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1 -Alkoxymethylphosphonates 4 and 1 -alkyIthiomethyIphosphonates 5 can be prepared by the reaction of acetal 
derivatives and diethyl trimethylsilyl phosphite in the presence of Lewis acid under mild conditions. The de
pendency of the chemoselectivities with Lewis acid on the reaction of O,S-acetals with phosphites is described.

Introduction

Phosphonates are valuable intermediates for the formation 
of carbon-carbon double bonds because their use provides 
control of alkene regio- and stereoselectivity? The a-sub- 
stituted phosphonates are useful reagents in organic syn
thesis since they react easily with carbonyl compounds to 
form corresponding alkenes via the Homer-Wadsworth-Em
mons (HWE) condensation.'고 1 - Alkoxymethylphosphonates 
and l-alkyl(or aryl)mercaptomethylphosphonates are im
portant intermediates for the conversion under HWE con
dition into o;^-unsaturated ethers and o;/?-unsaturated sul
fides, respectively, which afford the ketones by the sub
sequent hydrolysis. A number of synthetic approaches for 
the preparation of 1 -alkoxymethylphosphonates and 1-alkyl 
(or aryl)mercaptomethylphosphonates have been developed, 
ranging from the direct Arbuzov reaction of trialkyl phos
phites with cr-haloalkyl ethers (or sulfides)3 to the more so
phisticated methods via [3,2] sigmatropic shift of S-allyl sul
fides.4 They have limitations in terms of the reaction con
ditions employed. The preparation of 1-alkoxy-l-aryl- 
methylphosphonates have been reported by the reaction of 
benzaldehyde diethyl acetals with triethyl phosphite.5 1- 
Alkylthiomethylphosphonates have been obtained by the ad
dition of dialkyl disulfide or elemental sulfur to alkyl- 
phosphonate carbanions,6 alkylation of 1 -mercaptoalkyIphos

phonates,20 and Friedel-Crafts reaction of chloro(alkylthio) 
methylphosphonate.7

In the course of our studies of a-substituted phosphonates,8 
we have developed the synthetic method for the preparation 
of 1-alkoxy (or l-alkylmercapto)methylphosphonates from 
the reaction of diethyl trimethylsilyl phosphite with acetal 
derivatives.9 Herein we report the reaction of phosphites 
with acetal derivatives in more details, providing in
formation on its scopes and limitations.

Results and Discussion

Synthesis of 1 - Alkoxymethylphosphonates 4 and 
1 -Alkylmercaptomethyl-phosphonates 5. Diethyl tri- 
methylsilyl phosphite 3b has been widely used for various 
transformations and syntheses of both phosphorus and non
phosphorus containing compounds.10 The presence of a silyl 
ester linkage rather than an alkyl ester in the phosphite in
creases the nucleophilicity of the phosphorus center and 
thus its reactivity in the Arbuzov type reactions.11 Diethyl 
trim라hylsilyl phosphite 3b reacted with acetals 1 in the 
presence of Lewis acid to yield the 1-alkoxyalkylphosphon- 
ates 4 in good yields (Table 1). Treatment of acetals 1 with 
the Lewis acid presumably leads to formation of in
termediate benzyl oxonium ions.12 In a subsequent nucleo
philic reaction diethyl trimethylsilyl phosphite 3b reacts 
with this ions to yield products 4.



Reaction of Phosphite with Acetal Derivatives BulL Korean Chem. Soc. 1998, Vol. 19, No. 2 227

Scheme 1.

