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Reeent ly ln these l-aborateries, Yaã (UZl , Anderson (1)r

anal Raatyeh (15) have founct thet tbe coodensatiotr of bydlrory

subEtitutetl tolu1e aeials wltb fornalclehytl.e andt hydlroeblorle

aolal results.ln e oEpounels contalnlng a fusetl 1r6-alioxaEe

rlng as sell. as tbe'expeotedl phthalitl,e rlng:

CH¡

HO

HC Ho
HC1

o
I

\-t"'

The strueture of tbe dl oxaEylphtb.a]-l tle resulting
froB th.e condeasa.tloB of g-bydtrory-¡l-toltrle aeicL has beeD

proven by Ebomps oa (20), trhile the strueture aEË igtretl to
thê eontlensatlon protl.ue t of 5-hythoxy-o-toluiE ae j.d ras

baEeêl only oa analytleal results antl eolour tests inailcating
the ?resence of tJr e alf oxane and phthal1ele rlags.

fhus it ls the purpose sf the flrst part of this
':

fhesis ts d.escribe'an atteapt to elueldate Ê.nal prove as

e æpletely as posslble the st¡ucture of the eontlense.tf.oa

produeÈ of 5-hyelroxy-o-toluie aeid $i th. fornâld.ehyaLe anct

c00H

cHr



2c

byalrochlorio a61è.

fr[o relateal pleoes of $ork a]e inell¡aled., the first
of tbeae beiag tJre synthesis of 4-meÈhorybeEzêne-l, ¿,5,5-

tetraearborylie aefdl tetraeothyl ester. fhls 1s tbe e n¡l-

pr oalue t of th6 degratlatlve uork earriett out on the

coadeasatioa pxodÌrct. The seeoadl ls the syathesls of
5-netb.oxy-4-Betbylphthalle aeiét, the en¿l-prodlu@t of tb.e

Oxltlatlve tlegradlat ion of the eoBdlens at l oll proù:let of
5-h¡råroxy-g-tol¿le acid, as ea"rleÉl or¡t by Bhoslls on (20)c
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LïSER¡,TUEE SSRVET

Inas@.e h as the geaeral- literature of the s lppJ.e

Bbthalldles has beea atlequately reviewetl by .A,aalexs oa ( I)
aEd Rattyeh (1ã), tbfs s urvey $ill eover oBLy that LiteraÈure

tLealtng çi th the synthesig of benøsalloraBo ar¡al etf. oxaayl-

phtball tle e ompountlø antl proof of thel¡ struetures.

Ehe Bunberlng systea useal ls basetl oÊ that of
Pattersoata Riag Indér, and is illustlatetl here!

cH:- g

co

i('oiü,

flbe øyøtematle noEeôGlature of tJne d.ioxanylphthallilee

rlll folLor tb.at of Buehler aacl eo-¡orkers (õ-9). As au

exanple sf its rrao, th.e eyetenatie naae of the.ttforanyl-
phthaliile lllustratetl above rlII be 8.åytlroryeotbyt-6-

Ee tbyL-lr5-benzoeli o¡aa-?-oarborylle aeiil lae toa€.

Borsehe and Berkoet (g) are tbe flrst to baye reportetL

the syatbesls of a eenpoentt eontalEing the beBuoalloxane

r lng systeDr. Íh1s struetere fosirlted froE the contlensatlon

of p-nltrophenol vith fon¡âlalehytte in the preeenee of
oul¡rhurle aei.d as previor¡Ely ca$1e¿l out by gorsohe ( 8) ¡

8b6 hait supposedl the reactfon protiuct to þe a rantheae

tlerivat ive:

ctb

¿^\-.-ti
(/-¿
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fhe paper of Boreehe an¿l Berkout .ilescrlbes the aethocl

Ehereby tbey sere able to ¡rrove the @otralessatlon Irroalue t to

bÊye the bellEoalioxaae Etrueture ratb.er than tbe xantb.eae

E truc ture.

alr" ,,.*o , aY"'i.:_r=o__- 
-'--'r''o-'*'

.V HasD+ nu\A.uíÄ HAc 
""^l.t,.--J^-.-at

Nè ÕH----------------)
Noñ )cooa

By oxfelatio?ì of the eondonsatlon produet nith ehr ooaius

trioxlde la glaeÍaI aeetic aef.iL, a BoB-ae1Èlle materlal ras

obtaineâr. rhich on hyd:rolys is EitJx soalluu bydt¡oxiile soJ-utlon

nas eonverteai to 5-altrosalieylie aelil çit¡h losE of
forsaldlehy¿e;

Boxsehe anat Berkout obtalnett anal.ogous eontlensation

prod.uets wlth 5-nitroeresol, 6-nitroeresol, and. ot-nltronaphtbol

Fbieh coulô aII be oxldlEed antt byttrolysetl ln a simllar
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E&aEer to Bitlo substituteat o-hyctroty carboryLlc eei(ls o

ÍLre next Deç eoatrlbutions to t,}re flêld. nere tbose of
¡[ejuto and. galvet (13)o lhese workers were able to obtain
two produets from the condensation of p-bydrorybeBãoie aeldl

wttb fcrnaittehyðe iE. tbe preseneê of sulphurle aeial, tb.e

ellÏeetloB of the reactioa tlepenallng oa tbe teBperetlrre. If
tbe reactien trete carri eal out at *1566., a substitutedl
þenzgèloxene resul-tetl, anê at hlgber terrperatures a

substltutecl. xaûthêne tas proilueeÉl:

ö -+s:- Å.ll*V_ -T:,"¿- (-J
CoÕH

aYo\Éì'
Hooc(v,,i\cHlUcooH

4.lka11ne peraanganate oxid.atioÞ of the subetltutedt
benzotlioxane gave 1 r5-benzodlioxanoae-4 [f tb e onc orrittant
loss of carbo¡r diorldls¡

o."'.e f'-*T
/'-ti***..*. ¿>-'="
(, 

--Koil 
(, c0'.

coÒ br
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Presuaably, thls eonpgund. eor:1d be hydrolysecl to
salicyllc ac itl"

The uoet ilaBoltant eoEtrlbutlons to this f1Ê141, la
both syBthetlc anal dlegradlative woxk, a.re thos6 of Br¡ehler

a¡1d bis eoworkerr¡. îhe conäeBsatios of B-bydrorybebzole

aeld wl tlx f o¡Bå}ôeb.y€le aEd hyttroehl-orlo acld was earrf edl otrt

bjr Buehler, Poçere aÉtt ldiehels (7), resaltlng 1u two proðuets

of aeltfag points e54oq. aacl 175oêo

HCH Ô
H;so;- -t--

gbe hlgher neltlng e @pound. *aa õ hoÍn to þe tbe sfaple
pbthallðe by tbe orldetive dlegradlatlon ptetureè belor3

,o..-co

,\^

".\-,J ';;d'
¡--ï /"-îóv\ '\r\ Hooc

I I (cnr\soç , I I Kûr¡ov,
ro \./ 

cHio\\.",,/ Kor'{ cHro

iQocH,
cu,ooc ( IcHrNr- . I I. cHro!/

Tbe hydtroryphthalilile sas eonverteat to the ne thory

derivative, a¡rtl thle otriåizeê Blth alkallne pernåBganate tø
5-EÞtho¡ryX,htbalie aeld, Íhls aeld ças esterlfieel ç1tb

co0H
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tllaaomethane to glve the kûoEn diBethyL S-nethoryphthalate.

fbe proof of 6 tru.e tìrre of tbls c @pound. ças c @pl-etea

by the following sJrathesi6 !

B"-
---------------- j

Ô -cô/r
"'(,,\u"

HcHo I I-1"s";ao(,
ßv

,û
Hr
Ni.

e-qyailorybeEzoie aefGl sas þronLnatetl to thc kaoüa dibr@o

acid., Eh.ieh waa then eonclensed witlx f æBâLè.eqyae c Beeauge
c-L"of the orientatiotr of the d ibrono ae1al, *{Flh one posslbJc

pbthalld.e eoulê resElt fron the eontlensatioE. tbis ttlbroBo

phthallâe f,as deh&logêBatedl çltb hydtr o gæ. antl nf.ekeili to thç

5-hyiLro:gphthaLlèe.

Åu investlgatioB ôf the seeoncl c æëlensatlon protluet

saa earrie(l out by Buehler, Eaffie , Ehaekl-ett, ana Bloek ( 6 ) .

These çorherE sere of tbe opinloD. tbat thls substanee sas

a dioxa¡ylpbtbaliile" SlEce the eonaleãeatloa eould glye rise
theoretieally to alry of three lsoaerie reeetloa Þroðuets,
fErther work Eas neeessary to show whicb of the 1ï.É ieatettr

Etrtretures Ías that of the isolate¿l c oElpountl.

cooH
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cr-l! ch. c,\c,/

Strusture B tras ellninatea! ae a Possibillty by

c ondleBs lng 5-hyeþ orcy- 6- c hlorophthall aLe n i t& paraf otrEatdehyale

anal sulBhurie aeia, ån€l tleeblorinatfng the ¡esultant ehloro-

ilt oranylphtbal i tte to procluee a åioxanylpbthallt!.e of strueture

B.

cô-o

o,,'t*t.rr$*a
t*"r__,

A,

cl

*"1^-f\^ HcÈo

\-I-.ri æ

É*-lY\"
b.-.",,.1.-.--4"1.

.lo
I
o\cR

,co

f

Â Élred aeltlng point lactioatesl that B Eaa Bet the s trueture

of the c@pound. lsslateè.

.Ã sgrles of ttegradatlve reaetloas rgs tben earrledl

out on the lsolatecL dloranylphthaliûe supposeðlJ pæovlng

tt to have struc ture A.

I
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i"-\
gr't/Y'n:-^ o..nyli:".-!*"ÅJ -tr--" L*_-|._-.J HCr 

>

[ .""* I
in".*¡1'.,."..1

L"\l ]-
Elxe ntloxênylphthalltle ras snbjeetodl to an aLkaLlae

pexEe.aganate oxldatlon nb.leh eonvertedl 1t to a dicarboxyllc
ae1ct., llpon filrther refl-trxlng ls an ae ielle nedlus the

cll oxatre rlng ças ogeûed. fhe laterneËL1s.te hytl¡@:rynetbyl

eoapounô le¡teallate1y Lost water vith one of the ealboryl
groupa ln the forsatlon sf e Eor phthalldle rlng. ghe

renainlng earboryl grolrp Eaa re!0oyetl to 6ive rlse to the
knom ã-hytlro:ryphtbalfile.

,lfhompsoa (e0' has argueel. that tbLs ttegratLatlve evltienee

1s lBeotre1usiye, howevero The cLLearborylle aei¿l waa Bot

proven to be an g-pb.tha]-le aela, aatl a sinlilar åegraêat toB

eaxrl€ê out oa s r#Rtr'ouad G wouldl give a {loranyl_nr_phthaLfe

aeld shleh oa tlee arboxylatlon would also give lise to
5-byd.roryphthalide.

9--co

coô,-r J\^
--t'"=---,."(,
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co oH
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û

fo obtals cone}¡slve proof of t¡¡e l tleatf ty of struetule Â

rith that of tbe dfoxaBylphthaliôe reEu].tÍtrg from the

eontlensatioa of û'.hyå¡extrrbenzol.e eelËi wl th forualtÌ.ehytle and.

þtlroobloric aelal, Buehler, Spees, and Saa$rlÞettl (9)

ByEthes faedt the trinethyJ- ester of 4 -Ee tborybenuêBê-Ir årã-

triearboryLie a.clal ancl the trlnetbyL ester of 5.,æethory-

þ6nz6n€-1rar4-trLcarborylle aeld from hoeiaellltene anil

pseedloeemene recpeetlyêly. tlrese were to be eompareel with
ths esterlfleË!, eBtl-produet resu]-tlng fr oe the proposstl

e oEItIet s oxltlatÍos of the cllotaryllrhthal.lctec Bf thls Eehe¡re

structu¡e À wo u.lËi glve the tr lEethyl ester of 4-me thoxy-

benãen€-Ir¿rg-txlcarborylle aeitl, çhl]-e struett¡re G çou1dl

glve the trluetbyl estor of 5..methorybeEøêE€-1rÊ¡4-tr1-

earboryl1e aeld. fhe syntbesis of the ftrst of, thege is
shonÞ beloFt
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CH¡

/'\cr-r!I I t-1.- Sôçttr 
, 

,ct-t3

KlYrvtOu

(/cd¡ 
--'<"r----

Sô3 H

Côo H

cooH

5o, H

t<oH_.---..--à
A

CH. N¿
(oôH Q""":,

o cH3

cootl
cÕôH

Eed.sellltene Eaa sulpbonateel to Brochree the monesülphonlo

aol.d. tbls çae oxlðfzeê çlth a1kallae peÍtrsn€anate to tbs

trloarborylle a@ ial - su]-phonle aoidl" EI] ô erud.e prodluet nas

subJeeteê to a potasslr¡!û byttro!1de firsloû to replaee the

eulpbonle aeldl group by a hya¡oryI group. ?he resulting
hydroxy aeld was sl@LtaaeÞIrs ly esterif leal and ethe¡1f1edl

nltb aLlazone thaDe.

