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The purpose of this invest i gallon tt& to study the

condensation of carbonyl compound e with, oo;s;pei&a&® containing
active methylene groups* it ooneist* ot two parts, the 
first being mainly s. stub? of the ability of various group6 
to activate a methyl on© compound ana the second feeing a study 
of the formation, of aromatic ringe by the eonoene&tlon. of 
<* -&icarbonyI oompounae with o~pheoyle&edittcetle ©old*

Th& Knoevenafrel roust Ion occurs between an aldehyde or 
ketone and an act It ® methylene compound in the par^senro of 
various or gem i® base® or ammonia* doaetiiaee % oomplex o^tsl- 
yet, an organic acid and an orgtasio feae©# is need* The 
go no r «1 e qo at i on i e:

r» b&ee r**
P-ACgH40il0 + ^  cC^i — > p-XC6K422*0-®i -»• Hfi0

where- r. and I;*4 are activating groups* in this work the H 
and h1 group® studied war© -CB# -COOE3# ~ooa^H^* -OOOCjSg*
•C^0# MH0g» ~wfel&g# mud -£OgC^E§* The i> m s  -Hf ♦QOEg, •Glt
or -iiQg# Catalyst and kinetic studies were also ski do which
.yielded further insight into the reaction mechanism*

The reaction wee carried out in boiling bease&e in the
presence of piperidine ace oapraic acid m  the catelyeta* A® 
the water was formed it was distilled off with the beor© no and 
collected in an automatle liquid separator, the bensone being 
returned to the reaction mixture* The course of the reaction 
was easily followed by reading the increase in volume of 
water with time.



Early work oa the mechanism has been auntsaaarlsed by
1Kohler end Corson who aemuaetyated that ono 11 ration of the

aldehyde or ketone vmm not m aeeeeaary stop la the r©notion#
fMore recent studies have been reviewed by Arndt sad Eletert

3mud by Kahn and ooworkero' * She mechanism for the baas 
catalysed Kneevenagel reaction which ie moat widely accepted
today was originally stated by lapworth^ and by Hann and

aLepworth • thm first step is activation of the methylene com­
pound by the bus©, yielding an anion as follows:
SI) B + U£C ' |l ̂  BB -t- iib C |l
fhan the anion adds to the carbonyl compound forming the ion 
of the el del;

I B) l io  C yl +  B "CEO ^  H "gaC B  ~ g l

x>
(5) b wohom C Si ^  a #*caca C ts 0 a  0  h*

E
fhe final stop la elimination of water from the aldol inter* 
m e d ia t e :

(4) ii"CH£aiC A  -> i£"CH = 2^:N +■ H.O
a  B n
E

$la a recent review of the mechanism Pat eon presents the 
possibility that the basic catalyst might attack' the carbonyl 
compound rather than the methylene component forming a complex 
ion which then adds to the methylene compound!



However , this view in not generally accepted at present*
There haw© been xnuaftrotzs basic catalysts used for this 

reaction# In his original work iCitoeveaagel msftd ammonia, pri­
mary amines ouch as methyl amino, and secondary amine® onoh a® 
piperidine* Later it was demonstrated by Hsan and Lapworth^
that tertiary amines almo could be used# This evidence refuted

athe original meohanlam of iiiioevenagel that the carbonyl ©oiapound
first formed m bohlff's baa® with a primary or secondary amine
and th«i £ehiff9 a base then reacted with the methylene compound,
eliminating the amine* Borer and Linetend** studied the reaction
of numerous amines and also showed conclusively that the action
of tertiary amines was not due to impurities of primary amines*

9It has been shown by Haueer and Sreelow that acidic as 
well as basic reagents may catalyse the aldol condensation, in­
cluding the Xnoftvenagel and Berlin types# They carried out the 
condensation of bensaldehyde with malonie ester In the laresence 
of Bfg and obtained a good yield of bensalmalonio ester* The 
mechanism involved in condensations effected by acidic reagents 
is thought to proceed via activation of 'the electron accepting 
component, aldehyde or ketone, rather than of the electron do­
nating component* It involves the formation of a coordination 
eomplsx ftu oh as:
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E f’ OfiO
H | |

K "CC H  - •? + 
0 »
H

Another- example of a© Id catalysis wae the Be# of p-toluene- 
sulfonic aeld in the condensation of ethyl &o®feaeet&te and

should he present when catalysis is effected by an amine* ivhen 
piperidine was added to par® orotoaaliehyd# there wee no con­
densation, hot when the aldehyde had undergone slight anto- 
oxidation the reaction proceeded readily#

the first extensive work on the use of salts and of amides
11as catalysts was carried out by Cope in a study of the oond en­

action of ketone® with eyanoaeetle esters# .For this type of re­
action excellent yields were obtained using piperidine acetate, 
ammonium acetate, ethylenediamine diaeet&te, or aoetamide in 
glacial acetic acid# for the mixture of ester, ketone and 
catalyst he used as solvent glacial acetic acid; aa water was 
formed during the reaction it was removed by slow diet!Hat ion#
He found that the salts were superior to the free bases in cat­
alytic activity* These result® were explained on the basis that
salts furnish both acid and baa©* The first ©top of the mechan­
ism as discussed above may be aoid or base catalysed, but It is 
better catalysed by b&ee# On the other hand, the dehydration 
step which is also acid or base catalysed is more strongly 
catalysed by acid#

i nbutyraldehyde • However only a £8p yield of product was 
obtained as compared with 81> when piperidine was used#

It ha® been shown^ that at least a small amount of acid



There ere ®&ny examples in the literature of the eonden- 
6: tion of active methylene compounds ^nd ctrbonyi compound*• In 
e publication of 1904 &noeventg e 1 reviewed the large number of
compounds which hod been prepared since 189 & by his method. The
&Idehyoes, including eli types, aliphatic end *,ro®, tie, suturetect
&nd unsB turn ted, were condensed with a wide variety of active
methy lene compounds such us the ecetoccetic ester and me Ionic
ester types, acetyldcetone, cytno esters, nitroncthcae end phenyl-

t 3nitroffl«thrne* bomswhat leter condensation with k#iones* were
i, iso reported.

Cyclic ketones snd ethyl cyanoecet- te wert condensed by
1 4,Mrrdlnp, Haworth, end Perkin * Also a 1urge number of cyclic

3 piketones core condensed by Vogel *
In the condensetion of excess seetone with ethyl cyrno-

acetate Gardner end Haworth*® showed that the reaction in
piueridlne differed fro® that with is-odium ethoxide us the catalyst*

<?«»
With oloerldtne the product 1* C.nEs€O0€B-Q~CH€(9OC^M*,; with sodium

ON CE^CN
HQ .Cl CH- QH

ethoaide it is the cyclic compound* CHf,-C^CB~(>C-^ ~ C ~ COOC^Hk *
| City |

E#n and Thorpe*’* formed nitrogen heterocyclies by condensing 
cysnoacetursid# with ketones having two seconder;.’ carbon atoms 
adjacent to the carbonyl*

WoruliA^ used ^romutic aldehydes and nitromethane to pre­

pare fc series of unsatur&t&d nitro compounds• Kot?.*^ condensed
& methylene compound active tt?d by two sulphone groups, 
CyH^SOfCB^SO^CpHss, with formrIdehyde. Be obtained
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* Kohler find Potter attempted also to
^ m  UOgCg&gtg

use a eulphene; they tried to oondeoee bensaldehyde with methyl
p * tolyl salphone hut obtained only a low yield of unsat­
urated ea.1 phone ŝiofe wee difficult to separate from a variety 
of other products#

.another ©sample of the seep© of the Knoeveaage 1 reaction 
is to be found in a recent publication^ in which elnehonaldehyde 
was oondeneed with a variety of methylene compounds, including 
in addition to the usual typos mentioned above, eyolofeer&none 
and aeetopheaone as active methylene 00® pounds# a recent book 
dealing with organic cyanogen compounds contains an extensive 
review of the literature on the condoneat!on of aldehydes end 
ketones with nltrlle® containing an active methylene group# 

oope** reported an Improvement on earlier workiit dee* 
or1bed above, for the condensation of ethyl cyanoscetst® and 
ketones# Aoeordlng to this procedure the ketone, eater, am­
monium acetate ana uoetio acid were re fluxed la bengeae In a 
flask fitted with a constant water separator# sa the remotion 
was refluxed the water formed was distilled off with the bengeme 
into the separator# the mixture wee refluxed until the formation 
of water ceased#

?P4looently jiowry studied the oondenostion of malononitrlle 
with variously substituted aeetopheaones# He ueei acetic acid 
and ammonitti-s acetate mm catalyst and employed dope* a method of 
distilling the water formed into a liquid separator# -lace some 
of the acetic cold collected in the aquacue layer of the separator,



T
the volume of water exceeded the theoretical requirement for 
the condensation by approximately £0^# a re salt the reaction 
could not he followed accurately and only the time for total
reaction war determined#

In view of the satisfactory reunite obtained in theeo
PS prlaboratories in following etherifioation* mid alky1stion ° 

reactions by a distillation method it was decided to attempt to 
modi tar Gopefs method so that the reaction rate of the 
&noeveneg&l reaction could be accurately determined* If thie 
could bo accompliehed then the method eomld be applied to the 
determination of the relative ability of Tarioue groups to 
activate a methylene compound at well as to the study of the 
order of the reaction* Information of thle nature la valuable 
both for theoretical and synthetic consideration* and only very 
little of such in format ton hae previously been obtained*



&Qtj&pXO|I

?h© standard apparatus whioh wae used in all experiment© 
w&® similar to that of Braper*''^* It consisted of a on# liter 
flask fitted with a thermometer well and a water separator 
which was calibrated in tenth® of a milliliter to a total vol- 
am# of five milliliters* the water separator held a reflux 
condenser shipped with a calcium chloride drying tube# 411 
connections were ground glace# & n&la©-€ol*’ heater vac used 
with a ”V*ri ae" set at 80 volt© for benzene; this was the.- 
highest voltage which would not cause flooding of the conden­
ser* Th# thermo®©tore used war© chocked against Bureau of 
Standard© thermometerc* Barometer readings were taken but 
usually variation© in ©t&ocphori© pressure did not affect the 
reflux temperature eigaificant1y• Headltig© of the water vol­
ume were taken every five mi mites or at some other convenient 
time Interval© depending on the speed of the reaction#

In the standard procedure used for all experiments, ex­
cept where otherwise stated, one-eighth of a mol# of active 
methylene compound was mixed with the deoirod amount of 
piperidine and aaprole acid ©ad this mixture was diluted with 
bonces© to a total volume of 260 ml* in a volumetric flask# 
Another £60 ml# volumetric flask was filled with benzene and a 
Volume equal to the ©dj.loolct©d volume of the benzal&ehyde which 
we© to b# added later vs© pipetted off# the total solution was
poured into the liter flask and the water separator was filled



with solvent# The solution its r©fluxed to remove any super­
ficial water which usually amount©d to not more than 0#06 ml#
One-eighth of a mol# of freshly distilled beasaldohyde was
added to the hot solution# ^©ro time was taken a© the tisp of 
addition of the aldehyde# heflu* was continued until th® tol* 
m o  of water la the liquid separator war ate©nilally constant# 

Upon completion of the reaction ffe® soluti on was washed 
three or four times with sufficient 10.̂  ©odium carbonate solu­
tion to remove all th® e&pralc acid and piperlain©* The solu­
tion was then washed with water and finally with a 0/b acetic 
acid ©clotIon# 1 large ©mount of the solvent was distilled off 
at atmospheric pressure* th© remainder at reduced pressure* and 
th© nreduct was isolated by distillation under reduced pressure 
or by crystallisation#

A combination of acid and base was chosen as the catalyst# 
the basic component wa« piperidine but instead of acetic acid 
m higher boiliny aliphatic acid was found to be preferable*
*eetio acid distilled over and collected in the aqueous layer 
to sorae extent* causing an error in the volume reading©# fhen 
eaproie acid was used* the water layer was found to be free of 
acid# Tinea caproie acid is cheap and commercially available, it 
was us*d for these experiments although other aliphatic acids 
may be equally effective#

tyi th© has is of preliminary experiments an important 
eprtom for inf©nssivr study wrs chosen# This consisted of diethyl
malon&te as th® active methylene compound and bensaldehyde a# 
the carbonyl compound# it was found that ketone© such as
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oyclofcexanone m M  diethyl ketone did not to not with Minnie 
ester under the standard conditions# ttraigrht chain aliphatic 
aldehydest for example heptaldehy&e# underwent the aldol as 
well an knoevenagel condensations mo that it was difficult to 
isolate a single pure reaction product fro^ th© mixture; con* 
sequently the*; uaauitable for kino tics work# *iiphtlo
aldehydes branched at the alpha carbon an oh as £~ethylbutanal 
and iLyXhexanal proved to be equally -as good ae bongal&ehy&e* 
The theoretical volume of water was evolved smoothly and 76> 
and 60 i 'yisids ox -pure pro&eot, respectively# wore isolated#

*51 nee ethyl groups are electron releasing as compared 
with the hydrogen atom, the alpha hydrogen of these brnnohed 
chain al&ehy&ei* is lees labile than the alpha hydrogens In th© 
straight chain aldehydes# For this reaeon these branched chain 
aldehydes undergo the aldol condensc-tlon ranch lees re&ctiy then 
the straight o'imtn aldehydes* It was feltt however# that 
be&s&ldehytie was a more widely used aldehyde than either of 
these breached chain compounds*