RCH(XR')2 + (EtO)2POR2 Lewis acid
우 /R

• (EtO)2P—CH
、XRi아% 이2

1,X=O 3a, R2=Et 4, X2
2, X=S 3b, R2=TMS 5, X=S

The reaction proceeds satisfactorily with electron donat
ing as well as electron withdrawing para-substituents on the 
aromatic moiety of 1 (Table 1, entries 7-12). This reaction 
required one equivalent of Lewis acid and the order of reac
tivity of Lewis acids was SnCLQTiCluBFrOEtz 그ZnCb 
(Table 1, entries 2-5). It was found that diethyl tri
methylsilyl phosphite 3b was better nucleophile than 
triethyl phosphite 3a (Table 1, entries 1, 2). Under same 
condition, diethyl trimethylsilyl phosphite 3b reacted with 
arylaldehyde thioacetals 2 in the presence of stannic chlo
ride to give desired l-(substituted-aryl)alkylthiomethyl- 
phosphonates 5 in good yields (Table 1, entries 16-25). The 
advantages of this synthetic method for the preparation of 1- 
alkoxyl(or l-alkylthio)alkylphosphonates are to give high 
yields and to be easy preparation of starting materials.

Reaction of O,S-Acetals 6 with phosphites 3 in 
the presence Lewis acids. In an extension of this 
work, we have found highly selective preparation of either 
1 -methoxyalkylphosphonates 4 or 1 -phenylthioalkylphos- 
phonates 5 from the reaction of O,S-acetals 6 with phos
phites 3 in the presence of Lewis acid. As shown in Table 
2, O,S-acetal 6a shows the remarkable bias of the reaction 
products caused by alternation of the Lewis acid. Em-

/CNe 
RCH + PfnR2wnp3\ Lewie a이d

3 9 /R
-(R3O)2P—CH

、Y
'P(OR )(on )z eg

6a, R그Ph 3a, R2=Et. R3-Et AX=OMe
6b, R=n-C8H13 3b, R2=TMS, R3= Et StX=SPh
Sc, R=TMS 3c, R2= t-Pr, R3» i-Pr

3d, RJ기내& R3=kPr
3e, 어다가］, R^Ph

Scheme 2.

ployment of SnCl4 leads to 4 whereas 5 are produced by 
use of TiCl4. The difference in reactivity of the Lewis acid 
may rationalize the unique switching effect. The high af
finity of TiCl4 towards oxygen13 leaves the phenylthio 
group intact in this reaction. On the other hand, the predom
inant affinity of the tin atom to s니fur as well as the pref
erred stability of an intermediary df-methoxy carbocation 
governs the direction of the SnCl4 promoted reaction. The 
chemoselectivity is highly dependent on the order of ad
dition. The initial mixing of 6a and 3a followed by addition 
of Lewis adds, S11CI4 and TiCl4 led to the 4: 5=71:29 and 
4: 5=60:40, respectively. Triphenyl phosphite 3e shows the 
exclusive formation of 5. The reaction of dialkyl tri
methylsilyl phosphites (3b and 3d) afforded the same reac
tion products as of trialkyl phosphites (3a and 3c) though 
the yields are somewhat lower. However 6b fails to give 
the remarkable selectivity in the carbon-phosphorus bond 
forming reaction. Regardless of Lewis acid employed, the 
product was obtained as a mixture of 4 and 5. And 6c also

Table 1. Synthesis of 1 -alkoxyalkyIphosphonates 4 and 1 -alkyIthioalkyIphosphonates 5
Entry R X R1 R2 Lewis acid Yield (%) bp" (°C/mmHg) 31P NMRk

1 Ph 0 Me Et S11CI4 4a, 78 15-117/0.35
2 Ph 0 Me TMS SnCl4 4a, 90
3 TiCl4 4a, 85
4 BF3 OEt 4a, 81
5 ZnCl2 4a, 36
6 Ph 0 Et TMS SnCL 4b, 92 116-119/0.35
7 p-OMe, C6H4 0 Me TMS S11CI4 4c, 91 149-153/0.35
8 p-OMe, C6H4 0 Et TMS SnCL 4d, 95 122-124/0.35
9 p-Cl, c6h4 0 Me TMS SnCl4 4线90 114-117/0.35

