Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2014

Supplementary information

“Click and go”: simple and fast folic acid conjugation

Alexandre F. Trindade,*® Raquel F.M. Frade,” Ermelinda M.S. Macoas,* Catia Graca,
Catarina A.B. Rodrigues,* José M.G. Martinho,? Carlos A.M. Afonso®

& CQFM, Centro de Quimica-Fisica Molecular and IN - Institute of Nanosciences and Nanotechnology,
Instituto Superior Técnico, 1049-001 Lisboa, Portugal. Fax: + 351 21 846 4455/7;

® iMed.UL, Faculdade de Farmécia da Universidade de Lisboa, Av. Prof. Gama Pinto, 1649-003 Lisboa,
Portugal. Fax: + 351 21 7946470;

1 GENEIAL REMAIKS ..ttt st sttt et st sbe e bt et e e st e sbee b e et e eabesenenbeenbeen s 1
2 Selectivity screening in folic acid aCtiVatioN .......coocuiiiiiiiiiiiie e 3
3 KINETIC STUAIES ..ttt sttt r e ser e s e e s b e e neenesme e nnee 5

3.1 NMR studies on the conjugation of NHS-BCN mixed carbonate into folate ethylenediamine...5

3.2 NMR studies on the copper-free cycloaddition of benzylazide and N3-PEG;50-OMe into folate-

ethylenediaming-BON @t 259C ......ocoouiiiieiie ettt e e tee e st e e e e ta e e e e tae e e sbaeeeetteeeessaeessseeaeasseeaennes 6
4 SyNthesis Of fOlate CONJUGATES ......ccccuvii ittt ettt e e et e e et e e e ete e e e etbeeeeeaseeeetreaean 7
4.1 N-BOC ethylenediamine......ccc.coiieiiiiiiieeee ettt s b e e neesars 7
4.2 N-BOC ethylenediamine-folate ........cccueiiiciie e e sre e e e rreeeeaes 8
4.3 Ethylenediaming-fOlate........cueii ittt e et e e e e e e e eareeean 10
4.4 BCN-Ethylenediamine-folate ...t s 11
5 (6110l Q=T ot o] o - TP PP PRSP 15
5.1 BCN-Ethylenediamine-folate + benzylazide: synthesis of conjugate 7a.........c.ccccecvveeeenieeennnee. 15
5.2 BCN-Ethylenediamine-folate + PEG azide: synthesis of conjugate 7b........c.ccoceeeveiriievnieennnen. 18
53 BCN-Ethylenediamine-folate + fluorescein isocyanate azide: synthesis conjugate 7d............. 21
5.4 BCN-Ethylenediamine-folate + dansylazide: synthesis of conjugate 7¢ .......cccceeeeviveeenneeennnee. 24
5.5 BCN-Ethylenediamine-folate + rhodamine 6G azide: synthesis of conjugate 7e........cc.cceu... 28
5.6 Rhodamine 6G (4-(azidomethyl)phenyl)methyl ether...........ccoeeeeciiiicecie e, 31
5.7 BCN-Ethylenediamine-folate + furazan azide: synthesis of conjugate 7f ..........cccccovveeecveeennen. 34
5.8 BCN-Ethylenediamine-folate + silica functionalized with azide: synthesis of 7g........cc.cceu... 37
5.9 Click testing under biological compatible conditions ...........cceecvieeviieeenciie e, 39
6 (O] =TT a Y[ T=q o o Lol Yo [V TSR 40
7 Spectroscopic characterization of folate dyes.........ooui i e 40

1 General Remarks



Synthesis

Dichloromethane was freshly distilled over calcium hydride prior to use, while diethyl
ether, acetone and hexane were distilled once without drying agents. THF, DMSO and DMF
were used without any purification. Folic acid was used in dehydrate form, purchased from
Alpha-Aesar. N-hydroxysuccinimide DIPEA, fluorescein isothiocyanate, dansyl chloride were
purchased for Aldrich. BCN N-hydroxysuccinimide carbamate was purchased from Synaffix,
MeO-PEG;5,-OH from Clariant and ethanolamine from Panreac. DCC was distilled in vacuum
and stored in Schlenk under Argon. Rhodamine 6G (4-(chloromethyl)phenyl)methyl ether was
synthethized according a reported procedure.’

The reactions involved in the preparation of the organic azides were analysed by TLC using
ALUGRAM® SIL G/UV,s, from MN (Ref. 818133, silica gel 60), and visualisation of TLC spots was
effected using UV and phosphomolybdic acid solution, and flash chromatography were carried
out on silica gel 60 M purchased from MN (Ref. 815381). NMR spectra were recorded in a
Bruker AMX 400 and 300 MHz using CDCl; and DMSO-d® as solvent and (CHs).Si (*H) as internal
standard. Any coupling constants are expressed in Hz. High Pressure Liquid Chromatography
for the determination of folate conjugation selectivity was carried out using a Dionex P680
pump equipped with a diode array detector Dionex UVD340S and Phenomenex Gemini 5u
C18 110A. Acetonitrile and water employed were HPLC grade. Injection of samples dissolved in
DMSO, 1 ml/min, 0 to 5.5min 100% water, linear gradient from 5.5min at 100% water to
15.5min at 100% acetonitrile. Electrospray ionization (ESI) mass spectra were recorded in a
mass spectrometer (Micromass Quattro Micro API, Waters, Ireland) with a Triple Quadrupole
(TQ) and with an electrospray ion source operating in positive and negative mode.

Biological essays
Hydrophobic, uncoated and sterile 1 @-Slide 8 well (Ref.80821) from ibidi GmbH, sterile-filtered
Poly-L-lysine solution mol wt 70,000-150,000 (Ref. P4707) from Sigma, staining WGA-Alexa594
(Ref. W11262) from Invitrogen, RPMI-1640 medium with (Ref. 8758) and without phenol red
(Ref. 8755) from Sigma, inactivated fetal-bovine-serum (FBS) (LTID 10082-147) from Alfagene,
antibiotic antimycotic solution (Ref. A5955) from Sigma and Trypsin-EDTA solution (Ref. T4174)
from Sigma. Human non-small cell lung cancer (NCI-H460) and breast cancer (MCF-7) cell lines
and non-tumoral kidney embryonic (HEK 293) cell line were purchased from ATCC.

