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ABSTRACT
STUDIES ON THE MAJOR PHOTOLYTIC
PRODUCT OF ENDRIN

by Wendel L. Burton

The persistence, toxieity, and use of the
ehlorinated hydroearbdomn inseeticide endrim (A) has
bdbrought major eoncern not only to researchers but alse
to the publie. The objective of the research described
here was to determine to what degree endrin is reactive
to irradiation particularly in the range of natural
sunlight and atmospherie surfage eonditions and to
study the nature of its photolytie products.

Indeed, endrin (A) was found to be converted cleanly
in yields up to 80 per eent to an entirely new compound
by irradiation at 2537A in eyclohexane, The equivalent
of dichloroacetylene was eliminated from endrin to
yield 3,3,4,5R-tetrachloro-tetracyclo(5.2.1.02+6,04,9)
decan-8-one (B), a ring system not prcvionlly'reported.

Compound (B) was found to be highly resistant to the
usual oxidation and reduction preocedures, and to be
insoluble in the eommon organiec solvents used in chloro-
insecticide analysis. Simple toxicity tests showed (B)
to be three times as toxic to mice and five timea as
toxie to flies relative to endrin. However (B) did
ressct quite speeifieally and eleanly in over 90 per eent
yields through ring elosure and homoenolization to
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2,5,4,4-tctraohloro-pentacyclol§.3.0.02’6.05'1905'ﬂ
decanol (C),

The chemistry of (C) proved imteresting as it
underwent eleanly and in excellent yields replacement
of the hydroxy group by a ehlerine by reaction with
either thionyl chloride or phosphorus pentashloride to
give 1,2,3,4.4-pentaohloro-pontacyolo[5.3.0.02’6.05'10.
05'9] decane (D),

Reduction with lithium metal, tertiary butyl asalcohol
in tetrahydrofuran of (D) gave & known eompound
pentaeyclo[5.5.0.02'6.05'9.05'Q}decanc (E) established
by direet eomparison with am authentie sample.

Fuclear magnetie resonance spestroseopy proved to
be the most singularly important tool in the strueture
determination of photolytie produects of endrimn, although
infrared, ultraviolet, and mass spectroseopy, and gas,
thin layer, and ¢olumn chromatography were also utilised.

It might be eoncluded that the photolytie product
(B) may well be the real speeies eausing the persistenmey
and toxicity instead of its parent (A), especially im
view of the faet that photolysis at 3600A (which is the
ultraviolet radiation in sunlight at earths surface)
yielded results essentially similar to those obtained
at the shorter mavelength 25374,
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BACKGRCUED

The fate and persistence of organie pesticides has
been given considerable attention recently. The wide
spread appliecation of peaticides has preeceded their in
depth studies of the potential long range effeets as
health hasards to man and his enviremment. Studies
have been made on the half lifes, residue levels, drift,
runoff, and toxicities of the various pesticides.
However, the chemiecal nature, espeeially under field
eonditions, of the pestieides and their potential
photelytie desomposition produets is still unknown,

The need and imrortance for sueh research is dramatie
when one considers the unexplored risks of the present
applications of organiec pestieidea to our environment.
For example, last year over 800 milliom pounds were
applied in the United States alone and this level
increases 35 million pounds a year.(l)

A major portion of these pestiecides belong te a
group known as the ehlorinated hydrocardbon inseetieides.
Thias group of insecticides recently has been getting
greater publicity because of the events like the
Colorado River fish kill and the fire ant fiasco.

'The chlorinated hydrocarbon inseecticides are
applied yearly in the United States on the 150 millien



pound scale. They have developed and hold this market
bdecaunse of their bdbroad speetrum and low ecost. It is
because of this breoad spectrum and its supposed ability
40 remain active for long periods of time that has
stimulated researeh intersst in thease materials here at
¥ichigan State University.

A widely used member of the ehlorinated hydrosarbom
insecticides is endrin. Interest in endrin (1,2,3,4,10,
10-hexachloro-6,7 epoxy-l1l,4,42,5,6,7,8,8a octahydro-1,
4-endo endo-5,8 dimethanonaphthalenme), I, has arisen

from two reascns. The first is its wide use as an
effective droad speetrum and low coat pestiside., The
seoond is its unique stereocchemistry which allows it to
underge a variety of reastions from simple additiom to
eomplex tramsamnular rearrangements.(2-8)

Endrin's major use has been in protecting the
eotton plamts from bollworms, cabbage loppers, and

pumerous other pests.(®) It also is supposed to be



highly toxie and stable for long periods of time under
field eonditions. TYor example, in eomparisom to DDT
endrin is fifteen times as toxie to mammals, thirty
times as poisonous to £ish(10), 300 times as toxie to
some birds, and has been found %o kill at leass fifty
per cent of the shrimp im as low eoncentratiom as one
half part per billion.(11l) This toxieity level,
ecombined with data 1ike the residues found in vegetables
treated with insecticides (2,420-4,370 parts per billion
DDT in spinaeh) (12), or the runcff of surface waters onm
sprayed fields (0.36 parts per billion im furrow water
from eotton field sprayed with O.4 1lbs/aere or roughly
400 ppb/acre) (9), or that of the endrie spray applied
ten feet above the ground im three mile per hour wind
the ten micron sise drifted ome mile whereas the two
micron size was found as far as twenty one miles away(12)
gives one some indicatiom of its potential hasard to
human enviroament. Half life studies have indiecated
that endrin is one of the more persistent inseeticides
with a half life of over seven years im the fielad.

