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The enethiolate anions corresponding to  thioacetaldehye and thioacetone, synthesized via elimination reactions, 
undergo HID exchange reactions, demonstrating the intermediacy of the thiocarbonyl tautomers, and proton 
transfer reactions, leading to A a c i d  [CH3CH=S] = 341 k 3 kcal mol-' and A@cid [(CH&C=S] = 344 k 3 kcal mol-I (1 
kcal = 4.184 kJ). 

Thioformaldehyde, thioacetaldehyde, and thioacetone, the 
three prototypical thiocarbonyl compounds are extremely 
reactive, readily undergoing polymerization reactions under 
typical experimental conditions. 1 For example, thioacetone 
can be kept for a short time at temperatures below -50 "C, but 
at higher temperatures, it polymerizes quite rapidly.2 Even in 
the vapour phase at -30 mTorr of pressure, the lifetime of 
thioacetaldehye is of the order of 10 seconds while that of 
thioacetone is only several minutes.3 Because of their rapid 
self-reaction and the difficulty in their generation, relatively 
little is known about the chemical reactivity of the prototypical 
thiocarbonyl compounds, as compared to their carbonyl 
counterparts, despite their obvious role in modelling biochem- 
ically important processes. Gas-phase ion-molecule tech- 
niques have proven to be invaluable for studying the energet- 
ics and dynamics of reactive species4 but have not yet been 
applied to thiocarbonyl compounds or their anionic conjugate 
bases. Moran and Ellison have recently reported a study of the 
photoelectron spectrum of the molecular anion of thioformal- 
dehyde, in which they found EA(H2C=S) = 0.465 f 0.023 eV 
(44.9 f 2.2 kJ mol-1}5 and we6 are in the process of 
generating and examining other thiocarbonyl molecular 
anions. Here, we wish to report our findings concerning the 

generation, basicity, and H/D exchange reactions of the 
enolate anions of thioacetaldehyde and thioacetone. 

All experiments reported herein were carried out under 
standard conditions in the flowing afterglow (i.e., 300 K and 
0.30 Torr of helium) .7 Ethyl vinyl sulphide was commercially 
available and was purified by distillation prior to use (ob- 
served b.p. = 90-92°C). Ethyl isopropenyl sulphide was 
synthesized using a literature procedure8 and was purified by 
distillation prior to use (observed b.p. = 113-115 "C; purity 
following distillation was found to be 395% by G C  and 
lH NMR spectral analysis). The ions F- and MeO- were 
prepared by direct electron ionization of NF3 and MeOH 
respectively. Several of the exchange reagents used in this 
study [CF3CH20D, CF3CF2CH20D, (CH3)3CSD, and 
CH3CH2CH(CH3)CH2SD] were prepared by mixing the 
corresponding protio compound with D20,  separating the 
components and repeating the exchange several times. All 
other compounds or  exchange reagents were commercially 
available and were used as received. 

The enolate anions of thioacetaldehyde and thioacetone 
were generated in the flow tube by rapid, (presumably) E2 
elimination reactions of F- with the appropriate sulphide 
[equations (1) and (2) respe~t ively] .~ For both reactions (1) 



J. CHEM. SOC., CHEM. COMMUN., I989 1820 

Table 1. Summary of bracketing (equation 5) and hydrogentdeuterium exchange (equation 6) experiments for thiocarbonyl enolate anions (R = 
H, Me). 

HAa 
CF3CH20H 
CH3SH 
(CH3)3CSH 
CH3CH2CH( CH3)CH2SH 
H2S 
PhOH 
CD3C02H 
CH3C02H 
CH3CH2C02H 
HC02H 
CH3COCH2COCH3 
.'. AG'& [CH,C(R)=S] 
{ .'. A Z c i d  [CH3C(R)=S]} 

H?C=C(R)-S- + HA 4 ? A- + C2H3RS 

H2C=C(R)-S- + DA + ? W D  exchange 

hGZcidb/ 
kcal mol-l 

354.2 
350.6 
346.3 

344.9 
342.3 

341.5 
340.3 
338.2 
336.5 

-346f 

- 

Is proton transfer observed to. . .c  

A%cidb/ 
kcal mol- R = H  R = M e  

356.9 No No 
352.5 No (0) No ( >3e) 

351.2 No Trace 
349.2 No Yes 

348.6 Indeterminateg (2) Yesd 
347.4 Yes (2) Indeterminateg 
345.2 Yes Yes 
343.7 Yes 

341 344 

361.8 - Nod (0) 

