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tr{hen 5-methoxy-5-methyl-benzoic acid. was heated. with

formald.ehyd.eo hyd"roohloric aeicl and glacial acetic aeid, one

simple phthalid.e, among other prod-ucts, was 1solated.. The

configuration of this compound. was d.efinitely established as

5-nethoxy-5-methylphthalide. By varying experinental conclitionsu

not one, but four ehloromethylphthalides were also isolated- from

the reaction mixt?rr€. Inf ra red. absorption spectra were used to

establ,lsh this faet. A possible explanation for the appearance

of the five prod.ucts mentioned is presented" in this y.lork"
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*
Whea 5-methoxy-5*methyLbenzoie acicL (Il was heatecL

wlth excesB aquooets formatðehyde (+ú"1 and. ooncentrated

hyd.roohloric acid.u a yarlety of compounds were obtaLeed. llhe

substances prod.ucecL clepenrl greatly t¿pon experimeiltal cond.itions

and. lnolud.e stlch produets as a simple phthalid.e, aloag with

sone chloromethyL d.erivatives of this phthalld.e"

tshe simple cond.eneatlon may be representecl as follows:

TNNROÐUCTION

cllt

However,

thue forming the

(r)

c{L

X For nomeelature of ring structures employed. 1n this thesls,
see append,ix, page 46"

,(o
o

the phthalid.e ring may close ls two waJ¡s,

two sinaple phthallcles (II) and. (tll).
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In each of these slmple phthalid"es there a.re tws

positions that may be occupleil by the enterlng ehloromethyL

grou.p. ÍIhus a total of f our d.ifferent ehloromethylphthalid.esu

(tv), (V), (VI) and (vrl), are possible.

2,

?0c\
,/0

cl{z

r{3

llhe present lnvestigations were unclertaken to clotermine,

(a) whether the slrnple phthalid.e obtainecl from this reaetioa

had. configuration (f) or (lt), anct (b) to d.etermine tbe

orientations of, the chloromethyl dterivatlves of this compound.

llhese reactions had. been earried. out by previous gracLuate

stud.ents 1n these laboratorles, (lg), (5), but the determination
of the eonfiguratlsn of these procluets has neyer been undertaken.
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In L925, PerkÍ.au Eôward.s and Stoylo (tø¡ succeecled. in
proclucing a phtbarid,e by heatiag o-veratric acid, with excess

f ormalcLehycl.e anil eoncentrated. hydrochloric acid. îhe roactlo¡r

lnvolvecl may be incllcated as f ollows:

IIIERATUEE SURVEY

O.VFIRA4ìRTC ACID

flhis was ind.eecl a signlficant observatloa, for up to
thie time the elassieal Frltsch method. ('l') !Ías the only avail-
able preetical nethocl. for obtaining phthalld.es from their parent

acicls" This procedure corslsted of cond.ensing the acid. wlth
ohloral hyd.rate in 95fi suLphurle acid.. Thus, applying thls
reaction to o-veratrie acic[ (Vltt), Fritsch obtainecl the cor-
respond.lng trichloromethylphthallde (IN) " ÍIhis was then d.e-

composed. wÍth aqueous arkal1 to yield the cerboxyrie acicl (x),
which on deearboxyratlon gave meconlne (xr). Meeonine, on

permanganate oxidatlon proctueed. the phthalic aeld. (XII).
One ean see Í.mmed.iately the practlear value of the

fo¡malclehyde oonilensatioan in the fact that onry one step is
involved. to prodnce the requlrecl phthallde, whlLe for the Fritsch
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nethod, one must

ind.ieatecl below.

proceeiL through the

4
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much longer series as
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However, it is lmportant to note that a phthalide is
not always formed- by this d.irect cond.ensatlon methsd. gome

typieal resuLts of aromatio acid.s to bolling formald.ehyd.e and.

concentratect hyclrochlorlc aeid. are, (l) no reaction, (Zl

il¿oH \
(- /V^ ci- )

C[,|eo'
t^.tt
\,/

(xt t)

n
/tw

(^

n

C_
I

H(*)

coo H

CoO H

COOH



phtballd.e f ormatioau (g) chloro compountt f ormation, (41 resin
f ormatlon, and. l5) dioxanyl phthaIld.e. We shall see that
although thls conclonsation represents a short cut, it ls aot

al-ways appl-leab le.

It ls highty unllkely that chloromethylation results
by direct reaction with the origiaal reagents" Stepheno 0lad.d.ing

ancl short (rr¡, King and King (g), and others have shown that a

ehloromethyl grotlp is tntroclucecl lnto the nneleug of the aromatie

compound.. stephen, Gladding and short suggest a fnechanism in-
volvÍng oertala intermed.iates which they were able to isolate
anc[ subsequently showed. them to be s-dichloroaethyl ether ancl

mono-cblorod.imethyL ether.

She f orruation of the s-d.ichloromethyl ether lnvolves

the resetlon ind.icated. below.

aHCHO l zHc1 (cnscl)¿0 lnzo (a)

Ehe *orod.uction o{ the mono-chrorod.iilethy} ether is
accounted. for by the fact that conmercial aqueous formaldehyd.e

contains soae methyl aleohol. lhe formation of this compound

ilây, therefore, be indieated as follows.

5

stephen, Grad.d.ing and short suggest that both these

intermediates then react with the aroraatie compounal to produce

chloromethyl d.erivatives . For example:

2 tËg0H I gCI 

- 

CE5O.CH¿C1

'- ul.\'
cL Hp 'CH¿:.Q-

'RIrlf 7 Í1t\TT¡

(b)

cHrQ

RFIÎJZYT. CT]T,ORTDF]

+ H"0



The mono-chlorod,inethyl ether

shorvn below

O

o

or the following reaction may take place.

c\o. cH,c¿ ----------+
H

flhe s-dÍchloromethyl ether thus prod.ucecL reacts with
the aromatic compound as before. Ilowever, as tbe reaction of

s-diohloromethyl ether is much fa.ster tben that of the mono-

chloroclimethyl ether, it is unrikery the reaction invorves a

d.lrect attacÞ' of cHgO.cEpcl on the aromatio compouad. as shown

above , but rather proceecls as lnd.icated. in the subsequent

cho ice "

0n the basis of the above mechanism suggested by

Stephen, Gladding and Short for the lntrod.uetion of the ehloro-
nethyl group into tb.e aromatic nucreu-s, yan ( ts ¡ , slnder ( 16) ,and-