While endrin is moderately persistent, it does
however disappear through some avenue other than the
general routes like runoff, leaching, and tramsloecation.
A reasonable avenue for ita removal is by photochemieal
reastions and ehemical rearrangements imto ether ehemieal
sompounds as a result of irradiatiom by sunlight, most

probably im the range below 36004, Robura (13) reported
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qualit s tively that endrin was partially eonverted to
new esompounds by irradiation of the deposited soliad at
2537A., Rosen and Sutherlamd (14) isolated the

previously reported (6) ketone II and aldehyde III in

a_H o d O. H

A/ o/

l l
al Cl
g a g

(11) (I11)

thirty seven and nine per e¢ent yield respeetfully
following irradiation of endrin at 2537A using hexaney
acetone as the extracting solvent. Compounds II amd IIX
were found to be nontoxie to the housefly and mosquito
at eonsentrations 0.24 pg/fly and 96 ppb, respectfully.
Yields of thirty seven and nime per cent does not
explain what is the fate to even one half of the endrim
applied. 4 better initial approash would be to study
the photolysis of endrin in solution. More exacting
eonditions can de attained in solutiem versus solid
irradiation; and since the usual application of endrin
is in the form of a twenty per eent astive ingredients

in a hydroearbon solvent, twoe such inert solvents were
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ehoosen: hexane and ecyelohexane., Therefere, photolysis
experiments were carried out imn these laboratories ¢o
agscertain whether endrin does undergo photochemieal

rearrangements in solutioa.



RESULTS AND DISCUSSICN

Endrin, indeed, underwent photochemical reactiom
im solution. In varying the percent of endrim from 0.3
0 8.9 percent by weight (or 0.0063 to 0.1000 molar)
the rate eof disappearance of endrin was found to be
pearly ecomplete within eight hours. At eoncentrations
greater than one per eent, precipitation ocourred during
the photoreacstion, probably due to the insolubility of
some of the photolytie products. After an initisl
photolytie lag phase of one hour, preeipitation eommeneced
and continued until, at the end of the seeond hour of
photolysia the reaction had to de atopped due to the
density of the product(a). Up 80 an 80% yield ef a pure
white erystalline material was recovered from such
photolysis reactions. Simple toxieity tests (19)
showed this major photolytie product, IV, to be three
times as toxie to miee and tive times as toxie to flies
relative to I, endrin.

Compound IV beeame of immediate interest for
several reasons. (1.)The initial preduet IV was tound
to be insoluble in most ef the sommoa organie solvents
used for the detection of ergamo-chloride pesticides.
For example, no shange was noticed in IV by refluxing

it in ethanol, benzene, carbon tetrachloride, e¢hleroform,



petroleum hydrocarbons, ether or dimethyl sulfoxide. It
wa8 soluble only in methylene shloride. However, when
IV was ground to & very time powder it became readily
soluble in hot absolute ethanol and chlorotorm. (2,)IV's
retention time, using two types of columns and different
temperatures on the gas chromatograph, waa nearly
identical to its parent compound I, and could not be
diatinguished from the latter. Either material or a
mixture of the two gave only a single peak with a
proportional inorease of area as one increased the
econcentration. (3.)Its infrared absorption spectrunwas
nearly superimposible on that of ecompeund II above 1350K%

All three reasons lead to the same eeonelusion.

The most widely used methods today for the deteetion

of pestieides and their residues oould have beem missing
the identifiecation of IV, Also IV might be the
persistent and toxie residue that is now attributed to
endrin,

The problem, therefore, was to identity eompound IV
and ascertain if its ehemical preperties justified the
above possibilities.

IV's physieal data was encouraging in this direction.
The melting point was not sharp but rather indefinite,
melting from 215-218° with some prier softening and
elose to the reperted 220°4& for its parent eompound I,
The infrared spectra showed a strong absorptiom at 1745K
and no abserptiom at 1420K whieh could be attributed to

a earbonyl in a rive membered ring with no alpha
K, Kaysera or reciproeal ocentimeters



methylene groups. 4 medium intensity absorptiom at
1465K can be ascribed to a methyleme group. The wmeak
lines at 2960K and 2890K eould be aseribed to the
eéarbon-hydregen stretehing frequency of a five membered
ring and a tertiary carbon hydrogem stretching respect-
fully by extending the near superimposibility of its
infrared to the known eompound II, Multiple bonding
frequeneies were absent trom the spestrum which was
als8o eontirmed by the laek of absorption in its visible
and ultraviolet spectrums., Fimally absorption
frequeneies below 1400K were too numerous and strong to
be of mueh value in assigning the presence of functional
groups.

