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The purpore of this Ilnvestigotios wos 1o situdy the
convenpation ¢f cazrbonyl compounds with comicunie contaianiag
aotive molhylene groupse Lt cousivie of tvwo porte, the
firet belog wulaly o ttuuy of the abididty of vurious groups
to metivatle u methyione conurgune wns the gecond bheing s gtady
ol the formation of arcamstic riagr by the conaenestion ¢f
X -diesrbonyl compounct with o~phenylensdiscetic acld,

the dacevensgel rouption ocours betreen an szldehyde or
¥etone and un notive methylene comrcund in the rrecence of
varioug orgenie bares Or amnmonice Sometimesn ¢ ermplex guntnle
yet, an organie aclid aue an orgonlio buee, le useds Zhe

genersl eguation ig:

Ty 1 Al H OO0 - R VT L 3 £
P g,ﬁﬁﬁéu i+ ziz Q ik —> p=ilghgWH30 ﬁl‘rk&__{f

where o and h3 are setivating grouvg. In thie work tre &«
ana kl groups studied were «UA, “CUlRg, =Culghipe ~SUilgilge
~Cgiig,  =HOp, =CONRg, BNE =iUpCglige The i~ was -H, =0CHz, =-Cl,
or ~kuge Catelyst and kinetic studict were aleso made which
yielded Turther ineight into the rezction mechanien.

The reusction wae carried out in boiling benzens in the
rresence of piperidine and cavrole seid we the catelyetee A
the water wus farméﬁ it vas distilled 0ff with the bengene and
collected in an sutomatic ligquid sepsnretor, the benzene beling
returned to ithe reaction misture.s Jhe course 0f the reasction
wik eaeily followed by resding the increste in wveclume of

water =»ith time,



sarly work on the mechaniem hae been sumusarized by
Eohler and Goraenl who aeewundtrated that encligation of the
sldehyde or ketone wns not s nec:esary etep in the reaction.
Zore recent studies have besn reviewed by irndt and ﬁi&tartg
snd by duhn saod eewark@rﬁs. ihe mechaniem for the base
catalyzed <noevenagpol regction vhich le most widely nocepted
todey wae originally stated by Lapwarth* and by Hann and
iﬁpwo:thﬁ. “he firet etepr is smotivetion of the methylene c¢ome
pousd by the base, yielding sn anion ag follows:
Y] xsﬂig.,(ifi;:‘k}i'r ’i:iﬁ;
Then the snion adde to the earbonyl comyound forming the ion

of the s8ldcl;

(2) HGI 1+ R"CHO = K"QHCR S g;
H+
{(8) EveEeH T nl — mrcHed < §;1
0 o
i

The finul step le eliminastion of water fromx the aldoel inter~
medinte:

-~ - - ‘;
;1 — prgH=21° 1 + H,0

(4) h’*&ﬁb&i
H
In 8 recent revisv of the mechanisnm @ataeng presents the
poseibllity that the baeic cntalyst might sttack the carbonyl
compound rather than the methylene component forming s eomplex

ion which then adde to the methylene compoundsd
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idowever, this vievw i8 nol generally accaspted at proesent,

There have besn numersus baeic entalywte used for thie
reactione In his original work %neevenag&lv used asmmonis, pri~
mary akines such se methyl amine, and cecondaury amines such as
piveridine, Later it was demonstruted by Hann and Lapwarthé
that tertiary sxmines aleoc could be uved, Thie evidence refuted
the originel mechaniam of ﬁnaavenagel? that the ogarbonyl compouné
firet formed a Sohiff's base with 8 primary or secondsry umine
and the cehiff's base then reacted with the methylene compound,
eliminating the smine., Soxer and Linetend® studiea the resction
of numerou# umines and nlso showed c¢oOnelusively that the motion
of tertiary sminesg wae not due 1o lapurities of primsry amines,

It has been shown by Hauser snd Erealcw’ that acidic as
well s& bausic reagente may catulyge the sldol eondsneaticon, ine
cluding the Xnoevenagel and rerkin trres. ihey csrried out the
condensation of benzaldehyde with malonic oster in the precence
of BFy and obtained & pood yleld of benzalmslonic eeter, The
mechaniem involved in condensatione effected by acidlec resgents
is thought to proceed vig sctivaetion of the eleectron secepting
gomponent, aldehyde or keioas, rather than 0f the electron do-
nating comrvonents 1t involves the formation of a coordination

compley such na:
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Anothey example of noild cutanlysls war the uese of p-toluene-
gulfonic acid in the condengation of ethyl acetoacetate and
butyral&ehyéalﬁ. dowever only & B4 yield of produot vas
obtulned s# compared with Bli when piperidine was ueed,

It hse been shown® that at least s small mmount of meld
should be present ehen ecatalyeie 1s effected by &n amine, . hen
pivericdine was nddied to pure crotonuldehyde there wag no con-
dengstion, but vhen the sldehyde heé undergone slight auto-
oxidation the reactlion proceeded readily.

The firest extensive work on the use of #alts and of amides
s catalysts way carried out by ﬁopell in a study of the conden-
gation of ketones with coysnomscetic esters. For this type of re-
action excellent yields were obtuined using viperidine acetste,
ammonium seetats, ethylenedianine diascetuate, or acetamide in
glacial seetic acid. For the mixture of ester, ketone end
catalyet he used ue solvent glacial acetle acld; as water was
formed during the resction 1t wee removed by slow dletillst ion.
He found that the sazlts were supesrior to the free buser in cat-
alytie notivity. These resulte were explained on the basie that
salte furniesh both acid snd bases, The first step of the mechan-
lsm ae diecueved above mry be acid or bsase catalyzed, but 1t ie
better catalyzed by bsee. un the other hand, the dehydration
gter which is 8ls0o acid or bake catnlyzed is more stroangly

catulyeed by scld.



There ere meny excmples in the literstury of the cornien-

a-tion of zotive metnylene compounds ong cerbonyl compounds, In

- - 2 14 e R v g ] b Y e sy g - -1
¢ publicetion of 1304 Knoevenigelts reviewed the Llorge number of
compounds which hed been osrepured cince 1388 by his metihoa, The

s ldehyoner, including #ll ftypez, silishetle cnd wrom Lie, seturs ted

snd unsstursted, were condenced wlih » wide viorlety ol sctive

methylane compoundcs such s the ccetoncelic vster oud me lonle

ester Lypes, wcebtylocetone, cyuno erxters, nitromethene nd phanyle

15
nitromethrne, BSomewhst loter condenscilon with ketones™” were
Lhoo reportad,

Cyclile ustones «nd eliiyl ecyenorcel te were condenusd by

Hzrding, Heworth, ong erainlé £lso g lirge pumber of cyelie

wetones vere concensed by VYoge h

[

In the condencation of exca: s scetone with ethyl cyino-

woetr e Grrdner nd ﬁaw&rthié snowed tnot Lhe resotion in

plreridineg alifered from thet with oodium gbthozlide Ls the ecotalys

CHe

¥ith ploeridine the zroduct lg CpHsCOOCH-C-CHCOOUAHR; withr nodium

CN CHaCN
HQ CN CHi GN

gthoside 1t is the cyeliis compound, Gﬁg~CM€H-CMé-¢ - ¢ = COGCpHe,

Ciz |

Een and TharpelQ formed nitrogen heterocycllce by condensing
cysnoscetzmide with ketones huving two secondrnr. carbon stoms
#2 jecent to the cerbonyl.

Wore11l® used .rom:tic e ldehydes cnd nitromething Lo prée
prre t series of unsstursted nitvo compounds, Kotr+? ..ndensed
& methuylene compound sotiveted by two sulphone groups,

CeHgiOrCHati0aCoHy, with [ormcldenyde. He obtsined
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use 2 gulvhone; they tried to condenee bengsldehyde with methyl

CE Kohler sand rotter™  sttemrted algo to

r = tolyl sulphone but obtained only n low yield of o<, § unsat~
ursted sulphone whioch wae difficoult to sepsrste Ifrom n variety
of other product.

sncther exampie 0f the seope of thes dnoevensgel resction
ie to be found in & rec:nt publiestion’l in which cinchonsldehyde
wak condenesd vith a variety of methylene comvpounds, including
in adéition to the ususl typee mentioned mbove, cycloheranone
and soetophenone a8 sotive methylene compounde, 4 regent ho@kgf
denling with organic cysnogen compounds conteins sn extenelive
review of the litersnture on the condensation of sldehydes and
ketones with nitriles contsining sn setive methylene group,

sope“? reported sn improvemeat on earlier workll ges-
eribed unvove, Ior the gondensstion of ethyl cyasnocascetate und
ketones, scoording to this procedure the ketone, ester, am=
moniom acetate sne sncetic meld were refluxed in bengene in a
fleek fittec¢ with & constant water eeparatore. a8 the resacgtion
vag refluxed the wator formed was distilled off with the benzene
inte the separstor. The mixture wae refiured unutil the formmtion
of water canvad.

Lepently ﬁowryfg etudied the concenestion of mulononitrile
with variously subetituted usestophencnes, he used scetic acld
and ammonlun scetute se catulyst and employed Cope's method of
dletilling the water formed {into & liquld sepurstor. oince gome

of the goetic neld collected in the agueous layer of the ssparator,
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the volume of water ewxcesded the theoretical reguirement for
the condenention by aprroximately £0%, 48 s reeuvlt the resction
could not be followed aocurately snd only the time for total
reaction war determined,
In viaw of the satisfactory resulte obtained in theso

~b and alkylatiangﬁ

laborntories in folloving etherificsation
recctione by a digtillistion method it war decided to attempt to
medtry Core's method s8¢ thet the resction rate of the
inoevenaprsl veaotion could be scourately determined. If thie
could be acceomplished then the method could be anrlied to the
detormination of the relative ability of Varisue grouvs to
aotivate n methylene compound ms well a8 to the study of the
order of the reunction. Informstion of thie nature is valuable

bothy for theorvtical snd eynthetic considermtione andéd only very

1ittle of vuch informat ion hae previcusly been obtaineds
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The standard srpsratus which wse used in all exporimente
wad eimilar to that of &rﬁpargﬁ. It consioted of s one liter
flagk fitted wlith & thermometer well and & water Beparator
which wae callbrated in tenthe ¢f an miliiliter to a total vole
ume of five milliliters, The wmter separstor held & reflux
condenser egulipped vith s celelum chloyide drying tube, 411
connections were pround plaes., LTGlae-Col" heater was used
with & "Vearise" pet at R0 velte for benzene; thie was th
hisghest voltape whioch would not cause floodinpg of the conden=
s8re whe thermomoters used were checked againgt turosu of
f¢anderde thernometers, DBarometer readings wére tauen but
uevslly variatione in atoospherle yreseure dig not affect the
refluy tenverature eipnificantliye. «endingeg of the waeter vole
vme wares itaken every filve minutes or st some other convenlent
time intervals denpending On the ppeed of 1(he resation.

in the vtandard vrocedure ured for all experiments, ex-
cept where othervige vtated, one-eighth of a mole of active
methylone somround was maixed with the decired amount of
riperidine and esvroie seid and this mizture was diluted with
bergene to s ftotul volume of IH0 ml. in 2 voluselrie Missite.
Arigther 700 mle volumetrio flask wane f1illed with benzene and &
voiume sousni to the cealevlatee voelumo of the benzaidehyds which
wes to be udded later wae vipvetited offs The totel solution was

roured into the liter flerk and the water sevarator vas filled



+3th #olvent. 7The solution war refluxed to remove any super-
£i0inl water shich usually amounted to not more than 0,085 mle
vne=-eighth 0f 8 mole of freshly distilled benszeldchyde was
gdded to the not poluticns. Lerc time war taken ae the time of
ndeition of the aldehydes, osefiuy wae gontinued untlil the volw
une of vater in the 1liguid separetor sne etrcentlsliy conetont.

Uron completion of the reuection the soiution was washed
thyee or four times with sufficient 10+ sodium csrbonste goliue
tion to remove nill the ceproiec seld and viveridine. The polue
tion war thun wacrhed with water snéd flineily with a b seetie
acid solntion. . laree asuount of the solvent was distilled off
at atmoepherie vrressure, the remalnder at redueed vreseure, und
the nrodurt rae {8olated by dietiliation under vadused pressgure
or by oryetalliszation,

4 gomhination of nold and buse wrne choson ag +he catrlyate.
Tho paale comronant wau piperidine but inetend 57 asetis neld
u hisher boiling alivhatic acld was found to he vraferahla.
spetia seid dietillnd ovesr and collected in the aguaous laver
to some sxtent, causing an error in the volume rendingb. “hen
eaproie acid wae usved, the water layary was {ound to be free of
seide -inea ecaproie ncld 1w cheap mad commerolally available it
»af nradé for these azxperiments nlithoupgh other slivhatle acids
may Lo ecually offcotives

Ui the basis of rrelininery exrperiments &5 important
ereton for Intenmzive piudy wee ghogfen, hle gonsisted of diethyl

malonnte ar the active methyleae compound snd benzaldehyde as
the oarbonyl compound. It wag found that ketonss such as
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oyclohexanone and diethyl ketone 4ld not rsacet with malonic
ester undey the etandarxd conditione., {traipght c¢halin eliphatic
sldehydee, {for example heptaldenyde, underwent the aldol ae
vell ae knuoevensgel c¢ondenestions &0 that it was difficult to
igolute = 5iﬁ$1a'gﬁrﬁ repction rroduct from the wixture; cone
pevwentiy they woere wusuitsble 10r kineticd worid. asiphtie
sldenyavs vranched at the aivhs carboen such as L-~sthylbutanal

wug Legtlislbhexansd proved 1o b eluully as good 48 bongaldehyde.

The theorvticsl volume of water wus avolved su0sinly wid 76k
and 800 ylelds vt pure osroaust, rsopectlwely, wore isvlated,

Siluge ethyl groups are eleatron roleassing as gompared
with the nycropen atom, the alvha hyorogen of theso hruiwghed
¢hain sldehyées is leen labile thun Zthe alvha hydropous in the
etreipht chala aldehyces, vor thie resron there branchaa ch&in

idehydon wodereo the aldel confenvetlion much lesg vessily than
tre stralebt obueln adcehydes.s It waw felit, bowever, that
benguldehyde was u more widely utted wnldehyus than either of
these bracched vhaln COLpoOuUnaB.

