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Dealkylation Reaction of Acetals, Phosphonate, and Phosphate Esters
with Chlorotrimethylsilane/Metal Halide Reagent in Acetonitrile,
and Its Application to the Synthesis of Phosphonic
Acids and Vinyl Phosphates®
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A mild and efficient method has been developed for carbon-oxygen bond cleavage using chlorotrimethyl-

silane/sodium iodide in acetonitrile.

It was applied to synthetic transformation under nonaqueous and neutral

conditions, such as acetal deprotection and the synthesis of phosphonic acids from the corresponding dialkyl phos-

phonates via methanolysis of their silyl esters.

Effectiveness of various kinds of metal or ammonium iodides for

this type of dealkylation was examined in the acetonitrile solution by *H NMR. Satisfactory results were also

obtained with lithium or potassium iodide in place of sodium iodide.
Chlorotrimethylsilane/lithium bromide in acetonitrile is effective for selective

monium iodide was ineffective.

However, copper(I) or quarternary am-

dealkylation of multifunctional phosphonic esters or dialkyl vinyl phosphates.

Organosilicon compounds have been extensively de-
veloped and applied to organic synthesis as reagents,
reactive intermediates, and protective groups.?) At-
tention was drawn to a new and efficient method
for carbon-oxygen bond cleavage using organosilicon
compounds under nonaqueous and neutral conditions,
bromotrimethylsilane and iodotrimethylsilane in par-
ticular being versatile reagents for synthetic trans-
formation of many functional groups. The chemistry
of iodotrimethylsilane has been developed by Olah
et al.3) and Jung et al.®) with regard to the reactions of
carboxylic esters, ethers, acetals, alcohols, carbamates,
and sulfoxides. Mckenna ¢t al. and Rudinskas et al.
reported the usefulness of bromotrimethylsilane for the
conversion of dialkyl phosphonates into the silyl esters,®
sulfoxides into sulfides,?®) alcohols into bromides and
orthoesters into the corresponding esters.®) However,
bromotrimethylsilane is of little use for the cleavage
of carboxylic esters, ethers, and acetals.

The preparation of bromotrimethylsilane? or iodotri-
methylsilane®) requires two steps iz hexamethyldi-
siloxane from chlorotrimethylsilane, these fuming com-
pounds being easily hydrolyzed in the atmospheric
moisture. To overcome the disadvantages inherent in
the use of iodotrimethylsilane, two improve methods
have been worked out for the preparation of the re-
agent in situ using phenyltrimethylsilane/iodine® or al-
lyltrimethylsilane/iodine'® in the presence of carboxylic
esters or ethers. The high reactivity of these reagents
can be rationalized by the hard and soft acids and
base principle,!V since they contain both hard acid
and soft bases in their molecules. Chlorotrimethyl-
silane itself is essentially ineffective,!® although it is
the most easily available reagent and frequently em-
ployed as a starting material for many reactive or-
ganosilicon compounds in organic synthesis.

In the course of studies on synthesis and biological
properties of various phosphonic acids, we have sought
a new and mild method for carbon-oxygen bond
cleavage in the phosphonic esters with use of the
most inexpensive chlorotrimethylsilane itself. In a
preliminary communication, we demonstrated that
chlorotrimethylsilane/sodium iodide in acetonitrile is
an extremely effective reagent for dealkylation of
esters, ethers efc.131% Olah e al. independently re-

ported a similar use of the reagent in the same reac-
tions.1)

In order to avoid an overlap of results, this paper
describes the scope and limitation of dealkylation of
dialkyl phosphonates and acetals with chlorotrimethyl-
silane/sodium iodide and the effectiveness of various
iodides for this type of reaction. A novel reaction
of chlorotrimethylsilane/lithium bromide as a selective
dealkylating agent of phsophonic esters having other
labile functional groups, and dialkyl vinyl phosphates
is also described.

Results and Discussion

Dealkylation of Acetal with Chlorotrimethylsilane/Sodium
Iodide. Dealkylation of acetals (1) with chloro-
trimethylsilane/sodium iodide in acetonitrile was per-
formed under mild and nonaqueous conditions. In
most cases, the reaction was virtually complete at
45 °C within 0.5—2.5 h, affording the parent carbonyl
compounds (2) in one step quantitatively (Eq. 1).
The results are summarized in Table 1.

