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ABSTRACT OF THESIS

"The formation of Y—laotonee from *- and P)’-unsatuntod
acids; and associated reactiong.”
by Ee. Jo Boorman,

No systematic work on the lactonisation of olefinic
aclds has been done since that of Fittig and his school, until
the recent discoveries of Linstead on the various faciors
influencing the fommation of the Y-lactone ring.

In the present work, this reaction has been studied
for off - and PY -butencie, pentenoic, gyclohexene carboxylic
acld and Semethylegyclohexene carboxylic aclids under standard
con@itions. This has shown the existance of a type of ringe
chain tentomerism, neamed lacto-enoie¢ tautomerism, not
previously noted in Pb‘-aold <yisetone systems. The writer
has also studied the addition of hydrobromic acid to the
nl;cn aclds and also to "P- and Py-mhomoio acids, in
various types of solvent; also in one case the mode of
addition to the eorresponding ester has been investigated.
The ) -lactones obtained have been studied with respect to
their equilibria with the corresponding hydroxyeaclds,
Parachor measurements have been made on the Y =lactone ringe.

The work has necessitated the prepamtion of the
palrs of acids studied in a pure state, and also of the
various reference substances required, The existing methods
have been used and improved and new methods devised.



The formation of Y -lactones from unsaturated acids
appears to depend chiefly on the nature of the double bond ’
as affected by substitution, and, to a less extent, on steric
factors, the bending of the chain, and valency deflection,
The addition of hydrogen bromide seems to depend seolely on
the nature of the unsaturated linkage and the type of solvent
used, whether polar or nonepolar,

The bearing of these results on the nature of the
olefinic linkage is discussed,



"The formation of ¥ -Lactones from ofp « andPx -

Unsaturated Aclids; and associated reactions,”




The experiments described in this thesis were
carried out under the supervision of Dr. R. P. Linstead,
in the lsboratories of the Imperial College of Sclence
and Teehnology, South Kensington, London, S. We 7,
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INTRODUCTION.
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The investigations that form the
subject of this thesis have been undertaken in an attempt to
throw some light upon the nature of the double bond, This
has been essayed by a study of various addition reactions,
end the olefinic acids constitute a partieularly suitable
field for this worke The chief practical advantages of the
aclds over other olefines as working materials lie: ~firstly,
in the great aecessibility of a wide range of homogeneous
unsaturated compounds with varied types of alkyl substitution
and known positions of the double bond; secondly, in the fact
that both the aclids, end nearly all the produets obtained from
them by the reactions studied, ean be obtained as erystalline
solids of definite purity, the latter also by independent |
syntheses; and thirdly, in the great ease of analysis and
ldentification of the substences obtained from the experiments.
The reactions chosen for investigation were (i) the
self addition resction, resulting in the formation of lactone
from the isomeric unsaturated acld by intra-molecular addition,
and (11), the heterogeneous addition reaction as typified by
the addition of hydrogen bromide to the olefinie acids. .
Both these have been successfully used, while several other
assoclated reactions have also received attentlon with a view
to aiding the main study. These were, for the great part,
concerned with the Y elactone ring.
The following pages contain an account of the
investigations into the reactivity of the olefinic linkage

with particular attention to the two reactions (i) and (ii),
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The investigations described in this thesis can be
subdivided into three broad classes. They arese
(1) The lactomisation of olefinic acids;
(11) The addition of hydrobromic acid to the above acids in
various solvente; and
(111) A study of various properties of Y =lactones,

Sinee the time of Fittig and his school (1880-1894)
no systematic work has been done on the formation of hetoaes.
from unsaturated acids, until the resent work of Linstead’
ooncerning this reactione The general ralationshipa between
PY =scids and Yelactones were m‘:g.y established by Fittig
during the above periode In 1883 he showed that certain
unsaturated acids could be lactonised by boiling with 60% (vy
volume) sulphurie acid, and later he mhacimﬂtho faeot that
this reaction was confined %o P)’-aaids (and the one ¥ § ~acid
then known, allylacetic acid) but that .,(p =agids were completely
unaffected by the above treatment., Fittig strongly meintained
" this point in & commmication to the "Anmalen® but adduced
1ittle actual experimental evidence to uphold his assertions.
Indeed, he used this difference in reactivity as a method. of
analysis of mixed dp =snd fye acids, Subsequent work on systems
oontaining a chain branched at the P ecarbon atom has indicated
that such ofp =acids reedily yield lactones with hot 50%
mlplmrlo acide Instances of this latter faet are noted by
Fiohtor (emd collaborators) working on Pemetlyl-«p ~pentencio
acld; Blaise and Luttnnm on various substituted serylic

&
acids; and more recently, Kon and Linstead on f -sthyldp -
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pentenoie aoclde It was eoneluded, however, that these reactions
were all exceptions Lo the gemeral rule. _

In 1932, Lmtoan' proved that both ofp=p= and dp =isc-
hexenoic acids yielded large gquantities of the correspondingy
lactones if subjected to the above treatment, and the following
pages ocontain several oth_br examples of this reaetion,
effectively proving that Fittig was mistaken in his asfsgmptim.

The mode of addition of hydrogen bromide to olefiniec
‘aclds has received attention in many isclated ocases, as .woll as
by Fitiig during his very extensive researches on the
unsaturated acidas. He, however, used methods that have since
been shown to yield unsatisfactory results, due chiefly to the
fact that his usual method was to use a saturated aqueous
solution of hydrobromlc acid, and to isclate the bromoeacids
80 obtained, or to distil the addenda in steam and 1dentify the
products. It is interesting to note that this last method
led %o the discovery of ) -lactones as a class, as Fittig and
Geisler distilled in steam the addition product of hydrebromic
acld and pyro-terebic ( Syeigo-hexenoic)acid and from the
diatimto isolated yelisgecaprolactone, the first lactone to be
recognised as such,

In 1880Erlenmeyer unr':. and mbaeqnently'ntt:lg",
discovered that dp ~acids added hydrogen bromide so the the
bromine atom went exclusively to the ﬁ-eum,zﬁgo Further
extensjive work by Fittig and his collaborators sonfirmed
this gemeralisatione ilsc 1t was discovered that, 1f Py -aclds
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were allowed to resefuith hydrobromie acld, stesm distillation
of the produet produced )/-laotonas, and that the rate of
addition varied with, ond was increased by,alkyl substitution,
Thelir bromo-acids could not be obtained solid, and Fittig
recognised that the addition may not yield pure Y -bromo-acids,
but miztnrcn of the p~ and Y= isomerides, and stated this faet
in the 1894 papor. A second reason for his failure toc obtain
even the pure bromoe-acids solid is the fact that, in the presence
of water, decomposition is faecilitated, particularly in the
sense Yebromo-scid —» Y-lactone. . |

The only other noteworthy work along these lines is
that of Valker and Iznudm:‘ who found that undeeylenic acid,
(CH.=CH(CH,) goCOgH) 1f dissolved in toluene, added hydrobromic
acld to give the terminal broma-seid [cngm.mz(mg)a.cogu] .
while in ethereal solution the prépondomting reaction is that
yielding the non-terminal acid, CHg.CH(Br). (Gﬁzzgxocoaﬂ .

Thuo results have since been confirmed by Chuit and coworkers.
Since this discovery, no other work bearing on the pronnt
investigation has been donee

Concerning the properties of lactones, very little
earlier work appears to have been done. Hjcnl;q'ﬁ:is carried out
experiments in determining the speed cf formstion of Yy ~lactones
from the corresponding Y -hydroxyacids in water under standard
conditions, and has stated that } -alkyl substitution increases
the veloeity of the change, which is a mono=-molecular onee
The conditions of Hjelt have been used as a basis for the

present work, and have given results in fair agreement with



with those of the earlier worker. \

Comoerning the position of the equilibrium between
the Y ~lactones and the corresponding y-hydromoids in
éxmooua solution, the work of Fittigz'mny be mentioned. He
showed that yelactones (and § =lactones) on heating with water,
were converted into the oori‘esponding; hydroxyacids, and that
these 1att01; passed back into the laetones under the same
conditions, IHe, however, made no aocurate estimate of the
position of the equilibriume - Honry dotomined tho positicn
of the equilibrium for ) ebutyrolactone in the cold in the
presence of hydrochloric aclid, and obtained a similar figure
%o that obtained from the present work.

| Measurements have been made on parachor values for
the lactones studied in order to aseertain whether the :
Y=lactone ring possessed a straectural parachor, no similar
measurements having been made previously, :

The study of the above reactions and properties |
forms the subjeet of the present thesis, and the acids
examined frem this standpoint are: Ap= andP{- futenole,
pentenoie, isoehexenole, gycloehexens carboxylic, and ¥- mthy.l
gyelo~hexene carboxylic acids, The lactones corresponding ta
these acids have also been 1nvutigated', and are: Y ~butyros
lactone, Y=valerolactone, y=igo-hexolauctone, gyclo-hexanolide 1:3
and lemethyl gycloehexanolide 1:3, i






{a] ACIDS,

_In the case of the aliphatie 4P e and Pyo acids the

preparative methods used were those alrecady perfected by
workers in the fisld of threc-carbom teutemerism, and which
have been proved to yield pure productse The cyclic aclds,
however, were found to need further investigation.

The three .(’ ~aliphatioc olefinic acids nm all
obtained by the general method 1ntrodnoed by Doobnor, a.nd
S tana doveloped by v. Auwers,’ Goldberg and Lin:toad,
Boxer and Linstead ‘and others, Briefly, this is the

Verley,

condensation of the eppropriate aldehyde with malonic acid
under the eatalytie influence of pyridineie

R,CHO 4 OHz(COgH)s —> R.CH=CH.COgH
and has been shown in all cases to yleld the dP-muatuntod
acid in =2 high state of purity.

The pyelsamerides of the above solds were obtained
by a varioj:y of methodse. P,ﬁPentenoio acid was obtained by the
condensation of propionaldehyde and malonic acid using as a
catalyst, instead of pyridine, triethanclamine, _m(@-nyarm
ethyl)-amine, rollovdng the discovery of Boxer and unateaﬂ, &
the method having been further improved by Linstead and Noblee

From. the high fraction fror the first distillation of
this acid was obtau;;m“éil which deposited white needles omn
long standinge This solid was purified smd shown to be p--tlwl
glutaric acid. This would appear to be formed elther from some

o@-mumzu compound by condensation with a furhter molecule
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of malonic acid, or by simltaneous combination of two molecules
of this acid with one of the aldehyde, subsequent deocarboxylation
vielding the substituted glutaric acid, This is formed in
considerable quantity (c. 30% of the total), and ascounts for
the bad yield of pentenoic zeids Similar results for analagous
condensations have since been obtained by Linstead and Noble
from the high residues from the preparation of A)y -~butenoic and
P)«-n-hcxonoio acids. ,

px-mtmoio acld was obtained by the precedure of

Linstead and Noblo? which is a considerably modified method of
Bruylants and his ooworku:;vmd appears substantially better
than the original method from the point of view of the purity
of the product. v :

py-j.n-nmoio acid was prepared from the. opeiscmer
by boiling this acid with a large excess (9 mols.) of
concentrated caustic potash sohtion until the equilibrium
ar-mid 1 P,Gaoid had been established, and subsequently
obtaining the pure P“_-wtd by pertially esterifying the
recovered and distilled acid to obtain pure PYiso-hexenoie
ester. Hydrolysis of this in the cold by alkali ylelded the
pure fy-acide
| All the scids resulting from the above preparations
Wwere obtalnable as erystalline solids, and their general
= physical properties asgreed very closely with those of the
corresponding aclids of the workers n-ntionod.‘

The proparation of the two pairs of homocyoclic acidg
was found %o need investigation before the seids could be



obtained pure.

A-1 gyclo=hexene earboxylic acid, (tetrahydrobenzoie .
acld), was originally obtained by -.acha.t?&by the action of cold
aleoholic potassium hydroxide solution on of -bromogyeclo-hexane
carboxylic acid, and later, by the equilibration of the PY¥ -
isomeride by the action of caustic alkali, The equilibrium,
he comsidered, was 100% 4f acld; actually 1t has been now shown
%0 be 95,57 ,‘Gacm. Aschan never obtained his aecld as a solid
due, probably, to contemination with the F)’-i-om.r. El.nho:':ii,3
by the reduction of dihydrobenzoic acid by sodium amlgam,
obtained the aoid in a slightly purer form melting at 29%

Nome of these methods was adopted, the ome finally
used being based on the work of Ruziocka and Brnwr?tho
prepared the corresponding offp -unsaturated nitrile by the
thionyl chloride dehydration of the cyanhydrin of gyclohexanone.
The olefinic nitrile has been found to hydrolise in good yleld |
to the equilibrium mixture of ‘f -‘anaﬁ-mnmo carboxyliec
acids, these being separable by partial esterification. By
this process the of ~acid was obtained in large white overe
lapping plates, melting at 38°. The PY-isomer had slso been
investigated by ‘moha.n:a‘ who obtained it by the reduction >y
benzoie acid in hot alkaline solution by sodium smalgam in a
current of carbon dioxide. This was repeatedly tried under
Aschan's conditions, but anly very poor ylelds of PY -acia were
obtained, much tautomeric change t the O‘P-mid having ooourrod
Various modifications were also attemplted, but these alsc failed.
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- Attention was then directed %o a possible elooirblytic reduction
of sodium benzoate at & mercury kathode., Various conditions
of current density, temperature, etee. were tried but all gave
negative results. [Lventually a considerably modiffed method
of reduction by sodium asmalgam, based on .gehin®s oﬁgnal
method, was found to be satisfactory, the final purification
being achieved by the removal, by zine dust in aleohol, of two
atoms of bromine from the roerystallised By -dibromide
prepared by addition of bromine to the orude reduction product,
The pure acid had meDe 'I.Ooo

The homologous gemethyl acids may exist 1n four
isomeric forms differing in position of the double bond: Viz.

~ 0 —C— COoH c-—~0 -c—¢C
/\\ 2i l,/\ Oz P Oaﬁ K/ OgH
C'Ha CH GHg (¥ ~GH3» CH CH CH
7\ N Lo 3  E A
CHy Me CHz lie -CHg Me = CHg Me
Al > AC NS-

the aecids required boing A-l*and 4-8; All four acids have
been prepared by Perkin &nﬂ his coworkers in the course of the
synthesis of sylnstmo. The A) acid was prepared, mixed
With the A-6-acid,by the dehydrobromination of the of =bromo-
saturated aeid, and their separation secomplished by fractional
erystallisation of their caleium salts. Perkin did not obtain
the acld quite pures The method used in the following work
was enalagous to the preparation of the previous ap-aéu. Le€ey
by the hydrolfsis of the unsaturated nitrile obtained by the
dehydration of the cyamhydrin of mmethyl gyclohexanone. It was
found that the ratio of the A-l-acid to the A 6-acid was
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grajetly in favour of the A-1-form, and so the method was adopted,
final purification of the acid being effected by recrystallisatior
of the calolum sal?‘:,, or by removal of 2Br from the 1:2 dibromo- :
acid, prepared from the impure acid and recerystalliseds The asid
is a solid forming large overlapping plates, mepe 25-603 also
from a study of the three carbon systems of the acids, fhe ratio
between the second .{P «form (A-6) and the corresponding ﬁr-rom
(45) will probably be of very much the same order as that in
the case of ar - and Pr-gx_o_.’l_.g-hoxene carboxylic acids, as the
two systems are, for practical purposes, identical, In the
ease of the two aclds required, pA~l-and A2, the introduction
of a f-mthyl substituent on the double bond will doubtless
inerease the amount of the D2 acld present at egquilibrium.

' Thus the Pyescid formed from the alkaline hydrolysis will
probably be almost entirely the A-2-form, the one required.
There may, or may not, be an equilibrium between all four forms,
but if there 1s the acid 4-2 will act as a sink and cause a
Preponderance of the Al -and A2 acids in the mixture obtained.
Aetually the smounts of A-l-and A-2-are found to be the great
portion of the mixture, so that the amount of the A5-acid
formed is probably negligeable, ,

The ﬁkoanid,A-z was obtained by alkali equilibration
of the acid(s1), and purified by partial esterifications
Unromhately, this acid could not be finally purified in the
usual way via the dibromide, as sny attempt to prepare the latter
: involves a great loss of bromine as hydrobromic acid from the
substance, and leaves an oil which is probably the £ -bromo-) =
lactone. Other methods of purification, e.g. through the



1o
getoluidide, were not attempted as the acid was only available,
in very limited amounte However, the acid obtained contained,
as a minimum, 95/ of the Jemethyl:A-Zegyclohexene carboxylic acid,

and was used as suche

These substances were used in various ways, chiefly
for the identification of products of reaction, and as a means
ohecking snalytical methods and resulise Thay fal.fl naturally
into two classea: (i) lastones; (i) Bromoe-acids and associated
compounds e

(1) LACTONES.

The usial mode of preparation was from the Y ~hydroxye -
agids, whose constitutions have been proved beyond all doubte
Dehydration of these acids ylelds 'the comresponding ¥ ~lactones-

. ReCH(OH) oCHg e GligeC0.0H ——> ReCHoCHgoCHg
S S
This method was wsed in all cases exocepi that of Y -iso-hexo-
lactone (see later)e The methods of obtaining the hydroxyaeid
varied with the compounde, IExisting methods have been usad,
modified in some cases to improve the yleld and purity of the
Tfinal producte .

Y-Valcrolaotcm has been p mp:rod by ao;eral workers,
ehlel among whom can be cited Neugebauer and VWol#f, Both these
authors used as the basis of their preparation the formation of
laevulic acid ( Y -keto-valeriec acid) by the action of hot

hydrochlorie acid on a earbohydeate, subseguent reduction of the
keto acid to the Y -hydroxyacid by sodium mlgau,' and ring-
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elosure in the way indicated sbove yielding Kv&lerolaotm. 1
Vanino advosates the use of starch to obtain laevulic acid, but
this was found to lead to extensive charring , suerose being a'
more generally satisfactory starting material., The elimination
of water from the Y ~hydroxyacid s usually very easy, indeed,
50 much so that 1t ococurs spontaneously in same cases.

(" r—mtyrolaetono was more dirfi::lt to obtain. The
method of preparation of Fittig and StrBm, involving the alkaline
hydrolysis of the product of condensation of ethylene chlore
~hydrin and sodio-acetoacetic ester, as also deseribed by Vaning
was found to give only a viry poor yleld of impure lactones A

%
somewhat similar method has been used by Johansson and Sebelius

| and Traube and Lohmnn? The method eventually adopted was

based on the work of rrumug’,*ma is shown belows:

OH(CHp)g0H ~5L> O, (CHp)gCl SS> OH, (CHp )gCN —H8-> OH. (CHp ) gCOE
?Hg.ﬁl-lg.?}{g / _
0 ™ Co

Various slight modifications were introduced; for instance, the

chlorhydrin of the glycol, made by the method of Marvel and

Calvory,‘ iu used instead oi‘ the branhydrinl as recommended by

Frihlinge

rj,g_g—ﬂnxolactone was Vnot prepared by the method of

Brodt"(by permanganate oxidation or. iso-hexoic aeid) but very

sinply from (¥-iso-hexenoic aeid by heating 1t to boiling for

ﬁvo.h’uu, the conversion to lactone being practically

complete in this time (Linstead ). The residual acld was removel

by potassium carbonate and the pure lactone distilled,
For the dicyclic lactones, the methods of Perkin and
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httorsm‘gbfe usede The nonemethylated lactone (1) was
obtained in good yleld from gise 3 -hydroxygyelohexane carboxylic
acid by dry distillation (to eliminate water and cause ringe-
slosure) the solid lactone being Tinally recrystallised, The
saturated Y-hydroxyacid was made by reduction, by sodiuam in
boiling aloohol, of menydroxybenzoic acid, itself obtained by the
fusion of the mesulphonic acid of benzoic acid with caustic
alkali, using the modifications of Ortermmﬁ' The homologous
lactone (1i), lemethyl-gyclohexanolide 1:3, was also prepared
from the gige3~hydroxygyelohexene carboxylic acid by careful
oxidation to the corresponding keto-acid, this esterified, and
the pure JSeketoester submitted to the Grignard reaction with
methyl iodide. The product, Semethyle-3-hydroxyegyelohexane
carboxylic acid, on dry distillation, yielded the lactone in

the usual way, This was obtained as a oryntalune‘aond, MeDe
450, previous work:or. having obtained an oile These methods

are represented belowie

CH OH CH CH CH Gl :
R R bbb e B
CH Ge - * -
o \ / % ol - a\%/ %/
cH CH CH CHy CHp
Hs— CO l )
g oC0,H  CH.C
IN=t D ke
GH, GH, GH, Gy  CH, Gip
a1, ¢ R ' ('3 ou' :
—_— ; — co
c\Hl'/ AN "58/\ m{'/
Ciy e CHy Me  CHp

The reference compounds needed in this section were
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P- and Yy ebromoacide, which are the only possible products of
direct addition of hydrobromic acid to olefinic acids.

In all cases the p ~bromoacids were obtained in a
pure state by the addition of hydrobromic acid gas to the pure
*-olarinio acids, and wers all obtained as solids. Similarly
all the x-bromoaoms needed were prepared from the
coi'roaponding y ~lactones, the lactone ring being opened by
means of hydrobromic acide The two bromoesters required were
prepared by esterification of the corresponding bromoacids
by ?’fohleomth’:"mthod, modifications being introduced as

occasion arosee

w oF A.N&L_!EIS gﬂ) IDENTIFICATION

iixtures of acid and lactone were estimated by the
. 4 '
barium hydroxide method described by Linstead, whieh was found

to glve very good results in all cases. The mixtures of
isomeric acids were analysed as to their «p- and P(—acid ~ -
components by either the iodimetric method of Linstead and May,
or by the modified bromometric method of Linstead and _Nobl:?
The snalyses of mixtures of bromoacids varied with
the acids used, but were based on the following principle: that
heating an aqueous soluf.ion of the sodium or barium salt of a
Yebromcaoid ceuses rapid, quantitative conversion to the Y=
lactone, which oan be estimated as such; while similar treatment
of the calts cf a p-brmwacid produces, (besides & certain
small amount of unsaturated hydrocarbon) the p =~hydroxy acid,
Probably via the p ~lsctonee The conditions were standardised,

Attempts were made to estimate the amount of unsatursated



_ . 14
Mrooarbon. evolved by collecting in chloroform and titnnng'
with bromine m lution, but with no success. The lactone
formed from any ) ~bromoacid present was also isolated
seml-guantitatively, as a cheok on the titration method,A and
identified, In all . cases the methods of analysis were
controlled by reference to the pure bromoacids, obtained by
independent syntheses. ‘
In the case of the additions to the Py -butenocic
ester, the analyses were pprtormod by semie-quantitative .
oondensation of the bromoester with ethyl sodio-malonate by
a new method, based on a reaction of Gabriel and Gdlmns:' In
several cases, an 85/ yleld of the pure dicarboxylic ascid from
the bromoester was obtained (ef, Montemrtmqq). This method
was used in support of the evidence of the physical properties.
A similar method was used ® ocheck the titration results in
the case of the products of addition of hydrogen bromide to
2-gyclohexene carboxylic ascide The addition produet was
esterified in the usual way, and the utor subjected to the
above treatmente The @ -brmmestu?‘}ns been shown to lose
hydrogen bromide quantitatively to yleld the pure qp imlmmtod
ester (oompare Cocker, Lapworth and Potors‘,‘who have ahmm the
great ease with which halogenated esters of this type 1oso
‘hydrobromic acids in the above sense, and also the ease of
removal of hydrogen ehloride from 2-chloro-lecyano-gyclohexane, (")
Which is seen to be an analagous reaction

7 C!I{OOOEt : \ : / C’\\C 00Et
o = =

CHy CHp - CHy (GHp
N 7 -

CHp ) : | CHp ="



CH, Ge Gl
N - ' /' \

' (HE

7 o R

CHy CHg CHy CHg
- sl
GHy m CHp

The two (gige and irams-) Yy -bromoesters are quite
unaffected by this treatment, and are recovered unma!igtdo
Unfortunately, no method of analysis to determine the relative
amounts of g¢is- and irans- aclds present has yet been found,

. The products obtained from the various reactiocns
studied were all isolated in a pure state and identifiede In
the lactonisation experiments, The final mixtures of acid and
lactone woro. separated through sodium blcarbonate and the
recovered acid identified by physieal property evidence,
squivalent, halogen addition, and melting points. In the
case of Y -valerclactone the technigue of low temperature
melting points had not at that time been perfected , and
consequently a solid derivative was made from each sample of
lactone., This was the smide of the r-hydroxyacid which is
formed by the opening of the lactone ring with‘amonin. In
all subsequent lactone work, the melting point, and melting
point mixed with the pure reference lactone were used instead
of the preparation of a solid derivative.

. The acids mentioned in a previous section have been
examined with respeet to their tendency to form lactones under
cortein standard conditions. The conditions chosen were:
(1) Boiling the acid with five volumes of sulphuric acid
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507 by volume, for a certain known period; .
(41) Allowing the aold to stand with five volumes of sulphurie
acid, 607 by volume for a known time at about 209
(111) Heating the acid, either alone or in an inert solvent.

At the end of an experiment the prodduts of the
reaoction were isclated andinvestigated from the point of view
of amount of lactone Tormed, The acid portion was also
analysed for mixtures of op -and Ry -acids

The Y -lastones were also treated under the above

conditions to ascertain whether reversal of lactonisatior occurs
‘ or note

From the work of Linstead 1t can be seen that bwo
main factors appear to affect the tendency of an olefinic acid
to lactonisge: the polarisation of the double bond, and the
"approach factor”, In the present work some attempt has been
made to separate these two effects by comsideration of two
pairs of acids (the oyeclie acids) that combliin a rigid
framework, and in which the approach factor i1s probably
Oonlidqrably modifieds Further consideration of the '
mechanism of the reaction has been deferred to the next mtim.

The next section (3) is devoted to a discussion o:!;
the results obtained and which are given at length in section 4.
For the sake of comvenience, a tabularised summary of the |
salient results obtained by treatment of the olefinic acids
under the above lactonising conditions will inserted here.
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Summary of lactonisation results, .
Note: "Hot 50" - Treatment with boiling sulphuric acid 50%_ by wvol

"Gold 607"= Treatment with cold sulpburic acid 607 by volums
Fo = Conditions used by Fittigy; me.> minutes; h.= hours;

d.= days; The resoverles quoted are of'"pure"mixtures.

seld, used, Treatment, % Reeovery., 7 Aeid, % laetanee
of 2 =Butenolc Hot 50 F. | 43 9940 1.0
" 80 m, 54 9745 1,5
Cold 6¢ 7d. 94 9940 - 0e5
py-futenoie  Tot 50 T, 51 98,40 15
60 me 51 9740 2,0
Cold 60 4h, 90 9840 Ze0
2 de 71 9846 240
7de 51 9840 13
Boiled in dekalin 24h, 91 _ X CeS
op=Fentenolc  Hot 50 Fe ¢ il 6345 . 8540
30 me 60 645 9340
60 me 58 1,5 T 9760
Cold 60 2 de 91 9540 340
7 de - 9740 25
Fy-Pmtenoio Hot 50 Fe 1 4eO 6&.5
Cold 60 1 h, 79 8445 1540
5 he ” 41,0 575
8 he 58 19.5 7945

48 h,. - Beb . 9540



seld used, Treatment,
Hel-gyclohexene Lot 50 F.
earboxylic acide. 30 me
Cold 60 7 d.
o=2-gyclohexens Hot 5C T
earboxylic aclde Cold 60 45 m.