Fluorescence Microscopy Imaging

Imaging was carried on in a Leica TCS-SP5 Multiphoton/Confocal Fluorescence Microscope
equipped with a continuous Ar ion laser (458, 476, 488, 496 and 514 nm) and a Helium-Neon
laser (633 nm). The images shown in the discussion are an overlaid of two images that where
collected simultaneous by using the two excitation sources and collecting the emission at two
different photomultiplying tube. Emission of either the folate targeting probe and the free
probe was collected in the 530-580 nm region upon excitation at 476 nm, and the emission of
the membrane marker was collected in the 670-730 nm region upon excitation at 633 nm. The
emission band was selected by the spectrophotometer detector system in the microscope that
uses a prism in combination with adjustable slits to limit the band path at the detector.

Spectroscopic Methods
The linear absorption spectra were recorded on a Jasco V-660 UV-vis spectrophotometer, and
the fluorescence measurements were obtained on a Horiba Jobin Yvon Fluorolog 3-22
Spectrofluorimeter. The spectra were recorded in Bimol solutions prepared in spectroscopic
grade DMSO. The time-resolved emission fluorescence measurements were performed by
time-correlated the single photon timing technique counting (TCSPTC) using the second
harmonic of a femtosecond Ti:Sapphire laser (350-470 nm) as an excitation source and a
Hamamatsu R2809U-01 MCP-PMT (290-700nm).

! Carlos A. M. Afonso, V. Santhakumar, Alan Lough, Robert A. Batey, Synthesis, 2003, 17, pp 2647



2 Selectivity screening in folic acid activation

In a round-bottomed flask was dissolved x eq. folic acid in 4 ml of DMSO. After the
dissolution was complete (about 30 minutes with mild heating), Z eq. of N-hydroxysuccinimide
and Y eq. of DCC were added successively. The reaction mixture was stirred for the given time
at room temperature, after which the urea precipitates. Then, it was added 5 eq. of ethanol
amine relatively to folic acid. The mixture was stirred 4 hours, filtered and a mixture of 20%
acetone in diethylether was added. The formed thin yellow precipitated was carefully
centrifuged and washed four times with acetone and two with diethyl ether and dried under
vacuum. The sample was analyzed in RP-HPLC (injection of sample dissolved in water, 1
ml/min, 0 to 5 min 5% acetonitrile/water, linear gradient from 30 min at 50%
acetonitrile/water, Gemini 5u 18 110A, 5umx4.6x250mm, Phenomenex column).

Spectra of isolated Folate-ethanolamine obtained after isolation from a reaction
using two equivalents of ethanol amine.

'H NMR (300 MHz, DMSO) 6: 8.63 (s, 1H, pterin), 8.05-7.82 (m, 2H), 7.68-7.60 (m, 2H,
aromatic), 7.39-6.89 (m, 3H), 6.66-6.63 (d, 2H, aromatic), 4.49-4.47 (bs, 2H, benzylic), 4.32-4.13
(m, 1H, aH), 3.38- 3.34 (m, 2H, ethanolamine), 3.11-3.09 (m, 2H, ethanolamine), 2.20-1.86
(m,4H, glutamic moiety).

B¢ NMR (75 MHz, DMSOQ) 6 175.93, 172.76, 172.38, 166.61, 165.91, 162.34, 156.82, 155.24,
151.04, 148.86, 148.67, 129.49, 129.00, 128.43, 122.57, 121.86, 111.77, 111.63, 60.37, 60.32,
58.35,41.95, 41.85, 32.68, 28.22.
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Table 1 — Optimization of folic acid conjugation to ethanol amine
o O OH

1)DCC Y eq., NHS Z eq.
DMSO

Oy, -OH
- OH
Y

e

2) Ethanol amine (5eq. vs X)

selectivity and conversion

Folic acid
X eq.

NHS

Z eq. Base (2 eq.)

Conversion®

Selectivity®

1

67

88

98

87

96

92

65

92

N R |k |k

= IN(N| -
1

48

88




6° 2 1 2 - 33 84
7° 2 1 1 - 27 85
8¢ 1 2 1 - 96 91
9¢ 1 2 0 - 89 48
10¢ Pyridine (100 eq.) 9% 92
11¢ Pyridine 99 90
12¢ TEA® 26 90
13¢ DBUf £ -
14° DIPEA" 21 94
15¢ DMAP' 83 82
16° 1 5 L DABCO' 42 73
17¢ TOA 92 88
18° 1,6-lutidine 94 84
19° K,CO;3 6 56
20¢ KOH 74 87
21¢ 'BuOK 2 61
22¢ MgO 85 86
23%! - 91 88

a) Determined by RP-HPLC (C18 Luna Phenomenex) and represents the percentage of new compounds formed
relatively to initial folic acid amount; b) percentage of the y-carboxylic amine obtained relatively to other products
formed; c) 352C (temperature close to the ideal for protein functionalization); d) 252C; e) triethylamine; f) 1,8-
Diazabicycloundec-7-ene; g) complex mixture was obtained; h) diisopropylethyl amine; i) 4-dimethylaminopyridine;
j) 1,4-diazabicyclo[2.2.2]octane; k) trioctylamine; |) non-distilled DCC and without prior dissolution of folic acid.

Table 2 — Kinetic study in the activation of folic acid with DCC and NHS method

Entry Time (h) Conversion® | Selectivity’
1° 2 65 86
2° 4 84 86
3¢ 6 89 84
4° 17 96 91

a) Determined by RP-HPLC (C18 Luna Phenomenex) and represents
the percentage of new compounds formed relatively to initial
folic acid amount; b) percentage of the y-carboxylic amine
obtained relatively to other products formed; c¢) 259C,
FA/DCC/NHS ratio of 1/2/1.

