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ABSTRACT: PARP inhibitors are proven chemotherapeutics and serve as lead structures for the development 

of PARP-targeted in vivo imaging probes. Given the clinical potential of PARP imaging for the detection and 

stratification of various cancers, the development of novel PARP imaging probes with improved pharmacologi-

cal profiles over established PARP imaging agents is warranted. Here, we present a novel 
18

F-labeled PARP 

radiotracer based on the clinically superior PARP inhibitor talazoparib. An automated radiosynthesis of 

[
18

F]talazoparib (RCY: 13 ± 3.4 %; n = 4; molar radioactivity 52 – 176 GBq/µmol) was achieved using a “Design 

of Experiments” (DoE) optimized copper-mediated radiofluorination reaction. The chiral product was isolated 

from the reaction mixture using 2D reversed-phase/chiral radio-HPLC (>99% ee). (8S, 9R)-[
18

F]Talazoparib 

demonstrated PARP binding in HCC1937 cells in vitro and showed an excellent tumor-to-blood ratio in xeno-

graft-bearing mice (10.2 ± 1.5). Despite expected uptake into muscle, bone, and abdominal tissue, a favorable 

pharmacological profile in terms of excretion, blood half-life, and target engagement was observed in the pilot in 

vivo study. This synthesis of [
18

F]talazoparib exemplifies how a DoE based tracer development pipeline can 

enable the radiosyntheses of clinically relevant but synthetically challenging radiolabeled compounds of high 

interest to the imaging community.  

INTRODUCTION 

Poly(ADP-ribose) polymerases (PARP) have become important targets for personalized cancer treatment, and this 

has spurred the development of several highly potent PARP inhibitors. PARP inhibitors induce synthetic lethality in 

malignant tumors that lack the homologous recombination (HR) DNA repair pathway.
1-2

 PARP overexpression in sev-

eral tumor entities has also made the enzyme a valuable biomarker for optical and nuclear imaging techniques to 

detect malignant lesions and aid surgical excision of difficult-to-detect cancers.
3
 Non-invasive imaging techniques 

such as positron emission tomography (PET) are used to track the fate and quantify the uptake of a radioactively 

labeled molecule in vivo; thus, aiding diagnosis and therapy surveillance. PARP expression levels are thought to be 

predictive of tumor malignancy, as its overexpression is correlated with a poor clinical prognosis.
4-6

 

The PARP enzyme family consists of 17 members, of which PARP1 is the most abundant and best-characterized. It 

senses DNA single-strand breaks (SSBs) with its zinc finger domains and initiates their repair upon auto poly(ADP-

ribosyl)ation (PARylation), which recruits repair enzymes.
7-9

 PARP1, PARP2, and PARP5a and b (tankyrase 1 and 2) 

are capable of PAR chain formation while the remaining PARP enzymes can perform mono(ADP-ribosyl)ation (MARy-

lation) or are enzymatically inactive.
10,11

 

The catalytic domains of PARP enzymes use nicotinamide adenine dinucleotide (NAD
+
) as the substrate for PARy-

lation.
12-13

 PARP inhibitors structurally mimic NAD
+
, thus blocking the catalytic domain and escalating the SSBs to 

double-strand breaks (DSBs) that can only be repaired by alternative DNA repair mechanisms like HR.
14

 In addition to 

their catalytic inhibition, some PARP inhibitors are (to various extents) able to trap the PARP enzyme on the damaged 

DNA site, leading to replication fork collapse and ultimately cell death.
15

  

Within the last decade, numerous PARP inhibitors with various levels of cytotoxic efficacy have been approved by 

the U.S. Food and Drug Administration (FDA): olaparib (2014), rucaparib (2016), niraparib (2017), and talazoparib 

(2018).
16-19

 These inhibitors are mainly used in combination with DNA damaging agents like cisplatin in HR-deficient 

cancer entities or for maintenance therapy. Several ongoing studies are also exploring the potential of PARP inhibitors 

for monotherapy in HR-potent tumors.
20

 It is commonly agreed that the substantial differences in the cytotoxic effica-



 

cies of the known PARP inhibitors are explained by the differences in their abilities to trap PARP1 on damaged DNA 

and not necessarily by their binding affinities alone.
21

  

Talazoparib is considered the most potent of the known PARP1 inhibitors and the best PARP trapping agent.
21-23

 

The molecule possesses two distinct chiral centers. Of the four possible stereoisomers, the trans enantiomers are 

present as the two dominant diastereomers. The (8S, 9R)-diastereomer (talazoparib) is an excellent PARP inhibitor, 

while its enantiomer ((8R, 9S) LT-674) is less active by several orders of magnitude, along with the other diastere-

omers.
24

 It has been proposed that the bulky structure and stereochemistry of talazoparib contribute to its high poten-

cy, although the exact nature of the molecular interaction remains elusive.
25

 

PARP imaging has proven its exceptional clinical merit in several scenarios, specifically for the detection and delin-

eation of oral, brain, pancreatic, and liver cancers, as well as target engagement imaging of different PARP 

inhibitors.
26-32

 Several PARP1-targeted imaging probes have been developed, with the most prominent among these 

being PARPi-FL, a fluorescently labeled olaparib analog; [
18

F]PARPi, PARPi-FL’s radioactive sibling; [
18

F]olaparib, 

isotopically radiolabeled olaparib; and [
18

F]FTT, the first clinically applied PARP radiotracer based on rucaparib.
33

 To 

fully exploit PARP as an imaging biomarker, the development of novel PARP imaging probes with further improved 

pharmacological profiles is warranted. To our knowledge, no radiotracer based on talazoparib has been published to 

date, despite its potential as a superior next-generation PARP imaging probe.  

Given the short half-life of 
18

F-fluorine (109.8 minutes), the synthesis of enantiomerically pure and isotopically radio-

labeled [
18

F]talazoparib represents a complex radiosynthetic challenge. An accessible radiosynthesis of 

[
18

F]talazoparib has become possible because of the recent advances in radiochemical methodology such as copper-

mediated radiofluorination chemistry (CMRF).
34-37

 Our previous works have explored this methodology by using the 

“Design of Experiments” (DoE) approach to reaction optimization, and this has helped us lay the foundation of a DoE 

based radiotracer development pipeline using CMRF chemistry.
38-39

 DoE aids in establishing reliable and robust radi-

osyntheses from the onset of the tracer development process and, in combination with the “de-risking” strategies 

described by Taylor et al., this approach can be used to expedite the development of novel radiotracers.
40

 In this 

work, we successfully applied a refined DoE based tracer development workflow to the challenging radiosynthetic 

problem of [
18

F]talazoparib. Here we present an efficient automated radiosynthesis of enantiomerically pure 

[
18

F]talazoparib as a potential next-generation PARP radiotracer together with a preliminary in vitro evaluation and 

pilot in vivo study in mice. 

RESULTS AND DISCUSSION 

The late-stage radiosynthesis of chiral [
18

F]talazoparib can be achieved via two possible approaches. The most ob-

vious approach would be to employ an enantiomerically pure precursor in the radiosynthesis. However, for an unchar-

acterized radiotracer, chiral separation of the precursor would be costly and time-consuming, with a risk of product 

racemization during the synthesis. We thus decided to pursue an approach that first involves the production and puri-

fication of the racemic radiotracer, followed by enantiomeric resolution, isolation, and formulation of the active enanti-

omer. Therefore, as the radiochemical yield would be reduced by half (assuming a 1:1 ratio of enantiomers), the radi-

osynthesis would need to be carefully optimized for maximum radiochemical yield to ensure an adequate and reliable 

synthesis output for biological studies. The two possible sites for late-stage isotopic 
18

F radiolabeling are both situated 

on electron-rich or -neutral aromatic rings. This excludes the use of traditional SNAr radiofluorination in favor of more 

recently developed methodologies such as CMRF chemistry. However, the proposed radiotracer contains multiple 

heteroaromatic nitrogen atoms that have been shown to have detrimental effects on CMRF based radiosyntheses.
41

 

These moieties are thought to complex with the copper-mediator, forming unreactive copper species that inhibit radio-



 

synthesis performance. For this reason, we set out to develop a protecting group strategy that would allow for maxi-

mal radiosynthetic performance while still affording an easily accessible, convenient to use, and shelf-stable precur-

sor.  

