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'The formation of )-laotones from at{ and r(-unss.trurated.

aoids; and associated reactions."

l)y E. J. Boorman.

No systamat1c uork on the lactonisation of oleflnic

ac1c1o ho.a boen done since tl1(:1,.t of Fitt1g und his school, unt.!l

the recent aiscoveries of Linstouc1 on tha vtu•1ous racto.1$

tnflumwtn tho forrru.i,t1on of the y-1acton<~ ring.

In the present worlt, thio rca.ct:lon hus been studied

fol") ~r • aua. PY'-lm:t;enoio I pentenoio, gJ9lghoxone oarboxylio

0.01.d. am1 3-ma·th:yl...!U£g_lg_hciXOne, ca:rboxylio ao1ds. u.ndo1.,.. oto..ndo.rd

comtitionn. This has sho,m tht1 e::;dstanoe of & typo of rinJ•

o1u-'i.tn ·i.;i1.uto1no:r1.t1m. n.o.mnd lacto-eno1a tautomor1sm, r.1o·t

previously not~d in PX-aoid «)aeotone systems, The writer

has alao r~tudied ·tho nddi tion of hydrobro.:1.c acid t<J tho
'abmre aoidfJ a:na. olso -co aff • an.cl P,'t•!SJ.Rhoxm1010 &o1ds, 111

various t;;1:,Pos of s.rJlvcmt; also in one Cttso the Il'.!Ode of

t.\t:l.cU tion to the corresponding ester has been :tnver; t1gatod.

The g«lactones obtained have been studied with respect to

their oqu111br1a v111;J1 tho ocn""x·osponding hJdroxy-acids,.

Paraohor measurements have been made on the «lactone ring•
The work has n,aoass1ta.tad tlle 1Jroparat1cm or the

pairs of ac1c1o sturllod ,.l'l a ptu·o stato, anc1 also or the
various reference substances roquirod, Tho oxist1ns r:t<Jthods

'ha\re been used and 1 :tl}rovod and llOVT mr:,tllods (lav1 oeil.



The formation of Y"lactones from unsaturated acids

appears to depend ohiefly on tl.e nature or tho double bond

as af;t"oct .1 by st1.b:-:1ti t·ut.:ton, and, to f\ less o:x1;eni.;, on steric

f'aci;ors, i;he bencli11a or the chain, and valency deflection.

I'br;) addi •tion of hydrogen brol!'lide sooms to depend solely on

tho naturo o~r ijhe unsa.tura:ted linkage anti the typo of solvent

uset1, wha·thor :polar or non-polar.

The bearing of these results on the nature of the

olof.~1n1e l.inlt =.ge 1s disoussod.



Unsaturated Acids; and associated reactions,"



T'aa CX))(:~1·1monts describen in this thesis war~

carried out under the supervision of Dr% R. P, Linstoad,

in the laboratories of tllJ lrrnJar:J.al Oolleee of ,oionoe

and 1.1eoht\oloror, ..H.>Uth ten.a 1ngton • .t~()Ud<lll, S. W. 9 •
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The tnvcs·tigations thft t :rorro. ·tb6

subjeot of this thesis have been u11dertaken in an attempt to

ijhrow 3omo light tt1')on tlw no.ture of the double bond. This

las been esaa.yod. by ri study of various ttdd.ition reaot:J.ons,

end th0 olef1nic ,;;1.cids consti tuta a. pa.rticula.rly suitable

f1old 1~or tl11::3 nark. The ohiof practical advantages of the

eds over other olefines as working materials 1io: firstly,

in the great accessibility of n wido ran.go of llomogf)neoua

uns0.t11ratod co npounds with varioa. types of alkyl substitution

and knom1.. ptls1 t:\ons or tl1e double bond; secondly, in the fact

th lt bcl't'h t;J1a ao, :tels, o.ucl nearly o.11 tllo producto obta.in(fjd from

thor 11.7 tho roac t,1(..no s aid1su, oan he obtaJ.nod as cryo1;1:1lline

soltds of defin11a.1 pur! ty, tha latta;;r also l1y 111dopo:ndent

o,.mtheboa; and thirdly, 11:t tha great ease of analysis end

identification of the substances obtained from the experiments.

The reactions ohosen for investigation were (i) the

sol1 edadition reaotion, resulting 111 the foIT..W.tion of lactone

from tho ir:mmer1c unr.:rn.tura. toll _;,010. by 1ntr.t='.-molocula.r add1t 1011,

ad (ii), the heterogeneous addition reaction as typified by

tho a.rld1tlon o:r ~vdrogsn bromido to the olofinio acids. •

Both these have boon s1.1.ocossful.l..r used, vt.bilo seve·ral other

nssoc1atod raaet1ona have also reaeivea attention wlth a view

to aiding the main study« These were, for the groat part,

cox1001"1.1.od l'J:t tl1 the Y •lactono 11.ng.•

The follmi1I"8 p,l.aes oontai.n an aooount of' tho

ii.nvos tigo.tions into the roac tivity of the olefinio linkage

1d.th po.:r.ticu.la.r attention to tl10 two reaotions (i} and (ii),



t 'i o h:t i...oscriboa. 1. thi fi tLeais oan be

iU iv:td

(i.) 1, lunt n:t ·r:iti.on of olefinio uJ1fs;

( 11) :ih ;I ddi ~,ion o:f hydrolJI'O io cid to thct 8 'lOVO 1.o:J.dt1 in

-/; ,x1 uo .JOlV nt.u; C\l1d

ctudy of various propertt0s of ¥•loctonos.

~1nco tne. t1ma of Fitti and hi.n school. (1880-1894)

:ttt:) sysie -~t:i.o or.ft hR.s been done o 1, tlle formo.th n c):r ln.ctonos
• (t)from unsaturated aids, until tho :teoont rmrk o:t.' .vinsteu.d

oonce112.11n tih'-·· CJ rcoot1 c,n. i11e gonoral relat1onsh1p,i bett,oen

/3¥-, d.11d~ nnd )f•la.otones nc1""c r:iat ,.1y eutuhlisl'.ied by 1'1i ti;;tt,,.,
du.r;h.1. • t,lle above p •iJ:ic>d. ..tn 1883 lie ahoir,od tht,t 00111t.ain

unsaturated.. ncrid:::a oould. be J.aotoniaoc by boilin3 with oO/ (by
73,4

v·olune) sulphurio ao,.d, and later he emphasised the fo.ot that

this reaction was confined to =acids (and the one 76 «aoiad

thi..n kno\.n, a.llylaoatio ao1.. tl} but, tat a(~ "acids were completely

,1uaf1:"'ootecl l.ly the above tI1ae.~ afn1.t. Ii':ltti stronesl.Y' t1.a111.t(t:b1ed
{5)

this point in a communication to the "Annalen* but adduced

13.ttlu· n.otual oxpe:r.'11:ont-:u. evidence to upholad his assertions«

Inaeed, he ,u-ma. thi a difference in reactivity as a method of.

'\'.O.ri..ly.oi,J ;.J.f' ni:&?r' ct/3 -und pv· ucd.dss i;;:)'l\bSOi:1i,U<::m·t 't'H.>rl, Oll systE;,ni:lS

0011tq.:in::J,nc i:t -o.ao.1n b:tmwl'lod ii:\t the ~ «carbon atom has indicated

tll ,,.t such eff} •uoid~; reo.-11ly yield :tantortes VI1.th hot 50%

sulphrio acid,
6

iohter (end collaborators) working on ~*methyl-«? «pentenoio..,
notd; Blait.a a.n.d Lut·tl..ingor on variou.s su~s~itute{l uor:,13.. c

uc:tus; and moro J'eoentl:r t Kc,u and Linsiead on r -etby-l:<f.~ •
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It o.o c ncludod., houaver, th!\t these roao ;io :a

ere all exce t1ons o tho neral rule«
•In 1932, Linstoad proved that bot· cip•!!.- and aP "is9

hexenoio acids y1 oldoct la.r o tWntities of the corrospondin ..l'.
1 .atone.... i•~ subjeotad to tho o.bovc. tre t1aent, cmd tl1e follo in;

p I s cent i :n .:; e r:reral ot er examples of this renotion,

ffa,!tiv ly provin tlla.t it,;i t.t3 mirJto.lcon in hia as~-umption.

iha ...odo of' ddit ion of hydrogt111 brom1do to olef1n1o

·a.ci·a ha~; z·ect,1vea a·,t';?.ntion in any isolated oases, ~s woll ao

by itt1 dur1n his var~ extonaivo rcaearche~ on tho

unsaturated a0is, Ho, however, used methods that have since

been shown to yiold unsatiafacto:ry ro~1ults, dtte chiefly to the

f .ct tl1a his usu;,.l mathod was to uoa a saturated aqueout,

solution of hydrobromio aaid, att.d to it:mlate the bromo-ac1da

so obtained, or to distil the addenda in steam amt iclent:t.f~r the

n:roa.uota. It 1s interestin to ncito that this last method

lod t t:nc d:tsor.nrery o:f• r •laotonotl as a ola.:.-s I Ei!J ittig and

Geisle./1,tstillod ln steam tho adcUtion produr,t of hydrobro,ttc

ao1d and pyro«terebie ( f!r•iSQ,-hexanoic)ao.tfl and fro• the

d1st:1llato 1~01 tad )'•1-...!5J~Oaprolaotone, tho first lactono • to be

~ tt
In 1880Erlenmeyer senr•, and subsequently littig,

discovered that d~ -acids added hydrogen bromide so the the

bromi o atom .toot exolunivn•ly to the ~ «aarbon .. tn -• Fu1~t11er
2,43,14,15.

xbensive work by li 1ttig a.nd his cnllahura1..orH ~011f.ir111ed.

tis erJ.t)ral.ination. tlso it lQS tii:rrnover(?d tbat,.1:r Pr•~t01ti:t,
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or llo - 1.0 reno\ 1th hydrobroiilic ac~d, ste mi distillatioi;

f bo p~oduot ,r\) uc y-1aotones1 and that the rr\to of

1 ion v rio \71th, o.nd . 8 inor-aased by ,allt.yl subs titu·~iou.

·- ui ooul not b obtained iwolid·, end l1 :i ttig

C08lliO that the ddi tion may not yield pure Y •bro . .Lo-ao:f..ds,

but nix ;ures or ·the p - and Y • 1som-sridos, mid stated thio fact
tS

in th 1894 paper. second reason for his ~ailur~ to obtain

ven tho pure b-romo-aoids solid is the fa.ct that, in the presono,a

of ·a.ter, daoompos1t1on io fo.ci11t L tod., :partinularly in the

sonoo y-.bro o- o1d ➔ '(-.L otonc.~.

Tho only other notfflforthy ork alon 11 theao lines 1.s
bhet_(6thet of alker and Lumsden, who found that undeoylenic acid,

tc ,,;:::m (t"'li2)9.COwH) 11.,, dissolved in toluene, added hyarobro lie

o1a to give the terminal broma-acid [CH9Br"Hc(0Hg)g•00grJ,

wile in ethereal solution the3 p:ropondoratine· reaction 1s that

y1eld:lng the non-terminal aoia, CH5.CH(Br).(Cig )8•00gH «
. /'1 Jt

:those 1· ,su1·1;·s have sinco ba n oonfirmed by Chuit ur.1.d coworkers.

311, oo :;his di sco,;,nry, no othcr worl; ;earing on the -pre.sent

inveatigati011 ho.s baen e.ono.

Concerning the properties of lactones, vory little

a· rlier work appears to havo bo n done«
,q 'l.0,.

Hjelt 'has carried out

~xperimonts in determining the speed cf formetion of y-lu.otono.­

frora the oorroapond.ing Y•h;!ldroxyaci. ds in wo.t or unc19r st ru1dard

vonditions, ond bas stated that «alkyl substitution increases

the velocity of the change, whioh is a mono-molecular one•

The oonaitions o:r ijalt hu.ve bacn used as a basis !901" tho

present work, and have given results in fair agreement with
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ith those of tho o.....rlior \mrker.

Como@rning the position of the equilibrium between

th, ~ •laoto"l<iu anci • tllo (Jo ...·responUng Y•hydroxyaoiads in
2i

{IUeous sol-ation., the ork of Fittig may be 1u.ontionea. Re

showed that ¥-le.otonoo (and S •laotonen) on heating with wate1,

l' :t{e oanvertod into th co.er espond1n • h1.rdroxyacids, ana thut

these latter pas ~od back into the laetones under tho same

oondi tions. e, hm ever, mado no ec.1ourate esti.mote of tho
qs-

poaition ot t.he tiquil1iJr1um. . Honr'l' <loterminou tl1e posJ. ti01,

of the equilibrium for 2r -,butyrolaotone in the cold in the

nrosonoc of hrdrochloric ao1d, and obtained a similar figure

to that obto.ine6. fl"'O thJ. present work.·

Uc.msuromonts have been made on parachor values fo:r

tho lac tonec; studied in order. to aooertain If ha·vhe.t tl1a

¥•lo.otcme ring posE;asucd u stru.otu1"al paraohor, no :sirJ.ihr

1.maeu1•;.;\:i.llonts haVL't'lt? been mada proviouuly·,

... he dtudy of the above reo.otirn1a and properties

fonr~ the subject of the present thesis, and tho aoids

examined from this standpoint are: 0(~* ana~" Butenoio,

pentenoie, {a9=hexenoie, 9y9lo=hexene carboxylio, end 5-methyl

Tht) laotonea ooz-r,ispm..,d:ln{!; tn

these a0ids have also been investigated, and ere: «butyro

lan·to110,Y-valcrola.o't;one, r--~-hexolao~one, .2.l.91:.9,-ht~xru1011dc) _l:S

end l-methyl 99lo=hexanolide 1:8%
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In 1,ho 02se 0f th aliphu 4o a{p " end Py • ci,·s tht

:pre '"a.r ti,.. et od t 0 l ..a verfected by

orkors in tl f10l0 of thr o-c rbon •

h ve be n pllt()Ve t yiol pur. product;•

·l-1ch.

however, wore fm.md. to n furthor invo 1 • tion.

The throe ( -.al1ph tio oloi'inic .a:J.ds l 9r all
:l.6"

obt 1rt .. by the gener l mot oa. int. uo by Doo'"nor, nn
2426 27

Verla.,, ....nd dov loned by v. •1.1.tuor , ol· ber and insto .. ,.
• .1.1.J

Boxer nrw l,instt. :\nd otho~. Briefly, this in the

conden.:mtion of th e. pronr'i.ato aldohyno 1 1th malonio acid

nn er the o~t lyM.e influanoo of pyr1d1ne:-

R,CHO + GHg(0O9i)2> R,CH=GH.COgI

and lm.o boe l, shcmn in all caseo to yield -11 .. ol~-unsaturatcd

aoi ln ..... hi_;h ct ·te of pttrity.

J.hO p(•isarn.,,,ri des of tho bove aoict.s 't rf:re o.btoinoo

b.l n v rioty cf t 1orL..... (3'(· entenoio sci was obtained by tbv

oon•-ensation of pro·:>1on luehydo t.L.;d nalonic ci usi:g 8s a

cat--- lya·t, insi;oad of py.ri.din. , t:r.:l bhanolamine, tEis(@ -hydroxy

othJrl}-amLne., :t'oll ui11 th rliscovoi~ ot Boxer ana. 1notE,af' ;·?-.
23

the ·m ttlod ha:vi1r.ig boon further :i...prove by Linstead and Noble«

1~1..om. tho hi ;f frant:ion fr first dist11latlon of

tl is 101d ~ • .., ob to.inc« an oil 1 o 1 a.cnos·~ t;ud t,hito noodlt.:~ on;.

long ntandinr.

glutario acid,

This solid was purified and shown to be ~«othyl

T'n.i,n ould ppoo.r to bn ft, l"' .lO\,A, cJ tbor f.'rO!fa ~·g, -.,

Jf3- U'f sn ti.:u·e.t od l)I) • ipowJi by oond~nso.ti n
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of mE 10111c ao 1 , 01 bl &im.u.ltaneous oombina.t.tm o:e tt o olec ·le·a

of this acid 1: it ono OJ.. th ldohye, subseuent deoarboxyl: 't:1 on

yielding the subatitutea lutaric aciu. This is formed in

consiaerabl, uantity (o. 30, of the total), an~ aeoountt:. to1~

the had yield of pentenoio sci« i.)inular 1· sults for anal·. "

condensations have ainae been obto.:tnr.. l b..1 Li .$tOPu and 23obl_

from 1,he l11gh rosiduos from the prepa•. t1on oi.' ~y-buteno1o an«

f"@-hexenoio aois,

{%'• n.iteno1o acid fl, s obtained by th p1"000duro of
23

Linate· i an.cl l oble, \J hich is oonaiderably modir-lcd method of
acs -a,

Bruyl nts and his oo orkers, and appears substant1slly bei;t, -r

than tho original nu~th.od firro tl1e poin.t of vi oIT o:r th,... ptu•ity

of the product,

,8y•it3Q.81Rtl.u.eno1c acid . as prepared from the /=isomer

by boiling th :ts oo id \.71 th a largo excess ( 9 mos«) of

ccmcant:,cf.ltod cau.stio potash solution until the o ;u.1libr:ltnn

c/f' -aoid ~ rra;.10 id ha.d l,em:1 established, ewc-1 subc~JqUtlntly

obtaining the pure r-r•aoid by partially tw·terify.tug tlle . •

raocrvar~d 0.i-1d d.:lfftll.1.i:J<l 1c:i.d to ob~ai11 pure ~~!.,G_,2.•hc1tono1c~

oi1tor. • Hyd1,.olys1s of this in the cold by alkali yielded tiho

pure ~y-oid.

-11 tllo noids rosulting from the above preparations

nnra otjto.1 nab.le aa o:rystalli1-u~ ao lids, and their g,. neral

phya1oci.l proport1 on agreed very closely with those of tho

corrospond:lng acids of the ,.or."{ur~ meni;ionnd.

1113.e y;roparation of th.e tti o pa.:Li•a ot hor:JO\"tyolio 'lc~u:5

vw.a founti. to noe<i invef1t1.. gt"ttion before ihe oid.z coulcl, . o



obtained pure,

A-l 9Yolo=hexene oarboxylio aoi, (tetrahydrobenzoio ,
3%

s ori J.11 lly o a1ne y so lOl1 b ihe a0 tion of eolcla.oi ) •

l -ohol Ao poi;

o lie cid,n

n hydroxid olu ion on i -bromogy9lo=hexane

d l tor, by tho e ilibl 1.io of the r¥ -
1 r1 0 by tho • tion of Callut1 C l.kol1 •

h cono1 rou, 1 c/f oid; aotu lly it

10 0 ~llil:tbriu t

r-1 " en non .-hotn.i.

~ohru navor obtained. hio cid ac. u soli
.93

ne, probably, to nonta:nination ,.1th tho f3¥-1so11ar. inhorn,

by th rouuction of dibydrobenzo1c acid by sodium annl~tm.,

to b fl aide

obt inc .. tlto ota: in a slightly purer fon

I ..ono o:r thoso othoda no.o o.doptod • the one finally

usoc. being ·oaso .. on t 1a ork of fru.ziCktA Olld Bzil 14o:r, whc

prep roi tlw oorrospondin ofp,-unsaturatod ni t:rilo by tl o

1;h:lony1 ohloride d.el1ydr, ticm. of the oyanh.ydrin. of g9lghoxanone,

1...,1,... olaf1nic n:l. t11..le l'.uu,i lJoan foo.nd to hydrol1se in good yielt'

~~o tie ~qu:l.lib1--1um ni.x1;ut'O o:f r:Jf -an(· {3¥ •,gy:oJ:.o..hexone earb01cyl1c

aci.da, tll.eso bc:f.n separable by partial osterification« By

this process the o[f -acid rm.a ohta:1.nod in lo.r e ·ribe over
ol .pp,.n. ple.tos, molt.J.n ~ t 36 • Tbc f3-Y-1so:r!ltn:· -had ru. m,1 bosn

.. as,3' . .investisatell by .sol.. 1, .ho obtainca. it by tho roduct:lon of

benzoie aoid in hot alkalir.t(.. solution by sodium. algam in a

cu:cront o:t' oa1~bon d1oxic1c., Th.is vras r-0po todly tr1!:)c1 undor

sohan's conditions, but only very poor yields or f)f «acid were

ha·v-111 • oocur:t·od.

Various modifications were also attempted, but these also failed,



tte:nti n ) to

e

1 sodium bu. oat roury t... ode. • r:lrious oond1ti.· n~

o1 current density, temper tur~, eto. re trie but ell o.vc

n tive resultr.

of

l· t Q'" ,

~ontually u consid~rably • edified method

, b· a d on iJOJJ n•s or1 inal

tisf cto1...-1, tho f:i nal J.ur1fico.t1o~s found to ba

t
o liov. by 1 1• t ov 1, by zino dl)s, 1,1 J.cohol, at two

bromtn fro th r cryst 111s fJY ed!bromide

pro &1ll1-; b.r ddi tion of bromine t tl1 01-:tidc - duoti on produot •

1 puro a.c i« ha

Tho honoloeous ..,_•mothyl a.aids muy exist in four

ioor rle fOl"t:_'lS di,:f.,4 ring in position of the double honcl: viz"

U

'cm Z
A-l-

1- 0- 00gl
/'

vi
,I '

" I'\..
J e

CF u

/N

·,
\i ,r,v,u.

\ \ \
J. ' H

' / "
tx5-

the acids required bein A..1... a.nu .£1-2~ • 1-ll fo1.u-- o.cida hc.ve
!7,3i

bi f;,n prepared by 1101:'l~in t.tn. his c!bnorkQrs 1n t~ho c.cmrse oi;) tllo

' '

1th tho A©-a0id,by the dehydrobromination of theo( •bromo-

autu1"'ato~. old, and their sopni•utlon -uccompllshuc, by traot:I.onnl

"lrystallina.tion of ttiei:t" calo.ium salts. Perk'.ln did not o'bt,1.111

tho a0id quite pure« The LJoth.od used tn th~, :rollO'l!fill~ \ ork

waa analacou.s to the preparation of the previous cf3-aoid, 1.e.,

by bhe hydrol#sis of the unsaturated nitril<) obtn..i. ncd by the .

do ydr tion of t,he oyrulllydri11 o:r !!Yi!Othyl 92:~lph~>xanone. I1"t \rVG.S

foun.d that the ratio of th 6-1-e.o id to tho ~· '-acid t as
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raletly in favour of the A-l-form, and so the method was adopted,

final purification of the aoid being effected by recrystallisstior
37of th<J oaloium salts or by re ov ~l ·or ~J :r from the 1:2 dibromc, ..

o i ..0 pr :par d i'1"0

ls sc,lid :Conni.a

the impure ao1u and rccrystallisea.
0

large overlapping plates, 1•p• 25=6 3

The ooH

also

fro. a ·1tudy o:r the three carbon systemn of the ao ids, the rai;io

bet tO n tll '\ sooond efp •fo1·m C0--6) and tho corresponding ~-r-ror i

( ,6·b) ill probably be of very much the .so.me order a.s thnt 1:n

tl:lo case o! 1f • end r.b"' •.£ll.21Q.•he,cenc carboxyl.ic acids, as the

two sys·tems are, tor· p1"''l.1ctical ;pu111oses, identical. In the

case of ihe two acids require, A-l-and A8, the introduotion

of •methyl substituent on the doul?le bond will doubtless

increase the amount of the a-aid present at equilibrium.

Thus the f-'l•o.o1d i'orui.ou from the al.kn.line hydrolysis ~,111

probably be a.lmof:1t cntiroly the &~• :form, the one requ1rod.

Tb.c··ra .may, or ma.:y· not, be an oquilibriuxn botrmen all fou11 forrr:.s,

but 1f there is the aoid A-2 will aot as a sink unit ocmse o

lll'.,.oporul.orancu of tho A-l- mid Lx2· aoid~i in tho mixture obtainoa..

~c1:;i1.ally tho amour1ta of ,A-1-and A-2-are found to be the groat

portion. ot tho m..i.xturt-¼9 so that· tl~1 trn1ount of the /j•fi- aoi~

f'"ormad is- probably negligoahla.

The "aoia,A-2 was obtained by alkali equilibration

of the acitlCti--l), a.ml purified by partial esto1·1float1on. •

lh.1fort1.111atel.v, this u.c id oould 11ot be fini\lly purlfiod in tbo

usual way via tho di'brond.do, a:s u.ny atte:c1r,t to prepare the latter

involves a gI'e.at loss of brorn.t::10 as l\vdrobromio o.cid ;fro1~1 tho

substance, and leaves an oil uhioh is probably· the 8 bromo....y ..
la.ctone. Other lilOthods of pur1t1oat1an, e.g. throu m the
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n.•toluid1da, • ~1.. - 1 ot atter ted s the acid .;as oily available,

in vary l.irni t l oun • o .ff'JOri thi3 ac:.i.d obtained contained,

as dnimm, 95%% of the &=methyl4-?-@9lohexene oarboxylic acid,

a.nd w ~ us ..d ;1 suol1-.

'heso substances mere used in various ways, chiefly

Tor t e 1 on·tlf:1 o tlon of p:t·oo.ots o:f reaction, and as a :mefl!ls

tf ·: ok..... nalyt!o l methods a.no. results. .1.bo.,. f .. 11 naturally

int t , clswst1=1,: {1} Iaotones; (ij) BI·omo-ao:ia.t:t and assooitAtea.

c. ounas.

<!.L .,L ~c J.
101_..&•

J.'ho um al ode of prel.)aru.tl.on as fro:.. the ¥ •hya.1~oxy- •

eids, whose ocmst1 tu ions have beon :p1·oved ba:rond all doubt.

Deeyd·c .tion of' th se oids yields the oowrosJ;Onding, ~ -luctonaa-

»R,CH, CIg • CIg
I --- l
0- ..)C

1.uis 3thcJd :va.o usea.. in all oaaco Cl:!.cep-., that of Y•iso-hexo•
( -

la0tone (see later)e The methods of obtaining the hydroxyaci

iXistiuc methods, have been usad,

moaifie in some oases to i prove the yield and pur1 t:, of the

f".1 :ns.l p:t•,,aucrt.,

y-Yu.lcrola.otona has been prepared by sevoral .,orkers,
3% 4

ohte:r nmr)ng who,iJ.~ can be cited Naugob,J.uer tud olf'f.. Bo1;h these

la.avulio acid ( (•keto-valor'ie acid) by i;he ao t1on of hot

llyd~:--ochlorio acid on a oarbohy,~rate., s!1bso!:!_uent red,ucrtion o.f the

koto aoid to the «hydroxyaoid by sodium amalgam, and ring-
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closure in the ay indio too. hove yiold:L.1 ~, .d,;rolac·tor.e. _,
4Vanino advocates the use of staroh to obtain laevulic aoid, but

t .. ·.a as found to load to <;.xtcn~ivo charring + sucrose being a

I~ c;enr~rally s titd: ctory st rtin 11 atorial. J.'h.a e11rninat1cm.

of ator .'."'i­

so t:nleh sot at it occurs spontaneously in some cases.

(II) (- _tyrol ctono .as or dif"i'ioult to obtain. ~J:he
42..

m ithod of prepare, ;ion of . ittig and Strom, involving the o.11: .. line
hydrolysis of 'tho product or oonde11satio1i of ethylene chlor-

'i '­
-llydrin o.no. sodio-aceboaceti ester, as also desoribed by Va.nir!o

m.:. :roun,l to 1.vo only a very poor ylold o:f impure lactonee A
%

somohat similar method has b .en \lf. cd by Johansson and ,..,ebolius
97

and 1:raubo and Leh110anr:i.. Tbe etl od oveutua.lly adopted was
• 4+ .no.sec on tho , ork of FrU.hlint;, ...aid is shown bolo\, :

oH( CHg) 30H BL> OH,(0Hg)g0l 9N» OH,(HgJg0N ta.> OH. (CFg)g00gk

Hg •0ig • 9lg
I I
·; --- 00

(I\)
rario11s alight 1odit:i.oations wcro introduced; for instunce, the

chlorhydrin of the glyeol, made by tho method of Marvel and
45°

;a_lvor;l Was used inateed of the;1 b:t•omhydrin a~ roco:mmendod,. by

:ruhling.

y""ASglexolsetone was not prepared by th<:) method o.f
9i • •

Ih--edt lby permanganate oxidation o:r !.!!Q-11.exoic acid} but ver.J

si·niply f1•om Ptf•i_qo-hoxcno]o ao1d b:, heating it to boiling for

1..ive hpura, tho oou,rerslon to lhOt{>Uo bc:tillG practically
I

cr>mpleto in tJh1s t:Lln.c, (Lil1stead ) • The rosiduul acid wa..:. 1·eutova~

:f.ol' t;he dicyclic laotones, the t1ethods of Perkin and



- 37,36tatters li hr usea. Tho non- othylatod laotone (i) was

ol tain in goou yield fro _ £!!!,• 3 ...JJ~ldrmcyc.. ~010~1exano oar o lie

~id by dry dist11J tion ( to eliminate water and cause ring-

0 03UI·e) th . 011 o b ing fin 1.Ly recrsrs ·E,.lli.aed. tho

S" t;·1r~ted ¥-'hydrox cid 1; as d,3 ty raduot~ion, by sottium in

botli a.Loohol, of ghyroxybenzoio acid, itself obtained by the

fu.sioi of tho m_..aulpho1tic 0.01.~ of benz i<J aoid Ii th caustic

ulkal1, using the modifioations of offer?" he homologous

l <.}tone (j.i) 1 l•m.othyl-_2l9+..2,hexanol1d~ l:3, 1.as al.;o propared

fl'om the .2!.§.•3"hyd1..oxy;~olohexane oarboxyllc aoid by careful

oxid. ticn to tne oo:rre.;pond:l.n.g keto-aoid, this ostori f'iod., end

th pur 3-ketocator submitted to th rignard reaction with

f;thyl iodj de, The product, S-methyl«-hydroxy•@olghexane

cax•boxylic acid, on dry distt.llat.ion, yiolcted tne 1· otont1 in.

the usua.l UOJJ'• Ihis as obtained o...; a or-3stnlline solid, m.p.
G

• 5 1 previous workers having <,btainod n oil.

arc ro.,_n·esonted oelcn, :-

Thoso mothoda

909,8 -. -uo
/A ~~ /"',

\- Oltz CH g_., ........
H ' ~ I I 'l ' t.., I
OH c.m CR.:, CU.OH Ci CE«O

' // '&:., I "zCH .
I Mg

! {i}

(11)

5:he reference co pounds needed in this section· were



re the only J oPsi ,le produet...1 o:f

o.rob:ro nic acid to olaf:tnic bl-Cios.

ln all ca..;,s t f., -bromoaoids ere obtainon in a

ure st: tc by the addition of hyadrobronio acid gas to tu uro

~· •Ol finio tCl s, nd , are 11 obtain ;d as .:Jolidth

a1 vne -bro o· oids neodoc1. ,ere proJH.ln.1Gd f'ro. 1 tho

corresponding f"lactones, the lactone ring being opened by

reiar d. by eAter.if1cut1on of tho 001,.r<Mpondin bro oo.o1d..,
't-1by .ohl.ge·uuth'a .JLethod• :moait"ieati011b being in':roduood ~

000881on 2r0see

1
· 1lc1iti.i--es of acid and lactone were estimated by the

. ,
banu· i. hydroxide method dE:iSCX'ibad by Linsttu.a, which rm..... !tnmd

~o ive ver:.r good results in all c1ases. The mixturos of

i.rJomo1"li.c acic a 11, tJre analysed as to th~i:r o(f .... a:nd ~ i-a.cid
00

co 0~1(mts by clther tho iod.i etrio method of Linsto~d and e:y,
. a-3

or by the modified bro ometric mat.1od. of linstead and _ .obl,.

\1he analyn0s of :mix ~ures of b:!:omouo1di:t varied with

the acids uso, but ware based on the) :ro:tlo ·,:i.,ng i•l"'i~oiplo: that

110 :1tln;.., an aqueous solution of t 10 aodiu 1 or barium salt oi' a

t'•h1•umoaoid 0011 ::ies rapid, qu•"J.nti ta tive oon·'tersion to th€ Y ..
lactono, t1ioh oan be esti.muted as suo11; whil.o si:mila..-r tra·atmont

of the ,... ~J ..,e cf a f.i-.)l"O 1oacia. produces, (besides e certain

~11na11 amount of unsaturated hydroca1"bon) ·the ~ -hydroxy anid,

Prob~.bl't.Y'. .,.,.1...., t.,.1.. A 1 ct ""yvzu Uno [ - a ono:•

At t,tfol}>ta.3 ware :mad.o to esti1natr:.:: ·tho ~unount ot unrlatura te1
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hydrocarbon evolvea by coll ctin in c • loroform nd ti tro.tS.n

i bromino a lution, but 1 t no suocoss. Tha lactcno

formed from any } «bro o c1d prosent . s also 1~01 toa

e :11- ...uo.ntit t..1vely, s check on the titration athod, an.

i.dcntified. In all cases tho metho.a.s of analysis were

oontrollod by 1·at~erenoe to tl e pure bro:rn.oaoias, obto.:i.ned by

indop naont synthesos.

In tho 00.SG of the ddition,:) to the Pg -butenoi o
310r, tht analyses ere porfoI ea by emi-qU!lnt1tat1vo.

oond nsution of tho bro oostor 1th oth'yl eodio-malonato by
5µ

o. nor: mothod, based on a. reaction of Gabriel and Co1m.,1.. In

uoveral ca.sos, un 85, yield of tho puro dionr'" oeylio • cid from
9'/

the bromoester was obtained (of% Montemartini ) • this method

was used in support of the ey:1.dencn of the phy3:t.cal properties.

~ airaila.r otl1od nns use 1n chocl tho titration 1~csults in

tho co.oo of' tho products of d. 1ti 011 of ~dro£ on bro:mide to

A?-9y9lohoxeno oarboxylic acid, The e.c1dition product MJ.s

c .. terified in the usual way, and tll., ,·stor subjeotod to the
(6

above tl'=' at ont. Tho ~ -bro ocsto.1: Jot. been shawr;. to loD<::i

hyd:l:o ,n bro:mi{ o CJl t nt1tat1vely to yield the puro «'~ unsturated
6J... •

oater (co.,1paro CocJ...er, Lapwort:h, and Peters, who have shown the

areut cese uith , hj cl1 h logonated esters of this typo lose

h robro nio aoids in tllo abo·ve aonso, and also tho ease of

ro ov 1 of hy,ro en ohlorido fro

whioh is seen to be an anlagous reaction
r Y

"Uno CL3r' ,.,. I
v • i ., 1' / ..,
ig 0)
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. IllI '... .t..5'- ul\ ..,
J

I 45

' ()
Th tlo (~- and tro.n_§_- Y-b1..omoesters are c_uii:e

un ~feotad by tlli~ treat ent, and o.ro :t· oovcred uncllaured.

nfortun toly, no ot od of analysis to determino the rola:r.1ve

ounts o-r .£!§.- ,nd. trans- ac1cl pres0111, has yet been found •

.1.'llG :pt·oducts, c'btainod fro the 11o.rious roactio 1s

studieo were all isolate in o. pure state and identified, In

the laetonisation (.X.J;hJrili onts, 'l1he flnal 1xturc3 o-£ acid ·1nd

l cto e were sopara.,ec. tllrOl." sodlum bicar.bo11ate o.nd tho

J• c ...vored acid identifio<.1. by physical propert-Y. evid.enoo,

o_ui,,r lont, halo~cn adui don, and 1nnlt1n points. In tho

o so of 1( •Valerol· otono the tochni. ao of· l.o,,. ·temperaturt~

ol\iin . points ha not at that tine boen pcn·eotml , t\nd

o .,J.1Si)qu.ontly a soJ..id derivative was .do fro ouch sa.t1mlo o~

lactono. J. 11s o.s the ddo of the f-hydroxyaoiad whioh is

f'ol:i 10 by tll.e oponing o.J: the lactone ring wi tll ru. onia. l.n

all subsequent l otone \ cn11l'-, tho molt:in po;tnt, and melting

point mixed with tho pure referenoe lactone were used instead

0 10 pxeparntion of 0011 derivai,ive.

110 acids mantianeil in a previous section have been

examined wit respect to their tendenoy to form lactones under

<h,,rtoJ.u stancl .t.l~f!, conditions. 11110 oonditi 0110 chosen worn:

(1) oiling the acid wi tll five voltui10s of sulpht1rio -tcili



b volu e, for oertein known perioa;

16

{ii) ;..llo 1n the o1d •O stand • 1.t L fiv: volumca cf su.Jpllu1·1.o

i , 60% by vol e for a knovm timv ot abO".J.t ~o0;

(111) o tin. th1~ cid, oithor alone Ol' 111 an inert solvent.

t the ond or on experiment the prO\.i-ia--~ ~s of tho

resotion w re iaol te d '.nvostiretec f:ton tho poi11t oi:' vie I

o1~ omou:nt of laotone for, od. he acid .o~tion was also

1 lysed for mixtures of et~ =and ~y-acids
'.Ph·. ¥ •laotonoT;; gore lso t1·eatPlJ undor the ubove

cono.i.tion.a ·c;o aao 1·tain whether revor..;al of lacton,.sntion 000urs

Ol' llOt.

'From f;ho -worl... o:t LinAtead it oan bG sean th" t wo

1n factors nP,p ar to affect the tenaonoy of an olefinic ucid

... o lact oniee: the polaris tion o,f the uoublc b ·md, ond the

J.. t 10 nrasent ork ;-10 te attem, t has been

ade to separate these two effects by consideration of two

pairs of o.o1ds (tllc oyolio acids) that oonb}tin a rigid

i1l\tt1.e ork, aud in hioh th appro9.oh fuutor is pro\-Jo.bly

oon.Sfidorably rwclifir~d. Purthor oont'3idc4·at:t on of the

mochan.ia of· the. r"..aotion l'.1 •. • been deferred t..o the nex"G saot,~on.•

•
1be n~xt soo1,1on (3) ia "'mrote..... to a cliscuss:lon ut

the results obtained and whioh are given et length in section 4.