3 Kinetic studies

3.1 NMR studies on the conjugation of NHS-BCN mixed carbonate into

folate ethylenediamine
To a solution of ethylenediamine-folate (3,5mg) in DMSO-d® was added diisopropylethyl
amine (2.6ul, 2.5eq). 'H NMR spectra was recorded. Then the solution of (1R,8S,9s)-
bicyclo[6.1.0]non-4-yn-9-ylmethyl succinimidyl carbonate (1.9 mg in 0.3 ml DMSO-d°,
1.1 eq) was added to achieve the stoichiometry described below. '"H NMR spectra were
recorded after each addition.
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Figure 1 — from top to bottom: ethylene diamine folate + 3eq.DIPEA; ethylene diamine folate + 3eq.DIPEA + 0.5 eq
BCN-CO-NHS; ethylene diamine folate + 3eq.DIPEA + 1 eq BCN-CO-NHS; ethylene diamine folate + 3eq.DIPEA + 1.05
eq BCN-CO-NHS. Peak at 4ppm OCH, from BCN; broad multiplet at 2.84 ppm from -NHCH,CH,NH,; singlet at 2.80

ppm from aliphatic NHS protons in carbonate; singlet at 2.60 ppm from free aliphatic NHS protons.

3.2 NMR studies on the copper-free cycloaddition of benzylazide and N3z-
PEG3s50-OMe into folate-ethylenediamine-BCN at 252C

To the previous solutions was added at once 2 mg of benzyl azide or 3.5 mg of N3-PEG35-OMe
(2.2 equivalents) at 25°C. Several '"H NMR spectra were collected to access when the
cycloaddition reaction was complete. Below are the crude spectra when the yield of triazole

reached >95 %.
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Figure 2 — top: crude spectrum of ethylene diamine folate after addition of 3eq.DIPEA + 1 eq BCN-CO-NHS followed
by the addition of 2 eq of benzyl azide after 55 minutes; bottom: crude spectrum of ethylene diamine folate after
the addition of 3eq.DIPEA + 1 eq BCN-CO-NHS followed by the addition of 2 eq. of N3-PEG35,-OMe after 135 min.

4 Synthesis of folate conjugates
4.1 N-BOC ethylenediamine

In a round-bottomed flask was dissolved 4 ml (60 mmol, 10 eq.) of ethylene diamine in 40 ml
of dry dichloromethane and stirred at 02C. Then, it was added drop-by-drop a solution of Boc
anhydride (1.31g, 6 mmol, 1eq.) in 20 ml of dichloromethane. After the addition was finished
the reaction mixture was stirred for 24 hours at room temperature, before the solvent was
removed under low pressure to yield a viscous oil. It was redissolved in a solution of 2M NaCO;
(60 ml) and extracted twice with 60 ml of dichloromethane. The organic phase was dried with
NaSQ,, evaporated to dryness. N-Boc ethylenediamine (1,1 g, 92 % yield) was isolated as an
uncolored oil with enough purity to be used in subsequent reactions.

'H NMR (400 MHz, CDCl5) &: 4.94 (bs, 1H), 3.17-3.11 (q, 2H), 2.79-2.72 (t, 2H), 1.42 (s, 9H), 1.16 (bs, 2 H)
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4.2 N-BOC ethylenediamine-folate

In a round-bottomed flask was dissolved 640 mg of folic acid (1.34 mmol, 1 eq. dehydrated
powder) in 25 ml of DMSO. After the dissolution was complete (about 30 minutes with mild
heating), 308 mg (2 eq.) of N-hydroxysuccinimide and 552 mg (2eq.) of DCC were added
successively. The reaction mixture was stirred for 16h at room temperature, after which the
urea precipitate was filtered off. Then, it was added 0.376 ml (2 eq.) of triethylamine followed
by 429mg (2 eq.) of N-Boc-ethylene diamine dissolved in 5 ml of DMSO. The mixture was again
stirred overnight, before was added to a mixture of 20% acetone in diethylether. The thin
yellow precipitated was carefully centrifuged and washed four times with acetone and two
with diethyl ether and dried under vacuum (658 mg, 73 % vyield). The folic acid was conjugated
with N-Bocethylene diamine almost exclusively in the terminal carboxylic acid as confirmed by
RP-HPLC (injection of sample dissolved in DMSO, 1 ml/min, 0 to 5.5min 100% water, linear
gradient from 5.5min at 100% water to 15.5min at 100% acetonitrile, Gemini 5u 18 110A,
5umx4.6x250mm, Phenomenex column) and *H NMR. The 'H NMR spectra is consistent with
the one available in the literature.

--500
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'H NMR (400 MHz, DMSO) 6 8.64 (s, 1H, pterin), 8.04-7.86 (m, 2H), 7.68-7.62 (m, 2H,
aromatic), 7.10-6.82 (m, 3H), 6.65-6.63 (d, 2H, aromatic), 4.48 (bs, 2H, benzylic), 4.27 (m, 1H,
aH), 3.43 (bs, water) 3.06- 2.88 (m, 4H, ethylenediamine), 2.28-1.85 (m,4H, glutamic moiety),
1.35(s, 9H, Boc).

13C NMR (100 MHz, DMSO) & 172.38, 166.60, 161.64, 156.07, 154.46, 151.23, 151.19, 149.00,
129.53, 129.32, 128.44, 122.01, 111.72, 78.07, 52.84, 46.43, 46.12, 40.94, 39.27, 32.50, 31.51,
28.68, 10.14.
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4.3 Ethylenediamine-folate

The ethylenediamine-folate conjugate was prepared according with a literature protocol. N-
Boc-ethylenediamine folate (300 mg) was dissolved in 2 ml of trifluoroacetic acid and stirred



during two hours. The solvent was removed under pressure with aid of dichloromethane and
the red-dark residue was dissolved in the minimal amount of dry DMF. The addition of
triethylamine resulted in the precipitation of a yellow powder which was washed and
centrifuged four times with acetone and two times with diethyl ether (207 mg, 83 % yield). The
'H NMR spectra is consistent with the one available in the literature.