R4 OR?
c + MeSiCl + Nal  ———
R2” “OR3 CH;CN
1
R
C=0 + R*I + Me,SiOR® + NaCl (1)
R/
2

The present method is applicable to both dimethyl
and diethyl acetals. However, the case of the ethylene
acetal (1e) results in relatively poor yield, a similar
result being reported on ethylene acetal cleavage with
iodotrimethylsilane by Jung et al.%®) It was found
that the acetal cleavage is significantly influenced by
the ratio of the reagent to the substrate used. For
example, treatment of benzaldehyde dimethyl acetal
(1a) with 1.5 equiv. of chlorotrimethylsilane/sodium
iodide gave a mixture of the acetal (la) and benzal-
dehyde (2a) (14:86) at 45 °C for 0.5h, in spite of
the complete disappearance of the chlorotrimethylsilane
signal. The complete conversion of la into 2a could
be achieved by using 2.0 equiv. of the reagent at 45
°C for 0.5h, the formation ratio of methyl iodide:
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TABLE 1. ACETAL DEALKYLATION WITH CHLOROTRIMETHYLSILANE/SODIUM IODIDE

Temp Time Yield®» of 2

1 2 3 . -
Compound R R R G 5 %
la Ph H Me 45 0.5 88
ib Ph H Et 45 1.5 85
1c Ph H -CH,- 45 2.5 30
1d Me(CH,)s H Me 45 0.5 91
le p-MeOGH, H Me 45 2.5 95
1f -(CH,);s- Me 45 0.5 84
ig Ph Me Me 45 0.5 82

a) Isolated yield. The products were characterized by comparison with authentic samples.

methyl trimethylsilyl ether being 6:1. The results in-
dicate that further dealkylation of the initially formed
methyl trimethylsilyl ether occurs competitively.

Me;SiOMe + Me,SiCl + Nal

—_—
CH3CN

Mel + (Me;Si),O + NaCl 2)

A report was given on the useful application of chloro-
trimethylsilane/sodium iodide to the conversion of al-
cohols into iodides zia their trimethylsilyl ethers.®)

Effect of Other Iodide. In order to elucidate the
effectiveness of various iodides for the dealkylating
method using chlorotrimethylsilane, the effect of the
salts on the yield was examined, la being selected

as a typical substrate and acetonitrile as solvent. The
results are summarized in Table 2.
PhCH(OMe), + Me,SiCl + MI ———>
CH3CN
la
PhCHO + Mel + MeSiOMe + MCl  (3)

2a

We see that the reaction yield is greatly influenced
by the kind of salt used, lithium, sodium, and potas-
sium iodide being very effective and giving an excellent
yield of 2a at 45 °C for 0.5h. However, other salts
such as copper(I) or quarternary ammonium iodides
are unsatisfactory, the yields of 2a being invariably
lower than 409,, even for the prolonged reaction.
This can be explained by the difference in solubility

TABLE 2. ACETAL DEALKYLATION WITH CHLORO-
TRIMETHYLSILANE IN THE PRESENCE OF VARIOUS
IODIDE SALTS

Temp Time Yield® of 2a
Entry MI G o o
1 Lil 45 0.5 100
2 Nal 45 0.5 100
3 KI 45 0.5 100
4 Cul 45 3.0 25
5 Me,NI 45 3.0 11
6 Bu,NI 45 3.0 36
7 PhNMe,I 45 3.0 33
8 PhINMe,I 45 5.0 38
9 PhNMe,ID 45 3.0 6

a) Determined by H NMR. b) Control experiment:
la (7 mmol), Me;SiCl (14 mmol), PhNMe,I (14 mmol),
and PhNMe;Cl (7 mmol) in CH;CN (5 ml).

of the chloride (MCI) produced as a by-product in
acetonitrile. With the progress of reaction, lithium,
sodium, and potassium chloride immediately precipi-
tate, but the ammonium chlorides are highly soluble
in the solvent. For the sake of confirmation, we car-
ried out a control experiment in which acetonitrile-
soluble phenyltrimethylammonium chloride was added
to the acetonitrile solution of chlorotrimethylsilane/
phenyltrimethylammonium iodide (entry 9, Table 2).
The chloride added prevented the formation of 2a.1?)
The effect of various solvents (carbon tetrachloride,

" chloroform, or N,N-dimethylformamide) on acetal de-

alkylation wusing chlorotrimethylsilane/sodium iodide
was also examined. Acetonitrile was found to be the
most suitable, the reaction in other solvents being
slightly slower than that in acetonitrile.

