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and immediately adding CCl, to the residue, IR 1735 cm~! (C=0);
NMR 4 2.38 (d, Jrcu, = 4), 2.18 (d, Jrch, = 20). The compound de-
composes after 2 days even when kept in CCly. The diastereoisomeric
(—)-menthydrazone prepared in CCl, solution had mp 162-164 °C
dec. Anal. Caled for C15H6FIN,O2: C, 49.08; H, 7.07. Found: C, 50.69;
H, 6.50. Attempted preparation of the title compound in ethanol as
solvent gave decomposed mixtures. No reaction occured without the
use of any solvent.

Other iodo compounds which were prepared by the same general
method but could not be isolated in pure form due to their instability
were: 1-Iodo-1-phenyl-2-propanone (98%): IR 1715 em~! (C=0);
NMR § 2.35 (s), 7.32 (m). 2-Iodo-1-phenyl-1-propanone (26.5%): IR
1693 cm™~! (C=0); NMR 6 2.10 (d, Jucn, = 6), 6.10 (q, Jucn, = 6),
7.65 (m). 1-Chloro-1-iodo-1-phenyl-2-propanone (96%): IR 1733 cm™!
(C=0); NMR 4 2.35 (s), 7.38 (m). 2-Chloro-2-iodo-1-phenyl-1-pro-
panone (13%): IR 1695 cm~! (C=0); NMR 4 2.40 (s), 7.75 (m). 1-
Fluoro-1-iodo-1-phenyl-2-propanone (95%): IR 1723 ecm™~! (C=0);
NMR 6 2.30 (d, Jrcu; = 4), 7.40 (m). 2-Fluoro-2-iodo-1-phenyl-1-
propanone (35%): IR 1696 cm~! (C=0); NMR 6 2.54 (d, JrcH, = 20),
7.78 (m). 1-Bromo-1-iodo-1-phenyl-2-propanone (98%) [IR 1720 cm~—!
(C=0); NMR 6 2.30 (s), 7.60 (m)] and 2-bromo-2-iodo-1-phenyl-1-
propanone (68%) [IR 1690 cm~! (C=0); NMR 4 2.35 (s), 7.60 (m)]
were also prepared by bromination of the corresponding iodo-com-
pounds with NBS in the general manner.

Registry No.—1a semicarbazone, 63017-11-8; la (—)-menthy-
drazone epimer I, 63017-12-9; la (—)-menthydrazone epimer II,
63017-13-0; lc, 63017-14-1; 1c¢ (—)-menthydrazone epimer I,
63017-15-2; 2¢ (—)-menthydrazone epimer II, 63017-16-3; 2b’,
63017-17-4; 3a (—)-menthydrazone epimer I, 63017-18-5; 3a (—)-
menthydrazone epimer II, 63017-19-6; 3¢, 63017-20-9; 1,3-difluoro-
2-butanone, 63058-87-7; 4b’, 703-17-3; 6a’ semicarbazone, 63017-21-0;
6a’ (—)menthydrazone epimer I, 63017-22-1; 6a (—)-menthydrazone
epimer II, 63017-23-2; 10a (—)-menthydrazone epimer I, 63017-24-3;
10a (—)-menthydrazone epimer I, 63017-25-4; 2 chloro-1-phenyl-
2-propen-1-one, 19233-44-4; 3-chloro-1-fluoro-1-phenyl-2-propanone,
63017-26-5; 3-chloro-1-bromo-1-fluoro-1-phenyl-2-propanone,
63017-27-6; 2,2-dichloro-1-phenyl-1-propanone, 57169-51-4; 3-
iodo-2-butanone, 30719-18-7; 3-bromo-2-butanone, 814-75-5; 3-
iodo-2-butanone (—)-menthydrazone epimer I, 63017-28-7; 3-iodo-
2-butanone (—)-menthydrazone epimer II, 63017-29-8; 3-iodo-2-
butanone semicarbazone, 63017-30-1; 3-brono-3-iodo-2-butanone,
63017-31-2; 3-bromo-3-iodo-2-butanone (—)-menthydrazone epimer
1, 63017-32-3; 3-bromo-3-iodo-2-butanone (—)-menthydrazone epimer
II, 63067-33-4; 3-chloro-3-iodo-2-butanone, 63017-34-5; 3-chloro-
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3-iodo-2-butanone (—)-menthydrazone epimer I, 63058-88-8; 3-
chloro-3-iodo-2-butanone (—)-menthydrazone epimer II, 63017-35-6;
3-chloro-3-iodo-2-butanone semicarbazone, 63107-36-7; 3-fluoro-
3-iodo-2-butanone, 63017-37-8; 3-fluoro-3-iodo-2-butanone (—)-
menthydrazone epimer I, 63017-38-9; 3-fluoro-3-iodo-2-butanone
(—)-menthydrazone epimer II, 63017-39-0; 1-iodo-1-phenyl-2-pro-
panone, 63017-40-3; 2-iodo-1-phenyl-1-propanone, 6084-15-7; 1-
chloro-1-iodo-1-phenyl-2-propanone, 63017-41-4; 2-chloro-2-iodo-
1-phenyl-1-propanone, 63017-42-5; 1-fluoro-1-iodo-1-phenyl-2-
propanone, 63017-43-6; 2-fluoro-2-iodo-1-phenyl-1-propanone,
63017-44-7; 1-bromo-1-iodo-1-phenyl-2-propanone, 63017-45-8; 2-
bromo-2-iodo-1-phenyl-1-propanone, 63017-46-9.
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Steric Effects. 9. Substituents at Oxygen in Carbonyl Compounds
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Twenty-nine sets of basic hydrolyses rate constants for alky! acetates, formates, propionates, and benzoates; four
sets of acid-catalyzed hydrolysis rate constants of alkyl acetates; one set of rate constants for the vapor-phase ester-
ification of acetic acid with alcohols; and one set of rate constants for the reaction of 4-nitrobenzoyl chloride with
alcohols were correlated by the modified Taft equation using vx, vcH,x, and vox constants. Best results were ob-
tained with the vox constants which were defined in this work. Forty values of vox are given. The successful correla-
tion with vcn,x verified the validity of the equation vz,x = vz,x + ¢. The magnitude of ¢ as a function of the struc-

