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Additional correlations

Parametrisation correlation plots and equations according to Table 2 in the main text.
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Correlation eq 5 in the main text without any excluded datapoints.

TEP = —1.227(0.099) - pKay + 2079(1.1)
n=23; R2=0.880; S = 2.84
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pKa measurements

Table S1. Results of pKan measurements in MeCN.

Base (B) Reference Base (RB) pKan(RB) 2 ApKan pKan(B) Assigned pKan

Pyridine 12.53 -0.37 12.90
2-Me-Pyridine 13.28 0.40 12.88

PMess _ 12.87
4-MeO-Aniline 11.87 -0.95 12.82
[2,4,6-(MeO)s-CeH2]PhoP 11.76 -1.12 12.88
Pyridine 12.53 0.77 11.76

[2,4,6-(MeO)s-CeH2]PhoP PMes; 12.87 1.12 11.75 11.76
4-MeO-Aniline 11.87 0.11 11.76
2,5-Cl-Aniline 6.23 -1.03 7.26

(3-MeO-C¢Ha4)sP 2-Cl-Pyridine 6.79 -0.46 7.25 7.25
2,6-(MeO).-Pyridine 7.65 0.41 7.24
2,5-ClI2-Aniline 6.23 -0.97 7.20
2-Cl-Pyridine 6.79 -0.41 7.20

[3,5-(MeO)2-C6H3]3P — 7.19
2,6-(MeO)2-Pyridine 7.65 0.44 7.21
NaphtPh,P 7.29 0.14 7.15
2-NO2-4-CF3-CsHz-N=P1(pyrr) 16.54 0.65 15.89
2,3-(NH2)2-Pyridine 15.26 -0.53 15.79

[2,4,6-(M€O)3-C6H2]2Php — 15.87
2,4,6-Mes-Pyridine 15.00 -0.92 15.92
[2,6-(M60)2-C5H3]3P 17.23 1.37 15.86
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4-CF3-CgHa-N=Py(pyrr) 20.25 0.55 19.70

[2,4,6-(MeO)s-CsHa]sP 2-Cl-CsHa-N=P1(pyrr) 20.19 0.57 19.62 19.66
2-CI-CsH4-N=P3(dma) 19.10 -0.55 19.65
2-Me-Aniline 10.49 0.27 10.22

PCyPh; 2-MeO-Pyridine 9.94 -0.30 10.24 10.23
1-Naphtylamine 9.78 -0.46 10.24
2,6-(MeO),-Pyridine 7.65 0.39 7.26

1-NaphtPh,P 2-Cl-Pyridine 6.79 -0.48 7.27 7.29
[3,5-(MeO)2-CsH3]sP 7.20 -0.14 7.34
2-NO,-4-CF3-CeH3-N=P1(pyrr) 16.54 -0.68 17.22

[2,6-(MeO),-CsH3]sP [2,4,6-(MeO)3-CsH,].PhP 15.87 -1.37 17.24 17.23
2-NO,-5-CI-CsH3-N=P:(pyrr) 17.28 0.05 17.23
2-Cl-CgHs-N=P1(dma) 19.10 -0.20 18.90

P(dma)s 2,6-Cl-CsHs-N=P1(pyrr) 18.56 0.40 18.96 18.9
4-(4-dma-CgsHs-N=N)-CcH4P1(pyrr)-Ph 19.04 -0.27 18.77
4-(Ph-N=N)-CeHaP1(pyrr)3 20.27 0.02 20.29
Ph-N=P1(dma)s 21.26 -0.93 20.33

P(pyrm)s 20.35
2-Cl-CsHa-N=P1(pyrr) 20.19 0.20 20.39
[2,4,6-(MeO)s-CeH2]sP 19.66 0.74 20.40
2-NO,-4-CF3-CeH3-N=P;(pyrr)s 16.54 0.18 16.72

PCys 2-NO,-5-CI-CeH3-N=P1(pyrr)s 17.28 -0.58 16.70 16.70
2-NO;-4-Cl-CgH3-N=P1(pyrr)s 17.70 -1.01 16.69

