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The object of thie work was to synthesise selenium
anglogues of bdblologieally-setive sulpbhur compounds in the
hope that they would show similar activity. TPart I desls
with the preparation and physical praperties of the gom-
pounds synthesised end Fart II with the specotrophotometrio
deternination of selenium in organic gcompounds.

A survey of the blological properties of selenium
in relation to animals and man leads to a brief sccount of
isosteriam and bio-ieosterism with partioular reference to
thesa rolationships involwving oxygen, sulphur and aslenium,.
A more detailed mocount of the salenium ansiogues &f
biologically-active sulphuyr gompounds shows the changing
interent from the toxic properties to the powsible utilise~
tion of organceselenium oompounds stimulated by the migcems~
tion that selenium may be a previously unknown essential
txrace element. A brief amccount of the biological properties
of oxasolidines and thiasolidines conoludes the introduotion.

Initinlly, the mynthesis of the selenium snalogues of
the barbiturates was sttempted but was oconoluded when these
compounds wexe reported. As an alternative, the synthemis
of selenivm mralogues of hydantoins wsa attempted but was

unsugcesnful, A series of S-mono-mibstituted-4-~nelensazoli-~
dones was prepared from a-halo aclde and selenoureas,
together with the hydrolyelr products, the selenssolid-2,4-
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diones. The eyocligntion was shown %o tuke place by the
initial formation of an isoselenohydantole seid which eould
be ipolated and cyclised to the expsoted produect. Disub-
atitution led to uneieble praducts, and only %,5-dimethyl-
solenssolid-2y4-dione oould be igolated in a stete of purdty.
Acetylation was succesaful only in the case of 2-imino-4-
gplenasolidone winlch slev formed aulphonanide devivatives,
tut all attempis to prepare S-alkylidene deriveatives were
unsuocessful.  S-Alkylidene derivatives were prepared from
2-~agetylanino-4-selenazolone and solenasgolid-2,4-dione,
Hethylation of each serles took plase in the Z«position and
the products, together with the 2-Aimethylamine ¢ompounds
were used as models in the invastigetion of tautomerimm,
2-Alkylidenehydrazenes of the selenawolid-2,4~diones were
also prepared.

Se-Bengylaelenouroninm ghlorids, plerats and pe
tolueneaulphonate were ifaolated but the attempted prepsra-
tion of the formate, acetate and benzoate was unsucoesaful.
Se~Methyleelenouronium iodide snd plerate were also isoleted.

The gltenpted titration of the 2-imino-4-gelonaseli~
donne and the 2-amino-4-gslenazolones sghowed thut theme ocon-
pounds were too weakly basio to allow the ealeulation of
PKa values but the 5-methyl dexlvative istlated readily
titrated as &lso did the melenszolid-2,4-diones.
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The ultravioclet sbsorption spentra of the 2-dmino~
and 2-amino-gompounds were measured in water and at
different pH values, Comparison of the uwliraviolet and
infrared abmorpiion mpectra showsd that the 2-inino form

predoninated in the 2-imino-4-gelenszolidones. The
tautomerien of the ring systenm in related compounds is
discussed.

In Part II the varions methods umwed for determination
of selenium in organic compounds are surveyed and a spsctro-
rhotometric method demerided; in which the orgeno-selenium
compound is oxidimed to melenious scid which gives a golden~
brown s0l on reduotion with ascorble 20id using ohlorprom-
gaine hydrochloride as stabilleer. This reaction asould be
uged for the microdeterminetion of ssleniun by measuring the
extinetion of the golden-brown wmolution gt 420 s Chioy-
promagine hydrochloride was compared with other kuown
stobilisers but only cetommerogol appesred %o bs as efficient

The incomplete biologloal teating of reproseniative
selenazolidine derivatives showe that thase are wnlikely o
prove of sny medicinal value.
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Selenium was diacovered in assoclation with sulphur
in the sludge from & sulphurie acid plant by BDerselius and
Gabn in 1317,  Nowadpys, it is regarded as an Importent
olement and is widely used in the electronie, glass, mbber
and covemic industries®, vut despite this 4t is etill doubt-
£ul whether it will ever comuand s wide use in medicine on
gocount of its toxicidty. This toxicity €0 animala was
fivet noted by Japha as early as 1842, and interest in thie
property since that time1?30%0596 ney boon guoh that even
today selenium is regarded ap & toxic element, In view
of thins emphasis on the toxie properties of gelenium, 4t is
perhaps not surprising that there has besen a certsin reluct-
ance t0 peok medioclinsl nees foyr ite derivatives. The
recent work of Heohwars and mm’? has, however, given a new
inpetus to the investipation of selenium in bdiologiosnl
systeme, Bome usge ie also being made of ite toxic proper-
ties in the produotion of selenium-containing insectiocidal
sprays®, end of its fungltoxie properties in the trestment
of dandruff and ﬁ&m@iﬁr skin ailmente”.
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Although seleniun has received much attention
because of its %oxieity**3*4'5*g, this 1s by no means
general 1o all blologlosl eyestems. Thue Lt was noted by
Trelease and Trvelemse'* that some insects are so resistent
to gelenium that the larvae thrive on food sources which
would be fatal to most snimals. I% is 8lso known that
seleniunm is essential for the optimum growth of certain
ylanta" and that seleniunm as gelenite is an essential
factor for the production of fornmice dehydrogenase in some
soliform orgenisms'?, More recentiy, Schwars and Folts!,
after showing thaet selenium is en integral part of Factor
3y which is necessary for the prevention of ohronlc dletary
liver necrosis in the rat, suggested that selenium may dbe
& hitherto unknown essentisl trace element.

The intensive study of thie rave and, at that time,
l1ttle known element was begun some thirty yeers ago when
it wac shown to be the cause of a serious snd often fatal
disesse of livestook's. It is sbmorbed from the moil by
plants'4 in suffictent quantities to make them highly toxic
to animals, end the research asssumed added lnportance when
the poesibility of human injury, due to the consumption of
conteminated graine, vegetables, eggs and dalry products



59

was recognised, Selenmium is the only minersl element
knowa 40 be present in heslthy food plente and forage
orops in safficient guantity to meke them lethal %o
aniuala'®, o fact which would seem o suggest that plants
are more resistant than wninele,

Seleniun in Plante'®d

Cameron'4 in 1880 was the firet to show that
seleniun was absorbed by plants snd ceresals grown on
selenifexrcus solile nsormally have & selenium dontent of less
than 100 paxts pexr million (p.p.m.), the most sommon range
being 510 ﬁaﬁiﬁm‘ Yarious symptoms of injury are appar-
ent in plante 1f a sufficlently high proportion of selenium
is present, slthough small gquantitios stimulate plant
grawﬁhfﬁa These symptoms include stunting of growth,
changes in foliage colour, withering and drying of leaves
snd prematiare death of the ﬁl&nt4, Different chemionl
forms of selenium have different toxicities? and absorption
may be pravented by the application to the soil of other
gubstances such as sulphate, but this sesns of doubtful
va&ue’*ﬁ«

Miferent plant species have differing tolerance to
ual&niﬁmfv and somé plants always contain amounts of
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gelenlunm whioh would be toxio to most other plante, when
solleoted on seleniferocus aoils, the highest content
reported being 15,000 p.pe.?  Such plants, belonging to
the genera Astragaius, Htanleya, (onopeie sud Xyloxrhisa,
secn $0 require selenium Lor optinsun grawth‘i wnd their
preasence indicates the ococurrenge of selenium in the aoil.
Thepe "iandieator ylﬁn%a”4 have been iluvaluable do geologiats
and agrioulturel chemista An mapping seleniferous aveas.

No antisfactory explanation has been offersd for the adility
of indicator plante t¢ absord auch large guantitien of
seleniun under eondliione where ordinary plants absord only
traces. Une explanation which hes been emdvanced is that
indiostor plantes baving a vexy high tolerence for selenste
and selenite, possess s dotoxientlon nechanism leading to
the sisboration of goluble oryanic selontum sompounds’’.
These, when returned to the soil, are readily available to
all types of plan%al?.  Uhus 4% 4o well kmown that organie
geleniunm #5, for exaxple, in &n aqueous sxtract of
Aetragalos, is more readily sbeorbed then aaleniie‘a, being
sluo less toxic and stored to & gremter extent. Seleniun
ie Tound mainly in the plant i&pa“ usually as inorganic
selenium (selenate), while trace smounts of elementary
seleniun have baen found in roots.

Yhile 1t bhas been supgeested that selenium replaces
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galphur in proteins and osther orgeniv s’:mm;awa&a“’ﬁ*m,

thic is not defindtely koows, slthousgh ceresl selenium hes
been shown Lo be organic &n«ﬁﬁxuwajg, while the inorganic
material is slumont exolunively selenated,  iHomt of thim
geleniun is water acluble evan when present in the relative-
1y inscluble gluten of whest grein.

A orystalline sming acld complex wentepining sulphur
and seleniwn has Yeen laolated Crom Ashragalue pectinmtus
by Horn acd Jones?®,  Inis aaterdal ma&ywd ac & somplex

HOOC . CH(NH,, ) CHyXOR,, OH, OH{NH, ) COOH

I

of Zwo payts of pelenooyetathionine (I, X«Se) and one part
oyutathdonine (I, X=8). Doath and Bppmon®' wstated thet
ald the selonlum in A. bisnleatus was in organic form and
rasently, Tralesse, DI Somma and Jncobe®? isolated &

selenogninogeld from the same plant by don-exchange snd
£1llder paper e¢odurn techniques. The indioations were that
this auine nold was Se~methyluelenc-oysteine (II, X-88),
ﬁﬂaﬁﬁ&ﬁﬁaeﬁfﬁﬂé}gﬁaﬂﬂ
11
still not completely separated from S-methyloysteine
(1I, ¥=$), which was slso shown to be present. Franke and
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Patnter=? stndied splviur aod selendiun shserption in cerenl

plants and sonsluded that there wan lidtle relatlonghip
batweon sulphuyr and selsndie.

Sopletty of Selenive ke Animale

Moxon' noted Japha's recognition of the toxic action
of melenium. Later investigations have shown that
toxiloity varies with different chemical forms of selemium?
and in penersl, elementary selenium is non-toxic due 4o ite
ingolutility®.,  Comparison of a number of organic sslenium
gompounds has ghown them to bhe lesa {toxie than inorgsnic
peleniun while seleniun in food plants ie more toxie than
inorgenic ﬁelmninm§’§4; Frotubly the grentest potential
denger to humen beings comes Lfrom inorganic selenium com-
pounds which are preésent in ﬁianta*, a8 gelenate and the
more toxic selenite, end so are potentiasl food eontaminants.

Anong ovgenic selenium oomptunds, aliphatic deriva-
tives ave less doxic¢ than aromatic camp@na&agﬁ, Sterao~
chenical features among clogely related compounds can be
important, as in the case of selenooystine (IIL1) where the

HGOO (NN, ) OHOH,BeSe CH, CH(NH, ) CO0H
T1T
I-dgomer is much more toxic than the mmaﬁm@mnmdgﬁg
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While aifferent ehonioal fomns of pelenien very in
thedr toxie effeots, diffevent spocies also show vorying
susceptibility %o sny one form of a&l&&iﬁmﬂﬁﬁ, whiie adult
poimele, gomerally, are leéss susceutible than youkg ones” .

Toxieity in Forsge wnd Festove tnduw

in 129%, Hareo Polo deseribed a dlsease of pack
enimels in e reglon off Wesmtern Chine in winloh a nolsonous
plant grew. Sinilar effects were later desoridbed by
Hadison in 1860 relating to the Great Plains of North
Americse and agein in 1912 by Stein releting 4o u similer
région of Westemn China to that traversed by-%ﬁraa‘ﬁa1@4@

'

Thie disease oome to be known ae'lkali discace™
becavse of the supposed relationship to slkali or mineral
#elt 4dn witer or #oil. Vaxrious other sugpested aaﬁmaaé
were aluo ghown 4o have no conngetion with “alkali digesse®
and 4t wen only when the problen hecome of such coonondo
inpoxbance and seversl sgricultursl experimental stations
in the United ftates undertook resmearch into the problen
in the early 19%0's, thet 1t becsue svident thet seleniun
woe the cause of the diﬁﬂa&a’5s This followed from the
work of Emank@ﬁ who showed that the source of the poimon

28

wee aning) feeding stuffs end that of Pobinson®”, who
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aatalidehnd dho prepahde of eselonium in Bhen, Puardler
srddenen dn avppart of Yheoe Dlndingy wae oblmlned when it
wat ghovn et sdodler oympiome ko those of aikall diecase
aould e predueded By fooding s prtiileisl selieniferous
ﬁﬁ@ﬁﬁ@

Mo digease is of fwe Lorme, acute and chronde,
Yulog the olassification of Trelense and ﬁﬁaﬂh§§ the disesne
gun be subdivided into &) esute and b) chronic dlanswe,
which io sgain swbdivided into "blind atapgers® mnd
“ailpll dizessy’.  The soute fojm: in whioh death due %o
regpivatory Ffailure offten odgurs within s fow houvrs, is
porually the result of a %ﬁnﬁ%@‘&ngﬁﬁt&an.ﬁf highly
peleniferus forage plants. o treptment is known sinae
death veanily ococuwrs before disgnosie,  The two typas of
ghyonioe dissouse would seem %o sugpest that the type of
saleniun compsund Augestsd hes an effeol on the sympious
and pothology.  Thus "bliind sisgeoeve® le duo fo repeated
ingestion of native range weads contulaing avlsniws in
water aoluble forme, the ohwpracterietie gynptons belng that
the sulnals tend to wander akoud with & stumdling, lunder-
ing zelt, The ahleld aymptows of the saeond {type of ¢chyonie
dkzewss, sl koown As Ysllkali dlasass” or "hob-talled
dzegoe™, are loge of the longsr body hair of tho mane snd



tail and defopsation id aloewghdng of the hools, the
eblualy beeodnyg guite lame. Whis Lora of the dissmas
is ceuged by dotded grops grown on ésleniferous soils,
etnbalulog protein-bound seleniun Iusdlukle in water,
Brosokenwena™® and arsende! allaviate the synptong, bt
the noet enlisfectory trastment is o dlssontinue Yeading
the infaotnd foddey aad praln.

foxtolty. of Selening to Poultry!t4r®

Concontrationg of pelontun whieh axe 00 low $o
asavse notloosblie symptoms dn farn andmalsy leterfere with
the batclsbility of chicker sad tuvkey <gess  The subryos
Aeveloped Lot were smeliformed mnd wnnble 4o bosek the ahell.
Tae doformaties took the Loxw of wisshapen o sisging bomks,
ayse wissing, foet and wings woliermed ns well as abnormal
doen whick gave o proesed eppesy¥anoc.  Shat welenius wasn
responelble won shown by dnjeching sodiwn selandte (0.1
P priie )} dnto the sy oell of norwsl ferfile egus whiak
produced typlarl delovaed eubryus.

% .of Selenium on Inseots.

Tralesme gnﬁ,w&alﬁaﬁuﬁﬁ ahowed that aone &na&ﬁté are
80 romlstant 4o selenius that thay theive on food sources
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which would be fatal to nost anlmals. ﬂnﬁﬁiﬂgﬂ&as
however, in a sesxch for an effeative inseocticidal spray
spainet rved aplder species, found that seleniun in a solu~
tion of potassiwn ammonium é&l@ﬁiﬁ@ was a very effecative
and specific insecticidal agent. Experimenta quoted by

MQxem1

y showed that aphids were killed by selenium in wheat
plants at a concentration which caused no injury to the
plant, while cotton plants aould be made tvxie to cotton
stainer and pink bollworm by epplying sodium gelenate to
the soil, "The epplication of selenium 40 molls, however,
ig not recommended since the econcentrations needed will
produce vegetation toxic to man and snimsls.™

4 marked individual variation in susceptibility to
selenium toxiolty in rats, cats, rabbits and doges was noted
by Anderson and maxﬁmgﬁ; while rats were found 40 be more
resiotant than rabbits and cates?, Hepeated small doses
of melenium, as selenite, were found 4o be cumulative, buig
no evidence of tolerance could e founadl,

The symptoms of naturslly toxie retions containing

seleniun aud normal ratione containing added incrganic
seleniun were ghown to be virtually identica2®* 5. sub-scute
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toxieity produced by Peeding 1525 p.p.m. inorganic

ael&nium‘

ie characterised by s marked decrease in food
intake, decressed growth, progressive and mavked snsenis,
and definite pathologloal changes, especlally in the liver,
which shows necrotic lesions. This last ia interesting
in view of the recent findings of Sohwarz snd Foltx', that
seleniun 1s an integral part of espential Factor % in
praventing liver necrosis in rata. The net result of sub-
meute toxicity is that the anivels are jsundiced snd
omaciated. Chronle symptoms weve produced by feeding
5«15 p.p.m. selenium.

A ocharacteristic foature of seleniunm polsoning ise
the garlic byeath which is noted shortly after injection of
sublethal doses of selenium®2?39,  The mechanisu of sction
18 unknown but 4t has been auggaatnaﬁ that 3t mey be due
to differentiml action of selenium compounds on enzymes
congerned with metabolic processen. The distribution of
seleniwn gompounds in the animel body provides a useful
background againgt which to comuence ptudies of this sort,
and this 1e discussed in the following section. FPapers
recently published by leinrich and HacCann deseribe the
eardiavaaﬁularg4 and raapiratorygﬁ effeots of sodiun
nelenite on dogs.
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tne of the specific properties of selenium is 1ts
abllity to be bound in trace amounte to a variety of
proteins throughout the snimel organiens®.,  Dudley>! found
that in soute selenium polsoning ivn cattle, selenium was
dlatributed thronghout the whole organien in widely varying
prapordions,; the highest congentrations belng in the liver,
blood, kidney, aspleen and brain. Sinmilarly, Smith, Westfall
and Stohlman’® found that the highest concentration of
golendun in oata wee in the liver and kidney. In ohronic
seleniun poisiming of the blind staggers type, the distri-
bution 4dn cattle wes similar to that in ascute polsoning,
although the blood concentration was greater®,  With slleli
digease, on the other hand, the condentration of seleniun
was found t0 be lower then in blind stazgers in all tissues,
but higher in the hoof*.  The highest consentration of
salening, howavar, was found 4n rats in the liveyr, musole,
sestrointestinal tract and bBlooa’?,

Retention of organic selenlun was found to be grenter
than that of inorganis, the ratio being as muceh as 100 in
some tispuead®.,  In chronie poisoning, appreciable amounte
wore fixed in all tissues and orpans with the exception of
body Tat, the most mexked difference between inorganic and
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organice gelenium being found in brain, muscle, skin and
bone, tissues in which inorganic selenium was retained to
only & winor degree. These ddfferences in fixation,
atorage snd retention suggested the possiblility of different
cheni cal interaction during transport of selenium in the
body. Different types of bonding of seleniun were dgon-
eidersd, and Smith, Weetfall and Stohlman®® concluded from
theixr results that tissue selenium, especielly in organic
potaoning, was mainly in some firm protein combination.
mhﬁf pugrested that inorganic seleniun mﬁy aleso be tuildt up
1nto:n,pr¢t¢in*galanium gomplex, since selenium was present
in fhm protein fractions in all cases in concentrations of
20«94 per gent of the total concentration of the timsues
under examination. Non-protein selenium predominated only
in snimale moutely poimoned with masslve doses of inorganic
aeleniun.

Selenium in Blood of Experimentel Animals.

A provein-like selenium eompound was reported in the
red bhlood corpusoles of the horse by ﬁudl¢y37, who also
reported that 98 per dent of the selenium in the oclrewlating
blood in acute inorganic seleniun polsoning was non-protein
bound. MoConnell? showed that selenium first appesred
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in the blood of rats in the plasms, but ws the total blood
sonventration decrenned, the concentration in the red blood
corpuscles beoamns greater than that in the plasus since
elindination fxom the plasma was faster than deposition in
the wod blond celils., The elroculating blood contained
93,9 pex cemt of the totsl sdministercd dose of seleniun??,
| The resulte obtained by lceConnell an&'ﬁaupuw4g
indicated thot selonlum was present in blood proteina in
some orgenosslenium complex and Yhe possibility of chemical
fization ageinat adsorption on the sarface of the protein
molecules was discussed. The fixatlon of selenium in red
Ylood eells presumably did not take place in bone marrow
aince sulphur and seleniuvn diffey in their abilities to
concentrate there?®, %ﬁﬁuunaxl*ﬁ has since shown thet the
proteing of leukogytes bave alfinity for trace smounts of
gelonium, resuliing in the definite fixation in the proteing,
a0-9¢ pex dent being protein bound.  According to Maﬁananléﬁ
the leukeeybe protelne gontaln gelendum enalogues of aulphur
amieoe evide.  HMoUonnell, ¥Wabnits end Roth42 neve ehown that
gerun protoine in the Sog have gﬁl@n&mm Bound o thes in at
leant twe Alfferent forme,  The albumin immedistely sccopte
the geleninnm dn 2 loosely bhound form, snd in this form,
selenius 48 treneported throuwghout the body: gradually being
released to form more stably bound complexes with other
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proteins in blood and tiseues. The luosely bound form

ig tentatively desorlbed as being an anion-protein combina-
$ion. The form in which seleniun ie iIncorporated in
manaedion proteins 1s not definitely known.  Recent
ehoromatographlie and tracey experluents by Melonnell and
Wabnita?? heve ahown thet dng liver protein hydrolysntes

have at least three Alfferent fyactions containing selenium,
ia the arstine-melensoyatine aren, ancther in the methionine-
selenomethionine ares and & third in the leucine arves.
MoConnell, Wabnits and Roth?? veport similar unpublished
results with dog plesma uprotein hydrolysates. The medhune
ien whereby thease selenium snalogues of sulpbur amino aclds
are formed has not been clearly established but the poseibil-
ity of production from inoyganitc meleniunm has been dis-
oussed®>,  This is feasible since it is known that inorganic
geleniun compounds are converted biclogioally to the mseleniun
analoguey of mathiﬁn&na44’¢§ cysteine and ﬁyaﬁiﬂa44*4§*45*

fmith, Westfsll and Stoblean® have shows thet liver
selenium in sente selenium poleoning i predoninantly none
profein, but in sub-mcute snd chronie polsoning, the bulk of
the selendun ia profedin-bound.  Liver profein conteined
R0a04 per cont of the dotal liver selenium in incrpanie
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poigoning and 78-92 per cent in animals polisoned with
orgenic aalenium, three quarders of which was assoolated
with the glovuline®’. MoGonne113? showed that the Liver
Lhad & higher concentration of the ingested selenium (19

per cent) than any other organ, snd that this wos associated
with nethionine, cystine and lencine frections of protein
hy&wﬁlyﬁgtaaésg More recently lioConnell, Roth mnd Deliam?®
investlgated the subcslliular structures (mitochondria,
miorosomes and nuclei) of rat liver cells and showed that
theae structures £ix seleniwn in their proteins, suggosting
that they play s part in selenium fixetlon.

Seleniunm leaves the blood stresn slowly to ba abeorbed
by esriain tlesues, but is eliminated ohiefly in the uggﬁggﬁ
fwo other exovétory pathways, tancest? and hr&aﬁhggg are
#lso used in selenium elimination snd dcConnell’? has stated
that %-10 por cent is exhsled within 24 houre. IV has &lso
keaﬁ'r@parﬁadﬁa that in acute poisoning, 43 per cent can be
recovered from the urine within 46 hours. In ohxonie
welenium poleoning, 50«80 per gent of the inorganic selenium
daily dose, but only 40 pex cent of the orxganle daily dose,
in eliminated in oat's urine. This is due to inercased
retention of oxgenic selenium rather than to s narked
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ddffevence in availabllity. Prompted by the fact that
tisoue bound aulphur is believed to be the mource of

gulphur for mercapturdic eeid gyntheats”” and by the fact
that geleniun ls protedn bound dn aninel ﬁiagu&ﬁga*4@’¢3*47$
gpparently in the selenceyeting-cysbine fmamiiaa‘ﬁf HaConnell
Kreaver and Roth??! recently showed the preasenae of selenium
in the meyosptuxie scld fraction of dog nrine.

¥aeding trisls with rate have been used in an attempt
to find dietary factors which would reduce or prevent
aelenium toxioity. maxan1 murveyed the work done in this
Fi=sld and of the waterials added o diets, only protein,

arsenic and bromobenzenc were effective.

It is g&n&x&l&y socepted that s high protein Adtet
gllevietes the ﬁymytﬁmai***s‘buﬁ raporte on individuael amino
aeoide, however, are somewhat anomelous. Thug ¥oxon mnd
ﬁhiﬁ&3 reparted oystine as having no elloviating effent on
seleniwn polssuing snd in this they agvesd with Schneider®/

and omith end Stohlusn®®,  The latter also Aiseredited
methlonine which was eported 4o have no efffoct on the
exoration of aa&&&i&m5§# Rels and Qhﬁiﬂﬁlinﬁﬁ reporied
that methionine partislily reversed the yemst growth
inhibitory action of selenate but later reports by the same
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suthors stated that, while gysteine and glotathione were
effective In reversing selenate inhidbition of Z.opoll,
m&ﬁh&@nﬁn&'ﬁﬂﬁ'iﬁﬂfﬁﬁﬁ%&?&§4* in &Qaﬁﬁgﬁi methionine was
partially effeotive, its effect belng enbanced by oysteine
end thymine but not by glutathione, oystine or biotin.

Mave end Villiaus?” found thet methionine and cystine
partisily allevisted the toxieity of low concentrations of
selenite in B, coli but weye ineffective agelinet higher con-
centrations.