2 he

4 he

‘Boiled 60 me
S-mothyleskoyelo- Hot 50 ¥F.

hexene carboxylic 15 me
acid Cold 60 2 d.
7 de

SemethyledZeyclo~ Hot 50 1 me

j _Reeovery. [ seide [ Lactong.
92 97«5 1.5 -
46 90,0 8e5
59 97 o5 240
73 3540 6340
46 895 10.0
33 7345 2640
25 1140 8845

9940 0eb
8l 98,0 2e5
71 9645 2e0
100 99.0 00
85 9945 1.0

The acid was destoyed.

hexene earboxylic Cold 60 5 me 88 155 Bhel
aecid 15 me 85 12,5 88e5
60 me 83 Be5 92,5

Boiled 30 me - 7440 2640

90 me - 6840 315

300 me = 6540 Ued

Summary of the effeet of the above
the Y-laetones.

RO LONE 560 Nl ment
¥ =Butyrolastone. Hot 50 3 he
' Cold 60 7 4.

¥ -Valerolactonee Hot 50 lehe
Cold 60 7 d.

Jeb
1054

1.0
Uebd

conditions on
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Laotone used., _ Treatment, 7 Reecvery, % leild, % lLaectong.
Cyelohexanolide Hot 50 30 me The lactone was destroyede

 § 1 Cold 60 7 d. 60 240 970
l-methylegyolo~ Hot 50 5 me The lactone was destroyed.
hexsnolide 1:5., Cold 6C 2 de es OaB 101

Boiled 15 me - 1240 9440
74 me - 4245 EleU

200 me - 61le0 S0eb

375 m, & 5745 3645

Additions of hydrogen bromide werc also carried out

under standardised eonditions. Pure dry hydrobromic acid gas,
generated in an apparatus comnected by ground glass joints to '
avoid mtm_ination of the gas by eontaect with ruﬁber, was
passed into the olefinic acid, usually eooled in ice, in a
glass stoppered Uetubes The additions were performed under a
variety of conditions, the bromoscids so formed being finally
isolated and analysed, Similar exﬁerimenta were also eayried
out on Py-butenotc estere The actual ex;}erimts are fully
deseribed in seetion 4, bul a summary is given here of the
Tesults obtainede.

The two common conditions used were: addition to the
dry acid; and to the scid containing 4% water. This small
amount of water does not lead to the Wiom occasioned
by the use of larger amountse In the oase of the butenoic

acid, several other solvents were used as will be seen in the
table.



of b d ] 16

Aold used, Solvent and cone”, P- ﬁbm'
qpoﬂntmoio. None. (fused). 100 0
P{-Butanoie. lione, 100 0
Water. 100 0
Ethers (50%). 100 ¢
- Acetic aclde (50%)e 100 0
Toluene. (50% and 20%)s 0 100
Petroleum. (207). 0 100
dp ~Pentenote, lNome 100 o
py ~Fentenoie. liones 8 o2
ater. 8 Q8
o p ~iso~fexenoic, lone 100 v
Pr-;a—nexonoic. lione. 0 100
Water, 0 100
Qi-gyglohexene None. 100 0
carboxylic acids Tolueme. (507). 100 0
Agetic acide (507).100 0
A-2=gyclohexene lionee 18 82
carboxylic acide later, is az
100

The r =lactones themselves have alsc been studied
Trom several different points of view. These compounds, on
heating with water, are found to proceed to an equilibrium
between the ) -lactone and the corresponding Y-hydroxyacide
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The positions of these equilibria at a uniform eoncentration ot
(lactone + aold) of ¥/25 have been studied for a series of
lactones,

Somewhat similar m@mrmts, in the form of veloocity
detemminations, have been made on the reverse of the above
reastion, l.e. the formation of the ) -lactones from the Y =
hydroxyacids in aguenus s=olution under standardised oonditionﬂ“

The third measurement done on the lastones, that of
parachor values, was performed by the method of Sugd-ns,*in an

attempt to find the parachor constant of the Y ~lactone ring,

(1) Water equilibration figuress at equilidbrium,.

. Lactone
Lactone used. % hoide » Lactone. Ratio 4 ax
Y=Eutyrolactone. 2542 T4etl T Re97
YeValerolactone. Pk 92,9 13,1
Yen-iiexolactone. Beb 9544 1349
Y-j,gg—ﬂ«xolaotono. e 9645 270
Cyclohexanolide 13:3e 8840 iz.0 Uel386
d=pothyl * " " 28,0 7240 2051
(1)) vValues of time of halfechange of ringeclosurs,
¥ <Hydroxybutyric scid = ¥=buisrolactone. 135 minutes.
¥liyaroxyvaleriec acid - Yevalerolastone 64 minutes
Slged-nydroxyedenothyl .
. : i»lmthyl—gmhhmnh 1:3, 198 me
gyglohexane carboxylic aci ¥
(111) Parachor values. Found. Caloulated on:
Low temperature, High temp. Sugden, M.&P.
¥ eiutyrolactone 19643 19844 - 19043  194.8

m
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The work of Llnatead' has conclusively shown that the
lactonisation of *P-o.d.da depends on their teutomeric change '
to the . Py-uomndea, and subsequent lactonisation of the
lattors The system studied oan be gymbolised in the

following ways
Y | l l

—CH—C=0—COgH 73~ 0= —~ COpH #c cfs
co
a(p wacida "-acid. 'Y-lactone.

The change d, from lactone to acid, has not yet
been found to occur during treatment with either cold
sulphuric acid (607 by volume), or hot sulphuric acid (507 '
by volume), and under these conditions the variations between
the different systems depends on the ratio of the velocity of
the changes a,b, to the veloeity of the ohfnge Co The acidse
ean thus be classified under four headings:e
(a)e Systems in which ehanges a,b, and @ are all slow, but
lactonisation e, is the fastest. Lxamples of this have been
found in the pentenoie and gyclohexene carboxylic aecids,
those with ome Y- and no F-alkyl substituent.
(b)e Those in whieh the tautomeric changes a and b are fast,
while the change ¢ is slow., An instance of this type is
found in the P-uthyl pentenoic acids of Linstead and Wri@‘:?
1.6, the acids containing one P - and one ) -alkyl substituent.
' (8)s Those acids in which tautomeric change is slow and
lactonisation is fast, ,as shown by the 3-methyl gyclohexene
“mli‘.o acids studied, and also the igsgehexenoiec acids of

Linstead. These acids alsc appear to possess the property of
forming lactones on heating alone, and are those with twe



Y=alkyl substituents and no Poalk'yl substituentse

(d)e The fourth class tentatively proposed by Linstead;

that in which the tautomeric change is fast and irreversible
in the direction Py encid -»4 -acid, as in acids with neither
Fonor Y-alkyl substituent, This has been shown to be the
sase with the butenole acldse

During the diseussion of the lactonisation results
1% has been found necessary to make reference to the results
obtained by the addition of hydrobromic scid to th§ aclids.

4 more complete eonsideration of these latter results will
be given after the lactone portion of the discussion,

The results obtained in the present work cam be made
more complete from the comparative standpoint by the inelusion
of figures obta'mod by I.tnatoad. for pe and isoehexenoic acids,
and reference will be made to these.

In the series of aliphatic olefinie aclds the
ke R:\.o=ca ~CHg o COgH.
R/ represents the P)’ ~acids
studdeds In [Y-butenolc aold, R=H-H. This acid was
found to yield no lactone whatever under any of the conditions
used, even in boiling dekalin solutiom. In this last-named
attempt, eonsideration of the fact that Py -butenoic seid in
hydroearbon solvents adds hydrogen bromide to yleld
exclusively )Y -bromobutyric scid suugests that it is under these
conditions that formation of lactone is most probable. o
lactone, however, was detected at alls This was not due to
the aeid tautomerising to the Off =isomeride, as the recovered

Qoll was & nobile liquid closely resembling the starting
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material, but simply to the inortia of the systaeme The fact '
that no lactone can be obtained from the py-gc:ld is supported
by the work of Fichter and danneborn: who also endeavoured to
lactonise 1t; and by the non-formation of any lactone during
the preparation of the acid from the nitrile under conditions
semully fuvesredls to lestentsnttons ' \

The fact that addition of hydrogen bromide to p;-
butenoie acid in active solvents yields puroP-bramomtyric
aeld, suggests that the lactone that should be formed is the
‘P-laotom and thet the formation of Y -lactone is opposed
due to the polarisation:
G~ Gl — Ci it cg;:m—-cag.cogn +HB" 5 Gy, GHBr, GHg « COgH

0 —Co

p ~lactone. p-brombutyrio‘ acid.
If, however, the carbon chain in the phase most favourable
for ringeclosure, is coiled with tetrahedral angles at all
eorners, it will be seon that the oxygen of the carbonyl sroup
does not approaeh the P -garbon atom as elose as is necessary
for the formation of P-hutyrolactone. Also the P-hotono
ring would be very highly strained if formed and would not be
stable under the conditions of reaction employed. Theory '
thus suggests that lactonisation of PX-butmoic acid in elther
sense is mm.bitod, and that the primeipal resetion, if any,
will be the teutomeric change to the stable c(P -acide This
was found to be 50, the experiments conducted by boiling fY =
butenoic acid with sulphuric seid, 507 by volume, yielded in
all cases, practically pure e(P ~butenoic acid (iransecrotonie
@cld}e The nonformation of lactone, however, cannot be
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entirely due to the tautomeric activity,,as treatment of the
)G%-am with sulphuric aeid, 607 by volume, in the cold
vielded no lectone at all but the teutomeric change was only
deteeted to a very small extente The 4F-butonoio acid, in
accordance with the above theory, yie;ded no lactone under any
conditions, while Y ~butyrolactone was stable o the agents
used for lactonisation., Im 1ts inertia to the reagents used,
P¥~tutenoic aeid is unigue among PY-acids so far studled.

In the case of the pentenoic seids (H'- Hj K= Me)
the salient struetural difference between these and the butenole
acids is the existence of one Y -methyl substituent. This
has caused the acids ¢t differ sharply from the butenoic aclds
in prastiecally all the chemical properties studied, Pr-Pantenoio
aeid gives Y -valerolactone rapidly cn boiling with sulphuric
acid (507 by volume); fairly slowly with cold, 607 by volume
sulphuric aeid; and not at all on boiling alono'.-(f-?wttnoic :
acid ylelds Yevalerolactone, obviously by preliminary
tautomeric change to the PY-isamer, if boiled with sulphuriec
acid, 507 by volume, but is quite unaffected in the cold, even
by long standing with sulphuric acid, 607 by volume, This is
again in agreement with the hypothesis that g -acids fom
lactones via tautomeric change to P)’-nnids; the speed of
lactonisation thus depending on the veloeity of this latter
ehange, which explains -the non-formation of lactone from .{f-
pentencie acid during the eold treatment described. y wValerce
lactone was recovered unchanged from all attempls to reverse
the ring-closure.
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The speed of formation of lactone is slightly s].ower' '
in the case of 4P-pentonolo acid than in the case of Q’P -l
hexenoic acid, but the two Py-aoids lactonise =t about the
same speed, From this 1t appears that the reactivity of the
double bond has been greatly increased by the introduetion of
one Y e-alkyl substituent, but that the nature of the
substituent is only of seeondary importance. The addition of
hydrogen bromide to PY-pontcnoio acid indieates the profound
polar change caused in the double bond by introduetion of this
one Y ealkyl group, inasmueh as the addition proeeded to give
927 of Y ~-bromovaleric soid and & of the P =bromoacide This
is almost eomplete reversal of the mode of addition to the
non-ubstitutod analogue, and the deduetion may be drawn that
now, the polarisation in kaontcnoio aeid is as shown :

Gl —>CH = Ol — Clig— 00gH o

This type of activation, 1t will be seen, will bs in favour of
the addition of the earboxyl group, as its eonstituent parts
=C0.0 and H, to the unsaturated eentre to yield ¥ ~valerolactones
A further faet in favour of ring closure is, that, in a five=
membered ring so formed, the angle at each eormer is very _
nearly equal to the tetrahedral sngle so that, if the earbon
chain be assumed %o be colled with tetrshedral angles at all
eorners as before, the formation of the ring does not irpose
undue strain on the moleeule and yields a stable eonfiguratione
Farther evidence for this will be diseussed later (pe 3¢ )e

Consideration of the isgehexencic acids (R’: R- lie)
shows that, while substitution of Y=ethyl for ) emethyl in
pentenoio acid (to obtain pehexenoic acids) causes very little
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Ghange in the reaetion under eonsideration, the introduction ot
& segond Y -methyl group into pentencic aecid o yield isce
hexenoie acid has a marked effeect in increasin: the ease of
lactonisation of the py-acid, and enables the acid to form
lactone by heating alone; while the speed of lactonisation of
the qF-acm, being dependent on that of the tautomeriec change
.,Q-ao.m —> PY-aoid, is not greatly affected. Addition of
hydrobromic acid to P}‘-}_ﬂ_g-hexenoic acid produces pure
Yebromoeiso-hexoic acid, no trace of the P-lsmrido being
formed, This indicates an even stronger polerisation as
shown below, which ean be correlated with the ease of formation
of Y =lactone from f)‘aoid.
cns/’c —:chn' — CHg —COgH

From these results the conclusion may be drawn that
the reaetivity and direetion of polarisation of the double
bond are dependent on the order, but only to a mueh smaller
axtent on the mtnre! of the Y-alkyl substitutions

The study of the eyelic acids was to s ecertain
extent marred by the ready decomposition of some of the aeids
under the lactonising eonditions used, both acids amd lact.oms.
being rapidly attaeked by boiling sulphuric acid, 50 by volume.
The approximate positions of equilibrium in the three earbon
System have been detemmined, and these, it appears, are not
affected so eonsiderably by xbalkyl substitution as in the
ease of the aliphatie acids, while the mobility of the change
appears to be abmormally low in, at least, the sesond ease

studied, the B-methyl gyolohexene carboxylic scids
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This of course has its effeet on the formation of lactones rrom'
the .‘P =acldse A-2egyclohexene carboxylic acid lastonised :
by treatment with sulphurie acid, 607 by volume, in the eold at
almost the same speed as P\’-pontonoic acid, although
experimental figures may be rather high in lasetone eontent from
the eomparative polnt of view, as the P{-aoia was also Temoved
from the seat of reaetion by some side reaoﬁon as vwell as by
that being investigatede The experiments earried out in hot
50%(by volume)sulphurie acid led to the formation of lactone in
eonsidarable amwnt,'althougx it was not possible to use
confiitions more drastlie than those used by Fittige The Q‘P -
acid, as usual, formed no lao:one in the cold on standing with
sulphuric aeid, 60/ by volume, but on boiling with the more
dilute sulphuric acid, slow formation of lactone was noticed.
The Yy -lactone oould not be eonverted inte the unsaturated aeld
under the above eonditionse The f}'-yacid would not form
| laetone on boiling alone in an inert atmosphore for some time,
Showing thet the inertia of the system is too great for any
reaction to oecur without other ageney.

The addition of hydrogen bromide to the P¥-aeid

both in the presence and absenee of water led to the fomni'::lon '
of 18% of F ~browcacid and 827% of mixed gis and Lrange Y =-bromo=
acids, This result leads to the assumption that the double
bondiipoluisodmthomulhmhm: '

— GH
. \”wc
= m/'o"ﬂ

s -

Whieh, as previously noted, would also be that favourable to
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Y=lactonisation, The amount of Pebromoasid formed being
somewhat greater than the amount formed in the case of addition
to P‘(-pmtoncic aeid, 1t may be, with reason, eoncluded that,
either the Y -alkyl substituent in this ease does not exert
80 large an effeet, or that the ring can be considered as
substituting itself in the o =position, thereby tending to
oppose the Yealkyl effect end the polarisation in the
direotion shown is thus deereased., Unfortunately,
insufficient evidence from other scuress (0ege.=substituted
aliphatic acids) 1s not yet available, and so no safe
deduetions can be drswn . .

On substituting a Y emethyl group into the ring
as in SemethylA-legyelohexene e¢arboxylie aeid, the poaltion of
the three carbon equilibrium is shifted more to the @Y -side
of the equation, (from 95.57 fp -acld at equilibrium in the
eyclohexene earboxylic asids to 74.8% JP-aeid at equilibrium
in the lemethyl eyclohexene ocarboxylie acids)e Laotonisation
of the Py“aeld 1= greatly facilitated, treatment of this scld
in the cold with sulphuric aseid, 60% by volume, produeing
formation of lactone at a speed comparable with that in tho
sase of @Y -1so-hexenocie aeld under similar conditions. The
acid was very rapidly attaeked by the boiling sulphuriec aecld
(507 by volume) used, but not hefore some lactone had been
formeds The ofF =aeld with eold 60% sulphuric acid ylelded,
as is usual, no lactone, while boiling the seid with sulphurie
aeid of the usual strength produeed only about 27 of lactoniec
material, This latter change, of course, is very greatly

TMatarded by the extraordinarily low mobility of the change



op -acid —7Pyéacid, and this militates against any lactone
being obtained. The Y elactone was found to be very stable,
no reversal to the unsaturated aeids being detected in the
treatment of the lactone under the lactonising conditions
used,

On boiling the Prmid alone, lactone was formede
The reaetion from the seid side appeared to reach equilibrium
with a content of about 337 lactone. The pure x-hotom
was boiled under the same conditions and was found to revert
to the unsaturated acid, and also came to equilibrium with a
lactone eontent of 36, 37/, Discussion of this phenomenon
will be resumed later (p 49 ).

‘ The faect that fY—uidn ecan form lactone in the pure,
dry state indlcates that self addition is a simple process,
and makes it unnecessary at the present time, to assume any
other meehanism in the resction in sulphuric acid; as, for
instance, the intermediate formation of Y =hydroxy acid, or
an ester with the sulphuric scid by addition to the olefinie
linkaces ’

From the evidence set out above, it can be seen that,
in the lactonisation of unsaturated acids, by far the most
important effeet is that of the polarisation of the double
bond as affected by alkyl substitution, and that the "epproach
factor” has only a very minor effecte |

Consideration of the results obtained by addition of hydrogen

de turated
It 1s generally aceepted that the addition of a
hydrogen halide to an olefine is directed, almost exclusively,
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by the degree of alkyl substitution around the double bond,
This has been long expressed by the empiriecal rule of
Markownikow, whieh states that the halogen atem adds
preferrentially to the earbon atom poorer in hydrogen, le.e.
the kationie hydrogen is attracted to that end of the double
bond farthest from the preponderating elkyl substitutione
The orientation of addition of hydrogem bromide to an olefinie
acld would appear, from the results quoted in sections 2 and 4,
to depend on two factors :

(a)e The greater, the alkyl substitution about the double bond
(b)e The external eorditions,

The mode of addition to an 4P-ao1a appears to be
invariable and to yield in all cases thepure P-hmoid, the
earboxyl group direeting the orientatione

The addition of hydrogen bromide to an unsaturated
acld will be econsidered as an irreversible proecess under the
experimentsl oonditions used, any elimination of hydrogen
bromide occourring to yield laetone, and not parent aeid, if
the loss be spontaneous. As mentioned ppeviously, this type
of fission has been found to cecur only appreeiably in the
probonoc of considerable quantities of water, and can be '
neglected in consideration of all the additions studied here.
Fhe addition being irreversible, the formation of mixed
bromo-acids by no means indicates an oquilibrium, but rather
the product of two competing reactionse The produetion of an
acid that is homogeneous, or nearly so, indicates that the
velocity of ome of the competitors is eonsiderably greater than
that of the other, i.e. one reaction is preferrentially



32

aotivateds The influence of both solvents and substituentis
on the orientation of hydrogen bromide addition to olefinie
acids ocan be interpreted on the eleetroechemical theory of
reaction reeently developed by Lapworth, Robinson, and Ingold,
This theory affords a simple explanation of the faot‘s and is in
excellent agreement with them so that, at the present stage, it
will be eonsidered. that no other factors influence the resction.
In relation to the present work, the theory is based on the
recognition of the anionoid reasctivity of the double bond
(anwortl(.,' Robinaoﬁ, and on the distinetion drawn between
the operation of the pemmanent (inductive) polaw effects, and
these latent polarisations whieh lead to roactionfg Also it
is appropriate to mention the work of Luea-wfwho was the first
to correlate the direeting influenee of alkyl groups on the
addition of hydrogen halide to olefines with the capaeity of ‘
these groups for repelling electrons as oompared with hydrogene

The cérbwl group of an aeild can polarise in two
ways, dependent on its immediate surrourdingse In an inert
solvent the ionisation of the scild is depressed snd the group

then polarises as (1).

="
— 0 =0 & I

W D om () oH
IT however the agld is in an aetive or ionising solvent the
ionisation of the aeld will leave s negative eharge on the
oxygen atom of the earboxyl group as in (1i).

Provided that some mechanism be present, the effect
(1) will be transmitted to the double bond and will faeilitate

polarisation in the manner shown below:=
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OH and this will lead to preferential
addition of hydrogen ( §+) to the proximate carbon atom, and
of bromine ( §—) to the distant one. However, as will be seen
from a variety of evidence (e.g. dissociation constants) the
effect can only be transmitted with any force through ome
methylene group, and as the effeot has been noticed (see
Gallet Gnd Tomsdesty alse Desmmn. Linatesd and Nyden'') 1s
aolds with distant double 'bondn, there must also be am effect
operative through space. In the cansideration of this latter
effeot, no appreeiable oppostion will be expected by the g
inert solvent or the equally inert methyleme chain (provided
that the solution of the acid be weak enough) and thus a strong
effect will, in any ease, reach the P-oarbon atome ‘The
portion of the effect, if any, transmitted through the methylene
group will not be affected by the configuration of the molecule,
while the direet effect might be expected to depend on the degree
of Qolling of the carbon ehain, as this will affeet the distance
between the active ecentre and the carbonyl groupe A similar
effeet has been notliced in addenda to undeeylenie acid by
Bobinson’,l and he suggests that in a polar solvent, such as water,
or an acid, the offeet of the carbomyl group transuitted through
spaoe is intorruptod by the ions present. Ingold, however,
sugoests that the Mtorremoq is due to the 1on1nd earbonyl
groups packing themselves so as to partially neutralise their
effeet in quadrupoles, or possibly larger rings; very much in
the same way as a series of bar magnets in a closed circuit

with opposite poles touching has only a small external field.



If, then, the effect of the carboxyl group be removed in
ionising solvents in some sueh way, the addition of hydrogen
bromide will be largely controlled by the alkyl substitution
about the double bond and oriemtation will oecur very mech

in the manner expected by considering the residue as an olefine,

It may be suggested alternatively, that the distinectior
between the two different types of solvent is due to the
formation of oxonium compounds between the hydrogon bromide
end the oxygenated solvents (ef, MeIntosh and coworkeg" SL,).
This explanation, however, fails to account for the faect that
unsaturated esters eontaining the group CHg=CH— will
undoubtedly tend to form an oxonium campound with the hydrogen
bromide (ef, Maags and MoInto-hs 51‘01' ethyl acetate); yet they
add hydrobromic acid in the absenee of solvent in the same
direction as the eorresponding acids in an 1n§rt {hydrocarbon)
solvent, in whieh, consequently, the acid appears to act as
a "hydrogen ester”, Apgain, eny explanation based on the
assoelation of the acid in oxygenated solvents does not appear
tenable, as acetic acid is known to assoelate in benzene, and
thus the assumption that association in the homologous toluene
ogeurs is jﬂstiriod.

Henee the only tenable hypothesis would appear 0 be
that based on the electrochemical theorye. The addition of
hydrogen bromide to the acids alone, and also containing %%
of water, (two eonditions that always gave the same results)
can be studied from this point of viewe Under these
conditions the field efrfect 'or the carboxyl group has been
shown to have been eliminated as in additions in acetic acld or
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ether, and so it 1is expected that the direction of addition
will be comirolled by the alkyl substitution about the double
bonde  Lxperiment has shown this to be soe In considering
the aliphatic acids, the two extreme cases studied were (1),

F)’-butenoio aclid, and '\li)P)’-iso—hexenoic a0ld =

(1) * n\ Y H leading to
». e A '
H 6~ CligeClghi CHSoCH(BI‘) o Cllg oGl
(11). CHgy Yy _H leading to
C=¢
cH5) 5-‘\ CigeCURH (Cﬂs)goc (Br) o UligetligeClgH

The observed figures for the addenda to Py-butenoic acid
(180% F-; 0= addition of bromine) and toﬁx-_i_g_g-hexenoic
aeld (Og‘SP 3 100.’,- addition of bromine) are in complete
segrecment with this, In the more balanced system, mopantenar.u
acid, we have polarisation as in (iii) :=-
(111) HE\ N H

cng”c o §'.\ CHg o CORH
The effect of the one {-methyl substituent is opposed by the
- effect exerted by the .,( ~methylene groupe This latier,
however, is weakened by the atisehment of a carboxyl radiele
and so the _Y-methyl substituent ean cxert the mujor influencee
~xperimental evidence upholds this theoretical deduetion, as
addition of hydrégen bromide to the ascid (1i1) Ijesults in the
formation of 927 of Y =bromoacid, but with simultaneous
production of 87 of f ~bromoeaddition product.

In the ease of the eyclic acids, only the

unsubstituted serles has been yet studied frum'this point of

view, Additlon of hydrobromic acld to A-2ecyclohexenc
garboxylic acid has been found %o yield 18 of Zebromo=
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Cyelohexane earboxylic acid, and 82, of the Jebromo-isomerse
From a study of the formula it would appear that the tendency
to polarise in the following way is the main type, due to
substitution on the X-voarbon atom e

CH‘-‘CI'I
/ s\
% /
CHg — CHg

The fact that the o« and Y -carbon atoms are comnected by a
propane ehain appears to reduce the effect of this Y e-alkyl
group, which results in the inorease of the percentage of
Bebromomadduet formeds lack of further evidence on thia
point precludes the deduetion of more extensive theories.
_Properties of Lactonese

Determination of the equilibrium reached during
the hydrolysis of Y -lactones in water is coneerned with the
stability of the lactone ring to the above agent, The obvious
facts emerging from thefigures obtained in this section of the
work are : the great stabilising effect of Y -alkyl
substitution into an unsubstituted lactone; the even greater
effoct of Y egemedialkyl substitution; and the slowness of
the dieyclic lactones in hydrolysing as compared with the
lactones of the aliphatie series.

