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and Bronvitshayai in 82% crude yield. Recryst'allizations 
from ethanol yielded very bright yellow plates, m.p. 225- 
226'; reported 217-219". 

A n a l .  Calcd. for C16H1202: C, 81.33; H, 5.12; Neut. Equiv., 
236. Pound: C, 81.13; 81.19; H, 5.21, 5.13; Keut. Equiv., 
233, 244. 

$1-Bromo-1 0-anthroic acid (IIIc). This vas  prepared from 
9,10-dibromoant'hracene by the procedure of Mikhailov and 
Bronvitshaya5 in 734% yield. Recrystallization froin 75% 
ethanol-2501, benzene gave a fluffy yellow solid, m.p. 267- 
268'; reported 265--267". 

dnal .  Calcd. for CljIS902Br: C, 59.82; H, 3.01; Br 26.54; 
Kent. Equiv., 301. Found: C; 60.09: 60.02; H, 3.09, 3.08; 
Br. 26.48, 26.63; Xeut. Equiv., 286, 299. 

Xekhyl  estem. A. Methyl .9-anthroate. The acid (IIIa),  9.3 g. 
(0.0-12 mole) in ether, was esterified with an ethereal solution 
of diazon?et,haiie (0.068 mole) prepared from X-methyl-S- 
nitrosourea. After evaporation of the ether 7.6 g. (78%) of 
ester, m.p. 105-108", n-as obtained. Recrystallization from 
etha,nol gave pale yellow needles, m.p. 110-111"; reported 
113'. 

Anal. Calcd. for c168&: C, 81.33; H, 5.12. Found: 
C, 80.23, 81.51; H, 5.15, 5.17. 

13. Methyl  .9-n~ethyZ-iO-anthroate. In  the same manner ams in 
part A there x a s  obtained a 35% yield of methyl ester rrhich 
when purified melted a t  162-163". 

Anal. Calcd. for CliH140z: C. 81.57; H, 5.64. Fonnd: C, 
82.00, 80.17; H, 5.78, 5.77. 

C. Jlelhyl 9-Bronzo-ln-an(hroate. In the same manner as in 
part A there was obtained an 85% yield of methyl ester which 
when purified melted at 109--110". 

Anal. Calcd. for CIGHIIC2Br: C, 60.97; H, 3.52; Br, 25.36. 
Found: C, 60.71; H, 3.37; Br 25.32. 

Diels-Alder adducts with, p-benzoquinone. 9. Methyl  2,5- 
diketo-d,6,  ~S,1G-tetmliydro-i-triptoute.  This adduct was pre- 
pared by the method of Bartlett and Greene3 except that the 
reliction i m s  carried out under a nitrogen atmosphere. The 
product,, obtained in 585;, yield, melted at 399-200"; re- 
ported, 190-201 ". 

13. Methyl li-i,zeihU1-&,:i,1B,18-fetrahydro-l-triptoate. This 
\vi is prepared in 657; yield in  a mariner similar to t'hat of A 
above except that tbc iiiixturc vias refluxed for only 2 1  hr. 
\\-hen the reflux t>ime v-as extended to  44 hr., the yield was 
increased to 84c/,. The product melt'ed at  196.5-197'. 

-1nal. Calcd. for CZ3H&: C, 77.08: H, 5.06. Found: C, 
76.83.; H, 5.00. 

C. Kethy l  6-F~oi i io-~ ,~-d i ice to-2 ,~ ,1~ , I6- le t iah ,~d~o- l - t r ip-  
toate. When the method described in part A above was ap- 
plied to the bromo ester only a 4% yield TWS obtained. 
Substitution of p-xylene for benzene as solvent gave only in- 
tractable tars plus a trace of starting material. When the 
mole ratio of p-benzoquinone to ester ivas increased from 3 : I 

4eld using benzene as a solvent TTas 1 io!;? in orii' 
in anot'her run. The purified product melted at) 

Anal. Calcd. for CpsHli04Rr: C, 82.43; H: 3.57. Found C, 
82.87, 62.99; H, 3.53, 3.61. 