Charlesworth et af (5) showecl how phthalid.e f orr¡ation can take

place 1n the reaction of an aromatic acid. with hyd.rochlorie acid

and. f ormal-dehycie. The hydroehloric acld. and. f orrnald.ehyd.e react
to forn s-ilichloromethyl ether (a), which lntrod.uses a chloro-
nethyl Sroup into the aromatic nucleu.s. For phthatid.e f ormation

to occur, the chroromethyr group must be introdueed ortho to
the carboxyl group. The final reaction may take place in one of
two ways. fhe chroromethyl group and. the carboxyl group ¡nay

cH5.o.cE2cI I E¿0 cHgoH I cl"cHz0E

2 }L.CE20E (cn2ct)20 I ueo

may reaet directly as

CH¿CL

+ Cfft 0H



lose hyclrogenchlorid.e d.irectly to form the phthalid-e, or

hyclrolysis of the chloromethyl groÌrp may take plaee f irst to

for¡n the earboxylio benzyl aloohol, the lactone ring then forming

by a loes of water between the alcohol- ancl the oarboxyl groups"

For example:- the f ormation of meconine from o-verratric aoid

f irst d.one by Perkin" Ed.wards and. Stoyle,

ïLI1
cH3

, oo| 4oo" Åv 'r \ocl'tt
LI H\,,

0f the two pos$ible routes shown above for phtharld.e

fornation, the d.irect loss of HCl is favoured.. The reason is
that it has been shonn that the ehroromethyr group, whiah is
stable lqhen it is not ortho to a carboxyl group, is only
hyilrolysed to the alcohol (XIII) ia alkaline solutlon, while

cv
LH3
a

¡,\ cooT

tltl\--/t ct-lac¿
J

(xrrr)

t,
tlo

Hrt)

'8
lrOtto

cþk



these eond.ensations are all d.one in acid. solution where

hyd.rolys is is d.if f ieult.
fhe formatioa of chloromethytphthalid.es 1s a possibility

in these cond.ensatlons" This probably takes place as follows.

I

cto

iltc

l^'" )

H¿OO

The formatlon of a chloromethyt compound IXV), by the

cond.ensation of 5o5-d.imethoxy-4-uethylbeazoie acid (XfV), was

first reported by Charlesworth ancL Robinson (+l. Similar
chloronethyl derivatives have beea reported. by other worker$.

For example, Raistricicu Roblnson ancl- [od_d (f4) who isolated a
chloromethyLphthalld.e f rom 5-methoxy-ã-methylbe nzoíc acid.

Resln formation may take plaeo by a eonclensation of the

chloromethyl d.erivatives to form d.lphenyl¡nethane type eompound.s.
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Shle work was reported. by Stephean Short and. Glailding lff ¡ and,

others. King and. Klng (9) provecl the struefilre of the diphenyl-

methaae eompouncl (NVII) .

Buehler, Powers and. lillehels (2, extendecl the work of

Perkin, Edward.e and. Stoyle by reacting phenotic acids with
hyclrochloric aolô and. f ormaldehyd.e. llhey obtained. two compouncLs

when this cond"ensation reactloa was carrleil out on n-hydro:ry-

benzoic aelct. One was the simple phthallde (XYIII), white a
second. compou.ncl of lower melting point was always present ia
these reactions. Buehler, Harris, Shaeklett and Bloek (3) sub-

sequently sb.oweil thie compouncl to be Ð, d.loxane derivative of

the simple phtbalide or a dloxaayl phthalid.e (XtX¡.

tltl
OH

,0//
C\

,/o
CHI

fhis represented. the first record.ed work of

and phthalide formation from phenollo aeids.

où

rL

(t-vttt)
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I"to
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r\/x/x)t/\

eonnblned d.ioxane



this d.iscussion wiLl elucid.ate the nethocl of attack
which was used. 1n establlçhing the conflguration of the simple

phthallde isolated. from the condensation reactisn between 5-

methoxy-5-nethylbenzole aciclu formalcLehyd.e and. eoneentrated.

hydrochlorio acid"" rnolud,eû rviLl be a summary of the results
obtainecl eoncernLng the structures ancl the d.lff erent eonfigur-
atioss of the four chloromethyl ÉLerivatives posslble frsm the

stnnple phthatides ( II ) and ( ltt ) .

As outllneil brief ly in the lntrodirction, two sinpre
phthalldes are possible whea 5-methoxy-5-nethylbeazoie aciiL ls
heated. with formald.ehyd.e and. bydrsohloric aeicl." followlng the

method of Perkin, Ed.wards and Stoyle ( 1Al" It should. be noted.

here that all cond.ensation reactions carried out d.uringç this
work were d.one using a mocliflcatlon of this method, suggestecl

by Ray and. Robinsoa (15). This involved. the addition of Elacial
aoetio acld. to the hydrochroric-f orrnalilehyd.e mixture,

Yan ( tg) oarried. out eond.ensation reactione on thle
aciel vrlth and. without glaaial acetic acid. Tfhen glaeial acetie
aciil was usedo he rvas able to isolate two procluets. fhe first
was a eompounct supposed.ly free of chlorine antL melting at IgI.5
16õ.0o. Thls compouncl was not analysed. or exaroined. further, but
he suggestecl that it might be the simple phthalid.e of melting
point 155.50 ieolated. by Meld.run ( lI). This material, however,
proved. to be the ehrsromethylphthalid.e of melting point L5ã.5

135.50. lhe second. prod.uct obtained. eonteined- chlorine and. had-

a melting poiat of 176 1?Bo. lhie, yan stated., would. be the
chloromethyl d.erivative obtalned. from the slmple phtbalide (rr)

DISCUSSTON OF ffiPERI}iIENTAI RESU¡ÎS
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ûr (III). Wlren gtaeial acetic acid. was omitted. from this
reaetion, Tan was unable to isolate thie lower melting material.

The crud.e reaction proiluct was much gumrnier and. 1t was much

more d.iffioult to ottain a pure sample of the chloronethyl-
phthal1d,e. In thi.s ease there was some high melting prod.uet

(ZVS - 2800) insoluble in aleohol" Analysis tend.ed. to indicate

that it was aa impure speeimen of a d.iphenylmethane type.

fbe present work consisted. partly in lsolating all tbe

eompound.s possible from this reaction" Eence graclar acetie

acid. was always used.. By this method., not one, but four chloro-
rnethyl d.erivatives were isolated., along with one simple phthalid.e,

Separations ïÍere earried out without any evid.ence of gumminess"

fhe schematie d.iagram, page L2, should. help in visual-
izing the steps invorved for the prod.uction of alt products.

lÍhen 5-rnethoxy-ã-rnethylbenzoic acid. (f ) is b.eatert with
f ormald.ehyd.e and concentrated hydroehlorio acid., the chloromethyl
group wÍrr enter the benzene ru¿creus at positione 1 and. z,

giving rise to the two sirnpte phthalides ( II ) and. f ttl ) " 0n

further reaction, the second ehrorornethyl group witl enter
position 5 and.6 of compound. (fff) giving rise to the two

ehloromethylplrthalid.es (VI) and. (VII). Slmi1arly, wê obtain ( IV)
and (V). fherefore, the maximum number of compounds which are
possible frorn this reaotion are si-x, two simple phthalid.os ancl

f our ehroromethylphthalid.es. But, &s mentioned .previous ly, only
one simple phthalid.e was ever isolated..