The great stabilising effect of § -alkyl groups ean
be corrslated with several facts previously known., The
effect of alkyl substitution has been investigated in the
extensive researches of Thorpe and lns school, and

as”

partioularly by Dulupcndo and ‘morpo; sm and Thorpe;
Bains and morpo; and Lanfear and ‘morpo. These authors
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have elearly indicated the effect of substitution in bringing
the angle between the two emergent valencies of the substituted
carbon atom nearer that of the tetrahedron, and thus in '
8tabilising any fivee~membersd ring in which these two valencies
participate. X-Butyrohotono has a ratio L/A (lactone/aeid)
of 2,97, this ratio being taken as =a meaxurdlof the stabllity
of the laetone ring, Introduetion of ons Y ealkyl group
imnediately renders the lactone more stable, Y evalerolactene
having iL/A 13.,), and ) -nesexolastone L/A 13,9, the effect of
methyl being only very slightly less than that of ethyls.
Introduction of a second Y -methyl substituent as in %1&
hexolactone stabilises the ring still meore as shown by L/A for

this lactone being 27,6, there being only 3,57 of ¥ -hydroxye
aeld present at equilidbriume, This evidence is strongly in
favour of the angle between the emergent falcnc.iu of a
: alnliyhtod earbon atom being very nearly that of the
tetraliedron and also that of the fiveemembered ring, (ef, Llnr;
and Thorpe) s :

The evidence adduced by Gene and Ingold from

electrometric titrations on disubstituted acids also shows
that introduction of alkyl groups onto a methylene chain causes
distortion of the ":ig-ug" carbon chain tending to form a
ring structures In the lactones formed from the eyelic acids
studied there is another factor influencing the stability of
the Yelactone rings This is the extra strain thrown upon
this ring by the "locking" of the three methylene groups in
1t by their inclusion in a gyclohezane ring, in a pesition
almost certainly not that existant normally in a Y ~lactone
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ringe The result of this is seen immediately in the ecase of
eyclohexanolide 1:35, whieh has L /i 00136, only a small
amount of lactone being laft at equilibrium. Intreduction
of a Yemethyl group agsin renders the ring more stable, the
value of L/i for lemethyl gyclohexanolide 1:3 being 2,51,

A seecond difference between these dicyclic y ~lactones and
the yolaotom of the aliphatie series 1s noticed on
comparing their speeds of hydrolysis. This was found to be
considerably slower in the ease of the dieyclie compounds, |
This 1s prbably due to the fact that the large gyclohexane
ring present in these substanees exerts a notable sterie
hindranee effect on the attack of the water molecules, and
consequently the veloeiiy of hydrolysis is lowered, ;
The weakest link in the lactone ring, naturally, is
the one whieh breaks under the above conditions., From the
evidence of the action of ammonia on tﬁe lactone ring, as in
the ease of ¥ =valerolactone, the produet is always the amide
of the corresponding hydroxyaold, and never the ammonium
salt (ef. ntttéo‘)'. Hence the ring must open by fission
of the bond (a), as no other bond could break and form the

amlde.

Gl —GH~— Clig—Clig ey
- 0 —2—c0 OH mE-GO
Ffarther proof of this faet has been found by Kenyon and FPhillips
by a study of the optical properties of the fission products,
during which no inversion occurs. - This being the bond that
breaks, a conneetion between the opening of a lactone ring by

water and the hydrolysis of an ester by the same agent ean be
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seens The work of l!.omnhutkig7 on the cqﬁiubritm mixtures of
various alechols and acetic aecid, starting with methyl alcohgl
elearly indiecates that, in the 1limit, the amount of a secondary
aleohol present is more than the amount of the corresponding
primary, and also that the esters of tersiary aleohols ars
abnormal and deoompose, the tendeney for the alcohol to form
an ester being negligeable. These facts, however, are in
direct opposition to the figures obtained 1n‘ the above work,
and thus the "ester hydrolysis" fastor in the hydrolysis of
lactones appears to be tdtally overpowered by the other factors.

For a -t;xdy of the reverse reaction, the tpoods'ot
ring closure of r;hydrmaoids to the Yyelactones have been
determined under standard eonditions, and eomparison made by
the times taken to reach the halfeghange pointe The veloelity
of this change depends on the readiness of formation of the
Y-Iautom as governed by its stability, the approaeh factor,
and, possibly, the roatlinus of the hydroxy group to o-toﬂry.
Again aecording to MMtn},, primaxy alechols esterify
~about three times as fast as eorresponding secondaries, while
the tendeney for tertiary alechols to esterify is very small
indeeds This does not aesord with figures obtained from
veloeity measurements on the lactones, as Y -hydroxy-isoe
hexoie acid (a tertiary aleohol) forms laectone only very _
little faster than ) -hydroxy-p-hexoie and Y -hydroxyvalerie
acids (seeondaries), while Y-hydroxybutyrio acid, a primary
aleohol, has a mueh lower speed of laetonlsation, Hemece the
"esterifieation rutor'" ean only exert a very minor influencee.



The two remaining factors, ring stability and the approash
faotor, ean De separated by eonsideration of the resulis
obtained from the hydrolysis experiments just deseribed, and '
taking these as a measure of the stability of the Y—hctono
ring under the ecnditions usedes By comparison of the values
of L/A and the halfechange times for eash laectone, it can be
seecn that the stability of the lactone ring is the eontrolling
influenee in tho- change, as those hydromcida containing a
rigld framework in their molecules ( the cyelic aeids) form
laectone at the spe~d that would be expected from consideration
of the values of L/A, the approseh factor being negligeable.
The esuse of ringeehain tautomerism ean now be
diseussed in the iigﬁt of the evidence obtained from the
foregoing experiments, Ingoeld, Perrin and Thorp:: Lanfear

3
2 and Boker, Ingold and 'morp: and others have

and Thorpe,
earried out experiments on the various types of ring-shain
tautomerism known at that timee The dase under consideration
however, appesars to be the first ease known of a Yelactone
teutomerising to a fy-acide Ixamples of more ecomplex
lactones changing have been long desecribed, the besteknown
gase probably being that involtignted by Fittig and Gouler,’
and later by Goldberg and Lmtud; the pyrogenic desonposition
of terebic acidfl) :

‘.\5—-(‘33—‘?33 - M.\¢=GH——GI£3—003H+003 ->u.>c CHp — CHg
2y gk g

Cco

; 0
(1) v (i1) (111)

- H
Me ALHE (iv)
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This, a lactonie aeid, on heating aloné produces [y =isoe
hexenoic acid (i11) and this on further heating, yields the Y-
lactone (1i1), A second reaction also oeccursj the romntion’
of teraconic scid (iv) direetly from the terebic acid by
opening of the lactone ringe A further more general example
of this type of reaction was diaoqverod by Pittig and
coworkers.’® He oondensed aldehydes (e.g. acetaldehyds,
propionaldehyde, butyraldehyde ete,) with sueeinie or
homologous dibasic acids, and subjected the products %o

pyrolysis. [Reaction was found to oeceur in two ways ie

ReCHO 0 — CH-R Re CH = CH o CHg » COgH
3 —> "> CHoCOgH — .
COgHeCHg ¢ Clig o COgH CO —CHp i R¢CH—CHQ—(|233
)
0 co

the x-la.otono ring having opened in one ease %o yleld
an unsaturated seides It will be notiged that all these
reactions mentioned above occur in substanoes that are
mich substituted.

The ehange described betweon Jemethyl 4-Zegyclohexene
carboxylic acid and lemethyl- eyclohexanolide 1:3 undoubtedly
depends on many factors. IFrom the point of view of the acid,
the tendency to form lactone depends in all probability on
similar factors to those operating in lactomisation in acid
golution, i.e. the polarisation of the double bond practically

eontrols the reaction, while the other factors mentioned
| before may have some very slight and negligeable effect,
although the approach factor may come more into prominence in
the thermally aetivated molecule, but only slightly so. From
the side of the lactone, the stability of the lactone ring is



of paramount importance, although the issue 1s complicated
by eonsideration of the laetone as the internal ester of a
tertiary aleohol, as Hmcmtkiqn‘han shown that acetates of
tertiary aleochols as typified by tei{iary smyl acetate, are
decomposed on heating to temperatures over 100°, eventually
oompletely, with the formation of %he aeld and an unsatum ted
hydrocarbone The conneetion between the twe reactions is

shown as follows i=

CH.— CH CH— CH
S, Wi $ o
CH C—H cH CH - COOH
Q / e NS " iy
G —oH, c—CH
/| /
Me O co e

lemethyl- gyclohexanolide 1:3, Jemethyl-4-2-cyclohexene
earboxylic aeld,

035\ : 033\

Cﬁs-/' Ce00Ge Uty _ CH?,-/;G' + HOOC,.CHsy
Collg Cofly

Tertiary amyl acetate. Amylene : Aeetic acid,

¥=isgehexolactone, another lactone with a tertiary Y-oarbm
atom, was found by Linstesd' %o yleld mo appresiable aeid an
long boiling, This lactone, however, has been shown above
to have a very stable ring, while the cycliec lsctone has a
comparatively highly strained ringe. Hence the opening of
the lactone ring on heating alone appears to depend on the
m-t*noo of a tertiary ) ecarbon atom, together with the
some faetor causing strain in the ring to feeilitate the
fission,

The following is proposed as a theoretical
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explanation of the laeto-encie tautomerie changee Cmsidontigl
of the general type of substance undergoing this cha.pgo', as ,
stated previously, shows that one of the essentials is a
tertiary Y-nrbon atome Hence the type is as follows, where

) "
Iy R, are alkyl groups
! /

5 H R EiNy G
R Y Yooty Sy g S 20=—0—6-H
" g
00— 6=0 (1) (i1) H-0——@=0

The combined eleetromerie effeets of these two ) -alkyl groups
gause the ehange & shown in formula (1) and subseguent
fission of the bond(shown in red)in the highly thermally
activated liquidy the resulting SH+eharge remaining on the
Y=carvon atom eauses the loduning of one of the protons of
the P-uthylono group on asgount of electron drirt to the
Y~earbon atom, and this is sei free with the Tormation of a
Py-aauue bondy as in (11)e The whole series of ehanges
probably oecurs praciically simultanecusly, resulting in the
formation of an ionised p‘-acid. The acid reverts to the
laetone in the manner previovsly deserlbel, 1.e. by the
attachment of the proton to the P-carbon atom, whieh
earries a §- oharge due to the alkyl groups R, R, the residue
of the sarbonyl group satisfying the valeney of the ¥ =sarbon
| atom, The faet that Y. igo~hexolactone yields no acid on
boiling although P¥-iso-hexencic acid forms lastonme with
. ease under the same eonditions ear be explained by the great
stability of the laetone ring in this ease which acts %o
preserve the e¢losed systeme in the ease of lemethyl- gyeloe
hexanolide 1:3 the ) =lactone ring is severely strained, smnd
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this facllitates the opening of the ringe This also explain:
the samewhat similar oase discovered by Linstead and .Rydom.’q
in the ease off§ wisoeheptenoic acid and §elsceheptolactones

Very little need be said about the results obtﬁinod
from parachor measurements on X =loctones, | The experimental
values differ considerably from the theoretical values
calculated on Sngdcny's:* atomic end struetural parachors, hut
are in fairly good agreement with theoroticai requirenents
if the values of Mumford and Phillip:‘ be used.e ' From these
latter figures, 1t appears that the Y =lactone ring behaves
normally and has no speeifie effect on the parachor. |

o ts «
'(1) .‘P- and P)ﬁ unsaturated acids, if they form lactone,
always form the Yelaotone, and, as far as has yet been
determined, irreversibly in sulphuric acid solution.
(11) The formation of lactone from Px-aoids is governed
almost entirely by the nature of the Ndoublo bond as
affected by the alkyl substitution about it, The effect of
the approach factor is very small,
(111) The formation of lactone from ,&-u:lds is eonseguent
on their tautomeric change to the Pﬁimrmoa, and
lactonisation of the latter. |
(iv) That ry-oleﬁnlo acids with no P-.or Y =olieyi
substituents do not form lactone at all due to inertia of
the system and if any changs oeccurs at all 1t is the fast
irreversible tautomerie change to the o P-aci&.
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(v) That laetonisation oecurs reversibly in aeid systems
contalning two alkyl substituents on the Y =carbon atom if
the ring of the lactone so formed is strained. This has
been named "lactoeenoie” tautomerismy but enly oecurs in
the pure aeld or lastone when thermally aetivated,
(vi) Addition of hydrogen bromide to olefinic acids is
independent of the position of the earboxyl group with
respeet to the double bond exeept in the case of the # =acids
when the orientation is governed by the httor_ and results in
the produetion of pure P-hromo-uidz in all casesy This
is not affeeted by solvents.
(vi1) Adaition of hydrobromic acid to PY -scids depends on
two factors:
(viii) The effeot of solvents on the direction of addition.
In hydroearbon solvents the acid behaves as a hydrpgnn astors
the earboxyl group eontrols the reaction and the bromime goes
to the J e(1,e. the distant) carbon atom, apparently regardless
of alkyl substitution, The direetion is the same as that in
the addition of hydrogen bromide %o the corresponding
olefinic esteres In aetive (lonising)solventis, as in ether,
ao.tio acid, water or alome, the effeet of the carboxyl group
is eliminated and addition proo.oeda as to an olefine, 1.0;
the alkyl substitution eontrols orientation,
(1x) The effeet of alkyl substitution operates in the seeond
of fhe cases described in (viii), and the effeet is that
expeeted by appliecation of the law of W. It also
inereases the veloeity of the addition rdui;i.on
(x) The ) -lactone ring is stabilised by Yealkyl substitution



due probably to the alteration of the valency angle as dnorib«is
Inelusion of a rigid moleeular framework in the moleeule
inereases the strain on the lactone ringe

(x1) The ease of formation of the laetone ring from the
eorresponding hydroxye-acid depends chiefly on the stability

of the ring as affected by the factors mentioned in (x) other
effeots being neglipgeable.

(xi1) The ) -lastone ring has no deteetable struetural pu?:&ocr.i
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lotg Densitles (d) and refractive indeees (n) are for d_fo
and n°3 throughout unless otherwise stated. Halogen
additions (J) were performed at 207 and melting points at low’
temperatures are correeted for stem exXposure.

TIONS,

This acild was prepared by the usual Doebner
26 27
condensation (ef., v, Auwers, Goldberg and linstead, Linstead

and Nobl?)md .onniatemtli good yields were obtained by the
following processie:

D-Fropilonaldehyde was redistilled and the fraetion
of boiling point 48°% 50° was useds 1 mol. of the aldehyde,
and pyridine dried over potash (imol.) were mixed in a flask
fitted with good reflux condensers., lalonie acid (1 mol,)
was then added, the whole well mixed, and allowed to stand at
room temperature for seven days, the top of the condenser .
being loosely plugged %o minimise loss of the volatile aldepyda
by draughtse The mixture was finally heated on the steam
until all evolution of gas had ceased (about twelve hours).
The reaction mixture was cooled and earefully acidified with
concentrated hydroehloric scid (excess caloulated on the
pyridine used) until acid to Congo red. The upper layer of
unsaturated acld was separated off, and the residual agueous
layer extracted four times with ether, the extracts being added
to the top layere The whole was washed onci with water and
" the ether distilled off, The residwal liquid was then



neutralised by the addition of sbout 200 ee, of water and a
slight excess of crystalline sodium carbonate, with shaking
at intervals until the reaction was complote. The alkaline '
liquid was extracted twice with ether to remove basic and
neutral impurities (chiefly aldehyde polymer). The aqueous
lJiquid was then aecldified with concentrated hydrochloriec acid
and the acid obtained from the solution by extraction with cth.!"
as before, the combined top layer and ether exiractis being
washed with water, dried over caleium chloridey the ether
distilled off; and the remaining acid fraetionally distilled
in vacuo, the fraction collected being that boiling at ioe?zo:n-.i
The acld was further puriffed by fractional fusion. The k
distillate was frozen completely solid and the approximate
melting point determined., The aeid was again frozen and kept
in a bath at 1°- Boabon this temperature for about half an
hour and any liquid drained off, The process was repeated
until a homogeneous acld was obtaineds The aeid was finally
redistilled and had the following physical properties ie=
MeDPe  9e5° Ne 14515
bepe 10620 mms. de 049905
7. (odine; 60 mins.) 2.7 whence MD 27,22
, (ealc. Eia D 26436)
i ¥ ~Pent c : : :
The method of Boxer and med’.?m&ﬁod by Linstead
and Nobl:? was used as follows:
Redistilled propionaldehyde (1 mol,) was placed in
e dry one litre flask under good reflux and to 1t added
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triethanolanine, tris(p-hydroxyethyl)amine, purified by
redistillation, the fraction boiing at 220-1718 mmse being used,
Slight heat was goneiated Oon mixing the two licquids. The
mixture was chilled and malonic acid (1 mol,) was added.

The whole was at onee very vizorously shaken %o et good
mixing, as the success of the reaction appears to depend
largely on this, 1In some cases the reaction tended to
prececd rather répidly at this stage, and was slowed down by
ehilling the mixture in ice.s After standing for 48 hours,
tl}a whole was finally heated under reflux on. the steam until
reaetion had ceased (24 hours)e The liquid was ooolod; made
aeld to eongo red with sulphuric seid (507 by weight) and then
worked up as described in the case of the qP-imr. The
rather viscous ligquid left after the removal of the ether

was earefully fraetionally distilled in wvacuo, In the

first distillation, after the A} -pentenoie acid had been
removed boiling at 93713 mms., the distillation was eontimueds.
On heating to above 100° the vacuum dropped owing to evelution
of gas (decarboxylation?)., After a time the vasuum was
‘Testored and a thiek yellowish oil distilled over at 188/22 TS e
in quentity about 30% of the wholee The residue in the flask
was & very vicous brown oil, smellimg strongly of unsaturated
hydrocarbons whieh, if present, had probably been formed by
complex polymerisation and complete decarboxylation. The :
The high~boiling distillate slowly deposited meedles and in
time (3 months) beeame praetically solid, The noiid was drained

o ] :
on a tile and had mepe 66 - 67 , Two reerystallisations



from benzene and light petroleum sufficed tc yield the pure
solid in eolourless needles melting shurply at 74 ¢ The
so0lid had the following properties:

Eqa ivalent by baryta 80.4; eompletely soluble in water;
soluble, with evolution of carbon diexide, in & saturated
solution of sodium bicarbonate; completely unaffected by
alkaline potassium permanganate solution even on long standing;
does not absorbd bromine from chloroform; nitrogen, sulphur,
and halogens absent.

From the boiling point the acid would appear to be
dibasie and would have a molecular weight of 160.8, whieh
corresponds to an empirical formula of CpHjys04(Me= 160,1), and
may be a glutaric acidy prbably the symmetrioal ethyl glutarie
acid, Kamm:’obtdnod P ~ethyleglutaric acid by heating
together proplonaldehyde, malonie acid, and glaelal aeetic acid |
and reeords the melting point as '7:. A mixed melting point
of the above solid with authentle P ~ethyle-glutaric acid was

40. and this shows the formation of a considerable portion
of ’ ~gthyleglutaric acid dnring the above eondensation,

The FY-pontonoio ao:d was redsitilled earefully,
and boiled very steadily at 93/13 mms., and had the following

physieal properties :

MePe 0.5’ ’ Tie l.4347
DeDe | %715 Mms @ de 009848
J. 73 o5 whence [aﬂ p 26.51
iii @it ¢ acid tonic aeid
The mdiﬁﬁtim of Leteh and Linstcadutoro applied

to the original method of Staudinger as desoribed by Hemle  in
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the following ways _

A 200 ecse round-bottomed flask was fitted with a
reflux Liebig condenser and the whole tilted at 45 to the
vertical, The top of the condenser sarried a cork fitted
with a dropping funnel and a leadeaway tube, via a ealcium
chloride érying tube, to a vertieal 50 ece pipetie whieh
passed through a sork in the neck of a filter flaske This
latter wes eooled in ice and had the side tube fitted to a
caleiunm chloride guard tube. Four drops of concentrated
sulphuric acid were placed in the round flask and 3C GeGe Of
paraldehyde added, The flask was heated gently on the steam
and the acetaldechyde formed by depolymerisation was collected
in 300 @.ce8 of ether {(dried over sodium) in the filter flaske
Paraldehyde was run in from the drcpping fumnel at the same
speed as the acelaldehyde distilled over, About four molse
of parsldehyde were useds To the ethereal solution of pure
aldehyde so obtained were added pyridine (11/ z mols,) and
malonic aeid (1 mol,) end the whole allowed to stand under
reflux in ice for 48 hours, at room tempersature for 24 hours,
and finally the ether was distilled off frem the mixiure on
the steam and heating continued until mo further evolution of
gas ocourred (15 minutes)e A 1ittle water was added tc the
ecooled 1iquid and it was made aeid to congo red by addition of
an excess of concentrated hydrochlorie acid and cooled in lcee
The solid scid separating was filtered off and a small amount
more was obtained by extraction of the agueous liguors with
ether in the usual waye. The acid was finally purified by
recrystallisation from light petroleum (bep. 600- 800) and



obtained in 80% yield,

o
MePe 7245 J, (bromine; 30 mins,) 1le3.
- e 8642 (0&100 8601)

(1v) PY-Butenoic seid (Vinylecetic seid.)

- This acid was synthesised by a method originally due

to Bruylant®*” but extensively modified and improved by
Linstesd and Noblas The method depends on the hydrolysis of
allyl eyanide in the oold by comcentrated sulphuric acid,

The reaction tends to proceed with violence, but if earefully
controlled in its earlier stages it gives very omiutont yields
~of pure Fy-butmoic acide The method can be dlagrammatically

illustrated as shown:
CuCiN

Hp80
—CH S 2= = CH—CHpoON 28 CH CH.oCO
CHy— (—1?1{20 ‘Hu)cnz (u()m” CH, (u“iz off

The allyl aleohol was prepared by the method of
Kemn and Marv‘aié foom formie aeid and glycercl in the usual
way, No decripticn of the preparation is necessary here.
A1lyl oyanide (1i) was prepared direcily from the allyl aleohol
(1)'. by the nﬁthod of Breckpotsz Bouimolecular amounts of 70%
alcohol, concentrated hydrochloric aoid, and cuprous oyanido‘
were mixed in a thr'e.e litre flask fitted with a reflux '
condenser, using 260 ge of allyl aleohols The whole was heated
gently on the steam bath with good shaking, earec being taken
that the resetion did not get out of eontrole After 1} hours!
refluxing had practlically eeased and the reaction had finished,
The whole of the eontsnts of the flask were then poured into
a one-litre distilling flack nttod with & mercury-sealed
stirrer, and the liquid completely distilled over from an oil



bath at MO-lbO‘. ‘The stirrer was essential, to stop the
chlorides of copper formed during the reaition from clogging
the flask and causing"bumping”. The distillate formed twe
layers, the upper one oonahtin; prineipally of allyl cyanide,
end being distilled without further treatment, the fractions
collected boiling below and sbove 102 s “he fraction below
1.0:3° was chiefly unchanged alcohol and was used in subsequment
preparations of the eyanide, The lower (aqueocus) layer from
the crude produect ‘m extracted four times with ether, the
ether distilled off, and the residue distilled into the two
fraoctions deseribed above. The combined higher rractibns
were redistilled and that bolling over the range 1120- 1300
was eollected as pure allyl mnid.§ in 67% yield (oniculatod
on the ocuprous cyanide)e.

_ The hydrolysis of the nitrile was carried out in the
following manner. 30 g. of allyl eyanide (no more) were
welghed out into 250 e.c. conjcal flasks and cooled in 1ce.

To 1t was added, a little at « time, an eguimolecular amount of
concentrated sulphuric acid (24 ca.ces) cooling between the
additions, Creat care was necessary during the first four
hours of the reaction as any exceasive loecal overheating above
about 40° promoted very vigorous, slmost explosive, reaction,
lsading to carbonisation and ruination of the experiment,
Cooling in ice at intervals was necessary, although prolonged.
cooling merely inhibited the reaction and postponed the dangers
The viscous liguid formed was allowed to stand until all smell
of nitrile had vanished and the whole had formed a hard glassy

mass (four to five days)e. At the end of this period the mass



was treated with a weight of water §qua1 to fhat of the
sulphuric aclid used and allowed t-o dissolve, The solution was
then heated under reflux for 40 mimxtoe on the steame On :
cooling the tep layer, of the Px-bntmoic aold mixed with a
l1ittle sulphuric acid, was separated, and the lower, agueous,
layer was extracted with ether four times. The ethereal
extracts were added to the top layer, the little sulphurie

acld that separated was removed, the ethereal solution washed
with water, dried over ¢alcium ohloride, and the ether distilled
offe The residual liquid was twiu fractionally distilled in
vacuum, a slight low fraection belng collected in the first
distillation, eonsisting of unchanged nitrile, and a small
undistillable residue remained in the flask which, aecording

to Bruyhné::’ is crotonamidees The yleld of the pure acld was
very consistent at 29% to 30%, possessing the physical oconstents

quoted belowe
o

MelDe =500 n 11,4280
[}
DeDo 69/10 mms. é 1.0090
3, 77400 | whence [aﬂ p 21466 (calc. 21.74)

This oster has been prepared by Bmylan’c‘a‘ by & method
which seems rather unrelisble, due to the great tendency of the
| fj—uﬁ.d to tautomerise to the ow ~a¢id under his conditionse
The ester was econsequently prepared by reaction between the nnvoti
salt of the pure acid and ethyl iodide.. The silver salt was :
obta:lnod by o.dtung a slight caleculated excess of silver nitrate
solution to the acid (exactly neutralised with dllute ammonium

hydroxide) and, in this particular case, by adding acetone to
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the liquid to ald precipitation of the salt whieh appears to
be somewhat soluble in water, The solid was obtained pure
and dry in the usual way and boiled for 24 hours in sodiume
dried ether with an excess of ethyl lodide. The silver iodide
was filtered off, the ether removed, and the residue fractionally
distilled under atmospheric pressure. The ester was found to
have the following physical propertiesie
b,Pe 1247764 mns e Ne l.4102

de 049192

whence [Ri] p 30e74 (calo. 50.98)

m_.(f_-:xmms_mn

This acid was obtained by condensing isge-butyraldehyde
{redistilled Depe 610- eso) with malonic acid in the presence of
excess pyridine in an exactly similar manner to that described
in the preparation of c(P-pcntenoio acld (compare Goldberg and
Linst»,d?‘ 1). It was obtained as a colourless mobile liguid
with the rollwlng. physical constantsie
.m.p. -52.00 le 114.2 (calce 11l4.1)
beDe 105711 mmse Je (fodine; 5 mins.) 0Ce9
A1) BY=-iso-Hexenolo acid.

The equilibration of the a(P-iaomr:ldo by bou.ing
caustic potash solution under the conditions of Linstead was
shown by Goldberg and Linsthnnto give an acid with a high
percentage of the Py-ilmnr, and the method is based upon
this fact, .

q(p-m-n-nnoio scid (1 mol.) was boiled under reflux

in a copper flask with ten molecular proportions of 25% aqueols



potassium hydroxide solution for 6} hours. The liguid was
cooled in ice, and very carefully acidified with a slight
ealoulated excess of 154 hydrochloric acid, care being taken that
the solution d1d not become warm, as the Byescid forms Y-iso-
bexolactone with extraordinary ease in the presence of mineral
acid. The acild was extracted immediately with ether in the
usual way, the ethereal exiracts washed with water, dried, the
ether dlstilled off, and the residuel acid distilled in vacuo,
Apart from 1% of low fraction of pronmcodly laotonio odour,

the 201d bolled steadlly Over the range 100 - 106/18 MMSe

Tha* ~acld present was ro‘wvod by partial ostoriﬁcation_

under Linstead's conditions as follows:e« To the 100 gms of

acid obtained from ths abdvo proeess were added 100 cese of

N aleohelic hydroechloric acid selution and 400 ees, of

absolute aleohols The well-mixed solution was allowed to

stand at the temperature of the laboratory for 5% hours, The
mixture was then poured into at least three volumes of water
containing an excess of sodium carbonate in solution, and the
ester allowed to separated as an upper layer, A little ether
was added to aild the separation but no attempt at extraction

was made as this would introduce aleohol into the ester layer.
The upper layer was removed, the aleohol present in the aqueous
Seyur ses SLUPIAOE S0P S5 vatul 2oan's Neth at Seon ham 90 5
and a small éxtra amount of ester obtained by ether extraction
of the solutione The cambined ethereal solutions of ester
were dried, the ether removed, and the pure Py—utor was

o o
distilled in vaouum, boiling at 70«74/17 mms, From this the
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acid was obtained bga].kaline hydrolysis in the colds The
ester was mixed with 107 agueous caustic potash solution (2 molsd
and sufficient absolunte alcohol added to render the two layers
completely miscible. On standing overnight, hydrolysis was
complete, there being no smell of ester, and no precipitation
of the latter on dilution of the reaction mixture with water.
This liquid was diluted with an equal volume of water and the
aloohol removed at the pump as previously described, The
residual squeous liquid was acidified with hydrochloric aeid,
the preceutions described above being takene The upper acid
layer was removed and the agueous lower layer was extracted
four times with ether, the combined top layer and ethereal
extracts washed with water, dried, the ether distilled off,
and the residual acid distilled without removal clif lactone.

