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Youn Sang Cho and Yung Sik Kong: Studies on the Substitution
of the Activated Aromatic Chloride with Alkoxy Group.

Abstract——p-Chloronitrobenzene (substrate) and p-nitrophenetole
(product) were quantitatively analyzed to know the degree of extent
of reaction in the process of time. The calibration curve was prepared
by the internal standard method in gaschromatography. 2, 6-Dimethyl-
naphthalene was used as internal standard. The rate constant(k), the
reaction velocity in various concentrations and amounts of ethanol, the
change of reaction velocity with the amounts of NaOH altered, and
the formation of byproducts(azo-compound and p-nitrophenol) with
the amounts of MnQO, and NaOH altered, were studied. From the
results of these experiments, this reaction was second order and the
rate constant was k=10.3x%10"? mole™!-min~1. When p-chloronitrobenz-
ene 1 pt., NaOH 0.56pts. MnO,; 0.5pts., and ethanol 25 pts-were
reacted about 10 hours, p-nitrophenetole was mnearly quantitatively

obtained without bypreducts.

WS, Mk, LR, ME%A £3 B4 EHEE2A phenol KBS KEE
alkyl 2 [E#Y Ether Biftas B alkoxy %% Wol 24 dd. AF4x duxgs
alkoxy 32} SHAJSHES KASH

1A )
ArOH-+ROH ~—————ArOH:erveenrennes €))
ArONa+RX—————ArQOR -+ reeeeenrenns )
ArONa+ (RO),;S0;——ArOR e ereererennen 3
ArOH+CHpNy——ArOCH -+ vveerensanenns €Y
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ol ol B g A KGR, RiBME%E 2 Rl Willlamson giel et S8l (2)

o Jiikel e FIR s A= el 2B o] el Aw RXS R =& X o el
ubel B 2 RX BEre]l $lide] of 2Be] ook o]zl BRELS] MisEIRO A armatic
halide ¢} alcohol ¥i¢}e] g 2 alkoxy 3£ & HAA Y 2A b= o] A3 <A 9
©v owe] halogene 3 F—J57 g -NO,, -SOH, -CHO%S] Bl 3o 24
halogene o} {&E#:S =94 ol LAilEf:o] .

ol 8] &k HikE FIFste #idste hbEw —BflR BEME GRFRHERZ gl {f
&l p-nitrophenetole o] Skl ¥alod HuAtsl o vt

p-~Nitrophenetole ¢] & Fko == p-chloronitrobenzene (P.C.N.B)-& NaOHS$} alcohol /s
o] A ethoxylationA]# A p-nitrophenetole(P.N.Ph.)& #li#isl+ HiEL olv] ¥ owA
9o 2 FEMQ #lv Richardson!-¥ o) HPkEE, Schwyzer? o] K,SO; A, 1L %
9] MnO,¢} CoO% FH 3t MEESEE &5 vk

Cl OC,H; C[)H
l |
/N CHOH /N A \
Il L [ +a20-comp-/
N/ NaOH N /
l (Mﬂoz) |
NO, NO, NO,

p-chloronitrobenzene p-nitrophenetole
Richardson & B2 p-chloronitrobenzene 0, 8moles} NaOH 1mole € 95% alcohol #
o A 60°2 140M:R] REEAIA 90%<] MeZEZ P.N.Ph.Z dglch zefvp o] JikelA M
= alcohol & aldchyde & 7454 Fopoksln] o] Fof dichloroazoxybenzened] %2 2%
ZHoto] EHMme FKol s ™2 alcohol & m-phenylenediamin-HClg gEBslo] {#i s} o] ok3}
3 RERME EEES Bt EEol ddeh Schwyzerys 45°¢] 4 ethanol of KOHE
5 e KSO; & fpshel 80°7F ==l 12050 Hio 2 KEA 715 Lk potassium
chloride & o} 33t JiRel ohA KoS0; & wWol 5 3Ref] KA A K ERAZ . o
2A oA REREE 1 $o2 £9.on dichloroazoxybenzene o £R= pjiIE=E 9o
o WEE Ao EBRMeZ Jdoeht KpEdel ¥ JEiAstel 4:p%sl potassium chlo-
rided BrFEeHe Tl At
2 MGl BAE BRgeUt MR ol i, LIRSS MEEE MnO, CoO%g ffif
o g A FHgpEl dichloroazoxybenzene o 4 %& Biibstz KBRS SHETT R
oh. 2 BRSPS REER FE mpR MEE AlEstler REESERIB R
vields] o] WaESY o v 2 KHEBIgg Tl P.C.N.B, NaOH, ethanol @ MnO, &¢] #
Intbel ¥3lel REGEERMA FEEe] FulfEsial o
Hirel & Klebanov® #0] Fprh MnO, o} ##fko] ¥sle] #istyd s Haug 3 Ulrich?
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#0] P.C.N.B.2] 96% ethanol 3} NaOH&] cthanol J&iE-S 75°¢] A K HESEe] [FlRsol Yo
A @2 bubbling A1 7] yield 87~90%%] p-nitrophenetole & A gt #Eel = glort &
FEEME ook [HEEel ol oAk KEESHERM o Bitd AL f#elx) Eslge
o LG oA BES LEE S IEGIEAQL Brel f1R gokth

