Supporting informations for publication

[image: image14.png]—200

GOLL

208,

CogHsp1405Si
960.23 g/mol

T 18.00

5 1 398
— I 1.1
= 124

\‘% +1.18

-
ik
\_'_k

——

- 1200

1.0

7.0 6.0 5.0 4.0 3.0 2.0

8.0
ppm (f1)





Scheme 1: Retrosynthetic analysis of the nanoparticulate Tetrac .
Chemistry All commercially available chemicals were used without further purification. All solvents were dried and the reactions were done under dry nitrogen. All new compounds gave satisfactory 1H NMR and mass spectrometry analyses. Melting points were determined on an Electrothermal MEL-TEMP melting point apparatus and then on a Thomas HOOVER Uni-mel capillary melting point apparatus. Infrared spectra were recorded on a Thermo Electron Nicolet Avatar 330 FT-IR apparatus. UV spectra were obtained from a SHIMADZU UV-1650PC UV-vis spectrophotometer. HPLC experiments were accomplished at a flow rate of 1.1 mL minute-1 with a Waters 2695 apparatus (120 vials), Luna 5u NH2 100A or a Waters µbondapak C18 10µm 125A columns operated at 40°C and atmospheric pressure with UV detection between 210 and 400 nm. 1H NMR data were obtained using a Varian 500 MHz spectrometer and were referenced to CDCl3 (δ= 7.27 ppm) or DMSO-d6 (δ= 2.50 ppm). High Resolution Mass Spectral analysis was performed on either an Applied Biosystems API4000 LC/MS/MS or Applied Biosystems QSTAR XL mass spectrometers. Combustion analysis was performed by Intertek, Inc., Whitehouse, NJ. The yields quoted in this paper were re-crystallization yields. 

Methyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetate (2)

Method A

In anhydrous conditions, Tetrac  (5.0 g, 6.7 mmol, 1.0 eq.) was dissolved in anhydrous methanol (200 mL). To the solution was then added dropwise SOCl2 (485 µL, 6.7 mmol, 1.0 eq.). The reaction was set to reflux for 2 days. Water was then added to the reaction medium (200 mL) and then the solution was concentrated. The precipitate was then collected by vacuum filtration and then recrystallized to give orange crystals (3.10 g, 4.0 mmol) of  methyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetate in 61% yield.

Method B

In anhydrous conditions, Tetrac (1.0 g, 1.3 mmol, 1.0 eq.) was suspended in MeOH (20 mL). TEA (181.4 µL, 1.3 mmol, 1.0 eq.) was then added dropwise followed by benzylchloroformate (184.8 µL, 1.3 mmol, 1.0 eq.). After stirring for 30 minutes, the solution was filtered, the solvent was removed from the residue and the product was separated by silica gel chromatography (eluent= DCM). The collected fractions were then evaporated to give a white powder which was recrystallized to give orange crystals (990 mg, 1.3 mmol) of  methyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetate in a quantitative yield.
Orange crystals; recrystallization solvent: EtOH; TLC: 0.81 (DCM); RPTLC: 0.49 (AcOH/H2O, 9/1); IR (υ cm-1): 1719 cm-1 (CO); HPLC (µBondapak C18): rt= 3.2 min (MeOH/H2O 65/35); 1H NMR (CDCl3) δ (ppm): 7.78 (s, 2H, ArH), 7.12 (s, 2H, ArH), 5.53 (br, 1H, OH), 3.75 (s, 3H, CH3), 3.58 (s, 2H, CH2); 13C NMR (CDCl3) δ (ppm): 171.0, 152.8, 150.2, 149.6, 141.3, 135.2, 126.1, 90.9, 81.8, 52.7, 39.8; MS (ESI+) m/z: 785 [M+Na]+; (ESI-) m/z: 761 [M-H]-; Analytically Calculated for C15H10I4O4: C, 23.55; H 1.32. Found: C, 24.97; H, 1.33.