Coizversion of the keto j o m  to the  hyd~oqiti , ione.  A. IZlethyl 
Z , j - d i h y d r o x y l - t ~ ~ p t o u i e .  The procedure of Rart'lett and 
Greene \vas folloir-ed to obtain a 977;, yield of fine colorless 
needles which sintered a t  265' and nicked at 272-273"; 
reported 265-2666", 

R. M e t h y l  fi-,iietiiyl-Z.i-dihyd/,oxy2-tl..iptoute. The procc- 
dure in part A ~ 7 - a ~  folloived to  obtain a 955; yield of fino 
colorless needles n-hich melted a t  274-275'. 

Anal. Calcd. for C Z ? I H ~ I ~ :  C!, 77.08; H, 5.06. J;ounCl: C, 
77.52;  H, 5.22. 

C .  Methyl 6-!,roiiio-&:6-dih?id,oz?/-l-iriptoute. The procedure 
in part A was followed to  obtain a !47(7; yield of fluffy ofl- 
vhite needles trhich melted at 286-287". 

Anal. Calcd. for C?2H1;101Br: C, 662.43; H, 3.57. Found C ,  
62.83: €I, 3.77. 

Oxidation of the triptycei2eh?jdroquinones to  the triptyce72e- 
quinones. A. Jlefhy2 b,4-dikefo-W,~-dihydro-l-triptoate. The 
procedure of Bartlet,t and Greene mas followed to obtain a 
72% yield of quinone xhich melted at, 221--224'; reported 
2 2 5 O .  

€3. 3lethyl 6'-methyl-R,ci-dikelo-2,j-dihydro-i-triptoate. In 
the same manner as in part A the methylhydroqiiinonc xws 
oxidized in 85t?$ yield to t,he quinone which melted a t  240- 
250". 

Anal. Calcd. for C23H160,: C, 7 i . 5 1 ;  H, '4.53. Found: C,, 
75.88; H, 4.57. 

C. Methyl  6-bromo-2,6-diketo-d,j-dih?id,.o-l - triptoate.  
The bromohydroquinone \\-as oxidized 1)y t h c  method of 
part A in 85% yield to thc quinone v-hich melted at' 265.5.- 
266". 

Arlal. Calcd. for C&304Br: C, 62.72; H, 3.13: Hr>  18.07. 
Found C, 62.68; H, 3.21;Br, 19.52. 

ITHACA, N. Y. 

2 1 1-2 1 1.5 O .  

[CONTRIBLTIOK KO. 120 FROM THE IXSTITUTO DE Qufvrc.4 DE LA UNIVERSIDAD T B C I O ~ A L  A ~ T ~ ~ O \ I A  DE IIBxrco] 

The Intensity of the Carbonyl Band in the 
Infrared Spectra of Methyl Benzoates 

Receit,ed Sepl tmber 28, 1960 

The quantihtive infrared spectra of metu and p a m  snbbtitluted Iriethyl beuzoat,ea \\-t:r(i n icwur td ,  and i t ,  \van fouud that 
t h e  changes of the integrated absorpt,ion intensity (A  ), were in full agreenient with thc thiwretical values. Xu 1inra)r rel:t- 
tion was found when plotting A vs. Hanirnett u vahies. 

In t,he study of absorption inteiisities of infrared 
bands it is now customary to report not only their 
frequency but also their int,ensity. Cole,l Jones, 

Br0'1~11,~ and others, havc ;hov-n that the empiricd 
application of the infrared data is useful for struc- 
tural studies of simple and complex organic mole- 
cules. Some Yalues of infrared intensities are re- I_____ 

(1) A. R. IT. Cole, G. T. A. &Idler, D. W. Thornton, ported ill t,he literature, but much 157ork has to 
and R. S. L. Willix, J .  Chem. Soc., 1218 (1959). 

Dobriner, J .  .li7i. Cheni. Soc., 74, 80 (1952). 
(2)  R. X. Jones, D. A. Ramsay, D. S. Keir, and K. 

