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ABSTRACT

Preliminary investigations on the Environmental
Chemistry of Methoxychlor [Z;Z#biS“(p‘é'meehoxyphenyl)
-1,1,1- trichloroethane], a potential DDT repleeement,
have been conducted with emphasis on its degradation
by micro-organisms.

Literature reports on the microbial degradation of
methoxychlor are scarce, and in those reports the major
emphasis is on the interaction of this pesticide with
bacteria. Therefore, studies concernlng the lnteractlon
of micro-organisms with methoxychlor were inltlated
The micro-organisms.used were: ‘the" common soiiwfungl
Trichoderma viride, Mortierella zsabellzna, M puszlla,
and the aquatic fungus Saprolegnza paraszttca. —Also
because of anomalous results reported in the llterature
on the possible biodegradation of methoxychlor by a- “
bacterium, Klebsiella pneumoniae,“this‘asﬁécﬁ-bf“théf”"
environmental fate of methoxychlor was féiﬁéééﬁfgété&.

Known metabolites of methoxfchlé#ffeéﬁiredffoi*'
this study were synthesized. Sbmefdfiﬁﬁe éYﬁﬁﬁéﬁiée
methods were slightly modified so as to improve ylelds
or facilitate purification of the products. Also to'
facilitate the identification-of pOSSlble degradatlon

products, the spectroscopic properties (MS}andrumg{]off

.......
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these various methoxychlor derivatives were studied.
A gas chromatographic method uae"develoPed,fo:*the
analyses of these compounds andiincluoed theoSilyleuion-
of the phenolic compounds. B | ' :“ :J
Little is known about the fungltox1c1ty of methoxy-
chlor or its metabolites, thue such fungitoxiclty studles
were carried out. It was found that the dlhydroxy
methoxychlor derivatives were more toxic than the dlmethoxy
methoxychlor derivatives, towards the fungl used. ;In
fungal metabolism studies with. methoxychlor, M zsabellzna,
M.,pusilla, and S.parasitica were found to be capable of
partially degrading methoxychlor, . by effectlng the ether
cleavage of the methoéxy groups in the molecule. T vzrtde
did not effect a similar alteration of the methoxychlor
molecule but appears:to produce at least one metabollte
of methoxychlor. It is suggested that thls metabollte
is a glycoside. No evidence was found to?;ndlcete thati‘
the fungi studied, attacked tﬁefcenfgei1§éét76fftheif
methoxychlor molecule. 'vhik l}
K.pneumoniae was found'to“bexcapeblé ofdﬁﬁéfféduoﬁive
dechlorination of methoxychlor‘and7al§o}i£§;hjdf6xyf7ﬁ’7
derivative [2,2-bis (p —Zhydroxyphenylydlgiiif$trioﬁlofo;
ethane]l. It was also established ‘that thisgbeotériﬁm[does
not effect the cleavage of themethoXy~grou§siinomethoxy—

chlor.



While the bacterial system, i.e. K.pneumoniae,
allowed quantitative analysis qf.the Variéﬁsggﬁérgcts;
the fungal mycelium of  the spedieS'uséds;?ohéiy‘édsorbed
the various methoxychlor derivatiVés, whiqpfinteffefed

with the quantitative analysis in theSé c&ééé,
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CHAPTER 1: INTRODUCTION

The potential environmental hazards caused by the
extensive use of toxic and persistent organochlorine
insecticides, have been a major concern to Environmental
Scientists for some time. One of these cémpounds is
the very persistent 2,2-~bis (p - chlorophenyl)—l,l,l—
trichloroethane, (DDT, structure I, p. 4). Its use
as an insecticide has benefited mankind tremendously
and must not be underestimated,‘as it was used
successfully in controlling insect vectors of many human
diseases (e.g. malaria, typhus,?ana‘plagué;wi(Herver;
DDT and its major metabolites, 2,2-bis (pi-ﬂéhlorophenyl)
-1,1- dichloroethylene, (DDE,II) and 2,2-bis
(p - chlorophenyl)-1,1- dichloroethane, (DDD, III),
because of their persistence, have been found to
accunmulate in the biosphere (1).*

Studies with DDT, DDE and DDD have shown these
compounds to be efficient inducers of microsomal oxidase
enzymes in the vertebrate liver. Neverthéless, it
appears that these compounds are environmentally injurious

because of the stability of'the‘aryl'chlorine'Bonds}

* Arabic numerals in parentheses indicate: literature

references on p.l28.



which are not readily attacked by such enzymes. These
compounds are stored in tissue iipids and are not
readily metabolised or excreted. ,Thus( there is a
need for the replacement of DDT.by compounds which are
effective as insecticides and afe also bibdégraaable,
Moreover, if such replacements interact with higher
organisms, they should be rapidly biodegraded and
excreted, and the resulting metabolic prodﬁcfs should
not be persistent in the environment as is the case
with DDT and its major metaboiités~(ﬁDE;i£téhd DDb;iIi).

Prill et.. al. (2) prepared a nuﬁber«of‘DDT;analogues
including some alkoxy derivatives, and’teéged‘the
effectiveness of these against mosquito léf;ae;and
houseflies. These authors found a feﬁ ofgtﬁe alkoxy-
analogues to be similar to DDT with respect to their
ability either to knockdown or kill the‘iﬁéécts; Thus,
their results indicated that some of the alkoxy
analogues could be useful in insect control.

2,2-Bis (p - methoxyphenyl)-l,l,l?'ffichloibéthane,
(Methoxychlor,IV) was one of the alkoxy DDT analogues
prepared by Prill ét. al. (2) which has become a candidate
for the replacement of DDT as a biodegradable insecticide
(1). This analogue contains methoxy groups which ‘are
sites for attack by multifunction oxidase enzymes.
There are no such sites in the DDT molecule and

methoxychlor, (IV) has already been used to replace DDT



in several instances, including the control of the elm
bark beetle vector associated with Dutch Elm disease (1)
and in the control of many biting iﬁsects (3). Other
compounds mentioned as potential replacements for DDT
include 2,2-bis ( p—- methylthiophenyl)-1,1,1-
trichloroethane, (Methiochlor,V) and 2,2-bis
( p- methylphenyl)-1,1,1- trichlé&oethane,a(methylchldr,VI)
. i i i

Since Kapoor et. al. (1) suggested that methoxychlor, (IV)
could potentially replace DDT}*itlhas rec%ivéd muchW.>
attention. Methoxychlor wasifirS£ synthgéiéedfiﬁ'1893 (5)
and its insecticidal properties»Weré-deséfibed by
Lauger et. al. (6), together with those of'bDT. Although
its insecticidal action is not as strong as that of DDT,
its application for effective insect control has
increased since the use of DDT was ‘restricted in 1969 (7).
In Canada many mixtures containing methoxychlor are
registered for various usages and this péSticiée was
used on an experimental basis for the déntrqlipf biting
flies, particularly in the'northérn'regionsﬁwhéfé it
was used as a black fly larvicide (8). However, the
use of methoxychlor has not yet been extensive, partly
because of its higher cost, and partly because its
environmental impact has not been fully evaluated.
The literature on methoxychlor has been reviewed by

