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Development of Environmentally Benign Synthetic Organic Reactions Catalyzed by Water
-Soluble Iridium Complexes Using Aqueous Ammonia as a Nitrogen Source
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This study has been carried out to develop environmentally benign synthetic organi
c reactions in water catalyzed by water-soluble iridium complexes using aqueous ammonia as a nitrogen sour
ce. The accomplishments are as follows. (1) New water-soluble iridium complexes have been synthesized. (2%
A catalytic system for the synthesis of primary amines by the reaction of aqueous ammonia with alcohols
as been developed. (3) A catalytic system for the synthesis of N-heterocycles by the reaction of aqueous a

mmonia with diols has been developed. (4) Efficient method for the recovery and reuse of the water-soluble
iridium catalyst has been developed.
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Table1

Table 1. Synthesis of cyclohexylamine from
agueous ammonia and cyclohexanol catalyzed by 22

OH NH,

cat. [Cp*Ir(NH2)3]ll]2 (2)
+ NHzaq 24h

entry cat 2[mol%] NHj[equiv] temp. [°C]  yield [%]°

1 3.0 1 140 0
2 3.0 20 140 30
3 3.0 40 140 69
4 3.0 60 140 64
5 3.0 80 140 53
6 3.0 40 120 12
7 3.0 40 150 76
8 3.0 40 160 70
9 3.0 40 180 15
10 1.0 40 150 33
11 5.0 40 150 98

@Reaction was carried out with NH; (28% aqueous solution), 2 (1.0-5.0 mol%),
and cyclohexanol (1.0 mmol). bDetermined by GC.
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Table 2

Table 2. N-Alkylation of aqueous ammonia with
alcohols giving primary amines catalyzed by 22

cat. [Cp*Ir(NH3)3][1]; (2)

5.0 1%

ROH + NHsaq — GOomobe) RNH,
A, 24h

entry alcohol ~ NHjz[equiv.] temp [°C] yield [%]°

1 |:>—OH 40 130 94
2¢ <:>—OH 40 150 98

40 150 70

40 170 67

7 ©/\OH 400 170 71

AReaction was carried out with NH; (28% aqueous solution, 1.0 mmol), 2 (5.0
mol%), and diol (1.4 mmol). "Determined by GC. °Diol (1.0 mmol) was used.
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Table 3. N-Heterocyclization of aqueous ammonia
with 1-phenyl-1,5-pentanediol catalyzed by 22

Ph cat. [Cp*In(NH3)s]ll]2 (2)
J (5.0 moi%)
HO oH * NHgaq ————7 > N“Ph

entry  diolfequiv] NHsaqlequiv]  time[n]  GC yield[%]

1 10 1.0 24 41
2 1.1 1.0 24 43
3 14 1.0 24 70
4p 14 1.0 24 77
5 17 1.0 24 47
6° 10 1.0 24 12
7 1.0 20 24 27
8 1.4 1.0 17 40
9 14 1.0 30 36

®Reaction was carried out with NH3 (28 % aqueous solution, 0.25 mmol), 3 (5.0 mol%),
and 8a (0.25 mmol). bThe scale was quadrupled. °NH3 (14 % aqueous solution) was
used.
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Table 4. N-Heterocyclization of aqueous ammonia

with various diols catalyzed by 2*
cat. [Cp*Ir(NH3)s](1]2 (2)

HO ™™ R (5.0 mol%) /> R
+ NHaqg ———T2% 5 YN
HO_A)a ® 140 ,24h A
n=2,3
entry diol product isolated yield [%]
o )L ;
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AReaction was carried out with NH3 (28% aqueous solution, 1.0 mmol), 2 (5.0 mol%),
and diol (1.4 mmol). "Determined by GC. °Diol (1.0 mmol) was used.
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