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Scope of Work to be Performed
Location
Experimental work is to be conducted in building 801 in labs #’s 60, and 66C. Synthesis and separation will be conducted in the hood, or on the benchtop in room 60. Also, the high purity liquid chromatograph (HPLC) in room 66C will be used for separation/purification and characterization (purity). Analysis of products by Nuclear Magnetic Resonance imaging will occur in the chemistry building (# 205 Chemistry bldg. 555).

#60—Synthesis, evaporation, extraction, separation work, and TLC work
#66C—HPLC for evaluation/efficacy of synthesis and separations
#205—Nuclear Magnetic Resonance imaging for analysis of synthesized products
NOTE: No radioactive materials will be permitted in room #60. The lab will be posted/announced that such conditions are to be followed by any individual intending to utilize the room.

General Purpose/Overview
Trithiol bearing ligands have been previously synthesized and employed for a multitude of applications. However, their use for the complexation of arsenic is scarce. Only a single report on the synthesis of a bicyclic trithiaarsine has been briefly described by Vandenbroucke et al. The report is focused on the bicyclic phosphorous complex rather than the analogous arsenic complex and is rather dated (1968; only 1H-NMR and dipole moments reported). Exemplary trithiol compounds and their synthetic routes are shown in Schemes 1 and 2. 
This project intends to work in conjunction with the current work being carried out at BNL to develop Arsenic-72 as a radioimaging agent as well as possible use in future proposals to separate various metals in aqueous or organic solution.
Table 1. Properties of selected radioisotopes of arsenic.
	Isotope
	71As
	72As
	74As
	77As

	Half-life (h)
	64.8
	26.4
	427.2
	38.4

	Mode of Decay (%)
	EC (68); β+(32)
	EC (12.2); β+(87.8)
	EC (66); β+(29)
	β-(100)

	Eβmax (MeV)
	2.01
	2.50
	0.940
	0.683

	Gamma Emissions (keV; %)
	175.2; 32
	833.9; 80
	634.8; 15
	239.0; 1.7


Procedure
[bookmark: _Toc422135212]As with any experimental procedure, they often require multiple alterations, and trials to determine the final set of working conditions to be followed. Additionally, like production and separation procedures in the CAD group, organic synthesis can proceed via a number of pathways to obtain the product of interest. Extensive research, to determine a number of acceptable pathways, and working knowledge within the field are relied upon to accomplish the goals outlined above.

· This experimental work permit is intended to be for general and reaction specific compounds for the synthesis of trithiol chelators and supplements [(Synthesis of Novel Bifunctional Chelators for Radionuclides: General Synthesis (Parent 20151117AD)].

· It is intended that even though reaction specific compounds are given that alternative compounds similar (obvious similarity) to the compounds listed could also be used without the submission of additional addendums.

· I ask you to only review/skim, if present, the attached files (descriptions of what they’re for are located below in ‘attachments’ section) for information on various procedures and technique. 

Trithiol Ligand and Arsenic Trithiol Synthesis: All below is given as possible reactions that have been previously performed and submitted for publication in the Journal of Nuclear Medicine and Biology. 
[image: ]
Scheme 1. Synthesis of 4-ethyl-2,6,7-trithia-1-arsabicyclo[2.2.2]octane, 5, a ligand for radioarsenic.

1. 
1.1. 
1.2. 
1.3. 
2-Ethyl-2-((tosyloxy)methyl)propane-1,3-diyl bis(4-methylbenzenesulfonate) [C27H32O9S3], 2. 1,1,1-Tris(hydroxymethyl)propane (1; 10.0 g, 74.6 mmol) was added to a stirring solution of pyridine (82.5 mL) at -5 °C.  p-Toluenesulfonyl chloride (71.04 g, 372.6 mmol) was then slowly added (Caution! Reaction becomes hot).  After 2 hours the reaction was brought to room temperature and stirred for approximately 2 days.  The reaction progress was followed by silica gel TLC with dichloromethane (DCM) as the mobile phase and visualized using UV-Vis, iodine, and KMnO4 (ditosylate, Rf ≈ 0.2; 2, Rf ≈ 0.55; p-toluenesulfonyl chloride, Rf ≈ 0.95).  The reaction was poured into cold 2 M HCl (600 mL) to precipitate the crude product.  The precipitate was washed with several portions of 2 M HCl (3 x 100 mL), dissolved in ethyl acetate (200 mL), and washed with 2 M HCl (1 x 50 mL), saturated sodium bicarbonate (3 x 100 mL), and brine (1 x 50 mL), dried over anhydrous MgSO4, filtered, and taken to dryness under vacuum to give the product as a white solid.  Yield: 42.9 g, 96.5%.  1H NMR (CDCl3; 500 MHz) δ ppm: 0.64 (t, 3H, CH3), 1.35 (q, 2H, CCH2), 2.46 (s, 9H, ArCH3), 3.77 (s, 6H, OCH2), 7.36 (d, 6H, ArH), 7.71 (d, 6H, ArH).  13C NMR (CDCl3 d6; 125.8 MHz) δ ppm: 6.71 (CH3), 21.72 (ArCH3), 21.85 (CCH2), 42.05 (C), 67.81 (OCH2), 128.10 (ArC), 130.23 (ArC), 132.00 (ArC),) 145.52 (ArC).  ESI-MS (m/z) 619.30 (619.08 calcd for [M+Na]+ of [C27H32O9S3]).  Elemental Anal. calc’d (found) for C27H32O9S3: C, 54.35 (54.40): H, 5.41 (5.47); S, 16.02 (16.12).