@ The pKan values of reference bases are from ref 44.
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UV-Vis spectra
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P(1-Napht)Ph2
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[3,5-(Me0)2-C6H3]3P
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[2,4,6-(Me0)3-C6H2]3P
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[2,4,6-(Me0)3-C6H2]Ph2P
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A: P(pyrr)s

NMR spectra B: 4-(Ph-N=N)-C¢H,P,(pyrr);
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231122 Ppyrr3_titration 2 1 C \Users\STM Desktop\ Marta\ NVR
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A: P(dma);
B: 2-CI-C¢H4-N=P;(dma)
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A: P(dma);

B: 2,5-Cl,-PhP; (pyrr)
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A: P(dma);
B: 2—C1—C6H4—N=P1(dma)
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A: PCY3

B: 2—N02-5—C1—C6H3—N:P1(pYIT)
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A: PCy3
B: 2-N02—4-CI-C6H3-N:P1(pYI'I'):;
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Computational methods

Proton Affinity (PA) and Gas-phase Basicity (GB) values in the gas phase

The geometries (.xyz files) for all the calculated species (both neutral and ionic forms) are available
at DataDOI (https://doi.org/10.23673/re-461).7*
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HOMO-LUMO energies

gas phase (BP86/def2-TZVP)

gas phase SP (MP2/def2-TZVPP)

cosmo (BP86/def-TZVP)

