
Effects of Electron Density and Solvent on Group Haptophilicity J. Org. Chem., Vol. 41, No. 17,1976 2903 

(35) H. C. Brown and Nung Min Yoon, J. Am. Chem. SOC., 88, 1464 (1966). 
(36) E. C. Ashby, J. R. Sanders, P. Claudy, and R. Schwartz, J. Am. Chem. Soc., 

(37) E. C. Ashby, P. Claudy, and R. D. Schwartz, Inorg. Chem., 13, 192 (1974). 
(38) J. Klein and H. Stoilar, Tetrahedron Lett., 2541 (1974). 
(39) J. Klein, Tetrahedron Lett., 3349 (1974). 
(40) R. C. Bingham and P. v. R. Schleyer, J. Am. Chem. Soc., 93, 3187 (1971). 
(41) N. L. Allinger, H. M. Blatter, L. A. Frelberg, and F. M. Karkowski, J. Am. 

Chem. Soc., 88, 2999 (1966). 
(42) E. C. Ashby, R. D. Schwartz, and B. D. James, Inorg. Chem., 9,325 (1970). 
(43) E. C. Ashby and R. D. Schwartz, Inorg. Chem., I O ,  355 (1971). 
(44) E. C. Ashby and E. D. James, Inorg. Chem., 8, 2468 (1969). 
(45) E. C. Ashby and J. Watkins, Inorg. Chem., 12, 2493 (1973). 
(46) E. C. Ashby and J. J. Watkins, horg. Chem., submitted. 
(47) E. C. Ashby and S. Srivastava, Inorg. Chem., in press. 
(48) E. C. Ashby, G. Brendel, and H. E. Redman, Inorg. Chem., 2,  499 (1963) 

95, 6485 (1973). 

Stereochemical Control of Reductions. 5.1 Effects of 
Electron Density and Solvent on Group Haptophilicity2 

Hugh W. Thompson,* Eugene McPherson, and Barbara L. Lences3 

Carl A. Olson Memorial Laboratories, Department of Chemistry, Rutgers University, Newark, New Jersey 07102 

Received February 17,1976 

7-Methoxy-lOa-hydroxymethyl-1,2,3,9,lO,lOa-hexahydrophenanthrene (2) was synthesized and the stereochem- 
istry of its cis (8) and trans (5) reduction products established. The directive effect of the CHzOH group was exam- 
ined by heterogeneous catalytic hydrogenation of 2 over a Pd/C catalyst, leading to cis-trans mixtures whose pro- 
portion of 8 increased (6-61%) as the solvent dielectric constant was lowered (DMF, EtOH, THF, DME, diglyme, 
BuzO, dioxane, hexane). This is interpreted primarily in terms of competition between substrate CHzOH and sol- 
vent for active catalyst sites. Use of a Pt/C catalyst gave a nearly identical solvent order, but with higher propor- 
tions of 8 throughout (9-80%). Compound 2 was converted to its Li, Na, and K alkoxides and these, when hydroge- 
nated over Pd/C in diglyme, gave increasing proportions of 8 (60-69%) in the product mixture compared to the pro- 
tonated group (23%). This is interpreted as reflecting increasing electron density available to bind oxygen to the 
catalyst surface during reduction. These principles may be useful in improving stereochemical control in catalytic 
hydrogenation. 

Numerous reports4 of heterogeneous catalytic hydrogena- 
tions deal with instances in which the presence of certain 
functional groups in the substrate molecule has led to product 
stereochemistry opposite that  expected on the basis of steric 
hindrance.4b This evidently can arise from a propensity of the 
functional group, most frequently hydroxyl, t o  bind to  the 
catalyst surface during reduction in such a way as to  enforce 
addition of hydrogen from its own side of the molecule, an 
effect we have termed haptophilicity.5 

Our previous work5 on the directing effects of various sub- 
strate functional groups during hydrogenation led us to  the 
general conclusion that  a group's haptophilicity is probably 
directly related to, among other things, its ability to  donate 
electrons toward the catalytic surface. This conclusion sug- 
gested to us several specific ways in which the haptophilicities 
of groups might be altered so as to  affect predictably the 
stereochemistry of reductions. For example, conversion of an  
acidic group to  its anion should increase its electron-donating 
ability and hence its haptophilicity (cf. 1, R = COOH, COOLi, 

1 

COONa).5 Additionally, the effective haptophilicity of many 
R groups would probably be increased if competition from 
polar and especially hydroxylic solvents were eliminated, since 
OH has a high haptophilicity. 

