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THE REACTION OF LAWESSON’S
REAGENTS WITH 3,6-PYRIDAZINEDIONE
AND 1,4-PHTHALAZINEDIONE

A.A.NADA, N. KHIR EL-DIN, S.T. GAB-ALLAH and M.F. ZAYED"

National Research Centre, Dokki, Cairo, Egvpt
(Received March 16, 1999, In final form June 17, 1999)

2-Methyl-1-phenyl-1,2-dihydro-3.6-pyridazinedione (II) reacted with Lawesson’s reagent (I)
in different molar ratio, to give the dithione V and the monothiones VI and VII. 1-Phe-
nyl-1,2-dihydro-3,6-pyridazinedione (II1) reacted with reagents la-c to give the disulphide
VIII, the dithione 1X and 1,3.2-oxathiophosphole derivative XII. 2-Phenyl-2,3-dihy-
dro-1.4-phthalazinedione (IV) reacted with reagents la-c to give the dithione XIV and mono-
thione XV.

Kevwords: Pyridazinediones; Phthalazinediones; Lawesson’s Reagent; 1.3,2-Oxathiophosp-
hole; Disulphides; Monosulphides

INTRODUCTION

Little is known about the chemistry of 1,2-dihydro-3,6-pyridazinediones
as they show low reactivity due to strain and conjugation. These com-
pounds are useful intermediate in the synthesis of insecticides,' ™
cides,!™ and ectoparasiticides.6 They are used in polymer industry,7'8 and
they have been also reported as antiinﬂammatory9 and antifouling
agents.'0

In view of these observations and in continuation of our recent study on
the behavior of tertiary phosphite esters on pyridazinediones,'l we have
investigated the behaviors of Lawesson’s reagents (1) on 2-methyl- [ -phe-
nyl-1,2-dihydro-3,6-pyridazinedione  (II) and  I-phenyl-1,2-dihy-
dro-3,6-pyridazinedione (III) in an effort to prepare new compounds as
potential pesticides. The study was extended to include 2-phenyl-2,3-dihy-
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dro- 1,4-phthalazinedione (IV). To the best of our knowledge, no informa-
tion about such work has appeared in the literature.

0
§/S\
Ar—R  R-Ar | N-CH,
Ia, Ar= CGH4‘OCH 3P O
b, Ar= CsH4 -0C 5H5-p
c, Ar= S'CsHs 11
0 0
| I\IJH f\llH
o) 0
I v
RESULTS AND DISCUSSIONS

We have found that the product of the reaction of compound II with
2,4-bis(p-methoxyphenyl)1,3,2,4-dithiadiphosphetane-2,4-disulphide
(Ia)n'13 depends on experimental conditions. Thus, when 1 mole equiva-
lent of compound II was allowed to react with 1 mole equivalent of com-
pound Ia in dry benzene or toluene, 2-methyl-1-phenyl-1,2-dihydro-
3,6-pyridazinedithione (V) was formed quantitatively. The same com-
pound V is likewise formed when compound II was allowed to react with
2,4-bis(p-phenoxyphenyl)-1,3,2,4-dithiadiphosphetane-2,4-disulphide
(Ib),12 and/or 2,4-bis-(thiophenoxy)- 1,3,2,4-dithiaphosphetane-2,4-disul-
phide (Ic)!3 under the same experimental conditions. The identity of com-
pound V was verified by spectroscopic evidences (cf. experimental).
When 1 mole equivalent of compound II was allowed to react with
0.5mole equivalent of compound I(a-c), 2-methyl-1-phe-
nyl-3-oxo-1,2-dihydropyridazin-6-thione (VI) and 2-methyl-1-phe-
nyl-6-oxo-1,2-dihydropyridazin-3-thione (VII) were isolated as the main
reaction products. Together with these compounds, the dithione (V) was
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also isolated in a very low yield. Compounds VI and VII were differenti-
ated by a comparative MS study. Both MS of compounds VI and VII
showed an ion peak at m/z =218 (M*). However, only the spectrum of
compound VII showed an ion peak at m/z = 185 (M*-SH). It is therefore
safe to conclude that the elemination of SH under the MS condition is gov-
erned by the presence of the neighbouring labile NCH; group (cf.
Scheme 1).

