
THE RELATIVE BASICITY OF SULFUR 
CONTAINING ESTERS 

f. R. GRUNWELL* and D. 1,. FOERS?’ 
Department of Chemistry, Miami University. Oxford, OH 45056, U.S.A. 

and 

F. KAPLAS* and J. SIDDIGUI 

Department of Chemistry, University of Cmcinnati. Cincinnati, OH. 45221, U.S.A. 

(Receiued in fhe USA 26 lanuory 1977; Receiaed in the UK for p~b~irati~~ 25 Muy 1977) 

Abstract-The relative gas phase proton affinities for an amide, ester. and thiolester have been established as 
CH,CONHCH, >CH,COSCHx >CH,COOCH, using ion cyclotron resonance techniques. A dithioester is more 
basic than the thiolester: CH,CSSCH, >CHICOSCHt. d-Orbitais are unimportant in the electronic structure uf 
thiolesters. 

It is important to understand how the electronic structure 
may control the chemistry of thiolesters because of the 
crucial part these esters play in metabolism and 
biosynthesis.’ Several authors have pointed out that es- 
ters are more stable than thiolesters because r-orbital 
overlap between sulfur 3p, and carbon 2p, atomic or- 
bitals is smaller than the corresponding overlap between 
oxygen 2p, and carbon Zp, orbitals.‘-’ 

The hydrolysis of thiolesters is catalyzed by 
hydronium ionh7 and the rate determining step is ad- 
dition of water to the CO of the ester.* Acid catalysis is 
more effective for esters than thiolesters,’ a fact which 
may be explained by assuming a lower solution basicity 
for thiolesters than esters. Thiolesters exert a smaller 
effect than esters on the stretching frequency of the 
acetylenic C-H bond of phenylacetylene.” In addition, 
the carbonyl stretching frequency for thiolesters is lower 
than ketones. IR spectroscopists have argued that since 
3p,-2p, bonding is unimportant for the CO carbon 
sulfur bond of thiolesters then sulfur must withdraw 
electron density from the CO n-bond into nominally 
empty d-orbitals through 3d,-2p, bonding.‘~” Thus, 
d,-p, bonding will decrease the carbonyl n-bond order 
thereby lowering the CO stretching frequency and will 
decrease the amount of electron density associated with 
oxygen rendering the thiolester less basic. 

Since these arguments are based on isolated molecule 
electronic effects, they are more properly tested by 
measurements in the gas phase. The purpose of this 
research was to use a combination of CNDOR cal- 
culations and ion cyclotron resonance spectroscopy to 
evaluate the basicity of methyl thiolacetate relative to 
N-methylacetamide and methyl acetate and the basicity 
of methyl dithioacetate relative to methyl thiolacetate. 

RESULTS AND DlsCUSSIOiX 
Riveros et al. briefly reported that thiolesters have 

about the same basicity as the corresponding esters.” 
We found the relative gas phase basicities for an amide, 
ester and thiolester to be CH,CONHCH,> 
CHQXCH, >CH,COOCH,. The basicity order of 
these CO compounds is analogous to the relative gas 
phase basicities of other nitrogen. sulfur, and oxygen 
compounds.” There is a reversal in relative basicity in 

the gas phase as compared to solution for the ester and 
thiolester. This reversal is similar to that observed for 
other noncarbonyl oxygen and sulfur compounds. 

A comparison of the relative gas phase basicity for 
n-bonded sulfur and oxygen was done in order to 
determine if the above mentioned reversal in relative 
solution and gas phase basicity was unique to divalent 
u-bonded oxygen and sulfur. Thiocarbonyl compounds 
are less basic than the corresponding CO compounds in 
solution, e.g. the pKa of protonated acetamide” is -0.9 
while that of protonated thioacetamide’~ is -2.6. We 
found methyl dithioacetate to be more basic than methyl 
thiolacetate in the gas phase. This is the first example of 
the comparison of the gas phase basicities between a 
thiocarbonyl and the corresponding carbonyl compound. 

