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Abstract: The kinetics of the title reactions were determined in 50% DMS0% water (v/v) at 20°C;

n-BuS, HOCH,.CH,S™, and MeQCCH,S™ were used

as thiolate ions. The reactions with the thiolate ions

gave rise to two separate kinetic processes. The first refers to rapid, reversible attachmentoathi@ Substrate
leading to a tetrahedral intermediatd'y, k*3), the second to the conversion of the intermediate to products

RS

(K39. In most cases all of the rate constark§>K=;,

andks>) could be determined. In combination with

results from previous studies, a detailed discussion regarding the effects of activating substituents and leaving
groups on rate and equilibrium constants as well agoinsic rate constants is presented. The reaction with

OH~ only allowed a determination chf“ for nucleophilic attack on the substrate; in this case the tetrahedral
intermediate remains at steady-state levels under all conditions.

Introduction

Nucleophilic vinylic substitution (§V) reactions of a leaving
group (LG) on substrates activated by electron-withdrawing
groups (X,Y) proceed by a two-step mechanism that involves
a tetrahedral intermediat@)( eq 1! An important benchmark
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in the mechanistic investigations of these reactions was the
discovery of the first example, the reaction @imethoxye-
nitrostilbene 4-OMe) with thiolate ions in 50% DMS©50%
water, where the corresponding intermedi@gwas directly
observable by UV spectroscopylhis opened up the possibility

of measuring the rate constants for each individual skéb (
KY, and ky) and hence of developing a more detailed
understanding of structurgeactivity relationships in these
reactions. Initially this research focused on reactioné-6fMe
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and derivatives carrying other leaving groudsLG) such as
OAr, OCH,CF;, SR, with thiolate iongP oxyanions® and amine
nucleophiles. More recently, studies of the reactions of thiolate
ions and oxyanions with derivatives of Meldrum’s ackdl.G
(LG = MeO, SMe), which also allow direct detection of the
corresponding intermediates, have been repd&rtddmajor

AY \ Ph >—0 CH
Je=C Je=c Se=d X
s
MeO Fh LG Ph LG 0 CH,
o
4-OMe 4-LG 5-LG

conclusion that has emerged from these studies is that there is
an unusually complex interplay of numerous factors that
influence reactivity in these systems. These factors include
inductive/field and resonance effects of the activating groups,
m-donor effects of the leaving group, steric effects, anomeric
effects® polarizability effects, and others. Even though some
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recognizable patterns are emerging, a comprehensive underemalononitrile 8-OMe) with OH~, n-BuS~, HOCH,CH,S ", and
standing of the relative importance of the various factors is not

Q, Q,
yet at hand. ] o ) Ph Ph P NO, PN
One feature that needs further investigation is the influence = ¢= F==c Je=c,, Je=c_
MeS & PhCH,S g MeS CO,Me  MeO CN

of the activating groups on the relative thermodynamic and
kinetic stabilities of the intermediates. This influence not only
depends on the inductive/field and resonance effects of X and
Y, but also on steric interactions between these groups and withMeO,CCH,S™ in 50% DMSO-50% water, the same solvent
the groups attached to the tetrahedral carbon. The comparisorused in previous investigations. We also report a more limited

6-SMe 6-SCH,Ph 7-SMe 8-OMe

of the reactions o#4-OMe and 5-OMe with HOCH,CH,S~ study of the reaction of 2-(benzylthiobenzylidene)-1,3-indan-
illustrates the point. The equilibrium constank&®, for the dione G-SCHxPh) with HOCH,CH,S™.
formation of the respective intermediates are 2570 M1 On the basis of thel, values of the respective carbon acids,

for 5-OMe5a and 7.65x 10% M1 for 4-OMe,? respectively,  thatis, 6.35 for 1,3-indandiorfe;>5.95 for CH(NO,)CO,Me ¢

that is, KRY5-OMe)/K?5(4-OMe) = 3.4. This small ratio does ~ and 10.21 for CH(CN) >,**’ the electron-withdrawing strength
not appear to reflect the relative electron-withdrawing strength of the activating groups i6-SMe, 6-SCH,Ph, and 7-SMe is

of the activating groups. If theky values of the respective  €xpected to be somewhere between that@Me and5-OMe,
carbon acids, CbXY, that is, Meldrum’s acid (= 4.709:1 implying that the respective intermediates in the reaction with
and phenylnitromethane g = 7.93f*'1were taken as relative  thiolate ions should be observable. This predicti(_)n is borng out
measures for the electron-withdrawing effects of the respective by our results. FoB-OMe, the electron-withdrawing effect is
activating groups, one might have expectel;65-OMe)/K- expected to be much smaller and perhaps too small to allow
(4_O|\/|e) ratio of ~2 x 103. The attenuation of the electronic accumulation of the intermediate. However, it will be shown
effect of the Meldrum’s acid moiety iB-OMe must be the that even for8-OMe the intermediate in the reactions with
result of more severe steric Crowding in the intermediate derived thiolate ions accumulates to detectable concentrations because

from 5-OMe than in the one derived frond-OMe. This the relatively weak electron-withdrawing effect of the two cyano
conclusion is supported by the fact that for HOCHH,S groups is offset by reduced steric crowding in the intermediate.
addition to the sterically less bulkg:H and5-H theKlRS(5-H)/ On the other hand, in the reaction of the various substrates with

K?S(4-H) ratio of 66213 is substantially higher than the ©OH nointermediate could be observed.
K*3(5-OMe)/KF5(4-OMe) ratio.

Results
o 0 General Features.All reactions were conducted in 50%
Ph X—o CH, Ph, NO Ph, X—O CH, DMSO—-50% water (v/v) at 20C, at an ionic strength of 0.5
P =0 /C:>o - M maintained with KCI. Pseudo-first-order conditions were
MeO o)_o R H o Ty ? applied throughout, with the nucleophile as the excess compo-
5.OMe o . nent. Rates were measured by standard spectrophotometric

procedures, mostly in a stopped-flow spectrophotometer.
Reaction with OH~ and Water. For the reactions d3-SMe,

) . 3 ) ; ) 6-SCH,Ph, and8-OMe with OH™ only one kinetic process was

of intermediate formationk,~, in the labcive reactions with  5pserved. It corresponds to the conversion of the substrate to

HOCH,CH,S"; they are 3.90< 10? Mt s™* for 4-OMe? and 4 hydrolysis product, for exampl@a< 9b for the reaction

4.40x 10*M~* s for 5-OMe, > that is ky(5-OMe)/ky(4-OMe) of 6-SMe and 6-SCH,Ph, without accumulation of the inter-
= 1.13 x 12 The fact that théky(5-OMe)/k (4-OMe) ratio is

Another interesting observation refers to ttae constants
RS

substantially larger than thé (5-OMe)/Ky(4-OMe) ratio o Q N P
indicates that thentrinsic rate constadf for the reaction of k:%i@ > c—cl- Rs_é-c:’_
4-OMe is lower than that for the reaction &OMe. This o7 o Y (|)H )
reduction of the intrinsic rate constant is the result of a greater ° o o
resonance contribution to the stabilization of the intermediate 9a b 1O =Me or CH,Ph)

derived from4-OMe (more on this below).

