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1,2,6,7-M0 5 -8H-Eh 3E[5,4-b] 0k I-8-ER B & B ET 7 3%
/\ i\J E %ﬁki‘ﬂ “ 4\ri Xls % b

CVUNRZEAEVG D% b 9L R B 610041)

CPUNRZFAETIZ 2t SR SR ARG RIS R 610041)
WE RRT—% 1,2,6,7- W& -8H-EiFH[5,4-b] WM -8-Hi (187 & A i, LA B B AT BRIk b Uk, 72 JG7K TR
PR Y5 2-IR SIS — ST 4 o H 2 R BEIR(PPA) IR G 45 S-IRARIFIRIR, 1% R 44 5 A 47 2 TR AE. PA(OAc), Tk
N, & Heck & MNA 3-CRIFMIN-5-FE) NI FHE, FEEMB/KBHRFTZE Raney Ni MEALSACFUKE 8 & Y #5
3-(2,3- AR IR -5- 35 A R, 154 IR, Friedel-Crafts BEA S N FI AU, 13 1,2,6,7- VU4 -8 H-EliJH[5,4-b] MR-
8-ili, 7 20 VLB IR 49.9%. EITVEREL G RV AR BAERE. oY seiie s g, W RLE, &6 K
1% 1,2,6,7-VU % -8 H-Ei JF[5,4-b] Mg -8
RERW  3-(2,3- AR ITIRIE-5-3) R, 1,2,6,7-PU%
SN

-8H-EfiJ£[5,4-b]WKI-8- ;& RN BRI RS2 A, A

An Improved Synthesis of 1,2,6,7-Tetrahydro-
8H-indeno[5,4-b]furan-8-one

Huang, Zhixiong” Wu, Chenglong” Shang, Zhipei® Deng, Yong*“?
(“ Department of Medicinal Chemistry, West China School of Pharmacy, Sichuan University, Chengdu 61004)
(®Key Laboratory of Drug Targeting and Drug Delivery System, Ministry of Education, West China School of
Pharmacy, Sichuan University, Chengdu 610041)

Abstract A novel process for synthesis of 1,2,6,7-tetrahydro-8 H-indeno[5,4-b]furan-8-one, a key intermediate for prepara-
tion of ramelteon, a MT; and MT, melatonin receptor selective agonist, was developed. The key intermediate 3-(2,3-dihydro-
benzofuran-5-yl)propanoic acid was synthesized by condensation of p-bromophenol with bromoacetaldehyde diethyl acetal in
the presence of K,CO; and Friedel-Crafts reaction to give 5-bromobenzofuran, which was subsequently subjected to Heck
coupling reaction with methyl acrylate in the presence of palladium acetate, then catalytic hydrogenation and hydrolysis in one
pot reaction. Subsequently, 1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-8-one was synthesized from 3-(2,3-dihydrobenzo-
furan-5-yl)propanoic acid through bromination, Friedel-Crafts acylation and catalytic hydrogenolysis debromination. The
overall yield was about 49.9%. The structures of intermediates and final product were determined by 'H NMR, '*C NMR and
HRMS techniques. This method has the advantages of easily available starting materials, simply conducted procedures,
relatively high yield and easy purification, and is more suitable for scale-up production.

Keywords  3-(2,3-dihydrobenzofuran-5-yl)propanoic acid; 1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-8-one; ramelteom;
melatonin receptor agonist; intermediate; synthesis
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[5,4-b1WI-8- [ 111 5 F, I 28 7 044 I A F SRS T 23 g
P, B BRI B 2,3- A K IFRRIR IR, 1T
FASER G BRSSP T 30 I B, PR AL AR —
FR, HAKS ROV R (1) Uchikawa 281D 2,3- 4