The elemental analysis of IV established that the
equivalent of dichlorocacetylene had been eliminated
during the photodecompositioa of endrim. Caleculated for
G 0HgC1l40: ©C, 428.00; H, 2.82; C1, 49.59 and founa ¢,
42,09, 41.93; H, 2.79, 2,883 €1, 49.64, 49.55, Mass
spectra and vapor phase osmometry plased the molesular
weight at 286 g/mole.

Nuclear magnetis resonance (nmr) spectrometry
revealed at least four chemieally d&istinet types of
protons based on the observed chemical shifts, The
first type was attributed to the pretons of a methylene
group at tau 8.2, This group showed a solvent effeet
with increasing dieleotriec consatant of the solvent. In

carbon tetraschloride («-2.2) the methylene group appeared



as a singlet. In methylene ehloride (¢=9,1) there
appeared an AB type quartet with area integration of
1:5:5:1, J= 7.2 ep8, and a¥= 7.4 eps. In dimethylform-
amide («=36,7), the AB type quartet had an integration
of 1:1.,6:1.6:1 with a¥=16.6 @ps.

The sesond distinct type of proton was attributed
to a tertiary hydrogen. It appeared as a broad symmetrieal
multiplet at tau 7.2,

The third type of proton was also attributed to
tertiary hydrogens. Total integration assigned four
protons to this region of tau 6.7-6.9. The coupling in
this region d4id not allow satisfactory resolution to
assign J and aY values from the spectrum.

The fourth type of proton was attributed to a
hydrogen bonded to the same carbon as a ehloring with a
shlorine atom located on one of the adjasent earbon
atoms., It appeared as 2 sharp singlet at tau 5.4. Spin
decoupling techniques failed to alter the spectra.

From the physiscal data alone a number of possible
working models were econstructed to serve as a guide to
develop experimental prosedures to distinguish between
the models and to finally arrive at a known s8tructure or
system for IV,

The hydrocarbon portion of endrin was assumed to be
left intact as supported by the nmr data and the three
knewn thermolyais derivatives of endrin. The positioning

of the carbonyl om either side where the epoxide could
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open was not important seo leng as a new carbon-carbon
bond was formed on the other side to meet the eondition
of no alpha methylene groups to the carbonyl. This new
earbon bond at earbon three would neeessarily be endo to
the norbornyl system identieal to the supposedly
unreacted linkages at carbons five and six.

Uaing the adage that five membered rings were
preferred as photolytie produeta, two such models eould

be suggested, (IVa and IVb).

(IVa)

Models with four membered rings were also poasibil-
ities. (IVe, IVA, and IVe).

Three membered rings were unlikely as indicated by
the lack of eharseteriatiec absorptions in both the

infrared and nmr speetras.
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The most apparent difference between the models was
that IVa and IVe should be sapable of olefin formation
whereas IVb,4,e ahould not. Such olefin formation
eould be easily detected by a very sharp characteristiec
band at 1600K for a mono- or dihalo- ethylene in the
infrared. Application of Attenburrow's dehalogenation
proecedure to IV resulted in only atarting material
being recovered.(15) Dehydrohalegenation using
alesoholic potassium hydroxide alss failed to produse
any olefin; however, reastion did ocour and a new
product was formed which exhibited a hydroxyl bdand in
the infrared spee¢trum,

Sinoe the ring systems for the models have net been
reported in the literature, chemical studies were begun
to attempt to sonvert IV into a known eompound. Initial
efforts were direocted at the carbonyl group. However it
was quickly discovered that IV was quite unreactive.

Attempts to prepare the tosyl hydrazone and hydrazone
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derivatives were fruitless, Likewise IV was unreactive
to normal oxidation and redustion proecedures. Carbonyl
reducing proeedurea involving the Huang-Minlon
modification of the Wolff-Kischner, the Clemmensen, and
the Thio-ketal reductions were unsuccesasful, With the
Clemmensen reducstion 80% of the starting material, IV,
was reocovered. Using the thio ketal reaction, 99% of
the starting material IV was reeovered. Even drastic
conditions utilizing phosphorus pentachloride at high
temperatures in a sealed tube failed. Also the Bseyer
Villiger and Haller Bauer oxidations did not give any
expested products. A quantitative amount of starting
material was resovered from the Baeyer Villiger
oxidation. Compound IV, under the Haller Bauer eonditions
did give a nioce elean reaction to V.

Elemental analysis showed Y to be an isomer of IV.
The infrared spestrum compared favorably with the spectra
of the product obtained from IV following its reaction
with aleoholie potassium hydroxide. The carbonyl band
had been replaced be a hydroxyl band. The nmr had lost
the singlet at tau 5.4 and did not show any absorptions
eharasteristie of a secondary aleohol. This observation
lead to the econclusion that a ring elosure had very
probably oesurred by base-catalyzed homoenolization.
Ring elosures of this type are mot unknown. TFor example,
one of the more familar cases was the direct formation

of the hexagchloro birdeage aleohol, VI, as reported by



13

Winstein.(16) Returning to the models, only IVb and IVe
could easily undergo such a homoenolization. IVe though
should have been ruled out for not undergoing
dehalogenation. Therefore, V sould be assigned the

structure 2,3,4,4-tetrachloro-pentacyelo [5 3.0 .Oa '6.03’ 10 .

