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of the appropriate peaks at 60 MHz to be useful for mixture analysis.
Typical VPC retention times for 2, 8, and 5, respectively, were 6, 10,
and 13 min with the Apiezon column at 270 °C and 6, 13, and 16 min
for the SE-30 column at 235 °C. Traces were integrated by planimeter
and calibrated with traces from prepared mixtures of 8 and 5.
Control Hydrogenations. Except in one instance control hydro-
genations to establish absence of equilibration were run on the trans
product (5), since evidence suggests that it is the less stable epimer.8
These reactions employed substrate, catalyst, and solvent (diglyme)
in the ratio indicated above, with material recoveries of 98-100%, and
in no instance gave detectable evidence for epimerization: 5, Pd/C,
1 atm; 8, Pd/C, 1 atm; 5, Pt/C, 1 atm; 5, Pd/C, 3 atm; Na salt of 5,
Pd/C, 3 atm. Isomerizations through catalyst-associated states (e.g.,
.double-bond migration) were tested for and found absent or negligible
in the closely related system 1;5 for this reason such processes are
believed also to be unimportant in the reactions of 2.
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Data for eight sets of acidic and basic hydrolysis of amides, 18 sets of acidic and basic hydrolysis of N-acylimidaz-
oles, and one set of acidic hydrolysis of hydroxamic acids were correlated with the modified Taft equation log kx
= Yux + h. Data for one set of basic hydrolysis of amides were correlated with the equation log kx = aorx + Borx
+ Yux + h. Best results were obtained upon the exclusion of the tert-butyl group from the correlations. The magni-
tude of the steric effect upon acid-catalyzed amide or N-acylimidazole hydrolysis is the same as the magnitude of
the steric effect upon the base-catalyzed hydrolysis of amides or N-acylimidazoles. This is in contrast to the behav-
ior of esters, for which a significant difference in the magnitude of the steric effect upon esterification of acid-cata-
lyzed hydrolysis and upon base-catalyzed hydrolysis exists. The magnitude of the steric effect upon the acidic or
basic hydrolysis of amides and related compounds is roughly comparable to the magnitude of the steric effect upon
esterification, acidic or basic ester hydrolysis, and ester alcoholysis.

In previous papers of this series we have examined steric
effects upon rates of esterification and acid-catalyzed hy-
drolysis of esters! and upon rates of base-catalyzed hydrolysis
of esters.? It seemed of interest to extend these investigations
to the question of steric effects upon the rates of hydrolysis
of amides and related compounds. The objectives of this work
are twofold: first, to determine whether the magnitude of the
steric effect upon rates of acid-catalyzed hydrolysis of amides
and related compounds is significantly different from the
magnitude of the steric effect upon the rates of base-catalyzed
hydrolysis; second, to compare the magnitude of the steric
effect upon amide hydrolysis rates with the magnitude of the
steric effect upon ester hydrolysis rates and upon esterification
rates.

Twenty-seven sets of data taken from the literature for the
rates of acid-catalyzed or base-catalyzed hydrolysis of amides,

N-acylimidazoles, and hydroxamic acids were correlated with
the modified Taft equation’

logkx =yvx + h 1

by means of linear regression analysis. The data used in the
correlations are set forth in Table I. The v values required were
generally taken from the first paper in this series;! some v
values are from our unpublished results. The results of the
correlations are presented in Table II. The data for set 2 were
correlated with the equation

log kx = aorx + Borx +¥vx + h (2)

as this set includes a number of nonalkyl substituents and
involves base-catalyzed hydrolysis. Presumably the mecha-
nism of amide hydrolysis is similar to that of ester hydrolysis.
In that event, acid-catalyzed amide hydrolysis should be a



Hydrolysis of Amides and Related Compounds J. Org. Chem., Vol. 41, No. 17, 1976 2907