10 p-Cl, C6H4 0 Et TMS SnCL 4f, 88 116-119/0.35
11 O-Cl, C6H4 0 Et TMS S11CI4 4g, 87 120-124/0.35
12 p-no2, c6H4 0 Et TMS SnCl4 4h, 94 .133-135/0.35
13 P-Me, C6H4 0 Et TMS SnCL 4i, 84 118-121/0.35
14 PhC 三 C 0 Et TMS SnCU 4j, 75 119-124/0.30
15 trans PhCH=C니 0 Et TMS SnCl4 4k, 88 125-128/0.30
16 2-thienyl 0 Et TMS SdCL 41, 85 135-138/0.40
17 Ph s n-Bu TMS SnCL, 5a, 80 125-128/0.35
18 Ph s Et TMS SnCL 5b, 75 110-113/0.40
19 p-Me, C6H4 s w-Bu TMS SnC14 5c, 79 143-144/0.35
20 p-Me, C6H4 s Et TMS SnCL, 5d, 71 128-133/0.35
21 p-OMe, C6H4 s n-Bu TMS SnCL 5e, 88 146-145/0.35
22 p-OMe, GH4 s Et TMS SnCL, 5f, 81 144-145/0.35
23 p-Cl, C6H4 s n-Bu TMS SnCL 5g, 72 136-140/0.35
24 P-ci, c6h4 s Et TMS SnCL, 5h, 65 127-129/0.35
25 p-no2, GH4 s n-Bu TMS S11CI4 5i, 68 140-150/0.30
26 P-NO2, GH4 s Et TMS SnC14 5j, 60 140-143/0.35

70
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62
-08
20
-50
72
20781
535
2
2
3
3
0
8
7
6
5
1
 

19.
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17.
18.
18.
17.
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22.
22.
22.
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22.
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20.

aKugelrohr distillation. "Positive chemical shifts are downfield from 85% H3PO4.



228 Bull. Korean Chem. Soc. 1998, Vol. 19, No. 2 Dae Young Kim et al.

Table 2. Reaction of O,S-acetals 6 with phosphite 3
O,S- Phosphite, Lewis Yield" Products

Entry Acetal, 6 3 acid (%) (4:5/

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

6a 
6a 
6a 
6a 
6a 
6a 
6a 
6a 
6a 
6a 
6b 
6b 
6b 
6b 
6b 
6c

3a 
3a 
3b 
3b 
3c 
3c 
3d 
3d 
3e
3e 
3a 
3a 
3b 
3b 
3e 
3e

SnCL 
TiCl4 
SnCl4 
TiCl4 
SnCl4 
TiCl4 
SnCl4 
TiCl4 
SnCl4 
TiCl4 
SnCl4 
TiCl4 
SnCl4 
TiCl4 
TiCl/ 
TiCl/

73
81
61
75
80
92
72
71
90
94
77
84
57
73
87
47

002
963
98
10
00450
60
47 

1X 

1

:0 
:98 
:4 
:97 
:2
:90 
:0 
:96 
:95 
:100
:40 
:53

1
3
 
5
 
0

1
5
 
9
 
1

9
 
7
 
5
 
0

8
 
4

^Isolated yields by column chromatography. Determined by Glc 
analysis. 'The use of SnCl4 afforded the same selectivity.

shows different results from 6a and 6b. In this case, only 
phenylthio(trimethylsilyl)methylphosphonate was isolated 
with both SnCl4 and TiCl4. The present process provides a 
highly selective preparation of a-heterosubstituted phos- 
phonates.

In conclusion, the present synthetic route provides a con
venient preparation of 1 -alkoxyalkylphosphonates 4 and 1- 
alkylmercaptomethylphosphonates 5 from the reaction of 
acetals 1 and thioacetals 2 with diethyl trimethylsilyl phos
phite 3b. The reaction of O,S-acetals 6 with phosphites 3 af
fords chemoselectively 4 or 5 depending on Lewis acid em
ployed.

