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Abstract—A procedure for preparation 08,4,4-triaminodiphenyl sulfide by reduction of 4-amino-3,4
dinitrodiphenyl sulfide with hydrazine hydrate in butanol catalyzed by a mixture of iron(lll) chloride and
activated carbon was developed providing the product iness than 80% yield with the main compound
content no less thar®3%.

The reduction of nitro compounds is known [1, 2] The results of dinitrodiphenyl sulfidé reduction
to be effected by differenneans: with sulfides, with with hydrazine hydrate at 16Q@02°C in the mixture
tin in hydrochloric acid or by solution of tin(ll) of ethylene glycol and 1,4-dioxane in the presence of
chloride in the concn. hydrochloric acidyith iron  iron(lll) chloride and activated carbon are presented
powder in water in the presence of hydrochloric orin Table 1.

acetic acid, with zinc powder inalkali, and with |, e study of dinitrodiphenyl sulfidé reduction
hydrazine in the presence of palladiumarbon. we adjusted the molar ratio of reagents (Table 2)
Frequently the reduction of nitro-substituted diarylrequired for completeeduction, andalso the time of
sufides into the corresponding amines is performe@ptimal addition of hydrazine hydrate and duration of
by catalytic hydrogenation on Raneickel, platinum, the process.
palladium etc. under pressure [J]. As seenfrom Table 2, the performance of reduc-
We formerly developed procedures of synthesis oftion providing aminell of good quality should occur
3,4,4-triaminodiphenyl sulfide, a semiproduct in @ molar ratio dinitrophenyl sulfidd : hydrazine
production of a number of helminthicidic preparations€dqual to 1:(1013), time of hydrazine hydrate addi-
[8], by electrochemical reduction of 4-amino-3,4 tion should be about 8 h, and the reaction should be
dinitrodipheny! sulfide. Our attempts to perform the carried on for 6 h after the end of hydrazine hydrate
reduction with sodium sulfide under various condi-2addition.
tions failed for only onenitro group was themeduced. At lower amount of hydrazine hydrate or shorter
In the present study we investigated reduction ijuratio_n of the process the accumula_tted intermediate
4-amino-3,4-dinitrodiphenyl sulfide {) to 3,4,4-tri-  reduction products have not enough timeransform
aminodipheny! sulfide I{) using 6467% hydrazine COMPletely into the finalproduct. The variation of
hydrate. As reductioratalysts iron(lll) chloride and féduction products composition as a function of the
activated carbon werapplied. The reduction was réaction time is given in Table 3.
carried out in a mixture of ethylene glycol and We carried out 10 runs of dinitrodiphengtlfide |
1,4-dioxane or in butanol at 9805°C within 12-  reduction on a pilot installation in a reactor of 100 |

14 h. capacity in the mixture of ethylene glycol and 1,4
HZNQS@ NO, + 2H,0-NH, HZN@—S—Q—NH2+3N2+ 4H,0
O,N H,N
’ I ? 1|
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Table 1. Results of dinitrodiphenyl sulfidé reduction in a mixture ethylene glycdl,4-dioxane (volumeatio 1:4) in
the presence of iron(lll) chloride and activated carbon at-10*C

Molar Ratio Ratio of weight ; Triaminell content
ratio of weight parts parts ():FeCl: acti- t\r(iI:rlgineOfII C\r,;‘t‘;'/f in the crude
(1) : hydrazine () : ethylene glycol vated carbon ' product, wt%
1.00:2.08 1.00:2.77 50.4:1.0:6.25 52.0 53.7
1.00:2.98 1.00:2.77 50.4:1.0:6.25 54.9 65.5
1.00:3.12 1.00:2.77 50.4:1.0:6.25 57.4 69.5
1.00:3.34 1.00:2.77 50.4:1.0:6.25 67.9 72.4
1.00:3.65 1.00:2.77 50.4:1.0:6.25 66.0 73.7
1.00:4.86 1.00:1.17 100.0:1.0:10.5 55.8 68.3
1.00:4.86 1.00:1.17 100.0:1.0:10.5 55.7 68.1
1.00:4.86 1.00:1.21 100.0:1.0:12.7 52.1 69.5
1.00:4.86 1.00:1.21 100.0:1.0:12.7 51.7 69.2
1.00:6.09 1.00:2.80 49.9:1.0:6.25 47.0 78.4
1.00:6.44 1.00:1.20 93.1:1.0:12.7 45.0 79.3
1.00:6.44 1.00:1.20 93.1:1.0:12.7 44.9 79.0
1.00:7.24 1.00:1.20 93.1:1.0:12.7 44.7 87.1
1.00:8.05 1.00:1.20 93.1:1.0:12.7 43.9 89.6
1.00:9.30 1.00:2.77 50.4:1.0:6.25 76.0 90.1
1.00:11.0 1.00:2.77 50.4:1.0:6.25 79.7 93.7
1.00:13.0 1.00:2.77 50.4:1.0:6.25 82.0 94.6

