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I, INTRODUCTION

The fundsmental ostalytie wnit of the living ecell, the ensyme, has
been the objeot of intense study since its discovery. As the pumbers
of engymes snd enxyme oatalyzed biological resotions have evolved from
the few rather {ll-defined exemples of one hundred years ago into the
now numercus, highly specislized and integrated complexes of enzymes,
.«wy gonsept of the enzyme ss one of the all-=important units of sll
‘1iving processes has been firmly established,

¥eny of the basio contributions to the Imowledge of enzymes have
been s&t through the use of engywe inhibitors, ions, compounds or
neturel substances thet were found eapable of inhibiting enzymatio
sotion. As the functions of inhibiters began to be understeod, their
use developed into an exceptionally wersatile and useful tool for the
enzyme investigetor,

The importent disocovery that structurel analogues of metabolioslly
required compounds can often interfere with or inhibit the eotion of
specific enzymes which are dependent on the uncampliosted presence of
the natursl ocmpounds, has added & new and impertamt member to the
group of enzyme inhibitore; one that has contributed immensely te both
thooretical and practicel kmowledge in the last few years.

The alloweble modifiscations of strusture that will confer iphibitor
properties to an gam«u of a metabolioslly reguired compound are quite
specifio, snd are most diffieult to prediet. The need for more funda-
mental kmowledge in this respect is imperative if progress in this field
iz to contimme, B8ystematio steép-wise studies of structure modifiecstion
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must be made, such as those thet have been made with thimmine analogues
for the Chastek~Parslysis ensyme; studies which have shown that certain
struotural configuretions of benzyl~{3)=4wnothylthiazoliun chloride
enalogues of thismine heve been strikingly effective as compared to
others in inhibiting the thismine destroying powers of this ensyme,

The faet that certsin of these structursl modifioations of thiemine
charasteriszed by benzyl~{3)-thissoliwm snalogues of thismine can
sffeotively compete with thimmine for & given enzyme makes it quite
logloal that these ssme types of anelogues might also affect other
enzyme systems involving thismine, |

The systemetic investigation of some selected benryl=(3)e
thiazoliwn snalogues of thismine, in thlemine dependent systens, bas
been wnderteken to determine their seticn in these a%uwoﬁau and where
possible to determine through edditional study the effect of the

. skructural modifisation of the snalognes on this action.
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‘32’! « HISTORICAL

A« BStructural Analogues in Vitemin Rescerch

The use of struchbural enalogues of the vitemins in biochemical
research has svelved fram a simple test for vitamin activity of the
enalogue to & tool of mejor importence in studies of vitamin mechenisms,
vitemin engymes, snd determinetion of vitel prooesses in celluler life,

As the structures of vitsmins besame kmown or were being
elusideted, nmumercus synthetic snalogues were prepared and tested for
their vitanin sotivity, or their similarity to known degradation
products of the natural vitemins. While in most instences the publicaw
tion of the nature and properties of the various maiéguae actually
used in alunida:&ing the strusture or synthesis of & new vitamin ceme
with or after the smmouncement of strusture or total syntheeis, the
work was without doubt dene prior to this end the kmowledge derived
from the analogues contributed markedly to the successful terminetion
of the research, Mmerous fragment anslogues of the components of
thiemine, riboflevin and pyridoxine cen be noted even in the final
resumés of total synthesis of these vitsmins (1).

Anslogues snd fragment snalogues of vitemins have definitely
contributed to the Imowledges of vitamin estivity, In addition through
studies with these snalogues, the necessery functiemel greups, their
positions, snd the general epetisl requirements of many of the vitamins
have been determined, Typieal evidence agoumulated through snalogue
studies with thiemine shows that the pyrimidine and thiszols rings, the
mothylene bridge between them (2), en unsubstituted emine group on the
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4~position of the pyrimidine ring, a S-hydroxy-alkylegroup (3), snd &
free 2eposition in the thiaszole ring ere generslly necessary for
activity of the thiemine molecule,

Through the use of mnslogues, studies cen be made on the inner
workings of various cells. The wwww»aw or inability of speoifie
organisms to ubtilize fregments of viteming in effecting total synthesis
of the true vitsmin for its own Wua hes g# nﬁ«ﬁnﬁwﬁu&; For example,
Phycomyoes blakeslees
thiemine or ,oﬁgwww mixtures of the .«wwﬁgwc and wwnga»mo moleties
of thiamine,

Bonner snd Buchmen (6) used the Phye
fate of various analogues of the vitemin thiasole in iscleted pes-roots

s, & fungus, was shown (4) to be able to use

yoes assay to determine the

which have the ability to synthesisze thiamine from its pyrimidine and
thiazole moleties and to utilize the thiemine for growth, The thieasxole
derivatives, all substituted in the Beposition, were snble te support
growth of pesw-roocts, They found that pes~roots possessed the ability te
convert same of the thiszole analoguss into the true thiemine thiazele
while on the others they could not effeot such & conversion., It uﬂ,n
shown .«wgwmw these studies thet the pes-rocts possessed the neocessery
mechanismus to modify sane snalogues into the vitsmin thiasole for use,
and alsc that they eomld utilisze certain anslogues functionally even
though it was not possible to change them into the netural compound.
These ssme suthors (5) demonstrated the ability of pee-roots to
synthesize the thiemine thiszole molety of the vitsmin 4f given the
appropriate intermedistes. Chloroscetopropyl sloohel and thioformeamide,
which give the thismine thiazole in vitro, when supplied to the pes-roots
were synthesiged into the thiamine thiaszole molety., When pes~roots were
supplied with the intermedistes that would result in e vitemin thiazole
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similarity in results obtained in the osse of both the natural end the
ertifioial deficiency gave sdditional evidence for the relstion of
pyridoxine to thymus strophy 2nd reduced sutibedy formation,

The use of vitemin g%ﬂ& in studiss of isclated ensyme systems
mw vitre has been demonstrsted by several workers (9, 10). This type
of study 1llustretes the applicatien of e new tool to the study of the

vitamin enzymes,

- The engymatie or "bio-catalytie" rple of certein vitasine operasting
a8 key oompoments of the enzyme molseule in vital rescilons of metabolism
is now firmly established, a&hﬁgﬁa function for vitamine had been
predicted from the kmowledge of the fact that relatively trece amounts
- of vitamins osn prevent & metabelic chaos in sn organism thet 1s
entirely out of proportion to the sbsolute smount of viteamin present,

Thiemine wes esteblished as & component of an enzyme system by the
work of Lohmenn end Schuster (11), who, in 1937, showed that socerboxylase,
the ceenzyme of yeast carboxylese, was the pyrophosphats ester of thismine,
gince this discovery of the role of diphosphothiemine, it has been
demonstreted to be the major functional form of thiamine in enszyme
reactions in enimel tissues {12, 13), end in bacteriel (14, 16) end
~ yesst cells {11, 16). The ability of the emimal orgapism end its
" tissues, and the becterisl and yesst cells to convert thiamine teo
diphosphothiamine has been established (11, 18).

The sompements of the vitemin enzyme yomst carboxylese have been
the subject of quite thorough investigation., Greepn and his eollaborstors
{17) heve isolated and purified u yeast cerboxylsse which cousiste of a
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two moleocules of pentose snd three molsocules of phesphoric sold, btut it
wiis not until 1937 thet Elwehjem's group (29) snnounced thet nicotinie
acid was the anti-sanine black tengue faotor,

8inece the discovery of the mutritional funotion of nicotinic aeld,
the bulk of experimental evidence links a mejor physielogical role te
' 4ta presence in the di~ snd triphesphopyridine dimmoleotidea {30, 31).
The possibility of e signifiount role for free nicotinic acid has also
been suggested (32) es well as & function of nisotinic aeid in ancther
and different type of respirstion satelyst (33, 34),

The two known nicotinic seid or phosphepyridine nucleotide enszymes
exigt as either the di-or triphosphepyridine mucleotides, which are
prosthetic groups eassoeiated with s spec{fic protein carrier. Coenzyme
I, the diphosphopyridine nucleotide and coenzyme II, the triphosphopyriw
~ dine nucleotide, when sssocieted with their respective specific proteins,
vonstitute & portian of the groups of known engymes classed as
dehydrogemases (35),

The aotive center of these twoe coenzymes was slucidated soen after
their discovery by Werburg end Christisn (36). A reversible oxidation~
reduetion with resultent loss or gain of hydrogen is effected in the
nlootinic seld smide portien of the soonzyme,

Speeificity of these enzymes for their particular substrates, as
with enzymes in general, cemes from the specifiec protein carrier, while
the removal and transfer of hydrogen involves the essoelated prosthetio
group (80).

The role of thie group of enzymes or their plece in the schems of
blologiesl oxidation is largely confined to oxidations (hydrogen
removal) of some of the intermedistes of cerbohydrate metsbolism. The
oxidation of the reduced phosphopyridine nueleotides ig eooamplished in
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most instences by the flaveproteins (35), the riboflevin enzymes.
Ribofiavin beceme essociated with enzymatic sction at approximetely

identified as & member of the vitamin B

gyt end Vargha (37), and Warburg

the same time it beomne

camplex, In 1932, Bange, Ssent-Gylr
and Christien (38) isolated yellowecolored reversible oxidatione
reduction systems of enzymatias cherseter that were later shomn te
inolude riboflavin as portions of the systems. Theorell {39), in

1935, isolated the yellow pigment of Warburg end Christiante "yellow
engyne® and showed it to be riboflavin~G¥-phesphorie acid,

Werburg end Christien (40), in 1938, were able to show that the
prosthetic group of d~emino acid oxidsze was & riboflavin-sdenine
dimiclectide compound consisting of one riboflavin, one adenine, one
pentose and two phospheric aeid m&lmﬁl&w Other flavoprotein enzymes
with this same prosthetio group {41, 42) as well as with prosthetioe
groups cuntaining additienal groups or groupings plus the riboflevine
adenine dinuclectide (43, 44), have sinse been isclated, Cytochrome o
reductase is s flaveprotein enzyme containing &8 & prosthetio group an
alloxesine mononuoclectide (45).

Binoe the discovery of the putriticonal signifieamnce of ribofleavin,
there is much evidence (46, 47) which ssecoiates major mutritionsl
significance of riboeflavin to the sotiviity of the flavoprotein enzymes,
Other roles may be considered as quite possible.

The number of flavoprotein engzymes identified is reasonably large,
and in ench case the riboflavin moleeuls is incorporated in the
prosthetio group which is in turn @ssocisted with & specific protein
(41) for the partioular resction outalyzed {43). The flavoprotein
snsymes act in earbohydrate metabolism by virtue of the sotive center
adsociated with the ribeflevin moleonle in the pmwﬁhmmlgrmpt A
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decressed in pyridoxine deficient tissues and micrcorgemisms (57, 58).

Pyridoxel phosphate haa been shown to be the codesarboxylease or
pt?mtm:m greup {50) for severel aminoe acid decarboxyleses, typified
by tyrosine decarboxylase, The wmm wriem of thmé mzyma, all
nighly speoific, huve been isclated in the cell free states (50), snd
both natural and synthetie a?amlﬁxﬁv&ms have been shown to activate
the aposnzyme, Specific sposnzymes for several transsminsse systems
have been isolsted in wﬂ&r clesr, oell free conditions and pyridoxal
phosphate has exhibited the requisite sctivating effect (54).

The definite asscelatien of vitemins with enzyme systems is
largely limited to thimsine, riboflevin, nicobinis acid, end pyridexine.
suggaaf;aa vitamin ensyme Punctioms for some of the cther vitamins have
been mads but with the emptim of vitemin A {59’) oconslusive experi-
mentel proof has not been forthooming,

C. Vitemin Anelogues as Inhibitors

Muech of the present day comcept of structural spelogue inhibitiom
of vitamin action oeme into belng through the enlightening researches of
Woods {60), coupled with the ressoning emd interpretation he applied teo
his results, Vioods wes sgble Lo show that the growth inhibiting ecbion
of sulfenilimide sgainst certain bscberia could be reversed by pesmino-
benzoic asid.