Synthesis and Stereochemistry of Materials. We wished 
to test these ideas experimentally; however, i t  was clear t ha t  
for several R groups the system 1 would be insensitive to  in- 
creases in haptophilicity, leading to higher percentages of cis 
product, simply because the percentage of cis product was 
already very high (e.g., R = CH20H + 95% c i ~ ) . ~ ? ~  For this 
reason we have turned our attention to  the closely related 
system 2, which was prepared by reduction of the known ester 

3.' Compound 2 not only was soluble in a variety of solvents 
of low polarity but, on catalytic hydrogenation under reaction 
conditions similar to those used with 1, gave a product mixture 
rich in the trans isomer (94% trans, 6% cis), allowing us ample 
leeway in enhancing the haptophilicity of the CHzOH group. 
This relatively high percentage of trans product obtained from 
2 supports our previous speculation5 that  the ketal group in 
1 may be haptophilically invoIved in the contrastingly high 
cis specificity (95%) observed in hydrogenation of 1, R = 
C H Z O H . ~ . ~  Scheme I shows the sequences by which the 

Scheme I 

Me0 Me0 
2 5 
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OOEt 
Me0 Me0 
6 , R = H  3 , R = E t  4 
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Table I. Products from Hydrogenation of 2 at 1 atm and 25 O C  

Solvent 
Dielectric 
constanta 

Pd/C catalyst 
% yield Ratio of 8:5 

PtIC catalyst 
% yield Ratio of 8:5 

Hexane 1.9 89 61:39 90 
Dioxane 2.2 96 26:74 95 
B u ~ O  3.1 94 26573.5 90 
Diglyme 7.2 81 18.5:81.5 98 
DME 7.2 94 2080 96 
THF 7.6 93 18232 90 
EtOH 24.6 96 6:94 
DMF 36.7 99 6:94 90 

a Values taken from ref 11. Values considered accurate to  f2%,  e.g., 61 f 2:39 f 2. 

80.5:19.5 
46.5:53.5 
50.5:49.5 

4357 
36:64 
30:70 

9:91 

stereochemistries of the reduction products of 2 were estab- 
lished. 

Our stereochemical assignments for 4 and 7, and hence for 
5 and 8, are based as follows. The unsaturated ethyl ester 3 has 
a single infrared carbonyl absorption at 1720 cm-l. Catalytic 
reduction with Pd/C yielded a major product whose ir spec- 
trum has a carbonyl doublet (1735, 1720 cm-I), indicating 
rotation which is more severely restricted than in 3. This is 
consistent only with trans stereochemistry in the reduction 
product, and conforms to  the spectral patterns found for the 
corresponding compounds of series 1 (where the cis product 
lacks such a doublet).6 This stereochemical result also fulfilled 
our expectations based on the established low haptophilicity 
of the ester f ~ n c t i o n . ~ , ~  

Lithium-ammonia reduction of the unsaturated carboxylic 
acid 6 was expected to yield products representing protonation 
of an equilibrium mixture of the conformers of the benzylic 
anion reduction intermediate. The cis and trans forms of this 
should provide equally good ring overlap with the benzylic 
anion, so that conformational preferences should be controlled 
here by steric and electrostatic repulsions. While the latter 
are very difficult to  assess, the cis juncture is known to be fa- 
vored in decalin and octalin systems by introduction of an- 
gular substituents more bulky than H.8 Hence, on the as- 
sumption that  rates of protonation are comparable, this 
equilibrium mixture was expected to  give largely or entirely 
cis product. This reduction yielded a t  least 80% of a single 
carboxylic acid, whose LiAlHQ reduction product (8) was not 
identical with that  from LiA1H4 reduction of 4, but melted 
some 50” lower, consistent with the less planar and less rigid 
cis structure. 

