Supplementary Materials

Synthesis and Characterization of Compounds 1-13

Reagents and starting materials were obtained from commercial sources or synthesized according to
literature procedures. TLC was performed on Merck 60 F254 pre-coated silica gel plates and was visualized
with UV light at 254 nm. Flash column chromatography was carried out using Kieselgel (0.035-0.070 mm)
silica gel. NMR spectra were recorded at 298 K (25 °C) on Bruker 400 AVANCE NEO NMR spectrometer
equipped with 5 mm Z149000_0043 (CPP BBO 400S1 BB-H&F-D-05 Z) probe and at 298 K (25 °C) on 300
MHz Bruker Fourier with probe 5-mm 1H / 13C Dual EasyProbe with Z-Grad spectrometers with chemical
shift values (d) in parts per million using the residual solvent signal as an internal standard (D20: 'H 4.79;
DMSO-ds: 'H 2.50, 3C 39.52; CDCls: 'H 7.26, °C 77.16; MeOD: 'H 3.31, ®C 49.00). Reversed-phase
chromatography was done on a Biotage Isolera One system using SNAP KP-C18-HS cartridges. GC/MS
analyses were performed on an Agilent 7890A gas chromatograph combined with a 5975C mass
spectrometer using a J&W Scientific HP-5MS silica column (30 m x 0.25 mm, 0.25 uym). Exact molecular
masses (HRMS) were determined on a Waters SYNAPT G2-Si hybrid quadrupole time-of-flight (Q-TOF)
mass spectrometer equipped with an electrospray ionization (ESI) source.

The substrate and analogues 1-13 were synthesized and characterized as described in Schemes S1-S10
and the corresponding experimental procedures in the Supporting Information; internal DI identifiers are
listed in Table S1.

Abbreviation list

CDI 1,1'-Carbonyldiimidazole

COMU (1-Cyano-2-ethoxy-2-oxoethylidenaminooxy)dimethylamino-morpholino-carbenium
hexafluorophosphate

DCC N,N'-Dicyclohexylcarbodiimide

HBTU 2-(1H-Benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate

PAN  Pantetheine

PyBOP Benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate

SNAC N-Acetylcysteamine
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Compounds 1 (DI-1382) and 2 (DI-1502)
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Scheme S1. Synthesis of compounds 1 (DI-1382) and 2 (DI-1502).

3-Carboxy-N,N,N-trimethylpropan-1-aminium hexafluorophosphate (DI-1399)

y-Butyrobetaine hydrochloride (0.20 g, 1.10 mmol) was suspended in MeCN (3.0 mL), NaPFs (0.19 g, 1.10
mmol) was added and mixture was stirred at 60 °C for 3 h. The mixture was cooled down to rt, precipitate
was filtered off. The filtrate was concentrated under reduced pressure to provide DI-1399 (0.28 g, 87%),
white solid. The crude residue containing product was used in the next step without any purification. '"H NMR
(400 MHz, D20) & 3.41 — 3.33 (m, 2H), 3.15 (s, 9H), 2.53 (t, J = 7.1 Hz, 2H), 2.16 — 2.05 (m, 2H). '°C NMR
(101 MHz, D20) & 176.4, 65.3 [t, "Jn.c) = 3.1 Hz], 52.8 [t, 'Un,c) = 4.0 HZ], 29.9 [unresolved t, 'J = 1.7 HZ],
17.9. HRMS calculated for C7H1sNO2: 146.1181, found: 146.1185 [M]*.

4,4’-Oxybis(N,N,N-trimethyl-4-oxobutan-1-aminium) hexafluorophosphate (DI-1400)

To a stirred solution of DI-1399 (100 mg, 0.34 mmol) in MeCN (3.0 mL), N,N'-dicyclohexylcarbodiimide
(DCC) (35 mg, 0.17 mmol) was added and the mixture was stirred at rt for 1 h. Precipitate was filtered off,
filtrate concentrated under reduced pressure to the volume of 0.4 mL and used in the next step without
purification.

y-Butyrobetainyl-CoA (compound 1; DI-1382)

To the solution of coenzyme A as a sodium salt (40 mg, 52 ymol dissolved in 0.73 mL of 0.5 M aq. NaHCO3)
solution of anhydride DI-1400 (94 mg, 0.17 mmol) was added, and the mixture was stirred at rt for 30 min.
Next, the mixture was quenched with dropwise addition of 1 M aqg. HCI to adjust the pH 3. Precipitate was
filtered off, MeCN was evaporated from the filtrate under reduced pressure and the residue was purified by
flash chromatography on RP-C18, eluted with 0%-20% of MeCN in 0.01% aqg. HCI. Target fractions were
lyophilized to afford Compound 1 (17 mg, 37%), as a white solid. '"H NMR (400 MHz, D20) & 8.70 (s, 1H,
Ade-8), 8.46 (s, 1H, Ade-2), 6.24 (d, J = 5.2 Hz, 1H, Rib-1"), 4.95 — 4.86 (m, 2H, Rib-2',3"), 4.67 — 4.60 (m,
1H, Rib-4'), 4.36 — 4.24 (m, 2H, Pan-1), 4.07 (s, 1H, Pan-3), 3.90 (dd, J = 9.8, 4.6 Hz, 1H, Rib-5".), 3.65 (dd,
J =9.8, 4.5 Hz, 1H, Rib-5%), 3.49 (t, J = 6.6 Hz, 2H, BA-1), 3.42 — 3.28 (m, 4H, CA-1, Ac-4), 3.14 (s, 9H,
NMes), 3.05 (t, J = 6.3 Hz, 2H, CA-2), 2.79 (1, J = 7.1 Hz, 2H, Ac-2), 2.47 (t, J = 6.5 Hz, 2H, BA-2), 2.20 —
2.09 (m, 2H, Ac-3), 0.98 (s, 3H, Pan-Mea), 0.86 (s, 3H, Pan-Mep). '*C NMR (101 MHz, D20) & 201.5, 174.7,
174.0, 149.9, 148.5, 144.7, 142.5, 118.5, 87.5, 83.5, 74.2, 74.1, 74.0, 73.9, 71.9, 65.1, 65.0, 52.8 [t, "Jin,c) =
4.1 Hz], 39.3, 38.4, 38.3, 35.4, 35.3, 28.3, 20.9, 18.4, 18.3. HRMS calculated for C2sHs0NsO17P3S: 895.2227,
found: 895.2232 [M]".

y-Butyrobetainyl-SNAC, CI- salt (compound 2; DI-1502)
To a solution of DI-1399 (50 mg, 0.17 mmol) and EtsN (59 pL, 0.43 mmol) in MeCN (1.0 mL) HBTU (65 mg,
0.17 mmol) was added. The mixture was stirred at rt for 30 min. Next, N-acetylcysteamine (SNAC, 23 mg,

0.19 mmol) was added and reaction mixture was stirred at rt for 1 h. Solvent was evaporated from the
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reaction mixture under reduced pressure. The residue was purified by flash chromatography on RP-Crs,
eluted with 0%-20% of MeCN in 0.01% aq. HCI. Target fractions were lyophilized to afford Compound 2 (13
mg, 27%), as a colorless foam. 'H NMR (400 MHz, D20) & 3.43 — 3.32 (m, 4H, Ac-4, CA-1), 3.15 (s, 9H,
NMes), 3.11 — 3.05 (m, 2H, CA-2), 2.80 (t, J = 7.1 Hz, 2H, Ac-2), 2.22 — 2.08 (m, 2H, Ac-3), 1.98 (s, 3H, Ac).
3C NMR (101 MHz, D20) & 201.5, 174.3, 65.1 [t, "Jin.c) = 3.1 Hz], 52.8 [t, "Jin.c) = 4.0 HZ], 39.2 [unresolved t,
'J=1.7 Hz], 38.5, 28.2, 21.8, 18.4. HRMS calculated for C11H23N202S: 247.1480, found: 247.1487 [M]*.
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Compounds 3 (DI-1455) and 4 (DI-1462)
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Scheme S2. Synthesis of compounds 3 (DI-1455) and 4 (DI-1462).

4-lodo-2-methylbutanoic acid (DI-1404) J. Med. Chem. 2014, 57, 2213-2236.

y-Valerolactone (5.5 g, 54.9 mmol) was added to a solution of Nal (11.1 g, 74.2 mmol) in MeCN (50 mL),
followed by trimethylsilyl chloride (TMSCI) (9.4 mL, 74.2 mmol). The mixture was stirred at 80 °C for 3.5 h.
The mixture was cooled down to room temperature, poured into ice/water (120 mL) and stirred for 20 min.
The mixture was extracted with Et20 (4 x 50 mL), organic layer was washed with H20 (2 x 40 mL), 5% aq.
NazS203 solution (20 mL) and aq. saturated NaCl (2 x 20 mL). The organic layer was evaporated at 20
°C/130 mbar to afford DI-1404 (12.0 g, 96%), as a slightly brown oil.

Methyl 4-iodo-2-methylbutanoate (DI-1405) J. Med. Chem. 2014, 57, 2213-2236

Acid DI-1404 (12.00 g, 52.6 mmol) was added to a solution of cold MeOH (100 mL) and acetyl chloride (5.60
mL, 78.90 mmol). Resulting mixture was stirred at 0 °C during 1 h, then overnight at room temperature.
Reaction mixture was poured into ice/water (120 mL), extracted with Et20 (2 x 50 mL), organic layer was
washed successively with brine (20 mL), aq. saturated NaHCOs solution (20 mL), 5% aqg. Na2S20s3 solution
(20 mL), and brine (2 x 20 mL). Organic layer was evaporated at 30 °C/95 mbar. The residue was purified by
column chromatography on silica, eluting with CHClIs in n-hexane (gradient from 20% to 65%) to afford DI-
1405 (8.70 g, 68%), as a slightly brown oil. '"H NMR (400 MHz, CDCIs3) & 3.68 (s, 3H), 3.18 (t, J = 7.2 Hz,
2H), 2.68 — 2.55 (m, 1H), 2.29 — 2.15 (m, 1H), 1.96 — 1.83 (m, 1H), 1.17 (d, J = 7.0 Hz, 3H). '3C NMR (101
MHz, CDCls) 6 176.0, 51.9, 40.2, 37.2, 16.7, 3.5. GC-MS (El, 70 eV) m/z (le, %) 115.1 [M — I]* (100), 183.0
[M = COOCHjs]" (13), 211.0 [M — CH3O]J* (18).

4-Methoxy-N,N,N,3-tetramethyl-4-oxobutan-1-aminium iodide (DI-1442)

To a solution of 4.2 M MesN in EtOH (2.95 mL, 12.39 mmol) was added DI-1405 (2.00 g, 8.26 mmol) solution
in EtOH (1 mL) dropwise at 0 °C. Reaction mixture was stirred at rt for 16 h. Obtained precipitate was
collected by filtration, washed successively with Et2O (3 x 5 mL), EtOAc (2 x 5 mL), dried in vacuo to afford
DI-1442 (1.85 g, 74%), as a white solid. "H NMR (400 MHz, D20) & 3.76 (s, 3H), 3.40 (pd, J = 12.7, 4.9 Hz,
2H), 3.16 (s, 9H), 2.75 - 2.63 (m, 1H), 2.25 - 2.10 (m, 1H), 2.00 (tt, = 12.0, 5.5 Hz, 1H), 1.26 (d, J = 7.1 Hz,
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3H). 3C NMR (101 MHz, D20) & 178.1, 64.4 [t, "Jn.c) = 3.1 Hz], 52.9 [t, "Jn.c) = 4.0 Hz], 52.6, 36.6, 36.6,
36.6, 25.8, 16.3. HRMS calculated for CoH20NO2: 174.1494, found: 174.1502 [M]".

3-Carboxy-N,N,N-trimethylbutan-1-aminium chloride (DI-1447)

To a solution of DI-1442 (1.82 g, 6.00 mmol) in 1,4-dioxane/H20 (12 mL, 1:1) solid LiOH*H20 (0.38 g, 9.00
mmol) was added. The reaction mixture was stirred at rt for 1 h. Then it was acidified with 1M aq. HCI to pH
3 and concentrated under reduced pressure and the residue was purified by flash chromatography on RP-
Css, eluted with 0.01% HCI in water to afford DI-1447 (0.71 g, 60%), as a yellowish oil. '"H NMR (400 MHz,
D20) 6 3.45 - 3.28 (m, 2H), 3.13 (s, 9H), 2.68 — 2.53 (m, 1H), 2.19 — 2.08 (m, 1H), 2.01 — 1.89 (m, 1H), 1.24
(d, J = 7.1 Hz, 3H). *C NMR (101 MHz, D20) 5 180.2, 178.1, 64.4 [t, "Jn.c) = 3.2 Hz], 52.8 [t, "Jn.c) = 4.1
Hz], 52.5, 37.0, 25.9, 25.7, 16.6, 16.2. HRMS calculated for CsH1sNOz2: 160.1338, found: 160.1347 [M]".