The acid bolled at 8876 muse, it was freed from lactone by
allowing to ntanﬁ overnight with 50% excess of sodium bicarbonate
solution, the resulting liquid thoroughly extracted with ether
to remove all lactone, and the F‘ndd finally obtained pure
by acidifying the iceecold solution with cold 15% hydrochlorie
acid, immediately extrecting the acid several times with ether,
working up as above, and finally redistilling the acide It
wes obtained in 50% yield from the (‘r‘aid, and had the .
following physical properties e

WaDe -3.0' Ne 1,4455

DeDs 8474 s e de 09758 & _

Ee 114.2 (ealce 114,1) [Rﬂ p 5115 (oales 30.98).

Je 9Ze5 e



vii) D ca lic acl

The method used for the preparation of this acid
was, as has been mentioned previously, of a new type for this '
series, the older methods of Anohng,*and Einhor%snot being
used, Various small test experiments were first performed
and these indicated the general methods of procedure finally
adoptedes The method used was as follows:

? o o CN COgH CogH
\ / | l |
c c ¢ c CH
/ \ / / N\ 3 £
i ol W ol Y
CHp CHp CHg CHp CHp CHy CHy ~ CH, CH
w./ R ~ / / \*™ /
Cilg Ciig Ciig CHg Chg
(1) (11) (111) _ (iv) (v)

By this process the #-ucid (iv) was obtained in
o
large white overlapping plates melting at 38 o, The

eyanhydrin of eyeclohexanone had been prepared many tim;
notably by Bucherer, Tarbouriech, Markownikow and Smirnow,
Daz'-nn-‘: and Ruzicks and Bmggor’,’ the method gemerally used
being based on the acidification of a mixture of the ketone ,
and a concentrated agueous solution of potassium cyanide with
mineral acid under various conditions, The method actually
used was derived from the above experiments and was as followse
262 gns of Cyelohexanone were weighed into a flask and to 1t
added a concentrated agueous solution of potassium eyanide
(200 go 95/ single selt in ¢, 450 eces, water), The flask was
fitted with a dropping funnel and lead-away to the draught.
The mixture was cocled in ice and 340 ces. of concentrated
hydrochloric acid, cooled in ice, wers run in,in a thin
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stream with shakinge GCreat care was taken to keep the liquid
cold, as, 1f heat be generated in the presence of the adid,
the ketone tends to condense to higheboiling oilse After a
few hours' standing the liquid was filtered from the potassium
chloride formed during the reaction and this latter well washed,
The upper layer of crude eyanhydrin in the frate was removed,
and the agueous residue extracted three times with ether. The
combined upper layer and ethereal extracts were thoroughly
dried and the ether distilled off, A thick oily liquid was
lefs; a sample of this was distilled in vaeuum and boiled
steadily at 10173-., the dlstillate freezing in the receiver,
As a certain smount of decomposition appeared to oecur, it was
decided not to distill the rest of the cyamhydrin, but teo
dehydrate the ocrude liguide The method of Ruzicka and Brﬁwsx"
was used here with slight modifications. The eyanhydrin
obtained by the above proeess was dissolved in an equal volume
of benzene and dried over sodium sulphate. The filtered
" solution was placed in a dry flask fitted with a reflux condenser
and lead-away for the gases evolved. Ruzicka and Brugger
recommend that the thionyl ehloride used for the dehydmtion
be added slowly over the space of throe hours, the slgution
being mechanically stirred and cooled in a freezing mixture.
These refinements were found to be unnecessarye 520 gms,. of
thionyl chloride were added to the benzene solution and the
reaction allowed to proceed im the cold overnighte This was
completed by heating on the steam unti){tho reaction ceased (six
hours)e The flask was eooled in ice and ice added with good
shaking to remove the last of the thionyl chloride. Vhen thu'



had been ecompletely destroyed, the top benzene layer was
removed and washed free of acid with 1074 aqueous ecaustie soda
solution and then with water, The solution was dried and the
benzene carefully removed at the pump from a bath at less than
500. The residual crude unsaturated nitrile was then
distilled in vaocuoes The low fraction collected, that boiling
bolw100734 mnse, consisted of mix ene, gyclo-hexanone,
and unsaturated nitrile, The main /rraotion. was collected
at 9672'7 mms t09171'7 muse, only a amil residue being lef't
in the flask. The main fraction was redistilled, and the
dp-matumted nitrile was obtained in 537 .yicld fron‘
syclohexanone as a colourless liquid boiling steadily at
8671'7 S ¢ It resmbles benzonitrile in its odour, but
possessed a sharper tange |

The unsaturated acld was obtained from the nitrile .
by alkaline hydrolysis. The nitrile was boiled with two
moleeular proportions of 10% aqueous potassium hydroxide
solution under reflux condenser until the evelution of
‘anmonis ceased. The nitrile dissolved in the 1iquid in three
hours, (probably forming the amide) but seventeen hours
boiling was needed to complete the reaections On theorcilieal
grounds, it was assumed that the acid obtained from the above
would undoubtedly be the equilibrium mixture of thedfp = and
fy-ecids (1v) and (v), but that the ratio of off ~acid to
ﬁﬂom would be greatly in favour of Athe qP-agid. ';‘he
hydrolysis liquid was ccoled, made slightly aocid by addition

of a ealculated slight excess of sulphuric acide The = ids



61
separated as an oil on the liquid, and were distilled in steam
to remove tra¢es of hydroxyaeid, ete, formed during the
bolling with potash, The volatility of the acids in steam .
is small, 9 litres of distillate being collected for the
acid from 100gms, of nitrile, This was neutralised with
sodium earbonate, and the volume reduced eonsiderably by
evaporation on the steam (whieh also serves to remove v'oiatilo
basic and neutral impurities), and the alkaline liguid them
extracted twice with ether to remove the last traces of the
last-named substances. The liquid was then made acid to
eongo red with concentrated hydrochloric acid under & layer
of ether, with stirring. The ether serves to dissolve away
an impervious skin of the unsaturated acid that otherwise
forms on the solid double ("acid"”) salt which is formed., The
top layer was removed and the residuel solution extracted four
times with ether. The caubined ethereal extraots were washed
with water, the solution dried, and the ether ditilled off,
The acid was distilled in vacuum, there being no low fraction
and very little hiéh residue, the required fraction being that
boiling at 10’773 mms o (158714 mms.)e The distillate solidified
to large overlapping plates of the/legyelohexene carboxylic
acld, although some oil was left, being mixed A «l-and Ae2-acids,
This substance had equivalent weight (by baryta) 126,8 (ealce
for the acids roequired 126.,1),

At the time that this preparation was being
investigated the pure Fl’ -acid had not been obtained, and se
any halogen additions could be expected to give only an
approximate value for the amount of the By -acid present,



62
However, ivhe seml-colid acid was separated into its two parts
by filtration, and the solid acid drained on a tile, and
lodine additions done on the three samples for one houre (Jy}e |
Mixture from the preparation. o o oE. 187,86 J; 2¢7 J, 2165
Solid aeld, filtered and tiled ., . " 1388 " 11 " 1352
drainings from the 30lide ¢ ¢ o T 12375 " 4,5 " 31,2
Owing to the small iodine additiona, the addition of bromine
in chloroform was then tried, and the values from these addenda
are gilven in the above table as 'Tz' These indieate that the
amount of the Froaoid at equilibrium does not exceed 20%, as
this acid ean be considered almost eertainly to add bromine in
chloroform to very nearly 1007 in 30 minutes, the time used,
while the qp-add may also add it, but to a much less extent
in this times The method of filtering off the solid from
the dlstillate and draining it on a tile did rot seem to give
perfect results as the last traces of liquid eould not be
removed by this method, while the aeld (m.p.35.5°) could not
be reorystallised from any solvent owing to its tendency to
supercool and form an oil. ZEventually the P f-aoid present
was removed by partial esterification aecording to the method
of Luutcad' but using smaller proporiions of the esterifying
agentse The esterifications performed wers rather drastie,
and removed some of the 4?-&01&, but ensured the removal of
all of the f)’-aoid and yielded the g -acid in a high state
of purity., The aeld was mixed with an equal volume of N
aleoholic hydrochloric aeid and twiee this volume of absolute
aloohole In the ease of the solid portion of the produet,
the mixture was allowed to stand for three hours, heated on



the steam for thirty minutes under reflux, and the mixture
poured into three volumes of an agueous solution of excess
sodium carbonate. The upper layer of ester was removed; the
aloohol present in the agueous layer removed al the pump, a.nd
the last traces of ester extracted with etheres The pure
acld was obtained on acidifying the agueous solution as
described previously, under ether, separating, extracting
the acid with ether, washing the combined ethereal extiracts
with water, drying the solution over ealeium chloride, and
distilling off the ethere The acid was finally distilled in
vacuo, liore pure dp’ ~aclid was obtained from the drai:_ﬁnga
by esterifying them with the same proportions of aleohol and
acid for eight hours in the eold and for one hour on the steam.
The ligquid was worked up 1n the same way and ylelded an aeld
jdentical in properties with that from the solid portion.
Pure A -legyclohexene carboxylic acid 1s characterised by :e

Pure acid from solid portion Pure acid from drainings.
Ee (@alce 12601) 12661 12641
Je (Bromine; 5 minse) 1.8 o 1.7

o

The pure acid has mepe 58 C.

The acid impurity that had been removed as ester
was regcovered from the distilled ester by alkaline hydrolysis
in the cold in the manner described for ﬁy.;__q_.nmoze acid
(pe 5/ o) The aeid was distilled (bep. 139 - 145/3.5 mis )
and dissolved in three volumes of dry chloroform and the
1igquid cooled in a freezing mixtures To 1t was added drop by
drop, & solution of bromine in the same solvent (10% by volume)
until the colour of the bromine in the reaction mixture was



Just permanent, a white solid having commencedto separate
towards the end of the reactione The chloroform was removed
at the pump, and the white solid residue was recrystallised
from benzene and petroleum ether, This had mepe 167’.5°, '
both alone an admixed with pure dibromoacid obtained in a
similar way from the PYeacids This shows that the qp-acm
has equilibrated to the FY-lmride under the influence of
boiling alkaline solutions The amount of f)-aeid so formed,
however, was small and could not be conveniently used as as
preparative method, |

Ethyl ester of Aelegyclohexen carboxylic acide.

This was made from the silver salt of the pure aeid
and ethyl iodide as described for the case of the ester of
F&mtmoio acid (pe 54 )y although it was not found
necessary to use acetone as a preeipitating agent in this
casees The overall yield of the ester was 73%, a mobile
liguid with the usual odour of unsaturated esters combined
with the odour of ethyl benzoate, and possessing the
physieal properties glven below.

Depe 90715 mns.e | e  1.4700
de 049999 - :
whenee [Rj]p  42.98 (calc. 42.63)

For the preparation of this acid several methods
were tried, the first being that of Anhn?f His oonditions
were reproduced as accurately as possible in the following
way : 50 gmse of benzolc acld were dissolved in 250 c.c.s of
10% caustic soda sclution, and heated on the steam under an
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eilr reflux condenser, with passage of carbon dioxide through
the ligquid by a wide glass tubee 1200 gms of sodium amalgam
were added in three equal portions, the reaetion beling allowed
to finish in each ocase before adding the next portion, 'I'he' |
liquid was cooled, tThe mereury remoﬁd, and the residual
liguid acidified by addition of sulphuric acid, the organic
acid being obtained by four extractions with ether.e The
ether was distilled off from the combined extracts, the acid
remaining being dissolved in the above amount of caustic
soda solution and the process repeated with a second 1200 gms.
of amalgame On recovery of the aeid in the usual way,

Aschan claims that he obtained an oil, permanently liquid,
The result obtained by the proccss was a semle-solid mass,
still gonataining a considerable proportion of unchanged
bcnioio acide The reductions were continued in .thia way

‘until a permanent oil was obtained., After using about 10 .

kgse of amalgam this stage was reached, but the oil
sontained only a little of the Px-aom, extensive change
having occurred to the eisomer. “The method was tried
repeatedly, but with disappointing results, Slight
variations were also introduced as, for instance, the
boiling of the solution over a flame, but no appmiahlo
amount of the desired acid was obtained.

The next attempt to obtain the acid was based on
the work of Homnn“and also lloi;tlo:r‘,3 on the reduction of
aromatiec compounds in cells., The apparatus finally adopted
was as follows: the anode, a corrugated lead sheet, was
supported in a porous pot containing the anolyte, a 107
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agueous solution of sodium sulphate, which was kept neutral
during the passage of the current by occasional addition of
concentrated caustie soda mluﬁm. The pot and its contents
were supported in a beaker, the bottom of which was covered '
by a layer of mercurye, This was the katkode, connection |
being made in the usual way via a piece of platinum wire
fused through the bottom of a glass tube, and dipping into
the mereurye. The katholyte was a normal solution of
caustic soda in whiceh was dissolved the benzoic acid, This
was stirred vigorously during the reaction and was also
provided with a thaormometer for use at elevated temperatures.

A%t first the strietly kathodic~hydrogen method of
reduction was tried, working at 18 volts with a steady
current of O amperes over a mercury surface of 300 sy, CmsSe
Ho Wotion was detected even after long passage of current
in the eolds The whole cell was warmed to 800 but still no
reduction oecurred. Also the effect of passage of carbon
dioxide was tried in both cases, but with no resulte The
current density was then inecreased by reducing the size of
the meroury ﬁrraot to 10 sqe cms,, and the new mrrﬁit
césity'm tried under all the conditions described above.
o reduetion oécurrod, the only difference between the two
sets of conditions being that at the higher current density
solid lumps of sodium smalgam formmed in the mercury., In the
face of the above results, attempts at electrolytie reduction
were then abandonned and attention once more directed to

reductions by sodium amalgam. No reductions in aecid
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solution, of course, are possible due to the fact that undof
these conditions the «COCGH group of the benzolc aeid is
preferrentially reduced to «CligeCH o After three test
experiments, the method described below was adoptedes 15 @o
of benzoic acld were dissclved in 75 ccs. of 10% agueous
sodium hydroxide' solution (which is a very slight excess over
the amount required to neutralise the acid) and the solution
placed in a 250 e¢e. flat-bottomed flask fitted with a reflux
air condenser and a wide tube dipping well into the liguid
through which a steady stream of carbon dioxidé was passed.
5% sodium smalgeam was prepared by pl\niging 150 gms of sodium
1ﬁ one lump into 2850 gms of warmed, dry mercury in an iron
mortar, and immediately covering the latter with a heavy
welghted 11de The reaction was very violent, The amalgam
was allowed to cool and broken up to pieces the size of a
large pea. The aqueous solution of sodium benzoate was
heated in a steam bath and 150 gms of the amalgam added,
After the reaction had ceased (about five hours) the mereury
remaining m removed and a second addition of 150 gms of
amalgam was made together with 50 ecse. water. The process
was repeated three times, after which the mixture was semle
solid with crystale of sodium carbenate. It was oodlod,

" garefully aeidified with sulphuric acld (50% by velume) and
the silica allowed to settle., The organic material was
extracted four times with ether, the ether distilled off,

and the residue, which ghd the consistency of butter, was
dissolved in 75ces. of the caustic soda solution and the above
process repeated, the exhausted mercury ﬁoing removed each
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tine before the addition of a fresh portion of amalgame, ‘hen
900 gms. of amalgam had been used, the acld reeovered was a
permanent oil and the reductions were stopped. Gontinuatiox'x
would undoubtedly have produced more fy-acm, but there would
also have been a notable increase in the amount of the O‘Pwm
formed by tautomeric change. The liguid was dried in ethereal
solution, the ether distilled off, and the erude oll dissolved
in three volumes of dry ehloroform, the solution so obtained
belng ecoled in & freezing mixture. To this was added slowly
and with shaking, a 207 (by volume) solution of bromine in
ehloroform, the whole being kept quite ccol to inhibit.
substitution in the ring by the bromine , and also the
formation of dibromide from any G{P-a.oid present, The solid
2eJ=dibromo-gyclohexane carboxylic acid soon began to separate
as a white erystalline solld, addition of bromine being
eontinued until the colour of the halogen was permenent for a
fow minutes, The solvent was removed at room temperature at
the pump, and the white solid remaining was washed out with
, potroldnm ether and filtered, One recrystallisation of this
solid from benzene and petroleum sufficed to yleld the puve
243=dibromo=acid, MeDe 167.5° (ef, Asohanag from this solvent,
MeDe 16303 from glacial acetic acid me.pe 166‘). Equinl_oné
found 285.6, (ealce 286, 0), Fifteen runs of the above
process produced , from 225 gms. benzolc acid, 160 gms of
pure reerystalllised dibromide.

The pure PY-scid was obtained from this as follows:

80 guse of the solid were dissolved in 8000C.ces of absolute
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aleohol in a flask fitted with a reflux condenser and inlet
tube to allow the flask to be filled with nitrogen, as the
acid appears to be sensitive to atmospheric oﬁgln. 30 gmse
(2 molecular proportions) of zine dust were added and the i
whole allowed to stand with oecasional hand shaking for 30
minutes, During this time the temperature of the reaction
mixture rose to about 600. It was then mtoi(in an inert
atmosphere) on the steam for 45 mimutes to ensure completion
of the reactione The liquid was cooled, filtered from
exeess zine, and the filtrate poured in to three volumes of
a solution of excess sodium carbonate. The preeipltated |
zine carbonate was filtered at the pump, and thoroughly
washed by shaking several times with watere The filtrate
and wadhings were extracted twice with ether to remove ‘bo.nio
and neutral impurities, and filtered again from the zine
earbonate thrown down by the ether extraetion, It was
acldified with hydrochloric acid, and extracted five times with
ethere The combined extracts were washed twice with brine to
remove alcohol, dried, the ether distilled off in an inert
atmosphere, and the residual acid distilled 1In vacuum in an
atmosphere of nitrogen, having a boiling point 124712 ms,
Bmuivalent of the acid (by baryta) 126.2 (ealce 126.1)s It
was obteined in 84% yleld as a colourless liguid, smelling
like the pentenoic aecids, but not so stronglye.

Trial experiments were made to find the best method
of halogen additions The percentage addition of iodine in
potassiun iodide solution to the seld in sodium bicarbamate
was too small for practical purposes, and so the addition of



70
bromine in chloroform solution was tried, as this depends on
direet addition with formation of the dibromoe-acid, and not'.
of the Y elodolactone (or ye-bromolactone in this case) as
does the addition of fodine in alkaline solution. Additions
performed for five minuiu were found to be satisfactory.

The following are the physical properties of two semples of
the aold from two different runs of the propa:ation e

: a
Meloe Tel Geb
(5} o

DeDe 120110 IS e 150/18 NS e
’0 92.‘ 93.3

e 1.4814 1.,4813

de 1.,0820 1.0814

' [Bﬂ e 53,19 (calce 33440). 33,19

(iz) Selietiyl p-legyolohexene sarboxylic aeide
This aeild was prepared by a method very similar to
that used for AQlW earboxylic aeid, several miner
differences will, however, be noticed, :
The eyanhydrin of the ketone, pemethyl gyclohexanone,
was not prepared by the method previocusly used, as ihil ketone
shows a very great tendeney to condense in the presence of
streng xineral aeids to fom high-boiling oils and pumse
Test experiments showed that the following procedure gave
very good results. Sodium bisulphite (1 mol,) was prvpirod
in saturated agueous solution from 227 gus. of orystalline
sodium earbonate by passing in sulphur dioxide until the pale
applesgreen colour appeared. The liquid was coélad in ice
and 170 gms. (1 molecular proportion) of p-methyl gyclohexanone
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were added; the whole being very vigorously shaken until <he
bisulphite compound of the ketone suddenly eommenced to
geparate in white erystals. The pasiy mass wasA allowed to
stand overnight to completc the reaction and then broken up '
with a glass rode To this was added potassium cyanide (one
molecular proportion; 104 gms. in 200 ccr. water} and 300 cos.
cf ¢ther,. The ether was found %o be necessary to remove
a proteetive coating of the oily cyanhydrin that rornod on
the bisulphite compound and tended to inhibit the reaction,
The flask was stoppered, shaken in iee for 30 minutes, and then
in the meehanieal shaker overnight, A%t the end of this time
no solid was left and the reaction was completes The
etherocl 'Bg,yor was removed and the agueous residue extracted
three times with ether, the combined ethereal layers washed
‘with water, dried thoroughly, and the ether removed in vacuwm
at room temperature, as the cyanhydrin is reputad to decompose
at 1(.'-0° to reform the ketone and hydrocyanie aecld
(ef, Markownikow and Snirnoﬁ. The cyanhydrin coula be
distilled in small quentitles 1f stabiiised by the addition of
a Tew drops of concemtrated sulphuric acid, the be.pe being
133716 mnmse There was, however, appreciable decomposition
and the bulk of the cyanhydrin was dehydrated undistilled, this
having been shown by test experiment to be the best method.

The dehydration was done exactly as deseribed for the nitrile
of the unsubstituted gyclohexene acid see ps 57 « The nitrile
was distllled in vacuo. There was no low fraetion, any free
ketone having apparently, eondensed completely te form oils,
found in the high fraction. The fraetions collected were
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those boinng ovor the ranges 88:93/17 nmisSe, the bulk of whieh
boiled at 92—93/17 muse (90 gms.) snd some high fraetion
- Wwhich, on refractionation yielded a further 13 gms. Of nitrile
boiling at 90295716 mmse FRedistillation of the nitrile QOO;
not yield a steadily boilng fraetion, but this may be due %o
the existance of two forms of the nitrile in the liquide

The pure nitrile so obtained was hydrolysed by
boiling 1t with two mels. of 10% aguecus potash solution under
reflux eondenser , The reastion was mmeh slower than that
previcusly deseribed, the nitrile being dissolved in 11 hours
although about 50 hours boiling were then needed to eomplete
the reaetions The liquid was then cooled in ilee and very
carefully soidified with hydroehloric acid, keeping eocol, as
the f)-acid shows a great tendency to form laetone (ef. ff=ise
hexenoic acid)es For the same reason, the aoids were not
distilled in steam from the solution, as tests have shown
that by this method considerable laptone was produced. Perkin
also obtained some lactone by steam distillation of the ¥ -acid
that he had prepared by dehydrobromimation of the Y ~bromoacide-
The acidified solution was extracted with ether four times, the
combined extracts washed with water, dried, the ether distilled
off, and the residual oil fractionally distilled in vacuo.
There was obtained a frastion (12 gms) boiling over the
temperature range 570- 70/16 muse (mixed aom, lcotcno, and
nitrile) and the bulk distilled at 18608/ 7 wnse (145-6/15 Sa )
‘This was the acid required, of equive. 141,0 (ealce for the
methyl cyelohexene earboxylie aeids: 140.,1) and was obtained
in 77% yield. There was a negligeable high fraction and



residues The aeld so obtalned was tested for the presence

of Py-add by addition of bromine in chloroform solution

- under analytical conditions for five minutes, and J was found
to be 237 indieating the presence of about 22% of the fy-aoid
in the mixture, The proposed method of separation was by a
long partial esterifieation to remove all the PY-acid as ester
and subsequent purification of the q(P.-aoid by reerystallisatiom
of the caleium salt, This was applied as ro.uows'.

The aeld was partlally esterified in the cold for
twenty hours using 100 ecse of Nealcoholic lwdrothorlo acid
and 200 cos. of absolute aleohol to every gme mol, of the aecid.
The reaction was stopped in the usual way, the ester extracted
with ether and set aside, the alcchol removed rrom the agueous
1iquid at the pump, and the O[P-aoida obtained by acidification
of the residue and ether extraction in the usual manner. The
- orude aeld remaining after distilling off the ether was
dissolved in a slight excess of ammonium hydroxide solution,

(1 part ammonia s.g; 0,880 ; 1 part water), and ten volumes of
very coneentrated caleium chloride solution addede The whole
was well stirred and allowed to stand,on the steam for 30 minutes
and finally overnight. The solid was filtered off, washed with
ocalecium chloride solution, snd the solvent removed by pressing
or rubbing on a tile. From the accumlated mother liguers
more salt ean be salted out by the addition of calelum chloride
The substance was reerystallised from dilute caleium chloride
solution in long shining white meedles of the ocaloium salt of
the A =l= agid, which were filtered off, washed with ealeium
chloride solution, and dried. The pure acid was obtained by
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acidifying a suspension of this salt in water with hydrod: loric
aclds The 1iquid was extracted four times with ether, the
eombined ethereal extraci¢s washed with water, dried over
ealcium chloride, the ether distilled off, and the acid
finally distilled in vacuum, This was very pure, there being
neither high nor low fraction, 50 gms of the pure Semethyle
A=l=gyclohexene carboxylic acid were obtained boiling at
13077 muse The acid was obtained solid on freezing or
seeding and remained so at room tempersture. Perkin was
unable to obtaln his acid campletely solid and claimed that the
method of purification through the oalcinm salt was not
satisfactory, due to the presenee of the Aebeasid, To
cheek the purity of the above acid a small amount was "purified"
ag follows 3=, The aeld was dissolved in earbon disulphide
(equal volume), eooled in ice, and the theoretieal amount of
bromine in three volumes of the same solvent were added,
slowlys If the bromine be added all at onee, tm;x-uotion
beeomes very vigorous and substitution probably oobnrs. The
liguid was then heated under reflux on the steam for three
hours to eomplete the formation of the ,r «di bromo-eompound ,
the solvent was removed in vacuo, and the residual oil soon
formed a hard, erystalline masse This would not miyatalliao
from the usual solvents but was eventually obtained pure from
formie acid (s,8¢ le2) or formic acldewstere Pure l1.2«dibromoe
3-methyl eyclohexane earboxylie acid formed clusters of small
white plates melting at 119‘0. Equivalent: 300,00 (salce 300e0)e
Bromine found 53,27 (ealos 5343%)e The pure OVB ;uoid was
obtained from this in the same ny as A -2-gyslohexene urbmli{
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acid was obtained from the eorresponding dibromide (pe & )
and was shown to be identical with the original acid from the
coineidence of the melting points (250). Henee the acid from
the caleium salt appears to be the pure acid and was used
without further treatmentes It pessessed the following
physieal eonstants:

[+] [+
Meleo 26 « B7.0 Ne 1.‘91‘7
Q
bgp. ' 150/7 NS e g_. 100501
J(bromine; 5 mins.) 240 [RLJD 38462 (oalce 38402)e

(x)s B-mothyl Ae2egyclohexene carboxylic acide

7
This aeld has only been previously made by Pcrk:lx?

in an impure form from the corresponding ) -bromo scide In
the present case the acld has been obtained from the A «le
isomer by equilibration of this aecid by boiling caustic alkeli
solution, Part of the acid used was that obtained from the
ester resulting from the purification of the acid from the
alkaline hydrolysis of the unsaturated nitrile as described
above. The etheresal sdution of the ester was dried, the ether
distilled off, and the ester distilled in vaeuo. 24 gms of
this liguid boiling at &1:975 mmse was obtained and was .
hydrolysed in the cold by alkali in the way described on p.

for the FX -isoehexonoic acide The acld so chtained was
distilled and prepared for lodine addition experiments 1n the
usual way (pe/o/ ), but, immediately on addition of the lodine
solution to the solution of the acld there was formed a solid
precipitate, undoubtedly the P eiodoe) ~lsctone, Occlusion of
iodine by this solid rendered the resulis unrepeatable and
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eonsequently the addition of bromine in chloroform was used,
for the space of five minutesy although other times were
triede The physical properties and halogen additions
appertaining to this aeld are quoted lheree.