Experimental

General
'H NMR spectra were recorded on a Varian T-60A, FT- 

80A and Buruker AC 200 spectrometer using tetramethyl
silane as an internal standard. 31P NMR spectra obtained on 
a Varian FT-80A spectrometer at 29.95 MHz. Chemical 
아lifts were related to 85% H3PO4 as an external standard. 
Chemical shifts are measured in part per million (0) and 
coupling constants, J, are reported in Hz. Multiplicity was 
simplified such as s=singlet, bs=broad singlet, d드doublet, t= 
triplet, dq=double quatet, and m=multiplet. Infrared spectra 
were measured on a Perkin-Elmer 283B. Liquid and oils are 
performed in solution and intensities are designed such as s= 
strong and vs=very strong. Mass spectra were detenuined 
with a Hewlett-Packard 5985A through electron impact ion
ization method. Glc analyses were performed on a Hewlett 
Packard 5890A gas chromatograph using flame ionization 
detector and nitrogen gas as a carrier with Hewlett Packard 
3390A integrator. Column used for analysis was SE-30. 
Methylene chloride was refluxed and distilled from phos
phorus pentoxide. Tetrahydrofuran was distilled from so
dium benzophenone ketyl. Column chromatography was per
formed on Merck silica gel 60 (230-400 mesh). The acetals 
I14, thioacetals 214, O,S-acetals 615, and diethyl trimethylsilyl

phosphite 3b were prepared as reported previously.
General procedure of synthesis of 1-alkoxyalkyl

phosphonates 4 and 1 -alkylthioalkylphosphonates 
5. To a 아irred elution of arylaldehyde dialkyl acetal deri
vatives 1 or 2 (2 mmol) in methylene chloride (10 mL) und
er nitrogen at 0 °C was slowly added stannic chloride (0.234 
mL, 2 mmol). After 5 min of 아irring at 0 °C, diethyl tri
methylsilyl phosphite 3b (421 mg, 2 mmol) added into the 
reaction mixture. The resulting solution was left to return 
room temperature for 1-5 h. The reaction mixture was 
quenched by adding water (5 mL) and stirring 5 min. The 
organic layer was separated, dried over anhydrous mag
nesium sulfate, and evaporated to leave pale yellow or color
less oil. The crude product was purified by Kugelrohr dis
tillation or column chromatography with diethyl ether as an 
eluent.

General procedure for the Lewis acid mediated 
reaction of O-methyl S-phenyl acetal 6 with phos" 
phites 3. To a solution of O,S-acetal 6 (1 mmol) in dry 
methylene chloride (5 mL) cooled to - 78 °C was added 
dropwise with stirring Lewis acid (1 mmol). After 10 min, 
phosphite (1 mmol) in methylene chloride (2 mL) was add
ed and the mixture was allowed to warm to room tem
perature for 1-4 h. The reaction mixture was poured into a 
cold saturated aqueous sodium hydrogen carbonate (10 mL) 
and extracted with methylene chloride (10 mL x 3). The 
combined organic extracts was washed with brine, and dri
ed with MgSO4. The solvent was removed to give the crude 
product, which was purified by column chromatography on 
silica gel using ether as an eluent.

1-Methoxy-1 -phenylmethylphosphonate (4a). bp
115- 117 °C/0.35 mmHg (lit.5 138-140 °C/0.8 mmHg);
NMR (CDC13) 1.27 (6H, t, POCH2CH3), 3.40 (3H, s, OCH3), 
4.05 (4H, dq, POCH2CH3), 4.70 (1H, d, PCH,丿=15 Hz), 7.45 
(5H, s, ArH); IR (CHC13) 1250 (P=O, s), 1070-1020 (vs); 
Mass (m/e) 258 (M+, 14.6%), 121 (100).

