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Abstract: A recent correlations analysis of the specific sat solvolysis of p-
methoxyphenyl chloroformatel) in 31 solvents using the three-term Grunwald-\Wéims
equation led to a sensitivity Xltowards changes in the aromatic ring paramedeof(l
0.85 +0.15. This value, suggesting an appreciable trion from the_hlterm, is in
contrast to the lalue of 0.35 .19 that was reported for the parent phenyl afibomate
(2). However, forl, only two specific rate values were available tbe important
fluoroalcohol containing solvents. Values are neported for 13 additional solvents,
12 of which have appreciable fluoroalcohol contevitith all 44 solvents considered, it is
found that the solvolytic behavior indicated fonow parallels very closely that previously
reported for2.
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1. Introduction
The Grunwald-Winstein equation (equation 1) wagioally developed [1] in 1948 for the

tog Kko=mY +c (1)
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correlation of specific rates of solvolysis of ially neutral substrates reacting by an ioniza(igqgl +

E1) mechanism. In equation 1akd k are the specific rates of solvolysis in a givelvesat and in the
standard solvent (80% ethanol), respectivelyrepresents the sensitivity to changes in the sblve
ionizing power Y (initially set at unity for_terbutyl chloride solvolyses), andig a constant (residual)
term. It is now realized both that the scales la@ving-group dependent and that adamantyl
derivatives provide better standard substratesaaseties of ¥ scales are available [2].

It was immediately realized that bimoleculax2Sand/or E2) reactions cannot be expected to follow
such a relationship because solvent nucleophili@iy will also be an important factor [1,3].
However, for a given type of binary solvent (sushaaseries of agueous-ethanol mixtures) a linesr pl
based on equation 1 was frequently observed duaellinearity between the ldnd_Y scales [4]. Such
plots had_mvalues considerable lower than unity and theseiegalwere taken as evidence for a
bimolecular reaction [1,3,4].

It was further realized [3] that, in principle, tberrelation could be extended (equation 2) toudel

tog Kko=IN +mY +¢ (2)

a term governed by the sensitivityo changes in solvent nucleophilicity)(NHowever, in practice, an
N scale could not be developed because the app@pnigalue for insertion into the equatiobh € 1
for the standard substrate) could not be obtairfechleyer and Bentley [5] estimated thevalues at
0.3 for the solvolyses of methgitoluenesulfonate, and arrived at thgrNscale. At the present time,
scales are usually based on the solvolysesroé®yldibenzothiophenium ion [6], in which the eay
group is a neutral molecule, which is little infheed by solvent change, and the reéfm can be
neglected. The Nvalues obtained [6,7] indicated that thefan methylp-toluenesulfonate is best set
at 0.55 and reviseg'dg\}S values are in good agreement with\lues [6,7].

When aromatic rings are bonded, at the transitiate sto the carbon which is developing positive
charge, the charge will be partially distributedoithe aromatic rings. This causes changes in the
solvation of the rings in going from the substrat¢he activated complex [8], which in turn leadsat
perturbation of analyses in terms of equation 2.ofThis can be accommodated by use of similarity
model scales in which the standard substrate emtamilarly situated aromatic rings [9,10] and new
ionizing power scales are devised. Alternativalyhird variable term can be added to the lineze fr
energy relationship (equation 3), governed by thasgivity h to changes in the aromatic ring
parameter _{l

tog Kko=EN + mY +hl+¢ )

The development and uses of extended forms of thev&ld-Winstein equation was recently [11]
reviewed in more detail than is presented in thasiascript.

In recent correlations [11], using the three forwhshe Grunwald-Winstein equation (equations 1-
3), evidence was found for a modest dantribution in the solvolyses of,N-diphenylcarbamoyl
chloride even although the aromatic rings are Iretctly attached to the carbon at the reactionezent
This gave support to the claim by Liu [12], basedboth experimental and theoretical considerations,
that in these solvolyses positive charge is trarefieto the aromatic rings through contributioranir
non-canonical resonance structures. If such attetfan be operative in the solvolyses of aromatic
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carbamoyl chlorides (ANCOCI), it could also be present in the solvolyséaromatic chloroformate
esters (ArOCOCI), such gsmethoxyphenyl chloroformatd) or phenyl chloroformate?j. While the

h value of 0.35_+0.19 was essentially negligible f@ a much larger value of 0.85 .15 was
calculated forl [11]. However, it was pointed out that the 31veats used in the analyses of the
specific rates of solvolysis dfincluded only two with a fluoroalcohol componeriiluoroalcohols are
extremely important, either as pure solvents a esmponent of binary mixtures, in studies leading
analyses in terms of the Grunwald-Winstein equati@3-15]. Accordingly, it was suggested [11] that
a more detailed investigation of the solvolyseslofvas desirable. In this contribution we have
augmented the study of the specific rates of sgbed ofl by adding additional solvents, with almost

all of them having an appreciable fluoroalcohol poament.
@)
|
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2. Results and Discussion