Table I. Data Used in Correlations

1. 104 kg, XCONH2 + H30+ in Hzo at 75.0 °Ce

Me, 10.3; Et, 12.2; Pr, 6.89; Bu, 5.15; {-PrCHy, 1.91; t-BuCHys, 0.395; CICH,, 8.54; i-Pr, 6.64; sec-Bu, 2.08; t-Bu, 2.63

2. 104 kg, XCONH; + OH~ in H,0 at 75.0 °C¢

Me, 11.3; Et, 9.98; Pr, 4.32; Bu, 3.23; i-PrCHy, 1.00; t-BuCH,, 0.086; C1ICHs, 1430; :-Pr, 3. 95 sec-Bu, 1.02; C1,CH, 18 400; ¢t-Bu, 1.24;
CCls, 135 000

3. 104 ky, XCONH, + H30% in H0 at 65 °C?

Et, 5.64; Pr, 2.56; Bu, 2.70; i-Bu, 0.545; CICHj, 5.52; BrCHs, 4.79; MeOCHy3, 3.79; Me, 4.30; ¢t -Bu, 0.935

4, 10% ky, XCONH; + H30% in Ho0 at 75 °C?

Et, 12.0; Pr, 5.99; Bu, 5.93; i-Bu, 1.29; PhCHy, 5.19; ¢-CgH1;CHj, 1.24; CICHg, 12.1; t-BuCHj, 0.193; MeOCH,, 8.98; Me, 10.3; i-Pr,
6.06; EtoCH, 0.176; sec-Bu, 1.51; ¢-CgHj1, 3.96; ¢-CsHg, 9.04; t-Bu, 2.26

5. 104 k3, XCONH; + H30* in H20 at 85 °C?

Et, 26.9; Pr, 13.0; i-Bu, 2.96; PhCH_, 12.9; ¢-CgH11CHo, 2.98; t-BuCHy, 0.465; Me, 21.9; i-Pr, 13.7; EtoCH, 0.477; sec-Bu, 3.86; ¢-CgH;1,
8.90; ¢-CsHg, 11.5; t-Bu, 5.14

6. 10% k9, XCONH,; + H30* in H20 at 95 °C?

PhCHs, 22.5; ¢-CeH11:CHo, 6.75; t-BuCHy, 1.03; i-Pr, 29.6; EtoCH, 1.04; sec-Bu, 8.50; ¢c-CgHy1, 20.5; c-C5Hg, 29.6

7. 104 k9, XCONH; + OH~ in H,0 at 75.0 °C¢

Me, 13.6; Et, 13.1; Pr, 7.05; Bu, 5.52; i-Bu, 1.97; PhCHo,¢ 17.7; c-CgH11CHs, 1.77; c-CgH11, 4.24; c-C5sHg, 7.80; sec-Bu, 1.65; {-Pr, 6.61;
t-Bu, 2.57

8. 104 ko, XCONH; + OH~ in H20 at 85.0 °C¢

Me, 24.6; Et, 25.5; Pr, 12.3; By, 10.4; {-Bu, 4.03; PhCH,,9 29.4; c-CgH1;CHg, 8.94; c-CgHy1, 6.22; ¢-C5Hy, 18.6; sec-Bu, 8.38; i-Pr, 11.0;
t-Bu, 5.08

9. 104 ks, XCONH; + OH~ in H20 at 95.0 °C¢

Et, 44.0; Pr, 22.5; Bu, 18.9; i-Bu, 8.14; PhCHj,9 47.3; c- C6H11CH2, 6.80; c-CgH11, 12.2; ¢-CsHyg, 27.3; sec-Bu, 5.79; i-Pr, 19.6; t-Bu,
10.3

10. k, N-acylimidazoles + H20 in H20, u = 1.0 M catalyzed by imidazole at 30 °Ce

Me, 0.14; Et, 0.16; i-Pr, 0.26; t-Bu, 0.39; Pr, 0.12; t-BuCH,, 0.023; Et3C, 0.0002

