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ABSTRACT

Reaction between  0,0-diethyl-S-phenyl  phos-
phorothiolate and lithium dialkylamides results in
the displacement of the PhS substituent by the R,N
group. With Grignard reagents, the same substrate
gives products of the nucleophilic substitution at
both the phosphorus and the sulfur atom.

Treatment of the O-phosphorylated phenols, ArO-
P(O)X, (X = ArO, RO, R), with lithium diiso-
propylamide (LDA) results in the lithiation at the
ortho position of the aromatic ring, followed by the
migration of the phosphorus group to the ortho car-
bon, therefore it opens the synthetic route to the 2-
hydroxyarylphosphonic systems [1]. This reaction
operates also for N-arylphosphoroamidates, yield-
ing, after the nitrogen-carbon migration of the
P(0)X, group, the 2-aminoarylphosphonic, phos-
phinic, or phosphine oxide products [2]. We report
now the results obtained when the same approach
was applied to 0,0-diethyl-S-phenyl phos-
phorothiolate (1), the potential precursor for the
diethyl 2-mercaptophenylphosphonate [3].

RESULTS AND DISCUSSION

Treatment of (1) with LDA under conditions analo-
gous to those applied for O-phosphorylated
phenols, or N-phosphorylated anilines, gave no evi-
dence for either the o-lithiation (quenching of the
reaction mixture with D,0 gave no evidence for the
incorporation of deuterium to the aromatic ring),
or for the subsequent S-C migration. When the acid
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workup of the reaction product was replaced by
careful neutralization, we found that the product
consisted of diethyl N,N-diisopropylphosphorami-
date (2a), thiophenol (3), and phenyl disulfide (4).
The reaction was repeated using N-lithium deriva-
tives of piperidine and 2,6-dimethylpiperidine; in
all cases the reaction yielded the corresponding
phosphoramidates 2 as the only phosphorus-con-
taining products (Equation 1).

(EtO),P(O)SPh + R;NLi —

1
(EtO),P(O)NR;, + PhSLi/(PhSSPh) (1)
za' R = 1Pr 4

2b R; = (CHy)s
2c Rz = (CHMCCH2)2CH2

It is clear that, with respect to 1, LDA (generally
considered as a strong, but weakly nucleophilic,
base [5]) behaves in fact as a strong nucleophile
attacking the ‘“hard” phosphoryl center. It is
worthwhile to point out that this Sy2(P) substitu-
tion cannot be achieved by a free amine; 1 was
recovered unchanged after treatment with iPr,NH
for 24 h at room temperature.

Reactions of 1 with Grignard reagents also did
not result in the isomerisation, but in nucleophilic
substitution. In this case, however, the reaction
was much more complicated and led to the forma-
tion of a complex mixture of products. The nuclear
magnetic resonance (NMR) ('"H and 3'P) spectros-
copy, gas chromatography (GC) analysis of the re-
action mixture, and comparison with the data ob-
tained for the independently prepared standards,
allowed qualitative and quantitative determina-
tion of the reaction products. The analysis showed
the incorporation of Grignard reagents to the phos-
phorus (formation of diethyl phosphonic esters, 5),
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and to the sulfur atom (formation of phenyl
thioethers, 6) (Equation 2).

R-P(O)(OEt), + PhSMgX/(4)

5a, R = Me
5b, R = p-Tol
1 + RMgX 2
R-SPh + (EtO),POMgX
6a, R = Me
6b, R = p-Tol

The additional products of reaction (2) were ethyl
phenyl sulfide, EtSPh, and some ionic, water-solu-
ble phosphate products, resulting from the well-
known [6] nucleophilic dealkylation of the P(O)OEt
function by the thiophenolate ion. Although phos-
phonates 5 represented the major reaction prod-
ucts, the obtained results indicate that, with re-
spect to organomagnesium reagents, 1 offers, in
addition to the phosphorus atom, also the thiolate
sulfur as an alternative electrophilic center. Simi-
lar ambident (P/S) electrophilicity in the Grignard
reaction was reported for S-esters of diphenylphos-
phinothioic acid [7]. Thioethers 6 could, however,
also result from a secondary reaction involving un-
reacted Grignard reagent and 4 (Equation 3), pro-
duced by the spontaneous oxidation of the
thiophenolate ion, released upon the substitution
at phosphorus.

