
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 28 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

THE ISOMERIZATION/CHLORINATION OF O,O-DIALLYL
THIOPHOSPHORO (-NO)THIONATES WITH PHOSPHORUS
OXYCHLORIDE — A NEW CONVENIENT METHOD FOR SYNTHESIS
OF S-ALLYL THIOPHOSPHORIC(-NIC) ACID DERIVATIVES
Zheng Jie He; Ju Xiang Liu; Zheng Hong Zhou; Chu Chi Tang

To cite this Article He, Zheng Jie , Liu, Ju Xiang , Zhou, Zheng Hong and Tang, Chu Chi(1998) 'THE
ISOMERIZATION/CHLORINATION OF O,O-DIALLYL THIOPHOSPHORO (-NO)THIONATES WITH PHOSPHORUS
OXYCHLORIDE — A NEW CONVENIENT METHOD FOR SYNTHESIS OF S-ALLYL THIOPHOSPHORIC(-NIC) ACID
DERIVATIVES', Phosphorus, Sulfur, and Silicon and the Related Elements, 134: 1, 355 — 363
To link to this Article: DOI: 10.1080/10426509808545475
URL: http://dx.doi.org/10.1080/10426509808545475

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509808545475
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. Sulfur and Silicon, 1998, Vol. 134/135, pp. 355-363 © 1998 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam N.V. Published under license by
Photocopying permitted by license only the Gordon & Breach Science Publishers imprint.

Printed in Malaysia

THE ISOMERIZATION/CHLORINATION
OF O,O-DIALLYL THIOPHOSPHORO

(-NO)THIONATES WITH PHOSPHORUS
OXYCHLORIDE — A NEW CONVENIENT
METHOD FOR SYNTHESIS OF S-ALLYL

THIOPHOSPHORIC(-NIC) ACID
DERIVATIVES

ZHENG JIE HE, JU XIANG LIU, ZHENG HONG ZHOU

and CHU CHI TANG*

State Key Laboratory of Elemento-Organic Chemistry, Nankai University, Tianjin
300071, P. R. China

(Received 9 January, 1998; Revised 15 April, 1998; In final form 15 April, 1998)

The isomerization/chloriation of O,O-diallyl thiophosphoro(-no)thionates with phosphrus
oxychloride gave S-allyl thiophosphoro(-no)chloride, which reacted with substituted phenol
in chloroform in the presence of triethylamine to afford eighteen new S-allyl thiophos-
phoric(-nic) acid derivatives. Thus, a new convenient method has been provided for synthesis
of the title compounds.

Keywords: Isomerization; Chlorination; Phosphoro(-no)thionate; Phosphoro(-no)thiolate;
Phosphoro(-no)chlorothiolate; phosphorus oxychloride

1. INTRODUCTION

In 1991 we found that the isomerization/chlorination of 0,0-dialkyl

O-aryl thiophosphates 1 (R'=ArO) with phosphorus oxychloride can take

place and gives S-alkyl O-aryl thiophosphorochloridates 2 (R'=ArO) and

O-alkyl phosphorodichloridates 3 ^ . In the reaction, when 1 is chlorinated

with phosphorus oxychloride, the isomerization of the P=S to the P-S

occurs simultaneously. Additionally, this isomerization/chlorination can
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convert an achiral phosphorus atom into a chiral one to give 2. Later inves-
tigations indicated that when R' equals alkylthio'2', arylthio'2',
dialkylamino'3', phenyl'4', methyl'5', and nitrogen heterocyclic group'6' in
1, respectively, the isomerization/chlorination of 1 with phosphorus oxy-
chloride also proceeds smoothly and gives the desired products 2 and 3.
The products 2 react further with various nucleophiles, NuH, to give a
variety of compounds 4. Thus, this constitutes a new convenient method
for synthesis of S-alkyl thiophosphoric(-nic) acid derivatives probably
possessing extensive biological activity.

s RSX / o o
(RO)2P-R' + POClj *- X + ROPC1,

Cl R

1 2 3

NuH - . „
Nu' K

R = C M Alkyl, 2-ChIoroethyl

R' = Alkoxy, Aryloxy, Alkylthio, Dialkylairino, Me, Ph,
/—V /—\

N | -N ) -N O

In the previous papers'1"6', the isomerization/chlorination of 1 has been
only investigated when R equals saturated alkyl such as Ci_6 alkyl or
2-chloroethyl. Here we report that when R equals unsaturated allyl in 1 the
isomerization/Chlorination of 1 (R=allyl, 5) with phosphorus oxychloride
can also take place and gives the desired product 6 and 7 (Table I). Prod-
ucts 6 reacted further with substituted phenol in the presence of organic or
inorganic base as acid acceptor to give the title compounds S-allyl O-sub-
stituted phenyl thiophosphric(-nic) acid esters 8 (Table II).

s CH2=CHCH2SN o o
(CH,=CHCH2O)2P-R' + POClj » • V + Cfy-CHCHOP

a ' R'
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2. RESULTS AND DISCUSSION

