8.8 Hz, 2H); 13C
NMR (100 MHz, DMSO-ds): 6 =6.5,55.2,96.4,104.9, 114.4, 125.4,131.5, 141.5, 159.4,

163.7,170.2; IR (KBr): 3134,2926, 1721, 1604, 1517, 1269, 1062; HRMS (ESI): [M+H]"
caled for C13H1304", 233.0808; found, m/z 233.0796.

OH

(£)-4-((3-hydroxy-4-methyl-5-oxofuran-2(5H)-ylidene)methyl)benzonitrile (2f)
NG O The reaction was carried out with 1f (18.3 mg, 0.1 mmol), AgOAc
w (1.7 mg, 0.01 mmol) and DBU (59.8 uL, 0.4 mmol) in CH2Cl; at
oy 25 °C for 24 h; Pale yellow solid (14.1 mg, 62%); mp 152 °C
(decomp.); 'H NMR (400 MHz, DMSO-ds): & = 1.77 (s, 3H), 6.38
(s, 1H), 7.82-7.88 (m, 4H); *C NMR (100 MHz, DMSO-ds): 6 = 6.6, 97.9, 102.7, 110.1,
118.8, 130.3, 132.6, 137.7, 145.6, 163.4, 169.7; IR (KBr): 3173, 2924, 2853, 2237, 1792,
1650, 1299, 1018; HRMS (ESI): [M+H]" calcd for Ci13H10NO3*, 228.0655; found, m/z
228.0644.
(2)-5-benzylidene-4-hydroxyfuran-2(5H)-one (2g)%+%
O The reaction was carried out with 1g (14.4 mg, 0.1 mmol), AgOAc (1.7 mg,
Ph\/(é 0.01 mmol) and MTBD (43.0 puL, 0.3 mmol) in CH2Cl; at 25 °C for 24 h;
Pale yellow solid (17.9 mg, 95%); mp 146 °C (decomp.) (lit. 167-171 °C*,
166°C%); "H NMR (400 MHz, DMSO-ds): & = 5.23 (s, 1H), 6.35 (s, 1H),
7.29-7.38 (m, 1H), 7.39-7.46 (m, 2H), 7.70-7.76 (m, 2H); '*C NMR (100 MHz, DMSO-
ds): 6= 88.1, 105.9, 128.7, 128.9, 130.1, 132.6, 143.7, 169.0, 170.0; IR (KBr): 3059,
2924, 1719, 1570, 1281, 1055; HRMS (ESI): [M+H]" calcd for C11HoO3", 189.0546;
found, m/z 189.0545.

OH

(2)-5-benzylidene-3-hexyl-4-hydroxyfuran-2(5H)-one (2h)

O The reaction was carried out with 1h (22.8 mg, 0.1 mmol),
AgOAc (3.4 mg, 0.02 mmol) and MTBD (57.3 uL, 0.4 mmol)
in CH2Cl; at 25 °C for 24 h; Pale yellow solid (26.4 mg, 97%);
mp 143 °C (decomp.); '"H NMR (400 MHz, DMSO-d): 6 =

(0]
Ph A/

OH
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0.84 (t, J=17.2 Hz, 3H), 1.18-1.33 (m, 6H), 1.35-1.52 (m, 2H), 2.24 (t, J = 7.6 Hz, 2H)
6.34 (s, 1H), 7.28-7.36 (m, 1H), 7.38-7.46 (m, 2H), 7.67-7.75 (m, 2H); '*C NMR (100
MHz, DMSO-dg): 6 =14.0,21.0,22.1,27.7,28.4,31.0, 101.7, 105.1, 128.4, 128.8, 129.8,
132.9, 143.1, 163.5, 169.8; IR (KBr): 3068, 2925, 2856, 1718, 1613, 1262, 1056; HRMS
(ESI): [M+H]" calcd for C17H2105%, 273.1485; found, m/z 273.1473.

(Z)-5-benzylidene-4-hydroxy-3-isopropylfuran-2(5H)-one (2i)
O The reaction was carried out with 1i (18.6 mg, 0.1 mmol), AgOTf (5.1
Ph% mg, 0.02 mmol) and MTBD (57.3 pL, 0.4 mmol) in CH3CN at 40 °C for
oH 24h; Pale yellow solid (18.0 mg, 78%); mp 135 °C (decomp.); 'H NMR
(400 MHz, DMSO-de): 6 = 1.15 (d, J= 7.2 Hz, 6H), 2.92 (sep, J = 7.2
Hz, 1H), 6.37 (s, 1H), 7.27-7.34 (m, 1H), 7.36-7.45 (m, 2H), 7.65-7.72 (m, 2H); *C NMR
(100 MHz, DMSO-dg): 6 = 20.3, 22.2, 105.2, 106.7, 128.4, 128.9, 129.8, 133.0, 142.9,

162.6, 168.5; IR (KBr): 3228, 2964, 2931, 1713, 1638, 1414, 1255, 1005; HRMS (ESI):
[M+H]" calcd for Ci14H1503%, 231.1016; found, m/z 231.1012.

4-hydroxy-3-isopropyl-6-phenyl-3,4-dihydro-2H-pyran-2-one (3i)
o) The reaction condition was same as above.; Amorphous solid (2.2 mg,
/o/d:g\ 10%); '"H NMR (400 MHz, DMSO-ds): 6 =1.18 (d, J=7.2 Hz, 6H), 3.17
Ph” X"on (sep,J=7.2Hz, 1H), 6.65 (s, 1H), 7.46-7.54 (m, 3H), 7.68-7.74 (m, 2H);
3C NMR (100 MHz, DMSO-d): & = 19.7, 23.5,98.1, 107.7, 125.0, 129.2, 130.6, 131.1,

156.9, 162.8, 164.5; IR (KBr): 2960, 2926, 1635, 1561, 1408, 1316, 1103; HRMS (ESI):
[M+H]" calcd for Ci4sHi505", 231.1016; found, m/z 231.1013.

(Z2)-5-benzylidene-3-cyclohexyl-4-hydroxyfuran-2(SH)-one (2j)

0 The reaction was carried out with 1j (22.6 mg, 0.1 mmol), AgOAc
(3.4 mg, 0.02 mmol) and MTBD (57.3 pL, 0.4 mmol) in CH3CN at
40 °C for 48 h; Pale yellow solid (17.7 mg, 65%); mp 127 °C
(decomp.); 'H NMR (400 MHz, DMSO-ds): § = 1.00-1.35 (m, 4H),
1.43-1.84 (m, 6H), 2.51-2.63 (m, 1H), 6.37 (s, 1H), 7.25-7.35 (m, 1H), 7.36-7.46 (m, 2H),
7.64-7.74 (m, 2H); 3C NMR (100 MHz, DMSO-d): & = 25.4, 26.1, 29.7, 32.1, 105.3,
106.3, 128.4, 128.8, 129.8, 132.9, 142.8, 162.6, 168.6; IR (KBr): 2927, 2852, 1709, 1619,
1410, 1299, 1230; HRMS (ESI): [M+H]" calcd for Ci7H;903%, 271.1329; found, m/z
271.1332.

(0]
Ph A/

OH
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3-cyclohexyl-4-hydroxy-6-phenyl-3,4-dihydro-2H-pyran-2-one (3j)
o] The reaction condition was same as above.; Amorphous solid (3.1 mg,
o] 12%); '"H NMR (400 MHz, DMSO-ds): 6 = 1.09-1.31 (m, 2H), 1.38-
Ph” X" 0H 1.50 (m, 2H), 1.56-1.67 (m, 2H), 1.67-1.78 (m, 2H), 1.87-2.02 (m, 2H),
2.73-2.87 (m, 1H), 6.66 (s, 1H), 7.44-7.35 (m, 3H), 7.66-7.74 (m, 2H); '3C NMR (100
MHz, DMSO-ds): &= 25.7, 26.5, 28.8, 34.1, 98.5, 107.0, 125.0, 129.1, 130.5, 131.2,
156.7,163.2, 165.3; IR (KBr): 2926, 2852, 1618, 1561, 1408, 1308, 1151; HRMS (ESI):
[M+H]" calcd for Ci17H1905", 271.1329; found, m/z 271.1332.

(2)-5-benzylidene-4-hydroxy-3-phenylfuran-2(5H)-one (2k)%*3!
O The reaction was carried out with 1k (22.0 mg, 0.1 mmol), DBU (59.8
Ph\/cékph nL, 0.4 mmol) and AgOTTf (5.1 mg, 0.02 mmol) in CH3CN at 40 °C for
48 h ;Yellow solid (19.8 mg, 75%); mp 229 °C (decomp.) (lit. 250-
251 °C%, 238-242°C3"); 'TH NMR (400 MHz, DMSO-ds): & = 6.74 (s,
1H), 7.26-7.32 (m, 1H), 7.33-7.39 (m, 1H), 7.40-7.49 (m, 4H), 7.71-7.77 (m, 2H), 7.89-
8.00 (m, 2H); 13C NMR (100 MHz, DMSO-ds): § = 100.2, 107.6, 127.2, 127.3, 128.3,
128.9, 129.0, 129.8, 130.1, 132.7, 142.4, 163.8, 167.9; IR (KBr): 3053, 2925, 1703, 1626,
1412, 1257; HRMS (ESI): [M+H]" calcd for C17H1303%, 265.0859; found, m/z 265.0860.

(Z)-4-hydroxy-5-(4-methoxybenzylidene)-3-(4-methoxyphenyl)furan-2(5H)-one
(21)3 1,66,67

MeO 0 The reaction was carried out with 11 (28.0 mg, 0.1

O
OMe mmol), AgOAc (3.4 mg, 0.02 mmol) and MTBD
oK (57.3 uL, 0.4 mmol) in CH3CN at 40 °C for 72 h;

Yellow solid (23.7 mg, 73%); mp 230 °C (decomp.)
(lit. 244-247 °C31, 214-215 °C®, 230-250 °C%” (decomp.)); '"H NMR (400 MHz, DMSO-
ds): 0 =3.77 (s, 3H), 3.79 (s, 3H), 6.64 (s, 1H), 6.99 (d, J=9.2 Hz, 2H), 7.03 (d,J=9.2
Hz, 2H), 7.68 (d, J=9.2 Hz, 2H), 7.88 (d, /= 9.2 Hz, 2H); '3C NMR (100 MHz, DMSO-
ds): 8 =55.1,55.3, 99.6, 107.2, 113.8, 114.6, 122.4, 125.4, 128.5, 131.7, 140.8, 158.2,
159.7, 162.5, 168.1; IR (KBr): 3005, 2956, 2835, 1690, 1603, 1513, 1256, 1179; HRMS
(ESI): [M+H]" calcd for C19H1705", 325.1071; found, m/z 325.1067.

