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1. Detailed synthetic procedures for obtaining the compounds 2a and 4a

1.1 Hex-2-yn-1-ol (2a)R¢"- 51l CsH100, M = 98.14

1. n-Buli, THF, -90° to -80°C, 1 h

— _ 2. (CH,0) , -80°C to 20°C, 12 h OH

1a 2a

Although hex-2-yn-1-o0l 2a is commercially available, we decided to obtain it from cheaper pent-1-yne.
A modification of the method by Peng, Yu, and Zhang®*" *! allowed us to get 2a in a scale of up to
about thirty grams. To a solution of 1a (25 g, 36.2 cm®, 0.367 mol) in anhydrous [Note S1] THF
(200 cm?®) [Note S2] n-BuLi (2.5 M solution in hexanes) [Note S3] (161 cm?, 0.404 mol, 1.1 equiv.) was
added dropwise [Note S4] with a syringe by a septum at between —90°C to —80°C [Note S5] under Ar,
with intense mixing on a magnetic stirrer. Upon the addition of #-BuLi the mixture become more and
more thick because white alkyne lithium salt started to precipitate. The reaction mixture was stirred at
the same temperature for 15 min before the addition of (CH>O), (1.2 equiv.) [Note S6]. The resulting
mixture was allowed to warm to room temperature gradually [Note S7] and stirred for around 12 h
[Note S8] before quenched with NH4Cl saturated aqueous solution. The mixture was extracted twice
with Et;O. The combined organic phases were dried over anhydrous MgSQO4 for 15 min and filtered.
The filtrate was concentrated on a rotary evaporator [Note S9], and the light yellow residue was distilled

under reduced pressure [Note S10] to give clean [Note S11] 2a as colourless liquid.

[Ref. S1] Y. Peng, M. Yu and L. Zhang, Org. Lett., 2008, 10, 5187.

[Note SI]  Boiling commercially available THF over CaH:z in Ar atmosphere for 4 h and distilling it prior to the use was
sufficient.

[Note S2]  Increasing the concentration of pent-1-yne 1a to 1.55 M reduced the amount of anhydrous THF needed for the
reaction. We do not exclude the possibility that the concentration of the alkyne could be even greater.

[Note S3]  We found that n-BuLi in concentration as high as 2.5 M can be used with no harm to the reaction, which reduced
the amount of the solution. Although handling n-BuLi solutions can be dangerous, small amounts of 2.5 M n-
BulLi solution in hexanes practically never auto-ignite in air — more concentrated solutions may require more
care.

[Note S4] A volume of 161 ¢cm? is a quite large amount — adding with a syringe takes a time of about an hour.

[Note S5] A Dewar bath filled with acetone frozen by mixing it with an excess of liquid nitrogen was used. Such mixture
let reach and maintain temperature as low as even —100°C by continuous adding the nitrogen. It is advisable not
to rise the temperature of the reaction above —75°C by adjusting the rate of adding the n-BuLi solution. Higher
temperatures lower the yield of 2a.

[Note S6]  Reagent grade paraformaldehyde was used as received.

[Note S7]  We strongly advise to leave the mixture in the Dewar bath and let it warm slowly. Removing the bath results in
a rapid rise of temperature — the mixture can even start to boil. It did not seem, however, to have a great impact
on the yield of 2a.

[Note S8]  Peng, Yu, and Zhang left the mixture for 2 h only. Overnight mixing at ambient temperature allows, in our
opinion, the reaction to complete. From the other hand, further extending this time makes the mixture yellow and
then brownish and lowers the yield of 2a.

[Note S9]  The compound 2a has a pungent odor. Using a vapor trap is advisable.

[Note S10] The distillation proceeds smoothly, giving 2a in a narrow range of temperature. No heads were collected and the
residue was very small.

[Note SI1] Purity of 2a is very close to 100%, which can be easily determined by gas chromatography.
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1.2 1-(Tetrahydro-2H-pyran-2-yloxy)hexane-2,3-dione (4a) %<’ 52! CuH1504, M = 214.26

NalO,, RuO, -xH,0 (cat.) o o
0 CCl,, MeCN/H,0, rt., 15 min Q
) A~
- 0
3a 4a

Oxidation of 2-(hex-2-yn-1-yloxy)tetrahydro-2 H-pyran 3a to 1-(tetrahydro-2H-pyran-2-yloxy)hexane-

Ref. 821 Tt was found

2,3-dione 4a was performed by a slightly modified method by Zibuck and Seebach.!
that the scale of the reaction can be enlarged by a factor of 10, to 30 mmol of the substrate, without a
negative impact on the yield of the product. Thus, 2-(hex-1-yn-1-yloxy)tetrahydro-2H-pyran 3 (5.47 g,
30 mmol) was dissolved in a mixture of carbon tetrachloride (140 ¢cm®) and acetonitrile (140 cm?).
Separately a solution of NalOs4 (19.25 g, 90 mmol) [Notes S12, S13] in water (210 cm®) was prepared.
The solutions were intensely mixed together in a 1000 cm?® round-bottom flask with a big magnetic
stirrer for 5 min. [Note S14] To the resulting emulsion a catalytic amount of RuO,-xH,O [Note S15]
(0.118 g, 0.5 mmol) [Note S16] was added. CAUTION: The work-up of the reaction mixture should be
performed as fast as possible and purification of the product should be carried out immediately. The
mixture turned black immediately and then, within 1-2 minutes, the colour of it changed to grass-green
and the temperature of the mixture rose to about 40°C. (If instead of NalO4 one uses KIO4 the mixture
can remain black and the rise of temperature is hardly observed). The mixture became gradually
yellow-green and more and more white precipitate of NalO; formed, and, after 15 min, the reaction was
stopped by adding water (100 cm?) [Note S17] and immediate separating the lower organic layer — which
turns black — from the upper, which remains only slightly coloured. The aqueous layer was extracted
with DCM (3 x 50 cm®) — the extracts can be slightly coloured by small amounts of I, that can form
during the reaction. If this happens, the iodine should be carefully separated during the column
chromatography (CC). During the extraction the aqueous layer sometimes become black — the extracts
were only slightly coloured. The combined dark coloured organic layers were quickly (10 min) dried
over anhydrous MgSO4 [Note S18], filtered through blotting paper (do not filter through Celite!
[Note S19]) — the filtrate is clear and yellow-brown (sometimes green or even black) coloured — and
concentrated on a rotary evaporator. CAUTION: Rising the temperature of the water bath over 60°C
resulted in a considerable loss of the product by its thermal decomposition [ Note S20], especially if it is
contaminated by iodine. The remaining yellow-brown (sometimes dark green or black) oil was
immediately chromatographed on silica gel (60 A, 230400 mesh ATSM) for CC. Mixture of CHCl;
and MeOH (30:1 v/v) was used as eluent. 50 g of silica gel was used and the working length of the
column was 45 cm. The process was conducted under small over-pressure, but not so fast as flash