1-Thiocyanato-2,2-bis(thiocyanatomethyl)butane [C9H11N3S3], 3. Intermediate 2 (10.0 g, 16.8 mmol) and KSCN (21.2 g, 218.1 mmol) were added to dry DMF (50 mL) while vigorously stirring. The reaction mixture was heated to 110 °C for 13 h, followed by 4 h at 120 °C, during which time solids formed and the reaction mixture turned dark brown. The reaction was monitored by silica gel TLC using DCM as the mobile phase, and visualized with UV-Vis, iodine, and KMnO4 (3; Rf ≈ 0.4).  The reaction mixture was poured over ice water (600 mL) and left in the freezer (-13 °C) overnight to precipitate the crude product 3.  The brown precipitate was isolated by vacuum filtration, washed with deionized water, dissolved in EtOAc (200 mL), and dried over anhydrous Na2SO4.  The solvent was removed by vacuum distillation to give brown oily crystalline product.  Pure product was obtained by recrystallization from hot ethyl ether to yield 3 as a light yellow crystalline solid.  X-ray quality crystals were grown by slow evaporation from chloroform.  Yield: 2.60 g, 60.3%. 1H NMR (CDCl3; 500 MHz) δ ppm: 1.01 (t, 3H, CH3), 1.79 (q, 2H, CH2), 3.25 (s, 6H, SCH2).  13C NMR (CDCl3; 125.8 MHz) δ ppm: 7.85 (CH3), 26.93(CCH2), 38.50 (SCH2), 44.78 (C), 111.18 (SCN). ESI-MS (m/z) 257.80 (258.08 calcd for [M+H]+ of [C9H11N3S3]).  Elemental Anal. calc’d (found) for C9H11N3S3: C, 42.00 (42.78); H, 4.31 (4.47); N, 16.33 (15.61); S, 37.37 (36.95).

2-Ethyl-2-(mercaptomethyl)propane-1,3-dithiol [C6H14S3], 4. Compound 3 was converted to the trithiol by reduction with lithium aluminum hydride. Under N2, compound 3 (1.0 g, 3.9 mmol) and LiAlH4 (0.891 g, 23.4 mmol) were added to a 50 mL three necked round bottom flask. After the reaction was cooled to -5 °C, cold ethyl ether (30 mL) was added by syringe while stirring.  The reaction was continuously stirred for 3 h at -5 °C, brought to room temperature and stirred overnight, after which time grey solids were present.  The reaction was cooled, and then quenched by the slow addition of saturated ammonium chloride (20 mL).  Solids were removed via vacuum filtration, and 2 M HCl (20 mL) was added to the mother liquor. Product, 4, was extracted into ethyl ether (3 x 50 mL), dried over anhydrous Na2SO4, filtered, and taken to dryness to yield a light yellow oil, which crystallized upon cooling.  Yield: 584 mg, 82%.  1H NMR (CDCl3; 500 MHz) δ ppm: 0.82 (t, 3H, CH3), 1.18 (t, 3H, SH), 1.46 (q, 2H, CCH2), 2.58 (d, 6H, SCH2).  13C NMR (CDCl3; 125.8 MHz) δ ppm: 7.85 (CH3), 25.10 (CCH2), 28.80 (SCH2), 41.66 (C).  ESI-MS (m/z) 181.12 (181.03 calcd for [M-H]- of [C6H14S3]).

