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Synthesis of compounds 1-4

Scheme S1. Synthesis of the atorvastatin derivatives 1-4
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Prop-2-yn-1-yl (3R,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-1H-
pyrrol-1-yl)-3,5-dihydroxyheptanoate (1)

Atorvastatin calcium trihydrate (0.100 g, 0.083 mmol) and a 80% solution of propargyl bromide
(49 pL, 0.51 mmol) in toluene were dissolved in 2 mL of DMF. The mixture was stirred at room

temperature for 4 days. After that, it was poured into water. The product was extracted with
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ethyl acetate and purified by column chromatography (Hex:EtOAc=1:2, v/v). Pure compound 1
was obtained as a white solid in 69% yield (0.068 g). *H NMR (400 MHz, CDCls) 6 ppm: 1.43-1.75
(m, 4H, CH2-4’, CH2-2"), 1.55 (d, 6H, CH3-"Pr, J=7.1 Hz), 2.47-2.49 (m, 2H, CH-6"), 2.51 (t, 1H, CH-
9, J=2.5 Hz), 3.43 (br.s, 1H, OH), 3.48 (br.s, 1H, OH), 3.55-3.62 (m, 1H, CH-Pr), 3.72-3.78 (m, 1H,
CH-3), 3.92-3.99 (m, 1H, CH-5’), 4.16-4.24 (m, 2H, CH»-1’), 4.72 (dd, 2H, CH»-7’, J1=2.5, J,=0.9
Hz), 6.86 (br. s, 1H, PhANH), 6.99-7.03 (m, 3H, ArH), 7.07 (d, 2H, ArH, J=7.7 Hz), 7.15-7.23 (m, 9H,
ArH).

2-((4R,6R)-6-(2-(2-(4-Fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-1H-pyrrol-1-
yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetic acid (S1)?

Atorvastatin calcium trihydrate (1.0 g, 0.8 mmol) was stirred for 15 minutes in 40 ml of 1M HCI
solution, and then atorvastatin acid was extracted with dichloromethane (3 x 40 ml). The
combined organic extracts were dried over Na SOs4. The solvent was removed under reduced
pressure. The resulting residue was dissolved in 10 ml of acetone, and 2,2-dimethoxypropane
(2.5 ml, 20.0 mmol) and p-toluenesulfonic acid monohydrate (0.02 g, 0.1 mmol) were added.
The resulting mixture was stirred for 24 hours. After that triethylamine (0.075 ml, 0.5 mmol)
was added, and the solvent was removed under reduced pressure. To the residue 5 ml of THF
and 1 ml of 1 M NaOH solution were added, and the mixture was left to stir overnight. The next
day, 1.2 ml of a 1 M HCI solution was added. THF was removed under reduced pressure. The
product was extracted with diethyl ether. The organic fraction was dried over Na;SOa, the
solvent was removed under reduced pressure. Compound S1 was obtained as a white solid in
94% vyield (0.9 g). *H NMR (400 MHz, DMSO-d¢) 6 ppm: 0.87-0.95 (m, 1H, CHaHe-4’), 1.17, 1.31
(2's, both 3H, C(CH3),), 1.36 (d, 6H, CH3-'Pr, J=7.0 Hz), 1.38-1.42 (m, 1H, CHaHg-4’), 1.49-1.65 (m,
2H, CH»-2’), 2.25-2.28 (m, 2H, CH»-6"), 3.21 (m, 1H, CH-Pr), 3.73-3.82 (m, 2H, CH,-1’), 3.88-3.97
(m, 1H, CH-3’), 4.09-4.17 (m, 1H, CH-5’), 6.96-7.02 (m, 2H, ArH), 7.06-7.10 (m, 4H, ArH), 7.17-
7.27 (m, 6H, ArH), 7.51 (d, 2H, ArH, J=7.9 Hz), 9.81 (br. s, 1H, PhNH), 12.17 (br. s, 1H, COOH) [1].