Chemistry. We adapted the synthesis of the precursor from the synthetic route employed by Wang et al. for the 

synthesis of talazoparib (Scheme 1).
24

 1-methyl-1H-1,2,4-triazole was formylated to 1 via the published procedure.
42

 1 

was then condensed with commercially available 6-fluoro-4-nitroisobenzofuran-1(3H)-one in THF in the presence of 

NEt3 and Ac2O to afford 2 in a 53% yield. The resulting lactone 2 was opened to give the keto-ester derivative 3 by 

warming in methanol with a catalytic amount of acetic acid. In the original synthesis, 3 was then reacted with 4-

fluorobenzaldehyde in THF and methanol via reductive cyclization driven by TiCl3 to afford 4b. This intermediate was 

then cyclized with hydrazine monohydrate to afford (±)talazoparib (5b) as a non-radioactive reference compound. 

Performing the same two-step procedure with 3 and 4-bromobenzaldehyde afforded the derivatizable bromide 5a.  

Scheme 1: Synthesis of advanced intermediates for [
18

F]talazoparib precursor synthesis. 

 

A protecting group strategy using the trimethylsilylethoxymethyl (SEM) ether protecting group was successfully em-

ployed by Wilson et al. for the “de-risked” radiosynthesis of [
18

F]olaparib, a PARP tracer structurally related to tala-

zoparib.
40, 43-44

 We thus applied the same protecting group strategy to compounds 5a and 5b, which were protected 

with SEM-Cl using sodium hydride in DMF at 0 °C. These conditions afforded both the mono- (6a) and di-SEM (6b) 

protected bromide derivatives in an approximate 2:1 ratio. 5b was exclusively converted to the mono-protected fluo-

ride derivative 6c for use as a non-radioactive reference compound. 

Compounds 6a and 6b were then further derivatized to yield several potential precursors for radiolabeling. Com-

pounds 6a and 6b were converted to their corresponding boronic acid pinacol esters under Miyaura borylation condi-

tions in DMF with KOAc, bis(pinacolato)diboron, and Pd(dppf)Cl2 as the catalyst (Scheme 2). This afforded the com-

pounds 7a and 7b in good to excellent yields. 7a was purified through recrystallization as a shelf-stable and conven-

ient-to-handle white crystalline solid. 7b was purified through chromatography and was much harder to obtain in the 

high purities required for reliable radiochemistry. Despite being of high chromatographic purity (HPLC-MS), samples 

of 7b displayed a complex NMR spectrum, indicative of multiple conformational isomers. Moreover, 7b was found to 

degrade to the more stable 7a over time. CMRF chemistry has also been well established with aryl stannane precur-

sors, and we have investigated this variation of the CMRF reaction extensively in our previous work.
38

 Thus, the anal-

ogous stannylation of 6a was carried out with bis tributyltin to afford the stannyl precursor 7c as an amorphous glass. 

 

 



 

Scheme 2: Synthesis of [
18

F]talazoparib precursors 

 

Optimal chiral HPLC conditions were screened using racemic (±)talazoparib (5b) in combination with commercially 

obtained authentic samples of talazoparib and LT-674. CHIRALPAK IA-U, IB-U, IC-U, and IG-U columns (1.6 µm 

particle diameter, DÄICEL Chiral Technologies, France) were tested for their abilities to resolve the two enantiomers 

under reversed-phase conditions (water with 0.1% TFA: acetonitrile). CHIRALPAK IB packing material was found to 

provide good enantiomeric resolution at a relatively low retention time (Figure S7). CHIRALPAK IB-N5 (5 μm) columns 

run with reversed-phase conditions would thus be used for both semipreparative enantiomeric resolution of 

[
18

F]talazoparib and [
18

F]LT-674, and for chiral radio-HPLC for quality control (QC) analysis.  

Radiochemistry and DoE Optimization. With the precursors 7a-c in hand, we set out to evaluate which precursor 

would provide the best radiosynthesis performance while still being relatively easy to produce, shelf-stable, and con-

venient to handle. A series of pilot experiments carried out using each precursor under a small set of arbitrarily chosen 

unoptimized reaction conditions determined that compounds 7b and 7c displayed a marginally better reaction perfor-

mance (17% and 19% respectively, data not shown) than 7a (8-15% RCY). As expected, the di-SEM protected deriva-

tive 7b offered the best overall reaction performance under unoptimized conditions; however, as 7a proved easier to 

synthesize, purify, and characterize, as well as being shelf-stable, it was chosen as the preferred precursor for further 

development and optimization.  

We have previously explored the use of DoE to solve complex radiochemical optimization problems and have de-

veloped an 
18

F processing method and workflow that is compatible with both small-scale DoE radiochemical experi-

ments and large-scale automated tracer production.
39

 We applied this workflow to a computer-generated D-optimal 

DoE study designed to investigate the effects of precursor load (Pre, 5-30 µmol), copper-mediator load (Cop, 5-40 

µmol), pyridine load (Py, 20-500 µmol), and concentration of n-BuOH co-solvent (Bu, 0-75%) in DMA, on reaction 

performance (Figure 1, A). The study consisted of 24 experiments (including centerpoints) and was conducted over 5 

days (5 runs/day) using [
18

F]fluoride from cyclotron target washes (Table S1). Each run was carried out for 20 minutes 

at 120 ℃ before evaluation by radioTLC. Analysis of the data revealed the presence of one outlier (Table S1, exp 21), 

which was excluded from the final regression model. The remaining data (n = 23) was used to fit a regression model 

with R
2
 = 0.946 (goodness of model fit) and Q

2
 = 0.855 (goodness of model prediction), suggesting the model to be 

valid and predictive (Figure S1).  

The use of larger amounts of the precursor was found to positively affect reaction performance, while smaller quan-

tities of the copper mediator (Cu(OTf)2) were beneficial (Figure 1, B). A small amount of n-BuOH (5-10%) was also 

found to provide a small increase in reaction performance. It is thought that n-BuOH increases the rate of the CMRF 

transmetalation step.
45

 Factor interactions (where the setting of one factor affects the behavior of another) were found 

between pyridine and the precursor amount as well as pyridine and n-BuOH. The effect of pyridine on reaction per-

formance was found to possess strong quadratic (Py*Py, curved) behavior. Optimal reaction conditions of 30 µmol 7a, 



 

300 µmol pyridine, and 5 µmol Cu(OTf)2 in DMA with 10% n-BuOH, were chosen from the response surface plot gen-

erated from the regression model (Figure 1, C) These conditions were validated manually using full batches of pro-

cessed [
18

F]TBAF and were able to produce protected (±)[
18

F]6c with 57 ± 7.5 %RCY (n = 6) (compound identity was 

verified using the non-radioactive standard 6c). These results align with the DoE model and afford the product in 

yields acceptable for establishment as an automated radiosynthesis featuring enantiomeric resolution. Quantitative 

deprotection to (±)[
18

F]talazoparib (>95% conversion according to HPLC) was achieved with 6 M HCl at 120 ℃ for 15 

minutes (compound identity was verified against the non-radioactive standard 5b).  

 

 

Figure 1: A) A D-optimal DoE study was used to optimize the radiolabeling of 7a. B) The scaled and centered regres-

sion coefficient calculated from the results of the D-optimal response surface modeling study of the radiosynthesis of 

[
18

F]6c. Large bars represent factors with a large contribution to the response (%RCY). A positive number denotes a 
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positive influence on the response. A negative number indicates a diminishing effect on the response. If a factor's 

regression coefficient is smaller than the associated error bars, it is probable (at the 95% confidence interval) then that 

factor is not significant. C) A section of the response surface calculated from the regression model. Variables not 

shown: Cop = 5 μmol, Pre = 30 μmol (see Figure S3 for the entire 4D response surface plot.) 