It vee jound that both bepzene and toluene were tultsble
68 Eolvents,. vhen s wmixture of piveridine and oazprolic seld
vag refiuved lu bengene or toluene, there wes no evidence of
a reaction. chen, howvever, o=zylenc wane tried g a selvent,
watér wag evolved ag the roesult of amide formation oceonrring
to an anpyreciable erxtent betwveen riperidine and geproic soeld
at this hisher tempersture, 114%:, . pure produet icdentified
by snalyses 58 L-oeproyl viperidine wae isolated in & 40, yield.

Thie gompound hud rrevicusly boen oroparss by the ranction of



o 1 1
riperidine anc carcroyl chloriae®’. surther study of the dis~

tillation method for making amidee ig planned in these laborae-
tories,

“here are certuln iimnitations und sourcves of eérror in

.

the distvillation method ifovry currying out snd {following the
rnoevenagel resction. .nly solvents shich boll below sbout

1£5°% can be safely used becgnure 0f the side reaction just cie=-
cussede it is not jroseible to use vireridine without at least
an eqguivalent maount of acid present becsuse the piperidine

#3111 ¢ietill over with the water. Jhe acié must be non-volatile
or ineoluble in watere. Jhe resctantse and producets slso must

not be very volatile or water soluble, lhe temperature of the
rescetion usually varies somewhuts. ror the (0. to ©Up portion
of the resction it was constant to within = 0.3".

There sre numerous advuntapes to thils method of studying
the resctions. <he constsnt removal of water forces the re-
sction to completione 1t hae been Ehcwnll that it is & rever-
g#ible rvesction. ihen methyl-l-methyl-neptylidene cyanoscetste
wag heated vith ac eculvalent smount of water in tine presence
of piperidine acetsate for [lve nours at 1259, 8 04 yield of

methyl hexyl ke tone wawe obvtalued agd 70. of the unssturated sster
Wi FegUVEr6de  anotuer faporisnt advaaitage is tnat the process
is o slaple and rapid one and doeg NOot revuire analysis of
caaples at regudar iutorvals.
SEEATTUTS USRI Y FUE YOI

+ Beries of sxpvriwents vwere carried oult to dstermine
tie effect on tnu resction rute of varyioy ine acid strength,
piperidine ; caproic acid retic, andé the toial concentration of

cutalysts
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Ziinece Breglow and 5ﬁuaerg found that acid ontalysts
such as ﬁyg promoted the condensatlion of benzalduhide and
¢lethyl melonate It war declided Yo determine rhether csproic
goid alone would bring about sny renctlion. 1Y wus found, howe
aver, thot no water var evolved over o woriod of gevaral hours
whan caprole so0id was the only estnlystse ihile result is not
surrrvicing conridering the =meh rrester sbility of E%a to set
¢ &n sold, or a6 so 61cetYOR scecentor sceoriing tc the Lewis .
definition,.

~hen the gondenerticn of bengelieryde 21th eothyl cyano-
scetute in the zresence 0f petoluene sulfoule =oid ae = catalyst
vak tried, 47 of the theoretlienl wmount of water wus formed.
Thig result 1 comparable viih that obt=sined by Se@eig inn the
elulilar ¢ondenvxtion of zldehydes with ethyl scetoacetute.

4t the other extrexe it 1lg well kno=n thut viperidine
glone iz an effective cotulyet mlthouph sccordiar to Hﬁhng at
leapt 8 trace of acld muet be gressat. 1t was pot rosrikle to
use viveridine alone iIn thesge oxperiments sinee 1t i so
volatile; thereifore trien-butylamiss was tested, dul ne water
rae evolveds. hen this anine wag used topether with canrole
acid a8 8 catalyst there wae llkowise no resctions

Yiperidine used with ohlorozcotic acid, o much stronger
acid than caprole, mave aprroximaetoly 7465 of the theorsticsal
amount of water; the halfrosnciion time wne 498 =inutoe.  about
Ve dt 0f the chloroacetio acld vae found in the weter layer in
the serarntor csusing a slipht error in the wvolinme readinge.

riperidine vith eaproic acid pave 100, of the gnloulated

volume of water zad an 0. yield of pure beanzalmalonic ester



was i1sclateds The half-resction tims was sboul 7 minutes,

« gtudy of the neld : dasse rutio of the catmlyst wae
goarried out using one-cighth ©f v wole esnch of benzaldehyde
andé aslonic gster with onee-pixteonth of & mole of plperidine.
“he amount of ascld wee varied 0 that the seld ; base ratio
was 1:1, 2:1, 4:1, snd B:le. &0 cheok run was mede at the
highest ratio, but satiefactory agreeoment was obtained when
enoh of the other experlimente wase roresteds The results sre
summarized in Table l. &8 the seld content inoreassed the
half-reaction time inoressed and reasction rate constants de-

creaked,

Sadio 1

The nffeet of Varying the .old ! bLase atio

TretiofdiHal¥f : Y T
sheid: iheaction: k¥ {(mine ~ x 10 7)

: .(ﬂin;} 2 30 140 1805 ;60#- 3970p 1 B0
1l i 63 11404:11.19i12,19: 11.ua.1e.¢?§ 9.99°:
P2l i 76 i 9.82i 9.92:10.02:10.07 9,96 9.61 :
D4l 114 1 6u07: GulBP 6ulii GeDS: 5.99: e68°:
Dol 3 180 i 4a771 4eTli 44651 Gebiil 44541 445

Ap BE We K

% B e # B BH K Ew

80,0625 mole plpericine used
b omitted from average

these resction rate conetants as woll ne thove slvon subse=
gueatly were calceculated in the following munnere .xverimental
results of percent resmotion completed were plotted versup time
giving s omooth curve. . enlurged graph wes nlotted of the

values between 20: and “0s remction cospleteds Unavoldable
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varistione often appesr over the firet znd last £0, of the
renctione Luring the firet £0r of the resction the syetem s
eetablishing equilibrium. Jluring the latter purt of the re=
sotion devwiatione due to the presence of slisght amcunts of
impurities in the reactante becomo relatively more serious,
syyorm 4in reading the volume of woter collected are slso more
gsoriocus during the firet and last portione of the reactions.

Time intervale were read off from the larger gravh at
£0/., B0k, 404, BOA, 0%, 704 and £0re Teking the time at £
a8 gero time, the renction rate constants were calcoulated

naing the first order roaation eguation:

k S £2303 log &
t awx

vhers 8 ie the concentration at zero time ané g=x ie the
concentration at any time ¢. It can be seen from Table 1

that the constente check falrly well, indienting that the re-
action followe first order kinetioce under these conditionse. .t
the conclusion of this series of experiments it w»ug declded to
use sn acld ! base vatio of £il1 in all subsequent standaré ex-
periment .

The rosplte bear out the ststement made by ﬁ&mm@ttE& thet
the aatalytic affeot of piperidine In the vregsnce of aecld ine
erentes vwith decreseing acldity. de clinims that this sugrests
tknt the base riperidine and not ite eonjuaste wold, riperidie
nivm ion, 18 the catalyete slthourh the eatslyesls may be
effective only in the presence of gome ncld, u strony scid or
a larpe anount of & wesk scld represgses the netivity of the

piveridine markedly ag found above, In the condensstion of
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disthyl malonate ond formaldehyde in alookol molution with
various organic buses ap ostalyets, ﬁ@lchﬁg found that the re-
action rute constant was invereely proportionsl to hydromen ion
concentration.

It has been sugprested at various times that the dehylra-
ticn gtep mipht be the detormining fsotor in the oversll rate.
It thiec were o, it would seem , in contrset with the adove re-
sults, that an inercase in sold strength ghounld inorense the
rate of reaction minee, ae pointed out by :apoll. this dehydra=-
tion is more strongly catelyzed by aclid than by basge.

The effeot of varying the total catalyst eoncentration
at a £:1 aecid : baee ratio vue studieds 7The etundsrd procedure
wap ueed in this serles of experimente eveept that a 10~ exeees
of bengrldehyde woe omployed. The data rummariged in Tsble I
show that the rate is roupghly provortionsl to the total oatalyst

concentrations
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1 e Fara DuliDide UF Bosll l.dbasd L&

In order to determine the effect on reactivity of sroups
esubstituted in the para poeltion of benzaldehyde, diethyl
malonate wee gondsneed with pemethoxybenzaldehyde, p-chloro=
benzaliéehyde, and penitrobenzaldehyde as well ag with bongale
dehyde iteelf, 1t was poesible to run 8ll four compounds at
the same ostalyst concentretion (0.0655 mole piperidine and
OslfH mole caproic scid) and under the stondard conditionss
The pechlorobensaldiehyde product has not been previously pro=-
pareds In each oese first order consitante were obtrmined ine-
dleating that the resction mechanien was probably the scame
for 21l snd that a valid compsrison of resctivities could be
nmada.e

The data =ve summsrized in Tebdle 1ll, In ceneral the
reasztion rate gonstsnts checked well Tor esch runs Jfor the
variove benzuldehydey the constante do not differ over &
larpe ranees ihe moet resctive aldehydée of the series wasn
peraethoxybengaldehyde vith an sverape firet order constant of
11.69%107° rectiproesl minutes, and the leaet resctive vag
pernitrobengaldehyde with 8 constant of Go7Hx10™Y reciprocal
minvtee, This i¢ lese then 5 two f0l4 variation between the
moet ang the lengt setive,

it 4¢ clenrly estsablivhed thst the order of deeresping
resctivity on a tualitstive basle is: -0CHz, <H, =Cl, =iCge
it 3o srearent that ae the eleotron relessing abllity of the

grouy incresced the rete of the resction ineresteds <inecs



TaBla 111

Condensation of Fara Substituted Benzaldehydew with kisloniec Bster®

: :dalf i Firet Urder iste Conetants (#1n."1 x 1077 : ¢ -
i ara Leaction T - - . 1leld .
:Sroup '*im (ain.) ;200 ; 40p : FOR ; 6070 : 704 : 00k iversges  : () .
: : : : b : .
Y 11.62:11094:11464:11046:11.05:10467°:11.68) L :
;=WCHy . g ’11.61’1;.1& 111.74:11,75: 111,61 11.0?b :11,77) 11.69 . &6 .
tg f TIB D 9.34: 9,490 9.4z . 0446¢ 9,501 8720 9,40) 065 1 8y
: T D 9,827 9,92:10,02110.07: 94957 9,61 : 9.90) *°° : :
; e D ra65s 779 T.96: T.56: 7465 6.960: 7 72) ; ;
. v s [aBQdis . « ot - . - . s M
:=Cl . op 7.TES T.92% 7.860 T.39: 7.06: 6.670: 7.59) 71466 . 85 .
SRR RYT 6.99 6,901 64117 6461: 6,417 6.64) o :
~H0g . gy D 64611 6,020 6,961 6477 6445 6.é8b. c.78) 6e7€ . 86 |

&Satalynt consisted of Q.0620 mole piperidine and 0.12% mole caprole seld,

YUmitted from average.

C.fter one dis tillation or crystallization; the yields of purified produet were
usually & - 10% below these valuss,

at



these effeots are 80 &mall in this instance, it i believed
tkat the aldehydee are not involved in the rate controlling
gter of the resctions Thelxr influence may be due to some
secondary effect such as alteration of the resction medlum or
Iintersction with the ¢atalyst,

Hommett”’ has pointed out that a linear relationship is
often obtrnined vhen the logarithms of the reaction rete con-
stante for a reaction of a side chain of meta or psars sube-
stituted bengene derivatives are plotted against the logsrithm
ot the ionigation constante of the correspondinply substituted
benzoic acide, It wse found that the dsts for the para
-0CE,, -H, and ~Cl benzaldehydes satisfied this reiationship
fairly well, ZThe data for penitrobengaldshyde showred conside
erable deviastion, Frerhspe this is not surprising in view of
the lower yleld of product isolsted from thie resction., Ihe
yield of water was 9%. after refluxing sbout £3 hours, whereas
in 81l the other instances the theorectical smount of water was
obtained in considerably less time. Iln any case the linsar
relationship has only minor value for data of this kind in

which the change in rates ie esmall,
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The variocus active maé%lan& eomyponnds were srrunged Iin
three serice for convenience in maklng & ocomparative etudye
ihe first group coneisted of the four symmetricsl compounds,
malononitrile, acetylucetone, dibsnzoylmethane snd dlethyl
mslonate, ounch o0f these wae condensed vwith bengsidehyde
using the 2tanderd procedure desovibed sbove, Lheé resulis
are swanarized in Table IV,

Tabia IV

vondensution of sdengaldehyde with Jymmetrical
~ctive aetinyicne Coapounds

s el vz, i R e o T e
H : v salii : b:
! wethylene Compound: Catalyst! enctlon Yleld":
: : Jonpl s’ riue . :
: : ® : (itomtes): (5)
e e : o : o
o Gl P S . b : B3 : 74 .
B i .-,....»,:‘:..,ww o s e e et e n e s, o A e e B we i i, stoa 2 wara T
- - * * *
* P e AL T o b4 . ”
o $ho QUAHCUCH . * 4 ¢ & r a7 *
S e B B St o - - M
- * - L *
. CglipClckgiucgliy  © & . 11l - S
_velplockelUlghy o : - : :
: ol ok : : :
® ~ L - L]
P UplplGUSHa UL UG nlig ¢ 64 : 7 Do :
. UplipivushguliGphg ¢ : 6 P :

&

0000976 mole piperidine snd D.001925f mole caprole
neddé teken s wndt cetulyet concontyntione.

7ield aftwr one oryetailigation or distilintiod.

carpifive yield.

Wt tee oF thets rowoltiont ooulid Le gonvenliently esrricd out
2l Lthe samo oxtalygdt coneentystion bLecsuse there ws such

& wide vlidurence In thely ratos., wne noy eoonound wae



obtained, the condensetion product of dibenszoylmethune with
beungaldehyde,.