'H NMR (400 MHz, DMSO) & 8.64 (s, 1H, pterin), 8.19-7.96 (m, 1H), 7.66-7.58 (m, 2H,
aromatic), 7.18-6.91 (m, 3H), 6.66-6.63 (m, 2H, aromatic), 4.47 (bs, 2H, benzylic), 4.31-4.07 (m,
1H), 3.52 (water), 3.32-3.19 (m, ethylene diamine), 2.86-2.80 (m, 2H, ethylene diamine), 2.24-
1.93 (m, 4H, glutamic moiety).
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4.4 BCN-Ethylenediamine-folate

To a solution of ethylenediamine-folate (13 mg, 0.027 mmol) was added diisopropylethyl
amine (17 ul, 0.1mmol, 4 eq) and (1R,8S,9s)-bicyclo[6.1.0]non-4-yn-9-ylmethyl succinimidyl
carbonate (12 mg, 0.038 mmol, 1.4 eq) and stirred until a clear solution is obtained (about
20 minutes). The reaction mixture was poured into amixture of 20% acetone in diethylether.
The thin yellow precipitated was carefully centrifuged and washed two times with acetone and
two times with diethyl ether and dried under vacuum (13mg, 73% yield).

'H NMR (400 MHz, DMSO) & 8.64 (s, 1H, pterin), 8.14-7.88 (m, 2H), 7.68-7.63 (m, 2H,
aromatic), 7.11-6.95 (m, 4H), 6.66-6.64 (m, 2H, aromatic), 4.50 (bs, 2H, benzylic), 4.29 (m, 1H,
aH), 4.03-4.01 (m, 2H, -HNCO,CH,), 3.36 (water), 3.10-3.02 (m, 4H,0=C-NHCH,CH,), 2.22-1.92
(m, 10H, CH,CH,CO,+ CHH-CH,-alkyne-CH,-CHH+ -CH,-alkyne-CH,-), 1.52 (m, 2H,CHH-CH,-
alkyne-CH,-CHH), 1.24-1.16 (m, 3H, -HNCO,CH,CH), 0.84 (m, 2H, HNCO,CH,CH(CH),).

APT NMR (100 MHz, DMSO) & 172.41, 172.37, 172.26, 166.67, 166.60, 156.91, 154.34, 151.21,
149.07, 148.97, 129.56, 129.40, 128.41, 121.86, 111.65, 99.46, 61.85, 52.60, 46.37, 40.70,
39.13, 32.44, 31.60, 29.03, 21.31, 19.99, 18.07.

MS (ESI+) = 660.26 (M+H)"

HRMS (FAB+) calc. = 660.2894, found = 660.2875 (ESI-FIA-TOF)
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5 Click reactions
5.1 BCN-Ethylenediamine-folate + benzylazide: synthesis of conjugate 7a

Method A

BCN-Ethylenediamine-folate (3.5 mg, 0.0051 mmol, 1 eq.) was dissolved in 1 ml of DMSO and
added to a flask containing 2 mg of benzyl azide? (0,015 mmol, 3 eq.). The reaction was stirred
for 2 hours before it was poured into a solution of 20 % acetone/diethyl ether. The yellow
precipitate was washed two times with acetone and diethyl ether to yield the respective
triazole product in 95 % yield (4mg).

'H NMR (400 MHz, DMSO) & 11.58 (carboxylic acid), 8.65 (s, 1H, pterin), 8.15-8.02 (m, 1H), 7.88
(m, 1H), 7.68-7.66 (m, 2H, aromatic), 7.37-7.27 (m, 3H, phenyl), 7.14-6.94 (m, 2H + m, 4H),
6.66-6.64 (m, 2H, aromatic), 5.54 (s, 2H, benzylic H triazole), 4.50 (bs, 2H, benzylic), 4.29 4.29
(m, 1H, aH), 4.01-3.97 (m, 2H, -HNCO,CH,), 3.36 (water), 3.09-3.00 (m, 6H, O=C-NHCH,CH, + -
CHH-triazole-CHH-), 2.86-2.75 (m, 2H, -CHH-triazole-CHH-), 2.31- 1.90 (m, 6H, CH,CH,CO, +
CHH-CH,-triazole-CH,-CHH), 1.57-1.46 (m, 2H, CHH-CH,-triazole-CH,-CHH), 1.08-1.05 (m, 1 H, -
HNCO,CH,CH), 0.88-0.76 (m, 2 H, HNCO,CH,CH(CH),).

BC NMR (100 MHz, DMSO) 6 172.40, 172.38, 172.25, 166.73, 166.66, 156.93, 156.84, 154.37,
151.21, 148.97, 144.37, 133.50, 129.55, 129.40, 128.41, 128.23, 127.42, 121.87, 111.65, 61.87,
51.11, 46.38, 39.13, 32.45, 25.93, 22.58, 22.09, 21.31, 19.16, 19.04, 17.60.

MS (ESI+) = 793.33(M+H) " HRMS (ESI-FIA-TOF) calc. = 793.3534, found = 793.3522

Method B

Ethylenediamine folate conjugate (10 mg, 0.021 mmol, 1 eq) was dissolved 2ml of DMSO,
followed by the addition of diisopropylethyl amine (11ul, 0.063 mmol, 3 eq) and (1R,8S,9s)-
bicyclo[6.1.0]non-4-yn-9-ylmethyl succinimidyl carbonate (6.5 mg, 0.022 mmol, 1.05 eq). The
reaction mixture was stirred until yellow solution is obtained (about 30 minutes), followed by
the addition of benzyl azide (5.6 mg, 0.042 mmol, 2 eq). The reaction was stirred for 2 hours
before it was poured into a solution of 20 % acetone/diethyl ether. The yellow precipitate was
washed two times with acetone and diethyl ether to yield the respective triazole product in 86
% yield (14 mg).

2 Amyes, Tina L.; Jencks, William P,. J. Am. Chem. Soc., 1989, vol. 111, 20 p. 7900 - 7909
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5.2 BCN-Ethylenediamine-folate + PEG azide: synthesis of conjugate 7b

Method A

BCN-Ethylenediamine-folate (3.5 mg, 0.0051 mmol, 1 eq.) was dissolved in 1 ml of DMSO and
added to a flask containing 6 mg of MeO-PEGss5-N3> (0,015 mmol, 3 eq.). The reaction was
stirred for 5 hours before it was poured into a solution of 20 % acetone/diethyl ether. The
yellow precipitate was washed two times with acetone and diethyl ether to yield the
respective triazole product in 96 % yield (5 mg).

