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G,E{ERÅ[. IDmOÐUCrI,Otr

lhe lfanui ch reactlo¿, knoreû sitrce 1905, ses

recognizerl aÊ a type leastion by Mennlch in 191?.

It conslsts in th€ oonôensatlon.of a compounð con-

t91n1ag a reaotive hyal'ro gôn aton wlth Frîrnoni a or a
prinary or s€contlaÌy anlne aqd f ornaltlahycle.

Phôno1Ê, an$ partlcularly p -naphtþol , a,re kno!Ín to

bavs r€active hy<lrogen at oms oa the cårbon atosg ortåo

and l)are to thê carbon sith the phenollo g¡oup. ¡f¿ny

!{anni oh oonalensati ons have boen carrloä out vritb thls
type of oonrporrual, {gl , (41, (7}, (8}.

lho oorop ountt to be stuðletl for this reÊe¿roh 1s

¿, ? -allhyalrorynaphthal ene :

gtnee the pheaollc groi¡p of F -naphtbol åctivates the

o¿ -hydrog€û, it $qs assumeô th6 treo phênol.iq groupB

of 2, ?-rllbyrlroxynaphthal ên6 soulô activate the I antl I,
or peri, hytlrog€ns,' thus l€aating to a allsubstitqt6at

Manui ch baae .

lhe slnplest of these roultl ¡esult fron tho coû-

A€nsatjlo¿ $ith f ornalöohytte antt dlnethylamlno.

(c trr).r - 1rtr rrr- rv(c d¡)

+ ¿ cH¿o +LNH(cH¡)¿ 

- 

*otl otl
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îhls Mannich base, woulô bo of no p'artloular lnterest
ln lts€lf, but tt ss aloslrêtl to rsd.uc€ this baso anat

sinila¡ ones, to obtai¡ 2,?-ttihyalroqy-1 ,8-dlnethyl-
naphthalene.

(cla)¡-cn" c t{¿- N(cÈt)r

""æ" ù-r-l' ot 
n o N¡r(cH¡).

tbe pbysloal constants of 1,8-allnotbylnaphthal.ene

antt its c[€¡lyatives hav6 b€en vari ously reporteil 1¿ thø

Literatu¡e (1), (11), (14). 2,?-atibyd.roxy-I.,8-dlnethyl-

naphthalêne, on treatnênt with zlno oxltle to ellnlnate
tb6 phênollc group, gives rise to 1,e-dhethylnaphtbalene.

It was therefsre the aim of thls res€årch to produc€ th¡.s

hydrocarbon arid fully chargcterlze it in oraler to ol.€ar

up th€ exlÊttng c onfuel on .



LIEE&AfIJRE SURVs':r 0F TEE 4A$IIc¡f R&ÀCTI0$

rNsRopucrrpN

lhe Mannfch r€actioD conslstË in the sotdensstlon

of a¡amonta or a primary or aeconalary anine, usually as

thê hyûrochlorltÌe, $ith f,otnalalohytle aûd a conpountÌ

ooûts.lnltg at leest one hyilrogon atoÍt oJ pronounaoô

aotivlty. the esse¡t181 f€at¿re of this r€satlon ls the

rôpfacemênt of the activ€ hyilrogon by ån anlnonetbyl or

subotlt¡rtêd alslnonethyl 8¡ouP .

,O."-.".+ ¿,1¡o r f¡, ,.. -, Û'"''o-..*":i,:*

In sone casos lt ls possible to aaÛy the reastlon

a st€p futh€r ylelding a compountl wltb two basic groups.

.c tlt- t'l Ã,^. tl (2
c.o-(.H'\ c- 4r. rV f{. . #êê

+ ¡+g

-5-

c o- e{.-e Ha- N t1..É 12 
----->

t4¡r&¿ È R"Nn'lt(L

Irelng a prinåry amine th€ produat is a secoaôary

ånins.

/\co-cdr r.í¡o rRN¡r¡.t/C¿ 

^ca-è¡lÌ 

-c-tt,-NH R. tt c!tl---åll
\l \r/ t t!¿ o'
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thls nay react f¿rther to glvo a t€rtlary anine.

/\."-"r, +cH'â + /\."-"*r-qr,r- ^/diQ. 
Èl (¿\l u^ i

\,/'"-''',-'"'\^." (, t H,o

Õ*-"r"''
¡'roqu€ntXy these produets ate unstabl6 anal

undorgo cycllzation. o."' "' t

¿ c{¡co c¡r3 I z c- t'tro + ct4.NHL tlc/- 
-) 

cd¡-'"-¡i)¡t'

\¡*1.c{!

Iv

.tt

,.-/f\Ê, + n {-
'ut lQ, ,i".'i' Ht(

{ t{¡

"ll!c¡rr-co -lr"tîu.
t"/*'_rv. lr(¿

¡' cl¡

llo c C'

"J, ).'._
¿o-Ê { \c'¡lr

--d,o I l.\ c.llt /¡H !
'¡¡í ¡ <¿

t
tll

EISTOET

Toilens was the Jirst to observ€ a oondensatlon

of this type. g€ lsolatoô a tertiary anine from e'mnoû ¡m

ohlorido, f ornal cf eÌqrrt€, aual aootoph€none iu 190ã. Petren¡ße -

tr¡itschenko stualletl contlonsatlonË of this typo floE 1904

to l9O9 but dittatt r€aflz€ the reaotloû $as a geaeral one.

trfsnnlch b6gat a alstaileò stutly in 191?.
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¡IECÍANIS¡Á

Th€ neôhårlsn of this rêåctloû 1s not tsnown. It
ha6 b€6n Êugg€steô that the prlmary step aonsists ln
the ad.diti on of the amln€ to f ornÊlatðhyile ( 2) .

R. R
'A!,1 + c H, o ------È \n, -. H- o HI 1 -"¿R/ ¡7/

Eouleve¡ it hss been shown that atin€tbyle¡ninone tbanol
giv€s I poorer yield than fornslal€hyôe and th€ amine.

Therefora this hypotbesls ls inprobable.

.¿noth6¡ tr)ossibl6 inltlal step is tho fornatloû
of th€ methylol fron a tsotone.

R-co-cH, * c Hro ---*-à R-cô-cl, L'1-l"lLO H

Sorevgr it has boen shourn that the methylol ûoes not

sfways cooal€f¡se wltb thÊ aninô.

8Eq, USE_03 S-EC0SDA¡t AM¡$ES

1) WIEE ruTONSS

Satureted ketones, cyoloalEånones, "(- p unsaturateô

Eêtorss, aJ.iphatlo-ar oûlatlo ketoûes, aaal c€rtaln h€t€ro-

cyclle ket'onos oontairrlag a carbonyl group 1n the ring all
untlergo the Mannlsh slth sec onalary a,nln€s.
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¿) ¡TITE arpEHYpss

The a( -hyôrogen aton of the alalêhytle is sub-

stitutoat by a dlalbylanlnonethyf group. S€condåry

reaotio¡. sometinês occurs which involTês the simul-

tarteou.s l4troatustlon of a nethylol g¡oup on th€ <-
carb on.

q Hl \c¡/ -ct!--çHo , ctll\rtH.t+cL

aH3/ 14t/

e tlrr L't' o ¿l

''e - c -<-tl o
crl,/ I. <-tJ z

Iñ
"í.,' 

c r'

ålilèhyôes have besa nuah

k€tones.

+ e ll, O

I\t

c4¡r
<E-<E'.Ha

c tl,, I
' c'l- '¡,"tlla\ t4!

leEs exteûsively stu¿leat th¿n

5) WITE.&CIDS AND ESTERS

-

Acitts nith re¿¡ot1v€ hytlrogen ln

may be us6tl for Mannlch cond€ûsatlons

or Eetotos. lhe free secondarg anlû€

Its salt .

tbe alpþa Bositloû
lnst€¿tl of a latehya€Ë

ls used insteatl of

,to.È .t . io..tl ..d,.¡r-.¡¡.- J.,r r crJ¡¿ + tut)u, 
--) crl¡ -a{n-i - .H.- nr'-' J + Hra

.èr"f uttt/ - - 
åurrt 

-cu3



Â si(!€ r6action YJhich oft€n occt¡ls lnvolves the

rtecarboxylatloû of ths aoltl .

¡"r.'' (rt' \ 'ctt'
crlr- ctla-åu +cttro *'""t\rrrH 

-+ 
q¡tt-c¡rL-îH-c/¡-"(.."'. *c¿r ? r{¡o

C o, ù ') co¿.tt| J

4) IÍ¡ITE PEENOI,S

the ortbq ånô pala hydrogens of phenole are

sufflciontly actlve to on-16¡ i.nt o the Xfånnl oh aon-

dênsatioà. From p-cresol, nono- ancl <ll -subgt lttrt I on

product!¡ åre obtein€al . From phenol antl n-oresol ,
trl -subÊt ltut i on protluots are obt€ilneal . for instanc€,

an excosÊ of at least three molos of forBalôehyale

roaots ültb pheno] in the presence of at least three

roles of strongly basia non-arq¡natlo Ê€oondary anln€

to f orm a phenollo trl-a,mi¿e.'
ô¡l

({.t\¡-.r 
-4., *- - ,u,""c(¡. tl I \crtl I
\,/ 

L
\ I cd.

c¡.t- - N.¡ \qdì

lhere bes been some laterêst 1¿ the o ompountl

OH

^A¿ <ú\{ \crr,oHtt\,/Y
t{"
oâ

chlch rea,s suppos€ù to hav€ be€n produo€(l fron phenol
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1n aflraltno solulign $lth excess fornaldohyde. Eosever

attonpts to isolate tbis proôuet aJoù tb€ analagoua one

from n-croBol , have led to reslalficatlon.
Brunsen anat Ì¿aclúullen (ã) were able to obtain the

tetrA-acotête of thls proaluct in tho follouing nannar:

l. -hydr ox¡r-¿, 4, 6-tr 1 ( tllne t hyt amlacroe thyl ) -benzene ( 1 )

shen heatotl wlth exooas acetlc anbydrlalê th€ t€rtiary
N ' ¡J - di e-,>4'l?,'4s/

aolno groups splft off ln the forn of toe+{-e-+e++iory
d.ccf

bnlAes an(l the t€treacotate is proatuoed.
I

orqo-èt{¡
cll - G.o -a - crtr^ ¿ 0r- ò - co - sr{ J

V
c4¡.- o-co--Hì

EblF oolorlsss vlscous substano€ nay be dlstifl€al unðea

.reduc€tl 
pÌ€ssuro $ithout doconposltloû or reslûifloatioû.

Eorever, 1t do€s resiûlfy ln the pr€sence of alkali.

Â Mannlch reaotioû has b6en carriôal out $itb p-

bydrory benzatrdehytlo, the CEzNEZ glo¡lp going ortbo to th€

hydroxy group ( 5) .

Såphthofs undergo the same type of tÊaction. It ls

found that p -naphthol glves bettor yleltis than q¿ -
aaphthol . tshe reaotto4B are usr¡slly carrieÔ out in an

anhyctr ous solvent stch as benzene, water of reactioû being
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remov€è by refluxlng the eolvent through a water trap.

O4e uss to $hicb these phenofic cond€n6ation

producis nay be put ls for proteotlng f1lns (9),. Å

self-sìlstairing fi}n 1€ formeð of å. rtlbbor hydroch]orltle

uith teD percent of its Í¡el8ht of a phenol, f ornE¡lôehyal€ '
not,hylanine resln. It 18 prepared by oon(tê4Êlng one nole

of, phonol. tqìo molðs of fornalclehyêe, and one of uetbyl-

anine. lhose filns hav€ good resistÊnce to heat aûal ltghb.

s) !,ITs-.ågErrrpNEÊ.

?boaylacetyleae anô oertain substituteû pbenyl-

eoetylenes (10) reaot reatlily ç1th f ornal rtehyde antt

sec ond.ary anineE .

Ihe oonðitions are tbat ths acetyfenls oonpounals

must be unalor Ilr€sst¡r€ and in tho presorce of coppor

acetylitte oatalyst. Tlelds of s€v€nty p€rcsnt arê c o¡moa.

4yil¡o¡g groups hav€ an l4hiblting effect lf in th€ alphg

positioû, but 1n the beta position Sooat yleltls are obtaiûeal .

6) YíIES o( -3IcOIilAS AID SIIINAI,DINES

the o( -netbyl grouP in the pyrltÌlne or quinollÉe

uuclqus.has a hyôroger of about the saüe rosctivity as

those in the netÌ5rl group of a nethyl L€tonê. Therefore
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,¡
RCoc"a r'tt
\

the Mannlch\tale" place wlth these substaûcogo

TEe USE$ 0F PRI&{+RT a¡iINES

Prinsry amines may be used nith ketones, aldehyalê9,

aoi¿s and este¡a, .( -pisolln€s, and quiaaldines, îhe

worts on these $,ith prlnary anitres has b€en ¡ather scanty

anô f€$ exanplee sre qugt.eô ln tbe lltorature.
So Mannl ah rêaotlons lnvolvlng prirnary anlres $lth

phenol, s antl ao€tyl€nes h&ve be€B reported. Eowever F -
naphthylamlne (6) or < -naphthürlantne (tõ) ånd f ornalat€-

hyde have b€en contleneeal to glve varlous prottucte.

.å.nnonf a has slso beèn usoô as th€ base ln con-

densations with ketones anal acitls.

REIêTSÐ F8¡f91r9r{P

Fornaltlebytte fs not the only akl ehycle ohich na¡. be

usetl in this type of condensation. Othêrs are aoetaltl€-

hyde, pber¡ð¡laoetaltlehyat€, b€nzalal€hyale, anct anlsaf tlehytie.