Dealkylation of Phosphonic Esters with Chlorotrimethyl-
silane/Sodium or Potassium Iodide. Phosphonic acids
were prepared from the corresponding dialkyl esters
by acid-catalyzed hydrolytic dealkylation, by refluxing
them with 6 mol dm—2 hydrochloric acid for several
hours. Many multifunctional phosphonic esters are
frequently subjected to undesirable reactions under
these acidic conditions.1®

The exothermic reaction of dimethyl phosphonates
(3) with chlorotrimethylsilane/sodium iodide occurred
rapidly at room temperature to give the corresponding
bis(trimethylsilyl) phosphonates (4) and methyl iodide
quantitatively.?® The dealkylation monitored by *H
NMR spectroscopy proceeded to completion within
15 min. The rate of dealkylation of dialkyl phospho-
nates with the reagent decreases according to the
bulkiness of the alkyl group in the order: RZ=Me>

Et>i-Pr.29 Treatment of the silyl esters (4) with
methanol at room temperature gave the corresponding
O
1
RIP(OR?), + 2 Me,SiCl + 2 Nal ———»
CH;CN
3
(0]
1l
RP(OSiMe,), + 2 R2I + 2 NaCl
4
McOH
o
It
RP(OH), *)
5
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TABLE 3. PHOSPHONIC ESTER DEALKYLATION WITH CHLOROTRIMETHY'LSILANE/SODIUM OR POTASSIUM IODIDE

Dealkylation conditions

Yield® of
Compound R? R2 Todide salt Temp Time salto of 5
o “min 7
3a PhCH, Me Nal 25 15 92b)
3b PhCH, Et Nal 25—35 30 81
3c PhCH, i-Pr Nal 25—35 60 78D
34 CCl, Me Nal 25 15 87
3e NCCH, Et Nal 25—35 30 85
3f MeCO Et Nal 25—35 30 839
3g MeOCOCH, Et Nal 25—35 30 74
3h EtOCOCH, Et KI 25—35 30 85
3i t-BuOCOCH, Me Nal 25 15 77
3§ PhCH,0COCH, Et Nal 25—35 30 84
3k EtOCO Et KI 25—35 30 85
31 Et,NCO Et Nal 25—35 30 88
MeO N,
oY
3m N Me Nal 25 15 91
(I)Me
3n MeCOOCHPh Me Nal 25 15 90
30 PhCOCH, Me KI 25 15 89
3p MeOCH, Et KI 25—35 30 76
3q (Me0),CHCH,  Et KI 25—35 30 82
3¢ (MeO),CH Me Nal 25 15 93
a) Isolated yvield. The phosphonic acids were isolated as anilinium salts unless otherwise indicated. b) Free
acid. ¢) Cyclohexylammonium salt.
phosphonic acids (5), which were readily isolated as an- o o
ilinium or cyclohexylammonium salts. Use of potas- PhCH,0CCH,P(OEt), + 2 Me;SiCl + 2 Nal —>
sium iodide in place of sodium iodide was also effective 3 CHLCN
for the phosphonic ester dealkylation under the same I
conditions. The reaction conditions and results are (") ?
given in Table 3. PhCH,OCCH,P(OSiMe,), + 2 EtI -+ 2 NaCl (6)
The new and mild route for dealkylation of phos- 4j

phonic ester using chlorotrimethylsilane/sodium or
potassium iodide caused pronounced improvement in
the original Rabinowitz method.!? Phosphonic acid
(5m) having triazine ring was prepared for the first
time in high yield.2) An acid-catalyzed hydrolytic
cleavage of the dimethyl ester (3m) was unsuccessful
because of the lability of the ring.