4-Ethyl-2,6,7-trithia-1-arsabicyclo[2.2.2]octane [C6H14S3As], 5. Arsenic trioxide (0.101g, 0.506 mmol) dissolved in ethanol (95%, 20 mL) and ammonium thioglycolate (827 μL of 5.5 M aqueous solution, 4.55 mmol) were stirred vigorously while heating to 50 °C.  After 60 minutes 4 (0.184 g, 1.01 mmol) was added, stirring continued for 20 minutes, the reaction mixture cooled, and then filtered to remove insoluble material. The filtrate was taken to dryness, washed with water (2 x 15 mL), dissolved in DCM (10 mL), dried over anhydrous magnesium sulfate, filtered, and taken to dryness to yield light yellow crystals.  X-ray quality crystals were grown by slow evaporation from chloroform.  Yield: 0.135 g, 50.3%.  1H NMR (CDCl3; 500 MHz) δ ppm: 0.89 (t, 3H, CH3), 1.39 (q, 2H, CH2) 2.94 (s, 6H, SCH2).  13C NMR (CDCl3 d6; 125.8 MHz) δ ppm: 8.17 (CH3), 31.29 (C), 31.65 (SCH2), 37.39 (CCH2).  ESI-MS (m/z) 254.69 (254.93 calcd for [M+H]+ of [C6H11S3As]). Elemental Anal. calc’d (found) for C6H11S3As: C, 28.34 (31.42): H, 4.36 (4.70). Note, 1H-NMR shows residual high vacuum grease at 1.45 ppm. 
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Scheme 2. Synthesis scheme of 3-(4-((3-(methyldisulfanyl)-2,2-bis((methyldisulfanyl)methyl)propoxy)methyl)-1H-1,2,3-triazol-1-yl)propanoic acid, a linkable protected tridentate ligand for arsenic.

(1-Methyl-2,6,7-trioxabicyclo[2.2.2]octan-4-yl)methanol [C7H12O4], 6. Synthesis of compound 6 was accomplished using a modified literature procedure. Pentaerythritol (60.01 g, 440.7 mmol) was added to a stirring solution of dioctyl phthalate (100 mL) containing trace p-toluene sulfonic acid monohydrate, and heated to 120 °C. After triethyl orthoacetate (71.7 g, 81.0 mL, 442mmol) was added in one portion, the reaction was equipped with a distillation apparatus and stirred for 22 h, during which time 64 mL of ethanol had distilled (83% of the theoretical amount).  TEA (40 drops) was added, stirred for 10 minutes, and heated to 160 °C. The TEA and remaining ethanol were removed under vacuum. After changing the distillation glassware, the final product, a white solid, was isolated by vacuum distillation at 185 °C and recrystallized from benzene.  Yield: 58.6 g, 83%.  1H NMR (CDCl3; 500 MHz) δ ppm: 1.453 (s, 3H, CH3), 1.58 (t, 1H, OH), 3.454 (d, 2H, CCH2OH), and 4.015 (s, 6 H, OCH2C).  13C NMR (CDCl3; 125.8 MHz) δ ppm: 23.53 (CH3), 35.71 (CH2CCH2), 61.50 (CCH2OH), 69.41 (OCH2C), and 108.67 (OCCH3).  ESI-MS (m/z): 161.06 (161.07 calc’d for C7H12O4 [M+H]+).  Elemental analysis calc’d (found) for C7H12O4: C, 52.49 (51.58); H, 7.55 (7.67).

1-Methyl-4-((prop-2-yn-1-yloxy)methyl)-2,6,7-trioxabicyclo[2.2.2]octane [C10H14O4], 7. Synthesis of compound 7 was accomplished using a modified literature procedure. Compound 6 (5.43 g, 33.9 mmol) was added to a stirring solution of anhydrous DMSO (30 mL) and powdered KOH (7.60 g, 136 mmol). After stirring for 10 minutes, the reaction mixture was cooled in an ice bath (0 °C). Propargyl bromide (4.04 g, 3.02 mL, 33.9 mmol) was added drop-wise (Caution! Reaction becomes very hot!) and the reaction became dark brown rapidly. The reaction was stirred at room temperature for 95 minutes and poured into ice-cold water (200 mL).  The off-white solid was collected by vacuum filtration, washed with water, and dried in vacuo to obtain the analytically pure product. X-ray quality crystals were obtained by slow evaporation from chloroform. Yield: 5.44 g, 81%. 1H NMR (CDCl3; 500 MHz) δ ppm: 1.456 (s, 3H, CH3), 2.442 (t, 1H, CCH), 3.286 (s, 2H, CCH2O), 4.006 (s, 6 H, (CH2)3C), and 4.094 (d, 2H, OCH2CCH).  13C NMR (CDCl3; 125.8 MHz) δ ppm:  23.56 (CH3), 34.85 (CH2CCH2), 58.88 (OCH2CCH), 68.12 (CCH2O), 69.55 (OCH2C), 75.34 (CH), 78.97 (CH2CCH), 108.72 (OCCH3).  ESI-MS (m/z): 199.10 (199.09 calc’d for C10H14O4 [M+H]+). Elemental analysis calc’d (found) for C7H12O4: C, 60.59 (59.06); H, 7.12 (7.23).