tert-Butyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetate (3)

In anhydrous conditions, Tetrac  (30.0 g, 40.1 mmol, 1.0 eq.) was dissolved in anhydrous dioxane (200 mL). Tert-butyl alcohol (11.4 mL, 120.3 mmol, 3.0 eq.) and 4-dimethylaminopyridine (3.9 g, 32.1 mmol, 0.8 eq.) were then added. The solution was stirred and dicyclohexylcarbodiimide (9.1 g, 44.1 mmol, 1.1 eq.) was added over a 5 minutes period. The mixture was stirred for 3 hours at room temperature. The cyclohexylurea that has precipitated was removed by filtration through a fritted Büchner funnel, and the filtrate was washed with 10% potassium bicarbonate solution (2  100 mL). During this procedure, some additional cyclohexylurea precipitated and was removed by filtration of both layers to facilitate their separation. The organic solution was then dried over magnesium sulfate, filtered and then evaporated with a rotary evaporator to obtain the crude product as a yellow powder which was purified by column chromatography (DCM/cyclohexane 90/10) to yield tert-butyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetate (3.2 g, 4.0 mmol) as a solid. 


   Yield: 10%; white powder; recrystallization solvent: EtOH; TLC: 0.86 (DCM); IR (υ cm-1): 1726 (CO); UV-vis (DMSO): max nm= 257; HPLC (Bondapak C18): rt= 4.4 minutes (MeOH/H2O 95/5); HPLC (Luna NH2): rt= 3.5 minutes (MeOH/H2O 95/5); 1H NMR (CDCl3) δ (ppm): 7.97 (s, 2H, ArH), 7.20 (s, 2H, ArH), 3.71 (s, 2H, CH2), 1.58 (s, 9H, 3 CH3); MS (ESI+) m/z: 804.5 [(M+H)+, 50].

N-cyclohexyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetamide (4)

In anhydrous conditions, Tetrac  (30.0 g, 40.1 mmol, 1.0 eq.) was dissolved in anhydrous dioxane (200 mL). Tert-butyl alcohol (11.4 mL, 120.3 mmol, 3.0 eq.) and 4-dimethylaminopyridine (3.9 g, 32.1 mmol, 0.8 eq.) were then added. The solution was stirred and dicyclohexylcarbodiimide (9.1 g, 44.1 mmol, 1.1 eq.) was added over a 5 minutes period. The mixture was stirred for 3 hours at room temperature. The cyclohexylisocyanate that has precipitated was removed by filtration through a fritted Büchner funnel, and the filtrate was washed with 10% potassium bicarbonate solution (2  100 mL). During this procedure, some additional cyclohexylisocyanate precipitated, which was removed by filtration of both layers to facilitate their separation. The organic solution was then dried over magnesium sulfate, filtered and then evaporated with a rotary evaporator to obtain the crude product as a yellow powder which was purified by column chromatography (DCM/cyclohexane 90/10) to yield N-cyclohexyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetamide (11.2 g, 12.0 mmol) as a solid. 

Yield: 30%; white powder; recrystallization solvent: EtOH; TLC: 0.88 (DCM/EtOAc 80/20); IR (υ cm-1): 1724 (CO); UV-vis (DMSO): max nm= 257; MS (ESI+) m/z 829.7 [(M+H)+, 100].

Triisopropylsilyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetate (5)

In anhydrous conditions, Tetrac  (2.1 g, 2.9 mmol, 1.0 eq.) was suspended in THF. TEA (402 µL, 2.9 mmol, 1.0 eq.) was added. After stirring at room temperature for 5 minutes, TiPSCl (618 µL, 2.9 mmol, 1.0 eq.) was added drop by drop. After stirring for 20 minutes, the solvent was evaporated and the crude product was precipitated with diethylether, filtrated and then recrystallized to give triisopropylsilyl-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetate (2.1 g, 2.3 mmol) as a powder.


