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"HEMICAL & ENGINEERING NEW:

* Background on TAT

° 225AC

* Background

* Uses

e Sources Material and Production
» Separation and Purification

o 211At

* Background

* Production

» Separation and Purification
* Uses

* Summary
¢ AC k n OWl e d ge m e nt https://cen.acs.org/magazine/100/10013.html (accessed 4/25/22)

2 lt d ‘
Scientists revive radioactive
therapies for cancer

but with a targeted twist
P28
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Basic Concept of Targeted Radionuclide Therapy :

* Diagnostics
* SPECT
* PET

Radionuclide ® Thera py

* beta
* alpha

Targeting Vector * auger electron

e Theranostics

Target Site

Adapted from De Kruijff, R.M.; et al., Pharmaceuticals 2015, 8, 321-336.
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Types of Targeted Radionuclide Therapy

Auger (e): Beta (B): Alpha (a): &
Range 2-500 nm Range 0.050-12 mm Range 40-100 um N
LET: 4—26 Kev/um LET: 0.2 Kev/um LET: 50-230 Kev/um

Adapted from de Jong, M.; et al. Pharmaceutics 2019, 11, 560. Adapted from Poty S.; et al. J Nucl Med. 2018;59(6):878-884.
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Be b s e radum Ra 223 dchlorde

Beryllium

Range of alpha-particle

Ma nesum

’ \ Bone surface

Calcium

Strontium
87.62

Bone marrow

Barium
1373

Radium-223

https://www.xofigo-us.com/patient/how-xofigo-works (accessed 4/19/22)

Tumor cell

https://www.acs.org/content/acs/en/education/whatischemistry/periodictable.html (accessed 4/19/22) Mukherji D.; et al. Ther. Clin. Risk Manag. 2014;10:373-380
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Promising TAT Radionuclides 6
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Adapted from Elgqvist, J.; et al. Front. Oncol. 2014, 3, 324.
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225Ac Background

Calclum
40,08

E 0

2

Barlum
1373

Radium
{226)
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Strontium
87.62

* Moderate t;;, ¥10d
* Rapid emission of 4 a-particles

« 213Bjin same decay-chain

Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel opge Zinc
44.96 47.88 50.94 52.00 54,94 55.85 58.93 58,69 63.55 65.39

Ytrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium
8891 91.22 92.91 95.96 (28) 1011 1028 1064 107.9 1124

72 73 74 75 76 77 78 79 80
s7721| Hf | Ta [ W | Re | Os | Ir | Pt | Au | Hg
Lanthanides Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury

1785 1809 1839 1862 190.2 192.2 195.1 197.0 200.5

104 105 106 107 108 109 110 111 112
Actinides Rutherfordium Dubnium Seaborggm Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium
(2865) (268) {271) {270) (277 {276) (281) {280 {285)

59 60 (5} 62 63 64 65 66
Praseodymium Neodymium Promethium 5 fum Europium Gadolinium Terbium Dysprosium
1409 1442 (145) 1504 152.0 157.2 1589 162.5
96 97 a8
Curium Berkelium Californium Ei
(247) (247} (251)

eriodictable.html (accessed 4/19/22)

Lanthanum Cerlum
1389 14301

89 90 91 92 93 94 95
Actinium Thorium Protactinium Uranium NeptumEn Plutonium Americium
(227) 2320 2310 2380 (237) (244) (243)

https://www.acs.org /content/acs/en/education/whatischemistr

233U

a: 1.6x10%y l

229Th

a:7340y l

Holmium Erbium Thufium
164.9

167.3

100 101
m Fermium Mendelevium
(257) (258)
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Yiterbium
173.0

102 103

B:14.9d

obelium
{259)

Lutetium
175.0

a:10d
5.8 MeV
221 Fr
a:49m
6.3 MeV
217 At
a:32ms
7.1 MeV

a: 2%

t1/z: 45.6 m l 5.9 MeV

2097

B : 98%
1.4 MeV

B:22m
1.8 MeV

a:4.2 pus
8.4 MeV

209Pb

B:3.3h
0.6 MeV

209Bj

stable

Adapted from Pozzi, O. R. et al. IAEA-TM-44815
https://inis.iaea.org/search/search.aspx?orig_q=RN:45091405
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Clinical Use of 22°Ac or %3Bi Daughter K

