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Ketene-forming eliminations from CsHi(S)CH-C(O)O-C¢H3-2-X-4-NO- (1) promoted by R-NH in MeCN
have been studied kinetically. The reactions are second-order and exhibit Bronsted £=0.51-0.62 and
| Be|=0.47-0.53. Hence, an E2 mechanism is evident. The Bronsted £ increased from 0.33 to 0.53 and |4,
remained nearly the same by the change of the base-solvent from Bz(i-Pr)NH/Bz(;-Pr)NH:" in 70 mol%
MeCN(aq) to Bz(/-Pr)NH-MeCN, indicating a change to a more symimetrical transition state with similar
extents of Cp-H and C.-OAr bond cleavage. When the Sarvl group was changed from thienyl to phenyl in
MeCN, the Fvalue increased from .53 to 0.73 and | B, decreased from 0.33 to 0.43. This indicates that the
transition state became skewed toward more Cz-H bond breaking with less Ca-OAr bond cleavage.
Noteworthy is the greater double bond stabilizing ability of the thienvl group in the ketene-forming transition
state.
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Introduction

Base catalyzed reactions of arvl phenvlacetates provide a
rich mechanistic diversity raging from hydrolysis to ketene-
forming elimination reactions.’'* Whereas the former is the
major reaction pathway in protic solvents with hydroxide or
alkoxide as the base. the latter becomes predonunant with
anune bases in aprotic solvents. In protic solvents, the
elimination reaction mechanism changes from E2 to Elcb as
the good leaving group 1s made poorer and as the electron
withdrawing ability of the farv] substituent increases. On
the other hand, the E2 mechanism 1s the only mechanistic
pathway 1n aprotic solvents.

Verv recently, we reported the mechanism of elimination
reactions of arvl thienvlacetates [CiH3(S)CH-C(OYOCsH;-2-
X-4-NO: (1)] promoted by R:NH/R:NH-" in 70 mol%
MeCN(aq).’* The reaction proceeded by the E2 mechanism
when X=CF;, NO-. As the leaving group was made poorer
(X=H. OCH;. CD, the E2 transition state became more
skewed toward the proton transfer and the Elcb mechamsm
competed. In contrast. the reactions of aryl phenvlacetates
[PhCH-C(O)YOCsH3-2-X-4-NO- (2)] proceeded via an E2
mechanism under the same condition.”*'® The remarkable
difference between the two reactions was attributed to the
smaller aromatic resonance energy of thiophene than ben-
zene.!” Because the negative charge density at the Scarbon
could be delocalized by the thienvl group, the Elcb inter-
mediate seenied to be stabilized and the Elcb mechamsm
competed.

While tluophene can stabilize the negative charge at the £
carbon. 1t can also stabilize the partial double bond character
m the transition state. The double bond stabilizing ability of
the thienyl group would be more pronounced in aprotic
solvent where the reaction proceeds by the E2 mechanism.
In order to provide an insight into the effect of base-solvent
on the E2 transition state. we have mvestigated the reactions
of arvl thienylacetates promoted by R:NH in MeCN (eq. 1).
Companson with the existing data for the reactions of 1 with
R:NH/R:NH:" n 70 mol% MeCN (aq) and 2 with R-NH n
MeCN reveal the effect of the base-solvent and farvl group
on the ketene-forming eliminations.
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Results and Discussion

Product Study. The product of reaction betiveen 1a and
{-Bu:NH in MeCN was 1dentified by TLC and GC as
before.” The products were N.N-di(isobutyl)thenylamide
and 4-mtrophenoxide. The vield of N.N-di(isobutyl)thenyl-
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Table 1. Rate Constant for ketene-forming elimmation from CHx(SYCHC(O)YOC:Hi-2-X-4-NO,* promoted by R;NH in MeCN at 23.0 °C

kh M—l S—](!‘.e
R:NH’ - — .
Pk X=H((1a) X=0Me(1lb) X=Cl{1¢) X=CF:(1d) X=NO:(1e)
Bz(i-Pr)NH 16.8 0.0212 00172 0.673 1.93 473
-Bu:NH 182 0.124 0.0603 246 6.65 19.7
i-PraNH 18.3 0.309 0.197 6.81 14.1 M7
2.6-DMP 18.9 0.390 0317 12,6 303 62.0

“(Substrate] = 8.0x 10~ M.*[R:NH]=2.0 x 10 to 5.0x 10 M. ‘Reference 19. “Average of three or more rate constants. ‘Estimated uncertainty, 3%,

‘eis-2.6-Dimethylpiperidine.

