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ABSTRACT. The solvolyses of anthraquinone-2-carbonyl chloride (1) were studied kinetically in 27 pure and various
mixed solvents. The analysis using the extended Grunwald-Winstein equation in the solvolyses of anthraquinone-2-car-
bonyl chloride (1) obtained the / value of 2.11 + 0.11, the m value of 0.54 = 0.06, and the correlation coefficient of 0.955.
The solvolysis reaction of 1 might proceed via an associative Sx2 mechanism enhancing bond making than bond breaking
in the transition state (TS). This interpretation is further supported by a relatively large solvent kinetic isotope effect (SKIE,

2.27).
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INTRODUCTION

The simple Grunwald-Winstein equation' (eq. 1) and
the extended Grunwald-Winstein equation’ (eq. 2) have
been used to study the reaction pathways of the solvolysis
reactions. The sensitivities (/ and m) of the rates of sol-
volyses towards changes in solvent nucleophilicity (Nr)
and solvent ionizing power (Y¢;) are closely related to the
relative amounts of bond making and bond breaking at the
transition state (TS) of the rate-determining step.’
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Based on the successful correlations of the rate con-
stants of solvolyses of benzoyl chloride derivatives, it is
concluded that the application of the extended Grunwald-
Winstein equation (eq. 2) could provide valuable mech-
anistic information concerning the solvolyses reactions at
an acylcarbon.* In previous papers in this series, we have
reported that solvent effects on the TS variation in the
reaction of carbonyl derivatives (RCOCI or ROCOCI) in
various mixed solvents.’ These solvolysis reaction can be
shown as Scheme 1.

In this work, we investigated transition state variations
in the solvolysis reactions of anthraquinone-2-carbonyl
chloride (1) as equation 3. Anthraquinone-2-carbonyl chlo-
ride has been used as an electron-affinity alcohols deriv-
ative.®
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Scheme 1. Reaction pathways for the solvolyses of carbonyl
derivatives.
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RESULTS AND DISCUSSION

The rate constants for the solvolyses of anthraquinone-
2-carbonyl chloride (1) were obtained at 35.0 °C by the
conductivity method and are reported in 7able 1. The rates
of reactions were relatively fast in strongly nucleophilic
solvent (e.g., H>O) and were relatively slow in strongly
electrophilic solvent in 7able 1. The rate constants were
more dependent on the solvent nucleophilicity than on the
solvent ionization power.’

Typically, bimolecular reactions have been reported to
have larger rate constants in nucleophilic solvent (H,O)
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Table 1. Rate constants (k) for solvolyses of 1 at 35.0 °C.

solvent-mixture® k(sec™h
100%EtOH 2.24x102
90%EtOH-10%H,0 5.37x107
80%EtOH-20%H,0 9.12x107
70%EtOH-30%H,0 1.55x10™!
60%EtOH-40%H,0 1.95x10™!
50%EtOH-50%H,0 3.02x10"!
100%MeOH® 9.12x10
90%MeOH-10%H,0 1.35x10™
80%MeOH-20%H,0 1.81x10™
70%MeOH-30%H,0 2.49x10™!
60%MeOH-40%H,0 3.09x10™!
50%MeOH-50%H,0 4.68x10™
90%Me>CO-10%H,0 9.33x107
80%Me,CO-20%H,0 2.69x102
70%Me>CO-30%H,0 3.39x102
60%Me>CO-40%H->0 7.08x107
50%Me,CO-50%H,0 1.23x10™
40%Me>CO-60%H,0 1.99x10™!
97%TFE-3%H,0° 3.02x107
90%TFE-10%H,0 4.17x10°
80%TFE-20%H,0 9.77x10°
70%TFE-30%H,0 3.14x10*
50%TFE-50%H,0 9.12x107
80%TFE-20%EtOH 9.33x10™
60%TFE-40%FEtOH 4.07x107
40%TFE-60%EtOH 1.58x102
20%TFE-80%EtOH 4.79x102

“Prepared on a volume/volume basis with other component water.
®Value of k (= 4.02x102s") in methanol-d (MeOD), corresponding
to a kmeon/kveon value of 2.27.

“Prepared on a weight/weight basis with other component water.

systems and smaller ones in electrophilic solvent systems.
Therefore, it can be suggested that the solvolysis of 1 is a
bimolecular reaction mechanism.®

When all rate constants were analyzed by the simple
Grunwald-Winstein equation (eq. 1),' presented in Fig. 1
show significant scattered for the TFE-H,O and TFE-
EtOH solvents. This result would expect normally the
“push-pull” mechanism of Sx2 reactions.’

