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Figure S1. 'H NMR spectrum of 3 (DMSO-ds, 400 MHz).
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Figure S2. 'H NMR spectrum of 2a (MeOH-ds, 400 MHz).
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HHP-ethyl-0.4.fid — HHP-ethyl-oxime-ester-H
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Figure S3. 'H (Acetone-ds, 400 MHz) and "*C{'H} (DMSO-ds, 101 MHz) NMR spectra of 2b.
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Level:

Uwb97xd/6-31++g** opt scrf=pcm freq thermodynamic values

Summary for Bond Dissociation Enthalpies ®b97xd/6-31++g**
Aminyl BDEnthalpy (N4-H) cis =(2)+(4)-(1) =

G4 (kcal/mol)
108.6 kcal/mol 107.43
Aminyl BDEnthalpy (N4-H) trans = (3) + (4) - (1) = 106.9 kcal/mol 106.11
Iminyl BDEnthalpy (N3-H) =(3)+(4)-(1)= 104.55 kcal/mol 102.73

Summary for Bond Dissociation Free Energies

®b97xd/6-31++g** G4 (kcal/mol)
Aminyl BD Enthalpy (N4-H) cis =(2)+(4)-(1)= 100.81 kcal/mol 98.84
Aminyl  BD Enthalpy (N4-H) trans =(3)+(4)-(1) = 99.19 kcal/mol 97.59
Iminyl  BD Enthalpy (N3-H) =(3)+(4)-(1) = 96.24 kcal/mol 93.70
Full Data
1.

Neutral (0, 1) Parent 1-methylcytosine

Sum of electronic and thermal Enthalpies=

-434.016374
Sum of electronic and thermal Free Energies= -434.058614
G4 Enthalpy = -434.040571 A.U.
G4 Free Energy = -434.081919 A.U.
2. Radical (0, 2) cis 1-methylcytosine(N4-H) radical
Sum of electronic and thermal Enthalpies= -433.343650
Sum of electronic and thermal Free Energies= -433.385292
G4 Enthalpy = -433.370294 A.U.
G4

Free Energy = -433.412320 A.U.
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J
3. Radical (0, 2) trans 1-methylcytosine(N4-H) radical '

Sum of electronic and thermal Enthalpies= -433.346326
Sum of electronic and thermal Free Energies= -433.387881
G4 Enthalpy = -433.372405 A.U.
G4 Free Energy = -433.414313 A.U. 3)

4. Hydrogenatom (0,2) TE =-0.502011584125 A.U.

Sum of electronic and thermal Enthalpies= -0.499651
Sum of electronic and thermal Free Energies= -0.512666
G4 Enthalpy = -0.499077 A.U.
G4 Free Energy = -0.512092 A.U

5. Radical (0,2) Iminyl radical

Sum of electronic and thermal Enthalpies= -433.350119
Sum of electronic and thermal Free Energies= -433.392504
G4 Enthalpy = -433.377783 A.U.
G4 Free Energy = -433.420508 A.U.

J/‘)QJJ

Figure S8. DFT and G4 calculations of 1-Methyl cytosine bond dissociation enthalpies (AH) and
free energies (AG).
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Uwb97xd/6-31++G** opt total energies scrf=pcm scf=yqc (the sugar moiety was substituted by -CHs)

Dissociation path (1) favored B+C-A =-34.0 kcal/mol

) (©6)
2d anion radical dCe (CH3)sC-C(=0)-0~
(-1,2) A (0,2)B (-1,1)C
-779.857381838 a.u. -433.474316502 A.U. -346.486844955 A.U.

B+C=  -779.961161457 A.U.

Dissociation path (2) unfavored D+E-A =14.3 kcal/mol

(8)
2d anion radical dc” (CH3)3C-C(=0)-Oe
(-1,2)A (-1,1)D (0,2)E
-779.857381838 a.u. -433.610791210 A.U. -346.273450470 A.U.

D+E= -779.88424168 A.U.

Stability Path1 is more stable than path 2 by 48.27 kcal/mol

S11



Estimated Eq for cytosine-iminyl radical (0,2)/(-1, 1)
Eo=-0.73 V vs SHE (4.44 V)

----- similar calculations were done for 2e

Dissociation path (1) favored B+C-A =-34.9kcal/mol

9 10
©) @ (10)
2e anion radical dCe Ph-C(=0)-0~
(-1,2) A (0,2)B (-1,1)C
-853.672187468 A.U. -433.474316502 A.U. -420.253496978 A.U.
B+C= -853.72781348 A.U.
Dissociation path (2) unfavored D+E—-A =21.5 kcal/mol
©) (7) ¢8)) >
2e anion radical dc” Ph-C(=0)-Oe
(-1,2)A (-1,1)D (0,2)E
-853.672187468 A.U. -433.610791210 A.U. -420.027062439 A.U.

D+ E =-853.637853649 A.U.
Path 1 is 56.45 kcal/mol more stable than path 2.

