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DEHYDRATIVE CONDENSATION OF BENZOPHENONE WITH AMMONIA
CATALYZED BY ION-EXCHANGE RESINS

AND ITS APPLICATION TO AZINE SYNTHESISL’?2)

Hiromu HAYASHI, Kengo KAWASAKI, and Masataka MORI
Department of Chemical Engineering, Tokushima University,

Minamijosanjima, Tokushima 770

Diphenylmethanimine was selectively formed by passing ammonia
through benzophenone at 200°C in the presence of ion-exchange resins.
Attempts were made to obtain azine directly from benzophenone, ammo-
nia and oxygen using the resins with CuCl and revealed acidic resins

to be active while basic ones less active.

The aerial oxidation process3for hydrazine synthesis involves (1) the gehydrative

condensation of benzophenone with ammonia to diphenylmethanimine and (2) the subseq-

" and thoria—silicaS) are

7)

ent oxidation of the imine to benzophenone azine. Thoria

6)

suitable for step(l) in a gas-phase, zinc chloride and ammonium chloride also

for (1) in a liquid-phase, and cuprous chlorides) for (2) in a liquid-phase. It is,
however, troublesome in the homogeneous catalysis to recover the catalysts for recycle
use.g) A possibility to simplify the catalyst separation may be found by employing
fixed-catalyst, which is suitable for irrigated packed column reactor. Step(l) is an
acid-base catalyzed reaction and it seemed likely that ion-exchange resins might be
favorable for the present purpose.

Ion-exchange resins used are listed in Table 1. Acidic and basic resins were
treated with 8% HC1l and 5% NaOH, respectively, washed and dried in air and finally
under a vacuum at 120°C.

An equimolar mixture of ammonia and nitrogen was passed through 18.2g of benzo-
phenone in the presence of 3g of an ion-exchange resin at 200°C under atmospheric
pressure at a rate of 2 I/hr for 3 hr. Diphenylmathanimine was selectively formed

and the activities of the six resins were nearly the same order as shown in Table 1.

It was previously shown2’6“8) that azine could be obtained directly from benzophenone,
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Table 1. Dehydrative condensation of Table 2. Direct synthesis of azine
benzophenone with ammonia in the presence from benzophenone, ammonia and oxygen
of ion-exchange resins. using ion-exchange resins with CuCl.
Ph20=0 18.2g, Resin 3g, 200°C, Ph2C=O 18.2g, Resin 3g, CuCl 0.5g,
NH3/N2=1/1, 2 1/hr, 3 hr 200°c, NH3/02=1/1, 2 1/hr, 3 hr
Ton-exchange resin Diphenylmethanimine Resin Yield (%)
imine Yield(%) Imine Azine
Amberite IR-120B (SA) 11.2 IR-120B 3.0 24 .5
200C (SA,MR) 12.1 200C 0 22.0
IRC-50 (WA,MR) 7.1 IRC-50 0 12.6
IRA-900 (SB) 13.2 IRA-900 4.7 0.9
IRA-400 (SB,MR) 8.5 IRA-400 b.o 2.6
IRA-93 (WB,MR) 9.3 IRA-93 0 16.0

S:strongly, W:weakly, A:acidic, B:basic,
MR:macroreticular

ammonia and oxygen, combining the catalysts for steps(l) and (2), where the inter-

mediate product imine undergoes <n situ oxidative coupling. Thus the ion-exchange

re

Ni

sins as the catalyst for step(l) were applied for the direct synthesis of azine.

trogen was replaced by oxygen in the procedure described above, and cuprous chlo-

ride was added with an ion-exchange resin. It was found that acidic resins were

active while basic ones less active as shown in Table 2. The activities of strongly

ac

idic resins-CuCl are comparable with that of NHMCI—CuCI7Z promising for industrial use.

References
1) Ammonia-Hydrazine Conversion Processes. IX. 2) Previous paper(Part VIII),
H.Hayashi, K.Kawasaki, M.Fujii, A,Kainoh, and T.Okazakil, J. Catal., in press.
3) H.Hayashi, Yuhki Gosei Kagaku Kyokaishi, 33, 451 (1975). L) H.Hayashi,
H.Nishi, and T.Abe, Nippon Kagaku Kaishi, 1973, 1392. 5) H.Hayashi and
K.Yokose, ibid., 1974, 2216. 6) H.Hayashi, K.Kawasaki, and T.Murata, Chem.
Lett., 1974, 89. 7) H.Hayashi, K.Kawasaki, and T.Murata, ibid., 1974, 1079.

8) H.Hayashi, A.Kainoh, K.Kawasaki, and T.Okazaki, I&EC Product R/D, to be sub-
mitted.

(Received December 22, 1975)



