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Selective Synthesis of Benzofurans and Dihydrobenzofurans via Efficient
Rearrangement as Key Reaction
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(Received March 24, 2008)

We have developed a novel and practical synthetic method for functionalized benzofurans via the route involving
[3,3]—sigmatropic rearrangement of N-trifluoroacetyl enehydroxylamines, which was triggered by acylation of oxime
ethers. Treatment of oxime ethers with trifluoroacetic anhydride (TFAA) gave dihydrobenzofurans while reaction of
the identical oxime ethers with trifluoroacetyl triflate (TFAT) in the presence of DMAP afforded aromatized benzofu-
rans without the isolation of enehydroxylamines. It is noteworthy that either dihydrobenzofurans or benzofurans can be
formed selectively from the same substrate by changing only the reagent. TFAA has been proved to be the good reagent
to induce regioselective [3,3]-sigmatropic rearrangement for the synthesis of hexahydrodibenzofurans with a quaterna-
ry carbon. On the other hand, the TFAT-DMAP system is found to be the most effective for constructing 2—arylbenzofu-
rans. Synthetic utility of these selective constructions is demonstrated by the formal total synthesis of (+)-lunarine and

the short synthesis of natural 2—-arylbenzofurans.

Key words—— [3,3] -sigmatropic rearrangement; benzofuran; dihydrobenzofuran; trifluoroacetic anhydride (TFAA);

trifluoroacetyl triflate (TFAT); oxime ether
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Scheme 1. Previous Synthesis of Indoles and Benzofurans
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Scheme 2. Synthesis of Dihydrobenzofuran 2 via [3,3]-Sig-
matropic Rearrangement of 1 under Mild Conditions
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BICAF L AT =TIV 5 DT VIULIR S Z Et

L7 (Table1). 5 ZH/AKEREIESEDE, 7
SIESOE HHET TR D > 7245, R
7 0O EKY (TCAA) DOBEIEIMET B LY
EROXY TS5 T NE S/~ (Entries 1, 2).
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BEHIZ [3,3]-2 7~ bObE —Ar Kk & B K
MEGIZEITL T NEsNzEE 126N 5.
RICEE TG ZETIESHHMWT, 5% 0CT
TFAA ERIES B2 &, Te NEBNITES N
(Entry 3). 7238, 5 % Et;N 7#{F | TFAA &K
5 L&, HREWZ SITIAAE 8¢ NAREGE SN
(Entry 4). Z® 8¢ % TFA T T 2L, P K
ORI T T2 Te NEHTE =2 &0 5 HRKIR
CISEONETHAHZENHHALE., £z, LD
WY 2IMERITH S M) 7I)vAa 7 FIL Y 7
Z— bk (TFAT) Z2HWn53 & Tc DINRBE T L /=
(Entry 5) 7%, Et;N % DMAP Z:F X825 IR
2] B U7z (Entries 6, 7). Z 04, TFAT &3
EOLVEBRNEETHD, TFAT DLELD HIf
HOYBEEDPEBLTHIENEETHS. £, 7
IUERIDIENIT 2V R ZIUAEHER 7 L F I EET
Beat U=y, ARSI ZRINHETT Lsh> 7z B
FORERNS, REHIGITIE TFAA DD IE
MTHDZENHSN TR, kD [3,3]-
T hOE - N ERIA LR T T Rk
FIHART, AEO XS ITEE THIRICET T 5
PLEE 2N E TR, BENZHIETH 5.
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FUDATUETSERNY ) AOTY Y I RE
AETCHICHEEEL THM &9 5 cis-12 M 5Nz,
RICAFOED — Mtz sl 3 5720, #HikMEEZ
HI 5133, b DXJ5%ETT> 7= (Scheme 4). Z Dk
R, TFAA ZHWHER3 e ROy T 5>
14a, b 73, DMAP 7#7E F TFAT & KRS &5 &N
2T T2 158, b MENTILERNICH/E SN D T
EMBASMNZE 2. I EDOKENS NU 7))L A D
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Table 1. Reaction of Oxime Ether 5 with Acid Anhydride

Base

Acylatlng
@\ reagent

o"N~cocxs

6a-c

7a-c
L 4[ TFA
NHCOCX3

H/

0 NHCOCX,

Entry Acylating reagent Base Product Time (h) Yield (%)
19 Ac,O (1eq.) — 7a (X=H) 8 —b
24) TCAA (1eq.) — 7b (X=CI) 5 94
3 TFAA (1eq.) — Te¢ (X=F) 3 99
4 TFAA (1eq.) Et;N (1.5eq.) 8¢ (X=F) 4 8
5 TFAT (1eq.) — 7e (X=F) 2 58
6 TFAT (2 eq.) Et;N (1eq.) 7¢ (X=F) 0.5 80
7 TFAT (2 eq.) DMAP (1 eq.) 7¢ (X=F) 0.5 89

a) Reaction at 40°C. b) 5 was recovered.