It was found that both beosoae and toluene were suitable 
a© ©o 1 vents* **fc©» a mixture of piperidine end e&proie acid 
was refluxed In bensenc or toluene# there was no evidence of 
a reaction* khan# however# o-xylene was tried es a solvent# 
water was evolved as the result of amide formation occurring 
to an appreciable extent between piperidine m d  caprole acid 
at this higher temperature# 144°c* * pure product Identified
by analyses as li^oaproyl 'piperidine was isolated in a 40/a yield* 
This compound had previously baen prepared by the reaction of



piperidine ano eaproyi chloride^* further study oi th© dis­
tillation method for making amides is planned in these labora­
tor ies.

there are certain limitations and sources of error in 
the distillation method for carrying out and following the 
Knoevenagci reaction* %.nly solvents which boil below about 
lib0 can be safely used because of the side reaction just dis­
cussed. it is not possible to use piperidine without at least 
an equivalent amount of acid present because the piperidine 
rill distill over with the water. The acid must be non-volatile 
or insoluble in water. fhe reactants ami products also must 
not be very volatile or water soluble. 1’he temperature of the 
reaction usually varies somewhat, lor the 10/- to portion
of the reaction it was constant to within i 0 4 u.

there are numerous advantages to this method of studying
the reactions, the constant removal of water forces the ro­

llaction to completion. It has been shown* that it is a rever­
sible reaction. when oiethyl"l-fnethyl-heptylidene ey&no&cetate
was heated v. it-h an equivalent amount of water in the presence 
of piperidine acetate for live hours at 125°, a £0> yield of 

methyl hexyl ketone was obtained and 70,* of the unsaturated ester 
was recovered* another important advantage is that th© process 
is a simple and rapid one and does not require analysis of 
samples at regular intervals*

v >«i ui*i >. jk i. a Uia.—
a series of experiments were carried out to cotermine 

the effect on the reaction rate of varying the acid strength, 
piperidine ; eaproic acid ratio, and the total concent ration of 
catalyst*



iiiaee Brea low anil Hauser' found that acid catalysts 
such as BFg promoted the condensation of beassaldchyd© ant 
diethyl molonato it w s b decided to determine whether c&proi© 
acid alone would brirtiw about an;/ reaction. It tac? found, how- 
« w ,  that no water eae evolved over a period of several hour a 
when e&prole acid was the only catalyst* Ihie roeu.lt in not 
eeriurlcl ag con^ldorlag th© much greater ability of BF.* to actva
at an add, or a® ©» acceptor according to the Lewis.,
definition#

;fcsa th© eoa&©ae&tlo& of bens&ldehyde *ith ethyl cy&no-
acetate in the presence of p-toluen# salfoala sold ae a catalyst 
w as tried, 4£*. of th© theoretical amount of water w%a If or mod# 
fhle result is corn?* arable with that obtained by in th#
similar ©on&ensation of aldehydes with ethyl aeetoacetate*

At the other ©stress® it is well known that piperidine 
alone is an effectire oatslyat although according to ^uhn^ at 
least a trace of acid must b# present. It w&s not po * *ble to 
me# piperidine alone in these experiments ml nee it is so 
volatile; therefore tri-n-butylamiae was tested, but no water 
wme evolved# .’.hen this amine was need together with ©eprole 
acid us a catalyst there *ra© Xikourle© no reaction#

Blperl&ine used with chloroocotio acid, a much stronger 
sold than caprole, gave approximately 36’£ of th© theoretical 
amount of water; th© half** emotion time woe 495 minutes. About 
0.31 of the ehloroaceiio acid wan found in the water layer in 
the separator causing a slight error in the volume read lag#

Piperidine with oaprolo acid gave XOOa of the oaloulated 
volume of water and an aG;1 yield of pure bensaXraalonic ester
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was Isolated* fhe half-reaction time was aboat 75 minutes*
A study of th© sold : has© ratio of the catalyst was

carried out using one-eighth of a raola ©soh of bens&ldehyd© 
and malonic ester with one-sixteenth of a molo of piperidine* 
fhe amount of acid was varied so that th® acid ; has# ratio
was X:Xt f;l# 4:1. and 8:1* I© ©book ran was mad# at th©
highest ratio* hat sail©factory agreement was obtained when 
each of th© other erperlmexit© was repeated* The results are 
summarised in fable X* as the acid eonteat increased the 
half-remotion tine increased and reaction rate constants de­
ar eased*

th® Affect of Varying th# .^oid : Base Katie
:a*lf 

Aoid: :^©aotion:
Base : time

k (min* 1 i 10

1:1 ; 63
*

11*04
2:1 : 75 

%
9.82

4:1 : 114 
*

6.07
til : 150 4*77

•p ; 60& : 70S : 
*  * *

11* 19:11* 19:11 *06:10* tiv
e  *  •

9,82:10.02:10.07; 9.96© * •
6«1£: 6*10: 6*©s: 5*99 

* * *

4*U j  4*66: 4*68; 4*84

9.99fe: 11*07
9.61 : 9*90

b*§*89°: 
©

6*09
4*55 : 4*64

a 0*0625 mole piperidine used 
omitted from average

these renotion rat® ooastants as wall as those given subse­
quently wore calculated in the following manner* experimental 
results of percent reaction completed were plotted versus time 
giving m smooth curve* An enlarged graph was plotted of th© 
values between £0£ and reaction completed* Unavoidable
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variations often appear over the first and last £0/# of the 
reaction# luring th© first B0& of the reaction th# system is 
establishing equilibrium* luring the latter part of th# re- 
notion deviations do# to the presence of alight amount®! of 
ispurlti©# in th# reaotents become relatively more serious* 
Errors in remain# th# volume of water collect©i m m  also more 
serIons daring th# first and last portions of th# reaction®*

lime intervals were road off fro® the larger graph at 
£0%, 30j&9 40%, S0%t 60%, ?0% and 80%* faking th® time at £0% 
as mere time, the reaction rate eonstants were calculated 
using th® first order reaction agnation:

& s IkiiQJl lo# *Ju. t a-x
where n  is the eoneentration at rcro time and u-x is the 
concentration, at any time t* it can be seen from Sable I 
that th# constants check fairly well, Indicating that the re­
action follow# first order kinetics under these conditions* At 
the conclusion of this series of experiments it was decided to 
us# an acid : has® ratio of £;l in all subsequent standard cx- 
periments*

The results bear out th# statement made by Hammett^*'' that 
the catalytic effect of piperidine in the presence of acid in­
creases with decreasing acidity* He claims that this suggests 
that the base piperidine and not its conjugate acid, plperidl- 
Mwit ion, is the catalyst* Although the catalysis may be 
effective only in the presence of some acid, a strong sold or 
a large amount of a weak acid represses the activity of the 
piperidine markedly as found above* In the condensation of
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diethyl mnlonate and formaldehyde in aloobol solution with
*iQvarious organic bases a# catalysts, :$#leh; • found that the re*

action rate constant was inversely proportional to hydrogen ion 
©onacntration*

It has been suggested at war!on# times that th© dehydra- 
tlon step might b# th© determining factor In th© overall rata*
If this war# so, it would &oom fin contrast with th# above re­
ar.'Its, that an Increase in sold strength 'should Increase th© 
rat© of reaction sine©, a© pointed ant by Cop©11, this dehydra­
tion is 'mar# strongly catalysed by -acid than by base*

Th© effect of varying th® total catalyst eone©ntratlon 
at a £S1 sold % base ratio was studied* Th© standard procedure 
wmm if$i in this ©©rise of experiment© ©rcept that a 10P ercees 
of bonsalichyde was employed* The data fmmmarisgea In Table II 
show that th# rate 1© roughly proportional f© th® total catalyst 
concentration*
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In order to determine th# offoot on reactivity of groups 
substituted in the para position of beagalachyd#, diethyl 
m&lonate woe oon&onood with 3H»raefhoxyb©n*ald#liyde9 p-ohloro- 
bensaldehyde# and p-nitrobensaldehyde mm wall mm with boneal- 
dehy&e itself# It waa possible to run all fear compounds at 
the earn# catalyst concentration (0#06£6 mole piperidine ©ad 
0»1£S mole eaproie acid) and under the standard conditions#
Th# p«*Qhlorobensaldehy&e product has not been previously pro* 
pared# In eaeh oao# first order oomfftimte wore obtained in* 
aiooting that th# remotion mechanism was probably th# cam# 
for all and that a valid comparison of reactlvitiee could be 
mad#*

Th# data are musm&rlred 1b fable III# In general th# 
roostion rat# constants checked well for eaeh run# tor the 
warione bangald eh y d e u the eonetanta do not differ over a 
lari?# ranfre# The moet reactive aldehyde of the series was 
p^efhoxybeasal&ehyde with, an average first order aonstant of 
ll*§fnlO ^ reciprocal minutest ana the least reactive wae 
p*nltrcb&nsaldehyde with a oonst&ut of 6# 78x10**^ reciprocal 
minutes# This is less than a two fbld variation between the 
most and the least active#

It 1© clearly established that th# order of decreasing? 
reactivity on a qualitative b a d e  til •OCH^# **B# •Cl, —HO^#
It if* apparent that as th# electron roleaslnf? ability of the 
froup increased th© rat# of the reaction inoreased# £lnee



T*Bia 111
Condensation of Para Substituted Benzaldehydee with Malonic Kstera

I Para 
:Group

Half
Eesction 
Tim# (Mia.)

f irs1 
30#

» Order Eat© 
40# : 80$.

Co nets
60#

mts (J
70#

lin.*1 •3,i lo i
■verapes

Tfi.ie® :
. W ___ I

:-och3 6?
63

ii.es
11*61

11.94
12.14

11.64
11.74

11.46
11.75

11.05
11.61

10*67*
11.07

n . m
11,77) 11.69 ee :

> a 77*5
7b

9.34
9.82

9*49
9.92

9.42
10.02

9.48
10.07

9.30
9.95

H.72b
9.61

9.40}
9.90) 9.65 89 :

••01 91
92

7.63
7.72

7.79
7.92

7.96
7.B6

7.86
7.39

7.65
7.06

6.96?
6.67°

7.72)
7.59} 7.66 es :

>Jf0r( • £
98
91

6.92
6*61

6.99
6.62

6.90
6.96

6* Hi 
6.77

6.61
6.45

6*41?
6*38

6.84)
6.72} 6.78 56 :

*
- , , — i,

*Catalyst consisted of G.0625 stole piperidine and 0*125 mole caprole acid.
^Omitted from average.
0After one distillation or crystallization; the yields of purified product were 
usually 5 * 10% below these values*

m



thee® effects are bo small In this instance, it is believed 
that the aldehydes are not involved in the rate controlling? 
step of the reaction, Their Influence may be cine to some 
secondary effect such as alteration of the reaction medium or 
interaction with the catalyst,

Hammett^ has pointed out that m linear relationship is 
often obtained when th© logarithms of th© reaction rate con­
stants for a reaction of a side chain of meta or para sub­
stituted bensen® derivatives are plotted against th© logarithm 
of the ionisation constants of th® correspondingly substituted 
bensoic acids. It was found that the data for th© para 
~00I^# ~H§ and -Cl bengaldehydes satisfied this relationship 
fairly well, The data for p-nltrobeng&ldehyde showed consid­
erable deviation, Perhaps this is not surprising in view of 
the lower yield of product isolated from this reaction, 'Ifce 
yield of water was 92& after r®fluxing about 13 hours, whereas 
in all the other Instances the theoretical amount of water was 
obtained in considerably less time. In' any case the linear 
relationship has only minor value for data of this kind in 
which the change in rates is small.



The vwiou* aetive isetflese eeai pound© were arranged is 
three eerie© £or eomrenienoe is making a eatbparatlv© study# 
Th© first group eoneieted of th© four eygftmetrlcal eompoim&e, 
&&lo.n<mltrllet aeetylaeetone, dlbensoylm©thane and diethyl 
©telenet e# &mdh of those waa ©endesaed with beneeldehyde 
using the standard procedure deeorib©a above# Th© reeulte 
or# ©usamarlsed is Table IV#

T^1,C It
Coadeiusati os of heseelhehydo with ^ytsssetrieal 

.petite Methylene Compound©
# * « ̂*&l3l3L * *
: methylene compound; Oatalyet♦ heeotios :field' *
* » iVVfiA ^ ♦ * 1 &*© * •s : '*oao# : (Uitmtee): (&) :

* ^ 0 kjbMk £ W V' c ^
«

; Ofli^cyycfify-CvC^&g

m 0«QCO976 mol© piperidine end 0*001901;' mol© eaprolo 
neid taken ms unit e&t&ly«»t e©so©st rat ion•

k Yield after one eryatalllaatlca or distillation#

41 mrif! «»d yield#

l«o two of thc&© rauotioaii mould he conveniently carried out 
at th© umio ©s*tel>j©t concentration boe&xus© t h m m  m s  emoh 
& wide oiffarena© is their ratee* One n m  ©ompotmd was



obtained, the ooiideneetion product of dibeneo^Xfueth&ne with 
beneel0 efey&e♦

Of the fotsi* eondensnt-lqub ©ttly the OHO with diethyl 
malonate followed first srAer klnetlee Iso® fable VI* On the 
laeiB of evpl oratory e&l©«lati©ne ©os M i n g  alfferent Integral 
orders the melon©nitrile ro&etion appeared to hm above second 
order, the aoetylaeetone eondeneation appeared to he between 
first end eeeond order, and the dlbengoylsie thane reaction also 
appeared to ho between flret and eeoond. order* It is possible 
that the nature of the individual steps of the reflation 
eh an free ai th# reactivity the methylene coaaround ohtinges 
over etteh a wide range# It maj be, how ever, that th® nature 
of the etepe does not change but that the eh 1ft in order is 
dtae to ehangoa in the relative ratee of the various etepe#

binoe the orders of the reactions are not th® name* 
comparison of reaetlTitle* must be made ©a a purely Q«all~ 
tative basic rather than on th# quantItstive baeie of rein** 
tive reaction rat# constants* It is apparent fro® a nonpar** 
Icon of the half^reaetlon time® and catalyst consentr*ti one 
that the order of deer easing reactivity of the «•& groups 
le ~as# -ao<m0f •aua6ife# •ccoccKg#