ture of the substrate is described.

In many data sets of reaction rates of carbonyl com-
pounds, the effect of substitution at an oxygen atom has been
studied. In particular, rates of ester hydrolysis of I, where Z
is a constant substituent and X is permitted to vary, have been
examined. The first attempt at handling steric effects of the
X group is due to Taft,! who proposed Eg values for these

0

Z—C—0X
1

groups and pointed out? that Egx and Egz may differ signif-
icantly from each other when X = Z. In this work, effects of
R in the set RCHsOAc were correlated with the Taft equa-
tion

log (k/k®) = 0Es 6y

using Egz values. Results were good for a set of eight substit-
uents, although two of the substituents had to be excluded
from the set. It seemed to us of interest to extend our previous
investigation3-10 to this topic. For this purpose, we examined
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Table I. Data Used in the Correlations

1. kr, ROBz + OH" in 56% w/w MeAc~H,0 at 25 °C¢
Me, 9.022; Et, 2.891; Pr, 1.932; Bu, 1.667; BuCH,CH,,
1.274; Bu(CHg)4, 1.268; i-Pr, 0.4644; i-Bu, 1.429; s-Bu,
0.2259; t-Bu, 0.01327; i-PrCHsCH,, 1.200; MePrCH,
0.1487; MeoEtC, 0.005024;> ¢-CsHy, 0.3972; ¢-CgHyy,
0.2679
2. kr, ROBz, + OH™ in 60% v/v dioxane-H,0 at 35 °C¢
Me, 1.74; Et, 0.553; Pr, 0.379; i-Pr, 0.0919; Bu, 0.289; i -Bu,
0.240; s-Bu, 0.0468; i-PrCH,CH,, 0.234; EtyCH, 0.0162
3. kr, ROAc + OH~ in 40% v/v dioxane-H50 at 35 °C¢
Me, 19.3; Et, 8.90; Pr, 6.75; i-Pr, 1.84; By, 5.38; {-Bu, 3.95;
s-Bu, 0.954; t-Bu, 0.103;
4, kr, ROAc + OH~ in 62% w/w MeAc-H20 at 0 °Ce
Me, 0.910; Et, 0.405; i-Pr, 0.0628; i-Bu, 0.147
5. kr, ROAc + OH™ in 62% w/w MeAc-H50 at 10 °Ce
Me, 2.08; Et, 0.908; i-Pr, 0.1395; i-Bu, 0.314
6. kr, ROAc + OH~ in 62% w/w MeAc-H;0 at 20 °Ce
Me, 3.96; Et, 1.75; i-Pr, 0.289; i-Bu, 0.676
7. 10% kr, ROAc + H30% in 62% w/w MeAc-Hy0 at 30.1 °Ce
Me, 52.0; Et, 42.6; :-Pr, 20.0; i-Bu, 30.9; t-Buy, 8.00
8. 10%r, ROAc + H30™" in 62% w/w MeAc-H,0 at 40 °Ce
Me, 120.0; Et, 98.5; i-Pr, 47.1; i-Bu, 71.6; t-Bu, 27.0
9. 102kr, ROAc + OH~ in 70% v/v MeAc-H,0 at 20 °C/