We have demonstrated the most facile cleavage of
t-butyl and benzyl acetate in various alkyl acetates
using chlorotrimethylsilane/sodium iodide at 45 °C for
0.5h.1) In order to clarify the functional group
selectivity, we examined a competitive dealkylation of
phosphonic esters (3i, 3j) having other labile functional
groups using twice the molar quantity of chlorotri-
methylsilane/sodium iodide. The formation of 4i and
4j in high yield (>959%,) was confirmed by means of

o o
1-BuOCCH,P(OMe), + 2 Me,SiCl + 2 Nal

N
CH3;CN
3i
O O
il Il
t-BuOCGH,P(OSiMey), 4+ 2 Mel + 2 NaCl (5)
4i

the TH NMR spectra of the reaction mixture. The
results indicate that the only dealkylation of the di-
alkoxyphosphinyl group proceeds with complete selec-
tivity owing to the difference of reactivity between
carboxylic and phosphonic esters.

Dealkylation of Phosphonic Ester with Chlorotrimethyl-
silane|Lithium Bromide. High selectivity of bromo-
trimethylsilane is observed for the dealkylation of
phosphonic esters having other functional groups.2?
Gross et al.?®* and Mckenna and Schmidhauser? re-
ported similar results with regard to multifunctional
phosphonic ester cleavage. Since a certain metal
bromide might also promote a Rabinowitz type reac-
tion, we studied the combination of chlorotrimethyl-
silane and bromide salts.

When dialkyl phosphonate (3) was treated with
chlorotrimethylsilane/lithium bromide in acetontrile,
dealkylation immediately took place to afford the cor-
responding bis(trimethylsilyl) phosphonate (4) and
alkyl bromide, accompanied by the precipitation of
lithium chloride.

The reaction monitored by HNMR spectroscopy
was almost complete at 45—75°C within 2—5 h.
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o
1t
RIP(OR2), + 2 Me,SiCl + 2 LiBr N
CH3;CN
3
o
1]
RIP(OSiMe,); + 2 R%Br + 2LiCI  (7)

4

The results for several phosphonates are given in
Table 4.

Other salts such as KBr, MgBr,, NEt,Br, and
PhNMe,Br are ineffective. The rate of dealkylation by
the present method is slightly smaller than that with
bromotrimethylsilane. The dealkylation of phosphonic
ester moiety with chlorotrimethylsilane/lithium bromide
proceeds with higher functional group selectivity than
that with chlorotrimethylsilane/sodium iodide, indi-
cating no cleavage of other functional groups even
when a large excess of the reagent is used. Benzyl
acetate hardly reacted at all with this reagent at 75
°C for 9h.

Dealkylation of Dialkyl Vinyl Phosphate with Chloro-
trimethylsilane| Lithium Bromide. From our studies
on dealkylation of phosphonic and phosphoric ester
using bromutrimethylsilane, we find that no G=COP
bond cleavage occurs in dialkyl vinyl or dialkyl phenyl
phosphates.?®) The C=COP bond cleavage in the hy-
drolysis of dialkyl vinyl phosphate under acidic or
basic conditions occurs predominantly to yield dialkyl
phosphate and carbonyl compounds.?®) Hata et al.
as well as our group have prepared many kinds of
unesterified enolphosphates of biologically interest from
the corresponding dialkyl esters by means of bromo-
trimethylsilane.?”? In order to extend our meth-
odology, the reaction of dialkyl vinyl phosphates with
chlorotrimethylsilane/lithium bromide in acetonitrile
solution was undertaken.
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When dialkyl vinyl phosphates (6) reacted with
chlorotrimethylsilane/lithium bromide in acetontrile,
the corresponding bis(trimethylsilyl) vinyl phosphates
(7) were obtained in high yields.

o
RIOP(OR?), + 2 Me,SiCl + 2 LiBr —— >
CH;3;CN
6
o
|1}
RIOP(OSiMe,); + 2 R®Br + 2LiCl  (8)
7

The silyl esters (7), treated with methanol at room
temperature, were immediately converted into the cor-
responding phosphates (8) which were isolated as
anilinium salts. The results are given in Table 5.

MeOH I
7 =7, R1OP(OH), )
8

Alcoholysis of the silyl ester (7a) was unsuccessful.
No desirable anilinium salt of 8a could be isolated,
resulting in the C=COP bond cleavage.

We have developed a mild and versatile method
for carbon-oxygen bond cleavage using easily ac-
cessible and inexpensive chlorotrimethylsilane/metal
halides, and have demonstrated the applicability of
this method to synthetic transformation.