chromatography. All dark ruthenium compounds remained on the start and the canary-yellow coloured
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4a went in the first fraction [Note S21]. Prolonged evaporation of the solution after the chromatography

led to darkening and partial decomposition of the product.

[Ref. S2]
[Note S12]

[Note S13]

[Note S14]

[Note S15]

[Note S16]
[Note S17]

[Note S18]

[Note S19]

[Note S20]
[Note S21]

50+

4000 3800

R. Zibuck and D. Seebach, Helv. Chim. Acta, 1988, 71, 237.

The authors used 4.2 eqs of NalOs but it was found that it was enough to use only 3 eqs (maybe even less would
do).

KIO4 can be used instead of NalO4. Even though KIOs is less soluble in water from NalOas, KIO3 is more soluble
than NalOs, so the overall amount of water (used to dissolve the periodate and added after the reaction) remained
more or less the same.

On stopping the stirring two almost clear layers form within several minutes.

RuO2'xH20 was provided by Sigma-Aldrich. They stated that the minimal concentration of Ru in the product
was 44% so the value of x is equal to about 5.5.

Calculated for the formula RuO2-5.5H20.

Zibuck and Seebach used much more water; for the 30 mmol scale it would be 750 cm?. However, 100 cm?® of
water was enough to dissolve all the precipitate of NalOs.

It was found that a prolonged contact with solid MgSO4 (or a contact with the remains of RuO2:xH20) caused
gradual decomposition of the product.

Filtering the crude product solution through Celite in order to remove both insoluble and soluble ruthenium
compounds resulted in a complete loss of the product!

Moreover the decomposition products were extremely difficult to be separated from 4a during the CC.

In case of the contamination with I» it is advisable to collect only the main part of the first canary-yellow colored
fraction containing 4a. The tail of the fraction (dirty-yellow or dirty-greenish) contains iodine and other
contaminants. It is sometimes difficult to distinguish between the fractions — control the process using thin layer
chromatography.

:

1021

1035

3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800
Wavenumbers (cm-1)

FT-IR ATR spectrum of 4a.
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13C NMR spectrum of 4a in CDCI3 (99.8% D) (T = 300 K; Bruker Avance Il 600, 150 MH2)
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13C NMR spectrum of 4a in CDCl3.
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Fig. S1 The model accounting for hydrogen bonding contacts in the crystal of 6a used to calculate the corrections to
NMR isotropic shielding due to these interactions. Hydrogen bonds are marked with dashed lines.
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hydrophobic layer
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Fig. S2 Packing of molecules illustrating the presence of hydrophobic layers in the crystal structure of 6a.

Fig. S3 Superimposed structures of the dimer 6a molecules from the X-ray model (in gray) and from the solid state DFT
optimization.
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13C NMR spectrum of 6a in CDCI3 (99.8% D) (20.8 mg/0.8 cm3; ¢ = 0.2 mol dm-3; T = 300 K; Bruker Avance IIl 600, 15
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Fig S4 13C NMR spectrum of the dimer 6a in CDCls.
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1H NMR spectrum of 6a in D20 (99.9% D) (T = 300 K; Bruker Avance Il 600, 600 MH2 15 min after dissolving
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Fig. S5a "H NMR spectrum of the dimer 6a measured 15 min after dissolving in D20. The sample contains mostly 5a

hydrate, but residual signals from 6a between 4.40-3.80 ppm are visible. A singlet at 3.75 ppm comes from the CH20H group
in the molecules of the major form of 5a hydrate; the two minor form (probably free, non-hydrated 5a in various molecular
geometries) are responsible for the singlets at 4.76 and 4.67 ppm. The alkyl signals from 5a hydrate and free 5a are partially
resolved; the residual signals from 6a alkyl groups make the signals ragged. On the basis of the calculations, two low-energy
forms of free 5a, differing in a position of a hydrogen bond, could be proposed, which give singlets from their CH20H groups.