'or the sake of convenience, a tabularised summary of the

salient results obtained by treatment of the olefinic acids

untlor th - above la.cton:I sins conditions will inserted here»



17

!:;..,u.:nlql ,..r-g ;lf lautonisati n.,.1:™~~.
ote: "Hot 50,%1< Tr .. tment ,itn boilin!" ~ulphtU'ic acid 50 by vt,J

"Gold 60"= Trea tment 1th cola sul hur1c acid SO by volrrnt

F. -= C(md:tttcns used by Fittig; .. i.;.- minutes; h.==- hours;

o. = days; The rcaoverios quoted aro of0pure"m1xtures.

eid• US(-ld. .1.rea.-cm~nt, a jeeoverye { La0b0nee
~~11m L.!W4 ·•---...i

~ .:...Butenoic Iot 50 E. 43 99%0 1.0

" so 54 97.5 1.5' .
,old 60 7a. 94 99"0 0"5

p 1--Bu:bonoi o lot .;0 F. 51 98.0 l c:;. ..,,

60 E. 51 97%0 2"0

Cold eo 4h. 90 98%0 2.0

2 d. 71 98"6 2"0

?d-. 61 96%6 1• .5

..uoilod in c1.ekalin 2411. 91 99%5 c..5

a(p-Pentenoio rot 5{.; Ti' r,r; o3 .5 35,0- .
JO m. co 6 • 5 93.0

oO Tllo 58 l.fi 97%0

Cold 60 2 d. 91 95.o 3%0

? d. ... 97%0 '.I i;·
€ •5

p¥•Ponteno1c .iot 50 F• F ,4 h 94%5........ 4

Cold 80 1 h. ?C:J 84%5 15.c

5 he· 7? 41,0 57%5

8 h. 58 19,5 79%5

48 h. - 5"5 95%0



car, o ... J.:tc acid.

ot 50 •
30 m.

Cold 60 'l d.

t.>.-l-~<1X.9lqhexen • "' o ·c; t,5} .f •

c rboxyli ~ l11a.. Cold 60 45 m.

2 h.

4:: h ..

oj l ,,n CC m.

3-. thyl-&.2.,JL012.- not 5 •

hoxene oarboxylio 15 m.

8.0ifl Cold 60 2 d.

1:-:,

eoove:..rl•. _.,. _._g!,g.,____~pto112..
,

92 97-.5 1,5

46 9( .o 8"5

59 97%5 2 .. 0

?o 35%0 63.0

46 89"5 10.0

33 73,5 '36.0

25 11.0 oo.u
99%0 o.5

81 96.0 2 t·ob

71 96%5 2%0

100 99.,0 o.o
85 g(l ~ 1.0."'

IJ:he ao:J.d fo.G , astJ'loyod..

7 de

3•ntetl1yl-lf'!&.g.!.9.- Hot r-:o l m.

ht'l..&C:ne oa1·hox·v lio Cold 60 o rr.. 88

86

60 m. 83

""oiled 30 m. -

90 :m.. -

15.5 86ev

12.6 88%5

8"5 92"5

?4.0 26%0

6f-J •.{. 31.U

Sos9 30.o

Summary of tho ef·:roe""c of Lhe al:,ove oom11ti0ns 0n

,;che ¥-:Laotones. •

U§9.sh____+~aj=Ptcmt •w---!.!.lt.JL9..2Y.ary,. - .. "'.,t!,Cid• ., 1acta1e ........ ....,..... .................,,..,
l' •Bu.tyrolaoten,o. I ot 50 3 h. 67 1.6 98%5

Col.d vO ? •l. 1.5 95%5

¥-!alornlaatonc. ot tiO l.b.. 1%0 99%0

Cold (30 ? d. - o5 99%5



a 1eatone•
Qzol2hcxanoliuc Hot 50 50 m.

1:3 Cole 50 7 a.
l-mf~thyl-cycl,..9- F ot 50 5 m.

hexanolide l:3, old 60 2 ad%

Bo1lod 15 m.

'74 th

EXP J

T'ne lactono was destroyed.

60 2"0 97%0

!ho laotono l OD dostroyed.

65 0 .. !5 101

- 13%0 94 0

- 4•} f'. oe.o,. ,

.. 61.!.J 36%5

- 57%5 59•5-----~~~ ................. ..

DDITIOI
O

O •

dditio11s of hyclrogen brora1do wox·., also Ct!.rriod out

undur sta:ndardirJed ccmditicms. Pure dr:r hydrobromio acid .."a$,

genarc.tcd in ...tl app~ratus co:imec tod by ground glass joints ·to

e.vo1t1 oor.Ltruninati(m of tho gas by contact with rubbtn:, un.n

passed 1n1.o thil oloi':lnic nuid, usu9.lly ooo1od in 1cc, 1n a

-laso a toT.>pu:red U-tube. ltlc i.liWiti.ons wore 1.H.1r·rormod under a

vur1oty of conditions, the bromoaoids so formed being finally

isolate and anialJtlo ..l.

out on ~y-butenoio ester, The actual experiments are fully

tlO::icrtbed 111 n()Otj on 4, 'but e summary is gi'ven hero of' tre

rr,sult,,, Ol)tainaa.

l'he two common conditions useu were: additio.n bo the

dr/ twid; and to tho ooid oo,.tadning {,~ watel""•

-i.maun t of \, at er does not le atl to i;rJ.o deaompo~Jiticm.s oooas1one6.

by the use 011 larger a:·r.mnts. In the oaso of the bu.tonoic

t blo.



e~-Dutemoi o " voe (tu•·o ) . l

P¥- t0IJ01tl•• I Ol c. l

ntor. l

th r. (50)• 10

00 1 ... acid. (50 ) . 1 (

0

0

To.luo11 "• (6 and ~o ). o
. otr i.

q~ fl!t ..,. o.i"!t noio. one

pr -... u1toi1oiOe .,, On<'.3e

ater.

'1( p •!!!2.• oxeno1o. >Ile

pl(•~- ro..-conoio. I one.
ater %

&7-939l,ohexen

oarboxylio acid,

• (20 ).

10

8

e

cnrhoxiJlic ~ c 1d.

ono.

Toluene. ( 50 ) •

100

0

0

10(

10

. cetio oia, (50) .100

00• 18

18

0

0

10

l 0

0

92

92

0

1,0

100

0

0

0

82

82

!"ho .., ..J.actOl'J.OS the W"lOlVO!) have aloo boon ~tlLt°l1'3U.

from sevn1~l di1 fGl'i;)nt oints ot-' :.rieu. Th••,.,.,;;e cor·'pou.nris, cir.:.

heating with water, are found to proceed to an equilibrium

bet ... n the ¥•lactono ... tl co1~respondin Y•by rox.yac1d.



he positions of these e uilib:ria. af; a uniform oonceniravic r of!

( laotone + · cid) oI /25 have been studied for

laoto

series of

•
onowh similar noasur ~nto, in. th fom of v loo:it·:

d~,terminations, have be n de on t e ra,.rersc of t ie bovo

l'., ,ct ion, i.e. t~ P fo:rmz ti of th- ¥ -1 -cto c. fro" th:.. 't •
/11Q

hya.roxyaci s :tll o. ...ue us mlution und r st d r iooa. oond11;i.~ .. "d.

The thir a sur ont ac,no on " l c .,011 . • th i, <.):P
S4

po.:rach l" r luor.,, wa..., perfon .o.. by t e athod of ....u.Rd,e.""• in an

atto lt to fin" 1;hf.- par c or consta.ni: of the Y •la<:to110 rtnr;•

(1)

i.iactone used. i Acid.- u.....-r.-. ... ac'i,a:r- utyrolaotona. 25.·.,.

y.. a.le:r.olaotono. 7.1

Y-u- texoltto·tono. 6%6

~-1.!9.•Hexolactonc. ,:, -~eu

Sa9lohexanolide l:5. aa.o

92.9

12.0

lSel

96%5

0"156

!.-io.2.~11.1.1__: ..: _ " ,., 5she}ks}, ,_t~._-:~ •..:E~-
( :t:l) Values of tuna of half«dhanre of rin -olosu.r ••

¥ ...• yd1•r,A7buiyrio t....c11 ➔ Y-su·· ·rolaotone. l3t

t-;Iyd1..oxyvaleric acid ➔ Y-v lo~ olaotone. 84 minutes

!1&-s-1...,yd.1·0~-5-,nathyl J
Yl-methyleg9lohezanolide l :3. l9t; lil•

_QXclohr)XWlO oa1~bo1,:yliC , ·c 1
l ......_.. ~------~•~~ ~- 11•-.i:rt $ I • Jbiiz % I A •• ~~!l!nlt

(111.) Poraohor value.:~• .... Q'Und. Caloul~t,ad oxi:
Lo tm!)J;.e.,. tura. Hi·;lt tor11,. ....-.Ut;,dau. -··· •.~.,.o"mutyrolaotone 196%8 198%4 190,3 19%8

la0tone 255.l 257.6 229,3 254,2
.P.· represents 1:tfoitord a.nil Ph:lllips""'valuas;- -----...





I
~ le *ork of instn d has conclusively shown that th ,,

lacto 1ls t,.on of ~p,.-aoids dopcnds on their trnito..~orlc chaf!. ,o

to the Py«isomorides, and subsequent lactonisation of the

l·•t ,:, • The system stu..1 , o n bo f1.ym11011sod in the

follo in~ ay:
I I I
-CH-C=0-COg

~ =ao1a,

I t t~ ·, C~-l,= ,-
IJ

) I I
- f,O .."'.'... <{[-on-cu

i::? a r
o---co
y·-1noton0.

1.t!l • oll n !J c1, f'ro lac ,011<:p to ac1u has not yet

b founa o occ1..1.l" ci.uri.n 1.re vment with either 0old

sulphurio ci.d ( G , by voltu o), or ot ~-tlphl.U'tc acid ( 50,

by volw:ne), an under these m,,ndi ti ons tlle variations between

th d1.l'feron·t systemc d :p n s O' k- • r· t:to o.r the volocity of

th cl1m.os n,b, to the velocity of ~he 0h1~~·o c. l'he acids

o thu~ bo clas.._11:·1 o.c.t un :ler four benclings :-

( -..) • Systems in which anungos a., b, aud o al'f. 11 olow, bu1;

letonisation c, 1s Lao fas ,est. llx-rupl:, of tlrl s hu:ve boon

floun. in the J?Ollt<"noio and ..Q.2:i'lQ.ht...,con,~ cro.--,boxyl:tc uc1d8,

t oso v,1th orio y- and , .o f -.-1:llcy 1 su.t,stitu.ol:l"t •

(b)% Those in whieh the t ubomerio changes) a &nd b aro 1'::-u:rt.,

u 1ile t w chcn1go c 1 G .,lo . • iJl instance er 'L11'.s 'ty]1e :ts
403

founo. tri ,ho f •r:tet·1yl pcnt_:noio a.c:.tct~ of Linstead and .rinh,"'i;•

i,e, tho acids containing one @ « and one )' "alkyl substituent.

( 0) • ...hose a0is in t1hi Oll t::,utou1011 c <Ul.Ulf:c is slon and

l 10tonisat ion 1s f tJ.Jt, ,as shown by the Z-1noti1:Y""l nyc.lohoxeno

oarboxylio acids studied, and also the ±gg=hexenoio acids of
I

L:i.n.:taee_. I'ht:aoe .cids also 1Jp0ar vO pom1ess tho propol ·t; r of



¥• l ·:vl • ub~ i'. ~;u~,r. ts and no • lkjl ubst1. ,uvnts.

(d) • Th., fcn.rth olo.ss i;,mto.tivol~t proposad by Linsto_d;

tu t in ri:h:loh bhe tautomoric c · • r. d 1rrev·ers1blo

i t10

/3-102:

• ireotion Py«acid -a~ "" nid, as

'(•ill yl s:. bst . tuont • his has

it tbc l:rutvnoio uci s.

1· acids r i•i,h neither

eon ,;horm to be tho

1t h

1u1i11 • • h d:tsousoi ,11 ot' tl c l...,oto:t1J sa.tion rcsultH

be on foun neoess&:t\V to • o rui'c,11ttatce t<t the resultu

o t i d oy tl e o 1 1t:t o o:e llY ;:-ooronio ao id to th{, e.c 1c!s.

0u ploto oon:.iidc:ration of 1,heso lutt·• :r rouul'ts will

r.:. •• 1veti · .,·:1:t1r tho lac tono rmrticm of tho· diaou.ss.i.on.

T'he 1rosulte obtnned. in tho T)ret~$:1nt ork c· n be rn.,J.c

re complete from the comparative standpoint by the inclusion

•or figures obtained by Linstead for pe and A@9=hexonoio aoiadse

·m ';I 1·oferonun \ :t.ll be r.do to ·:;h<:n-Je.,

In tho series of aliphatic olefinio acids tho

l.,'t}nur il formula

studio,

1:tmr:d to yield m.) l11ctonc t ha.tovol"' 'll~ldO:t" any of ti10 condi tion.s

even in br;iling riekalin solution.. In this last-namod

attempt, consideration of the fot that [y-butenoie soia in

hydrocarbon ~olvonts adds 11.yd:t"'ogon -bromide to ylela

exclusively )«bromobutyrio aoid suugests that it is under.. these

~on .. ttion., tha.t fo17.i\ tj on o:t laotO.bG is 10s,; probiiblo. .NJ

f!'hiS 1:1Hr:" llot Qt'.U) ·t n

oia va: nobile liquid closely roso, ,bl1ng the starting



aater1al, but simply to the innri:1a. of the b11'a2·em. fuo fact

that no lactone oan b obtained fro the ~y-1oid is suppo1~0d
80

by tllo ~ork of ichter ana ~on.~ehor.u., ;,, hr,., n.l.r;io cnc100.vou1.~oc1 to

lactoniso it; axu by- the non-formation o:r _cmy laotono durin

tl1c pr :l'P,o-•. ti on of t 10 acid fro the n1 t:ri.l~l m1eler cont.iitiotts
14,31, 30

10~ lly favourable to laotonisati i.

The faot that ao.di ti on of hyclroeo:n bromide to ~~-
1ru.tc J.oi o uc1d 1n active solvents yiulls pure ~-brot obutyri~

(!i , ou ,ebts that tbo lactone that should be i'ormod 1s tlla

f='-•l ctona and that the formation of '¥'-le.ctonc~ is ,:,pposed

.u to bhe polarisation:
v

uup= GE-Hg• 00gIS- ~ •<I
CJis-0 - -

I I
0-COp •lactouo. ~ -l>romobutyrio. a.cit.•

Ir, hot eiror, the carbon chain in tho pbl.oo mont favourable

for rin 8Cloauro II i.n 001.10 ~li th tetri.\hod.ml anglos nt all

co:rnors, .i 1; .,:1.lJ b(,. soon th .t the O"i::;j'gen of the oarbo('.1~,rl L.,1·oup

does not a;pproa.oh the P -carbon atom os close 1s is ncoas!~Ucy

Tor the fomn ,_ tit)ll of B-butyrolactone, A1so "{;he r-lao'tonf)

r'in oul:'? bt1i1 vox-y hl t.1.y ntl"•a1.nod it :ro1·moo: ond \'i~J.lcl not be

st :bl'1 u..ndor tllo cond • ti ilH of reaction employed. Theory·

ttms sug ·os1;s tha1; l \Oton1so.tiou of r¥° -butenoic ~oid in e1tller

son.-Jc is 1n:h1b1 tod, ond th~~t tll0 principal J?ea.ctior1, .tr any,

will be the tautomerio ohange to the stablo o(@ -acid. This

wa.H found to bn so, the oxperiments conduotou hy boilinf~ fY •
buta:noi.c acJ.d \" j i:h t:..i 111buric acid., 5t. by volume, yielded in

Ull oases, practioally pure 0(~ «butenoio acid ( trall@.•oratoni,o

cid). The nonfor-lllation or l ctone, hmvevor, oaJ1J.,ot be
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t1ntir;;.,ly duo t10 the te.uto:meric ctivity, ,n.s t1"ec..itmont 0£ t':-1.e

/3¥- ..oid with sulphurio acid, 00 by volume, in the cold

Yi'lle n0 l otonc tall bat the t lltom.er:ic cho.ngo .as only

dotocted to a v.,,ry s ll oxterit. The- e/~ -but~noie acid, in

~.cnord ,-n.oe ith the;: bovo theory, yieldeC no J., ctone under any
,;

conaitions , \""h:l.le )' -bt.ltyrol otone 58.S st ble vO · 1,}1.'!.;' Ll onts

Tor lsctonisation, In its inertia to the roa cnts usod,

p 't...bUtenoi.c ao:Ld is uni ...ue atrton f"t•i-:1cids so far studied.
, I II )In tl1e case of' the pontcmoic acids l ~~-= H; J." == fi£

the .:l lient structural d1fi'erenc.a 'hat ;can these and the bu1~ev ic

o.cid, ts the oxistenoe o'f one Y-· othyl substii buent« This

h) ~ c · u.oec. -tb -, acids t di :f.:for sharply: f:rom the buteno1 o aoids

in pruotioe.lly all the oht..rnioal pro1,e::rtios stutlied. ~r-:..=>entenoic

aotcl ..,..1ves X=valerol o tone :ra:p1dly en boilin'=; with sulphuric

aold ( 50,, by Yolu-rae); 1\ i rly slowly with cold, GO/ by volu.Lo
I

sulp r:1•1 c acia; and not at all on boiling ....lone. ~f•Ponteno1,c

an id yields ¥•v·a1oroluotono, obviously by preliminary

bautomerio ohange to the 6-isaner, if boiled with sulphuric

acid, 50% by volume, but is quite unaffected in the col, even

by long -standin" ni th sulphuric acid, 60,~ bir volmne. 'l'h:i.s is

again in agreement with the hypothesis thsvo~=acids form

lactones via tautomerie change to ry--..cids; th0 speed of

laotonisation thus depending on the ireloc.i tJl o:f this latter

Ohltngo, t,h1c1l explains •the non-fomo.tion of lactono frtw· ~f­

pentenoie acid during the o,old treat1.0.erct ilosor1bed. '(•lfal~;ro­

lactone was recovered unchanged from all attempts to reverse

the ring-0l0sure,



Tho speed of fonnation o~ lactonc 1~ sl1gll.t13 Jo er

in 1.he Oase of i.ir:pentenoiC acld t'lllll in th. 0 •se of <:{, -1!.­
hcxenoi c ac.td, but tho two ~yea0ids laotonise t about the

Fro, this it ppears that the ~onct1vity oft. a

ClOUble bond has beon r,oatly increa.soa. by the 1ntroduct1on o:f

one y.-ilkv-1 ~3ubst1tuent, but that tho no.turc of the

substituent 1o only of secondary importance. The addition of

hydrogen bromic~e to fy-ryentenoic aoitl indioatos the profou.nli

polar chance ca.used in the d.oublo bona by introuotion of this

one Y-alk;yl group, inasrrllloh as tho addition prooedad to give

92 of )' •bro 11ovaleric rw1d and B, of the p •hromono1d. .11h1s

is l1nost complete rf,vers~l of the mode of addit j_on to the

non-substituted analogue, and tho deduction muy be dr~vr.tt tL.at

noa, tbe polo.ri.. sa. tion in rr-,ontenoi O ao 1d is c.s ;;ll0\7!1 :
~

•GI,CH= CE - Cg- 0OgH •
h-

Th1 s type of acttvat1011, 1t will be seen, will be in favour of

the a.ddit1on of' tl10 o-urboxyl group, as :t:tz oonst1ttw; t :::,>ru.""t ..;
+-co.a and H, to the imsaturated centre to yif,ld '( •'"'ralol\)laatrm.o.

~ rurthor fnot in :favour of rins olosu.ra 1s, ·u:u.it, in ~\ i':J.ve­

mombored ring so fonned, the angle at each eomner is very

nearly equal to the tetrahedral angle so that, if the osrbon

oho.111 be assumed io be coilocl Qith totrahec1t•iitl an~los_ o.1, o.11

eomners as before, the formation of the ring does noi impose

uncltu, st rain on ·tho molooulo rmd. yields a Qtable confit:;ttra.:t:ton.

llnrtl1er evidence for this 1· 111 be disouasco 1:~ i~~t1• {p. 36 ) •

Consideration of th
I If

isoehexonoie acids (R- n- lie)-
shows that t WlJ.ilo substitution or Y•f)'tllyl for r -.. oth.yl i.n

penteno1o acid (to obtain !l•hexonoio acids) oauso~ ver: .tittle
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change 1n tlre reaction under consideration, the introtluction. of

a seoodd r -mett..yl group into pentcnoio ac1..d to yield ~­

hexorrn:f.c acid has a marked effect in increasin the ease of

la.ctontsation ():f tho ftr•:1.oid, anc.. anabler; tba acit..l. to form

laotono by haa.tin.cr a.lone; wL.ile lihe spaec oJ lac l:onisatlon o:r

the elf •acid, bein,,. dependant on that of tl1e tautonmric clumge

f -aota ->BY-aoia, 1s not gro .....tl.," a.ffvctui-.. ,l).dctitio11 of

hydrobromio aoi to {y-isg=hexenoia acid pro~uoos pure

i--~~romc.,-1:ltQ.-hexoic acio., no trace of the (-isomoride being

tormod. This indicates an even stronger polarisation as

shmm b~:!.ou, which can \)o oorrolo. tot1 wit the ease of formation

or ¥ -lactono from f ;r-:,oid"

0lg.
30u -aHg00g1

C -!i ~-

From these results the conclusion may be drawn that

the reaotivity w.td d1reat1on of polarisation of the double

bond r;i.ro clepend.ont c,r1 tho order, but only to a E1UCh inu"lller

(JXtont on the natu.ro, of the ¥•~1.kyl fm1Jnt1tution-.

Tho f~tuuy Clf tlle cyol1o acids wo.s to a 00rtain

oxtent mnrrea by the roe.cly clooo1r1posit1011 of some ox tho a.o:J..da

1.muor the la.oton1ning oont11 ti ons used, both acids and laotones

being rttpi<lly attaeked by boiling sulphurio acia, 50.... by volti-mo.

Tho a._pprox1Jr!f\tO por,1 'tions of' aqu111br1urn 111 the three OHrbon

systom havo hoen doton.nincd, and thaoe, 1 t up.JEh;.rs, nro not

afteoteu so @onsiderably by r-nllcyl substitution aa 111 th~

case of' i;he al1:pllati'O ·le ids, while tho mob1J.:t ty ot the clrn.nf::~o

ar>paara to be abnnrm:1lly low 1n, ,\t leas1;, tJw so1Jond Ot;?.fiO

studied, the 5-methyl 01ol9hoxene oarboxyl1c ao1as



This of course has 1tG effect on the fol."ntlt:i.on of 1 otc•le: ,,, fro;

tho {{ -acids, A--9¥9lohoxene o: rboxylio acid laotonist: t~

by treatment ritll sulphtt!"'ic a.c id, 60 by voluru . , ill the cola at

alnost ·th3 aamc speed n.s P-pentonoie aoid, althou :....

experiment .1 fi mro~i y bo r thar hi{§:1 in la&tone oonvont from

tllo ov .,pnrativo point o:f' vie~ , as thEl p(-.1,~i1..1 \, ~s also r.omovoe

iron the seat oi reaotion by some side 1~oaoti-.rn .1 ~ uell as by

that boin_ investigated. T:b.o t3Xperiments OHrrtef ou, in hot

50 (b,y volums)sulp.tm.rlo -o J.d lod bo the formetion of lnotone 1n

oc>ntd.d :,::rable a.taom1t, • · lthough i·t , a.s not possibJ s to it ..:o

co 1dt tions more dras t:lo than tl1(lSC used by Fi tti(;.
tiaoiu, as usu~1, :t'ormed no 1 001 o in the cold cm tt nuit.. .- ,,~1th
A

sulphnrio aold, 60, by voluno, but on boilins with the more

T.ae )"'-luotone oould not be aonvcrt.0C'1 in-co ttrn m1~ 1-;ur ",t'..d -,.c 1-ci

undor ·the ;.bQVo oono.itions. •r11e f"t -r::~1(1 \-.<;ulcl not t"nrm

lacrtone on bo1llng ~lone in an inert Ai;m.osphore for some time,

showing the.t the ineJ:tia of the syst;0111 is i;oo real for l1UY

l'f.iact1on to oocur without othtU" nn-cncy.

'l'he addition of hydrogen bromide 1;o the PX-ae1a

both 1:t1 tl1e pi-0sonoe n"0.d ahsenotl of water lea to bhe formation

of 18% of A -bronoaei and 82% of mixed 9is end brans»{«bromo­

ucid3. This result leads to the e.ssu.mpth.n that thn dou'bl.:,

bond is polarised in the sense suovm hero :
y¥,- eve"°'~ ,::, V A,'1

/ '0Bg Gi,0OgHnc:r=c:1
6-

Wllioh, os previously noted, v.ould also be that ta.voura. le tv



Y"la0tonisation, T.ne amount of @ -bromoaeid formed bcin

29

somo hat zreater ta an tlle nount formed in the case of dd1 ttc

to f¥•penteno1o ac1d1 1t y be, v.ith rao.Don, concluded that,

ei hor the ¥•alkyl substi t-uont in th:i.s oasi, does not e.1tcrt

so large an effoeb, or that the ring ean be aonsidero as

bst:i. tuting itsalf in the o( -position, tharc~by -..c.o.ding to

oppose the ¥-~.leyl effG~t and the polarisutton :tn the

aireotion shonn is thus deoreasod • Unfortu.nu.t ly,

insufrioient ev1denoo fron other ~au.roes (e.a.~•~ubstituted

aliphatic acids} 1s net yet ~"ailo.ble, n:nd so ric ni;1fe

ct1Jductions oan be drawn •

On subs ti tutin a 'r •matla.yl ·-rou,) into tho r11l{g

as in 3•methyl6-l•..99lghexene earboxylio aoi, the position of

bhe three carbon eq_uilibrium is shifted more to the (-side

ot' tho equatirm, (from 96.5, cir, ....aai at euilibriu ir:. th;­

oyclohexene oarho:ey-11..c ao1ds to '14.8/ ~~•.;loht at e ...uil1brium.

tn the l-mnthyl 99lohexeno CG.l'bOJt;yli o ac:f.ds). Laoionisation

of the P(-o1d is greatly f'a.cilitat,,d, treatment of" tlli~- cltd

in tlle cold VT1th sulphuric acid, 60% by volume, produeing

formation of lactone at a speed comparable with that in the

oaso of' (J(•i~~Q.-hexeno:1.c acid ttnder strnilo.r co.nui'tionn. i·he

acid was very :rapidly a1:taeked by the bo1l1r'" -~ulphu:r:ta ·1.01. •.

{bO by- volume) UJJGd., 1}ut not be:fore some lactone had benn

formad.. The of1 -ao1d ni-th oold 60/ sul1)huJ:ic ,:lo.i.d y1el<1eti,

as is usual, no lactone, while boiling the acid with sulphurio

aoicl of the usual strength produced only about 2 of laotonio

mator!o.J... This lattor cha.nee, o:r oourso, ic very gre.,.tl..l

Ntardod by the extraordinarily 101. mobility of the caan ~



el~ =a0id -Py6a0id, and this militatos against an;rla0tone

oing obtained. The }"lactone was found to be very stable,

no reversul to tile unsa.tu1"0.ted.. oids 1 cin·. de1;.r~cto iD, tho

treatment of the lactone under the lactonisins aonditions

t.1.sod.

On bo111n tho r'( • cid lon<:J, lnctonc i. B fOl?rYlcl.

uith content of about ~3 lnctono.

to reaeh equilibrium

r.i'ho puro r-10.otomt

The reaetion fro the cid wide ppour

~ bo1lod undor to a o conditions n

to the unsaturated aoi, and also came to equilibrium with a

an rmmd. to rovort

la.ct.one oontont of as,• 5?, • Dis0ussion of tis phenomenon

v. ill bo rcmumo later (p 40 ) •

'fuo fuot +s PY.. 10:l.11.s can form 1 otona in tl.e pure I

dry state 1nd1.oatos that solf ddition is o. si le proco5s,

makes it unnocessary at the }rosont timn, to assw,10 tu3y

othor _1ooho.nlsm in the 1."'<? otion in sulphurto acid; ar,, f.or

inotanoo, t o intermt1die.ta for.nation of Y...~1vd.1"oxy acid, or

an os1,o~ u1 tll tho sulphuric uc1d by- ndd1ti.on to tho olof•ini.e

linko. ~ •

.lrrom. tha oviaence O$t out abovo, it oru1 be seem tll· t,

1n the lacton1aat1on of unsatu.ratod acid!;, by far the most

important eTfect 1s tlltlt of tho polarisation of the double

bond as affected by alkyl subst1·tut1011, end tho.1J t·1e 0approach

Ta0tor" has only a very minor cffoot.

considerationoftheresultsobtained byadditionof hydropep
bl"'Omi<J.o to UllOfa1;UI\ ted aoids •......., ....,..... .......,_ ,... .,..., ,,,.......... J ..

It is gonorally a.ooeptod t.t'U.lt1 the r-1d."' i tion of a

hydrogen hal1do _to an olof1na is directed, al <lst exolusively,



,y the de re~ o!' a. lk:srl substitution aroun . . 1 --. do 1 . bon ~ •

Thin bas been lons exprgssed b tho 11·io, 1 rule 01"

arkown1kow, ,hiob st tes tlla t the halo •Ti o.tt?m. adds

preforrentially to tlle carbon ato pooror in hydrogon, 1,e,

th kat1on1c hydrogon is ttmote t,0 th.at o .. of t - .ubJ.e

bond farthest from the preponderating alkyl substitution«

Tho or1en.ta1ion of addition of hydl'ogon ln."'oiliae to an olefinio

aoid ould appear, from the results uoto in sectlon.s 2 ana 4,

to dapond on two fo.otors:

(a). 'I'be c110q.ter• tho llcy-l sulmtitution about tha eoublc bo H1

(b)_. The oxtt1rnal oor..diti0ns,

Tho mode of addition to an (/«oid appears to be

invarto.blo and to yield in all cases t e-. u.ro fJ -bromo~cidt the.

oarboxyl group C.iraoting the orientation.

The addition of hydrogen bromide to an unsaturatoc

acid oill be cor,.s1dered as an irreversible prooetw under the

experimental oonaitions used, any elimination of hydrogen

bromide occurring to yield laetone, and not parent acid, if

tho loso be· epontru1eaus. s mentioned previously, this type

of fission has been found to ccour only appreoiubly in the

prenonoo or cons1dera'ble ...nant1t:tos of wa tar I and oan l>t;

n0glootod in oom,iideration of all the a.d{i1tior?s. studtod 1101..0.

lho add1t1on be1n6 irroversibla, the formation of mixed

brom.o-aoids by no moans indicates an equilibrium, but rather

t:he product of~ t·\,o competing .reactions. l'.be 11roduoti<m of Hll

acid that is hc.w..ogenoous, or nearly so, indioe.. to:z t~iat t11e

veloo1ty of one of the oompoti tors is oonside1~.1bly _greater tlv.~l

that or the other, 1.e. one reaot1on is.praferrentially



aotivated« ~·he influen0e of bot solvm1tn e.no. subst1tuents
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on the orientation of hydrogen bromide oddi tion to ole,finic

acias earl be interpreted on the electrochemical t_neory of

re( .ct:l.on reoe11tly devoloped by Lo.pworth, Robinson, nnd !nuold.

This theory affords a simple explanation of t~t.i.e facts wid is in

excollont agroemont with them so that, .nt the present staeo, 1t

wil~ be considered thnt no other raotors·influenoe the reaction.

In rolation to the present work, the thooey 1a based on the

re@ognition of the anionoi raaoti.vi ty of the doul,le 'bond

(Lepwort??° nobins&}}, and on the distinetion draw botwoen

th.o oparo.t:lon o:f the poit'la.nent (induotivo) polt~ otfecte, and
55

those latent polarisations whioh lead to rnaot1on. Also it
IOI

is appropriate to mention the uork ot LttOht who was the first

to oorrelate the direotin influcnco of alb.-yl groups on the

add1. ti on of hydrogen halide to olof1nos lii tlL th<1 oi,pa.oi ty of

hes0 groups for repelling electrons as oo.mpared with ~1.Yarogern.

'1'110 carboxyl roup of an noid can pol~\rize in ti.ro

ways, dependent on its :bamodiato aurroundingn. In an 1nart

i1olvont ·tho 1on1snt1on of tho ao1d is depl'csoed. and the eroup

then polarises as (1),
~

- C -- 06

(1) "'(/fl

I:r howevor tue "l<,id is in an active or ion:J.sillfl solvent the

ionisation of the e.aid. .,ill. lea.ve a no3a.tivo ebi.irge on tlle

oxygen a·tom o:f tho curl>oxyl group as in {11) •

P:rovi 'lod that some mec~iism be prc,oent • the ef:root

(1) will ba tr~a1amitted to the double bond and will facilitate

poloris·tton 1n the nnnner shown below:-

- 0-====-0

co6l
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ye

- C==C ,,_____...,__C-0o-
&-

OH and this will load to preferential

ado.ition of hydroecm ( 6+) to tho proxiraata carbon tom, and

of bromine ( e-) to the distant one. However, as will be seen

from a variety of evideno~ (e.g. d:J.saooia.tion 01,nstants) the

ofteot oan only be transmitted u1th any force through one

methylene group, o..~a as th~ affeot has beon not1oed ,see
/6to4

\talker and Lun!Sden; al..c.;o Boorman, Linstead and Iwuon ) in

acids \ it distant double bonds, there must also 'he an effect

operative throu{§.1 spaoo. In the oonsidero.tion or this latter

0:fi♦oot, no eppreoiuble oppc.,sitlon. will be expected by the

inert solvent or the equally inert l!1etbylene chain {provided

·that the solution of ihe aid be weal enough) and thun a strong

effect will, in any ease, reach the p •carbon atom. The

portion of the effect, if any• tra.11.S·ni tttld. through the methylene

group will J.1ot be r11'fectcd by the oo nfigul""E'..tion of tho molecule,

while the direot effect might be expected to depend on the degrae

or oo111ng or the carbon chain, as tis will affeot the distance

between tho active cer.t.tre and t;he ou1~bonyl group. A s1B1lar

f)ffect hrH1 been not1oetl in addendu to undeoylenie acid by

Bobinson',"' uno. he~ su.g.go::it~ tho.t in a pole.r solvent, $Uoh r.l.s wo.ter,

or an ao id, the otfect of the carbonyl (!roup 1.ra.nrur.J. ttod throue;li

spaO(J 1 o iln;orrupted by the ions present. Ingold, however,

suggests that the :b1terferonce ts due to ·tho ionised earbonyl

groups paoking themselves so as to partially neutralise their

effect in quadrupoles, or possibly larger rings; very much in

tho aame \\rJ;f as a series or bar magneto in ,a closed circuit

\11th opposite poles touching has only a Sina.11 oxternal field.



i:1', then• the effeot o1 the oarboxy l croup be reruovcd in

1on;isih solvents in some such way, the addition of h.vdrot..,en

bromide will be largely controlled by the alkyl subati·t1ution

e..bot;it the <.toublo bond and orientation nill oocur ~·ery 1rruch

in the :::nannor e.x.pooted by oonsidariug the residue as an olai'ihe.

It may be sugges·ted alter.t1atively, th~t the' dist1:not1oxi

batween the two different types of solvent ls due to the

formation of oxonium compounds between the hydrogen bromide
81,82.

uncl the o~rgenatod !-J llvents (c:r. McIntosh and ooworkerd ) •

This explanation, however, fails to account for the fa.ct that

unsaturated esters eontaining the group Cli:FCfi- will

undoubtedly ten tn form. an omn1u.m canpound with the hydrogen
8s.

bromide (ef, Maass and MeIntosh for ethyl acetate); yet they

add hydrobrmnic acid in the n.baonoa of solvent in tho nmn.e

clirection as the eorresponading ac1ds in an inert (llyclrocarbon)

solvent, in wh1Ch, consequently, the o.cid a._p:pears to aot as

a "hydrogen ester", Again, eny explanation based on the·

assoo1a·t1on of the acid in oxygenated solvents does not appear

tenable, as ucetio ~aid 1s known to assooiate in benzene, and

thus the assumption th.at association 1n the homologoufl toluene

oocurs is justified.

Hanoa ~he only tenable hypothesis would -appear to be

that based on the elaotroollemieal theory-. The addition of

hyarogen bromide to tho acids nlone, o.nd also containing ·!%

_ of water, (two conditions that always gave the same results)

oan bo stud.1,od i'rom tllis point o:r view. Under these

conditions the t.ield effoot of tile ca.rboxyl group has been

shown to have been eliminated as in additions in acetic ac1a or
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ether, and so it is expected that tllc direction of addition

nill bt) controllec.l by the • lkyl st.bs tiuuvion about the double

bond % bxporimont l1as sho .. n this to be :.,o. Jn consid:.rinr,

tn0 e.liphutic d.cicis, th.., t .o cx:tremti c1.soo studit:h"' ;ore (i),

fybutenoio aoid, and (11)P-iso=hexenoie aoia i-

len.d1n to

le ain to

h obsorved fi ·ure:J for tho 1.ddo:nd: to PXbutonoie aoid

(lltO, r-; < )"- ,d.ditlon of bromine) anad to /y -is9=hexenodo

ac1 'l { 0 p ; 1 0 })- ,ddi t ion of bro:nir,e) are in 001,, c,lete

· ro fl ,nt 1 tl this• .i.ll -t;h.c ore balaneed systo» ~Y"Pontonodg

c:td, v o huve pol :r:1.s tion a:; h1 {iii) :-

(111) EN OH
- u='>'"' - t<.CJ1r / c_·, CH .J· ?H... 0 e.,• ...,

.t.lJ.1.a off'oct of the ono "(- etl __rj_ :.;u"bs1;1 tu.ant is opposed by the

Pf'.Zcct exortcrJ by the o( ,.. ..,et •ylcne . roup • This latter,

..n co t1JC y...methyl substituont en oxert thn m...... jor 1nflucnc-c •.

. xpcrim.ent.J.l ey.1.chi...cc u holds this theoretic-11 d(:c,.uct,ivn, u.s

ncl 1 tiou of hydro 01 bro ido· to tho -aid (111} result:.; il-1 tho

forirl(.i tion Jf 92, of ¥ -l ro· ouc1c1, but ,:i th simul tu.noous

proctucti.on of 8 o1 @ -bromo-additio product.

1n the oase of ~i- .; cyclic ao1c1s, OlJ.lJ the

ill &Ubtrtitutov series has been yet studieu fro· tl•i:., pu1.nt of'

addition of hydrobro: i.c .1cid to A-a«oy0lohexono-----
carboxylic acid h~s boon :found to yiulu. 18, of ...!-l1rcm10-
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Solghoxane carboxylio acid, and 02 of the 3-bro: o-iac or~ •

l"O a study of the formla 1t oo.ld appear that tht1 tonclenoy

1:o polw?1so in the follo ill{; ey is the mnin type, due to

..,ubatltut1,1n on ·tht• ¥ -o rbon atom :-
~

C•=C
I ~-\.

