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Abstract

A kinetic study of the reactions of phenyl substituted benzylidene Meldrum’s acids (5-H-Z with
Z = 4-MeO, 4-Me, H, 4-Br, 3-Cl and 4-NO,) and methylthiobenzylidene Meldrum’s acids (5-
SMe-Z with Z = 4-MeO, 4-Me, H, 4-Br, 4-CF3 and 3,5-(CF3),) with OH", CF;CH,O and
HOCH,CH,S™ in 50% DMSO-50% water (v/v) at 20 °C is reported. The reactions of 5-H-Z lead
to reversible attachment of the nucleophile to the substrate; with CF;CH,O™ and HOCH,CH,S™
rate (K Nlu and kTT) and equilibrium constants (K Nlu) for this process could be determined while for

the reactions with OH™ only kNlLI was obtained. The reactions of 5-SMe-Z lead to substitution of
the MeS group by the nucleophile via a two—step mechanism. With HOCH,CH,S" the first step
represents rapid reversible nucleophilic attachment to the substrate which is followed by slow
leaving group departure (szu). Rate (kNlu, k'jl;, szu) and equilibrium constants (KNIU) could be
determined. With CF;CH,O the kinetic behavior is similar to that with HOCH,CH,S but
complications leave some ambiguity about the interpretation of some of the rate data and hence
only kNlu is reported. With OH" the nucleophilic attachment step is rate limiting and hence only

N . . . egeq .
k lu could be obtained. Substituent effects on the various rate and equilibrium constants were

analyzed by the Hammett and Bronsted equations and provided insights into the —donor effects
of the MeS (leaving group) and the 4-MeO group (substituent) as well as into their mutual
interaction, the presence of transition state imbalances, and the effect of soft acid—soft base
interactions.
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Introduction

In a series of recent papers we have reported kinetic studies of nucleophilic vinylic substitution
(SxV) reactions that proceed by the attachment—detachment mechanism (eq 1) typical for
substrates activated by electron withdrawing groups

X i X i X
R\C=C< +Nu % Lc—i— /— ki, l}c:ql': L LG ()
Nedl % iy & Y Nu Y
u
1 2 3

Nu = nucleophile; LG = leaving group

(X, Y).""® We have focused mainly on reactions where the intermediate (2) accumulates to
detectable levels'>*!'"1* because this allows the determination of all individual rate constants

N . . .
(k lu, k'f:' and szu ). Some representative systems studied to date are the reactions of 4-L.G, 5-LG,

6-LG and 7-LG with alkoxide and thiolate ions as well as amines in 50% DMSO-50% water at

20 °C.
- Ph "R T
Ph NO, Phy o CH, N Ph CN
/L= /L— g /C=L\
LG Ph LG CH, LG LG CN
J
4HIG=1 " g _
5-H(LG = 611 (LG = 1) 7-H (LG = H)
4-OMe (LG = OMe) 5_01\,(1Le (LGHEOMe) 6-SMe (LG - SMe) 7-OMe (LG - OMe)
4 SR (LG = SR) 5-SMoe (LG - SMo)
4 OTFE (LG = OCH,,CFy) olViEIL= 9018

A major reason why 2 accumulates to detectable levels in these reactions is that the n—
acceptor groups (X, Y) provide the necessary stabilization of the intermediate by delocalizing the
negative charge. This implies that the formation of 2 should show some of the characteristic
features of reactions that lead to resonance stabilized anions in general. One such feature is the
relatively high intrinsic barrier or low intrinsic rate constant,'* especially for substrates with
strong m—acceptors.”” '’ Another is imbalanced transition states in the sense that charge
delocalization into X,Y lags behind bond formation between carbon and the nucleophiles.'> ™’

