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The klinetics of the basg—catalysed condensation
of phenacyl cnloriae, p-methoxy-, p-methyl- and ;
T p-chlerophenacyl cnlorides with phenanthrenequl-
noene were follewed potentiometrically at different
temperatures, The ccﬁaonsathps follow overall
third erder klneties, flrsfﬂﬁiﬁfrespecc ta each
reactant. The rate of condensstlon increases
with lncreasirg electron—withdrawlng pawer of
the substituents. The rate also increases as the
dielectrlc constant of the salvent lnereases,
The atcempts to achleve acid-cataly&ed Darzenat

condensations felled with phenanthrenequinone

and with P-nitrobenzaldehyde.
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Introduction

The mechanism of the base-catalysed Darzens' condensation

of phenacyl haliders wlith benzaldehyde 1s generally regarded as

{1)

" being esteblished by Ballester and Bartlett, who reported the

absence of any apprexlabie results 1n attenmpted acld-cataiysed

(2-6) clalmed that

Darzens! condénsetions. Hawever, S1pos et nl.
the condensatlor of substltuted phenacyl halldes with substituted
tenzaldehydes was successfully cartied out in different azid media.

They reported a mechanism analogous to that of acld-catalwsed
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5ince the rarﬁdthn-cf the carbanlon ln the first step of Darzenc'
:condgnsatlon'cnnnot be visuallzed in acid medlum, we doubted’ the
correctness of ‘the results reported by Slpos et 31.(2-61 In view
v;f thls controversy, we thourht 1t 1s important to re-investigate .
the kinetics of Dar;ens';llke cohdensatlons. both in écid and in

alkaline media, It 1is informative to try the condensation between
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substitutéd pheneeyl chlorides and phenanthrenequinone, which 1is
(8)

as Teactive as p-nltirobenzaldehyde.
Our study of the effect of substituents in phepacyl chloride

on the rate of condrunsation ¥as stimulated by our objectior to the

(5.6)

eoncluslon reached by Sipos et al. They cleimed that the rate

”ﬁas decreased by électron drawing substituents in phenecyl chloride.

Ekperlmental

Materials: Phenacyl chlaride of analytlcsl reagent grade {(m.p.

56579 Jlglwas used. p—methoxyphenacyl chloride {m.p. % 8-99 }(10}5

0y{11)

p-methylphenacyl chloride (m.p, §6=577) » p=chlorophenacyl

chloride (m,p, 101~ 1020){12) and phenanthrenequinone (m.p, 207- 208°}(13}
{1h)

were prevarsd pure, Perorxrlde-rree dloxan and doubly distilled

water were used threoughout the study.

Kinetlc measurcrents: The methods sdovpted for rate measuremznts wers

{15) {16)

similar to those of HKine et ml. y and Henna et al, ’ lnvolvihg

potentlometric titration of the liberated halide ions at different .
intervels, against thOJ using Ag/AzCl-gquinhydrone electrode,
CARL ZEISS (JENA, D.D.R.) moving scale sensitive galvanometer was
erployed,

ﬂhe-condensatlon reaetlons were corrted out 1in 50, 60 and'?qﬁ
{v/v) dioxan-water mi:turcs_af 1° (rpr'inves;;gating the:effect of
the solveqt}: The funs_in-50% a&.'dioian:were'é;rried out. in -
addition, at -3: -7 and -10° (for inveatisating the ef‘f:ect or the
suﬁétituenﬁs}.- EIN (Germany) ultrnthermostat E-20°’ta 350° 0 1 °c, )

wes employed. The reacztion was inltiated by -rapid additlon of :
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(A) conecentrated solutlion of phenanthrenequinone and phenacyl
chloride {or derivative) in dloxan-yater mixtures previously coolad

te the desired temperature, to (B) s solution of scdlum hydrozide
1n distilled water enocugh to edjust to the desired melaritles, also
previously cooled to the desired temparature. At suitable time
tntervels, equal allguets of the reactlon mlxture were pipetted out,
quenched with 20 m1 0.1 H#,50, and analysed for free halide long,
The reaction rates were fourd to ke toc fast to be rollowed accurately
at.temperatures above 1°9. In ell runs, the reactlone were followed

up to 75%. Eech rurn was repeated 3 times to check reproducibllity.