3-Carboxy-N,N,N-trimethylbutan-1-aminium hexafluorophosphate (DI-1448)

Acid DI-1447 (0.71 g, 3.63 mmol) was suspended in acetone (10 mL), NaPFs (0.73 g, 4.35 mmol) was added
and mixture was stirred at 60 °C for 16 h. The mixture was cooled down to rt, concentrated under reduced
pressure. After addition of water (10 mL) to the oily residue, precipitate formed. Obtained precipitate was
collected by filtration and dried in vacuo to afford DI-1448 (0.32 g, 29%), slightly yellow solid. '"H NMR (400
MHz, D20) & 3.46 — 3.29 (m, 2H), 3.13 (s, 9H), 2.66 — 2.54 (m, 1H), 2.20 — 2.06 (m, 1H), 2.03 - 1.90 (m, 1H),
1.25 (d, J = 7.1 Hz, 3H). 3C NMR (101 MHz, D20) & 179.8, 64.4 [t, "Jn.c) = 3.2 Hz], 52.8 [t, "Jinc) = 4.1 Hz],
36.7, 25.8, 16.4. HRMS calculated for CsH1sNO2: 160.1338, found: 160.1347 [M]".

4,4'-Oxybis(N,N,N,3-tetramethyl-4-oxobutan-1-aminium) hexafluorophosphate (DI-1454)

To a stirred solution of DI-1448 (100 mg, 0.33 mmol) in MeCN (1.5 mL), N,N'-dicyclohexylcarbodiimide
(DCC) (34 mg, 0.16 mmol) was added and mixture was stirred at rt for 1 h. Reaction mixture was
concentrated under reduced pressure to the volume of 0.4 mL and used in the next step without purification.

2-Methyl-4-(trimethylammonio)butanoyl-CoA (compound 3; DI-1455)

To the solution of coenzyme A as a sodium salt (20 mg, 26 ymol dissolved in 0.36 mL of 0.5 M aq. NaHCO3)
solution of anhydride DI-1454 (95 mg, 0.16 mmol) in MeCN (0.4 mL) was added, and the mixture was stirred
at rt for 1 h. Next, the mixture was quenched with dropwise addition of 1 M aqg. HCI, to adjust the pH 3.
MeCN was evaporated from the reaction mixture under reduced pressure and the residue was purified by
flash chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% aqg. HCI. Target fractions were
lyophilized to afford Compound 3 (16.2 mg, 67%), as a white foam. '"H NMR (400 MHz, D20) & 8.58 (s, 1H,
Ade-8), 8.28 (s, 1H, Ade-2), 6.18 (d, J = 7.1 Hz, 1H, Rib-1'), 4.84 — 4.80 (m, 1H, Rib-2"), 4.78 — 4.74 (m, 1H,
Rib-3'), 4.61 — 4.55 (m, 1H, Rib-4"), 4.29 — 4.18 (m, 2H, Pan-1), 4.03 (s, 1H, Pan-3), 3.83 (dd, J = 9.9, 5.0 Hz,
1H, Rib-5'v), 3.56 (dd, J = 9.9, 4.9 Hz, 1H, Rib-5"2), 3.46 (t, J = 6.6 Hz, 2H, BA-1), 3.41 — 3.20 (m, 4H, Ac-4,
CA-1), 3.11 (s, 9H, NMe3s), 3.07 — 2.93 (m, 2H, CA-2), 2.84 — 2.76 (m, 1H, Ac-2), 2.44 (t, J = 6.5 Hz, 2H, BA-
2), 2.18 — 2.07 (m, 1H, Ac-3), 2.00 — 1.88 (m, 1H, Ac-3), 1.22 (d, J = 7.1 Hz, 3H, Ac-5), 0.89 (d, J = 1.1 Hz,
3H, Pan-Mea), 0.76 (s, 3H, Pan-Mey). 3C NMR (101 MHz, D20) & 205.9, 174.7 [d, 'Jn.c) = 2.3 Hz], 174.0,
155.7, 152.9, 149.4, 139.9, 118.6, 86.5, 84.1, 74.4, 74.1, 73.6, 71.8, 65.8, 64.0, 52.8 [t, 'Jn.c) = 4.1 HZ], 38.4,
38.3, 354, 28.2, 26.0, 20.8, 18.2 [d, 1J = 2.2 Hz], 17.3 [d, 1J = 2.2 Hz]. HRMS calculated for
C29H52Ns017P3S: 909.2384, found: 909.2421 [M]*.

2-Methyl-4-(trimethylammonio)butanoyl-PAN, PF¢ salt (compound 4; DI-1462)

Obtained from the anhydride_DI-1454 (68 mg, 0.12 mmol) and pantetheine (PAN) (16 mg, 0.06 mmol)
analogous to Compound 3. The residue was purified by flash chromatography on RP-C1s, eluted with 0%-
20% of MeCN in H20. Product containing fractions were lyophilized to afford Compound 4 (9.0 mg, 28%),
as a colorless foam. '"H NMR (400 MHz, D20) & 4.00 (s, 1H, Pan-3), 3.57 — 3.46 (m, 3H, Pan-1, Ac-4), 3.45 —
3.35 (m, 4H, BA-1, CA-1), 3.29 (td, J = 12.7, 4.6 Hz, 1H, Ac-4), 3.13 (s, 9H, NMes), 3.13 — 3.00 (m, 2H, CA-
2),2.96 —2.84 (m, 1H, Ac-2), 2.49 (t, J = 6.6 Hz, 2H, BA-2), 2.18 (tdd, J = 12.5, 8.0, 4.6 Hz, 1H, Ac-3), 2.06 —
1.93 (m, 1H, Ac-3), 1.27 (d, J = 7.0 Hz, 3H, Ac-5), 0.93 (s, 3H, Pan-Mea), 0.90 (s, 3H, Pan-Mey). '*C NMR
(101 MHz, D20) & 206.1, 175.1, 174.0, 75.7, 68.3, 64.0 [t, "Jn.c) = 3.2 Hz], 52.8 [t, "Un,c) = 4.0 HZ], 45.2,
38.6, 38.4, 354, 35.3, 28.1, 26.0, 20.5, 19.1, 17.4. HRMS calculated for C19H3sN30sS: 420.2532, found:
420.2542 [M]".
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Compound 5 (DI-1483)
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Scheme S3. Synthesis of compound 5 (DI-1483).

Ethyl 2-((benzyloxy)methyl)cyclopropane-1-carboxylate (DI-1459)

To a solution of triethyl phosphonoacetate (6.14 g, 27.4 mmol) in DME (45 mL) was added ~BuOK (3.08 g,
27.4 mmol) at 0 °C under Ar atmosphere. After addition, the mixture was stirred at 20 °C for 1 h, and then
(R,S)-2-(benzyloxymethyl)oxirane (3.0 g, 18.3 mmol) in DME (4 mL) was added dropwise at 20 °C. The
resulting mixture was stirred at 90 °C for 24 h. The reaction mixture was quenched by aqg. satd. NH4ClI (30
mL) at 0 °C, and then diluted with EtOAc (30 mL) and extracted with EtOAc (3 x 40 mL). Combined organic
layers were washed with brine and evaporated. The residue was purified by column chromatography on
silica, eluting with EtOAc in n-hexane (gradient from 0% to 90%) to afford DI-1459 (2.84 g, 66%), as a
colorless oil. '"H NMR (400 MHz, CDCl3) & 7.38 — 7.24 (m, 5H), 4.52 (s, 2H), 4.12 (qd, J = 7.1, 1.8 Hz, 2H),
3.44 (dd, J = 104, 6.1 Hz, 1H), 3.37 (dd, J = 10.4, 6.5 Hz, 1H), 1.80 — 1.67 (m, 1H), 1.63 — 1.51 (m, 1H),
1.26 (t, J = 7.2 Hz, 3H), 1.21 (dt, J = 9.0, 4.6 Hz, 1H), 0.86 (ddd, J = 8.4, 6.3, 4.3 Hz, 1H). "3C NMR (101
MHz, CDCIs) & 173.9, 138.3, 128.5, 127.8, 72.8, 71.7, 60.6, 21.7, 18.7, 14.4, 13.1. HRMS calculated for
C14H1803Na: 257.1154, found: 257.1154 [M + Na]*.

Ethyl 2-(hydroxymethyl)cyclopropane-1-carboxylate (DI-1460)

A solution of DI-1459 (2.84 g, 12.12 mmol) in EtOH (10 mL) was hydrogenated over Pd(OH)2/C (0.31 g, 11
wt%) under hydrogen pressure (5 bar) for 6 h at rt. The reaction mixture was filtered through celite, filter cake
was washed with MeOH (3 x 10 mL), filtrate was concentrated under reduced pressure. The residue was
purified by column chromatography on silica, eluting with EtOAc in n-hexane (gradient from 0% to 80%) to
afford DI-1460 (1.29 g, 74%), as a colorless oil. '"H NMR (400 MHz, CDCl3) 4.12 (g, J = 7.1, 2H), 3.62 (dd, J
=11.4, 6.0 Hz, 1H), 3.47 (dd, J = 11.4, 6.9 Hz, 1H), 1.72 (ddtd, J = 8.8, 6.9, 6.1, 4.1 Hz, 2H), 1.56 (ddd, J =
8.7,4.8,4.1 Hz, 1H), 1.25 (t, = 7.1 Hz, 3H), 1.21 (dt, J = 9.0, 4.7 Hz, 1H), 0.85 (ddd, J = 8.4, 6.3, 4.3 Hz,
1H). '*C NMR (101 MHz, CDCI3) & 173.9, 64.8, 60.7, 24.3, 18.5, 14.3, 12.8. GC-MS (El, 70 eV) m/z (lrei, %)
55.0 (100), 73.0 (87), 88.0 (49), 99.1 [M — C2Hs0]* (58), 117.1 (7).

Ethyl 2-(bromomethyl)cyclopropane-1-carboxylate (DI-1470)

To a solution of DI-1460 (0.5 g, 3.47 mmol) in abs. DCM (20 mL) were added CBrs (1.73 g, 5.20 mmol) and
PPhs (1.36 g, 5.20 mmol) in portions at 0 °C under Ar. The reaction mixture was stirred at rt for 4 h. The
organic solvent was removed under reduced pressure. The residue was purified by column chromatography
on silica, eluting with 10% EtOAc in n-hexane to afford DI-1470 (0.36 g, 50%), as a slightly yellow oil. "H
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NMR (400 MHz, CDCls) & 4.12 (qd, J = 7.1, 1.3 Hz, 2H), 3.37 (dd, J = 10.5, 7.3 Hz, 1H), 3.31 (dd, J = 10.5,
7.5 Hz, 1H), 1.96 — 1.84 (m, 1H), 1.64 (ddd, J = 8.9, 5.1, 4.0 Hz, 1H), 1.44 — 1.34 (m, 1H), 1.26 (t, J = 7.2 Hz,
3H), 0.95 (ddd, J = 8.6, 6.1, 4.7 Hz, 1H). 3C NMR (101 MHz, CDCls) 5 172.9, 60.9, 35.4, 24.3, 22.8, 17.04,
14.3. GC-MS (El, 70 eV) m/z (Irel, %) 99.1 (100), 127.1 [M — Br]* (32), 161.0 (44), 178.0 (62).

1-(2-(Ethoxycarbonyl)cyclopropyl)-N,N,N-trimethylmethanaminium bromide (DI-1471)

To a solution of DI-1470 (0.36 g, 1.74 mmol) in EtOH (2 mL), 4.2 M NMes solution in EtOH (1.24 mL, 5.22
mmol) was added under Argon. The reaction mixture was stirred at rt for 4 d. The organic solvent was
removed under reduced pressure. Residue was dissolved in DCM (10 mL) and washed with H20 (10 mL).
Water layer containing product was evaporated under reduced pressure to give crude DI-1471 (0.35 g, 76%),
as a white solid. Product was used in the next step without further purification. '"H NMR (400 MHz, CDCls) &
4.16 —4.02 (m, 2H), 3.88 (dd, J = 13.3, 6.8 Hz, 1H), 3.81 (dd, J = 13.4, 7.6 Hz, 1H), 3.43 (s, 9H), 1.95 (ddd, J
= 8.9, 5.1, 4.1 Hz, 1H), 1.63 — 1.50 (m, 1H), 1.35 (dt, J = 8.5, 4.8 Hz, 1H), 1.27 (ddd, J = 8.7, 6.2, 4.7 Hz,
1H), 1.21 (t, J = 7.1 Hz, 3H). ®C NMR (101 MHz, CDCls) & 172.3, 67.8, 61.5, 53.6, 19.5, 15.1, 14.3, 14.1.
HRMS calculated for C10H20NO2: 186.1494, found: 186.1501 [M]".