Ui the four eondenentions enly the one with diethyl
malonate followed first order kinetleo {pes Table Vi, Un the
baeie of exvloratory onlculsticons sesuming different intepral
orders the melononitrile rosction arppenred to bve sbove second
order, the seetylacetone eondengation apresred 1o be between
firet snd second order, sad the dibengzoylmethasne renction aleo
appeared to boe boetveen firet and pecond order, 1t 1s poeeible
that the nature of the individenl steps of the reaction
change® sarp the reactiviiy of the methylene comround chunpes
over ruch a vide range. 1t may be, however, that 'he nature
of the sters does not chanpe bBut that the shift in order is
duge to chanpgeg In the relative rates of the wverious steps,

sinee the vrderg of the rceactione are anot the peme,
gonparison of resnetivitier muert be made cn a rurely gualle
tative basis ruthey than on the guantitstive bseis of rela-
tive renction vate gonetantu, It 18 avparcnt from & compare
ison of the half-resetion times mnd omtnlyet conecentrstions
that the order of decreassing remetivity of the =i groups
is =C&, -a@aﬁg, -Guﬁﬁﬁﬁ, -Quﬂﬁgﬁﬁ.

in the next series studlied one setivatineg grour wus
carbethoxy while the other wae a nitrile, acetyl, or a
second carbethoxy mroups The rerulte sre svmmar lzed in

"faﬁ 1e ¥ -
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“he renotione of the three methylene eourouvnde
folloved firet order kinetics rsthey well; conBeguently there
i s poou bawils for comparisng yescetivities in =wors than a
gralitative nesnaer. «zals the cutslyet s@nﬁantratiaa& had to
be varied vicely ip order that the yusmetione micht rrogreer at
rates wvhich could conveniently e folioveds he vrdier 0f (e~
gréexging resctivity of the varlaeble snetivating proup s
=B, «CUd,, and =cUbC g,  This iz in sgreement with the
ropulite for the sympetricsl ®arier although that series vas
baged only on qalitstive information.

“he third seriee invettiganted coneisted of & group of
methylene comnoundie in which one sotivatiange grour »ae &
vhenyl esroup while the ather was a nitro, soetyl, bengoyl,
anrlde, osrbethoxy, nitrile, or bongeneenlfonyl groups ‘he
carbethoxy, nitrile amd bengenesulfonyl ecomveounds behaved
slike wvhen the condensation vas attenpted uslng Ce280 mole
oF vlperidlne and Q000 mole of cavrolice neclds 4o mroduct
wag 180lnted und wracticeally a guentitative yleld of the
gtartine methylene comround wad ragovered although the
trecretienl volume of water was collected ia the eserarator
over o pericd of sbout 40 hoeurs. & resinoue re&ldue which
ragy hnve resulted Ifrom the gcondenseticn of the aléehyde and
rirerldine war nlvo obtained. hen a &iallary run wae made
neling Colid mole of bengaldehyvde, 0,185 mole of caprolie meld,
aud 840675 mole of siveridine, and no methylene comround,

0.091 mnle of vater was gollected in sbout 20 hours, A

eriell asount of bensaldehyde wae recovered and o largs
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resinouw residue wae obtained whioch could neither be aryeisliizesd
noy dletilled.

The reaction of phenylacetanide wae not cleor cute
shout £4% of vure vhenylacetamide war recovered from the re-
petion mixture and an impurs s80lid mixture from which no
single eomround could be sepsrsted, The ssme tyre of repinous
recidue &8 wue obleined witk ench of the thrae previcuely dise
cusped vrnresetive conrouvnds was rleo formes. Lrere wak 20me
indicstion, however, that more than this usual slde reanction
of bengaldchyde and virveridine ogeurred beernuro the rate at
whieh #a%er Tos evolved wad more ravid with rhenylasectamide
than with the others, =ith ethyl phenylacetsnte, vhenylacecto=
nitrile, snd phenylbengylevlione the halferenction time wae
about 10 heurs, but with rvhenylecetamide 1t wae only ¢ houre
gnd £ minutes, 4t ig roseible that phenrlacetsamide further
estalyzes the elde resctions It way be reeallesd that seetae
mide wag ueed gt o outalyet under viniler condliiond by
copell for the gondenration of ketones with eyanoesters,

In any event & kinetle study i of no velue under these exe
rerimentsl ponditioneg for phenylacetanide,

It 45 intereeting to note that the nitrile grour which
hae a highly setivating effect in melonbultrile and ethyl
evanoscetate aprarently under the econditiong ueed heroc does
not setivate the methylene grouny in vhenylagetonitrile
strongly énouph for it to condentce with benzuldehyde,
‘henylacetonitrile underpoes this reasetion when more b&&ie

entalyste sre used; it has been condensed vith benzeldohyde



in the presence of 20~ wodium in &1ewhalgg.

It 42 not vurprieing that bengylvhenyleulfone ig not
gnffioiently active t0 avndenre with bengaldehyde vhen pipere
idine, = relntively mild bare, is used se ealnlyst. ihe
suliphone group is anslogons 1o the earbonyl grouy in some
refprecte, but it doos not amotivate to the same extent ae does
the garbonyl pgroave. Senzylphenylsuvlfone hag been ﬁhownﬁl
te be conviderably lese sctive then the corresvonding earbony
comround, bengylrhenyl ketoune, The vulfone forme s salt vith
eodium ethoxide ne coes the mnulogous ketone, but it 1e not
alkylsted eith methyl fcdice sne podium ethozide ne ig the
earbonyl oeompound, The results of the present econdensation
studine boar ocut the dlfferencer between thewe tvo commoundss
ihe sulfone doer nut condense st all under there conditione;
on tro other hond the ketone goadenesy resdlly.

Thenvlnltronethane, rhenylacetone sné benzylrhenyl
kstone &11 condense vwith bengseldehyde in the precence of
civericine snd gaprole aeid, ssok followmes the first order
¥inetie ecuntion, Indiostineg einilarity in mechanivn and prow
¥idine an oprortunity for s eomparative etucy av disouered
akcve for the ester series, o8 shown in Jnble VI the
reintive sotivatine «bility of the groups arranged Iin doe-
erearing order isl «iiv,, ~§¢ﬁ33, and -Cua@ﬁﬁ.

~1thoueh the condenéstiong of malononitrile, acetyle
neetone, sngd dibenpgoylmethans apyeared to be nigher tran
firet order, these comvounds gen be pluced in un serles of

relative resctivities by compmring the curves for time versus



*358 I5AY @OLF POIITUC,

UGTIEEITI®IARIO X0 HOTIUTT 13 a1y 200 Xajlw »Ial:

q

eIy oT0XdB0 HTOT FLATOOTH PUE SUTLIIadTd BTOW 0LA00N°0 BO1IBIYU-0ueD jaflwiwd jIuN
4

* L]

*

*

+ “

LE 3
L]

We EP S4 KR BB 4§ PHE SQ Ve P FE bW

um.auam.mﬁ"mw.ﬁﬁ"mm.wﬁ“wa.ﬂﬁ”aw,ﬂmu@m.oﬁn %m.nﬁ 1o e 1 D 4 suca” :

: : : : : : : : : : : ﬁma%@ﬂuwmaﬂ "

mm.c qw.ﬁm. TrewdtIT IS MH mm¢ﬁn a;.ﬂau 3071 &9 ge . a3r ﬁaou@oa«aﬁaa !

* 3 s e $ R H :

ww.ﬂ. mqmm pw.aﬁuwﬁ.ﬂ "wﬁ.wa ¢:-ma wu.imunmm.mwu a9 6 69 lpunyjemexyrutiuey::
T Yot 70L &%“ 755 2.%. Y0 gererri(turmiewil’  -odon: “pirnedmo- ¢
@pﬁwwqas.;uw»ﬁ. : ten - . M C2OnY D uot3ownvwisLiniust sustfyier 1
,hm (414 ﬁd LTW) AUy ﬁsa: BB IBpIN 38IAVI m w wdgam m m

dnopaxr thusyr v

gprnoduo; OUOTAYION 94130 {13

Fute e juor

b oA o+ WA o e R AT T £

L1 MUY LWL Sk R SRR, S S R TR S b

2P lyseTTUS IO UD TIRIUWIPUOD

T

& u

-
+
.



e
-3

rercent resction completeds, The order of decresuing rew=
sotivity ineluding all the methylene comrounds Ifrom iables IV

V | AR f;‘ ;: J‘;;.;* pud ,as‘" o “‘ ::“14?»':;6‘: }i
Voand VI 1g: SHGIUB) ., CHCH CULOGH g, CHauvlHaUulo e,

CH (u;,sag)?, aﬁgmc%aﬁ@)f o CgBglHEU,, CHMLOUC Mgl o,
Cgigllighvlily, and CgHgCH LUl HE, This sequence is uite
definite, oxaspt that scetylacetone 1s nraotieslly ae reactive
ne aoetosncetic estor sand phenylacotone sand rhenylbanzyl ketone
have egunl resotivitiaes, vithin &%ﬁuzim@ntﬁl error., -he relsa-
tive reactivitise of vhenylbenzyleulfone, ethyl vhenylacetate,
and vhenylascetonitrile have not been estzbiivhed, but they
sre all legs vesctiee than any of the somrounds in the sbove
eprios,

~uantitstive cozmrarisons smong the convounds in
Inbler ¥V and Y1 are vallé eince they nll meem to follow firset
order ¥inetier falrly vell., w2 order of decrensing resctivity
im: Sﬁﬁﬁgcayﬁﬁﬁgts?.ﬁi, CHa OB eLlUCplig( F1a9), aéﬁﬁgﬁggﬁ (1.82),
Cipllucipugl o1}, SHaullplaiol0aE8), and gl Cuil g (0aBT) e
The numbere in parentheséds refer to the relative romectivities
on 8 guantitstive baeie if zll the rates mmuy be ssuumec to be
proportionsl to the emislyst coneentration ane i the chanpes
in ocatsalyst conceatration 40 not heve any eifects other than
the direct c¢utalytlo oness he proportionslity sng estubw
liened¢ for melonio evter (mee Jable 1ij). Ihiyg suter was
arbitrarily seslierned unlt reactivity.

inetead of considering the sutlire wmolecwle, the re-

activitles 0f the individual prours sttschee to the methyiepe



curbon msy be eompared. Jomparisone within Tables V ané Vi
arce roadily made., In addiition . ocomparison of ethyl sceto-
acetnte and thenylacetone indlosten that the relstive agti~
vating effects of the carbethoxy ané rhenyl groups are 2l.9 and
GCa b9 vosveotivelys

A arvrorimats gualitative comparison on the beelis of
all the datsa from Tableés 1V, ¥ ané VI pives the followiug

order of dsorsasing remotivity: =iliy,, =UH, ~£§ﬁﬁ$. -Sggéﬁs,

LIl 0pHgand ~Oghge Yhe poslition of the ~iulgHgrroup cannot be
agoertsined on the bavie of evidence cresunted here,

The above geries oan only be very upirorimate, for it
diepcounts any interaction betwesn tho sgtivating grouvre, That
guen inicrastion may in fset be couslderuble is showvn by a

eommarisen of QH, G0 g L, and Q“dwzuk“p w;.ﬁ with
5 & £ S

Cgepeiglllignnd UglHplligllilghge +1th the eymmetrioal coumpounds
the CHaCUe group sctivates zuch more siroaply than the O HglUe

proup vhile sith the vhenyl enmpound® the activating ability
ic egunle 4 simllar concliusion resulis from & comparison of

{'%

}1.3 {AH ?G L 35&&& 3{:;5@5@%.:&1;2;:;@’3?&5&1&1 Sxigizi«?;ﬁgg:ﬁb‘:aﬁgp

in the gymmetricel coumrounde the (U0 groups is more etlrongly

-

setivating thun the Jgliglils groun dhut when theee twe gronps
are prevsent in the cowe gonrcund, the reaotivity ie about the

BAmE "L ;¢guga;£u;¢%g 4 eomparison of Gl {““)i and wﬁ§‘ ﬁﬁﬁg)g

ar %ﬁﬁﬁgauwﬁg“ﬁand ﬁﬁaﬁﬁaﬁﬁﬁﬁbwg&ﬁinéieat@a that the =JbE proup

ie more strongly activating thmn the ~Lilih growp, tuil a com=

parison of égﬁﬁaﬁgﬁﬁ and Seﬁsiagcgﬁﬁﬁgugp&sta that the reverge



is true,

These examples of marked intersotion nlearly demonstrate
the futility of attempting to aeelm to eamch group a numoer
whioh gusntiiatively denotes 1te sbility to wotivate 8 mothye
lane groupe he oomplete moleculiss con be quuuntitatively
compared Or the grouvpe gan be quantitstively ocompared o long
88 the segond activeting group in the methylone courouvnd rew
maineg constant,.

The prizcry influcnse whieh determines the relative
abilitier to nctlivmte the methylene group ie donbtlensly the
tendoney of these unsaturated groune to stiract olecironsa,.

The sotivity of the methylene group ie greatly onhanced by

the rreeence of more than one electron w=ithdrawving groups 4
hydrogen atom mey be readily removed to form an asnilon with
rugh compouvndg ag scetvlascetones, in enclization & hydroren
atom vhieh iz removed by formation of the snion becomes
attached te 2 earbonyl orysens Lhe high pergentspge of enol
form shich exliegte for comnounds of thie tym moy be dee to
ptabilizsat ion of the enol by the formation of chelste ringsgg.
The followine are the mwaln forme whiek contribute to the

resonanee hyhrid of seetylagetone!

Vwn e} C -l we O
I b o |
o 7 N e 7
Qd e

It 18 interesting %o note that those compounds which huve s
of the
high proportion /A6l form seem t0 Le smonp the mo#t rooetive.

