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Pseudo-first-order rate constants have been measured spectrophotometrically for the reactions of 8-(5-
nitroquinolyl) 3-furoate with alkali metal ethoxides in anhydrous ethanol. The fgdseEthe concentration

of alkali metal ethoxides is linear for the reactions performed in the presence of a complexing agent, 18-crown-
6 ether, but exhibits upward curvatures for the corresponding reactions performed in the absence of the
complexing agent, indicating that the alkali metal ions in this study behave as catalysts. Second-order rate
constants were determined for the reactions with dissociated free etHexideahd with ion paired alkali

metal ethoxidesk&o-m+) from ion pairing treatments. The magnitude of catalytic eflegs-(+/keio-) Was

found to be 1.7, 3.4 and 2.5 for the reaction of 8-(5-nitroquinolyl) 3-furoate, while 1.4, 3.6 and 4.2 for that of
4-nitrophenyl 2-furoate, 1.8, 3.7 and 2.4 for that of 8-(5-nitroquinolyl) benzoate, and 2.0, 9.8 and 9.3 for that
of 8-(5-nitroquinolyl) 2-furoate with EtQ.i*, EtONa" and EtOK™, respectively. A 5-membered chelation at

the leaving group is suggested to be responsible for the catalytic effect shown by alkali metal ions.
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Introduction nitrophenyl diphenylphosphinate with alkali metal aryl-
oxides (ArOM™*) in anhydrous EtOHE These results clearly
Due to importance in biological processes, acyl-groupsuggest that the effect of alkali metal ions is dependent on
transfer reactions have been intensively investigated anthe electrophilic center of the substrate (P=0O ang) @©
their reaction mechanisms have been fairly well underwell as on the type of the nucleophiles (E&Dd ArO).
stood*? In acyl-group transfer reactions, alkali metal ions Recently, we performed nucleophilic substitution reac-
have been reported to act as a Lewis acid catdlfgincel  tions of 4-nitrophenyl 2-furoatel),”® 8-(5-nitroquinolyl)
et al performed the reaction of 4-nitrophenyl diphenyl- benzoate 2)”° and 8-(5-nitroquinolyl) 2-furoate3)’® with
phosphinate with alkali metal ethoxides (B%0) in anhy-  EtO'M in anhydrous EtOH, and found that alkali metal ions
drous ethanol and found that the reaction is significantlyplay as a catalyst in these acyl-group transfer reactions. We
catalyzed by the alkali metal ions in the order>LNa" > expanded our study to the reaction of 8-(5-nitroquinolyl) 3-
K*.% The reaction of 4-nitrophenyl benzenesulfonate withfuroate @) with EtOM™* in anhydrous EtOH in order to get
EtO'M* in anhydrous EtOH was also found to be catalyzedmore information on the role of alkali metal ions on acyl-
by alkali metal ions, however, the catalytic effect wasgroup transfer reactions (Scheme 1).
reported to decrease as the size of alkali metal ion decreases
(e.g, K*>Na' > Li*).¢ Interestingly, we found that alkali Experimental Section
metal ions behave as an inhibitor for the reaction of 4-
Materials. 8-(5-nitroquinolyl) 3-furoate4) was prepared
0 easily from the reaction of 3-furoyl chloride with 5-nitro-8-
@ g quinolinol in anhydrous ether in the presence of trimethyl
o c;-o%;>mo2 Q/ "0 NO, amine. The purity oft was checked by means of mp and its
(”) ) spectral characteristics such as IR dHdNMR spectra.
N\ / Anhydrous ethanol was prepared by the method described in
literature’® The stock solutions of alkali metal ethoxides
were prepared by dissolving the corresponding alkali metal
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in anhydrous ethanol under nitrogen atmosphere. Thed rate constant is estimated to be less than + 3% based on
concentration of alkali metal ethoxides was titrated againsthe results from replicate runs. The kinetic results are
potassium hydrogen phthalate. illustrated in Figure 1. In Figure 2 is demonstrated the effect
Kinetics. The kinetic studies were performed spectro-of added complexing agent, 18-crown-6 ether (18C6), on
photometrically using a Shinco S-1130 model UV-vis kqysfor the reaction oft with EtOK* and EtONa" in EtOH.
spectrophotometer equipped with a Leslab RTE-110 modeThe results of ion pairing treatments of kinetic data are
constant temperature circulating bath to keep the reactiosummarized in Table 2 and demonstrated in Figure 3.
mixture at 25.0 £0.PC. The reactions were followed by
monitoring the appearance of the leaving group at 410 nm. Discussion
Results Effect of Alkali Metal lons on Reaction Rates As
shown in Figure 1, the plot éf,svs[EtO"M™] is linear for
Kinetic studies were performed under pseudo-firstordethe reaction of4 with EtOK™ in the presence of 18C6.
conditions é.g, [4] <<[EtO"M*]), and all the reactions However, the corresponding plot for the reaction with
were obeyed pseudo-first-order kinetics over 90% of totaEtO"M* in the absence of 18C6 exhibits upward curvature as
reactions. Pseudo-first-order rate constdats) (vere deter- the concentration of Ef®M* increases. The degree of up-
mined from the well known equation, INgAA,) = —Kopd + ward curvature increases in the order EiO< EtOK* <
c. In Table 1 are summarizdghs values together with the EtO Na'. Therefore, it is proposed that the reactiod with
experimental conditions for the reactiorofith EtOM™ in EtOM* is catalyzed by alkali metal ions in the order
anhydrous EtOH. The uncertainty in any particular measurki* < K* < Na". Similar nonlinear plots have been reported

