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Youn Sang Cho: Studies on Chlorinated Tolyl Compeounds.

Abstract -p,p’-Hexachiorobitolyl, p,p’-hexachlorobitolylketone and p,p’-
hexachlorobitolylthiourea were synthesized by the radical chlorina-
tion method of Hass and McBeer. Among these compounds, wormicidal
activity of p,p’-hexachlorobitolylthiourea was much more potent against
Clonorchis sinensis than Hetol in vitro. In the process of the p,p’-bitolyl
chlorination, a,a,a-trichlorobitolyl was not detected, but small émount
of a,a-dichlorobitolyl was detected. This compound was immediately
converted to a,a,a’-trichlorobitolyl. When gas chromatographic data from
chlorinated bitolyl compounds were analyzed, linear relationship was
observed between retention indices and number of chlorine in two series

of odd and even numbered chlorine compounds.

FPAl 2B wHES BHRITS W38 I, R0 ¥ BEI% Ko @R HdE
Eoll sz 9l AAdgRolvh. BBV 24 & stibnal, chloroquine, diathianine iodide
hexachlorophene, zlimbilhar, disophenol, tremerad, dehydro emetine, bithionol o IBRER
halogen £ {543l tetrachloroethylene == tetrachloroethane o] it 3} BifeMIES
A EA fEE2 9 F(Scheme D).

19614 Lémmler %3¢ {k3te] FFIZ Hetol (a,a.a, o’,a’,a’-hexachloro-p-xylene) o] 7]
ZEvHE #3te] ARptvtz MEE L @ BTRARS @S5 9n BLAE7} 2]
@27 A5 vHE BEHR L GlfemEe 42 HE2 gedxz 9.

## e Hetol o] BFMAHOIIAE KRt Bikel Gl HEMES 22 QuBe
Rste Hetol st ML E zhe #58 tolyl R o2l BHLAHS A 25 okE jaremzs
Watsled 2=,

1) p,p’-hexachlorobitolyl, p,p’-hexachlorobitolylketone = p-p’-hexachlorobitolylthiourea 2]
3@ hEWE WA 2B REHE ARIY =,
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AZ e (Fig. 1). Fig. 1e]A 2 £-wRnlTe gle = i) BRI E phenobarbital
1% Me,CO % &€& 4]0 o] A 2] retention time (t£)& 3.82.3}¢ MIEMFEDRT A o) v

KRR MG KMt E ol o] A& KBk A N, gas & e A WS BE
T T MeCO 2 FiESsY AoiERS d=. mp 176° KHE 3.28(75%)

Anal Caled for C,,HgCls: C, 43.19; H, 2.06 Found : C, 42.25: H, 2,11

p.p’-Hexachlorobitolylketone 2| &g;—p,p -bitolylketone 2, 1g(0. 01mole)-& CCl, 20mi o -
A7) 32 1.9 Hkel #Eshe] BHE gas 5 Bebwl A RHEEA A Th. RHES 2 BefiRke] o] v
gleZ Bo} MBI+ B— peak & Y} orma 5t Bie-& ##5A 7 (Fig. 2). K
TEERYE B EOH 2 HRRsle Hugie Jdeoh. mp. 199°C W& 3.7g(91%) Anal
“Caled for CysH,50Cl; ¢ C, 43.16 5 H, 1.92 Found : C, 43.24; H, 1.98

p.p’-Hexachlorobitolyl thiourea 2| &g — p,p/-bitolylthiourea 2. 6g (0.01mole) & CCl,-
‘CHCl;(8 : 2) MEAYSHE 20ml o] VAMA 7|2 1.9] Fikol #eotel BFE gas T WA %A
REEAZ o}, o RpEel A el p,p/-bitolylthiourea 8 Z:F#pel p,p"-hexachlorobitolylthio-
urea 3= —fEQl B2 gle column ol A SRS o] RESETRRS R ¢ 9o
ZE FEBCIAT KES A79HA 1, 2,4, 6, 10,15 B 208 =to} 385 N, Skl A
Bridle] HER RiE4e HEste BEo) 9 A7 EHtey

R 6 el LItk MBS 2 5 gglaEFig. 3). B gas s} BAY of =t #Em,
&, Kt JEoz malgon KM # Me,CO 2 FfEgse] glRME REfRe ¢

=

Stk mp 250°<, Wi B 3.1g (67.5%) Anal Caled for CisH;oN,SCly: C, 38.88; H, 2.16
Found: C, 40.21; H, 2.20.