Sibengzoylmethane existe 100~ in the enol fora, scetylucetone



V6, 80Tl acetoacetate =, and dicthylmslonate lese than

e mpe
¥ ’,:%g.f

Q01 .= « ihere does not, however, sppeer to be any quanti~
tstive ecorrelation betwesn encligastion and renctivitye
aithough in both the ester and phenyl eeries there is
Sppertunity ior peometriosl ieomeriem, there wss only one
inostence in which s defialte indlestlion of more than one form
wat moied, Fho product derived frombenzylphenyl ketone and
disthyl mslonate guve in one csee an 494 yleld of sollsd
material from whieh a pure compound in BBy yield wane obtnined
which melted at 101 =~ 102%, the melting roint of one of the
kuown lsomerice praﬂaat&g4¢ The remalining 33+ conslested of &
mixture which could not be completely vurifieds 7Two ailfferent
eryetailine f{forne eould be obseérved when the material erystalle
ired slowlye une was & material which melted at 97 =999;
the cther torm, which melted at ~7 =59%, took om aslightly
yeliow color op stundling. This chsnge in coloy is charscter=-
fetic of the lower meltins isomer>® which melite at 86 ~:9°.
It ig & poweibility that evomne of the lower yields of rproducts
in the phonyl series might be due to o formation of s mixzxturse
of iesomers wvhich souie net be reuclily sesrarated.
MECHAGL M VF T ERUGVLEABAL RenOTIvE
%08t of the kinetic etudiee winieh hseve been enrried out
on the brse setalyzed aldol tyre condensetion seem to confirm
the mechunism for thiec resction ae propoved by iLapworth? ang
discussed in the introduction. In brief it vae propoeed that

the bsee rewmoves & proton from the activated methylene group
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to form n carbanion shich then joline to the carbonyl csrdon
and & proton sade tc the carbonyl oxyaone. -ater is sometimes
gplit out from the «ldol producte The generasl scheme muy be

represented by the following serlex of eguatione:;

L (1
v \ + =&
B+ HC Sl BE +  HCA 51
(2} 1 L%ﬁ“ﬁ%ﬁ
(3 .
e ! » ‘ . d / it
E* ¢ — C—- K A — & — H
B & — = B
oo
s T ¢l 4 + H,0

finetis and other experimentsl evidence confirm this
mechanieme ¢elch®? inveetignted the kinetics of the reaection
between forasldenyde and maionie ester in sn sleoohol soluticen
uelng smine euatalysts, is results ahoyed the rescotion to be
eoc0ud order at oconstunt catalyst concentration; counseguently
it is likely toat Jtep (&) is rate controlling under ithese
eonuitiouss e wled desconutrated ueing ripsridine, the
epeciflice cutulytie eflect of secondaury asines,

In 8 study of the condensation of benzaldehyde with
agetophenons in algonoel solution ia which godinm ethoxide
pal useu as tho a&%algﬁtﬁg. it war found that the speed of
the reasetion va®w proportionsl 10 the concentration of bath

reagenty at a iixed catulyet concentrstion,



Pirset order kinetles vere obeserved by hellzv in the
gendensaxtion of one mole of scetsldehyde with another in
soneous solution. at firet he suggested that the rate deters
mining etey of thiep 4ldol condencaticn of acetnldehyde might
be the cutulyzed dehycretion cf the hydrate ﬁﬁﬁdﬁt@ﬁﬁﬁ.

S

subseguent experimental dats showed that thie covld not be
the guee nnd thet the etisck of the bhuse mipght more loslieslly
be rate ¢otlerminiage lnvestipation of the sidol condensation
of iscvhulyraldehyce vhovwed thuatl the appareat orisr w»se bstween
firet andc vecgond lndicating that the first two steps nsrogecd
at comparsble ratew,

The resctions iln the present ptudy have been csrried out
unger anite different condltionsg frap the ones meuftioned above.
Those which folloved an intepral order were found to be firet
ordere Jhewe include thres compounds Of the ceter series,
diethyl mulonste, cthyl zeeioncetate and ethyl oysnoncetate,
nnd three campounds of the phenyl eeries, vhenyinitromethane,
rhenylacetone, and phenylbenzyl ketone., For the condeneations
of these compounds with bengaldehyde the svidence obtsined in
this study suggeste that the firet step, the attuck by the
buse, 15 rate controlling.

In an effuort to determine more elienrly that the concen=~
traticn of methylene compound 18 the caatrelling faoter in the
rate st & fized osntulyst congentration, sxpesriments were osrried
out uging cifferent ratice of renctantz. .hen s 100, exesss of
diethyl maslonats was unzaed vith 0,155 nole of benzuldehyde, the

time regulired for one~fourth of the sstur t0 roset »ae
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4C minutes) with 204 excess ester the tize for one~fourth of
it to rezcet woes 33.5 nimvltos) with O oxcess ester the time
wae 385 minutes, Jbe correeponding sverage fivst order cone
ptants for 1004, 0. and O, oxcess esrter ware 7,30 x 1&’3,
9400 x 10 gng 9.90 x 10™% reciproceal minutes, It is appe-
rent thal sowme influenoe le causing s serious shlft in theee
conatantse it i® poseible thzt the exocess ester deactivates
tiio cuilniyet guusing the constants to feli or that other
effecte of the change in mediuvs sre rerponsible, The posse

1113ty thet the formutiosn of the tetrs omter,

o - Ui wamgﬁﬁ)g

Celg , wna & sericue dinturbing Fucetor vas

vit (SObigagl o

eliminated by gquantitative isolation of the excess unreacted
snaionio sster and the isolation of a V3. yielé 0l beunzale
malonic ester.

~hen exoesg benzaldehyde wae uscd la the same way, the
kinetice results were of 1ittle walme becnuse in all cuees
an approecisble excegd of vwater was evolved, indicatiang side
resotions., For 100 excess benzaldehyde, &fp uore than the
theoreticul saount of weter wae collected,

it ie spperent that the evidenee shorinpg the condensaw~
tion between slédehyde and methylene compound t¢ be firet order
nt conetant eatalyet concentration ssannot be entisfsctoriliy
pupported by studies in which excesrs methylene compound or
aldehyée 1s employede Firet order kinetica apuear (o indlcate
that the {iregl #tep of the mechenlin attsack by the base

on the methylene compound, is primarily the rete detsrmining
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preoess., It will be recslled that the results of studlies on
parse tubetituted benzaldehydes 4inalcate that the carbonyl
econptituant ic not iavelived in the rute controlling step. un
the other hoand gtudies with var ious mnotive methylene compounds
ghow that «d teratiine in the sirvcture of thie reactsnt gause
imarked changes in the rate of the oversnll resction. It was
furthermore ehoevn that it ie the piperidine rather than the
gaorale acld vhlelr exerte the primary catslytio effects Thie
iz congiztent »1th the interpretation that the etey in which
the hars nttacke the methylene oompound ie the one whiaoh
shisfly daterrines the rute, “he rvoselbility that the second
#ter 13 nleo slow epoueh to influsnoe the oversll rate has
not heen entirely elimineted,

The enerpy of activatinn wag caloulated for the con-
seny=ticn o hengnliehyde «1th malonle ester from the data
Yor the roaostlion mn in henzene and in toluenes Iin both carsen

DelfH molg of estar war uveed and a 10+ excees of benzaldehyde

pod

with O,0719 mole of piveridine ami O.0020 mole of gaproie
neide Iin banzene the tomperature =ae Hd4eb ~ £4,3% mnd in
toluene 1t ver 114.,6 = 114.4%. Luplicate experiments were
rur in esnch oprere, 11 it cnn be aesumed that the solvent

sffrote of tolvene vere about the pwné us those of benzene

the smerey of meotivetion esleulnted from the equation,

- 2 e

¢ iw dotereciing to ante that the resulte of this siudy
aprea malitatively with aumm%tﬁ'sﬁ““gﬂrrﬂlﬁtioa whick wae
divopuyeed 2bove but not wltihn Aowry's®™® remults on the ocondene

est ons of malcnonitriis with pe substituted sceiophendsnes.
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oelPHeRY Lale LI1AQATIC a4Cll
Thieg study wer directed toward the gyntheses of sub-
gtituted volynuecleny hydroesrbone by the condeneation of
<« diecarbonyl compounde with sromatie compounds having two
netive methylene groupe in the ortho positions. “he genersal

rosction 18,

i
-uﬁ X Ve O ~R K
X

vhere % {8 an activating gproup such s® a nitrile or s earboxyl
grouy and X 18 an slkyl or eryl gproup. It may ke pesn that
the resction pives rice to 8 new sromatie ring., It wrne hoped
to develop & pood method for vrervaring polynuclesr ocompounds
gubgtituted in the meso rositions which are net readily avell~
able by other mesne and which might prove to be useful inter-
medintesr for the synthesis of carcinogenic hydrocurbons,

4n early example of thies tyre of condensgantion wap ree

ported by hinﬁhargag

who used o-phenylenediamcetonitrile to
guprly the two necesgary aoctive methylens groups, he resgtion
a8 oarried out vith diesmrbonyl eompounde suck as phenanthra-
gquinone snd bengil ueing sodium nmethoxide me the eatslyst in
methyl rleohol solution. after standing for eight or more daye

at room temperature the rroducte were igolanted; no ylelds



56

were reported, <he produets obtained were!

4%
A - Vg
& _ CB Hs-
| |
i JUBH g i

dinsgberg’'s vork was repested and evtended in thie etudy
in the hope of improving the rosoct  on €0 thet a variety of
comnounds could be obtained in good yield. Lompound 1l
woae ieclated in only a very low yielde The method wne ex=-
tended to eimilar condengsntione with glyowal and with discetyl.
‘rhen &8 & agqueous golution of glyoxal was rescted with the
dinitrile welnpg codium methoxlide in methyl aleohol, 144-
dleysnonaphthalene wag obtalned in a 30 yleld, :ith dlzecetyl
the desired compound 2 ,3-dimethyl-l, é4-~dloyenonaphthalene was
obtained in a 15+ yield uring s similar procedure. It was
further found that, in the osse of phenanthraquinone, con-
dengation wit+h oephenylenedincetonitrile cecurres at sbout
£00% in the abeence of both estalyst snd solvente only =
4% yield wn2 obtsined of the clamlde fnstesd of the smidee-
nitrile compound I vhich Hinsberp vrepared. <reliminary
attempte to raise the yields of the sbove counpounds wers not
enoouragsinm.

‘hile theoes siudiee were in progress Loureuw and

40

ecworkers ronorted the same condenegatiorn using plperidine

ag o oatalyst. “hey eucceeded in condensing o-phenyleone=
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diaestonitrile =ith werioug diearbonyl compounde in ylelde

of 40« GBre  in view of thelr setiesfuctory method of eynthesis,
plane for the further stvdy of condenestlione »ith the dinitrile
were abandoned. it spresred, however, that the etudy of
methylene comrounds containing sctiveting proure other than

the nitrile should he continuvec singe thoy wvould lesnd to
valuable comvoundy not readily obtained from the dinitrile.

4144% founa that ke wap unsble to hydrolyze theme

Thue Louren
rrofucts to the dloarboxylio scide; 105 aleoholie potassium
hydroxide pave only diamnider,

In order to prepars the same typre of comrounde cone
taining &ifferent funectional groure, 1t wae decided to study
the condeneation of the &iniftro uné the dicoarboxylic methylene
compounds, sxperimente vith the dinitro compound d4id not
give encoursping recsulte, but the condenvstions of
g~phenyleneiincetlo scld »ith variovs L+3ienrbonyl coumpopnds
uging the ferxin?® renction were successfl, -1th benzll,
furil, and dlacetyl the condensation was uneuvccensiul dut
*ith ortho quinones guch as phenanthrasquinone, nauvhthaquinone,
chryseneguinone, and scensrhthaguinone the exrvocted rroduois
were formeds  The compounds obtained and the yields of ench

werT el
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The general procedure was to suspend a mixture of the
potaseium sslt of o-phenylenediscetio soid anmd the ortho
gquinone in seetic anhydride. This mirture wee gensrally
stirred for ahout eix hours in an 1ce bath or at some tem=
perature up to 50° depending om the ’quinam whioh wae being
ueed. After standing overnight the resstion produets whish
were rather laecluble solids wers ieolated by filtration snd
wore ruri fied. ‘

The oompounds obimined have not previously dbeen reported
in the literature, In all inestences they were identified dy
analyses, The condensation product of naphthagquinone wae
forther reacted with disgomethans to form the dimethyl ester
in a small yield, In the case of the resction ofophenylene~
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diacetic scle¢ vith phenanthraquinone the product was uleo
ldentified by deosrboxylation to 1, £, 3, 4 dlbenganthracene,

4 mixture of vroducte wa2 obtalined from the resection of
o=~phenylenediscetic acid with scenaphthaquinone. In sdaition
to a eompound formed by the rssetion of both methylene groups,
Vi, there was zleo a product wnich according to the analyses
resulted from the condeneation 0f only one of these groupse,
compound VII:

ClpCUUH
c

#
®
o

£z Yiela
Vil

Compound V1 is the only exsmple ¢of the formetion of an
anhydride rsther than the free dliesrboxylic zcide It wes
poesible to separate compounde VI and V1I rather esasily
becauvre the anhydride is ¢nite insoluble in hot glacial
scetiec acid vhereas the hal f-condensed gompound is soluble.

4dttempte were made to further eyelize Iil in order teo

yrepare a compound which mipht be written as!



Vi1l

Beduction of the carbonyl groups t0 methylene groups would
give an interesting snalog of cholanthrene nnd of 9, i0=
dimethyl~l, £~ benzanthrscene, both of whiech are potent car-

einogens. Various catelyets were ueed such ae HF, U 50,

2, Clp in escetic scid, and Fylg, lione of theze attempte was
eucoessful, offorts to eyclize viem the nold chloride were

alz o unencceesaful.
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Purification of iasteriales, +1l1 starting materiale were

purified by distillation or orystailizations ‘hyslenl cone
etante for the purifled materinls may be found In Tsble Viie

Acetic scld and riperidine me the Catalysnts ine~eiphth

mole of 2-sthylbutanal, the eame smount of malonie ester,

Ue04 mole of piperidine and 0.0F mole of acetie ueid ware rew
fluxed in B0C mi. of benpenes Lfter 23 houwrs the volume of
water was congtant; however, the resding wad 0.£F ml. hiphery
than the theoreticsal walue, indieating that some acetic scid
had dlstlilied over with the water. Thie observstlon »as cone
firmed by the faet that the weter layer waus found t0 be acidic.
The solution wse washed with 10 sodlum osnrbonste, The benzene

wat distilled off at atmosrpheric pressurs, and the product »ae

RS

e

distilled under redusced proesurc, b.g‘lfﬁvlﬁﬁﬂlﬁ.s_mm. A T8
yield was obtsined,

Condeneation of Xetones with ialonie eter, Cnmee-giphth

wmole emeh of dlethyl ketone and malonice ester, (.16 mole of
piperidine, snd 0.3 mole of crproic scié in BOU ml, bengzene
vere refluxed for £4 hourg. At the end of that time no water
had collected in the liguid zepsratore

“hen the Bame procedurs wvas used vith one-elighth mole

*idicroanalyses were by iirs. dary :ldridee and
kres Eyron DBaer.
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of eycliohexanone as the ourbonyl cowmvound uand the sane quune
tities of thoe other respents, only 30, 0f the theoreticul
amount of water wnase ¢ollectead nfter & houre of refluxing.
The solution wes not sorked uyp,.

