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preliminary test is taken account of, remaining
Sumithion is calculated to be less than 0.12ppm.
Thereafter Sumithion decreased rather rapidly.
The time lag between the final application and
the maximal content of Sumithion might indicate
that Sumithion sprayed to a canopy of cocoa
tree transferred gradually into the beans.

The determination of metabolic products result-
ing from the use of Sumithion is potentially so
important from the view-point of public health,
However, such methods have not yet been devised
except for p-nitrocresol, one of the degradation
products of Sumithion. In the treated cocoa
beans p-nitrocresol was also detected, but the
amount was less than 0.06ppm.

These contents of Sumithion as well as p-nitro-
cresol seem to be quite negligible and completely
harmless to human body from the medical view-
point.
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Summary

The contents of Sumithion and p-nitrocresol
in cocoa beans were determined after the plant
had been sprayed with Sumithion,

Sumithion remaining in the beans was approx-
imately 0.1ppm and the content of p-nitrocresol,
one of the degradation products of Sumithion,
was less than 0.06 ppm,

These contents are considered to be too small
to exhibit any harmful effects to human body
from the view-point of public health,
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It is well known that DDT is easily dehydro-
chlorinated by the action of an enzyme, DDT-
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dehydrochlorinase, to yield DDE in the insect

body. Recently, the other metabolic products
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Kelthane, an alcoholic type compound, and DBP,
a ketonic type compound of DDT derivatives,
were also discovered in several species of insects
by Tsukamoto%2® and by Perry and Miller®
respectively. It is concluded that, in general,
the metabolic pathways of DDT are now consi-
dered to be two ; one to DDE by the dehydrochlo-
rination and the other to Kelthane or DBP by
the oxidative metabolisms in insects.

The dehydrochlorination of DDT to DDE by
chemical method is also very easy. In fact, DDE
is obtainable by simply treating DDT with
alcoholic alkaline solution without any difficulty.
On the other hand, it is not so simple to prepare
Kelthane from DDT by the chemical conversion,
No method has been demonstrated to convert
DDT to Kelthane in a single step. It is necessary
to dehydrochlorinate DDT to DDE, then chlori-
nate DDE to Cl-DDT, acetoxylate CI-DDT to
Acetoxy-DDT, and finally hydrolyse Acetoxy-
DDT to Kelthane®.

The purpose of this investigation is to synthe-
size some different derivatives of DDT by chemi-
cal conversion from DDT or TDE as the starting
material and to clear up the chemical relationship
among these compounds. It is of interest to
compare the relationship between the chemical
conversion and metabolic pathways known in
insects and animals,

Twenty compounds were prepared and thirty-
eight pathways of chemical conversion were iden-
tified in this investigation, These pathways are
shown in Fig. 1, together with that of the study
of metabolic fate of DDT in insects as shown in
Fig. 2. The results of experiments and analytical
data are tabulated in Table 1.

The chemical names of compounds and the
abbreviation used in this paper are given below :

1. CI-DDT : 1, 1-bis (p-chlorophenyl)-1,2,2, 2~

tetrachloroethane.
2. Acetoxy-DDT : 1, 1-bis (p-chlorophenyl)-1-
acetoxy-2, 2, 2-trichloroethane.

3. DBP : 4, 4'-dichlorobenzophenone.

4, DDA : bis (p-chlorophenyl)-acetic acid.

