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Abstract: A methodology for regioselective synthesis of 8ttdromethylpyrazole from the reaction of
trifluoromethyl alkenone and tosylhydrazone hasnbeéeveloped. The reaction was proposed to prodaedgh a
tandem cyclization and 1,5-H shift reaction, whitdn be applied to the synthesis of bioactive comgdsuike
Celecoxib, Mavacoxib, and SC-560.
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1. Introduction

The pyrazole moiety is the core structure of maatyrally occurring and bioactive molecufei's well known
that the introduction of fluorine atoms into orgamnolecules allows the simultaneous modulation letteonic,
lipophilic, and steric parameters, all of which ganfoundly influence both the physical and biotagiproperties due
to the unique physical properties of the fluoritena®> Among the fluorinated pyrazoles, 3-trifluorometiyiazole is
the core unit of many drugs, agrochemicals, andtedl candidatesFor example, as shown fcheme 1, both
Celecoxif and Mavacoxib are the most recognized drug that contain a tifimethylated pyrazole moiety.
Celecoxib is a COX-2 selective nonsteroidal arftemmatory drug, while Mavacoxib is a veterinarygrused to

treat pain and inflammation in dogs with degeneesjpint disease. SC-560 shows antitumor actfVity.
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Scheme 1 Bioactive compounds bearing a 3-trifluoromethylzpia moiety
Traditionally, 3-trifluoromethylpyrazoles can be cassed by cyclocondensation of hydrazine with the
corresponding 1,3-dicarbonyl compouhdScheme 2a) or 4-alkoxy-1,1,1-trifluoro-3-alken-2-ofig(Scheme 2b).
However, both methods suffered from the formatibmegioisomeric mixtures of 3- and 5-trifluoromektpyrazole.
In 2013, Ma reported an elegant silver-mediatedioagitition of alkynes with GJEHN, to regioselectively synthesize
3-trifluoro-methylpyrazole $cheme 2c).° In this method, excess amount ofsCH,NH,-HCI (4.0 eq.) and A® (2.0
eg.) are essential for the efficiency of cycloadditreaction. Very recently, Wang and coworkersoreggd an

alternative method to synthesize 3-trifluorometlgygzoles via trifluoromethylation/cyclization ofa,p-alkynic
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hydrazones using a hypervalent iodine reagscheme 2d).° However, the expensive hypervalent iodine reagent
(Togni reagent) makes this transformation lesstymalc Therefore, it is still highly desirable tewklop new methods
for the synthesis of 3-trifluoromethylpyrazoles.

Traditional methods:
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Scheme 2 Traditional methods for the synthesis of 3z;lyrazoles

2. Reaults and Discussion
It's well known that tosyl hydrazone salt is theyf@ecusor in the Bamford-Stevenes reaction forgéeration

of diazo compounds from the carbonyl compound, @a&taldehyde or ketorieWe conceived that,B-alkenylic
hydrazone saltl might serve as both the precursor for the didkz¢hrough the Banford-Stevenes proc&xhéme 3,
path a) or the precursor for the 3-trifluorometlyyzole2 through a tandem cyclization/1,5-H Shift react{path b).
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Scheme 3 Two proposed pathways

We initiated our study with trifluoromethyl alken®fia as the model substrate. The reaction was setarpoh

manner. In the presence of 1.1 eq. of TsNHNtHe reaction was upon treatment with various dasedifferent
solvent. Preliminary examination showed that theiréd 3-trifluoromethylpyrazol@a could be easily obtained in
excellent yield at 86C by using NaOAc as base in EtOFable 1, entry 2). Among three different bases, sodium

acetate is the best of choice for this reactiomrye?).