1-(2-Carboxycyclopropyl)-N,N,N-trimethylmethanaminium chloride (DI-1472)

To a solution of DI-1471 (0.34 g, 1.28 mmol) in 1,4-dioxane/H20 (4 mL, 1:1) solid LiOH*H20 (0.08 g, 1.92
mmol) was added. The reaction mixture was stirred at rt for 1 h. Reaction mixture was acidified with 1 M aq.
HCI to pH 3 and concentrated under reduced pressure. The residue was purified by flash chromatography on
RP-Cis, eluted with 0.01% ag. HCI to afford DI-1472 (0.22 g, 89%), as a white solid. '"H NMR (400 MHz,
D20) 6 3.49 - 3.41 (m, 1H), 3.41 - 3.31 (m, 1H), 3.21 (s, 9H), 1.89 — 1.80 (m, 2H), 1.53 — 1.43 (m, 1H), 1.22
—1.13 (m, 1H). *C NMR (101 MHz, D20) & 176.9, 68.3 [t, "Jn.c) = 3.1 Hz], 52.9 [t, '"Unc) = 4.0 Hz], 19.3,
15.2, 13.6. HRMS calculated for CsH1sNO2: 158.1181, found: 158.1190 [M]*.

1-(2-Carboxycyclopropyl)-N,N,N-trimethylmethanaminium hexafluorophosphate (DI-1480)

DI-1472 (0.22 g, 1.14 mmol) was suspended in MeCN (5 mL), NaPFs (0.23 g, 1.34 mmol) was added and
mixture was stirred at 60 °C for 16 h (white precipitate formed). The mixture was cooled down to rt,
precipitate was filtered off. Filtrate was concentrated under reduced pressure to afford DI-1480 (0.26 g,
75%), as a white solid. '"H NMR (400 MHz, D20) & 3.49 — 3.39 (m, 1H), 3.38 — 3.30 (m, 1H), 3.20 (s, 9H),
1.88 — 1.78 (m, 2H), 1.52 — 1.41 (m, 1H), 1.22 — 1.11 (m, 1H). *C NMR (101 MHz, D20) & 177.0, 68.4 [t,
Jn,c) = 3.1 Hz], 52.2 [t, "Jinc) = 4.0 Hz], 19.3, 15.1, 13.5. HRMS calculated for CBH16NO2: 158.1181, found:
158.1177 [M]".

1,1'-((Oxybis(carbonyl))bis(cyclopropane-2,1-diyl))bis(N,N,N-trimethylmethanaminium)
hexafluorophosphate (DI-1482)

To a stirred solution of DI-1480 (50 mg, 0.17 mmol) in MeCN (2.0 mL), N,N'-dicyclohexylcarbodiimide (DCC)
(17 mg, 0.08 mmol) was added and the mixture was stirred at rt for 1 h. Reaction mixture was concentrated
under reduced pressure to the volume of 0.4 mL and used in the next step without purification.

2-((Trimethylammonio)methyl)cyclopropane-1-carboxyl-CoA (compound 5; DI-1483)

To the solution of coenzyme A as a sodium salt (20 mg, 26 umol dissolved in 0.36 mL of 0.5 M aq. NaHCOs)
solution of anhydride DI-1482 (47 mg, 0.08 mmol) in MeCN (0.2 mL) was added, and the mixture was stirred
at rt for 1 h. Next, the mixture was quenched with dropwise addition of 1 M aqg. HCI, to adjust the pH 3.
MeCN was evaporated from the reaction mixture under reduced pressure and the residue was purified by
flash chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% aq. HCI. Product containing
fractions were lyophilized to afford Compound 5 (7.0 mg, 30%), as a white foam. '"H NMR (400 MHz, D20) &
8.57 (s, 1H, Ade-8), 8.27 (s, 1H, Ade-2), 6.18 (d, J = 7.1 Hz, 1H, Rib-1'), 4.94 — 4.87 (m, 2H, Rib-2',3'), 4.63 —
4.54 (m, 1H, Rib-4"), 4.29 — 4.18 (m, 2H, Pan-1), 4.04 (s, 1H, Pan-3), 3.84 (dd, J = 9.8, 4.9 Hz, 1H, Rib-5'v),
3.56 (dd, J = 9.9, 4.8 Hz, 1H, Rib-5'3), 3.46 (t, J = 6.5 Hz, 2H, BA-1), 3.41 — 3.33 (m, 4H, Ac-4, CA-1), 3.17
(s, 9H, NMes), 3.05 — 2.98 (m, 2H, CA-2), 2.44 (t, J = 6.5 Hz, 2H, BA-2), 2.35 — 2.27 (m, 1H, Ac-2), 1.96 —
1.84 (m, 1H, Ac-3), 1.54 (dt, J = 9.4, 5.0 Hz, 1H, Ac-5), 1.25 — 1.16 (m, 1H, Ac-5), 0.89 (d, J = 1.6 Hz, 3H,
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Pan-Mes), 0.76 (s, 3H, Pan-Meb). 3C NMR (101 MHz, D;0) & 200.2, 174.7, 174.0, 155.7, 152.9, 149.4,
139.9, 118.6, 86.5, 84.1, 74.4, 74.1, 73.7, 71.8, 68.1, 65.8, 53.0 [t, "Jnc) = 3.9 Hz], 48.8, 38.4, 38.3, 35.4,
28.5, 28.2, 20.9, 20.8, 18.2, 17.3, 15.3. HRMS calculated for CasHsoNsO17P3S: 907.2227, found: 907.2241
[M]".
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Compound 6 (DI-1573)
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Scheme S4. Synthesis of compound 6 (DI-1573).

3-Carboxy-N,N,N-trimethylbenzenaminium iodide (DI-1568) [SI1]

Methyl iodide (2.27 mL, 36.50 mmol) was added slowly to the solution of 3-aminobenzoic acid (0.50 g, 3.65
mmol) and N,N-diethylphenylamine (1.19 mL, 7.48 mmol) in DMF (1.0 mL) at 0 °C in an ice bath. The
mixture was stirred at rt for 24 h. Formed precipitate was collected by filtration and washed with DCM (5 mL),
and MeCN (5 mL) to afford_DI-1568 (0.84 g, 76%), as a white solid. '"H NMR (400 MHz, D20) & 9.55 — 9.48
(m, 1H), 9.27 (d, J = 7.8 Hz, 1H), 9.23 — 9.14 (m, 1H), 8.86 (t, J = 8.2 Hz, 1H), 4.79 (s, 9H). '*C NMR (101
MHz, D20) & 168.6, 146.6, 132.4, 131.5, 130.9, 124.4, 121.0, 57.0. HRMS calculated for C1oH14NO:z:
180.1025, found: 180.1031 [M]*.

3-Carboxy-N,N,N-trimethylbenzenaminium hexafluorophosphate (DI-1569)

Acid DI-1568 (0.20 g, 0.65 mmol) was suspended in MeCN (3.0 mL), NaPFs (0.13 g, 0.78 mmol) was added
and mixture was stirred at 60 °C for 16 h (white precipitate formed). The mixture was cooled down to rt,
precipitate was filtered off. Filtrate was concentrated under reduced pressure and residue was purified by
flash chromatography on RP-C1s, eluted with H20 to afford DI-1569 (70 mg, 33%), as a slightly yellow solid.
"H NMR (400 MHz, MeOD) & 8.52 — 8.46 (m, 1H), 8.27 — 8.19 (m, 2H), 7.79 (t, J = 8.1 Hz, 1H), 3.77 (s, 9H).
3C NMR (101 MHz, MeOD) d 167.6, 148.7, 134.8, 132.5, 132.1, 125.6, 122.1, 57.9. HRMS calculated for
C10H14NO2: 180.1025, found: 180.1034 [M]".

3,3'<(Oxybis(carbonyl))bis(N,N,N-trimethylbenzenaminium) hexafluorophosphate (DI-1572)

To a stirred solution of DI-1569 (60 mg, 0.18 mmol) in MeCN (1.0 mL), N,N'-dicyclohexylcarbodiimide (DCC)
(19 mg, 0.09 mmol) was added and the mixture was stirred at rt for 30 min. Reaction mixture was
concentrated under reduced pressure to the volume of 0.4 mL and used in the next step without purification.

3-(Trimethylammonio)benzoyl-CoA (compound 6; DI-1573)

To the solution of Coenzyme A as a sodium salt (20 mg, 26 ymol dissolved in 0.36 mL of 0.5 M ag. NaHCO3)
solution of DI-1572 (57 mg, 0.09 mmol) in MeCN (0.4 mL) was added and the mixture was stirred at rt for 1
h. Next, the mixture was quenched with dropwise addition of 1 M aq. HCI, to adjust the pH 3. MeCN was
evaporated from the reaction mixture under reduced pressure and the residue was purified by flash
chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% ag. HCI. Target fractions were
lyophilized to afford Compound 6 (6.0 mg, 25%), as a white foam. '"H NMR (400 MHz, D20) & 8.69 (br s, 1H,
Ar-2), 8.43 (s, 1H, Ade-8), 8.29 (dd, J = 2.9, 1.4 Hz, 1H, Ade-2), 8.20 — 8.10 (m, 2H, Ar-3,4), 7.80 (t, J = 8.2
Hz, 1H, Ar-5), 6.18 (d, J = 4.8 Hz, 1H, Rib-1"), 4.96 — 4.83 (m, 2H, Rib-2',3"), 4.64 — 4.52 (m, 1H, Rib-4"), 4.38
—4.22 (m, 2H, Pan-1), 4.01 (s, 1H, Pan-3), 3.93 — 3.81 (m, 1H, Rib-5'), 3.71 (s, 9H, NMe3s), 3.67 — 3.57 (m
1H, Rib-5'a), 3.55 — 3.41 (m, 4H, BA-1, CA-1), 3.28 (t, J = 6.2 Hz, 2H, CA-2), 2.47 (t, J = 6.4 Hz, 2H, BA-2),
0.93 (s, 3H, Pan-Meas), 0.80 (s, 3H, Pan-Meb). *C NMR (101 MHz, D20) & 193.1, 174.7, 174.1, 149.8, 146.9,
144.7, 142.5, 138.1, 131.4, 129.3, 124.9, 118.1, 87.5, 83.4, 74.2, 73.9, 72.0, 65.1, 57.0, 38.4, 354, 35.3,
28.7, 20.8, 18.3. HRMS calculated for C31H4sNsO17P3S: 929.2071, found: 929.2081 [M]".
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Scheme S5. Synthesis of compound 7 (DI-1580).

(E)-4-Methoxy-N,N,N-trimethyl-4-oxobut-2-en-1-aminium bromide (DI-1562)

To a solution of 4.2 M MesN in EtOH (4.95 mL, 20.80 mmol) was added methyl-4-bromocrotonate (0.71 mL,
5.20 mmol) solution in EtOH (1 mL) dropwise at 0 °C. Reaction was stirred at rt for 4 d. Formed precipitate
was collected by filtration, washed successively with Et20 (3 x 5 mL), EtOAc (2 x 5 mL), dried in vacuo to
afford DI-1562 (0.85 g, 69%), as a white solid. '"H NMR (400 MHz, D20) & 7.11 — 6.97 (m, 1H), 6.48 — 6.38
(m, 1H), 4.18 (d, J = 7.5 Hz, 2H), 3.84 (s, 3H), 3.20 (s, 9H). '*C NMR (101 MHz, D20) & 167.1, 133.0, 131.7,
65.9 [t, 'Unc) = 3.4 Hz], 53.0 [t, "Jnc) = 3.9 Hz], 52.6. HRMS calculated for CsH1sNO2: 158.1181, found:
158.1183 [M]*.

(E)-3-Carboxy-N,N,N-trimethylprop-2-en-1-aminium bromide (DI-1570)

To a solution of DI-1562 (0.85 g, 3.55 mmol) in 1,4-dioxane/H20 (12 mL, 1:1) LiOH*H20 (0.22 g, 5.32 mmol)
was added. The reaction mixture was stirred at rt for 16 h. Reaction mixture was acidified with 1 M aq. HCI to
pH 1 and concentrated under reduced pressure. The residue was purified by flash chromatography on RP-
Cis, eluted with H20 to afford DI-1570 (0.61 g, 77%), as a slightly brown oil. '"H NMR (400 MHz, D20) & 7.12
—6.93 (m, 1H), 6.45 - 6.34 (m, 1H), 4.18 (d, J = 7.6 Hz, 2H), 3.20 (s, 9H). '*C NMR (101 MHz, D20) & 168.4,
133.0, 132.4, 65.9 [t, "Jnc) = 3.4 Hz], 53.02 [t, "Jnc) = 3.9 Hz]. HRMS calculated for C7H14NO2: 144.1025,
found: 144.1026 [M]".