Moxon' diecussed the beneficlsl sffeocts of arsenic
on gelenium toxicify snd mentioved that lnorgenie anrsonile,
By arsenate or avsenite, wae squally sffoctive againad
pelenium as selenite, the selenluwn anulozus of oystine and
sxlenilerous wheat. T hss beon suggested that avesenie
counteracts the toxicity of selenium by coubinatlon with 1t
in the gestrofntertiasl twact bt deposltion of goleniuw in
the tineues was unaffeosted by the prssence of sreonic.

~ Uprganic avsenicals heve sdso hoeen shown to be effect-
ive against ssleniun yuimﬂningggw

Bromobengene, when fed 4o rate and dogs was shawnﬂg
t0 be effective againet smelenium polsoning by inorcasing the
urdnery excretion, but Westfall mnd Smith*’ mhowed thet
bromobenzsene wae ineffective in rabbits.
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There 4 very 1ittle definite informstion on the
meghanden of selenium toxicity but some information has
baen cbtained on dtp effect on unieslilular organisng and
gy &yﬁtﬁﬂﬁ”i*éﬁﬁ?* and 1% was gongluded that selenium
wa3 A pensral ﬁaghyaragmaaaa inbivibors? 8,

Seleniun bae been used to determine the wpecifioity
0f certain debydrogensees’® whils Bownuein and Kledn’?
subdivided enzymes into thres pgroups on the baels of their
reashion with or de selenlum.  The work of Velght, guoted
by Hoxon snd ﬁﬁﬁﬁﬁ§; in ghich orgarie and inorgouie welenw
Aum was shown o inhdbit the sotivity of urease bul nob
ﬁ@ﬁﬁﬁﬁﬁ% i owat ldver gllipes, in&ié&%@a the velationchip of
#dleniun and those ongymsn whioh wre dependent on the asction
of suifhydeyd gwwmﬁﬁﬁ. Ja ensyuadic regetion Lebwoeon
pelennte and sienssine triphosphbate (A«T.2.) woe weported
by Wilson wnd ﬁaﬂduwakiﬁﬁ and it wes puggosbed thut this
repofion mey eontribute 4o the wnderstasding of selenate
reductlon in plants and eelondlun doxieivy in animais.

Sohultee® surveyed the vecent work on Vitamin E,
Factor 3 and aelenivm end oongluded that more work ie
necessary before the rle of tooopherola, selevium gom-
pounds and antioxidents in relation t0 ensyme systems can
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be understood.  Selonium compounds ave esflective against
chronice dletary liver necrosis and thie is discursed in
the next section. Respiratory decline wae noted in
ghronie liver necrosis, and Sohwarz, Herts end 81man52
stated that for this to¢ bYe epparent, simultaneous absence
of seleniun snd Vitewin B was necessury. Olson and
ﬁmﬁning§§ noted decreased Coenzyme A activity in liver of
rate with acute dietery necrosis, while traces of seleniun
inoyeasad the ineovporstion of radloactive sulphur into
Goengyme A of 1&?&xﬁ4, heaides decreasing %ﬁa pyruvate
oxidase activity, Schwitze®! sonoluded that the failure
86 far to seoribe g specifie vOle Lo Vitamin & ak the
enzymatic level emphasised its rfle as & non-specific
anﬁimiidant, and that seleniun compounds may well funetion
in s similay mammer. In support of thia, protection
againet necrosis without feeding Vitamin B or gelenium hes
peen obbained®? by the addition of antioxidants.

Factor 3

In 1951 Schwara®® recogised s separate dietary
agent, called "Factor 3", whioh prevente liver necrosie ln
the rat. This factor is gmaaén% in brewers' yesst, in
dried defatted pork kidney, in casein and in soybean meal
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and has recently been shown 10 be an organc-seleniun
compound’ «

Schwars®! showed that necrotie liver degeneration
can be produced in the rat by feeding a Vitamin 2 and
Faetor % -~ free diet based on %0 per «ent Toruls yeast as
the sole source of protein. This deficiency had previously
been shown to be responsive o eystine and Vitamin 2. It
had alao beon noted thet while alkali~trested casein dia
not influerige the development of liver neorosis, and had in
fagt been used in diets producing the deficlency, ordinary
"Vitemin B « frée", aloohol-exbracted asmsoin inkdbtited the
danage .

Later Saott, Hill, Norcrie, Dobmon and Nelson®® showed
that chicks fed on e simllar Toruls yeast diet, developad
exudative distheals. Tida defiflency disesse, which
penged logs in weight and eventuglly dosth, was alresady
known to be produced in chlcke only by certain types of
Vitamin B - frce dista. The liver, however, in sontrast
to the rat, sppeared 1o be unaffooted. These deficlency
symptome in chicke Fed on & Torula yeust dlet were prevented
unot only by tocaphercl but alse by Lrewers’ yaagtsa‘%aiah is
knovn 40 be free of Vitemin B but an effeative sourge of
factor 359,
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When Factor 3 was shown to oontain M&au&m—éy, the
eleuent in inorgenic forn wes tested st vovy small dose
lovels ond wad shown to be effoctive in protesting nceinst
dietary neerotic liver degeneration in the !"&ﬁ?’?ga
iuum:tmé neeyrotic degensyation in the mmmﬁ?‘ » exudative
dlathe ss:iﬁm"%*% and mancle deganeration in the ﬂhiﬁiﬁ?ﬁ
and other symptoms: formerly thought to be solely due to
defioiency of Vitamin E. tvhen the relative potensies of
organle and inorzanie selenium dompounds wers sompared
wonsiderable chemical spacificity Qm mﬁeﬁ?gﬁ Againet
neoraetie liver degeneration in "@M rat, selenium was shown
to be five hundred times ap effsctive as Vitanin &' and
this sgreed closely with ite scotividy ageinat exudative
diathenln dn the mzm eompared o Vitanin w2,

ha view wae row teken toet these deficlency symptons
were the macifestations of & multiple deficiency of Vitenin
B and Faotor 3?6; The rble of oystine, previously regarded
as an sosential factor, was stated to be due to trace oon-
tauingtion by selenium.  Support for thias conclusion ocame
fFrom the report that oystine protects againat exudative
diathesis but not encephalomalacin in chicks, & condition
which is not affected by selenium!®.  On the other hand,
Yong, Dialameh and mamﬁﬁ soneluded that their specimen of
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eysting did not contaln sufficlent seleniun to account for
its motion againet neorotic liver deugenexstion. A prelime
inery mﬁé&’;@ﬂtiﬁaw that molybdonun, cosmius snd aobeld
might also Lo protective agents agelnst noorctle Liver
's‘mgmwmmm in rete was disprovad by Hohwarz, Roglaakl and
Folta' ", but the possiblc effects of other dietery eompon-
enty Lo mmﬁmmg

hdle Faotor 5 « sotive selanium protects spainet
. many deficiency symptomp, it does not, however, repimoe
Yitanin B, as has been shown weing $he ool resoppilicn gesta-
tion bloasesy Tor Vitemin ©7°  Ohds 4o alec Uhe sese with
mascular dystrophy in mam;i@m’?‘ﬁ‘*%* while sueculay gyatrophy
in ehduke de only partielly previated by sodium selemite
whereas Vitusla B peotaots mmm«mﬁ” "

Thiat 4 thded fastor wae dovolved 1o the production
of dietary liver necrosis in rave wae shusn by sotmarsto By
eiimineting dhe two previously sooepted ensentisl gistary
cumponante, Yitamin ¥ and eyrtine, Lrowm the yeoets waier
exarduayion. %&ﬁ wee done by botling twlee widh wader and
gthancl Hc leave po dneoleble Yitewdn 8 « e vesidus which
ponwdeted malnly of protein. After acdd lydroiyeia,
nountraddestion and coneentretion, e JPe oyatine i o0n-
uldeysble tyropiue procioftated. Thly oystdne- mad Vitemin
o Frees meterial wan eRill sevive 4o Whe oxtent of about
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4 per cent of the originel yeast. Schwarz concluded that
thips third essential factor was wolker-soluble and stable to
aclid hydrolyeis end wae Lirmly bound to protein. He almo
showed that it wae not itdentical with any of the common
vitaming whioh wexe teated for &ativ&tysﬁ. Sohwarz and
¥oltz! later showed that Factor 4 Lrom aclid hydrolysates of
defatted kidney contained at leset two chenically closely
related substances, both of which were active. These
they called a- and f«Faotor ¥. Factor 5 was water soluble,
strongly anionie, stable to oxidation but sensitive %o
reducing agente. Dry aehing eliminated the activity
entively indiecating 1ts organie nature. The fractionation
of a~Factor 3 lead to highly concentrated peml-erystelline
preparations, some Of which were found to develop a
characterietic garlic odour on addition of alkall, an
cbgervation which led to the discovery of seleniuu as an
integral pert of o-Factor %. In support of this, it was
ﬁhﬂﬁ&? that inorganic selenium ip very effective apgalnst
neerotic liver degenerstion and that Factor % activity may
be correlated with the eeleniun content. No detailed study
of B-Faotor 3% 1s recorded.

Patterson, Miletrey and ﬁ@rataﬁ?g alao attempted 4o
isolate the factor from camselin and kidney. They found that
the notive prineiple was insoluble in water and ethanol but
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that 4t became soluble and diffusible after sulphuric aoeid
snd trypsin hydrolysis. I% was also shown that the active
factor could be adeorbed on to both snionic and oationio
exchangers, sugegesting that the factor in acld hydrolysed
kidney wan aﬁphﬁtﬂriuﬁ Ashing destroyed the activity dut
in presence of calelum oxlde, the ash retalnsd its activity,
suggesting that it was due to0 an element which forme &
volabtile dinorgenic acid i.e. As, He, Te. Theuse thres
elements were then teeted and seleniun, as selenite, was
shown to be aotive sgeinst exudative disthesis in chicks,
while arsenic and tellurium were insctive.

The euggestion by Bergaon®® that G-selenoetic aeid

OH, = CHy = CH. (CHy) ,C00H

|

ge ge
(3v)
(1v) might be related to, or even identiosl with Factor 3
was later shown to be inﬁarraéﬁﬁga

Acvording o Trelease a&a,ﬁﬁaﬁh4, the nmain interveat
and importance of the selenium prodlenm is concerned with
the continuous ingestion of emall quantities of seleniun
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and the subseguent pospibilities of functionsl and orgenie
Qhaﬂg&sa4g On the other hand, humen cases of gselenium
poisoning axe more likely to ocour from the industrisl use
of selenium than from gongumption of food in seleniferous

amama*’sg

Seleniun is utilised in various industrics® and
aeleniun-bearing duste, fumes, vapours and liquidas m&y
represent definite hasards due to toxivity by inhalation,
via the alimentary canal or by skin wbsorption. Dudley®?
surveyed dusty vapour and gaseous sources of poigoning and
desoribed the synptoms, whioh need not be apecific, as
pallior, gastro~intestinel disturbances, parlic breath and
porgpireation, irritation to nose and throat, coating of the
tongue and nervousness. Qlinﬁonﬁﬁ reported the effects of
geleniun fume exposure in w sorap smeliing plant end
deseribes the intensely lrriteting characters of the fumes,
which, he sugeepted, sre a safeguard against severe
exposure.  An unusual conmequence of inhalstion of hydrogen
gelenide wae éeﬁﬁwihﬁﬁa?; in whioh a chemist developed
hyperglycaenia aontrollable only by increasingly large doses
of insulin. The same effect could not be produced in
animals, however, and it was sugges¥ed that this response
nay be affected only in "predisposed subjeota®.

ﬁxiuglﬁﬁa desoribed dermatitis which ocourred after
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contact with seleniun dioxide in various forms. Cexrtain
workers secmed to be immune, while sepsis was aun important

factor in the production of the dermatitis. Seleniousn ”
acld, aaai&antally arépbaﬂ on to a finger nail, omused

perforation and extreme pain®®,

$#uﬁiaa 0f mral families in highly ﬁ&l&nifaraﬁa

ureaa lead to the conclusion that, spart frou gastyo-
intestinal and liver pynptoms, both probably due to continuel
seleniun ingestion, no other evidence of ill-health could be
directly attributable to aalaniumgﬁ’ﬁiu

Jvﬁmiliama, Lakin and ﬂye&aﬁg referred to an unpublished
rovort by RKoom, which desoribed s disesse of man and animals
in & river valley in Mexico. This disesze was csused by
sating local vegetation end the symptoms in animals were
identienl with those of “alkall dieemse®™, Yesides this,
there werc alao cases of people losing halr and teeth, and
being affected by m,fﬁmm.af paralysin.  Another ragamtgﬂ
also relating to Hexiso, desoribed naild #xﬂu&l& in man,
mimilar to the hoof disorders of selenised animals.

When ﬁﬁaﬁiﬁgﬁﬁg desoribed the investigations leading
Yo the use of a seleniun conteinddy inseeticidel aspray, he
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cantionad that the toxielty o the oonsumer waes unknown
and should be investigated before treating food crops. He
vemsoned, however, that such sprays would be less dangerous
than arsenical sprays.  Hoskins, Doyee and Lumiman?4
repoxted that seleniug sprays sdversely affected the melen~
iunm content of altrus frulbs, although the proper use of
auch ppraye offored ne healih hegard to man.  Agother
report also suggested the cmutious use of gelenium sprays
for food crops®’.

Matson? desexibed the formulation and dermatologlcal
action of seleniun sulphide. Initislly, this preparation
was used in effectively controlling various degrees of
seborrhele dermatitis of the soalp. It is reported to be
85-9% pex cent effective in the mild form known commonly as
*dandruff?, and has been sugpested as the therapeutic stand-
ard in this field. Inveatigellon showed, however, that its
effectiveness was not limited to the woalp end thet similer
conditions of other glabrous skin areas wawa.alaa eontrolled.
Granulation of the syelids, which frequently 1s associated
with dandruff, was effectively conirolled aud juatiflied the
saution necessary eince seleniun sulphide le irritant to the
eye. There has been some reluctance to presoribe thie
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praporation on account of the toxle pioperties of melenlun,
tat %ﬁmﬁmﬁa gonsidered there wag an ample salety muargia for
use under medioal supervision. The ohief reesvn for ids
safety is the ingolubility, and sulolde attempim by
pwgllowing large quantities have all been unsuocessful.

Saboury®? mentioned Yhat the waters of Rochu-Possy
are reqoguiped as & oure Lop cortedn akin sdlments, z faot
well known even in Roman taew.  The seleniunm sontent of
these walers is 0.2 pep.m., spprocisbly less than the toxic
done.
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The egriler work dan this ficid has been sdequately
reviewsd by Trieduan’® and vonate®7.  1n 1519, Dangmuir
fntroduged the tern "Lpoituerde compounds® or “"isosteres
relating to moleswlos in which the number and aeroigonant
of sleotrong was the seme. Thls fonsoph was furxthor
axtended in 1925, whon Grine introduced the tezn "psando
gton” instesd of Longouirts ®isosterie comolesule®, whilst
lirlenmeyer in a series of papers from 1932 onwards, related
the aﬁr&at&ﬁas of lsoaterio orgenic compounds to thelr
biologloal activity. This work gave great impetus to the
modern toncept of isosteriem in organic chemistry, especi-
ally in relstion t0 bioloplcel wetivity. According to
Erlenmeyer, all elements in the same group of the periodic
tabvle are isosteric so léng as they have the same number
of electrons dn thelr outermost shell. But, as eoxly as
19%3, thls concepb was further extended with the eugsestion
that ~S- and -CH«0He groupings in an aromstic nudleus are
isosterice if only the "peripheral® electrons in the -C=0.
peeudoaton are counted. This work was prompted by the
noted sinilardity in physieal properties between thiophene
(V) and benzene (VI) and betwoen thiagole (VIL) snd



pyridine (vizn)®9,

0 0O g

{v} Ve {yrxy- {yrir)

sivert’? aleo retsvked on the velume of published wowk
on the physicai sloilerity between thiophene and bensone
derivatives, althongh no elose chomicsl similevity wae
claimed. Byrrole (IX), furan (X) and thiophene (V) can,

0

{13} (%)
howover, bo compaved chemically and this is disousesed
later.,

Both Hetemer and Drlenmoyer uwsed the texn “pueudos
oyele" do show Yhe sterde relationsbip between the oyclie
wnd open ohaln forme of physiologicslly active molacules.
liedzner in 1946 showed thet, in certain clreunstances,
the mﬁﬂgmﬁﬁga grouping oould be raeplaced by »C0-0- without
shange In bivlogical sctivitys Fleser used the term
ieologt woually memning "ieostere®, slthough foologous
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compounds need not always be Llsosteric.  The same ternin-
ology wag also used by Naniner and Gluytﬁnﬁﬂﬁ referring %o
soveral geries of oxygen, sulphur and selenluwm coapounds,
whioch had previously been described by Hantner! ¥ a8
*almost gterically identicwl?. If goppounde £it the
broadest definition for isosteres and have the sane type of

blological motivity, or are directly uentbegonmistic, they exe

‘ealled "biowlimostorie® by FriedmanC, Thus Selfrig ehowed

that nitrous oxide (N,0) and oarbon dioxide (005} were both
reverslbly ansdsthetic to a slime mould, These two some
pounds had besn termed laosterio by Dangmvir, so £it
Frioduan's definldion of hiﬂmiﬂéatawmsga.

The bialagiéal equivalence of iscateric groups was
firat shown by the Immuncloglesl work of lLandsteiner whe
formed artificial watligens by eoupling dlezotised aromstic
groups with proteins.  Hrlsameyer, Perger snd lso snd
Towesik, Sohwarzwelss, Urisslexr and Srlenumeyer wleo showed
that isosterie atons are serciogioally sdmdlar. Uhis wes
eritlioived by H@i&@lﬁ&wgﬁr§92 a6 reguiring mocve and betler
supporting evidence, snd aleo wince areenilic aodld and
gtibonie acid are guoted ae remcting in different ways in
an antibody tent.  Howevar, the condlugions of Drisameyer

ggreed with thone of Yﬂﬁl&hﬁ?ﬁﬁ.

‘gince it wes shown by Bell snd Roblin thet
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gulphopanide sntagonian 0 peaninobenzolic mcid is sn anti.
netabolite effect due to olose sinilarity of strueturs,
iaogteric voplacemonts Lo other sussntial awdyients have
baen investigated, often with sueacselal xemulte. Xsosteric
sompounds may have the seme typs of setivwlty, but Cresuently
exhibit antegoniatio effects, bub, in edther came, 1t 4n
evidence that the seme blalogieel mechenlsm is involved end
that the compounds ave truly b&@*i@@&tﬁﬁi@ga% Imostores
need not be bio-isostersa, tut simple dsosteric replacouents
often glve compounds of interest and velue, snd the succeas-
ful resulte mlrosdy obtained %hmomg&.iﬂmwﬁawaﬁ replacenent
show that this type of variation iyx weeful in modelling new
compounds.  Isowberdims, however, will not acconplish for
moleculen what the periodic Table bep soconplished Zor the
elements, neamely correlation of eimilar behaviour with
similar ﬁlﬁﬁi&ﬁ%ﬁﬂ»ﬁf?&&ﬁﬁﬂ@ng Holeculer eize and shape
must alsc be considered in detormining diologlesl propoeriics.
Bio-dgosteriam in the group oxygen, sulphur, selenium
pnd fellurium is considersd by ﬁahaﬁg§7g at geleniun and
Yelluriun derdivatives are slated Lo be only of sdnor import-
ance.  Friedmen?® notes thot sulphay e orrprisingly less
blo-isosteric with oxygen then might have boen eapsoted
propably duée to polesrity difierences, wiile Mo OF 40
rocent exbensive work on selentwn spelogwes of biologloidly-
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active sulphuy compoundns, has repeatediy smphasised the
igoeteric similarity between sulphur and selenium. He
drawe attention to the faet that the radiuns of doubly bound
sulphur (0.94 A®) 1s close to that of doubly bound selenium
(1.07 A%), and thet when sulphur sad selenium snelogues
were compared, they ¢ryatslllieed in identical forms, which
oiten differed Lfrom the oxygen 'mﬁ.ﬁg&ea" 91,103,

Consldoring now biologleal reactlons, it wee
auggeate&zg that the mechanisw for the exeretion of selenw
ium Crom the body resembled thet for sulphur. Thus dogs
exorete sulphur compounds in the presence 0f bromobenzene
as p-bromophenylmereapburdc acdid (XI), and, similarly,

Br G, SCH, 0L GO0H
KHOOGH,

(1)

peleniny conpounds are oxeoreted ne "selsnomeicaspturic
apldd N,

In a ditferont contexi, lautner snd Gi?inthaxﬁ 04 have
shown that selenopantethine (XI1i,X=He) omn replace
(Hwaac(611-3)Raﬁsﬁaaﬁmz{zaﬂzc;ammagau;gx)2
(x11)
pantethine (XII, X=8) completely on a mole for mole basim
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] Liue It is stated that the selenw
furm compound can replace its sulphur anslogue in the bio-
genagsis of "Coenzyme A", whioch thereafter pexfoims a blologe
doal function. These aré but two random examples which
1llustrate the fact that gelenlum ecan resot in bilologleal
systens as would sulphur, and can in some cmees yreplace i+,
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GRLENIUN ANATOGUES OF EIOLOGIOALLY

interast in orgenogeleniun compounds ses possible
therapeutic agonte detes back only some twenty yoars. In
1940, Matti'%, stimulated by the antistroptococesl proper-
tiee of the aulphonamides and sulphones, prepared soeveral
seleniun compounds with a view to thelr possible wse in the
treatnent of cancer and leprosy. These compounds were
diphenyl selenide (XIX1) or diphenyl diselenide (XIV)
derivatives.

e D S

R R’
{X111) (X1V)

o~ and p-NH, 0~ andl 11l CONF-

Some of these compounds were tried out in the treat
ment of leprosy and streptoccecal infections. No metion
was noticed agalast streptococcel, while in leprosy, oniy
the eimplest derxivatives showed favourable mctivity.

In 1940, Painter, Franke and ﬂawt&emﬁaﬂ investigated
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gome organoselenium compounds with a view to studying
gelendiwn dompounds in ecerssle. Tholy davestlgations were
hendicapped by the Mumived knowledge of Yhe chemigtry of
thege compounds snd shows d that organoselonlam cumpounds
were ueinly siable dn nowlisl okgmnd.o mmé&fﬁm They were
less gtable then sulphar eompounds dn edd or dn neuwbrel
solntion and decomposnd in alkeline wedim.

Roy and Guha'“Y synthesiesd sulphenilavide derivetives
sontuining selenanole (XV) and “delencbydentoin (XVI) residves
n* N o —0

s G e HHSO0,0H,NH8 i G&ﬁ& - ﬁsxﬁﬁﬁﬁﬁ&#@ﬂﬁ&}&ﬁ%
FAR ﬁi{i, Qﬁﬁﬁ* | ‘
() | (VL)
Whe seloenenole dewivabtiven (X, B = am%) were then
degcetyletod o give compounds of stxuocturs (XV, R = H).
Although biologlosl results of thase compounds were
promleed, no reoort hag bawn found, |

5tekol %% 4n a short note desaribed the produst
obieined from the invevaction of eygtolne hpdrashlavide and
sodiun gelonide ag selontun $atracyatelns, mnd E?m‘mm” @ |
in 1947 depuxted & new synthesis off Al-selanouystine (I11)
gnd doxivativen of solonooyateine (IVIL), ve poed oF wi



investlpntlon of splendun sokpounds dn plante. She isolation
Kﬁ@ii{migj CHpie ﬁ@ﬁﬂgmx(m‘z) « GO0H R. ﬁﬁ@ﬁa(_&ﬁ(mia) » QOOH
(%1%) (xVII)
of these plant produdis in & pure Lorm wee exeeedingly A1ffi~
ou¥t since 1t sesmed probvable that the seleniunm gompounds
oeonrred in conjunotion with anslogous ‘-mighm gonpounds
with clomely »slated properiies. Tointer's approach wsae
to synthesise the seleniun anglogues of pulphur-gontaining
auino scids and compare them pharmsoologically end chemi-
cally with the isclated plent products. This wan reasonable
ginge it was accaepted by this time that meleniun ocourred as
g eonatituent of anine aold naterisl, and Hoxn and Jones®®
had recently isolated an amine scld material containing both
sulphuy and selenium from A. pectinstus. Painter' ' sontin.
ued thie work by synthesieing the selenium snalogues of
dl-methionine (XVIII) and dl-homogyatine (XIX) since oystine
a%aeaaawgamaa}sam | |
HOOCCH(NE, ) CHl, OH,Bese CH, CH, CH(NH, ) COUH
{XVIIL) (x1X)
{or systeine) and methionine cerry nearly all the sulphur
in cereal proteins. Homogpetine, although never ldentified
in plents, was of interest becawse of Lte lmown ability 4o
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supply animals with thelr sulphur-containing amino aoid
requirenents. In the same year, Klostermen and Painter?1?
improved on the esyntheéesis of the two seleniunm compounds.
Later, Hlug and Eeﬁarsan‘15 reported experiments which
sugpested that Stekol's seleniun ﬁatraayataine‘ﬂg and
Painter's selenium dieyatﬁima11* were really mixturces of
eystine and, probably, selenium dioysteine. This, however,
conflicts with the work of Willimms snd Ravve''4, who had
synthesised the seleniuvn analogue of dl-cystine in the
previous yesr by two diffexrent routes and obtained a non-
pound which melted at 215%, as did the compounds obtained
by ?aint&wi11, and ?r&ﬁga’1$*

Welgberger, Suhrland asnd ﬁ&iﬁtawi*é roported in 1956
that selentiunm cysteine (XVII,Rsl) was effective in low con-
gentrations in decreasing the incorporation of radicsctive
tro. Diets deficient
in the sulphbydryl amino aold L-eysteine had hﬁan‘nhawn1’7 o
suppress the growth of malignent tuncurs in sminals. It
therefore appearved that substances which inhibited the cellu-

Ii~oysteine in leukaenmic leukocytes in v:

lar incorporgtion of L-cysteine could have an effect similar
to u dletary defioclency of oyetelne in suppreseing tumour
growth, It wes not known whether selenocystine almo com-
petitively inhibited cystine incorporation in the intact
aninal, but it was shown that selenoccystine deoreamed the
incorporation of 5§97 I~oyatine by rat Murphy lymphosarooms
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tamour celle both in vitro and in wvive, whilst benayl-
selenocysteine (XVIX, ReOH,Celly) did not.  Selenocymtine
also decreased the growth of the tumour in the intact animal.