4-6. Aspulvinone E D & iU IG

Aspulvinone E was synthesized from the tetronic acid 21 according to the literature.’!
To the mixture of tetronic acid 21 (32.1mg, 0.1 mmol) and dry CH>Cl, (7 mL) was added
BBr3 (0.6 mL, 1.0 M in CHCl,), and the resulting mixture was refluxed for 4 h. The
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reaction was cooled to 0 °C and quenched by ice-water. The mixture was extracted three
times with EtOAc. The combined organic layer was dried over Na;SQO4, and solvent was
removed under reduced pressure. The residue was purified by column chromatography
(SiO2, eluent: hexane:EtOAc=1:2, 1% AcOH) to afford Aspulvinone E (28.9 mg, 98%)
as a brown solid.

4-7. Aspulvinone E D{L&Y) 7 — £
(2)-4-hydroxy-5-(4-hydroxybenzylidene)-3-(4-hydroxyphenyl)furan-2(5H)-one
(Aupulvinone E)?!-6¢
HO 0 Brown solid; '"H NMR (400 MHz, DMSO-ds): § = 6.58
OH (s, 1H),6=6.81(d,J=8.4Hz,2H), 6 =6.84 (d, /=84
o1 Hz, 2H), 6=7.57 (d, J= 8.4 Hz, 2H), 6=7.76 (d, J =
8.4 Hz, 2H), 5 = 9.57 (bs, 1H), 8 = 9.94 (bs, 1H); 13C

NMR (100 MHz, DMSO-ds): 6 =99.7, 107.4, 115.1, 116.0, 120.8, 123.9, 128.5, 131.9,
140.2, 156.5, 158.3, 162.0, 168.3.
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5. SRAME LR REENZRHAT 2T I /=t 3V )Y VEK

(5 2 &)
5-1. VI

AKT7TE =RV X, BL7 0 VAFEMERASHENBIBA LD %
ZOEFHNW (BAES 0 010-22905),

5-2. 53K

FEfESE DBU 36 X OF DEAD (3, &7 4 /L AROGHMEBERA S HHEA L7z
LDOEFOEEMANE (JELE S AgOAc 197-09842, DBU 043-16383, DEAD 041-
33962), DBAD (% Aldrich DA L7 b 0220 AW (®LES
135992), ELF 27— 7 A ZA TR IFMEALFHRASHNOEA L2 O
X DEFEFMN (®WEFES 0 77128-1501),

5-3. 7 N LF LT I 5 DERK

NH, 2.5 mol% Pd(PPh3),Cl, NH, 1.0 equiv NaH NH"Pr
2.5 mol% Cul 1.0 equiv "Pr-I
Z we PENH(O5M), it Z Me DMF(O5M)rt e
S1 5a-g

Propargylic amines Sa-5f were synthesized by the following literature. To the
solution of Pd (PPh3)>Cl> (0.25 mmol, 2.5 mol%), Cul(I) (0.25 mmol, 2.5 mol%) and the
corresponding aryl iodide or aryl bromide (10 mmol, 1.0 equiv) in ‘Pro,NH (20 mL), 2-
methyl-3-buthyn-2-amine (11 mmol, 1.1 equiv) was added dropwise and the mixture was
stirred at room temperature for 12 h. Then, the reaction mixture was filtered through a
celite pad, and the filtrate was evaporated under a reduced pressure. After the solvent was
removed, the residue was purified by column chromatography (SiO., eluent:
hexane:EtOAc=5:1, then hexane:EtOAc:Ets:N=75:25:1) to afford the desired compounds
(S1).

To the solution of NaH (1.0 equiv) in DMF (10 mL), S1 (1.0 equiv) in DMF (10 mL)
was added dropwise and the mixture was stirred for 30 min at room temperature. After
that 1-iodopropane (1.0 equiv) was added dropwise and the mixture was stirred. The
reaction mixture was quenched with ice water and the mixture was extracted three times
with EtOAc. The combined organic layers were washed with brine and dried over Na;SOa.
After the solvent was removed under reduced pressure, the residue was purified by
column chromatography (Si10,, eluent: hexane:EtOAc=4:1, then
hexane:EtOAc:EtsN=67:33:1) and the bulb-to-bulb distillation or recrystallization to
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afford the desired starting materials (5).
The synthesis and characterization data for propargyl amines 5a (Ar = Ph)®, 5b (Ar
= PMP)*%¢, 5d (Ar = p-chlorophenyl)®°, Se (Ar = thienyl)**¢ were previously reported.

P O 30 mol% Cul NHR®
Ph// + L+ RNH, Mo~/ A4 D3
R3 “R3 neat (or 5 M EtOH), Z~ RS
80 °C Ph
5h-j

Propargylic amines 5a-5f were synthesized by the following literature’®. The mixture
of alkyne (20 mmol, 1.0 equiv), ketone (20 mmol, 1.0 equiv), and amine (20 mmol, 1.0
equiv) together with Cul (6 mmol, 30 mol%) was heated at 80 °C for 8 h. After cooled to
room temperature, the reaction mixture was diluted by Et:O and filtered through a short
pad of silica gel. The filtrate was evaporated under reduced pressure, and the residue was
purified by column chromatography (SiO2, eluent: hexane:EtOAc=4:1, then
hexane:EtOAc:EtsN=67:33:1). The furthermore purification was conducted by bulb-to-
bulb distillation to afford the desired propargylamine (5).

The synthesis and characterization data for propargyl amines 5h (R?> = Bn, R® =

Me)?*8 was previously reported.

5-4. TassVFALT I U5 OIEMT —F
N,N-Dimethyl-4-(3-methyl-3-(propylamino)but-1-yn-1-yl)aniline (5c)
The reaction was carried out with the corresponding
e propargylamine Sle¢ (1.55 g, 7.66 mmol), NaH (336 mg, 55%,
© 7.70 mmol), and iodopropane (0.75 mL, 7.7 mmol) in DMF (15
Me,N mL). The product was recrystallized by cold n-hexane; Pale
yellow solid (1.08 g, 57%); mp 60-61 °C; 'H NMR (400 MHz, CD3CN): § =0.93 (t, J =
7.2 Hz, 3H), 1.34 (s, 6H), 1.45 (tq, J = 7.2, 7.2 Hz, 2H), 2.67 (t, J = 7.2 Hz, 2H), 2.91 (s,
6H), 6.61 (d, J = 8.8 Hz, 2H), 7.19 (d, J = 8.8 Hz, 2H); *C NMR (100 MHz, CD3;CN):
d=12.3, 24.5, 30.2, 40.4, 46.9, 50.8, 82.9, 93.4, 111.1, 112.8, 133.1, 151.0; IR (KBr):
2962, 2213, 1613, 1524, 1363, 1161, 816; HRMS (ESI): [M+H]" calcd for CisH2sN>",
245.2012; found, m/z 245.2005.

NH"Pr
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2-Methyl-N-propyl-4-(o-tolyl)but-3-yn-2-amine (5f)
NH"Pr  The reaction was carried out with the corresponding propargylamine
Me Z MeMe S1f (1.88 g, 10.9 mmol), NaH (436 mg, 55%, 10.0 mmol), and
iodopropane (0.98 mL, 10 mmol) in DMF (20 mL); Colorless liquid
(1.62 g, 70%); 'H NMR (400 MHz, CD3CN): 6 = 0.93 (t, /= 7.2 Hz,
3H), 1.38 (s, 6H), 1.46 (tq, J = 7.2, 7.6 Hz, 2H), 2.38 (s, 3H), 2.70 (t, / = 7.6 Hz, 2H),
7.06-7.15 (m, 1H), 7.16-7.24 (m, 2H), 7.27-7.34 (m, 1H); 3*C NMR (100 MHz, CD3CN):
d=12.3, 20.9, 24.5, 30.2, 47.1, 51.1, 81.0, 100.5, 124.2, 126.6, 128.8, 130.3, 132.4,
140.7; IR (KBr): 2996, 1485, 1458, 1378, 1262, 1173, 756; HRMS (ESI): [M+H]" calcd

for CisH22N", 216.1747; found, m/z 216.1744.

2-Methyl-4-(naphthalen-1-yl)-/NV-propylbut-3-yn-2-amine (5g)

NH"Pr The reaction was carried out with the corresponding
O Z e propargylamine S1g (2.24 g, 10.7 mmol), NaH (436 mg, 55%, 10
‘ mmol), and iodopropane (0.98 mL, 10 mmol) in DMF (20 mL); Pale
yellow liquid (1.67 g, 62%); '"H NMR (400 MHz, CD3CN): § = 0.94
(t,J=17.6 Hz, 3H), 1.31-1.54 (m, 8H), 2.77 (t, /= 7.2 Hz, 2H), 7.37-7.46 (m, 1H), 7.48-
7.63 (m, 3H), 7.76-7.92 (m, 2H), 8.26-8.35 (m, 1H); '*C NMR (100 MHz, CD3sCN): § =
12.3,24.5,30.1,47.2,51.2, 80.1, 101.6, 121.9, 126.4, 126.7, 127.4, 127.7, 129.1, 129.2,
130.9, 134.0, 134.2; IR (KBr): 3058, 2966, 2213, 1587, 1460, 1279, 1245, 1016, 799,

562; HRMS (ESI): [M+H]" caled for CisH22N*, 252.1747; found, m/z 252.1747.

3-Ethyl-1-phenyl-N-propylpent-1-yn-3-amine (5j)
NH"Pr  The reaction was carried out with ethynyl benzene (3.3 mL, 30 mmol),
= L Bt 3-pentanone (3.2 mL, 20 mmol), n-propylamine (2.5 mL, 30 mmol), and
Ph Cul (1.71 g, 9.00 mmol); Pale yellow liquid (792 mg, 12%); 'H NMR
(400 MHz, CD3CN): 8 = 0.83-1.01 (m, 9H), 1.36-1.51 (m, 2H), 1.53-1.70 (m, 4H), 2.61
(t,J=7.2 Hz, 2H), 7.25-7.33 (m, 3H), 7.34-7.40 (m, 2H); '3C NMR (100 MHz, CD3CN):
0=28.5,12.424.6,31.2,46.0,58.3,84.1,95.1, 124.6, 128.8, 129.4, 132.3; IR (KBr): 3057,
2965,2218, 1599, 1489, 1379, 1147, 755, 691; HRMS (ESI): [M+H]" calcd for C16H24N",

230.1903; found, m/z 230.1905.

55. 7 B AR YU T OGBS
The procedure using DBAD was described below. In a 30 mL Schlenk flask,
molecular sieves 3A (200 mg) was added, and the equipment with MS 3A was heated

under reduced pressure. After cooled to room temperature, the flask was purged with No,
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then AgOAc (1.7 mg, 0.010 mol), propargylamine 5a (40.3 mg, 0.20 mmol), CH3CN (2
mL), DBU (30 pL, 0.20 mmol), and DBAD (69.1 mg, 0.3 mmol) were added sequentially.
After the mixture was cooled to -40 °C for 10 min, CO; (balloon) was charged. The
temperature was kept at -40 °C until the reaction was completed. After 12 h, the reaction
mixture was diluted by EtOAc and filtered through a short pad of silica gel. The filtrate
was evaporated under reduced pressure, and the residue was purified by PTLC (SiO»,
eluent: hexane:EtOAc=3:1) to afford the desired product 7aA (76.4 mg, 80% yield).