8o determine the configuratlon of the sinple phthallde
produced., a Fritsch synthesj-s was carried out on 5-methoxy-5-
methylbenzoic acid., accord.ing to direetions given by }uLeld_ram (lt¡,

It
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3y thie method., two

eventr¿ally prod.uced .

simpte phthalld"es, (II) and. (fff ) were

The steps involved. lvere &s follows"
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fhe chlorohydrate ean enter poÊition 1 and Z and, glve

rise to the two sqmpounds (xx) ana (ml). vrrlth i_oss of water,

the two triehloromethylphthalld.es (XXll) and (mfff ) are formed.

rheee ln turr.u are converteÖ to the earboxyrlc aeids with
aqu.eol¡.s alkali, and. on clecarboxylation the final phthalldes are

prod.uced.. lEhe melting points assoclated. wlth these two phtha1ld,-

es were L33"5 lg4.5o and. 104 1050.

llhe configuratlons of these two Ísomers had. prevlously
been eetablishea by Meld-rum 1n the f oltowing manner:- 0n oxi-
d.ation of (II) and (rrr) with alkaline potassium permaaganate

he obtained. the two different d.icarboxylic acid.s (ffiIV) and (Ð(V)
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It waS founci., however, tbat d.emethylation of these d.icarboxylie

aeicLs IMas irnpractlcable when treated. with hyd.riod.ic acld., as

in the u.sua1 way" Ilowever, when eocheniltle acid (XXVf ) fs

heateö und.er various cond.ltloîs, ú -coccini.o acid. (XXVff ), among

other procLuots, i9 procluced.

I5

Ci-^\coo[l
tl

c oolf

c00ll

Because thls 1s a hyd.roxyphthallc actd dertveit from (fÃVI),

there aro two possible structures for thls compound" There

was no dlstinct oolour reactisn when eompound. (nCVff) was

treatecl wlth ferrlc ehlorid.e, Bs an ortho phenolie aeid- would.

normally give. Therefore p -eoecinic acfd. nust have the

f o llowlng structllro o

0ll

(x * v,1

cllt
(l

c 00/l

0t{

ôV
( rrvrr)

cooll

coo{

fhls compound., when methylated,, provecl identical v¡lth (XXIV)

cHt

ûtp

cot l'/

oo 0l/



by the tmlxed. melting polntr method.. [his material had. been

d"erived. from the phthallde (ff ) o! meltlng point 104 1050.

lhe second phthalide obviously wotrld- be the Lg3.5 Lg4.5o isom-

er.

[Ihe simple phthalide isolated. from oer cond.ensation

reactions had. a melting polnt of 105 É 1060. Axr aaalysls showed.

good agreemeat with the vaLues caleulatecL for this simple phthal-

ide stru.cture. Fiaally, mlxed. melting points betv¡een thie mater-

lal and the isomer isolated by Bleld.rr¡¡n showed. no d.epressj-oa.

flence the configuratlon of the simple phthalide (ff) ls deflnltely
es tab liehed. "
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As stated. above there ls a vivlcL oolor change when

ferrlc chlorld-e ls acld"ed. to a phenollc acld. v¡hlch has the hyd.roxyl-

and. earboxylic grou.ps ortho to one another. f,lais teet was carried.

oat on a variety of eompor¿nd.s of thls type and the resulte are

shown in table 1, on page 17,

We'next turned. our attentlsn to d.eterrnine tb.e configur-

ation for the chloronetbyl derivative obtained from 5-nnetb.oxy-

5-methylphthaliðe (tt)" As shown in the d.iagram on page L2, this
derivative eould. have strueture (If) or (-V ). It was found.,

however, that by varylng the experimental eonditlons in thls eon-

densatÍon reaction, four ehloromethylphthalld.es were lsolatecL"

flhese had. assooiated. with them melting points of LEã.5 - Lgb.6o u

L52.5 - 154.0o, !?6.5 @ 1?8.0o, and. I?g.O - l?9.5o. the signift-
cant dlfference üetween the Latter two compounds !?as their d1f-



Effects of Aqueous Ee0l-s Reagent on Sone Phenolic Acld.s

cooll

| | no change
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tlV
coo( 

deep purprett
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ferent solubllitles in hot ethyl aLcoholn one belng very sol-
rrt,1e,wh11etheother,w1ththeme1tingpo1ntof1?8.0
was mueh lees sol¡¡.bLe" 0a anarysis, 1t was shown that, within
experimental error, aL1 four compound.s were id.enticar in eom-

position, and had. values in good. agreenent for those caleulateil
for tbe chloromethylphthalld-e struoture.

Bhese reeults did. in fact, lnd.lcate four distinct
isomers or else cLimorphlc forms of the same eompound. Infra red.

speetra n'ere obtained- for each eompound.. Í[hese c&rves shswee[

small but dlstlact d.lfferenee$, and. so woulö indicate that foar
lsomers were aotuarly produced. lhese spectra are reproduoed.

on page 19 and page 20.

.a fu.rther attack on thie prob lem was to treat each of

the chloromethylphthalldes witb concentrated. hyd.roehlorÍe acid

ancL zl,nc d.ust in ord^er to remove the ehlorine atom.
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cH^ú (-/
//

r\

cHe

Ïn so d.ofng we shouLd. agaln obtain four different meltlng polnts
associated vrith the four new eollpound.s formed.. This ind.eed, was

found to be the case fsr three of the four isomers. Insuffieient

cl{s

HCL I

7+, t

cilç
¿U

o

cHz
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material of the ehloromethylphthalide of melting point L53"5

l54.Oo prevented this test from being carried. out"

flhe signif ícant faetor iletermining the prod.ucts

obtained from this oond.onsation reactionu rvas the length of

tine 5-methoxy-5-methylbenzoie acid was alIowed. to react with

the formald.ehyd,e and hyd.roohlsric acic[. lable 2 sumrnarlzes

this wotk"

2L

Conclensation

P minutes or
Iess

4 minutes to
90 ninutes

90 minutes to
370 r:linutes

up to 6 hours

lable 2

I\itelting Points of Isomers
Is o lated.

rt should be noted that the lbp.5 - 1b4,oo isomer was

lsolated. only when the cond.ensation was held. to a very short
time' lJhon the reactlon ti,ne was exten(ted. to approximately gO

minutes or longer, the r?8.0 - l?g.5o isomer began to settle
out of the sorutioa, anit could be separated. very easily.

With the existenee of four i-someric chloronethylphthal-
id.es clearly ind.icated", it was next necessary to af fix a d.ef inite
configuretion, either (IV), (v), (yI) or (yII) (see page LZl, to

105 1060 " Lp5.5
L52.5 - 15á.00.

..rI05 - 106-. L35"5
L76.5 - L79.00.

105 - 1060. Lgõ.5 - 155.50.
r?6.5 - l?g.oo, r?g.o l?g.50.

almost exclusive ly' 1?8" 0-1?9.50.

- rõ5.5ou

-oIÐÐcÐ e



each of the d.lfferent meltinEç points which had. previously been

ob tainecl.