Table 1. Experimental conditions and pseudo-first-order rate con-

stants for the reactiod with EtOM* in anhydrous ethanol at
25.0+0.1°C o
M* [EtOM*/10° M kobd102 st
Li* 0.888-8.28 1.57-18.1 201
Na" 0.790-7.64 1.33-21.5 ?
K* 1.20-6.35 2.23-15.0
K*+ 18C6 1.20-5.80 1.88-7.35 _
[18C6)/[EtOK™]=5 »
NO
24 "2 151
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2 - W Figure 2. Effect of added 18C6 on the reactiomafith EtO'Na'
. (O) and EtOK* (@) in anhydrous EtOH at 25.0 + 0°C. ([EtO"
B 4 e Na'] = 7.64x 10° M; [EtOK*] = 7.59x 10 M)
LA
4 ! Table 2. Second-order rate constants ) for various ethoxide
{ﬁ species from ion pair treatment of kinetic data for the reaction of
&! EtO"'M* with 1, 2, 3 and4 in anhydrous ethanol at 25.0 + 0
N i i kewo- keowt  keowar kework+
0 z 4 6 8 1* 24502 354+0.2 843t56  105+3.0
[E1OM] = 107, M 2»  166+01 291+0.1 6.06t0.2 3.96+0.1
. S . . . 3 4.81+0.2 9.81+ 0.7 47.0£0.5 44.8+£0.7
Figure 1. Kinetic data for the reaction$ with EtOL+ ( © ), 4 162401 2744 0.2 5 404+ 0.2 4.00¢ 0.1

EtO'Na" (O ), EtOK" (@ ) and EtOK*+18C6 (O ) in anhydrous

ethanol at 25.0 + 0.9C.

3Data from referenc®’Data from referenc& ‘Data from referenc&
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8 [EtO'K™] becomes near 1, while the steady decreagg,dn
o value on addition of 18C6 for the reaction with EX@
7 Slope =0.584(0), M™s indicates that higher concentration of 18C6 is required to
=0.565(0), M%s™ complex N& ion completely in the reaction of with
—N| ot
5 | =0.365(@), M%s" EtONa.