No Compound HOMO | Lumo HoMOo [ Lumo | HOMO | LUMO | HomMO [ LUMO HoMo | LUmO HoMo | LUMO
neutral cation neutral cation neutral cation
1| p(oyrr)3 -0.1662 00017 | 03378 | -0.1384 [ -0.3100 | 0.1274 | -0.5024 | -0.0015 | -0.1686 | -0.0026 | -0.2094 | -0.0175
2 | [2,4,6-(MeO)3-C6H2]3P 01429 | -0.0256 | -0-2858 | -0.1477 | -0.2443 | 0.1301 | -0.4007 | 0.0189 | -0.1633 | -0.0394 | -0.2046 | -0.0646
3 | p(dma)3 01701 00056 | 03573 | -0.1523 | -0.3143 | 0.1262 | -0.5208 | -0.0118 | -0.1729 | -0.0008 | -0.2160 | -0.0128
4 | p(adamantyl)3 01734 | -0.0093 | -0-3496 | -0.1624 | -0.2970 | 0.1138 | -0.4965 | 00003 | -0.1796 | -0.0047 | -0.2438 | -0.0492
5 | pt-Bu)3 -0.1804 000sg | 04177 | -0.1798 [ -0.3058 | 0.1332 | -0.5673 | -0.0116 | -0.1845 0.0131 -0.2875 | -0.0459
6 | [2,6-(MeO)2-C6H3]3P 01551 | -0.0414 | -0-3014 | -0.1703 | -0.2553 | 0.1217 | -0.4129 | -0.0059 | -0.1723 | -0.0507 | -0.2093 | -0.0772
7 | pcy3 01824 00059 | 03820 | -0.1554 [ -0.3103 | 0.1279 | -0.5369 | 0.009 [ -0.1904 | 0.0034 | -0.2660 | -0.0247
8 | [2,4,6-(Me0)3-C6H2]2PhP | -0.1568 | -0.0375 | -0-3003 | -0.1702 | -0.2596 | 0.1275 | -0.4178 | -0.0054 | -0.1748 | -0.0523 | -0.2102 | -0.0795
9 | p(i-pr)3 -0.1864 00038 | 04317 | -0.1708 [ -0.3149 | 0.1336 | -0.5899 | -0.0138 | -0.1916 0.0063 -0.2937 | -0.0248
10 | pmezkt -0.1950 00093 | 04766 | -0.1794 [ -0.3274 | 0.1362 | -0.6438 | -0.0351 [ -0.1999 0.0110 | -0.3166 | -0.0067
11 | ppe3 -0.1961 00166 | 05214 | -0.1850 [ -0.3294 | 0.1346 | -0.6886 | -0.0424 | -0.2006 0.0181 -0.3460 | -0.0054
12 | p(i-pr)2me -0.1905 00064 | 04434 | -01711 | -0.3207 | 0.1322 | -0.6009 | -0.0216 [ -0.1959 0.0087 | -0.2985 | -0.0156
13 | pMeEn2 -0.1941 00079 | 04649 | -0.1744 [ -0.3255 | 0.1359 | -0.6288 | -0.0286 | -0.1993 0.0086 | -0.3096 | -0.0123
14 | p(n-Pr)3 -0.1928 00076 | 04337 | -0.1612 | -0.3232 | 0.1374 | -0.6002 | -0.0126 | -0.1987 0.0083 -0.2997 | -0.0130
15 | pee3 01934 00072 | 04598 | -0.1738 [ -0.3239 | 0.1416 | -0.6238 | -0.0262 | -0.1988 0.0081 -0.3093 | -0.0131
16 | p(n-Bu)3 01922 00097 | 04073 | -0.1613 | -0.3225 | 0.1365 | -0.5715 | -0.0133 [ -0.1986 0.0099 | -0.2881 | -0.0125
17 | p(t-Bu)2ph 01879 | -0.0s95 | 03733 | -0.2067 | -0.3153 | 0.1058 | -0.4732 | -0.0411 | -0.1936 | -0.0591 | -0.2544 | -0.0846
18 | p(iBu)3 01912 00032 | 04211 | -0.1538 [ -0.3199 | 0.1342 | -0.5860 | -0.0100 [ -0.1912 0.0078 | -0.2927 | -0.0226
19 | pcy2ph 01904 | -0.0s67 | -0-3705 | -0.2047 | -0.3129 | 0.1067 | -0.4713 | -0.0406 | -0.1977 | -0.0577 | -0.2548 | -0.0856
20 | ppes3 01693 | -0.0581 | -0-3338 | -0.1863 | -0.2631 | 0.1022 | -0.4348 | -0.0247 | -0.1751 | -0.0593 | -0.2357 | -0.0857
21 | p(Np)3 -0.1898 00022 | 04106 | -0.1576 [ -0.3165 | 0.1256 | -0.5703 | -0.0019 | -0.1888 0.0071 -0.2904 | -0.0254
22 | peizph 01985 | -0.0604 | -0-3822 | -0.2190 | -0.3322 | 0.1038 | -0.4815 | -0.0537 | -0.2049 | -0.0598 | -0.2551 | -0.0861
23 | p(n-Bu)2pPh 01978 | -0.0s08 | 03770 | -0.2125 | -0.3315 | 0.1048 | -0.4772 | -0.0476 | -0.2048 | -0.0596 | -0.2550 | -0.0859
24 | ppe2ph 01951 | -0.0534 | -0-3867 | -0.2242 | -0.3084 | 0.1090 | -0.4856 | -0.0587 | -0.1997 | -0.0547 | -0.2544 | -0.0839
25 | [2,4,6-(MeO)3-Ph]Ph2P 04751 | -0.0506 | -0-3165 | -0.1935 [ -0.2777 | 0.1116 | -0.4358 | -0.0308 | -0.1904 | -0.0599 | -0.2167 | -0.0910
26 | p(t-Bu)Ph2 01920 | -0.0664 | -0-3700 | -0.2142 | -0.3061 | 0.0956 | -0.4694 | -0.0526 | -0.2001 | -0.0670 | -0.2546 | -0.0956
27 | pcyph2 01960 | -0.0632 | 03677 | -0.2098 | -0.3084 | 0.0993 | -0.4675 | -0.0477 | -0.2054 | -0.0660 | -0.2533 | -0.0914
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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52
53
54
55
56
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(2-MeO-C6H4)3P
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1-NaphtPh2P
(3-MeO-C6H4)3P

[3,5-(Me0)2-C6H3]3P
(4-F-C6H4)3P

(1-Napht)3P
(2-F-C6H4)Ph2P
(2,6-F2-C6H3)Ph2P
(4-CI-C6H4)3P
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(C6F5)Ph2P
(2,6-F2-C6H3)2PhP
(2,6-CI2-C6H3)3P
(2,6-F2-C6H3)3P
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P((3,5-CF3)2C6H3)3
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P(C6F5)3

-0.1958
-0.1762
-0.1958
-0.1750
-0.2039
-0.1864
-0.1893
-0.1944
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-0.0624
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-0.0952
-0.1201
-0.0357
-0.1067