Their formulae are shown in the spectrum.
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1H NMR spectrum of 6a in D20 (99.9% D) (T = 300 K; Bruker Avance Ill 600, 600 MHZ) 30 min after dissolving
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Fig. S5b "H NMR spectrum of the dimer 6a measured 30 min after dissolving in D2O. The sample contains mostly Sa

hydrate, but residual signals from 6a between 4.40-3.80 ppm are visible. A singlet at 3.75 ppm comes from the CH20OH group
in the molecules of the major form of Sa hydrate; the two minor form (probably free, non-hydrated 5a in various molecular
geometries) are responsible for the singlets at 4.76 and 4.67 ppm. The alkyl signals from 5a hydrate and free Sa are partially
resolved; the residual signals from 6a alkyl groups make the signals ragged. On the basis of the calculations, two low-energy
forms of free 5a, differing in a position of a hydrogen bond, could be proposed, which give singlets from their CH>OH groups.
Their formulae are shown in the spectrum.
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1H NMR spectrum of 6a in
o-H
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Fig. S5¢ "H NMR spectrum of the dimer 6a measured 60 min after dissolving in D2O. The sample contains mostly Sa

hydrate; residual signals from 6a between 4.40-3.80 ppm can practically be neglected. A singlet at 3.75 ppm comes from the
CH:>OH group in the molecules of the major form of 5a hydrate; the two minor form (probably free, non-hydrated 5a in
various molecular geometries) are responsible for the singlets at 4.76 and 4.67 ppm. Alkyl signals from Sa hydrate and free
5a are partially resolved and smooth. On the basis of the calculations, two low-energy forms of free Sa, differing in a position
of a hydrogen bond, could be proposed, which give singlets from their CH>20OH groups. Their formulae are shown in the

spectrum.
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1H NMR spectrum of 6a in D20 (99.9% D) (T = 300 K; Bruker Avance Ill 600, 600 MH2 18 h after dissolving
o-H
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Fig. S5d "H NMR spectrum of the dimer 6a measured 18 h after dissolving in D20 (the signal of which was locked at 4.77
ppm instead of the proper value of 4.79 ppm). The sample contains mostly 5a hydrate; residual signals from 6a between 4.40—
3.80 ppm are practically invisible. A singlet at 3.75 ppm comes from the CH>OH group in the molecules of the major form of
5a hydrate; the two minor form (probably free, non-hydrated 5a in various molecular geometries) are responsible for the
singlets at 4.76 and 4.67 ppm. Alkyl signals from 5a hydrate and free 5a are partially resolved and smooth. On the basis of
the calculations, two low-energy forms of free Sa, differing in a position of a hydrogen bond, could be proposed, which give
singlets from their CH>OH groups. Their formulae are shown in the spectrum.
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13C NMR spectrum of 6a in D20 (99.9% D) (10,4 mg/0,8 cm3; T = 300 K; Bruker Avance Ill 600, 150 MH2)
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Fig. S6 13C NMR spectrum of the dimer 6a (i.e. Sa hydrate) in D20. All the alkyl regions contain small signals coming

from non-hydrated minor forms of 5a.
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Fig. S7 13C NMR spectrum of 5a in CDCls. Signals from 5a hydrate, from the free forms of 5a, and from both
diastereomers of 6a are visible in the spectrum.

Table S1 Harmonic frequencies, infrared intensities, Raman scattering activities and intensities, and Potential Energy
Distributions (PEDs) of normal modes for 6a calculated at the B3LYP/cc-pVTZ level. Frequencies are scaled by the factor of
0.965, PEDs of vibrations (in %) are given in brackets (only PEDs > 5% are included)

Freq. Freq_ IR intensity Raman Raman PED (contributions > 5%)
No. /em™ Scal /km-mol™"! activity intensity
Jem! /Afau !t Jam
| 207 200 0.46 044 170,66 7C10C11[34], 7C10Co[12], 7C2C3[7], 6C11C1005[5],
’ ’ ’ ’ ’ @0utC10C11[5]
’ 273 264 1.79 0.65 190.25 7C10C11[29], 7C3C4[ 17], tC10Co[ 14], 7C5C4[9],

7C1105[8], 0C11C1005[6], ®ouC10C11[5]
3 42.6 41.1 0.60 0.27 50.11 7CsC4[26], 7C1105[24], C2C3[16]
7C10Co[20], 7C3C4[20], 7C10Ci11[12],

4 56.0 54.0 0.53 0.44 61.48 @ouC1oC1[8], 7C5Ca[3]

5 72.3 69.8 0.78 0.10 10.31 7C3C4[20], 7C2C3[19], 12/r5[ 18], 7C5Ca[ 5]

6 834 30.5 219 016 1471 fﬁ;?;][ﬂ], 02C3HeH7[13], 7C1105[8], 7C6Cs[8],

7 98.4 95.0 1.95 0.17 13.20 7C6Cs[59], 5:CcHsHo[10], 7CcO1[9]

8 106.7 1030 061 021 14.99 ks 14], 9CsC6Ca[10], 2C10Co[9], 5:C3HeH7[9]

9 121.9 117.6 1.54 0.38 23.94 7C10Co[67], TCsCo[12], zC10C11[7]

10 131.0 126.4 1.16 0.05 3.09 7C3C4[64], pCsHeH7[14], 7C5C4[6]
02C9H17H16[20], 02CsH14H15[12], z2rs[ 11],

11 151.1 145.8 1.88 0.23 11.61 71/r5[10], fCoC1006[9], pC10C11[6], 7C1105[6]
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Table S1 (continued)