TG A JEURE, S NN- I R = SR
R £ Vilsmeier [V, 15 2,3- S K JFRIE-5- R, 4R
JE1E NaH 48 T 5 2-( QBRI ) 41 L Tig 4 Wittig-
Horner 4 & [N, 15(E)-3-(2,3- &K eI -5-J5) A s
1R TG, IR AL IR SRR R YGRS B K AR, 15
3-(6,7-1R-2,3- AR IR -5- ) N R (7), 7 L&
VE T R4 MRS, £ Friedel-Crafts LA &, 153 4,5-
TR-1,2,6,7- VU A -8H- Bl - S, 4-b]ﬂj§ﬂﬁ-8-ﬂﬂ(8), ERZ
10% Pd/C AL MRS 1, BIBCRLT 28.0%; 7ELEIE
fill | Kansal“, Jiang""#1l Urayama[“]%ﬁiﬁiﬁﬁT MR
FpLAl, BBCRS RIPEE R 34.3%, 45.0%F1 47.4%; {H
FIRTTEARAE RN B RNAAEETZ . BRE B P
B2, =R HEBOPE, BCERIREARL, 231 W
AP A . (2) Zhu 25D 6- 58 dk-1- Bl 4 J5ORL, SE
L5985 3 FE IR RS SN J5 AE 200 ‘C 48 Claisen B HE, 425,
6-F2HE-T-JR N BE-1-efilH, HHTEEMAE—78 C N4 Os
AALE R 2-F4E JE-1,2,6,7- DU A -8 H- Bl T [5,4-b]FK IR -8-
1], 2505 ARG PR B FRRE S 1M 10% Pd/C AL AL
WA 1, SR 31.4%,; Wang 5556 i% 05 VLT T
ook, RBCRIR R 41.3%. %IRRT . N4
PERFZDS F05 h A TR AR E AT alith,  FROBCR (%55 1n)
B (3) CluzeauP ] 3-32 5 LW 5 1R 406 B A
Ir(COD)CL, itk ', 14 3-ZMAIEIR LW, 57 N
J5i %t PhsPRhCIEF, #3 1-(2,3- AR I -4-55) 2.7,
5P G AR H A1 1, BEY 16.5%;

Br.
Br\©\ BrCH,CH(OEt),
OH KoCO3

Br

NaOH/HZO

Raney N|/H2 Hok/m
o)

AICI3/CHZC|2 B %E>

i B s, (A A B EL 2 U AT LG
AL B A ) L B AE B H ROBCR AR

CluzeauPVLL 2,3-X0(2-F2 LI AW M J58], 4 Vilsmeier
A EACUG IR A NI G 4-OMhk-2,3- 4K
FFEWRIR, 75 PACL fiE4k FHI O, 8% H,0, %4k 1-(2,3-—
SRR -4-56) S, PRI EIRTTE 1, Tk
BRI D13, SOV Z], — S AT A JZ A alifk,
HSCHER AR B .

BT IAT SCER T AL A &2, JRA T8t T — 4% B
W B 23 A5 RO RT3 (2) R A AR J5UORHE) 1,2,6,7-PU S -8 H-
el JF(5,4-b]WKR Mg -8~ 5 BT Tk, 1% ITVE I R B
DL 5-VR R IR (4) 0 5ok), FERE PRI R4 Heck
I £ (B)-3-(R I W R -5- 5 ) A A R FE IR (S), L5 it
2 Figure 1 IR,

1 &R51e

FEXHRA(2) 5 2-1R 4R — LR A % 2-(4-
HHJE RS ) S — O (3) I [N, SCHRHRIE 15
DMF 1l NaH"™5 K,CO5“ A # s N AT, 5
RIL, HT DMF et A mild e~ 5 o i, S8
NRF=W %, RN, HG b B fe v 7%
Brusam, i, FRATLLH KRS8 DMF M E 7, 78

K,COy/5 . Ji#-400 (PEG-400)FI{#: 1k B KI 44%0]
TN, AT BAE RS 3 kL, HOSCR AT AR AR

SCEROT IR . B 3 E 2 REBFR(PPAVEN N4
Friedel-Crafts VAT 5-IRATFIEIE(4), %A LEL 1,2-7
SR AR SR AR T 1 v 1 R G g 9 ) OO
P31y, I LAB s 28 TR Al A B AR SRR IRE (AR AT S b

OCH3
HZC\ 0

(0-Tol)3P/Pd(OAC),

Bro/HOAC
NaOAc

&

10% Pd/C
NaOAc

B 1 a1 a2k

Figure 1 Synthetic route of compound 1

Chin. J. Org. Chem. 2012, 32, 2368~2372

© 2012 Chinese Chemical Society & SIOC, CAS

2369

http://sioc-journal.cn/



BHlLE

Iy, SOV S SCER T EAR Y. fEH Heek [ Wil #%
(E)-3-(AFFIR IR -5-J5) N 1 T IR (S) I I A v, FRATTo0)
ARG RN FATFRAT TR (LA R LK 1), 453
T, AERNA BN LI, HEH) 2 mol % ) s i 4y
AT (A8 R BN IS . = S A Bk Bl S,
RIERAFRL A, ORI I T A R m .