OO a8 OO
in CCly heat
oo s Oy o
in CCly- heat

sC—Q-HN-Q-NH‘OCH LI N Cl,C OHN—CNH-O ce1,
S = inCClgncat S =

Scheme. 2— Course of synthesis.

b, p’-Bitolyl 2| ERZEN A4

BT bitolyl R fbfrdpol A BiKSL radical o 2 WA= HRES 2y e
schem 2 o %328 ity p,#/-bitolyl o] 717 @SS o p,p'-bitolyl o] EiFE MA}
A RN R gle 2 BET MBEE ol(Fig. 1) RESFHME Y HWoer BHRAK
JEE REMITrE 128l KEEHS) # 1/3, 208Re] doix] £ 1/28 Hels BEL 24
RpfavkA] KREA A 3[Ele] A A It ok & il R Kig ol A N, Biich AR
Al 7] 3 column chromatography o] #3% 4 ez g
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hr
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20 Q
Ly 1 2 3 4 5 & min
18 Fig. 2— Gas chromatogram of chlorination on
p,7’-bitolylketone after 2 hrs.
M:Starting material
Column: OV-17 225, Chromosorb W, 60—
12 80 mesh 4 m/mx2M, 270°C,
Carrier gas: Ny 55 ml/min.
Detector: F.I.D. 32x10?%
.
v 3
g8t
A X x x
6 .E 4 ‘/,/
y M:iMaterial (p,p-bitolyl) C)
0 4 8:Standard (phencbarbital) 2
M .':sl". s 10 15 20 e
-a. + + TERE L 4 + Retertion time
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Fig. 1—Chlorination pattern of p, p’-bitolyl on Fig. 3— The relationship between retention
gas-liquid chromatogram ‘ time and the weight of chlorination product
column: OV-17 295, Chromosorb W 60~80 on p,p’-bitolylythiourea.

mesh 4m/mXx2m, 250°C, Carrier gas: N
40ml/min. Detector: F.I.D., H; 1kg/cm?, air
0.5kg/cm?, Range & Sensitivity: 16 x 102