CHg CE"COg
'\ /
lg-Hg

The fa0t that the» an '(-oarbon atoms a1·e canne~tocl by a

pt~opano cbni"n appeal's to :roduoe i,he effect of thit> '( •o.lleyl

group, w111011 rosul·!;s in tllo increase oi' th<) percentage or

/3•hro "O-addaot formoa.. Lo.ck of furthe111 ovlth.nce on thie

point prooludea the dcc.iUotion of moro extonslve theories.

kr9port10s 9f laokonoss
Detor.minntion of tho o u111brium. roached during

the h, (lrolysis of )"' •lactoncs in water is oonoorned with tho

st b111 ty of tho 1 ctono rine to tlle above a&-'Ont., .ho ob1:rious

facts em_or 1n • from tl1ofie;uros o'hta:t.nud in 'tnia neotlon of tho

work a.re : the great stabili..-:in~ ef'fect of Y -alkyl
substitution into on unsubet1 tutetl le.otono; tl,e ovon e;I'Gnter

oi'f<.u.rt o1"' y •B_q_m•di~lkyl m1bstitution; and the slowness <:£

the dioyelie lactones in hydrolysing as compared with tho

laotonos of the aliphatio sories.

ihe great stabilising affcot of f .al.tt:11 groups oan.

bo oor~alatod ,11th sevoral t'aotu prcvioWlly knoun. Tha

of.feet lf alkyl substitution has been 1nveot1aatod in tho

oxtem:dvo resotu"cho~ of 11orpo ari.d bin school, and
54&s

partioulo.rly by Deshapa11de and Thorpe; .:>1ng'h r..md Thorpo;
Gb 'ls/

Bains and- Thorpe; ana. Lan.four and :1.1horpo. ftlesc authors
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have elearly indioated the etfeot or subs ti tu.ti on in bringing

the angle betwoen tho two emeraent valencies of the substituted.

oa.:rbon utom nearer that of tho tetrahedron, nnd thuo in

stabilising any five-member d ring in which tltose two valcnc,..e ....

pa:,..•tic1pate,. X -Butyrolaotone has a ratio L/A P • ...otone,/aoid)

o: 2.97, this ratio being taken as s measuirqof the stability
I .

of the laetone ring. Introduction of on9 Y•nll;::rl group

1 • od1atoly renders tho lactone moro stable, )(•valorolaotone

having i/A 18,J, and {f«m-nexolaotone L/A 15,9, the effect of

me:thyl being only very alig.lttly leso than tllat of ethyl.

Introduction o:f o. second "(--methyl substituent as in y.i "10••• »J --
hexolaotone stabilises the ring still more as shown by L/A for

this laotone being 27.6, there being only 3e5t> of Y-11yaroxy...

uoia pr sent at equilibrium. 'rh1s evidanoo is strongly in

favour of the angle between the emergent valencies of a

dialk;v-lataa oarbon atom being vory nearly that of the
gr

tetrahedron and al.so that of the tive....mern.berad ring, ( ot • tan:r-,
$7

and T.llOr;?e) •
8&

L'h€ av1denoe adduced by G«ne and IngolJ t1lQ1a

e:loctrometrio titrations on di subs tituted acids also shows

that int:rodu.otion of alkyl groups onto a methylene chain causes

distortio11 of the "zig-zag" oarbon chain tending to :rorm a

ring strttotura.
'

In the lactanes fo:r:me1 from the oyolic acids

studtod -t;Jlero iu anothel' faotor influanoi11g the stab111ty of

th, r•laotone ring. !!"'his is the extra strain thro"1m upon

this rinL:z; by the "lockina" or the 1;1iree m.etlrylene groups in

1 t by their inolusion in a oyolohe;rona ring, 1n ·a posttion

al.Elost certainly not that existant normally in a ~-laotone
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ring• lho result of this is seen im mediately in the ease of

f'zclohexanolide 1:3, wh1ol1 has L • 0,136, only a small

am:,unt of lactone bein left ut equil1b1'1.um. Introduot1011

oi"' e. )(-r:iethyl group a.g::-1 n renders the ring moro t"tablo, the

value of L/.... for l•methyl axeJ.q,hoxe.n.olido 1 :3 being 2,53,

seoond differenoe between these dicyelio ~--luctones and

th(! ¥•l etonos of tho aliphatic sorios is noticed on

comparing their speeds of hydrolysis. This was found to be

oons1a.erubly slowor i11 the case of the dioolio corn.pounds.

This is prbably due . to the fo..ot that tho large gyglqhoxano

rini• prosant ii1: these substanees exerts a notable sterie

l1indra._7100 ef.faot on the attack of tho i1ator molecules, and

consequently tlto voloa1ty of hydrolyGis is looorod.

he weakest link in the, laotone ring, naturally, is

tho 0110 1;hi oh broalca unaor tho above eondi ti ons.

evidence of tlie aotion of amm.on1t:J. on the luctone ring, as 1n

the ease of "valerolaotone, the prod~uet is always the amide

of the corresponding hydroxyaoi, and never the ammonium
Jos-

s•1.lt (of. F1tt1c; ) • Hence the ring :uust opon b7 fission

of the bond {a), as no other bond ooulci. broal~ ancl forn ·the

o:m1.de.

CI4-CE- CE, EgI ,.,, I """'
• 0. 8 JO

/cl
Further proof of this fa.ct has boen found lYy iCenyon und. l?h1111 s

c1g-CE- 0lg-a

O-H HgN-CO

by a. study of the optical properties of th·e 1'1sa1on products,

d.ur1ng nh1oh no inversion occurs. . ·This bo1ne the bond that

breaks, a. oonneotion betweon t.ue opening of a lac1,;one ring by

wator and the hyarolysio of an ester by the 5atUe agent oan be
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The work of ..ensab.utkt!9 on ·the e~u111brium mixtures of

various tiloohols and acetic .1.cid, sta:rting with methyl alcohol
I

cla rly indioatos that, in tho·11m1t, the amount of a saoondar:

alcohol present is more than the amount of the corrospondine

primary, end also til.iit the astors of tertiary a.l.oohols are

n'bnor.m.al and de0ompose, the tendency :tor the alcollol to form

on oater being nogligeablo. Theoe fa.eta, ho rnvor, are:s in

direct opposit1on to the figures obtained in the above wor!t,

end tus the "ester hydrolysis" factor in the hydrolysis of

laotones appesrs to be totally overpowered by the othet· fa.ctors.

Tor s study of the reverse reaction, the speeds of

ring closure ot )'•byd.roxyac1ds to the y•laetones have been

de1;ermined undcl' standard oondi t1 ons, and eomparison made by

the timea ta.J.:en to reach the half-chango point. The velocity

at this change depends on tlle readiness oi' torrn.aticn o.r the

¥"laotone as .eoverned by its stability, the approach- ~eoto,·,

and, possibly, the readinoss or thu hydroxy &'TOu:p to osterif'y ..
$9

Again aeoording to lensohutkin, primary aloohols esterify

about three t:i.mos as fast as corretlponding oooonda.1--ies, uhile

t.be tend<moy for tertiary c1loohols to ustorify 1s very small

This does not aoeord w1th f1gL\reo obtn:J.ned. from

velocity meaauromanta on the la0tones, as =hydroxy-A99"

haxo1o aaid (a tart1ary alcohol) for&s laot.ono only very

little faster than l«hydroxy-g-hexoio and t-hydroxyvalerie

acids (sooondaries), v;•hile y-hydroX1Jbutyrio aoid, a primary

aleohol, has a meh lower speed of laetonisatiom, Henoo tho

esterifieation factor" ean only exert a very minor in:fluonoe.



The two remaining factors, ring stability ruid the approaeh

faotor, can be separated by conoideration of the results

obtained from tho hydrolysis ex:perL-iients Ju.st described, and.

takine these aa a mea~ura of the stability of .tho ¥. -lactone
ring under the cc,ndi t! ons used. By comparison or the v-l'nos

oil LjA end the helf«change tines for eaeh laetone, it can be

aeon that the stabili ty of the laotono ring is ·the oont~ll1ng

ini'luence in the change, as 1;hoao bydroxyo.oid.$ eontaintng t'\

rigid framo·uork in their ni,:,looules ,{ the cyclic acids) 1:om

la0tone at the speed that would be expected from consideration

of the values of L/A, the approach factor being naglig&&ble,

The ca.so of ring-chain tautomorisr:1 can now be

discussed in the l1cJ:i t of" 'tho evidenoo obtained fror,1 i~he
4\1forego1r~; exporiraonts. Ingold, Perrin and Thorpe, Lanfear

9%93and Thorpe, l .:ma. Buker, Ingold and .l"horoe and otners have

oa:rxied out experiments on the vario11s t-ypes of ring-chain

tautomer1am lm.ovm at tha.t time. The case under consideration

howave·r, appears to be the first ease known of a Y«laotone
tautomerising to g. /3t-a.oio,. Examples of more com.plax

luctones changing have been long doaorihed, the best-le.noun
IQ7

case probably being that investigated by Mittig and c-e1sior,
17

and lato1" by G'r0ldbere u.nd. Linstead; t]?.e pyrogenio deco.aij?ODi tim1

or tarebio aoidll) :
Og1

Mo,I
59ca
t-- co

(1) t (11)
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This, a l otoniie acid, on boatin lone; Jl~oductH1 fj•bE,.•
hex ..noio aoid (11) 3116. this on further heating, yields tho~­

la.otone (111). A second reaction C;\lso oocu:ro; tho :rormation

of tore.conic acid (iv} d11·eotly fi·on the ter5llio ac1d lJY

opening of the lnctona ring. A further more general example

of t.1is type of reaction uas disoovero.d by Fittig on«
lo{iom: orkora. ... o oondensen aldehydos (e.g. e.co·,,aldehydo,

prop1ona.ldehydo, bu·t,yraldebyda sto.) r;.Lth suoo1n1o or

homologous dibasio a0ids, and subjectod the products to

pyrolysis. Rcno"~:1011 ,as found. to occu.1"". in tr,o 1aya :•

R.ClfO
+ -:,

C0g14" 0Ig• Glg•00gE

t - Cf-!,
I> CH" 0Og.I
C -C., c:

y R% CH=CE"CEg•00gH

> R,CH - CIg -CHg' '__ co

the Y'•laotone r.ln having opened in ono case to y-1eld

an unsaturated aa1d. It will bo noticed that all these

raaot1ons montioned above occur in subatan.oas tn\1.t .aro

muoh s:ubst1tutou.

Tbo change deseribod betwoon 5«methyl 0-@eglohexene

oa:rboxylic acid all(l l•motb.yl- (?J:OlClleXZu10l1dc. 1:3 undoubtedly

dnpends on many factors, lrom the point of view of the acid,

the tondonoy to form lactono dependu 1n all prolmbillt:f on

sim.ilar t'e.ctors to those operating in lactonisat1on 1n ewict

i~lu1;1on, 1.0. the polarisation of the a.ruble bond practioo.l.ly·

controls the retiotlon, uh1le tho other factors mentioned

before may have some very slight and negligeable effect,

although the approacll factor ~'"i.Y come In.ore 1nto pron1nonoo in

the thenu.·~lly aoti ~rat;eu molooule, but only s11{:~tly so. Fran

tho side of the laotone, ·the stability ot the lactono 1"1.nb ts



of p· ramou.nt 1 rport nee, althou@1 -tho issue :ls c.or,:,.p-:tico.t&.i

by cons1de:r-at1o:u of tho la.otcne as the internal ester of a
94ter:ttery alc.>h-ol, as onsohutkin has show that o.cetalios of

t;
tertiary al oohols as typi:fl. ed by beriary amyl acetate, are

A.

deoompooed on heating to temperatures over 100'',. o-vont'J.elly

oompletoly, vti 1.h tbe formation of tho acid and an tL'1.satu:r.a teu.

hydrocarbon. The connection between the twc reactions is

shown as follows:-

.G

Terttary ~yl acetate.

-->

earboxylie acid,

CF*3 '\
CHe- C + HOO"GHg.. , /I ~
Cg114

Aaetio acid.

~•.!.!g•hoxolaotone, another la.atone with s. tertiary Y•oarhcri

'atom, was round by Linatead 1n yield no appreoinble acid o~

long boiling. Th:7-s lac bone, however, has been shown above

to have a vt1ry stable 1'i.ng, while the oyolic le.ctone ;w.t.; n

oornJ)t:1-rattvoly highly straini.;;d ring. Hence the opening of

the lactone ring on baut1ng alone t 11:pears ·to depend on the

exist~cc of o tertiary (•carbon atom, to~cther with tho

some factor. oauf3ing stra:ln in tho ring to :rao111 tats tlle

fission.

The follo1ing is proposed as a theoretioal



erple.naticn of tho lscto-cno1c tautomerio chan~o•

4.3
h

Considerato,

of the general type of substance undergoing this chau.go, a"--:

stated previously, shows that ot..o cf the oa:,ent1als 1s a

tertt ry y-oarbon atom.
I If

re alkyl groups

Honea the type 1s es follows, where

'R ,, • }:!,, C ., ..,
,, ':"'? - -: -u - -
a'[Yi !a

0--- C= v {i)

Tho combined electromer1c effea--,;o of thc::se two f-hlk:fl group~

oause the change ua. '1 shown in formula (i) a.11d. subsegu.ent

fission or tbe bond t shown in rod} in tbe h16'11Y thonnally

aot1vatod liquid; te resulting 8+ehargo remaining on the

Y-oarbon atom oausea tlle loosening of ono of the protons o:r

th r •methylone group on s.ooount of oleotx·on rr1l't to tho

y..oo.rbot1 atom, a.nd t1l1s ls set erea with tho rornation of a

P¥-·loubln bond, as in (11) • '!'he wl1olc serios o:t"l o1it\ll80S

probably occurs pr·1utically simultaneously, rGau.l,;in!" ic. the

formation of an ionised fg=aoid. The acid reverts to tho

leotonE· ln the manner previously desoribou, i,e« by the

attachment c:f• the p1·oton to the f «carbon atom, whieh
I I/

oa1.,riaa a &- eharee duo ... o the alkyl groups R, tt, tho rosiduc

oi' f;he oarbonyl group satis1'yins the vnlenoy o'f ·ib.e i -c~:rhon
at :mlc The faot that y..~~hexolactone yield~ ao aoid on

boiling although pv~~"bexonGio aoiu fo1~1s laotone with

ease under the same cord1 tions ean be explained by tho crcat

stability of the laetone ring in this ease which Boots to

praserve the o l(luod ~l.tstom, In the case of l•rtethyl-&cl9-

ht1x.anol1do 1:3 tho )lactone ring is severely strained, and



this 1'ncll1tates tho openin o:r. the r.tn • This also CL.pl :1n
,oq

th~ 90r m hat s1 .ilar o 4st1 disoo"rerml by Linstea, · nd .Rycu:,· Ao

in tho oo.so of~ •!!!Q.•llopteno1c o.oid rmd f -~ahept:Jl ...ct one.

Vor:l 11.. ttle need. bo said about the rosults obtaino

fro par uhor msaaurcments on iY'-luctoncs. The experimental

values differ considerably from the theoretical values
"13 1JJ.

oalouleted on Sugden's atomic and structural para0hors, hut

aro 1n fairly ood u.g.rcrment m. th th '"'ll•otical re uirt;:m.onti...
7%

1f tho valuca of I umford and Phlllipu :Jc used. • From tht;oe

lattor f'iaures, it appearo +,hQt tho Y "lsetono ring behaves

nor-.t!l:llly end 11~,:;i no spooifio oftec1, on tho ptlre.cllor.

summary of results obtainagd»

(1) of~• o.nd r~ unaatura.tod acids, if they fonn. laotone,

aheys form tht1 (•laotone, a.lld, as far e.s has yrJt beon

dotorminod, irreversibly 1n sulphur1c acid solu.tit1£1.

(11) Tho formation or lactone tron PX-aoias 1s r;ovornod

al.Ltost entirely by tho nature of the double bond as

affoctod by the all;:yl subat1tution about it.

the o.pp1--cH1ch factor is ve-ry 01.nall.

( 111) Tho form.a.tion of la0tone from cl«noids 1'. s oonoo _1.wrrt

on their tautomorio ohango to the Pa-isomer±dos, an
laoton1sr--..t1ou of the l 1ttor.

(iv) fbat f't•olef1n1c acUJ.s \11th no~ •.or )"•alk:-'fl

subst1 tuants tlo not form lactone ot all due to inertia of

tha systan and if -c;.ny chan s o0curs at all it is tho faat

:J.rroversiblo tau.t0.110:r-l.c ohango to tho c4.p-ao1d.

:H.e e:r:roct ol?
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(v) That lnoton1sation occurs rmTo'l"'sioly in A.Cid systm r!­

conta.1.ning no alkyl substi"t-i.;.ents on the )Y •asrbon atom if

tho ring of the la.atone so fo1-med 1.s stra1nen.. lhis has

been n·lmGd 0laoto•eno1cn tautomortsm, but only occurs in

the pure aoid or lactona then therm.ally aot1Yated.

(T1) Addit1on of ~ydrogen bramido to olef'inlc acids is

independent or the position or tho oarbo::cy-1 eroup with

.rospeot to tl10 double band o:xoept in tho case o:r the cfp -acids
whon the oriontotion is govorued by the la1>tor and rv...ults in

the production of pure fJ -bro:mo-aci<ls in all ca.sos, 'lnis

is not o.:t'f'eo1; .d by solvents.

( v11) , i.d.d1t:f.on o:r. hyd11obromio e.ciu to p '1 -acid.a dapu11.us on

to :factorn:

{vi1:0 The e:C'f'eot of solvents on tne d1x·eot1cn or add1tio11.

In hydrooarbon solvents tho o.o:f a behaves as a hydrogen estor}

the earboxyl group eontrols the reaction and the bromine goes

to tho r •(1.~. tho distant) carbon a.tor.a,, opparent:ly :rog&raloi."'

o:r alkyl substitut.ion. The direotion is the same as that in

the a.delit:J.on of hy,lrogert brom1do to 1;hG cot·r-osp<H1ding

olof.'inic es 1;er• In aotive ( ionising)solvon$s, as in ether,

acetic aid, water or alone, the effeet of the carboxyl group

is eliminated and addition procoos as to an 0le1in, 1.«

t.b.P alkyl substitution oontrol:; oriont tion.

(ix) The ert--cct of alkyl substitution oparote• in t:1e second

of the oases describea in (viii), and the e1feetis that

expected by o.pplicat1on of" tho law of lla.rkovm.ikor,. It also·

inc1~oatJos • tl:l<i> velocity of the 9dd1 tion reaotion

(x) 'l'he Y•lactone rtng is stabilised by Y-a11ql au.bst1tut1on
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due probably tc the a.lteration of the valency angle as describe)

Inclusion of a rigid molecular frame,ork in the molecule

increases tho strain on the laotone rin.g.,

(Xi) The ease of formation of the leetone ring i'rOll'J. the

correapondinz hydroxy-acid deponds chiefly on the stability

of the ring as atfacted bJ tJle faotors montione in {x) other

effects being negligeable«

(x11) The )«laatone ring ha.s no detectabl& struotura.J.. p~~or.
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nsities (g) and ref':raotive indcces (:!!) ar.o for

and !!,;;,B throu bout 1,1nlesf'l otherwise stated,

d20-4
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a:lc11t1.011s (J) were performed et 20} sna L10ltin • points o.t lrll'.r'

tcmpora1;ures are oorrecte~ for ~tom c1q,osaro •

..... l?J:RT 1; !>liEPARr+..TIO i.>e.

ill~f!_-Pontonoio oid..

Thla aoid , as vron rod by tht} usual Doobner
2%27

oondensation (cf. v. ~unin·.o, ooldborg and Li11stoad, L1ns1a,ad
23

and l obla ) an eonsistently good yields were obtained by the

following prooons:-·

P:,•Propione.ldo ydo "l!.\S rodistillod a.nd thn fraotlo:n

of bo:Uine point 48°- 50° was uood. 1 mol. of tho aldohy~to,

and. pyri(iino dried over potash (Jmol,) wore mixed in a flask

fitted with zood reflux 00ndens9rs, f o.lonic .1c:td (1 mol.)

was ten added, the whole well mixo, ana. a.llowey. to stand at

room temperature for seven days, the top of the condenser

bt)in._: loosely plugged to 1rJ.ni1.1d3e loss or the volatile aldehyo

hy draU@lta. The mixture \1as finally hoatt1a. an the steem

until all evolution o:r aaa had C<.k,.ned (a.bou.t tuelve huu.rs).

The r,sa.ction mixture -~ c,ooloo and ouretull_-"f acio.lt'ietl l¥1 th

conecmtrutou hydrochlor-l.c o.o iii { oxo 08., c..lculn.1;i_:,\.-.. on the

pyrld1ne used) until 0.01.d to Con. o rod. Thn U)'.>I>Gr lcyel of

una1turat Jci. acid was separated oif, ont1 th'i,. re~idual ay_ueous

la.ycr m<:tro.o ted four t 1:m.es 1 th eth<;ir, the on rac ts being aadao

t,1 the to11 layer. The whole was \1'fasl1od Otloo n,. th wat or t:ltHl

tho ether distilled off. f'he roaidttal liquid uae then



neutralised by the addi tion 0:1' bout 200 co. of water and a

s11gj1t excoss of crystalline JOdium carbon tc, nitb sh~kl11.. •

at intervals until the reaction ,as cor.uplcto. Tho .lkaline

liquid was ...xtracted twico ,n tl1 cthor to rem.o\r,;:. be.sic .:"1,.d

neutral in11ur1ties ( chiefly a.ldcllyde polym.e1•) •

11 ui~ t as thon aoidifi ed. 1 1th conocmtrat od hydroc:hloric ac1Q

Wld thw acid ohtainod from the solution by oxtt·s.ction w:l th ethor

as b~fore, the combined top luyor and ether extracts bein~

washed "ith wnter, dried over oaloium chloride; the ether

distilled offJ and the rmna.tn1ng aoid fraotion lly d1Ptilltn'1

in vacuo, the fl.1\aotion oollaoted boi.1 that boiling tt 1os1/20:. inis •.

The ao1d was fttrtf1e1,. purified by fractional fuc-ion. ih.e

d.1.stillato ~arj :frozen com lotaiy solid and the approximate

melting poir1.t determinod. The a.old was again frozen and, lce_p 1.e

0 0
in .t bath at 1 • 2 above this temperature for about half an

hour f)Xld. any 11quid drained off. The process was repe<:tted

until a hor;iogeneous acid , a.o obtalriea. 1rha acid was fi:nally

rodistill d and had the follo\vine physical properties :•

9 c:O•·> •

0.9905

• (iodine; 60 nins.) 2,7, whenoe [y]p
c•no• [[)µ

(11). PY -Pentonoto soid» .,. ').
Tl1e motl1ou of ... oxor and L1nstaoti, mc>&fied by 111..staud

23
and Iloble, :1e.s used ~'S fc,llo, s:

n,~tl1st1llt1d prop1onaldchydE.J (l mol.) 'lil~\s placed in

a dry one 11tra tlaalr \lnder good rfJflux aud to 1 t uddea
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tr1ot.l1anolmnine, tristf•hydroxyethyl}am1na) purified by

x~distillation, the fraction boilng at 220=1/18 mms. being used,

Slight heE-t was eeneratecl on mixing the fit.Yo li ...uida., J.\lC

m1xtu:rG nas chilled and malonio acid (l mol,) was addod.

The whole was at onoe very viorously shaken to got good

mixing, as the miccoss of the reaction appears to dopend

largel._v on this. In some oases tho reaction tended to

preseod rather rapidly at this stage, and was slowed down by

obilling the raixture in _ioe. Afte1· ntanding for 48 hours,

the whole was finally heated under roflux on the sterun until

reaction had ceased (24 hours)« Tl1e liquid Wflfl cooled, made

acid to eongo red with sulphuric nc1d (50; by we1gr.t) o.nd thon

workod. up as dosori.bed in the case of. tho ~r-isomor. The

rather vieoous liquid left, utter tho removal of the ether

wa.i; ·co.ro:fully traoti.ona.lly distilled in vacuo. In the

first distilla.tion, af'ter the pr.-pontenoic aoi<i ha(i bt:lBll

removed boiling at 9313 ms,, the d1ot:1 llation was eontinued••

On heating to above l0® the vacuum dl"opped owing to evolution

of gas (deoarboxylation?). After a ti~o tho vaouu.<tU was
0

·restored and n thiok yellowish oil distilled over at 182/22 1nm.s.

1n quantity, about 30% of the vihole. The residue 1n tho f!la.sk

was a very vious brown oil, smellimg strongly of unsaturate

hydrocarbons whieh, if present, had probably beon formed by

complex polymer1sat1.on and complete dooarboxylation. '11ho

T".ne high-boiling distillate slowly deposited needles and in

time (3 non·ths} beoe.m.o prao•ticnlly sol1d. 11:he solid was dratncu.
0 0

on a tile and ho.d m.p. 66 • 67 • Two recrystalliaatious
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'fro benzene and lie):i·t petr-olm.llll a·~rtce"a.. to yield the pure
0

solid in colourless needles meltirig sharply at ?4 • The

solid had tho follo in properti1.:>s:

iv lent by ba.1•yta 80.4; ,mm.--pletaly soluble 1n rrater;

soluble, with cntolution 01· oarbon diox.idr, in a saturated

solution of Rodium bicarbonate; oom.pletely unaffected by

alkaline potaasiu.m pormanganate solu1;1on even on lon.g standing;

does not abaorb bromine from chlorofo11m; ni trogon, mllphtn•,

and halogens absenu«

l?rom tho bo1i1n point the acid would appear to be

dibasie and would have a m.oleoule.r weigh1; of 160.e, \7h1ch

cc,rresponds to an aapirioal formula of C7l1204(l.= lCO ol) and
()

may bo a ..lutar1o 1.1u1dr prfably tbo synnnetrio&l ethyl glutaric
SS

aold. Komneuos obto.!ned f' .-et11yl-glutario ac1,1 by beating

1;ogother propional<lohyde, malonio aoid, and ~aoia.l acetic aoid
0

and reocros tho melting point as 74 • A nixed melting p_oint

o:t
O
the above solid wlth authon.tic p-et. ..yl-glutartc aoid tras

74 and this shows tho formation of a cons1de1--ablo portion

of f -othyl-glutaric a.oid during the above oondonsat1on.,

Tha /3Y•ponte1101o aoid. was redsitilled earefully,
a

and bo:J lad vary steadily at 9!3/13 mms., and hud the following

physical properties ;
0

0%5
0

93/13 nnna.

1,.4347

J.. 73 .6 whonce [i1l 2th-511 2
(114) d} «Putenoto,soi6; (trans-erotonoso1d),

2.&
The mod.1:f.!.eations of Letch and Linstead were appl1oo

to the original mothod or· Staudinger as desor1bed by Henle"- '1n
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tb.o follo .:l.nn ua '•
A. 200 e0s« round«bottomed flask was fitted with a

0
reflux Liebig condenser andd the whole tilted at 45 to the

vortioal-. The top or tL.a condensor carried e cork fitted

rith a dropping funnel and a lead«away tube, via a esloium

chloride dr-11ng tube, to a vertical 50 oc. pipotto whieh

passed through a. oork in the neck of a fi.lt.er :flask. ·rhls

le:tter m::s oooleo. in 100 and had t110 n1tle tubo fttted to a

calcium chloride guard tube« lour drops of concentrated

sulphuric acid were placed in the round tlusk and 30 o.o. of

paraldeyde added, Tho fla.sk ,.as heated gently on tho steam

an<i the n.oetaldchyde formed by depolymeriuution was colleoted

in 300 a"0,s of ether (dried over sodium) in the filtor flask,

Paraldohyde was ruu in :rrom the drcyping funnel at the scmie

speed as the aootuldehyde distilled over. About tour m.ols.

of l)nraldohyde were used. To the ethereal solution o-r pure

aldehyde oo obta.1nad were added pyridine (y*3 mol.s.) arul

·malon1c o.otd (1 mol.) and tho nhole ullowecl to stand unc.cr·

reflttx. 1n ice for 48 hours, at room teniporature for 24 hours,

and finally the c·t'tlor was distilled ot"'f rre:ra the rA1xtu.ro on

tho steam and hoattng continued ·until no f'urthor ovolution of

gas occurred (15 minutos). A little water was added to the

coolac. llqu1.d 0.11d it was made o.oid to oongo rod by addition of

011 excess of oonoontrutod hydroohlorio acid and ooolar1 111 ioe.

Tl:rn solid ~oicl ernpu.rating was filtered off and a small amount

more was obtained 'by axtrac tion of the aqueous liquors with

other in the usual way• Tho acid was finally :purified by
0 0

reorystallisation from light petroleum (b.p. 60 - 80) and



obtainc1d in 00/ yiela..
()

1"p• 72%5 J. (bromine; 30 ta1nn • )
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E. 86.2 (oalo. 86.1)

(1v)fyamutenoto soi0 (Vinylsootto said.),

• 'l'his aoid t &a synthvsisea by a rt1ethod originally duo

to Bru.ylantl:P' but oxtonaively .-od1f1ed and ilnprovoo by
23,

Linstend 011.d. oblf.l'. The method depends on the hydrolysis ot
allyl oyanido in the oold by concentrated sulphurto aoitl.

Th~ roaction tends to proceed with violence, but if carai'ul.17

~ontrolled 1n 1ts·oarl1ar stages it givos ver:1 consistent yields

of puro rr•butenoic aoid.

illustrated as shown:

The methoc1 Olm bo d1egrtillll~1;1call.y

Clt-r-=Cl! -CH2 •o, tJ.
-e (i)

(,'UC.. > CH,= CH-CH, • CN
F.Cl ~ (ii) w

CH C1k .COoH
{111) "'' ~

Tha a.11:v·l aleohol was prepared by the mevhod of
5%

Kamm ·md lla!""-tol, r. om focmio aeid and glycerol in the usual

wa';}·-, no deo:r.11ip t;1on of tl10 11repu.r·at1on ia necessar-y liere,.

A..llyl oy,a.nid.e (ii) was prepared directly from tlle allyl alcohol
. . f>7 •

(1. 1 *uy tht1 rnet..11.c.>d of Dre0kpoi« Equimolecular amounts of 70..

alcohol, o~ncer.1.trated hydrochloric n.o:i.d, and cuprous cyanide

were :mixed in o tlttaa litrt~ flunk fittcu wi•th a roflux

condenser, using 260 g.,, or allyl alcohol. Thd wno•le 1.7as her..,.teft

gently on the steam bath ni th good shaking, earo being to.ken

that the ret..otion dHl not get ou1, of oontro: • fter lg hours'

rofluxJ ng ho.cl practically omu.H,d. and the roao tion hna. tinisile.cl.

Tho .·rholo 01" th.; cmnt,entn al°' tho flu:ik wore thon :poured into

atir:rcr, a..-rid tho liq_u.id oomplt3tely dist.1lled oye111 froro an 011
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bath at 1-1-0-150 .. The stirrer was essential, to stop the

ell loriden of oopper formed durin the reaction tr.mu clog ing

the flask and causing"bumping"» The distillate formed two

layorn, the uppor one oonsiating principal.ly of allyl oya'llids,

and being diatillod '7i thout t'u.1~tl1or treatment, 1,ne fractions
0

oollootod bolling bolou o.nd above 102 • ~ho tn..,ot1oh below
0

102 as chiefly unchanged alcohol end was usod in nubsequ:ent

preparations of tho oyanido. The lower (aqueous) layer from

tho orude produei was extraoted four tines with ether, the

ether distillod off, and the residue distilled into the two

frootions dosor1bed nbove. Tho oomblnod higher fro.ctions
0 0

vere redistilled and that boiling over the range 112 - 120

:ras oolleoted fl.B pure o.llyl oyo.nido, in 67% yieltl. {oaloulated

on tho cuprous oya:n1de).

The hydrolysis of tho nitrilo uns carried out in the

following manner% 30 g. o:r allyl cyanide (no more) were

weighed out into 260 a.c. conical flasks and cooled in 1co.

To it was added, a 1.1ttlo a.t e. time, an equimoleoular amount of

concentrated sulphuric acid (24 e«0,s) cooling betweon the

additionv.

hours .of tho reaction as any oxoossiva local overheating above
0

about 40 promotod very vigorous, ulmost explos1ve,·reaoticn,

loading to oa1"honisation and ruination of the experiment,

Cooling in 1oe a't into:t'Valo uus 11eoessacy, although prolon.:;;od.

cooling mtoirely inhibited. tho reaction and postponod the dar-lgor.

Tho ViLlCOUS 11qu·1d fox-raed as a1lowod to at.tmd until all smell

o:r ni. trtle !ls.fl va.ni.shed and tho whole had fomoa e hara glassy

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



WM tl' at 1th a. eight of water e ual to that of the

sulphur: c acid usoa and llot ea. to lissolve, The olution was

then ha t d under reflu.x for 40 minutos on the otaa.'l1. on
coo11n the top layor, ot the pf•l'Yt1tano10 ao1d mixed with a

littlo aulphurio acid, , s s.paratcd, and tho loner, a_uoous,

layer #as extr..aoted v. 1th other four times. The ethereal

f.nt.t ro.ots r ts.d od to the to lay r0 tho 11ttlo sulphuric

o1d iiha.t sopa.rated was raraoved, tho t:ltltereal solution washed

with ator, dried over oa1c1um ohloride, and the eth~r d1st1lle\

of?• 1ho rvsidual 11WJ,14 was t,11ce fractionally distilled in

v ouw , e slight 1o fraction being collectod :f.n the first

d1ot111 tton, oonsistin of uncba.nc;od n1trilo, and a um.all

undistillable residue re ·a1ned in t,hc flan1;: which, acoord1ng

to B:ruylo.."" t?~r'ls crotonamido. T'i.lo yield or t.he ;pu:r·o o.c:i,d ns

vor,r conaisto11t at 29%% to 30%, possessing the physical oonstants

quoted below«
0

1eD• •35%0
0

b.p. 69/l•. mm.s.

n 1,4220

d 1.oouo
, 77,o, onoo []p
Ethylogtorgf the A)-butenoio soi4»

21,66 (oulc. 21.../4)

'"This ester has been prepared by Bruylants by a method

r:h1oh seoms rather unrelivbl~,- <iu\3 to tho groat ta:ndo:ocy ?f tbs

/5-u..a_id to tautomerise to the d •a.oid u:nclar hia oondit:J.ons.

1'ho ester was consequently prepare by reaction battveon the silvexj

s lt of the pure acid and et'.)Yl iodide. Tho silver salt was

obtained by adding a slight calculated excess of silver nitrate

solut:ton to tho aoiil (oxuetly neutralised vith dilute o.mtnoniu.ra

hydroxide) and, in this particular case, by au.din o.cotone to



the 11 uid to aid precipit tion of the salt which ap ears to

be '10IJ.ewhat soluble in water. l'l1e solid ,;.as obtainci pure

nnd dry in the usual way and boiled for 24 ho-urs in sodium-

dried other uith an oxcoss of ethyl 1odido. Tho silve1 iodide

W8.s filtorod off, the ether rut1ovod, and tL.e ros1due fractionally

distilled under at-mospherio preosuro. I'he ester was found to

have the tollo,ing pl1.Ysioal prop~rti s:­
o

b,j,. 124/'164 mms. n. 1.4102

• 0,9192

vlhonco [y] 80,74 (oalo, so,98)

J.!14--.tso.~9.! c ao 14.t,
Thia uo1d o s obtained by condensin0 !e_q-butyraldo~y~•

0 0
( rodisti lled b.p. 61 • 66 ) with ma:ionic acid in the presence of

excess pyriclin.e it> on axo.ctly ,,ira11ar ro&rmor to that doscribod

1n the preparatio11. of o(f-pentonoic, acid (eompare Goldberg a11d

Linet al1). It th~ obtained o.s a colourloos mobile liguid

liUl the following physical constants:-
0

1•De •32%0 1So 134,2 (calc. llt>.. -,1}
0

b«po 105/11 llllllS• ;r. (iodina; 5 rJ.ins.} 0%9%

(v1)Ay-tso-jexonotoaoig.,
The equilibration of the (~isomeride by boiling

I
caustic potash solution undeI tho oondi•tione o:f Linotaad wns

217
sllovm by Goldberg and Linsteq.a to give an tr.aid \71 -.~h a high

percentage oi1 tl1e ~y-irom.or, and the 1.netl1od is based upon

this faot•.

c{~•i.AQ....Hczanoic a.o id ( l mol") was boiled under reflux

1n a copper flask with "ten moluoular pror,ort1ons of. 2tip aqueOlls



potassium hytroxide solution for&: hours. The liquid mas

cooled in ice, and ve17 carefully ao1diried with a slight

ealoulate excess of 15 hydroohlorio acid, oaro boing taken that

the solution did not bocome arm, as tho ~reacid fo:t-m.s Y-l.!.2.­
hcxolactone :,ith wxtraordinary ea.so 111 the I resenoe of mineral

a01, The acid ,fas extracted 1mmod1ately with ether in the

usual way I the etlloreal extracts washed with water, driaa, the

ether distilled off I and the z·eaiduel acid d1<3t1lled in vacuo.
part :t'rom l.. of lo fraction of pronou'codly laot ·nio odour,

A. 0 ()
tho acid boiled steadily over tho range 100 • 106/12 ruras.·

The d~ •aoid present was removed by partial esterification

undor L1natoad1s oond1.1o '" •:ts follmrn:- To tho 100 gms of·

aoi~ obtained from the above process uere added 100 ocs. of

r a.lcol1011c hydrochloric acid sol.ution M.d ,100 cos. of'

nbsolute alcohol. Tne ~sll-mixad solution was allovrnd to

st ma at the temporaturo of the laboratory for 5# hours, Tho

dxturo was then poured into at loast three volmnos of water

containing an ex0ess o:1:' sodium carbonate in solution, 8l1d the

estor allowed to senaratecl a.o un upper la.yor. A little ether

was added to aid the separation but no attempt at ox.traction

, as made as this would :tutroduoe alcohol into the oster layer.

lhe upper layer was removed, the alohol present in the aqueous
0

layer was distillod. off in vaouo from a bath at less ·tha:11 50 »

nnd a small extra runouut of eater obtninen by othar extraction

or the solution. l'he oabinod otllereal solution.a of ester

were dried, the ether remove, and the pure fy"ester was
0 0

d1st11le<.1 in vaouwn, boiling at 70•74/17 n1ms. FTOm this the
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acid was obtained byalkaline hydrolysi>.> in tho oold. ~.-1a

est ...r ua...; mix d nith 10 a ueou.... caustlc pota.sh solution (2 mola4

and ou.fficient absolute alcohol added to rondor tho tno layort.

co pletely m.tsoible. On sto.nu1n ovcrniaht, hyarolysis was

co lote, there being no smell of or;tor, and no precipitation

of tho l.atter on dilution of tho reaction tlixt tro ith \ ntor.