Me, 8.47; Et, 3.56; Pr, 2.02; {-Pr, 0.530; i-Bu, 1.41; Bu, 1.74;
s-Bu, 0.231
10. 102kr, ROAc + OH™ in 70% v/v MeAc-H50 at 24.7 °C/
Me, 10.8; Et, 4.66; Pr, 2.70; {-Pr, 0.706; i -Bu, 1.82; Bu, 2.30;
s-Bu, 0.327; t-Bu, 0.0265; c-CgH11, 0.456
11. 102kr, ROAc + OH~ in 70% v/v MeAc-H,0 at 35 °C/
Et, 8.22; Pr, 5.07; i-Pr, 1.40; i-Bu, 3.55; Bu, 4.39; s-Bu,
0.682; t-Bu, 0.0593; c-CgH 11, 0.884
12. 102kr, ROAc + OH" in 70% v/v MeAc-H,0 at 44.7 °C/
Et, 13.5; Pr, 8.80; i-Pr, 2.53; :-Bu, 6.28; By, 7.66; s-Bu, 1.27;
t-Bu, 0.112; ¢-CsHyq, 1.78
13. 102kr, RO,CEt + OH~ in 70% v/v MeAc-H0 at 20 °C/
Me, 4.93; Et, 1.65; i-Pr, 0.201; By, 0.760
14. 10%kr, RO;CEt + OH™ in 70% v/v MeAc-H,0 at 24.7 °C/
Me, 6.41; Et, 2.21; :-Pr, 0.298; Bu, 0.989
15.  10%kr, ROyCEt + OH™ in 70% v/v MeAc-H,0 at 35 °C/
Me, 10.9; Eit, 4.08; :-Pr, 0.604; Bu, 1.88
16. 10%kr, RO.CEt + OH™ in 70% v/v MeAc-H0 at 44.7 °Cf
Me 17.5; Et, 6.84; i-Pr, 1.14; By, 3.51
17. kr, RO2CH + OH~in Hy0 at 5 °C¢
Me, 696; Et, 509; Pr, 483; Bu, 456; i-Pr, 239
18. kr, RO:CH + OH™ in Hy0 at 15 °C#
Me, 1240; Et, 902; Pr, 844; Bu, 789; i-Pr, 413
19. kr, RO2CH + OH~ in H,0 at 25 °C#
Me, 2200; Et, 1540; Pr, 1370; Bu, 1310; ;-Pr, 655
20. kr, RO:CH + OH- in Hy0 at 35 °C¢#
Me, 3730; Et, 2440; Pr, 2170; Bu, 1840; i-Pr, 1040
21. kr, ROH + AcOH over silica—alumina catalyst at 250 °C#
Me, 6.6; Et, 6.3; Pr, 8.0; Bu, 8.2;1-Bu, 7.8;-Pr, 5.5; s-Bu,

8.3; t-Bu, 14.0
22. 10%kr, ROH + 4-0,NCgH,COC! in Et,0 at 25 °C!
Me, 184, Et, 84.5; Pr, 65.9; i-Pr, 10.1; Bu, 70.3; s-Bu, 7.35;
t-Bu, 2.70; i-Bu, 30.8; BuCH,, 79; BuCH,CH,, 85;
Bu(CHy);, 69; s-BuCH,, 36; i-PrCH,CH,, 73; i-
PrCH,CH,CH,, 68; MePrCH, 5.9; MeBuCH, 6.5; Et,CH,
3.6; ProCH, 2.7
23. 105%r, ROAc + H307% in 75% v/v MeAc-H,0 at 35 °C cata-
lyzed by HCl/
Me, 13.0; Et, 12.0; Bu, 9.65; ¢-CsHg, 4.35; PrMeCH, 3.59;
BUCHQ, 8.78; C-Can, 3.79; BU.CH2CH2, 7.60; BU(CH2)4,
6.65
24. 105kr, ROAc + H30" in 75% v/v MeAc-H-0 at 35 °C cata-
lyzed by resin acid/
Me, 6.45; Et, 3.34; By, 1.12; c-C5Hy, 0.612; PrMeCH, 0.308;
BuCH,, 0.663; c-CgH;;, 0.478; BuCH,CH, 0.420;
Bu(CH,)4, 0.083