What complicates the reactivity patterns is that other factors such as the n—donor ability of
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the leaving group, steric effects and anomeric effects'® play an important role as well.
Nevertheless, there is an accumulating database that confirms the expected correlation between
intrinsic barriers and m—acceptor strength for these reactions but there is only a relatively small
number of investigations that address the question of transition state imbalance. Information
about the latter comes from the study of substituent effects that provide Breonsted—type structure—
reactivity coefficients such as (xnzc = dlog kNlu /dlog KNlu (variation of phenyl substituent of the
vinylic substrate) and anc = dlog kNlu /dlog KNIu (variation of the pK, of the nucleophile). This
paper presents results of an investigation of substituent effects on the reactions of 5-H-Z (Z = 4-
MeO, 4-Me, H, 4-Br, 3-Cl and 4-NO,) and 5-SMe-Z (Z = 4-MeO, 4-Me, H, 4-Br, 4-CF; and 3,5-
(CF3),) with OH", CF3CH,O and HOCH,CH,S ™ in 50% DMSO-50% water (v/v) at 20 °C.

7 z
%— CH, CH,
o= c_
CH, Mes” >— CH,
d
5ILZ 5-SMe Z

Apart from addressing the issue of transition state imbalances, our results also allow an
assessment under what conditions the m—donor effect of a para methoxy group is effective or
ineffective. Furthermore, some of our data suggest the operation of the hard—soft acid—base
principle.**

Results

General Procedures. All kinetic experiments were performed in 50% DMSO-50% water (v/v)
at 20 °C and conducted under pseudo—first—order conditions with the vinylic substrates as the
minor component. The basic features of the kinetic experiments were quite similar to those for
the reactions of the parent substrates (Z = H) with OH, CF;CH,O and HOCH,CH,S,
respectively, reported earlier'* and hence only an abbreviated account is given here. For the
reactions of 5-H-Z there is no szu —step (eq 1) because H is not a real leaving group and hence

only data on the nucleophilic attachment step were obtained.

For the reactions of 5-SMe-Z with HOCH,CH,S™ the intermediate accumulates to detectable
levels and all rate constants in eq 1 could be determined. For the reactions of 5-SMe-Z with
CF;CH,O the kinetic results are similar to those for the reactions with HOCH,CH,S™ but some
ambiguities as to the nature of the second phase of the reaction render an interpretation of the
data difficult.'" For the reactions of 5-SMe-Z with OH ™ the breakdown of the intermediate to
products is faster than its formation and hence only kNlu could be measured. "
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All the rate and equilibrium constants determined in this study are summarized in Tables 1 (5-H-
Z) and 2 (5-SMe-Z). In the following sections the individual reactions are briefly described.

Reactions of 5-H-Z with OH . The reaction refers to eq 2 and the observed pseudo—first—order
rate constants are given by eq 3. Plots of Kysq vs. [OH ] were obtained in the [OH ] range from
0.015 to 0.10 M (6 points) from which kolH was determined; the intercepts were too small for a

determination of k_;.

kOH

5HZ + OH /—=

| I %-q cn,
o--LX
oH z | )‘—O CH,

Table 1. Rate and Equilibrium Constants for the Reactions of 5-H-Z with OH", CF;CH,O  and

)

HOCH,CH,S ™ in 50% DMSO-50% water (v/v) at 20 °C, p = 0.5 M (KCI).

z K" k", K

Mg ! M

Nu=0OH"
4-MeO (5.28 + 0.06) x 107
4-Me (9.84+0.11) x 10°
H* (1.80 +0.02) x 10°
4-Br (3.35+0.11) x 10°
3-Cl (4.83+0.11) x 10°
4-NO, (1.23 +0.08) x 10*
Nu = CF;CH,O ™ (TfO")

4-MeO (6.74 +0.16) x 10’ (1.77+0.21) x 10°* (3.81 +£0.53) x 10°
4-Me (1.20 + 0.04) x 10* (6.21+0.03) x 10°° (1.93 £0.07) x 10°
H* (2.06 + 0.08) x 10* (3.25+0.54) x 10~ (6.34 £ 1.26) x 10°
4-Br (3.98 +0.07) x 10* (1.83+0.10) x 10°° (2.17+0.16) x 10’
3-Cl (4.44 +0.20) x 10* (1.09 +0.26) x 10°° (4.07 +1.13) x 10
4-NO, (1.08 £ 0.01) x 10° (4.47+0.14) x 107 (2.42+0.10) x 10°

