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DEDICATION TO ATATURK’S CENTENNIAL

Holding the torch that was lift by Atatiirk in the hope of advan-
cing our Country to a modern level of civilization, we celebrate the
one hundredth anniversary of his birth. We know that we can only
achieve this level in the fields of science and technology that are the
wealth of humanity by being productive and creative. As we thus
proceed, we are conscious that, in the words of Atatiirk, “the truest
guide” is knowledge and science.

As members of the Faculty of Science at the University of
Ankara we are making every effort to carry out scientific research, as
well as to educate and train technicians, scientists, and graduates at
every level. As long as we keep in our minds what Atatiirk created
for his Country, we can never be satisfied with what we have been
able to achieve. Yet, the longing for truth, beauty, and a sense of
responsibility toward our fellow human beings that he kindled within
us gives us strength to strive for even more basic and meaningful
service in the future.

From this year forward, we wish and aspire toward surpassing
our past efforts, and with each coming year, to serve in greater measure
the field of universal science and our own nation.
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SUMMARY

The kinetics of the following systems were followed potentiometrically, at different tempe-
taturesr in alkaline medium; (A) condens of chryseneqiuinone with phenacylychloride and
with its p-methoxy, p-methyl and p-chloro derivatives. The condensation follow an overall third
order kinetics, first with respect to each constituent.The rate increases by increasing the electron
withdrawing power of the substituted groups. The rate also increases as the dielectric constant
of the medium increases.(B)condensation of chrysenequinone, chrysenequinoneimine, and erhy-
senequinone monoxime with o-and p-nitrobenzy Ichloeides. The reaction of the imine could not
be followed because it was either partially hydrolyzed, or partially immiscible with the solvent.
The condensations follow an overall second order kinetics, first with respect to the halogen-
methylene compound and the alkali, and independent of the quinone. The rate of the reaction
decrease as the dielcetric constant of the medium increases. The rate of condensation of chrys-
ene quinone is faster than the monoxime. Also p-nitrobenzyl chloride reacts with chrysemeq-
uinonemuch faster than the o-derivative. ‘

INTRODUCTION

We reported recently! on the base-catalyzed Darzens’ condensation
of phenanthrenequinone with substituted phenacyl chlorides. Since that
study proved informative, we extended the investigation to different
areas, concerning the quinone and the halogenomethylene compounds,
to include (a) chrysenequinone with substituted phenacyl chlorides.
(b) chrysenequinone with o~ and p-nitrebenzyl chlorides. (c) chrysene-
quinoneimine and monoxime with the nitrobenzyl chlorides This cheice
was mainly to: (a) compare between chrysenequinone and phenanth-
renequinone in their condensation with phenacyl chlorides. (b) compare
between the different halogenomethylene compounds in their conden-
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sation with the same quinone. (c) investigate the effect of neighbouring
groups on the reactivity of the adjacent carbonyl grcup in the quinone.

The kinetics of the condersations were followed up potentiometri-
cally, in presence of sodium hvdr0x1de, in aq. dioxane, at different tem-
peratures. )

EXPERIMENTAL

Materuus. Ghrysenequmone2 (m.p. 239.5°), chrysenequmonelmme
(m.p. 183°), chrysenequinone monoxime* (m.p. 164 °), phenacyl chloride
(m.p. 56-57°), p-methoxy phenacyl chloride’ (m.p. 98-99°), p-methyl
phenacyl chloride® (m.p. 56-57°), p-chlorophenacyl chloride” (m.p.
101-102°), p-nitrobenzyl chloride® (m.p. 72 °) and o-nitrobenzyl chloride
(m.p. 48°) of indicated purity were prepared or used, if available, as
such. Peroxide-free dicxane® and doubly distilled water were used.

Kinetic measurements: The methods adopted for rate measure-
ments were similar to those of Hine et al.'%, and Hanna et al'l., invol-
ving potentiometric titration of the liberated halide ions, at different
intervals, against AgNO, using Ag/AgCl-quinhydrone electrode. Carl
Zeiss (Jena, D.D.R.) moving scale galvanometer was empl yed:

(A) The condensations of chrysenequinone with different substitu-
ted phenacyl chlorides were carried out in 60:40 and 70:30 (v:v) dioxa-
ane: water mixtures, at 1° (for investigating the effect of the solvent).
The runs in 70 9%, aq. diocxane were carried out also at 7, 10 and 15° ts
determins the thermodynamic activation parameters. The reaction was
initiated by rapid addition of the quinone and the halcgenomethylene
compound in dioxane: water mixtures (previously cooled to the desired
temperature) to the calculated concentration of the sodium hydr xide
soluticn. At suituble time intervals, aliquots of the reaction mixture
were pipetted out, quenched with 20 ml 0.1 N H,S0,, and analyzed for
free halide ions.