The tr lnetbyl ester of g-nethoxybenzone-1,Ar4-tr1-

oarboryLlo aellil ças preparetl ln the s an6 nÊnEer, oceept that

the ox1Ëlatioa step ças earrieal out prlor to tbe Eulphons.tion¡

CH¡
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KOH

-.----.à
A

HOoc

cH3o

cóÈH
-,'\ao.,a
I I cH.Nz )
\-/'"

cooH

¿oocl{¡
coócl-13

ô cHl

.Cll!
HOoC

NêoH
- u(r{Õ H0

CoocHl

Ttre ne¡t paper publlshed. by Bu6h]-€r and his eoworker6

(81 ðescriUed. tEo Eerieg of oxlitatlve ôegraatatlons, the

66fl-Broduet of eaeh being the tflBe thyl ester of 4-
aaêthoryÞenzene-l¡8¡5-trf earboryll c aolê. ThuB tbis peper

proyee that the etrueture of the tl.loxa4ylpbthalitte fr@
ø-þclrorybeBaoic aeldtr Bith forEalat6hyate antl aelil 1s 

.

gtruetu¡e .4,. In the flrEt of these series the dt iorane rltlg
raE opened befo¡è breaklng tbe phtbal-i dle rlng, antt f$ the

Èeeond serles, the rôverse proeetlure ùas earrf€d..out.

lhe firet ilegradatlve ser16a ças earrieal out ia the

followlng stepø r

/--\

f*'ì'/Y'.:",
!t".\-) -t$

ß.o- o
o
ll

,/C

Ít.\o

HOOC

CH3 O



lõo

:fb.6 dioxan¡rlphthaliê.e {as eonvertedl. to the d.ioxaaone-

pbìhal1d.e ty oxfdtatfoB Eitb ehrdBlum trloxldte fn g1ae1a}

aeetie aoiat. The ttioxanoDe xing of thls eoBpounai ça8

opene¿l by saponifleatfob frlth aqueous soallum byaroxl€te.

i.fter Bethylatloa of tb.e hytlroryl- groÉp so tr)roËlueeil, the
pbtba]-l€le ring ras openêô oxiilatlvely to protilrc€ the

nêthoxy substitutedL henlBellitio aelcl. The three carb@ry

grolrpc rere then esterifiedl ïlth ttlazonethaBe to yfeltl
trlnethy J. 4-nethotryb@az6ne- I, e, g r- tr 1 earboryIate, whl ch

çac found to be latentloal- ni. th the sya.thetic proðuetc

ftr6 seeoEd. Ctegradatfve Eelles traa theE eaxried gut

es pieturea belor3

Po-or co- o.

| \ u' coôrt I )"
^rcurÇY ^rtu'..",-\.oo* ./"lr1Y--î I lr<v.-o*. ï I l-^.,r__--,i I Iå*oA/ r(ou ' år.A/ -- '¿t.A_,J

(Nrr)!cô . o.t''fÇto .,o.-=----+ L,*.Å-i --iþ--'

cooH 
cè oc tl1*oo.l'\.oo* .,*o.rii."l.r,.N¡oH-IIcHLñ-ll' *o\_, 

-----------r cH3o[ 
v,.j

¡¿-NH
ot\ll¡co

o"ãtttt\;-\-/



14o

fhe iBitla]. step of this series eonslcteal of th€ oxfdative
6l eayage of the phthall¿le Ì1ng ritb. alkallne perBaEgeEatG,

rosultttrg ÍE tbe BrocluetioB of a diorarylphthalle aefdlo

îh1s prod.uetion of a phthall e acld raa demonstratêè by

subsequent eonversloB to a pbthalls anhyalriðe by b.eat lng
Í1 tJx aeetie anhy{ilr1dle, eonvertêd in ture to a phtballaldle
by h.eatlng the anþtlrld.e nitb ureao ?he alioxarytpbthaLtuiile
¡as oxldlaetL t¡ir1th chr oBlìrB trloxlate in glaoial aeetle s,oíal

to tbe êl oranonephthalleld e. fheE the ðioxaaoae eatl

Þhtbalrnl dle rlngs rere both opened. by saponifioatleB trith
aguêous sod"iu¡tr hytilroxid.e . fhe ¡es ut tlng þd.rory subs ti tuted,

hennfnelli tie aeicL FaE s lmn1tatreoÉsly esterlfieËt ancl ether-
ifleét nith aLl"ezgmethane to q1eld. agaLn trlnethyl 4-uethory-

a
benzene- 1 r 2, 9-tricarborylater

The ].ast pJ.eee of sork of Buehler and e osorkers ts
be Clescrlbed. here ie that of Bu.ehl_êx atldl Bloek ( 4f , eoncern-

ing the oxidlatlon of the lactone of 6-hyatrory@etbyl-1,

5-benzsilloxaae-7-earborylf e . ae itL. Pxest@ably ürie naterial
res syntheslzed aE des@¡lbedt os page e. This ritioxanylphthalid,e

tras oxltllzeê ¡slth ehrmlun trloridte to the ðioxaeonepbthalirle,

rbi eh oE bytlrolyo ls yieldLedt the e orrespontHug 5-hydlrsryaetb¡rL-

salieylie aeldl-4-earborylle aeltl laetme. fhls eoulå then be

Betbylated. to Brove th.e presenee of a byêroryt groqpo
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eonsid.ê¡able rork has been dlone ty this Departaent

çi f,b the eondeEgatf on of hyilroxy substlttxteal toluf e aofete

ï1th f@tsaldêhyêe ant! hyrirochLorie aeldl-. tr'r@. the contleB-

satlor of 5-hydroxy-p-toluie aeid w1ür forBalciebyöc aEtl

hyilroeblorle aeial yan (aA) Ísolatedl a ehlor ine-f,ree, non-

aeldle naterial selting at 16&, lrlãestoek (å1) repeated.

thls vork, anal oß tbe baslg of analytleal resultE aad

colsur têsts ooncludteel that the c @poun¿t Eas Ê tËorarylpb-
thaIlCle:

l5o

n

co0 H

t{ ct-lo---.----.------?
H c'l

O.-C6

/n, \ .", ''"..o

(-t o),.
c H¡

otl

ÅEgtber reås o¡t for thls con@fusioa wa6 tbat aa attenpteit
metbylatlon lnttlcated that the hçðvor{l group Ías Bo

lonçr uaeubs titutealo
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.&nders @ syath.es izeal tbls ciioxaÊyì-pbthaliôe fndllreetly
froa 5-hyd.rorry-4-lsetbylpbthalltle as çell ae tlireetly fr oÉ

5-hytlroxy-p-tolule aeiei. Tbese synthetle routea are shotrn

beloç!

cooH

I I (c¡t¡ ), sov

L Jo*
CH¡

o-. co

ó{,rr^-..',rt*'ro
I I I .-i:ls-
\rAo-t*' 

Hcl

CHr

5-Eydroxy-B-tolale aeldi res ËethyLate¿l, anð the resu.Iting

5-methory-p-toluf c aefd. sas eondensedl sith fo]ßa].dehy¿te

and þ€lroehlorie aaid to glve 5-&ethoxy-4-uetþlphtb.a1iðeo

Shis phthalidle ntas tleaethylated ¡vi tlr alemiar¡m chlorlËl.e

tó 5*qydroxy..4-arcthylphtbalfèeo Ebis hyilr.ory group coulcln

of courae, be remetbylatetl wltb Eet\yl Eu].phate. lhe

hyttroxyBhthalidte waE th en contienseaL wt th f onßalalehy€te ancl

hy¿trochtorie aciè to glve a ilioxanylphthalide identlsal
¡vlth that prepareel tlirectl¡ frou 5-bytlroxy-p-to1Ìrf e aeitlo

Ehe structure of thLs tli oxany lphthali tle was provedl

ln a serles of :(legraê.atlv€ oxlilatloas earf,ieil out by

nrocps on (?0)o The alegrattat fve serles 1s plctureit. os the

next pagê!

cHr

O-co
/\
CHr. -t-

'rcHo Y I-;- (--Jo.*-,

ct{¡
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Ithe phthallcle r14g of ttre ttloxarylphthalidle vas eplft
oxlùatlvely çf tJr eoldt baslc pernanganate. Îbe resulting

il l orany trphthal i e aeltl ças refluxeal ç1th Wðroehlorle

aeltt when a rearyaBgement togk pJ-aeê, tbe ttioxaBe riag

openÍng and the resultlng ehlorosethyl ai¿le cbaln

ct{\
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contlensing Ì?1tb. tbe yie inal carboryI groulr t o l-ose EGI

and fcre a new Bbthalldte rfng. fbe remalning carboryJ. group

was then removed by heating with eoppor ehroeite f.E

qulnoline to produee B-methory-4,nethytpbthalltLe ¡ Finally,
after metby].ati.or of the hydroEryt group nith nethSrl

sulphate, the new phthallde rirtg Ìres oxidizetL $ith al-kallne

peraaagaaate, the s¡¡[-prothret belng 5-me thoxy-4-nrethyJ--

phtballe aeicL. fbe hy¿lrg¡qrl group ras also aeetylateél, andl

the phthalle aelds of both the firct anil last eteps coulil

be ![ade to forn aEå¡rdlrl dles. Trhe en([-I}ro ilue t nelted. at

l?õ-1?40G., Thlcb ls 1n gooal agreement $1th. tb.e value of

1?509. publlshed by si@onsen andt Rau (16) for thelr
synthetic pr otlue t.

The Sinonses anct Rau syntbesls of 6-nethory-4-nethyl-

Þbthallo aeial ras earrle(l oirt as f o]-lors:

coôH

fì rc'{ì),so+
(...-.)o',

CH¡

HNog

ocH3 ll rro

No.

ocH3

- trc 5ô$---.------ì
NHr

l.l N o!

ôcH, c' cx
l-lLSo(¿

--:-.-----'
ocH] ç::"i

cHr

GooH

cH¡

cHr
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ã-hyctroxy-B-to1u.l€ aeið ñas nethylatetl rltb methyL sul-pbate

anal the Eethyl€,tetl pxoatae t nl tratea ia the colat wl th funing
nltrle aoltl 1a acetle anhytlri êe. lhe trltro aeia rag realucetl

rlth ferrous Eulphatê to the anfno ael¿I. fb.e aniÊo aeLal

úas eoaverteð to th€ eyano aeltl via the Sanclmcyer xûetboal,

asð tbls eyano aelËl hytlrolyseê wl tb. alllute slri-phurlc aelal

to the tleslredl phtbalie acfdl. Thls syntbegfs wag reFeated

as tles erlbeaL later la tbls TheÊia, aÊdl a E1xed Beltla$
point of îhonpsonrs encl-produet and the syEthetle SrB'etb.ory-

4-¡aet\yllrhthalie aoiê shoEedl the tto to be lttentiêâl-.

Ra{yeh (15) eondenset!- 5-byðroxy,-o-to1Ë1e acidl Eith
f ornaldlehyite an¿t \y¿troehlorf e ac f al t o pro¿uce thê

eorBespoad.lng €Lioranylphthalide, qnd algo carrleal out the

f ntlirect Bynthesis as Ías tleserlbeô un der And.ers onrs rork
otr Bage 16. fixese are ôb.oEn be l-oç3

HO

coo* cooH /:. i\",trr3 (cH¡),so+ Ôt", r.\c**o Y lt'.t
) ---.*oU ---;.r-;,

TICH ô
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ÐIStïtssIoN 9F RBST'LTS

The çork rill be aleaorlbedl 
"oU 

Ur"uo"oedl fn iour
seetions: tbe two Êerie6 of oxiriatlve ttegratlatlons, tb.e

syBthesis of the 66i[-proiluot of Aloeps oBts (20) d.sgradatlve

work, and. tbe attenpted. syntbesls of the eafl-procluct of the

present alegratlatlve lrork.

.4. flo* Eheet of the tws ttegratlatlve serfes opeÞ.s

ollt at the endt of the first part of tbls fhesls for
referenee pûrl,oaes. Eaoh c ompounð theteen has been aeslgneil

ên ideatifyiag R@atr numeraL trhieb çill be useA throughout

the eliseuseion and eÍperinental seetioac

FlrEt Dee¡adative Serles

In this d.egradatlve ûork the Blan of Buehler andl

cororkers ( I ) of cLegratiing a dli oxanylphtballtle via tço

routes ças aaioptê¿. Ia the fíret serj.es of tlegratlative

reactlons, tbe tli oxane rlng ls openetl beforo the phthaliêe

rlng, çhlle ftr tbe seeonal seriea tbe reverse proeeilure is
car¡1eä out.

fhe oxid.atlon of the tli orane tlng of tbe ôl oxanyl-

phthalltLe to a alloxanoDê rlng eaæprlses the flrst step

of tbls serles. flxe ttloranytBhthalLd.e ( 1) ças dLsgolvoal

in glaeial aeetic aeldi, aað eh.rsaiìln trloxldle qas atld.e¿Io

ltpoa Íorking Ep the reaetion nixture, the resuL tart
cli oxanonph thal f ite (tt) rae obtalaeit 1B ratber poor

yleltl. Althol''gh several nod.ificatlons of the pxgeeêÌ¡rê

sere txieE. tbe yield
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eeultl not be raiseËl above A0ø of the theo¡etleaL.

flhe dt ioxaaoÞe rlng of (II) was opeBeiL $ltb logs of

f o¡nalcleblrtle by Eapoaif ieatisn wit h aque or¡s s o¿l1us b.ytlroÍiale.

.A.e itlif leatioa of the rea€tioa t¡l rture gave the erpeeteê

o-hy(lrory carbo:ryIie aelcl substituteil phthallde (1II) la
al¡eo st quant ltative yl,oldl. fhe presenee of the hyilr oryI group

ças indlcated by tbe dlark vlolet c olour given wl tlll$ ferrle
ehlorldle solutlon, Êndi the earboryl group by folsat ion of
a Þ-trltroboazyl tlerlvatlveo

flxe hydxoryJ- group of e cmpouaê (tft) ras nethylatetl

nlth nethyl suLphate. The resultlng Be thoxy tlerivative (IV),

after tws reerystallizatlons from vqter, gave Bo fer¡ic
chloride test.

llre earboqyl grouBs sf both eonpountla (IIII aad (If)

osulËl be renoveil þ heat ing tbeir quinollne s o].ution 'ñ1th

a eatalytie aøount of cop?er ehronite. fhe reEultarlt

clecarboxyLatedl e oaïrouað.s (XV) ana(XfVl çere fountl by the

se thorit of nlxeËI neltiag pollts to be itleatleal çi tJr

speeimens of 5-hydlroxy-6'nethylphthalf de and 5-Bethoxy-6å

eetbylphthalltle resBeetlvely. fbes ê e oBpouBdls çere

syntbesize€l according to naðyeb (I5)"

Tbe phthalldle ring of e €Bpounal ( IV ) rsas oI,ene{t

oxidlatlvety Ì!ltb tarn {eak alkaline pernanganate s olutlsno

fhe resnltant tolu€ae triearborylle aeld (V) wae lsolateal

ia goodl yleltlô
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gec oncl tegraclatlve, geries

¡.E hentioneel above, this series starts qith the

opeRing of the plrthalltle rlng. Initial atteq)ts at

aeeompllshfng the reaetion fol-loweê the experfmental

proeealure of Bueh1ex andl esrsrkers (S), 1a Ehl eb sara

alhallne pexeanganate ls usetl. . -4, substanee of B.Ir. 159-l-6OoC.

[as isolateð from these oxialatlons shlch {as not the èeslreal

phthalie aeid (YIII), as showa by the inabillty of the

e onpound" to f orß e l th er an acidl anbyttr iele or aeldl 1!Ef al6.

Ilnfortunately, time tlidL not perrlt aa lnvestigati.oÐ iÊto tbe

nature of thls oxidation prodluet.

When the Íaittal orlclatlon rças run in tbe eoltl as

aeeoratlng to Ífhons oB (20) however, tbe êesLreê naterial (VIII)
eotrlel be leolateril in the asual manaer ia very poor yfeld.
If at auy tine tbe sol-utioÈ of the phthalle aetô beeane

distinetly aeidL, thê only ie olable natêf,la1 was a Ëlark

bfoçn tar. lhls tar couldl be êoavertêè to the d.es ireê
proilue t by bof llng $itþ. aqueous soaliun h¡rd roxitle " 0n

reeryEtall-lzation, the altoxaayLphthalic aeld (VIII) sas

obtalne(t as a light yellorv powtLer of Er.Ir. ezã-AA4oe. Eith.

efferveseeaee.

