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Syntheses of Conjugated Enyne Aldehydes or Enynones and
Applications in Synthesis of Heterocyclic Compounds

ABSTRACT

Pyrroles and furans, two classes of the most important heterocyclic
compounds, are not only important building blocks in the synthesis of
natural products but also key structural unit in compounds with interesting
biological activities.

Using benzaldehyde as the readily starting materials,
(E)-cinnamaldehyde or (E)-4-phenyl-3-butylene-2-one or chalcone was
prepared accordingly in the mixture of NaOH and ethanol reacted with
acetaldehyde or acetone or acetophenone. Sequently, through addition of
one bromine and elimination of one hydrogen bromide,
a-bromocinnamaldehyde or (Z)-3-bromo-4-phenyl-3- butylene-2-one or
a-bromochalcone was obtained respectively; 2-lodo-2-cyclohexenone was
synthesized from cyclohexenone by addition of one iodine and elimination
of one hydrogen iodide. Then, a series of conjugated enyne aldehydes and
conjugated enynones Ja-7g were prepared by Sonogashira coupling
betweena-haloalkene with terminal alkyne under using PdCl,(PPh;), and
Cul as the catalyst in the mixture of THF and i-Pr,NH.

The series of conjugated enyne aldehydes and conjugated enynones
Ta-T1g were used to the synthesis of heterocyclic compounds by the
metal-catalyzed ammonia-cyclization. When conjugated enyne aldehydes
Ja-1c and arylamines were used as the substrates, 1,2,4-substituted

pyrroles with arylamino-group function were obtained using AgOTf as
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catalyst in the CH,Cl, at room temperature in modetate yield, While
conjugated enynones Jd-7g and arylamines as the substrate,
2,3,5-substituted furans with arylamino-group function were formed in the
THF at the temperature of 70°C with 5% AgOTf catalyst in modetate

yield.

KEY WORDS: Conjugated Enyne Aldehydes, Conjugated Enynones,

Pyrroles, Furans, Cyclization
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E_F HEERE/ENEX
2.1 KBES

2.1.1 ZHRH

(FE. LK. MRS AR, WA EELERN, FOHH (AR,
ZWELEAT) , BEAS. 2B, ZBEHH AR, WENMKELFRTER
REAT, M. ZEIIH AR, WERMLFRAERAR, TKERH. £
KB, TKZBP. BRATRERS. TKRRESH AR, BWE EERANHEL
THRBAF, WiR. . THF. ZRRAEKIHN AR, WEEAEALERAANER
AT, FE. BB, X, 95 AR, WEBMNELRAFRAF, MELK. F
B, AMEYN AR, WEIERKELT, M (AR, THEWENERAF) ,
L7 (AR, RREARMERAT) ; BRW. 88 (AR, INEBTWLIE
BRATD 5 Kkt (AR, FETWATHERAT) ¢ AR (99.999%, $TA4HE
AR ; ®Zk (AR, IWABRBUEERAF) ; ECHK (AR, HREATA
) 3 AL (AR, EBEREATHRAF)  PAC(PPhs). Cul, HALKE
Bl

~

2.1.2 LR

#Bit3R%: BRUKER DRX 500 B SLHR 1L

B A 3EHAL: DF—101, RX W FENBERHELT
FERGBRIEEKE: HH—S, T BT HENET
HAFERTEME: 101-1A &

MR RN R201, EHARBERAA
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BT RF: TD2002B, REHEERFUEHRAH

2.1.3 ZWRIHHNSR

DU FEERIR O TN BR, EERRERREIGBIBRALEY, KRR

BRI ESREMEA, RESHRREBER NG &5 LSRR/
ey (B 2-1).

(0]

CH,CHO N\ H B, Ph Br__
NaOH CCly,NaOAc,C,HsOH ’\CHO
CHO o 0 0
A X ___Bn Br
NaOH CCl,NaOAc,C,HOH || 0 R?
Ph | =R, . &
2 i 0 PAC1(PPhy). A
2(FPhs)y 2
P N py By _m/ N\ | CuliPrNH R
NaOH CCl, NaOAc,C,H;OH |
Ph
R!'=CH,;.Ph R?=Ph

0 0
1 I R;, R?=-(CHps-
.__...2_..> pu— R’= C4H9. Ph
Py R'=H R’=Ph

R3 = C,H,, CH,CH,OH, Ph

B 2-1 FFuE e ER RS B

PdC|. (PPh)!"

K 0.517g B9 PdCly, f1 25mL /KA1 0.12mL 37%2hBAFC B A, HHE AT
Wik P&, 5 1.592g B PPh;, #HHET SomL 2B+, MAEL 60T, 1€
PACL FHE WM 2, AFED, HEERSEH, LHHFRERRYER. &
¥, JLIESEA 16emL S0°CHIKIE, BH 16mL S0CHZEM, &EM 15mL XKL
Rfvt, 78 PACly(PPhs), 1.8g, =3 88%.

R

CH3;CHO
QCHO  —— @—CH=CHCHO
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B P B 2L 4R MR, AN 1200mL 10%H S E LM 200mL ZEE.
50g (£ 0.5mol) K FEEF 50g (4 lmol) Z, ZEERHBH She RNFTEME, ¥
Bk, MRMESYHMA 100g &4, A 400mL Z 8 HIFRE 3 K. REBGK
MEKFERA TR, REAERERRN LKL, BREVHTRERE, &
KRR TR M A 62°C/1333Pa (10 mmHg) |, FAHEMR AHE[H S
130°C/2666Pa (20 mmHg) ], BH#HE (k) 20g, 7% 32%.

o R R

MEE R, BRAREMEBKRIH S0omL =AM P, MA 44g
(0.33mol) WHEEER 167g JKEEER. FeMRAIWA KA, FEMIIHATMA 53.3g
(0.33mol) IR, EEMA 23g (0.17mol) TAKBKERHE, . ERAUFILELUSE,
KRSV INAEIA 30min, IE A 1, RIFHEB FMEF 435mL KK 1L #RHET,
MR, BERE, ARKAHNTHIMER. EEME, BEBRR
Ffk. BEHEEZ, #TE, BT 220mL 95%ZEF . M ZEEBFMA S0mL

K, BINAEEE, EZERELE R, BEEKETAH, ETHIE, WESRF
P a-R A FERS, B 17mL 80%ZEEi#kik, BT, F=E 60g, F=X 85%.

