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ALKYL PHOSPHITES AND PHOSPHONATES AS ALKYLATING AGENTS

FOR 1,3,4~THIADIAZOLIDINE-2,5-DITIIONES

M. M. Sidky ¥, M, R, Mahran, M, ¥, Zayed, W. M. Abdou
and T, S, Hafez
National Research Centre, Dokki-Cairo, EGYPT, ARE

2-Alkylthio-1,3,4-thiadiazolidine~5-thiones of type II are

useful intermediates in the synthesis of pesticides1'2 and in

a number of applications.3-7 The methods described for the
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preparation of compounds 1II are either indirect and leng-

thy,2’8’9

or produce differently alkylated compounds,
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Alkyl phosphites and phosphonates have been known to convert

13 phenols and anmiines to the corresponding

13=-15

acids to esters,
alkyl derivatives and alcohols to ether;.16 Since no
information was found in the literature regarding the action
of these reagents on thiols, it was therefore of interest to
exairine whether these reagents could alkylate compounds of
type I to give II.

The S-alkyl derivatives ITa-e were obtained in a variety
of ways, For exauple, Ila was generated in 85% yield by reac-
tion of Ia with dimethyl phosphite (DII’) in boiling benzene
for 2 hrs,, in the presence of trace anounts of p-~toluenesul-
fonic acid, Compound ITa was also obtained in a better yield
(>95%) by treatment of Ia with trimethyl phosphite (14v’), in
absence of solvent, at roow tewperature and in 8Up% yield by
reaction of Ia with dimethyl methyl phosphonate (DLili¥) in
absence of solvent at 100° for 3 hrs. Under all conditions,
less than 5% of 2,5-bis(methylthio)-1,3,l~thiadiazole IT1b
was isolated, It is worthy to mention that whereas the react-
ion of dialkyl phosphites (DAP) with Ia proceeds only in
presence of p-Ts0il, its presence was unnecessary in the cases
with thiadiazolidines Ib and Ic.

The reaction may be viewed as occurring via attack of the
sulfur on the alkyl group of the phosphorus reagent as depic-
ted in Schewme 1, The results obtained in the present study has
shown that alkyl phosphites and phosphonates can alkylate
compounds of type I to give II which are thus obtained in
better yield than the previously reported, It is also inter-

esting that only S~alkyl and not Nealkyl IV derivatives are
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TABLE, Yields and 1“ NMR data of Thioethers II

b 1

Ccmpd DyP®  Dep®  Tup®  Tep®  DiapP i NMR data®

IIa 85 - 295  o-- 80 2,64 (SCHB, s),

11.24 (Sit or Nii, bs)d

b === 80 --=  >95 -=-  3.15 (S-ethyl-Cl,, q),
1.40 (S-ethyl-CHB, t),
12.17 {(Sii or NH, bs)d
c 90 _— 95 —— 80 2.68 (5'0“3' s),
3.90 (N-cu3, s)
IS Q— 90 - 95 --=  3.20 (S-ethyl—CHZ, al,
1,45 (s-ethyl-cu3, t),
3.85 (m-CHB, s)
e 75 - 80 == 70 2,60 (s-cuB, s),
7406 (x—c6n5, m)
a) Chemical shifts are in 8-scale, b) Di.r = dimethyl phos=-

phite; /2P = diethyl phosphite; TiiP = trinethyl phosphite;
Ty = triethyl phosphite; DMMY = diniethyl wmethyl phosphonate.
¢) Reaction carried out in presence of traces of p-TsOll.

d) LUxchangeable with D, 0; s = singlet; bs = broad singlet;

2
q = quintet; t = triplet; m = nultiplet.

isolated, The alliiylating power of the phosphorus conpounds
studied increases in the order (RU)ZP(O)u < (RO)QP—OL <

(#0).,P. This is apparently related to the valency of the phos-

3
phorus ato:: as trivalent phosphorus compounds appear to be
i.ore effective than derivatives of pentavalent phosphorus.
The fact that dialkyl phosphites (LAP) are intermediate in
alkylating power might be explained in terms of the pres: nce
17

of these coupounds as tautomeric mixtures of the trivalent

and pentavalent states,
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0
ROL .. rRO_
>P-OH _— >P—H
RO RO
R = alkyl
EXPERI ENTAL
18,19

20 ]
Dialkyl phosphites, trialkyl phosphites‘"o”~1 and
dimethyl methyl phosphonate~~ werec freshly distilled. The
1,3,4=thiadiazolidines Ia, Ib, Ic were prepared according to

10,11

established procedures and freshly recrystallized,

Authentic specimens of thioethers 1Ia, IIb, Ilc and 1le were

P .
prepared by lImown proceduresa’)'u)’12

for direct colparisons
(mp., mixed mp, as well as cowparative TL:, Il and ]H Nial
spectra), Solvent syste.:s of benzene-ethyl acetate Y:1 and
8:2 (v/v) were used for TiC and iodine vapour was the vis-
ualizing agent, The IR spectra were recorded in hir with a
Beckwann 4220 Infracord and the 1“ N.il spectra werc Lieasured
(in CcDC1

5 oF DhSu-dG) at 60 !iiz on a Varian 1i. 36CL Nl.ut
Spectronieter, using Ti.5 as an internal standard,., The nr:ass
spectra were taken at 70 eV on INAT 112 lLass Spectroueter

using the direct inlet technique.