The d.lo¡anylphthalfe ac lcl was eonverted to fts
anlyd.riclê (fX) ¡y beating çith acetie anþdritle. onJ-y

Enafl anounts eould. be reaetei! at one tiBe, sisee tbe

l-iberation of mleh aeetie aeid resulteal again ia the forø-

atisn of a brotn tar. Itpoa recxys talti zatf on, the anhytlriêe

üas obtained as aa EnstabLe üblte pouder' whieh revertecl

easj.ly to tb.e free aeldl.
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Conyersion of the d.ioxanylphthalie anbyd.ride (If) to
the d ioxanylphtbal.lnid e (X) aas effeetecl by heatlng an

intlEate mixtu¡e of the a$hydrid.e ancl urea. The Bhthallsl'ale
coulð be isolated. only ia poox yield.Ç

ft ras origfnally intenåetl to eontlnue the s eco'ndL

degrad.ative Êeries on fron the ctioxaqylpbthal-lnid.e, but the
poor yielä ln tb.e ¿legraatâtfye steps leacling to this eompourrd.

forced a switch to the alireet o)ciðat ion of the phtha]-fe

aeid (TIII).
flre etloxanylphthalle e.€ið (VIII) was oxld.izedt to tbe

alloxaBoneghtbalie aeld wlth chroniue trioxld.e ln g1ae1al

aeetie aeid. Ðue to the higÏr aeidl concentre,tioa the

r€sultart substitutett phtb.atlc aeld (Xl) !!ae, as usual,

lsolable only as a browtr tar. fhÍs could not be eonvert€¿l to

ê pure product by the usual methoð of boll1ng with àgueogs

soalium hytlroxldle, as the ailoranone ring sas bydrolysed. +n the
'procluetlon of the hyäro:ry toJ-u.ene trlcarboxylfe åafd (TIf ).
fbie eompound was nethylatetl nith tllfffeulty to glve a

sEaLl aBount of an lnpure brown powðer of B,p. Zagoe. ¡,s

there Íaa only suffieient mate¡Lal for one reerystalllzation,
the nettfng poini eoulÈl be raisetl oaly to zgLof . fhe

eelting poftrt of (V) as produeed in the first ttegrailatlve

serles vas AS8oC., but a nixecl seltlng point sho¡redl the

lôentlty of the two eoapound.s.

At this stage of the d.lseuÊsloa, it woü.Id. be appro$riate

to sbow hoç the above d.egrative work inðlcates the stxuetul€
of the eondensation protluet of 5-hydroly=b-toLule aeial to be

( I ), 1 o e., 8-byilro{f!0ethyL*1, õ-benzocliexan-6-ne thyl-?.,
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earborylie acl€1 lactone. fbe eoõt lraportant requirement is
the pxoof of forßation of botb tbe dloxane and phthal-idl,e

rings Aur iBg tb.e conalênsatioB. Grant lng the fornation of

botb these xlngs (to be provep later), it is obvious that

only one tlf oxaBylphthaliate eouLdi be fols.ed. beeauge of tho

orlente.tloB of the 5-hydroxf-o-tol-ute aeldl¡

O-CÕ

tlre ?-positioB, is bl-oeked by tbe netbyl group, the

enteriag chlorsEetbyl group (fræ whtch the phthalide rLng

1s foreed by loss of hy¿trogea ehLoriae with the earboryL

group ) can eater oaly ia positlotr 6 as lllustratedl:

Coot{

¿/^\¡rrI I lrÉH('

uol-t--,, l;- L*o*l c.

:nxis argurrent, of course, is basecl gn tbe sup¡rositlon that

the phthalfde ring is foxmed. prior to the dlloxane rlEg 1lr

tûe condensation. thls supposition EÍII be verifiedt 1¡ the

exper ine ntal sectiono

Wben tbe tlloxane rlng ls formeil at tbe hytir oxyl-

group iu the second step of the contleBsation, one of the

ortho positiens is again bloeke€l, the 6-posltÍon belng
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oectlIriêdl by the Eûethylene grollp of the phthal-iËLê risg.
fhus the enterlng ehJ.oroeetbyl group m¡st attaeh itself to
the 4-positloa (the BuBbexlng systeE stlll bofrg that of
suþEtitutedl tolnic aeials ):

cH:
AqH o____-______l
HÇa

(Hs
Hcu o-_----

c,llL

-HCl----.-.-.-_..-l

o
I

0onceruiag the f o reratl on of the pbthalidle xirg, tåe

clegrÊ.dative work cleserfbed. in the flr6t and. sêeond. series

offexs tÍo pr6ofs.

In tbe ffrst sexiss the ilioxargrlphthalitle uae

oxltllzêal to a alio:ranoEephtha]1êe (ITl, çhleh rÊa thetr

byttrolysett to an o-hydtroxy carborylic aeid. subgtf tutedt

phthallate ( III , . €hen tb.l s c onpout3d ras tleca¡boryLetedt , the

proaluet r¡ae found. tô be identj.eal with tbe know!! 6-hyðrory-

6-netþIph.thatide (XV). Hhen the bytlroxy eonpouait (III)
was methylatetl to pxodluee the o-nethoxy earborylie aeldl

substitutett phthaliete ( If ), ÊEd tbis dlecarborylatoat, tbe

resultant proaluet sas founa to be lðentleal witb the kaown

5-methoxy-6-BetW1Xilxtballde. This then establfshes tbe

ct
CH¿\o/

ô.-co
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formatlon, and lneiilentally the location, of the phtb.aLlðe

rlng.
fhe second proof of fornation of the Bhtbatiate riEg is

giveÊ by the oxidatlye fol?atioa of a phthatic ac1al, vhfeh

reaetÍon step oceuro in both alegra¿latlvô serleÊ. fn the

second series, the atloxanylphtha].ld.e (I) vas o¡ldÌlzed. to a

substltuted phthalic aeid (Vfff). fhe foxlnatloa of ar¡

o-?hthalie acicl waE substantiateal 1n three rays: flrstly,
l-oss of wates coul-al oceur witb the foltatton of a pbthaì-1e

anhyalrldte (If)¡ geesndl¡r, the phthallafcte (X) coufd þe

forneil; antl lastly, e oü¡bustloa resuJ.ts shoneal the galn of
two oxygen atons in the roaetlon, as would be expectetl la
the eaÛlverslon of a phthaliae to a phtha]-ie aeltt. fbe s aee

coBvexslon oectrrs fn the flrEt tlegraclative series çhere the

o-e€thoxy carboxylie aeitt substltuted Bbthallûo (IVl tÊ

oxidlzeat to a substltuteit Bhthalic aeid (V). l'trls cdrversioB

ls agala lndieatea by conbustion ¡esults and" anhydrlae

format i on.

f.he fornatlon of the dio:(ane rfng is also provea la
both ttegf,aaLatlve õerles. the lnitial step of tbe flrst
series coasisteal of tbe ehrouiuu trioxl d.e-g1ae iat aeetie ae fil
6laiat1on of the atloranytphtbal1de (I). Combustlon results

' lncll cate a IosE of t$o hyðrogen at æs aaal a gaiB of on6

orygeB ato¡û. ?bls is ln agreement wLth tb.e expeeteal

oxidation of a tllorene rlng to a tli oranone Ì1n9, here as the

tlioranonephthaltde (1I). gåen thls e €r¡pouEd Fås botleat wi tlx

aque ous s od lu!û hyilroxlde lt graäua11y went lnto solutlon
witb loss of f o rroalaiehydl.e. Aeldlflcation of tbe reaetlgtr
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nixture gav€ a produet (III, rhtoh ras ale&on8tratett te

contain both a b.yêroxyl anal a earboqrl grou¡r. "A.11 this
evltlenee 1s la e @I,Iete agreeænt nith the existê¿ee of a

dioxate ri"ag 1n e enrpoundl (f )¡ as can be seen by e oaparia on

tritb the work of Borsebe ad. Bexkout {õ) aad $eJuto ancl

Calvet (15) as or¡tlfpeä ln tbe Literature Survey.

The sane serles of steps ças earrletl out iB the

seeonal serles Ebere the suppos edl ttloxanylpbtbatfc aeid (yfff )

ças oxidizeat to a ¿lloraaoÈephthalie aeid (XI), çhieh sêa

theß hyêrolysctl to a c ompoundl (Xfi, trhlch on methylatLqn

protlueetl a $rbstarleê identiea]. wltb c onpounð (V). ?bus (XI]

bad. lost fornaleiehyd.o to expose a hydroryl g¡ oup atrtl a

carboryl group es inåieateÉi ty Bethylation, anrl by tbe

neutralizatlon equlvalent of the resultaat e ompouncL

fhe final step of tbe clegradat ive pr oof sf strueture

sas orlgfnal.ly lntendedt to bo a eomparlson of the co&non

end.-produet (V) of tbe tïo degradatlve series Elth a

s y!.the ti e s pee imen of 4-xÊeth.orry¡ 6].rr66e-2, 5, 5-trl earbory lle
aeldl or its trlnetþI ester. Eo$ever, s. seareh of th6

Llterature xevealeð that the eo!Âpound has not beeû

synthes lzed., and no methoit of synthesls presentedl itself"
firus 1t ÍaE for¡nd. neeessary to atten¡lt oxld.atloa of the

nethyL group of e o@pgund. (v) ana ssmT'¿ri son of the reaetloa
protluet wl th a synthetic speelBen of 4-methorybenzene-

1r2 r5r5-tetracarborylie ae i.c[ or lts tetramethyl esterr

tpon oxltlatloa of (v) çith hot c oneentratetl basie

pexnanganate to the tetracarborylie êeltt (VI) and este¡-

ifieation of the resultant pro¿luet, the ester (VII) raE



?,8"

is ole.teal as a liquiat. .A"s tbig måtexial Eas ueeloss for
plrrFoses of iÈlentifi catlot3, and. it çaE neeessary to use the

free aclÉt ( Vl ) as tb.e com?arative end.-prod.ueto

SyptbeBls of the Degratiatlve EIld Pro(luetg

al Synthesis of 4-methorybenzene4;a.ã.ã-tetraearboxrlle

acl dl

T.]xe attenptetl synthesls of thie e omBotrn¿l *a€

node]-etl along the synthesis of Buebler and coworkers (9) of
4*¡aetborybenzene-l,¿,6-triearboxylle aeld and is outllaeil
beloñ3

cH¡

CH¡

CH¡

ll2 g brr____+ c HJ

coo H

-,,\../ \ COÖ H
KoH I I (H,ñ,

THooaL -l .oorr-' \r,. cf{Poc
o!.1

coo H

,,r'\.oor.rtt
Hoo.L * 

l.ool..,

4Hl

C ooc Hl
cooLH3

coocH¡

N¡ ott

cÈì¡

cHr
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. Mesltyleae Eas brsminatetl ia e old. earbon tetraeh]-orÍde

sol¡rtlon aeeortllng to tbe tiirectlons of Srtth ( 17). The

bromonesitylene ças then eubjectedl to a Grignard. reaetlon

with nethyl sulphate to give isocluxene, also aceorðiag to
Snfth (18). IEoalurene was sslBhonateal aecortling to the

direetions of Snith and. Cass (fe) to giTe isotiureae

su]-phonic aaid in quantitative ylelèo fhe lsodlurene

snlphoÈic aeicl was oxi€llzeal to the e orresponðlng tetra-
e arboryIie ae itl by a methotl outlined 1n Fre,Ðeh ( 10 ) antl

Gernan (11) patents for the oxldlatloo of he!ûlaelllteae

sulpbonie aeicl. The ef,utie oxid-at Íon protluet uas subJeetecl

to an aLkallne fr¡slon to procluce fmpure 4-hyðrolrybenu ene-

J-r2 r5 r5-tetraearborylie aeid.. Coabust lon analyses on the

fusion prod.uct inðieatetl incomplete oxiôa.tloB of one of tbe

methyJ- groups. It is extremely unfæ tunate tbat ttne ditL

not peloit a eoneluslorr of this tÍne of work to prori¿le

a final tie-up of the tle6ratlative proof of struotureo

bl .synthesls of 5-!ûethory-4-!ætbylphthalio -&ei¿L

Ttre echeme of synthesis of thfg aciaL by SiBonsen anct

nar¡ (Ig) has been outllned Ía tbe Litexatur€ Survey.

0ertaia diffiealties were encoirntereil in the appllcatùon of

the puþttshed rnethoti, but smli- eban6es resuLted ln the

auceesEflll syntheglE of tJr e desi¡eal materialo

Ehe starting nateria]- was g-netboxy-p-toì.ule aeltl,

syntheslzeel accorðing to Aaders on (1). Íbie e onpouuat Eås

BltxateËl ln th6 2-Þoslti.oa witJr fuoing nltrie aeid ln aeetie

anhyil.rlile ln the co1ei. fhe ¡esultant ÞitTo e @poun ti rsÊs

roår¡cetl $1tb añutoniu.u Eulphltle, since the u.se of fer¡ous
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õrxLpbate as d.eseribed. lB Sieonsen ancl Rauts paper gave a

xeactloa nlxt u¡e from which none of the aies ired. proclllet

coìrlal be Ísolatetl. llre anino aeid. eould not be d.issolveê fB
the hyalroehlorlc acfd sslution for diia.zotlzat ioa. Thls was

uot surprlsih. ng, sinee thesê aìtthors Etate that the ar¡l uo

aeiat hyelroehlorldte 1s only sparingly soluble fn water.

Thus lt fras neeessary to earry out the d.lazotizetlon by

tll ssolving the emlno aef dL ancl the sod.lun nltrlte fE a
sotlillE bytl"oxid.e e olutlon and a.alatl ng thls to the byilroehlorie
âe1d tlrgpElse. l¡hen the ôf.azonium chlorid.e solutioo was

aaläedl to a e[rprolxs eyaai(le s olutlon, õ-methory-2-eya]ro-Þ-

tolule aeid. resulteel. lhis was then hydralysed T¡ith

sulphuric aeid to thô ðeslte¿l S.methory-4-netb¡rlphthalie

êe 1t[ o
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trPERIMM{?ÁL

lfhe Sypthesle of the laetone sf 8-EytlrorymothyL-6-nethyl-1.5-

a) fi1e proparation of o-toluie aeldL

llre greater part of th.e o-toluic aciat neeessarXr fot
thls researeb ras preparect by the oxiàatloB of o-rylene as

ileserlbe¿l by Zaugg a¡d Rapala (Aõ), with a felr neeessaxy

soðifieations.
fa a I lfter rounê,bottoB lBte¡Jolnt fLask çere

plaoeð 5eO 81. watel, 160 nl. concentratetl aitrie aoldl,

antl 120 Bf. (1.1ã EôIes ) o-xylere. fhc flask Bas then

fitted. with a long r eflux cond.enser attaeheil to a gas

abso¡Þtion trap. fhe nixture ças refluxed. vigorously on

a heatlng mânt1e ( an lnput of 90 vslts) for 55 houf,s " fhê

hot nixture ÍaE then Ïrosred. onto 4009. of iee Ín a 1 l1t6r
beaker. When celtl, the solicl proiluet was flltereö off anil

dlssolved 1B 400 al. of 10/ sod.iun hy{lroriilo solntlon¿

i,f ter ehilllng the {[eeB xeal s olutioB, aay uareactetl xy].eae

Ías re&oveal by extraetlon with 50 e].. ether. The aqueous

layer nas heated. gently with aleeolorizing earbon andl

filtered. lhe çarn filtrate ¡sas attcLetl with stirxlng to a
solutlon of 90 ll1. eoncentratetl byôroehlorie aeiei in 110

n].. çate¡. She protlìret, after ehllling, filterlng an{l

ïashlng; appearetl as a l1ght tan poEðer. Althoìrgb 1t ls
statetl itr the publishecl nethod that this material fs

suffleientl¡ pure for synthetie lrurposes, it Eas foundÞ

that reeryetaLllzatios frop çater ( IO0 01. per g. ) *as
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n6eessary before the protlì¡et Ees sultable for' sulp]ronatisB.