25. kr, ROAc + OH~ in H50 at 20.0 °C, average values”®
Me, 8.09; Et, 4.85; i-Pr, 1.29; Bu, 4.05; BuCH,, 3.63; i-
Pl‘CHQCHg, 3.17

26. kr, ROAc + OH~ in H50 at 30.0 °C, average values”®
Me, 16.0; Et, 9.04; i-Pr, 3.40; Bu, 7.41; BuCHs,, 6.82; ;-
PrCH,CH,, 6.49

27. kr, ROAc + OH~ in H0 at 20 °C and 2000 atm*

Bu, 6.1; i-Bu, 5.7; i-Pr, 2.08; BuCH,, 6.0

28. kr, ROAc + OH- in H50 at 20 °C and 5000 atm*
Et, 15.9; Bu, 14.1; i-Bu, 12.3; {-Pr, 5.2

29. kr, ROAc + OH~ in H,0 at 20 °C and 8000 atm*

Et, 31.0; Bu, 25.7; i-Bu, 28.3; {-Pr, 11.4; BuCHj,, 25.2

30. 10%r, ROAc + OH™ in 70% v/v dioxane-H50 at 20 °C!
Me, 54; Et, 35; s-BuCH,, 12.5; i-PrMeCHCHjy, 10; ¢-
BuCH;, 8.6; EtMe,CCH,, 6.0; i-PrEtCHCH,, 5.3;
Et;CHCH,, 5.1; BuEtCHCH,, 5.1; t-BuEtCHCHj, 1.7;
Et3CCH2, 1.5; C-03H5CH2, 31; C-C4H7CH2, 23; c-
C5H9CH2, 16; C-CQHIlCHZ, 10.

31. 103kr, ROAc + OH™ in 70% v/v dioxane—H,0 at 30 °C!
Et, 66; s-BuCHs, 27; t-BuCHo, 17; ¢-CgH11CHg, 23;:-Pr,
12.4;t-Bu, 0.8

32. kr,ROAc+ OH- inHy0 at 0.0 °Cm™
Pr, 1.01; i-Pr, 0.313; Bu, 0.925; i-Bu, 0.870; s-Bu, 0.206;
t-Bu, 0.0158; {-PrCH,CH,, 0.899

33. kr, ROAc+ OH™ in Ho0O at 10.0 °C™
Pr, 2.15; i-Pr, 0.640; Bu, 1.94; ;-Bu, 1.76; s-Bu, 0.419; t-Bu,
0.0368; i-PrCH,CH,, 1.80

34. kr, ROAc + OH™ in H,0 at 20.0 °C™
Me, 7.84; Eit, 4.57; Pr, 4.23; i-Pr, 1.26; Bu, 3.93; {-Bu, 8.54;
s-Bu, 0.816; t-Bu, 0.0809; (-PrCH,CH,, 3.61; Et,CH,
0.340; Me,EtC, 0.0374

35. kr, ROAc + OH™ in Hy0 at 30.0 °C™
Pr, 8.09;{-Pr, 2.50; Bu, 7.58; i-Bu, 6.75; s-Bu, 1.55; t-Bu,
0.166; i-PrCHsCH,;, 6.72

