WA ZABELETTDOR Y AFILERAT7 74 FD
(E)-13- 7 == ) 7a, 2-v-1-F D
MBI 1) % BRI S & AU B S O Fa

IIREZA =g E il I I S L S & 8

=407:5]

iz DA NARZMEEY D 5 DK A K U EEFEARO EISIRIC OV TR, AEEEE R T
BEESTOMBEICEBWTEETH B0, KA RHEI TR TR, Hic, Ry X7)L
FE FFEREDANREEF AR F— F RV U LVEEETEHRZA7 74 b EORKIG
K& B, CPREAGDERMKIGICOWT, L oFENHEShTL2™MY, Zo—KT, FUT
WELVFRAT 74 P EOHEEFBRINTHRY, 22T, A, RVAT7VTE FFEEKE
FUZAFLFRRT 74 P2V et FaXF s R 2iF— FFEAOARKIZOVT, KK
BERE & SOBOHOEEIRE 2 B3 U, BRI IFTRER MR LY, 510, AKIED
JEHE LT, o B-AEFIA N K= WLEWTH B (E)-13-Y 7 2=V T usi2-v-1-F v (F
Nay) MEPIAFURRAT 74 PEDRKIBICOWTEELIMER, PIXFILERT 7
A FB(E)-13-Y7 2= T anms2-20-1-F v D B Ar & BIRIC IR E T 2 2 L 2R LT, £

. Br oA ABEE T, KIBSEORELLFRI NS KEEOEZ2{T- 7212, 5
[, RRIGICD T, 4 OEFESFR L HREICOWTHRETT 5 2 Lic L7,

RA7 74~ DEBREHR

KEHCIIET, AR 7 74 FOBEBRESIRICOWTHE T2 2 LiIc L, kLA A
EZOMBICHOWTIE, PIXAFLERAT 74 b2HOVELEEORESMTH -, HELF2
V(IV) Z0S5UBEEZBEHIT 2 LI L, TOEBTIIBVWT, A7 VX ILEEET SR
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2774 FEAOTRIGET > /R, 7UFVERAFILEED L&, RKRDHIFEDE L (Table
1. Entry 1), ZEEEMICHMEIB LN, TFVEOEEDEBICECHMEI G625 &
FAEL 7223, IURIZ61% & RE AR T L7 (Table 1. Entry 2), & 5ic, Fub Lk, 4V 7o
EEL . TUXVENEE L B BIcon, [ERIFET L7 (Table 1. Entry 3, 4), 7L ¥ )L
BAYTOELVED L ZOINRL, A FLVEOBEORESIET LTS, TUFLENE
Ll RBicoh, WEMETT 2LV AL, PUTAXIVRRAT 74 FEAVE, 0-7%
WTZIVFERDPEDFRRARVIVEERETEA VYNV YT I VDEBEKIGICB LT Rohik
DB RKIEDIE S B, LEBEFEORLEEZ SN INEOETH, LvHEECH LN
Tw3, —H, PUTAVFLERTZ 74 b2V, RUVX7Z VT E FFEERIPSED a-b F
0¥ R AR F— FFEEEROERKINICE VTR, TIVXFVENES S L, NESALEL
TEL), ARIGE ZHOMEAZRLT0E, FA7 74 FOT VX IVEBERL RBIcoN,
FAT7 74 PORBMEEHET EEZ SN0, Z20—FT, UEEENREL 55, KRG
BOWTlE, CPHAZERTARERTFIC 7 VEEZELTCwEILE, V1A ABTH 2
bF2 vAV) IC 2B LT3 2 Db, C-PEAZRERT 2 KIGHRPVENICEA A>T
2720, BEVWART 74 PCTEIGEPETLEZEEZONS,

0
i TiCl, o P(OR),
= .
O O *  P(OR), 0.5 equiv _
) 1 equiv CH,Cl,, reflux, 12 h
1 equiv
! 2a-d
a, R=Me
b, R = Et
c,R=Pr
d,R=i-Pr

Table 1. Effect of the alkyl substituion for the reaction of (E)-1,3-diphenylprop-2-en-1-one 1 with trialkyl phosphite

2a-d
Entry R Yield® ® (%)
1 Me >99
2 Et 61
3 Pr 56
4 i-Pr 50

a Yield of dialkyl (3-oxo-1,3-diphenylpropyl)phosphonate 2a-d. b Determined by HPLC analysis.
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R DIRES

FERIOHETHR LIz LI, RICHEEZMTO XS THs EFEZX 5415 (Scheme 1), + R
T7 A PDOTIVFOVIRIC X BIHEADOEEZ, o-E Fux v R AR > — FFEKE TR - 72
EHAZRL72DDOD, 4 VRV 75 VFEEREZAROEIZRLTWS, LidoT, K
FOMC B W TH, AEEREIIAROKIETH 5 £FE X (Scheme 1. 6 = 7)., MW A 4> X bk
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(e}
I
0 BF,.OEt, O p(OMe),
= .
1 equiv
O O * p(OMe)s q
1 1 equiv CH,Cl,, reflux, 2 h 2a

Table 2. Effect of Kl for the reaction of (E)-1,3-diphenylprop-2-en-1-one 1 with trimethyl phosphite (2a).