-0.3738
-0.3189
-0.3752
-0.3229
-0.3430
-0.3472
-0.3537
-0.3675
-0.3283
-0.3160
-0.2956
-0.3652
-0.5337
-0.3633
-0.3642
-0.3532
-0.3821
-0.3634
-0.3655
-0.3648
-0.3621
-0.3511
-0.3628
-0.4706
-0.3835
-0.3691
-0.4065
-0.5061
-0.3762

-0.2182
-0.1854
-0.2191
-0.1866
-0.1824
-0.1974
-0.2018
-0.2099
-0.2153
-0.1945
-0.1774
-0.2165
-0.2833
-0.2118
-0.2226
-0.2176
-0.2297
-0.2135
-0.2149
-0.2316
-0.2230
-0.2210
-0.2226
-0.2105
-0.2494
-0.2401
-0.2502
-0.2214
-0.2474

-0.3058
-0.2802
-0.3039
-0.2772
-0.3146
-0.2875
-0.2916
-0.2982
-0.2828
-0.2943
-0.2955
-0.3111
-0.4648
-0.3024
-0.3012
-0.3112
-0.3134
-0.3066
-0.3091
-0.3145
-0.3129
-0.3054
-0.3177
-0.3843
-0.3241
-0.3415
-0.3569
-0.3957
-0.3636

0.1000
0.1038
0.1016
0.1111
0.1124
0.1048
0.1002
0.0990
0.0735
0.0956
0.1053
0.0827
0.0859
0.0943
0.0845
0.0803
0.0982
0.0912
0.0896
0.0715
0.0852
0.0728
0.0830
0.1239
0.0781
0.0597
0.0329
0.1132
0.0444

-0.4723
-0.4308
-0.4735
-0.4322
-0.4417
-0.4473
-0.4528
-0.4662
-0.4135
-0.4264
-0.4078
-0.4766
-0.7467
-0.4671
-0.4663
-0.4634
-0.4799
-0.4700
-0.4742
-0.4760
-0.4681
-0.4603
-0.4782
-0.6756
-0.4819
-0.4874
-0.5219
-0.7191
-0.5154

-0.0566
-0.0308
-0.0567
-0.0227
-0.0155
-0.0384
-0.0391
-0.0498
-0.0598
-0.0389
-0.0243
-0.0610
-0.1052
-0.0499
-0.0625
-0.0629
-0.0666
-0.0512
-0.0520
-0.0774
-0.0629
-0.0619
-0.0615
-0.0422
-0.0833
-0.0916
-0.0978
-0.0565
-0.1012

-0.2019
-0.1886
-0.2032
-0.1919
-0.2088
-0.1974
-0.1952
-0.2034
-0.1994
-0.1999
-0.1990
-0.2051
-0.2923
-0.2067
-0.2054
-0.2075
-0.2159
-0.2095
-0.2121
-0.2104
-0.2105
-0.2077
-0.2173
-0.2355
-0.2215
-0.2217
-0.2321
-0.2431
-0.2342

-0.0628
-0.0605
-0.0629
-0.0616
-0.0549
-0.0620
-0.0630
-0.0663
-0.0873
-0.0663
-0.0628
-0.0699
-0.0804
-0.0695
-0.0772
-0.0745
-0.0673
-0.0720
-0.0741
-0.0851
-0.0807
-0.0893
-0.0819
-0.0315
-0.0987
-0.0929
-0.1080
-0.0246
-0.0994

-0.2537
-0.2199
-0.2536
-0.2224
-0.2378
-0.2418
-0.2460
-0.2545
-0.2256
-0.2202
-0.2136
-0.2509
-0.3868
-0.2518
-0.2529
-0.2482
-0.2545
-0.2530
-0.2544
-0.2566
-0.2529
-0.2506
-0.2555
-0.3597
-0.2597
-0.2585
-0.2888
-0.3668
-0.2630

-0.0898
-0.0838
-0.0888
-0.0850
-0.0740
-0.0888
-0.0922
-0.0916
-0.1082
-0.0907
-0.0885
-0.0941
-0.1287
-0.0958
-0.1069
-0.1002
-0.0916
-0.0982
-0.1006
-0.1146
-0.1101
-0.1173
-0.1123
-0.0596
-0.1259
-0.1236
-0.1264
-0.0604
-0.1311
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Calculations with COSMOthermX