Gardner and Bailey (7), and these authors stated that






present knowledge concerning-methoxychlorfslimpact
upon the environment is in antearly stage.flKapoor et. al..
(1) also stated that, desplte twenty-flve years of use,
little specific 1nformat10n concernlng metabollc
pathways, elimination from organisms and the fate of
this pesticide in»the,ecosystemi}iq.knOwn,@gConéeduently!
an assessment of the enViréhmgnfal impéct df’this -
pesticide cannot be made untii‘éuch:studies are further
advanced. Major areas where fufther study is required
include movement in the'enVironment;*persistenée{«
bioaccumulation,rblodegradatlon, and economlc value.’
Therefore, the objective of the studtes descrzbed

in this thesis is to improve ‘the present state of
knowledge concerning methoxyehlor, with magor emphaszs
on 1ts bzodegradabzltty by micro- organtsms ' v

A comparison of methoxychlor with' DDT,Asuggests
that the former is only moderately per51stent 1n the
environment and is less toxic”to‘highér‘liféyféims;l
This is illustrated by the fact' that thé’Lbsd.fdr male
rats fed orally with DDT is ZOOmg;/kgf’boayTWeight‘
while for methoxychlor this-Valué"ishGOOOﬁé;Vkéi*bédy‘~
weight (9). Furthermore, mammals and birds}presﬁmably'
are able to metabolise méthoxyéh;or more réadily§than
DDT, because the multifunction‘o#idase enZymeéICépable
of degrading methoxychlor are readily available*in

these organisms (7). For example, Weikel;(n» injected



rats with 1%C labelled methoxychlor intravenously and
found the label in polar,waterQSOluble»metaboiites;
Methoxychlor itself was not excreted. |

Another aspect of " methoxychlor whlch requires
further study follows from the statement that methoxychlor
is strongly absorbed on SOlldS suspended in water, i
resulting in a potentlal for h1gh res1due concentratlons,

(8). This could adversely affect organlsms 1n close,‘_'

contact with such re51dues (e'gﬂ mlcro-organlsms)>
Fredeen et. al. (8) also state “the 1oe
are washedlaway with- tlme, but quantitat ;n~otmatlon’
to confirm such a statement, was not prov1ded by these

authors.

Thus, if methoxychlor is’ toﬂbeﬁused exten51vely
as a substitute for DDT in pest control 1n the near
future, it becomes lmportant to demonstrate that :
biologically 51gn1f1cant quantltleSPOf thls compoumd,
or products of its: metabollsm, do - not accumulate in
terrestrial or aquatic ecosystems.f The removal of
such substances from the biosphefe must be a551gned td7

two processes, photodecompos1t10n and blodegradatlon.]_-

MacNeil et. al. (11) 1nvest1gated

methoxychlor. These authors determlned quantltatlvely,

the two major photodecomp051tlon product,)d,f?4biSf
( p~ methoxyphenyl)- l 1- dlchloroethylene, (methoxychlor
olefin, VII) and 2,2~ blS (p - methoxyphenyl) l 1-7

dichloroethane (methoxydlchloromethyl derlvatlve, VIII),



(see p.4), as their m-complexes with the eleétron—
acceptqr reagent 2,4,7—trinitro—9—f1uoren6neb{h.situ
on Silicagel thin layer chromatograms by uv-vis.
reflectance spectroscopy. zépp. et. al. (12) have
carried out an investigation of”the photOdéaompositién
of methoxychlor in aquatié sjéﬁems éha found that the
major photodecompositibn'pfodﬁbﬁvin distilledrwater
was the methoxychlor olefin, (VIi) Blodeqradatlve
studies concerning methoxychlor metabollsm by rats
have been reported. (1,10). Other~stud1es~w1th
mammals and methoxychlor are concerned almost exclu51vely
with toxicity, and little mention has been made about
biodegradation (7). There is also very llttle in the
literature on the subject of degradablllty by micro-‘
organisms.

Bioaccumulation of methoxychlor by véfiéuéxéréanisms
is another area that requires further sfudy}” fn.most
of the organisms studied, methoxychlor has been found
to be less bioconcentrated than DDT'withVSOmetexéeptions
(7). There are also several examples where, in“hidﬁér‘
terrestrial organisms, biocaccumulation is not normally
observed, probably due to fairly rapid meﬁ&bdii;m‘énd
excretion of metabolites (7). fAccumulatiénéﬁof this
pesticide in fish with concentration factors ranging
from 40 to 1500, reflect the slowermmetaboiisﬁyofr

methoxychlor compared to that in_mammals,(7). ‘The



concentratlon factors for DDT range up to 84 000.
Several authors (13, 14) have reported that molluscs

tend to accumulate methoxychlor.” Relnbold :et_al.(13)

have also reported ‘that a watewﬁsnall (Physa spec1es)
has a concentration factor of 2600 for methoxychlor

as compared to 1200 for DDT, but thls hlgh methoxychlor
concentration does not appear to be lethal to thls ‘
organism. There is ev1dencenof exten31Veraccumulatlon
of methoxychlor by phytoplankton, but quantltatlve
data is not available (7) Relnbold et aZ (13)

have also reported that the aquatlc organlsm Daphnzc
magna could be reSpon51ble for some of the pestlclde
blomagnlflcatlon, ‘having a concentratlon pattern:”‘
similar to that displayed by flsh ‘In the terrestrlal
ecosystem, high levels of methoxychlor have been foundg
in three spe01es of" earthworm (15); however the extent
of bloconcentratlon-1s-not-known - Thus, organlsms"yg“
which feed exclu31vely on those organlsms that can
accumulate,methoxychlor,‘could be_subjected to lethal
doses of this pesticidé.i‘johuéoﬁtaud’Keﬁhedy5fl6)ﬁ?
have reported that’ Aerobacter aerogenes and BathZus
subtzlzs accumulated methoxychlor when 1ncubated with
a concentratlon of 1 g. /l.-of 1abelled materlal.vahey
suggested that this accumulation was merely a pa351ve
process since accumulatlon was also observed w1th

autoclaved cells. The bloaccumulatlon phenomenon thus



represents an important aSpectbih the fate of thisf
pesticide. It should be noted that many of these |
bioaccumulation studles were carrled out u31ng .
radiolabelled (14C or 3H) methoxychlor. However,
such measurements. do not always explaln whether 1t
is methoxychlor 1tse1f that 1s accumulated or whether
the pesticide first undergoes chemlcal modlflcatlon
followed by the accumulatlon of labelled metabolltes.
Thus, it becomes clear from the fore901ng that a
major aspect of: methoxychlor chemlstry requlrlhgl‘
further study is its blodegradatlon, partlcularly by
micro-organisms.