The solvolyses ot can be expressed as in Scheme 1. Values fop#uafis rates of solvolyses at
25.0°C were previously available for 31 pure and birsolyents [11] and 13 additional values,

0 0 0
B \Ii::l\ ﬁ ROHM,0 \I:::l\ ﬁ ' ‘/’\Tiiil\ ?
2
o~ ¢l o~ “OR O/i\OH
Scheme 1 /O
:: “OH

presented in Table 1, have been determined. Twadltbe new determinations are in solvents with
appreciable fluoroalchohol content.

Correlations with all 44 solvents are consideratmgroved, primarily due to an improved variety of
solvents, as regards the relationship betweenahd Y values, and only secondarily due to an
increase in the number of data points. Of therlginaixtures with water, five involve an appreciable
proportion of 2,2,2,-trifluoroethanol (TFE) and foan appreciable proportion of 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP). In addition, fivenary compositions involve mixtures of TFE and
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ethanol. Table 1 also includes the additional[N, Y¢ [16,17], and [[18] values needed within the
correlation analysis.

Table 1 Specific rates of solvolysis Ylof p-methoxyphenyl chloroformate in several binary soks
at 25.0 °C and the solvent nucleophilicityrJNsolvent ionizing power (),
and aromatic ring parametej (alues for the solvents.

Solvent (%)’ 10%k(s™)® N+¢ Yl 1
90% Acetone (V/v) 15.0+0.6 -0.35 -2.22 -0.17
97% TFE (w/w) 0.03009.0013 -3.30 2.83 0.49
90% TFE (w/w) 0.8258.032 -2.55 2.85 0.47
80% TFE (w/w) 8.63+0.24 -2.22 2.90 0.28
70% TFE (w/w) 15.2+0.6 -1.98 2.96 0.25
50% TFE (w/w) 52.6+2.8 -1.73 3.16 0.09
80T-20E (v/v) 3.526.13 -1.76 1.89 0.52
60T-40E (v/v) 17.0+0.5 -0.94 0.63 0.59
50T-50E (v/v) 32.7+1.7 -0.64 0.16 0.51
40T-60E (v/v) 59.2+2.3 -0.34 -0.48 0.43
20T-80E (v/v) 10743 0.08 -1.42 0.31
97%HFIP (w/w) 1.20(+0.13)xId  -5.26 5.17 0.73
70%HFIP (w/w) 7.580.22 -2.94 3.83 0.69

&/olume-volume (v/v) basis at 25.0 °C or weight-weifyw'w) basis, as described; other component wateept for TFE-ethanol

(T-E) solventstwith associated standard deviatiéfrom ref. 73From refs. 16 and 1?From ref. 18.

The correlation analyses have been carried outrmg of equation 2 and 3. A major goal of the
analyses is to examine the extent of the improvertieany) in going from application of equation 2
to application of equation 3, involving the absemcepresence of the tierm. The results of the
correlations are presented in Table 2. For comsparithe results reported earlier [11] for the
solvolyses ofl in 31 solvents and for the solvolyses2ah 49 solvents are both included in the table.
Also, the correlation of the specific rates of sdygis of 2 is reported with restriction to exactly the
same 44 solvents used in the correlation Wwi#fs the substrate.

The correlation of the specific rates of solvolysid gave a good correlation in terms of equation 2
(Figure 1), which showed virtually no improvementthe multiple correlation coefficient (0.981 to
0.982) on advancing to the application of equa8onFurther the F-test value fell appreciably (547
359). In particular, the kalue of 0.29 40.18 was much lower than the 0.8®45 reported for 31
solvents and it was associated with a large (0.1kdpability that the hiterm was statistically
insignificant. With the application of equation the multiple correlation coefficient improves
considerably (0.964 to 0.981) on inclusion of tledhta points from Table 1. The values in Table 2
illustrate the need for a good selection of solsdot a meaningful application of extended forms of
the Grunwald-Winstein equation. The obserdednd mvalues are within the range previously
observed for other reactions at acyl carbon whrehkeelieved to proceed by an addition-elimination
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(association-dissociation) mechanism (shownlfan Scheme 2 below), with the addition step rate-
determining [11,19,20].