Âmmoniå and prlnary amlnes seero to be the only su.bstaûo€s

uhlch wlll reaet çith thes€ aldebyilos.
o
¡le

a,r, ( {¡
crro or¿

ö

,lttru,
L*^,r1"-ô
,\ \r/

U
_-)
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ÁPPlJc4'rLoN 1g gYfi lwsls

1) PRtrAR.A.TIoN 9I' ESETLENIe C0MPOIItrDS

l[any of the conôonFation proalucts, especlally

those deriv6ô fron secoúdary aBines, atscoropose lnto
the a¡olne rñd ån unÊaturatgd compounal . Some may be

cllstlllerl unalêr realuoeô pr€õsur€ blrt tsost ôêoonposo

rbeû beat€al or subJooteö to steam allstillatlon.

coott
<.4.r' \"¡ 

-r \Nf-+-.o-o-..Hí ,Nro
<r ll e 4. - n¡,'r l r-

J 
'e' ¡¡r

+ c@r r 0.lô r crtlr-î-.o-o-.. ß"
c

O."-.H,-.",-"'-" -à O""-'"'"'J'" 
:;J)',t

Tho producta cleconpose apontelleously in a fow

caÊeg.
coc ¡,
I

a, H¡- -âlr - c 6-o -cr/Ja- + att¿o't

C. !r-. 
Mrl

<- ll../

others will unclorgo al€compoaitlon in the prosence

of soatiun sthylate or ôilute alkall .

' f¿ some eases wh€n tno oarbol¡rl groups are preseút

ono is eliüinated in the dsoonpositlon. lhle is a methoel
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for s¡mtheÊl.zlng .( -aryl or ôC -alLy1 acryXlo acitls

Hooc. ,a¡t\ <U' -C -e¡J.-N| ' --+ ¡|o<r<-ê: c¡r¿ r -")\ H ,aa,
4 ooc / !a ' 'c,lr h c|r/"" ' --L

Wben the actlv€ hydrogen ln th€ orlglnal oonpountl

is a t€rtiary ouê, an €thylenlo conpountl cânaot bê

fornetl by tlecomposition. It nay then aleconpose to th6

origlnal reag€nts.

C ,1, -c ¡3c-.4r-r,¡,ztl{}

.;. -ln. ,l = ' 
<'¡¡3

ö

å) coNvERsroN oF a sliroryE, rû. rls qEFT aIGEER uorûoroc

îhe unsaturat€d ketore arislng fron the Cl€composi-

tlon of e Mar¡ûlch baee ney be rerluaeð to fo¡n â ketone

with one ßore mêthy16n€ gro¡¡p than that used in th€

c\'¡:1e
cú¡-M- 

-è = o-----+

crl.\¡ cÂrro * 
.u] )u*
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5) SYntffiSrS DEPENÐENÎ ON tHE åCrrürf 0F TËE pIL{E[HgLAMJN0

eRop? ÎN Ðr¡ryrHrIAMrN9MÐrEyI,?EEpOtS

l&€thyl groupÊ nay b€ lntrodúc€d lnto ths phonolic

rlng Bsing thê proaluot :obtaineô fron the Mannich reaatlon

nlth phenols. ?here are tflo st€ps (a) the introduation

oJ ths ttlnetbylaninomethyl group by the conblned ectlon
of fornalin anal Aio€thylanlne upon the appropriat€ phenól,

(bI hydrogenolysls by heating unil€r pressure 1n alioxêne

using copper chrorite as catalyst (¿), or Bo(liun nethylate

solutlon et U¿O d.egrees (15). this ls the type of reaction

u¡hlch nlll be carried out ir this ¡€search.

4) RrÐ.UÊmON rO AMILoÂICOEoIS

p -substitutetl år¡inoket ones or alat€hyatês oan be

reduo€d to th€ oorrespontliûg ð-substltuteê a!01no-

alba¡olC.

Tbe Y-aninoeleoholÊ, ln the form of thei¡ bônzoat€s

and p-amino b6nzoates, are used as local anesthêtlcs.

The co¡onerelal anesthetlo tutoaalne is matle as follows:
c {¡- 
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It has been fountl essential in.nost cases that

th€ ealtE of the anliloketones b€ of a htgh ttegree of
purity before reduotioû is attsüpted (81 .
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tlscussr0N 0F REslttrs

Õ onde¡rgatl ons

In these Meunieb conalensations it rüas åasumetl

that 2, ?-ôthyûroxynelhtbalone woulal r€âct slnllerily
to p-naphthol . Sinoe 2,?-tlihyôrox¡maphthalene is e

ratber erpensíve chemlc¿l , trial runs $ere maòe ûith
p -naphthot first.

lba ?, ?-ôihydroxynaphthalene useal ¡!aÊ obtaineil

fron Eastnaû. Eo!l¡ov€!, it was so oostly that attempts

ruero natl€ to syntheslze it fron the corregpondlng

sufphonls acirl . Standaril prooesalu¡€ for fusion was

r¡sed,.

The general procelrture for the contlênsation $eõ

that of galat$ell a4ci thonpÊo¡ (4). ¿,queous formal.de-

byd,e 1.5#I uas use<l . rb tn" oase of atlnethylanine, an

aquoouÊ solution of this !Ías usoal alÊo antl no solv6nt

sas noo€ssary. lh€ only othor solvent ì¡sod. lrrås ethanol
(95øI . the reaction goês unôêr both hot anal colal con-

alit i ons .

It was very rlif flcult to purify these ¡[anni cb

b¿ses. Àft6r rêpeateal r€cryståt I i zati on to constant

rneltlng poiût they still haô a yello$ col.or and gave

lnconslstent aonbustlon results for carbon snd hyalrogen.
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Thê nitrogen results for tho eondensation

proaluot of 2, ?-dlhydroxynaphthalene anù clinethyl-

a,niro poÊo an inter€stltg supposltion. Ibey seem

to inaticåto dlsubstltution ln cof tl solutlon anÕ

noaosubstltut l on in hot solutlon. For tbe comp ound

resultlng frot colð solution the nitrogon combus:!1on

agress fairly mell r¡lith that calculated from the

c ompountl .

"È¡r. ,'Èl
"d¡ 

-lÚ f-.Ér

,,"1ï""
\' 'l

,"rl
T "ÉriA'

'"1ìt"'
\,4..,/

[he combustioû resufts of the coûpounal from hot

solution agre€s with that oalaulated for a nono-

substitut6ð mol ecule

Expori,netrtal: 10.84 N

th€or€tlcål for C,.[r.O.N¡ l.O.ZZfo

ßrperlnental: 5.9Sø S

theoretioen for C,rHr"O.N z 6.aafo

Thls tr¡hase of the reaction ls entirely probable

but the failure to obtain consistent carbon-hyalrogeB

combustlon results Jorc tbe såme compound throrcs some

aloubt on tb€ accuracy of the nitrog€n results.
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Reduo t 1 on

.ùll attempts at retluotlon Ðet crith f¿if,urô,
Catalytlo retluotlon (hydrogen and platlnum) iu
ålaohol fa1]€è completely. lhig boars out th€

obeervBt lons of tìtooilsård anil Dosrlng ( l5) nho üotêd

that substanoáe nhich sontaiB a stroûgly baslq

últrogen atom aacl a phenolti funotlon 1n the sa!0e

nofoeule ¿re renarkably reslsta¿t to oatafytlo re-
dusti on.

Sodiu.n åüal gar hacL no effeot. Uslng tho stand.aril

xoetho(t of 2/ sodlun en"lgam v,,ith atilute hyrlrochlorlc
aoiA, thê starting materlal sas alÍvaya quantitatively
racovo¡etl uncha¡rgetL.

Wooalsaral anal Doe¡lng (15) ueoè a methanollc

solution of 5oð1Br netbylate heatoat at pAO d.egroes for
16 hours to eocomplish thelr r€aluotlon. Eowev€r, an

autoolavô ùas not available for this norts. -å, solið
brass tube cles€d at on6 enilrnith a long Êo¡er top at
the otherrnas úaale. Attenpts tg make thls apparatus

leakproof for an e¡çtenô€d, perlod of tlmo Þroreal futlte.
lbe nothyl alaohol ¿11 bolleô auay lu l6ss tban oue

hour at 220 tlegrees. It was kept at ZZO ai€gre€s for
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the ¡en¿lnlng 15 houre rlthout solv€nt but no

reduction took plaoq .

À standarô Par¡ bonb for sulphur (lotermlnê-

tions reas tried. It too, begda to .loak ohen the

tamperaiure reacbotl åbout ¿0O degre¡ts anô coulal

not be !ûaat€ to holal tb€ solvent for extentlod porloag.

å sealeil ?yr€x tub€. reactÍon ças the only otber

m€thoat available t,o thls laboratory. It $ss accortllagly

trlett but al$ays resultecl in au erplosion elthin the

first four hou¡g.

The fallure of the reauotfon seemeä to bo due

to thê pbenolio group, sinse the reôuctlon of $tannl oh

basçs not oontainlûg tbis group are r€porteat to go

snoothly. It ças thought that by netbylation of the

phenolla group of th€ Eanaloh base8 the aoittity of thê

nolecule $,oulô b€ effeetivoly reduceô.

îhis ças accordlagly trleil usiag nethyl sulphate,

llh€ prodì¡ct in every case rïas a gu!o. Â11 sttonpts at

crystallløatlon anti lat€ntlfioation fåi1eö. Ð€conbe (8)

founal that ¿-lpiperldlnonethyll -p-naphthol shen boilàil

wlth 1@ sotllun hyalroxiale gave nethyLene bie-p-naphthol.

/ ¿ Ì¡r-- c¡lr\
({- _ n - eû¡r
t - -c-¡.¡. -¿rJ 7

ÂÀ"t u' ot+

\À/., ct'
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Slnce the use of netbyl sylphate requires soatlt¡r

byilrox!.ðe it nas tbought that a c onpounrl of this type

mlght be forning tho gum. lhe us6 of atiazomethanê for
nothylation roquirês no basic reagents. Dlazomethane

was acco¡dingly. preparetl a,nd. r€actotl vrith oC -( rllmethyl -
anlûonethyl)-p-naphthol . flos€ver, th€ proôuct ln
this case also $as a ôeep rêd gum. [h€refore th€

rosinlflcstlon 1s not due to bls-compounô f orr0ation.
Ânother line of attaoh was methylation of the

phenolic group bofore introalucing it into a Manni ch

rêaction. Accortllngly the methyl etho¡s of p-naphthol

and ¿, ?-ttlhyaþoxynaphthslene rlere prGrpar€d, giving the

Íefl bnosn ûo¡olin (Melttng point ?2 tlegreesl anct

¿, ?-alinethoxynaphthalene (U.eltlng point 154 ctegreea)

r€spe et lvely .

It ûås f ounat that the nethyl group completely

inactívat€al the a onpoutd ea far as n$aúni ch conaleÉse-

tions s€re concerneû. Ev€n long boiJ.ing in aloohol

failetl to cond€nse th€ reâctÂnts.

As aoteal proviously (f .8) B¡unsen ¿nil nÁesMullon

(51 eucoeedeô Ln lsolating th€ tetraecetato of 1-hyitro:y-

¿,4, 6-t11-( itlmethylanlnomethyl ) -benzene . A redustion
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sas carrieal or¡.t r¡lth thls coEpouBd uôlng coppel

ohronito åt 1?? atmospherês hytlrogen prossuro to

glaø 2,4,6-trinethylphenol. It taô not posslbla

to obtain\tråe drastlo reðuotlotl oonðttions us€tl
,\ \

by Brunsen anat ¡{acMutlêntin thls laboratory} but

thêir work {ras rep68t€al to obtail¡ the t€tråacôtato

aatl all the above noted realuctloB proooldures sera

trle(t on lt. It was thought that the proce\dÈr€

coultt be 6xtenô€ù to tbe other ì[¿!ni ch bes€s. Earg-

eve¡ aJl tho reduotlon prooeldures av8,ifåblê in

thls laboratory failett to nork.

Since all rettuctlon possibilitles at th€

dispoÊa1 of this laboråtory û¡6re ôxbauBteal $ith no

rosults, it was f61t that further uor.b on thls

subJect shoì¡lat bê tliscontinûotl .
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EÃSM$I&TA!