Before explaining these results the site of protonation 
of CO compounds should be discussed. It is generally 
accepted that in solution protonation occurs at CO 
oxygen for amides, esters and thiolesters.” In addition, 
Olah has demonstrated oxygen protonation for thioles- 
ters in magic acid.” However. a reversal of protonation 
site may occur in the gas phase. Using a semi~mpirieal 
SCFMO method, Yonezawa predicted electrophilic at- 
tack at the sulfur of methyl thiolacetate because the 
HOMO is of the r type localized largely on sulfur.” We 
have performed CNDO/Z calculations on carbonyl 
oxygen and sulfur protonated methyl thiolacetate and 
found carbonyl oxygen protonation is more stable re- 
gardless of d-orbital p~ticipation (Table I). 

Table I. Stability of 
protonated methyl thiokicetnte 

-E,(m) 

HO+ 
II 55.3684 

CH,CSCHl 55.6388t 

0’ 
II 55.2377 

CH,CSCH~ 55.5430t 
H 

tWith d-orbital% 
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If one were to compare ethylmethyl sulfide with 
methyl thiolacetate, replacement of the Et group with an 
OAc group would be expected to decrease the basicity of 
sulfur because the OAc group is more electron with- 
drawing than the Et group. Our experimental result 
shows that ethylmethyl sulfide is more basic than methyl 
thiolacetate. However, this does not ensure protonation 
on sulfur rather than oxygen since it is known that 
although amides are fess basic than amines?’ amides 
protonate on the carbonyf oxygen in the gas phase.= 

CNDOI2 calculations of N-methyl acetamide, methyl 
acetate and methyl thiolacetate with and without d- 
orbitals in the basis set show that the amount of negative 
charge on the carbonyl oxygen decreases in the order 
amide, ester, and thiolester regardless of d-orbital par- 
ticipation (Table 2). The CO carbon-oxygen bond was 
set at the double bond 1.22 A and single bond distance 
1.36A in order to estimate the effect of lengthening the 
bond on the charge distribution. The relative negative 
charge correlates with the solution basicity rather than 
the gas phase basicity. The population of 2p, and 2p, 
orbitals show the same trend. The 2p, orbital is the one 
which is protonated. if the correlation between relative 
basicity and decreasing negative charge is not fortuitous, 
then d-orb&Is are not necessary for the description of 
the electronic structure of thiofesters since the carbonyl 
oxygen negative charge and 2p, orbital pop~ation are 
smallest for thiolesters regardless of d-orbital parti- 
cipation. 

Pople and Hehre have shown that the gas phase ex- 
perimental or calculated relative basicity does not cor- 
relate necessarily with the electron density associated 
with the atom to be protonated.” If the species being 
protonated is neutral, then the relative dis~bution of 
positive charge in the protonated molecule also must 
play a significant part in controlling the basicity. The 
difference between the electronic properties of the neu- 

tral and protonated species ought to correlate with the 
relative basicity unless several factors are working 
against one another. ~x~ination of Table 2 shows that 
there are no correlations between gas phase basicities 
and the charge differences between protonated and 
neutral molecules. 

The delocalization of positive charge on the pro- 
tonated CO compounds occurs primarily by polarization 
of the P electrons. The CO oxygen pL orbital acquires 
between 0.4 and 0.5 electrons upon protonation of N- 
methyl acetamide, methyl acetate or methyl thiolacetate. 
The two primary sources for the electron density are the 
CO carbon and the heteroatom bonded to the CO. The N 
atom of amides donates more ?r electrons than the CO 
carbon while for esters and thiolesters the oxygen and S 
atoms donate fewer * electrons than the CO carbon. The 
S atom of thiolesters donates slightly fewer n electrons 
than the 0 atom of the corresponding ester while the 
thiolester CO carbon donates more s electrons than the 
ester CO carbon. Thus p,-p_ stabilization occurs in the 
order amides > esters > thioiesters. 