Freq. Freq_ IR intensity Raman Raman PED (contributions > 5%)
No. /em-! Scal /km-mol~! activity intensity
Jem-! /Afau  Jjam
71/rs[ 18], pC11C1005[10], 92CoH17H16[ 8],
12 182.7 176.3 3.55 1.07 44.01 7C8Co[ 7], TC11C1005[ 7], TCsCo6Ca[5],
02C2H5H4[ 5], 6C11C100s5[5]
13 210.2 202.8 0.76 0.06 2.28 7C8Co[56], TC10Co[16], pCoH17H16[8]
14 2447 236.1 0.94 0.19 5.71 7C1C2[68], pC3HeH7[9], 7C3C4[8]
15 254.1 245.2 0.06 0.02 0.49 7Cs5C6C4[24], 0CsCsCa[17], 02C6sHsHo[15], 72/r5[ 6]
wCsCeCa[27], IC5C6Ca[26], woulCaC3[10],
16 259.0 249.9 0.13 0.02 0.62 2urs[6], 7CeOM[S]
7CsC6C4[19], 92C3HsH7[14], 0C5C6sC4[13],
17 2;28 2632 1373 045 12.00 SC1C1005[7], BCSC403[6], 2r5[6], 2C2H5HA[S]
0C11C1005[19], 7C11C100s[13], 02CsH14H15[10],
18 289.2 279.1 1.49 0.46 11.51 pC11C100s[8], 02CoH17H16[8], pC10C11[7],
pCsCoCa[5]
02C9H17H16[ 19], 7C11C1005[12], pC10C11[10],
19 301.6 291.1 2.77 1.83 43.32 VC10Cs[9], vC1oC 1 [8], vCsCof6]
71/rs[17], @C11C1005[9], vCsC4[8], pCsCeCa[6],
20 320.1 308.9 11.38 447 98.78 2C60n[5], 0:C3HeH[S], 0:CoHsHo[ 5]
21 363.4 350.7 3.68 1.55 29.62 7C601[38], 02C2HsH4[9]
02CsH14H15[ 18], fCoC1006[16], pC11C1005[ 11],
22 379.3 366.0 3.07 1.17 21.28 5:CaHsHu[S8]
7C601[34], 02CsH14H15[16], pC5C6Ca[10],
23 385.8 372.3 2.29 0.58 10.27 BCoC1004[6]
02C2HsH4[ 18], pCsC403[17], 62C6éHsHo[12],
24 414.2 399.7 33.91 1.32 21.59 PCAC3[11], pCsCeCal9], s T]
pCaCs[10], 52C2HsHa[9], 6CsCeCa[ 7],
25 425.4 410.5 110.34 1.96 31.20 2C11C1003[6], vCaCs[5], 0:CsHsHs[S]
7C11C1005[19], Ti/rs[11], pC10Ci11[11], vC10Ci11[9],
26 4518 436.0 6.34 0.95 14.12 CACHCAIOT, FCoCuCA[T]. A1 1OM5]
@C11C1005[14], 6C11C1005[13], pC11C1005[11],
27 470.9 4544 1.26 2.89 40.74 VvC12C[10], Aurs[6]
pC3HeH7[30], ®ouCaC3[20], pCoH17H16[ 7],
28 558.2 538.6 1.01 0.46 5.30 7CsC6Ca[6], WouCroC11[6]
pCoHi17H16[23], @ou/C10C11[14], 7C1105[13],
29 588.1 567.5 542 2.05 21.95 2C3HeHI[7], pC1iCro0s[6]
30 608.5 5872 2836 127 13.01 7C1105[51], pC11C100s[11], pC10C11[6],
’ ’ ’ ’ ’ vC10C11[6]
7C1105[16], pCsCeCa[12], T1/r5[9], pC11C1005[9],
31 643.0 620.5 35.59 2.99 28.63 wC1iC100s[8], vC11O[7], AiaslT]
pCsCeCa[21], 02CsHsH9[16], fCsC403[10],
32 655.9 633.0 60.38 1.38 12.84 2urs[8], vCsCa[ 7], vCeC[S]
33 7219 696.7 2783 132 10.83 Purs[21], pCsHi14Hi15[8], fCoC1006[ 81, f2/r5[8],
’ ’ ’ ’ ’ pC2HsH4[6]
34 732.6 707.0 12.08 1.96 15.86 Purs[28], pCsHiaHis5[8], fCoC1006[7], pCaCs3[6],
’ ’ ’ ’ ’ 02C6¢HsHo[5]
35 761.0 734.4 220 022 1.68 pC2HsHa[47], p 1CiHiH2H3[11], 00u/CaC3[8],
’ ’ ’ ’ ’ 7C3He¢H7[6]
pCsHiaHis[41], p 1C7HIHI2H13[12],
36 763.4 736.7 4.89 0.19 1.43 ©oC10C1[6], 7CoHTH16[5]
37 300.2 7722 247 914 65.56 vC3Ca[12], Bairs[12], vC504[10], vC12C11[9],
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Table S1 (continued)

Freq. Freq_ IR intensity Raman Raman PED (contributions > 5%)
No. /em-! Scal /km-mol~! activity intensity
Jem-! /Afau ! Jam