One means of attack is ind.ieated. below. f,ack of time

prevented a conpletion of this portlon of the work" Ð,nd altb.ou.gh

onry one isorner was done experimentarly, there ie no reason why

aL1 oannot be carried through the same stepo to final conclusions,

22

cilzü

ct0\o

LHe

CÅ3

n* 
)1l^ /t!

c,{ll
0

ch

r^ltl
cHj

(r.rr)

cHt
Zr0c\

fhe chloromethylphthalid.e on reduction with eoncentrated.

hyd'rochlorine acid- and zinc dust gave the chlorine-free phthali¿e
(xxYIII). îhls materiaL in turn was oxid"ized. to the d.icarboxylic
acid. (XXIX), and. on dlcarboxylation, would. y1eld. the p-methoxy-

p-rylene (fXX).
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CH,

cHj
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0n methylation, these would. yielð the prod.ucts (XfX¡,

(ffixIrr), (ncxrr) ( or (xÐ(r) ). rnfra recl spectra of these

known ¡aaterlals eould. then be compared to the spectra of the

methoxyxylene eompouncls obtained. from the roaction outllneö

above. In this w&y, a cLef lniteil conf iguration could. be

established. for at leaet two of the possible four isomers. The

two remaialng chloromethylphthalid-e isomers, whieh gave the

id.entical xylenes (nfXf ) and. (xXXlr), might be diff erentiated. by

a eloser examination of all four spectra"

It is aLeo possible, by d.emethylation, to eonvert

eompound.e (xxx), (xxxl), (xxxrr) and. (mrrr) to their coares-

ponding phenols" If this were done, mixed. meltÍng polnts

woulcL again definitely estallish the conflguration for two of

the four isoners.
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0n exaroination of the sehematic outline on page L2,

one might woniler why the simple phthalid.e (fff) was not isolated.

from this reactiono when alI other prod.ucts were eventually

obtained."

A possibl-e answer to this problen might be found

from examiniag a set of rules d.ealing with the influence of

nuolear substituent groups on the course of the reaction of atl

aromatic acid. with formald.ehyde and hyd.rochloric acid.. These

generalizations were f irst put forwarci by And.erson ( I) and

actually summarize the results of various condengation reactions

carried out up to that time. lhese ru1es, oil the whole, have

been substantiated. by further experlmental work carried. out by

later investigators "



1. Ortho orientation forces are not nearly'as lnportant as

parå, d-irectlng onee "

2. In nearly every ease found. so far, where a simple phthalide

1s formed.o there was a methoxyl group in the 5 ( or ø) position,

that 1s, para to the position where the chloromethyl group must

be lntrod.ueed. to form a phthalide ring with the carboxyl group,

This seconil rule mu.st be mod.if ied. slightly in light of

our present investlgations. fhe only way that the four chloro-

methylphthallde isomers could. form, would. be through the simple

phthallde (rf) and. (rtt). fhe formation of phthallde (III)
would. necessitate a chloromethyl group entering the benzÊne

nu.cleus para to a methyl group, rather than a methoxyl group.

But this is an ortho ancl para clirecting substituent, and. so d.oes

not constÍtute an oxception. the faet that a methoxyl group

will stint¡.late the para posltion to a much greater extent than

a methyl group mu.st be taken into consideration"

3" fn every case where a ehloromethylphthallde is f ormed., the

starting matorlal had. a methoxyl group in the 3 (or 5) position.
After simple phthalid.e formation, the second chloromethyl gro?¿p

can enter onry 1f there is a seeond. ortho and. para dlreoting
substituent ln a posltion para to that of the entering chloro-
methyl group" é,galn a slight modification Ís necessary, f or

slmllar reasons to those stated above. Ílhat is, the seeond.

d.irecting group could be a methyr group as welr as a methoxyl

group. rndeed., it wouid. appear that any electron donating
group should. d.o "

e5



Finally, it rnight be said., that when 5-methoxy-

5-raethylbenzoic acid. (I) 1s heatecl with f ornald.ehydeu

eoneentrated hydrochloric acid o and glaeial acetic acid., toth
simple phthalides (ff) and. (rff) are in fact producecl. Flom

each of these phthalid.es, two chloromethyl derivatives were

prod.uced and. eventually isolated." givlng the f our lsomers, (fV)

(v) , (vr) and (vtl). Tlowever, as soon a,s the simple phthalide

(fff ) was formed., it would. lmmed-iately be eonverted to a,

chloromethylphthallde because sf tbe strong electrorr releasing

methoxyl group in the para posltion. Iror this reason, then,

we were never able to lsolate this partioular phthaiid.e. In

eornpound. ( II ) , on the other hand., we have a mue h weaker ortho

and. para directing methyl group, and. so this material- would. not

f srm the chloronethyl d.erivatives as quicklyu th.us makiag an

isolation possible.

26

A point whlch bears more eonsideratios ðeaIs with the

fact that when the cond-ensation tine is continued for six hours,

only the one ehloromethylphthalid.e was isolated" If the

assumption is correct" that these four chloromethylphthatid.es

are prod.uced. through the two sirnpte phthalid.eso it would.

indieate that isomeriøation took place between compounds (rr)
and. (llt). This then would. be a plauslble explanation for the

isolation of only one ehloromethyl isomer"



Preparation of 5-methoxy-5-methylbenzoic acicl

Method- I
Most of the aeld reo,uired. for this investigation was

synthesizecl from ã-cyanotoluene (XffiIV)u which on hyd.rolysis

gave the ã-nethylbenzolc aeid (XXXV) u and. subsequentty through

the 5-sutfo- (XXXVI ) and. 5-hydroxy-5-nethytbenzoic acid.s (XXXVff )

to 5-methoxy-5-methylb ew,oie aeid."

Eyd.rolysls of 5-cyanotoh¡.ene

27

llvro method.s TÍere used 1n the synthesis of this acid..

EKPERIIV1ETüfAtr

eoncentrated sulfuric aelcl (On{r¡ 1n aceordance with 0obenrs

d.irection ( 6). lhere was always a violent reaction at the onset

of the hyd"rolysisu but this was eventually controlteci by having

a good. stirrer in operation throughout the reaction. Good.

yield.s of our required. material was then obtained.

Sufpbqnation of n-toluic aeid.