¡.} PRODUCTTON OF ¿.?-ÐIErÐRoXYNÀ18TtrÂTENg

the 2, 7-ð1hyår oxynapbth¿l eno usod saa Broaluc€tl

by potassiue hydrorftle fusioa of naphthaleîE-a,'l-

tllsulphonlc acid (sodium e¿lt1. Pu¡â potessir¡r

byrtroxitle I f aO g.¡ $tth 5 ¡01. of w¿ter sas hoateal 1n

e nlctsel crEalble t0 ¿50 tlogreê6 at nhich t€nperature

tbe mixture $as conpletely llquifled. Th€ Êodiun

sulphoaate (25 ù, provlouely ùrieô a¿d Bosd€r€at,

sere aðrlett slonly trrith stirrlng. the masõ ças stirrecl
contiüuously with a m€tal. -oncasetl thernomoter. anrl

brought to ã10 degrees for ten miautes. The nixture

vas dropped., flhil€ still llquiil, onto crackeal ice.
ThE solution s,as neut¡allzeti u¡ith concentrateal sulphurlc

acld. and eooled to rooe t8npsrature. Tho soll(l nas

filt€râd off and both solutlon aûti solltl extracted

oxhaustively ulth €th€r. The ethe¡ axtracts. ¡ler€

oombineal anal the ether evaporated., leavitg a broun

sol1tt.. thle solXal reas recryatal l i zeal twico from bolling
rat6t, using anlmal charcoal,. The 8, ?-dihyatroxy-

naphthal€ne 1s å. pur€ $hite sof,iô $h1ch tselts at 195

clegrees.
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(B) CoNpÐNsaqrp$s

The Mannlch e ondensati o¡ls were carri€d out ia
three weya, all. nor€ or legs slnilar:

I) Ðo solvent, kaeplng the solution cold,

2) üo solvent, keeping the solution of B0'9O d6grêeÊ j
ã) Alcohol so]v€nt,, k,eeplng the solution colô.

lho conôeneatio4s of 2, ?-tlihyatroxynaphthål€ne arxai

tllmethylaninê rrill eerv€ to lllustrate thes€ pro-

oe\d.ures.

l) $o solvent-cold

thls proce{dure follonecl thåt of Calttwell enat îhompson

(4), 2,?-Ðlhyttro¡ynapbthalenê l4Br,O25mo¡e) rsere mixeô

nltb 1O' g.of Zsift atlmethy1anin€ solutlon (.055 nole) In
a snall thrs€-necketl flask €qulppstt ûitt¡ mochanlcel

stlrrer, thernomot€r, anô ôropping funnel, and. surround€tl

by an lc€ bath. ? g.of s5ø fornalin (.0?5 nole) nere

eclded slocly through the dropplng iunnel, rgith vigorouÊ

stirringi at euch a rat€ thet the t,€mperåturo atial not

11ê€ abovo 20 tlegrees C. A prsclpitst€ forIoeal anat the

$hole mass b€came solla. lhis was f ilteretl and washecl

thorougbly Eith coltl Íat€r to r€nov€. th€ €xsesE forüal(le-

hytle and dlnethylamine. .Àfter rep€aterl recrystsl l i zatl on
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f¡ou ethanol-srater, the ponder rras stllL p¿16 y€l1ow,

çlth a alecoEposltiotr point of 149 ùogr€eg. Carbon-

hyrirog.en conbuEtion r€sults Bre iasonsistent bllt

nltrogen aonbustioa shorged LO.84 (cata.N.Z4l

2) üo,solvent-hot

The saE€ quantitl€s üi€re uÊeal . lbs 2, ?-dlhyttro:qy-

napbthalene, dfuoetÞ¡rta,nlnâ mlxturo $as hoetoa on ¿

nater bath untll all the 2,?-aühyd,¡oaynaphthal€n€

ôissolveô. [he forrnaltlehyile was then saideð slowly

at 8O-90 al€gree9. Â ploolpltatê forneaL whlle still
hot. the mlxture r¡as cooled antt precipitate flltereô
end washoal rùith üater till all tracas of forrnelclobytle

anð dioethylaniae lrere rsmovetl. Rêpoat6û recrystalllza-
tion fror etbanol gave a dark yollor-brorn solltt witb

a ôoconpositlon p0lnt of 195 üogreêg. Csnsj.etent oarbon-

hydrogãn conbì¡stion r€Êults coufð not be obtatnêal.

Sitrogen aonbustion geve 5.98S (aale'.J.}?,{sl .

3) Aloohol solv€nt-ooiô

2,?-iDi.hyitrorynaphthalene (+gJ and l0 S.ot. ZïdÃ

ôl.netfurlamln€ âolution w€re dissoly6al lri 25 ml. of

afcobol . Sormalù¡ {?9.} nas ailêeû.slor¡ly ntth stirrirg
ko€plng temp€rature b€lot ¿0 dogrees. Å presipltato
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formetl ¡¡hlch nas fiLt€roal âüd vrasheô thoroughly

with watsr. the pale yellos polrd€r (deconposlng

at, 149 ctegreas) prov€al to bô th€ sane as that

obtained, from cond.ensa.ti on ln the cold sith no

sofvent .

Â surnmery of tbe conaiensåtion proalucts obtalneô

by the above sta^aôard. nethod.s

(a) çith p-napbthol and

li) itinethylaniûe

Contlensati ons in hot or cc1ù sofutiorl

yieltteù the Fåns product. Recrystal f i zatl oû fron
mothanol gave colorlesg leaves (M.P.'15-'14 dogrees).

Eaperineûtål,i t, 77 ,82, E, 'l ,ZO, If , ?.10: îheor€tlcsl
for C,rE,p N; c, ??.61 , E, 'l .46, N, 6.96.

{ li) Pip€rlùine

. trn aoltl sol.ution a whlte poûder nas obtalne¿.

.After reôrystallization from nethanol it had a melt-
ing point of 95 ategreês. D€combe 18) reports a rolt-
ln8 polnt of 94-95 ¿legrêes for this compound.

( iil) tr[or]holi.ne

Contiensation 1n cold. solution proaluceal a

harrl plnk nass. Recrystallization fro¡n ethanol-cratsr
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ylelded whits shiny leav€s of ¡[€1ting Point 115-16

alegreôÊ. Experln€ntal ; C, 74.24o, fi-, 6.5Alo, ß, 6J,4..

îheoretlcal for t"Err0.N i ë, 'l|.Qlfo, e., 6.9#, ñ, 5.76dÃ.

(b) tith 2, ?-clihyôrorynaphthalene and

( i¡ dlm€thyla¡¡i¿e

In oold solution ü,ith no solveni; and

also rtlith al.cobol solvent, a pale yellow pooiter

$as obtain€d. Repeatod recrystal,llzati on ¡voulö

not r€nove the color. Th€ powder hatl a al€cox0poÊl-

tlot poltt of 149 d.e8¡ees and nltrogen combu.sti oil

yleldeil IO.82fa nltrogen.

If tbe conalensation $as carri€d out at

B0-90:.degre6s a doep y€]1os broren solid ü,as obtained,

ileoomposing at 195 degrees. Consj.Êt€nt carbon -

hytlrogen r6sults coü]tl not be obtained. but nitrogen

conbusti on Batø 5.9Úo.

( 1i ) PiperiallEe
goûal6rÊation in the cold $,ith and without

Êolvent yiolated tbe sane proðuot, a tan coloreal

ponôer tleoomposing at. I55 d€gr€eÊ. llo conslstent
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aonbu8tioû r€sults cou¡al b€ obtalnêtl .

In a hot solutlon a tlark bronn solid sras

obtalnsat. Eopoatoti roorystal l i zatl on from rnetha¡ol

$oulal not reuovê thê color or chsnge the alecompoÊi-

tlon point, r'lhich was ¿15 deg¡€es.

( 11i) Morpholine

Àga1n both c onatenôati ots ln the oolal

ylolùerl th€ sa,be prod.uct, I green solial $hich ds-

conpsgeal ¿bout 155 ôegrees. l¡{o crystal ll zat loÛs

fren ethanol yieldett pu¡e r¡¡Ì¿ite neealles, n€lting

sharply at 164 alegresÊ. These crystals took on a

gr€en tlnBe after stanôing a fes day8. ExIt€rlmêntal;

g, 6'l .4#., H, 6.9&z Thoor€tloal for c..8".0*\ e,6'l .O4%,

E, 7.2&.
th€ hot reaction, in this case, yielùeû

the same produci 9s the cola!, if the solution $as

alloü¡sô to remain hot no 1on86r tban half an hour.

Prolonged beatlng ylelttotl a green-yel1oY¡ po$atsr at6-

composing at ¿11 degre€s.

C) REÐUCTIONS ATTEM TTD.

a( -(pime tbyl a,mlnone thyl ) -p-naphthol It as t he

co!ûpound ì¡seal iû the attempteù r€duotions slnce it
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oaÊ the cbeåpest to produoe anal the reduetioû

proatuct, oc-nethyl-p-aaphthol , is well kno$n.

1) Catalytlo

Â eolutlon of 2 g.of the trÂarrnl cb baso

(.Ol nole) ln 50 n]. ot g5l" ethanol ras natle anô

o.1 B. of AðaEE p¡atlúuD catalyst addeit. Å stanala¡al

Parr 1o¡l Bressure hytlrogenation apparatu8 was usêd.

lho rôöuction sås cårriôtl out at 45 ?ouBtl Br€ssufe.

No tlrop in preosure rras noted. Aftsr the platinun

Ías filter€d off and. the aloohol ôvaporateai the

bage u,as râcover€al intact.

2) Sodlr¡u ånalgan

the $annish bås€ ( 2g. r rol molo) qss sôd6ð to

75 g.of S soillun emalgao in e flaslr. lh€ flåsk nas
?f

stopd6d aaal vigorously shaken. Uo reaction oocurr€al.
I

Àfter hestlrg, lt sês subJ€cterl to further shaklng

but no r€ôuatlon tootr placo. fh€ base was recovereal

unchangetl .

ã) Sodiu$ ¡fethvlaiq (1ã)

Soðlum ( egJ was placerl ln a snall gJass pressurê

bottl€ ancl 25 nI. of absolute rnethyl alcohol adðeô. When
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rosatioa harl ceasetl, ¿ g.(.o1 mole) of tho Manûioh

hsse ¡ver€ adaleal anal the reaction bottle tightly
sealeal . It was hopt 1a bolllng çater for ¿4 hours.

lbs soatlÌ¡¡ß nethylate $as dêc onposetl ¡sith l¡r8tar anal

tbe base recovoreil unchangeil .

llhe såoe reagênts nero pleced in a bress bonb

and tlghtly sealecl ulith a sc¡€¡e cap. Th6 bonb flas

ptaceô 1n sn oll bath and heatod t,o 22O ale8!€6s. Alt

åtteüpts to mak€ the b or¡b leakproof net rvitb failu¡e.
After ¿n hour, all th6 excess nethyl aloohol hait

bolled away; fhe bonb $as b6pt at Ê2O degrêes fo¡

16 hours. 0n oooling, a gr€en-broçn sollal was. obtalnedt

sblch di6solvott ltr $,ater to a sllghtly baÊlo 8olutlot.

Ådatition of aciô precifltsto{ a tlovln ouldy substance.

Recrystalllzåtion Jrou benzene yields a bro$n po$aler

nelting ¿t 199 ttegress, nhfch proveal to b€ tothyloû€

bis-p-nephthol .

4) Sodlun Nethvlate on the Esterlfied l[annl sh Bsse

* flrnethylaminonethyl ) -É-naphthol ( 4g.r.0? ¡¡ole )

were placeil ln a flask and dissolveô in 1@ Foð1t¡¡r

hyilroald€ solutlon, Dlnethyl sutphat€ (3.5 gl nas

aôdeat slonly with Btirring k€oping th€ t€mperature

bel os 20 degrees . ¡fore soallum hydroxl al€ sÍas atiil6d
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ïbôn neoessery to k€ep the solution basic; Wb€û

all th€ atl¡lêthyl sulpbato uae atlôeil, 4.6 g.of e

greenlsh yellow gum üer€ obtainett. üo attenpt.l
at crystalLlzation of this gun !re!e nade, but\nes

useal allroctly ln tbe retl¡lctlon.

llho totsl yieltl of cruale Bethyl ether wae

alissolretl in 25 nl. of absolut€ n€thanol in a pr€ssûre

f las& anat Z e. o! soallum aalatotl . Aft€r th€ reaoti on haal

c€aa€ö, the f,lasts $aB tlghtly stopper€al anrl put ln
bolling ¡ate¡ for ¿4 hours. lhe blown seml-solld sas

allssolvêal in 50 nl. of hot satêr totl baeic so¡¡¡tion.

.&clallflostioa thrQuf ort a brosn preclpitate aleeotspos-

lng ¿¡ l?4 ilegroes. Recrygtalfizatlon fron bo11lng

benz€aq prov€tl lt to b6 nethyléne-bis18-naphthol
(M.P.199 d,egreea) .

5Ì tetraacetate of 2.4.6-tr1-( cli¡oathyl amlnonethyl ) -phenol

The proceþdure followsô u¡as that of Brunso¡ anal-t
l[aaMullen (5) .

i. nixture of 94 g.of phenol ( I nole) ancl ?20 g.

ot 254 aquoouÊ <linethylanlno (4 nol6s) were coolsù to
80 ôegreee anci stirred. ¡vhile 515 g.of ø,4o fornaldehyite
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lã.5 nolesÌ uas aôded. dropfllso keeping th6 tenperatur€
-p-el os 50 degrees. th€ mlxture reas stlrrqal f or one hou¡

aft€f the addltlon 8t Z5-5O tleSrees anti finally heat6al

rsith goott stlrring undet reflux on å st€8m bsth st

90-95 ategreee for t$o hoBra. îo the hot sol¡¡tion 200
t^rú-3

g. of sottluo ohlorlde rúiÉ adclett antl th€ mixtur€ stlrr€(l

for 20 úlûutes at 90-95 alegreês. ån otl låyer sêparatêal

anù sag tustlllott st 170-186 äegrees at 20 nn. Iielð
60 g. this r¡ras heated wtth 125 g.of acotla anbydride

unð€r reflux at 90-95 for three hou¡s antl au,stilleô

untler roatuo€d pressu!ô. the têtraac6tato atistltlett at

2L7 -22O degrees st 11 n'n. It ls a clear water-brlght

oll.
Íhe follo{rln8 rcôaiuotion nethoùs ulere trietl on

this compounal:

(a) a sorution of. 6 g.{l/too nol.e} of th€ tetra'
ac€tato ln 50 nl. oJ ether Í/as maùe antl 0.15 8.of
psllaallun-charcoal catelyst ad.deè. the mLxture n¿s

shakên in a Parr hyilro g€nat or st ã atmoBph€re fo¡ tlo
hours. So fall ln pressure Írss noteal and the t€tra-
ao€tate vì¡as roooveretl unchangeð .
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(bl fhree g.of the somp ountt uere tl1sso1v6ð ln

5o nl. of etbanol antl 2 g'of cop?er obronlte a'ldeil '
S o ¡etlucti on t ook ?lace in t¡; o hours in the Perr

hytlrogenator.

(o) îhe têt¡aacetate (ã gd nas alissolv€d 14 ¿5

nf. of åbÊoh¡to m€thanof ln a pressure bottl€ antl

2 E. of soatium aalaieai . Aftar r€aatioû ceased, th€

bottl€ rnas tightly stopp€red anô b€atod ia boiliûg

$ater for 24 hou¡8. lbe tetraacâtatô $as recove¡ed

uncbangetl .
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[be followlng nes conpountls bave beea syntbeslzeê:-

1) a(-(ùinethyla,nlûonethyl)- Æ -n8lhthol

2 ) o( -( norphollnon€thyl ) -F-$aphthol

ct¡ 
' " 

tl3
¡
c- H.

eû"'

¿.¿lf ,-.t!! . , tt.- " /t.c r,
toi.n -_ 

.o )f Ir",r,-.,,"''
' 'cß. Ldr

"'ffi"'

0olorless 16avêg

M.P. 75-15 clegrees

lYhite shlny leaveg

M.P. l16-16 alêgroêE

tan p oniler

U.I . 155 tlegre€s (deo. )

Þ,t
ø ) t, e { atnothylsminonet by1 } -2, ? -cti byif roryuaphthal ena

lell o{ powclor

¡[.?. 149 ðegreês faeo.)