2-(Hydroxymethyl)-2-((prop-2-yn-1-yloxy)methyl)propane-1,3-diol [C8H14O4], 8.  Synthesis of compound 8 was accomplished using a modified literature procedure. Deprotection of 7 (2.23 g, 11.2 mmol) was accomplished by addition to 6 M HCl (12 mL) in methanol (40 mL) at room temperature.  After stirring for 16 h, potassium carbonate (5.6 g, 50 mmol) was added slowly and stirred for an additional 24 hours.  The reaction was monitored by silica gel TLC using ethyl acetate as the mobile phase (8, Rf ≈ 0.25), until no starting material remained. Solvent was removed by vacuum distillation to give the crude product as a thick, dark yellow oil. The crude mixture was dissolved in ethyl acetate, filtered, and taken to dryness to remove any solids (repeated several times). The crude product, a light yellow oil, was separated by silica gel column chromatography using ethyl acetate. Removal of the solvent under vacuum gave the pure product as a thick, light yellow oil.  Yield: 1.60 g, 84%. 1H NMR (CDCl3; 500 MHz) δ ppm: 2.15 (bs, 3H, OH), 2.47 (t, 1H, CCH), 3.58 (s, 2H, CCH2O), 3.72 (s, 6 H, OCH2C), and 4.15 (d, 2H, OCH2CCH).  13C NMR (CDCl3; 125.8 MHz) δ ppm: 45.14 (C), 58.98 (CCH2O) 64.70 (HOCH2C), 71.60 (OCH2CCH), 79.40 (CH2CCH), and 75.15 (CH).  ESI-MS (m/z): 174.99 (175.09 calc’d for C8H14O4 [M+H]+)

2-((Prop-2-yn-1-yloxy)methyl)-2-((tosyloxy)methyl)propane-1,3-diyl bis(4-methylbenzenesulfonate) [C29H32O10S3], 9. Tosylation of compound 8 was accomplished using a modified literature procedure. Compound 8 was dissolved in pyridine (90.3 g, 92 mL, 1.14 mol), the mixture cooled to -5 °C, and p-toluene sulfonyl chloride (78.76 g, 413.1 mmol) was added slowly over 20 minutes while stirring vigorously. After stirring for several hours the reaction was brought to room temperature and stirred for approximately 2 days.  Reaction progress was followed by silica gel TLC using DCM as the mobile phase, and visualized with KMnO4 (9, Rf ≈ 0.55). The reaction was poured into ice cold 2 M HCl (400 mL) to give a thick white solid, which was washed with 2 M HCl (2 x 100 mL), and cold water (2 x 100 mL).  The solid was dissolved in ethyl acetate (200 mL) and washed with 2 M HCl (2 x 100 mL), saturated sodium bicarbonate (2 x 50 mL), and brine (1 x 50 mL).  The organic layer was dried over magnesium sulfate, filtered, and taken to dryness to give the crude product as a clear light yellow oil. Purification was accomplished though the dissolution of the crude product in a mixture of hot hexane/DCM (70/30) followed by the removal of DCM in vacuo.  Hot hexanes were decanted from the solids present.  This process was repeated with the solid product until the hexane wash revealed no UV active material. Residual hexane was removed in vacuo to give the product as a white solid.  Yield: 48.2 g, 92%.  1H NMR (CDCl3; 500 MHz) δ ppm: 2.408 (t, 1H, CH), 2.47 (s, 9H, CH3), 3.36 (s, 2H, CCH2O), 3.89 (m, 8H, OCH2CCH and OCH2C), 7.36 (d, 6H, ArH), and 7.72 (d, 6H, ArH).  13C NMR (CDCl3; 125.8 MHz) δ ppm: 21.87 (CH3), 43.76 (CH2CCH2), 66.11 (OCH2CCH), 66.89 (OCH2C), 75.51 (CH), 78.66 (CH2CCH), 128.16 (ArC), 130.22 (ArC), 132.01 (ArC), and 145.50 (ArC). ESI-MS (m/z): 659.10 (659.11 calc’d for C29H32O10S3 [M+Na]+). Elemental analysis calc’d (found) for C29H32O10S3: C, 54.70 (54.48); H, 5.07 (5.12); S, 15.10 (15.01).