This liquid as diluto • t 1th an oqual volume of water and the

alcohol removod at the pump as previously dcsoribod. I'hc

r·eaidual ueous liquid as acidifiod with hydrochloric acid,

tho prooautions descrlbod hove boing taJ:;:;en. Tho uppe1" ac3.d

layer was removed and the a lUOOUS lm or layor • ,J or.tractod

four times with ethe1 , the combined. ·top layer an ethoroal

extracts washed with vater, dried, thr-: ethor distilled off,

and tho residual acid distilled 1thout x·· • ov 1 ,.f laotonc·.
0

...no acid boiled at 88/6 ms•, It was free from lactone by

allorrinc to st ud ovoruigl.1.t ith 50% 0x0oss oi"° sodium bicarbonate

solution, tha resultin,. liquid tho,roughly oxt:r ot0d. 1d tll· O\,hor

to romove all lactone, and the f'J•-'oid finally o~tuinau. puro

by acidifying tho 1ce-oold solution with cold 15%% hydrochlorio

aaid, inrned1£.tely extracting tho cid several times with ether,

working up us a.l10ve, and f'ine.lly rod1still1ng tllo o1d. I·t

wes obtaine in 50% yield from the o({-=o1a, and had the

following I>hysical propert1or :•
0

7«p• •2 %0 !3• 1.4455
0

bep• 84/4 mms. g• 0.9750 •
..• 114.2 ( ca.lo·. 114.l.) » 33.15 (co.le. 30.98).

• 93%5
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.(Vii.) ~-010J.9l.!~f.en0 oarbO,!lltQJ.£!.sl!.

Tl1a mot11oa u,.., d for tho preparotion of thin cc1d

t as, d h'ifJ beon m!mt1onedpr JVioualy, of a nm +v·po tor this
32 33series, the older athods of .uncl and linhorr 1 m. be1no

u.se. Vo,?1.oua srmll tost expert ento were first pcrfomod

and those 1nd1o~t tho eon.oral metl1ods of p111oeodu1'n t>irutlly

adopted« Ille method usod was as follo s:

0 C" on: CN OOgI C0gJ,, \ I ' I V 'C '-1 C r, ,......,.
V Iv,I \ I ' I ~ /Sc...J CH. . CI!2 C ~ 0H lt •.) (,H'. L ~ ',, ->'', ~

...,_,.,I ..., 4 -, I I _., f -) I -:> I
CH¢g I J ~IOI') (; -~ CHµ 0Bg e Cilg C.. {"-

,.
J " ,..,,~ v.

I
.., _. I ~ ,j I ..,

' ' ' ' I
" IC ig Hg CHg CHg$. ·•

(1) (ii) (iii) (iv) (v)

By this process tht /® "ao1ad {iv) Wa8 obtUcinoo. in
0

lo.1'co v1hito ovorlo.ppin plate~ olting at 38 • The

oyanhydrin of ,!ll,ClQ_}"l x~mono had b·1 ·
5"i Sq

notably by Buohcror, arbour100111
marzon, and RL1ziol{t1 and Br,j_ggoif

pr~pa1"ed mw1y timos,
IA

Uarkown1kow and ftmJ.rn.0";1,

tho mothod eenor3lly usod

being based on the o.cidi:t ica.tion of a mixture of the k~tone

and a conoentra ,.ou aqtloou.s solution of potassium cyanide 01th

:rninoral acid undor v r-lous condlt1ons. Thf) mothod nctu. 1.113~

usoa was darivod fro tho aoovo oxoeriments and w w as follows«

262 gma of _[yolohoxanono \ ore eieiied in1;o flask and to 1 i.,

nddcd u ooncontr3tod a[Uooua solution or pota:-.sium cy: tnide

(BOO G• 95 single s .1t in c, 450 coo• vro.toi-) • The flask was

:r1 tted uith a clropp1ns flmnol and load-away to the draught%

'I'ho r.lixturo uao cooled iit 1ctl and 34C coo. of conoon.trateo.

hydrochloric aoid1 cooled in i00, were run 111,tn a. t.h:ln



stream with shaking• G1--ea.t c re was ta.I;on to k...ep the liguid

oold, as, if heat be generated in the preseno

the kotono tends t.o condense to h1c;h-boil:i.ng oil,··•

o$u,

for a

few hours' standing the liquid was filterod from the potassium

chloride formed uur1ng the reaction and th.ts 1 tter , ell washede

The upper layor of on1de cye.nhydrin 1n tho fi'l;rutc \ an ramov~il,

and the a ..uoous residue oxtrac tod t roe times with ether. The

c0r1l11nod uppor lcyor an.a ethereal extmcts uero thoroughly

dried and tho other ~1ot1llea. off. A thick oily liquid was

lath; a samnlo of this was distillo in vacuum. and bot1od
0

steadily ut 101/3nms., the distillate freezing in the rooeivor.

As a certa:ln ornount 01:· deoor.t1posi t1 on a.ppo..,.ro i to ooour, 1 t vas

deciderl not to di.still the r •st of tho oyanhydrim, but to

dehydrate tho ontde liquid.

ms used hora with slight modifice.J;io:na. The eyanhyrin

obtained by the abo·~re proeeos 111·1s dissolved in an equal volumo

of bonzone and dr1 od over sodium. aulplrn.tc. The filtorod

solution was plo.ocd in a dr.v fluak :t'ittod with a r\1flux condenser·

and lead-away for the gases evolved« Ruzicka and Brugger

rooommend that the thionyl chloride used for the dehyoration

br; t.uldea. .Jlouly over the spaco or throe hours, the slgution

bo1ng mechanically s·t11"rod and cooled in o. freez1n€ m.1xtu1"'6.

Th se rcfinmponta wer~ found to bo ,.umocos..,ary. 520 (8« of

thionyl ohloride were added to the benzene solution and the

reaction alloued to prooeod in tho col.d overniaht: • This was

co, plated by heating on tlle stoma untitho roootion cease, (s:l:.c

hours). 'i:he flaok mas cooled in ico an.a. ico added witt~ r;ooo.

shaking to remove the last of the thionyl ohlorlde. '11en t 1is
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had be~n oom-pletely destroyed, the.top ben.zono layor 1us

removed and washed free of acid Vilth lOfe a ,.uoous oaust.ic sodi.t

solution and then with v,ater. •,.11e solution '1a'"' dried ru1d Ll (:;>

benzene oarofully removed at the pump from n bath at less thWt
0

50 • the residual crude unsnturntec1 nitrile was then

distilled in vaouo. The low fraction col.teated, that boilin~:;

belo~1ooi34 mms., oonoisted of :lllixe1oenzone, !'X.tlQ.-hoxanonc1

and unsaturated nitr1lo. The main fraotion.wn~ collootod
0 0

at 96/27 mms to9l/17 mm.s., only u sinall reaiduo·be1ng left

in the flnsk. The mn.1n fraction W!...o rad1.Gtillecl • and the

oip•unsaturo.te<l nitrila 1.e.s obtained in 63% yield from

oyolohexanone as a colourless liquid boilinG ~tead1ly at
O

86/17 Im'.n.s .. It rcsmbles beuzo111tr1le in its odour, but

possessed a sharper tang«

The unsaturated e.c1d rms obtained from the nitrile

by alkaline hydrolysis. The nitrile was boiled with TI70

~rolecular proportions of 10, aqueous potas~111.m hydroxide

solution under reflux condenser unt:11 the evolutiot1 of

o.Iti.t'tl.Onia ceasod. The nitrile dissolved in the liquid in ·three

hours,. (probably forming the amide) but seventeen hours

boUing was needed to oon11 lete tl1e reaction. On theorotieal

grounds, 1t was assume tl1at the ao1d. obi;ained from the tillOVe

would undoubtedly be tho equ1ltbrtum mixture of the ofp • w1d

pr-ao;as {1v) and (v) 1 but that the ratio of c(f •aoid -to

p,-acid wGUlrl be greatly .in fuvour of the qp •uo_id. rt:ho

",.ydrolysis liquid was cooled, made slightly aoi 'by ad.d:i.tlon

or a oaloulo.ted slig11t oxoess of aulpllur1o acid. Tho ro ids



61

separated as an oil on the liquid, and were distilled in steam

to remove tr~oeu of hydroxyaoid, etc, fon~ai during th~

boiling 1th potash. Tho volat1li ty of the ao1t1s in steSJn ,

1 s small, 9 1:1tres of' disti llate being colh:ct:Ai f'oi• the

acid from 100@m5, of nitrile, This was neutralised vith

sodium earbonate, and tlle volUL1e reduood oonDidcrably by

eva.porat'ion on the steam (which also servos to renove volatile

basic and. neutral impurities}, and the alkaline liquid tllan

oxtracte iv ice with ether to remove tho lost tro.oas of tho

lest-named ~ubata.11000. 1'he liquid was then 1uado acid to

oongo roa w1th onncentrated hydrochlorio aid under a layer

of ether, with stirring• The cthor servos to dissolve a.1m.y

a.n impot"'V'ioua sl,in of tho unsaturated aoid that otherwise

for-ms on tho solid double (*'ao1d") salt which is for11od. 11'tJ.e

top loyor was rurnovod anu the residual ~olut1on oxt1~acte<l tour
times with ether. ihe cabined ethereal extracts were washed

with water, tho solution <1ried, and the ether d1t1lled off.

The aoid _vras distilled in vacuum, there being no lotJr fraction

and very littlo high roaidua, the roquirod fraction being that
0 0

boiling at 107/3 ro:m.s. (138/14 mrna.}. The distillate solidified

to large overlapping plates of the/leglolohexene carboxylic

·o.o1d, although 80l'!IU oil WU~ left, bo1ng in1xedti -1-and h•2.-acids.

This subatanoa had equivaleut weight (by boryta) l}J6.8 {ctt.lc.

tor tl1e acids roquired 126.1).

At th1;; time that this propa1"aticm was bein,:')

investigated the pure fr' -acid ho.d not been obtained, and so

uny halogen additions oould be expootad. to give only an
approxir.1at~ value for the a.mount ot tlle ~'( -acj.cl proson.t •
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Ho. evei"', \i11e se li-colid aoia. \7as sepe.:::-ated. into 1ts two parts

by filtra.tio~~, and the solid aoid drainel on a tile, imtl

:l.ouinrJ additions dona on the three samples for one hour, (Jyl•

i.xture from the preparation. •

• "

'f 21%z
tP 15.8
... 31,8

olid aid, filtered and tiled •

druinings from the sol1d••• •

Owing to the small 1od1ne additions, the a<ldition of bromine

in chloroform wns then tried, and the values from these addenda

are given in the above table as J,•
"'

'fheso 1nd1oo.te that the

8lil0Ul lt of the rr•aoid at equilibrium doos not exceed 201~, "s

this acid. oan be considered almost certainly to add bromine in

chloroform to very nearly 100% in 30 minutos, the time used,

vthilo the c4p-acid may also o.dd it, but to a. much less o,::te:nt

in thla titlie. 1ihe method of f:ilterin, off the solid f'rom

tho distillate and draininr it on a tilo did not seem to give

per:reot results as tho le.st trnoea of 11<;LU1d oould not be
0

rL,movoa by this metL.od, while the eeid (m..p.35.5 ) ooulitl not

be reOI"Ysta.llised :from. any solvent owing to its tendenoy to

superoool and form. an oil. J;yentual.ly the p(•a.oi(l present
was removed by partial ast~rii'ioation aocording to tlle method

'of I~nstead but using amaller proportions of the esterifying

the esterifica.tiono per.foI11uecl were rather drastie,

and removed some of tho ~r-ac1a t but ensured the r1,}~0-vul of

all of thef-aoid and yielded the dP-aoid in a high state

of' purity. Tbs acid was rrJ.xoc1 with •U1 equ,11 volume of I'J

alcoho_;lic hydrochlor.1o ..,\aid and tvtice this volume of absolute

et.l<JOhol., In the case of the solid portion or the produot,

·the mixture waa allowed to st and for three hours• heated on
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the stoa.-m for thirty inutes under ref'lux, and the 1 ixture

poured into threo Yolumo.s o'f an aqueous solution of axoess

sodium o ix•hon.a.tc. The upper layer of oster vms removed; the

aloohol present in the aqueous layer removed at the pump, and

the last tra0os of ester extractea .,ith ctn.er. 'fhe pure

aoid wns obtained on acidifying tll0 u<.tueous soluti(,m O.$

(11scribed previously, under ether, -sepa.rattng, extructinr:;.

tho acid with ethor, ,,a.shin t;he combined otllereal oxtraats

1th uater, drying the solution over aaloium chloride, rutd

distilling off ·t,hc other. he acid was finally distilled in

vacuo. ore pure 9[ «aeiad was obtained from the drainings

by esterifying them with the srune proportions of alcohol anu

acid tor eigb.t hours in the oold and :for one hou.r on tho s·tea,a8

Tho liquid Wt.:.t3 worked up 1n t!la sarne way and yieldo(l Ol'l ao1d

identical in properties with that from the solid portion.

Pure A~l•Elclohexene oarbo:x.:rlio aoid is characterised by:•

... ure aoid from solid portion

• (oalo. 126.1) 120.1

J. (Bromine; 5 mins.) l.8
0

The puro ao1d h ta m.p. 38 ~.

l'llre acid from dz·n1ni.ngs •

126,2

rho acid 1mpu:r1i;y that had been remove<l &a eater

was recovered from ohe distilled ester by alkaline hydrolysir-1

in the cold in the manner described for fY•!.2.2.-hf;\Xenoict ao1d
0 0

(p. sf • ) Tho acid wo.s distilled {b.p. 139 - 145/13 mzu.s.)

ru:1<.t :aissolved in throe volumes of dry clllororonn ana the

liquid oooled in a f:t·eeziug mixture. To it was added drop by

drop, a solution of bromine in the same solvent (10% by volume)

Wltil ·tho colour of: the br·omino in tho reaotion mixture was
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just pot·na.nent, a hite solid ha.v:ln , com nenoed to separato

tm.ards tho end ot tho raaot1on.

a.t tho pump, and th... tillto solid residue was recrys' aJ.li . .cC-. •

0
fro.. ben.zono 0110. petroleum ether, This had m•p. 167%5 ,

both alono on admixed rri th puro dibro:mocxc1d obt i.nad in t..

siinilar ay from the f'/•a.eid. This sho, s tbat thL; ~f-ecdd

has equilibrated to the /3'(-it;ono1·1dc under tl.e J.r1flue.ucc of

boilin f-ilkaline solut1011. Tll.e am,unt of Pr-! .ciJ so :rormo. •

1:.0\:'Jeveij;, ao small and could riot be conveniently- us0d as as

pr.oparutiva motlloa •

thy oater ofA•l•Olcloho:g:011 carboxylic aolet..

'l.'h.1s w -~ t1'1da from the silver salt of tho 1,uro 1oid

arid othyl iod1llo a..") doscribf)a :tor the oam.: of tho ostor of

f 'lf- .utonoic acid (p. 5"f 1, althouB}l it uas not; found

nocor,sary to usn • cotont. as a preo1pi~nt:f.n\.. aeon~ 1u thio

08s0 Tho ovora.11 yteld ot the ester was 73, 8 rri.nbilc

lig_uid with the usual odour of unsaturated esters combined

u1th i;he odour of ethyl benzoate, and possessing the

physical proportios g1,ron bolm.•
0

bop• 96/16 ms, A• l.4?00

»noo f] y 42,98 (0a1o, 42,63)

(v411) 4 -8-9r9loj{eon0 oerbozylicso1de
For the preparation of this acid ~evora.l methods

. 3(,
rere trio, the f:i. rat being that or ~son.nu. llifl cx.,11di.tious

t ore t'oproauoed. as nocur toly a.s p-ossi t.llo in the folla;t1ng

way ; 50 C,Uf-le or ,r/½nzoio a.aid \Vore d.issoJ..1:1ed in 250 o.o .a of

10 caustic aodn solution, and heated on tho otomn under an
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e.ir reflux oondonscr, 1tn passo.. e o:f ca1...bon dioxide thi1ou__..a

the 11_u1d by o wide glaa tube. 12 O ©1lS of sotiium m 1~

ore o.ud a in three equal porti. ons, tha 1·0£1ct1on be:tn o.llr Pe

to finish in each case before adding the next portion, The

liquid ta..., coolea, the meroury removed, and the residual

11 uid o.o1d1fied by addition of sulphuric o.c,id, the org~ic

o.o1d bein obtained by fol.tr extractions hitll. ether-. Tho

ether was distilled off from the combined extracts, the aoid

ro inin being dissolved. 1n the above amount oi- caustic

sod solutlon and the process repeated \,ith a second 12 O gno.

of o.malgam. On recovery of the acid in the usual uuy,

sehan claims th the obtained un 0111 porma.nontly liquid.

The result obtained by the procoss #as a semi-solid mass,

still r.;onato.1nin . considoro.ble p:r:oportion of' uncho.naed

banzoic · o1d. 1110 roduct1ons ,; ore continue in this w ay

until a permanent oil .as obtained. After using about 10

kg..(]. of amalgam t is stac;o uns :roached, 'but tho oil

contained only a. li'ttle of the (1f-· o1d1 extensive oliango

having oocurred. to the off•iSOYJlOr. he motl od \'.las triod

repeatell.v, but uith disappo1:!lt1ng results, Slight

va.riationo wa14, alc-0 iut1:oducod as, for :l.nntance, tho

boiling of tho solution over i." flama, but no apprea1a1Jla

amount of the desired aoid was obtained,

The ne~t •.:.ttempt 1,o obtai .. the acid was based on
6263

the work of Herman and also ettler, on the reduction of

aromatio com1,ounus it1 oolls. The apparatus finally atloptea

was as follows: the anode, a corrugated leed sheet, was

suppo1'ted in a poroua pot containin • tho anolyte, a 10,



aquoous solution or -.,odium sulphate, whioh -;as kept neutral

durin the passage of the current by oocs.sional addi~ on o:i

concentratea caustic soda solution. The pot and its contents

were supported in a beaker, the bottom of which was oovere

by n layor o~ mercury. This was the katkode, connection

being made in tho uaunl way via t. pieoo of platinum wire

fused through the bottom of a glass tube, and dipping into

the meroury« The katholyte was a nor.m.al solution o'f

oaustio soda in which was dissolved the benzoic acid,

wa.a .stirred vigorously during the roaoticn a:,1c.l ,as cµsc

Thio

providod with a thermonetor for use at elev ..t0d torapor£?.tures.

At :first the strictly kathodic-1 ..ydrogc-m method of

roduotion ,iflS triod, \?Orking at 18 volts with i stoc.dy

current of 5 amperes over s meroury surface of 3500 sq• 0ms«

no -reduo-t1on 1.as detected ovon aftor long po.ssaeo of eurrcnt
0

in tho oolcl. The hole cell :m.s warmed to ao but still 110

reOuction occurred. ilso the eff<:;ct of p:.Uh:.rnl.gt-l of carbon

dioxide :ms triod in botb. cases, but wi th 110 rosul1~. The

currant dens1ty uas then in.oreasod by reducing tho size of

the merotU\f surfac'O' t,l 10 sq. ems., and the 11c1- current

density was tried under all the conditions described above,

Ho -roduotion oocurrod, tho only difference between the two

sets of conditions being that at the higher current density

0011.d lumps ot sodium emalgan1 :ronned 1n the mercury. In 't,he

fuoe1 of tlle above results, o.ttenipts E.tt electrolyti.c reduction

ware then abandonned and attention onoo more direoted to

roductions by sod1uma.malgam.. No roduotions in aoid
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solution, o:f' course, are possible aue to the fact tha:c umicr

th .se cond1tions the -COC't . g1&QUp o:r tho benzoic acid is

preferrentially reduced to «ig•OH • After throe test

e:q,eriments, the method described below vas adopted. 15 ems.

o1 benzoie aoia were dissolved in 75 00s« of 10 aqueous

sodium hydroxide solution (which is a very slight exoess over

tho amount required to neutralise the aoi) and the solution

plaoad in a 250 oo. flat-bottomed flask fj~ ttod with a reflux

air ccm.donsor and a wide tuba dipping nell into the liquid

through which a steady stream of carbon dioxide was passe,

5% sodium amalgam was prepared by plunging 150 gms of sodium

in 0110 lump into 2850 @m8 0f warmed, dry :m.orcury in un iron

mortar, and 1nnnod1ately aoverinN tho lattor v.rith fl heavy-

weighted lid« The reaction was very violent« The amalgam

rm.s allowed to cool and broken up to pieces tte s.tze of a

large pea. The·aquoous uolut1on of sodium benzoate, was

heated in a steam bath and 150 gms of the amalgam added%

After tho reaction had ceased (about rive hours) the mercul~f

remaining was removed and a second u.ddi tion of' 150 t,,;tns or

amalgam was made together ·with 60 oos. water. The process

was repeated throe times, after ,,h1oh the mixture r;a.t.; semi•

solid with crystals of sodium oarbonato. It ua.s oooled,

oorof'Ully ao1a1r1od with sulphuric noid (GO, by vo.luma) and

tlte silicc.1. a.lloned t~o settlo. Tho organic material was

extracted four times with othor, the ether diottlled off,

and tho 1--osidue, ·,hiot. ~d tho cousistenoy of htttter, wan

dissolved in 76cos. of tho eausti o soda solution an the above

pro0ess repeated, the exb.aasted mercury boing removed ea.oh
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iim0 bofore the addition of s fresh portion of amalgam• When

a O :r.n.n. of an,algB!ll llad been use+, the aciad resovere was a

porLTt:'man~ 011 o.nd the reductions were stopped. Continuation
I

would undoubi;odly 11 ve produced more /'Y..icid, but there uould

o.lso have been a notable incrca.eo in tne a_n,ount of' tho ~ p 4aan 1cl

Tommed by tautomerio change« The liquid was dried in ethereal

oolut1on, tho etbor d1;.;t1llod off, UJ."10. the crude oil d1saolveo.

in threo volumas or dry chloroform, tho solution no obtruneo.

boine cooloci in freezing mixture« To tbis was e:.dded s1.owly

an iith ahak:f.ne, a 20 (by volwne) solution o:P brO'J:nJ.no in

ohlorot'onn, tho 't halo bo:lng kopt quito oool to 1nh1b1t.

aubst1tution 1n tho ring by tho tro!!dno , end also tho

fo:rrnation of dibr.01Jido from cny ~r•acid pro~ont. The solid

2"o-dibronoegj9lohoxane carboxylio acid soon began to separate

as .. h11ai cryot, lllue oolid, • dd1t1on of bromine being

0011t1nuod until tho colour of the halogen was pormancm.t fox a

f., ..inutou. rho solvent was re noved at room tompe.:t-'(l,i-.w:c • t

tl1G plp]lp, and tlw rrh1ta rio 11tl runnin1ng wa.ri ua$hec1 o;:rt with

. potrolowu other ·-md fiJ:tcred. One 1~erystall1sation of this

soHd from b·e11zenc and pe·troloum rnlffioe· to yield tlle pu:t'1
0 JJ

2 ,8-dibromo-acid, mop. 167,5 (of, Aschan; from this solvent,
oo

m•p• 165 3 from glacial acetic soid m•p. 166 )• Equivalent

found 285.n, (oalc. 286. O). Fit·toon runs or the a.bovo

proccrm produced , from 225 gra.s. benzolc aoitl, J.60 {!J;J.S of

puro roorysta.1llaod d1brorrd.de,.

ho pure ~y'«soia was obtained from this as follows:

eo l~• or the oolid wero dissolvt,cl in aooc.c.u ot o:.baolute
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o.J.cobol in u :rl· ok i'!tte\4 u1 th a reflux condc11se:r end inlet

tube to allow the, fla.sk to be fillod '71th n:t·lil'4Jgen, a.J i;he

a.nid upl)oo.rs to bCJ naneit:lvc to etmosplierio oxygen. 50 gs•

(2 noiooular proportions) of' zino dust were added and the

whole allowed to stand with oocn.sional hant1 shaking for 30

ro.tnutes. Dur1n this t1.mo tho tcmpcruturo of tha roaotton
0

mixturo roso to about 60 • It was then heatet:1{1n en inert

e:twoaphore) on tho stoam for 45 minutes to onSUI'{l complot1on

of the reaoiiome Tho liqu.td t 1s oooled, filtered from

oxo s~ z1no, G:.O.d tho filtrate pou1..ed in to ·threG volumos of

a. sol.ut1on of oxcos. sodium. carbo11nte. 'I'he proo1p1ta ted

zinc ce.1~oonate w!lr· filtered at the pump, arid thoro1..1gb.1y

washed by shaking several times with water, 'rho filtrate

and wosh:J.11P-s wn1--o ext~ oted trrlce rr.1 th ether to romovo basic

ed neutral impurities, and filtered again from the zinc

oa1:bona.te thro;m down by the other ei:tract1 .n. lt TT9..£J

o.c1ai:f1ed ith w.tdrocl1lorio s.cld, o..ud crtrno'toci five times with

ethtff. 1'110 combined extracts \"!ero m1shed w1oe r1ith brine to

remove alool ol, drtcu., the ethor distilled off in an inert

atmosphore, and the residual ao1d distilled in vacuum. in .s.ll
0

atmosphere of nitrogen, havine; a boi111tc point 124/12 1ums.

EqJliValent of the a.old (by baryta.) 126,8 (eslo, 126,3)« It

wes obtained in 84% yield as a colourless liquid, smelling

11ke the pcntenolc acids, but not ao s.tro11gly.

Trial experiments were mado to find the best method

of halogo11 addit:J.on,~ Tho percent%~ additicm of iodine in

potasoitm1 iodide solu•i,ion to the aoid il'J soa.ium bioarbona:t·c·

,as too am.all for practical purposes, ond so the addition of
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bro11tina in onloroforn ;;,Jolution. wuo tried, as this depends on

direet addition with formation of the dibromo-acia, and not

of the r•1or1ole.ctone {or ¥-oromoL... o.viJne in this case) as

does tne addition of iodine 1n al.lea.line solution.
,

.H.dditions

performed for five minutes were found to be satisfactory,

:1:ho following are tho phy.:J:t cal prope1--ties of' two SWt"'lples of

the aoid t·ro111 i7Wo d1tfe11ent runs o.f ·the i,ii.eparation :-
oo

1•p• 7%0 6%5
O 0

bep• 120/10 Emla. 130/lt. lil!lt.s•

l.4814

2,0820

1,4818

1.0814

ll-z:} 3- -et· 'Yl A.-l-oxolq_l1exene oarbo-x.vl1c aoid.
_____ DehrPSUTUMADNVI MOONRIMT PTMPTUIINUTITIKAUTMDUTIST AIPPTIT!SUDIMU±N hew n+ D*UT T1MMD.n *NUONS:/e seNhove r» rat11Er1

T'hi:;1 eeid was prepared 'bv rt mctb od very sit'lil.ar to

that usod for A•l•2I51.l.,Q.hoxene onrboxyl1c acid, sevvral minor

dlf:fo1~encea \7111, honever, be noticed.

The oyanllydrin or the keto11a, m~methy·l oycl9.hexanone;

was no; proparod by ·the method previously u-soo., "is th1a kat:one

s'hows a very great tendency to conde~ase in tho presence of"

sireng mineral a-o1do to form high-boiling oils o.nd gums.

Test experiments showed that the follm;ing procodure g&ve

very rrood rosul.ts. Sodium. b1sulphite (l mol.) was proparo,1

tn ao.tura.ted a~ueou.a solution from 227 grns. of orystalline

sodium oarbona·te by passing in sulphur dioxide ·until the pale

apple=green colour appeared. T"no liquid nns cooled h1 ice

e.nd 170 €1!lf3•, (l molecular pro1Jortion) of' m.-mathyl ~qhexro.1.a11e
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were added, tho whole being very vigorously sha.k,en until the

bisulphite compound of the ketone suddenly- eorm-o.onaed to

oeparate in whi to orystal,;,,, The pas·ty m8ss was allowed to

stand overnight to oor-Jl)l-ato ·the reaction and then- broken up

with a glass :rod< lo this was added potassium c:,e.nide { one

molecular proportion; 104 gms. in 200 O<!Pe vrater) and 300 cos.

cf' othnr. The ether v,as fol\nd to bo nooassary to rGm.ove

a proteotiva coating of the oily cyunhydrin that formed on

the bisulphite compound a.na. tended to inb.1bit the roacti.on.

:Phe flask was stoppered, shaken in ice for 30 minutes, and then

in tho meohani oul si.1e.ka:r ovemi@hi, At the end or this time

no solic. was left and tha rcaot1on vms complete. The

ethereal ~:yer was removed and ·the e.1ueous residuo oxtra.oted

three times with ether, the c ora.bined othereal la.rara \~oshed

with water, dried thoroughly, and the ether removed in vacuum

at roon ternrtera1:;ure, as the cyanh;drin :ts repu.tGd to d0~01apouu
0

at l00 to reform the ketone and hydrocyanio ao1d
Go(ef. larkownikow and Smimnoi)« The cyanhydr1n oouln bo

distilled in small quantities it stabilised by tlie addition of

a f01. drops of oonoen.trate1 aulphurio ao1d, the bepe being
•133/16 ms There nas, however, appreciable dooomposition

and the bulk of the oyanhydrin was dehydrate undistillo, this

having bean r,hotvn by test oxporiment ·to be tho best iiwt:10<1.

The dehydration was done exactly as dosoribed for the n1tr1lo

of the u11subst.t tutcd czr::lphoxono 0.01,1 see P• 57 •
was distilled 111 vacuo. There wes no low fraction, any free

ketone having apparently, eondensed completely to form oil#,

fqund in the high fraction« The fraot1011a oollectOfl. r.oro



0 0
thooa boilin over the r ng--ns 89•93/17 mm.s., thG bu.l.k o:t -crhich

0 0
boiled at 92=93/17 ms, (90 gms») end some high fraction

l7hioh, on refraotiorlti'tion yieldod a :rurthor 13 @!LS• of' ni tril,,
0 0

bo1 ling at 90=95/16 ms, Bedistillatio11 of the nitr-ile do -::,ii

not yiold a steadily bo!lng fraction, but this may be due to

the existenoe of two forms of the nitrile in the liquid.

T.tte pure n1tr1le so obtained was hydrolysed by

boiling it with two mols, of 10% aqueous potash solution under

reflux 00ndenser • Tba rtlaotiou wa.s rm1oh slower than t:he.t

prev1ously dosoribad, the nitr1lo be111g d1ssolvoa in 11 hours

although about 50 hours boiling were then neodod to oompleGe

the roaotir>n. The liquid was t?1.e11 cooled in. ioo and very

car~f't1ll;y aoidit1aa wtth hydroohlorio acid, keeping oool, as

1~11e fY-acid shows a. creat tendonoy- to form_ laotone (01:. fO•\ao·
hexenoio acid). For the same reason, he aoids were no_;

distilled in atao.m from tho .solution, tl.S tests lla"te shown

that by this methoa considerable laptone was produced« Perkill

also obtained som,~ lactone by s.tearn. distillation. ot the fr---aoid
that ha had prepu.rod by dohydrobromillntion or the Y.bromoaoid­

'l'ha acidified solution was oxtrao tea with erther four times, the

combined axtraots r1ashed with m1.ter, dried, the othol" distilled

oft, cmrl the re:dduo.l 011 fra.ot1onally liistilled in vacuo.

1'here was obtained a fraction (12 gms) boiling over the
0 0

tar:..iperatur& range 57 - 70/16 mms, (mixed acid, ketone, and
0 0

nitrile) and the bn,J..."t( distillod et 1268/7 mms, (1456/15 nmm.• )

This was the acid require, of equiv, 141,0 (0al0, for the

metayl 9y9lohexene earboxylio aois: 140.1) and was obtainod

1n '771,J yield. There was a 11aglit;-eable high tr&.ction. rm.d



residue.. 'i:ne a0id so obtained was tested for the presence
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of Ey-aaid by addition of bromine in chlorofoxm solution

undnr an.alyiiical cond1ttons for f1VZ} mit1ut,Js, ro1d J uns fmmd
I

to be 23,:1 1nd1oat1ng the presence of a.bout 22,:1 of' the f't•nc1d

in the ra1xture. 'llJ:lo ·proposed method of soparatj.on ,.as by a

long partial eotorifioation to remove all the ~Y..uoid as t1ster

and subooquo11t pur1t1oat1on of the ~~-aci(l by 1>ecryctallisati.011

or tll9 calcium salt. Thia -w,:.u.1 applied as follows«

1110 no id uaa partially eoterified in the cold :for

t: enty 11oura using 100 aca. o:r n-alooholio hyc1.roohlor1c acid

a.nd 200 cos. of ,bsoluto oloohol to every me mol, of tho a.aid.,

11:la roaction i.a~ si;opped in tl: _o usual uay, tlrn •ster axtraoted

111th other aud sot asido, the alcohol removed frora. the a:...ucous

liquid at th0 pump, antl 1illv Jp-a.cida obtained by &.c:J.d1f1oat1c.m.

of the residue and ether extraction in the usual manner• The

. crude ao1lt remaining after distilling off the ether was

dissolved in a slight excess of ammonium hydroxide solution,

(1 part mmon1a s.g. o.aao ; 1 part l7o.ter), and ten volumes of

vory oonaontrnted o~lc1um chlur:l.drr solution ndded. The whole

was r10ll st1r:rt!d a.nd allot1ecl to stand,on the steam for 30 minut(~f

rmd i'inally ovornight. The ~o11d was 'filtorod off, l7i-whed w:t.t:n

oaloium chloride solution, and the solvent removed by pressing

or rubbing on a tilo. From the aool.llrlUlato4 mother 111uox~

mor0 salt oan be saltod out by tho ndd:tt1.on of oa.loiuu chloride

The substance wo.s reorysta.llised tram dilute ca.loi,1211 obloride

solution in long sh111ing ,m.1 ta nooulos of ·the 00.lo:J.w:.1 salt of

bhe A "l- aeiad, whioh wore filtered off, washed.with aaloium

chloride solut;ion, and dried. The pure acid was obtained by
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aoidifying a su.npons1on of this salt in water w1 th hydrod1 lcric

acid.,. 9.iLe liquid was extracted four timos m.th ether, tne

combined otherea.1 f;,:xtro.ct,s ,ashed uith we.tor, drierl ove1

calcium chloride, tho ether distilled oft, and tho acid

finally uhtilled in va.ouum. This was very pure, there being

neitbor hig,1, nor low fraot1on. 50 grns of the pUI.;;) 5-metb;:fl•

~-1•.!Y.2.!.2.hexone oarboxylio aold Y{ere obtained boiling at
,0

130/? llJ?ll.Se Tho aoid uas obtained solid on freezing or

sood1n ond romai11od so at room tempenJture., Perkin was

unable to obtain his o.cid complet,ely aol1d and claimed that the

etl1od or purif'icat:J.on through tlJ.e oo.lc1um. o~...lt na.2 not

aa.t1u1'aotory, due to the presence of the /•-acid, To

ohaok the purity of the e.bove aoid a ::mall amount was "purif'ie,ri

as t'ol.lous :•• The aeid was dlssolvod. in carbon disulphide

(equal volume), cooled in ice, and the tbeoretioul a}llount of·

hro ine in three volumes of the same solvent were adde . ,

slo,vly. I:r the bro ine be added a.11 ut once, ·thalreaction.
I

bcoom.os vory vigorous mid substi.tut1on probe.bly occurs. Tho

liqui(\ \'las then hoated under reflux on tho a1;oam for throe

11,ouro to complete tbe formo.t:t.on ot tho ~ edib~m31.o-oa.m.pound,

the solvent was removed in vacuo, and the residual oll soon

formed a hard, crystalline mass, T.ll:5.s would not rooeyatR111w,

from the usual solvents but was eventually obtained pure from

formio acid (s,g» l,2) or formio acid@wet0r,

3-methyl 9y0kghexane oarboxylio acid for.mod cluaters of small

0
white plates melting at 119 c. Equivalent: 300.0 {oalc() 300.n).1

Bromine found 55,2 (ealo. 53,3%). The pure «soid was

obtained from this in the same way as A -?-gyglghexene oarboxyliqd
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aoid was obta.iued from the oorrcspondine; d1broru.<le {p. t~ )
and waD shown to l1e identical , itll the o.riginal a.aid i+rom the

0
co1na1denca of the melting points (26 ). Hence the aoid from

tho c lo1um sat t appoars to be the pUl."~ t:Hlid and was used

a11;hout :rurthe1· treatment.

phyr.ical oonatants:
0 0

mp• 26 • 27%0
0

!30/7 mms.

J(brom1ne; 5 mins.) 2.0

It possessed the following

1,4917

1.0501

38.62 (oalc. sa.02).

(x). 3-motbyl A.•2•.!:I.£.!Q.hoxeno c&.rboxylio acid •.
--

Tb.is
37

c1d has only boon pr vtously made by Ferkir...

in an impure tom from tho oo~respondin€ Y•hromo acid• In

the prosent oa.ae the acid he,a baon obtained from tha A •l•

isomer by equii1bro.t1on of this e.oid by boiling oaustio alkali

solution. Part of tho acid used was that obtained from the

ester resulting from the purification of the acid :rrom the

a.lkalj.ne hydr·olysio of the unsaturatecl n1tr1le as deacrib!)d

above. The ethereal sdtion of the ester was dried, ihe ether

distillod off, and t.lle ester distilled in vaeuo. 24 gms of
0 0

this li uid boiling at 849/5 ms, was obtained and mas

hydrolysed i,n tho ,cold by alkali :J.n the way G.esortbed on P•

for the f){-tso-hoxeno1c oid. The seiad so obtained was

tUstillerl and preparod for 1.odine addition oxpcn.~oots in tho

usual way (p. /o/ ) , but, :l:r.unoo.io.tel.y on adcli tion of tho Jod:tne

rmlut1on i;o the &,lution of tho a.old ·there wns fo:rmod •·... solid

precipitate, undoubtedly the f "1odo«K"le0tone, Occlusion ot

1od:lne by this solid rendered the rosul·ts unrepea:table and
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consequently the a4oit1on of bromine 1n chloroform was used,

for the spa.ca of five t inutes, althou.B}l other times were

trtod. The physioal properties and h .logau aea.1 tions

apportaining to this acid are quoted here.
0

bep• 123/7 mms, n• 1,4839

E. 340.9

whenoo [t-l8cQ

1.0508

38.11 (oalo. 38.02)

10

30

6%9

66%4

Additions of bromine.

79%4

ao.o

Time. Addi t1011s o:r 1odino

U minutes. 61.2

Renae there still appears to e{B"isomer prosent in the

aoid, so 1t waa partially oater1fiad for four hours and the

reaotion ulixture v. orkod up as usuul. The reeovorod acid vu~

ago.in ester1f1cd to recover more pr-..1cidt for six hours.

The aoids obtaineu by this "fraotional partial ostorifioation"

uero diat1 lled tL'"'l.O. br01-nine add1ti ons pe.rtormod 011 ·thmo.

