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ABSTRACT: The poly(ADP-ribose) polymerase (PARP) inhibitor rucaparib is used in the clinic to treat BRCA-mutated cancers. 
Herein, we report two strategies to access the 18F-isotopologue of rucaparib applying a copper-mediated nucleophilic 18F-
fluorodeboronation.  The most successful approach features an aldehydic boronic ester precursor subjected to reductive ami-
nation post 18F-labeling and affords [18F]rucaparib with an activity yield of 11% ± 3% (n = 3), and molar activity (Am) up to 

30 GBq/mol. Preliminary in vitro studies are presented. 
______________________________________________________________________________________________________________________________________________ 
 

     Poly(ADP-ribose) polymerase (PARP) inhibitors, a class 
of cancer drugs exploiting synthetic lethality, have demon-
strated promising results in the treatment of various can-
cers with BRAC1/2 mutation.1 Four PARP inhibitors are 
FDA-approved for clinical use, including olaparib (Lynparza, 
AstraZeneca), rucaparib (Rubraca, Clovis Oncology), ni-
raparib (Zejula, Tesaro, Inc.), and talazoparib (Talzenna, 
Pfizer).1 For some patients, poor response to treatment 
with PARP inhibitors is observed, which may be caused by 
a lack of drug accumulation in the tumor, active drug efflux, 
or other resistance mechanisms.2,3,4,5 Therefore, a method 
that estimates PARP expression levels, PARP inhibitor accu-
mulation in tumor tissue, and/or target occupancy of PARP 
enzyme binding pockets, may allow more accurate selection 
or fast therapy evaluation of patients who may benefit from 
PARP inhibitor treatment. Tritium-labeled rucaparib is suit-
able for ex vivo autoradiographic or liquid scintillation 
quantification (Scheme 1A), and [123/125I]KX-1, is a structur-
ally related radiotracer that can measure PARP-1 expres-
sion in vitro and in vivo (Scheme 1B).6,7 In this context, pos-
itron emission tomography (PET) imaging stands out for 
clinical standard of care because this technique could ena-
ble quantification of PARP expression in cancerous tissue in 
patients using radiolabeled PARP inhibitors.8,9 As a radioi-
sotope, fluorine-18 is ideal because of its half-life of 109.8 
minutes, relatively low energy and abundant positron emis-
sion profile. With these considerations in mind, radiotrac-
ers that have structural similarities with rucaparib have 
been studied. The radiotracer [18F]WC-DZ-F was applied for 
the preliminary evaluation of PARP expression in prostate 
cancer, and [18F]FluorThanatrace developed by Mach et al. 
is being evaluated as a PET imaging agent for clinical use 

(Scheme 1B).10,11 Other examples include [18F]PARPi, with a 
first-in-man study in head-and-neck cancer patients re-
cently reported.12 

Scheme 1. Labeled PARP inhibitors and analogues  

 

      Using structurally identical 18F-isotopologues of PARP 
inhibitors presents several advantages as these allow direct 
visualization of PARP expression in patients with PET imag-
ing, as well as enable  quantification of PARP inhibitor bio-
distribution, tumor delivery and target engagement; as such 



 

stratification of patients becomes possible and response to 
DNA damaging cancer treatment can be monitored.13 
[3H]rucaparib and [14C]rucaparib were prepared to study 
metabolism using ex vivo autoradiography and radio-HPLC 
(Scheme 1A),6,14 but to the best of our knowledge, 
[18F]rucaparib has not been synthesized and studied to date 
(Scheme 1C).  As part of our ongoing program focused on 
the evaluation of radiolabeled PARP inhibitors, we recently 
reported the radiosynthesis of [18F]olaparib and demon-
strated that this radiotracer is taken up in PARP-1 express-
ing cell lines and tumor in xenografted mice, with increased 
uptake upon tumor irradiation.15,16 Herein, we disclose the 
first radiosynthesis of [18F]rucaparib featuring as key step a 
Cu-mediated radiofluorination of an aryl boronic ester with 
cyclotron-produced 18F-fluoride, a labeling reaction in-
vented in our laboratory.17,18,19  Initial in vitro studies are 
also presented. 