Condensution of slivhatie .ldehydet with kaslonlc .eter.

‘hen De0676 mole 0f nehoptaualdehydie was refluxed with an eguie~
valent guantity of malonic eeter uuing 0.04 nole of piperidine
and Q«0v mole of caprolce woid in 500 =ml. of bensene, 90~ of
the theoretionl qusasntity o0f water wae collected in £4 hours.
The resction mixture wuas worked up scoordine to the standard
progcedure, s stated in a previocus section, but no sharply
boiling fraction wae obisined gnd ne pure rroduct oould be
ieclated.

i 8tundard ran wak mede vith 2egthylbutanal and maslonle
ecter, ueing O.08Z86 wole of piperidlae und Q40850 wmole of
enproic solde ‘he temperature of the condenestion wak 54.1%,
“he hslf rsaction time wee I houre zné 3D minuntes) in 24
houre 94, of the thsoretlicel volume of water wag collected.
~ftor the standerdé wsehing usnd distillantion the mroduet vae
obtoined in 76485 7i0ld, DebeliBe betifia 5°/04b=0eé mma,

Bo7*%2 1.4442 (11tebepel46/claim., ny T 1.6850).

fith the same guuntity of A =gthylhexanal znd the
identicul procedure, ueling thir time 04170 mole of gaprolc
acld and QeU6Zb mele of pipericine,the ronction lemperature
wab LéeD-84.7% Luring 24 houre & 97. yield of water vas
collected, “he helf-reaction time wae £ houre., The product

was wadthed a® belore, the bengene dietllled off, snc the
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produet dictilled wvnier reduced pressure giving a crude yleld
0f 67 Un refractionstion an OO0 Fileld of produet was

_ &7 -
obt=ined, hc}?ul@ﬁioﬁ*llao/(}uﬁ'éc'i Mife , nD & - led447l,.

Tept of Various colvents, hen Ql.0685 mole of piperi-

dine and Q.1EH mole of caproic amcld were refluxed togsiher

for three hours in H00 mle of benzene solution, at LELE 5:0.19
no water was evolved, indliesting no resction at the temperaw
ture of refluxing bengensg.

“he above experiment wae revesnted using o sinilsy
toluens eolution =hich haed n reflux temperature of 115.2,10.1°.
agnin no reaction »a2 ohierved.

4 resotion did ocour in O-xylene vhen the geme guantities
of plreridine and caproic acld were refluxed in this solvent
at a4 tempersnture of 144.3 «144,6%* after refluxing for £&
houre, 0.0 mole of water w=ss collected, ‘he golvent was
dietilled off and the produoet was fractiocnated under reduced
pressure. ihe firet fraction, B.F gebolling at 7:~73,8%/2 mm.,
n%?.gz 14148, was cuprolie meld. ‘he second fraotion weiphed
£.0 ge 8nd bolled over s conslderable rauge, 91-106°/¢ nm.,
ng7¢5z 1,4400. 7Ihe third and main fraction, &.: g., boiled
at 107=10%°/2 mm., n§7‘53 le4%ive There wng s rosidue of
£.4 go The maln fraction represented a 60 yleld of lecaproyl
piperidine, Un n repeat run a 78: crude yleld was obtained
which on refractionation gave a 40, yield of & produet bolling
gharply at 9°,29/1.8 mm., ng?"s: 144722, (1it.bape140°/12 mm. ).

snale Yslods for Cyylin,udi C,72.07; B, 11e86; §,7.66,

Found: C,71.90,71.69; H,11¢11,11451; &, 7.74,7476s
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2.,06F mole of ethyl eyanomcetate, 0,093 mole of benzsldehyde

woid ne the Catalyets & mizture of

and 04008 mole of netoluenesgulfonieo nceid vas ~efluwed in

FEO mle 0F bongzencs The catalyst concentration woe increnved
at intervales as the evolution of vater slowed down until the
final ameunt wag 0,045 molee 4fter refluxing for 36 hours
only A 4880 yield of water was evolved, +he product was not

fsolated,

g_Lptalvete ‘hen 00,0675 mole of
bonzaldehyde and 0.,0828 mole of malonie estey were rofluxsd
vith (0888 mole of emvroiec meild in £30 ml, of benzene poluew

tion for 2 houre, no water vwas evolved,

nlzote The standard guantities
of malonic seter and bangmldehyde were reflumed with 0,06886
mole of trien~butyismine in 00 wl, of bengene solution, lo
water wae formed after %=1/2 houre, shen O.1%5 mole caproie
neld wag ndded to the above mixture and the eolution was re=
fluxed for three houre no watér was formed,
ig seld ng tYstalyste A stane

dard run wss made »ith bengnldehyde and mulonic evter in the

prezones of 0.,06F8 mole of piperidine mnd 0,120 mole of
ehloroscetle seide sfter a 51 hour period of refluxing, with
the temperature varying from 52,40 to 53,49 8.6+ of the
theoreti cal amount of vwsater was collegteds <he halferesction
time wvaep approximately & hours, Toward the end of the refliux

time chlorosgetio agid beprn to vpreciplitsnte oyt s it beonme
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leme soluble in the resction mixture. After cooling, 3.42 g
of the meid which had mrecipltated wae flltered off, Un
titrating the water layer, le%56 ml., »ith standard sodium
hydroxide polution, It wae found that it counteined C.033 g

of ahloroacetio nroide.

s ptendsrd run wse made using 0.126 mole of benzslaehyde,
0.155 mole of malonic ester, 0,055 mole of piperidine, snd
OelfB mole of esprole sold in 500 mls of benzene eolution.

At the end of u reflux periocd of 10-1/% hours a 9Y:.6, yield

of watar wae obtaineds The tempersture was £2.2% t 0,1°%
After the uprunl siandsrd washing end distillation sn &9.3%
yield of crude product wae obtained vhicgh on refracticnation
gave 5 TP¢4% yield of pure prodnet, b;p.l&&.&°~1£?.5°/0¢5 e,
np?7e 83 1,5556 (18t4bapsl:9=190°/14mn, 0" 4% 1,63:9). The
rate date are given in Jable VIl see also lable 1il, For
a énplieate run the aversge resction rate coaetsnt was B3
lower, The temperature wag £446~94.3°% and the yield after
one distillation was Hisx, In this and 8l osnses subBsguently
diecunzed the first distillation wae done using s siaple
vlaisen hend, For redistilletion a 6" x 1" Vigreux

fractionating column war unsed.
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Table VIIL

Time Volume Time Volume Time Volume
(ml,) {mige)  {(mln} (mine} {ml,)

10 Calb £0 ls28 140 1,68
w s 21 90 1630 £10 1492
3G o 4f 100 1.39 £40 1.99
40 « 66 110 1.46 270 Fe 03
50 o2 120 1e.52 330 £elE
&0 «94 126 1,68 450 £e 2O
Y0 1408 150 1.71 620 Fe 2F

The offect of Varying the iAcid: Base Hutio. The standard

mantities of benzaldehyde and malonic ester were reacted in

the trosence of 0.,0685 wole of pineridine and the same amount
of oaproic soids The tempersture wses 54,0-/4,8% Unlike the
gtandard method, the produet was not vasheds The solvent uwas
taken off at reduged preseure and the reslidue wae distilled;
A B4,Bx yleld of orude rroduot was collected. The rate data
are tatulated In Table 1Y {mee also Tabls 1}, The peaction
rate conetant wap 104 lower for am duplicate determinations
wae Obteined,

Table IX

Time Volume Time  Volume Time  Volume
{mine) . (misl {mine) (mle) (ming) {mla)
B Cel3 &0 130 pR L} 1.92
10 o 25 920 1o40 745 2408
20 42 105 le 52 306 £410
30 o 50 120 le &3 4EB PelB
40 79 1356 le71 7086 Eell
50 « 27 150 177 13820 EeER
80 1.10 165 1o 3 1400 24 ED

70 1.88
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The detorminat ion at a 2!1 ascidibase ratio wae vreviously
desoribed.

In snother experiment the atandsrd gquantities of benzale-
dehyde and malonie emter were condensed in 500 ml. of benzene
solution in the nresenne of 0,085 mole of viperidine nnd
04 7EC mole of esnprolc ecids The tempernture was 4,0 + 0.1°,
The produet wse worked ur by the standard method and a 695
yield of pure product vwas Obtained, b.p.l&ﬁ.&r1489 /1.6*1.? M7e
anv'sz 1,83%2. The reate data for this run sre in Vable X
{see sleo <able I}, 7The average rate constant of a duplionte
experiment was 4x higher. ihe teupersture of this reaetion
mixture was ﬁéaﬁ'%4~5g. The product was obtainea in »3% yielad
sfter one dirtillat ion,

s IR VI o
LA &

Time Volume Time Yolume iime Volume
{miny) __ (m1,) {min.} (m1s) {mine) _ (ml,}
10 013 100 1.07 £45 1.70
£0 « 25 110 1.10 ETE 179
K ) * 36 125 l.19 290 1.81
40 o A8 140 le 28 380 1.93
50 - 58 1656 1e37 4586 £.05
60 « 89 170 1.43 630 2el14
70 « T8 ieh 1.49 13860 e EB
50 o BB 2156 1,81 15630 £.856
20 93 1650 £.258

£ith the gamo @antities of beanzeldehyde maualionie ester,
and piperidine g above 0,500 mole of eaproio seld wae used,
Tte tempernture of the refluxing benzene solution was
B4,5-7449°, The reaction wae stopped sfter $3.3i of the
trheoretical amount of water wass evolved, 7re product was

not worked upe o durlicate run wae mande. Lhe rate data
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follow in Table 11 (see aluo “able 1),

TaBle 11

“ime  Volume ‘ime  Volume iime  Velume
{min {mle; imined  {mlel imined (mle)
10 0.06 115 e 94 295 1.5%
20 o lf 130 1402 3156 let B
a0 e 26 146  1.10 245 1e73
45 e 36 160 1a1% 3FE 1479
50 o 46 176 1.23 480 la838
60 o 54 200 1.0 480 lebE
70 2 GZ 215 le38 600 Ze06
1) 75 485 147 738 2010
160 oi:d P66  laBE
The sffect of Varying the Total Concentration of Catslyst.

A1l of thase determinntions woere mude with 0.1£856 mecle of malonie
epter, a 105 excess of benzsldshyde, and sn aocld:bsse ratio
n? £:1, using the standard vrogedure.

with one~half ithe smount of pipericioe and caproie acid
ar used In the ptandard run the temparature wag odebetde 5%
the mxoduct, lacleted pe ususl, woee obtained in an E9. orude
yieldes The rate éanta follow (gee aleo Table 1i)e

Tabla Z11

Time Volunme Time  Volume Time Volume
{;’ﬁiﬁ‘! } (ml,l {f&fi.ifki) ‘5&1*} (min;i iml', )
18 (P PP R i0b 1.06 £40 l.68
30 « 2B 120 lell EV0 175
40 o4& 13b l1e27 300 leHE
&0 g -13] 180 1e3E 330 1ottt
G0 66 186 142 390 Le®7
oY) 77 140 1.48 460 E,04
78 oHE £10 Lo &7 600 EeE2
90 91

For a duplicnte determination the tenperature of the
80lution wes F.i» £ B° 8né the averapge resction rate sonetant
wae 18+ highers, The cats from this runwere not uszed in the

encrgy ©f asctivation culeulations vhich will e referred to
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later because the atmospherle pressure was quite different
from that of the above run and from that in toluene. The rate
data are in Table XII1l.