(E)-3-carboxy-N,N,N-trimethylprop-2-en-1-aminium hexafluorophosphate (DI-1571)

Acid DI-1570 (0.61 g, 2.72 mmol) was suspended in MeCN (8.0 mL), NaPFs (0.55 g, 3.27 mmol) was added
and mixture was stirred at 60 °C for 16 h (white precipitate formed). The mixture was cooled down to rt,
precipitate was filtered off. Filtrate was concentrated under reduced pressure (a slightly brown oil) and
triturated with acetone (10 mL). Solidified material was collected by filtration to afford product DI-1571 (0.35

, 45%), as a white solid. "H NMR (400 MHz, D20) & 7.09 — 6.94 (m, 1H), 6.46 — 6.32 (m, 1H), 4.17 (d, J =
7.6 Hz, 2H), 3.19 (s, 9H). 3C NMR (101 MHz, D20) & 168.4, 133.0, 132.5, 65.9 [t, "Jn,c) = 3.3 Hz], 53.0 [t,
'Jin,c) = 3.8 Hz]). HRMS calculated for C7H14NOz2: 144.1025, found: 144.1032 [M]*.

(E)-N,N,N-trimethyl-4-oxo-4-(((E)-4-(trimethylammonio)but-2-enoyl)oxy)but-1-en-1-aminium
hexafluorophosphate (DI-1578)
To a stirred solution of DI-1571 (30 mg, 0.11 mmol) in MeCN (1.0 mL), N,N'-dicyclohexylcarbodiimide (DCC)

(11 mg, 0.05 mmol) was added and the mixture was stirred at rt for 1 h. Reaction mixture was concentrated
under reduced pressure to the volume of 0.4 mL and used in the next step without purification.

(E)-4-(Trimethylammonio)but-2-enoyl-CoA (compound 7; DI-1580)

S10



To the solution of coenzyme A as a sodium salt (20 mg, 26 umol dissolved in 0.36 mL of 0.5 M aq. NaHCOs)
solution of anhydride DI-1578 (29 mg, 0.05 mmol) in MeCN (0.4 mL) was added and the mixture was stirred
at rt for 1 h. Next, the mixture was quenched with dropwise addition of 1 M aq. HCI, to adjust the pH 3.
MeCN was evaporated from the reaction mixture under reduced pressure and the residue was purified by
flash chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% aq. HCI. Target fractions were
lyophilized to afford Compound 7 (7.0 mg, 30%), as a white foam. '"H NMR (400 MHz, D20) & 8.68 (s, 1H,
Ade-8), 8.46 (s, 1H, Ade-2), 6.92 (dt, J = 15.1, 7.5 Hz, 1H, Ac-3), 6.71 (d, J = 15.4 Hz, 1H, Ac-2), 6.28 — 6.17
(m, 1H, Rib-1"), 4.97 — 4.87 (m, 2H, Rib-2',3"), 4.66 — 4.58 (m, 1H, Rib-4'), 4.35 — 4.24 (m, 2H, Pan-1), 4.20 —
4.10 (m, 2H, Ac-4), 4.05 (s, 1H, Pan-3), 3.90 (dd, J = 9.9, 4.1 Hz, 1H, Rib-5'v), 3.64 (dd, J = 9.8, 4.0 Hz, 1H,
Rib-5'3), 3.48 (t, J = 6.6 Hz, 2H, BA-1), 3.43 (t, J = 6.2 Hz, 2H, CA-1), 3.28 — 3.05 (m, 11H, CA-2, NMes), 2.47
(t, J = 6.5 Hz, 2H, BA-2), 0.97 (s, 3H, Pan-Mea), 0.85 (s, 3H, Pan-Mey). '*C NMR (101 MHz, D20) & 191.8,
174.7, 174.1, 149.9, 148.5, 144.7, 142.5, 137.7, 128.6, 118.5, 87.5, 83.5, 74.2, 73.9, 72.0, 65.2, 65.1, 53.0,
38.3, 35.4, 35.3, 28.4, 20.8, 18.3. HRMS calculated for C2sH4sNsO17P3sS: 893.2071, found: 893.2079 [M]".
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Compounds 8 (DI-1593) and 9 (DI-1464)
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Scheme S6. Synthesis of compounds 8 (DI-1593) and 9 (DI-1464).

3-Aminocyclohexane-1-carboxylic acid (DI-1408) [SI2]

Solution of 3-aminobenzoic acid (1.00 g, 7.29 mmol) in MeOH (38 mL) and H20 (2 mL) was hydrogenated on
5% Rh/C (20 wt%, 0.20 g) at 70 bar and 70 °C for 72 h. Catalyst was filtered off on a celite pad and washed
with MeOH (3 x 15 mL). The filtrate was concentrated to 5 mL to effect crystallization. Precipitate was
collected by filtration to provide DI-1408 (0.77 g, 74%), as a white solid. '"H NMR (400 MHz, D20) & 3.29 —
3.16 (m, 1H), 2.28 (tt, J = 12.1, 3.4 Hz, 1H), 2.23 — 2.13 (m, 1H), 2.06 — 1.97 (m, 1H), 1.97 — 1.87 (m, 2H),
1.52 — 1.19 (m, 4H). *C NMR (101 MHz, D20) 5 183.8, 49.8, 44.8, 33.4, 29.8, 28.4, 23.2. HRMS calculated
for C7H14NOz2: 144.1025, found: 144.1033 [M + HJ".

3-Carboxy-N,N-dimethylcyclohexan-1-aminium chloride (DI-1428) [SI3]

A mixture of DI-1408 (1.31 g, 9.15 mmol), 37% aqg. formaldehyde (3.60 mL, 46.65 mmol) and formic acid
(3.69 mL, 97.80 mmol) was stirred at reflux for 16 h. The mixture was cooled down to rt and concd. aq. HCI
(2.44 mL, 29.28 mmol) was added. Solvent was removed under reduced pressure, the residue was dissolved
in 2-propanol (5 mL) and sedimented by addition of Et2O (17 mL). Precipitate was collected by filtration,
washed with Et20 and dried in vacuo to afford DI-1428 (1.30 g, 68%), as a white solid. '"H NMR (400 MHz,
DMSO-ds) & 12.37 (br s, 1H), 10.95 (br s, 1H), 3.23 — 3.08 (m, 1H), 2.65 (d, J = 3.8 Hz, 6H), 2.33 (it, J =
12.1, 3.4 Hz, 1H), 2.28 — 2.22 (m, 1H), 2.08 — 1.95 (m, 1H), 1.90 — 1.79 (m, 2H), 1.45 (q, J = 12.2 Hz, 1H),
1.39 — 1.11 (m, 3H). "*C NMR (101 MHz, DMSO-ds) & 175.3, 62.7, 41.10, 38.7, 38.7, 28.1, 27.6, 25.1, 23.2.
HRMS calculated for CoH1sNO2: 172.1338, found: 172.1345 [M + H]*.

Methyl 3-(dimethylamino)cyclohexane-1-carboxylate (DI-1434)

DI-1428 (1.30 g, 6.25 mmol) was added to a solution of cold MeOH (40 mL) and AcCl (0.89 mL, 12.50
mmol). Resulting mixture was stirred at 42 °C during 16 h. Reaction mixture was concentrated under
reduced pressure, DCM (45 mL) and K2CO3 (0.95 g, 6.88 mmol) were added, and the mixture was stirred at
rt for 16 h. Precipitate was filtered off, filtrate was evaporated to afford DI-1434 (0.95 g, 82%), as a slightly
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brown oil. TH NMR (400 MHz, DMSO-ds) & 3.58 (s, 3H), 2.31 (tt, J = 12.0, 3.5 Hz, 1H), 2.23 (it, J = 11.5, 3.4
Hz, 1H), 2.16 (s, 6H), 1.99 — 1.91 (m, 1H), 2.00 — 1.90 (m, 3H), 1.32 — 1.02 (m, 4H). *C NMR (101 MHz,
DMSO-ds) 5 175.1, 61.7, 51.3, 41.9, 40.9, 30.3, 28.4, 27.5, 24.0. HRMS calculated for C1oH20NO2: 186.1494,
found: 186.1501 [M + HJ*.

3-(Methoxycarbonyl)-N,N,N-trimethylcyclohexan-1-aminium trifluoromethanesulfonate (DI-1444)

To the DI-1434 (0.95 g, 5.13 mmol) dissolved in DCM (5 mL), MeOTf (0.62 mL, 5.64 mmol) was added at 0
°C and resulting mixture was stirred at rt for 72 h. The reaction mixture was concentrated under reduced
pressure, solid residue granulated in Et2O (25 mL). Obtained precipitate was collected by filtration to afford
DI-1444 (1.45 g, 81%), as a white solid. '"H NMR (400 MHz, DMSO-ds) & 3.63 (s, 3H), 3.43 — 3.35 (m, 1H),
3.01 (s, 9H), 2.48 — 2.40 (m, 1H), 2.40 — 2.31 (m, 1H), 2.17 — 2.07 (m, 1H), 1.98 — 1.80 (m, 2H), 1.54 (q, J =
12.1 Hz, 1H), 1.47 — 1.18 (m, 3H). '*C NMR (101 MHz, DMSO-ds) 8 174.0, 71.85 [t, "Jn,c) = 2.4 Hz], 51.7,
50.5 [t, "Jnc) = 4.0 Hz], 41.5, 27.8, 27.2, 24.7, 23.5. HRMS calculated for C11H22NO2: 200.1651, found:
200.1659 [M]".

3-Carboxy-N,N,N-trimethylcyclohexan-1-aminium trifluoromethanesulfonate (DI-1449)

To a solution of DI-1444 (1.42 g, 4.06 mmol) in 1,4-dioxane/H20 (10 mL, 1:1) solid LiOH*H20 (0.26 g, 6.10
mmol) was added. The reaction mixture was stirred at rt for 16 h. Reaction mixture was acidified with 1 M aq.
HCI to pH 1 and concentrated under reduced pressure. The residue was purified by flash chromatography on
RP-C1s, eluted with H20 to afford DI-1449 (1.20 g, 88%), as a white solid. '"H NMR (400 MHz, D20) & 3.42 (it,
J=12.0, 3.2 Hz, 1H), 3.10 (s, 9H), 2.62 — 2.46 (m, 2H), 2.31 — 2.21 (m, 1H), 2.14 - 1.99 (m, 2H), 1.67 (q, J =
12.0 Hz, 1H), 1.60 — 1.26 (m, 3H). °C NMR (101 MHz, D20) 8 178.8, 73.1 [t, 'Jn.c) = 2.2 Hz], 50.8 [t, 'Jnc) =
4.2 Hz], 42.0, 27.8, 27.3, 25.0, 23.5. HRMS calculated for C10H20NO2: 186.1494, found: 186.1501 [M]".

3,3'<(Oxybis(carbonyl))bis(N,N,N-trimethylcyclohexan-1-aminium) trifluoromethanesulfonate (DI-1592)

To a stirred solution of DI-1449 (0.10 g, 0.30 mmol) in MeCN (2.0 mL), N,N'-dicyclohexylcarbodiimide (DCC)
(31 mg, 0.15 mmol) was added and the mixture was stirred at rt for 1 h. Reaction mixture was concentrated
under reduced pressure to the volume of 0.4 mL and used in the next step without purification.

3-(Trimethylammonio)cyclohexane-1-carboxyl-CoA (compound 8; DI-1593)

To the solution of coenzyme A as a sodium salt (20 mg, 26 umol dissolved in 0.36 mL of 0.5 M aq. NaHCO3)
solution of anhydride DI-1592 (51 mg, 0.08 mmol) in MeCN (0.2 mL) was added and the mixture was stirred
at rt for 30 min. Next, the mixture was quenched with dropwise addition of 1 M aq. HCI to adjust the pH 3.
MeCN was evaporated from the reaction mixture under reduced pressure and the residue was purified by
flash chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% aqg. HCI. Target fractions were
lyophilized to afford Compound 8 (9.0 mg, 38%), as a white foam. 'H NMR (400 MHz, D20) & 8.67 (s, 1H,
Ade-8), 8.45 (s, 1H, Ade-2), 6.22 (d, J = 5.5 Hz, 1H, Rib-1"), 4.96 — 4.86 (m, 2H, Rib-2',3'), 4.65 — 4.58 (m,
1H, Rib-4'), 4.37 — 4.23 (m, 2H, Pan-1), 4.04 (s, 1H, Pan-3), 3.94 — 3.84 (m, 1H, Rib-5',), 3.71 — 3.60 (m, 1H,
Rib-5'a), 3.48 (t, J = 6.6 Hz, 2H, BA-1), 3.45 - 3.39 (m, 1H, Ac-4), 3.37 (t, J = 6.2 Hz, 2H, CA-1), 3.08 (s, 9H,
NMes), 3.07 — 2.99 (m, 2H, CA-2), 2.87 — 2.75 (m, 1H, Ac-2), 2.50 — 2.39 (m, 3H, BA-2, Ac-3a), 2.32 — 2.19
(m, 1H, Cy), 2.12 - 2.02 (m, 1H, Cy), 2.02 — 1.92 (m, 1H, Cy), 1.68 (q, J = 11.9 Hz, 1H, Cy), 1.58 — 1.27 (m,
3H, Cy), 0.97 (s, 3H, Pan-Mea), 0.85 (s, 3H, Pan-Mes). *C NMR (101 MHz, D20) & 204.6, 174.7, 174.0,
149.8, 148.5, 144.7, 142.5, 118.5, 87.5, 83.4, 74.3, 74.2, 73.9, 72.9 [unresolved t, 'Unc) = 1.9 Hz], 72.1,
65.1, 50.8 [t, "Jinc) = 4.0 Hz], 50.5, 38.4, 35.4, 35.3, 28.1, 28.0, 24.9, 23.4, 20.8, 18.3. HRMS calculated for
C31H54Ns8017P3S: 935.2540, found: 935.2535 [M]*.