Kinetic measurements could not be done below zero degree because
the reaction mixture solidified.

(B) The condensation of chrysenequinone, chrysenequinoneimine
and the monoxime with o— and p-nitrobezyl chlorides were carried out
in 70: 30 dioxane: water mixture at 30° to determine the order of the
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reaction. The runs were carried out, in addition, at 15, 20, 25, 35 and
40° to' determine the thermodybnamic activation parameters.

In all runs, the reactions were followed up to 75 9, completion.
Each run was repeated 3 times to check reproducibility. Isolation of
of products: (A) In the condensation of chrysenequinone with substi-
tuted phenacyl chlorides, the constituents were dissolved in 1 liter of
70 9, aq. dioxane, previously cooled to 1° in an ultrathermostat (type
EIN, Germany, —20° to - 50 °C.) for two hours, then at room tempe-
rature overinght. Crystalline solides were separated after slow evapo-
ration of the solvent at rocom temperature, washed with water and crys-
tallized from the suitable solvent. Tuble 1 includes the different products
obtained. ‘

(B) For the condensation of the quinone and its monoxime with
the nitrobenzyl chlorides, the method used for isolation of preducts
was similar to that followed in (A), except that the addition was made
at room temperature, and left for twe days.

RESULTS AND DISCUSSION

Kinetics: (A) To permit accureta and reliable determinations of
the rates for the condensatisns of chrysenequinone with the substituted
phenacyl chlorides, the used molar concentrations of the reactants were
0.001: 0.001: 0.01 M of chrysenequinone ’A’: phenacyl chloride (or its
substituent) ,B’: sodium hydrexide, respectively. Higher concentrations
led to very fast reactoins that could not be followed. The kinetic results
showed that the condensation reaction is an overall third order, first
with respect to each constituent. (Table 2) includes the rate constants
obtained for different molar ratios employed. Fig. 1 shows the grap-
hical representation of pseudo-second order kinetics using excess sodium
hydroxide (1:1:10). Fig. 2 shows true third crder representation when
equimolar initial concentrations were used.

(B) In the condensation of the quinone and its monoxime with
0 — and p-nitrobenzyl chlorides, the molar concentrations used were 0.005:
0.005: 0.05 M of the quinone ,A’: nitrobenzyl chloride ,B’: sedium hyd-
roxide, respectively The kinetic results showed that the condensation
reaction is an overall second order, first with respect to nitrobenzyl
chloride and the alkali, and independent of the quinone.



) (I 1000 euwournbowaayiweusyd Jo wonjeriusouos [eruy) *urroy joud % of Yam Juope
¢4peAnoadsar ‘sjuonodwod L g 1V JO [:]:] JO ONBI Fe[OWE YIIM g~ 1B INO PILIAED SLM UOHOIEIX Y} UIYM paurerqo sem punodwod suyy, -+

(09-0%) )

sfo%&.o_wsﬁa 00LT 0€3¢ ~lswlse| —-|ww]|re| 981 | 668 0"H™D | ‘HDO =X
09-0%

10y12 *10d-auazTraq 00L1 0gze ~|ze|z1e| ~|os|o1s| o] 816 0IHD ‘H) =X
[oueTIom $691 0zg¢ 86|9¢|zs|66|¢celea| otz | <96 As o'l ov =X

EO% 019
[oueTiow 0891 - 8°6|9°¢|zeL|L6|8€c|0cL| S9T| 005 | 100 H'D +ID =X
(a/A)0'H :oneoe '8 $691 9z¢e ~leriowe| -|ev]sos|eLer| v6 0"'H’D H=X

1:2
uonezie1siio | =y Xewd | o xewn DI H 5| !l H o) Do % o

JO JudA0g 1-UI> Xt poxmboy puno,y ] PRI vred prnoduro)

*TWNIPOWT SUITe[¥ UL SAPLIOTYD [Kovuayq paininsqns-d girm suoumbouorqiueusy g Jo @onoeor SUIzIe(] UKOIy S1ONPOIg

(1) 91qey,




KINETIC STUDIES ON DARZENS CONDENSATION... 285

Table 2
Rate constants for condensation reactions of chrysenequinone with phenacyl chlorides at 1 ° in
70 9% aq. dioxane.