For the purposes of this theszs, the zu;eractzon
of‘methoxychlor and some of its known metcbolztes
with some common soil and aquatic fungt and a bactertum
were chosen for further study. | S e

Metabolic studies with methoxjéhlor AHé*aiéro;‘
orgahisms are limited to a few bactéria"andféigae.
Castro and Yoshida (17)’inVestigatedfthetdegradation
of methoxychlor in Philiﬁéinefsoil“samblesiath36°,uﬁder
upland (80% moisture) and flooded (submerged) condltlons.
Methoxychlor dlsappeared in: both cases, but these'
authors did not attempt~torldentlfyaany~metabolltes or
organisms. Sethunathan and Yoshlda (18) showed that
10ppm labelled methoxychlor was degraded after two hours

of incubation with a,CZostrtdzumvspec1es.- They dld not



1solate or identify any degradatlon products.

Mendel et. al. (19) reported that the bacterlum Aerobacter
aerogenes,; after longtermilncubatlon w1th thls pestlclde
(ll4hr ) degraded methoxychlor to 1ts olefln,(VII) 1n
two of n1ne experlments and to the methoxydlchloromethyl
der;vatlve,(VIII) (see p 4y 1n only one of these o
experiments. In the remalnlng fermentat;ons, w1th'0ne
exception, these authors aisowstated that in general,.

a considerable amount of the pest1c1de is lost durlng
incubation. A possible explanatlon for such a statement
is the fact that they used: benzene for the extractlon

of their cultures, while present studles have shown

(see p.35) that- several of the phenollc methoxychlor
derivatives are virtually 1nsoluble in benzene.”'

A study on the loss of five pestlcldes,vlncludlng
methoxychlor, from cultures of several planktonlc algae
was reported by Butler"et'al.(ZOa). They found that
the amount of methoXYchlor’recoueréd?rahgedTffCﬁhf?Q%)
to (20%) in the cultures offtWeﬁtyeoﬂefdifferent*speéies,
No attempt was made to idéntify‘ﬁossiblefﬁetahofité§;
and these authors could not conclusively gtatefthat
metabolism was reSponsible either”tdtally”of;ihfpart
for the pesticide losses. .The same authors also did
a growth study ‘using ‘methoxychlor and a number of
planktonic algae (20b). -They-used,concentratlons of'

0.001 and 0.0lppm of methoxychlor and found that growth
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of the algae in the presence of methoxychlor was not
significantly different from that in the controls.
Other studies with micro-organisms deal specifically
with toxicity in terms Qf,inhibition of growth (21, 22,
23, 24) and in these studies no mention is made of
metabolism of methoxychlor by‘ﬂicro-organisms. In
fact, in one of these'repofts“Pdorman (22) treated
cultures of Euglena gracilis (Klebé) with 10; 50 and
100ppm methoxychlor for one week and growth was-
stimulated. However, it must be observed‘that planktonic
algae in the natural environment would not'AQrmally be
exposed to such high concentrations;oflmetﬁéxychlof;

In view of the close chemical felationship between
methoxychlor and DDT, and since consideraEleiﬁére work
has been done with DDT, a brief discussion of the
environmental chemistry of DDT is relevant as a
background for the present study.

DDT is the best known, the cheapest"énd”the most
effective of the synthetic organochlorine insecticides.
The properties that have made it successful as an
insecticide are chemical stability, low vapour pressure
(1.5 x 10" /mm. at 20°), low water solubility;(prb) and
high lipid solubility (approx,f100,000ppm) (4). This
insecticide has been extensively used since'1943, and
it has caused increasing concern regarding its longterm

biocactivity and environmental persistence. Ironically
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the same properties that are responsible forvits success
as an insecticide, have also made it the classic example
of an environmental pollutant.- DDT is foﬁhd almost.
éverywhere in a variety of orgahisms”in~both inland and
marine waters at concentrationsifrom ppt to ppb levels
(25). Both'by:direct absorption and biplogidal
magnification it may be concentrated to levels much
higher than that found in natural waters. It has been
found in oysters up to 5.4ppm, whales to 6ppm, tuna to.
2ppm and petrels to 10ppm (9). ‘High'level$ in faptorial
birds have deleterious effects on their,repiédﬁctive~
capacity. Such levels have been'suggested'aswtﬁe'qause
of abnormal calcium metabolism affectingvégg prodﬁétion
(26). The environmental problems~daused by DDT are
further compounded by the formation of its priﬁary
metabolites, i.e. DDE, (II) produced by thé»étéack of

the enzyme DDT-ase on the o<=carbon of DDT (4) aﬁd ﬁDD/
(IIT) formed by reductive dechlorination (27)} These
DDT derivatives have physical properties similar to

DDT and as a result are as ubiquitous as the parent
compound. However, the concentrations of DDT, DDE and
DDD which are found in the environment vary and DDE,
which is not insecticidal is usually present in the
highest concentration as it is environmentally more
stable than DDT. DDD is susceptible to further degradation

and is therefore found in low concentrations in the
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environment.

Peterson and Robison (28) postulated a possible
metabolic pathway for DDT_metabolism when they recovered
several metabolites from rats fed DDT orally. This
pathway has been confirmed by the éﬁudies of Wedemeyer (29)
who investigated the dechlorination of DDT by Aerobacter
aerogenes, and identified'seven metabolites, including
DDD. The proposed sequence is preseﬁted in Scheme 1.
Juengst and Alexander (30)xinveSti§ated the conversion
of DDT to water soluble products by microéorganisms, to
further unravel its metabolic pathway. Tﬁéy did not
achieve identification of these metabolites which were
probably formed by further degradation of DﬁD. ‘These
authors used bacteria isolated from sea water and
marine sediments.

Kapoor et. al. (1) has established that methoxychlor
is susceptible to biodegradative reactions at two sites
within the molecule. First, a series of reactions, "
analogous to those for DDT (see Scheme 1) may lead to
the olefin and the dichloromethyl derivative. 1In
addition to the reactions possible for DDT, the cleavage
of the aryl methoxy groups may lead to similar series
of methoxy/hydroxy and/or dihydroxy compounds. It
follows that a large number of compounds may possibly
result from methoxychlor metabolism which is presented

in Scheme 2. To date, not all compounds in Scheme 2
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Scheme 1. Suggested metabolic pathway for the biodegradation

of DDT (see p.1l5 forziegend).

R—C—R
cci, (PPE)
R—CH—R R—CH—R R—C =R’ R— CH—R
CCl, CHClo CHC1 CH,C1
(DDT) (DDD) (DDMU) (DDMS)
R—C —R R— CH—R R—CH—R R—C—R
i _— | — | —_— Il —_  ?
CH> CHoOH COOH 0
(DDNU) (DDOH) (DDA) (DBP)



Scheme 1, Legend
DDT: 2,2-bis ( p-
DDE: 2,2-bis ( p-
DDD: 2,2-bis ( p-
DDMU: 2,2-bis ( p-
DDMS: 2,2-bis ( p-
DDNU ¢

DDOH:

DDA:

DBP:

- 15 -

chlorophenyl)-1,1,1~ trichloroethane.

chlorophenyl)=-1,1- dichloroethylene.

chlorophenyl)-1,1~ dichloroethane.

chlorophenyl)-1- monochloroethylene.

chlorophenyl)-1- chloroethane.

unsym-bis ( p - chlorophenyl) ethylene.