11. k, N-acylimidazoles + HyO in Hs0, u = 1.0 M, catalyzed by imidazolinium ion at 30 °C¢

Et, 0.034; i-Pr, 0.056; t-Bu, 0.11; Pr, 0.025; ¢t -BuCHsy, 0.0045; Et;C, 0.00007

12. k, N-acylimidazoles + HzO% in 0.1 M aqueous HCl at 30 °C/

t-Bu, 31.6; i-Pr, 7.57; Et, 4.54; Pr, 2.74; i-Bu, 0.814; t-BuCHj;, 0.123; Et5C, 0.0101; Me, 4.08

13. k, N-acylimidazoles + H3O" in 1.20 M aqueous HCl at 30 °C/

t-Bu, 25.4; i-Pr, 5.77; Et, 8.11; Pr, 2.23; t-BuCH,, 0.127; Et3C, 0.00768

14. k, N-acylimidazoles + H3O" in 2.38 M aqueous HCl at 30 °C/

t-Bu, 18.4; i-Pr, 4.28; Et, 2.53; Pr, 1.61; i-Bu, 0.496; t-BuCH3, 0.129; Et3C, 0.00663

15. k, N-acylimidazoles + H30" in 3.60 M aqueous HCl at 30 °C/

t-Bu, 12.4; i-Pr, 3.15; Et, 1.94; Pr, 1.24; :-Bu, 0.412; t-BuCHs, 0.123; Et3C, 0.00495

16. k, N-acylimidazoles + H3O* in 4.77 M aqueous HCl at 30 °C/

t-Bu, 8.50; i-Pr, 2.28; Et, 1.36; Pr, 1.06; i-Bu, 0.362; t-BuCHj, 0.125; Et3C, 0.00282

17. k, N-acylimidazoles + H307 in 5.97 M aqueous HCl at 30 °Cf

t-Bu, 5.86; i-Pr, 1.70; Et, 1.25; Pr, 0.884; i-Bu, 0.374; t-BuCH,, 0.125; Et3C, 0.00174

18. k, N-acylimidazoles + H3Ot in Hz0, 1.0 M in NaCl, 0.1 M in HCl at 30 °C/

t-Bu, 26.1; i-Pr, 5.47; Et, 3.08; Pr, 2.29; t-BuCH,, 0.0843; Et5C, 0.00960

19. k, N-acylimidazoles + H30* in Hy0, 2.0 M in NaCl, 0.1 M in HCl at 30 °C/

t-Bu, 15.9; i-Pr, 4.06; Et, 2.55; Pr, 1.43; t-BuCHa, 0.0633; Et3C, 0.00598

20. k, N-acylimidazoles + HgOt in Ho0, 3.0 M in NaCl, 0.1 M in HCl at 30 °C/

t-Bu, 13.2; 1-Pr, 2.76; Et, 1.49; Pr, 1.10; t-BuCHo, 0.0406; Et3C, 0.00446

21. k, N-acylimidazoles + HgO* in H50, 4.0 M in NaCl, 0.1 M in HCl at 30 °C/

t-Bu, 9.42; i-Pr, 1.91; Et, 1.08; Pr, 0.700; t-BuCH,, 0.0293; Et3C, 0.00262

22. k, N-acylimidazoles + HzOt in Hy0, 5.0 M in NaCl, 0.1 M in HCl at 30 °C/

t-Bu, 6.19; i-Pr, 1.18; Et, 0.683; Pr, 0.493; t-BuCHs, 0.0200; EtsC, 0.00208

23. k, N-acylimidazoles + H3O* in 0.1 M aqueous HCl at 20.0-21.1 °C#

Me, 2.19; Et, 2.70; i-Pr, 4.71; t-Bu, 20.8; Pr, 1.57; i-Bu, 0.394; t-BuCHs, 0.0627; Et3C, 0.00535