molar ratio of A: B: 0H~
1: 1: 1 1: 1: 10 1:1: 10
substituted phenacyl chloride
] (0.001 M) : k, 12 fmole®. sec. | k, 1 /mole. sec k, 1% /mole?. sec

p-chloro 4.44 x 102 20.8 20.8 x 102
unsubstituted . 2.78 x 102 13.33 13.33 x 102
p-methyl ) 1.85 x 102 8.33 8.33 x 10°
‘p-methoxy 1.39 x 102 5.91 5.91 x 102

The oxime was found ts be more stable in 70 %, aq. dioxane than
the corresponding imine, since the product isclated was purely nitrop-
henyl chrysoxazolr'2, This result was confirmed previously, that the
oxime is more stable towards hydrolysis than the imine.

Figs. 3 & 4 show pseudo-first order representation when excess
alkali is used (1:1:10) whereas Figs. 5&6 show true second order rep-
reientation when equimolar initial concentrations were used.
Solvent effect: (A) It was found that the rate of condensation of
chrysenequinone with phenacyl chloride or its substituents, increases
as the dielectric constant of the solvent increases. In 50 %, aq. dicxane
the quinene precioitated at zero time of the reaction, and in 80 % aq.
dioxane the reaction mixture began to solidify at 1° during kinetic mea-
surements. Hence, only 60 %, and 70 9%, aq. diexanc mixtures were stu-
died.

(B) In the condensation of the quinone, or its monoxime, with
0 — and p-nitrobenzyl chlorides, orly two mixtures of aq. dioxane could
be investigated, which are the 65:35, and 70:30 (v:v), dioxane: water;
due to the difficult solubility of the quincne. It was found that the rate
constant of the reaction increases as the dielectric constant of the medi-
um decreases. In 60 %, aq. dioxane, the quinone precipitated at zero
time of addition, whereas in 80 %, aq. dioxane partial miscibility of so-
dium hydroxide took place. Effect of Substituents: (A) It was fuvund
that electron withdrawinh substitueuts increase the rate of conden-
sation of chrysenequinone with pheneacyl chloride, while electron
repelling substituents decrease that rater This shows that the order
of accelarating the rate is: Cl > H > CH, > OCH,. This result is
also substantiated by the linear relation of o vs.log k/k,, showing
the validity of the Hammett equation (Fig. 7). A positive valus of
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p shows that the reaction is enhanced by withdrawal of elecron den-
sity from the reaction center, and vice vera, Table 3 includes the-
rmodynamic activation parameters calculated from the temperature
dependence of the rate constants,

. Table 3
Thermodynamic activation parameters for condensation of chrysenequinone with phenacyl
: : chlorides. - .

E* N H* A S* A G*,,,
substituted phenacyl chloride |K. cal /mole K. cal e.u. K. cal.
p- chloro 7.77 7.23 -33.77 16.48
unsubstituted 8.67 8.13 -31.35 16.72
p-methyl 9.15 8.61 ~-30.54 16.98
p-methoxy 10.07 9.52 —27.88 17.16

(B) For the condensation of chrysenequinone and its monoxime
with o- and p-nitrobenzyl chlorides, it was found that p-nitrobenzyl
chloride reacts faster than the o-derivative. This is attributed to both
steric and electronic effects caused by the nitro group in the ortho
position to the carbanion carbon.

On studying the effect of suastituents on the reactivity of the
adjacent carbonyl group in the quinone, it was found that the rate
of reactions is in the order,

chrysenequinone > oxime
This result could be explained by assuming the formation of an intra-
molecular hydrogen bond, whose formation was proved to take place

in o-quinone monoxime,' where it changes easily to the corresponding
1-nitroso-2-0l, as follows:
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Tables 4 and 5 include the thermodynamic zctivation parameters
for these condensaticns. ‘

Table 4
Thermodynamic activation parameters for condensation of chrysenequinone with nitrobenzyl
chlorides.

E* AN\ H* A\ 5* AN G* .
halogeno methyene compound | K. cal /mole | K. cal e.u. K. cal
o-nitrobenzyl chloride 15.4 14.798 -19.481 20.701
p-nitrobenzyl chloride 14.3 13.698 -21.689 20.270

Table 5

Thermodynamic activation parameters for condensation of chrysemequinone monoxime with

nitrobezyl chlorides.

i E* A\ H* N\ S* AN G*
halogeno methylene compound | K. cal /mole | K. cal e.u. K. cal
o-nitrobenzyl chloride 17.6 16.56 -17.76 21.94
p-nitrobenzyl chloride 16.02 15.41 -18.85 21.12