Investigation of the background of this discovery reveals thet
Woods himeelf, as well as his immediate assooistes, were quite awere of
and receptive to & trend of thought of the time that the basteriostatic
action of the sulfonsmides might be due Yo enzyme inhivition -« & trend
of thought which was orystallized by his work. Chemical evidenoe of
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structural similarity ss well as interpretetion of his preliminary
results as competitive inhibition (60) led him te the aotual testing
of structural anslogues of sulfemilimide as inhibitors of sulfonemide

The strustural similerity of pesminobenzele 2c¢id te sylfenilemide
is striking as may be seen In the two formulas:

0
|
! 3

~ p-eminobenzoic acid

~aminobensenesul fonamide
{aulfond 1imide)

The anbegeniem of the two compounds was competitive, in that the
mole retios of preminobensaie acid to sullonemide present determined
the oosurrence or failure of the inhibitiem and not the sbsolute
amounts present, Wyes (‘62) showed by mathematioal ‘analyﬁs that the
inhivitions observed betwsen p~aminobensoie aeid end sulfanilimide were
competitive,

A'i: the time of Woods' work, Mmbwmiu acid hed not been
uaaeim with selluler life or funotion, either as an essential
putrient, e growth fmhar; or a constituent of protein. }Hmwm its
isolatien fram yeast by Blanchard (62) 4in 1941, end the recognition of
its growth prometing powers for mtm basterin (63) geve it a plece
in the physieloglesl ssheme, lending support to Woods' (60) contentioen
thet pemmincbenszoic soid might be miﬂw&ﬁ as an essentiel metebolite,

Recent work culminating in the elucidetion mnd identificstion (64)
of the folio acid complex, places pesminobenszoic scid squarely em &
firm footing as an essentisl cecmponent in vital enimal and basterial
processes, Pteroic acid, pteroy) glutemie soid, the tri= and hepte-
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glutemates of ptercic scid all oomtein pesminobengolo acid (64) as an
integral part of their strusture.

While the sulfonamide-p-sminobenzoic scid inhibitions have been
perheps the most thoroughly studied (66) of all structural anelogue
inhibitions, the new metebolio role aseribed to p-smincbenzoic seid in
the folie acid ploture opens a new and fraitful field of study,

Allowing the sssumption thet if pe~sminobenzoic acid acts as & substrate
in the synthesis of pteroie acid or the pteroyl glutametes in neture,
then structurel emalogues such a8 sulfonsmides might be expected to
compete with it in this reactiom.

Two researches whieh fall in 1line with this theory are Millert's
(68), who demonstrated in 1944 that sulfonsmides markedly inhibited the
formation of folle meid by besteris, end Lempen and Jones* (67), who
heve found thet in the speocies of basteris tested, those which required
folie acld and therefore presumebly could not synthesize it, were not
susceptible to irhidbitien by sulfonemide drugs. It may be presumed thet
these beacterial species heve no synthetic mechenizm to be inhibited.
Lampen end Jones (67) also noted that in some baoterisl species ptereyl
gluﬁmia.mﬁd could negste the inhibition by sulfomsmide drugs in the
nzoie acid itself, though in this ocsse the antego-
nistio sotion of the folie scid was not competitive as would be expeoted
if folic meid were the produet and p~amincbensoic soid the reactant of &
resction subject to competitive inhibitiom.

SHME WENNOT 85 DM

An attraetive speculetive theory for the explenstion of sulfonamide
astion based on competitive strustural inmhibition oan be derived (68)
from these data w= one which will undoubtedly be well explored in the
future,
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The p-omincbensoie scid-sulfanilimide antagonlism cbserved by Woods,
supported by the esteblishment of peamincbengzoic scid as a definite
physiclogical entity, brings to light es coneretely as eny exemple three
fundemental conditions (89) of structural anslogue inhibitions. Thess
are as followss first, the entagonism betwesn the two substances is
competitive; seocond, one of the competitive peir of compounds 1s &
meteabolionlly required compound, thet is, 2 nstive normal constituent of
2 biologleal system; and third, a moleculer snd structursl similarity
exists bebween the competing pair of compounds, Woods' work was
followed almost immediately with the demonstration of niocotinic acide
picotinie acid analogue competitions.

The studies of the structural sntagoniem of nicotinioe acid sotivity
have been carried eout mainly with three anslopgues of nlootinie acid;
pyridine-3-sulfonie seld, ite anslogous wnide pyridine~Sesulfonemide
and 3-acetyl pyridine, 3I=Acetyl pyridine wes prepared by Woolley,
Strong, Blvehjem and Madden {70}, in 1938, and tested for its vitamin
sctivity in nicotinic neid defisient dogs where it soted as an inhiditor
snd actuelly ineressed the manifestations of that disesse in the dog.
This observetion was mede prior to the work of Woods (60) and the
explanation was lacking st thet time, Woolley (71) was able to bring
ahoul a deficiency disease in mioe typiesl of niocotinie seid
defieiences in other related animal species by feeding 3~acetyl
pyridine to mice, hut was not able to demonstrete that this anslogue
aould inhibit the miorobial species he tested, Helther could Auhagen
{72) show real imhibitory powers for 3-ssetyl pyridine in bacterial
species, _

Hellwein (73), whe introduced pyridine-3-sulfenic scid and its
emide as an inhibitor analogue in 1940, worked with Protews wvulgeris
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partothenic aoid in all miorobiel apecies tested,

Modifiostion of the basio strusture of the pantothenic acid molecule
‘such as effecting isomerie and homologoune chenges within the parent
nolecule, 88 typified by the work of Barnebt end Robinson (82), has
resulted in analogues of little or mo entagonisble activity. However,
simple isomerioc modifiestions of the riboflavin molecule have remulbed
in riboflavin snalogues possessing snbagonistic sotivities toward
riboflevin,

Kwhm, Weygand and M81ler (83) prepared 6,7«dichlorom@e{delt=ribityl)=
1s0slloxezine, in whioch the methyl groups
were replased by chlorine sboms in the snalogue. With exoeptien of
yeust, this analogue was & potent autegonist of riboflavin in all
basberisl species tested, and the antibactorial setlion wes not dependent
on vhether or not the orgenism required ribuflavin as e growth faotor,

Bumerson's group (84, 85) hewe reported imhibition in rats with
both 5,.M&ﬁethy1~$w@_~i*~rﬁ}1‘kyi)~iaaalimziua and with 6,7-dimethyle
9w{d=2%~duleityl J-i soalloxazine, the inhititions being reversed with
additional riboflevin in both cases. Foster (B86) and Sarett (87) were
uneble to find eny growth inhibitien with Laotobecillus casel with the

normally ia the 6,7-positions

B,6=analogue,

Woolley (B8) prepared the 2,4-dieminoe?,Bedimethyl=10=d=ribityl=
5,10~dihydrophenasine which is also structurally related to riboflavin,
and which oen inhibit the growth of L, sasei snd elso of rats, although
suffioient mt-s of riboflevin reversed this action.

~Several biotin analogues of antegomistie setivities have been
deserived. For instence, Dittmer, Melville and du Vignesud (89), and
1411y end Leenien (90) found thet d-desthiobiotin, in whish the .~¢*a-¢-
linkage of biotin hes been broken, and the sulfur replaced by two
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hydrogen atoms, was sble to reversidbly antagonize botin utilizetion by

Dittmer and du Vignesud (91) synthesized two snslogues of desthio-
botin, the 4={imidenolidine~2) saproic ecid and 4~(imidazolidine-2)
valerie aeid, With yeast, which is spparently able to synthesize biotin
from desthiobiotin (B88) end is mot inhibited by desthiobiotin, the
gaproic acid analegue was inhibitory, while in ocontrast, the valeris
acid anslogue was stimulating to yeast. Only the saprois acid enslogue
inhibited L, sasei.

Rubin, Drekter and Meyer (92) observed that dl-desthiobiotin had
but half the sctivity of d-desthiobiotin,

English and collsborators {93) propared en smelogue of biotin in
which the «S~ was replaced by -UHy = CHp ~. With few exceptions, this
compound was an effective antagonist of biotin in both yesst and L,

Apparent vitsmin X antagonisms have been dssoribed end attributed
to structural anslogues of vitemin K. The hemeorrhsgle factor ceusing
*gweot slover disesse®, 3,35%methylenebis~(4«hydroxy coumarin) and some
of its derivetives have elicited symptoms associated with vitemin K
deficiency (94) in several animal species, Vitamin X will reverse these
deficienay signs, It is interesting to note that in this cese the
parent inhibitor campound cecurs in neture. IYodinin, en antibiotie
pigment which resembles vitamin K in structure, has had its antiblotie
properties reversed (95) by vitemin X in baoberial growth.

+Tocopherol quinone, similar to vitamin X; in structure cenges
(96) some degree of deficiency in pregnant mice. In particuler,
uterine hemorrhages that might be essociated with a vitemin X deficiency
were observed. As further evidense of & direct relastionship, these
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conditions oen be reversed by the administration of vitemin Kg.

The sotion of x~tooopherosl quinone on miee really shows more of the
ehmataﬂafﬁiu of witanin § deficiencies (96), inéluéing in addition to
death and resorption of the embryos, exeessive vaginel bleeding,

Vitemin E,‘ however, did not prevent these conditions while vitemin Ky
was able to oversome both the hemorrhege snd resorption.

The sntagonistic estieon of gluocascorble asid, 2-3w-enedicle=degluco=
heptone=i,4«lactone, to vitamin ¢ in guines pige and the production of &
sourvy=like condition in cotton rats and mioe by this anslogue of
escorbio acid heve been reported by Woolley and Krampits (97), and Woolley
(98).  Banerjee and Elvehjem (99) have not been able to confirm this
work in rets, ohicks or guines pigs, but found thet mscorbic aeid itself
prodused similar though less severe symptoms in rets,

 Sealosk and Goodland {9) heve used the gluscascorbio acid success-
fully sa a specific competitive imhibitor in in vitro studies of en
spparently ascorbic aold dependent enxyme system. |

A derivative of follo seid, @-E&:— {f{w»aamm—a-gteriayl Yo
mthyl]wmm}wmmyl‘x wglutemic asid, hes been prepared by Seeger,
Smith and Bultquist (100) which in the csse of Streptocooous faecalis R,
has been shown to be & very potent inhibitor.

D. Inhibition of Thiamine Bystems

The observation that the thissole pyrophosphate portien of the
cosarboxylase moleoule inhibited the enyymatic decarboxyletion of
pyruvic scid by trewers' yeast was made by Buchmen, Heegard, and Bouner
{10) in 1940, In this inhibition, the importance of the pyrophosphate
ester linkege wes olearly demonstrated sinee the thiazocle molety aleme,
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its monophosphate ester, or seodium pyrophosphate produced no inhibitienm,

The similarity of the "thiszele pyrophosphate® portion to the whole

socarboxylase molecule is evident in a2 comperisen of the two sbrustures,
Clg

5 U
—G/a—é o /L-—— ,;-«cﬁg—eaé—e—i—ﬁ —oH
__/ T

- Opoarboxylase
i's i}
ﬁ /c——%—mycgg—e—ﬁ-—i—m
N
H

Thiasole Pyrophosphate

The inhibitions were m&u& by the ﬁar‘bnrg manometric tecshnique
with the resenstituted yesst-ocarboxylase system, oconsisting of buffered
alkaline weshed brewers' yeast, mengenese and megnesium ions, cocarboxy-
lase, and exvcess sodium pyruvate as the substrate, With the smount of
sogarboxylese sdded {4 m g.} 88 the limiting t‘aé%;ar, the effeet of the
sddition of the “thiascle pyrophosphate™ to this system was studied,
Signifiesnt inhibition as menifest by reduced €O, production wes
cbssrved at “thiazole pyrophosphate” levels (¥n selt) of 4 and 8 JrEes
while at the 80 J & level {0, production was reduced to 10 per cemt of
the oontrol level, The suthors did noet seleunlate mole rstios for their
experiment but grephisel caloulatiom of their results places the mole
ratio of thiazole yyraphesyhate to eocarboxylase at whish the €O,
production is redused to 50 per eent of the eentrol level &t spproximstely
12,531, Initial earbon dioxide production wes reduced if the "thiaszole
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bromide hydrobromide, in 1940, The pyrimidine portion of the molecule

is identioel with thet of the thismine moleculs while the pyridine portioen
differs frem the thiszole of thismine as the structursl formules

indiceates

?33 732 «HC1 T’Hg,

=G ! "-—:3—-%2—@3—-—‘@
A4
\\ﬁ— ﬁ/c Q{\\ﬁ——s
H B
Thismine

fﬂa By JHBr | ?ﬂs
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Pyridine analogue of Thiemine

In 1939, Schmelkes and Joiner (103), Sckmelkes {104), and Baumgarten
end Dornow (105) had syn*hesized a compound which they thought was the
pyridine snslogue of thismine with the ’S-vhydmxywhhyl side chain, to
which some vitemin activity hed been asoribed by Sehmelkes (104),
peumgarten and Dormow (106), in 1940, observed thet in ome of the
reduction steps of their synthesis, a step common to both of the reported
syntheses, the hydroxyl wes formed on the alphs carbon of the ethyl side
chein inetesd of the beta carben, apd therefore, the two sompounds
thought to be the @whydmxynﬁhyi anslogues were in reslity the

Q-hydroxyethyl snalognes, Trecy and Elderfield (102) in & different
‘mthmia ds‘hnaﬂy aﬁaiaad the @:—hyﬁmg enalogue,
Robbins (107), in 1941, set out to test the thimmine activity of
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the @bmhydm‘xyethyl m&#g&e prepared by Treey and Elderfield., He
yeamyces blakeslessmus, Pythiow
morphs gonapodioides, and Phytophthors cinmemomi, which showed differenmt
and specifie types of thismine defieieonoces. These organisms were all

studied its action on three fungi, Ph

able to utilize thiamine for growth, bubt their abilities to utilise or
synthesise the pyrimidine end thiasole portions of the molecule varied,