24. k, N-acylimidazoles + H30* in 0.1 M aqueous HCl at 39.3-39.7 °C#

Me, 6.57; Et, 7.79; i-Pr, 12.0; Pr, 4.65; i-Bu, 1.42; t-BuCH,, 0.197; Et3C, 0.0211

25. k, N-acylimidazoles + H3O* in 0.19 M HCl in 50% v/v dioxane-H20 at 30 °C#

Et, 1.71; i-Pr, 8.02; t-Bu, 16.6; Pr, 1.07; {-Bu, 0.259; t-BuCH,, 0.0470; Et3C, 0.00415

26. k, N-acylimidazoles + H3O* in 75% dioxane-H20, 0.19 M in HCI at 30 °C#¢

Et, 0.748; i-Pr, 1.27; t-Bu, 7.40; Pr, 0.454; i -Bu, 0.133; t-BuCHs, 0.0255; Et3C, 0.00291

27. k, N-acylimidazoles + OH~ in H,0, u = 1.0 M at 30 °Ce

Me, 19 000; Et, 32 000; i-Pr, 50 000; t-Bu, 32 000; Pr, 28 000; t-BuCH,, 13 000; Et3C, 42

28. 10° kg, XCONHOH + H30%, in H20, u = 0.494 M, catalyzed by TsOH at 50.5 °C?

Me, 44.2; Et, 45.0; i-Pr, 15.7; t-Bu, 8.71; PhCH,, 17.1

@ A. Bruylants and F. Kezdy, Rec. Chem. Prog., 21, 213 (1960); P. D. Bolton, Aust. J. Chem., 19: 1013 (1966). ® P. D. Bolton, Aust.
J. Chem., 22,527 (1969); 24, 471 (1971). ¢ P. D. Bolton and G. L. Jackson, ibid., 24, 969 (1971). ¢ Excluded from correlation. ¢ T. H.
Fife, J. Am. Chem. Soc., 87,4597 (1965). f J. A. Fee and T. H. Fife, J. Phys. Chem., 70, 3268 (1966). & J. A. Fee and T. H. Fife, J. Org.
Chem., 31, 2843 (1966). » D. C. Berndt and J. K. Sharp, ibid., 38, 296 (1973).

function of steric effects only! and base-catalyzed hydrolysis with these sets was therefore carried out with eq 1, excluding
should be a function of both electrical and steric effects. The the value for the benzyl group, as we have previously shown
other sets of base-catalyzed hydrolysis have not been corre- that in the base-catalyzed hydrolysis of esters, data sets in-
lated with eq 2, however, as only one nonalkyl substituent, the volving only alkyl groups show only steric effects upon hy-

benzyl group, is available in these sets (sets 7, 8, 9). Correlation drolysis rates.? The o1 constants required for correlation with
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Table II. Results of Correlations with Equation 1