I'lxe rater reerystallizeil ftlaterial appeareÉl as very

ligÏìt, fluffy, white seed.les of 8.I,. 100-1O1oC. The yiel-il.

of pure o-toluie aeitl nas generally about L459. , aî 694ø ot
the theoretieal. Ehls 1s Lí-tlfo higher than tbat elaimetl

iB the I,ìrblisbeat metbod.

b) ÍIre pxeparatloa of 5-byctrory-o-toluie êei¿l

(i) Su].phoaation of qtol-uie qeft!.

Á mi¡ture of 50 g. (0.S2 noles ) reerystalllzocl

s.tolule aeiil and 3OO BI. funing (zOØ)eulpnurie aofril

sas beatetl on a stean bath fon I boûrs. Slhen eool, the

reaetlon Bixture fas acid.ed uitb stirring to eOO ñ1. çater
ln a I l-lter beake¡. fhe elear, deeB ¡oat solutiou was

eh1llsal in the refrigerator overnlght, wh en it set to a

solicl Bass of erystals. [he proatuet sag fllteretL with

suetlon, anä then tlissolveil in 500 ¡¡1. water. fhe soLutlo!

was bolleal for 15 pfButes nith 2 grass of decoJ-orizlag

earþon and. fi]-tered. fhe filtrate sûas agaiß b.eateal to
bolling, and salt was adaletl uat i]- saturatlon was produeeô.

tpon coollng the sodiun ealt of o-toluic acitl-5-sulphonle

aeitl reerystalllzeat 1n quant itative y1eld.. The Ed ium salt
eäs fl].texeù off, al3ied. ltr the ovea aad poFtleretl for fuslon¡

- (1.1) i.Ikall fusion of thê slllphonle ee1ê

A mlxture of ?'4O g. potaseium hyatroxiate anil I0 ç'l o

¡ater was heatetl in a niekel eruclble untll the teaperature

reaebeal A5OoC. gb.e flaEe Fas reEovêat antl 4b S. (0.21 ; noles )



of sad iüs o-tolulc ac id - 5-sulpbonate was stlrreal Ínt o the

melt. Ihe terÊperature was raiseal to 29Ooû. over a periott of
5 ni rtes, ancl ãrâ1atalneËl at that teaperature for 5 minutes.

fbe teBperature ças thea ralsed quickly to 315-ã¿OoC., aadl

the ¡airture ÍaE then alloçeil to eool to tbe coaslsteaey of

a thlek paste. It ças thea laalled ôut otlto 200 g. ise in s,

2 liter beakêr. fhe results¡t nixture sas thea aeictifietl

nlth 50S sulpb.urie aciè, antl brought back Just to tbe

alkallne sitte nlth ?otassl.um hyil.roxiate pellets. Âfter the

mixture cooletl, the preel¡ritatetl potaesiun s ulpbate was

filtere€l off, aad tbe flltxate evaporated on tbe hot plate

with neebanical stirriag to a voJ.uae of 150 mJ.., removing

preefpitatetl potassil¡.B sulpb.ate {henever Dêcassêr}o fhe

reslduaL llqulcl reÍrs cooled, aBd any Botassille sul¡rhate

fllteredl off. The flltrate waa acldllfied Íitb concentratetl

b¡rdlrochlorlc acltl, ana the 5-bytl.roxy*o-to1ule ael¿l flltered
off. Ãfter drying the light tan eru.de Broduet meltedi at
ftfS. (value fox pure pxodiuet 18c-I84oo. ) antL ¡as

Irure euough for syntbette *ork. The yield. was 25g. or 80$

of the thsoxetieal baseil oE o-toluie aeitl.

fhe above alfreetions for tbe sulpb.onatlotr anal fuslða

are moilifieatlone of those of Radyeh (15).

el gondensatlotr of 5-hydroxy-ê-toluie aelal $itb
fornaldehyd,e and hyctrechlorie aclê

The Bethodl for thÍs eoaclensat,ion is a nodlfieatloa
of that of Radych. (15) aleo.

In a I liter interJolnt flaslr equlppeit with a I metor

J-ength of reflux condensation attache¿ to a gas absorption

trap uas plaeecl a nixture of 500 ¡¡1. for¡naldlehytle aael
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50 g. (ê.¿ Bolee) of 5-hyalrory-o-tolule aclal. the mlxture

rag heatetl on a rÍire €anue untll the âeiô ças dissolyedlÞ

-A,t this polnt 500 slo of e oaeeûtrated. hyaroch]-orie aclô

sas ad.eleè througb the top of the reflux e onilensero Blheu

the mixture hail Jus.t begua to boil, a f ]-oeeulent !¡hlte

pxeeipitate settl€al out. .4. snall sa$B1e of th16 naterlal
as renove¿l, ard Eas f oun tl to be the s ißple pbthaIl(l.e,

ø..g. a3j6-?;P,4oø. Itpon fErtber boiling, tbe mixtr¡.re frothetl

bad]-y, uBtfI tb.e preeipltate sent back into sollrtion.

.A,fter aboüt 15 ninutes further bollfag, thê flaal prodlìret

began to settle out in light broroß granules. .After a total
gf one bourrs bo1l1ng, the ßlrture was cooletl aBd. filterealo

The yield of the eruaie ðioxanylphthalld.e aBountê (il to 50 g.t
or 76fo of the theoretleal. No !Êoðlfieatlon of the aboYe

proeednre eoulð be fountl $hleb trouldl inerease the ylel¿i,

neither eoul-d the aaterial Eot aeeounted f6r þe reeovere¿lo

The naterial wag recrystal-lize(l froË 2 lltexe of

9ãl ethanol to give coarse çb.ite neeÉt1es of n.p. L?J.-I?2og.

À Enall aeount of natêria} ras recrystalllzecl from aeetsae

for csmbustlon analyees. The analytieal rêEults çere3

Fe

%E 4.94 4.49

The Fi{qt 0x1ðat1ve D?gradatlon ser"ies of the Ð1oranyl-

phtballde

a) fhe laetone of 8-bytlrorynethyl-6-eethvl-

1- õ-benzqd:!o¡ga- -ope-7-e arboryl

ihe d.loxanylpbthallêe {1) {fO g.¡ 0o05 Boles} Ías
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disãolyeal ln 25ô ul. glaelal aeetfc aeld. in a 4 ]-lter
beaker by heati.eg. Wben the temperaturo of the solutloÊ

had. droBpeil to ?5oC., tbe beaker Eas plaeed. ia a eolê

rater batb. Flne].y ground. ehroniEE- trloxf¿Le ras aakleal lrlth
stl¡rlEg at such a xate that th.e teBpexaturo sas naiataineal

betseen 65oC. and ?Osgo When tbe reaction appeareal to be

conplete, the nixture ças d.iluted. to a volume of U llt6rs,
anâ tbe clark greea solation Ías aIlofied to stand overnlghtr

It was then refÌigerateal fox 4 hours, tluring rhleh t lne

nhite erygtals appeareal. These sere filtered €ff, anGl

anodated to ¿.5 g.. (?,g.1" of the theoretieal) of whlte,

fluffy needles. IIpon reerys talllzat lon frcm aeetone, the

pÌoduet Eae obtalnetl as white.aeedlles of B.p. 184-1€5oC.

CombuEtÍon analysls gave th.e foJ.losing results¡

%8

16 s.

Founcl Saleu.IàúeËl

--:-
60.41 60.01

5.64 5.66

b ) 5;Hyê¡ory-4-earbory-6-netbyloþthallete ( 1l-Il

Tlhis cômpound. was prepareè by refluxlng a mixture of

5 g. (o.25 uøIec ) of tbe alloxaûoaephthaliete {1I) ana 50 Blo

10S aqueous sod.ius. hytlroEide for orle hour. À hoEogeneouõ

cotutio¡r gradually aleyelopetl wlth the evolutlon of forualdehytle.

The reaetion mi xtu.re úas @ooleai, fl].tered, anat oacl.e aeid.

with coneentrateal hy¿troehlorie aeld. lhe preeipitate, wb6E

filterett anat dllied.n Teighed. 4 g. (e4/" of the theoretieal)r
Itpon recrystalll zati oa fr on water, the comBound ras

obtaineai as a white poüeier, n.p" â58ot., an{t glvfng e

cl.ark violet eolour wfth 1$ ferrfe ehlo¡iele s olutioa.

Ðtre to the hleb meltÍng point of the eompounCl., an(l
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its habit of eharring çhen heate¿l, uo satisfaetory

eo!Êbustiell analyses c oi¡lci be nade Eith the equipne nt at

hanð. fhe presenee of the pl:enolie gxoup also ma(le

neutralization eqeivaleÊt tleterninatlons uselesso LateJty

a p-nltrobenzyl alerlvative nas preparetl, br¿t time all(l Ãot

allor for fts analys ls.
el 5-Methow-4-earboxy-6-nethyLphtballðq (,IT)

llxe hyairory e wpoûnat (fff ¡ ¡?.5 g., 0.05 aolea), Ías

d,lssolvet|. ln 75 nl. I0l aqaeous soellum byatroxltte. Methyl

sulphate (l2, al. ) ras atLðed, and the nixture ras sti¡reê
f or I hour at r oon teeperature . Än atldllt ionel e5 Rì'l . bas6

cas adÄeê along witJr aaother 12 nI. metbyJ- Eulphate, aÊdl

the nixture was stirred. fr another hegr. -Another 40 !41.

base EaE ad.ated, and the mixture Eas beatecl on a stea¡a batb

for tso hou¡s¡ Upon âeldlfieatisn of tbe Bixture, ? g. of

erutte prorluet wes obtalnetlo ,.Af ter tuo reerystatrIlzatlsns

froa sater, 6 g. ( W% ot the theo¡etical) of wblte aeed.los

were obtained, m.pc 150-15109., Bhleh gave no phenot test

sith fer¡1e ehlorideo Ebe crystals gradtuatly tumecl bro*E,

as ÊI1ð the powtler whep tl¡1edl for cæþustfon analysls. t1he

analytleal reslrlts are!

f"e
lß s.

NeetraLi zat 1oa
Equivalent

roul9

59.69

4.4t

¿18

0a1 eulatetl

59.49

4"64

?P.2

ð) Þeaarborylation of Compoundls (f11) anð IV)

Compounds (11l) and IY) were d.ecarborylateð by
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heating one gxaß of the c onpoÈnei tLiseolved. in 15 l,'lo

quiBoline at 18oog., a es.tslytie anount of espper ebtoBlte
being atid.eôo After a Berlod. of 15 ninutesÈ Ehen the br¡bbles

of carboE dlioxitlê harl eeasetl c crEing off , the mLxture cas

eooleð aad Þourca lato l5O nl. of IOø byè.roehlorie aoid.
fhe prod.uet õettle(l out as nhlte needlles. I'ræ õ-þyitrorry-

4-earbory-6-netby]-phtballele ças obtalae¿l in this rrânaetr

5-bydrory-e-B.ethy1 Xrb.th.a1idte, aE aletexnineat by a Gixoê

nelting poftrt wlth a synthetle speefaen. Stnllarþ,
5-notho¡qf -4-ssr¡þs¡y-$-Betlxylphthalltte vas f ouB¿l te Þro€lr¡ee

5-uethoxy-6-netbyLphtbaliëte by e orlparl.s oB wltb a syat hetie
speelnen. The syathesiô of theEe tro e ompounas is deseribeai.

beloÍ.

el fhe synth66 is of 5 -Éethoxy- antl 5-bydl¡o¡yt6-

nethylrhthallcte
(i) 5-Metbory-o-toleie aetd Qlrrr)

The 5-hy¿lroxy-o-toluie aeiå (9.4 gr) was €lissolveél

1n 42 nI. 20fi aqueous sod.lu& h.yatroritie ln a th¡ee-ßeekeel

flask. Wh.lle tJre Eo1utlou Eas stlrued ia aE i.sert
ataos¡rhere of nitrogen and eooled. fB an lee-trater bath,

1¿.8 g. nethyl sulphate ças adttetl tlroprlse ovêr a perfocL of,

15 ninutes. .6.ftor an aeldi t ioaal half hourrs Etiffing, Z.l
g. E atl iue bydroxlate was ad.d.eê and. the Eolution Fas ref lÌrre(l

for 45 BiBu.tes. 8be solutlon rac cogledl, filtered to

reuove any e o tlf.un. s ulphate, an(i aeidllfLedt witb e oneentxatêê

byËlroehlorle aeldl. fhe whlte preeipitate na.s filtexeal,
r&sbeê[, glr.d. aLried.. ?he produet, Ee po I44-I4So0. , ras

obtaineat tn 7Ofi yield.ç
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(ir) s-Methory-o-nerhylphtharr¿e (xv) "{Í

.6, mixture of 5.9 g. 5-nethoxy-o-tolulc rorar' UU

rnl . coneentrated. by€lroehlorle aeid, g5 mI. forealatehydle

wes refluxeal on a wire gauze for oae hour. fhe filtereel
proauet Ðae sashetl, ärleô, and. then reerystallizeel frorr
95S ethanol to glve 4 g. ßO/" of the theoretieal) of the

d.esired produet. fhÍs ûeltet! at 16b-l66og.
¡"t

( ttf ) g-¡Ty¿rory-o-Bethyrpþtnarrae (rry.) "Ë

Â sixture of 1.1 g. 5-Bethoxy-e-nethylphtbaliele andl

2.7 g" ønhyalrous aluari num chLoriele in 40 nl. alry be¡tzene

was refLuxeil for 10 hours oa a water bath. fhe solld çe6

filterett, vashed., and ttrfetl. Recrys talllzation frex- 955

ethanol gave 0ô5 e. (qsfn of the theoretlcal) of the

produet, E.þo zag-Zàåø}.