     Late stage or last step 18F-incorporation is ideal due to 
the short half-life of the radionuclide, but such strategy of-
ten carries risk especially for functionalized 18F-radiotrac-
ers containing one or more N-heterocycles. We recently re-
ported a robustness screening approach to determine 
whether 18F-fluorodeboronation as the last step in the syn-
thesis is viable.19 If not possible, this screening approach 
also enables to decide which step(s) should follow 18F-fluor-
ination. In practice, a model aryl boronic ester responding 
well to 18F-labeling, such as 2-(4-cyanophenyl)-4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolane (radiochemical yield (RCY) = 
39% ± 2%, n = 4), is subjected to Cu-mediated 18F-fluorode-
boronation in the presence of stoichiometric amounts of the 
molecule to be labeled, or a close structural analogue. If the 
presence of this additive does not affect the RCY, a last step 
18F-fluorination is likely viable. However, if the RCY is mark-
edly decreased, or no 18F-incorporation is observed (RCY < 
5%), it is necessary to identify which group or sub-motif af-
fects detrimentally 18F-radiofluorination. This group must 
be introduced post 18F-labeling, or may require protection 
prior to 18F-labeling. Following this workflow, a model bo-
ronic ester was subjected to Cu-mediated 18F-fluorination in 
the presence of a stoichiometric amount of the non-fluori-
nated analogue of rucaparib 1; under these conditions, only 
a trace amount of [18F]4-fluorobenzonitrile was observed. 
This experiment discouraged 18F-incorporation as the last 
step (Scheme 2).  

 

Scheme 2. Robustness screening experiments inform-
ing suitable radiosynthetic routes towards 
[18F]rucaparib 

 

     Upon spiking with the tricyclic indole 2, the RCY for the 
benchmark reaction was not affected (~ 43%), a result in-
dicating that the secondary amine prevented 18F-fluorina-
tion. Thus, we envisaged two strategies to overcome this 
limitation consisting of post-radiolabeling deprotection of 
an NBoc protected precursor19 or reductive amination, the 
latter option being inspired by the synthesis of rucaparib.20 
We were indeed encouraged by the finding that spiking the 
model reaction with carbamate 3 (RCY = 34% ± 5%, n = 2) 
or aldehyde 4 (RCY = 42% ± 8%, n = 2), did not affect the 
RCY of [18F]4-fluorobenzonitrile. These results boded well 
for a two-step radiosynthesis consisting of a copper-medi-
ated 18F-fluorodeboronation followed by either NBoc 
deprotection or reductive amination.  

 

Scheme 3.  Synthesis of the NBoc protected or aldehydic 
aryl boronic ester precursors 12 and 14 required for 
18F-radiolabeling 

   
 



 

     On the basis of these experiments, efforts focused on the 
multi-step synthesis of the borylated rucaparib precursors 
12 and 14 (Scheme 3).  Both precursors were made acces-
sible from the novel bis-halogenated tricyclic indole 9 by 
modifying a sequence disclosed in the literature (Scheme 
3).20,21 The synthesis started with the reaction of commer-
cially available methyl 6-bromo-4-indolecarboxylate 5 with 
2-nitroethylacetate 6, made available by esterification of ni-
troethanol,22 to afford (2-nitroethyl)indole 7 which is re-
quired for ring closure. Upon reduction with zinc in meth-
anolic hydrochloric acid, lactonization led to the tricyclic in-
dole 8 in 71% yield. Regioselective iodination at the C2-in-
dole with PIFA/I2 (PIFA = [bis(trifluoroacetoxy)iodo]ben-
zene) took place within an hour and led to the bis-halogen-
ated 9 in 46% yield. Chemoselective Suzuki-Miyaura reac-
tion enabled further functionalization. Coupling with the N-
protected boronic ester 1022 furnished the brominated car-
bamate 11, which was immediately subjected to borylative 
coupling to afford the desired boronic ester 12. After pre-
parative HPLC purification, 12 required for 18F-incorpora-
tion was obtained with an overall yield of 8% (chemical pu-
rity > 95%) from commercially available indole 5. Similarly, 
coupling between 9 and p-formylphenyl boronic acid fol-
lowed by a borylative coupling led to the N-protected bo-
ronic ester 14 with an overall yield of 7% (chemical purity > 
95%) from commercially available indole 5 (Scheme 3). 

 

Table 1. Optimization study for the 18F-radiolabeling of 
the N-protected boronic ester precursor 12 

 

aRCY = radiochemical yield, determined by analytical HPLC.  
bReaction performed with the copper complex 
Cu(OTf)2(impy)4. K222 = 4,7,13,16,21,24-hexaoxa-1,10-di-
azabicyclo[8.8.8]hexacosane or Kryptofix 222. DMI = 1,3-di-
methyl-2-imidazolidinone. DMF = N,N-dimethylformamide. 