Automated Radiochemistry. The optimized CMRF radiosynthesis was translated onto two different synthesis plat-

forms: An Elixys Flex/Chem automated radiosynthesizer coupled to a Pure/Form purification and formulation module 

(Sofie Biosciences, USA) and an FX N Pro (GE Healthcare, Sweden). The Elixys Flex/Chem platform is a cassette-

based system (up to 3 reactors) and can perform complex multi-reactor radiosyntheses. The Pure/Form module is 

equipped with two semipreparative HPLC injection loops (5 ml each) and up to 3 selectable HPLC columns. There-

fore, this setup would allow for the sequential HPLC-based purification and enantiomeric resolution required for the 

synthesis of [
18

F]talazoparib. The Tracerlab FX N Pro is a fixed fluid path system with a single HPLC injection loop and 

column. The purified product racemate must, therefore, be transferred to a secondary external HPLC system (in this 

case, an Elixys Pure/Form) for enantiomeric resolution. While the exact technical details differ between the two syn-

thesis modules (the radiosynthesis using both systems are described in detail in the Supplementary Information), the 

automated synthesis of [
18

F]talazoparib follows the same general procedure irrespective of which module is used 

(Figure 2). 

The DoE optimized reaction mixture was added to the processed [
18

F]TBAF and reacted at 120 °C for 20 minutes. 

This was followed by the removal of the SEM protecting group with 6 M HCl at 120 °C for 15 minutes. The pH of the 

reaction mixture was then adjusted to pH 5-7 with the addition of ammonium formate solution (25 mM, 5-10 ml, de-

pendent on the automated system used) containing NaOH (6 M, 600 µl). The diluted reaction mixture was passed 

over an HLB SPE cartridge (Waters, USA), trapping the product (±)[
18

F]talazoparib and removing the DMA, residual 

salts, and unreacted [
18

F]fluoride. While some product is lost, especially when lower dilution volumes are used, this 

step is important to ensure efficient HPLC purification. The product was then eluted from the HLB cartridge with ace-

tonitrile (1 ml) and reformulated with HPLC buffer (4 ml) for injection onto the first HPLC column. The reaction mixture 

was then subjected to purification via C18 reversed-phase HPLC to separate the product racemate from the remaining 

precursor and other CMRF reaction byproducts. The product HPLC peak was isolated (≈ 5 ml) and this solution was 

then transferred to a second HPLC injection loop for enantiomeric resolution using a semipreparative CHIRALPAK IB-

N5 (5μm, 10 × 250 mm) column operating under reversed-phase conditions. The desired enantiomer, either 

[
18

F]talazoparib or [
18

F]LT-674, was then isolated, diluted, and trapped on a second HLB cartridge. The product was 

then eluted from the cartridge and formulated for injection with ethanol and phosphate-buffered saline (PBS, final 

ethanol content 5%). This procedure yielded enantiomerically pure (>99% ee) [
18

F]talazoparib (or [
18

F]LT-674) with 13 

± 3.4% RCY (n = 4) (radioactivity yield (%AY) = 4 – 8% over 120 minutes; molar radioactivity = 52 – 176 GBq/µmol). 

Product identity, chemical and radiochemical purity, and molar activity were determined using CHIRALPAK IB-N5 (5 

μm, 4.6 × 150 mm) analytical HPLC against the commercially available non-radioactive standard compounds. This 

synthesis produced both [
18

F]talazoparib and [
18

F]LT-674 in good yields, chemical and radiochemical purities, and 

molar activities for both in vitro and in vivo preclinical evaluation. 

  



 

 

Figure 2: The general automated procedure for the radiosynthesis, HLB-SPE clean-up, 2D HPLC purification and 

chiral resolution, and product concentration and formulation of [
18

F]talazoparib. 

In Vitro Evaluation. [
18

F]talazoparib demonstrated high uptake in human breast cancer cells (HCC1937), while, as 

expected, the inactive enantiomer [
18

F]LT-674 showed only very low radiotracer uptake (Figure 3). [
18

F]Talazoparib 

signal was blockable to baseline with excesses of both olaparib and talazoparib. Olaparib was found to be less effec-

tive at blocking [
18

F]talazoparib signal than talazoparib. This effect was confirmed using a concentration-dependent 

blocking assay, revealing IC50 values of 14.51 and 23.77 nM for talazoparib and olaparib, respectively (Figure S14). 

As talazoparib blocked the amount of bound [
18

F]talazoparib to a significantly greater extent than olaparib, we theorize 

that this difference represents talazoparib’s ability to bind a wider array of other PARP isoforms, an effect that we plan 

to investigate further.
22, 46

 

 

Figure 3: Uptake of [
18

F]talazoparib (left) and the inactive enantiomer [
18

F]LT-674 (right) in HCC1937 cells, blocked 

with olaparib or talazoparib.  

In Vivo Evaluation. [
18

F]Talazoparib was further characterized in vivo in HCC1937 xenograft-bearing mice. The 

stability of [
18

F]talazoparib was evaluated in mouse and human serum before the in vivo experiments, and the radio-

tracer was found to be stable over a time course of 240 minutes (Figure S17). PET imaging showed substantial tracer 

uptake in the abdominal tissues as well as in bone and muscle (Figure 4, A), data that are in line with the literature 

published blockable uptake of other established PARP radiotracers in these organs.
47

 These findings were further 

confirmed by ex vivo biodistribution analysis after 2.5 hours post-injection (p.i.)(Figure 4, B). PARP1 expression in the 

xenograft tissue was verified ex vivo by PARP1 immunofluorescence microscopy (Figure S16). 



 

[
18

F]Talazoparib showed an elevated uptake in the tumor xenografts at 1 hour p.i. relative to reference tissues. The 

specific uptake was found to further intensify up to the 2-hour p.i. timepoint. Ex vivo biodistribution data showed the 

absolute xenograft uptake to be 3.7 ± 0.7 %ID/g with a mean tumor-to-muscle ratio (TMR) of 1.8 ± 0.4 (Figure 4, C). 

The TMR was comparable to the reported TMR (1.9, 60 minutes p.i.) of the PARP tracer [
18

F]FTT in the same xeno-

graft model.
30

 The tumor-to-blood ratio (TBR) of [
18

F]talazoparib is exceptionally high (10.2 ± 1.5) and exceeds the 

TMR by a factor of 5.6. In the context of our in vitro data, we hypothesize that the high muscle uptake observed in this 

animal model may be caused by the binding of [
18

F]talazoparib to other PARP enzymes or an as-of-yet unidentified 

protein target. These questions will be the subject of future investigations using this novel radiotracer. 

[
18

F]Talazoparib exhibited balanced clearance between both renal and hepatobiliary pathways with a mean liver-to-

kidney ratio (LKR) of 1.1 ± 0.1, a finding which was confirmed by the time-activity curves (TAC) obtained from dynam-

ic PET imaging (Figure S15). While no tracer uptake was observed in the ex vivo biodistribution data, the brain TAC 

shows an initial perfusion peak with complete tracer washout occurring rapidly thereafter. Thus, [
18

F]talazoparib up-

take could be examined in glioblastoma models, a setting in which the observed high muscle uptake would only play a 

minor role. Fast blood clearance with a calculated blood half-life of 3.3 minutes was determined. 

 

Figure 4: A) Representative PET images of one mouse 1 hour p.i. (left, last 10 minutes of a 1-hour dynamic scan) 

and 2 hours p.i. (right, 10-minute static scan) with the corresponding MR image. The respective xenograft is displayed 

enlarged underneath. B) Biodistribution of [
18

F]talazoparib in various organs 2.5 hours p.i. (n = 5). C) TMR, TBR, and 

LKR of mice injected with [
18

F]talazoparib (n = 5) 2.5 hours p.i.  

CONCLUSIONS 

Fluorine is present in many clinically relevant drug-like molecules that may serve as candidates for novel imaging 

probes. PET imaging is also becoming more important as a valuable research tool to assess the in vivo pharmacolog-

ical properties of promising drug candidates in real-time. The synthesis and evaluation of enantiomerically pure 

[
18

F]talazoparib discussed here serves as an example of how an efficient DoE based tracer development pipeline can 

be used to aid in the establishment of procedurally complex 
18

F based radiosyntheses. Given the time constraints of 

18
F radiochemistry, our decision to perform enantiomeric resolution after the radiolabeling step meant that our synthe-

sis needed to be optimized for radiochemical efficiency from the outset. Using information from previous radiosynthe-

sis “de-risking” studies
40, 43-44

, we were able to rapidly identify and test a suitable protecting group strategy and identify 

a focused set of precursor candidates. After selecting a precursor that was shelf-stable, easy to obtain, and handle, 

although not necessarily chemically optimal, we used DoE to discover a set of reaction conditions that would produce 



 

(±)[
18

F]talazoparib in yields sufficient for enantiomeric resolution, product formulation, and subsequent delivery for 

preclinical evaluation. 

