
This article was downloaded by: [University of Haifa Library]
On: 21 September 2013, At: 01:42
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

Journal of Sulfur Chemistry
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gsrp20

Reaction of Lawesson's reagent
with Mannich base hydrochlorides:
synthesis of novel 4H-1,3,2-
oxathiaphosphorine-2-sulfide
derivatives
Iyadh Aouania & Soufiane Touila
a Laboratory of Heteroatom Organic Chemistry, Department of
Chemistry, Faculty of Sciences of Bizerta, University of Carthage,
7021-Jarzouna, Tunisia
Published online: 02 Sep 2013.

To cite this article: Iyadh Aouani & Soufiane Touil , Journal of Sulfur Chemistry (2013):
Reaction of Lawesson's reagent with Mannich base hydrochlorides: synthesis of novel
4H-1,3,2-oxathiaphosphorine-2-sulfide derivatives, Journal of Sulfur Chemistry, DOI:
10.1080/17415993.2013.824970

To link to this article:  http://dx.doi.org/10.1080/17415993.2013.824970

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

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

http://www.tandfonline.com/loi/gsrp20
http://dx.doi.org/10.1080/17415993.2013.824970


Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
1:

42
 2

1 
Se

pt
em

be
r 

20
13

 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Journal of Sulfur Chemistry, 2013
http://dx.doi.org/10.1080/17415993.2013.824970
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In a simple and general protocol, the treatment of Mannich base hydrochlorides, derived from acyclic and
cyclic ketones, with Lawesson’s reagent, leads to novel 4H-1,3,2-oxathiaphosphorine derivatives in good
yields. A possible reaction mechanism, involving a [4 + 2] cycloaddition, is proposed.
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1. Introduction

The use of 2,4-bis(p-methoxyphenyl)-1,3,2,4-dithiaphosphetane-2,4-disulfide (Lawesson’s
reagent (LR)) in heterocyclic synthesis has been well documented.[1–4] One of its important appli-
cations involves [3 + 2] and [4 + 2] cycloadditions with 1,3- and 1,4-dipolar reagents, giving rise
to a wide range of five- and six-membered heterocyclic rings incorporating sulfur and phosphorus
atoms introduced by LR itself.[5–11] These heterocycles are an important class of compounds in
the medicinal chemistry with interesting biological properties including antimicrobial, antifungal
and antitumor activities.[12–14]

In the last few years, it was shown that the reaction of LR with α, β-unsaturated
carbonyl compounds [12,15–17] or phenolic Mannich bases [18,19] can lead to 4H-1,3,2-
oxathiaphosphorine derivatives. The scope of these reactions is, however, limited and only a
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2 I. Aouani and S. Touil

few 1,3,2-oxathiaphosphorine derivatives have been synthesized from these strategies. Therefore,
additional synthetic methods are required to obtain a wider variety of compounds belonging to
this class, for biological screening.

With this in mind, and in continuation of our research on the use of LR for the synthesis of
novel heterocyclic scaffolds with possible biological properties,[20–23] we have investigated the
reaction of LR with Mannich base hydrochlorides derived from acyclic and cyclic ketones, which
could represent an easy and general method to access novel types of 4H-1,3,2-oxathiaphosphorine
derivatives.

2. Results and discussion

The starting Mannich base hydrochlorides 1 were easily prepared according to the reported
Mannich synthetic procedure.[24] It was found that the reaction of compounds 1 with a sto-
ichiometric amount of LR (0.5 equiv.), performed in refluxing toluene, for 8–48 h, led to
4H-1,3,2-oxathiaphosphorine-2-sulfides 2 in 60–90% yield (Scheme 1).
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Scheme 1. Synthesis of 4H-1,3,2-oxathiaphosphorine-2-sulfides 2.

The scope of the reaction was assessed with a range of substrates including acyclic and cyclic
Mannich base hydrochlorides (Table 1). All the substrates reacted in good to high yields. A plau-
sible mechanism for the formation of compounds 2 is depicted in Scheme 2. The transformation is
believed to proceed via the deamination of the Mannich base hydrochloride 1, by heating, giving
rise to the enone intermediate I. The interception of this last one by the monomer of LR leads,
after cycloaddition, to the 4H-1,3,2-oxathiaphosphorine derivative 2 as final product.