In the next series studied one net1voting group w&s 
enrbettioicy while the other w«« a nltrlle, acetyl, or a 
eeoond ©arbethcxy group* the reunite are emser lred in
fable V#
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m

Thm reactions of the thrust methylene eo^^otiad* 
followed first order klaiftios rath#r well; consequentXy thero 
1© a gooo basis for compering reactivities in morm ih®y& a 
qualitative Tsusmnex* the eetelyet eoaeentratioa» had to
be varied widely la order that the reactions might proerreee at 
rate® % f 1« h could eom’eaieiitly be followed* fbe order of o#~ 
oreasing reactivity of the variable activating group i®:
♦08* ♦GOCIigt mad ♦CQd>O^M^# Shi® is in agreement with the 
result® for the ©yrometrio&l eeriee although that serioe u«u» 
based only on qualitative information*

The third eeriee investigated conei©ted of t group of 
methylene cos® so unde in which one activating group was a 
phenyl group while the other wma a aitro* acetyl, benwcyl* 
amide, earbethoxy, nltrlle, or bonaeneettlfoxiyl group# The 
carbethoxy, nltrlle and henseneeolfonyl ecmnoimde behaved 
alike when the oondeneation wan attempted using C«£&0 mole 
of Piperidine and 0#500 mole e.f e&prele mold# &e product 
wai laolated practically a quantitative yield of the 
starting methylene compound wai recovered although the 
theoretic ml volume of water was collected is the separator 
over a period of nhaut 40 hour©* * reeinoue roeldu# which 
raay fe&ve resulted from the aon&eaoatioji of the aldehyde and 
pipe rid tne tss slro obtained* '̂ h*a m similar ran .made 
nm lug 0*lff> rml® of ben sal dehyde, 0#1£§ mol# of cap role acid, 
liui 0*O6£5 le of pi part dine t and no methylene compound f 

0.091 mole of water was collected in about ££ hours# A 
email amount of ben®aldehyde w m  recovered and a large



tmmimam® residue w*e obtained which could neither 0© crystallised 
nor diet tiled*

T h e  reaction of phenylaeetamid© wa® not clear cmt#
*4*o«t fi4̂  of p r t  phanyl&eetamid* wmi! recovered from the re­
action mixture ani an Impure ©olid mixture from which no 
single eotsround could be separated* fhe stit tyre of reainoue 
residue as was obtain©# with each of the three previou»ly die* 
eutteed tx nr ©active eo&pound* was also formed* *herc wa» some 
Indication* however, that mere than this usual aide* reaction 
of bensaid©hyd© mni viper!dine coonsrred because the rata at 
whieh water trn* evolved was- more rapid with pfeenylaeetamldc 
than with the other®• »iitt ethyl phenyl&cet&te, phenylaoeto* 
nifrile, and phenylbensyloulfone thm half-renetlon time wac 
about 10 hoar®, hat with phonylaoatamide it was only £ hoars 
and ft minti to a* it Is possible that phanyla0eta3ai.de further 
est&lyraa the eld® reaction* it may b# recalled that aoeta* 
mida was need as a catalyst under similar condition® by 
^opo^ for the cob do as at ion of hetonos with eya&oester®* 
in any event a kinetic study 1® of no value under these ex- 
par iment&l cond111on e for phenylacef ami da•

It 1© interesting to not# that the nltrlle group which 
ha® a highly activating effect In malenfcnttrlle and ethyl 
eyanoneet&te apparently mador the condition® used hsro doe® 
not activate the methylene group in phenylaeetonitrile 
strongly enough for it to condense with hen®aldehyde# 
fhenylaeotonltrlle undergoes this reaction when more basic 
catalyst® are used; it has been condensed with hensaldchyde



1b the presence of f?0m sodium in alcohol^®#
It le not surpri sing that bensylphenyleulfon© im not 

©efficiently active to ocndem© with form % aid eh yd e when piper­
idine# a relatively mild base# is used a# catalyst* Hi® 
enlphone croup is analogous to the carbonyl gr©up in some 
respects# hut it doe® not activate to the ssame extent ea do®® 
the carbonyl group# deaeylphenylsulf one ha* been ehowa 
to hw QGtm id ©r ably lea® active than the oorreeponding carbonyl 
compound# b©arylphenyl ketone# The tmlfone for®© a salt rith 
sodiu® ©thoxide m  aoee the analogous; ketone# hut It if not 
alkylated ri th ©ethyl iodide and ©odium ethoxide as is the 
carbonyl compound* Th® result# of the present condone ation 
etudioe boar out the differenoee between these two compounds# 
The imlfone does not condense at all under these conditions; 
on the other hand the ketone coadeaao® readily#

XhenyXnitrome thane t phenylacetone and bensylphenyl 
ketone all condense with bens aldehyde in th© preeeaee of 
piperidine and eaproie acid# 4* oh followed th© fir at order 
kina tie equati on# indicating similarity in mechanism and pro- 
riding an opportunity for a comparative study as dittouesed 
above for the ester aeries# shown in Table VI th# 
relative activating ability of the group# arranged in de­
creasing order is* *#Ck>€£gf and -COQ^E^*

although the oond one at lone of saalononltr 11® f acetyl* 
acetone# and dibeasoy1®ethane appeared to be higher tban 
first order# thas© compound© ©an be placed in a ©eriee of 
relative reactivities by compering th# curve© for tine vereuc
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percent reaetl on ocmpletee* the order of deerea-ising r#** 
activity including » H  the methylene eompOQnd® from fable® IV;
f lUl II ii; m 2i m ^  QUQHfOQQQ^i, m ^ C H g Q u o o ^ ,

0V aoaV f *  ° V C0W c  • ° e W 0** GSg|ooagiig)t#
OgdgaB.pC'OCS^# and C^E^aa^COOgEg* Thie sequence i® <?alie 
definite, ©reept that aeetyl&oetone Is practically ae reactive 
ae acetoncetic ©at or and phenyl&ecfone and phenylb©»*yl ketone 
hav® equal reaotlvitle*, vl t M n  ©rporluteivtal error# The rela­
tive reactivitlea © f phonyIbenay 1m 1 -fone t ethyl phonyl&oetate* 
and rfcenylaeetenltrll© h a w  not been eet&bllehed f but they 
art all lees reactive than any of th© ©omrouftd© in th# above 
series*

kU an f 1 i a t i te q © as ■ p arl» o n e a mo »& the c cmpo u n& e in 
tmbl#r> V and VI aye valid since they all seem to follow fiyet
order klnetle* fairly well# the order of deereasing reactivity
i8 ! of#On0Cv!«.gM|»( 0V#B) | Oli^viiiwH£j5.ltg{ |;f #9) f Uli ̂Gll {1 *f f?) ̂

^4 v* jg111 g, ||(0# £9 ) t find #

ffce number® ia parentheses refer to the relative reactivities 
on a quantitative basic if all the rate® may he ae named to be 
proportional to the oetalyet concentration an# if the changes 
in catalyst concentration do not have any effects other than 
th® direct catalytic os##* fbe proportionality w&« eeteb* 
llehed for maloale eater (ace fable ill* fhie eater wmm 
arbitrarily assigned unit reactivity*

in#tend of considering th# entire .molecule, the re** 
activities of th# Individual group® attached to th® methylene



carbon may b# compared* com pari ©on© within :lablo® ¥ &ad ¥1 
are readily ma&o* la addition a comparison of ©tbyl ao#to~ 
aootat# and phonyliicioton® in&ia&to© that th# r©lot It© aotl*
Tat lag #ff#ot# of th® oarbothory and ph«nyl group© ©ro l!l«t sad 
0*h# roapoctiToly*

An ap.pranimat# qpalltatlT© comparison ©a th# baei# ©£ 
all th® data from fab!*© IV # ¥ and ¥1 giwes th© following 
or&@r of decreasing reactivity: *>CM9 •GOGtig, •QOQ^Mg,

^OOOa^agimd **%%# fh» poaltion ©f th# •sÔ â ljĝ reimp cannot fe# 
ascertained on th# bad© of evidence prec&ntad her#*

■fh© ahots a m  o»ly b© very approximate# for it
discount© m y  interaction between the activating ffi?o w p b * That
amah interactIon may in fact* fe® consider table if? shown by a 
comparison of CH^CGCH ̂ COCM^ sad O^H^COChgSOC^Hgvrlth

£v CEg&nd C^E^CbgCOG^E^# .iith th# symmetrical compound©

th# £IgG0~ group activates mu ah mor© strongly than th# G^E^GO*

group while with the pfeeayl cofapoun&s th# activating ability 
ic *$i*&1 * a similar 00oglu©ion results £r m  m comparison of
GÊ CtnUi îOvinE *»,aod 0̂ -EgGuUCE|>GUvu ĵii jj#ith Cn^CuGHgCwOC ̂jHg*
1b the symmetrleal aosipcmaae th# QE^CO* group© 1# nor# strongly
uotivating than the OgH^CGO^ group bat whoa th##® two groups 
or© present is th© Bam# compound, th# reactivity 1® about th# 
s&m© &© OÊ COChî ChCî  A comparison of GE^fOS) g and GEgCCOCÊ j) g

or OHOii^coGGgM^anii oSgOGOEgCOOCgEgindleatss that tho *CB group 
la mor# strongly activating than th# ^OOw^ group* but a com* 
pari©on of e^M^GB^GI and O^HgCEgCOCl^suggests that th# reverse



i it tru@«
Thom® of marked interaction clearly demonstrate

t!i® futility of attempting to assign to each group a number 
which quantitatively its ability to activate a mothy*
Xos# group* Th® complete molecule® eaa be <|aantitatlv©Xy 
compered or th® group® ®ax& bo qm&ntltiitiyoXy compared o© long 
os th® second actlvetlag group- in the methylene compound re* 
.a®in® eon®taut*

the primary influence which determine® th® relative 
abilitlee to activate th# methylene group ie doubtlessly th© 
tendency of those uaeaturated group® to attroot electrons*
The motiwity of the methylene group is greatly enhanced by 
the preeene® of more than one electron withdrawing group# & 
hydrogen atom may be ro&dily removed to fora an anion with 
such compound® a® no® ty lac® ton® • in ©noli eat ion a hydrogen 
atom which is removed by formation of the anion bo com#® 
attached to a carbonyl or.ygen# Th® high, par cent ago of e n d  
form which exlets for compound® of this type may be due t©

3 IPet&bllisat ion of th# enol by th® formation of ehel&t® rings*' \ 
the following arc th® main form which ©ontribute to th# 
resonance hybrid of aeetyl&eeton®:

jj*-*0 0 <*► M 0
i i i  i iiea3«c c *ca7 «— > ou.-c c -oh
\ ^ ^  /OH Cli

It is interesting to not# that tho&e compound® which bar# a 
°f the _high .proportion/eftCl form eeem to be m o n g  th® most reactive# 

IHbensoylmetliaiie exlete lOO^ in th® #»©! form, eeetylaoeteae
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?S/*, •thyi aoetoaeatate ana Aiathylraalonat* than
% ̂ % * ■

0#01 v **"* , rfcer© m u m  m tf however, appear to bo any qntmtS.** 
tattoo correlation between enolisation and reactivity#

Although in both th© ©©tor and phenyl eerie® there is 
opportunity for geometrioal isomerism# there was only on© 
inat©no© in which a definite indication of more than on© form 
was noted* *h® product derived from bensyiphenyl It©ton© and 
diethyl maloaat© gave in on© ©at# an B^i yield of toll a 
material from which m pur# ea&poimd in 55;# yield wmm obtained 
which melted at 101 - I0 £°f th# melting point of o m  of th® 
known ioomcrie product©^* -th© remaining 33a ecmaieted of a 
mixture which could not be ooapletaly purified* two different 
cryetalline iorai could he observed when th© material eiyetall* 
ls®4 frilowly# On# las a material which melted at 9f ~9$0; 
th© other form, which melted at 8? *89°» took on m slightly 
yellow color ©a f>t&nding> *2hia change in color is character* 
ietic of th# lower melting ieemer^ which melt a at 80 *89°*
If ie a possibility that some of th# lower yield© of product® 
in the phenyl aerie® might be due to a formation of a mixture 
of isomer© which could not be re©oily separated#

j&vCH.nii. uf ;n^ fw.^crj , h
Most of th® xinetio studies which hare been carried out 

on th© be.©© catalysed ©Idol type eondcn&ation sees to confirm 
th© mechanism for this reaction as proposed by lapworth^ and 
discussed in th® introduction. In brief it was proposed that 
th© base remove© a proton from th® activated methylene group
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tfl form a c&rbanion whleh then joins to the caxbonpl oar bon 
and a proton adds to the o&rbonpl oxpgen* -star is sometime# 
split out from the aldol product* 'the general scheme map be 
represented bp th© following- series of equations:

I D
1 1

îi
Vi ft f* A3* w£

Si

K
C - S'£

B H

<S)

* A
B C 'a*

( 2) 1 K**OEQ

0*» £
t\t* c _  c —  a'

-7* M M

1 (4)
.&c:£

H ,0

Kino tic ana other experimental evldense confirm this 
©echosSum* aeloh** Investigates the kinetics of th# reaction 
between formaldehyde and malonio ester in mx alcohol solution 
using amine e&talyste* his results showed the reaction to be 
eeeond order at constant oatalpst eoneentr&tion; consequently 
it is likely that 3tep I%) is rate eoatrolllag under these 
oond it ions* he also he*aonetr&tee ,using piperidine, the 
specific catalytic efxeet of secondary amines*