'llhe Z-ayanotoluene was hycLrolysed. by ref luxing with

The m-toluic acid. obtained above was sulphonated by the

method. of I{eldrum ancl Perkin ( tO¡. It should be noted that a

stand.ing period in the cold. for at least two days and. usuarly
three, Tvas required. before complete separation of the 5-sulfo-
5-methyrbenzoic acid. took plaoe. Bhis erud.e prod.uct was then

f ilterecl on a sÍntereil glass fun_nel (medium)" å.t this stage,

it was very necessary to get the material as ôry as possibre to
prevent bad. splattering 1n the atkatl fusion step to follow.
lwo methocls were triecl. The first was to take the damp prod.uct



and let it etaniL over night 1n a vaeuu.m desiccator containing
potaselue hyciroxid.e pellets. rhe second. metbod. was to extend.

the filtratlon period for twenty four hou-rs or longer" lhis
latter methocl. proved. mueh more su.ccessful at prod.ucing nieely
driecl roaterial, and- was eventually adopted,

2B

û 
Hurßsus,s, 

ûc*
cH3

(xrx'rv)

cHt-'þfl'\ cool ,flÕ*ott sor7

| | r(cu,).so+ L I + KoH

(F usrou)
ct{3

CHl

lxnx v)

A!trqfi fusion of the sulphonic acid

fhis
synthesis, and

were obtained.,

\ó*\?
á\ê3\

cHt

stage proved- to be the most difficult in the
until this u¡as mastered., not only poor yields
but in some cases ou.r 5-hydroxy-5-methyrbenzoic

(rxxvrr)

co7H

ct{j

("*r"r)



was very badly contarninated wlth an oiiy substance which could

not be rerno'¡ed " This oily material was probably due to sorne

oxidation of our phenol.

The crude 5-sulfo-3-methyltenzoic acj.d. obtained from

60 grans of the 3-rnethylbenzoic acid was thoroughly dried, as

outlined above. Approximately 285 grams of potassium hyclroxide

pellets, with I - l0 ml. of water vrere heated in a nickel
crucihle to a temperature of IB0 - 2OOo C. Atl the cru-de eulf o

compound, if dried properly, can then be add.ed. within a period.

of IO - t5 minutes. The melt was quickty taken to 26oou and

held there for about 10 minutes with occasional stirrjng" the

sample was a llowed to cool, and leached" with at,out 700 mI" of

water" fhe solution was neutralized with dilute sulphuric acido

and made slightly alkaline with a few pellets of potassium

hydroxide. 0n cooling, larg'e quantities of potassium sulphate

came d.own and were f iltered off . A srnall amount of charcoal

was ad,d,ed. to the f i ltrate, which was then concentrated to ab out

500 mI. rlgain on cooling rûore potassium sulphate came down and

was remor¡ed. The filtrate was then acidified with concentrated-

hydrochloric acido where a thlck" Iight brown precipitate set-
tletl" Normally, only one crystalization from water and charcoal

ïvas necessary to get a relatively pure produet of rnelting point

?,o7 "o - 209.50,

Methylati on of 5-hyd,roxy-3-raethylhenzoic acid.

29

The nethod used was essentially that of Tamhor IIB)
and utlLized. hy Andereon ( l)" 5-hyd.roxy-3-rnethlilbenzoic acid



(ZO gm") was cl-issolved. in sod.ium hyd.roxiûe solution (lOO Sm.,

2}{rl in a three neck flask. tr[hile the solution v¡as cooled and.

stirred. in an atmosphere of nitrogeno d.imethyl surphate ( ãb gm. )

was ad.ùed in three portions ovet" 15 minutes. The reå,ct1on

mixture was stlr¡ecl þ hour ronger, then sod.ium hydroxiile (b gm, )

was add.ed. and. the mixture ref luxed. for 45 minutes to d.estroy

any excess dimethyt surphate. A stirrer was kept in operation

at this stage to avoid. bad. bumping. The solutlon was oooled.

and. the crucle aeid. whieh wae precipltated. by acldifleation with
d.ilute hyclrochroric aej.d, was f iltered, washed. with ¡rater, and.

d.rled-. 0n cryetalliøatLon from 50fo acetjc acid and a little
oharcoal, 5-methoxy-3-methylbenzoic acid. ( 1g-15 gm. ) rÍas obtained.

as flae white need.i-es with melting point at LE1 - 1560.

A gooil supply of m-tolr¡.ic aeid was made available soon

after this project was begun, thus erimlnatlng the hydrolysis
step,

&iethod P,
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Â smaller amoant of 5-hyd.roxy-6-methyLbenzole acid
was prepared. from ethyl aoetopyruvate ( te), much accord,ing to
d.etails given by Meldrum and perkin (IC) and outlined. by yan (f9)
Althou-gh this method would. prod"uce a purer actd u the yield.s were

so low, that it was decid.ed. to prepare alr our starting acid.

by method. I.

Condensatlon of 5-nethoxv-g-methylbenzoic aeid, with fornald.ehydg,

The general method. followecl was that rlseci by perkinu

Eclward.s ancl Stoyte (tø¡ as moci.iflecl by Rãy anrt Robinson { 15},



lhls proeed.ure w&s employed 1n all condensations earried. outu

witb modifica.tlsns 1n the perlod. of heating, the proportions

of formald.ehyd.e, and. the method. of separation of the reactioa
products 

"

as sbown in table 2o the length of tfune the conden-

sation reaction was alrowed to prooeecl proved. to be a very

important factor ln determining the prod.ucts formed. by thls
condengatlon.

ÕL

!
5-methoxy-5-methylbenzole acid (a gn) , eoa.cer.trated

hyd"rochloric acld. (25 mr.), ao*ueous fornald.ehyd.e (10 nr., 4úo

Èolution) ana glaeial aeetie aeid. (p5 nI") were mixed. tn a

100 ml-. one neck round bottom frask fitted. with a water Gon-

denser" lhe flask was then plaoed. in a hot water bath ancl he1d.

there oary long enough to permlt the 5-methoxy-3-nethylbenøofc

aeid- to go lnto solutlon. lhi.s usually took about two mirrutes.

The frask was removed from the hot water and" qreickly plaeeci.

into an ice bath to lnsure no further reaction. 0a stand.ing

over night in the refrlgerator a yeltowlsh precipitate formed,,

vras filtered. off , and, well washed with water"

a) Isqlation of Þ-gethoxy-3-netbytphthalide (II)
Cold rsater was ad-d.ecl to the f iltrate obtalned. aboveo

where a white precipitate eame dowtr" fhie solution was allowed.
to stand' over night at whieh time the preeipltate was filtered.

Cgnd.ensatisn time 2 mlnutee_ og-Iess.

and washed wlth water.

alcohol flnally prod.ueed.

Repeated orystaLltzation frorn 95fo ethyl
the 5-methoxy-õ-methylbenzoic acid. ( ff )



53,

)l(of meltlng point 105 1O6c

Analysis

A smalL guantity of material insolu.ble in ethyl alcohoL and.

with a meltlng polnt above ã?5e was found. antl woulil inclicate the

d.ipheaylmethone resia type compound. (see page g) fhls materlal

wÐ,s not examined. further"

Calculated

Founcl:

for C16H1g0g: C, 67 "4T/o; g, 5"63fo.