The formation of compounds 2 was confirmed by IR, NMR (1H, 31P, 13C) and mass spectral data.
The IR spectra revealed the presence of absorption bands near 700 cm−1 corresponding to the P=S
stretching frequency. The 1H NMR spectrum of each compound 2 showed, in particular, a singlet
at 3.7 ppm, ascribable to the OCH3 protons. When R2 �= H, the CH2−S protons in the heterocyclic
ring resonate between 3 and 4 ppm as the AB part of an ABX spin system. This coupling pattern
can be rationalized taking into account that the methylene protons are diastereotopic due to the
neighboring asymmetric phosphorus atom. The 31P NMR shifts recorded for compounds 2 were
d = 64–87 ppm which is consistent with the thiophosphoryl chemical shift values. The 13C NMR
spectra display the characteristic signals of all carbons and particularly those corresponding to
the oxathiaphosphorine ring. Of particular note is the CH2−S carbon that resonates as a doublet
(2JCP = 4–6 Hz) around 40 ppm. The structures of compounds 2 were further supported by their
mass spectra that showed the correct molecular ion peaks.

In summary, we have successfully developed an efficient and straightforward synthesis of
novel 4H-1,3,2-oxathiaphosphorine derivatives, via the reaction of Mannich base hydrochlo-
rides, derived from acyclic and cyclic ketones, with LR. By comparison with the existing
strategies,[12,15–19] our method offers significant advantages such as generality, efficiency and
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Table 1. Substrate scope studies.

Entry R1 R2 Product Yield (%)a Time (h)b

1 Ph Me 2a 90 12
2 CH2−Ph Ph 2b 76 16
3 Ph H 2c 85 8

S

4 H 2d 78 12

5 Me H 2e 65 24
6 Et H 2f 71 36
7 Et Me 2g 60 36
8 (CH2)3 2h 74 36
9 (CH2)4 2i 78 48

aIsolated yield.
bThe progress of the reactions was monitored by TLC.
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Scheme 2. Reaction mechanism for the synthesis of compounds 2.

high yields. Furthermore, the use of Mannich base hydrochlorides, instead of enones, as starting
materials is very beneficial since they are synthetically equivalent to enones but in general more
stable and easier to obtain.

3. Experimental

1H, 31P and 13C NMR spectra were recorded with CDCl3 as the solvent, on a Bruker AC-300
spectrometer operating at 300.1 MHz for 1H, 121.5 MHz for 31P and 75.5 MHz for 13C. The
chemical shifts are reported in ppm relative to TMS (internal reference) for 1H and 13C NMR and
relative to 85% H3PO4 (external reference) for 31P NMR. The coupling constants are reported in
Hz. For the 1H NMR, the multiplicities of signals are indicated by the following abbreviations: s,
singlet; d, doublet; t, triplet; q, quartet; m, multiplet. Mass spectra were determined on an Agilent
5975B spectrometer, under electronic impact (EI) conditions. IR spectra were recorded on a
Nicolet IR200 spectrometer. The progress of the reactions was monitored by TLC. Purification
of products was performed by column chromatography using silica gel 60 (Fluka).

3.1. Synthesis of Mannich base hydrochlorides 1

The starting Mannich base hydrochlorides 1 were prepared according to the reported
procedure.[24]
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4 I. Aouani and S. Touil

3.2. Synthesis of 4H-1,3,2-oxathiaphosphorine-2-sulfides 2

A mixture of the Mannich base hydrochloride 1 (0.01 mol), LR (0.005 mol) and dry toluene
(30 mL) was heated under reflux with stirring for 8–48 h (Table 1). After cooling, the mixture was
extracted with water (2 × 30 mL). The organic phase was dried over Na2SO4 and concentrated
under vacuum. The obtained residue was chromatographed on a silica gel column using a mixture
of ether and petroleum ether (1:1) as eluent.

2-(4-Methoxyphenyl)-5-methyl-6-phenyl-4H-1,3,2-oxathiaphosphorine-2-sulfide (2a). Brown
oil; 31P NMR: δ = 85.4; 1H NMR: δ = 2.06 (d, 3H, 5JPH = 6.0, CH3−C=C); 3.75 (AB part of
an ABX system, 2H, 2JHH = 12.6, 3JPHa = 20.7, 3JPHb = 21.9, CH2−S); 3.76 (s, 3H, CH3−O);
6.87–7.98 (m, 9H, arom-H); 13C NMR: δ = 20.6 (s, CH3−C=C); 40.3 (d, 2JCP = 5.2, CH2−S);
55.5 (s, CH3−O); 114.2 (d, 3JCP = 15.0, C=C−O−P); 142.4 (d, 2JCP = 10.5, C=C−O−P);
163.0 (d, 4JCP = 3.7, CH3−O−C=C); phenyl carbons: δ = 127.5, 128.1, 128.2, 128.6, 129.5,
133.7, 133.9, 134.0, 134.2, 134.3, 134.6; IR (neat): νP=S = 703 cm−1; EI–HRMS: calculated for
C17H17O2PS2: 348.0408 (M+); found: 348.0406.

