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Procedure (Note 1) 

3-Phenyl-1H-pyrazole.  An oven dried 250-ml, three-necked, round-
bottomed flask equipped with a Teflon-coated magnetic stir bar (3 cm) is 
charged with 3-(4-fluorophenyl)-1H-pyrazole (6.49 g, 40.0 mmol, 1.00 equiv)
(Note 2) and RuPhos Palladacycle Gen. 4 (1.02 g, 1.20 mmol, 3.00 mol%) 
(Note 3). The vessel is equipped with an oven-dried reflux condenser and 
capped with two rubber septa. The reflux condenser is equipped with an 
argon inlet attached to a Schlenk line. The apparatus is evacuated, refilled 
with argon (3x). Toluene (55 mL, 0.73M) (Note 4) is added in two portions at 
room temperature via syringe through the side arm of the three-necked flask 
under flow of argon. The flask is charged with 2-propanol (15.3 mL, 
200 mmol, 5.00 equiv) (Note 5) at room temperature via syringe through the 
side arm of the three-necked flask. The yellow suspension is stirred for five 
min under positive argon pressure.  The resulting yellow solution (Figure 1A) 
is treated with a solution of sodium tert-pentoxide in toluene (30 mL, 3.3M,
100 mmol, 2.5 equiv) (Note 6) under flow of argon (exothermic reaction). The 
resulting black suspension (Figure 1B) is transferred to an aluminum heating 
block equilibrated to 80 ℃. Water is circulated through the reflux condenser. 
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A thermometer is inserted through one neck, replacing one of the septa, and 
the reaction is stirred at 80 ℃ (internal temperature = 70 °C) under argon 
atmosphere (Figure 1C). After 18 h, 1H and 19F NMR showed no evidence of 
starting material (Note 7).  

 

 
Figure 1. (A) Reaction mixture prior to addition of sodium tert-pentoxide; 
(B) Reaction mixture immediately after adding sodium tert-pentoxide; and 
(C) Reaction setup during heating 

 
The black heterogeneous reaction mixture is removed from the heating 

block and allowed to cool to room temperature (Figure 2A). The reaction 
mixture is filtered through a pad of sand (1 cm) layered with Celite (20 g) on 
a fritted funnel (porosity 2) into a 500-mL round-bottomed flask (Figure 2B). 
The filter cake is carefully triturated with a spatula to insure a better filtration. 
The reaction vessel and Celite cake are then washed with ethyl acetate until 
the eluent is colorless (9 x 20 mL).  The filtrate is concentrated by rotary 
evaporation (50 ℃, 70 mmHg) to afford a thick brown paste (Figure 2C).  
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Figure 2.  (A) Heterogeneous reaction mixture after heating for 18 hours; 
(B) Reaction mixture after filtration through Celite; and (C) Filtrate after 
concentration by rotary evaporation 
 

The concentrated crude material is quenched with saturated aqueous 
sodium bicarbonate (40 mL) at room temperature. The resulting slurry is 
suspended with swirling and transferred via plastic funnel to a 125-mL 
separatory funnel. The round-bottomed flask containing quenched material 
is washed with a biphasic mixture of deionized water (5 mL) and 
dichloromethane (5 mL) (5 x biphasic wash) to transfer any residual product 
to the separatory funnel. The separatory funnel is shaken and the layers 
(Figure 3A) are allowed to separate over five min. The dichloromethane layer 
is collected in a 250 mL Erlenmeyer flask, and the aqueous layer is re-
extracted with dichloromethane (4 x 20 mL) until the organic phase is 
colorless (Figure 3B,C). The organic fractions are treated with sodium sulfate 
(20 g), left to dry for 10 min and clarified by vacuum filtration on a fritted 
funnel into a 500-mL round-bottomed flask. The drying agent is washed with 
ethyl acetate (3 x 40 mL) to extract any residual product and the ethyl acetate 
washes are filtered into the dichloromethane filtrate. The combined filtrates 
are charged with Celite (17 g) and concentrated by rotary evaporation (50 ℃, 
70 mmHg). 
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Figure 3. (A) Biphasic mixture after transferring to separatory funnel and 
shaking; (B) Biphasic mixture after second extraction with 
dichloromethane; and (C) Biphasic mixture after fourth extraction with 
dichloromethane 
 