While [
18

F]talazoparib was found to target PARP1 expression in an established tumor model effectively, the in vitro 

and in vivo results of this work highlight the importance of the further exploration of [
18

F]talazoparib as a PARP imag-

ing agent for alternative indications. In particular, the use of [
18

F]talazoparib to quantify PARP isoforms beyond 

PARP1/2 may be of clinical merit. [
18

F]Talazoparib may thus allow us to study the PARP family of proteins from a new 

angle.  

EXPERIMENTAL 

General. All chemicals, reagents, catalysts, and solvents were purchased from either Sigma Aldrich (Steinheim, Germa-

ny), Merck (Darmstadt, Germany), abcr GmbH (Karlsruhe, Germany), Carl Roth (Karlsruhe, Germany), and were used with-

out any additional purification unless otherwise stated. QMA, SPE, and SEP-PAK cartridges were obtained from Waters 

(Milford, Massachusetts, USA) unless otherwise stated. Reactions were monitored using thin-layer chromatography (TLC) on 

0.20 mm Polygram SIL G/UV254 (silica gel 60) TLC plates and were developed with an appropriate running buffer/solvent 

mixture. Spots were visualized with UV light (254 or 366 nm). Preparative flash chromatography was performed using pre-

packed silica gel columns (SNAP KP-Sil or SNAP Ultra (25 µm HP-Sphere), 10 g, 25 g, 50 g, or 100 g, (Biotage, Uppsala, 

Sweden)) on an automated chromatography system (Isolera 4, Biotage) which featured a UV detector and fraction collector. 

Unless otherwise stated, all columns were dry loaded by absorption onto either silica gel or diatomaceous earth packing 

material (Isolute, Biotage). 1H and 13C NMR spectra were obtained at 300 K using an Avance III AV 600 (1H: 600.13 MHz and 

13C: 150.61 MHz) spectrometer (Bruker Biospin, Ettlingen, Germany). All chemical shifts (δ) are reported in ppm, and all J 

values are reported in Hz. The following abbreviations are used to describe multiplicities: s (singlet), d (doublet), t (triplet), q 

(quartet), m (multiplet) brs (broad singlet). All compounds were dissolved in chloroform (CDCl3) unless otherwise stated. All 

chemical shifts were referenced to residual chloroform (δH = 7.24 and δC = 77.00) or DMSO (δH = 2.50 and δC = 39.52). 

Analytical HPLC-MS data was collected using a 1200 series HPLC machine coupled to quadrupole 6120 series MS detector 

in ESI mode (Agilent, Santa Clara, California, USA) under the following conditions: Column: Luna 5 µm C18 (2) 100 Å, 50 x 2 

mm; Solvent A: H2O + formic acid (0.1%); Solvent B: acetonitrile; Gradient: 0-7.60 min (0% - 100% B), 7.60 - 7.80 min (100% 

B), 7.80 - 8.30 min (100% - 0% B), 8.30 - 12.0 min (0% B). High-resolution mass spectroscopy (HRMS) was acquired using a 

maXis4G mass spectrometer (Bruker Daltonics, Bremen, Germany) operating using electron spray ionization time-of-flight. 

(ESI-TOF). Deviation from the calculated mass was found to be < 2 .00 ppm for all measured compounds. 

Chemical synthesis. 1-Methyl-1H-1,2,4-triazole-5-carbaldehyde (1). 1-methyl-1H-1,2,4-triazole (10 g, 120 mmol) was 

dissolved in THF (60 ml) in a dry argon purged two-neck reaction flask fitted with a rubber septum, and the resulting solution 

was then cooled to 0 °C. A solution of 2 M isopropyl magnesium chloride (66 ml, 132 mmol) was then added dropwise 

through the septum via a syringe over 15 min. The reaction mixture was then allowed to warm slowly to room temperature 

and stir for 1.5 hours. The reaction vessel was again cooled to 0 °C, after which N,N-dimethyl formamide (DMF) (14 ml, 

180.5 mmol) was added dropwise via syringe. The reaction mixture was once more allowed to slowly warm to room tempera-

ture and stir overnight. The next morning, the reaction was quenched by the slow addition of HCl (2 M) until pH 2, and the 

resulting mixture was diluted with DCM (100 ml). The phases were separated with a separating funnel, and the aqueous 

phase was neutralized with saturated aqueous sodium bicarbonate (NaHCO3) and extracted with DCM (2 x 80 ml). The 

organic fractions were combined, washed once with brine, dried with magnesium sulfate (MgSO4), and concentrated under 

reduced pressure to remove the DCM. Product 1 is a volatile oil (≈60 °C) and was thus not purified further. The compound 

was used, in excess, directly in the next step without further analysis, assuming a synthesis yield of 75% (presented in previ-

ous literature).42 

6-Fluoro-3-((1-methyl-1H-1,2,4-triazol-5-yl)methylene)-4-nitroisobenzofuran-1(3H)-one (2). Commercially available 6-

fluoro-4-nitroisobenzofuran-1(3H)-one (9.8 g, 50 mmol), a solution of 1 in THF (ca. 100 mmol, assuming 75% conversion in 



 

the previous step), and triethylamine (21 ml, 150 mmol) were dissolved in dry THF (150 ml) in an argon-filled two-neck reac-

tion flask fitted with a reflux condenser. Acetic anhydride (35 ml) was then added dropwise to the reaction mixture over 3 min, 

and the resulting mixture was then heated to reflux for 1 hour. The mixture was then removed from the heat and concentrat-

ed under reduced pressure to a volume of approximately (10 ml) until a green/yellow precipitate formed. The resulting slurry 

was then cooled in a freezer to -5 °C, and the solid was collected through vacuum filtration. The resulting cake was washed 

with cold ethyl acetate, and the residue was then dried under high vacuum for 4 hours to afford 2 as a grey-green solid (7.34 

g, 50 %). The analytical data are in agreement with the literature.24 

1H NMR (600 MHz, DMSO): δ 7.74 (dd, J = 8.7, 2.3 Hz, 1H, Ar), 7.56 (dd, J = 6.4, 2.4 Hz, 1H, Ar), 7.25 (s, 1H, TzH), 6.32 

(s, 1H, C=CH), 3.09 (s, 3H, Me). 

Methyl 5-fluoro-2-(2-(1-methyl-1H-1,2,4-triazol-5-yl)acetyl)-3-nitrobenzoate (3). Compound 2 (7.34 g, 25.2 mmol) was sus-

pended in methanol (204 ml), and acetic acid (0.5 ml) was added to the resulting solution. The mixture was then warmed to 

50 °C until HPLC-MS confirmed complete consumption of the starting material (4 – 12 hours). The solvents were then re-

moved under high vacuum to afford 3 as a yellow solid in nearly a quantitative yield (8.1 g, 99%). The product was used 

directly in the next step without further purification. The analytical data are in agreement with the literature.24 1H NMR (600 

MHz, DMSO): δ 8.52 (dd, J = 8.2, 2.6 Hz, 1H, Ar), 8.26 (dd, J = 8.3, 2.6 Hz, 1H, Ar), 7.85 (s, 1H, TzH), 4.59 (s, 2H, CH2), 

3.91 (s, 3H, Me), 3.88 (s, 3H, Me); 13C NMR (151 MHz, DMSO) δ 195.48, 163.48, 161.21 (d, J = 252.6 Hz), 150.18, 148.75, 

147.10 (d, J = 8.8 Hz), 133.58, 131.24 (d, J = 7.7 Hz), 123.63, 117.09 (d, J = 26.9 Hz), 53.71, 40.55, 35.34. 

8-(4-Bromophenyl)-5-fluoro-9-(1-methyl-1H-1,2,4-triazol-5-yl)-2,7,8,9-tetrahydro-3H-pyrido[4,3,2-de]phthalazin-3-one (5a) 

and 5-fluoro-8-(4-fluorophenyl)-9-(1-methyl-1H-1,2,4-triazol-5-yl)-2,7,8,9-tetrahydro-3H-pyrido[4,3,2-de]phthalazin-3-one 

(5b). 