Under clinicenl conditions, Weldsherger and Suhriand 18
reported that selenocystine had a rapid and striking effect
on levkooytes in both chronic and sacute leukaemia. The
effect wan greater on lumature than on mature leukocytes,
and the action Yook place at the source with s deorcase in
#pleen size, as well as by attack of the leukocytes in ciy-
culation. It was interesting €0 note that melenccystine
was effective in patients with acute leukavmia resistant to
cortisone, aninopterin or 6-mereaptopurine. A decrease in
laukoeyte count or in spleen size was also noted in chronlc
myelold lenkaemim resistant to frradistion, Fowler's solu-
tion, uréethane and Nyleran. UOne case 1la quoted where the
patient becane resensitive %o G-mercanptopurine after seleno-
gystine treatment. The mechanigm of motion is unknown,
but aelenocystine meems to have a specific toxielty %o
immature lenkogytes since no discernible chmnges in any
organ could be atiributable to selenium doxiclity. Nausen
and voniting, which were often very severe, proved a serious
disadvantage with selencoystine and difficulty was found in
continuing treatuwent.

it has been shown by Cowie and Cohen® that
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selenomethionine (XVIII) could ecompletely veplace mothionine
for normal growth of a methioninerequiring mutant of £.col:
and that rediomctive seleniun from selenite was incorporsted
into proteins. Tuve smd #itiane 9 sdentiried moleno-
methionine in protein hy&mlyuatéa of R.o0li and supgestod
thet selenocystine may also be produeed by H.ecoli grownm in
the presenoe of acdium selenite. Thup since cysteine is

an intermediate of methionine produetion in Zigoli and since
selenomethionine hes been identified, it is believed,
although s far not proven, that selenovcysiine uay silso be
produced.

Supniewski, Miegtal and ¥ropinekal 19 deporived some
sulphuy (XX) and selenium (XXI) dexivetives of chloromycetin

~ . 1;: ;v,imﬁmma rlx NHCOCHOL,,
' — |
s { N G- On cis8 </ He - on
Ot GH,OH | O OH,O0H
£xx) {xx1)

which ware strongly antibacteriml, with the selenium anelogue
about ten times more amctive than the sulphir anslogue.
Gran-positive bacteria were most aenaitive and hoth the
seleniun and sulpbur analogues were strongly active sgainst
acid-fast bacteria. The toxicity in mkoe of both mseries of
compounds was comparyable with that of chloromyeetin. The
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lethal domes were 500 mg. per ¥ilogvem and the toxie
aymptoms identical with those of chloromycetin, while the
soleniun compound, Bubk not the sulphur compound. deoresssd
regolratory movement, lowéred arterial pressurs and hat s
diuretie effevt on the cat. mﬁmmmg Lo the sane anthors,
the ketone derivaiive of chloromyoetin has atrong antlfungal
activity, but thie action was not noted in ite sulphur and
selenium anslogues.  No gptructurs wae given for the deriva-

tlven, hut they sre presumed to be ag mhoym An stracture
(Xx11}.

?wmmmg
G%x<ij%Mw¢H X =, 8, Se
. |
CH, O
(xx11)

In 1956, Muutner and Rumler'95 synthesised 2-phenyle

Gﬁ-ﬂslin CsSeRH, Qauﬁlli%’gmaeuag | HANRH, C18eNH,
x‘mﬁ ;n‘aaliﬁﬁﬂ#;&
(RxIL%) Raliyy U1 p 81y X m(wﬁ)a mﬁiﬁﬁﬁ'ﬁg {4RT}
Wilﬁ’ OH
{xxiv)

pelenosenicarbaside (XXTIL) and a number of its dexivaiivea
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{XXIV), but failed to prepare selenomemicarbaside {xxv)
itaerf.

The bigheet entltuberonlsr acotivity wes found in
pesubstitated benzaldshyde thiosenicarbagonas whllad
thionsnloarbesddide 1itaelf hed lowsyr Wk sti)l conglderable
in yitro acﬁivity* These compounds were aleo shown o
inbibit fungel growih but replacenent of sulphur by cxygen
ragulted in complete orx partisl loss of both entltubercular
ind antifungal activity of theee compownds. It has besn
ptated thei thiosenmdcarbesones exort antizmlorobisl sctivity
by forming copper echelatos, so that the lowsy tendenoy of
the oxygen anslogues 1o Lorm sagh chelatas would explain
their lower effactivences compared with the gorresponding
pulphur compounds. As an extension of this, Yautner and
ﬁhmler’ﬁﬁ puggested that the seienium anelogues mdght have
grenter chelating abllity since selenium ie related to
eulphuxr in the sameé way as sulphur is $0 oxygen. The anti~
fungel sctlvity of 2-~phenylselanosemicarbazide (XXIII),
seleniun«substituted henmaldehyde derivatives, phenylseleno-
urea and thelr sulphur and oxygen snalogues was tested by
Mautner, Humlex, OCkeno snd pratt! Y sgaingt plant snd animal
pathogens and & ssprophytic orgsnima. It was found that
+the mpaleniunm compounds were tén to one thousand times more
setive ob s molar baelie than t&@ suliphur compounds, while
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the oxygen analogues showed negligible activity. fThe
poswibility of relensed seleniuw heing the active agent
waty proved %o be of 1L%tle dnportuness It was sonoluded
thot aolenion eompouads nee of sufficlont acktivity o
wonpant further romsnrch.

VYarious serbonyl derivatives of selencooniocsrhagide
(XXV1) wara preparsd by Huls ond Renaon’ 41 and selenvsemi.

RR" G=N.NIL 0280, R and R's OHy, Oy C)Hy, Hy Ofy, 0,1 0ol e
£ ; & s »

{xXxvi)
carbawide (AXV) was isolated in the preparation of itw
propionaldehyie derivative {(XXVI, R = agﬂ?s R=H)Ys Ina
later veport, Hile and Renson'”? demoribed the preperation
of various aldehyde selencogemicarbazones by displacenent
from mcetone selencsenmicarbagone (XIVI, R,R'= eag)* In the
case of bensaldehyde sélenopermisarbasone (AXVIX), the

s GgHzOHO

730 % BN O3S6NHy -y DGHUOR = NN Oiieii,
oH

?

{XxvLX)

resotion was as shown but acetona dsould not bo displaced by
othar ketonos:. A«Phenylselenossnloarbagonen (XKEVIII) were
aleo vrepared from aldehydes and ketonesn, bat no repor$ of
biologinel sotivity has a0 far bsen published by theas
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wOTEeTS.
:afa\» o B ow axxyu,u:ﬁm.mwzg gﬁsiﬁg
O = N.H. GrieNiUghg sul oluotifutes O
/ &0
iﬁ" ix &2 Hf Lﬂhﬁ;
(XXVELL)

Bednays <2 synthoslaed, and tested Lfor bivlogienl sctivity,
several derivetives of Z2-phenylaelencsenicsrbaxide of two
types (XXIV, R = H‘(ﬁiz.%}z) gnd (XXX%). Thece compounde had
HH&&M@Q&&
| | R = p=Bry, p-OUH,, p=~00,
N v P~00H, y p=~00,H,
Ogigi+ C1Sei, i 5 2%

{xx1%)

n wopk effeot on Shaphvioevoel, .
moderate effect on jycobooboriua B.Q. 0.y N

ubtilis and B.goli, &
hlei mnd
saptig end s vory strong offuot on M.tuberouloois.

In the pawme year, Hngnart o synthesinnd verdous
pelencpurine spd selenopyrimidine derirvgtives.  G-Seleno-
paning {¥XR), Senethrleelenopurine (AXXI), 2-anlanowracil,
{XA%INY, 2p4-dlaelononracil (XXXLIX) and 2-gelenothymine
(AXUITY wery m,;mhmima by simiiar methoda %o thoése Lo the

@ij U‘J fb jj mﬁ

mm mm (xxx::t::c} {XXxIIT) {X2RIv)
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preparation of the thivanslogues by replacing thiourea

with selonourea. It had been noted that the most useful
purine and pyrimidine bases were thomse in whioch the size

of tﬁa new atom or group was ologely aimilar to the group

of atom replaced. The yadius of double bonded selenium
(1.07 A°) 18 close to that of double bonded sulphur (0,94 A°),
Sterioeally, therefore, the compounds synthesised were almost
identical with the sulphur analogues.

The actions of 6-melenopurine (XXX) and S-mercapto-
purine were comparead againet Thriich amscites tumour systens
and Lactobaclllus easel, ss well as a wide range of mierd-
argﬁniamﬁ124¢ G-Selenopurine (X¥X) inhibited a G-mercapto~
purine resistant strain of L.casel as efficiently as it dig
the wild strain. In contrast, mouge leukaenmia I-~1210,
resistant to Ewmarca@topuriné, showed full ecroess resistance
to the selenium compound?2P,  6-Selenopurine (XXX) was
inhibitory to a fairly wide ranpge of mioro~organisms, dbeing
more active than the corresponding mercepto compound. It
was also shown that the sulphur and seleniuwn compounds
appeared to act by simllar mechaniems. Another aomewﬁat
more detailed xeymrt'zﬁ phowed thet 6-selenopurine had
Lower antitumour sctivity and grester host toxlelity than
equinolar guentities of G-mexcaptopurine with some tumour
colle and equivalent activity with others. In both the
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selenium and sulphur compounds, methylation decreased
activity. Since 6-selenopurine is unsteble, its effective-
nese implies that its setlon is swift and selective. The
poasibility that the decompogition products mey be the
active species was not supported by the ineffectiveness of
the equally unstable methyl compound (XXXI) and 2-seleno-
uraeil (XXX11).

Mautner and Jargel2T recently described the synthesgis
and preliminary biological testing of 6-selenogusnine
(2-amino-6-selenopurine) (XXXV), after noting that 6-thio-

SeH
/1"
N N
J\ |
A
HNTSNTN

(xxxv)
guanine exhibited antimitotice aetivity and was incorporated
into deoxyribonuecleic aoid (DNA). Although the mechanism
of action of 6-thioguanine was unknown, it was suggested by
Mautner and Jaffe127 that charge separation might lead %o
unusually strong hydrogen bonding (XXXVI) with the amino
group of cytosine facing thiaguanine in the double helix of

..
\ﬂﬂ«_ el j
5 m«---ﬁi\

(XxxVvI)
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DNA, and that this apuld be expected to intexrfere with
the replication of DNA.  Charge meparvation of the type
shown (XXXVII) has been found %o be greater in thioosrbamyl

HN = © HBe O 8y Se

{XXXVI1)

vompounda than in carbamyl, while veplacement of sulphuy
by eelenium gives even more marked polarisation!?0r101

Since 6-selenopurine (XXX) showsd antitumonr activity
in m&ga*g@"gag deapite ite instability, 6-melenogusnine wan
similarly tested, having fLiret been shown to be more mtable
than 6-gelenopurine.  Bffective growth inhibition of
«pased could be obieined with G-selenoguenine (XXXV) using
one tenth the required concentvation for thicgusuine, but
the geleniun anulogue was move toxie to miece than the thio
sompougd in a single dose, although this position was
reversed on repested adwinistretion. In vive testing in
mice showed that the two gompounds had coumpavable sunti-
fumouy setivity, while the seleninm analogus seoms t0 have

an pppreciably higher therapsutic index. I4 was #lpo showm
that, 1f s tumour was resistant to G-mersaplogurine, this
rosigtance extonded to selenoguanine as well as to thio-
guanine.,
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Sawlcki end Caxx' 29 i1l engaged in the synthesls
of possible purine antimetabolites Lox cancer chomotherupy
studies, investlgated the ultreviolet and visible spavira
of bhenzo,2,1,j-selenadingole derivatives (XXXVIII). In

the Jellowing yeanr Uevy, Sawlokl and Eﬂ&?3ﬁ synthesiged
gome S-salenopurines (XXXIX) related to known purine

oW
§ON e
L pe .,
S Sy M
(XXKIX) G

sntimetebolites., Carcinostatic activity resulted’s’ from
the substitution of a nitrogen atom for the B-carbon of
grenine {XL).  Selenium was introduced ss s more radioal
change than nitrogen and while Mautner's purine devivatives
(xxx - xxx2v )19 nag en exocyoli¢ selenium atom, the
gompounds prepared by Carre, Sawicki and ﬂay’gﬁhua a hetero-
oyslie selenium atom. The possible mechanism of sction
wan discunsed. No veport of the biologierl testing of
these compounds has been found.
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The poesitility of orgenoselenium compounds having
mome chemotherapeutic velue was strengthened by the wepaext
by Schwerz and 3@1&@7 off the essentizl role o¢f seloniun in
the aninanl pody (mee page 20 ).

MUlley, bun~lol and ﬁi@a’ﬁa eompared the selonium
analogues of prometlmsine (XLI, X=5) end ehlorpromaszine
(XbLIL, X=ii) and reported that both the seleniun analogues
(XL, X=ge) end (XLIL, X=Se) had sntibistavinie aetivity
agimilar to that of the respective aulphur compoands.

7 x N 4 X AN
400 SO

| . T
ﬁﬂé?a%wfaﬂé}ﬂ (0Hy) N (G )
CH; |

{x1%) | {(x151)

A pumbexr of phonoselenazine devivatives (XLIII),
unsubsbituted or subatitated in the 10 position, have also

T = hydrogen, Nalogen, tmiflnaxﬂw
methyl, lower alkyl or lower
I\/ #wlkoxyl grounp.

AmMmum straight or branched
glkylene chain of 2-6 ¢arbon
ﬁg atoms.

Ry R"= hydrogen, htnxyl, lower alkyl
B | o3 with the nitrogen abtached
(XLI1X) to @ monoeyelic 5+ or 6«
nenbersd heterveyelic ring.
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baan ﬁenazibaﬁ‘ﬁgt The compounds sre particularly useful
as depreassants of the central nervous system, i.e. as
tranquillisers or mild sedatives. They aleo have fungl-
cidal and santidbactexial activity, as well me antibistaminio
gnd entiemetic¢ properties. The 10-substituted compounds,
useful mainly as intermediantes, aleso showed signifiocmnt
antifungal, vermifugal and sntidbacterial activity. This
type of compound 1s stated to be both steble and of low
toxielty.

Mautner and ﬂlaytaniﬁﬁ prepared 2-gelanoharbiturie
aoid (XLIV, RyR’s H) snd some S-substituted derivatives
{(XLIV, R=H, R'm Qsﬂﬁa@ﬂéﬁﬁﬂs§asﬂﬁ1}n Only one 5,5-disubsti-
tuted derivative, S-phenyl-S«ethyl-2-aslencbarbiturie scdd
(X03¥, R = OpHg, R'= CgHp), wam sufficlently stable to be

Ni——080 R

Go = @/ \_@/

~ i
N —— Q0 N o

(XLIV)

ieolated, These gompounds weve synthesised as part of an
inveptigation of the reletive 1ipid solubilities of oxygen,
milphur snd eslenium gompounde.  6-Selencpurine (XXX) and
pmpslonouracil (XXXIT), previously prepsred by-ﬁﬂuﬁnar‘ﬁig
were similarly investigated. It wes found thet G-meleno-
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parine (XXX) had slightly greater 1ipid molubility then
the thiosnalogue while 2~pelenouracil (XXXII) was less
soluble at physiological pH than the thiosnalogue., In
the case of the barblturates tested, the sulphur and
selenivn analogues had wexy sinmilar 1lipid solubilities.
Mautner and Clayton'®Y concluded from their results
that the replscement of Oxygen by sulphur in compounds of
the type teosted, was an effective method of inorcesing
1144 solubllity with only minor chenges in the steric
ctmfiguration of the molecule. Further replacement by
selenium did not reduce the solubility in orgenic solvents,
though substitution in thie cese involved replacement of an
essentially non-metalliic element by an essentially metallic
element. It is therafore to be expectad that lack of lipid
solubility will not be a major problem in syntheeising
seleniun analogues of physiologloally active oxygéen and

sulphur compounds! Y,

In 1960, Gunther and Mautner! o4 briefly suxrveyed the
work done in the previous decade, mainly by Uautner, in the
prepavation of selenium analogues of biologically active
sulphur eonpounds. The work was extended %o indlude a
more detalled study of selenopantethine (XII, X=Se), which
had already been shown to replace pantethine (XXI, X=8)
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completely on a mole for mole basis in L.helvetious., Thua
it was shown that the seleniuu snslogue ¢an replace pante-
thine in the biogenesis of Coenmyme A which ie then able o
veaset normeally. This ie only possible, however, if the
aalaﬁayunﬁathin& {XII, X=8¢) im supplied preformed to the
orgent sm.

Flehat, Herbert and whiﬁﬁs134 reported the prepars-
tion of selenocoystamine (XLV) selenohypotaurine (XLYI) and
selenctaurine (XLVII) in a proposed comparison of the

(Hﬂl«ﬂﬁgmﬁng*ﬂﬂéwﬁﬁ}g ﬁﬁgﬁﬁaﬂﬂéﬂﬂﬁgﬁ 'Kﬂéﬂﬂzﬂﬂaﬁaﬁzﬁ

{X5¥) (xLve) {(xLviI)
metaboliam of organie sulphur and selenium compounds.

The trend of chenioal literature desling with organo~
seleniun compounds in the pest twenty years shows the ochang-
ing intevest in this element. Syntheses of the seleniun
snaloguas of blologleally active oxygen and sulphur compounde
has been stimulated by reports of such compounds having
sinilar blologicel activity. Thus the emphasls has shifted
from the toxie effects of selenium compounds to their possible
utilisation in chemotherapy.




| 3,s,§ﬁmrim@thy1¢xax¢11dwzf4waiona {(xuviiz, n,R',
R e GH§)146 and 3, 5-dimethyl-5-ethyloxysolid-2, 4~dione
(XLVIIL, Rﬁﬁzﬁs, Ry R''w ¢n3) have found medicinael use

(Xnviix)
as & veluable pelr of snticonvulsants' >,  5,5-Dialkyl-
oxasolid-2,4-diones (XLVIII, R, R’= alkyl, R’'‘= H) however,
do not show this activity but generally heve sedative,
hypnotic and narootio pxbyertiéa’aa'whiah are abpent in the
F-alkyl dﬁ&iﬁﬁﬁi#ﬁg‘gT, More complex substitution in the
Gepogition has led to compounds with antifungel and santi-
baﬁt&&iﬁlﬁ3a’1§gy analeptic1 4914 sontral nervous
depressant’4? and tranquillising activity143,

Replacement of the hetercoyolic ovxygen stom by
aulphur or nitrogen in 3¢5¥ﬁmﬁximaﬁhylnxmmﬁliama;4wdi6nﬁ
(XLVIIT, R,R’, R'‘= OH;) led to inmctive compounds ! 44,
Doxan and Shonle'4® noted that no pharmecological date was
availaeble for 5.%5-diallylthissolid-2,4-diones (XLIX, R,R'=
alkyl, R'‘'= H) and found that these compounds had marked
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mnaesthotic and sedative action of ghort duration when
00 ——NR’

]

R
\ )
G CO
p” g7

(SBIX)

given intravenously, but tremors and convulsions mullified
thelr possible thergpeutic usefulness. Theme findinge
were confixrmed hyymrianmeyer146, who did not refer to the
~slde effects. Thisgolid-2,4-dlone (XLIX, R, B, R'’'= H)
has also been reported to have some antithyroid aativity147~
The intermediate 2-imino-4-thimsolidones (L, H,R’'= alkyl)

Q?~———-TH

g G

g g

(n)
prepared by Doran and Shanle145, showed s moderate degree
of sedstive activity when administered orally.

The rhodenines (LI), related o the thimzolid-2,4-
diones (XLIX), are well known antifungal and antibacteriasl
agents' 45 and the thimzolid-2,4-diones (XLIX) bave also
shown these properties, since the H-G-5 grouping gommon o
both, hus been related to the a&tivity’“ga HS-Bangylidene-
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rhodanine (LIX, R = GgHyy R'= H) has shom hypertensive,

T T
ROK 9 ROHaC._ 0
(11) | (111)

gardise, inteatinal and wlerine ettaote'?®, series of
papers on thiszolid-2, 4-dlone derivatives (XLIX, R,R'= H,
R* %= aryl) showad that 3-substitution gave compounds which
had asbibubereilay auﬁivity’51w alugy shown by thienolid-2,
44l one- Dy dragong derivativosi¥0133 (1111, R = aryl,
R*= meyl).

00 — NH

o |
ROHsC_ _GuNlfaCHR’

{L111)



DISCUSSION OF RXPERIMENTAL WORK
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Introduction.

The object of the present work was the synthesis of
gelenlun analopgues of blologleally-sotive oxypgen end sulphuye
hebercoyeles. Indtially, the syntheels of pelenium snalogues
of the barbiturle acide was attenpied but wan shandorned when
these compounds were roporéed in 19%9 by Heutner emd

OLayton YO,

As sn gliemmative, the syntheaie oFf seleniunm analogues
of the hydantoine was abiempted but has so far proved
unsucoessiul.  The synthesls of & homologous series of 2-
inino~4~gelenagoiidones (LIV, Beli; R'= alkyl, cﬁﬁﬁ) isoneric

g — NH
al
R e

{nIv)

with the selenohydantoine, was then undertaken. The first
two membera of this series had been synthesised by Hofmann74
in 1889 and by Frerichs' 77 in 1902, but mines ne reference
has been found of biological aotivity, it aeemed of interest
1o investigate the biologleal propertiea of these oompounds
and gome Of their derivatives especially the selenssolid-2,
4-diones (LV, R=H, R'= alkyl, UgHg), obtained from the
2~imino compounds by hydwlyaia’ %. Singe the 2-imino-4-
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selengzolidones (LIV) are potentially oapable of eximsting

00— NH

N | .
. ¢
pd .
u* \;3&/

{zv)

in ditferent tautomerie forme, thelr physical exardination
by spectrophotometric and potentiometide methods was
undertaken.
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ADSEEETRY  SYNTHESIE

o

2-DELUNODARDITURTY sy

Preparation of Sterting Materialw.

jelenoures.,

Selencuresa has been prepaved Ly various methods
involving the xeaction of hydrogen selonide und cyanaumide

156 oy phherent ﬁalﬁ%iuﬂqﬁ?ﬁ Granamide in not

in gquaons
avallable oommeroially due to its &uatahxlx%yi-g, but ia

generally prepared Lion calalunm ayﬁuamaﬁa‘56*159’15@» Since

4hde alao deconposes on wioraye, sachk new Yatch was

analysed for gyansmide ugdng the method of ﬁanussi?ﬁi
After o series of trisd experimente, the method of Waz éTGQ
was adopted for the preparation of eyansmide. Thé final
ether solutlon wee evaporated to amall balk and hydrogen
selentde!®? pupblea through mlowly, in an atmosphere of
nitrogen. Pale pink neecdlesn sepmeated snd the flow of gas
wap gtopped after three houra. Since selenoures tuims
blaok on storage, it was preparad in batshes of about
20-25g., an required.

. L8211 encbarbi furd & nni%g.
2-Selenchbarbituriec woids.

The govarel methode pveilable for the synthesis of
barbiturates and thiobsrbiturates loclude the condenssiion
of urea or thioures with a) malonic esters or their
derivatives in presence of the sikoxidse of apdlum ox
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naguenive (Method é)163§ W) maloaic sold or iln derivatives
in pregernce of soetic anhydride (Methoﬂ.ﬁ}1ﬁ4, ¢) malonyl
chlovidae al&na’ﬁﬁf o din dey aaiven%a‘ﬁﬁ (Method ¢) o

4) syonoscatic esters (Hethod %)157¢ Replacement of ureas
or thiourea by selonoursa in sowe of the above methods might
have been sxpeoted to glve Zepelonsharddiirates but in no
caoy was 1t found possddls %0 obindn the reguired compounds,
daapite varyiag the otncentrntlons of dhe resctanats and the
reflux tlue.

Thue Hethed A'%F yielded & yoliow s0lid which melted
nhout 250%, but could met be purified.  The ultraviolet
sbsorption spectran dn O.1N sodiun hydroxide had A ... st
285 B AL Since barblturiec actd itwelf has A‘max at 258 Al
and since s bathoohromie shift of aliout 30 m/u way be sntici-
pated by replacoement of oxygen by uelanium’ﬁg, the value
obtained was of the requimgd oxded expected for a seleno-
bavbifurate.

Method 3164 gove o siwller yellow golid whioh melted
at 24%3-5°.  Ohis medterisd donteined nitrogen and selenium
nnd although the nitrogen analysie was satisiactory, the
carbon snd nitregen suslysie was not.  In C.IN godiom
hydr&&ide golution,; the witrarislet ebsorption apsstriun had
>\mnx at 285 mju* Hethod ﬁﬁﬁﬁ gava.a srall quantite of
yellow amorphoue material mel¥ing about 245%, bud sttewpted
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pryataliisation from verdows solvents csused decomposition.
“he ultraviolet spectrun showed N nnx % 280 mm.  Using
156* sticky syrupy products were obtained on
evaporation. Finally, method ﬁﬁﬁ? gave an amorphous
yellow product melting sbout 180-190%,  (moe mgain thie
gould not be purified. The witraviclet absorption spectrum
in alkadine acioiion sbowed >‘mﬁx wt 259 AL

dry solvents

In the sitempled synthesis of thie prodvst welup
method Aﬁ6§; unpleapant, choking fumes wers evolved
seldifiostion. The yollow anopphous materisl oblzined on
aeldifiontion was s mlxture of orgenic and fnerganic nater-
ial, and other extiaction gave, mn eveporation, an waetable,
yellaw 1iguid whioh ﬁhﬁﬁﬁﬁjX.waﬁ &b Q?ﬁ,mya in alkaline
golution. Uaing method ﬁﬁ§4, only impure semiorvetslline
g#olids were obtained.

