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i}, S| ko] SIS WS s WA RE FREgE1] aniline®] AAFE 7. Aniline A3/
ok ARESE kR Lole] o] TS At Sl ARERS F0)7] $138)] A1 ascorbic acid, hydrazine,
dihydroxyfumaric acids #F5m|Z AME-EHA RHEEE7E FA] SFE O FESER] aniline®] A B9 Skt
A}, ARE-SE Z2Fu) Fofl A= ascorbic acid®} dihydroxyfumaric acidE AME-613-& 7497} hydrazines AME8FSS 7
SHY RESE =7 Wk dihydroxyfumaric acids AFESIS 79 7P A2 F9 anilineo] A3 E ST

Abstract — p-Phenylenediamine (PPD) was synthesized by aromatic amination of p-diiodobenzene (PDIB) using lig-
uid ammonia and Cu-catalysts. The effects of the catalyst, reductant, ammonia quantity and reaction temperature on
PPD production were investigated. Cu(I) compounds and Cu powder were selected as catalyst due to a higher selectiv-
ity than Cu(II) compounds. As the catalyst quantity increased, rate of PPD production as well as side reaction of aniline
decreased with increasing the quantity of ammonia. Reductants such as ascorbic acid, hydrazine and dihydroxyfumaric
acid were tested to lower the catalyst loading. The use of reductants resulted in increasing the reaction rate but also
increased the amount of aniline The rate of reaction using ascorbic acid or dihydroxyfumaric acid was faster than that
using hydrazine. The lowest side reaction of aniline was found in dihydroxyfumaric acid of reductants investigated.

Key words: p-phenylenediamine, p-diiodobenzene, copper(l) catalysts, amination, dehalogenation
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Fig. 1. Entire process of PPD synthesis using iodine recycling.
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2-1. M2 Y Alf

Aol ARE-EE ARE-3E SRS TRt 2o 7] Al 3 Gl
o] I8t Tt 2 ARE-SFAT). pdiiodobenzene (SK chemical, >99.9%),
p-phenylenedimine (Sigma-Aldrich, 99%), p-iodoaniline (Sigma-Aldrich,
98%), aniline (Sigma-Aldrich, 99%), 1,2,4,5-tetramethylbenzene (Sigma-
Aldrich, 98%), copper iodide (Daejung, 98%), copper(I) bromide (Sigma-
Aldrich, 99.9%), copper(l) thiophene-2-carboxylate (Sigma-Aldrich, 98%),
copper(l) oxide (Sigma-Aldrich, 99%), copper(Il) bromide (Sigma-Aldrich,
99%), copper (3um) (Sigma-Aldrich, 98%), dihydroxyfumaric acid
(Sigma-Aldrich, 98%), ascorbic acid (Sigma-Aldrich, 99%), hydrazine
monohydrate (Wako, 98.5%), ammonia (PSG, 99.9999%), 1,4-dioxane
(Samchun, 99.5%).
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Fig. 2. Product distribution in the reactions using different Cu catalysts
and ligands. 1: Cul 2: Cul + diaminocyclohexane 3: Cul +
bipyridyl 4: Cul + ascorbic acid 5: CuBr 6: CuTc 7: Cu,O 8: Cu
(dendritic 3 pm) 9: CuBr, (Cu catalyst (10 mol%), ligand or
reductant (10 mol%), NH; (30 equiv.), 40 °C, 12 h).
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Fig. 3. Changes in product distribution in the reaction using various amount of Cul (NH; (30 equiv.), 40 °C) AN: aniline, MIB: iodobenzene,
PPD: p-phenylenediamine, PIA: p-iodoaniline, PDIB: p-diiodobenzene.

Korean Chem. Eng. Res., Vol. 54, No. 3, June, 2016



428 WA - ol - ol - HAT - A
(a) 100
—e—PDIB
80 | —=—PPD
—&—PIA
£ 60
ke
Q
>
g 40
20
0 e & &
o 100 200 300

Time(h)

. vk
1

4 - A7 - 4 ) - A3
(b) 120
——PDIB
100 | _appp
5 %0 ——PIA
Q_-s Aniline
< 60
v
O
40
20
0 e —x
0 20 40 60
Time(h)
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reductant, ascorbic acid (1 mol%).
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Fig. 5. Changes in product distribution in the reactions using various
reductants; ascorbic aicd, dihydroxyfumaric acid and hydra-
zine monohydrate (Cul (5 mol%), reductant (5 mol%), NH;
(30 equiv.), 40 °C, 12 h).
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Fig. 6. Changes in product distribution in the reaction of various amount of NHj;. a. 30 equiv. b. 200 equiv. (Cul (5 mol%), dihydroxyfumaric

acid (5 mol%), 40 °C).
Korean Chem. Eng. Res., Vol. 54, No. 3, June, 2016



Copper ZVE ©]-8-3F p-phenylenediamine (PPD) /ol 3t A+ 429

120
100 [ ® °
o —0
s /
é
z ——Conversion
2 60 -
B Aniline
& 40 —8—PPD
—A—PIA
20
0 \ —A
35 40 45 50 55 60 65

Temperature (°C)
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