Solvent Effects  on  Haptophilicity. Little of the existing 
datagJ0 concerning solvent effects on hydrogenation stereo- 
chemistry is derived from compounds specifically chosen to  
elucidate mechanisms. Much of i t  was gleaned incidentally 
during synthetic studies and is far from exhaustive, and much, 
stemming from the period before VPC and NMR, suffers 
“from both inadequate product analysis and isomerization 
of initially formed products”.9 The best that  can be safely 
summarized from the morass of available, often conflicting, 
data is that  the interrelationship of the solvent’s functional 
group, bulk, viscosity, dielectric constant, pH, etc., with cat- 
alyst, substrate, pressure, and temperature is so intricate that 
prediction of results is frequently hazardous even when only 
one variable is changed. 

Against this background we wished to  examine with com- 
pound 2 the proposition that substrate haptophilicity may be 
diminished by competition with the solvent. We envisioned 
this as a preempting of active sites on the catalyst surface by 
solvents containing polar functional groups, particularly ones 
of known high haptophilicity. However, such a process might 
operate by several mechanisms, not only making sites un- 
available for haptophilic substrate interactions, but probably 
also increasing steric interactions by adding bulk at the cat- 

alyst surface near whatever sites are available. A similar result 
could also be produced by the fact that  such solvents could 
solvate and thus mask the substrate haptophilic group, 
making i t  bulkier. 

Although they do not allow us to  distinguish among these 
mechanisms, our results, shown in Table I, are strikingly 
consistent with the basic idea of solvent competition and in- 
dicate that dielectric constants seem to provide a rough guide 
to  this sort of solvent effect. I t  seems clear that  some of the 
previously observed solvent effects on stereochemistry may 
have been of this origin, which we may call competitive solvent 
haptophilicity. I t  is not our intention to  present here a com- 
plete or rigid solvent haptophilicity series, since so specific a 
ranking might well fail when other variables are changed. In  
fact, since 2 has been chosen specifically to  illustrate hapto- 
philic effects by eliminating complicating structural features, 
most other systems will probably present situations which are 
less clear-cut. Rather, we wish to  suggest that, in the absence 
of perturbing factors, to  the extent that  haptophilic effects 
operate in a given system the extremes of stereospecificity are 
likely to  be achieved with extremes of solvent dielectric con- 
stant. 

It should be pointed out that  the data for palladium and for 
platinum closely parallel each other, but with the platinum 
series giving consistently higher percentages of cis product. 
Although in general Pd  catalysts seem to  favor the thermo- 
dynamic product epimer more frequently than does Pt,lo our 
results appear consistent with the general observation that  
Pt catalysts are the more sensitive to  poisoning.lO* 

Haptophilic Enhancement  by Anion Formation. We had 
already demonstrated in the case of 1 that  increasing the 
electron density on a carboxyl group by anion formation leads 
to  increased haptophilicity, which varies with the cation used.5 
We wished also to  apply this idea to  the hydromethyl group 
of 2. For these experiments i t  seemed clear that  alcohols, for 
reasons of proton exchange, and hydrocarbons, because of 
substrate insolubility, would be inappropriate solvents. Di- 
glyme was finally chosen because of its combination of low 
dielectric constant with ability to  dissolve salts by cation 
solvation. I t  was found that  a t  25 “C and 1 atm conversions 
in the hydrogenation of salts of 2 with our Pd/C catalyst were 
essentially nil. This did not surprise us unduly, as we had al- 
ready speculated upon the relationship between haptophilicity 
and catalyst poisoning,5 and we found that  by increasing the 
pressure to  3 atm the reductions could be carried to  comple- 
tion, although isolated yields were only in the 70-80% range 
(Table 11). The  small difference in cis-trans isomer ratio ob- 
tained for R = CHzOH here and in Table I is the result of this 
change in hydrogen pressure. 

The results in Table I1 coincide remarkably with those 
found for carboxylate in system 1: an increase in the amount 
of cis product on going from the protonated group to the alkali 
metal salts, and an increase in cis product as the size of the 
cation is increased. These results, together with the mild 
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Table 11. Products from Hydrogenation of Salts of 2 with 
Pd/C Catalyst at 3 a t m  and  25 "C 