þis4) 1, 8{Flperlallnooêthyt),2, ?-d,ibyitrorynaphthatene



5 ) 1, I -dfþorpbol lnonethyl ) -?, ? -dibydr or¡maphthat ene

t;;-:A,. i;ì:i:."* ,,hit6 neec*.e6

,,"â'\., n.s. 164 .resr€€Ê.

u.-tl
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TBE PRE?ÂRÂTION AND CEÀRAOTERIUAIION OF NETRÂSYDAOSIIEI'IIRAI,

ATD ÎEMÂEYDROFUROIC ACID



r¡¡lBOpUCrrOS

work is b6lng earri€d out in thls inËtitutlon
by Å. êleel¿ger pertainlng to tho chêmlstry of ili-
hyd,ropyran (fl. îhe ohlorohyallln of tbis has be€n

obtåineal (If) enrl its €rplrical structure proveô by

analysIs.

In aquoous systems th€ chlorohyalrlû êxlsts 1n

equllibrlum ûith an alèehytte form.

O Ç;

c¿

¡lo
Ç

Åttenpts to procluce tþe ¿,4-aliûitrophenyl-

hytlrazone of this aorBounal ylekl a prottuct oontâin-

ing no chlorine. Tbls sane phenon€non hss be€n

observeal r¡eith th€ bronohyrtrln. the 4,4-¿lnltro-
phenylhydrazone aûd the osazone have neltlag points

oorresponûing to .thos6 qf tetrahlrdrof ¡¡rf ural. å
hypoth€s€s as to the fornetion of this al{t€hyale has

Tr
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b€ên put forrsral lavolvlng ring cleavage anrl

r€fornatloa to a five-nomberêal riûg by loss of

HeI.

$ = Çq','¿, Ç"",
lhe chc¡acterizåtion of tetråhytlrofurf¡rral

ånal tho corrosponôl¡rg t€trabydrofur oi c acial has

be6n rather lightly treåt€at in tho literetur€. Tbe

purpos€ of thls resEarch ças t,o pr€påro th€se con-

pounals by indopenclent m€aas and to nake enough

ilorivatlT€s to fu1ìy cba¡acterizê thê!û.
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6IEERÂTT¡RE SURVSIT

DIÊTDRO?TRAX

Ås thls $or! iÊ not prlmerily oonoernerl

nlth ûlbyitropyrn, no lltoratu¡€ s¡¡ry€y nill be

given here. Å conplete surv€y baa b€en- naile by

Êleslnger (?) lu hls lÉ.Se. tbesls.

EErRÂHrÐROFgru,rr8ÄL

1),PRNPAÊATIOU

Only thrg€ nethods of preparatlon of t€tra-
hJalrofurfural haye beeu at€scrlherl 1a thð llterature,
t$o. usin8 furfu¡al as a sta,rtfuxg nat€rial å¡1d one

usln8 tetrahyclrofurfuryl alcohol.

The earlleet pr€paration Íraa fron the aoetal

of furfural , firÊt procluoetl by Clalsen (¿) by react-
ing orthofornlo êst€r sith furfural., anÈ later by

Ailklns and bis oo-sorkers (1) ueing absolutô othanol

aarl rlry hy(lrogen ahlorid€ wlth furfu¡al . soheibter,

Sotscheot anal Friess (1?) suoceetleil in red,ucing the

acetal with þùrog6n usir¡g oolloldal l)latlnun, or
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3ålladinateti charcoal . tater Åôklnõ et al { 5}

egoonpllsheil tbe sarûe resu,lt using Raaey nlcbel

at 2OO atrosBher6r bytlrogen pressuro. Ihe yielös

by thls netbo(l å¡6 not gooal and the produot iB

contanlnateil by inpurltles, mal.nly t€trahy{lro-

furfuryl alaohol; shich are cliffloult to rêmove.

Å seconal ancl much bêttor proce\durco 1s that

of reiluctlon of the dlacetate of furfureX. tbis
was don€ by Schelblôr, Sotsch€ck anrl FriEse (1?).

The tiiacetate is easler antl less expenslve to

prottuao thsn th6 ao€tal end itõ reituction giveg

rise to úo unilesirebt€ sltt€ prod¡¡otÊ. fho ði-
ecetate is produc€ô by merely refluxing alistilloô
furfural witb scotlc anhyèri aie anô glacial acetle

aaid anal then fractionatlng the resultlng mirture.
fhe sol1d aliaoetate is ¡educeô in ether solution
using hyclroge¡r antl pal laalinatod charcoal . Tho ¡e-
Êultlng t€trahyðrofurf ¡¡ral tliacetate lB easlfy

saponlfied. $¡ith ôllute acLô.

Ehe thl¡tl methoal sas roportoù by Einz, !1oy6r

anat SchBcklng (9)¡ It conslsts in the oxlôatlon of
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tetrahyalrofurcfqryl alcohol. Soctium tliahronate

lt aclal solutlon ses the oxlalizing ag€nt. Â nlne

percent yiold. of tetrahytirofurfural 1s r€port€al

aI ong with unchangeô afcohol . t€trahyalrofurolo

aoial, ånal the estor resulting froB thê Latter two.

¿) DNffiIV.A,IIVES

lha 2,4-tlial tr ophenylhyôrazone has boen

variously r€poïtotl; Elnz, Meyer ancl SohuoÈlug (91

obtainêd two forms, a yellow one from lce coltt

solution {¡[.3.f55-6 dogrees] anal a red oae at rooB

telnp€ratur€ (M.Î .¿04 degrees). The yellot forn ls
unstablo anô ohanges to !6al on standing. Wilson {21)

obtainêat tho 2,4-tllnltropbeaylhyalrazone fron aqueoue

solutist antl reports th€ n€lting polnt at L6O-åI rlegrees.

Eurtl anal Ed arôs ( lO) also rûsðê this at€rlvatllro b¡rt no

Aetalls &s to hor 1t $es preparetl are roporteit. thei¡
netting polnt ras L55-64 deg¡€es. fhe last tiro

refereaees xûak€ ro m€ntlou of a highsr neltlng forn,
the beaaylphenylhychazone $es firÊt obtaineô by

Scheibler, SotsshooÈ antt Frlose (1?). fhey produooat

gnall çeakly yeJ.low crystals of n€ltlng polnt 67 alegr€€s.
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E¿rd and Ðdnards (10) nado thls alerivatlve enal

glve tbe nelting point as ?e-?4 dogreeo.

Eurit anit Etl¡rarðs (1O¡ eåde the oãazon€

fron the ¿,4-iltni.trophenylhydrazon€ antl glve the

loelting poiat as ?4¿ d.egr€es. Iboso norkers also

naile the .p-nltrophenylhytlrazone n€ltlng at, t46-147

cle gre ee .

ü.cElvaln lf5¡ in a tsble in hls tert book,

llgtõ å senlcsrbazono of t €trabyal¡ofurfurâl . lh€re
ls no nontion of the sourc€ of thlÊ lnfo¡matlon.

These ere the only five tl€rlvatives of t€tra-
hyðrofurfural ûs4tionôtl in the 11t6¡ature anil there

seon to bs some rllscrepencies oonce¡nlng the ueltlng
poiats of soqê.

rETBÁsfÐR0qlrRoIc acrp

1) PRDPARAÎION

Tlenhaug antl Sorge (2O) ¡sp6¡¡ one nethod of
pr€par¿t30n by th€ r€aluctlon of furolo aolcl; using

e solloldal auspensj. on of palladlaous chlorlôe $íth
hyclrogen. It was later accompllsbsô by Kaufnann an(t
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Âtla,ns { 12} uslng }yctrogen and platinun with a

snall amount of ferroi¡e chlorlaie as catafyst.
Paul and Fl]ly (16} useô Raney nic.kel at þiBh

hyttrogen prossu¡e to produce the t6trehyd.ro-

furolc aci(!.
' the. onfy other prepâratlve nethoal ls that

of Elnz. ¡[eyor and Sohucking (9) by oxltlatlon of

tetrahyatrof.urf uryl alcohol prevlously dlscusseal .

2} ÐERTVATIVES

3ha tot¡ahydrof uroarnitte oas prôpared by

ÌIfelnhaus and Sorge (¿0) , n¡o obtai.ned wbite le¿veê

of meltlng polnt 80 dogrÊ€a. the anlde was also

report€û by ?aul andt Eilly (tO) çfio gj.v€ thô roeltlng

point as 7B-9 tlegrees.

Kleene (1ã) attemptod to matse the phenacyl-

€ster yr.ithout suocess. He made th€ p-ph€nylpheaacyl

ester, a nihite ponaler of melting point 100 al€gre€s.

lhoso are the only two al€rivativ€s of tetra-
hyclrofurolo acitl r€porteat in the llterature to ttate.
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Â} ?RODUCTION OF TE{RAEYDRO¡'IIR¡I]R.ATJ

Since tbôre were large quåntiti€Ê of tot¡a;
hydrofurfuryl slcohol. on hand in this laborato¡y,
thê orialati oa of tho alcohol, üas the first nethod

trlett for tho preparatlon of tetrahyrir ofurfural .

Einz, Meyer anä sohucktng {9) osed sotliuü

<llchronate i¿ aolct solutlon as their oxi ati z1¿g èg€nt.

they obtåluøù a S yleld of tetrahydrofurfural. and

ZO/o yIef.,ô, of tetrahytlr ofur olc aoirt. [h€ sork sas

rêpêateû but the best ylelal obtained vaa 6$ of the

aklehyrle and no acitl at al t .

Slnce the ylolcts Írer€ so Loú, other nethods

of oxialati on $ere trieat. tr'a¡kag anil Soháchtor (O)

oxld.izeit benzyl alaohol uslng a nixturo of potassiun

bronate, hydroohronlo acltl, anè sat€r. fhls nethoô

Íås t¡ieal on tetrahydr ofurfuryl aloohol but the b€Êt

ylelil obtaiûôð {eas +fi of. the åldehy(t€. å noatlficåtlon
of, this nethoit by the saÍ¡e $orkers uslag b¡onine fn-
stead of hyctrochronic aclcl gave a 5S yteld.

Oppenauer ^o:cldat i ors $€r€ trl€il of th€ gen6ral

t'Por lrrl ^"
f{-cl,od +- Rr-c-H" Y]1' iÎ-cHo ¡ R t-ctt,og
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Àlu¡nlnun phenolate-qulnone mlxturEs hatl no eff€ot

on &etrabyôrofurfuryl alcohol . I,an a hen¡rus r and

Schlng (14) give a oonplete n€thoô for oxlôatlon

using aluminun. tsopropoxltle anô aniEalùehyd€ as a

hytlrogon accepto!. thls netho(l proalucô(l no totra-
hyôrofurfural either

Sbe Bothott of Schelblor, Sotscbeck and Îriese
(1?Ì provod to bê the best botb for purity aûal per-

oent ylelil . It lnvolv€s the procluctlon of the diacôtato

of furfu¡al r oaialytlo hyttrogenati on of tho aloubl€ bonda,

"oa 
-*Ë*#åË4on of the t etrahyûrof urf ural cttacetat€ .

Ç1.n. # [7",

¿rJ o Èe

<-H o t ltrso,

/ Oj' c o'ctl t
\o-"o-cr-J3

l+ütl
J

o-<o-crll
cH'\ o - co-ctl,

An ovoral,l ylelil of 1ã peroent trås obtained. anä the

proôìrot oontaineat no fulfural aa sho[n by th€ Ê€nsltlro
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aalllue acotste tôst.
Â few of the refinements suggeÊtêal by Scheibler,

Sotocheck antl I'!1oÊ€ were found to b€ qìrlte unn€cosaary.

llhoy stat€ that, slrce the byd.rogonati on .cannot be in-
terr¿pteal, only 5 g.of tliacetatê may be rêatuceai at onô

tine. AIso theso authors clslm no hyairogoa BbsorptioB

takes place unlesa tho ether usstl as solvont bo pre-

viouÊly $esheô with soallum hyôroritlo solutlon, alkaltno
perüangarato solutlon, !Íat6r anô atrled. $ith calalun

chlorlale anti sodir¡ü relre. It nas f oun¡i posslble to
r6duc€ ¿5 g. ln ord.insry uûtr€åt€tl €ther easify in tuo

hou¡g or less if thê atlacÊtat€ $as useal fulnsdiatêly

after racrystalllzatiog .

3) ÐERMTTVES m TETRAFYDBOFI'RX'UR+1

Bo solid pheaylhydraz one $as obtainêd.. this
ågÍ6es wlth $cheible¡; Sotcoheck and Friese (1?) r¡ho

l

obtainoal a yellow-reô o1ly produot which cryÊtaltiz€ô
only nltb difflculty and resinlfieat easlly., thes€

florkers afso faileal to get a sollä d€Ìlvative oith
hyctrorylanlne as ûas th€ cas€ in this vrotk,.

Â genicarbazona of t et rahyclrofu¡ fural (!¡.P.166

degrees) hås been reportôô by MoE1vain in his t€ït book
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{15) but no reforeûce 18 given. nopeateat åttenpts

to obtaln .thla tl€rlvatlv€ met urith failure.
The p-nltrophenylhyrlrazono r0as easlly obtaineal

!ïhose neltlng. point (146 degrees) agrees with tbat
reporterl by Eu¡at and Etlwarrls ( 10). Ihêse sork€¡s

r€port å y€l1on alerivatlve. the one obtainott hor'e

$aË r€il, but or grinalir¡g to a fj,nô postler b6comeÊ

brlght yelloù. the hytlrazone oan bo furthor ôreatetl

to form th6 osazonð by boiling $ith exc€ês hyatrszi ne

ln acial so 1ut i on.

