Colby College
Digital Commons @ Colby

Colby

Senior Scholar Papers Student Research

1966

Oxidation of tetronic acids

Peter Densen
Colby Colle

Follow this and additional works at: https://digitalcommons.colby.edu/seniorscholars

Colby College theses are protected by copyright. They may be viewed or downloaded from this
site for the purposes of research and scholarship. Reproduction or distribution for commercial
purposes is prohibited without written permission of the author.

Recommended Citation
Densen, Peter, "Oxidation of tetronic acids" (1966). Senior Scholar Papers. Paper 66.
https://digitalcommons.colby.edu/seniorscholars/66

This Senior Scholars Paper (Open Access) is brought to you for free and open access by the Student Research at
Digital Commons @ Colby. It has been accepted for inclusion in Senior Scholar Papers by an authorized
administrator of Digital Commons @ Colby.


http://www.colby.edu/
http://www.colby.edu/
https://digitalcommons.colby.edu/
https://digitalcommons.colby.edu/seniorscholars
https://digitalcommons.colby.edu/student_research
https://digitalcommons.colby.edu/seniorscholars?utm_source=digitalcommons.colby.edu%2Fseniorscholars%2F66&utm_medium=PDF&utm_campaign=PDFCoverPages

TEE OXIDATION OF TETRONIC ACIDS

by

Peter Densen

Submitted in partial fulfillmewt of the reguirements
fer the Senlor Seholars Fregram

Celby Cellege
1966




AFFROVED BY:

Tator

Reader

M&M

ttoo on Senmier Sehelars




The suther wishes to askaowledge the reseipt of a researsh
grant from the Fatiomal Seiemee Foumdatiems
I wish to thenk Dr, Evans B, Reid witheut whese help this

prejeet would net have been pessible,

(1)




ABSTRACT

The fellowimg paper eentains a history of tetronie seids snd insludes o
diseussion om the methods ef their symthesis, theoreetissl esomsiderations eonsernimg
their umusual aeldity, their exidatieom, and the preblem of their oxidative
intermediate,

Two possible symthetie routes leading to the exidetive imtermediate, o -alkyl-
X -hydroxy tetronie selid, are proposed. Chemiesl amd speetressopiec evidemee is
presented for the existenee of K -ethyl-A~hydrexy tetronie aeld ebtaimed by ome
of the proposed synthetie methodse. Aetual proof for the existemee ¢f this eompewnd
swaits a quantitative shemieal analysise.

A further experiment is suggested whieh would smewer the question of whether
or mot durlng the oxldation of tetronie aelds tﬁe rimg opems and splits out eerbon

dioxide before or after the fermstion ef the diketomes,

(11)
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HISTORICAL INTRODUCTION

Five membered hetereyclic systems "eonteining e laectome grouping with a earbomyl

(1)

group in the positionp to the leetone are kmown as tetromie secidse Tetronie

eeid exists in tautomeric equilibrium between the keto (I) emd the emol (II) forms.

I II

Nomemelgture of sueh eompounds usually follows the example ia (I), although the
momeneleture in (II) is also acceptables, There are em unlimited number of tetronie
gelds, simee substitutiom is possible for either of the two hydrogems on both: the
olend the YFearbon.

Tetronic acids were first known symthetieslly as far baeck as 1880, when vom
Demarcay(z) synthesized theof -methyl and ethyl compoumds. Symthesis of the umsub-

(3)

stituted perent tetromie eeid eluded researehers until 1883 when Wedel produced
ethyl bromide emd am unkmown seid, (probably tetromie seid), by heating brominated
ecetoscetic ester. Wolff(4) finelly made end isolated the paremt tetronie aseid im
1895 by heating dibromo acetoacetic ester to yield ®l-bromo tetronmie eeid and ethyl

bromide., Wolff removed the bromime by usimg sodium emslgam,.

(l)hrtolhu‘h, R. B., "Tetronie Aeids" (unmpublished Ph. D, dissertatiom, Dept. of
Chemistry, The Johms Hopkims Umiversity,,1949), pp. 8-9
(2)vom Demareay, M. Bug., Ae Ch. (5), 20, 437 as moted inm Beilgtein, XVI1I, 412.

(3)wede1, Wilh., Amm., 219, 105, (1883). :
4 rorer, L., Aun., 288, 1, (1895).




ale

The strueture of X-methyl tetronic zeid, amd thus tetromie scid itself, eluded

researchers until Wolff's experiments in 1895, Until then there were several propo sed
whu'\

struetures, such as; Nef's lactide strueureswas proven wromg by a moleeular weight

: CB3
3 H
H

Wo1ee(4)

B 3

Michael(s); Cormelius

and Mbscheles(q)

(5)pawiow, W., Ber., 18 R, 182, (1885).

(6)yiehsel, Jo Fo, Prast. Chem., 37, 502 as eited by Wolff, L., Ama., 268, 1, (1896).

(7)louholos, R. and Cormelius, H., Ber., 21, 2603, (1888).
(8)nes, J., Axn., 266, 92, (1891).
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determination, which showed the eompoumd to be momomoleculsre Wolff's hydrolysis
and oxidetive experiments established evidemee in favor of the strueture proposed

(®)

by Michesel and his comtemporaries, His experimenmts were;

cascnzﬁcﬂz + COy
H

HOH,/Ba (OH).,

[o =,er0, 4 Wt cag—ﬂ—-ﬂ—-cns

Tetronie seids remained purely symthetie ecompoumds until 1935, when Clutterbuek,

Reistriek, Haworth, Smith and Stacey(lo) were doing e study om the produets of mold
metabolisme In the course of this study tetronie acids were foﬁnd to be the metabolic
products of the two molds, Penmieillium Charlesii and Penicillium Terrestre.

Through the years several methods of symthesizing the tetromie rimg strueture
were developed. The real problem in sueh syntheses was getting the seyelie parent
to undergo eyelizetion, Ceannon end Jones(la) reported thet eyelizatiom waes aided

end that the finel yields were improved by the use of ecomeentrated sulfurie aeid.

(®)moree, L., Anu., 201, 266, (1896).

(10)¢1utterbuek, F., Haworth, W, N., Raistriek, H., Smith, G., amd Stasey, K.,
Bioshems J., 28, 94, (1934). .

(11)cauwon, W. N. amd Jomes, R. G., Jo Org. Chem., 23, 126, (1958).
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Reid and Demay(lz) later developed a method of ring elosure using this informetion,

Wolff was able to echieve ring elosure of the dibromo aeetoacetic ester (III) to

obtein the o ~bromo tetromie eeid (IV)e It is interesting to note that he was umable

to obtain this same result by eyelization of the momobromo seetoacetie ester (V).

At first this seemed peeuliar, beczuse it is the ¥ bromine and not the & bromine

+H< e

ég_ -_L_r- b H, CHy]

III

Aa A

\ no rimg elosure
4  CH3zCHyBr
v

that splits out with the ethyl grouping to form ethyl bromide., Further resesrch

showed that acetoacetic ester (VI) om bromimetiom yielded the & ~bromo ester, which

on stamding rearranged to the¥ -bromo ester (VII),. This® -¥ resrrangement oceurred

CH!—B Br HBr <% CH
X e . HyCH,
2 z_<<;’Hz‘”'3 (——l

VII

(12)Re3d, BoB., smd Demmy, G. H., Jo Am. Chem. See., 81, 4632, (1959)s
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even whem the ol earbom Was momosubstitubed, and whem the 5 earbon was also substituwted,
It besame evidemt that whet was meeded to aecomplish eyslizetiom of the bromo asete-
aeetie ecster was mot mesggsarily amother bromime atom im the ol position; the require-
ment wes imstead to have at least ome substituent group im the & position. This

is & necossary requirement beeause without the substituted growps the spatial eomsider-
atlons are sueh that the U bromime atom eam mos get within bomd formimg distamse

of the ethyl growp. However, by substituting a growp at the X earbom the sterie
effeet becomes great emough to allow bomd formatiom betweem the bromime atom and the
ethyl group. Thisz is followed by the subsequent splittimg out of ethyl bromide amd
the slosing of the tetromie rimg system. The two situatioms are showa im (VIII)

and (IX) respestively.

e, IR

Simse the early work of Wolff other imvestigators have developed abowt five other
boasie methods of cyxthel.;uing the tetromie rimg strueture, The firss of these,
developed by Erieh Bonry,(“‘) imvolves the somdemsation of am X-hmlogenie aeid
malide with differemt somdemsing agewbs. The first of these agewts is a sodio

malonie ester.