Mechanism: (A) It is clear that the condensations of chrysenequino-
ne with phenacyl chloride and its substituents, follow the same path of
results that we reported earlier' for phenanthrenequinone with the same
phenacyl chlorides, which substantiates our previous conclusionst. The
results show, however, that chrysenequinone enhances the cendensa-
tions more than phenanthrequincne. Accordingly, we. can propose the
following mechanism that we proposed before. and which is similar to
that proposed by Ballester's: Since the reaction was found to be third
order, hence, step (2)is considered to be the rate limiting step. It can be
seen that the formation of the product in step (1)is favoured by electron
withdrawal in the indicated direction, thus facilitating the removal of
the H+ by the 0H- group, and stabilizing the developed negative char-
ge. This should explain the order of rate acceleration of the different
substituents that we reported.

(B) The second order kinetics for the condensation of chrysene
quinone or its monoxime with the nitrchenzyl chloride can be explained
according to the following mechanism: In step (1) the base slowly
abstracts an « — proton from the nitrobenzyl chloride to form the car-
banion «B”. This slowest step is the rate-limiting step. The presence of
the highly electron-withdrawing nitro group facilitates the abstraction

of the o — proton, since it decreases the electron density on the met-
hylene-carbon. step (1) is reversible with k, >> k_,.



288 W. I. AWAD. A. A. TAHA S. M, SHINDY

9 0
m ] - K, fast nﬁ
x—@c-cnzq + OH _T__‘ X c@

! C HCl
®

. ]

G-
:0:
@ iggw 4@ + D5 cug

H
o I, o ki | o
+ O — @/ Wo-ee o




KINETIC STUDIES ON DARZENS CONDENSATION... 289

As fast as the carbanions are generated, they are trapped up by the
quinone molecules in the second step (2), where the carbanion acts as
a nucleophile, attacking the positive center in the quinone. This step is
faster than (1), and leads to the formation of the keto epof(ide «D” in
case of chrysenequinone, or the chrysoxazole «E” in case of the mono-
xime: R ‘

for chrysenequinone:

)

for chrysenequinone monoxime':

The decrease of reaction rate with increase of dielectric constant
of the medium, i.e. with increase of water content, is most probably due
to the hydration of the highly polar nitrobenzyl chloride ién.«B”’, which
results in its stabilization. The higher the water content, the stronger
the stabilization. and accordingly the greater the amount of energy
required to decompose the hydrated species, which means a slower reac-

tion rate. The same conclusion was established before by Hanna ‘et
allt, ’ '
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a)Chrysenequinone + p- chloro

b) " + phenacyl ¢hl.
: ¢ ) ” + D—methyl
g d) " + P-methoxy

0 2 4 6 8 10 12
"Time( min.)
Fig. 1 Pseudo-second order kinetics for chrysenequinone with phenacyl chloride and its subs-
tituents. Molar ratios 1:1:10. :
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~ a)Chrysenequinone + 0-Nitrobenzyl chl

‘ B . + p~Nitrobenzyl chl

a
bgg=—

08

»0.6

04~

3.2
. B T SR I PR Time (mjne_) "7. [P N ST e 3

Fig. 3 Pseudo-first order kinetics for chrysenequinone with nitrobenzyl chlorides. Molar ratios
1:1:10.
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a)Oxime + O- nitrobenzyl chl.

b)0xime + p ~nitrobenzyl chl.

a
QA-x

log

0-6¢

0.4

0.2t

0 60 120 80 240
Time (min.)

Fig. 4 Pseudo-first order kinetics for chrysenequinone monoxime with nitrobenzyl chlorides.
Molar ratios 1:1:10.
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a) Chr ysenequinone +0- nitrobenzyl ch{.
o : o) B + p~nitrobenzyl chl.
a-x
o
3.2
[ ]
S2.4F
L)
g
[s]
1.6
Q
0-8r o
( ]
0 120 240 360 480

Time (mmn.)

Fig. 5 True second order kinetics for chrysenequinone with nitrobenzyl chlorides. Molar ratios
1:1:1.
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a) Oxime + 0= nitrobenzyl chi.
b) Oxime + p- nitvobenzyl cht.
X
a-x
O
2-4F o
. ~ L)
' °,
0-8f )
‘
0 240 480 780

Time (min.)

Fig. 6 True second order kinetics for chrysenequinone monoxime with nitrobenzyl chlorides.
Molar ratios 1:1:1.
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N
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Fig. 7 Validity of Hammett equation for chrysenequinone with phenacyl chloride and its subs-
tituents.
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