(3) T. L. Brovn, J .  L t j i i .  Chem. SO~., 80, 794 (1958). 
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be done before a complete picture of the factors 
that control the intensity and shape of the infrared 
bands can be completely understood. 

As a contribution in this field, we wish to report 
the integrated absorption values for methyl ben- 
zoates with substituents in the meta and para 
positions. The purpose of this work was to deter- 
mine if their intensity values would follow a linear 
relation when plotted against Hammett u constants. 
KO such relation could be found for the results 
(Tables I and 11) and this is in accordance with the 
findings of Brown3 when he studied substituted 
benzonitriles and with Jones,4 on substituted ace- 
tophenones. On the other hand, Califan05 claimed 
that such a relation existed in the case of anilines 
and N-methylanilines, and Thompson,6 in the case 
of benzonitriles. 

TABLE I 
CARBOSYL ISFRARED ABSORPTION DATA OF para 

SUBSTITUTED ?rfETHYL BENZOATES 

VmaX 

Substituent cm.-' E A d l a  Aa U 

Xitro 
Fluoro 
Hydrogen 
Chloro 
lodo 
Bromo 
Methoxy 
Amino 
Hydroxy 
Methyl 
Dimethyl- 

amino 

1736.9 
1732.4 
1731.9 
1730.6 
1733.0 
1734.8 
1722.1 
1717.2 
1722.7 
1728.3 
1715.0 

5 73 
649 
718 
752 
771 
666 
644 
677 
580 
703 
683 

14.0 
12.6 
11.3 
11.6 
11.7 
14.3 
15.8 
15.1 
15.1 
15.1 
17.9 

2.88 
2.95 
2.99 
3.11 
3.25 
3 .45  
3.69 
3.70 
3 .  87b 
3.89 
4 . 4 4  

$1.27 
$0.062 

0 00 
4-0.266 
+O ,276 
+ O .  232 
-0.268 
-0.660 
-0.357 
-0.170 
-0.600 

~ 

a One intensity unit ( A )  = 1 X 104 1. mole-' cm.-2 ' Value obtained by addition of two overlapping bands. 
Values of vmax, E, and Ar'/n are of the stronger maximum. 

TABLE I1 
CARBONYL ISFRARED ABSORPTIOX DATA OF meta SUBSTI- 

TI~TED METHYL BENZOATES 

Vrnax, 
Substituent em.-' E da U 

Chlorine 1737.3 634 1 2 . 3  2.86 +0.373 
Nitro 1740.9 707 11.3 2.88 $0.710 
Hydrogen 1731.9 718 11.3 2.99 0.00 
Bromine 1735.9 654 12.5 2.99 +0.391 
Iodine 1732.8 695 12.7 3.08 +0.352 

Methyl 1731.0 705 12.9 3.22 $0.069 
Dimethyl- 1730.4 611 14.8 3.27 -0.211 

Amino 1730.2 627 13.9 3.17 -0.161 

amino 
Hydroxy 1732.2 490 14 .2  3 . 5 j b  -0.002 
Methoxy 1731.3 612 1 5 4  3.39 f0.115 

a One intensity unit ( A )  = 1 X 104 1. mole-' cm.-2 ' Value obtained by addition of two overlapping bands. 
Values of vmBx, E, and Av1/2 are of the stronger maximum. 

(4) R. N. Jones, W. F. Forbes, and W. A. Mueller, 
Can. J. Chem., 35, 504 (1957). 

(5) S. Califano and R. Moccia, Guzz. chim.  ital.,  87, 58 
fl959). > - - -  

(6)". M'. Thompson and G. Steel, Trans. Faraday SO~., 
5 2 ,  1451 (1956). 

The measurement of h has many applications 
such as the determination of the number of car- 
bonyl groups in a steroid2; in the determination of 
C-H present in aliphatic hydrocarbons,' or the 
determination of different types of carbonyl 
 group^.^,^ It was also found that this method 
could be used in the determination of the spacial 
conformation of halogens a to a carbonyl in cyclo- 
a1kanones.l" In  Table I11 the values of A for sub- 
stituted benzene compounds are collected. These 
data could be used to characterize the number and 
type of substituents in aromatic rings. 