First "fraction" « 7"3 g1.8 • J« 96%1

second "fraot:f.on" • 4.1 £ms« ;r. 95%3

This would henoe appear· to be tllo pure ff•' o1d, or,

at any rate, the oc1d in a form. as puro as it is possible to

obtain 1 t b:, this method. Several attempts were made to

obtain o. solid dibr®1<jido t'rom the various samples of the ao1d

by oa.reful addition of a solution of bromine in ohloro~orm to

a solution of tho ao:T.d 1n tha same solvont, (carl)on disulphide

was also used). The solution was then either allowed to

stand; er the solvent allowed to evdporato sponta:noously; or

removed at • the pump. In all oases much evolution of hydrogen



bro· 1 ae oocu:r·red, and an oil ,as lo.ft. This is n0t1btlesn tl•e

7?

bromolaetone formed by the following reaotion from the .

a\.brorJ!de first for.mod :•

1c ·-cooH I

aI COOH Cli- co
'\ / "

ICH, CH ITg G Br
- Her_y CH2 tUBr

' u H ..
J l."'> I I I I

ritt l"'I ''r:i,z eY~ ...,_ r ,- C - C>.,, / ..,- ., v ..,
,,A ·2.I

' A /N
" 0Hg 'CHg CHg Cfi3++ ,_

>,·

(of. Fittig and raft who t·ound the sa;mo phcnomon.on !n tho

oase or toraoryllc acid).

Tho ac1d el.so \7as only available 1n liro.1te<l tm ount •

o.nd so other ma·J;hods ot purifioat1011 by methods that tnvolvod

oonsid{~rable loss, o.s, for example, x-e generation from the

n-toluid1do, oould not bo used. Iio,;ievor the acid undoubtocllt

oontained, as a minimum, 95% 0f the required aeid and was use

as au.oh.

Tho l?.-.tolu1d1do of the, aoid wa~i made in order to

oharaoterisa it, and was obtained as follows:~ tho ole:finic

was u.llo od to stand in a smnll Cla:Lsen flask fitted with

a reflux condenser w1th two ro.olooules 01.. thic.myl ob.lor1de for

30 minutes, Nnd tha 1..<'.laotion completed by heating on the stenn1

for 45 minutes. The tbionyl ohlorido remaining wus removed a

tho pump and t:be roa:ldtial 1oyl ohJ.oride diotillod in vacuo,
0

b.p. t)0/15 :mms. This was dissolved in 10 voluu1es of' ·ether,

cooled 111 ioo, and ti~ioe the raolecular proportion or· pure

12.•toluidino ciiosolvai in an equal volume or ctho11 was hddod•.

fter _atani:Uu. for 011.e hour, the liquid was shaken with a slie,.ht

exoosa o-r d1lut0 11.vdroo1lorio acid t,o remove all uncor:1binod



n,-tcluidino as hydroohlot·ide, the et' Gl'ea.l layer removed.

the etller evaporate off, and the residua;t n,.-tolu1di e •

allowed to sol1difYo morystallisation. from petrol:aum
0 0

(b.p, 60 • 80 )yielded the pure .2.-toluittido *n tufie
a o

olusters of needles. m.p. lOS-109 •

Laotones and asso01gteg compounds«

(1))/=7alerolaotone,
This laotone uor:, obtained by the rad11otio11 of

lu.ovu11o acid to t•hydo~aler-lc acid, vb1oh rin -closos

uith groat roudinoss to form the laotone. 'fl1e prepa1--at1or-
47 4 39

is based on the worlc of \.iohlgamu.tl:t1 1oltr, ru.1.d Neugebauer.

Laevulio aciad was prepared 1n the follo,1inc; wa:v:•

Sucrose (900 gms,) was dissolved in warm water (2 Litres)

ond 600 ccs. of concentrated hydrochlorio acid added, The

:mixture was heated on tlla steam with oooasional shaking

for 48 11.ours. (Stn:r:-oh we.a also used in tho plaoe of sucrose

in one attoniptod praparatio11 o.ooording to Vonin~
3
but was

found to give rtso to vury extons1vo charr111gt sucrosG being

by tar the more sa.tisfao1;ory sto.rt1n~ material). The very

dark liquid TJas filtorod from the masses of charred material

awl those wall washed w1 th water. The filtrate nnu washings

were evaporated on the steam for 24 hours to dr1,rt: off all

hydrochlor;to, f'ormic, eta. acids present. Tho syrup so

obtained was filtered again a:f'tar dilution wi1:h an equal

volumo of water, and the solid washed. 'I'he :r11tro.t e and

washings v.cro exhauativoly extra.ate· with other, the e1;hor



distilled off, a.nd}t;he 1·osidual 11o_uid d3.nt1.llcd in v CMO.
0

The laavulic acid boiled _uitn stoaG.tl., et 161/24 mo•, end

sol1dif1cd readily to boautifu.l cryntallino ron,;,fH·:s. ,
of the acid were obtained, which ooultt not b:surlger pur1.£'i,od

by :fr8.otionol f11sion.

The aoid ~M reduced to the corrosponai110 bydro:1cy-

aoid by sodium cunal am { 5, ) • The e.malga:m ·Jas mndo ~.J:1

d ~scribod on P• G7 , nnd this appearod to bo ·tho bent re.,,. ont

s 1t dH1 not carry the rodttot1on too far. £he 138 s of

laovu.11.o o.eid t·ero dts::olvcd 1,1 440 cos. of we.tor and o~~c.,ly

n:mtr.-:tltao bl' the udc11 tion or aoc1im liydr-oxic1ejfl

sodium amalgam ...re ~ddod to tho solution :tn t111', ooursc1 of

tour days, the oolution being stirred occasio110.ll9. A1.s0,

. h_rdroeh1orio aoid \78.S ddod sJ.., 1n.1;cr:--(al~ to :r·eduo~ the

ooncontrution of' the al.kc 11 present, ltllrau h care ue.::! taken

,o oop the ; ..Jut1 11 alm.qs s1,rongly all~lino. .After the

emolgem had coaooa reacting the moroucy u;;s r ·movod, t!.e

snluticm made stron l.y aciu. by 1;ho nda.1t1on of nulnhu:rtc o..oi.d,

t1nd boilld tmdor reflux f\>r fif'toen minutes -tc oo.rJJ.,lctn tho

oonvors1on of tho )"'-Ly-d1-c:xy-v~le1·ic t:\Cir.'l to tho }( -~alcro­

laetone:

Laevulio aoid« «Hydroxy«valeric acid, l.c.o:tOX!(J.

he laotone separated as an upper layer on cooling the solution

:hn 0:U1oroal solutlcu vrun ua.slleti w:t tb soti.1lll carbonate solution

drioo. ovel' oalciu1- ohlor1de, .;:he stlrn:t.. dis'Gillo • of'f, . ..d the



lao1,ona distilled in vacuum. This was apparently a very

pur prouuot and practically· o.11 dia1jilleo. ut the required
0 0

tenroeratu1~, 102-103/~e 7rml.S• in 46, yield.

The liquid uns f'urther slightly purified by

allowing 11; to stand in o ntuct .lith pondoroo anhydrous

potassi'm 1 Otlrbonato in a vucuum d.-~slcoator ove:rnir-)1t, bt1t

the · original pro~uot was so pure that very 11 ttle 1-eactior~

occurred. Reclistillation gave pur _ ~ ..-va.lez·ol~ tona1 c.

eolourlos , mol,11e liquid possessing the ~mioll ci1aract:eristic

of 1 otones, that of ooco•nuts, and having the following

physical aunstants:
n

m.p. -36 !!:• 3,4322
0 0

bep• 102 • 3/28 mms. • 1.0529

:M. {by baryta) 100.1 (oalc. 100.1). vthenoe P)» 24%67

Calo. 24,75)

The lactone, at low tompero.turos, :rorraet1 a "lt.B of

shl1.n1ng whito leaflets. It was oharaote1'1se, .. by eonv-ersion

into a sclid derivative, the one chosen being the amide or
39Y«hydroxy-valorio acid, Neugebauer 'originally prparo this

by a scru.t:;nvhat drast.to ranot1on (in a sealed tubo) betwaen

the lactone ~~rl ooncontrateo. aqUflOUs um:nonia, but Lir1s·teaa:

shmve<l that, 111 the 0as of the llexolaotonos, the reaction

proooodud in the cold -r11th this re.!:"...gant. His method w as t:tiad

as follows: tllo lac tone was ~,..1..Lowcid to stand with half i ts
O·

volume of aqueous ~ll"If onin (saturated at O ) , until misoiblee
tect •

and then allowea. to !!"i;cmd in a vuouum dosiocator ovo1· Of)ll.oon:;r. ·'A

sul:phur1o acid. J!h1s gave a very poor y'leld of ti.HJ tl'r..'lido, a

large ount of unohan ed laotone bein prosont • i'lie next



l3l

a.ttotiAp'l; WlUJ by ueit1g nloohol llB a solvent, but .t11:ht11:i: o~lu OX"

hot ·tr,r::-w1:t¼J:1e1rt gave no better resulttJ ,. U-thar ~nla ttltlo U:St:d ,

'but neg{it1vc rtHmlts we1•a· obtair1cd. i1le fin· 1 mo lil,oQ.

,u:J.op 1a,u waa to di UfU)l'V'O t11e le.oto:oo in otio bnlf. or 1ts volu.um
0

of a.quomu.11 an:m.onia aolut1011, ti.nd i;o sat;urai,o tho u1wlo Qt f.1 •

l1le r,:,aot:to:a ves,:;ol i ao ~toppor?d and t:cftar 1!4 ltour.1 the
(.)

l,1qu::i1u. mu1 t,tg~lin aa1at.11:1tod 1·ritl1 amrnm1lu v..1~ O " Tho hllole

\. aa a.ll<.>wu(l to att;;Uld for 24 llours .cmc1 r111ully l~ft in a

vesuum desiocator over rmlpllurt c aoid unt11 :.:101:tcl ( 2 .. 3 d(J.yt;) •

I% was triiurated with ether, washed with ether, and dried on

u ttlo ( in a do:Jtoonto1~ u.o tho uraiilo uppen,rod to be very

deliquesoent)« It wa.e tlutn1 ra-,orystal11aed. .,;,ovart.ll or tho

1um.1ll sol.van ts were trio, but from al1 or them tl1a cuaido eeu:11.e~

out a ,u1 oil., It was finally obtained pure by roorystallising

slowly removed at the pump •

obtained in lo.1~gt) , h1.te gl.iete.ning plu:tea, in ~J2,_ •:riold, m.:p1.
Q,

52 c.

The first preparative methods tried were based on
42

thO(ttJ,O of D11t•tit" an,(\ 1.Jtl',C)\111'1 E\9 folloi-rav.

r..J!Od1tun e tiiox·itlo wao ti1ade ,as usual. r·rolt :-la •.ii ~s of

sott1·u.m ant\ 280 ss aloohol and to 1t were addod 16% fnllfh or

eoe·tc,t,o t11;1e aster·,. the mixture being heated. OIJ. tbo s i·a,~w.1 uri(te111

reflux for one lu.1.111 to as::rt-1re 001itplf.rt;e fO?'fflQ:t:1 o,n of 1;J:u1l

oo.n:r1Jlex. 0 11q_uid was eooled en..d 100 gm.ti of etb:y-lc-mo

ohlohydr1:u Wit:1re 1u11 iXh

proeipitation of sodium chloride an wus oompleted by heatin



on the steam X'Ol' 23 hou1--a. Tl:10 alcohol \as distilled off

end the raaiuue was d1via.au into tuo i1alvos; these boin

trr,o. toa in dif'i't;:1l"'tmt na:ys.
43vised by Vanino'and Fitti

he first half was treetod as
4"'-and tram« The salt war

f1.l tor.ad. otf. • the solid well washed v:f. th ett1or, and bhe ether

cl1.s t;illed off. ~110 rt:.s:tt1ual l.iq_u.1,i was the:n l'''+..t~l .tn a th."'·n

stroa:rn into a bo111ng solution or baryto. (1} toloou.l,..r e,,ltlvc.)

in 33 " aq \eous solut.ion. Tho wllol,o uas boil(=td :t..or one hour

und<U' reflux, and for a furtllnr throe hours 1n a di sh to

volatalise any ketones formed, The excess baryts was removed

by pass111g; 111 ea.rl}on dioxide., un-til preoipitat1on was. oo.apletc •
d.

The mass was filtered, the barium carbonate well washe, with

vater, and tht'JI combined filtrate and washings eoneentret~d

ty evapora.t1c.1n until the volume or tlla 11<.~tii<l hud bec.m

raduoad to a'bnut 60 oon. Coucer1tr,aterJ ,oaust1o aodt1. aolution

was a,ddod. unt11 o.11 the barium ~orosent· htt<l been thrown out

or solution, the 11qu id t1ga1n Ti l·terod, ad the filtrate .nd

washings evaporated down on the st eum, and rof11tered. Th1s

solution of, presumably, the sodium salt of M«hydroxy=butyric

aoi.tl virus o.oid.1fi ad with rum.tng hydror11tlor1o flt1id, the 11r<;j.uid

boilod 1mderkoflux f.ox~ Cii. f,:n, 1ninutea to aid li1c·l;onisut;ion,
I

ad the liquid extracted continuously with ether for z4 hours,

The ethereal extract was dried, the ether distilled off, al1.d

the ros·ta:ue distillod-.

ob'tt1.inod •

0"2 gm.s of .i.mpu.re laotone werie

.L.1le s1e.loo21d. half· of thtt, oontionsation tJroduo t was

then taken and wat,c,r added to diJ1Holvc· ·the salt pl"' .oent t the

liquid being thoroughly extrao tod flith eth01" to obtain the



organio material present« The ether WdS distilled oft nnd
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the liq1iid uati run into the same urnuu.nt o:e boili.ng barytu

solution aa was the first half, and treated in the soono WuJr

down to tho stage of ovaporat1nz in a basin to tirivo off

The l!quit!. t10.s than troated. w1 th a slight oxceos

of oulp'h.U'Ittlc no1d and the preoip1tated barium sulphate filtered

off and -uo.nhod. The f1ltrat e and ashings were boilo unnor

l"'efltu< for ten minutes and the 11Q."l11d ox'hal).at1voly ext,ra.ot('u

u1tll ethur. The etl1creal solution nus dr:ted, tho crt;her

ditJtilled off 8 and tho rosldue dintilled to yield o.5 @n• of

L:L<Jto:no •

The final successful method used was based on the
4.4-work c,f .,.1l"Uhling. 1rtmotbylene chlohydrin was made f.rom

45°
tr:lmetti.yl,orie glyool hJ tho ra.ethod of :U.arvel and Calveey •

A large hard«glass test«tube was fitted with a rubber stopper

oarrying a dropp:1Lng funnel, u thermometo1--,, a lead 1n. tub•e,

(1,ot:b. o:t 'tho lattor roa.ch111g ta tho l,ottom or 'the ve:oael) and

a 1ea.o.-niua.y tube from tho top ot' tho apparatus oonno.oted to tl

Liebig condenser. l"his was atta.olrod by a cork to a d1still111g

flask, to the side arm of \lhicll was oonneotf1u. n small reflux

condenser to trap any vapour spray in the stream of gas«

About 20 e0s« of trimethylene glycol were plncecl :in the test-
o

1;ubo tJJld heeited to 150-165 1n. an oil 1Jath, while o. vary 1~0.p1d

ntream o:r clry hyd.x-ogen Jhlorhlo wo.a blmv.n throu1t;h t-he liquid•

• taro trimethylene glyool was run into the flaslc at ·thtl .same

speod as the ohlorhydrin d isi;illed ove·xm•• 1"he red distillate

collooted oonslateu of trimethylene glycol and ehlorhy~rim,

we.tar, and hydroohioaio aoid, and was heated on the steam for



ono houl."' to d1~1vo of'f tht3 hydro,.:hlo1.1.o a.oid. It w s thon

5i

dist1llott in "1""•\0UO and tllG i'l"aot1ons collCHltOt· U():t'a tl1c GO
a o o

boiling at balm ?2/29 L'lms. 3 72/29 ms» • 89/14 mm,
0 0

89/14 mms .. - 106/13 ,:nmo. The r.ss1dUf) , ar: sr 11 cJ.1!.l was
-i1.he hi":9"1 Traction was mostly unahange giyool,

,m11·~ tllo -low fruoiion was saturated with potassium carbonate

1:nd the tlpp,:>r layer o:r ohlorhyd1·111 th:--1. 'l, oepa.r..itod wao l'f:.:mo,;rC\ ,

drJ.ec1 ovo:r pot1w111ura. carbonate, addeo 'to the r:iain t1·action,

and tbe \VlltJlo z-ed1st1llr.Hl. The :f'J.auction oolleotoi uaa 'that
0 0

boilins O·VOl.. tho )'~'31-50 64/14 Im !.S • GU/ 12 mms., th,~ 11ulk of
,Q

whioll boile,d. a.t 64/12 m:m.s •
.('ht1 oya.t11ly·d1·in r as obts.1nod fzom this ohlorhyrin

by e. method airui.lar to that used t,y ~Tueobar.ln f.OOd
/OA

Ifoidelborcar tr1r athylon1a oyanl1ydrtn.

tr:tmothylana ohlo1'illydrin wore c11 ~solvod 1TI 200 cc~. of

l"'eot11"'1od spirit and boiled gontly on the steam while a solution

of potassium cyanide ( 4l gms of 95% single salt 1,e, 10% ex0ess
over the theoretical amount, in 60 00s« water) was run in, The

ronn.1tim1 of' sol1(1 soon oozmnenoed and tho renr;tion we.ti

oonsidero to be complete after boiling on the steam under

reflux for 23 hours, The trimethylene eyanhydrin ( Y•tiydrox.v··-

butyroni·tr1le) ;1.~o t'ormad ra..s not isolated, but was hydrolys(?C1

by the addition of 4l gs, of potassium hydroxide in 45 00#,

wai;or, and boiling the mixture for 12 hours, r.1.t tllo ,-:rad o:11?

whio,h t1nu) ovoluti on of ammonia had ceased« The aloohol was

distilled off at atmospheric pressure, and the aqueous solution

of the potassium salt of -hydroxy-butyrio aoi was e,xtrt:icted

t ., 1oo vri th o tbor to r ,:·1 • ov·e nu&utral and basi o. iuij)Ur1 ·t10a.. -i~ha



1~esidual aqtrnous 11 ...uid was made strongly ao id to ccnoo rt~~

rith concentrated hyaroehlorie acia, and extracted eontinuously

for 40 hours l 1th ether. Thf; praot-10.ally colourlofu"' ot'llJ.'1:r1'

aolut1 on VJ'tt.s dried ove1· calcium ohlori_de, thr' ..the:t~ dis"Gilltld

off, antl tl-H:> l:Lquid ror.ua1n:J.ns uns diot;illed a.t atmoophoi--,~o

prossure :1.n orriLOr to olim.i.na.te a·tor from thrJ Y•ltydrox:;ea.otd
and prod,1ioe the laotone. 'l'hc; weber was allo ·0cl to frc.ctionate

0 0
off and tha cri1do laotono distilled ovor bolling ~.. t 20u-2lO •

Tho liqu,.. d "'Hta oompl.atuly drio(1 and freed fro:; traoos of acid

by two treatments v1itll potassium oarbonata in the um.iol way,

and tin•;;.lly di.n•tillod in vaouo to givo pure ¥-bu.tyrol....o1;{mo

in 301 ytolfl. oo.loulatad on th~ ohlorhyd1~1n,. rt had tho

1101T.1ta1 laotone o,lonx• e.nd appoa.ranoo nhon solid, fln.d tho

physical properties given here,
0

map• ..1.1.::a.,o n. 3"4354
0

b,.p. 83.5/12 mms., de 1.1299

% 86%2 (oalo. 85.1) wl'.1.81100 EA 19,88 (ealoe 20.1)

:11:11e was propa1,.crl vex,r simply by tho nctllotl of

'Lins.tend, rooan~tiy di,movorod.

f~•!!t,q•Hf:,x.eno.1o ',[,l,o1t1. WEiHl boilc:-0 i.n f\_ Getslt;r :(laak

f()r 1'1ve hours ·t.mder 11cfJ:ux, at th(1 fb."1.d 01... 1,-bJ.";] ti111e 0011\rersiot1.

to tho luotone war; prt1cttoally ooniJ)lete •. ·1:ht1 resicllltll aoid

we.s removed by washing the ethereal soution of the p11tod1,.u,t

with pobassium carbonate, distilling off the etbai"', a:u.d

allowing the residual la•tone to stand with a little anhydrous

potuss1.tu:u onrbouate in a vacruu:m dosi ocator ::ror 24 ho1urai ••'11he laotone was finally distilled ·in vacuo,, b.p. S1/,~o rmna.
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he liquid had the typical laotonio odour of eoco-mts, and

Wt~ obtainod solid in long flat naoalee lr»- altg;1.~1:r aupo1~- ,

-cooling and soratohing with a glass roe

11. 114.l (calo. 114.1).

(iv)9Kea9emano11691594
~ ..s mentioned: 111 seoti.nn 2, th_i.o was prepare by tllo

38
matbo,d of Forkin and 1attorsall, tho complete s;rnthosis

he1ng parformad as fallows :

glyaroxy«benzoie acid was prepared in the classicsl
4-6

uay aooci·;t;tu to the l»othod o'f Of'forman. 500 tTJlt~. of ·honzc1c

acid were place in a 5litre flask u1 th 1,000 89• of' furr..J.13.G
()

sulphur.lo ao1d l20, """ 3), iu1d he!\tod to 210 t1."o(:;i.atot•ed.,on
a

a thermometer in the li ru1d) • At about 50 tho solution of

G

tho benzoto tiOid waa oon ploto. Aftor five l..ouro a tnst

por•t:i.011 of the mixture t.,3vo 110 pl:'Oo1p1 ·tato of bonzo1o acid

on adding to water an tho x··o·tct1011 \78.G oo uplci;e. The

liquid \Vas cool.od. o.nd pour<ld onto 2 11Gres of ice and wator,

,uu:1 the ros~1.11tan1; olear 01~orm lt,...u:! d acldo(l to 5 litres of

l)o11111g snturid,ecJ aalt oolut1on; ot ihe same tine adding

2fi0 :,n.o of salt. on oool1ng, the: l!ti>no•socU.um sult of the

m-milphonto aoid of benzo1. c uc:ld: cry-s·ta1111¢lod ou ,., • 1.11. a fairly

pure state.

washed with brine, dried in the steam oven and powdere, It

waa converted into the tUsocliura sttl1; by s·t1rl"'.lng· it into t.\

mixture of 400 fJill.1 01~ oaust1c. soda. 0.11d 250 oo,s. of e~ con.0011ia.'iia~,a

solut:J.on of' the latter, htl)atc<l on th.e ato6ICI.• Jt \\Tua u,lloned

to 0001, 1,rokon up, a11d add-t'ld w1th st1rx•1nr:; to a tu.sea. :ma.es of

5C o gins. each of aodiwn. and potassitun hydroxidea. !Ch~
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temperature was I'..1,.sed to 210 ... 215 and kept st. t11s level fox·

2 hours, the melt boin oont1m19.lly stii-1"etl. at the end of

th:ts tine '.'1.-oaotion ,u1 ..~ oom;pls,to and the molt wa& <wola{.,

lea0he out with water 3na partially nsu..tiro.lised ~;"1th

oon,wntratoa. hydl'\:>ohlorio acid. The solid that soparuue

was filtered off, the filtrate made aoid to Congo rod b;f

addi t1on of' hydroohlorio a.old, and tho solid tlmt sep~\ro. t{~d.

:.Cro the cooled aolut1 on ,vus reorystul.lisod from water to

yield JJUl·o m-11ydrozy-banzo10 aoid in glistening plates«

tl\·,ro oh1ef methods of rotluotion of the acid to the

fully saturated glohexane aoid have been desoribode The
Ji. •

r11~at waa t,ho.t o1' . erkin and Tat1,orso.ll 1,y iJodim.. tn
&4

bo1 lin,c; aloolu,l; tl1u sooond that of' Balt~s ·md drol "':r

i·ecluot:lon wt th gase01s hydrogen us:!n the, pla timtr:1 eo tcilyst
65

of .aoxJ:L.-,., }llc latter was founc,. to bo 1.uum1tabla for tLo

prrr~H1rat1on of lai..ge \Bntit1os of th() aoid and thus the

original r1ethod of' Parkin wa~ ac1optod. 50 ~ • af 1,q•bydroxy

'banzo1o QOid 1.tare t11ssolvod 1n one litre o:e ~bAolui;e ,110,ohol

and the liquid lmiled on th.o s-team un~,or a good roflux

conclen:.mr. 156 f§:lla. of :.~o(d.1.un wore n.ddad as u 1okly a.a

posa1blo arJd the -reiuotton alloweu to prt,e&od v!.~_;orc.;usly.

T'he prooipitato of the sodium s,.u t of tb.<J imrtw.uoorl uoi.d

.srJon d1ssolvad., hen the rootion slowed down, more al0ohol

was added and heat111g continued. until the sodium had been -

oom;_pletely di ~taolvod. l"lla clear 11(11.l:i. ct \'13.9 pourerl in bo an

equal volume of watar a.uu a slight deffioJ.,enoy of .o onor,i1:t.rstod

hyd1--oohlorlo aoid 118.S o.dded, leaving the l:t.~:J.ct tll1ehtly

alkaline. The .solution ,,as evapo1"ated on the steam beth
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until ';ho lcohol had been completely removed and tho vol.une

wao roti: 1coa to about one fifth ot the original. 'l'he oooled

1iuid was 1t1t.tde aoid to Congo rnd by ntlc~1tion of hyd1""ocu.lor1e

a0id, the sodium ohloride filtered off and washed, and the

e ....uoous llquicl ex:baust1vely extraotud w1.th other. The e.xtrac

was dried • tho etlior distilled off, anu the r<..s1dual 8',lJn

ti.1e, it aol1d1f1od.

oarboxyl1o a.old, et1d was !Jixed w.l th a 1:IL t1;ltl of the 1,ni.;nn--
W!C .......

1arnn.or. Fron 150 gs of the benzenoid aid were obtained

100 GffiS• of' the fully 1~etlucod ~i..ds.

Th1A mixture 't'l ia eonvol°"'i;Dd into laetnne by dry

d1st11lat1.on ,.n vam10. The mixture was first heated to
0

170 ut ordinary prossure for 350 minutes tr, allow waifer,

that ,.a 1.'o:t,no by the ch-,eyc1rai:iio11 or tho hydrox;v-ac14 to tho

J.o.oto11e,, to fract1.onato off; and the romaining liquid was

distilled through a eolum under redueod pressure, The
o· o

lao1;onc dtstillod over at J,.20 .... l.40/20 ·mutf.l• a.rJ.{f. rml1d1:t1.Acl in

tl10 rt~O,OiVOl'• ,._ :f\lr"Qjller tmall high Traotio:o t'ltV1 c·ollooted
o· o

nt 177 .. 190/20 mo.a., t,hieh d(>pon1tod ory·stal::, of' tho t,~1s,-

redistill0, and finally purified by reorystallisation from
0 0

potroloum o thor ( h.p. (10 • 80) • tho n~1adlea of' tho laotona

so obtained were always very sticky, but repeated

roorysta.l11ao.t1on woulti not oh.an.gs the melting point, end i 't

r,a.s ht)J1oe, 0011.1dored to ba pure. It had a ftF.d.111; odour o:f
0 0

0000-r.,ut~,, mid ·oc,11!'.Jd oteitdily at 120-123/19 1!lmSe P11e m.p•
•~no 119; molecular ueit;ht(by beryta) , 186,0 (oalo. 126.l).
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The method of PerJ.cin and Tu:i; ter:Jall VMS uaed, witi::.

a few modifioations to improve th<, pll.rity of' the produot.

llexant, oarboxyl1o acid, and \'!as obtained by the redL otio.u of

m_•llydroxy..-1;,enzo1 o acid a.a descr,1becl 111 t~ 1e prav1ous

propnrat1ou. Perkin obtained his pure E.!!•t;101tl by tiling t110

crude ao11d reduot1on pt"oduct, and :r-uoryt4t ..\ll1s1ng fl"Om eti1e1~.

In the tollo,ring proparot:ton, the aoid rms ott!'llnod very pure

by disti llina the mixed 919 and p7ens aoids to obtain the

pure laoto11.a as deeortbed abov·o, ancl s1.1.bse Jlently het.,tlng tho

laotono with a EJli&ht oaloulated exotlos ox 10.G f.\(F1eous

oeustio soda solution under reflux on the steam for l5 minutes,

This t""ormed tha HOdiwn salt o:r ithtJ .Q!.~-ltvdrox:f.-acid in
-

1uan·t1tative yteld, bo1ng tha dit'"eot revorso.1 of the r1na•

oloaure of this latter ao1d to th(~ lac-tone.

coolod 1n 1oe nur.l ou1..a:rt:illy- a.o.14if1ed 'by the afld1ii:1on of a

alight oalculntod exceo:;1 of' l1.Ydro~luor10 uc1d , t¼xhauotively

olrtrr:1.c-t;cd wit1 other, the e:1ct1·aot dried, the ether distillec

o:r-f., and, he hard solid whioh was left was recrystallised from

o1,byl aootate to give pure .!t,\!-3•h:vdrox,v-~•hexane
oo

earboxylio a0ia, melting at 132 (perkin: 1302 from ether),

43 €9,'l'llhi of thitl uoi,,<l t,ert, tlisoolvad 1u 1'18 cos .•.- o:r

water and oxidised to the coresponding k~to-aoid in the

following manner: the aqueous liquid was heated to a temperature
0

or 45 , and tllroug.}1out t110 oxidation it tte.a kopt at between
0 \,}

43 ana llll • i10 it v,as _adrlod, G. 11ttle a,1; a time, a solution
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of 60 ±8• of potassium diehromate and 43 cos. of' ooncontratcd

nulphur1o ac:ld in rJ58 ocs. of water, eao:1 addition bei.n~

a.llowea. to bocomo oanpletoly reduoed before udding any mo:rs.

After eight lmnrs tl10 oxidation was complete and the liquia was

cooled, .s.atu:rated with ammonium sulphate, the al.tun fllterod oti'

and vrus?J.·eo., and the resid1.1al aqueons 11quid vecy thoroug,ul:i

The ethereal solution was adrie, the

ether removed, and the crude residual aoid (40 gms,} immodiabely

estor1t1ed by add:!. tion or 103 oos. of N._aloohol1c

hyd.roob.lox1.c uoid ttncl 4-8 cos. of absolute alcohol. The

liquid was well mixed and allowo·d to stand at room teznpera.ture

for throe days, and finally hented on t:t1e storo.n for one hour

unaor 1'"'e:r1ux. 'fl.le uoe of such dilute hyurochlor1o acid wua

n,,otHH31te.te~l by i;he tendenGJ of the keto-ao1d to oondenau :!J

The reaction mixture w8s

poured into four volumes or watar, ·the oster obta.ineu by
h.extru,,otio" ot' the liquid -sev·era.l times with ether, and tht)

solution dI&1·ed tlftar boing washed with sodiuni oarbonst,e

soluti 011 and water, and tho ether d:f.ati lled of£.

so obto.inecl was verJ carefully pur1tie,d by repeato..l iT~,otioniil

distillation in vo.ouo, ·pur•tioularly to ramovG tiny bydro~~-
o

ostor pre:.u.mt (b.p. 140/9 mn.s.) • • The final fi"aotion oollecte:.
()

was that boiling at 120/10.8 ms, in 3l% yield (16 gms)•

The final stage of the synthesis was the intro~uotion of the

methyl and hydroryl groupn by Sttbjaot1ng t.he a'bova a,ater 1;o

1;ho Gr:lr§'lard reaotion w1th methyl iod1do-, The usual apparatus

for Grignard reactions was used, the meroury«sealed stirrer



ore plaood in the flask and l6oca. ot' a solution of 30 g;:is.

of r uiatillo mothyl iodide in 15 oca. other (driei over

so ium.} uoro a.ddad. The vigorous 1~eac:tion started 1.mrr1od:t.atc:,l~.

10 oar-. .. ct: dry ether were added and then the rest of tho

~nethyl iodide solution. illen tho magnesium had o.11 dissolved,

16 f!J.f'J.S• kett.i•aat{?r, in 16, oos. o:f ethor, were addod drol)-mae

·•;o tho well stirred li ..u1d. Afte1r all had been a.tldoa and

refluxing hau omuu::d, the liquid was boiled on the steam. f'or

.. , o hours to somplete the roaetione The thick Oil -i:radually

sol1dli11ed1 and after standing, overnight :lt was decomposed

under the tap, ac1d1f1ed with hydroohlorio 'l.cid and the ether

lu,ver J."o 01red. The residual aqueous layer was very thoroughly

extracted with ether, the oornb:.f.natl atllereal • extrac1.Jlis we.shad

wi.th a l11;tle sodium thiosulphate to romove iodine, thou r1ith

a1:er, and the solu·t:lon r1nally drietl and the othe:r dj.ut1.lled

o:r:r. 18 ems of orude ester were obtr1ined. 1l111s was boiled

under reflux on the steam vr.l th two molecular proport:lons of

potass:J.um hydroxide in 10% methyl alcoholic solution f'or one

hour. 'tho liquid was the dilutod ,vi th twioo 1 ts volmue ol':

water o.nd the a.loobol, together with a littlo un1dantif1ed oil,·

was removed at tho pum.p. 'l'he rosi<luo.1 BOlution Vh'l.S extrao·ted

tw1ae with othet- tr) rt=)m.ove l'.lf~'Q l;ral and basto :l.rnpur1 tioo; r.w.de

ao1d i;o Cm.1t·o red \11th n;rd.rouhlori.c uo.1d, .and the 11.ydro:tcy"•a,oid

obtained by exhaustive extraction with ether after saturation

wioh ammonium sulphate« The etharcal extractes were dried

and the ether distilled off% The residual oil oontaining tho

hydroxy«aoid required, was converted into lactone in an analogous



91

mo.ro:ior ,o that previously desoribed (p%ob ) , by :.,lo dr_r
o

distillation in vaouum« The frao tion bo,..llng .. t 128/22 as.
0

v,as oollao 1;ot (Perkin gave 145/20 ms.), weighing 4 •6 ~u..CJ.

Thia was difJf301Ved. 1n f)thor, t'Hlfill()d \,1 i:ih :JOfl1\t hto w;)«)n'.1t6

ed water, dried, the ether dj.stillGd oft:, nnd the la.!;t

traot1 of aid re, ovoa in the usual 'r!U':-J"' o:r potar.;s1um c~\rOOl?.... to

in a v .. cuum. tiosiocator. :.s.111.e laotone was fin .lly d1etille~
0 0

at 120 1/20 u w. This was a. d011(t of 11..:p. af l;ar dr 1n117..u on
0

a tile, 45 • Perkin's produot was an oil, due prob: bly to

tho proat)1100 of some· nou.tr-al oi.l tho.1~ he, fa11,.~d to ~onove.

Tl'le .nolid llad tl1a urJuitl laoton1o odour, and fol"J'if:<, ovor•l~p""J1n~~

plates on freezing•

Hr9m9ma946a andgosooietegdoompgundss,

A1)7-Bromovaleriosod.
ry (@•pentenoio acid was woighod into a tube and

the whole 0o0led in 10e« a sbroam of pure dry hydrogen

bromide ( r:.m,o 1• /0}) was passed into the liquid, alowl; as

to avoid overheating the acid, un:t:ll a 011.(j'lt calcttlt,to(l

oJtoooa l'1.t1.d bo,m i:.1,sorbed.

t:lnd. o.f1an• a rev, 1ninu..,cs 1;ha lj.quicl suci.c1only S;)l:1.d1fl'J.ec. with

evolt\tion of unoom1)1nod 5&s.

from li(jl t pet .. olouui and the pu:r.10 p.uoiti uno 01,t in.ad in lonci

wh1 te needles« (Found: E•, 180,8, 76B2, Me-:>, : 030« ..;.,. , lCOe\.} j}

o o
lt had m.p. 58.5 • 59 • ,......lo raot11od ol?

preparation is mueh more convenient than that of Fittig and
h ,,

,-Jpt'm.ZOl"; ond Fitt 1g a.ru-1 '.lQoken~1e•
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obtained that apl)earBd to be sl1(jl1;1y puror t 1.. ·ct:) ao1a.

12,25 8ms, of' r-vo.lHl..(ll.aotouc ucre YlliAad v.ri th 3.5 CCSo of
0,

water and the mixture saturated with hydrogen bromide au u e

It was allowed to str.-u1d in tho cold t.'or 24 hours and then
0

beated to 100 rot- ono hour under a ""'rou.ntl. iu c~do11m1r.

The liquid wa,s • cooled and. tl10 procoss l."'opoatt:,de

11 _uld , as poured in to a le.:rgo t·t:at-tubc 00~1·co.1n1n ~ ioe a.no.

mtel"", end tho o1 ly drops o1: tho brwo-aoid tho:t ,,ullm:,"(;Oci. in

the bottom of the tube soo11 sol1d1fiod as to tLmIJ.')Orat'~ro

d!roppod c or•sidorably. 'r!J.13 solid wo.s powdered and drio lJJ

standing in a vacuum doo1oca1;or c.::-"itatning r \ll)hurla v.oi-d

for two days, boing kopt in nn iao ont.. nt to stop tho agid

molt:t.ng. 1ho solid was dissolved in 113-'1.t potroloum,

dooolourisc)d by standing 1'01" ten ·,linute::, u1.th rooon·tl:v

activated oharcmal1 o.nd obtniium s a "Bili to, o_rystullino

t1011d by cool1.~:; ill a. .-.""rsoz1ng 1 ,.xturo of ~ol:tct carbon dtold.-a~

an ether, the crystals being finally dried in vacuo,
0 0

1el.a 77%% m.p., 22"5 (of. lohlgemth; 23)

·;'lg_u1v. 1e2.4 (aalo 181.o).

(111)/»Bromobutyrioso1d»
~/-butonoic a.o 1d (.:t,.rw,g,-er,)t.on1c ,c:ltl) nao tusot-

o
in a bath at 80 an treated . ·1th dry h..Vdrobro.r.11.io a.o1d {~G

for two hours, the oily liuid being l,,j..llo\:,ed tr> cool 1n e

streBnl of tho ge.t1. . fter stru.1dinc ovcm1 :rrt it ue..o. a~tbl

saturali ed, and\ ~ho oxoooa gas removed 1n ttJ vuolluo doatcoator

over potash in the usual way, until e constani, {oaloulate)

wo1eht WQ'!l tta:i.ned. f.ho pale, yollo,v liquid nol1dtt1sd td:i
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@ -bromo-butyrie aoia,

nr4«no obtatnod the
0 '0

and who quotes mepe 17 • lJ ) •

E:i.uivalt:mt ey baryta, 169.2 (c.alo. lo7.0).