Table 2. Correlation8 of the specific rates of solvolysis pimethoxyphenyl chloroformatd) and a
comparison with the corresponding values for phehigroformate Z) solvolyses.

Substrate 1f © m° he c R E®
1 a4 1.6(+0.0t¢  0.57+0.0! 0.18+0.0¢ 0.981 517
1.7(+0.0¢ 0.61+0.0¢ 0.29+0.1¢ 0.19+0.0¢ 0.982z 35¢

(0.1148
31" 1.4€+0.0¢ 0.53+0.0: 0.18+0.0¢ 0.96<¢ 182z
1.7540.07 0.66+0.0: 0.85+0.1! 0.22+0.0¢ 0.982¢ 274
2 49" 1.€6+0.0t  0.56+0.0 0.15+0.00 0.98( 56¢&
1.77+0.0¢ 0.61+0.0¢ 0.35+0.1¢ 0.16+x0.0¢ 0.982z 40C

(0.0689
44 1.6(+0.0t  0.54+0.0 0.15+0.0¢ 0.97¢ 46¢&
1.67+0.0¢ 0.57+0.0¢ 0.19+0.2( 0.15+0.0¢ 0.97¢ 31z

(0.332f

2The equation used can be deduced from the setsifieirameters quotedNumber of data point€With associated
standard errorCorrelation coefficient®F-test value Specific rates are those from Table 1 plus the Sdduin ref.11.
9Probability that the hterm is not statistically significant, presentelden greater than 0.00%s reported in ref.11Using

the same solvents as for the 44 data-point coivelaf the specific rates of solvolysis bf
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Figure 1. The plot of log (Kk,) vs. (1.60 N + 0.57_Yg)) for the solvolyses gf-methoxyphenyl

1.60 Nr + 0.57 Y

chloroformate ) in pure and binary solvents at 25.0 ° C.
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For solvolyses oR, thet and_mvalues change only slightly on reducing the nundfesolvents
from 49 to 44, so as to correspond to the studlg tvias the substrate. The already lower value for h
(0.35 +0.19) becomes slightly lower (0.19 3:20) on limiting to 44 solvents. In comparing th
specific rates of solvolyses df and 2 in these 44 solvents, very similar correlations abserved
(Table 2). This observation suggests that a vendglirect linear relationship should exist between
their specific rates of solvolysis. It can be s&em Figure 2 that this is indeed the case anbbiagh
log (K'ko) values forl against those fa gives an excellent linear plot with a correlatmoefficient of
0.998, F-test value of 9302, slope of 0.990.6810, and intercept of 0.07501015.
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Figure 2. The plot of log (K<) for p-methoxyphenyl chloroformatd) against log_(K.) for phenyl
chloroformate 2) in pure and binary solvents at 25.0 °C.
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3. Conclusions

The presently reported analyses strongly suppoet phoposal of very similar mechanistic
characteristics for the solvolyses bind2. They demonstrate that the previous indicatidl] fdf a
meaningful_hlcontribution associated with the extended Grunwaéldstein treatment of but not of
2 was, as suspected at the time, an artifact, reguitom an inadequate selection of solvents being
available when the specific rates of solvolysislofvere treated in terms of equation 3. With the
addition of data for the solvolysis in several flo@cohol-containing solvents, the linear free gger
relationship behavior becomes essentially ident#that previously observed far

4. Experimental Section

The p-methoxyphenyl chloroformate (Aldrich, 98%) was dises received. Solvents were purified
and the kinetic runs carried out as described pusly [6]. A substrate concentration of approxirhate
0.03_ Mwas employed. The calculation of the specifiesaif solvolysis (first-order rate coefficients)
used the experimental infinity titers, at about texif-lives, except for the runs in 97% HFIP, when
portions were added to equal volumes of water dlosved to stand for 4 weeks prior to the usual
titration of developed acid, and for the runs IN®7TFE, when the conventional Guggenheim
treatment [21] was modified [22] so as to give ifinity titer, which was then used to calculate fo
each run a series of integrated rate coefficiefitse specific rates and associated standard dewvsati
as presented in Table 1, are obtained by averadjing the values from, at least, duplicate runs.
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