6-Benzyl-2-(4-methoxyphenyl)-5-phenyl-4H-1,3,2-oxathiaphosphorine-2-sulfide (2b). Brown
oil; 31P NMR: δ = 86.1; 1H NMR: δ = 2.41 (s, 2H, CH2−Ph); 3.76 (AB part of an ABX sys-
tem, 2H, 2JHH = 15.0, 3JPHa = 20.0, 3JPHb = 22.1, CH2−S); 3.78 (s, 3H, CH3−O); 6.90–7.84
(m, 14H, arom-H); 13C NMR: δ = 32.5 (s, CH2−Ph); 38.8 (d, 2JCP = 4.5, CH2−S); 55.6 (s,
CH3−O); 117.7 (d, 3JCP = 12.0, C=C−O−P); 150.4 (d, 2JCP = 13.5, C=C−O−P); 163.3 (d,
4JCP = 3.0, CH3−O−C=C); phenyl carbons: δ = 124.8, 126.4, 126.7, 128.0, 128.6, 128.8,
128.9, 129.0, 129.1, 129.6, 133.0, 133.2, 137.2, 139.1; IR (neat): νP=S = 704 cm−1; EI–HRMS:
calculated for C23H21O2PS2: 424.0721 (M+); found: 424.0717.

2-(4-Methoxyphenyl)-6-phenyl-4H-1,3,2-oxathiaphosphorine-2-sulfide (2c). Brown oil; 31P
NMR: δ = 86.4; 1H NMR: δ = 3.57–3.65 (m, 2H, CH2−S); 3.67 (s, 3H, CH3−O); 6.62–6.69
(m, 1H, CH2−CH=C); 6.90–7.71 (m, 9H, arom-H); 13C NMR: δ = 44.7 (d, 2JCP = 5.4, CH2−S);
55.5 (s, CH3−O); 113.8 (d, 3JCP = 18.0, C=C−O−P); 141.3 (d, 2JCP = 12.7, C=C−O−P);
164.2 (d, 4JCP = 3.0, CH3−O−C=C); phenyl carbons: δ = 127.3, 128.2, 128.5, 128.6, 128.7,
129.0, 133.9, 134.1, 134.2, 134.4, 134.6; IR (neat): νP=S = 695 cm−1; EI–HRMS: calculated for
C16H15O2PS2: 334.0251 (M+); found: 334.0252.

2-(4-Methoxyphenyl)-6-(thiophen-2-yl)-4H-1,3,2-oxathiaphosphorine-2-sulfide (2d). Brown
oil; 31P NMR: δ = 80.5; 1H NMR: δ = 3.52–3.69 (m, 2H, CH2−S); 3.61 (s, 3H, CH3−O);
6.68–6.72 (m, 1H, CH2−CH=C); 6.90–7.77 (m, 7H, arom-H); 13C NMR: δ = 40.7 (d, 2JCP =
5.1, CH2−S); 55.3 (s, CH3−O); 113.4 (d, 3JCP = 13.5, C=C−O−P); 147.7 (d, 2JCP = 13.1,
C=C−O−P); 162.5 (d, 4JCP = 3.0, CH3−O−C=C); phenyl carbons: δ = 125.2, 125.3, 125.6,
126.7, 128.2, 132.2, 132.4, 132.6, 132.8, 133.5, 137.8; IR (neat): νP=S = 699 cm−1; EI–HRMS:
calculated for C14H13O2PS3: 339.9815 (M+); found: 339.9811.

2-(4-Methoxyphenyl)-6-methyl-4H-1,3,2-oxathiaphosphorine-2-sulfide (2e). Brown oil; 31P
NMR: δ = 75.5; 1H NMR: δ = 2.38 (s, 3H, CH3−C=C); 3.78–3.86 (m, 2H, CH2−S); 3.84
(s, 3H, CH3−O); 6.84–6.9.95 (m, 1H, CH2−CH=C); 7.16–8.18 (m, 4H, arom-H); 13C NMR:
δ = 25.8 (s, CH3−C=C); 37.5 (d, 2JCP = 4.5, CH2−S); 55.6 (s, CH3−O); 114.2 (d, 3JCP = 12.7,
C=C−O−P); 144.3 (d, 2JCP = 13.1, C=C−O−P); 164.3 (d, 4JCP = 3.0, CH3−O−C=C); phenyl
carbons: δ = 128.1, 129.5, 133.9, 134.0, 134.3, 134.5; IR (neat): νP=S = 703 cm−1; EI–HRMS:
calculated for C11H13O2PS2: 272.0095 (M+); found: 272.0092.