S
(1 ) B‘l‘ry. E.. E_r.. -42. 1082. (190")0




" 2Hs
!‘i—: Y ol gl s eondénsation
r
oA =bromoi sobutyrl-
285
bromide

sodio diethyl

malonste

6
ring elosure ~N&BF
il
Hs 4 -
s \ _déearbethoxylation > \ﬂ
o—] —D0

¥ ¥ -dimethyl setromie
seid

The seeond of the eomdemsing agenmts 1-?—-:1:0 erotonate im the presemee of
pyridine, Omee the tetromie rimg strusture was formed, Bemary hydrolyzed it im
alkglime solution S0 obbain am K substituted tetrmie eeid; imstead of deearbeth-
exylsting as inm the first prosedure to give the ¥ ,r-ubttituiod tetromie aeid,

Amother eomdensing -agent experimemted with by Bemary was s sodio glwhkarie
esters The resstiom sequemses for these two eomdensitioms are shown im the order

mentioned on the followimg two pages.
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- 2 ™
—_———— g ____eomdemsation/
. 1 pyridime

o ~ehloro - 2ﬂ5

F =amino ethyl
ssetylehloride

srotonate

e - A,
r elo sure
F
. Cl ﬂ
Jog

Hy

of —~asetyl tetromie aeid




B
; [ %; 2Hg
l -+ —H
\\\

sondensation
d—~brome TN
\Na
ssetylbromide

2Hg

A =-sodio diethyl gluterate

c z
Hz—l{;)zﬂs rin olos:rg
10 h;r.%oo‘c.

L desarbethoxylation

o« —ethyl tetromie seid

It beeomes obvious from Bemary's experimemts that the & or ¥ earben thad is to
be substituted im the fimal produet determimes the imitial resstonmtss That is to
sey that if the ¥ earbem were to be substitwted im the fimal produet, & substituted
o halogend aeid halide must be used im the somdemsation. If a subsituted X esarbex
is desired them variationms im the strueture of the esomdemsimg agemt are meeessary,
depending wpon the amount of substitwtiom desired. The omly stipulation on the
gtrusture of the eomdemsiung agewt is thet the somdemsation must ceeur at She X

earbom. For this to oceeur the metallie atom, for imstamse sediwm, must be bomded




=0

to this earbom in the origimel moleeule,

At about the seme time that Bemgry was develeopimg his symthetie methods of prep-
aretion of the tetromie rimg system, Amsebutz and BSoker(l‘) found that they eould
eondense ssetyl mamdelylehloride with a sodie melemie ester to obtaim the tetrenie
system. It zhould ke evidemt that this 14 just a variatioa of Bemary's methed.

The oxly differense between the two 1z that aeetyl mamdelylehloride is used imstead
of sm el -hslogeno aeid helides Thus the same stipulatioms sbout substitutiom om the

o or ¥ esrbems apply here alse.

#=C gl
H
&= + 2
<) § S 2Hg
= sondensation —
Hy [, .+ ol
. =5
H, I
uotyl 2“5 b—--—L AL
sodio diethyl
mandelylehloride . ring
malomste

D elosure

0
~CHyE
0C,Hg

oH < _
4 < Rydrolysls 2E5
=D .

J=phonyl tetromie
aeid

(14) jagemiitz, R., and BSeker, R., Asm., 368, 63, (1909).
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In the early 1920's Hudsom amd chemff(ls) took advamtage of the fast that
exidation of pentoses results iz a lsetome strueture. Simee tetromis seids are
variations of & -p keto ¥ lastonme » these twe men proposed that by oxidisimg rhammose
they would obtainm ¥ -methyl tetromie seid, amd they did,

= N -, =
%
B— | \
H ,
- —— —
g &,
rhammo se

¥ —methyl tetremis asid

A deesde Ister Fritz Kisheel amd Frits ‘“‘(16) syathesiged & ~hydroxy tetromise
seid, They did this by performimg a Claisen eomdensation om two moleeules eof bemzeyl
ethyl glyeolate, smd them indweing the produst to umderge rinmg slosure in petessium
ethoxide, A Claisem eomdenmsation is similar te am eldel eomdemsation, exeept thet
it is a eomdensation betweenm two esters, eaeh having a sarbomyl group with hydrogems
on the earbom & to it.. The best ylelds are ebtained when two of the same ester

(ls)n‘d“‘. c. s. .‘d chr‘ff, c. HI, J' A‘. ch.‘. &.., -4-0’. 10“. (1918).

(ls)lichul, F. and Jusg, F., Ber., 66B, 1291, (1933).
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moleeules having two A hydrogems apieee are somdemsed.

r s
Vﬁzﬁq s
\ g—o—ﬁ—‘
:L eondensation TN ! TE
L 5 _..\\_ o _L____ZEQ:
ring elosure ia A

Bemzoyl ethyl glyeelate KOC,H_/CH3CH,0H

N e

o =hydroxy tetromis aeid
+ t—ﬁ—wzns

In 1964 hoey(n) using a form of & Claisen eomdemsation ealled a Dieekmann

eyelization, developed a mew method of symthesizimg O(-I_utyl tetronie aeids direetly
from the seetoasetates of A ~hydroxy esters, The differemse betweem a Ulsisen sond-
ensation amd the Dieekmenm eyelizatiom is that the lakter is o speeisl emse of the
fermer, in whieh the somdenmcation is wsually betweem diesters or ketoesters amd

wsually results im & eyslie structure as shown ox the following page.

(17)Luey, Re Ne, J. Chems, Soee, 832, (1954 )e




A . Ne®
CHzCH20H + _ < Teluene
b T

c—0
® -asetyl-Y -methyl tetromie aeid

Tetromis seids, as mentioned previously, exist im tautomerie equilibrium betweem

the keto amd the emdl forms, Why is sueh am orgamie strueture, whieh does mot eoxmtain

an organie aeld groupinmg, am aeid? The uiditly of the tetromie aeids is due to the
easily iomizeble hydrogem of the emol form, espesially simee most tetremis rinmg |
systems exist maimly im the eme)l form. The lomiratiom proseeds to sueh am extext
that tetromie seld is eomparable im stremgth to several sarboxylie uldn.(m)

Other systems have emolizable hydrogems amd yot their geld stremgth may be
o where near that of tetromie seid, why them is the tetromie eeld system so stromgly
seid? Aesordimg to l(uler‘la) there are three possible reasoms explaiming the stromg

seidity. These are (1) the rimg strusture of tetromie 2eid emables a group to ast

8 ’
(1 )l“lﬂl', We D.. Jo Ame Chemo s..o‘ 6_0'. 859. (1958)'
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on the iomizable hydrogem from two direstioms, (2) the rimg eculd opem amd the seidity
sould be due to a earboxyl hydrogem, (3) resomamee somsiderstiomss

