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I¡rtroduetLon

Thls lnvestlgatlon r¡as undentaken wtth the obJect of
d.etermining the products formed by the actfon of a mlxture

oî l+o% fonmald.ehyde solutlon and. eoncentnated. hyd.noeh1o¡,ie

acld on !-hydnoxy-o-toluic acld, !-bnomo-o-tolulc acld.,

ar¡d some other aromatf.c acld.s.

A sunvey of the litenature showed. the exlstence of
slx posstble types of reaetÍon when anomati.c aeid.s are

treated. wtth a mLxture of laofr formald.ehyd.e solution and.

concentrated l,rydroehloric acldl they are (1) ao reactlon;
(2, slmple phthalide forznatf.on; (3) chloromethylphtharlde

compor.md.; (4) dioxanylphthaS-fde structune; (5) dfuaer or
resin; and (6) a conþlnation of types. fn addltlon,
anomatlc cornpounds, excludlng acld.s, have been found to
yierd. chroromethyl d.erlvatlves, benzylalcohol substanees,

and dlphenyJ-nethane stnuctures unden slmilan cond.itlons.
only phenolf-c acLds gave d.ioxanyrphthalfde stnuetures.

.Andenson ( I ), by nefluxlng J-hydroxy-p-toluie aeid. ¡¡tth
Lço/" towrra.ldehyd.e solutlon ln the presence of concentrated

hydnochLorl.e aoid, obtained. the Lactone of 6-hyd::oxymethyr-1,

3 -benzodloxan-!-methyl-!-canboxyli c acid..
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t
Buebler, llarrls, Sehaklett, anê Bloek ( I ) obtalneél a

slallar rlng etrueture by the eond.ensetlon of ra-hyùroxy-

benzølo aeld. r¡n4er sonenrhat elmllar eoneLltl@EB¡ Thelr
prodluet was the l-aotone of 6-hyA.roxymethyl-ir,J-benzodloxen-

5-earþoxylle aeld..

eooll

fn 19114, Buehler, Powens, and Mlebel-s (''l

d.lfferent eond.ltlons another sonelensatlon

oxybenãele aeld. whleh they ldentlfled. as

) 1solated. undten

pnotfLuct of m-hydtr-

I-hyd noxyBhthallcLe.

cooll
---+

The eonélensatlon of J-?ryc.roxy-o-tolulo aeld., another

phenolle aeld., mlght leadl to two dlverse proetuets as ln
BueÏ,rlerrs @ese or ts one produet as 1n Andergonrs reaetlon.
The pred-omlnanee of elther reaetlon seens to be rÉl.ependent



3.
@a the @@nd.ltl@ns eÉployed.. rR ord.en to ld.entlfy the nature
of tbe eond.ensatlon preduet fron J-rrydroxy-o-torulo aelé1,

the førlowlng serles of reaetlons, elnllar to the set
suggested, fer J-byd.roxy-p-tolulo ae1d. by Wlnestoek (+g,)

and. couapleted. by And"erson, !{ere pnoposed..

eooH
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The eond.eagatlon of, (I) woulel glve elther the ¡rernal phthelld.e
(IV) er the d.loxanylphtbaltd.e (V). Compound.s (IV) and (V)

ean be prepared. by lnd.lreet ße'ang as lllustratedL by the
preeed.lng serles fron known eompound.e (I), (II)rand. (III).
separate plxed. neltlng polnt d.eternlnatlons betweeR known

oouapor,rnd.e (rv) and. (v) wlth the oond.ensatlon prød.uot oî
J-hyd.roxy-o-tolule aeld. would. eonflrm the rlng structure
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of the latter suþstan@.c. Thls etruetu.re wourd. be substan-

tlated. by neans of eosbustlon anaryele and. aoleeular welght
d.etermlnatlon. Br¡ehler wae the only person to d.o any oxld.a-

tlve nrork on d.loxanyrphtharld.e strueturo. Hle gøheme ot
oxld.etlon eeemed. satlefaetory but he, hlneelf, had. d.oubte

as to the eonflguratlon of the rlnge. Bt¡eTùer, Harrls,
schaklett, and. Bl-oekrs ( 8 ) eynthetre and. oxld.atlve nrork

lnd.leated. that one of the eond.engatlon prod.uots of n-byrilroxy-
benzole aeld. was tbe laetone of 6-hyaroxyuethyr-1,J-Þenzø-
d.loran-5-earboxylle aeld.. He arso nentlo¡¡ed. that there was

s@B€ evld.ence favorlng the segønd. poeelbre struettrre, the
Ieetone of 6-hyd.rexymetbyl-r rJ-beazod.1øxan-Z-earboxylle aeld..

ln L950, Buehler and. Bloek ( I ) preeented. a pa¡rer on the
d.egraêatlve prod.u.ets sf thls latter laetøne. Reeently ln
L95L, BueTrler, Slaek, Shlrley, Sangulnettl, and Frey (f O )

hlere able to sr¿bstantlate the earller oxld.atlve work whleh

stated. that @ne of the laetones formed. ln the eoné.ensatlon

of n-þd.roxybenzole aeld. wae the raetone or 6-nyeroxyørethyl-

1rl-benzød.1oxan-J-canboxyrre aerd.. The other raetone was

also sbtained by eanefur recryetalli.zatlon of the 5-earboxylle

i. r. !:ì .



aeld. leetone. Wlneetoek (+8) statec. thåt J-hyd.roxyphthallêe

eould. be ¡lroeured. by a ellghtly dlfferent nethod. to that

of Buehler, Powers, and Mlehels (f ). In ad.êltlon, by

fr¿rther treatment of 3-hyd.roxyphthalld-e wlth fornaldehyde

and- hyd.roehlorle ae1d., Wlneetook elalnseéL the preparatlon

of Bt¡ehlerts d.loxany1pbthall4e havlng the thlrd. poselble

fornula, the lactone of 8-byêroxyøethyl-Ir3-benzodloxan-

|-eart,oxylle aolè. It ¡rras €Leeld.eê that Wlnesteekrs work

should. be repeated..

l{ r.

The efteet øt thc eubstltuted brsrnlne group ln aronatle

aelðe en etrlorømethylatlon and. subsequent phthalld.e foreatlon

h¿e not þeen stu4led.. Cond.eneatlens wlth 5-bromo-o-toh¡1e

aeldL and. n-bromobenzøle aeld. $¡ere planned.. Th.e aetlon of

ferm.aldehy4e and. byd.rschlorle aeld. on m-analnobenzolc aeld.

mlght aleo lead. to phtballd-e fornatlon.

, .'-ll-!:i:;l:::i-::l;1,:1,- ,:,::,;:":.i:,1:;:,.::tt-::.:;1,.:::::.lil
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6.
Llterature-Survey

In ord.er to present a clear pleture øf the aetion of
fornard.ehyde 1n the presence of eoneentrated þd.rocrrrorle
aclei en aro@atle aeld.s, lt is neoessary to d.eslgnate the

syetem of nusberlng th^at ls used. ln thls report. The earbon

atons of the benzene nuereug of substltuted. aromatlc aold.e

are numbered. eounter-elockl¡llse startlng wlth the carbon to

whleh the earboxyl group ls attaehed.; fer exanple, (a)

shows J-hyd.roxy-o-tolule aold.. The slnple phthalld.es are

nunbered. eloekrylse; for exaøple, (U) represents 3-tlyd.r@xy-

6-net[yl phthalld-e. The d.loxane rlng strtretures have' t!üo

rlngs numbered.i for exanple, (o) fe tbe laetone of 8-hyd.roxy-

nethyl-1, 3-benzod.løxan-6-methyl-/-earboxyll e aelé..

eoôH

(^)
ïn easee where the

the symbol rMerr le

tb)
nethyl group ls pnesent ln the

useéL for convenlenoe lngtead. of

compound.,

"t"3 o

and. nOMen ln plaee of n00fl3. n

Stephen, Shortrand.rGlad.d.lng (i0) were the flrst to
systeuatlearry strrd.y tbe preparatlon of ehlorometTryr d.erlv-
atlvee of mono-eubetltuted. benzenold. eoæpound.s. The ehloro-
netlqyr d.erlvatlves were prepared. by the oond.ensatlon of

QHa

oÉ

eHt



7.

e-ôlehloronethyl ether, whleh was obtalned. from the aetlon

of tlydroehJ.orle gas on 40ft formalêehyèe solr¡tlon, wlth tbe

aronatle eompound. tn the presenee of a d.eþêratlng agent

suoh ae anhy4roue zLne ehlorld.e. Chlorobenzene prod.ueed.

p-ehl oroae t\yI- ehl orobe n zen e .

-l

Ehey founè tÌìat the formatlon of the ehloronethyl aromatle

eonpound. Tras usr¡aI}y a@companled. by the ¡lrod-uctlon of a

dlpbenylmetbane d.erlvatlve, whleh Ì'¡as forned. by the eond.en-

satlon of the ehlsromethyl eonapound. and the orlglnal aromatlc

gubgtanee. The presenee of thls d.lphenylnethane d.erlvatlve

d.epead.ed. chlefly on tbe temperature of the reactlon belng

over 35oe. and to a lesser extent on the type of d.ehyd.ratlng

agent used.. In the @ase of benzene, the benzyl chlorld,e

anê d.ltrebenyheethane were forned..

e(

û
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Cond.ensatlone were repeated. uÊlng a Bilcture aî l+0frtorna1d.e-

hyde eolutlon and. eoncentrated. hyd.roehlorie aeld, lnstead. of

s-d.lehloronethy1 etber ln the presenee of a d.ehyd.ratlng

agent. lhe yleld. of ehloromethyl conpound. was poor ln
eonparlson to the pnevlous nethod-. The above authors found.

t"Luat chl@r@Bethylatlon appeareà excluslvely ln the pa.ra-

poeltlon wlth referenee to the orlglnal substltuted. ortb.o-

para orlentatlng group. Tb.e presenee of a nltro group

reeulted. ln chloromethylatlon of the tseta ¡loeltlon.

. 
Stoermer and. Behn (¿f I ) found. tbåt the aetlon of fornalde -

hyde solutlon ln the presenee øî eoneentrated. hyd.roehlorlø

aelè on certaln aromatle eompound.s 1ed. to the syntheels of

aronatle aleohols. Theee authore d.ed.ueed, from thelr ex¡lerl-

nental results that the presenee of a negatlve group sueh

aÊ -CHO, -NOZ and -C1, 1n the ortho posltlon relatlve to
tbe hyd.roxyl group of phenols, eau.sed. the latter to cond.ense

wlth formald.ebyèe ln ttre presenee of hyd.rochlorie acld. to

forn hyd.roxy-benzylaleohols eontalnlng the methylol group

ln the para ¡losltion wlth respeet to the hyd.roxyl group.

o-Nltrophenol gave 4-hy4roxy-J-nltrobenzylalcohol .

Nor Not

OH

ö



9.

Íhls rule lneorporated. the earboxyl group ln thelr paper,

@n the þaslg tlìat the earboxyl group was meta-d.lrectlng

slmllar to the nltro and. ald.ehyde groupe. I¡ wag also stated.

thåt the lntrsd.uctlon of the ehloronetÏlyl group was probably

the flrst stage ln the reaetlon, wlth the subsequent forna-

tlon of the a1eøbol.

R. Qeelet(31) and. hls eo-workers prod.uced. many ehloro-

nethyl compound.e by the aotlon of fornald.eb.yðe and. eoneen-

trated. [yd.reehlorle aeld ln the presenee of a d.elryd.ratlng

agent on d,l-substltuted aronatlo eompound.s.

Blane ( { ) enployed. Q,ueletr e nethod. tø repeat the

preparatlon of soÉe of the ehloromethyl eonpound.s formed.

by Stephen, Shortrand. G1ad.d.ing. In ad.d.ltton to nono-ehloro-

methyl eompound.e, he obtalned. bls-ehloronethyl- substances;

for exarn¡rle, benzene prod.ueed. benzyl cTrlorld.e and. p-xylene

d.lchlorld.e.

In L925, Ed.ward.s, Perkln, and. Stoyle (13 ) used. the

nlxture of fornalde[yd.e and. hyd.roehlorle aeld. to prepare

ueeonlne fron o-veratrle aeld..

cHrC[ cH" o{
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Ehls laetone rlng fornatlon of o-veratrlc acld. was a great

lnprovement over the old.er Frltsoh (¡1) nethod. ruhleh requlred.

geveral steps before the same phthallée ïras obtained.. The

above Ed.ward.s, Perkln, and. Stoyle reactlon wlll be referred.

to slnply ae the eondensatlon. It l,¡as extend.ed by the same

authors to 3,4-d.lmethoxybenzole acld. and. to 2r)-øethylene-

d.loxybenzøLe aelê but not to J,4-metbylened.loxybenzole acld..

Tbe latter eompound showed. no slgns of reaetlon.

c 00H mrô

eoo Hï1¿ O

lnO

eoo H cooH

Bây end. Boblnson (33) lnproved. the yleld. of neesnlne

fron o-veratrlo aelè by ad.d.lng glaelal aeetle aeld. to the

reaetlng mlxture. fhey hrere able to eond.ense 2-brsno- 3 r4-
d"lnethoxybenzole aeld. uslng thle rned.lfleatlon.

0"íl¿,



Pau].t s @8) eond-ensatlon of

nrlth acetlc aeld. resulted. ln
nethylphthalld.e .

11.

3, 4,J-trlmethorybenzole aeld.

3, 4,5-trlme thoxy-6-ohloro-

6oaÃ'-eool{
*'-l -.r. 1

,îma Oûtr.

Klng and. Klng (2-Ð a.pplled. Ed.ward.e, Perkln, and. Stoyle
publlehed eond.ltlons sf reaetlon to 3 r4 r5-trlnethoxybenzo'le
aeld. and. obtalned the same ehloronetf,ryl phthalld.e. In
ad.d.ltlon, bï uslng eoneld.erably lees byd.roehlorle aeld.,

they leolated. the norraal J 14, J-trluethoxyphthalld.e.

?n¿ 0

ï!10

Klng and Klng found. that the treatruent of the onee-reerystar-

llzed. speelmens of the j14,J-trlnethoxypbthalld.e or of lts
ehloromethyl d.erlvatlve wlth boillng alcohol gave a sparlngly
eoluþle resfu:tue whleh they ldentlfled. as the d.imer, the

me thyl e nebl s-phthal ld.e .