Entry Kl / equiv Yield® ® (%)
1 none 19
2 1.0 58

a Yield of dimethyl (3-oxo-1,3-diphenylpropyl) phosphonate 2a-d. b Determined by HPLC analysis.

D@3 A 4 v 2 FET 2 3 A ) Y L2 KGRI HEES &, Al os
ZfTo 7z (Table 2.), & B, RRFHcBV T, 2UA Y T LE2MRBNREZPMEST 279
i, VA R B HET N u T AU A v oo RZED TR v P Y 7L Y
F-zFrz—garrvy 7 22Hulz, £/, FZ2A 774 MG PV AFVERT 74
FEHAOWE, ThiE, AYRYY TS VEEROERKGICB LT, AAT7 74 FDOT VX)L
D, AV T ELVEOIIBEHOT VI VKLY AFLEDIEFIP, avLh YT LE
MA TR E->E VRN HTH B0, ZOFE, LAV T LE2MA LD o b X,
INFER19%ICT Ehhr oz, 2V A VT L%2MA D E, [UFEIES8% &b, KiFicH
Lize &oT, ARIBICBWTYH, FHEEBIEAKOIIGTH 5 Z LR TE T,

7 EDEFRIEDORZE

(E)-13-Y7 z=)b7anR2-20-1-4 > 8) D3R D7 = = VEDE TR FEDHE LR
L7z (Table 3.), BTKBIFEEZET 2L, (B)-13-Y7 2z =7 0s82-2v-1-4 v & b RE T
DEEMT 2720, WEPRAET 2 EFHESNEZ, LrL, 3MO7 2= o4 )L MMilcE
KBl TchsrnuirFT 254, HErTildd s, PEEPE T L (Table 3. Entry 2), Z
i, BFRBIETHI 7ouiick->T, (B)-13-YV7 2= 7 0,82-2 v-1-F VIHEEMED
BEREMEREMT 200, C-PHEGEEHT 2 REBKTFHEMIRAE S 72d, Z DAL
HEFI LT, FRAT7 74 FORBEESNGFI SN L0 THIEEZ NS, —/7, /%7
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(0]
o Ticl, 0 P(OMe),
e 0.5 equiv [:::T/u\v/l\T:i?j
| ] 7 POMe) |
8 - /\Cl 1 eqUiV CH2C|2, refIUX, 3h 9 /K
1 equiv Cl

Table 3. Effect of Chloro Group for the reaction of (E)-1,3-diphenylprop-2-en-1-one (8) with trimethyl phosphite.

Entry cl Yield 2 © (%)
1 - 75
2 o 70
3 p 87

a Yield of dimethyl (3-oxo-1,3-diphenylpropyl) phosphonate 9. b Determined by HPLC analysis.

fizic 7 v o2 AT 3 8E IR A L L7z (Table 3. Entry 3), Zhix, /350 CH Ik
BEESECICL L, e, 7unEoBEB LRI EDZOIC, (B)-13-Y7 2= msR2-2 v
-y (8) K REFWSHEMT 2720, WWEPRELZEEZ NS, AERPEDH, bV
TIUXIVERT 7 A b2V, RUVXTLVTE FFERPSDa-E FRF VKRR T F—F
FEROERSIE & 07, ARG IAREEDOHEL KE R T 5 LIRS N,

Fe&

&

ARSI, PUTIUXILERAT7 74 PERVITATFTERDSED a-E Fr¥ v R AR —
M EEEARERKIG E ARG TH B 2 BRI, E L, FPUTAVXLVEAT7 74 b
DEGENR ARG LR, T3 vENEE 55 L, TEREENIREL 2 bz, K
PET L7, KICEREZERRTH 2Icb2hboT, PITUFAVRRT 74 FOT7 IV FILHE
ORFF, WOMEmER Lz, o, VEREORE X, (£)-13-Y7 2=V 7 m82-T -1
v 8) DINDT7 2 = VEOBETFRIEOHROBF ORI Ao Twb, ik, 147
D7 = VEOEGIL 7 E | e RERESRICO W TR 5,
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Experimental Section

Melting points were obtained with a Yanaco micro melting point apparatus and are uncorrected. 'H and
13C NMR spectra were recorded on a JEOL EX-400 in CDCls, with TMS as an internal standard. Mass
spectra were determined with a JEOL JMS-DX300, by GC inlet, and measured with a Finnigan MAT

mass spectrometer.

General Synthesis of dialkyl (3-oxo-1,3-diphenylpropyl)phosphonate derivative.

