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FRFVBIZATFVEET 2LAYICIE, BEEEE2ET 2 00% L, 2 OERIGIE
BAKMICEETH Y, Z L OMREI k> T, Kb aBIcBT siksfibh a2,
FRA7 74 F2RELASNTRIGAETH D, Arbuzov G P c k> T, FRAF VBT
ATNVHEERI ZERT 5 EBASNTL D

R1-X + P(OR?)3 -P(OR?)3

1 2 3

Arbuzov reaction

HELIF, VA RABOFEETTO, BFEBRTVTEFEAR 7 74 FORIGIC X 5, HER
TBGIZ D W T OWFZE & kI T > TE 7297, ZOfER, K27 74 MdFo I
XU CERMICREKE 2T LRSS nLY, £, ZoAKMIEHAE LT, a-E F
0¥ AR ZARRAKRF— P DERIICOWTHHE LY, &5Ic, Shibasaki Hick > T, 7
LWTFEREDTUVXNRRT 74 Mick b, BTF v FA&RNAZ o-8 Fu ¥k 2582k
F— MERELHESRTWEY, KT, 5L 2KIBHWELZE LT, VA ABEET
TOFRRAT 74 FS ERVATIT b FEFEMK4 L ORI B T 2 M OBEHRELSFICOWT
Featd %5 2 Lic L7z (Scheme 1),
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o OH
Lewis acid
= | H o+ P(OR)3 - . = | P(OR)2
% 5 %o ©
X X
4 6
Scheme 1

1. RS

WA ABRICIE, BiRIOWME CTRBETH 5 LML 72, Rikdigh (1) 2#Hwv2 Z Eic Lz,
ARIETIE, 2T, RUVATLTE FTOA VR VEOBERFIc 2 #lsh 1) »EAZL.,
ANREZNVRFEER PV TIVXVERRAT 74 PHPREKEEARL T, i<, L 1) »
SEAIA A WL, BEEL 2R A A B R R T A PO TV X VEEKEST S
Arbuzov JUGHSHEEZ %, KIC K 2BMEIC X D, VA Az GBS, HWYTH LY A F 1
=t FueXxy (7xz=) AFV] KRAKF— b 134T 5,

S} S)
:6/\ :%)/ZI']BI’Z :-d/ZnBrz

ZnBr, U » T\:P(OR)s
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Scheme 2
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2. RYZXZILTe RDOBEHLEHR

RYAXTNTE FOBEHESFICO VTR L 7GR, BB REIMEE 3 LR
HEd2Z Ehbhrol (Table 1), BI2IF, EFRIMESHENWEVERRETSH 2 7 ook
HET 35603, ICEPHAEET 35 (65%, Table 1. Entry 2), &b EFHSEDOE VA F ¥
EE2ET 2583, BROICEPMMENT 2 (28%, Table 1. Entry 5), 7272 L, = FofkidRdE
TREMEDOEOEBEE T D 50, BTHGHEEZET2HAL 0 QIEMET T2 2 L2
wINiz, Thid, VA AFETH B R (1) 2= bl CLEL, AL R=
REIHFEASNICL DD, FAT7 74 DIV EZINVRENDRKEEEDL T D i {
(o TLEodbThrtEIOND,

o OH

ZnBro
H  +P(OMe) ; P(OMe),
15 CHCl,, reflux, 24h

14a-e 16a-e

Table1. Substituent effect of benzaldehyde on the Arubzov reaction.

Entry X Products Yields®? (%)
1 NO, 14a 16a 8.4
2 Cl 14b 16b 65
3 H 14c 16c 47
4 Me 14d 16d 48
5 OMe 14e 16e 28

a Yield of dimethyl [hydroxy(phenyl)methyllphosphonate derivative. b Determined by HPLC analysis.

