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[. Chemistry Section

General experimental section

All reactions were performed under an atmospheri,ofUnless otherwise stated, solvents
used were of HPLC quality. Chemicals were of amedytgrade from commercial sources and
were used without further purification. The reaatiprogress was monitored on precoated
silica gel TLC plates MCHEREY-NAGEL ALUGRAM® SIL G/UV 254 (0.2 mm silica gel 60).
Spots were visualized under 254 nm UV light antépdipping the TLC plate into a solution
of 3 g of phosphomolibdic acid in 100 mL of ethafmllowed by heating with a hot gun.
Flash column chromatography was performed usirgh#REY-NAGEL silica gel 60 (15-40
um) as the stationary phasé! and *C NMR spectra were recorded either on a Bruker
Avance DPX 300 instrument or on a Bruker 400 Avalitéenstrument, equipped with an
ultra shielded magnet and a BBFO 5 mm broadbanolepi©@hemical shiftsd§ are reported in
parts per million from high to low field and refaced to residual solvent. Coupling constant
(J) are reported in hertz (Hz). Standard abbreviatiordicating multiplicity are used as
follows: br = broad, s = singlet, d = doublet, triplet, m = multiplet. Melting points were
measured on a Bichi Melting Point B-545 instrumamd are uncorrected. High resolution
ESI mass spectrometry was carried out by the CRMEéntre Reégional de Mesures
Physiques de I'Ouest), at the University of Renhekow resolution ESI mass spectrometry
was carried with a Waters instrument 3100 Mass d@eteAnalytical RP-HPLC was carried
out on a Dionex Ultimate 3000 system equipped witluV/Visible variable wavelength
detector and with a reverse-phase column chromabgr Acclainf® (120, C18, 250x4.6
mm, 5 um, 120 A) at 30°C and 1mL.rlinGradient eluent was composed of A (0.2% TFA in
water) and B (CECN). Preparative reverse-phase HPLC Xawas performed with a VWR
LaPrep system. Solvent flow of 30 mL.nfimas applied to a semi-preparative column Merck
Hibar® 125-25 (Purospher®STAR RP-18e 5 um). Graddurent was composed of A (0.2%
TFA in water) and B (CECN). Method 1: linear gradient beginning with A/B78/30 v/v
during 5 min., from A/B = 70/30 to A/B = 0/100 wuithin 15 min. and A/B = 0/100 during 5
min. Method 2: linear gradient beginning with A/B798/30 v/v during 5 min. and then from
A/B = 70/30 to A/B = 30/70 v/v within 15 min. Allcomatograms were recorded at 254 nm.
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Structure of HMR 1826 and-glucuronidase-catalysed drug release mechanism

OMe O OH

O OH (0]
(0] OH (6] OH
o (X I Yo
H . o}
OMeO OH O B-glucuronidase /A\\o}
W ; NO2
S} HO NH
HOOC NO, ud fiH HOOC 8 goM
HO o o o o i
HO OH
HO HO (0]
OH 0 OH v

HMR 1826
1) 1,6 Elimination

2) Decarboxylation

o)
H

H O OH o)
Hzo /4, O
- + OH
O,N Y
o OH 0

OoN
OH OMe O H
(0]
HO NH,

Doxorubicin
Experimental procedures

Preparation of compound 6
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To a stirred solution oY (549 mg, 0.85 mmol) in DMF (8 mL) was add&d (259 mg,

1.69 mmol) and HOBt (114 mg, 0.85 mmol). The migturas stirred overnight at 50 °C. The
solution was concentrated under reduced pressutethencrude material was purified by
column chromatography over silica gel (petroleuregtthyl acetate: 60 to 100% ethyl

acetate) to givé (393 mg, 0.59 mmol, 70%) as a colorless solid.

'H NMR (300 MHz, CDCJ): & 1.97-2.00 (3x s, 9H), 3.63 (s, 3H), 3.86 (br s), 220 (d, 1H,
J=9.0 Hz), 4.36 (s, 2H), 4.41 (s, 2H), 5.00 (s, B)5-5.26 (m, 4H), 6.93(s, 1H), 7.02 (d,
1H,J = 8.4 Hz), 7.24 (d, 1H] = 8.5 Hz), 7.45 (d, 1H] = 8.5 Hz), 7.58 (d, 1H] = 8.5 Hz),
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7.71 (s, 1H), 8.13 (br s, 1HY’C NMR (75 MHz, CDCJ): 6 20.5, 20.5, 20.6, 53.1, 63.3, 64.1,
65.0, 68.7, 70.1, 71.1, 72.2, 99.4, 119.4, 12124.8, 127.3, 127.3, 130.0, 132.4, 133.8,
136.0, 136.4, 140.7, 148.7, 153.7, 166.9, 169.8,6,6170.1; HRESI-MS: m/z 687.1644
(calcd. forCogH3N,016Na 687.1644 [M+Nal); m.p. dec 71°C.