-352' No ( 3  1') No (5) 

- Trace (2) - 

- 

(348) (351) 

a DA is the same acid as listed except for replacement of the most acidic proton by a deuterium. A dash in any column indicates that data is 
not available. b All acidities, unless noted, are from the standard compilation, ref. 11. The number of W D  exchanges with DA, via 
equation 6, is shown in parentheses. d DA used instead of HA for proton transfer studies. Exchange is extremely slow, such that kinetic 
limitations on observing all equivalent exchanges prevail. Approximate acidity based on analogy to known compounds and some brief 
experimental work. g Because CH3C02- and H2C=CHS- [or CH3CH2C02- and CH2=C(CH3)S-] have the same nominal m/z, 
proton transfer is indeterminable. 

and (2), the yield of the enethiolate ion is better than 95% ; 
small amounts of the HFN thioenolate cluster ion are also 
observed.10 Methoxide anion was also used to generate the 
desired enethiolate ion of thioacetaldehyde in a process 
analogous to that depicted in equation (1); in this case, the 
enethiolate was formed in greater than 80% yield in this fast 
reaction. The results of our acid-base and exchange chemical 
studies of the enethiolate anions are summarized in Table 1. 

F- + H2C=CH-S-CH2CH3 -+ 
rnlz 19 

H2C=CH-S- + H2C=CH2 + HF (1) 
mlz 59 

F- + H2C=C(CH3)-S-CH2CH3 + 
rnlz 19 

H2C=C(CH3)-S- + H2C=CH2 + HF (2) 
mlz 73 

Hydrogenldeuterium exchange has proven to be an 
extremely valuable tool for the analysis of gas-phase anion 
structures and reactivity.12 In the present case, we find that 
CH&02D, CD3C02D, and CH3CH2C02D react with 
H,C=CH-S- to give two exchanges (presumably forming 
D2C=CH-S-). In addition to the exchange which is moder- 
ately fast for acetic acid (we can readily make the D2- ion the 
most intense of the L2C=CL-S- ions)? and somewhat slower 
for propionic acid, a trace of direct proton transfer is observed 
when acetic acid is used while direct proton transfer is the 
major process detected for propionic acid. 2-Methylpropane- 

t Note that under such conditions, there is no indication of the third 
WD exchange. 

2-[2H]thiol was not observed to undergo any HID exchange 
with H2C=CH-S - while 2-methylbutane- 1- [ 2H] thiol under- 
went such extremely slow exchange that only a small amount 
of the D1- ion (HDC=CH-S-) could be observed under the 
longest reaction times amenable to study. Both formic acid 
and acetyl acetone give rapid proton transfer products when 
allowed to react with H2C=CH-S-. Neither phenol, hydrogen 
sulphide, 2-methylbutane-1-thiol, 2-methylpropane-2-thi01, 
nor methanethiol give any proton transfer products with 
H2C=CH-S-. Taken in concert, these bracketing and 
exchange data which are summarized in Table 1 suggest that 
the absolute gas phase basicity (AGO)$ of H2C=CH-S- is 341 
f: 3 kcal mol-1 (1 kcal = 4.184 kJ). 

While (CH3)3SD reacts only by W D  exchange with the 
enethiolate anion of thioacetone, the process is so slow that we 
are able to observe only the first three exchanges. Under the 
most forcing of conditions, the observed pattern for the three 
exchanges in the (CH3)3CSD system is exactly that expected 
for a five-exchange pattern in which the last two exchanges 
have disappeared into the noise of the mass spectrum. All five 
protons in H2C=C(CH3)S- are clearly observed to exchange 
with CH3CH2CH(CH3)CH2SD; under the longest reaction 
times tried, the observed distribution of the partially 
deuteriated enethiolate anions is approximately as follows: 