3-(Trimethylammonio)cyclohexane-1-carboxyl-PAN, TfO" salt (compound 9; DI-1464)

Compound 9 analogously was obtained from the solution of pantetheine (PAN) (11 mg, 38 umol dissolved in
55 pL of H20) and anhydride DI-1592 (50 mg, 0.08 mmol) in MeCN (0.2 mL). Evaporated reaction mixture
was purified by flash chromatography on RP-C+s, eluted with 0%-20% of MeCN in H20. Target fractions were
lyophilized to afford Compound 9 (7.5 mg, 33%), as a white foam. '"H NMR (400 MHz, D20) & 4.00 (s, 1H,
Pan-3), 3.57 — 3.47 (m, 3H, Ac-4, Pan-1), 3.47 — 3.37 (m, 4H, CA-1, BA-1), 3.17 — 3.03 (m, 11H, CA-2,
NMe3), 2.89 — 2.78 (m, 1H, Ac-2), 2.52 — 2.42 (m, 3H, Ac-3a, BA-2), 2.32 — 2.21 (m, 1H, Cy), 2.13 - 2.05 (m,
1H, Cy), 2.06 — 1.95 (m, 1H, Ac-3b), 1.71 (q, J = 11.9 Hz, 1H, Cy), 1.61 — 1.29 (m, 3H, Cy), 0.93 (s, 3H, Pan-
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Mea), 0.90 (s, 3H, Pan-Mey). '*C NMR (101 MHz, D20) & 204.7, 175.1, 174.0, 75.7, 73.0, 68.3, 50.8 [t, "Jin.)
= 4.1 Hz], 50.6, 38.6, 38.5, 35.4, 35.3, 28.1, 28.0, 27.9, 24.9, 23.4, 20.5, 19.1. HRMS calculated for
C21H40N30s5S: 446.2691, found: 446.2689 [M]*.
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Compound 10 (DI-1639)
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Scheme S7. Synthesis of compound 10 (DI-1639).

Methyl 3-(benzylamino)cyclopentane-1-carboxylate (DI-1607)

A mixture of ketone (0.50 g, 3.52 mmol), benzylamine (0.38 g, 3.52 mmol), and powdered anhydrous MgSO4
(1.27 g, 10.56 mmol) in DCM (15 mL) was stirred at rt for 16 h. Inorganics were filtered off, filtrate was
concentrated under reduced pressure, and the residue was dried under vacuum (7 mmHg) for 1 h. The crude
imine was dissolved in MeOH (5 mL), and the solution was cooled to 0 °C. Solid NaBH4 (0.13 g, 3.46 mmol)
was added at 0 °C. The reaction mixture was stirred at rt for 30 min. The organic solvent was removed under
reduced pressure. The residue was purified by column chromatography on silica, eluting with EtOAc in n-
hexane (gradient from 20% to 65%) to afford DI-1607 (0.48 g, 59%), as a colorless oil. '"H NMR (400 MHz,
CDCl3) 6 7.37 — 7.21 (m, 5H), 3.83 — 3.72 (m, 2H), 3.73 — 3.62 (m, 3H), 3.36 — 3.11 (m, 1H), 2.88 (m, 1H),
2.24 — 2.04 (m, 1H), 1.94 — 1.63 (m, 5H). "*C NMR (101 MHz, CDCI3) & 176.8, 128.6, 128.6, 128.4, 128.3,
127.2, 127.1, 58.9, 58.6, 52.6, 52.5, 51.9, 51.8, 42.4, 42.2, 36.8, 36.5, 33.1, 32.5, 28.4, 27.7. HRMS
calculated for C14H20NO2: 234.1494, found: 234.1493 [M + HJ*.

3-(Methoxycarbonyl)cyclopentan-1-aminium acetate (DI-1624)

A solution of DI-1607 (0.14 g, 0.60 mmol) and AcOH (40 mg, 0.66 mmol) in MeOH (5 mL) was hydrogenated
over Pd(OH)2/C (20 wt%, 30 mg) under Hz atmosphere (1 bar) for 72 h. The reaction mixture was filtered
through a pad of celite and the filter cake was washed with MeOH (3 x 5 mL). The filtrate was concentrated
under reduced pressure to afford DI-1624 (0.11 g, 90%), as a white solid. Product was used in the next step
without any purification. '"H NMR (400 MHz, CDCI3) & 3.70 — 3.65 (m, 3H), 3.64 — 3.48 (m, 1H), 3.13 - 2.78
(m, 1H), 2.29 — 2.17 (m, 1H), 2.17 — 1.59 (m, 9H). "*C NMR (101 MHz, CDCls)  177.9, 176.7, 176.2, 52.2,
52.0, 51.7, 42.4, 41.9, 36.3, 35.9, 32.4, 28.3, 28.1, 23.6. HRMS calculated for C7H14NO2: 144.1025, found:
144.1026 [M + H]".

3-(Methoxycarbonyl)-N,N,N-trimethylcyclopentan-1-aminium chloride (DI-1625)

To a mixture of DI-1624 (0.10 g, 0.49 mmol) in MeOH (5 mL), Mel (0.70 g, 4.90 mmol) and K2CO3 (0.34 g,
2.45 mmol, anhydrous powder) were added and the mixture was stirred vigorously for 16 h. Precipitate was
filtered off and washed with MeOH (2 x 5 mL). Obtained filirate was concentrated under reduced pressure,
acidified with 1 M ag. HCI to pH 3, concentrated under reduced pressure. Obtained residue was purified by
flash chromatography on RP-Cis, eluted with 0%-5% of MeCN in 0.01% aq. HCI to afford DI-1625 (75 mg,
69%), as a slightly yellow solid. '"H NMR (400 MHz, D20) & 4.11 — 3.93 (m, 1H), 3.79 — 3.71 (m, 3H), 3.22 —
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3.00 (m, 10H), 2.52 — 2.34 (m, 1H), 2.30 — 1.81 (m, 5H). '*C NMR (101 MHz, D20) & 177.4, 177.3, 75.0 [t,
Une) = 2.5 Hz], 74.8 [t, "Jinc) = 2.5 Hz], 52.6, 52.6, 51.4, 51.3, 51.3, 51.2, 51.2, 51.1, 41.9, 41.5, 29.1, 28.5,
27.7,26.9, 26.2, 25.2. HRMS calculated for C1oH20NOz: 186.1494, found: 186.1498 [M]".

3-Carboxy-N,N,N-trimethylcyclopentan-1-aminium chloride (DI-1627)

To a solution of DI-1625 (0.11 g, 0.52 mmol) in dioxane/H20 (2 mL, 1:1) solid LiOH*H20 (44 mg, 1.04 mmol)
was added. The reaction mixture was stirred at rt for 1 h. Reaction mixture was acidified with 1 M aq. HCI to
pH 3 and concentrated under reduced pressure to afford DI-1627 (150 mg, contains inorganic material), as a
white solid. Product was used in the next step without additional purification. "H NMR (400 MHz, D-0O) & 4.04
—3.84 (m, 1H), 3.08 — 2.89 (m, 10H), 2.43 — 2.23 (m, 1H), 2.15 — 1.73 (m, 5H). *C NMR (101 MHz, D20) &
178.9, 75.0, 74.8, 51.3 [t, "Jnc) = 4.0 Hz], 51.2 [t, "Unc) = 4.0 Hz], 41.9, 41.5, 29.1, 28.5, 27.7, 26.9, 26.2,
25.0. HRMS calculated for CoH1sNO2: 172.1338, found: 172.1334 [M]*.

3-(Trimethylammonio)cyclopentane-1-carboxylate (DI-1629)

Acid DI-1627 (0.15 g, 0.505 mmol, 70% purity) was dissolved in H20 (3 mL) and acidified with 1 M aq. HCl to
pH 3. A solution of NaBPh4 (0.25 g, 0.72 mmol, 20% in H20) was added to ensure a complete precipitation of
the ammonium salt (white precipitate formed). The precipitate was collected by filtration and triturated with
EtOH (40 mL, partially soluble). Insolubles were filtered off and the filtrate was concentrated under reduced
pressure. Residue was dissolved in EtOH (20 mL) and passed through Dowex Monosphere 550A (OH) ion-
exchange resin column, followed by a slow elution with EtOH (40 mL). The eluate containing expected
product was concentrated under reduced pressure and the residue was dried in vacuo to afford DI-1629 (70
mg, 81%), as a white solid. '"H NMR (400 MHz, D20) & 4.09 — 3.90 (m, 1H), 3.16 — 2.97 (m, 10H), 2.49 —
2.30 (m, 1H), 2.28 — 1.81 (m, 5H). *C NMR (101 MHz, D20) 5 178.9, 178.8, 75.0 [t, 'Jn.c) = 2.5 Hz], 74.8 [t,
'Uno) = 2.5 Hz], 51.3 [t, "Jnc) = 4.0 Hz], 51.1 [t, "Une) = 4.2 HZ], 41.8, 41.5, 29.0, 28.4, 27.7, 27.0, 26.2,
25.0. HRMS calculated for CoH1sNO2: 172.1338, found: 172.1341 [M + H]".

3-Carboxy-N,N,N-trimethylcyclopentan-1-aminium hexafluorophosphate (DI-1630)

Betaine DI-1629 (30 mg, 0.17 mmol) was heated at 60 °C with 1 M aq. HCI (2 mL) for 16 h. The reaction
mixture was evaporated and the residue was mixed with water (5 mL) and again evaporated. The residue
was suspended in MeCN (3 mL, turbid solution), NaPFes (31 mg, 0.19 mmol) was added and mixture was
stirred at 60 °C for 72 h (precipitate formed). The mixture was cooled down to rt, precipitate was filtered off.
Filtrate was concentrated under reduced pressure and the residue was purified by flash chromatography on
RP-Cis, eluted with H20 to afford DI-1630 (35 mg, 65%), as a slightly yellow solid. '"H NMR (400 MHz, D20) &
4.09 — 3.90 (m, 1H), 3.17 — 2.97 (m, 10H), 2.50 — 2.33 (m, 1H), 2.30 — 1.80 (m, 5H). '3C NMR (101 MHz,
D20) 6 181.4, 181.3, 77.6 [t, "Jn,c) = 2.5 Hz], 77.3 [t, "Jinc) = 2.5 Hz], 53.8 [t, "Uinc) = 4.0 Hz], 53.6 [t, "Uinc) =
4.0 Hz], 44.4, 44.0, 31.6, 31.0, 30.3, 29.5, 28.7, 27.5. HRMS calculated for CoH1sNO2: 172.1338, found:
172.1345 [M]*.

3,3'<(Oxybis(carbonyl))bis(N,N,N-trimethylcyclopentan-1-aminium) hexafluorophosphate (DI-1638)

To a stirred solution of DI-1630 (35 mg, 0.11 mmol) in MeCN (1 mL), N,N'-dicyclohexylcarbodiimide (DCC)
(12 mg, 0.06 mmol) was added and the mixture was stirred at rt for 30 min. Reaction mixture was
concentrated under reduced pressure to the volume of 0.4 mL and used in the next step without purification.

