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Supplementary Information for the article
“A Kinetic Study of the Hydrolysis of Epoxides Initiated by Inorganic Ammonium
Salts in Water: Evidence for Hydrogen Bond Catalysis”

Table S1. List of experiments performed in this work.

Experi- | [Epoxide]o Catalyst precursor and anH4+ Or Yield

Epoxide ment# | (x 1023 M) concentration (M) pH an+ (M) Diol/tetrol K (s7)
L1646 58 H.0 7.0 7 NMR ] 6.4x1077
L1645 48 NaCl 0.5 M 6.0 0 NMR / 5.8x1077
L1652 48 NaCl 1 M 6.0 0 NMR / 9.6x1077
L1644 60 Naz50: 0.5 M 65 0 NMR / 6.5x1077
L1649 60 MgS0s 0.5 M 65 0 NMR / 8.3x1077
L1650 60 MgSOs L M 6.5 0 NMR / 7.2x107
L1651 60 MgS0s 0.5 M 6.5 0 NMR / 6.5x1077
L1647 58 1am'”°2?|‘jt§"8°' 60mM 1 70 0 NMR 9.6 x10°%
L1657 58 1""”"”02%280' 60mM 170 0 NMR 9.6 x10°%
L1658 58 Lamino 2 ?ljtzacg‘o' oMM 2, 0 NMR 3.2 x10°%
L1665 60 HFIP 60 mM 7.0 0 NMR 3.6 X107
L1666 60 TFE 60 mM 7.0 0 NMR 4.9 X107
L1667 60 HFIP 60 mM 7.0 0 NMR 4.6 X107
L1668 60 TFE 60 mM 7.0 0 NMR 3.5 X107
L1643 48 NHaF 05 M 65 | 029 | NMR 070 | 12x10%
oEs L1648 58 NHeF 1M 70 | 061 | NMR / 2.2x10%
' L1659 58 NHaF 1 M 70 | 061 | NMR / 2.0x10
o L1660 58 NHaF 15 M 70 | 098 | NMR 049 | 4.0x10%
\>_\ L1177 512 (NH)2504, 0.1 M 57 | 012 GC 1.00 7.9x107
L1137 20 (NH4)2505,0.1 M 57 | 012 GC 084 | 85x107
L1138 20 (NH#)2504,0.L M 80 | 012 GC 0.70 | 7.5x10%
L1619 47 (NH#)25040.5 M 57 | 051 | NMR / 1.9x107
L1630 48 (NH#)25040.5 M 57 | 051 | NMR 052 | 18x10%
L1178 20 (NH#)2504,0.5 M 57 | 051 GC 055 | L1.7x10%
(1139 | 512 (NH#)25040.5 M 57 | 051 GC 051 | L17x10%
L1140 20 (NH#)25040.5 M 80 | 051 GC 0.44 | 1.9x10%
L1620 47 (NH)25020.5 M 100 | 051 | NMR / 1.7x10%
L1631 48 (NH)25040.5 M 100 | 051 | NMR 049 | 18x10%
L1179 20 (NH9)2502 1 M 57 | 10 GC 045 | 3.2x10%
L1195 | 512 (NH9)250: 1 M 57 | 10 GC 041 | 3.4x10%
(1242 40 (NH9)250: 1 M 70 | 10 GC / 3.1x107
L1240 20 (NH250: 1.5 M 57 | 15 GC 032 | 54x10%
(1241 20 (NH)250: 1.5 M 80 | 15 GC 0.14 | 58x10%
L1188 | 512 H25020.03 M 12 | 006 GC 10l | 4.2x100
L1187 53 H25020.05 M 20 | 001 GC 104 | 52x10%
L1191 53 H25020.001 M, 27 | 0002 | GC 102 | 7.3x10%
L1641 48 Hz0 7.0 7 NMR / 13210
L1653 60 NaCl 1M 65 / NMR ] 4.0x1077
23EB | L1654 60 MgSOs 0.5 M 6.5 / NMR ] 7.7x107
o L1655 60 MgSOs L M 6.5 / NMR ] 1.0x10%
AN | Lisaz 48 1am'”°2b/‘|‘_fjg°' 60mM | 74 / NMR 2.9x106
L1663 48 1am'”°2b/‘|‘jz‘g°' 0mMM 70 / NMR 1.7x10