vC10Co[14], vO2C11[11], vC10C11[9], S/rs[ 7],

38 815.1 786.6 19.85 1.20 8.40 BCsC1006[7], vC3Ca[T], 5:2CoH17H16[6]
pC3HeH7[18], p 1C1H1H2H3[17], tC2HsH4[15], p
39 8706 840.1 18.34 7:36 47.03 2C1H1H2H3[8], wouCaCs[ 7], pCsHsHo[ 6]
p 1C7H1H12H13[26], pCoH17H16[22],
40 885.5 854.5 1.79 1.49 9.30 2CsH1H15[18], @onCroC1i[7]
vCs04[14], pCsHsHo[12], vC10Co[ 7], vO2C11[6], p
41 889.4 838.3 4.84 0.27 1.65 1C1H1H2H3[ 6], pC12H19H18[ 5], p 2C7H11H12H13[ 5]
pCesHsHo[13], vC504[11], p2C7H11H12H13[8],
42 894.4 863.1 13.38 6.94 42.67 VCaC3[7], vCsCo[6], p 2C1H HaH:[5]
p2CiH1H2H3[ 19], vCaCs[17], vCiCa[9], p
= o125 880.6 36.33 2.44 14.61 2C7H11H12H13[ 8], p 1C1H1H2H3[ 7], vCsCo[ 7]
pCi2H19H15[ 12], vO2C11[10], p 2C7H11H12H13[9],
44 929.6 897.1 13.83 2.82 16.41 vCsCo[9], vC1Cs[8], 7C1HioH1s[5]
45 9857 9512 98.67 758 13.79 vO2Ci11[35], Birs[15], vC1105[10], @C11C1005[9],
’ ’ ’ ’ ’ vC12C1[7]
pCi2Hi9H15[21], vC10Co[ 14], vC1204[8],
46 1027.4 991.4 22.22 3.02 15.21 VC5O4[8], &CoH17H16[6], vC12C11[6]
vC3C4[28], vCs502[13], wCsHeH7[11],
47 1032.2 996.1 155.37 0.18 0.88 BCsC403[9], pCeHsHo[ 7]
PCsO1H10[12], vC504[9], pCsHsH9[9], vC1204[9],
48 1049.9 1013.2 4.27 3.56 17.37 VC6O1[8], wCsCsCa[6]
49 1050.7 1013.9 5.05 6.17 30.08 vC7Cs[52], vCsCo[13], vCiC2[9]
50 1052.1 1015.3 36.03 1.76 8.55 vC1C2[50], vC2C3[15], vCrCs[ 5]
51 1056.6 1019.6 35.09 3.38 16.36 vC1204[44], vCs504[13]
vC601[39], 7C3HeH7[9], fCsO1H10[7],
52 1081.8 1043.9 182.09 2.25 10.48 pC2HsHA[6], p 1C1HiHaH3[5]
CoH17H16[19], pCsHi4aH1s[11], pCoH17H16[11],
53 1114.6 1075.5 0.16 1.12 4.98 CsH14H15[7], vC6O1[7], p 1C7H11H12H13[6], p
2C7HuHi12H13 [5]
54 1117.3 1078.2 15.71 0.49 2.17 vCe01[22], C3HeH7[ 7], p 1CiH1H2H3[ 6]
55 1126.6 10872 2372 315 13.85 vC2C3[14], p 2C1H1H2H3[10], vCsCo[ 7],
’ ’ ’ ’ ’ pCsCeCa[5]
vCsCo[ 17], p2C7H11H12H13 [9], vC2C3[ 8], p
36 11403 11004 4476 0.72 3.12 1C7H11H12H13[ 7], vCs02[6], p 2C1H1H2H3[6]
57 1165.6 11248 2076 6.90 2875 7CsHsHo[11], vCsCa[8], vCs01[6], vC2C5[5],
’ ’ ’ ’ ’ vC10C11[5]
vC1105[18], AC1105H20[10], pC12H19H15[9],
58 1178.8 1137.6 73.28 1.96 8.04 pC1HC1005[ 7], vC502[6], vC10C1[6]
59 11987 11568  17.52 0.82 3.29 vCCnl13], T i 1], vCsOa[H],

vC110s5[9], @Ci11C1005[7], vCe6Cs[6]
60 1243.5 1199.9 25.81 2.83 10.65 7C12H19H18[43], vC1105[ 11], fC1105H20[ 7]

C3HeH7[26], p 1CiH1H2H3[10], zCoH17H16[ 10],
pC2HsH4[10], 7C2HsH4[7]

CoH17H16[29], p 1C7H11H12H13[10],
62 1255.8 1211.9 0.42 0.42 1.56 pCsHi4H15[10], CsHi14His[8], 7Ci2H19H1s[ 7],
7C3HeH7[ 6], vC1105[5]

7CsHsHo9[20], pCsCesCa[18], vCeCs[15],
PCsO1H10[12], vC5Ca[9], pCsHsHo[6]

61 1251.1 1207.3 44.68 4.92 18.36

63 1258.0 1214.0 26.86 3.30 12.18
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Table S1 (continued)