2,2-bis { p- chlorophenyl) ethanol.

2,2-bis

(p-

chlorophenyl) acetic acid.

4,4'- dichlorobenzophenone.
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Scheme 2. Possible metabolic reactions of methoxychlor.

(see p. 17 for legend)

R —CH—R R—CH— R R—C—R
I D a— i E—— |
CHC1) CCl3 CC12
VIII v VII

R—CH—R! R—C—R!
| —_— ]
CCl3 ccly
IX X

R—CH—R! Rl— cH—R! R—c—r!
I € l —_— Il
CHC1, ccly - cCl;
XIII XI XTI

R~ CH—R' R—C—R
| —_— I
COOH o)
XIV XV

R = \_f/ OCH3 , Rl = OH



Scheme 2,

Legend

Iv.

VII.

VIII.

IX.

XI.

XIT.

XITIT.

XIV.

XV.
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2,2-bis (p - methoxyphenyl) 1,1,1- trichloroethanee

2,2-bis (p - methoxyphenyl) 1,1- dichloroethylene.

2,2-bis (p - methoxyphenyl) 1,1- dichloroethane.

2-p - methoxyphenyl-2-5>—‘hydroxyphenyl-l,l,l-

trichloroethane.

2- p - methoxyphenyl-2- p - hydroxyphenyl-1,1-"

dichloroethylene.

2,2-bis

2,2-bis

2,2-bis

(p

(p

(p

(p

hydroxyphenyl)-1,1,1- trichloroethane.

hydroxyphenyl)-1,1- dichloroethylene.

hydroxyphenyl)~1,1- dichloroethane.

‘hydroxyphenyl) 'acetic acid.

4,4'— dihydroxybenzophenone.
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have been isolated as metabolies from higher organisms

and some also result from photochemical alteration of

the methoxychlor molecule*(ll,lé). It follows that

a comprehensive study of the ehﬁironmental impact of

methoxychlor requires the availability of these known

or anticipated metabolites. éonsequently the present

thesis includes a discuésiQn of the synthetic chemistry

of methoxychlor and its dééi@atives used throughout

this study and also a :eport of their preparations

according to published methods, modificatibnskbeingﬁ

used where appropriate. B ;
Although these syntheses are diséussed in deéail

in Chapter 2 (see p.23), one aSpect’df the cﬁéﬁiéfr§

of hydroxychlor, (XI,Scheme 2, p.16) musf be‘ﬁéntidhed

here and concerns the solubility of this cdméouthin'

non-polar solvents such'as‘benzene; Thié has Sigﬁificance

‘with respect to the work”éénéiby Mendel et. al. (19) with

the bacterium Klebsielld pneumoniae (forméfly ;Aérobacter

aerogenes) as described previously (see p.10). A

reinvestigation of this interaction of'ﬁethbxychlor and

K.pneumoniae is a part of this thesis which has now"

resulted in the elucidation of a metabolic pathway for

methoxychlor degradation by this bacterium (see Chapter 3).
From present literature, it appears that residue

analysis is exclusively concerned with methoxychlor itself.

McCully and McKinley (31) determined quantitatively,
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a number of chlorinated pesticide residues in fat, using
electron capture gaé chromatography. Methoxychlor was
one of the residues and the column stationary phase was
a mixture of silicones (4% SE;30 methyl silicone + 6%
QF-1 fluorosilicone). |

Chau and Lanouette (32) developed a method using
a derivative formation by the ;olid matrix, alumina/KOH
and alumina/potassium tertébutoxide, for the COnfi;mation
of several chlorinated.pesticiﬂés by gaslthdmatography,
including‘methoxychlor; gThis,méthodicouia bé{ﬁééd»to
determine methoxychlor quantitaﬁively. N

Other methods used for anaIYSing“meﬁﬁG#QChiér
involved 14C labelled cdmpounds (1) and the use of the.
complexing electron - acceptor reagent 2,4,7-trinitro-
9-fluorenone (TNF) (11) which was also ised to determine
methoxychlor olefin,(VII) and the ﬁefhox&aichlbrometﬁyl
derivative, (VII) (see p. 4'). In all these fep0rts,
no mention is made of the phenolic derivatives of
methoxychlor. Kapoor 'et. al. (1) are the only workers
who have included some\phenolic derivatives in their
investigations and they developed a thin<1ayer“
chromatography (TLC) technique for the qualitatiVé
identification of methoxychlor and some of its metabolites
including a number of the phenolic derivatives. This
technique has been utilized for preliminary identification

of both phenolic and non-phenolic methoxychlor derivatives
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in certain sections of this thesis.

From the preceding it was therefore necessary to
develop a quantitative method for the determination
of the phenolic methoxychlor metabolites. This was
achieved using gas liquid chromatography (GLC) and-
the derivatization of the phenQ;ic derivatives. The
development of the technique ‘is part of the preéent
investigation. |

There is virtually no information in the
literature concerning biodegradation of methoxychlor
by fungi. The only report found so far is a onicity
study by Richardson and Miller (21) who reported
that methoxychlor is weakly fungitoxic to Rhizoctonia
solani (Kiihn) inhibiting growth by twenty perceﬁf.
They did not however indicate whether this fﬁngus‘
could metabolise this compound. Since fungi, both
terrestrial and aquatic species, could make an
important contribution to the biodegradation of
methoxychlor, it was decided that these organisms'’
must be studied in more detail. Fungi chosen for
such studies were the common soil inhabitants’
Mortierella isabellina (Oudemans), Mortierella pusilla
(Oudemans) and Trichoderma viride (Persoon) gﬁd the
aquatic species Saprolegnia parasitica (COkef)¢
Justifications for this choice of organisms are now

briefly summarized. M.<isabellina was chosen because
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it has been found active in the degradation of other
complex molecules (33) and M.pusilla would then provide
a comparison between two specigs of the same genus.
T.viride was chosen since it readily cleaves carbon-
oxygen bonds in the production of glucose from cellulose
(34), and also because it has_beeh fohnd‘Capabie.of
degrading several chlorinated hydrocarbon insecticides,
including DDT (35). S.pardsitica was used as it is
primarily an. ubiquitous aquatic fungus and would
therefore be an excellent representative of aquatic
organisms. However, before such:biodegradation studies
between fungi and methoxychlor can be undéréaken,:a
logical requirement would be an initial assessment of
any toxic effects of methOxYéthr and its derivatives
with such organisms.

The toxicity and metabolic studies were carried
out in pure culture to avoid contamination by other
unwanted organisms which could present difficulties
by confusing the results. The toxicity investigation
was an early part of this thesis and the results have
been published elsewhere (36).

It is recognised that metabolic studies with
fresh-water algae are an essential part of the
environmental chemistry of methoxychlor. Such studies

are not included in this thesis, which is not intended
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to deal exhaustively with all aspects of methoxychlor
chemistry.