Leukemia 213Bj-anti-CD33-mAb 49
225Ac-anti-CD33-mAb 76
Lymphoma 213Bj-anti-CD20-mAb 12
Melanoma 213Bj-anti-MCSP-mAb 54
Bladder cancer 213Bj-anti-EGFR-mADb 12
Glioma 213Bj-Substance P 68
225Ac-Substance P 20
Neuroendocrine tumors 213Bi-DOTATOC 25
225Ac-DOTATOC 39
Prostate cancer 225Ac-PSMA617 >400

Morgenstern, A.; et al. Semin. Nucl. Med. 2020, 50 (2), 119-123.
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Recent FDA Approval for PSMA Radiopharmaceuticals ’

) -PSMA-617 I

PSMA-11%%Ga 2 (CLOCAMETZ' ’

-.“
r

’ /; / .
_ 177 u>> (,,/{
PSMA-617 Lu / PLUVICTO" rs» 31;32;28; :\g/mL PSA ;g;zgg :xg/mL PSA092,/§ 10 ;ZImL PSAO: .fgzg LZ/mL

150 MBq #*Ga-PSMA11 6 GBq '""Lu-PSMA617 6 GBq ""7Lu-PSMA617 6 GBq '7Lu-PSMAB17
PET/CT (MIP) 1 h p.i. Planar scan (GM) 20 h p.i.  Planar scan (GM) 20 h p.i.  Planar scan (GM) 20 h p.i.
Approved by FDA on 3/23/2022
De Vincentis, G, et al. Ann. Oncol. 2019;30(11) 1728-1739 Kratochwil, C.; et al J/ Nucl Med 2016, 57 (8), 1170-6
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PSMA-617 177Lu or 2%°Ac 0

. 2% » 2 X 1x
"7TLu-PSMA Z25Ac-PSMA ZAc-PSMA
> >
v
*
6/2015 9/2015 2/2016 4/2016
PSA = 294 ng/ml PSA =419 ng/ml PSA =3.5 ng/ml PSA <0.1 ng/ml

Kratochwil, C.; et al. J. Nucl. Med. 2016;57(12) 1941-1944
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Gap in Knowledge of Ac Basic Properties 1

Inorganic Chemistry

pubs.cs.org/IC

gginetr';%le Chelating the Alpha Therapy Radionuclides **>Ac** and 2'*Bi** with
18-Membered Macrocyclic Ligands Macrodipa and Py-Macrodipa

Synthesis and Characterization of the Actinium Aq Aohan Hu, Victoria Brown, Samantha N. MacMillan, Valery Radchenko, Hua Yang, Luke Wharton,
. - . ol *
Maryline G. Ferrier,  Benjamin W. Stein,’ Enrique R. Batista,*'' John M. Be Caterina F. Ramogida, and Justin J. Wilson

han W. Engle,* Kevin D. John," Stosh A. Kozimor,*" . Lezama 1 [P
ﬁrcllatundsayN B, Rgm Doy Sl A RmnagT™ Iens ® " [/ ]) cite This: inorg. Chem. 2022, 61, 801-806 [® Y Read Online

‘ "Los Alamos National Laboratory, Los Alamos, New Mexico 87545, United States ( a)

This Is an open access article published under an ACS AuthorChi
copying and radistribution of the article or any adaptations for |

—e— macrodipa
—e— py-macrodipa
—e— Mmacropa

+— DOTA

100

~»

¥Stanford University, Stanford, California 94305, United States

© Supporting Information

"‘Univcrsity of Wisconsin, Madison, Wisconsin 53711, United States
[

ABSTRACT: Metal aquo ions occupy central roles in all equilibria that define metal
complexation in natural environments. These complexes are used to establish thermodynamic
metrics (ie., stability constants) for predicting metal binding, which are essential for defining
critical parameters associated with aqueous speciation, metal chelation, in vive transport, and so
on. As such, establishing the fandamental chemistry of the actinium (I1I) aquo ion (Ac-aquo ion,
Ac(H,0),*) is critical for current efforts to develop *Ac [f;, = 10.0(1) d] as a targeted
anticancer therapeutic agent. However, given the limited amount of actinium available for study