'"H NMR (400 MHz, DMSO) & 8.65 (1H, s, N=CH-C=N), 8.16-8.05 (1H, bm, -HNCHCO,H), 7.89
(1H, bm, O=C-NHCH,CH,), 7.68- 7.63 (2H, m, aromortho to amide), 7.13-6.94 (m, 4H), 6.66-
6.64 (2H, d aromortho to amine), 4.50-4.48 (2H, d, NCH,-Ar), 4.40 (2H, N=N-N-CH,), 4.29 (1H,
bm, -HNCHCO,H), 4.03 (2H, bm, -HNCO,CH,), 3.74 (2H, bm, PEG), 3.50-3.47 (24H, PEG), 3.37
(water), 3.24 (3H, PEG, OCHs), 3.10- 2.95 (6H, bm, O=C-NHCH,CH,+CHH-triazole-CHH), 2.77-
2.71 (2H, bm, CHH-triazole-CHH), 2.55-1.92 (6H, bm, CH,CH,CO,H+CHH-CH,-triazole-CH,-CHH),
1.55-1.52 (2H, bd, CHH-CH,-triazole-CH,-CHH)), 1.10- 1.05 (1H, bm, -HNCO,CH,CH), 0.92 (2H,
bm, -HNCO,CH,CH(CH),).

3C NMR (75 MHz, DMSO) & 172.24, 166.68, 156.89, 154.24, 151.20, 149.09, 149.02, 148.96,
143.64, 134.27, 129.57, 129.41, 128.38, 121.84, 111.63, 71.72, 70.22, 70.02, 69.82, 58.49,
55.37,47.59, 46.33, 25.81, 22.68, 22.42, 21.72, 19.63, 19.08, 17.72.

MS (ESI+) = 1025.5 mixture oligomers with and without Na.

Method B

Ethylenediamine folate conjugate (10 mg, 0.021 mmol, 1 eq) was dissolved 2ml of DMSO,
followed by the addition of diisopropylethyl amine (11ul, 0.063 mmol, 3 eq) and (1R,8S,9s)-
bicyclo[6.1.0]non-4-yn-9-ylmethyl succinimidyl carbonate (6.5 mg, 0.022 mmol, 1.05 eq). The
reaction mixture was stirred until yellow solution is obtained (about 30 minutes), followed by
the addition of MeO-PEG;s,-N5* (15 mg, 0.042 mmol, 2 eq). The reaction was stirred for 5 hours
before it was poured into a solution of 20 % acetone/diethyl ether. The yellow precipitate was
washed two times with acetone and diethyl ether to yield the respective triazole product in 88
% yield (19 mg).

3 Pan, Xusong; Chen, Chao; Peng, Jiang; Yang, Yongan; Wang, Yinghan; Feng, Wen; Yuan, Lihua; Deng,
Pengchi, Chem.Commun., 2012, vol. 48, #76 p.9510
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5.3 BCN-Ethylenediamine-folate + fluorescein isocyanate azide: synthesis

conjugate 7d

BCN-Ethylenediamine-folate (6.9 mg, 0.01 mmol, 1 eq) was dissolved in 2 ml of DMSO and
added to a flask containing 10 mg of 3-(1-(2-azidoethyl)thiourea) fluorescein® (0,021 mmol, 2
eq). The reaction was stirred for 4 hours before it was poured into a solution of 20 %
acetone/diethyl ether. The light orange precipitate was washed two times with acetone and
diethyl ether to yield the respective triazole product in 88 % yield (10.5 mg) with 98 % purity.

'H NMR (300 MHz, DMSO) & 11.46 (bs, 1H), 10.16 (bs, 3H), 8.64 (s, 1H, pterin), 8.16-7.88 (m,
3H, 1H fluorescein carboxylate ring), 7.67 (m, 3 H, 1H fluorescein carboxylate ring + 2H
aromatic folate), 7.20-7.17 (d, 1H, 1H fluorescein carboxylate ring), 7.10-6.94 (m, 3H), 6.67-
6.55 (m, 8H, 6H fluorescein carboxylate ring + 2H aromatic folate), 4.49(m, 4H, NCH,-Ar +
triazole-CH,), 4.28 (m, 1H, -HNCHCO,H), 4.00-3.91 (m, 4H,-HNCO,CH, +triazole-CH,-CH,) 3.39
(H,0), 3.00 (m, 6H,0=C-NHCH,CH,+CHH-triazole-CHH) 2.73 (m, 2H, CHH-triazole-CHH), 2.31-
1.91 (m, 6H CH,CH,CO,H+CHH-CH,-triazole-CH,-CHH), 1.55 (m, 2H, CHH-CH,-triazole-CH,-CHH),
1.23 (s, 1H, HNCO,CH,CH), 0.93 (bs, 2H, -HNCO,CH,CH(CH),).
B¢ NMR (101 MHz, DMSO) 6181.32, 174.43, 174.27, 172.42, 172.25, 168.91, 166.79, 159.94,
157.03, 156.92, 154.20, 152.34, 151.23, 149.17, 148.98, 148.06, 144.00, 141.32, 134.07,
129.49, 128.39, 127.07, 124.64, 121.79, 113.05, 111.66, 110.12, 102.72, 83.50, 65.38, 52.54,
46.36, 43.99, 40.58, 40.37, 40.16, 39.95, 39.74, 39.53, 39.33, 32.47, 30.91, 25.90, 22.61, 22.50,

21.86, 19.76, 19.34, 17.88.

MS (ESI+, M+H) = 1135.02; HRMS (ESI-FIA-TOF) calc. = 1135.3844, found = 1135.3819
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5.4 BCN-Ethylenediamine-folate + dansylazide: synthesis of conjugate 7c

Ethylenediamine folate conjugate (10 mg, 0.021 mmol, 1 eq) was dissolved 2ml of DMSO,
followed by the addition of diisopropylethyl amine (11ul, 0.063 mmol, 3 eq) and (1R,8S,9s)-
bicyclo[6.1.0]non-4-yn-9-ylmethyl succinimidyl carbonate (6.5 mg, 0.022mmol, 1.05eq). The
reaction mixture was stirred until yellow solution is obtained (about 30 minutes), followed by
the addition of N-(2-azidoethyl) dansyl® (23 mg, 0.072 mmol, 3.4 eq). The reaction was stirred
for 5 hours before it was poured into a solution of 20 % acetone/diethyl ether. The yellow
precipitate was washed two times with acetone and diethyl ether to yield the respective
triazole product in 70 % yield (14 mg) with 92% purity.