ft 4-$ethorytoluene-2.5.5-trtca¡boxrlic aeid (V)

A solutlon of 5 g. (O.O1g soles) of the phthalide i*,.!
la 200 ol. â,51Ã aqtreous potagsiue hyclroxldle üas heeteal at
6009. and. sti¡retjl while 105 n1. 0.82tr{ potasslum pemnanganete

waa ruß iB over a perio¿l of I hour. Exeese pe¡üånganate

ûes d.eeomposetl with sod.lum blsulphite, an¿t the rr¡anganese

dloride was filtere<l off. ?he filtrate tras acidifi.ed wlth
eoncentratetl sulphuric aeid, and the resultant precipltate
fllterett off . 0n reerystall"izati on ftom SAfo acetie aeid, A

A. (6211 of the theoretical) of grey-wbite erystal.e were

obtaineti. îhe eonpound b.ad a m.p. of ¿ggog. aJxd gave tbe

$ollowlng analytieal reëults!
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f"e
f"H

Neutralfaat iea
Equlvalent

%e

lLE

Fousal

5A.00

4 r09

z5a

taleulat ed

51.97

5096

a,64

S) 4-Methoryber.aene-1.2.3,5-tetraearboryl-ie aelti (VI)

flre nethoxy eonpountl (V), I g! (0.004 moles ) ¡cas

tllssolvecl in 8O nl-. 5S aqueous potassium hytlroxl dec Fhe

solutlon was heated. on a steam bath anil stirreê nb.ll€

242, ø.L. 0.117 M. potassiun Bernraaganate ças aiLded. ¿lroprlse

over a 4 hour perlotl. the exeess permanganete sas then

cleeomposetl üith bisulphlte, ancl the mangaaese tttoxlatê

filtere¿L off,. fhe flltrate Ías evaporatetl to a smaIl

volune, reflltereð, and. aeld.lflecl with coneentrateê

sulpbürfe aeltl. The solutlon was thea extraeteel three tfBês

with 50 nl. pertÍons of etbyl åcetate" qhe extraet waE

evaporatedl to dlryness, and. the resid.ue reerystalÌlzetl
froø, 6Øfu aeetle aeld.. lhe tetxaoarborylle actd wa6

obtained as a whlte powaier of m.pr 16?-168 g. nitþ
effêf,T¡eaeenoe. A,oalytlea] results are!

Founcl

45.24

5.e0

Calcu].qtec[

46.5I

2.86

Neutralizat lon
sq"rvãiãnt -- )2fzae ae4

b) Setranethy]. 4-raethorybenzeBe-1rer6r5-tetracarborylate

.â. solutiotr nas made of 1 g. (0.0055 nolesl

of the tetraearboryl-ie acld (YI) itr z0 !ÊL. absolute
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mêthanol. .4. solËtion of Éllazonethane in abe olute ether

was adaled until a.a excess Eas present as intlieateil by the

persistenee of the yellow eolour of ðiazonetbane. The

solutlon $as tben plaeetl on tbe water bath antl heated

untll tbe exeess åLazomethane anal the ether were elrivea

off. TeB nl. çater çaE tiren adèerl and the solutioa cbilletl
ln the refrlgerator. Íhe solutlon was then extractect with.

tno 1O uI. portlons of ether. fhe ether extxaet Fas €lr16tl

and the €ther evaporatetL off" A süalL anount of a gu@y

yollov llquitl remaitred. çbich ûaa insoluble 1a sod.lun

bicarbonate solutloê, anð was thus pres umably the tetra-
netbyl ester of (VÍ). fhe llquld. tlld. not solld.tfy at

tealperatures alolrn to -1Ooü. gince tbe nelting polnts sf

sinllar e ompounds are above rooa temperature, the e6ter

was probably obtainetl as a supef,eooleil l-lqulilo Since tbfs

ester (VtI) üas obtaiaedt only ln vef,y small amounts, antl

since it was a l1qu1d, no further reork or analyses were

alone oa the c ompoundl as 1t wae useless for itlentlffeatloo
purposes. .ê.lthoÈgh the este¡s of benzene polycarborylle

acitis are more us eful for l¿leBtif ica.tion Furpoaea that the

free aeitls, the tetraearborylie aeld (VI) Eould have to

be used. in thfs caseo
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lrhe Secontt Oxid,Êtive Degraðat iotr Series 8f the

ÐioxaBylÞhtha1lile

a) 6-Methyl-1.5-beEuoäioxaa-?.8-phthal-lc aelal (VITI)

Ehe firet nethod trieal for oxicllzlng the phtha1ldìe

ring of the d.l€ra¡ylphtha].ide (1) to protluce the

ttl oxanl¡l-phthal i c aeid (Y1LI) eås tbat of Buêhler anat

eoworkers (8).

.4. solution of 5 å. of the laetone (1! ia go0 e1.

BOS aqueous hydlroxf cle ças prepar6å !y beatlng the airture
to 75-85og. fhe solutlon ças filterecl, and. its tenperature

raisedl tg 600Ë. fte tedperature wae nalntainetl at tbis potat

Ehile a solr¡.tion of 10 g. potasslua pe¡sal¡gaaate was atldleà

çith stirring ovêx a perlod of Ê0 nj.nutes " glre solutioa

was eooled., filteretl, anal ñatLe Just aelê to, Iltmle with

c one entratett Wtlroehlorie aclil. ?he reõulting yellor

flnoreeeent soLutlon r€rs evaporatetl. to 50 nl. at a
tenperature of lese tban 75oG. Ebe resnltant soletlon

Ías ¡eåeldiflecl and chille(l for one hour n then fllterecL
Ehe solitt lnaterial waE tllssolveaL in a ninlEl$Â guanti ty of
hot, Êqueoue 5S s oeliura eårbonate, boiletl Eith d.eeolourlzing

earbon and filte¡ed.. The filtrate sâs eooletl aadl acidlfiettr

fh6 BreeipÍtateal aelatlo material wae f iltereal off' Eashed,

and tl¡ieti. ?he J-igbt broçn s olial Eag". not bonogeneous , antl

coald be seBaratetl into three apparent lS pure substances

b3 fraetional arystallization froa water-aleohol" fhe

flrst fraetion meltect at 126oc., the seeond at lggoC.t
tei D

rÀ*- * 
- -Yr-tÉÉ >' 

-*..noøå

and the thlrtl at 159-160oc., none rfl1th effexves
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tlle thiriÌ fraetlon predoElnated, abollt one graa being

obtainecl fro¡a each oxidation. None of these substanees

çere the alesif,ed phthalie aclcl, as tþy vere unable to

forB a.Bhyatrialê8.

Bhe cold oxitlatfon nethocl of fhomps on (20) vas then

trieil, and. the d.esired e oapountl ras obtaineal in poor

(ea.- Lo% of the theoretleal) ylelcl.. Ehe oxitlation traÉr

earrieil out as folLocs:

A so1rrtion ñâs naðe of 6 g. of tb.e laetoae ia 500

nl . of ã.5S potasslum hydroxldle sollltion by beatlng. Tbe

eolutloa saE cooleÉl, filtered, aad plaeett fn an ice-sater

bath. It was ke¡rt at S-19o0. whii-e a solutlon of 24 gr

potassium perrn¡ aganate sas aaialeal o\¡er a perlodl of one

hour. fhe resultant nirture ¡ces allowedl to stand. overnlgbt.

It was thea filtexetL, matle Just aeial to ]-itmrs wi.th

eoneeatrateat hytlroeblorle aeiil, and evaBorateå to a
volu:¡e of 100 ml. at a temperature of 65oC. The res ittual

nixture was f1lter€A to give a 8o11d @omprisêtl of bgth

organle anð inorgaaie nåterial. ?he aeldle orgaBic material

ua* separated by tlicsolvfng fÊ 5$ aque oue 6odluÉ carbonate,

fl}terlng, aod aeitll$ing. 3he resultant preelpltate çag

1-L5 g. of a dla¡k broçn powaler, ïhich when reexystallizedL

from aleohol-water appeareð as a llglrt yelloÌr poweler

meltiDg at 2¡¿6-à?49c. with effervescenee. ABbsËtrr ltle

fornatlon antl cæbustioa analysls shoEed tbis to be the

tlesiretl compound. fhe analytleal lesults axeS

Fountl

69.11

Cal euLatea[

69c00fta
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Founrl tal eelatecl

%E 4.94 4 "gtl
If at any tlse a ssl-ution of the phthallc aeitt beeame

gufftefentty aold to darkea Congo ReiI paper, the c ompounËl

vas isolable only as a d.årk brown tar rhleh liquifieti at

about 8000. presumably the dioxane ring of the phthalidte

op@as under tho inf laence of a e trotrg acidl as is e o@on

¡rlth tbese eompound.s. Íhe resultant ebLorgmetþJ. group

probabJy cond.eases rlth tbe earboryl group of another

molecule to fore a polyÊer. lhiE tar eou.l{t be converteil to

the phthal-ic aeitl by botltng slth 10 tiees its Yteight of

J-OS eottfun hytLf,oxidio solution, and" earefuL aeidificatlotx

of the solutlon. The resultant nateriaL sas very Sure antl

glves better e@bustlon results than the naterial lsolatetl

as above.

bl 6-Metbyl-1rp-benzoalioxaa-7.8-phthatie anhvttrlûe (I| l
Tbe phthalie aeid (v11L), (a g.) *as ttlssolveal tn

20 ü1. aeetic anhyritridle by getrtf e heat 1ng. After one

hourrs atld.itis¡ral uatulng, the s olutlon ras filtered anô

trrlaeeil in tbe refrlgerator for at least 24 hou.ls o fhe

Aesireal. Ilroduct erystallizeal oüt in Etout nee¿lles of e
light brown eolour. when f,eerystallizedl fron d.ry toluene,

the c onpou.nd appeare¿I as white erystals of n.3c 15Oo0.

ftre ashyèr ltte quickly reverted. to the free ae1d, an¿l ças

no t aralyseal. .[s ¡¡i t]r the pbthaH e aeldl ( V]II ) , too mleh

aeiå, as sould result froe reacting too mreb naterlal at

one tine, cau.seal the proêuet to tura to a ta¡.
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e) 6-Methyl-1. 5-benzoatioxatr-7. B-ÞhtbatiuiÈle (l)
A¡ lnt lnately Bosaereal r¿ixturo of A g. of the

phthalle aâbyatr litre ( IX) aa¿ e g. ì¡rea $as heate¿L in an oil
bath until evolutlon of amonia eeasetl. The molten nf¡ùure
ras pouretl into 1 ]-iter of bofliag çater in whleh lt
dissoJ.yêd qulekly. lrpon eoolfng of th.e selution, the

phthallnldle (X] sepa¡ate¿l orlt as orange plates. The yieLê

of erud6 nate¡lal ças poor bu."o"Jfit" hydrolys is to tbe

free aciiL by the bo1l1ãg water. Reerystalllzati on froþ
bo1lf.ng water gave a snall anou.nt of shi te poweler of B.?c

162oG. It ças tater fouad that aLeohol-¡¡atEr Eas å better
reerystalllzing neêium as no mnterlal ¡ras lost. 0ombus tfgn
aaalys fe gave the following reEults:

T'oundl Caleulateê

{, g 60"95 60.0å

lL s, 4.L5 LL4
ê) Oxidatlgn of the dloxapylphthatle aeidl (vI11)

As the yie]-ds of tho d i oxanylphthaliaide Eef,e

ertrenely poo¡ baaedl on the tlioxanylphtihalltle, 1t Eas Þot

feaslble to cætinlle the ttegraclation on fr oø. thle
c ompounal. ll1us it was neeessary to attempt tbo tlireet
orldation of the d.f eEaaylphthalie aeicl (Vl].l)" îhi8 ras

doÉe as follows¡

-4, solutioa of 5 g. of the dfoxanylphthallc ae ldl ln
80 e]-. gl-aeiaL aeetle aeitl was pretrìarêdl by heatlng the

qlxture. When the solution bacl eooledl to a temperature of
?5oC., 1t nqs plaeect irr a cold uater bath. Finely Bonelerecl

chxomium trioxicle (10"5 g.) ¡ras aclded ln snall portions
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4t euch a ratê that the temperature [ås naintalned. at
65-?ãoC. The beaker wa6 tb.en placed. on a stêae bath.

aþt1l atl reaction had eeased.. Tbe eolutioE ças then

dlfluteil to 600 r¡1. Eith trater, and the d.ilute acetic aeið

evapoÌateê off ln vaeuo. fhe reìIainiag soIlcl wa.s clrieal

and. grol1ntl. Inorganle eaterial eas reBoved by dlgestíag

the naterlal cith 50 81. 5S aque ous sodlul[ earbonate andl

ftlterlng. The eru.de ali oxaaonephti¡alic acid Eas obtainotL

by aeld.ification of t'he fi]-trate as a brown tar. lar
fornation probably resulted. fræ the higb aeltl concentratloa

presetrt tlur lng tb.e orld.s.tion. glnce the tar eoulal Bot

be puriflecl çitbout byitrolygls of the cli oxa¡roso riBg, no

pure material cou1d. be obtainecl for analysi.so

fbe tar ças boiletl for t hour Eftb 59 nl. leø

aquegua soillum hyËirorltle. Âeid.ifieatlon of the reaetfen

nt=ture gave a brosn l,oçaler qh.i eh gare a. ph@ngl tegt Ìei th

f err ie ohlorlale , and Eas âpparen tly the A-hyd¡orytoluene-

l, â r 5-triearboryJ.i e aeÍcl. -&.s tbe aEoußt of thle material

ças qui te snall, purlficatfon wag not atteloptett, anal the

rbole amount was methylateat, 
.:i

¡dethyLatlon of the sr1pposêd tolueBe aeid (X111.) j: t:

was aceoapllebetL in alkaline solì1tion ib tbe usual

¡anner. üpon ael¿lifieatlon of tbe reaetioa nixture, a
Emal]- aaount of light brown powdier precipltateél which

nel tetl at ee8o0. Ree rysta.l-lizat lon tuaw 5A/" acetic aela

gave a yellon-brown potr(ter of rlcpo e51ot. 3. elxed m.po

wlth the 4-nethorytolì.1eno-1,e,5-trlcarborylie aeld (Y)

prod.rleeel iB tbe fír8t degradatlve serles inèieateil that
these two compountls were identieal.
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Ítle å.tleEpteð. syBthes1s of 4-Methorybenzeae- -,4,5.5-
tetracarborylie Åeld.

a) The PreÞaxatton of Brono!Êesitylene

Bromomesltylene pas synthesized by tbe tlirections

of Sui th (17), ou.tlined in the next paragraph.