Acylating reagent, TCAA : (CCl;CO),0, TFAA : (CF;CO),0, TFAT : CF;CO,SO,CF;
TEAT NaBH;CN
DMAP TFAA TFA, 64%
A\ — _— A —
d CHzClz AN CHyCl d” NHCOCF;,
25°C, 92% 0°C, 94%
1 9 10 12

Scheme 3. Reaction of 9 with TFAA or TFAT-DMAP

1
R TFAT
DMAP
N RZ e—m
o CH,Cl,

15a: R'=Me, R2=Et (89%) 0°Corrt.
15b: R'=H, R2=Me (65%)

13a: R'=Me, R?=Et
13b: R'=H, R2=Me

R1 H R‘l
R TFAA
—_— R2
oN MeCN O NHCOCF3
80°C

14a; R'=Me, R2=Et (64%)
14b: R'=H, R2=Me (94%)

Scheme 4. Reaction of 13a, b with TFAA or TFAT-DMAP

TEFINEEETLHZIOEROFIILTIVED
(3,3]-> 7% bOE—igf ROSMIMKIR T, MEIcE
TI2ENEZRN T TTVARIETHDZENHS
MMITTE> 7z,
SRR DB W TR S ERYNE SN
LEEE, RS T IIMLOEBTERT 2/ OF
TEMBIRL TWD EHERIL 72, & 2 TARISRERE D
READ =D 10 705 11 ADL ez kit L7~ (Table

2). ZTORER, TFA ZHWi=HE, REHITIIRE
MzEL /M, TIOH Off, AZHLIIIEE T hnH
INDZENHS Mo/~ (Entries 1, 2). DAk
DM 5, TFAA X3 TFAT 2 L 2B A1
ERRIN TR 2 DIXT IV E DRI AT S e A5
BLTWB ZEDUREB I N,

A DHETE SR & % Scheme 5 IZ/:R L=, %
F AIT—F)L 1% TFAA & % i DMAP Z71F
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IS 14N ELSNS, TFAT ZHWE8E5137
TIAL DEEREIC A2 Rk U 7= TTOH 73 K s 2 NI 12 7E

TH5ED, WOR N 7)) A07 87 2 R{EN
HOMMITHEITTL TR T T 1S AR L2 &%
Abhb, LnLians, DMAP o#%#E & L Tk
DOHFFIKRNZDMD FHICOWTIRIED EZ A

R TE TV,
PlED XDz, EESBABAF I LI—T)V
DB IS 2 R RET L7k ], AF 4

I—5 )% TFAA TUHET S EPE ROy

7T M, mwer?HMT&ﬁméﬁé&
NIV T T ENENTIURIRNICE 5N 5 FiE
V%hﬁﬁm%%%bt.iﬁm@%&iﬁ—ﬁg
MBS Z2RIRT50DHA T, Ye ROy
T XEINT T T 2 OBRE R ATRE/R R T H
7&‘ 17,18)

3. PeERORCYTTUBERIEMNBALI- 45K
REZHITZCERAORCSTT OB
ARFEEAT D cis— b RO 75 28I
WORTT IV NA R —JRIREEE L TSI TY
% (—)-Galanthamine H{EFIEEE RS (—)-
Diazonamide A 78 EJHZE IR AWIEE R AMITE £
NLEABKTHD., FITEESIHERMIER
ORI 7T UHEEEFIAL T, 4RFEET
% cis-P b ROXY 7T OB EA TR ICE