&b dode wlage of the work, a prelininary note by
Hautner sand ﬂiagtﬁniﬂa desoribed the preparation off 2.
aelanobarbiturie aoida, hence this work was cgonoluded. The

pobliod usad by these wamkam&iﬁﬂ

was esoentially the same as
medhd ﬁ’ﬁﬁ, et the Wme of hoating bed been dnsablically
pedaged Lron seren houwcs to 4% minutan end e ostelyst had

heon sdded dropwiee fo the reflusing odxture. It hed been
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hoped thet the dntroduction of two ethyl groups into the

Sepoaition would stebllise the molecule, but this prodused
the opposite effect., Thie agreed with the work of Mautner
gnd éxmyﬁﬁn‘ﬁﬁg whe aould not leolate 5,S5-diethyl-2~peleno~

barbituric mcid, due 4o its instability.
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A general route to hydantoins and thiohydantoins
hag been the condensation of aminoe aoids with potassiun
eyanate or thioayanate‘ﬁg» Jinoe 2-gelenonmercapten
glyoxalines (LVI, R = aryl) had been prepared from potassiun

R =~ O===0H

I l
N TH
*§a¢}

Sell
(V1)

solenocyanate and the hydrohalides of aubstituted aceto-
pherionea! 79, this voute geemed promising. The attempted
condensation of glyeine, its ethyl ester or their hydro~
chlordides, with potasesiun selenocyanate in athanal‘71 gave
only stervting materiels. Ho reaction ooccurred when acetic
anhydriae172 or ethanclio sodiunm hy&roxiﬁe‘Vﬁ were used as
condenning agents, or, in the abmsence of a anlvent1?4. The
pane result was obtained uping potassinm selencoyanate and
gelenouren in tho presence of barium hydroxide and atﬁiﬁal?ﬁ
g-siolenourseil (XXXII) hae been prepared from selenoures
and ethylformyl acctate in water'®V, 1% peems possible
thevefore, that the lower homologous secid, glyoxylic aeid,
mipht eondense with selenourea under the same conditions

to glve selenchydantoin.  The attempted condensation in
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water gave only sticky, unstable products, while the same
reagents in dry ethanol gave a yellow unsteble solid, from
which only selenourea could be isolated.

The attempted synthesis of diphenylselenohydantoin
by the remction of bensil snd selenourea in alkaline solu~
ﬁian‘77 and from bengilic scid and selenourea in acetic
anhydride! '® gave only starting msterisl end unidentifishle
products.

Jack! 79 recently described the synthesis of 1-
aninohydantoin derivatives (LVII) and (LVIZI) from substi-
tuted senmicarbasones and ethylohlorcacetate under alkeline

00 —— CH, QG —— OH,,
mlr :tlt N =0l o m'r IL N« OHCH
MY o~ = : - 0 o ;
N e ™ Q‘ﬂ;ﬁ \G'/ 675
il ' if
D O
(Lvix) (LYIII)

aundi%iﬁnﬁ* This method; Howsver, produced the fsomerie
hydrasone (LIX, R,R'w GH3,R**ﬁ H) when acetone selenosemi~
ocarbagone was used.

Q0 e NH

| | _R
R - O G-
e

N Rﬁ
(11Xx)
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Se-ALKYLSELENOURONIUM _SALTS

Thiourea unites with alkyl halides, sulphates,
nitrates and thiocyanates to give M-alkylthiouroniunm
salts'®%,  seBensyltniouwonium ohloxide 'OV (LX), which
occurs in two polymoxphous forms, has been used to prepare
salts of aarhﬁxy11¢1ﬁz and salphonic acids'®S,  the sane
of hydrolysis of eome of these salts, sand the ammll

) \ *
0 H.CH, .8 c‘“/"mz "
6 is %dﬂ& ‘.% | ’
N,
(1x)

@ifference of melting point, led Dewey and Sparry184 to
prepare sinmller salts of p-ohlorobengylthiouronium chloride,
which showed no evidence of polymorxphisn. The reaction of
selenoures and bhenzylohloride in ethanol gave Se~bengyl—
selencuronium chloride (LXI) in mlmost quantitative yield

iy |*
CgHOH, 00
B Spm, |

(LxX)
and no evidence of polymorphlsm was observed., Analysis of

Qlﬂ

this compound for nitrogen and seleniunm was satisfactory,
Bbut chlorine analyeis was raproducibly high, poeslbly due
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to gelenlum interfewence, The sulphur snelogue is readily
hydrvolysed to benuylmercaptan end GibenzyldisulphidelB5,
That this is aeleso true of the selenium compound was shown
since, on attempted isolation of the bmse fxrom the hydyo-
halide by the sddition of elkalil®V185, tne omly oryetali-
igable product was dibenkyldissienide. This ean he
oxplained since hydrolyeis would relemse bensylseleno-
mercaptan, whioh s readily oxidised to diban%yldia&lanideﬁg

A possible route to the selenohydantoines by condens-
ing Se-benzylselenouronium chloride with chloracetic neid,
and debenzylation with sodium in liquid smmonia''l was
envisngoed, but the attemplted coyolisstion gave only uncryst-
alllsable syripy produots, comparsble with those obtained
from the sulpbur anslogue (LX) and chioracetic actal8t,
Attanpted condensation with chloracetyl chloride geve similar
products end dibensyl-diselenide. maylar‘56 found that
methyl halides reacted more readily with thioures than
bengyl halides. On condensation of selenourea with methyl
iodide, however, the yield of fe-methylaclencuronium iodide
(£%1X) was less than that obtained from the comparable

, T+
A

CH,.SeC X
4 “NH,

| (EXIX)
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reaction with bensyl chloride. (moe agein the nitrogen
and seleniun snalysie wes sstisfactorys but halogen was
high.

The attempted titration of the Se-bensyl-(LXI) and
Se-~mothyl-gelenonronium {(LX1X) salts with potassiunm
hydroxide was unsudcesaful, and resulted ln unpleneant-
smelling breakdown products being relemsed. The high pH of
the agueous sclutione (Teble I ) sugsested that thoese
compounds waere strongly basic, but no p¥ walues could be
obtalined.

Se-benzyleelenouronium formate, acetate and bensonte
could not be formed, btut the pierate and p-toluenesulphonate
weye woll~defined e¢rystalline solids.
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LSOSELENOHYDANTOLO ACLD HYDROCHLORLDE AND IS GYCLISATION

~ When thiouvea rencted with chloracetic aeid in
watex in the oold, formamidinethioladetic acid (isothiow
hydentoie acld) (HXILX, Bei) resulted, while hesting under
the same conditione pave 2«1mine~4*thiamalidqna.(L,.R,Rﬁﬁg?

ﬁﬂa - ? = ¥R Q?*—**——!fﬁ Hw= GSHE); Q;ﬂ;:p*ca‘?,asﬂlt
SCH,CO0K aggs /a = HR a0, Q&,; 804 oy
(LX1X1) {(LXI7)

In moetone, however, the hydrohmlide of imothiohydantoie
acid was iaalﬁte&1a7, which, when dissolved in water snd
left overnight, gave the free acid (DXIXI, ﬂ:ﬂ)‘aan Heating
for eight hours with glacial acaetic acid gave zmiminanm
thiagolidone (I, RyR'= H). Similar treatnent of subeti-
tuted thioureas gave the corresponding substituted products
(5XI11) ana (uxrvyieo,

The reaction of selenour¢s end chloracetic acid in
water gave s ¢rude pink solid whioh couid not be purified by
waphing, but which coyalised on refluxing in dry ethanol for
an hour to 2-imino-4-selenmzolidone hydrochloride (LIV,R,R%H).
In scetone, a much clesner product was obtained, which on
orystallisation from hot ethanvl, asein gave 2-inmino-4-
selenmgolidone hydrochloride (LIV, R, R'= H). By weshing
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the crude product with acetone, igopelenohydantoic acid
hydroghloride (LXV) sould be ieolated in a resmsonadly

| HOL
SeCH, 000
{xv)

pure condition, although Lt was still not homogeneous and
wag slightly contaninsted with selenium. The pierate,
formed in methanolie golution, helped to confirm ita
identity. The hydrohalide (LXV) when refluxed for an houy
vith dry ethencl or glacial mcetic acid, gave 2«iminowi.
gelenasclidone hydroehioride (LIV, By, 8= ). Similarly,
heuting with dilute hydrochlorxie scld or water gave
pelenanclid-2,4-dione {L¥, R, F'= [), while sodlum hydroxide
gove no Lldentifiable product.

The ultraviclet sbaoretion speotrum of isocaseleno-
bydmntole aecid hydrochloride (LXV) measured in water between
200 end 30@im7u, showed only end absorption, in contrast to
the speotrum of 2«imino-~4-pelenezolidone hydrochloride
(iIV, Ry R'= H), mee page 1i8 .+ Caloulotion of the molecul-
ar wolght of the plorate from € at 355 m '139, £BYE TERBON~
sbily pood sgreement with the theoreticsl wvalue.

Thus 1t would eppear thet in the preparation of 2-
{mino-4~gelonszolidone (LiV, B, R'= H), the initial condensa-
tion product is the open chain isoselenohydentols seid (LXV)
which then oycilses.




TG,
SREEARATION, OF  2-ININO--4-SELENAZOLIDONES

Shews compounds e be representsd sost appropriately
by straotuves (LIV) op {L2VI),

Lm%r B> ”w’iﬁiﬁ

Do
(HLy) (&2v1)
Ry W's H, wlkyl, aryl

2eTnino-Sepplanakolidone (;iﬁwmﬁ*ﬁ H) was first prepared
in 188%9 by Hotuann'?%, from ohloracetic acid and selenoires.
Prexvioha'®® produced the msme meterisl, “selenohydentoin®, by
boiling K-phenyl-Niselencysnacetylures with water. ie slmo
srapared the S-methyl devivetive (LIV, R, R'w {:1%) Lrom
s-gylengranpiopionylures by bodling with alooholis anmonia.
The pavant selenszolidons (LIV, R.A%w= ) was szain preparved
by Boy and @uﬁ&*%# wha noked dto dastability, sad prefecred
the iydroshloride for thelr subasquent prepmration of the
pescetylacincbensencsulphonanide devivative (XVX),  Thiw
compound, bowevesr, was not descetylated ss were the olher
siuilar selenasole devivatives (XV), poacibly due to
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iusbability. blologioal results ware %o be published
elsevhere, but o far have not appesyed. 4 number of 2-
diallyiemino-d-galenasvlone (6XVII) hydrohslides and

6C-—N
ﬁ\é &ﬁ R R = H
B -~ ﬁ \Rt #r Rf £ Qﬁﬁﬁ GHHE;H.
Rl‘ # ’K# LI Gi!ﬁg {}2515
(LXVIX) |

phoeratea were synthesimed by Zingaro, Bennett and Hemmar 190,
Again no biologlenl testing was done.

The synthetic route veed was thet of FHofmenn'S%, in
which selsnoures and aﬁhila aclds were condenssd in Ary
ebhaaol .  This method, using thiourea; oconetitutes a
géneral nethod for the preparation of the eulphur ﬂﬁﬁlag&gg1;
The yiside were not inoressed by longer haating?ga, sines
deconpoaition aleo increamned, giving a residue of grey
geleniwn. The majority of the compounds prepared were
Leolated inltislly me the hydrohalide, which were arystall-
ised from dry ethancl, or & mixture of ethenol end ether,
as high-melting white solide. 5-Methyl-Z-imino-4-gelen-
auolidone hydrobromide (LIV, ReH, R's= QKB) could only be
erystallised by atirring the syrupy product under ether,
while wdding dry ethanol ﬂxabwiﬁé. Theae hydrohalides
wers repstmably stable 1ln alr and light but were best stored
protected from both.  Watey rapldly caused decomposition,
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easlly vecogniwed by the red colouration of the aolution.

The 5-propyle, H-isopropyl- sand S-phenyl-derivatives (L1Y,
Rally R m ﬁ3ﬁ§¢£saﬁﬁaﬁsﬁﬁﬁgi ware obtained as the fires bazs in
gomewhat Lower yleldw. Wille the derivatives isolated as the
hydrohelide readily formed plormtes, all atteumpts to prepare
plheretes or hydrobelides fyom those isolated as the free baee
wore unsuccessful. The eonversion of the hydrohalides to the
buses was bvest done uming dllute smmonis, sodium parbonate or
sodiun moetate'92, wWith excess wodium hydroxide, the precipitated
base redlssolved, showing amphoterie properties like the sulphur
analogues which are sleao soluble both in acld and bepic solutions.
The bases, generally, werée less stable than the salts.

When the synthesis of 5,5-dimethyl-2-imino-4~gelenasolidone
(LIVyRR ﬂﬁg) was attempted, soncentration of the reaction mix.
ture ylelded off-white orystals, which rapidly decomposed. Repe-
tition in the absence of air and light wae no more successful.
Acid hydrolysis of the orude material gave 5,5-dimethylselensago-
1442, 4«dione (LV,R, R« éﬁg)ﬁ Attonmpted preparation of the pic-
rate gave only a sticky yellow syrup. Similar diffioulties were .
gnagountered in the atitempted preparation of 5,5-dlethyl-2-imino-
4-pelenasolidone (LIV,H,R'= ﬂzﬁgi and slthough it was poesidle %o
isolate pale yellow neadled, these degomposed under the mildest
drying conditione. Aocdd hydrolyeis of the crude product gave a
deep red semiorys¥elline product which could not be purified.
This instebility fe similar to thet wepoxried for the 5,5-dislkyl-
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2-aelencbarbituric actds (XLIV,R,R'= alky1)10@. The only 5,5~
disubetituted derivative dsolated was apparently 5,5-diphenyle2.
imino-4-pelenazolidone (LIV,R,R'= UgHy), wiloh has 8o fur defied
abtewpts 8t purifiowtion. Acid hydvolysie gave a brown, olily
1igquid which, on swblimation, gave white orystals which were too
unatabile for analysis.

2~-Dimethylanino-4-gelonasolone {(LXVIIR,R'= HyR*{R "= CR
and 5, S-dimethyl-2-dinethylaning-4~gelenasclons (DAVII,R,R3R*S
R Y'wm cﬁg) wexd synthesised using the method of Zingsro,Hennett

and Hﬁmmarﬂgg,

Thens ware required for phyelceal measurements
releting to the tantomarism of 2-imino~d-gelenmsolidonas. 5,5
Mmethyl-2~dinethylanino-4-nelenagolone (LXVII,R,RIR IR "4 Qﬂﬁ)
was recryetelliced from dry ethanol and ether at 0%, in the
abgence of light.

Condensation of gelenouress and o-hale aocids thevefore
provides a general method for the nxuthea&a‘af 2~ BN~
sclenmgolones, and 2-imino-4-selenssolidones.

Chloracetic acid and selenourea heated together in
weter gave melenazolid-2,4-dione (LY, R,R’= H). The mane

OC—RH

a |l
g 00
AN <7

(LV)
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produel was oblained by hydroiysis of 2-imino-4-selenasoli-
dgone (LIV, R,"= ).  Since no higher homologues had bhoeen
prepsred, 1t seemed of lulterest 40 prepmre atheor derivativen
in wiew of the sxlenglve work done on the oxygen and sulphur
amalmgm&m14§’193@ Of 4ha dwo nethods luvestlgated, neid-
eivbadyoed hydrolysis of the 2-inbio-d-peleonspelldones gave
Wighor yields than dhe condenastlon of selsnoures and w-halo
acldg,  The foruer nethod has been swoosssiully epplied do
the mynthesia of qugen194-anaAmalynmw anaIOgueﬁ145« The
opbinu tine was twe houre, afbor whioch The ylelds were good
and aould not ba Inercaned Yy move thaw g Pew per cent on
longer heating.

The products were dsolated by extraction of the
acldie reaction mixture with ether and evaporation of the
combined ethey extracts to give pale yellow olls which
solidifled in vacuo. S5-Ethylselenszoliid-2,4~dione (LV,
Hiaslf, R Ggﬂg) orystallised on addition of a few drops of
weter. Purificstion was beat done by sublimation ox high
vacuuy distillation.  Alternatively, selenazolid-2,4-dione
(L¥, R,R"= 1) and it S-ethyl derfvative (LV, RuH, R'= CyHg)
eould be owyatallieed from water, dut the other eompounds
were always tinged pink and were laopure, On eooling, 5
phonyloelenazolid~2,4-diona (LV, Rel, R'= 66115) erystallised
Leon the wwactlion wixbure, in somewhat lowsr ylalds Lhan the
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othey desivoblves. 1% wen Ineplubls 4 ether. ALl these
eompounids were stable fy aly and Lehd £or soversl montha,
after whioh aid it doenmnondbion nedurred.

Hlnoe 9y S-dinethyi-Feimiin-degelonasslitone (LIV,

Bl } goutd not La *w%ﬁ%ﬁv 54 Budivethylaclonssolid.

,4-@%&%& {6¥, BB B ) way arepared from aslennures and
pomn-daobiatyels 2o1d M wntar,  Hytrsation snd curifione
%o e belove gows $He wesnived prodnet, which wos ateble
encugh Sor enplyeln Wk aftur seversl days turned 813ty
phids.  Hhe preppreiion of 8 5-dlethylaclenssolid-2, 4-8lone
(L, 9,0 f&; if;w Ty A aindiler moethod gave o dosp yed solid
whlon goudd nsY e peddied.  The atterpded preparstion of
By Gudiphonyl-selenanolion?,; Adione (LV, BeR'= Opli) siodlearly
pave o browd 91l which gavs highly unstable srystsls on
sublimeaticn.

Ghe prlanevolld-yd-dilones (L¥) exe low selding
80lids, sparingly soluble in water giwing meldio dolutions
g con be titrated with gibell.  They ave Sveely suluble
oy wedhautdy ethenol wnd stbex.
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AND, 2 EITNO- &= SELENAZOLIDONES

The possidility of O-methylation rather than N-
methylation 0f oxesolid-2,4-diones (XLVIII, R,R'= mlkyl,
R %= H) was discussed by Davis and Hook' 74, It wae con-
oluded that sondensation of the polussium or sodium salis
with mevhyl iodide in dry suvetone oy ethanol resulted in
ﬁ@methylaﬁian¢l ‘~ilethylselenagolio-Z, ~dione (LXVILL,
RyR = Hy K'*m ‘i}}%’}' and j-methyl-S-ethyleoionanolid-2, 4~
dione (LXVILIX, Rei, R'w Collgy K'’= Gil;) were prepared by

QG S nx.ﬁm
s J} e:l;of-.
R Tse”
(LXVIIY)

the action of methyl lodide on the potsasivn snlis of the
eorresponding ﬂﬁi@ﬂaﬂﬂxiﬁﬁ%h&i&m (Lv, Bem, R'= H ox
cﬁ,ﬁiﬁ}, prepared in a:cmmm yield in dry ethanol.  These
aalte were pale yellow hygrosecopic solide, which wera there
fore prepered in situ me reguired,  The sane producte
(LXVILT, B=l, H'= H or ﬁﬁﬁgg Rf’m-&ﬁ§§ wore wniso obtained
by the action of etheresl dlaxomethane on the corresponding
selenszolid-2,4-dione (LV, R=H, R'= H or CpHg).  This was
egteblished by comperison of infrared =nd ultreviolet
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abaorption gpecirs whlsh were ldentical.

That Nemethylation hes in faet taken place ie
supported by the identliiy of Vhe products from methyl iodide
and diazomethane, wince dlazomethene gave 3I-methylihiasolid-
2yhedione (XDIV, H,R’= H, B"’ u-ﬁﬁ%) with thiagolid-2y4-

A%, RyRGR = V9P, hue methyletion of thissolid-
2y4~dilones and selenagolid«g,d-dionas takes Lhe gave course,

dione {X

S-Efhyl-2-imino-~dpeleonnsolidone (LIV, H = H, R'm
03353 reacted with methyl lodide in dry ethanol to give
Femethyl-S«ethyl-2-imino-4~selenasolidone (LXIX) se the

i ﬂﬁﬁ%

|
O 1.0 -
CpHGOH %/c: NH
(LXIX)
hydriodide, from which a picrate could be prepared. The same
reastion with 2-imino-4-pelenagolidone (LIV,R.R'= H) gave a
white oryatallinae compound which sould not be purified for
anplysls and which decompbeed on drying. The seme diffioul.
tles were encounteved with the piorate. fThis product and
jutiothyleS~ethyl~2-inino-4-selenngolidone hydriddide (LXIX)
gave the corresponding %-methylselenazolid«2,4-dione (LXVIIL;
ReH,R’= H or CyHy,R" ‘= <;§153 on acid hydrolysis.  The
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identity of these products was established by comparison
of the ultraviolet and infrared absorption spectra, whieh
were identical with those from the products obtained by
action of diasomethane on the selenazolid-2,d4-diones,
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OF _ 2+INMINQ.-4-SELENAGOLIDONG

Acetylation of 2-aminoselenazoles (LXX) was reported

by Baeker‘55, by the metion of acetic anhydride on the free
Rf“ﬁ R = alkyl, aryl.
G - NH R'« H, alkyl
Se 2 St
(Lxx)

bass. Wheeler end Johnson'?® faolated "phenylthiohydentoin”
in two forme (LXXT) and (LXXII). The labile isomer (LXXI)

fo it - %3:!5 ﬁ? S l‘i'ﬁ
I |
O C = KB CH 0 B‘.Q‘GHB
qﬁ.s{ & e
(Lxx1) (LXXI1)

reacted with thiolacetlc acld in benzene to give an acetyl
derivative (LAXIIY), while the stable isomer (LXXII), which

ﬁﬂé‘é/& = K.GOQHS

(LXX111)
ai1d not react with thioclacetic mcid, gave a dimcetyl
daerivative of uncortain structure with acetic anhydride.

2~Inino~4-pelenazolidone (LIV) or its hydrochloride
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gave an soetyl derivative with acetic anhydride and glacial
acetic scid which was assumed to have structure (LIXIV, (a)

or (b)) slnce the ultraviolet abmorption spectrum (Tadle IXI)
sugoested “imsolation” of the acetyl chromophore from the

ring system. Similar treatment of the S-methyl~ and S-ethyl-

@3~—“ﬁ @?-*wﬁﬁ
a@/a ~ KHCOCH, cx\lg/c = WCOCH,
e Se
(a) (b)
(LXXIV)

derivativen (LIV, R=H, R'= e, or Colly) gave no acetylated
product. iHydrolyesis of the acetyl devivative (LXXIV) with
dilute hydrochloric acid gave selenawolid-2,4-dione (LV,
RyR'= H) and mcetic acid. |

Roy and Guhal 08 prepared the p-acetylaminobenzene.
sulphonanide derivative (XVI) but the demcetylated product
was not isolated although similar selenazole derivatives
(XV: R=H) were prepared. Using a similar method 4o that of
Roy and Guhsa, the'pwtoiuaneaulphunamidem (LX3Vy, R » cﬁs) and

T
Qﬁ?/p'w RH80,0g1, R
He
{LXXV)




81.

bengenesulvhonamide derivatvives (LXXV, R=H) of 2-imino-4-
solenazolidone wore preparad. The attempted isolation of
benzoyl derivatives under neutral and alkeline conddtiong? 9T
gave gumuy products, which could not be erystallised.
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AND _ 2~ IHINO-4~SELENAZOLIDONE

Open chain and oyolice compounds with a reactive
methylene group resot with aromatic aldehydes to glve
arylidene derivatives'7°, fThue 2-imino-4-thiagolidone.

(L, R,R"= H) and thiagolid-2,4-aione {XLIX, R,R{R’‘= H) were
condensed with aromatie sldehydes by Lidermann, Himbert and
tengl'?? who hydrolysed the products (LXXVI) end (LEXVII)

D0—KH mla--—x?.n SH
/ I
ROH = e\&p = NH ROH = _Q\gﬁ@ RCOH = C.CO0H
R = aryl, heterooyolio
{LxxXV1) (1XxVvIL) (LXXVIIL)

with slkall to produce substituted thiopyruvic meldn
(LXZVIII).  The condensation was carried out in glacial
acetic meld and eoddww acetuta®?0, Murkeley and Re1a®®!
had eariier condensed I~phenyithissolid-2,4-dione (XLIX,
ByR'a Hy, R"'m GgHy) with various aldehydes by the same
method, while Ruhamannaﬁg‘uaaa ethanol plus a few drops of
plperidine an the aondenping agent. 11ada1mirakayaza5,
in g recent axhaustive study, described the optimum condi-
tione for the preparation of S-bensylidene~2-imino-4-
thimgolidone (LXXVI, R = Cgh:) and S-benmylidenethissgolid-
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2y4-ddone (LXXVIE, R = Cgliz)s  The former compound (LXXVI,
H& Qﬁﬁiﬁ) was prepared from thioures, chloracetio acld and
henzaldehyde in glacial acetic acid, while the latter
(LXXVIL, R = %35) was preparved from the ssme rosgents in
hydyroohloric acid, neither method ueing sodium apvetate.