In s. study of the eondessation of henscl&ehyde with 
ucetophrmone in alsohoi solution la which sodium ethoxide 
was ua#d me the catalyst**0, it was found that the ®tpeed of 
the reaction was proportional to the concentration of both 
reagents at a fixed catalyst eonceatr&tion*



37fitst order kinetics were e b a m e d  by Bell* in th® 
condensation of oa« mol# of coetaldehyde with another in 
aqueous solution* At fir at fc© suggested that th# rat# deter* 
mining stop of this ml&ol ecr^eriGuti on of eeet&ldehyde might 
be the e&talysed dehydration of th# hydrmt© CE^vHJOM)^.*

^■uhe© quant experimental showed that this could not b«
the eae# ano. that the ©tiaek of th# baa# might more logically 
be rat# determining* laveatigntioa of the al&oi condensation 
of 1 so imtyraldehyde showed th?at the apparent order was between 
first and booout Indicating that the first two steps proceed 
at comparable rates*

'the reactions in the present study hare been carried out 
under 411 it# differ ©at conditions frees the ones mentioned above* 
fhoa# which followed an integral order war© found to be first 
order* Thee# include thre^f compounds of th# osier tierieet 
diethyl aalooAte, ethyl acetone#tat# and ethyl oyano&e#tate# 
and three compound s of the phenyl ©erica* phonyInitr©methane* 
phanylaoetonet and phenylbeissyX ketone* for the condensation* 
of thee# compounds with bensaldehyde the evidence obtained In 
thie study suggests that th# first step, the .attack by the 
base* is rate controlling*

In an effort to determine more clearly that- the conceit* 
tration of methylene compound is the controlling factor in the 
rate at a fixed catalyst eoaeentration* experiments were carried 
out using different ratios of reactants* ^hen m 100^ excess of 
diethyl malonate ts» used with 0*1 ?5 mole of bensaldehyde* the 
time required for one*fourth of the ©star to react wa®



m

40 minutes; with £0^ cucess m ter th# tine for one-fourth of 
it to reset was 33*5 mlautoa; with Q> «xd«ai ester th# time 
M e  35 minuien* th.® corresponding aver ago first order eon*

el*slants for 100>f £0^ and 0# excess ester were f*3B * 10 ,
9.00 x 10*s 9*90 x 1 0 reciprocal minutes* It I® appa­
rent that m m m  influenoe it earn sing & nerious shift in those 
eonatante# it is possible that the txaets ester deactivate* 
the catalyst pausing the eonsteats to fall or that other 
effects of the ©hangs in medium are responsible* The poss­
ibility that the format ion of the tetra ester*

^ UE ICOOC^iU)*s * was a serious disturbing factor \?ae
wE C g

eliminated by quantitative isolation of the erases unrenoted 
malonic ester and the isolation of a 73e  yield of bensal- 
maXonle ester*

*hen eroese hens aldehyde was need in the earn# way* the 
kinetics results were of 'little value h#cause in all eases 
an appreciable exoeee of water was evolved* indicating side 
react ions, for IQOp excess benaaldehy&e* 6££ aore than the 
theoretical wmount of water was collected*

It is apparent that the evidense showing the condensa­
tion between aldehyde end methylene compound to he first order 
at eons taut catalyst concent rati on cannot he sat is factor 1 ljr 
supported by studies in which excess methylene compound or 
aldehyde is employed* First order kinetics appear to indicate 
that the first step of the m©ofc@iiit:fr«, attack by the base 
on the methylene compound* is primarily the rate determining



preaen®* it will b# r ©©tilled that the resulte of studlse on 
para substituted bengaldefcyAee* indicate that th# carbonyl 
ecautituent is not Involved In th# tut® otmtrolling step* On 
the other hand etudlee with various motive fchyXcsn© compounds 
ehow that #} terattone in th# structure of thie reactant cause 
marked changes in th# rat© of th# overall reaction* It wa# 
furthermore shown that it 1# th# piperidin# rather than th# 
eaproie acid which exert# th# primmry oatslytic offnot* fhi# 
is a oasis tent ri th th# interpretation that the step in which 
th® ha## attache th© methylene com pound Is th# one which 
©hie fly dot err in## th# rate* *he possibility that the second 
step 1» also plow eaaairh to influence th# overall rat© ha# 
not been entirely eliminated*

The enerfry of not 1 vat inn was calculated for the oon- 
a#»ration of hen* aHehyde with melon!# ester from the data 
toy the romotion run in txmxene and In toluene* ip both case* 
0 *1?S mol# of ester was used and a 10> exeeee of hens aldehyde 
with 0*031£ mole of piperidine and 0 *O6£b mol# of eaprole 
aeii* In bemseae the temperature tis 64.0 - 64*3° an# in 
toluene it ve# 1.14*6 «• 114*4°* implicate experiment# were 
run In eeeh ©are* If it can be aeeumed that the advent 
sffect# of toluene were about th# mis# a® thoee of beaien# 
th© oner.#** of actlvetion calculated fro® the equation,

wijuiin'i ;-**a• ■»itry«'.w t»i* *j>iw«iw"»ww ■«%- w-*rtns*»*i *,**»«***<*-*■+.■- > **•

*Xt l» interoc i iny to not© that th|,hresulte of this study 
ap*re# ennlitati vei;? with Emm met t1 #<f3 Ooor relation which was 
65. sou**®# a above but not with j&ewry1#** results on th© oonden- 
eat>onm of malononltrile with p* substituted eeetophenone#*
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tfii® study wan directed toward the syntheses of nab* 
stltuted polynuelear hydrocarbons by the o and m o a t  Ion of 
<<- dlcarbonyl compound® with aromatic compounds having two
active methylene groove in th® ortho positions# ffce general 
reaction la;

where X la an activating group such as a altrllo or a carboxyl 
group and k la an alkyl or aryl group# It may It esea that 
the renotion give® rise to a new aromatic ring# It was hoped
to develop a good method for pro-paring polyauelenr aomponnde 
substituted in the msec pee 1 tlona which are not readily avail­
able by other means and which might prove to he useful inter­
mediates for the synthesis of earolnogenlo hydrocarbon©#

An early swample of this type of condensation was re­
ported by hlasberfr^ who meed e-phenyl e mediae® to nit rile to 
supply the two neeeaeary active methylene groups# fh® reaction 
was earrled omt with dlcarbonyl compounds such as phen&athra* 
eutaox&e and he net 1 using sodium metherid© a® the catalyst in 
methyl sleohol solution* After atending for eight or more days 
at room temperature th© products were Isolated; no yielde

On C -1
Or 0 —s

i <3. H jj*0
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were reported# She product® obtained were;

i
COMU

rtf
11

Hineberir*® work wee reposted and extended in tbia study 
in the hope of improving the react* on eo that a. variety of 
compound® could he ohtmined In good yield# Compound II 
wee isolated in only a very low yield# '3he method watt ex* 
tended to elm liar condensations with glyeiral end wlth dlaeetyl# 
*<hen a 30^ aqueoue eolation of glyoxal wa® reacted with the 
dlnitrlle using sodium methoxlde in methyl alcohol, 1*4- 
dieyanoaaphth&lene wa® obtained In a 3G> yield# ?«ith diacetyl 
the dee I red compound a #3-dimethyl'*1, 4*di eycmomaph th&leiie wae 
obtained in a yield using a similar procedure# It was 
further found that, in. the oaee of pheneathraquinone# eon- 
deneatlon with o*ph©nylenediaeetonitrlie occurred at about 
100° In the ah®cnee of both catalyst and advent# o&ly a 
4^ yield was obtained of th© eiasidt Instead of th© amide* 
nltrlle,compound X,*fcieb Htneberg prepared# Preliminary 
attempt® to raise the yield® of the above compound® were not 
encouraging#

??M l e  these studies were in progreee &oureu axel 
40eoworkere' reported the same condensation using piperidine 

&e a catalyet# *h#.y eueoeeded in eondenalng 0*phenylene*
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dl&eetonitrlle with v&riooe &1earbony1 compound® la yi©l«© 
of 40* $5^# in r i m  of their eat1®factory method of eyatheel®, 
piana for the further study of condoa®at tone with tho dlnitrlle 
were abandoned* if appeared f how ©war* that th© study of 
methyl ©a© compound® containing actirating group® other than 
th© nit rile should h© eontlnnao etne* th@y would lead to 
valuable compounds not readily obtained- fro® th# dlnitrlle*
*hua found that he m m  unable to hydrolyse theee
product® to the dioorboyyllo acids; 10% alcoholic potassium 
hydrori&e pare only A i am I dee#

In order to prepare the © m o  type of compound® eoa- 
talnlng different fanofional group® 9 it was decided to study 
the eo nd ones t ion of the dialfro and th© dlearborylle methylene 
compounds* iixperlsaente with th© dlnltre compound did not 
give encouraging result a t but the eondeneatlon® of 
o~phe»ylenedlacetio acid with various ̂ -iienrhonyl compound* 
using the Perkin*® react Ion wore euceeeafbl* *ith ben si 1, 
furilt and di&eetyl the omdeneatlon was aneneeeeeful hut 
with ortho qoinonee such a* phonanthraquinonef naphthoquinone, 
ehrysea* quinone, and acenaphthacta Inon* the expected product® 
were IP rased* the compound® obtained and the yields of #nah 
w#y©:
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o mu

60% t f l i

III

OOOH

<0 $ ¥

OOCH 
g&i ttmlA 

I?

cooa

OOtiB
30* Xlclfl

CO

CO
18^ Xlald

T VI
the procedure wae to smspemd a mixta## of th©

potassium salt of ©~ph©«yle»ediseetio sold and th© ortho 
talaeae in eeetl© anhydride* fhis mixture was generally 
stirred for about ilk hoar® in an loo bath or at some tea* 
perature up to ffl0 depending on tho oainono ©hioh was being 
need* After standing ©werai^it the reaotlon produets whlsh 
nor© rather insoluble solids were Isolated by filtration and 
were pari fled*

She oompouade obtained hare not prerloasly been reported 
in the literature* In ell laetanees they were identified by 
analyses* *h© oondensatlon prodaot of naphthaquinone was 
farther roasted with dlasom© thane to form the dimethyl ester 
In a small yield* In the ease of the reset ion ©fophenyleae*



a#

diaeetlc acid with phenanthraqulnone th© product was also 
Identified fey decarboxylation to lf f, 3, 4 dlbensaxithraeene*

4 mixture of producte was obtained from th© reaction of 
o*phenylenedle.eetle acid with aeeaaphthaqttinone* In addition 
to a compound formed fey th® reaction of both methylene groups, 
VI t there was- also m product which according to th# an&lyeee 
resulted from the oondeneetion of only one of these group*9 
compound ¥11:

W Q Q

¥11
Compound VI la the only example of th© formation of an 
anhydride rather than th© free dicarboxylio add* It wmm 
possible to separate compounds VI and VII rather easily 
because the anhydride is quite insoluble in hot flaoial 
acetic acid whereas the half-condensed compound is soluble* 

Attempts were made to further cyoliie H I  in order to 
prepare a compound which might be written as:
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t i n
Bo&wotion of tho c«u?bonyl «*oap» to aitthyloii® groops woo Id 
giw® an intoroetingr ax»ale& of oho lout hrono find of I, 10* 
dlsi*thy3>l# f* boasaathxMoa*, both'of which ax© pot oat oar* 
olAo&oaft* tar lorn# oatal^t© woxo uood era oh m® H?v Ii^S0^f

2n in ^ootio acid, sad Hoa® of th®&® attempt® woo
raooooBfal* Efforts to win th® sold ohlorld® woro
ml®® unsmceeeaful*
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tluulJMl&.iiit .iTUPIii,- 
l>orljrioatiOB of Materials. >11 etartlno- materiule *ero 

purified by diet illation or oryatalligation# fhyeienl eon** 
etants for the purified materials? may be found in fable ^11* 

Acetic Aold and Piperidine mm th# GatalyBt# One~el&hth 
mole of 2«ethylbutaa&l9 th© eaiae amount of Malania eatert 
0*04 mole of piperidine and 0*0§ sole of noetic acid war# re* 
fluxed in 600 ml* of foensen®* After 13 hour® the volume of 
water w m  constant; however , th® read in# wee O*££ ml# higher 
than the theoretic&1 value, Indicating that eome noetic acid 
had distilled over with the water* fhie oheervation ?ae eon* 
firmed by the fact that th© water layer w&e found to foe addle# 
Xh# solution was washed with 10> sodium carbonate# the bensene 
wae distilled off at atmospheric pro©cure* and the product wee

odistilled under redueed prceeore, fo#p*l£fo*l£d /§*§ mm* A 76;i
yield was obtained#

Condensation,, of Eat one© with Mmionie ,&etor» One*eifrhth 
mole eaeh of diethyl ketone and malonlo ester, 0*16 mole of 
piperidine, and 0#3£ mol# of aaproie aeli in §00 ml.bensen© 
were refluxed for £4 hours# At th# end of that time no water 
had collected in the liquid separator*

:-ih#n the same procedure was used with one*eighth mole

*Mioroanalyeea were by Mrs* Mary Aldrldjre and
Mr# Byron Baer#
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of cycloho^&none as the carbonyl compound and the same quaa- 
title® of tho other reagents, only 30/.- of the theoretical 
amount of water was collected after 32 hours of refluxing*
The solution was not worked up*

Condensation of Aliphatic Aldehydes ylth Maionlo ^eter* 
ivhen 0*0625 mole of n^hept aldehyde was re fluxed with an «qui~ 
valent quantity of malonio ester using 0*04 mole of piperidine 
and 0*0 h mole of o&proic aoid in 600 ml. of bensens, 90* of 
the theoretical quantity of water was collected in £4 hours* 
The reaction mixture was worked up aooordlng to the standard 
procedure, mm stated in a previous section, but no sharply 
boiling fraction wat obtained and no pure .product could be 
isolated*

4 standard run was made with i-ethy1but an a 1 m s  malonio 
ester , using 0*0626 mole of piperidine and 0*£50 mole of 
oaprolo acid* The temperature of the condensation was 64*1°* 
The half reaction time was 2 hours and 36 minutes; in £4 
hours ®4> of th# theoretical volume of water was collected* 
*.fter the standard washing and distillation the product was 
obtained in 76*2^ yield, h*p*&6*6~b8*£0/O*&-*0*6 mm*,
Ptiw J£ 26***s 1.444S <lit.b.p,14a/£lai»., nD 5 1.4*50).

