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2) J. B. Menke, Rec. Tvav. Chim., 44, 141, 270(1925).

3} G. Bacharach, J. Amer. Chem. Soc., 49, 1522(1927).
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Fig. 1 Experimental apparatus
(1) : Thermostat, (2) : Reactant cell, (3) : Reference
cell, (4): Stirrer, (5) : Injector tip, (6): DTC,
(7) : Thermo couple, (8) : Amplifier, (9) : Two-pen
recorder, (10) : Ice box .
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Biphenyl 200 Column ;

Fluorene 260 524 Silicone
Naphthalene 207 GESE-30/Diasolid L
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Fig. 2-1 Thermograms of metal nitrates in acetic
anhydride

: Nitric acid HNO; (d. 1. 38)

: Thorium nitrate Th(NOy),+4 H;O

: Palladium nitrate Pd(NOg),®

: Mercuric nitrate Hg(NOg),-H,0

: Bismuth nitrate Bi(NOg)g+5 H,0

: Cupric nitrate Cu(NOg)5-3 H,0

: Cerous nitrate Ce(NOg)4+6 H,0

: Ferric nitrate Fe(NOg)y+9 H,0

: Beryllium nitrate Be(NOg),-3 Hy0

: Zinc nitrate Zn(NOg);-6 Hy0

Reaction conditions—
Metal nitrate : 0. 03 mol (as HNQg), Acetic an-
hydride : 25. 0 ml, Temp. : 25°C

a) Pd(NOg)y 0.087 mol (as HNO,), Acetic anhyd-

ride : 7.3 mi, Temp. : 25°C
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Fig. 2-2 Thermograms of metal nitrates in acetic
anhydride
11 : Cadmium nitrate Cd(NOg),+4 Hy,O
12 : Manganese nitrate Mn(NO;g),-6 Hy,O
13 : Nickel nitrate Ni(NOg);-6 HyO
Reaction conditions——
Metal nitrate : 0.03 mol (as HNO;), Acetic an-
hydride : 25.0 m/, Temp. : 25°C
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Fig. 2-3 Thermograms of metal nitrates in acetic @
anhydride | ‘ | |

14 : Cobalt nitrate Co(NOQg),+6 H,0

15 : Aluminum nitrate A1(NOg)z-9 Hy,O

Reaction conditions—
Metal nitrate : 0. 03 mol (as HNOg), Acetic an-
hydride 25 mi, Temp. : 25°C
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Fig. 2-4 Thermograms of metal nitrates in acetic
anhydride

16 : Magnesium nitrate Mg (NOy),+6 H,0

17 : Calcium nitrate Ca(NQg)y-4 HyO

18 : Sodium nitrate NaNOy

19 : Lithium nitrate LiNOg

20 : Potassium nitrate KNOy

21 : Thallium nitrate TINOg

22 : Silver nitrate AgNO; .

23 : Lead nitrate Pb(NOg)

24 : Chromic nitrate Cr{NO;);-9 HyO

Reaction conditions
Metal nitrate : 0.03 mol (as HNOg), Acetic an-
hydride : 25. 0 mi, Heating rate : 0. 59°C/min

