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Abstract—A new procedure was developed for preparing 1,2,3-propanetrithiol from available initial com-
pounds. 1,2,3-Trichloroethane reacts with sodium disulfide prepared by dissolving sulfur in the system
NaOH-N,H, - H,0-H,0O to give a disulfide dendrimeric polymer, thiokol, in almost quantitative yield. This
polymer is subjected to reductive cleavage with an alkaline solution of hydrazine hydrate, which is followed
by acidification with HCI. The vyield of 1,2,3-propanetrithiol exceeds 60%. The synthesis can be performed
as a one-pot procedure.

1,2,3-Propanetrithiol CKH{SH)CH(SH)CH(SH) The influence of reaction conditions on the yield
can be used as complexing agent, antidote againet 1,2,3-propanetrithiol is illustrated by the table.
heavy metals, curing agent for epoxy resins, monomepptimization of the conditions for synthesis and re-
for preparing high-sulfur polymers, etc. duction of the dendrimer (thiokol) allowed the yield

f 1,2,3-propanetrithiol to be increased to 61%. The

The known routes to 1,2,3-propanetrithiol are ba}seﬁest conditions are as follows. Sulfur is dissolved in
on the reaction of 1,2,3-tribromopropane with sodium, aqueous alkali solution in the presence of hydra-

hydrosulfide [1, 2]. The target product is isolated byzine hydrate at 8090°C. Sulfur should be taken in
extraction and precipitation in the form of lead mercapy gjight excess relative to alkali, in order to minimize
tide, from which it is recovered by acidification. Then ine formation of NaS (or K,S). The optimal range of

it is steam-distilledextracted with ether, and only after {ne NaOH to S molar ratios is from 1 1.1 to 1.5.
these procedures isolated by distillation. A_procedgrﬁydrazine hydrate is taken in a-8-fold excess rela-
for preparing 1,2,3-propanetrithiol by reaction of tri-tiye to the stoichiometry. This excess favors faster

halopropanes with sodium hydrosulfide in the presncgjssolution of sulfur and more selective formation of
of DMSO, DMF, or their mixtures with alcohol was S5~ ions in solution.

proposed in [3]. The target product was obtained only

as a mixture with the initial trihalopropanes. _ The solution of sulfur (actually of sodium disul-
fide) is alkylated at 40650°C with 1,2,3-trichloro-

We have performed a reaction of 1,2,3-trichloro-propane taken in approximately stoichiometric amount
propane with a solution of sulfur in the system hydrarelative to the alkali taken for sulfur dissolution.
zine hydratealkali-water [4] and obtained a strongly A significant excess of alkali (and hence of the sulfur
cross-linked disulfide dendrimeric polymer, thiokol. splution) is not appropriate, because it results in ex-
Reductive cleavage of the resulting polymer with arcessive consumption of chemicals and complicates
alkaline solution of hydrazine hydrate, followed byisolation of the target product. After adding the calcu-
acidification with hydrochloric acid, yields 1,2,3- lated amount of 1,2,3-trichloropropane, the reaction
propanetrithiol: mixture is heated to 8@0°C for 1 h to bring the re-

_ action to completion. The precipitated white powdery
4S +4NaOH + NiNH, - H,0 - 2N&,S; + N, + 5H,0, (1) dendrimer, after cooling to 2@5°C, is filtered off,

2nCICH.CH(CNCH.Cl + 3nNa washed with water, and dried. Yield >90%. The re-
2CHCNCH, 252 ,y ductive cleavage of the dendrimer is performed with

ToHa SC"bﬂ:HCst 2 an alkaline solution of hydrazine hydrate at-80°C.
= In this case alkali is taken in a slight excess relative

to the stoichiometry (molar ratio from 1:3.5t0 1: 4).
4I[sc|-bCHCstj[ + 12nNaOH + 3INH,NH, - H,0 The reaction mixture is cooled and acidified with HCI
| to pH ~6. 1,2,3-Propanetrithiol is extracted with an
n organic solvent (ether or methylene chloride). Syn-
— 4nSNaCHCH(SNa)CHSNa + 3N, +13nH20 (3)  thesis can be performed as a one-pot procedure after
. washing the dendrimer by decanting or with a siphon;
H, SHCH,CH(SH)ICHSH  (4)  jts drying is not necessary.
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Synthesis conditions and yield of 1,2,3-propanetrithiol