a B, Tommila, Ann. Acad. Sci. Fenn., Ser. A3, 59, 3-34 (1942); Chem. Abstr., 38,6172b (1944). ® Excluded from correlation. ¢ C. K.
Hancock and C. P. Falls, J. Am. Chem. Soc., 83, 4214 (1961). < C. K. Hancock, E. A. Meyers, and B. J. Yager, J. Am. Chem. Soc., 83,
4211 (1961). € R. N. Rylander and D. 8. Tarbell, J. Am. Chem. Soc., 72, 3021 (1950). / R. W. A. Jones and J. D. R. Thomas, J. Chem.
Soc. B, 661 (1966). 2 R. Leimu, R. Korte, E. Laaksonen, and V. Lehmuskoski, Suom. Kemistil. B, 19,93 (1946). * 1. Mochida, Y. Anju,
A.Kato, and T. Seiyama, Bull. Chem. Soc. Jpn., 44,2326 (1971). ¢ J. F. Norris and A. A. Ashdown, J. Am. Chem. Soc., 47,837 (1925);
J. F. Norris and F. Cortese, ibid., 49, 2340 (1927). / S. Affrossman and J. P. Murray, J. Chem. Soc. B, 579 (1968). * B. Anderson, F.
Gronlund, and J. Olsen, Acta Chem. Scand., 23, 2458 (1969). ! S. Sarel, L. Tsai, and M. S. Newman, J. Am. Chem. Soc., 78, 5420 (1956).
m 1,, Smith and H. Olsson, Z. Phys. Chem., 118, 99 (1925); H. Olsson, ibid., 118, 107 (1925); 125, 243 (1927).

the correlation of rate constants for 29 sets of base-catalyzed
hydrolysis and four sets of acid-catalyzed hydrolysis of esters
of the type I with the modified Taft equation,

logkox =uvx +h (2)

Also studied were a set of rate constants for the reaction of
XOH with AcOH, and a set of rate constants for the reaction
of XOH with 4-O;NCgH4COCI. The data used in the corre-
lations are presented in Table L. The v constants required for
the correlations are from our previous work.3? For results of

the correlations with eq 2, see the paragraph at the end of the
paper. In this work only substituents OX with X = alkyl have
been examined. Alkyl substituents even in basic hydrolysis
seem to be free of variable electrical effects, as we have shown
for esters in which X is constant and Z is alkyl.* As further
evidence, consider the o1 and og constants of alkoxy substit-
uents. For values of these, see the paragraph at the end of this
paper.

Results of the correlations with eq 2 are as follows: nine sets
gave excellent (>99.5% CL), one gave very good (99.0% CL),
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Table II. Calculated Values of voMe

UOMe Set Ref
0.43 2 a
0.30 6 b
0.30 2A ¢

a M. Charton, J. Org. Chem., 40, 407 (1975). ® Reference 7.
¢ Reference 10.

nine gave good (97.5% CL), eight gave fair {(95.0% CL), and one
gave poor correlation (90.0% CL). Seven sets did not give
significant results (<90.0% CL). As the large majority (28 out
of 35) of the sets studied gave significant results, it seems
reasonable to conclude that the data studied involve pre-
dominantly steric effects. The vx values do not seem to be the
best steric parameter for representing the data, however. If
we examine the tetrahedral intermediate for the basic ester
hydrolysis reactions which constitute most of the sets studied
(1-6, 9-20, 25-35) and compare it with the tetrahedral inter-
mediate from which vx values are defined, IT and III, respec-
tively, we observe that as R remains constant X varies in Il and

b 1
¢ C
x? 1 or x0” | VR
OH OH
T i

OX in III. What is required then is a set of vox values. Such
values are unavailable. The correlations obtained with vx did
not seem to us to be good enough to use as the basis for the
definition of vox values. We have therefore examined the
following approach to the problem. Consider a substituent to
be composed of two parts, Z and X, where Z joins X and the
skeletal group G to which the substituent is attached. Now let
us assume that for some substituent Z;X we can write the
steric parameter v as,
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If we consider two sets of substituents, one with constant
Z; and the other with constant Z,

vz X = vzpx + ¢ (8)
Then from eq 7, withZ; = CHyand Z, = O
vOX = UCHsX t ¢ (7

We have therefore correlated the data in Table I with the
equation

log kox = ¥vcH,x T h 6]