To calculate pKan(MeCN) values for bases with COSMOthermX program:

1. Make sure “TZVPD-FINE” has been chosen under “Level” and select your
compounds from files under “Load compounds” (Figure S1)

2. All conformers have to be composed into a conformer set; if the names of the files are
uniform, e.g. “compound c0”, “compound cl”, “compound H c0”, and
“compound H c1”, then the program will do that itself and formed conformer sets

will look like in Figure S1

lllll

nnnnnnnnnnn
Show only actwe jobs

Figure S1. Choose the compounds from files.

3. Select “pKa” under “Properties” tab

4. Choose the job type

5. Select the neutral and ionic forms of a compound and click “Add”; this has to be done
for all the compounds in the list (Figure S2)

6. In order to change the parameterization, click on the current parameterization and
choose an alternative one under “OLDPARAM” (Figure S3)

7. Click “Run Job (local)”
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& COSMOthermX -Ctiob_Linpx

- o x
Fle Edt Compounds Run Resut Extras Toos Vew Lcense Heb
wH OC / [B rasmetercaton: [BRT2vp0LFMNE 23.ctd
Jobs —=o ™ Temp_Project: Ctiob_1 —Ox
v B Project-Lit Compounds_| Properties | -0
- | New property | pKa(x]|
Tempeatue O°C UK (o 250 to 0 “ Use Extended Optons EC%
Job type / parameters
Acd n water Base n water
Acd n dmethylsufode O Base n acetontie
Add n acetontrie Base i tht
Acd n heptane
Salute.
Neutral PE2Ph =
In |PEZPN_H -
Select the neutral and ionic forms of your compound from the list and click “Add”
( @ Hodty I Y] J
Dekte Selected
Gear A1
(e S
Hests
© run 105 (aai)
Run Job (network)
Wanage Jobs =
Show only acte jobs

Figure S2. Choose the neutral and ionic form.

‘Temp_Project: Ctlob_1

-0Ox

v W Project-List
¥ G Temp_Project
1

Manage Jobs

Show only actwe jobs

5

Compounds | Properties.
| New property | p¥al)| Choose the parameterization

Temperature O °C UK °F

Job type / parameters

8 Set Settings
Acd i water
LookIn: |7 CTDATA-FILES
Acd in dimethykufoxde
Acd n acetontrie
PROP
Ad n heptane () 8p_SvP_AM1_23.ctd
() sp_tzvp_23.
ohite 1 | D ee_rzve_eLvTE 2310
Neutral | PEC2Ph [ 8p_TzvPD_FINE_23.ctd

[ omov3_pee_23.ctd
Ion | PERPH M

Fie Name:

Fies of Type: | Parameterczation fies (.ctd)

set

Gancel

© Modéy.

© Add

Use Extended Options E4t

tc=25.0 pka=(5 1 2) ACETONITRILE-BASE # Automatic pKa Acdity Cakulation
g ACETONITRILE-BASE # Automatic pKa Acdity Cakulation

L

Delete Selected
Cear Al

Pevers |

© Run J0b (oca)) I

. Run Job (network)

Figure S3. Choose the parameterisation.

8. Calculated pKan values will appear under “.tab file”; click on the tabs in the bottom
row in order to toggle between compounds (Figure S4)
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& COSMOthermX -Ctlob_Linpx o X
Fle Edt Compounds Run Resut Extas Toos View License Heb
N@wE OC / [B rameterzaton: 82_T2veD_FNE C30_1701.ctd
a1 = ‘Temp_Project: Ctlob_1 —Ox
)
- o

v W Projectdist
v Temp_Project

L_J Show only active Jobs

Compounds | Properties | outfie | tabfie |

= la
(1) Ceiob_1.ab (] |

‘Show resuks sub-tables

p!