The orgeniems were grown in liquid medis, ndequate for growth of
the fungl 4f the reguired thiemine or mwmadiat« wore sdded to the
media, The measure of growth after a designated periocd, was obteined by
weighing the dried myselium, The varying emounts of the pyridine
anslogue, thismine or its component portions were added as desired,

In the interpretation of Nobbins' resulte it must be kept in mind
that he was actuelly testing for a growth funetion of the analogue, end
therefore did not design experiments that would demonstrate to the best
adventage the presence and sxtent of the inhibition of the fungi. There~
fore, only s gqualitative evaluation of these results is possidle,

The effect of the pyridine anslogue on the Phyoomyces (able to
combine pyrimidine smd thiszole portions, but unable to synihesisze
either) revesled that slight inhibition resulted with low conoentrations
of the snelogus with cemplete cessation of growth resulting et higher
concentrations, Low concentrations of the anslogue which prodused little
inhibition, were able in the presence of sdded thiasgole to produce good
growth, Added pyrimidine produced no effect singe the fungi was not able
to synthesize the thiaszele. The Phytophthora, which regquired preformed
thiemine wes inhibited by the snelogue much the same as wes the Phycomyoes.
The addition of thieszole or pyrimidine portions of thismine hed ne effect
sinee the fungl could utilisze neither, but added thiemine was sble to
reverse the inhibition., The Pythiomerpha, uneble to synthesisze the
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thiasole and utilize it if pyrimidine is supplied, grew well in the
 presence of low conoentretions of the pyridine amalogue but wes izhibited
by higher consentrations. Beth pyrimidine sud thiamine wers able to
ﬂsgnﬁa the inhibition, |

The results indieated thet the pyridine mslogue of thimmine was
?ggmﬂ inhibitery to gwﬁmﬁa in these fungl. Thismine reversals,
&.wweﬁ from ﬁ&w& thismine or from the %@gw splitting of the
anelogus of the pyrimidine and subseguent coupling to form thismine,
a&aﬁgi the reversitility of the inhibitiens, The Phyosmyoes snd
. 2 evidently were able to split the amalogue and produce pyrie
ﬁwg nﬂﬁmﬁgﬂ for awugawwn into thismine for their own use.

Confirmetory evidencs for the wgwgg powers of the pyridine
 anelogue of .wwwga i Ew%aaﬂ«gu&a whs precedsd a few months by the
ement w% Woolley end white (108), g 1943, that e gg&wwﬂ&
defisiency disease in mioe could be prodused by g»am the seme pyridine
analogue of thiamine thet wes used by Robbins (107) in his work with
fungi. In this peper, Woolley snd White soined the term "pyrithismmine®
for the campound sriginelly prepured by Trasy and Elderfield (102), snd
that term has been used synonymously with the chemiesl desoription sinee,

This thimmine-like defioiency in mice was unique, since in mics the
typieal manifestations of thismine deficiency seen in other animel
species do not sppear when these animsls are pleced on a thismine
defictant diet, ‘Hormelly the mouse will simply est less and less, lose
weight end die. %The administration of pyrithismine rether &.&h&me&.ﬁ%
g& forth a disease in the miee whieh resembled the cherscteristio
symptoms of thismine .?mw.ﬁg seen in other species, Additiomel
thismine, end in some instances &wa removal of pyrithiamine, resulted in
recovery from the disesse, indicating reversal of the imhibitiom by
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thiemine, Through experimentetion with verying smounts of thiamine snd
pyrithlsmine, it was shown that one mole of thiasmine would comtersct
the effect of 40 molecules of pyrithiamine, '

In their experimental tests, wosnling miee of approximately 12 grams,
were kept in individusl eages with soreen bobttams and were fed a ration
shown by Woolley (109) previocusly to be adequate for mice, $insce the
average oonsumption of the ration was 2,0 grams per day for each mouse,
it was oaloulated thet each mouse reseived spproximetely 1.6 M 8o thismine
per dey. In the later expsriments, thismine was eliminated from the
bagal diet snd supplied orally., The pyrithiemine wae administered
orally in 0,02 ml, of a solution of the rsquired concentration three
times dallys

The disoase elicited by pyrithiemine iz mics was observed to be
both striking and remerkebly typlesl for eesoh mouse in the group. In
gensral, the following sequence of symptoms was observed to sppear in
sach mouse in each group within 2¢ hours after the first was affected,
The apinale oeased to grow, lost welght, beoame insctive and essumed e
minched posture, Sometines at this point, tremors and comvalsions were
noted. Spasticity of the legs was next cbserved fellowed by violent
head jerking, The inability of the legs to support the body led to the
M stege which was & sharacteristie spreade-esngle position with the
nouse lying on ite belly. Death came within 24 hours after the onset of
this lest symptom. The general patiern of the disease in mice ran in
direet proportion to the relative retios of pyrithiamine and thiemine
fed, In the first seriss of experiments where the thiamine Inteke was
1.6 micrograms per day, the administration of varying smounts of pyri-
thismine renging from 20 mg. to 0.1 mge per day to groups of mioce,
characteristic deficiency sympioms were produced in 8ll of the mice with
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which required thiemine or its component parts for growth ocantained
( a.ea M-8+ of thiemine per ml, while tm media for the orgenisms that
muiué Bo thimm wore sssigned a thismine walue of 0.001 JM8e per
’ml.. for the ;mryou of saloulstion of the iﬁﬂ‘wbim dindex, Miero~
blologiesl assey revesled no thismine in these medis, tut sinoe the
mm itself was sensitive to enly 0,001 M Ees ishat ﬁgﬁn wes taken
as the thismine centent of the media. -

| Table I

Inhi‘bitm Power of Pyrithienine for
Various Microbial Species (110)

Crgenism : Inhibition Index# Thiemine
Regquirement
Cerstostonella finbriate 7 Intact thiamine
Phytophthora climesmomi ‘ 12 " "
Bndomyoes vernalis 130 Pyrimidine
Mucoyr remapnisnus o 800 Thiaszole :
Sacoheromyces cerevisise 800 Pyrimidine and
thiazole
Staphylococous aursus 2,000 b » "
Greater than
Escherichin ooli bl 2,000,000 Fane
Lactobaeillus arsbinosus " 40,000 "
jaotobasillus casel * 5,000,000 "

*Inhibition index »

# 2. thimm to produce 50 per ecent
irhibition of growth,

Represgentative date from the suthors® tabulation has been extracted
and eppears in Teble I, Miercorganimms from eech cless of thiamine
dependency have been ineluded. These data indleete thet the susceptibile
Mv‘ar the micreorganisn to pyrithismine is closely correlated to its
dependency on thismine, For the two orgeniems requiring intect
thiemine, the inhibitiom index iz low., PEpdemyces vernalis, requiring
pyrimidine, is quite sensitive to pyrithiemine, while thoese orgenisms
requiring thiazole and pyrimidine and thiszole are much less sensitive,
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consentrations in their bleod,

8ince the papers by Voolley and White (110) snd Wyss (111) were
submitted on the same date, the marked difference in the effect of
pyrithismine inhibition of E. coll wes not disocussed by the respective
suthors. It may be postulated thet the difference in strains of the
E, coli might scoount for the difference.

Contirzuing his work with pyrithismine, Wwoolley (112) reported in
1944 that he had succeeded in developing e strain of Endamyces vernalis
that would grow well in high concentrations of pyrithiemine, Through
twolve successive transfers in inecressing ooncextrstions of pyrithiemine
up to 20 w g per ml, of medis, plus thirty transfers of young cells at
a pyrithiesine level of 25 u g. per ml, of medie, Woolley obtained a
strain of Endomyces yernalis which he called pyrithismine-fast that
would grow as well in & medium conteining 25 J48e of pyrithiemine per
ul. of media as it would in the absence of the campound, This smownt of
pyrithienine was 25 times thet smount thet would inhibit the parent
strain hal fenaximally,

The pyrithismine-fast strain has the same thiamine mqairmhta as
the parent strein, thet is, 1% grew very poorly in the absence of
thiemine, Lut was stimulated by either the vitamin or its pyrimidine
portion alene., In the absence of the witsmin, pyrithiemine acts as &
growth factor for the fast strain, the pyrithiemine being 50 per sent
&8 sotive as thismine on the molecular basls.

The ability of this strain to grow well in high pyrithimmine com~
centrations as well sa its ebility to use pyrithismine as 2 growth factor
was explained in pert by the demonsiration thet this organism oould split
the pyrithiemine moleoule, thus reducing the pyrithiemine concemtration
end slso meking a supply of pyrimidine available as & growth factor.
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The increased inhibitory powers of pyrithiamine on the diphospho-
thismine stimaleted growth over that stimulated with thismine was
cbserved by Ssrett snd Cheldslin (113) for Lactobacilius fermentum end
Penicillium digitstwm, For both orgemisms diphosphothiemine premoted
faster growth then the thimmine, but in both cases pyrithismine added in
censentrations too low to inhibit growth stimuleted by thismine was very
effective in the inhibitien of the diphosphothiemine stimmlated growth.

. For L, fermemtum the inhibition index is ebout 50 when the orgenism is
grown with thismine and enly 10 with diphosphothismine, while with
Penieillium digitetum, spproximste indices are about 150 with thimmine
and 50 with diphosphothismine,

In attempting to arrive st the reason for the differsnce in
inhiviteory pewers, the inhibition of equimoler mixtures of thiesmine and
diphosphothiemine was etudied to establish the feet that a possible laeck

of free thiemine in the media dus to the suppression of hydrolysis of
the diphosphothiamine by the C~aminopyrimidine portiom of the inhibitor,
might meoount for the differense in the observed inhibitiens. They
postulated that if the lack of free thismine in the media whs the ceunse
of the ineresssd sensitivity eof the orgsmiem to pyrithismine, the
addition of seme thismine .,gwa then reduce the sensitivity of the
system back te thet observed for thiemive slone. The resuiting indices
33 somewhat greater, that is, more pyrithiemine was required to obtein
50 per went ihibition of the mixture, but not enough more to attach eny
significance to lask of free thiemine in the system.

Iohibitor studies were carried out using pyrithismine, iodeaceteate,
fluoride, meleonete, cysnide, and divitrophenol teo sttempt teo find if
elternetive metsbolic pathways existed for the L. fermentwm to use di-

phosphothismmine for growth or scid production. These stundies indicated
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phosphorylated thismine is leaving the phosphorylation center and
becoming assoeisted with the sarboxylase protein, that it would be
‘idam:iual with the “leoocsely™ bended preformed diphosphothiemine
supplied. The ability of this "loocse™ carboxylase to decarboxylate
gquite efficiently is assumed; therefore, the loosely bonded diphospho=
thismine muat be relsatively well oriented in order to be eble to
funotion, |

A good poseibility does exist thet the pyrophosphate is first
ettached to the sarboxylese protein, then linked with the thiamine
molecule, thereby forming & firmer link with the protein through the
pyrophosphate than otherwise sould oceour.

The interesting observation by Bmmersen snd Southwiek (119) that
the 2-n-bubylpyrimidine homologue of thiemine was able to produce
oharasteristic deficiency symptoms in rats was made in 1945, This
eampound, the %wmyluﬁn(W&%#ﬁy&oﬂeﬁhy&%ax&l&m ‘browide)-
mothyl-G~aminopyrimidine hydrobremide, poesesses the chemicel integrity
of beth portions of the thismine meleoule, but is different from
thismine only in the length of the slkyl side chain on the Z~position
of the pyrimidine portion of the meleoule ~= points whicsh are well
illustrated in the structural formuls which sppesrs below.

7&2‘%? gy

=—=¢, §=—=C—CH;—CH—0H

n-B*HQ*—c< }3-—- Gﬁz——-—) g .
N— g Br g —S

Z~n~Butylpyrimidine Homologue of Thimim

The experiment thet was sucoessful in bringing forth the antsgonistic
action of this 2«p~butyl homologue indiceted both the sntagonism of the
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homologue &t suboptimal levels of thieamine end the inability of the same
congentretions to inhibit higher eoneentrations of thiamine, sn
indication of the reversibility of this inhibition.