A glass chromatography column (inner diameter 5 cm) is charged with 
silica gel (200g) (Note 8) loaded as a slurry with 40 vol% ethyl acetate in n-
heptane. The silica gel slurry is allowed to settle, and excess mobile phase is 
eluted by gravity. Atop the silica gel slurry is loaded the crude solid adsorbed 
on Celite followed by a layer of sand (4 cm). The packed column is then eluted 
with 40 vol% ethyl acetate in n-heptane (1L) followed by ethyl acetate (1L) 
(Note 9). The eluent is collected in 25 x 150 mm test tubes (50 mL fractions) 
for 40 fractions. Fractions 13–28 contain the desired product (Note 10) and are 
concentrated by rotary evaporation (50 ℃, 50 mmHg) in a 500-mL round-
bottomed flask. Thick oil is dissolved with EtOAc and transferred to a 50-mL 
round-bottomed flask and concentrated under reduced pressure to yield the 
desired product (5.70 g) as a tan solid in >90% purity as assayed by 1H NMR 
(Figure 4A).  

The chromatographed material is further purified by crystallization 
(Note 11): The solid is transferred to a tared 30-mL vial as a solid, and any 
residual material in the 500-mL round-bottomed flask is transferred by 
washing with hot benzene (4 x 2 mL, 70 ℃) followed by pipette transfer to 
the 30-mL vial. The tan solid suspended in benzene is dissolved by heating 
the vial (aluminum heating block, 90 ℃) until the mixture is gently refluxing 
(5 min reflux with intermittent swirling). The resulting, hazy orange mixture 
(Figure 4B) is layered with n-heptane (8 mL) (Figure 4C) and allowed to cool 
to room temperature over 4 h (Note 12) (Figure 4D). The recrystallization 
setup is then gently swirled to facilitate mixing of the benzene and n-heptane 
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layers. The recrystallization setup is stored for 24 h at 4 ℃, which affords 
large colorless crystals (Figure 4E). The supernatant is removed by pipette. 
The colorless crystals are washed with cold n-heptane (2 x 6 mL, 4 ℃) and 
dried first by rotary evaporation (40 ℃, 10 mmHg) then in a vacuum oven 
(30 ℃, 0.1 mmHg, 4 h) to afford 3-phenyl-1H-pyrazole (5.06 g, 88% yield 
(4.97 g, 86% based on purity)) as a colorless solid (Figure 4F) (Notes 13 and 
14). 
 

 
Figure 4. (A) Tan material obtained from column chromatography; (B) 
Concentrated solution of desired product in hot benzene; (C) After layering 
with hot n-heptane; (D) Small crystals formed after cooling to room 
temperature; (E) Large crystals after cooling for 24 h at 4 ℃; and (F) Isolated 
colorless crystalline solid 
 
 
Notes 
 
1. Prior to performing each reaction, a thorough hazard analysis and risk 

assessment should be carried out with regard to each chemical substance 
and experimental operation on the scale planned and in the context of the 
laboratory where the procedures will be carried out. Guidelines for 
carrying out risk assessments and for analyzing the hazards associated 
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with chemicals can be found in references such as Chapter 4 of “Prudent 
Practices in the Laboratory" (The National Academies Press, Washington, 
D.C., 2011; the full text can be accessed free of charge at 
https://www.nap.edu/catalog/12654/prudent-practices-in-the-
laboratory-handling-and-management-of-chemical. See also 
“Identifying and Evaluating Hazards in Research Laboratories” 
(American Chemical Society, 2015) which is available via the associated 
website “Hazard Assessment in Research Laboratories” at 
https://www.acs.org/content/acs/en/about/governance/committees
/chemicalsafety/hazard-assessment.html. In the case of this procedure, 
the risk assessment should include (but not necessarily be limited to) an 
evaluation of the potential hazards associated with 3-(4-fluorophenyl)-
1H-pyrazole, RuPhos Palladacycle Gen. 4, 2-propanol, sodium tert-
pentoxide, toluene, ethyl acetate, sodium bicarbonate, dichloromethane, 
sodium sulfate, n-heptane, celite, silica gel, benzene, acetonitrile, 
trifluoroacetic acid, and deuterated chloroform. 

2. 3-(4-Fluorophenyl)-1H-pyrazole (>97%) was obtained from Alfa Aesar 
(H34355) as an off-white powder and used as received. 

3. RuPhos Palladacycle Gen. 4 (>98%) was obtained from Strem Chemicals 
(46-0395) as a beige powder and used as received. 

4. Toluene (anhydrous, 99.8%) was purchased from Sigma Aldrich (244511) 
in a Sure/Seal bottle and used as received. Toluene was taken up from 
the Sure/Seal bottle via syringe under positive argon pressure. 