€H¿ 0Í

O'm.-

0Ìil.



L2.

Iruo

1n¿ô

9yrlngle aeld. was reported. by Klng and. Klng to glve the

6-chl o rome tTryl-4-hyèroxy -J, J-@.tne thoxypht frat tde t oge the r
wl th 6, 61-ne tT,ry1 e ne bl s -4-hyAr oxy -3, J-d.tme thoxyphthal ld. e .

co oH

Thls latter corapound. was netTrylated. to glve the sane d.rner

as øbtained. prevlousry from trlnethylgalllc aeld.. H@hiever,

pyrogallorearboxyrle aeld.-J,4-èlnethyr ether d.ld. not eond.ense'

noraally but gave aeeord.Lng to Klng and. King iJne 5rJ1-methylene-

O \m¡' Olt(.c,

Otn,-.

eHr€!

OIIL,



L3.

bls-2-byd.roxy-J,&-d.inethoxybenzolc aeld.. Thls ls an lllus-
tratlsn of a new ease of d.lnerlzatlon wltbout phtTralld.e

formatlon.

êool{1T1. O

Itl¡ 0

ï¡ô

'ltt¿

Boblnson and. 0b¿rlesworth (3 6) lsolated. a clrloro-

eompound. 1n thelr treatnent of J,J-d.lmethoxy-p-tolule aeld.

followlng the cond.ensatlon eoad.ltlons outltned. by Edwarês,

Perkln, and. Stoyle. It ¡sas }ater reported. by Charlesworth,

Eennle, Slnåer,and" Yan (I1) as J,J-d.lnethoxy-6-ehloromethyl-

4-metÏry1phtha.lld.e. The latter authore obtalned. also a
chlorometbyl d.erlvative fro¡o 5-netÏroxy-n-tolule acld..

eo0Þl

eooÞl

gooFt,'Ìn¡ O
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Bueh'ler, Powers, and. Mlchels (? ) found. rn 1944, that
the cond.ensatlon of un-hyd.roxybenzole acld. wlth formald.ehyde

and byd.roeb.1@rle eeld. ln the presenee of sulphu.rle aeld. gave

two prod.uete; one sf whlch, neltlng at 254oC., ¡res lsolated.

0'llr+ 01?r¿ olru



14.

and. ld.entlfle4 as the slnple 3-hydroxyphthalld.e.

eooH

--+

The oxld.atlsn prod.uot of the 3-aethoxyphthallde and. other

d.erlvatlves were not ld.entleal to thoee of 5-nethoxyphthallde

and. lts d.erlvatlvee reported. by Chakravartl and. Perkln ( I I )

and. othors.
tlz_

Ia L9t+6, Bueb1er, Harrls, Sehaklett, and. Bloek (8 ) d.le-

covered. the nature of the second. cond.ensatlon prod.uct as

belng tbe laotone of 6-fryAroxymethyl-I, J-benzod.loxan-5-

earboxylle aeld. Thls subetanee reaoted. favorably t@ the

basle lnd.lcatlon teste of d.loxane and. phth,alld.e rlngs.

TTre structure of the benzod.loxan conpound. mad.e through the

aetlon of formaldehyde on o-nltrophenol, has been proven

by Borsebe and. Berkhout (br.
'.-l -"r
i i ill
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ïa BuebJ.errs ease, there were three

for the d.loxany1phthalld.e eompound..

anrãt (vlll ) "

posslble formulae

They Ìrere (Vt), (Vff ¡,

vt I

vltt
However, structuree (Vff ) ana (Vfff ) were rr¡.led. eut on the

basle of oxld.atlve and. synthetle work. Alkallne tr)erganganate

oxld.atlon of the benzod.loxan raetone (vr) Brod.ueeê a d.l-

vl

:i:.:

)j);:
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@erboxyllc aeld. (IX) whleh on heating wlth hyd.roetrlorle

aold. r@arranged. to forp a hyd.roxy-earboxyphthall4e (X)

whleh, ln ttrrn, on âeoarboxylatlon ln qulnlolne gave a

hyd.roxypbtTralld.e (XI ) ld.entleal to the slmp1e phthalld.e

obtalned. ln the ørlglna1 eonêeneatlon of n-hyd.roxybenzole

aeld..

e ooH

e()0H

-

(-
eoou

0onparatlve work, by eynthesle of struetures (VI )

and. (Vrr) Uat not-(Vfff ) favoreéL the formula (VI). The

d.lrest bromlnatlon of n-byd.roxybenzolo aold. gàve the 4-bromo-

J-hyd-roxybenzole aold. whleh eond.ensed. r¡¡lth formald.ehyde and.

T,ryd.roehlorle aeld. lnto the bromo-d.loxany1phthal1d.e.

Debronlnatlon of thls laetoae prod.ueed the eonpound of
gtrueture (VI).

x

C llt0 H
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e ooH

V¡

Slnllarly, the ehlorlnatlon of m-hyd.roxybenzole acld. resulteel

ln tbe fornatlon of the 2-eh1orø-)-hyd.roxybenzole acld.

whloh eond.ensed. to glve the chlorod.loxanylphtlulld.e.

Strueture VfI was oþtalned. on d.eshlorlnatlon.

eooH

t{L tl¡ 
vrr

In 1950, Bueh-ler and Bloak (9 ) retrlorted. the d.egrad.atlon

prod.uets of the laetone of 6-nyAroxymethyl-1,3-benzod.loxan-

/-earboxy11eae1d.(vII)¡rh1øhhad.been¡rrev1ous1yprepared.

as d.lreeteè by Buehler, Harrls, Sohahlett, and. Bloek ( I )

ln 1946. EIewever, no nentlon hras naêe wlth regard. to
¡chether the laetone was the d.lrect eond-engatlon prod.uet of
m-þd.roxybenzole aeld. or the synthetle eompound obtalned.

fron the d.eehlorlnatlsn of the ehlorod.ioxanyrphthalld.e (xtt).

HO

ßè
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La I95L, Buehler, Slaek, Shlrley, Sangulnettl, and. Frey (lO)

eonflrmed. the structure of the 5-earboxylle aeld. laetone

(VI) by oxld.atlve work to the known trlnethyl-l+-nethoxy-

benzene-I,2,3-trlearboxylate (XVll ) . Twø d.lf ferent oxld.a-

tlve steps îrere perforne¡il ln whleh eaeh attacheGl rlng ln
turn was opened. by two d.lfferent ways. The flrst nethod.

ïras an extenslon of tlne L946 work whereby the d.toxanyl-

phthalld.e eompound. (VI ) îras oxld.lzed. to the d.learboxylle

aeld. (IX) wlth alkallne permanganate. The two ortho earboxyl

groups were stablllzed. by converslon to the anhyd.rld.e (Xfff )

and then to the lnld.e (XIV). MIIê oxld.ation of the d.ioxane

ring wlth ctrronlum trloxld.e ln aeetle aeld. resulted. ln the

fornatlon of the d.loxanone lnlde (XV) wfrfoh on alkallne
byd.rolysls gare the known 4-nyAroxybenzene-l,2 rJ-trLearboxyll o

aeld. (XVI ). Gonplete nethylation prod.ueed the known trimet$l-
4-nethoxybenzene -1 ,2, 3-trlcarboxylate (XVII ) ,

eo0ìJ

eo0lt

vl tx
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ÍHre seeond method eonslsted of opening the dioxane rlng by

m1ld oxldatf.on, then the phthallde rlng by stronger oxidatlon,

Flrst step was perforrned. by nrild oxld.atLon of th.e lactone

compound, (V1) with chromlum trloxld.e 1n acetlc acld to glve

the dloxanone ()ff111), followed by alkal-lne byd,rolysis

of thLs esten to tbe hydro:ry-oarboxyphùhal1de (XLX).

Methylatlon of the latüen compor.l.nd producod. the methoxy-

carboxyphthallde ()(X) rrhich on oxldatlon wlth a1kallne

permanganate gave tf¡á known l+-nethoxybenzene-1 r2 rJ-trToar-
boxyJ.le ecid (XXI). Methylatlon wlüh dlazoraettrane gave

the known trlmethyl-l¡-me thoxybenz ene- 1, 2, J -EnLearboxylat e

(xv11). 
jj

VI ltl

xrx

fv

I
ool{e, ootl

xf
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It uae elso qentleneét that there wae sone evld.enee tha,t 5-

and. /-earboxylle acld. laetones lúere ferned. together ln the

eøndeneatlon reaetlon of n-Ttyd.roxybenzole aeld.

Stephen, Short, and. Glad.dlngre 1d.ea on ehloronethylatlon

were extend.ed. by Yan (t{9} anê Slnôer(3î to phthalld.e form-

atlon. The forner au.thore sho¡'red. tbat the aetlon of forn-

al4ebyd.e on [yd.roeh]-or1e acld. Ied. to the formatlon of

s-êlehloronetþI ether (Ë(II ). Tbe byd.rolysls of tble

ether ln the pr€sen@e of a dÙeþd.ratlng agent wae shown to

lead. to ehloronethyl ¡lrod.ucts. Tan and. Slnèer proposed.

a meehanlen for phttralld.e fornatlon baeed. on the lntroduetlon

of tbe øï¡loromethyl group ortho to the earboxyl group resuLt-

lng 1n an r¡nstable lnterned-late (xxrrr ) whleh und'erryent

an lntramoleeular reaetlon to form the d.eslreð laetone

(xXfv) tv two dlfferent posslble steps outllned. ln the

followlng d.lagran. Tbey argued. that ln eTrloronethyl eonpound.s

wbere the enterlng group ls not ertbo to the carboxyl,

hyðrolysls oeours only ln alkaI.lne solutlons. Henee lt ls

not llke1y tfrat tbe reaetlon proeeeds along the ehloro-

nethylaleohol formatlon and. dehyd.ratlsn etage slnee the

.reaetlon ls carrled. out ln aeld. sóIutlon.
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Rennle ß'(l euggested. th^at tbe netlryl and. methoxyl

group are a,u "tå t" eh-loremet\ylatlon, and. henee, subsequent

pbtballd.e fornatlon, whlle the earboxyl group ls a hlnd.rance.

Íbls has þeen eonflrmeè by. Vavøn, Bolle, and. Calln ({6)

who meesureiL the rate of halogen methylatlon for varlously

subetltr¡ted. aronatle eonpounGLs. fhey found. that the rate

ls lncreased. by -CH-, -g H' 3' 2 5' -'3*?' -ocH3 ' -oC3H?; and'

d.eereageè by -C1, -Bp¡ -I¡ -CIIZCI, -COOH and -N0, when

these groups are substltuted. on the nucleus

Further, the eond.ltlons uÅder wblch the reaetlon proeeed.s

have a d.eflnlte lnflsence ontt¡e prodLuets proêueed.. In nany

@aÊes, wbere a nlxture of ¡lrod.uete le obtalned., a varlatlsn
ln the eonêensatlon tlne and. reaotlon temperature w111 cause

one or other of tbe prod.uets to pred.omlnate; for example,

6yû'^ O'llr+

6lltr. Oîr¿
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there ls Buehlerr s w@rk. More reeently Manske and. Led.lnghan

(e3) have found. thå.t a sllght varlatlon ln the relattve
amouRtg of reaotante ln the cond.ensatlon of o-veratrle
ae1d. prod.uees a ehloroeonpound. alnoet to the exeluslon of
meeonlne.

eooH
't'1"Ò

--.)

Wlnestook (.{8 ) euggested. thåt the ortho and. para

d.lreetlng groups, ln elrbetltuted. benzolo acld. compound.s,

whlcb aetlvated. the unoeeupled. 6-posltlon ln the nueleus,

wor¡ld. lead. te prlmary chlorenethylatlon. and. subsequent

phthalld.e for¡natlon. On thls basls, for slnaple laetone

eondensatlon of 5-øethoxy-e-to1u1e aeld., the 3-, t+-, and.

6-posltlone are actlvated. but the 6-poslt1on ls preêomlnateþ

affeeted..

eÉ¿el



2L+.

Slmllarly, ¡rrhen tbe 2- and. 6-posltlons are unoeoupled. and.

are elmultaneouely aetlvated. as ln rn-nethoxybenzof-e aeld.,

the reaetton oeeurreè at the 6-poeltlon þeeause Wlnestoek

clalned. tbat the Z-posltlon was sterleally blooked. by tlre

methoxyl group.

c ÒoH

_)

l{lnestoekr s ld.eas on gterle hlnd.ranoe were not tenabLe ,

þeoause And.erson ( t ) polnted. out tbât ohloronethylatlon

oeøurred. ln tbe 6-posltlon of 5-methoxy-o-tolulo aeld. even

thor;rgh, 1n tbe J-posltlon, there was a netboxyl group whleh

should. bave prevented. the d.lsplaeement.

The oond.ensatlon prod.uet of 214-ê.fuaethoxybenzele aold.

seeaed. to be en exeeptløn to .nllneetockts suggestlons, 1f

slnple pbthalld,e formatlen, geeond.ary ehlorømetbylatlon and.

11.

0Îtl& 0Ifl,È
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d.lnerlzatlon dld. take plaee as he belleved. 61nee the lsolatlon

of a d.lner wae elalmeè.

eooll

Tbls exeeptlon, espeelally wltb respeet to slmple phthalld.e

formatlon, ¡uould. be hlghly lmprobable slnce orientatlon

rules would" be vlolated". However, ehloromethylatlon and.

then d.lserlzatlsn vtrlthout phthalld.e formatlon, eoulê be

aeoe¡ltable lf the reaetlon d.ld. oeou.r.

Yery lltt1e work hse been d.one on ehloronet$l phtballde

rea.etlons. These eonpound.s seemed. to þe forned. only wb.en

net\yl or netboxyl groups lirere ln the 3- and. J-posltton.
Par,¡.l øgl and. Klng and. Klng (? t) worked. under tbese above

nentloned. eond.ltlons 1n the presenee of small amounts of

aeetle aeld.. Charlesworth, Rennle, Slnd.er, and. Yan (te)

A?.1l4ôÎt¿
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lsolated. a eT¡loromethyl oonpound. wlthout the ald. of a

catalyet.