Isalatlen of preducts: The constlituents were dissolved 1n one liter

of 50% eq. dioxan previocusly cogled to 1°, The reaction mixture was
wept at 1® for two hours, then at roor temperature overnlght. Crystallin
s0lids were Separated after slow evaporetion of the selvent at room
temperature, wached with water and crystallized frem the sultable

’ -1
solvent te give enol derivatlves (i.r. ¥ 3230 20" °)} of spire

0H
'
{oxirane-2,9 —phenanthrene}ll?}. of the genarpal form 3

(1}
X = K, Cl, CHy or OCHy-
ThHe product obtained f;om the p-chloro defivatlie wis an exception,
where it gave a mixgﬁfe af 40% kete form and 40% enol form at -30.

Table (1) includes-é full survey 3? the different produc<s obtalned.
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Acid-catalysed experiments: We repeated the reactiong reuvorted by

S5ipos et al,{5’6) for Darzens' condensatlon of phenacyl chlaride,
and its derivatives, with p-nltrobenzaldehyde in acidic pedla.
We tried out the reactlon between phenécyl chlorlde and its derlvat-
ives, with pheﬁanthrenequlnon; and with p—nitrobenzaldehyée in 50%
8q. dioxan at 1° in presence of sulphuric or ﬁhoaphorlc ecids of
concentration ranges from 3-J0%. We alsc attempted the phenanthrene-
guincne end p-nitroebenzaldrhyde condensations in absolute ethanol;
using 10% and 30% HCl gas es & catalyst, since Simos et el. reported )
that they obtalned the test yleld in case of 30% RCl, _ .
In all the abtove cazes, no reaction took plqce, ag indlceted:
by the lsoletion of the peactents unchanced. This 1s in clear
contradictlon to the results obtained by Sivos ey al.(S'SI When
the reaction soluticn was neutrallzed, hewzver, solid epo:ideé
separated. These solids were ldentified by melting points and mi;éd
relting pointa to’'be the zame as the pfaducts obtained from the.
corfespdnding tase~catalysed condensatiqns. This might iﬁdicéte

thet the produets Ebtained by Sivos were not formed in acid médlum,

but rather, only during neutralization.

Results and Dlscussion

Kineties: To Perrit accurate and reliasble determlnations of the

rates, the fieler concentrations of the reactants were not nore

than 0.0@1 ¢ 0.001 5 0.01 K ol phenanthreﬁeguinnne (A) : phenacyl
chloyidé {or substitute¢.phenacy1}_(BJ : sodibm hydroxide, respec-

tlvely. When higher concentrations were used,. the reacticre wera

~

too fast to follow mcecurately.
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The kinetic results showed thet the condensaticn reaction ia
an overall third order, rlrst with reapect to gach-ccmpoﬁent A, B
and 0H . Table (2} tncludes the rate constants obtained fer the
different meolar ratios employed, Flg. 1 showe the graphical repres-
entation of pseudc—seccnd'crder reactions, using excess ﬁr sodium
_hydroxide { 1:1:10 }. Fig. 2 shows true third order representatlcn

" when equlmolar inmitlal concentrations were used { 1:1:1 ).

R

Solvent Effect: [(Effect of dlelectric constant): It was found that

the Tat® of the reaction increases as the dielectric constant of the
solvent lnereases, by lncreasing the dicxan : water (v/v) ratioc,
Fig. .3 shows & plot of leg k3 vs. 1/D for phenacyl chloride and
its derivatives. The negative slope indicates that the reaectlon
fnxes Flpze between £ nezative ion and e dipolar molecule.(le} Th
erployed compositions of the soclvent were zhezen on the basis that
in 40X, or less, aa. diaxan, pvecipita*lon took place: end in B80%

or hisner, ag. d‘ﬂl’" the rfclvent became partirlly lemtsclble.