RLBIRCHIYRIE N7 ooz v, 350, BREEORN2fT-72, %
OfEHR, BT REIETH /7 nuEE BT 2546, RUATATE FICHLTE, §XTICE
WD EDTER S e (Table 2), £/, B/ EBRRV X707 REIIBWTIE, 3
HHBEPELBMHbobNIA NV Milcz/7nuEr2HT2LE, BHNEREDL - LD
(75%), 78Tk A Z R DINFEICDWTIE, TNEN65%, 61% ThHorzizd, KEZIIHE
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j\ ZnBr, OH
+ P(OMe)3
Ar” H 15 CH,Cl, reflux, 24 h Ar)\IFI’(OMe)z
17a-f O
18 a-f

Table 2. Substituent effect of benzaldehyde on the Arubzov reaction.?

Entry Ar Products Yields®® (%)

1 /©/ 17a 18a 47
H

2 /©/ 17b 18b 65
Cl

Cl ‘x\
3 \©/ 17¢c 18¢c 61

Cl
4 18d 75
%\ 17d
Cl
5 17e 18e 61
Cl
Cl
6 17f 18f 80

Cl

a Yield of dimethyl [hydroxy(phenyl)methyl]phosphonate derivatives. b Determined by HPLC analysis.
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FTE o7z (Table 2. Entry 2-4), 512, 2,6-¥ 700Xy A7)0V FE F17e i, 4t
MLOBHHELNRIC L b, ROEIEECTHNYPE NS Z EPFI N, 227rrR U X
TIFE F17d & b INRIZE N L7z (61%, Table 2. Entry 4, 5), Z#ld, &AL I VEEDMHH A
FiczuuikzE35 itk s, MREECL2bDEEZ OGNS, —H, 24V 7vER
VATV TERITMIE, 2-7 v ua Xy A7)V F17d X 0 I EL 72 (80%, Table 2.
Entry 6), Z#iE, 2,6-¥ 2700 XRYAT7ILFE F X OREENRD 2L, ST AICEFRKT
HTh 27 unKoFERIMb o270 THDLEEZ LN,

3. RRT7 74 FDEBEHR

FRA7 74 FDOTIVF VOB RICOWTIZ, AFLEEE D F VIR TIR, BEER
fEAIZIHN T W2 0wAS (Table 3. Entry 1,2), KW EBOT VX NEEET L4V Tr Lo
Bed, SINRCHNYSE SN TWwS (Table 3. Entry 3), ZHUE, KW EEV T V¥ LIS
BITEHRRA7 74 MEERKEDH L, PEEPH LT 22 L2RBLTWwS, ZOfEHmE, &
FRICME LA VIRV T TV DERKIGE X, BRokbDTHD, 1INV T T 0DE
BEICB W TIE, KA T 74 bPDAIVRZVRFENDORKEBE L TR, REEORE
ERITDEEZOND, ZNICHAR, SEIORIGICEWTIZ, AR 7 74+ ORBEKEE 2T
B AN R ZNVREDTRINRA G > Tk iz, REFIDEE S 13 REKE L2 HET 35

0 OH
ZnBr,
H + P(OR), P(OR)2
CH,Cl, reflux, 24 h 5
Table 3. Effect of alkyl substitution of the phosphite on the Arubzov reaction.

Entry R Yields2? (%)

1 Me 47

2 Et 49

3 i-Pr 76

a Yield of dimethyl [hydroxy(phenyl)methyl]phosphonate derivatives. b Determined by HPLC analysis.
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WEdm-sTwhwiELS6NS, ZOFE, 7TLrXVENEELL B>, F2A7 74 b
KM T 22 Lick > T, KPR ELEZEEZ OGNS,

BbohiC

ZRBOBHENR IOV L, = brEERvC, ETRIMEEET 31E5 0. ETHS
HA2ETHEELDL, BICRCTHIYPEONS 2 LE2MERE Lz, 2 b EFEESFICX D
bDTHO, FVINVFERICE DTV 2HICH B I LD, MOBIRUTH S EdER SN,
o, KV ZLOETFREEEZET 286, KVEIERCTHINY»EON S Z L LIRS
Tro T2 L. PEBHRUV AT LT FEIZOWTIE, YAEEORELZ T 2720, 2,600k
D, 2ARICTE T REMEOERIEEZF T 25601355, BNETHNYHBESNS Z Eib
#okoﬁéﬁ\$X774F@E%%@%K0wfﬁ\@%Wﬁﬁm@kg@i5&ﬁ¢@

OHEEZ T rvld, Kb REEOFEVWERKEEZE T2 L. XV EICETHNY»E S0
BT EDbhrol,

Experimental Section

Melting points were obtained with a Yanako 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 by Finnigan MA™ mass

spectrometer.