The sttempted preparation of S-bensylidené~2-imino-
4~gelenazolidone (IXXIX) using the method of Iibermann,
06 —KH

Qﬁﬁﬁﬁﬁ - qS J‘} » NH
{(LXXIX)
Hubert and Héxxgl” %9 gave yellow orystalline producte %o
which no structure could be assigned. Z-Inino-4-gelen-
auolidone hydrochlordide (LIV, R,R"= H} was obtained using
the method of n;mm;mmyaz"fu while no resction took
vlace in the presgomoe of piperidine end ethmclwz.
Under the same conditions!??, 2-avetylanino-4-
selenapolone (DXXIV) gave S«bensylidene-2-agetylaninoie
gelanazolone {LXXX)., and sslenszolid-2,4-dione (LV,R,R"= H)

QG--—?J_‘iT Q?—-NIH
OgH CR = QSG,G ~ NHOOCH, RCH = qs&pou N
(LXRL) (LXXXI)

gave S~bensylidene~ and S-palicylideneselenamolid-2,4-dione
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(LEXXI, R = OgHg, Ggll,0H).

Thus the mothylene group of 2-imino-d-selenssolidone
(LIv, B,R'= H) dooe nob vesed normelly under these conddw
tions. That the scetyl deyivative (LIXIV) and selenawolid-
2,4~Qione (LV, R,7'= H) 80 react may be explained singe in
both these compounds, a more sleotronepgative group occeuples
the 2-poeition, which would activate the methylens group.




TPARADION OF SELENAZOLID.

204

und Stephen and ¥ilean?Y?

Wiloon snd butne showed
that thiosenicarbazones of aldehydes and ketonea (LXXXII)
R

, v —
G = W = 0 afi: _xlm )
5H R*"*CH = RNN=C
' \3/ ™ R*

B = H, alkyl, aryls R = alkyl, aryl, heteroeyclic;
R "= H, sllyl, sryl.
(LXXXI1) {(DXXXILT)

ponkensed with a-hsloascids in the presence of sodium
ethoxide, to give thiawole derivatives (LXXXITI). A eimilar
reaction desoribed by JhakiTg, gave l-substituted-amino-
hydentoin derivatives (LVII) wnd (LVIII), from the corres-
ponding senicarbasones.  Chabrieyr and Gﬁtteiaiﬁzaﬁ found
that although aldehyde thiosenmicsrbasones vesdily condensed
with chloracetlic mold in ethanol, %o give substituted
hydrezonea (LXXXILX, R'’'= H), the reamction oould not be uaed
for ketons thiosenmicarbasonss. Addition of s large excess
of aodium acetnte howsver, allowed the renstion to be used
for the condensation of both aldehyde and ketons thiogemi-
carbagones t0 give subatituied hydrasones (LXXXIIL, B’ ’= H),
and m Large number of these were @r@paxaﬁQQV«
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Apetone melenosenmicarbusons (LXXXIV, RyR's Gﬁgﬁ%m
and benzaldehyde selenosemicarbamone (LXXXIV, R « 8,
H = @5%)’23 wore condenased with n-haloacids using the
R

ﬁaﬁ? m NuN = @\W

SeX
(LxXxx17)
method of Chabrlexr and %ﬂwlainm?; to give geleonazolid-
2, 48l one~2ela0propylidenehydragones (LIX, Ry R'= a%;
00 — NH
o ¥
R7-CH O & NN w0
hy-1t4 R’
{b1X)

B e Hy Gpllgy ﬂgﬂﬁ) #nd selenegolid~2,4~dione«2-bengylidene-
hydrvagones (LIX, 5 = H, R'm Oy R'"= H, Cptlg)e  Using
Jagk's me*.bha'&?m, acetone sélenosenicarbosone and ethyl-
ehloroacetale gave selenawolid-2,4-dione~2-isopropylidene-
hydrazone (LIX, B,R'w mﬁ%g R'= H). Thue the ¢ondensation
of acetone thiosemicarbasone (LXIXITI, R,R'= of;)2%4 ang
acetone ualmaumwarhwam (DXXXIV, R,R's "“3’ with chlox-
acetic acid under alkaline conditions geve 2-imopropylidene~
hydragone derivatives (LXXXIIL, R, R"= 3}%3; R *a 1) and

(LIX, RIE = mﬁg R %= 1), while acetone senmicarbasons gave
an igomexde hydantoin davivative 2% 9 AKE . similarity
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between sulphur and selenjum asompounds agrees with the
sugeention of Eriadmangﬁ that sulphur and selenium com-
pounds are more often isosteric than thoss of oxygen end
sulphur. 1% has al#o been noted that some sulphur snd
goleniun gonpounds glve erystalline structures differing
Leom the coivesponding oxygen ansloguast 91105,
?laﬁkimixaﬁgyagﬁa deseribed the preparation of 5.
arylidene~thianulid-2,4-dione-2-arylidenchydrazones (LXXXV)
from thiosemicarbazones, cohloragetic seid and sromatic
00—y

R*ﬁﬂﬁ@\q/ﬁwﬁ;ﬁﬂﬁﬁﬂ-

(LXRLAV)
wldehydes by refluxing in glacial seetic seid in the presence
of p#odlum acetate and acetic anhydride for an hour. Similar
troentiment of acetoneselenvdenicarbazone and benzaldehyde
with chloradetic acid gave selenazolid-2,4~dione-2-hengyli-
denehydrasone (LIX, RyR'’= R, R’ OgHg), which gave no |
depression of wmelting point on admixtmwé with the produot
from chloracetic acid and bensaldehyde mseélenvsmemicarbagone.
Comparison of the infrared specira showed the two compounds
to be identivcal. This can be explained mince replacement
of the imopropylidene by the bensylldene grouping is easily
&aaamylxahﬁaizég and may take place before ring olosure, as
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in the preparstion of benualdehyde selenosemlcarbagone’ ¢,
op after oyelimation, ns geen Lrom the reaction of sslene
azolide, f=dlone-2-da0propriidenshydrasone vith bansaldehyde,

fiydrolysie of the selenasolid-2,4-dione-2-substituted
hydrasomeg (BIX) geve the corvesponding selenszolid«?, 4«
ddone (0¥)2%.  Dhis resction wae wseful dn establishing
the structure of ke product Lfrom Jduck's x@&éﬂ&@&iwg, and
#lgo that from the remotion of pelenakolid-2,4-dions-2-
isopropylidenehydrasone snd benseldehyde, both of which gave
golonanolid-2, 4=dione (LY, R, R« H), showing that the sub-
atitubnt was in the Z-position.




AYBOMERION  OF  SRLEWAZOLONES

o el

Bimple W -exgeselys hoteroaromatics.

Py iy

The melenanolones uky be regsrded as derived fonda-
mentally £from the Live-wenbared heétercaromatic system
solenesole (LXXXVI) which Ls the smalogue of selsnophenc
(LXXRVIT). X% i fnteresting therefoure, to cousider the

W

Be fe
{LXXXVI) {LXXXVIL)

propextlies of gpelenagolone and its devivatives in the
context of this relstionship.

According to ﬁl&ertgﬁg; five-nemberad heteroaromatic
substences suoh as pyrvole (IX), furan (X) snd thiophen (V),
in whick the heteroatom is able to contribute a lone pair
of electrons to the ring, so that the molecule is stabllised
by the formation of an aromatioc mextet of electrons, are

Uy

H
(Lx) (x) (v)

clasned as T «exsaesive hederoeronntios. This description
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arises from the wadlsteliintion oF ohurgs bhotwoen the hotordw
gton and the ring which, from valency-bond (resonance)

N ox
calceulabions asquives & nedd exessy of Qhﬁrgagiﬁ, in broad

o L ﬁf}! wmidy G2 ralds 34
lofakfiﬂaa Q? [l o-ﬁaJ@ {3# ﬂ:‘i o-‘éq ““‘QQ G!:;
N o s
1)
torns, Yhe dleselfioation ag ™ ~exosamive i dn keening

with the reuctivity of these ring aystems towards slestro-
philic resgents, slthough ms explained by 31hart2*1; the
aotuel pelt chavges calewlsted by this one method mey not
glve o teue ploture ol their reactivity. Thue thiophen
wdergoss ¢lectrophllic subetitution less vesdily than

furan, despite the apparently greater redistribution of
sharge shown by the former in these calewlations. In the
Priedel-Oratds reaction, for exawnple, experiment hag shown
thet reaetivity decreases in the order pyrrole > fursn
thiophan.  Other, and perhaps more scceptable, oriterim of
aromatiolty suech an eleotron ALlfrachion nepmurements of

bond 1ﬁnﬁtha312, indicate that onrbon-garbon double bonds are
shorter end cerbon-carbon pingle bonda longer than in bensene.

<1.464° 1. 464° <14 46A°
1.%55*[?1] 145540 [ji] 1.554° [?iﬂ
w it 5
12 max”ﬁant 5 par gent P per annt

Perpentage double bond shuovacker of C.heteronton bond.
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This evidence, together with calculations of the persentage
double bond charvacter of the oarbon~hetercatom bond,
pugeesto that arﬁwaﬁiaiﬁywyuwaimalé desreasing electro-
negativity of the heteroelement (@?>=ﬁﬁ>>ﬁ)3‘3a Pactora,
such as the grester nunber of canonical forms which can
participate in the resonance hybrid of thiophen, and their
contribution %o the gain in aromaticity of thiophen have
also been aiunuaaﬁﬁaia. This ardses £rom the position of
sulphur in the second short peried of the periodice table.
Selenophen (LAXXVII) with s less electro-negative hetero-
atom, would therefore be expected to exhibit even more
pronounced aromati¢ charactor in the light of the foregoing
evidencs. Brisooe and Peel®'4 gesoribed the propexties of
selenophen and stated that it resembles thiophen (V) 4n 4te
remariable stability and ohemical inactivity. It hae
recently boen mhown®'® from the study of uwltraviolet
absorption spectra of a-substituted selenophens, that their
behaviour was éomparabtle with that of thiophens and inter-
mediate betwoen furans and bengenes. From caloulstions of
traneition energy difforences, the same guthors uhéma¢2§6
that the selenophen nucleus was riore highly eromatic in
character than that of thiophen, and 1% was concluded that
aromatiolty decreases in the order selenophen — thiophen ™
furan.



92.

Asaloguos of Sinple T -Exoessive Heteroar:

Replacenent of any of the =CH- groups by nitrogen
in the simple T —excesslive hetercaromsmtics alréady discussed
glves rise %o azaloguss 0f which only imidagole (LXXXVIII)
oxamole (LXXXIX), thiasole (XC) end selénazole (LXIXVI)

g U

(LXXXVIIT) (GXXXIX) (xc) (LXXRVI)
are relevant to this work. The doubly bound nitrogen which
l1e electron attracting, sounters the relesse of electrons 4o
the ring by the firet heterostom so thet althongh these sub-
atances are atill & -excessive, they are less ao than the
pavent ﬁ&mpauﬂ&&gi?. This opposing polarity of the new
hetercatom enhances the weaskly acidic charactor,as well
ae the basie properties of the parent vings. ¥ater solu-
bility ime inoreased through the additional lone palr of
electrons which is avalleble for hydrogen bonding with water.
In other rempectas, however, it is difficult to genermlipe
about the 1nflaﬁna¢ of the second heveroatom. Pullman and
matsgura1a have derdived charge distribution dlagrams for
thiazole which show a high electron density in the S-position
and thus electrophilic mubstitution talkes place most readily
there, especially if an electron-releasing group such aw
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amino, hydroxyl or alkoxyl oocuples the 2~position®?,
Comparable date for the other substances Ls not available.

Imidagole and Uxasole are markedly more stable to
peld then pyrrole and furan. Thiophen ls polynerised on
prdlonged treatment with concentrated sulphuric scid but
thimzole 1is stable under sinilay ¢wnditi¢na229* Selenophen
reginified in the praﬁ@nca of sulphuric seid®'4, Selenazole
sould not bte deolated by Metzger and xnillyza1, who
attempted its syntheals by reducing dlasotised 2-sainoselen~
azole with copper chloride. They aoneluded that although
selenazole probably was formed, 1t decomposed spontanecusly
under normal conditions., It was also noted that previous
attenpts to prepare selenagole directly had been equally
unsucceesful .

Keto-Enol Tewton

The tsutomerism of hydroxy derivatives of N-hetero.
oyclies hes long been recognimed. The preparation of
pelenarolones from shloracetic acid hao led to tanclt accept-
ance thet they should be formilaeted in the keto form, While
this 1z undoubtedly correct, the evidence for it does not
acew to have been reviewed and is therefore dliscussed.

Aithough the selenmzole ring system (LXXXVI) and ite
analogues discussed above are essentially W ~excessive in
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vharactexr, the oxygen function in the aelenazolonce (XCI)
00 —N

L

8
- (o)
ig adjacent to a doubly bound nitrogen, and so it Lia perheps

more correct 40 conelder these derdvativese as 2-hydroxy
dexivatives of a T «dafiecient hcterony&liegaz¢ ey 3 and
A-Hydroxypyridine, howsver, are all lems T -defioient than
pyridine itesell and readily underpo electrophilic substitu-
t1on®23, mo that snalogous subatitution in the selenaszole
ring should enhance lts T —excessive character., 2+ and
Felydroxypyridine give ldentical red colours with ferric
c¢hloride, while 4-hydroxypyridine gives a yellow golour.

In one reaction, however, these compounds differ from
phenole.  Hethylation usuelly favours N-substitution rather
than O~ ubatdtution®2t,

Such ohemicsl evidence alone is ineufficient for dis-
Hingulehing between tautomers silnce svery hydroxy derivative
in this serice caen teutomerise, unlike the corresponding
anino compounde=7, Only physical properties can give tho
true pleture existing at eguilibrium, 2- and 4-Hydroxy-
pyridines arc weaker banes and aclds than F-hydroxy pyridine,
the hasie etrengths of the fovmer approximating much more
olomely to the Nemethyl ileomer than to the CG-methyl isomer,
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implying that the keto teutomer is favoured 2o d, Hpeatra-
sooplo avtinaa3a5, baged on compayison of the Hemethyl and
O~-methyl derivatives with the parent substance, suppoxrte
this conciusion. The 2-hydroxy derivatives of the other

™ -deficient heteroaromatics have similarly been shown to
oxist mainly in the amlde form?24.  Albext?®® emphasises the
importance of +the gromatic nature of the 2~ and 4-hydroxy
compounds and conoludes that any dlffercnces betwsen these
and their isomers are only s matter of degree. That the
anide form predominates can be concluded i keto-enol
tautomerisn 1la oonsidered in the selenazole ring in terms of
hydroxyl subgtitution in a ring syetem which ip essentially
T ~gxcepsive in charaster.

According to Xatritsky and Lagawak1227g hydroxy-~
furens, -pyrroles and -thiophens exist largely or wholly in
a non-aronetic tautomerde forn, their resetions showing vevry
'1itt1e revemblance 4o phencla. In the carbonyl form, these
compounds are the eydlic andlogues of the very reactive
vinylethers, ~anines and -sulphides, asccounting for the fact
thet monocyelie hydroxy-~furans, -pyrroles snd ~thiophens arve
diffienit to prepare, very unstable snd 1little known, while
no wefexence to hydroxyselenophens has been found.

2-Hydroxypyrrole (XCIX) is unstable but the spectrum
of 4A-wathethoxy-2-hydroxypyrrole (X0III) was shown to be
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quite different from that of ite O-mcetyl derivetive (XCIV),

[ ]—Qﬁ 1 Jﬂ) t llaaeaeH§
H N N '
H H

H

{XC11) {(xarix) (xc1v)
suggesting that structure (XCIIL) predominated®®S.  Ohemiesl
svidence, which is less relisble, supported the sxjstence,
but not the predominunce of the smide form (XCIIL) eince
pondensation with bengnldehyde gave the F-henrylidene
derivative (XCV). However, no general concslusion may be
derived from the study of a single substance. 2,5-Dinethyl-
3«hydroxy~) phenylpyrrole (XCVI) ia insoluble in dilute

3835000[——[9}{@635 ﬂ—-—jﬁ l 0
: ols Qﬂﬁs‘ <N | 'ﬁf% ~ 9‘/»-@{:}
LA

5635

{xuv) (xov1) (xavix)

#1k611°% and this mgain supports a keto styucture, while
S-methyl-d-hydroxy furmn (XOVII) ylelds only one third of

g mole of stethane with methyl magnesium iUdidﬁzﬁﬂﬁ sugpesting
that the keto form predominates. Although formally ketonic,
these compounds are reglly awmide in charaoter snd thus 4o
not react with euch agents as #emimrbaﬁiﬁaaaw. Hurd and
kreue®S! mtudied the infrared apectra of 2« and F-hydroxy-
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thiophen. The evidence showed that the equilibrium
favoured the keto form (XOCVIII) in 2-hydroxythiophen while

OH
l = ' l‘—j
WEN
(XOVIII) (x0IX)

the hydroxy form (XCIX) seemed to be favoured in 3-hydroxy-
thiophen, which had a phenolic odour and formed an O~

bengoate.

4-Hydroxypyrasoles behave like phenols () rather

Hﬁi:“jﬂ‘ O= “

4 N
N’ i
- H
(¢) ' (61)

than pyrazclones (CI) although attempts to determine the

- relative emounts of keto and enol forms indicate an equili-
brium®®,  In veachion they ave aumphoteric, forming salts
with both aclds and bases. 3+ and S-Hydvoxypyrezoles (CII)

,mpfﬂ:o QJ:;:ﬂ | 01;;:ﬂﬁ

H H X
(c11) (e111) | (o1v)
and (CIIX), on the other hand, behave primarily as if they
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possegsed the keto structureg33, a8 do the 4-imidazolones
(exV)234, There are five possible types of oxazolones

—x —K Os—N ———nn
O U O:LQ.J .[:/” L /L-o

[ Juo

(ov) {ovI) (eviI) (oviII) {o1x)

(cv - exx)235, of which only those of struotare (ov) axe
numerous, while the existence of any of structure (CVII)
is dowbtuis8,

2~Hydroxythiezoles exhibit tautomeriesm similar to
that of the 2-hydroxypyridines and may be represented by
either the 2-hydroxythiagecle (CX) or the 2-thiazolome (CXI)
structureaa?. 2+-Hydroxythiagole has not been isolated,
but the ultraviolet absorption spectrum of 2-hydroxy-4-

Rer— N R———NH

l %«oﬁ u\ Juo
S/ ‘ 5

{ox) (ex1)

methylthiazola.(dl, R = GHE) indicates & tawiomeric mixture,
gince the ocurve lies between the ecuxves of the two corres-
ponding methyl derivatives (OXIZ) end (OXIXI). Ia ochloroform

RﬁE ﬁi OGHS R—HZ?

Y
(ox1I) . (CXIII)
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solution, the infrared spectrum resembles that of the
R-mothyl derdvetive (CXIXII), thum showing that in thie
aolvent, the compound exlets mainly in the kete form
(OXI, & = mis)‘ 35,

Hentomerign in Aminoe N-Heterooyelles.

As with the hydroxy derivatives, the introduotion
of an amino group on to furan, thiophen and pyrrole rings
produges compounds witleh exiet largely, L not entirely,
in non-srometic tawtomeric fowi®o!,  The veactions of such
compounds thus show lititle resemblance to those of anilines.
The free amino compounds are unstable, decomposing rapidly,
end the potentially tautomexic compounds react both in smino
and imino forms®s°, Physioal ewidenmé whan avallable
indicntes the predominance of the amino fomm.

2= and F-Anlnopyrroles sre unknom but Grov and
228 sxpmined 1-(8,8-dlethozyethyl)~2-auino-4-cyano-
pyryede (CXIV) dn the infwered and concluded it $o be in the

Utginger
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anino forn. This is the only evidence ao far of an amino-
pyrrole and may ba atypioal. The simplest sminofuran is
jeanino-2-methyliuran (CXV) which is unstable in sdy,

-NH,,
:;1 ﬁHﬁ Uﬁﬁﬁﬂcﬁﬁ

(oxy) (exvI)
slthough dlasotisation snd goupling with B-naphthol is
popgible. 2-Acetamidofuran (OX¥I) has been praparsd but
decomposed on attempted hydrolysis. Nothing ie known of
the tautomeric equilibria of theme compounds. 2~ and 3
Aminothiophen (CXVII mnd 0xVIXI)23%, 1ike hydroxythiophens

’ N}Iﬁ
l\s/miz H

_ {oxvin) GXVITI
(UCVIXY and XCIX); are highly unatable in aim,) 2~ Anino-

thiophen (ORVIX) dissotises and voupies normslly, but
nothdng 1o koowa of the $avtomeric composition of these

substauces 4t sgulilibeium in contrast 4o the anino deriva-
tivas of thiazole. Uhemioal é¢vidence sugvests that
derivatives of 2-amincoxasole (OXIX}) exist predomiunantly in

L

(¢xIX)
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the emine form®?®,  In 2.anminothiasole (CXX), the amino to
imino watio in water at 20% 1s 20,000 40 1.  The evidence
prodused for 4ho predominance of the imino form (OXXI) is
chdefly chemdoal and osn be explained by resonance®?!, mhe
twe &am%&mawi@-ﬁémmn (¢xx} and (OXXI) do not howsver, have

—— N
L Lus

foxx) » {EXXT)
geparate sxlatenes and oanwaot be daolated, although derdva«
tives of both fowme are Inows. 2-Astnomolonazols {UXXII)
can he diszotlised bat on abbenpted reduetion with eopper
ohloxide the ving breake ﬁawnﬂzi» Dopiviativen of Zegminoe
selenswole can be imolatea)961221,242

|,

g}e@ Fex
(G

LG = N

¥

Siwultsnecus Substitution of the &voms

When enother group which can participate in n
tantomeric ebift is introduced lanto an aminothiasszole, many
of the aromatic properties disappesr and properties expetted
of # oyclic isothioures or amidine pmeéﬁmim3$@24§; Thus
the diaminothiazoles, hydroxysminothiszoles, snd mercapto-
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sminothlazoles rarely exniblt aromatic propertles. The
same 1o true of the dihydroxythiasoles.

%ﬁeian&2¢4 discusgsed the tavtomerien of mnidines
and noted that, although two non-esquivalent structures for
N-methylbenzamidine can be written (OXXIIT) and (CXXIV),

\“ﬁﬁmxﬁ \gaaa

(oXXLIL) {OXXIV)
in fact only one substance existe. Angyal and éngya1a4‘
desoribe the potentlally tautomeric heteroeyeiic amines as
cydlic anidines or vinyloguss of them. As in all smidines,
ecation formation will oceur by addition of a proton 4o the

“ﬁl/ﬁﬂ' mmﬁta, “-cﬁﬂaﬁ$ PR Maf/nnh
“RH, Nig n&g

doubly bound nitrogen atdm.és, d.8. to the ring nitrogen in
aming forme and 4o the imino group in the imino Lorms,
resulting in stabilisation by resonsnce.  Tha potentially
tautoneric aninds are therefore stronger bascs than their
isomers and the stronger the amidine character of the anines,
the greotexr ip the baeio mtrangwha46¢ The imino compounds
derived from sminopyridines and -quinolines show a baslce
strongth typicel of amidines and 1,4«dihydro~2-iminoes-
mothylthisgole (OXXV) has a basic strength comparable to
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S-methylisothioures (OXXVIY, 7The imino forms of other

iﬂﬁ% onﬁma4m£
it o © NH,
) |
{CXEV) (exxvy)

hoterocyclic amines would presumably show the gand non-
avomatic banle strength and since all %hm'hataiaﬁyelic
suines 80 far studled have considerably lower yﬁi values,
they probably exist in the amino forw.  Angyal and
Angyei®4Y gonelude that the mmino form is the more stable
gnd therefore predominates in the N-heterosyelic aminea.

in a study of heterosyclic amines and imines, in partioular
suceinioidine, Elvidge and ﬁiﬁut&aﬁ247, however, concluded
thet the ai-imino form (CXXVII) was more stable, and thak
structure (OXXVIII) makes no apprecisble oontridbution.

mfﬁ]m H&”Q K,
B

(CXXVIL) (oxXXVIIX)
This 1s based on the argument that 1t 1o expected that the
doino form (UXXVIIX) will abeordb above 300 m M, and #0 the
abgence of such absorption sugegested this conclueion,
elthough 1t was stated that the siructures of the monophenyl-
imine (CXXIX) and 2,5diphenyliminopyrrolidine (UXXX) were
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less verteln and that the structurel form (CXAVIII) may

gontribate.
HE ﬁﬁﬁ% ﬂgﬁsﬂ ¥ X (361{5

%sﬁgﬁ H
{oxx1x) {OxxX)

Hydroxy aminothingoles can exist in & variety of
tantomeric forxus whioh pernmit their classification as
thissoles, thiszolines, thiagolidines and in nmany cawses
derivavives of emch form are known, The claswification
and sssignment of structure ave rather svbitrary'?l,
Generally however, meny compounds of thie class exhibit
few properties of the aromatic thiacole system. Frequently,
the amino group esnnot be diszotised and can be replaced by
ncid hydrolysis. This last reaction hes been quoted as
evidence for the predominenve of the imino siructure, but
Angyal and Angyaia4¥ pugcent that s more likely explanstion
in that the electron density is low at the ring carbon to
which the aminoe group ie atteched, 80 that presumably,
nucleophilic replacement would be facilitated.  Alkaline
hydrolysis on the other hand, ¢lesves the ring eystem of
hydroxy aminothisgoles indicating their cyelic amidine
atruaturel?1,
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2-Anino-4-hydroxythingole (CXXAI) was anong the firat

00 —NH 00—
gl | o
N cgegaﬁmg
(1) (CxXXL1)
thiszole substanoes knowsn. It is dommonly vepresented as
2-Amino-4-thisgolidone (L. R,R'= H), slthough 2-sming-4-
thiszolone (CXXXII) ie equally am:srnprxmé‘ 9N, gondensation
of thicurea and ehloracetlc acld {or its amwﬂ)w& and its
higher homologues gives a general method of preparation.