And.erson ( I ) formulatecl a set of rtrles for préd.letlng

the prod.uets of the Perkln, Ed.ward.e, and Stoyle eond.ensatlon.

Íb.ese rules were d.erlved. by a earefr¡I stud.y of all attempted.

eond.ensatlons whleh are ln table I, page3ô, wb.lch was

extenéLed. to lnelud.e the present reeeareh. ïle notleed., ln
the d.lreetlng powers of the ortho-para substlttlent groups

ln the benzole acld. eonpound.s, tbat the para orlentatlng
foreee were pred.onlnant ln nearly all @ases. Seeondly,

whenever slnple phthallde fornatlon oeeurred., there was ln
the J-positlon, a methoxyl group whoee para d.lreetlng

powers aetlvated. the 6-position. Tbere r'rere tb,ree exeeptlons:

(a) 5-nethoxy-o-tolule aeld.; (b) 3,5-d.1hyd.roxy-p-tolule

aclrã.; (e) n-hye.roxybenzoic aeld.

î:Ûcoo* 

-'Ûeoolr

to)
ïn 5-metboxy-o-tolule aeld., laetone formatlon rüas d.ue

to ortho d.ireetlng forces of the nethoxy group ln the

J-positlon, since the 3-posltlon rñras vaeant and the para

d.lreetlng forees could. not aetlvate the 6-poeltlon. As

for J,5-d.lhyd.roxy-p-tolule acid., there ls a hyd.roxyl group

wlth ortbo and. para orlentatlng propertles Ln the J-posltlonr
Buehlerrs oondeneation of n-hydroxybenzolc acld. Ied. to tbe

c o0ll

Ot{

\b) l..e)

ôtltr
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formatlon @f the lactone ln the Z-poeltlon. The ortho

orlentatlng forees of tbe hyd.roxyl group ln the 3-posltlon
seened. te predominate.

And.ersonre extenslon of hls theory to other eases

besld.es the normel phthallde reactlon êld. not eonfllet
wlth hls two rules whlch d.eatt wlth the latter ease.

Chloronethyl phthalld.e etruetures were explalned- oa the

þasls of a seeond.ary d.lreetlng methoxyl group ln the 2- or

J-positlon. Slmp1e phtballd.e reaetion, aetlvated. as out-

llned., wae followed. by the lntrod.uetlon of a seeond.ary

ohloromethyl group para to thls eecond.ary tsethoxyl group.

J-I4ethoxy-s-toluie acld. eomplled. wlth hls epeelfleatlons;

wltb the exoeptlon tbat a netbyl group lnstead. of a nethoxyl

group was present ln the J-posltlon wlth para d.lreetlng

powerg.

eo0!l

Dlnerlzatlon or reslnlfleatlon took place ¡uhenever

@ne or B@re of the follo¡rlng eond.ltlons nere fulfllled.;
(1) a hyd.roxyl group ls ln the 5-posltlon of the orlglnal
acld.; (2') there le no ortho-para d.lrectlng group ln the

J-peeltlon of the orLglnal aeld.; and., (3) a ehloronethyl

phthalld.e ls forned. d.urlng the oond.ensation of the orlglnal
aelel. Very llttle lnvestlgatlon ha.s been d.one on d.lmere

| .:r'.j l

en-u
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or resins, but tt seems 11keLy that ln some cases a phthalide

ring may not be formed.. slnce the J-posttlon Tras not occupled,

phthallde formatlon could not be posslble untll dÍmerlzatlon

had oecurred. Fosslbly lf a diphenylmethane derivative
bras fonmed throir.gh the 3-posLtion this group mlgbt dlrect
tlre second ehloromethyl group to tTre 6-posltlon where

phthallde formatlon could take place.

Dioxane rf.ng fornation llke chloromethyl phthaltde

formatlon hras secondary to the intnoduction of the phühallde

rlng. anderson found onLy two cases. rn each case, th.ere

was a hydroxyl group 1n the J-position and the 2-position
!¡as open.

Accordlng to Anderson, the methylened.f.o:qy-nlng has

been assumed to glve the positlons ln the rlng to which

it ls attached the same properties as a methoxyl gnoup.

Thts seemed. to be the case ln the simple lactone condensatlon

of 2rJ-methylenedioxybenzolc acid.

eooll

Eowever, J rl¡-methylened.ioxybenzole aeld,

tried by Perkin, Edwards, and Stoyle (t3 )

(plperonylle

and. Slnder

acld.)

(3 1)
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shor¡ed no reaetion. ff the above ?qrpothesis is correctt

then, 3 rl+-methylenedf.oxybenzpic acLd 1s arr exception to tbe

rule. A1so, 2rJ-methylenedLoxybenzolc acld satisfies the

condltions fon ehLoromethyl phthaltde formatlon but no

evld.ence of thls has yet been obtalned..

m-To1uic acld. did not forro a slmple phthalide even

thougå there hras a para d.lnectLng methyl group 1n the

l-¡rosltlon. Posslbly the nrethyL group aLone was lnsuffletent i

to activate th.e nlng.

eooH E Ô ôI{
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0oNDENpATIoN 0F ARoMATIC ACIDS WIT¡I FoRMATÐEHyÐE

AND ESDROCHLORIC ASID

Benzole aelä ! - no reaetlon (3+)

o-Tolulo aeld. no reaetlon (L+?'t : .:... , . .,

n-To1ule aeld. no reaetlon F'l \
p-Tolulc aeld. no reaotlon (3I )

o_Methoxybenzole acld. no reactlon (31) 
,,,a,,.,,;;¡,,::,,,

n-Methoxybenzolc aeld. 5-nethoxy-phthalld.e (ll ) ''

p-Methoxybenzole aold. no reaetlon (i+¡ ({?) ,'....,,,; 
,,;

o-Eyd.roxybenzole aeld. i!.lner or resln (,fg )

n-Hyd.roxybenzole acld. 3-hydroxy-¡ahthallùe ard.

d.loxanyl phtb,alld.e ('l )(8 )('{8)
p-Hyd.roxybenzole aclê d.lphenylmetTrane

d.erlvatlve (l{ )

5-Methoxy-o-to1u1e acld. 3-nethoxy-6-metlryl 
,

pbthalld.e ( lt)

J-llethoxy-n-tolulc aclit 3-methoxy-J-netTryl-6- 
l

chloronethyl phthalld.e(12),.r,,.::,;;,1,

J-Metboxy-p-to1u1c aeléL 5-nethoxy-ll-methyl phüalld.e " '¡';"."'
' ' ... .:--'::.a:

fix)
J, J-Dlmethoxy-o-toluic aeld. J, J-d.lnethoxy-6-rnettly1

phthalld'e (lt ) (17) 
t"' '''i'r':'Ì,''l*rJ-Dlnethoxy-o-toltrlc acld. no substance lsolated. 03)

J, J-Dlmethoxy-¡t-tolule aeld. J, J-êlmethoxy-4-nethyl-6-
ehloronetbyl phthallde ( ll) (3Q

2 ,)-Dhw,ethoxybenzole a@ld. J, 6-d.lmethoxy phtharrde and.
':.:.: .

J-cb}erometTryl phtballd.e (1 3 ) A3) ',"' "
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2rJ-DLøethør,y-J-Bethylben,zoi.e eeld. Jr6-d"Løethoxy-J-nethyl

phtrralld.e (13 )

J,4-Dlnethoxybenzole acld. 4rJ-d.lnethoxy phtfralld.e

(t3 ) (33)

Zr4-Ðlmethoxybenzslo acld. d.1øer or resln (3q ) (,{g) 
, :::..

Z-Brømo-J r 4-almetboxyben zoLe aeld. 6-brono-4 r J-d.lnethoxy

phthallde (i3 )

3,4,J-Trluetborybenzole aeld. 3rt*,J-trlnethoxy phthalld.e, :

í-ehloronethyl phthalld.e and. 
:'"':':

d.lmer or resln (f e ¡ (,¿{g ) (22,) ,,,';.,

3r4-l-{etT.rylened.loxybenzolc aclê no reactlon (l? ) (11) 
:

2, J-MetÏrylened.loxybenzole aeld. J rí-øetlny1ened.löxy phthalld.e

(11)

J-Metlrox l-4 rJ-netbylened.toxy- 5-oethox y-3,4-nethylened.loxy

benzole aeld. pbthall4e and. 6-cL:-3-ørometlryl

Phthalld'e (28)

),J-DLøethoxy-4-Ïryd.roxybenzo1cae1d'J,J-d.1methoxy-4-hyd.roxy

phthalld.e and. 6-ohloromethyl

Phthalld.e (1L) 'i"'
l, 

.,'

2-Hyd.roxy-4-methoxybenzolc acld. d.lner or resln (tlS) , .,

5-Hydroxy-o-tolule aeld. 3-lrydroxy-6-methylphthallde

and. êltoxanyJ-phthellde (.'y'1

5-Eydrexl-a-to1u1e aeld. d.lner or reeln (q1) 
,, ,,r 

,

3-Hyd.roxy-¡r-tolule aold. ôloxanylphthallete ({f) lr) 
'::i :

3r 5-Dlbyd.roxy-¡r-to1ulo aeld. 31 5-êlftyd.roxy-&-methyl

phthallde and dlner ( t )

3r[r5-Trlhyd.roxybenzole aeld. dlner or resln (rl8)
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n-Dronobe¡;.z@I@ a@Ld.

5-Brønø-o-toh¡le eeld.
-P:'- f,*t "*"'-L'

n@ reaetlon Ci
ntr

Ro resetlon (f)
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DIgCUggION 0X' EXPEBIMEI'ITAL REgIttÍg

Ebe $truetunes ef tbe_Cønôensatlon Prod.uets @f <-BJ!ilroxr-o-

8olgle Ae14

îhe oend.eneetlon ef 5-hyd.roxy-o-telule aeld. ¡yltb fereel-
de\ydc anê eeneentreteê hyd.roebl,ibrlo seld. Ied. to the fornatlen

of, the J-hyðrory-6-net\y1phthalld.e (gV) anê the leetone of

8-þ4rexyne thyL-l, J-be nzed. loxan- 6 -ne t[yI- ? - earboxyi 1 e ae lC.

(XXVI ) . There wae algo s@tse evld.enee that d.lnerlzatlen may

bave ooeu,rreð.

HL

a

xxv xf v I

fllnee j-\yd.roxy-o-tolui.o aeld. le an lsoaer of 3-hyèr@xy-

p-teLu1e aeld., an attenpt ras nede to ¡rerfonn the eonclensatlon

unèer the 6ane eon4ltlons as €.escrlþeê by And.erson ( I )ln ord.er

to oþtaln a elnllar C.loxenylpbthallêe gtructure. Eeweyer,

hlgher yleIês wer@ obtelaed, by beatlng tho reaetlen slxt¡rne

for ¿ longer perloð of tlne. îhe poeslblllty of an lnten-
qedlato elpple phthallite neeessltated. e longer heatlng perlod,.

"fiv w
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Beenystalllzatloa of the eond.ensatloa pred.uct fros et[yl
a1cøhol gave a whlte aeed.le-llke eryetalllne gubgtanee neltlng
at 1.|I - L?Z@G. 0omþustlon analyele, eubstantlated. by a Eole-

eelar welght d,eternlnatlsn øt 2A4, lnd.leaterü a forpula of
Cff\nOU for the laetone of 8-hyd.roxymetþl-1rl-benzod.loxan-

6-aethyl-7-@ar.boxylle aold. (XXVI ) . Ehls d.lorareyLpbthalld.e

eondensed. wltb pbloroglqelaol anð arrlpburle aeld., aoeord.lag

to Mehta and. Ayyarr e (1¿{) dttreetíons for a d"loxane rtng test,
to glve the eharaeterletle @raRge-red. preclpltate. Bhe b].enk

run wlth 5-Wênoxy-o-tolule aeld. resulted. 1n e derk red. pre-

elpltatc. fbe éLloranyLphthalld.e reaete€. favonaþly tø the

Bhthalldl.e rlng test ¡vlth reeorelaoL and. eøneentnated. eulphurle

aeld.. Dlltrtlon of the red.-eolored. nlxture wlth ryeter prød.ueeél

an @range-yelIow soLutlon wbleh exhlblteè a,,green f,h¡ores@ence,

Ehle fl.uøreseen@e was greatly lntenelfleè by the ad.dltlon of
exeess arhall. I![o eueh ohangee were notleed. ln tbe b]ank nun

wlth j-hyd.roxy-o-tolule eeld.. Bhorpe and. whlteLy (¿ls) prodr.u,eed.

tbe sase type øf flr¡ores@en@e rlth sueelnle aeld.. Thle teet
seens to þe sn ln€.leatløn that a phthalld.e rlng exlete.

In ord.er te dLlstlngulsh the d.loxanylphthelld.e fros the

lït¡,

û

"fn4

û

slnpre phth'aLfuiile crEg03 (Ërv), J-\yd.rexy-6-oethylpbtbe.ltd.e
(XXV) was prepare4 ln a eerles of reactlons ae outllned. belos¡

s[Jl¡-
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Ehe J-\yêrexy-o-to1u,1e aeld, (XXVf f ) ¡vae ¡are¡lared. fros e-teLqlèlne

1n a serleE of, ¡¡rellnlnary reaetlo¡re. By means of tbe Sand.neyer

reaetlon, e-toleld.lae wae eonverted. ts ø-telule nltrlLe ¡yhlch ras

[yd,rolyzeê te o-tolule aeld,. 8ut¡chonatlon ef o-tolulo aeld. fe].-

lored. by alkall fuelon øf the potaselun galt øf 5-etr1pho-o-telulc

aeld. pred.ueed. the d.eglred. J-hyêroxy-6r.-toLule aeld.. Tanþsrre ({3)

sethod. outllned. Þy Bennle (31, , wes qeed. ln oetbylatlng J-h¡rd.æxy-

o-tolule aeld. (XXVtl ). Bennle wae able to cøn4enee J-neth,oxy-o-

tolule aÈ*a[ (XXVfff ) to 3-aêthoxy-6-oetlrylphthaltete (XXIX).

$,
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a d.enethyratlon, wlth elther hyd.rogen lsd.ld.e and. phospheru.s

er aI¡¡nlnqn ehrerld.e ln benzene ¡lrod,uced. for the flret tlne
J-byd.roxy-6-netl,rylphtbal1d.e (XXV) neLtlng at ZZj - ZZ\*@G.