Ferce, only 50, 87 ond 707 as. éioxan mirtures worse used,

Effect af Substituents: Tabie (2) includes calculated values gof kj

at diffarent temperatures. Table (U} includes the different aati-
vatlon thermodyramic rererieters calculated fram the temperature .
‘dependence of the raté‘consﬁants, and related thermodynamip equations
for the different substituted phenécyl chlorides lnventigéted «» It
1s clear frow examlnaticr of the values in Table (4} that the order

or accelerating the reectlion isg :

. . c1> >-cq3 « ~0CH;
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Thia concluslen 15 also zubstantiated by the line;r relation=-
shlp of log k vd. d‘, showlng conformity to the Hammett equation
Plg. #). A posltive velue ordp.shnus that the rTate 1& _enhanced
y withdrawal of electron density from the reac:fﬁn center, and

rlce versa.

This order of accelaratlon by the substituents 15 ir clear
é)

ontradletion te the order claimed by Sipos et al.[s' ¢ who reported

he exact opposite order, with no Justlflcatlon. T

echanien: Bassed ca all the foregoing dlscussion of the results,

e can bropese the fallowing mechanism, which is aimllar to thab glven

Y Balleatertl} : :
: 2
| y 0 X fast f) o
1 x-@-c —CH,Cl + OH ——— 3 X n Gy x-@-c
= 2 Err——— HC1 Scae1 _
k_l o TIPSR R S
Se (A}
J J' -
0 0 '\ﬂ Elow
2) c\? + -——7 -@ H-cq....
CE T
(B)
rfaat
o o ~
c1” + x-@—%,'-c':ﬂ
' : : = H Y
‘ "X = lcj-l H. -CH3 ar -OCH3 = ) o

- S "
e

' Since the reaction was found to be thlrd _order, hence. utep {2}

3 consldered te be the rate-llmltlng Etep. It can be seen thnt the

:rmatlon of the preduct im step (1) ls ravaured by electrun wlth- -

o

rawal in the indicated dlrectlon, thus-racilltatlng the remoiusl of
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the H™ by the OH™ group, ana 5tabllizing the developed negative charge,

Thls ean explain the order of reaction aceeleratien of the difrferent
Eubstituents that we report.
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Products from Derzens' reaction of Phenanthrenequinone

‘ svﬂr.vlmawm«pd:mﬂa ¥henacyl chlorides in alknline medium,
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Compound Formulo Yield Mae Pa Found Regquired ﬁapﬂ aalp Solvent of

(I g °c. ¢ H ¢ < H c1 Yoax cH Yuaz ©=0 erystallization

231
X=H ONNmHPOu 9l i 197.8 80.5 4.3 - Bi.0 4,3 - 39326 1695 gl. QMMWéwnmmo
+ . ..
X=2Cl ommmuJOunH 0.0 165 7.0 3.8 9.7 73.2 3.6 9.8 - .Mmmb méthanel
{keto Torm)'

X =Cl Copll505C2  95.5 210 7249 3.3 9.9 73.2 3.6 9.8 3220 1695 methanol
X= omu nmumanu 91,8 176 81,0 5.0 - 81,2 4.7 - 3230 1700 dm:nm:m:ﬁwwmnmwwmﬁ
X = OCH, CpqHy 40 89,9 _ 184 77,7 L4 - 77.5 8,5 = ‘3230 1700 benzene-pet, ether

{kD~60)