CHO Br CHO CHO
Br

Br o

+EEATH2EY
©)LH L O/\/”\

MEE VAR, IR0 2L i, oA 635g R, 420g F7&H K
B 1 400mL 7K o B 2900 < 1R ML VB A DA R NN 100mL 10% S8 AL B7K VA
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BMRKA A, amiast, BE4ERE25-31C, AF0S-1h g, EEETH
P 15-30min, MARBREZREYNAEARERERN . HBE2RE
3, AHEE, FTEAKZH 100mL 20, &FBENERE, 3 100mL KtE,
D, KREE, REMERE, WE 148-160°C/3333Pa (25mmHg) B4 B 37~ &
470g. HEZE—IX, WE 137-142°C/2133Pa (16mmHg) 418 375g 4-%%-3-T
W2, 7o 65%. BUBREE, fiFE 40-42°C. |

34-ZR4-EE2-TH

AL T RN A £ 28 I8 B 3T 125mL 308 <H B9 1L = D4, A 100g
(0.68mol) &M 4-FF-3-T15-2-FF 300mL PIEALBR. KB AR,
RNREEWREHERFE 10-20C. FE)HHE, ®in 109.5g (0.68mol) R 60ml [T
FUBERAER, RREMUAREE, MRERET, RERRFRPERUE
TR MREES, A Smin, JH~Y), B 100mL EH#H 75%LBHE.
AT 1000mL HE PR, fEKBTAE 4h. BHER, EREXLNEST
B TR 24h, 153 110g HEHR B 34-ZR4-FE-2-TH, ™% 52%, &
A 124-125C,

4-F£-3-R-3-T15-1-8

Br O Q

CH,COONa N
Br Br

RACE B E AR ERA RSN IL =08+, A 120g (0.41mol) 3,4-
TIR-4-FHE-2-TH, 41g (0.5mol) Fo/K ZERHIM 250mL 95%Z B2 . R EWHiH
Bl She REERE, FHRFEZRUD, BRERETEEZZE. BRGMME
BV ERN (2X25mL), B S%B A ME R (2X25mL), REALK
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B N7E Z B T 1% 24h. B EZE, BRI MR EB ZHM+ B i i
E7%1E, W& 42-45°C/1333Pa (10mmHg) 184>, BRK & GHRY) 4- K K-3-1R-3-
TH-1-l. =8 70g, % 76%. =WAHNEER, 155 46C.

ERE

ppELaNg a0y

MBECHEHUMBEHE, 780 20 S, N 1314g R ZEH. 420g HHR LK
FHEEM 400mL K. 78K+ RHREWEREST A 100mL 10%S E KA
B, BRAAKRAH, Lmiast, \EERE 25-31C, A% 0.5-1h inx. £=ZR
UL 15-30min, MARLEREZRAEYMNAERKERERN. HHHE,
THEAKEM 100mL R . &HMBEMEE, 2 100mL KitE, 28, LXK,
RIGIIERTE, W 163-174°C/3333Pa (25SmmHg) 1843157 5 451g. BEHE—K,
K £E 152-155°C/2133Pa (16mmHg) 78515 375¢ B /R, FoE 65%, 1455 82-837C.

13-=%%&-2, 3-2R-1-7AN

W ECH BV 2, BV 125mL BRI IL ZO8EF, A
141g (0.68mol) F77E (& /REIA 300mL P& LHR . KRIMBAVKKE, FRNE
EVRBEERE 10-20C. FFF)HHE, i 109.5g (0.68mol) IRF 60ml PUF {Hk
RV, ROUtmil i, mdis, MERiRPERLaZH
KRG, MREEE, B 4-5min, EHY, F 100mL BHRE 5% 2B,
HMET 1000mL B FEE, KA H 4h, IEHF~R, ERERENETT
BT T4 24h, BE) 120g BELREE 13-2F K2, 3-ZiR-1-KE, =% 48%,
15 55 176-178C.
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13-C % K222 FH-1E

Br O 0

CH;COONa X
Br Br

o) B B R R A A [E] A R 2R 1L Z MR, AN 150g (0.41mol) 1,3-
ZEE-2, 3-TR-1-HE, 41g (0.5mol) TAKZERA 250mL 95%Z 8. KRS
YK R She BERLH, BRERETARZE. BRLmBEEYAH R
I (2X25mL), BH S%BBREAMBRLSR (2X25mL). AT KREMHEZETT
# 24h, ZLZE, H{LBRYETFITAERTAMANARERE, &
170-173°C/133Pa (1mmHg) 4, BERFEEMRY 1,3-ZFKE-2-R-2-Wk-1-
il. P78 100g, =% 85%. YA HES G, &5 128C.

2-f-2-H B i-Ee

0 (0]
I
b

e
£ 500mL = O#EF, A 75mL B9 EK ZEEF 75mL BI0tRe, HisE TRIEMA
53g(0.21mol) il . Bk 4EHE#E 20min FMEHWEM. EKKET, BIEHIN
9.53mL(9.46g, 98.4mmol)IF CIEM, WMEEREKKA, EERTREHH
2.5h, RMEEBIASERLF, A 200mL ZE, F 150mL 2M f9#BRER Lk,

3X150mL BB ACHR B 8 K B IE, o7k MgSOs 1, HRRERIMEERE K, B
LEIIRES . B 2--2-K20%-8 15.1g 7% 69%, R 37C,

2)-2- K LIREE-3-FR-A -1 (12)
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#  PACI(PPh;),
P, Cul,i-Pr,NH

CHO

ERSEP T, SomL =0 I a-18 A FEEE(450mg, 2.0mmol). PACL2(PPhs)
(70.2mg,0.05equiv). #Z 4 (408mg, 4.0mmol) . Cul (38 mg, 0.1 equiv),FH i 5 2%
FEAI4mLTHF, ZE0CTFMAZR A EL0.84mL, 3.0equiv), 44K M45min. X
MR, HBE250mLMIR P, IMA100mL ZE&, A 1M HCI(S0mL)FIH Al
FHKQOmL)E, ZEI, FAKMgSOs T, W48, F6:1 Aimk LH LEAEMIE
FIBEREREENT, BHE)-2-5 ZRE-3-FE-TE-1-B379mg, 7~ %82%.

'H NMR (500 MHz, CDCl3): §7.38(m, 3H), 7.46-7.49(m, 3H), 7.54(s, 1H),
7.58-7.61 (m, 2H), 8.13-8.16(m, 2H), 9.65(s, 1H).

