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Table 1. Gas Chromatographic Analysis for Nitration and Oxidation Products of Tolucne.
Instrument: Yanagimoto GCG-3D; Stationary Phase: PEG-6000 (30%); Carrier

Gas: He; Column Temp.: 170°C; Chart Speed: 10mm/min except for Toluene

(40mm/min)

Products Column Flow Rate Retention Time Factor
Toluene 0. 3min 0.89—1.40
Benzaldehyde 4. 5min 1.00
o-Nitrotoluene 11. 3min 1.10
m-Nitrotoluene 2.0m 120mi/min 13.9min 1.10
p-Nitrotoluene 16. 8min 1.10
Benzyl alcohol 13.9min 1.10
Unknown (II) 6. 3min
Benzaldehyde 4. 5min 1.00

. 'ml/mi
Methyl benzoate 2.0m 120ml/min 6.3min 0.85 (as BzOH)
Benzaldehyde 1. 8min 1.00
Phenylnitromethane 0.5m 60ml/min 10. 4min 1.10
Unknown (1) 11.0min
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olucne in Sulfuric-Nitric

Table 2 Nitration and Oxidation of T

Run 2% 21 23 16 22
Mixed Acid Composition HNO, 20 30 40 50 10
(Wt. %) H,SO, 0 0 0 0 10
X 80 70 60 50 80
Reaction Time hrs. 18.0 5.0 5.0 4.0 7.0
Yiel g/e 68.0/85.8 | 75.0/85.8 | 84.0/85.8 | 83.0/85.8 | 82.2/85. 8
Toluene Wt. % 99.5 96.7 95.0 89.8 99.8
Benzyl alcohol Wt. % 0.099 0.078 0. 18! 0.138 0.019
Select. - 2.3 4.2 1.7 12.0
Benzaldehyde Wt. % 0.113 0.71 1.06 1.35 0.045
Select. - 20.9 25.0 17.0 31.6
Benzoic acid Wt. % - 0.21 0.43 0.62 -
Select. - 6.6 8.8 6.8 -
Phenylnitromethane Wt. 9% 0.184 1.96 2.90 6.01 0.102
Select. - 55.4 53.1 58.7 55.4
o-Nitrotoluene Wt. % - 0.185 0.316 0.983 -
Select. - 5.2 5.8 9.6 -
m-Nitrotoluene Wt. % - 0.016 0.024 0.080 -
Select. - 0.47 0.45 0.78 -
p-Nitrotoluene Wt. % - 0.127 0. 142 0.536 -
Select. - 3.6 2,6 5.2 -
Unknown (1) Wt. % 0.094 - - - -
Unknown (I) Wt. % - - - 0.045 -
Nitrotoluenes Wt. % - 0.33 0.48 1.60 -
Select. - 9.3 8.9 15.6 -
Alpha Substituted Products | Wt. % 0.49 2.96 4,57 88,12 0.17
Select. 100.0 9.7 91.1 84.4 100.0
Run 9 1 4 6
Mixed Acid Composition HNO, 10 20 30 40
(Wt. %) H.SO, 30 30 30 30
H.0 60 50 40 30
Reaction Time hrs. 7.0 22.0 1.0 1.0
Yield g/e 85.0/85.8 84.5/85.8 - 90.0/85.8
Foluene Wt. % 85.7 89.8 85.9 76.8
Benzyl alcohol Wt. % 0.12 0.33 0.39 0.42
Select. .0 3.9 3.4 2.3
Benzaldehyde Wt. % 1.71 21.8 1.56 1.43
Select. 15.0 26.0 13.7 7.8
Benzoic acid Wt. % 0.56 0.75 0.18 0.25
Select. 4.3 7.7 1.4 1.2
Phenylnitromethane Wt. % 11.0 2,43 5.53 6.95
Select. 74.6 22.5 37.7 29.4
o-Nitrotoluene Wt. % 0.41 2.68 3.63 8.02
Select. 2.8 24.8 24.7 33.9
m-Nitrotoluene Wt. % 0.04 0.17 0.27 0.70
Select. 0.27 1.6 1.8 3.0
p-Nitrotoluene Wt. % 0.30 1.46 2.54 5.29
Select. 2.0 13.5 17.3 22.4
Unknown (1) Wt. 2% - - - -
Unknown (1) Wt. % 0.12 0.26 0.03 0.09
Nitrotoluenes Wt. % 0.75 4,31 6.44 14.01
Select, 5.1 39.9 43.8 59.3
Alpha Substituted Products | Wt. % 13.4 5.69 7.66 9.05
Select. 94.9 60.1 56.2 40.7
2 (262) LRARBLES