For the results of the correlations with eq 8, see the paragraph
at the end of this paper. Nineteen sets gave excellent (>99.5%
CL), four gave very good (99.0% CL), four gave good (97.5%
CL), and six gave poor correlation (90% CL). One set did not
give significant results (<90.0% CL). Obviously, the results
obtained from correlation with eq 8 are very much better than
those obtained with eq 2. Ideally, however, we would like to
have a set of vox values. It is essential to be able to employ
these vox values together with the other v values we have de-
termined, so that data sets containing many different sub-
stituent types can be correlated with the modified Taft
equation. It is particularly important, therefore, that the vox
values be on the same scale as the v values we have previously
reported. If this is not done, then the utility of the vox steric
parameters would be limited to sets including only OX groups,
and the parameters would be much less useful. We may now
proceed to define such a set of values. For this purpose, we
must choose a reference set of data, a value for some OX
substituent, and a value of ¥ for the reference set. For a ref-
erence set, we have chosen set 10, rate constants for the basic
hydrolysis of alkyl acetates in 70% v/v MeAc-H0 at 24.7 °C.
This set was chosen because it gave an excellent correlation
with eq 8 and included many of the most common OX groups.
We then assigned a value of 0.36 to vome. This value was
chosen on the basis that vou = 0.32, vcn,Me = 0.56, and vcn,
= 0.52. Then the effect of replacing H with Me in CH;Me =
UCHsMe — UcHy = 0.04. Therefore, the effect of replacing H by

vzix = fz, + fx () Me for OMe should also be 0.04, and vome — vou = 0.04. Then,

while for some other substituent, Z-X we can write it follows that vome should be about 0.36. Values of vome 0b-

tained from other correlations in previous investigations are

vz:X = fzp + fx (4) shown in Table IL. The average value of vom. obtained is 0.34,

Then, in good agreement with the value of 0.36 we have chosen. The

value of { chosen is the value obtained for the correlation set

vz, x = vzpx t+ fz, — fz, (5) 10 with eq 8 in order to place the vox values on the same scale

Table III. vox Values
0X v Source 0X v Source

OMe 0.36 definition OCH,CMeEt 0.78 31
OEt 0.48 10 OCH.CHEt-;-Pr 0.76 31
OPr 0.56 10 OCH,CHEt, 0.71 31
O-i-Pr 0.75 10 OCH,CHEtBu 0.76 31
0-i-Bu 0.62 10 OCH,CHEt-¢-Bu 0.96 31
OBu 0.58 10 OCH,.CEts 0.97 31
0O-s-Bu 0.86 10 OCH;-c-C3Hj5 0.48 31
0O-t-Bu 1.22 10 OCHy-¢c-C4H~ 0.52 31
0-¢-CgHy;y 0.81 10 OCHj-c-CsHyg 0.58 31
OCHZCHZBU 0.61 1 OCHQ-C-CGHH 0.65 31
O(CH;)4Bu 0.61 1 OCHMe-i-Pr 0.91 31
OCH,CHs-i-Pr 0.62 1 OCHEt-i-Pr 1.18 31
OCH;MePr 0.90 1 OCHMe-t-Bu 1.19 31
OCMeEt 1.35 1 OCHiBus 1.28 31
O-C-C5H9 0.77 1 OCHQCHz-t-BU 0.53 30
OCHEt, 1.00 2 OCH;CHMe-t-Bu 0.66 30
OCH;3Bu 0.58 26 OCH,CMeEt, 0.82 30
OCHg-s-Bu 0.62 31 OCH,CH-i-Pro 0.89 30
OCH,CHMe-i-Pr 0.64 31 OCEt;Me 1.52 34
OCH,-t-Bu 0.70 31 OCPrMe. 1.39 34
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Table IV. Values of ¢, h, and 100r2 Obtained from Correlation with Equation 10
Set -y h 10072 Set =y h 10072
1 3.25 2.10 99.8 19 1.31 3.83 96.4
2 3.08 1.29 29.2 20 1.40 4,08 98.6
3 2.65 2.26 99.8 21 -0.369 0.667 87.6
4 3.00 1.04 100. 22 2.17 2.98 88.5
5 3.04 1.41 99.9 23 1.22 1.61 94.1
6 2.92 1.65 100. 24. 2.31 1.50 87.2
7 0.967 2.07 99.2 25 1.93 1.65 93.9
8 0.767 2.33 96.4 26 1.64 1.79 97.6
9 3.11 2.056 99.9 27 2.78 2.42 96.6
11 2.92 2.33 99.9 28 1.84 2.16 87.6
12 2.84 2.53 99.9 29 1.61 2.33 80.8
13 3.54 1.94 99.8 30 2.61 2.71 98.2
14 3.40 2.00 99.6 31 2.68 3.05 100.
15 3.22 2.17 99.8 32 2.78 1.62 99.2
16 3.02 2.31 99.8 33 2.71 1.89 99.4
17 1.15 3.28 94.1 34 2.46 1.96 98.4
18 1.19 3.44 94.9 35 2.61 2.41 99.6