(2)-2-CHRE-3-FE-FE-1-B (1)

0 C4Hg
PACIPPRY,
_ /P, CHe™= "CuliPrNH |

CHO

ERSFEPTF, S0mL = O A a-iR A H:E(450mg, 2.0mmol). PACL2(PPhs)
(70.2mg,0.05equiv), IE TR (328mg, 4.0mmol) . Cul (38 mg, 0.1 equiv), A5} 2%
FEA14mLTHF. 7E0°C FIIAZR A% fL(0.84mL, 3.0equiv). Z4ERMN45min. K
MR, BBE250mLA R, MA100mL Z&, AIMHCIS0mL)A A
frikQomL)YE, I, TKMgSOs T4, W4, F6:1 Al L8 LEAE#E
FLBT PR RN, B(E)-2-CRE-3-FE-FE-1-8275.6mg, 7 2£65%.

'H NMR (500 MHz, CDCly): 80.97(t, J=7.23Hz, 3H), 1.49-1.56(m, 2H),
1.64-1.70(m, 2H), 2.57(t,J=7.09Hz, 2H), 7.42(s, 1H), 7.43-7.46(m, 3H), 8.09-8.11(m,
2H), 9.56(s, 1H).
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2)-2-AMREE-3-FH-Ff-1-B (1o)

0 CH,OH
PACIPPhs), 7
_ /" HOH.C—= ",/ prNH |

CHO

FERASRFT, S0mL =AM A a-R A FEE%(450mg, 2.0mmol). PACl2(PPhs):
(70.2mg,0.05equiv). RHREE (224mg, 4.0mmol) . Cul (38 mg, 0.1 equiv),FiE 5128
FA14mLTHF. 7E0C TIMAZRREML(0.84mL, 3.0equiv). 484K W45min. X
NisEHE G, HBE2S0mLAERESF, MA100mL ZE, F1IM HCL(S0mL)FIfEH
REHKQOmL)YE, AEE, TAKMgSOs T4, W4E, F6:1 ikt L LEAEMLE
FIBSRERZNT, B(E)-2-FIHREE-3- 5 E- R %-1-8301.3mg, 7= #81%.

'H NMR (500 MHz, CDCL): 84.61(s, 2H), 7.45-7.49(m, 3H), 7.50(s, 1H),
8.05-8.08(m, 2H), 9.57(s, 1H).

@) 2-ELRE-3-FE-THE-2-8 (1)

Br

| . C PdCI(PPh,),
Cul,i-Pr,NH

ERSRF T, SomL =0T MA4-FEE-3-1R-3-T % -1- 8 (450mg,
2.0mmol). PdCL(PPhs)2(70.2mg,0.05equiv)s #& Z%t (408mg, 4.0mmol) . Cul (38
mg, 0.1 equiv), B 2 A 14mL THF. Z£0°C FMAZ & A Z F(0.84mL,
3.0equiv). $E4E R W45min. RISEESE, HEBE250mL0BIE-HF, MA100mL Z
Bt, FHIMHCI(SOmL)AE M & thKQ0mL)gE, ZE, TKMgSOs T4, W4,
6:1 AE LB LB R R E L RER BT, BE)-2-ELRE-3-RE-TH-2-
§9265mg, =£72%.
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'H NMR (500 MHz, CDCly): $2.62(s, 3H), 7.39-7.46(m, 6H), 7.54-7.56(m, 2H),
7.82(s, 1H), 8.09-8.10(m, 2H).

@)2-CRE-3-FE-TH-2-B (1o

\

| PdCl(PPh;),
+ =—CH

Culi-Pr,NH

EERRPT, SOmL = OMFF MAL-FKE-3-18-3-T £ -1-8 (450mg,
2.0mmol). PdCL(PPhs)2(70.2mg,0.05equiv). 124 (328mg, 4.0mmol) . Cul (38
mg, 0.1 equiv), B ¥ §F 88 7E A 14mL THF. ZE0°C F A = 5 75 % % (0.84mL,
3.0equiv). 484E R N 45min. R SEHE ST, H#HZE250mL &K 3+, IMA100mL &
B, FIM HCI(SOmL)FIE & 27K (20mL)%k, ZEBN, F/kMgSOs 4%, w4, M
6:1 A/ 2R ZBAEMIERE S PR BN, B(E)-2-CRE-3-FE- KR E-2-
f{307.4mg, /= % 68%.

'H NMR (500 MHz, CDCly): 80.97(t, J=729Hz, 3H), 1.50-1.56(m, 2H),
1.63-1.69(m, 2H), 2.51(s, 3H), 2.55(t, J=7.01Hz, 2H), 7.38-7.41(m, 3H), 7.69(s, 1H),
8.02-8.04(m, 2H).

2)-2-CIRE3-EE-ERE-2-F (19

Br 0 _ CHy
O | . PACI(PPhs),
+ =—CH, |
O Cul,i-Pr,NH O

EERRFT, SomL =AM MA4-EE-3-R-3-X K #-1-8 (574mg,
2.0mmol). PdCL(PPhs)2(70.2mg,0.05equiv). IE %R (328mg, 4.0mmol) . Cul (38
mg, 0.1 equiv), FVE S 81 A14mLTHF. ZE0°C T N A — 5 A 2 %(0.84mL,3.0equiv).
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448 R W45min. RV SEER, #BE250mLAHIET, MA100mL Z&, HIM
HCI(S0mL)FI A £k Q0mL)3E, ZEIX, FKMgSOs T4&, W48, F6:1 FihRk
1B BN TE S RIEE BN, B(E)-2-CHE-3-FE-ERE-2-H525mg,
= %91%.

'H NMR (500 MHz, CDCl): 80.89(t, J=7.31Hz, 3H), 1.35-1.43(m, 2H),
1.52-1.56(m, 2H), 2.46(t, J=6.88Hz, 2H), 7.38-7.47(m, 6H),7.54-7.57(m, 1H), 7.90-7.93
(m, 2H), 8.04-8.06(m, 2H).

2-ELHRE-2-FOH-H (19) P

o L)

i 1 i

éf o D= Bamme
— Cul,i-ProNH

ERSRP T, SOmL =0 A2-#-2-3F 4B (444mg, 2.0mmol).
PdCL(PPhs)2 (70.2mg,0.05equiv), % Z. %k (408mg, 4.0mmol) . Cul (38 mg, 0.1 equiv),
FyE 4T 87 A 14mLTHF . Z20C FIMA Z R R & #(0.84mL, 3.0equiv). Z4E RN
45min, R N 5EEE JG , B 2 250mL R 4, IIA100mL ZE¥, A IM HCI(S0mL)
A& KQOmL)YE, 2B, TAMgSOs T, W45, F6:1 Akt L8 LHE
TEMILRBE L PR T, B82-KZ5RE-2-3 C1-K1333me, ™= £85%.