L1656 60 NHaF 0.5 M 65 | 0.29 NMR 0.93 2.1x10%

L1661 60 NHaF 1 M 65 | 061 NMR 0.70 3.4x10°%

L1662 60 NHaF 1.5 M 65 | 0098 NMR / 4.1x10%

L1176 52.1 (NH2)25040.1 M 57 | 0.12 GC 0.93 1.4x1006

L1153 40 (NH2)25040.1 M 57 | 0.12 GC 0.75 1.6x1006

L1152 25 (NH2)25040.1 M 57 | 0.12 GC 0.74 1.4x1006

L1164 26 (NH2)25040.1 M 57 | 0.12 GC 0.66 1.7x1006

L1621 47 (NH2)25040.5 M 57 | 051 NMR 0.75 3.0x10°%

L1632 48 (NH2)25040.5 M 57 | 051 NMR 0.88 2.9x10°%

L1154 40 (NH2)25040.5 M 57 | 051 GC 0.77 2.5x10°%

L1165 25 (NH2)25040.5 M 57 | 051 GC 0.88 2.7x10°%

L1622 47 (NH2)25040.5 M 100 | 051 NMR / 2.8x10°%

L1633 48 (NH2)25040.5 M 100 | 051 NMR 0.96 3.3x10°%

L1193 40 (NH4)250: 1 M 57 1.0 0.65 4.0x107%

L1194 51.2 (NH4)250s 1 M 57 1.0 GC 0.88 4.8x107%

L1250 40 (NH4)250s 1 M 7.0 1.0 GC 0.61 4.6x107%

L1251 40 (NH4)2504 1.5 M 57 15 GC 0.73 7.7x10°%

L1252 40 (NH4)2S04 1.5 M 8.0 15 GC 0.64 8.4x10°%

L1190 40 H25040.005 M 20 | o001 GC 1.00 5.4x103

L1172 40 H25040.001 M 27 | 0002 GC 1.02 5.8x10%4

L1170 40 H2504 0.00001 M 47 | 000002 | GC 0.98 1.5x10°%

L1171 40 H2504 0.00001 M 47 | 000002 | GC 0.96 1.3x10°%

L1133 51.2 (NH2)25040.1 M 57 | 012 GC 0.98 2.6x10°%

L1155 40 (NH4)25040.1 M 57 | 012 GC 0.92 2.5x10°%5

L1181 40 (NH2)25040.1 M 57 | 0.12 GC 0.98 2.6x105

L1182 25 (NH2)25040.1 M 57 | 0.12 GC 0.93 2.8x10°%5

L1134 51.2 (NH2)25040.1 M 80 | 0.12 GC 1.00 2.1x10°%

L1634 49 (NH2)250405 M 57 | 051 NMR 0.99 3.0x10%5

L1183 51.2 (NH2)250405 M 57 | 051 GC 0.99 4.0x1005

L1156 40 (NH2)250405 M 57 | 051 GC 0.86 2.9x10°%5

L1184 40 (NH2)250405 M 57 | 051 GC 1.00 3.7x10%

DM-23-EB 7| 1185 25 (NH2)2S040.5 M 57 | 051 GC 1.03 3.2x10%5
o) L1136 51.2 (NH2)250405 M 80 | 051 GC 0.67 2.7x10°%
>A< L1635 29 (NH2)250405 M 100 | 051 | NMR 7 3.3x1005
L1186 51.2 (NH4)2S0s 1 M 57 1.0 GC 1.01 4.4x10%

L1192 51.2 (NH2)2S0s 1 M 57 1.0 GC 1.00 4.8x10%

L1246 40 (NH4)2S04 1.5 M 57 15 GC 0.79 5.8x10°%

L1157 40 H25040.005 M 20 | o001 GC 1.08 2.4x10°2

L1162 40 H25040.001 M 27 | 0002 GC 1.03 1.6x1072

L1166 40 H25040.001 M 27 | 0002 GC 0.88 3.7x10°2

L1168 40 H25040.00001 M 47 | 000002 | GC 1.03 1.2x100

L1169 40 H25040.00001 M 47 | 000002 | GC 1.03 1.0x100%

L1197 64 (NH4)25040.5 M 57 | 051 NMR 0.52 1.0 x107

L1205 43 (NH2)2S04 0.5 M 88 | 051 NMR 0.72 9.8 x107®

IEPOX L1200 20.1 (NH4)25040.5 M 57 | 051 NMR 0.73 7.6x1078
)2\ L1201 215 (NH2)2S04 1 M 5.7 1.0 NMR 0.60 1.5x107
Ho—" “—on | L1206 17.2 (NH2)2S04 1 M 8.8 1.0 NMR / 2.3x1077
[EPOX4 L1173 132 H25040.1 M 0.7 0.2 NMR 0.91 3.9 1003
0 —on | L1174 37 H25040.1 M 07 0.2 NMR 0.93 5.4x103
o 199 19.7 H25040.001 M 27 | 0002 | NMR 0.90 1.3 x1007
L1198 30.5 H25040.001 M 27 | 0002 | NMR 1.00 1.3x1077

L1175 36.7 H25040.00001 M 50 | 000002 | NMR 0.16 4.7x107




S2. NMR spectra for the reaction mixtures and comparisons with reference compounds.
A) Evolution of the H-NMR spectrum during the reaction of cis-2,3-EB in solution (NH4)2S0O4 0.5 M showing
the formation of 2,3-butanediol and 2-amino-3-butanol.
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B) Evolution of the 'H-NMR spectrum during the reaction of DM-2,3-EB in solution (NH4)2S04 0.5 M
showing the formation of 2,3-dimethyl-2,3-butanediol and 2,3-dimethyl-2-amino-3-butanol.