TaBLi X111

Time Volume Tinme Volume Time Volume
{min.) (ml,.) {min,) (ml,) (min, ) (ml,)
16 0.18 88 «99 1956 l.62

25 .33 96 1.08 ZED le78

35 «47 1056 l.18 265 le63
47 « 59 115 lefl 056 1.93

55 « 69 130 1.30 390 £.03

6B +« 80 166 l.44 430 £.08

75 «90 176 le54

%ith the standard amounts of catalyst the reaction
temperature was 66s7=65.3%, After washing and dletilling &
crude yield of ¢4 wae obtained, Kate dats are given in

table xIV (Bee also Table II),

TaBLs XIV
Time Volunme Time Volume Time Yolume
{min,.) (ml,) (mine.) {ml.) (min,) {(ml.)
10 016 BH « 94 136 1.66
156 « 27 60 1.01 180 1.71
20 « 37 70 1l.11 16H l1.78
£86 «46 &0 le22 1680 1.8H8
30 « B4 90 1.33 210 1,93
35 o 61 100 1440 £40 £.01
40 «71 110 1l.48 215 £.11
45 o 78 120 1.56 460 2419
50 Y 545 20 £4

“hen twice the eatalyst concentration as in the pre-
vious experiment was used, the temperature wase EBeB=E54 70
The product was not worked up. Nate data are listed in

Table XV (see slso TableIl).
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Tinme volume Time Yolume Time volume
_‘iﬁiﬂtz {mle } (Miﬂ; } (ml. i {min, ) {ml, 3
5 Oeld 40 le £l 100 2408
10 . 36 45 l.41 120 2410
ib o B3 66 l.54 180 £e BE
20 «7E 6B l.66 1656 £e £8
£H «87 70 le73 198 Lo 3l
38 1,16 &5 1.90 b.Y, 3] E4 35

PARA SUBSTITUTED Bilinallab¥isnd

The para substituted benzsldehydes were condensed with
mulonic egter ascoording to the standsrd procedure, uelng the
standuard amount of eutslyst, The resction of benzaldehyde
wag nrevioualy desceribed.

peiiethoxybengaldehydes, ‘he tempersture of the resction

mixture, & HOO ml. bengzens solution, was (3.8 = 5430,

after varking up in the standsrd manner, a erude yield of

79¢ 35 0f product was obtaipned, Un redistillation a T4,1lx
71618 was obtmined, beps167-166°/1e% mm, n,"7* %% 1,687z,
~ate duts nre given in Iable AV] (see sleo Table I11lj., a
eheek determination having n reusction temperature of URebw
33,99 gave a4 orude yleld of “Bebre The averupge renction rate

congtants for the two experiments checked within 1l

TabBh.. 1V1
Time Volume Time yolume Time Yolume
{mine) {ﬁlq} 5&1&3) {rmlae) (mine) {ml,)
ic O.18 &0 oV 116 1e 60
15 0 30 .7 1,08 13& le71
%®0 o4l 60 lelZ 158 1,80
£b B3 (5% 4] 1.17 168 le8i4
30 e 64 76 le 28 £EB l.94
3B 73 68 1.35 £98 £s07
40 o818 886 l1e4d b 370 EelZ

45 «91 108 1.53 496 £e17



p=Chlorobenanldshyde, The resction mixture refluxed

at 5344° for 1f houre; 97« of the theorstisal amount of water
wne given 0ff, The orude yileld of peshlorobenzelmulonie sster
was 5By on redistillstion an 0x yileld wus obtsined bolling
at 158 5=156e5%/1,6 mme,n, “7* 3 1.5472. o fnr ae could be
deternined the produvet hag not previocusly been reported in
the literaturs; the mnelysie ehecked for the expected come
pounde

snule Calode T0r Cpgiqpglall @ C, £8e47; H, SV
Found: C, BY.80, EY.66; H, BeT76, Babl.

The rate data are listed in Iable :VIil {see nlso
iable Iiijs The duplicate determinstion pave nn uverapge
conttent whioch checked within less than Phe The tumpersture
0f the renction wap 43,4 = ﬁﬁ.§°: & T4x yleld of orude pro=-
duot was obltuined,

TabLs avil

Time Yolume iime Volume vime Volume
(mine,) (mi,} (mine) {mle) {min.) (mls)
£0 Oe 27 6B et 5 148 1.50

£5 « 3B 75 « 97 1686 1.59

30 ¥ 33 1.07 1956 1e70

ab 2 49 - § ) leld £36 deHQ

40 o556 1086 l.24 £78 1.90

45 o 64 116 1,32 A3b £400

68 78 130 le4E 440 £,10

7£0 £e18

44

nldehyde o after refluxing the raosction

mizture for £3 hours, 9Z%. of the theoreticsal amount of water
wae collected,s ‘he teamrersturs of the reaction wap 3e0-
&E.?s. 4 crude yield of 664 of the produet, contmminated

with an orsupe oll, wap obtalnedéd, The ypure iroduet, a pule
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yellow solid, orystalliizec from alcohel, Tn.p.95=-94% (14t,
e 93-94%) was obtnined in 4¥.f« yield. ©The rate dats are
listeé in Table :v1il (see also Table lil). The duplicste,
refluxed 8t E3.& = 54,09, gave a 91x yileld of water in &%
houre; the pure product wag obtelrned in a 40, ylelé. The
aversge resction rate conetants checked =ithin Eue

Table AV1I1

Tine  Volume Time  Volume Time Volume
(min. ) {ﬁ%}. } (miﬁo )} (mltg Li!}}_una } {mie }
10 Qo3 90 1.11 168 le 63
£0 40 100 1el19 £16 173
30 o B8 110 le 2B 240 180
40 + 64 120 laE1 £76 le&G
80 + 76 130 1a 37 330 l.96
60 o5 145 l.48 620 2e0%
70 «95 168 1.54 1380 2407
&0 1.03

— n

VaR(ING & sl RY 1N CEpT T

Ealon&n&trilaﬁg. Une~elghth mole of maicnonitrile

wae rescted with 0,128 mole of bengaldehyde vslng 0.000876
mole of piperidine and O 00195Z mole of caproic aeld in

500 mle. of benzene eclution. The reaction war rafluxed for

26 houre at 4.0 = 4.3%; 91.5:i of the theoreticsl amount of
vater was piven off, The half resction time wue about 53
minutes. after working up the wroduct in the standardé manner,
£ 73«7 yield of pure benzalmalononitrile, eryetallizeéd from
petroleum ¢ther (60~-40%), wae obtained, mepe UG6eb=745%
{1itemeps87%), 7The rate dats are recorded in Table il below

{asee mlec Table 1V).
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TaABLE 31X
Time Volume Jime VYolume Time Volume
(min, ) (ml,) (min, ) {mle}) {min, ) (mle)
20 Oe £0 bb .21 190 1a77%
b4+ 50 6b 1le 34 £850 1.82
30 » 88 b l.41 370 1.90
25 «81l 85 1.49 1300 £.08
40 e 93 9b l.64 16456 £.06
45 1.04 1156 159 1760 £.06
50 1,156 1456 l.68

A rate study, made with 0,007¢1 mole of piperidine
and 0.,03124 mole 0f>ca§reic acid, was too fast for accuratse
rote data to be recorded; the half-remction time was spproxi-
mately 4 minutes, . pure yield of 604,64 of the product was
obtained after crystallization as before.

Acetylacetone, Une-eighth mole guantities of benzal-~

dehyde anéd mcetylacetone were condensgad in the presence of
0.C0390 mole of piperidine and 0,007851 mole of cuprolce asecid
and in 200 ml., ¢f bensene soliution according to the standard
procedure., The reaction temperature wae %2.0-&?.%0; 9GC e £%
of the theoreticul smount of water wae collected inm 7-1/£ hours.
The half-reactlion time was about 4& minutes. A crude yield
of 67% was obtained; on refractionating the yleld was 58,
b.p.137°/2ma,n BLe 2 1.6758 (1it.b.p.lo6/16ma., n l7*%31.5846).
rate data are tabulated below (see also Tadble IV).

A rate study made with 0.001464 mole of piperidine
and 0.002928 mole of caproie z0id had a half-~resction time of
about £ hours, 4 yield of 0. of the produet was obtained

after one distlllation.
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o cadSdill A

Time  Volume Time  Volume iime Volume

8 0«18 50 1,18 13 le70C
14 o 3 b le 24 160 1.79
17 o 50 &0 1.0 190 185
20 e 59 70 1.39 260 1.93
£3 56 ($34] 1.47 30 l.88
£9 o749 95 183 386b £.01
35 «91 110 1.6% 3956 2.03

Une-elpghth mole of thiz compound wsae
reacted with an eguivelent amount of benzaldehyde in the
precence of 0.007:l mole of piperldine and 0.,0166 mole of
eaproic acld, after refluxine for £6 houre, §8% 0f the theo-
retical volume of water was given offe The temperature of
the reaction wes 6E8,6~68,9. after working up the rroduct,
8 615 yield of a lipht oranpge golid erystallized from aleohol
wat obtalned, m.pei7=-6#%, (he melting roint was conetant
after repeated reorystalligzations. <o far as 18 known this
gompound wag not reported before,

snnle Caleds for Opglyglpt ©, 844595 H, Hel6e
Found: G, £4.F1, 84.56; H, B.57, B.64. Iate duta are listed
4. Table 1il.

TaBLa 2l

T4¢me Volume Zime Voalume Time ¥Yolume
ﬁ'min.z (m;&_} {ming 5;;~, S_miﬁc) (mi.)
£5 Qo3& 2853 «95 245 le68
20 « 39 9b 1,03 £90 1l.%%
36 .46 110 1.1% 400 162
40 « B3 126 1680 446 1.8
50 83 145 1630 1440 1.97
60 o713 166 139 1670 1.98

70 B3 200 1.81
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sthyl .cetoacetate, The standerd procedure and quantie-

tieg were employed in the condensation of this ester =l th
bengaldehyde, in the presence of 0.007+1 mole of piperidine
and O.01lBE&F mole of ouprole amclde Thy xesuction tenmperature
wal bded ¥ Gclc, and after an & hour refluz period 96.5. of
the theoreticesl mmount of vater was ootuingde The vurified
(crude ylelé t3:) product, representing & 735 yleld, was a
pale yellow 1lquid, bepe 1£5-1:6%/0.9mm, Thisz compound is
reported in the litersture az a sﬁliﬁ,&.p.éﬁ~6l“. The come
pound obtalned in thie instance muy either be another isomer
or rogsibly 1t is & mizture of iesomerss It cowvlé roet be
orystslliged but ansiysee shovwed 3t to Ve the zorrest compound.

apale Calod. for Cpzliyglizg:s C, 7Tleb4; H, Ceé7e
Found; G, 7leti3, Tlevt; K, TalZl, Getile

The rate data are to bo found in Vable .il)] (see aleo
Table Vie 4 check determirsticu guve & 71, yileld of pure
product beps123°/0et mme The temperature of resction vas
246 + 041° and = 973 yield of wvater was obtained after
6 hourss This check run wes wade nith & 4:1 seld bsse ratioe
using Q.00751 mele of base, ke uvernge véacilon rate gone

ctant wus £0.86 x 1079 reciprocal minuten.
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5L Sea ,1,\,-»,511*2

Time Volune Time Volume iime  Volune

{adne) (mle] {mine} (mle] {imife) f(mle)
& o £ i 1.0%7 66 le786
7 40 £5 113 51 LeEG
9 o 5E £32 le84 i0l 196
1z + 66 o de306 156 207
14 &?4 40 1.&? 401 QQIE
17 &7 47 1.56 45686 EelE
£0 « 87 58 1e865

£thyl oyanoungetste. For this condensation with benzale-

dehyde 0,00185% mole of pilveridine znd 0.,003%05 mole of caproie
60id were need. Ths tenperaturs duriag the renetion veg
BEaT=i2,9%, 4t the end of six hours 92.t5% of the theoreticsl
7ieldé of water wne ohinineds OUne grystelliszation of the prow-
duat from slechol gave o 7L yleld of s white solid., liepuri-
fiention yieldea b9. of the product, M.peHC=~51° {lit.m.p.ﬁlai.

The rato date are givem 1in Table 3111l (see aluo Table V)e

e

Lok Anlil

Tiwe  Volume Time Voluwe Zime  volune
{mine) _ (ml.) (min,) (mi.] (mih, ) (mle}
10 .26 £9 99 75 1469
14 3 BE 111 50 l.7¢
v « 63 4G le ED 110 leliE
&0 »73 45 le33 165 1.989
£3 o83 B5  le49 £60 £,09
¥é 293 b 160 370 2,09

4 duplieate determination wac mnde usling 0.003901 mole
of piveridine snd Q.,007¢]1 mole of ceprole selde The tempersn=
ture vae LZ.B5=00,86Y ond sfter 2 houre nnd £0 minutes, 95.84
of the thecretical srount of water wae svolved. A 7725 orude
+leld of »yroduet was obtained, The sversge remciion rate

conatant vas 34,69 = 107 reciprocsl minuten,
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£ £ et 345. Une~elghth mole each of phenyl~
nitromethane and of benzaldehylde were refluxed in a 50O ml.
benzene solution with 0,0625 mole of virvreridine and 0,125 mole
of eaproic acid. After refluxing for five hours at £4,7~£4,9°
slightly more than the theoretical amount of water wae collected.
Un working up the solution a erude yield of 66» was obtmined
and & vure yield of 534 of 8 yellow solid crystallized from
2lcohol m.pe74.5-76% wae isolated (11t.m.p.75%°) The rate data
are listed in Table XXIV (Bee slso Table VI), The duplicate
ﬁetarminatieg?geflnxoé 5 hours at #2.9-83.3° and geve a pure
yisld of 54% of the product. The average reaction rate ocone

gtant wae 1£.11 » 1073 min."1

TABLL xXIV
Time V?luma Time Volume Time Volume
{min.)  (m1e) (min.) (mi.,) f{min.) {(ml.)
5 e 26 55 l.18 145 le87
10 e 50 66 1.28 166 1,98
i5 64 76 l.38 186 £.0%
£0 74 86 le48 226 £.16
£hb B2 g5 1leBE 255 L. 28
356 « 96 110 1.68 £80 £e £B
45 1.08 125 1,77 316 2e 31

fhenylacetone., This compound was reacted vith benzal-
dehyde in the vresence of 0,180 mole of piperidine and 0.250
mole of caproic scid. At the end of & 5-1/2 hours reflux
period st 84,0 * 0.1° glightly more thsm the theoretical amount
of water wae collected. ©Some of the product orystallized out
after the routine washing and distillation of the beénzene;
the remainder was obtained by distillation of the mother

liauor. In thie way there was obiasined a 59 Yield of rroduct.
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“n reerystsllization from sleochol a vhite 20114, mepe bl b~
54.45° {(1itenape 53=£4") wus obtanines., “he rate datas sre livted
in Table 1iV (Bec slso Tsble V1), The check run refluzed st
t%44°% and in 7-1/2 houre | t.4~ more thun the theoretical
quantity of water had colleoted, <he yield of produst wene
Zloe “he poor yield plus the fact thet an excese asmount of
water was evolved mirht seen to indlcaste the existence of s
slde reaction. <he aversge resctlon rate constsnt was

10e 99 x 10'5 min:l whioh sprees vithin sbout 4% with the adove

determination.
TaBlo La¥

Time  Volume Timo Volume “ime volune

Imine) (e} (mi - Imine)  (mlei
10 . 16 &0 1010 165 le82
0 o 41 70 l.20 175 1.91
£85 «8 860 1. 20 £10 2404
80 ob 80 140 £40 Eeld
8 70 160 lai0 270 2420
40 o 8O 116 le62 300 e 2B
46 89 1386 1.72 340 2e