Et.P -bromobutyrate•
4rho ethyl ester was obtained by the method that
47

,ohlgemutl.t. .sod for the ester of l -b1~01:1ova.1oric acid. a.as
3f!1t:h of pi..u:·u p-bro ~1obu.tyT1c ao_id wet'-1 poured lowly into an

ioo-oooloi mixture o:f o.7 cos. ooncontra tod £!Ulpln.tr1a acid

0
-15 to a mass of white plates of

0 0
.i. :tis had mop•

17 A 1'1.5 • (ci'•

acid by a moro Yigorou .... i·aaction,

and 5.5 oos. £ibaolute alcohol. The mixturE.: \7G. allowed to

otand in too for o. few hours, and tl1on ..t :roo.1. tw..ni_~ora;uro :ror

4-8 h.ourn. £'tor uiz boura a la:t.'go omOllnt of e ..rt or bad

separated out at the botto:i. as a oil« i'bn 11qu14 uao poured

onto four volumes or 1cr: and \1Jn.ter, ·t;110 lovor onto1"' lo.yc:r run

off, ana the residual aqueous layer extraotod three times

wi.th ether« The embined ester and ethereal extracts ere
';.horou/jl.ly \VO.shed ti1thrturo.t ed olutiom of sodiums bicarbonate

to rem.ovo d.r1y oo1d preaont, then V11 th_ uo.tor, driod, tho etlie:r.

ilistillod off, and the ester di ntillo ,., in ·-crn.ono • :tlltl

f>•bromobuty:,te (of. Le"ip1eaJ0) so obt.a:tnc<, in 75 yiold

boilod a1s 01/17.6 rw:11.S. witbout tra.oo or doa•or4Pos1t1on. 1:'he

physical properties are given below, together with tho amount

o:e brc)mino found present in tlrn os"'..;or.

shows that no gross decompositi on had oocurrod during the

estor1f1oa.t1on. 1n.y nttc.w.pt to froozo tho ootor to a

orystallino sol.id mo1•cly l"'esultGc.1 in tho :ro1"roatton of a

glaas.



r.

C
61/1?•5 Umltl •

40"90, (0al0. 40,99%)%

1.4485

1.3214

vlhcnoc [1J 1 39.75 (oalc. 4, .,31) •

lnJ...t~fOlllO ":J\¼ti_r19 , f¾Oi <!L 4,li-
Thts nan obtained by the rn&thod of Henry as follows:.-

ual weights of laetone( Y•butyrolttotono) aml ,vatar riore
0

l!l1Xt::>c1 and outuratoo n1 th hydrogen bromide at O • Tho 11 rutd.
Q

\Y s see.loo~ in a thick-walled tube and lleatod to lOC for 7}

hourE•• The dark brown liquid WO.$ extrno tod with ether, tlio

solution dried, and the (fther removed at the :,;r:.L1rp. !'lie ,iarlc
0

o1l remaining froze at «l5 and was further purified by

dissolving in light petroleum, the solution deoolourised and

pur-1f'luc~ t~om 1npur1 t1os h:, sha.1.,'1.ng w1.th ce.loiu:m cl11oridt)1
n:n, the bvl.k 01" the solvent removed at the pump• The acid

wr~.s obtt;a inoc\ as a c.olid, wh1 te flattened needles• 'l11lo
o· o - i

m.~1• of• y•bromobutyr1o ae!tl w1 s 32 • 33 ; (He111~ --~uote)s the

aome); equiv. 166.5 (ealo. 167.o).

252a{ebromobtyrpbe,
T:lif-1 e ,tor oas ohi;ainod from l{ .1,romobu.tyi~10 ,~1eid

by en exaotly similar process to tll$.t used :ror tna f>-1scwJar.

rlJ.c, esto111 ao obtainad t>oil!ld stee:1d1.cy- w:lthout cteoomposit1o..t,

f..illd bad tho 1~,,11ov1ine; pli.y~:;1oa1 _oon~tea1t-.s:
0

bepe 94,/18 ana. !!• l.4569

a.. 1.3540

f 1
[tJ£ 39"41 (0al0« 40,53)«

0...ao •Tht, ootox would riot yiold a oryatul11nc _solid at

6}-rps-tee-hereto set4.

1,io usual meti10n for p-brcm10acids was usad in this



0sse, pure o{P -is9-hezenoio acid being saturated vt1tl1

.hyclrogen bromido in ubsonoe of ;:;(l,ent, and tho oxo er1s gas

rG ovod by otandins 1n a va.ouum da...iocato:.:0 to cons"tiant

ilcight. A.. pa1o yellow liquid r.esultod which could not be
0

obta.1.nad solid a.t -so but yielded a gltstsa o.t this tcmpertJ:ture.

The acid, hovrovor, ould appear to be tho pur,, p •bro.moacid

from. tho follmnne figtJros:

Equi.v•. 195.1 (calo. 194.g).,,
( ot v. Braun • )

9,49
This aoia hes beun obtainod.by FJ.t;t1g and Ge1slor in

an in1puro forra u.s on 0111 by the aotion of aqueous

hydrobrrua1-e t- oid on ~-:2,r.~q.hoxolnatono, but could. not bo

obte1no1 aol1d. It was oonstdere;."« tho.'.{; the prose.nee of

water militated against a successful preparation owing to the

tno111·tat1on, t,y water., of the I1<2}versa renotion:

+_jfims
<-Ii:

A methc1d wua then aevisod that cl1d noi, involve the use of
0 .

water. ·rhe laot,,me wo.11 heated to 100 a.ncl ry hydrogen

bromide v1at1 passed in tor: 30 Jinuta&, 1;hu liquid being allowetl

to ouol in a str£Jam of tho f?IJ.S• • The light brown oil was

allo mo. . 1.o stancl in o clostJd v·oss,ll overn1e)lt, tll3n

d.:lo:;1olved :.tn light petroleum and a 11ttle i rrpur1. ty r01novcd.

Tho oil remaining after suoking <.if'· t1 e solv011t at the pump

solidified on cooling for some time in a freezing mixturo

to the typical bUrr•l1ke clusters of flattened nocdloo oT tht
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The ......t1.eltin.a point WM found to be it «%u with
0

previous softening at •6,0% 1.b.is acid ·ma cona1derad to be

the purent obtainable by fission of the very stable laotone

rin. The peroentage ot bromine present in tho a0id was

found to be 35%1% while the theoretical amount is 40,95,

sho, inc that some laoto11e is still pi"esout.

was finally obtained by another metJ1od during tht;; ntuuy of

ndd1t 11-:>n of hydro ,en br01nide to the W1oaturn.tou acids ( sot1

p • 739) •

(71)P-br9gpgyzgl9hexane, sa-po57lieso1$,

Tb.is was obtained from 4 •l•gz:o±C?._hoxt3ne oarbo~lie

aoid by acl.d1 tion of liydro:""en bromide, vo.r:tous solventri 1,eing

uo a.
Pasaage of hydrogen bromide into the pure d~=eoia

la(l to very slow ab$orption and yiolded a. atieky solid.
Grons

Af' ter draining on po:Pous oa.rthen\1arfJ and sev·eral rm}cystnll1!lt3. /\.
0 0

:from petroleum -.,thor o,.p. 60 • 80 ) , a puro Of)I\IpCJund of
0 •

m.,p. 108 was obtained, fJ.'h!D met,hod being unsatiafaotory,

t11e acldl 1;1<J11 \iaa no:ct pe:rformod in toluene f1 olu ti on. 'l'ho

toluene was rcmr.>vod rrom the addi tton p1~octuo t ~;it the pUll,:p,

and the oil remaining soon solidifie, the crude solid after
0

draintne: on a tile having 1•p• 9 • One recrystallisation
0

pro~ueod rosettes of flattened noodles , 1•p, 107.8 •

molting point mLial with tlH'.l) acid o1rtoinei by ailditlc11 without
a

solvent 110.a 108 •Tho third solvent tried no.s glt~i..oial

aoet1o ao1d, tl1e t1nsature..ted u.oid being used in 6 % solution,
0

The liquid was cooled to 0 and a large excess of hyurobromio

acid gas passod tn. After standin t'or a few llours the



sol,utlon oonnnenoed to deposit white orystals« The acet 1 o

and exces-s hydrobrom:.lc acids e1"0 ro ovod in a v~euwll.

desiccator over soda-lime and potash, and the crude ros1aue,
0

which meJ.ted at 103 , wa.s reorystal.11sed f'rom tl1e above

solvont. A practioally theoretioal yiela or 2«bromo-gl9-

hoxane oarhoXJ"l1o ao1d was thus obta1nod. clt1ne po1n1;

both alone and mixed with the e.oid obtained by c..ddi tion to
0

tho undilut9d olef1n1o aotd: 108 c. E, 206.6 (oalo. 207.0}.

Ttl(J t\dd1 t1. on in no et1o ao irl is ·thus tlrn best nmthod of
., l.

preparing the aid. Asohen,"by heating the ~ •aoid with

a large oxoens of' .aoatio e.oid saturu.teu with hydrogen

bromide in a sealed tubo fo1"' somo t1:me obtained en aoid m•p•
0

1089 • fJ'he 1:;wo uo ids a 1"0 probably 1dont:tonl and,

considort11g the drastic oond!tions of A~ichan, the acid he

obtained was probably ttio trang_- ao1d. Proof or th1a nus

sought by attmnpted malonu.t1on of' the oorrospond1ng o~tox·,

bu.t this mill 1noonolua1ve due, a.a deoer1bed on P• /5( , to

the unexpoo'tod deoomposttion of the ester.

Ethyl 2«bromo@y0lohoxane earboxylate,

Th1a ester was obtained from the acid. just
+7

desorib~d by esteririeation by a modification of Wohlgemuth*s

method% 6 eJn:':l. of tho oo :ld t-mre dissolved in 12 ocs. o:t
..

absolute alcohol, and 1,7 00s, of concentrated su.lphur1o o.c.1d.

added. carefully vrith aoollng. The v:ossol 11tm oorkec1 and

allowed to stand. Tho timos of standing wore v·ariea., f.'M"ld

1t was found that? days gave 87% yiolas 4 days t$V6 851;

2 dasrs gave 87% Thus two days appears to be ample time for

tho reaotlon, indeed, even after a1x llrurs tl1ere ,.as al,~ ys



e. large amount of heavy oily ester sepro·ato to the bottom o:r

the tube. T.b.·o mixture vtas t,,orkod up as desoribed for ths

bramo1:n.ityrP1o esters (pe 4 ), except thttt tho li uia was

not a.iat!lled, as deco17IDosition aoours, but was allowed to

str..na. 1n tA. vacuum desiooator 1..or t'Tlo clays to remove all tmom.,·

o·: other and alcohol. The ester obtairmd 1n this uay \1B.E u

slightly yell0m, mobile liquid. It containod 55,9 0f hrcmlino.

the oaloula"tod Ea.mount being 34.01 • Tlrus th,.. ··m1;h0d yields the

pure ester reqtt1rod.

(vi1?) 939--prv9-97929hemano oarboz]to a9192
ThitJ aoid wo.s obtained by opening tho ring of tho

cor1•espondin5 laotone wi tli hydrobroro.1c a.ci<i, such a rr;aotion
3%

:'/ioldind the !!ig_• aoido The method of Parkj,n and Tattersall

was inodi:fi.ed to improve qual1 tlr ond quantity o the yield%

!!X,<;_loHaxonoltde l:3 was mixod with 1{ volumes of water and
0

.oaturatod with h,rdrobrornio o.cid at o • Tho liquid was allowed

to stand 1n tho oold in a olosou vessel for 24 hours, Juri..ng

which time an oil had separated u2 to tho top r.rf ·-the liquid

and had commencod. to aol1d11)r• The liquid r1a$ ag--a1n aatura1;e,a.
0

w1th hydrogen bromide at O end the whole allowed to stand in a.
olosed tube for throe days, when the top layer ha formed a

ltard aolid 1auru1. atol" , as added, the solid crushed, f1lterad·

off and washed with water« It was dried on a ti le 1r1 -w.raouU!il

over su.lpl'mrio acid and ria.s obtained in 65,.> yield. The m.p.
(;1 0 0

of this solid was 60=65 (Perkin: 6% )• The acid was

reorystallised from light petroleum and formed the typical

burr-like olusters ot~ ncodlos toi.med by )I •brnnoa.o1ds, and
0

meltod sharply at 65; l•, 207"0 (eal0, 207.0)•
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Ethyl 0is=3-bromoglohexane oarboxyleto«
----.::t= ----------------

.l:h.is was obtained from the pure aid by esterifioation

o~rdctly us described 111 the case of i;ho /3-bromo-isomer. I·t

was ob•to.ined as a mob:tle ltquid, eonteining 54,8% bromine

(oalo, 34,0%), in 96% yield. Thif.: ester oculd be, o.nd \Tas,
0

d:tstilled v,1thou1; dcoornpos1tion; 1% boiled steadily at 145/25mm9

3$
An a.ttonpt ~-as made to propare this by Pa1,kin' b

method from *KRIS=l-hydroxy•@lghexane earboxylio acid (see

p. ~1> ) , but owi.n to tile soa.ro1 ty of materla.l the pure acid

could not bo obtaillLJd.

The r.uxtur(~s of s.o ida and lo.otones obtained from the

varlous ex-pe1..tn1emts to be described wore all ano.lysod by :..ha

(ix) 5Z9l9-3-bromogyol0hexane earboxylic aoid.___________________.. _

•same method, that or Linstead. About M/500 ot tho ac1d•lactone

m1xturo vms woig,rnd 11).to n. i1lask and d1szolvoc1 in tmtor, or

neutral watcr-root1f'!eu spirits. ~n.o froc t;.oid was detorraimld

by diroot tJ.1;re.tion ,n tJ1 sta.r.ulard N/10 barium. l1yclroX1de solution

A lmown axooss _of tl10 baryta. wns tllnn uddod and the 1:tq,uid

heated una.ar rQflux, with a soda-lime guard tube, on. the.

steam for fifteen ni11utos ·t.o assu.t~e qua.ut:1tatlve oonv·er.sion ot:

the laotono ·to the 'bariwu salt of tho oorrozponding h.vdrox..--v•

o.o1d. 11b.o ooluti on 1as ·oool,lil and tl10 rcJLmining alkali

estimated by back titration with standard sulphuric aoi, The

I'GSUlts obtained aI.ie all expressed to the nearest l.tJL. In all

oases the accuracy of the method was dentonstrated by test

experiments before it was adopted tor general use.
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qu titatively and weighed. The mi..xtur-e W:-..J.s allo, ad to s 1.1 ~.1..'i
,

\Vitb n fifty por ocnt excos of God1um bloa~-.,on ito solution

cver11l l1t and t.tie lacto11e oxtract0 ,11th otlHll.~ in. an

extracting apparatus for 24 hours, The ethereal extraot

was drimi, he ether dist1llod off, and tbe ros1d.uo loft

until of constant \1ei.eJ11; i.n a vacuum dca1oc .tt.'r ovor e ..loiuni.

ohloridf) and ax, being finally weighed. The aoid .,os

reoov • rod by Ja d.11 tb.o rJ.quaous 1.,.et11li.uc ucid to Cmtgo :;tO!i

with a alight oeloula.toe exoo:ss of hydro,ohlor1o a.oid and

3. .111:xliotoly extraotin u1. tn o1;ber.

usual may and weighe.

It was worked up in the

!ho o,c1ds, both pUl'Q ond. raoo1rored from tb~

experiments, were analysed with rospeoi tc.l tt c1e d,/3 • und

fa-oonat:l.tucnts by ona of' tho t ro ht1lo 011 adc11 tion notbocls

,.nnnt,ioned p:roviously, attar h.u.vinn ol:mcked 'Gllo pur:l'ty of ·the

o.otd by deta1--mJ.nat1 11 o:r. 1ts equ1.valent by oorJta .. Iodille ·
50

oO.dit:i.ona \"OI'O a.one by tho me1,hod of Linsteed and 'fu.,/ ,1.tr fc llt~~

A sli.gb.t a:,:rnas,s ovor ?./,JOO of' tho ac1..d was weighed out into a

bO co. struic1a.r4 flask and allortad to dissolve without heating

ln. about 40 oos. of a uatur·atcHi oolution of' r::1od.:b1.1il 'b1corbonr1.:to

b.f leaving ovor:ntght. Tile volume was the atl,.111atod to 00 occ.

by addition of bicarbonate solution, and the osloulated volume

of tho sa ne solution required to make the concentrution of the

ao1d exactly M/15 was run :h1 from a. burot1;o.

mixing lo e0« portions of this were pipetted into siopperod

bottles and troatot1. \ 1th· tht1 t't1eo1'otioul amcn;ut CD of o~

solution of iodine in potassium 1o(i.1..de ( the amounts present in
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this solution. being 12,7 gms, of iodine encl 2B :J:Js. cf

potassium 1odlc1e in twC'i lit:t·oo of solution), vioh had been

st.andaroi;:;ed itmut1d1atoly berorc une 'by standard sodium

thiosulpl'w..te ~.olut1o 1. Tho mixture was allowed to stand ill

the dark for a definite time, and the excess iodine was then

estimated by addition of 2 ocs. conoentl--atod liyitt·oehlor1o

acid a.:nd 200 ocs. o:f' rm.tcr, ntlct t:1 bration with thiosit1plt6.tb

solution.

If t25 "bo tho th1osulphtlte ti-ere o:r 25 oos. of' thet

iodine solution, and F the fa.otor of the ·tldosul:r,hate, thon.

the iuanttty or iodine solution theorotiol:llly eiaivalont to

10 cos. of tb.e /15 no1d solution 1:-:l j = lCO
rt r- "\".:l

•v25° a
lso, if :.t bo tho baek titration after o.da.:!.tio11

han token plaoo. tlla 7 of unohan ud iodine. U"= 2500"T
- i.

o.nli llonoo tho ..mount of iodine absorbed, 3 = (100 • UL~.
0

The iodine additions were all done a,; a tonr_pe1"attu"e of 20 , ·,.;,.a
2.3

Linstena ana ,.Joblt1 'loJre Rhown tha ·t i,lle 11·erlll)oro t;urc ooef i'ie1ent.

1 s oons1c1era.bla. T.his met\11>.'ld was usod in the onse of the·

pentenoio saids (for 60 mins,) and the {Sg=hexenoie acids

(for 5 m:lns.) •

·H1dit1ons of bromine were done when tho o.lJove •

method was no·t aat1.afa.eto,r:v. Those were done as follows
u

according to the method of Linstead and Noble, The acid to

be analysed was weighed out, a slight excess over l/600 being

placed in e. 25 oo. standard flask, and the aolut1on :nw.de up

in ohlorofo1'T!l to be exaotly 11/15 by addition of the oolV('>l1t

tr·o111 a htu•etta. ThfJ M/20 solution of bromine in chl.<>l"Oi'(:>rITt
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rn·tS nane up immediately beforE uao I and was standardise" by

allowing 25 cos. of it to stand :for the stru1d rdis ... tJ. ti 4tG 't .Lth

lOoca. of oLloro:rorm in the dark in a stoppered bottle, The

bromine prosent was estimated by the addition of 10 ocs. o~

10 potassium 1od1do solution and 200 ccs of ,;ater, t11ei

liborute ioaina was ·then ti tratlld. with thiosulphate fcloluti n

with vigorous shaking. (j) was onloulatad in tha wuy

described tor lo<l1na addenda, and this volume of tho

brom1no solution was added to 10 oo. po::rtiona of the i /L.,

solu·t1on of tho acid in atopparod bottlot:;. These were

fl+ubaoquontly treated as the standardisation e:;cpFJrimants. U

e.nd J' wero oaloulate from the back«titration figures in the

fJetrna way. owtng tn t110 escape of the bromine from the

chloroform solution it was necessary to ollcck the Vii1Uo of

j every 30 minutes« For the reason quoted in the other

metb.od of huloe;en adc11t1on, the experiments ere conducted
0 -

at 20 , and were used for the butenoic aids (for 30 1ins,
and for tho 9ol0hexene and 3-methyl•g@lohexene earboxylio

acids (fort m1nutos).

1-r:he motl1ods o:r analysis desorit..1-0d above wa11e tl10

only ones usoa ir1 tho laatonisa. tion 11·or1;:.

i""'ne u11alysas per:formoc1 on tlle bromo-c.,o1ds va.rita

with tho acids under investigut1on. The equivalent weights

of tho ao id:J were determined whenever :poa.oiblA, by ttt:rat1on

u1th baryba, the end-points being quite sharp, but feding

rop1dly· due to tho liberatiou ot.. hydrobromio aoid from the

acids« The only oase where this failed was in that of the

X-bromo-isg-hexoic acids whose great instability in water



rendered the determination of o,...uivalontfa by bary-ca

In mw.1y cases the purity of the bromoaoicts q1ts

prnv,. by estimation of tllu percenta~e of bro .lino prosente lt

u· . connidorod unneoeeso.cy to do tha ostimat:tons by ~tlie Cariu~

mot ,:>d, and two other methods were trl.et... on f3 -bromovaloric
aei, which had boon obtained in a very puro state.

( ) • c1o{tiflod C:.A-rius mothoii. Tho brmn.oacid , as boiled fOl"

l.:C minutc:s 1tl ooncontrated nitric ao1d and silver nitrate,

tho oilvor bronidc torm.ed boing f:fltored off, dried and .o1gh9d

in the usual analytical manner,

that wore slightly lo •

(b) 11'110 brom.oac1d v.as dissolved in an excosn of' cUluto,

ho.loge11 froe nodiULl llydl"Oxide solution, and the 11quid bo:lJ..0<1

gently• Various t'lmos of boillng uo:'rJ tried,· the best boin.g

bet1 o ••1 ao and 16 minutos.. It wo.s made sligjttly ac1d Hith

con.oontratod nltr1c aoHl and silvor ni tratc solution imL.t.1c1iate1y

This method eave results

added.. tho liquid w a boiled gontly with stirring (to stop

"bumping") for 15 minutes, and the silver bromide filtered off

on a glass goooh oruoible, washed wi th hot water, alcohol,

and ether and driod to con3trJ.nt if•eie,.'lt in the steam oven.

Thia was found to give very good results, eg in tho oasa ot

bromovalerio aoid the amount of bromine found was 44,86%, the

onlouletod amount being44.l8, Tt.t.is notllod was than adopted

i'Ol1 ono.lyuis. It was la.tor :modlfieil !'011 tl10 anralys1s of

brr, oast ·il"O • Tfle ester was weighed into a flask and boiled

undor reflux with exoeos or d1lu1,e halogen tree soo.11Jm.

hydroxide solution for 2 hours, .At ·th.o end of this time

hydNlya1s of the eater was always found to be complete and



the resulting aeid bfJ.d ooen deco ose 1.nto o .. dium bro1nid\;,.

1no mlut1a.n was w 1she,,. into a beaker-, ac1o.1ficd w1th n1.tr1c

01<1, and the analysis concluded as 1n the orwe of tho acii-~.

Thin mothod vas al ays found bo give goo results.

a the methods of analysis of tho braruoacida were so

va1t~1od1 o. dcsor1ptio'1. ,1111 not bo given here, but. will bo

found in detail u.ndor the rolovant headings in "Additions of

.,i.ydl,:.tt?en br ;J ide0 •

2[ethodsof1dentifjation of the produots obtained»
Tllo l ctonoo that uo1'8 i:-orw..od in the various

experiments conducted, were sekparated from the acids as

doocribed 011 P• /0/ , nnd idont1f'1cd, in the oo.so of liquid

l otonen1 ht 30?.lpa.1..ioon o't values of u., Eo u, mop•, mixed mep•s

b.p., of the reoovered 11 uid nith the corresponding values

o1 the pure reference la0tone« In the CV.SO ot the first

laotcmo st ld1.od, ~ ..-.valorolu.o tone, the form.,.1tion of the

sol1{t Y-nya.rox,yvalerarnida :from 1t waa use(i for 1dont1ficatio:n,

by· it:;1 t"l.•P• and m.p. ndzed With amide from the pure x·cferonca

laoton•• l~n the case of tho solid lo.otones ( i.e. solid at

ordinary temperatures), the melting points and the mixed

clting points were use, togetler with values ot ;•

...1b.o atJi "..s recove1..od fmm the experiments were

identified by #e, and if pure, by values of J, E, , bep» mep•,

e:nd mixed m.p. ,,1 t.h the reference aaid,. :J.n the c urn of' liqJdds;

o.:nd by values of ;r; ''•P• ana tho t n, melting points if solici

In one on.a.:... , tho preparation of a

aolitt do:r1vat1vo1 the 12.•tolutdido naa utilised o prove tho

16..ontity of tle·voml sailploa -of the a.o1d in quostion.
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Tho ev1donoe qu,te« abovo wa~ oonDidorod to be sufficient to

provo the :t entity, or othern1 se, of t--wo .oo ipou.n<i~J.
,

In tho few cases where pure bromo-acids were obtained

by the addition of !lydrobt'OTI11o a.o1d to the ttnnnt11ratod c1,1s,

tho proof of tl1e1r structure:., rested on their melting points,

botll alone a11d mixed 1th tho pure ro:fe1•onoa bromoac1da. In

the one case whore a bro ooster nas to be identiftad, the
eov1denco of the physical proprties was used to establish its
A.

uono1:itution, to ·e·the1~ u1th the ovidenoo o:r u ohem.o l athod

of tmalysi s ( see p. ll1 ) •

l_<!!;o on the deter.mination O·f melting points at low

t (;)Mperaturo...1. Tht1 11qu1d r.hose o.elt1n;) :point wa, to oc

determined was introduced into a thin-walled capillary tube

soo.lod at one on,, the 11 .liid oho.kon dov n to thin end, amt ·r.h<)

other ()Jlu soalad. This .as attached by a rubber ban to
0 0

" toluene thermor o·tor o:e ro.noo •120 to 30 , nna tho 11qu1d

1"rozon 13, s1tu by 1mmers1'on in a freezing mixture of solid

carbon dioxide 0.111 ethor- tn a Devm.r vessel, 1.he ccystal.11no
,, ..

fo11n of tl10 11,a_utd was exnmino(l, ancl the :molting noint

dt.1torrnined by 1WJ ersing the tube and the bulb o:r tho
tllcrmome1;cr in a bath of ether, e0olea by the addition of

~"'ll:lft ou.rbon dtoxido. This was supported in a beaker acting

as tm air ba ·th. Tho etl101:- t7 s s i,irred 1f requiro, and tho

tom:pcraturo allowed to riso sponto.noa,11Ply, note being talon

of the temperature of fuslon recorded on the thermomeuor, end

also of the room temperature, and the reading oorreoted for the

exposed stem, In this way the nelting points of many substanoo:

nor:m&ll.y 11 _ui ds Wt.ls ~.oour1e. .tely determinocl.



Three main met ods of obtaining ltwt,,nes !'rt.mi

unsaturated acids have boen studied.

{1). Boilirig sulphuric aald; 50 ) by volmne. The oletiuio

aoid (x gms,) was added to the· laoton1s1n~ agent {5x oes.

oaaurod from a. bu:t""otta) ru1d tho riholo hoa'ttJd ra:pidly over

n freo flmne 110 boiling. The 11qu:Hi was boilod under refl1.1.x

for a oe1·tain. ~et tima, note b{ling takEm of the time ro uirod

for oompietu m1acib111ty and of the general cona1ti.on o:r tlle

solution. At tllo end of the required timo !,l:w bo111ri~ gan

• stopped. It tho aoilts and lao··tone u-er •. fairly volatilo in

s toam the roultin 11 ..uid uas clilutocl. and <Hstlllcd iu ntea .. ,

60 :taos. or distillate being eollo0t de

satureted with aumoniavn uulphate and oxtractod continuously

with ether for 24 hours, The extract was dried, the ether

di stilled otf: and tho residua taken do1111 1;o con~rta.nt ,w1rt)lt

in. a vacuum desicoator over calciuu ohloride an wa-:, , When

1 t ~1as ready for a:i:talyais. If the aoids were not very volatile

in steam, the .:1olution was d.tlutod with three volumes of water,

satura.tocl Pith DTl1 onium sulphate, and extracted 6«8 times

w1.th ether. 1110 ethor al oxtrnots vorc v.,vJhed w1 t .. ~ tl 8ol.utictn
0

of am-1:10ntum. sulphate saturatec at 20 , d1.'"iad, tho -.ltho1..

dJ,otilled oft', e:nd tlla r· aidue distilled to free the produot

from a certain amount of imvutity that had formed in the

In tho oe.so of oa.oh aoi, one lactonisetion was

,.l ays performed under.. the ooudi ti ono usoa. by 1tt;:i.o;. Th1.8

was to boil the solution 1n 60, sul.phurtc aoi.,, fctP 5 dsmtos •

then 1t was diluted mth 10 x cc~. of water, and bo!lou for



10 minuteo. rhe product was then worked up in one of' the

J.08

ays just described, depending on the volt\tili ty of. the acids

in Dtemn.

(ii) Cold. sulphurto noidJ 60,J by volume. The unsuturntcn_

a.old (x gti1s.) was added to the sulI)hur1c acid (5 x ccs.) r~c. the

11 uids snakon together until miscible, unloas tniso1bi11ty

was never coruplota. 1 ote as tako11 of the tirue for the ·t .. o

layers to become oornpletcly miscible, and also m~ imy ohnngo

in ter.ipora.ture. The mixture 1Q'as ullonod to stuno in stopperec
0

vessel at about 2C for tlto requisite time, fln◄1 the rea<)ti-on

atoppad by pou.rln onto three volumes of 1.oe nnd water. Tlii0

liquid was ..,;aturatod w1th ammoniu.rr1 sulphate, extraci,au 6 - 8

times with other, the etkercal oxtraot dried over cnloium

chloride ,,:rt o:"° being washed once uith saturated a.m.mor..iw:n

~ulphato solution, and the ether d1ot1llr3d off. The ros1due

was either taken dow to constant weight in vacuo, 0r, as was

invciriabla in tb.o case o'!" the f(•.J.C; 1,lra, uis:tilled 1n vnouum.

In tho above oasas the :peroon -to..r;tt reooval'\Y \ft'"s noted,

and also the residue on distillation, ~ut~ the boilin~ point, if

atstillod.

(111). H•oat alone. The w1saturatod acid Vfas plu..co<..l iuto a

bulb on the end of a tube acting as an air eon@denser, and the

atmoap~..Ol't;1, rerulerud 1nurt by- repeated evacuation and filling

wi 1ih nitrogen or aat·bon tiioxido. Baek-diffusion 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 T=pioce

atiaohed to tl10 to,t, oi' the oundenuer. Tho e.oiu. wua boiled

under atmospheric pressure on a sand=bath for e known time,
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tho liquid being thon analysod for acid a:rid lactone, beinQ>

if possible, d1st1lled to remove pol~merio eta. im9urities.,

In tho oases where an acid was boiled in ,1 solvent, the

roaulting li ...uici ,vns stirred rii th 100,o exceas of a. saturated

solution or eod1um b1ca1'bonato, the liquids allowed to

ntenll :tn c:mntact ovornight, and finally shaken thoroughly

tosother. The alkaline liquid was separated off e:ntl tbe

ro}'Jidue shaken W1 tl1 more sodium bicaroouate solution to

complete the extract.ton of the acid. The combined aqueous

liquids wore extracted several times with ether to remove

solvent and laotone, and the residual aqueous solution wns

m;.de acid to congo red m.th hydrochloric aeia mnd the aoi

obta1 ned by ti orough other extrae tion I and weighed. as usual,

T.be laotono was estraoted from the solvent used by sh6.k1ng

:lt in the machine with on GXOOdS o:r 10/ caustic soda soltttion

ovem1ght, and worldne this up by noldifioa:ti.011 and ext1'aot1on

of tho hydroxy-aold wl th other ,a.nil W(li.ghin~.•

showed that thi a ma·chod worked quite well.

Test experiments

PART 4: GEN. i0DS 10... :.till lDDITI tm.
lllli.i,J if .......~,14 ...._..,........._,. I I.ii !Ii ~.,.....~,... b4X$ ~

...............~ - - ... --· ........~111-.i.wea J •

'.Plle hydrobrcrmic acid gas used for these uddenda

was prepared in em apparatus made entirely of "Pyrex" glass

io avoid contamination of the gas by contaet with rubber,

Uaphtbslono was _placod in tlle bulb of a flask _f1't1;ec1 m.tll a

side-arm l)Orpend:loular to the neok, ana a e;round-1:n dropping

From the latter ary bromine was dropped onto the

naphthalene and the hydrogen bromide thus evolved was scrubbed

quite free of bromine by passage through a U«tube filled with



naphthalene attaohe to the side am. It was dried by

UC

passage over phospnorus pentorlae in a second U«tube and free

1:ro 11 all dust by a plug of glass VTool 1n the second bubee

The m1bsta.noc nth which tho bydrobromic acid was to react

uns placed in a third U-tube round on to tho end of the train.

l: rov1s1011 was made fol" sbak1ng thiD tube, and also i"or

coolin,e in water or 1oe • A sulphuric uo1d bubbler mis used

as a uard on the end. e>f the apparatus.

l1ho unsatu:tated a.aid under investigation was v.roighed

into tho le.at U-tubo and hydrogu11 bromide bubbled slowly

through it {u1.th oool1ng 01' shaking as rtHJuirod) until a
slight excess over the am.oUilt roqui rod was abso1"bed. After

standing,in nost cases overnight, the stoppers of the U«tubes

ware removed and an;;- oxcosa bydrobrom1c acid gas was removed

by flllowing tlle a.dd1t:ton pro<luot to stand in. a vacuum

des:l.ccator until the tube had at·lmined constant wei&)l.t,ut

that oalaulated for the oxporilllent. i'he aoid was then

In the case of the acids containing {% water the

additions were done in exaotly the same way« {hen addi tiona

maro dono to the acids in solvents a larger U-tube with
.,

bulbs,of the Peligot type,was use, the whole being cooled in

i00• fter an 0x00ss of tho gas llad boon etbaorbed, and tho

usual time allowed for reaction, the solvent waa removed

at aa low a to tporcrture f.tS :possible, the la.st t rt:.Lces of

solvent and exoess hydrobromio acid removed in a vaouum

clt:rn1ooator, and the r0stduo cmalysecl.

In thr.J case of the aaitions to esters, these ware,

done in the same way as additions to the dry acid, the ester
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being distilled after removal of oxooss hydrogen bromide in

the vacuw11 des1cco.tor.

In all the above addenda the liuids wore not

alloued to becomo wam. as tll1s ould faoili tate doconpos1t1u'l

and load to 111oorrect results.

PART 5:PR0Pµ

(i)» Hydrolysis of the ls0tones by water, The oondi tiona

uuad 111 tllls portion of the work uero stand· raise as much us

poooible in tho follou1.n.g uay:-

About M/500 o1 the pure la0tone was woighed into

a 100 co. oonioal flask and the oalcuL:14ted amount o:f

<l:lst1lled water added, from a burette, to mul,0 tho so1ut1on

oxaotly M/25. The flask uas fitted 111th u trr~,11 Davia rnflux
0

condonoer and heated to 100 for 24 hours to attain

equ111br1u:m. rhe free acid forrned was est1m.atea by titration

w1th H/10 baryta. A similar experlment was thon p,--:rf'orra~d

for 48 hours to prove thnt equ111hr1um. had boon roached, and

in this cuso both acid o.nd laotone T1ere o.Jt1matcd in the

usual way to show that no groso dooo.ti'JJ}oai~ion had occurred.

In the case of the aliphatic lectones, equilibrium was always

reached in 24 hours, but the dicyclio laotones re~~ired

longer heating as uill be seen from tho ox:pa1...1ra.antt,l fic;urea.

The results were expressed as of la.atone changed.

(11). Velocity ot fol'l'i'.1llt1on 01' lactonos from. hydroxy-aoid.

In this sox·ies of measuron1ont;a tl\e ntandard oond1 tio11s uaod
49,a0

wero baoad on thoae of Hjolt as mentioned 1n a previous Sflct1on

and were as follows :•

About 11/200 of the pur laotono w.-...s ~ a1 ~a. into a
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fl~sk, and ho·1tud on the steam under a reflux. oonuonser e...n~

soda=lime guard tube with the theoretical amount of standard

I/10 baryta, for 15 rn1n~tos. The salution of the barium

salt of thr, ~vdroxy-ao1d so obtained vro.,g ooolod in ioo and.

95% 0f tbo an1ount (Ji' N/10 hyd1<>0ohlor1c o.o1t1 1.1oqu1rod to

noutraliso tha amount of bnryt& used wo.n addod. Th1o

liberertcu tha bulk of the hyclrO)C'/•uciu, but enourcd tha.t

there was no i'roo minoral acid ;present, ua these have a
0

marked o~alytio at"'f'oct on tlle ohunzo. 'I'he solution was

made exo.otly 1./20 by addition of water, o.nd kept in ice.

10 ~0 portions of this solution were uso for anelysis, the

f1--ee acid being astimutoa. by titration with N/100 baryte«

One t1 trat1on ,,as done on the liquid before heating at all •

l'he portions usod 1n tho os'tiJ11At1ons were pipetted into drj

flasks anc1 fitted wiih dry roflux condenoors, rmd hcuterl
0

for oorto.in timoB a.t 1,.,., in a bn th of boil111~ water. 'l:lle

reo.ctton. was stoppecl by pouring tl10 J:tquitl into tllroa volumes

of 1ce-ooolod wnter El:Ot\ titrating the residual free aoi w1th

the N/100 baryta, For the purposes of plotting a ourn,,
tho zero time was t:altan as at te1.. fiva .minu tas heating, t)1e

volooi ty bainf; oxpressed as "% of the aoitl l!lotonised 1n %,.
minutes« The curves for the laotones studied were plotted

a:nq. 8.r{l givon oppos1te P• l'f7 • iI'he titiHJA ror- tho half

change 1;tmos Here clo-t.ar.. lined. and usoo a.s a. coaqn..l.rii1on betwa()n

d1fferant 1L!SlCtOllOS.

(di1) Paraohor measurements. no dota.1l<Jc~ dosc:ript'1on ot

the method. naod be given here« The densities were

de·tornr1nod by tho method of Suga@/*using the U-type pyenometor



a slight mod1fioat1on being introduced (viz., tho slo.

introduotion of the liquid with a pipette) ·to olimin - t~,

11'3

h1o "draining orrorn • The densities were found over a

range of temporatura and the values werein all co.soo founii

to be in linear relation to the temperature« For that

reason, the graphs of the density«temperature figures for

the laotonos will not be given. 1.lle surface tcns1ons

uoro detorm1nod by tha method of maximum bu. 1blo presrura,

( Sugdon'7♦ } • Two bubbling cells were used, and oaeh resu.l t

quoted 1s the moan o1 many eonoordant figures. :Both cells

and the pyonometer were accurately calibrated using pure

benzene as advise by Sugden.
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21.P•Pfilitono_!_c acidt.

not s9lphuri0 4019,_99A By volume«

Tho t\VO aoids wore 1mm.ed1ately miscible in all proportions,

Only very slight charring ooourrt,d during tba boil1,1g cvon

the 80 minute experiment being only a dark yolloY. Io

sulphur dioxide oould bo dotocted. Tho proUuctn wet•a :111

distilled in stemn, the rosulto appoar ill the table:

Time.