1 -Ethoxy-1 - pheny Imethy Iphosphonate (4b). bp
116- 119 0.35 mmHg (lit.5 130-135 °C/0.6 mmHg);NMR 
(CDCI3) 1.26 (9H, t, POCH2CH3, OCH2CH3), 3.60 (2H, q, 
OCH2CH3), 4.10 (4H, dq, POCH2CH3), 4.90 (1H, d, PCH, J 
=15 Hz), 7.45 (5H, s, ArH); IR (CHC13) 1250 (P=O, s), 
1060-1020 (vs); Mass (m/e) 272 (M+, 35.5%), 135 (100).

1 -Methoxy-1 - (p-methoxyphenyl)methylphosphonate 
(4c). bp 149-153 °C/0.35 mmHg;NMR (CDC13) 1.23 
(3H, t, OCH2CH3), 1.27 (6H, t, POCH2CH3), 3.40 (3H, s, 
OCH3), 3.83 (3H, s, OCH), 4.15 (4H, dq, POCH2CH3), 4.55 
(1H, d, PCH,丿=15.5 Hz), 6.80-7.70 (4H, m, ArH); IR 
(CHC13) 1250 (P=O, s), 1050-1010 (vs); Mass (m/e) 288 
(M+, 5.8%), 151 (100), 137, 135.

1-Ethoxy-1 - (p-methoxyphenyl)methylphosphonate 
(4d). bp 122-124 °C/0.35 mmHg;NMR(CDC13) 1.21 
(3H, t, OCH2CH3), 1.26 (6H, t, POCHfHj, 3.54 (2H, q, 
OCH2CH3) 3.80 (3H, s, OCH3), 4.10 (4H, dq, POCH2CH3), 
4.60 (1H, d, PCH, J=15.5), 6.80-7.60 (4H, m, ArH); IR 
(CHC13) 1250 (P=O, s), 1055-1020 (vs); Mass (m/s) 302 
(M+, 14.5%) 165 (100), 137 (36.6), 135 (56.8).

1 -Methoxy-1 - (p-chlorophenyl)methylphosphonate 
(4e). bp 114-117 °C/0.35 mmHg; 0 NMR(CDC13) 1.26 
(6H, t, POCH2CH3), 3.40 (3H, s, OCH3), 4.40 (4H, m, 
POCH2CH3), 4.58 (1H, d, PCH,丿=15.6 Hz), 7.40 (4H, s, 
ArH); IR(CHC13) 1250 (P=O, s), 1050-1000(vs); Mass(m/e)
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292 (M+, 25.0%), 171 (35.8), 169 (100), 157 (56.3), 155 
(345).

1 -Ethoxy-1 - (p-chlorophenyl)methylphosphonate 
(4f). bp 116-119 °C/0.35 mmHg (lit.5 130-135 °C/0.6 
mmHg);NMR(CDC13) 1.22 (3H, t, OCH2CH3), 1.27 (6H, 
t, POCH2CH3), 3.60 (2H, q, OCH2CH3), 4.10 (4H, dq, 
POCH2CH3), 4.66 (1H, d, PCH, J=16 Hz), 7.20-7.55 (4H, 
m, ArH); IR (CHC13) 1250 (P드O, s), 1050-1010 (vs); Mass 
(m/s) 306 (ML 5.9%), 171 (76.9), 169 (100), 138 (46.8).

1 -Ethoxy-1 v(o-chlorophenyl)methylphosphonate  
(4g). bp 120-124 °C/0.35 mmHg;NMR(CDCk) 1.22 
(3H, t, OCH2CH3), 1.27 (6H, t, POCH2CH3), 3.60 (2H, q, 
OCH2CH3), 4.15 (4H, dq, POCH2CH3)? 4.70 (1H, d, PCH, J 
= 16.5), 7.10-7.55 (4H, m, ArH); IR(CHC13) 1250 (P=O, s), 
1050-1000 (vs); Mass(m/e) 306 (M+, 12.3%), 171 (45.6), 
169 (100).