'"H NMR (500 MHz, CDCl3): 62.04-2.10(m, 2H), 2.48-2.55(m, 4H), 7.30-7.32 (m,

3H), 7.36(t, J=4.31Hz, 1H), 7.48-7.51(m, 2H).
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=T HUHERBAESHEMERER
3.18|§

MEFTAEYR—KERZNATEARMUEY, FRNEERRAF-YHNEE TR
h, TREFGEMEYERUEGYNERLSHET. EFRER, EMEILEN
B, WREIER S TFEMBTES FREFRMEER ZHEAY. &BuE 5%
BERE, BEANTEEERS L4 ZRELEURAMBR NS, R
FRARNATHRA KRS RERBEER, AUFGFENNSEELSROTE
AT . FBILILER, B ERELFIRNLE B i e — B,

Dariusz% \PHRE T 4 BTI(VDE BT, 2 RERBmREAURN, B
FI2-Whe A, BB BB & R DA ST EM L &1

CH,CIy, TiCl;/DIEA R R

QO Ar-96°C.t 0
Rl 1 OR1
R@)(Ow 1.5-24h 1 R'o_ J/ \
-N, ROy OR -Ticl N
N No. 3 o 4 ©
TIC|3

Paul®® AWHRIE T ZEAuS LT, SRIVAN-FR B B R e By A3 2

T2,5-ZEARHE R 3R
PPh,AUOT
CICI?IZEHZSI ' N\ O
— |O Ts

S oR 8
I\

PPh,AUOTf N

et O N
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LutzZ \PHRiE 7 TiCly/-BuNH, AL(E/Z) — R IR > FRAE RN, 7
S0CHEET LI, F=EiX80% MU k.

R2 OH/ R NH2 R2
_cat. TiCly IY e D_RS
Hzo Cl t- BUNH2 Cl ‘ R4

ShunsukeZ A *HRiE TCu(EL T, a-BEERRERZES13-ZRELED
RAELA-ME, BETHRAMELED.

o0 O EtO,C CO,Me
toluene
100°C

CO,Et
YUYl cat. Cu(NTH),
N3

0 0
M CO,Et
OFt

CH4CN, H,0 Et0,C7 N~ Me
40°C H

Me

Iz

Alexander 2% VT Cu thiE (b & R RN, [FFER Cu ShiE L T RE 2L,
£ Et;N-DMA #1533 T e

R2 Rl
J 3
1/ NR -0 " N-R
R Et;N'DMA =
RZ

BATBAEIE T 2 M b 3L H AR e/ O B R SR AR AN R B 1 25 B A
IEAEY), KRR RLER ISR RE -
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3.2 LRHES

3.2.1 EBiRHF

KH(AR, HELERFERAT): FEAR, BMELRFERAT): 25H
(AR, Lk ¥ANERATF): CH,CLAR, £#REHARHERAHF): LK
T4 NaySO(AR, HREARNERAF); AMBAR, L KELI ) LR
ZEEAR, B REHRMERAF): AgOTHAR, bR AAERUERAERAT).

3.2.2 IO %

BRHAREIE: Waters1525 &, EE Waters ERFRAH

ZL5M €L Thermo Nicolet 6700 spectrometer, Thermo Nicolet /A 7]
A : Thermo ITQ 1100, Waters GCT Premier, Perkin Elmer 2 ]
B SR IE{L: AVANCE II1 500 MHz, Bruker

R MARE P DF—101, AX T FENFZARTEAR
R ABHIEEKIE: HH-S, T XHRIEFENET
HAENTRMAE: 101-1AH

JE#HERN: R201, BHRAMZHERAF

BFRF: TD2002B, REkM&ERFINFERLA

3.2.3 ZRFIHFASR

(0] s R3 R3
H 7 5% AgOTf )
+ RNH, ——— RN
le 2 CH,Cly tt =\ R?
1 2 3 NHR*

RNFIREEER: BE)-2-EZRE-3-FE- HiH-1-8 (1a) (60 mg, 0.259
mmol) 1 2a (52.9 mg, 0.569 mmol)J#Af#7E 2 mL ) CH,CL B+, EERTH
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P3N AgOTS (3.3 mg, 0.0129 mmol), #H# 0.5h. Z/GH 10mL # H,0 %k,
Et;0 (15 mL x 3)2B, T/KTHE NaSO, T4, WIERELEN, HAFHNHER
i 4R (silica/ Petroleum ether — ethy] acetate 40:1 to 3:1 v/v)7 B 1R A B 217 i Ja.

7
H Z catalyst ~
| + PANHp —————  Ph-N
Ph solvent, rt =N\ Ph
NHPh
1a 2a 3a

WICHHR T MR RS SRR R N W, SRS R K 3-1.

R 3-1 TREEAFRME RN KA

Entry Catalyst Solvent Time(h) Yield (%)°
1 Cu(OTf), C,HsOH 16 20
2 Cu(OTf), CH,Cl, 16 48
3 Zn(OTf), CH.ClL, 16 42
4 CuBr CH.Cl, 16 36
5 AgOTS CH;Ch 0.5 88(75)
6 AgOTf C,H;OH 16 22
7 AgOTf PhCH; 2 78
8 AgOTf CH;CN 1.5 48
9 AgOTf THF 0.5 82
10° AgOTf CH,Cl, 0.5 84

‘e M "HNMR O E [, Lh CHaBry M#s. ° AT 10 mol % L-proline .

WRT AR M LewisBE-4 . FRREREEEAA REHELER. RNE
EtOH# A #1T, FCu(OTH), (5 mol %) (¥3-1, entry DIEENF, BEMNREE
—/MEFEC-NHIRLRE = H)(R3-1, entry 1), TIRA 2 B/ AEELHMKILEY. &
SRR SR EN=ENERER, FAOTE ERKRNT, FXETH
BHIRE(R3-1, entry 5)o BT REANIXT R HER 2T TR (K31, entries 6-9).
ZRNER, 7ELACHCLA e ) R N7~ 2 & = . 10 i A L-prolinefE Jy f 4k,
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X RN HEE H KEZM (R3-1, entry 10).

B E R RN A B AR 31, entry 5), XTHARILHUGREEHAITRFEZET
MR, FIBEMEY, URFEHNRNEERLE2. FRER, FEFER
Fnt, FLHEEGREE AT AR & 18 3 2 AU AL & 4 (3R 3-2, entries 1-7, 9-10). $AT,
AR RE RGBSR AR, HIRE R 2B SH(R3-2, entry 7).