    Yield: 80%; white powder; recrystallization solvent: EtOH; TLC: 0.77 (DCM); mp= 146°C; IR (υ cm-1): 1701 (CO); UV-vis (DMSO): max nm= 228; HPLC (Bondapak C18): rt= 1.5 minutes (CH3CN/buffer pH= 4.0 70/30); 1H NMR (DMSO-d6) δ (ppm): 7.81 (s, 2H, ArH), 7.11 (s, 2H, ArH), 5.56 (br, 1H, OH), 3.61 (s, 2H, CH2), 1.27-1.33 (m, 3H, 3 CH), 1.05-1.17 (m, 18H, 6 CH3); MS (ESI-) m/z: 903.3 [(M-H)-, 100]; Analytically Calculated for C23H28I4O4Si: C, 30.55; H, 3.12. Found: C, 30.47; H, 2.83.

N-cyclohexyl-2-(4-(3,5-diiodo-4-(oxiran-2-ylmethoxy)phenoxy)-3,5-diiodophenyl)acetamide (6)

4 (2.0 g, 2.1 mmol, 1.0 eq.) was dissolved in anhydrous dioxane (30 mL), then anhydrous Cs2CO3 (684 mg, 2.1 mmol, 1.0 eq.) was added and then epibromohydrin (1.8 mL, 21.0 mmol, 10.0 eq.) was added dropwise. The reaction medium was then slowly heated to reflux. The mixture was stirred during 12 hours upon reflux then cooled to room temperature. EtOAc (10 mL) was then poured and the precipitate was filtered. EtOH (20 mL) was then added to the solution and the precipitate was filtered off. The remaining solution was analyzed by TLC. The first precipitate was washed thoroughly with EtOAc (30 mL). The organic solution was then evaporated and purified by column chromatography using silica gel (DCM/hexanes 80/20). The product was further recrystallized to give N-cyclohexyl-2-(4-(3,5-diiodo-4-(oxiran-2-ylmethoxy)phenoxy)-3,5-diiodophenyl)acetamide (93 mg, 0.1 mmol) as a powder. The second filtrate and the remaining solution were revealed by TLC to be the starting material which did not react.

Yield: 5%; white powder; recrystallization solvent: EtOAc; TLC: 0.37 (DCM); mp= 242°C; IR (υ cm-1): 3280 (NH), 1625 (CO); UV-vis (DMSO): max nm= 255; HPLC (Bondapak C18): rt= 6.9 minutes (CH3CN/H2O 90/10); 1H NMR (DMSO-d6) δ (ppm): 7.99-8.01 (d, J= 7.5 Hz, 1H, NH), 7.81 (s, 2H, ArH), 7.15 (s, 2H, ArH), 4.09-4.12 (dd, J1= 3.0 Hz, J2= 12.0 Hz, 1H, CH), 3.80-3.83 (dd, J1= 3.0 Hz, J2= 11.0 Hz, 1H, CH), 3.45-3.55 (m, 2H, 2 CH), 3.39 (s, 2H, CH2), 2.84-2.86 (m, 1H, CH), 2.68-2.69 (m, 1H, CH), 1.40-1.72 (m, 10H, 5 CH2); MS (ESI+) m/z: 907.8 [(M+Na)+, 100]; Analytically Calculated for C23H23I4NO4: C, 31.21; H, 2.62; N, 1.58. Found: C, 31.60; H, 2.49; N, 1.46.