Lewis acid was added to a solution of (E)-1,3-diphenylprop-2-en-1-one (1 mmol) in dry CH,Cl, (3 mL)
at 0 °C, after the mixture was stirred at this temperature for 0.5 h, trialkyl phosphite (1 mmol) was added
and the mixture was stirred at reflux in dry CH,Cl,. The reaction mixture was quenched by the addition
of aq HCl, and the mixture was extracted with CH,Cl,. The organic layer was washed with aq NaHCO;,
dried over Na;SOy, and concentrated in vacuo. The residue was chromatographed on silica gel (AcOEt :

hexane = 1 : 1) to give the phosphonate.

Diethyl (3-oxo-1,3-diphenylpropyl)phosphonate (2b).

Colorless oil (from ethyl acetate); '"H NMR (CDC13;, 400 MHz) § = 1.08 (3 H, t, J = 6.9 Hz, CH3), 1.28
(3H,t,J=6.9 Hz, CH;), 3.62-4.14 (7 H, m, CH, CH, X 3), 7.21-7.57 (8 H, m, arom. H), 7.92-7.95 (2 H,
d, arom. H); 3C NMR (CDCl;, 100 MHz) § = 16.17 (d, *Jcp = 6.1 Hz, CH3), 16.20 (d, *Jcp = 6.1 Hz,
CHs), 38.95 (d, 'Jep = 140.4 Hz, CH), 39.07 (CH,), 61.93 (d, 2Jcp = 7.3 Hz, P-OCH,), 62.90 (d, 2Jcp =
7.3 Hz, P-OCH,), 127.25, 128.03, 128.47, 128.58, 129.19, 129.29, 133.26, 135.91, 136.02, 136.49
(arom. C), 196.23 (d, *Jep = 14.7 Hz, C=0); HRMS (EI) m/z M" Calcd for C;9H,304P 346.1335, Found
346.1334.

Dipropyl (3-oxo-1,3-diphenylpropyl)phosphonate (2c).

Colorless oil (from ethyl acetate); '"H NMR (CDC13, 400 MHz) § = 0.71 (3 H, t, J = 6.9 Hz, CH3), 0.83
(3H,t,J=6.9 Hz, CH;), 1.38 2 H, qt, J = 7.3, 6.8 Hz, CH,), 1.57 (2 H, qt, J = 7.3, 6.8 Hz, CH,), 3.52-
3.75 (4 H, m, CH, X 3), 3.86-3.91 (4 H, m, CH, CH,), 7.13-7.46 (8 H, m, arom. H), 7.85-7.87 (2 H, d,
arom. H); 3C NMR (CDCl;, 100 MHz) & = 9.90 (CH3), 10.06 (CH3), 23.72 (d, 3Jep = 6.1 Hz,
P-OCH,CH,), 23.85 (d, 3Jcp = 6.1 Hz, P-OCH,CHa), 38.90 (d, 'Jep = 140.4 Hz, CH), 39.14 (CH,), 67.47
(d, 2Jep = 7.3 Hz, P-OCH,), 68.38 (d, 2Jcp = 7.3 Hz, P-OCH,), 127.22, 127.27, 128.10, 128.47, 128.51,
128.62, 129.22, 129.31, 133.31, 136.06 (arom. C), 196.26 (d, *Jcp = 14.7 Hz, C=0); HRMS (EI) m/z M*
Calcd for C;;Hy704P 374.1648, Found 374.1615.
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Diisopropy! (3-oxo-1,3-diphenylpropyl)phosphonate (2d).

Colorless oil (from ethyl acetate); "H NMR (CDC13, 400 MHz) § = 0.83 (3 H, d, J = 6.3 Hz, CH3), 1.21
(3H,d,J=63Hz, CH;),1.27 (3H,d,J= 6.3 Hz, CHs), 1.29 (3 H, d, J = 6.3 Hz, CH3), 3.86-3.91 (3 H,
m, CH, CHy,), 4.39 (1 H, dsept, J = 6.9, 6.3 Hz, CH,), 4.68 (1 H, dsept, J = 6.9, 6.3 Hz, CH,), 7.16-7.57
(8 H, m, arom. H), 7.92-7.96 (2 H, d, arom. H); '3C NMR (CDCl;, 100 MHz) & = 23.72 (d, 3Jcp = 6.1
Hz, P-OCH9H3), 23.79 (d, 3Jcp = 6.1 Hz, P-OCH9H3), 23.98 (d, 3Jcp = 6.1 Hz, P-OCH9H3), 24.24 (d,
3Jcp = 6.1 Hz, P-OCHCHs;), 39.37 (CH,), 39.68 (d, Uep = 140.4 Hz, CH), 70.28 (d, 2Jcp = 7.3 Hz,
P-OCH), 71.47 (d, 2Jcp = 7.3 Hz, P-OCH), 127.11, 128.01, 128.18, 128.30, 128.50, 128.54, 133.18,
136.36, 136.56 (arom. C), 196.35 (d, *Jep = 14.7 Hz, C=0); Anal Calcd for C, H,,O4P: C, 67.37; H,
7.27. Found C, 67.27; H, 7.24.
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