However, it is hoped that the results reported
here will help to fill some of the present gaps in

éxisting knowledge concerning this pesticide.



CHAPTER 2: PREPARATION, ANALYSIS AND SPECTROSCOPY
OF METHOXYCHLOR DERIVATIVES

Preparations. Derivatives of methoxychlor are not

commercially available. However, many of these compounds
have been prepared by various'workers and published methods
have been used for the synthegiérof these derivatives
employed throughout this Stﬁdy}'

Kapoor et. al. (1) have proposed a number of mono-
and dlhydroxy compounds whlch may result from metabollsm
of methoxychlor by o= dealkylatlon of one or both of
the aromatic methoxy groups; Another alterotlon of
methoxychlor may involve ‘the central part of'the holecule
in a way similar to the dehydrochlorlnatlon or reductlve
dechlorination reactions’ observed for DDT (27) i Thus,
the compounds involved in thesevsyntheses may beidiVided
into three categories. The first of these consists of
the diaryltrichloroethanes I to 'Iv,* a second category
includes the diaryldichloroethylenes V to VIi,“énd a thirad
group of compounds cdhtaipé the diaryldichloroethanes VIII

and IX. All these structures are given on p.24. “The

* Structural formulae in this chapter have been' numbered
differently from those in Chapter 1 and present numbers
have been retained. throughout the remainder of this -

thesis.



HC—CHCl»

©

II

I11

VII

VIII

Methaxychlor, R = R' = CHy

Etmxychlor [2 2-bis (p’- ethoxyphenyl)=1,1,1=~
trichloroethane], R = R’ = CoHs.

Hydroxychlor [2, 2-bis (p hydroxyphenyl)-l l 1-
trichloroethane], R =

Methoxyhydrmcychlor A[2-p-n‘etho$cyphenyl~2—=p -
hyd.mxyphenyl—l 1,1~ trichloroethanel],
R=CHy, R =H

methoxyphenyl)

Methoxychlor -olefin [2 2—blS (p
= iy

-1,1- dlchloroethylene] , R

Hydroxychlor olefin [2, 2-bls (p - hydroxyphenyl),
-1,1- dlchloroethylene] + R= Rl =

Methoxyhydroxychlor olefin [2—p—nethoxypheny1—
2=p - hydroxyphenyl—-l 1~ dlchloroethylene] .
R CH3I =H i : i

Methoxydichloramethyl derlvatlve [2, 2—bls (p -
mettm:yphenyl) -1,1- dlchloroethane] i

Hydroxydichloromethyl derlvatlve [2, 2-b1s (p -
hydroxyphenyl) -1, 1- dlchloroethane] ’
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X 2,2- b is (p - methoxyphenyl) acetic acid,
- R=R = CH,
HCCOOH XI  2,2-bis (p - hydroxyphenyl) acetic acid,
R=R =H
XII ‘2,2-b§.s (p = methoxyphenyl) ethanol,
R=R = CHB ‘
XIII  2,2- b}s (p - hydroxyphéenyl) ethanol,
R=R =

ROC—OH
CCl3

XIV p,p'- Dihydroxybenzophenone XV p - methoxyphenyl-1,1,1-
trichloroethanol
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acetic acids X and XI and the alcohols XII and XIII were
not considered in the present. study as these compounds
have not been conclusively identified in biodegradation
studies with methoxychlor‘tohdate. These structures are
given on p.25. | | o

The formation of thefdieréltrichloroéthanes'is
analogous to that of the‘Beefer;condensatioh (37) .
The general reaction ie repreeehted'by Eq.[1l] (see p.27)
and the reaction mechanism which takes place in two
steps is shown in. Scheme l*-(see~p 28).. The first.
step involves the nucleophilic addltlon of a substltuted
benzene to trlchloroacetaldehyde (chloral) whlch ylelds
a secondary alcohol.: The second ‘step 1s a Lew1s a01d—'fhﬁ
catalysed substltutlon of the hydroxyl group of that>
secondary alcohol by a’ second molecule of the substltuted
benzene, yielding a 1,1,l—trlchloro-z,2—d1arylethane
with the loss of a molecule of water. THi§5ﬁecheﬁiem
has been proposed by Frankforter and’KritcHev§ky:(§8).
The diaryltrichlordethanes prepared by thié?method'were
2,2-bis (p - hydroxyphenyl)=1,1,1- trichloroethaﬁeif"
(Hydroxychlor,III) and 2,/2-bis (p - ethoxthenYi)él,l{l-

trichloroethane, (Ethoxychlor,II): - This ethonyderivatiVe

* Schemes have been numbered‘per‘Chapter\(i e. numbers

for schemes in thlS chapter may not necessarlly be

the same as those 1n other chapters )-fﬁﬁ
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Eq.[1] FRANKFORTER & KRITCHEVSKY , 1935. -

2R0 + CigtcHo AlCla, ’(Ro)-z-?-cc13’+ H,0
7 W

Eq. [2] CHATTAWAY & MUIR , 1934 BAYER , 1872.

Eq.[3] HOWARD , 1935.

R CHO —Cl"ﬂa—,- ~.— CHOH
KOH

CCl3
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STEP 1

RO cc&-g—-izo —s RO C—H
CCly

STEP 2

Scheme 1. Reaction‘mechaniém for the formatibn Qf the

diaryltrichloroethanes.

was prepared for use as an internal reference in gas
chromatographié aﬁalyses (see p.44). A laboratory
synthesis of methoxychlor,(i) would follpwvthe.samgz
mechanism (Scheme 1). .

To prepare the unSymmgtrically substitutedgéQmpounds
such as methoxyhydroxychlor,(IV) the intermediate alcohol,
(Xv, p.25) must first be isolated. Theoretically, this
could be achieved by using a one molar quantityfof’the
substituted benzene (e.g. anisole) with respect to the
amount of chloral, as indicated by Chattaway and Muir (39)

who prepared the unsubstituted compound (Eq.[2] see p.27).



However, isolation of the intermediate alcohol proved
to be difficult since such reactions usually proceed
a step further to the diaryl substituted compound,
which is then obtained in lower yield. A better
preparation of the asymmetrically substituted compounds
involves the preparation of the carbinol in such a way
that the formation of the diaryl substituted compound
is nbt possible. Thus, p - methoxyphenyl-1,1,1-
trichloroethanol, (XV) was prepared by reacting chloroform
with p - anisaldehyde, analogous to the method used to
prepare p - chlorophenyl-1,1,1- trichloroethanol‘by
Howard (40). This reaction is given in Eqg.[3] (see p.27)
and the mechanism is illustrated in Scheme 2 (see p.30).
The first step is the abstraction of a proton from
chloroform by the base, followed by the nucleophilic
addition of the trichloromethyl-carbanion produced, to
the aldehyde, resulting in the desired carbinol.
Condensation of this alcohol with phenol according to
the second step in Scheme 1 yields methoxyhydroxYéhlor,
(Iv).