Thie compound wae ressted with
benzaldehyde sccording to the mtandsrd progedurse using 0,125
mole of pireridine and C.fED mole of caprolo scid, The
theoretical guantity of water wan piven o0ff after the bengens
solution wae refluxed 6 hours and 45 minuter at £4.3=:4,7%
ifter washing as ususl, distilling off the benzene, and edoling,
an 81+ vield of & white 80lld separateds Un eorystsllization
from petroleum ether {60-t0°) & 5B+ yield of product melting

at 100-100,6° wae obtained. The s0l11d roemaining in the

mother liquor gradvally eryetallized bhut no pure smbrtance
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could be crystallized from it. Two types of crystals were formed.
On mechenicsal separstion one melted at 99~100° when further
eryotellizede This corresponded vith the bulk of the materiel
obtained and with the higher melting isomer (m.p.101~102°)48

of benzaldesoxybenzoin. Tre other crystals which gradually
tmrned yellow on standing melted at ©7=-89%, corresponding teo

the lower melting isobengzsldesoxybenzoin (m.p.&d-BQe).as

The mixture of isomers which was noi readily separated smounted
to a 26% yield. The rate data are recorded in Umble XXVI

{gee also Tavle VI),

TabBls axV1

Time Volume Time Volume Time Volume
10 o 28 5 & «95 145 179
15 56 60 1.10 1656 1.90
20 046 70 le24 200 2.00
£5 «Bb &850 l.34 £60 £.09
20 « 54 @5 1.456 5324 5] £, 20
519 o7& 110 157 405 .26
40 o8E 158 1.68

The dupliocate determination pave s crude yield of uBj
and a pure yield of the higher melting isomer of 534. The
temperature of the resaction mixture was 44 2w83,9° during a
six hour reflux period, The average reaction rate constant
was 9,68 x 10-3 min:1

st ¥ gcetute. The ester and bengaldehyde were
refluxed sccording to the standard procedure with 0,250 mole
of piperidine and 0.500 mole of eaproic acide ihe temperature
0f the reaction was 85-&5.60; the half-resction time vwas
9 hours and 156 minutes. after refluxing for 39 hours, slight=-

ly more than the theoretical reguirement of water was obtained,.
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Zhe reaction mixture was worked ur in the standard fushion,
There wae obtoined practicully & quanititutive yleld of a
fraction, bepe65e5°2/0.6mn., nﬁﬁg=,1;4ﬁ&9. wh ich correspronded
rith ethyl p aayl&c@tatﬁ. lip other sharply boiling fraction
=ag obtained, -ince the erpecied produvot oun be distilled at
El%g/ﬁ&mm., the fgolation of sturting materisl dic not resull
from decomporition. The resinous residue weirhing sbout (D g
gnd s small smount of A%stillate »ith s wide boiiling range
were not furthegr chuaraucterized,s <ho rate dats are lieted in
Tgble E%¥1I, iimilny resulte wers obteined in a check deter-
minstlon, “he temperature was “BeiBe3” and the reaction vas
run for 4' hours,

Calibi A1l

I4me  Volume Jime  Volume xima _ 1ume
} , { ; i o) ?
£0 CeZd 450 1.08 1270 l.0:6
38 « 30 565 l.11 14856 1.9
&5 «40 645 183 1605 £.0%
120 o« £O 735 1.33 1865 £410
1v6 61 BED ledZ 1E7H £421
240 «71 ers 1,80 i97C Lo D
316 o 81 1038 le61 2elE Tel4
390 o 91 11786 le7i £315 2030

Fhenylacetanidies +he smide wes reiluzmed with benzslde=-
hyde, 02850 mole of pilperidine and 0,500 wmole of suproie
neid ascording to ithe sotandard methods urling the yelflux perlod
of £L hours the tempersture was 63e f=l 8 5%  The theoretiesl
smount of vwater was collecteds . Fter wanehing, cletlilling,
end cooling s golid precipitated which wue reparsted from
the mother liguore & toisl of 4. yhenylzcetamide was
recovered Irom the ollic and from the mothor liguor by dige

tillation, 0 other pure compound could be isolsted from the
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501id mixture., nate data are recorded in Teble 1:iVIiIie A
duplioate expeiiment, giving the same results, was refluxed

Bt L4ded=Ed.5° for 3F hourse

TaDIa AXNTIY

Time Velume {ime  Yolume Time  Volume

(mine ) (mle) (mine) (ml.) (zin,) {mle)
16 Oe 21 1256 1.0% 63b 1.7¢
16 « 21 1&0 le17 768 l.88
£0 * 40 £30 de 87 965 1.%8
30 « 85 278 1.37 1118 £.09
40 86 3386 le47 1495 £e 20
56 o TH 410 1.87 1620 Pe £4
76 o7 615 ie 68 1740 £e 24
890 97

fhenglsgetonitrile, Bonzaldehyde vae refluxed vith

the nitrile in the presence 0f C,£80 mele o0f piperidine and

Oe 800 mole 0f eeprolic acid eccordine 1o the gtandsrd method
for B3B«1/f houre at 84-6£4.6°, The theoretical muantity of
water wag obtuined; the halfereuction time war 10 houreg and

40 miputee. After woshing znd éistillation 664 of the pure
starting nitrile vae recovered ond no other sharply boiling
fraction, About \f ge of reosinoue reeidue remaineds The rate
date were shout the same g8 that listed in Tsble 101V1l.
yth}lﬁu!fgﬁgség
oxidmtion of bengylphenyl sulfide with chromie ovide in glseisl

This compound was prepared by

acetic sclide hom Q.U6EE mole of the 2ulfone and C.0625 mole
of bepznldehyde were refluxed with 0,126 mole of piveridine znd
Ce 280 mole of gaprole scid in a totsl wolume of 250 mle of
banzone solution for 9 hours at tf.0=65,70, 8 total of 0,059
mole of water was evolveds «~fter washing, dietilling off

most of the benzene, and cooling somc 80lld wae filterec off
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and the mother liquor was distilleds & yield of 9%: of bengyw
vhenyl sulfons was recovereds The halfercaction time was sbout

& houri, The rate dats are listed in Table 1ilXe

Tallas 231X
-

Time Volume sl Volume Yime volume
{min,.) (mle) (min.) _ f(ml.) {min.} (ml.)
zﬁ ogé !:25 .3? ?10 O?E
45 015 245 o4l 147C 1.01
90 * £B 4658 « 56 1730 1.07
158 3& G0 o &b

40 wsthylene Joupounde -ne~eighth of 2 mole of benzale

dehyde wee refluzed in a 500 ml. bengene molution with

Ce0GED mole of piperidine and O 125 wmole of caprole scid,.

After refluving 91 hours at 2,7+02.4%, 0.11 mole of water

wud given offe he helferoesction time wus about Zv hours.

Un worklng up the rewctlon mixture no sharply volling fraction
eould be isolsted; about 13 ge ¢of 8 resinous materisl romsined.

ihe rate dutes are listed in Table ... ..

B alin RAL
Time Volune Time Volunxe Yime Volume
{iaine} {1l ) {mine) (mlel {nine} (mle)
40 10 1600 lelz G636 ledk
70 o1k 19156 le 28 BO95 1le 80
1840 «25 EL38 l.és 5548 1.87

1420 1,02 3638 1.67 6478 £eQl
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fhe .ffect 0f .xo:88 ualonle ~ster. « bengene sclution
of OQelfbh mole of benzaldehyde nnd Ul 250 mole of maulonic ester
wae reflured sceording to the etandard procedure wi th 00685
mole 0f piperidine and O.}&B =mole of caproic seid for 4 hourse
and 40 minutes at ub.T-856,5% about 34 more than the theoret-
ical smount of water wae evolved. «hen the resctioo mixture
wap worked up in the etanderd fasvhion, £l ge 0f malonic easter
was is0olsted which corresponded to the excess uveed. 4 735
yield of benzalmalonioc ester wae aleo obtalned. iate data

follow in Table 1311l

TABLa fasl
sdme Volume i{ine  Volume Time Volune
{min,) (mle) {mine)  (mle) fmine) (mls)
10 e £BH BO le23 160 Ee03
18 . 40 66 l.44 110 £e10
&0 o 46 60 le B3 130 2421
£EE 71 6b 1e63 140 2. 25
20 &9 70 1.73 170 Ee 30
3 «9¢ &0 1.84 £40 £ B8
40 i.14 90 1.93 2e0 .32
48 1e 83

<hen £0; excess malonic ester wag used for & standard
run, the reflux temperuture was 63e9=0:3,6% The theoretical
amount oOf water was evolved safter 9 hours, 4fter one dise
tillation an 49 yield of benzalmalonle ester was obtuined,

wate dsln sre listed in Table 1i.1l.
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P T I T
}.’f’a‘.}ﬁiﬁﬁa S Aant 1 I

Time Volume Time Volume Time  Volume
(min.) {mle) (min,) {ml,) {min.) (mle)
10 «1d &5 o S0 130 Je70
1B e E£7 50 e 9B 180 Leb:7
90 40 &0 l.i% 170 1.99
£b « 50 7C 1.28 £18 £e0@
20 « 6l &0 LeBE £90 £e18
3 e 71 90 l.46 545 £e 3

40 o &0 110 163

The remotion rate conetants for the above ty0 determina~
ticong sare svmmarized ia Jable s:.11lle 7“he conetante for Ox
excese ¢f maljonic ester are repeated for comparison,.

TaBla £3:311

T LXCEEB

:unlonic ;i?;;i?g;thikwﬁﬁﬁctimnvmata;ﬁcmet&nt (@13?1 x 107%)
iugter ifime : 50 : 40/ : b0 : 60 : T0u : t0x iiversge
: 200, ;40 D 7.33: T.461 7633 7,39 Tolli 646971 7438

P 20% I 3346 : 9,08: 9.26: 9026 893 &.4&% 6e12%: 9.00

i Ok i 3B . 9465 9.9£:10502:10:07: UebE: 9,66 : 9490

*mitted from sverage.

sftfeot of .xcegs uengaldichyde, The resaction was carried
out with Ce1l%D mole of malonic ester, 0.£H0 mole of bengalde=
hyde, C.062H mole of plperidinge, snd 0.18H mole of oaprole
scide The tempernture of the ronction wes Ld.6=:5.£", The
volume of water begmms constant after refluxing 100 hours when
8% more than the theoretieal reguirement had been piven off.
A orude yleld of G0y of benzalmalonic ester wae isolated sand
a tarry reeidue of Il.6 go was left from which no pure come

pound vur Obtalinede The rate data sre listed in Usble KiilV.e

®e %% a3 O

L XN 2

he a8 we
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3: .-‘%‘..Ein e Sudid I V

Time Volume “ize Volume Time yoelume

(mine} (mle] {min) {mle)} {min.]) (m3e)
10 Ge €6 0 1l.68 13456 3 P21
15 ohl 80 1e40 15600 3 EY
20 « 57 #0 le98 1768 e bt
£H o 75 1006 2409 £790 34 66
B30 B 1£b £e P11 2440 Be Tl
3B « 97 15686 CeZl 4560 Ge 91l
4b 1.%1 505 fedd 5845 4403
850G 1.31 g0 Lo B0 6430 440%
&0 1.51 5056 £4 67 7150 4011

wffect of Teuwpernture. ihe determinustions in bensene

vhich were run by the standurd procedure using s 10: excess
of bhelizgnltehyde vere deecribed previously.

Une=od pghth of mole of mulonic ester was refluxed with
5 10~ exvess of bengaldehyde, 0.031% mole of pipericine and
CeCLED mole of caprole ncolds Insctend of bengens, toluene
wit used ag tho inert molvent., The gtandord procedure wi th
the fevw modl fient ions etated above wae uged, .he tempersture
of the rengtion over the important £0=-0,. ranpe wus 1l4.6=
11%.40. The rate dats sre listed in Tauble XiiV,.

Tablo LAV

Time Volume Jime  volume Time YVplume
{mina)  {mle) (mime) (wlei  fmine) (ml,)
|
10 33 38 lel7 70 1e76
15 « 5B 40 1.29 &0 .89
20 73 45 140 80 1.96
£B «90 BC 1.48 110 Ce08
30 1406 60 1.63 136 2419

4 mecond determination was run at 114.6-114.3°% 4

summary of resction rate constsnte Is liated in Table ...ixVI,
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Tabli Xiivi
. . p P “l ‘3
P : senotion iate Uonstants (mins”* x 107¥),
. W it 4 ie =2y M RO RN ey T i
i betermimatlonT 2 5n TG T 5060, © 70s - 10s . .verages
» . * . » . : .
: i P S ST B PN T DD 1P I A SRR SR AR Y S IR L. G N S e
L] - » - £ - - - - € e
» ‘ . . » ' . . . » Eie 79
: il P TFe20iE0401I20, 39 IRE,B6IT R, 0TI, 1DIR7,96:
. - » [y - 3 » . .
. s * 4 2 P s s »

A% B BE B 88 4 By

GUB Do ATIVE OF ® wDICoaBURYL SOk GURLE @ ITH
o=PHaAlYisle LIACKTIS ACIL

In order to check Hinsberg's re-

sulte a solution of 1.0 g of o~phaaylenaﬁiaaetanitrilego,

leb ge ©f bengll snd lef ge of modium methoxide in 50 ml, of
mnethyl alcohol wae anllowed to ctand for 10 dayy ut room teme
perature. st the end of that period the sclution which wae
deep reod in coior was diluted with wster wund the brownish
prealinitute vae filtered off, after crystulllzation twice
from 954 alcohol a white 20148 vhich correrponded to a 354
vield of compound I wans obtained; the melting point wae
£95=300°% (11t.m.p.290°),

Anale Caleds for Cpgly Ulip: ©, B2.70; H,4460

Found: C,£5.99; H, 4.9Z,

Y¢ a mixture of 0,0064 mole of o-phenylenedincetonitrile

and 0.0f mole of 2odilum methoxide in 10 ul. of methyl slecheo
0,02 mole of glyoxal in 30i acueous solution weas udded
dropwise, <fter standing 30 minutes unt room temperature,
wvater war sadded to the brovn solution mnd the solid was

filtered offe after one crystalilisation from aleshol the

i,
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yield of glightly pink £80lid was X% On two further
orystrllizations from aloohol a white colid in 20, yiela

was obtuined, Mepe L10eE=012.5% sttompte to ruise the yield
by varying the time, tempersture, ratio of resclants sad cutale
vet were unsuvecessful,

Angle Cmleds for CqgHghe: C, £0.91; H, 3,40
Found: O, t0.9%, 83e09; A, 3467, Ze9be

« minture of le8 ge 0f claucetyl una 1 ge of
o=phenylenediscetonitrile in 0 ml. of methyl slechol was
trented with l.f pe 0f sodaium aethoxlde, sfter etanding for
20 minater at room tempernture the preclipitate was filtered
off from the desp blue-purple liqulide 4n oryetallilzing the
recidue tvice from ethyl sleohol o yellow 0114, MeYei8he b=
£6646°, wae obtuined in e 16, yield,

Apsle Lulcede fOr Oygliqpsp: ©, BleBE; K, 44850,

Found: U, bl.16, £leB4; 2, 44987, 450,

& mixture 01 1.0 ge o8 o-phenylenediscotanitrile and
1a3 ge 0f vhenunthraculnone was flnely pround topether asnd
planced in n 50 mle ¥Yissk to vhich wae attached an air con=-
denser fittese vith & buasen valve, Jeversl chunks of dry ice
vere slso placed in the flsek in order to swee; 2ut the air,
The flask was pradually hested in a metal bath to 190~£00°
st vhich tenpersture it was wmasintained for ten minutes. .ome
sanoking and sublimation occurred durine thie time, after
ecoling, the s0lid mase was diprolved ir benzene and extraocted
with agueouns podium bisulfite rolution in order to remove the

oripinel ouinone; sbout 44 of the oririnal asmount of
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rhenanthragquinone wag recovereds Un concentrating the benzene
gpolution a 80lid var obtulned vhiech was filtered off snd
eryetallized from plnoisl ncetic acide & 4434 yield of &
vellow erystalline s0lld war obtainaed, m.p.ﬁﬁﬁa&@ﬁg.

