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Reaction Conditions and Distribution of Products
in Chlorination of Phenol

Akiyoshi TORI-I*, Toshimi SUGINO*, Hisao EGUCHI*¥*,
Shutaro MATAKA, and Masashi TASHIRO

Chlorination of phenol with chlorine gas or sulfuryl chloride was carried out

under the various conditions.

present work.

W, 4-7enT ) —Ap2-7raT /) —N 1k
DHEERCREOFTFE LCTERE I - TR,
WoT, 7=/ —NOBRELRIG T EHML O RIMAN
BitL, 4-7m e 7 =/ —NOERKT 5 R
EROIETZENNETH D, AN FBEERET
BMRIGTHA 7 =/ —LOBERLCET AR
RIHE b TBD, RISHH & ERMS T & OB
HYER B LT LR b h T i,
FITEEHIYIT =/ -V OBELYHMCERS
L, BEDHR_ENEONADTI IREE TS,

72/ = (1) DEE(LIZBWTIT 4-2), 2-7 R
7-(3), 2,4-(8), 2,6->27mre-(5), R0'2,4,6-
FVz7eRT -0 (6) DERIEZSRAB
(Scheme 1) .

9, BEDRLRANT 57D, Table | WRL

ZEH FHRAFIZH 1A
Y ABRIERFEMER
R Y — (LR

The distribution of products is discussed in the

e TREEOBEY AVWCTIOERIL LR A 2
LT4Totz, 723, Table | Wid@EBE(LRO2L3E
DENME IR U, FREEEF TIRKIEDOETIIE
ADEFRFBREBD LN TE LT, ¥72/3k12/0
SBDPWEBPKECZ EREASN Lo, —0F,
BUEEEF CIHERLRESZCET L, RIC LIEET
BAD R BLTODER T IRD b, T D
&, 3L D L2DEEMPEFITHo7c, ThHOFEHEIT
BUEBHES IR AR T BRI F 4 v ER
HFAVEOERRBEZ D, p-U~DBRYEIE
¥FolcbExbhbd, FRUEBEFTIBHEC L HE
ELIZEZ 57, BREROCKIEIMET L L3HBT
&5,

Table 2 12X, U7 vwx 2 /BRI T ANy D
HEABRN LIERETR L, Table 2 L4005 X
5%, Al Cu, Fe, Zn 7e E&BRDOEHIMD LB D IX
HEROGHCHEIRERDLNT, L LAWHIT 2
EHETHB Tz, iEL, BIREDETARD LM,
—F, CICURF I S=FAT I VDL kEREY

—119—



71/—w®ﬁ§mmkﬁbﬁm%ﬁk$&%ﬁﬁ

OH OH OH OH OH OH
©/CI @,CI ClUCI cl ci
- Cl Cl

Scheme 1

Table 1  Solvent Effect on Chlorination of Phenol with Chlorine
Gas at Room Temperature®

R | Time Product (%) Ratio
u
n | (min) Solvent 100 2 3 4 5 6 |2/3
1 10 CH,C1, 90 5 3 1 0 0 1.7
2 20 " 88 7 5 1 0 0 1.4
3 40 " 77 13 8 2 0 0 1.6
4 50 " 64 20 13 3 0 0 1.5
5 60 " 43 32 19 5 0 0 1.6
6 10 CHC1, 86 5 8 1 0 0 0.6
7 20 4 72 11 15 2 0 0 0.7
8 30 " 60 15 21 3 1 0 0.7
9 40 " 47 21 27 4 1 0 0.8
10 50 " 34 26 33 6 1 0 0.8
11 60 " 21 31 37 8 1 0 0.8
12 10 CCly 77 8 14 1 0 0 0.6
13 20 ” 64 13 22 1 0 0 0.6
14 30 " 46 24 29 2 0 0 0.8
15 40 4 34 30 33 2 0 0 0.9
16 50 " 8 45 41 5 1 0 1.1
17 60 " 0 23 51 24 2 0 0.5
18 10 CH3CN 61 28 8 3 0 0 3.5
19 20 " 24 53 15 7 0 0 3.5
20 30 " 0 63 15 17 1 1 4.2
21 40 " 0 31 5 56 2 2 6.2
22 60 " 0 0 0 54 3 41 -
23 10 CH;0H 51 28 12 6 1 2 2.3
24 30 " 3 47 14 41 6 8 3.4
25 60 " 0 9 4 44 5 51 2.3
26 10 CH3CH,OH 56 25 15 3 0 1 1.7
27 30 " 2 a7 17 27 3 5 2.8
28 60 " 0 3 0 80 6 10 -
29 10 CH;CO,H 83 11 5 2 0 0 2.2
30 30 " 45 32 17 6 0 0 1.9
31 60 " 0 39 21 37 3 0 1.9