4 Reference 25.

ISSN 1424-6376

Nu = HOCH,CH,S (RS")

(5.85 +0.09) x 10°
(8.60+0.11) x 10°
(1.44 +£0.13) x 10’
(2.37+0.01) x 10’
(2.84 +0.04) x 10’
(7.82 +0.14) x 10’

(1.73+0.15) x 10°°
(5.55+1.38) x 107*
(2.68 £0.32) x 10°*
(1.30+0.10) x 107
(8.38+1.34)x 107
(8.77+1.88) x 10°°

Page 164

(3.39 + 0.24) x 10°
(1.55 +0.38) x 10"
(5.38+0.17) x 10"
(1.82 +0.13) x 10"
(3.39 + 0.50) x 10"
(8.91 +1.78) x 10"*
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kobsa = kT [OH 1+ &9F (3)

Reactions of 5-H-Z with CF;CH,O and HOCH,CH,S . The reactions are shown in eq 4 with
Nu = CF;CH,O or HOCH,CH,S; Kopsa is given by eq 5. With CF;CH,O, the reactions were
run in trifluoroethanol buffers at pH values between 13.15 and 13.39. In calculating the free
CF;CH,;0O (TFEO) concentration, the homo-association equilibrium (eq 6, Kysoc = 1.8 M 6)
was taken into account. Plots of Kypsq

Ot
R T Y0 cn,
SHZ+Nu == @—?—O: —X 4)
kﬁlll L Nll[ )_O CH3
)
kobsa = & " [Nu ]+ &7 (5)
CF4CH,0™ + CF4CH,0H === CI';CH,0" * HOCH,CT'; )

vs. [CF3CH,0 ] with concentrations ranging from about 2.5 x 10~ to about 2.2 x 107 M (6
points) were linear and yielded kTFlE © ; the intercepts were too small for an accurate determination

of kTFiO . However, kTiElo could be determined by following the breakdown of the intermediate—

generated at high pH—in a triethylamine buffer at 10.5. At this pH eq 4 favors the reactants and

eq 5 simplifies to Kopsa =~ kTF_ElO

We also examined the possibility of general acid catalysis of CF3CH,O expulsion by Et;NH by
running the reaction at several [EthH+] from 0.006 to 0.03 M. Within this range K,psq increased
slightly with increasing [EtsNH'] for some substrates and decreased slightly for some other
substrates, but no consistent pattern emerged and hence the reported kTFfEl0 values represent

averages of Kopsd.

Due to the high reactivity of HOCH,CH,S, its reactions with 5-H-Z had to be run at pH 7.34, a
pH well below the pK, (10.57) of HOCH,CH,SH, in order to keep the free HOCH,CH,S"
concentrations low. This pH was maintained with an N—methylmorpholine buffer. Even at this
pH, the intercepts of the plots according to eq 5 were too small to yield reliable ijSl values in the

HOCH,CH,S7] range from 1.1 x 10° to 1.6 x 107> M (8 points). In this case, kﬁs was obtained
[ g p 1
as kﬁsl = les/ KRIS with KRIS being the equilibrium constant; the KRIS values were obtained in

chloroacetate buffers or HCI solution by applying classical spectrophotometric methodology.
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Reactions of 5-SMe-Z with OH™. As shown previously for 5-SMe,"" the reaction with OH"
leads to the corresponding substitution product which, under most conditions, is ionized and is
best represented as the enolate 8a <> 8b.” The rate limiting step is nucleophilic attachment of
OH to 5-SMe, eq 7 and hence Kqpsq is given by eq 8. Data were obtained in [OH ] range from
0.04 to 0.24 M (6 points).