Prop-2-yn-1-yl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (2)

Compound S1 (600 mg, 1.0 mmol) was dissolved in 10 mL of dichloromethane and EDCI (383
mg, 2.0 mmol), DMAP (60 mg, 0.5 mmol), and propargyl alcohol (190 pL, 3.2 mmol) were
added. The reaction mixture was stirred overnight. The product was isolated using column
chromatography (Hex:EtOAc, 1:1, v/v). Compound 2 was obtained as a white solid in 86% yield
(545 mg). 'H NMR (400 MHz, DMSO-ds) & ppm: 0.90-0.98 (m, 1H, CHaHs-4’), 1.16, 1.31 (2 s,
both 3H, C(CHs)2), 1.36 (d, 6H, CH3-"Pr, J=7.0 Hz), 1.38-1.41 (m, 1H, CHaHg-4’), 1.46-1.65 (m, 2H,
CH>-2’), 2.36 (dd, 1H, CHaHg-6’, J1=15.6, J,=7.9 Hz), 2.41 (dd, 1H, CHaHg-6’, J1=15.6, J,=4.7 Hz),
3.21 (m, 1H, CH-"Pr), 3.55 (t, 1H, CH-9’, J=2.4 Hz), 3.73-3.83 (m, 2H, CH»-1’), 3.88-3.96 (m, 1H,
CH-3’), 4.14-4.21 (m, 1H, CH-5’), 4.66 (dd, 1H, CHaHg-7’, J1=15.8, J,=2.4 Hz), 4.71 (dd, 1H, CHaHe-
7', 11=15.8, J=2.4 Hz), 6.96-7.03 (m, 2H, ArH), 7.05-7.10 (m, 4H, ArH), 7.17-7.27 (m, 6H, ArH),
7.51 (d, 2H, ArH, J=8.1 Hz), 9.82 (br. s, 1H, PhNH). °F {{H} NMR (100 MHz, DMSO-d¢) & ppm: -
114.1. 13C NMR (400 MHz, DMSO-d¢) &6 ppm: 19.6, 22.1, 22.4, 25.6, 29.7, 35.1, 37.7, 40.3, 51.6,
65.3, 65.8, 77.6, 78.4, 98.1, 115.4 (d, %cr=21.4 Hz), 117.4, 119.4, 120.6, 123.0, 125.4, 127.3,
127.7, 128.4, 128.3 (d, %Jcr=2.9 Hz), 129.1, 133.4 (d, *Jcr=8.1 Hz), 134.8, 135.9, 139.4, 161.7 (d,
1Jcr=245.1 Hz), 166.1, 169.6. HRMS (ESI) m/z calcd for C3gHa1FN2Os [M+H]* m/z 637.3072, found:
637.3074.

2,5-Dioxopyrrolidin-1-yl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (4)