Comsidering eash ome of thege effests fumler someludes that the amawer lies
in the resomamee stabilizatiomss Although the rimg strueture of tetromie aeid emables
a greup to aet om the ionmizable hydregem from two direstioms eamd slthough this im-
eresses the aeld stremgth, the magaitude of this effeet sould mot be large emough
to explain the exseptioma) aeidie eharaeter of the tetromie system. Furthermore,
there are three limes of evidemee imdisatimg that the possibility of the lastome
ring opening is mot respemsidle for the seidity. The first of these is that if the -
ring opexed two dissoeiation eomstamts would be expeeted, ome due te the earboxyl
group amnd ome due to the emol hydrogem of the hydroxyl group; but researeh-has - .
show . only ome dissoceiatiom eomstamt. Seeomdly, evidemse was obtaimed for the exist-
enee of loms of the sodium selts of tetromie, X ~brome tetromie amd & -icde tetremie
ssids. If the rimg opemed them the molesular weight of these salts should imerease
by ome moleeule of water, however, molecular weight determimatiomns shew ' me suek
inerease im the weight of the ioms. Lastly, thoP -mitro bemzyl ester eof ol ~Brome
tetrenie aeid is mot a earboxylie ester, whiek it should be if the lastome rimg opemed.
This elimimates all explamations of the aeid stremgth of tetromie seld exeept that
ome dealimg with resemamee stabiliszations.

In eonsidering resomamee as e fastor im imereasing the seid stremgth of the
toetromie ring system, it is diffieult to see why sweh a systeam is -.roi aeidie im
eharaster than similar systems sueh es diethyl dihydrexy malemate or nectoasetls
ester, However, asecordimg to Mieheel and s.mu(m) there is some doubt as to

whether the hydroxyl greup in @=hydrexy tetromie eeid is o the o orf-? earbon.
Aesordimg to the seylous or megative eharaster of the mearby groups, the hydroxyl

(18 )11.1...1, Fo and Sehulte, W., Aum., 619, 70, (1935).

I E———
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growp if it was em the o eardem would be a stromg aeid, sinee it would have seylous
groups on either side of it, However, if the hydroxyl group was: om the P earbon
them there would be o megative groupimg om ome side omly, amd thus this strueture
would be s weaker asid. This problem, of where the hydroxyl group aetuelly is, whem
loo.kod at with resomanee im mind gives a differext emawer. If the hydroxy group
was: om the & earbom them the resomamee struetures possible would be highly improbable.
If the hydroxy greup was: em the £ earbom them there are twe possible resomanee
struetures as a result of the dissceiation of the hy&rogen. These struetures would
stebilize the logutivo~ sharge of the ion about evenly betweenm the two exygen atoms,
and thus meke the P hydroxy strueture the more asidie ferm, Althe;u;h there seems
to be mo'untroverly, resonanse appears to be the most logioﬂ explanation of the

umusual seidity of the tetromie aeids.

Ae—d

It was mextiened earlier that the proof of the tetworiit aeid strueture was '

largely due to Wolfffs experimemts. Ome'sf the experimemts he performed was the

oxidation of the aeid rimg. If a eleser look is takem at this reastion it is mot

3 ;
= [ 4 cn,—ﬁ-ﬂ—-cna + co,

\
|
|
HyCros |
disestyl or ‘

— ‘ |
i

butanedions
demethyl tetremie seid



all se simple as it seems. Im erder for diasetyl te be libernt-od frem the tetromise
ring, eomehow the —CH,—O— groupimg must be redused to a CHy group, amd the
hydrogen om the o earbem atom must Be oxidized to & sarbomyl growp #D. In other
words oxidatiom must ceeur at the o earbom while redustiom ceeurs at the ¥ earbon,
thus splitting eut sarbom dioxide whem the rimg opems. Wolff foumd thizs peeulisr
oxidation meehanicm diffieult to explain, Hewever, he motieed that thed -bromo=-
d=mothyl tetromis seid om oxidatiem amd seidifiestiom ylelded the seame produets

as the R ~methyl tetromie aeld., He further observed that the bromo derivative on
standing i1n water liberated hydrogem bremide. He proposed that & hydroxyl group,
O, took the plase of the bromine atom, amd them the hydrogem of the hydrexyl group
rearranged to the 5 esarben. Thms when the ring ope:eé earben dioxide emd dissetyl
were liberated. Welff proposed that the oxidatiom of & -methyl tetromie seid was

r
Hor
NB‘,‘ R CTY, »
—Do

extirely amslogeus to the above meshanism.
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After Wolff's work, whish was a good proposal, but failed to prove amything,
hardly amyome did amy researek om this oxidative meehamistie problem uwtil the late
1940's and early 50'se The first resl work om thiz pesulisr meehanism was dome by
Puttornl.(zo) She synthesized o , ¥ -dimethyl tetromis aeid emd exidised it Iith-
shromie seid, The produests were those predisted by iolff't theory of o exidation
and ¥ redustion. However, the seme produsts would have resulted if the ¥ sarbon
was exidised amd the X sarbom was redused. Comsequently she symthesized o -ethyl
tetronie aeld amd oxidized it to ebtain 1-:110 produets, whish were again in agreement
with Wolff's proposel. Her work provided gemeral evidemee for Welff's idea, but as
she poimted out, "Further work is meeessary before amy fimal meehanism ean be proposed
for this remsrkable oxidatiem. It zeems probadble that there mmst be some sert of
prototrepie shift im the msleeuls te .aseount for the reduetiom of the —CHyO0— grewp,
but hew the oxygem 1s removed before the hydb;on goes 1n is very diffisult te ex-
plain."(20) Thig was indeed a problem,

Fortembaugh took up where Pattersom left off amd elaborated em the preblem,

He defimed the problem as "(1) to show that im the oxidatiom of these tetremie aeids
there are two sisultaneous amd imdependext meehaniams, (2) to diseover if the oxidatien
of the & earbom amd the reduetiom ¢f the ¥ earbom 1z 2 gemeral reastiom whea
tetronie aside dre-dxidized with ehromium triexide amd sulfurie seid, amd (3) te
investigate the meshamism of the reastion whereby esarbon dioxide is oli.l.hnted.'( 1)
In order to imvestigate these problems he symthesised mnime tetromie asids. He pre-
pared these seids se that he had am & =moms substituted, am o ,of =disubstituted,

2 ¥ -memo substituted, a ¥ ,¥ -disubstituted, am X ,¥ -momo substituted, amd an

ol =mome- ¥ , ¥ ~disubstituted aeid, He was able te prove that two separate amd im-

dependent reastioms, oxidatiom amd hydrolysis, did exist.

(m)Pgttorun, H. R., “"Some o(-Hn.lo-p =Eete Esters and Their Derived Tetromie Aeids”

(wmpublished Master's dissertatiom, Middlebury College, 1946), pe28s
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In a peper by Reid, Fortembsugh, amd Pattersen(Zl) u cubstamtiated explamation
for the oxidation of tetromle aeids was put forth. There are im faet three types
of tetromie neids; those beimg substituted omly om the A earbom, those substituted
only on the ¥ carbom, amd those being substituted em both the ol amd the ¥ earbons.
From the oxidetios produets of these three types of tetromie strustures it beeomes
evident that the formatiom of diketones, sush as butemediome, is mot a gemeral resetiem,.
The first requirememt for the produetiom of of diketomes is the presemes of an empl-
izable hydrogem. Whem the X earben is momosubstituted, oxidatiom oeeurs at the of
earbon amd reduetiom at the & earbom amd X diketomes are produeed, When the &
earbon ls disubstituted there is mo emolizable hydrogem presemt, amd a deep seated
degradation eeeurs amd the produets sre those of the hydrelysis reastiem. When the
¥ earbon is momesubstituted them oxidation takes plase at the ¥ earbon amd redustion
et the o earbom, thus X diketome:s are the produsts of the resctiom. When the
sarbon iz disubstituted s degredatiom oceurs amd A diketomes are mot predueed.
Ween beth the X amd the ) earboms are substituted, them, mo matter what the
substitution at the ¥ earbom as lomg as the X earbom is momssubstituted, X diketomes
will be predueed by sxidatiom. Whem disubstitutiem esours at both the o amd ¥
carbons, there is mo enolizable hydregem available amd a deep set degradatienm
predueing preduets other them otdiRetomes would be expeeted, Furthermore, by usinmg
s meopexty] rearramgement, Fortembaugh(l) was eble to show that the elimimationm
of earbex dioxide does not oeeur by means of am ionie meohanmism, but does prebably
essur by mesns of a free radieal meeshanism, If the loss of esrbon diexide csseurred
by a redieal meghanism, them the exidetive imtermediste (X) should eceur wefore
the ring is brokem teo split out earbom dioxide and the X diketome. (See the

follewing page for the strueture of the imtermediate.)