Figure S9. DFT calculations of radical anion fragmentation. Calculations were carried out on the
1-methylcytosine analogues of 2d and 2e. All calculations are for total energies and do not include
the thermodynamic factors. They are therefore reasonable estimates.
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(1) TE= -434.153256553 A.U.
Charge = 0. Multiplicity =
N -1.11496 0.43286
C -0.26472 1.49153
H -0.72275 2.47358
C 1.07995 1.31984
H 1.75467 2.16477
C 1.54909  -0.03128
N 2.87211  -0.28168
H 3.19708  -1.23546
H 3.54957 0.46250
N 0.72538  -1.07341
C -0.62129  -0.88329
0] -1.43312  -1.81727
C -2.56244 0.62226
H -2.99944 0.16173
H -2.99944 0.16174

H -2.77602 1.69062

(2) TE =-433.466200652 A.U.

Charge = 0 Multiplicity =2

T T TOOo0oO0zZzmpmzZzaoXm oz aZ

-1.04522
-0.17769
-0.60999
1.16877
1.86803
1.59979
291971
3.48730
0.74403
-0.60255
-1.44172
-2.48903
-2.92755
-2.92754
-2.68180

0.45483
1.48973
2.48291
1.27024
2.09533
-0.08897
-0.43530
0.41759
-1.11483
-0.88602
-1.78706
0.67833
0.21915
0.21914
1.74957

No negative frequency
1
0.00000
0.00000
-0.00000
0.00000
-0.00000
0.00000
-0.00000
-0.00000
-0.00000
0.00000
0.00001
-0.00000
-0.00000
-0.88750
0.88749
-0.00001

No negative frequency

-0.00000
0.00000
0.00000

-0.00000
0.00000

-0.00000
0.00000
0.00001

-0.00000

-0.00001
0.00001
0.00000

-0.88693
0.88693
0.00001
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(3) TE =-433.468866332 A.U. No negative frequency
Charge = 0 Multiplicity = 2

N -1.05263 0.43839 -0.00000
C -0.21969 1.50052  0.00000
H -0.68398 2.47910 0.00001
C 113453  1.32309 -0.00000
H 1.82029  2.15803  0.00000
C 1.60201 -0.01935 -0.00000
N 2.94838 -0.22170  0.00000
H 3.10118 -1.23623  0.00000
N 0.78188 -1.07589 -0.00000
C -0.56991 -0.89180 -0.00002
O -1.38295 -1.81632  0.00001
C -2.50287 0.61673  0.00000
H -2.92640 0.14376 -0.88689
H -2.92640 0.14374 0.88689
H -2.72908 1.68139  0.00001
(4) TE =-433.474316502 A.U. No negative frequency
Charge = 0 Multiplicity = 2
N -1.03708 0.45249  0.00000
C -0.13868 1.49878  0.00000
H -0.58259 2.48665 -0.00000
C 1.19497  1.32566  0.00000
H 1.87068 2.16843  0.00000
C 1.73073 -0.02683 -0.00000
N 2.97938 -0.30533 -0.00000
N 0.76331 -1.03089  0.00000
C -0.60396 -0.85592  0.00000
O -1.37359 -1.80892 -0.00000
C -2.48043 0.68402 -0.00000
H -2.93276  0.24267 -0.88959
H -2.93276 0.24267 0.88959
H -2.65647 1.75847 -0.00000
H 1.06757 -1.99568 -0.00000

(5) TE =-779.857381838 A.U.
Charge = -1 Multiplicity = 2

N 3.55351  0.65783  0.00001
C 244535 1.47075  0.00001
H 2.63638 254202  0.00001
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1.18130
0.35652
0.96762
-0.14331
2.12498
3.41812
4.38101
4.90854
5.44790
5.44778
4.83934
2.03084
-1.21198
-2.43742
-2.63417
-3.52063
-3.36910
-3.36897
-4.89182
-3.39229
-2.43626
-4.20124
-3.39204
-4.20112
-2.43615
-5.67397
-5.02435
-5.02444

I T ITIIITIITIITOOOOO0COOITITIIITOOOHZZOIO

1.00841
1.72511
-0.41555
-1.08557
-1.18344
-0.71622
-1.47530
1.20470
0.87505
0.87527
2.29140
-2.19138
-0.15805
-0.71685
-1.91231
0.36465
1.24002
1.24021
-0.31894
0.63531
1.81634
1.95060
0.63563
1.95078
1.81655
0.44620
-0.94619
-0.94633

0.00001
0.00001
0.00002
0.00002
0.00003
-0.00002
-0.00003
-0.00002
0.88935
-0.88954
0.00012
0.00000
-0.00000
-0.00002
-0.00001
-0.00001
1.25871
-1.25857
-0.00013
217172
1.23646
1.30095
-2.17168
-1.30081
-1.23614
-0.00011
-0.88618
0.88581

(6) TE = -346.486844955 A.U.