In a 5O0 a.'l . three-necked. f lask providetl wltb a

reflux eondenser, stirrer, a¡vl sepa¡atory furme I uao

plaeeÈl a Eolution of 106 g. lnesityleße (0.88 E6les ) !a
?O 81. carbon tetraehloride" The fladc $as eoo].etl in an

fce-ea1t bath until tbe telsp erature of th.e mixture hsi[.

d:ropped belou 10oC. .4. sofution of t5o g. broELne (48 81.,
O.9ã ngles) in 95 mlo êârbon tetrechloxl¿le Eas then acld,etl

ts the well sti-rretl s olution. lhe hy¿lrogen bromicle

evolved Bas lead. ftoE' the top of the eontlenser to a ga6

absorptfon trap. fhe temperature of the solution uas

maintainetl. at 1o-15cg. clurlng tbe addlltion. The reaetlotr

sixture waE then al-Iov¡ed to s tancl at roou temperature

for 1 boux.

The resultant solrrtion rû,s ûashetl $i tJ1 Beter aad tb@

vitb. tço 1O0 Ë.L. portions ot zA{" so tlluÉ hydroxld.e e olution.

fhe carbon tetraehl-oxid.e Eas dlstilleal off thr ougb a

fractioaatlng c olunn untll tbe vapouf, temperature was

12 ooc .

fhe re61ilu6 sas adtled to a solutloa of 8"5 g. of
Eoallulr in 200 sI. abE olute ethanol" fh.e resultant solutloa

ças bollea ÈB€Ier reflux for os6 hour aad tbea alloreedl to
atancl overnight. ?he reaction mixtr¡re çâE thea tlllutedl

çith I l1ter of wate¡ and. the two l-ayers separated.. $le
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å4ueous 1aJ¡er ças ertraeteal rlth thrce lOO BL. ?ortlons
of earbon tetrachloricle, and the extr&ct aè€led. to the

bxomonesi tylca€. fhis solutlon sas Basbed. thorougbly Bith
Trater and. thes airle¿l over ealeluu ehloride. ghe eerbeB

tetraehlorlde wae then alistillecl off, aÉd. the resid.lre råB

transfêrreai t o a e laisen flask. ?he fraetlon bolling at
10O-1Ol9t. at,16wn¡¡ lvås collected ânal anouRted. to 1559.

(71f0 oî the theoretleallr
bl 9ho prelaratlon of lsodlurene

Iso¿ureae $êE syathesizeå aeeord.lng to the d.freetlonÊ

of Snith (18), qhicn are outllnecl in the next paragraph.

Ä L llter tb.ree-neekeð fladc fi.tted. çl tJr a reflux
eontlenser pxoteetotl Sroe the aír by a ealeiun eblorftle

tube, a seÞaratory funnel, ar¡d a Etlrrer Ías. eountetl on

a steam bath. In tbe fJ-ask saE Blaeed 16 g. .(0.66 @oles )

nagneslull turãlags, 5O nl.. aDbydlr qrs other, 55 sl.
bx onseesl tJrlene, and. a crystal of lodllne. fhe reactloE

sta¡ted. after the appJ-ieation of gentle heat" fhen the

r€rnainlng 100 g, brononesl tylene (total of â aoles) in
250 nl. dlry ether ûÊs adðed at sueb a rate that th.e

etbe! rêflured geatlyr lfb.en the addition was eorcpfete,

thê BiTtu¡e was heateal on the steaE bath untll tbe

uagnes 1um hatl. alissolveal.

The soLutigB of the Grlgnarci reagent sae eooled to

10ot. aad to it nas ad de':t 200 g. (1.6 moles ) of purc

ne thyl sulphate in LOo nI. etber. The addition requireal

5 hours. .A.f ter standlng for 24 houf,s, the !ûixture taÊ



4go

tleooaaBosedl by the ad&.itlon of dilute hydrochloria aelô
thr ough the ad.ðitlon fuEnel. Stirring saÊ startedl as soon ãs

poss1b1e. Whe¿ all magnes ium ealts hað gone fnto soJ-ution,
the ether layer nas separatedl, and. trâÊhed. tbree tlneÊ slth
Eaterc fhe etho¡ layer was evaporateal, and the resftlne
ad.¿edl to a Eolutfon of 10 g. sodlum 1n 1BS n1c abs olute
methasoL. Shls Bixture wag boiteet for half an hour to
cleeompose exeeas netþl sulphate, ancl the solution ïas
thea eool-etl. To the cold solution Ess adated. 60 el" ether,
ancl a1l alkall and. al-eohol Eexe reaoveò by washlng lvlth
sater. The ether solntloa was ilrlecl over ca].c luø chlorlale,
flltered, the ether was atlstll_1ed., and. the res itlue b.eated.

on a stoae bath with 10 g. sodlun euttings for g houts.
the n1¡ture was fllte¡sd, and the filtrate fraetfonate€l.

unaler reèucetl precsü.re iÊ a C].aisen flask. A. large
amount of lon bolllng noaterial vas obtalne¿t nhich Ðas

lmpure eesltyl-ene. The isoduxone bollecl at eâ-Bbot.fI5 na.,

e) ?he preparation of isocturone sulohonie acitt
fh.is material Eas prepared aeeordfng to the dlreetlçnÊ

of Snith and Cãsa (lS), as out]-ined in the nert paragraph.

Equal volumes of lsodurene an¿l eoneentrateal

sulphuric acld were shaken togethex in a smalL flask fo¡
10 minutes. Ðuring this tine the isdurene gradlually

tlissolvecl r¡ith the evolutÍon of beat anat the developltent

of a Têrkey retl eolour. lhe reaetion aiEture tses theB BouretL

into a 10O nl-. beaker filleê uith crushett lee. Fi]-tratlgn gave

the selphonie aeid 1n quantltative yielcl. Th{s
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eru¿l-e material l1quif letl upon standlag, s o 1t Eês

neceseary to reerystalliue 1t al.¡aost iEBedliate lyo

fhis ças aeconpliEhetl as f ollo¡rs: [he en¡de sìrlpboale

aeLdi sas dissofvedl 1n 50 E'I. ice ¡later, ana the solutloE

Êaturatêat w ith hyalrogeu chlorltle gas . ghe pLlre p¡ottuet

separateaL out as Ehite leåfy crystals of n.p. ?Aoe. gn

6taE¿ling, they gradually acquireËl a slight greeB tinge.
d) gbe oxltlatlotr of is oalûrene B ulphoaie aelil

fhis aÃô the follow lBg stepE are mod.lficatl.on6 of

nethods outliaed in I'¡eneb {10) and Gerrnas (ljl) patents

for the o¡idatlon and fusion of henimelLitene sulphonfc

ae ltt.
fn a I l-ltex three-necked ftask equiBecl. with. a

reflux condenser aBd. stlrrer $ere plaeed 10 g. isoélutene

sulphoaie aelê anê a solution of 5.5 g. X,otassÍura hyat¡exf ale

1É ¿ã0 mì. oater. fhe resuLtant s gLu.tloa ças healedL to
g0og. with 6. heatlng ma.ntle. Whlle the solutlon'*aö stirre€l
yigoroee]¡r, 62.8 g. powileroil potaselu$ pernangaaate påe

atld.etl at such a ¡ate that the tenperature d ial rrot rlse
above 95%. Aftôx tbe aatðitioll was eomplete, the oxid.atloa

ças eontinued. for aBgtber 24 houss at this temperature.

Exeess p exeÊ.nganate úas d.ecolorized. rnith aLeohol, auê the

üårlgcnes e èioriale çac filterêð. off and. waôhetL Eith tro
l5O 81. poxtlons of bgiling rater. ['he resultant yelJ.ow

solutlotr ras evaporateil to dryuess, aaa the resialue Clrlea

and pulverized.. TtIe eruale .prod.u.et lcas not pnrifleal, but
put fwred.iêtely into the noxt reaetioû.
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e) trus ion of the crutle orid.at ion Þrociuct . i\. . ,
\,! 1 '

?be exûde 6 ulphonl e aeid" earborrylÍc aeid (fVIl ¡las

!6,1xed. vÍ th 40 g. potasef uar hytlroxfaie and 5 rnl . water ¡ and

fusetl at A00-2?;ø06. for 5 bours ln a E'lekel cruefble. lhe

melt was mired çlth 60 uI. Trater after it had. eoolecl to a

slush, and eautious ly aeldlfieil. wlth coneeatrated. byatTo-

ehlorie aeiå. Åfter tbe add.ittoÞ of 150 1Bl, çater th€

nlxtnre raa heatett to bolling and filteretl. Tbe flltrate
wag evapo¡ated. to elryness. The reaLd.u.o wae reelTstalllzeð
fr@ 60 tsl. hot 5ø byd.rocblorfe aeld to giv6 4 go of

rhite poraler, rpo 26000o

Combustios reeults indicate that the suppoEeê

4-4yôro ybenuene-I, U r5r5-tetrae arboryIl@ aetð (NYlt) ses

not pEre ite6 to the incoBplete oxl{latlon of tbe 1soèuren6

sulphonie acid.. the fftraL proaluet aBBearedt to have 0.8

unortêizeti metbyl groups tler mol-€euleo tnf ortunate ly,
there vas fnsuffieient tiBe to methylate tbe e @pountl

and. eoBplete the oxid.at iono

fhe SyEtheEle of p-¡llgthoxy-4-nethylÞhthalie ÂelcL

al fbe prep_aration of Lmethory-t-toluie aoldl

fbe preparatlên of 5-hyd.roxy-p-tolule acidt has been

given by thonpson (40). YhiE Eubstanee Eas nethylatetl

as tllreetetl by Antlerson ( 1) .

b) Thfs and the remaining steps of thle synthesLs

rere aceonplished. by a nodifi.cation of the met hodt sf
Simonsen and Rau ( 16 ) . Ílre methoci has been o¡r.tlined! on

p. 18.
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Finely powale¡ed g-aethory-p-toluie aeid $as aðùe¿t

slowly to a Eixture of I nJ.. funing nitrlc acfrl ad ¿g nI.
acetie anhyilrid.e, the mixture being well eooled in an

1ce-¡vater bath" When the actdltion was complete, tb.e

Elxture Eas allowe¿l to stancl for 15 ¡ainutes at room

temperature, aud. va6 then poureaL onto IOO g. fee. -å,

yellow uaterlal preelpltateal out Ehich erystatlizeC aftor
refrlge¡ation for I hour. fbe aeid. ças eo1leeted., andl

amounted. to 5.5 g. of tb.e A-nf txÞg-!Àetboxy_p_tolule aelite
Upon:eerystallizat ion fron hot water, the nitro aeldt

cas'obtaineê as a light ye1low erystalliBe Eaterfal of
m.Bo 1640g. la 46fo yleld. Slnonsen ancl Rau reBo¡t a

nhite preciuat meltlag at l65oebtalnetl trr quaatitatlve
yl eltlo

@) fhe preparati.oq qf â-anino-5-mgthoxy-p-t€hlf e acid
SLmonson aÁal Êau reportoti a reèuetloa of tÀe nitxg

êcltl wltJr feÌrous sutphate. lbls was trieal several tiaes,
but trone of the desireal amiuo aeial r¡as obtalneil, fhus
the reduetion Eas carrietl out in the fo1loçlng Ealxneto

fhe nlt?o acld (5 g.) vas dissolveal in 25 mlc 6N

smmoala, anci the solution was plaeeil 1n a lOO ¡a1. flask
cooled in a vater batþ. The solutfoa sag gatu¡ateè wlth
hyelrogen sulphitle for 5 hours. ?he ñ1xtuÌe raE tbeÊ

bolled until" aümoala anti hyalrogea sulphtde eeaseil being
tfriven off". ?he boIllng soLutfon sas filJ eretl aad the
filtrate poureti into a nl. glacial aeetlc aeid.. Ehe

preeiBitate sas flltered. off and. recrystalllzed froE.

water to give 2.5 S. {íOiÃ of the theoretieal) of the
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aBino aeid., u.?. 16ô9. Simonaen anal Rau give the arpo fo!
thia eoupounil. as 16ã0g.

A eethoð for th.e s impler eatalytlc realuetion of the
nitro aefd EaE J-atex f ounti, as publlshed by e¡eçe (Iâ).
Å mlxture of 2 g. of the nitro acl¿l, 50 ul. glacfal
aeetj.e aeid, and. 5O ng. pallatltun ebareoal eatalyet trexe

sbaken undier hydrogea at 50 Ibs, pressure for sne half
hoar at ¡o@ teaperature. ßhe eatalyst iras filtered off,
anal thê filtrate was evaporated. to a sEålL volr¡ne in
vaeu.o. ïtBon eooling e olorlesø Reotlles of the am.lns aefdl

separated or¡t 1n gooil- yleld., 6f e.p. 164-1650g.

at) The nreparatlon sf 2-cyano-õ..methoxy-p-Io1u1e aefil
Sinonsen antl Rau (10) prepared the aøino aeici for

d.iazotization by diseolving it in S volumes et ø Z6fo

hydroehlorle aelal soLntloa. Whea this was tried, it nas

founô that a prohfbltively large volume (about 300 n1.,
of ttilute hytlroehlorie aeid wa6 neeosasry to tiiss oJ-ve the

aai.no aelal. fhe pubJ-lshsê method sâs therefore noitlf i ed

anal ruüs as follouso

sslution was prepared of 1 g. of the anluo åe1¿1,

0.4 g. Ê ocllun nitrite, anð 0.5 g. sodLr¡.n hyat¡oxldle ia
5 ml. cater. The solution was ehflled and. aditlecl in snal1
portlons to an iee-eo1nl soJ.utfon of 5 &1. e oneentxatea!

hytlroehlorle aeicl. in ¿ ml. water. Eaeb sueeee¿nng portlon
sâs aot adcletl unt1l the previous one had. reaeteal completely.

?T¿e resìlltant s olutlon tras then atlitett t o a hot s olution of
1.4 g. copper sulÞhate and L.6 g. potassiun eya_alcle la
20 nl. satex" T¡hea evoluttor.t of nf trogen was e mplete,
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tbe a:ixture ças ehil}ed. for 4 hgurs and filtered. The

Birture of tb.e nitrlte anti coppex eyaslale Eas alissoLveat 1Ê

clilute anßonia ard. filteretl. fbe filtrate was aeidifieaL,

and. the deposited. eyano ae1¿l $as eolleeted. aEd illlle¿to

l|he ylettt ças 0.4? e" (5Ùlo of the thcoretical) of grey

needlles with a Éelting polnt of t85oe. Äl-tbor¡gh thls m.po

1s 5o below the pub].lsheð value, tbe mate¡ial Ías not
purl fi edo

e) fhe preparatloa of 6-Methoxy-4-nethylpbthalic ac irl
Tbe l,hthålle anbyalriËle $as prepaEed by beatlng 0.5 gr

of the eyano aclai wj-tb 0.5 mL" 7 ífo sulBhuric aci¿l on a

steam bath for 5 hours. 0n pou¡lng the reactioa nlxture
onto a snall anount of 1ce, the anby€lrlile s eparatetl as a
whi te Bord.er. lhe aahyd.rf d.e ças bslJ.ett uader ref IEx ûi tb
5 mlo water for l" hour. 0n eooJ.lng, the phthalie aeicl

crystallizecl out as sßal.l whj.te erystals. fhe e onpounél

had. a m.p. of l?4-1?5og., 1n agreement wiür the publishett

va1ue.
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gÜM¿ÀRY

1o fhe d.egrad.atlve proof of stlucture of the dioranyl-
phthaliate rêsulting fron the concletsation of S-byalroxy-

o-toluie aeid. wi tb formaldiehydle anti coneentratett. hydiroehlorie

ae ltl has been accomplishetl.