In the present paper we report a study of the reactions of
2-(methylthiobenzylidene)-1,3-indandior@ $Me), methyl5-me- bed = k‘fH[OH_] )
thylthio-o-nitrocinnamate {-SMe), and methoxybenzyliden-

mediates;10. The kinetic results are consistent with eq 2

: OH i -
(7) (a) Kirby, A. G.The Anomeric Effect and Related Stereoelectronic with Ky belr_lg the_ rate congLant for nucleophilic a_ttack .by
Effects of OxygerSpringer-Verlag: Berlin, 1983. (b) Schleyer, P. v. R.; OH™ (see Discussion). Th&; " values are summarized in
Jemmis, E. D.; Spitznagel, G. W. Am. Chem. Sod.985 107, 6393. Table 1.

(8) (a) Hine, J.; Klueppl, A. WJ. Am. Chem. S0d.974 96, 2924. (b) : _ ; — hi F linat
Wiberg, K. B.. Squires, R. RJ. Chem. Thermodyrl979 11, 773, (c) For the reaction o7-SMe with OH~ biphasic kinetics was

Harcourt, M. P.: More O'Ferrall, R. ABull. Soc. Chim. Fr1988 407. observed. This is attributed f-SMe consisting of a mixture
(9) In 50% DMSO-50% water at 20°C, the solvent used in all the  of E and Z isomers. Thi" value reported in Table 1 refers to

re""(clt(i)‘)’%se:ﬁgggggi hgreF' . Oliphant, N. Unpublished results the faster of the two processes which accounts for most of the

(11) Bernasconi, C. F.; Kliner, D. A. V.: Mullin, A. S.: Ni, J. X. Org. absorbance change and hence reflects the reaction of the major

Chem.1988 53, 3342. - (2) isomer.

75(()%2) Bernasconi, C. F.; Killion, R. B., J. Am. Chem. Sod.98§ 110 In the case oB-OMe the rate of reaction with water was
(13) Bernasconi, C. F.: Ketner, R. J. Org. Chem1998 68, 6266. also determined. These experiments were performed in HCI
(14) For atreaction with a rate constaat(barrier AGY) in the forward (15) Bernasconi, C. F.; Paschalis JPAm. Chem. So4986 108 2969.

and k-1 (AG.,) in the reverse direction the intrinsic rate constat, (16) Bernasconi, C. F.; Brown, S. D. Unpublished results.

(intrinsic barrierAGfJ), is defined ako = ki = k-1 (AGz =AGT = AGfl) (17) Bernasconi, C. F.; Zitomer, J. L.; Fox, J. P.; Howard, KJAOrg.

where the equilibrium constatt; = 1 (AG, = 0). Chem.1984 49, 482.
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olg| 8&3 « 989 . .
| o| coo oS Soo solutions and acetate buffers. Under these conditikps
3 g‘g iy 4 = d44 corresponds td?° for nucleophilic attack by water. At the
Elx| A% x X Yo buffer concentrations used ([AcP< 102 M), no general base
1) AN n — < .
S D Al > catalysis was observed. For the other substrates, the rate of
P hydrolysis by water is extremely slow with half-lives &{>)-
kS % 10 days, and hence no attempts at determirk'??ﬁ values
Q =) =)
Zl & = = were made.
'.; g X X Reaction with Thiolate lons. A. 6-SMe and 6-SCHPh.
g U,‘; cd S c cc9 3 This reaction is characterized by two kinetic processes. The first
Ll 8% 3 8 88« 3 is rapid, withk.,.,values in the range of about 2 to 100"sit
2 53 §f| @ § § § ] o represents the disappearance of the substrate and formation of
= gll S T 7 =) the respective intermediate. A representative plotkgf,
0| ¥ (% T (% = versus [RS] is shown in Figure 1. The slope and intercept
s & g 2 Q afford k¥° and k?3, respectively (eq 3).
) ) o)
o . S | R — RS
5|0 X kobsa= ki TRS ] + K77 3)
u|® &
o 4
% e -;59 - g -;59 -g 3 The second kinetic process is slow, widh,values ranging
~les g0 4 T gaov% 9 from about 0.01 to 0.578; it corresponds to formation of the
% £Ve s £5t9 o products. A representative plot &), versus [RS] is in-
5 cluded in Figure 1; it is consistent with eq 4, whetg® = KX
(7] RS - S s X
. BHBH B B OBD & k™7 is the equilibrium constant for the first step.
© e e e = e e e b= 1
g X X X X X X X X
> ‘U) A~~~ —~ A~~~ —~ RS R .
87| 882 § &8% 8 KRS ] @
Q| = coco o coco o bsd ™ R —
S|e,| d4a3z & Laz 4 1+ KRS ]
= | G N~
Q| O < Ire} o< @
& gee L Lo e g The various kinetic parameters obtained from these experi-
o E ments are summarized in Table 2. For the reactior&-8Me
g L2 with n-BuS™ and of6-SCH,Ph with HOCH,CH,S™ the intercept
ol « Z -é according to eq 3 was too small to afford an accurdg
gl o 3 S| value, and henck”; was obtained akf¥KE®, with KT being
8| = o ; ols determined via eq 4. In the reaction@SMewith HOCH,CH,S™
Slas | & 3| - an approximaté™; value could be determined via eq 3, but the
£ < S gy lue obtained ak?YKRS to b liable and wil
£ < o SARS value obtained ak;7K;™ appears to be more reliable and wi
5 = be adopted. For the reaction ®SMe with MeO,CCH,S™ the
= z 29988 8 9883 29397 x intercept accprding to eq_3 was qqite large anql could be
Gl3s J3822 S Jale Igql 3 determined with good precision; in this case there is excellent
AR A S agreement between tHi§; value and that obtained &§%K";.
$ L ‘ . b 4 7-SMe. The reaction of7-SMe with the three thiolate ions
IS QA R Q9 XQ S showed a similar pattern as the reactions ®@SMe or
nc- L 5 § 6 5 § 5 g ]’ 6-SCH,Ph, that is, a fast process corresponding to the formation
= L g I o 2 b L |2, of the intermediate (eq 3) and a slow one for the formation of
5 Yo} 2 5 O om0 2 5 [¥e} 2 % = the product (eq 4). Witm-BuS- and HOCHCH,S™ as the
[ =t r =t ke nucleophile, the intercept according to eq 3 was indistinguishable
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Table 2. Rate and Equilibrium Constants for the Reactions of Vinylic Substrates with HOB}$™ and OH in 50% DMSO-50% Water at