îhe benzylpbonylhytl:razorx€ obtaineù agr€es in
f o¡n antl rnelting point $i th that of Eurd anai Ed.u,låralõ.

Methone ( 5 ¡ 5-alin€thyldihyatror€s orcinol ) forBs

a derivativ€ v€rJr easlly and. sinply aacl may easily

be cycllzed, to a seoond alsrivatlv€ by the g€neral

lrothoal of Eorning ånd Êornlng ( 11)

î
,c.

. ç1, \ç¡t, c !- çtJt ---Ð
Í,-! 
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!,: - Lu. ),,--,"

"*t3, 
\.1. \o'

oRo
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Benzohyôrazlrte and . o -ohl orob onz obydrazl tl6 ,

although useful reagents for nany carbonyl oom-

ponncls, . failed to ylelcl tlerivatlvos with tetra-
hyd.rofurfural .

Åltbough seüicarbåzltlo gave no alorLva.tlv€,

lt r¿s thought that subÊtituted semiaarbazi(log

!ûight do aorin an analogous nanner to phenylhydra-

zlne and srlbslltuteat pbenylhyatrazlnoE. Acc orctlngly

the phenylsemisarbazi tle antt n-t olyl seml carbazitte

$ere pr€parerl anct condenseô $ith t €trabydrofurfural 
.

to yleld the phonylsemlcarbazoûe ancl n-tol¡rlsenl-
carbazon€ respectively'.

the hydant oin. r€cently devel,pped by Eenze and

Speer (8), feiled to glv€ an¡r resulte undor anðr con-

tlitions.
îh€ e,4-allnltrophenylhyôrazone, $hose xû€ltlng

polnt ls variously glv6r as f5O-51 d€g¡e€s. 133-54

d€groes, t65-r,6 alegreee, 204 degrees, $as most eas11y

prepareð accorillng to tbe directlons oi Shrtner and

Fuson û8) by the sulphurio acicl. netho<t. Eow€ver

€von after Six rearystal l i zati onE th€ naxlûum m€ltllxg

polnt obtsinetl saa 1¿9 degr€es. VårÍous eoallfications
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of thlE prooê\alurs and that of llinø, l[€yo¡ Bnti

Sohuoxtag (91, ustng êquBous hytiroôhloric aoial

solutloû, were tilod, all ¡rlth th€ såm€ ¡esult.
the 2,4-ô1nf trophenyl osazoto nas easlly

prepareð fron tþo corrogpondl¡g hyalreuono 1ú

aclrtlo uethanol solution. Four recrystalllzc-
tions erê Bee€esa¡y to ralso the neltlng polat

sone forty d€gre€E to a o onstaut value of Z4I -42

A€g16€s.

el PBopr'çTro.N 0F rEpRAFrpR9sURorg acrÐ

Kaufna¡ aud Arta¡ns {12) re¡e the f,irst to
carry.out the rertuction of furolc aoltl in aloohol

solution. they report a 40 percent ylelcl fron 25 g.

of fu¡olc acid, $lth ¡¡f¡iäent1fl€ô lon anal higb bo1l-

ing fractionË. The çork sas repeatail ln th6Ê9

quantlties ûith the sane resultg. Eowover, tt rras

founcl that lf only 0.1 nole of furolo acltt 111.¿ eJ
t¡rd.'
&' uqed there was obtaj.neù an B0 percent yleld with

no other f¡¿cti ons.

D) D.ERIVATIVES OF IEÎA.IEÍDROFIIROIC ÀCID

0f the thr6e solltl ester tlerl?stlves prepareal,
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th6 p-ph6ûylphenaoyl êÊt€r is th€ only one pre-

vlously reportetl. (leene {15) rêpolts lt as e shite

cÌystslline porvder nelting at 100 ô.egrees. Bopêatett

p¡epa¡atlons wlth sltghtly rarieat prooe\duree al$sys

produoed a Ìchlt€ po$d€r, xûeltlng åt 84 d€gr€6s. th€

conbuÊtlon analysis of this c oup otrntl oheoEÊ v€ry

well with the theoretioal , qs tloeg Kleener s. There

åre tno poÊeible ex¡rl anat i ons for this phonotonor¡.

Elther there are tuo alfotropla forns of tbis c omp ouncl

or Kleene has fallett to proôuce 8t ester but only'

hyatrolyzeat th€ ph€naayl bromläe to !-phenylphonacyl

alcohol .

lhe seconcl possibltrlty nay be rul€ù out oB the

Êlounds of tbe oonbustion analysis. th€ foflorlng

1s a conparison of conbustloû results:

Ca1c. for €ster e 1s,54 E ã.80

Calo. for alaohol 6 '19.24 E 5¡66

Kleeûet s results c ?5.50 E 5.59

Âlthough the hydrog€n value woulä f1t the alcol¡ol

vslue better'than that of the est6r. the carboa

comparlson removqs all äoubt, 1eåving tleo atlotropio

fo¡ng as the only othor posslbtllty.
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fhe phenylhydrazltle, prepar€ô by r€fluxing
phenylbytlraains with the aldehyite, is s useful

dorivative alu€ to its ease of prêparatlon and

purlflcation. It hes a nelting point of lã5 dogrees.

?he nater-ether partition coefficiont, althor¡gh

a Bseful m€ans of iaisntlf icetlor, may only be applled

' to tho aoið lf lt is entirely puro.
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EÃlÊ}Ê$¡tEStå,1,

Ä) PRTpI'0TION 03 131R¡,grpBoIirRFURÀ[

1) Soðtun Dtch¡o¡oata Oxltiatioa of letlahydrofurfuryl À1ooho1 l9l
letiahyrirofurfuryl alcohol (tO2 g.', 1 nole) r¡es

rolxod wlth 60 nl . of 1¡1 sulphuric acial untler coollng

and to this solr¡tion ¿ mlxture of 93 g. of sodiun dl-
chronate 1n 62 nl . of concoatrateal salphurio acitt anrt

400 ml . of c¡ater vias aaldêit dropwise with stirring, keetr)-

ing the tenperatur€ b€low ãO alegr€€s. îhe reaction rr¡as

finisheè only after.two days. Soallum sullhate (2OO g.)

saa aô(l€al to the r€action mlxturþ ånti tho solutlon
€x,traoted Êeveral times $ith €ther. lhô oonbln6d êxtracts

were washocl witb 1O p€¡ cant sodium chlorid,e solutlon,
d.r1€aL ovêr sotlium sulphate sntl fractionaterl. there were

abtåineat 5.8 e. of tôtrahyitrofu¡fur¿l (6% of theory)

3.P. 48-52 d,egrees/5Om., lg.2 g. of unchangeat åloohol

ancl a gün on the bottom of tbo distlllati on f]ash.

2) Pot,aseiì¡m Bromate -Brorlûe Oxidation of letrahyclro-

f urfuryl .el.oohol . ( ô)

îhe alcohôl l5lg,r.5 note) ã0 g. of u¡at€r, 36.g E.

of potassiun bromate and 2.5 gr of bromlne rier€ put in a
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al€gr€sE and thoÍe the r€actl on\brousht to conpl€tioD.

8bo solutiorx rirras €xtraoted seversl tin€s with eth€r:

-6t -

200 nl . flas& equlppecl u¡ith refl¿x, thernometer anô

Etirrer. For the first 20 mlnut€s the mixture was

kept at 40 degrees; th€n th€ tenpêratu!€ raisoal to

50 tlegrees and kêpt consta,nt t111 the oolo¡ of the
a-

br onlne teg{a| to d.i Êappear (ã hou¡s). the teloperature

vas s.l oticf Jr laisoal to ?O tlegrees anil flnally to 10O

thê combinod extraote aif,ied. a¿d freotionat€al. There

wore obtalneit'2.4 g. of tetrahyôro furfur al l{þ of

theory) , '1 .4 e, of unchangett t etrahyôrofurfuryl afcohol

anô f0 g. of ilark. b¡o$n riscous güû.

ã) Rettuctlon of th€ Ðiso€tate of X'urfu¡al {1?l

Reclistilleð forfural (7s g.¡ s¿s he¿teal witb 155 g.

of acetic anhyd.rlcte ancl 30 g. of glaclal acetic acitl for

four hours at 160-1?0 tlegr€€s untier reflur. lhe ¡oixtur€

was distill€al undor reôuc€tl pr€ssur€, and aft€r a forerun

to get unchangeil stertlng materials, 62 e, oL diåsetate

ûent ov€r s,t 128-150 tlegr€€E at 1? m. the for€run rvas

reflux€al for slx hours after the adatition of, anothor 155 8;
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of ¿oôtic anhyalride antl 10 8. of glaclal acetic acial

arxd then allow€d. to stand at room tsûpe¡atur€ for

tbree days. îhis nas theB ùistilled unde¡ reôuoêtl

preÊsurê and a further 8l g. of diacotat€ obtainoð

(totel yLeld 35 fiI . the greenlsh sol1ô nay be reclystaIl-

lzett fron J:10 ethe¡-potrolgIrn €th€r gi"lng a Bur€ whlte

solld n6lting ât 52 tl€8rees.

the dlaceta¡a (2s g.) nas clissolveal ln 150 nl . of

€ther, 0.9O g. of pallsdiun oharcoel sal(teô anal put in
Parr hyilrogenator. lhe roatuation fiaÊ flnished ln about

tu¡o houÍs. Aftor evaporation of th€ €the¡ the tetra-
hyôrofurfurql tilacêtate nay be isolateat by rracuun alis-

tillatlon (3.1.1ã5 degreas/ãQmm) o,

the ether sofution was plaoorl ln a Z-neck õ00 nl .

flasE aûtl eth€¡ dÍstll1ed off. lhe resiðual têtrahyatro-

furfu¡al atlscotatê $as boifeal with an equal volune of

L normal sulpburlc åcid in a nitlogea strean fo¡ 16

mlnutes afte" solution, thon cooled in a nitrog€n strgârq.

The solution was n€utrallzê(f Ìrrlth sodiun carbonst€ ånal

€xtracteô rrith ethor. the etber was evapor¿teal anat tha

t€trahydrofu¡furêl tilstillea uaclor reôusôd pr€ssul€

(8.P. 48-5¿ eegrees/ãomn). The Jrield ses 6.? 8, (4q"1 .

overal.l yield ûss 14.



-53-

B } ÐERIV.ITIVSS OF T¡)TRAETÐRO¡'URFURA],

1) Fhenylhyal?åzûne

Ten ôrops of t otrahyôrofurfural Yrer€ dissolv€tl

ln 2 nl . of ethanol arxtl wat€r êdôeô to th€ cl oual

polnt. Flv6 alrops of phenylhyairazlne nere g(laletl

along with a ilrop of glacial acetlc åciü anti the

mixturê warned for a fen nlnutes. on coofin8, 8n

olLy êcum s6ttletl to tho bottom, uhich could not be

natle to crystal l lze

2) Semicarbazone

len itrops of tetrshydrofurfurål $ere ttisaolveal

in 5 nl . of etha¡rol and lllater adated to the alouil point.

0.5 g. of s€nlcarbaziite hyttroohioriðe antl 0.? g. of

soù1un acatat€ $ore addeaf anat tbe nixture vlgorously

shak6n. It oas heatoal to 10O alegr€es for ¿ f€û ninut€s,

alLo$ed to cool, anô th6! chillecl, scratching the si(tes

of the vessEl $lth a glass rotl . There sas no åpp€årånc€

of crystals afte¡. one $o€k ln the icobox.
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5) 0xtne

Â mixture of I 8. of t etrabydrofurfur al , I g.

of hyitrorylamlne hyôroohloricte. 5 ml . of pyrldino'

anrl 5 ¡ol . of absolute €thanol was refluxeil for tro

hours on a stean bath. lhe solvents t¡ïore rànoveò

by ol'aporatlon 1n a curtent of alr. llhe oaly rosialu€

obtå1n6d was the orlginal reagent. A mor€ strongl¡r

basic solution using soalium hyôroxiôê $as trieit but

no ilerivative ïùaÊ obtaine¿.

+ ) þ ditr oph€nylbydrazote

Â nixture of 0.5 8. of p-ni trophenylhydrazine,

l0 ttrops of t€trahyð¡ ofurfural , and 10 nl . of etha,rro1

nas heatecl to boiling antt 1 òrop of glacial acetic

acitl adûerl . [he soluti on Í'tås b€pt hot f or a f ew

ninut€s, th€n Írator atkled to the cloutl polnt and

ooo16d. O,25 g. of dar& Ì€tl t€€dlos r¡ore obtaiû€at

whleh, after reclystalllzåtion fron €thanol , melteä

at 146 al6gr€6s. t'lner subdivlsion of the ôerivatlY€

chasges tbô color to å bright yellou.
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5) p -S i tr ophe¿yf o sazon€

îhe p -nitirophenyl osazone was pr€pareai by con,
d.en6ing 0;6 g. of th€ p-nitropheqylhyclrazone of tetra-
hyd.rofurfural rnith J..å gi of p-nitrophonylbyttraztne.

A nethaûol solution of thes6 uas ref Juxeil for 4 ho¿¡e

nlth 4 Arops of concentrated. hydrochloric acid. â. darts

red.-blaok poïd.s¡ s€paralies on coollng. RôcryÊtal.llue-
tlon fron ¡¡etbanol yl€lals a dark rêd povralår m€lting at
246 alêgr€os rùith stight d.€oonposttion. . Experimental;
ë, 55.8tfi, E, 4.5Vo.. îheoretlcal; for CrrE¡0¡B¿ ; 0,
55.I4%, t.4.e6lo.