5. DDE : 1, 1-bis (p-chlorophenyl)-2, 2-dichloro-
ethylene,

6. DDT : 1, 1-bis (p-chlorophenyl)-2,2, 2-tri-

chloroethane,
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7. Kelthane : 1, 1-bis (p-chlorophenyl)-2, 2, 2-

trichloroethanol,

8. is0-DDT : 1, 1-bis (p-chlorophenyl)-1, 2, 2-
trichloroethane,

9. TDEE : 1, 1-bis (p-chlorophenyl)-2-chloro-
ethylene,

10. TDE : 1, 1-bis(p-chlorophenyl)-2, 2-dichloro-
ethane.

11. FW-152 : 1, 1-bis (p-chlorophenyl) -2, 2-di-

chloroethanol, )

12. Acetoxy-TDE : 1, 1-bis (p-chlorophenyl)-1-
acetoxy-2, 2-dichloroethane.

13. DME : 1, 1-bis (p-chlorophenyl)-ethylene,

14. DDM : 1, 1-bis (p-chlorophenyl) -2-chloro-
ethane.

15. DDA-Me-Ester : methyl di-(p-chlorophenyl)
acetate.

16. iso-DMC : 2, 2-bis (p-chlorophenyl)-ethanol.

17. K-3926 : 1, 1-bis (p-chlorophenyl)-ethane,

18. DMC : 1, 1-bis (p-chlorophenyl)-ethanol,

19. DDA-Et-Ester : ethyl di-(p-chlorophenyl)
acetate,

20. iso-Acetoxy-K-3926 : 1, 1-bis (p-chloro-
phenyl)-2-acetoxyethane,

21. DCPM : bis (p-chlorophenyl)-methane.

22, DBH : bis (p-chlorophenyl)-methanol.

23. DCMC : 1, 1-bis (p-chlorophenyl)-2-chloro-
ethanol.

24, iso-Kelthane : 2, 2-bis (p-chlorophenyl)-1,1,
2-trichloroethanol.

25, iso-TDE : 1, 1-bis (p-chlorophenyl)-1, 2-di-

chloroethane.

26. iso-FW-152 : 2, 2-bis (p-chlorophenyl)-1, 2-
dichloroethanol.

27. iso-DDM : 1, 1-bis (p-chlorophenyl)-1-
chloroethane,

28. is0-DCMC : 2, 2-bis (p-chlorophenyl)-2-
chloroethanol. .

29. Acetoxy-K-3926 : 1, 1-bis (p-chlorophenyl)-1-
acetoxyethane,
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Table 1. Pathways of p, p'-DDT by chemical conversion