 

     Studies on the radiofluorination of 12 and 14 were un-
dertaken next. The labeling of the NBoc protected precursor 
12 with [18F]KF was carried out in the presence of 
Cu(OTf)2(py)4 in DMI at 120 °C for 20 minutes affording 
[18F]15 in 42% RCY (Table 1, entry 1). For this process, elu-
tion was performed with a solution of K222/K2C2O4/K2CO3.22 
Slight modification of these labeling conditions did not im-
prove the RCY (Table 1, entry 2-5). Deprotection of [18F]15 
with TFA at 120 °C for 20 minutes was quantitative. When 
the aldehydic precursor 14 was subjected to the reaction 

condition found optimal for 12, the RCY of [18F]16 was sig-
nificantly higher (73% RCY, Table 2, entry 1). Further opti-
mization by modifying the stoichiometry of the copper com-
plex with respect to the boronic ester precursor, the solvent 
and the nature of the copper complex by replacing 
Cu(OTf)2(py)4 with Cu(OTf)2(impy)4 (impy = imidazo[1,2-
b]pyridazine)15 indicated that the best result was obtained 
by increasing the Cu(OTf)2(py)4:14 ratio from 1:1 to 2:1. 
These 18F-labeling conditions gave [18F]16 in 80% RCY (Ta-
ble 2, entries 2–5).  

 

Table 2. Optimization study for the 18F-radiolabeling of 
the aldehydic boronic ester precursor 14 

 

aRCY = radiochemical yield, determined by analytical HPLC.  
bReaction performed with the copper complex 
Cu(OTf)2(impy)4.  

 

      We subjected 14 to a one-pot 18F-radiofluorination fol-
lowed by reductive amination, the latter step being carried 
out in the presence of methylamine and NaBH3CN in EtOH 
for 20 minutes at 120 °C. Reductive amination was quanti-
tative as determined by radio-HPLC. The identity of 
[18F]rucaparib was confirmed by analytical radio-HPLC 
showing overlap of the radio- and the UV chromatogram of 
unlabeled rucaparib (220 nm).     This result led us to select 
this radiosynthetic route for the synthesis of [18F]rucaparib. 
Starting from 2 to 3 GBq of [18F]fluoride, this semi-auto-
mated protocol afforded [18F]rucaparib isolated and refor-
mulated in 10% DMSO/PBS solution with a non-decay cor-
rected activity yield (AY) of 11% ± 3% (n = 3), a radiochem-
ical purity (RCP) superior to 95%, and molar activity (Am) 
up to 30 GBq/μmol; the total synthesis time was 2.5 h  (Fig-
ure 1).22  

 

 

Entry Solvent Cu(OTf)2(py)4 RCYa 

1 DMI 1 equiv 42% 

2 DMI 2 equiv 39% 

3 DMI 3 equiv 25% 

4 DMF 2 equiv 7% 

5 DMI 2 equivb  1% 

Entry Solvent Cu(OTf)2(py)4 RCYa 

1 DMI 1 equiv 73% 

2 DMI 2 equiv 80% 

3 DMI 3 equiv 56% 

4 DMF 2 equiv 13% 

5 DMI 2 equivb  14% 



 

 

Figure 1. Radiochromatogram secured by HPLC analysis of 
[18F]rucaparib (red) overlayed with UV chromatogram of 
non-radiolabeled rucaparib (l = 220 nm) (black).  

 

     In vitro studies revealed the uptake of [18F]rucaparib in 
human pancreatic adenocarcinoma (PDAC) cells, AsPC1 and 
PSN1. PSN1 cells, inherently expressing higher PARP1 level 
than AsPC1 cells,23 retained [18F]rucaparib more effectively, 
indicating correlation between rucaparib uptake and 
PARP1 expression (Figure 2A). The binding specificity of 
[18F]rucaparib was assessed by blocking studies using non-
radiolabeled PARP inhibitor.24 Addition of an excess (> 
1000 fold) of olaparib or rucaparib significantly reduced (> 
50%) [18F]rucaparib uptake in PSN1 cells, a safe indicator of 
selective binding (Figure 2B). 

 

Figure 2. A. Rucaparib uptake in AsPC1 and PSN1 cells. As-
terisks indicate levels of significance: *, P < 0.05. B. Blocking 
of [18F]rucaparib uptake in PSN1 cells by addition of an ex-
cess of non-labeled olaparib or rucaparib. Asterisks indicate 
levels of significance: **, P < 0.01; and ****, P < 0.0001. 
      

     In summary, the first radiosynthesis of the 18F-radioi-
sotopologue of rucaparib is disclosed. Two strategies were 
examined based on the results of a preliminary robustness 
screening study. The optimal strategy is a two-step protocol 
consisting of a Cu(II)-mediated 18F-fluorodeboronation fol-
lowed by quantitative reductive amination, which provides 
[18F]rucaparib in good AY and RCP. Our preliminary in vitro 
studies show specific uptake of [18F]rucaparib in human 
PDAC cell lines, indicating the potential of [18F]rucaparib as 

a PARP-targeting PET imaging agent. Additional evaluation 
of [18F]rucaparib are warranted to define its possible uses.  
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