1 -Ethoxy-1 - (p-nitrophenyl)methylphosphonate 
(4h). bp 133-135 °C/0.35 mmHg;NMR(CDCL) 1.26 
(9H, t, POCH2CH3, OCHQH) 3.65 (4H, q, OCH2CH.), 
4.15 (4H, d아, POCHQ니3), 4.75 (1H, d, PCH, J=16.5), 7.51- 
8.45 (4H, m, ArH); IR(CHC13) 1250 (P=O, s), 1050-1000 
(vs); Mass(m/s) 317 (M+, 14.9%), 180 (100).

1 -Ethoxy-1 -(p-tolyl)methylphosphonate (4i). bp 
118-121 °C/0.35 mmHg;NMR(CDC13) 1.23 (3H, t, 
OCH2CH3), 1.27 (6H, t, POCH2CH3), 2.35 (3H, s, CH3), 
3.58 (2H, q, OCH2CH3), 3.85-4.45 (4H, m, POCH2CH3), 
4,65 (1H, d, PCH, J=16 Hz), 7.10-7.55 (4H, m, ArH); IR 
(CHCL) 1250(P그O, s), 1050-1010(vs); Mass(m/e) 286 (M+, 
1.8%), 149 (100).

l-Ethoxy-3-phenyl-2-propylphosphonate (4j).
'H NMR(CDC') 1.21 (3H, t, OCH2CH3), 1.27 (6H, t, 
POCHK 瓦),3.60(2H, q, OCH2CH3), 4.12 (4H, dq, 

POCH2CH3), 4.75 (1H, d, PCH, J=16.5 Hz), 7.45 (5H, s, 
ArH); IR (CHCI3) 1250, 1060, 1020.

1 - Ethoxy - 3 -phenyl-2-propylphosphonate (4k).
NMR(CDC13) 1.20 (3H, t, OCH2CHi), 1.26 (6H, t, 

POCH2CH3), 3.61 (2H, q, OCH2CH3), 4.13 (4H, dq, POCH2- 
CH3), 4.63 (Ih, d, PCH, J=16.3 Hz), 7.41 (5H, s, ArH); IR 
(CHCI3) 1245, 1050-1020.

1 -Ethoxy-1 -(2-thiofuryl)methylphosphonate (41).
NMR(CDC13) 1.19 (3H, t, OCI&C房),1.25 (6H, t, 

POCH2CH3), 3.60 (2H, q, OCH2CH3), 4.15 (4H, dq, POCH2- 
CH3), 4.70 (1H, d, PCH, J=16.2 Hz), 7.0-7.6 (3H, m, ArH); 
IR (CHCh) 1245, 1050-1010.

Diisopropyl methoxy(phenyl)methylphosphonate 
(4m).NMR (CDC13) 8 1.00-1.40 (12H, m), 3.35 (3H, 
s), 4.35 (1H, d, J=12 Hz), 4.60 (2H, m), 7.10-7.48 (5H, m); 
IR (film) 2980, 1255 (P=O), 1100, 1000.

Diethyl (methoxy)heptylphosphonate (4n). 'H 
NMR (CDC13) 50.71-1.95(19H, m), 3.31(1H, m), 3.52 (3H, 
s), 4.15 (4H, dq); IR (film) 2935, 1245 (P=O), 1035; Mass 
(m/z, rel. intens,%) 266 (M+, 5.5), 129 (67.7), 97 (100), 
(80.3).

1 -Phenyl-1 -buthylthiomethylphosphonate (5a).
bp 125-128 °C/0.35 mmHg;NMR(CDC13) 0.71-1.45 
(13H, m, POCH2CH3, SCH2CH2CH2CH3), 2.54 (4H, t, 
SCH3), 4.01 (4H, dq, POCHQL), 4.05 (1H, d, PCH, J= 
21.5 Hz), 7.26 (5H, s, ArH); IR(CHC13) 1250(P=O, s), 1045- 
1020(vs); Mass(m/e) 316 (M+, 4.3%), 228 (51.1), 179 
(70.5), 91 (100).