Table 2. Conversion of 10 into 11
H, Reagent FLiz. T2 THBER2OREMRIEC BT B0
—_— @\/\Q EERMETHD. INETHEMHAF LT—FT))
orwmmaﬂggz o ERHWERY T T DEBIZAFINEOBBE SN
10 11 TWaH, HHO 211355607, 4LICEREE
: R - Yield (%) T2V TI72000HEBEFNTNSD
ntry eagent ime ield (%
(Scheme 6).8 = Z TEHESIIETKLIKEZHET S
1 TFA 6h 80 . _
5 TEOH 1 min. 84 FTFLI =TIV 22 ZHVWNIES ITIUERT S
3 DMAP 24h —a SR ERHL T MICEREZETSIER
a) 10 was recovered. UN\/‘j7 =224 ﬁié\ﬁkfg 5 &%X’_k’_ (Scheme 7)
R1
TFAA or 2 H 2
[:::l\L\H/R TFAT-DMAP [:::l\L\T/R [:j;tzéhnff
/ ~ -Si i N\
Acylatlon COCF, [3:3]-Sigmatropic O “COCF3
1 rearrangement
H R
TfOH (fast)
_ = R2 R2
Cyclization O NHCOCF; Ellmlnatlon +/ Aromatlzatlon
14
Scheme 5. Plausible Reaction Pathway
M O5N O2N Ve,
e &
O,N cHCl 2 O 2 O @
D ———
_N EtOH ¢ Me o]
O 80°C
19 quant 20 21
(not detected)
Scheme 6. Previous Benzofuran Synthesis via [3,3]-Sigmatropic Rearrangement by Kaminsky
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Scheme 7. Synthetic Plan for Dihydrobenzofuran 24

Table 3. Reaction of 25a, b with TFAA or TFAT-DMAP

Et ozc
NaBH3CN
Methods TFA
[::]\ NHCOCF 8%

(R=CO,Et)
25a: R=CO,Et
25b: R=CN
- oS @EQ
a R CO,Et
NHCOCF;
Yield (%)
Entry Substrate Methods
26 27 28
1 25a A 78 — —
2 25a B — 33 46
3 25b A 75 — —
4 25b B 9 64 —
Method A : TFAA, Method B : TFAT-DMAP.
IEOEEZHEIC, TXTFIVERVOZRNYILEET 4. ROV T7UBEEEFNRALI-2-T) -
% 25a, b & TFAA (Method A) & % W[ TFAT- RS TZ DA
DMAP (Method B) & @ [ )is % #iif L 7= (Table KICNINT T T O REREFEO—fRIEEFREZHS
3). FOWEHE, 253, b % TFAA OA LRSI HES MIZTBHHMNT, RAMITELALNIHFL D 2-
&, PRED O LICEREEAFEIT LSO koY T =R TS5 HEONBRERREDBRICE
V752268, b DANNRLLESNZ. 2 FL= BT =IFFIEHroR Y URE
%t LT 25a, b Z TFAT-DMAP & KIGS &% & EiE WA B ZHT 5 30 DRUSICHBT DB
HRNZERAL L 72N 7 5 8 27, 28 IV IS MEAFE L (Scheme 8). ZDHEHE, MEH
HEoNiz., ZOEDITKINGEHZEIRT 5 Z & Ty NG E A MLICAFIVER DT OEREDOL D
PR DAL EBIRE 2 HI#E T 2 Z LikshLz. 9 REHIENEEL TOARKNIFERWITHETTT S Z
B, WEOEDICAFIINEEZETAAF AT — EMHENIIE oz, AN ICEREZE TS

FINZDWTHRE L72A, DL D i@ =R DRI ERFLIZEZAS, AMFIHOEED
WBHENBN 2. RICEEMICERENEAIN A6 NLEHURNEERME L TEHES NN, F0OM
7226a 0 b 7L A O TR Y I REZBITAICER DEHIE DG ST ST B 5 A EEIRMEIE

ET D&, 4RERZEFT D cissYk RO T EAEB NN T

TUWNBWTHIENTE. RIZTY —=IbA 2 2 ONE R EITHA TR
EMEZAT D 32 OIS BT B B AL
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TFAT
~ | Me _DMAP_ m@
7‘ o’N
R
30

31

R=H (99%), p-Me (73%), p-Br (81%)
o-Me (89%), 0-Br (80%)
m-OMe (78%), m-Me (94%),
m-Br (92%), m-NO, (84%)