F[ysleal propertleen eonbuetlon anal.ysle and. a eoleeular

welgbt d.etermlnatlon of 169, eonflr.ned. tbe etrueture of thle
elnpl-e ¡lbthallde. Cond.engetlon of thls slnple pbthelld.e lrlth
fornald.ellydle and. eoneentretec. hyd.røehLor1e aeld. prod.ueed. the

laet one o f 8-Wêrexynet þ1 -1r 3-be nz od.loxan-6 -aet[y]--?- earbexyl 1 e

ee1d. (xxvt). Â nlxed. neltlng pelnt of tbte latter eubetenee

¡clth thåt of the d.loxanyLphthalld"e oom¡eound. oþtalaed. tbrougb
the eond.engatlon ef 5-hyd.noxy-o-tolu,le aeld., ehowed. no d.e¡ereesl on

ln the aeltlng Polnt. þLøerlzatlon was ru1ed. out on tbe baele

of neleèul¡ar weLght c.etèrnlnetlene ¡vhleh gsv@ z}Lt før tine

4loxanylphthalld.e etn¡,etune (I()ffiI ) and 16r+ for the J-byd.roxy-
6-nethylph.Tba,lldte (XJff), a êlqer of the type (XXX) woutd. gtvc
a oaleulated. noleeu].ar welght øt 3ltg.

A negatlve teet for
resoved. any dotrbt ae

d.er1vetlve.

X XX

eh].erlne by the soôL¡tn

te the exlet¡nee of a

fu.eløn nethed.

etrlorenetbyl eonpound.
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A1kallne permangalnate oxf.datlon of the lactone of B-fryaroxy-

methyl-l, J-benzodioxan-6-methyl-J-carbo;qylic acld gave an acidlc

substance, p:robably d.lbaslc, melÈlng at ZBZoC. wÍth decompositlon.

Bueb.ler, Hanrls, Sohakletü, and BLock ( 8 ) carrled. out the same

type sf oxld,aülon on the laetone of 6-hydroxymethyl-1, 3-benzo- ,

dloxan-l-carboxyllc acld. Their oxldatlve pnoduet was the L,

l-benzodloxan-!, 6-dioanboxylie acid. fn addltlon, arrtrydnlde

formatlon was indicated by tbe bõulsh coloratlon of anhydrous 
,,

copper sulphate upon heatlng a sample of the aeld at the meltlng :

point ln a sealed, d.ry mettlng tube. ïIowever, decompositlon of

the acid by some ottrer means might have caused th.e llbenatlon

of water. Oonsequently, a possible st:r.uctune for the oxidatlve 
l

product of the lactone of B-hydrox¡nnethyl-1, J-benzodloxan-6-

methy1-/-aarboxy1Ícac1drn1ghtbe1,J-benzod1oxan-6-nethyI-J,

8-dlcarboxyli.c acid (:CxXt¡ .

îlt¿

eootl

eoô H

' r' A mfxture of l-hydroxy-o-tolulc ao5.d, csncentrated hydro-

chlonLc acid., ana IaOfi formaldehyde was allowed. to stand at room

temperatrlro overnight. The eontents of the flask ylelded a

whlte erystallf-ne product wh.lch on fecrystallf.zatlon from a

rninute quantlty of alcohol melted at 223 ZZIloC. A nl¿ed

t;..:..:

i ::.':','l

w

xxx I
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Beltlng p@lnt G.eternlnatlon of thle sauepLe ¡sltb J-[yd.roxy-6-
nethyLphtha11d,e ehøwed. no d.epregslon ef the neltlng polnt.

A glnlIar trlal wlth the d.Iøxany1phthalld.e eompound. obtalned.

by the flret ooad.eneetlon, reeulted ln a great d.epreselon of

the neltlng polnt ef the nlxture ln eonparleon to the eeltlng
polat of tlre eleple phtballd.ej the d.epresslen wae frem 2Z3o

tø L?5@C. Due to tble lowerlng of the neltlng ¡ro1nt of tbe

nlxture dlewn to the neltlag polnt of the d.loxanylpbtÏ¡allêe

strueture, the forsatlen anô purlfleatlen ef the letter eonporrrd.

ltad. to þe d.one r¡lth extreme eare. f f the slnpl.e ¡rhtÌ,ølld.e ls
formed. aB aa lnterned.late at the teraperature ef tb.e reaetlon

trnd.en reflux, a Loager reaetlon tlme ehoulê. have eonverted. lt
to the d.lexanyl-phtha1-lêe eompound.. Ehe coneentratlon of the

al.eehslle flltrate, from vvhleh the €.loxanylphtballd.e haê been

reeryetalllzed., revealeê th.e presenee of tbe efuaple ptrthalld.e.

Ehe forsatlon of the slnple phthalld.e frou 5-byd.rexy-o-

tolule aeld. vrag another exeeptlon to .å,nd.ersonrs rule' resenbllng

5-nethqry-o-tolule aeld.. lfbere ls no aethoxyl @r any other para-

d.lrectlng group ln the 3-pssltlon. Here the two groupe have

thelr para-d.lrectlng porrere nutually bloeked.. Ehe oeeurreaee

ef the reaetlen ean only be explalned. on tbe baele of the

geeond.ary ertho-êlreetlng propertles of the hyêrexyl groupr

8be prod.tretlen of the d-loxanylphthalld.e etru.eture d.ld.

net eeen to esnfllet wlth lnêergonl s laLeae on slnllar eomp@und.s.

In the present ease, there ls a vacant ortho posltlon next tø

the hydroxyl group. Elerane rlng fornatlon nay be a seeond.ary

reaetlon elnee the sln¡al-e phtllallêe has been leoleteéL and. wag
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read.lly eonverted. to the d.loxanylphtbarlèe gtrueture.

Ehe peselblrlty of 5-hyd.roxy-o-to1u1e aelc fornlng a d.lner

seeEs hlgh1y probable elnee lt oonpllee wltb tso of the oønd.ltlong,

of ¡shleh enJ.y one ls need.ed., naneLy:

(1) there le a [yd.roryl group ln the J-pesltton sf the er$glnal
aeld..

(2, there ls no ortho-para d.lreetlng group ln the 3-poeltlen.
Dlnerlzatlon mlght be borne out by e e!Êarl organle resld.ue ef
very hlgh lnd.eternlnable neltlag pelnt separateê fnon th.e bot
aleoholle flltrate d.urlng the reerystalllzetløn of the leetor¡e
o f 8-hyd.roxyne t\y1-1, J-benzod.l oxan-6-Ee tbyr-?- eerboxll 1 e ae ld. .

Klng and. Klng (ar) re¡aerted. the lsolatlon of a dlmer t¿nd.en the
gene eend.ltlens.

P.ABT 1Ï

fhe ¡lrepanatlon of J-brono-o-to1u1e aeld, ras Beeessary

before eond.eneatlon experiaente lvlth for"na].d.e[yd.e and. eoneentrated,

[yd.reehlorle ¿eld. eould. be earrleê out. It was aotleeê that
tf¿cebeea and. Slerss (âO) tud. Elalned. thst the eetlon of broolr,æ

on e-tolule aeld. gave 6-brono-2-øetþlbenzole aeld. of ueltlng
polnt L67eg. Bellsteln and. Helrbron reported. tbe presene€ of
twe aeld.s, one meltlng at L6?oC. and. the othen at L?4-6t0., as

5-bropø-2-EetTryIbenzole acld. (ffixtt ). teyer (16) syntheslzed.

5-þroao-ZmetþlÞenzole aeld. neltlng et 16?o0. fron p-toluld.lne.
i:l:-:'

atlone of 6- -ToLele Aeld.. n-Brono-

benz o 19- 4914, - 3-Eyd.rexvBÞthallêg, _ -gg n-Ân lnobegzo 1 e Ac 1ê
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Keunlng and. Evenhuls eenflrueê thåt Vletor lleyerre ae1d. was

ldleatloa1 ¡y-lth Jaeobsen and. fflereet prod.uet; þeth neltlng on

reeryetalllzatlon fron aleohoL at 1f0o0. In ed.d.lt1on, they

¡eroved. tbat tbe aelel neltlng at L?lþ-6øC. ïras lapure ll-brono-

Z-netbylbeazole aeld..

8þe fall,ure of 5-brene-o-telr¡.1e aeld. (XJffiIl ) to cond.enge

even though 5-nethoxy-o-tolulc aeld. and. J-hyd.roxy-o-toh¡1c lreFe

sueoessfuL la forulng slmple phthallriles, seesedl te substantlate
Vavsrlr Bølle, and. ealln¡s ({6) theery that the bnenlne greup

wae nøt ee astlve as the aethoxyl or hyd.roxyl group.

€ oolt eôôl{ e00 H

ßrr O'rrt4- O tl

xxxll

îhe bronlne group pay asslst tbe rate ef pbthã114e forpatlen
lf otber oetlvetlng groupe bearlng on the 6-poslt1on are present;

for erampJ.e, J-bromo-n-tolule aeld. (lOffiIII ). If the para-d.lreetlng

p@¡rers of the þronlne'group are etronger that the orths orelntatlng
forees, tben 3-þrono-o-toh¡.1e aeld (HXIV) coulê be ef¡lorenethyl-

ateê to form a laetone und.er sultable eonêltlons. Ehle seetss

hlghly lnprobable elnee m-bronebenzolo aelê d.ld. not reaet whleh

lnd.lcated. that the bronlne group alene 1e lnsufflelent to

aetlvate the beazene rlng.

O 'fn¿
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In the process of bromlnation of o-toluic acld, the

2-brornomethyl benzolc aeld (xxxv) was prepared. Th.e stabfltty
of a bromomethyl gnoup ortTro to a canboryl gronp lnd.icaües

the posslbllity of a bnomomethylatlon; maybe chloromethytatlon

wlthout laetone formation. lhe Z-brornomethyl benzoLc aoLd.

was qulte stable ln contact wlth concentnated Ïrydnochlorf.e

aeld. buü noü 1n ühe presence of alkalL. rt was reported. ln
Bellsteln th.at 1n the presence of aIkali, the phthalide
(fferyI) is forned. *'

eooH

yxxv I

The attempt to pre¡rare J-hydroxyphthar.lde by the dl.rect
eond.ensatlon of m-hyd.noxybenzolc acld with formald,ehyde and

hydrochlorle aeld, as had been reporÈed by ïrlnestock (+g),

resulted in the recovery of the orlginal matenial r¡lth no

TûL
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lnd.leatlon of a posltlve pbthaLld.e test. The J-hyd.roxypbtÏrelld.e

was prepared ae d.lreeted. by Br¡ehler, Forers, and. tr{leheIe ('? ).
Next, Wlnestock eIalneê that the cond.eneatlon of J-?ryd.roxy-

phthallêe rrrlth fornard.ehydLe and. hyd.roeblorle acld. forned. the

laetone of 8-by4roxynettryl-l, 3-Þenzod. Løxan-? -carboxyLle ae1d..

4

The re¡letltlon of thle ex¡rerlment prod.uced. only a dlner ef
hlgh lnd.eternlnable meltlng polnt.

lbe eond,engatlon of n-anlnoþenzole aeld. led. to the leoLatlon
of a greenr nltrogen-eontalnlng substanoe, æeltlng around. 22Oo e.

rltb d.eeom¡rositlo¡i. It wae not aeld.le; nlght be baele slnee lt
d.leeo1ved. ln byd.rochlórle and. eulphurle acld.. ft wae lneolnble

or e¡rarlngly solubre ln the eerã'gon organle eolvents. rf
ë.LazotLzatlon d.ld. ooeur, no ooupllng wlth B -naphthol was

observeô ae ln tbe ease of n-anlnebenzole aeld. she only
lnd.leetlen of a phthalld.e rlng test, aeeord.lng to the d.lneetiøns

of fhor¡re and. Whlteley (.+5), was the fornatlon sf e green eolor
on tbe ed.êltlon of exeese alkall to the llght blue golutlon.
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EXPEBIMENTAL

9eet-1o_n_ One

?he .å,et1on of Coneentrateê Ey4roehlorle Ae1d. and. FormaLd.ehvd.e

en 5-Hyd.roxy-o-folule .å,e1ô : :.:

Prepgret I o!¡ of_ <-HI4roxy-Sr-lolu_1 e Aelð

(a) o-loLrale Nltrlle : 
,

lhe preparetlon of o-tolule nltrlle from o-to1uld.lne by 
: ';:':':':;

I.... ;t'::.

the $andmeyer method., eonslste of tb.e aetlon of eu¡lroue eyanlde .',,,,,,,,.,.,,,

on tþ.e d.lazonlum salt of o-tolu1d.1ne, by the nethod. outllned.

ln Organle gJrntheeèe by ê1Lnan and. Blatt (l8).

GH3C6E¿}NH2 + EGI 1 nNO2 + OE3g6ql$r rGL + g¡Za

C%06Ë¿lNZel + euCN ---è¡ CE3C6E¿}CI$ + NA + ou€I

(1) Prepgratlon of 0uprous-Cyanld.e goltrtloJr

guprous ehlorléle was prepared. by aGl.dLlng a eolutlon, :

eoneletlng of 55 grans (0.5 moles) eoèlun Þlsulphlte and. lJ
greng (0.9 noleg) eoèlun tryd.roxld.e ln þOO ee. of weter, to a ,,",",''.,:

't 
, ", ,'

eo1etlon, eonelstlng ø1 260 grans ( I nole ) erystalllzeê .1.,,,,,,

e@pÞ€r sulpbate andL tll grane (t.6 moles) so4lun ehlorld.e 1n

800 @€. water, ever a perleril of flfteen nlnutes. The cu,IÐrous

etrlerld.e, a whlte preelpltate, nag waeheê wlth water twlee by ,.,,..,

d.ecantatlon anê. suepenêeê ln 500 @o. of cold. water ln a two

lltre flaeh fltteê wlth a mechanlcar stlrrer. golldr eod.lun

eyanld.e, L2? grans , (2.6 nolee) was aèêed. ln enall portlons
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and. the mlxture wae etlrred. untll all the cuprous ehJ.orlêe

he.d. reactecl. Ehe solutlon ¡ras eooledlo

(11) F¡reparatlon of the d.lazonlun solutlon

In a large beaker, 86 grams (0.8 mole) of o-toluld.lne

¡vas mlxed. wlth 228 ocr of 3?ft hyd.rocïrIorlc acld. (sp.gr. l.I8)
antjl about 800 grams of lee to brlng the temperature of the

nlx.ture to OoC. A solutlon of J6 grawe (0,8 mole) of so€Llum

nltrlte ln L60 eel of water was adld.ed., witfr etlrrlng, to the

o-teluldene Ïryclrochrorld.e over a perlod. of flfteen mlnutes,

the temtrrerature belng kept at 0-5oC. by the adld.ltlon of
oraoked. lce; the add"ltlon was conpleted. ¡rhen the mlxture

ehowed. a d.lstlnct test for free nltrous aeld. on teetlng wlth
etarch lod.ld.e paper. lhe mlxture yras earefurry neutrallzed.

wlth approrlmately 40 grams of antryd.rous sodluß carbonate as

lnd.leate4 by the lltnus pa¡Ðerr

(fff) Preparatlon of o-tolqle altrlle
the cold. cuprous eyanld.e solutlon was ehllled. to 0-5oC.