20°C, u = 0.5 M (KCl)

Substrate kRS KRS KOH Ko log kRS og KRS KRS
re el
M—l S—l M—l Mfl S‘l M—l Sfl
Ph CN
4 a sj 2 2
/C=C\ (8-OMe) 2.8% 10 1.62 % 10 1.29 x 10 3.34 0.133
MeO CN
Ph NO,
N b 5 3 5 6
c=c,_ @-0Me)”  389x10° 75910 0691  ca.26x100 275 ca.-3.5  9.60x10
MeO Ph
0,
Ph »—0_ch,
N c 4 4 2 3 4
/C=C (5-OMe) 440%x10°  257x10°  541x10° ca 12x10 1.91 ca.-37  2.16x10
MEO O}—o CH,
Ph NO,
N # b —4 2
=c, (4-SPr) 470 104 2.55% 10 4.27 450 % 10
n-PrS Ph
0
Ph,_
Je=¢ (6-SMe)®  5.62x10*  225x10°  455x 107 4.09 0.245
MeS
o
Ph CO,Me
AN i a 5 4 5
/C=Cx (7-SMe) 2.48 x 10 2510 0.588 2.63 58x% 10
MeS NO,
0,
Ph >0, cHy
£=C Mo 022x100  332x10° 0634  ca51x10° 316 ca.-22 0.115
MeS >-d cn,
o
Ph N
L=C @’ 440x10°  s518x10*  100x10®  23:2x10° 364 -1.65
H CN
Ph NO
Nemct f 4 6 6
L=C., (4-H) 518x10° 816 10 0219 234x10° 542 054
H Ph
0,
Ph_ _
C=C GHmE  247x10°  116x10°  101x10%1 129x10° 465 0.95
H
0
0,
Ph $—o_ ch, . . .
c 538x10'°  180x10° 1.15x10 3.90 -1.33

,C=C Bt La4x10
H >0 cH,
0

aThis work.® Reference 2k Reference 5& Reference 5c2 Bernasconi, C. F.; Gata) J., unpublished resultsReference 129 Ketner, R. J.
Ph.D. Thesis, University of California, 1997; p 62&Reference 13.Bernasconi, C. F.; Laibelman, A.; Zitomer, J.L.Am. Chem. Sod985 107,

6563.1 Based ork> for n-BuS™ and assuming,. = 0.14, see text.

from zero, and even with MefCCH,S™ the intercept provided
at best an approximate value fdf;. An accurate determina-
tion of K?S was not possible because at the low {lR8eeded
to make KIJRS] < 1 the reaction amplitudes were very

small which led to difficulties in obtaining reproducible results.

For the reaction with HOCKCH,S™, KFIRS] was still
>(>)118 at [RS] = 104 M, implying thatKF® > 5 x 10¢
ML

8-OMe. For the reactions @-OMe with HOCH,CH,S™ and
MeO,CCH,S™ only the slow process,.) could be observed
kinetically. This is becaus&.,, is too fast and outside the
stopped-flow range. Hence, onkf}° andk3° could be deter-

stopped-flow range ank{®, andk®7 could be obtained for this
reaction.

Discussion

Detectability of Intermediates. As elaborated upon else-
where?® two conditions are necessary for an intermediate to
accumulate to detectable levels. One is that the equilibrium for
conversion of reactants to the intermediate is favorable (“ther-
modynamic condition,” eq 5); the other is that the rate of forma-
tion of the intermediate must exceed its rate of conversion to
products (“kinetic conditions”); for eq 1 this would require eq 6.

mined (eq 4) for these reactions. On the other hand, for the KT”[Nuf] >1 (5)

reaction withn-BuS-, the first kinetic process was within the

(18) According to eq 4k} ~ K5 for KFRS] > 1.

K“[NuT] = K" (6)
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These conditions are met for the reactions ®SMe, Table 3. Brenstedsy, Values and Intrinsic Rate Constants (log
6-SCH,Ph, 7-SMe, and8-OMe with the thiolate ions used in K} for the Reaction of Thiolate lons with Various Vinylic
this study, but not for the reactions of the same substrates with Substrates in 50% M80-50% Water at 20C, u = 0.5 M (KCI)
OH~. This is reminiscent of our earlier findings for the reactions

of 4-OMe, 4-SPr, 4-OMe and 5-SMe with thiolate?525¢ions Substrate PRI logk e KT B
and OH-5a.c.19 - oN

Previous analysis of the reasons why no intermediate is >c=c: oM’ g ca s @70 ca0ld
detectable in the reactions with OHs likely to apply to the MeO CN
reactions of the present study as well, that is, even though the NO,
thermodynamic condition is probably met in each case, it is Se=c? @oMe® g 22 025 oul
the kinetic condition of eq 6 that is not m&t¢1°This has been MeO Ph
attributed to the availability of additional pathways for the o
conversion of the intermediate to products. One such pathway "h\C:?—O £Hs come® 70 \ \ -
involves the conjugate base of the intermediate, thalis, o >0 cH, oMo ’ ' ’ ’
which is in rapid acie-base equilibrium withl1 (eq 7). The °

Ph NO,
Th A o li)h & >C=C: @spn’ 7.90 029 025 0.40
LG—C—C'{\; SS LG—-(|2~C'{\;_{ @ n-PrS Ph

OH o} O,

Ph
- AN
11 11 /C=C>>:|i© {6-5Me)® 6.35 25 3.13 0.24
MeS

negative charge provides extra push to the expulsion of the

leaving group, leading to faster product formation. Another P COMe
pathway is intramolecular acid catalysis of leaving-group S=C, -sMe)* 5.95 <11 2445 027
departure by the OH proton iAl In view of the strong S NG,
sensitivity of MeO™ departure to acid catalysi&>Cthis pathway - O\fo cH,
is probably mainly important when L& MeO; for LG = MeS \/c:c (5-sMe)’ 470 25 3.90 0.19
it may be less important, reflecting the weaker sensitivity of =~ Mes 0,%0 CH,
MeS departure to acid cataly$fs.