Experimental

Boiling points are uncorrected. Melting points were de-
termined on a Yanagimoto micromelting apparatus and
are uncorrected. H NMR spectra were obtained with a
JNM FX 100 using TMS or DSS as an internal standard,
and IR spectra with a Shimadzu IR-400. GLC analyses
were performed on a Shimadzu GC-3AF using stainless steel

TABLE 4. PHOSPHONIC ESTER DEALKYLATION WITH CHLOROTRIMETHYLSILANE/LITHIUM BROMIDE

Compound R? R2 nglp Tl}rlne Yleld; of 4
3a PhCH, Me 45—55 1.5 89
3b PhCH, Et 70—75 3.0 90
3g MeOCOCH, Et 70—75 4.5 87
3i t-BuOCOCH, Me 45—50 1.5 83
3j PhCH,0COCH, Et 70—75 4.5 85
3p MeOCH, Et 70—75 4.0 88
3r (Me0O),CH Me 45—50 1.5 92

a) Isolated yield.

TABLE 5.

PHOSPHORIC ESTER DEALKYLATION WITH CHLOROTRIMETHYLSILANE/LITHI'UM BROMIDE

Dealkylation conditions

. Yield» of
Compound R! R2 Temp Time Yield” of 7 salt of 8
5G h % %
6a H,C=CMe Et 70—75 3.0 84 —
6b Me,C=CPh Et 70—75 3.5 81 93
6¢c CL,C=CH Me 45—50 1.5 86 95

a) Isolated yield,
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columns packed with 259, Silicone DC 550 on Shimalite.

Materials. Commercial chlorotrimethylsilane was
dried over CaH, and distilled. Acetonitrile and other
solvents were dried and distilled by the usual method. Com-
mercial anhydrous inorganic halides were stored in a de-
siccator. Hygroscopic lithium bromide was dried in vacuo
at 100 °C just use. All substrates (phosphonic esters, acetals,
and phosphoric esters) were prepared by the usual method.
All the dialkyl phosphonates (3a—3q, except 3m and 3r)
were prepared by the Arbuzov reaction of the corresponding
halides with trialkyl phosphite.’® The phosphonate (3m)
was prepared from 2-chloro-4,6-dimethoxy-1,3,5-triazine?®)
and trimethyl phosphite: yield 80%; viscous oily product;
NMR (CCl,): é 3.93 (6H, d, J=10.6 Hz, CH;OP), 4.02
(6H, s, CH,O); Found: P, 12.319%,. Calcd for C,;H,;,N;O4P:
P, 12.43%,. The phosphonate (3m) was prepared by the
reaction of benzaldehyde with dimethyl phosphonate, follow-
ed by acetylation with acetyl chloride in the presence of
triethylamine.'® The phosphonate (3r) was prepared from
PCl; and trimethyl orthoformate.?® All the phosphates
(6a—6¢) were prepared by the Perkow reaction of the
corresponding «-halogenocarbonyl compounds with trialkyl
phosphite.28)

General Procedure for Dealkylation of Acetal with Chlorotri-
methylsilane/Sodium Iodide. A mixture of acetal (30 mmol),
chlorotrimethylsilane (60 mmol), and anhydrous sodium
iodide (60 mmol) in dry acetonitrile (15 ml) was heated at
45 °C with stirring, the reaction being monitored by 'H
NMR. When the reaction was completed, the mixture
was poured into 59, aqueous solution of NaHCO; (50 ml),
followed by deiodinization with sodium thiosulfate. The
resulting organic layer was extracted with ether (50 mlx 3),
the combined extract being dried over Na,SO,. After the
removal of low-boiling materials on an evaporator (below
50 °C), the residue was distilled iz vacuo to afford the pure
product.

Effect of Iodide Salts on Dealkylation of Acetal. H NMR
analysis was carried out according to the same procedure
as that described above. A mixture of benzaldehyde di-
methyl acetal (7 mmol), chlorotrimethylsilane (14 mmol),
and anhydrous iodide salt (14 mmol) was stirred at 45 °C
in dry acetonitrile (5ml). Conversion of the dimethyl
acetal into benzaldehyde was determined by measurement
of TH NMR spectra of the reaction mixture.