Ehe yel-lowisb preclpitate mentioned above, which separ-

ated dlrectLy from the reaotion mixture, was crystallized from

ethyl alcohol" A llttle charcoal was used" in order to sbtain
white crystals. llhese, ifl turn, were sub jected. to snaLl fract-
ions of bolring ethyl alcohol, approximately 5 ml"u whlre the

erud.e procluct ¡vas stlll on the filter fu.nnel. lhis was oontln-
ued untif it appearecl that no more of the more soh¡.ble material
(¿) wâ,s l-eft, asually 4 to 6 portlons of ethyi. alcohol were

necessary. llhe more soluble material (A) was eolleeted, leaving
the less solr¡.ble prod.uct (B) stilL on the f ilter paper. This

latter material (B) Ìras recrystallized frorn glacial acetie acid.

ancl then ethyl alcohol until the s'hite chloromethylphthalid.e

of mel.ting point 152.5 154.0o was obtalned "

Cu 66"9Ofo; H, 5.64f0.

of the two ehlorometh thalld.es of nelt

X For yieltls prod.uced in all these reactions, see General

Notes, page 36,

int



Analysis

Calculated for C11Hrr0g0l:

Cu 58,28{o; E, 4.86{0; CI, 15 "66%

Found.: 0u õ8^?,4foiE,5.O6foiClu L5.A6fa

'llhe more soluble material (¿) mentioned, abovee was

recryÊta111zed. from glae1a1 acetic acid" and. then ethyl alcohol

to produce the chloromethylphthalid-e of melting point Lg1.5s

1õ5"50.

Ånalys 1F

Calcu"lated for C11ErrOgCL:

q.t7,

TI

Xtound.:

Cond.ensation time of 4 mintrtes to g0 minutes

rsqlalion of the ehloromethylphthatid.e of meltinE point l?6.bo-

The proeedure followed. here wa$ id"entieal to that in
part r, except, of courson for the length of time the condensa-

tion was continued. lhe 5-methoxy-õ-methylphthalide (ff) re&s

recovered. as before. rn this ease, however, the two chÌoro-
nethylphthallcles 1eo].ated. f rom the yellowish preeipltate vrere

the L59.5 L55.5o (¿) ancl the L?6.5 l?g.0o (0) isomers, wlth
xlo evidence of the L52.5 - 154.00 (B) compound. lhe two isorners

(¿) and. (c) !:rere separated. with boitlng ethyr arcohol as out-
llned previously (f t ).

Cu â8"28{o; E, 4"86{o; Cl, L5.66fo

C, 58"?6fai H, 5"TTft; Cl, L5"g5l"



AnaLyeis on (t)
Calcrrlated. f or C11Err0g0l:

III Condensation llime ø!. 90 minutes to 2?0 ninutes

ø4

Fou.ncl:

a)

When the cond.ensaticn time was contiaued. for approxi-

nately one and. a half hours or longer, a llght brswn preclpl-

tate tegan to settLe out" the solu.tion was filtered 1ruûed.iate-

ly after the flask was removed. fron the hot water bath, ancl. the

filtrate placed. ln the refrigerator. lPhe collectecl preelpltate

!Ías washecL with water, then crystalllzecl from glaclal acetle
aoi-cL. A little charcoal ¡vas ad.ilecl ln order to remove oolor lm-

parities from this proÉluct" ÍIhe resu]-tiag whlte erystals v\lere

then extracted. with boillng ethyl alcohoL (95fal. Ehe resiclueu

or insoluble materi.al was crystallized from glacial aeetic aelcL

to procluce the chloromethylphthalide (p).

Ana lys is

Calcrr.lated. f or CrrHrrOUCl:

IsoIa

0, 58 "28{oi E , 4.86fo; C 1, L5 " 66fo

ion of the chlorome

0, 58.39fi; H, 6"O'lfo; Cl, 15"64fo

hthalide of meltln oint

b)

Ihe soluble material from the hot a1cohollc

mentioaed above was allowed to cool in an iee bath.

tng preclpitate was rernoved. by filtration and washed.

crystalltøatron from gracial acetic acid. prod,uced. the

XrouniL:

Iasolation of the chloromethylphthalide lC)

C, 58"28fii H, 4.86{oi C1, 15"66fo

Co 58"45f0; 8., 4"g2fo; C1, 15.34/o

extraetlon

ÍIhe result-
wltb water.

chlor o -



methylphthalid.e (C).

The flltrate from tll (a), whleh had previously beea

put into the refrlgerator for eooling, oontained a thick tight

brown precipitate. |!hie material was collected., washed" with

water and allswed. to dry. trlhen this preclpltate was extractecL

with boiting ethyl aloohol, a small resid.ue romalned on the

filter paper. lhis proved to be more of the chloromethylphthal-

ide (D) 
"

c) Isolation of the chlor

55

-A little eharcoal was acld.ed. to the hot ethyl alcohol

fil-trate from the above extraetion to remove color impurities.

0n cooling, the resulting white crystals nere colleeted. 3y

the fraetlonal crystallizati-on nethocl outlined in Ã (b), one

obtalne the two chloromethylphthaliûes (A) and (C) 
"

Mond.ensation time of 6 hours

Only one run Tqas carried. out f or this length of time,

ancl only the chloromethylphthalid.e (D) eould. be isolated.

During the 6 hour heatlng period., exeess formald.ehyde

(0.8 mI.) ancl hyd.rochlorlc aeld (1.5 ml.) was twioe ad.d.ed. to

replaee any of these materials which were boiled. away.

After refluxing for approxlmately $ honrs, some so11d.

material began to settle out. After 5$ hours a large quantity

had eollected.. A thick brown precipitate formed when the flask
was cooleci. lhe solution was f iltered., and. the materlal so ob-

tained was washed with water, then erystallized. from graclat
acetic acid with a littre charcoal. rhe final prodtrct merting



at l?8.0 - 179.50

0eneral l$otes
alne

The simple phthallde (II) of .,oetting point 105 - 1060

ø6

Tvas ob tained, .

The yield.s of this material seened. to d.ecrease the long-

er the condensation was carried. onu until finallyu there was no

evidence of it in the 6 hour Iü4.o A typleal yietd from 4 grans

of starting material after 2 mÍnutes heating period was 0"9 graffis

the Yie1ds and. Pro
ese Cond.ensation I

A) llhe chloromethvlirhthalide of melting point L59.5 - 1ã5.50

fhls materj-al seemed. to be formed. in approximately the

same ylelds up to about tbe 2 hour heating period.. 0nee the

phthalld.e of melting point 1?8.0 1?9.50 began to f orm, less of

the isomer could. be isolated.. À typical yield. from a 4 gram

starting sample woulcl be 1.J. grams for a g0 minute rürr"

B) flhe ehloromethylphthalide of metting polnt 158.5 - 154.0o

rties of lhese Five Prod.ucts
eacl].ofls.

As ind.icated" prevlously, thls material was only lsolated.

when the cond"ensation period. was contlnned. for 2 minutes or less "

the average yietd. from 4 grams of startlng r¡aterial- was approxl-

mately 0.6 grams.