Charton

Set ¥ h re Fb Sest® §5y° spt nd
1 —-1.44 1.81 0.920 43.85¢ 0.189 0.217¢ 0.192¢ 10
1A -1.75 2.01 0.984 215.0¢ 0.0905 0.119¢ 0.0991¢ 9
3 -1.34 141 0.873 22.48f 0.186 0.2828 0.214¢ 9
3A -2.26 1.99 0.955 62.21¢ 0.107 0.287¢ 0.194e 8
4 -1.87 2.11 0.942 109.3¢ 0.204 0.179¢ 0.162¢ 16
4A -2.07 2.24 0.980 323.3¢ 0.123 0.115¢ 0.101e 15
5 -1.74 2.34 0.933 73.64¢ 0.214 0.203¢ 0.194¢ 13
5A -1.93 2.46 0.979 233.3¢ 0.126 0.126¢ 0.118¢ 12
6A —1.99 2.88 0.973 108.1¢ 0.151 0.191¢ 0.196¢ 8
7 —1.35 1.77 0.887 33.21¢ 0.163 0.235¢ 0.198¢ 11
TA -1.87 2.14 0.974 145.9¢ 0.0824 0.155¢ 0.123¢ 10
8 —-1.28 1.98 0.894 35.82¢ 0.148 0.213¢ 0.180¢ 11
8A -1.78 2.34 0.988 336.9¢ 0.0516 0.0969¢ 0.0769¢ 10
9 -1.15 2.14 0.834 18.31/ 0.167 0.2708 0.235¢ 10
9A ~1.79 2.61 0.976 139.7¢ 0.0695 0.151¢ 0.124¢ 9
10 -1.50 0.336 0.875 16.362 0.603 0.372¢ 0.458" 7
10A -1.59 0.239 0.976 78.75¢ 0.289 0.179¢ 0.2217 6
11 ~1.50 —0.223 0.866 11.97/ 0.655 0.4347 0.570¢ 6
11A —-1.55 0.394 0.983 86.12f 0.251 0.1678 0.221m 5
12 -1.40 1.62 0.773 8.891¢ 0.764 0.471/ 0.566/ 8
12A —-1.53 1.52 0.964 66.46¢ 0.303 0.188¢ 0.225¢ 7
13 —~1.49 1.73 0.786 6.475k% 0.884 0.586% 0.770*% 6
13A —1.56 1.50 0.971 50,128 0.331 0.220¢ 0.292h 5
14 —1.42 1.48 0.777 7.6017 0.783 0.516/ 0.656% 7
14A -1.50 1.32 0.973 72.30f 0.268 0.1778 0.226¢ 6
15 —1.42 1.38 0.791 8.3657 0.747 0.492/ 0.625% 7
15A —1.50 1.22 0.979 90.07¢ 0.240 0.158¢ 0.202¢ 6
16 —1.48 1.33 0.813 9.349/ 0.721 0.475/ 0.604*% 7
16A —-1.56 1.18 0.984 124,1¢ 0.212 0.140¢ 0.1798 6
17 -1.56 1.33 0.840 11.98¢ 0.684 0.450%7 0.573% 7
17A —-1.63 1.19 0.989 171.9¢ 0.189 0.125¢ 0.159¢ 6
18 ~1.45 1.67 0.767 5.711*% 0.916 0.607* 0.797m 6
18A -1.52 1.43 0.958 33.21¢ 0.396 0.263% 0.349/ 5
19 -1.49 1.55 0.785 6.440% 0.886 0.587* 0.771m 6
19A —1.55 1.33 0.961 36.67¢ 0.386 0.2578 0.3417 5
20 -1.46 1.37 0.767 5.667*% 0.927 0.614% 0.806™ 6
20A ~1.53 1.13 0.957 32.80¢ 0.402 0.267" 0.354/ 5
21 —1.50 1.24 0.770 5.830% 0.935 0.619% 0.813» 6
21A -1.56 0.997 0.962 37.10¢ 0.387 0.257¢ 0.341* 5
22 —-1.45 1.01 0.764 5.590% 0.923 0.612*% 0.803" 6
22A -1.51 0.775 0.961 36.18¢ 0.379 0.2528 0.334m 5
23 —-1.42 1.39 0.761 8.231/ 0.804 0.495J 0.596% 8
23A -1.56 1.29 0.959 56.59¢ 0.333 0.207¢ 0.248¢ 7
24A —~1.48 1.70 0.961 59.84¢ 0.309 0.192¢ 0.230¢ i
25 —-1.45 1.31 0.744 6.207* 0.885 0.583% 0.741m 7
25A —1.54 1.13 0.957 44.00f 0.352 0.233¢ 0.2974 6
26 —-1.33 0.868 0.727 5.597* 0.855 0.563% 0.716" 7
26A —1.42 0.692 0.955 41.42f 0.334 0.221¢ 0.282*% 6
27 —1.45 5.57 0.890 19.008 0.538 0.332¢ 0.408¢ 7
27A —-1.50 5.51 0.937 28.59¢ 0.452 0.281#8 0.345¢ 6
28 -0.970 2.07 0.902 13.137 0.154 0.268/ 0.214¢ 5
28A -2.16 2.80 0.975 38.77¢ 0.0682 0.3477 0.223¢ 4