Preparation of compound 7

2
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Anhydrous pyridine (304uL, 3.76 mmol) was added dropwise to a cooled smhu(D°C) of
p-nitrophenyl chloroformate (759 mg, 3.76 mmol) iK£CI, (8 mL). The mixture was stirred
for 20 minutes at 0°C. A solution 6f(833 mg, 1.25 mmol) in Cil, (11 mL) was added
and the mixture was stirred for 1 hour at room terafure. The reaction was quenched with a
saturated solution of NaCl and extracted with,CH (3x). The combined organic layers were
dried over MgSQ filtered and concentrated under reduced presdure. resulting crude
material was purified by column chromatography ogédica gel (petroleum ether/ethyl

acetate: 40 to 75% ethyl acetate) to giv@.22 mg, 1.23 mmol, 98%) as a colorless solid.

'H NMR (300 MHz, CDC}): 52.07-2.12 (3x s, 9H), 3.74 (s, 3H), 4.23-4.26 (i),15.20-
5.36 (m, 10H), 7.33-7.41 (m, 5H), 7.50-7.60 (m, 3AB8 (br s, 1H), 7.86-7.91 (m, 2H),
8.24-8.27 (m, 4H)C NMR (75 MHz, CDCJ): & 20.5, 20.5, 20.6, 53.1, 65.4, 67.6, 68.6,
70.0, 70.1, 70.9, 72.5, 99.5, 115.6, 119.8, 12121,8 (x2), 123.3, 124.9, 125.2, 125.3 (x2),
125.4, 126.1, 130.8, 131.1, 131.9, 132.2, 133.7,313141.1, 145.4, 145.6, 148.9, 152.4,
152.9, 153.4, 155.1, 155.4, 166.8, 169.3, 169.8,a HRESI-MS: m/z 1017.1766 (calcd. for
Ca3H3gN4024Na 1017.17682 [M+Na&); m.p. dec. 78°C.
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Preparation of compound 8

To a solution of doxorubicin hydrochloride (175 30 mmol) in DMF (1.5 mL) was added
triethylamine (42puL, 0.30 mmol). The mixture was stirred for 30 mesitat room
temperature before adding HOBt (41 mg, 0.30 mmal a solution of7 (150 mg, 0.15
mmol) in DMF (1 mL) and stirring was continued f8rhours. The reaction was quenched
with a saturated solution of NaCl and extractechv@t,Cl, (4x) and ethyl acetate (1x). The
combined organic layers were dried over MgSfitered and concentrated under reduced
pressure (CAUTION: Do not heat the water bath). fdsilting crude material was purified
by column chromatography over silica gel ({H/MeOH: 0 to 7% MeOH) to giv& (308

mg, 0.17 mmol, 57%) as red powder.

'H NMR (400 MHz, CDC}): 5 1.24-1.29 (m, 6H), 1.82 (m, 6H), 2.05-2.28 (m, 14H), 2.81-
2.88 (m, 2H), 3.10-3.20 (m, 4H), 3.62-3.79 (m, 6#P1-4.25 (m, 10H), 4.57-5.42 (m, 21H),
7.100 (m, 2H), 7.25-7.34 (m, 2khasked by CHGlresidual signal), 7.42-7.53 (m, 3H), 7.72-
7.90 (m, 6H), 13.07 (br s, 2H), 13.85 (br s, 2HE NMR (100 MHz, CDG): 5 16.8 (x2),
20.5, 20.6, 21.0, 29.7 (x2), 30.0 (x2), 33.7 (X&,6 (x2), 47.1 (x2), 47.2 (x2), 53.1, 56.5
(x2), 60.4 (x2), 65.4 (x2), 67.4 (x2), 68.7, 690,2, 71.1, 72.4, 99.6, 100.9 (x2), 111.2 (x2),
111.4 (x2), 114.4, 118.5, 119.8, 124.8 (x2), 13&%), 133.4 (x2), 133.6 (x2), 134.1 (x2),
134.2 (x2), 135.1 (x2), 135.8, 135.9, 140.9, 14&2), 148.6 (x2), 153.6 (x2), 155.4(x2),
155.6 (x2), 155.9, 156.1 (x2), 160.9, 166.7, 16169.3, 169.4, 170.0, 171.2, 186.3 (x2),
186.7 (x2), 213.7 (x2); HRESI, MS: m/z 1825.4708l¢d. for CgsHggN4O40oNa 1825.47105
[M+Na]*); m.p. dec. 208°C.
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Preparation of compound 9

To a solution of3 (198 mg, 0.11 mmol) in MeOH (10 mL) cooled at -CQwas added a
solution of MeONa 0.1M in MeOH (14.3 mL, 1.43 mmd}irring was continued for 3 hours
at -10°C and the solution was neutralized with ArtiteelRC 50 over 20 minutes and filtered
through a pad of cotton. After removing the vokgilunder reduced pressure, the crude
material was purified by column chromatography osiica gel (CHCI,/MeOH: 0 to 8%
MeOH) to give9 (128 mg, 0.089 mmol, 81%) as a red powder.