Fit t1g' s.

30 rn1ns.

50 m1ns.

73

60

58

Acid% La.atone.

97%0

The experiment performed under Fittig' s oond1tiona

was separatau sero.1-q:uantitatively into acid tmd lactone,

and yielded 68%5% acid; 51,0% laotone, Th.tu is in t"'airly

good agroament with tho tit1-ation t1guros. Tl:1eae are

repeatable as was shown by two titrations on the sample from

the 30 minute OXJ;Jarimant, the results of which were

identical.

Ident1floe.tion. Lactono f'rom the 60 minute experiment

was freed ~ram acid by- potassium oaroonata and uistilled.

The pllysical properties show 1t to bo puro r-va.lerolo.oi,one.
0

m.p • • 37 n• 1,4520
0 0

bep• 96 7/19 nms. d. 1.0538

, 100,9 (aalo 100.l) "enoo [g]p 24,67 (ealo, 24.75)

m.:p. or hydroxyamide 5l.5 • 52
0

m.p. of h'.ydroxyamide wixo with reforenoe amide 5l
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The aoid from the combined e;cperimer.,'lts was :isolated and

distilled. I twas provod to ba vory pure, u11ohansod.

:r. 2,0

1.4513

0"9903

o/{=pentenoio aci.r o o
m.p. s.o - 8%5

vmenoo [1\J J 27 .1.n

q,~ld lJU!PllY::£.t...9 a9id, o0% by volumes

The aciria v.er-o all immediately 10.1sc1'hlo \1tll no
chon_ge of tomporature. Tl1e rocovorod acidu wvr0 a.naly~~

to yield the follotvinc fi@lres:

Tim.a.

? days.

? dt.1.ys.

--p Rooovory.

91

-
% Ac1d. Lactone.

4•G

The high peroente.ge of y •aoid in the two day

experimont appE>ars to be fortuitous, o.s in the longer

tmes tlle amount formed is leas. There was not enough of

tt fonnod to identify. but the ao1d was obtained :rroa r:con1

laotone in the usual way and. 1dent1fiod as the pure starting

mator1~l, O(r•penteno1o aoid

ldent1f'1cat1on.
0 0

m.p. 8,5 - 9%5 !!• • 1.4507

% 0%5% d• o.tJ90S

whonoo [» 27%38

~'{ .. JJentenoi o a.o1;.SL

!!_2:L suln1!'q.r.,f c aCid e 50•. ,l?I: volp;m':J..t..

The 011ly experiment dcme wa.s that under the or:)n<11t;1on

of Fittig, in wh1oh laoton1sat1on wae p1~ctioally oomple.«;e,
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there being praotieally no eross uocow:_pooit1011.

Overall.

55

Pu.I'O distillate.

54

, .oid.

A c".teO

The acid was removed from the mixture by potQO"'!.tl.D

carbonate in the umal way, and tho lactone -ictillode lt1io

vrJB show to be pure )f' •valorolaotone by tho fc.11lo\1:tng a&t~a:
0

-34%5
0

94/16 tmlDe
0

100.4 (oolc. 100.l)

)-hydroxyumdao, mixed mop, 51.5 "

Go3dsulphur1ogoid, 60%byvolumoe
71la acids \ ore all misolblo 1mmed1staly ·nth no

disoerna.blc obw1ge in 1iori1poraturo. Tha products 1·re~~ call

distillod in vacuo to romovo a small oauou:nt 01 polyuor

o.nd thon iu1alysed. The results aro given below, the five

hour experiment being performed twice to S}lOVI tho t tlle

matl1ods 111 use gavo ropeatobla rosults.

T1.me. 7iJ Rooovery,of product,

Tota1. Fure d:totillate.

1 bour. 81 '79 92=7/14 84%5 35%0

5 hon.rs. 79, ?? .\lt-3/14 41%0 57%5

5 hours. - - - 40%5 56%5

8 hours. 60 58 ';}4-5/lo 39%5 79%5

48 hours. • - 90-3/17 5%5 95%5

T.he products ware all tntxod a.nd separate 1:nt...,

e;\Ci,d and lactone through bicarbonate i:.olui;ion. 1J?ne two

portions \J6t'~) disttillod, eu-id sllovm ·to be puro y .vnlE::rc;,leo·tcm.a

and py-pon1,ono1c acid by the foll01rl.n_g p11ysical proportios:
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m.p.
i1

0"5

o.ossg
1l1anoe

L m-cone.
0

m.p. •56%5 !!•

• 100.e •0 Ee»m.p. of' hyd1..oxyrunldo 5%

l.4326

1"0546

24,65
0

m.p. nixed with referenco hydroxye.m:lde 51.5

_:(-va1er1:!.~SL19}:£..t. 1'h1s was tree:tod undor the ~ost drastic

of. oaoh typo or method used to sea 1f any revoraal of' tho

chano;e had. oocurrod with the production of acid.

ot acid. 1 hour.
....... ---·· 'r.b.e recovered liquiG'. had:

% Ao1, 3,0, , Lao·tolle, 99"0 The traoe of aoiio

nia torial formed Wt:'.S remove(l by potassium oa.rbon"'to and the

la.ctono c11at1llc.ld.

of 1% 100"Le, b~p«

Cold e.~J.£1!. ? days.

Tis was the pure start111g mo.ter1al: •
0

102/28 mms., !!.•· 1.4322.

The recovered l 1qu1ti ,ooutaii.•.ed :•

'" Laot one I trn .5. Uo ,,,dcntifioatiou uua dono
on this as 1t was unJ 1kely tl1at chr~e<-J woula. HO.Ve ooourraa bl

tne 0old while none occurred on beat1.11g.

Henoe, {[ «valerolaotone is quite uneffeeted by tll

the laotonisill(t conditions that produce lactone from th(l

pentonoio acids.

0
Tha ao1d (m.p.'72.r, ) na.s finely povHlerocl l)efol"G

use to aid solution. only ono o:r thu hot sulphuric ,10:f.d

,experiments was d1st111od 1n s·team au the acid ,r~o fou11d to bo
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wor•) di...1tillod, as a dinClric form of' the aoid is formed (as

al'>'> in the case or te fy-aotd) v/llich 1;:; o.loo p:<;C'lldQ.1.01,11.c

and asn be romovad by distlllat1ou.

Bo'Lsulphur1doso16,99,by volumes
ReaoverJr,

Potal• Pl11·0 d1st1llo.te •

F! tt:i ·' s, 4.3 43 (s'tea:m. d1still1xl) • 29«0 2,0

1 hcur., ?? 54 85/9% 97%5 1.5
:1. h.0u.re - 75=8/8%v - - -

The three hour e:-cq>orin1ont oas done in eun at tempt

·to isolate l:.Jotono if :oossible and v. as nnt; n,nelyse

aoourately. However, no laotone was :tormed. l7h.e ;raoove1'oa

acltls in et.ct case ncre praotioslly tho pur •• s i. u,rt;inr :1Ult-f;:r1.cl

8.s seen from the mopes and valuea of J' •

.t.:ima. m.p. J.
0 0

F:J.. ttig•a. 71 - 72 2,5
0 0

], hour. 09 • ?O 3.0
0 Q

3 hour. 70 .. 71 4efi

the omu.J.l clrop in 1nelt1nD; point and theslight
0

1ncreaso in J is p~lHtbly due in a [cil oaae, to 'tlte for-~•~ytion

of a. little allo- {els=) orotonie acid,

2£!._4-E.l!JD}lU l"-! (! )t919t 1 60 t.~ Vq 11J¥J.2.t..
une experimaut v '.1.S (io:uo :tor :Sevon duys. ,jolutlon.

nun complo t;o in 20 minutes with u sl.1e}it full in tc:t·1poratu.re.

T."r1e r,1covcred comnon.nd as pure e{~-«9ta (n 04,; t'OCO'V't::117)

Laotone 0•5;
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_F)ntenotoao24»
! .P.t..~.Y.EJ.Sl....!iV-!1, 50, by v9JY!_n.S.•.

nlth01Je,n

,
Vary 11ttle charrine occurred dur1ne tht.1se llxporimant1

ocmsia.nroble resi!lue r1as lot't on distilling the

pr.ioduo ts from the l.ongar boilings, oonsistinB of' products

of ~roos dooo.npos1t1on an.a· polymeric cllanga.

• • Reaovory

Total. r-11ro distillate.

l~c:to.. , Luctono.

lrittig' •77

60 :rrilns. 76

51

51

85-90/12

80/9.

98%0

i'he c...cids ao :raooverea. uoro botl1 he.rd solids and a

it appOOl"(l ... that tho f)'ac1d had been oomplete~.Y' oonvorted

tnto tho inomeric ◄p-aoid under the lo.otonising cond1tions !,

anu th1s ,1an llroved by too malting points and bromine addition

Timo.

F1tt131s.

l hour.

go2asulphur1omo4d,697 byvolumes
The acids were miscible immediately with uo

A c,erto..in am.ou.nt of impurity "Na.a

fommoa, aflpaotally in the casos of long standing, end was

ronoved by rl1atillatior1..

m.p. J.
0 0

69 • ?O a.5
0 0

68 • 69 2,5

2110 «

Tot a. Pui'l!o c11ot1llata.

b..p • 1 ....~old. , Lu.cto11e. J•

4 hours, 92 90 66•?/8. 98%0 r.c 73.l

2 d ya. m:- 71 66/5. 9a.o r. •.c., 74%3

7 ala.ys ·78 51 - 97%5 3"5 70.~

Hone,, tho t:filOU.Ut ot: laotono tommed avon OV<)l.' a lone
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denosited no solid, and ,era seen by the hnlo~n additions
,

to ho praotloally unormnged Pr-aoid, very 11ttle ta.uto.meric

having occurred»

{111) Booting thoaotad in a solvenks
Ow1ng to the unex.pactod nat1.1re or the addition of

hydrogen bromide to ftY•butcmoic acid. in l}Y<lroo ..1.rbon ....olvents,

(}.,./JS-)• it was cons1derod possible 1;hat the aoid r.ue)lt

ro1~11 l·.ctona ttmlor similar oondit1ons if aotivattld

auuf'1 o ion i;ly • hydrocarbon was chosen whose boiling poin t

. ,• o a'bout equal to tll.....t of' the uo1d under ordiunry prossuro.

• 'h1s was 1;1•:f¥l.~dekal1n, fl.r1od over sodium, tvr1oe fraotionatc1d

ver.v on.rtlt\tlly through u oolutal1 a:r Lessin rlne;s, e.nd finally

c11atilled from soclium. ~ 101- by woie.ht t1olution of

buto:noi c noid in this solvent was boiled gently tuH.le1 reflux

:r·or 4 hours • few drops of irrrusoiblo l1qu. id :Cor.r.tec.i.

This was aoi, but was not inolude in th~general recovery,

Tno ·J.oid l)roa,ent nas oxtractecl as p1--aviuusl.1 dascr:J.'bod, and

in 9l yield, T,ha lactonio oon·tont of the m1:x:tur<) v1ar..,. c, .4~,.

Tho raoovoroo acid rosembltia. ~8'-butenoic ao1d 'Vory olo::ioly

ill 1 ts t "(':i11orel -nrc)tHJ,rt1as, Er.lld obviously did not contain.

J!lll oli o:r tho isono:ri o a.e1d. Iienoe 1t may be sta:tod

do:rlnitoly trurt ;he notd ('l oos not form any lB.oi;o.ne if boiled

in O.J..1 inert oalvont t'or o. lcmg tiua.

{6But7role9tone»,
••·• usl1al, tho 1;wo most drastic, lac·to11isi11g oondit1ons

wore imposed on the laotone, with the result that no change

t oll tm:s detecto in o1th.er 0as, the laotone appearin to



ho very s,;ablo to sulphuric acid under the conditions used.

[<2.L@l£h\l1·10 aoi!!, ~Q; .Pl volume. 3 hours:
0

6'1 , reoovere, bep, 77/5%5 ms, 1,5% acid and 98,5%% lactone,

Gold_sulphur1o sotd, 00@ byvolume ! 7 days &
0 0

bop• 69 70/6 ms, 1,5% acid and 96.5, lucton~.

~- 5;,¥92,g~~ carboxYlic acid.

All lacton1sat1ons dono on this ooid and also the

'1 .2. acid '(\ ere done in an !ltmor,phere of n:i.trogen in an a

at:tomp·1; to keop down the general decomposi t1on of the acids.

2Sek sulphur1o aoid, b9k by volume.
The acid was rather badly attaoko! a.ftor some time,

a slow ovolutlon of sulphur d1ox1d~ "'3.0 noticed together with

tho forrnat1on of . certain amount of ohsrred material» The

produots were not distilled 1n steam. As ~ar as oould bo

observed, tho two acids never beooo:n.o 001.ipletely miscible

in the ti os or brJiling ~.lsed. Lacbone appeared to be

fono.od slowly as will be seon r·r,:.mi the figures appended,

but• owing to th0 slowness of tho ollango and the amount; of

deoot1poaition cccurring, there was not obtained enouc)l for

i<lont1f1oat1on.

1."i.m.e. r, Reoovory,

'fatal. distillate. 0 aeiG« La0tone,Pure b.:i;-.( ),. I

..,_ti 1r:;' a 98 92 130=4/13% 97%5 l ('."
e8

30 1r.ins. 69 46 132-.6/13. 90"0 8%5
0 0

Tho ac1c1 ,1as reoov(;,1rod, and had :n..p. 3? • 38 , and
0

w<:tl.t1ng point m1xoli {"(1tb the roterenoe off ..acid !37 • 'l'hia

cffeotlv'7}ly ehowa that the aoid recovered was tho pure (~.a,oid



was done, for three dayn.
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~ne expariraont only

The cJlotinic acid did ?tot dissol,re

complotoly 1n the sulphuric acid, althoue;.t,1 the mixture wns
0 0

kept well shaken, Recovery was 59% with b•p» 137=8/15 ms,

tborc, hein ., littlc 1..osiduo on d.1.stilling. It contained

97,57% sci~ and 2"0 la0tone, Thus, the aoia is practicct.l.ly
C, 0

identical m.th the sttl.rtin.g material., und bud m.p. 37 - 38
0

and m.p-. in admixture with the purt; ~P,-aoid 37 •

A-a-oy9lohexeneonrbozyl1o agige
Hotsulphuriosaid, 99%by volupos

Any attempt to boil the m1xturo for louger than the

time used by F:f. ttig resu.ltod :tn oomploto de::Jtrt101;1011 of the

acid Tho re,oult from tho one successful experiment is :

73% recovered boiling at an unknown temperature, » Aoirl, 55.v

Laotone, 63.0%

The lactone and acid were separated 111 the usual

wuy and 1dont1fied 11' possiblA. The nra.ount of the acid

ro0overed was so small as to rondar :ldant1f1ct.t t1on

impossible • f1.'lle la.ctono VJus obta:tnod as a ,,fb.1te
0

cryatall:l.ne solid of m,p. 128 , and m.p• mixed w1 th the pure
0

reference lactone of 120¢ showing that the la.ctone for.mot in

this o.y- na.s .£Y£!.2.hoxanolido 1:3.

Bola sulphurio no1gd, 60% by volumes
The two acids were always found to be misoiblo in

42 1nint1tos, and oonnc }lantly the shor1.;ost -time usetl w·as 46

minutes. I'bera was vory oonsidcn..,ablc t1·onaation o:t
76°pol:ymerio matarial (of. l o:rnetkin and AbaltWUUvslcajt1 ) , but no

oharrinc or evolution of sulphur dioxide was dotectod.
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,., Raoovery, 0 aeide Laotone.1.l1'1me. bep• ( ) • I

Total. Pure distill ta.

45 mins. 5l 46 124-8/16. 89"5 l0"0

2 l1ours. 44 33 122/15. 75%5 26%0

4 hours. 37 25 125/12 11.0 88%5

For any time greater than four hours the product

1sol toi in vor.r poor yield was practically puro lo.ctone.

From th6 vory bad roooveries and largo rosiducs 011 distillation,

tla.e f'(-aoid ap .ears to be removed by sic'ia xceotio11s as '1'ell

as by laotoniaation, whioh appeal to obey the fuirly aonoral.
rule that suoh roactions aro autooatelytic. The laotont1 was

isolated in the usual way: It had M. 126.2 (calo. 126,l)•
0 0

m"p• 120 • m•p• mixed \Tith tho roforonoe lactone, 119.

Bot11ne al9nee

A. fow/ms, of tho ::mid r.oro boiled e;ontly th

atraosphoric presuure 1n an inert atmosphere :for one houro

Tha produot waa d1. stilled from about 5% of gumny res1duo

and eontaine 99.0% aid and 0"5% lactonio material. The
I..

recovered acid wae quito t!lObile and. clo::sol.V- resembled the

start1na material.

Pxplghexanolido 1:3.

I!ot f!Uli!hU:t1.o rlC_1d1 GO, by voltlJAOt,,. The experiment was done

for thix-ty mi11utes , 1n Vitich tira.e tlJ.o lactone was complotely

dostr.()yod except for a small amount of untlistillG..bla gwn.

The experiment was done

f<n.. '7 days, the luctone bein l'ooovered in60,o yield m. tll
aid content 2,0%, laotone97.0, Tl:le lactone was
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1..ec1•ystallised from 11@1.t petrolenm and proved to be
0

1dontical 'Jth the starting material by its m.p. (120 ) and
0

its melting point mixod with tho original solid (118).

From tho above rarmlts tt"7ould ppcar that thia

laotone io not so stable to the lactonisin conditions an

the aliphatic laotones, but that no t:ra.ce of olefinio acid

c n be obtainod from it.

v•m.othyl-)il~czolohexone carboxylio cid.

Hot sulphur1ogo16, 59% by volumes

There was considerable charr1ns and ovolution of

sulphur dioxido durin. these oxporiments, uhile, as far as

could be sem1, the acids wore nover onmpletely :miscible in

all proportions. The fi{!flros fro, the two oxpor1mcmts

performed aro g1ven below and 1.t wi11 ibc so0n tho. 1, the amount

of laotonic mater.le.I formed was very small.
0

Time• % Recovery b•p. ( ) •

1otal. )?ure dis1;illato.,

cid. % Lactona,

Fittig's

15 mins«

84 81

69

12955/8%

135.4/8%

98%O

Dold sulphurio aota, 09, byvolumes
Tho a.aids wo,rg 11eve:r m1ao1ble in all proportions

during the timos studied. esults:

Time •

2 days,

7 days. 83 80 130-6/7%

Acid• % La0tone

o.o
1.0

Recovery

futal. t"'ll.re d1stillato.

100%(not d1 stilled.)

The distilled liquid from tha longer exporimont
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had moltin; points, both a.lone and admixed with tho pure
0

~actd, at 25, conclusive proor that the ao:t~ :is quite

untouche by cold sulphuric aoi.d (60% by volume}.

3-:metftylb-2-~zclohe:x:ene oarb()xyl1c acid
:.;a _.,,t.

not sulEhuric aoid• 50,.,,Ei volume,

In this case charrins and evolution of sulphur

dio:x:i.de set i rapidly and vieorously, and in one minute the

liuuid was worked up« There was obtained one drop of a

l1ju14 highly lactonic in nature. Th.o acid ~LS obviously

very unstable to hot dilute aulphuric nc1d.

Sol mulpburio aoju« o9, by volumes

The two layers mre always miscible after 55se00nds,
0

with a. rise in temperature of about 5 « The i'igurss from

sovera.l experiments are quoted in tho tol)lo : -
0

Time. I Recovery, bop• ( ) I Acid. Laotone.

Total. P'U.l'e distillate.

5 mins. 96 89 118/18. 3.5%5 es.o
lG mi:us. 95 86 - 12,5 88%5

60 mins. 90 83 118 8,5 92%5

Tho products 1,e:t'C mixed and tho ao1d ond laoto11e

separated as Uf'm.al. It call be seen tho.t tl o um.mxnt of'

acid was not sufficient for 1dant1fioation, all that could

be done was a. bromine addition which showed that J was 0• 96%0

1.e. the rocovercr1 aoi« was Pf-·inid.

The lactone had l. 139,8 (ealo, 140.1) and m•p•
0 0

44 • The m.p. nlixed uith tho refr11"'enoe lo.atone was 44... 5 •

showing it to be a-methyl-@y@lghexanolide 1:5%



Boil1mo a1opes

1l.1.e acid ms boilGd gently in the usual appara L"Us

in an inert atmosnhere, o.nd samples withdrawn at intervals

t1.nd a.."lalyc:;od as usu.al for acid and laotone. Owing to the

scaroity of material it wns not possible to distill the

li u:id before an·1lysls, and consequently the results from

the longer boiling~ a.re rendered sli,$htly difXeront by the

appearance of a little neutral substance« Unfortunately,

this was unavoidable. A second experiment was done on a

1'urther sample of e.oid and was ditillecl. The figures for

this are given in the la.st column of' the tabla.

Time of bo1ll1g: ..r y-a.oid left.
~ lac tono formecl.•

30 mins. 90 m.ins. 300 1nins. 120 mins.

74"0 68.0 65.0 72.0

26%0 51,5 50,5 52,0

Thero thus appears to be un equi11 brium betueen

ft...9.01d ano. Y..1a.cto11e at 32 acid and 68% acid, 'l"".ae lactone

form.od. was isolated and identified es 1-methyl•cx:elohexanolide
0 0

1:3 by its m•p, (045 • 44 )• Mixed with the reference lactone
0

it melted at 44 •

1-metllyl-O:l:Olohaxanolide 1:3.--
lot sulphurio goid, 99A byvolumes

On boiling th~ mixture of lectone and sulphuric aoid

oltarr1ng o.nd ovoluti.on of sulphur diox!do occurred an.a. attor

five minutes no distillable product u~a obtained. The laotone

was totally destroyed e?tcept for~ lit'tlo gum, but not nearly

so quickly as ua.s the f3t•c:101d under s:hnilar oondttiorn,.



0 o" N 4.) f ~ c "'cf 8" g I0 0 0 0

)v
C>

%

°'0
g'

....
8

0 0
P:t ~\"\%
0-0 (..1

l
p:l

).)

I t\,f ~
0 0 0 ()
0 ~\ l:11 1-3

l\:) <.J 0

c
I

0 t:➔ B
1l 0

H
0

0 0 1-3

a\4\ 8
1-3

(.) 0 0

II
31 ....,,.

Nl
[i]
to

(JJ H
0 0 m
Q

~J:1 \ 41 ~-;:,,I
t'-°'I• •

3•
0
0

l\:)
P:l
•

A
0
0

:!
2
C
-I
G

G
0 >,;

0
0

J'TI-0



121
/

Golasulphurigaoie,00Abyvolumes
ftor t1:.o d yo treutment the l ctona s r~covored

in Oo, yield and oont 1nod o.5, acid and 101 lactobo.,

hnv1n • m.p., both alone and .,1th tho 1·crerenoc lno tono • o:e
0

44 •.

j[out alone»

Tho puro ¥" -lactone as boiled 1n tho srune

apparatus and under tho same oonclJ.tions a the inoiilr:;rlo

f'(• lCid1 and tho a.ll!llyaoll €1).VG the follor1ng :l'iBUro. (01

the undJ.stilled 11.uid):~

1ime of boiling:- 15 mino. 75 rr.J.n.o. 2.5 mins,. 575 nina.

I py-ao1d f'ormocl. 13.0 42,5 63"5 57%5

lo.atone loft. 94.0(?) 58.0 36%5 96%5

'11his again appears to have proceodnd to o.n

ocruil1briurn. ~t ~6, lactone. 'l'h re i.s • sl.1 ~1t diffor:once

bot,~ oor:i. this and tho fiaiu·e ob·ttt.1.ne< f:rom the acid r;:J;de,

1:ru.t, as oxplainod, the acid may have contained some few

per cont of inpu1~ty, ~.nd consequently the conclusion 1s

drawn that the two oqu:f.libria o.ro the s~w••

The acid vraa isolo.tod· 1'1lom ·the rni:trturH nnd found to
<¼

have a b:t'omino add.1tion o1' !J.bottt 94% A petoluidie has

b~on proparad t1~rn 1 t in the usual way but, o 1ne to the

vecy s:mo.11 quo.n.t:1ty ava.1..labla, only suff1ciunt ,-Jol.id wa:.~
obtained for a mixod mel1;ing poiut, v1ith tho n.•tolu'.J.didf) of

0 0
tho pur<~ fY'-·,o1d. 'f11lis was 107 "' 108 , and :tud1oates tha't

tllo a.o1t1 formed by such flss1<m of tho lactone rin in the

p¥-ao1th Fu.rtl1cr work 1a being cax-riod out 01,1 tht.s

subject at tho present t~me.
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~_'::___::!.DROGLU Jg!QJJ:D".::....::..J?.Q_:i:_!....-=---12..4=~'l_•.,,~--•__,:
including variousassocigsedexperiments on bromoaoids a5gssko:

HOUSIDWOITWTTuwwNr»MMPRLUTOLKPPVODNSPPTTSOTMWONOMNNUIDUONLINOETMITVIWMRTITTIWDORNTPNNOODEODPU AITON±TOLOIDITTMEDOTOINTUDOUMMUIRTTIRNIUDETNZMINTURNMME!YDNPNWOETJUNMIUDNMDMNNMRNTNOeDEOIPKINTSPYNIITUNISONIMDPU: OKI!UN!!TAMMOMDVSIITNINUNUAAIAUMLOUETTALLITTMKT)TETPIITKTIDISIYTIMO9IS8DU!+SOUS9DUDES:KL:toULASONTUI

(3)«~ventenoto so14»
A.do.1tions were done to this acid in the apparatus

doscribed abovo. :t o additions l.aro done ·to the pu,ro, dry

acid, and two to the ac,.d conto.1n111

of these was analysad twice to ascertain if' the method was

1v1ng repeatablo results, and a bromine estimation was also

done 1n each case to sao if the method of taking dovm "to

conatont weie;ht in a va.ouum desiccator over pot·. sh was givin

rolia.bla bromoae±ds, Actually the weight wus never

obtained constant. After the big los& of weight due to the

romovRl of unccmll:lnoa ~'drobram.1.c aoid ttiore followea o, vor..r
r:lo loss due to the loss of hydrogen bro ide from theX
brom.o--aoid wt th ·the format.10:1 o:e lnoton.e. This will bo

flOGn f'rom the amounts of' bromin.e present in tl1e ao!cls •

etvally the bromo-acid was removed from the dooicoator

when tho speed or los'ing weight change· ancl the iJXl.OU.n1, or
hydrogen bromide left in tho aoid was tha:t ooJ.c1J.lo.ta<J os

required to saturated the double bona»

The u.dd1t1on to the dry acid was slow, the mlxturo

of acid and excess hydrogen bromide being left in the stoppered

u .. tulle overnight to &ri.su1•a complete reaotior,,.

acid reaotod much faster, no standing overnight being

necessary, and actual absorption of hydrogen bromide by the

liquid being faster.

'itlo fo~lo\11ng oxperimanta wore pori'or.n10d on the

pure referenoe /3-bromovalerio acid during attempts to find a
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rm.othod or annlysia of mixod bromoa.ai<iu.

(a). 5 @QB of tho acid uero boilen ~itn water under a

reflux condenser for two hours, at the end of which time all

smoll of unsaturated hydrocarbon (am:rlene?) had d1sappearod

and deco position of tho bromoacid was assumed to be conr_pleto.

i'ho liquid .. as saturated with sodium bicarbonate and extractod

with ether ocntinuously :for 24 llours. The ethoroal extract

was l1r1ed, tho other distilled off, and tho residue left 1n

a vaouum des.laoator over oe.lcium. chloride e wax to constant

noig;ht. I'his { J.acton1c mnberial) represented 0.4% 0f ther •bromovaleric acid takon, showing that no Xf«lsctone wao

fonaoa. 1'r001 the r •bromoacid. 'l'his 1nd1c \ i:es that i;hc

a.oocuo.pos1t ton proceedoo to i::he j! -hyd1"oxyo.ofd, prol>ably via

tbe f-laotono, together with a little unsa,turotod

hydrocarbon. This gas was bubbled into chlorot"om o.nd

shown to be unsaturatoa. by its absorbing bromino in the

awM solvent, but th:l.s absorption was too slow to have beon or

uny use o.r-J an ana.ly-t:loo.l methocl.

(b). An aquoous-aloohoU.c solution of f •bl"Olnova.ler-J.o aoid

was made up and sumples allowed to stand in tho oold for t1:mes

of o, 15, 301 and 60 minutes and 16 hours. daition of

silver nitrate solution always proaucod ei slow l)roc1.pi tat:ton,

o~rmcing (\fter 4 seoonds in. all oasos, irrespective ar the

tj..mo of otQ.Dding. Bo111.ng tlle solution a fa,, ndnutes botora

adding silver nitrate caused immediate and copious

prooipitation with this reagent; also boiling the solution

with silver nitrate oausod immediate decomposition,

A.n experiment conducted on ~valaric acid as (o.)



above produoed a 75, yield of pure f-valarolaotone- 11his
0

li )lifl had m, 101.l {ca.le. 101.1); b.p. H8/14 mins.;
0

1•• 35 •

Tho method of analysis tried and found Ratisfactory

was as 1.'o1lows, being besed on the rao t th.at tlle p -broro.oao_1U

treated na above {a) forms no lactonic nu.1teriul, while the

¥'•bromoao1d yields ¥-valerolactono.

c. 0.2 gms. of a bromoactd uore weighed into a

flask and disaolved in 100 volumes of neutral 50 nlcohol­

water; and titratod· with l /10 baryba using phenolphthalein

,:is inc11cator. From tbi•s, of course, one obtainec. 1;he

a u:lvalent. The liquid was heated under a smell reflu.x

contiensel"' on the steo.m bath unt:J..l decompositicm :tn the sense

sbowu above was complete (not less than oO minutes). 'The

solt>.t1cm was coolea. and ti tro tc~u with baryta. to neu.traliso

uny freo acid formed by deoor.ipoeition of the p -bromooid

to the f ,,..hyd.rox,.r...ao:ld. The laoto11a present (famed f:t-om

the Y -bromoao1d quantitativoly) \.,as then esi;1matod in tho

usual way by addition of excess baryta, heating on the

steEun for fifteen minutes, and. back«titro.tin • the cooled •

solution with standard sulphuri o acid« . From this last

figuro the amount of )«bromoaoid present is obtained« ··the

i.l'l&thod was teated 011 va.rious synthetic rnixtures I and it- was

shown that the {f«bromoaoid formod {f«la0tone quantitatively

uf:th .the groatast of. easo '71thout ror:etl.11.g any f'ree acid.

Results of tests:

, «aoia (true) :

-acid (found):

100

101 4.6%6

95"5
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As a rough oheok, the amount of (3-nromoaoid (as wo11 as

being obtained by difforenoe from. the t~.bovo f1.{-uroa for

the y-bromoac_id) c001 be obtntned from tho fact that under

tho conditions use, the B -bromoaoid appears to docomvoae

v:1 th for.a1ation of 7t ± l or tree aoid.

The results of the analyses on the addition

p1:-oduota of f)(-peutenoio acid and hydror:;on bro.mide are

given int a table below. It will ba noticed that the

oqu1valants as doterrnined are al ,o.ys slightly high and that

tho po1--oenti;.,ge of bromine present in tho o.clds .ts

correspondingly low. These facts point to the loss of

hydrogen bromide from the ) -bromoacid with formation of

laotono ec.s mentioned p1--e111ously. The lactone, however t

is o3t1roated in the appropriate place and so tho sl1.@Jtt

deoomposi 1:1011 that has occurred makes very little differenoe

to the accuracy or the results.

Condition

of acid.

Dry.

+l water,

Equivalent

{

182.4'

183,8

187 (?).

185%7

{
185.o

185%0

Br.

--
91,.4

95"2

92.4}
92.5

(colc. 180.9) (ca.le. 4.4.2)

The procluot from the dry additlon was converted

into '(-va1erolaotono by neutralising \,1th sodiu.m llydroxida,

ro.1cl bo11111g w1dt1l,. I'()flux fol" a short time, bo eomplete the

t'or.me.tion of the la.atone by fission of raBr. 1"11e 1,. u1d



was eontinuously extracted witl. other and worked up as in (n}.
0 0 o

The liquid had , 100"4 (oalo, 1o0,1), 1•p. •35,5 , bop. 92-54g

The lactono ,
e.s also obtained from the "wet" addition and had

e1m11a1.. p1•operties, prov1.ng 1 t to bo '( -valorolacto11e, Wld

shows tho proaoncG of cons1dal•t.t'trle q11ant:lties oi' ¥•br<mlo­

v lerto acia in tho addonda•

(12.)•fmutenota ao#d,

Th~ additions 1n this oase wore rather numerous

and wor done in a. variety o:f' r;ays. T'ne first to 'be (lone

ucre aocording to the oond1ti ons that had heon r;·tanu.n1·di::n..--d

for this wcl'lc i.o. to 1.;hc dry l\01d a.na to tlH~ ao1d 0011.tuiuing

J._, ire.tor. The rate of ad.dition was found to be very slov

inadeod, particularly in tl.e oano of tho dry acid, soveral

saturations with byd1"-0brom:tc o.o:lc1 being neoossary (allowing

to stand 24 hours botweon each) before the oorr,eot mnm.1nt o:r

gas could be absorbed.

Grout difficulty was experienced in finding a

tiati s:taoto1..y :mothoc, of axualya1 s of mixeC:. r .. M.1... Y'•bro:mo­

butyrio acids« The method as used for the valerie acids

\"'aa trl d but was found to be unsatiofactor-.1 as the(' -.brono•

acid gmve :r.ise to o.bout 6,, of t•-!l!Jill.tc m•1.ter1'1l wltinll

reaultod in high results for tbo '(... uo1d. Distillation

ot the bror o-aoids in atetUn, and also of the sodium salts

of tl10 br.omoac1da, lJ(;lfore and. i. fter hoating unt1..or reflux,

vru..s triod1, but with no success. A.n attompt was tl1on. made to

'find a base that would discriminate between this pseudo«soi

and ¥•butyrolaoton.o. This was dropped after many trials,

Finally tho method used was standardised as rollows:
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The 'br-omoaoid (kJ.u.nm. ei ht) 1 \ as dissolvP 1n neutral

alcohol-wator, Wlu. neutral.is<~ wi t:b N/10 biuyta, tho

aolu tion botled ln1der 1eflux for fifteen minutes, an excess

of baryto addod and the whole bo3.led for a :fl.irther firteen

r.!l.1..r..:1.1tes. ~ ny solid as filterod or:r, the liquid '1.l11°\J i; o.cid

by addition ot an excess of sulphurlo acid, and bo'!lct f'c1·

fifteen minutes to lnotonise any y-eydroxy-acid (f1~om ar.:y

'(-1 romcac1ct) present. 'l'ho laotone waa then. estimated

e.o usual. In this wo:y the amount of r-bromo~oid pl:'Onent

in the addendum was found by oo:m."}O.ri ,on of the t'1guros ,r.tth

tbone for tho puro bro.mo oidn an~synthetic mixtures.

PlU'e p-bromo-bu.tyrio acid: E'ound 4.?10 " '( .,_broraoac1d.

Puro Y-bromo-butyrio ao1ad: Found 100 y -t>romoaoid.

For oontirmat1on of the rosults obta1ned, ~1'

g-bromoaai was onverted to 1actone as described in the

oaoor of the add.enrla to the pentonoic aoHl rmd uc:tghod.

Results obtained«

o.o
0"O

Tlle five hydrobromides so obtained vrerc unj. tod

and. neutralino,1 with aqueous ba:cyta, boilcuL ~~or fi:Cte,tm,

minutes under reflux, the 11 uic1 11eutra..liotH1 r. i th socU.u:rn

b1oarbonate, an.a the liquid extracted oontinuoualy n1th

Condition Equ:tva.lGn-c

of aoid. (oalc. 167.0)%

Dry 168%6

re 1.67%8

+% water 164%0

1f 1.tm.o

0 1.64%2



other. Tho ether extrao, was dried, the ether distilla
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of.r, o.na the r,Jsidu.a tra.ken clown to co'Vstar;.t wei. ".t in c..

vacuum dooiccator. 7.11 StUS of hydrobromidG yiolded ,15

gm.s of r-acidio mc.terial., from \7.h:lOh only 0.018 gms

of" Y-butyrolaotone"could be removed by distillation in

v 1.ouo. Honoo 1 t is stated that the a~di -cton. of hyd:ro~on

bromtda proceeds in the same ·uay both in tho p:resenos and

o.bsenoo of wator, the emmmt of '(- Jl"omoaoid fomed being

oertainly less than tJ •
Add1t1on{l. .J!L.f-:t=-b'}.tenoto .ao..!._d,J.n fi!Qlvcm..'E.!.

These were done in view of the ronults obtrd.11od by
/6

Walker end Lumsden on the addition of hydrogen bromide to

undooe1..e10 (u..11decylenic) acid in ether and toluene. 'fho

follovr!n solvents were used.