Table V. Comparison of Steric Effects upon Acidic and
Basic Catalyzed Hydrolysis

Set Solvent T, °C Ya
Acidie
7 62% w/w MeAc-H,0 30.1 —0.967
23 75% v/v MeAc-H,0 35 -1.22
Basic
VB
6 62% w/w MeAc-H,0 20 -2.92
11 70% v/v MeAc-H.0 35 -2.92

as the vx and vcu,x values. We may now obtain the defining
equation for vgx values from set 10.

vox = —0.329 log kox + 0.701 9)

Values of vox obtained from set 10, and from other sets, are
set forth in Table III. Data for the remaining 34 sets were then
correlated with the equation

log kgx =Yuvox + h (10)

Values of ¥, k, and 10072 (which represents the percent of the
data accounted for by the correlation) are reported in Table
IV. For other statistics, see the paragraph at the end of this
paper. All the 34 sets gave significant correlations.

The correlations obtained for sets 7, 8, 23, and 24 suggest
that in these sets involving acid-catalyzed hydrolysis of alkyl
acetates the compounds in the set are reacting by the same
mechanism. If this were not the case, excellent correlations
would not be obtained.

To verify eq 7, we have correlated vox with veop,x by means
of the equation

VOX = MUCH,X + ¢ (11)

The results are: m, 0.959; ¢, ~0.100; r, 0.967; F, 159.1 (99.9%
CL); g1, 0.0562; 5, 0.0760 (99.9% CL); s, 0.0627 (80.0% CL);
n, 13. As is predicted by eq 7, m is not significantly different
from 1. We conclude that eq 7 is verified.

It is of interest to compare the magnitude of the steric effect
upon the basic hydrolysis of alkyl acetates with that upon the
acidic hydrolysis. This may be done by comparing ¢ values
under reaction conditions which are as similar as possible.
Such comparisons are made in Tables V and VI. The results
show clearly that acid-catalyzed hydrolysis exhibits a much
smaller steric effect than basc-catalyzed hydrolysis. The ¢
values of sets 4, 5, and 6 show that the dependence of y on
temperature is slight. Thus, comparison between sets 6 and
7 is justified. It is unlikely that the difference in solvent be-
tween sets 23 and 11 would interfere with comparison between
values for these sets. The large difference between ¥4 and yp
found for hydrolysis of RCOsX contrasts with the much
smaller difference found for hydrolysis of XCO-R (X is vari-
able, R is constant). If we compare values of y for the hy-
drolysis of RCO5X with y values for other carbonyl reactions
as is done in Table VI, we observe that the i values for basic
ester hydrolysis of alkyl acetates and ethyl carboxylates are
about 0.35 unit apart in 70% v/v MeAc-H,0, whereas the
values for acid hydrolysis in this medium differ by 0.76. The
greater difference in ¢ for alkyl acetate hydrolyses as com-
pared with ethyl carboxylate hydrolyses is then largely due
to the comparatively small value of Y for the acid hydrolyses
of alkyl acetates.

Comparing y values for basic hydrolysis of alkyl formates
and acetates in water, the alkyl formates have a much smaller
value in accord with the fact that the tetrahedral intermediate
for their hydrolysis has a constant H atom, whereas that for
the hydrolysis of alkyl acetates has a constant Me group. The
¥ value for the basic hydrolysis of the amides is between that
for the acetates and that for the formates. This is in accord

Table VI. Comparison of ¢ Values under Similar Reaction Conditions

Substrate Reagent Solvent T,°C Y Source
MeC(=0)0X Hs0+ 75% v/v MeAc-H,0 35 —-1.22 a
XC(=0)0Et H30+ 70% v/v MeAc-H,0 35 —-1.98 b
MeC(=0)0X OH- 70% v/v MeAc-H,0 35 —2.92 c
XC(=0)OEt OH- 70% v/v MeAc~-H,0 35 -2.57 d
MeC(=0)0X OH- H.0 30.0 -2.61 e
HC(=0)0X OH- H,0 35 -1.40 f
XC(=0)NH, OH- H,0 75 —1.87 g

@ This work, set 23. ® Reference 3, set 8. ¢ This work, set 11. ¢ Reference 4, set 2. ¢ This work, set 35. / This work, set 20.  Reference

8,set 7.
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with its tetrahedral intermediate, which has a constant NH,
group.

A comparison of y values for sets 3, 11, 31, and 35 shows that
the effect of solvent on the y value for the basic hydrolysis of
alkyl acetates is small.