+ - +
4 H + . .
I r“J’CHa —_— I '\|‘=CH2 - SH l N=CH2
N'CGHS N_C6H5 N'CGHS
S o} 0
SCHEME |

Additional support was gained from a comparative 'H-NMR study.
Whereas, the spectrum of compound VII revealed the presence of a signal
at 8 = 3.50 (3 H, s) which is in accordance with the value measured for the
N-CHj protons of compound V (8 = 3.60), the spectrum of compound VI
showed a signal at 8 = 3.10 (3 H, s) which is also in accordance with the
value of the N-CHj protons of compound II (8 = 3.15). Moreover, both
compounds VI and VII yielded V upon treatment with phosphorus pen-
tasulphide.
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Next, we investigated the behaviour of 1-phenyl-1,2-dihydro-3,6-pyri-
dazinedione (IT10 towards reagents Ja-c. When 1 mole equivalent of com-
pound III was allowed to react with 1 mole equivalent of Ia, the disulphide
VIII was formed in high yield. The same compound VIII, together with the
dithione IX, were formed when 1 mole of compound III was reacted with 1
mole of compound Ib.

S
CeHs CeHs
N-N -N l f‘llH
S ==<__\>—S s S N-CgHs
S
VI X

The assigned structures (VIII and IX) were based on spectroscopic evi-
dences (cf. experimental).

When the previous reactions were conducted using 1 mole of compound
HIT and 0.5 mole of compound Ia and /or Ib, no change in the nature of the
product was observed, but the presence of the starting dione (ca. 20%) was
noted. A mechanism accounting for the formation of the dithione V is
depicted in Scheme 2. It seems likely that the highly reactive dithiophos-
phine ylide l’, rather than Lawesson’s reagent itself, may be the active
thionating agent. 14
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The formation of the monothiones VI and VII, when a molar ratio 0.5 : 1
reagent/ reactant was performed, lend credibility to the proposed betaine
mechanism.

The disulphide VIII may be formed via the dithione IX which is gener-
ated first by a similar betaine mechanism. This is not surprising since the
dithione 1X would likely be present in the thiol form IX’ due to the lower
stabilization of the thiocarbonyl group reflecting a more pronounced ten-
dency to undergo tautomeric changes. The formation of disulphide from
thiols via thiyl radicals was reponed.I5 The separation of a small amount
of the dithione in this reaction (cf. experimental) supports this mechanism.

S SH
8% ol
N-CeHs N-CeHs
S S
IX X'

Disulphides of similar structures were previously noted. '’ El-Barbary
and Lawesson reported the formation of 3,3’-dithio-bis(4-butyl-1,2-diphe-
nyl-5-thioxo-3-pyrazoline) (XD upon reacting 4-butyl-
1,2-diphenyl-3,5-pyrazolidinedione (X) with reagent Ia. 15

HsCs CeHs HsCe GeHs HsCe CeHs
N-N 1 N-N N-N
o) 0 —— s=A_J—S—sA _*+r5
n-Bu n-Bu n-Bu
X X1

The reaction of compound Il with reagent Ic gave a compound to which
the 1,3,2-oxathiaphosphole structure XII was assigned. Together with this
compound, the disulphide VIII was also formed.

The assigned 1,3,2-oxathiaphosphole structure XII was based on the fol-
lowing:

1) The MS of compound XII showed peaks at m/z =390, M*;
m/z = 281, M*-SC¢H; (ion a); m/z= 249, ion a -S; m/z = 109, -SC¢Hs.
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2) The 3'P-NMR chemical shift for compound XII was +93.25 ppm
which is in accordance with shifts recorded for structures encorporat-

ing moiety XI11.16

3) The '"H-NMR spectrum of compound X1I showed a multiplet due to
the 11 aromatic protons at & = 7.59-7.46. The spectrum revealed the
absence of the 2 doublets corresponding to the 2 olefinic protons of the
pyridazine ring, which appeared at § = 7.05 and 8 = 7.6 in the spectrum

of the starting compound IIL

A mechanism accounts for the formation of the 1,3,2-oxathiaphosphole
structure is depicted in Scheme 3. It is based on the assumption of the
addition of the monomeric species I’ to compound Il to yield intermedi-

XIil

ates XII’ and XII". The latter rearranges finally to produce XII.
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It is worthy to mention that the abstraction of a proton by species I” in
the aforementioned mechanism finds analogy in the literature.!” The for-
mation of similar species is reported to be implicated in the process of
demethylation of thiokhellin to produce desmethylthiokhellin exploring a
new potentiality for reagent 1.7

We have also investigated the reaction of 2-phenyl-2,3-dihy-
dro-1,4-phthalazinedione (IV) with Lawesson’s reagent Ia. 2-Phe-
nyl-2,3-dihydro-1,4-phthalazinedithione (XIV) was obtained when equal
molar ratios of the reactants were used. On the other hand, when 1 mol of
compound IV was allowed to react with 0.5 mol of compound Ia, both the
dithione XIV and 2-phenyl-1-ox0-2,3-dihydro-4-phthalazinedione (XV)
were formed. Compound XV was converted to compound XIV upon treat-
ment with phosphorus pentasulphide. The identity of compounds XIV and
XV were verified by spectroscopic evidences (cf. experimental).