F 32 AgOTS fEAL I B0 k% H s 5 mOntt %

Entry RY R’ R Product  Yield (%)°
1 CeHs/CgHs, 1a CeHs, 2a 3a 75
2 1a p-CIC¢Hy, 2b 3b 81
3 1a 0-CIC¢Hs, 2¢ 3c 83
4 1a p-CH;C¢Hs.2d 3d 84
5 1a 0-CH3CeHy, 2¢ 3e 86
6 1a m-CH;C¢Ha, 2f 3f 30
7 1a p-CH3;0CqHs, 2g 3g 70
8 la C¢HsCH,, 2h 3h trace
9 C¢Hs/C4Ho, 1b 2a 3i 43
10 C¢Hs/CH,0H,1¢ 2a 3j 53

¢ RN &L 78 (0.258 mmol), 2a (2.2 equiv)FIHEALF (5 mol %)% Z il &4 F#1T,
%2 mL.

3.3 &R

FiEH 'H NMR A1 PC NMR i% & # & Fi Bruker Avance III 500 MHz
(125MHz) #{XZECDCl; YR T3 E B 2], TMS A W47 . IRi% B F Thermo Nicolet
6700 spectrometer, EIMS Fi % 57 FI X 28 % Thermo ITQ 1100/%i&{X. HRMS %
Waters GCT Premier {28 EWE. S KIEKRIE. BREFHIKRIELE.

Ja 1,2- ZHE-4-(N-ZEF H-2-Z55%)- 0k g
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solid, m.p. 62-64 °C; 'H NMR (500 MHz, CDClL): 87.54(d, J = 7.5 Hz, 2H),
7.38-7.11(m, 15H), 6.69 (t, J = 7.5 Hz, 1H), 6.63-6.61 (m, 3H), 6.40 (d, J = 2.0 Hz, 1H),
5.57(s, 1H), 4.43 (br, 1H); °C NMR (125 MHz, CDCls): §147.49, 143.26, 140.29,
134.16, 132.64, 129.07, 128.95, 128.52, 128.14, 128.05, 127.00, 126.98, 126.59, 126.40,
125.59, 122.63, 117.26, 113.33, 110.02, 56.55; MS(70eV, EI) m/z (%): 400(M",1.1);
HRMS: Calcd for Ca9Hy4Na: 400.1939. Found: 400.1956; IR v max (cm'l): 3413, 3050,
3025, 1600, 1499, 763, 697.

3b: -3 FH-2- T -4-(N-ZF B H-2- % G TR J0)- Mk e

w,

N
O

Cl
solid, m.p. 76-78 °C; "H NMR (500 MHz, CDCly): §7.46(d, J = 7.5 Hz, 2H), 7.35 (t, J =

7.5 Hz, 2H), 7.28-7.01(m, 12H), 6.57 (d, J= 1.5 Hz, 1H), 6.50 (d, J = 9.0 Hz, 2H), 6.35
(d, J= 1.5 Hz, 1H), 5.48(s, 1H), 4.39 (br, 1H); *C NMR (125 MHz, CDCl;): 5145.96,
142.73, 138.83, 134.43, 132.41, 132.33, 129.17, 128.94, 128.66, 128.25, 128.09, 127.26,
126.98, 126.75, 126.72, 122.35, 122.07, 114.51, 110.27, 56.69; MS(70eV, EI) m/z (%):
468(M",1.5); HRMS: Calcd for CagHyCLNy: 468.1160. Found: 468.1144; IR v
(cm™):3419, 3060, 1598, 1494,

Je: 1-SPEUARE-2-F A -4-(N-55 B B 2- 30 A )L v
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) a

H
N

/ \
O N

©/CI
oil; '"H NMR (500 MHz, CDCly): 87.49(d, J = 7.0 Hz, 2H), 7.38-6.96(m, 14H),
6.41-6.58(m, 4H), 5.61(s, 1H), 5.08 (br, 1H); '>)C NMR (125 MHz, CDCly): §143.24,
142.60, 138.11, 135.53, 132.47, 131.91, 130.31, 129.88, 128.95, 128.90, 128.56, 128.07,
127.59, 127.44, 127.40, 127.25, 127.16, 127.04, 126.46, 122.95, 119.08, 117.19, 112.60,
108.63, 56.33; MS(70eV, EI) m/z (%): 468(M",0.4); HRMS: Calcd for Ca9HyCloNy:
468.1160. Found: 468.1137; IR v max (cm™'): 3421, 3064, 3027, 1595, 1491, 760, 697.

3d. 1-%f B B R - 2- TR B -A-(N- 2K R -2 3o P A SR ) -

Ly

H
N

/N\ \©\

solid, m.p. 64-66 °C; "H NMR (500 MHz, CDCl): 87.50(d, J = 7.5 Hz, 2H), 7.32(t, J =
7.0 Hz, 2H), 7.24-7.05(m, 8H), 6.97(d, J = 8.0 Hz, 2H), 6.91(d, J = 8.5 Hz, 2H), 6.57(d,
J=1.5Hz, 1H), 6.50(d, J = 8.5 Hz, 2H), 6.34(d, J = 2.0 Hz, 1H), 5.49(s, 1H), 4.28 (br,
1H), 2.31(s, 3H), 2.19(s, 3H); *C NMR (125 MHz, CDCl;): 8145.30, 143.52, 137.85,
136.38, 134.05, 132.78, 129.55, 129.51, 128.46, 128.10, 128.00, 127.00, 126.86, 126.33,
126.28, 125.40, 122.65, 113.43, 109.75, 56.81, 20.93, 20.33; MS(70eV, EI) m/z (%):
428(M*,2.1); HRMS: Calcd for CjHygNy: 428.2252. Found: 428.2268; IR v ma
(cm™):3411, 3058, 3025, 2917, 1614, 515, 808, 762, 699.