Freq. Freq_ IR intensity Raman Raman PED (contributions > 5%)
No. /em-! Scal /km-mol~! activity intensity
Jem-! /Ada.u! /a.u.
64 12680 12236 1293 1.02 3.72 fé’:fg 55[]6,]&6((::;1[{18(1)};[2?504[10], 0CsCeCal7,
65 13276 12811  11.74 427 14.48 ;Cciﬂﬁﬂfg]] tCoHi7Hi6[17], @CsHisHus[ 7],
66 13319 12853  2.16 6.49 21.88 tC2HsH4[65], 7C3HeH7[24]
67 13358  1289.0  17.93 4.70 15.78 3’8802:{1;]15[39]’ @CoHi7Hig[21], 7CsHuHus[8],
68 13382 12914  4.16 0.94 3.15 wC2HsH4[44], ©C3HeH7[19], vC3C4[8]
69 1375.5 1327.4 3.93 2.03 6.48 wCi2H19H18[69], vCi12C11[9], wCeHsHo[ 7]
70 13883 13397  40.69 1.59 5.01 C¢HsHo[30], SC6O1H10[27], @CeHsHs[16]
71 14052 13560  48.76 1.45 4.48 fgi&{gl"’%l{’o‘zgzg;‘]li15[29]’ vCsCo[ ],
72 14112 13618 1043 1.39 4.26 g‘ﬁgﬁ[é?] . 355?;?“333;1:@2%]“0]’
73 14196 13699  1.86 0.42 1.28 B:C7H11Hi12H3 [85], vC7Cs[10]
wCeHsHo[32], wC3HsH7[8], fsCiH1H2H3[8],
74 14228 13730 522 0.29 0.86 BC6O1H10[8], 6:C3HeH7[7], wC2HsH4[7],
vCeCs[5]
75 14258 13759 1942 1.97 5.94 B:C1HH2H3[80], wCeHsHs[7], vC1C2[7]
76 14325 13824  28.89 5.27 15.74 81C3HeH7[73], wCeHsHo[11]
77 1450.3 1399.6 14.58 4.66 13.63 PC1105H20[46], vC10C11[15], pC11C1005[6]
78 14529 14020  78.87 3.90 11.36 81CoH17H16[85]
79 14950 14426 228 11.63 3229 81C2HsH[71], farC1HIH2H3[24]
80 14952 14429  1.79 12.03 33.40 Z?Sﬁiﬁifﬁ]}’[%”C7Hl1H12H13 201,
81  1501.6 14490  5.14 4.83 13.31 8:CeHsHo[93]
82 15034 14508  6.49 8.52 23.43 %7(1:{7111{11{1511{25[2568]’ ParCrHnH1zH13(23], p
83 15049 14522  6.79 9.10 24.99 Ba2CiHIH2H3[57], 6Ci2H19H 1s[36]
84 15101 14573  6.64 0.84 2.30 5C12H1H15[60], f2C1H H2H3[33]
85 1510.3 1457.4 6.17 0.79 2.16 ParC1H1H2H3[62], :C2HsHa[27], p 2C1H1H2H3[ 5]
86  1511.8 14589  8.63 7.52 20.47 ﬁfggﬁgzgiﬁg 01CsHisHus[29],
87 17569 16954  114.32 6.40 13.29 vC403[84]
88 17978 17349  123.07 6.15 12.22 vOsC10[86]
89  3019.0 29133 3228 138.80 84.27 vC7H13[38], vC7H12[37], vC7H11[23]
90 30213 29155  30.89 146.04 88.48 vC1H3[38], vH1C1[37], vC1H2[22]
91  3023.0 29172  27.79 104.01 62.91 VC6Hs[85], vCsHo[ 14]
92 30273 29214 249 172.16 103.72 VH17Co[48], vCoH16[42], vCsHis[5]
93 3029.1  2923.1 7.0l 171.58 103.20 vHeC3[69], vC3H7[21]
94 30385 29322  17.67 36.63 21.84 VvCsHis[60], vCsH14[28], vH17Co[8]
95 30415 29351 1525 43.34 25.77 VC2Hs[49], vC2Ha[42], vHsC3[6]
96 30464 29398  1.36 92.92 55.00 VvC12H19[89], vC12His[11]
97 30489 29422 157 83.14 49.10 VvCoHi6[45], vH17Co[33], vCsH14[16]
98 3051.1 29443  28.55 94.42 55.65 VC3H7[64], vHeC3[16], vC2H4[12], vC2Hs[6]
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Table S1 (continued)

Freq. Freq_ IR intensity Raman Raman PED (contributions > 5%)

No. /em-! Scal /km-mol~! activity intensity

Jem-! /Ada.u! /a.u.
99 30629 29557  0.49 30.42 17.73 Zgzg:gi]’vgggﬁg“]’ vCHR[22], vCsHis[13],
100 30649  2957.6  0.29 29.87 17.38 :g;ﬁ;ﬁg} vCiHs[22], vCaHs[21], vCaHa[19],
101 30862 29782  54.83 11.62 6.63 VvC7H 12[28], vCsH 14[26], vC7H 13[24], vCsHis[18]
102 3087.6  2979.6  42.80 114.14 65.03 Kg;g;ﬁg vCiIH:[23], vCoHs[19], vEaHu[ 18],
103 30880  2979.9  42.54 7.93 4.52 vC7H1[74], vC7H13[12], vC7H12[12]
104 3090.5 29823  29.38 51.36 29.19 VvCsHo[73], vCsHs[12]
105 30912  2983.0  33.99 121.81 69.17 VCIH:[75], vCiH3[12], vHIC1[12]
106 31414 30314 138 64.15 34.78 vC12H13[89], vCiaHio[ 11]
107 36134 34869  298.90 114.15 39.98 vOsH20[100]
108 37959  3663.0  38.70 41.03 12.12 VO Hi0[100]

Table S2 Definitions of internal coordinates used in the normal analysis of 6a in GAR2PED program

Vibration Definition

vC6O1 vCeO1 the stretching vibrations
vCeHg vCeHg the stretching vibrations
vCeHo vCeHo the stretching vibrations
vCeCs vCeCs the stretching vibrations
vO1Hio vO1Hio the stretching vibrations
vOeCio vOeCio the stretching vibrations
vC7Cs vC7Cs the stretching vibrations
vC7H13 vC7H13 the stretching vibrations
vC7Hn vC7Hn the stretching vibrations
vC7H12 vC7H12 the stretching vibrations
vCsHi4 vCsHi4 the stretching vibrations
vCsgHis vCsHis the stretching vibrations
vCsCo vCsCo the stretching vibrations
vC10Co vC10Co the stretching vibrations
vCioCi vCioCi the stretching vibrations
vH17Co9 vH17Co9 the stretching vibrations
vCsOas vCsO4 the stretching vibrations
vCsCs vCsCs the stretching vibrations
vCsO2 vCs02 the stretching vibrations
vC1204 vC1204 the stretching vibrations
vCi2Hio vCi2Hio the stretching vibrations
vCi2Hisg vCi2Hisg the stretching vibrations
vCi2Cni vCi2Cni the stretching vibrations
vHiC1 vHiC1 the stretching vibrations
vHeC3 vHeC3 the stretching vibrations
vCiC2 vCiC2 the stretching vibrations
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Table S2 (continued)

Vibration Definition

vCiH3 vCiH3 the stretching vibrations
vCiH2 vCiH2 the stretching vibrations
vC2Cs vC2Cs the stretching vibrations
vCoHs vCoHs the stretching vibrations
vCoH4 vCaoH4 the stretching vibrations
vC3Cs vC3Cs the stretching vibrations
vCsH7 vCsH7 the stretching vibrations
vCs03 vCs03 the stretching vibrations
vO2C1i v02C1i the stretching vibrations
vCoHie vCoHie the stretching vibrations
vC110s vC110s the stretching vibrations
vOsHa2o vOsHa2o the stretching vibrations
SC1104C12 —0.8098C12C504 —0.809502C12C11 +0.30950402Cs Burs the ﬁve@nembered ring
+0.3094C5C1102 deformations