- . . . . e ror _
P SLXE prouer  MP.CO Yl Empiel | Awie () o Refe
1 DDE CI-DDT 91 70  C;H;Cl, 54,70 54,21 5)8)
2 Kelthane Cl-DDT 91~92 66 C,H;Cl, 54.70 54.54
3  Cl-DDT Acetoxy-DDT  124~125 82  C,\H,,0,Cl, 42,97 42.55 5)
4 Kelthane Acetoxy-DDT  124~125 55 C,H,,;0,Cl; 42,97 42,70
5 DDA DBP 145~146 96 C,sH0Cl, 28.24 28.21
6 Acetoxy-DDT DBP 145~146 80 C;3H 0Cl, 28.24 28.54
7  Kelthane DBP 145 60 C,;;H;OCl, 28.24 28.55
8 DDE DBP 145 62 C,;;H,;0Cl, 28.24 28,27
9 DDT DDA 165~166 74  C,H,,0,Cl, 25.23 25.84 6)
10 DDE DDA - 164~166 71 C, H,;i0,Cl, 25.23 25.63 6)
11 Cl-DDT DDE 87~88 88 C,HCl, 44.60 44,10 )
12 iso-DDT DDE 87~88 75 C, HCl, 44,60 44,13
13 FW-152 DDE 87~88 60 C,H,Cl, 44.60 45.01
14 DDT DDE 87~88 98 C, HyCl, 44,60 44,88 8)
15 Acetoxy-DDT Kelthane (crude) 100 C,H,0Cl,4 47.85 46.92 5)
16 FW-152 iso-DDT (crude) 96  C,H,Cl, 50,01 49.37
17 TDEE is-oDDT (crude) 100 C,H,Cl; 50, 01 49,13 89
18  {iso-DDT TDEE 62~64 81 C,H,Cl, 37.51 37.81
19 TDE TDEE 66 93 C,H,Cl; 37.51 37.35 8)
20 Acetoxy-TDE FW-152 107~108 93 C,H,,0Cl, 42,21 42,07
21 iso-DDT Acetoxy-TDE  125~127 77  C,H;;0,Cl, 37.51 37.35
22 FW-152 Acetoxy-TDE  129~131 42 C,eH,:0,Cl;,  37.51 38. 04
23 iso-Acetoxy-
K-3926 DME 84~85 80 C,H,Cl, 28,46 28.11
24 DMC DME 84~85 80  C,H,Cl, 28.46 28.63 10)
25 DDM DME 85~86 94 C,H,,Cl, 28. 46 28,31
26  iso-DMC DDM 51~53 84 C,H,Cl; 37.25 37.25
27 DDA DDA-Me-Ester 38~40 67 C,H,,0,Cl;, 24,03 24.16 11) -
28 DDA 1s0-DMC 99 83 C,H,;;0Cl, 26.54 26.52
29 DDA-Et-Ester iso-DMC 97~98 81 C,H,;,0Cl, 26.54 26.83
30 iso-Acetoxy- :
K-3926 iso-DMC 98~99 91 C,H,,0Cl, 26.54 26.55
31 DDT K-3926 53~54 52 C,H,,Cl, 28.23 28,62
32 DBP DMC 68~69 66  C,H,,0Cl 26.54 26.69 10D
33 DDA DDA-Et-Ester  86~87 95  C,H,0,Cl, 22,94 22.74
34 iso-DMC iso-Acetoxy-
K-3926 67~68 70 CeH,0:,Cl; 22,94 22,69
35 DDA DCPM 53~54 78 C,yH,,Cle 29,91 30.02
36 DBP DCPM 53~54 25 C,3H,0Cle 29,91 30.06
37 DBH DCPM 53.5~54.5 63  C;sH,Cl; 29.91 29.55
38 DBP DBH ) 92~93 90 C,3H,,0Cl, 28.02 28. 40
out with the support of a grant-in-aid from the Taipei, Taiwan, respectively, to which thanks
National Council on Science Development, DDT are due.
and TDE (Rhothane) used in this experiment .
were furnished by the Agricultural Chemical Experimental
Works, Kaohsiung, and Elephant TradingCo., Ltd.,, DDT used in this experiment was recrystallized
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twice with ethanol from the technical grade
produced by the Agricultural Chemical Works,
Kaohsiung, Tafwan. The recrystallized product
showed mp. 107~108°. TDE was extracted from
the commercial product of Rhothane WP-50, the
product of Rohm and Haas Co., U.S. A, and
recrystallized from ethanol, showing mp. 110~
111°, Both compounds were proved to be paper
chromatographycally pure,

Pathways 1 and 17 : Prepared from DDE or TDEE
according to the method of Bergmann and
Kaluszyner, ®

Pathways 2 and 16 : Kelthane or FW-152 was ref-
luxed for 3 hrs. with an excess of thionylch-
loride in a dry benzene solution,

Pathways 3 and 21 : CI-DDT or iso-DDT was
refluxed with mercuric acetate in an acetic acid
solution for 90 minutes. The mp. of Acetoxy-
TDE was reported to be 129~131°,12

Pathway 4 : Crude Kelthane was refluxed with
acetic anhydride and few drops of conc. sulfu-
ric acid for 3 hrs,

Pathways 5 and 8 : Oxidized from DDA or DDE
with potassium dichromate and conc. sulfuric
acid in an acetic acid solution. The mp. of
DBP was reported to be 146~147°.9

Pathways 6 and 7 : The product was obtained
by treating Acetoxy-DDT or Kelthane with
alcoholic potassium hydroxide solution.

Pathways 9 and 10 : DDA was prepared from DDT
or DDE by the method of Grumitt ef al.®

Pathways 11 and 18 : CI-DDT or :s0-DDT was
reduced with zinc granule and conc.’ hydro-
chloric acid in an ethanol solution.?