6-Ethyl-2-(4-methoxyphenyl)-4H-1,3,2-oxathiaphosphorine-2-sulfide (2f). Brown oil; 31P
NMR: δ = 85.7; 1H NMR: δ = 1.42 (t, 3H, 3JHH = 6.0, CH3−CH2); 2.02 (q, 2H, 3JHH = 6.0,
CH3−CH2); 3.29–3.59 (m, 2H, CH2−S); 3.67 (s, 3H, CH3−O); 6.66–6.90 (m, 1H, CH2−CH=C);
7.56–8.17 (m, 4H, arom-H); 13C NMR: δ = 20.3 (s, CH3−CH2); 31.5 (s, CH3−CH2); 40.4
(d, 2JCP = 5.25, CH2−S); 55.4 (s, CH3−O); 113.8 (d, 3JCP = 11.2, C=C−O−P); 141.0 (d, 2JCP =
12.0, C=C−O−P); 164.3 (d, 4JCP = 3.0, CH3−O−C=C); phenyl carbons: δ = 123.3, 125.2,
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128.4, 128.5, 133.6, 133.8; IR (neat): νP=S = 705 cm−1; EI–HRMS: calculated for C12H15O2PS2:
286.0251 (M+); found: 286.0258.

6-Ethyl-2-(4-methoxyphenyl)-5-methyl-4H-1,3,2-oxathiaphosphorine-2-sulfide (2g). Brown
oil; 31P NMR: δ = 80.9; 1H NMR: δ = 1.48 (t, 3H, 3JHH = 6.0, CH3−CH2); 2.06 (s, CH3−C=C);
2.25 (q, 2H, 3JHH = 6.0, CH3−CH2); 3.71 (AB part of an ABX system, 2H, 2JHH = 12.0, 3JPHa =
21.0, 3JPHb = 21.7, CH2−S); 3.74 (s, 3H, CH3−O); 6.89–7.74 (m, 4H, arom-H); 13C NMR:
δ = 20.4 (s, CH3−CH2); 27.4 (s, CH3−C=C); 30.1 (s, CH3−CH2); 40.8 (d, 2JCP = 5.5, CH2−S);
54.3 (s, CH3−O); 112.5 (d, 3JCP = 13.0, C=C−O−P); 142.2 (d, 2JCP = 12.5, C=C−O−P);
161.5 (d, 4JCP = 3.0, CH3−O−C=C); phenyl carbons: δ = 127.2, 128.4, 131.2, 131.3, 132.9,
133.1; IR (neat): νP=S = 700 cm−1; EI–HRMS: calculated for C13H17O2PS2: 300.0408 (M+);
found: 300.0403.

2-(4-Methoxyphenyl)-5,6-trimethylene-4H-1,3,2-oxathiaphosphorine-2-sulfide (2h). Brown
oil; 31P NMR: δ = 64.4; 1H NMR: δ = 1.36–2.52 (m, 6H, (CH2)3); 3.72 (AB part of an ABX
system, 2H, 2JHH = 12.0, 3JPHa = 20.4, 3JPHb = 20.9, CH2−S); 3.78 (s, 3H, CH3−O); 7.86–
8.01 (m, 4H, arom-H); 13C NMR: δ = 20.8 (s, CH2−CH2−CH2); 28.0 (s, O−C=C−CH2);
32.6 (s, O−C−CH2); 37.3 (d, 2JCP = 6.0, CH2−S); 55.3 (s, CH3−O); 114.3 (d, 3JCP = 15.0,
C=C−O−P); 147.6 (d, 2JCP = 12.0, C=C−O−P); 163.5 (d, 4JCP = 3.0, CH3−O−C=C); phenyl
carbons: δ = 128.2, 129.5, 132.8, 133.0, 133.3, 133.4; IR (neat): νP=S = 682 cm−1; EI–HRMS:
calculated for C13H15O2PS2: 298.0251 (M+); found: 298.0245.