—1.118fC12C504 +1.118502C12C11 +1.80950402Cs —1.8095C5C1102 Pours

0.3097C11C1204Cs +0.309702C11C1204 —0.8097C1204C502 —

0.8097C502C11C12 +704Cs02C11 ks

—1.1187Cs02C11C12 +1.1187C1204C502 +1.809702C11C1204 — s

1.8097C11C1204Cs

PCsH1001 PCsO1H10 the O—H bending

PC11H200s SC1105H20

SH19H15C12 0C12H19H1s g;ef(grl;l;gz):;e ring
SOsH19C12 -fO4H15C12 +AC11H19C12 —fC11H15C12 pCi12H9H1g

POsH19C12 +04H18C12 -fC11H19C12 —fC11H15C12 wC12H19H18

SOsH19C12 -fO4H15C12 —=fC11H19C12 +AC11H15C12 C12H19H1s

PC6CaCs 0CsC6Ca g;.(grljl; tiirclntll;e ring

PO4C6Cs —f0O4C4Cs +p02C6Cs —O2C4Cs pCsCeCs

PO4C6Cs +04C4sCs —O2C6Cs —O2C4Cs @CsCeCs

PO4C6Cs —f0O4C4Cs —f0O2C6Cs +H02C4Cs 7C5C6Ca

BC100sCi1 0C11C1005 g;efocnljlig(l):;e ring
SC12C10C11 —C1205C11 +02C10C11 —f0205C11 pC11C1005

SC12C10C11 +C1205C11 —f02C10C11 —f0205C11 @C11C100s

BC12C10C1 —FC1205C11 —=F02C10C11 +50205C11 7C11C1005

2$03CsCs —03C3C4 —fCsC3Cs PCs5C403 the C=0 group deformations
PO3C3Cs —C5C3Ca pCaCs

yC303CsC4 @ouCaCs3

206CoC10 —06C11C10 —C9C11C10 PCoC1006 the C=0 group deformations
PO6C11C10 —CoC11C10 pC1oCn1

yC1106CoClo @outfC10C11

5pHsHoCs +01Cs5Cs 01CsHsgHo the aliphatic CH2 deformations
SHsHoCs +5501CsCs 62C6HsHo
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Table S2 (continued)

Vibration Definition

PO1HsCs —fO1H9Cs +BCsHsCos —fCsHoCs pCsHsHo

PO1HsCs +01HoCo —fCsHsCs —CsHoCs wCeHsHo

PO1HsCs —fO1H9Cs —fCsHsCe +SCsHoCs 7CsHsHo

5BHeH7C3 +BC4C2Cs 01C3HeH7 the aliphatic CHz deformations

PHeH7C3 +55C4C2Cs 02C3HeH7

PCsHeC3 —fC4H7C3 +pC2HeC3 —C2H7Cs pCsHeH7

BC4sHeC3 +pCsH7C3 —fC2HeC3 —C2H7Cs CsHeH7

PCaH6Cs —C4H7C3 —C2H6C3 +pC2H7Cs 7C3HeH7

5pHsH4C2 +5C3C1Ca 01C2HsH4 the aliphatic CH2 deformations

SHsH4C2 +58C3C1C2 02C2HsHy

PC3HsC2 —C3H4Ca +BC1H5C2 —fC1H4Ca pC2HsHa

BC3HsC2 +pC3H4C2 —C1H5C2 —fC1H4C: »C2HsHa4

BC3HsC2 —fC3H4C2 —BC1H;sC: +5C1H4C: 7C2HsHa

5pH17H16Co +8CsC10Co 01CoH17H16 the aliphatic CHz deformations

SHi17H16Co +58CsC10Co 02CoH17H16

PCsH17Co —fCsH16Co +AC10H17Co —fC10H16Co pCoH17H16

PCsH17Cy +CsH16Co —fC10H17Co —fC10H16Co wCoH17H16

PCsH17Cy —fCsH16Co —C10H17Co +AC10H16Co 7CoH17H16

5pH14H15Cs +5C7CoCs 01CsHi14H15 the aliphatic CH2 deformations

SH14H15Cs +58C7CoCs 02CsH14Hi1s

PC7H14Cs —C7H15Cs +CoH14Cs —-fCoH15Cs pCsHisHis

PC7H14Cs +BC7H15Cs —FCoH14Cs —fCoH15Cs CsHisHis

PC7H14Cs —C7H15Cs —fCoH14Cs +BCoH15Cs 7CsHisHis

SHi3HNHC7 +pH13H12C7 +H11H12C7 —fH13CsC7 —fH11CsC7 —fH12CsC7 f:C7H1H12Has the methyl group deformations
C7HiuHi2His

2pH13H11C7 —fH13H12C7 —fH11H12C7 PaiC7HIH2H 13

SH13H12C7 -fH11H12C7 Pa2C7HiH12H13

2pH13CsC7 —fH11CsC7 —fH12CsC7 p1C7HH12H 13

PH11CsC7 —fH12CsCr p2C7HuH12H13

SHIH:C1 +BHIHC1 +BHsHoC1 —fHICoC1 —BH3CaC1 —HaCaC A,CiHIHHs gler?:lzlgj group deformations

2H1H5C1 —fH1H2C1 —fH3H2C ParCiHIH2H3

SH1H2C1 —fH3H2C PoCiHIHH;

