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Dispersion into sepatrate lines in the correlation of the
specific rates of solvoysis of a substrate in various binary
mixtures was documented!'~® in early treatments using the
Grunwald-Winstein equation [eqn. (1)1.

loglh/k)y=mY+c ey

In equation (1), £ and %, are specific rates of solvolysis of

a substrate in a given solvent, of solvent ionizing power Y, .

and in 80% ethanol respectively, » is the sensitivity to cha-
nges in Y values, and ¢ is a residual (constant) term. Equa-
tion (1) is commonly written without the intercept (¢), which
is not required for typical interpretations, but ¢ is often con-
sidered “hidden” adjustable parameter in the correlations.?

In general, dispersion effects in unimotecular solvoyses®®
make smaller contribution to the overall linear free energy
relationship (LFER) than solvent nucleophilicity effects in
bimolecular solvolyses, It was suggested® that a second term
which is governed by the sensitivity { to solvent nucleophili-
city N, should be added to equation (1) for bimolecular sol-
volyses. The resulting equation (2} is often referred to as
the extended Grunwald-Winstein equation.

logtk/k)=mY+IN @

It was suggested that a ¥ scale based on 2-adamanty] tosylate
solvolysis™® (Yor,) would be the most appropriate, and Nor.

values can be obtained from equation (3).
Nors=log(k/Ro)meors— 0.3 ors 3)

The cause of dispersion in Grunwald-Winstein plots using
equation (1) is when the leaving group in the solvoysis of
a given substrate differs from the leaving group present in
the standard substrate used to establish the Y scale being
used in the correlation.’®

Another cause of dispersion phenomenon due to not only
the resonance stabilization within benzylic cabocations but
also appreciabte crowding in the vicinity of the reaction cen-
ter.!

Rate constants for solvolyses of cyclopentyl tosylate are

. reported for aqueous binary mixtures with acetone, ethanol

and methanol (Table 1). In order to eliminate dispersion
phenomenon factor to variation of leaving group in Grun-
wald-Winstein plots, we tried to correlate log % with Yors
using & values obtained in this work. The Grunwaid-Winstein
plots of first-order rate constants for cyclopentyl tosylate with
Yo (based on 2-adamantyl chloride) show large dispersions
(Figure 1). However, the plot of first-order rate constants
for cyclopentyl tosylate with Yor, (based on 2-adamantyl tos-

Table 1. Rate Constants (k) Solvolyses of Cyclopentyl Tosylate
in Aqueous Alcohol and Acetone Binary Mixtures at 25 €

MeOH EtOH Acetone
/v %
£X10'
100 0.115 0.0325
90 - 0242 0.103
80 0515 0.254 0.0288
70 107 0.496 0.112
60 220 0.907 0.321
50 456 1.93 0.919
40 . 9.17 435 248
30 19.3 120 7.69
20 368 327 219
10 69.1 69.3 59.3
H,0 101 101 101
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Figure 1. Logarithms of first-order rate constants for solvolyses
~of cyclopentyl tosylate at 25 T vs. Yo
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Figure 2. Logarithms of first-order rate constants for solvolyses
of cyclopentyl tosylate at 25 C vs. Yor.

ylate) still shows dispersions (Figure 2).

Cyclopentyl tosylate is neither conjugated systems nor
aromatic rings adjacent reaction center in the substrate. The-
refore, it can not be explained by phenomenon of the dispet-
sion cause by differential solvation effect on the stabilized
reaction center by conjugation with adjacent conjugated sys-
tem or aromatic rings. Therefore such phenomenon can be
explained as dispersion effect caused by other specific sol-
vent effect or change of reaction mechanisms according to
the variation of solvent composition. In order to examine
the cause of this dispersion phenomenon, we tried to corre-
late extended Grunwald-Winstein plots of the rate data in
Table (1). The extended Grunwald-Winstein plot shows fairly
good correlation (m=0.70, /=091, »=0.996) for cyclopentyl
tosylate solvolysis (Figure 3).

