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Organosilicon Compounds XVIL. Introduction of the Dialkyl Phosphonate
and Dialkyl Thiophosphonate Moieties on an Organosilicon Substituted
Heterocyclic System (1)
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University of Southern Mississippi, Box 5165, Hattiesburg, Mississippi 39401

Received May 5,1972

A number of new dialkyl 2-(5-trisubstitutedsilyl)thienylphosphonates and thiophosphonates
as well as dialkyl 2-(5-trisubstitutedsilyl)furylphosphonates and thiophosphonates were prepared
via reaction of the 5-(trisubstitutedsilyl)-2-lithiothiophenes and furans with dialkyl chloro-
phosphate and dialkyl chlorothiophosphate. Moreover, some diethyl 2-[ 5-(trisubstitutedsilyl)-2-

thienyl | ethyl thiophosphates are reported.

Our interest in synthesizing physiologically active
organosilicon containing agents has led us to prepare a
number of derivatives, which possess the dialkyl phos-
phorus group in varying form, for pesticidal evaluation.

The synthesis of various organosilicon containing
phosphonates (2), phosphates (3), and thiothionophos-
phates (4) are well documented as are phosphorus
containing heterocycles (5). However, reports of hetero-
cyclic systems which contain both a silicon and phos-
phorus group are nonexistent. Thus, we have prepared,
for the first time, a number of organosilicon containing

thiophosphonates (Scheme 1, 2, and 3) and thiophosphates
(Scheme 1) as well as some phosphonates (Scheme 1 and
3), all of which possess the silicon- and phosphorus-
groups substituted on a heterocyclic ring.

We have prepared these phosphonates by reaction of
the corresponding 5-(trisubstitutedsilyl)-2-lithiothiophenes
or furans with dialkyl chlorophosphate and dialkyl chloro-
thiophosphate (Scheme 1). The 5-(trisubstitutedsilyl)-
thiophenes or furans were metalated with n-butyllithium
followed by addition of these lithioheterocycles to the
chlorophosphate (Scheme 1). Yields obtained by this
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method ranged from 36 to 66%.

However, diethyl 2-(5-dichloromethyldimethylsilyl)-
thienylthiophosphonate (X1I) (Scheme 2) could not be
prepared by this method since 2-(dichloromethyldimethyl-
silylthiophene could not be successfully metalated due
to the reaction of n-butyllithium with the dichloromethyl
group. Thus, diethyl 2-thienylthiophosphonate (XI) was
prepared by metalation of thiophene with n-butyllithium
and subsequent addition of the resulting 2-lithiothiophene
to diethyl chlorothiophosphate (Scheme 2). Compound
X1l was then afforded by reaction of X1 with n-butyl-
lithium at -65° followed by the addition of this lithium
aalt to dichloromethyldimethylchlorosilane,

This data suggests that one can prepare dialkyl 2-(5-
trisubstitutedsilythienyl- or the 2-(5-trisubstitutedsilyl)-
furylphosphonates or corresponding thiophosphonates by
cither metalation of the silyl-heterocycles or heterocyelic
phosphonates with subsequent addition of these lithium
salts Lo the ehlorophosphates or chlorosilanes, respectively,
in approximately the same yields.

The intermediate  2-(trisubstitutedsilyythiophenes or
furans were synthesized vie metalation of thiophene or
furan with a-butyllithium followed by the addition of
the appropriate chlorosilane.  Compounds prepared by
this procedure include, 2-(trimethylsilylyfuran and 2-(tri-
ethylsilyl)furan (6), 2-(trimethylsilylythiophene (7), and
2-(allyldimethylsilylthiophene (8).

In addition, diethyl N-(trimetllylsilylnmthyl)-/V'-(thio-
phosphonato)piperazine (XVI) which contains a phos-
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phorus-nitrogen bond was prepared, in the above manner,
by metalation of N-(trimethylsilylmethyl)piperazine with
n-butyllithium followed by salt addition to diethyl c¢hloro-
phosphate (Scheme 4). The compound N-(trimethylsilyl-
methyl)piperazine (Scheme 4) was prepared in the manner
described by Thames and Edwards (9), i.e., reaction of
chloromethyltrimethylsilane with anhydrous piperazine
in refluxing toluene in the presence of potassium carbonate.