Triisopropylsilyl-2-(4-(3,5-diiodo-4-(oxiran-2-ylmethoxy)phenoxy)-3,5-diiodophenyl)acetate (7)

In anhydrous conditions, Tetrac  (3.0 g, 4.0 mmol, 1.0 eq.) was suspended in anhydrous THF. TEA (559 µL, 4.0 mmol, 1.0 eq.) was then added. After stirring at room temperature for 5 minutes, TiPSCl (858 µL, 4.0 mmol, 1.0 eq.) was added drop by drop. After stirring for 20 minutes, TEA (559 µL, 4.0 mmol, 1.0 eq.) was added and then epibromohydrin (3.3 mL, 40.0 mmol, 10.0 eq.) was added and the reaction medium was stirred at reflux (55 Celsius degrees) and monitored by TLC. After 12 hours, the reaction medium was cooled, filtered and the organic phase was evaporated. The crude product was then separated by column chromatography (DCM/cyclohexane 90/10) to give triisopropylsilyl-2-(4-(3,5-diiodo-4-(oxiran-2-ylmethoxy)phenoxy)-3,5-diiodophenyl)acetate (1.5 g, 1.6 mmol)  as a solid.

Yield: 40%; white powder; recrystallization solvent: EtOAc; TLC: 0.24 (DCM); mp= 120°C; IR (υ cm-1): 1711 (CO); UV-vis (DMSO): max nm= 256; HPLC (Bondapak C18): rt= 10.6 minutes (CH3CN/H2O 90/10); 1H NMR (DMSO-d6) δ (ppm): 7.80 (s, 2H, ArH), 7.16 (s, 2H, ArH), 4.10-4.15 (dd, J1= 4.0 Hz, J2= 10.0 Hz, 1H, CH), 3.99-4.06 (dd, J1= 4.0 Hz, J2= 10.0 Hz, 1H, CH), 3.61 (s, 2H, CH2), 2.92-2.93 (t, J= 4.0 Hz, 1H, CH), 2.78-2.79 (dd, J1= 4.0 Hz, J2= 10.0 Hz, 1H, CH), 1.28-1.33 (m, 3H, 3 CH), 1.05 (s, 18H, 6 CH3); MS (ESI+) m/z: 804.3 [(M-C9H21Si+H)+, 87], 826.9 [(M-C9H21Si+Na)+, 100]; MS (APCI+) m/z: 961.8 [(M+H)+, 20]; Analytically Calculated for C26H32I4O5Si: C, 32.52; H, 3.36. Found: C, 32.70; H, 3.13.

Oxiran-2-ylmethyl-2-(4-(3,5-diiodo-4-(oxiran-2-ylmethoxy)phenoxy)-3,5-diiodophenyl)acetate (8)

In anhydrous conditions, 5 (1.0 g, 1.1 mmol, 1.0 eq.) was suspended in anhydrous THF. TEA (154 µL, 1.1 mmol, 1.0 eq.) was then added. After stirring at room temperature for 5 minutes, epibromohydrin (902 µL, 11.0 mmol, 10.0 eq.) was added and the reaction medium was stirred at reflux (55 Celsius degrees) and monitored by TLC. After 12 hours, the reaction medium was filtered and the organic phase was evaporated. The crude product was then separated by column chromatography (DCM/cyclohexane 90/10) to give oxiran-2-ylmethyl-2-(4-(3,5-diiodo-4-(oxiran-2-ylmethoxy)phenoxy)-3,5-diiodophenyl)acetate (236 mg, 0.3 mmol) as a solid.

Yield: 25.5%; white powder; recrystallization solvent: EtOH; TLC: 0.29 (DCM); mp= 116°C; IR (υ cm-1): 1732 (CO); UV-vis (DMSO): max nm= 280; HPLC (Luna NH2): rt= 4.1 minutes (MeOH); 1H NMR (DMSO-d6) δ (ppm): 7.80 (s, 2H, ArH), 7.19 (s, 2H, ArH), 4.11-4.14 (m, 1H, CH), 4.03-4.06 (m, 1H, CH), 3.98-4.00 (m, 2H, 2 CH), 3.64 (s, 2H, CH2), 3.52-3.54 (br, 1H, CH), 3.26 (br, 1H, CH), 2.93-2.94 (t, J= 4.5 Hz, 1H, CH), 2.88-2.89 (t, J= 4.5 Hz, 1H, CH), 2.79-2.80 (br, 1H, CH), 2.65-2.66 (br, 1H, CH); MS (APCI+) m/z: 860.7 [(M+H)+, 100]; Analytically Calculated for C20H16I4O6: C, 27.93; H, 1.88. Found: C, 28.20; H, 1.66.
{4-[3,5-diiodo-4-(oxiran-2-ylmethoxy)phenoxy]-3,5-diiodophenyl}acetic acid (9)