2. i.n attempt to syathesiue the en¿l-pxoduet of thls
ciegradation has beetr ltaile.

5. The enal-pxotluet of the alegradat ion of the dl oxanyl-
phthalltte resuJ-tlÊg fron the eondensation of 3-hytiroxy-
p-tolule aelal with fo:emalðehydie anal coneentrateaL hyilroebl_orie

eeid has beea syntheslzeci. fhis degraalat ion Ees earrieà
out by Ehoups on (ag), anA the enê-produet obtalseai by

hiø lras f ttentf eal witb. tbe one syntbeclzett by this researeh

Í6rker.
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sûcGEs-TIoNS r0Ê Fúfi]EE WoRE,

L. The synthesis of the d.egraalative e Ed-?rocluc t, 4-aetboxy-
benzene-LrA,5 r5-tetracårbodlie aeid. shoul¿i be c @pletetto

2o It woulat be interesting to aseertaiB the nature of the
substaaces obtalned f¡æ the hot atkaline p erEranganate

oxiilatioü of the df oratxylphthalf de.

g. It worlil be of lnterest, although not directly retatett
to tbe proJeet, to d.etermlne the produets reeu ltiag fræ
the photg- and- catalytie hal.ogenation of the dioxanyl-
phthalitle.

4. flre air oxl¿lation of the cli oxanylphthal id-e aE aLeserl-bed

by Í¡lromps on ( 20) should. be u¡rd.ertaken with a vies to
finding out çhat Eubetaaces are proitueeÈl¡

5. fhe work of Melairlm an d. Kapaalia (14) based on the

Fritaeh eonalensetion protluet with 6-b.ydtroxyip-toluie seitil

ntgbt be repeatetl (thls ûae atone, but the results se¡e of
lnsuffieient value to report in tbis fhesle), anct ite
extension to 5-hyê.rory-o-tolulc acid. night be attemptea!,c
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INFoÐqqrr0N

tyclfc oxitles have been fountl useful lntermediatee

for the preparation of eertain typee of organic eompountle,

sucb aE cyelobexyl substituted. a].iphatie aeÍats (5, 8, 9).

I+ oxder to try some of tbese, Giesinger (5) atte¡apteô

oxitle foruatlon with the heteroeyc]-fe cyelohexene c ompouna¡
,

A --¿rnyoropsrarr

Ehls oxitLe was to be synthesfzecL by the foLlorlng

Eerles of react ions ¡

O crr, Ç"*.O,,-"*(>'
llowever, no oxitle cou.].¿l be iE olated. fro¡[ the clehyil.r o-

halogenation reaction mirture, aÊ tbe oritle w oul-d verT

J-ikely be qui te uastableo

Ehus it was thought to be of intereEt to ïrork out

a gooil Eethott of syatbesis of the structural isome¡ of this
_8

compounil, A--aiqya¡opyrao, ae Paul ancl Tchelitehef (11)

have reportetl oxlde fornation $lth this c ompound using

perbenzoic aeitli

-o

O(6'rcorh>O
lhis eæpound eoulô then be usetl for the uork mentioneËlc
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ITTERAIüRE ST]EVEr

rz

The c omBound. A"-dihyalropyÌan was first Bentioned in
the literature by Paul and fchelitchef (11), in 1942.

fhsse ¡eseareh workere preparetl the isomer by the sloB

ttistlllatlon of a solution of 4-brosotetrahyd.ropyran antl

pota8siun hytiroxlde 1n glyeol:

ßv

O-{Ë-O
fbe synthetie souree of Ure 4-bromotetra-bydropyran ças not

¡aen tionetl fn thls papex, but a literature seareh ind.ieates

that only two methodls of synthesis of this c oe.peundl have

been reported up to the pxesellt t ine.

Tlre first of these 1s rather involveat, an¿i üould aot
be usoful- for any other than sna11 seal_e Breparations. It
i.nvolves tb.e cond.ensation of ethyl oxalate anel acetone to
give aeetone tlfoxalie ester, Bhich ean be hyclrolysecl aEtl

eyclizedl to ehe]-idonie aelal" ?hese reaetloas have been

published by Biegel and Zwtlgneyer (lB). Che Ii atonle aei¿l

has been decarborylated. by fflllstatter anal punnrerêr (16)

to give /-pyrone. Prelog an al coworke¡s (Þ) have cleseribed

the hydrogenation of l-pyrone to tetrahyd.ropyranol-4,

and the eonversion of the aleohol to 4-bromotetra.byatropyraÊ

by treatnent witb phosphorus trlbromlde. Thls reactisn
aeheEe ean be represerrtotl as.f o.Llsw¡
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o
ll

-c
cf,r -cH.

Etooc cooehrlltêt ooc côôEt

A

------------l- Cor
Hr-

----=-)

Pt

Bv

?ts"¡ , 
[",,1

tif èo€t )

OH

0
ghe seeon¿l metb.od for the synthesis of tetrahjaìxo-

pyranol-4 is tbat of olEen (10). Thls is a rather mo¡e

tlireet synthesis, ancL usôs lnexpensive starting raaterfals,

but the yields a.r e }ov. Here, al.ly1 alcohoL ç*s

e onaiensedl rtith fornie aeid to give butene-5-o1-L, Ìrhich

ras acetylatect wi tlr aeetie anwtlricle. this acetate ças

refluxedl with parafo roaldebydle in benzene to give the

aeetate of te tra¡yèroÞyrano1-4, nhieh eoultl be bytirolyseGl

r¡ci tb rü.lute hytlrochlorÍe aeicl to give the free aleohol"

CHi'. cH,cHr,ÕH + ucHo'!!'ti*+ cHLl cH, cr-i-.,cH.'ôH A¿ro 
o

C¡r'. cl.{.ct{.,, cHa. o.co,ct{¡ 0{cHo)t)
'Hlsoç

"lt-"u, î

¡: io n..o ñI f 
.uoo.L 

_Jl.oon
èooct kooet -ôz

îbe tetrabyilropyranol-4 eou]-d be c onvert etl to the br oBl(te
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as tlescrlbeal abor¡o.

.4. reeent publleatlon of Heuberger and 0reea (6) gave a

total syatbesis of A5-aüya.opyran startlng with aeetylene

antl ethylene oxidìe. Tbese çere conðenseal lE J-iqu1d. alm.onia

to glve butyÞe-5-ol-1. fhls wag txansforBeil into pentyne-

2-d1o1-Ir5, whicb ws.s eyelized.reith sulphurlc aeltjl to
produce the ôesireil eompouncl. 'Ihe reaetlon sebeme is shown

belo n:

lrc=cH..+.{:7* N {'{r

{ cH= C, < Hr. cHr.o * fiì Ho, crlr,C=C.(H¡-,(H¡.ôH

(Jllt

------l
PJ

llo . c Hr , ( H = cH , c t{r . ct{r, o ¡ l'lrsal ,
-u-ô

These autirors al"s o deserlbe another methotl. for the

transf orüât ion of te trshytlropyranoL-4 tat o À5-dib¡rdropyran,

and aLso into 4-loalotetrahyèropylan. ?êtrahydropyranol-A çaE

eon(lensedl ûith p-toluenesulpboEyl cblorlale, and tbe tosyl
alerivâtive cas treatedl witlr aqueous al-kali to glve

A. 5-aibyd.ropyrarl. 0n refluxing the tosyl tterlvatlve witå

potasslum iottirle 18 aeetone, 4-lotlotetrahydropy'ran resulted..

f'

o
ors

o
ô$

t I +Þ,c*](rHr5o¡ca -----r

\o/

rl
\.t

Slever anel BaL1arel (tS) nave published. a aethoti for
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the syntheEls of substitutetl 65-atUyaropyrans. This

involves the coaclensation of variously subetitutecl

butene-3-ol-1 c ompouncis. with substituteel alclehydes ox

ketones to procluee the eorresposÕing A5-aiUyAtopyrans

R!

.r"/t\"*, 
H+ .r¡\*,

or!\o* o=.,.oo'" 
------+ ,<-("r).i:

ÀIthough preparatÍon of the unsubstituted. eonpound was not
reportedl 1n this paper, it tras folt that butene-õ-ol-l
eoul-al be e oaalensed with formalËlebyite to give the Ciegixeal

eompoundl.

lb.us tbo problen af,oso of obtainißg a goott nethod. of
synthesis of butene-5-ol-1. that of Olsea (10), as was

nentiened above, gives poor yiel{ls, BesLdes tbis, the

llterature l1sts only tço other methods. lhe first waE

publisheal bry Yu?rev and. eoworkers (18), and lnvolves the
eond-ensation of 5-br omotetrahy(l3ofuran sri tb li thfuu,
followed by hydrolys is of the ad.due t wfth lraters

[-lI', ---- t--luf *.0' , cHr=cH-cHr-cHL.H
\o/' \o/"'

llonever, the literattrre J-ists no useful synth.eeis of
5-broaotetrah¡rtlrofuran. fhe other ¡oe thott is the Grignard

synthesls using allyl bromtd"e antl fc¡rnaldtet¡ycle:
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CHr=CH.CllrÈv + HcHO ml > cH.=cH'sH cç11Ôì{

Al1yl br ¡!çside is very reaetive ad. the mågnes iT¡E

derivative 1s d.ifficutt to prepare (4). Tbe ylelti of tbe

overall reaetion is quite poor d.ue to the formation of
large quqntfties of biallryl and. blallyl ether.

.&. paper of Tfoods ancl Sanders ( 17 i gives a neth.oa of
synthesis of the z-rnetbyl- and z-ethyl-ethers of

t7

¿\ "-a:.nyaropyran. fhe preparation Bas earrlecl out bF

broþlnat 1ûg ¿\A-ainyaropyran to give tbe atibroeotetrahydro-

pyran, whicb. r¡ag th en reactedl wlth srnnîoniacal abs olute
qethanol or sod lum eethoxftle in abso.lute methanol to glve

the 2-nethyl ether. thls nas refluxecl rir i th alcoholic
potassiu¡r. hytlroxitle to give tbe ðes irotl eompound.:

û_,- Ç*-** Ç".-+*O..".
ghe ethyl ether 1s mad.e ía an entirely analogous narjTrero

In a British patent, Jonæ ancl Bre¡rner (7) give

details for carrying out the chlorlnation and. eth€rifieation
simlltaneou.s Iy by dissolvlng the stårtltrg materlal Ín
abs olute æ thanoL contalnfng sod. ium carbonate, and passlng

1n the ealeul-aterl a¡eount of ehlorlne:
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c:¡

* ñact +¡Á Co r t l{1o
O(Hr

Eooès and Sauntlers gave proof that üre dehyttro-

halogenat lon of th e 2-nêtboxy-õ-cblorotetrahyitropyran

oeeurred. to give a ¿louble bonal ln the 5r4-position rather
than the 2r5-Irositfon by hydrolys ing the unseturate¿[

e oepountl and. preparing the ctlnt trophenylhyd.razone of the

resultant pentenalo The mixed nelting point test s howeal

that the ald.ebyale producecl by the hydrolys is wae
I

5-hyalroxy- A*-pentenal, thus f iring ttre d.ouble bon(l of
the clihydroByran to be 5,4o
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prsfiIssroN 0F BESULÍ$

Of the various syathetic methods listetl iu the

Literatrue Survey, three uere ehoseÈ for investigationo

These were: the oldest methoal, startltrg wfth chellalo3le

aoitl; the nethotl of Woods antl Santlers ( 1? ) , and t]re

eycllzation of butene-5-o1-I with laraforBeltlehyde,

.ê,lthough the best Betho¿ for turning out large quantitles

of A5-dihydropyran appeareê to be that sf Ëleuberger anal

oren, ]-aek of the neeessary equlpment ruled this methodl

O1Ito

ehelidonie acid was synt]lesizeal by the method of

Riege]- antl zvilgeeyer (13). .4.I1 attempts at therhal

rlocarborylation of this e oBpound. acoording to the lnethoal

of litllstatter and Puïhmerer (tS) as iuprovetl. by Cornubert

and Roblnet tA) gave no results. gornuber t and Robinêt

elai.n that the ¡rethod. of Riegel anil ZwilgÞeyer for the

synthesis of eheLidonie aeld. glves a prod.uet unsuÍtable

for tþe purpose of deearboxylation, and suggest a series

of nodÍfieatiotrs of the nethod rhereby a product ean bê

t¡¡rne¿l out whicb o111 give good" yfeltls d l-?yrone on

d.eearborylation. Tine d.id not alloû an investlgatlon of

theee elaius. Àtteryts çere als o mad.e t o l,yrollze th€

coppex salt of eheliatonie ae1d, ard to tlecarborylate

chelidlonie acid ln qui.noline with copper ehromite

aoeoraling to Shepartl aßtl c oEorkers (l¿). ?hese attempts

¡rere also fa11ures. This aBproaeh Tias therefore alropped

as beln€ too tiiffleult for praetieaf purpoaêsr
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the methotl of Eoo¿8 anal Sanders (17) seened. worthy

of trlal-, since the Z-ethers of ¡3-aiUyd.ropyran wou1d. be

suj.table for the required plrrpose, aad. aeeorôfng to the

?ublleation shou]-al be quite easy to s¡¡nthesize. For

puxposes of ecnvenience, it was deeid.etl to chlorinate the

A z-athyaropyran ratheï than bromlnate 1t, as the diehl-oro

c oepounal ûould be Just as suitable for the clesired. purpoEe

ae the rtibrono compouad. ttru s Aâ-d.ib¡rtlropyraa uas

e h3.or Ínateal aeeording to the dlrections of Gieslnger (ãt

to gi.ve 2,5-d.ichlo"ot etrshydropyf,an ia quantitatlve
yleld. The ellehloro compound nae reactetl with a s olutfon

of s ocllu!Ê nethoxlale in abs olute nethanol to produce a

pro&rct shieh d.id not appear to be that desirêcl. j.lthough

a s odlur fus ion showecl that the e on?ouncl still eontaineð

ehLorine, it showed. unsaturation on teeting !!1th bromine

ln earboa tetrach]-orldo ancl Þotassiura permangaaatê

solutios.. Its boiling point under xealueetl pressurê

alevi.atect approximately ].oo fron that expeeted., aaaL it
illÉl not ]rave a eor¡eet ¡i¡efraetive 1nd.ex. ft ras first
tbought that the 2 r5-¿tichloro tetrahydroByran hatL lost
EC1 1n the etherlfieatÍon reaetion to protiuce 5 -eblo¡o-
itihyilropyran instead of the aleslred etbers

CT

-Hcf,.
c,--_ ocì
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Eowevex, tbe ßor$.al boilfng polnt of the j.solated. l1quid.