The procedure using DEAD was described below. In a 30 mL Schlenk flask,
molecular sieves 3A (200 mg) was added, and the equipment with MS 3A was heated
under reduced pressure. After cooled to room temperature, the flask was purged with No,
then AgOAc (1.7 mg, 0.010 mol), propargylamine Sa (40.3 mg, 0.20 mmol), CH3CN (2
mL), and DBU (30 pL, 0.20 mmol) were added sequentially. After the mixture was cooled
to -40 °C for 10 min, DEAD (14 mL, 0.3 mmol, 40% solution in toluene) was added
dropwise, and then CO» (balloon) was charged. The temperature was kept at -40 °C until
the reaction was completed. After 12 h, the reaction mixture was diluted by EtOAc and
filtered through a short pad of silica gel. The filtrate was evaporated under reduced
pressure, and the residue was purified by PTLC (SiO», eluent: Et2O:hexane=2:1) to afford
the desired product 7aB (84.0 mg, quant).

56. T/ E=AAXY U T OEYT —4
Di-tert-butyl-(Z)-1-((4,4-dimethyl-2-0x0-3-propyloxazolidin-5-ylidene)(phenyl)
methyl)hydrazine-1,2-dicarboxylate (7aA)
0 White solid (76.4 mg, 80%); mp 146-147 °C; '"H NMR (400 MHz,

Boc O/Z<N"Pr DMSO-ds, 110 °C): 6 =10.87 (t, J= 7.2 Hz, 3H), 1.14 (s, 6H), 1.20 (s,
HN‘Nj/‘\ﬁme 9H), 1.47 (s, 9H), 1.58 (tq, /= 7.2 Hz, 7.2 Hz, 2H), 3.05 (t, /= 7.2 Hz,

Boc Ph M 511y 7.30-7.45 (m, SH), 8.43 (s, 1H): *C NMR (100 MHz, DMSO-ds,
110°C):6=10.4,21.3,25.0,27.2,27.4,40.7,60.6, 78.5,79.7, 116.1, 126.9, 127.9, 130.9,
132.2, 147.9, 151.8, 152.0, 153.8 ; IR (KBr): 3290, 2979, 2936, 2879, 1776, 1717, 1365,
1163, 1022, 725;HRMS (ESI): [M+Na]" calcd for C2sH37N3NaOs*, 498.2575; found,
m/z 498.2583.
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Diethyl (£2)-1-((4,4-dimethyl-2-ox0-3-propyloxazolidin-5-ylidene)(phenyl)methyl)
hydrazine-1,2-dicarboxylate (7aB)
0 White amorphous (84.0 mg, quant); 'H NMR (400 MHz, DMSO-

EtOOC npr de, 110 °C): 6= 0.87 (t, J = 7.6 Hz, 3H), 1.01 (t, J = 7.2 Hz, 3H),
HN’N\/‘\ﬂMe 1.15 (s, 6H), 1.20 (t,J= 7.2 Hz, 3H), 1.58 (tq, J= 7.2, 7.6 Hz, 2H),
gooc  Ph MO 305 (g =72 Hz, 2H), 3.85 (q.J = 7.2 Hz, 2H), 4.13 (q, J = 7.2
Hz, 2H), 7.30-7.45 (m, 5H), 8.95 (s, 1H); 1*C NMR (100 MHz, DMSO-ds, 110 °C): § =
10.4,13.5,13.6,21.3,24.7,40.7,59.8,60.7,61.3, 115.7,127.1, 128.1, 131.0, 132.0, 148.9,
152.0, 153.2, 154.8 ; IR (KBr): 3290, 2979, 2936, 2877, 1782, 1728, 1402, 1336, 1234,
1090, 1025, 758, 712; HRMS (ESI): [M+Na]" calcd for C21H290N3NaOg", 442.1949; found,
m/z 442.1956.

Di-tert-butyl(Z)-1-((4,4-dimethyl-2-0x0-3-propyloxazolidin-5-ylidene)(4-methoxy
phenyl)methyl)hydrazine-1,2-dicarboxylate (7bA)
//Z) White solid (95.1 mg, 94%); mp 180-182 °C (decomp.); 'H NMR (400
Boc 07 \opy MHz, DMSO-ds, 110 °C): 6 = 0.87 (t, J = 7.6 Hz, 3H), 1.15 (s, 6H),
HN'N d meMe  1.22 (s, 9H), 1.44 (s, 9H), 1.58 (tq, J = 7.6, 7.6 Hz, 2H), 3.05 (t, J =
Bog 7.6 Hz, 2H), 3.78 (s, 3H), 6.92 (d, /= 8.4 Hz, 2H), 7.25 (d, J = 8.4 Hz,
2H), 8.36 (s, 1H); 3C NMR (100 MHz, DMSO-ds, 110 °C): 6 = 10.4,
21.3,25.0,27.3,27.4,40.7, 54.7, 60.6, 78.5, 79.6, 112.8, 115.8, 124.5,
132.2, 147.7, 151.8, 152.1, 153.8, 159.2; IR (KBr): 3301, 2978, 2934, 1771, 1718, 1514,
1369, 1246, 1159, 1141, 835, 760; HRMS (ESI): [M+Na]" calcd for CsH39N3NaO7",
528.2680; found, m/z 528.2679.

OMe

Diethyl (£2)-1-((4,4-dimethyl-2-0x0-3-propyloxazolidin-5-ylidene)(4-methoxy
phenyl)methyl)hydrazine-1,2-dicarboxylate (7bB)
0 White amorphous (90.0 mg, quant); 'H NMR (400 MHz, DMSO-
EtOOC Q7 \apr de, 110 °C): 5= 0.87 (t, J = 7.2 Hz, 3H), 1.03 (t, J = 7.2 Hz, 3H),

N
HN Bve 116 (s, 6H), 1.19 (t,J = 7.2 Hz, 3H) 1.58 (tq,J = 7.2, 7.6, 2H), 3.03
EtooC (q, J= 7.6 Hz, 2H), 3.78 (s, 3H), 3.88 (q, J = 7.2 Hz, 2H), 4.12 (q,
J=17.2Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H),
OMe

8.88 (s, 1H); 3C NMR (100 MHz, DMSO-ds, 110 °C): 5 = 10.3,
13.5,13.6,21.3,24.7,40.7, 54.7,59.8,60.7,61.2, 112.8, 115.4, 124.2, 132.3, 148.7, 152.1,
153.2, 154.8, 159.3 ; IR (KBr): 2978, 2936, 1780, 1727, 1402, 1356, 1248, 1028, 759;
HRMS (ESI): [M+H]" caled for C22H3;N307, 450.2235; found, m/z 450.2230.
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Di-tert-butyl (£)-1-((4,4-dimethyl-2-0x0-3-propyloxazolidin-5-ylidene)(4-(dimethyl
amino)phenyl)methyl)hydrazine-1,2-dicarboxylate (7cA)
0 White solid (101.9 mg, 98%); mp 174-175 °C (decomp.); 'H NMR
BO(I:'\J O™ N (400 MHz, DMSO-ds, 110 °C): 6= 0.87 (t, J = 6.8 Hz, 3H), 1.17 (s,
HN 7z veMe  6H), 1.24 (s, 9H), 1.44 (s, 9H), 1.51-1.54 (m, 2H), 2.91 (s, 6H) 3.05 (t,
Boc J=6.8 Hz, 2H), 6.69 (d, J= 7.6 Hz, 2H), 7.13 (d, J= 7.6 Hz, 2H), 8.26
(s, 1H); *C NMR (100 MHz, DMSO-ds, 110 °C): 6 = 10.4, 21.4, 25.0,
27.3, 27.4, 39.4, 40.7, 60.7, 78.4, 79.5, 110.7, 116.4, 119.5, 131.6,
147.3, 150.2, 152.0, 152.3, 153.9 ; IR (KBr): 3315, 2976, 2933, 2876, 1776, 1716, 1366,

1162, 757, HRMS (ESI): [M+H]" caled for C27H43N40Os", 519.3177; found, m/z 519.3180.

NMe2

Diethyl (£2)-1-((4,4-dimethyl-2-0x0-3-propyloxazolidin-5-ylidene)(4-(dimethyl
amino)phenyl)methyl)hydrazine-1,2-dicarboxylate (7¢B)
0 White amorphous (92.7 mg, quant); 'H NMR (400 MHz, DMSO-
Et0OC  O7 Nmpy dis, 110 °C): § = 0.87 (t, J = 7.2 Hz, 3H), 1.04 (t, J = 6.8 Hz, 3H),
HN'N MeMe 1.17 (s, 6H), 1.19 (t, J = 6.8 Hz, 3H), 1.59 (tq, J= 7.2, 7.2 Hz, 2H),
EtO0C 2.92 (s, 6H), 3.04 (t,J = 7.2 Hz, 2H), 3.88 (q, J = 6.8 Hz, 2H), 4.11
(q, J = 6.8 Hz, 2H), 6.68 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz,
2H), 8.81 (s, 1H); '3*C NMR (100 MHz, DMSO-ds, 110 °C): 6 =
10.4,13.6,13.7,21.3, 25.0, 39.3 40.7, 59.8, 60.8, 61.1, 110.7, 116.1, 119.1, 131.6, 148.1,
150.1, 152.2, 153.3, 154.8; IR (KBr): 3301, 2980, 2935, 1778, 1724, 1371, 1336, 1239,
761; HRMS (ESI): [M+H]" caled for C23H3sN4O6", 463.2551; found, m/z 463.2556.