16 (1.0 g, 1.0 mmol) was left at ambient temperature in the contact of air during 2 weeks and then recrystallized to give {4-[3,5-diiodo-4-(oxiran-2-ylmethoxy)phenoxy]-3,5-diiodophenyl}acetic acid (700 mg, 0.9 mmol) as a powder.

Yield: 84%; white powder; recrystallization solvent: EtOH; TLC: 0.33 (EtOH/EtOAc 90/10); mp= 176°C; IR (υ cm-1): 1705 (CO); UV-vis (DMSO): max nm= 256; HPLC (Bondapak C18): rt= 4.4 minutes (MeOH/H2O 95/5); HPLC (Luna NH2): rt= 3.5 minutes (MeOH/H2O 95/5); 1H NMR (DMSO-d6) δ (ppm): 7.86 (s, 2H, ArH), 7.16 (s, 2H, ArH), 4.09-4.12 (dd, J1= 3.0 Hz, J2= 11.0 Hz, 1H, CH), 3.76-3.84 (dd, J1= 6.5 Hz, J2= 11.0 Hz, 1H, CH), 3.63 (s, 2H, CH2), 3.16-3.17 (t, J= 2.5 Hz, 1H, CH), 2.85-2.86 (t, J= 5.0 Hz, 1H, CH), 2.69-2.70 (d, J= 2.5 Hz, 1H, CH); MS (ESI) m/z: 827.0 [(M+Na)+, 75], 759.2 [(M-CHO2)-, 100], 803.5 [(M-H)-, 19]; Analytically Calculated for C17H12I4O5: C, 25.40; H, 1.50. Found: C, 26.01; H, 1.22.

Digital Images and Analysis CAM sections from Petri dish were examined using SV6 stereomicroscope (Karl Zeiss) at 50X magnification. Digital images were captured using a 3-CCD color video camera system (Toshiba America, New York, NY). These images were analyzed using Image-Pro Plus software (Media Cybernetics). The number of branch points in blood vessels within the circular region superimposed to the area of a filter disk was counted for each section.

Tetrac  inhibition of FGF-stimulated angiogenesis Fertilized chicken eggs were incubated (Sunrise Farms, Inc., Catskill, NY) for 10 days under constant humidity at 370C. On day 10, a square window on the shell was opened and investigative compounds were applied on 5 mm paper filter disks that were placed on the CAM. The eggs were divided into three groups according to disks pretreatment. The first group was pretreated with an inert substance, such as phosphate buffer saline (PBS, without both calcium and magnesium chloride), and served as the negative control. The second group was pretreated with strong stimulating agents for angiogenesis like fibroblast growth factor (FGF) and served as the positive control. The third group was pretreated with FGF and with the investigative compounds. Three days later, the piece of the membrane that contained the filter was removed, washed and placed on the translucent plate. Photos of the membrane were then taken using a special microscope (Zeiss Stemi SV6), recording cameras (Toshiba 3CCD) and ImagePro software (Image-Pro® Plus, Version 4.5.1.22). The photographs were analyzed utilizing the same software that allowed for assessing the number of newly formed vessel branch points within the filter disks. Those numbers were then compared to the control groups, statistical analysis using student-t-test was performed and the percent of inhibition of new vessel formation was assessed. 

