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Table S1. First-order Rate Constants, kex, for Exchange for Deuterium of the First Proton of the

α-Methyl and α-Methylene Groups of N-Acetylglycine Anion (1) in Alkaline D2O at 25 ˚C and I

= 1.0 (KCl), Determined by Monitoring the Incorporation of Deuterium into 1 by 1H NMR

Spectroscopy.

[DO-]/M kex (s
-1)

1-Hαααα'

kex (s
-1)

1-Hαααα

0.04 1.9 × 10-7 7.8 × 10-8

0.08 3.3 × 10-7 1.44 × 10-7

0.12 5.1 × 10-7 2.26 × 10-7

0.16 7.5 × 10-7 3.04 × 10-7

0.20 8.8 × 10-7 3.76 × 10-7
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Table S2. First-order Rate Constants, kex, for Exchange for Deuterium of the First Proton of the

α-Methyl and α-Methylene Groups of N-Acetylglycinamide (2) in D2O at 25 ˚C and I = 1.0

(KCl), Determined by Monitoring the Incorporation of Deuterium into 2 by 1H NMR

Spectroscopy.

Buffer System [B]T/M a pD [DO-]/M b kex (s
-1)

2-Hαααα'

kex (s
-1)

2-Hαααα

CF3CD2OD 0.02 12.57 6.34 × 10-3 1.32 × 10-7 1.62 × 10-5

0.05 12.58 6.49 × 10-3 1.38 × 10-7 1.70 × 10-5

a Total buffer concentration. b Concentration of deuteroxide ion at the pD of the experiment

calculated using [DO-] = (10pD-pKw)/γOL with pKw = 14.87 and γOL = 0.79 [Amyes, T. L.; Richard,

J. P. J. Am. Chem. Soc. 1996, 118, 3129-3141].
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Table S3. First-order Rate Constants, kex, for Exchange for Deuterium of the First Proton of the

N-Terminal α-Methylene Group of Glycylglycine (3) in D2O at 25 ˚C and I = 1.0 (KCl),

Determined by Monitoring the Incorporation of Deuterium into 3 by 1H NMR Spectroscopy.

Buffer

System

pKBD a [B]T/M b fB c pD fN+ 
d [DO-]/M e kex (s

-1)

3-Hαααα
+

HP2O7
3- 8.5 0.02 0.85 9.16 0.31 2.47 × 10-6 2.7 × 10-8

0.70 8.79 0.51 1.05 × 10-6 1.9 × 10-8

0.55 8.51 0.67 5.52 × 10-7 1.4 × 10-8

0.35 8.15 0.82 2.41 × 10-7 7.4 × 10-9

a Apparent pKa of pyrophosphate in D2O at 25 ˚C and I = 1.0 (KCl) given by pKBD = pD – log

([B]/[BD+]), determined as described in the Experimental Section. b Total buffer concentration.

c Fraction of the buffer in the basic form. d Fraction of glycylglycine present in the reactive

N-protonated form, calculated from the solution pD and pKBD = 8.81 for the terminal amino

group in D2O (25 ˚C, I = 1.0, KCl). e Concentration of deuteroxide ion at the pD of the

experiment calculated using [DO-] = (10pD-pKw)/γOL with pKw = 14.87 and γOL = 0.79 [Amyes, T.

L.; Richard, J. P. J. Am. Chem. Soc. 1996, 118, 3129-3141].
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