~~ 

Group Solvent % yield Ratio of 8:5* 
~~~ 

CHzOH Diglyme 95 23:77 
CHzOLi Diglyme 71 6040 
CHzOLi Bun0 95 63:37 
CH20Na Diglyme 74 66.5:33.5 
CH2OK Diglyme 81 69:31 

a Values considered accurate to f2%, e.g., 23 f 2:77 f 2. 

catalyst-poisoning effect of the salts, speak eloquently for the 
idea that the adhesion of acidic functional groups to the cat- 
alyst surface can be enhanced by anion formation12 and fur- 
ther controlled by choice of cation. 

The two effects demonstrated here extend considerably our 
fundamental understanding of the concept and nature of 
haptophilicity and the  practical usefulness of the ranking of 
group haptophilicities we previously presented.5 Even for 
nonideal cases our results suggest a systematic basis for at- 
tempting to exploit more fully the steric and electronic fea- 
tures of a given system to achieve stereochemical control. 

Experimental Section13 
Catalytic Hydrogenation of 7-Methoxy-loa-carbethoxy- 

1,2,3,9,10,10a-hexahydrophenanthrene (3). A solution of 577 mg 
(2.02 mmol) of 3'' in 30 ml of absolute EtOH was hydrogenated at  25 
"C and 1 atm over 60 mg of 5% Pd/C catalyst. Concentration of the 
filtered reaction solution provided material recrystallized from pen- 
tane to give 351 mg (60.5%) of 4 as rhombic platelets: mp 41-42 "C; 
ir 1735,1720 cm-l; NMR 6 1.05 (3 H t, J = 7 Hz), 1.2-2.9 (13 H com- 
plex), 3.7 (3 H s), 3.95 (2 H q, J = 7 Hz), 6.35-6.7 (2 H complex), 7.1 
(1 H d, J = 9 Hz); MS m/e 288 (33%, M+), 215 (29%), 214 (loo%), 171 
(32%). 

Anal. Calcd for C18H2403: C, 74.97; H, 8.39. Found: C, 74.77; H, 
8.39. 

LiAlH4 Reduction of 4. Compound 4 (234 mg, 0.81 mmol), when 
treated with 66 mg (1.65 mmol) of LiAlH4 in EtzO, gave incompletely 
reduced material after 1 h of reflux and was recovered and resubjected 
to LiAlH4 (133 mg, 3.3 mmol) by refluxing in 50 ml of dry THF for 6 
h under Nz. The mixture was worked up by titration with saturated 
aqueous Na2S04, filtration, and concentration to give material melting 
at  110-116 "C. Two recrystallizations from pentane produced 46 mg 
(23%) of 5 as fine felted needles, mp 117-120.5 "C, identical with 
material produced by hydrogenation of 2. An analytical sample melted 
at 121-123 "C: ir (CHC13) 3620,3460 cm-l, no C=O absorption; uv 
212,224, 281,289 nm; NMR 6 0.8-3.1 (14 H complex), 3.3 (1 H d, J 
= 11.5 Hz), 3.7 (1 H d, J = 11.5 Hz), 3.8 (3 H s), 6.55-6.8 (2 H m), 7.1 
(1 H d, J = 9 Hz); MS m/e 246 (lOG?h, M+), 228 (51%), 215 (99%), 171 
(68%), 147 (99%) 

Anal. Calcd for C16H2202: C, 78.01; H, 9.00. Found: C, 78.12; H, 
8.91. 

LiAlH4 Reduction of 3. A slurry of 200 mg (5.0 mmol) of LiAlH4 
in 40 ml of dry Et20 was stirred under Nz during dropwise addition 
of 572 mg (2.0 mmol) of 3 in 10 ml of dry EtzO. After addition the 
mixture was refluxed for 2 h, stirred overnight at  25 "C, and worked 
up by titration with saturated aqueous NazS04. The decantate was 
combined with the hexane washings of the precipitate and passed 
through a short A1203 column. Concentration gave a solid recrystal- 
lized from MeOH to provide 465 mg (95%) of 2 as fine felted needles: 
mp'116-116.5 "C; ir 3660 cm-l, no carbonyl absorption; uv 218,262.5, 
297 nm; NMR 6 ca. 1.4 (1 H s, disappears on shaking with DzO), 
1.1-3.0 (lOHcomplex), 3.55 (2 Hs), 3.8 (3Hs), 6.2 (1 H t, J = 4Hz), 
6.6-6.9 (2 H complex), 7.45 (1 H d, J = 8 Hz); MS mle 244 (62%, M+), 
226 (25%), 214 (43%), 213 (loo%), 198 (38%). 

Anal. Calcd for C16H2002: C, 78.65; H, 8.25. Found: C, 78.58; H, 
8.35. 

Catalytic Hydrogenation of 2. A preparative hydrogenation was 
carried out involving 490 mg (2.0 mmol) of 2, 62.5 mg of 5% Pd/C 
catalyst, and 30 ml of absolute EtOH. After 45 min of stirring at 25 
"C and 1 atm, uptake of Hz had ceased and the usual filtration and 