Je: 1-30 B B AR I -2- 5 H -4 (N2 P -2 40 PR B R )- P g
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o
2
I\

T

oil; 'H NMR (500 MHz, CDCl3): 87.50(d, J = 7.0 Hz, 2H), 7.31(t, J = 7.0 Hz, 2H),
7.23-6.96(m, 12H), 6.60(dt, J = 7.5 Hz, J = 0.5 Hz, 1H), 6.52(d, J = 8.0 Hz, 1H),
6.44-6.38(m, 2H), 5.60(s, 1H), 4.23 (br, 1H), 2.21(s, 3H), 1.86(s, 3H); 13C NMR (125
MHz, CDCl3): $145.45, 143.41, 139.79, 135.42, 135.16, 132.84, 130.79, 129.84, 128.43,
128.04, 127.97, 127.01, 126.98, 126.93, 126.90, 126.45, 126.17, 122.84, 121.67, 116.81,
111.10, 108.07, 56.49, 17.73, 17.54; MS(70eV, EI) m/z (%): 428(W,1.6); HRMS:

Calcd for C3HygNy: 428.2252. Found: 428.2270; IR v e (cm™): 3436, 3060, 3027,
2921, 1602, 1499, 750, 698.

3F: 1-[8) B AR -2- R -4 (-5 Y A -2- ) B A R D) - I %

Qo

NH

/\

o

solid, m.p. 58-60 °C; "H NMR (500 MHz, CDCl;): 87.50(d, J = 7.0 Hz, 2H), 7.33(t, J =
7.5 Hz, 2H), 7.22-6.96(m, 10H), 6.84(d, J = 8.0 Hz, 1H), 6.57(d, J= 2.0 Hz, 1H), 6.48(d,
J =15 Hz, 1H), 6.43(s, 1H), 6.40-6.35(m, 2H), 5.52(s, 1H), 4.33 (br, 1H), 2.27(s, 3H),
2.21(s, 3H); °C NMR (125 MHz, CDCl;): 5147.58, 143.43, 140.23, 138.97, 138.75,
134.09, 132.72, 128.97, 128.63, 128.47, 128.08, 128.05, 127.98, 127.34, 127.00, 126.88,
126.30, 126.07, 122.86, 122.63, 118.21, 114.19, 110.30, 109.88, 56.54, 21.59, 21.22;
MS(70eV, EI) m/z (%): 428(M",2.5); HRMS: Calcd for C3HygNy: 428.2252. Found:
428.2267; IR v max (cmn™): 3413, 3035, 2923, 1601, 1492, 762, 698.

38



WAL T REF #0010 3T

B 174 BB B 0 A AN 200 P LS 2

OCHj;
QO
NH
OCHj

oil; '"H NMR (500 MHz, CDCls): §7.49(d, J = 7.0 Hz, 2H), 7.31(t, J = 7.5 Hz, 2H),
7.23-7.07(m, 6H), 7.00(d, J = 8.5 Hz, 2H), 6.76(d, J = 9.0 Hz, 2H), 6.69(d, J = 9.0 Hz,
2H), 6.55-6.52 (m, 3H), 6.34(d, J = 2.0 Hz, 1H), 5.45(s, 1H), 4.15 (br, 1H), 3.73(s, 3H),
3.66(s, 3H); *C NMR (125 MHz, CDCly): 5158.14, 151.87, 143.62, 141.87, 134.09,
133.46, 132.70, 128.43, 128.01, 127.98, 127.95, 126.98, 126.84, 126.77, 126.20, 122.65,
114.73, 114.46, 114.06, 109.38, 57.31, 55.68, 55.33; MS(70eV, EI) m/z (%): 460(M",4);
HRMS: Caled for C3;HysN;05: 460.2151. Found: 460.2165; IR v may (cm™): 3405, 3058,
3012, 2942, 1511, 1242, 1037, 759.

37 1-FH2-T H-4-(N-76 B -2 FK ) -ni g

NH

/ \
C4H9 N

<

oil; 'H NMR (500 MHz, CDCLy): §7.53(d, J = 7.5 Hz, 2H), 7.43(t, J = 7.5 Hz, 2H),
7.39-7.14(m, 8H), 6.70(t, J = 7.0 Hz, 1H), 6.62(d, J= 7.5 Hz, 2H), 6.40(d, J = 1.5 Hz,
1H), 6.07(s, 1H), 5.53(s, 1H), 4.43 (br, 1H), 2.53(t, J = 7.5 Hz, 2H), 1.56-1.50(m, 2H),
1.35-1.30(m, 2H), 0.88(t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCl;): 5147.58,
143.53, 140.18, 134.82, 129.02, 128.96, 128.38, 126.96, 126.94, 126.77, 126.01, 119.74,
117.06, 113.26, 106.12, 56.61, 31.13, 26.50, 22.43, 13.80; MS(70eV, EI) m/z (%):
380(M",0.2); HRMS: Calcd for C37HgNy: 380.2252. Found: 380.2267; IR V ey (cm’):
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3417, 3053, 2956, 2928, 1600, 1500, 750, 697.

3j: 1A )P REHL-A-(N- 2K B2 - e

&

Ho, J/ \
N

0

oil; 'H NMR (500 MHz, CDCl;): §7.52(d, J = 7.5 Hz, 2H), 7.45-7.27(m, 8H),
7.17-7.14(m, 2H), 6.71(t, J = 7.5 Hz, 1H), 6.63-6.61(m, 3H), 6.29(d, J = 2.0 Hz, 1H),
5.53(s, 1H), 4.48(s, 2H); '*C NMR (125 MHz, CDCl;): §147.38, 143.27, 139.48, 132.92,
129.14, 129.01, 128.47, 127.16, 127.10, 126.91, 126.88, 125.26, 121.29, 117.20, 113.26,
109.84, 56.40, 56.15; MS(70eV, EI) m/z (%): 354(M",1.2); HRMS: Calcd for
C24HN;0: 354.1732. Found: 354.1756; IR v max (cm™): 3406, 3053, 2928, 1600, 1500.

B

[1]. (a) Electronic Materials: The Oligomer Approach; Miillen, K., Wegner, G., Eds.; Wiley-VCH:
Weinheim, 1997.

(b) Matano, Y.; Imahori, H., Phosphole-Containing Calixpyrroles, Calixphyrins, and Porphyrins:
Synthesis and Coordination Chemistry [J], Acc. Chem. Res. 2009, 42, 1193.

(c) Higgins, S. , Conjugated polymers incorporating pendant functional groups—synthesis and
characterisation[J], Chem. Soc. Rev. 1997, 26, 247.
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EME HERREERES T RIEA

4.15|8

REERRB TR RRA BT 1,24- =B AR, 335k
R B 75 1 BB L 05 B A R B £ 19 21 1,2,4- Z UKL R AL & W02

pZ R RY
R1 7 5% AgOTf L
| +  RNH, 7 RN 2
r2 CHSCly, rt R
1
1 2 R's  NHR®

B LIIGERE 18T TLRZE, RAFREBE 1,2,4-=ZHAMIER, T
BEMR 2,3,5- =BT 4a, #— 5L RILA THF M H, R NIRETE 70°C
B A LA 85%7= 3 FIRM L&) a.