DMAP (0.009 g, 0.075 mmol), DIC (131 uL, 0.82 mmol), and N-hydroxysuccinimide (0.088 g, 0.75
mmol) were added to a solution of compound S1 (0.450 g, 0.75 mmol) in 5 mL of CH,Cl,. The
reaction completeness was monitored by TLC. The solvent was removed under reduced
pressure. The product was purified by column chromatography (Hex:EtOAc=1:1, v/v).
Compound 4 was obtained as a white solid in 75% yield (0.390 g). *H NMR (400 MHz, DMSO-ds)
6 ppm: 0.99-1.12 (m, 1H, CHaHe-4’), 1.19, 1.33 (2 s, both 3H, C(CHs),), 1.37 (d, 6H, CH3-"Pr, J=7.0
Hz), 1.47 (d, 1H, CHaHg-4’, J=12.5 Hz), 1.53-1.66 (m, 2H, CH»-2’), 2.67 (dd, 1H, CHaHg-6’, J1=15.9,
J,=8.4 Hz), 2.80 (s, 4H, 2CH2-NHS), 2.85 (dd, 1H, CHaHg-6, J1=15.9, J>=4.3 Hz), 3.17-3.27 (m, 1H,
CH-'Pr), 3.76-3.85 (m, 2H, CH,-1’), 3.90-3.99 (m, 1H, CH-3’), 4.20-4.26 (m, 1H, CH-5’), 6.96-7.04
(m, 2H, ArH), 7.05-7.11 (m, 4H, ArH), 7.18-7.28 (m, 6H, ArH), 7.51 (d, 2H, ArH, J=7.8 Hz), 9.81
(br.'s, 1H, PhNH). 3C NMR (400 MHz, DMSO-de) 6§ ppm: 19.5, 22.1, 22.4, 25.5, 25.6, 29.6, 34.9,
37.4, 37.7, 65.2, 65.8, 98.4, 115.1 (d, %Jcr=20.4 Hz), 117.6, 119.4, 120.6, 123.0, 125.4, 127.3,
127.7, 128.5, 128.6 (d, “/cr=8.3 Hz), 129.1, 133.4 (d, 3/cr=8.3 Hz), 134.8, 136.0, 139.5, 161.7 (d,
1Jcr=246.8 Hz), 166.1, 166.3, 170.1. HRMS (ESI) m/z calcd for CaoHa3FN3O7 [M+H]* m/z 696.3079,
found: 696.3102.

1-(2-((4R,6R)-2,2-Dimethyl-6-(2-ox0-2-(prop-2-yn-1-ylamino)ethyl)-1,3-dioxan-4-yl)ethyl)-5-(4-
fluorophenyl)-2-isopropyl-N,4-diphenyl-1H-pyrrole-3-carboxamide (S2)?

Compound 4 (0.150 g, 0.022 mmol) was dissolved in 5 mL of CH,Cl, and DIPEA (45 L, 0.26
mmol) and propargylamine (14 uL, 0.022 mmol) was added. The mixture was stirred for 24
hours, and then it was poured into water. The product was extracted with CH,Cl, and was
purified by column chromatography (Hex:EtOAc=1:1, v/v). Compound S2 was obtained as a
colorless oil in 91% yield (0.125 g). *H NMR (400 MHz, CDCls3) 6 ppm: 1.06-1.15 (m, 1H, CHaHs-
4’), 1.29-1.31 (m, 1H, CHaHg-4’), 1.35, 1.39 (2 s, both 3H, C(CHs),)), 1.54 (d, 6H, CHs-'Pr, J=7.1
Hz), 1.64-1.71 (m, 2H, CH»-2’), 2.23 (t, 1H, CH-9’, J=2.6 Hz), 2.30 (dd, 1H, CHaHs-6’, J1=15.2,
J,=4.3 Hz), 2.85 (dd, CHaHg-6’, J1=15.2, J,=7.2 Hz), 3.59 (m, 1H, CH-'Pr), 3.67-3.73 (m, 1H, CH-3’),
3.79-3.87 (m, 1H, CH-5’), 4.02-4.04 (m, 2H, CH»-7’, J1=5.2, J,=2.6 Hz), 4.06-4.18 (m, 2H, CH>-1’),



6.42 (t, 1H, NHCH., J=4.9 Hz), 6.87 (br. s, 1H, PhNH), 6.97-7.03 (m, 3H, ArH), 7.07 (d, 2H, ArH,
J=7.8 Hz), 7.13-7.23 (m, 9H, ArH).

1-((3R,5R)-3,5-Dihydroxy-7-oxo-7-(prop-2-yn-1-ylamino)heptyl)-5-(4-fluorophenyl)-2-
isopropyl-N,4-diphenyl-1H-pyrrole-3-carboxamide (3)