‘

N . [+] ' R
+ Thils compound wes obteined when *he reactlon was cerried out at -3 vith molar ratlo of 1 - 1 :1

of A : B : OH couponento, reopectively: 8lomg with Pom.nuUH form. (Inltlal caoncentration of

phenonthrenequinone ¢.001 M)

e
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Table {(2)
Ente consiants fof condensatlon reactions . ':w~

et =3° in 50% =q. dioxan. P

substituted

phenacyl chloride

molar ratie of A : B ¢ OH~ o

-
tLl
pur Y
o ]

1+ 131 11 : 10 1

(0.00% M) kq 12/mole?, see kp 1/mole.azec Ky 12(mdle?.sec
p- chloro 1.25 x 10° 3.33 3.33 * 10°
unsubstituted 0.833 x 10° 2.08 2,08 x 102
p-methyl 0.694 x 102 1.3?. 1.3 x 10°
p-rethoxy 0.kE3 x 102 1,14 1.1k x 102

e

e et



Rate constants at different temperatures
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Table (3]}

in 50% ag. dioxan

k3'12/m01e2.sec.

Temp.

°c. ﬁ-chloro' unsubstituted p-trethyl Pp-methoxy
~10 2,08 x 10> .14 x 102 0,80 x 102 0.667 x 10°
-7 2.50 x 10 1.83 x 102 1.07 x 162 0.864 x 10°
-3 3.33 x 102 2,08 x 10°  1.37 x 10°  1.1% x 102
o1 .67 x 10 2,67 x 10°  1.80 x 10°  1.67 x 10°

e T
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Table {&)

Thermodynamic activation parameters

. 1] = I R
substituted E X oS BGopy
phenacyl chloride K. cal/mole K.cal. ol X, cal.
p-cl"\'lor'ﬂ Q.IEI 5161 ‘31--70 17 1.29
unsubetituted 11.h4 10,90 <ol L5 17.60
p-methyl 12.58 12.%0 =21,329 17.52

p-methoxy 13.u7 _ 12,53 =19,.54 17.89
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—Tasaer,
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Pseude second order kinetics at —30. Molar ratlos 1:1:13

2]
True third order kinetles at -3 , Molar ratios 1:1:1

Depengence of rate constants on dielectrlic constanta

of the solvents at in

Yaiildity of tre Hemmett eguntlon for the different

substiisuerts
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1- p-chlero
?- unsubstituted
3~ p-methyl

4- p-methoxy

" 3 15 16



[ S

2 + log k/k°

23

21

19

17

15

3

p-chlore

unsubstituted

p-methyl

p~nethoxy

H —1 1 i L

.02 00 02 0.4 06 08




P bl ol b 2 S il

‘_;-I_.._____..__:la.”d)._l_..;bJ|a)Jl..l

¥ S S D sla_ il._l.o]’ Yy.u.a, - al:r_s-).”.:..-: .l-.'h-lli‘_ﬁsr\xl lﬂ",
ot it wml e LGS LS '

) PR L3+ | RV o J.ﬂL;.»l.nJl&;J»qu..:i:il-.-i_._fa._bau_Ji F.L.hd\':m;
¢ op—S o Ll Jo Laidl ayy i K Ly 6 Jaa L, '-u-%---—- ARY

v zilss, ,)5_,:- \._.|_:¢J.: 1 & C"L'” ._,Jl "“-J?"SJI_U)-:IJ':S)'J'&“".‘!‘I’-'IJ"':'JJ"‘J

I8 Al Y1 loy ¢ it I 250 Pl o f b, 51,
. . caletelAy J'L»-\ik}r.s.,)lrh:t‘l'u
l——.aL»—...J't..l:u.lla)JJadL adiine Jlaru—iJldth..u ot ey B Il s

ceeadlihiz ol .Ji..a}..,__].u...ﬂ ! LY Ou_.L,)JJYlsTJ-...Uh
Uy o aen pie L, Lod Ll bl an JE gl Lis e Yy bl e s
© i) SIRLES ,l_a,:._.fb-_,:hﬂlc-_