0
7@\ N-q iy Z@L Y0 CH,
c=¢ X - - X

C—Ci -
7/ \
o” )0 CHy o’ ¥0 CH,
0 O
8a 8h
O\
o1 MY q o,
5SMe-Z + OH —» - )(
I (7)
Z ()pb)_ O CH;
kobsa = AT IOH" | )

Reactions of 5-SMe-Z with CF;CH,0O". As described e:arlier,11 the reaction of 5-SMe with
CFs;CH,O™ buffers in characterized by two kinetic processeszé; the same is true for the substituted
derivatives. This process could be observed at 335 nm (loss of 5-SMe) as well as at 260 nm
(formation of the intermediate). The data at 335 nm were of better quality and hence the results
obtained at this wavelength were used in our kinetic analysis. Plots of Kopsq vs. [CF3CH,O ]
obtained at pH 14.6 (ca. 1.3 x 10 to 1.9 x 10™' M, 8 points) were linear either without intercept

or with a small one. The slopes correspond to kTFlEO. The interpretation of the intercepts is

. . . . . TFEO OH
ambiguous because they represent a complex combination of contributions fromk " and ak

[OH ] term from the reaction with OH .*° Hence no kinetic information was extracted from these
intercepts.

The second process was only observed at 260 nm (loss of the intermediate); it is much slower
than the first. As discussed earlier,'" it is not clear what reaction this process is referring to; even
though the dependence of Kqpsq on [CF3CH,0O ] is consistent with rapid equilibrium formation of
the intermediate shown in eq 9 followed by rate limiting

Q
TFEO ‘FME‘)‘,—O CH,
5-8Me-Z + CF4CH,07 === C— (s ©)

’/‘ II r\\_ X
KFEO CF,CH,0 O),—O Chg

conversion of the intermediate to products,”® the spectral changes associated with this process
imply a more complex and poorly understood reaction. We therefore refrain from analyzing the
kinetic data.
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Reactions of 5-SMe-Z with HOCH,CH,S". The kinetic behavior of these reactions is similar to
that for the reactions of 5-SMe-Z with CF;CH,0, i.e. there is a fast process leading to the
formation of the corresponding intermediate (eq 10) followed by a slow process, where now
intermediate formation represents a fast preequilibrium and product formation is rate limiting
(eqs 10a and 10b); in this case the spectral evidence is fully consistent with this interpretation.''

(RS W")—o CH,
5-SMe-Z + HOCH ,CH,S™ =——=== (‘—C- = (10a)
K8 HOCH,CH, s 0 CH,

0\
SMe\y :
P ) UXUh %—0 CH;

—d
z I
HOCT,CH,S )_0 CHy HOCH,CH,S” ; o CHs,

 MeS™  (10b)

The fast process was studied at pH 10.55 and 10.60. Plots of Kesa vs. [HOCH,CH,S], in a
[HOCH,CH,S ] range from 10~ to 1.3 x 10" M (10-12 points), yielded straight lines according
to eq 11; for Z =MeO and Me the intercepts were large

Fobsd = K [HOCH,CH,S ]+ £ (11)

enough to yield a krjsl value. For Z = 4-Br, 4-CF; and 3,5-(CF;)*” measurable intercepts were

obtained at pH 9.0 where lower [HOCH,CH,S ] (7.6 x 10°° to 1.5 10 M) could be used by
buffering the solutions with DABCO.

The slow process was studied at pH 10.55 and 10.60 for Z = 4-MeO, 4-Me, 4-Br and at pH 9.0
for Z = 4-Br, 4-CF>~ and 3,5-(CF3),. It conforms to eq 12; Fig. 1 shows a representative plot of
Kobsa VS. [HOCH,CH,S]. Least squares analysis of the data allowed a determination of les and

kRzS . In those cases where leS could be determined from eq 12 the agreement with kRIS obtained
ask" /k™ is excellent (Table 2).

 KSESS[HOCH,CH,S |
°bsd 1 4 KRS[HOCH,CH,S™]

(12)

Discussion

Hammett and Brensted correlations Hammett plots are shown in Fig. 2 for the reactions of 5-
TFEO

H-Z and 5-SMe-Z with OH" (k ) and of 5-SMe-Z with CF;CH,O (k| "), in Fig. 3 for the
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reactions of 5-H-Z with CF;CH,O(K kTF_ElO ), in Fig. 4 for the reactions of 5-H-Z with
HOCH,CH,S™ (KRlS , kR]S , kﬁsl ), and in Fig. 5 for the reactions of 5-SMe-Z with HOCH,CH,S™

(K®, k™, k™, k). The correlations are good except that in most cases the points for Z = 4-