HEE ol S W] MEA MnO, 5 ffifigle] p-nitrochlorobenzene of 4
p-nitrophenctole & #1345 BN HWo R A0 el A Beilel #&GEo) whE Kk
E gas-lig.-chromatography (GLC)E  FIFs}e] Aifflisep:s—19 (2, 6-dimcthy] naphthalenc
)2 FRHpE P.C.N.B. 9 4£B4#l p-nitrophenetole & 4 E3lo] ethanol & &R
oF Fol whE EENGD, KEeERE, NaOHe wEingel «& RKEGHES 8k, MnO,
Higel o HIESS] ERREES oA g el HEHY MRS 29

" 5

RERe SiE—GLCE FIHste] A& 2 p-chloronitrobenzene o]  ji &3}
p-nitrophenctole 3 Hfth AF4e] BREE EEsd o REEEHZE FeHpE P.CN.
B.o} 4B P.N.Ph.o] GLC peak o 2B (ziEsle] KLY 5ol 25 BEe
FAGE YWHEE RES JBED Aoz 2,6-dimethylnaphthalene(2,6-D.M.N.) & #5534
sl o

T

p-Chloronjsrobenzene

\'\ p-Nitrophenetole
\ 2,6-Dimethyi /

Naphthalene

i ] I

1 2 3 4 5 6 min,
Fig. 1—The schematic GLC (F.I.D.) of standard. Column;OV~17/chromosorb W, 60-80 mesh,
4mm X 2m. Temp; Column 180°, inj. 270°, Det. 310°. Carrier gas; N, 40ml/min, Sens.
32 102
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GLCHg#: 9 peak + Fig.13 z=x P.C.N.B./2,6-D.M.N., P.N.Ph./2,6-D.M.N.2s] &
2 kA 72w GLCLES peak Eole] & plotdle] Fig. 29} 7+ calibration curve &
a9l

/

.01
o
-
_g Q
c P-Chicronitrobenzene
2 3 \’\
v

N

-NitroPhenetole

S

L0k d

Peak Height of Gomponent / Peok Height of

Weight of Gomponent .~ Weight of Standard

Fig. 2—Calibration curve.

RHE 3 EEF# (k) —P.C.N.B. 2g(0.0127 mole), NaOH 1.12g(0.0127X2.2 mole),
MnO, 2g, 2,6-dimethylnaphthalene 0.4g& three neck flask o] @3 95% ethanol 100mle]
=% R BIES 85° R Hheta A WAV A R RIS ®Este GLC 2 B
e

U
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R 2 BB e AR He REE st AMERESEHS AT
B g KA fee et £ Imlg Hested 10% HCL 28 fnsted HCI
Btk o 2 315 ether 3ml 2 fhHI3te] anhydrous sodium sulfate 2 51 A# GLCz #HE3)
deor ZEEER 9 KEAEY #itiERe Table Is+ 7o) 2nd order’*-1¥ 2 A p-chlorni-
trobenzene 3} NaOH & &1 7 Kol BHsa3lvhy A& obgtor g k oghe 10.3x1073
mole~!emin~to] ¢ c}.

Table I-Ethoxylation of p-chloronitrobenzene.

P.C.N.B. P.N.Ph.

Time —— - e g—x b—=zx [ Z:x . ZL] log{ ] kx107®
hr. ht. r. mole  ht. r. mole mole/1 mole/1 z 4