Structure —Reactivity Relationships. Table 3 provides a Ph\C_C/CN .
summary of rate and equilibrium constants for the reaction of /7 Ny @ 1021 s «all  cal2
HOCH,CH,S™ with the substrates of the present investigation
as well as those of previous studies. HOCH,S™ has been Ph\C_CfNOZ .
chosen as representative thiolate ion nucleophile because itis 4~ ™ “@H 790 34 025 0.19
the only one for which rate and equilibrium constants are
available for most compounds. Ph_ 3

A. KT as Function of the Activating Groups. One would /C=Ci:© I 635 ca.48 313 ca02
expect that, barring other factorKfTS should increase with i 0
increasing electron-withdrawing strength of X,Y. THe,palues o
of the corresponding carbon acids, £¢, may be taken as Ph_ »—0 fH .
an approximate measure of this electron-withdrawing effect H/C:C>_o w, P 4.10 52 39 0.19
which includes both an inductive and resonance component. o

For the four substrates without a nucleofudeH, 5-H, 6-H, aThis work. b Reference 2k¢ Reference 5& Reference 5¢ Ber-
and8-H), there is in fact a good linear correlation between 10g nasconi, C. F.; Gafay J., unpublished resultsReference 12 Ketner,
R. J. Ph.D. Thesis, University of California, 1997; p 62&eference

N - oN 13.7log k" refers to alicylic amines as the proton acceptors; values
\C=C>>:© Ne=c” taken from ref 271 Assumed value, see teXtReference 16.
H H/ \CN
[¢]
¢-H 8-H Me), and (NQ,Ph). The small steric effect with X,¥ (CN,-

CN) must be the reason the intermediates in the reactions of
8-OMe with thiolate ions accumulate to detectable levels despite
the relatively weak electron-withdrawing effect of the cyano
groups.

Another indication of the importance of the steric effect is
the relatively lowK?® value for4-SPr. It is reflected in the
KRS(4-OMe)/KR5(4-SPr) ratio (730) being much larger than
MeO and even more so for the larger M&@Rssuming that all thEK?S(S'OMe)/K.lRS(S'SMe) ratio (77.4) and can be attribute_d
of the scatter in Figure 2 is due to steric effects, one concludes!© (e larger leaving groupPrS vs MeS). This reasoning is
that it is most pronounced for X,¥= MA, 23 quite small for based on the expectation that the (unknow(r’i)S vglue for
X,Y = (CN,CN), and intermediate for X,¥ 1D,23 (NO,,CO»- 4-SMe would be substantially larger than fdrSPr; it would

: _ result in ak(4-OMe)/KFS(4-SMe) ratio that is smaller rather

(19) Bernasconi, C. F.; Fassberg, J.; Killion, R. B., Jr.; Schuck, D. F.;

Rappoport, ZJ. Am. Chem. S0d.991 113 4937. (21) Unger, S. H.; Hansch, ®rog. Phys. Org. Cheni996 12, 91.
(20) Es (MeO) = —0.55, ks (MeS) = —1.072! ver (MeO) = 0.36, vet (22) Charton, M.Stud. Org. Chem1991, 42, 629.
(MeS) = 0.6422 (23) MA = Meldrum’s acid moiety, ID= 1,3-indandione moiety.

K (RS™ = HOCH,CH,S") and—pKS™Y (Figure 2,0) with
a slope of 1.1 0.05. On the other hand, for substrates with
LG = MeO or MeS the correlation is poor (Figure @,and
).

An important factor leading to the poor correlations appears
to be steric crowding in the intermediates. When £GH this
steric effect is minimal, but it becomes important for =6
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Figure 3. Plots of logkR® versus logk§® (RS" = HOCH,CH,S")
generated by varying X,YO, LG = H; ®, LG = MeO; A, LG = MeS
(see Table 2 for identification of specific compounds).

Figure 2. KlRS(RS = HOCH,CH,S") as function of X,Y. Plots of
log KE® versus—pkS™Y. O, LG = H; @, LG = MeO; 2, LG = MeS
(see Table 2 for identification of specific compounds).

than larger than th&T(5-OMe)/KES(5-SMe) ratio because
the MA23 derivatives are inherently more sensitive to steric
effects than the (N@Ph) derivatives.

B. K§® as Function of the Leaving Group. The relative
order in K is H > OMe > SMe, irrespective of the
activating groups. A major factor responsible for this order is
steric crowding in the intermediate which follows the order MeS
> MeO> H.2° Thez-donor effect of the MeO and MeS groups,
which stabilizes the substrate, contributes to the reduction in
KRS for these substrates, especially for EEMeO24 The fact
that KT is smaller for LG= MeS than for MeO, despite the
smallerz-donor effect of the MeS group, shows that the steric
factor is dominant; the somewhat stronger electron-withdrawing
inductive effect of MeO versus M&Sprobably contributes to
making K&° larger for LG = MeO than for MeS. A more
detailed discussion of these effects can be found elsevihere. log KT

C. Dependence ok:> on the Activating Group. Plots of Figure 4. Plots of logk®® (RS~ = HOCH,CH,S") versus log<". O,
logk®® vs logk®® (RS~ = HOCH,CH,S") generated by vary- LG = H; ® LG = MeO; a, LG = MeS (-PrS for4-SPr, see Table
ing X,Y are shown in Figure 3 for LG= H(O), MeO (@) and 3 for identification of specific compounds).

MeS (orn-PrS in one case)A). The correlations are poor or
nonexistent, especially so for L& MeO wherek:> for the
dicyano derivative is unusually high considering the IK\?F
value. The Ifck of a good correlation indicates that the intrinsic
barriers N_Bo) or Intrinsic ratg cgsnstgntkgs)l‘f depend greatly effects play a minor role, the differences between the intrinsic
on the activating groups, witk;™ being particularly high for 6 constants are in fact dominated by the resonance effect (log
X,Y = CN,CN, intermediate for X,Y= MA and ID and onv kST in Table 3) and follow the order (CN,CNJ}7.0)> MA

for X,Y = (NO,,COMe) and (NQ,Ph). One may determine (3.9) > ID (3.1) > (CO:Me,NO,) (2.3)> (Ph,NQ) (—0.25).
approximate lod}® values from the Brgnsted plots of 16§° The only anomaly is thaki’T (COMe.NOy) - KT(Ph.NG)