NMez

Di-tert-butyl (Z)-1-((4-chlorophenyl)(4,4-dimethyl-2-oxo0-3-propyloxazolidin-5-
ylidene)methyl)hydrazine-1,2-dicarboxylate (7dA)

o White solid (47.6 mg, 47%); mp 180-181 °C (decomp.); 'H NMR (400
Boc O//<anr MHz, DMSO-ds, 110 °C): 6 = 0.87 (t, J = 7.2 Hz, 3H), 1.16 (s, 6H),

N Ty 122 (s, 9H), 1.4 (s, 9H), 1.58 (1, J = 7.2, 7.6 Hz, 2H), 3.06 (t, J =
Boc 7.6 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 8.49 (s,
1H); 3C NMR (100 MHz, DMSO-de, 110 °C): § = 10.3, 21.3, 25.0,

c 27.2, 273, 40.7, 60.6, 78.6, 79.9, 114.9, 127.2, 131.2, 132.7, 133.1,

148.4, 151.7, 151.9, 153.8; IR (KBr): 3301, 2978, 2935, 2882, 1771, 1755, 1718, 1370,
1156, 1017, 834, 757, HRMS (ESI): [M+Na]" calcd for C25sH36CIN3NaOs", 532.2185;
found, m/z 532.2194.
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Diethyl (£)-1-((4-chlorophenyl)(4,4-dimethyl-2-0x0-3-propyloxazolidin-5-ylidene)
methyl)hydrazine-1,2-dicarboxylate (7dB)
//? White amorphous (61.6 mg, 68%); '"H NMR (400 MHz, DMSO-ds,

EtOOC O “mpy 110 °C): 8= 0.87 (t, J = 7.6 Hz, 3H), 1.03 (t, J = 7.2 Hz, 3H), 1.17
HN’N d veMe (8, 6H) 119 (t, J=7.2 Hz, 3H), 1.59 (tq, /=17.6, 7.6 Hz, 2H), 3.06
Etooc (t,J = 7.6 Hz, 2H), 3.88 (q, J = 7.2 Hz, 2H), 4.13 (¢, J = 7.2 Hz,
2H), 7.36 (d, J= 8.8 Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 9.00 (s, 1H);
3C NMR (100 MHz, DMSO-ds, 110 °C): [11)=10.3, 13.5, 13.6,
21.3,25.0, 40.8, 60.0, 60.7, 61.4, 114.5, 127.3, 130.9, 132.7, 133.3, 149.5, 151.9, 153.2,
154.8 ; IR (KBr): 2980, 2937, 2878, 1783, 1729, 1401, 1336, 1234, 1090, 947, 758;
HRMS (ESI): [M+H]" calcd for C21H29CIN3Os", 454.1739; found, m/z 454.1742.

Cl

Di-tert-butyl (Z)-1-((4,4-dimethyl-2-o0xo0-3-propyloxazolidin-5-ylidene)(thiophen-2-
y)methyl)hydrazine-1,2-dicarboxylate (7eA)

o White solid (24.4 mg, 25%); mp 144-145 °C; 'H NMR (400 MHz,

Boc O//<anr DMSO-ds, 110 °C): 6 =0.87 (t,J = 7.6 Hz, 3H), 1.19-1.31 (m, 15H),

HN,N Z MeMe 1.45 (s, 9H), 1.59 (tq, J = 7.6, 7.6 Hz, 2H), 3.08 (t, J = 7.6 Hz, 2H),

Boc /s 7.00-7.07 (m, 2H), 7.59 (d, J = 5.2 Hz, 2H), 8.46 (s, 1H); 1*C NMR

— (100 MHz, DMSO-ds, 110 °C): 6 =10.4, 21.3, 24.7, 27.3, 27.4, 40.8,

61.0, 78.6,79.9, 109.2, 125.6, 127.7, 130.4, 133.0, 151.4, 151.7, 151.8, 153.9; IR (KBr):

3242, 3156, 2975, 2939, 2880, 1782, 1717, 1369, 1331, 1159, 1018, 758, 717; HRMS

(ESI): [M+Na]" calcd for C23H35N3NaOsS*, 504.2139; found, m/z 504.2136.

Diethyl (£)-1-((4,4-dimethyl-2-ox0-3-propyloxazolidin-5-ylidene)(thiophen-2-yl)
methyl)hydrazine-1,2-dicarboxylate (7eB)
o White amorphous (70.1 mg, 82%); '"H NMR (400 MHz, DMSO-d,
EtOOE O \er 110°C): 5 =0.87 (t, J= 7.2 Hz, 3H), 1.06 (t, J = 7.2 Hz, 3H), 1.20
HN Y veMe  (t,J=7.2Hz, 3H), 1.27 (s, 6H), 1.59 (tq, J = 7.2, 7.6 Hz, 2H), 3.08
EI00C 7~s (t, J = 7.6 Hz, 2H), 3.91 (q, J = 7.2 Hz, 2H), 4.12 (¢, J = 7.2 Hz,
- 2H), 7.02 (dd, J = 3.2, 4.8 Hz, 1H), 7.06 (d, J = 3.2 Hz, 1H), 7.60
(d,J=4.8 Hz, 1H), 9.00 (s, 1H); '3C NMR (100 MHz, DMSO-ds, 110 °C): & = 10.4, 13.6,
13.6,21.2, 24.7, 40.8, 59.9, 61.1, 61.3, 108.8, 125.6, 128.0, 130.7, 132.6, 151.6, 152.1,
153.0, 154.8; IR (KBr): 3303, 2979, 2935, 2877, 1785, 1729, 1402, 1334, 1233, 1088,
1022, 758, 713; HRMS (ESI): [M+H]* calcd for C19H2sN306S*, 426.1693; found, m/z
426.1697.
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Di-tert-butyl (Z)-1-((4,4-dimethyl-2-0x0-3-propyloxazolidin-5-ylidene)(o-tolyl)
methyl)hydrazine-1,2-dicarboxylate (7fA)
0 White solid (86.5 mg, 89%); mp 178-179 °C (decomp.); 'H NMR
HBO(I:l\] O™ Nepr (400 MHz, DMSO-ds, 110 °C): 6= 0.87 (t, J = 7.2 Hz, 3H), 1.02
N meMe (s, 3H), 1.11-1.25 (m, 12H), 1.46 (s, 9H), 1.52-1.64 (m, 2H), 2.35
Me (s, 3H), 3.01-3.13 (m, 2H), 7.11-7.24 (m, 3H), 7.25-7.32 (m, 1H),
8.37 (s, 1H); 3C NMR (100 MHz, DMSO-d, 110 °C): § = 10.4,
19.2,21.4,22.9,25.6,27.2,27.3,40.7,60.7, 78.4, 79.8, 114.9, 123.9, 128.4, 129.3, 130.8,
133.1, 138.9, 146.6, 151.5, 152.2, 153.8 ; IR (KBr): 3316, 2979, 2935, 2877, 1786, 1729,
1402, 1334, 1233, 1088, 1022, 758, 713 ; HRMS (ESI): [M+Na]® caled for
CasH39N3NaOg*, 512.2731; found, m/z 512.2729.

Boc

Diethyl (£)-1-((4,4-dimethyl-2-0x0-3-propyloxazolidin-5-ylidene)(o-tolyl)methyl)
hydrazine-1,2-dicarboxylate (7fB)
o White amorphous (85.5 mg, 99%); '"H NMR (400 MHz, DMSO-

EtOOC O//<anr ds, 110 °C): 6 =0.87 (t,J= 7.6 Hz, 3H), 0.98 (t, /= 7.2 Hz, 3H),
1.03 (s, 3H), 1.19 (s, 3H), 1.22 (t,J = 7.2 Hz, 3H), 1.51-1.66 (m,
2H), 3.01-3.09 (m, 2H), 3.68-3.90 (m, 2H), 4.15 (q, J = 7.2 Hz,
2H), 7.12-7.18 (m, 1H), 7.18-7.23 (m, 2H), 7.25-7.31 (m, 1H),
8.88 (s, 1H); '*C NMR (100 MHz, DMSO-ds, 110 °C): § = 10.4, 13.5, 13.6, 19.0, 21.3,
22.9,25.5,40.7,59.8, 60.8, 61.3, 114.4, 124.0, 128.5, 129.3, 130.4, 133.1, 138.9, 147.5,
152.1, 152.9, 154.7; IR (KBr): 3301, 2980, 2936, 2877, 1779, 1726, 1403, 1334, 1233,
1088, 1029, 757, HRMS (ESI): [M+H]" calcd for C22H32N306", 434.2286; found, m/z
434.2281.

Di-tert-butyl (Z)-1-((4,4-dimethyl-2-oxo0-3-propyloxazolidin-5-ylidene)(naphthalen-
1-y)methyl)hydrazine-1,2-dicarboxylate (7gA)

J(O Pale yellow solid (69.1 mg, 66%); mp 182-184 °C (decomp.); 'H

HBOEI O NP NMR (400 MHz, DMSO-ds, 150 °C): 6 =0.82 (s, 3H), 0.87 (t, J =

N veMe 7.2 Hz, 3H), 0.97 (s, 9H), 1.19 (s, 3H), 1.45-1.64 (m, 11H), 2.97-

CO 3.10 (m, 2H), 7.43-7.55 (m, 4H), 7.83-7.99 (m, 2H), 8.09-8.25 (m,

1H), 8.35 (s, 1H); *C NMR (100 MHz, DMSO-ds, 150 °C): & =

10.1,21.1, 23.6,25.1, 26.8, 27.3, 40.6, 60.7, 78.2, 80.0, 113.6, 123.8, 125.0, 126.1, 127.2,

128.6,129.1,130.7,132.7,132.9, 148.5, 151.6, 152.0, 153.6; IR (KBr): 3276, 2974, 2934,

2879, 1775, 1718, 1366, 1330, 1161, 1092, 1020, 785; HRMS (ESI): [M+Na]" calcd for

C29H39N3NaOg", 548.2731; found, m/z 548.2737.

Boc
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Diethyl (£)-1-((4,4-dimethyl-2-oxo0-3-propyloxazolidin-5-ylidene)(naphthalen-1-yl)
methyl)hydrazine-1,2-dicarboxylate (7gB)
0 Pale yellow amorphous (89.7 mg, 96%); 'H NMR (400 MHz,
E00C O Nmp,  DMSO-ds, 150 °C): & = 0.69-0.92 (m, 9H), 1.19 (s, 3H), 1.25-
1.36 (m, 3H), 1.52-1.65 (m, 2H), 2.96-3.11 (m, 2H), 3.53-3.74
OO (m, 2H), 4.12-4.29 (m, 2H), 7.41-7.56 (m, 4H), 7.85-7.99 (m,
2H), 8.24-8.33 (m, 1H), 8.71 (s, 1H); '3C NMR (100 MHz,
DMSO-ds, 150 °C): 6 =10.1, 12.9, 13.4, 21.0, 23.6, 25.1, 40.7, 59.4, 60.8, 61.2, 113.1,
123.8,125.0,125.2, 125.8, 127.2, 128.8, 130.7, 132.7, 132.9, 149.3, 151.9, 153.0, 154.5 ;
IR (KBr): 2977, 2933, 2876, 1781, 1726, 1403, 1374, 1338, 1216, 1096, 786; HRMS
(ESI): [M+H]" caled for C2sH32N30¢6", 470.2286; found, m/z 470.2293.

Di-tert-butyl (Z£)-1-((3-benzyl-4,4-dimethyl-2-oxoo0xazolidin-5-ylidene)(phenyl)
methyl)hydrazine-1,2-dicarboxylate (7hA)
Qo White solid (83.4 mg, 80%); mp 189-190 °C; '"H NMR (400 MHz,

BOT.\I O *N-8n DMSO-dg, 110 °C): 6 =1.09 (s, 6H), 1.21 (s, 9H), 1.46 (s, 9H), 4.39
HN’ %?,éme (s, 2H), 7.19-7.43 (m, 10H), 8.45 (s, 1H); '*C NMR (100 MHz,

Boc DMSO-ds, 110 °C): 6 =25.1,27.3,27.4,42.4,61.0, 78.6, 79.9, 116.4,
126.7, 126.8, 127.0, 127.1, 127.4, 127.7, 128.0, 130.9, 132.2, 137.5, 147.8, 151.8, 152.7,
153.8; IR (KBr): 3326, 2979, 2936, 1775, 1719, 1364, 1153, 1060, 710; HRMS (ESI):
[M+Na]* calcd for C20H37N3NaOs", 546.2575; found, m/z 546.2584.