Table 2. Dependence of the produced triamidequality on reaction time and molar ratio hydrazine : dinitrodiphenyl
sulfidel (temperature 10L02°C, catalyst activated carbon and iron(lll) chloride)

Molar ratio Time of hydrazine | Time of keeping, Content in the crudgroduct, wt%
hydrazine: 0 addition, h h triamine Il disulfide |

55 4 9 59.08 3.73
7.4 4 9 77.85 3.14
9.3 4 9 90.12 3.16
11.0 4 9 93.60 0.60
13. 4 9 94.10 0.40
15.0 4 9 94.20 0.38
11.0 4 4 78.44 2.60
11.0 4 4 76.75 2.68
11.0 4 5 88.61 2.38
11.0 4 6 89.67 1.57
11.0 4 8 90.30 1.23
11.¢° 4 4 88.94 0.88
11.0 S 6 90.92 0.68
11.0 6 6 92.10 0.36
11.0 6 8 92.70 0.28
11.0 8 2 90.54 0.47
11.0 8 3 91.87 0.27
11.0 8 5 93.09 -

11.0 8 6 94.73 -

11.0 8 8 94.80 -

11.0 8 13 95.49 -

9.0 8 8 91.93 -

10.0 8 8 94.60 -

aAfter the end of hydrazine hydrate addition iron(lll) chloride was again charged intetwor.
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Table 3. The variation of reduction products composition in the course of dinitrodiphenyl sulfiéeluction in two
parallel runs performed under identicabnditions (reactiontemperature 10002C, molar ratio dinitrodiphenyl
sulfide ():hydrazine hydrate 1.QL.0)

Run Time since the star Composition of the crude produdormed, wt%
of hydrazine hydratq, . . .

no- addition, h mill]n)me Su(llf)lde Xy X, X3 X4 Xs Xs X; Xg

1 2 5.22 70.60 | 2.04 | 3.05 | 191 | 1.02 | 1.02 | 14.00 | 0.60 -
4 27.7 6.60 | 1.99 | 3.32 | 204 | 1.59 | 1.66 | 39.50 | 0.60 | Trace
6 42.3 563 | 0.87 | 447 | 479 | 0.39 | 0.89 | 43.70 | 0.92 | 0.50
8 68.4 264 | 0.64 | 451 | 6.93 | 0.38 | 0.39 | 1530 | 0.29 | 0.26
10 89.3 082 | 0.39 | 286 | 3.06 | 0.38 | 0.38 1.93 | 0.23 | Trace
12 93.9 050 | 0.34 | 149 | 1.25 | 0.23 | 0.26 0.21 - -

2 4 25.1 18.70 | 2.39 | 1.78 | 4.37 - 1.89 | 38.80 | 0.74 | 0.68
6 47.8 7.16 | 0.98 | 289 | 559 | 1.72 | 0.97 | 37.10 | 0.47 | 1.40
8 91.2 1.09 | 0.64 | 213 | 4.78 | 0.90 | 0.34 4.68 | 0.27 | 0.15
10 93.6 059 | 0.31 | 1.71 | 1.38 | 0.24 | 0.24 091 | 0.14 -
12 94.8 0.21 | 0.14 | 0.71 | 0.68 | 0.13 | 0.11 0.26 - -

Table 4. Results of dinitrodiphenyl sulfide reduction with hydrazine

Molar ratio of the charged component
to compound] Content Yield
Tempera- of main of crude
Solvent Catalyst ture, °C substance, | triamine
N,H, wt% any, %
name ratio name ratio
Ethylene glyco 26.6 FeCl, 0.01 6.63 120-140 66.0 83.8
2-Propanol 12.8 FeCl, 0.01 6.63 80-85 47.8 81.1
Butanol 10.4 FeCl, 0.01 6.63 100-105 87.5 91.7
Butanol 8.7 FeCl, 0.01 5.59 97-100 64.6 91.2
Butanol 10.6 FeCl 0.01 7.00 100-105 91.1 85.2
Butanol 10.6 FeCl 0.01 6.50 100-105 93.2 83.8
Butanol 10.6 FeCl 0.01 6.50 100-105 94.0 83.4
Butanol 10.6 FeCl 0.01 6.50 100-116 90.0 62.0
Butanol 10.6 FeCl 0.01 6.50 100-120 89.0 33.0
2-Propanol 12.8 Ni/Si 0.0 14.30 85 Trace -
Butanol 12.¢ Ni/Si 0.129 6.85 100-105 74.1 88.7
Butanol 10.6 Pd/savunite 0.0 7.00 100-105 96.8 73.5

AWith azeotropic water distillation® Weight fractions.

dioxane. Over 80 kg of crude triamind was with butanol. In thiscase the reductioonccurred the
obtained in about 80% yield containing no less tharmost complete if simultaneously with hydrazine
93% of the target product. hydrate charging into the reactor the water was

In the laboratory the search was carried out fordlstllled off as azeotrope butanraeVater. Thereaction

replacement of difficultly available (1,4-dioxane) and tsgﬂi;atgﬁaivr\]’:g te?reerel\iggd 'ri' n tq_zglzn%e—%? c.
difficultly recoverable (ethylene glycol) solvents with '
moreaccessible substances. Therefore 2-propanol and The optimum reagents ratios for dinitrodiphenyl
butanol were tested, and better results walteained sulfide | reduction in butanol are as follows: molar
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ratio dinitrodiphenyl sulfide |I: hydrazine (667%) is was no less tha®5%, and itcontained no less than
1.0:(6.6-7.0); weight ratio dinitrodiphenyl sulfide 93% of the main substance.

| : butanol is 1.0(2.7-2.8). Under these conditions
the yield of crude diamine was 885% with content
of the target products in no less th8%.