5. 2-Propanol (>99.5%) was purchased from Sigma Aldrich (I9516) and used 
as received. 2-Propanol was measured and handled under air with no 
precautions to omit oxygen or moisture. Reactions conducted with lower 
concentrations of i-PrOH gave slower and sometimes incomplete 
conversion.  

6. Sodium tert-pentoxide solution (40%) in toluene was purchased from 
Sigma Aldrich (752096) in a Sure/Seal bottle and used as received. 
Sodium tert-pentoxide was taken up from the Sure/Seal bottle via 
syringe under positive argon pressure. Reactions conducted with lower 
concentrations of sodium tert-pentoxide gave slower and sometimes 
incomplete conversion. 

7. The submitters monitored reaction progress using LCMS: Reactions were 
monitored by liquid chromatography mass spectrometry (LCMS) on a 
Waters Acquity UPLC with Waters Acquity HSS T3 C18 column 
(2.1 mm x 50 mm) and eluting with a gradient from 10–60% acetonitrile 
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in water (0.1% trifluoroacetic acid modifier) over 1.6 min (product Rt= 
0.80 min, starting material Rt =0.84 min). 

8. Silica gel (pore size 60Å, 230-400 mesh particle size) was purchased from 
Sigma-Aldrich (227196). The checkers used silica gel purchased from 
Macherey-Nagel (particle size 0.040–0.063 mm), which was used as 
received. 

9. Thin layer chromatography (TLC) of starting material (left lane, Rf 0.32), 
reaction mixture (center lane), and product (right line Rf, 0.34) on silica 
gel 60 (Merck KGaA) eluting with 40 vol% ethyl acetate in n-heptane 
(Figure 5). The reaction mixture is monitored by 1H and 19F NMR or 
LCMS (Note 7). Reaction monitoring by TLC is not recommended due to 
poor separation of starting material and product. 
 

 
Figure 5. TLC of starting material (left lane), reaction mixture (center 

lane), and product (right lane) 
 
10. Thin layer chromatography (TLC) on Silicagel 60 (Merck KGaA) eluting 

with 40vol% ethyl acetate in n-heptane showing fractions 1-30 from 
column chromatography (Figure 6). 

 
 
Figure 6. TLC of fractions 1-30 from column chromatography 
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11. An alternative crystallization procedure is reported here: To the round-
bottomed flask, fitted with a condenser containing the chromatographed 
material was added 8 mL of benzene, and the resulting slurry was heated 
with intermitting swirling until all material had dissolved. To the orange 
mixture was added 8 mL of heptane and mixture was heated to reflux for 
5 min. The mixture was allowed to return to room temperature, left 
standing at this temperature for 15 h, before being cooled with an ice bath 
(0 °C) to induce crystallization. The supernatant was removed, the 
crystals were washed with heptane (2 x 6 mL) and dried first by rotary 
evaporation (50 ℃, 10 mmHg) then with under high vacuum for 7 h. 

12. The submitters observed the formation of crystals at this point, while the 
checkers only observed crystal formation upon subsequent cooling in the 
fridge. 

13. Analytical data for 3-phenyl-1H-pyrazole as follows: mp 77–79 ℃; 
IR (neat) 3166, 2962, 1456, 1353, 1071, 1046, 954, 931 cm-1. 1H NMR 
(400 MHz, CDCl3, 0.7M) δ: 6.63 (d, J = 2.2 Hz, 1H), 7.32–7.44 (m, 3H), 7.61 
(d, J = 2.2 Hz, 1H), 7.80 (d, br, J = 7.3 Hz, 2H), 13.01 (s, br, 1H). 13C NMR 
(100 MHz, CDCl3, 0.7M) δ: 102.7, 126.0 (2C), 128.1, 128.9 (2C), 132.4, 133.4 
(br), 149.3 (br). HRMS (m/z) calcd for C9H9N2 [M+H]+: 145.0760, found: 
145.0757. Purity was assessed at 98.3% by qNMR using 11.1 mg of the 
product and 1,3,5-trimethoxybenzene (9.1 mg) as an internal standard. 

14. The checkers performed a second reaction on half scale, yielding 2.56 g 
(89%) of the product, while a second reaction performed by the 
submitters on full scale afforded 5.20 g (90% yield) of 3-phenyl-1H-
pyrazole. 

