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Recent interest in secondary a~deuterium isotope effects on carbonyl reac-

1-3 prompts us to present a preliminary report of our findings for hydrate

tions
and hemiacetal formation from pentanal-l-d.

Equilibrium isotope effects for addition of water or ethanol were determined
by observation of the n + 7* absorption of free aldehyde in dilute aqueous or
ethanolic solution.5 The equilibrium constant is defined as K = [adduct]/[alde-
hyde}. For hydration in ~ 4 x 10~%® M aqueous solution, we found K, = 0.402 2
0.008; KD = 0.560 + 0.008; KH/KD = 0.718 +* 0.019 {(or 1/1.39). Hemiacetal forma-
tion (in 1.5 x 10”? M solution) was studied in the presence of a 107? M acetate
buffer to assure complete attainment of equilibrium. The results were: XK. =

5.17 £ 0.10; KD = 7.07 £ 0.11; KH/KD = 0,728 £ 0.021 (or 1/1.37). These eﬁuilib—
rium isotope effects are similar to those previously reported for addition of
nitrogen and carbon nucleophiles to benzaldehydes (~ 0.73 and 0.78),1 but sub-
stantially greater than for some thermal rearrangements (0.92 per D) which might
be regarded as additions to C=C.8
The rate of hemiacetal formation was also studied. In 1l:1 acetate buffer
(3.2 x 107? to 2.6 x 1072 M), the rate law had the form: Rate = [aldehyde] (k; +
ks [buffer]). For the buffer-catalyzed portion of the reaction, (kz)H = 0.212 *
0.003 M~ sec™?, (k) = 0.273 + 0.002 M™'! sec™', and (k,),/(k,)y = 0.777 £ 0.012.

Utilizing the relationships among X, k kf, and kr' isotope effects for hemi-

obs’
acetal formation and decomposition are derived as (sz)H/(sz)D = 0.74 (or

1/1.35) and (kzr)H/(kzr)D = 1.02.

k
RCHO + C;Hs0OH %RCH(OH)OCgHS

xr

The isotope effect for addition is again slightly greater than that reported for
nitrogen nucleophiles with benzaldehydes (0.86 to 0.76).l For decomposition of
the tetrahedral species, small isotope effects are observed for hydrolyses of
ethyl orthoformate and p-methoxybenzaldehyde diethyl aceta19 and mutarotation of

10

glucose (~ 1.04~1.1), and somewhat larger ones for hydrolyses which are most

clearly A—l.9

The isotope effects we observe for the hemiacetal reaction indicate that
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the carbonyl carbon must be very close to tetrahedral in the transition state.
They would be consistent with a mechanism with rate-determining proton transfer
in a dipolar adduct, resembling an "intimate stepwise" mechanism recently dis-
cussed.ll

We acknowledge the contribution of some preliminary studies by J. Kuritz,
and the assistance by Mr. D. Kett with some of the experiments reported herein.
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