05- 9] deecamnol.

If strustures V and VI were dechlorinated, then the
resulting products would have the relationahip of the
hydroxyl group to the methylenes shown delew.

Hg
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Compound VIII has been prepared by Winstein; the
far methylene protons from the hydroxyl showed an AB
type quartet with ehemical shift values of tau 8.52 and
8.22 with J,5=10.5 cps, whereas the mear methylene
HoHy signal appeared as a singlet at tau 8.28 super-
impesed on one member of the HgH, quartet.(16) The
reasoning extended to this was that Hy was probably
deshielded by the hydroxyl.

Returning to the models, if 1IVe aetually underwent
homoenolization tellowed by dehalogenation, the resulting
eompound would have the same hydrocarbon ring structure
ag8 eompound V, execept that the hydroxyl would be in the
C-10 position and the predicted aplitting of the two
methylenes groups would become identieal which disagrees
with the nnr evidence. Further if in IVe one were to
exchange the sin chlorine of the geminal diechlore group
with a hydregen (whieh would give a further down field
shift to that preton than recorded), the prediected
final preduet atfter ring elosure and dehalogenation
would again give identiecal methylene absorptionms.
Similarly, if in strueture IVAa the geminal ehlorine was
replaced with hydrogen to allow homoenolization, the
result would be the same as above, eontradieting the
analegous evidence.

Compound VII was not erigimnally prepared by the
deghlorination of ¥, However it did arise from the

lithium metal, t-butyl alecohel reductiem of IV,
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Reduction of IV was originally earried out to obtain its
hydrocarbon skeleton. However in the isolated reaction
product only two methylene groups appeared in the nmr
instead of the expected three, indieating that some-
thing had to be amiss. Elemental analysis eonfirmed
this suspicion by reporting two less hydrogens in the
proauct than expected (expected CyoH;,0 and found )
Hjp0) Subsequent work lead to the realization of the
possibility of homeenolezation occurring sinee lithium
metal is a lewis base. MNmr studies revealed the
expected results. Im the methylene region of absorption
there appeared an AB type quartet with ehemieal shift
values of tau 8.53 and 8.21 with J,5=10.5 eps plus a
singlet HyH; at tau 8.29 superimposed on ene member of
the HyH) quartet, Further, the bridgehead proton
g8ignala which were reported as a broad peak at taun
7.57 (8H) and a somplex multiplet at tau 7.87 (1H) in
VIII were found in VII as a broad peak at tau 7.59 (6H)
and a eomplex multiplet at tau 7.92 (1H) plus the
remaining proton as a singlet at tau 6.89 (1H).

The ocarbon ring aystem in V and VII is known.
Dilling had prepared the endo and exo hydroxyl derivatives,
(17) From here he used phosphorus peatachleride to

subatitute a chlorine for the hydroxyl, reporting that

thionyl ohloride was completely unresctive. (18)

Dechlorination of the shlorine derivative using the
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commonr lithium metal, t-butyl aleohol in tetrahydrofuran
proeedure afforded the hydrosarbon IX, pentacyolo[ﬁ.a.o.
6'6 .03'9. 5'8]decane.

v

(IX)

Emr showed a quartet at tau 8.79 and 8,36 with
J=10.7 eps, with relative areas indiecative of a
methylene group eontaining nonequivalent atoms. The
tertiary protons were evident at tam 7.48 and 7.28 with
(5.8H to 2.4H) reapectfully.

The final proof of the strusture, then was to get
to IX from V. Reactions were carried out with
phoaphorus pentachloride using Dilling's proeedure anad
algso with thionyl ehloride. After four days, on work up
both reactions were found to be e¢lean and nearly
quantitative to give X, 1,2,3,4,4-pentachloro-pentaecyclo
[6.3.0.02+6.0%120 059 decane.

Dehalogenation of X gave the known hydroearbon IX,
Therefore the major photolytic product of endrin ecan be
assigned the structure IVb, 32,3,4,6R-tetrachloro-tetra
cyolo[5.2.1.02’6.04’?]deoan-s-one. Its echemical nature
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being unreactive to normal oxidation and reduction
proeedures could justify the reported persistence and
toxieity. Its physieal propertiea eould help obscure
or make difficult its proper identifieation.
Photolysis of endrin was alsc eondusted at 3600A(19)
and yielded results essentially similar to those
obtained at the shorter wavelength (25374)., This
observation is of great impertance as it demonstrates
that photolytic rearrangements will oceur under normal
fiel& eonditions aa the ultraviolet energy reaching the
earths aurface has wavelengths above 8863A. Therefore,
application of endrin could lead to IV's subsequent
build up in soils, plants, and animals and may even
degin to approach toxic levels., Consequently, this
as of yet unexplored potential health hasard may exist

to man,



EXPERIMENTAL

All melting points are uncorrected and were
determined on a Hoover capillary melting point apparatus.
Infrared spestra were determined with a Perkin Elmer
model 337 grating infrared spectrophotometer, im either
earbon tetraehloride solutions or as potassium bromide
pellets., Ultraviolet and visidble spectra were determined
with a Beockman model D.U. and D.B. instruments. Gas
ehromatography was eonducted in a Beckman model GC-4
using a 6' by 1/8" 1d. gquartz tube packed with 5% Dow 11
in 60/80 Chromosord Q using helium gas as the earrier
for electron capture detection and nitrogen gas as the
earrier for flame ionization detestion. A silaniszed
23% SE.30 eolumn was temporarily used in eonjunction
with the other eolumn., Nueclear magnetie resonance
spectra were determined with a Varian A-60 high resolution
spectrometer and Jeoleso C 60-H instrument using tetra-
methyl silane as an internal standard. Mass spectrometric
spectra were determined with a Consolidated Engineering

Model 21-103C maehine.