R VAR Heck [V 520 ¢

Table 1 Effect of different reaction conditions on the Heck re-

action

Entry  Catalyst Ligand Solvent Base Yield"/%
1 10%Pd/C PhsP DMF EtN 20.6
2  PdCl, Ph;P DMF Et;N 55.0
3 Pd(OAc), PhsP DMF Et;N 65.8
4 Pd(OAc), (o-Tol);P DMF Et;N 76.0
5 Pd(OAc), (o-Tol);P NMP Et;N 80.2
6 Pd(OAc), (o-Tol);P Toluene Et;N 76.8
7 Pd(OAc), (o-Tol);P THF Et;N 69.6
8 Pd(OAc), (o-Tol);P Acetonitrile Et;N 85.6
9 Pd(OAc), (o-Tol);P Acetonitrile Na,CO; 61.5

10 Pd(OAc), (o-Tol);P Acetonitrile NaOAc 43.9

11 Pd(OAc), ¢ (o-Tol);P Acetonitrile Et;N 85.0

12 Pd(OAc),? (o-Tol)sP Acetonitrile Et;N 70.8
“ALAH) 4 (2 mmol), PIHEER F FE(6 mmol), Catalyst (0.1 mmol), Ligand (0.2
mmol), Base (6 mmol), Solvent (15 mL), M Ia] 15 h, SN 85~90
C;" A © Catalyst (0.04 mmol); ¢ Catalyst (0.02 mmol).

FEME 3-(2,3- “AA I -5-55) IN TR (6) I, kAT
RILAPEAGED) 5 BT A A AKE T, UL Raney Ni
TR FIEAT AL S AL IR S, AT — 4 S N A B AL
V)6, BAEAT G AL E I FE KT . S OCHR 7
AW 6 SRR, BRI 1551 3-(6,7- —H-2,3- A K I
WK -5- 28 ) IN TR (7), 75 52 SCHR 7 iR I AT TR I, [ W
11 40~45 CREAT 2~3 h 57 KR JFURER S v, RITRRS
SV TAIZE K A2 10 h OB R B G S s, ik, 3R
ITHE SONAR Z AL B FeCls, IR0 OV il 5 EH
40 CYHE K 60 °C, |V 6 h JGib&d 6 nl ke s, %
CR 1 SCRRARIE Y 50%~60%HE 2] 92%. H A, 3
BRIRIE Y 4,5- 9R-1,2,6,7-VU S -8 H-Efi J-[5,4-b] K I -8-
T8 fil & sl &4 7 5 SRR sy A
R, R A AR AR, BT S
7 BE&AE AICL fiEfL R4 Friedel-Crafts BEAL & N L&
W) 8. AATTVEAR IO £ A A P B R e A« =k
), fEZHSCER[7]E R b, AT =R AR (TCT)
R WISAF L), A 75 TCT FnbBefE %= 4%
T AT U A SR I P S CH B S ATLER AT 2225 SRR, SR
JEAE RN AR R E BN AICL HEAT Friedel-Crafts Bk
SNE, P T T S A, BRI T R,
BN 5 SCHER VAR . A [al44 8 Fif 4 SOk Ty
U 10% Pd/C fECEMEBL, ENFE 1,2,6,7-DU4A-8H-
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EfiIf-[5,4-b]0K M -8-[id(1). 7EREHIRATAIL, KH W K
IO R AT SR 3R T 1, R T SCHRARE 1 0 e
1, I HL NS TR0 7= 28 sE MK, (A S AR I 7)<
BTGP 1 (PRI A S5k W 3L

2 &k

ASCAESCHR 7 VR A b, 5% 3-(2,3- & K TR
Mi-5-JL) N R (6)FN 4,5- " 1R-1,2,6,7- VU5 -8H-Ei J£[5,4-b]
IR g -8 - 1 (8) P ol 4 1EAT T 3K TSl DAY B oy 43 1) %
ROR(2) M 1R sk, FETC KRR BIE ] 5 2-IR %
i LIRS, 19 2-(4-IRREIN) SIS L @3),
&) 3 4 PPA ALK ZE Friedel-Crafts N1 5-RAE -
BRI (4), R )55 KR I = (B8R0 A E ~ &
BEIRATMEAL N REAT Heck N, A2RU(E)-3-CRIHFMEIH-5-
I NHEE FE(S), ITf4 5 4 Raney Ni LS AL FI/K fi#
—BA N 6, T FeCly AL FIREATXRACAS 3-(6,7-
TUR-2,3- AR TR -5 E) INIR(T), EALEY 8 [
2, F SR GUE A e AR A < =
AR AT A RS, PR Friedel-Crafts BEAL s A3
8, WGEWIE T2 10% Pd/C AL MR 1,2,6,7-
VYZ-8H-Eli I 5,4-b]HR M-8~ (1). 1% i £k A< WL SC ik
i, B RN 2 1, RONAR AL, S AL ER R A, &
BRI 1,2,6,7-VUA-8H-El [ 5,4-b] MR -8- i, Al
KN 49.9%.