TFEO kTFEO
1 2 1 2

MeO deviate from the least squares line defined by the other substituents, a feature discussed
below. The p values summarized in Table 3 were obtained by omitting the 4-MeO substituents

from the correlations.
0.16

L ]
0.14L L ®
[ ]
[ ]
012 | [ ]
L

010 L

T 2

=008 |
0.06 |g
0.04 |
0.02 @
0.00 1 ! 1 L |
0.0 0.0 0.0 0.1 0.1 0.1 0.1

[HOCH,CH,S]. M

Figure 1. Reaction of 5-SMe—Me with HOCH,CH,S . Plot of Kobsq vs. [HOCH,CH,S] for the
slow process according to eq 12.

Table 2. Rate and Equilibrium Constants for the Reactions of 5-SMe-Z with OH", CF;CH,O"
and HOCH,CH,S ™ in 50% DMSO-50% water (v/v) at 20 °C, p = 0.5 M (KCI).

z K K =K K K e K
M's! s! M M s
Nu=O0OH"
4MeO  0.465+0.013
4-Me 0.416+0.010
H 0.634 + 0.006
4-Br 1.37+0.06
4-CF, 2314007
3,5-(CF;), 7.17+0.16
Nu = CF;CH,0" (TfO")
4McO  0.941£0.028
4-Me 115 +0.07
H* 1.4140.12
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Table 2. Continued
4-Br 3.18+£0.06
4-CF, 4.89+0.11
3,5-(CF3), 209+04

Nu = HOCH2CH257
4-MeO (721 £0.05) x 10> 333+£0.34 (2.17+0.23) x 10> (2.49+0.26) x 10> 0.179 + 0.003
4-Me (7.57+£0.04) x 10> 3.15+£025 (2.40+0.20) x 10° (2.69+0.21) x 10>  0.162+0.030
H* (9.22+0.12) x 10> 2.78+0.25 (3.32+£0.34) x 10*° (3.32+£0.27) x 10* 0.115+0.112
4-Br (1.96+0.06) x 10°  1.27+0.03  (1.54+0.08) x 10° 0.098 + 0.004
4-CF; (3.65+0.05) x 10°  0.649+0.027 (5.62+0.30) x 10° 0.037 £ 0.006
3,5-(CF3), (1.45+0.04) x 10* 0.244+0.039 (5.94+1.10) x 10* 0.0165 + 0.003
dReference 11.

o
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Figure 2. Hammett plots for the reactions of 5-H-Z with OH™ (log kolH ,0), the reactions of 5-

TFEO

SMe-Z with CF;CH,O™ (logk ', ~, A) and the reactions of 5-SMe-Z with OH™ (log kolH , ). The
filled symbols refer to Z = 4-MeO.

10

@

|

IU;.".‘I-FEC'_ loghT FEO . lox 'J:F‘ED
S

A

-2\\\

-4 L L L L L
0.4 0.2 0.0 02 04 08 0.8

TFEO

Figure 3. Hammett plots for the reactions of 5-H-Z with CF;CH,O : logk

TFEO

(0); logk " (A). The filled symbols refer to Z = 4-MeO.

TFEO

(0); log k 1
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Figure 4. Hammett plots for the reactions of 5-H-Z with HOCH,CH,S: log KRlS (O); log leS
(0); log kfsl (A). The filled symbols refer to Z = 4-MeO.

logh P18 10948, 1ogk RS

[*X-1
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y ¥

10ak TS, 160475, 109408 10gaBS

-2
-04 0.2 0.0 0.2 0.4 06 08 1.0
a

Figure 5. Hammett plots for the reactions of 5-SMe-Z with HOCH,CH,S: log KRIS (0); log les
(0); log k™ (A); log ks (7). The filled symbols refer to Z = 4-MeO.

Table 3. Hammett p Values® for the Rate and Equilibrium Constants of the Various Steps of the
Reactions of 5-H-Z and 5-SMe-Z with OH, CF;CH,O and HOCH,CH,S in 50% DMSO-50%
water (v/v) at 20 °C.