Pith the same quantity of <1 *ethylhewan«kl and the 
identical procedure, using thl« time 0*126 mole of c&prole 
acid and 0*0626 mole of piperidine,the reaction temperature 
was 64*6»84*7°* faring 24 hours a 97* yield of water was 
collected* half-reaction time was £ hours* The product
was washed as before, the ben sens distilled off, and the
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product dint ill @4 under reduced pressure giving a crude yield 
of Pf»* On refractional ion an 80*5^ yield of product wms 
obtained, b,p.l0i,5-li0°/0,b-0,? so,, n^'*6 * 1.4471.

goat of Parlous advents* uhea 0#0d£5 sol# of piperi­
dine and 0*11:5 mol# of eaprolc acid were refluxed together 
for three hours in 500 ml* of bensene solution, at hB*E + 0*1° 
no water was evolved, indicating no reaction at the tempera­
ture of rofluxing hmnmnm*

gho above experiment wit repeated usiriff a similar 
toluene solution which bad a reflux: temperature of 113* £ +0#1@* 
A$mln no reaction t&t observed*

a. r®aotion did occur in o-xyleae when the earn# quantities 
of piperidine and oaprolo sold were re fluxed in this so Xvent
at a temperature of 144*3 -144 * 6° * After ref luring for £8
hours, 0*0b mole of water was oolleoted* The solvent was 
distilled off and the product was fractionated under reduced 
pressure* Toe first fraction, 3* £ g*hoiling at 7£-73*S°/i asm., 
n|7,5S 1.4146, was etiproic acid* Zhe second fraction weighed 
£•0 f* and boiled over a considerable range, fl-106d/t ai*# 

1*4400* fh# third and main traction, 0*b g* w boiled
at 1O7-109°/5E am*, l#471c* Thor# was m residue of
£.■4 g* fh# main fraction represented a 60# yield of H-eaproyl 
piperidine* Oa a repeat run a 7S# crude yield was obtained 
which ob refractionation gave & 40/̂  field of a product boiling 
sharply at 9f:*£^/l*£ mm*, 1*473£, Clit*b*p*140^/l£ mm.*)*

isMl*. Oalod* for 0,7£*07; &, 11*56$ h,7*64*

Found: 0,71.90,71.69; 1,11*11,11* £1; 1,7*84,7.76*



0*06 £ mol© of ethyl eyano&cetatet 0*093 mole of bensaldehyde 
and 0*006 mol© of p-toltt©neeulfonle acid was reflux#® is 
£80 ml* of hen gene* 'Hie catalyst concentration wa$ ine?ea»«4 
at intervals as the evolution of water ml owed down until the 
final amount was 0*048 mole* After rmtLnxin$ fbr 36 hour® 
only a 4£*8'# yield of water was evolved* Hi# pzeaaot was not 
Isolated#

Oap.re.ieAaid as th# Oatmlvst* 'Shea Q*06£$ mol# of 
bensaldehyd© and 0*06fS mole of malonio ester war# r#fluxed 
with 0*06fi mol# of eeproie aeld in £60 ml* of benzene solu­
tion f m  £ hours* no water was evolved*

gg.A«g»^t.7l.».Aoe m  ..g*taJtt«jU ?h® «tmn&ar& fjaantitle® 
of molonio ester and hens&ldehyde were refluxed with 0*06£6 
stole of trl-n-hutylamine in £00 ml# of bensone solution* #o 
water was formed after 3-1/£ hours* When 0*l£5 mole o&proie 
a old was added t© th# above mixture and th© solution was re- 
fluxed for three hours no water was formed*

d »t «a-
d&rd run was mad# with bens&ldehyde and m&lonic ester in the 
pres one# of 0*06£$ mol# of piperidine and 0*1£5 mole of 
ehloreaeetle mold* &fte? a 61 hour period of r©fluid af* with 
th# temperature vary ins* from $£*4° to 83*4°# 86# 6> of th® 
theoretical amount of water was oolleeted* Hie half-reaction 
time was approximately 6 hours* toward the end of the reflux 
time ehloro&oetio aoid befran to precipitate out a® it beoame
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1##® soluble in the reaotion mixture* After cooling, 3*4 2 g* 
of the no id which bad jareeipitated wm® filtered off* On 
titrating tho water layer* l*t§ ml* t with standard oodium 
hydroxide solution, it was found that it contained 0*033 g* 
of ohloroaoetio acid*

 mlrat*
A etandard run was made using 0*125 mole of bona aldehyde,
0*125 mole of melon!e eater* 0*0625 mol# of piperldlae* ant 
0*125 mol# of eaprolo a d d  in 500 ml* of bene one aolution*
At the end of a reflux period of 10-*i/f hoar a a 98#6j& yield 
of water wee obtained* The temperature area 63* £° £ 0*1°*
After the ueuel standard wm&hisg? ana distillation an St*3^ 
yield of erode prodoet was obtained which on refract!©nation 
fare a ?f*4^ yield of pure product* b*p* 126*i°-*l£f*5^/0*5 mm*, 
nDt7,g* 1.5336 <lit.b.p.l<9-190°/l4B®^ nD£0*4* 1.6369). the 
rate data ere given in Xabl* ?I1I, eee also fable Hi* for 
m duplicate run the average reaction rat# con at ant was 5% 
lower* The temperature mmm 84#5-84*3° and the yield after 
one distillation was BBMm in this and all cases subsequently 
dlacuaaed th® first distillation was Aon# using m simple 
dial sen head* for red is tl Hat ion a 6*? x !'** Vlgyeu* 
fractionating column was used*
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time
.indn#.).

Volume
(ml#)

Xirae
(aia«)

Volume X I M
(jbIz u L.

Volume
......Jjll*--!,-

10 0*15 80 i.tt 180 1*82
a> #31 90 1.50 £20 1.92
30 • 45 200 1*39 240 1*99
40 * 66 210 1.46 870 2*03
80 • 82 1H5 urn 330 2.21s
60 *94 155 l.Sf 450 t.SO
to 2.06 250 i.n 630 8*88

Hi# _£lf£8lJ£lLSiMMkm % # Aold* Baa# li&tio. ill#
fBnistittmm of 'bansaldahyd# and aalonl# ©star v#r# r#aet#d in 
tli# ?r###ne# of 0.08£-8 mole of piPerltin# and th# earn# sa m m t  
of oaproio #eld« Hi# ttinper&t&x# warn 84.0-64.8°* UniIk# th# 
standard ra#thodt th# pro da# t ws# not waahad* Hi# solvent w i  
taken off at radaoad pr@«uri s.n.a th# r#*lda« vra# distilled; 
a 8 4 # yield of o n d t  ivo&aat tst collected# Hi# rat# data 
mrm tatoalated in tmhtm IX too# alao fable 2)* Hi# momtion 
rat# eonetant nmn 10.* low#* for a duplicate dot or® I ©at ion#
Xhe temperature wai -'13. f i 0.1° and a evade yield of 73/s» 
vr&# obtained*

fm m  II
Xia# olame Time

iaiii.I
YOlttffi# V oluraeiieae

mi a.
6 0*15 80 1.30 286 1.91

10 .£5 90 1.40 B4§ t.e§
80 .41 105 2. m 308 Bm 20
30 *60 180 1.63 488 £•16
40 *79 236 2.71 70 § £.18
50 .97 250 2.77 2 3 m r. £6
60 2*20 268 1.83 1400 £• £5
70 1.88
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The deferminat ion at a £:l acid:base ratio was previously 
described.

In another experiment the standard quantities of ban sal*
dehyde and malonle ester were condensed in 5Q0 ml* of toensene
solution in the proximo® of 0.0626 mole of piperidine and
0.£6C mole of eaprole acid. The temperature was 84*0 ± 0*1^.
The product was worked up by the standard method and a 60'̂
yield of pure pro duet was obtained* fe*p*146* 5»-148p /X«6~l*7 m®* t
n^tf• Sjg x*633£. The rate data for this run are in Table X
(see also fable Dm The average rate constant of a duplicate
experiment was 4/» higher. The temperature of this react ion

omixture wa# 84.£~84.3 # fp® product tat obtained in 63$ yield 
a ft or one dieti1lot ion*

fABJU& X
lime Volume lime V ©luma fim® Velum®

H % 1 1 M«» 11II.Ami A  .. tain*.) .. (ml*) I M a ^ i . (ml.}
10 0.13 100 1*03 346 1.70
w *25 110 1.10 376 1*79
m « 36 i m 1.19 390 1.81
40 *48 140 1*18 300 1.93
m * m 168 1*37 455 £.00
m . m 170 1.43 630 £.14
70 .78 166 1.49 1300 £♦ £3
80 .88 815 1.61 1530 £•£0
90 *93 1650 £. £6

81th the ease quantifies of toeng&ldehyde malonio ester* 
and piperidine as above 0*600 mole of eaproio acid was used* 
Tbs tempernfu.ro of the refluring benzene solution was
84*&m "34*9°* The reaction was stopped after 93.3^ of the
theoretical amount of water was evolved* The product was 
not worked up* So duplicate run w mm mate* The rat© data



follow In Table xl (see also Table U *
XASXji XI

Tima Volume Time Volume Time Volume 
) (ml*,)

10 0.06 115 .94 £75 1.67
20 • ie 130 1*02 316 1.65
30 • 26 145 1*10 345 1*73
40 • 36 160 1*17 375 1.70
00 • 46 175 1* 23 420 1*88
60 • 54 £00 1.30 480 1*9670 • 62 £15 1.36 600 2.06
66 • 75 £45 1.47 735 2.10

100 • 64 £66 1.02
Ty Varying the Total Concentration of

A H  of these detera1 nations wore made with 0 *12$ mole of malonio 
ecster* a 10x excess of beaacsldehyds* and an aoidibaee ratio 
of £:1# using the standard procedure*

ftltfc oa#»lialf the amount of piperidine and c&proic aold 
a® used in the standard run the temperature was *4# I>64* 0°*
The product, isolated as usual9 woe obtained la an 69> crude 
yield* The rate data follow (see also Table IX)*

IXBLX XIX
Time Volume Time Volume Time Volume
(mtUm 1__<ai. ) (lain*) t i&x# j (mia**) , .(ml*
IB 0.19 106 1.05 240 1.68
00 • 36 120 1.12 270 1*78
40 • 4w 135 1.2 7 300 1.82
00 • 58 160 1.32 330 1.88
6D • 66 188 1.42 390 1*9770 *77 180 1. 46 480 2*04
75 .82 £10 1*67 800 2.22
90 • 91

For a duplicate determination the temperature of the 
solution was af#6~8£*0® and the average reaction rat# eonst&at 
ta s 12^ higher* The oat a from this run were not used In the 
energy of activation calculation* which will be referred to
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later because the atmospheric pressure was quite different 
from that of the above run and from that in toluene* The rate 
data are in Table H I  I*

TaBXB IIII
Tims
< Him#}

Volume
(ml# 5

Time 
(miru )

Volume
(ml*)

Time 
(mia#)

Volume
__X®i»2

10 0*10 08 • 99 195 1.6£
£5 *33 90 1*06 2ZB 1.7E
3b *47 100 1*15 £05 1.63
47 .59 115 1*£I 305 1.9356 • 69 130 1* 30 390 £.03
65 *80 155 1*44 430 £.08
70 . 9 0 175 1*54

with the standard amounts of ©stalest the reaction 
temperature was 85*7-86*3°# After washing and distilling a 
orude jield of 88$ was obtained* Eat# data are given in 
table i n  (see also Table II}*

I A B W  XI?
Time Volume Time Volume Time Volume
(min*} (ml*} (mia*} (ml* J (mia*) (ml*)
10 0.16 56 *94 136 1*66
16 • £7 60 1.01 150 1.71
£0 • 37 70 1.11 166 1.78
£6 *46 80 1* 22 180 1*86
30 • 54 90 1*33 £10 1*93
35 • 01 100 1*40 £40 £.01
40 *71 110 1*48 315 £.11
46 • 78 1£0 1.56 460 £.19
50 *86 54$ £• £4

iheu twice the catalyst concentration as In the pre­
vious experiment was used, the temperature was 8b*3-60*7°* 
The product was not worked up* Bate data are listed in 
fable XV (see also TableH).
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VolttmmTlflM
t l A #

XI me Volume
(alii#) (ml#/ (mia# |

Volume 
(ml#)

§ 0#15 40 1* 2b 100 £#0£10 • 3d 45 1*41 1£0 £*10
15 • §3 55 1*54 I S O £. ££
SO *?£ 88 1* 88 185 £#£5
£5 • 87 70 1* 73 195 £*3130 1.00 78 1*60 £55 £*35
35 1*15 85 1#90 330 £*35

