Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2019

Electronic Supporting Information for:

Calix[4]arene with Acylguanidine Units as an Efficient Catalyst

for the Phosphodiester Bond Cleavage in RNA and DNA Model
Compounds

Riccardo Salvio,**P Stefano Volpi,© Tommaso Folcarelli,® Alessandro Casnati® and Roberta
Cacciapaglia*"¢

aDipartimento di Scienze e Tecnologie Chimiche, Universita “Tor Vergata”, Via della
Ricerca Scientifica, 1 1-00133 Roma, Italy

®ISB - CNR Sezione Meccanismi di Reazione, Universita La Sapienza, 00185 Roma, ltaly
‘Dipartimento di Scienze Chimiche, della Vita e della Sostenibilita Ambientale,
Universita degli Studi di Parma, Viale delle Scienze, 17/A, 43124 Parma, Italy
dDipartimento di Chimica, Universita La Sapienza, 00185 Roma, ltaly

Table of Contents

S.1 Potentiometric titrations ..............oooviiiiiii i S2
S.2 'H NMR and 3C NMR of compounds 2-7 .................c.oevee. S3
S.3 Coordinates and energies of DFT calculations...................... S8
S.4 Appendix 1 — Examples of kinetic profiles..........c.cccocevvnieinnnnen, S20

S1



S.1 Potentiometric titrations

The potentiometric titrations of compounds 2-:2HCI and 3-HCI were carried out as described in the

Experimental Section. The titration plot of 2-2HCI is reported in the main text.
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Fig. 1S Titration plot pf a 1.0 mM solution of 3-HCI with MesNOH in 80% DMSO at 25 °C. The
ionic strength was buffered with 10 mM of MesNCIOs. The acidity constant value determined by

a non-linear least-square fitting procedure (see Experimental Section) is reported in the plot.
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S.2 'H NMR and BC NMR of compounds 2-7

IH NMR of 5 (300 MHz, CDCls)
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IH NMR of 6 (300 MHz, CDCls)
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'H NMR of 2-2HCI (300 MHz, CDs0D)
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IH NMR of 7 (300 MHz, CD4CI)
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'H NMR of 3-HCI (300 MHz, CD30D)
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S.3 Coordinates and energies of DFT calculations

S.3.1 Initial structure for the complex 2H*-HPNP obtained by MM, as described in the
Experimental Section, and used as initial structure for the TS search.

J}J
D 1 3

E=1.384864267 au

0O00000000000000000000

-2.77810000
-2.64220000
-1.34750000
-0.21040000
-0.38560000
-1.65980000

1.17850000
1.63190000
2.33100000
1.37440000
1.68000000
2.35470000
2.71730000
1.28910000
-0.09350000
-0.25720000
-1.51460000
-2.64480000
-2.52460000
-1.23180000
-3.77800000

-1.76180000
-3.08200000
-3.61670000
-2.81270000
-1.49150000
-0.98110000
-3.31370000
-2.80920000
-1.59890000
-3.47110000
-2.86660000
-1.64180000
-1.02260000
-3.48280000
-3.06730000
-1.82720000
-1.40980000
-2.14100000
-3.38060000
-3.87370000
-4.12360000

4.07690000
3.64280000
3.51400000
3.70610000
4.12450000
4.33410000
3.43250000
2.09180000
2.05980000
0.88170000

-0.34760000

-0.34100000
0.85310000

-1.66600000

-2.07550000

-2.69500000

-3.10630000

-2.77030000

-2.14180000

-1.88780000

-1.77550000
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-4.33960000
-3.97090000
-4.40020000
-5.31640000
-5.80440000
-5.26170000
-3.88570000
-3.78270000
-1.18370000
0.49040000
-1.78540000
1.85960000
1.22480000
2.57050000
0.77660000
2.54920000
3.44140000
1.99380000
1.35880000
0.59830000
-1.61870000
-3.64090000
-1.07980000
-4.52560000
-3.57870000
-3.08580000
-5.63580000
-5.54940000
-4.65230000
-3.67620000
-1.08830000
1.73180000
-3.70480000
-0.94360000
-1.99400000
-0.21950000
2.36030000
2.38390000
-2.84230000
-0.05280000
-1.82350000
1.08710000
-0.84020000
-0.96830000
-4.34020000
-4.29460000
3.10680000