þy tne ad.d.ltlon of lee, and. J00 ec. of toluene üras poured. on

the surface. To tbls nlxture was ad.d.ed. elow1y the cold. d.ta-

zonlr¡m solutlon. Durlng the ad.d.ltlon, whloh requlred. slxty
nlnutes, vlgorous stlrrlng ¡ras malntalned. and. the tenperatu.re

was kept at o-Soc. by occaslonally ad.d.lng eraekeel lce. An

orange preclpltate wag fomneê, whlch ln turn, d.ecomposed. glvlng
off nltrogen gas; the resurtlng nltrlle ïras taken up by the

toluene layer as lnd.leateð by lts red.d.leh color. after the
ad.d.ltlon, the ra¿etlon mlxture was etlrred. and. kept at 0-5o0e

for tblrty mlnutes and. tben wae allowed. to rlse to that of



I+5.

roon temperature and. left stand.lng overnlght. After stlrrlng
for two hours longer, ttre motor was stopped. and. the reactlon

mlxture was warmed. ts 5OoA. by means of a large water bath.

The nlxture üras alloweel to stand. untll cool, then the aque-

ous layer rras slphoned. off . the regld.ue toluene mlxture ¡'rag

steam d.lstllreê untlr no more o11 paesed. over. ?he toluene

layer contalnlng the nltrlle wae separateè and. the aqueous

portløn of the èlst111åt. *", extracted. wlth enall ¡rortlons
of toruene. lhe toluene J-ayer was renoved. by slnple ËIlstl1-
Latlon and. the lnpure nltrlle was tr)urlfled. by the r¡ee of
fraetlonal d.lstl].latlon under red.uced. presslf,re. Ehe portlon
whieb bolled. over at 9o-96oc. / 20 rrm. pressure was colreeted..

tshe yleld. of JB grame of ellghtly yello¡ù-coloured. o-tolurrltrlle
ras 62 per cent of, the theoretleal arnount.

(b) o-T,o1ulc acld.

Cohenrg nethod. for the prêparatlon of o-tolulc acld. by

the þèrolyels of o-tolule nltrlle wlth ?5ft suhphurle ao1d.

und.er refrux ga.qe ln our oase , í,0-30ø yleld.s on reeryetalllz-
atlon fron rûater. Ifhen the crud.e tolulc acld. wae placed. ln
hot water, the lmpurltles separated. 1n the form of an olly
brown layer. lbe nature of thls layer nay be d.ue to elther
d.ecomposltlon or eurphonated. prod.uets. send.ereas and. .å,bou-

ld:re (38) reported. that the use of coneen.trated. euLphurlc

ae1d. at 150oc. ln the surphonatlon of o-tolulc acld. d.ld. leaê.

to some d.ecarboxylatlon. T{hen a hlgher eoncentratlon of sulpb-
j¡rlc.'"acld. was employed. tbe yleld.s were poorer and. the lmpurl-
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of the organle aeld. or acld. lnpurltles may have cauged. the

exlstence of a nlsclblllty gap, but tbls seemed. hlgbly ln-

¡lrobable as no such oll phase appeared. on acld.lfleatlon of

the bot alkallne solutlon of o-tolulc acld. wlth d.llute sulph-

urlc acld..

Blattts (5 ) nethod. was a d.ecld.ed. lmprovement ln the

tryd.rolysls of o-tolulc nltrlle. Íhe sJ.cw ad.d.ltlon of tbe

nltrlle to the hot sulphurte acld. eolutlon wlth stlrrlng pro-

vld.ed. better contact betr,¡een the reactlng gubstanceg. SeconÉL-

ly, tbe proportlons of nltrlle to eulphurlc acld. were half as

great as that enployed. tn sul¡lhonatlons. Thus, the possl-

blli-ty of êeeonpoeltlon prod.ucts would. be tessened.. Thlrd.ly,

tbe purlfleatlon of the organle acld. by eonverglon to the

eod.lun salt, asslstgd. ln tbe recovery of the posslble lnter-
ned.late by-prod.uct toluamld.e whleh eould. be reTryd.rolyzed. to

o-tolule aclê. flyd.rolyel,e urLt]n 90ft sulphurle acld. lnstead.

of approxlnately 75fr sulphurle ac1d. (sp, gr. L"6?) gave poorer

yleld.e. Another mod.lflcatlon wlth 43fr euJ:phurlc acld. reeulted.

ln the recovery of over 63fr oî the o-tolule nltrlle. Concen-

trated. hyd.rochlorlc acld. was ueeless as a b.yd.ro1yzlng agent

elnce over 60ft of the nltrlle was recovered. i¿lth only a trace

of o-to1ulc aeld.. The slor ad.d.ltlon of nltrlle and. a longer

heatlng rate at 150-160oC, âr€ reeonmend.ed. for better yle1d-s.

The erystalllzatlon of o-tolulc aeld. fron benzene may be lm-

proved. by the uee of a benzene-petroleum ether mlxture.

A eupply of o-tclulc aeld. nåy be bu1lt up (f) by the
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actlon of solid carbon dioxide on the Grignand of o-bromo-

toluene, (2) by the arkalfne hydrorysts of o-toruic nitrÍ.le,
and (l) by the preparation of o-toluarnide by Voge1 (4?)

through the action of hydnogen peroxide on o-torulc nitrile
and subsequent hydrolysls.

o:-To1uie acid was prepaned by hydnolysls of o-tolule
nltrile by rnethod outllne in ongantc s¡mtheses by Brått (5).
rn a thnee necked flask fltted with a mechanleal sti:rrer, r'€-

flux condenser, and separatory funnel was placed 200 grams of
7l+% suLphuric acld. (sp. Br. I.67\. The solutlon was heated to
J-l¡OoC., the stiruen started and o-toluic nitrile, 6O grams

(0.5t rnole), rr¡as added over a perlod of foun hours. The temp-

erature was raj-sed to 190oC. for one hour. The neactlon mixtune

was cooled, poured lnto ice wate:r, and flltered. the crude

precipitate was dissolved. in an excess of 10% sodlum hydnoxj-de

solutlon, flrtered hot to nemove insoluble toluamide, and the

filtrate acidified rvith dlluto sulphurlc acid. 'rhe erude

preclpitate (67 grams) was dnÍed and necnystallized from

benzene. The yleld of o-toluic acid, melting at 102-lO7oA

was ,V grams or Lfi% of the theoretical.

(c) The potassium salt of E-sulpho-o-toluic acid

Dlrect mono-sulphonatlon of o-tolulc acid by commercial

eoneentnated sulphunic acid employing the method of Meldr"um

and Perkins (25), resulted fn a charry mass. senderens and

Aboulenc (78) suggested. the use of fuming sulphuri.c acid. lzog
soa content) below toooc. lnstead of concentrated. sulphurlcJ

acid at higher temperatures. A sulpho-o-toluic acid was
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forned. at the lower t emperature wlthor¡t any d.econposltlon.

However, the precl¡rltate formed. seened. qulte d.ellquescent

and. very d.lffleult to purlfy by washlng l¡lth very mlnute

amounte of n¡ater. lhle resulteê ln poor alkall fr¡slsne and.

eonsequently po@r yleld.s of 5-hydroxy-o-tolule aclct. Éood.

yleld.e Írere obtalned. by converslon to the potasslqn salt ot

5-sulpho-s-tolule aeld. by the method. of Asblno and. Asano (L|

after sulpbonatlon wlth funlng sulphurle acld. (ZO% SOU con-

tent ) "

ÈIethod. of Send.erens and. Aboulene (38) comblned. wlth

^åehlno and. Asano (L ) Ied. to a potasstun satt of 5-hyétroxy-

s-to1ule aeld. ln good. yleld.. A nlxture of l0 grams tolulo
acld. and 60 grans sf fumlng sr.rlphurle acld. (2ø/" S0g:,,oontent)

was heated. around. 90-10OoU. for elght hours. It ¡sas then

eoo1ed., d.lsso1veð ln 250 ec¡ of water, neutrallzed. flrst ¡trltb

solld. þar1un hyd.roxld.e, and. then wlth barlun carbonate untll-

lt wae falntly baslc as lad.lcateô by lltnus paperc îhe barlr¡m

sul-¡rhate ¡cas flltered. off fron the waeh llquld.. fhe eonblned.

flltrates lrere evaporated. d.own to a 100 oc¡ A sllght resld.ue

of barlr¿¡q sulphate was flltered. oîî. The f lltrate wae aclêl-
fled. wlth eoneentrated. f.ryd.rocblorlc acld. to brlng d.o¡tin the

¡ublte precfpltate of the þarlum salt of J-sulpho-o-to1.u1e

acld.. lhe preelpltate was flltered. and. washed. wlth a snall

anount of water. The flltrate was evaporated. öøvsn to naff
lts orlglnal voh¡ne and. cooled. to glve more barlun salt of

su1-pho-o-tolulc asld. whlch ruas flltered. off and. waehed. wlth
water. TotaL yleld. wae 20 grang. Potasslun earbonate

t
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Eolutlon, L5 grans In 200 cc. of lûater, rras ad.d.ecl to the

solutlon of barlun ÊaLt ln 200 Gc¡ of hot vtater untll the

latter solu.tlon was baslc (preclpltatlon of barlum carbonate

ceased.). lhe barlun carbonate ¡vae flltered. off. EvaBoratlon

of the flltrate to d.ryness yleld.ed. a gurnny preclpltate of tbe

potasslum salt.

(d' ) Alkgul3- fgelon- of tlgpotaes 1îrB- sal.t-gl 5:eulPho-gþ1u$o e clê

Ehe later etage of the evaporatlsn of the potasslum salt
wag d.one ln a nlckel eruclble. 0autlously, potaesluo hyd.roxld.e

pellets, 83 grarûs, were ad.d.ed. ln small portlons to the potass-

lun salt ln the cruolble at 200-?1OoC. .After the ad.d.ltlon wae

eon¡iIeted., the tenperature ¡rag raleed. to 26OoC. for 4J mlnutes.

Ehe sanple was cooled. and. leacheê wlth 2J0 cc. of bot water,

the resultlng solutlon nas neutrallzed. wltlr 2016 eslphurlc ac1è

andL mad.e Jus.t baslc wlth a few pellets of potasslun hyd.roxld.e.

0n eoollng a large quantlty of trlotasslun sulphate settledl out

and. wae f1ltered. off. lbe flltrate wae eva¡rorated. to about

LsO oc. ¡ cooled., and. more potaeslum sulphate removed. 0n

aeld.lfylng the eolutlon wltb concentrated. hyd.rocT,rlorlc aclê

J-hyd.roxy-o-to1u1e ac1d. (4.? grams) was preclpltated-. Con-

eentratlon of the flltrate to half lte orlglnal volume gave 
t

0.6 gram. Ehe yleld. of tb.e prod.uct, meltlng at 183-181+oC.

was about t+?/t theoretlcal, based. on o-tolule acld..
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P r e pa ra$3 o&- olÇ $ he_ 
-t 

aS¡$ o n g- 9 t _8 - Hyd. r o xv pe t-hv 1:_U:Þ e n¿99. 1 o xa n-

6-!&thy1-?-= agboxyllc ASla (4SII )

(a) Methv-ljrtjl¡n o-f å-hvd.roxy-g'jFoJulc acld.

lfhe method. of EaÈrbor (tl3) was used.. lhe J-tryd.roxy-o-

tolulc acld. (8.4 gm. I'¡uas d.lesol-ved. Ln 20ft sod.lun byd.roxld.e

solutlon (42 gø. ) fa a three neek f1aek. IÍh11e the so1ut.lon

Fas stlrred- ln an lnert atrnosphere of nltrogen, d.lmethyl eulpÏr
ste (L2.2 gm.) wae aêd.ed. d.rop by d.rop over a perlod. of flfteen
nlnutes. lfhe reaction mlxture was stlrred. a : half hour longer,

then eod.lun f1yd.roxld.e (2,L gn. ) was ad.d.ed. and. the mlxture re-
fluxed. rør 45 mlnutes to d.estroy any exeess d.lnethyl sulphate.

The solutlon wae cooled. and. the sod.lum sulpb.ate whlch eame

d.own was flltered. off. The flltrate was acld.lfled. rrlth Goo-

eentrated. Tlyd.rocl¡lorlc acl-d. to glve a whlte preelpltate whlch

Tfês flltered-, waehed. wlth water, and. d.rled.. The yle1d. of

5-nethoxy-o-ts1u1c ac1d. of M.P. t44-ll+5ol,. Í{as 6Jft at t:ne

theoretlcal.

(b ) ?-!{ethoJcv-6-netbvlphthalld.e

Rennlete (3fl method. ¡ras useê. A nlxture of J-mçtrhoxy-

o-tslulc aold. (5.9 gn. ), censentrated. hyd.roeTrlorle a.eld. (35 ec. ),

and. 49ft fornald.ehyèe (35 ce. ) hras refruxed. on a steam bath for
four hours and. then over a wlre gauze for one hour. Ehe erud.e

prod.uet was flltered. off, washed. wlth water, d"rled., and. then

reerystalllzed. fron 95fr eftiyl aleohol to glve J-nethoxy-6-
metbyrphthalld.e (3.6 gts. ar 60% of theoretlcar) of neltlng
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Eeltlng polnt l.65-l.66oc.

