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Ketene-forming eliminations from ArCi€0,CgHs-2-X-4-NO, (Ar = thienyl, 1) promoted by RNH/

R:NH>" in 70 mol % MeCN(aq) have been studied kinetically. Wher=>)CF; and NQ, the reactions

exhibit second-order kinetics as well @s= 0.30-0.64 and 34| = 0.31-0.52 that decrease with a better
leaving group. Hence, an E2 mechanism is evident. As the leaving group is made poerét, (RCH;,

and ClI), E2 transition state becomes more skewed toward the proton transfer, as revealed by the increase
in Bronstedp to 0.5-0.64, and the E1lcb mechanism competes. The changes ka aémelk_./k; values

with the reactant structure variation provide additional support for the competing E1cb mechanism. By
comparing with existing data for 4-Y{#8,CH,CO,CeH3-2-X-4-NO,, the effect of-aryl group on ketene-

forming elimination is assessed.

Extensive studies of ketene-forming elimination reactions reactions.~1° However, the rates and the E2 transition states
have revealed mechanistic diversity in the E2 and Elcb were insensitive to the change of tBearyl group from Ph to
borderlinel~® The mechanism changed from E2 to Elcb via thienyl to furyl. The only significant difference was the smaller
the competing E2 and Elcb mechanisms as the good leavingsteric effect observed for the imine-forming elimination from
group was made poorer and as the electron-withdrawing ability ArCH,N(X)R when Ar= thienyl >19We thought that the effect
of the $-aryl substituent increased. of g-aryl group might be more pronounced in the ketene- than

Earlier, we investigated the effects of heterocyclic aromatic in the nitrile- and imine-forming eliminations for the following
compounds on the nitrile- and imine-forming elimination reasons: (1) the partial double bond character in the ketene-

forming transition state may be better stabilized by faryl

* To whom correspondence should be addressed. Tel: 82-51-620-6383; fax: 9roup because the orbitals are composed of the p-orbitals of

82}5&'628'5147' ) carbon atoms rather than those of carbon and nitrogen atoms
ipgrkf,%ng”&’:{;% University. and (2) the heterocyclic groups may facilitate the mechanism
(1) Pyun, S. Y.; Cho, B. RBull. Korean Chem. So@005 26, 1017- change from E2 to Elcb by stabilizing the negative charge at
1024. thes-carbon. To assess the relative importance of these factors,
(2) Cho, B. R.; Kim, Y. K.; Maing Yoon, C. QJ. Am. Chem. So4997,
119, 691-697.
(3) Cho, B. R.; Kim, Y. K.; Seong, Y. J.; Pyun, S. ¥. Org. Chem. (7) Cho, B. R.; Cho, N. S.; Song, S. H.; Lee, S.XOrg. Chem1998
200Q 65, 1239-1241. 63, 8304-8309.
(4) Cho, B. R.; Kim, N. S; Kim, Y. K.; Son, K. HJ. Chem. Soc., Perkin (8) Cho, B. R.; Cho, N. S.; Chung, H. $.0rg. Chem1998 63, 4685-
Trans. 22000 1419-1423. 4690.
(5) Cho, B. R.; Jeong, H. C.; Seong, Y. J.; Pyun, SJYOrg. Chem. (9) Bartsch, R. A.; Cho, B. RJ. Am. Chem. Sod989 111, 2252~
2002 67, 5232-5238. 2257.
(6) Pyun, S. Y.; Lee, D. C.; Kim, J. C.; Cho, B. Rrg. Biomol. Chem. (10) Pyun, S. Y.; Lee, D. C.; Cho, B. B. Org. Chem2005 70, 5327
2003 1, 2734-2738. 5330.
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TABLE 1. Rate Constant for Ketene-Forming Elimination from ArCH »CO,CgH3-2-X-4-NO,2P Promoted by RoNH/R,NH,*t in 70 mol %