The pavent compound (L, R,R'= H) ie n weak neld, dissolving
in aquescus allkeii. The J-mubstituted-2-imino aompound

{CXXXIIX) which is labile, also diamfwéa in alkall but the

00—NR 0C—XK

| .
ﬁ@éﬁ#ﬁﬂ. @&gﬁdﬁ&
R = slkyl
| {¢Xxx111) {oxxxIV)

ring opens. Alkylation of the stable S-smino jsomer
(OXXXIX)} usuilly glves a mixture of the 2-slkylamino
(CXXXIV) end 3ealkyl-2-ivdno-compounds (CXXx1IX)?4®, Acta
trentoent of compound (L, R,R'= H) hydrolyseés the 2-imino
group to glve thisgolid-2,4-dions (XLIX, R,R'= H), while on
alkaline hydrolyelie, the xing opens.
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Structures (LIV, LAV, OXXXV, CXRXVI) eshow possilile
tautomerdo Forms of these compounds. ‘The structure of

0G— N 00— N HOG—— N

R | | r | |l Rl |

N g N WIS
LSO OME e o,

Se | ge ' e

(Liv}) (LXvL) {0XxxY) XAV
5y Bedinethyl-2-dinethylanino-4~gelennsolone (LXVEII, R,R{R"4
R cmg} is unambiguous. 2-Dlnethylasino-4-pelenagolone
(LEVET, R R&H, R'IR'"*m a&ss) snd gompound (LEAVII, R,RIR"S
R ﬁf%i bave ldenticel ul¥raviolet abaorption spéectrs
(TaWke IV), hence teutomerism involving s selenszole ring
systen such ae ﬁﬁmﬁwm {CXXIVI) may be excluded among 2«
wﬂwﬁwm&.aﬁmﬁmﬂw shcwing a similar absorption spestrum.
Wone of the compounds atudied (Table X) showed a hydrozyl
band st 34@@ en>?  in the infreved, but a strong band in
the 1740 en’ region way be attributed to the 4-garbhonyl
group®9.  Burther, 1f structure (OXXXVI) 444 exist, it
eould be expected to have the properties of an aromatic
selenazole, the 2-amino group forming a ﬁimmiuﬁ m‘mgm .
The attempted preparetion of such & sslt was unenccessful,

he A J-pelenazcline straoture (OXXXY) osn be
exeluded from the prssencs of the A-carbonyl band in the
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infraved, together with various reports which favour the
keto rather than the enol Lorm in comparable hetexosyelie
ayuwwaw“’gw@ Marahall snd Welker®?' 4n a ahidy of
potentially tautomeric pyrimidines, studled the protropie
syeton showi. When X = O, this system 1s anglogous 4o the

wlH wiN il

B=X G ~ NXH

wheye X » 0, 8, NH

A 3&&%@@&%% structure {Oxxxv}. They repoxrt studies
by Arndt which led to the conclusion that, when X = U, opesn
chain anides never exbibit this tautomerien and that a
potentinl amide gﬁaup ingorporatesd into s He¥erosyolic ring
systan rarely inbibits this toutomerism.  They do, however,
podnt out that these studiem weres carrled out in ether and
not in asqueous solution.  Hatritsky and Jﬁmaaw in &
roview of protonation of amides, state that various studies
indicate that anldes exist predominantly in the keto foym.
Aasumdng; thevefore,; that thie vonclusion lu walid, the
AJpslenazoline strmcture {OXZXY) im unlikely, and 50 can
be eliminatod from oconeideration as being, at most, of minoy
lmpordence.  The esme argusent osuld e applied to the
praviously eliminated structure (OXXUVIY.  Thuw the two
formy most likely 4o Scour can be repryesented by structure
(LI¥) and (LXVE) in which the A%.selenswoline wing involves
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the predoninance of either the sxooyolio-iminoe or -amino
Zrouy.

Ehamiéa& evidence aisns i not valid for determining
wol coular atructure in ﬁa&hlﬁirﬁamatmnﬁﬁagzﬁi h&n¢a:§hyg1¢al
webhods such aé'ﬁiﬁrﬁvinlﬁt and infrared spectra and
diseociotion gongtants, whore obiainalls, were uged t0 awsist
in asaigaing strusinrss 4o the 2-imino-4-gelenssolidones

Prapared.

| For comparison, Zompounds were prepared in which the
provrople system of the ‘Aekgélenaﬁﬁline'hua,Qithax the 2-
suino« (LXVIZ, Ry R = H, R 4R "= qas} o zwimingééﬁiaatuxa
{(LXTXY,  In"the prepavation bf these eompounds, methyl sub-
phitution was ueed sinee 1% io sssumed that this has 1ittle
oy no efifest on absorption ﬁﬁawaat&riaﬁiasg41‘25ﬁ and
ondisation constanta®>*241, 4na nas been used o assign
structure to other heterocyolic amiuq;iming ayntemgQ The
galte were used in preference to the parent compounds einee
they ave more stable and more moluble in water, uliraviolet
abesrption spectra in water belng the moet useful in such
ﬁﬂ?ﬂ&%ﬂg@ﬁiuﬂﬁﬁﬁgﬁ Sonparison of the ultraviolet absorption
spectrn of the selenazolidones (LIV) and their hydrohalides
(Zable IX1) showed no verietion inlg . snd only minor
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variations In intonsidy, w0 1t would sppear unlikely that
the exoeyelie growp in the two position had ahange6252;

5 Geliine thyl-S-divethylanino-4egolonazolone (LXVII,
ﬂ5§§ﬁ’§n"’w-ﬁﬁé) has sy wasmbiguous structure and is useful
o n baeie dn the argunent used.  2-Timethylamino-d-selen-
ezolong (LXVII, R,R%s H,R'§ R ‘7= Gﬂgiigﬁ ia undoubtedly
iu the Z-awine Lorw, while Yemsthyl-2-imino-d-selengeolidone
(LXIX) has the 2-imino structuve. However, the structure
of compound {LXIX) ie not unambiguous, and for this reamon,
1s ddvoussad bulow.

Strugtuze of §-Methyl-2-d

2-Arylimino-d-thiagolidones (OXXIVIY) gave wixtures
of 2« and F-alkyl Lsoners (CXYAVINL) and (OXXXIX) on

Q0—RH D3—HNu $E—HR

. ] | | Arsam
Gﬁ% C=iAY Ql, | ﬁwﬁ G, C-NAr

g R Ng R = alkyl
{Cxxuver) (oRYEVIT) (GXXXIX)
g&kyiaﬁimﬁa4ag thus the seme pussibility could apply 40 2«
inminosdanclenagolidones (LIV).  When 5-ethyl-2-imino-4i-
gpeleppzolidons (LI, Refly, R Qaﬁﬁi'waa refluxed in ethanol
uith wethyl lodide, Yhe prodact gave a ﬁaﬁiafaatary gleméntary
pnalysiae, thy posslble stxuctuves beiny (DXIX), (CXL) or
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(Cx1X). Similar treatment of 2-imino-4-selenasclidone
(VIV, RyR‘= H) gave a crystalline compound which could not
O ——— W OH 0og——N 00 ——NH

A3E =i Gﬁf Hi@ﬁ}%‘zﬁu /ﬁ“‘*N ﬁ@ﬁg ﬂ’gﬂﬁq‘i{ﬁ’ﬁ gﬁ""‘NQH§

(1XIX) {OXE) (BXE%)
be ouritled.  Hince the ultraviolet and inirared experi-
mentes disoussed later snowed (Tables IXX and X) thet 5.
aubgptitution did ﬁ'a’ﬁ affeet the taviomerie equilibriunm,
the use of the S-ethyl derxivative svemed wslld.

Acld hydrolysie of Yoth methylated products geve oils
whi el had ddentdenl wlirevielet end infrared spectra with
the methylated products obtalned Ivom the potasniun salts
of the corresponding selenszoldd-2.4-dtones {(LV, R = K,

R Ty Q&X‘Iﬁ) and mothyl dodide, ITdentioal products wore

whuo obbained by the aolion of ethersal dlzzomethane on

the goreopponding selenazolid«2, 4-diome (LV, B = H, R'= H,

ﬂaﬁﬁji Gxamolid~2, 4-diones (XLVIX, R' "= H} gave F-methyl
Qo—RR*” : Ge—xNe*”

pl | wl |
Ny 00 M O

‘i“;*/ \g/ nj{f N Vs
By Bfe B, ﬁlkyﬁ!.
(m"ﬁlﬁ ) , (mxx}
forivatives (ALVETY, B~ OH;) on frestment of the modiunm or



potassiun salts with methyl icdide in dry othanol'%%, as
did similar sulphur ﬁnalaguaazﬁa mhigsnliﬂa2,4~ﬁgbgg
(XLIX, R,R}R"’= H) gave the 5-methyl derivative (XLIX, R,R’
= Hy R*'= CH;) with aiasomethane'??, a0 that by anslogy,
Semethylation of the aelenazolid-2y4-diones (LV, R = H,
R'= Hy G,Hg) eeems certain, Mulesclid-2,4-dions is =
rapmmta&g‘5 to have almost identical ul¥raviolet sbsorption
characteriatics with those of the 3-methyl derivative.
Similaxly 2-thiasolone (CXI, H » H) and ite Nemethyl derive-
tive (UXIII, R = H) abworb at the ﬁama‘ﬁa#alangﬁﬁ“{24a #yu)
while the G.methyl aompound (axzx, R = H) ahanrba at 237
mm!9%,  Selenasolid.2,d-dions (¥, B,R'= H) showed X' "
at 239 m /4, while the S-methyl derivative {&cvxxx,\aqaf_,ﬁ;
R*= CH) showed N max B¢ 243 w 4. Similerly the S-ethyl
derdivatives showed A et 236 and 240 mm raapacttvely*

mn.a,gtmay of alkyl dexivatives of Z-arylimino-4-
thiegolidones (OXXAVII), Daine snd Therly®® refer to work.
done by Bockurte and Frerichs®?, in whieh ethylation 6f such
thiawolidones was reported to give 2-ethylimino-3-aryl-de
thissolidones (CXLII), since, on aoid hydrolyais 5wtf{,&‘A(
thiagolid~2y4-dione (CXLIII) wap obtained. An &nriter papar |

00— Kir a?mxfm
|
o SN oy 00
Ar = Ogily

R = CH
(GXLIX) 25 (mxuIrn)
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by Wheeler and Jonneon'?6 showed that the 4maryl form

(CXEIZ, R = H) wae labile, rearrvenging to the more atsble
Z-gryliminoe etructure (CXXXIX, R » H) which gave on acid
hydrolysis, both j-srylthissolid-2,4-dione (OXLIII) and
thiagolid-2,4~dione (XLIX, R,RIR*’= H), Alkylation of 2-
arylinmino-4-thiazolidone (CXXXIX, R = H) was finally shown
by Daine sad Eharlsg43 to zive a mixture of isomerio
producte, 2-~aryl-2-alkylanino-4-thinsolone (OXXXVIII) and
jualkyle2-arylinino-4-thisgolidone (CXXXIX), whish gave on
hydrolyeis, thiaz0lid-2,4-dione cxmzx,‘a,n;n'*m.ﬂ) and 5-
alkylthiazolid-2,4~dione (XLIX, R,R'= H; R ‘= alkyl)
remspectively. The assumption wae made by Wheeler end
Jomneon!?® that these two hydrolysis products resulted from
an intermiedinte arylthiohydsntoice acid, the ring reeclosing
aftey loss of aniline or ammonie. Since the rearvangement
provavly takes plece as shown below, the intermediste product
would thevefore be an arylisothiohydeantoic acid {GXLIV) and
|  on oo
Og—N-R |00 HN-R  OC HFAr | 5o O0—FAr

| ] ws| ] s ] ey | + KNH,

Qﬁg/ﬁﬁﬁér Qgg/ﬁﬁﬂﬁx Qgg/ﬁﬂﬁﬁ Qgg/ﬂ&

(CxnIv)
whers R = alkyly Ar = syl

f:‘ S KNt kA )
the elimination would be of a primary smine. Sinilarly the
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product Lrom Pesryl-g-sllylamino-4-thiagolone (UXXAVIIY)
ie obtained by elimination of s substituted sniline.

06— 00—NH

| | = L] |
OH, C-N CH, €O + ArNER
N\ &/ S Ay : \ﬁ/

23

whore R = alkyl; Ar « aryl, \
Substitution with a S<bensylidens group stebilised the rﬁngﬁa
and this compound (CXLV) gave on acid hydrolysie, 5-bensyli-

| ar
UpHaOHeG N ROHsC €O
6 5 \‘ﬁ/ \$/

“R
(OxLY) (LXXVIX)
dene~thiagolid-2, 4-dione i@xxﬂxx;:a-a'@gxﬁ)ﬁ Davie and
Dainn®? degorived the preparation of alkyl derivatives of
2earylinmino-d-thisgolidone (CXXXVIX) by condensing the sodium
salts in alocholie solution with wlkyl hallde.  Hydrolyeis
with slecholie hy&rﬁgh&@&iw acdd usunlly resulted in ring
opendng, but agein the S-hensylidené derivatives were stable
snd gave on hydrolysie S-benmylidene-thiesolid-z,4-dione
{IXXVILy R = ﬁgﬁﬁa and S-bensylidena-3-alkylthiangolid-2, 4~
dione (UXLVI, R = alkyl) showing that two Ysomeric products

OggOii=C, G0 gliy0Bm0, _ Cétar

{oxLvr) {oxLvIx)
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{g}:{}w '} and (OXLVIXI) wero produted by alkylation. 1t might
tharefore be expected thet methylation of 2+iming-4-pelen~
azolidones (LIV} would yield a mixbure of the 2« snd 3-alkyl
derdivetives (CXIVIXLI) sand (OXDIX)s However, the ma#@gi&tad

o¢— N 0¢—NRR* g

,mlzz:_ g»xm* sx!m éam:

“Se~ ) | | | 8
R w H or slkyly
R = 3515
(exzvizz) (ox3%)

produet 0f S-ethyl-2-imino~4«gelenazoildone and the pierate,
had well defined meliing pointe, s feot which &oes not
suggest the production of a mixture. Again, hydrolysis of
2+dimothylenino-4-aelenasolone (IXVII, R,R) » H, R'}R**’= Gitz)
gave only selenusolide2, 4«dlone (W, R,R'= H). Sines no
Fumethylaslenasolid-2, 4=«dione (IXVIIY, R,R's H, & '= Y
was produced, it ssema certein that fo reavrangement has
taken place. Thus, 1t would meon unmlikely that if the
Zealkylamino compounds (OXLYIII) were produced in the methyl-
ation of 2~imino«4~pelenasolidonas (LIV), they would remrrange
on hydrolysis %0 glve the J-nethylsclenenolids2, #wamﬂéﬁ
(LXVIIZ, R = H, R'= H, Oplgy R’*= Oif;) which were obtained.

Horeover, the ultraviolet and infrared spectra of the
mathylated products (Tebles IV and X) differ markedly from
the model compounds undoubtsdly in the 2-amino form (LXVII.,
RsR'= H or @35; RIR ai%) » henoe siructures (o) or (L%IX)




most adefuately represent the methylated produats,

Q§-~?¢ﬁ§ ﬁﬁ*—-$ﬁ

R=H opr {O,H ROH  Ca=NH ROH  CG-RCH
2% ‘se” “Se” ~

(LxIX) (on)
alkylate on the doubly bound nitragenzﬁﬁigna aince by
analagy19’ with the 2-imine-4-thimgolidones (L), the Z-imino-
4-gelenuzplidones (LIV) iy be roegarded se dyolic smidines,
it may bo mrgued that slkyletion leads to¢ structure (CL).
In thig caae, however, acid hydrolyeis which glves compounds
{LXVIIX, R'"w @ﬂg)g would necemeitate migration of the
methyl group to the 3S-<position, which ms previously dimscuaesed,
geans unlikely.

Titration with potessing hydroxide of the hydrohalides
of the conpounds wnder examination (Peble 1}, showed that
only the methylated pﬁéﬁmﬁﬁa pould be titrated to plve a,pKa
valne, the 2-imino-4-pelenszolidones (HIVY) end the model com-
pounds represeniing the 2-aninoe form, being too weakly dasio.
It han beon ehown thet the imino forms of comparable hetaero-
oyelie snines have basle strengthe pimilar to those of _
antdines arlxﬁﬁuraaaa*1, which axe strongly basic, so thet it
might be expected that the 2«imino-4-melenazolidones (LIV)
would be sirongly basic.  These oompounds, however, like
thelr sulphuy anmlagﬂﬂa*91f are in fact weakly moidic (Table 1),
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despite the Fact thot they form stuble hydrolslides. The
titration of the methylated product ooy bBe suoribed to the
base gtrengthening effect of #n N-nethyl ﬁ&bﬁﬁiﬁaan&g¢$a
well known in hetersoyolic ayshems wuch ao awluo-pyridines,
wguinolines and ~khiamslon®dT,  Thus the dLflerence in
basle etvength of the 2utulno-desalenpsolidones (LIV) and
the mothylated Cfowm moy be explalned singo, although both
ars formally eyclic mddines, the 2-fwine-4-selepsuelidones
{11V} ownnot he titrated since they are suoch weak bases.
Trds osn be atbelbubed 40 the eguilibrium existing between
the dming snd swine fowne since dae Z-andng comodunis
(pxvit), ave too weukly basioc to be titrated. However,
the nethylated derivatlve, in which nefiylation fixes the
molecule in the 2«imino Forum, aan be fitratsd ainse, s
mendioned abova, in suoh hetewsayslic systens, the duino
form de more mirongly banie than the awnins.

Thus 1t seons reastnable to conelude in the llght of
the ahove disonseion that plructure (DEIX)} Lo corrost for
the methylated produats of 2-dwliiv~d-gelenssviidones, and
st they can be ueed se model sompounds of the Z-imino foym
in the followlng dompsrieons of physiceel propevyiies.

The hydrohalides of the compounds ander examination
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were titrated with potmepnlun hydroxide as deseribed. The
titration curvea obtained Fxom 2«imino-4«melenagclidone
(LIV, R,R'= H) and 2-dimethylamino-4-selenssolone (LXVIT, -
RyR e Hy ROGR" " "m ﬁﬁﬁ} closely Tollowed that of the Lree
helo aold (sce Appendix A, figare 5 ) and no pka deternins-
tion was posaible. This indicates that these vompounde
are vexy wesk bases. From the Hiration curve of S-ethyl-
SematliyloSeindnoe desalonanolddone (BIIXY, Lt wos posnible
to eslowlatbe the pHa value (see Tebla 1), Mhls san be
sxplained sines the S-dwmino fom mizhd be sxpected 4o he
nore atrongly besiec than the D-anino foim, ag disouassxed in
the previous sestion. The resson for the diliference in
baslc atrongths of the 2-imino form and the 2-imino-4-
solenazolidonan (LIY) was also dimcusssd., Thus At may be
conoluded £rom the titration expewvinments, that the Z-imino-
4~selenmsolidones (LIV) as expéoted, are an eguilibrinm
mixture of the 2-amino (LXVI) snd 2-dmino (LIV) forma, The
attenpted titration of Se-bensylaslenouronium shloride
(LXZ) and Se-methylselenouyoniun iodide (LXIL) me exemples
of isoeelensurens, was mmémmmi; However, from the pH
in water (Table I) these compounds would mppear to be the
saltes of atrong bases.
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The ultraviolet mbsorption spectrs of several 5
anbaﬂiﬁutaéﬁﬁwaminowééaﬁianaaaliaanaa (LIV, Rell, R'= ﬁ,
_aﬂégazﬁs,ﬂﬁng} wers messured in water to determins the
offeet of S-substifution on A .. and extinotion. The
regults are recorded in Table IIi, and from these it can
be meen that S-substitution has little or no effect on
N may While € values sre velatively slightly affected.
Siailerly 2-imino-4-selenazolidone (LIV, R,R'a H) and its
hydrochloride have practically identical ultraviolot
abporpilion chayractevistice, so the salts may be used in

4automerde compardsons. Dhe ultraviolet sbsorption spectra

of the model compounds previously mentlioned were also

‘measured (Tmble IV). Thus it was secn that 2-dimethyl.-

anino~4-selonagolone (LXVIL, B,R'= H, R*{R"*'= Gﬁg) and

5, S-dinethyl«2-dinethylanino-4-gelenazolone (LXVII, R,R3R’$

B ‘= OH;) had practicslly identicel speotral characteristics,
whioh differed maxrkedly from those of Heathyl-G-methyl.dw
inino-4-selensnolidone (LXIX, R = CyHg). The spectra of

the 2-imino-4-pelennsolidones (LIV) were more cloeely similsr
0 that of the latter compound (see figuare 1. page 118)

which would sugcest that the 2-imino atructure (LIV) predom-
inates in the 2-imino-4-selenamolidones.



When a drop of hydrochloric acld wasg added to
approximately & ml. of the tewt solutions in water the
ultraviolet absorption spectra of the compounds exanined

chunged, This ohsnge was most merked in the cpee of 2
dimethylenino-4-gelonagolone (LXVII, R,R’= H, B {R"" ‘= 61‘13)
and 5, 5-dimethyl-2~dinsthylaning-4-selenagolone (LXVII,
ByRIR SR “'w Qﬂ%)i whare the apectras changed from showing a
single peak at 245 and 246 mfm.reupaetivuly, to having
tharscterdistics very similar to those of 2-imino«4-selenazo~
1idone (LIV, R,R’= H), a5 oan be seen from Table VI. Similar
addition of mcid to the test solutions of 2-imino-4-melen-
asolidone (LIV, R,R's H) and S-ethyl-3-methyl-2-imino-4-
selenazolidone (LXTX, R = Oyly) showed an inerease in
intensity of the peak in the a?ﬁ;m/u region, ox the appearw
ance of a definite peak in the smme region if the apectrun
in water showed only a shoulder {Table VI}. %2 the hydro-
éhlorie woid added was approximately nentralised witbh sodiun
hydroxide, 4t wae seon (Table VI) that the wltraviolet
ghaorption specira assuned their origine) characterintics,
showlng that the change ogcurring on addidion of aoid was
reversible by addition of alkall.

Addition of s drop of 20 per cent sodiun hydroxide
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golution to & ml. of the test solutions hed no effeet (see
Table VEII.) on the ultraviolet absorption spectrs of 2-
dinethylamino-4-gulenasolone (LRVIL, R,R%= H, R'IR" "'~ ﬁﬁg}
and 5;5-dinethyl-2-dinethylavino-4-gelenazolone (DXVIX, R,
RIB* 4R "w ’ﬁﬁg?* The peak stsorptlion at 269 mau in the
ppsctrum of 2+imino-d-selenasolidone (LIV, R,R'= H) and the
shoulder at 240-270 mm 4n the spectrun Of S-ethyl-3-methyl-
2-iino~4-gelenawolidone (IXIX, R = G i) were both elimin-
ated on addition of alkeli, while the peak abmorption st
226 and 227 m A vespsctively was virtually unchanged.
Further addition of scid in these caees showed only & partial
reverasal and, oven coneldering concentyation differences,
this would sesn to indicate some decomposition in alkaline
solution (Table VII).

The above experiments (Tables VI and VII) show the
elfeat of strongly scidic and alhaline conditions on the
ultraviolet sbsorpbion spestra, The effects of intermediate
pH values were shown by measuring the spectra in buffer
golutiona to gover the pil renge at intervals of approximately
one PH wilt (Table IX).

A test concentration of spproximately 0.000D per cent
wee sufficient for 2-imino-4-selenssolidone (LIV, R,Hw H)
and 2-dimethylenino-4-selenasolone (LXVII, R, R= H, R IR""*
= Qﬁg Y»  Using e similer concontration of Seethylejemethyl-



122.

2-irino-4~selenazolidone {IXIX, R = %Hg“) ¢ variations in the
extinction of the pesk at 270 mpm with ohange in pH were not
gvept enough. A test concentration of 0,005 per cant was
therefore uwed, and altbough thies concenitration was oo
great to alleow meagoresent of the peak abacyptios in the

220 /L veglon, thiy was adt .a.a;..wmamﬁ s verions disadveniase
slnos 1t wae shown in the preliminary expevinents (Tablea VI
and VIX) that thie peak was effectively conatant awer i wide
pH range.