The experimentsl animels, rets, were meintained on established
thiemine deficient ration end were supplemented daily by stomech tube as
follows: group 1, no supplement; group 2, 2.8 mg. of the inhidbitor
enslogue; greup 3, 5 L g. of thiamine; grouy

4, § pg. of thimmine and
2.8 mg, of the inhidbitor; group §, 80 M Be of thiemine; group 6, 50 Iug.
of thismine and 2.8 mg. of the inhibitor, The 2.8 mg. of the m-butyl
homologue is the molecular equivelsnt of 2,0 mg. of thismine,
The swmary of results obtained is shown in Table II extracted fram
the authors' paper.
Table I ]

Response of Rets to Thismine and 2-n«Butylpyrimidine
Hemolegue of Thismine (119)

Group No. Average Average Average
{Bight gedn in No, of gain in No. of length of
rats eeaoh, weight survi~ weight survi-~ survival Remerks
msles) 30 days vors 50 days vors
e e days
1 Control 21 8 o 38
2 2.8 mg, homologue 23 3 0 29 .
3 5 uge thiemine 86 8 117 8 Yo poly~-
neuritis
4 5ug. thismine 2,8
mge. homologue 8 87 All ani~-
mals
showed
poly~
neuritis
5 60 pcg. thismine 130 8 193
mge. homologue 114 8 168

The ocomparison of groups 1 end 2 shows thet the survival period is

reduosd in the thiemine deficient diet by the Zen-butyl snalogue.

The
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contraet betwoen groups 3 and 4 maintained on the suboptimal levels of
thismine, elearly demenstrated the antegonistic powers of the analogue,
The rets on 6 -8+ per day of thismine continued to grow snd were free
of symptoms of polyneuritis, whils on the rats in group 4, the effect of
the sompound wes menifest by the appesrance of definite signs of polye
neuritis in all snimels and death of five of the eight in the gromp.
The effect of the compound at the 50 & levels was wanifest Ly &
slightly reduced growth rate but the animals were sppsrently normal
otherwise. the basis of the above experiment, the euthors saloulated
that one mole of thiemine counteracts the entithiemine effect of about
40 moles of the n~butyl homologue, This sotivity was approximately
that reported for pyrithismine in miese by Woolley and White (108).
Oxythiamine hydrochloride, Z-methyled«hydroxy-6-pyrimidyl methyl=-
{3H~$ﬁtiw1-5-ﬁ_~hydrawﬁ’&h¥1th§usﬁim ehloride, had been reported as
sortegonistic to thiamine by Socdek end Cerecedo (120) in a note to the
editor in 1944, The ability of this analogue to imhibit the Chasteke
Paralysis Feotor was elso amnounged; however, experimental evidenoce for
these two properties of oxythismine hydrochloride was not forthomming
until 1947 when Soodak and Cerecedo (121) revealed the results of the
thiemine inhibitory properties of this eompound in mice. The authors
also preuntné evidence indlcating the necessity for the free hydroxyl
group on the side chein in the thiazole portion of the oxythiemine for
aptagonistic motivity, through the use of oxybromothismine snd exychloroe-
thismine., These structures are compared below:



N
N AN

Oxyehlorothiemine

The effective blocking of the hydroxyl group in the thiasole molety is
obvicus,

Previously thismine depleted groups of mice on a synthetic thiemine
deficient diet recelved 1 L g. of thiamine per day plus daily supple-
ments, through injection, of one of the following; 25, 50 or 90 M Be of
exy*bmamina. 100 M Be of oxychlorothiemine, or 138 M8 of oxybromo-
thiomine, and sontrols were meintained on thiemine slone, Growth
inhibition was noticed pramptly in those mice receiving oxythismine, A
hunched baek, severs loss of sppetite and weight, and eventual death
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rosulted after verying lengths of time, The thismine conirols as well
a8 the mice on thiemine plus oxychlorothismine sand thiemine plus oxy-
braemothiemine oontinuwed to gain weipght for the durstion of the experi-~
ment, That the inhibitory ebility of this analogue of thiemine seems
to be quite dependent on the presence of the free hydroxyl group om the
hydroxyethyl side chain is quite clesrly demenstrated, fThe fact that
the inhibitory powers of this enalogue ccempare quite favorably in megnie
tude with those of pyrithiemine in miece is noteworthy since the smine
group, postulsted by Sarett and Cheldelin (113) as ax important grouping
in the inhiblitery powers of pyrithiemine in L, fermentwn is replaced by
a hydroxyl group in oxythismine, No mention was made in the latest
peper of Scodsk and Cerecedo {121) ebout the effect of oxythiemine en
the Chastek~Paralysis enzyme,

Bs JIohibitlion of ChastekeParalysis Ensyme

The engymatic nsture of the Chestek-Paralysis Faotor has been
established through the work of Erampits snd Woolley (122), and Seslock
and his collsberetors (123, 124, 125), Sealook end Goodland (124),
enploying inhibitors in thelr studles of the snzymetio neture of this
faotor, found thet sertein compounds, strustural anaslogues of thiamine,
were able specifisally snd oompetitively to izmhibvit the actiom of the
enzyme.,

The meost active inhibiter cbserved was the benzyl analogue of
thiemine, o-aminobensyle(3)~4-methylthiazeliun ohloride. awuaﬁna
destruction wae inhibited 100 per ocent by the inhibitor 2t concentratioms
of inhibitor of 5.0 x 10™* molar, The striking structural similarity
of this snaleogue to thiemine wes noted. ,
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An analysis of this inhibition, its specificity end type, was made
through the application of the experimentsl inhibition date to the
Linewsever-Burk modificetion of the Michselias~lenten equation for
engyme substrate competitions. It was shown that this benzyi analogue
specifioally inhibited thismine destruction by competing with thiemine
for the enzyme.

The struotursl enslogues utiliged in this study wers derivetives of
4-methyl thiazele and of Zwmethyl-i-aminopyrimidine, Tsble III shows
the structural relatiorshipe of these anelegues and also the comparative
results of the inhibition abilities of these compounds,

Table 11T
Inhibition of Thismine Destruction (124)
Yo Gompound Goncentration Inhibition
* wols/1iter in %
x 104

4-dlethyl~thiagoliwn Chleride Derivetives

1 $~o=Aminobenzyle 5.0 100,0
2 B=g~Nitrobenzyl= ' 5.0 0.0
3 & ”kal' 5.0 , 6.4
4 %ﬁhﬂiﬂidmﬁmﬁn 5.0 18.4
5 Bw 1= 10.0 9.3
6 %Phﬂnyi« B0 23
7  3-EthyleZemethyle ; 5.0 0.0
8 3~FPhenyl~2-methyl= 5,0 0.0
9 &Mhybﬁﬁ«hﬂrm@thylw 8.0 0.0
2etlethyl=f-aminopyrinldine Derivatives
10  B~Bromemethyl=- 5.0 34,8
11  bBeHethylenesul fonicacid 10,0 19.7
12 SeBthoxymethyl= v 5.0 13.2

Fram thege dete it was noted that struecture modification of the
perent enslogue produced definite differences in inhibitory sbility.
Blocking the ~NH, group in compound 5 with the phthalimide growp as
typified by cempound 4 produced s marked deeresse in inhibitien sbility,
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The beunsylw(3)-thiasolimwn nuesleus as illustrated, showe thet the
R
/ ==g—=R"
CH, ﬂ\a_—-
RBY
Bengyl~(3)-Thiazelium Hucleus

moleoule lends itself to meny substitutions, The smino group may be
sbsent, or present in the gw, m- or p~positions of the benzyl nucleus.
Other groups, such as nitro mmy be substituted for the amino in the same
mepner, Thissolium substitutions een be made et R, RY, or R". It is
poted that the normel thismine thiasole will evolve if R is substituted
with & fﬁethyl group end R consists of a Pyhyamxyathyl group.

livermore snd Seslosck (127) synthesized the fellowing bengyl~(3)=
thiszolium compounds. Thess included the bennyl, the g-, m=, or pe
nitrobensyl, and the o=, m=, or p-emincbensyl quaternary selts of 2« or
4~methyl, 2-4-dimethyl, and the m’bhﬁ«ﬁ-@-hyﬂrmhﬁthhmlua
Crystallisation was effected for all but twe of these campounds; the ow
and meeminobensyled-methyl=G=3-hydroxyethyl compounds could not be
orystallized,

The possibility that bensyle{3)-thiszolium analogues of thismine
oould compets with thiamine itself in enimel and mieorobial species
presents interesting possibilities snd potentiel anslogies, Inhibitions
_ observed in one system do not mwﬁarﬁy require that the ssme or
similar analogues might inhibit in other sﬂmti@m. The brief remark
by Soedek and Cerecede (120) mentioned previeusly, thet their €hiemine
antagonist, effective in mice, wes also effective in inhibiting the
Chastek-Ensyme suggests that this possibility exiasts with the
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weeks for en assay of & single analogue,

The bensyle(3)~thiazolium enalogues seleoted for investigetion
were of two general types as shown In Teble IV, The first type
retained the intest thiazole moiety of thiemine, the mmy?wﬁ;ﬁ-
hydroxyethylthiarzole group, end varied the bensyl substituents an the
{8)~position, the quaternary nitrogen of the thiagole ring. The
second general type was characterized by the lack of the hydroxyethyl
grmp in the Bepeosition of the thiszole ring in that the thiazole molety
of the enslogue was the 4-methylthiszole, while benszyl moietles similar
to those of the first group were atteshed through the quaternary nitrogen
linkege to this thiezele.

These two types of anslogues with verious modifications of the
benzyl molety ensbled, in addition to the simple test for activity, the
study to be made of the effect of the presence, sbsence snd position of
the seversl groupings in the benzyl and thisrole portions of theee
anslogues.

The studies on the physiologieal action of these analogues were
supplemented in certain instences by perallsl studies on the symthetio
mx:em;mu snd derivetives of the analoguee thenselves, es an
additional mesns of evelusting the effest of the anslogue. While these
"fragnent snalogues®, as they might be considered, in themselves have
little if any reserblance to the strusture of the thiemine molecule,
they sre releted indirectly through the anslogue under study.

Several S~aminopyrimidine compounds were included also since 8-
eninppyrimidine compounds had been observed to exert an effect on the
yeust fermentetion method (130) end on the L, fermentws methed (113)
used in this investigetion,

- A1l of the émmds with which these stndies were made are listed
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in Teble IV, which indiestes in addition, the structural relatiomshipe
' of theee anslogues to each other, The sourse frem whiech each compound
was obtained iz indiested by the footnotes of Table IV. The compounds
were uged in the forme as indlested with the exception of the silver selt
of Meﬁluﬁ-PmydmxyothﬁtMawln pyrophosphste, The preparation of
the free "“thiasgole pyrophosphate®™ was aceomplished in the fellowing way.

- The silver sealt as obtained was contaminsted with & emall smount
of the mopophosphate ester of Mth;rld-ﬁbwarmy&hﬁthiamle. In
addition to removal of the silver ion it wes also necessery te determine
acourstely the amount of the pyrophesphate ester present in the silver
salt, Por removel of the eilver, 500 mg. of the salt was suspended in
10 ml, of Hy0 in & 50 ml. centrifuge tube and titrated with 1,0 N ROl
to remove the silver fen. When 2,38 ml, of 1.0 ¥ HCl had beon added,
precipitation of silver was found to be complete, The precipitate was
centrifuged and the supernstant 1iquid decented through e small filter
peper into a 50 ml, beaker, The precipitste was washed four times with
3,0 ml. o7 seidulated water {3 drops 1.0 ¥ HCl+ 9 m), Hy0) followed by
contrifugation and deeantetion of the supernetant washings into the
filter paper, The filter psper wes washed once with 3.0 ml. of the
scidulated F!aﬂ. This filtrete wes adjusted to a pH of 7.0 with a
Beokmen pH Meter then transferred to & velumetrie flask and diluted to
50 m.l. This solution wes kept under refrigeration snd after determining
the Mathﬁmﬁ-ﬁyhydremthyﬁhiamla pyrephosphate concentration in
this solution, it was used ss the soures of the "thinsole pyrophosphate™
for this investigation.