Compound S2 (0.060 g, 0.094 mmol) was dissolved in 7 ml of methanol, 3 ml of 1 M HCI were
added, and the mixture was stirred for 20 hours at room temperature. The product was
extracted with dichloromethane, washed with saturated NaHCOs solution, and brine. The
product was purified by column chromatography (CH:Cl;:MeOH=15:1). Compound 3 was
obtained as a colorless oil in 62% vyield (0.035 g). *H NMR (400 MHz, CDs0D) 6 ppm: 1.39-1.56
(m, 2H, CH»-4’), 1.48 (d, 6H, CH3-"Pr, J=7.1), 1.61-1.76 (m, 2H, CH,-2"), 2.29 (d, 2H, CH»-6’, J=6.5
Hz), 2.58 (t, 1H, CH-9’, J=2.5 Hz), 3.33-3.40 (m, 1H, CH-'Pr), 3.62-3.68 (m, 1H, CH-3’), 3.87-3.92
(m, 1H, CHaHg-1’), 3.95 (dd, 2H, CH»-7’, J1=6.8, J»=2.5 Hz), 3.99-4.12 (m, 2H, CH-5’, CHaHs-1'),
7.01-7.15 (m, 8H, ArH), 7.20-7.26 (m, 4H, ArH), 7.30 (d, 2H, ArH, J=8.1 Hz). 3C NMR (400 MHz,
CD30D) 6 ppm: 22.9, 23.0, 27.8, 29.5, 40.3, 42.3, 44 .4, 445, 68.3, 68.7, 72.4, 80.7, 116.5 (d,
2Jer=21.8 Hz), 118.2,121.6, 123.4, 125.3, 127.0, 129.0, 129.8, 130.4 (d, “Jcr=3.3 Hz), 131.0, 134.9
(d, 3Jcr=8.1 Hz), 136.5, 139.1, 140.0, 164.0 (d, Ycr=246.3 Hz), 169.7, 173.5. HRMS (ESI) m/z calcd
for CasHseFNgO11 [M+H]* m/z 887.3986, found: 887.3970.
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Quantification of Water Solubility

Table S1. Substances’ molar solubility calculations

Calibration curve  Absorption intensity

Compound coefficient! of test-solution Concentration, mmol/L
Atorvastatin calcium 0.012 £ 0.001 0.062 0.11+£0.01
1a 0.009 +0.001 0.139 0.32+0.02
1b 0.012 +0.001 0.116 0.20+0.01
2a 0.010 £ 0.001 0.026 0.05+0.01
2b 0.008 +0.001 0.011 0.03+0.01
3a 0.010 +0.001 0.267 0.54 +0.01
3b 0.010 +0.001 0.225 0.45+0.01
4c 0.009 +0.001 0.209 0.43+0.02

ly = kx, y - absorption intensity at 290 nm, x — concentration, pmol/L

Hydrolysis assays

Chromatograms of substances were obtained on a Shimadzu Nexera X2 chromatograph with an
AB Sciex QTrap 5500 detector in the multiple reaction monitoring (MRM) mode using
electrospray ionization. Separation was carried out on a Waters Acquity C18 column (2.1*100
mm, grain size 1.8 um) with a Waters Acquity C18 guard column (2.1*5 mm, grain size 1.8 um)
at 60 °C under gradient elution conditions. Mobile phase A - 0.1% solution of formic acid in
water, phase B - 0.1% solution of formic acid in methanol. The injection volume is 1 pl. The
gradient parameters of MRM transitions are shown in Table $2. The MS spectra were recorded
using the Analyst 1.7.2 program, and the Sciex OS 1.6.2 program was used to quantify the

obtained data.