142 1.38 1.34 1.30 1.26 1.22 1.18 1.14 1.10
f1 (ppm)



C) Evolution of the *H-NMR spectrum during the reaction of IEPOX 4 in solution (NH4)2SO4 0.5 M showing
the formation of 2-methylbutane-1,2,3,4-tetraol (2-methylerythritol and 2-methylthreitol).
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S3. Chromatograms for the reaction mixtures and comparisons with reference compounds.

A) Reaction of 1,2EB in aqueous ammonium solution (top) and reference 1,2-butanediol (bottom)
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B) Reaction of cis-2,3EB in aqueous ammonium solution (producing cis-2,3-butanediol only, top) and
reference 2,3-butanediol (mixture of cis- and trans isomers, bottom)
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C) Reaction of DM-2,3-EB in aqueous ammonium solution (top) and reference 2,3-dimethyl-2,3-
butanediol (bottom)
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S4. Calibration curves used in GC/FID to quantify the hydrolysis products

A) 1,2-butanediol

B) Cis-2,3-butanedio

D) 2,3-dimethyl-2,3-butanediol
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S5. Extraction efficiencies at 298 K for the different reactions and solutions studied by GC/FID

Compound . Extraction
Precursor Solution S
extracted efficiencies
H20 0.27
(NH2)28040.1 M, pH =5.6 0.26
1,2-EB (NH2)28040.1 M, pH = 8.0 0.26
(NH4)28040.5 M, pH =5.7 0.34
o 1,2-butanediol (NH4)2S040.5 M, pH =8.0 0.34
|>_\ HO (NH4)25041 M, pH =538 0.4
(NH4)2504 1.5 M, pH =5.8 0.47
HO (NH4)2S04 1.5 M, pH = 8 0.47
H25040.03 M, pH = 1.2 0.28
H25040.05 M, pH =2.0 0.28
H2S040.001 M, pH =2.7 0.27
H20 0.21
(NH4)28040.1 M, pH = 5.6 0.27
2,3-EB (NH4)25040.1 M, pH = 8.0 0.27
0 . (NH4)2S040.5 M, pH=5.7 0.31
AN 2,3-butanediol (NH2)25040.5 M, pH = 8.0 0.3
o OH (NH2)2S04 1 M, pH = 5.8 0.36
(NH4)2S04 1.5 M, pH =5.8 0.42
H25040.05 M, pH = 2.0 0.50
H2S040.001 M, pH =2.7 0.50
H250,0.00001 M, pH =4.7 0.49
H20 0.43
(NH4)2S040.1 M, pH = 5.6 0.55
DM-2,3-EB . o a. | (NH#)2S040.1 M, pH=8.0 0.56
0 2.3 Sl:gﬁghdf'o,zs (NH2)250:0.5 M, pH = 5.7 0.60
\ﬁ/ o (NH4)2S0:0.5 M, pH = 8.0 0.58
OH (NH4)2S041 M, pH =5.8 0.65
#\ﬁ (NH2)2S04 1.5 M, pH = 5.8 0.71
H25040.001 M, pH = 2.7 0.51
H250,0.00001 M, pH =4.7 0.53




S6. Relative contributions of acid (k'w+), base (k'on) to the corrected hydrolysis rates, k’!, in aqueous

ammonium solutions as function of ammonium concentration.

Acid catalysis,

Base catalysis

Epoxide anHa+ (M) ) Assuming pH =5.7 Assuming pH =8
klh+ (s1) % klom- (s1) %
1,2-EB 0.12 2.5 x107 1.0 x107 40 1.0 x10710 0
o 0.51 1.3 x10° 1.0 x107 8 1.0 x10%0 0
|>—\ 1.00 2.6 x10°® 1.0 x107 4 1.0 x10%0 0
1.50 5.0 x10°6 1.0 x107 2 1.0 x10%0 0
0.12 5.3 x107 3.0 x10°8 6 1.0 x10%0 0
Z'SéEB 0.51 1.9 x10 3.0 x10°8 2 1.0 x100 0
A 1.00 3.5 x10°6 3.0 x10°8 1 1.0 x10°10 0
1.50 7.1 x10° 3.0 x10°8 0 1.0 x10°10 0
0.12 2.1 x10° 3.0 x10°6 14 1.0 x10°10 0
DM_20’3_EB 0.51 2.8 %105 3.0 x10° 11 1.0 x10°10 0
\ﬁ/ 1.00 4.1 x10° 3.0 x10° 1.0 x1010 0
1.50 5.3 x10° 3.0 x10® 1.0 x10°10 0
IEI(D_)OXS 0

. .2 x10708 .0 x108 .0 x1010
HOAOH . 0.51 8.2 x10 2.0 x10 22 1.0 x10
IEPC?X4 0
wo“ 1.00 1.8 x10°97 2.0 x10° 9 1.0 x101°
HO