Mixed Acids at 90°C (Toluene/HNO;=3. 0mole/male)

PO

27 24 12 18 1 2 13
20 30 50 10 20 40 50
10 10 10 20 20 20 20
70 60 40 70 60 40 30
6.5 5.0 2.0 7.0 5.0 2.0 1.0
8.0/85.8 | 86.0/85.8 | 85.0/85.8 - - 87.0/85.8 | 87.0/85.8
9.8 94.8 88.5 96.8 91.6 80. 1 82.3
0.058 0.169 0.075 0.03 0.10 0.25 0.116
2.3 3.8 0.83 0.95 1.4 1.6 0.8
0.674 1.1 1.26 0.79 1.22 1.87 1.18
23.5 25.2 13.9 25.1 17.8 12.4 8.4
0.148 0.247 0.17 0.28 0.28 0.27 0.20
4.5 5.4 1.6 7.7 3.5 1.6 1.2
2.49 2.90 3.9 2.63 6.58 2.52 3.18
67.1 51.1 33.7 64.6 74.3 12.9 17.5
0.062 0.500 3.50 0.06 0.18 8.28 7.64
1.7 8.0 29.9 1.5 2.0 42.6 44,1
0.005 0.041 0.29 - 0.013 0.68 0.65
0.12 0.73 2.47 - 0. 14 3.5 3.6
0.033 0.285 2.07 - 0.068 4.97 4.76
0.89 5.0 17.6 - 0.78 25.6 26.3
- - - - 0.07 -
- - - - 0.08 - -
0.10 0.83 5.86 0.06 0.26 13.93 13.05
2.71 13.7 50.0 1.5 2.9 7.7 71.0
3.39 4.45 5.47 3.78 8.18 4.9 4.68
97.3 86.3 50.0 98.5 97.1 28.3 29.0
17 8 3 5 7 15 14
50 10 20 30 40 20 10
30 40 40 40 40 50 50
20 50 40 30 20 30 10
1.0 7.0 2.0 1.0 1.0 2.0 2.0
92.0/85.8 | 87.0/85.8 - 89.0/85.8 | 93.0/85.8 89.0/85.8 87.0/85.8
74.8 84.6 69.0 85.2 67.2 71.8 76.3
0.07 0.014 0.38 0.06 - - 0.02
0.35 011 1.5 0.42 - - 0.1
1.16 1.40 1.86 1.54 0.80 0.90 0.92
5.8 1.3 1.6 1.1 2.7 4.1 5.0
0.13 0.45 0.46 0.19 0.09 0.10 0.20
0.57 3.2 1.6 1.2 0.3 0.4 0.94
4.11 9.31 8.47 3.89 1.45 3.02 4.54
16.0 59.0 26.7 21.8 4.4 10.6 18.9
11.2 2.53 10.98 6.79 17.79 14.26 10.2
43.6 16.1 34.6 38.0 53,9 50.0 42.1
0.99 0.21 0.99 0.58 1.47 1.20 0.94
3.9 1.3 3.1 3.2 4.5 4.2 3.9
7.64 1.38 7.80 4.32 11.24 8.74 6.91
29.8 8.8 24.6 24.2 34.2 30.7 28.9
- 0.10 0.18 - - - -
19.85 14.12 19.77 11.69 30.5 24,18 18.05
71.3 26.2 62.3 65.4 92.6 84.9 74.9
5.47 11.17 1.17 5.68 2.34 4.02 5.68
22.7 73.8 7.7 34.6 7.4 15.1 25.1
Vol. 24, No. 5. 1983 (263) 29