a Correlation coefficient. ¢ F test for significance of correlations. Superscripts indicate confidence levels (CL). ¢ Standard errors
of the estimate, ¥, and k. Superscripts indicate confidence levels of the Student’s ¢ test. ¢ Number of points in the set. ¢ 99.9% CL
(confidence level). f 99.5% CL. & 99.0% CL. * 98.0% CL. * 97.5% CL. 7 95.0% CL. ¥ 90.0% CL. ! 90.0% CL. ™ 80.0% CL. " 50.0% CL.

©20.0% CL. P <20.0% CL.

eq 2 are taken from our compilation3 with the exception of the
value for CHCl; (0.30)% and the value for CCl; (0.38) which we
have calculated from the value for CHoCCl;. Values of o used
were generally obtained from the equation

OR = 0p — 0] (3)
using oy, values reported by McDaniel and Brown.? Values of
og for the CHCl; (0.03) and CCl; (0.05) groups were obtained
from ogr° values reported by Sheppard* using cg° = 0.670R.

Results

Results of the correlations with eq 1 are given in Table II.
Results of the correlations with eq 2 are reported in Table III.

In all sets containing the £-Bu group, correlation is improved
by excluding the value for this substituent. Such sets in Tables
II and III are designated by the letter A. Sets involving acid-
catalyzed hydrolysis of amides (sets 1, 3-6) gave excellent
correlations both with and without the exclusion of the ¢t-Bu
group (as determined by the confidence level of the F test).
Better results were obtained for the correlations excluding the
t-Bu group.

With respect to base-catalyzed amide hydrolysis, set 2 was
correlated with eq 2, with excellent results, set 2A giving best
results. Sets 7, 8, and 9 were correlated with eq 1; excellent
results were obtained, although better results were shown by
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Table III. Results of Correlations with Equation 2

Set o 8 ¥ h Re F® rigf rig

2 8.94 8.64 -1.50 2.95 0.978 57.60f 0.961/ 0.267#

2A 10.9 5.69 -2.09 3.05 0.988 99.29/ 0.959/ 0.389¢
Set rogt Sest? 549 s 59 sp9 ne
2 0.132# 0.485 3.87» 8.96¢ ().53'7’_z 0,7831: 12
2A 0.246¢ 0.351 3.02/ 6.85¢ 0.461/ 0.592/ 11

@ Multiple correlation coefficient. ? F test for significance of correlation. Superscript indicates confidence level. ¢ Partial correlation
coefficients of o1 on og, o1 on v, og on v. Superscripts indicate confidence levels. ¢ Standard errors of the estimate, «, 8, ¥, and h. Su-
perscripts indicate confidence levels of Student’s ¢ tests. ¢ Number of points in the set. / 99.9% CL. & <90.0% CL. * 95.0% CL. ¢ 50.0%

CL. 7 99.0% CL.

Table IV. Test of Taft Assumption

Acid Base

set ~Yacid Sy acid n set ~Vbase Sy base n Ay tacid Lbase
1A 1.75 0.119 9 2A 2.09 0.461 11 0.34 2.857¢ 0.738%
4A 2.07 0.115 15 7A 1.87 0.155 10 0.20 11.739¢ 1.290¢
5A 1.93 0.126 12 8A 1.78 0.0969 10 0.15 1.90% 1.548¢
6A 1.99 0.191 9 9A 1.79 0.151 9 0.20 1.047% 1.325%
12A 1.53 0.188 7 27A 1.50 0.281 6 0.03 0.160¢ 0.1074
11A 1.55 0.167 5 10A 1.59 0.179 6 0.04 0.2404 0.223¢

@ 95.0% CL. ¢ 509% CL. ¢ 80.0% CL. ¢ 20.0% CL.