6) Senzylplenyl. hyatra z ono

fo trOO nl . of a saturatoô aqueous solutlon of
b€nzylphonylhyd,rszin6 hyürochloriile nas attdetl 0.5 g.
of tetrahydrofurfural antt the solutlon cool€al ln an

icobox. A red maes r&l5prec ipi tat ett vlhlch, aft€r ¿

recrystal J. i zatl ong Jrom rqethanot, ¡eá¡neb nearLy

col.orless plates of m€ltlng point Z4 clegrees.

7) Methone (11)

To a sofutlon of 0.1 g. of t êtrahyd.ro furfural
in 4 ml . of 5Øo ethanof ls added O.4 e, of nethon€.
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0n6 alrop of plperiùinô is aal{i€al ana tho mixtu¡o

gently rêf luxeal f or 5 minutoE. rflater ls aaialed to the

cloutt point antl th€ miature chi116ô. The derlvative

alter filtratloa is ¡cashoô lith 2 lil . of co:,d 5Ø

alcohol . ths yellos orystals !û€lt at 161 ôegr€€s' but

after recrystalllzation from nûetha¡o1-rater the very

pale yeltow sheets havo a rneltlng point of 158 tlegrees.

Exp€rlnental; C, 69.?lfi, g', A.V{r: theoretioal fo¡

c.,ItoOs ; C, 69.a$o, Ã, 8.zqo.

. lhe nethone condetsatlon product rnay be con-

v€rte{il to a s[bstitt¡t€ octahydao zantheúe { I .o.cyclizecl}

by boillng a solution of O.1 g. of tbe nethone tle-

rivative ia 5 ml . ot 8$ ôthaBof åaltilag I drop of

concôntratoti hydrochlorie eeltl'. Àfter five minutes,

ûater is addeat to the cloud point anai the nlxtur€

ooolert. YoIf ole lqaves (M.P.194 ôegrees) are obtain€ö

vhloh, after recrystall i zat 1on fron m€thânol ' &r€ pì¡re

çhite and have a neltlng polnt of 195 tiegrees. Experi-

nontal 1 C, 15.o$, Ê., 1.95/oz Thêoretical for C.,Epg;

t, 73;ã,5/a, E, B,ta{o.

8) Benzobyilrazone

To propere the benàohyôrazldê, 5.5 8. of ethyl

benzoate, 1.5 S. ot SSfo byðrazine hyalr8t6, and 5O ¡ql .
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of alcohol ü6re reflr¡xed for 12 hours. the resulting

oi1, on chitllng, precipitated whlte loaves. She

crystals, on recrystallizatioû from ethanol , nelt qt

¡l2 alegre€õ .

the benzohydra.ziôo coulò not be naôe to con(lense

vrith t êtrå,hytlr ofurfuraf untler a r:y conrlitions.

9l o -Chl or obenzhydrazone

the o -obl orgbenzohyctrazide was pr€par6d as by

sun anô S¿h (15). chlorobenzoic acid. (ro e.) å
ùissolvea ln 50 nl . of €thÊnol anô 10 nl . of colc€n-

trateal sulphurlc aclrt adtled. lho rnlxtr¡re nas ref luxotl

for tso hours, cooled anal extractôd üith €ther. îhe

etber nas çasheô $tth $atêr ånal sodium bicarbonato
e1'

sofutlon anô dlstillêit. llh€ ester toifs\oo-f40 degrees

at 28m. Yield 10 g. Tho €ster (fo g.) rlas reflr¡xed

$itb 10 nl . of 85% hyô¡ezipe hyùrate f.or 24 bourg. Oû
¡lo

cooling tho shol€ rnass t urng/å pink soltat. On r€-
I

orystalllaatioû fron ethanol , I g. of purê uhlte neetlles

nelting at 117 degrô€s were obtaineô.

AlJ. attempts to form tho o-chl orobenzohydrazone

of t otrahydr ofurfural aere unsuccossful .
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10) Phenyl seni carbaz on€

Tho proparation of phenyl senl oarbaziale iuvolved

a number of stePs

IIre¿ ( 10 g. i ¡vas dissolved in 60 ml . of wat.e¡ 
.

anct ?0 ml . of concentrateô uitris ecicl a¡ltleð ' Ur€a

nltrat6 preolpitåt6al irnmediat€1y anil 1ã g. was filtereô

off anrt drleal . Dry poraleroô urea nitlate ( 10 g. ) ¡¡es

adôêd greôu8lly to 20 ml . of ootal, eonceatràteil eulphurlo

acid keeping the temp€rature boloÌr ã degre€s. th6 yi€lð

of nltrourea sas ?.5 8.

sitrourea, (O.S g.) sas tlissolved ln 10o ¡oI . of

sat€r and 4.7 8. of aniline adðea (4r. Íhe mlrtu¡e nae

rearüed to lnltiate the reaction. Whon thê evolution of

gag c€åseil, the soluti otl Ûas cooleô anti preoipitatêô a

br owni sh potrder. tn feorysta1li zati on fron bot $ater,

rcblte neeatles of pbenyluree lM.P.14? degrees! çsre

obtain€ô.

Phenylurêa (5.69 e.) anð 8.g. of aØ hyûrazine

hyalrate r¡¡ere refluxeat in absoluto afcohol fot 24 hours'

Evåporation gf tbe ethanol leavee a $,htt6 soli'l rslth'

å srude telting polnt of IO8-112 tlegrees. Thls cru'io

solid wss dissolv€ô ln ethanol and êq¡ral voluÚeÊ of

concentrat6d hydrochloric aalð aald€d. llhe hydrochloride
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nas filterad off and dissolveal in viat€r ând the frêe

base precipltated wílJn lÚ/o 6oaliun byatroxltte solution.

It 1s å pure rrrihite porûaer lU.P.1?0-81 degreeel.

Oae g. {.01 nole} of t€trahyùrofurfural was

ûissoll¡oil with l.ã g. of phenyl seni carbazi òo 1n 10 nl .

ot 9ø{" ethanol antl 5 nf. of gleclal ac€tic ac1ü. lhe

solution was cbilletl ov€rntght but no preclpitat€ was

f or¡oeil . the mixture t¡,as thên ref lu¡ed f or 1? hours.

À white preclpltate $ås obtain€al on coolin8, wblch hatl

a meltlng polnt of 85O tl€gr€es. Experimental; C,6I .za$i

8., 5.9&z Theor€tioål for Cr*8r0.$ c, 61 .BOÉ, E' 6.44'

11) m-To lyt se¡ol c¿¡ba zone

The m-t olylseml sarbazide nas prepared ln an

exactly aralogous nanner to that of phenysenl calbeziaie '
lhe cr¡¡al6 n-tolylurêa $as 16crystalliz6û fron reter

asat h¿ai a xoeltlng point of 142 ctegrees. conalensati on

nith byttraaino hyilrate ylelrts a greylsh-purplê Proùuct

nhich, on puriflcatlon nelts ¿t 110 clegrees.

m-Iolylsenloalbaz1ôe { f . S g- ) sas ili ssolvetl iu ¿

mixture of l0 nl . of ethanol and 5 nl . of glaclal

acetlo aoitl ancl 0.8 g. of t et rahydrofurfu¡al addeil.
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So p¡ecipitation occurüd. t¡e nixtur€ s¡as theû

boileù for 1? hou¡s. A br o¡,¡r solid so3årate4 on

eooling. When recrystalllzoô f¡on aloohoi it
sas pur€ lcbite $,ith a ûêltin8 polnt of P6L-252

aL€gr€€s. g¡<porineûtal- C, 65.9@o, E, 6,646t

lbeoretlaal for e,rErr0.$ C, 6g.tqù, E, 6.8!4.

l¿) Eydantoi¡ (8)

One g. {.OI nole) of tetrahyatrof utf ural wag

tlissolveil in ¿5 nl . of 54o ethanol anrl 4.5 g. (.0+ l¡otei

of aromonluû ca¡bonate anat 1.5 g. l.OZ nole) of potassiun

oyanide addeô. She nixtu¡e îÍas $årneal et 60 degreae

fo¡ tno hours. the solution $ae then conc€ntreteû to

tr¡o-thinds of its coluüê and ohilloal . Ao hydantoin

separateô. lhe solution was aoialified with hytlrochloric

aciô in tho hood, and furth€r chillecl . Stil] no pre-

cipitatton occurr€al . the nlÍture ílaa €vaporåtett to

dryness anal extracteal tìtlith boiling bsnz€ne seve¡al

tim€s. The benzene oa ovaporatiou left only a littl€
lnorganic r€siaiue.

]õ) 2, 4-¡lnltropbenylhyôrazone

fo 0.4 g. of 8,4-tllnltrophenylhydrazlne $aE adtleil

2 nl. of c oncentratett sulphurio acitt, Wate¡ (ã nl .)



-b.t -

was a(ldeal dropuiee wlth stirring uutll solution sag

completô. Ethanol (lO nl .) was aÔtleai to thls {,4!n

eolution. fhis solution $as acidetl to a solution of

0.5 g. of têtrahyôrofurfural ln 20 ol . of alcohol

anð aflon,ed to stanal over night. fhe reai procipitat€

nelts about 1O0 tlegrees. Three reorystallizations

fion ethanol bringÊ the melting polat up to 129 alegrosÊ

aúal cha,ng€ô the color from red to oreng€-yel1or. A

fourth recrystal l lzati on from othauol nakes no ohango

tn tbe nelting point or color,anô tso furth€! re-

crystall i zati ons from toluene have no effect.

Â Êecond. nethod for the preparation of this

ðorivative iB tbat of Hinø, trÁeyer anit Sshuclrlng (9).

One normal byðrochlorio aci<t (1OO nl .)'ças saturateò

with 2, -tlini trophonylhyòrazine (ebout .5 s.) at ¡oon

tempsratur€ ånai I g. of tet rahyatrofurfural adôed. Â

yellow clouatin€ss f,ornd imneatiatêly but oû stanallng

a r€d Ê01ld sepàratedthich nettdabout 1¿0 alegrees.

Bopeatetl recrystall i zât i ons from toluen€ lrill not raiae

th€ meltlng point above 1?9 degrees but tloes chang€ the

color of the c ompounal to Y€IIos.
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t4) ¿,4-Dini tr opheûyl osaz one

îhe 2,4-ùinltr ophenylbyèrazoûe (.5 g.) nae

ûissol"eô in 100 nl . of methanol anat .8 ¿, o1, 2,4-

dlnitrophenylhyrlraziae and a fêr drops of hytlro-

ohloric asiù adaietl. Ihe solutton l¡as boiled unde¡

reflux fo¡ 6 bours BnaI cooled. A r€d preolpltat€

lotmd,n€ltitg about eO5 tl€greêc. Four reczystalliza-
tions fron nltro!0ethane brtng the meltlng point up to

Z4l -4' degress and chaûg€ ths color to a bright orang€.

C) PRODUCTION OF TETRAETDROI'ITROIC ACID

fh€ aciti was proalucôcl by the roduatlon of furolc '

aciô, nhlcb in turu rgas obtainett by oxlatåti on of fur-
furaf .

1) Furola Åai¿ (5)

FotassluÍ¡ perBanganate (to.s g.) dissolvett ln
40O ¡¡1 . oJ såter sas ådtloð slooly at 20 tlegrees to a

mixtor€ of 9.6 g. of furfural , 26 8. of potasslun

hydroxl rle anô 400 nl . of sater. {[ho nanganese illoxlôe

ças flltereð off and the sofutlon aoitllfi6ö ü1th sul-

pburlc acitl antl svaporateô to sbout 40 nl. Soae cha¡coal
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$as aôdetl and. th€ mixtur€ bollett for 2O minútes.

0n filto¡iug and cooling 5.8 g. of furolo eoiô

(M.P. 1?B-150 degrees) n6re obtainød., a 5S yield.
¿) R€atuctlon of furoic aaia.

Suroic åaial f 11 .2 gt, .1 nole) reas tl1Êsolvoal

in lOO ml . of 95lo ethanol anal .9 g. of pallaallum

sharcoal catalyst aôô€4. the mixture sas roduceô

in a Par¡ low preesure hydrogenatoa in two hours.

The catalyst was ftlt€reü off snal the solutlon

evaporatetl under refluceð pfêBsurE. A clea¡ color-
Leeó oil (9.5 g.) weat over at 155-1ã8 al€greos åt

th6 reiluctlon $as al-so attemptoô on a doùble

soa1e, uslng ¿¿.4 g. of furolc aclcl . 0û al.isti,Ilatior
there gas obtainecl, aftor tho alcohol boilêal off, a

forsrua up to lã0 dogrees at 1.2 nm¡ of 11.8 g. of,

olear çater bright 11quid. the t otrahyatr ofurol c acial

cans off at 150-156 dogrees (g,g S.) leaviog a tlarE

brou,n residu€ anounting to 2.5 g. thls iB a 4S yla76.

of the acitl .
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D} DERIVÀTTVES OF TETRAFT}ROFUROIC ACID

X) p-3ro¡oophenaayl estor

one gram of the aaid $¡as n6utrallz€tl ûlth

1@ soùlun hyitroxlale solution. Â, few ttrops of

the aoiat u,êre aètl9at till th€ soluti on rr,,as Just

¿citl to lItnus. one gran of p-brouophênacyl bromide

dissolvett in 15 r¡l . of êthaool was adtletl antt th6

nixture refluxect for one hour. On coofing broïtn

leaves siêr6 obtalnsal . these uere tlissolvêal 1n

alcohol anò poured into an êqu81 volume of $ater.

3ur6 shlt€ shiny leavoe neltiog at 83.5-84 degrees

{rer€ óbtained. Exp€ritental; t, 49.55%, E, 5.e4','

th€or€tical for C,3Hr3O+Br¡ C. 49 .84fi, E, 4,llÃ.

?) p-NltrobenzYl ester

Iho eam€ proce\dure as abov€ mas foÌ1onetl.