Interestingly, the alcoh8k could be also detected when water

was used as the solvent. Presumably, the allytichall 3a was formed through the carbene involved O-H iisert
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(the Bamford-Stevenes process). To the best oknawledge, it is the first example that the solverdy tune the
reaction pathway of the hydrazone salt.
Table 1 Optimization ofreaction conditiorfs

O TSNHNH, HN-N OH
Ph/\)I\CF3 “Base  PhNAcr, F>h/\)\c;=3
la 2a 3a
Yield (%)°
Entry Base Solvent Temp. a 3
1 NaOH EtOH 80 15 -
2 NaOAc EtOH 80 99 -
3 KzCGOs EtOH 80 70 -
4 NaOAc HO 80 13 7
5 NaOAc EtOH rt trace -
@ The reaction was set usidg (0.25 mmol), TSNHNH (0.275 mmol), base (0.275 mmol), solvent (1.0 mL);

® NMR yield.

With the optimized conditions in handdble 1, entry 2), the substrate scope was then examiksedummarized
in Scheme 4, the base-promoted process could be successhphied to a variety of trifluoromethyl alkenoiie For
example, both electron-donating and electron withilng groups on the phenyl rings had little effegpon the
product yields. The yields of the products are dgfty higher than 90%2&-2d, 2g-2i, 2I). However, 4-N,N-
dimethylamino group has an obviously negative éftecthis reaction, giving the corresponding prad2econly in
30% yield. Furthermore, the reaction was very simesto the steric hindrance: all substrates withssituents at 2-
position of the phenyl ring gave inferior resul, 2j, 2k). The reaction functioned well with the hydroxyogp
functional group, although with only moderate yi€¢hin). The trifluoromethyl alkenone with one more C=éhde
served as the substrate as well, giving pyra2ols 44%. Furyl ethenylic ketone was not a good sabs either, with

the yield being 31%2p). It was noted that only the regioisomer 3-triflomethyl pyrazol@ was detected in all cases.



Table 2 Scope of the synthesis of 3-trifluoromethyl pylaz@®
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% The reaction was set usidg (0.25 mmol), TsNHNH (0.275 mmol), base (0.275
mmol), EtOH (1.0 mL); isolated yield; the reactiomsre monitored by TLC.

To futher synthesize the bioactive molecules, agiCelecoxib, Mavacoxib, and SC-560, we then paexéo

couple 3-trifluoromethyl-#H-pyrazole2 with aryl halide. Followed the similar reportedpess’ the reaction was set

by using2b and iodobenzene as the model substrates and Cheasatalyst. Four different ligandsl-L 4 were

initially tested for this reaction. As shown 8theme 4, pyrazoleda was obtained in 35% yield wherl was used.

However, ligandd. 2 andL 4 only gave trace desired proddiet The pyrazolela could be obtained 43% yield when

L 3 was used. The yield could be further improveda®8vhen the temperature was enhanced td’@50

Table 3 Optimization reaction conditiohs

Ph
H,i_’tl Cull,jrlii_gljand ’i_’?l
O e, O
Entry Ligand Base Temp. Time Yield
1 L1 K.CGOs 120°C 48 h 35%
2 L2 K,COs 120°C 48 h trace
3 L3 K.COs 120°C 48 h 43%



L4 K,CO; 120°C 48 h trace

L3 K,CO; 150°C 80%
/I~
—NH HN— Q Q </ \;:\(/ \>
H,N  NH, —NH HN—
L1 L2

3 The reaction was set usi@h (0.25 mmol), Ph{1.25 mmol), base (0.53 mmol), solvent (1.0 nflsolated yields.

Having established the cyclocondensation reactioth @u-catalyzed N-arylation reaction as a reliadhel
efficient synthetic process, we then set out tattesize the bioactive molecules as shown in Schen#ith the
optimized reaction conditionsTéble 3, entry 5), 3-trifluoromethyl-#i-pyrazoles2b could couple with both
iodobenzene and 4-iodotoluene, giving the desiyedzoles4a and4b in excellent yields$cheme 4). When pyrazole
2d and 1-chloro-4-iodobenzene was applied as thersitgsSC-560 was obtained in 77%. Similarly, thecprsors of
Celecoxib and Mavacoxib4¢ and 4d) were prepared in 87% and 52% yields when N,Ndik4-
iodobenzenesulfonamide was severed. Subsequeatlty delecoxib and Mavacoxib could be obtained iardjtative
yields by simply treating with concentrated3®, (Scheme 4).
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Scheme 4 Copper-catalyzetli-arylatiorf