C) llhe ohloromethytphthallcl.e of melting point L'76.5 - 178.0o

lhe yield.s of this prod"uct were qulte good when conden-

sation was stopped. just before the appearance of the l?8.0

179"50 lsomer. Average yields would. be 1.5 grams from a 4 gra,m

sample of starting material. fhe yield. would decrease sllghtly
wlth the appearance of this above meationecL isomer,



D) Íhe chlorometbylphthalide of melting -pgfqt-llq.q
0bviously the yield.s here are proportional to the

lengtb of eondensation time" For example, a 5 bou.r heatlng

periocl would. produce approximately 2.1 grams from 4 grams of

starting materlal.

ã7

Iafra recl spectra \üere obtaineô for the four chloro-

methylphthalid.es .A'B"C and D" llhese weTe taken oi? a Perkin -

Elrler mod.eI 31 spectrophometer and, are reprod.uceil on pages t9

and 20,

Saturated. solutlons of the 4 phthalides T'ere prepareÖ

by d.issolving theee compound.s in hot oaÍbon tetrachloriåe, and.

then allowing the solutions to cool to room temperature. Excess

material was filtered. off and. a small amount of carbon tetra-

chloride was then acld.ed. to each of the clear f iltrates.
The chLoromethylphthalidee C and. D provecl, to be only

slightly soluble 1a carbon tetrachlorid.e so that very coneentrat-

ed. solutioas eoulcL not be obtained.. For this reasoI3., these two

speetra were not as clear as those for A and. 3. Eowevero the

f our erlrves d.o show distinet tlif f erencês.

Some d-ifferenaes to be noted. between the speotra of

compound.s A and B are;

I. d.ouble peak in A (9.16 t¡ and,9.23 4), single peak in B

(9.29 // |

sami:le cell size

referencs se11 size (Ct14)-

- Llg"50

0.5 nm.

0" 5 mrn.

2. double peak in .A (10.56 / and. LO"664 ), single peak ia 3
L

( Lo.56 /( )



3o sinall peak at 3

Proninent

C and. l) ls the peak

llkre method. followeù hore was essentially that of

.tvreldrum ( 11) "

38

(8.55 þ(), not Present in -4,"

d.ifferenee between the spectra

ia t 18,26 4l, not present in

I" 5-metiroxy-5-methyl-d-trichloromethylBhthalid.e {XXII }

5-¡nethoxy-5-nethylbenzoic acid. ( 5 gn. ), chloral hyd.rate

(5 gm.), and. sulphurie acid. (P5 mt.,g5.ït{o) were nnixecl. together

forming a very ilark solution. ihis was allowed. to stancl for

48 hours. Iviueh heat was evolved. when water (50 nl") was ad.ded."

on cooling in the refrlgerator a further 56 hours, e guinny

substance formecl in the solution" this crud.e material was

collectecl and. washed with 5OS aleohol" Crystallizai.ion from

rnethyl alcohol with a Llttl-e charcoal prod.uced. white crystals
(+"+ grn. ) melting at LL4,5 116.0o. Concontratioa of the

f,iltrate gave a seeond. yietû (0.5 gn").

-5-¡aethylphthalid-e b

of

D"

eompound.s

the Fritseh

2" 5 -methoxy -5-ne thv l-of- ea rb oxyphthali d-e

ancl ethyl alcohol (5 gm.,95f"l was heated untit the aleohol

beean to boil" biuch heat was evolved. when aqueous sodium

5-methoxy-5-nethyl-"r-trichloromethylphthalid.e ( 4. I gm" )

hyd.roxid.e (25 ml .,L}fol was add.ed-, giving a d-ark violet eoloration.

The solution was kept at 50 600 where a. red. precipitate began

to form. After one hour, the precipitate began to formo was

eollected and crystallizeÉi from water with a little eharcoal to

remove eolor lmpurities " The aqueoirs solution was acidified.



lritb clilute hydrochlorie acid., giving a yellow oil, ancl put

in the refrigerator over night" Fluffy white Grystals then

formed. fhese nere eollected and. erystallized from acetic aeiil

yield.ing white erystals (O.8 gm. ) melting at 168 - l?Oo'

ã. 5-methoxv-3-metbylphthalid.e { II)

59

5-methoxy-õ-raethyl-ol-earboxyphthalid.e ( 0"2I gm" ) and-

naphthalene (0"? gm. ) were heated- in an oÍI bath at 180 - IgOo

uatil the evolution of earbon d.ioxid"e closed.. [he resid"ue

was d.lstilleð 1n a current of steam for I0 mlnutes ln ord"er

to remove naphthaler¡e. The solution was eOoled. in an ice bath

forning a heavy white precipitate. Bhis precipÍtate was

collected and. crystalllzed. from water and- a little charcoal to

yleld. crystals melting at 104.5 - 105.50.

A mixed melting point ciletermlnation between thls

material and. the 5-nethoxy-ã-rnethylphthalide obtained froro J (a),

shovued. no depression in melting point"

Metb

fhe method. of methylation outlined here was applieable

to the three phenols listed. above.

The d.inaethylphenol (20 gm. ) was dissolved. ia bot sod.íum

hyd.roxide solution (eOO nt,Sfo) in a three neek f lask f itted.

with a, stirrer. After tbe solution was alloçried. to cool slightlyn
dinethyl sulphate was added- over a period of 15 rninutes in an

atmosphere of nitrogen, The reaction mixture was stirred. $ hour

longer. Íþo layers formed.o a light brown oil on topo wlth a
nilky aqueous solution on the bottom. The oil was separated.,

lation of 3,

eno
5-d imet no1: 5-d.imeth enol and.



d.ried. over anhyd.rous CaS04, and. d.isti1led.. Yielås approximately

75 - eîf" based oB. starting material.

Methyl ether

lrtethyl ether

40

&lethyl ether of

of

of

Infta red. spectra were obtained. for the three nethyl

ethers of the phenols prepared. above. Bhese curves are

reproduceô on pages 4L, 42 and" 49"

2u 5-d.imethylpheno t (XXX )

?, õ-d.imethylphenol ( XXXII )
or (rxxr )

5,4-dimethylphenoL (Xmff f )

Preparation of the lviethoxyxylene from the chloromethylphthali9g

1,

Chloromethylphthalid.e (5"5 gm" ) of mel-ting polnt

1?8.0 - l?9"500 zinc ctust (8.7 gm, ), conoentrated hyd.roehlorie

aciè (10 m. ) and. absolute alcohoL (75 ml. ) were ref luxed. ovor

night" Exeess hydrochloric acid vsas add.ed until virtually all
the zinc hacl clissolved.. [he solution vras allowed- to cool, and

a thick white precipitate formed on the ad.dition of colo water

(75 mt.). fbis mixture was set in the refrigerator for a few

hours, after which time the white erystals (3.O gro. ) were

separated., washed, well rvith water and. allowed to dry" Iuielting

point of this prod,uct was 166,0 - 16?.50.

Sod.iun frrsion on thj.s material gave a negative test
for chlorine.