Rocrystal ll zat i on fron etbsnol-$¡ateÌ yielôs whlte

shißy leaves neltlng at 58-53 d€gr6es. Experinental;

C, 58.o7ft. í, 5.24ot Theoretlcal f or e"8,"0"N ¿ ê, 5'l .î'lfo,

Ê,5.17fo.
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ãl p-PhenylphonacYl ester

the sÂqe procofðure to proôuce the Õ€rlvativgs 
.

ftas folloçêô. Recrystal l l u stl on fron ethanol water

proôuceô wbite crystals (¡4.P,84 degrees). Grperimontal ¡

C, 75.4'$0, fi, 5.9#; Theoretlcel f or ArP,rOri C, 76,644,

g, â.8Ø.

4) PhenyltrydrEzlcle
' Ons gra'n of tho aclù reas boiJod with 2 ml . of

pbenylhyrtrazino for õ0 ninutes. tbe mlrture sae

oblllett ¿ntl 10 ml . of benàenê actctecl wbich brings out

broun crystala. These ¡ie¡e recrystalllzeci from hot

benzen€ yioldlng ?l¡re rihlte n6€d1€s of melting point

1ã5 degrees. Experlt€ntal; 0, 66-88fi, E, 1.44ft2

thooleticaf for C,r[ro¿N rz c, 6a.OÚo. E, 6.'1910.

5) $atBr-Sth€t Fartltion Coeffioient

[so Eramg of tetlahydrofur oia aciil $6re alissolY€Ô

ln 50 nl . of dlstilleal reåte¡. ten nl" of thls sofutlon

ûere tltrat€tt n¡ith stanclårall zeal soôit¡xÂ by(tr orl äe solution,

pbenolphtbaleir belng used ês the isdioato¡. lhe exaot

nornalÍty of the original aciat solutj'on stås caf o¡¡18to¿

anô a portion of lt aliluteat srith dlstilled rrat€r to måtse
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the solutlon 0.100 ¡r. Fifty ml' of tÌìis Bolutlon

sore trangfelreô to a 2o0hl . separatory funnol and

50 mI . of wate¡-saturat oal êther âô(leÔ. lhe mixtur€

nas shaEeu Jor flve mlnut€Ê, thê lsyers a€parate'l anil

each titratêd against lbo ctanùard sodiun hyöroxitte

solutlon. lhe ratio of the oonceatration ln viat6! t0

thåt of oth€r 0as f ountl to b€ 4.1¿.
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snMM4RT

The folloûlng de¡lvatives håvê b€en prepar€d

anat prov€¿ by conbuetlon analysiE o:r Eeltlng point

ahecks. In the ca86 of previously pr€?år6at oonpoun¿ls,

roforenceg are glvsn.

To trahyrlr ofurfur al tû.P .

2,A-ðtúitrophenylhydrazoue (5),('tr, (6t I29"

¿,4-dinltrophenylosazone { 6} 247-42"

p-sitîoph€nyrhyd.razone (61 X46-47'

p-sltr ophenyl osaz one 246" A

Benzylphenylhydråzone (5),(6) '14"

M€thono 158 "

196 "Cycl lzerl nôthone

Phenylsenlcarbazono Z5O "

n-lolylsenl ca¡baz one 251'6, "

Tet¡ahvôr ofurol c aciù

p r3r omophenaqyl este¡

p-litrobenzyl est€r

p-PhenJrlphenaeyl €st€r {11)

?hênylbydraziôe

85.5-84'

52-â50

94"

155 0

4.rzl¡Jat6r-ethêr lartltlon aoefflcient
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INIROÐUCTICS

Many substitutsd unsaturateal malonie esters

have been natl6 by a Knoevenagel reaation v',i th
slalebytl€Ê of tho typ€:

cHo ..'oot,,Ét 1!r3- Ô"t="i:"";;+ c rrl'-rloc,r+5 \,/

fhls tJrtr) e of corpound h¿s also b€en naalê froe

ketones uslng ac€tic anhyctride:

" 
dr'.- ,.:oo c¡-df 

Ac¿o: l-,c/ ,.- "1r."--"," 
oac'tt¡

c:oreH+;-
cHrr'= " 

- 
Ïoo"r"".-:7;' .rr/ \coÔè¡. d¡-

but vory few of this tyl)€ havg beon reportotl .

Àlthough soûe unsåturat€d barbituratêa have

been matle, for eranple, benzyllctene barbiturLa o<l &

.¿ o - ^tll\eH:C co
\.o-¡vH/

{ii¡€atly fron tha åldehyais plus barbituric aci¿,

ûo attempts have beon report€tl to put the uns¿t¡¡¡-

atetl mal o¡1ic esters into bårblturat€ conal€nsationg.

nor hav€ âúy k€tonos been corobinett tiireotly rfith
bårblturlo acl al .
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It sas the âln of this $¡ork to flfl io some

oJ the gapB ln the unsaturatetl malonío estêr and

barbitulic acltl serles. fhese barbituratos coBlô

b€ tested by the ![eðic¿l R€aearch ÐePartûent for

posaible physlologloal activlty.
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rrîERATnRE SUEVET

the fnoevenagel r€action 1s the condensatio!1

of aldehyalos or betones lrith a conpounal containing

aE activ€ m€thylete group in tha presence of plperl-
dl.ne or other prluary or s€conclary arnines or amuonLa

as conrlensing agent

ft'"o .,:oo"'" e!y:j::t l\.,=':.:".:;:
\l 

* 

"'1'oo"'u"--_ '\l
Many reactious of this type håd b€en carried

out before but Knoevenagel (9) vras th€ first to

generallze the óondonsatlon. Eis tiro!ts nas concerned

only nith altteb¡rties.

No attempts ser€ madê to.put the substltutêd

¡oal onlc €st€!s so producod into barblturat€. condensg-

tlons. Eowever conrad snat Reinbaab (4) produced. th€

barblturåtes directly from thê alil.ehytle plus bar-

bituric aciil, by heatlng a natet rnlxture of tbe two

on a $at€r bêth.

.-Ho /¿ (2-^,1 ¡r\
+ <- . ¿o 

--+\ Jo- utt/

zto - l¡tlrsH: e co
\co- ¡/d/
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Meyenberg { 15) pxoaluc€ð the samo type of

unsaturated nalonis .ester fro¡a aceton€. Eo¡,€ver,

hls method diô not involve a rnoevenagel typ€ con-

alenslng ag€nt. Ee useù acetlo anbydri tte anô zino

chlorid.e to rcðaot th€ k€toûe reitt¡ nalonic ostea,

glvlng ¡ise to isopropylitlene rnal onlc ester.

c cr .- o o c t1,- 4"ro.\ ,t .' Z^ c!,,a:.r+(.l.¡,
a !' 

r jo9 c*r.l- - ro

tur, 
,eooc-rl1ç

c= c
au!/ \ c oôêr4¡-

Cope antl Eancock (5) useA Meyenbergts Betbod. to

?roduc€ t -nothylpr opyl idene malonate fron nethyl

€thyl tsêtor¡o. Cyclopentylial6ne malonate $as pro-

ðussal by Kon and Speight (tol from eyclopentanone

by the sam€ methoalr but uslng cycl ohexanone th6

only product i solat€tt l¡as ethyf, A'-cycl ohexenyl -

mslonete.

/¿,Jr - c,l¡_\ 
/co o ct Hd

t.lJ, ¿- c.,\ -u,- .u1 \ c oo cr,,y'r-

Barbituric aciat itself $,as matle by Blftø and

wittits (¿) fron urea and malonic.acirl using aceti.c

anhydritle as thê dehydratlng agent. Ehosphorous
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o¡cychloriale was afso useð ås a conalensing agent tû
forrû barbituric acid fron malonic aclô a¡rtt r¡rea {14).
Âttempts to proùuce substituted malonlc aciùg ln tb6

Knoevenagel manaer, invarlably resultecl 1n deca¡boxy-

latÍor to give a rnonobaslo acicl (l), (?), (f¿} , so

this rnettroô of obtaloing substltuted nafonlo ã,citts

and h€nco substituted barblturates 1s not feasible.
lhe stanûâril nethod of synthesizlng barbiturates

ls that using sodium ethylate foÌ the oondenslng agênt

bêtereen r¡r€a ånd the malonic ester. this nethorl had

nevÊr been appliert to unsaturateat nalonic êsters. The

tlouble bond may possfbly be reduced by the ¿ction of

sodi,rm êthylate

Â surûmary of th€ unsaturateai mafonlc estsrs and.

barblturateÊ al€saribetl in the lit€råtur€ appears ln
table l.
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tABï.,E I

Csrbonyl sonÞouptl tr{af, onlgEâ.t€r Berbi.turat€S

F ormaldehyde

Aoetalôehytle

I s obutal ctehytte

I soaqylalatebyate

l€ptâlitohyate

Proponalalehyde

nsthyl€aebis (8)

€thyl1d€n€bl s -B .P .198 -2OO/t 5!ûn
(e)

i sobutyl ialen6bi s-B .P .198 /1.2nm
( e)

l soanyl ideneb i I -B .P .210-15/25nn
tel

heptyl irtenebls-B .? .195/16nnr
(e)

propyl ldeaobl e -8.P. 1 95 -2O5 /tZnn
( 11)Benzeldehycte benzylltlene-B.1.¡85-86/tnm M.P.¿56 (14)

Cunaldehyat€ cruoylidene-3.?.206-¿08/llaû
igr

p-Nitrobenzèld€byate p-nltrobônzyXldene i9i
Anl sal ctehyd.e sni Eyl idene -B .P . ¿00-¿O?/14mn

Methylsalicylto methylsalicyllciene ¡.rlTås-gs/l+rt
{aläehyde) l9).

Plperonal plperonylldene-3.P.216-19 /1lmn

Furfural

o -*1 tr ob enzalatehyd6

o -Àülrob enzå1¿ehytte

Cinnanalðehytle

$alicylio aldehytle

Âçêt one

furfurylirtene-g.P.168/ÍTL,t, M.l.88o (4)

M.P.25o {d}
{4)

ye1lon-reê
powcter ( 4)
M.P.¿e6-28
fd) (4)
t[.".¿60 lð)

(41
i s opropyl lrlene -B .P .l40-41 /2On¡û

Methyl ethyl. ketone l-netbylpropyllilone -8.?.!34-56 /22ßn

cycl opentanone oycl openryt iù€ne-B .p .113)tort
( 10)

n+¡ i tr obeûzal atehyal6 m-ni tr obenzylide4e -{ 11}

Butyralatehyalê butylictene-B.".144f25ún (3'l
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¡tscûssroN cF, REs¡JI.,rs

A} ¡d.å1.,0A1C ESTTRS FROM AIDEMÐES

ffiehy.l€s$asaro-
petltion of ths benzalùshyit€ and. acêtalrlebyôe coa-

tlênsatione carrisd out by Kno€veDagel (9) to
proaluo€ b€nzylltlone enrt etþll<teno ble-nal onlc

esterê respeatively. Th6 worE on aldabyrtes has been

done rath6r exbaustlvoly antl further oork on thls ü¡as

fêlt to be unnecessary.

B) ¡[À10&rc E$ÍER$ qRoM. TEIo,NES

&roevenagel I I method, uslng plpe,rlttine nas trletl
on ac€ton€ s¡ith no resufts at sll. Meyenbergr s metborl

(1õ) was th6 only on€ vrhich uould condense th€ k€tones.

The ooncleasati on seoms to bs seleative. ¡,1¡ th€

allphetic ancl cycl1o aliphatlc beton€s tri€ù c onalenÊeal

quite well . .A,o€topbônone. ü¡as the onf,y aLiphatlc-
aromatis ketone tri€al a.nd lt re&ct€d but only ln very

1os yi€Itl. Senzopb€none condens€al very oasily in goott

yleld, y6t fluoronone, an exactfy Êlmilar conpound

oxcept for the bridge betr,reen the t$o rings, failotl to
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oonðonso at all. Benzll also $o¡¡ld not }eaot. lhese

vsre al I the tsetones avallable 1û this laboratory.

C} MAIONIC ACIDS SROLI ESTERS

Biltz anct $flttàF { 2} report s rgethotl of maklng

barbiturio acitl from malonic acial and ur€a using

ao€tlc anhydrltLe as a dehydrating agent. It nas

'thought that lf tb€ maLoûic €aters previously pro-

ôuoecl coultt be s.apontfied to substitutett malonic

aclals, these coulal be c ondeaaetl $ith urea to pro-

alua€ substituted barbiturateÊ.

Potasslum hyctroxltte saponlfloation worhs qulte

snoothly with benzyllaleno mal onic €ster, but $ith tho

i sopropyl lilene est€r it yl€]ds an unlalentlfied pro-

ôuct r'¡ith a nelting point far b€lor thst of tho aciô.

DI BARBIII'RATES FRO¡I MATONIC ACIDS

Ba¡blturlc aciô itself nay be made by the

methotl outllneö ln th€ experlrnental Êêotion (eee part 0)

but for somô reason the s¿bstituted nalonic aciils 19111
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not r6sct ln this manner r yielaling only acotyl urea.

.. oèl:l ßþ\
"É=c.aood t .'ro n

ü#t

Sluo6 thls vì,as thê only p¡oduct obtaiú€d

further att€npts at saponificetion of the esters

were ali sc ontinu€al .