(e ) 3-ttvgrgãJ-6-nethylphthalrae(ðXÐ

A mlxture of J-methoxy-6-methylphthalld.e (2.0 gm. ) , 50ø

hyd.rogen lod.ld.e Q0 ee,), and. red. phosphorus (5 gtr.) hras re-
fluxed. gently on a eteam bath ln an lnert atmoephere of nltro-
gen for 3 hours. Eb,e soLld. naterlal was flttered. off, washed.

wlth water, and. treated. wltb hot aleohol. Ghareoal was ad.d.ed.

to the eolutlon to renove traces of color lnpurltles. Tbe

flltrate ¡sas concentrated. to a small volume , 20-j0 ec., and.

eooled. ln the refrlgerator. whlte precl¡lltate whlch settled.

olrt ¡vas flrtered. off. The yleld. was 0.f gm. of M.P. 223-224oc.

Furth,er eoneentratlon of solutlon gave 0.1 grn. of M,P. 223-

221+aC. Tota1 yleJ-d. of 3-tryd.roxy-6-methylphttnlld.e was 44ft

of theoretlcal.
And.erson used. a nod.lfleatloa of the nethod. of FernhoLiz

and. Flnkleeteln (15) ¡vhleh ln hle ease gave better d.emethyr-

ation resulte wlth no reslnous preclpltate. A nlxture of 3-
aethoxy-6-nethylphtrralld.e (1,r gB. ) and. anh¡rd.rous alumlnun

ten hours on a water bath at 6a-?ooÇ. The sollê was flltered.
off, washed. rvlth water, and. d.rj-eê.. 6rrrðe prod.uct was rê-
erystalllzed. from 95ft eth¡I aleohol to glve A.26 gm,. of M.P.

223-22l+0c. thle yleld. was about 26ft ot theoretleal. J-Ilydroxy.-

6-nethylphthalld.e gave the phthalld.e rlng teet aceor€.lng to

Thorpe and TÍhlte1yte (¿{5) d.lrectlons. Thle slnple phthallðe

was soluble 1n ethyl alcohol, acetone, and. ether. It wae
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solubre ln bot eøc.lum hyd.roxld.e but lneoruþre ln water and.

ta 5ft sød.lun blearþonate solutlon.

Analysls

Gonbustlon of J-[yd.roxy-6-aetrryrphthalld.e was d.one on a
seml-mlero eeale accerd.lng to the nethod. d.evldeè by Strehard.a

and. Bobranskl ({1,) .

MaterlaI Ðetermlnatlor¡
ïrlal 1. ErLaL 2.

Welgbt la MlLllgrans lfelght tn M1111-

9anp1e

CaCl- tube after
CaALI tube before
HrO ãbeorbed.

eonbugtlon
combustlon

36.92

L22.98

399.10
220.0L

-6169

grans
- 38.23

Lt¡,.g .56
i?3.53

L7 .03

Aeearlte tuþe after eonþustlon
Asoarlte tube þefore comþr,letloR
6O2 abøorþed.

Peneentage Hyd.rogen 
W = 

L+.99ft 
W=h.gg{

Percentase carbon ," ,fi',;:r:h -* ls.azfr W a,6s.?5fr

Caleu1ated. for CaEgO3 fi s z t+.88ft ft 6 = 65.85fr

Mo_1gl¡r¡_l+r!:_ welEht_d.g!-e_rgr_1-na_tleg of ?-Wd.roxy-6-,nethylph_theltde

The cryoseople nethod. ae glven by Flsher (lb) and. Beleher

and. 6od.þert ( 3 ) was used. to d.etersrLne the norect¡Iar welght
of J-þd.roxy-6-netbylphth¿I1d,e. lhlE phthelld.e Tsas d.lsgolved.

ln hot canphor to form a solutlon whleh on eoorlng prod.uaed. a

boaogeneous sol-ld.. By neane of the apparatue êeslgned by
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Prlteharê (30), the neltlng polnts of the mlxture and. pure

eanphor were obtalned.. 9lnee the d.epresslon of the neltlng
polnt, the composltlon of tbe mlxture, and. the molal d.eprees-

lon eonstant of canphor TÍere known, lt was posslble to ealeu- . ,,.,, ,1

late approxlnately the noleeular wleght of the J-fryd.roxy-6-

netbylphthalld.e.

Tria] No. Melting point Difference Calculated Deviatlon i,,:,.:,:,,,of Camphor of Mlxture Moleculan :,'. 
,

TVe ight
1 I? 4.7 162.0 J2.'.7 r7 5 + 6 i: : :

2 :-73.0 159.6 !3.4 166 !;3 ,','.'r,;,',

3 L72.7, 159.3 12.8 r73 + 4
4 ].7r.3 15?.1 l-4.2 15? - L2
5 L72.3 159.3 LT.O 1?1 + 2
6 1,69.7 15?.O r2.7 r75 + 6
7 L7O .7 158 .0 I2.7 r7 5 + 6
8 r'72.3 158.6 13 "7 162 - 7

a'"""ffiIil 16e ---f 6

Welght of Hydroxy¡phthalide : 7.5'/ mg.
TÏeight of 6amphor ; i-43.70 mg 

ì

Rate of heating = O.5oC. per 30 seconds

M : 1OOO K Tli where 'liU 
= weight of solute--ivf- w I weight of solvent

K = 4O.O 
:d : difference j-n melting point ..,:,'':.:,,:.

between campkror and mlxture

M : looo x 40 x7.5'r ; 16g t 6 '.:"¡':"t;

ffi

Calculated value for CgHgOg = 164
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(4) Prepprat¡on or thç,ra

A mlxture of J-byd.roxy-6-netbylphthaltd.e (0.5 gn. ),
eoncentrated. lryd.rochlorle acld. (ro ec.), and. 40ft tornal-
d.etryd.e (fg cc.), was h.eated. und.er reflux on a rtrater þath
for four hours. The solutlon wae eoored., solld wae fll-
tered. off , wasbed. wlth water and. d.rled. to glve a erud.e prod.uet

(0.61 gE.) of M.P. 168*r?1oc. The crud.e prod.uct hras recrys-
tarrized. fron gSft etWL alcohor to glve o.l+S gB. mertlng at
L?L-l??oA. Ehe yle1d. hras ?jfr of the theoretleal. Â nlxed.

meltlng polnt wltb the prod.uet berow showed. no d.epresslon

of the nertlng ¡rolnt. fhls eonflrned. the eompound. as the
laotone of 8-hyd.roxymetllyr-I, 3-benzod.loxan-6-netÏryl-f-
earboxylle acld..

(e) tone

11

o-toIule ae14

A nlxtune of J-byd.roxy-o-to1u1c aeld. (t6.t gtss. ), con_

eentrated. hyd.rochlorlc ae1d. (16o ec.), and.40ft tornaldlehyde

(f60 ee. ) wae plaeed, ln a flaeh fltted. ¡rlth a reflux eond.enser

and. wag allowed. to stand. overnlght. .å, reaetlon vrras observed.

ln tbe fraeh. sone of the solld. on top of the llquld. layer
IrÌa6 extraeted., washed. wlth water and. d.rled. to glve 1-Z grams

of whlte eollè mertlng at zzL-zzi'oc., ¡yhleh on recrygtalllz-
atlon fron etbyl alcohol ralsed. lt to zz3-2zl+oc. a mlxed.
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meltlng polnt wlth J-hyd.roxy-6-nethylphthalld.e shor'red. no

d.epresslon of the meltlng polnt. Thls showed. that the

slmple phthallêe reactlon occurred. at room tenperaturer A

nlred. neltlng polnt ¡trlth the 8-hyd.roxymethyl-L,J-benzod.loxan-

6rnethyl -?-carboxylle aold. ebolted. a d.epresslon fron 2Z3oA

d.own to l?5ø9. lfbe remalnd.er of the mlxture hres heated. und.er

reflux on the ¡vater bath for nlne hours. The crud.e Xlred.uct

Íras flltered. off, ¡saehed. wlth water, d.rled. and. welghed. to

g,lve a whlte solld. (18.9 gE.) of neltlng polnt ]-.69-t?3o1,.

Ad4ltion of water to the flltrate to twlce ltg orlglnal
volume y1eLd.ed. no further preclpltate. The crud.e preclpl-

tate ffas d.lssol-ved. tn 1000 @cr of hot 95F etlny7- aleohol, but

not completely, slnee a resld.ue was flltered. off whleh sb.owed.

no slgns of meltlng. The ale-oholle flltrate was treated. wlth

charcoal to renove eolor lmpurlties, flltered. hot, and. cooleè

to glve the lactone of 8.-hyd.roxynetïry}-Ir 3-benzod. Loxan-6-

metbyl-|-earboxyllo acld. (J-3.2 gno.) of neltlng polnt L?L-

l?To!. Ehle yleld. was 60ø of theoretieal. She d.loxanyl-

phthelld.e cryetalllzed. from acetone ln the form of eharacter-

lstlc, long needne-shaped. crystals. It was soluble ln b.ot

benzene, earbon tetrachlorlcle, and. ether. It was very spar-

lngly soluble ln hot L!ft eod,lten T1yd.roxld.e solutlon. 'An orange-

red. preclpltate was obtained. oa warmlng the d.loxanylphtTra}ld.e

(0,23 gE. ) wlth J0cc. of a solutlon of pÏr1orog1uclno1 (3 gn. )

tn 60 oc. coneentrated. sulphurlo acld. anrÉL 200 go¡ of water at

B0 gOoC. for two hours. f'he btank run itrith 5-hydroxy-o-toluic
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acld gave a.d.ark reddish-orange sorutlon und.er the same

eondj.tlons. o¡¡ stand.lng, the latter solutlon fonrned. a red
preclptrtate. Evaporatlon of Èhe alcoholle flltrate üo a

fairly small voLume (30-l+0 cc.) gave a mÍxture (1.0 gm.) sf
rneltlng polnt L67-2L5oC. which lnd.lcated. a mlxture of the

dloxanylphthallde and the simple phthalLde.

Analysls

Calculated value fo:: the lactone of B-hydroxymeühyl-l,

J-benzodloxan-6-rnethyl-/-carboxyllc acid was C = 6+.O8fi

and H = \r8.5%. Combustton was done on a semi-micro scale

accordlng to the method d.evised by Sucharda and. Bobnanskf ({2-)'.
a- ''

Experlmental values obüalned r,rere: 1) C = 63.85y'" H = l+,53f,

2) c= 6l+.a\% r=\.gt%
Moleculan welght d.etermånatlôn was carrled out by the cryo-

soopic method as outllned for tkre analysls of l-hydroxy-6-
nrethylpbthallde.

Trial No. Melülng Polnt Differonco CaLculatedof Camphor of MLxture Moleeular
Ïüeight1 173.0 t65.3 7 ,7 210

2 L73 .3 L65.7 7 .6 2I3
3 L73.3 t65,2 8.1 200
4 t75.3 l.67 .O B .3 Lgí
5 t73.5 t65.5 B.O 2O2

Avenage 
--7.:9,/'+

lr'Ielgþü of Lactone = B.l$ mg.
Wetgbt of camphoÌr = 21:..09 mgc
Avenage rate of heatlrg = O.!eC per l¡O second.s

Ë 2Ol:, I 1.6Moleculan weight = 1000 rc h0 x 8.55

fon C11H10O[ = 206

-ãor

Dèvlatlon

lí,6
+7
-l+

9
2-ÏFo

Calculated value
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Tbe Attenpted Oxlèatlon of tbe Lactone of 8-Evd.roxvmeth.vl-1-

?-B e n z o$ 1 s xan- 5 -Mp t hy1 - ? -C a rbg xy I !,.ç .å c lê

.È nlxture of the lactone of 8-byd.roxynetlr.yl-L13-

benzod.lorcåB-6-ñethyl-7-earboxyllc acld. (2.L gn. ), potasslum

hyd.roxld.e (6.6 gn. ), and. water (?5 ce. ) was b.eated. untll a

yellow solutlon hsd. seeurred.. Íhen a solutlon of potasslum

permanganate (6.0 gn. ) ln lrater (tZT ec. ) ¡vae sêd.ed. d.ropwlse.

wlth stlrulng to the above solutlon over a perlocl of l-.J hou,rs.

The reactlon mlxture was allo¡ued. to stand. overnlght. A sllght
anount of sod.luro blsulphlte wae ad.d.ed. to eonvert the exeess

pertsanganate and. manganate lons to manganege d.toxld.e. The

rnanganese d.loxlêe was flltered. off and. treated. wlth tdater.

fbe fll-trates rrere comblned., sllghtly aeld.lfled., and. evapor-

ated. êown to a volume of 100 cc. 'lfhe preelpltated. lnorganle
galts hrere flltered. off from the baslc solu.tlon. The f1l-
trate (I ) ¡tas acld.ifled. wlth concentrated. tryd.roch-lorlc acld.

and refrlgerateê for one hour. The preclpltate (r) was flr-
tered. off and. 4lssorved. ln a mlalnum anount of sft sod.luÐ bl-
carbonate solutlon. The lnsoluble preclpltate was treated.

wlth acetone. Evaporatlon of tbe aeetoRe to a small volune
gave whlte needle-llke crystals whlch was td.entlfled as ün-

reacted. d.loxany1phthalld.e. The filtrate (2) was strongly
aetd.lfled. wltb concentrated. [yd.rochlorle acld., refrlgerated.,

and, alloned. to stand. overnlght. Ihe precipltate (2') whlch

rrras separated., contalned. lnorganle and. organle matter. It¡
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sodir:rTr blcanbonate solutionr prêclpitate (2) eaused the solutlon

to exhibit a blue fluorescence. TLre extraetlon of precipitate e)

with acetone led to the lsolation of a whlÈe solid 9) which

possessed an lndeterminable meltlng point and which was solu- 
::,:

ble 1n ethyl a1coho1. The p lid ß'l wås organf-c ln nature. The ':.":ì :.:

concentration of the aeidified fiLtrate" (f), by the slow

evaporation at room temperature, gave about 0.2 gm. of onganle 
,,,..,,,,.

material (4) melting at 2JO-2?4oC. wittr decompositlon. Solld 1r,,, 
,,,.:','

(l+) was treated with bo1llng acetone. The insoluble portion ,,, ,,
(fl was flltered off and drled to pilve an aeldie substance 

1r':''

(p.I gn.) of melting point Z83oc. (corrected temperature 2JIoC)

with d,ecomposition. The preclpitate $¡ dissolved ln !f sodlr:m

biearbonate solution w ith evolutlon of car:bon dioxide and 
l

formation of a yellow solution. The soluble acetone portion
'

fi) was forind to eontaln unreacted dioxanylphthalide and some 
l

aeidic organlc material. Slnce Buehler, llanris, Schaklett,

and Block ( B ) performed the salne type of oxidatiotl otl a

simllan structune, both produets might be dfbasic acids¡ | ,',,

' 
l"iit":'

Brominationg of o-toluic aci-d ,,',':,'

lhe first bromj-natton was attempted at room temperature in-

stead of in the cold as suggested by Jaeobsen and l{llerss (ZO).