3-(Trimethylammonio)cyclopentane-1-carboxyl-CoA (compound 10; DI-1639)

To the solution of coenzyme A as a sodium salt (20 mg, 26 ymol dissolved in 0.36 mL of 0.5 M ag. NaHCO3)
solution of anhydride_DI-1638 (35 mg, 0.06 mmol) in MeCN (0.4 mL) was added, and the mixture was stirred
at rt for 0.5 h. Next, the mixture was quenched with dropwise addition of 1 M aq. HCI, to adjust the pH 3.
MeCN was evaporated from the reaction mixture under reduced pressure and the residue was purified by
flash chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% aqg. HCI. Target fractions were
lyophilized to afford Compound 10 (11 mg, 46%), as a white foam. '"H NMR (400 MHz, D20) & 8.73 (br s,
1H, Ade-8), 8.47 (s, 1H, Ade-2), 6.24 (d, J = 4.2 Hz, 1H, Rib-1"), 5.00 — 4.86 (m, 2H, Rib-2',3"), 4.69 — 4.56
(m, 1H, Rib-4"), 4.44 — 4.19 (m, 2H, Pan-1), 4.06 (s, 1H, Pan-3), 4.04 — 3.96 (m, 1H, Ac-4), 3.96 — 3.84 (m,
1H, Rib-5%), 3.73 — 3.60 (m, 1H, Rib-5'3), 3.49 (i, J = 6.5 Hz, 2H, BA-1), 3.44 — 3.24 (m, 3H, Ac-2, CA-1),
3.13 - 3.02 (m, 11H, CA-2, NMezs), 2.46 (t, J = 6.6 Hz, 2H, BA-2), 2.42 — 1.77 (m, 6H, Ac-3,5,6), 0.98 (s, 3H,
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Pan-Mea), 0.86 (s, 3H, Pan-Mes). 3C NMR (101 MHz, D20) & 204.6, 204.5, 174.7, 174.0, 149.9, 144.7,
142.6, 87.5, 83.4, 74.9, 74.7, 74.2, 73.9, 72.1, 65.1, 51.3 [t, "Jinc) = 4.0 Hz], 51.1 [t, "Jwnc) = 4.0 Hz], 50.5,
49.9, 38.4, 35.4, 35.3, 29.2, 28.8, 28.7, 28.3, 28.2, 27.9, 26.7, 25.0, 20.8, 18.3. HRMS calculated for
CaoHs2NsO17P3S: 921.2384, found: 921.2381 [M]".

S17



Compound 11 (DI-1664)
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Scheme S8. Synthesis of compound 11 (DI-1664).

Ethyl 3-(benzylamino)cyclobutane-1-carboxylate (DI-1644)

A mixture of ketone (0.50 g, 3.52 mmol), benzylamine (0.38 g, 3.52 mmol), and powdered anhydrous MgSQ4
(1.27 g, 10.56 mmol) in DCM (15 mL) was stirred at rt for 72 h. Precipitate was filtered off, the filtrate was
concentrated under reduced pressure, and the residue was dried under vacuum (7 mmHg) for 1 h. Obtained
residue was dissolved in MeOH (5 mL), and the solution was cooled to 0°C. Solid NaBHa4 (0.13 g, 3.33 mmol)
was added at 0°C. The reaction mixture was stirred at rt for 30 min. The organic solvent was removed under
reduced pressure. The residue was purified by column chromatography on silica, eluting with EtOAc in n-
hexane (gradient from 20% to 65%) to afford DI-1644 (0.23 g, 31%), as a colorless oil. '"H NMR (400 MHz,
CDCl3) 6 7.23 (s, 5H), 4.18 — 3.98 (m, 2H), 3.69 — 3.44 (m, 2H), 3.22 — 2.91 (m, 1H), 2.71 — 2.36 (m, 3H),
2.15 - 1.80 (m, 2H), 1.22 — 1.10 (m, 3H). "*C NMR (101 MHz, CDCl3) 5 175.1, 140.1, 128.4, 128.2, 127.0,
60.7, 60.5, 51.2, 51.0, 49.4, 37.0, 34.7, 33.3, 33.0, 31.3, 14.2. HRMS calculated for C14H20NO2: 234.1494,
found: 234.1498 [M + H]".

3-(Ethoxycarbonyl)cyclobutan-1-aminium acetate (DI-1646)

A solution of DI-1644 (0.23 g, 0.99 mmol) and AcOH (65 mg, 1.08 mmol) in MeOH (10 mL) was
hydrogenated over Pd(OH)2/C (20 wt%, 30 mg) under Hz atmosphere for 16 h. The reaction mixture was
filtered through a pad of celite and the filter cake was washed with MeOH (3 x 5 mL). The filtrate was
concentrated under reduced pressure to afford DI-1646 (0.17 g, 87%), as a white solid. '"H NMR (400 MHz,
CDCls) 6 4.22 — 4.06 (m, 2H), 3.85 — 3.32 (m, 1H), 2.81 — 2.46 (m, 3H), 2.24 — 2.00 (m, 2H), 1.99 (s, 2H),
1.32 — 1.17 (m, 3H). '3C NMR (101 MHz, CDCl3) d 176.8, 175.1, 174.9, 63.5, 60.8, 45.2, 43.7, 37.1, 35.6,
33.8, 32.6, 31.1, 29.2, 22.4, 14.3. HRMS calculated for C7H14NO2: 144.1025, found: 144.1021 [M]".

3-Carboxy-N,N,N-trimethylcyclobutan-1-aminium iodide (DI-1648)

To a solution of DI-1646 (0.17 g, 0.80 mmol) in MeOH (7 mL), Mel (1.2 g, 8.10 mmol) and K2COs (0.56 g,
4.05 mmol, anhydrous powder) were added and the mixture was stirred vigorously for 16 h at rt. Inorganics
were filtered off and washed on filter with MeOH (2 x 5 mL). Obtained filtrate was concentrated under
reduced pressure and the residue was purified by flash chromatography on RP-C1s, eluted with water to
afford DI-1648 (0.20 g, 86%), as a white solid. '"H NMR (400 MHz, D20) & 4.49 — 4.14 (m, 1H), 3.36 — 2.96
(m, 10H), 2.93 — 2.61 (m, 4H). *C NMR (101 MHz, D20) 5 178.2, 177.2, 66.1, 63.6, 50.3 [t, 'Jin.c) = 3.7 HZz],
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50.1 [t, "Jic) = 4.0 Hz], 30.1, 28.2, 27.2, 26.4. HRMS calculated for CsH1sNO2: 158.1181, found: 158.1181
[M]".

3-(Trimethylammonio)cyclobutane-1-carboxylate (DI-1650)

Acid DI-1648 (0.20 g, 0.70 mmol) was dissolved in H20 (2 mL) and acidified with 1 M aq. HCI to pH 3. A
solution of NaBPh4 (20% in H20, 0.24 g, 0.70 mmol) was added to ensure a complete precipitation of the
ammonium salt (white precipitate formed). The precipitate was collected by filtration and triturated with EtOH
(40 mL, not completely soluble). Insolubles were filtered off and the filtrate was concentrated under reduced
pressure. Residue was dissolved in EtOH (20 mL) and passed through Dowex Monosphere 550A (OH) ion-
exchange resin column, followed by a slow elution with EtOH (40 mL). The eluate, containing expected
product, was concentrated under reduced pressure and the residue was dried in vacuo to afford DI-1650 (50
mg, 45%), as a white solid. '"H NMR (400 MHz, D20) & 4.26 — 3.91 (m, 1H), 3.10 — 2.98 (m, 9H), 2.80 — 2.32
(m, 5H). 3C NMR (101 MHz, D20) & 182.4, 181.5, 66.7, 63.6, 49.8 [t, "Jn,c) = 3.7 Hz], 49.6 [t, "Jn,c) = 4.0
Hz], 32.1, 30.2, 27.7, 26.8. HRMS calculated for CsH1sNO2: 158.1181, found: 158.1182 [M + HJ*.

3-Carboxy-N,N,N-trimethylcyclobutan-1-aminium hexafluorophosphate (DI-1655)

Betaine DI-1650 (50 mg, 0.32 mmol) was dissolved in 1M aqg. HCI (3 mL) heated at 60 °C for 72 h. The
reaction mixture was concentrated under reduced pressure, the residue was mixed with water (5 mL) and
evaporated again. Obtained residue was suspended in MeCN (4 mL, turbid solution), NaPFe (59 mg, 0.35
mmol) was added and mixture was stirred at 60 °C for 16 h (precipitate formed). The mixture was cooled
down to rt, precipitate was filtered off. Filtrate was concentrated under reduced pressure and the residue was
purified by flash chromatography on RP-C+s, eluted with water to afford DI-1655 (65 mg, 67%), as a white
solid. "H NMR (400 MHz, D20) & 4.38 — 4.00 (m, 1H), 3.24 — 2.92 (m, 10H), 2.85 — 2.52 (m, 4H). C NMR
(101 MHz, D20) & 177.2, 63.5, 49.8 [t, "Unc) = 3.8 Hz], 49.6, 28.0, 26.9, 26.1. HRMS calculated for
CsH1sNO2: 158.1181, found: 158.1185 [M]*

3,3'-(Oxybis(carbonyl))bis(N,N,N-trimethylcyclobutan-1-aminium) hexafluorophosphate (DI-1663)

To a stirred solution of DI-1655 (43 mg, 0.14 mmol) in MeCN (1 mL), N,N'-dicyclohexylcarbodiimide (DCC)
(14 mg, 0.07 mmol) was added and the mixture was stirred at rt for 30 min. Reaction mixture was
concentrated under reduced pressure to the volume 0.4 mL and used in the next step without purification.

3-(Trimethylammonio)cyclobutane-1-carboxyl-CoA (compound 11; DI-1664)

To the solution of coenzyme A as a sodium salt (20 mg, 26 umol dissolved in 0.36 mL of 0.5 M aq. NaHCO3)
solution of anhydride DI-1663 (41 mg, 0.07 mmol) in MeCN (0.4 mL) was added, and the mixture was stirred
at rt for 30 min. Next, the mixture was quenched with dropwise addition of 1 M aq. HCI, to adjust the pH 3.
MeCN was evaporated from the reaction mixture under reduced pressure, precipitate was filtered off and the
residue was purified by flash chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% aqg. HCI.
Target fractions were lyophilized to afford Compound 11 (8 mg, 34%), as a white foam. '"H NMR (400 MHz,
D20) & 8.72 (br s, 1H, Ade-8), 8.46 (s, 1H, Ade-2), 6.23 (d, J = 4.4 Hz, 1H, Rib-1"), 4.98 — 4.86 (m, 2H, Rib-
2'3'"), 4.66 — 4.57 (m, 1H, Rib-4"), 4.40 — 4.26 (m, 2H, Pan-1), 4.26 — 4.06 (m, 1H, Ac-4), 4.06 (s, 1H, Pan-3),
3.96 — 3.85 (m, 1H, Rib-5'v), 3.72 — 3.60 (m, 1H, Rib-5'a), 3.53 — 3.47 (m, 2H, BA-1), 3.47 — 3.15 (m, 3H, Ac-
2, CA-1), 3.11 = 3.01 (m, 11H, CA-2, NMes), 2.84 — 2.54 (m, 4H, Ac-3,5), 2.52 — 2.41 (m, 2H, BA-2), 0.97 (s,
3H, Pan-Mea), 0.86 (s, 3H, Pan-Mey). 3C NMR (101 MHz, D20) & 203.6, 202.4, 174.7, 174.0, 149.9, 144.7,
142.6, 87.51, 83.4, 74.2, 73.9, 72.0, 65.6, 65.1, 63.2, 49.8, 49.7, 38.4, 38.0, 35.8, 35.4, 35.3, 28.5, 28.3,
27.6, 26.8, 20.8, 18.3. HRMS calculated for C29Hs0NsO17P3S: 907.2227, found: 907.2247 [M]".
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Compound 12 (DI-1678)
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Scheme S9. Synthesis of compound 12 (DI-1678).

5-Methoxy-3,3-dimethyl-5-oxopentanoic acid (DI-1654)

A mixture of 3,3-dimethylglutaric anhydride (0.68 g, 4.80 mmol), EtsN (0.68 mL, 4.80 mmol) and DMAP
(0.059 g, 0.48 mmol) in MeOH (15 mL) was stirred at reflux for 16 h. The mixture was cooled down to rt and
concentrated under reduced pressure. The residue was purified by column chromatography on silica, eluting
with MeOH in DCM (gradient from 3% to 10%) to afford DI-1654 (0.73 g, 87%), as a colorless oil. '"H NMR
(400 MHz, CDCIs) & 3.68 (s, 3H), 2.47 (s, 2H), 2.45 (s, 2H), 1.14 (s, 6H). *C NMR (101 MHz, CDClz) &
177.5,172.8, 51.5,45.0, 44.9, 32.6, 27.9. HRMS calculated for CsH1304: 173.0814, found: 173.0819 [M - HJ.