Diethyl (£2)-1-((3-benzyl-4,4-dimethyl-2-o0xoo0xazolidin-5-ylidene)(phenyl)methyl)
hydrazine-1,2-dicarboxylate (7hB)
o White amorphous (93.6 mg, quant); '"H NMR (400 MHz, DMSO-

. e 7.2 Hz, 3H), 3.86 (q. J = 6.8 Hz, 2H), 4.15 (q, J = 7.2 Hz, 2H),
Ew00C PN 439 (s, 2H), 7.19-7.49 (m, 10H), 8.98 (s, 1H); 13C NMR (100
MHz, DMSO-ds, 110 °C): § = 13.5, 13.6,25.1, 42.4, 59.9, 61.1,61.3, 116.0, 126.7, 126.8,
127.1,127.8,128.2, 1309, 131.9, 137.4, 148.7, 152.5, 153.2, 154.8; IR (KBr): 2982, 2926,
2854, 1781, 1727, 1401, 1336, 1234, 1057, 756, 711; HRMS (ESI): [M+H]" calcd for
CasHoN306", 468.2129; found, m/z 468.2116.
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Di-tert-butyl (Z2)-1-((3-(4-methoxybenzyl)-4,4-dimethyl-2-oxooxazolidin-5-ylidene)
(phenyl)methyl)hydrazine-1,2-dicarboxylate (7iA)
o White amorphous (67.2 mg, 61%); '"H NMR (400 MHz, DMSO-ds,

'30('3,\] OJ<N-pMB 110 °C): 6= 1.08 (s, 6H), 1.20 (s, 9H), 1.45 (s, 9H), 3.74 (s, 3H),
HN’ mMe 4.32 (s,2H), 6.86 (d,J=8.4 Hz, 2H), 7.24 (d, /= 8.4 Hz, 2H), 7.29-
Boc PP 7.40 (m, SH), 8.43 (s, 1H); 3C NMR (100 MHz, DMSO-ds,
110°C):6=25.2,27.2,27.4,30.3,41.9,54.7,61.0, 78.6, 79.8, 113.5, 116.3, 127.0, 128.0,
128.3,129.5,130.9,132.2,147.9, 151.8, 152.6, 153.8, 158.3; IR (KBr): 2978, 2933, 1779,
1725, 1368, 1248, 1156, 1060, 961, 779, 707; HRMS (ESI): [M+Na]" calcd for
C30H39N3NaO7", 576.2680; found, m/z 576.2688.

Diethyl (£2)-1-((3-(4-methoxybenzyl)-4,4-dimethyl-2-oxooxazolidin-5-ylidene)
(phenyl)methyl)hydrazine-1,2-dicarboxylate (7iB)

O White amorphous (98.2 mg, 99%); 'H NMR (400 MHz, DMSO-

E00C O™ \\_pwg ds, 110 °C): 8= 1.01 (t, J = 7.2 Hz, 3H), 1.10 (s, 6H), 1.20 (t, J
HN Nﬁ/kMéMe — 7.2 Hz, 3H), 3.74 (s, 3H), 3.86 (q, J = 7.2 Hz, 2H), 4.16 (q, J
E00C  Pn = 7.2 Hz, 2H), 432 (s, 2H), 6.87 (d, J = 8.4 Hz, 2H), 7.24 (d, J

= 8.4 Hz, 2H), 7.30-7.41 (m, 5H), 8.97 (s, 1H); 13C NMR (100 MHz, DMSO-ds, 110 °C):
§=13.5,13.6,25.1,41.9,54.7,59.9, 61.1, 61.3, 113.6, 115.9, 127.1, 128.2, 128.3, 129.4,
130.9, 131.9, 148.7, 152.5, 153.2, 154.8, 158.4; IR (KBr): 2986, 2937, 1780, 1726, 1400,
1332, 1246, 1178, 1059, 962, 780, 710; HRMS (ESI): [M+Na]" calcd for Ca6H31N3NaO+",
520.2054; found, m/z 520.2061.

Di-tert-butyl (£)-1-((4,4-diethyl-2-0xo0-3-propyloxazolidin-5-ylidene)(phenyl)
methyl)hydrazine-1,2-dicarboxylate (7jA)
o White solid (72.9 mg, 72%); mp 170-171 °C (decomp.); 'H NMR (400
Boc O sy MHz, DMSO-ds, 110 °C): § = 0.80-0.94 (m, 9H), 1.01-1.14 (m, 2H),
\)\Etﬂa 1.21 (s, 9H), 1.40-1.66 (m, 13H), 2.96 (t, J = 8.0 Hz, 2H). 7.27-7.43
Boc PP (m, 5H), 8.50 (s, 1H); 13C NMR (100 MHz, DMSO-ds, 110 °C): & =
6.9,10.7,20.9,27.2,27.5,28.6,40.7, 69.1, 78.4, 80.0, 115.9, 126.9, 128.0, 129.8, 132.3,
144.4, 152.0, 153.3, 153.8; IR (KBr): 3307, 2973, 2935, 2881, 1774, 1717, 1445, 1366,
1159, 1095, 1022, 960, 758, 726, 712 : HRMS (ESI): [M+Na]" calcd for C27HsN3NaOg",
526.2888; found, m/z 526.2880.
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Diethyl (£2)-1-((3-benzyl-4,4-dimethyl-2-oxoo0xazolidin-5-ylidene)(phenyl)methyl)
hydrazine-1,2-dicarboxylate (7jB)
o White amorphous (88.1 mg, 98%); '"H NMR (400 MHz, CD;CN,

EtOOC Q" \apr 75 °C): § = 0.85-0.97 (m, 9H), 1.09 (t, J = 7.2 Hz, 3H), 1.12-1.21

W/‘\‘Et (m, 2H), 1.25 (t, J= 7.2 Hz, 3H), 1.46-1.57 (m, 2H), 1.59-1.71 (m,

2H), 2.98 (t, J = 7.6 Hz, 2H), 3.95 (q, J = 6.8 Hz, 2H), 4.20 (q, J =
7.2 Hz, 2H), 7.27-7.49 (m, 5H); *C NMR (100 MHz, DMSO-ds, 110 °C): = 6.7, 10.7,
13.5, 13.7, 20.9, 28.6, 40.7, 59.8, 61.3, 69.3, 115.5, 127.1, 128.2, 129.8, 131.9, 145 .4,
153.2, 153.3, 154.8; IR (KBr): 3267, 2973, 2936, 1778, 1726, 1406, 1343, 1184, 1095,
1059, 954, 758, 713; HRMS (ESI): [M+H]" calcd for C23H34N3O6", 448.2442; found, m/z
448.2441.

5-7. \LE) 8b DA RLSG

The procedure using DPPH was described below. In a 30 mL Schlenk flask,
molecular sieves 3A (200 mg) was added, and the equipment with MS 3A was heated
under reduced pressure. After cooled to room temperature, the flask was purged with No,
then AgOAc (1.7 mg, 0.010 mol), propargylamine 1a (40.3 mg, 0.200 mmol), CH3CN (2
mL), and DBU (30 pL, 0.20 mmol) were added sequentially, and the mixture was
degassed by three freeze-pump-thaw cycles. After the mixture was cooled to -40 °C for
10 min, the solution of DPPH (1.9 mL, 0.48 mmol, 0.25 M solution in CH3CN) was added
dropwise, and then CO» (balloon) was charged. The temperature was kept at -40 °C until
the reaction was completed. After 24 h, the reaction mixture was diluted by EtOAc and
filtered through a short pad of silica gel (eluent: EtOAc). AcOH (1 mL) was added to the
filtrate and stirred for 12 h. The reaction mixture was then extracted by EtOAc and organic
layer was washed by saturated NaHCOs aq.. After the solvent was evaporated under
reduced pressure, and the residue was purified by column chromatography (SiO», eluent:
n-hexane:Et,0O = 4:1 to 2:1) and preparative thin layer chromatography (SiO., eluent: n-
hexane:EtOAc = 3:1) to afford the desired product 3aB (10.4 mg, 8%).
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5-8. {b& ¥ 8b DG T — ¥
(£)-5-((2,2-Diphenyl-1-(2,4,6-trinitrophenyl)hydrazineyl)(4-methoxyphenyl)
methylene)-4,4-dimethyl-3-propyloxazolidin-2-one (8b)

O2N Dark purple amorphous (10.4 mg, 8%); 'H NMR (400 MHz,

/@/NOQO DMSO-dg): = 0.79-0.91 (m, 3H), 0.98-1.09 (m, 3H), 1.48-1.70
O2N J<anr (m, 5H), 3.02-3.20 (m, 2H), 3.82-3.86 (m, 3H), 7.01-7.14 (m, 6H),

thN’N 7 MeMe 7.16 (d, J = 1.6 Hz, 1H), 7.25-7.36 (m, 2H), 7.38-7.50 (m, 4H),

7.81 (d, J=1.6 Hz, 1H), 7.98 (d, J = 9.2 Hz, 2H); '3*C NMR (100
MHz, DMSO-ds): 6 =11.1, 19.6,22.1,22.9,41.5, 55.7, 64.4, 108.0,
108.2,108.3,114.2, 114.3, 122.8, 123.5, 125.2, 127.4, 130.0, 130.1,
132.4,132.5,143.3, 143.7, 149.6, 153.5, 154.2, 163.6; IR (KBr): 2930, 2857, 1775, 1600,
1537, 1467, 1385, 1264, 1229, 1165, 1113, 1040, 969, 900, 757, 689; HRMS (ESI):
[M+H]" calcd for C34H33N6¢O9", 669.2304; found, m/z 669.2296.

OMe
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6. L) — VRIS IR 72 S T o Kolbe-Schmitt S (5 3 )

6-1. Vi

BT =k UMk, EL7 0 L LFOCHBERASHNOIBALIZ b D ZZ
OFEF MW (ElAE S 0 010-22905),

6-2. #HE
DBU (%, & L7 4 v AFEHMBERA S BA LT D ZEDEE AW
(L 043-16383),

6-3. LYY ) =L 9 DERE LA T — 4

O OH OH

M Et3SiH (2.9 equiv) M
© TFA (0.3 M), r.t, 3 h ©
HO 81% HO

9c

Resorcinol 1f was prepared by the following procedure’'. Under N, atmosphere,
pyrogallol (630.6 mg, 5.0 mmol), and Li2CO3 (923.6 mg, 12.5 mmol) were dissolved into
DMF (19 mL). To the solution, iodomethane (0.78 mL, 12.5 mmol) was added and the
reaction mixture was stirred at 50 °C overnight. The reaction was diluted by water, and
the mixture was extracted three times with EtOAc. The combined organic layer was dried
over NaxSOg, and the solvent was removed under reduced pressure. The residue was
purified by column chromatography (SiO2, eluent: hexane:EtOAc=5:1 to 3:1) to afford
the resorcinol 9f (138.9 mg, 20%).