RS .. . .. .
¥irsus l.o?.<l _(varltatlon oftthl?late bﬂs"*‘l't{j) zls_cu?s%cli b(;lov_l\_/h which can be attributed to thif -enhancing inductive/field
ese intrinsic rate_constants are included in Table 3. The g0t of the COMe groupis?®

dependence of |og§5 on substrate for a given LG appeatrs to
be mainly governed by resonance effects of the X,Y groups
but there is also a strong dependence on LG for a given X,Y

which must includer-donor and steric effects. differences. This is best appreciated by inspection of plots of

Specifically, with respect to X,Y, its resonance effect is Iogkffs vs log kST (Figure 4). (1) The slopes of these plots are
expected to lowek®. This is because in reactions that lead to substantially less than uniti/' 0.320.06 for LG= H. 0.40+
resonance stabilized products the transition state is always, 30 | = MeO. 056+ 0.17 for LG= MeS (LG,Z n-PrS
imbalanced in the sense that resonance development lags behin r 4-SPy). This redl’Jced sensitivity to resonance effects implies
bond formation. This reduction i" is a manifestation of the

log k&S

principle of nonperfect synchronization (PNS), according to

which any product stabilizing factor whose development at the
transition state lags behind bond changes, lowers the intrinsic
rate constard’ In proton transfers from CgXY, where steric

For the nucleophilic addition of thiolate ions to the substrates
summarized in Table 3, log}® follows the same qualitative
order as IogST but there are some important quantitative

(27) (a) Bernasconi, C. Acc. Chem. Red987, 20, 301. (b) Bernasconi,
(24) or (MeO) = —0.43,0r (MeS)= —0.15%° C. F.Acc. Chem. Red.992 25, 9. (c) Bernasconi, C. FAdv. Phys. Org.
(25) Hansch, C.; Leo, A.; Taft, R. WChem. Re. 1991, 91, 165. Chem.1992 27, 119.

(26) o (MeO) = 0.30, 0F (MeS) = 0.202° (28) A similar situation exists for PhACOGNO,.2°
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a smaller transition-state imbalance than for the proton transfers.
The major reason for the reduced imbalances has been attributed
to the fact that the pro-carbanionic carbon of the vinylic
substrates is ghybridized. This facilitates-overlap with the

X,Y groups and charge delocalization at the transition state and
reduces thek,-lowering PNS effect’®30 In contrast, proton
transfer from CHXY requires rehybridization of the-carbon

from sp to sp¥, a feature that adds to the delay in charge
delocalization and leads to a large PNS effeckjn?7¢30

(2) The log&® values for the reactions with L& MeO and
MeS are much lower than with L& H, especially for LG=
MeS. There are two factors that contribute to this result. One is
the w-donor effect of the MeO and MeS groups. Thelonor
resonance stabilization of the respective substrates must follow
the usual pattern of resonance effects, that is, its loss at the
transition state is ahead of bond formation which results in a
reduction ofk3>27 In view of the strongerr-donor effect of
the MeO group, this factor should affect the reactions of the
MeO derivatives more strongly than those of the MeS deriva-
tives. However, since the observk@fvalues ardower for LG
= MeS than for LG= MeO, there must be an additional factor

RS
ki

IogK1Iqs , Iogk::‘S , log

10 14

pKI:SH
Figure 5. Bransted plots for the reactions of thiolate ions vétSMe.
0O, log K& O, log K% A, log K&5.

Table 4. Brensted Coefficients for the Reactions@®@EMe
7-SMe, and8-OMe with Thiolate lons

that reduce&}° more for the MeS than for the MeO deriva- 6-SMe 7-SMe 8-OMe
tives. This additional factor appears to be the steric effect. — d log KES/dpkRS" 0.16+0.18 0.28-0.03 ~0.13
Specifically, the results are consistent withk&>-lowering ﬂru;dloglesH/deaRSH —0.58+ 0.15 —0.67

PNS effect’ arising from a development of the steric effect ﬁegq: dlog }gés/deSSH 0.74+0.04 0.92 0.96- 0.05
that is ahead of bond formation. This conclusion agrees with A =dlog kli‘s/d |o; KR® 024+£022 0.27 ~0.14

an earlier one that was based on a much more limited set of g2 4 o0 8S/q o KRSb  —0.76:+ 0.22 —0.73 ~—0.86
data®® Whether steric effects always develop ahead of bond ﬁlpgush: d |0élk§s/dﬂ<slsH 0.43+ 0.02 0.13

formation in chemical reactions is unclear though; recent results
referring to the reaction of thiolate ions with quinone methide
reported by Richard et &.suggest that there are cases where
steric effects lag behind bond formation.

(3) For the reactions of the MeS derivatives there is
considerable scatter in the plot of kg versus log}". Part of
this scatter may be attributed to experimental uncertainty in the
ko values which most likely is larger than their standard
deviation. A major source of this uncertainty is related to the
Bransted plots (see below) from which tk@S values were

evaluated. Another potential source of the scatter is the same

steric effect that leads to lowek:> values for the MeS
derivatives as damily. Specifically, the fact thakfjs for the
Meldrum’s acid derivative is not higher thakl.> for the
indandione derivative may be a reflection of the greater steric
effect with the former substrate.

D. KT, kB, K75, and k5° as Function of K", Brgnsted
plots of logkT®, logk®, 1ogk”3, and lod&* versus K5 with
pKSH referring to the acidity of the thiol, are shown in Figure
5 for the reactions 06-SMeand7-SMe The various Brgnsted
coefficients as well as the intrinsic rate constah§§, obtained

by extrapolation are reported in Tablef (. values, including

those for previously studied systems, are also reported in TableO, log KE® O, log K%,

3). For8-OMe, k?s could only be determined for-BuS-, and
hence no experimentg,c or By could be obtained. Thgnc

a Bhuc @and By assumed to be the averages of the respegtiveand

Pig values for the reactions @f-OMe and5-OMe with thiolate ions.

b From plots of logkT® vs logK=® and logk®3 vs logKR, respectively.
¢Based om-BuS™ and MeQCCH,S™ only, see text.

6

S

1

K

IogKFS, Iogkf‘s, log

Figure 6. Brgnsted plots for the reactions of thiolate ions viitsMe
S. S
A, log K55,

For the reactions witls-SMe and8-OMe, there are enough

value reported in Table 4 is an estimate and corresponds to thedata to examine the dependencekgf on pkE*" (Figures 6

average value for the reactions 4fOMe and 5-OMe with
thiolate ions; this value, in conjunction withleq which was
experimentally accessible, yields an approximafg, from
which an approximate log}° was obtained.

(29) Bernasconi, C. F.; Montam, R. L.J. Org. Chem1997, 62, 8162.