MeCN(aqg)+d at 25.0°C

10PkE, M~ts lgh

RoNHe pK.f X = H (1a) X = OMe (1b)i X = Cl (10) X = CF3(1d) X =NO, (18
Bz(i-Pr)NH 16.8 0.235 0.202 46.0 186 478
i-BuNH 18.2 1.27 1.28 85.8 488 1020
i-PLNH 185 4.48 2.22 282 587 1260
2,6-DMPX 18.9 4.40 3.85 446 1040 2490

@ Ar = thienyl. ® [Substrate}= 3.0 x 1075 M. ¢[RoNH]/[R2NH;"] = 1.0 except as otherwise notetls = 0.1 (BuN*Br~). ®[R,NH] = 8.0 x 107 to
5.0 x 102 M. fReference 149 Average of three or more rate constaritEstimated uncertainty-5%. ' Calculated from thekops by using eq 21 kF =

0.0180 Mt s~ when [RNH]/[R2NH>] = 2.0. kcis-2,6-Dimethylpiperidine.

we have investigated the reactions of aryl thienylacetdtes (

€) promoted by RNH/R;NH,* in 70 mol % MeCN(aq) (eq 1).

It is well-established that the reactions of 4-sHZCH,CO,CgH3-
2-X-4-NO; [Y = H (2), NO; (3)] with RzNH in MeCN and
RoNH/R:NH,™ in 70 mol % MeCN(aq) proceed by the ketene-
forming elimination followed by the additioh® Compared to
the aminolysis op-nitrophenyl- and 2,4-dinitrohphenyl acetates
in water!! the aminolysis ofla and1e with R;NH/R;NH,™ in

70 mol % MeCN(aq) would be retarded because the zwitterionic
tetrahedral intermediate would be destabilized by the less protic
solvents and the elimination reaction would be facilitated by
the increased acidity of theg€H bond and the increased
basicity of the amine bases. Hence, the reactiorisaefe with
RoNH/R;NH,™ in 70 mol % MeCN(aq) should proceed by the
elimination reaction pathway. Comparison with the existing data
for 2 and 3 reveals the influence of thg-aryl group on the
ketene-forming elimination&®

s Q
Q—CHZCOQ
! X

X = H (a), OCHj (b), Cl (c), CF3 (d), NO, (e)
RoNH = Bz(i-Pr)NH, i-Bu,NH, i-Pr,NH, 2,6-DMP

NO: f—
> + Ry;NH/RyNH, 70 mol%
MeCN(aq)

S
@—EIZCZO (1)

+ _OQNOZ

X

Results

Aryl thienylacetateda—e were synthesized by the reaction

between 2-thiopheneacetic acid, substituted phenols, 2-chloro-

1-methyl pyridinium, and BN in CH,Cl, as reported:2 The
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FIGURE 1. Plots ofk.ps versus base concentration for eliminations
from 2-trifluoromethyl-4-nitrophenyl thienylacetatéd, W) and 2,4-
dinitrophenyl thienylacetatel & @) promoted byi-Bu,NH/i-Bu,NH,"

in 70 mol % MeCN(aq) at 25.0C. [i-Bu,NH]/[i-Bu,NH;"] = 1.0,
u=0.10 M (BuN"Br).

are expected to be similafthe aminolysis oflaandleshould
proceed at comparable rates to those of the fofidis would
predict that the ketene-forming elimination should be the
predominant reaction pathway under the condition employed
in this study. In addition, all compounds were stable for at least
3 days in 70 mol % MeCN(aq), indicating that the solvolytic

spectral and analytical data for the compounds were consistentelimination is negligible.

with the proposed structures.

The products of betweeha andi-Bu,NH/i-BuNH;" in 70
mol % MeCN(aq) were identified by thin-layer chromatography
(TLC) and gas chromatography (GC) as befbiithe products
were N,N-di(isobutyl)thenylamide and 4-nitrophenoxide. The
yield of N,N-di(isobutyl)thenylamide determined by GC was
86%. For all reactions, the yields of aryloxides determined by
comparing the infinity absorption of the samples from the kinetic
studies with those of the authentic aryloxides were in the range
of 96—99%.