5a: Compound 3 (8.1 g, 25.2 mmol) and 4-bromobenzaldehyde (8.9 g, 50.5 mmol) were suspended in THF (50 ml) and 

MeOH (10 ml). To the resulting mixture was added titanium (III) chloride solution (20% wt solution in HCl (2 M), 130 ml, 6 

Eq.) in dropwise fashion over 30 min at room temperature. The reaction temperature was maintained between 30 and 50 °C 

for 2 hours, after which it was quenched by the slow addition of water (260 ml). The reaction mixture was then poured into a 

separating funnel and extracted with ethyl acetate (4 x 140 ml). The organic fractions were pooled and washed with NaHCO3 

(3 x 60 ml) and NaHSO3 (3 x 100 ml), dried with sodium sulfate (Na2SO4), and concentrated under reduced pressure to af-

ford a think yellow syrup, which was carefully washed with aliquots of diethyl ether (3 x 10 ml). The resulting yellow syrup 

was then dried under high vacuum to afford the crude intermediate 4 as a yellow amorphous solid (11.3 g, 98%) that was 

used in the next step without any further purification. 

Intermediate 4 (11.3 g, 24.6 mmol) was dissolved in methanol (30 ml) at room temperature, and to the resulting solution 

was added hydrazine monohydrate (7.7 ml). The reaction mixture was then left to stir overnight at room temperature. The 

next morning the resulting white precipitate was collected via vacuum filtration to afford Compound 5 as an off-white solid 

(4.9 g, 45% over two steps). 

5a: 1H NMR (600 MHz, DMSO): δ 12.35 (s, 1H, NH), 7.81 (s, 1H, TzH), 7.72 (s, 1H, NH), 7.55 – 7.50 (m, 2H, Ar), 7.43 – 

7.39 (m, 2H, Ar), 7.07 (dd, J = 9.0, 2.4 Hz, 1H, Ar), 6.91 (dd, J = 11.1, 2.5 Hz, 1H, Ar), 5.00 (m, 2H, CH, CH), 3.68 (s, 3H, 

Me); 13C NMR (151 MHz, DMSO): δ 165.40 (d, J = 248.2 Hz), 159.37 (d, J = 3.5 Hz), 152.36, 150.77, 148.78 (t, J = 12.7 Hz), 

141.38, 139.03, 131.77, 130.74, 130.35 (d, J = 11.1 Hz), 121.96, 111.76, 103.33 (d, J = 26.7 Hz), 99.08 (d, J = 24.7 Hz), 

59.14, 42.85, 35.40; HRMS (ESI): m/z calcd for C19H15BrFN6O [M+H]+, 441.04693; found, 441.04736. 

5b: To synthesis 5b, the same general procedure was followed using compound 3 (800 mg, 2.5 mmol), 4-

flurobenzaldehyde (462 mg, 3.7 mmol), and titanium (III) chloride solution (20% wt solution in HCl (2 M), 9.4 ml, 6 Eq.). The 

resulting intermediate 4b was treated with hydrazine monohydrate (1.5 ml) to afford 5b (274 mg, 29%). Spectral analysis 

agreed with the published data.24 5b talazoparib: 1H NMR (600 MHz, DMSO): δ 12.35 (s, 1H, NH), 7.81 (s, 1H, TzH), 7.73 

(s, 1H, NH), 7.52 – 7.47 (m, 2H, Ar), 7.20 – 7.13 (m, 2H, Ar), 7.08 (dd, J = 8.9, 2.5 Hz, 1H, Ar), 6.93 (dd, J = 11.2, 2.5 Hz, 

1H, Ar), 5.01 (m, 2H, CH, CH), 3.67 (s, 3H, Me). 



 

8-(4-Bromophenyl)-5-fluoro-9-(1-methyl-1H-1,2,4-triazol-5-yl)-2-((2-(trimethylsilyl)ethoxy)methyl)-2,7,8,9-tetrahydro-3H-

pyrido[4,3,2-de]phthalazin-3-one (6a), 8-(4-Bromophenyl)-5-fluoro-9-(1-methyl-1H-1,2,4-triazol-5-yl)-2,7-bis((2-

(trimethylsilyl)ethoxy)methyl)-2,7,8,9-tetrahydro-3H-pyrido[4,3,2-de]phthalazin-3-one (6b), and 5-fluoro-8-(4-fluorophenyl)-9-

(1-methyl-1H-1,2,4-triazol-5-yl)-2-((2-(trimethylsilyl)ethoxy) methyl)-2,7,8,9-tetrahydro-3H-pyrido[4,3,2-de]phthalazin-3-one 

(6c).  

6a and 6b: Sodium hydride (60% in mineral oil, 181 mg, 4.53 mmol) was suspended in DMF (10 ml) in a dry, argon-filled 

flask, and the resulting solution was then cooled to 0 °C. Compound 5a (1 g, 2.27 mmol) was added to the NaH suspension 

in small portions, and DMF (2 ml) was used to wash any compound off the vessel walls. The deep red/purple solution was 

allowed to stir for 15 minutes, whereupon a solution of (trimethylsilyl)ethoxymethyl chloride (752 mg, 4.53 mmol) in DMF (2 

ml) was added dropwise through a rubber septum over 5 minutes. Throughout the addition, the solution turned clear and light 

orange and was allowed to stir for a further 20 min before being quenched with sat. Aq. NH4Cl (10 ml). The reaction mixture 

was diluted with water (250 ml) and transferred to a separating funnel, where it was extracted with ethyl acetate (3 x 50 ml) . 

The organic fractions were pooled, dried with MgSO4, and evaporated to dryness. The crude product residue was then puri-

fied using flash chromatography (40% EtOAc in hexanes) to afford compounds 6a and 6b as crystalline solids (6a: 547 mg, 

42 %; 6b: 347 mg, 22%). Despite the presence of several minor impurities both compounds were used in the next step with-

out further purification. 6a: 1H NMR (600 MHz, CDCl3): δ 7.80 (s, 1H, TzH), 7.39 (d, J = 8.5 Hz, 2H, Ar), 7.32 (dd, J = 8.5, 2.3 

Hz, 1H, Ar), 7.24 (d, J = 8.5 Hz, 2H, Ar), 6.75 (dd, J = 10.0, 2.3 Hz, 1H, Ar), 5.36 (d, Jgem = 9.9 Hz, 1H, CH2), 5.31 (s, 1H, 

NH), 5.21 (d, Jgem = 9.9 Hz, 1H, CH2), 5.13 (d, J = 11.1 Hz, 1H, CH), 4.43 (d, J = 11.0 Hz, 1H, CH), 3.64 (s, 3H, Me), 3.60 – 

3.48 (m, 2H, CH2), 0.90 – 0.81 (m, 2H, CH2), -0.06 (s, 9H); 13C NMR (151 MHz, CDCl3): δ 167.05 (d, J = 253.1 Hz), 160.49 

(d, J = 3.4 Hz), 152.80, 151.64, 148.17 (d, J = 11.8 Hz), 141.07, 139.07, 133.46, 131.69 (d, J = 11.0 Hz), 130.55, 124.42, 

112.90, 105.77 (d, J = 26.8 Hz), 104.08 (d, J = 24.6 Hz), 80.91, 68.78, 61.15, 46.06, 36.69, 19.46, 0.00; HRMS (ESI): m/z 

calcd for C25H28BrFN6O2SiNa [M+Na]+, 593.11026; found, 593.11030. 

6b: 1H NMR (600 MHz, CDCl3): δ 7.72 (s, 1H, TzH), 7.43 (dd, J = 8.5, 2.3 Hz, 1H, Ar), 7.39 (d, J = 8.5 Hz, 2H, Arj), 7.10 

(dd, J = 11.4, 2.3 Hz, 1H, Ar), 7.07 (d, J = 8.5 Hz, 2H, Ar), 5.40 (d, J = 9.9 Hz, 1H, CH2), 5.36 (d, J = 9.9 Hz, 1H, CH2’), 5.21 

(d, J = 3.9 Hz, 1H, CH), 4.87 (d, J = 11.2 Hz, 1H, CH2), 4.78 (d, J = 11.2 Hz, 1H, CH2’), 4.53 (d, J = 3.9 Hz, 1H, CH), 3.93 (s, 

3H, Me), 3.61 – 3.56 (m, 2H, CH2), 3.45 – 3.38 (m, 1H, CH2), 3.38 – 3.21 (m, 1H, CH2’), 0.90 – 0.78 (m, 4H, CH2), -0.08 (s, 

9H, SiMe3), -0.09 (s, 9H, SiMe3); 
13C NMR (151 MHz, CDCl3): δ 167.80 (d, J = 252.9 Hz), 160.77 (d, J = 3.6 Hz), 154.13, 

151.87, 147.34 (d, J = 11.8 Hz), 139.40, 139.11, 133.67, 131.67 (d, J = 11.8 Hz), 129.99, 123.86, 113.46, 105.98 (d, J = 28.2 

Hz), 104.17 (d, J = 24.6 Hz), 84.26, 80.44, 68.72, 67.45, 66.12, 44.67, 37.61, 19.49, 19.44, 0.00; HRMS (ESI): m/z calcd for 

C31H42BrFN6O3Si2Na [M+Na]+, 723.19165; found, 723.19109. 