the A sets. Fifteen sets of acid-catalyzed N-acylimidazole
hydrolysis rate constants were correlated with eq 1. Of 14 sets
including the ¢-Bu group, two gave good, four gave fair, and
eight gave poor results. Of 15 sets excluding the t-Bu group,
nine gave excellent, four gave very good, and two gave good
results. For imidazole-catalyzed hydrolysis of N-acylimid-
azoles (set 10) correlation with eq 1 gave very good results
including and excellent results excluding the ¢-Bu group. For
imidazolium-catalyzed hydrolysis of N-acylimidazoles (set
11) correlation with eq 1 gave fair results inicluding and ex-
cellent results excluding the ¢t-Bu group. In the case of the
base-catalyzed hydrolysis of N-acylimidazoles (set 27) very
good results were obtained with or without the ¢-Bu group,
although the results without ¢-Bu are somewhat better. For
the acid hydrolysis of hydroxamic acids (set 28) fair results
including and good results excluding the ¢-Bu group were
obtained.

Discussion

We have previously shown?2 that the Taft hypothesis that
the magnitude of the steric effect upon rates of esterification
or acid-catalyzed ester hydrolysis is the same as the magnitude
of the steric effect upon base-catalyzed ester hydrolysis is
incorrect. Thus, there is a significant difference between the
magnitudes of these steric effects in ester hydrolysis. The
question then arises, is there also a significant difference be-
tween the magnitudes of the steric effects on the acid-cata-
lyzed and the base-catalyzed hydrolysis of amides and related
compounds. As all of the available data have been determined
in water, comparison is straightforward. In Table IV, the ¢
values for acidic and basic hydrolysis of amides under com-
parable reaction conditions, and of N-acylimidazoles are

presented. Also compared are y values of imidazole (base).

catalyzed hydrolysis and the imidazolium (acid) catalyzed
hydrolysis of N-acylimidazoles. Values of the Student’s ¢ test
for the difference between Yuciq and Ypase have been calculated.
tacia values and 14 values were determined from the stan-
dard error of Yucig and Ypase, respectively. The results of the
comparisons show clearly that there is no significant difference

between the magnitudes of the steric effect on acid-catalyzed
and base-catalyzed hydrolysis of amides and related com-
pounds. It must be pointed out, however, that while the Taft
hypothesis has been shown to be valid for amide hydrolysis
this is only true in the case of water. Unfortunately data are
not available to test the hypothesis in other solvent systems.
The solvent systems upon which the Taft: separation of polar
and steric effects rests are generally water—ethanol and
water-acetone mixtures.

We now turn our attention to a comparison of steric effects
upon rates of hydrolysis and related reactions of esters with
steric effects upon rates of hydrolysis of amides and related
compounds. (For values of ¢ see paragraph at end of paper
regarding supplementary material.)

The magnitude of y for the acidic hydrolysis of amides and
related compounds is seen from Table IV to be comparable
to the magnitude of y for esterification and the acidic hy-
drolysm of esters. Acidic alcoholys1s of acyl-2-naphthoates
gives somewhat higher \ values. The magnitude of  for the'
basic hydrolysis of amides and N-acylimidazoles is somewhat
less than that of  for most of the basic ester hydrolyses. It
seems reasonable to conclude that steric effects upon the
acidic or basic hydrolysis of amides and related compounds
are roughly comparable in magnitude to steric effects upon
esterification, acidic and basic hydrolysis, and ester alcohol-
ysis,