üas about l0otoo hÍgh for 5-cblors- A e-atnyaroplrano

t1rus the co nelusion was arrlved at that the etherifieatioa
hacl gone to eonpletlon, but tshen the exeess methanoL sas

dietlll-ed off after the conpletion of the reaetioB, soÉe

of the res.ction protluet lost 801 to give the flnal prodluet,

2-eethoxy- A õ-atnyaropyraa. IB otder to verify this
eoneluslon, the isolateð Iiqu1d. Eâ.s bytirolysecl by a

tlilute solutlon of hydroehlorie acid in ethaaol, an¿l the

2,4'dlni trophenyt\yd.raz one of the, res uJ. tant alôehyde

prelrexetl. Üpon reerystalli zatlon, this derivative relteil
at 1OA-59C. as c oßpareal $ith the ¿lerivative Brepare€t

4
fron Z-methoxy- A o-tetra¡.ydropyran by Wood.s and. Sanders

which haal. I &. po of .159s. 
Lack of tfne tticl not pereit

further Eork on tb.is line of approacb.

The third line of approaeh to À5-atayaropyraa Eas

tbxougb the cyclization of butene-ã-o].-l witb f oraaltLebyele,

by tbe d.ireetions of Siever a¡d Balfa¡cl (t¿), sr of

olsen (tO). Thus a praetieal nethod. of systhesis of
butene-õ-ol-l was s ought. The best Eetho¿l of preparatlon

of this eonpound appeareal to be tb.e tiehydroh.alogenatloa of
4-ehLorobutyl aeetate:

Cl. chl¿. cr{1. cl{ 1. cH !.ô.co.c Ht -Hca7 cl.t,.= c H. cHr. c Hr. 6, cq.c H3

4-ehlorobutyJ. acetate coulcl be syntbesizeil eâs lly
and i.B good yield. by tbe e.etbod. of Cloke and Pltgria (I).
Ilexe tbe cyclic ether tetrabyðrofu.ran is split und.er the
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eataLytle influence of anhyêr ous zlnc ehloriile:

CH1- c çl-
tcd3cocl- ?nc!r, I I

Cllr Cll.
tl
qI ó.co,< H3

Th.e itelryitrohalågenat ioû of 4,-eblorobutyl åeetate

proved. to be nore.d.ifflcult tha¡ was anticlpatetLr The

first nethoat trleat iovolve¿l tbe use of potassium hydroride

in glyc o1. It was hoped that thls reagent would spllt out

ECI before saponlfylng the ester. Elorrever, tetrahydLrofuråB

w&s recovere(l froe the reactlon m:irtu.re in almoEt

quastltative yieltl, indicating that the reîerse rea.ctÍan

sequence had. taken place3

cHr - cHtlt
cr.r, cHr
I I -HA<,
C]" O .co.cH3

Cl{' - c H.Ir
CHr CHA

ll
CI O H

- HCl

Refluxing 4-ehlorobutyl aeetate in ¿ixy Byridine
gave a product whleh sas vater solub1e, and so could. not

have been the d.esirecl ester. TIoEeyer, refLuxillg $ith pure

d.ry quinoline provetl to be successful, except that the

pr oalllet nas none too pure" As thls seetfon tleals w.ith a

see onalaxy research projeet, only a ]-lriteal anount of tioe
sas avallab1e fo¡ researcb. along these l-lnes. Thus the

above polnt Ìre6 reached quite late, antl thls approaeh to the

pr oblea. also had. to be abandoneal before 1ts eollpletion.
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trPERIMEATfA.I,

fhe Pxele.r4tion 9f Chelid.onf c Àcial

Íhls ças pxeparod aecording to the alireetioas of
Riegel- and Zwilgneyer (I5), vhlcb. are olrtli.neð belowo

In a I llter f1âsk fittetL with a reffux e or¡denser

?rotected. with a ealeium ehloride tube, 46 g. (2 grara atons )

soelu!tr yvas dissolved. in 600 mL. abs o'Lute netbanol. About

half the Eoaiiu![ methoxlale solution rees pouxed. lnto a

5 liter three-neckeð flask equiBpetl uith a reflux condenser

antl a mereury sealed. stfxror, the other half Eas kept wa1T.

with a small f1a¡¡e" flre first half was allotsed to eool until
so]-itt bogan to separate, then a mixture of 58 g. d.ry aeetone

and 15O e. realletllIecl ethyl oxalate was ad.ðed at once

with stirring. Heat was evolveel, anal the }iqui.cl turnedl

btoltn¡ .A.s soon as turbldity began to appear, the rernalning

sodiu-m ethoxid.e was ad.,!leê along wi th 160 g. ad.d.lt lonal

ethyl oxalate. As stirrlsg Eas eontinueal , the nixtìrre

thiekened. gracLually to the point ¡ùere tù.e s tirrer j¿rnrnetle

The contlenser on the flads. was then set for doenrvaral

distillatlon, and beated at 110oC. ln an oil bath until
150 Ë1. al-c ohol d.istiIled.. The s od.iuB d.erivatíve çâÊ

seoopecl from the flask lnto a beåker containing 500 m1c

eoneentrated. hyatrochlof,Lc acÍd. aud 800 g. cracked 1ee. Àfter
crushlng all lu!ûps, the cxeany yelloü aeetone dioxalie

ester $as flltereaL off, aad washed..

ï'or hytlrolysls, the crude ester waE heateil with 500

nl-. coneentrated. hyclrochlorie in a 5 l1ter fl- ask for ¿0
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holrrs on a stean batb. Ifhea cold, the solitl hyairate¿l aeid

ffas filtexed off, tsasheê aad alrietl, firct at 10Oo, antt

thea at 1600. fhe ylel(t was l-10 g., 6Lfo of the theoretieal.

The Preparation of Copper Chel-iclonate

3. solutlon of 9.4 g. chellalonlc acial and 5.5 8.

anhyalrous s oalir¡r¡i earbonate ia S00 m1. weter Ías prepared

by boiling. fhis solutlo$ llas eooled. to 5OoC., anai to lt
res êtldea a solutlon of 1¿.5 8. eopper sulphate crystals

ln 250 ln] . water. À voluEiBous preelpltate of copper

chelitlonate hytlrate appeareô, shlch nEs heateil antl

stlrred until 1t was transforaed. to the granular anhyôr ous

sa1t. lhis was fiLtereê off and d.riedo

Decarboxvlation of che lialonic Acitl

fhe first attempt at thfs rêaction was carrieal out

aee or¿lng t o C ornubert t s sod.if icatloÊ of Ïfills tatter I s

oethott (Ê). Ã mixture of ¿O g. chellatonle acÍdl anal 4 g"

poüdlereal copper lras layeredl over z0 g. pumlee powtler ia a

1OO nJ.. distllling fiaek equippett with an air eondenser

and stopperett at the top. fhe chelltlonic aeidi nas pyrollzetl

by heat ing to õ00ee. A copfous evolutlon of sçeet-smelling

rlhlte frees oeeurrêal, along with one or two erops of a

llquid flhieh soliatlfietL on eoollng. Ílhis was presuaably

f-pyrone, whleh nûelts at õA.5gC. No variatlon of the

se thotl trleal pro¿tl1eeal aDy better results. one noattfleat ion

ças tbe use of the eoppex salt of the aeid. as a catalyst.

Tbis øas trieat ln all proportions, frgm t/eo noler to
tgtal quantity of the reactioa mixture. Phe reaction ças

al-so tried 1B vaeug, but again the yieltls were insignifieantc
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fhe PreBaration of D ich1orotetrehyd.roÞyran

Tbis was prepared by tbe methoai of Gieslnger (5).
.)

Into tce-cold. A'-d ihytlropyran (e+ g", I moJ-e ) was passeil

?1 g. (L mole ) chlorine. fhus a theoretical y1e]-tt of
2r6-ðicblorotetraby<lropyraq wes obtainetl, lbiE eruatê

nate¡ial was suitabl-e for tbe requlreal purBose wlthout

the sastefüI d.is tillation.
The Prepar at ion of A-Methoxy-õ-ehlorotetra.hyclxopyrar¡

?o a well cooled, stlmed solution of 25 e. sodiue'

ln 5O0 ml. abs olute metbanol Eas adde¿l 155 g. (1nole)

e, g-tlieblorotetrabttLropyran at sueb a ¡ate that the

temperature d.i al not rlee above 5oS. Stirring sas c ontinued.

for aR aaltiitional hour. fhe preclpitated eodiun ebloriale

Ías fil-terecl off, and" tbo excess methanol was renoveð by

dLstitlation. lhe cru¿le reaction proöuct Eas nasheal with
ïatex arxô il¡ied over sodlum sulpb.ate. It wâ.e tben

fraetionated unete¡ reducetl preEsrrre, f,he nain fraction
boiling at 65-6?oC. y'Jb w. This materlal welghecl 65 g.

üpon repeating tbe d.istlllation at atmospheric presstlre,

the supposetlly pure coßpounil boilett at 1É5-1ó5e9. fhe

boillng point of tbis procluet sas thus too hlgh to be the

exBeeteaL produet (t.1r. tSOoc. ) as well as too hlgh to be

the other pos.1i b1e c cnpounil, 5-chloro- A2-dihydropyraa

(b.X¡. 14oog. ). é. soclluu fusiön tnallcateä the presence of
chloriBe, and bxoBlne in earbon tetxachlorid.ê, anal potassiun

pernanganate s oIì,rtion s hoçed the !þleeule to eontaln

unsaturatlon.
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Ehe c onpound Ëas byairolys eai by boil-ing 1 g. of 1t

ln 20 ¡r1. of ethanol e on taining 6 tirops of e æe entrateal

hytirochloric aelô for t hour. fo tbe hot s olutioÊ naE

added a s olution. of 0.4 g. ¿,4-dinitrophenylhyairazinê itl
2 ml. coneentrateal sulphuric aeÍal ard 10 mI. nethanol.

Upon standing, orange crystals of tho e r4-dinltrophenyL-
hyd.razlne appeàrodl. fhese were filteredl off, $asheè,

tlr 1etl, and" recrystallizetl fr@ tolEeno. fhe res ul tant
eryEtals melted at t6â-165o0. Woods and San¿ters (10) Sive
the melting polnt of 5 -hydrory- Àã-pentenal as being

159-16ooc.

?he Preparation of 4-Chlorobuty1 S.eetato

lhe metbod of CLoke antl Pilgrin (1) was useal hereo

A mÍ{t¿rre of 50 g. tetrahydrofuran, 65 g. ac@Wl eblorlale,

aad 10 Eg. zlne chlorlile Ías heateal gently uatlJ. the

reactlon coÐoe¡lcêûo Cooling Eas then neeessary untlt the

reaction moaleratetl. Boll-1ng was tbea eostirued. for one

hoirr. The reaetion product was transfexretl to a Claisen

f1a& antl fraetlonateë uncler red.ueetl pressure. Except for
a n:inut e fore-run and reeialuo, the wbole of the materfal
bollecl at ?8-?9o/15r¡mo to givo an almost quantitative
yield of ehlorobutyl acetate,

Butene-5-yl-1 Acetate

The d.ehydÍohalogenation of 4-chlorobutyl acetate was

first attenpted. by treatmeat witb potassiun hyd.roxitle in
g1yeo1. îhe alkali-gIycol rßixture was prepared by d.iseolvlng

25 g. potassium hydroxicie in 125 nl. glycol. To ti-rls, 60 ml .
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4-ehlorobutyl acetate sas aðded. Ín sÐall portions Eith
shaking. The ¡eactlon was ini.tiatod. with gentle heating
of the solution, and. was then eontrolled. by eooling as

necessary. fhe reaction {as e onpleted. by boiling the
nixture und.e I reflux for 50 minutes. fhe resultant ntxture
sae ttistflled through a Vlgreux e olunn, when almost a

quantitative yieltl of tetrahyttr cfuran' was reeovereËlc

Pyrid.fne nas then trled. as a elehydrohalogenating

agent. A mixtì¡r€ of 50 nJ-o tlry pyriêlno and 50 nrl.
4-ebl-orobntyl acetate uag bolled. r¡.nder reflux for A hours.
Ðuring this tiße, a second la.yer appeareat at the bottoB. of
the flask whj-ch gxad.ually'grew larger untiJ- the mirture
again became b.omogeneolrs. When cold, the reaction mixture
was pourett into 500 r.L. LOIÁ hydirôehloric aeid. ltxe

expeeteti eeter layer fall_ett to separate out, and. saturatlng
the solutlon with saLt forced. nothing to separate out.

Qufnoline was then tried. under the sârne eond.itions.

ïlere no s econd layer appeareð iluring the ref luxing, â"nÉ1.

when the reaetion mÍxture $as $orked. up, an oxganle

].ayer riltl appear. This $as separatetl, washed. nith dilute
hyd.roehlorie aeid, dried. oyer anhytirous sod.lun sulphatel
and distiLleaL over a range of 1l0o to 15OoC. fT¡e reaetlon
produet Eas thus iupure butene-õ-yl-I acetate (b.p. 1â4oC. ).
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SïIMI\ÂÂ"RY

1o õhelidonie aeið was preBared. as a starting &aterial
for the synthesls of a5-Oinydropyran, but could not be

ciec arb o{f 1ated..

2o ¿. staxt çae nad"e in the syrrthesis of 2-netbo -
A5-¿ihya,ropyrarlo

5¡ .A. simple Bethod. for tbe e¡mtheais of butene-5-o1-I

has been cieveloped. This substaaee ean be used. for the

synthegis of a 5-¿inydropyran Þy nethocls oì]tl1ne€t

prevlousþr
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succEsÎIoNs FoR qt$IAE WoRK

1. Àn atte!Êpt c ou1¿t be mad"e d.eearboEylate chellôonfe acidl

as preparetl by the d.irectj.ons of Cornubert and. Robinet (A¡.

à. The method of Wooals anal Sanalers (tf) for the preparatioa

of Z-methory= A g-ðlhyd.ropyran 
shou-Id. be followed. trp to

c @pletion.

5r Butene-5-e1-l- eoulci be transforned. to tetra\y€tropy¡anol-A

by the llethoal of oLsen (10), or ctireetþ to A5-dihyd.ro-

pyrar by the direetioas 6f Sieyer and Bal1Ðrd. (15)"
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