WErDEREFERCTHY, FhEhoNREERK
RT&EV. LL, BRRE/CHmREE 2 Mv-7290
CTorrzvd =t vipeik, Holleman™®, Jones
6B LY Kobe 6D F— g hbm-= b e bpx
vOE=bu bz ROFEIILS5.09% B S
50T, ZhEfvC m-=batbtpxy, XY
VNIV I—NVOEEREE L. vy ra—
AMDTy P F—~REEL=te bz LHUMEMN
e THAHIRELBERZ Lo TRz, Hixt
i LTERRT<ELDOTH S,
REAERBRZOEE TR XTAFE =t
P LRI R 7 aDRIETCHITER V. ULk
LIAEAFNLATALTEERVZITAFLEED
B E—= 2 BB THHEL £ D, McKay &
DHYPEFOCHERNLI DT A 2D~ FAREER
Fhomz, KEBBAFALLELTHITLI. 20BN
Z—=FMZEOTHREVBRREINEDTC, =—FA %
HYUBRKEIETOHOHI LIz, ZOBMZIO MY
TRy XTATFE R, REAKHA FALE
158, AVAXTAFEFR (bop 178C) LLEF
BrFn (b.p. 199.5C) LDHRBRALEELEVD
TR,
2= A=t u 2 FURIRYRERELEDOTHRAY
RICESHMIC IR EE TS5, VA2 efffl LT
170°C < 2m @ PEG-6000 # 5 A%\ 5 LAY
D7 z=p=bvrdoBh5 bNTHRTS. £
B 5 BB o THRERZEBA= b o LAY
F5L7z=p=br2 s ONRERIET S FL
SHETHILDESR0.5m L F 5 LRALHEELL
I2Z7z=p=bur i3I LA TEN,
FEROFTITBROBFERE AV,
IR (Yield)
_ EmikERPoRE (8)

| THBAR bz ok @) &/
ERIRADER (%)
SRy () X100 (wt. %)

SIS R eRE ()

FRANRIRE (Selectivity)
— FEEESY (mole)X 100 )
T ERIEE S N — 7 DRSS (mole)

(mole %)
iyl
Lk OERR (%) o
= FEREAEH (wt.%/hr.)
. BRLER

3-1 EWHESBAROHR
Pz /HNO; L 3/1ISBE, BEEOR
T, 90°C THI-ERI-K 0BG L BRI TR

30 (264)

b, KIGHEME—REE L gERo#5
ICHATRAITH B R ORI o T
WIS 2B b I SIS ORIz X -
T I1~18hr. ®BAZ. HEEESIY Table 2 joiRL
fr

MBI R D F MRS L 3~ € R L
AFNREEE I BFIRIEE, * Farikicsi) b=
b e{bl #ERE T 2 7 ML OOEFIRIEN SR
Y, BT 2 RN RIERENFRMICE 388k
TR TH B, LB >TERYERS L REENE L
EMNUCERSIT 5 Z LIXRETH B, L, v
YrBoO=baftd 2 FA LIBT3 3R EEREFRE
RUTICRBLELZONDDT, EISROKEVEL £
FNIROREE L FHL .

FUSE BE 90°C, b ax o /HNO; & V1 3/1 ¢
1~18hr. GESERBEORAR=br AT LD
WRRRME, WRW T DL 7= HNO,-H,SO,-~
H.O #=MEL Lizfivieoi Fig. | T3, =
hEEN % ThkbLAEZHARR LIz =0 Fig.
2 ¢Chs.

ZORBFFHRBERL = e bz U BIRRED
BfRERb Lo b o CERREBORBERE OBEHT
v, LhLZho o6 ERRECORBRER
t=tbtr btz BRREOKKOBFEEEET S
LB TE B, (EARIEORRRICH T 3% BIRR MU
— SRS (B LRETRFICTHEBET
L7, ZOEBIIFERS X CRiROBESMITRES
L%,

oML L I IZREROASTRANT &
Ro= b afbici = T 2 FALORENKRBM L &

Do TORIERHET CiASE 80wt. % LlLizhk
S ER= b w{Lit B IR ¥, WERs L 7
NELDBREETBZ LEFRL T 5,