The possibility of competition by the aminolysis reaction has
been ruled out as befofé.The k:F values for the reactions of
laandlewith 2,6-DMP/2,6-DMPH in 70 mol % MeCN(aq)
are 0.0440 and 24.9 M s71, respectively (Table 1). The values
are much larger=100-fold) thank, = 0 and 0.250 M! s1
reported for the aminolysis of 4-nitro- and 2,4-dinitrophenyl
butyrates’ Because steric effects of the thenyl and butyl groups

(11) Satterthwait, A. C.; Jencks, W.1.Am. Chem. So&974 96, 7018
7031.

(12) Saigo, K.; Usui, M.; Kikuchi, K.; Shimada, E.; Mukaiyama,Bull.
Chem. Soc. Jpril977 50, 1863-1866.

The rates of elimination reactions were followed by monitor-
ing the increase in the absorption at thgx for the aryloxides
in the range of 4006426 nm. In all cases, clean isosbestic points
were noted in the range of 29352 nm. Excellent pseudo-
first-order kinetic plots which covered at least three half-lives
were obtained. The rate constants are summarized in Tables
S1-S4 in the Supporting Information.

For the reactions ofld and 1e with R,NH/R;NH,™ in 70
mol % MeCN(aq), the plots df.ns versus base concentration
were straight lines passing through the origin, indicating that
the reactions are second-order, first-order to the substrate and
first-order to the base (Figure 1 and Figures-SB). The slopes
of the plots are the overall second-order rate constksfts
Values ofkzE for eliminations fromld andle are summarized
in Table 1. The rate increases as the leaving group ability and
the K, value of the promoting base are increased. On the other
hand, the corresponding plots fba—c were curves at low base
concentration and became straight lines at higher base concen-
tration (Figures 2 and S4S15). The data were analyzed by

(13) Charton, MJ. Am. Chem. S0d.975 97, 1552-1556.
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FIGURE 2. Plots ofkss versus base concentration for eliminations  piguREe 3. Brénsted plots for théE pathways for eliminations from
from pnit'rophenyl thienylacetatel ) promoted by Bz¢Pr)NH/Bz(- ArCH,CO,CeHs-2-X-4-NO; (Ar = thienyl) promoted by BNH/RNH;*
F’I’)NHzJr in 70 mol % MeCN(aq) at 25.0C, BZ@—PI’)NH/BZG—PF)— in 70 mol % MeCN(aq) at 25.0C, [RzNH]/[RzNHzﬂ — 1.0,/,{ —
NH," = 1.0, #« = 0.1 M (BwN*Br~). The closed circles are the 0.1(BuN'Br). X = H (1a W), OMe (b, ®), Cl (1c, 4), CFs (1d,
experimental data and the solid line shows the fitted curve by using eq yy ‘NO, (1 D).

2 (see text). The curve is dissected into the E2 and Elcb reaction

components (dashed lines). .
P ( ines) values for the reaction dfa have been measured at,[{RH]/

TABLE 2. The k; and k-1/k, Values for Elimination from [R2NH,™] = 2.0. At a given base concentration, thgs is
ArCH 2COzCeHd3-2-X-4-’:|Oza'b Promoted by R:NH/RzNHz* in 70 mol always larger at a higher buffer ratio, as expected from eq 2
% MeCN(aq)*“ at 25.0°C (Table S2). In addition, the rate data showed excellent correla-
ki,M~1s1ef 10 %k-1/kp, M~1@ tions with eq 2 (Figure S7). Moreover, the valueskgf, ki,