(n)mid, E. B., Fortembsugh,R. B., and Pattersom, H. R., J. Org. Chem., 15,

572, (1950).




4 where R, RY, and R'' de mot have te
- N the same, and R does mot equal a
C—D Rydrogen
X

Reid, Atwater, amd Go-;t(zz) later worked om Wolff!'s idea of the similarity
of the oxidatiom of tetronie aeids to th‘at of the bromo tetromie aelds, They found
the oxidatiom of the bromo derivetives to be sompletely amaldgous to that of the
tetronie nelds, Jjust as Wolff suggested.

(zz)Roid, E. B., Atwater, N. W., and Gompf, T. E., J. Org, Chem,, 16, 1566, (1951).




PRESENT INVESTIGATION

The foregeimg researeh helps to elarify the meohanimm of the oxidetiom of
tetronie seids, but the oxidative imtermediate(X) hez mever beer proven to eoxist,
Cireumstantial evidemee, howewey does poimt stromgly towards its existemee. This
investigation is eomeermed with the possibility of symthesizing amd isolatimg this
gemeral oxidative intermediate, for if this o -hydroxy sempound eould be isolated
and them oxidized the produets of the reaetion would either subestamtiate or refute
the present postulated meshamism, If the produsts of such a reeetion were sarbon
dioxide and am o\ diketome, them the existemse of the hydroxy eompound as the
iztermediate womld be provem. If other produets were obtaimed from the exidation,
then “ /¢ %his eompeund would mot very likely be the oxidative intermediate, Im either
esase something positive is gaimed towards a definite amswer to the guestion,

It was memtioned previously that ®-=hydroxy tetronle aeid had been symthesiszed,
however, mo _oxidntiol produsts were reported by Misheel amd J“‘.(ZS) Sinee this
pcrticﬂnrro'fﬂainl meither & or J alkyl substitutiom, whieh is the basis for the
theory proposed by Reid et. _‘.1_9(21) oxidationm of it weuld meither comtrirm mor
disprove their theorys There 1s as yet mo memtion in' the literature of sm & or

¥ substitutede d ~hydroxy tetromis aeid,
Por this investigation two differemt symthetis routes leadimg to am ol -alkyl-
o =hydrexy tetromie aeid were established. A third method, usimg sodium triphexyl
as a comdensing agent for two molesulds of ethyl=- benzexy-d-methyl asetste,
was disearded bessuse sseordimg to Micheel amd Jumg(16) this somdemsatiom will mot occor
wher sodium is used., It might be passible to use metallie pottssium as the
sondemsing agent, but them the reastiom takes om an explosive mature,
The first of the symthetie approsehes imvolves the lylthel‘.ts of X -ethyl tetronis

(”)u.hau. F. and Jung, F., Ber., 67 B, 1660, (1954).
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seid. This is a standerd symthesis in whieh ethyl seetoscetate (XI) is alkylated

in the of position usimg ethyl iodide. The & ~ethyl produet (XII) is then bromimated -

in the ot position amd allowed to stamd so that the bremime will umdergo rearramge-
ment to the § position to yleld o -ethyl-X-bromo acetaeetie ester (XIII). This
produet undergoes syelization whem heated, to give & -ethyl tetromie aeid (XIV).
Using this produet, two possibilities exist for obtaining the sought after & -ethyl-
o =hydrexy tetromie seid (XV)., The first imvelves the use of zime or magmesium
permanganate to hydrexylate X =ethyl tetronis aside The zine or megmesium used would
form zime or magnesium hydroxide, thus preventing the hydrolysis of the tetromie
aeid te 2,3-pemtamedione. The sesomd possibility lies in the reaetion of perbenmzoie
asid im anhydrous ehloreform with the above mentiomed preduet (XIV). This reaestion
might result im an ethyleme oxide strueture (XVI) imvolvimg the & amd 0 earbons
of tetronie seid. This would subsequexntly bresk epem to yleld the & =ethyl-X -

hydroxy tetromie aeid (XV).

(n,—-ﬁ—g% CH,CHz1 CE ~'
’ H,CHg "—Emzcgﬁ'ra_’. od1de 3 H,CHg
2
X1

XII
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HoCHs

X1V

ol~ethyl tetromie aeid

spontaneous
v snkydrous CHClg
oL,
Y i,
e,y .
D ‘\
xv _ —CH,CH,
od=ethyl= X~hydrexy i | 3 - 1

tetrenis aeid
vl

The remaining possible symthesis of the & -=alkyl-o{-hydroxy tetromie seid is
deseribed here for the sake of future researeh, although due to & lask of time,

20 work was dome om it.
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In this synthesis X -methyl tetromie meid 1z made in the same mammer as o -
ethyl tetromie seid deseribed previously, It is them ressted with mitrogem triexide
to give o -methyl-o(-mitroso tetronie meid (XVII). This produet em hydrogematiom
using eatalytie hydrogen or tim im hydrochlorie aeid gives o -methyl-d-smimo tetremis
seid. Kieheel snd Mittag(24) have also prepared this smimo eompound by redueing
e -nitro tetronle aeid with moleeular hydrogem using palladium as a eatalyst. The
smino eompound (XVIII) om resetiom with mitrous aeid should give the & —methyl= -
hydroxy tetromie seid (XXI) through the imtermediate steps (XIX) amd (XX)¢ Whether
this hydroxy seid will be iselateable im this aeid solutiom, er whether it will be
oxidized to the o diketome (XXII) remaims to be seen om experimemtatiom.

\cas 2 5 >
D :
[
Cat. Kz
= or Sa/ HCl
2 - \j
HONO ' ~ By

XI1I1I

(24)y4enee1, F. amd Mittag, .Re, Z. Physiel, Chems, 247, 34, (1957)s
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EXPERIMENTAL PROCEDURE ARD OBSERVATIONS

1-Preparation of o —ethyl scetoscetis ester

4]
Patterson's adsptition of the method given in Orgamie Mho:cn(zs) was used

in this preparetion.

40 gase of freshly eut sodium i3 plseed im o 3-meek, 2-liter, roumd bottom
flask; whieh is fitted with o meehanieal stirrer, s droppimg fumnel, and & reflux
eondenser with a CaCl, drylnmg tube at the teps Sinee the resstiom is exothermie,
all eonmeetieons must be air tight to avert the possibility of a hydregem explosion.
The stirrer iz started and kept rumming for the duration of the reaetion, and 600 ml.
of abeolute aleohol is added slowly over a 20 mimute periede The flask is kept
e00led im am iee bath until the initial resetiom has subsided, It was meeessary
to heat the flask om the steam bath im order to effest eemplete dissolutiom of the
sodiume The sodium does mwot dissolve ecompletely Wy itself due to the eoatimg of
sodium ethoxide whieh ie formed om it, th.ns preventing it frem further reactionm.