6c: The same general procedure was followed using compound 5b (200 mg, 0.53 mmol), sodium hydride (60% in mineral 

oil, 46 mg, 1.16 mmol), (trimethylsilyl)ethoxymethyl chloride (192 mg, 1.16 mmol) in DMF (4 ml). These conditions afforded 

the non-radioactive reference compound 6c (139 mg, 52%). 1H NMR (600 MHz, CDCl3): δ 7.86 (s, 1H, TzH), 7.45 – 7.37 (m, 

3H, Ar), 7.02 (t, J = 8.5 Hz, 2H, Ar), 6.80 (dd, J = 10.0, 2.3 Hz, 1H, Ar), 5.42 (d, Jgem = 9.9 Hz, 1H, CH2), 5.28 (d, Jgem = 9.9 

Hz, 1H, CH2’), 5.28 (s, 1H, NH), 5.20 (d, J = 11.1 Hz, 1H, CH), 4.50 (d, J = 11.1 Hz, 1H, CH), 3.68 (s, 3H, Me), 3.67 – 3.56 

(m, 2H, CH2), 0.95 – 0.86 (m, 2H, CH2), 0.00 (s, 9H, SiMe3); 
13C NMR (151 MHz, CDCl3): δ 167.07 (d, J = 253.0 Hz), 164.22 

(d, J = 248.8 Hz), 160.51 (d, J = 3.5 Hz), 152.90 (, 151.58, 148.21 (d, J = 11.7 Hz), 141.18, 135.79 (d, J = 3.2 Hz), 131.75 (d, 

J = 11.1 Hz), 130.63 (d, J = 8.2 Hz), 117.33 (d, J = 21.5 Hz), 112.96, 105.70 (d, J = 26.9 Hz), 104.11 (d, J = 24.5 Hz), 80.90, 

68.79, 61.12, 46.33, 36.66, 31.09, 19.47, 15.52; HRMS (ESI): m/z calcd for C25H28F2N6O2SiNa [M+Na]+, 533.19033; found, 

533.19021. 

General procedure for the synthesis of compounds 7a-c: The corresponding bromide (6a or 6b), bis(pinacolato)diboron 

(2.2 eq), and potassium acetate (3 eq) were suspended in DMF) in a dry argon filled reaction flask fitted with a reflux con-

denser. [1,1′-bis(diphenylphosphino)ferrocene]dichloropalladium(II) (Pd(dppf)Cl2, 20 mol%) was added to the reaction mix-

ture, and a small portion of DMF was used to wash the catalyst of the vessel walls. The reaction flask was purged with argon, 

and the reaction was heated to 90 °C for 2-6 hours until HPLC-MS showed conversion of the starting material into the de-



 

sired product. The reaction mixture was diluted with ethyl acetate (80 ml) and passed through a tightly packed plug of Celite® 

under vacuum. The filtrate was collected and transferred to a separating funnel, where it was washed with water (200 ml). 

The aqueous layer was further extracted with ethyl acetate (3 x 80 ml), after which the organic fractions were pooled, washed 

with brine, dried with MgSO4, and concentrated under reduced pressure to afford the desired product racemate. 

5-fluoro-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-2-((2-

(trimethylsilyl)ethoxy)methyl)-2,7,8,9-tetrahydro-3H-pyrido[4,3,2-de]phthalazin-3-one (7a): The general procedure described 

above was applied using Compound 6a (1.448 g, 2.534 mmol), bis(pinacolato)diboron (1.415 g, 5.574 mmol), potassium 

acetate (746 mg, 7.602 mmol), and Pd(dppf)Cl2 (371 mg, 0.507 mmol, 20 mol%) in DMF (22 ml + 3 ml wash). After 4 hours, 

these conditions afforded the desired product racemate (7a) as an off-white solid (1.391 g, 89%). For radiochemical experi-

ments, the product (515 mg) was further purified by recrystallization. The product was dissolved completely in a hot mixture 

of acetone and acetonitrile (1:1), and deionized water was then added dropwise until the solution became turbid. The solution 

was again lightly heated until the solution was nearly transparent, and it was then allowed to slowly cool to the ambient tem-

perature, after which the recrystallization vessel was placed in a refrigerator at 4 °C and allowed to sit overnight. The next 

day the pure product was collected via vacuum filtration to afford a pure racemic mixture of 7a as a white crystalline solid 

(361 mg, 70% recovery). 1H NMR (600 MHz, CDCl3): δ 7.78 (s, 1H, TzH), 7.69 (d, J = 7.8 Hz, 2H, Ar), 7.34 (dd, J = 8.8, 2.3 

Hz, 1H, Ar), 7.30 (d, J = 7.8 Hz, 2H, Ar), 6.72 (dd, J = 10.0, 2.3 Hz, 1H, Ar), 5.37 (d, Jgem = 9.9 Hz, 1H, CH2), 5.28 (s, 1H, 

NH), 5.22 (d, JGem = 9.9 Hz, 1H), 5.06 (d, J = 11.1 Hz, 1H, CH), 4.47 (d, J = 11.1 Hz, 1H, CH), 3.62 – 3.50 (m, 5H, CH, Me), 

1.31 (s, 12H, BPin), 0.85 (dd, J = 9.1, 7.5 Hz, 2H, CH2), 0.06 (s, 9H, SiMe3); 
13C NMR (151 MHz, CDCl3): δ 167.07 (d, J = 

252.7 Hz), 160.58 (t, J = 3.5 Hz), 153.04, 151.67, 148.31 (d, J = 11.8 Hz), 142.85, 141.35, 136.73, 131.74 (d, J = 11.0 Hz), 

128.07, 112.97, 105.60 (d, J = 26.5 Hz), 103.93 (q, J = 24.6 Hz), 85.47, 80.86, 68.74, 61.94, 46.06, 36.55, 26.26 (d, J = 4.9 

Hz), 19.45, 0.00; HRMS (ESI): m/z calcd for C31H40BFN6O4SiNa [M+Na]+, 641.28554; found, 641.28497. 

5-fluoro-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8-(4-(4,4,5,5-tetra-methyl-1,3,2-dioxaborolan-2-yl)phenyl)-2,7-bis((2-

(trimethylsilyl) ethoxy)methyl)-2,7,8,9-tetrahydro-3H-pyrido[4,3,2-de]phthalazin-3-one (7b). The same general procedure was 

used to synthesize compound 7b using compound 6b (253 mg, 0.36 mmol), bis(pinacolato)diboron (201 mg, 0.79 mmol), 

potassium acetate (106 mg, 1.08 mmol), and Pd(dppf)Cl2 (52 mg, 0.07 mmol, 20 mol%) in DMF (4 ml + 1 ml wash). The 

reaction was stirred at 90 ℃ for 2 hours. This afforded the desired product as an off yellow solid (92 mg, 34%). 1H NMR 

showed a complex spectrum which suggested the presence of conformational isomers (denoted *):1H NMR (600 MHz, 

CDCl3): δ 7.80 (s, 1H, TzH), 7.75 (s, 1H, TzH*), 7.73 – 7.69 (m, 2H, Ar, Ar*), 7.45 (dd, J = 8.5, 2.3 Hz, 1H, Ar), 7.36 (dd, J = 

8.5, 2.3 Hz, 1H, Ar*), 7.19 (d, J = 7.9 Hz, 2H, Ar), 7.17 – 7.08 (m, 3H, Ar, Ar*), 5.54 – 5.48 (m, 1H, CH), 5.45 (d, J =10 Hz, 

1H, CH), 5.41 – 5.36 (m, 2H, CH2), 5.34 (d, J = 9.7 Hz, 1H, CH2), 5.25 (d, J = 4.8 Hz, 1H, CH), 4.97 (d, J = 11.0 Hz, 1H, 

CH2), 4.86 (d, J = 11.2 Hz, 1H, CH2), 4.70 (d, J = 11.2 Hz, 1H, CH2), 4.62 (d, J = 4.7 Hz, 1H, CH), 4.56 (d, J = 1.6 Hz, 1H, 

CH), 4.10 (s, 3H, Me*), 3.89 (s, 3H, Me*), 3.77 – 3.71 (m, 2H, CH2), 3.63 – 3.56 (m, 4H, CH2, CH2*), 3.41 – 3.34 (m, 1H, 

CH2), 3.34 – 3.27 (m, 1H, CH2
’), 1.32 – 1.28 (m, 12H, BPin, BPin*), 0.99 – 0.93 (m, 2H, CH2), 0.90 – 0.83 (m, 2H, CH2), 0.02 

(s, 24H, SiMe3*), -0.08 (s, 24H, SiMe3); HRMS (ESI): m/z calcd for C37H54BFN6O5Si2Na [M+Na]+, 771.36705; found, 

771.36681. 