XA, SRAMKHLEYFETIEZRATY AT, MEENATE
%, EYEKRYRESKENA, BEETET. ANESBLFET, BRG
RANRBEYBERR= MO ER SR PEE, FxTEII8 &L as
R—ERBEVNEFEFRAANMAS, WK, EEBRENIIE T
SEAR, HHBIMEARKEIR, BAKNREN—KFE.

4.2 RS

4.2.1 KELH

EM(AR, LELERFERAT): FHAR, HEMEARFERLF): 2K
(AR, gkt RFERAT); THFAR, EHERALFRFERAT): L
KT NaSOy(AR, EREARBERAF): AMEKAR, LrKEBLI ) 2
MZBEAR, #FXEARMERAT): AgOTHAR, HAKEERUEBRAFRL
).
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4.2.2 ZHALH

ERORAEE{: Waters1525 B, £[E Waters FiARH R A ]

LA EAL: Thermo Nicolet 6700 spectrometer, Thermo Nicolet /4 ]
JRi%{¢: Thermo ITQ 1100, Waters GCT Premier, Perkin Elmer A% |
W% {L: AVANCE III 500 MHz, Bruker

SR AR AR DF—101, RXHFEUBERFEAT
ERRGBAIER K, HH—S, W XTIAFEMET

AN TRM: 101-1A &

HEH7E R R201, WHAREHRAR

HFRF: TD2002B, REkMHEERFUBERLA

4,2.3 WGP E

R! | Z . 5% AgOTf S
+ RNH, ——— )
R 2 THF.70°C =NR
R1

RERGEEE: (E)-2-RLHpEI-FE-TH2E (1) MEK 22 (272 mg,
0.293 mmol ¥4 f#7E 2 mL HJ THF &, 7 70 °C FHHFIHFMA AgOTf (3.1 mg,
0.0122 mmol), #t#: 1h. Z/5H 10mL #) H,O %%, EuO (15 mL x 3)ZH, LK
Na,SO, T, EFZEEEH, FHHAFHIIEE AR (silica/ Petroleum ether — ethyl
acetate 30:1 to 3:1 vV) B IR AL 3R 5 4,

F 4-1 AgOTE FEALILHEMRIRER & TRAR I

Entry R'R¥ R} R Product Yield (%)°
1 CH3/C5H5/C(,H5, 1d 2a 4a 85
2 1d 2b 4b 89

3 1d 2c 4c 71
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4 1d 2d 4d 72
5 1d 2e 4e 80
6 1d 2g 4f trace
7 CH,/C¢Hs/C4Hy, 1e 2a 4g 68
8 C¢Hs/C¢Hs/C4Hs, 1f 2a 4h 87
9 -(CH,);-/C¢Hs, 1g 2a 4i 90

BELRRI, HFEHRER2-(1-RE)-2- 1 - 1- K 1d-1gMR AT 77 B )
N, BIMESRARBLEY, SRIMRIFI P, DR MR &AM,
BEBIMMAREL & Y4F (K3, entry 6),

4.3 &R

FiEK 'H NMR A “C NMR i & # £ F Bruker Avance Il 500 MHz
(125MHz) E{XFECDCL; YEH 7 T 0 E F 3], TMS A W47 . IR#% B F Thermo Nicolet
6700 spectrometer, EIMS #7ill € BT FA{X 2% % Thermo ITQ 1100/5i#{%. HRMS 7
Waters GCT Premier (X288 Ll . A RIERIE. BRIEME AT RIEFHRALE.

4a: 2-FH-3-(1-7K B - 2-N-F ) -5- Bk gy

L
o:

HN

&

solid, m.p. 114-116 °C; "H NMR (500 MHz, CDCL,): 7.66(d, J = 8.5 Hz, 2H), 7.52(d, J
= 7.0 Hz, 2H), 7.44-7.02(m, 8H), 6.80 (t, J = 7.5 Hz, 1H), 6.66(d, J = 8.0 Hz, 2H),
6.54(s, 1H), 5.49(s, 1H), 4.25 (br, 1H), 2.43(s, 3H); “C NMR (125 MHz, CDCly):
5151.76, 147.70, 14735, 142.51, 130.70, 129.10, 128.69, 128.50, 127.22, 126.91,
126.77, 123.88, 123.26, 117.68. 113.40, 105.51, 54.87, 12.10; MS(70eV, EI) m/z (%):
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339(M",11.5); HRMS: Calcd for Cy4H,NO: 339.1623. Found: 339.1611; IR vmax(cm'l):
3418, 2921, 1599, 1501, 756, 699.

4b: 2-FF H-3-(1-7K B - 2-N- Yo G ) 5- 2 ZE Ik

v
)

HN

Q

cl
solid, m.p. 90-92 °C; 'H NMR (500 MHz, CDCly): §7.54(d, J = 8.0 Hz, 2H),
7.39-7.25(m, TH), 7.18(t, J = 7.5 Hz, 1H), 7.05(d, J = 9.0 Hz, 2H), 6.46(d, J = 9.0 Hz,
2H), 6.41(s, 1H), 5.33(s, 1H), 4.16 (br, 1H), 2.32(s, 3H); *C NMR (125 MHz, CDCl):
5151.88, 147.78, 145.80, 142.01, 130.61, 128.94, 128.78, 128.54, 127.41, 127.02,
126.72, 123.49, 123.29, 122.34, 114.49, 105.35, 54.95, 12.12; MS(70eV, EI) m/z (%):
373(M",11); HRMS: Calcd for CasHaoCINO: 373.1233. Found: 373.1222; IR V max
(em™): 3423, 3029, 2919, 1597, 1494816, 756, 697.

4o 2-F HE-3-(1- 2 - 2-N-AF G e )- 5~ HE Ik g

solid, m.p. 130-132 °C; '"H NMR (500 MHz, CDCl;): §7.62(d, J = 8.0 Hz, 2H), 7.47(d,
J=17.0 Hz, 2H), 7.42-7.22(m, 7H), 7.08-7.04(m, 1H), 6.67(dt, J = 7.5 Hz, J = 1.5 Hz,
1H), 6.67(dd, J = 8.5 Hz, J = 1.5 Hz, 1H), 6.49(s, 1H), 5.50(s, 1H), 4.88 (br, 1H), 2.40(s,
3H); ®C NMR (125 MHz, CDCl3): §151.90, 147.89, 143.05, 141.86, 130.66, 129.01,
128.83, 128.55, 127.68, 127.46, 127.02, 126.73, 123.34, 119.27, 117.66, 112.50, 105.55,
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54.62, 12.17; MS(70eV, EI) m/z (%): 373(M",12); HRMS: Caled for CasHaoCINO:
373.1233. Found: 373.1232; IR v e (cmn™): 3427, 3062, 3027, 1596, 1497, 755, 696.