'ntrod ucmg the and its high radioactivity, many aspects of actinium chemistry remain poorly defined. We

overcame these challenges using the longer-lived **’Ac [t,;, = 21.772(3) y] isotope and report
mni the first characterization of this fundamentally important Ac-aquo coordination complex. Our . + . + L
ACtI nium Aq uo Ion X-ray absoll;ption fine structure study revealed 10.9 + 0.5 water molecules directly coordinated AC( ma rOd | pa ) AC( pY' ma rOd | pa )

to the Ac™ cation with an Ac—Oy, distance of 2.63(1) A. This experimentally determined 0F
distance was consistent with molecular dynamics density fanctional theory results that showed (over the course of 8 ps) that Ac™ 3 4 N 1 L

RCY (%)

40 -

was coordinated by 9 water molecules with Ac—0yy,, distances ranging from 2.61 to 2.76 A. The data is presented in the context 107 105 1076 107 1078
of other actinide(III) and lanthanide(III) aquo ions characterized by XAFS and highlights the uniqueness of the large Ac™ 2 )
coordination numbers and long Ac—0Oyy, bond distances. Ligand concentration (M)

about Frugal Diagnostics

Better Catalytic N-to-NH
Conversion by Fe

Talking to Manu Prakash ‘

3

Nanotech for Wound Care

ACSPublications www.acs.org
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Th(iV)
(1) |(8M

225Ac at Oak Ridge National Laboratory | e, |+

* ~130 mCi of 2°Th recovered from

A [T - 1 8 M HNO, 3 | —
U, A¢, Ra EVAPORATION ) [ 0 mL) o (i

MP1 Pb, Bi

legacy 233U material at ORNL (8 |
—_— ! ClA 10 M HCI [
e ~1 Ci of 22°Ac can be produced . | ‘

every year

LONC. HNO4 1
V —9{ EVAPORATION
MPI 30% H,0, |

o) (Ch)
Ac. Ra, Pb, Bi

» Estimated ~8 Ci unrecovered 22°Th
form 233U stockpile at ORNL

e 2019 - Isotek Systems and TerraPower
took over management of
unrecovered 22°Th stock via a public-
private partnership agreement with ”d/\

0.1 M HNO,

the US DOE l\'\l’()l('\ll()N‘
B_

0.1 M HCI_ [(4mL) 0.1 M HNO,

cn

Fe (111) -
vh WASTE
I
AGSOW

12 MHNO, | (NO,) | Ra, Pb,Bi

8 M HNO. (4mL)| (RaPOOL)
Se—],

1A

a a

a 12MHNO, _[3G] "
233U — 229Th — 225 Ra — 225AC — 8§ M HNO, (0.6 ;
— ml.)
1.6x10°y 7340y 149d 9.92d - |cuB
https://www.isotopes.gov/information/actinium-225 (accessed 4/19/22) ¢/ Ac

https://www.world-nuclear-news.org/Articles/Partnership-to-produce-medical-isotope-from-legacy (accessed 4/25/22)

Boll, R. A. et al. Appl. Radiat. Isot. 2005, 62 (5), 667-679.
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Tri-Lab Effort for 222Ac Production 1

¢ Brookhaven

National Laboratory

E . '® o P
N R f(
— \ “- = \
~
’ ' i) -
e ,:. e : l-'( “‘

= National Laboratory
A | ] 1 1 1

| | |
)

NATIONAL LABORATORY

/ | mi’ﬂ | I3 OAK RIDGE

1% Los Alamos

https://www.isotopes.gov/accelerator-facilities, (accessed 4/20/22)

https://www.ornl.gov/section/radioisotope-production (accessed on 4/20/22)

“;TEBUXJ&%RA%IETR%TNGHAM Department of Chemistry, College of Arts and Sciences © UAB. All Rights Reserved.



https://www.isotopes.gov/accelerator-facilities
https://www.ornl.gov/section/radioisotope-production

Accelerator Production of 22°Ac at LANL and BNL ’

e R
232 ( )225 Target Dissolution
Th plX AC Dissolved in 10 M HCI spiked with HF (0.02M final concentration)
(N >
. : v
40 s f Citrate Conversion )
Bertini 3 s ) : ;

35 A The dissolved target was brought to soft dryness and then reconstituted in 1| M
= ALICE2010 —— q Cilrali pH 2 )
£ Lefort, etal. 1961 © Cation Exchange Chromatography