3-(3-Thiocyanatomethyl)propoxy)prop-1-yne [C11H11N3OS3], 10. Synthesis of compound 10 was accomplished using a modified literature procedure. To a 100 mL round bottom flask equipped with a condenser, 9 (10.02 g, 15.75 mmol), and KSCN (19.86 g, 204.8 mmol) in anhydrous DMF (70 mL) were heated to 110 °C for 18 hours, 120 °C  for 2 h, and an additional 8 h at 110 °C while vigorously stirring under nitrogen.  The reaction was monitored by TLC using DCM as the mobile phase and visualized with I2, UV light, and KMnO4 until no starting material remained (10, Rf ≈ 0.4).  The dark brown reaction mixture was poured over crushed ice water (800 mL) and left in the freezer (-13 °C) overnight to precipitate the crude product as a dark brown solid. The solids were collected by vacuum filtration, dissolved in ethyl acetate, passed through a plug of silica using ethyl acetate (200 mL), and taken to dryness. Pure product, a light yellow precipitate, was obtained by recrystallization from hot ethyl ether. X-ray quality crystals were obtained by slow evaporation from ethyl ether.  Yield: 2.79 g, 60%. 1H NMR (CDCl3; 500 MHz) δ ppm: 2.53 (t, 1H, CH), 3.33 (s, 6 H, OCH2C), 3.70 (s, 2H, CCH2O), and 4.24 (d, 2H, OCH2CCH).  13C NMR (CDCl3; 125.8 MHz) δ ppm: 37.04 (SCH2C), 46.17 (CH2CCH2), 58.69 (CCH2O), 68.97 (OCH2CCH), 76.42 (CH), 78.09 (CH2CCH), and 111.53 (SCN). ESI-MS (m/z): 298.73 (299.01 calc’d for C11H11N3OS3 [M+H]+). Elemental analysis calc’d (found) for C11H11N3OS3: C, 44.42 (44.72); H, 3.73 (3.67); N, 14.13 (13.86); S, 32.34 (32.51).

Ethyl 3-(4-((3-thiocyanato-2,2-bis(thiocyanatomethyl)propoxy)methyl)-1H-1,2,3-triazol-1-yl)propanoate [C16H20N6O3S3], 11.  Synthesis of compound 11 was accomplished using a modified literature procedure. Copper (II) sulfate pentahydrate (22 mg, 0.08 mmol), sodium ascorbate (270 mg, 1.20 mmol), copper metal (1 g), THF (4 mL), ACN (4 mL), H2O (4 mL), and t-BuOH (4 mL) were added to a round bottom flask containing 10 (1.2 g, 4.0 mmol) and 13 (1.76 g, 12.0 mmol). The reaction mixture was heated to 55 °C while stirring vigorously overnight.  The reaction was monitored by silica gel TLC using DCM as a mobile phase (13, Rf ≈ 1; 10, Rf ≈ 0.4; 11, Rf ≈ 0) and visualized with I2, UV light, and KMnO4. Once the starting material (10) had been consumed the solvents were removed by vacuum distillation. The crude product was dissolved in DCM and added to a plug of silica. DCM (100 mL) was added to remove unwanted materials. Ethyl acetate (250 mL) was used to obtain the crude compound of interest.  The solvent was removed in vacuo, and further purified by silica gel column chromatography (3 x 18 cm, 40 g) using 40/60 hexanes/ethyl acetate until the unwanted materials were removed, and then the gradually switched to 100% ethyl acetate to obtain the compound of interest as a clear light yellow oil. Yield: 1.73 g, 98%. 1H NMR (CDCl3; 500 MHz) δ ppm: 1.24 (t, 3H, CH3), 2.96 (t, 2H, CH2COO), 3.28 (s, 6H, NCSCH2), 3.65 (s, 2H, CCH2), 4.15 (q, 2H, COOCH2), 4.64 (t, 2H, NCH2), 4.67 (s, 2H, OCH2C=C), and 7.71 (s, 1H, CH).  13C NMR (CDCl3; 125.8 MHz) δ ppm: 14.22 (CH3), 34.64 (CH2COO), 36.92(NCSCH2), 45.74 (NCH2), 46.08 (C), 61.36 (COOCH2), 64.18 (CCH2O), 69.33 (OCH2), 111.62 (SCN), 124.64 (C=C), 143.11 (C=C), and 170.53 (C=O). ESI-MS (m/z): 441.06 (441.08 calc’d for C16H20N6O3S3 [M+H]+).