It might be possible to avoid this diffieulty by slisimg the sedium imto thim strips.

After all of the sediwm has dissolved, 221 gms. of ethyl aesetoasetate
(wep. 102-103.0), dlluted with aleehel, is added to the solwtion slowly frem the
drepping fummel, Agaim the flask must be ecoled due te the exothermie mature of the
resetion. After this additien is eomplete, 2656 gmss of ethyl iodide are added ever
a 30 minute period to the resetien mixture from the dropping fummel, Omee this
additiom has beem sompleted, the mixture is refluxed umtil it is meutral te litmms
(adout 32 hrs.)e

At the end of this time the reflux somdemser is replased by distillimg apparstus,
sand the exeess ethyl alechol (about 300 ml.) is distilled ever from the oramge =,
solutions The residue 1.| deeanted from the preeipitated sodium iedide into a

(25)93“1. Syatheses, Coll. Vole I, Johnm Wiley amd Soms, Ime., New York, 248, (1541).




-25-

separate flask. The sodium iodide is rimsed omse with some eold distilled water
and the wash eombimed with the deeanted liquides Twe layers are formed, a dark eramge
brown upper layer eomteining the o -ethyl ester smd a light erange agqueeus layer.

The two lsyers are separated and the aqueous layer is extrasted three times
with equal portions of bengseme, The volume used per extraetien 1z equal to about
one third of the totsl volume of the agueouz layer. The bemzene extraets are
eombined with the d —sthyl ester layer, and this selutiom is extraeted with portioms
of water equal to ome third of the total volume of the selutiom. The extraetione
are eomtimued until a megative silver nitrate test is obtainmed em the solutiom.

This indisates the absenee of any sodium iodide,

The Beilstelin test for halogem was foumd to be imapplisable for this purpose.
Evidently it is spesifie for hale-ergamie sompoumds, but not for halo-iwmorganie
salts, |

The bexzens, water, amd A -ethyl ester mixture; whieh is mew a greemish yellow
end has & eheesy oder, is frastiomally distilled umder a vaeuum produeed by & wafjer
aspirater, Three fraetioms were solleeted, The first fraetiom, eomtainiug bensene,
water, amd umslkylated aeetossetis ester, was eolleeted over a distillimg te-porlfurc
range of up te 45°C at 66 ym. pressure over am oil bathe The seeond fraestion, cun
sentaining the o -ethyl ester was eollested over the distillimg temperature remge
118-126°C at 66 mm. pressure, and an oil bath temperature remge of 145=160°C. The
distillate was eclorless amd had s distimet odor, but mot the eheesy odor observed
previeusly. The dialkylated asetoseeties ester was eollested in the fima)l frastiom
over the distilling temperature ranmge 124-126°C at 66 mm. pressure amd am eil bath
temperature of 160-200°C.

Weight of the A ~ethyl ester - 210.,3 gmas Yield - 78%es B.ps 118-126%C at 66 mmq

pressure, The produet was eclorless,
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Z-Bromination of & -~ethyl seetoscetic ester

The X -ethyl asetoasetis ester obtainmed above was assumed te be 95% pure, and
on this basis eemplete bremimation would emsue if 200 gms, of bremime were added
to the ester,

The %~ ethyl ester was dissolved im am equal velume of ehleroform amd eooled
in the refrigerater. This ecoled flasek was them plesed im o CeCly salt waky, amd
200 gms, of bremime, diluted to four times its imitial volume with ehlereform, were
sadded drepwise with stirrimg. After the addition i1s eemplete, stirrimg is esemtimued
until mo more hydregem bremide is evelved, The produet i1s them washed three times
with am equal velume of water to remove amy dissolved hydrogem bremide. The & =bremo-
& =ethyl ester 1s plased im the refrigerator overnight se that the bromime will -
rearrange to the ¥ pesition. The presoioe of the & =bromo- A -ethyl ester ean be

deteeted easily due to its laehrymatory mature.

S=Preparstion of & —esthyl tetrenie aeid

the ehleroform solutienm of & =breme=~x —ethyl seeteasetis ester, ebtaimed frem
the preeseeding proeedure, waz plased im a vesuum distillation apparatus end a1l ef
the ehioroform possible distilled off at 61°C and 1 atmosphere presesure. This aist=
illation esused the solution to turm red. The remaiming shlereferm was distilled
ever at 30°C amd 92 mm, pressure over am oil bath at 70°C€. At the emd of this dist-
illatien the solutiom had turmed a dark oramge brown, imdieating the splittimg out
. of ethyl bromide amd eyslizatiem of the ester to ferm the tetronie meid.

After all of the ehlereform amd probably some ethyl bromide had beem distilled
ever, the o1)l bath was raised to 175°C and the distillatiom eomtimued st 86.5°C;
there was no readeble pressure, The distillstiom was eontimmed until there was mo
mere ethyl bremide distillimg over, Even though the receivimg vessel was immersed
in am leebath, all most all of the ethyl bromide was ylporized by the suetiem amd

I

TR
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very little ethyl bromide was astually eolleeteds The residue remaimimg after this
distilletion was a brewnish-blask, lashrymstery ter, whieh solidified om stamding,

The mass was broken up, dissolved im hot ehloreform, amd morite addeds The
selution was filtered by sustiem, but inspite of repested treatmemts with merite,
it remaimed eontamimsted with the tar, Crystalization ef the tetromie seid from
this solution was possible enly after mest of the ehleroform wes evaporated amd the
selution seeded, Umder these comditiems, the erystals were highly eenteminated with
tar.

Several sélvemts were teasted as te their ability te remove the tar frem the
tetronie seids Carbom tetrashloride, a mixture of earben tetrashloride aad ehlere-
form, and sodium sarbemste were all tested, The tar proved te be aesidie amd thus
the sodium earbomate was ineffeetive as & differwtial selvemt. Chloereferm preved
to be the solvemt best suited for the removal ef the tar,

Finally, Pattersen's methed of extraeting the aeid from the tar with water
was reserted te. This meawt a reduetiem im the yleld due te hydrelysis of the aeid
by waters In this extraetiom preeedure the tar 1s disselved in a twe fold volume
of chleroform, 100 mle of distilled water is added to this solutiom, amd the mixture
is refluxed for 10 mimutes at eomstawt boilimg. The time sheuld be wetehed esarefully,
sinee extemsive hydrolysis oceeure if a longer reflux peried is used. After the
mixture eeels dewn, the layers are separated smd the agueous layer is allewed te
"stamd overmight im the refrigerator umtil erystallizatiem.hasz ceeurred.

The whitigh=tam crystals ebtaimed from this layer esam be reerystallized from
a emall velume of hot water, usimg merite smd performimg a het suetlem filtratiom.
The filtrate 1s then ecoled immediately, but some hydrelysis to the o diketeme

dees sseur, An infroced SPOCTrom wo.s run on Thig TeTronic ocid for +uture

identificotion purposes,
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Welght of X -ethyl tetremie aeid - 23. 85 gms. Yield - 14.,80%. M.p. 127-129°C,
The pure predust 1s obtaimed as white, erystalline platess

The yleld of £ -ethyl tetromie acid is gquite low, espesially when eompared with
Patterson's yield of 50%« The low yield esm be nceounted for im part by the
hydrelysis of the seld by water, This hydrolysis was observed in both the refluxing
and reerystallization prosedures. However, the main eause for the reduetion in
yield umdoubtably lies in the amoumt of tar preduced as s econtamimamt of the seid.