RoNH 1a 1b 1c 1a 1b 1c and k_1/k; are nearly the same regardless of the buffer ratio
B2(-PONH 0528 0183 0770 211 121 ooeos (1ables 1 and 2).
i-BuoNH 114 0627 235 119 1.26  0.0266 Bronsted plots for thé, pathways ofla—e are depicted in
i-PrNH 158 0936 273 0250 0.289 0.119 Figure 3. For all compounds, the plots are linear with good
26-DMP" 236 145 347 0369 0480 00719  cqoprelations. Thes values are in the range of 0.30.64 and

a-d See Table 1 for footnote8 Calculated fromkossby using eq 2f The increase as the leaving group ability of the aryloxide decreases
slopes of the plots of log, versus [ of the bases folla—c are 0.30+ (Table 3). Thek; increases and thie_y/k; ratio decreases with
0.04, 0.42+ 0.02, and 0.32 0.02, respectivelyl ky = 1.18 M s and a stronger base (Table 2). When the leaving group is changed
k-i/ky = 1.22 x 10® M1, respectively, when [BNH]/[R:NH2] = 2.0. !
h ¢is-2,6-Dimethylpiperidine. to a better one, th&; scatters and th& y/k; ratio decreases

gradually. The plots of lod; versus K, values of base are

. . traight lines (Figures S16). The slopes of the plotslfarc

%S:é‘r:g'r:‘igrﬂft(égezr;ad'on proceeds by concurrent E2 and Elcty ‘X071 0.04, 0.42+ 0.02, and 0.32+ 0.02, respectively
The plots were dissected into the E2 and Elcb reaction (Table 2). e i

components, ank:E, ki, andk_1/k; values that best fit with eq The plots ofk" values forla—e against the Kiq values of

2 were calculated. In all cases, the correlations between theth® leaving group are depicted in Figure 4. The rate data show

calculated and the experimental data were excellent. Calculategd©0d correlations with the straight lines, if the dataIarand

values ofk:E, k;, andk_/k, for 1a—c are summarized in Tables b are excluded. Therefore, tifig values were calculated from
1 and 2. the straight lines without the data fbaandb. The|S)y| values

are in the range of 0.310.52 and show a decreasing trend with
koE[B] a stronger base (Table 4).
To provide additional evidence for a competing Elcb
mechanism, an HD exchange experiment was carried out by
mixing 1a—c with i-BuaNH/i-Bu;NH," in 70 mol % MeCN-

Q kq[B] -9 _ o ,
ArCH oA B enbonr AC—C—0 + AG 30% D,O at 25.0°C in an nuclear magnetic resonance (NMR)
k4[BH] tube. The NMR spectrum taken immediately after mixing

kika[B] indicated complete HD exchange at thg-carbon.

Kobs = koF[B] + (2

Ka[BH'] + ky
o o Discussion
The possibility of the buffer association as the cause of the

curvature was ruled out by the straight lines observed in the Mechanism of Eliminations from 1. Results of kinetic
plots ofkspsversus [base] for the reactionstaf andle (Figures investigations and product studies reveal that the reactions of
1 and S1-S3). Also, the possibility that the salt effect may have 1d andlewith R;NH—R;NH," in 70 mol % MeCN(aq) proceed
caused the steady increase inkhgat higher base concentration by the E2 mechanism. The reactions produce elimination
is negated because the ionic strength is maintained to be 0.1Qroducts and exhibit second-order kinetics, negating all but
M with BusN*Br~. To assess the effect of buffer ratio, thgs bimolecular pathways. In addition, an E1cb mechanism is ruled

1100 J. Org. Chem.Vol. 72, No. 4, 2007
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TABLE 3. Bronstedf Values for the k& Pathways for Eliminations from ArCH ,CO,CgH3-2-X-4-NO22 Promoted by R,NH/R,NH2" in 70 mol
% MeCN(aq)®bc at 25.0°C

X =H (1a) X = OMe (1b) X =Cl (19 X = CFs(1d) X =NO; (18
PKgd 20.7 20.6 18.1 17.0 16.0
b 0.64 0.09e 0.60k 0.02e 0.5+ 0.1e 0.33£0.05 0.304 0.07

aAr = thienyl. P [Ro;NH]/[RoNH2™] = 1.0.¢u = 0.1 (BwNTBr-).  Reference 15¢kJF values calculated from thiey,s by using eq 2 have been used.