Methyl 4-((tert-butoxycarbonyl)amino)-3,3-dimethylbutanoate (DI-1665)

To a solution of DI-1654 (0.73 g, 4.19 mmol) and EtsN (0.64 mL, 4.61 mmol) in PhMe (10 mL)
diphenylphosphoryl azide (DPPA) (1.27 g, 4.61 mmol) was added under Ar atmosphere. The resulting
mixture was stirred at ambient temperature for 1 h. Then the temperature was increased and the reaction
mixture was stirred at 60 °C for 3 h. Next, the reaction mixture was concentrated to the half of volume and t-
BuOH (5 mL) was added, followed by EtsN (0.64 mL, 4.61 mmol), and the resulting solution was stirred at 60
°C for 72 h. The mixture was cooled down to rt and concentrated under reduced pressure. The residue was
purified by column chromatography on silica, eluting with MTBE in n-hexane (10%) to afford DI-1665 (0.45 g,
44%), as a colorless oil. 'H NMR (400 MHz, CDClIs3) & 4.86 (br s, 1H), 3.66 (s, 3H), 3.03 (d, J = 6.8 Hz, 2H),
2.22 (s, 2H), 1.44 (s, 9H), 0.98 (s, 6H). '*C NMR (101 MHz, CDCls) & 172.8, 156.4, 79.2, 51.5, 50.1, 44.0,
35.3, 28.5, 25.5. HRMS calculated for C12H23NOsNa: 268.1525, found: 268.1538 [M + Na]".

4-Methoxy-2,2-dimethyl-4-oxobutan-1-aminium chloride (DI-1669)

A 6 M solution of HCI in 1,4-dioxane (1.5 mL, 9.17 mmol) was added to a solution of DI-1665 (0.45 g, 1.83
mmol) in 1,4-dioxane (2.0 mL). The reaction mixture was stirred at 50 °C for 16 h. The mixture was cooled
down to rt and concentrated under reduced pressure. The residue was purified by flash chromatography on
RP-C1s, eluted with water to afford DI-1669 (0.33 g, 99%), as a white solid (mixture of ester and
corresponding acid 3:1). "H NMR (400 MHz, D20) & ester 3.73 (s, 3H), 3.03 (s, 2H), 2.48 (s, 2H), 1.11 (s,
6H); acid 3.05 (s, 2H), 2.46 (s, 2H), 1.14 (s, 6H). *C NMR (101 MHz, D20) ester & 174.3, 52.2, 48.5, 43.4,
32.1, 24.1; acid 175.8, 48.5, 43.8, 31.9, 24.2. HRMS calculated for ester C7H1sNO2: 146.1181, found:
146.1181 [M + HJ*; calculated for acid CeH14aNO2: 132.1025, found: 132.1024 [M + H]".
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3-Carboxy-N,N,N,2,2-pentamethylpropan-1-aminium iodide (DI-1672)

To a mixture of DI-1669 (0.33 g, 1.82 mmol) in MeOH (10 mL), Mel (2.58 g, 18.20 mmol) and K2CO3 (1.26 g,
9.10 mmol) were added and the mixture was stirred vigorously for 16 h at rt. Inorganics were filtered off and
washed on filter with MeOH (2 x 5 mL). Obtained filtrate was concentrated under reduced pressure and
purified by flash chromatography on RP-Cis, eluted with water to afford DI-1672 (0.30 g, 55%), as a white
solid. '"H NMR (400 MHz, D20) & 3.54 (s, 2H), 3.25 (s, 9H), 2.34 (s, 2H), 1.29 (s, 6H). 13C NMR (101 MHz,
D20) & 1771, 72.8 [t, "Jnc) = 2.1 Hz], 53.2 [t, 'Unc) = 4.0 Hz], 47.4, 32.6, 24.8. HRMS calculated for
CoH20NO2: 174.1494, found: 174.1499 [M]*.

3-Carboxy-N,N,N,2,2-pentamethylpropan-1-aminium hexafluorophosphate (DI-1676)

To a mixture of DI-1672 (0.30 g, 1.00 mmol) in MeCN (7.0 mL) NaPFs (0.19 g, 1.10 mmol) was added. The
mixture was stirred at 60 °C for 16 h. The mixture was cooled down to rt and concentrated under reduced
pressure. Residue solidified upon addition of H20 (3.0 mL). Precipitate was collected by filtration to afford the
first crop of the product as PFe salt. Aqueous filtrate was concentrated under reduced pressure and the
residue was purified by flash chromatography on RP-C1s, eluted with water, to afford the second crop.
Combined yield of DI-1676: 0.17 g (53%), as a colorless solid. '"H NMR (400 MHz, MeOD) & 3.59 (s, 2H),
3.25 (s, 9H), 2.54 (s, 2H), 1.31 (s, 6H). *C NMR (101 MHz, MeOD) & 174.3, 75.2, 56.2 [t, "Jin.c) = 3.8 HZ],
45.6, 36.1, 28.1. HRMS calculated for CoH20NO2: 174.1494, found: 174.1502 [M]".

4,4'-Oxybis(N,N,N,2,2-pentamethyl-4-oxobutan-1-aminium) hexafluorophosphate (DI-1677)

To a stirred solution of DI-1676 (43 mg, 0.13 mmol) in MeCN (1.0 mL), N,N'-dicyclohexylcarbodiimide (DCC)
(14 mg, 0.07 mmol) was added and the mixture was stirred at rt for 30 min. Reaction mixture was
concentrated under reduced pressure to the volume of 0.4 mL and used in the next step without purification.

3,3-Dimethyl-4-(trimethylammonio)butanoyl-CoA (compound 12; DI-1678)

To the solution of coenzyme A as a sodium salt (20 mg, 26 ymol dissolved in 0.36 mL of 0.5 M ag. NaHCO3)
solution of DI-1677 (41 mg, 0.07 mmol) in MeCN (0.4 mL) was added and the mixture was stirred at rt for 30
min. Next, the mixture was quenched with dropwise addition of 1 M aq. HCI, to adjust the pH 3. MeCN was
evaporated from the reaction mixture under reduced pressure and the residue was purified by flash
chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% ag. HCI. Target fractions were
lyophilized to afford Compound 12 (9.0 mg, 38%), as a white foam. '"H NMR (400 MHz, D20) & 8.70 (br s,
1H, Ade-8), 8.45 (s, 1H, Ade-2), 6.22 (d, J = 5.0 Hz, 1H, Rib-1"), 4.98 — 4.87 (m, 2H, Rib-2',3"), 4.67 — 4.57
(m, 1H, Rib-4"), 4.40 — 4.22 (m, 2H, Pan-1), 4.05 (s, 1H, Pan-3), 3.98 — 3.85 (m, 1H, Rib-5'v), 3.73 — 3.61 (m,
1H, Rib-5'3), 3.54 — 3.45 (m, 4H, Ac-4, BA-1), 3.37 (t, J = 6.3 Hz, 2H, CA-1), 3.23 (s, 9H, NMes), 3.03 (t, J =
6.3 Hz, 2H, CA-2), 2.85 (s, 2H, Ac-2), 2.46 (t, J = 6.5 Hz, 2H, BA-2), 1.28 (s, 6H, Ac-Me), 0.97 (s, 3H, Pan-
Mea), 0.86 (s, 3H, Pan-Mes). *C NMR (101 MHz, D20) & 200.4, 174.7, 174.0, 149.9, 144.7, 142.6, 87.5,
83.3,74.2,73.9,72.1,65.1,55.5 [t, "Unc) = 4.2 Hz], 53.3, 45.1, 38.4, 35.8, 35.4, 35.3, 28.5, 26.7, 26.7, 20.8,
18.4. HRMS calculated for C30Hs54NsO17P3S: 923.2540, found: 923.2538 [M]".

S21



Compound 13 (DI-1271)
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Compound 13 (DI-1271)
Scheme S10. Synthesis of compound 13 (DI-1271).

2,2-Dimethylcyclopropane-1-carboxyl-CoA (compound 13; DI-1271)

To a solution of 2,2-dimethylcyclopropane-1-carboxylic acid (6 mg, 0.05 mmol) and EtsN (18 pL, 0.13 mmol)
in MeCN (0.5 mL) HBTU (22 mg, 0.06 mmol) was added. The mixture was stirred at rt for 30 min. Next, the
solution of coenzyme A as a sodium salt (20 mg, 26 umol dissolved in 0.36 mL of 0.5 M ag. NaHCO3) was
added and the mixture was stirred at rt for 1 h. The mixture was quenched with dropwise addition of 1 M aq.
HCI, to adjust the pH 3. MeCN was evaporated from the reaction mixture under reduced pressure and the
residue was purified by flash chromatography on RP-C1s, eluted with 0%-20% of MeCN in 0.01% aqg. HCI.
Target fractions were lyophilized to afford Compound 13 (6 mg, 27%), as a white foam. '"H NMR (400 MHz,
D20) & 8.57 (s, 1H, Ade-8), 8.28 (s, 1H, Ade-2), 6.19 (d, J = 6.4 Hz, 1H, Rib-1"), 4.90 — 4.82 (m, 2H, Rib-
2'3"), 4.64 — 4.56 (m, 1H, Rib-4"), 4.32 — 4.20 (m, 2H, Pan-1), 4.04 (s, 1H, Pan-3), 3.85 (dd, J = 9.9, 4.2 Hz,
1H, Rib-5%), 3.57 (dd, J = 9.7, 4.1 Hz, 1H, Rib-5%), 3.52 — 3.39 (m, 2H, BA-1), 3.38 — 3.24 (m, 2H, CA-1),
3.07 — 2.91 (m, 2H, CA-2), 2.43 (t, J = 6.6 Hz, 2H, BA-2), 2.08 — 1.98 (m, 1H, Ac-2), 1.24 (t, J = 4.9 Hz, 1H,
Ac-4), 1.16 (s, 3H, Ac-Me), 1.07 (s, 3H, Ac-Me), 1.03 (dd, J = 7.7, 4.4 Hz, 1H, Ac-4), 0.91 (s, 3H, Pan-Mea),
0.77 (s, 3H, Pan-Meyp). 13C NMR (101 MHz, D20) & 201.0, 174.7, 173.9, 155.6, 152.8, 139.9, 86.3, 83.6,
742,742,741, 73.8, 71.9, 65.3, 38.8, 38.4, 38.3, 36.4, 35.4, 35.3, 28.2, 27.4, 25.7, 23.5, 20.9, 18.1, 17.7.
HRMS calculated for C27H4sN7017P3S: 864.1805, found: 864.1808 [M + H]*.

S22



Table S1. Correspondence between manuscript compound numbers, internal DI codes, synthetic

schemes, and analytical figures.

Cmpd. | Substance DI code Scheme | Figures

1 y-Butyrobetainyl-CoA DI-1382 S1 S1-S3

2 y-Butyrobetainyl-SNAC DI-1502 S1 S4-S6

3 2-Methyl-4-(trimethylammonio)butanoyl-CoA DI-1455 S2 S7-S9

4 2-Methyl-4-(trimethylammonio)butanoyl-PAN DI-1462 S2 S10-S12

5 2-((Trimethylammonio)methyl)cyclopropane-1-carboxyl- | DI-1483 S3 S13-S15
CoA

6 3-(Trimethylammonio)benzoyl-CoA DI-1573 S4 S16-S18

7 (E)-4-(Trimethylammonio)but-2-enoyl-CoA DI-1580 S5 S19-S21

8 3-(Trimethylammonio)cyclohexane-1-carboxyl-CoA DI-1593 S6 S22-824

9 3-(Trimethylammonio)cyclohexane-1-carboxyl-PAN DI-1464 S6 S25-S27

10 3-(Trimethylammonio)cyclopentane-1-carboxyl-CoA DI-1639 S7 S28-S30

11 3-(Trimethylammonio)cyclobutane-1-carboxyl-CoA DI-1664 S8 S31-S33

12 3,3-Dimethyl-4-(trimethylammonio)butanoyl-CoA DI-1678 S9 S34-S36

13 2,2-Dimethylcyclopropane-1-carboxyl-CoA DI-1271 S10 S37-S39

Table S2. NMR assignments abbreviations

Module Labels

Adenine Ade-2 to Ade-8

Ribose Rib-1' to Rib-5'

Pantoate Pan-1 to Pan-4

B-Alanine BA-1, BA-2

Cysteamine CA-1, CA-2

Variable acyl group Ac-1to Ac-6

Aromatic acyl group 6 | Ar-1to Ar-6

Trimethylammonium NMe3

SNAC acetyl group Ac
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Figure S1. "H NMR (400 MHz, D20) spectrum of compound 1 (DI-1382)
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Figure S2. 3C NMR (101 MHz, D20) spectrum of compound 1 (DI-1382)
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Elemental Composition Report

Page 1
Single Mass Analysis
Tolerance = 3.0 PPM / DBE: min = -0.5, max = 200.0
Element prediction: Off
Number of isotope peaks used for i-FIT =9
Monoisotopic Mass, Even Electron lons
3172 formula(e) evaluated with 13 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:1-150 H:1-150 N:0-20 0O:0-20 P:3-3 S:1-1
1469 Zaca DI-1382 OSI/FOKL-MS
Synapt G2-Si
HRMS_2025_08_492 413 (1.187) Cm (412:415-371:377) 1: TOF MS ES+
4.95e+006
100 895.2232
4 448.1150
388.2271 _468.1936
% | 508.0044 815.2571 536.2264
. _ 816.2598 1
194.6174 286.1592 _ { !| [809.0075 4147880 |
0 Aasan T - ‘ T T | T | | - 'I'I - - - - - T “ “mfz
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Figure S3. HRMS (ESI*, TOF) spectrum of compound 1 (DI-1382). m/z: [M]* calculated for
C2sHs50Ns017P3S*, 895.2227; found, 895.2232; A = +0.6 ppm.
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Figure S4. "H NMR (400 MHz, D20) spectrum of compound 2 (DI-1502)
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Figure S5. 3C NMR (101 MHz, D20) spectrum of compound 2 (DI-1502)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -0.5, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT =9

Monoisotopic Mass, Even Electron lons
219 formula(e) evaluated with 1 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-120 H:1-150 N:0-15 0:0-15 S:1-1
1006 Zaca DI-1502

OSI/FOKL-MS
Synapt G2-Si
HRMS_2025_05_465 139 (0.414) Cm (138:141-125:128) 1: TOF MS ES+
4.39e+006
100 247.1487
%
86.0605
0 T T T T T T T T T T T T T ITI.I'Z

T T T T T
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Figure S6. HRMS (ESI*, TOF) spectrum of compound 2 (DI-1502). m/z: [M]" calculated for C11H23N202S",
247.1480; found, 247.1487; A = +2.8 ppm.
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Figure S8. '*C NMR (101 MHz, D20) spectrum of compound 3 (DI-1455)
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Elemental Composition Report

Single Mass Analysis

Tolerance =5.0 PPM / DBE: min = -1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 5

Monoisotopic Mass, Even Electron lons

4056 formula(e) evaluated with 29 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-150 H:0-150 N:0-25 0:0-20 P:3-3 S:1-1

2138 Zaca DI-1455

Page 1
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Figure S89. HRMS (ESI*, TOF) spectrum of compound 3 (DI-1455).