Hemoglobin determination of angiogenesis in Matrigel plugs The Matrigel plugs dissected from the mice were carefully stripped of any remaining peritoneum. The plugs were placed into 0.5 mL tube of ddH2O and homogenized for 5-10 minutes The samples were spun at 4,000 rpm on a centrifuge for 10 minutes and the supernatants collected for hemoglobin measurement. Fifty microliters of supernatant were mixed with 50 mL Drabkin’s reagent and allowed to sit at room temperature for 15-30 minutes, and then 100 mL of this mixture was placed in a 96-well plate. Absorbance was read with a Microplate Manager ELISA reader at 540 nm. Hemoglobin (Hb) concentration was determined by comparison with a standard curve in mg/mL. Hemoglobin concentration is a reflection of the number of blood vessels in the plugs.

Tetrac  inhibition of FGF-stimulated angiogenesis in mouse matrigel model Synthesized analogs 3, 4, 5, 6, 7, 8 and 9 were tested for their ability to inhibit hemoglobin formation from matrigel. In these studies an average of 7-14 CD57BKL/6 mice were used. Matrigel was injected (100 µL) SC into 3 ventral different areas. 15 days after injections, animals were killed in CO2 chamber by 5 minutes CO2 inhalation. Matrigel plugs were collected and were put into 0.5 mL ddH2O. After the homogenizations of matrigel plug in the 0.5 mL ddH2O, Hb was measured from matrigel using Drabkin’s reagent. 

Angiogenesis was stimulated by FGF (1 µg/100 µL matrigel plug x three plugs/mouse, n=6/group) injected subcutaneously. The control group received three growth factor deficient 100 µL matrigel plugs/mouse, and the growth factor-treated group received 0.1 µg FGF plus 10 µg Tetrac /100 µL or 10 µg Tetrac  analog/100 µL matrigel plug x three plugs/mouse. 
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Figure 1: 13C NMR spectrum of 7.
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Figure 2: 1H NMR spectrum of 7. 
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Figure 3: 13C NMR of compound 2 obtained from Method B
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Figure 4: 1H NMR of compound 2 obtained from Method B
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Figure 5: 1H - 13C correlation  NMR of compound 2 obtained from Method B
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Figure 6: LCMS_ positive scan of compound 2 obtained from Method B
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Figure 7: LCMS_ negative scan of compound 2 obtained from Method B
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Figure 8: 1H NMR of compound 14 
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Figure 9: TOCSY 2D NMR spectrum of 9. Zoom on the aliphatic region.
[image: image12.jpg]Institutional Animal Care and Use Committee (IACUC)
Stratton VA Medical Center (528)
113 Holland Avenue * Albany, NY 12208 « 518-626-5624 » Fax: 518-626-5628

From:
Investigator:
Protocol:

D

TACUC APPROVAL - Continuing Review

Arnold Johnson, Ph.D., Vice Chair

Shaker A. Mousa, Ph.D.

Evaluations of Anti-Angiogenesis Thyroid Hormone Antagonists and their Nanopolymeric
Derivatives (A) Matrigel Model

00590 Prom#: 0001 Protocol#: IACUC 06-07 mouse

The following items were reviewed and approved at the 04/09/2008 meeting:
»  Abstract (03/25/2008)

+  ACORP - Revised-Addition of Drug to Protocol (03/25/2008)

+ Amendment - Addition of Chemical to Biosafety Form (03/26/2008)

+ Project Data Sheet (02/15/2008)

» [ACUC Annual Review Form (03/04/2008)

The following Institutional Animal Care and Use Committee (IACUC) members recused themselves (or were
otherwise excused) from deliberations and did not vote: Shaker A. Mousa, Ph.D,

Approval is granted for a period of 12 months and will expire on 04/08/2009. Your Continuing Review
is scheduled for 03/11/2009.

Research may not begin until you have received FINAL WRITTEN APPROVAL fiom the Research &
Development Committee and all applicable subcommittees.

Arnold J ohnsoQPh.D., Vice Chair





For the report of the results of the matrigel study, the corresponding author confirms that all experiments were performed in accordance with relevant guidelines and regulations. A statement identifying the institutional committee approving the experiments is joined herein.
H3





H2





H1




















1

_90274400.unknown

_90274720.unknown