a) Phenol : 6g, Solvent : 60ml.
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Table 2  Chlorination of Phenol with Chlorine Gas in
Dichloromethane Solution at Room Temperature
in the Presence of Additive Substance®.

R | Time Product (%) Ratio

u

n | (min) Additive 10 2 3 4 5 6 |2/3

1 10 A1(0.18) 55 24 18 1 0 1 1.3

2 20 " 47 28 23 2 0 0 1.2

3 30 " 25 41 29 4 1 0 1.4

4 50 " 38 31 27 4 1 0 1.2

5 60 " 36 19 16 6 1 0 1.2

6 10 A1(0.58) 81 9 10 1 0 0 0.9

7 20 " 78 10 11 1 0 0 0.9

8 30 " 76 11 12 1 0 0 0.9

9 40 " 75 11 13 1 0 0 0.9
10 60 " 72 13 14 1 0 0 0.9
11 10 cu(0.1g) 94 2 3 0 0 0 0.7
12 40 " 71 13 15 2 0 0 0.9
13 60 " 73 12 13 2 0 0 0.9
14 10 Fe(0.1g) 91 4 5 1 0 0 0.8
15 30 " 86 6 7 1 0 0 0.9
16 60 ” 65 16 17 2 0 0 0.9
17 10 Zn(0.1g) 88 5 6 0 0 0 0.8
18 30 ” 74 12 13 0 0 0 0.9
19 60 " 48 23 26 2 0 0 0.9
20 10 PYD(Im1)®’ 79 12 8 1 0 0 1.5
21 20 " 58 24 15 2 0 0 1.6
22 30 " 51 28 18 2 0 0 1.6
23 40 ” 43 34 21 3 0 0 1.6
24 50 " 33 40 22 4 0 0 1.8
25 60 " 25 45 24 6 0 0 1.9
26 10 TEA(ImD) 89 5 4 0 0 0 1.3
27 20 " 76 13 8 1 0 0 1.6
28 30 " 71 16 11 2 0 0 1.5
29 40 " 69 18 12 2 0 0 1.5
30 50 ” 61 22 15 3 0 0 1.5
31 60 ” 45 31 18 4 0 0 1.7

a) Phenol : 6g, CH,Cl, : 60ml.

b) PYD : Pyridine, TEA : Triethylamine
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Table 3 Chlorination of Phenol with Chlorine Gas in
Acetonitril Solution in the Presence of Additive
Substance at Room Temperature®

R Time Product (%) Ratio
u
n | (min) Additive 100 2 3 4 5 6 2/3
1 10 A1(0.12) 78 15 5 2 0 0 3.0
2 20 " 26 49 16 6 1 1 3.1
3 30 " 4 59 19 12 1 1 3.1
4 40 " 0 45 14 33 2 2 3.2
5 50 " 0 23 10 60 3 4 2.3
6 60 4 0 3 0 85 4 6 -
7 10 Cu(0.1g) 76 17 5 2 0 0 3.4
8 20 " 58 29 10 3 0 0 2.9
9 40 " 15 56 19 9 1 0 3.0
10 60 " 0 29 11 56 3 1 2.6
11 10 Fe(0.1g) 71 20 7 2 0 0 2.9
12 20 " 44 39 13 5 0 0 3.0
13 40 " 3 59 21 16 1 0 2.8
14 60 ” 0 28 10 58 3 1 2.8
15 10 Zn(0.1g) 76 16 5 3 0 0 3.2
16 20 " 48 34 11 6 0 1 3.1
17 40 ” 0 57 18 19 3 2 3.2
18 60 4 0 14 7 69 4 4 2.0
19 210 PYD(Im1)®’ 80 13 6 1 0 0 2.2
20 20 ” 57 28 11 3 0 0 2.6
21 40 " 32 42 19 8 0 0 2.2
22 60 " 0 25 9 59 4 2 2.8
23 20 TEA(Im1D 56 28 11 5 0 0 2.6
24 40 ” 2] 54 19 16 1 1 2.8
25 60 " 0 34 12 49 3 1 2.8