Gauvin, et al. 1962
5 25 SR DOWEX 50x8, 200-400 mesh, 5 mL
a: T
@ o | Tiharenko, etal 2002 Il H
w Zhukov, etal. 2011 © : R TTREA Fxtractios " \
@ 15 | Emosevetazoiz =28 ¢ ¢ ©* o Flow Through plus ( DGA Extraction :
o 14v¢ Y O Wash ! Chromatography. :
& 10 y & Th (1V), Fission Products :\ 1 rll;l:rgl(]_)f_lllgg Egji';cil:’_ ,:
A ] ..............
' -1 | e e mme————————————— 1 ( |
. =~ ‘" Flow Through plus | ! {; 01 MHNO, !
0 . : Wash :4_ =1 ’ | S I;”(Iu.) ..... J
0 25 50 75 100 125 150 175 200 \___Rall)Ba.CsO____ ¥ {0 MHNO.
——————————————————————— ~ : 3 :
Proton Energy [MeV] ! Conversion to 0.1 M HNO, | - _f_\f(.l!]_). .
I 1
a a 225 - Brought to dryness and B S S X
Facility Pro;ected Slngle Target “*Ac \_ _ _reconstituted in 0.1 M ti_[\'_O_;;___,: i 12 column volumes i
Yields (10-day irradiation) [rmmmmm———e- Y - v ..o 032M Citrate pH5.5 !
! Cation Column 3 : Ba(Il) ;
. . ; | 0o -
LANL-IPF(100 MeV, 250-450 pA) 1.3-2.3 Ci  SEESTVAAR 200400 o Tl by
—————————————————————— A H —————
. f i
BNL-BLIP (200 MeV, 165 pA) 2.2 Ci | Flow Through plus Wash | | (6 M BNO, |
! Cs(l) i Raan 1
Weidner, J. W; et al. Appl. Radiat. Isot. 2012, 70 (11), 2602.  CTTToTTmmommmmmmmmmmmoe N -
https://www.isotopes.gov/information/actinium-225 (accessed on 4/25/22 Mastren, T; et al. Sci. Rep. 2017, 7 (1), 8216.
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225Ac Summary :

* The recent success of the PSMA class of radiopharmaceuticals, including

the FDA approval of the 3Ga and 177Lu in March of 2022, has led to a
rapidly growing interest in 22°Ac.

* Barriers towards progress of 22°Ac TAT radiopharmaceuticals include
* Limited supply
* Lack in understanding of the fundamental properties of 22°Ac

* To help address these needs, the DOE IP has initiated the Tri-Lab Effort for
accelerator-based 22°Ac production.
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11At Background B

211At a-particles 211 At

e LET, .., = 99 keV/um

13 14 15 16 17 ”:iig;‘ Eavg = 6.79 MeV

- %f:f | o5 e . Imaging:

ALTSiE P S FChAr 211Po K X-rays (EC)
77-92 keV

a-42%
5.87 MeV

EC-58%

28.09 30.97 32,06 35.45 39.95

a-100%

207 Ri
Bi 7.59 MeV

31.5y

Gallium Germanium Arsenic Selenium Bromine Krypton
69.72 72.64 74.92 78.96 79.90 83.79

EC-100%

Indium Tin Antimony Tellurium lodine Xenon

114.8 118.7 121.8 127.6 126.9 1313

207m pp
0.8s

Thallium Lead Bismuth Polonium Astatine Radon
204.38 207.2 209.0 (210) (222) IT

113 114 117 118

Mc Z’Pb
Nihoni Flerovi M i i i Te i (o]
i ( ; ; i ;4 m e(r;ggl ;J o(s;g;]num lllllllll ena;:; ne ga(;;:)son Stabl e

https://www.acs.org/content/acs/en/education/whatischemistry/periodictable.html (accessed 4/19/22)  Adapted from Zalutsky, M. and Pruszynski M. Curr. Radiopharm. 2008, 1, 177-196.
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Gap in Knowledge of At Basic Properties Y

nature =

COMMUNICATIONS

ARTICLE
Received 21 Aug 2012 | Accepted 27 Mar 2013 | Published 14 May 2013 DO 10.1038/ncomms2819 OPEN