We have found that for the preparation of dialkyl
2(5-trisubstitutedsilyl)thienylphosphonates  (Scheme  3)
comparable yields could be obtained if the 2-(trisubstituted-
silyl)thiophenes were not isolated subsequent to their
preparation, but were reacted in situ with n-butyllithium
followed by the addition of this salt to the chloro-
phosphate (Scheme 3). For example, thiophene is allowed
to react with n-butyllithium followed by the addition
of the corresponding chlorosilane, at which time, n-butyl-
lithium is again added, ample time is allowed for metalation
to oceur, and the resulting mixture of lithio salt is added
to diethyl chlorophosphate to afford the expected diethyl
2-(5-trisubstitutedsilylthienylphosphonates in good yield
(Scheme 3).

We have also prepared derivatives in which the phos-
phorus-containing moiety is removed from the heterocyclic
system by an alkyl chain (Scheme 1). Thus, the 2-(tri-
substitutedsilythiophenes were metalated with n-butyl-
lithium and then treated with ethylene oxide to provide
the lithium salts of the corresponding 2-[ 5-(trisubstituted-
silyl)-2-thienyl Jethanols.  These salts were not isolated,
but added in solution to diethyl chlorothiophosphate to
give the expected diethyl 2-]5-(trisubstitutedsilyl)-2-
thienyl Jethy! thiophosphates (S8cheme 1) in good yield.

‘The compound diethy!l 2-(2-thienyl)ethyl thiophosphate
(XV), prepared by the above method, has been reported
by Godfrey (10);

analytical dala were given.

however, no physical constants or
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The infrared spectra were determined with a Perkin-Elmer 257
grating spectrophotometer. Microanalyses were performed by
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TABLE 11
Diethyl 2-(5-Silyl-2-thieny!)ethyl Thiophosphates
] i
R QCHZCHZ—O—P—(OE!)Q
Compound R % Yield b.p. (°C) nzl_s,i Formula Anal. C H S P
X1 Me 3Si 51  134/0.025mm 1.5005 C;3H,503PS,Si Caled. 4432 7.10 18.18 881
Found 44.52 7.21 1852 8.93
X1V CH,=CH-CH,(Me),Si- 625 151/0.07mm  1.5136 C,sH,703PS,Si Caled. 47.62 7.14 1693
Found 47.69 713 17.22
XV H 60  130/0.6 mm 1.5146 C;oH;,03PS; Caled. 4286 6.07 2286
Found 42.69 603 22.75

Galbraith Laboratories, Knoxville, Tennessee. Distillations were
carried out with a Vigreux column (12 in.), and all reactions were
run under a nitrogen atmosphere.

Method A.
Diethyl 2-(5-Trimethylsilyl)furylthiophosphonate (I).

A solution of 2{trimethylsilyl)furan (6) (10.0 g., 0.07 mole)
and anhydrous ether (200 ml.) was placed in a 500 ml. flask to
which was added, in a dropwise manner over a one hour period,
n-butyllithium (44.5 ml., 0.07 mole). After stirring for 12 hours,
the mixture was added, in a dropwise manner over a period of
2 hours, to a stirred solution of diethyl chlorothiophosphate
(13.5 g., 0.07 mole) in 100 ml. of anhydrous ether precooled to
-10°. This latter mixture was stirred for 24 hours, at which time,
after filtering, the ether was removed in vacuo. Fractionation of
the residue afforded 11.6 g. (56%) of I boiling at 102°/0.6 mm,
"204 1.4876.

Anal. Caled. for Cl 1H2 103PSSiI C, 45.21; H, 7.19; S, 10.96.
Found: C, 44.95; H, 7.39; S,11.10.

A procedure identical to that described above was utilized
in the synthesis of diethyl 2-(5-trimethylsilyl)thienylthiophos-
phonate (II), diethyl 2-(5-allyldimethylsilyl)thienylthiophospho-
nate (II1), diethyl 24 5-triethylsilyl)furylphosphonate (IV), diethyl
2.(5-triethylsilyl Yfurylthiophosphonate (V), dimethyl 2-(5-triethyl-
silyl)furylthiophosphonate (VI), and dimethyl 2-(5-trimethylsilyl)-
thienylthiophosphonate (VII). Experimental data for these com-
pounds is given in Table I.

Diethyl N-(Trimethylsilylmethyl)-N'{(thiophosphonato)piperazine
(XVI).

The reaction of N-(trimethylsilylmethyl)piperazine (9) (6.0 g.,
0.035 mole) and n-butyllithium (22 ml., 0.035 mole) at -10°
over a 20 minute period followed by reaction with diethyl
chlorothiophosphate (6.5 g., 0.035 mole) in the manner described
for the preparation of I afforded 6.0 g. (53%) of XVIboilingat
94.96°/0.1 mm, n}s = 1.4845.