Scheme 8. Reaction of 30 with TFAT-DMAP

TFAT
: Me DMAP ©j>_<:>

R=p-OMe (15%), p-OH (84%),
p-Br (96%), p-NO, (85%), m-OMe (93%),
m-OH (86%), m-Br (94%), m-NO5 (95%),
0-OMe (80%), m-OH (82%), o-Br (76%),
0-NO> (not detected)

O
CF3

I
d
34: 21%
O,N !
X
NHCOCF;
OH

35: 78%

Scheme 9. Reaction of 32 with TFAT-DMAP

Rz~ (Scheme 9). ZO#ER, 7OE, = b
O, B ROFKUEA F#&ﬁ@iﬁf;%?ﬁﬁﬁf
L TOANIHBITETS 2 Z &5 NI
S/, FICEROFTEHEZHFT S 33 @%Q’C%ZIS
RIS TIHEICHET S 5720, MM IR S OV AR &
DEEELBEELUISWAERBFIETHS. Ll
MENFHLITA MFHEET 2 32 D5H, 3313
DIMN 5B LnFeNT, TOMIT 3 A l\ Uz
NFO7 v FIMEEI N 34N 21 % DINETHES N
o, THUIA RFIEOBE P Ef@@fcfi)iﬂﬂifﬁ
EHRKIEDET L H < Bokkn &EZEZA 5N 5.
F 72 34 134k L 7= 33 @ Friedel-Crafts MIGMN E 5
J@ﬁbf bk EEZONS. —F, FIVMMIL
ZhoREZEET S 32 OG5, Hind 5 331Fa<
brh'g“ SRfL K 35 DA T8% DINE TH SN
71. ZDRERITH T DR EIBAED L I AR
BATH 20, BAARDADERITR S N7z BLIRE
WHIRTH S, LALOKERN S, EFSHRHFELZ
NI T T URENR2-7 U —I)VR2) T 5 HED
RN — G RRIEICIe D 2 L ZFEI T E /2, 1820
5. AFZEZHALIZEMEERAMDOEK
5-1. (% )-Lunarine DXL E /K R T
» % Trypanosoma cruzi =° Trypanosoma brucei 73

SIEEITET AV DT Y AP RUIN Y —

NHE, X727 7 U OIRD FIEEEICTEEL 2B
FEHFIZB N T O RIBEEN W onT
W%, Lunaria biennis (Cruciferae) 7% BEE X
ARV >7)ViaA RTdH % Lunarine |3 Z
NSFHEFEORNUN ) FA VY5 —Ea5Ha
MIZHET 2720, NS OEFEOENZIGEIERIT
AQIRE R %ﬁﬂ’]ﬁﬂlﬁ“%’@i)é 22 ZTNETD
Lunarine & i%i3 7 = / — )VEO LW 71w 7Y >
TIZ KB AEBRMEE 2 B L = FiEDNRE AR —
KNTHBMN, 4MRFEEET D cis-P ROy
7 T 2 a i ORBEIMGGTRNE (<15%) TH-
72,2429 ZZTHEHFE ST TFAA 2 VN DERM O b
RONXY 7T 4% ZFI A U7z Lunarine O£}
KBGO R G RICETF L7z (Scheme 10).
FIHHLD 36 /0 5RO HIEOITE D R L 72
37&, HEREMRLEZ38 ZHMEL CITATIVERY
%39 %5l LT, fW\WT39 % TFAA LGS
HETRED D MICEREEZAET S oY
VT T4 DHIME—DERYE L TR SN
RKIZAODRY 7))V AO7 Y I REZREITMIC
PRET 5720, AL EmE 2z 2GR,
TMSOTT 7F7E F Et;SiH & RIGS® 5 & cis-41 73 83
% DENETHES N, KRIiZ, Hamilton 52912 &
> T Lunarine IZA{ I N TS HEF I 43 1238 <
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N N L 56 /> MeO,C S Et;SiH MeO,C, S

\@\ \@\ c. HCl MeO,C s” TFAA Br. @ TMSOTf gy ~, j

—_— —» Br —_— S —_— S
—_— g
77% 60% 83% -
PO Otz 1% \©\ N ’ O NHCOCF3 G H
36 (2 steps) 37 @ 39 40 x|
HN
EtO,C,
1) LiBH, (99%) )

1) Mel, MeCN-H,0O MeO,C 2) Dess-Martin { o) known

(87%) Br 2, ] periodinane (88%) pr. B method
D —— >
2) ethylene glycol g d o ©

p-TsOH (98%) T—| P CO,Et H

a2 EtO7 L7 43

OFEt
NaH, THF (79%)