LU, B2 FARomEE oGO i —#
Wz AN OBBESIT 23 Tk {, MRRLRiRE
ONRDKEBERIT 5, TREBEOYFik Tl
FOT B0, HILAROERBE VI
BOEMzX>THR=F a8 FBL {BifEsh, #
FARORIERENEREEh 2 v & LERLTY
Do

HBERTIOAERPRO= e b E A FN
RIS AR Y b (LR R SR R CREE & Sz FE
BOIZHIRT 5. LA LKIERARINT 5 L #4589
RUNOTREE IR D+ 5. ERHEEOFMRE L LT
ek IRE% /PR (wt. %/he.) 2 & D,
Fig. 1, 2 L [ARiz St tR L -0t Fig.
3, 4 THD. FATLD RIEROEE SIS

TRREBEE



& 4
o sokio Ars \ f /
§ Jo 2 a\30 Yo \5¢ J )
20f— — -
Vid
e 10 20 30 0 fo
Hy S0k o2y

Fig. 1 Reaction of toluene in dilute nitric-
sulfuric mixed acid;Effect of acid composition
(wt. %) on selectivity of nitrotoluenes. Cond-
itions: 90°C; Reaction time=1.0—18.0 hrs.;
Toluene/HNO,=3.0
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Fig. 2 Reaction of toluene in dilute nitric-
sulfuric mixed acid; Effect of acid composition
(wt. %) on selectivity of nitrotoluenes. Cond-
ition:90°C; Reaction time=1,0—18, Ohrs.;
Toluene/HNO;=3.0 mole/mole
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Fig. 3 Reaction of toluene in dilute nitric-
sulfuric mixed acid; Effect of acid composition
(wt.%) on rate of formation of reaction
products. Conditions: 90°C; Reaction time=
1.0-18.0 hrs.: Toluene/HNO,=3.0mole/mole
—— Rate of formation of nitrotoluenes
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----- Rate of_formation of reaction products
of side chain (%/hr.)
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Fig. 4 Reaction of toluene in dilute nitric-
sulfuric mixed acid; Effect of acid composition
(mole %) on rate of formation of reaction
products. Conditions: 90°C; Reaction time=
1.0—18.0hrs.; Toluene/HNO;=3.0mole/mole
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Fig. 5 Effect of reaction time on the com-

position of the reaction products of toluene

with nitric acid (6.7mole%). Conditions: 9¢
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Fig. 6 Selectivity-reaction time curve for the
reaction products of side chain. Conditions:
Same as in Fig. 5
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87.8, mole ratio). Conditions: 90°C; with
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\\"/"—'——x Conditions: Same as in Fig. 9.
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Table 3 Nitration and Oxidation of Toluenc for 7.0 hrs.
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in Open

Vessels without Agitation; Effect of Temperatures

(Toluene/HNO«.~3 Omole/mole, HNO; H~SO. H,0=4.2:8.0:87.8)

o PSS

Run ] 63 | ‘ 65 { 66

" Temp. | 60°C i 70°C 4 80°C 90°C
B ‘ Wt. % (Select.) ‘ Wt. % (Select ) Wt. o, (Select.) - Wt % (Select.)
“Toluene 9.5 (- | 986 (-) | %45 (- !8m® (-)
Benzyl alcohol 0.118 (31.7) 0.2 (17.9) | 0.5% (12.1) 0.85 ( 8.3)
Benzaldehyde 0.080 (24.4) 0.36 (21.4) | 0.621 (13.9) .22 (12.9)
Benzoic acid - (-) 0.008 (0.5 0.127 (2.4) | 1.78 (15.5)
Phenylnitromethane | 0.184  (39.0) 0.843 (49.4) 3.9 (68.2) 7.72 (60.0)
Nitrotoluenes 0.023 ( 4.9) 0.08 (4.9 | 019 (3.4 | 0.44 (3.3
Unknown (1) - (=) - (=) = (=) e (=)
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fo(°c)