The olefins V to VII (see p.24) were prepared
by a conventional dehydrochlorination of the corresponding
trichloroethanes. It is reasonable to assume a
conventional E, elimination, shown in Scheme 3 (see p.31),

which has been proposed by Cristol et. al. (41, 42).
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STEP 1
CCl3 — 'CClB
H .
<j~5, K OH
(base)
STEP 2

H

O

-H XV
|

Cly

Scheme 2. Reaction mechanism for the formation of the
p - methoxyphenyl-1,1,1- trichloroethanol, (XV).

There is no reason to expect a restfictibn of rotation
about the relevant carbon-carbon bond, and moreover, the
presence of the three chlorine atoms ensures that the
required antiperiplanar conformation can be attained.
This reaction is rgpresented by Eq.[4] (see p.32). The

rate of dehydrochlorination of DDT-type compounds to



form the correspondiﬁg ethylenes is controlled by the
acidity of the a-hydrogen * and is therefore influenced
by the electron withdrawing capacity of the p and p'

substituents as measured by summation of Hammett o

values (41, 42). The olefins prepared for the present
R o R Cl
l Ti ;o :
R'—-—?}T—C——Cl S R —C==C—Cl
e H cCl

Transition Slate
1
R—C =C—Cl + HcCl
Scheme 3. Reaction mechanism for the formation of the
diaryldichloroethylenes.

study had either methoxy or hydroxy p,p' substituents.
Thus, since the hydroxy group is more strongly electron
withdrawing than the methoxy group, the ease of formation
of the olefins would be expected to be in the order of

hydroxychlor olefin, (VI) » methoxyhydroxychlor olefin, (VII)>

* The o-hydrogen refers to the hydrogen attached to the
carbon that is adjacent to the carbon containing the

trichloroethane group.
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Eq.(4) CRISTOL et.al., 1952.

H .
: )
RO-’- c~ccy. Glc_KOH | RO)—C=CCl + HClI
( ' )% 3  heat ( , 2 2

Eq. [5) SHIRLEY , 1950.

0 —

\ ' .
Q) + Yrewes — OO

H w

CHCL,

Eq.[6] CRISTOL et.al., 1952.

H H
ZRO + (czHSO)zémlz ﬂEls_,(Ro)z-écmlz
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STEP 1
He OC,H
f 177 2rs =~
Ro-@"”—"(‘:——ocsz —_— RO C—0CyHg
CHCl, ‘ CHCL,
XV1
STEP 2
N\
> RO com
= 1\
CHCl,

Scheme 4. Reaction mechanism for the formation of the
diaryldichloroethanes.

> methoxychlor olefin, (V). However, no noticeable
difference in yield was observed during the preparation
of these compounds.

The diaryl substituted dichloroethanes VIII
and IX(see p.24), may be prepared by the reaction of the

suitably substituted benzene with dichloro-acetaldehyde



(43) shown in Eg.[5] or dichloro-diethylacetal (12) as
represented by Eg.[6] (see p.32). The latter reaction
was used and the reaction mechanism (Scheme 4, see p.33)
is similar to that given for'ﬁhe trichloroethgnes. Step -
1l involves the nucleophilic addition of the substituted
benzene to the acetal producing the intermediate, (XVI)
(Scheme 4, see p.33). Tﬁe second step is a Lewis acid-
catalysed substitution of the ethoxy group of that
intermediate, (XVI) by a second molecule of the substituted
benzene, yielding a 1,1~ dichloro*z,z—~diarylethane.u
It is difficult to isolate the intermediate product, (XVI)
and only the dimethoxy, (VIII) and dihydroxy, (IX) compounds
were synthesized.

A brief discussion of the experimental details of
these syntheses is warranted because it was found that
the published methods do not fully disclose some of the
difficulties that may be encountered in these preparations.

The published method for synthesizing the diaryl
substituted trichloroethanes gave good results for
ethoxychlor, (II). For hydroXychlor,(IIi) the preparation
by Kapoor et. al.(l) was followed, but these authors did
not provide experimental details. Initially, after the
condensation reaction was complete (as represented by
Scheme 1), attempts were made to isolate the product by

extraction with chloroform and benzene. It was found



that the product was virtually insoluble in these
solvents. The solvent of choice for this extraction
was found to beAethyllacetate; The product, initially
obtained as a viscous brown oil was successfully
recrystallized from a bengeng—ethancldmixtu:e instead.
of methylene chloridveithra trace of ethanol as |
recommended by the authors.

It should be reiteratedfthat,this insolubility of
hydroxychlor, (III) in benzene could have important
consequences in residuetgnalyses involving-thesé
compounds, primarily because benzene is used»ésha
solvent in many standardized extraction pro¢edures
normally used in residue analyses.: One sucﬁ difficulty
with the recovery of hydroxychlor; (III) may havé;bééh
involved in a study of the interaction of methoxychlor
with the bacterium X.pneumoniae (19). These authors
reported that much of the methoxychlor is lost during
incubation. Since benzene was used in'théir.ektraction
procedure it is probable that polar metabolites such
as hydroxychlor were not recovered during that investigation.
This provided the impetus for reexamining the work of
Mendel et. al. (19) and the results. of that reexamination
have become a major part of this thesis (see Chaptéf 3).

The mixed compound, methoxyhydroxychlor, (IV) was

somewhat more difficult to prepare since the synthesis
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involved the isolation of the intermediate alcohol, (XV)
and different methods have been publisheaufOr:the
preparation and isolation of such intermediates. Schneller
and Smith (37) reported that the condensation of‘bgnzéne
or its p - substituted derivatives wifh éthrél; uéing
anhydrous aluminium trichloride, can be controlled so

as to produce the carbinol, ﬁhe diarylethaneTOr”both!.
depending on the nature_of ﬁhe substituent on the benzene
ring and the reaction conditions. These authors found
that with anisole; ninety percent (90%) of the produét

was the diarylethane. Frankforter and KritéﬁeVsky (38)
have also used this method to prepare métho#ychlor.

An alternative preparation for the capbinqlhhas aléo;

been reported by Chattaway and Muir (39) (Eq.[2] sée‘
p.27). They used the Baeyer sulphuric acid:éondénsation
of chloral with benzene derivatives. These authors

found that by reversing the customary order of mixing-

the reagents, i.e. adding the benzene derivative to an
excess of chloral, good yields of the carbiﬁbi could be
obtained. Both of the preceding methods were attempted

in the present work but in both cases the diaryl compounds
were the only products which: could be isolated. -Therefore
the carbinol was prepared by the method of Howard (40)
according to Eq.[3] (see p.27) and Scheme 2 (seenp.30),

using p - anisaldehyde instead of p - chlqrobenzaidehyde.
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This gave acceptable yields of the carbinol and the
further reaction of :this compound with phehol"adgording
to Schneller and Smith (37) gave the desired astmétrigal
compound, (IV). For the recrystallization of the final
product a chlorofcrm—cyclohexang‘mixture.was‘found tp

be superior to the beﬁégné;Cyéiohexane mixture used by
Kapoor et. al. (1). |

The yields obtained for hydroxychlor,(III) and-
methoxyhydroxychlor, (IV) were only moderate. A possible
explanation for this is the fact that~the‘co#responding
olefin mafvbe producedfsimultanecusly. Fleék‘ana ﬁaller
(44) have used anhydrous aluminium triéhquide a§ a
catalyst for the: elimination of HC1 from Suchﬂﬁ -
substituted trichloroethanes=to'produce the“cofreépénding
olefins.