The essey of the amount of “thiezole pyrophosphate" present was

baged on the following facts, The hydrolysis of the first phosphate
group frem the pyrophosphate ester of the &»methyims-#%ydmxyeﬂwlthiamh
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Table IV
Benzyl~(3)wthiazeliwn Analogues of Thismine and Related Compounds
- Investigated for their Physigiagiaal Action in Thismine Dependent
Systems

Source®

(’5)~4~mﬁnyx-s-p-hy&rwhynmuamm Derivatives

Bengyl=chloride

o=iminobenzyl~iodide hydroiodide

rmmmwxs-m@rma hydrochloride

go-Nitrobenzyl-shloride hydroshloride

m-¥itrobensyl=chlorids hydrochloride
prNitrobengylechloride hydrochleride
~Phthalimidopropyl~branide
pthyl=iodide

{3)=4elethylthiazolium Derivatives

Benzyl-chloride
Aminobenzyl=-chloride
~Nitrobenzyl=chloride
mMﬁmﬂmWMmﬂ&!m%&mﬁ&t
xﬁmmnm@wwﬁ%mﬁﬁ
a=hmino-n-butyl=bremide hydrobremide

Zeethyl~G-aminopyrimidine Derivetives
SeMethylenssulfonio asid {‘

8GR O I b et

HeBremamethyl~-dihydrebromide
S=Hydroxymethylw

o hen
o L L

Other Derivatives

4edlethylthiazole

Z=lethylthiazole

2,4¢Bimnthyithia&@1t

4-Methyl rozyethyl thieszole

4-liothyleS=p-hydroxyethyl thissole pyrophosphate (silver selt)
S-iminobenzyl slochol

PN O et gt

*{1) Thece ocompounds were kindly fura&shné by Dr. R. R. Sealock from
those prepared by livermore and Sealook (127),

{2) ghi;e sompounds wers prepared and kindly furaished by Mr. R. L.
aylor

(3) These compounds were prepared end kindly furnished by Miss H. X
Saxrver,

g % This compound was prepared and kindly furnished by Mr. N. €, Devis.
These oompounds were prepared end kindly farnished by Ir. R. R.
Sealoek,

(6) These compounds were cummerciel preparstions (Merck & Co.).
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1,2,4~aminonaptholsul fenie acid, 196 ml. of 15 per oent NeHSOg, and 5,0
ml. of 20 per cent NagS50g; the molybdate reegent conteined 25 gm. of
ammonium molybdste snd 300 ml. of 10 N Hp80, diluted to 1 liter; the 10
per esent trichlorvecetiec aeld resgent conteined 100 gm. of trichloro-
seetio aoid per liter,

The methods used for the determinstion of totel phosphorus, lonioe
phosphorus, snd seid hydrolyteble plus icule phosphorus in the thiazole
pyrophosphete silver salt in thiszele pyrophosphate solutions were as
 followsy

FPreparstion of unknmown =~ the amount of unknown estimeted to com-
tain spproximately .05 mg. of P was added to & 25 ml, volumetrioc flask,
Solution was affected by adding 22.5 ml. of 10 per cent trichleroacetic
ecid and the contents were diluted to the merk with distilled water,

Preparation of blapk = 22,5 ml. of 10 per cemt trichloromcetio
ecid was sdded to & 25 ml. volumetric flask end diluted to the merk with
distilled wa“her.

Preparetion of stendard ph

stock phosphete sclution was added to & 25 ml, volumetric flesky 22,5

ml, of 10 per sent trichloroscetic aold wes added and the contents of
the flask were diluted to the merk with distilled weter. This solution
ocontains 0,05 mg, P per 2 ml,

Detormination of total phoephorus =~ 2,0 ml. of esch of the un~
known, blenk, and standard solutions was plsced in miero~Kjeldahl
flasks; 2.5 nl. of 5.0 ¥ HyS0, was sdded and the oontents of the flasks
were digested over e miore-burner until colorless. One drop of 30 per
m' Hgﬂz was added to the cooled contents and the mixtures again
digested, 5.0 ml, of water was added and the contents bréught to
beiling; on cooling, the contents of the flasks were transferred
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gquentitetively to e 25 nil, volumetrio flask; 2.5 ml. of molybdate
reagent was added and the solutions mized. 1,0 ml, of the aminenspthole
sulfonic acld wes added, the selution diluted to volume, mixed and
allowed to stand for & minutes; the colors produced were then resd in
the Xlett-Summersen photoelectris colorimeter using the X3 #66 filter,

Determination of lenie phosphorus <= 2.0 ml. each of the unkmown,
blemk, and stenderd solutions wes sdded to 28 ml, volumebrio flasks,
10 mle of 10 per cent trichloroacetic seid fellowed by 2.6 ml, of
molybdate reegent and 1.0 ml. of sminonaptholsulfonic acid was added to
each flask, the contents mixed and diluted to the merk, Afber § mimutes
standing, the solutions were read in the colorimeter as outlined sbove,

Determination of iemic plus secid hydrelyzable phosphorus = 4.0 ml,
of the wnkmown and blamk solutions, snd 2,0 ml, of the stendard
phaapkwob selutions were edded to 28 ml. pyrex volumetric flasks, 2,0
ml, of trichloroscetic acid solution wes sdded to the flasks containing
the unknown and blank, end 4.0 ml, 4o the standerd flask. ZHydrolysis
weg offected in a boliling water bath for 30 minutes, The solutions were
eooled and 5,5 ml, of 10 per cent trichloroacetis acid, 2.5 ml, of
molybdete reagent, and 1.0 ml. aminonaptholsulfonie ecid reagent were
edded to each flask, the contents mized and dlluted to volume, After 5
minutes of standing the solutions were resd in the colerimeter,

The rosults based on the celorimeter readings were ealoulated as

followss
Total Py %, (.08} E‘ZB (28) . mg. total P in
' ~original sample
Tenio Ps {,08) 5%5) (26) = mg. Tonio P in
' original semple




3o , ng 2..?. e h.@&_v m.w ﬁwﬂv = Emt “gm.ﬁ @U..ﬂﬂ
; 30 ARG ' pﬁmn“ gﬁﬂ P u.w
originel semple

These saloulations are derived to fit the specific conditions as out~

1ined and resd directly in terms of the amount of sample in the original
preparation of the unknown for snalysis. The methods themselves are
general and may be used under different conditions and caloulations msde
to fit the partioulsr sonditions used.

| Two snalyses, both in dupliecete, were made to determine the smount
of "thiarzole pyrophosphate® present in the stook selution. The first
was made om the silver salt of the "thisscle pyrophosphate™ and the con~
centration of the stook solution caloulated from these results, while
the second was made on an elicuot of the stock solution itself,

The eencentratien of "thissole pyrophosphate™ in the stock solution
was found to be: 2.3 mg. per ml, by the snalysis of sllver selt; and
2.4 mg, per nl, by the snalyels of an aliguot of stock solution. The
agreement between the two snslyses is quite satisfactory and, though
both results are ocsloulated on the basis of the same sasumption, the
agreement does indieate that the assay 1s an adequate memsure of the
"thiszole pyrephosphate”™ present, For the purpose of the later studies
this stock solution was assumed to have a concentration of 2,3 mg. of
"thiagole pyrephosphete” per ml,

The analogues and derivatives of thiamine listed and discussed
ebove were studied in one or more of the thiemine dependent sysiems
investigeted, The smounte evailable of some of the analogues were not
large, end this dictated to & marked extent which analogues were used in
the experiments requiring relatively large amounts of ceampound., Alse
several of the more effective anslogues were prepared and made avaeilable
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&wgfo days until & definite deviation fram the normel growth rate
wes ﬁa&w%@, in sny of the experimental groups; st this time daily
ssmmwgmu, wore begun.

The rets as needed were obtained from the two stock colonies
mainteined en the Iowa State College ocempus,! Adequste freedam of
selestion was allowed so thet all rats unless otherwise noted sonformed
in »ma and gwmw.w to the figures outlined above,

The first ocompound tested was the gsnmut?ﬁuagwt roxy-
ethylthiazoliwn ochloride analogue of thismine, which was administered at
& level of 80 Lige per day to & test group of twelve rets. This level
of administration gave, in the case of the greuwp 3 rats, en snalogue/
thiamine mole ratio of 12.6/1, The rats were grouped ss previously oute
Iined with those enimels receiving the compound plus thismine in group
3, and those on compound slone in group 4. The results of this experi~
ment are given in Table ¥ vnder experiment 1. The rats receivisg no
supplement showed insignificant gain in weight &t the end of the experie
ment, though they sotuslly gained weight for sbout 6 days snd then
gradually lost weight wntil the experiment was termineted, The rats in
group 2, the suboptimal thiemine controels mede & steady gain of weight
sharacterised by the finsl ﬁdgma welght gein per day of + 1,61 grams,
The suinals receiviag both thismine and the tes: cempound showed more
3«.&? growth respense though the &&Ew total response wes positive in
that p..ﬁ rats ew the group demonstrated a definite weight gain, as shom
by the group ﬁqﬁ%ﬂmo of 10»@3 m&% per %»m, of +0.97 %f The rats in

Mﬂ_a author &.«wﬁm to aswugu his »@vﬁgw&»g to Dr. B. m. u.gﬂﬁu- ,
Director of the Animal Chemistry snd Butrition Subsection of the Iows
Agriceultural Experiment Stetion, and to Miss Helen Glark of the Division
of Home Boonomies for their generosity in meking evailsble from their
eolonies the rats used for these studies,
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group 4, theose receiving only the vompound, survived for an average of
12 days with two rats sucoumbing on the 1lth day end the third on the
14th dey, The ret thet sarvived until the 14th dey chowsd some of the
typioel symptoms of thiamine defiolency == body tremors and loss of
equilibrimm when picked up by the teil,

The interpretstions besed on this experimert have been made with
some reservations sinee the administration of the daily supplements
were not too satisfactory in the quatitstive sense during the first
week of the experiment, The gr\emm» of & definite physiologliesal
response wes suggested, however, by the definite differense in growth
response between grmxpa 2 end ‘&, and between groups 1 and 4,

The minv“‘higmhim of *&hﬂ effect of this compound and the added
study of the effeot of the mmmmﬁs}w&mthﬁu&pfhydmmthﬁn
thiezoliun fodide hydroloedide were underteken. The more detailed
results of the experiment with the benryl analogue are shown in Table
YI. The difficulties in sdministration of the supplements enscountered
in the first experiment were oversome end in this experiment, as well
a8 in the remainder of the experiments, the supplement administretion
wag considered to be guentitative, The repeat study on the bentyl
snelogue, experiment 1l{a}, was made undsr the ssme sonditions as the
first experiment, with the thismine and anslogue levels being the seme.
Seversl differences in the expsrimentel resulis were noted and cen be
seen by the semparison of the consolideted deata for experiments 1 and
1{a) in Teble V. The experimental period wes twenty eight deys and
2ll rats survived the whole periocd. The effect of the bensyl snalogue
was not s marked as was observed before; the asalogue effect on the
group of rets receiving thiemine wes only slightly inhibitery, while
the sffective shorteming of the survival perlod of the rate on the
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the menner in which death occurred, The rats in this group grew quite
slowly for varylng lengiths of time and then suddenly began to grow
very rapidly, geining from two to four grams s day for severel deys;
which action was followed by & precipitous loss in weight of 3 to 5
grems & dey and termineted by death, ‘I’hes& deaths were not predioted
w wapected from the observation of the general appearsnse of the rats.
The gemeral slow declire and deteriorstion of the rat on a thiemine
defislent diet was not obsernd; Contrasted to the appearent effect of
this analogue on rets receiving thiemine wes the observed effect of the
compound on the thismine deficient rat, Az was observed alse in the
second experiment with- the benzyl anslogue, the tﬁim&ne defieient rats
apperently were stimulated slightly by the prenanﬁa of the asnalogue
since the decline in weight axad: the general over-all deterioration of
the rete receiving the analogue alene was not as great as thet in the
case of the uncompliecated thiemine deficient rats, The observed effect
resembles to some extent a "‘apaﬁngwiike action" of the sompound on
thiamine. The similarity of the observed defioiency signs of the rats
in all groups axaépt the positive thismine contrel group (group 3) is
spperent from the date presented in the column entitled “defioiency
signs” of Teble VII,

A preliminary interpretation of results from these first experiments
indicated that the presence of the o~amino group in the bensyl~portion
of the snaleogue was of censiderable importence to the funetion of the |
o-sminobenszyl snalogue ss an inhibitor meoleoule, The importance of the
presence of the free amino group in the ortho-position for the inhibitery
powers of these benzyl~(5)~thiazolivm enalogues has been mentioned '
‘earlier in comneotion with the work of Sesloeck and Goodlend (124). Their
observation that the hydroxyethyl side chain in the Sepasition of the
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Tebls IX

Response of Rets to Thismine and

o~imincbensyle(3)=d-methyle
JTodide Hydroiodide

~hydrexyethylthi esolium

Greup Rats Supplement Average  Average Average
Famber in Thiemine Compound Days on Weight Cein Defioienay
Growp  u.g./dsy ug./dey  Expt. gn./dey Signs*
Experiment 2
1 3 0.0 0.0 28 -0, 21 +++
2 3 5.0 0.0 28 +2,08
L 5 5.0 93,0 21,7 +0,17 +++ D
4 3 0.0 93,0 28 +0.11 +4++
Experiment &
1 3 0.0 0.0 26 +0,08 +++
2 3 5.0 0.0 26 +2,86
3 s 5.0 46,5 26 +2,51
4 3 0.0 46,5 26 +0,18 +++
Experiment 7
2 3 5.0 0,0 23 +2,13
L 3 5.0 93.0 23 +2.51
4 3 0.0 93.0 23 +0.26 ++/5+ &
Experiment 8
1 3 0.0 0.0 11,3 «0,01 +++ 2P/3D
2 3 5,0 0.0 16 +1.75
3 ] 5.0 93,0 13 +1.33  1/3( +++ D)
4 3 0.0 93,0 14,3 +0.47  +++P/3 /3
Experiment 9
1 3 0.0 0.0 11,3 0,01  +++2P/3D
2 3 5.0 0.0 16 +1,76
3 3 5.0 380.0 1 +1.,08  2/3(+++PD)
4 3 0.0 380.0 16 +0.69 2+/3+2+/3