< g —Silica gel (Merck-230 mesh) 27g, celite 3g ¢ EEFHES column(FE 15mm)
of FHBefiel] wet SHRI BB 8 1g& Yz n-hexane, benzene, chloroform, methanol
o JEoE X S 9 B RS BEAWEEE WTAA 20ml4 2 fraction &
HBHET g Me,CO o 53 gle 2 B3l Fl— peak & elv] & fraction wH& #3}
gt gle s BE#L Fig. 13 2o #EHEL phenobarbital 2 3tx 1 & 3.82 319 ).
12w 4 (Table I, Fig. 4), 208$Ra A4 (Table 11, Fig. 5) 3 24Rp R &My (Table IIL,.
Fig. 6)°] B 9 o714 Q& 58l HY TRSWE 2 te = Table IV o} 2o,
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Table I— Column chromatographic data of reaction mixture after 12 hrs.
Fraction No.* Eluent Effluent of glc Yield (mg) Remarks
1~ 8 n~-hexane
9 ~ 10 n-hexane / benzene (19 : 1) A }5 7
11 ~ 19 n~hexane / benzene (18 :2) A
20 n-hexane / benzene (18 : 2) A, B (s)** Fig. 4-a
21 ~ 27 n-hexane / benzene (15:5) A(s), B(s), Cls) Fig. 4-b
28 ~ 31 n-hexane / benzene (15:5) C(s), D Fig. 4-¢
32 n~hexane / benzene (15:5) D } 28
33 ~ 41 n-hexane / benzene (10 : 10) D
42 ~ 44 n-hexane / benzene (10 : 10) D, E Fig. 4-d
45 ~ 46 n-hexane / benzene (5:15) D(s), E Fig. 4-e
7 ~ 48 n-hexane / benzene (5 :15) E
49 ~ 50 benzene B } 36
51 ~ 53 benzene / CHCl3 (18:2) E
54 benzene / CHCl; (18:2 E, G Fig. 4-f
55 benzene / CHCly (15:5) E(s), G Fig. 4-g
56 ~ 57 benzene / CHCl3 (15 :5) G(s) trace
58 ~ 63 benzene / CHClg (10 : 10 G(s) trace
* : Each fraction is 20 ml.
**¥ : “s” indicates small amount.
Table II— Column chromatographic data of reaction mixture after 20 hrs.
Fration No.* Eluent Efluent of gle  Yield (mg) Remarks
1~ 4 n-hexane / benzene (18:2) A, B
5~ 6 n-hexane / benzene (18 : 2) A(s)**, B Fig. 5-a
7 ~ 14 n-hexane / benzene (18 :2) B 49
15 ~ 17 n-hexane / benzene (15:5) B, C(s) Fig. 5-b
18 ~ 19 n-hexane / benzene (15:5) C trace
20 n-hexane / benzene (10 : 10) C(s) trace
21 ~ 23 n-hexane / benzene (10 : 10)
24 n-hexane / benzene (5:15)
25 benzene
26 benzene E(s)
27 ~ 32 benzene / CHCls (15:5) E } 28
* : Each fraction is 20ml.
** ; “s” indicates small amount.
Table III— Column chromatographic data of reaction mixture after 24 hrs.
Fraction No.* Eluent Effluent of glc Yield (mg) Remarks
1~ 8 n-hexane / benzene (15:5) A, B, C Fig. 6-a
9 ~ 10 n-hexane / benzene (15 :5) A(s)**, B(s), C Fig. 6-b
11 ~ 13 n~hexane / benzene (15:5) B(s), C Fig. 6-c
14 n-hexane / benzene (15:5) C
15 ~ 20 n-hexane / benzene (10 : 10) C
21 ~ 22 n-hexane / benzene (5 : 10) C ] 77
23 ~ 24 benzene C
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Fraction No.* Eluent Effluent of glc Yield (mg) Remarks
25 benzene C(s)
26 ~ 27 benzene
28 benzene / CHCl3 (18 : 2
29 ~ 30 benzene / CHCl3 (15:5) F(s)
31 ~ 33 benzene / CHCl3 (10 : 10) F } 44
34 ~ 35 benzene / CHCl3 (5:15) F
36 ~ 38 CHCl3 F(s), H(s) Fig. 6-d
39 ~ 42 CHCH; H(s)
43 ~ 44 CHCl; / MeOH (15:5) H 1 35
45 CHCl, /MeOH (10 10) H )
46 MeOH

* Each fraction is 20ml
#* : (S) indicates small amount.

° /\A

2 4 6 8 10 13 () 16 18 min
Fig. 5— Gas chromatogram of unseparated frac-
tions after 20 hrs.
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Fig. 4—Gas chloromatogram of anseparated

fraction after 12 hrs.

Fig. 6— Gas chromatogram of unseparated frac-
tions after 24 hrs.
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Table v — Analytlcal data and ¢z of separated products (peak)

Sl?;flﬁlroen (hrs) Peak . tr (min) C % H % mp (°C)
A 5 65.27 4.90 135~7
12 D 11 75.95 6.11 105~8
E 13.5 59.87 4.19 141
G 16 — — Yellow oxly hq
20 B 7 53.20 3.21 130'\'2
C 9 42.55 2.11 176
24 F 15.5  46.68 2.61 142~4
H 17.8 51.30 3.23 104

TEE! WEE— p, p/-Bitolyl o) S} radical Ko 2 6 f@7ER] HMAE W C,HY 4
VAR 2 AR S o] A4 S glp(Table V, Fig. 7)

Table V— Theoretical value of elemental analysis of bitolyl chloride.