S S
0 0
N-CgHs N-CeHs
S (0]
XIV Xv

EXPERIMENTAL

All melting points were uncorrected. Toluene and petroleum ether were
dried over sodium. Pyridazinediones II and 1'% and Lawesson’s
reagent'z’I3 were prepared according to established procedures and recrys-
tallized before use. The reaction mixtures were resolved into their individ-
ual constituents by column chromatography on silica gel G [particle size
0.2-0.5 mm, 37-70 mesh (ASTM) E Merck, Darmstadt] through elution
with petroleum ether (40-60 °C), toluene and ethyl acetate in suitable
ratios.

The IR spectra were recorded with a Zeiss Infrared spectrophotometer
IMR 16. The 'H-NMR spectra were run in DMSO or DCCl; on a Jeol
JNM-EX 270 MH FT NMR system (National Research Centre, Dokki,
Cairo) using TMS as an internal reference. 3p.NMR spectra were taken in
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DCCl; (vs 85% H;PO,4 as external reference) on a Varian CET 20,
32 MHz spectrometer. The MS spectra were preformed at 70 €V on a Schi-
madzu-GC MS-QP1000 EX (Faculty of Science, Cairo University, Cairo).
The microanalysis for the new compounds were in good agreement with
the calculated values (C, H, £ 0.1; N, + 0.05; P, + 0.05).

Reaction of 2-Methyl-1-phenyl-1,2-dihydro-3,6-pyridazinedione (II)
with Lawesson’s reagent (Ia)

(a) To a solution of II (0.2. g; 0.01 mole) in dry toluene (30 ml) was added
Ia (0.4 g; 0.001 mole). The reaction mixture was refluxed for 30 minutes.
The solvent was evaporated, and the residue was applied to a column pre-
pared by packing a slurry of silica gel (30 g) in petroleum ether (40—
60 °C). Ethyl acetate-petroleum ether (2:8, v:v) eluted 2-methyl-1-phe-
nyl-1,2-dihydro-3,6-pyridazinedithione (V) as reddish crystals (0.21 g),
mp 164 °C, recrystallized from petroleum ether (60-80 °C). IR: 1230 cm™!
(C=S), absence of C=0 band at 1640 cm™" in the spectrum of compound
II. MS: m/z 234 (M*). 'H-NMR: singlet at 8 = 3.6 (3 H, s).

Similarly compound II (0.2 g) reacted with reagent Ib (0.5 g) and/or Ic
(0.4 g.) to give compound V in quantitative yield.

(b) To a suspension of compound II (0.2 g; 0.001 mole) in dry toluene
(30 ml) was added reagent la (0.2 g; 0.0005 mole). The reaction mixture
was worked up in the same way as in (a). The column was developed first
with petroleum ether (40-60 °C)-ethy! acetate (9:1, v:v) which was pro-
gressively changed to 6:4, 5:5, 2:8 and finally to ethyl acetate, at 250 ml
intervals. Fractions of 50 ml were collected. The first material (10 mg)
eluted from the column was purified by recrystallization from petroleum
ether (60-80 °C), mp 164 °C, and shown to be compound V (mixed mp
with an authentic sample). The second material (80 mg) eluted proved to
be VI, mp 133 °C, recrystallized from petroleum ether (60-80 °C). IR:
1220 cm™! (C=S), 1632 cm™{(C=0). MS: m/z 218 (M*). 'H-NMR: §
=3.10 (3 H, s). The third material (80 mg) proved to be VII, mp 193 °C,
recrystallized from petroleum ether. IR:1220 em™! (C=S), 1620 cm’!
(C=0). MS: m/z 218 (M*), m/z 185 (M*-SH). 'H-NMR: § = 3.5 (3H, s).
The last compound (20 mg) eleuted proved to be compound II, mp and
mixed mp 180 °C.
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The reaction of compound II (0.2 g) with reagent Ib (0.25 g) in a similar
procedure gave compound V (10 mg), compound VI (90 mg), compound
VII (90 mg), and the starting compound Il (50 mg). Similarly the reaction
of compound II (0.2 g) with reagent Ic (0.2 g) gave compound V (10 mg),
compound VI (70 mg), compound VII (70 mg), and unreacted II (40 mg).