4 + RMgX — 6 + PhSMgX 3)

Reaction (3) was in fact employed in this work for
the preparation of the authentic samples of sulfides
6. If 6 were to result from such subsequent reaction,
the ratio 5/6 should decrease with the total conver-
sion of 1. We determined this ratio as a function of
reaction progress by sampling the reaction mix-
tures and determining the 5/6 ratios by GC; the
average value of 3.3 = 1.1 was obtained, with no
trend in the individual values of the ratio. We be-
lieve therefore that products 6 are the consequence
of the ambident electrophilic character of substrate
1, in which the phosphorus as well as sulfur atom
(and, in some cases, the a-carbon atom of an ester
group) offer reactive centers for a nucleophilic at-
tack. The electrophilic reactivity of the aryl deriva-
tives of phosphoric acid is therefore a limiting
factor in the synthetic scope of the metalation/mi-
gration process.

EXPERIMENTAL

NMR spectra were recorded on a Bruker AC 300
MHz spectrometer in CDCl; with TMS (or tri-
methyl phosphate in case of 3'P) as internal stan-
dard. GC analysis was carried out on a Carlo Erba
Fractovap 2150 instrument using a 3% OV-17 2m)
column, and N as a carrier gas. The oven tempera-
ture was 175-220°C. Melting points were obtained
on a Gallenkamp apparatus, and are uncorrected.

Mass spectra were recorded on a Varian MAT-212
double focusing direct inlet spectrometer at an ion-
ization potential of 70 eV. Only the values for M*
are given. “Bulb to bulb” distillations were per-
formed on a Buchi GKR-50 apparatus. For column
chromatography Merck Kieselgel 60 (0.063-0.200
mm) was used as a stationary phase. Thin-layer
chromatography (TLC) was carried out using pre-
coated Kieselgel 60 F254 aluminium plates. Sol-
vents and commercially available substrates were
purified by conventional methods immediately be-
fore use. All reactions involving organometallic re-
agents were carried out in an atmosphere of dry
nitrogen. Authentic samples of compounds re-
quired for the comparison with the reaction prod-
ucts were prepared by the reported procedures; in
all cases their properties agreed very well with
those given in the literature.

0,0-Diethyl-S-phenyl phosphorothiolate (1)
was prepared from phenyl disulfide and sodium di-
ethyl phosphite according to the literature proce-
dure [8]. We have found, however, that the product
prepared according to [8] contained, after distilla-
tion, some phenyl disulfide and phenyl ethyl sulfide
(the latter formed by deethylation by the PhS™ ion).
When distillation of the crude product was re-
placed by column chromatography (chloroform),
pure 1 was obtained as a second fraction with 64%
yield. 'H NMR: 8 1.22 (6H, t, Jyg 7.1 Hz, Me of EtO);
4.11 (4H, m, CH, of EtO); 7.26 (3H, m, H,.om); 7.49
(2H, m, Haom). 3P NMR; & 20.5. MS: m/z 246
(M*, 94%). Anal. Calcd for CioH;s03PS (246.3): C,
48.77; H, 6.14. Found: C, 48.9; H, 6.1%.

Reactions of 1 with Lithium Dialkylamides

n-BulLi (1.6 M solution in hexane) was added to the
solution of the amine in THF at —78°C, stirred for
30 min, then the solution of 1 in THF was added,
and the mixture was stirred for 18 h at —78°C, and
for 24 h at room temperature. Aq. trifluoroacetic
acid was added, most of THF was removed, and the
product was extracted with dichloromethane. After
drying and removal of the solvent, crude products
were purified by distillation.