(30) (a) Bernasconi, C. H.etrahedronl989 45, 4017. (b) Bernasconi,
C. F.; Renfrow, R. AJ. Org. Chem1994 59, 5404.

(31) Toteva, M. M.; Richard, J. PJ. Am. Chem. Soc200Q 122,
11073.

and 7). Foi6-SMe, there is an excellent correlation which yields
Bpush= 0.43; Bpusnreflects the developing-donor effect of the
RS group in the product. F@&-OMe, the correlation is poor.
One possible interpretation of the poor correlation is that the
point for n-BuS™ is deviant. This would imply that the dashed
line in Figure 7 is correct, yielding ... = 0.51 which is close

to the value obtained fd8-SMe An alternative view is that it

is the point for HOCHCH,S™ which is deviant (solid line); in
this case one obtairyush = 0.13.
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Figure 7. Plot of logks> versus K5>" for the reactions 06-SMe (O)
and8-OMe (®).

Despite a reviewer's comment that the first interpretation

Bernasconi et al.

thiolate ion additionk", are much higher than those for OH
addition, kg’H. There are two major factors that contribute to
the largek: kS ratios. One is solvation of the nucleophile
and the requirement that its partial desolvation, as it enters the
transition state, is ahead of bond formatféf! This results in
a ko-lowering PNS effect. Because solvation of Ok much
stronger than that of thiolate ioA%,this leads to a stronger
reduction ofk" than of kX°. The other factor is that the seft
soft interaction¥' between the thiolate ion and the substrates
enhancd@,s, provided that these interactions develop ahead of
bond formation (another PNS effect), which is a reasonable
assumptiori?

For a given LG, there is a dependence of kigk?" ratios
on the X,Y groups that essentially parallels the corresponding
dependence dkT9KS™. The trend is a decrease in both ratios
in the order (Ph,Ng > ID > MA > (CN) > for LG = H, (CN),
> (Ph,NQ) > MA for LG = MeO, and (Ph,N¢@ > ID > MA
> (COMe,NO,) for LG = MeS. These trends mainly reflect
the greater sensitivity of the HOGHH,S™ reaction to steric
crowding in the adduct and corresponding transition states.

should not be discarded, we believe that the second interpretation )
is more attractive. This is because there is no plausible Conclusions

interaction mechanism that can explain the negative deviation

of the point forn-BuS~ but thereis a mechanism that can
rationalize the positive deviation of the point for HOGHH,S .
This mechanism is intramolecular acid catalysis of MeO
departure by the OH group of the S@EH,OH moiety (L1).

11

This catalysis is only observed wiiOMe but not with6-SMe

because alkoxide ion departure is very sensitive to acid catalysis

while thiolate ion departure is n8t.A similar observation has
been reported for the reaction of HOgEH,S~ with 5-OMe
and interpreted in the same waiy.

Whether the smalB,usn value for the reaction 08-OMe is

(1) For the reactions 06-SMe 6-SCH,Ph, 7-SMe, and
8-OMe the conditions necessary for the direct observation of
the intermediate (eqs 5 and 6) are met withNUIRS™ but not
with Nu= OH". In the latter case it is probably eq 6 that is not
met because additional pathways enhance the rate for conversion
of the intermediate to products.

(2) The equilibrium constants for HOGBH,S™ addition to
substrates with LG= H correlate well with the corresponding
—pKS™Y but the correlation between IE§° and —pKSHY
is poor when LG= MeO or MeS. This is the result of a
reduction ofKTs by steric hindrance which varies depending
on the bulk of X,Y. There is also a reduction KF° by the
s-donor effect of the leaving groups but it is outweighed by
the steric effect.

(3) The intrinsic rate constants for thiolate ion additik:?ﬁ,
as function of X,Y decrease in the order (CN,CNMA = ID

the result of an unusually early transition state or a consequence™ (CO:Me,NQy) > (Ph,NGy), mainly reflecting thek; -reduc-

of a relatively smallz-donor effect of the RS groups in this
case cannot be ascertained withoutBgsy value for the
unavailable equilibrium constant of th&° step. In view of the
relatively weak electron-withdrawing effect of the C(GN)
moiety, ther-donor effect of the RS group is likely to be smaller
than that with the 1,3-indandione derivatives.

Rate Constants for HO~ Addition (k?"). The k?" values

ing PNS effect of increasingr-acceptor strength of X,Y.
Compared td¢" for deprotonation of CkXY, the PNS effect
is attenuated because the pro-carbanionic carbon in vinylic
substrates is gphybridized.

(4) For a given X,Y, the order ii%l’oRS isLG=H > MeO >
MeS. This order reflects reductions kf§° by thesz-donor and
steric PNS effects of MeO and MeS, with the steric effect being

obtained in this study along with those for some other substratesdominant.

are summarized in Table 2. The table also listskffevalues
for the reactions with HOCKCH,S™ and logiE7kS™). The

(5) For the reactions d-SMe and8-OMe, Spushvalues for
leaving-group expulsion could be determined from a correlation

most notable observation is that in all cases the reaction with of logky> with pK¥®", With HOCH,CH,S™ as the nucleophile,

OH~ is substantially slower than the reaction with HOCHLLS -,
despite the higher basicity of OHwith log(F¥k™) ranging
from 1.9 to 5.4. In trying to understand this result it is useful to
include a comparison of the respectiequilibrium constants.
ExperimentaIKfH values are only available for compounds
with LG H. However, for those substrates where an
equilibrium constant for C#EH,O~ addition is known
(KR 3akP" was estimated as 1.8 103K*° based on th&$™
Ki‘o ratio for 5-H and essentially reflects theKp difference
between water and GEH,OH.

In all cases thé&kS" ratios are much larger than th&/
K ratios. This indicates that the intrinsic rate constants for

kZS for the reaction of8-OMe is abnormally high, probably
because of intramolecular acid catalysis by the OH group.

(6) Nucleophilic attack by OH is much slower than by
HOCH,CH,S™. This is mainly the combined result of lower
intrinsic rate constants for the OHteaction caused by the PNS
effect of early desolvation of the nucleophile and the enhanced

(32) (a) Hupe, D. J.; Jencks, W. .Am. Chem. S0d977, 99, 451. (b)
Jencks, W. P.; Brant, S. R.; Gandler, J. R.; Fendrich, G.; Nakamurh, C.
Am. Chem. Sod 982 104, 7054.