3-(4-((3-Thiocyanato-2,2-bis(thiocyanatomethyl)propoxy)methyl)-1H-1,2,3-triazol-1-yl)propanoic acid [C14H16N6O3S3], 12. Concentrated sulfuric acid (10 drops) was added to stirring solution of compound 11 (0.40 g, 0.91 mmol) in ACN (5 mL) and water (25 mL) at 70 °C.  The reaction was refluxed, and monitored by silica gel TLC using a 20/80 mix of hexane/ethyl acetate as a mobile phase (11, Rf ≈ 0.5; 12, Rf ≈ 0.25) until no more starting material (11) was present. ACN was removed via vacuum distillation, and the remaining material was extracted in DCM (3 x 50 mL).  The organic layers were combined, and taken to dryness by vacuum distillation.  The remaining oil was dissolved in DCM (10 mL) and applied to a plug of silica gel.  DCM (200 mL) was added to remove any unwanted materials, and then ethyl acetate (200 mL) to obtain the crude product of interest.  The ethyl acetate was taken to dryness and further purified by reversed phase C18 chromatography (3 x 15 cm) using 40/60 ACN/H2O as a mobile phase (12, Rf ≈ 0.6 by reversed phase TLC using 40/60 ACN/H2O as a mobile phase).  The solvent was removed in vacuo to afford a light yellow oil.  X-ray quality crystals were obtained by slow evaporation of the column fractions (Figure 4-10). Yield: 50%, 0.187 g. 1H NMR (CDCl3; 500 MHz) δ ppm: 3.03 (t, 2H, CH2COO), 3.29 (s, 6H, NCSCH2), 3.64 (s, 2H, CCH2), 4.65 (t, 2H, NCH2), 4.67 (s, 2H, OCH2C=C), and 7.76 (s, 1H, CH).  13C NMR (CDCl3; 125.8 MHz) δ ppm: 34.34 (CH2COO), 36.95 (NCSCH2), 45.79 (NCH2), 46.05 (C), 63.94 (CCH2O), 69.38 (OCH2), 111.77 (SCN), 124.95 (C=C), 143.07 (C=C), and 173.92 (C=O). ESI-MS (m/z): 412.01 (412.04 calc’d for C14H16N6O3S3 [M]+).

Ethyl 3-azidopropanoate [C5H9N3O2], 13. The product was prepared using a modified literature procedure. To a stirring solution of ethyl 3-bromopropionate (20.55 g, 113.5 mmol) in DMSO (200 mL) at 0 °C, NaN3 (9.71 g, 149 mmol) was added slowly.  The reaction was allowed to slowly come to room temperature while continuing to stir for 3 days. The reaction was poured into water (600 mL), and extracted into ethyl acetate (3 x 100 mL). The organic layers were combined, washed with saturated sodium bicarbonate (3 x 50 mL), water (3 x 50 mL), brine (1 x 50 mL), dried over anhydrous sodium sulfate, filtered, and taken to dryness to give the analytically pure product, a pleasantly fragrant light yellow liquid.  Yield: 11.5 g, 71%. 1H NMR (CDCl3; 500 MHz) δ ppm: 1.47 (t, 3H, CH3), 2.54 (t, 2H, CH2C), 3.54 (t, 2H, N3CH2), and 4.16 (q, 2H, COOCH2). 13C NMR (CDCl3; 125.8 MHz) δ ppm: 14.28 (CH3), 34.08 (CH2COO), 46.87 (N3CH2), 61.02 (COOCH2), and 170.9 (C).
General Overview
All products will be assayed by the following methods: thin-layer chromatography (TLC), column chromatography, and/or high purity liquid chromatography (HPLC). These methods were previously described in the parent document [(Synthesis of Novel Bifunctional Chelators for Radionuclides: General Synthesis (Parent 20151117AD)] for this addendum.  
The area where these experiments are carried out is covered with disposable diapers that are absorbent on one side and waterproof on the other side or some other barrier to prevent chemical contamination of the benchtop or hood floor. The personnel doing the work are garbed as prescribed in the relevant RWP and follow any special instructions in the RWP. All materials are disposed of according to the hazardous waste guidelines located in the hazardous waste generator course (RP-RCRIGEN3).  
All people working on this project must read and sign the appropriate RWPs.  The Facility Support representative should be notified when this work is planned. 
Additional Description
Special Equipment
High purity liquid chromatography (HPLC), Corning hot plates, Buchi rotary evaporator, and nuclear magnetic resonance imaging instrument.
Performance Factors
All radioactive work will be carried out elsewhere. No radioactivity will be used in lab #60, therefore radioactive contamination will not be a concern. This will be posted/announced throughout the group, and room through appropriate communication (vocally/email/signs). The hazard associated with chemical exposure to personnel is minimal as the manipulation of large volumes for long periods of time will be carried out within the hood.  Even so, personnel will take precautions by wearing PPE as defined in the RWP. Prior to and after, work in any area will be cleaned as needed for experiments to be conducted safely. 
Waste Minimization/Pollution Prevention
The solid/liquid waste will be processed as hazardous chemical waste and not mixed radioactive waste after use. Waste will be surveyed by a FS representative prior to final disposal.













