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Abstract The relative thermodynamic stability of hemi-thio acetals, ketals and hydrates of fluoroketones have 
been determined by AM1 and MNDO calculations of isodesmic mactions. 

Fluoroketones possess unique properties in relation to the corresponding aliphatic or aryl ketone 

derivatives in that fluoroketones readily form very stable hydrates. 1 X-ray crystal structures have been 

obtained for the hydrates of several ttifluoromethyl ketones. * The addition of a nuclcophile to a fluoroketone 

also occurs at a much lower cost in energy than the same addition reaction to an aliphatic ketone. 3 These 

novel physical properties have led to the application of fluorokctones as inhibitors of a wide variety of 

hydrolytic and proteolytic enzymes. 4 Indeed, fluoroketones arc extremely efticient inhibitors of serine 

esterases such as acetylcholinesterase and chymotrypsin. Fluoroketoncs arc also of considerable interest to the 

pharmaceutical industry as potent inhibitors of clinically relevant proteases such as elastase and mnin. In these 

examples, the fluoroketone establishes a stable hemi-ketal with the nucleophilic serine residue within the 

active site of the enzyme. Verification of covalent bond formation bctwecn the enzyme and the fluoroketone as 

the actual inhibitory species has been determined by a number of NMR studies of chymotrypsin and 

acetylcholinesterase. 5 An X-ray crystal structure has been solved for a porcine pancreatic elastase - 

fluoroketone inhibitor complex which clearly shows the covalcnlly bound hemi-ketal of the inhibitor within 

the active site. 6 Interestingly, fluoroketones are much less efficient inhibitors of cysteine proteases such as 

cathepsin. 7 Indeed. studies of a series of fluoroketone inhibitors of acetylcholincsterase have shown that 

systematically increasing the number of fluorine substituents alpha to the carbonyl provide a concomitant 

increase in the inhibitory potency of the compound. 8 As fluorine substitution was increased from the mono 

alpha-fluoromethylketone to the trifluoromethylketone derivative of an inhibitor of cathepsin. the opposite 

result was obtained. 7d For cathepsin inhibition, the trifluoromcthylkctone was even less effective than the 

simple methylketone derivative. 

As part of our continuing interest in fluoroketone inhibitors of hydrolytic enzymes. 9 we have 

undertaken a study to assess the relative stability of hemi-thio acctals. kctals. and hydrates of lluoroaldehydes 

and ketones. Isodesmic reactions have frequently been used for the dctcrmination of relative thermochemical 

stability. Isodesmic reactions are transformations in which the numhcr of bonds of each formal type are 
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conserved and only the relationships among the bonds arc iiltcrcd. 10 An advantage of using isodcsmic 

reactions is that the calculations can be accomplished using rclativcly low lcvcl basis sets since the inherent 

errors possible for the individual reactant and product molecules are largely cancclcd out by this method. 

The heat of formation was determined for a series of isodcsmic reactions shown in Figure 1 using 

HS OH HO OH 
+ MeOH - 

&R, + McSH 

Figure 1. Isodesmic reaction for the conversion ofhcmi-thio acctals and ketals to the 
corresponding hydrate. 

AM 1 and MNDO semi-empirical methods. 11 The results of the calculations arc prcsonted in the Table. The 

data indicate that the hydrate is more stable than the hemi-thio kctal in all casts examined; however, the 

stability of the hydrate relative to lhe hemi-thio ketal is subslantially cnhanccd for the fluorinated compounds. 

The AH value for the conversion of the hemi-thio ketal to the hydrate of acctonc is -5.25 kcal/mol. while the 

same reaction for trifluoroacetone is -17.69 kcal/mol, Table cntrics 1 and 3, rcspcctivcly. Hexalluoroacctone 

is not significantly different than trilluoroacetone in this hypothetical reaction, compare Table entries 2 and 3. 

Nevertheless, the degree of fluorine substitution does enhance the exothermicity of the process. 