2pH1C2C1 —fH3C2C1 —H2C2Cy p 1C1H1H2H3

SH3C2C1 —fH2C2C p2C1HIH2H3

7C10C1105H20 +7C12C1105H20 +702C1105H20 7C110s torsions

701C6Cs504 +tH3C6C504 +TH9C6C504 +701C6CsCs +TH8CoC5Ca torsions

+tH9C6CsCs +701C6C502 +tHsC6Cs02 +tHoCoCs502 wCeCs

H3CsO1H10 +7HoCsO1H10 +7CsC6cO1Hi10 7CeO1 torsions

7C6Cs5C4C3 +704C5CaC3 +702C5C4C3 +7C6C5C403 +7104C5C103 torsions

+702C5C403 wCsC

THeC3C4Cs +1C2C3C4Cs +1H7C3C4Cs +TH6C3C403 +7C2C3C403 torsions

+7H7C3C403 GG

7C1C2C3He +1HsC2C3He +tH4C2C3He +7C1C2C3C4 +tHsC2C3C4 1CoCs torsions

+tH4C2C3C4 +1C1C2C3H7 +tH5C2C3H7 +tH4C2C3H7
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Table S2 (continued)

Vibration Definition

tH1C1C2C3 +7H3C1C2C3 +tH2C1C2C3 +tH1C1C2Hs +7H3C1C2H;s C1C torsions
+tH2C1C2Hs +7tH1C1C2Hy +7H3C1C2Ha +7H2C1CoHy 12

706C10C11C12 +7C9C10C11C12 +706C10C1102 +7C9C10C1102 C1oC torsions
+706C10C1105 +7C9C10C1105 o

706C10CoCs +7C11C10CoCs +706C10CoH17 +7C11C10CoH 17 C1oC torsions
+706C10CoH16 +7C11C10CoH16 109

7C7C8CoCr0 +7H14C3CoC10 +7H15C8CoC10 +7C7C3CoH17 +7H14C3CoH17 1CsC torsions
+tH15C8CoH17 +7C7C8CoH16 +7H14C8CoH16 +7H15C8CoH16 89

tH13C7CsH14 +7H11C7CsH14 +7H12C7CsH14 +7H13C7CsHis torsions

+tH11C7CsHis +tH12C7CsHis +H13C7CsCo +7H11C7C8Co +7H12C7CsCo CrCs

Table S3 Titration of pre-heated aqueous solutions of 5a hydrate with KOH (Fig. 7). Details of preparing the solutions

Sample %KOH cxon/1075 mol-dm=
1 0 0

I1“ + x KOH 2.50 3.08

I1“ + 2x KOH 5.00 6.16

I1“ + 3x KOH 7.50 9.23

II“ + 4x KOH 10.00 12.31

II“ + 4.5x KOH 11.25 13.85

@ after heating up to 96°C for 30 min
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Fig. S8a (I)  Regression curves for the acidic and the basic forms (I and IT") (Series I).
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Fig. S8a (I)  Regression curves for the acidic and the basic forms (I and IT") (Series II).
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Fig. S8b (III) Regression curves for the dianionic form II~ (Series III).
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5a hydrate

>

35

Fig. S9 Contours of key molecular KS orbitals (plotted at 0.05 a.u.) for intense low-energy electronic transitions of

various forms of the compound II (5a hydrate, II, IT-, and I1%-).
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13C NMR spectrum of 6a in 50 mM Kpi (50 mM; T = 300 K; Bruker Avance Il 600, 150 MHz) at pH > 7, after 3 h in air
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Fig. S10 13C NMR spectrum of 6a (¢ = 50 mmol-dm) in Kpi (¢ = 50 mmol-dm~3), at pH > 7, after 3 h at 20°C in air. 10%
v/v D20 was added prior to the measurement. Apart from these from formate, also signals probably from butyrate are visible,

but not from 2-oxopentanoate.
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3C NMR spectrum of 6a in 50 mM Kpi (70 mM; T = 300 K; Bruker Avance Il 600, 150 MHz) after 3 h in air
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Fig. S11 13C NMR spectrum of 6a (¢ = 70 mmol-dm) in Kpi (¢ = 50 mmol-dm™3), after 3 h at 20°C in air. 10% v/»v D20
was added prior to the measurement. Under such conditions the reaction could not be completed, however, apart from these
from the substrate and formate, also a signal probably from butyrate is visible, but nof from 2-oxopentanoate.
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1H NMR spectrum of II- in Kpi (¢ =1 M) , after 90 min at 20°C (¢ =0.01 M) , T = 300 K; Bruker Avance Il 600, 600 MH2)
10% v/v D20 added

8.101
8.096
8.055
0.828
0.816
0.804

- © 0 @ < N® O © W N AT ON N~ OW
© o v N =} D0 N WO W O O N+~ OO ©
- Q < © © 0D W O WwWw 0 OO LW OWS
® © © [=} o oo o oo O oo oo oo o

W

®
<
©
o

T—— 0816

SLE0
9010
1000

000°€

v’ 0 L =

‘HH‘\H\‘\\H‘H\\‘\H\‘\\H‘H\\‘\H\‘\\H‘H\\‘\H\‘HH‘H\\‘\H\‘\\H‘H\\‘\H\‘\\H‘H\\‘\H\‘HH‘HH‘HH‘HH‘
10.00 950 9.00 850 800 7.50 7.00 650 6.00 550 500 450 4.00 3.50 3.00 250 2.00 1.50 1.00 050 0.00 -0.50 -1.00
ppm (t1)

Fig. S12 "H NMR spectrum of 6a (¢ = 10 mmol-dm) in Kpi (¢ = 1000 mmol-dm~3), after 90 min at 20°C. 10% v/ D20
was added prior to the measurement. The signals coming from water was removed during the measurement.
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