5-fluoro-9-(1-methyl-1H-1,2,4-triazol-5-yl)-8-(4-(tributylstannyl) phenyl)-2-((2-(trimethylsilyl)ethoxy)methyl)-2,7,8,9-

tetrahydro-3H-pyrido[4,3,2-de]phthalazin-3-one (7c). The same general procedure was used to synthesize compound 7a 

using compound 6a (100 mg, 0.18 mmol), bis(tributyltin) (203 mg, 0.35 mmol), potassium acetate (98 mg, 0.525 mmol), and 

Pd(dppf)Cl2 (13 mg, 0.02 mmol, 20 mol%) in DMF (3 ml). This afforded 7c as an amorphous glass (60 mg, 44 %). 1H NMR 

(600 MHz, CDCl3): δ 7.81 (s, 1H), 7.45 – 7.38 (m, 3H), 7.28 – 7.23 (m, 2H), 6.70 (dd, J = 9.9, 2.4 Hz, 1H), 5.43 (d, J = 9.9 

Hz, 1H), 5.25 (d, J = 9.9 Hz, 1H), 5.08 (d, J = 10.9 Hz, 1H), 4.93 (s, 1H), 4.49 (d, J = 10.9 Hz, 1H), 3.66 – 3.53 (m, 5H), 1.56 

– 1.47 (m, 6H), 1.38 – 1.24 (m, 10H), 1.11 – 0.96 (m, 6H), 0.96 – 0.84 (m, 13H), -0.04 (s, 9H); 13C NMR (151 MHz, CDCl3): δ 

165.82 (d, J = 252.1 Hz), 159.31, 152.10, 150.73, 146.98 (d, J = 12.2 Hz), 143.91, 140.14, 138.27, 137.15, 130.57, 126.79, 

111.84, 104.26 (d, J = 27.5 Hz), 102.84 (d, J = 25.0 Hz), 79.64, 67.48, 60.78, 44.86, 35.18, 29.18, 27.44, 18.21, 13.80, 9.74, 

-1.25; HRMS (ESI): m/z calcd for C37H55FN6O2SiSnNa [M+Na]+, 805.30607; found, 805.30523. 



 

Radiochemistry. All radiochemical reactions and experiments were carried out behind appropriate shielding per the rules 

and guidelines laid out in the German act on radiation protection (Strahlenschutzverordnung, StrlSchV). Radionuclides were 

produced using a PETtrace 890 (16 MeV protons) cyclotron (GE Healthcare, Uppsala, Sweden). 18F was produced via the 

bombardment of [18O]H2O via the 18O(p,n)18F nuclear reaction and was delivered either as a target wash in H2O (1.5-2.5 ml, 

0.5-2 GBq/ml) for manual radiochemical experiments or in [18O]H2O (1.5-2.5 ml) through direct delivery from the cyclotron for 

automated synthesis (activity concentration dependent on bombardment time and beam current (10 min ≃ 34 GBq at 80 

µA)). Automated 18F tracer syntheses were performed on a either a GE FX N Pro synthesis module (GE Healthcare, Muen-

ster, Germany) running the TRACERlab (GE) control and user-interface software or with an Elixys FLEX/CHEM radiosynthe-

sizer coupled to an Elixys PURE/FORM purification and formulation module (Sofie Biosciences, Los Angeles, California, CA, 

USA) using proprietary Elixys FLEX/CHEM control software. Manual radiochemical experiments were performed using seal-

able single-use borosilicate glass reaction tubes (PYREX® 9 ml, corning, New York, NY, USA) with screw-top PTFE-lined 

caps. All reactions were stirred using either Teflon® or glass coated micro stirrer bars. 

Radiochemical reaction performance was monitored using radioTLC on 0.20 mm Polygram SIL G/UV254 (silica gel 60) TLC 

plates. RadioTLC plates were developed with an appropriate running buffer/solvent mixture. RadioTLC data was acquired 

using a Cyclone Plus storage phosphor imaging system (PerkinElmer, Waltham, Massachusetts, USA). Analytical radio-

HPLC data was collected using an Agilent HPLC (1260 Infinity series with an automated sample injector) coupled to an inline 

radiation detector (NaI(Tl)). In all cases, analytical radioHPLC data was obtained under the following general conditions 

unless otherwise stated: Column: Luna 5 µm C18 (2) 100 Å column (250 x 4.6 mm). The following gradient was run in all 

instances: Solvent A: H2O + 0.1% TFA; Solvent B: MeCN; 0 - 2 min: (5% B); 0-17 min: (5 - 100% B); 17 - 23 min: (100% B); 

23-28 min: (100-5% B). 

For all radiochemical experiments, reagents, solvents, QMA eluents, reaction mixtures, and buffers were freshly prepared 

and dispensed directly before use unless otherwise stated. 

18F Processing. 18F processing was carried out using a previously developed procedure:39 Cyclotron-produced aqueous 

[18F]fluoride was trapped on a QMA cartridge conditioned with aqueous KOTf (90 mg/ml). Residual water was blown off the 

cartridge using a stream of argon. 18F was then eluted as [18F]TBAF, using a solution of 10 mg TBAOTf in methanol (1 ml). 

The resulting methanolic [18F]TBAF solution was transferred to a reactor vessel, either aliquoted for DoE optimization exper-

iments or full batch tracer productions. This was followed by evaporation of the methanol under a stream of argon gas to 

afford dry [18F]TBAF without the need for azeotropic drying.  

General procedure. To dry [18F]TBAF in a single-use glass reactor vessel was added a premade solution containing the 

required quantities of the precursor for radiolabeling (7a-c), Cu(OTf)2, pyridine, DMA, and n-BuOH (total reaction volume of 

700 µl). The reaction mixture was then stirred at 120 °C for 10 minutes before being quenched with HCl (0.25 M, 700 µl) or 

reacted further with 6 M HCl. Reaction performance was evaluated using radioTLC, which was read out using a Cyclone Plus 

storage phosphor imaging system (PerkinElmer, Waltham, Massachusetts, USA). Compound identity was confirmed by 

analytical radioHPLC against the non-radioactive standard compound. 

DoE Studies and Validation. A computer-generated D-optimal DoE (design of experiments) study was designed and 

analyzed using MODDE Go 12 (Sartorius, Göttingen, Germany). The D-optimal DoE study was performed to maximize the 

radiochemical yield of the CMRF step of the [18F]talazoparib radiosynthesis across four experimental factors: The precursor 

load (Pre, 5-30 µmol), the copper-mediator load (Cop, 5-40 µmol), the pyridine load (Py, 20-500 µmol), and the % of n-BuOH 

co-solvent (Bu, 0-75%). The resulting worksheet table (Table S1) was used to calculate the required reactants, reagents, and 

solvents for each experiment, and the study was performed over 4 days using four cyclotron target washes. All DoE experi-

ments were carried out in a randomized order. All reactions (tests and tracer productions) were carried out using a racemic 

mixture of protected (7a) precursor. In all cases, [18F]fluoride was processed into [18F]TBAF via the general procedure de-

scribed above. The response (Y) was the %RCY of the labeling reaction and was measured by radioTLC (100% ethyl ace-

tate development solvent). Selected runs were analyzed via radioHPLC against a non-radioactive standard (6c) to confirm 

compound identity.  