IkVivA ob-iŝ 'wi XU **» Jw
the para m&hmtituted benzaldehjdea were eondcneed with 

mlonlo ester aeeordinir to the & tan dart procedure, uelnr the 
standard amcraiit of eat&Xjet# the reaction of benraldehjdc 
wae prerlcmelj deecrihed#

ie*_ She tu s p trn tu r ii o f  th e  ru a e t io n

mixture, a 500 ml# teuseii* eolation, was 83* i * 83# 3°#
After working up in %*m standard ate oner 9 a crude yield of 
79# of prodmet wts obtained# Qn red! a. tills t ion a 74# 1# 
yl«l* w*» obtained, b.|».167-16a®/l.E ram,,.*,10*5* 1.6676*
ASto d a te  a re  g iv e n  in  fa b le  XVI (see  a le e  fa b le  111)# A

©keck deter ml nation having a reaction temperature of 83# 6~ 
o51. t gave a crude yield of 8i*0^. Xhe average reset!©n rate 

aenetante for the two experimente ©hooked within X$m
t a b u : iv I

Time Volme fin© Volume XIme Volume
(mln#) | ml# } (ml a* jL (ml*) (sin#) (ml*)

10 0*19 50 *98 116 1*80
15 • 30 85 1.05 135 1.71
m • 41 80 1.11 155 1.80
£5 • 58 85 1*17 185 1.84
30 • 54 75 1*£S 22B 1*94
35 *73 50 1*35 £95 £.07
40 • 68 95 1*45 370 «•!£
45 • 91 105 1.53 495 £•17
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lenrde* she reaction islxtmr# refluxed 
at 63*4° Soy 1£ hour©; 97> of th© amount of water
tat giyen off# The ©rat© yield of p^ehlorobansalia&loni© ©atoy 
wtm on rodietillation an yield w m  obtained boiling
at lD6.5*lik:.6°/l,6 saa., n/-7* r* 1.6471. ~o tax as could fee» * /

determined th© pro duet ha© no f prerlou&ly been ye ported In 
th© literature; th© ua&lyisiif ©hooked for the expeetod @e®«*
pound•

Anal# Caleb. for j O, I9#47j li, 5.37*
found; C # 09.60, 59.66; H f 5.76, S#SO#

the rat# data, are lleted in Table ST1 X (©•« al.no 
•table 111 U  the duplicate d ©termination gay# an ay or ago 
eon# taut which ©hooked within loo© than B'-fi* Th© temper at nr© 
of th© re&otlon waa #3*4 * -:?3.6°; a 74a* yield of ©rude pro­
duct was ob t id nod#

t M L M  IVII
Tim# Volume
(mln# i
m 0#£7
BB *35
30 #4£
35 * 49
40 #56
45 • 64
&§ • 76

Time 
( ®f !&♦... 1.

Volume
• # .

65
70
85
96

106
H i
130

.5 0#97
1#07
x«xd
1.94
1#3£
X«4£

146IBSits
936
£96
335
44.0
7S0

1#I50
1 * 6 9
1 . 7 0
x.eo
1 * 9 0£•00£.10£*ie

Attmr r©fluxing th# r©notion
mixture for £3 hour©# 96;* of th© theoretical amount of water 
wm& eoHooted# Th© temperature of the reaction m m  S3.£• 
d£#90# a crude yield of 56j& of the produett eonteminated 
with an orange oil# tan obtained* Th® pure product, a pale
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yellow bo 1149 crystallised ftom alcohol, Tn#p*93~t4° (lit# 
®#p# 93-94°) wae obtained 1b 43# £A yield# The rate dot© are 
listed in Table AVIII Coe# also fable 111}• The duplicate, 
refluxed at 83*8 - «4#0°, g&v# a 91£ yield of water in *2 
hours; the pure product was obtained in a 40a yield# The 
average reaction rat# constants ©heoked within 2>#

Ta &IB. 17111
Ti?«e Volume Time Volume Time Volume
(mln#) (ml#} fain#) .... (mi.) (mln*) («lU  )
10 0# 13 90 1*11 188 1*63
m #40 100 1.19 £18 1.73
m • M 110 1.26 £45 1.80
40 *64 110 1*31 *76 1.86
50 *76 130 1.37 336 1.96
60 .86 148 1*48 630 £#07
70 • 95 165 1*64 1380 £.07
80 1*03

VABV11I0 B ABb Ml IM Cfift fl

.MalemealtriIs4 One*eighth mole of m&lononltrlle
was reacted with 0.125 mole of bensaldehyde using €**000976 
mol# of piper id. in# and 0* 001950 mole of e&prolo aeld In 
500 ml# of bens# no solution# the react Ion was re fluxed for 
£8 hour# at 84# Q * 84.3°; 91* 8a of the theoretical amount of 
water was given off# The balf reaction time was about 53 
minutes# *fter working up the product in-the standard manner, 
a 73#?> yield of pure hensaloalonealtrile, crystallised fro® 
petroleum ether (60-80°), was obtained* ®*p# b6#b--07#6° 
(lit#m*p#87°)* The rat# tatm are resorted in Table All below
( m m  also fable IV)#
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fABLS XII
Time Volume Time Volume Tim© Volume
(iain.) (ml.) (sain.) (ml#) (min.) (ml#)

m 0.£O 55 1.21 190 1.77
2 5 #50 66 1.34 z m 1#82
m .68 75 1.41 370 1.90
35 #61 65 1.49 1300 £.03
40 *93 96 1*64 1646 £.06
45 1*04 115 1.59 1780 £.06
50 1.15 145 1.68

A rate study, made with 0.00761 mol# of piperidine 
and 0#031£4 mole of oaproio acid, was too fast for accurate 
rate data to 'be recorded; the half-reaction time was approxl- 
mat sly 4 minutes# A pure yield of 60# 6a of the product was 
obtained after crystallisation as before#

acetylacatone* One-eighth mole quantities of bonsai* 
d shy As and, aoetylacetone were condensed in the presence of
0.00590 mol# of piperidine and 0#00761 mole of caperoio acid 
and in 500 ml# sf bensene solution according to the standard 
procedure. The reaction temperature was 8£#0-6£#5°; 90* £f§ 
of the theoretical amount of water was collected in 7-l/f! hours* 
The half-reaetion time was about 46 minutes* A crude yield 
of 67;A was obtained; on refractionating the yield was 86f4t 
l>.p.l37®/aBa.,aj)al,8s X.578E (Xit.b.p.l«6/l6mm. , n A 7, 3=1. 5846) . 
Bate data are tabulated below (see also Table IV)*

A rate study mad© with 0*001464 mole of piperidine 
and 0«OQ£9£6 mole of caproic acid had a half-reaction time of 
about 2 hours* A yield of 80A of the product was obtained 
after on# distillation#
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& 4ijSSjWi,V J* J*

firm V olume Kira# 'Volume lime "Volume
(ml.) laliuJL

8 0.18 50 1.18
14 .36 66 1. 84
17 .00 60 1.30
80 .09 70 1.39
83 . 86 65 1.47
£9 .79 95 1.53
3S #91 110 1.68
45 1.08

m *  f (ml* I
im 1.70
100 1.79
190 1.80
£80 1.93
310 1.98
355 £.01
395 £.03

One-eighth mole of this compound wag 
reacted with an equivalent amount of bensaldehyde in the 
presence of 0*00781 mole of piperidine and 0*0166 mol# of 
caproic acid. After m t l n x i m  for £8 hours, 08> of the theo­
retical vo lume of water was given off. lb# temperature of 
the reaction was 68.6-8fi.9°. after working up the product, 
a 61/& yield of a light orange solid eryetallised from alcohol 
m m  obtained, a. p. 87-6 8° • r£h« melting point w m  constant 
after repeated reorystalliaatione. 60 far as i» known this 
compound was not reported before*

Anal. C&lod. for a£g%$^£* c* 84.59; H, 6.16.
found: 0, 64,fl, 84.06; fi, 5.57, 6*64. Kate data are listed 
in table All*

2&BJUK 111
Velum® Tim® Volume lime 'Volume 

n*) Cai.)
Eh
30
35
40
00
60
70

0.3f
.39 
♦ 46 
.53 
. 63 
.73•as

80
95
110
IE 5 
145 
166 
E00

.90
1.03
1.18
1.80
1.301.39
1.51

846£90
400
446

1440
1670

1.681.7E
1.681.86
1.97
1.98
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Ethyl Aoeteacetate* *fee standard procedure and quanti~ 
ties were employed in the condensation of this eater iA th 
bensaldehyde, in the presence of 0*00781 mole of piperidine 
and 0«Ql£6i* mole of oaproic noil* fhv reaction temperature
m m  63*3 £ 0*1°, and after an 8 hour re flu* period 96*6;S of 
the theoretical amount of eater mm® obtained* The purified 
(crude yield B3a) product, representing a 73% yield, was & 
pale yellow liquid, tup* I£5**l£ 6°/G#9<ma* Ihl* compound i» 
reported in. the literature a# a solid, &*p#£Q~$l°, The oois* 
pound obtained in thie instance may either be another isomer 
or possibly it is a air-tare of ieoasers* It could not h# 
cry®tellined but analyses showed It to tt the correct compound* 

Anal* Cslcd* for 0lafi1403 ; 0, 71*54; K, 6*47.
found; C, 71*58, 71*86; E, 7*El, 6*68*

The rate data are to ho found In Table XXX2 (see also
Table V)* A check determination gtrte a 71/- .yield of pure 
produet b«p*l£3°/0*b ma* The tcnperatiure of reaction was 
8f.6 ± 0,1° and a 97.3 /!» yield Ox winter was obtaineo after 
6 hours* this check run was made with a 4:1 acid:base ratio
using 0*00751 mole of base* The average reaction rat# con*
stant was f6*£6 s 10*^ reciprocal minutes*
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I X
Tim© Volume time Volume Time Volume
1 min»Tr|, (ml* I (aln*} (ml*) (mlh*.}..1 ml,*..}

5 *£7 *">■ i 1*07 m 2*76
7 *40 £8 1*13 61 1*86
9 B» 1*24 101 2*96

IB *64 54 1*35 156 £#07
14 *74 40 1.47 401 £.18
17 .87 47 1*86 466 2* IS
£0 *97 BB 1*66

iitfayl oyaao acetate* for this condensation with be&s&l** 
dehyd© 0«0019&S mol# of piperidine sad 0#003908 mol© of oaproie 
acid ^trt ttsod* Ih« temperature dear lug the r«fectioia was 
8£*7~8£* 9°. 4t the ©ad of aiac hours 9 £*8$ of the theoretical 
yield of water was cbtal aed* On© crystal11 sotion of tho pro* 
duet from alcohol gave a 7£^ yield of s whit© solid* hepuxi- 
float Ion yielded 69;*? of tho product, m*p*60~SX° £lit#z&*p*5X®) • 
The rato date ere given in fable XXI11 (eee ale© fable ¥)*

'& /.khiiujfit A X. Jfc 1J-
Time Volume time V alum© fim# ¥0it!ia©
(min*.) m Jml*),.. (siin* } (ml*) (mln*} ...(»2»).

20 .36 £9 *99 7© 2*69
24 *62 36 2*22 90 2.78
17 ♦ 63 40 2* £3 210 2.08
£0 *73 46 2*38 245 1.99
m *83 §6 2*49 £80 £.09
26 *98 63 1*60 370 £♦09
4 do pi loot e determination wae made ueing 0*003901 mole

Of piperidine and 0*0074*1 mole of e&proie add* *h© tempera*
ture wa® 8£*8-82*6° and after 5 hours and BO minute®, 98*©^
of the theoretical ©woe at of water w »  evolved* A 7fjfc ©rude
8 laid of oroCntt was obtained* The aver age reaction rate

*» wconstant was 34*49 r 10 ' reciprocal mimitea#



ghenyloitromethane46. Ona-eip-hth mol* each of phenyl-
nitr©methane and of benzaldehyde were reflured in a 600 ml* 
b®nz®n® sol at ion with O.0S£5 mol® of piperidine and 0*1£§ mole 
of eaproie acid. After reflating far five hours at 84*7-84*9° 
slightly more than the theoretical amount of water wms collected* 
On working up the solution a crude yield of 66/i was obtained 
and a pure yield of B5P of a yellow solid crystallised from 
alcoholjm.p*74.5*75°fwae isolated (lit.m.p*76°) The rat© data 
are listed In fable XXIV (see also Table VI)# The duplicate 
det©rmination^f ©fluxed 6 hours at 82*9*83*5° and gave a pur© 
yield of 54?& of the product. The average reaction rat© con­
stant was If*11 x 10*^ rain."^

f A B M  XXIV
Tim© Vclmm© Tim® V©lu©#

) . (ml*J
Time Volume 
(mln*) (ml*)

5 • 66 55 1.18 145 1.87
10 • 50 65 1.S8 165 1*96
15 • 64 75 1.38 196 8.07
60 • 74 86 1.48 ££6 £* 16
65 *86 95 1.58 MSB £. 22
36 • 96 110 1.68 m o £.26
45 1*08 186 1*77 315 £.31

emrlaoe tone* This compound was reacted with benzal-
dehyde in the pres ©no® ©f 0*1 £5 mol® of piperidine and 0*650 
mole of caproic acid* At the end of a 5-l/f hours reflux 
period at 84*0 t 0*1° slightly mor© then the theoretical amount 
of water was collected. &ome of the product crystallised out 
after the routine washing and distillation of the benzene; 
the remainder was obtained by distillation of the mother 
llauor. In this way there was obtained a 59^ yield of -product*
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On reeryet&llis&ti ©a ttom alcohol a whit® solid, »*p*53#5~
(11 t.m*p.63-64°),w»» obtained* 11s# rate data are listed

in *mhl® M'f (eee also table 7I)# £he check run reflated at 
as*4° and ,ln 7-1/2 howr*^ 8.4> more than the theoreti eal 
quantity of water had collected* *be yield of product was 
31^. the poor yield plmt the fact that an excess amount of 
water was ©rolled might ©earn to Indicate the existence of m 
side reaction* *h© aver&#r« reaction rate constant was 
10*9# k 10 3 mia.* which agrees within about 4^ with the above 
determination*

f aB M X a I
Tim® ■Volume T i m Velum® Sim® V elum*

1 tgfl* I J M M jlL - - J & U l
10 ,18 60 1.10 155 1.82
m • a 70 1.20 176 l.fl
1:5 * a 80 1*30 6 1 0 2.04
SO *60 m 1 * 4 0 240 2.14
35 • 70 100 1 * 5 0 270 2.20
40 *80 U S 1.6 £ 500 2. 25
45 • 65 133 !*?£ 3m £ • 3 0
SO .57