concentration procedure yielded 478 mg (97%) of 5, mp 115-118 "C. 
Recrystallization from Et20 gave material melting at  121-123 "C, 
which was identical (ir, mixture melting point) with that obtained by 
LiAlH4 reduction of 4. 

Saponification of 3. Compound 3 (858 mg, 3.0 mmol), when 
treated with 2.0 g of 85% KOH in 80 ml of EtOH-H20, gave primarily 
starting material after 24 h of reflux and was recovered and res- 
ubjected to 85% KOH (2.30 g, 35 mmol) by refluxing in 90 ml of 
methoxyethanol (bp 124 "C) for 24 h under Nz. Acidification with 
aqueous HCl, extraction with EtzO, and concentration gave 751 mg 
(97%) of crude solid which was recrystallized from absolute EtOH to 
provide 569 mg (73.5%) of 6 as white needles: mp 174-176 "C dec; ir 
3300-2100,1690 cm-l; uv 218,262,297 nm; NMR 6 0.8-2.95 (10 H 
complex), 3.75 (3 H s), 6.2 (1 H t, J = 5 Hz), 6.65 (2 H complex), 7.5 
(1 H d, J = 9 Hz); MS mle 258 absent, 214 (8o%, M+ - COz), 213 
(loo%), 212 (80%), 186 (55%), 171 (67%). 

Anal. Calcd for C16H1803: C, 74.40; H, 7.02. Found C, 74.59; H, 
7.16. 

Li-NHS Reduction of 6. A solution of 100 mg (0.39 mmol) of 6 in 
10 ml of dry 1:l THF-Et20 was added over 1 min to a stirred solution 
of 39 mg (5.6 mg-atoms) of Li in 16 ml of liquid "3. After 15-20 min 
the blue reaction mixture was quenched with solid NH4C1, and NH3 
was allowed to evaporate. Addition of aqueous HCl and extraction 
with Et20 provided 100 mg (99%) of crude solid, which was sublimed 
at  160 "C (0.08 mm) and recrystallized from EtzO-pentane to give 81 
mg (80%) of 7 as flat matted crystals: mp 150-151 "C; ir 3600-2300, 
1700 cm-l; uv 212, 224,282.5,290 nm; NMR 6 1.0-3.35 (13 H com- 
plex), 3.75 (3 H s), 6.7 (2 H complex), 7.05 (1 H d, J = 8 Hz); MS mle 
260 (loo%, M+), 215 (72%), 214 (98%), 213 (74%), 186 (40%), 171 
(65%). 

Anal. Calcd for C16H2003: C, 73.82; H, 7.74. Found C, 73.67; H, 
7.83. 

LiAIH4 Reduction of 7. A slurry of 40 mg (1.0 mmol) of LiAlH4 
in 10 ml of dry Et20 was stirred under Nz during dropwise addition 
of 100 mg (0.385 mmol) of 7 in 15 ml of dry EtzO. After addition the 
mixture was refluxed for 3 h, stirred overnight at  25 "C, and worked 
up by titration with saturated aqueous NazS04. The organic filtrate 
was concentrated to  a viscous oil which was purified by chromatog- 
raphy on A1203 and distilled at 150 "C (1.0 mm) to give ca. 80 mg (85%) 
of solid. Repeated recrystallization from hexane yielded pure 8: mp 
71 "C; ir 3660,3510 cm-l, no carbonyl absorption; uv 211,223,281, 
288.5 nm; NMR 6 1.0-3.0 (13 H complex), 3.3 (1 H d, J = 11 Hz), 3.45 
( l H d , J =  llHz),3.8(3Hs),6.65(2Hcornplex),6.95(1Hd/d,J= 
2,7 Hz); MS m/e 246 (loo%, M+), 228 (61%), 215 (51%), 171 (58%), 
147 (51%). 

Anal. Calcd for C&2202: C, 78.01; H, 9.00. Found C, 77.92; H, 
9.02. 

Procedure for Hydrogenations. Table I. Hydrogenations were 
carried out with a low-pressure apparatus at 1 atm (76 f 2 cm) and 
room temperature (25 f 2 "C) using 5% Pd/C and 5% Pt/C catalysts 
supplied by Engelhard Industries, Newark, N.J. Diglyme, DME, THF, 
and BuzO (distilled from LiAlH4) and benzene, hexane, and dioxane 
(distilled from Na) were stored over 4A molecular sieves. Toluene and 
DMF were distilled from CaHz and stored over molecular sieves or 
CaH2. Absolute EtOH (Commercial Solvents Corp. Gold Shield) was 
used without further purification. 

To a flask containing a Teflon-covered magnetic stirring bar and 
3.4 mg of catalyst was added a solution of 24.4 mg (0.10 mmol) of 2 in 
1.6 ml of solvent. The flask was then alternately evacuated and filled 
with H2 several times to remove air. The final charge of Hz was ad- 
justed to 1 atm with a mercury leveling bulb and stirring was begun. 