a) Phenol : 6g, Solvent : 60ml.
b) PYD : Pyridine, TEA : Triethylamine

Table 4 Chlorination of Phenol with Chlorine Gas in
Methanol Solution in the Presence of Additive
Substance at Room Temperature®

R Time Product (%) Ratio
u
n | (min) Additive 108 2 3 4 5 6 2/3
1 10 Al 67 17 14 2 0 0 1.2
2 20 " 30 35 28 5 0 0 1.3
3 30 " 19 45 23 9 1 3 2.0
4 40 " 1 37 24 28 2 4 1.5
5 50 4 0 14 9 61 7 9 1.6
6 60 4 0 0 0 50 5 45 -
7 10 Cu 60 21 14 3 1 1 1.5
8 20 ” 22 44 23 7 1 3 1.9
9 30 " 0 31 19 41 4 5 1.6
10 40 " 0 0 0 68 7 25 -
11 50 " 0 0 0 4 0 96 -
12 60 " 0 0 0 0 0 100 -
13 10 Fe 66 17 13 3 0 0 1.3
14 20 " 35 31 25 5 0 3 1.2
15 30 " 14 40 30 11 0 4 1.3
16 40 " Q 31 23 36 4 7 1.4
17 50 " 0 11 8 63 8 11 1.4
18 60 " 0 0 0 53 6 42 -
19 10 Zn 61 19 16 3 0 0 1.2
20 20 " 30 34 27 6 0 0 1.3
21 30 ” 3 42 32 19 3 4 1.3
22 50 "o 0 0 16 69 7 8 -
23 60 4 0 0 0 4 0 96 ——

a) Phenol : 6g, Solvent 60ml, Metalic powder : 0.5g.
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Table 5 Chlorination of Phenol with Chlorine Gas in
Ethanol Solution in the Presence of Additive
Substance at Room Temperature®

R Time Product (%) Ratio
u
n | (min) Additive 109 2 3 4 5 6 2/3
1 10 Al 62 21 11 3 0 0 1.9
2 20 " 10 50 31 10 0 0 1.6
3 30 " 0 19 10 63 5 4 1.9
4 40 " 0 0 0 73 5 22 -—
5 50 " 0 0 0 33 2 65 -
6 60 " 0 0 0 4 0 96 -
7 10 Cu 85 9 6 0 0 0 1.5
8 20 " 55 23 16 4 0 0 1.4
9 30 " 20 41 26 9 0 3 1.6
10 40 " 0 34 21 38 3 5 1.6
11 50 " 0 6 2 77 6 10 3.0
12 60 " 0 0 0 64 3 33 -
13 10 Fe 89 4 4 3 0 1 1.0
14 20 " 59 20 13 6 0 2. 1.5
15 30 " 43 28 18 8 0 3 1.6
16 40 " 26 34 21 14 0 5 1.6
17 50 " 9 33 21 30 2 6 1.6
18 60 ” 0 19 10 56 5 10 1.9
19 10 Zn a4 31 | 20 3 0 2 1.6
20 20 " 25 40 26 6 0 2 1.5
21 30 " 6 43 25 21 2 4 1.7
22 40 " 0 13 6 69 5 6 2.2
23 50 " 0 0 0 81 6 14 —
24 60 " 0 0 0 50 3 47 -—
a) Phenol : 6g, Solvent : 60ml, Metalic Powder : 0.5g
Table 6 Chlorination of Phenol with Chlorine Gas in
Acetic Acid Solution in the Presence of Additive
Substance at Room Temperature®
R | Time Product (%) Ratio
u
n | (min) Additive 1% 2 3 4 5 6 2/3
1| 10 Al (0.1) | 91 6 3 0 0| o 2.0
2 20 " 88 8 4 0 0 0 2.0
3 30 " 79 12 6 2 0 0 2.0
4 40 " 68 18 10 4 0 0 1.8
5 50 " 61 23 12 4 0 0 1.9
6 60 " 42 33 16 8 0 0 2.1
7 10 A1(0.58) 84 9 7 0 0 0 1.3
8 20 4 52 27 18 3 0 0 1.5
9 30 " 16 46 30 9 0 0 1.5
10 40 " 0 44 27 30 0 0 1.6
11 50 " 0 29 17 51 3 0 1.7
12 60 " 0 20 11 65 4 0 1.8
13 10 Zn(0.5¢g) 72 14 11 2 0 0 1.3
14 20 " 40 34 24 3 0 0 1.4
15 30 " 6 55 30 9 0 0 1.8
16 40 ” 0 38 22 38 2 0 1.7
17 50 " 0 13 8 75 4 0 1.6
18 60 " 0 0 0 62 5 33 -