At the suggestion of a referee, we have examined the cor-
relation of data for the alkaline hydrolysis of ZCO:X in 40%
aqueous dioxane at 35 °C with the equation

log k= \LIUZ + 1[/2uox +h (12)

The data used were a combination of set 3 from Table I and
set 5 from ref 4. The results of the correlation with eq 12 are:
multiple correlation coefficient, 0.995; F test for significance
of regression, 64.30 (99.9% CL); s¢st, 0.0609; s, 0.0805 (99.9%
CL); sy, 0.0741 (00.0% CL); sp, 0.0822 (99.9% CL); partial
correlation coefficient of vz on vox, 0.479 (90.0% CL); ¥4,
—2.06; o, —2.54; h, 3.23; number of points in set, 15; range in
log k, 2.27. Thus, the rates of hydrolysis of esters substituted
in both the acyl and alkoxy moieties can be successfully
treated by means of eq 12.

The success of this work in evaluating vox constants which
are on the same scale as, and can therefore be used in the same
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correlation as, v constants for alkyl, halogen, haloalkyl, oxy-
alkyl, and other groups is not yet completely established. We
hope to demonstrate in future work that the vgx values re-
ported here are indeed applicable to data sets containing a
mixture of substituent types.

Supplementary Material Available: the results of the correla-
tions with eq 7 and 8 and values of ¢y and o for OR groups and com-
plete statistics for the correlations of the data in Table I with eq 10
(5 pages). Ordering information is given on any current masthead
page.

Registry No.—Acetic acid, 64-19-7; 4-nitrobenzoyl chloride,
122-04-3.
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Twelve sets of carbonyl addition reactions including rate constants for acidic and basic hydrolysis of N-substitut-
ed amides, rate constants for the reaction of methyl acetate with alkylamines, and rate constants for the reaction
of piperonal with alkylamines were correlated with the modified Taft equation using vcyxixz constants; 16 sets of
data were correlated with vnxixz constants. Very good results were obtained. The unx1ix2 constants were defined
in this work. Eighteen values of vnx:2 are given. The results verify the validity and generality of the equation vz x1x2
= vzyxix2 + ¢. The variation of { with structure is discussed for a variety of acid-catalyzed and base-catalyzed hy-

drolyses of carbonyl derivatives.

In the preceding paper of this series,! steric substituent
constants were developed for alkoxy groups. These constants
were applicable to addition reactions of carbonyl compounds.
In this work we consider the application of the techniques we
have developed to the definition of steric substituent con-
stants for alkylamino and dialkylamino substituents. Let us
consider substituent effects upon rates of acid and alkaline
hydrolysis of N-substituted amides. The tetrahedral inter-
mediates involved in the acid and alkaline hydrolysis are I and
II, respectively. The X group represents a constant substitu-

+(|)H2 _Ol
¢ i~
X7 | YNRR? X7 | YNRR:
OH OH
I I

ent; the NR!R2 group varies. We have shown that the elec-
trical effects of alkyl groups in base-catalyzed ester hydrolysis
reactions are constant,? as are electrical effects of alkoxy
groups.! It seems likely that the electrical effects of alkylamino
and dialkylamino groups are also constant in addition reac-
tions of the carbonyl group. In support of this contention, the
om and o, substituent constants of NHX groups are given by
the equations?®

om-NuxX = 1.11 6. x — 0.187 (1)
op-NHX = 133 opm.x — 0.476 (2)
According to Taft
oINHX = (3 om-NHX — 0p.NHX)/2 (3)
and
ORNHX = 0p.NHX ~ OINHX (4)

Fromeq1,2,and 3
oINHX = (3.33 6,.x — 0.561 — 1.330,,.x + 0.476)/2 (5)
= (201,=x — 0.085)/2 = g,,,.x — 0.043 (6)
Now, according to Taft,*
om.X = 01x + orX/3 (M

We are interested in the case in which X is alkyl. For values
of o1 and oR for alkyl groups, see the paragraph at the end of
this paper. The average value of g1 is —0.01 £ 0.02. Since the
error in the o1 values is probably 0.05, we conclude that o]
values for alkyl groups are constant. Examination of the og
values for alkyl groups shows that they average 0.16 + 0.03;
the error in og is not less than 0.05; therefore these values are
again constant. Then from eq 7, ¢, for alkyl groups is con-