2-ethylbenzene-1,3-diol (1¢)’*
" Pale brown solid; 'H NMR (400 MHz, CD3CN): § = 1.05 (t, /= 7.2 Hz, 3H),
Me 2.56 (q, J = 7.2 Hz, 2H), 6.32 (d, J = 7.6 Hz, 2H), 6.65-6.69 (m, 2H), 6.82
HO (t, J= 7.6 Hz, 1H); 3C NMR (100 MHz, DMSO-d): & = 13.8, 16.1, 106.2,
116.6, 125.9, 156.0.
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OH OMe OMe

K>CO3 (3.0 equiv)
Mel (2.5 equiv) MeMgBr (1.5 equiv)
HO DMF (1.6 M), r.t., 16 h a0 THF (0.5M),0°Ctort. pMeo
92% 90% Me
0~ Me 0~ Me HO™ Me
S2 S3
OMe OH
Et3SiH (2.9 equiv) BBr3 (2.4 equiv)
TFA(0.3M), rt,3h MeO DCM (1.0M),0°Ctort. Ho
74% 59%
Me™ "Me Me”™ Me
S4 9d

Resorcinol 1d was prepared by the following procedure’!-’374, Under N, atmosphere,
2’,4’-dihydroxy acetophenone (760.8 mg, 5.0 mmol), and K»COs3 (2.07 g, 15 mmol) were
dissolved into DMF (3.1 mL). To the solution, iodomethane (0.78 mL, 12.5 mmol) was
added. After being stirred for 16 h at room temperature, the reaction was diluted by water,
and the mixture was extracted three times with EtOAc. The combined organic layer was
dried over Na;SOj4, and the solvent was removed under reduced pressure. The residue was
purified by column chromatography (SiO:, eluent: hexane:EtOAc=20:1) to afford the
acetophenone S1 (826.7 mg, 92%).

Under N> atmosphere, the acetophenone S1 (826.7 mg, 4.6 mmol) was dissolved into
THF (9.2 mL). After cooling at 0 °C, MeMgBr (6.9 mL, 6.9 mmol, 1.0 M solution in
THF) was added dropwise, and the reaction was warmed to room temperature. The
reaction was quenched by sat. NH4Cl aq., and the mixture was extracted three times with
EtOAc. The combined organic layer was dried over Na>SO4, and the solvent was removed
under reduced pressure. The residue was purified by column chromatography (SiO-,
eluent: hexane:EtOAc=5:1) to afford the benzyl alcohol S2 (806.8 mg, 90%).

Under N> atmosphere, the benzyl alcohol S2 (392.5 mg, 2.0 mmol) was dissolved
into TFA (6.7 mL). To the solution, triethylsilane (0.92 mL, 5.8 mmol) was added
dropwise. After being stirred for 3 h at room temperature, the reaction was neutralized by
sat. NaHCOs aq., and the mixture was extracted three times with EtOAc. The combined
organic layer was dried over Na>xSO4, and the solvent was removed under reduced
pressure. The residue was purified by column chromatography (SiO;, eluent:
hexane:EtOAc=50:1) to afford the desired dimethoxybenzene S3 (266.6 mg, 74%).

Under N> atmosphere, dimethoxybenzene S3 (855.3 mg, 4.7 mmol) was dissolved
into DCM (4.7 mL). After cooling at 0 °C, BBr3 (11.3 mL, 11.3 mmol, 1.0 M solution in
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DCM) was added dropwise, and the reaction was warmed to room temperature. The
reaction was quenched by water, and the mixture was extracted three times with EtOAc.
The combined organic layer was dried over Na;SO4, and the solvent was removed under
reduced pressure. The residue was purified by column chromatography (SiO., eluent:
hexane:EtOAc=3:1) to afford the resorcinol 1d (424.1 mg, 59%).

4-isopropylbenzene-1,3-diol (1d)”
OH  Pale brown solid; '"H NMR (400 MHz, DMSO-de): 8 = 1.08 (d, /= 6.8 Hz, 6H),
3.05 (sept, J= 6.8 Hz, 1H), 6.13 (dd, J=2.4, 8.4 Hz, 1H), 6.24 (d, J= 2.4 Hz,
HO 1H), 6.83 (d, J = 8.4 Hz, 1H), 8.89 (bs, 1H), 9.01 (s, 1H); '*C NMR (100 MHz,
Me™ M DMSO-de): § = 22.9, 25.8, 102.4, 105.9, 124.8, 126.1, 155.0, 155.8.

OH Li,CO; (2.5 equiv) OH
HO Mel (2.5 equiv) MeO
DMF (0.26 M), r.t. to 50 °C
HO overnight, 20% HO
of

Resorcinol 1f was prepared by the following procedure’s. Under N, atmosphere,
pyrogallol (630.6 mg, 5.0 mmol), and Li2COs3 (923.6 mg, 12.5 mmol) were dissolved into
DMF (19 mL). To the solution, iodomethane (0.78 mL, 12.5 mmol) was added and the
reaction mixture was stirred at 50 °C overnight. The reaction was diluted by water, and
the mixture was extracted three times with EtOAc. The combined organic layer was dried
over Na;SOg, and the solvent was removed under reduced pressure. The residue was
purified by column chromatography (SiO, eluent:hexane:EtOAc=5:1 to 3:1) to afford
the resorcinol 1f (138.9 mg, 20%).

2-methoxybenzene-1,3-diol (9)’¢

OH  White solid; '"H NMR (400 MHz, DMSO-ds): & = 3.65 (s, 3H), 6.26 (d, J =
8.4 Hz, 2H), 6.65 (t, J = 8.4 Hz, 1H), 8.99 (s, 2H); '3C NMR (100 MHz,

HO DMSO-ds): 8 =159.8, 107.4, 123.5, 135.7, 151.0.

MeO
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H_O DMAP (cat.) H_O )J\
Pyridine (2.0 equiv) O~ "H
AcCl (1.0 equiv) mCPBA (2.0 equiv)
DCM (0.5 M), 0 °C DCM (0.3 M), reflux
HO 86% AcO 74%
OMe OMe AcO
OMe
S5 S6
OH

NaHCO3 (2.0 equiv)

MeOH (0.5 M), rit.
72% HO

OMe
9g

Resorcinol 9g was prepared by the following procedure’’>’®. Under N, atmosphere,
isovanillin (1.52 g, 10 mmol), DMAP (ca. 20 mg, cat.), and pyridine (1.6 mL, 20 mmol)
were dissolved into DCM (20 mL). After cooling at 0 °C, AcCl (0.71 mL, 12.5 mmol)
was added dropwise. The reaction was quenched by water, and the mixture was extracted
three times with EtOAc. The combined organic layer was dried over NaxSO4, and the
solvent was removed under reduced pressure. The residue was purified by column
chromatography (SiO, eluent: hexane:EtOAc=3:1) to afford the benzaldehyde S4 (1.66
g, 86%).

Under N2 atmosphere, the benzaldehyde S4 (918.6 g, 4.7 mmol) and mCPBA (2.33
g, 9.5 mmol, contains ca. 30% water) were dissolved into DCM (16 mL), and the reaction
was refluxed. The reaction was quenched by sat. NaHSO3 aq., and the mixture was
extracted three times with DCM, and washed with sat. NaHCOs aq.. The combined
organic layer was dried over Na>xSOs, and the solvent was removed under reduced
pressure. The residue was purified by column chromatography (SiO2, eluent:
hexane:EtOAc=5:1) to afford the methoxybenzene S5 (732.3 mg, 74%).

The methoxybenzene S5 (732.3 mg, 3.5 mmol) and NaHCO3 (588.1 mg, 7.0 mmol)
were dissolved into MeOH (7 mL), and the reaction was stirred at room temperature. The
reaction was diluted with water and the mixture was extracted three times with EtOAc.
The combined organic layer was dried over Na;SO4, and the solvent was removed under
reduced pressure. The residue was purified by column chromatography (SiO>, eluent:
hexane:EtOAc=3:1) to afford the resorcinol 9g (348.8 g, 72%).
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4-methoxybenzene-1,3-diol (9g)”°
OH  White solid; 'H NMR (400 MHz, DMSO-ds): 6 = 3.63 (s, 3H), 6.10 (dd, J=2.8
Hz, 8.4 Hz, 1H), 6.26 (d, J = 2.8 Hz, 1H) , 6.67 (d, J = 8.4 Hz, 1H), 8.76 (s,
RO 1H), 881 (s, 1H); *C NMR (100 MHz, DMSO-dg): = 55.6, 103.8, 1049,
114.2, 140.7, 147.5, 151.9.

OMe nBuLi (1.25 equiv) OMe NaOH (5.0 equiv) OMe
B(OMe); (2.0 equiv) (HO),B HSA (1.5 equiv) HoN
THF (0.17 M), 0 °C to -78 °C MeCN/H,0 (1:1), pW
MeO 81% MeO 100 °C, 80% MeO
S7 S8
H OMe y OH
AcCl (1.0 equiv) Me\n/N BBr3 (2.4 equiv) Me\n/N
DCM (1.0 M), 0 °C to r.t. o DCM (0.1 M), 0 °C to rit. o
93% MeO 83% HO
S9 9i

Resorcinol 9i was prepared by the following procedure®®3!. Under N, atmosphere,
1,3-dimethoxybenzene (1.3 mL, 10 mmol) was dissolved into THF (59 mL). The reaction
was cooled at 0 °C, and "BuLi (0.92 mL, 8.0 mmol, 1.57 M solution in n-hexane) was
added, dropwise. After being stirred for 4 h at 0 °C, the reaction was cooled at -78 °C,
and B(OMe)s (2.2 mL, 20 mmol) was added. After stirred overnight at room temperature,
the reaction was quenched with 1 N HCI aq., and stirred for 1 h. The reaction mixture
was extracted three times with EtOAc. The combined organic layer was dried over
Na»SOg4, and the solvent was removed under reduced pressure. The residue was purified
by column chromatography (SiO., eluent: hexane:EtOAc=3:1) to afford the desired
phenyl boronic acid S6 (1.48 g, 81%)).

To the vial, the aryl boronic acid S6 (364.0 mg, 2.0 mmol), Hydroxylamine-O-
sulfonic acid (339.3 mg, 3.0 mmol), MeCN (10 mL), and NaOH (10 mmol, 10 mL, 1 N
solution in H>O) were added. The vial tube was sealed and heated with microwave at
100 °C for 1 h. After the reaction was cooled to room temperature, the reaction mixture
was extracted three times with EtO. The combined organic layer was dried over Na>SOs,
and the solvent was removed under reduced pressure. The residue was purified by column
chromatography (SiOz, eluent: hexane:EtOAc=5:1) to afford the desired aniline S7 (244.7
mg, 80%).
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Under N2 atmosphere, the aniline S7 (408.6 mg, 2.7 mmol) was dissolved into DCM
(3 mL). The reaction was cooled at 0 °C, and AcCl (0.19 mL, 2.7 mmol) was added,
dropwise. After stirred overnight at room temperature, the reaction was quenched with
water, and the mixture was extracted three times with EtOAc. The combined organic layer
was dried over Na;SOg4, and the solvent was removed under reduced pressure. The residue
was purified by column chromatography (SiO», eluent: hexane:EtOAc=1:1) to afford the
desired amide S8 (484.3 mg, 93%).