18



PHOTOLYSIS

Photolysis of endrin was carried out under varying
conditions of both concentration of endrin in
appropriate solvents and output energy (2537A) of the
various medium pressure mercury arc lamps. Endrin was
obtained from the commercial Endrin Emulsible Concentrate
(20% endrin in 72% petroleum hydrocarbons) by evaporation
of the solvent and numerous recrystallizations of the
residue from absolute ethanol using activated charcoal
until no variation in the melting point of the purified
endrin ocourred. Gas chromatography of this material at
2209 gave a s8ingle peak and the nmr 8pectra showed no
interfering impurities. The hexane and syclohexane
solvents used in the photolysis were classified as
nanograde-distilled in glass, from the Burdick and
Jackson laboratories. The irradiation fer the most part
was carried out in a ¢lear fused guarts immeraion well
using a Hanovia type L, 2537A, 450 watt laboratory photo-
chemieal lamp, although a 250 watt lamp was also utilised.
It should be noted that no attempt was made to exclude
other irradiation wavelengths emitted by the above lamps.
A Rayonet Southern New England photochemieal reactor (2537A)
gave identical results. Varying econcentrations of endrin,
from 1.200 to 38.09 g., were dissolved in 500 ml. of oyeclo-
hexane. rhotolysis waa earried out at approximately 21°
using a magnetically atirred system.

19
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Nitrogen gas was bubbled through the reastion
system on various trials, collecting any volatile acids
in a standardized sodium hydroxide solution. Ko change
in results was notiseable using nitrogen gas, thus it
played no apparent role in the photolysis reaction (0.70
mole of acid per initial mole of endrin was evolved
during the reaction).

The extent of the reaction was followed by both
ga8 ehromatography and infrared speetrometry and showed
a minimum of 90% conversion of endrin in eight hours.

A eoloration change in the reaction medium from a e¢lear
solution to dark orange-brown along with the evolution
of a pugnent odor asesompanied the reaction.

Hex2ne solutions gave essentially the same results
a8 those obtained with eyclohexane except the solubility
of endrin in hexane is less,

Precipitation of the white orystalline produet, IV,
ogourred one hour after initiation of 1light exposure
and the reaction was stopped after two hours of reaestion
time, The product was recovered by filtration. The
reaction was then continuned until precipitation was ne
longer apparent. The recovered product was washed with
eyclohexane and dried. This photolytic produst IV was
found to be insoluble in the common organic solvents
used in the deteotion of the organo-chloride pestisides,
After thorough grinding to a powder, it eould be recry-
stallized and ehromatographed to yleld a fine white
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erystalline material, melting at 2165-218°, Its infrared
apectrum is shown in Figure I, and its nmr spectrum is
summarized in Table I. Compournd IV was assigned the
structure 5,3,4,5R-tetrachloro-tctraeyclo[5.2.1.02'6.04'ﬂ
decan-8-one.

Analysig: Cale'd. for 010H80140: c, 42.00; H, 2.82;

Cl, 49.59; and found C, 42.09, 41.93; H, 2.79, 2.88;

Cl, 49.64, 49.55.

" H
(IVD)



PREPARATICNS
Preparation of 2,3,4,4-tetrachloro-pentacyclo[5.3.0.02’6.
03,10.05,9]de°an°1 HO
°1oHs°14° M.W. 286

a=d
(V)

This eompound was prepared under the experimental
econditions generally used for the Haller Bauer oxidation.
A mixture of 4.00 g. (0.014 moles) of the photo product
IV and 1.28 g. (0.033 moles) of sodamide in 150 ml. of
nanograde henzene was heated under reflux. After seven
hoursa, the reaction mixture was c¢ooled by immersion in
an ice bath and 250 ml. of ice water wmere slowly added
to the rapidly stirred mixture. The organie layer was
separated. The aqueous layer was extracted three times
with 100 ml. portions of methylene shloride containing
a little ehloroform, dried over magnesium sulfate, and
the solvents were removed under reduced pressure to
obtain a white erystalline produst. This was dissolved
in hot earbon tetrashloride, filtered hot, and cooled
in an ice bath to yield 2.60 g. (0.0091 moles) nice
white erystals. ©n removal of the remaining solvent

22
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an additional 0.90 g. (0.0032 moles) was rmcovered to
bring the total per cent theoretical yield to 88%.,
Final purification of the produst was afforded by
shromatography using neutral alumina and eluting with
ten per eent methanol-carbon tetrashloride.