2-(4-Methoxyphenyl)-5,6-tetramethylene-4H-1,3,2-oxathiaphosphorine-2-sulfide (2i). Brown
oil; 31P NMR: δ = 84.5; 1H NMR: δ = 1.11–2.35 (m, 6H, (CH2)4); 3.78 (AB part of an ABX
system, 2H, 2JHH = 12.3, 3JPHa = 18.0, 3JPHb = 20.1, CH2−S); 3.79 (s, 3H, CH3−O); 6.90–7.88
(m, 4H, arom-H); 13C NMR: δ = 21.4 (s, O−C=C−CH2−CH2); 24.9 (s, O−C−CH2−CH2);
29.1 (s, O−C=C−CH2); 31.6 (s, O−C−CH2); 37.3 (d, 2JCP = 6.0, CH2−S); 55.5 (s, CH3−O);
113.7 (d, 3JCP = 15.0, C=C−O−P); 142.2 (d, 2JCP = 12.0, C=C−O−P); 162.7 (d, 4JCP = 3.0,
CH3−O−C=C); phenyl carbons: δ = 128.0, 129.3, 133.3, 133.5, 133.9, 134.0; IR (neat): νP=S =
694 cm−1; EI–HRMS: calculated for C14H17O2PS2: 312.0408 (M+); found: 312.0405.

Acknowledgements

We thank the Tunisian Ministry of Higher Education and Scientific Research for financial support.

References

[1] Cherkasov RA, Kutyrev GA, Pudovic AN. Organothiophosphorus reagents in organic synthesis. Tetrahedron.
1985;41:2567–2624.

[2] Jesberger M, Davis TP, Barner L. Applications of Lawesson’s reagent in organic and organometallic syntheses.
Synthesis. 2003;2003:1929–1958.

[3] Ozturk T, Ertas E, Mert O. Use of Lawesson’s reagent in organic syntheses. Chem Rev. 2007;107:5210–5278.
[4] Seijas JA, Vázquez-Tato MP, Crecente-Campo J. Efficient synthesis of heterophosphole-2-sulfides by solvent-free

microwave reaction. Tetrahedron. 2010;66:8210–8213.
[5] Venkateswarlu P, Venkata SC. Studies on organophosphorus compounds: reactions of benzosuberones with 2,4-

bis(p-methoxyphenyl)-1,3,2,4-dithiadiphosphetane-2,4-disulfide (Lawesson’s reagent). Tetrahedron Lett. 2004;45:
3207–3209.

[6] Fahmy AA. Simple New Routes to Phosphorins from 2-Mercapto-1,3,4-oxa- and Thiadiazole and 3-Mercapto-1,2,4-
Triazole. Phosphorus Sulfur Silicon Relat Elem. 1992;68:139–145.

[7] Dubau-Assibat N, Baceiredo A, Bertrand G. Lawesson’s reagent: an efficient 1,3-dipole trapping agent. J Org Chem.
1995;60:3904–3906.

[8] Shabana R, Mahran MR, Hafez TS. Studies on organophosphorus compounds Part Viii. The action of 1,3,2,4-
dithiadiphosphetane-2,4-disulfides on benzilmonoanils. Novel synthesis of 4,5-diphenyl �-1,3,2-thiazaphospholine-
2-sulfide derivatives. Phosphorus Sulfur Silicon Relat Elem. 1987;31:1–6.

[9] Shabana R, Atrees SS. Studies on organophosphorus compounds, Part XVI. The reaction of 1,3,2,4-
dithiadiphosphetane-2,4-disulfide with benzil dianils. A novel synthesis of 2H-1,3,6,2-thiadiazaphosphorine-2-
sulfide derivatives. Phosphorus Sulfur Silicon Relat Elem. 1995;102:9–13.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
1:

42
 2

1 
Se

pt
em

be
r 

20
13

 



6 I. Aouani and S. Touil

[10] Mohamed NR. Studies on organophosphorus compounds V. reaction of 2,4-bis (4-methoxyphenyl)-1,3,2,4-
dithiadiphosphetane-2,4-disulfide with cyclic and heterocyclicketones. Phosphorus Sulfur Silicon Relat Elem.
2000;161:123–134.

[11] Liang-Nian H, Ren-Xi Z, Ru-Yu C, Kai L, You-Jie Z. Synthesis of biologically active phosphorus heterocycles via
cyclization reactions of Lawesson’s reagent. Heteroatom Chem. 1999;10:105–111.

[12] Khidre MD, Kamel AA. An approach to biologically important chromenes bearing P-S-heterocycles. Based on the
chemistry of Lawesson’s reagent. Arkivoc. 2008;2008(xvi):189–201.

[13] Mohamed NR, Elmegeed GA, Younis M. Studies on organophosphorus compounds VII: transformation of steroidal
ketones with Lawesson’s reagent into thioxo and heterofused steroids. Results of antimicrobial and antifungal activity.
Phosphorus Sulfur Silicon Relat Elem. 2003;178:2003–2017.
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