|
0 5 10 15 20 25
Time (min)
Fig. 3 Thermograms of metal nitrates in acetic anhyd-
ride
1: Nickel nitrate, 2 : Cobalt nitrate, 3 : Aluminum nitrate
Reaction conditions——
Metal nitrate : 0.03 mol (as HNOg), Acetic anhyd-
ride : 25.0 ml, Heating rate : 0. 59°C/min
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Table 1 Total yield and isomer distribution of nitration products
Aromatic i »  Acetanilide® isole®  Fluorene” Naphtha-  Salicylal-
i 7l v Y s i W
Metal ~ ) @6 @) 8 98) %) 9)
10 Zn 88.7 85.9(1.15) 100 (1. 54) 100 (1.10) 89.7(2.16) 95.4( 8.50) 100 ( 5.09)
6 Cu 90.9  77.8(1.32) 100 (1.90) 100 (0.92)  93.8(2.34)  87.8( 8.03) 100 ( 8.81)
13 Ni 70.6 61.3(1.21) 88.8(1.43) 99.9(1.08) 74.9(2.17) 86.5( 7.64) 100 (14.6)
14 Co 70.1 53.4(1.18) 86.3(1.69) 90.7(1.18) 74.2(2.16) 82.6( 8.10) 100 (12.9)
5 Bi 82.8 43.9(1.28) 100 (1.86) 86.3(0. 96) 43.6(1.76) 74.4( 8.64) 89.3( 2.11)
2 “Th — 31.2(1. 46) — — 57. 2(1. 55) — —
11 Cd 67.3 30.4(1.15) 80.6(1. 43) 76.7(1.24)  '52.3(1.58) 50.6( 9.25) 73.8( 1.91)
1 H 65.8 29.2(1. 29) 75.1(1.03) 76.3(1.17) 44.1(1.79) 50.6(10.5) 69.0( 1.12)
12 Mn 37.5 23.6(1.28) 70.2(1.17) 66.7(1. 25) 41.6(1.79) 50.1( 8.76) 64.5( 7.05)
7 Ce () 52.9 22.3(1.21) 57.8(1.52) 65.0(1. 28) 40.3(1. 47) 40.6( 7.31) 47.7( 1.91)
9 Be — 20.0(1.28) — — 30.7(1.87) - -
15 Al 22.7 11. 2(1. 20) 48. 8(1.70) 59.5(1.27) 21.6(1.83) 34.8( 8.28) 45.9(14.1)
4 Hg(m) — 6.9(0.76) — — - — —
8 Fe(II) 19.6 5.6(1.14) 34.7(2.14) 51.3(1.34) 21.1(1.64) 36.7( 8.01) 43.8(14.9)
3 Pd — — — — 51.3(1.57) — —
Reaction conditions :
@) Benzene 30 mmol, Metal nitrate 30 mmol (as HNOg), 25°C, 0.5hr. The reaction was carried out with reversed
treatment.
») Biphenyl 10 mmol, Metal nitrate 12 mmol (as HNO;), Acetic anhydride 20 ml, 25°C, 0.75 hr.
¢) Acetanilide 10 mmol, Metal nitrate 12mmol (as HNOg), Acetic anhydride 20 ml, 25°C, 0.5hr.
d) Anisole 10 mmol, Metal nitrate 12 mmol (as HNOg), Acetic anhydride 20 ml, 25°C, 0.5 hr.
e¢) 3~52 yield of m-isomer was formed.
f) Fluorene 5 mmol, Metal nitrate 6 mmol (as HNOy), Acetic anhydride 20 ml, 25°C, 0.75hr.
'g) Naphthalene 10 mmol, Metal nitrate 12 mmol (as HNOy), Acetic anhydride 20 ml, 25°C, 0.75hr.
k) Salicylaldehyde 10 mmol, Metal nitrate 12 mmol (as HNOg), Acetic anhydride 20 ml, 25°C, 0.75 hr.

Temperature (°C) —>

10°CI
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]
=
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Fig. 4 Thermograms for the nitration of anisole

Reaction conditions—— )
Anisole:10 mmol, Acetic anhydride:20 ml, Metal

nitrate:12 mmol (as HNOg), Temp. :

25°C

25°C

Temperature (°C) —

(=]
o

Time (min)

Fig. 5 Thermograms for the nitration of fluorene

Reaction conditions
Fluorene : 5 mmol,
Metal nitrate:6 mmol (as HNOg), Temp. :

Acetic anhy

dride : 20 ml,
25°C
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Fig. 6 Thermograms for the nitration of naphthalene

Reaction conditions——
Naphthalene : 10 mmol, Acetic anhydride : 20 ml,
Metal nitrate : 12 mmol (as HNOy), Temp.: 25°C
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S & OBl R B, FREH>WTEOHRRES
AEBLHEL, i, /7= r{bOoLZORT 5WHEATE
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Fig. 7 Thermograms for the nitration of salicylaldehyde

Reaction conditions—
Salicylaldehyde : 10 mmol, Acetic anhydride : 20 ml,
Metal nitrate : 12 mmol (as HNOg), Temp.: 25°C

bEgTe7z=rk= et LHERER 8 5 LU 9 1ITRL
foo ERIIARBREE T CRRAERE S LHRT 7 VIBE 2
ARSI LTS 2 EERL T B,
£= b rLRRIE2OWTD S B IV RIGIE R A5 &, £40