This tar, altheugh met idemtified, is probably a polymer of either d -brome or

Y =brome- ¥ -ethyle sceteaesetis ester, The tar retained its lashrymstory properties,
but repeated attempts to ssuse further eyelization of it failed. The ameunt of tar
produeed iz guite likely s funetion of the rate of additiem of bromine te the um=
halegenated A -ethyl seetossetis ester, and the presenmse of some tl'l‘ 18 inevitable,
However, if the bromine is added very slowly, with eomstant stirring over a peried
in exeess of 30 mimutes, the produstion of the tar will probably be held to &
miniwum, Comsequently the yield of the tetromie aeid weuld Be imereaseds

4-Preparstion of Benzoyl Peroxide

The methed givem by Hiekiubottom(26) 15 given here with a few minor adaptations.

The equation for this synthetis resetion is:

z¢—<1+ 2 HaOH — H,0, ——> 3 4 2MaCl + 2 HO

200 ml. of 10% HxOp is plased im a 3-meek, 1-liter, reund bettem flask, whieh

-

_—T e

(zc)ﬂickinbotton, We Jo, Reactlions of Organic Cempounds, Longmsms, Greem and Co.,

Few York, 231, (1946)e
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is fitted with twe burets, o mechanieal stirrer,amd is ecoled im an extermal iese
baths The meshamieal ttirrer:\s.:?rrk::t at high speed while 68 gms. of bemzoyl
shloride amd 152 ml. of 15% sedium hydroxide are added from the burets at sush a
rate that both additions are esompleted simultaneously. The resetiom mixture should
These condiTions

be kept feintly alkaline through out the emtire reaetiom. Under, the white
fleseulent bemsoyl peroxide forms immediately,

On eompletion of the resetion the mother liguor im the flask is deeanted,
filtered by suetiom amd the filtrate diseardedes The flask iz plaeced om a stesm
bath amd the bemgzoyl peroxide disselved im a smal)l amount of boiling ethanol.
After the produet has beer removed, the flask 1s rimsed several times with hot aleohot.
The ealeoheolie solutio§ is them plased im the refrigerator overnight and the
benzoyl peroxide allowed te erystallize,

The alecholie solutiom eomtaimiug the erystallime produet is filtered,
washed with eold water, and dried by suetion. im imereased yleld of the peroxide
esn be obtaimed by eomeentrating the filtrate, however, evaporation ¢f sueh a filtrate
ean lead to sm explosiom espeeially im the pressnse of halegem. The explosive
mature of this eveperation sam be eireumvented by addimg 100 ml. of distilled
water to the alecholie filtrate. The mlechol is them evaporated umder suetiom amd
the bemsoyl peroxide, whieh is insoluble im water, presipitates out amd eam be
resevered by filtratiom.

Weight of bemsoyl perexide -34.79 gms. Yield -69.60% m.pe 102-104°C.
Parity as assertaimed by titratiom with 0.1 N sodium thiosulfate sm two separste
semples; 126.7%, 77.9%. The bemzoyl peroxide 1z obtained as white, srystalline
needles.

This partiewlar symthesis of bemsoyl peroxide is a perfeetly good ome, however,
dwe to diffieulties emeountered in aseertaining the purity of the preduet,

sommereial bemzoyl peroxide was used in the subsequent symthesis of perbemzois seid,

T EE T T e T
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Furity of eemmersial bemseyl peroxide as determimed By titratiem with Osl N sedium
thiesulfate 157%, 168%; m.p. 104=106°C,

6~Preoeedure feor determining the purity ef bemseyl perexide

The precedure deseribed here is the same as that deseribed in Organie Syntheses(27)

Oe5 gmse of bemtoyl perexide is disselved im 16 ml. of ehloroferm in a 300 ml.
Erlemmeyer flask. The flask amd its eomtents are seeled te =5°C. im dm jee salt
bath amd 25 ml. ¢f Os) N ise e0ld sodium methexide selutienm is added at emee with

sseling snd ghakimg, The solutien is allewed te stamd et =5°C. for 6 mimutes, amd

them 100 ml. of iee water, 5 ml, of 10% sulfurie seid, and 2 gms, of petazsium jedide

im 20 ml, of 10X sulfurie aeid are ndded im that erder with vigereus amd ecoxtimmeus
stirring by a mag-mix, The solution 33 titrated with Ol N sedium thiosulfate te

the dissppearanee of the iedime selor.

6-~Preparstion and standardizatiom of O.l § sedium thiosulfate (NepS20z*5H,0)

The prosedure outlimed here eam B found im mmnﬁm_nmuuuﬂ”)
with a mere deteiled diseuwasions

1200 ml, of distilled water is beiled im a 2-liter Erlemmeyer flask amd thexn
seeled with rumning tap water. 200 ml., of the besiled water is used im twe separate
pertiens to wash onf a previously rinsed l-liter velumetrie flask. 205 gmi. of
sedium thiosulfate is diS#lved im the remainimg liter of beiled water amd the
solution tramsferred to the velumetrie flask. The sediwm thlesulfate sheuld be

(27 )Or‘nic Symtheses, Cell. Vol, I, omd ed., John Wiley and Semns, Ime., New York,

431, (1956).

(28)ﬂllilt.l. Leisester F., and Simpson, Stephen G., UQuantitative Chemieal Amalysis,

12tk ede, The Maemillam Company, New Yerk, 263, (1959).
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mewtral or slightly alkalime; if it is met, them emall imerements tetalimg up te

0.1 gm. of sodium carbemste is disselved inm the solutien te bring it te & meutral pH.
The sodiwm thissulfate is them stamdardized agaimst potassium ledate az fellews,

Duplisate 0.1000 gm. samples of pure petassium fjedate, that has beem dried at 100°¢C.

fer am heur are weighed out imte 250 ml. beakerse The samples are disselved im

S50 mls of distilled water and 10 ml. of a 30¥ potassium iedide selwtiom are added

te the samples. This is follewed by the additiem ef 20 ml, of 6N sulfurie aeid.

The selutien is allewed te stamd for three minutes im the dark, and them diluted

te 150 ml, with distilled water. Sedium thiesulfate is added frem a buret umtil the

ledine esler has slmest been dissipated. 6 ml, of ctm.h indiester are added amd

the titratiem eempleted by the addition ef titro.it'nt:ll the ecler of the imdieater

has just disappeareds The mormality ef the thiesulfate iz esleulated frem the weight

of the sample amd the velume of sodium thiesulfate added.

7-Preparstien of perbemzeis seid

The syuthesis, as reperted im Organmie Sy-thasessz") preseeds as shewn by the

fellewing equatiens,

+  cH;om >¢—qo .+ ﬂ‘—<®3

’_<—o—n. + H,80, ;9’—{_0_“ +  NaHso,

‘2.8 gnse of sedium i3 dissolved in 50 ml. of abselute methawel im 2 300 ml.

Erlemmeyer flask with moderate seeling. The resultimg sedium methoxide solutien

is eceled to =5'C. in am lee salt baths 25 gus. of the pure benzeyl perexide prepared

e D S —
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sbeve 1s then disselved im 100 ml. of ehloroform amd this selutien eeeled te 0°C,
after the bemzeyl perexide attains this temperature it is added immediately to the
ssdium methexide solutiem with eonstamt shaking amd eeolimg se that the tempersture
dees net execed 0°C. A milky white solutiem results, amd somtrary te Organie Symtheses

turns iwte a white slush, This slush is transferred te a 500 mls separatery funmel
where it 1s extraeted with 260 ml. of eeld water somtaining chopped iee.. Two layers
result amd the ehloroform layer is remeved. The remaiming agueous layer iz extraeted
twiee with 50 ml. pertions ef shleroferm im order to remsve the methyl bemzeate im
solutien, Perbemsele eeid, presemt in the aqueous selutisn as its sodium salt, is
liberated by the addition of 113 ml. eof eeld 1N sulfurie eeid., The white flesuwlent
preeipitate whieh results is extrasted three times with 60 ml. pertiems of ehlereferm,
whieh disselves the poerbemseie aeid. The ehleroform extrasts are umited amd washed
twiee with 25 ml. portioms ef water. Twe, 5 ml. pertiems of the meist ehleoreform
selutiem are takem for duplisate setive exygen determinations amd the remainder of
the perbenzeie aeid selutiom is tramsferred te a dark bettle amd stered im the freerar.