Measurement of the first ionization potential
of astatine by laser ionization spectroscopy

S. Rothe!2, ANN. Andreyev3#556, S_ Antalic’, A. Borschevsky®?, L. Capponi*>, T.E. Cocolios', H. De Witte©,

E. Eliav!!, D.V. Fedorov'?, V.N. Fedosseev1, D.A. Fink”3, S. Fritzsche!*'57 |, Ghys]o'](’, M. Huyse‘o, N. Imai?,
U. Kaldor", Yuri Kudryavtsev'©, U. Késter'8, J.F.W. Lane?3, J. Lassen'®, V. Liberati*®, K.M. Lynch2%, B.A. Marsh',
K. Nishio®, D. Pauwels'®, V. Pershina'®, L. Popescu'®, T.J. Procter2®, D. Radulov'®, S. Raeder?'®, M.M. Rajabali'®,
E. Rapisardam, R.E. Rossel?, K. Sandhu®>, M.D. Seliverstov'4>1210 A M. Sjédin’, P. Van den Bergh‘o,

P. Van Duppen'®, M. Venhart?!, Y. Wakabayashi6 & K.D.A. Wendt?

Atg) — Atly + e~ 9.31751(8) eV

Published on May 14, 2013

“THE UNIVERSITY OF
ALABAMA AT BIRMINGHAM.

Department of Chemistry, College of Arts and Sciences

M) Check for updates

ARTICLE
OPEN

The electron affinity of astatine

David Leimbach® '23%, Julia Karls @ 2, Yangyang Guo?, Rizwan Ahmed@® 5, Jochen Ballof@ 1,

Lars Bengtsson?, Ferran Boix Pamies', Anastasia Borschevsky?, Katerina Chrysalidis'3, Ephraim Eliav’,

Dmitry Fedorov8, Valentin Fedosseev® ', Oliver Forstner® 10, Nicolas Galland® ",

Ronald Fernando Garcia Ruiz@ 12, Camilo Granados', Reinhard Heinke @ 3, Karl Johnston@ !, Agota Koszorus'3,
Ulli Késter'®, Moa K. Kristiansson® 15, Yuan Liu'®, Bruce Marsh@ !, Pavel Molkanov8, Lukag F. Pasteka® 17,
Jodo Pedro Ramos@® 29, Eric Renault® 1", Mikael Reponen'®, Annie Ringvall-Moberg"2, Ralf Erik Rossel',
Dominik Studer® 3, Adam Vernon® '°, Jessica Warbinek?3, Jakob Welander?, Klaus Wendt?,

Shane Wilkins@® ', Dag Hanstorp® 2 & Sebastian Rothe® '

At(g) + e - At(_g) 2.41578(7) eV

Published on July 30, 2020!

© UAB. All Rights Reserved.




211At Production Sites in US .

Population density, 2010

UCDAVIS *~

UNIVERSITY OF CALIFORNIA

Population per square mile

530+
470
420
370
320
260
210
160
110
50

0

No data

http://ecpmlangues.u-strasbg.fr/civilization/geography/US-census-maps-demographics.html (accessed 4/19/22)
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211At Production at Texas A&M

T\
2098 + o > 211At + 21 ’//VSOSRC

2010\

ECRION >~

SOURCE

At-211
Production
Location

e K150 Cyclotron

* Energy: 28.8 MeV
* lap,g: 2-12.5 ppA
* Length: 8-18 h

* Yield: 8-100 mCi

K150 (88") CYCLOTRON
1967, 2008
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211At Chemistry at Texas A&M x

Production
209Bj(o,2Nn) %1 1AL

\

Dissolution of Target
8-12 M HNO;,

\

Experimental Chemistry
Separations and Fundamental
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211At Separations: Solvent Extraction :

D = COrg 100 BiD<O0.1

Aqg CAq /l/.
——
)
_3 |
SLBEUEE 0™ 94 methylisobutyl ket
methyl isobutyl ketone 13.11 - rmethyl ISobulyl ketone
| m 3-octanone
3-octanone 10.5 4 ® 1-octanol
1-octanol 10.3 1 ¢ 1-decanol
1-decanol 793 1 diisopropyl ether | |
diisopropyl ether 3.81 1 2 3 4

Burns, J. D. et al. Chem. Commun. 2020, 56 (63), 9004. [ 3] L,Aq
Burns, J. D. et al. 2021 Rapid At-211 Purification Method, US Patent Application PCT/US21/25156, filled March 2021. Patent Pending.
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Extraction of 211At: ketone vs alcohol

* 1-octanol extraction

* Peaks 2-3 M HNO,

* 3-octanone extraction

* Dependance on [NO;7]

 Stoichiometry At:NO;~ =2 1:1

Burns, J. D. et al. Inorg. Chem. in revision

“THE UNIVERSITY OF
ALABAMA AT BIRMINGHAM.