The preparation of methoxychlor olefin, (V) was
carried out-according to Kapoor et. al. (1). :Theiréaction,
which involves refluxing methoxychlor With”SO%}ethaﬁélié
potassium hydroxide, gave good yields and ndfcbmpligations
were encountered. However, for the preparation of
hydroxychlor olefin, (VI) and thé”methQXYhYdroxycthr
olefin, (VII), the method of Hubacher (45)5gaVe”bétter
results. Thus, quantities of hydroxychlor, (III) and
methoxyhydroxychlor, (IV) were each refluxed for 0.5hr.

with 3N methanolic potassium hydroxide, resﬁlting in the
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formation of the corresponding'olefins. Due to the high
solubility of hydroxychlor»olefin;(VI) ineethéﬁol,‘this
solvent was found unsuitabie‘fof'the;recf&stailiéaﬁion
of this compound as suggested'bf.Kapoor é#‘di;(l), 20%
agueous ethanol was foﬁnd’to;giVe better‘feeuits;'sThe
low yield of hydroxychlor olefln,(VI) when Kapoor s
method (1) was used for the ellmlnatlon reaction may
have been due to the formatlon of 4, 4!4 dlhydroxyben21l,
(XVII)and 4, a' - dihydrOxytblan,(XVIII)e Hubacher (45)
has used a similar method to prepare’ these compounds.
Thls author used: aqueous potassium hydrox1de 1nstead of
50% ethanolic potassium hydroxlde. Therefore the E
formation of such compounds as the’ substltuted benzlls
and tolans could account for the lower y1elds~1n
preparing these other olefins [i.é.'hydroxychior 01efih,

(VI) and methoxyhydroxychlor oléfin, (VII)].

XVIII 4,4'- dihydroxytolan
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Preparation of the diaryldichloroetﬁaneaanTIE}
and IX was carried out according to Zeﬁpaéﬂvdi;(12)
who used this method ﬁo:prepare‘the dimethdxydichlorc-
ethane, (VIII). It follows from the mechanism. of the
reaction (Scheme 4,see P. 33) that a small excess ‘of
aluminium trichloride is de51rable to ensure a quantitative
reaction of the startihg materials. The dimethoxy
derivative was initiallf bbéﬁhed as a light:brOWn oil,
which on solidification, could be convenientiy
recrystallized from a- benzene-ethanol mlxture."fﬁé
dlhydroxydlchloro compound»(IX) ‘was also prepared
by thls method us1ng llquld phenol 1nstead of anlséie.
This reaction led to the desired’ product w1thout ‘
difficulties.  As far as ‘can be’ ascertalned the preparatlon
of compound IX has not been reported in the llterature
before. B

Low yields of these dichloro compounds were obtained,
and a number of unidentified byproducts  were evident in
the reaction mixture. A number &6f attempts were 'made to
improve the yields in these ‘reactions, e.g. by varying
the reaction temperature. These attemptS’wefe unsuccessful,
but were not pursued, since only small quantities of
these compounds were required.

An attempt was made to prepare the hydroxymonochloro

ethylene, (XIX) by an elimination of hydrogen chloride
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from the corresponding dichloro compound. The treatment

of the dihydroxydichloro éompound (IX) with alkali, however
led to a product c16H1503' as establlshed by both
elemental analys1s and a prec1se ‘mass measuremernt . on the
molecular ion. The NMR spectrum 1s compllcated ‘and an
unequlvocal a551gnment of the proton 51gnals was. not
possible. Structure (XX) would accommodate these data,

but could not be conflrmed on the small quantlty of

material available.

XIX Hydroxymonochloro ethylene[2,2-bis (p - hydroxyphenyl)
-1- monochloroethylene] :

Hi-ii'

HAO RH

H O H

XX Proposed structure for prodﬁct C16H1603



Such a structure is not unreasonane in view of the fact
that rearrangements, similar to the benzilic acid
rearrangement, can occur in this type of reaction as
mentioned by Hubacher (45) (see p.38). These trahsformétions
may not take place in an environméntal situation in view
of the reaction conditions used in this case, but the
reaction itself does gene:aﬁe»an]interesting synthetic
problem. It is recommended that this reaction type be
further studied, not from a viewpoint of methoxychlor
degradation but as an exercise in the elucidation of the
various pathways that may be involved:in such;reactions
leading to the formation of different products. The
anomalous product obtained when the preparation of the
hydroxymonochloro-ethylene, (XIX) was attempted is in part
the justification for looking at NMR and mass spectral
data in more detail.

Analyses. For preliminary‘identificationsFOf these
various methoxychlor derivatives-a thin layer éhromatography
(TLC) system described by Kapoor et. al. (1) was used as
a routine method in the present study. These adthbfs
reported that the different methoxychlor derivatives
undergo different ¢hromogenic reactions with a spray
reagent containing 0.5% diphenylamine and”O.S%‘zinc chloride
in acetone. The colours developed after the plates were

sprayed with the reagent, heated for ten minutes at 110°



and then exposed to ultraviolet light (254mp) for at
least five minutes. The diaryltrichloroethanes produced
grey or black colours, the diaryldichloroethylenes were
pink and the diaryldichloroethanes gave bright blue spots.

Gas chromatographic techniques for analysing
methoxychlor and its breakdown products have been, to
date, primarily concerned with the parent compound and
in some instances with the olefin, (V) and the dichloromethyl
derivative, (VIII).

Mendel et. al. (19) have used gas chromatOgraphy
qualitatively to identify methoxychlor, (I), methoxychlor
olefin, (V) and the dimethoxydichloromethyl derivative,
(VIII), and used a quantitative method only'for‘determining
methoxychlor itself.

Castro and Yoshida (17) 'studied the degradation of
this pesticide in flooded soils in the Philippihes, but
only the residual methoxychlor was monitored quantitatively
by gas chromatography.

MacNeil et. al. (11) investigating the'photolyéis of
methoxychlor, used gas chromatography for the identification
of the two major photodecomposition products, methoxychlor
olefin, (V) and the dichloromethyl derivative, (VIII).

Thompson ' et. al. (46) determined the relative retention
ratios of ninety-five pesticides and metabolites on nine

gas liquid chromatographic columns over a temperature.



range of 170-204° in the electron capture and flame
photometric (FPD) modes. Methoxychlor, but none of its
known derivatives was included in that report.

Wolfe et. al. (47) studied the methoxychlor hydrolytic
degradation pathway in water at pH's common in the
aquatic environment and employed both electron capture
and flame ionization detectors in the identification of
breakdown products.