*Deficiency Signe

1st "+ 7 indicates cessetion of growth

2nd "4+ " indicates poor sppearsnce, gradusl weight loss

rd "4 " indiocates repid weight loss
*P® indicates symptoms characteristic of polyneuritis

*D" 4indioates death

fFractional values indieate the number of rats in the group exhibiting

the signs
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FIGURE |. GROWTH RESPONSE OF RATS TO THIAMINE AND
0-AMINOBENZYL-(3)-4-METHYL-5 -,6- HYDROXY ETHYLTHIAZOLIUM

CHLORIDE HYDROCHLORIDE
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from a gurvey of the dets presented, it oan be consluded that though
some definite physiclogicel response in the form of inhidbition of
thismine setivity hes been cbserved for the g-amincbenzyle(3)~d-methyl=S=
@»hmmthﬁ%iaw&im analogue at both low and high levels of
administration it is spparemtly not & molecule of high inhibitory
properties, The W!n{&}nimtm—%hyﬁmm’thﬂthisz&iw chloride
end the gesminobenzyle{3)~femethylthisszolimm chloride exhibit little if
sny inhibitory effest. These date oen omly suggest that the free amino
group on the beneyl residue and the Eﬁﬁw&rmﬂhﬁ group on the
thiazole are nesessary for inhibitiona observed, The censistent
cbservation in all but the first preliminery experiment of the small
but definite “sparing sction®™ of these ansloguss on the rats maintained
on the thismine defieient diet 1is significant and indieates that the
entlogues are exerting sn effeet in some menner toward thismine in these
andmals. 7In this case with the analogues tested, structural specifioity
does not seem to be importent, The gualitative observation that et
high levels of administration of the W’h&nzyh(&)—kmﬁhﬂ-ﬁﬁu
hydroxysthylthiszolivm snalogue much of the compowmd is promptly
eliminated through the exoretory system of the ret, either in its intact
or modified form, is of importence since it suggests that there is &
prastical upper limit of edministration of this anslogue as far as the
rat is conoerned,



¥ Y8Y3 2OIPRLE eols UT POSn JUSURAZIUT eY3 J0F ggu. os1s ses 31 *u@
0g*0 Jo pwegsuy *wd gz*0 ‘% 3wyl fpoyjew [eUTITIO SU3 UT POPUSTIOOS
e 93wl yonw ge Jrey .hmﬁ.. $ugsn pojelIssedeu pesn oJemsseid eyl
JO oURIOA JSTIVNE OUJ *PeOnpPOIJUT SIG4 JeGTEUTSJOY PO3BOTPUT SUOTISOL]
~Fpow xowtw suyy LTup *peqiivvep hﬁ,evdsgwa ueeq sey pelinbaz sngvxedde
oy3 pwe (621) £Lexy puw WA ‘zaInyss Jo poyjem wojeqmeniey eyl
*woyedgmeant
JBYRINT STYS JUBLIBM 03 $INT89] SIqeITEep JO Jequnu qUeTolIyue w
peJslyo poyzewm pescdoxd eyl “eummsTyy Pepps oy} Jujaroany sweooxd uoly
~sTruT3e oYy uInoswy motjenpoxd 2gp psyelmuyie OUY UO W TToM 8w wesefs
epeTAxoqaes ou3 yInosyz woijonpoxd 250 Te®8q SYJ UG SOUSNIIUT We JJOXS
o7 pejoedxe eq prnoo 3¥ *wegsde syyl uwy ewymeiyy Y pegadwoo eyl
punoy sea ondoTsus SUTEWMTYL @ JI OTMOOTOW SUTWETYI SUYL JO USYOUN
¥ sofpngs pesodoad sy3 Jo esodand syy 07 set fpoululienss Teeq 30U
8WYy WOTIBIRWILS STYY JO WBIWeYOSm J0UXe oyl yInoyy Usae Teupwetyl peppe
ouy £q weysfs ®Tu3 3o £377qe Fugonpoad Zop suy Jo woygwImmIE eul  *S0p
pue opAyepIelev? 043 pIoe stanald Fuyysplroqresep *wmegels epwyixcquso
gswed oyq Jo UBIIOUNg ¥ suM voTaonperd opIxep ToqLwo ouy wegsis jouwsd
ey) uy souye juesedds sum woysls oyz yo Louspuedsp sumpweTyy oY
*WOTIVIOP JAOUS JO TR @aﬁmn
1eguemtasdye oyy pue *Ireums ser pesttbes onldoywus JOo junows 8yj ‘euimmstun
Jo spunous [[ews 03 ealjlsuse sem 31 {fpmys Jo odfy syl o7 ssanjwey
olqsxysop Lfusw PsI3JJO JI6S3T poulsw oyl *eonfofpeus SUTWeTY} UL JO
8300336 oyy Apnys 04 ATTnFseeoons pesn o4 PINOO POYILW €TIYY JI oUmIojep
03 ueXBjIepuUn geM SonoTEWs WMITOTETYI-(g)=~TArueq oyy Jo moTyeFyseauy
a3 03 poygzem Awess uoijwjuoumzay jewal syj Jo wolgeorrdde eyl

POUION TOIysyUsULISg 388eL "D

{12)



(72)

shaking speed of at leset 120 per minute was recuired to give acceptable
precision. The precision of readinge of gas volume could be made
within 2,0 ml, difference between individual flesks, and in the majority
of cases, it was possible to schieve differences of less than 1.0 ml.
Considering the 2.0 ml, error at ,_«m@ basal fermentation lewvel of about
35 to 40 ml. of acw._ the meximm error thet must be occonsidered with
this instrument wes & per cent. Differences in CO, production resulting
from the addition of snelogues to the basal fermentetion of less then
1.0 ml. wers not considersd es evidence of any ection of the anslogue.
Ineresses or decresses in COp produstion over 1.0 ml, in volume were
consideored ns indicating ectivation or inhibition. However, unless the
snalogue gave & decided change in G0y production, it was not considersd
to be exerting a significasnt effest.

The effects of the analogues were studied on both the basal fere
mentation levels and the fermentation levels stimulated by 1.0 m g of
thismine per flsek. The warious smnaloguss were added &t the desired
concentretions to the reaction flasks containing the yeast end yesst
plus 1 sge of thiamine, The fermentation was sterted and at the end of
the three hour period, the volumes of (0z produced in the flasks were
read, The results for the esnalogue sotivities are given in sotivation

per ocent or inhibition per cont caleulabed by the formules given below:

Astivation, per cent =

Inhibition, per eent = 100 - nl./COp uninown X 100
ml./C0y centrol

b
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The results glven in the tables are for individual flasks in almost ell .
instances,

The summary of the results obtained with the benzyle(d)=dwmethylebm=
@.@M&w%wﬁ&wwmgﬁg snalogues of thiemine is presented in Teble XI.
It is apperent from the daba that none of thess anslogues at reasonably
low concentrations exerts much offect, The s~sminobenzyl analogue was
studied st seversl concentrations ranging fram 9.4 & to 3.0 mge of
snalogus per 60 ml. of soluticn. Mole ratios in the csses of the fere
mentetions stimuleted by 1 wge of thiamine ren from 6.25/1 to 1500/1,
Irrespestive of the conesntrations of this analogue empleyed, significent
physiclogieal effects were not noted, This analogue might have been
expected to exert same effect since its a_»?aa on the rat growth had
slready been observed, In genersl the results show no real effect for
eny of this group of anslogues et ressonsble concentrations., Two ana-
logues do show some interesting action. The dgwsmavngawgﬂ:m.ﬁa
hydroxyethylthiazolium chloride was studied at several high soncentra=
tions, Tts effeat at the rather ebsurd mole ratio of 100,000/1 contrasts
eharply with the effeet at the lower comocentrstioms tried, The p-nitro-
benzyl enalogue d1d show a rether remerkable stimaletion at & mole ratie
level of 1000/1 for both the basel end stimulated fermentetiens, The
comparseble stimuletions of the gm.wwﬁ:%agﬁchgmw&o included
in Table XI for the sske of comparison are quite eppreeiable at the 1000/1
level, |

In the oese of these bentyle(3)=demethylmbe=ehydroxyethylthiazolius
analogues thet do show astiwvation, the possibility exists that the 4w
%&mﬁws@tga%&gwwugmﬁw beocanss separated from the benzyl molety
under the conditions of the test amd the resultent stimulation observed
is besause of liberated thisszole, Cuntrested to this hypothesie is the
faot thet the

1 analogue especially, and the majority of other
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Tebls XI

The Effect of (3)-4=MethyleG=B«hydroxyethylthiazoliun
anslogues of Thismine on the Bassal and Thiamine
-~ Stimulated Fermentation of Bakers! Yeast

Compound Conoe Effect on Fermentetion
moles/liter Basal Thismine Stimulated
x 1010  Per cent® Per cent Uole RetioP
Benzyl=-chloride 64,92 2.3 E+
592,00 2.3 §+ 2.6 (+) 10000/1
5920,00  34.3 (+) 17.1 (+) 100000/1
o~kminobengyl=icdide -
hydrolodide 0437 1.3 {«; 3.7 {+) 6.26/1
2.98 2.8 (+) 1.0 (+) 50/1
15,10 06 (= 2.3 (+ 250/1
30420 2.4 (=) 0.9 (+ 500/1
59,50 0.0 0.6 (+ 1000/1
89,20 1.4 ? 0.0 1500/1
1191:% 3¢2 - -
priminobengylechloride : :
hydrochloride 8,24 1.8 E+;
§9.20 0.6 {(+) 1.5 §+ 1000/1
592,00 0.0 0.4 (=)  10000/1
o~Fitrobenzylechloride 5,71 0.0
m=litrobengyl~chloride 5,71 0.0
58.40 2.2 (+) 3.0 (4) 1000/1
pr¥itrobenzylechloride 5,71 4.3 2-!-3
58,40 22,2 (+) 16,3 {+) 1000/
{~FPhthalimidopropyl-bromide 59,60 8.7 {+) 2.4 (+) 1000/
Methyl=-iodide 59,40 3,8 (4) 2.6 (+; 1000/1
594,00 6.4 (+ 10000/1
{Mathylns—q_-mrdraxyethyb ,
thiazole 3400 4,0 g+; 5.6 21-; 50/1
63,00 59,1 {+) 22,9 (+ 1000/1

®(+) indieates activetion in per cent; (-) indiostes imhibition in per
oent.

bﬁ‘hiamin«s conoentrstion for stimmletion 0,06 x 1010 moles per liter,
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‘snalogues do not show evidence of marked stimulatiem, indiceting that
the bond between the benryl group and the thiszole tends to remein
intaot,
The studies of the anslogues having the 4~methylthiszoliwm group
n to 8ll are presented in Table XIY, Of these analogues the only
Table XIX
The Effect of (3)=deMethylthieszolium anelogues

of Thismine on the Besal sand Thismine Stimaleted
Formentetion of Bekers® Ysast

Compound Gone, Effest on Permentation
moles/liter Basal Thismine Stimulated
x 1010~ Per oent® Per cent Mole RatieP
Bengylw~chloride 6.2 3.3 §+g :

63,8 0.8 {= 2.4 (+) 1000/1
geAmincbengyl=chloride 10.1 3.8 (+)
o~Nitrobengyl~chloride 68.0 2.6 (=) 0.8 {+) 1000/1

Aminopropyl-branide
X hydrobramide 24.0 40 (+§

80.4 7.8 (4 B.7 (+) 1000/1

(4~Methylthiazole) 60,0 1.3 (+) 0.t (=) 1000/1

% (+) Indieates metivation in per eent; (~) indicstes inhibition in
per ocent,
® Mole ratio of compound to thiemine; thismine cemcentretien 0.06 x 1010
moles per liter,
significent effects are noted with the Y~aminopropyl compound, In this
oase the results show a definite stimulation thet san not be atiributed
to the éemethylthiaszole molety es the teble shows, It is also noted in
the ene test thet was mede with the geeminobsngyle(3)w=d-methylthiarole,
that its ability to inhibit the Chastek-Paralysie ensyme is net duplicated
in an ability to inhibit the physiclogieal aoction of thiemine in yeast

formentation,
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Three 2-methyl-S~aminopyrimidine moieties of thiemine were included
in the fermentation studies. As is shown in Table XIII, these three
Teble XIXI
The Effeet of 2-Methylwtwaminopyrimidine Moleties

of Thiemine on the Basel end Thismine Stimuleted
Fermentation of Bekers!' Yeast

empmﬁ Cono, Effeet on Fermentetion
moles/liter Basal Thismine Stimulated
% 1030 Per sent® Per cent Mole Ratio®
f-Mothylenesulfonie acid  6.38 «Mm |
f : 60,20 12.9(+ 4,0(+) 1000/1
SwBranomethyledi~ . |
hydrobrenide 59,40 35,2(+)  17.8(+) 1000/1
B~Hydroxynethyl= 3.0 13;.054- 80/1
3.0 13.0(+ 80/1
12,0 8,0{+) 200/1
12,0 9.7(+, 200/3
60.0 19.5(+ 1000/1