0 3.30 0.0127 0.280 0.127

1 2.78 0.0107 0.27 0.0019 0.260 0.107 1.104 0.0429 10.8

2 2.35 0.0091 0.53 0.0035 0.244 0.091 1.213 0.0837 10.5

3 2.04 0.0079 0.72 0.0047 0.232 0.079 1.332 0.1244 10.4

4 1.80 0.0070 0.87 0.0057 0.225 0.070 1.453 0.1642 10.2

5 1.53 0.0059 1.03 0.0068 0.212 0.059 1.627 0.2113 10.6

6 1.35 0.0052 1.14 0.0075 0.205 0.052 1.791 0.2530 10.6

7 1.19 0.0046 1.24 0.0081 0.199 0.046 1.962 0. 2927 10.5

8 1.06 0.0041 1.33 0.0087 0.194 0.041 2.146 0. 3316 10.4

9 0.95 0.0037 1.38 0.0091 0.190 0.037 2.329 0.3672 10.2

10 0.86 0.0033 1.43 0.0094 0.186 0.033 2.557 0.4077 10.2

11 0.78 0.0060 1.47  0.0097 1.183 0.030 2.767 0.4420 10.1

12 0.70 0.0027 1.52 0.0100 0.180 0.027 3.024 0. 4806 10.2

13 0.64 0.0026 1.55 0.0102 0.178 0.025 3.275 0.5152 9.9

14 0.57 0.0022 1.60 0.0105 0.175 0.022 3.608 0.5573 10.0

15 0.53 0.0020 1.64 0.0107 0.174 0.020 3.839 0.5842 9.8

average k=10.3

ht. r. =height ratio(See Fig. 2)

a: Initial concentration of NaOH(mole/l)
b: Initial concentration of P.C.N.B. (mole/l)

___2.303 bla—z)
k=7"h 7 8 ,0=

Alcohol jggES| Bfi——alcohol o] WiEST K 7 A& BES e Bez 2K
2 fis} A ska alcohol o] WEERHS 90%, 80%, 70%, 60%E WLAA RKHES JEfrsh
@k B P.C.N.B. 2g, NeOH 1.12g, MnO, 2g =8l RIfEEHE 0.4g¢ FHRES
ethanol 100mle] 58 reflux A7]=iA] Ff]e] el =8 KEGRAEE #gste] Fig. 39
2 FBRE AR

Alcohol ¢] BEZ TR whel KEEHEES 2#zom 9% ecthanoldwolv Fol&
P.C.N.B.o| #pst P.N.Ph.o] £ At Hal 60%dw = #HT ERES dded o
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Fig. 3-Influence on k value of the concentration of ethanol. The materials used are as follows.
EtOH; 100ml, P.C.N.B.; 0.0127mole, NaOH; 0. 0127 X 2mole, MnQs; 2g

£ p-nitrophenol o FHE AYL <okos 2dY k9 gk FHEE 95% alcohol of A &
10.3%1073, 90% Qo+ 8.24x 1073, 80% U9 & 6.23%x107% 70% L= £ 4.9%1073%] 7 60%
duf = 3,71 X 10730] ¢ o},

Bl alcohol &) W7} 245 REEiEsL wze HIEHE HBAde AL S3ieh

NaOHe| m@—— <1< NaOH el BBesivl alcohol o) M7} 2% RHGHE
A2 FgroE 2 95% alcohol & {#HESm NaOH o] o) Kol v 2w &L Hafs)
9ok, B 95% ethanol 100ml o] P.C.N.B. 2g, MnO, 2g, 2, 6-dimethylnaphthalene 0. 4g &
{Ff st NaOHe] &% P.C.N.B. 1 moleo] ¥td}e] 1.2mole & fHiHsIR2 om 7)o lmole
A GENA A BEEA A Fig. 49} 2 #RE ddh

NaOH o] && A 7ol wel REEREE WES SF3on 3. 2mole i &= 714
+ P.C.N.B.9] @4 & 1kZ p-nitrophenetole o] &= §1R 2k 4. 2mole o A &= @ Ee NaOH
2 {3t p-nitrophenole o] Lk ZEARE AT 299 P ke zhe NaOH 1.2
mole f#f# 10.5x107% 2.2mole w] 10.3x1073, 3.2mole=| 10.4x1073%0]= 4. 2moleffiH
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Fig. 4-Influence on k value of the amount of NaOH. The materials used as follows.
EtOH; 95% 100ml, P.C.N.B.; 0.0127mol, MnO; 2g

S 10.3%x107% 234 A WlLd e Eb

MnO,2| ®#l—Mn0,9] o] KEEHEN = A& BEE Wif7] Aot & HiF2 [
—3tA 3z MnO, o #& P.C.N.B.o} HEILZ 100%, 50%, 26%% fEAIstel 2okt Hl
P.C.N.B. 2g, NaOH 1.12g, #4448 0. 488 95%cthanol 100 ml o] =3] 2 MnO, 2g,
1g, 0.52 & 93 KA 7 R KRHES 25 2o w4 0.52 RIS KK
HabA @ (F)BEe] azo-compoundq] dichloroazoxybene o] #p%s 91-&& 443t whalA
MnO,®] 22 REGHEEE o= MRHs™ 50%LL k A 8l= azo-compound®] ZEfKglol [R—%)
RE A3l