-3.59160000
-4.08980000
-3.42810000
-2.37020000
-1.95550000
-2.54320000
-3.85200000
-1.33600000
-4.93740000
-0.84610000

0.04540000
-2.95200000
-4.42110000
-1.07050000
-4.72350000
-1.16090000
0.27600000
-3.16590000
-4.58880000
-1.14510000
-0.44850000
-1.71750000
-5.18200000
-3.99680000
-5.21380000
-5.16160000
-1.87920000
-2.15550000
-3.67650000
-4.94650000
-5.83760000
-5.76120000
-6.42690000
-6.08030000
-5.85140000
-5.64450000
-5.74520000
-5.74380000
-7.09890000
-5.87580000
-6.09250000
-6.64250000
-7.04300000
-6.79550000
-6.61220000
-6.59330000
1.16360000

-0.48320000
0.77690000
1.94380000
1.83460000
0.59330000

-0.55050000
3.29860000
4.19770000
3.10700000
4.27330000
4.68570000
4.23230000
3.45840000
2.98880000
0.90670000

-1.30700000

0.86040000

-2.46220000

-1.61200000

-2.83740000

-3.62810000

-2.95670000

-1.43200000

-2.58960000

-1.70430000
0.86550000
2.76080000

-1.53210000
4.08320000
3.32500000
4.18690000
0.91220000
0.82080000

-2.51460000
4.80670000
4.83040000
1.81420000
0.02660000
0.83510000

-3.12440000

-3.17290000
0.90080000

-2.01360000
3.67710000
1.69620000

-0.09100000

-0.18150000
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3.47360000
2.63910000
4.70850000
4.90770000
5.29110000
1.11300000
2.88980000
2.22360000
-6.48730000
-7.27410000
-8.58930000
-6.71980000
-8.99110000
-9.16900000
-7.25510000
-6.00140000
-4.96530000
4.30740000
-3.63610000
-4.07470000
-4.49980000
-3.67050000
-2.12410000
-2.97730000
-2.64270000
-1.62930000
-1.08180000
-1.58310000
-2.51900000
-3.08230000
-1.23060000
-0.25720000
-1.21610000
-2.86540000
-1.22580000
0.19540000
0.99080000
0.69890000
-1.57030000
-1.23720000
2.02710000
0.56550000
1.03980000
0.26550000
-6.88600000
-8.03950000

2.56100000
3.32980000
2.96180000
3.92350000
2.41500000
2.34620000
4.27000000
0.87400000
0.31830000
1.37290000
1.44290000
2.42750000
0.66680000
2.18360000
3.24370000
2.39660000
0.20650000
0.57850000
1.65840000
0.27460000
2.22360000
2.76910000
1.26730000
3.93500000
4.58610000
5.53420000
5.94690000
5.45790000
4.43440000
4.25850000
5.89660000
6.66150000
5.86150000
3.98560000
2.32920000
1.78950000
2.85670000
1.52610000
3.03130000
2.85860000
2.54380000
3.05480000
3.84530000
0.77350000
-0.89950000
-1.05390000

-0.28520000
-0.94270000
0.23560000
0.15390000
0.83020000
-1.32380000
-1.17570000
-0.62440000
-0.19840000
-0.53630000
-0.11870000
-1.27620000
0.36700000
-0.41300000
-1.28690000
-1.99240000
-0.77800000
1.68160000
-1.88580000
-1.17910000
-2.92180000
-0.53330000
-2.49650000
-0.55180000
-1.75610000
-1.74170000
-0.53320000
0.67160000
0.68050000
-2.71490000
-2.69490000
-0.53620000
1.61910000
1.62170000
-2.57280000
-2.80350000
-3.57090000
-1.51800000
-3.36210000
-1.58430000
-3.71560000
-4.56100000
-3.07580000
-3.28010000
0.43320000

0.74890000
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S.3.2 Initial structure for the complex 2H*-BNPP obtained by MM, as described in the
Experimental Section, and used as initial structure for the TS search.