Anale valeds Tor Vgglyelplig: v, B0.05; L, 4e44.

E‘Qﬁ’ﬂd: ‘3‘ ?gcgﬁ; 3;. o &

r3

4n attermpt wae made t0 propare w,w'-dinitro-o-xylene,
A golution of 8 ge 0f o-xylylens dibromide in 300 ml. of
ether wae cooled to 5% in wn ice bath and 60 ge 0f eilver
nitrite was sdded in emsll portions with stirring, aftery
gtanding for a weekx the ollver residue was filtered off and
the ether solution evaporated wntil only an oily residue re~
maineds This oil wae diseolved in aleolrol snd dileted slipght=-
ly with water, after astanding on loe for several §aye 2 vhite
erystalline solld was obtoined inm a £1.6/+ yleld. Lven after
geveral reoerystallizations 1t wae not poseible to obitain a
better molting roint thon 73-77.5% On stending the melting
point decreaveds It 18 voesibtle that the compound ic a mixture
of isomere vhich conld not be easily separsted, asnalysls
checked fulrly vell for the expected comround.

Apgle Caled. for CgHglUglicl C, 48,97; B, 4.11,
Found: C, 40,47; H, 4412,

“hen the condengations of the ubove compound with
glyoxal, discetyl, and rhenanthracuinone were attempted

veing eo0dium methoxide ar csntarlyvet, no produets were obtained,
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tiong with owi)

Londensa a&mm,m&f

hen 0005 mole nf divotaseium oe-vhenylenediccetaste in
0 wle 0F acotic anhydride vas %frestad with 0,008 mole of
benzil, furil, cx discetyl, no product wvas obtalined vhether
the reasction gteod at room texperature or wae refluxed. Unly
taryy wmizturess revulied,

‘her ecuivalent mountg {(0.005 mole) of phenanthrae
guincne snd the eslt wore stirred for 3 houre at 50° in 20 ml.
of moetie anhydride, o &0« yield of a anndy colored solid
was Obtained. +n reoryeitallizine t-ice from placinl smcetie
goid o Bw» yleld of o £lirhtly vellowlish s0lid war obtained
vhich melted nt £64-558° with deecomrponition,

snale Caleds fOr Cpgliqalig: ©, Thed™; i, Ba76.

Found: €, 7B, 2, TE.65; H, 4,01, 4410,

‘hen 7,008 mole of o-phenylenediangetlic scld, 0.01 mole
of votasssium scetate and 0 ml. of scetic anhydride vers used
with 0,00% mole of vhonsnthrasuinone under the eame conditions
ae above, the produet and yield were the same,

A mixture 0f 1.0 ge ¢f novhthauuinone and l.3 ge of
dipotuespium rhenylenedincetsnte in £56 ml. 0f scetie anhydride
vaf stirred in sn ice bath for 4 hours and then kept on ice
overnisht. She s0lid =hich precipitated was filtered, washed
with water and slechol, and coryetslilized from plncinl acetie
seide & £fw yield {CuoBge) of o light orenpe colored solid
war obtained which melted with decompouition at IX7.5=£39.5%

~3milay resnlie were Obltained when the slternste method of



Tl

using the dizeld snd votseeium scetute in acsetie anhydride
wne employed under t i@ ssme conditions ar deseribed befora.
anal. valed, for Uppilqevgl O, TheWa; B, 287,
Found: O, 7B.65, 76.03; H, 4417, 4.0F,
‘rmen 0.0085 mole of tre potacsdium sslt ¢of o-phenylenes-
dlacetic scld wane mired +ith C.0CH mols o0f chryrensquinone
in 50 ml, of ncetie anhydride snd the mixtare wnue ziirred for
four hours 2t 50° & crude yield of 41 of & s01id wse Cbtained.
Um eryetzlliizing from hot glacinl necetle scid & 230 yield of a
produot woe Obtuined shich melted - ith Jecompusition at
ra7-249%,

anasl e Jnlode for g”ﬁﬂlﬁﬁé

F

L2 ]

S, B0GTE; Ly BetTe
Found: €, A0.84, #0.73; H, 4.54, 4470,

A mixture of 0,000 mole of o=phenylenaedilscetlle ucig,
Ce0OB mole of acenaphthaguinone, G.01 mole 0f potassium acetate
ané £5 mle ©f nostic snhydride was gtirred gt room tenpersture
for & houre and sllovred to ntond Oovernisht &t ro0m temporsture.
The solid product waeg flltered off, washed vith water and
alceohol and hented with glacinl necetio useild, Some deey red
materisl 4id pot mo intc solution; thiz fraction was disge
gclved in trichloroethvlene and orystallized. Mnli.50 yield
of & dark red fluffy 20lld was obtuined, mepe305.5~206e5%,
analysis indiceted 1t 10 be the anhydride 0f the swnesled
materisl,

Anale Cmleds for Cgphyln: ©, B1e97; L, Zello
Found: €, LlefG; 80L.93; H, Z406, BeT7le iurther reoryetulli-

gation <14 not improve the snalyeis.
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4 yellow £0l1ié whieh cryetalliszed from the ubove acoetice
seid zolntion hed a melting roint of £76=-077.5° after two
reocrystnlliizations, It reprevented a DE.8» yleld of the
halfecondensed vroduet asceordlas to the analyeise

annade Usleds for Ugnlq,lgt o, T3.73; £, Be94e
Found; C, 73.06, 73.10; i, Be4Z, 3e49.

A Qub ge portion of the procduct from the condenssation
of o-naphthacuinone and o~phénylenediscetic amcid wes suspended
in 100 ml, of sther and a lurge cxcese 0f gn ether esolution of
disgomethane vae added and 10 ml, of methyl alechol. <he mix=-
ture vaoe allowed to stund overnipht; moet of the solid went
into solution at the end of that time, The ether was evaprore-
ted off sné an olly ®0lid remsinede vn corystslliging it tvice
from s emsall smount of sleohol, U¢d g 0f 8 yelloe erystulline
#01id wae obtsined whioh melted at 1:9=-190°%, Ihe analytiesl
reeulte indieated it to be the dimethyl ester orystallized with
onie mole of ethyl alcohol. The yield obtsined wae 16464

inale Caleds for UpaliesOpi ©, 73471; E, 6.6k
Yound: ¢, 73,19; i, B.6E.

The condensiation product (0.6 ge) of phennnthraguinone
and o-phenylenedlisgetic salé wae ¢issolved in 10 ml. of 10%
aleoholic potassium hydroxide and the mleohol wus evarorsted
off:; the reeidue wag mixed with 1.6 ge 50da line and hested in
& miero sublimation apparstue at b mme for £ hours at 3@&-35@Q.
A smsll amouat of a yellow 2olid crystsalliged on the
condensers . hen it waes repgryetrliliged from hot gluacial aclid, pule

yellor needlers formed, MeDe $00=-201". The melting point of
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i, £, &, 4 dibenganthracene is £06°. The smount of produot
was insufficlent for snalyeis.

attempted eycilgzation of compound MM, hen l.0 go of

2, i0=dicearboxylie~l, &, 3, 4~dibenzanthracene was treated
with about £0 ml. cof HF and the HF vas permitted to evunornte
sloely the mizxture turned a deep blue-green, but o 704 re-
govery 0% the sturting materizl wae obtsined,

#o materisl, other than the starting compound, could be
isolunted when O.% me porticne of the above dicarboxylic soid
were treated with 20 wl. of 50, &6, and 96, sulfurie amoild,

A solution of Q.65 ge of the dlenrboxylic xeld in &0 ml.
of pluacisl noetie aecld and 10 ml. of seetls anhydride wae
trested with OGe3 ge of LpCly and refluxed for £3 hours., a
deep red colored masterisl wae leclated but it gould not be
rurified to yield any eingle substunoce other than & gmall
smount of the starting cunpound,

4 solution of 1.0 g of the diosrboxylic neid and led geo
of Polin 75 ml. of dry benzens was refluxged for ¥ hours. &
sonezhat pink 80114 wae Obtalned which melted over 2 conelder-
able ranges It conld nct be purified by recryetslilzstion.

~hen the dilacld was refluwed with thionyl ehloride, no
pure scid chloride could be isolated. an impure mizture
resulted which gove only tarry residuee when 1t was treated

with sluminum ghloride or etannie chleoride,
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sl alid
The /inoevensgel cosndensstion of bensgsliehydes with
varicug setive methylene compounds hne been studleds. The
general reasction is:

4 A
p_}gﬁaﬁ cue o+ Boo< E»“l —> =it K . * {Siﬁl + H

4 £ 6 4

4 bengens solution of the reasctsnts with piperidine mnd caproie

S
E

acid s the cuilalyst was refluxed in an apperatus equipred with
an automatic water @separator. The rate at which the water
gollegted proved 10 be m sntisfactory messure of the rate of

the resctions. oatlsfactory firet order conbtants were obLtanined
for most of the condensationSat eguivaslent congentrstiong of
resctants; side remetions snd other dlffioulties were eucoun~
tered when kinetic studles were sttempted st variocuve ratioe of
reactants,

The plreridine rather than the gaprole aold wae shown to
huve the rrimary csteslytie setion end the rate of the resction
wag rroved 1o be proportionsl to the catalyast concentration for
the gondesnestion of bengsaldehyde with melonic ester.

#Zlectron-relessing proups in the paras position of benzale
dohyde facilitate resction; the order of decreasing rate for
various L groups wee; ~G$§3, i, =Cl, =&Uge The effecqt 1is
glight, bowaver, for pe-nltrobengaldehyde resctedé about one~hanlf

as fost s pemethoxybenzaldenyde,
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The effect of warylng -- and ~h1 wus, on the other
hand, very large., Ihe order of decreasing resctivity with
bengaldehyde for the compounds wvhich reacteé matisfactorily
was: CHpl(CH)p, CHCEgCOUCRHg(67.H), CHaUOCKHpCOUCHg(E1.49),

CH (CUCHZ) g, CliplCOCGHG) o, UghglhphUo(laE2), ChglCOOL gl

£

(1), CgHplHglUCLz(0.59), and CglglEplllgig({0e57)e
The numbere in pasrentheser are a tuantitative meature of the
relative resctivities for thoee resctions which followed
firet order kinetice. The serier ig baeced on the aspumrtion
that the rate in all cases is proportionsl to the catalyst
concentration a8 was proved In the cave of melonic ester snd
that & change in the catslyst concentration bhad no effect
other than the direct catslytic one.

The spproximate order of decrensing sctivating abllity

1

of the various «i snd =" groups 18! =-&Ug, =Ci, «QUCHg.

~CUlgrg, =C00CgHg, and ~Cgliige This serles csn only be very

approximate for the resulte clearly indlcated that there is
significunt intersection between ~i and -Rl 80 that the order
depsende on the particular compounds uged to determine it,
then =H romelins constant, however, the following Beries of
relutive resctivities of ~al muay be noted. .hen -i i &
carbethoxy group the sories is: ~Ch (87.8), =-COCHZ(£1.9),
000U Hg(1)e .hen =i i® & phenyl group the series is:
“litg(le22), =CUCH(0s89), CUCEHE(0sB7)s vhen =i i en acetyl
group the serles ie; =CUCCpIlE({2l.9), ~CgHE(0.59),
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The information on the relative reasctivity and the
kinstice bav been correlated s far as possible vwith the
current mechuaism.

wost of the rroducte of these condensation® were isolated
in 704 yield or better, 2 ~Ethylbutansl and 2 -ethylhexsnal
aleo ¢ ndensed satisfactorily with malonie ester but
n=heptaldehyde, oyoclohexanone, und dlethyl ketone 4id note.

in the wecgond psrt of thies investigation o-phenylenee
discetic scld wvas condensed with wvarious « -dicusrbouyl coum=
pounde to give polyeyclic diseidgs, ihenanthraguinone, for

example, gave the following vrocuet im & 604 yiela:

#HOOe
o=Aaphthaquinone, chryseneguinone sand scenaphthaguinone gave
anuslopous vroducts in yields of £Z4, 33» and 1.5

For charseterization the phensnthracuinone produnot was
deparboxylated and the naphthagquinone product was converted to

the dimethyl enter,
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