In Table 1, the formation of the allylic alcohd in water was perfectly consistent with our mechani
speculation, although the yield was only 7%. Wevasadering that whether similar allylic alcohols wia be formed
for other substrates. For this purpose, we thethduinvestigated two more examples. As showhahle 4, when 4-
bromo- or 4-hydroxyphenyl alkenones were treatetth WsNHNH, and NaOAc in water, the starting materials were
consumed completely in 8 h. Both pyraz@land allylic alcohoBB could be isolated, with the yields 8fare up to
60% @h).

Table 4 The reaction results in water

o - OH
TsNHNH,, NaOAc HN-N
X > \ +
Ar/\)I\CFa H,0, 80 °C, 8h ArMCFg Ar/\)\CF

3

1 2 3
- A Yield
nry ' Yield 2) Yield @)
1 CsHs- 13% Qa) 7% (3a)
2 4BrCHs  40% ph) 60% @h)

3 4-HO-GH,<  54% @m) 46% @m)

A tentative reaction mechanism for the base-prochotelocondensation reaction was then proposé&tlieme
5. The tosyl hydrazone sdtwas formed from the reaction of the ketdn@nd TsNHNH in the presence of base. The
reaction of hydrazone sditwas then a solvent-dependent process. When EtGHused as the solvent, a tandem
nucleophlic-cyclization and 1,5-H Shift occuredaftord the desired pyrazof Besides the pyrazo the Bamford-
Stevenes reaction product (diaZowvas formed simultaneously. A carbene-involved @isertion reaction occured to

give the allylic alcohoB.
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Scheme 5 Proposed reaction mechanism

3. Conclusions
In conclusion, we have developed an convenient prattical method to regioselectively synthesize 3-
trifluoromethylpyrazoles. The reaction was proposeproceed through a tandem cyclization and 1 ShkHt reaction,

which can be applied in the synthesis of the bisacompounds such as Celecoxib, Mavacoxib, an&&L-



4. Experimental
4.1 General information

Unless otherwise noted, all commercial reagentssaiekbnts were used as received from commerciaicesu
without further purification. Silica gel plates (&%4) were used for TLC monitoring and silica gédd3 400 mesh)
was used for flash column chromatography, °C, **F NMR spectra were recorded on a Bruker AVANCE 400
spectrometer (400 MHz fdH; 100 MHz for**C; 376 MHz for'%F), "H NMR and™*C NMR chemical shifts were
determined relative to internal standard TMS &t0 as an external standard. Chemical shiftsue reported in ppm,
and coupling constantd)(are in Hertz (Hz). The following abbreviationsreeised to explain the multiplicities: s =
singlet, d = doublet, t = triplet, q = quartet, nmaltiplet, br = broad. Infrared (IR) spectra weeeorded on a Nicolet
210 spectrophotometer. High-resolutionmass sp&cira obtained using a Thermo Fisher Scientific LHRQUItra in

positive direct analysis in real time (DART) iontizan method.

4.2 General procedure for the preparation of keto(g **™*

To a stirred solution of aldehydes (5 mmol), acatid (0.45g, 7.5 mmol), and piperidine (0.45g, faat) in dry
benzene (5 mL) at°C was added dropwise a solution of trifluoroacet(h@5g, 20 mmol) in dry benzene (5 mL).