E =0.160021751a au
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-4.40960000
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-4.18740000
-3.40390000
-2.05840000
-1.46970000
-2.26030000

4.94370000
4.07690000
3.69540000
4.15650000
5.02250000
5.42420000
3.64470000
2.27830000
2.20930000
1.08420000

-0.17090000

-0.21590000
0.96910000

-1.47850000

-2.16270000

-3.39030000

-4.05500000

-3.45380000

-2.22820000

-1.62580000

-1.59780000

-0.33680000
0.94470000
2.09520000
1.95060000
0.68060000

-0.45740000
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-3.87830000
-3.61710000
-1.24080000
0.60760000
-1.58350000
1.98650000
1.28520000
1.74960000
1.21210000
1.72120000
1.98960000
2.15830000
1.53060000
0.83450000
-1.30310000
-3.37570000
-1.11880000
-4.55740000
-3.69790000
-3.47170000
-4.66160000
-4.49060000
-4.72760000
-3.82490000
-1.15290000
2.28760000
-4.34550000
-0.96230000
-2.04470000
-0.27510000
2.86220000
2.93990000
-3.75980000
-0.03450000
-1.79680000
1.90090000
-0.92800000
-1.06810000
-5.00230000
-4.95050000
1.10430000
1.12140000
-0.11790000
2.22870000
2.22320000
3.09880000
-0.12950000

-3.94580000
-1.88400000
-4.92810000
-1.64050000
-0.82100000
-3.29600000
-4.73160000
-1.08520000
-5.12950000
-1.26040000
0.45620000
-3.55910000
-4.96950000
-2.66010000
-2.41910000
-3.11240000
-5.10170000
-4.24560000
-5.47710000
-5.47910000
-1.47770000
-1.83890000
-3.66660000
-5.03290000
-6.24840000
-6.01790000
-6.56710000
-6.47840000
-6.51560000
-6.37690000
-5.82830000
-5.90710000
-7.48380000
-6.67750000
-6.87520000
-7.03630000
-6.98390000
-6.91380000
-6.48430000
-6.61520000
1.22620000
2.64350000
3.33580000
3.29620000
4.28630000
2.81720000
4.33340000

3.49420000
5.22600000
2.84920000
5.36240000
6.06010000
4.33510000
3.60330000
3.09500000
1.14770000
-1.14740000
0.92720000
-2.13720000
-1.31320000
-3.83240000
-4.99950000
-3.94030000
-0.56850000
-2.29680000
-1.39090000
1.07400000
2.81110000
-1.41540000
4.12320000
3.48890000
3.29990000
1.23700000
1.12830000
-0.76840000
3.86670000
3.93280000
2.14390000
0.37040000
1.21270000
-1.30540000
-1.34770000
1.26500000
0.19490000
2.44200000
1.99460000
0.22260000
0.13860000
0.08200000
0.02590000
-0.02770000
-0.11200000
-0.06870000
-0.04030000
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0.34220000
-4.74460000
-5.64670000
-6.92350000
-5.15710000
-7.31090000
-7.54100000
-5.80030000
-4.18090000
-3.83800000

2.68780000
-5.05000000
-5.63390000

0.24600000

1.48980000

2.49020000

2.26690000

1.00540000
-0.00260000
-0.92290000

0.81190000

3.29930000

3.41720000

4.34910000

3.15760000

1.68330000
-3.23500000
-2.23240000
-0.61410000
-2.89700000
-1.86050000
-2.30930000
-1.26180000
-0.62620000
-1.08710000
-2.18640000
-2.78360000
-0.92710000

0.18820000
-0.45880000
-2.56440000
-3.58550000

0.52960000
-0.81460000
-2.94430000
-1.72780000
-0.99270000

0.74710000
0.73900000
1.74010000
1.61230000
2.89460000
0.80900000
2.32190000
3.52300000
3.13860000
0.62720000
0.99320000
-0.05810000
0.46970000
2.62090000
2.08460000
2.90740000
4.28740000
4.81330000
3.98830000
4.41380000
5.83930000
5.13420000
2.48140000
4.70110000
6.46440000
1.06230000
3.43200000
2.00580000
1.76910000
1.79870000
2.34790000
1.30120000
0.36150000
-0.00600000
0.48350000
1.36290000
1.77460000
-0.06500000
-0.66880000
0.08770000
1.73070000
2.45320000
-0.81410000
0.62610000
0.46650000
1.48060000
2.82760000