Compound V was also prepared under dehydrohalogen-
ation eonditions.(20) A mixture of 2.00 g. (0.,0070
moles) photoproduect IV and 1.25 g. (0.022 moles)
potassium hydroxide wmere refluxed in 60 ml. of absolute
ethanol, During the seventeen hour reflux time, the
reaction solution underwent ¢oloratior changes from
eolorless to yellow to sherry red. The solution was
then poured into 200 ml., of ice water, filtered, and
extracted three times with 100 ml. portions of ether.
The eombined ether extracts were saturated with sodium
ehleride solution, separated, and dried over magnesium
sulfate. It was then filtered and the ether was removed
by distillation under redused pressure at room temperature
to yield 2.0 g. (0.0070 moles) of erude product., This
was reocryatallized from 95% ethanol te¢ obtaim 1.60 g.
(0.,0066 moles) produet in two cryntallini forms; the
me jor portion in the form of needles and the other in the
form ef elusters. These were purified by shrematography
using 65 g. Fisher alumina with earbon tetraechloride-
methanol as the elutant, followed by a final
reorystallization from ethanocl-water to odbtain 1.55 g.

(0.0054 moles), 75% theoretieal yield of the pure
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preduct melting from 204-207°d, The infrared spestrum
is shown on figure II, and its nmr spectrum is
summarized in Table I.

Apnalvsis: Cale'd. for GIOHBCI‘O: ¢, 42.00; H, 2.82;
€1, 49.59; and found C, 41.93, 41.96; H, 2.76, 2.84;
€1, 49.65, 49.58.

Preparation of 1,2,3,4,4-pontachloro-pentacyclo[5.3.0.

02’6.03'10.05'9]decan0 ql

01037015 M.W, 304

A |—

d

ad
(x)

A 0,50 g. (0,0018 moles) quantity of eompoumd V
plus 0.70 ml. (0.0022 moles) thionyl ehloride were
refluxed in 20 ml. of speetrograde carbon tetrachloride.
After a refluxing pericd of ome hundred hours, the
solvent was removed by distillation under rsduced
pressure to obtain & yellow oily produect, whieh on
being set aside for two weeks erystallised. The crude
produet preeipitated from solutions as an 61l on
initial reorystallizatiom attempts, However, by
setting the dissolved material aside in an ice bath,

it aigd eventunally erystallize from solutiom as a
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solid. Gas chromatographie analysis showed & clean
reaction had oecourred yielding 93% product and 7% of
the starting material., The reaction waa repeated up to
the points of removal of the reaetion solvent. At this
junecture an infrared spectrum, Figure III, and an mmr
spectrum, a3 summarized in Table I, showed removal of
the starting material was eomplete. The produot wmas

then used directly for the next step of the syntheais.

Preparation of pentaoyolo[5.5.0.02'5.05'9.05'8]¢ocan0

(IX)

Compound IX was prepared by the dehalogenation of
eompound X, To approximately 0.70 g. (0.0023 moles) of
essentially pure, as deseribed above, X in 70 ml of
anhydrous tetrahydrofuran, was s8lowly added 0,70 g.
(0,100 moles) of finely cut lithium metal under a
nitrogen gas atmosphere at 0°, Cn the addition of
3.4 g. (0,046 moles) of textiary butyl aleokol to the
reaction solution, the solutiom turned a bluish grey.

The reaction mixture was allowed to gradunally warm to
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room temperature during the thirty six hour reaetion
pericd. The mixture was then poured directly imto 200
ml, of ice water, saturated with sodium ehloride, and
extracted with three 85 ml. portions of ether., The
combined ether extracts were wasdhed with saturated
sodium chloride solution, dried over magnesium sulfate,
filtered, and distilled under reduced pressure to
obtain & eamphor like smelling oily product.

Sublimation of this material at 100° at atmospherie
pressure following the suggested procedure of Dilling(17)
gave & small yield of a clear liquid. FNmr studies were
inconcluaive 23 the sample was mot pure. The produot
was set aside in earbon tetrachloride solution in a
closed centainer for a month, during whieh time a white
stiocky material apparently sublimed to the eontainmer's
tép.

Thin layer chromatography of the sticky material
using plates of siliea gel F254 in metharnol and in one
to one ratio aolution of ehloroform and acetonitrile
gave identical RF values with that of a known sample of
eompound IX* 0.54 and 0.62 respeectfully.

The total remaining sample, 0.0012 g. (approximately
one per cent theoretical yield) gave an infrared spesctrum
eomparing rather faverably with that of a known sample
of eompound IX as shown in Figure IV,

* The author would like to extend his appreciation to
Dr, Wendell L., Dilling of the Britton Research Laboratory

of the Dow Ohemica% Comgany for sending a sample of
pentaQyOIO e3.0.0%» .0 .0 ’ ]deoaneo
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Preparation of pcntacyclolb.s.o.oz'e.os'lo.os’g]dcoanol
Cy 0By 20 M. W, 148 HO

(VII)

To a mixture of 2,00 g. (0.,0070 moles) of the
photoprodust IV and a minimum of two grams or better
than four times the molar ratio per mole chlorine of
finely cut lithium metal was stirred under a nitrogen
atmosphere in 30 ml, of anhydrous tetrahydrofuran, On
the addition of 10 ml. of tertiary butyl aleochol to the
mixture, a smooth exothermie reaction was initiated,
This was controlled dy immersion in an ice bath.