3 ZRAH
31 SR

1A6304 045 54, WL TR Z AL IE; Varian INOVA-
400 #Z B ILRAL 5N CDCls, AR TMS); Agilent-6210
TOF LC/MS =5 HET A, )2 2 M RE M A 1l 2=
JH G AT T A=, FERAMT s e e, B A B
FEERUEIIAL, 359 0 B4k 2.
32 2-(4-RAEE)CBE_CZE(S)HIE M

SHRZERY 2 (50.0 g, 0.29 mol), 2-V W4 — 2.1
(62.6 g, 0.32 mol), J/K K,CO5 (48.03 g, 0.35 mol), K2,
“J§¥-400 (12.0 g, 0.03 mol), fLALEA(2.5 g, 0.015 mol)All
F2R(500 mL)iRE, Mn#Elmsese Y 12 h, RV SR
G, WHIRER, Tk, D EFORTERIEDE, IR
WA TT 5 WUE ZE BRI, R T &7 (300 mL), K
U 10% S A 8K (50 mL) YA NaCl /K %50
mL)PEW, ToKBRIREN T, I8, DRI ZERR 7,
£383.1 giR2l kR iR 3, Wi &, LRl Pafb B
R T I P RN
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3.3 5 REIERKIG(4)EIA K

LE R NI AL S 3 (28.92 g, 0.1 mol). £ F
F2(50.0 @)A1 1,2- -5 LHE(200 mL), HnFRIFLE FE V.
5 h, NG, WHIREE, IMAVKKA50 mL), $i
PSS G oy A HLZE, MR 10% Bk R 8 7K 5 1 (60
mL). WRIER/K(50 mL)Ews, A HLZE 0K RN T,
TEE, JEWRE ZEBRVE A, TRARROE 28T, R 115~
118 ‘C/3.4 kPa 184>, 14 16.82 g Itk 4, iR
85.3%(SCHRE ™ H1H 85.0%). '"H NMR (CDCls, 400
MHz) §: 7.75 (s, 1H, Ar-H), 7.64 (d, J=2.0 Hz, 1H, Ar-H),
741 (d, J=8.8 Hz, 1H, Ar-H), 7.39 (d, J=8.8 Hz, IH,
Ar-H), 6.74 (d, J=2.0 Hz, 1H, Ar-H); >C NMR (CDCl;,
100 MHz) 6: 153.6, 146.2, 129.2, 127.0, 123.8, 115.6,
112.8, 106.2.
3.4 (E)-3-(FEFHMkig-5-8) A HER P E(5)RIE M

15N AL A4 4(10.0 g, 0.05 mol). PR
FITiK(13.60 mL, 0.152 mol). —(4F FZK3E)(1.54 ¢, 5.0
mmol). = ZJ#(15.4 g, 0.152 mol) M Z (100 mL), #i+k
Y515, INNEERRIT0.24 g, 1.0 mmol), TSRS NN
AR RN 18 h, RNV EER G, WEIE =, W&
IR I VKK (100 mL), F Z (100 mL X 3)A<H, A
HUZ & IR JE MR 2 85 77K (50 mL), 10%#h BR/K %
(50 mL)FIHEAIEE/K(50 mL)YEHE, 4IKMBRE TG
IhE, VB BRI, BRI SR LE (Y -
V=1 :1)E4H, 198.78 g HEIRES S, % 86.8%.
mp. 92~94 CCLHRE™: mp. 91~94 C); 'H NMR
(CDCls, 400 MHz) 6: 7.81 (d, J=16.0 Hz, 1H, ArCH=),
7.76 (s, 1H, Ar-H), 7.65 (d, J=2.0 Hz, 1H, Ar-H), 7.51
(brs, 2H, Ar-H/Ar-H), 6.80 (d, J=2.0 Hz, 1H, Ar-H), 6.44
(d, J=16.0 Hz, 1H, =CHCOOCHS;), 3.82 (s, 3H, OCHj).
3.5 3-(2,3-ZEFHkNE-5-F)AEL(6)BIE M