Depe 12.377 nmse De 1,4839
Ee 140,9 De . 1.0508
whenee [?‘L p 98.11 (ealce 38.02)
Time. Additiqms of iodine Additions of brominee
5 minutes. 6le2 79.4
10 - 6349 . 80,60
30 » 60644 8240

Henee there still appears to .(p-imr present in tﬁo
acid, so it was partially esterified for four hours and the
reaction mixture worked up as usual, The reeovered acld was
again esterified to recover more /33/ ~acidy for six hours.

The acids obtained by this "fractional partial esterification”
were distilled and bromine additions pcrtom.d on them

FMirst "fraction”,. 71 gmse & 9641

Seeond "fraetion”. del gmse de 9501

This would hence appear to be the pure Fa/“‘"“v or,
at eny rate, the actd in a form as pure as 1t is possible to
obtain 4t by this method. Several attempts were made to
obtain a solid dibromgide from the various samples of tho‘ acid
by eareful addition of a solution of bromine in chloroform to
a solution of the acid in the same aélmt; (earbon disulphide
was also used). The solution was then either allowed to
stand; oi- the solvent allowed to evaporate spontancously; or
removed at the pumpe In all cases mich evolution of hydrogen
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bromide occurred, and an oll was left. This is doubtless the
bromolactone formed by the feollowing reaction from the
dibromide first formed :e

CH-COOH CH COOH CH — C0
/ g | s /\
CH : CHBr
?ﬂz I 2 Br ?Hb | BT ?HQ |
CHp C-CBy .~ CHg C—Br Ciig C— ©
w7 N AN o
CHg CHg 0&5 CHz CHg

(ef, Fittig and Kraft who found the same phenomenon in the
Qase of teracrylic acid).

The acid also was only aveilable in limited amount
and so other methods of purifieation by methods that involved
considerable loss, as, for example, regeneration from the
p-toluidide, could not be used. lHowever the acid undoubtedly
contained, as a minimm, 95% of the required aeid and was used
as such, N

The petoluidide of the acld was made in order %o
characterise 1%, and was obtained as follows:= the olefinic
was allowed to stemd in a small Claisen flask fitted with
a reflux condenser with two moleecules of thionyl ehloride for
30 minutesy and the reaction eompleted by heating on the steam
for 45 minutes. The thionyl chloride remaining was removed al
the pump and the residual acyl chloride distilled in vacuo,
DeDe 90716 s ¢ This was dissolved in 10 volwues of ether,
cooled in ice, and twice the molecular proportion of pure
p=toluidine dissolved in an equal volume of ether was added,
After standing for one hour, the liyuid was shaken with a slight
excess of dilute hydrochloric acid to remove all uneombined



p-toluidine as hydrochloride, the ethereal layer removed
the ether evaporated off, and the residual n-toluid:ldo '

allowed to solidifye [lecrystallisation from petroleun
o

o

(bepe 60 = 80 )ylelded the pure petoluidide In tufied
o o

clusters of needles. mepe 108=109 o

b i of th 1 ) needed

This lactone was obtained by the reduction of
laevulie acid to Y =hydoxyvaleric aeid, whieh ring-ecloses
with great readiness to form the lactone. The preparation
is based on the work of Wohlmﬂﬂ Wolr?,' and Hougobmor’.‘

Laevulic acid was prepared in the following wayie
Suecrose (900 gms.) was dissolved in warm water (2 Litres)
and 600 ccse. of concentrated hydrochloric aclid added, The
mixture was heated on the steam with occasional shaking
- for 48 hours,. (Stareh was also used in the place of sucrosc
in one attempted preparation according to Vaninotsbut was
found %o give rise to very extensive charring, sucrose being
by far the more satisfactory starting material). The very
dark liquid was filtered from the masses of charred material
and these well washed with water, The filtrate and washings
were evaporated on the steam for 24 hours to drive off all
hydrochlorie, formic, etd. acids present. The syrup so
obtained was filtered again after dilution with an equal

volume of water, and the solid washed. The filtrate and
washings were exhaustively extracted with ether, the ether



distilled off, andthe residual liquid distillad in vacuoe
The laevulie acid boiled guite steadily at 161/84 mnse, and
solidified readily to beautiful crystalline masses., 130 gas,
of the acid were obtained, which could not be furhiger purified
by fractional fusion,

The aecld was reduced %o the corresponding hydroxye
acid by sodium amalgam (5%)e The emalgem was made as
deseribed on pe (f ¢ and this appeared to be the best reagent
as 1t did not carry the reduction too far, The 138 gms of
laevulic acid were dissolved in 440 ccs, of water and exacily
neutralised by the addition of sodium hydroxide. 3 kgms, of
sodium amalgam were added to the solution in the course of
Tour days, the solution belng stirred oecasionally. Alse,
‘hydrochloric aclid was added at intervals to reduce the
coneentration of the alkali present, although eare was teken
to keep the sdution always strongly alkaline, After the
amolgem had ceased reacting the mereury was removed, the
solution made strongly acid by the addition of sulphuric acid,
and boilsd under reflux for fifteen minutes to complete the
conversion of the y‘hydroxy-valarlo aci@ to the Y -valero=

lactone:
CHg 0 CO o CHg « Clige COgH —> Clige CH(0H) o CHg o CHg o COgH ——>cm5.§m..mg.‘cn.
¢ o
Laevulic aclde Y =iydroxyevaleric acids  Lactone.

ihe lactone separated as an upper layer on cooling the solution
and was obtained from this by extraction with ether five times.
’'he ethereal sclution was washed with sodium carbonate sclution
dried over ocalcium chloride, the ether distilled off, end the



lactone distilled in vacuume This was apparently a very
pure produet and praotioally all distilled at the reguired
temperature, 108:103/38 mns. in 46% yleld.

The 1liquid was further slightly purified by
allowing it to stand in ccntaet with powdered smhydrous
potassium carbonate in a vacuum desiceator overnight, but
the original product was so pure that very little reaction
occurred, Redistillation gave pure X =valerolactone, a
colourless, mobile liquid possessing the smell characteristie
of lactones, that of cocoe-nuts, and having the following

physical eonstants:

]
MeDew 36 : Tie 1.4322
Q a
bqpo JOE - 5/38 MmMsS ¢ g. 1.0529

M, (by baryta) 100.1 (ealc. 100,1). whenee [Rﬂg 24467
Cals, 24,75)

. The lactone, at low temperatures, formed a mass of
shining white leaflets, It was eharasterised by cmvornion
into a solid derivative, the one chosen being %the smide of
Yehydroxy-valeric scids Neugebauer originally prepared this
by a somewhat drastic reaetion (in a sealed tube) bétween
the lactone and eoncentrated agueous ammonia, but Lincttad,'
showed that, in the case of the hexolactones, the reaction
proceeded in the sold with this reagent. = His method was tried
as follows: the lactone was ellowed to stand with half its
volume of agueous ammonia (saturated at oo)-’ until miseible,
and then allowed to 3tand in a vaocuum desiccator over ooncontrt::'
sulphuric acide 'his gave a very poor yield of the amide, a

large amount of unchanged lactome being present « The next



a1
attempt was by using alcohol as a solvent, but either ocld or
‘hot treatment gave no better results. Ither was also used
but negative results were obtained. The final method
adoptod was to dlssolve the lactone in one half of 1ts volume
of agueous ammonia solution, and to saturate the whole at 00.
The reaction vessel was stoppered and after 24 hours the
liquid was again saturated with ammonia at Oo. The whole
was allowed to stand for 24 hours and finally left in a
veeuum desiccator over sulphuric acid until solid (2 « 3 days)e.
1% was triturated with ether, washed with ether, and dried on
a tile (in a .duiooator as the amide appeared to be very
deliquescent)e It was then reerystallised. Several of the
usual sdvents were tried, but from all or them the amide came
out as an olle It was finally obtained pure by reerystallising
~ from chloroform under reduced pressure, the solvent being
slowly removed at the pump,  JeHydroxyevaleramide was
obtained in large white glisteming plates, in 927 yield, m.pe
5300.

- The first preparative methods tried were based on

those of Fittig and Htm“:u followse |
Sodium ethoxide was made as usual from 28.4 gns of

sodium and 280 eos aleohol and to 1t were added 162 gms. of
acetoacetic ester, the mixture being heated on the steam under
reflux for one hour to assure complete formation of the
ecomplexe The liquid was oooled and 100 gms of ethylene
chlohydrin were run in, The reactionm soon commenced with

preeipitetion of sodium chloride and wus completed by heating



on the steam for 23 hourse The aloohol was distilled off
and the rasi&ui was divided into two halves, these being
trested in different ways. The first half was treated as
advised by Vanindvznd Fittig and Stramf" The salt was
filtered off, the solid well washed with ether, and the ether
distilled off, The residual ligquid was then run in a thin
stream into a Soiling solution of baryta (1% molecular equivse)
in 33% agueous solution. The whole was boiled for one hour
under reflux, and for a further three hours in a dish to
volatalise any ketones formed, The excess baryta was removed
by passing in carbon diocxide until preeipitation was ecmplete.
The mass was filtered, the barium carbonate well wnhci with
water, and the combined filtrate and washings eoneentrated
by evaporation until the volume of the liquid had been
reduced to about 60 cose Concentrated caustie soda solution
was added until all the barium present had been thrown out
of solution, the llguid again filtered, and the filtrate and
washings avaporatod.do'n on the steum, and refiltered. This
solution dr. presumably, the sodium salt of Y -hydroxy-tutyrie
acld was acldified with fuming hydroehloric aeid, the liguid
boiled underieflux for a few minutes to ald lactonisatios,
and the liqnid extracted continuously with ether for 24 hours.
The ethereal extract was dried, the ether distilled off, and
the residue diestillede O¢2 gms of impure lactone were
obtained. | |

The second half of the condensation product was
then taken and water added to dissolve the salt present, the
ligquid being thoroughly extracted with otﬁsr to obtain the
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organic material presents The ether was distilled off and
the liguid was run into the same amount ér boiling baryta
solutlion as was the first hall, end treated in the same wuy
down to_the stage of evaporating in a basin to drive off
ketones, The liquid was then treated with a slight excess

of sulphuric acid end the preeipitated barium sulphate filtered
off and washed, The filtrate and washings were bolled under
reflux for ten minutes and the liquid exhaustively extracted
with ether, ' The ethereal solution was dried, the ether
distilled off, and the residue distilled To yleld 05 gme. of
lactone,

The final successful method used was based on the
work of Fruhlingh' Trimethylene chlohydrin was made from
irimethylene glyecl by the method of Marvel and calvorfyf
A large hardeglass teste-tube was fitted with a rubber stopper
carrying a dropping funnel, a thermometer, a lead in tube,
{(both of the latter reaching to the bottom of the vessel) and
a lead-away tube from the top of the apparatus connected to a
Liebig condenser, This was attached by a cork to a distilling
flask, to the side arm of whioh was conuected a small reflux
canduneor {0 trap any vapour spray in the stream of gase
About 20 eose of trimethylene glycol were placed in the test=
tube and heated to 150-165. in an o1l bath, while a very rapid
stream of dry hydrogen chloride was blown through the liguide
More trimethylene glyéol was run into the flask at the same
speed as the chlorhydrin distilled overs Tho rod distillate

eclleeted consisted of trﬁnuthylunn g1yno1 and ehlorhydrin,
water, and hydrochlopic aeid, and was heated on the steam for



one hour to drive off the hydrochlorie aeid, It was then
distilled in vaouo and the fraections ecollected were those
boiling at : below 72729 ImsSe 3 '72729 MNSe = 89714 mse §
89714 NS e = 106713’ mms, The residue was small and was
discarded, The high fraction was mostly unchanged glyeol,
while the low frueiion was saturated with potassium carbonate
and the upper layer of ehlorhydrin that separated was removed ,
dried over potassium carbonate, added to the mein fraction,
end the whole redistilled, The fraction collected was that
buoinngmrﬂ\omyu?umow‘/,mm., the bulk of
whieh boiled at 64712 NS e

The eyanhydrin wae obtained fryom this ehlorhydrin
by & method similar to that used by Jucobsen and
Heldelberger for ethylene cyenhydrin., 53 gmse of
trimethylene chlorhydrin were dissolved in 200 ecs, of
rectified spirit and boiled gently on the steam while a2 solution
of potassium cyanide ( 41 gms of 95% single salt 1.e. 10% excess
over the theoretlical amount, in 60 ocs. water) was run in. The
formation of solid soon eommenced and the reactlon was
oconsidered to be complete after boiling on the steam under
reflux for 23 hours, The trimethylene eysmhydrin (Yehydroxy=
butyronitrile) so formed was not isolated, but was nydrolysed
by the addition of 41 gms. of potassium hydroxide m 45 o0Se
water, and boiling the mixture for 12 hours, a® the end of
which time evolution of smmonia had eeased. - The aleohol was
distilled off at atmospheric pressure, and the agueous solution
of the potassium salt of X-Wmtmo aeid was extracted
twice with ether to remove neutral and basic impurities, The
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- residual aqueous ligquid was made strongly acid to congo red
with concentrated hydroehloric acid, and extracted eontimiougly
for 40 hours with ethere The practically colourless ether
solution was dried over ealcium ehloride, the sther distilled
off, and the liguid remaining was distilled at atmospherie
pressure in order to eliminate water from the Yehydroxy-acid
and produce the lactones The water was allowed to fractionate
off and the erude lactone distilled over bolling at 200:2100.

' The 1iguid was oampletely dried and freed from traces of acid
by two treatments with potassium carbonate in the usual way,
and finally distilled in vacuo to glve pure X—mtmlaotono
in 30% yleld oalcﬁlatod on the chlorhydrine It had the

normal lactone odour and appearance when sollid, and the
physical properties given here.
o

MePe 048.0 !3_.. 14354
o
b.p. 85.5/12 Vs e g. 1.1299
Mo 8642 (oalo. 88,1) whence Lnﬂ p 19.88 (ealce 20.1)

This was prepared very simply by the method of

linsteed, resently discovered.

| P ~iso-Hexenois seld was boiled in & Geisler flask
for five hours under reflux, at the end of this time conversion
‘to the lactone was practically eomplete. The residuel acid
was rsmovod by washing the ethereal soution of the produet
with potassium carbonate, distilling off the ether, and _
allowing the residual lactone to stand with a 1ittle snhydrous
potassium oarbonate in a vacuum desicoator for 24 hours,
The lactone was finally distilled in vacuo,. bePe 94’80 ™S e
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The liquid had the typical hotmﬁo odour of eoco-mts, and
was obtained solid in long flat needles by slightly supere
=gooling and soratehing with a glass rode It had mepe 9.0.
My 114.1 (caloe 114.,1), |
{iv) eyeloliexanclide 1:3,

As menticned in section 2, this was prepared by the
method of Perkin and Tatteraalf? the complete synthesis
being performed as Rllows:

meHydroxy-benzoic acid was prepared in the classical
vway accoTiing to the method of Orromn‘:‘ 500 guse of 'Woic
acid were placed in a Selitre flask with 1000 gnse of fuming

)
sulphurie aeid (207 50z), and heated to 210 (registered,on

a thermometer in the limid)e A% about 50 the solutiom of
the benzoic aeid was complete, After five hours a test
portion of the mixture gave no precipitate of benzoic acid
on adding to water and the reaction was completes The
1liquid was eooled and poured onto 2 litres of lee aend water,
and the resultant olear brown 1iguid added to 5 litres of
boiling saturated salt solution, at the same time adding
260 gms of salte On oooling, the mono~sodium salt of the
m=-sulphonic aeid of benzoic acld crystallised out iun a ﬁ.trly
pure state. It was not further purified but was filtered off,
washed with brine, dried in the steam oven and powdered, It
was converted into the disodium salt by stirring 1t into a
mixture of 400 gms of casustic soda and 250 ees, of a concentrsted
solution of the latter, heated on the steame, It was allowed
to cool, broken up, and sdded with stirring to a fused mass of
500 gms. each of sodium and potassium hydroxides. The
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teuperature was raised to 2100- 215°aml kept at this level for
2 hours, the melt being eontinuslly stirred. At the end of
this time reaction was complote and the melt was eooled, -
leached out with water and partially neutralised with
coneentrated hydrochloric aeide The solld that separuied
was filtered off, the filtrate made aecid to Conge red by
addition of hydroehloric acid, and the solld that separated
from the ecooled solution was recrystallised from water to
vield pure pmehydroxy-benzolic acid in glistening plates,.

Two ehief methods of reducticn of the acid to the
fully saturated gyclohexmne acld have been described, The
first was that of Perkin and Tattoraall’%y .sodium in
boiling aleohol; the second tl}at of Balas and Srol“hry
reduetion with gaseous hydrogen using the platinum catalyst
of Admt‘ The latter was found to be unsuitable for the
preparation of large quantities of the acid and thus the
original method of Perkin was adopteds 50 gms. of mehydroxy '
benzolc seid were dissolved in one litre of absolute alcohol
end the liquid boiled on the steam under a good reflux
condensere 155 gms. of sodium were added as quickly as
possible and the reduction allowed to proeeed vigorousiy.

The preeipitate of the sodium salt of the unreduced aeid

soon dissolved., VWhen the reaction slowed down, more alcohol
was added and heating continued until the sodium had beem .
completely dissolveds The clear liquid was poured into an
equal volume of water and a slight defficiency of emtmq
hydrochloric acid was added, leaving the liquid slightly

alkaline, The solution was evaporated on the steam bath
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until the alechol had been completely removed and the volume
was redueed to about one fifth of the originales The ecoled ;
11=1\1;d was made aecid to Congo red by addition of hydrochlorie
aeld, the sodium ohloride filtered off and washed, and the
aguecus liquid exhaustively extracted with ether. The exiraet
was dried, the ether distilled off, and the residual sum
allowed to stand in a vecuum desiccator when, after a short
time, 1t solidifiede The solid was glgseSehydroxyegyelohexsne
carboxylie acld, and was mixed with a little of the Iranse
isomere From 150 gms of the benzenold ascid were obtained
100 gms, of the fully reduced aclds.
This mixture was eonverted into lactone by dry

diatillation in vacuo. The mixture was first heated to

1'70 at ordinary pressure for 30 mimutes to allow water,

that is formed by the dehydration of the hydroxyeacid to the
lactone, to fractionate off, and the remaining liquid was
distilled through a eolurm under rsdnoad pressurey The
lactone distilled over at 120.- 140/30 mase and solidified in
the receiver, A further smell high fraction was eolleseted

t 1?7.;- 190720 mns., whioh deposited erystals of the irgnse
dehydroxy-gyelo-hexame oarboxylic aeid. The laclone was

redistilled, and finally purified by reerystallisation from
o

petroleun other (bepe 60 ao‘)’. The needles of the lactone
80 obtained wers always very stieky, but repeated
reorystallisation would not ehange the melting point, and it
was henee oonidered to be pure. It had a faint odour of
eocoe-nuts, and bolled steadily at 180:1?.5719 mse The mepe

was 110: molecular weight (by baryta), 126.0 (calee 126.1).



(v) l-iietlyl-gyglohezanolide 115 1
S SHn o Siiios-and Iuetenaiis S used, witk
a Tew modifieations to improve the purity of the produet.
The starting point in the aynthosié Was 8ls=lehydoXy=gyeloe
hexane earboxylie acid, and was obtained by the rédaxotian of
mehydroxy-benzoic acid as deseribed in the previous
preparatione Perkin obtained his pure gilseaseld by tiling the
crude solid reduetion produet, and reeryatallising from ether,

In the following preparation, the aeld was obteined very pure
by distilling the mixed els end trans aeids to obtain the
pure laetone as desoribed above, and subsequently heating the
lactone with a slight ealoulated excess of 107 agueous
ceustle soda solution under reflux on the steam for 15 minutes,
This formed the sodlum salt of the gis-hydroxyeacid in
quantitative yield, being the direct reversal of the ringe
elosure of this latter acid to the lactone, The solution was
cooled in 1ce and earefully acidified by the addition of a
slight ealeulated excess of hydroehloric seid , exhaustively
extracted with ether, the extract dried, the ether distilled
off, and the hard solid whieh was lefi was reerystallised from
ethyl acetate to give pure gilg-J~hydroxy-gcyclo=hexane
earboxylic aeld, nlting at 132. (perkin: 130-8‘ from ether).
45 gnse of this acld were dissclved in 172 oose of
water and oxidised to the copresponding ketoescid in the
following manner: the agueous liquid was heated to a temperature
of 4.5., and throughout the oxidation 1t was kept at between
63. and 4'7&. To it was added, a 1little at a time, a sclution
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of 60 gms. of potassium dichromate and 43 ees. of concentrated
sulphuric aeld in 258 ecs, of water, each addition being
allowed to become eompletely redueed before adding any mores
Artox: elght hours the oxidation was eomplete and the ligquid was
cooled, saturated with ammonium sulphate, the alum filtered off
and washed, and the residual agueous liguid very shoroughly
extracted with etheres The ethereal solution was dried, the

ether removed, and the crude residual aeid (40 gms,} immediately
esterified by addition of 103 ocos, of H;aloohnlio
hydrochloric aeld and 48 ecs. of absolute aleohol, The
liquid was well mixed and allowed to stand at room temperature
for three days, and finally heated on the steam for one hour
under refluxe, The use of sueh dilute hydrochlorie aseid was
neeossitated by the tendeney of the keto-acid to sondense in
the presenee of stromnger aeid. The reaction mixture was .
poured into four volumes of water, the ester obtained by
extractic, of the 11quid several times with ether, end the
solution dried after being washed with sodium earbonate .
solution and water, and the ether distilled off, The esier
50 obtdinoa was very carefully purified by repeated fractional
distillation in vacuo, particularly to remove asay hydroxy-
ester present (be.pe. 14079 mmse)e The final fraction collected
was that boiling at 12071068 mmse in 317 yiold (16 gns) e

The final stage of the synthesis was the introduetion of the
methyl and hydroxyl groups by subjeeting the above ester to

the Grignard reaction with methyl iodides The usual apparatus

for Grignard reactions was used, the mercuryesealed stirrer
bo;ng' of the "soraper” type. 5 gus. of dry megnesium turnings
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wore placed in the flask and 1lbBecs. of a solution of 350 gus.

of redistilled methyl iodide in 15 ecs. ether (dried over :
sodium) were addede The vigorous reaction started lmmediately,
100 ocse Of dry ether were added and then the rest of the
methyl iodide solution, VWhen the magnesium had all dissolved,
16 gnse ketoeester, in 16 e¢cs. of ether, were added drop-wise
%0 the well stirred liguid, After all had been added and
refluxing had oeased, the liquid was boiled on the steam for
two hours to eompliele the reactione The thick oil gradually
solidified, and after standing overnight 1t was deeomposed
under the tap, acidified with hydrochlorie secid and the ecther
layer removeds The residual agueous layer was very thoroughly
extraeted with ether, the combined ethersal extractgs washed
with a 1little sodium thiosulphate to remove iodine, then with
water, and the solution finally dried and the ether distilled
offe 16 gms of orude ester were obtained, This was bolled
under reflux on the steam with two molecular proportions of
potassium hydroxide in 10% methyl aleoholic solution for one
hour, The liquid was the diluted with twiee its volume of
water and the -alonhol, together with a 1little unidentified oil,
was removed at the pumpe The residual solution was qtractoq
twice with ether to remove memiral and basie impurities; m
acld vo Congo Ted with hydrochloriec sold, and the hydroxyeacid
obtalned by exhaustive extrictlion with ether after saturation
with ammonium sulphate. The sihercal extractés were dried

and the ether distilled offe The vesidual oil containing the
hydroxyeacid required, was converted into lactone in an analogous
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manner to that previously deseribed (peSd )y by slow dry
distillation in vaocuums The rraoticm boiling at 188/22 m-
was collected (Perkin gave 1&5/20 mise), welghing 4,6 gms.
This was dissolved in ether, washed with sodium blearbonate
and water, dried, the ether distilled off, and the last
trace of aeid removed in the usual way by potassium carbonate
in a vacuum desiocator, The lactone was finally distilled
at 120 = 1/20 mms. This was a solid of mepe after draining on
a tile, 45.. Perkin's produet was an oil, due probably to
the presence of some neutral oil that he failod t0 remove.

The solid had the usual lactonic odour, and formed overe-lapping

plates on freezing.

Dry 4P-pontonoic aclid was weighed into a tube and
the whole oooled in ice, A stream of pure dry hydrogen
bromide (see pe /Of) was pacsed into the liquid, slowly as
to avold overheating the seid, until a slight ealoculated
excess had been absorbede The tube was 1lighily stoppered, j
and after a fow minutes the liquid suddenly sollidified with
evolution of uneombined gas. The white solid was reersytallisel
from light petroleum and the pure ﬂ-aoid was obtained in long
white needles, (Found: B., 180,8; /Br, 44.57 ¢ 0alee Ley 180.9;
fBr, 44e2#)e It had mepe sa.so- 59°. This method of
preparation is much more convenient than that of Fitilig and
Spcnu:'; and Fittig and Mumxiff
ii -l
. The method of wms.at!‘x.’m used, a product being



obtained that appeared to be slightly purer than his aeid,
12,25 gus, of X «valerclactone were mixed with 3.0 scs. of
water and the mixture saturated with hydrogen bromide at o°{
It was allowed to stand in the eold for 24 hours and then
heated to 1000 for one hour under a ground in ocondenser,
The 1iquid was cooled and the process repeatede The cooled
1iquid was poured into a large testetube containing iee and
water, and the oily drops of the bromoeacid that colleeted in
the bottom of the tube soon solidified as the temperature
dropped considerably. This solid was powdered and dried by
standing in a vaeuum desiecator eontaining sulphurie acid
for two days, being kept in an ioe chest to stop the aecid
meltings The solld was dissolved in light petroleum,
decolourised by stending for ten minutes with reeently
activated charcoal, and obtained as a white, erystalline
solid by ecoling in a freezing mixture of s0lid earbon dioxide
and ether, the crystals belng finally dried in vaeuo.
Yield 77%e  mepe 22.5 (ef, Wohlgemith; 23 )
Equiv, | 18244 (eale 181.0).
(11) £ -sromotutyrio seid.

qqe-n:t-noio acld (iransecrotonic acld) was fused
in a bath at 80 and treated with dry hydrobromic acid gas
for two hours, the oily liquid being allowed to eool in a
stream of the gas. After stending ovemnight it wes again
saturated, and. the oxcess gas removed in a vaeuum desiceator

over potash in the usual way, until a comstant, .(calcu_latod)
welght was attainede The pale yellow liquid solidified ab

a4



-1!5. to a mass of white platos or ﬂ-brm-butyrie aeld.
This had meDe 1v°- 19.5 o (of, Bmlé"who obtained the
aeld by a more vigorous reastion, and who quotes mePe 1?°- m‘).
Equivalent by baryta, 169.2 (calce 167.0)e
Eth -b Lee

The ethyl ester was obtained by the method that
Wohlgemuth used for the ester of Y =bromovaleris aoide 6485
gms. of pure P-bro-obutyric acid were poured slowly into an
icoecooled mixture of 0.7 ecs, concentrated sulphurie acid
and 5.5 ecs. absolute alcohol, The mixture was allowed %o
stand in ice for a few hours, and then at room temperature for
48 hours, After six hours a large smount of ester had
separated out at the bottom a8 an oile, The liguid was poured
onto four volumes of iee and water, the lower ester layer run
off, and the residual agueous layer extracted three times
with ethere The eombined ester and ethereal extracte were
thoroughly washed with a/-tuntod solution of sodium bicarbonate
to remove any acid present, then with water, dried, the ether
distilled off, and the ester distilled in vaeuo. Ethyl
P=vromovutyrate (ef. Léspieal®) so obtained in 757 yleld
boiled at 61/17.5 mnse without trace of Wltimo The
physieal properties are given below, together with the Mt
of bromine found present in the ester., This latter figure :
shows that no gross decomposition had ocecurred during the
esterification, Any attempt to freeze the ester o a

erystalline solid merely resulted in the formation of a
glass, |
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0
bo’. 81/17.5 NS ¢ fle 1.,4485
% Bre 40,90%, (o0alce 40,99%). de 1.,3214
whenee [RL_JD 39,75 (0alee 40¢31)e
{iv) Y »Bromobutyrie aeid,

Thls waa obtained by the method of Henry"’su followsie
Egual welghts of laetone( Yebutyrolastone) and water were
mixed and saturated with hydrogen bromide at O°. The liquid
was sealed in a thickewalled tube and heated to 1000 for 74
hours, The dark brown liguid was extracted with ether, the
solution dried, amd the ether removed at the pump, The dark
011 remaining froze at -15° and was further purified by
dissolving in 1light petroleum, the solution deeolourised and
purified from ipurities by shaking with ealeium ghloride,
and the bulk of the solvent removed at the pump, The acid
was obtained as a solid, white flattened ncedles. The
Mepe 0f Yebromobutyrie aeld was 32'-'- 33.3 (Hum-? ‘quotoa the
same)3 equive 16645 (oale, 167.0),
SUy) Y sbroncbutyrates

This ester was obtained from Y-brdmhxtmo aeld
by an exactly similar proeess to that used for the P-dmr.‘
The ester so obtained boiled steadily without ascomposition,
and had the following physieal constants: |
DeDe "718 08 o Te 1.,4569

de  1.3540
whenoe [HL]Q 59441 (0alee w.si).