Aleohol® 0l ¥t #5t——P.C.N.B. 2g, NaOll 1.12g, MnO, 1g, 2,6-D.M.N. 0.4g< 95
9 ecthanol 100ml, 50ml, 30mlo] 3 FEeS AL RS Fig 59 Zom KEGEEE
alcohol 8] #e] A&+ % wrgrow P.C.N.B.o] A Ewtd ksl A P.N.Ph.e] AR5l
Y} 30ml 9o} & azo-compoundr} A= o] KgERe] AskA @Iz MnO, & 2g(100
Y) A oA EhE o 2w FEH ke ke alcohol 100ml fHIKE 10.3X 1073, 50ml
A= 10.24x107%0]# 30ml 9 alcohol #3#E T KHEA Z1-&# 10.25x107°& vEfo] A=
Hlgk BiEE v WA (Fig. 5).
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Fiz. 5-Influence on k value of the quantity of ethanol. The materials used are as follows.

EtOH; 95%, P.C.N.B.: 0.0127mole, NaOH; 0.0127 X 2. 2mole, MnO,; )lg.
5
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Fig. 6-Reaction velocity in various conditions. The quantities of P.C.N.B., MnQ,, NaOH
and EtOH (95%) used are, respectively, as followings.

1); 2g, 1g, 0.61g and 100ml, 2); 2g, 1g, 1.12g and 100ml, 3); 2g, 2g, 1.63g and 100ml,
4); 2g, 1g, 1.12g and 50ml, 5); 2g, 2g, 2.13g and 100ml, 6); 2¢, 1g, 1.12g and 30ml.
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Ao FBS fA B NaOH/RIE, aloholfifife] @& P.CN.B.o REEES HHE
2 Fera Fig. 63} 2w,
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1. p-Chloronitrobenzenes|] alcoholz} NaOH, MnQO,Z ffif&}¢] p-nitrophenctole & #4538}
gl ol AREEEeE, B K& alcohol fFAE TS HEEARBE 2K ®  SHERE
B+ k=10.3%1073 mol~! minto]t},

2. REBA WSy RS 3 2,6-dimethylnaphthalenee A ethoxylatione] o}
TR S TR BEE RiFste] AMEEHEZ BEIAI o AN 4 4
. REEA 7 o2 A Spifrel olol Hiel EEE JHE BEE: BREAYT 7 U

3. /K fEo] A alcohol o M7} T8 SEGHIEEZL watow SHEEH kb #instd .
o] A alcohol o] LN LEE .

4. NaOHY FEingEel del KEEsEHE S s} p-chloronitrobenzene 1mole o ¥f3] 3.2
mole £l kol A& p-nitrophenol o] [LiE) ZEAERH o2 2ol NaOHE LEBMFA TS 423
ok @70l o,

5. MnO B w& FEGHES #es gl3iz, ethanol(95%)¢] #HES A &F5
F o1} MnO, % alcohol & f#iffige] whel R E(azo-compoundse] A£)o] HET BES
NAEAE EF3

6. LI b #BE & 2o KFKEEELE . 2= p-chloronitrobenzene 1 pts.o] #e}e] 95
% ethanol 25 pts. NaOH 0.56 pts., MnO, 0.5 pts. & fERsA HlEHS £FKle] p-nitro
phenctoled A& = glov] WIOMR BENA KEE KEAT BRENWLE #EI o
JEpt ot

X R

. D.H. Richardson, J. Chem. Soc., 1936, 522.

. Ibid., J. Soc. Chem. Ind., 45, 200T5(1926).

Ibid., U.S. Pat. 1,801,901.

J. Schwyzer, Die Fabrikation Pharmazeutischer U. Chemischtechnische Produkt, 1931, p-212.
T, A, #RE, B, 42, 235 (1933).

G.S. Klebanov et al., C.A., 66, 51160v (1967).

Haug and Ulrich, C.A., 76, 72217t (1972).

Funasaka and Ikekawa; Modern Gaschromatography, Hirokawa Pub. 1970, (1J307.

AR, NE KRR, SHTEER, 12, 247 (1963).

© P NG oW



10.

11

12.

13

110 # - I HEHEIEH Chloro fetrt®l Alkoxy 3

Vol. 19, No. 2

E.H. Lee, and G.D. Oliver, Anal. Chem., 31, 1925 (1959).
. I.D. Morris, A Biologist’s Physical Chem., 231.

E.S. Gould, Mechanism and Structure in Org. Chem., 452.
. J.F. Bunnet et al., J.A.C.S., 79, 389 (1957).