W|EXH BN THEBEONERLEHT 2T Thd

Zn (NOg)5+4 Hy0>Cu(NOy) ;+3 H;0>Ni(NOg),+6 Hy0

>Co(NOg)4+6 Hy0>Bi(NO;)s+5 H,0>Cd (NOg) 54 H0

>HNOg+2 H,08 > Mn (NOg) 56 Hy0>Ce (NOs) 5+6 H,0

> A1{NOj) ;-9 H;0>Fe(NOg);-9 H,0

4
. 2
&) 3
10°CI
25°C 1 i i
0 5 10

Time (min)
Fig. 8 Thermograms for the nitration of biphenyl

with various amounts of zinc nitrate

(1) :4mmol, (2):8mmol, (3):12mmol,

(4) : 16 mmol

Reaction conditions-—
Biphenyl : 10 mmol, Acetic anhydride : 20 ml,
Temp. : 25°C

8) HIE 1.38 oMEBBERtoXKogEEzZETLEREZS
FoiEkKicHY T 5.
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Fig. 9 Peak area vs. molar concentration of zinc nitrate

Reaction conditions——
Biphenyl : 10 mmol, Acetic anhydride : 20 m/,
Temp. : 25°C, Time : 0.5hr
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300 400 500 600 700 800
Wavelength (nm)
Fig. 10 Absorption spectra

1: Salicylaldehyde 8% 1075 mol/l and cupric acetate 2.2
%1075 mol/! in acetonitrile

2 : Cupric acetate in acetonitrile

3: Salicylaldehyde in acetonitrile

Table 2 The temperature dependence fo the isomer
distribution in the nitration of naphthalene

Reaction temperature

| (°C) Isomer ratio (ea/f)
10 11.0
20 10.1
30 9.91
40 9.68

Reaction conditions : Naphthalene‘ 10 mmol, Acetic anhyd-
ride 20 ml, Nitric acid 12 mmol, 0.75hr
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¥7zaAD=bribifFne, B 11 ERTI5e@d+vo
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Fig. 11 The effect of the addition of cupric or zinc E
acetate on the nitration of biphenyl with . &
nitric acid and acetic anhydride 5
T

1: Cupric acetate (anhydrous) ; Cu(OCOCHg),; Total
yield 34.822 [ |

2: Zinc acetate ; Zn(OCOCHg),+2H,0, Total yield 29. 325 0 5 10

3 : None, Total yield 29. 222 Time (min)

Rca‘:t%"" conditions—— ] Fig. 12 The effect of temperature of the preparation of
Biphenyl: 10 mmol, Metallic acetate : 12 mmol (as nitrating agents on the nitration of biphenyl
CH4COOH), Nitric acid : 12 mmol, Acetic anhydride : Metal Highest t
20 ml, Temp.: 25°C, Time:0.5hr nitrt;taes € esoc ¢MP- [Total yield (%5)]

1: Ni —— 33 (61.3), --- 42 (62.8)
SO 2: Co —— 32 (53.4), --- 48 (85.7)
HSC—C\"/Cu** 3: Al — 27 (11.2), --- 38 (11.5)
S 4:  ZIn —— 47 (85.9), ---~ 15 (80.4)
NG 5: Fe ~—— 58 (5.6), --- 13 (209)
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Nitration of Aromatic Hydrocarbons with Metal Nitrates in Acetic Anhydride?

Kimitoshi Fukunaca and Makoto Kimura
Faculty of Engineering, Yamaguchi University ; Tokiwadai, Ube-shi, Japan

Nitration of aromatic compounds with metal nitrates in acetic anhydride was studied by
means of thermographic technique.

Fourteen out of 23 metal nitrates examined were found to be effective as nitrating agent.

Peak area of thermographic curves was proved to be closely related with product yields.

The reactivity of ten metal nitrates in the nitration of seven aromatic compounds at 25°C
decreased in the order.

Zn>Cu>Ni>Co>Bi>Cd>H>Mn>Ce () >Al>Fe(II)

It is suggested that difference in the concentration of nitrating agent or acetylnitrate formed
from metal nitrates in acetic anhydride and catalysis action of metallic ion on acetylnitrate is
responsible for such a difference in reactivity.

The influence of metallic ion on the isomer distribution in the nitration of salicylaldehyde
was much larger than in the case of other aromatic compounds in which little influence was
observed.

+ Studies on Nitration and Utilization of the Nitro Compounds. L