2a (65%), purified by “bulb to bulb” distillation
(oven temp. 80-90°C/1 mm); '"H NMR: 1.10 (12H, d,
Juu 6.7 Hz, Me of iPr); 1.18 (6H, t, Juu 7.2 Hz, Me of
OEt); 3.30 (2H, m, CH of iPr); 3.86 (4H, m, CH; of
OEt). 3'P NMR: 8 5.99. MS: m/z 237 (M*, 5%).

2b (53%), purified by “bulb to bulb” distillation
(oven temp. 90-100°C/0.15 mm); 'H NMR: § 1.20
(6H, t, Jyu 7.1 Hz, Me of OEt); 1.44 (6H, m, CH, of
piperidyl group); 2.98 (4H, m, NCH,): 391 (4H, m,
CH, of OEt). 3'P NMR: § 6.56. MS: m/z 221 (M*,
3%).

2¢ (45%), purified by “’bulb to bulb” distillation
(oven temp. 110-120°C/1.5 mm); 'H NMR: § 1.21
(6H, t, Juu 7.1 Hz, Me of OEt); 1.21 (6H, d, Jyy 6.4
Hz, Me of 2,6-dimethylpiperidyl group); 1.34-1.76



(6H, m, CH, of piperidyl ring); 3.73 (2H, m, 2 X CH
of piperidyl ring); 3.92 (4H, m, CH, of OEt). 3P
NMR: § 7.62. MS: m/z 249 (M*, 2%).

4 was purified by column chromatography
(benzene/acetone, 9: 1), and by crystallization from
ethanol; mp 61-62°C. All products gave satisfac-
tory elemental analysis (C, H, N), and their spectro-
scopic and GC characteristics were identical to
those obtained for independently prepared sam-
ples.

Reactions of 1 with Grignard Reagents

The reactions were carried out in a standard way,
and the crude products were examined by NMR
('H and 3'P) spectroscopy and subjected to GC anal-
ysis. The individual products were identified and
quantitatively determined by comparison with the
independently prepared standards.

5a (43%); 'H, NMR: 8 1.05 (6H, t, J 7.1 Hz, Me
of Et0); 1.18 (3H, d, Jup 17.5 Hz, MeP); 3.82 (4H, m,
CH, of EtQ). *'P NMR: § 28.01.

5b (53%); 'TH NMR: 8 1.62 (6H, t, Jyy 7.1 Hz, Me
of EtO); 2.32 (3H, s, MeAr); 3.94 (4H, m, CH, of
EtO); 7.11 2H, m, Huon); 7.54 (2H, m, Hyom). 3'P
NMR: § 17.10.

6a (24%); 'H NMR: & 2.49 (3H, s, MeS); 7.20
(5H, m, PhS). MS: m/z 124 (M*, 17%).

6b (16%); 'H NMR: § 2.42 (3H, s, MeAr); 7.19—-
742 (9H, m, H,.on). MS: m/z 200 (M*, 12%).

Ethyl phenyl sulfide (5-10%); 'H NMR: & 1.44
(3H, t, Juy 7.3 Hz, Me of EtS); 2.95 (2H, q, Jun 7.3
Hz, CH, of EtS); 7.20 (5H, m, Ph).

Determination of the 5b/6b Ratio as a
Function of Reaction Time

An equimolar amount of 1 was added to the solu-
tion of p-tolymagnesium bromide in ether under
nitrogen during 5 min. Samples of the reaction so-
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lution were withdrawn at certain time intervals,
and followed by the workup involving adding the
sample to an equal volume of 5% aq. HCl, separa-
tion, drying, and the removal of the solvent. The
residue was then dissolved in CHCl; and subjected
to the GC analysis. The following values of the 5b/
6b ratio were obtained after different times (in
min): 5.3 (20); 3.4 (80); 2.2 (200); 2.1 (305); 2.5
(1305); 3.7 (1485); 4.0 (1595).
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