Dissection of Nucleophilicity of Free and lon Paired
Ethoxides Based on decreasitg,s values on addition of
5 18C6 shown in Figure 2, one can suggest that the present
reaction would proceed with dissociated free E4@d with
ion paired EtOM™ competitively as shown in Scheme 2, in
which K, represents the association constant of alkali metal
ethoxide, eq. (1), whilk:o- andkeo-m+are the second-order
rate constant for the reaction 4fwith free EtO and with
ion paired EtOM*, respectively.

Ka= [EIOM*J[EtO][M*] = [EIOM*J[EIO]2 (1)

intercept =1.61+0.8 M"'s™!

gl 1
ko /[EO M"s

1] Rate =kgio- [EtO] [4] + keio-m+ [EtOM*] [4] 2
kobs = Keto- [EtO] + keto-w+ [ETO'M'] - or
0 ; . — . Kobd[EtO] = keto- + Keketo-w+ [ELOT] )
0 1 2 3 4 5
: 3 One can derive a rate equation as shown in eq. (2). Since
[EtO]1x107, M

the reactions were performed under pseudo-first-order
Figure 3. Plots illustrating dissection of observed rates into rateconditions €.g, [4] << [EtO"M™]), eq. (2) can be simplified
constants due to dissociated and ion paired ethoxide for theéo eq. (3). If the reacion proceeds as shown in Scheme 2, the
reactions oft with EtOLi* (© ), EtONa’ (O) and EtOK™ (@) in plot of kend[EtO] vs [EtO] should be linear. In fact, as
anhydrous EtOH at 25.0 + 0°C. shown in Figure 3, the plot &ud[EtO] vs [EtOT] is linear
for all the alkali metal ethoxides studied, indicating that the
for the reactions of EtM1* with substrated, 2 and 3.”>¢ present reaction proceedsa metal ion catalyzed and
However, the degree of upward curvature has been reporteshcatalyzed processes competitively. Therefore, one can
to increase in the order E#0* < EtO'Na' < EtOK™* forthe  calculatekeo- andKokeio-m+ values from the intercepts and
reaction of1,”® and EtOLi* < EtOK*<EtO'Na" for the slopes of the linear plots, respectively. TKg values of
reactions o2’¢ and3,”® indicating that the order of catalytic EtO'M* in anhydrous EtOH have been reported to be 212,
effect is dependent on substrates. 102 and 90 M for EtO'Li*, EtO'Na" and EtOK*, respec-
In Figure 2 is demonstrated the effect of added 18C6 otively.’° Accordingly, the second-order rate constaat{u-)
the magnitude ok.ps value for the reaction of with EtO for the reaction with ion paired Et®* can be calculated
Na" and EtOK* in anhydrous EtOH. Thieys value for the  using the reporte®, values. Thekgio- and keio-w+ values
reaction of4 with EtOK* decreases sharply on addition of determined in the present reactions are summarized in Table
the complexing agent 18C6, and tkgs value remains 2 together with the correspondikgo- andkeio-m+ values
almost constant when the ratio of [18C6])/[EKOD] exceeds for the reactions df, 2 and3 for a comparison purpose.
about 1. However, théops value for the corresponding It has been generally known that the leaving group ability
reaction with EtONa" decreases steadily until the ratio of increases as the basicity of the leaving group decréases.
[18C6]J/[EtO'Na’l becomes about 2-3. It has been well Since the Ka values of 4-nitrophenol and 5-nitro-8-quin-
known that 18C6 is an effective complexing agent foiol olinol are reported to be 7.1 and 6.0, respectietyne
but less effective in complexing N#on, since the size of might expec8 is more reactive thah However, the results
Na' ion is much smaller than the cavity size of 18Qwis shown in Table 2 are contrary to the expectation. Recently
argument is consistent with the result shown in Figure 2. Theve attributed this unexpected result to the nature of the rate-
sharp decrease kays value for the reaction dfwith EtO'K* determining step (RDS) for the reaction of B¥D with 1
on addition of 18C6 suggests that complexation'abid by ~ and with3.¢ If the leaving group departure occurs after the
18C6 would be completed when the ratio of [18C6]/RDS, the basicity of the leaving group would not influence
the leaving group ability significantly. This argument is
4 + RO 4+ M feo products consistent with our previous proposal in the reaction of
EtO'Na" with a series of substituted phenyl benzoates in
EtOH, in which the nucleofugality of aryloxides was
demonstrated to be poorly correlated with the basicity of
aryloxides'?
We recently demonstrated the reactivity of aryl substituted
Scheme 2 benzoates is governed significantly by the nature of the