The following day, the unreacted pieeea of lithium
metal were removed. The reaction mixture was poured
into water, extracted with four 60 ml. portions of
methylene chloride, dried over magnesaium sulfate, and
filtered. The sclvent was removed by distillation under
reduced pressure to obtain 0,750 g. (0,0051 moles) 73%
of the theoretiszl yielad.

Produet purification involved two ehromatographie
elutions through Woelm neutral activated grade one
alumina and, fipally, sublimation at water aspirator

pressure to obtain a white erystalline product with a
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camphor like smell, The produet melted at 184-186°, but
the majority of it sublimed prior to melting., Infrared
speotra of the pure produet is shown on Figure V, and
ita nmr speectra is summarized in Table I.

Analysigy Cale'd, for CyoHpg0: ©, 81.08; H, 8.11;

€1, 0.00; and founda C, 82.,08; H, 8.,32; Cl, 0,00,




ATTEMPTED PREPARATIONS

Attempted Dehalogenation Reaction of Photoproduct IV

Attenburrow's proeedure (15) was ocarried out to
examine the possiblility of olefin formation from the
photolytie product. 4 1.72 g. (0.0060 moles) quantity
of the photoproduet IV, 1.6 g. of anhydrous sodium
scetate, 10 ml, of methylene ehloride, 20 ml. of acetie
aeid, and 5.0 g. (0.077 moles) of sine dust wers stirred
at 50z 8° for three fourths of an hour. The reaetion
mixture was filtered hot and the zinc residue was
wnashed with 6§ mli. of methylene chloride, 5 ml. of acetic
acid, and finally with 5 ml, of methyleme chloride.

The volume of the filtrate and washings was
reduced to one halt of its original volume om the steam
bath employing a filtered dry air stream over the surtace.,
Yater waa added to the esoncentrated filtrate to the
point of developing elouding. Cooling this solutionm
induced erystallization of the produet. Thia was
collected by tiltration and was vaeuum dried to obdtain
1.30 g. (0.0045 moles) of a pure white eorystalline
material. The infrared spectra of this s80lid showed no
olefin formation haé oceurred and it eompared favorabdly
with the spectra of the starting material, ever though
its melting point was 140-200°,

29
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Attempted Tosyl Hydrazone Formation of Photoproduest IV

A 1.00 g. (0.0035 moles) quantity of the photoproduect
IV and 0.65 g. (0.0035 moles) of tosyl hydrazine were
refluxed in 100 ml, of methanol. After a twenty hour
reaction period, a small quantity of para toluene sulfonic
a¢id was added as & catalyst. Following an additional
thirty four houra of refluxing, one half of the original
wmethanol was removed under reduced pressure to obtain
an initial 0.57 g. of 2 white erystalline material, On
eooling the eoncentrated reaction solution, an
additional 0,39 g. of product were obtained. These had
a melting point of 213,5-217.5° and 212,0-217.0°,
respeetfully., Nixed melting points of each of the
product fractioms with starting material were 213,0-

217.5°,

Attempted Hydrazone Formatiom of Phetoproduet IV

A 1,00 go (0.0035 moles) quantity of the photo-
produet IV and 0.20 g. (0.0040 moles) of hydraszine
hydrate were refluxed imn 250 ml. of nanograde bensene,
Following a forty eight hour reflux period, the benzene
was removed by distillation under redused pressure to
obtain 1.01 g. of a material melting at 212-214°, €as
chromatégraphie analysis of this material at 190° was
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found to be identieal with the starting material,

Attempted Wolff-Kisehner Redustion of Photoproduct IV

Application of the Huang-Minion modifiscation of the
Wolfr-Kisechner reduction (21) to the photoproduet IV
fajled to yield any of the desired products. 4 0,500 g.
(0.0018 molea) quantity of the photopreduet IV, 0.340 g.
(0.0061 moles) of potassium hydroxide, 0.24 ml. of 100%
hydrazine hydrate, and 10.0 ml. of ethylene glyeol were
heated at 120° for an hour. During this initial hour of
heating, the solution began to take oen a brown eoloration.
The reaction temperature slowly rose to 182° during the
three anéd one half hours of refluximg. The reaction
mixture was eooled, then acidified with 2.5 ml. (0.090
moles) of hydreechlorie acid. The acidic solution was
extracted three times with methylene chloride and once
with hexane, The eombined solvents were removed by
heating on & ateam bath to obtain a dark syrup whieh
disseolved in absolute ethanol and reprecipitated on the
addition of petroleum ether.,

Cn neutralization of the water layer, a fine black
precipitate formed and was recovered by filtration.