The extinoiion curves wore then nmeasured as desoribed
and are recorded in figures 2-4 {(see Appendix C) and Tatie
IX.  From thewe results At can be eeen that the ultrawiolst
gbaorption spectrum of 2-imino«d-gelenasolidons (LIV,R,R"= i),
shown in figure 2, is precticaily unchanged ovexr the pi range
010, slthongh st the Lower i values, ), . 8t 229 mAL under-
goes & hypsochromle sidft o 211 m4 et pH 0, while N pax 8%
270 w Yol underpgoes o eloflor but laess pronounced shift fo
265 wm.  Higlly alisliie conditions, on the other band,
changed the speetrun epprecisbly, the pesk at 269 w A being
slininated, The changos in the mkxmzzpmm spactrus of 2«
dimethylanino~4-selennsoione (LXVIL, R,R'w ¥, R**y K"* "= m%)
with change of pil are ahown in figuare 3, the most notable
fenture being the sindisrvity of the spectyrum st low pi
values with thet of 2«inmino-4-pelanasolidone {LIV, R, R's H)
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in weter.
The variations with change in pH of the partial
shworgtion spestrun of S-a¥hyl-Jemethyl-2winino-d-polon-

aFolidone (iXIX, B = Gyll;) shown i flguve 4, ave nuch

more gradugl.  Inopsess in pH deovenses the intensity of
)‘mnx antil at pi 5 only a broad ahouwidor ds seen. This

| augga&%a that e ohangs dakilng place oecurs hétween pi 4

and 5 and sinos there Lo still ovidencs o2 A [ in the
ghoulder at pB 5y 1t geens Llikely that the oritioni pi is
very ﬁlﬁghti&f&ﬁﬁﬁ thua 5. Thin agrees well with the pia
valug of 4.0 obtained by titration (Tabls I). |
 From these wesults it say be conoluded that the
¢ﬁaﬁgé-in the respective molecules taken plece about pH ¢

for the 2-mmino foxm (LAVIL) and about pit 6 for the Z-imino

form (LXIX). If theae il values pigniig the ionimstion

constants, the results would agree with the observed facts
‘that while the Z-imine form (LXIX) is & weak base, pXae gm. 5,

it 18 adill sugh stronger than the 2-amino foxm (LXVIL),

Thus tha 2«auino form (LXVIL) titrates ap an

‘ﬁmeeedingay weak base {see Appendix A, Figure S ), while
_the 2-imino form {(LXIX) is sufficlently satrongly basic to

allow the caloulation of a pie value from titration (Table I).
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Since the 2-amino form (LXVII) as the bydrohalide, titrates
s 3f froc halogen acid alone were present, the equilibxiunm

ghown munst 1de well to the right, 4% low »H, howevey, the

- 00— N Q8 —N
I “ ,R ) .;e e l ,R 1 :
Od, C-N_ s H | X" == Cl, CH,  + B #X
A

poaltion mey be reversed, with donsequent alteration in the
chromophoric system. At this stsge, 1% is u matter of
conjgeture as to the actual fbrm acguired by the oation.
mhmﬁ,‘niﬁuétura (me} would acaount for the nypsochmonic

- O0— K

o ol L on
eﬁi»’ g™ ‘9313 o [oHgT Cse” oy
~ (oL} - - {or1x) -

shift of the 243 mfu.hand becnuse of the conversion of the
*ﬂ(Gﬁgjz suxoohrome to mﬁﬁ{ﬂﬁg)a Structure (CLIL) has
the advantege of being possible in the cation dexived from
the imine eompound (LXILX) and would sccount fox the sinllar-
ity of the speetra at low ph (Table IX). Oa this evidence,
another possiwle stracture (CLILI) would appenr to be
uniikely. A alnilar hypaaahromia sbift wes r&portaé?sz for

o

%& “ Gﬁ% x 0, 110000 ﬂ‘«% ‘
ﬁﬁg/ ~ge” fmf FOT Ny "
- '1-; gﬁ:ﬁxz ) - {ﬂ:&xV}
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2-sming-4, 5-41 garbethoxythingole hydrochloride (CLIV).
which had practieslly identiosl wltraviclet absorption
charasterintics with Yhe fres base. Ik was sugsoestod that
the firat proton goss o the wing nitrogen snd thorefore
does ot offect the shromophorie mystem. In more strongly
soid donditions, the hypsochromic ahift may be due fo
dihydrochlordde formation, nreventing eontvibutions from
resonande strachuren.

Ionisation constante have been determined ueing
ultraviolot Hnaaﬁrag24a Albert and Ehiilipa224 deternined
PE values of pyridine compounds by & tifration method snd
almo utilising the changes in spestrs with change in pil
The wavelengths chogen for oompavison were those whers there
wes a nmavked difLerence betwoen the extinotion goefficients

of the neutral molecule snd the protoneted foym.  Nershall
and Wﬁ&k&xﬁsi'hﬁd previously oriticlsed eariiey work, sinee
the pi values for sompariaon wers ohomen without knowledge
oF reforencs ﬁé the pE values of the substances ptudied.

The result was vhat sheorption measurements had bheon made on
mimturesinﬁ jons and nautral molecules and changes in shape
of the extinetion surves with pH variations have been atfrl-
buted $o enoliswtion, wheress doniemtion has xeslly beon the
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explanation.

From the foregoing experiments on effeet of pH on
the ultraviolet absorption spectra (Teble IX), it seems
obvioung that the peak abgorption in the 270 m A veglon ig
involved in the ohange taking placs. In the case of 5-
¢thyl-3-methyl-2-imino-4-selenasolidone (LXIX, B = O,H),
the limiting pH value, i.,e. where the.peak,at-a?ﬁ:g/u ie
Juet eliminated, ie spproximately pH 5. Since the
caloulated pKe velue for this compound is 4.9 (Table I),
it may be argued that the~1im¢ting-pﬂ'va1ue eorregponds to
the ionisation constant. While this nay be true, no

' corroboration by comparison with the other compounds studied

was possible due to their extremely wesk basic character.
That enolisation was the camuse of the exbinetion variations
could be concluded by ¢émyamiaqn with the work of Arakeliamn,
Dann, Grieshammer and Coleman®’C, . They found that in the
m%ﬁmﬂﬁm@letfﬁﬁébrpii@n'aﬁéﬁﬁﬁam-ﬂf'Qéimi#bféﬁfhikméliéénam
Geatetic acid (OLV), ihi¢h qhuwe& 2\max *ﬁ’2QQ’**d 251 mm,

HOG. OH,CH, C=NH  H00O.CH om_G=K0, 8, |

(env) - (envi)

the pesk at 251 m waa eliminated by 2~ and 3-élkyletion
producing strueture (CLVI). It was concluded that the
peak at 251 myu.waa'yrabahmy'&ue to tantomerism of




sicuctuxe (ChV}.  However, in the Hduino«4-selenasolidones
{(LIV), it would appoar thet pH is the dominmnt fector snd
ot the apestral changes with pi arve due o ionisetion or
&l swookatlon,

The bands cceurring in the %ﬁﬁﬁw%?§ﬂtam»”ﬁ roglon
ave nomt inportent®®? in a rtudy of anilno-dunine relathion.
ﬂhiyﬁ.aﬂﬁ only fhﬁ bandes found Ia thia vegion are lieted
in Teble X. The complete spectra oF ths componnds used
in struetural elucidation sre shosn in Kppendix B,  The
anide T and 1T bends aye ioosted in he sane Pange as tiome
of the C=NH group and as gtated by ﬁalﬁamyaﬁag the bande
peoribavly fo -0« bands in gyelic sysioms are 4ndlstin
gniﬁhaﬁxa‘ﬁwmm ¥hose of G- fwvisinsl groups.  Howaver, by
eomparinon of the apeatre of nodel compoundn of tha Awpdne
snd Z2-imino forms, 1% has bean possible to draw some on-
clusion dongerning the structuve of the selenfun compounds,

Parare o comparison of the epoctya of Jepabaklinied~
2odwlno-4-nelonasolidones {0IV) 4% own Yo seen (Deble X)
thah 4n the 195031750 oot ragion, Sesubatitation does not
affaot She spectrun, and Thus, ws expecied hus no elfect on
the AP bwibomeiie equdiibeduwi. Thus 2-leing-4-selen~
azolidone [LIV, R,"e ) bas three well-Gefined bande at



Wwﬂwi -
™

128,

#

1750, 1680, wnd 1590 ex.™', which sgree well with those of
Sabhylle Senethyle2vining- {~selonasolidons (XXX, K = @2!;5)
ab 1750, 1650 and 1570 en.™ 5, 5-Dimethyl-2wdimethylamino~
4egelennsolone (LEVIL, RRIRTIR s aﬁﬁ_) and 2«dimethyl«
anino-4-pelennsolons (LXVIX, K,R'= H, R'R" ‘= CH.) both
whow wery woll de¥ined bends in the 1740 and 1630 om,”)
yegions. An extremely weal band at 1560 ot was recorded
in the speotrum of ecompound (LXVIT, H,RIR"IR ‘= Wﬁ;‘} » tat
was negiected se unimportant; in view of the fact that there
wee Do trace of it in the speotrum of compound (IXVII, R,R'=
Hy R'{RC ‘s OH,) which has ddentlosl stmoture in the 2-
porltion undar dlscussion.

I & atudy of oxanolideR,d-dioues (RKLVIII, ‘= H)
& band in ke 1754-1730 en.™Y vegton wan nssigned o the
4-60 geoup™t®, and me expected, wes pressnt in the apsotea
of alld the coumpounis exsmined. The "ﬁam:& in the 1650 am.™)
region corvesponds to the smide I hand an mxplainsd Ty
mmmg%‘ » wod wan agein present in all thess zonmpounds.

In o pludy of 2eaminc-ozeneling (SLVIT), the band
ifgﬂ -— N

}*{ﬂ-&\ o /ﬁ*gﬁ{g
(oLvri)
in the 1650-1700 em.™1 replon was ssoribed o the isoures




129,

grouping ( O-O(wN)-N ), while that ca. 1610 en.”' signified
only the Z-anino form®>%,  The speatre of covpounde with
the Zessdne strueture (LEVII) show etrong bande &b 1650 and
1640 on.™" tespectively, snd these uey be amoritod 6 the
geaming form, The speetru of fhe oher compownds, 1iuted
in Table X, ghow & bsad b «8ligitly hlgant wavelonghh
(16501680 om 1) and g may dofrospond v the iasourba
band (1650-1700 sa.™') mentioned above.

The provence of the hand ab 1570-1590 en.” ' ie
vogarded as highly suggestive in view of 1ts presence in the
waéﬁ:m of thoge compounds in which $he R-fmine group is
susposted 4o be present (witravicled evigence) and i%s
phuexoe in the wpeotrs of the Z-awine compounds.  Thuk,
wille Zednmingsd-palonusoliones (LIV) snd S-othyl-f-methyl-
2-iminv-fegolengnalidone (BXI%, B » ﬁgaf;‘) show strong Hands
in thres vegions, 1750-1750, 16501580 and 1570-1590 oY,
the Tedter s ebeent dn the gpeotvs of dhoese compounds
undovbtedly in the suine form (LXVIX).  Thus $the pradominsnss
of the 2-dmine Porm (RIV) iz confirmed..







Velting pointa sre wneorrected.

The suthor wiehen 0 thank Nigs N.saohonag,
My Gaddwedl and Hy.RaNugent of She School of Fharmacy

snd Dos.Wellex and Strauss of Oxford, fox the mioroanalysis.



Gyananide was liberated from commeroial caloium
cyananide using glaciel aﬁati@v&ai&*ﬁg*‘ﬁﬁg sﬁﬁ'axtwaaﬁeﬁ
into ether. The etherenl solution was eveporated to small
tulk and the oyanamide vontent determinea'®t,

The syanmnide aolution obtained sbove wae made
alhaline by the ocareful sddition of concentrated ammonia.
A ptrean of nitrogen was passed through for 195 minutes
hefore paseing in hydrogen selenide’ 02 almultanecusly, until
pale pink cryetels separated. Bach 100g. of oaloium oyan-
snide ylelded spproximatuly 25z, of selenourea, m.p.2085-10°
(decomp.), Idterature gives m.p.215°779, 2009157, 2970221

163

Method A»

The attenmplted condensation of selenoures and diethyle
nalonate in the presence of sovdium ethoxide for seven hours
et 1107 yielded on acldification and evaporation, traces of
pelenourea, some inorgenic materisl and a pale yellow anor-
phous solid, mep.ga. 250°. TIight wbsorption in 0.1 modimm
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hydroxide, A ;.. 285 mu.  This oould not be orystallised
fyom the oonmoner solvents. - The reaction was vepested
varying the conecantrstions of the repotants, the reflux
Yine and using sodium ethoxide, sodium methoxide and
magnosivn methylate se bhase catalyets but was unsuccessful.

Replacenent of diethylualonets by diathyldiethyl-
malonate in the above experiments f&i&aa $0 give the yvequired
produot, but gove ilngtesd s viscous,; unpleasanty smelling
1iguid. ILight sbeorption in alkeline solution, A
%?55§/mw

maw

Hathod By 164

The remction of selenoursa and malonie acid in the
presence of glacial acetie seld and seetic anhydride gave
on concentration,a deep yeollow amorphous so6lid, m.p.190-5%
{decomp. ).  Attempied reorystallisstion from water gave
an gmorphous yellow material, m.p.243-5"(decomp.), containing
nitrogen and selenium. DLight absorpiion in 0.1 ¥ sodium
hydroxide, X\ .. 285 m e
Found Oy 35.045 Hy 3443 N, 14.856
Gyl N,0,8e requives Gy 25,15 H, 2,113 N, 14,665

The reaction was rvepeated varying the concentrations
of the rYeactants and the reflux time but was uneucoessful.
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Selenonures snd dlethyluelonic mﬂf.ﬁaﬁa ware trested
se dn Method B, but only an impure product was obtained.
Hethe k‘ﬁgwﬁ |

Selenouves end malonyl ¢hloride®® wers heated
together to glve a yellow-brown resinous mass. Attenpted
erystallisation from the usual solvents gave inpure semi-
aryatalline products, m.p.245-50%(decomp.). Light abaorp-
tion in 0.1K sodiun hydroxide, X\ p.. 280 mm.  On repest-
ing the experiment using dvy aaloxoform' ﬁﬁ; dry pyridine or
dry dlexen a¢ solvent, uncrystallisgble syrups were obimined,

Selencurea was reacted with ethyleyansceteate in the
presence of mwemw methylate. Acidification gave an
apalescent aolution which deposited a yellow-brown solid on
atanding overnight. Attempted orystallisetion from ethanol
gave a pale yellow, amovrphous, hygrossopio materisml, m.p.
1@«9@“(&“&:&@}@; Tight sabsorption dn €.18 eodium
hydroxide, N\ ,. . 259 m s
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| Giyoine ester hydrochloride snd potassiun seleno-
¢yuna$¢ﬁﬁ*vm&r@ refluxed in dvy ethencl for an hour,
Acldizioation and congentration ylelded only stariing
materinl or their breakdown products. The experinent was
repsated using glycine, glyeine ester and glycine hydro-
ohlovide in dry ethinol and acetone as solvent but was
wnsuencssiul .

Glyoine eater hydroshloride snd potassium seleno
cyanate were hested together at 140-50° for two hours. &
solution of the orude product on meidification gave atart.
‘mg material. VUsing glycine or glyeine hy&rn@m;zmda aleo
failed to give the yeguirved product.

Method 3172

Glycine and poteseium selenvoyanate weré heated fop
thirty minutes 10 acetic anbydride and pourad into cold
water to produce 4 davk brown eolid. @mﬁemytaa oryatalllis-
ation before or after treatment with dilute hydrochlorie
acld geve only unetable syrupy producta., Using glyoine
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soteyr hydrschlordde also Lfelled Yo give the required produst.

%ﬁﬁﬁﬁﬁ,fsi?ﬁ

Glyeine end potagsium gelenvuysnste were refluxed for
4wo hours in dry ethsnol containing sodium hydroxide. Con-
sentration and scidifioation geve starting material,
seleniun, and poteassium and sodiuwn shlorides,

ﬁ&i&@ﬁm§§*7§’%?ﬁ

Glyoine and selenouras were refluxed for six hours in
dry ethanol in the presence of baxiom hydroxide, Trestment
with sviid oarbon dioxide und concentration gave only stsrt-
ing saterial.

Kethod ¥e

Glyoxylio ackd {1.43g.) end selenoures (2.382.) were
hoated in wotar {10nl.} for an howr.  Ooncentration gave a
duop-ped-orangs erysiallize material, heavily contonineted
with melepnium. Reoryetellisetion fvon etlwnol gove only
traces of gelenouves. Repetition using dvy ethanol as
polvent gave off-white needles on congentration. Crystell-
ipation from dry ethanol (oharcosl) gave selencurvss.

Benwil and selencuven were refluxad for two hours with
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potasuiun hydvoxide in dry ethanol. Conoentration,
dllution with water and acidification gave a yellow amox
Phtis gr&ﬁimﬁwm o purdfication was possible due to
jnatability. The filtrate on concentration gave melencures
and potassiun shloride.

Beriwilic acid snd selenoures wers ground together in
& mortay and refluxed in acetic anhydride for two houvra,
Addition of water snd concentretion geve a viseous, unpleas-
ant smelling red mans which produced ne identifisble product
on attempted orystalliisation.
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Helenouren (0.88g.) and benzyl @hlaride‘(1.@g.)'wére
refluxed for thirty minutes in dry ethanol, using 8 caloium
chloride guard tube. The yellow solution was filtered
¢lear of selenium and concentrated. On gooling, a white
poldd (1.42g., 92%) separated. K&q&yataaiigatiﬁu from
ethanol (charcosl) gave Se-bensyleelenouromium chioride, as
white lustrous plates, m.p.194-€°, |
Found 1 N V1.2 Be,31.45  01,15.3315.5%
CgHy 4N 500l requires W, 114234 Be,31.655 CL,14.14%
Plorates The plerate, rods, mip.175-4%, was propared ueing
sodium piorate in wster.

Found: - Hy14.65) Se,16.3%
Cy éﬁﬁgﬁﬂﬁﬁqsh 2H,0 requires N,14.64; BSe,16.41%

Addition of sodium formate in aqueous ethanol to
Se~benzylselenouronium ¢hloride in hot water gave only
starting materdal on cooling.

Repetition uaing sodivum acetate and sddium henzoste
goeve the ssme yesult.
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Bensylselenouronium pxtol

p~Toluenesulphonic acid was neutralised with sodium
‘hydvoxide solution end mdded to an aqueous solution of Se-
benzyleelenouronivm chloride,  Coolin g‘ gave o white eryatal-
Jine solid. Reorystellisation from ethanol (charcosl) gave
Se-bengylaelencuron: wn pwtcglumeaulphmw& , as fine white
needles, m.p.172-3,

Oy gl 0,88 vequives B, 7.39; So, 20.82%

hydroxide solution gave a pale yellow, nitrogen-fres mater-
1al, m.p.79-80°, Reorystallisation from ethenol (charcoal)
or hengsus~petroleum ether (b.p.60-80%) gave dibenzmyldi-
gelenide, a3 pale yéllaw needles, m.2.8991°%, (Litersture?6”
givos 93°.)

Found Se, 45.9%. Moleoular weight(Raet),341.
Cele. for €y, H, Se, Se, 46.44%.Molecular welght, 340,

The some product was oblmined using sodium acetate
end hegting for thirty minutes.
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Electrolytio methqa;‘ﬁﬁ

Attempted electrolyeis of the hydrochloride in water
gave & minute amount of an impure solid, m.p.80-2°,

Se«benzyleselenouronium ohloride and chloracetic acld
wore refluxed in drxy ethanol for an hour.  Coneentration
gave starting material and a sticky syruvy product which
ﬁ@ulﬁ &Qt be srystallised.

Se-ben%yleelenouroniun ohloride and chloracetyl
chloride were refluxed in dry chloroform. Conoentration
gave a yellow syrupy product. Rﬁhryatélliaaﬁion Lrom dry
ethanol gave dibenzyldiselenide, m.p.89-91°., Mixed m.p.
with anthentio aﬁmplaagﬁ, gﬁg.‘"‘ﬁsing~ary benzene as solvent
or ¢hioroform in the presence of caleium éﬁrb&nata, gave an
sdentical product, m.p.89-90°,

Se-Methylselenouronium Todida, .

Selenoures {1:95g.) snd methyl ivdide (Hml.) were
rafiuxed for an howr in dry ethanol (10ml,). The solution
was filtered and concentrated and ether added plowly with
shaking t11ll erystallisation began., On standing, pale
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yeliow couree needles (3+%g.s T9%) separated. Recrystallis-
ation Brom ethanol ether mixture gave Se-methylseleno

Arondum

iogide, as coarse pale yellow needles, M pe113-5%,

Found: N, 10,73 Se, 30.25 I, 50.3%
Usl N Sel requires N, 10.58; Se, 29.8; I, 47.89%

The hydriodide was dissoived in water and squeous
sodium piorate added to give iumedimbe separmtion of a
yellow mmorphous golid. Resrystellisation from ethanol
gave ﬁnﬁyyiﬂﬁétﬁ, #s fine rods, m.p. 218-20°.
Founds N, 18.8; Se, 21.3 %
OgH,Ns0q8e requires H,19.144 Se, 21.57%
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TROSRLENOUYDANTOLS  ACLD

2
%

Jsosslenchydentote scid hydrochloride.

| Selencures {(2g.) mnd c¢hloracetic aeld {dg.) wexe

mm‘a‘naa& in scetono {B0ml.) and left in & stoppered {iaek
for 48 hours when s white semioryatalline solid separated,
_t@g&%h@w‘ﬁiﬁh traves of grey sslenius. The solld residue
{54884 ), ﬁﬁy;1gﬂw§?(&eaampx) wag collectod and wall washed
with acetone. Reowystellisation from hot dry ethanol
{@h&rﬁmﬁ&}_gava'ésiminaméﬁaaltnaxnlidana hydrochloride,
e 21020 (decomp. ),

vﬁaiéﬁaurmm éinﬁg«) and ahlorseotic weld (2.55.) were
trexted as abbvs and the produst separated without dieturbing
the grey welenium, Thorough washing with acetono and drying
in.vacuo gave isoselenchydentolo meid hydzoouloride, m.p.
168-70° (decomp. ) - |
Found e b ‘13&3?,. 1515 88,41,0,38.73  G1,16,08; 16.1%
0 HlioOySeCl vequires N, 12.88; Se, 56,295 O, 16,308

Yhe pame rogetlon wus csxrled oud in water tnt the
prodiot wis deen pink in oolovr and opuld not he purdified by
washing. Vending in dyy etbsnol geve 2-imdno«4-snlenagoli~
dona hydroshlovdda, m.ps297-20° (deconp. ).

Fiorate: Ciusturs of needles from dry othencl, 72, by 1 8%
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Tovnd 1 W, 16,75 66,19 5% Moleoular weight 02,415,
a9m§m5@§ﬁ¢ wagquires ¥,17.07¢ S0.19.23% Holeawlar welght, 410,

Cyelisation of Ileoselenohydantoic Aedd I

The hydrohalide woe refluxed for an hour with dry
ethanol.  n esdling white erystals sepsrated which on
recryetallisation Lyon dyy ethenel (chareoal) pave 2-iminos
4-gelenasolidong hy&rm@hlﬁriﬂ&;'m@9g219wﬂ1nfﬁﬁﬁ&my@)u

zoohlovide.

Hesting with glaolad aceiie sold for an hour alpo effocted
ayelisation,.
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PREPARATION OF _2-IMINO-4-SELENAZOLIDONES

Preparation of Starting Materials.

Phenylchloracetic acid.

Fhenyl chloracetic aeld, m.pﬁsamﬁaa was prepared by
the method described by>Whlden?66.

henylohloracetic acid.

Diphenylchloracetic acid, m.p.118-9°, was propared by
the method of Bisirsyoki and Herbet297,

Diethylbromacetic acid.

Diethylbromacetic acid, b.p.115-6%, (12 mm.), was
prepared by the general method for o-bromo acide?%8,

2-imino-4~gelenazolidone hydrochloride.

a~Chloracetic acid (%.84g.) and selenourea (5.0g.)
were heated under reflux in dry ethanol (20ml.) for thirty
minutea. The dark grey residue (0.2g.) was filtered from
the hot solution which yielded on cooling an off-white
erystalline product (4;1g}; 61%). Reorystallisgtion from
hot, dry ethsnol (charcoal) gave 2-imino-4-selenazolidone

hydrochloride ss white needles, m,p.220-4°(decomp,). Iight
absorption in water, )\w 227 and 269m/u, & = 17,600 ana
39900 respeotively.
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Found: N,14.3 3 Sey39.4 3 01;17.6 %
'ﬁgﬁﬁﬁgﬁﬁeﬁl requirves N,14.05; 56,590,585 OL,17.77%

| The free base (1,48, 208) ax fine white neniles; m.p.
189-90° (decomp.} was obtrined from the filtvste by sarefully
mmmmamg with dilute sumonie snd veevyet:diieing Lrom
weter., im’mmﬁm‘ww“’ #lvan 1. 190 (deoomp. ). Tight
absorpiion in wat&r,>s ¢ 227 and 267 nim, € = 16,600 and
44105 o am:&timh .

Pliorats. Tine neodles, m.p.182-4° from dry methauol.
Pound s Ny17.6 3 S0:20.2 f.Molecular welght 9304
%Hqﬁ.ﬁ%ﬁﬁ yequires N,17.05; Se,20.15% Molecular waight, 392.

a-Bromopropionie acld (1.5%g.) snd selenoures (1.30g.)
ware refluxed in dry ethanol (10ml.) for thirty minutes. The
hot solution was filtered $o romove the inmoluble material,
the clear yellow solution doncentrated to give a yellow
sycup. BEher (2+%ul,) waw edded, followed by dry ethanocl
dropwise, with etlrring, wnkil orystailisation began. On
stonding small white orystals (1.45¢., 5T#) meparated.
ﬁwmmmmmmm from &ry ethanol (aharmﬂ.’) gava 5. met

m.gm uﬁam‘:@tim :x-.n mtw, A nax :2%7 #nd aﬁg ;a/u, ‘cl w 22,000
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and 4,600 reapectively.
Founds O T8ed 3, 2. 90 10,97 380, 30,81 5By, 30.81%
OqHa N, O8eBr requives 0,18.62;H,2,75:8,10.8645¢,30.61;8r,30.97%

The hydrobromide was dissolved in & minimum muount of
0old water and sondentrated ammonia added dropwise with shake
- ing, ti1l vwhite needles separated., Reoryetallisation from
woter geve Se-methyl-Soipinoedvaelensaolidons mn.p.175-180°%,
Drying over phosphoras pentoxide in vecuo at 100° for meveral
hours ralsed %the B.p. H0 1791807 (Geoonp. ). (L4 Yerature’ 99
glves wop.179%),  Light absorption in water, A max 228 and
270 m, € = 17,300 and 3,500 vespectively.