 
 
Working with Hazardous Chemicals 
 

The procedures in Organic Syntheses are intended for use only by persons 
with proper training in experimental organic chemistry.  All hazardous 
materials should be handled using the standard procedures for work with 
chemicals described in references such as "Prudent Practices in the 
Laboratory" (The National Academies Press, Washington, D.C., 2011; the full 
text can be accessed free of charge at 
http://www.nap.edu/catalog.php?record_id=12654).  All chemical waste 
should be disposed of in accordance with local regulations.  For general 
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guidelines for the management of chemical waste, see Chapter 8 of Prudent 
Practices.  

In some articles in Organic Syntheses, chemical-specific hazards are 
highlighted in red “Caution Notes” within a procedure.  It is important to 
recognize that the absence of a caution note does not imply that no significant 
hazards are associated with the chemicals involved in that procedure.  Prior 
to performing a reaction, a thorough risk assessment should be carried out 
that includes a review of the potential hazards associated with each chemical 
and experimental operation on the scale that is planned for the procedure.  
Guidelines for carrying out a risk assessment and for analyzing the hazards 
associated with chemicals can be found in Chapter 4 of Prudent Practices. 

The procedures described in Organic Syntheses are provided as published 
and are conducted at one's own risk.  Organic Syntheses, Inc., its Editors, and 
its Board of Directors do not warrant or guarantee the safety of individuals 
using these procedures and hereby disclaim any liability for any injuries or 
damages claimed to have resulted from or related in any way to the 
procedures herein. 
 
 
Discussion 
 

Fluorine plays an important role in drug discovery due to its ability to 
fine tune the physiochemical and metabolic properties of biologically active 
compounds.2 Given the important impacts that a single fluorine substituent 
can have on key properties (both beneficial and detrimental), drug discovery 
teams frequently encounter situations in which direct comparison of fluoro- 
and des-fluoro-analogues is insightful. Preparation of des-fluoro-analogues 
typically requires lengthy resynthesis from des-fluoro building blocks. A 
method for direct conversion of fluorinated compounds to des-fluoro-
analogues by hydrodefluorination would circumvent this resynthesis and 
thereby provide a useful tool to accelerate drug discovery. 

Transition metal-catalyzed hydrodefluorination methodology has 
undergone significant growth in recent years; however, these advances have 
not yet translated to reliable tools for drug discovery.3 This gap is likely a 
consequence of the fact that many of the reported methods are optimized for 
substrates with activated polyfluoro-arenes4 or lacking functional groups 
(especially heterocycles) encountered in drug discovery.5 To close this gap, 
we recently reported a general method for hydrodefluorination of 
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(hetero)arenes that is suitable for immediate implementation in drug 
discovery settings by virtue of the fact that the method requires only 
commercially available catalysts and reagents, can be set up under air and 
affords good yields on a variety of functional groups and heterocycles 
encountered in drug discovery.6 

The substrate scope for a set of general reaction conditions suitable for 
hydrodefluorination of a variety of heterocyclic scaffolds is provided in 
Table 1. The reaction is compatible with ortho, meta, and para-substituted 
fluoroarenes (1-4). The reaction proceeds efficiently for substrates bearing 
acidic and phenolic functionality (5, 16, 24, and 26) and NH fragments in 
amides (1 and 7), pyrazole (3), indazoles (4 and 10), imidazoles (12-14), 
azaindole (17), and secondary amines (21 and 25). The reaction also tolerates 
the presence of Lewis basic functional that might coordinate to transition 
metal catalysts including tertiary anilines (2), benzimidazoles (8 and 9), 
benzotriazole (15), (iso)quinolines (18 and 19), and pyridines (20-23). Due to 
its expanded scope and compatibility with a variety of functional groups 
encountered in medicinal chemistry, this method is well suited for immediate 
implementation in drug discovery settings. 
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Table 1. Substrate scope in palladium-catalyzed hydrodefluorination 
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Appendix 
Chemical Abstracts Nomenclature (Registry Number) 

 
Toluene; (108-88-3) 

2-Propanol: propan-2-ol; (67-63-0) 
Sodium tert-pentoxide; (14593-46-5) 

3-(4-Fluorophenyl)-1H-pyrazole; (154258-82-9) 
3-Phenyl-1H-pyrazole; (2458-26-6) 

RuPhos palladacycle generation 4: Methanesulfonato(2-
dicyclohexylphosphino-2',6'-di-i-propoxy-1,1'-biphenyl)(2'-dimethylamino-

1,1'-biphenyl-2-yl)palladium(II); (1599466-85-9) 
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