General Procedure for Dealkylation of Dialkyl Phosphonate with
Chlorotrimethylsilane/Sodium or Potassium Iodide. Chlorc-
trimethylsilane (60 mmol) was added dropwise to a mixture
of phosphonate (30 mmol) and anhydrous sodium or potas-
sium iodide (60 mmol) in dry acetonitrile (30 ml). The
mixture was stirred at 25—35 °C for 15—30 min, the pro-
gress of reaction being monitored by *H NMR spectroscopy.
After complete disappearance of the chlorotrimethylsilane
signal, the resulting sodium or potassium chloride was filtered
off rapidly and washed with dry ether (20mlx2). On
removing low-boiling materials from the filtrate with an
evaporator (below 50 °C), the corresponding silyl esters
were obtained as oily residue. The residue was dissolved
in methanol (30 ml) containing aniline or cyclohexylamine
(60 mmol) and the mixture was concentrated to dryness
under reduced pressure to give a white solid, amine salt
of phosphonic acid. The crude salts were purified by re-
crystallization. Some known products were identified by
comparison with authenitic samples prepared from dialkyl
phosphonates and bromotrimethylsilane.?® The structures
of new compounds were identified by *H NMR spectra and
elemental analysis.

Anilinium  ( Ethoxycarbonylmethyl) phosphonate  (Salt of 5hk).
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The salt was recrystallized from acetone: yield 85%; mp
134—13%6 °C; NMR (D,0): § 1.27 (3H, t, CH,C), 4.14
(2H, q, CH,0), 2.84 (2H, d, J=20.9 Hz, CH,P), 7.4—
7.6 (5H, m, CgH;N); Found: C, 46.05; H, 6.29; N, 5.44;
P, 11.729%. Caled for C,H,;,NO;P: C, 45.98; H, 6.17;
N, 5.36; P, 11.86%.

Anilinium  (t-Butoxycarbonylmethyl) phosphonate  (Salt of 5i).
The salt was recrystallized from acetone: yield 77%; mp
115—117°C; NMR (D,0): ¢ 1.46 (9H, s, CH,0CO),
2.74 (2H, d, J=20.8 Hz, CH,P), 7.4—7.6 (5H, m, CgH;N);
Found: C, 49.56; H, 6.65; N, 4.95; P, 11.77%. Calcd
for G, H,NOP: C, 49.83 H, 6.97; N, 4.84; P, 10.71%.

Anilinium (Benzyloxycarbonylmethyl)phosphonate (Salt of 5J).
The salt was recrystallized from acetone: yield 84%; mp
123—125 °C; NMR (D,0): 6 2.89 (2H, d, J=20.8 Hz,
CH,P), 5.18 (2H, s, PhCH,0), 7.3—7.6 (10H, m, GH;C,
C¢H;N); Found: C, 55.87; H, 5.50; N, 4.46; P, 8.89%.
Calcd for G;3H,,NO;P: C, 55.73; H, 5.61; N, 4.33; P, 9.58%.

Anilinium (Ethoxycarbonyl ) phosphonate (Salt of 5k). The
salt was recrystallized from ethanol: yield 85%; mp 143—
145 °C; NMR (D,0): 6 1.28 (3H, t, CH;C), 4.19 (2H, q,
CH,0), 7.3—7.6 (5H, m, GH;N); Found: C, 44.23; H,
5.89, N, 5.73; P, 12.70%. Calcd for G;H,;,NO,P: C, 43.73;
H, 5.71; N, 5.67; P, 12.539%,.

Anilinium  ( Diethylcarbamoyl) phosphonate (Salt of 51).

The salt was recrystallized from acetone-ethanol (5/1):
yield 889%; mp 142—144 °C; NMR (D;0): é 1.10 (3H,
t, CH,C), 1.19 (3H, t, CH,C), 3.31 (2H, q, CH,N), 3.69
(2H, q, CH,N), 7.4—7.7 (5H, m, C¢H;N); Found: G, 48.32;
H, 7.44; N, 10.05; P, 10.95%. Calcd for C;;H;,N,O,P:
C, 48.18; H, 6.99; N, 10.21; P, 11.29%,.