(33) (a) Parker, A. JChem. Re. 1969 69, 1. (b) Bordwell, F. G.;
Hughes, D. LJ. Org. Chem1982 47, 3224. (c) Taft, R. WProg. Phys.
Org. Chem.1983 14, 247.

(34) Pearson, R. G.; SongstadJJAm. Chem. Sod.967, 89, 1827.



Structure-Reactbity Relationships in @/ Reactions

J. Am. Chem. Soc., Vol. 123, No. 10, 2163

Table 5. Experimental Conditions for the Kinetic Experiments with Thiolate lons

RS pH [RSH] M [RSTM e
6-SMe (4—5 x 1075 M)b
n-BuS 11.08-12.08 1.8x 104-8.6 x 1073 8.14x 104~4.17x 10°2 14
HOCH,CH,S" 10.45 1.3x 103-1.5x 10! 9.8x 104-1.2x 10! 12
MeO,CCH,S™ 9.04 8.6x 103-4.9x 1073 1.4x 102-8.3x 10°2 7
6-SCH,Ph (1.0 x 1074 M)®
HOCH,CH,S" 10.45 4.8x 103-9.3x 1072 3.5x 103-7.3 x 102 8
7-SMe (48 x 1075 M)°
n-BuS 11.08-12.08 1.1x 103-8.6 x 1073 5.2x 104—4.1x 1072 7
HOCH,CH,S" 9.08-10.72 2.9x 103-6.4x 1072 9.4x 10°5-9.1x 102
MeO,CCH,S™ 7.50-9.04 1.3x 102-4.9 x 102 1.5x 103-8.3x 102 8
8-OMe (4.0 x 1075 M)¢
n-BuS 11.76-12.31 3.0x 104—6.3 x 1073 1.0x 104-5.2 x 10°2 12
HOCH,CH,S" 10.47 1.3x 103-1.5x 10! 9.8x 10-1.2x 10! 12
MeO,CCH,S™ 9.80 3.7x 10%—1.8 x 102 3.6x 103-1.7x 10! 10

aNumber of runs? K, .;and K}, monitored at 350 nmntBuS™), 360 nm (HOCHCH,S"), and 340 nm (Me@CCH,S"), respectively® k., .
monitored at 350 nmnéBuS-, HOCH,CH,S") and 340 nm (Me@CH,S"); k:)'bsd monitored at 360 nm (HOCHEH,S"). ¢ Monitored at 300 nm
(n-BuS", K,) and 350 nmK,., n-BuS", HOCH,CH,S", and MeQCCH,S").

kffs for the thiolate ion reaction due to early development of
soft—soft interactions.

Experimental Section

Materials. 2-(Methylthiobenzylidene)-1,3-indandiong(6-SMe) and
its benzyl analogue6tSCH,Ph) were prepared according to eq 8.

o
, SMe(SCH,Ph)
c @®)
Ph
o]

6-SMe (6-SCH ,Ph)

o)

o]
COPh Cl NaSR
O™ e~ O~ 722
A
H Ph p=
1 4 R = Me, CH;Ph
13

12

a. 2-Benzoyl-1,3-indandione (12)This compound was prepared
by the method of Kilgoré® The crude product was recrystallized from
methanol, mp 116111 °C (lit.>> 109-110°C). *H NMR (CDCl;, 300
MHz) 6 7.50-7.56 (m, 2H), 7.66-7.66 (m, 1H), 7.76-7.79 (m, 2H),
7.83-7.91 (m, 2H), 8.148.17 (m, 2H).

b. 2-(Chlorobenzylidene)-1,3-indandione (13)A mixture of 12
(1.0 g, 4.0 mmol), phosphorus oxychloride (4 mL) axgN-diethyl-
aniline (3 mL) was stirred at 75C for 45 min. The mixture was then
cooled to rt, 20 g of ice was added slowly followed by aqueous HCI
(5%, 15 mL), and the mixture was filtered, giving 0.85 g of a red solid
which was washed with cold water. The crude product was purified
by chromatography on silica gel 60 with ethyl acetate/petroleum ether
(2:8) as eluent, giving 0.45 g (42%) of yellow needles, mp-1661
°C (1it.%¢ 145-147°C). Anal. Calcd for GsHsO-Cl: C, 71.51; H, 3.35;

Cl, 13.22. Found: C, 71.77; H, 3.33; Cl, 13.7B.NMR (CDCl;, 300
MHz) & 7.45-7.60 (m, 5H), 7.76-7.85 (m, 2H), 7.88-7.91 (m, 1H),
8.01-8.05 (m, 1H). MS (El, 70 eV):m/z (%) 268, 270 (M, *°Cl,
S7CI, 64, 21), 267 (M — 1, 100), 233 (M — ClI, 38), 205 (22), 179
(31). IR (Nujol, KBr): v (cm™) 1692 (s), 1602 (m), 1570 (s), 1463,
1258, 1210.

c. 2-(Methylthiobenzylidene)-1,3-indandione (6-SMe)A mixture
of 13(0.27 g, 1.0 mmol) and NaSMe (0.22 g, 3.1 mmol) in dry DMSO
(7 mL) was stirred at rt for 3 h. Fifteen milliliters of water was then
added, and the mixture was stirred for 10 min and then extracted with
ether, washed with water, and dried @S&;). After removal of the
solvent, 0.19 g (67%) of yellow solid was obtained. It was purified by
chromatography on silica gel 60 with ethyl acetate/petroleum ether (2:
8) as eluent to afford 0.16 g (54%) of the pure product, mp-1ElL
°C. Anal. Calcd for GH.0,S: C, 72.83; H, 4.31; S, 11.44. Found:
C, 72.97; H, 4.38; S, 10.98H NMR (CDCls, 300 MHz) 4 1.99 (s,
3H), 7.13-7.18 (m, 2H), 7.457.55 (m, 3H), 7.63-7.74 (m, 3H), 7.89
7.92 (m, 1H).*3C NMR (CDC}, 100.6 MHz)d 15.80, 122.78, 123.21,

(35) Kilgore, L. G.; Ford, J. H.; Wolfe, W. And. Eng. Chem1942
34, 494.

(36) Korchevin, N. A.; Usova, T. L.; Vasilev, A. V.; Dorofeev, I. A;;
Usov, V. A.; Voronkov, M.Zh. Org. Khim.1986 22, 580 (Russ.)Chem.
Abstr.1986 106, 119416n.