Tho ether use was shalcE'.ln in tho maoh1ne with c·.,_lc:tr1cm

chloride solution, twiae dried with sodium, an wvor.v ourrxrully

fraot1onated tr, remr,ve water and n.loohol.

acid was treated in 50% solution in the ether with hydrogen

bromide, being o oled in, ice to stop • or inhtbi•t, 1,oss of

nolvont. The· liquid was allowed to stand Wi. th OX088l{ of

hy-drobromi o acid in a stoppered tube overnight (although

this was probably not necessary), the ether and hydrobromio

aaid removed at the pump and finally in a vacuum desiccator

over potash-wax« Tho 11quH1 uould not freeze in a freezing

mixture and smelled strongly of ester, there was a

cm1siderable ros:!.due insoluble 1n alkrl.line solut:ton that wt~.tJ

ester. It was then disoove1•ed that tliis esterii'ioat1 on of
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of aoid:l ill ethereal solution is connected with the,,
paononvma discovered by Fento... , and, late1·, _enton and

Gostlin ~] £'hay oho .ed that many acids, ~:t.'lon • them aoet1c

aoid, 1.:e d:J.ssolveu in pure aloohrl.-freo diothyl other and

troateu m.th hydroeon br·omitle, ,:.-,"lVe good ytelds of the ethyl

est.or oft c c1d. is tho addition of hyd1-a.obromic acid to

f¥-buteno1e acid in etl 01~ nppe"trs to be almost instan.,Ganeous,

tli.o est. r1I' formed naa that oi the oro:moe.oid prosen l•, and so the

mix't'Jro w . a.naJ.yso by tha attemptod. aoparation of Y•la.otone
frora. any f•brcrrn.ooorapoQnd thore, as descrlbaJ. al,ovc. The

faotdio substf:1oe isolated corrospondod to o.47, of' ¥ -brom.o­

butyrio a0id%

(b)e9go1elaoetiogo1de
The or.11naey reagent wa.s used., tho olefin.le acid

being in 50% solution« Add.1t1on was rap1d, and the aca,tio

anrl excess hydrobromie acids were removed 1n a Vt""O'!lum

dos1ccator oi:r01" potash and soda-11t'l.8 • Tho residual light

yellot· oil wa~ oxru:ninad. It had i:. loa.o, and the amount

of )'-branioac1d present waa ohown to bo loss tha.n one par

cent by 1solat1on of laotone. The aoid fl.1o~e in o freezing

m1xturo to tht1 t7.pioal round. rr..assos, of 01.~ystals of f'-bromo-
o

butyric ao·icl. It ho.d m.p. a.o , and m.p. mixed with the
o, ·O

refa1~enco ~ -bromoaoid, 12 • 13. This al1g..11t lowness 1n

•p• may be due to traces of impurity, e•c• l"acid and

aoat1o r.tnid in the final product. The addition in both

those Bdllvents ':l.ppears to :proceed to 1001 p-adcUt!.on.

i!_) £oluene!.
Thin was purified by long atandine; c:>vor sod1u..m



\Tiro and distillation from the sata(" metal. 'Iba ao1cl was

flrst usad in 50% solution, and after allowing the solution,

saturated with hydrogen bromide, to stand ovornignt, the
o· o

toluene was removed at the pum, from a bath ut40 - 45 •
0

The residue readily solid1f1.od at •15 leaving a ten drops

or a purple liquid. This impurity, unlike both the :pure
e o o

bromoa0ids, was insoluble in light piroleum ( b«p. 60 - 80)

an was removed by extraction with this solvent. on

removing tl10 petr".)leum at tho pump, a, white cl'.iystalline

solid ca.me out whieh, after draining on a tile from. residual
0

toluono, had m.p. 32 •

The experiment 111:.1s ropoatod using a 20/ solution of'

the u.oid in toluene. The 1,romoacid no obtained was f1-..oed
0

from the trace of impuzity es before, and had m.p. 32, and
0

1"p• mixed with authentio X -bromo=butyric acid, 58 , M.

was found to he 167", and analysis as for the bromo-valerie

acids (see p% /30 ) showed it to be 99; X4bromobutyrie aoid,

Treatment to isolate leotane 1n the usual. lTtr:(uner yielded

95,.., of' (-butyrola.ctone, 1dent1f1a,1 by:- la. es.a (calo. aa.1),
ovo

mep•" 48%0 } mop« mixed w1th pure l\ ..butyrolnctone, -48.6 •

(d)e. Eotroleupe

The petroleum used W<:l.S purified i'rom unsaturatecl

oompounds by sha.k:1.ng 1 t wi-t;li. oonoentra.toa. sulphuric acid,

drying over sodium, and fractionally d.istilling, that fre.ot1on
0 0

boiling at 40 « 60 being used« The additions vmre done to

the acid in 20% i0e-0oolod solutia in the petrol, the gas

being readily absorbed, and the bromoaoid. commenced to

eeparato from the solution as an 011. Rcmov.al o-r the.
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solvant '""t the :pump ftor a few houra, a.11.d chilling th1,;1

residue in i0e, soon yielded a permanent solid. Th:ls lmtt

m•p•s both alone and mixed with authentic )«bromobutyric aoi
0

33; D. 16?.l; found 99,5%% of X-bromoaoid. The a0id was

convortod into tho lo.ctono in the usual way end gevo 41

yiold of purl: t-m1tyrolaotone 1dontiflod by tho following
0

figuros:. M, 86.8 (0ale, 86.1)3 1.p. -48%0 f mep, mixo with
0

euthentio «butyrolaotone, "48,5 • The bromoaoid so obtaine<l

was free from the oily impurity that was formed when tolueno

was use, and can be obtuinod :tn this vray tar moro o~nvon.iontly

than by any 01~ the p1iieviously lmown mctllods.

On tl1coretict.l groundn 1t was next cc.c:ldod to pe1"i'or111

nddit1ons on the othyl osta.r otfo•1Ju1;eno1o ac.1d. For

analysis of tho o.ddition products two mot11ods tvar<J UF:lCHi :-

(a). Tho evideuce, of tb.e physical prope;s;"'-ties of tho eetor rrm

formed ln c omparison with those of the two pure referonoc

bromoestors.

P>) •A metho i of chom:J.cal unalysia. The method finally

chosen was tried on ethyl («chlorpropionate at first onc1

was found to give good rm.mlta and we.s then t;rJ.cil on the ·tuo
l"efaronco /• w16 '(-·~lromobutyr:t.c ostors. with O!llal sucooss.

About five gms of the ester were weighed scourately

1nto n opoo:f.msn 1.,--ubo, and a weight of clean sodium. exaotly

oq_uivalont ·to this vms ~.,01.;1ed out, out 1.nto mr.i.011 pt0000,

an pressed out 'lmdor sodium-d:ri eel pot roletun into vory thin

f.'.lhee·ta, and dl'OIJpec 1n·to about 30 ocs. of' bonzone (aried. ovo:r.

sod1ura.). A lG,., oxcesr: of tl10 molecular e;rui,vale11t of purn

red1st1llod diethyl malonato was o.ddad to the mixtu~c all( tho



tbe flask clom.n by a calcium chlo:r.ldt1 tube.
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T'ae uhole W: -.~

allo-red to stand vr1tlL occasional hand shaking for six iiours,

at the end of ,vhich tune tile sodium had al! ost cocapletely

dissolved wi";h the "for.roatton of a tnicl, gol·,titHnls w:ss of

the sodia-oo rrpound • Tho flask ,as corked and shaken

vigorously ovoraight :hi. the machine t co .plf1te ti .. t1 rec:..o l,1ou

and to l>Toak up the solHi into a fine paste. The h.logan

ester was then added I and washed in with a li ... tle dry benzG.l.'1.tl,

am:1 the whole boiled under reflux guarded by a calcium chloride

tube on the steam for 24 hours to ensure complete reaction,

at tho and of this time ( and usually long before) tile

solution ,w.s neutral. The benze11e was removed at the pump,

care being taken to remove ii COii\plotelt, as any remaining

interfered with the hydroysis of the ester at a later stage,

Waber Was added and ·tho ostor obtainoa in the ususl wu:y by

extraction of the aqueous layer with ether, and the esier

:rrasllecl into a tared Geisler flask 'Ii :tthout; d1::~t;llltrt1.on.. !t

was boiled for 20 hours with two volumes o"f concentrated

11.vdrochlortc acid to eom:plet-cly hyd1~01ysc the ester and al.so

to deoarboxylate 1t, tb1s 'beina oom:pletod b:r heat.int;; ·the
0 0

liquid to 150 « 170 for a short time after removal of the

hvdroohlor1c acid at the pum.p. he aoid was finally dried in

a vacuum desiccator and weighed, and recrystallised if

The test experiment on the chlorpropionike ester

yield()d an 85p of glutar1.c acid ( oolculutod on tno bromo•

ester) %

Tho method wns then triod out on. the refor·enoe.

bromoestors ruid these gave the follo,1ng results:..-
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@-uromobutyrio 0s*®f ©"° 85% yield of B-methyl glutario

Qvid; m.p. crude, 75 - ?? 1 at ..er rsc.rystal11u?t!on frori
O·

benzent)--petroleum ether the m.p. tvas 86 both alone and

mixed with an aut ont1c apeoiloon of f-methyl glutario a~1J..

y•Bro o" uty:.da aster eave e.. 72, yiold of n<li:pio ncicl, m.p.
0 0

"crude", 149.5 , and nith authentic e.dipio aoid, 150 •

Tho atid1 tion ostor was obta111od and distilled in the usual
,,.....

rroy. It distillod v ry st~ad 117 171th no de0omoositton at

all a.11d pr·actioo.lly a. theorotice,.1 yield ws.s obtained, a very

snull high rtlsidue boin loft. The ester ir. as subm1ti;ed. to

the abov·e mothod of a.,~alym.01 '71th tho follo ~1n ~ rosu1ts:
0

Bfil"f yield of aaiplc aoid; D•P• nc1udott 149 , mixod ~11th
0

&utlumt1o spoaimon., 150 •

The ester hed the :follow111~ physicul oonstnnte.
0

i• 1,4558 bep• 96/18%5 mis,

4• 2,5577

stonoe[]" ®9.5s,

l'ro4n th& ev1dtm'3e of these tiguros • together il1t11

tho faot that oo..1p1c· a.c1d was cibtt.\ined in such good yield

in e. praotioally pure oon4itio:u, the conclusion :me.v be dra-wn

thci t (3a-butono:t. o e~ ter reao bs with hydrogen bromide to

yield pure Y -bromobutyrio ester,

(87,)£or-Ae9-e3en0to aoid,

lhe addi tions in this caoc were done undr,r the

tv;o atw..1dard wet and dry oonditioti.s, 1 .o. o the aoid alone

and to tlle acid r,1th {-,~ water. The gan was 1.bsorbt1d With.

very great ease, and tho solutions v.oro oooJ.oo 11 tee. u10
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addenda wora allowed to stand in vaot o over potash until the

correct o.moun·t of hydrogen bromide was present. This method

was shown to give good r sults by bromlno estimations. Ir

tha bromoo.oids ere left in the dos1ccator over potash, the

weight EJtoa.d1ly cL.opped due to dGOOll.1;1)os1·t1on o!' ·tho •or to

lnotone rlith J.oss of hydrogen bromifto.

It was show that the ~-bromosoia was quite stablf.i

to water by siler n1trute tests as applied to bronovaloric

o.cids. The {-bromoaoid however, was seen to be very unstabl

in the water solution, as it uis olved aonplet~ly it oold

nater iu loss tllon a inute a.tlt.'i tho solution gave an

1mmad1o.te p1~oipltute , 1th silver nitrata solution.

also found impossible, on account of this d000t os1t1on, to

estimate tho o .uiv·:ilents of the acids by this method» The

method then ,1l'ied was ·to add tho thoorot1oe.l amount of U/10

baryba equivalent to the weight of aoia take:, and then to

oarry out the analyses exaotly as desoribo for the bromo

valorio uoids mi l;) • /30 •

th0 X-bromoaoid was converted rapidly and quantitatively inio

the lactone as usual, while the P-bromoaoid yielded small but

varying o.tt:iouu cs of y-noid. Ii was, however, aonr:idorod

I>OOSihlo that this latter would ll(Jt be formed to an.,r

ncltioeo.ble extent 1n tho presence of a large amount of the

t-bt10'1K>ac1a.. and tes1; o.nalysua sho, od th1e to be .eo:

¥-u.oid (true):

-ao1ad {:round) :

100

101

This method was adopted for the analyses and the

results so obtained are given in tlle tabla below.
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Condition I ·romino

of acid. (om.le. 40.93)

Dr.v 41.55
9 -

+A% water ..
n -

( -b:romoao!d.

100,0

100%2

100%2

Tho product of addition to the dry acid wu~ rouna
to sol.id,1ty e...sily an.a. gavo a hard solid mass of neodlos,

0
lllep • 10 • A mixture of this and tho impure reforance

0
co:mpou.ud melted at 4 • Thia me·thod ot addl tion thus

appoars to yield pure Y'-bromo.-.!:!Q_•hex:oio e..cid, and is tho

best ( and possibly tl10 only) :method. of obtaining the pure

ocld.

Tb:e oompoai tions of the dry end wet adducts were

oonf1rmocl by oonvc)rs ton ir1to tho lac tone as follows: the

hyd.robro.m.ido wai~ neutrttlised w1 tll the theo1'ot1 cal a:rnow1t o:f

oa.ust1o soda solution, bo11od under reflux for five minutos,

a.o1c11i'ied ru1d boilod t',Jr a further similar period to laotonise

any hydroxy nold l"'omain1ng. Tho solution was cooled,

oaturated with sodiu.lll bicarbonate, and exhaustively extracted

with other. The la0tones were recovered from the ethereal

solu·t:t.ona and distilled a.nd 1dentif1o,l Cl\.S ¥ --!!£-hexolaoto11e

by the tollowine;:

clouroc. Y1old. bop• xn.p. mixed m•I?• o
0 0 0

"dry" a,ddn. 92,, 93/19 Ilm.llSe 8%4 8"2 115.9
0 0 0

''wet11 ad.n, 87% 9?/22 mms. 9"5 8"8 115,8
0 0

Roferonoe. - 94/20 mms • 8,5 - 114.1

Tha o/-aoidic material from the p 'hro:noao1 d was.
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proved not to be Y.1a.etone in the i'ollow1l1g way. The

r•bromoo.cid we.s oxaotly neutralised •with sodium .hydrox:tdo

solution and boiled under reflux 'for 30 ndnutos to comploto'

the reaction, :l'his was extracted with ether and ti s-.!liall

amount of liquid was obtainod, This was dissolved in

s turo.teo. sodium bicarbonate oolut1on and. the e.queou.s liquid

thorou ,hl,.r o.x:trao·tGd u1th ether. From the ethereal extract

ae obtained 0.2 gma. of a l3W1l (from 5.41 gms. or bromoacid)

wh1ch was obviously not '(-~-hexolactone.

(49) 2r-22929ezeu9en7bogv]40 acre.

Dy addition of' hydrobrom.:lo aoid to this aoid there

are theoretioalg four possible bromo-an1df: to be obta.ined.

~1.ay are the1 !!.!- and trans- forms or both the 8. and the

Y-bromoo.oida. Tho first aim of the (l..nalysos vrus ·to

estimate the amounts of p - and X - aoid present as such

end to leave the consideration o:r t.hc proportions of' the

91gr and pE9Rs» forms until le.tor.,
II ,

• Various trial and tost experiments on tho bro:m.oaoida

showoa. that tho following method was the host. The ao1d was

dtssolvo-d. 1n 20 volumes of ueutraf:t.lcohol and 40 volum.es of

water, and titrated with N/10 baryta, The liquid was heated

under reflux for fifteen minutes, and neutralised again with

l:rn.rytu.• l t was found that 1n this time tho A -bromoaoid

l1nd undergone complete dc~,oomposition to ?? ± l;,. o:r the

hydroxy-acid, some pl9lohexone, and a little pseudo aoiad,

wherec.ei. tho !U:,!.-y"-bx$oLoaoid hn.d bcou convart,,c. int,_. the

aaouone with no l1berat101.t. of ao1d, and. tho l~-isomet~
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had remained apparently unaffectod, the bromine atom in this

h<.:il'l vory stable indeed. Excess baryta .as then addod and

t.ho estiiw.t1on concluded as for n la.ctone oxcopt that the

boating on the steam was for ono hoar to oause complete

docompos1t1 on of the !.r.BJ.l~-¥-uro oo.c1d, - sooonu

estiuw.tian rms thoL, done as a. check, 1n which the a.mount of

tllo r -bro oc.oid prosont had :boen artificially- incroasod. by

u.bout 25 - 30

l:ho Lj -2 tHi:.td al1aorbed hydrogen bromido very

slowly indood, s.l thoue.;11 o. considerable 1 noroase uas not1oot1

with tho moist ncid. 'lho dduots were nurkcd up as usual,

the eorreet amount or hydrogen bromide being prosonc e.t

oonsto.nt l"wie..ht ns shown by a brruninn ostimatiou dor1.e in

a tost oo.so.

Condition .:m. Direct Indirect.

of acid, (oalo 207.0)

Dr:v 207.5

+A% water, 210,0

13 •.0

37%0

86.5(?}

81"0

82"0

ro.o

f, ... J "

88"0

81"0

, Br

38%6-
82"0

82"0

In tho above results the values l'or the f'•aoid

are those calc1.1latod on the amount of hydroxy-acid fa111100.

and are of nacoo....,1ty not so o.ccurato a..s the other figu:t1•m3,

but ho.ve beon included in tllo abovo table for tho sake of

oompletoness. It would appear from the figuron that the

addition has :proaorH.la·d Vii tll the formation of 82 of the

y-bromouo1d, and 18% of the ( -aid, If tho addonda

uere allowed to stand for several ITTleks sol.1d.1f1cation
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commenced• .1.1he solid tnat fir,. t separated Mis drained on

a tile una. washed with petroleum ether, and then hu..a. • 1.p.
0 0

153 • 167 and was doubtless slit?Ptly iG:Dure tro.ns-3-bromo '
- •NPXA♦W

3&
~yc},..2.he:xnne oarboxylic acid ( o:t'. Perkin ) • '.tl1e :.to1a wae

then o.llouod to stand until no rurtL.ar solic~fioation

ocuu:;-·red and th0 solid was recrysullised from petroleum
0

ether and had m•p• 65 , both alone and admixed with pure

9ls=8-bromo0o·lohozane oarboxylic aoid, This shows tllet

both 2!:l• ana !!_~~- ¥-bromr.>ao1ds were formed., but1 from

the relative amounts of each isolated, the lg- form

appe.::i.red to preponderate.

Tho l"esul·ts ob tai.nod by titration as given above

wero checked by oXper1ments on the esters. {J-Bromofillolo­

hox:ane ca.rboxylic ootor had beeu showu to decompose,under

tho oond1t1ons of sora:lquantit,!..lt:i.ve mo.lonation as described

011 P• 137 fol" tho bromo-butyric estc.ra, quantitatively to
t'2..

tho qp-unsnturated ester (cf. Coc}"or, Le.pwor-th and Fote1·s ),.

1.'ost oxper1Inonts were done under the same Goud1tions on tl-1e

pure9ls-&«bromoester and this was found to be oompletoly

ru101u:u1 .od by the treat,. ant, avon on long boiling ( 72 hours)

and was r<Jaovared. unohangect in goad y-1~old.

liquors from the working up of the oxpor1ment contt~inod.- Ito

inorganic bromine, showing that no <lecompos:l tion h"'d occur11ed.

This being s0, it was considered that the 1rai&-bromoester

certainly would remain unchanged by similar treatment,

The analysis was performed by esterifying the

i.ddi tion pro-fluota by the 1 atnod usoc1 in he preparation o'f

the referenoo Gis-G-bromo@ylohexane oerboxylic ester (p"?o)



and the purity of tha final prod'llCt proved by a bro ui.ue

exti..mation on it. Tho est:er ,as then treat d under the

semi- uantitative malonntion conditions previously desoribed

:f'or 24 hours. The liquiu did not become neutral, nor was

the liquid clear owing to the presence of sodioma..lonatc.

ater was add d an.a tlle fr-ee alkali carefull,.,. neutralised

with .1iydrochlorio acid, and tho mixed esters recovered in the

usual v, .i,;y by extraotion with ether. The ethereal extracts

uere dried, the ether distilled of:r, tlle bonzeno roxrff'1'cd a.t
0

the wnp at loss then 50 c, end tho residue froct1onally

distilled in vacuum. The method .1a. 3Ubs ,"u ontly tostcd

by taking the unohanged mix d 3-bro oesters from. the

analyseJ on the addition esters, adding a knowm amount of .

pure 2-bromoestor, and rope~tine the estimation. In all

cases 11hero there was Z=bromoester present the low fraction

from the distillation was highly unsaturated ( for the

roason explained abovel and vhe aqueous liquors from the

working up of the experiment contained sodium bromide

ovling to "tho deoon:wos1 tion of the 2=bromoester; while in the

teat on the pure il[-3-bromooster the reverse was tho case ..

Results:-

Test on ois&«bromester«

Synthetic mixture.

)-bromoester(truo)

, .. i-b.romoestGr(found)

Recovered 89~ of the aster.·

78

79

'11he rasults from. the aotual nc.ldit :I.on estcra a:r.o

given overleaf,
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l"dd.e11d.1Jm from which

the aster nas obtained.

Dry

et

(-aoid found

83.u

These flg,ures, al.t1,oue;h of nncessity not so

aoauro.to as the titration results, are an added proof that

tha addition proa:uces about 62 .., 83 o of 3-bronio-acid.

PART 7: PROPERTIES OF l, ~t;'l''ffiT:r:!a.
~.......... ..... Adi • •~___.... ........

~• • lAUWC • -►- ..... ~~•• an

2eByrdrolys1soi {-La0tones»
The lacto11os l:rexae studiea oxactl~r as desertbe .... on

p. ff/ 1 with the follm1ing results. The aliphatic laotones

huve beon kept sopnrate from the dioyclic lactones as the

former were all round to have attained a r--toady state eifter

24 hou1..s heating in the bath, r·h1le tho latter needed lone;or
\

lso, in the case of the first dicycl1c laotona

used~ the oorroaponchng hydroxy-acid vas available in a pu1~e,

state O!ld this .- ts o.leo heated under the standard cond:l tioni>

tt."> show that the e a.u11ibr1um was reaohod f:rom both sides.

laot<1ne o

y.. :3utyro.
(-Vo.lero­

(-Hexo­

gf1,99-lexo-

Dicycl1c lac'tones:

(sec over)

change to aoid in: luotone remaining

24 hours« •l8 hours. a.r·ter 48 houra.

25.2 25.l 75"3

7"1 7%0 9"7

6% 6 6%8 92"3

3,5 5,5 95.1



99lQJexano11de 128

Time 01' hoat1ng

24 Hours.

Acid formed..

14?

Laotone left.

t.1:8

96

t1

tr

86%8 14%6

144 u 89%5 13,5

Tirae of hcating

24 Hours

?2 ... Lours

A0id left,

aa.o
t37 o3

, Laotone formoa.

1.2,0

48

?2

(t

t

ciu. toimed.

21.6(9)

28%7

Latono left.

74%0

76"2

1l'ime of heating

24 Hours

In those longer heating experiments there has

bean fanned in the solution some 1l11purity that interferes

slightly with the fi©J,ros in bhe analyses, It is probable

that the figu.re for the &rnount ol' no1cl proaent, as

, detorutlnod by <lireot tit1~ation wi 1Gll bo.ryta (N/10} 1a the

more a.oout"ate in eaoh case, a.s the lacto:ne figu.re would·

inoluda the am:>un·i; of any 1/5-uoidio material present.

For purposes of' comparison the value in each case

of the :ratlo la.Dtlone/aoicl has been oaloulated a:nd t;hey arc

given in tho i;able belov,.



La.atone

~•.3Utyt•olaoton.e

~--r•a.1e1·olo.o tone

t-.:oxolactona

Y-1 ~9..-1:te:xolaot,lna

oycloHoxu.noline 1:3...... - -·

Bu.tio I,uotor.1.e/Acid (l/A}

2"97

27%6

0.136

J.48

2oYolooity of formationof}-Lagtonen iron-iydroxyaotdes
Tb.a dete1,nino.tion of velocitiea for the two hexo-

'la.ctone;~ l1ad already tioen determined by. l.1nstoad by tho

sa:m.e metho·d (a.a describetl on P• /// ), while it was eonsidered

that tho very large proportion or ocid present at e,1uilibr1wo

i.u the case o:r _gzc~9.llexanolilio l:!?i rendered. tl10 detarminat1.on

of volocity usoless. Tho t.J.blas for the veloo1ty

cletermtnations of the t1lr0c laci;onos iu·a glvan ha:r.e. the

1:hl'»Oe ourvef1 ht.,v o ull boon plotted on the same ax0s for

comparison, antl tlleae ourvet1 usEJ tL.o nfive minute ze11t>0 us

advooo.tad l)y ;r;Jelt a.nu Linatoad.

Butyrolgotone
Tim.e o:r heating. 0 20 50 95 lfi5 245 425 845 m.

,.., Lao1;011e formed• o.o 2%,3 a.3 19.6 32,6 4.0%9 fiO.O 62.0 69.4.

Fi .r:zu.res u.sod fClr tho curve.

T1mo of boat:l1tg. 0 15 45 90 15(; 240 420 840 :m.

% Laotone fo1ued. o.o 6%4 l?e9 31.2 9%6 48%9 61.1 68%7

The time for half«change (i,e« to 37e4i'lnctl')ne)

1a soon to be from/the top tnb1o, l::l5 min.11tos.
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A-valorolagtone.
Ti.me of heating. 0 5 20 35 65 95 125 m.

% Laotone formed. 0 5"9 28.4 34.2 48%2 56.6 61.5

I"'i~-'t1re ;; us ad ror tho curvo.

Time of heating. 15 3-0 60 90 120 mins.

Lactone fo1:m.ed. 17%0 29.l 43.6 52%6 57%8

Tho time for the half ohange, with g, lactono

oonten i., of 46.5%1s 64 minutes.

l-.Hetbyl-~1oxa.nolido 1:3.
- ■RYl!ll LU - .... ~-

Timn of heating. 0 5 20 65 185 365 545 m.

I La.atone fonn.ed. 0 0"3 5%2 15,2 35el 47%7 54.l

Ftcuros uaoQ for tho ourve.
T1mo or heat1nz. 15 nO 180 !360 540 mina.

Lactone f'oimod. 4%9 15%0 34.9 47%9 t54.0

The ·t1ma or half-ohangt1: 1::-1198 minu.tes, with lactone

c-ontent fi6.0,.:..

1'ho ourvoe fo.r those thr•eo sota or res'lllta face

th1.a :r;,agr..1, euui 1 t will be not:tood t;hat ·they o.t'e Bll ot

the same general type.

sFalu9horm9A2yr9me9 s a -laotonon.
The method of determining the parachor valuesof

7,74.
of the lactones was that of Sugden, As ·this method wall

fol1owcc1 exactly, a lletailad desor1ption is not needed here.

One remark, relevant to tho doterm1na1;ion of the dens1ties

by tha U-sb.apr.Jd pyorJ.o.ue tor, Ill.OY ho mado. The lactone

1las 1ntroduoou into the pycnomete1~ by rnerms of' a small

pipette, the tl,p ot wh.ich v;as plaood :r1e,i·c dc,wn on the

constr1otion in the side tube of the Plronometer, and the
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ll uid allowed. to flor, slo1ly in. T.his was found to

eliminate the moistening of the sides of the tube by liquid

a.na to remove a possible source o-£ orror.

The densitien wore detorninod -.,ver three temperaturos

and thG graphs Yhich uoro plotted were 111 each case very

acouTately lineor. The figures oniy for the tem!)era.:tn1re-

dona1ty changaa are given here.

~c u.ctuo.l mea.su.rem_ent. of pal"'aohors uas done at

tuo tem:µemt11roa as tidnfy separated a.a possible, and

repeated 1n a second bubbling cell. Eaoh reading

recorded was cheoked several timos to reducG error, and

every reading was done three times. The values found

are given below.

Y•.rlutzrola.cto:g!.,.
Data for temperature-density change.

0 0
Temperature. 17.8 54%5

0
82.6

Density. 1.1284 l.ll23

Paruohor value~, two oells.
0

16.6 90%5

Surrace tension. 43.93 55.29 35.36

Parachor, P%

• 90"0 90"0

lean of P. at low te.mpera;tures. • • •

Hean of P. at high tempe1utu:res. • • •

P. calculated on Sugdon•s values •••

• • •
• • •

• •

• 198%4

•190,5

P. caloulated on Mumford and Phillip's values • • • 194,2

Tl1e tneoretioal value of P. obtainod from tho atomio

an structural para0hors of Mumford o.nd l·hillj.ps 8{,~eoa well

~1th actual value found•.



Density. l.0563
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0
86%6

o.991?

{-valorolsetone»
Data for te:mpcroture-density change

a o
1omporaturo. 18.9 33.3

Paraohor values • tv10 oel1s.•

Cell 2 % Cell 1.

Temperat-ure. 21,4 93%0 19"7 90%5

surfa.ae tension. 37.37 30%06 37,96 31.50

l'aro.chor, P • 234.8 237%4 235%4 237%6

Moan of :v. at low temperatures. • • • • • • 235.1

Moan of P« at high temperatures • • • • • • 237%6

P. oalculatod on Sugden*s values • • • • • • 229,8

P. calculated on Lumford and Phillip's values. • 234,8

Here also the agreement be't:Ween the expor1:men1.,al

figures 'end tho tl1eoretical value as oaloulated on the

atomic w1d struot-nral -parochors of n.1.ltlford. and Philli-p11 is

fairly good.

From these results the "lsotone ring dooa not

appear to possess e atruotural parachor apart from tho

nor.r.r:w.l ring valuo.
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t.::, 001 c·r ·D
- ..bl••,.~

(i) • Dete:nnination oi t10 position 01"' tlle thr,10 carbon

tautomeric equilibrium in the ease of tho 9y9l9hexene

carbox.ylio acids. This

met od of Linstc.d and

s done by a modificatton o:f the
3.0

oblo, no attempt being made to

determine the mobility of tho cha!lge in either d1ract1on.

The aoid to 'be equilibrated was dissolved in 10

inolocula...• e ...uivalenta of 25% agu~0us potassium hyaroxide

so1u·t10"'1 ( the alkali used being that puriftod by alcohol)

and the solution sealed in special bulbs of "Monex" glass in
0

nn 111ert otmospho:re.. 'l'his was than heate· to 100 :ln a

bath of boiling watur :ror ltr-: hours. The method of working

up the 1iui was modiff ed slightly owing to the tondeno,­

of the Fy-aoid to undergo various destruotive ohangos if

l.t.eatud tn tho atmosphere. Thu alkaline solution mas

extracted twico with ether to remove neutral and basic

impurities, tho liquid <'..o.rei\1.lly ma.de acid to Congo r<l1,l with
•

a oalculat·ed w.null excosa of· sulr)huric nc1d (251~ by volume),

the liquid oxtraotod with ether five t-in1od, the comb:).ned

extracts ashed with mater, dried over oal.oium el11or1do,

the other di~tilled off and the residue distilled in vacuo

in an inert atmosphere, The proportions or dt « ana f)
acids present ware estima.tod by bromine adadi tion in the

way described on p• /02 , end the final figures found from a

roto:renae cu1w.i-,a • E ...u:t librium llaa. 1)oon attained in 14 hours,

and both the e.oids obtained oolidifted to the large overlapping

plates of the df«acid, '11he aoiO. obtained by aqu111brat1ug
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the P4aoid was separated into its two consultuentn and
0

the a -»°14_1ad r.a..p• 5? •fixed mop• \'Iith the pure

r:4f • cid, 37 • ~AiS slww.. that the Fr...,cid forms tho

'¥f•o.oid on equilibration, while the faot th.e 1..he f'lf-acld

1 o taino :l'ro the tip -acid by the same :process has been

p1~0v1ously proved (soe P• Cf )
Figures for the reference curve:

I Pr- o1d. o.o 4.4 s.1 12,9 16,7

J. 1.7 6%5 10.a 14,0 1e.2

1-cids recover d from the e uilibrationo:

I Recovery. • (oa1c. 126.l..) • J. I fyacicl
From ,ff-acid. 78 126.l 5%9 4«2

Prom ff-ao1d. 74 126.4 6%8 4«4

Henco the three carbon oqµ11ibr1uro. in tho case of

A -l- and A-8-9y9lohexono oarboxylic aids lios at 0. 4,8

A•2-ao1d.

(11.) Detemination of the position or the throe carbon

tautomer1c o u111br1nn tor the 3-mothyl-.2,'[(1!2,llexono

earboxylio aoids, In this case the determination was

c ombino \7ith a. propa.1.-utiv i.: 1cthod and the equilibrations

nor,, dono on larae y_uo.ntit ios of thE.: c(f,•anid. The

mol1ility of the change sooms remarkably low as will bo soen

from the folloning results. Two ex.por1menta were run itt

pa1"'£1llol., one always boing tJ:eatod. rooro drast1otu.ly tllan

tne c'>tltor to n(mortain uhothor 1~111briu llo.d been x~oac'hod

or not. Ille tt o s •r1es or {iXJ.)orilnents, u ith tl10

t1~atment unocl and t1osults obtainec1, are given in parallol:
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The acid \7a.s boilaa for

16 hours under reix in a

copper flask with tuo

moleoula~ equivalents of 25

caustic potash solution

154

B

The Qo1d uas boila for 9

hours undor reflux in a,

copper .flask with 10

molecular equivalents of 25,

caustic pota.sh solution

Tho liqu.ido were cooled, very oa1•eful.ly acidified i1i 1oe cold

solu"":ion ,1th tt.;ydrochlorio acia., the acids axtrt:1cted . ith ether

tl': mt1.10Teal extracts ashod, d.l'iod, tho other distilled off,

end the residue distilled ln vacuo. Bromine addition

experiments were done on the acids thus obtained,

dissolvod 1n two molecular

e_ui mlants of 40 potash,

(concentration of free KOH,

20 ), boiled for 24 hours, ltouru. It .3)i workeJ. up 8.!.1

90 reoovered; • 140.4; J. G.2.

The recovered no1a was

..,
85, recovered; E. 140.0; J10

The rocovorod uo1d was

di,ssolved in 2 molecular

equivalents of 40% potash, and

boiled under reflux for 63

an heated for 40 hours on the describe above«

steam under reflux« orkod

up as above,

84, recovered; 1, 141,0; J. 15,0, 85,% rood.} 1% 140.0, U% 18,5

The roooverod acid ~s

boiled for 90 hours with 5

molecular oquivalonts of

v3 caustic potash, and

worko u rJ us abova,

The re.covered acid was

boiled -tor 114 hours witJ:1 3

molecular oquiva.lcn·ts of 33,

co:ustio potash and worked up as

abov,,.

84, raoovorad; E. 141.1; s. 27J
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Thus e ...uilibrium hao boon roached in the lust two

OQ:Se:., a.,"ld. a:ppoars to be n;, 2:.i.2, of r(-acid.
Unfortunately, soaroity of material prevents a study of

the revorso reaotion from the py-ac1d, but the above is

·ood evidence of the approximate position of the

equilibrium,

Tho Py-ao1ad form~d in the above we.y vras purified

by partial esterification as described previously and the

]l•toluidide prepared.a this on reczyatalliso.tion from
0

petNlet.m, ~cr:mod olusters of needles m.p. 109. These

in admixturo with tho 12.-toluj dide fr.am the Py-aaid 'from

c· o I
the preparation, maltoo o.t 108 - 109 • This shows that

the two aoids are identical.

(111) • • 1che.cl adcl1 t1on to th(? D -l•_2I:c=!;ql10xeno oa:rbolcy'lio

onter.

The first attompt to do this rva.s ai'ter the olass1oq.l

method of Michael« one sixth of the amount of sodium

equivalent to the omotmt of ester to be usou uus converted

lnto sodium. ethoxtdo us:l.ng th0 smallest amount of alcohol

pons.Lble, tl11s latter having been rioc ovor oaloium. "Tht1

unsaturated ester with an equimolecular amount of redistilled

tual:mio aster t1e:r·o addoa., and enough sodium-dried ether to

oa.uso a slight opalesoeno·:> in the liquid. This was then

he ted on tho steam under a 1~eflux condenDer {'3\J.arded by a

aalaium chloride tube for twelve hours, cooled, the solution

washed free from sodium with dilute hydroohiortc acirl, tho

ethoreul le.yor dri eo., tho ether diatille,l off, an.a the
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I o condensation

had occurred, as tbe liquid disvilled ~omplotcly over the
0 0

temperature range 87 « 93/1l ms, and mas a mixture of the

uns~turated ester and ma.Lonie ester.

The recovered liquid was then el.lowed to stand for

thrae days 1n the cold u~th one molecular equivalont of

sodium othoxide, and than heated on the stewu for 12 hou.rs.

Tho liquid was dissol,rod in ether, the solution. wasl1ed with

'hydrochloric tVJid as before, the solution dried, the etllar

d1st1 lled off , and the residue fra.ctionully distillod in

vacuum. A 45% yield cf conaensation product boiling at
o o7%

1? e • 185/9 mns • was ob t.e.1 nod. (cf. Helfer, who by a

similar experiment on a larger seale obtained40)"

In order to hydrolyse this ester 1t was found

ne00ssary to boil 1t for 88 hours witi, two volumes of

ooncentrB.ted l1ydrochlor1c anid in a Geisler flask. The

aqueous iguid was removed a:t the pump and the residual
0

aoid dried in a vacuum desiccator. Iioat1ns to 170 did

not cause any furbher decarboxyln•tion. The

aaid was recrystallised from water, the unorystallissble

residues being colleote . m10. henoe the amount of pure acid.

was determined. This was proved to be pure ir@ls=hexahydro-

homophtha.lio acid by the f·ollow1ng:- E. 93.0 (ca.lo. 93.05),
0

m•p, 158 3 mep• mixed with pure hexahydrohomovhtlla.l.ic acid,
0

l.58-9 • This pure aoid wa.u obtained in 92% yield from the

tri oarllet1:toxy-ester•

The Michael addition was repeated, the only

dif:terenoe being that the time of heating on the sioam was



4 hourn instead cf 12 as in the f"lrst cuse.
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The yield of

conaonf.l•1tion ont()i" e.s 38, , and from thts wao ohta1ne...i 95
0

of the pure r~crystallise dioarboxylio aoiad, of mep.l58
0

and mixod m.p. 158.

Thaae two I'esulta 1nd1oato (;le~ rl.r that the very

ereut part of tho condensation rGulta 1:n tl'lc p1·oduction or

tl10 trarJ.s c,.:mfigurot:ton.

(iv) Attempted malonation of 2«bromogy0lghoxane carboxylic

ester.

Tho pure broIJ c)eeter ( soe p • 9f ) t a.s ou.bmit coo to

the oom1-quant1tat1vcJ malona.tion conditions es doocr1bed. on

P• 13( • and usod Tor tho analysis of bromobutyrio esters,

Tho roaotion mixture soon becnm.c neutral and the product

w· uJ workod up in tlle normal mo.nnor. *l'be uhole of 'the
0

lit_tu1d clitJtillou. at ubout 95/15 tufits., tlrnro bein3 no high

fraction, As the reaction mixture was neutral before it

was worked up, this indicated the quantitative loss of

hyarogen bromide from the bromoester to form tho

unsaturated aster. ConseqU(Jntly the est,cr f'::ra.otion t:1at

had distilled \Vas put u:p for crJ11fions.ation liJ th.e l\lichael.

mnthod jua·t doocri bod sm1 worked up as tl1t:, first e.ddi tlo:n

that was successful. In this way a 45 yield of an ester
o· o

boiling at 185 • 10?/13 rnm.s. '1as olYtuinod. Tl\1i:➔ was hydrolysed

in the uau..1 wo.:y· with ooncentrat e<l l1ydrochlor1c acid (~:o

volumes) W1d @;9-Ve a 95p y~old of pure hexa.l1ydrohomophthal1o
0

acid (iWJ~) 1dontified by its m.p., 158, and the mixed m.p.
0

with an uuthonti o r1a.rrrple, 158 • This proved that the
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2-bromoozcl~hexuuo carboxylie ester decomposed

_utu1tita.tively 1nto the corresponding Ll-1-u.nsat'Urated ester

a---- oula. be expoctod fro the work of Cookar, Lapworth and
52

Petors •
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