Compds. C % H %
Cis His 92.3 7.7
Cu HizCl 77.60 6.00
Ci Hi2 Clp 66.93 4.78
Cu Hy Clg 58.84 3.85
Cu Hio Clu 52.50 3.13
Cu Hy Cls 47.39 2.54
Cu Hs Clo 43.19 2.06
—— - ?
c-8 ¢ c-S &-c-9 € e-ce 66
414 |
A
c-6 6 -6 &-C9O -0 -6 &0 &-c-9
X ) é ®
0—1 1~‘1 0—2 1—2 0—73 22 1—3 2—73 3—3

—» = C1l

Fig. 7 — Possible p, p’-bitolyl chloride compounds.
3% Arabic number indicates number of substituted chlorine

SrbTE el 919 HESES H5 el oet 2o
D A peak, Bl tp 5minql #EL BWFI 2 FT B (D =& 0-29 Held
¥ WFF 1EFERS O-Difo] vebde D peak = fpe] 11mingl Aoz ¥

o2
e

B 1
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A peak = (I-DbfH#H0o 2 #ES 4 9k

i) B peak, Bl tz 7minQl #%} 1 17.8minel I peak &= M@ [hid) %%‘Eﬂr 4
RrEfed Aol kel A2 hAHL tro] Ak 8o 2 nFo] B peak = (2-2)fk
fiel™, H peak = (1-3)thidpolst & F =

i) C peak = BF~7L 6 HFBHhd HEA (3- 3/{L thpeletz & 4 U+t

iv) D peak (¢ 1lmin)i= (0-Da4HY 2ol H,

v) E peak (tz 13.5min)= EE#y} 3BTRS (1-2) == (039S Aol v H peak
o tp Al Fe Biow i"]’ 1-2)tk5 %i 9 9o

vi) F peak (¢p 15.5min):= #iE Li nol 2-Pifr#d Aol vl

Retention index k0| 48t Aol 5 — gle & FAEL HEWO Tz Ko-
vats!®:13 o) {& g retention index(RI)ik 5 Sissons!4,15) 2] 1/2RI FEHRSE Ao '
AEREol A= Kovats 2] retention index 3ol whet RI-g ®phelel o (Table VD).

IOQX(s)—IOgm Cz)
Xiem Cz+1)_logX(n Cz)

I=100 Iog — - 1002

Xy = tp of substance
Xn-cs = tg of n-alkane with 2z carbon atom
Xn-cz+1) = tg of n-alkane with z+1 carbon atom
Xocn £ X9 £ Xumczrn)
old (i n-alkane(Ciy~Cy) 9 gas chromatogram (Fig. 8)& Fig. 13} 7g f&iko] 3!
Lm ROl B e o semilog-gram 2 Fig, 95} o},

Table. VI—RI of p,p’-bitolyl chloride compounds.

Compounds Pedk Observed RI Calculated RI

0~20 M 1930 —
0~1 D 2730 2734
1~1 A 2336 2330
1 ~2 E 2803 2801
2~2 B 2445 2470
2~3 F 2864 28638
3 ~3 C 2616 2610
0~ 2 G 2878 -

1~3 H 2927 -

0~ 3 — — —

wEEe] B EREES B HEEMEERS RIS MEE &% FA—gkd {1}
o EERBIGRE dEbie F ERe HERL Fig. 10002, 1-3, 2 0—3 oL 50+
Eige

Odd numbered chlorine compounds. = 33.5z+2700
Even numbered chlorine compounds.  y = 70z 2190
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Fig. 8 — Gas chromatogram of z-alkanes (Ciz—Caa).

Fig. 9 — Retention time of n-alkanes (Ci3—Css) on the semilog graph.
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Fig. 10 — Relationship of retention indices of p.p’-bitolyl chlorides to the number
of substituted chlorine.

—A——A—— odd numbered chlorine compds
— X~———X~—— even numbered chlorine compds

BISURTe) MIRIEF7E Table VISt Zohs B@@« (02, 1-3 3 0--3% s Rl =
HEAL Tl Al NS B 4 glui(Table VID. Bl MBS A Al

e

—& g

Table VII— Differences of RI of compounds.

Caled. R I

Compds.

0-0 2190,

nag -+ 54d—
0-1 R
1-1 2330 <
Lo os01 :i + 471> 473
2oz 2707 3315 |73
2-3 2868 = t 2?}:;,»4—73
3-3 2610 <

i

* Value of compound(0-0) in Fig. 10.