Materials Used /Waste Generated
Table 2. List of possible materials to be used/waste generated.
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 Identify and Analyze Hazards Associated with the Work
Physical Hazards: 
· Flammable liquids, and caustic/corrosive liquids that can cause burns
· No open flames near organic flammable areas
· Fire from runaway hot plate, ovens, or heating elements.
· Use of hot plates or thermal heaters with temperature displays and feedback circuits to prevent overheating 
· All glass ware inspected for cracks or defects prior to use, handle glassware properly
· Reactions will be carried out under a fume hood with sash or in a glove box, and the process will be monitored on a daily basis (1-24 hours)
· Work alone after hours only if permitted by supervisor or ESR
· Use of GFIC adapters where liquids are in close proximity to electrical devices
Chemical Hazards: 
· Flammable, and caustic/corrosive liquids that can cause burns and inhalation risk(s).
Ionizing and Non-ionizing Radiation Hazards: 
· None
Biological Hazards: 
· None 
Offsite Work: 
· None 
Other Issues (Security, Notifications, Community, etc.): 
· None 
Significant Environmental Aspects 
· Generation of organic hazardous waste
· Generation of solid hazardous waste



Develop and Implement Hazard Controls and Assess Risk
Physical Hazards, Tasks and Controls 
	Hazard, Default Controls, Task Specific Info
	Risk Level

		Hazard: 
	Sharps (non medical) 


	 
	Default Controls:
Sharps including needles, razor blades and syringes (plastic and glass) must be disposed of in sturdy, rigid, sharps containers. 
Sharps containers cannot be more than 2/3 full. 


	 
	Task Specific Info:
Needles and syringes are disposed of in the SHARPS container.  If recapping needles, only one handed recapping devices are to be used



	Negligible (0-20)

	

		Hazard: 
	Flammable liquids 


	 
	Default Controls:
Most of the organic solvents used are flammable.  Solvents are normally used in the hood. Any large quantities of unused organic chemicals will be stored in a cabinet designated for storage of flammable materials, as required. All containers will be appropriately labelled unless being actively used (ex. 1 shift). 



	Negligible (0-20)



Chemical Hazards, Tasks and Controls
	 Hazard, Default Controls, Task Specific Info
	Risk Level

		Hazard: 
	Flammable liquids 


	 
	Default Controls:
Use hazardous chemicals controls. Review large quantity storage with Fire Protection Engineer.  Note location on fire run card and hazard info. placard for storage of solids, greater than 40 pounds; liquids, greater than 5 gallons; gases, greater than 10 pounds.  Unobstructed access to emergency stations. 



	Negligible (0-20)



Environmental Hazards, Tasks and Controls (include on/off site transportation and products/services) 
	Hazard, Default Controls, Task Specific Info
	Risk Level

		Hazard: 
	Hazardous organics


	 
	Default Controls:
Any large liquids kept in secondary containers located within a flammables cabinet, as required. Incompatible materials will be stored separately. All containers will be appropriately labelled unless being actively used (ex. 1 shift). Engineering Controls Note: Hazardous wastes must be accumulated at or near the “point of generation” and in accordance with RADCON requirements. 

Comply with the SBMS Subject Area: “Hazardous Waste Management”. 


	 
	Task Specific Info:  



	Negligible (0-20)

	

		Hazard: 
	On-site transportation of materials 


	 
	Default Controls:
Engineering Controls:
• Proper packaging and containment/over packing/secondary container

Administrative Controls:
• SBMS Subject Area Transfer of Hazardous • No smearable contamination on the outside of the package greater than the release criteria
• If the pack exceeds any of the above criteria contact your Department Transportation Safety POC to develop Safety Assessment Methodology : POC List
Training:
• Transportation of Hazardous Materials (TQ-HAZMAT B) 


	 
	Task Specific Info:  This is controlled by the appropriate RWPs



	Negligible (0-20)



Radiation Hazards, Tasks and Controls 
	Hazard, Default Controls, Task Specific Info
	Risk Level

		Hazard: 
	None


	 
	Default Controls:
Radioactive materials are located throughout various laboratories in the building so the appropriate controls listed in the area’s RWP will be strictly followed.