Bk &4 5 (20.22 g, 0.1 mol). L (50 mL)AT 10%
ALK (S0 mL) IN NS R N 28, i 2 [
AR, INNEHET 25 H T-1 4 Raney Ni ##4651(5.0
), MAAEI =I5, 7 50 CAHI 0.5 MPa &5 FHiHE
RNV 8 h, RNEEHE, WHIR R, PR, bR
B DR IE DR, DRI PG IS, R ZERR O, IKE
F Z.B(50 mL)PE 5 10% 35 BR /K (60 mL) Al %
FR Tk, ik, T, Pria i QR SR/ Cle(r - v=
1 D)ELN, 15 193 ¢ AL 6, ICF 90.0%. m.p.
94~96 ‘C(CCEREM: m.p. 94~96 C); '"H NMR (CDCl;,
400 MHz) d: 7.05 (s, 1H, ArH), 6.94 (d, J=8.0 Hz, 1H,
ArH), 6.71 (d, J=8.0 Hz, 1H, ArH), 4.55 (t, J=8.8 Hz,
2H, OCH,), 3.18 (t, J=8.8 Hz, 2H, ArCH,), 2.89 (t, J=6.4
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Hz, 2H, ArCH,), 2.66 (t, J=6.4 Hz, 2H, CH,COOH);
HRMS (ESI) caled for C,;H;0; [M—H]  191.0708,
found 191.0710.
3.6 3-(6,7-ZR-2,3-“EFFHKIF-5-B)RR(7)HE
B

K& 6 (40.42 g, 0.21 mol). ZERHH(17.25 g, 0.21
mol) A1 £ 2 (200 mL)JEA, VKA HI FIIA T /K FeCls
(1.62 g, 0.01 mol), ZZM MNP (43.9 mL, 0.86 mol), i
e THEZE 60 CHtPERN 6 h, RNEHRE, AHEE
W, BRGNS AR R AN (110 g, 0.88 mol)is 7K
(200 mL) s, b ug, JEPHHKIESE T8, 13 67.8 ¢
KA MK 7, R 92.0%. m.p. 176~177 C IR
% 50.0%); 'H NMR (CDCls, 400 MHz) 6: 7.06 (s, 1H,
Ar-H), 4.67 (t, J=8.8 Hz, 2H, CH,), 3.28 (t, J=8.8 Hz,
2H, CH,), 3.08 (t, J=7.6 Hz, 2H, CH,), 2.66 (t, J=7.6 Hz,
2H, CH,); HRMS (ESI) calcd for C;H;(Br,NaO; [M—+
Na]" 370.8894, found 370.8901.
3.7 4,5-78-1,2,6,7-M S -8H-E 3 [5,4-b] ik 17 -8- Ffi
(8)HIE A

B A 7 (7.0 g, 0.02 mol) Al = B AU(5.52 g, 0.03
mol)i% T & I E(120 mLyH, i I AMERE(1.6 mL), =
WAEFE RN 30 min, ZREMA =& 4LE(G.2 g 0.024
mol), ZREEEIEPEFER N 1 h, OV EEH G e, JEmK
U 10%[ SRR K30 mL). 2555 17K (50 mL)AHL
FIERIK(B0 mL)PEdk, AHUEE T KRBT, g,
DEWIR R ZE BRI, TRV LR E LG &, 73 8.78 g ik
HOOOE A 8, I 88.5%. m.p. 222~224 C (LA
2 89%, m.p. 224~226 °C); '"H NMR (CDCls, 400 MHz)
J0: 4.79 (t, J=8.8 Hz, 2H), 3.55 (t, J=8.8 Hz, 2H), 3.07~
3.04 (m, 2H), 2.73~2.70 (m, 2H).
3.8 1,2,6,7-SK-8H-E1F[5,4-b] Bk E-8-FR(1)AI & BL

1E NI 8 (6.64 g, 0.02 mol). ZFRHN(3.4 g,
0.04 mo)MLFR(70 mL), BFEIAIE, A 10%4 1%
(0.6 g), HEAEH 3 UG, T 60 CHE NHERMY 10 h,
SN L g, D& CRRVEGRIEDE, IR UERE T
Jo, TR ZEBREET, BRRYIH CREESS G, 19 325 ¢ H
A 1, W% 92.0%. m.p. 132~134 CCCEME!: %
89%, m.p. 133~134 °C); '"H NMR (CDCls;, 400 MHz)
7.22 (d, J=8.4 Hz, 1H, ArH), 7.01 (d, J=8.4 Hz, 1H,
ArH), 4.65 (t, J=8.8 Hz, 2H, CH,), 3.48 (t, J=8.8 Hz, 2H,
CH,), 3.08 (t, J=6.0 Hz, 2H, CH,), 2.68 (t, J=6.0 Hz, 2H,
CH,); HRMS (ESI) caled for C;;H;;0, [M + H] "
175.0759, found 175.0756.
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