60 70

Fig. 11 Effect of temperature on the com-
position of the reaction products of toluene
with mixed acid (HNO,: H.SO,: H:0=4.2:
8.0 : 87.8, molar ratio). Conditions: Without
agitation in open vessels; Reaction time=7.0
hrs.; Touene/HNOy=3.0mole/mole.
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Fig. 12 Selectivity-temperature  curves for
the reaction products of toluene. Conditions:
Same as in Fig. 11,
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Table 4 Reaction of Toluene with 20 Wt. o,
Nitric acid at 90°C; Effect of the Difference
hetween a Sealed Tube and an Open Vessel
in which the Reaction is carried out (Tolu-
ene/HNO;=3. Omole/mole)

T 28 ~ 26
Run In Sealed | In Open

R Tube Vessel

Reaction Time 1.0 hr. | 18.0 hrs.

Conversion of Toluene! 0.75Wt.% 0.49We. 9}
Selectivity (Wt.9): | :
20,2

Benzyl alcohol 21,6
Benzaldehyde 14.0 23.0
Benzoic acid - -
Phenylnitromethane | 51.6 ' 37.5
Nitrotoluenes 1 12.8 £19.2
Unknown (1) - -
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W% Fig. 13123:L 72,

ZOMENOR= b o {biMZIFRIAATES L HR
TV, Bfi=b nfbicovTRBgETH 5, 2D
P EHETRTHMAROA TR L EXLLH DD,
EREMAREAYNT — 7 & Lohvifiohik

(269) 3s



Table 5 Nitration and Oxidation of Toluene
in Mixed Acid At 90°C for 7.0 hrs.:
Effect of Agiation (Toluene/HNO;=3.0
mole/mole, HNO; : H.SO, : H:0=4.2:8.0:
87.8) )

Run i 50 i 9 | 66
A —_ e — i —
Agitation Vigorous [ Maoderate] Without
Wt. 25 of Products: 1
Toluene \ 9.2  85.7 87.8

Benzyl alcohol 0.08 . 0.12 | 0.8

Benzaldehyde = 0.78 . 1.71 | 1.22
Benzoic acid 0.18 0.5 | 1.78
Phenylnitromctlmnei 1.73¢ 1.0 | 7.72

Nitrotoluanes | 0.98 0.75 | 0.44
Unknown (I1) ‘ 0.30 | 0.21

(7 %)

Fig. 13 Effect of toluene/HNO; ratio on the
composition of reaction products of toluene with
mixed acid (HNO,;:H,50,:H.0=4.2:8.0:87.8,
mole ratio). Conditions: With moderate
agitation in open vessels; 90°C; Reaction time
=7.0hrs.
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Nitration and Oxidation with Nitric Acid.

1. The Ring Nitration, the Side Chain Nitration and
the Side Chain Oxidation of Toluene.

by Keiho Namba, Tadao Yoshida and Yasuyuki Suzuki

Reactions of toluene in the dilute nitric-
mixed
Reactions of the side chain and the ring of

sulfuric acid were carried out.
toluene with nitric acid are both accelerated
by addition of sulfuric acid. The acceleration
of the the latter reaction which may be caused
by nitronium ion is more remarkable than
that of the former. Under the atmospheric
pressure, phenylnitromethane is produced
effectively rather in certain dilute nitric-
sulfuric acid than in dilute nitric acid alone.
Increase of the water content in the mixed
acid is more favorable to the side chain
reaction than to the ring nitration. In the
presence of more than 80 wit. 95 of water in
the mixed acid, the ring nitration of toluene
does not take place practically at 90°C. Ligh
temperature {avores the side chain reactions.
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The reaction in a sealed tube was twenty
times faster than that in an open vessel, The
degree of agitation and the oil-acid ratio
showed cosiderable effects on the composition
of the reaction products.

By examining the reaction in cource of
time, it was found that the side chain of
toluenc reacted with active agent derived from
nitric acid in the oil layer to give phenylnit-
romethane and benzyl nitrite as primary
products. Benzyl nitrite is oxidized to benzoic
acid via benzaldehyde in earlier stage of the
reaction. The produced phenylnitromethane
is converted to benzoic acid in later stage.
Presence of a large quantity of sulfuric acid
in the mixed acid promotes the secondary
reaclions,
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