Heaction of Thiadiazolidines I with DAP, General procedure.-

A mixture of coumpound Ia (6.0 g, C.0% uole), DiP (9.5 g, 0.00
mole) and few crystals of p=-TsUll were refluxed in dry benzenc
(30 ml) for 2 hrs. After rewoving the volatile riaterials, in
vacuo, the residual substance was treated with 103% NaOil aq.,
and the alkali-insoluble, oily material was extracted wvith
ether, After evaporation of ether, the residual oil was dis-

! )
2342% (0.3 &, 55), Dbp.

tilled under pressure to pgive 1ITL
1330/3mmﬂg.
MW: Calcd 178, Found (ms): 178

The alkaline solution was neutralized with :iIC1l aq. (10.)

and the precipitated material was collected (ca., 55.:) and

recrystallized from methanol to give colourless crystals of

228



11:55 27 January 2011

Downl oaded At:

ALKYL PHOSPHITES AND PHOSPHONATES AS ALKYLATING AGENTS

ITa, mp, and mixed izp. 1360.2’10

Under similar conditions, the reaction of Ia with DIP in
presence of p-is0ll afforded a mixture of 2,5=bis(ethylthio)=-
1,3,4-thiadiazole (IIIc)(0.4 g, 5:) and 2-ethylthio-1,3,4-
thiadiazolidinec=5=thione (IIb) (5.7 &, 8U%). Compound Ific
was obtained from petroleum ether bp., 40-60° as colourless

9

crystals, mp., and mixed mp.” The colourless crystals of IIb

were obtained from chloroform-cyclohexane, wup, and mixed mp.
125-127°.%92 Ms: m/e 178 (1.¥, base peak).

Under similar reaction conditions, the following S-alkyl
ethers were prepared by the action of DAP on compound Ib and

Ic both in absence and presence of p-TsClii:

a) 2-nethylthio=l-inethyl-1,3,k-thiadia~olidine-5-thione (Ilc)

(6.0 g, 905), np. and mixed mp, gge10-12

b) 2<Lthylthio~‘t-methyl=1,3,i=thiadiazolidine-5-thione (I1d)

(6.5 &, 90), up.,. L5-46° (from ethanol aqg.).
Anal, Caled for C_ N N,S.,: C, 31.25; i, 4.17; U, 14.58; 5, 50,00
Found: C, 31,203 !, 4.,32; N, 14.78; S, 49.33

J
11 i ‘ i
)

: - I - -
Il bands at 147C cui ! (=N=-C=8 and at 1425 cm (-H: -S-)

c) 2-iethylthio-d-phenyl-1,3,4=thiadiazolidine~5-thione (Ile)
o - . - . ol2
(6.0 gy 739), mp, and mixed wp, 108=109,

leaction of Thiadiazolidines I with TAP. General procedure.-

Trimethyl phosphite (TMP, 9.9 g, 0.08 nole) was added drop-
wise with efficient stirring to couwpound Ia (6.0 g, 0.04% mole)
at 0-50 then left at room temperature for 24k hrs. After re-
mioving the volatile materials in vacuo, 10,5 NaGii ag. (25 ml)
was added and then, the alkali-insoluble oily material was

extracted twice with ether, After evaporation of the solvent

229



11:55 27 January 2011

Downl oaded At:

SIDKY, MAHRAN, AYED, ABDOU AND HAFEZ

(ether), the residual o0il was distilled under reduced press-
ure to give IIIb (0.3 £, 5%), bp. 1330 at 3 mmug.zu The alk-
aline solution was neutralized with aq. HC1 (10%) and the
precipitated material was collected (6.3 g, >95%%) and recrys-
tallized from methanol to give colourless crystals which
proved to be I1Ia, mp. and mixed mp. 1360.2’10

Under similar conditions, the reaction of Ia with tri-
ethyl phosphite (TEP) afforded a mixture of 2,5-bis(ethyl-
thio)=1,3,4~thiadiazole (IXIc), (0.4 g, 54) mp. and mixed
21-2209 together with 2-ethylthio=-1,3,4-thiadiazolidine=-5-
thione (IIb)(6.8 &, 95%) mp. and mixed mp. 125-1279%17

Similarly, the reaction of compound Ib or ic with TAY

afforded the respective S-alkyl ether, Table 1 should be con-

sulted for yields of thioethers IIc~e,

teaction of Thiadiazolidines I with DliiP. General procedure,=-

A mixture of Ia (6,0 g, 0.04 mole) and D P (9.9 g, C.,08 mole)
in dry benzene (30 ml) was refluxed for 3 hrs, After evapor-
ation of the volatile materials in vacuo, 10 NaOii aq. (25 wl)
was added and the alkali-insoluble o0il was extracted with
ether, After evaporating the solvent in vacuo, the residual
0il was distilled under reduced pressure to give IIIb { 0.3g,
5%), bpe. 1330/3 mmﬂgzu; its IR spectrum was superinposable
with that of an authentic sample.zh The alkaline solution

was neutralized with aq. 1C1 (105) and the precipitated mater-
ial collected (5.2 g, 80)) was recrystallized frow methanol

to give colourless crystals of Ila, mp, and mixed up.
1360.2,1'()

Under the similar conditions, D:i}iF reacted with Ib and Ic

to give the respective S-methyl ethers IIc and Ile.
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Preparation of 2-fthylthio-f4-methyl~i,3,b~-thiadiazolidine-

5-thione.- A mixture of A4-wethyl-i,3,4-thiadiazolidine=-2,5~
dithione (Ib) (1 g, 0.006 mole), ethyl iodide (6 wml, C,03
imole) and anhydrous AZCO3 (5 g) in dry acetone (100 ml) was
refluxed for & hrs. then filiered while hot, After evaporate-
ion of the volatile niaterials in vacuo, the residue was trit-
urated with petrolew.: ether bp. 40-60° and then allowed to
cool in an ice-cliest. The solid obtained was recrystallized
fro.. aqueous ethanol to give colourless needles (CG.5 g, 75:%)
of ild, up. a3d wixed mp, 45—460, the Ix and T spectra

were identical to those of an authentic sample,
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