124.30, 126.53, 129.03, 129.39, 134.33, 134.90, 134.98, 140.42, 140.66,
173.92, 187.07, 191.64. MS (EI, 70 ez (%) 280 (M, 100), 265
(M — CHgs, 26), 233 (M— SCH;, 37).
2-(Benzylthiobenzylidene)-1,3-indandione (6-SCHPh). A mixture
of NaH (20 mg) and benzylmercaptan (0.25 mL) in dry ether (1 mL)
was stirred at rt under argon for 12 h. DMSO (5 mL) was then added
to dissolve the sodium salt. One hundred milligrams (0.36 mmol) of
13 was added to the mixture, and the solution was stirred further at rt
for 30 min. After workup as described f@-SMe the crude product
was purified by chromatography on silica gel 60 using ethyl acetate/
petroleum ether (1:5) as eluent to afford 0.13 g (98%) of a yellow liquid.
Anal. Calcd for GsH160.S: C, 77.50; H, 4.52; S, 9.00. Found: C,
77.21; H, 4.67; S, 8.6*H NMR (CDCl;, 300 MHz) 6 3.68 (s, 2H),
7.06-7.10 (m, 2H), 7.1#7.25 (m, 5H), 7.4#7.52 (m, 3H), 7.63
7.74 (m, 3H), 7.88-7.91 (m, 1H).23C NMR (CDC}) ¢ 35.57, 122.96,
123.36, 124.52, 127.52, 128.07, 129.04, 129.06, 129.55, 129.69, 134.89,
134.93, 134.96, 135.58, 141.03, 141.31, 172.31, 186.92, 191.09.
Methyl p-methylthio-o-nitrocinnamate (7-SMe) was prepared
according to eq 9.

N;O4 Ph N HNOZ NaSMe Ph N J;NOZ
PhC=CO,Me +1;, —>» c=C — C=cC ©)
/ R DMSO /
1 15 CO,Me MeS CO,Me
14 7-SMe

a. Methyl B-lodo-a-nitrocinnamate (15). Nitrogen dioxide gas was
bubbled into a solution containing methyl phenylpropioldté) (8.00
g, 0.05 mol,'H NMR (CDCls, 400 MHz)d 3.79 (s, 3H), 7.3%7.35
(m, 2H), 7.39-7.43 (m, 1H), 7.527.55 (m, 2H)) and iodine (14.05 g,
0.55 mol) in dry ether (300 mL) until complete disappearancébf
according to TLC. The unused excess of iodine was washed with 5%
aqueous Nz#5,0; solution. The yellow ether layer was separated,
washed with water, and dried (b&0,), and after removal of the
solvent, the crude product was purified by chromatography on silica
gel 60, eluting with petroleum ether/EtOAc (9:1) to afford 13.82 g
(83%) of the desired produdt5 with differing Z/E isomer ratios. It
was recrystallized from petroleum ether to afford the pleigomer,
and the pure 4) isomer could be obtained from the mixture on
recrystallization with petroleum ethers/ether ($1).

b. Methyl -Methylthio- a-nitrocinnamate (7-SMe).A solution of
15(E/zZ: 10:2.7, 1.0 g, 3.0 mmol) and NaSMe (Aldrich, 95%, 0.31 g,
4.2 mmol) in 45.0 mL of dry DMSO was stirred at rt for 1.0 h. The
mixture was poured into 15.0 mL of water and stirred for another 5
min and then extracted with ether (25 mt 3), washed with water
(20 mL x 3), and dried (Ng5Qy). After removal of the solvent, 0.67
g of a yellow oil was obtained. Chromatography on silica gel 60 using
petroleum ether/EtOAc (17:3) eluent, gave 0.50 g (yield, 66.3%) of a
1:2 ratio of E/Z isomers as a yellow solid, mp-563 °C. Anal. Calcd

(37) Data for the pure isomers, which were not studied here, will be
given elsewhere.
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for C11H11O4NS: C, 52.16; H, 4.38; N, 5.53; S, 12.66. Found: C, 51.98; containing the malononitrile, methanol, and acetic anhydride were
H, 4.36; N, 5.53; S, 12.37. When the reaction was conducted in DMSO distilled at 18 mm up to 92C, and the remaining brown oil (2.8 g)
(2.5 mL) at rt for 1.0 h starting from a 3.0:0.11 E/Z isomer mixture solidified on standing. Chromatography on dry silica gel, using 4:6
(10 mg) of 15 with NaSMe (5 mg) the product was obtained as a petroleum ether:AcOEt mixture and then AcOEt g&+©Me in the
1.1:1.0 ratio of the E/Z isomers. first fraction as colorless crystals, mp-991 °C (2 g, 24%).*H NMR

H NMR (CDCl;, 400 MHz) E isomer:¢ 1.84 (s, 3H), 3.88 (s, 3H), (CDCls) 6 3.92 (3H, s, Me), 7.4#7.65 (5H, m, Ph). Anal. Calcd for
7.17-7.26 and 7.427.52 (m, 5H); Z isomer:6 1.88 (s, 3H), 3.51 (s, CuiHgNO: C, 71.73, H, 4.38; N, 15.20. Found: C, 71.44; H, 4.55; N,
3H), 7.17-7.26 and 7.427.52 (m, 5H). 15.33.

Several attempts to separate the mixture to the pure isomers by Methodology.Preparation of solutions, pH measurements, recording
recrystallization from petroleum ether, ether, petroleum ether/ether, andof spectra, kinetic measurements, and data analysis were performed
petroleum ether/EtOAc mixture failed and always ended with a mixture using the general methods described befare.
containing theE- and Z-7-SMe, the two major isomers. Notably, in Kinetic Data. Rate constants for the reactions with Q" were
addition to them, there are always two other minor side products obtained from the slope of plots &fpsq versus [KOH]; typicallykopsd
displaying®H NMR signals atd 2.77 (s, 3H), 3.64 (s, 3H), and 2.80  was measured at-5 concentrations ranging from 0.01 to 0.2 M. For
(s, 3H), 3.95 (s, 3H), which sometimes became considerably larger onthe reactions with thiolate ions the conditions under whigh, and
standing in CDQ at rt or during purification by chromatography or K,sgWere determined are summarized in Table 5.
by recrystallization. Consequently;SMe seems to be unstable.

Melting points at different isomer ratios are: E/Z 1.0:1.9, mp-57 Acknowledgment. This research was supported by Grant
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Methoxybenzylidenemalononitrile (8-OMe)was prepared by the  and a grant from the U.Slsrael Binational Science Foundation
condensation of trimethyl orthobenzoate and malononitrile. A solution (ZR.)

of malononitrile (3 g, 45 mmol) and trimethyl orthobenzoate (9.9 g,
49 mmol) in acetic anhydride (15 mL) was refluxed for 6 h. Fractions JA003536T