The ester would not yield a orystalline solid at 80 ,

{v) P-bm-&hmio acid,

The usual method for P-hmotu was used in this
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~ oase, pure 4P-m-nomou a01d being saturated with

hydrogen bromide in absenee of sdvent, and the excess gas
removed by standing in & vaeuum desiccator to constant
. welght. A pale yellow liguid resulted which could not be
obtained solid at -Bo.but vielded a glass at this Temperature,
The acid, however, would appear to be the pure P =bromoacid
from the following figures:
Bouive 195,1 (calce 19449)e  Br, 41.05 (oalce 40.95)%e
(of v, Brnm,:) :
(vi) Y ~bromoeisgehexoic acid.

949
This acid hes been obtainedby Fistig and Geisler in

an impure form as sn oil, by the action of ageous
hydrobromic acid on X -isoehexolactone, but could not be
obtained solid, It was oonsidered that the presence of

- water militated against a successful preparation owing to the
faocllitation, by water, of the reverse reaction:

CHig CHg |
\ ¢ —Ciig — _+ Hips @ —CHz —CHg— COgH
cHg” | "~ fﬁa <hr GB:',)\
© co © Br
A method was then devised that did not involve the use of
()

waters The lactone was heated to 100 and dry hydrogen
bromide was passed in for 30 mimutes, the ligquid being allowed
to oool in a stream of the gas. The light brown oll was
allowed to stand in a closed vessel overnight, then

dissolved in light petroleum and a little impurity removed.
The oil remaining after sueking of the solvent at the pump
solidified omn cooling for some time m.a freezing mixture

to the typical burreliike elusters of flattened needles of the
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Yionneastt; - The malting petat was feund o Do & &40 with
previous softening at -6.0? This aecld was considered to bc
the purest obtainable by fission of the very stable lactone
ringe The pereentage of bromine present in the acid was
found to be 35,1% while the theoretical smount 1is 40,95%,
showing that some lactone i1s still present, The pure acid
was finally obtnined by another method during the study of

addition of hydrogen bromide to the unsaturated aecids (see
Pe 37 Jo
(vii) Bebromogyclohexene carboxylic acid,

This was obtained from §-l-gyclohoxene carboxylie
aeid by addition of hydrogen bromide, various solvents being

used

Passage of hydrogen bromide into the pure ‘1pbaold
led to very slow absorption and ylelded a stieky solid,
After draining on porous oarthtmro and several rocry'ulns{:ms
from potrolm ether (bepe 60 80 ). a pure eompound of
MePe 108 was obtained, This method being unsatiafaectory,
the addition was next performed in toluene solution, The
toluene was removed from the addition product at the pump,
and the olil remaining soon nolidiﬁod, the crude solid ai"cor
draining on a tile having mep. 03 e Ome reerysiallisation
produced rosetSes of flattened needles , mep. 10'1-8‘. The
melting point mixed with the acid obtained by addition without
solvent -u.‘loaf. The third solvent tried was glaeial
acetic acid, the unsaturated aeld being used in 507 solution. '
The liquid was cooled to 0o and a large excess of hydrobromiec
acid gas passed ine After standing for a few hours the



solution commenced to deposit white orystals. The acetie
and excess hydrobromic acids were removed in a vacuum
deslceoator over aod.a-liu and potash, and the erude mim,
which melted at 105 s Was rooryltalliud from the above
solvente A practically theoretical yleld of 2ebromo=-cyclo-
hexane earhoxylic acid was thus obtained. Melting point
both alone and mixed with the acid obtained by addition to 7
the undiluted eolefinic aecid: 10800. B, 20646 (oalee 207,0).
The addition in acetic acid is thus the best method of
preparing the aeid, Alolnn",iby heating the ;(p ~acid with

a large excess of acetic acid saturated with hydrogen

bromide in a sealed tube for some time obltained au acid m.pe
1oa-9°. The two acids arve probably identical and,
considering the drastic conditions of Aschan, the acid he
obtained was probably the transe acide Proof of this was
sought by attempted malonation of the eorresponding ester,
but this was inconclusive due, as deseribed on pe /5

the unexpected decomposition of the sster.

Ethyl 2-bromogyelohexane earboxylate.

This ester was obtained from the acid just
doiorlbod by esterification by a modification of Wam.g-ath':?
method, 6 gns, of the scid were dissolved in 12 ces. or
absolute alcohol, and 1.7 ocs. of concentrated sulphurie acid
added earefully with eoolinges The vessel was eorked and
allowed to stande The times of standing were varied, and
1t was found that 7 days gave 87% yield; 4 days gave 85%;

2 days gave 87%, Thus two days appears to be ample ﬂ.uﬁ for
the reaction, indeed, even after six hours there was always
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a large amount of heavy olly ester separated %o the bottom of
the tubes The mixture was worked up as described for the
bromobutyric esters (p.9 ), except that the liquid was
not distilled, as deecomposition oceurs, but was allowed to
gtand in a vacuum desiecator for two days to remove all traces
of ether and aleohol, The ester obtained in this way was a
slightly yellow, mobile liquid. It contained 33.9% of bromine
the oaleulated amount being 354.0%, Thus the methed yvields the
pure ester requircde
(vidii) w—bw ecarboxylie aoid‘.

This aeid wes obtained by opening the ring of the
corresponding lactone with hydrobromic acid, such a reaction
yielding the gige aocide The method of Perkin and Tattersall
was modified %o impreve quality and quantity or the yield,
oyeloHexanolide 1:3 was mixed with 1§ volumes of water and
saturated with hydrobromic aeid at Oo. The 1liguid was allowed
to stand in the cold in a closed vessel for 24 hours, during

which time an oil had separated up to the top of the liguid
and had commenced to solidify, The liguid was again saturated
with hydrogen bromide at Oaund the whole allowed to stand in a
closed tube for three days, when the top layer had formed a
hard solid mass. Vater was added, the solld erushed, ﬁltcrod-
off and washed with water, It was dried on a tile in vaeuum
over sulphuric acid md was obta:l.nod in 85% yielde The mepe
of this solid was 60-65 (Perkin: 68 o The aeid was
reorystallised from light petroleum and fommed the typical
burrelike clusters of meedles fommed by Y ~bromoascids, and
melted sharply at 65: Bey 20740 (calco 207.0)e



Ethyl else3-bromogyclohexane carboxylate.

This was obtained from the pure aeld by esterification

exactly as desceribed in the case of the ﬂ-bm-ﬂ.mr. It
was obtained as & mobile liguid, eontaining 54,274 bromine
(ealce 34,0%), in 96% yleld. This ester eould be, and was,
distilled without decompositiong 1t bolled steadily at 14.3‘,/2@!
(ix) trans-S-bromogyclohexane earboxylic acld.

An attempt was made %o prepare this by Pork.tn'z
‘method from iranseSehydroxy-gyelohexane earboxylic acid (see
Pe §%), but owing to the scareity of material the pure acid
could not be obtained.

The mixtures of aecids and laetones obtained from the
various experiments to be described were all analysed by the
same method, that of Linsteads About M/500 of the acidelactone
mixture was weighed into a flask and dissolved in water, or
neutral water-reotified spirits, The free acld was determined
by direet titration with standard N/10 barium hydroxide solution
A known exoess of the baryta was then added and the liquid
heated under reflux, with a soda-lime guard tube, on the
steam for fifteen minutes to assure quantitative eonversion of
the lactone to the barium salt of the corresponding hydroxye
acid, The solution was cooled and the remaining alkall
estimated by back titration with standard sulphuric acid. Ihe
results obtained are all expressed to the nearest §%. In all
eases the accuracy of the method was demonstrated b& test

experinents before it was adopted for gemeral use.
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In some cases the acld and lactone were separated semle
gusntitatively and weighed, The mixture was allowed to stand
with a fifty per cent excess of sodium biearbonate solution
overnight and the lactone extracted with ether in an
extracting apparatus for 24 hours, The ethereal extract
was dried, the ether distilled off, and the residue left
until of comstant weight in a vacuum desiecator over ealeium
chloride and wax, being finally weighede The acid was
rescovered by making the aqueous residue aeid to Congo red
with a slight caloulated excess of hydroehloric acid and |
immediately extracting with ether. It was worked up 4n the
usual way and weighed.

The acids, both pure and recovered from the
experiments, were analysed with respeet to their a‘ﬂ- cnd
fy=eonstituents by one of the two halogen addition methods
mentioned previocusly, after having checked the purity of the
acid by determination of its eguivalent by baryta., Iodine.
additions were done by the method of Linstead and M&y"'as follows
A slight excess over M/300 of the acid was welghed out into a
50 co. standard flask and allowed te dissolve without heating
in about 40 oos. of a saturated solution of sodium blearbonate
by leaving overnight. The volume was then adjusted to 50 ocs.
by addition of biecarbonate solution, and the ealeulated valume
of the same solution Tequired to make the coneentraticn of the
acid exactly M/15 was run in from a burette, After thorough
mixing 10 ece portions of this were pipetted into stoppered
bottles and treated with the theoretical amount (Jj) of a
solution of iodine in potassium iodide (the amounts present in
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this solution- being 12,7 gms. of iodine and 28 gus., cf
potassium iodide in two litres of sclution), whieh had been
standardised immediately before use by standard sodium
thiosulphate solution, The mixture was allowed to stand in
the dark for a definite time, and the execess lodine was then
estimated by addition of 2 ecs, coneentrated hydroehloric
aeclid and 200 ecs. of water, and titration with thiocsulphate
solution. :

If %55 be the thiosulphate titre of 20 ecs. of the
iodine solution, and F the factor of the thiosulphate, then
the guantity of iodine solution theoretically equivalent to
10 eecs. of the /15 acid solution is § = t_ =

Also, 1f T be the back titration after addition
has taeken place, the % of unchenged iodine, U,= 2500,T ,
. -%—3-5‘

and henee the smount of iodine absorded, J = (100 = U)%e

The iodine awuom were all done at a temperature of 80 0 a8
Linstead and Noblo have shown that the %emperature eocrﬂ.ciont
is oonsidersble. This method was used in the case of the
pentenoic aecids (for 60 mins,) and the isgehexencie acids

(for 5 mins.) .

Additions of bromine were done when the above
method was not satisfactorye These were done as follows
according to the method of Iinstead and Eoblo? The acid to
be analysed was welghed out, a slight excess over I/600 being
placed in a 25 ec, standard flask, and the sclution made up
in chloroform to be exactly M/15 by addition of the solvent
from a burette. The M/20 solution of bromine in chloreform
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was made up immediately before use , and was steandardised by
allowing 25 ecs, of it to stand for the standardised time with
10ecss of ehloroform in the dark in a stoppered bottle, The

bromine present was estimated by the addition of 10 ecs. of
10% potassium lodide solution and 200 ecs of water, the
liverated iodine was then titrated with thiosulphate solution
with vigorous shakinge (J) was ealoulated in the way
described for iodine addenda, and this volume of the

bromine solution was added to 10 cec. portions of the 1Li/1L
solution of the acid in stoppered bottles. These were
subsequently treated as the ntmdurdia&tion experiments, U
and J were caloulated from the backetitration figures in the
same waye Owing to the escape of the bromine from the
chloroform solution 4t was necessary to check the value of
~ J every 30 minutes. For the reason quoted in the other
method of halogen addition, the experiments were condueted
at 800, and were used for the butenoic aeilds (for 3¢ mins,
and for the gyclohexene and 3-methylecyclohexene earboxylie
aclds (for % minutes).

The methods of analysis described above were the
only ones used in the lactonisatioh work,

The smalyses performed on the bromoeacids varied
with the acids under investigation. The equivalent weights
of the acids were determined whenever ponibio, by titration
with hx_:_rhn, the end-polnts being quite sharp, but fading
rapldly due to the liberation of hydrobromic acid from the
aelds. The only case where this failed was in thet of the
Y-bromo-iso-hexoic acids wiose great instability in water



rendered the determination of equivalents by baryta
impossible, In many cases the purity of the bromoscids was
proved by estimation of the percentage of bromine present, 'It
was considered unnecessary to do the estimations by the Carius
mothod, and two other methods were tried on /3 =bromovaleric
aeid, which had been obtained in a very pure state.

(a)e Modified Carius methode The bromoacld was beiled for
18 minutes with concentrated nitric acid and silver nitrate,
the silver bromide formed being filtered off, dried and weighed
in the usual analytical manner, This method gave results
that were slightly low,

{b) The bromoaecid was dissolved in an excess of dilute,
halogen free sodium hydroxide solution, and the liquid boiled
gently, Various times of boiling were tried, the best being
between B0 and 15 mimutes, It was made slightly aeid with
eoncentrated nitric acld and silver nitrate solution immediately
added. The liguid was boiled gently with stirpsing (to stop
"bumping”) for 15 minutes, and the silver bromide filtered off
on a glass gooch erucible, washed with hot water, alechol,

and ether and dried to constant weight in the steam oven,

This was found to give very good results, eg in the case of
bromovaleric acid the smount of bramine found was 44,26%, the
caloulated amount beingtéelsfa This method was then adopted
for analysis, It was htoriodined for the analysis of
bromoesters, The ester was weighed into a flask and boiled
under reflux with excess of dilute halogen free sodium

hydroxide solution for 2 hours, At the end or‘thil time
mmsumon.rmmmrmmumum
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the resulting aeld had been decomposed into sodium bromide.
The solutiom was washed into a beaker, acidified with nitric
aeid, and the analysis concluded as in the case of the c.oi&n'.
This method was always found to give good results.

As the methods of analysis of the bromoacids were so
varied, a deseription will not be given here, but will be

found in detall under the relevant headings in "Additions of
bydrogen bromide" e

The lactones that were formed in the warious
experiments conducted, were sejparated from the acids as
desoribed on pe /& , and identified, in the case of liguid
lactones, by somparison of values of M., n, 4, m.pe, mixed ;n-p.@
DePe, OFf the recovered ligquid with the corresponding values
of the pure reference laetone, In the ease of the first
laotone studlied, Y -valerolactone, the formation of the
solid Y~-hydroxyvaleramide from it was used for identifieation,
by 1its mepe. and me.p. mimved with emide from th_o pure reference
lactone. In the case of the solid lactones ( ie.e. solid at
ordinary temperatures), the melting points and the mixed
melting points were used, togetlier with values of M,

The aclds recovered from the experiments were :
identified by E., end if pure, by values of J, n, d, DeDe MeDe,
end mixed mepe With the refereénce aeid, in the case of liguids;
and by values of Jg bepe and the two melting points if solid
at ordinary temperatures. In one ease, the preparation of a
solid derivative, the petoluidide was utilised to prove the
identity of several samples of the aoid in question.
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The evidenee quoted above was considered to be sufficient to
.prwn the identity, or otherwise, of two compounds,

In tThe few cases where pure bromo-acids were obtained
by t;n addition of hydrobromic aeld to the unsaturated acids,
the proof of their structures rested on their ultiﬁg points,
both alone and mixed with the pure reference bromoacids. In
the one ¢ase where a bromoester was to be identified, the
evidence of the physical propities was used to establish 1ts
constitution, together with the evidence of a chemical method
of analysis (see pe/7 ). _

Note on the determination of melting points at low
temperaturese The liquid whose melting point was to be
determined was introduced into a thinewalled capillary tube
sealed at one end, the 11guid shaken down to this emnd, end the
other end sealedes This was nttaohod by a mbbor band to
a toluene thermometer of range -180 to 50 , and the liguid
frozen in situ by immersion in a freezing mixture of seolid
earbon dloxide and .othor in a Dewar vessely, The orystalline
form of the 1iquid was examined, and the melting point
determined by immersing the tube and the bulb of the
thermometer in a bath of ether, eooled by the addition of
solld carbon dioxidees This was -hpportod in a beaker acting
as an alr bath. The ether was stirred if required, and the
temperature allowed to rise :pontmm. note being taken
of the temperature of fusion recorded on the thermometer, and
also of the room temperature, and the reading corrected for the
exposed steme In this way the melting points of meny substance:
normally liguids was accurately determined.



PART 3 CTONISATION 0DS IN USE,

Three main methods of obtaining lactones from
unsaturated aclds have been studied.
(i)e Boiling sulphurie aeid; 507 by volume. The olefinie
aeld (x gms,) was added to the lactonising agent (5x ees,.
measured from a burette) and the whole heated rapidly over
a free flame to boiling. The 1liguid was boiled under reflux
for a certain set time, note being taken of the time required
for complete miscibility and of the general condition of the
solution, At the end of the required time the bolling was
- stoppede If the asclds and lactone were fairly volatile in
steam the reulting liquid was diluted and disilled in steam,
50 x cos. of dlstillate being collected, This was
saturated with ammonium sulphate and extracted continuocusly
with ether Tor 24 hours. The extract was dried, the ether
distilled off, and the residue taken down to constant welight
in a vacuum desiccator over calcium chloride and wax , when
it was ready for analysis. If the acids were not very volatile
in steam, the solution was diluted with three volumes of water,
saturated with ammoniwm sulphate, and extracted 68 times
with ether., The ethereal extiracis were washed with a solution
of ammoniunm sulphate saturated at zo.,‘ dried, the ether
distilled off, and the residue dlstilled to free the product
from a certain amount of impurity that had formed in the
reactions In the case of each acid, one lactonisation was
always performed under the conditions used by Fittig, This
was to boil the solution in 507 sulphuric aecid for 5 mimutes,

then 1t was diluted with 10 x ees. of water, and boiled for



10 minutes. The produet was then worked up in one of the
ways just deseribed, depending on the volatility of the acids
in steam,
(11) Cold sulphuric acid; 607 by volume., The unsaturatea
aeld (x gms.) was added to the sulphuric acid (5 x ees,) and the
liquids shaken together until miseible, unlees miseibility
was never eomplete, lNote was taken of the time for the two
layers to become completely miseible, and also of any change
in temperature., The mixture was a.nor'od to stand in a stopperel
vesssl o abeut 5 fer Whe vepiaite tine, end the vesitien
stopped by pouring onto three volumes of ice and water, This
1liquid was saturated with ammonium sulphate, extracted 6 - 8
times with ether, the ethereal extract dried over calcium
chloride after being ud:od once with saturated ammonium
sulphate solution, and the ether distilled off, The residue
was either taken down to constamt weight in vaeuo, or, &s was
invariable in the case of the Px-aoids, distilled in vacuume
In the above cases the percentage reeovery was noted,
and also the residue on distillation, and the bolling point, if
distilled,
(1i1) . Heat alone. The unsaturated acid was placed into a
bulb on the end of a tube acting as an alr etmcsnur_, and th§
atmosphere rendered inert by repeated evacuation and filling
with nit®dogen or earbon dioxide, Backediffusion of air into
the flask during the experiment was prevented by passage of
a slow current of the gas along the top tube of a Teploece
attached to the top of the condenser, The acid was boiled
under atmospheric pressure on a sandebath for a known time,
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the 1iquid being then analysed for acid and lactone, being
if possible, distilled %to remove polymerie etc. ilmpurities,.
In the cases where an acid was boiled in a solvent, ‘the
resulting liguid was stirred with 100% exeess of a saturated
solution of sodium bicarbonate, the liguids allowed to
stand in contact overnight, and finally shaken thoroughly
together, The alkaline liquid was separated off and the
residue shaken with more sodium bicarbonate solution to
oomplete the extraction of the acid, The sombined agueous
liguids were extracted several times with ether to remove
solvent and lactone, and the residual agueous solution was
made acid %o congo red with hydrochloric seld mnd the aeid
obtained by thorough ether oxti-aotion, and welghed as usual,
The lactone was estracted from the solvent used by shsking
it in the machine with an excess of 10/ caustic soda solution
overnight, and working this up by acldifieation and extraction
of the hydroxyeacid with ether,and weighing, Test experiments
showed that this method worked quite well.

The hydrobromic acid gas used for these addenda

was prepared in an apparatus made entirely of "Pyrex" gl.‘au
%o avold contamination of the gas by contaet with rubber,

Naphthalene was placed in the bulb of a flask fitted with a
side-arm perpendioular tc the neck, and a ground-in dropping -
funnel, From the iattor dry bromine was dropped onto the
naphthalene and the hydrogen bromide thus evolved was serubbed
quite free of bromine by passage through a Ustube filled with
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naphthalene attached to the side arme I% was dried by
passage over phosphorus pentoxide in a second U«tube and frged
from all dust by a plug of glass wool in the second tubee
' The substanee with which the hydrobromic acid was to react
was placed in a third U~tube ground on to the end of the train.
Provision was made for shaking this tube, and also for
cooling in water or ice o A sulpburic acid bubbler was used
as a guard on the end of the apparatus,
: The unsaturated acid under investigation was welghed
into the last U=tube and hydrogen bromide bubbled slowly
through it (with cooling or shaking as reguired) until a
8light excess over the amount regquired was absorbed, After
standing,in most cases overnight, the stoppers of the U-tubes
were removed and any eznoi- hydrobromic acld gas was removed
by allowing the addition product to stand in a vacuum
desiccator until the tube had attained eonstant welight,at
that ealeulated for the experiment, The acid was then
anslysede In the case of the acids containing % water the
additions were done in exsetly the same waye. Vhen additions
were done %o the acids in solveats a larger Us-tube with
bulbs,of the P‘iiqpt type,was used, the whole being cooled in
ice, After an excess of the gas had been sbsorbed, nnﬁ the
usual time allowed for reaction, the solvent was removed
at as low a temperature as possible, the last traces of
solvent and excess hydrobromic acid removed in & vaocuum
desiccator, and the residue analysed.
In the case of the additions tc esters, these were

done in the same way as additious to the dry acid, the ester
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being distilled after removal of excess hydrogen bromide in
the vacuum deslccator,

In all the above addenda the liguids were not
allowed to become warm as this would facilitate decomposition

and lead to incorrect results.

(1) Hydrolysis of the lactones by watere The conditions
used in this portion of the work were standardised as mmch as
possible in the following way:e

About M/500 of the pure lactone was weighed into
a 100 cce conical flask and the calculated amount of
distilled water added, from a burette, to make the solution
exactly M/25. The flask was fitted with a small Davis reflux
condenser and heated to 1000 for 24 hours to attain
equilibriume The free aclid fomed was estimated by titration
with /10 barytae A similar experiment was then performed
for 48 hours to prove that eguilibrium had been reached, and
in this case both acid and lactone were estimated in the
usual way to show that no gross decomposition had ocecurred.
In the case of the aliphatic lactones, equilibrium was always
reached in 24 hours, but the dicyclic lactones muim‘
longer heating as will be seen from the experimental figures.
The results were expressed as % of lactone changed.
(11)s Veloecity of formation of lactones from hydroxyeacid,
In this series of measurcments the standard conditions umed
were based on those of 3301:“:8 mentioned in a previous seection
and were as follows le

About M/200 of the purc lactone was welghed inte a
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flask, and heated on the steam under a reflux eondenser and
sodaelime guard tube with the theoretical amount of standard
N/10 barytay for 15 minutes. The sclution of the barium
salt of the hydroxyeacid so obtained was cooled in iee and
95% of the emount of N/10 hydrochloric seid required to
neutralise the amount of baryts used was added, This
liberated the bulk of the hydroxye-ascid, but emsured that
there was no free mineral acid present, as these have a
marked oitalytio effect on the change. The solution was
made exactly N/20 by addition of water, and kept in ice.

10 oce portions of this solution were used for enalysis, the
free acld being estimated by titration with N/100 baryta.

Une titration was done en the liguid before heating at all,
The portions used in the estimations were pipetted inte dry
flasks and fitted with dry reflux condensers, and heated

for certain times at 1000 in a bath of bolling wateres The
reaction was stopped by pouring the lignid inteo three volumes
of iceecooled water and titrating the residual free acid with
the N/100 baryta, For the purposes of plotting a curve,

the zero time was taken as after five minutes heating, the

veloelty being expressed as "% of the aeid lactonised in %

minutoa': The ourvda for the lactones studied were plotted
and are given opposite pe 4/ ¢ The times for the half
change times were determined and used as a comparison between
different lactones.

(111) Parachor measurements. Ilo detalled description of
the method need be glven here, The densities were .

determined by the method of Sugdo;zausmg the U-type pyenomeler
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a slight modification being introduced (viz., the alow
introduction of the liguid with a pipette) to eliminate
his "draining error”., The densities were found over a
range of temperature and the values werein all cases found
to be in linear relation to the temperature, For that
reason, the graphs of the densityetemperature figures for
the lactones will not be given, The surface tensions
were determined by the method of maximum bubble pressure,
(Sugden’™)., Two bubbling cells were used, and each Tesult
guoted is the mean of meny cuneordant figures, Both cells
and the pyocnometer were accurately calibrated using pure
benzene as advised by Sugden.



PART 5: LACTONISATION EXPERIMENTS PERFORMED,

ofP-routenoic acid.

Boj_el_lplmrlo aeld, 50% by volume.

The two -ao:l.da were mzatoly miscible in all proportions,
Only very slight charring oceurred during the bolling even
the 60 minute experiment being only a dark yellow., No
sulpbur dioxide could be detectede The products wers all
distilled in steam, the results appear in the table:

Time, % Reeovery %4 Acld, % Lactone.
Fittig'se. ‘ 73 6545 3 B5e0 .
30 mins,. 60 GaB 9360
60 minse 58 de5 97«0

The experiment poxtornd under Fittig's conditions
was separated semie-quantitatively into acld and lactone,
and ylelded 63.5% acid; 31.0% lactone, This is in fairly
good agreement vith the titr;tion figurese These are
repeatable as was shown by two titrations on the sample from
the 30 minute experiment, the results of which were
identicals
Identification, Lactone from the 60 minute experiment
was freed from acid by potassium carbonate and distilled.
The physioclopropcrtlu show it to be pure Yevalerolactone.