The gqetive oxygen determinatiem is earried sut by disselving 2 gms. of sodium
iedide in 50 mls of water. 5 mle. of both glasinl aeetic neid amd ehloreferm are
sdded teo this solutiem fellewed by the additiom of 3 ml. of the ehlereform solutien
eontaining the perbemsolie neid. The selutiem is stirred vigoreusly with a mepmetle
stirrer and the iedime liberated titrated with 0e1N sodium thiosulfate solutionm to
the eomplete  disappearamse ef the iedime eeler. 1 ml. of the sedium thiesulfate
solution is equivalent te 0,0069 gm. of perbemseie asid and seeordimg te Or a
Symtheses 1 mls of the perbensdie acid selutiem requires abeut 13 ml. of titramt,

The perbenzeis seld selutiem prepared from the previsusly symthesized bemzeyl
perexide required 2,67 ml. emd 2.61 ml. of titramt per mllliliter, The symthesis
was repeated using eommereial benzoyl perexide as the startimg material, but again
the ratis of titrant te perbenzoie aeid solutiem was extremely lew. A review of

the literature for amether method of synthesizimg perbemzcie aeid led to the

- ————
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diselosure that while the methed diseribed abeve ylelds perbemsoies aeid, it is a ’
diffieult method to reproduee amd the yields are lew. Due te this latter reesen
the deeision was made te attempt the symthesis of o -ethyl- -hydrexy tetremie

aeld by means ef the magnesium permanganste method.

8=Oxidatien ef ol-ethyl tetromie seid with magnesium permanganate : .

The reastion as formmlated proeeeds sessording te the follewing equatien.

o -ethyl tetrenie seid + Mg(MnOy); + H,0——> a=ethyl=o =hydroxy tetrenie aeid
<+ MabD, < l.;(()H)2

3,00 gms, of magnesium permamgamste, whieh represents a 10% exeess eof the
steishiemetris amsunt required fer the reastiom, is disselved im 30 ml. of distilled
water whieh has been beiled te remsve the disselved sarbom dloxide., 4 gms. of
o =sthyl tetronie seid is dissolved witheut heatimg in em exsess of distilled water
whieh has also beem treated te remove the disselved earbem diexide. The solutien '
of tetromie aeid is tramsferred to am 800 ml. beaker and ecoled te 0°C. 1inm am iee
salt bath and the stirrer is started. Magnesium permamgamate is added dropwise
frem a buret te this selwtien. Eaeh sweseeding drop is sdded emly after the ehar- i
aseteristis pemlgmt::l:; the previous drop has beem dissipateds After the stoieh- '
jemetrie ameunt of permangamsate has beem added the titratiem is stopped amd the
reastion mixture filtered by suetion te remeve the preeipitated mauganese diexide,
The titratiem is them eentimued dropwise umtil further additiem of permamganate
gives the selutienm a fainmt pimk eoler which persists for a mimte or mere. The
selution is them filteread by suetiox amd plaeed im an evaperatiang dish im the air,

The initiasl aquecus selutien of tetremie seid is seidie, pHZ 2, but as the
magunesium hydrexide is formed im selutiom the pH rises rapidly te & amd the
mangamese diexide which is quite insoluble precipitates eut. However, there is omly
a very slew rise im pH with further additionm of permangemete and the fimal pHZ 6

Omee @ neutral pH is reashed amy further additiom ef permamgsnste should make the
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selutiem alkeline and the magmesium hydroxide showld preeipitate. Hewever, me
magresium hydroxide was observed to preeipitate and its sentamimeting presense was
indieated later by am ignition test om anm 61l resevered frem the oxidetien selutiem

by evaperatien,

9-Iselatien of the exidatiom preduets.

5 mle of the exidized selutiom were evaperated on a steam bath te yleld a emall
wmsunt of yellew o0il with a distimet earamel edor. This eil was solidified by eeverimg
it with petreleum ether; as the ether evapsrates it exerts a eoeling effest on the
ei]l whish alomg with seratehing preduees selidifiestiem. The selid was alse yellow
in seler amd maintaimed its earamel edor. Am ignition test em this selid indieated
the presemes of megmesium, but it was ’baliond that its presemse: weuld met interfere
with the imfrared spestrum whieh was subsequently rum em the material. The selid
fermed a phenylhydrazome whieh deeompesed at 76-77°C., amd whish em reerystallizatien
frem ethyl aleehel fermed a tar. ‘

The large seale e'vaporution in air preduced a substantial ameumt of the same
yellsw, caramel smelling eil., Om further stamding this eil besams taeky emd sterted [
to solidify. As the selidifieatism presesded bubbles began appearing im this
smorpheus substamee. These bubbles were attributed te the dessrbexylatiem of the -
substames. The resulting deearbexylation preduet was yellew, brittle amd flaky
as well as having a aii;ht earsmel sder. The substanse did net ferm a dinitre phemylw~
hydrazseme se u.inﬁ'ued spectrum was rum em this preduet for eemparisen purpeses,

A seeond permangemate oxideatien was performed om amsther 4 gm, semple of X =~
ethyl tetronie seld. Hewever, this time 300 ml. of the fimal exidized selutiem
was taken and s senstant ether extrsetiom was perfermed im erder te ebtaim some of
the preduet free from magnesiume The ether was plesed im a three nsek flask and
distilled imto o seeond three mesk flask eomtaining the material te be extrasted.

The resulting selution wus stirred and as the ether filled the secomd flask, a
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point was reached where the ether layer begam to flew from the second vessel through
some tubing baek imte the first vessel., The ether whieh flowed bask would then be
distilled through the same eycle again, but the material extrasted by the ether
would mot velatilize with it and cemsequently was eolleeted im the first flask. After
the extraction had Ween rum for some time it was stopped amd the ether layer im the
seeond flask separated from the aqueens layer and eembimed with the ether in the
firet flask. This ether selution was then eviperated in the alr as was the aqueous
layer. The evaperatien of the ether selutiom ylelded a dark yellew eil with e slight
saramel edors This eil, however, did not umdergo selidifieatiem or deearboxylatien
on stemdinge The oil boiled between 108-112°C. as determimed by a mlere beiling
point determinstion. It apparemtly did net ferm a dinitre phemylhydrezome. An

infrered speetrum was rum on this eil for eemparisen purpeses.
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CONCLUSION
Possible Compounds feor the Uskmown Produets

and Spestrs Amalysis

It 1s quite prebable that the resctieom of o ~ethyl tetrenie seid with magmesium
permangsnate ylelds the desired o ~ethyl-d ~hydrexy tetremie aeid, Hewever, the
predlem is still eme of iselatimg this eompound ir suffielient gquantity fer a ehemisal
analygiss The problem is eomplisated by the ease with whish this esempound resets
te yield the serresponding diketome az well as by its apparemt deearboxylation as
it is eoneentreted in almest neutral selutien. The yellew, earamel smellimg oil
ls helieved te be the desired X ~ethyl-d =hydrexy tetremie aeid amd its speetrum
1s presented en plste 2,

The speetrum of o =ethyl tetrenie aeid, plate 1, is eharseterized by the bread
abserption region between 3 amd 4 ;a, the slight sharp dip at 5.8 u fellewed by the
abserption area at 6.1-6.5 n, the upside dowm "W" abssrptiem at 13.7-13.9 m whieh
sppears or all of the speetra amnd may be attributed te the polyethyleme film used.
The presense of so many pesks and valleys im this smd subsequent speetra is due te the
fast that there are several absorbing groups present im esch meleocule and these imter-
set te give overtemes amd a gemeral “"fuzziness” te the speetra.