Shi* compound w&® reacted with 
ben*aldehyde according to the standard procedure using 0*12$ 
mole of piperidine and 0*££0 mol# of oaprolo acid, ?he 
theoretical quantity of eater wms riven off after the bensene 
solution was ref lured 6 hours and 4b minutes at 84*3-1-4*7°* 
After washing- &e usual, distilling off the bensene, and cooling, 
an 81# yield of a white solid separated* Oft crystallisation 
from petroleum ether 160-80°) m 56i# yield of prod not melting1 
at 100-100#b° was obtained* The ©olid remaining in the 
mother liquor gradually crystallised but no pur® substance
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could be crystallized from it. Two types of crystals were formed. 
On mechanical separation on® melted at 99-100° when further 
crystallised* This corresponded with the bulk of the material 
obtained and with the higher melting isomer (m.p* 101-102°)^ 
of hensald@soxyben.zoin. The other crystals which gradually 
turned yellow on standing melted at 87*89°# corresponding to 
the lower melting isobenz&ldesoxybensoin (m.p*88-89°)•
The mixture of isomers which was not readily separated amounted 
to a o.tf* yield. The rate data are recorded in Table XXVI 
(see also Table VI).

fABLA XX? I
Time 
(rain.).

Volume 
. |ral«)

Time 
(min.}

Volume
. mlAJU

Time 
(min.)

Volume

10 .26 50 .95 145 1.79
18 .36 60 1.10 165 1.90
20 .46 70 1.24 200 2.00
25 .55 80 1.34 860 £.09
00 • 64 95 1.45 325 2.20
35 .73 110 1.57 405 £.26
40 .88 128 1.68

The duplicate determination gave a crude yield of t&fi 
and a pur® yield of the higher melting isomer of 53^. The 
temperature of the reaction mixture was 84#2*83*9° during a 
six hour reflux period, The average reaction rate constant 
was 9*68 x 10 ® min.^

&thvl Phenvlacetate. The ester and benzaldehyde were 
refluxed according to the standard procedure with 0*280 mole 
of piperidine and 0,500 mole of caproie acid* The temperature 
of the reaction was 85-85*5°; the half-reaction time was 
9 hours and 15 minutes. After refluxing for 39 hours, slight­
ly more than the theoretical requirement of water was obtained.
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The reaction sairture ?ti worked ur- in the standard fashion* 
There wait obtain ad practically a quantitative yield of a

with ethyl pheaylacetate* other sharply boiling fraction 
was obtained* -Inoe the expected prod not can be distilled at 

the isolation of starting material did not result 
frost decomposition* The resinous residue weighing about 10 g* 
and a small amount of distillate- wt th a wide boiling range 
were not further characterised* The rata data are listed In 
fable :.,;r7XI* similar results were obtained in a cheek deter­
mination* the temperature tae $6-86*3° and the reaction was 
run for €i hours*

hyde* 0*£S0 mole of piperidine and 0*i)C mole of caproio 
acid according to the ®f&ndar& method* luring the reiltts period 
of £8 hours the temperature was 83* £<-83*5®* The theoretical 
amount of water was collected* After washing* distilling, 
and cooling a solid precipitated which was separated frost 
the mother liquor* a total of £4,̂  phenyl&eetomid© was 
recovered from the solid and from the mother 11 quo? by dis­
tillation* So other pur© compound could be isolated from the

fraction* b#p*66*So/0*6mm*# n ^ ^ V  1*4869* which corresponded

TmBU, XXV11
Time Velum# lime Vclams lime Volume

fO
35
66

liO170
2m
315
390

o . a• 30 
*40• SO
• 61 
* n  .81 
.91

460 1«QC
555 1*11
645 1*13
736 1* 33
6£5 1*41?
92B 1*60

1035 1*61
1176 1.71

If 70 1*66
14SS 1*98
1606 f*07
1665 f*101675 f.fl
1970 f*f0
fflE f* 34
P315 £*36

•he amide was re flawed with benamldC'



solid aiiitw#* i%at# d a t a  are recorded la t a b l e  X a V I I I *  a 
duplicate experiment, giving the same results, was refluxed

■64# 6 for 3£ hours#

.*** t >'
a.. /:.,i i XXV JIX

!l»e Volume fime Volume Tim® Veins©
tin# 1 (ml#) (min#1 i ml# 1 I mi a#) (ml#)
10 0#£1 126 1.07 636 1.76
16 • Si 160 1.17 755 1*66
SO • 40 £30 l.ff 965 1.98
30 • 65 1*3? 1116 £.09
40 • 66 336 1.47 1495 £•£0
§5 • 76 410 1*67 1620 £•24TO • 67 6X6 1.68 1740 £• £4to • 9?

AW# Bengaliehyi© was r#fluxed with
th© nitrile In the preeeno© of 0*£§0 nolo of piperidine mud
0*600 mol® of e&proie acid according to the standard method
for M"*l/£ hours at 64-84.60* Xhe theoretical Quantity of
water wat obtained; the hslf-reaotIon time warn 10 hours mud
40 minutes# After washing and distillation 64A> of the pur©
starting nitrile was recovered and no other sharply boiling
fraction# About 12 g# of resinous residue remained# fh© rat©
data were about the mam© a© that listed in table IXVII*

49 this compound wan prepared by
oxidation of banaylphenyl sulfide with ©hromie oxid© In glacial 
acetic &ald# when 0*0626 aol© of th© gulf one anti 0*0626 mol# 
of beneniaehyd© war® refloated. with Oilll mol© of piperidine and 
0*£60 mol® of eaproi© acid in a total volume of £50 ml# of 
benrene solution for £9 hours at h£#2-*62#7®# • total of 0.059 
mol© of water was evolved* Aft or washing* distilling off 
most of th© bans ©no# and cooling some solid was filtered off



ft&4 th# mother liquor w«mb distilled# a yield of §£> of bemgyV* 
phonal salfone «S8 recovered. the hal ̂ reaction time was about 
t hours* The rat# data are lifted la fable lllX*

tin# Volume liae Volume liae Volume
(aln.) (ml.) (afa.) ..(»!♦) {mln*> (ml.)
2$ ♦ 06 ££5 .39 710 *72
45 .15 M B # 4 5 1470 1*0190 • 55 465 *56 1730 1.07

155 .31 605 • 65
Mo ^ethylene Compound. j&e*eigfctb of a mol# of bonsai*

dehyde wee re fluxed in a 500 ml* bousou# solution with 
0#06Ii§ mol# of pi peri din# and 0#X£5 mole of e&prolo mo.14*
,;i£t#ar rs fluxing 91 hours at 82*?»8£*4°9 0*11 mole of water 
w u b g t r m  oft* fho half*re*ctlon time was about hours*
On working up the reaction nixtare no sharply boiling fraction 
could be isolated; about 13 g* of a resinous material r©maimed# 
The rate data are listed in labi# 11.x*

f fk&Jht.iU AlA
time Volume lime Volume 11 mm Volume
(ain*) (ail#) fain*) ..(al*) fal.)
40 *10 1800 1*12 3836 1*61
70 *18 1915 l . M  5095 1.50

1240 *f 5- m m  1.45 5545 1.87
1410 1«0£ 359© 1*07 5475 «#01
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The .4ffeot of ~xq*ibb tealonio 4ater* ^ ben sen® eolation 
of 0*1 £6 mole of be n$ aldehyde and 0*tbO mol® of m&lonic ester 
tit refluxed according to the atunderd procedure wi th O*06E§ 
sol® of piperidine and 0*},tf§ mol® of oaproic sold for 4 hours 
end 40 admit#8 at 66* 7*66* §°* about &p more than th® theoret- 
leal emouai of water lae evolved* *hen the reaction mixture 
was worked up in th® standard fashion, El g* of m&lonle ester 
wai isolated which oorreeponded to th® excess need* A 73,i® 
yield of bens&lmsloaio eater was also obtained* hat® data 
follow in fable X44I*

:ime
In* i

Volume
(ml*)

fABX*4
Time(iBi n.)

Volume
(ml*)

Tim®
(iiln*)

Volume 
(ml*}

10 .£§ 60 1*33 100 £•03
lb • 40 hi 1*44 110 £.10
£0 • 46 60 1.53 130 £.£1
£fi • 71 66 1*63 140 £• £S
30 • 69 70 1*73 170 £*30
3b • 66 60 1*64 £40 £*3E
40 1*14 to 1*93 £80 £.S£
40 1* £3

£0̂ ? excess m&lonle ester was used for a standard 
run, the reflux temperature was 63*9~a3*6#* Th® theoretical 
amount of water was evolved after 9 hours* 4ftm  one die* 
filiation an 89,4 yield of hens&lm&lonle eater was obtained# 
hate data are listed In fable xxaII*
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AAAI'V
flme Volume lime Volume Time \olume
iin. 1 (ml#) itsiin. } (ml# ) (mln.} (ml
10 0.26 VO 1.66 1346 3. 21
16 • 41 BO 1.50 1600 3.29
£0 . m #0 1.92 1755 3*42
26 .75 105 2.0V 2790 3. 66
30 *67 125 2.E1 3440 3.78
35 .97 156 2.31 4660 3.91
46 1# 21 205 2.41 6645 4.03
60 1.31 275 2.60 6430 4.09
60 1*51 505 2.67 7150 4.11

of Temperatare. She determination* in beneonewwnw»niiiHii>m .niiii»jiiw/ii>M(iyKi<HBHii!iimoiM mwmnrii n mriiignrw unmmnHum

which were rum by the standard pro cedar e w i m $  m 10 > exoeee
of be&ealdehyde wore described previously*

0ne*o4£hth of mol# of malonio eater was re fluxed with 
& 10^ excess of bens&ldehyde* 0.0312 ©ole of piperidine and 
0*062$ mole of oaproio sold* Instead of beneeme, toluene 
m m  used as the Inert solvent. She standard procedure with 
the few modi float ions stated ahof# was need* The- temperature 
of the reaction over the important 1 0 range was 114*6- 
114#4°. The rate data are listed in Table IX&f#

Time 
(min. )

Volma#
.r- .(jblL*JL

lime v olume j-ia®
imtful

Volume
(si.!i

10 .33 35 1.17 70 1.76
16 • 55 40 l.f9 60 1.67
20 .73 45 1.40 90 1.96
25 .90 50 1.46 110 £.08
30 1.06 60 1.63 155 S, 19
x second determination was run at 114.6-114.3°. A

summary of resetlon rat© constants Is Hated in Table xxiVl#
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! I iieaotioiJ Kate Constants (tain."* * 10"3).
:.... » * . . . , : . . 4 Q >  i so^reol. : t o * • to/ s Aweragee
: i : £f.64:rr.30:fi:.7i:r?.6 <ifr.26:£3.£:*:j* ♦ * ♦ * * * # *£*6S;« j; e- 170
: u  : £>.26: E.%01: r,%39: f>r. 96: r 2.97: £.•*.. 19:;

# tw # f W
*f*9S:* # * t * * * ♦• , • * * * • • . *

•* . n.

awi^JU^riUJi ook^ijmijb a i m
£lAQfc?XC AC IP

i?r t order to ctoeolr Minefecrg*© re-
60suits a solution of 1*0 g* of 0*»pheayle&edlaeetoaitrlle #

1*6 g* of bensll end 1*£ g* of ©odium me th oxide in ©0 ml* of
mo thy 1 sioohoi tti allowed to stand fey 10 days at room ten* 
per&ture* -at the and of that period th# eolution, which was 
deep rod in color, was diluted with water and the brownish 
precipitate was filtered oft* After crystallisation twice 
from alcohol a white ©olid which corresponded to a $  
yield of compound 1 wa« obtained* the malting point was 
£96-300° (lit.nup.£90°!.

Anal* Oufod# for Cĝ iB̂ gOiJjSM 0# B£*A0| H #4*60* 
found: 0#6£.99; S # 4*9£*

fo a mirfcure of 0*0064 mole of e-phenyleBcdiaoetonltrlie 
and 0*0£ mole of ©odium mefhoride in 10 ml* of methyl alcohol, 
0*03 mol® of glyowal im S0> apaeone eolution wee added 
dropwiee* After standing SO minutes &t room temperature, 
water wti added to the brown solution ant th# solid was 
filtered off* After one crystallisation from alcohol the



m

ylald of slightly pink soli a was 30*?. two further 
crystallisations from aloohol a whit# solid in £0> yield 
was obtained t a. p. 313. 6-£13. 5®# Attempt* to raise th# yield 
fey varying the time, temperature, ratio of roaetaats and oatal* 
yet wero unsuccessful.

Anal. Cftled* for °* 8Q.il; M t 3.40.
fornM; 0, 80.tilt Sl.Oi; fi. 3.66, 3.9§.