The reduction of dinitrodiphenyl sulfidd in
butanol followed by the isolation of triamind as
trihydrochloride was also performed on the pilot

Under laboratory conditions we also investigatedinstallation in the reactor of 100 | capacity. The
the possibility of replacing iron(lll) chloride with results obtained were fully consistent with those of
nickel or palladium catalyst (Table 4). As sekom  the laboratory investigations.
the presented data, thest results were obtained with
palladium catalyst. EXPERIMENTAL

We also attempted to obtain triamitie by reduc-

tion of dinitrodiphenyl sulfidel with hydrogen under _, 1N€ reduction of dinitrodiphenyl sulfidd was

pressure of 2860 at on ickel or palladium catalyst. &UEC 7§ O ARCTESE ST B E RO
Here 2-propanol and butanol wetesed assolvent. reaction temperature, with firrer, athermometer, a
rl?r?gr?rffliué’ igiggg#ﬁxmige poor due to strong tar'dropping funnel, and a reflux condenser with a
9 ' Dean-Stark trap used in experiments carried out in
During the scaling of dinitrodiphenyl sulfidel  butanol.
reduction with hydrazine in butanol to the pilot plant , . :
o . In the reduction with hydrazine hydrate to a solu-
scale significant problems often emerged at separatlotliﬁon of 63 g (0.216mol) of dinitrodiphenyl sulfidel

of the target product from the reaction mixture after. . e
its filtration from carbon and distilling off the main in a mixture of 600 ml of 1,4-dioxane and 150 ml of

: : thylene glycol was added 1.2 @.0045 mol) of
part of butanol and hydrazine. Sometimes the produc . o
did not crystallize in the residuanixture. Besides ﬁon(lll) chioride hexahydrate preliminary ground

; . - with 7,5 g of activatedcarbon. The mixture was
tsrggra(;ré/stalllne triaminell  gradually oxidized at heated to 100102°C for 30 min under a slow stream

of nitrogen. Then at this temperatuirgo the reactor

In this connection we tested the possibility of within 1-6 h was added dropwise 60 ml of hydrazine
separation and storage of triamiflein the form of hydrate (1.2 mol). Thereafter the reaction mixture
trihydrochloride. To this end aftecompleting the was heated to weak boiling withowtirring for 6-
reduction and performing analysis of the reactionl0 h till completion of the reduction, The firgidica-
mixture by TLC andHPLC to prove that no initial tion of the process end was decoloration of the foam
and intermediate compounds were present the reathat arose at boiling of the reactiomixture.

tion mixture should_be filtered frontarbon, and After the end of the process from the reaction
butanol ‘and hydrazine should be removed undefre 1 4-dioxane was distilled off in a vacuum.
reduced pressure as fully as possible. The residue was poured from the reactor into cold

The butanol must be completely removed from theboiled water (200ml). After stirring and standing
reaction mixture for triaminell hydrochloride is from the layer of formed triaminél was decanted
notably soluble in the mixture of butanol and hydro-the mixture of ethylene glycol anwater. Then tri-
chloric acid. Hydrazine dihydrochloride idess aminell was dissolved in a mixture of 300 ml of
soluble than triaminél trihydrochloride in all tested 2-propanol and 300 mi of water to remove the traces
organic solvents and imvater. Thereforenydrazine of solvents. At cooling andtirring from the solution
removal from the reaction mixture after the end ofslowly precipitated crystals of triamind that was
reduction is no lessmportant. washed on the filter with cold water arldied.

To the residue after removal of butanol and When butanol was used as solvent in the reduction
hydrazine on cooling to room temperature wasprocess the vapors afater, butanol, andydrazine
gradually added at vigorowsirring the concn. (38%) hydrate were removed from the reactor as azeotrope
HCI till molar ratio HCI:triaminell equal to(4.0- and were collected in the Dean-Starkp. There the
5.0):1.0. The crystallization of triaminell hydro- liquid separated into water and butanol phases. The
chloride gradually proceeded within-8 h. Then the hydrazine in the trap was distributeldetween the
crystals were filteredff, washed on the filter with a water layer that time and again wesjected, and the
portion of concnHCI, discharged from thélter, and  organic layer that was continuously returned into the
dried. Yield of the crude triaminél trinydrochloride reactor. Thefraction of hydrazine lost with water
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removed from the reactiomone was relatively small 4.
and equaled to severglercent.
5.
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