5-H-Z

OH CF:CH,O HOCH,CH,S
oK) 2.17+0.13 (}) 2.92+0.20 (})
ok'\) 1.14 £ 0.05 (]) 0.98 + 0.08 () 0.98 + 0.05 ()
p(k™) ~1.19 £ 0.07 (1) “1.95+0.18 (1)
k) =a 0.45 +0.02 0.33 +0.02
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Table 3. Continued

pa(k’) =—a | ~0.55+0.02 ~0.67 +0.02
p(k’;)
5-SMe-Z

oK) 221+0.16 (1)
p(k'}) 1.11 +0.06 (1) 1.14+£0.11 (1) 1.18 +0.09 (1)
pk™) ~1.05+0.06 ()
ok ) =a o, 0.53 = 0.01
pu(k"}) =0t | 0.48 +0.02
p(k’y) 0.90 = 0.09 (|)

* The (|) and (1) indicate that the point for Z = 4-MeO deviates positively and negatively,
respectively, from the Hammett plot.

The p(KNlu) values are all larger than 2, indicating a fairly strong substituent dependence. These

values are quite similar to the ones for the reactions of 5-H-Z with amines to form the anionic
adduct, eq 13,% e.g. p(KNlu) =2.26 for R,NH = morpholine.*

K it Yq o,
5-H-Z + R;NH =—= Qs X rH' (13)
z ~0 CH
RN 7

The large values imply that the negative charge of the intermediate is relatively close to the
substituent and not highly delocalized into the two ester groups, in agreement with independent
evidence that charge delocalization plays only a secondary role in the strong stabilization of the
Meldrum’s acid anion.’’>* By way of contrast, for morpholine addition to substituted p—
nitrostyrenes, eq 14,% p(KNlu) is much smaller (= 1.09), *° consistent with the strong

delocalization of the negative charge into the nitro group.

7
©L

i . H NO,

- Z | 2

/C=C\ +R,NH === @?_C< CH (14)
H NO, R,N H

9-H-Z

Nu
The fact that p(K ;) for HOCH,CH,S attachment to 5-SMe-Z (2.21) is significantly smaller
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than for addition of the same nucleophile to 5-H-Z (2.92) calls for comment. A possible
interpretation of this result is that the soft—soft** acid-base interactions between the thiolate ion
and the MeS group in 5-SMe-Z provide some extra stabilization to the intermediate, thus
attenuating the substituent effect on the stability of the intermediate. This is reminiscent of
findings in the reaction of thiolate ions with Fischer carbene complexes which were interpreted
in a similar way.*

The p(kNlu) values for nucleophilic attack are very similar (0.98 to 1.18) for all reactions, i.e.
essentially independent of nucleophile and substrate. The p(k TL:) values for the reverse reaction
are similar for the reactions of 5-H-Z with CF;CH,O and of 5-SMe-Z with HOCH,CH,S™ (-
1.19 and —1.05) but for the reaction of 5-H-Z with HOCH,CH,S", p(kTT) =—1.95 is substantially

more negative, as required by the higher p(K Nlu). The p(k N2u) value for the reaction of 5-SMe-Z
with HOCH,CH,S™ (-0.90) is about the same as p(k 'jl;) (—1.05). This is reasonable since both szu

and kTLl' refer to the expulsion of a thiolate ion from the intermediate.

Information about the transition state of the first step can be obtained from the normalized p
values, i.e. pn(kNlu) = p(kNlu )/p(KNlu) and pn(kTLI') = p(k'j:' )/p(KNlu); they can also be obtained

u

directly from Brensted—type plots of log kNlLI vs. log KNlLI and log le vs. log KNlLI (see Fig. 6 for a
representative example), with dlog kNlu /dlog KNILI =q, = pn(kNlu) and dlog kTL: /dlog KNIu = —alr; =
pn(K TT) The anzc values increase from 0.33 for the reactions of 5-H-Z with HOCH,CH,S™ to

0.45 for the reactions of the same substrate with CF;CH,O™ to 0.53 for the reactions of 5-SMe-Z
with HOCH,CH,S", suggesting a trend from a somewhat reactant-like to a more central

transition state. This trend parallels the decrease in reactivity from high for the reactions of 5-H-
Nu