Under N, atmosphere, amide S3 (484.3 mg, 2.5 mmol) was dissolved into DCM (25
mL). After cooling at 0 °C, BBr3 (6.0 mL, 6.0 mmol, 1.0 M solution in DCM) was added
dropwise, and the reaction was warmed to room temperature. The reaction was quenched
by water, and the mixture was extracted three times with EtOAc. The combined organic
layer was dried over Na>xSQOy4, and the solvent was removed under reduced pressure. The
residue was purified by column chromatography (SiO., eluent: hexane:EtOAc=2:1) to
afford the resorcinol 9i (344.1 mg, 83%)

N-(2,6-dihydroxyphenyl)acetamide (9i)3’
v 9" Pale brown solid; 'TH NMR (400 MHz, DMSO-d): 6 = 2.10 (s, 3H), 6.34

Me N
T (d,J=7.6 Hz, 2H), 6.86 (d, J=7.6 Hz, 1H), 9.24-9.51 (m, 3H); *C NMR
HO (100 MHz, DMSO-ds): 8 =22.8, 107.6, 114.1, 126.7, 152.1, 170.4.

OH NaOH (2.0 equiv) OH
Br, (3.5 equiv) Na,SOj3 (2.0 equiv)  Br
CHCI3 (1.0 M), 0 °C to rt. H,O/MeOH (5:1)
HO 86% (over 2 steps) HO
9l

Resorcinol 91 was prepared by the following literature®®. Under N> atmosphere,
resorcinol (220.2 mg, 2.0 mmol) was dissolved into CHCI3 (2.0 mL). After cooling at
0 °C, Br2(0.36 mL, 7.0 mmol) was added dropwise, and the reaction was warmed to room
temperature. After being stirred, the solvent was removed, and the crude was dissolved
into MeOH (0.8 mL). To the reaction, NaOH (160.0 mg, 4.0 mmol), Na>SO3 (504.2 mg,
4.0 mmol), and water (4 mL) was added and stirred for 1 h. The reaction was quenched
by 1 N HCI aq., and the mixture was extracted three times with EtOAc. The combined
organic layer was dried over Na>xSO4, and the solvent was removed under reduced
pressure. The residue was purified by column chromatography (SiO:, eluent:
hexane:EtOAc=3:1) to afford the resorcinol 91 (325.0 mg, 86%)
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2-bromobenzene-1,3-diol (91)%*

9" White solid; "H NMR (400 MHz, DMSO-de): 8 = 6.39 (d, J = 8.4 Hz, 2H), 6.91
(t, J = 8.4 Hz, 1H), 9.96 (s, 2H); 3C NMR (100 MHz, DMSO-ds): & = 98.0,
106.8, 128.0, 155.5.

Br.

HO

OMe OH
BBr3 (2.4 equiv)
DCM (1.0 M), 0 °C to r.t.
MeO Br 60% HO Br
9n

Resorcinol 9n was prepared by the following procedure’. Under N, atmosphere, 5-
bromo-1,3-dimethoxybenzene (1.09 g, 5.0 mmol) was dissolved into DCM (5 mL). After
cooling at 0 °C, BBr3 (12 mL, 12 mmol, 1.0 M solution in DCM) was added dropwise,
and the reaction was warmed to room temperature. The reaction was quenched by water,
and the mixture was extracted three times with EtOAc. The combined organic layer was
dried over Na>SQOy4, and the solvent was removed under reduced pressure. The residue was
purified by column chromatography (SiO», eluent: hexane:EtOAc=3:1) to afford the
resorcinol 9n (562.8 mg, 60%)

5-bromobenzene-1,3-diol (9n)’
OH Pale brown solid; 'H NMR (400 MHz, DMSO-d): § = 6.19 (t, J=2.0 Hz,
1H), 6.38 (d, J=2.0 Hz, 2H) , 9.69 (s, 2H); '*C NMR (100 MHz, DMSO-

HO B ds): §=101.8,109.4, 121.8, 159.3.
OH OH
H,SO4 (3.9 equiv)
MeOH (0.69 M), reflux, 3 h
HO OH 63% HO OMe

9q

Resorcinol 9q was prepared by the following literature®. Under N, atmosphere,
phloroglucinol (630.6 mg, 5.0 mmol) was dissolved into MeOH (7 mL). To the reaction,
H>SO4 (1.0 mL, 19.5 mmol) was added dropwise, and the reaction was refluxed for 3 h.
The reaction was quenched by sat. NaHCOj aq., and the mixture was extracted three times
with EtOAc. The combined organic layer was dried over Na;SO4, and the solvent was
removed under reduced pressure. The residue was purified by column chromatography
(Si0., eluent: hexane:EtOAc=4:1 to 2:1) to afford the resorcinol 9q (442.7 mg, 63%)
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5-methoxybenzene-1,3-diol (9q)3°
oH White solid; "TH NMR (400 MHz, DMSO-ds): 6 = 3.60 (s, 3H), 5.78 (s,
/@\ 2H), 5.81 (s, 1H), 9.19 (s, 2H); 3C NMR (100 MHz, DMSO-dc): & = 54.7,
HO OMe 93 .6,95.5,159.1, 161.2.

6-4. U F/LEE 10 35 KO 11 DB RS

The reaction was performed using a pressure test tube equipped with a stirring bar in
a 30 mL autoclave. To a solution of resorcinol 9a (11.0 mg, 0.100 mmol) in dry CH3CN
(1.0 mL) in a pressure test tube was added DBU (44.9 uL, 0.300 mmol). The pressure test
tube containing the reaction mixture was placed in the autoclave. CO> (2.0 MPa) was
charged and the reaction mixture was stirred at 30 °C for 24 h. After the CO» was carefully
vented, 1| M HCI aq. (ca. 3.0 mL) was added to the mixture. The resulting mixture was
extracted with ethyl acetate three times and volatile materials were removed under
reduced pressure. The residue was purified by flash silica-gel column chromatography
(eluent: EtOAc:AcOH=99:1, v/v) to afford 10a (15.4 mg, 0.999 mmol) in >99% as a
white solid.

The larger scale reaction was carried out as follows. The reaction was performed
using a 1 L three necked round bottom flask. To a solution of resorcinol 9a (11.0 g, 0.100
mol) in dry CH3CN (500 mL) in a flask was added DBU (44.9 mL, 0.300 mol). CO;
(balloon) was charged and the reaction mixture was stirred at room temperature for 28 h.
After the CO; balloon was removed, 1 M HCl aq. (ca. 500 mL) was added to the mixture.
The resulting mixture was extracted with ethyl acetate several times (checked by TLC)
and volatile materials were removed under reduced pressure. The residue was purified by
recrystallization (hexane/EtOAc) to afford 10a (12.9 g, 0.838 mol) in 84% as a white
solid.

6-5. VU FAEE10 B O 11 DIbEMT —%
2,4-dihydroxybenzoic acid (10a)*
OH ooy White solid; 'H NMR (400 MHz, DMSO-de): § = 6.25 (d, J = 2.4 Hz,
@( 1H), 6.33 (dd, J = 2.4 Hz, 8.8 Hz, 1H), 7.60 (d, J = 8.8 Hz, 1H), 10.42
HO (bs, 1H), 11.40 (bs, 1H); 3C NMR (100 MHz, DMSO-ds): &= 102.4,
104.5,108.1, 132.1, 163.5, 164.2, 172.1.
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2,4-dihydroxy-3-methylbenzoic acid (10b)
oH The reaction was carried out with 9b (12.4 mg, 0.1 mmol), DBU (44.9
Me COOH L, 0.3 mmol) in CH3CN at 30 °C for 24 h; White solid (16.0 mg, 95%);
:©/ mp 182 °C (decomp.)(1it.?8, 213-214 °C, decomp); 'H NMR (400 MHz,
DMSO-ds): 6 =1.95 (s, 3H), 6.39 (d, /= 8.4 Hz, 1H), 7.48 (d, J= 8.4
Hz, 1H), 10.29 (s, 1H), 11.72 (bs, 1H); 3*C NMR (100 MHz, DMSO-ds): § = 7.9, 103.9,
107.0, 110.2, 128.5, 161.4, 161.6, 172.6.; IR (KBr): 3426, 1645, 1622, 1504, 1420, 1300,
1084, 781; HRMS (ESI): [M+H]" caled for CsHoO4", 169.0495; found, m/z 169.0498.

HO

3-ethyl-2,4-dihydroxybenzoic acid (10c)

oH coot The reaction was carried out with 9¢ (13.8 mg, 0.1 mmol) , DBU (44.9
Me pL, 0.3 mmol) in CH3CN at 30 °C for 24 h; White solid (18.2 mg,
HO quant); mp 167 °C (decomp.); 'H NMR (400 MHz, DMSO-de): & =

1.01 (t, J=7.2 Hz, 3H), 2.52 (q, J = 7.2 Hz, 2H), 6.39 (d, /= 8.8 Hz, 1H), 7.48 (d, J =
8.8 Hz, 1H), 10.22 (s, 1H), 11.71 (bs, 1H); '3C NMR (100 MHz, DMSO-de): § = 13.3,15.6,
104.0,107.2,116.5,128.7,161.2, 161.3, 172.6 ; IR (KBr): 3415, 1621, 1423, 1278, 1098,
792 ; HRMS (ESI): [M+H]" calcd for CoH1104%, 183.0652; found, m/z 183.0657.

2,4-dihydroxy-5-isopropylbenzoic acid (10d)*

OH CooH The reaction was carried out with 9d (15.2 mg, 0.1 mmol) , DBU (44.9

pL, 0.3 mmol) in CH3CN at 30 °C for 24 h; White solid (16.6 mg, 85%);

HO 'HNMR (400 MHz, DMSO-de): 8 = 1.11 (d, J= 7.2 Hz, 6H), 3.06 (sept,
Me™ Me J=7.2Hz, 1H), 6.31 (s, 1H), 7.48 (s, 1H), 10.34 (s, 1H), 11.30 (bs, 1H);

3C NMR (100 MHz, DMSO-de): § =22.5,25.8, 102.0, 103.8, 126.7, 127.4, 161.3, 161 4,
172.1.