 

Automated radiosynthesis. The detailed automated radiosynthesis of [18F]talazoparib, using both the Elixys and FX N 

Pro systems, is described in detail in the Supplementary Information. The general procedure is as follows: 

[18F]Fluoride in [18O]water was delivered into the module directly from the cyclotron, where it was trapped on a QMA car-

tridge (OTf-form). The [18O]water was collected for recycling. The 18F was then eluted with a solution of tetrabutylammonium 

triflate (TBAOTf) in methanol (1 ml), which was evaporated to dryness under a stream of argon to afford base-free 

[18F]TBAF.39 The DoE optimized reaction mixture, consisting of 7a (19 mg, 30 µmol), Cu(OTf)2 (3 mg, 5 µmol), and pyridine 

(24 µl, 300 µmol) in 700 µl DMA with n-BuOH (10%), was then added to the [18F]TBAF and reacted at 120 ℃ for 20 min. After 

cooling the reactor vessel to ambient temperature, HCl (6 M, 700 µl) was added to the mixture and reacted at 120 ℃ for 15 

min. The reaction vessel was again cooled, and the reaction was quenched with the addition of ammonium formate solution 

(25 mM, 5-10 ml dependent on the reactor vessel volume) containing NaOH (6 M, 600 µl). The mixture was then passed over 

an HLB SPE cartridge, trapping the product. The product was then eluted into a 5 ml vessel with acetonitrile (1 ml) and HLPC 

buffer (4 ml), and this solution was transferred to the first HPLC injection loop (5 ml). The product racemate was then isolated 

(retention time = 12-13 min) from the reaction mixture using reversed-phase HPLC (C18 Luna (10 µm, 10 × 250 mm)) via an 

isocratic method using water (0.1% TFA): acetonitrile (72:28) at a flow rate of 6 ml/min at room temperature. The radioactive 

fraction was collected in a sealed v-vial that was subsequently pressurized to load the solution onto a second HPLC injection 

loop. The purified racemic product was then injected onto a semipreparative CHIRALPAK IB-N5 (5 µm, 10 × 250 mm) HPLC 

column for enantiomeric resolution (water (0.1% TFA): acetonitrile (60:40); 5 ml/min, room temperature). The radioactive 

fraction corresponding to [18F]talazoparib (retention time ≈ 12-13 min) or [18F]LT-674 (retention time ≈ 14-15 min) was col-

lected in a dilution reservoir, the contents of which were subsequently passed over an HLB cartridge. The product 

[18F]talazoparib (or [18F]LT-674) was eluted from the cartridge with ethanol (0.5 ml) and reconstituted with PBS (4.5 ml).  

Quality control. Product identity was confirmed with analytical CHIRALPAK IB-N5 (5 µm, 4.6 × 150 mm) HPLC (water 

(0.1% TFA): acetonitrile (60:40); 1 ml/min, room temperature) against  commercially acquired non-radioactive standard sam-

ples of talazoparib and its biologically inactive enantiomer LT-674. The molar activity of the radiotracer was calculated from 

the analytical HPLC UV signal using a calibration curve generated from the serial dilution of a standard sample of tala-

zoparib. 

In Vitro Uptake Studies. Cell culture. Human breast carcinoma cells (HCC1937, ACC513) were purchased from the 

German Collection of Microorganisms and Cell Cultures (DSMZ GmbH, Braunschweig, Germany) and cultured in Roswell 

Park Memorial Institute (RPMI) 1640 medium supplemented with 16 % fetal calf serum (FCS), 100 U/ml penicillin and 

100 µg/ml streptomycin at 37°C under humid 5 % CO2 atmosphere. The absence of mycoplasma infection was confirmed by 

PCR analysis in monthly intervals. 

In vitro radiotracer uptake. HCC1937 cells (0.2 × 106) were incubated in 96-well filter plates (MADVN6550, Merck Millipore, 

Darmstadt, Germany) with 60 µl of a 0.4 MBq/ml radiotracer solution containing either 2.5 µl DMSO as vehicle, 2.5 µl 10 mM 

olaparib or 2.5 µl talazoparib to a final concentration of 25 µM for blocking. After 30 min of incubation at 37 °C, the cells were 

washed by vacuum filtration of the medium through the plate (2×100 µl followed by 2×200 µl), the filters were transferred into 

tubes using a commercial punch kit (MAMP09608, Merck) and measured in a gamma counter (Wizard 2, PerkinElmer, Wal-

tham, MA, USA). Experiments were performed in triplicates, and the uptake was quantified as percent of added activity. 

Competition assays. HCC1937 cells (0.2 × 106) were incubated in 96-well filter plates (MADVN6550, Merck Millipore, 

Darmstadt, Germany) with 40 µl of a 0.4 MBq/ml radiotracer and 20 µl of a 1:2 serial dilution of either talazoparib or olaparib 

starting with a final concentration of 1 µM. After 30 min of incubation at 37 °C, the cells were washed by vacuum filtration of 

the medium through the plate (2×100 µl followed by 2×200 µl), the filters were transferred into tubes using a commercial 

punch kit (MAMP09608, Merck) and measured in a gamma counter (Wizard 2, PerkinElmer). Experiments were performed in 

triplicates, and the uptake was quantified as percent of added activity. 

In Vivo Evaluation. PET and MR imaging. All animal experiments were performed according to the German animal wel-

fare act and approved by the local authorities (Regierungspraesidium Tuebingen, R3/18). Animals were housed in individual-

ly ventilated cages (IVCs, 5 mice per cage) with bedding and enrichment, and food and water provided ad libitum. Animals 



 

were kept under isoflurane anesthesia (1.5 % in medical oxygen, 1.5 l/min) during all experiments. 1×107 cells in 1:1 ice-cold 

Matrigel (Thermo Scientific) / PBS were injected subcutaneously in the right shoulder area of 7 weeks-old female 

NOD.CB17-Prkdcscid/J mice (n = 5). After the xenografts reached a suitable size (215.1 ± 72.8 mm3), mice were injected with 

13.12 ± 0.71 MBq [18F]talazoparib and subjected to 1-hour dynamic PET imaging (Inveon D-PET, Siemens, Knoxville, TN, 

USA) with subsequent MR anatomical scans using a 7 Tesla Biospec 70/30 USR (Clinscan, Bruker Biospin) and a T2-

weighted spin-echo sequence. The mice underwent a second, 10 min static PET scan 2 hours post-injection (p.i.). Mice were 

sacrificed by cervical dislocation. The collected organs were weighed, the tissue uptake was determined by gamma-counting 

(WIZARD2, PerkinElmer) and quantified as % of injected dose per gram (%ID/g). PET image reconstruction and correlation 

with the corresponding MR image were performed with Inveon Acquisition Workplace and Inveon Research Workplace, 

respectively, using a user-defined dynamic framing and an ordered subset expectation maximization (OSEM3D) algorithm. 

Regions of interest (ROIs) were drawn according to the acquired MR images and co-registered with the PET data to obtain 

time-activity curves (TACs). 

Ex Vivo. Immunofluorescence. Immunofluorescence staining was performed by the Department of Dermatology at the 

University Hospital Tuebingen, Germany. Sections of paraffin-embedded xenografts were blocked with donkey serum for 

30 min and incubated with primary antibody overnight (rabbit anti-PARP (1:50, ab74290, Abcam, Cambridge, UK)). After 

washing, the sections were incubated for 1 hour at room temperature with a secondary antibody (donkey anti-mouse IgG 

Cy3 (1:250, 715-166-151 Dianova, Hamburg, Germany). Nuclei were stained with YO-PRO-1 iodide solution (Y3603, Ther-

mo Scientific) for 5 min; the samples were subsequently mounted with Mowiol (Sigma-Aldrich) and imaged on an LSM 800 

microscope (Carl Zeiss, Oberkochen, Germany).  

Statistical analyses. Statistical analyses were performed with GraphPad Prism 9 (GraphPad, La Jolla, CA, USA) using 

nonparametric t-tests and are represented as mean value ± standard deviation. Blood half-life was calculated using a two-

phase decay fit. P-values < 0.05 were considered statistically significant according to the software (*: p < 0.05, **: p < 0.01, 

***: p < 0.001, ****: p < 0.0001). 
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