- miiture of 1.5 |r. of diseetyl and 1 g. of 
e-phesylenedlaeetonltrile in 30 ml. of methyl alcohol was 
treated with l.f g* of sodium methOrido. After standing for 
30 raimttas at yooi temperature the precipitate was fiIt ©red 
off fro.® the deep felae-purp&a liquid* On erytrfc&llieing the 
residue twi©e fro® ethyl alcohol a yellow solid , m.p.£65.6- 
366.6°, was obtained in & 16,* field.

Anal, d&lcd* fox C ^ E ^ qE^: 0. 81*63; E, 4.69. 
found: c # 81*16. £1*M; E, 4.if, 4.90.

a mixture of 1.0 g. of o-pheaylenedleoet&nltrile and 
1*3 g. of phsnanthr&quinone was finely ground together and 
placed in a 50 ml. flask to which wms attached an air con­
denser fitted with m fun sen vulve* Several ©hunks of dry ion 
ware alto placed in the flask in order to sweep out the air*
The flask was gradually heat©# in a metal hath to 190-f00° 
at which temperature if wmm maintained for ten, minutes. Aosta 
smoking mud sublimation occurred during this tlaa# After 
cooling, th© solid mas© was dissolved in bansana and extracted 
with a on sons sodium Msulfite solution 1ft order to r«oft th# 
original qulnone; about 54& of th© original amount of



ph enant hra gu i m m #  ta» recovered* On concentrating th# bensene 
solution a solid frag- obtained wh.±oh was filtered off and 
cryetsllij&ed fro® glacial acetic acid* a 4* 3a? yield of a 
yellow crystalline solid was obtained, sup* £b4*£bS°#

Anal♦ Calod# for ** jg4^i£^£** J£ * 60*05; Si* 4«44«
Found: Ct 79*9£; ii.# 4# 2£

An attempt was made to prepare Wjiu'-dinitro^o*Arlene*
A solution. of BO g* of ©*rylyXen# dibroaide in 300 ml* of 
ether wag ©ooled to 5° in an la® hath m m  60 g* of silver 
nitrite was added in small portion© with stirring* After 
standing for a week the ©liver reeSdu© was filtered off and 
th# other solution evaporated until only an-oily reeldue re* 
nsained* fhie oil was dissolved la aloohol and diluted slight* 
ly with water* After steading on So© for several day# a whit© 
©rystallin© ©olid was obtained la a £l*6y® yield* Aw#n after 
several roory&talligations it we© not possible to obtain a 
batter malting point than 73*77*5°• On standing the malting 
point decreased# It 1© possible that th# compound is a silarture 
of isomers which could not b# easily separated* Analysis 
©hacked fairly well for th# expected compound*

Anal* Oalod* for C8»804dg: 0, 46.97; B t 4.11*
Found: 0, 46*47; H t 4.It*

%hen the condensations of th# above compound with 
glyoxal* diaoetyl, and phen&nthr&auinon® were attempted 
using ©odium methovlde as catalyst, no product© were obtained*
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'■hen 0.006 molt- of dlpotassium ©-phenyl® asd facetat e is 
ro ml* of acetic anhydride »as treated with 0*005 mol© of 
bensil, furil* or diacetyl* no product was obtained whether 
the reaction ©tcod at .room temperature or wae re-fluxed* Only 
terry mixture* resulted*

■hm equivalent mounts (0.006 mole) of phenonthra* 
guinea# and the salt were stirred for -3 hours at 60® In 80 ml* 
of acetic anhydride* a 60/* yield of a ftnsdy colored solid 
was obtsined. Cn recryetalllsisr twice fro® glacial acetic 
sold » J30"fe yield of a slightly yellowish aolid wee obtained 
which melted at £64-£6$° with decomposition.*

lalod* for : C* M* 3.76.
found: Ct 76* 3, 76*66; 8 # 4*01. 4.10*

3h#n 0*006 mol# of o-phenylenedIacetio acid. 0*01 mole 
of potassium acetate and £0 ml* of acetic anhydride were used 
with 0*005 mol# of ph #&sn t hr a qu inone under the &mm®- condition* 
ae above * the product yield were the same*

a mixture of 1*0 g. of naphfh&ciuinone and 1.3 jr. of 
dipetmeelum the ay lemedi acetate In £6 ml. of acetic anhydride 
tsi stirred in m  ice bath for 4 hour* and then kept on ice 
over night* X'hc ©olid which precipitated wse filtered* washed 
with water and alcohol* and crystal U s e d  from gl aci &1 acetic 
mold* a fj yield (0«3g.) of a light orange colored solid
was obtained which melted with decomposition at I?S7*5-£3f *5®.
-imllar result* were obtained when the alternate method of



?1

th# dine and potassium acetate la acetic anhydride 
was employe# under tit# same eo&dltIon# ar described feefer#*

Ail#!* Calod* for • 75*94; h . 2U(*5%
founts C# 70*65. 76.03; h. 4.1?# 4.08.

-hen 0*005 mol# of the potassium salt of euphonyI#me- 
diaeetlo acid. was air#4 with 0*005 mol# of ohrytsensquinone 
in 50 .ml* of acetic anhydride an□ the mixture was stirred for 
four hour® at 50° a or at# yield of 41^ of a solid wai obtained# 
On crystallising* from hot flaoial acetic acid a 3Si yield of a 
product i?e® obtained which melted with decomposition at 
l‘4 7-«90.

Anal* Onlcd* for C# 50.76; 5. 3*57*
Found: 0, 8-0*64. 80.73; E. 4,f4, 4.1*0.

A air tar e of 0*005 mol© of 0~ph#nyl#»odiaoetic acid,
0*005 mol# of aeenaphth&quincne, 0.01 mol# of potassium aostat#
and £5 ml* of acetic anhydride was stirred at room temperature 
for 6 hoar# and silore# to st&ad orsmltfht- at roora temperature* 
the solid product wt« filtered off. washed with water and 
alcohol and h#mt©4 with glacial acetic acid# *-om# deep red 
material did mot #© into eolation; this fraction was dis- 
coined In triehloroethylen# ami cryet#11 iced. &nlfe*5% yield 
of a dark red fluffy ©olid was obtained, m*p*305*5-306*5°* 
Analysis indicated it to fee the anhydride of th® expected 
material*

Anal» Csled* for 61*97; h. 3*13.

fomnd: 0. 8l.f6; 60.93; IIt 3,66. 3.71. further reoryetmlli* 
sail on did not improve th# analysis*



A ytlloir solia which crystallised from the above acetic 
acid solution had a melting point of 2?5-£77.5° after two 
reerystallisations. It represented a ££•£> yield of the 
hal f - eond ene ©a product aocor din*? to the anal ye la#

iUUdbL* w&lcti. for 0 £ ^ ; wt 73#73% a , 3*54*

Found; 0, 73.06, 73.10; A f 3.41, 3.49.
4 0.5 g. portion of the product from the condensation 

of o-naphth&quinoxie and o-phcnylenedlacetla a d d  wet euapendod
In 100 ml* of other and m large eroeee of an ether solution of 
dlasomethane was added and 10 ml. of methyl alcohol* The mix* 
tmre w b b allowed to stand overnight; facet of the solid went 
into solution at the end of that time, The ether was evapora­
ted off and an oily solid remained. On crystallising it twice 
from a small mount of alcohol, 0.1 g. of a yellow crystalline 
solid was obtained which melted at 169-190°. The analytical 
results indicated it to he the dimethyl ester crystallised with 
one mole of ethyl alcohol* Che yield obtained was 16.6^. 

i^jul* baled. tor *̂§ 73#fij &, 5*56.
Found: 0, 73.19; h # 5.58.

The condensation product (0.5 g.) of phenaathraquinone 
and o-ph#nylen#diacetic acid wae dissolved in 10 ml. of 10# 
alcoholic potassium hydroxide and the alcohol was evaporated 
off; the residue was mixed with 1.5 g. soda line mad heated in 
a micro sublimation apparatus at 5 mm. for 2 hours at 300-350°.
A small amount of a yellow solid crystallised on the
condenser. ».hen it was r#crystallised from hot glacial acid, pul©
yellow needles formed, m.p. £00-£01°. The melting point of



w

1* £* a, 4 dib ©naant hrscene i» fO§0* The amount of product
was insufficient for analysis*

Attempted eroligatlon of danspound Iff* Ahen 1*0 g* of 
f* 10«*dioarboxyli©•*1« £# 3* 4-diben»«uathrae*n© w e  treated 
with about £0 ml* of Ef and the SI w i  permitted to- ewnporate
©lowly tho mixture turned a deep bla*"*g?een9 but a 70$ re* 
oovery of the starting mattrial ta« obtained#

So material, other than the startlag compound, could bo 
isolated when 0*8 g# portloom of the abow© dioarboxylie mold 
wear# treated with SD ill* of ©0$t &§#, and 98# sulfuric acid#

A solution of 0*68 g* of the die&rboxylio uoid la 80 ml* 
of glacial noetic acid and 10 ml* of acetic anhydrida was 
treated with 0*3 g# of and r#flux@4 for BZ hours* A

4eep red color#4 material was isolated but it eould not bo 
purified to yield any single eubat trace other than m small 
amount of the starting compound*

a solution of 1*0 gm of the dloarboxylio acid and 1*8 gr» 
of f £■% In ?l ill of dry benaene was re fluxed for t hours# a 
somewhat fink solid was obtained which melted oxer a consider** 
able rang#* It could not be purified by reeryst&llls&tIon* 

,vh#n the dlaeld was re fluxed with thloayl chloride* no 
pure acid chloride could be isolated* An Impure mixture 
resulted which gave only tarry residue® when it was treated 
with aluminum chloride or stannic chloride#



u

£b© Buoeven&irel condeneati on ©f hen®aldehyde® with 
various met ive methylene compound® lime tee«n studied* She 
general reaction Is:

p-Kja.CEQ -*- I J s  *1  > p-XC E Ci * Cl*\ -+ S_0i 4 f K 6 4 B £
4 beneem* solution of the reactant® with piperidine and Q&proie
acid me the catalyst its reflayed in an apparatus ©quipped with 
an automatic water separator* 2he rote at which the water 
eolleoted proved to he & satisfactory measure of the rote of 
the reactions* Satisfactory first order constante were obtained 
for aost of the condensationsat equivalent oonoentrations of 
reactants; side resetions and other difficulties were ©aoonii* 
tered when kinetic studies wore attempted at various ratio® of 
reactante*

the piperidine rather then the oaprolq acid was shown t© 
have the primary catalytic action and the rate of the reaction 
was proved to he proportional to the catalyst concentration for 
the condensation of hen®aldehyde with msIonic ester#

£leetroA~r©leasing groups in the para position of hen sal* 
dshyd© facilitate- reaction; the order of decreasing rate for 
various X groups m m ;  * 0 0 *1# -01t *S0g# the effect is 
slight, however, for p-nltrofctmzaldehyde reacted about one-half 
as fast as p^methoxyhensaldehyde*
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1The effect of wary!ng and was* on th© other

hand* very large* 2h© order of decreasing reactivity with 
bengaldehyd® for the compounds which reacted eat1®factorily 
wee: OEf(CS}£# OBOBjgGOOCgKgf67. 6), OH^SOCHgCOOCgttgt11*9)t
CEg(QOCEa )gf CEg(00C6B &)g# Q^QIigJIO f( 1. ££) t 0Mg(CQOGgE^) £

( 1 ) ,  e$H§GHt a o a i3 (G .§9 ) # and C6agCEgOOa^§ { 0 * 6 7 ) •

The number® in parentheses are a quantitative measure ©f the 
relative reactivities for those reaction® which followed 
first order nineties* rhe series is based on the assumption
that the rat# in all case® is proportional to th© catalyst 
concentration as was proved In the om&® of union!o eater and 
that m ehsag© in th# catalyst conoentration hmd no effect 
other than the direct catalytic one*

the approximate order of decreasing activating ability 
of the various -E and groups is; **3»0gt «*CB# ~OOCHa*

-GOO^n0t '•OOOfgEg, mud -Q^M^* fhis series can only toe very
approximate for the results clearly indicated that there is

1significant interaction between and -H m  that th© order 
depend© on the particular compounds used to determine it* 
\ihen ~K remain© constant* however* th© following series of 
relative reactivities of may to© noted* wihen -it is a 
oarbethoxy group the ©cries is: -01 (67*6) * -COCH^f£1.9), 
-OOOC^Egd) • ubsa -H is a phenyl group th© series is; 
~JsOg(l*f£)f *G0CHa(0«69) t CQCgE^O.b?) * toliea ~B is an acetyl 
group th© scries is; -CoG0£ii5{ £1.9) * - % H 5{Q*59)*
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•the information on th® relative reactivity «»d th© 
kinetics ba© been ©orrel&tai as far m  possible with th® 
current Mechanism#

Momt of th® product© of theee condensation© were Isolated 
In yield or better# 2. -hthjlbntanal and ^~®thyIhor anal 
also e^ndenaed satisfactorily with a&lonlo ester but 
A~heptaldehyde, cyelaheimaeae, and diethyl ketone did not#

In the second part o f  ihia investigation ©•phenylene** 

dia&etio acid was conde&eed with various «< ~dlearbony1 ooa* 

pound® to  rive p o lycycX le  dlaolde* iiie n a n th ra q u ln o n e , fo r  

a m p l e ,  grove th© fo llo w in g  product in  a §0# y ie ld :

o*»3aphth*«i&l8one# chryeeneeulnone and aeeaaphthaqiilnon* gave 
a&alQiroue products In yields of 33> and l6#Bf&#

For characterleation th® pheaa&thr&dttlne&e product was 
deearbosrylated and th© naphthaqninone prodtact was converted to
th# dimethyl ester#
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