Preparation of d.imethylmethoxyphthalid.e

Boi llns
points

19 10

Seilstein

-_

vaIUeS

19 80

20ão

1940

1990

2040
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2 n Formation of the d.lnethylmethoxyd-iearbq4y-1-!q-g-9¡-3

Simethylnethoxyphthalid.e (3.0 gm. ) from above, \ilas

d.issolved in potassium hyd.roxid.e solution (f00 mI., 6N) by

heating wlth frequent stirring. After cooling, finely powdered'

potassium permanganate (5.8 gm. ) was slowly ad.d.ed over a ten

minute p-oriod. Tbe d.ark solution was allowed to stand. for 36

hours at room temperature. Srown manganeso dioxid.e was filtered.

off leaving e green filtrate. 0n acid-ification with dilute

sulphurie aeid, a white precipltate was formed. lhis product

(2,L gm.) was collected., washed with water, and. allowed to dry-

Analys is

44

Crystallization on this materj.al could. not be carried

out, as all the acid. converte to the anhydrid.e with even a

small amount of warming. fhere was mueh effervescence when

some material above ï/as ad.deC. to d.oclium bicarbonate solu-tion"

Galculated. for C11H1906:

Found,:

3.

All attenpts to d.ecarboxylate this d.icarboxylic aoid.

with eopper chromite in quinoline failed-, the final prociuct

formecl always being the anhyd.rid.e.

Dimethylmetb.oxydicarboxylie acid. ( 1.9 gni. ) o g.uinoline

(50 mt") and eopper chromlte (O"OP gm.) were mixed together

and. put in an oil bath at 185 - 2O0o for I hour wi-th oecasional

stirring" The sokitisn was filtored. hot to remove some copper

shromite and. alroq,ed. to eoor over night. Ifheil d.irute hydro-

Ðecarboxylation of d.iniethylnethoxydicarboxylic acid.

C, 68 "7%; H , 6.66fo

C,58.4{o H,5.4Llo



chloric

f ormed..

with a little charcoal glvlng white crystals melting at 1850-

1840. This nnateri.al did not eff ervesce in sodium bicarbonate

solutlon and. was the anhyd.rld.e.

Analys is

acid was ad.cted. however, a thick white precipltate

lhís was collected, cïystallized. from SOfo aeetie aci d

45

Hlhen more d.rastie heating conditione were attempteÖ,

the only materj-al isolated" was still th.e anhyd.rid.e. This wås

done by fltting the flask with a cond"enser and. taking the oil
batb to Ê80 - 29Oo for 3 hours.

Caleulated for t118190a:

Found.:

to 64.08{oi H,4.8510

0, 68.89fol E, 5.Lq,



ITumbering of rings and. nomenoLatqqe

of the

system

fÈo

In order to avoid.

compound.s referred.

has been ad.opted.,

APPETüDIX

,r*fr*o

confnslon ln the

to in this papere

In d.esignatlng the aromatic aeid. d.erivative$, the

qarbon atorns are numbered. in sueh a way as to give the lowest

numbers to the d.ifferent substituents on the benzene nueleus,

starting from the carbon to whieh tbe carboxyl group 1s

attachecl, as is 3-methyt-4-nethoxybenøolc ¿cid (a) ancL ä-

methoxy-4-methylbenzolc acicl (b ),
In namlng phthalides, the system inclicated by (c) anil

(d) is f otloweci. ie. 5-methoxyphthalid.e as shown f or (c) and"

5-methyl-5-methoxyphthalld.e for ( d) "

("\

l{uc

systeraatlc namlng

the following

oc(t

&\

cHt

(c)
L' @\



1. lhe conflguration of the sinple phthalld.e isolated

from the f ornald.ehyd.e conclensation reaction was d.ef initely
estab IisheËL as 5-metboxy-5-nethylphthalid-e "

2u fhe forruation of all f our chloromethylphthalid.es

produced fro¡o the f ornrald.ehyd-e condensation reaction, Tvas

realized by varying experimental cond.itions.

4V

Summary

ß. lhree previousl-y unreportecl cbloromethylphthalid.es

have been preseated." lheir melting points were L33.5 - Iã5.50,

!52.5 154.0o and. I?8.0 I?9.50 (or L'l6.5 - I?8,00).

4. Tnfra red" absorption spectra have d.efinitely shown

that four chloromethylphthalldes were prod.uced frorn the

f ormald.ehyde condensation reaction.

5. lhe infra red absorption spectra for the methyl ethers

of the three phenols o Poã-climethylphenol; 2,5-d.imethylphenol

and 3, 4-d.innethylphenol were d-etermined."

6. Eests mad.e with ferric ehlorid.e solution on many

different pbenolic acids would ind.icate that only when a carboxyl

and. a hydroxyl group are ortho to one another, a vlvi_cl color

ehange ie produoed..

'l . The appearance of the four chloromethylphthalides ancl

only one slmple phthalide ean be explained by a study of the

effects the substituents oa the benzene nucleus have on the re-



actioü. prod.lrcts. A

eented by And.erson

Iater workers "

48

summary of these effects were first pre-

(1) and. sr¡.hetantiated ln most easeso by



l" A substantiaL anount of the simple phthalid.e (TI)

and (fff) shoutd. be prepared by the Fritscb (?) synthesis.

These simple phthalides could. 1n turn, be treated. with

f ormaldehyde and hydrochlorid-e acid" to yield. the f our chloro-

meth5rl derivatives. That i$, two chloromethyl d.erivatlves

should. be produeed. from each eimple phthalid"e. As the

configuratioa of the two slmple phthalid.es are known, one eould

then assoeiate the melting points of two ehloronethyl isomers

wlth each phthalide.

P,n Examination of the four ohloromethylphthalid.es

(rv), (V), (YI) and (vrr)(see page 2l hy the method. of

Nuelear Magnetie Resonance should. ûistinguish the chloro-

methylphthalid.e (V) from the others" Ehis is poseibte because

it is the only chloromethyl isomer of the four which does not

have a nuelear proton ortho t,o a methyl groü"p" It might also

be possibte to distinguish compound (Vff) from (fV) and (VI),
because ln this case, the nuclear proton ls betvreen a methyt

group and the earboxyl group of tlie lactone ring" Tn the

isomers (fV) aad (Vl), we have this proton between a metlryl

and. a methoxyl group"

ø. :ln attempt should. be mad,e to prod.uce f -"o""inie
aold (lgVff ) by denethylation of the methyl ether (XÏIV) wltb
anhyd"rous aluninurn ehrorid.e in benzeneo as outrined by Radych

('l.Se. thesis, &lanitobao 1951, page 52). Treatment by lvleldru-m

( fI) by the usual way with hydriodic acid. proved. unsatisfaetory"

Reeommendations for Xruf,are Work

49



4. A good. method. must be f ound" f or the d,ecarboxylatlon

of the dimethylmethoxydiearboxylic acid-s "

5" Inf¡a red spectra of the simple phthalid"ee (II)

and, (ff f ) would. be d.esirable and" should. prove informative"

E /'ì
àJ \J
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