'H NMR (400 MHz, DMSO) & 8.65 (s, 1H, pterin), 8.47-8.45 (d, 1H, dansyl sulfonamide ring),
8.22-8.20 (d, 1H, dansyl sulfonamide ring), 8.08-8.03 (d, 1H, dansyl amine ring), 7.90-7.88 (bs
1H), 7.68-7.55 (m, 4H, 2H aromatic folate + 1H dansyl sulfonamide ring + 1H, dansyl amine
ring), 7.26-7.24 (d, 1H, dansyl sulfonamide ring), 7.12-6.92 (m, 4H), 6.66-6.64 (d, 2H, aromatic
folate), 4.50-4.49 (d, 2H, NCH,-Ar), 4.31-4.24 (m, 3H, -HNCHCO,H + triazole-CH,), 4.01 (m, 2H, -
HNCO,CH,), 3.36 (H,0), 3.19-3.03 (m, 6H, O=C-NHCH,CH,+CHH-triazole-CHH), 2.83-2.68 (m,
8H, N(CHs), + CHH-triazole-CHH), 2.34-1.91 (m, 6H, CH,CH,CO,H+CHH-CH,-triazole-CH,-CHH),
1.48 (m, 2H, CHH-CH,-triazole-CH,-CHH), 1.22-1.20 (m, 1H, HNCO,CH,CH), 0.88 (bs, 2H, -
HNCO,CH,CH(CH),).

> Inverarity, lain A.; Hulme, Alison N. Org. Biomol. Chem., 2007 , vol. 5, 636



3C NMR (100 MHz, DMSO) & 174.54, 174.44, 172.40, 172.24, 166.69, 156.90, 154.33, 151.83,
151.21, 149.02, 148.98, 143.70, 135.96, 133.83, 130.03, 129.53, 129.41, 129.36, 128.70,
128.40, 128.37, 124.01, 121.88, 119.42, 115.61, 111.66, 65.37, 52.41, 47.57, 46.39, 45.52,
42.82, 40.62, 40.41, 40.20, 39.99, 39.78, 39.57, 39.36, 32.46, 31.12, 25.86, 22.57, 22.37, 21.66,

19.62, 19.18, 17.77.
MS (ESI+)

=979.24; HRMS (ESI-FIA-TOF) calc. = 979.3997, found = 979.3967
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Analysis Date & Time : 2/8/2014 3:01:06 PM

User Name : Admin
Vial# 21

Sample Name : fadansyl
Sample ID : fadansyl
Sample Type : Unknown

Injection Volume
ISTD Amount

Data Name : C:\GCsolution'\Data'\AT folic acid\fadansyl.ged
Method Name : C:\GCsolution'\Data'\Project1\Untitled22.gem

Intensity

50000

25000
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min

Peak# Ret.Time Area Height  Conc.  Unit Mark ID# Cmpd Name

1 15.062 33809 1362 8,125
2 17.131 382307 8360 91,875
Tatal 41A11A 09722

5.5 BCN-Ethylenediamine-folate + rhodamine 6G azide: synthesis of
conjugate 7e

BCN-Ethylenediamine-folate (7 mg, 0.01 mmol, 1 eq) was dissolved in 2 ml of DMSO and added
to a flask containing 14 mg of rhodamine 6G (4-(azidomethyl)phenyl)methyl ether (0.024
mmol, 2.4 eq). The reaction was stirred for 4 hours before it was poured into a solution of 20 %
acetone/diethyl ether. The purple precipitate was washed four times with acetone and two
times with diethyl ether to yield the respective triazole product in 93 % yield (13 mg).

'H NMR (400 MHz, DMSO) & 8.57 (bs, 1H, pterin), 8.26-8.23 (d, 1H, ortho H ester rhodamine
6G), 7.88-7.45 (m, 11H, aromatic folate + rhodamine 6G), 7.10-6.60 (m, 12H, aromatic folate +
rhodamine 6G + phenyl linker), 5.53 (s, 2H, triazole-CH,-phenyl), 4.90 (s, 2H, ester-CH,-phenyl),
4.42-4.22 (m, 3H, NCH,-Ar + -HNCHCO,H), 3.98 (m, 2H, -HNCO,CH,), 3.46-3.37 (water +
CH,rhodamine), 3.01 (m, 6H, O=C-NHCH,CH,+CHH-triazole-CHH), 2.80 (m, 2H, CHH-triazole-
CHH), 2.05-1.92 ( m, 12H, CH,CH,CO,H + CHH-CH,-triazole-CH,-CHH, 2x benzylic CHs), 1.51 (m,
2H, , CHH-CH,-triazole-CH,-CHH), 1.29-1.25 (m, 7H, CHsrhodamine + HNCO,CH,CH), 0.85 (m,
2H, -HNCO,CH,CH(CH),).

3C NMR (75 MHz, DMSO) & 172.37, 165.12, 156.93, 156.93, 156.09, 151.25, 150.97, 148.66,
148.22, 144.35, 136.56, 134.72, 133.71, 133.47, 131.42, 130.84, 130.76, 129.74, 128.88,
128.69, 128.49, 128.43, 127.27, 125.79, 113.21, 113.21, 111.77, 111.74, 111.53, 93.94, 66.79,
61.84, 50.80, 46.48, 46.42, 38.65, 38.47, 38.47, 25.99, 25.91, 22.67, 22.12, 21.39, 19.22, 19.15,
19.06, 17.84, 17.84, 17.61, 14.07.