$ Using the same data as reported in the text and making the 
additional assumption that entropy changes in these acid-base 
reactions are negligible allows one to assign the proton affinities (PA) 
as follows: PA[H2C=CH-S-] = 348 kcal mol-1 and PA[H2C=C(CH3)- 
S-] = 351 kcal mol-l where PA[A-] = AGcid [AH]. Bartmess and 
co-workers13 have previously estimated AH",,id(H2C=CHSH) = 349 
k 8 kcal mol-1 based upon the known acidity of ethanethiol and half 
(an arbitrary guess) the known acidity difference between ethanol and 
vinyl alcohol. 
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Do- (12%), D1- (28%), D2- (28%), D3- (l8%), D4- (loyo), 
and D5- (4%). With phenol, acetic or formic acids, facile, 
direct proton transfer reactions rapidly yield the conjugate 
base anions. Hydrogen sulphide is the weakest acid for which 
a trace of the direct proton transfer reaction is observed. No 
proton transfer could be deduced as having occurred between 
H2C=C( CH3)S- and 2-methylbutane-2-thio1, 2-methylpro- 
pane-2-thiol, methanethiol, or trifluoroethanol. The data for 
the enethiolate of acetone (see Table 1) clearly shows that it is 
a stronger base then the enethiolate of acetaldehyde: 
H2C=C( CH3)S- will abstract a proton slowly from hydrogen 
sulphide and rapidly from acetic acid; it will undergo exchange 
with 2-methylpropane-2-[2H]thiol ( 3 3  exchanges, slow) and 
2-methylbutane-l-[2H]thiol(5 exchanges, moderately slow)- 
all four processes are substantially different when H2C=CHS- 
is the reactant i0n.13 We therefore conclude that the absolute 
gas phase basicity (AG914 of H2C=C(CH3)-S- is 344 k 3 
kcal mol-1. 

The site of protonation of the enethiolate anions remains to 
be addressed. The observation of successful H/D exchange 
reactions indicates that protonation on carbon can and does 
occur. However, the difference in acidities of the two neutrals 
involved in the successful H/D exchange process here (only a 
few kcal mol-I) is substantially smaller than that observed for 
the corresponding carbonyl compounds ( e . g . ,  22 kcal mol-1 
for acetone enolate exchanging 5 protons with D20).12a These 
two observations can be reconciled by preferred kinetic 
protonation occurring on sulphur.14 We note that the basi- 
cities found for the enethiolates, as compared to the corre- 
sponding thiols, are what one would expect for carbon 
protonation based on the known acidities" of the alcohols and 
carbonyl compounds: acetaldehyde enolate is 11.8 kcal mol-1 
less basic than ethoxide (that is, 6 AGtcid = 11.8 kcal mol-I) 
while H2C=CHS- is 8 kcal mol-1 less basic than ethanethio- 
late and acetone enolate is 6.9 kcal mol-1 less basic than 
isopropoxide, while H2=C(CH3)S- is 3 kcal mol-1 less basic 
than propane-2-thiolate. Furthermore, acetone enolate is 2.9 
kcal mol-1 more basic than acetaldehyde enolate and 
H2C=C(CH3)S- is 3 kcal mol-1 more basic than H2C=CHS- 
while propane-2-thiolate is 1.9 kcal mol-L less basic than 
ethanethiolate. These comparisons suggest that either the 
basicity data reported corresponds to carbon protonation or 
that enethiolates, which protonate on sulphur, show a 
different sensitivity to substituent effects than do the simple 
aliphatic thiols. 15 Therefore, we feel that the anionic basicities 
found here are indicative of the gas phase acidities of the 
thiocarbonyl compounds (equations 3 and 4). 

CH3-!-H + H2C= t: -H + H +  

S S- 

CH3-1-CH3 + H2C= L -CH3 + H +  

AGFeaction = AGZcid [(CH3)2C=S] = 344 k 3 kcal mol-l (4) 

Several reactions were tried in an attempt to characterize 
the enethiolate reactivity beyond that of proton transfer 
reactions. However, no unambiguous reaction has been found 
yet that allows one to distinguish between carbon vs. sulphur 
reaction sites, though both dimethyltrisulphide and acetic 
anhydride are being pursued in this regard. For the most part, 
the reagent neutrals that are known to react distinctively with 

carbonyl enolate ions are unreactive or yield only the adduct 
ion when allowed to react with the enethiolates, as might be 
expected since the enethiolates are markedly less basic than 
the corresponding enolate ions. 

In conclusion, we have determined the gas-phase basicity of 
the enethiolate anions corresponding to thioacetaldehyde and 
thioacetone, and further suggest that these values are very 
similar, if not identical, to the thiocarbonyl gas-phase acidi- 
ties. The observation of H/D exchange for both enethiolates 
coupled with the current understanding of the gas-phase 
exchange mechanism clearly implies that the thiocarbonyls are 
readily formed during the exchange process and therefore 
must be similar in energy to the enethiols. We are continuing 
our investigations into this family of anions. 
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