Charge = -1 Multiplicity = 1

1.62504
1.04322
1.62501
-0.51632
-0.93445
-1.08516
-1.08508
-0.55386
-0.55385

I T OOO0OO0OO0O0OO0

1.12003
0.00004
-1.11997
0.00002
-0.00083
1.25077
-1.25003
-0.88936
0.88711

-0.03710
-0.04537
-0.03714
-0.00850
1.47436
-0.68942
-0.69079
1.98933
1.99037
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-2.02785
-0.79648
-2.18083
-0.72192
-2.18075
-0.79628
-0.72191

I T T T I I X

-0.00086
1.29079
1.24205
2.16115

-1.24136

-1.28896

-2.16089

1.56055
-1.74584
-0.63888
-0.20676
-0.64037
-1.74722
-0.20900

(7) TE = -433.610791210 A.U.

Charge = -1 Multiplicity = 1

-1.05388
-0.14118
-0.59257
1.19001
1.83978
1.82621
3.03236
0.73329
-0.61309
-1.41828
-2.48866
-2.95697
-2.95697
-2.65724
1.04800

I T ITITOOOHZZO0O0IOIO2Z

0.44804
1.50015
2.48608
1.32663
2.19406
-0.01271
-0.33250
-1.02819
-0.86212
-1.80697
0.69218
0.25996
0.25996
1.76894
-1.98953

-0.00000
-0.00000
0.00000
-0.00000
0.00000
0.00000
0.00000
-0.00000
-0.00000
0.00000
0.00000
-0.88764
0.88764
0.00000
0.00000

(8) TE =-346.273450470 A.U.
Charge =0 Multiplicity = 2

1.68091

0.94887

1.68091
-0.55618
-0.97340
-1.07158
-1.07155
-0.60291
-0.60285
-2.06560
-0.78545

T T ITITOOOOOODO

1.02714
0.00002
-1.02710
0.00001
-0.00068
1.26729
-1.26666
-0.89050
0.88863
-0.00066
1.28750

-0.02280
-0.03395
-0.02277
-0.01120
1.47703
-0.70597
-0.70713
1.99364
1.99448
1.53277
-1.76146
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-2.16351  1.28526 -0.64680
-0.69120  2.17241 -0.22408
-2.16346  -1.28479 -0.64787
-0.78550 -1.28584 -1.76267
-0.69104 -2.17220 -0.22614

I T T T T

(9) TE =-853.672187468 A.U.
Charge =-1 Multiplicity =2
-3.99383 -0.84692  0.00454
-2.81367 -1.56089  0.02495
-2.92811 -2.63792  0.04138
-1.59997 -0.97842  0.02450
-0.69807 -1.57035  0.04055
-1.51572  0.46534  0.00183
-0.46965  1.22160 -0.00493
-2.74929  1.12176 -0.01458
-3.98679  0.53505 -0.01500
-5.02220  1.19549 -0.03146
-5.29174 -1.51618  0.00602
-5.86239 -1.23526  0.89291
-5.85896 -1.24342 -0.88542
-5.12475 -2.59214  0.01108
-2.74790  2.13329 -0.02976
0.67499  0.43107 0.01264
1.88592  1.15514  0.01131
1.88585  2.40595  0.02089
3.00457 0.28591  0.00169
433260 0.83955 0.00692
2.90618 -1.15105 -0.01269
5.44834  0.02572 -0.00158
4.44537  1.91960 0.01767
4.03916 -1.94217 -0.02092
1.92708 -1.61878 -0.01762
5.33309 -1.38066 -0.01556
6.43586  0.48285  0.00270
3.92507 -3.02431 -0.03196
6.21544 -2.01285 -0.02211

I TTOIOITOOOOO0OOO0OITITITITOOOZZOITOIOZ

(10) TE =-420.253496978 A.U.
Charge =-1 Multiplicity =1
O -237748 1.12274 0.03202

S17



-1.80729  0.00000 -0.00002
-2.37733  -1.12278 -0.03204
-0.27572  0.00003  0.00004
0.43695 120312 -0.01236
0.43693 -1.20308 0.01241
1.83104 1.20607 -0.01364
-0.11658  2.13623 -0.02153
1.83101 -1.20607  0.01361
-0.11665 -2.13617  0.02148
2.53235 -0.00001  0.00002
2.37092  2.14844 -0.02513
2.37087 -2.14845  0.02495
3.61830 -0.00003 -0.00004

TITIITOIOIOOOOOON

(11) TE =-420.027062439 A.U.
Charge = 0 Multiplicity = 2
O -251889 0.00825 1.04177
-1.79293  0.00020 0.06670
-2.07451 -0.00954 -1.18456
-0.28579 -0.00011  0.01319
0.40659  1.22644 -0.01909
0.40717 -1.22648 -0.01180
1.79079 1.21815  0.03142
-0.14373  2.16029 -0.05525
1.79144 -1.21734  0.03854
-0.14275 -2.16076 -0.04271
2.48109 0.00059  0.05949
2.33842  2.15377  0.03736
2.33951 -2.15265  0.04986
3.56568  0.00093  0.08240

T ITITOIOIOOOOODON

Figure S10. ©b97xd/6-31++G** optimized cartesian coordinates of various species (Figures S8,
S9 and in the main manuscript) are considered in this study. They are numbered as (1), (2), etc.
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