EXPERIMESTAL 

The infrared spectra were measured vi th  a double beam 
single pass Perkin-Elmer 1Model 21 spectrophotometer, 
equipped with sodium chloride prism and cells. In  order to 
plot 1 p in 40 cm. of the chart two number 45 grars \\ere 
installed in the A and C positions." The solutions (in 10 ml. 
of carbon tetrachloride), were approximately 0.01511f 
depending on the band intensity, and in each case a t  least five 
independent measurements were made. The average resnlts 
are reported on Table I and 11. A pair of matched cells 1 
mm. thick \Tas used and all the measurements were made 
under the same experimental conditions in order t o  minimize 
errors. The slit width used was 49 p and the spectral slit width 
7 cm.-l The error in the infrared measurements is 3 ~ 0 . 1  
for the A value and A2 cm.-l in the wave number. 

Methyl esters of substifuted benzoic acids. The methyl 
esters were prepared from the acids by esterification with 
methanol and hydrogen chloride by the usual technique. 
The acids were prepared by gtandard methods reported in 
the literature. The physical constants of the esters were in 
good agreement viith literature values. 

The values urnax, molecular extinction coefficient, half 
band width and integrated absorption areas of the 19 methyl 
esters studies, are given in Tables I and 11. 

DISCUSSION 

The values of vmax of the para substituted methyl 
benzoates (Table I) are between 1715 and 1737 
cm.-l Since the value of vmsx indicates the energy 
needed to produce a dipolar excited state, one can 
assume that a variation of vmax is directly related 
to the increase or decrease in energy produced by 
the introduction of the substituent in the molecule. 
For example, vnlax of methyl benzoate was 1732 cni. -l 
while the value for p-dimethylamiiiobenzoic acid 
methyl ester was 1715 crn.-l, 17 cm.-' lower. The 
sequence in which the substituents increase vmax 
wasp - K(CH;),, p - XH2, p - CH30, p - OR, 
p - CH3, p - C1, p - H, p - F, p - I, p - Br, 
p - XO,. 

In some cases it is possible to ascribe the change 
in energy to a specific effect: For example, in the 

(7) S. A. Francis, J .  Chem. Phys., 18, 861 (1950); 19, 942 

(8) G. M. Barrow, J .  Chem. Phys., 21, 2008 (1953). 
(9) J. Wenograd and R. Spurr, J. Am. Che~n. Soc., 79, 

(10) R. Cetina and J .  L. Mateos, J. Org. Chem., 25, 704 

(11) For a more complete description consult the Perkin- 

(1951). 

5844 (1957). 

(1960). 

Elmer Manual. 
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TABLE I11 
ZSTEGRATED ABSORPTION AREAS OF SUBSTITUTED AROMATIC C ~ M P O C N D S ~  - 

I 

R-CeHd- --CHO' -CNC -COCHad -OHe -CNf -CO*CH3' --NH2h -OHi 
(CCl,) (CCld) (ccl4) (CC1,) (CHCl,) (Cc14) (Cc14) (CC14) 

11 = H 2.25 0.20 2.20 0.99 0.37 2.99 1.15 
112-I<' 1.66 
in-C1 1.90 1.31 2.86 0.45 1.5 
,m-Br 1.29 2.99 0.50 
m-I 3.08 
nr-n'O2 1.91 2.02 0.17 2.88 0.58 2.42 

m-S Hz 2.15 0.47 3.17 
m-S( CHB)2 3.27 
7n-CH3 0.20 3.22 0.30 1.37 
m-OCHg 2.50 3.39 
m-OH 2.90j 0 .47 3.35 
p-F 0.20 2.17 2.95 0.32 
p-C1 3 .55  0.20 2.25 1.19 3.11 0.42 1.46 
p-Br 2.24 1.23 3.45 0.46 1.35 

2.41' 