General Procedure for the Synthesis of Dimethyl [Hydroxy(phenyl)methyll
phosphonate Derivatives.

Lewis acid was added to a solution of benzalaldehyde (1 mmol) in dichloromethane (3 mL) at 0 °C, after
the mixture was stirred at this temperature for 0.5 h, trialkyl phosphite (I mmol) was added and the
mixture was stirred at reflux in dichloromethane. The reaction was quenched by the addition of HCI
solution, and the organic layer was extracted with CH,Cl,, washed with aq NaHCO3, dried over Na;SOy,
and concentrated in vacuo. The residue was chromatographed on silica gel (AcOEt: hexane = 1:1) to

give hydroxyphosphonates.

Dimethyl [(2-Chlorophenyl) (hydroxy)methyllphosphonate
Colorless crystals (from ethyl acetate); mp 85.0—86.0 °C; 'H NMR (CDC13, 400 MHz) & = 3.16 (1H,
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dd, J = 5.6 Hz, J = 11.6 Hz, OH), 3.63 (3H, d, *Jpy = 10.6 Hz, POCH3), 3.80 (3H, d, *Jp.y =10.6 Hz,
POCH3), 5.56 (1H, dd, J = 5.6 Hz, J = 11.6 Hz, CH), 7.27 (1H, dt, J = 1.8 Hz, J = 7.8 Hz, arom. H), 7.32
(1H, d, J = 7.6 Hz, arom. H), 7.35-7.38 (1H, m, arom. H); '*C NMR (100 MHz, CDCl;): & = 53.79 (qd,
2Jep = 6.6 Hz, P-OCH3), 53.92 (qd, 2Jcp = 7.4 Hz, P-OCH;), 67.00 (dd, 'Jcp = 160.4 Hz, CH), 127.18
(dd, Jep = 2.5 Hz, arom. C), 129.02 (dd, Jcp = 4.1 Hz, arom. C), 129.48 (dd, Jcp = 2.5 Hz, arom. C),
129.57 (dd, Jcp = 3.3 Hz, arom. C), 132.91 (sd, Jcp = 8.3 Hz, arom. C), 134.29 (s, arom. C); Found: C,
43.07; H, 4.87%, Calcd for CoH,,C104P: C, 43.13; H, 4.83%.

Dimethyl [(2,4-Dichlorophenyl) (hydroxy)methyllphosphonate

Colorless crystals (from ethyl acetate); mp 118.5—-119.5 °C; '"H NMR (CDC13, 400 MHz) § =3.28 (1H,
d, J = 3.0 Hz, OH), 3.63 (3H, d, *Jpy = 10.5 Hz, POCH3), 3.79 (3H, d, *Jp.y =10.6 Hz, POCHj3), 5.49
(1H, dd, J = 5.6 Hz, J = 11.6 Hz, CH), 7.31 (1H, dd, J = 1.8 Hz, J = 8.4 Hz, arom. H), 7.38 (1H, t, J =
1.6 Hz, arom. H), 7.64 (1H, dd, J = 2.4 Hz, J = 8.5 Hz, arom. H); *C NMR (100 MHz, CDCL,): § =
53.85 (qd, ZJcp = 7.4 Hz, P-OCH3), 54.01 (qd, 2Jcp = 7.4 Hz, P-OCH3), 66.62 (dd, 'Jep = 161.3 Hz, CH),
127.57 (d, Jop = 3.3 Hz, arom. C), 129.22 (d, Jop = 2.5 Hz, arom. C), 130.00 (dd, Jcp = 4.1 Hz, arom. C),
133.01 (s, arom. C), 133.03 (s, arom. C), 134.81 (s, arom. C); Found: C, 37.79; H, 4.00%, Calcd for
CoH,;C1,04P: C, 37.92; H, 3.89%.
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