An exeess of bromine (12.0 gm.) was allowed to stand overnight 
,, ,.,,.

with o-tolulc aeid (5.0 gru.). The solid was filtered off,

washed wlth w ater, and diges.ted with sodium carbonate soluti-on.

After prolonged digestion, a sllght ::esidue was nemoved by

filtratlon. The addition of concentnated hydrochloric acid to
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the filtrate, precipitated a crude white solid of melting point
range of 120-175oC. 'rhe treatment with waten of a solutlon of the
cnude precipitate ln ethyl alcohrol gave a white precipitate (0.1

gm. ) melting at f6l¡-167oC. Furttren minute additions of water to 1¡:: :

the f iltrate gave more pnecipitate of mer-t1ng poÍnt l.zo-Lt5oÇ. ': : : :

The nepetitÍon of dissorvlng this crude prectpitate of meltlng
point 1.2}-I35oc. 1n ethyl alcohol, then reprecipitatlng with minute 

r::.:,,1,,,,

addltions of water gave rrore of the higher melting pnoduct of '¡,,¡r,,,.

t6\-t67oC. but in very snraIl quantity, 
,,.,,

secondly, to a coored solution of o-tol-uic acld (5.0 gm. ) in
excess carbon tetrachroride {50 cc. ) was added a soruti.on of
bnomlne (5.9 g"ß. ) in carbon tetrachroride (ir.o gm. ) in smal1

portions, with stlrring, over a period of three hours. On stand-
ing one day, the solution had decolorizeð, ancJ. deposlted a white
solid whleh was filtered off, washed with c arbon tetrachloride , ',

and.d'nied.Thecr.udeproduct(6.ogm.)ofme1tingpointu0-
ill5oC. was washed with benzene to remove any unreacted o-toluic 

l

acid and dried to give a melting polnt of fi¡-f -IheoC, 'Ihe recnysta.ll- 
,,. ,., ,,

lzation of this latten solid fnom ethen naised the melting point of ,,,,,,,
."._ .' ,t

the substance to fl¡5-fl¡6oc. Beilstein llsted 2-bromomethylbenzo1.c ' :'.::':

acid as havLng a meltlng point of rl47og. orl recnystalliz¿tion
fnom ethe:r. f t was also neponted by Sampey, F¿wcett¡ and Morehead 

i.;.;.::::;::

ßll that bromlnation of the side chain of tolulc acids occunred l¡..¡.;,,1'

in solvents such as carbon tetrachloride, carbon d.isulphide, etc.
The third bromination inconporated some of ühe features of the

methods used by Jacobsen and lVierss (20), RaeÍne (72), and Keuning

and Everrhuis (et ). o-Toluic acid (l+.71 grr. ) was added wlth . .,

stirring over a period of two and a half hours.
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to bronlne (L2.0 grn.) ln a þeaker lmmereed. ln an lce salt
batb. Hyd.rogen bromld.e fr¡nes ïrere evolved. d.urlng the reaetlon
so the proeess hras carrled. out ln the fume charaber. fhe
mlxture was stlryed. for two more hours before belng left to
stand lor ZLu hours. Next, lt urag praced. over sod.luß hyd.roxld.e

ln a vaouum d.essleator und.er suetlon by a water asplrator for
elght houre. The eample was d.lgeeted. ln sodlun carbonate

eolutlon for harf an hour. A erlght reeld.u,e rag flItered.
off. rhe flltrate was cooled., acld.lfled. wlth eoncentrated

þd.rochlorle aeld., and. fllterecl to glve a erucle preclpltate
(13.0 gE. ) of neltlng polnt 128-r53@c. Tbls preclpltate nrae

d.leeolved. ln hot earbon tetraohlorld.e; a srlght resld.ue of
lnd.eternlnable mertlng polnt was flltered. off. The solutlon
on ooollng, gave a whlte solld. (2.86 gm. ) of meltlng polnt
L5:8-I6L+o C. Suecesslve reerystalllzatlon from earbon tetra-
ehlorld.e raleed. the meltlng polnt to 168-r?oee. Keunlng and.

Evenhuls reported. a meltlng polnt of r/Ooc. Thls y1eIê ot
5-broao-o-tol,u1o acld. nrae 38ß oî the theoretlcar, Evaporatlon
of the flltrate to half lts orlglnal volune gave on eoorlng
crud.e to1ule ae1d, (2.0 gE.) of neltlng polnt 1lO-IIgo0.

Preparatlon of s-d.lehloroaÊethvl ether
.å,n attenpt was mad.e to prod.uee a stroager chloromethyl-

atlng mlxtr¡re than a slxture of l+0ft fsrmald.ehyd.e and concen-
trated. hyd.roetrlorlc acld.. gtephen, 61ad.d.1ng, and. short ({o¡
prepared. s-d.lchloronetrryl ether from tbe astlon of byd.rogen

chlorld.e gas on formald.ehyd.e eolutloa. Slnee the;,above authors

stated. the d.ecounposltlon of the ether by water, lt hras d.ecld.ed.
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to use a. dehydratlng agent. LçO/" Forma.ldehyde solution (}Bh gpr. )

ïqas allowed to trickle slowIy down through solid anhydrous zlnc

chLoride (l+f O r grr!.. ) into an upright air condenser filled with
glass beads. At the same tlme, a stneam of dry hydrogen chlorÍde

geneca,ted by the aetion of concentrated sulphurlc acid on solld

sodir¡rn chlonide rcas passed up the column. The column became

quite warm due to the occurrence of the reactlon. A heavy

yellow oily liquid was collected 1n the receiven attached -to

the bottom of the colunn. The yield of cnud,e s-dichloromethyl

ether (fB7 g¡n.) aras 51% ot the theoretical.

Attempted condensations of 6-bro.mo-o-tolui-c acid with fonmal-

dehyde in the presence of concentJ-atod hydrochloric acid

In the flask fitted with a condenser were placed !-bromo-o-

toluic aeid (2.2 gm. ) of melting point t6o-t6l-roc., concbntrqt=qd

hydrochlorie acid (ZO cc. ), and laO/" tarmaldehyde (tt cc. ). The

mlxture was refluxed on å waten bath at tOoC. for eight hours.

No reaction was o'bserved. The solid was fíltered off, washed

with water, and drled to give 2.0 gm. of melting point 159-164oC.

This product was identical wíth the stanting material. Addition

of w¿ter to the filtrate dld not cause tkre precipitatíon of more

solid. The filtrate was extracted with e ther. The ether 1ayer

was separated from the aqueous solution and drj-ed with sodÍum

sulphate. A slight trace of a white solid was obtained on

evaporation of the etlrereal solutÍon. The nesidue was soluble

in hot carbon tetrachloride. 0n the basis of so1ubillty, the

residue could have been unchanged !-bromo-o-tolulc acid.
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Attenrpted condensation of 5--bromo-o-toluic acld with s-dichloro-

methyl eti:e:: at room temperatune

!-Bnono-o-toluic acld (2.0 g¡n. ) of melting point L59-l6l+o1.

was dissolved ln ethyl alcohol (fO-eO cc.). The addition of ,.,.,

s-dichloromethyl ether Q7 g".) caused the precipitation of

a white so1id. This mixture was allowed to stand at room

temperature for one day. The pnesence of the alcohol seemed :, ,.

to cause the formatlon of two layers. The solids obtalned from 
r:::

both layers melted arotmd. L62-t66oç. The main precipitate (t.B i, i,

grn. ) on fíltration melted at f61-t64oC. The addition of water

to the flltnate nesulting after the separatlon of 1.8 gm. gave

mqre precipÍtate (o.2 gln. ) of melting point t6t-r6l¡oc. This

precipltate was soluble in ether. 'rhe solid (t,B gp. ) waÊ

dissolved in hot carbon tetrachloride, eooledn :nefrigerated

overnlght, filterod, and dried to glve O.gt gm. melting at

t66-t69oC. the disttllatlon of the carloon tetrachloride yielded

a crude rosidue of me.Lttng polnt 115-1t9o0. whÍch was csnflrmed 
::,.,,,

as o-toluie aeid. t"""'
.it ' ''

Attempted condensation of 5-bromo-o-tolute acid with s-diehloro- 
:1::' r':::'::

methyl ether at 70oC.

)-Bromo-o-toluic acld (2.86 8m. ) of meltlng point 160- 
ì..::,:,:ì

f6l¡oC. and s-diehloromethyl ether' 3l g¡n.) was heated under i.ì'i',,.'

reflux at JOoC. for four hours. No appanent neaeti-on was

obsenved. After cooling the mlxture, the precipitate was

filtered off, washed with water, and dried to give a white

solid. (2.7O gm.) of meltlng point t56-t6Ooc. The addition of ', ,,



rüater to the flltrate gave a negllglble ¡rreelpltate. Beeryetel-
llzatlon of 2.70 gn. of whlte eo}lGl from carbon tetraohlorld.e
reeulted. ln a yle1d. ot L./+ gm. of neltlng potnt L65-L6?!A.

Another recrystalllzatlon ralsed. lt to L66-L68oc. Evaporatlon

of the flret earbon tetraeTrlorld.e flltrate gave a reeld.ue of
ar22 gm. Some of tbe suþstance nust have volatlzed. or bad.

been leet ln transfer, )

attegrpte¡il eoffle$e€l.llon gf-5_-bronp-o-telute a_cle_lû:!th s-êJ.chlgro-.

methyl etåer !n the presence of alunlnun ehlorid-e

A ¡nlxture of 5-brorao-o-to1u1e aeld. (t.3 gn.) of neltlng
polnt L54-L6Log., e-d.lehloronethyl ether QA gn.) and. anhyd.rous

alumtnum ehJ.orld.e (1.0 gn,) was heated. und.er reflux at ?ooc. îør
three hourg. The whlte soIld. was flltered. and. uaeh.ed. wlth water
1n o¡€.er to remove a reglnous Eatcnlal. Ebnee -Eolld. sanples of
welghts, 0.80, 0.40, and. 0.14 gB.r and. of meltlng ¡eolnts , 155-

!62oC., L5L-] 56'C., ar,rd. l-49-l58o0. respectlvely, TÍere leol-ated..

llreatnent of the eonblned. sanplee wlth ethyl aleohol to rerpove

any reeld.ual alumlnum eÏrlorld.e gave on é.lstlrratlon a ¡r¡hrte

solld. (1.3 gn. ) of nettlng ¡lolnt l5¿l-I6to0.

a t t-enpj e$-cgr¡êgrrsg3l o n o f < -Þrog, 9 - o: t o I ul e a e 1g_]rl t h e -d i_c hlgEg:

.å' nlxture of 5-þrono-o-tolr¡1e ac1d" (4.r gm.) of meltlng
polnt 160-16609., e-d.lehloronethyl etber (so g*. i, anê eon-

eentrated. sutphnrle ecld. (fO ec. ) wag heated. at 6OoC. for twe

houre aad. at 9ooc. for anothen hour and. on a wlre gauze for

64.

:j t:...t:;
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balt an hour. It'¡yag flltered., preclpltate ¡rashed. wlth
water (over 25O co. ), and. d.rled.. fhe flltrate was evaporated.

to d.rynese. lb,e reeld.ue rvas treated. wltb hot earbon tetra-
chlorlêe. fhe latter was eeparated. and. evaporated. to d.ryness.

Ëouever, no precl¡rltate rcas present 1¡l the earbon tetraehlorlêe

solutlon. Cru4e wblte prod.uet (t0.8 gB. ) ha'd. a very wld.e

neltlag polat range fron 160-265oA. wlth sone unnelted. eolld.

st1lI ¡lresent. gome of tbls substanee (2.2 gm.) wae êieeolvedl

ln hot water. An lneolubLe resldue (O.eg gn. ) of meltlng polnt

161-164oC, rûes flltereê off ¡rhlle the solutlon ¡cae hot. 0n

eoollngr:,.a yleld. of whLte eoIld. (0.06 gm. ) of neltlng polnt

J.62-1.66o}. was leolated.. l[he remalnd.er of the eoIld. (8.6 gm.)

was êlseolved. ln het carbon tetraeT,ùorld.e (eOg ce. ). An

lneoluble lnorganle resld.u.e (5.1 gn. ) wae leolated.. l[he

flLtrate wag eoncentrated. d.o¡vn ts 50 G€r¡ eooled., and. flltered.
to glve a whlte cryetalllne eolld. (2.35 gm. ) whleh wae ld.en-

tlfleê as 5-brono-o-tolule ao1d. neltlng et L69-t?OaC. Gon-

eentratlon of the earbon tetraehJ-ørl4e flltrate geve a yrb.lte

eol.lril (ø.25 gB.) of neltlng ¡lolnt L35-L5?9C. Shle solld. T,rae

eoluble ln etbyl aleohol. It d.lsgolved. ln 5ft eoù.Ivn blcarbonate

eolutlon wlth evolutlon of carbon d.loxld.e.

Att€ru¡ted. -eoqd.eneat_1og of n-brornqb_enzoåc acld. ¡slth fgrnal-
d.ebyd,e 1g the trl_res_enee of cone_egFrateë. hyd.foehlor_le acld.