Z with HOCH,CH,S (for Z = H: K= 538 x 10" M, k', = 1.44 x 10’ M s) to
intermediate for the reactions of 5-H-Z with CF;CH,O™ (for Z = H: KNIu =6.34 x 10° M’l, kNlu =
2.06 x 10* M s7) to low for the reaction of 5-SMe-Z with HOCH,CH,S™ (for Z = H: K} = 3.32
x 10° M, kNlu =9.22 x 101> M ' s7"); it is consistent with the Hammond—Leffler postulate.”’* A

similar trend has been observed for B, for the reactions of secondary alicyclic amines with a
series of electrophilic alkenes.'®
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Figure 6. Bronsted—type plots for the reaction of 5-H-Z with HOCH,CH,S : logk Rls (®); logk ?Sl
().

Deviations of the 4-MeO substituent. For the reactions of 5-H-Z the log kNlu and log KNIu
values for the 4-MeO derivative deviate negatively from the Hammett plots, while the log lef
values show a positive deviation (Figs. 2—4). In contrast, for the reactions of 5-SMe-Z, it is the
log kNlu and log KNlu values that deviate positively, while log k'f:' falls below the line (Figure 5).

The pattern seen for the reactions of S-H-Z with OH , CF;CH,O and HOCH,CH,S  is similar
to that observed for the addition of amine nucleophiles to 5-H-Z as well as to other electrophilic
alkenes such as PhCH=C(CN),”’ and PhCH=C(CH=0),". It can be attributed to the m—donor

effect of the 4-MeO group (10a < 10b) which reduces the reactivity of S—-H-MeO. This n—
donor effect also manifests

MeO MeQ)
\©\ %—0 CH, Q >—Q CH,
e=¢ X -> c—ci - X
H  )—0 CH; H >0 CH,
0 o
10a 10b

itself in the UV spectrum of 5-H-MeO whose Amax of 370 nm is much higher than that of the
other 5-H-Z derivatives (4-Me: 334 nm, H: 325 nm, 4-Br: 335 nm, 3-Cl: 316 nm; 4-NO;:
318 nm).

With 5-SMe-MeO, the n—donor effect of the 4-MeO group is reduced; in fact, the reduction is so

strong that the electron donating ability of the 4-MeO group is less than that suggested by its
Nu Nu . .. Nu .

Hammett ¢ value and hence log k', and log K| deviate positively, log k_, negatively for the

Hammett plots (Figure 5). The most plausible explanation for this reduced n—donor effect is that
n—donation by the MeS group (11a < 11b) is more effective and greatly diminishes the
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importance of 11¢. The fact that A, (334 nm) for 5-SMe—MeO is the same as for the other 5-
SMe-Z derivatives (4-Me, H, 4-Br: 334 nm; 4-CF; and 3,5-(CF3),: 335 nm) is consistent with
our explanation.

MeO MeO,

Q Yoo O

>0 CH;
,=¢ X = -» | c—Ci- ->
MeS 0 CH, MeS” )0 CH,
0 o

11a 11b
MeOg
o}
N >‘,—0X(Hg
c—G
Mes” 30 CH;
0
11c

Transition state imbalances. One of the major motivations for this study was to learn more
about potential transition state imbalances in the nucleophilic attachment steps. Such imbalances
where charge delocalization into the m—acceptor group(s) in carbanion forming reactions lags
behind bond formation (see, e.g. 12) appears to be the norm'*>™” and would be expected to occur
in the reactions reported in this paper.

z{ il
Q
»-Q CH,

LG—C=C5- X
is_ 30 CH,
Nu O
12

They would manifest themselves in o values that exceed B, ; this is because, due to the closer

nuc ?
proximity of the negative charge to the Z—substituent at the transition state than in the adduct, the
stabilization of the transition state by electron withdrawing substituents is disproportionately

. Nu |
strong and hence the substituent effect on k 1u is exalted.

n

we Vvalues for the reactions reported in the present study along

. n
Table 4 summarizes o,

and
. . . . . . n n
with the same parameters for similar reactions studied previously. In all cases a, . exceeds B,

with1=a_ — B ranging from 0.14 to 0.34. There appears to be a
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n

Tabled. o and B,
50% DMSO-50% Water (v/v) at 20 °C.