4d 2-FFEE-3-(1-F5 B BL-2-N-Xof B g )-5- K FE Mg

v
0

HN

oil; 'H NMR (500 MHz, CDCls): §7.63(d, J = 8.5 Hz, 2H), 7.50(d, J = 7.5 Hz, 2H),
7.42-7.25(m, 6H), 7.01(d, J = 8.5 Hz, 2H), 6.57(d, J = 8.5 Hz, 2H), 6.53(s, 1H), 5.44(s,
1H), 4.10 (br, 1H), 2.41(s, 3H), 2.29¢s, 3H); °C NMR (125 MHz, CDCly): 8151.73,
147.66, 145.15, 142.73, 130.75, 129.61, 128.67, 128.51, 127.17, 126.90, 126.88, 126.78,
124.06, 12327, 113.53, 105.54, 55.14, 2034, 12.12; MS(70¢V, EI) m/z (%):
353(M",26); HRMS: Caled for CosHa3NO: 353.1780. Found: 353.1779; IR V max (cm™):
3409, 3058, 3027, 2919, 1601, 1514, 1452, 808, 760, 697.

4e: 2-F F-3-(1- 7 B - 2-N-4F F B 3K Jii7)- 5- 2% B W i

v
o:

HN

e

solid, m.p. 110-112 °C; 'H NMR (500 MHz, CDCl;): 87.65(d, J = 8.5 Hz, 2H), 7.50(d, J
= 7.5 Hz, 2H), 7.43-7.07(m, 8H), 6.74(dt, J = 7.5 Hz, J = 0.5 Hz, 1H), 6.55(d, J = 8.0
Hz, 1H), 6.53(s, 1H), 5.53(s, 1H), 4.07 (br, 1H), 2.42(s, 3H), 2.28(s, 3H); °C NMR
(125 MHz, CDCl3): 6151.78, 147.73, 145.21, 142.57, 130.70, 129.96, 128.72, 128.52,
127.23, 127.02, 126.94, 126.74, 124.04, 123.29, 121.99, 117.33, 111.11, 105.54, 54.71,
17.65, 12.14; MS(70eV, EI) m/z (%): 353(M',23); HRMS: Caled for C,sHxNO:
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353.1780. Found: 353.1788; IR v max (cm™): 3435, 3056, 3020, 2919, 1603, 1502, 1447,
1306, 747, 697.

4g 2-F H-3-(1-FK I E-2-N-F )-5- T 2Rk
C4Hg
o_

HN

&

oil; 'H NMR (500 MHz, CDCL;): §7.48(d, J = 7.5 Hz, 2H), 7.40(t, J = 7.5 Hz, 2H),
731(t, J = 7.5 Hz, 1H), 7.21-7.17(m, 2H), 6.76(t, J = 7.5 Hz, 1H), 6.62(d, J = 7.5 Hz,
2H), 5.84(s, 1H), 5.40(s, 1H), 4.21 (br, 1H), 2.57(t, J = 7.5 Hz, 2H), 2.31(s, 3H),
1.67-1.61(m, 2H), 1.46-1.39(m, 2H), 0.99(t, J = 7.5 Hz, 3H); “C NMR (125 MHz,
CDCL): 8154.44, 147.47, 145.64, 142.93, 129.04, 128.57, 126.97, 126.65, 122.00,
117.46, 113.34, 104.80, 54.88, 30.06, 27.72, 22.31, 13.78, 11.86; MS(70eV, EI) m/z (%):
319(M",9.5); HRMS: Calcd for Cy;HasNO: 319.1936. Found: 319.1939; IR V pax (cm'l):
3413, 3053, 3023, 2956, 2927, 1602, 1500, 749, 697.

4h: 2-FH-3-(1-FK B H-2-N-F f%)-5- T ZEmkmm

C4Hg
A
L) ”“@
solid, m.p. 108-1110 °C; "H NMR (500 MHz, CDCl): 87.61(d, J = 7.5 Hz, 2H), 7.46(d,
J =175 Hz, 2H), 7.41-7.28(m, 6H), 7.14(t, J = 7.5 Hz, 2H), 6.72(d, J = 7.5 Hz, 1H),
6.55(d, J = 8.0 Hz, 2H), 5.90(s, 1H), 5.73(s, 1H), 4.34 (br, 1H), 2.63(t, J = 7.5 Hz, 2H),
1.67-1.63(m, 2H), 1.43-1.39(m, 2H), 0.96(t, J = 7.5 Hz, 3H); *C NMR (125 MHz,

CDCL3): 5155.86, 147.58, 147.00, 142.38, 131.06, 129.12, 128.68, 128.65, 127.23,
127.14, 125.82, 123.76, 117.54, 113.31, 107.20, 54.48, 30.04, 27.85, 22.33, 13.79;
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MS(70eV, EI) m/z (%): 381(M",15); HRMS: Calcd for C,7HysNO: 381.2093. Found:
381.2102; IR v max (cm™): 3411, 3052, 2956, 2928, 1601, 1498, 745, 697.

47 2,3-F T B (1-N-FJ%)-5- 7 TR I

solid, m.p. 74-76 °C; 'H NMR (500 MHz, CDCl,): 87.68(d, J = 7.5 Hz, 2H), 7.41(t, J =
7.5 Hz, 2H), 7.28(t, J = 7.5 Hz, 3H), 6.81(d, J = 7.5 Hz, 1H), 6.75(d, J = 7.0 Hz, 2H),
6.66(s, 1H), 4.62(s, 1H), 3.86 (br, 1H), 2.81-2.67(m, 2H), 2.05-2.03(m, 2H),
1.92-1.87(m, 2H); *C NMR (125 MHz, CDCly): §152.25, 152.05, 147.18, 130.94,
129.32, 128.54, 126.87, 123.28, 121.40, 117.23, 113.05, 104.83, 46.72, 29.20, 23.07,
19.62; MS(70eV, EI) m/z (%): 289(M",18); HRMS: Calcd for CyoH;oNO: 289.1467.
Found: 289.1463; IR v max (cm™): 3407, 3051, 2938, 1601, 1503, 1313, 755, 692.
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