Pathways 12, 14,19, and 25 : Dehydrochlorination
was carried out with alcoholic potassium
hydroxide solution in an usual manner.

Pathways 13 and 24 : Dehydration was carried out
by the method of Grumitt et al. 1

Pathways 15 and 20 : Acetoxy-derivative was ref-
luxed with sulfuric acid in an acetic acid solu-
tion as the method described by Bergmann
and Kaluszyner®, But Kelthane was obtained
only in a state of a viscous oil. Since the

compound was reported to be a solid with mp,

77~78°, attempts were made to crystallize from
several kinds of organic solvents, But the
crystallization was not successful.
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Pathways 22 and 34 : FW-152 or #s0-DMC was
refluxed for 3 hrs. with acetic anhydride, a
small quantity of pyridine and sodium acetate,

Pathways 23 and 38 : iso~Acetoxy-K-3926 or DBP
was treated with metallic sodium in a boiling
solution of absolute ethanol. The mp. of DBH
was reported to be 92,8~93.3°1®,

Pathway 26 : iso~-DMC was treated with thionyl-
chloride and pyridine at room temperature.
The mp. of DDM was reported to be 51~53°. 1%

Pathways 27 and 33 : Synthesized from DDA, me-
thanol or ethanol and a small quantity of conc.
sulfuric acid. Reaction was carried out at
reflux for several hours.! The mp. of ethyl
ester was reported to be 87.5~88°,1%

Pathways 28 and 29 : Attempts to reduce DDA or
its ester with metallic sodium or with zinc and
acid were not successful. These were finally
obtained by the reduction with lithium alum-
inum hydride!'®. The mp.of iso-DMC was
reported to be 98.5~99,5°17,

Pathway 30 : 7so-Acetoxy-K-3926 was refluxed for
2 hrs. alcoholic potassium hydroxide solution.

Pathway 31 : DDT was reduced with zinc granule
and conc, hydrochloric acid in a solution of
ethanol or acetic acid. The mp, of K-3926
was reported to be 54~55°, 19 Besides K-3926,
some by-products with higher melting points
were obtained. But these were not further
investigated.

Pathway 32 : Prepared by the Grignard reaction
from methyl iodide, metallic magnesium, and
DBP according to the method of Grumitt et
al. 10

Pathway 35 : DDA was treated with barium
hydroxide in an ethylene glycol at above 190°
according to the method of Cristol and Haller, 1®

Pathway 36 : DBP was reduced with zinc granule
and conc, hydrochloric acid by refluxing for
about 10 hrs. in a solution of acetic acid. It
was also prepared by the Clemmensen reduc-
tion®, Besides DCPM, a higher melting pro-
duct (mp. 213~215°) was obtained in 13~2095
yield from both methods. The compound was
identified to be 4,4',4", 4""-tetrachlorobenzo-
pinacol(Analysis, Calcd. for CyH,30.Cl,:Cl, 28.
13%found : Cl, 27.88%, 28.37%)

Pathway 37 : DBH was reduced with zinc granule
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and conc, hydrochloric acid by refluxing for
8 hrs, in an acetic acid solution,

Discussion

Besides several metabolic pathways identified
by Tsukamoto®, (Fig. 2. pathways a~g) and by

Perry and Miller, ¥ (Fig.2. pathways h~i), pos- -

sible metabolic pathways in insects were added
by the authors (Fig. 2. pathways j~q). Although
the pathway from iso-DDT to iso-Kelthane (Fig.
2. pathway K) was already proposed by Tsuka-
moto®, it seems to be possible to metabolize to
DDE (Fig.2. pathway j) simultaneously.

Owing to the lack of facilities, several impor-
tant reactions such the catalytic hydrogena-
tion under the high pressure still could not be
performed in this investigation, Moreover, many
possible chemical pathways were not successful
in this experiment, such as the chlorination of
DME to is0-TDE, DMC to iso-DDM, acetoxyla-
tion of DMC to Acetoxy-K-3926, and reduction
of TDE or DDM to K-3926 etc. Further studies
are still needed to complete this investigation.