Reactants taken, g (mol) Reaction Yield of 1,2,3-propanetrithiol
dendrimer NaOH N,H, - H,O time, h g % based on dendrimer
2.5 (0.018) 3.3 (0.08) 15 (0.3? 1.0 1.2 48
3.3 (0.024) 4.3 (0.1) 20 (0.4 1.0 11 32
4.0 (0.029) 4.9 (0.122) 24 (0.48% 1.0 2.2 53
9.0 (0.066) 11.4 (0.285) 54 (1.08% 15 5.0 54
9.0 (0.066) 11.4 (0.285) 54 (1.08% 1.0 4.7 46
9.0 (0.066) 11.4 (0.285) 54 (1.08Y 15 5.4 58

13.0 (0.095) 17.0 (0.425) 78 (1.56Y 1.0 7.8 59
9.0 (0.066) 11.4 (0.285) 54 (1.08Y 25 3.7 40
4.0 (0.029) 4.9 (0.122) 24 (0.48Y 1.0 25 61
4.0 (0.029) 4.9 (0.122) 24 (0.48Y 0.5 1.2 29

2 The dendrimer is reduced at -8BXC; extraction is performed with dichlorometharf.The mixture was acidified to pH 1.
€ The mixture was acidified to pH 69 The mixture was acidified to pH 7.

Our procedure utilizes commercially availablekol was added. The mixture was heated to-80°C
chemicals: trichloropropane, sulfur, alkali (NaOH orfor 1 h. After cooling, the mixture was carefully acidi-
KOH), and hydrazine hydrate. The resulting producfied with HCI to pH ~6. An oily liquid separated,
is relatively pure £95%); it is readily isolated from which was extracted with ether or methylene chloride.
the reaction mixture and can be used in synthesefhe extract was dried over CaCHAfter removing the
without distillation. solvent, 95% pure (GLC data) 1,2,3-propanetrithiol
was obtained. Yield 2.72 g (59%); bp 1aD5C
(7 mm Hg) [1], 95C (1 mm Hg) [2]. The IR spectrum
contains a strong band at 2540 ¢pcorresponding to

The NMR spectra were taken on a Bruker DPX-the SH stretching vibrations, and also bands belonging
400 spectrometer (400 MHz, CDClinternal refer- {5 CH, and CH vibrations.

ence HMDS).

EXPERIMENTAL

_ _ In the *H NMR spectrum, the protons of the ter-
Synthesis of the dendrimer.A four-necked flask inal sH groups give rise to a triplet at 1.63 ppm

equipped with a stirrer, a reflux cor_ldenser, a therry g g Hz), and the proton of the central SH group,
mometer, and an attachment for loading reactants w S a doublet at 1.95 ppmJ(8.0 Hz). The CH and
charged with 4 g of NaOH, 30 ml of water, and 5 ml o™ o oi0ns give a complex multiplet centered at

of hydrazine hydrate. The mixture was stirred until th : . . C L
alkali completely dissolved, and 4.16 g of powdere%jgS ?Sprg..'gh.eSIntensny ratio of the above-given sig

sulfur was added. The resulting mixture was stirre
for 1 h at 80-90°C and cooled to 4%, after which
4.86 g of 1,2,3-trichloropropane was added at the

temperature maintained within 480°C. Then the , , .
mixture was heated for 1 h at 890°C. After cooling, The study was financially supported by the Russian

the precipitate was filtered off, washed with water,Foundation for Basic Research (project no. 00-03-
and dried. Yield of cross-linked thiokol 4.5 g (95%). 32 810).
Because the yield of the dendrimer is almost quanti-
tative, it can be washed in the same flask by decant-
ing, with the subsequent reductive cleavage being per-
formed in the same vessel by adding the calculated Rheinboldt, H. and Tetsch, ChBer, 1937, vol. 70,
amount of the redox system. no. 6, pp. 678680.

Reduction of thiokol (see also table). A four- 2. Stocken, L.A.J. Chem. Sog1947, ”O_' 5, Pp. 594695.
necked flask equipped with a stirrer, a reflux conden3. US Patent 3728400973;Ref. Zh. Khim.1974, 4S417.
ser, a thermometer, and an attachment for loading. Korchevin, N.A., Podkuiko, P.A., Stankevich, V.K,,

reactants was charged with a solution of 4.62 g of Deryagina, E.N., and Voronkov, M.GZh. Obshch.
NaOH in 30 ml of hydrazine hydrate, and 4 g of thio- Khim, 1989, vol. 59, no. 8, pp. 178&790.
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