P-1- 2.39 3.25 

p - X (  CH3h 2 . 2 5  4.44 
p-CHs 2.37 0.28 2.44 3 ,89 0.29 1 .ZB 

p-h 0 2  1.85 1.93 0.13 2.88 I . 1 3  3 .36 
p-?SH* 0.82 2.38 1.48 3 .  70 

pOCH3 2.88 0.44 1.06 3.69 1.27 
n-013 3.22f 0 .91 3 . 5 7  

a One intensity unit (A) = 1 x 104 1. mole-' cm.-2 Unpublished results of this laboratory. Ref. 3. Ref. 4. e T. 1,. 
Bron-n, J. Chem. Phys., 65, 821 (1957). r P. Sensi and G. G. Gallo, Gazz. chim. ital., 85, 235 (1955). S. Cali- 
fano and R. Moccia, Gazz. chim. ita/., 87, 58 (1957). f R. Moccia and S. Califano, Gazz. chim. ztal., 88, 342 (1958). ' Meas- 
ured 111 chloroform. 

This paper. 

case of the p-dimethylamino and similar groups 
containing pn electrons, the delocalization of the 
p n  electrons of the substituent stabilize the mole- 
cule in the basal state and probably it stabilizes 
too the dipolar excited state. The p-methyl group 
facilitates the dipolar structure by hyperconjuga- 
tioii. On the other hand, the p-nitro reduces the 
cmbonyl dipole formation due t o  its inductive and 
resonaiice effect, increasing the force constant of 
the carbonyl, and therefore vmax. However, in the 
case of the halogens, the effect produced is not re- 
lated to  their electronegativity or to their polariz- 
ability . 

In Table I, the half band width is also given. 
I t  increased with the substituents bromo, methyl, 
amino, methoxy, and dimethylamino. All these 
groupq are electron doiiors. It seems that this is 
one factor which contributes to the increase of the 
band width. The p-dimethylamino benzoic estclr 
has the largest set of values. It is probable that in 
this rase the srihstituent effect may decrease the 
rnergy of the molecule 111 the excited state, in- 
creabiiig, therefore the probability of transitions 
amoiig different energy levels. If more rotational 
transitions are allowed, the band width will in- 
('reah?. The hubstituents in the meta position, 
affect the carbonyl by their inductive effect, 
which can be positive or negative, while the same 
substituent in the para position affects the carbonyl 
by the inductive and resonance effects. 

Since the value of A was greater mheii para 
substituents are present, one can assume that the 
inductive effect is very small, and therefore, that 

it is the electron delocalization which is the factor 
responsible for the change in the value of A. 
For example, the value of A for methyl benzoatc 
was 2.99 units; the m-dimethylamino group had a 
value for A of 3.27 units giving a AA of 0.28. The 
same substituent in the para- positioii had a value 
for A of 4.44 units, AA was 1.45 and one can assume 
that the resonance effect is five times greater than 
the inductive effect. 

When a substituent yas  a halogen in the para- 
position, the 4 A  values were greater than when i l  
was meta, but there was only a small difference in 
the two values. This indicates that the resonance 
effect of the halogen is of less importance thati for 
the other substituents.lZ 

The d values when the substituent is a methyl, 
are, respectively 3.22 for meta arid 3.89 for para. 
In the latter, one ca11 assume it is due to inductix-c. 
and hyperconjugative effects a 
direction. Finally, the meta- and para-nitro haw 
similar A values which were 0.11 units smallcr 
than the values of the original compound, indica- 
ting that the inductive effect in the meta- positioii 
is as the inductive and resonance effects operating 
in para. 

In the m- and p-hydroxybeneoates. two h i d 5  
were present in the carbonyl region, which overlap 
in the falling branch of lower frequency. They can 
be resolved as follows: if the branch of the band 

(12) This is in agreement with XMR data since halo- 
benzenes have 6 values of nearly zero. P. L. Corio and 13. P. 
Dailey, J. .lne. Ciiem. SOC., 78, 3043 (1957). 