Sulfur is much more polarizable than oxygen or 
nitrogen.% Among amides, esters and thiolesters, the CO 
carbon of thiolesters has the least x electron density and 
the S atom of protonated methyl thiolacetate is posi- 
tively charged while the 0 and N atoms of protona~ 
ester and amide are negatively charged. The charge 
difference between protonated and unprotonated forms, 
ApX, is much larger for thiofesters than amides or esters. 
Thus there is a significant polarization of the CO carbon 
sulfur a-bond in the direction of the CO so that a 
thiolester CO carbon has less positive charge than the 
co~esponding ester or amide in the protonated form. 
This polarization tends to compensate for relative lack of 
stabilization from 3p,-2p, bonding in thiolesters as 
compared with that from 2p,-2p, bonding in esters and 
amides. 

Table 2. Total charge and n-electron densities of protonated and neutral acetyl compounds 

XC , t 
0 ) At@ t r 

C(H) Arc lx 'x(H) Af x PVC 

CH3NHa -%8 -165 +203 +364 +I+53 +a9 -194 -117 + 77 1.9385 
CH3NHb - -a3 +165 - +431 +b? - - 79 +I15 - 

CH30b CH3Oa 
-321. -142 +I79 *393 +528 +131 -231 -131 +XQ 1.9356 

-286 +135 +471 +78 - -197 +12t 

CX $*C 

Q$3$*" 

-260 -102 +I58 a1 +355 + 61 -121 + 97 +218 1.9ow 

CH3s”ld 

_ -lib6 +I14 +336 +I45 - +132 +253 - 

CH;Sbsd -220 - -127 -88 +.lw) 4101 +238 +316 +316 + +78 78 -122 - +124 + 94 +2lb6 +216 l.?2L8 

Xf PO 
z PZO(H)zz AP oh PC P C(H) APC PX Lm-L 2 P2X(H) 2 

CH3HHb CH3KHB 

l.;clTz 1.7536 -340 0.7958 0.6711 +I25 1.7955 1.6251 +170 

- 1.8473 -1134 - 0.6572 +I39 * 1.5561 +2leO 

cfi30a 1.3289 1.6863 -357 O&o5 0.5837 +217 1.8817 I.7943 + 81 

CH30b 1.7910 -Lb2 - 0.5378 +2b3 - 1.7522 +133 

nip= 1.2810 1.6501 -359 o.m73 0.55&7 +254 1.9373 1.8126 + 65 

CH sbtc 

CH358'd 

l.7?02 -ia9 0.5016 +306 - 1.82&o +113 

CH3sbtd 

3 

1.2332 c 1.7774 1.6192 416 -5114 0.8217 - 0.5526 0.5820 G&O +269 2.0221 - 1.9104 1.8291 +193 +112 

:: 

Go carkrnyl distance IS 1.22.x 
R 

6 total char86 dmsitiea 
c-o cdmyldiatanceis1.~ f 

: 
no&orb~tia.8 
with d-o2t>it&s I 



The relative basicity of sulfur containing esters 2783 

The inclusion of d-orbitals in the basis set for 

thiolesters has only a minor effect on the charge dis- 

tribution. With d-orbitals. the S atom donates a little 

more B electron density to the CO group but the CO 
carbon sulfur u polarization is a little smaller. 

trum m/e (rel intensity) 9tXl I). 743). 59(6). 48(3). 47(ll). 46(6). 

45(22). 44(3). 43(100), 41(3). 

The ionization potential for methyl thiolacetate is not 

known and an estimate is needed for calculation of the H 
atom affinity. For acetic acid. thiolacetic acid. and 
acetamide the ionization potential? are 10.36. 10.00 and 

9.77 eV respectively while for dimethylether, dimethyl 
sulfide and dimethyl amine they are 10.00. 8.7 and 
8.24eV. respectively. The average of the ionization 

potentials for dimethyl ether and acetic acid is 10.2 eV, a 
value which is close 10 the ionization potential for methyl 

acetate 10.27eV. Similarly. the average for dimethyl 
amine and acetamide is 9.0eV and the value for K- 

methylacetamide is 8.9 eV. Thus the ionization potential 
for methyl thiolacetate estimated from the average of 

thiolacetic acid and dimethyl sulfide is 9.35 eV. Since the 
ionization potentials of thiolacetic acid and dimethyl 
sulfide are between those of the corresponding oxygen 

and nitrogen compounds. this method of estimation 
guarantees that the ionization potential of methyl 

thiolacetate will lie between the potential for N-methy- 

lacetamide and methyl acetate. 

