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Thiol eaters, important in the bioryntheeia of fatty acida, have been shown to be much 

more acidic than eaters(l). In order to rationalize the large difference in acidities, Cronyn 

and co-workers(2) proposed that the eater anion would be greatly destabilized relative to an 

a-keto carbanion because of the competition between the ether oxygen atom and the carbanion 

to donate electrons to the carbonvl oxygen atom through the P -system. The thiol ester on the 

other hand would not be destabilized by a high degree of croaa conjugation and would be inter- 

mediate betweenketone and ester anionq in stability. This would obtain because of the poor 

TT -overlap of the 3p-orbital of sulfur with the 2p-orbital of oxygen and the consequent unimpor- 

tance of the charge-separated resonance form to the thiol eater. 
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We were intrigued by the possibility that the relative acidities of the thiol ester and 

ester might be better explained as arising from the ability of the sulfur atom to accept electrons 

into the low-lying, vacant d orbitals(3,4) even though classical resonance structures cannot be 

written to depict it. The relative magnitudes of the difference between the total energies of the 

neutral molecules and their respective anions as calculated by an extended H’u’ckel Theory(S) 

should be indicative of the ease with which a proton would be lost. If the d orbitals are impor- 

tant as electron acceptors, the calculated energy difference for the thiol ester with d orbitals 

included should be smaller than the difference calculated when they are excluded. We chose to 

investigate methyl acetate and methyl thiolacetate as model systems. The bond angles and bond 

lengths of methyl acetate were those obtained by O’Gorman, Shand and Schomaker(6). The 

bond angles and bond lengths for the methyl thiolacetate were taken as those found for thiolacetic 

acid(7) and dimethyl sulfide (8) with a CSC’,angle of 100’. Our calculations on the ester and thiol- 

ester, using Slater orbitals and a value of K of 2. 00 indicated a shallow energy minimum at 

the planar s-trans conformation, and we used that conformation throughout(9). The parameters 

(5,10,11) used are shown in Table I. For these calculations the carbanions were taken as flat- 

tened tetrahedra with a resultant carbon-hydrogen bond length of 0.96 A”, We found that, as 

expected, calculations using conformations involving tetrahedral carbanions led to energies 

high er than any for which the flattened tetrahedral carbanion model was used. 

The conformation which served to minimize the energy placed the two hydrogen atoms 

in the plane of the carbon skeleton. For the data presented the carbon-carbon bond length of 

the anions was maintained the same as in the esters. 

TABLE I 

Carbon 

Hydrogen 

Cxygen 

Sulfur 

Slater Exponents Coulomb Integrals 

a E d a E d 

1.608 1.568 - 21.40 -11.40 

1.000 -13.60 

2.246 2.227 -35.57 -18.03 

2.122 1.827 2.050 - 24.08 -17.32 -7.00 

When only p orbitals are included in the calculations, the relative magnitudes of the 

total energy differences indicate that the acidities of ester and thiol ester should be practically 

identical, the ester being favored by 0.07 kcal. When the d orbitals of sulfur are included in 



the baaia aeta of both the thioleater and the anion, tha ionization procerr for the thiol erter ir 

calculated to be more favorable than that for the ester by l. 5 kcal (0.063 eV). The reliability 

of the calculated rrtabiliution found when the d,-orbital8 are included in the basis ret depends, 

of course, on the assumption that those inherently stabilizing factors always observed upon ln- 

creasing the Bahia set will have a parallel and equivalent effect onthe total energy of boththethiol 

ester and its anion. Additional assumptions are that rolvation effects can be ignored and thatthe 

u~w attraction terms in the anions cancel when the energy differences are compared (5). 

Evidence that our calculation aupporte the role ‘of the d-orbital of the rulfur atom a6 

electron acceptors is found by comparing the changes in bond order8 ( Table II) and atomic 

charges (Table III) in going from the neutral moleculea to the carbaniona. Theme changea, an 

increase in the carbon-sulfur bond order and an increase in the negative charge on the rulfur 

atom, arise mainly from population of molecular orbital6 involving 2p-3d v -overlap. 

It is interesting that the charge attenuation is about one-third of a unit per bond in the 

anions from both thioleeter and ester. Thir ia approximately that found for the decrease of the 

inductive affect of a polar subatituent per added methylene unit (12.13). In addition the charge 

decrease,eepecially at the ketonic oxygen atom, iq much greater than would be expected on the 

basis of an allylic-type r -#y&em, We find, however, that the rulfur atom of the thioleeter 

anion bears about 7% of the charge a# opposed to 3% for the ether oxygen atom of the ester 

anion. This is clearly incgmpatible with an inductive transfer on the barir of both electroneg- 

ativities and bond length@. 

Shortening of the carbon-carbon bond length of th&hiolerter anion to 1.44 A0 resulted 

in minimization of the energy. The cirbonyl carbon atom now bears a larger fraction of the 

charge, but the attenuation in going to .sulfur and oxygenremainsapproximately the same. Thus 

it appears that the unexpected charge distribution in our calculationa cannot be attributed to the 

reduced R -overlap from an exceraively long bond maintained between the carbona in the carban- 

ione, but must indicate that the cathanionic center ‘perturbs only the central atom and does not 

participate to any large degree in allylic type t-resonance. 
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TABLE Il 

Total Energies and Bond Orders in Emters end Thiol Esters 

Eater 

eater anion 

0.894 1.052 

0.934 0.867 

0.744 0.704 

0.517 0.516 

642,922 635.651 

Thiol Emter 

e*ter 

0.838 

0.891 

0.828 

e8ter 
a 

8nioa 
8 

8nion anion 
b 

0.834 1.037 1.033 1.133 

0.893 0.832 0.830 0.816 

0.835 0.781 0.805 0.793 

0.647 0.716 0.642 0.709 0.707 

617.833 618.192 610.558 610.984 

TABLE III 

Atomie Charger in Emterm and Thiol E&err 

1CH3- ‘!JX CH - - 35 

Ester Thiol ELter 

ester 8nioal eater e8ter 
8 

arAion .niOP8 8nion 
b 

c1 -0.391 -0.901 -0.366 -0.356 -0.867 -0.807 -0.744 

C2 1.475 1.217 1.258 1.254 1.002 0.983 0.954 

c3 -1.192 -1.242 -1.219 -1.212 -1.263 -1.260 -1.281 

O4* S4 -0.809 -0.839 -0.374 -0.459 -0.415 -0.529 -0.549 

% 0.145 0.145 -0.114 -0.081 -0.116 -0.083 -0.085 

l with adfur d orbitala included 

b 4th l lfur d orbit& included and a C-C bond length of 1. U A0 
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