N Compound pKa
1 PE3 14.05260907

Property Job 1 : ACETONITRILE-BASE pa value for compound set PET3 (1) and PET3 H (2) in solvent acetonitrile (5) :
Settings Job 1 : Tm 298.1S K :

[ Fier] PKA Mo.1 208.15 K | PKA o2 298.15 K |

Figure S4. Results for different compounds.
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4-(Ph-N=N)-CeH,-N=P1(dma),Ph

A solution of 4-azidoazobenzene (0.45 g, 2 mmol) in dry toluene (5 mL) was added drop-wise to
a stirred solution of P(dma)2Ph (0.39 g, 2 mmol) in dry toluene (5 mL) at 0-4 °C under argon
atmosphere. The reaction mixture was stirred at 0-4 °C for 1 h and for 4 h at room temperature.
After the completion of reaction, the reaction mixture was concentrated under reduced pressure to
get the oily product. The crude compound was dissolved in ethylamine (10 mL), and 2 mL of
distilled water was added. Crystals formed, and to obtain the pure compound (0.50 g, 1.28 mmol,

64%), the crystals were filtered and washed with a mixture of ethylamine and water.

Data for 4-(Ph-N=N)-CsHa-N=P1(dma)2Ph: 64%, 'H NMR (700.1 MHz, CDsCN, 25 °C): § =
7.87-7.90 (m, 2H), 7.78-7.80 (m, 2H), 7.69-7.71 (m, 2H), 7.55-7.58 (m, 1H), 7.49-7.53 (m, 4H),
7.40-7.43 (m, 1H), 6.87-6.89 (m, 2H), 2.67-2.68 (m, 12H) ppm. BC{*H} NMR (176.0 MHz,
CDsCN, 25 °C): & = 157.8, 154.2, 145.2, 133.3 (d, Jcp=8.52 Hz), 132.4 (d, Jcp=2.78 Hz), 130.9,
130.4, 130.1, 129.4 (d, Jcp=13.17 Hz), 125.4 (d, Jcp=2.64 Hz), 124.2 (d, Jcp=18.28 Hz), 122.8,
37.6 (d, Jcp=3.18 Hz) ppm. 3P{*H} NMR (81.0 MHz, CDsCN, 25 °C): & = 21.08 ppm. HRMS
(ESI) m/z caled for CarHagNsP+H: 392.1999 [M + H]*; found: 392.1990.
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F2 - Acquisition Parameters
F2 - Processing parameters

Current Data Parameters

NAME
EXPNO
PROCNO

'H CD;CN

ppm
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13C CD;CN

F2 - Acquisition Parameters
20240507

n O OV H OO~ NON<TMWOWWOMO /N
[cel N FTOM O S <N 00M N/ oY
e e e e e e e e e e e e e e ToNTs) ~O<NO ™~
Current Data Parameters o~ < OHMOMHOANANOOOOHNO O LW T AN N / L O T MmNOOD
NAME 20240506_Sigrids_34_=P (dma) 2Ph 0 n OO MMMOANNNNNNNN A N ~ ~ e e e e e

{

e N=f

spect N
5 mm PABBO BB-

2gpg30 7~

/T

17.00 usec
60.00000000

CHANNEL £2
700.0828003 MHz
1

95 W
999 W

F2 - Processing parameters
s 26

176.0350833 Mz
=

. . L lh \ﬂ‘

T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
0 © o © ~ © < o ~ N N < ™ w0 ©o ™
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~ - S ™M™ IS o coo oo 00 < o~ .
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o o = — — — R — — — ™™

T T T T T T T T T T T T T
155 150 ppm 133 132 131 130 129 128 127 126 125 124 123 ppm 375 ppm
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3P CD3;CN

Current Data Parameters

NAME 20240506_SigridS_34_=P (dma) 2Ph
EXPNO 4
PROCNO 1
F2 - Acquisition Parameters
Date_ 20240507
Time 11.09
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 8500
SOLVENT CD3CN
NS 256
DS 4
SWH 17006.803 Hz
FIDRES 2.000800 Hz
AQ 0.2499000 sec
RG 2050
DW 29.400 usec
DE 6.50 usec
TE 298.1 K
D1 0.25000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 283.4046639 MHz
NUC1 31P
Pl 26.92 usec
PLW1 43.00000000 W

= CHANNEL f2
SFO2 700.0828003 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 55.00 usec
PLW2 26.00000000 W
PLW12 2.54279995 W
PLW13 0.91672999 W
F2 - Processing parameters
SI 131072
SF 283.3975723 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 0
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