1 -Phenyl-1 -buthylthiomethylphosphonate (5b). 

bp 110-112 °C/0.35 mmHg; 'H NMR(CDC13) 1.16 (3H, t, 
SCH2CH3), 1.28 (6H, t, POCH2CH3), 2.51 (2H, t, SCH2), 
4.05 (1H, d, PCH, J=21.2 Hz), 4.07 (4H, dq, POCH2CHQ, 
7.26 (5H, s, ArH); IR (CHC13) 1250 (P=O, s), 1030-1010 
(vs); Mass (m/e) 288 (M+, 4.0%), 228 (16.5), 151 (100).

1 이yl)T-buthylthiomethylphosphonate (5c).
bp 143-144 °C/0.35 mmHg;】H NMR(CDC13) 0.75-1.56 

(13H, m, POCH2CH3, SCH2CH2CH2CH3), 230 (3H, s, CH),
2.52 (2H, t, SCH2), 3.99 (1H, d, PCH, J=20.1 Hz), 4.04 
(4H, dq, POCH2CH3), 7.00-7.55 (4H, m, ArH); IR (CHC13) 
1250 (P=O, s), 1045-1000 (vs); Mass (m/s) 330 (M+, 0.9%), 
242 (68.4), 193 (82.3), 105 (100).

1 ・ 매) -ethylthiomethylphosphonate (5d). 
bp 128-133 °C/0.35 mmHg; ‘H NMR (CDC13) 1.20 (3H, s, 
CH3), 2.58 (2H, q, SCH2), 4.10 (1H, d, PCH, J=22.0 Hz), 
4.14 (4H, dq, POCH2CH3), 6.95-7.55 (4H, m, ArH); IR 
(CHCI3) 1250 (P=O, s), 1030-990 (vs); Mass (m/e) 302 
(M+, 1.6%), 242 (41.5), 165 (100).

1 - (p-Methoxyphinyl) - 1-buthylthiomethylphos - 
phonate (5e). bp 146-158 °C/0.35 mmHg; ’H NMR 
(CDCI3) 0.73-1.45 (13H, m, POCH2CH3, SCH2CH2CH2CH3), 
2.54 (2H, t, SCH2), 3.72 (3H, s, OCH3), 4.04 (1H, d, PCH, 
J=20.4 Hz), 4.06 (4H, dq, POCH2CH3), 6.79-7.54 (4H, m, 
ArH); IR (CHCh) 1250 (P=O, s), 1020 (vs); Mass (m/e) 346 
(",12.3%), 258 (43.8), 209 (98.6), 121 (100).

1 - (p-Methoxyphenyl)-1 -ethylthiomethylphos - 
phonate (5f). bp 144-145 °C/0.35 mmHg;NMR 
(CDCI3) 1.17 (3H, t, SCH2CH3), 1.29 (6H, t, POCH2CH3), 
2.51 (2H, q, SCHQM), 3.74 (4H, s, OCH3), 4.04 (1H, d, J= 
21.0 Hz), 4.06 (4H, dq, POCH2CH3), 6.67-7.47 (1H, m, 
ArH); IR (CHC13) 1250 (P=O, s), 1020-990 (vs); Mass (m/e) 
318 (M+, 4.3%), 258 (20.6), 181 (100).

1 -(p-Chlorophenyl)"labuthylthiomethylphos - 
phonate (5g). bp 136-140 °C/035 mmHg;NMR 
(CDCI3) 0.75-1.55 (13H, m, POCH2CH3, SCH2CH2CH2CH3),
2.53 (2H, t, SCH2), 4.00 (1H, d, PCH,丿=18.9 Hz), 4.07 
(4H, dq, POCH2CH3), 7.41 (4H, s, ArH); IR (CHC13) 1250 
(P=O, s), 1060-1120 (vs); Mass (m/e) 350 (M+, 0.6%), 262 
(30.6), 157 (64.6), 155 (40.1), 125 (100).