Values for Nucleophilic Attachment to Various Electrophilic Olefins in

Entry Substrate Nucleophile anzc anc I= anzc anc
1 ArCH=MA" (5-H-2) RO 0.45°  0.25° 0.20
2 ArCH=MA® ArO 0.599  0.39¢ 0.20
3 ArCH=MA® (5-H-2) RS 033> 0.19° 0.14
4 ArCH=MA®* (5-H-Z) R,NH 0.25°  0.15° 0.10
5 ArC(SMe)=MA®  (5-SMe-Z) RS 0.53°  0.19' 0.34
6 ArCH=CHNO, (9-H-7) RoNH 0.518  0.258 0.26
7 ArCH=C(CN), (7-H-2) R,NH 0.56"  0.42" 0.14

* MA stands for Meldrum’s acid residue. ® This work. ¢ Reference 25. ¢ Bernasconi, C. F.;
Leonarduzzi, G. D. J. Am. Chem. Soc. 1982, 104, 5133. © Reference 30. ' Reference 11. &
Reference 35, in water. M Reference 39.

complex dependence of the imbalance on the m—acceptor groups, the nature of the nucleophile
and on whether or not the substrate has a leaving group. Comparison of entries 4, 6 and 7
suggests that for the same LG the imbalance is relatively large for substrates with strong n—
acceptors (NO;) but small when the n—acceptors are weaker (COOR and CN groups). This is the
same pattern observed in the deprotonation of carbon acids activated by the same n—

15,1
acceptors A7

and reflects the fact that the differences between the charge distribution at the
transition state and that of the carbanion increases with the increasing strength of the n—acceptor.
Comparison of entries 3 and 5 shows a large increase in the imbalances when the hydrogen is

replaced by a MeS group. This increase is the result of a larger anzc value. A possible

(speculative) explanation is that a destabilization of the substrate by electron withdrawing
substituents could enhance a. .. Such a destabilization would occur if the electrostatic interaction

of Z with the partial positive charge on the sulfur atom (see 11b) is stronger than its interaction
with the partial negative charge because the latter is partially delocalized. With respect to the
dependence of the imbalance on the nucleophile, too many factors such as charge, central atom
and size come into play to allow any meaningful conclusions to be drawn.

Conclusions
(1) The p(KNlu) values are relatively large, consistent with the notion that the negative charge on

the respective intermediates or adducts is not particularly strongly delocalized.
(2) The lower p(KNlu) value for HOCH,CH,S™ attachment to 5-SMe-Z compared to 5-H-Z may
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be attributed to a stabilizing soft—soft acid—base interaction in the intermediates derived from 5-
SMe-Z.

(3) For the reactions of 5-H-Z the logk Nlu and log KNlu values for the 4-MeO derivative deviate
negatively from the Hammett plots while log kTL: deviates positively. This is the result of the n—

donor effect of the MeO group (10b). In the reactions of 5-SMe-Z this effect is greatly
diminished because of the n—donor effect of the MeS group (11b) and the log kNlLI and log KNIu

u

values for the 4-MeO derivatives deviate positively, and the log le

values negatively, from the

Hammett plots.

(4) The on,e values increase with decreasing reactivity, suggesting a trend from a somewhat
reactant—like transition state to a more central one, as predicted by the Hammond-Leffler
postulate.

(5) For all the reactions where oy, could be determined, oy, exceeds PBnye, indicating the presence
of a transition state imbalance. The size of the imbalance depends on several factors most of
which are poorly understood except for a definite trend towards larger imbalances with
increasing m—acceptor strength of the activating groups.

Experimental Section

Materials. The substrates in the 5-H-Z series were prepared as described by Schuster et al.*! The
substrates in the 5-SMe-Z series were available from a previous study.*

All other materials were from the sources described before.*

Methodology. All procedures, including the spectrophotometric equilibrium determinations,
were the same as described in references 9 and 25.
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