-a) Phenol : 6g, Solvent : 60ml.
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Table 7 Chlorination of Phenol with Sulfuryl Chloride in
Dichloromethane Solution at Room Temperature®

R Time  [S0,Cl, /CH, Cl Product (%) Ratio
u
n | (min) ml/ml 1% 2 3 4 5 6 2/3
1 10 0.3/ 60 87 6 7 0 0 0 0.9
2 20 " 72 13 14 1 0 0 0.9
3 30 " 56 21 23 1 0 0 0.9
4 40 " 36 32 31 2 0 0 1.0
5 50 " 15 4] 41 3 Q 0 1.0
6 60 " 0 42 41 16 1 0 1.0
7 10 0.5/ 60 79 12 9 1 0 0 1.3
8 20 " 54 26 20 1 0 0 1.3
9 30 " 40 35 23 1 0 0 1.5
10 40 " 28 45 25 2 0 0 1.8
11 50 " 0 54 31 14 1 0 1.7
12 60 " 0 26 29 41 4 0 0.9
13 10 1/ 60 78 11 11 0 0 0 1.0
14 20 " 48 27 24 1 0 0 1.1
15 30 " 36 34 28 2 0 0 1.2
16 40 " 23 48 26 3 0 0 1.9
17 50 ” 2 51 42 6 0 0 1.2
18 60 " 0 30 41 27 2 0 0.7
19 10 5/ 60 59 24 17 1 0 0 1.4
20 20 " 50 22 23 5 0 0 1.0
21 30 " 42 26 26 6 0 0 1.0
22 40 " 18 55 25 2 0 0 2.2
23 50 7 61 28 4 0 0 2.2
24 10 1/ 60’ 51 34 12 3 0 0 2.8
25 20 " 25 52 17 6 0 0 3.1
26 30 " 0 66 22 13 0 0 3.0
27 40 " 0 38 10 48 2 1 3.8
28 50 " 0 10 5 78 4 3 2.0
29 60 "o 0 0 2 76 3 18 -

a) Phenol : 6g. b) Acetonitril was used as a solvent.

Table 8 Chlorination of Phenol with Sulfuryl Chloride in
Dichloromethane Solution in the Presence
of Metalic Powder

R | Time Product (%) Ratio
u
n (min) | Additive 1% 2 3 4 5 6 2/3
1| 10 | A1€0.50) 53 |27 19| 1| of o 1.4
2 20 " 47 30 21 2 0 0 1.4
3 30 " 32 42 24 2 0 0 1.8
4 40 " 11 59 26 4 0 0 2.3
5 60 " 1 60 31 7 1 1 1.9
6 10 Cu(0.5g) 64 12 13 1 0 0 0.9
7 20 " 38 39 22 1 0 0 1.8
8 40 " 26 46 25 3 0 0 1.8
9 50 ” 22 51 22 4 0 0 2.3
10 60 " 0 40 29 28 3 0 1.4
11 10 Fe(0.5g) 72 19 9 1 0 0 2.1
12 30 " 66 22 11 1 0 0 2.0
13 40 " 60 26 12 2 0 0 2.2
14 50 " 25 51 21 2 0 0 2.4
15 60 " 17 56 24 3 0 0 2.3

a) -Phenol : 6g, SO,Cl; : 5ml.
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