TABLE 4. pig Values for the koF Pathways for Eliminations from

ArCH ,COOCgH3-2-X-4-NOz2 Promoted by R,NH/R;NH3™ in 70 mol

i % MeCN(aq)P< at 25.0°C

RoNH  Bz(i-Pr)NH i-BuNH i-Pr,NH 2,6-DMP!

04 pKa 16.8 18.2 185 18.9

Pig —0.494+0.04 -0.52+0.11 —-0.31+0.01 -0.36+0.01
aAr = thienyl. P [RoNH]/[RoNH2t] = 1.0.¢u = 0.1 (BwN*Br). dcis-

14 2,6-Dimethylpiperidine.

Iogk2E

with [RoNH]/[R2NH;*] increases upon change of the buffer ratio
24 from 1.0 to 2.0, as expected from eq 2 (Table S2). Furthermore,
the calculated rate constants for the E2 and Elcb pathways
- provide additional evidence for this mechanistic duality. (1) The
3 S koF values forla—c nicely fit in the trend observed fdrd and

le that is, thek,F of 1a—e increases with a stronger base and
a better leaving group (Table 1). The only exception to this
trend is the faster rate dfathanlb, which can be attributed to

FIGURE 4. Plots logksF versus K4 values of the leaving group for

thekF pathways for eliminations from ArC4£0,CeHz-2-X-4-NO, (Ar the smaller leaving group steric effect. (2) The increase in the
= thienyl) promoted by BNH/R;NH* in 70 mol % MeCN(aq) at 25.0 ki value with a stronger base is consistent with what would be
°C, [RANH[/[R2NH2*] = 1.0, = 0.1(BuN*Br™). R:NH = Bz(i-Pr)- expected for the deprotonation step (Table 2). For a given base,

NH(m), -Bu:NH(®), i-P.NH(4), 2,6-DMP(). the ky values of la—1c are scattered as they should be

independent for the leaving group variation. In addition, the
slopes of the plots of lo@; versus [K, of the bases fola—c

are in the range of 0.360.42, which is again consistent because
the transition state for this step should be reactant-like (see
footnote in Table 2). (3) Foir-Bu,NH-promoted elimination

from 1a, the small decrease kgF andk; values with the increase

in the buffer ratio from 1 to 2 can be attributed to the modest
decrease in the basicity because of the enhanced hydrogen
bonding between the base and the excess conjugate acid (Tables
1 and 2). The decrease in tke/k; value by the same variation

out by the substantial values fand|fi4|.151” Moreover, the

B values of thek.F processes fota—e increase with a poorer
leaving group (Table 3). This effect corresponds to a positive
pxy interaction coefficientpyy = 9p/9pKig, which describes the
interaction between the base catalyst and the leaving dfolp.
Furthermore, the observed increase in |figl values with a
weaker base is another manifestation of this effect, thaugs,

= 0fig/opKen > O (Table 4). The positive interaction coef-

ficients, that is,py = 98/dpKig = 9ig/0pKen > O, provide of the buffer ratio is reasonable becatsBu,NH,™ would

additional evidence for the E2 mechanism (vide intfe. stabilize the carbanion intermediate to decrdagemore than