Methyl diHtioacerote. The dithioester was prepared according 

to the literature procedurew from iodomethane and magnesium 

dithioacetate prepared by the addition of CSI to an etheral soln 

of MeMgBr; b.p. 38-39”/24mm (lit.” 80-81°/95mm); mass 

spectrum m/e (rel intensity) 106(30). 92(S). 76(8). 61(8). 60(5). 

59(100). 58(27). 57(13). 47(8). 46(7). 45(18). 

Double resonance results 

Mixrure I. Methyl acetate and methyl thiolacetate: (a) m/e 

obs. 91 (protonated methyl thiolacetate). m/e irrad. 75 (pro- 

tonated methyl acetate). AI,,-decrease: (b) m/e obs. 75, m/e 

irrad. 91. AI,,-no change. 

Mixfure 2. Methyl thiolacetate and N-methyl acetamide; (a) 

m/e obs. 91 (protonated methyl thiolacetate). m/e irrad. 74 

(protonated N-methyl acetamide). A&,-no change: (h) m/e obs. 

74. m/e irrad. 91 AI,,-decrease. 

Mixture 3. Methyl thiolacetate and dimethylsulfide: (a) m/e 

obs. 91 (protonated methyl thiolacetate). m/e irrad. 63. (pro- 

tonated dimethylsullide). Al,,decrease; (b) m/e ohs. 63. m!e 

irrad. 91. Al,,decrease. 

Mixfure 4. Methyl acetate and dimethylsulfide: (a) m/e ohs. 75 

(protonated methyl acetate). m/e irrad. 63 (protonated dime- 

thylsullide). Al,,-decrease: (b) m/e obs. 63. m/e irrad. 75. Al,,- 

decrease. 

The proton affinities for N-methyl acetamide and 
methyl acetate are reported to be 209 and I95 2 

2 kcallmole. respectively.26.27 Since the thiolester is 
bracketed between the amide and ester, and the proton 

exchange reactions between dimethyl sulfide (P.A. = 
197)28 and methyl acetate and dimethyl sulfide and 
methyl thiolacetate are approximately themoneutral, the 

proton affinity of methyl thiolacetate must be within 
2 kcal of that for methyl acetate. Thus the proton affinity 

for methyl thiolacetate is estimated IO be 1972 
2 kcallmole. Using the relationship’* HA(B’) = 
PA(B) + IP(H) - IP(H) the H atom affinity for ionized 

methyl thiolacetate is calculated 10 100 kcal/mole. a value 
which is close 10 those reported for other CO compounds 
which protonate at the CO oxygen.*” For example. the H 

atom affinity for ionized methyl ethyl ketone is 
102 kcal/mole.*’ For compounds which protonate at 

sulfur, such as methyl mercaptan and dimethyl sulfide. 
the H atom affinities of the molecular ions are con- 

siderably lower. 89 kcal/mole and 83 kcal/mole respe.c- 
tively.” 

Mixfure 5. Methyl thiolacetate and methylethylsulfide; (a) m/e 

obs. 91 (protonated methyl thiolacetate), m/e irrad. 77, (pro- 

tonated methylethylsultide), A&,-decrease: (b) m/e obs. 77. m/e 

irrad. 91. AI,-no change. 

Mixfure 6. Methyl thiolacetate and methyl dithiolacetate; (a) 

m/e ohs. 91 (protonated methyl thiolacetate), m/e irrad. 107 

(protonated methyl dithiolacetate). Al,,-decrease: (b) m/e obs. 

107. m/e irrad. 91, AI,,,-no change. 
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