Many compounds were prepared in this inves-
tigation. But only one compound, iso-Acetoxy-
K-3926, seems to be a new compound.

DDA, Acetoxy-DDT, Kelthane, and DDE were
easily converted to DBP by chemical methods.
But DDT itself could not be oxidized to DBP
with potassium dichromate. The result is well
agreed with that of the metabolic pathway in
insect. ¥

It is very interesting to compare the chemical
pathways with that of the metabolic pathways in
insects, and the results obtained are seemed to
be very helpful in the future study of metabolic
fate of DDT or related compounds in insects and
animals,

Summary

It is well known that DDT is easily dehydro-
chlorinated by the action of an enzyme, DDT-
dehydrochlorinase, to yield DDE in the insect
body. Recently the other oxidative metabolic
products Kelthane and DBP were also discovered
in several species of insects. The dehydrochlori-
nation of DDT to DDE by chemical method is

also very easy, On the other hand, it is not so

simple to prepare Kelthane from DDT by the
chemical conversion, The purpose of this investi-
gation is to synthesize some different derivatives
of DDT by chemical conversion from DDT or
TDE as the starting material, and to compare
the chemical relationship among results of meta-
bolic studies in insects and animals, Twenty
compounds were prepared and thirty-eight path-
ways of chemical conversion of p, p’-DDT were
identified in this investigation (Fig. 1). But only
one derivative, iso-Acetoxy-K-3926, seems to be
a new compound. The results of experiment and
analytical data are tabulated in Table 1. Besides
nine metabolic pathways identified by the former
investigators, eight possible metabolic pathways
which might be occurred in insects were also
proposed by the authors (Fig. 2).

It is very interesting to compare the chemical
pathways with that of the metabolic pathways
in insects, and the results obtained are seemed
to be very helpful in the future study of meta-
bolic fate of DDT or related compounds in insects
and animals,
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(with English Summary 61)

12, 4B HLBNHAEEICKDTHE L DDT [CX9 5 anti-resistant DDT &
DMC 3R OLE:  BibmoE3REnc -+ 5019, G553 M. HRpk « 25=2TR (Ui

SEPEHD 40, 3. 29 2B

DDT izx44 % anti-fesistant DDT i1zt DMC oz, 4 =z % § b2 FHEi
LOTHBU KR, BOERRET AP & U TIRTHA & R85, anti-resistant DDT o8
BREACHNEOMBENELAT 55, DMCOGARBMNL L hMBHNOAH L HhMET, Tt

BRI 2EALYEAR, WERBKBOW TR AL ELW L LMz UsY SN,
T, WHEYOHNEBNMRE Toy F PHOEHELTL DT L,

U tsdio
TR RS AL IO anti-

resistant DDT o DDT i34 2 A28, DMC oZ2h t by v, BERBINMLEE D
NTZoMMUZAIL 2y, FHREBRIEMNMIIZHE212L Y, HERSOYR2LMT L

WO EMUETH S,

DDT =%} LC anti-resistant DDT 3%; Xt DMC
MNEWIITIREE TS 213, B hHLBRTS
h il 2G4 ETRT TR D ORI E:
LATVS, 22X 5 ET5z 21, WhER
DOHBSLEA S 2 5 2 L R BN Zinhbiv i ek
DVEDT, ARk LHLWHFEHEILXDT, B
NNk e SRR 50 2 HRZMAbET X
HNBETERE OBRE, Ty b REICHWTH
L7 RTH D, AT AD G bR 0 ftx
e BV HSU S A A BRI R R 2T 5.
F 7o R D ITHC BRI F & o7 R BT OF
B CHEMT DR TH D,

EBRMEERUEE

KRR 2 CORBITL B\ e p, p-DDT iR, 2%
J — VBRI LI: m.p. 108°C ORETHS. L
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