Ka

4 + BOM"  —fmon, products
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substituent on the benzoyl moieitg,, an acid strengthening EtOLi*, EtONa" and EtOK®, respectively. Therefore, one
substituent in the benzoyl moiety increases reactivity whilecan suggest that the 5-membered chelation at the acyl
an acid weakening substituent decreases the reactivity tonoiety is responsible for the catalytic effect shown by alkali
ward anionic and neutral nucleophilé$® A similar result  metal ions in the reaction &f
has been reported for hydrolysis of aryl substituted benzo- The leaving group in substrat@s 3 and 4 can make
ates* Substrate®, 3 and4 have a common leaving group. complexes with alkali metal ions as showr2M, 3M and
Accordingly, the effect of leaving group on reactivity of 4M. The complexes shown &M, 3M and4M can increase
these substrates would be absent. However, the acyl moietlye electrophilicity of the carbonyl carbon of these sub-
of these substrates are differemiy, benzoyl, 2-furoyl and strates, and would be responsible for the catalytic effect
3-furoyl for 2, 3 and4, respectively. Thely, of benzoic, 2- shown by M ions. As shown irBM, substrate8 can form
furoic and 3-furoic acid has been reported to be %20, two 5-membered chelations both at the acyl moiety and at
3.16"° and 3.95° respectively. Therefore, one might ex- the leaving group, while the other substrates can make only
pect that the reactivity is in the ord@e 4 > 2. In fact, As  one chelation either at the acyl moiety) or at the leaving
shown in Table 2keo- for the reaction oB is about three group @M and 4M). Since both chelations at the acyl
times larger than those for the reaction® ehd4. But4 is moiety and at the leaving group would increase the electro-
slightly less reactive tha® indicating that the reactivity of philicity of the carbonyl carbon, one might expect the
these substrates is not solely governed by the acidity of theatalytic effect is most significant for the reactiorBafith
acyl moiety. EtO'M™. In fact, the catalytic effect is observed to be largest
The Role of Alkali Metal lons. Table 2 shows th#tio-m+ for the reaction 08, i.e., keio-w+/keio- is 2.0, 9.8 and 9.3 for
values are much larger thd@io- for a given substrate, the reaction with EtQ.i*, EtONa" and EtOK*, respec-
indicating that alkali metal ions catalyze the reaction and thévely. The catalytic effect resulted from the chelation at the
ion paired EtOM™ is more reactive than the dissociated freeacyl moiety L M) is nearly the same as the one resulted from
EtO towardl, 2, 3 and4 in anhydrous EtOH. For example, the chelation at the leaving groupM and 4M) for the
in the reaction ofl, thekgo- value is 1.62 Ms™ while the  reactions with EtQLi* and with EtONa". However, the
ketro-m+ Value changes from 2.74 #8* to 5.49 and 4.00 keiok+/keio- Value for the reaction df is much larger than
M™s? as the metal ion changes front kb N& and K, the ones for the reactions @fand 4, indicating that the
indicating that the catalytic effect increases in the order Licatalytic effect of K ion is more significant in the acyl
<K*"< Na'. This is consistent with the preceding proposalmoiety than in the leaving group.
based on the degree of upward curvature in the pldsof Acknowledgment The authors are grateful for the
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