® (+) Indicates sotivation in per sent; (=) indicetes inhibition in
per oent,

b ¥ole retio of compound to thimmine; thiamine concentration 0,06 x 1010
moles per liter,
compounds differ only in the substituent substituted in the Semethylene
positien; a bromine, & sulfoniec acid and & hydroxyl group, resulting in
the pyrimidine sulfoniec meid, pyrimidine bramide emd pyrimidine aleohel
noieties of thimmine, Table XIII summerizes the results obtained with
these compounds, On the cumparable levels of assay, at mole ratios of
1000/1 the stimulating effect on the COp produstion is evident for all
of the uémpmda. The pyrimidine bramide end aleohol exhibit the
greater stimulations. It is interesting to note that in the cese of
the pyrimidine aloohol molety, the stimmletion st a mele ratio of 200/1
is not as grest ss the stimulstion at a mole ratic of £0/1. However,

et the mole ratio of 1000/1 this campound shows increased stimulation.
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Teble XIV

. The Effeéct of Thiazole Derivelives on the Basal snd
Thiemine Stimileted Fermentetion of Bakers' Yeast

Compound Cono. Effect on Fermentatiom
moles/liter Bassl Thismine Stimulated
21010 Per cent® Per ecent Mole RetioD

4-Methylthiazole 60,0 1.1(+§ a.&gng 1000/1
‘ 600.0 1.4(+ 2.6(=- 10000/1
2-Methylthiazole  59.4 1.7(=) 2.2(+) 1000/1
2,4~Pimethylthiazole 68.0 0.8(=) 2.0(+) 1100/1
4-MethyluE-8 ~hydroxy« |
ethylthiazole 3.0 4.0+ 5.6(+) 50/1
L 12,0 23.2(+) 11,9?3 200/1
63,0 59,1(+ 22.9(+ 1000/1

4-Methyl=5e3=hydroxy=
ethylthiasole pyro~

hosphste 3.0 50,
phosp | 50 seﬁ
6.1 100/1
8.1 100/2
12.1 200/1
12.1 200/1

% &) Indicates sctivetien in per oent; (=) indiostes inhibition in

per ﬁmt. ) ’

P yole retioc of sompound to thiamine; thiemine concentration 0,06 x 1010
moles per liter,

In en ettempt to obtein additiomel information on this stimmlation,
s gseries of fermentation runs wes made with equimolar concentretions of
the 2-methyleG=emino-b~hydroxymethyl-pyrimidine ("pyrimidine aleohol”)
end the "thiezole pyrophosphate” and with the- é-vmntkyi-ﬁ-@-hydrmothylu
thiagzele, The results of these studies are presented in Teble XV along
with the results obteined for the pyrimidine end thiszoles alome, It
is shown from the data in this teble thet the effests of the pyrimidine
sloohel thiasszole pyrophosphete snd the pyrimidine sloohol plus the
thiazole combinations ere much greater than those with either the
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Table XV

The Effect of Pyrimidine Aloohol plus Thiazole and
Pyrimidine Aleohol plus Thiazole Pyrophosphete on the Basal
- and Thismine Stimulated Fermentation of Bekers® Yoast®

Compound Cono, Effect on Fermentation
meles/liter Basal Thismine Stimuleted
x 1010 Per cent? Per cent Mole Ratic®
Pyrimidine Alechol 3.0 28.6(+) 11.a{+) 50/1
Thiazole 3.0 4.00+) 5.6(+) 50/1
Pyrimidine Alcchol 3.0 ;
92,9(+)  36,0(1) 50/1
Thiazole ~ 3.0
Pyrimidine Aloohol 12.0 18.3(+) 9.0(+) 200/1
Thiszole 12.0 2s.2{(+) 11.0(+) 2001
Fyrimidine Alechol 12,0
_ ~ 84.6(+)  37.2(+) 2001
Thiazole 12,0 ,
Pyrimidine Alcohol 3.0 24.8(+) 13,0(+) 50/1
Thiaszole Pyrophosphate 5.0 11.3(+) 8,0(+) 50/1
Pyrimidine Aleechol 3.0
' 53.0{+)  25,7(+) 50/1
fThiazole Pyrophosphate 3.0
Pyrimidine Aloohol 12,0 22,0(+) 9,7(+) 200/1
Thiarole Pyrophosphate 12,1 33.3(+)  14.0(+) 200/1
Pyrimidine Alcohol 12,0
78.4(+) 20.6(+)  200/1
Thiagzole Pyrophosphate 12.1

dine aleohol is zm%hylmﬁnm\:&nw&m:'methylpmidimg
thiami@ ie 4wmethyl~B=Qvhydroxyethylthiesole; and thiazole pyro=
phosphate is the pyrophosphete ester of mtkylws-l@-mammthyb
thiazole.
15'(-l--) Indicates activation in per centy (=) indicates inhibition in
per eent.

%ole retio of compeund to thismine; thismine cencemtretion 0.06 x 10~10
moles per liter,
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thiazeles or pyrimidine compounds alone, The pyrimidine-thiazole
conbination stimulstes the basel fermentation more at @ mole ratio of
50/1 then it does at a ratio of /1; however, this situetion is

definl tely Mrsed in the cese of the pyrimidine-thimzole pyrephosphate
fermentations whers the higher levels give the grester activetion. The
previously noted lesser stimulating effeet of the pyrimidine aleohel at
the 200/1 level might explein this effect with the pyrimidine aloohol-
thiszole combination, Such sn explanstion is not supported in the case
- of the observed effect with the pyrimidine alcohol-thimrzole pyrophosphate
combination,

‘i‘hé inoreese in (0, production oeused by the pyrimidine and the
thisgzoles separately do not account for the inecrease in COp produstion
when these. two oampounds are added to the yemst together, It is evident
thet these two halves of the thiamine molecule exert an additicnel
effect beoause of their presence together, Since the ability of yeast
to synthesize thiesmine is well known (136) the possibility that the
added effect may be ceused by an actual thiemine synthesis certainly
exists. The lesser ebllity of the thiarole pyrophosphate in the presemnce
of the pyrimidine to effect the increase of (0 production suggests that
‘it is not ms available to enter inte the stimulating process as the free
thiazole portion ef thimmine,

It beoeme evident as these studies progressed thet this method of
assay wts not lending iteelf to the tests of enalogue activity es had
been expected. One camtributing factor, without doubt, was the modifie
cation of apperatus end methods required by the small sized gasomsbters
with the resulting loss of acocuracy of the experimentel procedure,
Effects of the analogue of emsll magnitude whioh might have been used
ag guides in designing experiments that would result in the demonstration



(81)

of meesureable effects could not be ohserved, The definite aotivations
that were observed with some of the snalogues indicated that the ysast
cells were permesble to the general 'ty;;e of snelogue used in these
tests,

Twe goneral pointe of view may be taken in censidering the effeative~
ness of this method for the sssay of the sotion of thismine analogues
on the thianmine dependent portions of the yeast fermentstion, The strong
possibility exists that of the snalogues tested there were none that
showed real sotion with respect to aotivation or inhibition of the
thiemine fumction in yeast, in which ease the method gave a true
evaluation of the properties of the snelopues, The other point of view
mey be taken, that the yesst system as studied was not suiteble for the
testing of snalogue~thismine entegonisms, The three~hour test period
really measures only the fermenting ability or capaoity of the enzyme
systems already present in the yesst sell at the time it is inecorporated
into the test, Under the experimental conditiens little if any reel
growth activity is cerried om &n the yeast oell. The ability of any ome
enalogue to effect the growth function over e reasonsble period of time
may differ markedly from its ebility to influsnce an intaoct ensyme
system slready synthesized by the yeast and able to carry out its
funetion if the proper substrate is made available teo it, In the
growing cells the new encyme systems must be synthesized, or at least
be assembled in part by the cells from component parts supplied teo them,
Therefore, it is entirely possible that the snalogue might compete with
the thiemine dependency for growth and engyme synthusis where it will
show no sffect on the thismine enzyme function after the enzyme has been
assembled, The rather incomclusive results encountered with thie method
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were contrasted with the rather striking results obteined with the
mierobiologieal assay technique which will now be desoribed,

D. Lactobacillus fermentum 36 Method

The suceessful use of the Lactobeoillus fermentum 36 assay methed

for @w@g {115) in studying the ,§&em§t&w»§a relationships of
pyrithismine to thismine was reported by Serett end Cheldelin (113) in
1944, Their detailed investigsbion and the results and discussion of
the reletionship of pyrithismine to the thiamine dependent system
indionted that it might be equally semsitive to the proper bengzyle(3)=
anslogues of thiamine,

The L. fermentwm method for thismine assay has been thoroughly

discussed in two papers by Serett snd Cheldelin (115, 137). A oulture
of L, fermentum 36 was obtained from the Americen Type Culture Cellection,
loested in Washington, D. C. Upon receipt of the orgeniam it was trans-

ferred to the glucose sgar stabe as deseribed in the asssy method,
Mequete precautions were teken to meintain = .mwno stock oulture of
this orgeniom so that it would be evailable as needed, The L, fermentum

assay msthod used in these studies was the exact method desoribed by
Serett and Cheldelin (115, 137). |

Preliminary essays were made to enable & check of the response of
the orgeniem to varying levels of thiesmine and to establish a thismine-
growth relationship for the organism, In all the assays made with the
enalogues, repregentative levels of thismmine were included to insure
that the partieunlar essay was funoctioning properly with respeot to
.«g%w. in so far as the organisms, inoculum and the incubation were

sonserped,
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The assay for the eﬂ’ee&ﬁ of the enalogue was carried out in the
following pettern: two levels of thiemine {0.04 Jge ond 0.02 ALg. per
tube) end two levels of suvoarboxylase (0.0568 u g. end 0.0284 ug. per
tube) were run for five different levels of analogue in each determina-
tiong the thismine and socarboxylsse levels were equimolar at both the
high end low levels, The analogue concentrations were seleoted so that
the following mole ratios of analogue to thismine would be sstablished
in & series of tubes; 0/1, 1/1, 10/1, 100/1, 1000/1 end 10000/1, st the
0404 4 ge level of thiamine, The mole retios of snalogue to thismine
in the tubes containing 0.02 u g. per tube were thus twice those at the
higher thismine iml. The same mole ratio relationship was set up for
coocarboxylase in the other two series of tubes. All solutions of
snaloguss as well sas the other reagents were sdjusted to a pH of 6.5
prior to addition to the test tubes.

The inocubstion period uted vas 16} to 17 hours after which the
orgenisms were removed from the inoubstor end placed in the Nf»rigarator‘
%o stop growth, Turbidities wore resd in the KletteSwmmerson photow
electric colorimeter using & XS #42 fi‘lﬁer; Results were cslouleted in
the following msmner; the effest of the snalogue wes determined by
comparing the turbidity due to growth of the thiemine sontrel tube with
the tube conteining tha’ analogue plus thi@iﬁez basel turbidities (blank
growth) were subtracted fram all readiogs prior to ¢a1au1atién; all
- results were calouleted by »the basgic Inhibition or sotivation formulas |
i1llustrated in the fermentstion saaﬁim of thls thesis. The next step
involved & graphical caloulaticn in which the activasien or inhibitions
in per cent were plotted ageinst the logarithm of the mole ratio of
enalogue/thismine for the conoentrations deseribed., The points om the
graph were comneoted by the best ourved line that eould be drawm through
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Teble XVY

The Effect of (3)=4~methylm rdroxyethylthiszoliwm
Anelogues of Thiemine ‘on the Growth of
Lactobsoillus fermentum 36 in the Presence of
Triemine or Gosarboxylase

Compound

Bengyl=chloride

g-Aminobenzylwiodide
. hydroiodide

prfminobenzyl-chloride
hydrochloride

o-Nitrobenzyl=chloride
n-Nitrobengylwochloride
p-iitrobensyl-chloride
Hethyl-iodide

(4-sisthyl-6-g=bydroxy-
‘ ethylthiasols)

Effeot on Growth
Hole Retic of Compound/Thismine or Cocarboxy=
lage required to Effect a 50 per cent Stimu~
lation or Inhiblition sz Basal Growth Stimulated

bys
Thiszmine per Tube Coearboxylase per Tube
moles x 1010 moles x 104
0,596 1.19 0,595 1.19

5,900(+) D 10,0006)P 12,000(+) 4,000(+)