Infrared speetras of both products showed a strong
hydroxyl absorption as well as the presence of a earbonyl

band., When the photoproduct was tound to be unstabire
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in & basie media due to homoenolization, the merit eof

the Wolff-Kischner method as a reduction procedure tailed,

Attempted Clemmensen Redustion of Photoprodust IV

¥hen the photoproduct IV mas found to be stable in
agidiec solutions, it was first reacted under the
Clemmensen reduction procedure using the mild eonditions
with methanol as the reaction solvent.(22) When the
recovered material was found to be starting material,
more rigorous reaction eonditions were used. (23) Zine
amalgam was freshly prepared by adding 0.5 ml, of
eoncentrated hydreehloriec agid (37%) to 6.7 g. of
granular sine and thea quiekly adding 4 ml. of water
followed by 0.50 g. of mercuriec e¢hloride. After
stirring the slurry for five minuses, the mixture was
decanted and added to the reaction tlask eontaining
2,06 g. (0.0070 moles) of the photerrodust IV, 25 ml.
of coneentrated hydroehlerie acid, 15 ml, of water, and
60 ml, of glacial acetic acid. After the firat hour of
reflux, 15 ml. of eoneentrated hydrochloric acid was
added followed by the addition of & ml. acid after the
thiré hour.

The reaction was stopped after a total of twenty
four hcurs under reflux, diluted with 200 ml. of e¢old

water, tiltered, neutralized to pE 6, saturated with
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sodium chloride, extracted four times with methylene
echloride and chloroform. The combined extracts were
dried over magnesium sulfate, filtered, and the solvents
were removed by distillation under reduced pressure.

On the addition of asetone a preeipitate formed whisch
remained insoluble on the addition of 95% ethanol and
methylene ghloride. This material was submitted to
eolumn echromatography and was eluted through 70 g.

Woelm activation grade one alumina, This gave no real
geparation of the four products shown to be present by
gas ehromatographie analysis at 220°. Chleroform and
methylene chloride were used as the elutants., Infrared
analysis of the echromatographie fractions indiscated that
some earbonyl reduction had oeeurred but in very low
y;cld. Further, the major ecarbon hydrogen stretshing
frequenoiea were above 3000K indiecating possibdle
descomposition., 3Since the objeoct was the sonversion of
the photoproduet IV inte a known strueture, the
prasticality of using this experimental route became
undesireable and further work with the Clemmensen

reduction was discontinued,

Attempted Thio Ketal Reduction of Photoproduct IV

The smooth, reliable thio ketal, rainy. nickel

reduetion for difficulty reducible ketones was next
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considered. To a 1.4 mi. (0.0167 moles) quantity of
freshly distilled ethane dithiol, 1.00 g. (0.0035 moles)
of the photoproduet IV, 10 ml. of methylene chloride
was 8lowly added until the solution became homogeneous,
after which 1.4 ml. of freshly distilled boren trifluor-
ide etherate was stirred into the reaction mixture at
room temperature. During the reaction peried of an hour
and half, the solution underwent esoloration changes from
eolerless to a very light elear tan orange. The reaection
solution was extracted with four 20 ml. portions of
ether and once with 25 ml, of methylene ehloride. The
eombined extracts were washed with 5% sodium hydroxide
solution, twice with water, and finally with a saturated
sodium ehloride solution. Removal of the solvents
yielded 0,99 g. of material whose infrared speetrum was

identical to the spestrum of the starting materisl,

Attempted Baeyer Villiger Oxidation of Photoproduect IV

To a stirred solution of 0,500 g. (0,0018 moles) of
the photoproduct IV and 11 ml. of methylene chloride
(dried over magnesium sulfate) cooled to 0°, wag added
0.40 g. of 40% peracetic acid in acetic acid followed
by two ml. of glacial acetic acid. After tive minutes,
the reastion flask was removed from the ise bath and

set aside for a week at room temperature.
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The reaction mixture was then neutralized to pH 8
with a saturated solution of sodium bicarbonate; and
10 ml. of methylene ehloride was added to the neutraliszed
solution. The organic layer was separated and washed
with 30 ml., water. The agqueous portion was extracted
twice with 30 ml. portions of ether. The combined
organic portions were dried over magnesium sulfate,
filtered, and the solvent was removed under reduced
pressure to obtain 0.50 g. (0,0018 moles) of a white
erystalline material melting from £213.0-216.5°, A
mixed melting point of this material with photoproduct
IV melted at 211.5-216.7°,

Photolysis of Compound II, 1 ,9,10,10,11, exo-l2-hexa-

chloropentacyeclo k.a.l.oz'e.O"e.ov'lqdodocan-a-one

(1I)

Compound II waa readily prepared using Soloway's
procedure (4) to determine whether II might be a possibdle
route in the formation of IV from I. A 1,45 g. (0.0038
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moles) quantity of II was ground t® a fine powder in
order to be dissolved in an equivalent amount of
eyclohexane that was used in the photolysis of I,
However compound II's solubility in eyelohexane was
considershly less than compound I and it only partially
dissolved (perhaps 85%) in 1250 ml. of the solvent.
After twenty six hours of irradiation at 25374, the
clear colorless reaction solution was soneentrated under
reduced pressure (bp. solvent 25°) to 50 ml. total volume,
Gas chromatographie analysis of the remaining
8olution strongly suggests that compound II i8 not a
significant intermediate 4n the photosynthesis of

compound IV from eompound I,
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