C29H52N8017P3S™, 909.2384; found, 909.2421; A = +4.1 ppm.
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Figure S11. *C NMR (101 MHz, D20) spectrum of compound 4 (DI-1462)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min = -1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT =5

Monoisotopic Mass, Even Electron lons

1111 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-150 H:0-150 N:0-25 0:0-20 S:1-1

2346 Zaca DI-1462
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Figure S12. HRMS (ESI*, TOF) spectrum of compound 4 (DI-1462). m/z: [M]* calculated for C19H3sN3OsS™,
420.2532; found, 420.2542; A = +2.4 ppm.
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Figure S14. '*C NMR (101 MHz, D20) spectrum of compound 5 (DI-1483)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min = -0.5, max = 200.0
Element prediction: Off

Number of isotope peaks used for i-FIT =9

Monoisotopic Mass, Even Electron lons

3874 formula(e) evaluated with 17 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:1-1560 H:1-150 N:0-25 0:0-20 S:1-1 P:3-3

1650 Zaca DI-1606 OSI/FOKL-MS
Synapt G2-Si
HRMS_2025_09_534 141 (0.420) Cm (141:145-118:123) 1: TOF MS ES+
7.39e+006
100 480.5724
%o 481.0734
400.2279  480.1947 41 5735
. 200.6180 298.1594 : il 5501219 640.4268 734.0714.760.5259 825.0805  907.2241
T ¥ T T T i T T T 1 T T | il

T T T+ m/z
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

Figure S15. HRMS (ESI*, TOF) spectrum of compound 5 (DI-1483). m/z: [M]* calculated for
C29H50Ns017P3S*, 907.2227; found, 907.2241; A = +1.5 ppm.
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Figure $16. '"H NMR (400 MHz, D20) spectrum of compound 6 (DI-1573)
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Figure S17. '*C NMR (101 MHz, D20) spectrum of compound 6 (DI-1573)
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Elemental Composition Report

Page 1
Single Mass Analysis
Tolerance = 3.0 PPM / DBE: min = -0.5, max = 200.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 9
Monoisotopic Mass, Even Electron lons
3347 formula(e) evaluated with 13 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:1-150 H:1-150 N:0-20 0:0-20 P:3-3 S:1-1
1460 Zaca DI-1573 OSI/FOKL-MS
Synapt G2-Si
HRMS_2025_08_494 420 (1.211) Cm (417:420-405:409) 1: TOF MS ES+
8.01e+006
100 929.2081
4222120 465.1081
% 508.0049 849:2424 930‘2102
545.6504 850.2436 !
211.6100 320.1441 1 \ } l SRR 1090.2916
0 R TT T - T T - T l""l L T T R | Fres TIT -"‘m"Z
200 300 400 500 600 700 800 900 1000

Figure S18. HRMS (ESI*, TOF) spectrum of compound 6 (DI-1573). m/z: [M]" calculated for
Cs1H4sNsO17P3S*, 929.2071; found, 929.2081; A = +1.1 ppm.
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Figure $19. '"H NMR (400 MHz, D20) spectrum of compound 7 (DI-1580)
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Figure $20. *C NMR (101 MHz, D20) spectrum of compound 7 (DI-1580)
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Elemental Composition Report

Page 1
Single Mass Analysis
Tolerance = 3.0 PPM / DBE: min = -0.5, max = 200.0
Element prediction: Off
Number of isotope peaks used for i-FIT =9
Monoisotopic Mass, Even Electron lons
3158 formula(e) evaluated with 14 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:1-150 H:1-150 N:0-20 0:0-20 S:1-1 P:3-3
1466 Zaca DI-1580_I1 OSI/FOKL-MS
Synapt G2-Si
HRMS_2025_08_490 397 (1.143) Cm (395:400-374:380) 1: TOF MS ES+
3.53e+006
473.5632
w 813.2418
386.2120 Rt L 893.2079
% 74.0644 .
| 193.6097 284.‘1436 348.0708 ‘ : ‘ l ‘ 613‘?447 ‘
0 (A BAREN AR RE AR L35 AR FRRLE RERL] LA ZER LA RN LARRS ATER! = . I'w‘ e

T T T T T T T ANREEEERE e et MYz
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Figure S21. HRMS (ESI*, TOF) spectrum of compound 7 (DI-1580). m/z: [M]" calculated for
Ca2sH4sNsO17P3S*, 893.2071; found, 893.2079; A = +0.9 ppm.
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Figure S22. '"H NMR (400 MHz, D20) spectrum of compound 8 (DI-1593)
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Figure S$23. '*C NMR (101 MHz, D20) spectrum of compound 8 (DI-1593)
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Elemental Composition Report

Page 1
Single Mass Analysis
Tolerance = 3.0 PPM / DBE: min = -0.5, max = 200.0
Element prediction: Off
Number of isotope peaks used for i-FIT =9
Monoisotopic Mass, Even Electron lons
4056 formula(e) evaluated with 16 results within limits (all results (up to 1000) for each mass)
Elements Used:
C:1-150 H:1-150 N:0-25 0:0-20 P:3-3 S:1-1
1651 Zaca DI-1593 OSI/FOKL-MS
Synapt G2-Si
HRMS_2025_09_542 176 (0.538) Cm (173:181) 1: TOF MS ES+
3.45e+007
526.2384
Ly 508.2262 ‘
& 548.2184
186.1505 | ¢
* ‘ 490.1139 ‘
i 549.2206
1187.1536 979.2184
’ 1360625 " 285.6041 3162061 4711318 | | [ 660.4747 7256089 877.2606.5525% | 1 '
B o o e o L o o B e e e e O S e e il 1174
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Figure S24. HRMS (ESI*, TOF) spectrum of compound 8 (DI-1593). m/z: [M]" calculated for
C31Hs4NsO17P3S*, 935.2540; found, 935.2535; A = -0.5 ppm.
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Figure S25. '"H NMR (400 MHz, D20) spectrum of compound 9 (DI-1464)
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Figure $26. *C NMR (101 MHz, D20) spectrum of compound 9 (DI-1464)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT =7

Monoisotopic Mass, Even Electron lons

1296 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-150 H:0-150 N:0-25 0:0-20 S:1-1

1004 Zaca DI-1464

HRMS_2025_05_461 467 (1.340) Cm (467:469-444:447) 1: TOF MS ES+
3.18e+006
i 446.2691
&)
| 4472725
158.6061 245.1685 342.1851 4322623 (4482687 .\ \0)s 1093.7593
: N B N 1982 613.1732600.1025  832.1532  922.4260 . 1165.6038
| Gy LR Y ol LR Tt | ST LR (Al S Ll R | il e el MEARE A B Fh L | L R AR | bl & | L
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Figure $27. HRMS (ESI*, TOF) spectrum of compound 9 (DI-1464). m/z: [M]* calculated for C21H40N305S*,
446.2691; found, 446.2689; A = -0.4 ppm.
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Figure S28. '"H NMR (400 MHz, D20) spectrum of compound 10 (DI-1639)
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Figure $29. *C NMR (101 MHz, D20) spectrum of compound 10 (DI-1639)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance =3.0 PPM [/ DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 5

Monoisotopic Mass, Odd and Even Electron lons

4134 formula(e) evaluated with 30 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-150 H:0-150 N:0-25 0:0-20 P:3-3 S:1-1

1901 Zaca DI-1639

HRMS_2025_11_142 133 (0.398) Cm (132:135-122:124) 1: TOF MS ES+
2.35e+006
-y 189.1685
|
| 4875783
- 461.1222
4 M
%
| 4142428 -
] 841.2720
1 207.6251 921.2381
348.0704 ;
o L L 8121740 7 H l | l IEB 2219 6321305 7410762 767.5319) 843.2735 | 922.2301 e
B T e e e N
100 200 300 400 500 600 700 800 900 1000

Figure S30. HRMS (ESI*, TOF) spectrum of compound 10 (DI-1639). m/z: [M]* calculated for
CaoHs2NsO17P3S*, 921.2384; found, 921.2381; A =-0.3 ppm.
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Figure S31. '"H NMR (400 MHz, D20) spectrum of compound 11 (DI-1664)
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Figure $32. '*C NMR (101 MHz, D20) spectrum of compound 11 (DI-1664)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min = -1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT =5

Monoisotopic Mass, Even Electron lons
4043 formula(e) evaluated with 17 results within limits (all results (up to 1000) for each mass)

Elements Used:
C:0-150 H:0-150 N:0-25 0:0-20 S:1-1 P:3-3

2019 Zaca DI-1664

HRMS_2025_11_587 134 (0.401) Cm (134:138-117:121) 1: TOF MS ES+
3.78e+006
i 454.1159
1 907.2247
1 s 400.2270
9% 480.1934 827.2572
1 908.2261
828.2598
‘ 136.052{ 200.6172 398‘1 597 " 909.2248

1046.3230 1174.1522
T T M

622.7885
0 | ! L ll 1l b 734.0694 P
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/z

Figure S33. HRMS (ESI*, TOF) spectrum of compound 11 (DI-1664). m/z: [M]* calculated for
C20Hs50NsO17P3S*, 907.2227; found, 907.2247; A = +2.2 ppm.
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Figure S34. '"H NMR (400 MHz, D20) spectrum of compound 12 (DI-1678)
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Figure $35. '*C NMR (101 MHz, D20) spectrum of compound 12 (DI-1678)
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Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT =5

Monoisotopic Mass, Even Electron lons

4147 formula(e) evaluated with 14 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-150 H:0-150 N:0-25 0:0-20 P:3-3 S:1-1

2140 Zaca DI-1678

HRMS_2025_12_083 129 (0.387) Cm (128:135-115:118) 1: TOF MS ES+
8.71e+005
— 462.1319
1 174.1500 488.5873
o
d 89.0887
| 416.2586
1 208.6333
] L 314.1902 515.2380
oy L o PO : WL ![’ 633.4749 652.9832 843,286 923.2538 9761968 11337006
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Figure S36. HRMS (ESI*, TOF) spectrum of compound 12 (DI-1678). m/z: [M]" calculated for
C30Hs4NsO17P3S*, 923.2540; found, 923.2538; A = -0.2 ppm.
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Figure S37. '"H NMR (400 MHz, D20) spectrum of compound 13 (DI-1271)
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Figure S$38. '*C NMR (101 MHz, D20) spectrum of compound 13 (DI-1271)
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Elemental Composition Report

Single Mass Analysis

Tolerance = 3.0 PPM / DBE: min =-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 7

Monoisotopic Mass, Even Electron lons

3809 formula(e) evaluated with 16 results within limits (all results (up to 1000) for each mass)
Elements Used:

C:0-150 H:0-150 N:0-25 0O:0-20 P:3-3 S:1-1

350 Zaca DI-1271

Page 1
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Figure S$39. HRMS (ESI*, TOF) spectrum of compound 13 (DI-1271). m/z: [M+H]" calculated for

C27H4sN7017P3S*, 864.1805; found, 864.1808; A = +0.3 ppm.
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