(%)-lunarine

Scheme 10. Formal Total Synthesis of (=£)-lunarine

2,4-dihydroxy-

@ r i

TFAT
DMAP

£ies8v}

stemofuran A

j@Y@

acetophenone
c. HCI
—
B(OH), ONH, 92%
83%
44 (2steps) 45
4-hydroxy-
propiophenone
Br: Br: o HCI
—_—
B(OH)» ONH, 94%
62%
36 (2 steps) 37
TFAT
DMAP Br-
o OH

Pd(PPh3)4 CsF Me.
97% WOH

eupomatenoid 6

Q
4-chromanone TFAT 0
@\ c. HClI DMAP _Poc A O
ONH, 93% @\ T7e% 6% d
45 50 coumestan
Scheme 11. Synthesis of Stemofuran A, Eupomatenoid 6 and Coumestan

7=, cis-41 DIRER ZZHL TR ITLEDE,
IZTFIOETERILICEDTIVTEREL, K%
IZ Horner-Emmons ZJSIC KX D REHZLEEL T,
#E R 43 O E I L 7z, 19

5-2. RACHEETD2-TY—-IRCYTF 5
DETRRE K12 TFAT-DMAP %5 X

VT T UHEEEFIH L TR OfE Gz T

7= (Scheme 11). EMtEME L THFERHEES N
7= stemofuran A, 2” J{# {E f % /X 9 eupomatenoid

6282 KUPFIT A hOs AEH&H 9 % coumestrol?
DOHABHK TH S coumestan ZEIR L 7=, I =x
© stemofuran A & eupomatenoid 6 O & Bk i &
Bnwdnsd 7o/ —I)Wke ROFHEOMRE, Bk
EOTENEENTND D T TEESIATF
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FEORMEENTNLS, ZhSOTEZEVWZET
FEERRZGIE L /=, SCHRD BRI > THELL 72
BSNPSFFIALI—TI 46 G50, FNT
DMAP 71 F TFAT & xS B 5 & stemofuran A
MK DFMNETHESNLE. —F, 3TIMhsT70E
HEHETHZROU T BEmNETHERLZD
B, 7OXRZ)VHAEE AL T eupomatenoid 6 D&
FRAZ AR U7z, L E®D K 51T stemofuran A 177k
FRN S 4 TR, WEIE 72% T, eupomatenoid
6135 THE, WHIK 2% TINETITARWETH
BRI 2. 20 2608 RIE7 =/ —)V e
ROF I I)VEDOREZNEE URWEII 7R & s
Thd. BREICHSNERITTT50 25K L7
DB, PCCTTY ULz L T coumestan @ &
FRIZ B RN L 7z, 20

6. &HYIC

DEDEXSiT, EFESEFTO0-7U—I)IVAF2 A
I—FI)VEO RN 7)) A 07 FIMEKIGIZEL > T
ETTOHLNWARY T T UEEZRRET 5 I &
MCTE., §RbbFF LI —T)VE%EZ TFAA
ERIBREI /D EMRDNR T T T G RRIETIE A K
NERFETH-/-2 e RAXRIY T 5 HDAHNGER
MICERTESZE2RWHLE ZoFiEEFA
UTKRfLICEREZHF T2 a2y 75 >
HOFBLGHIEZMIEL, (£)-lunarine DAY
EARNERBELUE. —FH, FF LT —FTIVEE
DMAP F#1E N TFAT ERIREE D EXRY T T >
HOAMEMRTELZEERAWH L=, AFEEH
WTTERE D RARY) & T DEAFI O TG RIZ R
Nl e, EESEF2-7U—IURTTT
CHEO—BRAGRIEEMNL T S & EBITAERD
EHEITENXT T T O Gk FB %
T2z EMTE.

BEE O AWIERTOICNALD, EfEE SR
0 E LM EARY: NERREBIRIEOICE
HELTHIICES BALHL BT ET. F/2, AW
EHHET HICHZ0, HEEEHEWE FHEYE
+, B EE LIRS EHBL ET. EEAMR
FRAIISEBRIC H BRI A T < 7z L FRRF LA O
BHOBMTH 5720, T TITHEIEHHBUL T,

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)
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