WePe - 37 e l.4320
o O
b.’- 96 » 7/19 TinsS e _‘_. 1.08-38
M, 10049 (ealo 100,1)  ihence [Rr]) 24467 (salce 24475)
o © o

mePpe Of hydroxyamide 51.5 = 52 _
o
mepe Of hydroxysmide mixed with reference amide 51
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The acid from the combined experiments was lsclated and
distilled, Itwas proved to be very pure, unchanged
pentenoic aclde

[+] o
MePe Eel = He5 Le 14513

Je 1.0 de 049903
whenee [RI:]D 2716

The acids were all immediately miscible with no
change of temperature, The recovered acids were analysed
to yield the following fijgures:

Time. % HRecoverya % Acid, % Lactones
2 dayse 91 95,0 ol
7 dayse - 9645 4ol
7 dayse - 97 o0 HLeb

The high percentage of \y«oid in the two day
experiment appears to be fortuitous, as in the longer
times the amount formed is less, There was not enough of
it formed to identifye. but the acid was obtained free from
lactone in the usual way and identified as the pure starting
material, .(P-pmtono:lo acid

Identification.
ik NS Be  1.4507
7. 0e5e de  0.9908
whenoe [R!:JQ 27418
.Pen d
Hot sul

The only experiment done was that under the condition
of Fittig, in which lactonisation was practically complete,



there being practieally no gross decomposition,

% Recovery,
Overall, Pure distillate. % Acid, ¢ Lactons,
55 54 4deb Vi eh

The acld was removed from the mixture by potassium
carbonate in the usual way, and the lactone distilled. This

was shown to be pure y ~valerolactone by the following datas
[+]
TieDe -4 oD 2. 1.4386

©
b.". “/15 IS o e 10044 (calce 100.1‘}
[+

Y-hydroxyamifie, mixed mepe 5le5 o

The acids were all miseible immediately with no
discernable change in temperature., The products were all
distilled in vacuo to remove & small amount of polymer
and then amalyseds The results are given below, the five
hour experiment being performed twice to show that the
methods in use gave repeateble resulis,

Time. # Hoeovery,of product,  beps (°§ Ficide # Lactones
Totale Pure distillate.
1 hour, 61 79 92e7/14 8445 1540
$ hours, 79, 77 90e5/14 4140 5745
5 hours, = - . 4045 5645
8 hours, 60 58 94-5/16 19,5 7945
48 hourse = b 90e3/17 545 9545

The products were all mixed and separated into
acid and lactone through bicarbonate solution, The two
portions were distilled, and shown to be pure Y -valerolactone
and P)’-pntonoio acid by the following physical properties:



Aelide

MeDe 0.50' : e 164340
DeDe 89.5711.5 IS o de  0,9869
8 7342 whence [ij > 26445
Laotonee

MeDe -36.5° e 14376

Mo 10048 de  1.0546

MePe Of hydroxyamide 5z° LRI_.]DA 24465
& o
Mmepe mixed with reference hydroxyemide 5145

'-Yulorolsctm. This was trested under the most drastie

of each type of method used to see if any reversal of the
change had ocourred with the production of aecid,
Hot aecide 12 hour, The reeovered liguid had:
% Aeid, 1.0 # Lactone, 99.0s The trase of acidio
material formed wes removed by potassium oarbonate and the
lactone distilled., This was the pure starting mntortal:;
of Me 100eLe, Depe 102788 mnSe, He 14322,
Cold soid, 7 days. The recovered Jicuid contained:ie
# heid, 0eBe % Lactome, 99.5. lo identification was done
on ﬁi-uztmn.uhlymt change would have occurred in
the cold while none occurred on heatinge A
Hence, {-ulerolaotono is guite unaffeeted by all
the lactonising conditions that produce lactone from the
pentenoclo acids,
._aiﬁmm.mn. 5
The aclid (M.pe72.5 ) was finely powdered before
use to ald solutione. Only one of the hot sulphuric acid
experiments was distilled in steam as the acid was found to be
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very involatile under these conditions. All The products
were distilled, as a dimeric form of the aeid is formed (as
also in the case of the FY-to:ld) which 13 also pseudoeacidic
and can be removed by distillation, 5

Timae % Recovery, bepe(®) % Aolde # Lastone.
Totale Pure disilllate.

Fittig's. 43 43 (steam distilled), ©9.0 1.0

1 heur, 77 H4 85/9. 97 ¢S 1.5

3 hour, - - T5mil/B4 - -

The three hour experiment was done in an attempt
to isolate lactone if possible and was not analysed
accurately., [However, no lactone was formed, The recovered
acids in esch case were practically the pure starting material

as seen from the mepes and values of J,

Time, HeDe Je
[+] fe]

Fittig'se 71 - 72 2B
o [s]

1 hour, 69 « 70 B340
o (¥]

3 houre 70 « 71 4eb

the small drop in melting point and the slight
inorease in J is pxdably due in each case, to the formation
of a 1little allo~ (gis-) orotonie acid, '

Une experiment was done for seven days. Solution
was complete in 20 minutes with a slight fall in temperature.
The recovered compound was w.re,qp-o.:id (in 94% reeovery)

% heid 99403 % Laotone 0eS; mepe 72 § Je 1le¥e, and is
obviocusly ldentical with the starting material,
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Very 1ittle eharring cocurred Guring these experiment:
although & considerable residue was left on distilling the
products from the longer boilings, oonsisting of products

of gross deecomposition and polymeric changee

Time, % Reeovery bepel®)e % Acld, ¥ Lactone.
Totale Pure distillate.
Fittlg'se 77 51 85-90/12 98,0 1.5
60 minse 76 51 80/9¢ 9740 20

The acids so recovered were both hard solids and a
1t appeared that the f'r-acm had been completely converted
into the isomeric 4Poacid under the lactonisiné conditions
and this was proved by the melting points and bromine additions.;

Tinme. MePe Je
o o}
Fittigts. 69 =« 70 Ze5
o o
1 hour, 68 - 69 ZeD

The acids were miscible immediately with ne
temperature change. A eertain amount of impurlity was
formed, especially in the cases of long standing, and was
removed by distillation. :

- Timo. # Recovery, bepe  Acide % Lactone, J.
Totale Pure distillate.
4 hours, 92 90 66e7/8, 9840 2,0 73,1
2 days. ©9 71 68/5. 9840 2,0 74.1
7 days 78 51 > 9745 1.5 7043

Hence the smount of lactone formed even over a long



period was negligeables The recovered acids however,
deposited no solid, and were seen by the halogen additions
to be praetisally unchanged Pr-aeid, very little tautomeric
having ocourrede
111 & a

' Owing to the unexpeeted nature of the addition of
hydrogen bromide to P ~butenoic acid in hydrocarbon solvents,
(pe /35 )y 1t was considered possible that the aeid might
form lsctone under similar conditions if activated
suuficientlye A hydrocarbon was chosen whose boiling point
was about equal to that of the acid under ordinary pressure.
This was fransedekalin, dried over sodium, twice fractionated
very carefully through a column of Lessing rings, end finelly
distilled from sodiume A 10% by weight solution of
butenoic acid in this solvent was boiled gently under reflux
for 24 hourse A few drops of immiscible liquid formed,
This was aocild, but wac not included in thegeneral rocmri.
The acid present was extracted as previuosly described, and
in 917 yield, The lactonic content of the mixture was 0.4%.
The recovered acid resembled -butenolc acid very closelyh
in its general propertlies, and obviously did not conbain
mach of the isomerie acide Hence it may be stated
definitely that the aecid does not form any lactone if bolled
in em inert solvent for a long time,
—YeButyrolactones

As usual, the two most drastic lactonising eonditions

were imposed on the lactone, with the result that mo change
at all was detected in either case, the lactone appearing to
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be very stable to sulphurie acld under the conditions used,
Hot id i 3 hours:

677 recovered, Depe vg/s.s mse 1le5% acid and 98,5% lactone,
c - o] da 7 dayss

© )
DePe €9 » 70/6 mmse 1,54 acid and 95.5% lactone,

4+~ cyclohexene carboxylic acid.
Al) lactonisations done on this ecid and also the

A ele acld were done in an atwmosphere of nitrogen in an a
attempt to keep down the general decomposition of the acids.
L c_ac . 1 ,
The acid was .rathor badly attacke’ after some time,
a slow evolution of sulphur dicxide was noticed together with
the formation of a certain amount of charred material., The
products were not distilled in steam, As Tar as could be
observed, the two acids never became completely miscible
in the times of boiling used, Lactome appeared to be
formed slowly as will be seen from the Tigures appended,
but, owing to the slowness of the change and the amount of
~ decomposition cccurring, there was not obtained enough for
identification.

Time. % Recovery,

Total, Pure distillates b.pe(" )% Aeld, 7 Lactone,
Fittic's 98 92 150=4/13, 9745 15
50 wins. 69 46 13206/15, 90,0 Be5

o o
The acld was recovered, and had mepe 37 « 38 , and

o
melting point mixed with the referenes 1f-acid 57 « This
effectively shows that the acid recovered was the pure [P -acid
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Cold sulphuric acid, 607 by volume, One experiment only
was done, for three days., The olefinic acid did not dissolve
completely in the sulphuric acid, although the mixture was
kept well shaken, Recovery was 59% with bepe 15'728715 mms o
there being little residue on distilling, It contained
97.5% acld end 2,07 lactone., Thus, the acid is practically
identical with the starting material, and had mep. 3‘70- 380
and m.p. in admixture with the pure eofB-acid 37 .
Aaep c
' Hot sulphuric acid, 507 by volume,

Any attempt to bolil the mixture for longer than the
time used by Fittig resulted in complete destruetion of the
acid, The result from the one successful experiment is :
73% recovered boiling at an unknown tomperature. 7 Aoid, 35.0
7o iaotono, 65e0e

The lactone and acid were separated in the usual
way and identified if possible, The smount of the acid
recovered was so small as to render identification
impossible. The lactone was obtained as a white
erystalline solid of mepe mo, and me.p. mixed with the pure
reference lactone of 1303 showing that the lactone formed in

this way was cyclohexanolide 1:3,

The two aclds were always found to be miscible in
42 minutes, and consequently the shortest time used was 45
minutes, There was very considerable tomation of
polymeric material (ef. Nametkin and Ahahmvahj’t’) s but no
charring or evolution of sulphur dioxide was detectede
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Time. % Recovery, bepe(®)e ¢ Aeid. ¥ lactone.
Totale Pure distillate.

45 mins, 51 46 124w8/154 8945 10,0 .

2 hours. 44 33 122/15, 735 5040

4 hourse 37 25 - 125/1=2 11,0 8845

For any time greater than four hours the product
isolated in very poor yield was practically pure lactone.
From the very bad recoveries and large residues on distillation,
the fY-uid appears to be removed by side reactions as well
as by lactonisatiomn, whioch appear to obey the fairly general
rule that such reactions are mutocatalytie. The lactone was
isolated in the ususal way: It had M. 126,2 (calce 126.1).
MeDe noo. Mepe mixed with the reference lactone, 1190.
Bolling alonee

A tu/&u. of the scid were boiled gently at
atmospheric pressure in an inert atmosphere for one hour,

The product was distilled from about 5§ of gummy residue
and eontained 99.0% acid and 0.5% lactonic materials. The
recovered acid was guite mobile and closely resembled the
starting material,

Hot sulphuric scid, S0% by volume, The experiment was done

for thirty minutes , in which time the lactone was completely
destroyed except for a small amount of undistillable gume
Cold sulphuric acid, 607 by volume, The experiment was done
for 7 days, the laotono.boing recovered iné0% yield with
acid content 2.0%, lactoneg®7.0%, The hotoﬁo was
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reerystallised from light petroleum and proved to be
identical with the starting material by 1ts mepe (120‘) and
Ste muling peint nined with 4ho eitginal aslts (RENDL :

From the above results itwould appear that thie
lactone is not so stable to the lactonising conditions as
the aliphatic lactones, but that no trace of olefinic acld
can be obtained from it.

Semothyl- fl=gyolohexene carboxylic acid.
Hot sulphurie acld, 50% by volumee

There was ooﬁd.donbh charring and evolution of
sulphur dioxide during these experiments, while, as far as
could be seen, the acids were never completely miseible in
all proportions. The figures from the two experiments

performed are given below and it will be seen that the amount
of lactonic material formed was very small,

Time. % Recovery beDe (o). 7 Aeid, ¥ Lactoney
Total, Pure distillate,
Fittig's 84 8l 129«35/84 9840 Ze0
15 mins, 79 - 69 135=4/8, 9645 2ol

The acids were never misoible in all proportions
during the times studlied, Results:

Time, % Reeovery b.p.(°) # Aeide % Laotone
Total, Pure distillate, :

2 days. 1004 (not distilled,) 9940 0.0

7 days. 83 80 130=6/7¢ 9945 1.0

‘I‘ho'natnlod liguid from the longer experiment
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had melting points, both alone and admixed with the pure
ng.acm, at zso, conclusive proof that the acid is quite
untouched by c¢old sulphuric aecid (60% by volume).
S-mothyl A -2-gyclohexene earboxylic aetd e

Hot c A VO

In this ease charring and evolution of aulphur
dloxide set in repidly and vigorously, and in one minute the
liquid was worked upe There was obtalned one drop of a
1iguid highly lactonie in naturees The acid is obviously
very unstable to hot dilute sulphuric acid. |

The two layers were always miscible after 55seconds,
with a rise in temperature of about 5.. The figures from
several experiments are quoted ih the table:-

Time. > Recovery, b.p.(o) % Aeid. % Lactone.
Total. Pure distillate.
5 mins, 96 89 118/18, 15,5 8640
15 mins, 95 86 - 12,9 8865
60 minse 90 83 - €45 9245

The products were mixed and the acid and lactone
separated as usuale It ean be seen that the amount ef
acid wes mot sufficient for identification, all that could
be done was a bromine addition which showed that J was ce 9640
1.0, the recovered acid was BY-acid.

The lactone had M. 139.,8 (ealc, 140.1) and mep.

o °
44 . The mepe mixed with the reference lactone was 44«5 ,

showing it to be l-methylegyclohexanolide 1:3,
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Boil :)

The acid was boiled gently in the usual apparatus
in an inert atmosphere, and samples withdrawn at intervals
and analysed as usual for acid and lactone, Owing to the
scarceity of material it was not possible to distill the
liquid before analysis, and consequently the results from
the longer boilings are rendered slishtly different by the
appearance of a little neutral substance. Unfortunately,
this was unavoidable., A second experiment was done on a
further sample of aclid and was ditilled. The ﬁgzm_ for
thia are gifln in the last column of the table,

Time of bollngie 30 mins, 90 mins, 300 mins, 120 mins.
% Py-mm left. 7440 68,40 6540 7240
% lactone formed, 26,0 31,5 305 52,0

There thus appears to be an equilibrium between
/33/ -acid and ) -lactone at 527 acid and 68% seid. The lactone
formed was isolated and identifled as lemethylecyclohexanolide
1:3 by its mep. (mo- uo). Mixed with the reference lactone

[+]
it melted at 44

l-methyl-gyclohexanolide 113,

On bolling the mixture of lactone and sulphuric acid
charring and evolution of sulphur dioxide occurred and after
five minutes no distillable product was obtained, The lactone
was totally destroyed except for a little gum, but not nearly
so quickly as was the Py-«m under similar conditions.
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Cold sulphuric d, 60 VO

After two days treatment the lactone was recovered
in 85% yield and contained 0.5% aeid and 1017 lactone, '
having mepe, both alone and with the reference lactone, of
“o.

Heat alones

The pure Y -lactone was boiled in the same
apparatus and under the same conditions as the lsomerie
fY-sctd, and the analyses gave the following figures (of
the undistilled liguid):- |
Time of boiling:= 15 mins, 75 mins, 255 mins, 375 minse
# Py-sc1d formed. 13.0 4245 61,5 575
7 lactone left. 94.,0(?) 5840 3645 BGeB

This again appears to have proceeded to an
equilibrium at 367 lactone. There is a slight difference
between this and the figure obteined from the acld side,
but, as explained, the acid may have contained some few
per cent of impurity, and consequently the conclusion is
drawn that the two equilibria are the same.

The aeid was isolated from the mixture and Tound to
nave a bromine addition of about 94%. A petoluidie has
been prepared from it in the usual way but, owing to the
very small quantity avallable, only sufficient solid was
obtained for a mixed melting point, nth the p=-toluidide of
the pure Pf.aom. This was 107 = 108 and indicates that
the acld formed by such fission of the lactone ring is fthe
P\uou. Purther work 1s being carried out on this

subject at the present time,



Part 6: HYDROGIN BROMIDE ADDITIONS TO THO gIOACIDS.

bdditions were done to this aecid in the apparatus
deseribed above, Two additions were done to the pure, dry
acid, and two to the acid containing 4% watere O(nc of each
of these was analysed twice to ncortai.n if the method was
giving repeatable results, and a bromine estimation was also
donc in eaeh case to see if the method of taking down to
eonstant welght in a vacvum desiccator over potash was giving
reliable bromoacids. Aectually the weight was never
obtained constant, After the big loss of weight due to the
removal of unccmbined hydrobromic acid there followed a vory
slow loss due to the loss of hydrogen bromide from the ) =
bromo-acid with the formation of lactone. This will be
seen from the amounts of bromine present in the acids .
Aetvally the bromo-acid was removed from the desiccator
when the speed of losing welight changed and the amount of
hydrogen bromide left in the aclid was that calculated as
required to saturated the double bond.

The addition to the dry acid was slow, the mixture
of acid and excess hydrogen bromide being left in the stoppered
U=tube overnight to ensure complete reaction. The moist
acid reacted much faster, no standing overnight being
necessary, and actmal absorption of hydrogen bromide by the
liguid being fasters

- The following experiments were performed on the
pure reference /3 ~bromovaleric amecid during attempts to find a



method of analysis of mixed bromcacidse
(a)e 3 gms of the acid were boiled with water under a
reflux condenser for two hours, at the end of which time all
smell of unsaturated hydrocarbon (amylene?) had disappeared
and decomposition of the bromoacid was assumed to be complete.
The liquid was saturated with sodium bicarbonate and extracted
with ether continuously for 24 hours. The ethereal extract
was dried, the ether distilled off, and the residue left in
a vacuum desiecator over calcium chloride and wax to constant
weight, This (lactonic material) represented 0,47 of the
~bromovaleric acid taken, showing that no )Y -lactone was

fomed from the P-brmoaoid. This indicates that the
decomposition proceeded to the P -hydroxyacid, probably via
the '—hctont', together with a little unsaturated
hydrocarbone. This gas was bubbled into chlorofomm and
shown to be unsaturated by its absorbing bromine in the
same solvent, but this absorption was too slow to have been of
any use as an analytiecal method,
(b)e An agueocusealecholic seolution of ,B-Morio acid
was made up and semples allowed to stand in the cold for times
of 0, 15, 30, and 60 minutes aund 16 hours. Addition of
silver nitrate solution always produced a slow pmipitition,
cogmencing after 4 seconds in all cases, irrespective of the
time of standinge Boiling the solution a few minutes before
adding silver nitrate ceaused immediate and copious
precipitation with this reagent; alsc boiling the solution
with silver nitrate caused ilmmediate dowaitim.

An experiment conducted on Yevaleric acid as (a)
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above produced a 75% yield of pure V-nlorolaotmc. This
1iquid hed m, 101,1 (ealce 101e1); beDe 33714 ums e}

Mels -550.

The method of analysis tried and found satisfactory
was as follows, being besed on the fact that the f*-bromoacid
treated as above (a) forms mo lactonic material, while the
Y-bromoacid yields Y-valerolactonees 2

8o Vo2 gmse of a bromoaclid were Mghod_ into a
flask and dissolved in 100 volumes of neutral 50% alcohol-
water, and titrdted with N/10 baryta using phenolphthalein
as indicator, From this, of course, one obiained the
equivalent, The liquid was heated under a small reflux
condenser on the steam bath until decomposition in the sense
shown above was complete (not less than 80 minutes)e The
solution was cooled and titrated with baryta to neutralise
any free acid formed by decomposition of the P ~bromoacid
to the P ~hydroxy-acide The lactone present (formed from
the Y ~bromoacid quantitatively) was then estimated in the
usual way by addition of excess baryta, heating on the
steam for fifteen minutes, and back-titrating the cooled
solution with standard sulphuric acid. . From thie lﬁt
figure the amount of Y =bromoacid present is obtained. ' the
method was tested on various synthetie mixtures, and 1t was
shown that the ) -bromoacid formed Y -lactone quantitatively
with the greatest of ease without forming any free acid.
Fesults of tests:

% ¥ ~aeid (true): 100 4645 8545
% Y-acid (found): 101 48,8 92.8
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As a rough check, the amount of P-brmouoill (as well as
being obtained by difference from the shove Tigures for
the Y-brmoaoid) can be obtained from the fact that under
the conditions used, the Q -bromoacid appears to decompose
with formation of 76* 1% of free acid.

The results of the analyses on the addition
produets of PY-pentenoic acid and hydrogen bromide are
given in the table belowe It will be noticed that the
equivalents as determined are always slightly high and that
the percentage of bromine present in the acids is
correspondingly lowe These facts point to the loss of
hydrogen bromide from the y ~bromoacid with formation of
lactone as mentioned previously. The lacione, however,
is estimated in the appropriate place aund so the slight
decomposition that has occurred makes very little difference
to the accuraocy of the resulis.

Condition Equivalent % Bre % =bromoacid.
of acid. (eale. 180.9) (calece 44.2)
DTy 18244 ° 43,6 92.8
183.8 - 91-8}
" 187 (7). - 91.4
+}% water. 185,7 3 95,2
“ 18546 455 92.4 )\
" {les.ck & oa.s}

The product from the dry addition was comverted
into ) -valerolactone by neutralising with sodium hydroxide,
and boiling under reflux for a short time, to eomplete the
formation of the lactone by fission of NaBr. The liquid
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was eontinuously extracted with ether and worked up as in (l).
The 1liquid had M, 1004 (calc. 100,1), mepe 4-55.5 s DaDe 98—3‘
The lactone was alsc obtained from the "wet" addition and had
similar properties, proving it to be Y -valerclactone, and
shows the presence of considerable quantities of Y <bromoe
valeric acid in the addenda,
(11). Premutencic acid.

The additions in this ecase were rather numerous
and were done in a variety of ways. The first to be done
were according to the eonditions that had been standardised
for this work i1.e. to the dry acid and to the acid ooniaining
2% water. The rate of addition was found to be very slow
indeed, particularly in the case of the dry acid, several
saturations with hydrobromic acid being necessary (allowing
to stand 24 hours between each) before the correct amount of
gas could be absorbed.

Great difficulty was experienced in finding a
satisfactory method of analysis of mixed r e and Yebromo=
butyric acidse The method as used for the valeric aclds
was tried but was found to be unsatisfactory as the(® ~bromo-
acid gave rise to about 57 of \r‘-uidic material which
resulted in high results for the Y.acid. Distillation
of the bromoeacids in steam, and also of the sodium salts
of the bromoacids, before and after heating under reflux,
was tried, but with no success, An attempt was then made to
find a base that would discriminate between this pseudoeacid
and Y ~butyrolactone. This was dropped after many trials,
Finally the method used was standardised as follows:



The bromoacid (known weight), was dissolved in neutral
alcohol-water, and neutralised with N/10 baryta, the
solution boiled under reflux for fifteem minutes, an exscess
of baryta added and the whole bolled for a further Tifteen
minutes. Any solid was filtered aff, the liquid msde acid
by addition of an excess of sulphuriec acid, and boiled for
fifteen minutes to lactonise any Y—hydrcn-acid {(from any
Y-bromoscid) present. The lactone was then estimated
as usual, In this way the emount of ) -bromoacid present
in the addendum was found by comparisom of tho.ﬁgu'os with
those for the pure bromo acids andsynthetic mixtures.
Pure P-bm-hntjrio acid: Found 4.7% " ¥ "=bramoacide
Pure Y -bromo-butyric acid:  Found 1005 Y -bromoacid.
For oconfirmation of the results obtained, any
Yebromoacid was converted to lactone as described in the
cases of the addenda To the pentencic acid and weighed.
Results obtained.

Condi tion Bquivalent # Y ~bromoseid,
of acid. (eales 16740)
Dry 16846 1.9
. 16742 1e5
+4% water 16440 040"
. 16540 0e0
" 16442 040

The five hydrobromides so obtained were united
and neutralised with agueous baryta, boiled for fifteen
minutes under reflux, the liquid neutralised with sodium

bicarbonate, and the liguid extracted continucusly with
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ether, The ether extract was dried, the ether distilled
off, and the residue taken down to constapt weight in 2
vacuum desioccatore 7.1l gms of hydrobromide yielded ,15
gus of \rhaoidic meterial, from whioh only 0,018 gns-
of" Y~butyrolactone™could be removed by distillation in
vacuo, IHence it is stated that the addition of hydrogen
bromide proceeds in the same way both in the presence and
abeenee of water, the amount of Y-brcnoaoid formed being
certainly less than 4%

These were done in view of the results obtained by
Welker and Lumsdesi on the addition of hydrogen bromide to
undeceneie (undecylenic) aeid in ethar and tolucne, The
following solvents were used.

{a} ZLther,

The ether used was shaken in the maehine with calcium
ehloride solution, twiee dried with sodlum, and very carefully
fractionated to remove water and aleohol. The unsaturated
acid was treated in 507 sclution in the ether with hydrogen
bromide, being cooled in ice to stop , or inhibit, loss of
solventes The llquid was allowed to stand with excess of
hydrobromic acid in a stoppered tube overnight (although
this was probably not necessary), the ether and hydrobromic
acld removed at the pump and finally in a vacuum desicoator
over potashewaxes The liguid would not freeze in a Treezing
mixture and smelled strongly of estery there was a
considerable residue insoluble in alkaline solution that was
ester, IV was then discovered that this esterification of
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of acids in ethereal solution is connected with the
phenomena discovered by F-nton!‘ end, later, Fenton and
Goctnng? They showed that many acids, among them acetic
aeid, 4f dissolved in pure aleochol-free diethyl other and
treated with hydrogen bromide, gave good ylelds of the sthyl
ester of the acide As the addition of hydrobromic acid to
f{-mtmozo acid in ether esppears to be almost instantaneous,
the ester formed was that of the bromoacid present, and so the
mixture was analysed by the attempted separation of Y elactone
from eny Y-bromoeompound therey as described sbove, The
\r.ul.aio substence isolated corresponded to 044% of ‘Y =bromo-
butyrie acid.
b G. c

The ordinary reagent was used, the olefinic acid
being in 50% solution, Addition was rapid, and the acetiec
and excess i:ydrobrodc acids were removed in a vacuum
desiccator over potash and soda-liime . The residual light
vellow oil was examined. It had I, 168.0, and the amount
of Y-bmcid present was shown to be less than one per
eent by isolation of lactone, The acid froze in a freezing
mixture to the typical round masses of erystals of P-bm—
butyric acide It had mepe a.oo; and Mepe mixed with the
reference P -bromoacid, 180;- 13? This slight lowness in
M.pe may be due to traces of impurity, e.g. \»‘-acid and
acetic acid in the final product, The addition in both
these solvents appears to procesd to 100% P-.auuon.
(o) Toluenee

This was purified by long standing over sodium



wire and distillation from the same metals The acid was
first used in 50% solution, and after allowing the solutionm,
saturated with hydrogen bromide, to stand overnight, the
tolusne was removed at the pump from a bath attoo; 4!50.
The residue readily solidified at -15° leaving a few drops
of a purple liquide This impurity, unlike both the pure
bromoacids, was insoluble in light ptroleum ( bepe 60 - 8 )
and was rvemoved by extraction with this solvent. On
removing the petroleum at the pump, & white crystalline
solid ocame out whieh, after draining on a tile from residual
toluene, had mep. 520.