	Negligible (0-20)



Biological Hazards, Tasks and Controls 
None 
Offsite Work Hazards, Tasks and Controls 
None 


Other Issues (Security, Notifications to Other Organizations, Community Involvement, etc.) 
None 
Recommended Exposure Monitoring 
· As required in RWP
Description or comments:  NONE
Emergency Planning Hazard Assessment (EPHA) Determination
  
	Chemical Name
	Quantity (lbs, gal)
	Location (Bldg/Room#)


Perform Work Within Controls
Recommended Training and Medical Surveillance Summary 
Personnel Training, Qualification, and Authorization List
	Employee/Guest Name
	Life/Guest#
	Dept
	Required Training Course(s)
	Signed

	DeGraffenreid, Anthony
	25696
	CAD
	HP-RADIGEN [ EXPIRES:10/23/16] 
HP-RWT-500 [ EXPIRES: 10/6/2017] 
RW1-PART1 [ EXPIRES: DNE ] 
HP-RWT-150CB [ EXPIRES: 7/21/2016]
HP-IND-220) [ EXPIRES: 7/23/2016] 
RP-RCRIGEN3 [EXPIRES:10/28/2016]
TQ-SAFEWARE [EXPIRES: DNE]
GE-ENV-GET [EXPIRES: DNE]
HP-OSH-025 [EXPIRES: DNE]
	


Emergency Procedures
General emergency procedures are contained in the building 801 Emergency Plans.  In the event of a spill, the FS representative for building 801would be notified, the spill contained as much as possible by absorbent paper.
Transportation
No off-site transportation.  Any on-site transportation is handled under a RWP or any hazardous waste transportation under Transportation of Hazardous Materials (TQ-HAZMAT B) requirements.

Logistical Interactions
None
Termination/Decommissioning
No material is generated that requires any termination plan. 
Provide Feedback
None 

Attached Files:
Dissertation: “Arsenic for Potential Diagnostic Imaging & Radiotherapy” by Anthony DeGraffenreid (2015).
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image3.emf
Compound Name Physical FormChemical Classification Disposal MethodAmount/Use (g or mL) Amount/Year (g or mL) Comments

1,1,1-Tris(hydroxymethyl)propane  Solid Organic Alcohol Hazardous 0.1-250 500

Pentaerythritol Solid Organic Alcohol Hazardous 0.1-250 500

Triethylorthoacetate Liquid Organic Ether Hazardous 0.1-250 500

Dioctyl Pthalate Liquid Organic Ester Hazardous 0.1-250 500

Potassium Thiocyanate Solid Inorganic Salt Hazardous 0.1-250 500

Sodium Azide Solid Inorganic Salt Hazardous 0.1-250 500

Propargyl Bromide Liquid Organic Halide Hazardous 0.1-250 500

Propargyl Alcohol Liquid Organic Alcohol Hazardous 0.1-250 500

Ethyl 3-bromopropionate Liquid Organic Halide/Ester Hazardous 0.1-250 500

Thioacetic Acid Solid/Liquid Organic Acid Hazardous 0.1-250 500 Malodorous 

p-Toluenesulfonyl Chloride  Solid Organic Halide Hazardous 0.1-250 500

p-Toluenesulfonic Acid Solid Organic Acid Hazardous 0.1-250 500

Mercaptoacetic Acid Liquid Organic Acid Hazardous 0.1-250 500 Malodorous 

Ammonium Chloride Solid Inorganic Acid Hazardous 0.1-250 500

Ammonium Hydroxide Liquid Inorganic Base Hazardous 0.1-250 500

Dithiothreitol  Solid Organic Base Hazardous 0.1-250 500

Magnesium Sulfate Solid Inorganic Drying Agent Hazardous 0.1-250 500

Sodium Sulfate Solid Inorganic Drying Agent Hazardous 0.1-250 500

Potassium Permanganate Solid Inorganic Oxidizing Agent Hazardous 0.1-5 10

Lithium Aluminum Hydride Solid Inorganic Reducing Agent Hazardous 0.1-10 50 Very Strong Reducing Agent

Sodium Borohydride Solid Inorganic Reducing Agent Hazardous 0.1-10 50 Mild Reducing Agent

Sodium Ascorbate Solid Organic Reducing Agent Hazardous 0.1-5 10 Mild Reducing Agent

Iodine Crystals Solid Inorganic Solid Hazardous 0.1-5 10

Arsenic Trioxide Solid Inorganic Acid Hazardous/Metals 0.01-0.5 1 Toxic/Carcenogenic 

Arsenic Acid Solid Inorganic Acid Hazardous/Metals 0.01-0.5 1 Toxic/Carcenogenic 

Copper Metal Solid Inorganic Metal Hazardous/Metals 0.01-5 10

Copper Sulfate Solid Inorganic Salt Hazardous/Metals 0.01-1 2