On the other hand, the plots dips versus the base  k, because the second step involves a higher energy barrier. (4)
concentration for the reactions @&—c with R.NH—RoNH," The decrease in the 1/k, values in the ordeta~ 1b > 1cis
in 70 mol % MeCN(aq) were curves at low buffer concentration a|so consistent (Table 2). Thke; should be relatively insensitive
and became straight lines at [buffer]0.008-0.05 M (Figures  to the leaving group variation, whereks should increase in
2 and S4-S15). Similar results were observed for eliminations the orderla~ 1b < 1c. A combination of these factors would
from 3 under the same condition and were ascribed to the pe to decrease tHe 1/k; values. (5) The increase in tlkes/ky
concurrent E2 and E1cb mechanishisThere is convincing  ratio with a weaker base can also be explained similarly. The
evidence in support of this mechanistic duality. First, all rate k_; value should increase with the acidity ofNtH,*, although
data show excellent correlations with eq 2, thatkigs = k= k. should be independent of the base strength. This predicts an
[B] + kike[BJ/(k-1[BH*] + ko) (Figures 2 and S4S15). The  increase in theé_1/k, ratio with the weaker base. The smaller
shapes of the dissected lines are typical for the E2 and Elcbyalue ofk_y/k; for i-PLNH/i-PLNH,* than expected from the

mechanisms. In addition, theps value for the reaction ofa pK, value can be attributed to the base steric effect. Because
i-PLNH," is sterically more hindered than others, it should
(14) Cho, B. R.; Lee, S. J.; Kim, Y. KI. Org. Chem1995 60, 2072~ decreasd; without changingk; to decreasé_i/k,. Also, the
2076. scattered values &f 1/k, for 1c may be due to the experimental
ggg ngg’e% ﬁ-';ﬁé{gﬁégggﬁ-’ gr%ﬂggﬁg‘r;igg?aﬁ d4T5r:e902ry norganic  €1MOrS caused by the small contribution of the Elcb pathway
Chemistry Harper and Row: New York, 1987; pp 23218, 591560, (Figures S12-S15).
and 646-644. Finally, the NMR spectra taken immediately after mixing

(17) Gandler, J. RThe Chemistry of Double Bonded Functional Groups; T . e
Patai, S., Ed.. John Wiley and Sons: Chichester, United Kingdom, 1989; 1&—C With i-Bu,NH/i-BuzNH,™ in 70 mol %-30% D,O at

Vol. 2, part 1, pp 734797. 25.0 °C indicated complete absence of the protons on the

J. Org. ChemVol. 72, No. 4, 2007 1101
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TABLE 5. Effect of g-Aryl Group on the Ketene-Forming nitrophenyl group. This result underlines the carbanion stabiliz-
Eliminations from ArCH >,CO2CgH4-4-NO, Promoted by R:NH/ ing ability of the thienyl group.
RoNH,+ Buffers in 70 mol % MeCN(aq) at 25.0°C

Ar = thienyl Ar = phenyl Ar = p-nitrophenyl
(1a) 2 3)°

Experimental Section

lrjel- rate f5)° é 64t 0.0 %-77& 0.03¢ 07 37 o001 Materials. Aryl thienylacetated were synthesized by reacting

5 —'0.491'0.01 _0.'433 : —'0.21£0.01 2-thiophenacetic acid, substituted phenols, 2-chloro-1-methylpyri-
klg 0528 11.7 dinium iodide, and triethylamine in Gi&l, under nitroger?:12The
k_1/ko 2105 560 yield (%), IR (KBr, G=0, cnt?), 1H NMR (400 MHz, CDC},