There are other examples (31,32) cited<in.the
literature where gas liquid.chromatography is used in
investigations concerning methoxychlor, but none deal
with phenolic methoxychlor derivatives and furthermore
the majority are of a qualitative nature. It was
found that the phenolic derivatives of methoxychlor,
which were used in the present study, could not be
eluted from gas chromatographic columns containing
conventional stationary phases. It was therefore
necessary to develop a method that would allow both the
qualitative and quantitati?e analyses of such compounds.
Stationary phases chosen for initial study were the
silicone gum rubber (SE-30), which has been used alone
and mixed with other stationary phases in pesticide
analyses (11,17,31), Dexsil 300, OV 17/0V101 and SE-30/
Ov210. Column temperatures of 220-250° were found

suitable for columns containing these packings. Also



a simple silylation procedure proved to be sufficient
for the analysis of all phenolic compounds in the
methoxychlor series. This technique involved the
introduction of the trimethylsilyl group [—Si(CH3)3]
into a molecule in substitution for active hydrogens.
This reduces the polarity of the compound and greatly
increases the volatility. The reaction is quantitative,
fast and is done at room temperature. Although some of
the compounds had similar or identical retention times
on one single column, the use of different column
packings allowed a'compléte resolution as illustrated
by the retention times relative to DDT as recorded in
Table 1 (see p.45).

For quantitative measurements it was decided to
use a method based on an internal standard, such as
used by Takimoto et. al. (48) for fenitrothion, (XXI)
and its derivatives. Both DDT and ethoxychldr,(II) were
used as internal standards. Thus, from a series of
samples containing varying quantities of the test compound,
and all containing the same amount of internal st%ndard,
calibration curves were obtained, which then allowed the
precise analysis of unknown samples, made up to standard

.

volume with the same solution of the internal standard.
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Table 1. Relative Retention Times (RRT) with respect to DDT of
methoxychlor and its derivatives.

Relative Retention Time (RRT, DDT=1) b)

DEXSIL.  OV17(3%)/ SE-30(4%)/

Column SE~30(5%) 300(3%) OV101(3%) OV210(6%)
No. &) Campound
I  Methoxychlor 1.23 1.35 1.63 1.29
v Methoxychlor olefin 0.87 0.88 1.04 0.88

VIII Methoxydichloramethyl 1.04 1.08 1.25 1.03

IV  Methoxyhydroxychlor 1.48 1.44 1.59 1.47
VII Methoxyhydroxychlor ~1.04 0.89 1.04 '«1?03
olefin '
III Hydroxychlor 1.78  1.44  1.54  1.56
VI  Hydroxychlor olefin 1.30  0.99  1.04  1.12
IX Hydroxydichloramethyl 1.44 1.22 1.25 1.32
XTIV Benzophenone 1.20 1.12  1.02  1.38

a.”) The Roman numerals in parentheses refer to the structurai formulae
of methoxychlor and its derivatives shown on p.24 .

b) Retention Times (min.) of DDT on the above columns are:
SE-30(5%) = 5.75min.; Dexsil 300(3%) = 4.45min.; OV17(3%)/0V101(3%)
= 4.80min.; SE-30(4%)/0V210(6%) = 3.4min..



Fenitrothion, (XXI) - [0,0~-dimethyl-O- (3-methyl-4-
nitrophenyl)—phosphorothioate]

Finally, it may be noted that this method, which
allows the ‘analysis of amounts down £o‘0.5pg, with a
FID detector, may well be modified, for example by using
more sensitive detectors (e.g. electron capture), to
allow the trace analysis of these phenolic compounds as
required in conventional residue analysis.

Spectroscopic Data. Information on nuclear magnetic

resonance (NMR) spectroscopy of methoxychlor and its
derivatives is scarce. Kapoor et. al. (1) have reported
the t—values of the proton signals for methoxyhydroxychlor,
(Iv) and its olefin, (VII). There are other reports that
mention the use of NMR in the identification and
characterization of some methoxychlor metabolites, but

specific information is not provided. It was found that



characterization of some of the synthesized compounds
was greatly facilitated when complete NMR spectral
infoimation was obtained for all compounds in this series
as part of the present stuay._@Ah example of the need for
spectroscopic information ié the;anomalous~result of the
attempted synthesis of the mdéoChloro—olefin,(XIX)
described above (see p.39).

The spectra of the:diaryltrichloroethanes I,
IITI and IV are all distinctive, and the signals of the
different protons are well 'separated. Ethoxychlor;(li)
is easily identified by the-charaCteristig‘signals arising
f:om the ethoxy groups. In the spectra'df methoxychlor,
(i) and meth0xyhydrochhlor;(IV),the’methOxf gréuéé”éfe“i
represented by signals at f6.26'and 16.20ppm réépedtively.
The hydroxy group in the latter coﬁpound and in hydroxychlor,
(IITI) are usually recognizable after deuterium exchange
with deuterium oxide (D,0). The typical doublet of
doublets representing the eight aromatic protons of these
compounds is found at t2.3-3.4ppmn. ‘The'aéprqtén’Sighal
is found at 15.03 for methoxychlor, (I) and at 14.85ppm
for both methoxyhydroxychlor, (IV). and hydrbxybhlof,(iII).
The t-values for these signals of the'diffgteht protons
in these trichloroethanes have been tabulatéd in Tab1e52

(see p.48).



Table 2. Nuclear magnetic
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spectral data of methoxychlor and its

derivatives.
t = values (ppm)

No. &) Compound ~CHClp o-H -OCH;  -OH  Aromatic (8H)
‘I Methoxychlor ) 5.03 6.26 - 2.4-3.4
III Hydroxychlor < 4.85 - 7.1 2.3-3.2
IV  Methoxyhydroxychlor - 4.85 6.20 7.05 2.3-3.2
\'4 Methoxychlor olefin - - 6.25 - 2,7-3.25
VI  Hydroxychlor olefin ~ ,j-' 7.02 2.8-3.3
VIT Meéthoxyhydroxychlor 6.17 7.15 2.6-3.3

olefin '
VIII Methoxydichloramethyl 5.2 7.0 7.7 . - 4.2-4.75
IX Hydroxydichloromethyl 3.16 6.5 - 7.01 . 2.6-3.35

2) Roman numerals represent methoxychlor and its derivatives given

on p.24.



The NMR spectra for the diaryldichloroethylenes v, VI
and VII are easily distinquished from the trichloroethanes
by the absence of the signal f§; the a—protoh;” Furthermore,
the signals for the aryl subtituents can be_uéed;to
distinquish between the threefolefins~and’tﬁe iesu1ts are
also included in Table 2. |

The NMﬁ.spectra fo;“the“dia;yldichloroethanés VIII
and IX quite clearly allowﬂfhe identification of these
compounds as distinct from the trichloroethanes. For
the dimethoxydichloromethyl derivative, (VIII);_both
thé o-proton signal ‘and dichlorbmethyl»(—CHClzi signal
are doublets centred at 17.0 and 15.2ppm reSpéétivelf;
There is of course, no