Compounds 5 reacted with equivalent amounts of phosphorus oxychloride
at 60~100°C. It took 3~20h until 5 disappeared from the reaction mixture
(TLC control). When R' group equals methyl, lower alkoxy or lower
alkylthio in 5, the isomerization/chlorination of 5 can be completed at a
lower reaction temperature and within a shorter time; whereas when R' is
diethylamino, a relatively higher temperature and a longer time are
required, and in the cases, the yields of products 6 are obviously lower,
while viscous polymer increases. After removal of by-product 7 under
reduced pressure, the crude product 6 was purified by column chromatog-
raphy on silica gel, then 6 reacted with various substituted phenols in th
presence of HCl acceptor respectively to give S-allyl O-substituted phenyl
phosphoro(-no)thiolates 8, which can be purified by column chromatogra-
phy on silica gel or recrystallization. Thus, eighteen new compounds 8
have been prepared (Table II and III). The bioassay results on their fungi-
cidal activity against five plant disease fungi (P. Zeae, A. Solani, R. Solani,
P. Piricola, C. Arachidicala) show that 8 possess somewhat excellent fun-
gicidal activity at 0.005% concentration.

The *H NMR data of the reactants 5 and the isomerization/chlorination
products 6 are shown in the table IV and I, respectively. These data indi-
cated that the chemical shift value (8=4.56-4.72 ppm) of proton on the
oc-carbon of allyl in 5 has changed into 3.56-3.78 in 6. This result proved
that allyloxy in 5 has been converted to allylthio in 6. Additionally, in the
final products 8, a strong absorption peak at 1215~1262cm~1 in IR spectra
is identified with P=O group, and a characteristic double doublet peak at
3.32-3.72 ppm in *H NMR spectra represents the presence of P-S-CH2. To
be sure, the above results showed that the isomerization/chlorination of 5
has really occurred and give the products 6.

Previously ^~6' we found that the isomerization/chlorination of 1
becomes more and more difficult as the number of carbon atoms of R
group increases. Therefore O,O-dimethyl phosphorothionates, 1
(R = methyl), possess the relatively best reactivity in the isomeriza-
tion/chlorination. In order to evaluate the reactivity of unsaturated
0,0-diallyl phosphorothionates 5, the isomerization/chlorination of
0,0-diallyl O-methyl phosphorothionate 5a was thoroughly investigated
by the GC-MS technique. After the isomerization/chlorination of 5a com-
pleted , the reaction mixture was analyzed by the GC-MS technique. The
desired products 6a and the by-product 7 were found in the mixture, and
however the possible products 9 (One of allyloxy groups was leaved and
methoxy was isomerized) and 10 (One allyloxy was isomerized and meth-
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oxy was leaved) were not detected. This result preliminarily indicates that
the unsaturated allyloxy possesses a better ability as isomerizing or leav-
ing group in the isomerization/chlorination than saturated lower alkoxy,
such as methoxy.

(CH2=CHCH2O)2P-R'

5a

POCI3

CH2=CHCH2O^ yO

CH2«€HCH2S
?

ci'
6a

CH2=CHCH2SS y

CH2=CHCH2O' N

10
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EXPERIMENTAL

All temperature are uncorrected. Melting points were determined with a
Yanaco MP-500 apparatus. IR spectra were recorded on a Shimadzu
IR-435 spectrophotometer as thin film or KBr pellets, ' H NMR spectra
were measured on a JEOL FX-90Q instrument at 90 MHz, using TMS as
internal standard and CDC13 as solvent. Column chromatography was per-
formed on silica gel (200~300mesh) using petroleum ether (bp
69~90°C)/EtOAc as eluent.

O,O-diallyl phosphoro(-no)thionates 5

According to a general procedure, sodium allyl alcoholate reacted with
O-mehtyl (ethyl or propyl) thiophosphorodichloridate, N,N-diethylamino
thiophosphoramidodichloridate or thiomethylphosphonodichloride in tolu-
ene to give compound 5a, 5b, 5c, 5f, or 5g, respectively. Compound 5e or
5d was prepared from the reaction of sodium O.O-diallyl phosphorodithio-
ate with ethyl iodide or propyl bromide (Table IV).

S-AHyl (di)thiophosphoro(-no)chloridates 6 (General procedure)

A mixture of O.O-diallyl phosphoro(-no)thionate 5 (0.01 mol) and POC13

(1.54 g, 0.01 mol) was heated with stirring at 60-100 CC for 3-20 h until 5
had disappeared from the reaction mixture (TLC control, solvent system
petroleum ether (bp 60-90 °C) EtOAc 5:1). After removal of by-product
O-allyl phosphorodichloridate 7, the crude product 6 was purified by using
silica gel column chromatography. Data of 6 prepared are listed in Table I.

S-AIIyl O-substituted phenyl phosphoro(-no)thionates 8
(General procedure)

To a mixture of substituted phenol (0.01 mol), triethylamine (0.011 mol)
and CHCI3 (20 mL) was added dropwise a solution of 6 (0.01 mol) in
CHCI3 (10 mL) at 20-25 °C. After completion of addition, the resulting
mixture was stirred at room temperature for lh, then heated at 55 °C for 5
h with stirring. After cooling to r.t., the reaction mixture was poured into
cold water (30 mL) and shaked thoroughly. The organic layer was sepa-
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rated and dried (MgSC^). After removal of the solvent, the crude product 8
was purified by using silica gel column chromatography. Data of 8 pre-
pared are listed in Table II and III.
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