2,4-dihydroxy-6-methylbenzoic acid (10e)*°
OH The reaction was carried out with 9e (12.4 mg, 0.1 mmol) , DBU (44.9
@[COOH uL, 0.3 mmol) in CH3CN at 40 °C for 24 h; White solid (16.0 mg,
HO Me 95%); ; 'H NMR (400 MHz, DMSO-ds): 6 = 2.46 (s, 3H), 6.16 (d, J =
2.4 Hz, 1H), 6.21 (d, J = 2.4 Hz, 1H), 10.10 (bs, 1H); '*C NMR (100 MHz, DMSO-ds):
06 =23.5,100.5,104.9, 111.1, 143.0, 162.0, 164.5, 173 .4.
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2,4-dihydroxy-3-methoxybenzoic acid (10f)"!
OH The reaction was carried out with 9f (14.0 mg, 0.1 mmol) , DBU (44.9
MeojijCOOH uL, 0.3 mmol) in CH3CN at 30 °C for 24 h; White solid (15.2 mg,
HO 83%);'H NMR (400 MHz, DMSO-ds): 8 = 3.69 (s, 3H), 6.33 (d, J =
9.2 Hz, 1H), 7.36 (d, J = 9.2 Hz, 1H), 9.91 (bs, 1H); '*C NMR (100 MHz, DMSO-ds):
6=159.8,105.3,107.8, 125.7, 134.8, 156.2, 156.4, 172.3.

2,4-dihydroxy-5-methoxybenzoic acid (10g)
OH The reaction was carried out with 9g (14.0 mg, 0.1 mmol) , DBU (44.9
@ COOM L, 0.3 mmol) in CH;CN at 30 °C for 24 h; White solid (17.9 mg, 97%);
HO mp 174 °C (decomp.)(lit.”?, 201 °C, decomp.); 'H NMR (400 MHz,
DMSO-ds): 6 =3.69 (s, 3H), 6.32 (s, 1H), 7.14 (s, 1H), 10.31 (bs, 1H);
3C NMR (100 MHz, DMSO-ds): & = 56.3, 102.8, 103.5, 112.2, 141.4, 154.5, 158.0,
172.1 ; IR (KBr): 3488, 1654, 1624, 1259, 1171, 1025, 868; HRMS (ESI): [M+H]" calcd

for CsHoOs", 185.0444; found, m/z 185.0458.

OMe

5,7-dihydroxyisobenzofuran-1(3H)-one (10h)
OH o The reaction was carried out with 9h (14.0 mg, 0.1 mmol) , DBU (44.9
o ML, 0.3 mmol) in CH3CN at 30 °C for 24 h; Pale purple solid (15.2 mg,
HO 92%); mp 221 °C (decomp.)(lit**., 253-260, decomp.); '"H NMR (400
MHz, DMSO-de): 6 = 5.10 (s, 2H), 6.28 (d, J = 1.2 Hz, 1H), 6.33 (d, /= 1.2 Hz, 1H),
10.30-10.59 (m, 2H); '3C NMR (100 MHz, DMSO-ds): & = 68.1, 100.2, 102.2, 102.9,
151.5, 158.2, 164.6, 168.5; IR (KBr): 3358, 3213, 1717, 1617, 1487, 1351, 1217, 1167,
1053; HRMS (ESI): [M+H]" caled for C7H704", 167.3339; found, m/z 167.3338.

3-acetamido-2,4-dihydroxybenzoic acid (10i)
OH The reaction was carried out with 9i (16.7 mg, 0.1 mmol) , DBU
MeﬁorN]ijCOOH (44.9 uL, 0.3 mmol) in CH3CN at 30 °C for 24 h; White solid (18.9
HO mg, 90%); mp 169 °C; 'H NMR (400 MHz, DMSO-ds): & = 2.01
(s, 3H), 6.42 (d, J = 8.8 Hz, 1H), 7.55 (d, J = 8.8 Hz, 1H), 9.04 (s, 1H), 10.21 (s, 1H),
11.81 (bs, 1H); *C NMR (100 MHz, DMSO-ds): & = 22.8, 104.5, 107.9, 112.8, 129.0,
159.0, 159.3, 169.2, 172.3; IR (KBr): 3385, 1660, 1617, 1426, 1267, 1241, 756 ; HRMS
(ESI): [M+H]" caled for CoH19OsN*, 212.0553; found, m/z 212.0555.
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3-acetyl-2,4-dihydroxybenzoic acid (10j)

O OH The reaction was carried out with 9j (15.2 mg, 0.1 mmol) , DBU
COOH

Me (44.9 pL, 0.3 mmol) in CH3CN at 40 °C for 24 h; White solid (14.5

HO mg, 74%); mp 159 °C (decomp.); 'H NMR (400 MHz, DMSO-db):

8=12.62 (s, 3H), 6.44 (d, J = 8.8 Hz, 1H), 7.84 (d, J = 8.8 Hz, 1H), 12.88 (bs, 1H); 13C
NMR (100 MHz, DMSO-ds): 6 = 32.3, 104.1, 108.3, 111.4, 135.8, 164.1, 166.2, 171.9,
203.5; IR (KBr): 3437, 2843, 1629, 1585, 1480, 1451, 1261, 1235; HRMS (ESI): [M+H]"
caled for CoHgOs*, 197.0444; found, m/z 197.0446.

2-acetyl-4,6-dihydroxybenzoic acid (10k)

oH COOH The reaction was carried out with 9k (15.2 mg, 0.1 mmol) , DBU (44.9
pL, 0.3 mmol) in CH3CN at 40 °C for 24 h; White solid (13.7 mg, 70%);
HO I mp 153 °C (decomp.); 'H NMR (400 MHz, DMSO-de): & = 1.59 (s, 3H),

6.31 (s, 1H), 6.32 (s, 1H), 7.43 (bs, 1H), 10.47-10.55 (m, 2H); '3C NMR
(100 MHz, DMSO-de): 8 = 26.5, 100.5, 103.3, 103.4, 103.6, 155.1, 157.8, 164.8, 166.0;
IR (KBr): 3458, 3251, 1726, 1618, 1268, 1216, 1167, 1154, HRMS (ESI): [M+H]" calcd
for CoHoOs",197.0444; found, m/z 197.0446.

3-bromo-2,4-dihydroxybenzoic acid (101)°*
. OH cooH The reaction was carried out with 91 (18.9 mg, 0.1 mmol) , DBU (44.9
j©/ pL, 0.3 mmol) in CH3CN at 30 °C for 24 h; White solid (21.5 mg, 92%);
HO "H NMR (400 MHz, DMSO-ds): § = 6.54 (d, J = 8.8 Hz, 1H), 7.63 (d,
J=8.8 Hz, 1H), 11.22 (bs, 1H), 12.28 (bs, 1H); '*C NMR (100 MHz, DMSO-ds): & =

97.2,105.2,107.5, 130.2, 160.2, 160.7, 172.0.
5-bromo-2,4-dihydroxybenzoic acid (10m)*>

puL, 0.3 mmol) in CH3CN at 30 °C for 24 h; White solid (21.9 mg,
94%);'H NMR (400 MHz, DMSO-ds): & = 6.47 (s, 1H), 7.81 (s, 1H),
10.58-11.94 (m, 2H); *C NMR (100 MHz, DMSO-ds): 6 = 99.8, 103.4,
106.2, 134.1, 160.2, 162.3, 170.9.

OH coon The reaction was carried out with 9m (18.9 mg, 0.1 mmol) , DBU (44.9

Br

2-bromo-4,6-dihydroxybenzoic acid (10n)

COOH
pL, 0.3 mmol) in CH3CN at 40 °C for 24 h; White solid (4.6 mg, 20%);

oH The reaction was carried out with 9n (18.9 mg, 0.1 mmol) , DBU (44.9
HO B mp 131 °C (decomp.); '"H NMR (400 MHz, DMSO-de): & = 6.29 (d, J =
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2.4 Hz, 1H), 6.47 (d, J = 2.4 Hz, 1H), 10.01 (s, 1H); '*C NMR (100 MHz, DMSO-ds):
§=102.0, 111.0, 114.6, 119.9, 158.1, 159.8, 168.3; IR (KBr): 3855, 3646, 1644, 1595,
1454, 1269, 1169, 854; HRMS (ESI): [M+H]" calcd for C;HeO4Br*, 232.9444; found,
m/z 232.9453.

3-acetyl-2,6-dihydroxybenzoic acid (110)

OH " The reaction was carried out with 90 (15.2 mg, 0.1 mmol) , DBU (44.9
uL, 0.3 mmol) in DMF at 100 °C for 48 h. The residue was purified by
column chromatography (SiO2, eluent: hexane:EtOAc=1:1 to

O Me EtOAc:AcOH=99:1); White solid (8.4 mg, 43%); mp 185 °C
(decomp.)(1it.*®, 245-246, decomp.); '"H NMR (400 MHz, DMSO-dc): & = 2.46 (s, 3H),
6.15 (d, J=9.2 Hz, 1H), 7.60 (d, J = 9.2 Hz, 1H); '3C NMR (100 MHz, DMSO-ds): 6 =
31.6,103.4,106.5, 115.7, 133.6, 165.6, 167.8, 175.6, 195.4; IR (KBr): 3245, 3439, 1650,
1610, 1408, 1368, 1256, 604; HRMS (ESI): [M+H]* caled for CoHoOs", 197.0444; found,
m/z 197.0437.

HOOC

HO

5,7-dihydroxy-4-methyl-2-0x0-2 H-chromene-6-carboxylic acid (11p)

HOOG oH The reaction was carried out with 9p (19.2 mg, 0.1 mmol) , DBU (44.9
pL, 0.3 mmol) in CH3CN at 50 °C for 24 h. The residue was purified

HO O by column chromatography (SiOa, eluent: EtOAc:AcOH=50:1); Pale
Me” "0 yellow solid (19.3 mg, 82%); mp 103 °C; 'H NMR (400 MHz, DMSO-

d): &= 2.48 (s, 3H), 5.78 (s, 1H), 6.00-6.03 (m, 1H); 3C NMR (100 MHz, DMSO-d):
§=23.3,93.0,99.7, 101.3, 107.9, 155.8, 158.1, 160.0, 164.4, 165.4, 175.0; IR (KBr):
3408, 2933, 1686, 1604, 1391, 1369, 1263, 559; HRMS (ESI): [M+H]" calced for
C11HoO6", 237.0394; found, m/z 237.0373.

2,6-dihydroxy-4-methoxybenzoic acid (11q)

HOOC

pL, 0.3 mmol) in CH3CN at 30 °C for 24 h; White solid (18.4 mg,

HO OMe  quant); mp 132 °C (decomp.); 'H NMR (400 MHz, Acetone-ds): & =

3.72 (s, 3H), 5.80 (s, 2H), 12.69 (bs, 1H); '3C NMR (100 MHz, DMSO-ds): & = 54.7,

91.0, 92.7, 95.5, 159.0, 161.1; IR (KBr): 3555, 3493, 3442, 1655, 1591, 1372, 1159;
HRMS (ESI): [M+H]" calcd for CsHoOs", 185.0444; found, m/z 185.04609.

oH The reaction was carried out with 9q (14.0 mg, 0.1 mmol) , DBU (44.9
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