D,, A.U.

® 1-octanol HNO;
@ 3-octanone HNO;
10071 ¢ 3-octanone NaNO; s’ !
] L
- / 4 = 2
o
1', -
' " ’
10 = @ -7
1 10

Department of Chemistry, College of Arts and Sciences

22
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1At Chemistry in HNO, :

Inorganica Chimica Acta 362 (2009) 2654-2661 <

ROYAL SOCIETY
éHEM!STRY

Contents lists available at ScienceDirect

PCCP

Inorganica Chimica Acta

journal homepage: www.elsevier.com/locate/ica

View Article Online

Viow Journal | View ssun
Determination of stability constants between complexing agents and At(I) and Electronic strucgure investigation of the
At(III) species present at ultra-trace concentrations evanescent AtO™ ionf
Cite this: Phys. Chem. Chem. Phys.,
J. Champion?, C. Alliot, S, Huclier?, D. Deniaud ¢, Z. Asfari ¢, G. Montavon ** 2084.16,9238 André Severo Pereira Gomes,** Florent Réal,” Nicolas Galland,” Celestino Angeli,”
Renzo Cimiraglia® and Valérie Vallet”
1 -5 A} L) T T T L
E
a
1 1 : .
esssscnnee ',:'_'—1—11 Tr—'—-.::':‘ 2py, 2py, 2Pz
- . e
05 o Asl 3 ===
esssscnnee 6px, 6py, 6Pz 5° o ®)
g e, b ™
+ ) g
> Ac W W
w o T K
AtO*

_1 1 | 1 1 1 1 Spln'orblt Spln'orblt
0 2 4 6 8 10 12 14 Off on

Champion, J. et al. Inorganica Chim. Acta 2009, 362 (8), 2654-2661. Severo Pereira Gomes, A. et al. Phys.Chem.Chem.Phys. 2014, 16, 9238-9248.

“LTEEA\JI\IA\EK?ETR%TNGHAM Department of Chemistry, College of Arts and Sciences © UAB. All Rights Reserved.




O Lone Pair Interaction with AtO* t* :

2.32 A

t<—O

. R,
105 5 (

R

O

1.92 A
%

NBO Donor O sp? NBO Acceptor AtO* m* NBO Donor O sp3 NBO Acceptor AtO* m*
Occ.=1.67 e Occ.=0.29 e- Occ.=1.78 e- Occ.=0.24 e-

AG = -47.2 kcal/mol AG = -42.6 kcal/mol

Burns, J. D. et al. Chem. Commun. 2020, 56 (63), 9004.
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211At Extraction Speciation

(@)
25
2
1073 O 5

1,4-Dibenzoylbutane
O O
=
< 10" 4
QE 1,3-Dibenzoylpropane
o) @] @]
[}
N
g (J T
5 10°7 + ACP
) Dibenzoylmethane
< = DBM o
(3 » DBP
« DBB
*« 3-octanone
10-1 T T T T T LI I | I T T T T T LI} I T T T T T LI acetophenone
1072 107 10° 10? 0
[Ketone], M \)W
Burns, J. D. et al. Inorg. Chem. in review. 3-octanone
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211At Extraction Speciation Cont. :