The analysis using the extended Grunwald-Winstein
equation’ showed an improved result (Fig. 2) which have
2.11 £0.11 for the / value and 0.54 £ 0.06 for the m value,
0.37 for the ¢ value, with 0.955 as the correlation coef-
ficient (R).

The extended Grunwald-Winstein equation is very sig-
nificant for a mechanistic interpretation of solvolytic reac-
tions. The nucleophile contribute to the reaction in the
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Figure 1. Plot of log (k/k,) for solvolyses of anthraquinone-2-
carbonyl chloride (1) in 27 solvents at 35.0 °C against (Yc).

211N, + 0.54Y,

Figure 2. Plot of log (k/k,) for solvolyses of anthraquinone-2-
carbonyl chloride (1) in 27 solvents at 35.0 °C against (2.11Ny +
0.54Y ).
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bimolecular reaction. On the contrary, in a single-mole-
cule nucleophilic substitution reaction, the nucleophile
cannot affect the rate constant.”

When the nucleophilic substitution reaction proceeds
via the Sn1 reaction, the / value is ~ 0 and the m value is
~ 1, whereas the / value is ~ 1.0 and the m value is # 0.50 in
the Sn2 reaction, and the / value is ~ 1.5 and the m value is
~ 0.60 in the associative Sx2 (or addition-elimination)
reaction.”

The [ value of 2.11 is similar to those previously reported
for associative Sn2 reactions. Solvolyses of 4-nitroben-
zoyl chloride!® (4-NO,CsH,COCI, [ = 1.78), benzyl chlo-
roformate® (CsHsCH,OCOCI, / = 1.95), phenyl chloroformate™
(CeHsOCOCI, =1.68), and methy] chloroformate!! (CH;OCOC,
/=1.59) in which a chloride ion is displaced from carbonyl
carbon.

In the extended Grunwald-Winstein equation, the ratio
of'the / and m values (//m) can be a useful indicator to pre-
dict the reaction mechanism.>* When the solvolysis pro-
ceeds via an associative Sy2 reaction, the value of I/m is
about 2 to 3. On the other hand, the value of //m is less than
1, it can be expected that proceeds via a Sy1 reaction (or
an ionization reaction). The value of //m is 3.9 within the
range of values typically found in associative Sx2 reac-
tion in the solvolysis of 1. This result can be expected that
the solvolysis of anthraquinone-2-carbonyl chloride (1)
proceeds by associative Sn2 reaction.>?

A Bronsted-Lowry acid is a substance that donates a
proton (hydrogen ion, H") to another substance and a Bron-
sted-Lowry base is a substance that accepts a proton.'?
The reaction rate in the general base catalytic reaction is
proportional to the total amount of the base present. The
solvolysis reaction of carbonyl compound derivatives are
widely used as a subject for general base catalysis.”® In this
study, it can be expected that reacting with weakly basic
alcohols or carbocation of the carbonyl group can be sta-
bilized by a catalyst to promote the reaction.'*

The solvolyses of carbonyl derivative compounds pro-
ceeding with bimolecular reaction may undergo the tran-
sition state (TS1) as the general base catalysis reaction
mentioned above. The contribution of the second meth-
anol solvent may be closely related to the reaction rate in
TS1 because the first molecule of methanol (a) affects the
ability attacks the carbonyl carbon of the substrate in TS1.
In the case of bimolecular (Sx2) reactions, the force con-
stant of the H-O(a) vibration modes will decrease and this
will lead to a primary solvent kinetic isotope effect in
TS1.54415 The SKIE (kmeon /kmeon) is 2.27 in the solvoly-
sis of 1, which showed a relatively large primary solvent
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kinetic isotope effect. From these results, it can be expected
that the solvolysis of 1 proceeds associative Sx2 reaction
pathway. "
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CONCLUSIONS

The overall situation for solvolysis of 1 which extended
Grunwald-Winstein equation treatments of several kinetic
studies involving displacement of chloride from carbonyl
carbon, across the full range of solvents, strongly suggests
the associative Sx2 process with more bond formation than
bond breaking at the transition state.>* This interpretation
is further supported by a solvent kinetic isotope effect,'®
kveon/knveop = 2.27.

EXPERIMENTAL

The solvents were refined and used as described in pre-
vious papers. Anthraquinone-2-carbonyl chloride (1) was
purchased. The reaction rate was measured by the con-
ductivity method using a self-made tool.'® The rate constant
is the average of the rate constants measured in two or more
experiments and the uncertainty value is within £3%.
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