MS (ESI+) = 1219.5; HRMS (ESI-FIA-TOF) calc. = 1219.5477, found = 1219.5432
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5.6 Rhodamine 6G (4-(azidomethyl)phenyl)methyl ether

Rhodamine 6G 4-chloromethyl-1-phenylmethyl ester chloride derivative (30.4 mg, 1 eq.), NaN;
(6.7 mg, 2 eq.) and Nal (cat.) were dissolved in a mixture of acetone (1 mL) and water (0.5 mL),
the resulting mixture was stirred at room temperature during 19.5 hrs. The mixture was
extracted with CH,Cl,. The organic fraction was dried with Na,SO,, filtered and the organics
were removed under vacuum. The remaining solid was recrystallized from AcOEt, EtOH and
Et,0 to give a greenish pink solid. (8.7 mg, yield= 28%)

'H NMR (300 MHz, DMSO) & (ppm) 8.24 (dd, J = 7.6, 1.2 Hz, 1H, 1xCH,,), 7.83 (dtd, J = 19.3, 7.5,
1.4 Hz, 2H, 2xCHa,), 7.36 (dd, J = 7.4, 1.1 Hz, 1H, 1xCH,/), 7.12 (d, J = 8.1 Hz, 2H, 2xCH,,), 6.86
(d, J = 8.0 Hz, 2H, 2xCHy,), 6.74 — 6.66 (M, 4H, 4xCHa,), 4.89 (s, J = 10.5 Hz, 2H, CH,Ns), 4.77 (s,
4H, 2xCH,CHs), 4.42 (s, J = 14.5 Hz, 2H, CH,0), 2.04 (s, 6H, 2xCHs), 1.25 (t, J = 7.1 Hz, 6H,
2xCH,CHs).

3C NMR (75 MHz, DMSO) & (ppm) 164.80, 156.57, 156.42, 155.65, 135.57, 134.51, 133.20
(CHar), 131.01 (CHa,), 130.34 (CHa/), 129.43 (CHa), 128.26 (CHa), 128.17 (CHa), 125.41, 112.78,
93.56 (CHa.), 66.42 (CH,Ns), 66.10 (CH,CHs), 54.97, 53.39 (CH,0), 38.01, 17.74 (CH3), 13.62
(CH,CH).

MS (ESI-Fia-TOF, cation) = 560.27

HRMS calc for C34H34CINsO3: 560.2750, found: 560.2726 (ESI-Fia-TOF)
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5.7 BCN-Ethylenediamine-folate + furazan azide: synthesis of conjugate 7f

BCN-Ethylenediamine-folate (7 mg, 0.01 mmol, 1 eq) was dissolved in 2 ml of DMSO and
added to a flask containing 5 mg of N-(2-azidoethyl)-7-nitro benzofurazan (0.02 mmol, 2
eq). The reaction was stirred for 4 hours before it was poured into a solution of 20 %
acetone/diethyl ether. The brown precipitate was washed four times with acetone and
two times with diethyl ether to yield the respective triazole product in 68 % yield (8 mg)
with 96% purity.

'H NMR (300 MHz, DMSO) 6 8.64 (bs, 1H), 8.46-8.46 (d, 1H, furazan), 8.01-7.89 (m, 2H),
7.66 (m, 2H), 7.09-6.92 (m, 4H), 6.65-6.62 (m, 2H), 6.30 (d, 1H, furazan) 4.56-4.48 (m, 4H),
4.29 (bs, 1H), 3.96 (m, 3H), 3.02-2.90 (m, 6H), 2.64 (m, 2H), 2.09-1.99 (m, 6H), 1.48 (m,
2H), 1.11-1.07 (m, 3H), 0.8 (m, 2H).

3C NMR (75 MHz, DMSO) & 172.37, 166.67, 156.94, 156.86, 154.30, 151.20, 149.06,
148.98, 143.93, 138.09, 134.07, 129.54, 129.40, 128.40, 121.86, 121.60, 111.60, 99.83,
65.37, 61.88, 53.47, 46.37, 32.50, 31.15, 25.77, 22.74, 22.44, 21.64, 19.76, 17.74, 15.63.
MS (ESI+, CaoHaaN16NaO;o) = 931.33; HRMS (ESI-FIA-TOF, M+H) calc. = 909.3504, found =
909.3488
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5.8 BCN-Ethylenediamine-folate + silica functionalized with azide:
synthesis of 7g

1* step — In a glass reactor, 3-mercaptopropy! trimethoxysilane (0.36g, 1.8mmol), 6-bromo-1-
hexene (0.244g, 1.5mmol) and 2,2'-azo-bisisobutyronitrile (0.12g, 0.75mmol) were dissolved in
10 ml of chloroform. The reaction was heated for 24h at 809°C, before the solvent been
removed under reduced pressure. The crude was analyzed by 1H NMR, confirming the
complete conversion of the alkene, and used in the next step without further purification.®

6 Gill, Christopher S.; Venkatasubbaiah, Krishnan; Jones, Christopher W. Adv. Synth. Catal., 2009
,vol.351, #9 p.1344
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2" step — The crude thioether was refluxed in 15 ml of dry toluene in presence of flash
chromatography grade silica-gel during 24h under Argon atmosphere. After filtrations and
washings with dichloromethane, 1.9 g of functionalized silica-gel was isolated accounting for
95 % over two—steps.6

3" step — The bromide functionalized silica-gel (maximum theoretical of 1.5 mmol) was
reacted with 650mg of sodium azide (10mmol) in DMF during 72h at 802C. The crude solid was
filtered and washed thoroughly with water to remove the inorganic by-products salts, yielding
1.4g of a white solid (72% isolated yield).

4™ step — Ethylenediamine folate conjugate (20 mg, 0.041 mmol, 1 eq) was dissolved 4ml of
DMSO, followed by the addition of diisopropylethyl amine (22ul, 0.12 mmol, 3 eq) and
(1R,8S,9s)-bicyclo[6.1.0]non-4-yn-9-yImethyl succinimidyl carbonate (13 mg, 0.044 mmol,
1.05eq). The reaction mixture was stirred until yellow solution is obtained (about 30 minutes),
followed by the addition of azide-functionalized silica-gel (260mg, maximum theoretical
0.2mmol of azides). The reaction was stirred for 16h, centrifuged and the light yellow solid
(275 mg) was washed thoroughly with acetone and ether. The yellow color was absent from
the supernatant indicating fully immobilization. This yellow powder was further eluted with
DMSO, and since no leaching of color to the mobile phase was detected it further confirmed
the chemical immobilization. Folic acid when physically immobilized in silica-gel is eluted with
DMSO. To immobilize physically folic acid in silica-gel, it was dissolved in DMSO, and stirred 30
minutes with silica. After, the DMSO was removed by washing with mixture of 20 %
acetone/diethyl ether.
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Folic acid
immobilized
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No elution of 7f
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5.9 Click testing under biological compatible conditions

MeO-PEGss0-N3 (2 eq., 3.4 mg) was dissolved in water and added to a solution of conjugate 3 (1
eq., 3 mg) in DMSO giving three solutions of (A) 1:1, (B) 1:9 and (C) 1:99 DMSO:water ratio ([3]
=5.625 mM, 1.125 mM and 112.5 uM, respectively). The solutions were placed in a bath at
372C and left to react for 1h (A), 2h (B) and 24h (C) without stirring. The folates were isolated
by precipitation and analyzed by *H NMR. The imidazolic protons are evidenced by an arrow in
the following spectra.