Anal. Caled. for C;5Hy9N,0,PSSi:  C, 44.44;
S.9.88. Found: C,44.61; H,9.18; S,10.08.

Method B.
Diethyl 2-(5-Trimethylsilyl)thienylphosphonate ( VIII).

H, 8.95;

To a solution of thiophene (8.4 g., 0.1 mole) in anhydrous
ether (200 ml.), heated at reflux, was added n-butyllithium
(62 ml., 0.1 mole). The mixture was stirred at reflux for 2 hours,
at which time, trimethylchlorosilane (10.8 g., 0.1 mole) was

added rapidly and stirred for 2 hours. At this point n-butyllithium
(62 ml., 0.1 mole) was added and stirred for 3 hours at reflux.
The ethereal solution of lithio salt was then added to a stirred
solution of diethyl chlorophosphate (17.2 g., 0.1 mole). Stirring
was continued for 14 hours at which time the solution was washed
with sodium bicarbonate solution, the resulting layers separated,
and the ethereal layer dried over magnesium sulfate. The ethereal
layer was concentrated in vacuo and fractionated to give 9.0 g.
(31%) of VIII boiling at 103°/0.07 mm., n}5 1.4905.

Anal. Caled. for C;;H,,03PSSi: C, 45.25; H, 7.20. Found:
C,4547; H, 7.04.

Method B was utilized in the synthesis of diethyl 2-(5-allyl-
dimethylsilyl)thienylphosphonate (IX) and diethyl 2-(5-vinyl-
dimethylsilyl)thienylphosphonate (X). Experimental data for
these compounds is listed in Table I.

Methed C.
Diethyl 2-Thienylthiophosphonate (XI).

Thiophene (10.0 g., 0.12 mole), n-butyllithium (75 ml., 0.12
mole) and diethyl chlorothiophosphate (22.4 g., 0.12 mole) were
reacted as described in the synthesis of I (Method A) to give
16.0 g. (58%) of XI boiling at 85-87°/0.25 mm, n}y 1.5423.

Anal. Caled. for CgHy30,PS;: C, 40.68; H, 5.51; S, 27.12.
Found: C, 40.79; H, 5.61; S, 27.34.

Diethyl 245-Dichloromethyldimethylsilyl)thienylthiophosphonate
(XID).

A solution of XI (5.0 g., 0.02 mole) in anhydrous ether
(200 ml.) was cooled to -65°, at which time n-butyllithium (13
ml., 0.02 mole) was added. After stirring for 15 minutes, the
mixture was added rapidly to a stirred solution of dichloro-
methyldimethylchlorosilane (3.7 g., 0.02 mole) in anhydrous
ether (100 ml.) at .10°. This latter mixture was stirred for 48
hours, filtered, and concentrated in vacuo. Fractionation afforded
3.5 g. (44%) of XII boiling at 140-142°/0.05 mm, n{5 1.5454.

Anal. Caled. for C11H19C1202P825i2 C, 35.11; H, 5.05;
S, 17.02. Found: C, 35.26; H,5.10; S,17.21.

Method D.
Diethyl 2-[ 54 Trimethylsilyl)-2-thienyl]ethyl Thiophosphate (XIII).

To a solution of 2-(trimethylsilyl)thiophene (7) (7.8 g., 0.05
mole) in anhydrous ether (200 ml.) was added n-butyllithium
(31 ml., 0.05 mole). After stirring for 24 hours, the solution was
cooled to -10° and ethylene oxide (2.2 g., 0.05 mole) was added.
The mixture, after being brought to ambient conditions, was
stirred for 4 hours, at which time it was added in a dropwise
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manner to a stirred solution of diethyl chlorothiophosphate (9.4 g.,
0.05 mole) in anhydrous ether at -10°. After the addition was
complete, stirring was continued for 24 hours, after which the
solution was filtered and concentrated in vacuo. Fractionation of
the residue produced 9.0 g. (51%) of X1 boiling at 132-134°/0.025
mm, n{5 1.5005.

Anal, Caled. for Cy3H,503PS;Si: C, 44.32; H, 7.10; P,
8.81; S,18.18. Found: C, 44.52; H, 7.21; P, 8.93; S, 18.52.

Method D was utilized in the synthesis of diethyl 2-[54allyl-
dimethylsilyl)-2-thienyl Jethyl thiophosphate (XIV) and diethyl
2-(2-thienyl)ethyl thiophosphate (XV). Experimental data for
these compounds is listed in Table [I.
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