Monodentate Bidentate
P ,
° f AG(sol)/ | Eq/
‘ e kcalemol? kcalemol!
2-39?," 9 ! ? 3-octanone Mono -11.91 4.21
J { /Il
,J}J _‘,J JJ “, il acetophenone Mono -13.56 1.00
; . " 2.438 A
Lo ‘) " }Q dibenzoylmethane Mono -12.06 3.23
J 1,3-dibenzoylpropane Mono -15.58 0.71
‘,0 ." BiOO -11.27 4.29
L 3 , .
) ‘ Bi O phenyl -14.32 7.99
h ' 2423 A~ ‘35‘}??'& 1,4-dibenzoylbutane Mono -11.58 3.20
2.399 A7 { i
] ® I J ° BiO O -19.04 4.52
o0

o ’ I ’ 333 Bi O phenyl -17.86 4.39
4
J

Burns, J. D. et al. Inorg. Chem. in review.
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Extraction Chromatography .
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Q\S

0262

=
RS

Column
containing

porous T

support

£

4
)6)$

LD
e
&8

Amberchrom® CG300

Support: styrene-divinylbenzene

Particle Size: 50-100 um

Pore Size: 0.7 mL/g pore volume
300 A mean pore size

Surface Area: 700 m?2/g

3-octanone
FDA UNII: 79173B4107

.t.\:J.\.#.

‘i‘ﬁ.l.\.i
&

”\
| :.g

fdasis.nlm.nih.gov/srs/unii/79173b4107
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Characterization of Impregnated Resin 28

100 -
0 80 -
@60 .
g 40 {4 —Dried
20 4 —1-octanol
3-octanone
O I I I I
0 50 100 150 200 250
Temperature (2C)
— 30 : : 2%
2 6M HNO; | 2MHNO; : H,0
£20 - 5
Amberchrom® CG300 @ A— | 1% S
Support: styrene-divinylbenzene o 10 - v Lﬁ
Particle Size: 50-100 pm o <+ | | N
Pore Size: 0.7 mL/g pore volume S 0 0%
: : L0 e
300 A mean pore size ™ °
Surface Area: 700 m?/g 13 5 7 9 11 13 15
J. D. Burns et al., Sep. Purif. Technol. 2021, 256, 117794 . Bed Volume
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At-211 Separation: Extraction Chromatography :

Oct=0 on Amberchrom® CG300 ID=17 m2r1r11
Bed Volume = 0.5 mL 9.8 mC1-3+ At
Bed Height = 12.99 mm 1.7 M Bi1
100% : : :
S | Load Wash ;ﬂ Strip =
2 | BiTarget Dissolution~59M HNO; | 2MHNO; | & | EtOH =
< E | = At-211 o 5
5 60% - o m B1-207 §
(2 ’ Ga-66/67
>~ i s o |
= : | : : :
£ a0% |
E
=
20% {
0.5 1 2 3 4 5 6 7 8 9 10 1

1 12 13 14 15 16 17 LC
Bed Volume

J. D. Burns et al., Sep. Purif. Technol. 2021, 256, 117794 .
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Cartridge Column Loading

0 2 4 6 8 10 12 14 16 18 20
e 3-octanone impregnated on >0 | L d' l't_ — I-IIZNI\(/)II 'H(') | IEtCI)HI T
Amberchrom® CG300 > :
. — 40 - At-211, % :
ID 7 mm © %Bi-ZO?, % :
 Bed Volume =0.5mL éso %%Q%C i
- Bed Height = 12.99 mm £ | Co58,% |
o ] in-111, % :
e ~60 mCi 211At O [ INa-24, % .
-% 20 4 |
e ~0.5 M Bi3* [ !
m 4 —
* <20 min to recover 211At 1043 i
Free liquid removed from cartridge and held for
3.5 & 34 h between Wash and Strip 0
0 2

Tereshatov, E. E.; et al. Chem. Eng. J. 2022, 442, 136

|30

176.

Volume, mL
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3.5 h Proximity from 2!1At Production Sites in US :

Population density, 2010

I 3
UCDAVIS *. {34

UNIVERSITY OF CALIFORNIA ~

offfer square mile

530+
470
420
370
320
260
210
160
110
50

0

No data

N L

L -

http://ecpmlangues.u-strasbg.fr/civilization/geography/US-census-maps-demographics.html (accessed 4/19/22)
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Summary .

* Targeted Radionuclide Therapy, specifically Targeted Alpha
Therapy, is a very promising emerging approach to cancer
treatment.

* Next to ?%3Ra, ?2°Ac and %At are two of the most promising TAT
radionuclides.

* The main challenges for both are:
* Limited supply

* Limited understanding of chemical properties.

THE UNIVERSITY OF
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