'H NMR (300 MHz, CDC} + 10% CROD-d4): 51.12-1.21 (m, 6H), 1.72-2.29 (m, 4H),
3.17-3.35 (m, 8H, masked by @DH residual signal), 3.51-3.97 (m, 27H), 4.66-5(8%
9H), 7.16-7.19 (m, 2H), 7.26-7.33 (m, 6H, maskedIyCl; residual signal), 7.41-7.90 (m,
5H); LRESI-SM:[M+Na]*= 1699.62; m.p. dec. 156°C.

Experimental conditions attempted for the hydrolysis of ester 9

To a solution oB (11.9, 27, 29 or 3Aamol) in water/THF v/v (4, 9, 10 or 11 mL) was added
an aqueous solution of NaOH 2N (2 or 3 équiv.pa€-or -15°C. The mixture was stirred for
15, 30 min, 2 or 3 hours. In all cases, the reacteal to a complex mixture (see HPLC

analysis).
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HPLC analysis of the crude mixture of ester 9 hydrtysis conducted in the presence of NaOH.

Preparation of compound 11

OAlloc

To a solution of doxorubicin hydrochloride (148.2,m9.25 mmol) in DMF (1mL) was added

triethylamine (35.5uL, 0.25 mmol). The mixture was stirred for 30 memitat room
temperature before adding HOBt (34.5 mg, 0.25 mmod) a solution o£0®! (145 mg, 0.127

mmol) in DMF (1 mL) and stirring was continued f8rhours. The reaction was quenched
with a saturated solution of NaCl and extractechv@t,Cl, (4x) and ethyl acetate (1x). The

combined organic layers were dried over MgSfiltered and concentrated under reduced

pressure (CAUTION: Do not heat the water bath). fdsilting crude material was purified
by column chromatography over silica gel (€H/MeOH: 0 to 5% MeOH) to givél (144
mg. 0.074 mmol, 58%) as red powder.
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'H NMR(400 MHz, DMSOd6): 5 1.13 (d, 6H,J = 6.0 Hz), 1.23 (br s, 2H), 1.51-1.54 (m,
2H), 1.80-1.83 (m, 2H), 1.99-2.22 (m, 4H), 2.732(8n, 4H), 3.44 (m, 2H) : 3.69 (m, 2H),
3.93 (2x s, 6H), 4.15 (d, 2H,= 6.0 Hz), 4.54-4.72 (m, 13H), 4.84-4.94 (m, 8B))0-5.45
(m, 17H), 5.80-5.94 (m, 5H), 6.83 (d, 1Hsx 7.7 Hz), 6.93 (d, 1H] = 7.7 Hz), 7.21 (d, 1H]

= 8.3 Hz), 7.27 (s, 1H), 7.36 (d, 1Bi= 8.3 Hz), 7.43 (d, 1H] = 8.7 Hz), 7.57 (d, 2H] = 7.6
Hz), 7.70 (d, 1HJ = 8.7 Hz), 7.81-7.87 (m, 4H), 7.93 (s, 1H), 9,bt ¢, 1H), 13.18-13.20
(2x s, 2H), 13.91-13.94 (2x s, 2HJC RMN (100 MHz, DMSQd6): & 17.0 (x2), 29.7 (x2),
32.1 (x2), 36.6 (x2), 47.1 (x2), 56.5, 63.7 (x24,3(x2), 66.0 (x2), 66.6 (x2), 67.9 (x2), 68.4
(x2), 68.6, 68.6, 68.8, 70.7, 72.2, 73.7, 74.949700.3 (x2), 110.6 (x4), 117.4, 118.0, 118.4,
118.6, 118.7 (x2), 118.8 (x2), 119.6 (x2), 119.24.4 (x2), 131.5 (x2), 131.6 (x2), 131.7
(x2), 131.7, 132.4 (x2), 133.9 (x2), 134.5, 134.85.5, 136.0 (x2), 139.9 (x2), 147.6 (x2),
153.1 (x2), 153.2 (x2), 153.6, 153.9 (x2), 15384.4, 155.2, 155.2, 156.1 (x2), 160.7, 162.3,
165.8 (x2), 186.1 (x2), 186.4 (x2), 213.7 (x2); HREMS: m/z 1977.5180 (calcd. for
CoaHoaN4O43Na 1977.5184M+Na]*); m.p. dec. 146°C.