.å, nlxture of n-bronobenzole acldl (5.0 gB. ), coneentrateð

hyd.roehlorlc acld. (25 ce.), anel LtOft tornald.ebydt.e (40 ce.) rras

[*t@rnAtv



refLexed, on a steatr bath for 10J nlautes. I\Ío apparent reactlon
¡vag oþeerved.. îhe sollê. wae flltere€. off, ¡caeheê wlth water,

and. d.legolved. ln hot ¡rater. An fasoluble reeld.ue was lso1ated.

and. ld.entlfled. as m-bronobenzole ecld. oi meiLtlng polnt ISLþ-

L55oc. Tbe flltrate on eoollng gave 1.0 gm. of n-bromobenzole

ael€. meltlng at L53-L55aC. A mlxeê meltlng polnt d.etermlnatlora

sho!ûed. no d.e¡lresslon ln the neltlng polnt.

Preparatlon of ?-hvd.roxyphtballd.e by the cond.eneatlon of
n-ÏI[flr exybe-nzg 1 e ae 14

Wlnestoek ({8 ) stated. thet J-lryèroxyphthalld.e could. be

pre¡lared. by heatlng unaer refltrx a nlxture of m-byd.roxybenzole

aeld. (5.0;gm.), 40fr formald.ebyd.e eoltrtlon Qj ee.), and eon-

eentrated. hyd.rochLorlc acld. (30 ee. ) for z0 mlnutes. No

apparent reaetlsn cou1d. be observed.. fhe recovered. naterial
exhlblted. tbe seme eolubllltles as the etartlng substanee.

a negatlve phthallde teet wae oþtalned. wlth the leorated.

naterLal.

lhe nethoË. of Bu,ehler, Fo¡uers, and. Mlchele ( T ) ¡ras useê

1n the preparatlon of 3-Wd.roxyphthalld.e. ia-Eydroxybeazsle aetd
(J.0 gn) wae d.leso1ved. ln 100 os. of t+Off for-mald.ebyde solutlon
v¡lth etlrnlng. shen a nlxture of 100 gG. of eoneentrated. þd.ro-
chlørlc ac1d. and. J ss. of eoneentrated. sulphurle aeld. ¡ras ad.d.ed..

lhe solutlon was stlrred. at 30-,+000. whlle d.ry hyd.rogen ehlorld.e
gas $as slowly bubbred. through the solutlon over a perlod. of
tlo hours. the exeess hyd.rogen chlorld.e ¡vas removed. through
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an exhauet tube wblch was attaebed. to a water asplrator pusrp.

Ehe whlte ¡lreelpltate whlcb oacre out of solution wae fl1tered.
off to glve a erud.e prod.uet neltlng at zl+S-zl+?oa. ¡ulth d.econ-

posltlon. One reorystalllzatlon fron nrater gave 0.86 gm. of
J-hyd.roxyphthallêe neltlng at 25t+-Z55oe. The flltrate on

refrlgeratlon gave 1.4J gn. ot a whlte sol1d. neltlng at 144-

L65oa. Dlrutlon of the flltrate wlth water gave more pre-

elpltate (0.83 gm.) neltlng at L?5oc. Íhls latter eubetanee.

ras reporte€. by Buehler, Barrle, gchaklett, aad. Bloek ( S )

to possess a d.loxanylphthalld.e strueture. Thls enbstanee

was found. to glve an orange preclpltate wlth pblorogluelnol
and. sul¡rhurle acld..

Fbe attgErpteê eond eaeajlon_ of a-hygr_oxyPh:Eba11d.S

A nixture of J-hyêroxyphthalld.e (0.80 gm. ) , 4g% formel-
d.eh,yd.e (5 ec. ), and. coneentrated. hyd.roebtorle acld. (ro ee. )

wee heated. und.er rêflux for one b.our at 1l+0og. The so1ld.

went lnto solr¡tlon. on coorlng the eolutlon, a reslnous
gum Tras formed.. Aêèltlon of water to the flrtrate eauged. a

whlte preclpltate to coue d.own. The ¡vhite preclpltate wae

coqblned. wlth the neeln, then treated. wltb ethyl alcohol.
However, no solld. reeld.ue ras present ln the alcoholle
flltrate. The resln d.lseorved. ln acetone leavlng þehlnd.

a whlte cbalhy organle solld (0.1 o.z gm. ) of hlgh ln-
d.etermlnabre neltlng polnt. Thls ehalky eollê d.ld. not seen

to possese a d.loxane rlng aecor.'d.lng to Mehte and. ayyar!s (xr)
d.lrectlsn. Evaporatlon of the acetone flltrate geve þack the
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brown reslnoue gürno Ether extreetlon had. no effeet on thle
reeln. The regln formed. an orenge preclpltate when treated.

wlth phlorogluclnol and. suJ.phurle aeld.. Mehta and. Ayyar!s
(L'l') lnstructlons Trere folLowed..

.A,ttenpted. Co¡rd.ensatlon of n-Á.mlnobenzoie Acld-

n-.Anlnobenzolc acld. wae plaeed. ln þ0 ec ¡ of concentrated.

hyd.rochlorlc acld.. Then 40ft tornald.ehydte (t+O ce. ) were ad.d.ed..'

The nlxture was heated. on an o11 bath at t4O0C. for two hours.

A d.ark orange solutlon rrg'6 forrned. d.urlng the reaetlon but d.is-

appeared. after arvhlle. A ereamy sorld. (l) ,Büas flrtered. off
and. washed wlth water. solld- (l) T¡,ras tréated. wLt]n Sft sod.lum

blcarþonate solutlon to remove any acld.lc suþstances. The

resld.ue solld. (2) was found. to be organlc and- to have an ln-
d.etermlnabre mertlng polnt. The flltrate was treated. wlth
ether. A yerlow-greenlsb. sollé. (0.r gm. ) r¡ûas obtalned. on

eva¡loratlon of the ether solutlon. The flltrate lfas neu-

trallzed. wlth sod.lun bloarbonate sorutlon and. eoncentr?tçd

d.own to a small volune. Acld.lfleatlon of thls flttrate gave

a ôarklsh-brown soIld. (4 ) . All the sol-ld.s ürere conblned.,

treated. w]-tjn 5ft sod.lun blcarbonate, solutlon, then water,
and- ethyr alcobol, and. d-rled.. llhls purrflcatlon of the

cond.ensatlon prod.uct of m-aulnobenzolc acld. led. to the 1eo-

latlon of a green, nltrogen-contalnlng substanee, mel tlng
around. 22ooc. ¡slth d.ecomposltlon. rt was not acld.lc; mlght

þe basle slncd lt d.lssolved. ln hyd"roctrlorlc and. sulphurlc
acld.. rt was lnsoluble or sparlngly sorubre 1n the conmon
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solvents. ff dLazotlzatloa d.ld, occur, Ro coupllng r¡lth

B-napthol was observed. as ln the case of m-amlnobenzolc acld..

The only lnd.loatloh of a phthalld.e rlng test, accord.lng to

tb.e d.lrectlons of Tborpe and. lfhlteIey (tt5), ïras the formatlon 
,:,,,,,

of a green eolor on the ad.d.ltlon of excess alkall to tbe llght
blue solutlon. the formatlon of thie eond.ensatlon prod.uct

':

fron m-anlnobenzole aclô nlght have been d.ue to a Mannlch ,::.,,
t. .,reactlon ln whloh an actlve hyd.rogen atom of the phthalld.e

rlng fuù.:eond.ensed. nlth formald.ehyd.e and. the amlno group. 1ur':,,
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gTJþIMARY

1. J-Hyd.roxl-6-methyLphthalld.e has been prepared. for the

flrst tlme by the d.emethylatlon of the known 3-nethoxy-6-
nethylphthalld.e ¡rhlch had. been ld.enttfled. by Rennle (zrt). rt
has ¡ssr found. arso to be one of the cond.ensatlon prod.ucts

of J-¡y¿roxy-o-tolulc acld.. Combuetlon d.ata, moÌecular

welght analysee, and- cond.ensatlon work gave subetantlal
proof of lte structure.

2. 3-Hyd.roxy-6-metbylphthalld.e has been conveÍ'ted. to the 
,

lactone of B-qyaroxymethyl-l, 3-benzod.loxan-6-ineth yL-?-

carboæyrle aeld.. Thls lactone has been obtalned. also from

the cond.ensatlon of 5-Tiyd.rox|-e-!o1ulc acld.. Combustion and.

molecurar welght analyses lnd.lca.ted. thie structure as the

other maln prod.uot forned. ln the condensatlon of 5-Wd.roxy-

o-toluie acld..

3. Oxld.atlon of tbe lactone of 8-byd.roxyrnethyl-I,3-

benzcj¿loxan-6-methyl-f-sarboxyllc aeld. ln alkal1 golutlon

wlth potasslum pernanganate gave an aeld.lc substance nertlng
at 28JoA. wlth d.ecomposltlon, probably d.lcarboxyllc 1n

behavd.our.

4. lbe attenpted. eond.ensatlone of 5-þromo-o-to1u1c acld.

and. n-bronobenzole aeld, were not sueceesful elaee the

orlglnal materlal was recovered..

5. An attempt was mad.e to convert Buehler¡s J-hydroxyphthalld.e
lnto a d.loxanylphth^a11d.e etructure by treatment wltb form-
ald.eþyêe and. byd.rochlorlc acld.. Ehe lsolation of a d.lner
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or resln was not ln agreement wlth the work of liilneetock.

6. [he cond-ensatlon of n-amlnobenzole acld. gave a d.l¡aer oP

resln, meltlng around. 220oC. wlth d.ecompoeltlon.
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RECOM}EilTDATIONS FOR FUTÏIRE 1ÍORK

1) Ihe oxldatlve work on the lactone of B-nyaroxymethyl

-1rJ-benzodLoxan-6-methyl-7-carboxyllc acid mtght be cannLed

out accord.lng üo ttre method of Buohler, Slack, Shinley, 
r,,,,,j,,

SangulnettL, and Frey (10).

2'l Chrorryl ch.lorlde, has been reported to speclflcally
oxidlze the a1kry1 group of substltuted. benzene compound,s to l,' ,'

'l:'i'
an aldehyde group. F\mthor oxldatfon r¿lth bydnogen peroxLde 

i,,,,.can lead. to a carboxyl group whtrch can readll.y be removed. ::::.::

If such a scheme was appllcabLe to the lactone of B-hyd.ror¡rmethyl

-1 rl-benzodloxan-é,-methyl-/-earboxyllc acld. the produet r¡ourd

be the lactone of 8-hydnoxymethyl-J. r J-benzodioxan-/-carboxyl.ic
ec1d;thfs1atterd'1oxany1.phtha11de1sthethirdpossf.b1e

stnuctuneth.atrnaybeass1gnedtoEueh1er,Harr1s,Schak1ett,

and Blockts (B) eondensatLon product of ua-hyd,roxybenzolc acld.
:

A slmflar p::ocedure for the laetone of 6-hydroxy:nethyr-1r

l-benzodloxan-B-methyL-!-canboxylle actd mlght lead üo Bueh.ler, 
.,;;:,r

slack, shlrley, sangulnettl, and Freyf s (10) knoun lactone of 
,': ,,

6-frydnoxynrethyl-1rl-benzodioxan-!-carboxyllc acld.. ,,rl '

3) flre alkalLne permangante oxldatl-on of J-hydnoxy-6-
methyl.phthaLlde shouLd also bo attempted..

l+l Buehler, Powers, and Michels, (T) 3-fiyAro:ryphthalide
sTrould. be eondensed r^¡lth formaLd.ehyde and suilphurlc acld.

ln an attempt to obtaln a dloxane ring by Bonsche and.

Berldeout rs (6) method.
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5) Since m-Ïryd.roxybenzoie aeld and l-hydro4y-o-toluic
acld gave tho slmple phthallde and. d.loxanylphthalid.e

sünuctunes, J-hydroxy-p-toluic acid. should d.o the same

under proper conditlons. Ander"son (l) üras only able to
isorate from tb.e cond.ensation of the ratüer compound,

ühe dloxanylphthaltde stnucture.

6'l A stud.y of the pnopertles of phthallde a¡¡d. theln
appllcatlon to substítuted phüharld.es may lead. üo lnterest-
lag denlvatlves. rn some of the eases, lt may lead to
the eonfl¡rnratlon of the struetures of condensatLon

products,

Rlchten (351 a¡rd. Hessort (19) reported. that botring
hydniodic acf.d ln the preseneo of phosphonus has been

successfbl ln converËlng phthaltdo into o-toluie acld..

côoH

eH¡

othen neductlon methods may also pnovf.de means of ldenüify-
lng phthallde structurss.

[he tneatment by Hessert of phtharide ¡,rlth boilfng
anLllne led. to the formatlon of an fmldo-type of eompound.
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o

Ntl -C.Hs

By the actlon

was abLe to obteln

of hydrazine

the hydrazLd.e

Hr

on phthaltde Teppema (l+l+)

of ühe hydroxyacld.

NH -N Hz-

c HaÔ H

Slmila¡r compound.s were d.erived fnom !-bnomophthallde and

l-amlnophthalld,e. lhe latter phthalld.es migbt be prepared

by ühe Frltsch (17) method.. The above mentloned roactlon

wtth trydrazLne could fo¡rm a different compound. by a
condensafLon lnvoLvfng a llberatlon of water as lllustrated
ln the pneeed.lng suggostion with anlLine. .Alkalfne

hydnolysls of thls posslble lntermodlate stage should lead.

to the prevlously rnentloned. hydrazlde. Othen d.erlvatlves

r¡lth phenylhydnazlne ntght be prepared.

7) King and, King (22') reponted. that J, h, 5,
trlmethoxyphthal.lde eondensed with sodLuxr ethoxid.e and

ethyl oxalate to glve ethyl-J, 4, l-trlmethoxyphthalldyL
g1yo4y1aüe.

Ò
4e-
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îlk o

ü¡o

11'Ò1.J- l'lt' o

-}üoôe
I

€tôÒe

lhls ls an lndleatlon that the

an aetl.ve methyS.êriê grolrpr

B) Gondensatlon of suiËable

- d.iehloroethylether may lead, to
posslble lactone formatf.on.

fic0

phthallde rf.ng may have

a¡:ornatle acld.s wiüh p- Þ'-

chloroethylatlon and

-(_tl
D

- co0Ér
o
Itl¡
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