Thionation of compound VI with phosphorus pentasulphide

To a solution of 0.3 g of compound VI in 20 ml of pyridine, was added
0.65 g of phosphorus pentasuliphide. The mixture was refluxed for 5-
6 hours. After cooling, the reaction mixture was poured onto ice-water
containing hydrochloric acid (50 ml). The solid compound was filtered
off, dried, and recrystallized from petroleum ether (60-80 °C) as reddish
crystals, mp 164 °C, are proved to be compound V (mp, mixed mp). The
same compound V was also prepared when the reaction was repeated
using compound VII instead of compound VI.

Reaction of 2-phenyl-1,2-dihydro-3,6-pyridazinedione (III)
with Lawesson’s reagent (Ia)

A suspension of compound III (0.188 g, 0.001 mole) in dry toluene
(30 ml) was treated with reagent la (0.4, 0.001 mole). The reaction mix-
ture was kept at reflux for 6-7 hours. After cooling, the solvent was evap-
orated under reduced pressure. The residue was separated to its
components by column chromatography on silica gel using petroleum
ether-ethyl acetate mixture in a suitable combination as an eluent. Petro-
leum ether-ethyl acetate(8:2, v:v) eluted compound VIII as red crystalline
compound (150 mg), mp 212 °C, IR: 1230 cm”! (C=S), MS: m/z =437
(M*-1), ion a, m/z = 405 (ion a-S), m/z =219 (2 M*); TH.NMR: § = 7.04
(2H,d), 5=7.15-7.28 (10 H, m) and 8 = 7.55 (2 H, d).

When compound II1 (0.188 g, 0.001 mole) was allowed to react with Ib
(0.5 g, 0.001 mole) under a similar experimental conditions, compound
VIII was produced (80 mg), mp 212 °C. In addition, petroleum ether-ethyl
acetate (1:1, v:v) eluted compound IX (95 mg) as a green crystalline com-
pound, mp > 300 °C; IR: 1230 cm™' (C=S). MS, m/z =220 (M*),
m/z = 187 (M*-SH). 'TH-NMR 6 =7.01 (1 H,d), 5=7.18 (1 H, d), § = 7.32
(5 H, m).
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In a similar procedure compound III (0.188 g, 0.001 mole) reacted with
reagent Ic (0.2 g, 0.001 mole) whereby two compounds were separated
from the column. The first compound eluted (petroleum ether) was a col-
ourless crystailine compound (100 mg), melted at 93 °C and proved to
have structure XII. IR; 1620 cm™! (C=0). MS: m/z= 390 (M™), m/z 281
(M*-SCgHs), ion a’, m/z 249 (ion a -S). 'H-NMR: &§=7.75-7.51 (m).
3Ip.NMR: +93.25 ppm. The second compound [petroleum ether-ethyl
acetate (8:2, v:v)] proved to be compound VIII (20 mg), mp and mixed mp
212 °C.

2-Phenyl-2,3-dihydro-1,4-phthalazinedione (IV)

To 22.2 g of phthalic anhydride (0.15 mole) in 36.5 g of HCI was added
16.2 g of phenylhydrazine (0.15 mole) in 250 ml water. The mixture was
refluxed for 4 hours. After cooling to room temperature, pale yellow crys-
tals were separatéd, filtered, and dried, mp 215 °C, and proved to be com-
pound IV by comparison with authentic sample (mixed mp).18

Reaction of 2-phenyl-2,3-dihydro-1,4-phthalazinedione (IV)
with Lawesson’s reagent (1a)

A suspension of compound IV (0.238 g, 0.001 mole) in dry toluene
(30 ml) was treated with Ia (0.4 g, 0.001 mole). The reaction mixture was
refluxed for 2 hours. Working up the reaction mixture in the same mannar
as described previously, resulted in the separation of compound XIV
(200 mg), as a reddish crystalline compound, which melted at 196 °C. IR:
1250 cm™! (C=S), no C=0 band. MS: m/z=270 (M), m/z=237
(M*-SH). 'H-NMR : 8= 7.30 (5 H, m), $=8.05 (4 H, m) and & = 8.83
(1 H, s).

When the same reaction was conducted with 1 mole of compound IV
(0.238 g) and 0.5 mole of reagent Ia (0.2 g), two compounds were sepa-
rated. The first compound eluted by n-hexane-acetone (8:2, v:v), proved to
be compound XV, which was a reddish crystalline compound (50 mg) that
melted at 73 °C. IR: 1250 cm™! (C=S), 1640 cm™' (C=0). MS: m/z 254
M), m/z=221 (M*-SH). '"H-NMR: §=6.7 3 H, m), §=7.18 2 H, 1),
8=7.4ppm (1H,t),5=7.953H, m)and 3 =28.96 (1 H, s). The second
compound eluted by chloroform proved to be compound XIV, mp and
mixed mp 196 °C.
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