- 
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where no overlapping is present is projected on the 
other side, a symmetric band is obtained. The log 
Io/I  differences of the overlapped band and the 
symmetric band can be taken a t  each point, and 
the second band can be built with these values. 

The addition of the two bands will give the true 
integrated absorption area. The origin of the 
second band at  lower frequencies in the hydroxy 
compounds is due to  the association between the 
hydroxy and the carbonyl groups. This association 
was shown to be intermolecular, since the intensity 
ratio of the two bands changed with concentration 
and the percentage of association increased regu- 
larly with increasing molarity of the solution (Table 
IV) . 

TABLE IV 
INTENSITY VALUES O F  METHYL P-HYDROXYBENZOATE~ 

Concn. 
% 

Association 
Mole L.-1 A2 

x 103 Ai Az Ai +A,  Ai + A ,  

2.925 3.46 0.37 3.82 9.69 
8.280 3.17 0.62 3.79 16.36 
9.460 3.19 0.74 3.93 18.83 

13.730 2.78 1.16 3.95 29.37 

a A1 = Area a t  higher frequency; A2 = Area a t  lower 
frequency. 

This second band disappeared when the hydroxy 
compounds were measured in carbon tetrachloride 
with 10% pyridine, as would normally be expected, 
since pyridine is a stronger base than the carbonyl 
and the association takes place with the solvent. 

TABLE V 
INTENSITY T'ALUES O F  hIETHYL m-HYDROXY BENZOATE~ 

% 4s- 
Concn. sociation, 

Mole L.-1 A2 
x 103 A1 A2 Ai + A s  Ai +AS 

9.885 2.23 1.04 3.27 31.8 
12.100 2.16 1.11 3.27 34.0 
19.251 1.76 1.32 3.08 42.8 
22 950 1.69 1.46 3.15 46.4 

a Area a t  higher frequency (nonassociated carbonyl); 
A2 = Area at  lower frequency (associated carbonyl). 

If the values of concentration are plotted against 
the values of AI from Table IV, a straight line is 
obtained, and by extrapolation to zero concentra- 
tion, the theoretical value for A ,  mon can be ob- 
tained. This value was found to be 3.665. 

Mills and Thompsoni3 found that the concentra- 
tion is directly related to the integrated absorption 
area. Therefore, it  is possible to calculate the 
amount of monomer present a t  each concentration 
by means of the formula. 

where A t  is the integrated absorption value of the 
monomer a t  a concentration Cz. 

The equilibrium constant of the reaction 

n(ester) e (ester)n 

can be calculated with the formula: 

(ester)n Ca - Ci rnon 
(ester)" n 

K = - -  - 
(Ci mon)" 

If this formula is written in a logarithmic form: 
Log (C, - Cc mon) = n log Cr moil + log nK it is 
possible to plot log (C, - Cr mon) against log Ci 
mon, whereby a straight line is obtained, in which 
the slope is the number of associated molecules n 
and the intercept, log nK. 

Doing these calculations by the minimum 
square method, the values for n and K were 2.09 
and 17.2, respectively. The value of 2.09 for n 
suggest that there is a cyclic dimer, in which each 
carbonyl is associated with the hydroxy groups of 
the other molecule, while the benzene rings are 
parallel to each other (Fig. 1). 

P 
H 

- \  I - - - - -  - - - - - - -  

X !  c, 

7 C 
\\ 
0 

Figure 1 

H 
I 

3.;;F\o 
I 

, 

(13) I. M. Mills and H. W. Thompson, Proc. Roy. Soc., 
228A, 257 (1955). Figure 2 



It would be very improbable to have a linear 
structure, because in that case the number of 
associated molecules should be greater than two. 

The same kind of calculations was carried out 
with the data of the m-hydroxybenzoic ester, and a 
d u e  for A ,  mon was found to be 2.68. n = 3.08 
and K = 1.62 X lo5. 

The value of n suggests, therefore, that three 
molecules form a cyclic compound. By building the 
model it agrees with this suggestion (Fig. 2). 

The free energy of association for the p-hydroxy 
ester is - 1.56 lical. and - 6.58 lrcal. for the m-ester. 