Table 2. Bronsted £ values for elimination trom C sHa( SYCHAC(O)OC:H;5-2-X-4-NO1 promoted by RaNH in MeCN at 25.0 °C

X=H(1a) X=0Me (1h) X=Cl{1¢) X=CF:(1d) X=NQ:(1le)
PR 207 20.6 18.1 17.0 16.0
yil 0.62+0.03 0.39+0.11 0.58+0.10 0.53+0.09 0.51+0.04

“Reference 20.

anude determined by GC was 91%. For reactions of 1a-e
with RaNH i MeCN, the vields of arvloxides as determined
by comparing the UV absorption of the infmity sample of
the kinetic runs with those of the authentic arvloxides were
in the range 94-98%.

The possibility of competition by the aminolysis reaction
has been ruled out as before.'*'® The k.® values for the
reactions of 1a and 1e with 2,6-DMP m MeCN are 0.390
and 62.0 M~'s™!, respectively (Table 1). The values are much
larger (> 150-fold) than A-=0 and 0.292 M™'s”’ reported for
the aminolysis of 4-nitro- and 2.4-dinitrophenyl butyrates.”*
Because steric effects of the thenyl and butvl groups are
expected to be similar.' the aminolysis of 1a and 1e should
proceed at comparable rates to those of the former. This
would predict that the ketene-forming elimination should be
the predominant reaction pathway under the condition
enmploved i this study.

Kinetic Study. The rates of elimination reactions were
followed by monitoring the increase in the absorption at the
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Figure 1. Bronsted plots for the elmmation from CHa(S) CHxC-
(0)YOCHa-2-X-4-NO» promoted by R-NH in MeCN at 25.0 °C.
X=H(la, @), OMe(1b, ®),Cl(1c, 4),CF1(1d, ¥), NOs(le, #).

Amax for the arvloxides in the range of 411-448 nm. In all
cases. clean 1sosbestic points were noted in the range of 289-
300 nm. Excellent pseudo-first-order kinetic plots which
covered at least three half-lives were obtained. The plots of
the k., against base concentration are straight lines passing
through the origin. indicating that the reactions are second-
order, first order to the substrate and first order to the base
(plots not shown). The slopes of the plots are the overall
second-order rate constants 4>. Values of 4> for elminations
from 1a-e are summarized in Table 1.

Table 3. Bronsted £, values tor elimination trom C4Hs(S)CH2C-
(O)0CH5-2-X-4-NO- promoted by RaNH in MeCN at 25.0 °C

R:NH Bz(-Pr)NH  -Buw.NH i-PraNH 2.6-DMP?
pAS 16.8 18.2 18.5 18.9
B -0.53+0.03 -051+£0.03 -047+0.04 -0.50+0.03
“Reference 19, teis-2.6-Dimethvlpiperidine.
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Figure 2. Plots log /> versus pKy, values of the leaving group for
the elimination from C,HxS)XCH;C(OYOC;H3-2-X-4-NO; (1a-e)
promoted by RaNH in MeCN at 25.0 “C. R:NH = Bz(:-Pr)NH (@),
-Bu:NH (@), :-Pr:-NH (A ). 2.6-DMP (7).
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Table 4. Effect of the solvent and SArvl Group on the Ketene-
Forming E2 Reaction of ArCH2CO-C;H3-2-CF3-4-NO» Promoted
bv R-NH in MeCN at 25.0 °C

Ar= thienyl” Ar=thienyl  Ar=phenyl

base-solvent R:NH/R:NH:* in  R:NH-MeCN R:NH-MeCN
70 mol% MeCN(aq)

rel. rate (4-F)¢ 1.0 1.1 0.03°

yi) 0.33+0.05 0534009 0.73+£005°

A -049+0.04 -0.53+0.03 -043°

AH?, keal/mol 6.8+0.3 44403 5006

AST eu -344+28 -424+12 -d6.1x1.7

“Reference 15. Reference 14. ‘Reference 23. “RaNH = Bz(i-Pr)NH.

Bronsted plots for eliminatons from 1a-e are depicted in
Figure 1. The plots are linear with good correlations. The £
values are m the range of 0.62-0.5]1 and decrease as the
leaving group ability of the arvloxide increases (Table 2).
Similarly. the elimination rates determined with different
leaving groups correlated reasonably well with the leaving
group pKy values (Figure 2). The £ values are in the range
0.47-0.53 and remain nearly the same regardless of the base
strength (Table 3).

Rates of elimination from 1d promoted by Bz(;-Pr)NH
were measured at three temperatures spanmng 20 °C.
Arthenius plots exhibited excellent linearity (plots not
shown). Calculated enthalpies and entropies of activation are
summarized in Table 4.