Found s K, 15.8%%
Cale. for C,HN.08¢ X, 15.824

fiorate. The piorate wor propured from the hydrobromide in
water and mquesus sodium plerate. Reorysiellisation from
aguoons ethunol (charcosl) geve the.
mepe192-4,

Founds Hi17.16156,19.17% Molecular weight 59407
Oy olighz0gSe Tequizes ,17.25;58,19,44% Holeoular welght, 406.

phorate as fine neadles,

ithyl-2+inino-4-uelenasolidone hydrobromide,

a-Bromo-n-tutyrie scid (1.67g.) nd selencurea {1.23g.)
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were refiuxed in dry ethancl (10nl.) for 30 minutes. Filtra-

tion and eooling gave fine white needles {2438,y B5%).

Reoryatallisation fron dry ethanol gave S-eth
selenurolidone hydxo! ‘

(dmx:mgu} Light a*tmwy%m in water, >\ nax 228 and 270 m/u
€ = 18,600 snd 3,700 respectively.

Founds e 22,505 H, 34353 N, 10, 203 Se, 28. 953 Br, 29. 55%
CgHoN,088Br xequires ©,22.085H,3.335N,10,304 88,29, 02 By, 29,364

The bawe was prepared from the hydrobromide as
desoribed under S-methyl-2-imino-4-selenagolidone. Rmry&tulw
1isation from mqueous ethancl gave S-ethyl-2-imino.
zolidone s fine white needles mpd?&mmgﬁwmmm).

Light absoxption in water, A ;.. 228 and 269 mu, & = 17,950
and 3,700 respéctively.

Pound Ny, 14,96; BSe, 40.,90%

Ol 0S¢ requiras N, 14.67; Se, 41.32%

cate: Needlen, 0.+ 186-8° from dry methanol.
Found: ﬂg"ﬁ&&?ﬁ 5&*18*60% ¥oleoular Wﬂi&g‘ﬁgﬁaa
Cy 48 1%&5&& requires N,16.66; Se,18.79% Moleoular weight, 420
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a=Bromo-n~valeric zeid (1.2g.) and selenocurea (0.82g.)
were refluxed in dry ethenol (5ml.) for 30 minutes. The
solvent was removed under reduced premsure and water (10ml.)
ndded. %iluté ammonis was added dropwise t411 the pH was
8~9 when s pale pink miorvorystalline material (1.08g., B0F)
separated. Reorystallisation from ether gave S.propyl-2.-
{-shlenasolidone as very fine white needles, m.p.184-6°
{deconp.).
Tounds X, 135.88; Se, 38.31%
Ol oNp05e requires N,15.67;  Se, 38.504

awBromo~isoveleric acld (1.6%z.) snd mselencures
(1.04g.) were refluxed in dry ethanol (5ml.) for 30 minutes.
The solvent wae removed undexr reduced pressure and water
(10-15m1.) mdded. Dilute mamonia wae added dropwise %111
the pH was 8-9 wheén a pink smorphous solid (1.05g., 61%)
separated. Reorystallisation from dry ethanol (eharoosl)
gave S«isopropyl-feiming-4-gelenasolidone as shining white
needles, m.p.211-3"(decomp. ).
Found: Ny 135, 15.T4 8e, 38.37%
Cgly gipffie requires N, 13.67; Se, %8.50%
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gwBromo-n-oaprois weld {1.94g.) and selenoures (1.23g.)
wore refluxed in Ary ethanol (10al.} for 30 minutes. Concen~
tration of the solution yielded, on ooeling, an off-whits
erystaliive soldd (1.29g., 43%). mwymﬂmm'zim from dry
athanvi {ahamaa’l) giave Bebu ) ang

Pounds Uy28.25 H, 4T3 5*?%5% 5*:25»931’3?4;25*495
e,,H,,.Eiﬂrgﬁ%&}ar requires C,28.05;3H,4.5Ti8,9.34¢ Se,26.%23Br,26.64%

The free base was obtained s2 a white emoyphous solid
(0. 59g., 28 from the filtrate by addition of water (10ml.)
end dilute ammonia %411 the pH wee 8-9. Reorystsllisation
from sgueous ethanol (oharcoal) gave S=butyl.2-imino-4-sele
azolidone an & white mlercorystalline eolid, my.i?’ﬂwﬁ"(dwamp.)v
Found B, 12.85 Se, %5.58%
6‘71&‘2&2&& regquires N, 12,783 de, 36.04%

Piora -&:!‘:g,_i_ : The pierate wes obtelned from the base in dry methanol
by addition of methandlic piovie acid. Reexyetallisstion from
aqueons methanol geve the picrate as canary yellow needlss,

ne Pt 26~507 (Qedowp, ). . |

Found Ny 15,43598,97,0 % Moleonlar migl%%? 445,
ﬂ“ﬁ’* gNeOgSe requires N,1 5.63350,17.62% Molecular weight, 448




148,

awChlorphenylecetic acdd (1.7%&.) sad selencurea
(1e3g+) were refluxed in dry ethenol (10ul.) for 30 minutes.
The sthanel wss rewoved under reduced pressure snd water
(1022.) added. The pli was adjusted to 8+9 with dllute
ammonia and gove o pale pluk sexloryateliline solid {(1.46g.,
£14). TReorystallimption Lrom sguéous ethanol gave S.phenyl
lenaxslidone as white cluster needles, m.p.200-4°
(decomp.).  Iight absorption in water, A .. 225 end 260,
&= 17,080 and 2,500 reapcotivaly.

2-imino. A

Found By 11661 S8y 352.61%
GoHaNy08e requives N, 11.715 Se, 33.02%

u-Bromo~-igotutyrie adid (1.78.) and selenourea (1.26g.)
wore pefluxed in dry ethancl (20m.) for 30 minutes. PFiltra-
tion of the solution and oonsentration nader reduesd pressure
gave pule yellow needles which darkened rapidly. On collec-
tion, the orystals rapldly deeowposed to 4 reddish-black mans.
Repeatlang the axperviment in sn stucsphare of nitrogen and
exoluding lght, gave einilsr producta.  The use of dry
aeetone, methanol or ether as sclivent in the above Yesction
wap egually unproduebive, and sil attempts to prepare a piovate
ware unsucoeseful .
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The crude material was hydrolysed by hydrochlorie acid (1ml.)
and water (20ml.) for two hours. Extraction with ether and
eveporation gave a semiorystalline solid, m.p.75°.  Sublima~

tion gave B,5-dimethyls -dione, ms white oubic
exystale, m*p.aﬁ*y’”;« |
Founds N, 7.26; Se, 40.814

O, N0 Se requires N, 7.29; Se, 41.11¢

5-d1et ) 2-imino-4-pselenagolidons.

o~Bromodiethylacetic acld (2g.) and selenourea (1.%g.)
were heated under reflux in dry ethancl (10ml.) for %0
minutes.  Concentration and cooling geve pale yellow needles
which decomposed rapidly to a desp orange-~red solid on
colleation. Repetition in the absence of alr and light snd
using acetone, methanol or ether as solvent, gave similar
unstable productes. Hydrolyels with dilute hydrochloric aoid,
extraction with ether and evaporation gave a deep-red orystall-
ine materiel which coudd not be purified.

All attemptes to prepare a pierate were unauéneaaful;

Attempted synthe

iie of 5,5-diphenyle2~imino~4.-selenazolldone.
M phenylehloracetic sold (2.51g.) and selenourea {1.33g.)

ware refluxed in dry ethanol for 30 minutée. On gooling, =
grayish-white mmorphous material (2.24g.) separated. Thig
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oould not be crystallised or purified by successlve washing

with ether and evaporestion gave sn unatable pink amorphous
solid, whieh eould not be purified.

Thie was prepared from ohloranetic acid and N,N-
dimethyleslensurea as described by Zingaro, Bennett and
Hammar! 29, Reoryatallisation from dry sthsnol (charooal)
and ether gave pale yellow needles, m.p.227-9° (Qecomp, ).
(miteratura*gﬁ glves mi§.229~§1*(ae¢amp.)). Iight absorp-
tion in watexr, A max 245 mu, &€ = 17,400

Hydrolysie of the hydrochloride with dilute hydro-
chlordic acdd gave selenasolld-2,4-dione m.p.146-7°.
(titerature'o? gives m.p.147°).

Thie was preparsd Lrou a-bromo-n-bulyric a&iﬁ and
#,N-dimethyleselenourss ss aesaribeaQQQ. Reorymtnllisation
from dry ethanol (oharcoml) and ether gave pale pink needles
map*199m292°(&eéﬁmp.)- (ﬁ&taxatura‘ga glves mﬂp*201~3°
deeomp.).  Idght absorption in water, A ... 245 m ALy
& = 17,200,

a~Bromoisobutyric acid (2.31g.) and N,N-dimethyl-
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selenouren (2.1g:) were refluxed in dry ethencl (2%5a1.) Zox
an hour.  The solubion wae mm end ether added slowly
with shaking until oryetallisstion bhegan. On stending a
pale yéllow microorystallive wolid (1.95g., 47%) separated.
Raarymmmmmm $rom ary ethanol (uhama&l} and ather

hggg;ﬁghaa Qﬂlﬁ %&11@% pla#alata, wx@;ﬁ3¢wa“(ﬁe¢umpﬁ)
Found ¢ N, ‘3»551 Se, 25:8 3 3 ﬁ!’f 271 "}%
ﬁ?ﬂagﬂéﬂﬁgﬁm-waq&&wﬂﬁ N, 9.32¢ 898, 26.26; Pr, 26,608

¥y15.:45 80,17.2% Nolesulexr Wﬁigﬁ%? 450
Oy3HygNg0g8e requires N,15.63;86,17.61% Moleoular weight,448.

Dlethylbrommeetic actd (1,66h.) and N, N-dimeliyle
selenoures (1.28g.) were refluxed in dry ethanol (26ml.) for
an hour. evoling yellow needles mepsrated. Reerystall.
igation from dry ethanol-ether gave yellow needles which
rapidly decompomsd and could not be purified.  Attenpted
preparation of the picwate gave only stieky yellow material.




Ohloracetic acid (1.9g.) and selenouvea (2.5g.)
were heated in watexr (10s1.) Loy twoe hours.  The amolution
wag cooled and sxtracted vith ether {5 » 10ul.),  The gon.-
bined ether exiracts were evaporated to leave s pale yellow
o1l (1.9g., 614), which eryetallised on standing t6 s pale
yollow 801id, mep.140%.  Sublimation (97°, Ouimm.) gave
selenazolid-2,4-dione, an white cubas, m.p.146-7°.
(ﬁiterature15¢'give§ mn.p. 1477,

The same product was obtained in 78 pexr cent yileld
on refluxing 2-iming-4-selenanolidone (1.5g.) in hydrochloric
soid (2mi.) and water (25m1.) for two hours and isolating the
produet as described sbove.

a~Bromo-n-butyric scid (1.42g.) and selenourea
(1.05g.) were heated in water (10ml.) for two houra, Hxtrso-
tion as before gave & yellow oil (1.6g., Ti%). On wddition
of a few drops of water and shaking, white cluster nesdles
peparated. Reorystallication from water {charcosl) gave
snas ,4-dione, as white leaflets, m.p.69-71°

L)
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Founds {}g j?ﬁf b4 B, 4.1 4 hp ?a } Se, 4’1 €
85371!‘0251& vaguires ¢, 91.21; H, 3.87¢ N, T7.29; Se, 41,114

S-bthyl-2«imino-4-selenasolidone refluxed in hydro-
ehloric acld and water gave the same produnet in 75 per cent
yleld.

5-Mathyl-2-Auino-4-galenazolidone (G.4g.) treated
as above geve a pale yellow oil (0.32g., 827%) which solidi-
fied 4o & pale yellow orysvalline solid, m.p.72-3%, after
sbanding fox weveral days in Yaouo. Mlersdietillation
(80-85% O,1mm.) gave :
white needioey mapeT4-57.
Found ¢ Gy 26,8 5 Hy 541 3 Ny a9 3 Se, 43.9 &
CyligNO Be requires G, 26.99; H, 2.83; ¥, 7.8%; Se, 44.35%

%Wmapylmawiﬁimm&-n&lunwaudwa (0.813¢.) was
treated pe above t0 give a yellow oil (0.%4g., 67%) which
golidified 4o & white crystalline solid, m.p.50°.  Careful
miorodistiliation (80-85%, 0.1m.) gave S~-propyleelenasolid-
2,4-0ione, as white, waxy plateleta, m.p.%5.6". |
Fhand: We 647 3 Sey 204 4
CgH NO e Tequires N, 6.60; Se, 38.31
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 5-Laopropyle2-imino-4-nelonazolidone (0.41g.) was
tranted as above Lo give off-white arystalline msteriml
(0u%1g. s T3%).  Microdistillation (97°, O.1mm.) gave
5-isopropylselenazolid.2, 4-dione as white nesdles, m.p.75-4°
Found: N, 6.9 35 Se, 57.86%
OgHliO 80 requires N, 6.805 Se, 38.31%

S5-Butyl-2-imino-4~-selenasolidone (0.202g.) wae treated
as above to give an off-white xolid (0.26g., 89%), Re-
pryetallisstion fyom aqueous ethanol (chardoal) gave S-butyl-

lenagclid-2,4-dione as shining white prisme, m.p.92-3%.
Founds Ny 6545 S8, 35.35%
Gyl 4 NG Se requires N, 6.36; Se, 35.88%

S5-bhenyl~2«imine~4~melenauolidone (0. 54g.) weas refluxed
for two hours in hydrochloric mcid (iml.) and weter (20ml.).
On oooling, off«white neediesn (0.53g., 604 meépuvated.
Sublimation (105 O.imm.) geve §.phonyluelenuzollid.2,4-di.
as fine white needles, m.p.160-2%, sintows av 156°,
Found s Ny B5.90; Do, %52.8 %

GylyNO 8¢ requirves N, 5.81; Se, 32T AL
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a-Bromo-Agobutyric asdd {(1.7g.) and gedenouvea (1.42g.)
wae refiuxed w&%hﬂwamaw‘fwamigj for an hour. The grey
selenium sludge was £iltered off while hot and the solution
ollowed to gool. Exivaetion with ether (5 x 10ul.) and
avaporation of the combined ether extracte gave white cryst-
8lline waverdal (Ve%%8., 684). Mioredistillation (106-8°,
0.60m. ) gave 5,5-dimethylwslenasolid-2,4-dior
platelots, m.p.82.5 = 83,57,
Foundy | Ny 72451 Sey, 40.9 %
@5ﬁ@ﬁﬁéﬁﬁ rogquives N, T.293 88, 41119

¢ ag white

asBropodicthylacstic eoid (2.1g.) and selenoures
(1.4g.) ware vefluxed with water (15ml.) fox en hour. Extrace
tion with ether (5 x 10s1.) snd evaporstlon of the combined
ather extvacts gave B deep red orystalline materisl which
eounid not De purdiied.

g oF 5, Bedd phandd el ennonl d et

Diphenylohloracetic aedd (2.4g.) and selenourea (1.3g)
were refluxed with wator (153.} Loy an howr.  Extraction
with ether mnd evaporation as above gave an unsighle semi-
erystalline materisl which gould nut be purified.
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Solenezolid-2,4-dione (1.14g.)s potuseiun hydroxide
{0.44g,) end nethyl iodide {5 nl.) were refluxed in dry
ethanol {15 wl.) for two bowrs« The pale yellow suiution
wag belled %o remove the sxsens wedl yi Iodide exd goncen-
treted wider roduoed pressure. Weter (10ul.) wos added and
the produsy extracted with ether (3 x 20mi.). Svaporation
of the combluned ether extracts geve n pele yeliow oil {1.07g.,
84%) whioh was dried overnight over sulphurie sold in vaeuo.
W enodhatiliaddon gave Bomeihyleelon: id2y4-dione an &
pale yellow vil, ¥$y¢64*(&&amma), wi%h s allisgeouy odour.
On ehending the oll solidified Yo o white wexy solid, m,p.§3

Topnds T Tol 3 Hey 841 %
g 4§I¢jﬁﬁzgﬁ‘ rﬁf}mwﬁﬁ 0, T %{5? ¥ Pey & a fﬁ”}*}f’;
Hethod B3

Selenazolid-2,4-dione (1.6g.) wae suspended in dyy
ether (10ml.) and ethereal dlawomethane added in small
portions wntil the Bolld material had completely dissolved
aud the dvelution of gas had veased. Ewapovration of the
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yellow ethereal molution geve a pale yellow oil (1.45¢.;
82%)s bap.65° (0.8mm.), which solidified to a white waxy
8011d; Mmepa32-3%,  Mixed m.p. with the authentic msmple
from method A, gave m.p.32%, The wltraviolet and infrared
absorption spectra of the two produots were identiuaal.

S5-Ethyleelonagolid-2,4-dicne (1.28g.) was treated
ag in method A, to give a pale yellow oid (1;@5@;, TARY .
Distiliation gave J-methy vlaeleons
as & pale yellow oil, b.ptaa (1mma), with an alliaacou&

odour.
Tound Ny 6.9; BSey 38;@5% u%“afi 1.5439
CgliyNO B0 N, 6.805 Se, 384319

Treatment of S-ethylselenazoldd-2,4-dione with
diazonethane es in method B, gave an identicel product in
76 per cent yield.

. 5-Bthyl-2-imine-4-gelenazolidone (0.41g.) end methyl
lodide (1m1”)‘wara.re£luxad in dwy ethanol (5 ml.) for an
hour. he excess methyl iodide wan boiled off and the
yeliow solution soncentroted and cooled %o give a white
eryotalline sclid (0.44g., 62%) m‘yﬁgg321ﬁ°{aecomp.)ﬁ



n&aales, m»pazaﬁﬁ(aaaampi)g
Founds Hy 8,4 3 Bey 23.7 3 I, 38.0 %
(}63’114‘112()5@1 requires N, 8*:42; Se, 2:‘5;?1; ) 5{3,13‘;3

Piergte. The pilexate wae obtained as fine canary pellow

needles, m.p.192-4° from dry methanol. |

Founds §,16.2 3 Se,18.4 % Molecular walggt, 436

0ypllysNg0gSe requires ¥, 16.14;5¢,18.19% Moleculsr weight, 434
Attemptud isolation of the bame from the hydriodide

gave an unetable product which sould not be purified for

anglyels.

nagolidone

hydriadide.

2=Imino-4-gelenagolidone (1.03g.) and methyl iodide
(tul.) were refluxed in dry ethanol (20ml.) for nine hours,
The oxcess methyl lodide was holled off and the solution
soncentroted.  Cooling pave a white orystalline solid
{1438y T1%).  Reoryatallisstion from ethanol (charcoal)
gove white needlas, m,p.198-200% (decomp. ).
Tound s N8.5,10.2; 5e0,2%.4,26.5; 1,40.6442.2%
Gpll,B,05eI requires Ny 9.13; Se,25.723 I,41.%4%
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Pilerste. Attempted preparation of the plorate gave
needles which could not be purified.

Acid hydrolysis of J-methyl-S-athyl-2-inino«4.
selenagolidone hydriodide gave S-methyl-S-ethylaelenazolid.
2,4«dione, b.p.82°(1mm.).  The infrared spectrum was
identical with that of an authentic sample.

gimilar tremtment of the impure J-methyl-Z-imino-4-
pelenarolidone hydricdide ggve F-methylaelenazoiid-2,4-dione,
1.0.52-3%,  Again the infrarved speotrum was identical with
that of an suthentic esmple.
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ACYL AND SULPHONYL DERIVATIVES OF 2«IMIRO-4~SELENAZOLIDONE.

2-Imino-4-pelensgolidone hydroohloride (0.81g.) was
suspended in glacial acetic soid (5ml.) end acetic anhydride
(245m1.) wdded dropwise with shaking. The mizture was heated
on a boiling water bath foyr 15 minutes and more acetic
anhydride (2.5a1.) added. Ihe mixture wus hested as bafore
until ell the solid materisl had dissolved (ga.t hour). The
orange coloured solution wae donocentrated and a ysllow solid
(0.73g+» 8B%) meparated on wooling. Redryetaliisation from
aqueous ethanol (echarcosl) gave 2-agetyleming.i.selenawolon:
as fine white needles m.p. (sealed tube) 236-40%(decomp.).
Idgnt sbsorption in water, ... 244 and 305 mm, € = 20,100
and 4,500 respectively.
Found: Ny1%5.7 3 Se,%58.%%
agﬁﬁné%‘a« requires N,.13.67; Se,38.54

ate. The plerate sepasrated on mixing methanolie solutiona.
Rmryaﬁalmmtim fyom ethano) gave needles, m.p,203-4°
(desomp. ).

Founds ’ N,16.4 ; Se,18,3% Nolecular weight'©2430.
ﬁitﬂgﬁﬁﬂgﬁa requires K,16.14; 5,118,197 Noleoular welght 434,

Treatment of S-methyl~ and S-ethyl-2-iming-4-selen-
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azolidone with glaclal acetic geid and acetlc anhydride as
above gave only starting materisl.

Hydrolysis of 2-acetylanino-4-selenagalone by
refluxing with 111 hydrochloric acld for two hours gave, on

© evaporgtion of ether extraots, a white orystalline solid.

‘Miorodistillation (97°, O.1mm.) gave melenaxolida-2,4-dione,
Mnepe146-7%.  Mixed m.p. with authentic semple, 146°.

2-Toluenesulphonamido-4-selenasolons,

g~Inino-4-selenanclidone hydrochloride {0.64g.) and

p-toluenesulphonylohlordide (0.64g.) were heated in the
presence of pyridine (5ml.) for two hours. The resction
nixture was e¢doled and water {20xl.) added togethsy with
soncentrated momonia (15ml.). Extraction with ether removed
the pyridine and excess p-toluenesulphonylohloride.,  Acidi-
fication of the aqueous resldue with glacisl acetic acid
gave a red-brown semi~oryastalline precipitats (0.35g., 39?)¢
aacryatall&satian from ethenol (charcosl) gave 2-p.t

honamido+4~sslenatolone, ae glistening pale yeliaw
waat&ngular ylaﬁea, fs e 209-11%,
Found s ‘ N, 8.8 35 8ey 24.8 %

H, oM, 533& requives N, 8.84; Se, 24.904

%0
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2-Inino~4~selenanolidone hydrochloride (0.32¢.) end
bengenesulphonylehloride (0.35g.) were heated for two hours
in dry pyridine (50l.). The solution was cooled and poured
into cold water {10mxi.) containing s few drope of econcen
trated hydrochloric acld, = A deep red gum mepsrated which
on long stending gave deep<vad needles, (0.27%., 46%).
Reeryetallisetion from dry ethanol (charooal) geve

dom4-selenagzolone, as very psle yellow

needles, Wadet &'39'@
Founds Ny 2.0 3 Se, 26.4 &
QQHgXQQ3$$e requivres Ny 9,273 Se, 26.1%%



ALBYLIDENS  DERIVARIVES OF  2-ININO-4-SED

NAZOLID-2, 4+ DI

D _SSELE

Attempted preparati

sslengzolidone,

a) 2-Inino~4-nelenagolidone hydrochloride {(0.5g.),
bensaldehyde (0.4g.) and sodium scetate (0.55g.) were
rofluxed in glaciel acetic weid (Sul.) for two hours st 160-
170°.  The solution was cooled end poured into cold water
(25m1.) o glve u yeollow opalescent solution snd a yellow
green sludge. Extraction with ether (5 x 10ml,) and
evaporation of the combined ether extraots geve s golden
yollow liquid (0.20g.) which could not be erystellised.
fvaporation of the extracted svlution gave s yellow amorphous
solid (0.7g.)» This was thoroughly washed with water and .'
the reeidue revrystalilsed frow glacisl acstic aclid to glve
fine orange needles, m.p.2357-9° (decomp.}.
FPound s Ny 6.1 5 S0,17.4%
Gﬁgﬁﬁﬁaeaa requires N,11.16; 5e,50.5%

The same product was obtained ualing R-imino-i-
selenagolidone.

The same resction in glacial acetic acid and acetie
anhydrvide gave 2-mcetylamino-4-sslenssclone, W Ps 256427
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{decomp. ).
Pound N, 13.8; Sey 38.4%8
bl No repnotion took place when 2-imino-4-pelenawolidone

and bensaldehyde were yeacted in dry athanol in the
presence of plperddine.

) Gkloraeatic acid (7.24z:), nelenourea (0.31g.) mnd
venealdehyde (0.26g.) were refluxed for thirty
minutes in glacial seetlc acld (15ml.). The produet which
precipitated during the reaotion wap reorystallised Lrom
eéthanol t¢ glve 2-imino~4~melenasolidone hydrochloride,
m*pﬁﬁiawﬁﬁﬁiaaaawpﬂﬁg Longer hoating gave also selennsolid-
2,4~4ione, w.p. and mixed m.p. with suthentlc sample 146-7°.

naviidene~denoat

2eAcetylauine- -selenazolons (1.04g.), bensaldehyde
(16038 )y gluolal wosbio weid (3ml.) end aceilc anhydride
(O.5ml.) were refluxed in an oflbeth at 156m6a“ for 45
minutes. The molution wes cooled and weter (10ml.) added
dropwims to gve s bufl procipitate (O.54g., 377). Reeryst-
allisetion from ethanol (charsosl) peve S-bensviidoene.fe
acetylanino-4-selenurolone, as fine yellow needlos, m.p.
270-84° (decomp. ) .
Found N, 9.55; e, 27.1 ¢
04y oNa0s 80 requires Ry 9.563 Se, 26,95%
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Selenssollid-2,4-dione (1.64g.), benzaldehyde (1.48g.),
ennydrous sodium meetste (1.%g.) snd scetic snhydride (10
drops) were refluxdd in glacial soctie acld (4ul.) for
thyee hours at 160-170°,  The reaction mizture solidified
on cooling sand partislly dissolved on<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>