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Hydrogen transfer reactions
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Figure S1. Optimized transition state structures of interconversion reactions of keto or enol
forms themselves obtained by B3LYP/6-311++G(d.p) calculations.
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Figure S2. Optimized atomic distances [A] of enol form structures II-VII.
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Figure S3. Optimized atomic distances [A] of keto form structures A-C



Keto-enol tautomerism reactions
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Figure S4. Optimized transition state structures of keto-enol tautomerism reactions obtained
by B3LYP/6-311++G(d,p) calculations.



Isomerization reactions
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Figure S5. Optimized structures of reactant, transition state, and product systems of mono
hydrated isomerization reactions obtained by B3LYP/6-311++G(d,p) calculations.



Keto-enol tautomerism reactions
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Figure S6. Optimized structures of reactant, transition state, and product systems of mono
hydrated keto-enol tautomerism reactions obtained by B3LYP/6-311++G(d,p) calculations.



Table S1. Optimized exponent o (o) values of quantum protons and deuterons in reactant molecule of
isomerization and keto-enol tautomerism reactions catalyzed by a single water molecule optimized by

MC_B3LYP/6-311++G(d,p) method.

OLopt Values for H species Qopt Values for D species

HI H2 H3 H4 H5 H6 D1 D2 D3 D4 D5 D6

I-1I 241 241 231 227 235 217 35.8 357 343 338 349 325

Iv-v 241 242 236 225 235 218 35,7 358 350 337 349 32.7
B-C 240 240 242 217 235 227 356 356 359 325 349 339
A-VI 239 239 240 237 231 229 354 354 355 352 344 34.0
B-v. 239 240 239 238 231 232 355 356 355 352 343 34.5
C-Iv. 239 240 240 238 231 232 355 355 356 352 343 344




Table S2. Optimized exponent o (Op) values of quantum protons and deuterons in product molecule of
isomerization and keto-enol tautomerism reactions catalyzed by a single water molecule optimized by

MC_B3LYP/6-311++G(d,p) method.

OLopt Values for H species Qopt Values for D species

HI H2 H3 H4 H5 H6 D1 D2 D3 D4 D5 D6

I-1I 241 241 232 215 235 226 35,7 358 345 323 349 33.7

Iv-v 241 242 236 21.8 235 226 356 358 350 327 349 33.7
B-C 240 240 242 227 235 217 356 356 359 338 349 32.5
A-VI 241 242 234 234 223 230 356 358 348 348 333 343
B-Vv 241 242 234 234 226 233 35,7 358 348 348 337 34.6
C-Iv. 242 242 234 234 227 233 35.8 358 348 348 337 34.6