-0.28600000
-0.57360000
-1.04220000
-0.89440000
-1.70450000
-0.45190000
-1.22300000
-2.13840000
-1.70260000
-1.01250000
1.78920000
0.56600000
1.51500000
-2.91290000
-3.28630000
-3.82620000
-3.99360000
-3.65280000
-3.12360000
-2.85080000
-3.77360000
-4.47950000
-4.07840000
-4.78840000
-4.47530000
-3.13510000
-1.71460000
-1.84120000
-2.29840000
-3.41600000
-0.14830000
-4.53910000
-4.53630000
-5.73200000
-6.96680000
-6.97780000
-5.77510000
-3.63800000
-5.69790000
-8.17460000
-7.88660000
-5.79780000
-8.17320000
-9.34630000
-1.42210000
0.28910000
-0.06120000
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S.3.3 Transition State Structure of the complex 2H*-HPNP determined by DFT calculations

E= -3446.637819 au

OIIIIIIOOOOO0OUTUIOOZIIIIOOOOOOO

-3.93314100
-4.59395100
-5.40589500
-6.15419800
-6.14267000
-5.36847300
-4.60826000
-5.40662900
-6.75159800
-5.38662500
-4.00610600
-6.91478600
-6.90838200
-7.57960100

0.54801900

-2.02851000
-2.70532500
-1.84909600
-0.44032300
-0.23137900
-0.28144800
-1.85474200
-2.29032300
-0.98161500

0.76205200
-0.30790100
0.28583200
2.79419000

5.27350000
6.26952600
6.08196500
7.10179500
8.37476200
8.60042200
7.58310700
5.09515800
6.94576400
9.58404600
7.75366700
9.43144900

10.54920200
9.21602000
5.50713900

4.99965300
4.05967100
3.25904000
3.85431000
4.91132200
4.37927900
2.24009700
3.25648700
5.70600000
5.36002000
4.44478100
3.04459300
3.90617000

-3.52092900
-3.03939400
-1.86730100
-1.32469200
-1.92995200
-3.08635700
-3.62403500
-1.41250700
-0.43343300
-3.54180400
-4.50885800
-1.37138600

-1.92707400
-0.33651700

-4.55363300
-4.04924300
-5.20451300
-6.03598200
-6.03335900
-7.11878900
-4.68623500
-5.64340600
-7.03719800
-7.05055400
-7.02900100
-8.10807100
-6.16011100
4.14501000
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2.31931300
3.18642700
4.44214100
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4.07323500
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3.24344900
3.12111700
3.74790000
2.52354100
1.01751900
0.35470200
-1.02036300
-1.73285600
-1.10568800
0.25262600
-1.87721900
-1.26551400
-0.66993000
0.03202600
-0.01778200
-0.69381600
-1.27525000
0.87364400
2.15111400
2.77186200
5.85324500
4.43090100
6.25165800
5.31403500
4.89602600
4.17687800
2.55058100
3.72041500
2.91039200
2.75700700
0.91677000
-1.53441100
-2.79237200
0.86615700
-2.89832500
-1.95641800
-0.75468800
0.47812000

2.69015700
1.93112000
2.41501000
3.63807500
4.36576000
1.67935800
1.84979300
3.12310600
0.76757300
0.96688700
2.26330700
3.34382600
-0.19289400
0.01189800
0.07669700
0.31292600
0.57678100
0.52079300
0.16037700
0.82589200
1.93282900
1.63140400
2.60627000
3.91943900
4.27498300
3.26278700
2.25608300
4.49847500
0.69574600
4.02344400
5.30496400
2.08685700
0.61557900
3.97468200
-0.51137700
2.40548400
4.74101600
-0.31999100
-1.11074600
-0.07323800
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3.63508100
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-2.64844200
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S.3.4 Transition State Structure of the complex 2H*-HPNP determined by DFT calculations
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S4 - Appendix - Examples of kinetic profiles
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Figure 2S Plots of the product concentration versus time for the cleavage of HPNP promoted by 2H*
at pH 9.3 (top) and at pH 10.1 (bottom). The experiments correspond to entries 3 and 4 of Table 1.
The solid red line is the fitting of the experimental data to a first order kinetic law. The good fitting
of the experimental data to the first-order Kinetic, especially in the first 10% of the reaction (see
insets) indicates the absence of significant amount of a more reactive impurity in the HPNP sample

used for the kinetic studies (see Experimental Section and references 36 and 37 in the main text).
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