Monofluoroacetone provides a value of -11.41 kcal/mol while dilluoro- and trilluoroacetonc are progressively 

more negative, compare Table entries 3 - 5. Electron donating and clcctron withdrawing aryl trifluoromethyl 

ketones were also compared, Table entries 8 - 10. In these casts. the clcctron donating substituent was 

deleterious to the overall reaction while the electron withdnwing group acccntuatcd the stability of the hydrate 

over the hemi-thio ketal relative to the unsubstitutcd phenyl kctonc. In all of the ketone cases examined, the 

AM1 and MNDO data provided the same trend; however. the calculated values of AH wcrc not the same-The 

results for comparison of the aldehyde derivatives, acctaldchydc vs trifluoroacctaldchydc, arc intcrcsting in 

that the non-fluorinated aldehyde isodcsmic reaction is slightly more favorable by AM 1 calculations, while the 

MNDO data indicate the opposite result. Thcsc comparative data for the aldchydc/lluoroaldchyde reactions are 

the only exception to the observed trends noted above for the AM 1 and MNDO data sets. l2 

The stability of geminal diols or hydrates has been cxplaincd by the anomcric effect. 13 First row 

elements such as hydroxyl groups serve as o-acceptors and x-donors. For R1R2C(OH)2. one hydroxyl 

group can serve as the x-donor and the other as the o-acceptor, and thcrcforc stabilize the molecule. Although 

thiols can act as a b-acceptor which can stabilize a strong n-donor, the second row elcmcnt (S) is not as 

effective as the first row element (0). The anomeric effect is not noted for RIR%(SH)~. I4 Thercforc. hemi- 

thio ketals would not be expected to be as stable as the convsponding hydrates since the dcgrcc of anomeric 

stabilization of the molecule should not be as high. 

The enhanced stability of the lluorokctonc hydrate over the hcmi-thio kctal, rclativc to the non- 

fluorinated analog, can then also be rationalized by a consideration of the cffcct of the fluoroalkyl substituent 

on the anomeric effect. The energy of the x-acceptor orbital of the hceroatom substitucnt (0) will bc lowered 

in response to substitution of an alkyl group with an electron withdrawing Iluoroalkyl group. 11 The 

substitution of fluorine for hydrogen results in an increased interaction with the z-donor subsGtucnt on the 

same carbon+ resulting in an enhanced anomeric stabilization. I5 
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Table. Heats of formation calculated for the isodesmic reaction in Figure 1 

RI’ R2’ &!Uz I!!u!QQs 

1 CH3 CH3 -5.25 -1.05 

2 CF3 CF3 -17.69 -13.40 

-3 -17.70 -12.19 

4 HCF2 CH3 -14.35 -9.92 

5 H&F CH3 -11.41 -6.86 

6 -3 H -10.55 -11.44 

7 CH3 H -13.88 -7.75 

8 CF3 *(@Me) -12.57 -8.96 

9 CF3 Ph -14.63 -12.04 

10 CF3 ph(pCFs) -17.71 -12.69 

’ RI and R2 as shown in Figure 1. z kcal/mol. 

The relatively poor activity of fluoroketoncs as inhihitors of cyst&c proteases compared to scrine 

proteases may then be understood on the grounds that the formation of a covalent hemi-thio (cysteine) ketal 

within the active site may not bc as favorable as formation of a hcmi-kctal (scrinc). Theruforc, there may be 

less of a driving force for the cysteine protease to ultimately displace water from the hydrated inhibitor present 

in an aqueous environment. I6 

In summary. the isodcsmic calculations reveal that hemi-thio kctals of fluorokctoncs arc not as stable 

as the corresponding hemi-ketal derivative. The results are cxplaincd by an cnhanccmcnt of lhe anomeric 

effect for the fluoromethyl substituted hemi-ketal dcrivativc. Thcsc data also provide a rationalization for the 

diminished activity of fluoroketones acting as inhibitors ofcystcinc protcascs rcIativc to the inhibitory activity 

of fluoroketones toward serine esterascs. 
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