O OH fo)
. OH
L o

OMe O

Preparation of prodrug 1

To a solution of compountll (23 mg, 12umol) in MeOH/CHCI, (10/90; 1mL) was added
Tetrakis(triphenylphosphine)palladium(0) (3 mg, fArRol) and aniline (4.6L, 50 umol).3
Th mixture was stirred at room temperature andrédaetion was monitored by analytical
HPLC using Method 1 (retention time fdar 16.5 min). Completion of the reaction was
accomplished after 24 hours and solvents were retchawnder reduced pressure (CAUTION:
do not heat the water bath). The crude material twasated with CHCI, and the resulting
solid was collected by filtration and rinsed witk£Cl, to afford1 as a red powder (16 mg,
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10 umol, 84%) with 82% purity. For biological evations,1 was further purified up to 97%
purity by preparative reverse-phase HPLC using bt

'H NMR(400 MHz, DMSOd6): 5 1.11 (d, 6H,J = 6.0 Hz), 1.51-1.53 (m, 2H), 1.83 (m, 2H),
2.09-2.22 (m, 4H), 2.88-3.01 (m, 5H), 3.27-3.44 @H, masked by HOD residual signal),
3.65-3.71 (m, 3H), 3.93-3.98 (m, 6H), 4.15 (d, 2H; 6.0 Hz), 4.58 (s, 3H), 4.73-5.22 (m,
12H), 5.37 (br s, 1H), 5.46 (br s, 1H), 6.86 (d, 1 8.0 Hz), 6.94 (d, 1H] = 8.0 Hz), 7.00-
7.94 (m, 14H), 9.10 (br s, 1H), 13.96 (s, 2H), B4(8, 2H): HRESI-MS: m/z 1661.4264
(calcd. forC7zgH77N4O371661.42724M-H]"). m.p. dec. 142°C.

1800 -
7mAU 1-16.500 WWL:254 nm
1500
1 000
500
-200———— - min

L L e e e o e L B e s o e T
0.0 25 5.0 75 10.0 125 15.0 175 20.0 24.0

HPLC analysis of prodrug 1 after purification by preparative reverse-phase HPLC



Electronic Supplementary Material (ESI) for Medicinal Chemistry Communications
This journal is © The Royal Society of Chemistry 2011

‘A Self-lmmolative Dendritic Glucuronide Prodrug@éxorubicin’ Grinda et al S10

Stability

Compoundl (0.1 mg, 0.060 pmol) was incubated at 37°C in 20 phmosphate buffer at pH
7.0 (1 mL). Stability in phosphate buffer was mored by analytical HPLC using Method 1.
HPLC analysis showed no detectable degradatiommipoundl during 10 days under these

conditions.

300 _mAU WWL:254 nm
250.] 4-16.633
200-|
150
100
50
i 1-2.453
M'3-920 3-10681 ¢ 17033
] min
50—
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0 24.0

HPLC analysis of compound 1 after 10 days at 37°@i20 mM phosphate buffer at pH 7.0.

Enzymatic hydrolysis

Enzymatic hydrolysis was carried out with commedrgiglucuronidase fronkEscherichia coli
(aqueous glycerol solution, 20,000,000-60,000,00itslg protein, pH 6.8 (biuret)).
Compoundl (0.1 mg, 0.060 umol) was incubated with the enzy@®3 U) at 37°C in a
solution of phosphate buffer (20 mM, pH 7)/DMSO B91 mL). Hydrolysis was monitored
by analytical HPLC using Method 1.
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'H NMR and **C NMR spectra
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[I. Biological Section

—&— Dox
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Cell viability of H661 cells treated 3 days withdinated compounds (from 10 to 1000 nM)
compared to untreated cells.s§Gralues are 250, 280 and 110 nM for doxorubicin, ”IM
1826 and prodrudl respectively. Graphs represent mean +/- SEM of fadependent

experiments performed in triplicate.

Cell culture
H661 (non-small cells lung cancer) cells were gramvRPMI medium supplemented by 10%
Fetal Bovine Serum and 1% penicillin/streptomyain5% CQ humidified atmosphere at

37°C. When indicated, cells were incubated withu4@l -glucuronidase.

Cell viability

The Cell Proliferation Kit Il (XTT, Roche) was used assess cell viability. This assay is
based on the cleavage of XTT by metabolic activés gesulting in the production of an
orange formazan dye quantified by spetrometry. ¥sseere carried out as described by the
manufacturer. Briefly, 3.f0cells/well were plated in 100 pl of media in a\@éH plate. Cells
were cultured 24 h before adding the compound airttlicated concentration in the culture
media. After 3 days of treatment, 50 pul of XTT Ilbhg mixture were added per well. Cells
were further incubated for additional 3 h at 37%%dpe determination of absorbance at 480
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nm. 1Gso values were graphically determined using cell Niiglgraphs. The compounds were
first dissolved in DMSO at a 5 mM concentration ahén diluted with the cell culture

medium at the indicated concentration.
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