The nucleophilicity parameter (N) has previously been
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Figure 3. Plot of log(k/k,) for cyclopentyl tosylate against 0.70
Ym+09]NQT5 (?‘=0996)

shown to give considerable improvement when it is added
as an IN term to original Grunwald-Winstein correlations
of the solvolyses of cyclopentyl tosylate. The m value is cha-
nged slightly after removal of dispersion, but the associated
standard errors are substantially reduced. The correlaton
coefficient of 0.989 in the absence of the {N term was impro-
ved to 0.996 with the IN term. '

Therefore, this shows the impertance of solvent nucleophi-
licity compared to solvent ionizing power for the solvolysis
of cyclopenty! tosylate. This study has showed that the mag-
nitude of / and s values associated with a change of solvent
composition is able to predict the transition state variation
to more product like transition state (asymmetric TS,
[N3*++Co o+ -1577%), where bond breaking is much more pro-
gressed and bond formation is slightly more advanced, upon
increasing solvent inonizing power or solvent nucleophilicity.

The Sx2 reaction via product like transision state has ap-
pears to cause the dispersions in the present Grunwald-Win-
stein correlations.
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Thienamycin,' a B-lactam antibiotic exhibiting broad anti-
biotic activity, and its derivatives are continuing targets for
research and development in the area of antibiotics.> Among
various intermediates™ to those compounds, acid chloride
1 is unique in that the corresponding amides afford the -
lactam ring, azetidinones, v#¢ a complete intramolecular Sy2
type cyclization® The intermediate 1 has been prepared as
a chiral form from D-aflo-threonine! or as a racemic form
from #rans-crotonic acid.® Considering the high cost of nonra-
cemic threonine, we counted that any route to chiral inter-
mediate 1 from cheap crotonates would be quite compatible.

oH O
o QAc Q
NG G - AL /I\flLOEt
OFt e :
él' NH
trans-ethyl crotonate D-afio-threanine

1

Scheme 1.

In this brief communication, we describe a concise route
to 1 from #rans-ethyl crotonate employing asymmetric dihyd-
roxylation (ADH).®> Although structural transformations after
ADH reactions from q,B-unsaturated esters to acetoxy bromo
esters have been reported® to our best knowledge, any route
to 1 or to acetoxy bromo acyl chloride derivatives has not
been developed. We followed a known procedure® using
(DHQD),PHAL’ to obtain threo-2,3-dihydroxy ester in 94%
yield. And hydrolysis of the ester using LiOH in MeOH affo-
rded the corresponding acid 2® quantitatively. The dihydroxy
acid 2 was transformed with HBr in acetic acid to provide
erythro-f-acetoxy-a-bromo acid 3® in 91% yield. Finally, the
desired acyl chloride 1 was readily prepared by treating 3
with SOCl; in methylene chloride in a quantitative yield.

'Present_address: Department of Chemistry, College of Natural
Sciences, Chungnam National University, Taejon 305-764,
Korea
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With no necessity of purification, the four step sequence from
the crotonate afforded the intermediate 1 in good yields.
This reaction sequence would be applicable in general for
the preparation of analogue acid chlorides. And the interme-
diate 1 was converted to a known azetidinone 4 for compari-
son using dimethoxybenzylaminomalonate.? The spectral data
of 4 (H NMR, “C NMR) matched well with those in the
literature,® though the optical purity is lower ([als*+30.9°
(¢=2.0, EtOH), lit® [alp® +395° (¢=2.03, EtOH)).

0 OH O
/*\/lL a
OEt —_— OH
OH
trans-ethyl crotonate 2
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0Ac O 0Ac O M
[
Br Br
1\ 3
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/"n, COzEt
N
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4

Reagents: a. (DHQD),PHAL, Kz03040H),, NMO, 1BUOH ; LIOH, MeOH
b. HB¥, ACOH, 45°C ¢. $0,01z, CH,Ch

In conclusion, this concise route employing practical proce-
dures suggests a compatible pathway to the key intermediate,
and the optimization for optical purity is left as further work.
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