The first sbserption regien for o-ethyl tetronie aeid, 3-4 ,,l‘duo to the
tawtemerie seeomdary alechel group. That this abserptienm regiea is shifted frem
its wermal 2.75-3.25 p regiom is s result of the fast that it is im tautemerls
equilibrium. The slight dip at 5.8 m is sheresteristie of the earbemyl group and
its weakmess iz possibly explaimed by the fast that the carbomyl greup is alse
invelved im the tautemerie equilibrium. The broad abserption bgnd from 6.1 te
€.5 p is interesting bessuse it is duerthe equilibrium whieh exists hetweenm the

euo]l amd the kete ferms of K =ethyl tetromie aeid. Im this respeet the ebsorptiom
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here 1z im agreement with those values reperted by Reasmmssem, Tunnisliff, emd
Brattaind(29)

Speetrum mumber 2, whieh is believed te be that of the ol —ethyl- ol ~hydrexy
tetremic aeld is sharasterized by absorption regiens at 3.5 n, 548 y, 7.8 and 849 j
and 943 pn snd 13.8-1345 p. The last twe regiems are im all likelihbed due to ring
straim amd the varieus roeking amd bending metiens of the moleeule. The absorption
et 3,5 m is probably due to the mew tertiary hydrexyl group om the & sarbem, but
it 1s shifted frem its mormal wavelength probably beeause of the absorbing emvirom~
mext of the sarbenyl groups em either side of it. The abeerption regions at 7.8 p
and 8.9 p are evertenes of this same tertiary hydroxyl greup, and these wavelenghhs
are alse slightly shifted from their mormal valwes, The abserption st 5.8 m is
quite strong and sharaeteristis of the earbemyl group. It is impertamt te nete
that the emol-keto abserptiem regiom, 6.1-6.5 m, is missimg. This observatien iz im
somplete assord with the faet that the & -ethyl-u~hydrexy tetronie aeid is ineapable
of this type of tautomerie equilibriwm,

The sbsorption spestra of the unkmown solid emd the deearbexylatiom produet are
believed to represemt the same eompound. This eempeund is believed to be 1,3y
dihydrexy-2-pentanene and would arise from a meutrsl selutiom of the o -ethyl- d=~
kydrexy tetromis aseid upen heating, in whieh eese the deearboxylatiem weuld mst We
motised, or upen deearboxylatien en standing. The desarbexylation oeeurs due to
the inherent imstability ef the tetrenie aeids whish is further imereased Wy the
presenee »f the hydroxyl greup en the ¢ earbom.

If the eompound 1s imdeed 1,3-dihydroxy-3-pemtsneme the question of whether
the diketemes formed im eeid sclutien frem tetronic aeids (resetien 1) arise before

coyld be answer
or after the breaking of the ring te liberate sarbea dioxid’\. If in seid soluwtion

{zg)Rnsmqu, R.S., Tunnieliff,D.D., and Brattain, R.R., J. Am, Chem. Ses., 71,

1068, (1949 ).
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the 1,3-dihydroxy-2-pentanone yields 2,3-pentamediene (resetien 2) then isolatiom
of the fermer sempoumd preves that the tetrenie ring must opem and carbom diexide
must be liberated before the diketome is fermed. The moehanism fer the abeve resetions

is showm below.

— -
H
HOH H
H,CHg g . H,CHy
d~ethyl- o ~hydroxy - -
tetroenie asid
L 4 _wz
Q) | ®
T L
2,5-pentanedione 1,3-dihydroxy-
2~peantanome

In eomparing the speetra of the umkmewn selid amd the decarbexylatien predust
(speetra mumbers 3 amd 4 respestively) it &s immediately obvieus that while the
speetra are quite similar they are net superimpessble, The differemee between the
two spectra ean most likely be explaimed by the fast that there are prebably twe
absorbing spesies presemt, Thiz weuld be the sase if the desarbexylatiom reastion
did met go to eompletiom. If this were the ease them it is likely that there weuld

be different someemtratioms of the two aetive spesies in eaeh sample om whish the
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infrered spestrum was rum, The infrasord would sum the absorptiom of eash speeies
to give in eash ense o slightly different speetrum.

The pertinent absorption areas in eash of these two speetra are those sseurrimg
in both sases frem 2.7 to 3.7 u amd from 5.8 to 6.5 m. The first ares of sbserption
is probably due te the primary smd seecomdary hydroxyl groups im 1,3-dihydrexy-2-
pentaneme. The regien of absorption is again shifted frem its reported mormal value.
In the ease of the sescondary hydrexyl group this is mest likely due to the tautomerie
equilibrium whish existe between it amd the sarbenyl group. The sesond area of
sbsorptien eextains me distimet earbemyl absorption valley at 5.8 m, but the absorpt-
ion valley does extend to 6.5 p hﬂiuting‘:,i’:ﬁ pregemee of the earbenyl group has
beex masked by the tautomeris equilibrium betweem the emel amd keto forme whieh
give the eharasteristie abserptiom regiom at 6.1 to 6.5 m.

The emel keto equilibrium, represented below, is interesting amd serves te

sxplain amether euriosity of the temtatively idemtified eempeund. The strusture

5 D #7

of 1,3=-dihydroxy=~2-pentanone is similar to the strueture of a earbohydrate asz 1s

the strueture el o -ethyl-ao ~hydrexy tetremle aeid, hemse the earamel eder. OF
further interest is the faet that dlhydroxy seetone also has this earsmel odor.
Sinee the umknown eompoumd had met beem rigerously preved te be the dihydroxy
pentameme, it was desirable te eompare the speetrum of the umkmown with that ef a
knswn eompoumd of similar strueture, Fer this purpese omly ome other sompoumd was
knewn end that was dihydrexy aseetome (speetrum mumber 5), At first glamee there is
2o apparemt similarity betweenm the speetra of the purported dihydroxy pemtamome amd

dihydroxy aeetome. However, a sloser look reveals thet eside frem the width ef the
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hydroxyl absorptien region of the latter (3-3.6) as eompared with 2.7-3.7 u fer

the former) smd the existense of a pesk at 549=6.6 p where the former hasz a valley,
the spestra are quite similar. The reduetion im the width of the hydrexyl abserption
region is due te the faet that im dihydroxy seetone Beth hydrexyl groups are primarye.
At 5.8 a the sharaeteristie esarbonyl absorption ossurs. Between 5.9 and 6e5 ja there
is a peak where the encl-keto equilibrium absorbs. This difference Detweeam the
speetra of dihydroxy pentamone mnd dihydroxy aeetone i1s explained by the faet that

in the latter this tautomerie equilibrium dees not eeceur, beesuse the methylene
groups on either side of the sarbemyl group sre not astivatede Thus the spestra

of the two eompounds de im faet have a similarity,

The above dissussion 1s in mamy cases speeulative, but the eireumstantial evid-
enes precsented does point to the existenee of the o -alkyl= o =hydrexy tetremie seid
se the exidative intermediate in the oxidation ef tetromie aseids. Aetusl eenfirmatiom
of this faet awaits a ehemical analysis of the yellow o0il believed te be the hydroxy
tetrenie aeids
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