Anilinium  (4,6-Dimethoxy-1,3,5-triazine-2-yl) phosphonate  (Salt
of 5m). The salt was recrystallized from ethanol:
yield 91%; dec. 153—155 °C; NMR (D,0O): ¢ 4.02 (6H,
s, CH,0), 7.3—7.6 (5H, m, CgH;N); Found: C, 42.24;
H, 4.82; N, 17.82; P, 9.63%. Calcd for C;;H;;N,O;P:
C, 42.02; H, 4.81; N, 17.83; P, 9.86%.

Anilinium (- Acetoxpbenzyl) phosphonate (Salt of Sn).

The salt was recrystallized from methanol: yield 90%; mp
159—161 °C; NMR (D,0): é 2.81 (3H, s, CH;C), 5.82
(1H, d, J=13.0Hz, CHP), 7.3—7.6 (10H, m, GgH,C,
CeH;N); Found: C, 55.79; H, 5.71; N, 4.24; P, 8.93%.
Caled for C;5H,,NO;P: C, 55.73; H, 5.61; N, 4.33; P, 9.58%,.

Anilinium (Benzoylmethyl) phosphonate (Salt of 50). The
salt was recrystallized from acetone-methanol (10/1): yield
899, ; mp 103—104 °C; NMR (D,0O): ¢ 3.57 (2H, d, J=
21.3 Hz, CH,P), 7.3—8.1 (10H, m, C;H;C, C;H;N); Found:
C, 57.31; H, 5.51; N, 4.81; P, 10.49%. Calcd for C;;H,q-
NO,P: C, 57.34; H, 5.50; N, 4.78; P, 10.56%.

Anilinium ( Methoxymethyl) phosphonate (Salt of 5p). The
salt was recrystallized from acetone: yield 76%; mp 114—
116 °C; NMR (D,0): é 3.43 (3H, s, CH,;0), 3.59 (2H, d,
J=8.5Hz, CH,P), 7.3—7.6 (5H, m, GgH;N); Found: G,
43.56; H, 6.33; N, 6.37; P, 14.239%,. Calcd for C;H,,NO,P:
C, 43.84; H, 6.44; N, 6.39; P, 14.13%.

Anilinium ~ (2,2-Dimethoxyethyl) phosphonate  (Salt of 5g).
The salt was recrystallized from acetone-methanol (10/1):
yield 82%; mp 86—88 °C; NMR (D,0): ¢ 2.03 (2H, dd,
J=18.1 Hz, CH,P, j=5.9 Hz, CHCH,), 3.36 (6H, s, CH;0),
7.3—7.6 (5H, m, CsH;N); Found: C, 45.28; H, 6.32; N,
5.65; P, 11.52%. Calcd for C;H;)NOgP: C, 45.63; H,
6.89; N, 5.32; P, 11.77%.

General Procedure for Dealkylation of Dialkyl Phosphonate with
Chlorotrimethylsilane/ Lithium Bromide. A mixture of phos-
phonate (20 mmol), chlorotrimethylsilane (44 mmol for
R2=Me, 56 mmol for R2=Et) and anhydrous lithium bro-
mide (44 mmol for R2=Me, 56 mmol for R?=Et) in dry
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acetontrile (15 ml) was vigorously stirred at 45—75 °C for
several hours, the reaction being monitored by *H NMR.
When the reaction was completed, the reaction mixture
was cooled to room temperature and resulting lithium chlo-
ride and the excess of lithium bromide were filtered off.
After the removal of low-boiling materials on an evaporator,
the residue was distilled under reduced pressure to give
the pure trimethylsilyl ester. The products were identified
by comparison with authentic samples prepared by use
of bromotrimethylsilane.2?

Bis(trimethylsilyl) Benzylphosphonate (4a). Yield 89%;
bp 95—97 °C/0.1 mmHg? (1it,?» 88—90 °C/0.04 mmHg); IR
(neat): 1245 cm~! (P=0O); NMR (CCl,): é 3.00 (2H, d,
J=22.2 Hz, CH,P), 7.22 (5H, m, CsH;C), 0.15 (18H, s,
OSiMe,).

Bis(trimethylsilyl) (t-Butoxycarbonylmethyl)phosphonate (4i).
Yield 839%; bp 82—84°C/0.01 mmHg; IR (neat): 1725
(G=0) and 1250 cm~! (P=0); NMR (CCl,): ¢ 1.46 (9H,
s, G,H,0), 2.72 (2H, d, J=22.5Hz, CH,P), 0.28 (18H,
s, OSiMe,); Found: P, 9.319%. GCaled for C;,H,,O4PSi,:
P, 9.10%.