6 Cell staining procedure

Cell lines were cultured in RPMI-1640 medium supplemented with 10% FBS and antibiotic
antimycotic solution (100 units/ml penicillin, 0,1 mg/ml streptomycin and 0,25 mg/ml
amphotericin B) and grown in an incubator at 37 2C and under a 5% CO, atmosphere.

B-Slide 8 well plates were coated with poly-L-Lysine for at least 30min and washed before
seeding with the cells. After an incubation period of approximately 2 days, cells were treated
for 1 hour with 5 uM of the probe to be tested. For conduction of the click reaction in situ,
substrates (25 uM of 8 and 12.5 uM of 3) were added to the cells medium and left incubating
for a 24 hours period. After treatment, cells were washed with phenol-red free medium and
treated with 5 pg/ml of the membrane staining WGA-Alexa594 that was kept 20-30 minutes in
contact with the cells. After this staining treatment, cells were washed and fresh phenol-red
free medium was added to the wells before imaging.

7 Spectroscopic characterization of folate dyes

Scheme 5 compares the absorption and emission spectra of the modified free dyes and the
dye labeled folate conjugates in similar conditions to those used in the cell staining
experiments (micromolar concentrations in a 1% DMSO in water solution). Linking different
fluorescent probes to the folate residue has very little effects on the shape of the absorption
and emission bands associated with transitions localized in the fluorophore. This is particularly
evident when comparing the fluorescein (7d) and R6G (7e) labeled folate with the free dyes in
Scheme 5b and ¢, where the shifts in the absorption maxima are only 6 nm and the emission
spectra are completely overlapping. The spectra of the labeled folates are also shown in pure
DMSO in Scheme 5. Solubility of the folate conjugates in DMSO is higher than in water. Thus,
comparison of the spectra in the agueous mixture with those observed in pure DMSO allows to
evaluate possible aggregation effects. No new bands associated with aggregates are observed
for any of the conjugates but a substantial decrease in absorption is observed for 7c and 7f,



suggesting formation of aggregates. For the fluorescein (7d) and R6G (7e) conjugates the
aqueous mixture leads to a hypsochromic shift of the bands, which is typical of charged
compounds in the ground state. It is worth noting that even though it is the neutral non-
emissive lactone form of fluorescein that is linked to the folate residue, a prototropic
equilibrium is gradually established in solution leading to a predominance of the dianionic
form in the equilibrium. 52 In the aqueous mixture, the emission quantum yield of the 7d and
7e conjugates (7-9%) are about one order of magnitude lower than the quantum yields of the
corresponding modified free dyes. The absorption spectra of the dansyl conjugate (7c) in
DMSO and in the water mixture (Scheme 5a) are dominated by the contribution from the
folate residue, which has its lowest energy transition at about 360 nm. This observation is
associated with the comparatively low absorption intensity of the transition localized in the
dansyl unit, which is observed in the free dyes at 340 nm. Nevertheless, this transition can be
clearly observed in the excitation spectrum of 7c when emission is collected at 530 nm
(excitation spectra in Scheme 5a). In DMSO, both the emission spectrum of 7c and the free dye
are strongly overlapping, with maxima at 530 nm. In the aqueous mixture this band suffers a
bathochromic shift (552 nm) and emission from an excited state localized in the folate unit of
7c can be simultaneously observed at 455 nm. Observation of the folate emission becomes
possible due to the combined effect of lower absorption cross-section of the dansyl unit and
quenching of the fluorescence quantum vyield (¢F ~ 2%) by an order of magnitude in the
aqueous solution. The photophysics of the benzofuranzan conjugate (7f) is somewhat similar
to the dansyl conjugate (7c). The absorption spectrum of 7f (Scheme 5d) in the aqueous
mixture is also dominated by the bands of the folate residue, but in 7f the weak absorption of
the benzofuranzan can be observed at 470 nm. The corresponding excitation spectrum
collected at 550 nm shows two bands at 340 and 475 nm typical of the benzofuranzan dye
substituted by a nitro group at the position 7 and an amine group at position 4 [DOI:
10.1039/A904989D]. The nearly perfect overlap between the excitation spectrum of 7f and the
absorption of the free dye gives support to this interpretation. Likewise, a nearly perfect
overlap is observed between the emission of the 7f and the free dye in the aqueous mixture.
The quantum yield of 7f is as low as that of 7c, but in the former it is possible to excite
selectively the dye and separate its emission from emission of the folate residue.
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Scheme 5 — Comparison between the normalized absorption and emission spectra of the modified free dyes and the
corresponding folate conjugates in a 1% DMSO:H,0 mixture. The spectra of the folate conjugates in DMSO are also shown. a) 7c¢



and N-(2-azidoethyl) dansyl, b) 7d and fluorescein, c) 7e and rhodamine 6G and d) 7f and furanzan. For 7c and 7f, the band overlap
with absorption bands localized in the folate unit and the low absorption cross-section of the bands localized in the dye unit
precludes a clear identification of the transitions localized in the dye, in the absorption spectra. Alternatively, a clear observation
of these transitions is possible in the excitation spectra shown in panels a and d. The double band structure in the emission of 7cin
1% DMSO:H,0 shown in panel a) is due to a contribution from emission localized in the folate (Aem= 455 nm) in addition to the
emission band localized in the dansyl dye (Aem= 532 nm).