71+) 128{+) 136 (+) 79{+)
1006} 80(+) 100 {+) 34(+)
2,950(+) 4,370(+) 2,820 {+) 3,300(«+)
«)* &) +) (+)

5,760(+) T,950(4+) 7,100 (4)>10,000(4)

4,080(+) 8,320(+) 4,170 (+)>10,000(+)

230(4) 145(+) 436 (+) 1,260(%)

& {+) Indieates stimulation of growth; (-} indicstes inhibition of growth,

P () Indicstes that 50 per semt activation or inhibition effect was
almost achieved by the highest level of compound tested,

o

Blenk indiestes 50 per cent sctivetion or inhibition effeoct was

not approsched by highest level of compound testeds (4) or (=)
indicates the direction of the affeot,
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This suggestion would eppear as a distinet possibility if it were
not for the feot that the two aminobensyl snalogues, the owsminobensyl
end the p~smincbenrzyl, exert even more pronmounced stimulating sbilities,
Sinoe these snslogues were present in eguimolar comcentrations with each
other and with the thiszele, it becomes apparent that other factors are
involved in this stimulatory process, The importance of the benzyl-
emino grouwp whether it be in the orthow or metse-position is also cuite
evident when the stimuleting ability of the benzyl anslogue is campared
with the stimulatory ebilities of the two emino analogues, In & comperi-
san with the stimmlatory abilities of the o= end pwnitrobenzyl analogues,
the importance of the amino group to this effect becomes even more
evident,

The effects observed with the nitrobenzyl anelogues in relation to
the position of the nitro group is rether stertling since the m-nitro~-
benzyl anslogue exerted elmost no effect at sll on the growth of the
nicroorgenisms while the other nitrobenzyl snalogues did exert a merked
stimulatory effeet,

The group of analogues charscterized by the 4d-methylthiazole
nucleus exert an even more interesting effect on the growth of the I,

fermentum. Teble XVII presents the dete on these mnelogues. It becomes

epperent in a gleance that two of these snalogues are definlte inhibitors.
Considering the benzyl group &.w«f the bengyl and g~nitrobensyl ere
both definitely stimuleting in their setion in the L, fermentum system.

However, by the single structure modification of sonverting the g=-nitro
group to an gwemino group these stimuletory properties were campletely
reversed and the asnalogue becsme definitely inhibitory. The inhibition
is definite and of ressconable magnitude, Referring te Table XVI and teo
the W:gaewgaﬁwimﬁg%f%%ggwﬁw anelogue an opposite
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Table XVIT

The Effect of (3)=d-Methylthiezolium Analogues of
Thismine on the Growth of Lagtobao: 1lus fermsntum 36

in the Presence of

Gempound

Bengyl=chloride
o~Nitrobensyl —ehlorids

o=Aminobengylwchloride

hydrochloride

Y~Amine propylebramide
hydrobranide

Y ~émino propyl-bromide
hydrebromide

Y ~Phthelimido propyl=
bromide

A~imino-n=tutyl-
bromide hydrobromide

oFr 4 warm Ia&ﬁ

Effect on Growth

Mole Ratio of Gompound/Thismine or Coscerw
boxylese required to Effect s 50 per cent
Stimulation or Inhibition of Basal Growth

Stimmleted by®
Thismine per tube Cocarboxylase per tube
moles x 1010 moles x 1010
0.5986 1.19 0,695 1.19

1,680(+) 3,160(+) 1,000() 6,300(+)
890(+) 10,000{+) 3,160(+)  9,5850(+)

é,mz(aj 3,152{...; 7,245(=)  2,631(=)
2,000(~) 1,000(~) 6,310(~) 500 (=}

2,671(=)  6,012(«)  1,820(«)
2,820(+) 1,269(+) (+)P +)

“(+) +) +) +)

® () Indicates stimulation of grewth; (~) indicetes inhibition of

growthe
b

Blenk indieates that a 50 per cent s‘timulatim or inhibition effect
was not approsched by the highest level of compound tested.

-effect is very evident,

The only difference in the structures is the

lack of the 5—ﬁ~hydmxye‘thyl group in the inhibitor analogue, With the

group present the molecule has a stimulatory role while if the group 1s

sbsent an inhibitory role is evident, In this case the only varisble

in the system is the precence or ebsence of the hydroxyethyl side ohain

in the thiszole group, in one ingtense the analogue appears to facilitate

the action of thiemine while in the other 1%t interferes with the growth
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FIGURE 2. THE EFFECT OF AMINOALKYL AND SUBSTITUTED
AMINOALKYL (3)-4-METHYLTHIAZOLIUM ANALOGUES OF THIAMINE ON
THE GROWTH OF L. FERMENTUM 36.
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The effects coused by the B-smincpyrimidine enalogues are given in
Teble XVIII. Ihe effects were gemerslly ishibitory though in seversl
instances in the high ooncentretions of campound the growth was sctually

Table XVIII
The Effect of 2wMethyleSeiminopyrimidine Anslogues of

Thiemine on the Growth of Lactobseillus fermestum 36

In the Presence of Thismmine oF Uecerboxylese

Compound Effest on @rm}a
Nole Batio of Cempound/T
boxylase Required 'sa Effect a 50 )
stimlstion or Inhibitien of Bas @rwth

Stimlated by:®
Thiaemine per tube {oserboxylese per tube
moles x 1010 moles x 1010

0.5986 1.18% 0.598 1.19

B-Hydroxymethyl= g -)P ?.-i 2,880 é-} wg;..}
- | 14,130 +§ (+] -+ +
B=Bromoanethyl~die
| - 3,020(~) 2,630(~ «a&« 830(=

B-Methylenesulfonio acid -+ +) (v s )

® ) Indicates stimulstion of growth; (=) indicates inhibitien of

® Blank sndiestes thet a 50 per ocent stimulation or inhibition effect
was not spproached by the highest level of ompound tested,

ﬂim}a#ﬁd. Sarett end Cheldelin (113} had reported that for the L.

fermentum the G~eminowpyrimidines were inhibitory in their mode of action.
8inee these szsays were being run at relatively high concentrations

of enalogues, the halogen iems (C1™, Br™ snd I™) contributed by the

addition of the analogue to the mutrient medisa were quite large in

relstion to the emounts normally present. A series of assays were run

to determine the effect of these helogen ions on the L. fermentum asaay
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under conditions snd oomsentrations compsrable te those that were present
during the sctual studies. The results of these experiments are given
in Teble XIX, All halogens stimulated the growth of the L, fermentum

Teble XIX
Tthe Bffect of Some Anslogue ﬁmmwta of Thismine and
Inorgenic Salts on the Growth of Lectebusillue fermentum 36

in the Presence of Thiemine or Gooarb

Compound Bffeoct on Growth
Mele Retio of Compound/Thismine or Cocarboxy-
lase Required to Effect a 50 per cent Stimu=
lation or Inhibition of Basal Growth
Stimulated by:®

Thiemine per tube Cosarboxylase per tube
moles x 1010 moles x 1010
0.585 1.19 0,595 1.19
Sodium Chloride &P &)  39,800(+) )
Sodiwm Bramide 400H)  2,500(+)  39,800(+) +
Sodium Todide +) &) ) +)
o-Aminobenzyl Alschel 8,300(+) +)  12,600(+)  10,000(+)
d~Nothyl=6eflehydroxy- ,
ethylthi hia 230{+) 145(+) 440(+) 1,260(4)

® (+) Indicates stimulation of growth; (=) indicetes imhibition of
b plenk indicates that a 50 per sent stimulstion or imhibdition effect
whe not approached by the highest level of compound tested,

with the effect of the bramide iom being much greater than that of the
chlorine or icdine, Even though the bromide ionts effect is large, the
~eminopropyl enalogue, & bromide hydrobromide salt showed definite
growth inhibiting sotivity.
The g-aminobenszyl slechol moiety of the omsmincbensyl analogues is
in itself a stimulating molecule as shown in Table XIX. The results
obtained with these studies show thet the L., fermentwn sssay method does
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E. Interrelationships

The results obtained in this investigetion of anslogue asetion on
thiemine systems reweal thet even though the systems as & whole are
common iu their dependensy om thismine for thelr physiological functioms
of growth snd fermenmtatlon, the individual thiamipe functions in these
systems differ markedly in their reactions to the presence of these
analogues. Cousequently these cbservetions serve to substantiate,by
a different method, the known fasts that the thiemine function itself
is complex and is manifest in & similer yet speocifieally different
manner in different aspecies,

Where it has been possible to affeet similar smelogue~thiamine
relationships in the threes systems investigated, some quelitative
compsrisons cen be made, In the case of the gesminobensyl—{3)ed-meothyle
%Mrm&hylthiamlim snalogue of thiemine, ite interference with
the thiemine functions of the rat and of the L, fermentum was established,
while in the osse of 0O, production by yeast this eanalogue apparently
did not inhibit signifiocantly, 1f at all., The importence of the free
amino group in the benszyl or alkyl portion of the analogue is
evidensed in all systems where a definite effeot, either stimuletory
or inhibitory is noticed, ILikewise the importence of the ﬁ*hyérw
alkyl group in the thiazels molety to the activity of the analogue is
evident in the rat and assumes s unique and striking importance in the
L. formentum system sinee its presense or absensce diotates not only the
presence or ebsence of activity, but specifically the directien or type
of aotivity. The spperent ability of meny analogues to specifically
Tspare" or stimulate the astivity of the thiemine funetion in all three
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test systems seems to be more cammon Lo the basie benzyl-{3)-thiazolium
sonfiguration rather than to & spamiﬁa functional group in the
molecule,
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showm to give new insight into the mechanimm and function of the vitamin
engyme systems inveolved. The systemebio structurel modification of the
analogues of thiamine that affect the function of thismmine enzymes hag
not been pursued with the vigor that has been applied to same snalogues
of other vitamins., The importance of this type of study in the aceumu~
lation of fundemental kmowledge of inhibitor setien hes been shown in
the case of the a%wméa analogue mw@wv as well as in the gtudies
reported herein. Definite structure modifications thet oan negate or
alter the wa&wg of an inhibitor moleculs are details of importence in
the basic studies of ensyme sotion. .

The further spplication of these fundemental studies with struotural
anealogues leads to the fisld of medicine snd te one of its mejor tools we
the chemotherspeutic sgents, The fundemental species differences
observed in the study of the effects of anslogues on animals and bacteris
makes the study end selection of enaloguss of high antimierobisl
va&ap&« snd of low or insignificent effeot on enimel species one of
mejor importence, An analogue of little effect on the host (men or
domestic enimal) end of high entibscterial potency becemes an extremely
importent awgv.«wagwaﬁga agent in wﬁw hunan 8&, veterinary medicine,
The sulfonemide drugs es anslogues of p~mmincbenzoie aecid ere the
striking egua of this fundemental concept. The application of this
important chemotherampeutis consept to other vitamins whose struocture
end metabolic importence is kmown, through structural modifiestion end
edequete biologieal testing will undoubtedly develop chemotheraspeutic
sgente of even wider aceephance and use,

The practical applioation of structurel enelogues in medicine need
not be limited to the mntibacterial action of these campounds, The conw
cept of anti~-hormones in the cemtrel of hormensl upsety is becoming more
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of a reality each dey, Basic researches sleng the line of those carried
out in developing the entivitemin concept mey also be mcoamplished with
the probable addition of & new general class of ehemotherepeutic sgents,
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Ve SUMMARY

The physiologioal acticn of a mumber of bengyl-(3)ethiszolium
anelogues of thismine has been studied in three fundsmentally different
thiamine dependent systems.

The ability of ocertain of these anelogues to inmhibit the thismine
stimulated growth of the rat and the bacterium L. fermentum 36 has beem
demonstrated. The gminehenzyl-—(S)Methy}.ws-‘é-hydromthylthiawmm
enelogue inhibits the growth of rats but not that of the L, fermentum.
The g~aminobentzyl snd the -g_«min@m@yl»{3)-—$-mathy1thiaza11wn analogues
ere definite inhibitors of the thiemine stimmlated growth of the L,
fermentum,

The ability to stimnlste further the growth promoting effect of
thismine for the L, fermentum by many of these snalogues hes been showm
also, Two enalogues, the o= and g:amimhmzyh(ﬁ%&methyl-&@-hydrmn
ethylthiszoliun chlorides, are parfieularly effective in this respect
snd to the extent that it must be asssumed that the stimulating sbilities
of these aneloguee are specifie functions of their strueture,

The specific physiologioal responses of these systems in the
presence of several of these analognes can be correlated with their
specific structures as releted to themselves ae well as to thismine, A
fres emino group three carbons removed from the guaternary nitrogen wes
present in all analogues showing merked inhibition properties., This
group in the aunelogue molecules has approximetely the seme spatial
relationship to the whole anslogue molecule as does the free amino group
of thi&mine to the whole thiamine molecule. The importeance of this
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