Bis(trimethylsilyl) (Benzyloxycarbonylmethyl)phosphonate (4J).
Yield 859%; bp 123-—125 °C/0.002 mmHg; IR (neat): 1730
(C=0) and 1260 cm~! (P=0); NMR (CCly): ¢ 2.87 (2H,
d, /=22.5Hz, CH,P), 5.11 (2H, s, PhCH,0), 7.31 (5H,
m, CeH;C), 0.26 (18H, s, OSiMe,) ; Found: P, 7.69%,. Calcd
for C;;H,,0;PSi,: P, 8.27%,.

Bis(trimethylsilyl) ( Methoxymethyl) phosphonate (4p).

Yield 889%; bp 123—124 °C/8 mmHg (lit,*» 73—75 °C/
0.02 mmHg); IR (neat): 1250 cm~! (P=0); NMR (CCl,):
4 3.55 (2H, d, J=8.5 Hz, CH,P), 3.43 (3H, s, CH;0), 0.29
(18H, s, OSiMe,).

General Procedure for Dealkylation of Dialkyl Vinyl Phosphate
with Chlorotrimethylsilane/Lithium Bromide. Dealkylation of
the phosphoric esters (20 mmol) was carried out by the
same procedure as that in the case of dialkyl phosphonate.
The silyl ester was isolated by distillation iz vacuo. When
the silyl ester (10 mmol) was added to a methanol solution
(30 ml) of aniline (20 mmol) and the solution was concen-
trated to dryness on an evaporator (below 50 °C), anilinium
salt was obtained as a white crystalline solid. After re-
crystallization the structures of the products were charac-
terized by *H NMR, IR spectra, and elemental analysis.

Bis(trimethylsilyl) 1-Methylethenyl Phosphate (7a). Yield
849, ; bp 90—92 °C/8 mmHg (lit,*" 75—77 °C/1.25 mmHg).

Bis(trimethylsilyl) 2-Methyl-1-phenyl-7-propenyl Phosphate (7b).
Yield 819; bp 110—111 °C/0.01 mmHg; IR (neat): 1680
(C=C) and 1245 cm—! (P=0); NMR (CCl,): 6 1.70 (3H, d,
J=3.0Hz, CH;C=COP), 1.88 (3H, d, j=2.4 Hz, CH,;C=
COP), 7.2—7.4 (5H, m, G¢H,C), 0.11 (18H, s, OSiMe,);
Found: P, 8.569%. Caled for C,sH,,O,PSi,: P, 8.319%.

Bis(trimethylsilyl) 2,2-Dichloroethenyl Phosphate (7¢).
Yield 86%; bp 79—81 °C/1 mmHg; IR (neat): 1630 (C=C)
and 1245 cm~! (P=0); NMR (CCl,): ¢ 6.84 (1H, d, J=
5.9 Hz, C=CHOP), 0.30 (18H, s, OSiMe;); Found: P, 9.41.
Caled for CgH,,0O,PSi,Cl,: P, 9.189%.

Anilinium 2- Methyl-1-phenyl-7-propenyl Phosphate (Salt of 8b).
The salt was recrystallized from acetone: yield 939%; mp
142—143 °C; NMR (D,O): é 1.71 (3H, d, J=3.1 Hg,
CH,C=COP), 1.75 (3H, d, j=2.2 Hz, CH;C=COP), 7.3—
7.6 (10H, m, G¢H;C, CsH;N); Found: C, 60.16; H, 6.75;
N, 4.83; P, 9.85%. QCalcd for C;eH,,NOP: C, 59.81;
H, 6.27; N, 4.83; P, 9.64%.

Dianilinium  2,2-Dichloroethenyl Phosphate (Salt of 8c).
The salt was recrystallized from water: yield 959%; dec.

t 1 mmHg=133.3 Pa.
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143—147°C; NMR (CD,OD): 8 6.9—7.4 (11H, m, C-
CHOP, G,H,N); Found: C, 44.22; H, 4.58 N, 7.24 P,
8.02; Cl, 18.80%. Caled for CH,,N,O,PCl,: C, 44.34;
H, 4.52; N, 7.39; P, 8.17; Cl, 18.70%.
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