When at least the theoretical quantity of H2 had been absorbed and 
uptake had ceased (typically ca. 1 h, occasionally longer), the product 
was isolated by filtration (catalyst washed with additional solvent) 
and removal of all solvent under vacuum. The residue was sublimed 
at ca. 110 "C (ca. 0.05 mm) and the cold finger weighed immediately 
before and after removal of the sublimate. 

Table 11. Compound 2 (24.4 mg, 0.10 mmol) was dissolved in 1.0 
ml of dry solvent and 1.0 equiv of base was introduced under N2. The 
mixture was stirred for 5 min at 35 "C for formation of the Li salt 
(ethereal MeLi, diglyme), refluxed for 24 h to produce the Na salt 
(NaH, diglyme), and refluxed for 2-3 h in the case of the K salt (KH, 
THF). In each instance the mixture was evaporated to dryness under 
vacuum and the residue was weighed. Infrared analysis verified 
complete alkoxide formation by lack of OH absorption. 

Salts were used immediately after isolation, employing the amounts 
of catalyst and solvent described above, but with a Parr apparatus 
at 25 "C and 3.0 atm for 3 h. Workup was by filtration, dilution with 
water, adjustment of pH to 3 with aqueous HCl, and extraction with 
Et.20. After being dried and concentrated, the extract was sublimed 
and weighed as described above. 

Analysis of Product Mixtures. The entire sublimate was washed 
from the cold finger with dry MeOH and this solution was used di- 
rectly for VPC analysis. NMR did not provide adequate resolution 
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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.s 
These reactions employed substrate, catalyst, and solvent (diglyme) 
in the ratio indicated above, with material recoveries of 98-loo%, 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 for this reason such processes are 
believed also to be unimportant in the reactions of 2. 
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lutions. Ultraviolet spectra were taken with a Beckman DB-5 grating 
spectrometer, with 95% EtOH as the solvent. NMR spectra were taken 
on a Varian A-60 instrument, using CCI4 or CDC13 solutions with Me4Si 
and/or CHzCIz internal standards. Mass spectra were determined with an 
Atlas CH-5 magnetic sector Instrument at 70 eV ionization potential. VPC 
analyses were carried out using 4 fl X 0.25 in. columns packed with 10% 
Aplezon L on 80-100 mesh firebrick (Hewlett-Packard 5750) and with 
SE-30 on 80-100 mesh firebrick (Varlan Aerograph 1520). Microanalyses 
were performed by Micro-Tech Laboratories, Skokie, I l l .  
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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 
= J/ux t h. Data for one set of basic hydrolysis of amides were correlated with the equation log kx = LYUIX t PURX 
t +ux t 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 esters1 and upon rates of base-citdyzed hydrolysis 
of esters.2 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, t o  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, t o  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 Taf t  equation1 

log kx = $vx + h (1) 

by means of linear regression analysis. The data used in the 
correlations are set forth in Table I. The u values required were 
generally taken from the first paper in this series;l some u 
values are from our unpublished results. The results of the 
correlations are presented in Table 11. The data for set 2 were 
correlated with the  equation 

(2) 
as this set includes a number of nonalkyl substituents and 
involves base-catalyzed hydrolysis. Presumably the  mecha- 
nism of amide hydrolysis is similar t o  that of ester hydrolysis. 
In  that event, acid-catalyzed amide hydrolysis should be a 

log kx = CXUIX t PURx + $'VX + h 