The AF difference between the m- and p-esters 

may be explained as follows: when the p-hydroxy 
ester is arranged in a cyclic dimer, the carbonyl 
group is not in the same plane as the benzene ring, 
and some resonance energy is lost. 111 the m- 
hydroxy ester, three molecules can be arranged 
in such a way that the three benzene rings and the 
three carbonyls are in the same plane and, there- 
fore, the resonance energy of the system does not 
decrease. 
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The Kinetics of Alkaline Hydrolysis and n-Butylaminolysis of 
Ethyl p-Nitrobenzoate and Ethyl p-Nitrothiolbenzoate'" 

KENNETH A. C O N N O R S 1 b ~ o  AND MYRON L. BEXDER'' 

Received November 10, 1960 

The kinetirs of alkaline hydrolypis of ethyl pnitrobenzoate and ethyl p-nitrothiolbenzoate were studied by spectro- 
photometric analysis at 300 m,u. The rate of alkaline hydrolysis is first order in hydroxide ion concentration in the pH range 
8 to 12 for the ester and from pH 9 to 12 for the thiol ester. The concurrent alkaline hydrolysis and n-butylaminolysis of 
these esters was interpreted in terms of the rate equation 2) = h[E] [OH-] + k?[E] [RNH?] + kr[El [RN&l2 + ka[El- 
[RKH?] [OH-] f k s [ E ]  [RKH2] [RNHa+] + ke[E] [RNHs+], where [E] represents the ester or thiol ester concentration. 
At 25.6" and ionic strength 0.50, in aqueous solution containing 1.7% v/v acetonitrile, ethyl p-nitrobenzoate did not undergo 
any detectable aminolysis; for this ester kl = 0.63 ]./mole see. Under the same conditions the thiol ester reacted differently, 
forming principally X-n-butyl-p-nitrobenzamide. The values of the rate constants of its reaction are kL = 0.52 I./mole sec., 
kz = 0.015 l./mole see., k s  = 0.27 1.2/mole2 sec., k ,  = 13.6 l.?/moleZ sec., k~ = ks = 0. General base catalysis of thiol ester 
aminolysis, indicated by the /c8 and k4 terms, probably proceeds via proton abstraction by a base from the tetrahedral addi- 
tion intermediate. 

The effects of variations in thiol ester structure 
upon rates of hydrolysis have been reported for 
many thiol acetates. Schaefgen2" studied the acid 
and alkaline hydrolysis of ethyl thiolacetate in 
acetone-water mixtures, and the same solvent was 
subsequently used by several other authors. 
Rylander and TarbellZb compared the rates of 
acid and alkaline hydrolysis, and the respective 
energies of activation, of methyl, ethyl, isopropyl, 
isobutyl, and t-butyl thiolacetates with those of the 
corresponding acetates, Allyl, benzyl, and tri- 
phenylmethyl thiolacetates and acetates mere simi- 
larly compared by Morse and Tarbell.3 The kinetics 
of hydrolysis of niany thiolacetates were investi- 
gated in fully aqueous solution by Xoda, Kuby, 
and  lard^.^ From these and other studies6 a few 
generalizations can be made concerning the hydro- 
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lytic reactions of thiolesters: (1) The rates of al- 
kaline hydrolysis of the compounds CH,COSR 
are fairly sensitive to the nature of the R group. 
The ratios of the rate constants to the corresponding 
acid hydrolysis constants can be correlated with the 
Taft substituent constants.'j The energies of acti- 
vation in such a series are variable and teiid to in- 
crease with increase in electron-donating ability 
of the R group. The rates of alkaline hydrolysis of 
the corresponding oxygen esters can be either less 
or greater than those of the thiol esters, though the 
difference is seldom large (usually within a factor 
of two). For the oxygen compounds neither the 
rate constants nor the activation energies are very 
sensitive to the structure of the R group. ( 2 )  The 
rates of acid hydrolysis of thiol esters appear to  be 
less sensitive to structure than do the rates of al- 
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