E} BÂRB]IURATE$ 3'ROÁ,1 ESÎERS

îhe standartt nothoat for ths preparatlon of

barblturates fron malonic ost€rs Bsing sodiun

othyfato as conalensing agent nas tri€d in this
sôotioû. In the case of benzy.lidene malonio ester

a browtt po$alêr üas obta:in€d which diil ilot have tha

üeltlng poi¿t of benøylbarblturi c ( 206 ttegreos) or

bonzylldene barbitu¡tc { 256 degreeÊ) but aû iûter-
neèlat€ one of ?25 tlegrees. Isopropylial€ne aÉ(l

b6nzophênyliclene malonie esters yielat€ù only gul¡s

ühlch haô no atefialte r06lting poitt ånd could not

be matle to crystallize.
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3) 3¡RBITURÂTES ¡'ROT[ SARBITURIC.ÁCIDS

Slnee tsstones react c¡ith ualonlo 6stor unal€r

the influeno€ of ac€tlc anbytlride ånd zino chforlale,

1t $ås tbougbt that they mlght roaot Êin118rfy Eith

barblturlc acial. Ätt€npts to protluce unsaturatotl

barbiturates in this nanng! leil only to tbê aame

¡ehito pos4€r fron every kêtone. A bl¿nk r¡¡Jß, using

onLy barbltu¡ic aclal, ¿oetl.o anhyalride, and z,lr.c

chlorld€ produooal the samê ¡¿hlto powtiôr mê¡tiEg at

50e ùegre6s. Since thege a¡e the only startíûg

materials, thê most lltsely proauct 1s elthe¡ 5-aoetyl

o¡ 5,5-tilacetyl barbituric aciô. A oonparison of the

theoretlcal anô ex.perlnentaL combustion rosults proves

th6 compound to b€ 5 -acotylbarbi tux i c aclal .

E¡perinantå1 c,42.2w, Ê.,õ,4øa

lbeorotical for nonoaaotylbsrblturlo 6,4?,3#, 8,5.6#
cåErorfN¿

Theor€tical for diaËeiylbãrbituric c,45.2W, 8,9.7'1fi
c, H, orn¿

Tbe nonoaoetyl at€rlvativo Is list€al ln Boll8t6in but

no. n€ltlng pofnt or othor physicåI cons.tånts are given

and the orlgiûal paÞ€r $as not avallable.
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ç) PRGtUCrlOq 0ß' BARBTtItfiIC ACrD

The two methods us€d for the production sf

bårbl.turic acid ûere th€ standaral sodlun ethylat6

nothod anä that of Blltz anct wlttlk (¿) uslng

raL0nle raolil, urea, anal ac€tlc anhyalrltle. 0f the

treo, the lattêr lg no¡ê satisfaotory both ln regaral

to yielÕ &nd ess€ of pr€paråtion.

As far as coulaL bo s6on by thls $ortser, all
.possiblo avenuea of approach to this probl€m of

prottuclng unsaturatsd barbiturate€ fxon kotones

have beon €xhausted. Eowever, f¡¡rth€r $orts coul.(l

be tlone on th€ pro(lEcts resulting from the sotllum

ethylate tr€atnent of the ester antl urea {?a¡t B}.

A¡so losslbl.y a noôlflcati on of the Meyenb€lg method

on ba¡biturlc ¿slal night prottuc€ som€ r€sultÊ, Ðue

to ¡åck of tlne, these 1in€Ê of rese¿rch coultl not

b€ carrl6al oû by this reorhor,
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. ffiPERIM$IfÂ!

(.å.) ¡[arourc psrnns rRoM Àl,p¡mrogs

. îhe method of Knoevenagel (9) was useô for
th€se conalensati ons.

Ethyl roalouate (XOO g.,O.Oe nole), prevlously

fisctlonstôcl fron ånhydrous sodium sulphat€, $âÊ

mlxeä vlth ?O g. of freshly ôlst1llett benzaltlebyêe

(0.66 úo1e).in a tblck walletl 20O nl . flask. Plp€rl-
riine (2 g.) was added grsaLually at roon tênperature

antl allo¡verl t o stsnd f or 2 rlays 1n a o€11 co¡ketl

conal.ition. thên it irras heated. for 12 åours on a

wat€r bath. [he aonôensatlon proðucts ì|têre taken up

ln ether, $êsh€tl $lth aoiö aúd ûater, drletl ovor

anhyctrous eorlium 8r¡lphat€, aud vacuum ati Btilleit.
There $as zbout 'l$ ylelil of benzylldeno nalonic

ester bslllng at 185-86 degrees at 11 nm.

{P} MA¡oNI0 ESroEs FRo¡[ iøro"sBs

the nethod of lÅeyenberg (X3) later nodlfietl
by Cope snd Iiancock (5) nas used.

Â nirture of 10O g. of €tbyl dal onat€ {0.62 no}e}
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54 g. of åoeton€ (0.95 mole), 80 g. of aaetlc

aabytirltte (Q.Ze ¡0olel anð 12 g. of freshly fusert

zlne ohlò¡iale r¡er€ heatêd. together und.er refJux

at 1l0 dogreee for 24 hourÊ. ghe nlxturo n¡as

coof eai an(l tak€n up in 80 mlo of bonzene. tbe

blaòk solution $¡as rasheô ¡elth fou,r 60 nt. portlons

of ûåt€r. [h6 oat€]r nêshings çgro Êxtråcted tilth
10 nl . portions of bonzen€ which niere atidêal to the

naln volume. lbe proôuot $as vacuur cl1õtlll€d. and

the eÊt€r c&ne over at 60-185 tiegre€B at 18 on. 0n

roùlstillåtion the ethyl isopropyllùene mal oû¿t€

boils at t]1-115 d€greos ¿t 9 nm.

lhls nn€thod rlas used in ettenpts to proparê

subsiltuted. melonat€a from the followlng ketonea.

(1) Aceton€ (5), (I3:l -27.6 8. (2# yleld) of

robll€ nater-bright 1iquld B.P.11O-1I? degrees/l4nn.
(ti) Methytethyl k€tone (6)-5.1 e.(5ø ylerð) of

pale yellor oil B.P.l¿0-16O degrees/l4nn.,

rosults fron 60 hours heating of tbe Ìeåctanta.

{111) Diêthyl heton€- 1.5 ¿.(11f ylofð) of pate green

Bobile llquirt 3.F.1O5-tO? degreeef?Onn ¡esulte
fron 50 bours beatlng of tbo reactånts.
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(iv) Cyclohexanone- 55 e. {44 yielð} of yel1ow-

orange .oi1 3.1 . 15P tlegrees/t4nm.

(v) .Ac6tophonon6- 6 g. |fl" yíelù) of green o1l

B.P.l6?-1?o dêgrêesfl6BB.

(vi) 3€nzophsnone- l0'? e. (g$t yielô) of nobfle

nater-bright liquitl B.P. 1?0-?S ¿egrees/16on.

(vlt) Benzil- no reaction
( vili )Iluor€aon€ - no reactlon

c) MAIT0N]C AqrPlJ FRol[ E$ÎERS

Ethyl b€nzyliaiene malonate {eS g., O.l mole}

was mlxerl with 100 ro] . of 55 percent potaesium

hyairoxiit€ solution and boil€il under r€flux untll
qolution uas aomplete ( about four hours). the

solution wag ¿e¿tralizoaù u¡ith hydrochloric acid anð

the uhit€ powalor filt€red off. After recrystalllza-

tion fro!û oth€r-petro.le'm ether it had a meltlng

polnt of l9B tlegrees. Ktoeveûagel (9) reports tb€

meltlng point es 195-96 al€8¡€os' îhe yleld ano¡ntêô

to 46 9., a 24 percent yield.
the work $as repeatêù using ethyl isopropyllaiene

nnalonat€. ?rolonged bolllng would not coBpletefy
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ôissolve the €ster layer. The aqueous layor was

sepèratoal and aciölfi€d. $ihit€ ne€dles h¡€le

obtå.ined nelting about 11.¿ degrees. Isopropylidene

nalonic âcitt melts at 1?O'?l aegroes (1ã).

D¡ BÀRB]TURÀÎES FRO}ú IIAIONIC ACIDS

Senzylidene na1onic acid {4.2 g', 0.O23 ¡oofe)

anrt I .? g of urea {O.O¿ nole} rver€ ali ssolvêÖ in

10 ul . of glacial ac€tic acicl at 60-70 aiegrees.

Aoetlc anhydride {S g.} uas droppecl in over a p€riotl

of one half hour at thls t€mp€rature. The teloperature

$as raisod to 90 degre€s anù naintainod for slx hours.

tn cooling pinE crystals nelting at 215 clegrees uere

obtaineå uhlch on recrystalllzetiofi meltstl at 218

alegrêes anò proveil to be x0onoacetyl ureê. Åaldition

of ü,ater f o¡cecl o¡rt the unreacte(l benzylldene målonic

aoial . So barblturic acid was Jorm€d.

E) saRBrrU4aîES,rRoM ESTgBS

Bonzyllttene malonlc oster $âs usetl sinc€ it

ls easily prepareô and the benzylldene barbltüric
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aci tt i s kno{Tn .

In a riry ¿5C nl . aiiÊtllllng flask olth th€

tho¡momet€r bulb nearly touching the botton of

the fla6k, was placeÖ 2.6 e, of eotlluü (0.11 nole)

sJrð 70 nl . of Ënpêralr¡¡ othanol sttdeô. Âft€r the

sotliur haat aiissolved , 12 g. of benzyl itlens n¿l onat€

(0.05 notel anrl 5.5 g. of dry urea (0.o6 nole) uere

aclrted. lhe mlxture r¡,ias heated to slowly distill
the alaobol and the temporat¿re gratlually raiseal to

IlO ôegrees ühere it üias k6tr)t for four hourg. Ftfty
ml . of hot Í,ator $ere adô€d to dissolve tho solid.

Another 50 nl . of n¡ate¡ containing 3.5 mI. of con-

centrat€aL eulphuric acld nere adalod. the solution

fLzï.ëd a gr6at deal anct a red gum separated. the

gl'm waÊ alissolv€ô in glaplal aaetio acitl antt pxe-

clpltated ç1th ethanol . A broren poûd€r separatss

having a meltlng polnt of ¿25 alegress.

EARBIn'Î,{TES FR0}i BARBLTURIC, ACID

In a 1o0 ml . z-neck€at flask $as placêd 7.'l 8.

barbituric acitt (0.06 mole), 5.4 g. of aceton€

8)

of
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{O.Og ¡oole) , 7,2 g. of freshly fuserl zino chlo¡ide,
anct 50 ml . of acetic anhytirlôe. The nlxtur€ ûas

hea,teal at 110 tlegrees f ot 24 hourg. Th€ soliat

Aissolved and åft€r a few hours a broun solld began

to separat€. At the ênd of the 24 hours periotl the

nlxture nas cooletl ânat filtered. th€ sollat was

tlissolveù tn 5/o socilun hyd.roxl de golution, deoolor-

izeal with anlnal charcoal , and reprecipitateat lrrith
tlilute hytlrochlorlc acid. À fa$,n poütl€r was obtainerl

which neltett at 296 d€grees. this ¡oas dissolvðd in
Z5-fold vol.ume of boiling l.¿ater, aiecolorized ånô

coo1ed.. Ythlte pLates of nelting point õ02 d.egrees

uler e obtainecl .

three other ketones, netbylethyL, diethyl ,'

and benzophenone were tried in a siniLar proceêtturo.

the results in every oase were a v',hite powder me!.t-

ing at 508 d€gr€€s.

Ä blank was run using al1 the reêotants exc€pt

th€ E€tono. lhe brown poniler obtain6al, on ¡6cr¡rstaltiza-
tion from rtlat€r neltecl at 5OP degroes. CombEstlon

analysis gave C.4å.29{", E,g.4O/".
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E) PRODgCIION OF BARPIII'R+C ÅCID

In a 500 ml . 2-necberl Jl.ask wes placetl 5.8 g.

of sotlium (O.29 roote). îo this uas actded 125 nl . of
nsuporclry" ethy.t ålcobo1 . When th€ reaetion hail

cess€d, ?0 E. of etÌqr1 nalonat€ (O.12b nole) and

15 g. of dry ulea (0.25 nole) ln ?0 nl.. of superd¡y

€thyl alcohol ¡le¡o aðrlorl . the ml:rture rtras ref luxeai

for ? hours, tluring wirich tine a white soli(l separateê.

Ât the encl of this tine ?O nl . of hot lrater ser€ ad.deô

antt then concentrat€cl hydrochlorlo acicl to free the

barbiturlc acid fron lts Êodium Êa1t, the filte¡ed
solutlon aìas chtlleal overnlght anti the lrrhlte solitt
filterect and ilrietl. It has a nelting polnt of 24õ

degrees ent amounts to ?.0 g., a 56/0 yietô.
Ífhe m€thod of 311t2 anal TÍittek 12) was also

ussat. Urea (6 9., O.l noole) and 1¿ g. of malonlo

aciri {0.11 mole) e€re d.issolved 1n 25 rol . of glaclal
acetlo acirl. lhe tenperatur€ $as maintaiBêd at 60-?0

clegrees while 25 nl . of acetic anhyatritlo r¡êre alroppoci

1n over a perioat of one half hour $lth fr€quent shaking.

The temperature rcas ¡aiseù to 9S and naintalned for
six hou¡s. By cooling ?.5 g. of rosê coloroal cryetals
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sepa¡atêd. À fnrther I grs,n fiå6 obtåinêd by

evaporâtlng the filtrate and tllturatlng with

ï,åt€r. It uas recrystalllz€al from a 25-fold

volume of v,,ator using anlnal cha¡coal and. hatl

a meftlng point of 245 degrees. Yi€lö waa 66fo.
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SUMM¡,RY

the following ubsaturatoð nalonic estêrs $rere

proatuceil from k€toûss by the ¡geysnb€rg roetboil, those

with refe¡ences having been mado beJore:

l.) Isop¡opyllatene malonate from acoton€ (5), (15) a

sat€r briCht liquiä 8.P.110-11? ûegrees/l4rn.

2l Me thylpropyl ldone nalonate fro!û nethylêthyl ketone

(6)-yel 1ow o11 B.P.120-150 ôogrees/t+ur.

3l 1-Ethylpropyllôene naloaate fron ctietb-yl keto¡e-

green rnobile llqul<l B.P.1O5-lO? ôegross/2Orom.
l

4l .âkyelohexenyl roal onat€ from Cycl oheranon€ -yellow

orango oi1, B.P.I52 degroee/1+mm.

5) 1-Pbenyl ethyliatêne mal onal¡o fron acetophenone-

gr€en oil B.?.16?-1?0 dogreos/16ru0.
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