1 ■ (p-Chlorophenyl)-1 -ethylthiomethylphosphonate 
(5h). bp 127-129 °C/0.35 mmHg;NMR (CDC13) 1.00- 
1.50 (9H, m, POCH2CH3, SCH2CH3), 2.54 (2H, q, SCH2), 
4.14 (4H, dq, POCH2CH3), 4.74 (1H, d, PCH, J=21.8 Hz), 
7.41 (4H, s, ArH); IR (CH%) 1250 (P=O, s), 1030-990 
(vs); Mass (m/e) 322 (M+, 1.5%), 262 (33.3), 199 (73.6), 
185 (100).

l-(p-Nkrophenyl)-l-buthylmethylpho8phonate 
(5i). bp 140-145 °C/0.3 mmHg;NMR (CDC13) 0.80-
l. 60 (13H, m, POCH2CH3, SCH2CH2CH2CH3), 2.56 (2H, t, 
SCH2), 4.10 (4H, dq, POCH^CHQ, 4.13 (1H, d, PCH, J= 
20.6), 7.46-8.36 (4H, m, ArH); IR (CHC13) 1250 (P=O, s), 
1040-1010 (vs); Mass (m/e) 361 (", 0.6%), 273 (940.5), 
136 (100).

1 -(p-Nitrophenyl) -1 -ethylthiomethylphosphonate 
(5j). bp 140-143 °C/0.35 mmHg;NMR (CDCI3) 1.23 
(3H, t, SCH2CH3), 1.35 (6H, t, POCH2CH3), 2.59 (가!, t, 
SCH2), 3.84-4.39 (5H, m, POCH2CH„ PCH), 7.55-8.43 (4H,
m, ArH); IR (CHC13) 1245 (P=O, s), 1030-1000 (vs); Mass 
(m/e) 333 (M+, 0.9%), 273 (64.4), 217 (47.5), 196 (100).

Diethyl phenyl(phenylthio)methylphosphonate 
(5k).NMR (CDC13) 8 1.29 and 1.60 (6H, t, J=6 Hz), 
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4.10 (4H, dq), 4.71 (1H, d, J=17 Hz), 7.05-7.50 (10H, m); 
IR (film) 2980, 1580, 1250 (P=O), 1035; Mass (m/z) 336 
(M+, 24.4%), 199 (100), 91 (80.3).

Diisopropyl phenyl(phenylthio)methylphos- 
phonate (51).NMR (CDC1S) 8 1.97 (2H, d, J=6 Hz), 
1.27 (10H, m), 4.28 (1H, d, J=22 Hz), 4.64 (2H, m), 6.98-
7.53 (10H, m); IR (film) 2990, 1250 (P=O), 1000.

Diphenyl phenyl (pheny Ithio) methy Iphosphonate 
(5m). 'H NMR (CDCQ 3 4.64 (1H, d, J=21 Hz), 6.74- 
7.67 (20H, m); IR (film) 2940, 1490, 1265 (P=O), 1215, 
930; Mass (m/e) 432 (M*, 37.9%), 199 (100), 165 (43.4).

Diethyl(phenylthio)heptylphosphonate (5n).
NMR (CDC13) 8 0.54-2.08 (19H, m), 3.10 (1H, m), 4.16 
(4H, dq), 7.10-7.63 (5H, m); IR (film) 2925, 1250 (P=O), 
1040; Mass (m/e) 344 (M+, 33.1%), 207 (60.3), 120 (100).

Diphenyl (phenylthio)heptylphosphonate (5o).
'H NMR (CDCk) 50.65-2.28 (13H, m), 3.33 (1H, m), 6.93- 
7.67 (15H, m); IR (film) 2940, 1490, 1270 (P=O), 1190, 
940.

Diethyl phenylthio(trimethylsilyl)methylphos- 
phonate (5p).NMR (CDC13) 8 0.28 (9H, s), 1.23 
(6H, t, J=5 Hz), 2.54 (1H, d, J=16 Hz), 4.02 (4H, dq), 7.08- 
7.50 (5H, m).
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