Jvalues are in Hz)}3C NMR (100 MHz), and mass spectral data
for the new compounds are as follows.
p-Nitrophenyl Thienylacetate (1a).Yield 62%; IR 1762;H
NMR 6 4.13 (s, 2H), 7.02 (dd) = 3.50, 5.12, 1H), 7.05 (d] =
B-carbon. All of these results provide strong evidence that 3.50, 1H), 7.29 (m, 3H), 8.27 (d,= 9.12, 2H);*3C NMR 6 35.5,
elimination fromla—c promoted by BNH/R,NH,* in 70 mol 122.3,125.2,25.7,127.1, 127.5, 133.4, 145.5, 155.3, 167.9; HRMS-
% MeCN(ag) proceeds by the concurrent E2 and Elcb mech-(ED: Mz calcd for GoHsNO,S 263.0252, found 263.0255.
anisms. 2-Methoxy-4-nitrophenyl thienylacetate (1b).Yield 70%; IR
1772;'H NMR 6 3.89 (s, 3H), 4.14 (s, 2H), 7.01 (dd,= 3.48,
Interestingly, théwF values forlaandb show large negative 512 1H), 7.21 (dJ = 8.60, 1H), 7.28 (ddJ = 5.12, 1.34, 1H),
deviations in Figure 4. This could be because the extents of 7.82 (d,J = 2.42, 1H), 7.87 (dd) = 2.42, 8.60, 1H)3C NMR ¢
C.—OAr bond cleavages are smaller than thosdofe. The 35.0, 56.4, 107.7, 116.4, 123.1, 125.5, 127.0, 127.4, 133.7. 144.9,
transition state would then be destabilized because of thel46.4, 151.6, 167.6; HRMS (ENmz calcd for GaH1NOsS
difficulty of the charge transfer from the to thea-carbon, to ~ 293-0358, found 293.0359. _
decrease the degree of double bond character and the rate. In 2-(?1r1loro-4-n|trophenyl thienylacetate (1c). Yield 61%; IR
addition, the Bfastedf values increase by 2-fold from 0.30 17821 NMR 6 4.18 (s, 2H), 7.02 (4 = 3.42, 1H), 7.08 (dJ =

L 3.42, 1H), 7.29 (ddJ = 1.32, 5.12, 1H), 7.34 = 8.88, 1H),
0.33 t0 0.66-0.64 by the same variation of the reactant structure, g 17 (dd)J — 2'7(2 é].88 1H), 8.35 (dl l 272 (10:14).13(; NMRa)

indicating a sharp increase in the proton transfer (Table 3). 35.0,123.1, 124.2, 125.7, 126.0, 127.0, 127.7, 128.3, 133.0, 145.8,
Hence, an abrupt change of the E2 transition state is indicated151.9, 167.1; HRMS(EI)wz calcd for G,HgCINO,S 296.9863,

by the change fromic—e to 1a andb. A similar result was found 296.9861.

observed fo under the same conditidmAt present, the origin 2-Trifluoromethyl-4-nitrophenyl Thienylacetate (1d). Yield

of this abrupt change is not clear. Nevertheless, this result 65%; IR 1782;'H NMR ¢ 4.17 (s, 2H), 7.02 (dd) = 3.24, 4.84,
indicates unusual sensitivity of the E2 transition state to the 1H), 705 (dJ=3.76, 1H),7.29 (dd) = 1.08, 4.84, 1H), 7.49 (d,

. , J=9.12, 1H), 8.45 (ddJ = 2.68, 8.60, 1H), 8.57 (d] = 2.68,
reactant structure in the borderline between the E2 and Ele'lH); 13C NMR 6 35.0, 120.2, 123.0, 125.5, 125.8, 127.2. 127.8,

Effect of the g-Aryl Group on the Ketene-Forming 128.2, 132.6, 145.0, 152.7, 167.4; LRMS (@BhWz 331(20)[M]',
Transition State. Table 5 shows that the rates, and |Sig| 124(4), 97(100); HRMS (El}n/z calcd for GsHgFsNO,S 331.0126,
values, for the E2 reactions @& and?2 are similar, indicating ~ found 331.0131.
similar transition-state structures. The most important finding  2,4-Dinitrophenyl Thienylacetate (1e).Yield 45%; IR 1788;
in this study is thatla reacts by competing E2 and Eicb "HNMR 6 4.23 (s, 2H), 7.02 (dd) = 3.42, 5.14, 1H), 7.08 (d,
mechanisms, where&sreacts by the E2 mechanism. Because J =3.42, 1H), 7'_29 (ddJ = 1.04, 5.14, 1H), Z'48 (@ = 8,'88’