Mechanism of Elimination. Results of kinetic inves-
tigations and product studies clearly establish that the
reactions of 1 with R-NH in MeCN proceed by the E2
mechanism. Because the possibilityv of competing ami-
nolysis 1s ruled out and the ketene-forming elimination
reaction exhibited second-order kinetics. all but bimolecular
pathways can be ruled out. In addition. an Elcb mechamsm
is negated by the substantial values of #and |Sg.>"* This
conclusion is supported by the interaction coefficients. Table
2 shows that the Bronsted /£ values for RaNH-promoted
eliminations from 1 decrease gradually as the leaving group
is made more nucleofugic. This effect corresponds to a
positive p. interaction coefficient. p.=dff Ky, which
describes the interaction between the base catalyst and the
leaving group.”'>> The positive py, coefficients are incon-
sistent with an Elcb mechanism for which py =0 is expect-
ed. but provide additional support for the concerted E2
mechanism ==

Effect of Base-Solvent. Table 4 shows the relative rates
and transition state parameters for R-NH-promoted elimina-
tions of ArCH~COC¢H;-2-CF3-4-NOs. The rate of elimina-
tion from 1 increased slightly when the base-solvent system
was changed from Bz(i-Pr)NH/Bz(i-Pr)NH-™ in 70 mol%
MeCN(aq) to Bz(/-Pr)NH-MeCN. The Brénsted [} increased
from 0.33 to 0.33 and |/,| remained nearly the same by the
variation of the base-solvent system, iuicating that the
transition state structure became more symmetrical with
similar extents of Cs-H and C.~OAr bond cleavage. This
result can be attributed to a solvent effect. Since the negative
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charge density developed at the f-carbon and arvloxide in
the transiion state cannot be stabilized by solvation
MeCN, El- or Elcb-like transition state would be destabi-
lized and a symmetric transition state with maximum charge
dispersal becomes the favored alternative. This interpre-
tation is consistent with the smaller AH* and more negative
AS* determined with Bz(7-Pr)NH-MeCN as the base-solvent
system. As the partial double bond character developed in
the transition state can be stabilized by resonance with the £
thienyl group. the enthalpy of activation should decrease. In
addition, the entropy of activation should decrease because
large solvent reorganization would be required to solvate the
partial negative charge developed in the transition state with
an aprotic solvent. A similar result was observed m the
reactions of aryl phenylacetates under the same conditions.'?

Effect of AAryl group. When the farvl group was
changed from thienyl to phenyl m MeCN. the rate decreased
by more than 30-fold. In addition. the £ value increased
from 0.53 to 0.73. and |f| decreased from 0.33 to 0.43
(Table 4). This indicates that the transition state structure
became more skewed toward the Cg-H bond cleavage with
less Co~OAr bond cleavage by the f-arvl group vanation.
This 1s again consistent with the greater double bond
stabilizing ability of the tluenyl than phenyl group (vide
supra). If the phenyl group camnot stabilize the partial
double bond character by resonance as much as the thienyl
group. the partial negative charge developed at the f-carbon
n the transition state cannot be transferred toward the -
carbon as efficiently as in the thienyl derivative. This would
predict that unsymmetrical transition state with larger Cg-H
bond cleavage and smaller C.-OAr bond breaking will be
more favored altemative. Consistently. the enthalpy of
activation 1s higher due to the less partial double bond
formation, while the entropy of activation 1s shightly more
negative probably because more solvent reorganization may
be necessary to solvate the more negatively charged transi-
tion state.

In conclusion. we have studied elimination reactions from
1 promoted by R:-NH-MeCN. The reactions proceed by the
E2 mechanism via an E2-cental transition. Noteworthy is the
greater double bond stabilizing ability of the thieny] group in
the ketene-forming transition state.

Experimental Section

Materials. Aryl thienvlacetates 1 were available from
previous investigations'® Reagent grade acetonitrile and
secondary amine were fractionally distilled from CaHa.

Kinetic Studies. Reactions of 1 with R-NH m MeCN were
followed by momtoring the increase in the absorbance of the
aryloxides at 411-448 nm with a UV-vis spectrophotometer
as described.**

Product Studies. The products were also identified by
periodically momtoring the UV absorption of the reactions
mixtures under the reaction condition. For all reactions. the
absorbance corresponding to the reactants decreased at 240-
260 nm and those for the products increased at 411-448 nmn
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as the reactions proceeded. The UV spectra of the products
were identified to those of the arvloxides. Clean isobestic
points were observed at 289, 289. 300. 295. and 300 nm for
the reaction 1a-e, respectively. The vields of the arvloxides
determined by comparing the absorbance of the infinity
samples from the kinetic studies with those of the authentic
arvloxides were in the range of 94-98%.

The products of reactions of 1a with /-Bu;NH in MeCN
were identified by using more concentrated solutions and
gas chromatographic analvsis as described previously. ™ The
N N-di(isobutythenylaniide was obtamed m 91% vield.

Control Experiments. The stabiliies of la-e were
determined as reported.’*’® Solutions of arv] thienvlacetates
1a-d were stable for at least 2 weeks in MeCN solution at
room temperature. However. the solution of 1e was stable
for only 3 days.
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