The experiment was repeated using a 20% solution of
the aeid in toluene, The bromoacid so obtained was freed
from the trace of impu¥ity es before, and had m.pe 38., and
meps mixed with authentic Y ~bromoebutyric acid, :53.. Me
was found to he 167.1, and analysis as for the bromo-valerie
acids (see p, /30 ) showed it to be $9% Y=hromobutyrie acid,
Treatment o isoclate lactone in the u;nal menner yielded
95% of - ~butyrolactone, identified byie M, 8646 (eale, ae.n.
WePe= 4:8.0 } Mepe mixed with pure \/-hutyrolactono, -48.5 .
{d). Petroleum,

The petroleum used was purified from unsaturated
compounds by shaking it with concentrated sulphuric aeid,
drying over sodium, and fractlionally distilling, that fraction
boiling at 40.- Gocboing usedes The additions were done to
the acid in 207 ice-sooled solution in the petrol, the gas
being readily ;bsorbod. and the bromeacld commenced %o

separate from the solution as an oil, Romoval of the
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solvent at the pump after a few hours, and chiliing the
reaidue in ice, soon ylelded a permanent solid, This had
MePes both alone and mixed with authentic Yebromobutyric acid
53.; Me 167,13 found 99,3% of Y -bromoacide The scid was
converted into the lactone in the usual way and gave 417
yield of pure Y -butyrolactone identified by the following
figures:= Me 86.5 (calc, 86.1l); mepe -48.003 MePe mixod with
suthentic Y ~butyrolactone, -48.50. The bromoacid so obtained
was free from the oily impurity that was formed when toluene
was used, and ean be obtained in this way far more conveniently
than by any of the previously known methods,

On theoretical grounds it was next decided to perform
additions on the ethyl ester of f) -butemole scid, TFor
analysis of the addition products two methods were used te
{a)e The evidence of the physical properties of the ester so
formed in camparison with those of the two pure reference
bromoesters,

(b)e A method of chemical emalysis. The method finally
chosen was tried on ethyl P-chlorpropionate at first and
was found %o give good results and was then tried on the two
reference F- and Y-bromobutyric esters. with equal success.

About five gms of the ester were weighed seourately
into a specimen tube, and a weight of clean sodium exaetly
equivalent to this was welghed out, eut into small pieces,
and pressed out under sodium-dried petroleum into very thin
sheets, and dropped into about 30 ecs, of benzene (dried over
sodium), A 10% excess of the molecular equivalent of pure
redistilled diethyl malonate was added to the mixture and the
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the flask closed by a calcium chloride tube. The whole was
allowed to stand with occasional hand shaking for six hours,
at the end of which time the sodium had almost completely
dissolved with the formation of a thick gelatinous mass of
the sodio=compounds The flask was corked and shaken
vigorously overnight in the machine toc complete the reaciion
and to break up the solid into a fine paste, The halogen
ester was then added, and washed in with a little dry benzene,
and the whole boliled under reflux guarded by a calcium chloride
tube on the steam for 24 hours to ensure eomplete reactiony
at the end of this time ( and usually long before) the
solution was neutrale The benzene was removed at the pump,
care being taken to remove it completely, as any remaining
interfered with the hydroysis of the ester at a later staze.
Water was added and the ester obtained in the usual way by
extraction of the agqueous layer with ether, and the esier
washed into a tared Geisler flask without distillation, It
was boiled for 20 hours with two volumes of concentrated
hydrochloric acid to eompletely hydrolyse the ester and also
to decarboxylate lt', this being completed by heating the
liguid to Iﬁg = 1_'70 °ror a short time after removal of the
hydrochloric acid at the pumpe The acid was finally dried in
a vacuum desiccator and weighed, and recrystallised 1if
necessary. The test experiment on the ohiorgmpimo ester
yielded an 85% of glutaric acid (calculated on the bromo=
ester).

The method was then tried out on the reference
bromoesters and these gave the following results i=
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P-Brmbutyuc osto: yv: 85/ yield of P—mthyl glutaric
acld; mepe crude, 75 « 77 , after recrystallisation from
benzene-petroleun ather the m.p. was 86 oiboth alone and
mixed with an authentic specimen of ﬂ -pethyl glutaric scid,
Y-Bromotntnio ester gave a 7271 yleld of adipie aoid, Mele
"erude™, 140.5 s 8nd with authentic adipic secid, 150 .
The addition ester was obtained and distilled in the usual
waye It distilled very stead 1ly with no decomposition at
all and practically a theoretical yield was obtained, a very
small high residue being left. The ester was submitted to
the above method of analysis with the following results:
86% yield of adipic acid; mepe "orTude” M‘Do; mixed with
m;hmtio speoinmen, 1500. |

The ester had the following phyaioal constantes.
He  1,4558 baDe oe/m.s ms.e
de 135577
whence [R;] p 394354

From the evidence of these figures, together with
the faot that adipic aeid was obtained in sueh good yleld
in a practically pure eondition, the eoneclusion mey be drawn
that ¥ -butenoic ester rescts with hydrogen bromide o

yield pure Y ~bromobutyric ester.

(111) !SY-Wo acid,
The additions in this case were done under the

two standard wet and dry conditions, 1.e., to the acld alone
and to the acid with §% water, The gas was absorbed with
very great ease, and the solutions were cocled in ice., The
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addenda were allowed to gtand in vacuo over potash until the
correct amount of hydrogen bromide was present. This method
was shown to give good results by bromine estimations., If’
the bromoacids were left in the desiccator over potash, the
welght steadily dropped due to deeomposition of the acid te

lactone with loss of hydrogen bromide.

It was shown that the P-brcmoacu was quite stable
to water by siber niirate tests as applied to bromovaleric
acids. The y-bmoid however, was seen to be very unstabl(
in the water solution, as 1t dissolved completely in cold
water in less then a minute and the solution gave an |
immediate precipitate with silver nitrate solution. It was
also found impossible, on account of this decomposition, to
estimate the equivalents of the acids by this method, The
method then tried was to add the theoretieal smount of N/10
baryta equivelent to the welght of aold taken, and then to
carry out the analyses exactly as described for the bromoe
valeric acids on pe /30,  Test experiments showed that
the ) -bromoacid was couverted rapidly and quantitatively into
the lactone as usual, while the P-bmaoid yi;laod small bud
varying amounts of \y-aoid. It was, however, eonsidered
possible that this latter would not be formed to any
noticeable extent in the presence of a large amount of the

¥-bromoacid. and test analyses showed this to be so3
# y=-ascid (true): 100 9440
% Yeaeld (found): 101 94,2

This method was adopted for the analyses and the

results so obtained are given in the table belows
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Condd tion % Bromine % y ;bmza.
of acid. (ealce 40,93)
Dry 41,55 10040
- - 10042
+i% water - 10042
iy - 9043

The product of addition to the dry acid was foung
to solidify easily and gave a hard solid mass of needles,
MePe 10‘. A mixture of this and the impure reference
ecompound melted at 40. This method of addition thus
appears to yleld pure Y'-bromo=igso-hexoic acid, and 1s the
best ( and possibly the only) method of obtaining the pure
aclde

The compositions of the dry and wet adducts were
oonfirmed by eonversion into the lactone as follows: the
hydrobromide was neutralised with the theoretical amount of
caustic soda solution, boiled under reflux for five minutes,
acldified and boiled for a further similar period to lactonise
any hydroxy acld remaining. The solution was cooled,
saturated with sodium bicarbonate , and exhsustively extracted
with ether, The lactones were recovered from the ethereal
solutions and distilled end identified as Y =iso-hexolactone
by the followlng:

Soureecs Yielde Depe MePe mixed MeDe Me

"dry" addn. 925, 0:5719 mmse 8.4° s.zo 11349
"wet" addn. e7% 97/22 mus. 8.5 82 113,.8
Reference. s 94730 mms o a.bo - 114.1

The q.r-noi.uo material from the ﬁbmcid was
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proved not to be Yelactone in the following waye The
f-bmmnold was exactly neutralised with sodium hydroxide
solution and boiled under reflux for 30 minutes to camplete’

the reaction, This was extracted with ether and a small
amount of liquid was ohtained. This was dissolved in
saturated sodium bicarbonate sclution and the agueous liquid
thoroughly extracted with ether, TFrom the ethereal extract
was obtained 0.2 gms. of a gum (from 5,41 gms, of bromoacid)
which was obviously not Y-iso-hexolactome,

(iv) A-z-g&léhomo carboxylic acid.
By addition of hydrobromic acid to this acid there

are theoretiealy four possible bromo-acids %Yo be obtained.
They are the gis- and jrans- forms of both the f- and the
‘meoida. The first aim of the analyses was to
estimate the amounts of P- and f - acid present as such
and to leave the censideration of the proportions of the

cise~ and trans- Tforms until later.
. Various trial and test experiments on the bromoacids

showed that the foliowing method was the Leste, The acid was
dissolved in 20 volume:. of nwtm]/aloohol and 40 volumes of
water, and titrated with N/10 baryta. The liguid was heated
under reflux for fifteen minutes, and neutralised again with
baryta, It was found that in this time the P ~bromoacid
had undergone complete decomposition to 77%x17 of the
hydroxy-acid, scme cyglobexene, and a little pseudo aeid,
wherecs the gis-"Y~bromoacid had been converted into the
Ydactone with no liberation of acid, end the trans-isomer
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had remained apparently unaffected, the bromine atom in this
being very stable indeed.s [Excess baryta was then added and
the estimation concluded as for a lactone except that the
heating on the steam was for one hour to cause complete
devomposition of the trans-Y -bromoacid, A second
estimation was them done as a check, in which the amount of
the P -~bromoacid present had been artificially increased by
about 25%= 30%e

The AA =2 acid absorbed hydrogen bromide very
slowly indeed, although a considerable increase was noticed
with the moist acld, The adducts were worked up as usual,
the eorreet amount of hydrogen bromide being present at
constant welght as shown by a bromine estimation done in

a test case,

Condition e Direct Indirecte
. % Br
of acid. (eale 207.0) 9;'0 %Y ,gf ¥ -
pry 20745 17.5 8645(?) 18,0 82,0 3B8.6
" 305.4 13.0 81.0 19'0 81.0 -
m water. 210,0 1645 82,0 18,5 8240 -

" 20540 17,0 83,0 18,0 8240 -

: In the above results the values for the Beacid
are those calculated on the amount of hydroxye-acid formed
and are of necessity not so accurate as the other figures,
but have been included in the above table for the sake of
completeness. It would appear from the figures that the
addition has proceeded with the formation of 82% of the
y-bromoacid, and 187 of the P -acid, If the addenda
were allowed to stand for several wecks solidification
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commenced, The solid that first separated was drained on
a tile and washed with petroleum ether, and then had mepe
1550- 157° and was doubtless slightly impure irans-Sebromo
gyclohexane oarboxylic acid (ef, Perkin s)._ The acld was
then allowed to stand until no further solidification
ocuurred and the solid was recrystolllised from petroleum
ether and had mepe 650, both alone and admixed with pure
cig=-S-bromocyclohexane earboxylic acide This shows that
both gige and iians~ Y ~bromoacids were formed, but, from
the relative smounts of each isolated, the cis- form
appui'-d to preponderate. |

The results obtained by titration as glven above
were checked by experiments on the esierse. P—Brnnogxg}_o_-
hexane carboxylic ester had been shown %o decompose,under
the conditions of semiguantitative malonation as described
on pe /37 for the bromo-butyric esters, quantitatively to
the o{,S—unuturaud ester (cf. Cocker, Lapworth and Pctor:z )e
Test experiments were done under the same condlitions on the
pure_glseB-bromoester and this wes found to be completely
unchenged by the treatment, even on long boiling (72 hours)
and was reeovered unchanged in good yields The agueous
liquors from the working up of the experiment contalned no
inorganic bromine, showing that no decomposition had occurreds
This being so, it was considered that the irans-bromoester
gcertainly would remain unchanged by similar treatment.

The analysis was performed by esterifying the
addition products by the method used in the preparation of

the roference gis-3-bromogyclohexsne carboxylic ester (pe 7% )
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and the purity of the final product proved by a bromine
extimation on it, The ester was then freated under the
semi-quantitative malonation conditions previously described
for 24 hourse The liquid did not become neutral, nor was
the 1liquid clear owing to the presence of sodiomslonate,
Water was added and the free alkall carefully neutralised
with hydrochloric acid, and the mised esters recovered in the
usuel way by extraction with ether, The ethereal extracts
were dried, the ether distilled off, the benzene removed at
the pump at less then 5000, and the residue fractionally
distilled in vacuume The method was subsequently tested
by taking the unchanged mixed 3ebromoesters from the
analyses on the addition esters, adding a known amount of .
pure 2-bromoester, and repeating the estimation, In all
cases where there was 2Se-bromoester present the low fraction
from the distillation was highly unsaturated ( for the
~ reason explained above} and ihe aqueous liquors from the
working up of the experiment contained sodlum bromide
owing to the decomposition of the 2ebromoester; while in the
test on the pure cis-3-bromoester the reverse was the case.
Results:=
Test on cis-3-brompester. Recovered 89% of the esters’
Synthetic mixture.

% Y -bromoester(true) 78
¢ ¥ =bromoestar(found) 79
The results from the actual addition esiters are

given overleaf,
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Addendum from which

the ester was obtained. % Y-acld found
Dry B30
W’t 8340

These figures, although of necessity not so
accurate as the titration results, are an added proof that
the addition produces about 82 - 857 of Sebromo-acide

The lactones were studied exactly as described omn
pe NNl , with the following results, The aliphatic lactones
have been kept separate from the dicyclic lactones as the
former were all found to have attained a steady state after
24 hours heating in the bath, while the latter needed longer
heating. Also, in the case of the first dicyclic lactone
used, the corresponding hydroxye-acid was available in a pure
state and this was aleo heated under the standard conditioans
%o show that the equilibrium was reached from both sides.

Laotone. % change to acid in: 7 lactone remaining
24 hours. 48 hours. after 48 hours.
y=-Butyroe 2542 2541 7541
Y~Valero= 7el 740 92,7
J-Hexo= 6e6 6e8 92,3
Fiso~lexom= 345 Be5 951

Dicyclic lactones:

(see over)
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cyelolexanolide 119 A
Time of heating % Aeid formed. % Lactone left,

24 Hours. 7447 2545
“» * 6648 1446
96 " 9041 12,6
144 * 895 13,5
ny-wmo earboxylic acid,
. Tme of heating # Aeld left, # Lactone formed.
24 Hours 8840 12,0

72 Hours 8705 1442

lamothylecyclohexanoiida 1:3

Time of heating % Aeid formed. % lactone left,
24 Hours 21.6(%) 7440
48 v 271 762
7a » 2847 69 o5

‘In these longer heating experiments there has
been formed in the solutiocn some impurity that interferes
slightly with the figures in the analyses, It is probable
that the figure for the amount of aecid present as
- determined by direct titration with baryta (N/10) is the
more acourate in each case, as the lactone figure would:
iuolude the amount of any I‘I-aoidic material present.

For purposes of comparison the value in each case
of the ratio lastone/acid has been caloulated and they are
given in the table below.



Lactone Ratio Lactone/Acid (L/A)

YeButyrolactone 2497
Y=Valerolactone 13.1
YeHexolactone 1349
Y-iso-Hexolactone 27.6
gycloliexanolide 139 UeldB6
laliethylegyclohexsnolide 1:3 : 2457

The determination of velocitles for the two hexo-
'
lactones had already been determined by Linstead by the
seme method (as described on pe // ),while 1t was eonsidered

that the very large proportion of aecid present at eguilibrium
in the case of gyclohexanolide 1:3 rendered the determination
of velocity useless. The tables for the velociiy
determinations of the three lactones are given here., The
three ocurves have all been plotted on the same axes for
comparison, and these curves use the "five minute zem" as
advocated by Hjelt and Linstead. ”
YeButyrolaotone
Time of heatings © © 20 50 95 155 245 420 845 me
% Lactone formede 0.0 2¢1 8,3 1946 3246 4049 50,0 62.0 6944
ﬁ@u'u used for the curve, :
Time of heating. - © 156 45 90 150 240 420 840 m,
% Lactone formeds 040 Ged 17,9 51e2 396 4849 6ledl 68,7
The time for halfechange (1.8. t0 37.4)1lactone)
is mtob-fmn\m top table, 135 minutes.
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-V t

Time of heating. © 5 =20 35 66 95 125 m,
% Lectone formedes 0 59 2244 34,1 48,2 5646 61,5
Figures used for the curve,
Time of heating, i5 30 60 o0 120 minse
# Lactone formede 17.0 29,1 43,6 52,6 5743

The time for the half change, with a lactone
content of 46,54 1s 64 minutes.

l-iethyl-gyclohexanolide 133
Time of heatinge 0 5 20 65 185 365 545 m.
% Lactone formede 0 043 Se2 15,28 36,1 47,7 54,1
Flgures used for the ourve,
Time of heatinge. is 60 180 360 540 mins.
# Lactone formed. 4.9 15,0 3449 4749 5440

The time of half-change 1s198 minutes, with lactone

content 35640%.
The curves for these three sets of results face

this page, and 1t will be noticed that they are all of
the same general type.

The method of dotommmg the parachor vgluoaor
ortnolmtm-mmtorsw " As this method was
followed exactly, a detalled description is not needed here,
One remark, relevant o the determination of the densities
by the U-shaped pycnometer, may be made, The lactone
was introduced into the pycnometer by means of a small
pipette, the tip of which was placed right down on the
constriction in the side tube of the pycnometer, and the
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liguid allowed to flow slowly in. This was found to
eliminate the moistening of the sides of the tube by liguid
and to remove a possible source of errore.

The densities were determined over three temperatures
and the graphs which were plotted were in each case very
aecurately lineare The figures only for the temperature-
density changes are glven here.

The actual measurement of parachors was done at
two temperatures as widely separated as possible, and
repeated in a second bubbling cell, Hach reading
recorded was checked several times to reduce error, and
every reading was done three times. The values found

are given below.

Y-mt ct
Data for temperatureedenslty changee.
Temperature. 17.8‘ u.s° 68.60
Densitye. l.1284 : 1.1123 1.0643

Parachor valuess two eells,

Temperature. . 18.6 90e5 905 . 20,7 900 90,0
Surface tension. 43,93 355,29 355,56 4382 U010 36,29
Parachor, F. 196,6 198.,4 198,56 106,6 198,5 198,28
Mean of P, at low fenperalureS: « ¢ o+ o « o e 19643
Mean of P. at high temperaturesSe o o« o o o o = 19844
Pe calculated on Sugden's values o « o « ¢ ¢ o 1903
P, calculated on Mumford and Phillip's values « o e« 1942

The theoretical value of P, obtained from the atomiec
and structural parachors of Mumford and Phillips agrees well
with actual value found.



_Y=Valerolactone.

Data for temperature-density change
o o

Temperature. 18,9 335 86.0?
Densitye 1.0563 1,042C 049917
Paraschor velues : two oeells,

Cell 2. Cell 1.
Temperature, 2l.4 9140 . 19,7 9005
Surfeee tension, 37,37 304086 37496 31450
Parachor, P, 254.8 237 o4 23564 23746

l«notP.ntlmt'c-pontumo e o o o s o 23541
Mean of Pe at high temperatures <« « o o o o 2376
Pe calculated on Sugden's values ¢« o e o o o 289,35
P. calculated on Mumford and Phillip's values, o 204,82

Here also the agreement between the experimental
figures '‘and the theoretieal value as calculated on the
atomic and structural parachors of '/mmford and FPhillips is
fairly goode.

From these results the Y-laotono ring does not
appear to possess a structural parachor apart from the
normal ring value.



(1) Detemmination of the position of the three carbon
tautomeric equilibrium in the ease of the gyclohexene
carboxylic acidse This was done by & modification of the
method of Linstead and Hobl:,’ no attempt being made to
determine the mobility of the change in sither direction.
The acid to bYe equilibrated was dissolved in 10
nolooular equivalents of 85% aquaous potassium hydroxide
llolution (the alkali used being that purified by aleohol)
and the solution sealed in special bulbs of "uanu:" glass in
an inert atmosphere. This was then heated to 100 in a
bath of boiling waler for 14 hours. The method of working
up the 1liquid was modifled slightly owing to the tendency
of the P,‘uoid to undergo various destruetive changes if
heated in the atmosphere., The alkaline solution was
extracted twice with ether to remove neutral and basic
impurities, the liquid ou':mlly made acid to Congo red with
a caloulated small excess of sulphuric acid (257 by volume),
the 1iquid extracted with ether five times, the combined
extracts washed with water, dried over ealeium ehloride,
the ether distilled off and the residue distilled in vacuo
in an inert atmosphere. The proportions of df - and By -
acids present were estimated by bromine addition in the
way deserided on pe /02 , and the final figures found from a
reference curve., Gquilibrium had been attained in 14 hours,
and both the acids obtained solidified to the large overlapping
plates of the atp-mu, The acid obtained by equilibrating
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the Fxouud vas mamt:d into its two constituents and
the qp-mmom MePe 37 ¢ Mixed mep. with the pure
4P-ao1d, 37 « This shows that the ) '-acid forms the
*f-noid on egquilibration, while the fact the the P(—mid
is obtained from the 4’ «-acid by the same process has been
previously proved (see pe (4 )

Figures for the reference curve:
# Pyfacide 0.0 404 941 12,9 16.7
Je 17 645 10,8 14,0 18.8

Aelds recovered from the equilibrations:

% Rocovery, . (eslc. 126.1)s 7. % Pyacis

From efff ~acide 78 126.1 5e9 4ol
From Py-asid. 74 12644 Be2 44

Hence the three carbon equilibrium in the ease of
A =le and A-2-gyclohexene carboxylic aclds lies at 6. 4.27%
A=Z=ngld, ‘

{(11) Detemmination of the position of the three carbon
tautomeric equilibrium for the IS-methyl-gyclohexene
earboxylic acids, 1In this case the determination was
combined with a preparative method and the eguilibrations
were done on large quantities of the c(@-acu. The
mobility of the change seems remarkably low as will be seen
from the following results. Two exporiments were Tun in
parallel, one always being treated more drastically than
the other to ascertain whether eujyllibrium had been reached
or note The two series of experiments, with the

treatment used and results obtained, are given in parallel:
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A B
The acid was bolled for The aeld was boiled for 9
16 hours under reflux in a hours under reflux in a -
copper flask with two copper flask with 10
molecular equivalents of 257 molecular equivalents of 25/
ecaustic potash solution eaustlic potash solution

The liquids were cooled, very carefully scidified in ice cold
solution with hydrochloric acid, the acids extracted with ether
the ethereal extracts washed, driod,.tho ether distilled off,
and the residue distilled in vacuo, DBromine addition
experiments were done or the aclds thus obtained.

90% recovered; L, 140,43 J. Ge2. 835 recovered; E. 140.0; :132

The reeovered acid was The recovered acld was
dissolved in two molecular dissolved in 2 molecular
equivalents of 40% potash, equivalents of 407 potash, and
(concentration of free KOH, boiled under reflux for 63
20%), doiled for 24 hours, hours, It was worked up as

and heated for 40 hours on the described above.
steam under reflux. Vorked

up as above.

84, recovered; Ee 141,0; J. 13,0, 83} recd.; L. 140.0; Jo 18.5
: The recovered acld was The recovered acld was

boiled for 90 hours with & boiled for 114 hours with 3

molecular equivalents of molecular equivalents of 3374

337 caustic potash, and caustic potash and worked up as

worked up as above, above.

84% recovered; E, 14l.1; J. 275 817 recd.; 5. 140443 Jo 26.0.
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Thus equilibrium has been reached in the last two
cases, and appears %o be at 285.3) of P{-nu.
Unfortunately, scarcity of material prevents a study of
the reverse reaotion from the PY-aoid, but the above is
good evidence of the approximate position of the
euilibriume.

The r{-.om formed in the above way was purified
by partlial esterification as described previously and the
p=toluidide preparedj this on recrystallisation from
petraleun, Tormed clusters of needles TeDe 1090. These
in admixture with the p-toluidide from the [PY-aeid from
the preparation, melted at 108';- 1090. This shows that
the two acids are identiecal,

(411), Micheel addition to the A -legyclohexene carboxyliec
ecter,

The first attempt to do this m after the classical
method of Michael. one sixth of the amount of sodium
equivalent to the amount of ester to be used was converted
into sodium ethoxide using the smallest amount of alcchol
posaible, this latter having been driled over caleium. The
unsaturated ester with an equimolecular amount of redistilled
malonic ester were added, and enough sodium-dried ether to
cause & slight opalescence in the liquid. This was then
heated on the steam under a reflux condenser guarded by a
calceium chloride tube for twelve hours, eocled, the solutiomn
washed free from sodium with dilute hydrochloric acid, the
ethereal layer dried, the ether distilled off, and the
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residue fractionally distilled in vacuc. [io condensation
had occurred, as the liquid distilled completely over the
temperature renge 8'70- 93711 mns. and was a mixture of the
unsaturated ester and malonic ester.

The recovered liquid was then allowed to stand for
three days in the cold with one molecular equivalent of
sodium ethoxide, and then heated on the steam for 12 hours.
The 1iquid was dissolved in ether, the solution washed with
hydrochloric acid as before, the solution dried, the ether
distlilled off, and the residue fractionally distilled in
vacuume A 45§ yield of condensation product bdoiling at
176‘- 18579 u-n;. was obtaineds (cof. Kolfer?' who by a
similar experiment on a larger seale obtained40%),.

In order to hydrolyse this ester it was found
necessary to boil 1t for 28 hours with two volumes of
concentrated hydrochloric ascid in a Geilsler flask, The
agueous liguid was removed at the pump and the residual
acid dried in a vacuum desiccator. Heating to 170°u¢
not cause any further decarboxylation, Yield: 98%. The
acld was reerystallised from water, the unomtmiaable
residues being collected and hence the amount of pure acid 4
was determined. This was proved to be pure irans-hexahydro-
homophthalic acid by the followingie Ee 93.0 (calce 93.05),
MeDe 15803 mepe mixXed with pure hexahydrohomophthailc acid,
158-9.. This pure acid was obtained in 927 yield from the
tricarbethoxy~ester. '

The Michael addition was repeated, the only
difference belng that the time of heating on the steam was
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24 hours instead of 12 as in the first ocase. The yleld of
condensation ester was 38%, and from this was obtained 95%
of the pure mmtnlisod diearboxylic acid, or n.p.lae
and mixed Mmepe 158 -

These two results indlicate clearly that the very
great part of the condensation reults in the production of
the trans configuration,

(iv) Attempted malonation of 2ebromocyclohexane carboxylic
ester,

The pure bromoester (see pe 70 ) was submitted to
the semi-guantitative malonation conditions as described on
Pe /3 o and used for the analysis of bromobutyric esterse
The reaction mixture soon became neutral and the product
was worked up in the normal memner, The whole of the
liguid distilled at about 05715 mns., there being no high
fraction, As the reaction mixture was neutral before it
was worked up, this indicated the guantitative loss of
hydrogen bromide from the bromoester to form the
ungaturated ester, Consequently the ester fraetion that
had distilled was put up for condensation by the lichael
method just desoribed and worked up as the first addition
that was mcoenful. In this way a 437 yield of an ester
boiling at m° 187/13 mmse Was obtained, This was hydrolysed
in the usual way with concentrated hydrochloric acid (two
volumes) and gave a 957 yield of pure hexashydrohomophthalic
acid (3rans) identified by 1ts mepe, mo. and the mixed m.pe
with an euthentie sample, 1580. This proved that the
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2=bromogyclohexane carboxylic ester deeomposed |
guantitatively intc the corresponding 4-l-unsaturated ester
as would be expected from the work of Cocker, Lapworth and
Peters’ s
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