: ) . 1H), 8.51 (dd,J = 2.74, 8.88, 1H), 8.97 (dJ = 2.74, 1H);13C
the negative charge density at fiiearbon can be delocalized Ny ¢ 35.0,120.2, 123.0, 125.5, 125.8, 127.2, 127.8, 128.2, 132.6,
by the thienyl group, the Elcb intermediate seems to be 1450, 152.7, 167.4; HRMS(Emz calcd for GoHgN,0S
stabilized and the Elcb mechanism competes. This indicates308.0126, found 308.0123.
the stronger anion stabilizing ability of the thienyl group in Acetonitrile was purified as described before. The solutions of
comparison to the phenyl group. However, the electron- R;NH/R,NH," in 70 mol % MeCN(aq) were prepared by dissolving
withdrawing ability of the thienyl group is much weaker than equivalent amount of RH and RNH;* in 70 mol % MeCN(aq).
that of thep-nitrophenyl group. Hencd; of 1ais smaller than In all+ca§es, the ionic strength was maintained to 0.1 M with
that of 3 by 70-fold, indicating the weaker acidity of the/€H BuN*Br-. , , ..
bond in the former. In addition, the-/k; of lais larger than lT\I/Ir:aect:llc\;l (i;%dﬁz;g‘?;fé@zz O&/ Wn'fgnﬁé'\r‘i':é RfEeH?néPeggen}ﬁl the
that of 3 by a factor of 4. Because the deprotonation frben absorbance of the aryloxides at 40426 nm with a UV-vis
(ky) proceeds at a slower. rate than that fr@mthe k-, step spectrophotometer as descrilfedl.
should be more e>'<otherm|c and faster. On the othgr hand,.the Calculation of ks, ki, and k_1/k, Values. Utilizing the kops
k2 value should be independent of the energy of the intermediateyajyes and the base concentratisF, k;, andk_./k, values that
because it involves a higher energy barrier (vide supra). This best fit with eq 2 have been calculated as befdre.
would predict a largek-1/kz value forla Product Studies.The products of the reactions betwekaand

In conclusion, we have investigated the ketene-forming 1-BUNH/i-Bu:NH," in 70 mol % MeCN(aq) were identified as
eliminations fromla—e promoted by BNH/R,NH,* in 70 mol described. From this reactionN,N-diisobutylthenamide was ob-

. tained in 86% yield. For all reactions, the yields of aryloxides as
% MeCN(aq). The rates and the transition-state structures fordetermined by comparing the absorbance of the infinity absorbance

the E2 pathways are similar to those for the corresponding of the samples from the kinetic studies with those of the authentic
eliminations from2. However, eliminations froma—c proceed aryloxides were in the range of 989%.

by the competing E2 and Elcb mechanisms, which were H-D Exchange Experiment.To determine whetheta—c may
reported for3 having a strongly electron-withdrawing- undergo H-D exchange during the reaction, the reaction was

aReference 2P Reference 5¢ R;NH=Bz(i-Pr)NH. 4 Determined in the
absence of BINTBr~. ¢ Solvent was MeCN.
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performed in an NMR tube. The reactants (0.04 mmol) were added =~ Acknowledgment. This work was supported by Pukyong
to a solution containing-Bu,NH/i-Bu;NH," (0.05 M, 0.6 mL) in National University Research Fund in 2005(0012000200504500).
70 mol % MeCN-30% D,O at 25.0°C. The NMR spectrum taken

immediately after mixing indicated completet exchange at the Supporting Information Available: Synthesis, rate constants
[3-carbon. for eliminations fromla—e promoted by RNH/R;NH,*™ in 70 mol

% MeCN(aq), and plots okys Versus base concentration. This
information is available free of charge via the Internet at
http://pubs.acs.org.

Control Experiments. The stabilities ofla—e were determined
as reported.* Solutions of aryl thienylacetatdsa—d were stable
for at least 1 week in 70 mol % MeCN(aq) solution at room
temperature. However, the solutionlafwas stable for only 3 days.  JO0612978
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