We have noted above that the ¢-Bu group deviates signifi-
cantly in all of the 26 sets in which it occurs. Two distinct types
of behavior can be discerned. In all of the amide hydrolysis sets
which contain the methyl, ethyl, isopropyl, and tert-butyl
groups, and in the hydroxamic acid hydrolysis as well, the
methyl, ethyl, and isopropy! group rate constants are greater
than the tert-butyl group rate constant. In the case of the
N-acylimidazoles the rate constants lie in the sequence ¢-Bu
> i-Pr > Et in most of the sets studied. Obviously, then, the
¢t-Bu group in the case of amide hydrolysis is behaving dif-
ferently than in the case of N-acylamidazole hydrolysis.
Bolton and Jackson”® have reported in the case of both acidic
and basic hydrolysis that best correlation with Eg values using
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the Taft-Pavelich equation
log k = p*o* + 6gg + log ko (4)

gives best results with separate lines for amides bearing groups
with one or two « hydrogen atoms. It might be argued then
that groups with no « hydrogens should lie on still another
correlation line. It must be noted, however, that these authors
find best results on correlation with the equation

log k = p*c* + 0gg® + h(n — 3) + log ko 5)

and that while substituents with both one and two « hydro-
gens give an excellent fit to this equation, the t-Bu group de-
viates significantly. Bolton and Jackson have ascribed the
effect of the ¢£-Bu group to hyperconjugation. This is based on
an analysis involving the (n — 3) term in eq 5, which is con-
sidered to represent hyperconjugation by Hancock et al.? In
our opinion this term represents an additional steric param-
eter, a point we shall take up in a future paper in this se-
ries.

It should be pointed out that our results for acid- and
base-catalyzed ester hydrolysis,!:2 our unpublished results for

Eisenbraun et al.

the reactions of aldehydes, acyl chlorides, and thicesters with
hydroxide ion, water, and alcohols, and for the reaction of
esters with ammonia show that the point for the t-Bu group
lies on the correlation line. This leads us to the conclusion that
the t-Bu group generally behaves normally in nucleophilic
additions to the carbonyl group. Amide hydrolyses represent
an exception to this generalization.

Supplementary Material Available. A table of  values for var-
ious reactions (1 page). Ordering information is given on any current
masthead page.
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Crystallographic studies of the CooHgg reduced dimer, mp 179-180 °C, obtained from treatment of naphthalene
with sodium and ethylenediamine showed the hydrocarbon to be the title compound. This analysis allowed 1H
NMR absorption assignments. Other properties of 1 and its oxidation products are reported.

The reaction of naphthalene or the dihydronaphthalenes
with sodium and ethylenediamine!®P affords a CoqHgg reduced
dimer, mp 179-180 °C, now shown by x-ray crystallographic
analysis to have structure 1 rather than 212 earlier proposed.

Dimer 1 is also formed by reaction of dihydronaphthalene with
potassium tert-butoxide and dimethyl sulfoxide (Me;SO).22
Wideman reported isolation of a crystalline 1,2-bisdialin, mp
179-180 °C, using the preceding reagents.2b

The crystal structure of the dibromo derivative of Heller’s
dimer, a nitrogen analogue of the title compound, has been
determined3? and hydroxy ketone derivatives of the title
compound have also been prepared.?? Otherwise structure 1
appears to be new.

We also report additional properties of 1 and its oxidation
to the mono- and diketone, 3 and 4.

Results and Discussion

Figure 1 shows a stereoview*&b of the dimer which consists
of five six-membered carbon rings having a crystallographic
center of symmetry.

Other data derived from the crystallographic study are
summarized in Figures 2 and 3. Figure 2 shows the skeletal
numbering® and carbon-carbon bond lengths® of 1. The bond
angles as well as the torsion angles for the three unique ring
systems of 1 are given in Figure 3. These torsional angles may
be compared with those calculated for six-membered cy-
cloalkanes.” Experimentally determined torsion angles for the
cyclohexene ring agree best with torsion angles for the C;
barrier conformation calculated by Hendrickson.” Planarity
of the benzene ring is indicated by torsion angles of approxi-
mately 0°. The bond angle formed by C(13)-C(14)-C(14a)
shows a large distortion from the normal bond angle of 109.5°
for a tetrahedral carbon atom. No other significant deviations
from the expected bond distances and angles are observed.