Figure S1. Concentrations of conjugate 1a and released atorvastatin (Atv) in PBS and in PBS
with porcine liver esterase or Pronase®
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Figure S2. Concentrations of conjugate 1b and released atorvastatin (Atv) in PBS and in PBS
with porcine liver esterase or Pronase®
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Figure S3. Concentrations of conjugate 3a and released atorvastatin (Atv) in buffer solutions
(pH 7.4 and 5.0) and in PBS with porcine liver esterase or Pronase®
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Figure S4. Concentrations of conjugate 3b and released atorvastatin (Atv) in buffer solutions
(pH 7.4 and 5.0) and in PBS with porcine liver esterase or Pronase®
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Figure S5. Concentrations of conjugate 4c and released atorvastatin (Atv) in buffer solutions
(pH 7.4 and 5.0) and in PBS with porcine liver esterase
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Table S2. Parameters of MRM transitions
.. Precursor mass Fragment mass
Compound MRM-transition
(Q1), Da (Q@3), Da
Atorvastatin Atorvastatin pos_1 559.148 440.2
Atorvastatin Atorvastatin pos_2 559.148 250
Atorvastatin Atorvastatin pos_3 559.148 292
3b 3b1 842.285 546.3
3b 3b2 842.285 639.3
3b 3b3 842.285 528.2
1b ib1 843.383 547.2
1b 1b2 843.383 640.3
1b 1b3 843.383 485.3
1a lal 887.293 794.3
1a la?2 887.293 591.3
1a 1la3 887.293 466.1
3a 3al 886.26 793.3
3a 3a2 886.26 590.3
3a 3a3 886.26 572.3
Atorvastatin Atorvastatin_neg 1 557.177 278.1
Atorvastatin Atorvastatin_neg 2 557.177 397
Atorvastatin Atorvastatin_neg 3 557.177 453.1

Cathepsin B hydrolysis

Expression and purification procedures for human recombinant cathepsin B were described
previously.! For reaction, the enzyme was preincubated in 0.2M sodium acetic buffer pH 4.6

containing 100 mM NacCl, 1 mM EDTA for 45 min at 37°C for its activation. The activity of



recombinant cathepsin B was detected by the hydrolysis of the fluorogenic substrate Ac-Pro-
Leu-Val-GIn-7-amino-4-methylcoumarin (Ac-PLVQ-AMC) (PepTech, Russia). A total for 20 nM of
the protein was mixed in 96-well plate with 0.1M sodium acetate buffer (100 mM NaCl, 1 mM
EDTA, 0.6% DMSO, pH 3.6), and the substrate was added to a final concentration of 50 uM. The
substrate hydrolysis was continuously measured for 12 min using a CLARIOstar® Plus plate
reader (BMG Labtech Ortenberg Baden-Wirttemberg, Germany) at excitation and emission
wavelengths of 353 and 442 nm, respectively.
References
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NMR spectra of the conjugates

1H NMR spectrum of compound 1a (CDs0OD)
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13C and °F NMR spectra of compound 1a (CDs0D)
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1H NMR spectrum of compound 1b (DMSO-d6)
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13C and °F NMR spectra of compound 1b (CDs;0D)
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1H NMR spectrum of compound 2a (CDs0OD)
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13C and '°F NMR spectra of compound 2a (CDsOD)
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1H NMR spectrum of compound 2b (CD30D)
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13C and °F NMR spectra of compound 2b (DMSO-d6)
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1H NMR spectrum of compound 3a (CDs0OD)
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13C NMR spectrum of compound 3a (CD3;0D)

OO 0O ST M
N M- O N~LW
oo R R Rk
ST ST
SR G
[{)
~
D N
& ©
87§
S -
w7
[}
N
<8 o S < 1) Q
o X B ™ ~ @ ~ Ro o ~ RN
o ~o2%S o & ©Q 3 e 2 g8t S SN
S @ goi@ﬂ;‘ S wg| o4 = | R f%gg% 3o oS 8x g “"
Sag 3R g R p N a8 e8] B B
s 3 o d ®© LN~ T g — ‘ IvyT s
‘ © o o PR *\\ \
— - 3 —
\ . |
e e e e e
168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24

Chemical Shift (ppm)



1.77

1H NMR spectrum of compound 3b (CD30D)
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13C and °F NMR spectra of compound 3b (CDs0D)
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1H NMR spectrum of compound 4c’ (CDCl3)
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13C and '°F NMR spectra of compound 4¢’ (CDCls)
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1.98

1H NMR spectrum of compound 4c¢ (CDs0D)
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13C and °F NMR spectra of compound 4c (CD3;0D+CDCls)
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