734]

¥z 49 RI = st YR
e EYA A BB THE 2 W RI
= 738 W= gmiiEe e e v
Bl g,

el A FIsEZ (0—2), (1—3) % O—
DA Rl T a9 2k

0-2 ity — BRI 2 T Bl 3
e QDb Rl 9# mzst
g o = A o] RIS Ein&E<l 544% gk
%h(2330+544=2874) 2.2 o]A & G peak 9]
RI 2878 I3} et.

1-3 a4 —#AE 29278 B/ 4 HT @RS HEd @-2Eme Rlo Fa4

Hxrt d@id o249 Rl o Eingel 471%
0-3 thixtp— 9o Fkog wHI= A-DfHwel RIS ghol

gk L2470+ 471=294 1) 7 FELFTE ggkeh

=]

WA RIg @&

544% TN 2k (3345)°] F Ao = HEH M te & n-Cyn-CyyAbololz RI 3345 % kovats
ROEZ FHHET A 0-3 1A% tr2 42.2ming] ¢ & F 9d AFHRAAE 42, 2min o
BE3e peak & Zob Z F gl
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oA

Clonorchis sinensis 0] ¥&l in vitro JER'®

Tyrode #e| penicillin-G (2, 000unit/ml) = streptomycin(0. 1g/ml)-g FimEr # 5ml & K
Bl ¥z Tween 80 B2 MEAZ 359 ik 2 Hetol o) & BE H3lel il
(Clonorchis sinensis) 10PL #]-& #EMHO 2 Y 37° HEAA 12, 18, 24 2 488:Rvc} #g
Bte] ETEHRAE —}U/\T:Bb“:} S ekl e Tween 80 MEHUES Fffc] offal &
= v A A &gkt

AT B M AN WA e #oKE(pseudorasbora parva FHITOS A
ol Al &8 {188 (metacercaria)-S 2kg NHY BEEFK T cartheter 2 Al A 60H & E
Reste] i 3l IEE RN A S#EE 9l (Table VI,

Table VIII — Wormicidal effect of synthesized compounds and Hetol against
C. sinensis (in wvitro).

Concentration (pg/mi)

Compounds
hr. 1,000 100 10 1 0.1
12 2% 0 0 0
2,p"-Hexachlorobitolyl 18 6 0 0 0
24 10 10 0 0 0
48 10 10 10 0 0
12 0 0 0 0 0
2.2 -Hexachlorobitelylketone 18 0 0 0 0 0
24 5 0 0 0 0
48 10 4 0 0 0
12 10 10 10 0
p,2"-Hexachlorobitolyl 18 10 10 10 0 0
thiourea 24 10 10 10 10 5
48 10 10 10 10 10
12 2 0 0
(control) 18 10 0 0
Hexachloro-p-xylene 24 10 10 0 0
48 10 10 10 0 0

* Fxgures indicate the number of dead worm out of ten.

1. p,p’-Hexachlorobitolylketone @ p,p’-hexachlorobitoylthiourea & =]~ & v} JREEFE
R F e FhEHEA REEy
2. 3719 Ak radical chlorination & p.p’-bitolylketone o] 713 #gko = o}go]
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2.p’-bitolylthiourea, p,p’-bitolyl ] JEREY o}.

3. Clonorchis sinensis o] ¥43F in vitro EEyo) A 3 FiS¥ p,p’-hexachlorobitolylthiourea
o] et Hetol B} &5 sgebgl o).

4. p,p'-bitolyl o] B BEHUBRAA 0-3 kAEHWY AR BT F d9eH 02 k&
Y KW HT £RE A0 T 122 hAPE BHYs & + A

5. p.p’-bitolyl o] BiZ Aol RIKE EAAA 2 BR BXETY AREBRBEY &
BEEREE &% RUEZ ERMGRE delloma pp/-bitolyl o] KNEREAH T
of FAET T dvgz B

6. WTEEFLAYA BE MRhamwE 2 99 Rl 734 Einstlz ABEREEY
oA FTEERAAHE F 99 Rl = 734 RO

x m
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