The mixture was stirred for 2 h at this temperaand then 24 h at room temperature. The reactiengquanched with

a saturated aqueous solution of ammonium chlomdieveas extracted with EtOAc (15 mB). The organic layer was

washed with brine, and then dried over anhydrouSuso sulfate. After removal of the solvent, theides was
purified by column chromatography on silica gelhwitpentane to give the ketones. The yields of therex were
30% ~60%. The analytical data are in accordande té literature$>2’

(E)-1,1,1-trifluor o-4-phenylbut-3-en-2-one (1a)*: *H NMR (400 MHz, CDC)) 5 7.89 (d,J = 16.0 Hz, 1H), 7.57-
7.55 (m, 2H), 7.42-7.35 (m, 3H), 6.94 (b= 16.0 Hz, 1H)*C NMR (100 MHz, CDGJ) & 180.0 (q,3Jc.r = 35.0 Hz),
150.2, 133.4, 132.3129.2, 116.7, 116.4q, "Jc.r = 284.1 Hz)."*F NMR (376 MHz, CDG)) § -77.61.
(E)-1,1,1-trifluor 0-4-(p-tolyl)but-3-en-2-one (1b)™: 'H NMR (400 MHz, CDC}) § 7.94 (d,J = 15.9 Hz, 1H), 7.53
(d, = 7.6 Hz, 2H), 7.25 (d) = 7.6 Hz, 2H), 6.97 (d] = 15.9 Hz, 1H), 2.41 (s, 3HYC NMR (100 MHz, CDGJ) &
180.0 (g,3Jc.F = 35.0 Hz), 150.2, 143.4, 130.7, 130.0, 129.3,8.16, *Jc.- = 289.0 Hz), 115.6, 21.7°F NMR (376
MHz, CDCL) & -77.55.

(E)-1,1,1-trifluor 0-4-(4-isopr opylphenyl)but-3-en-2-one (1c): *H NMR (400 MHz, CDC)) § 7.96 (d,J = 15.9 Hz,
1H), 7.57 (dJ = 8.0 Hz, 2H), 7.30 (d] = 8.0 Hz, 2H), 6.98 (d] = 15.9 Hz, 1H), 2.99-2.92 (m, 1H), 1.27 {& 6.9
Hz, 6H).”*C NMR (100 MHz, CDG)) 5 180.0 (q. Jc.r = 35.0 Hz), 154.1, 150.2, 131.1, 129.5, 127.4,9,1716.5 (q,
YJc.= 289.0 Hz), 115.1, 34.3, 23.8%F NMR (376 MHz, CDGJ) § -77.54. IR (KBr) v 2966, 1717, 1600, 1565, 1512,
1421, 1265, 1202, 1147, 1055, 986, 827, 68T-MS (El) calcd. For CyaH13F0 [M]*: 242.1, foundm/z242.0.
(E)-1,1,1-trifluor 0-4-(4-methoxyphenyl)but-3-en-2-one (1d)*: *H NMR (400 MHz, CDC}) & 7.84 (d,J = 15.8 Hz,
1H), 7.51 (d,J = 8.3 Hz, 2H), 6.86 (d] = 8.3 Hz, 2H), 6.80 (d] = 15.8 Hz, 1H), 3.78 (s, 3H)*C NMR (100 MHz,
CDCl) 8 178.9 (q,3Jc. = 35.0 Hz), 162.2, 148.9, 130.3, 125.1, 116.8Jgr = 289.1 Hz), 114.1, 113.7, 113.1, 54.5.
% NMR (376 MHz, CDGJ) & -77.50.

(E)-4-(4-(dimethylamino)phenyl)-1,1,1-trifluor obut-3-en-2-one (16)®: *H NMR (400 MHz, CDC}) & 7.93 (d,J =
15.5 Hz, 1H), 7.53 (d) = 8.5 Hz, 2H), 6.77 (d] = 15.5 Hz, 1H), 6.67 (d] = 8.5 Hz, 2H), 3.08 (s, 6H)°C NMR
(100 MHz, CDC}) 8 179.4 (9. Jc = 35.0 Hz), 153.2, 150.9, 131.8, 121.2, 117.0Jgs = 289.0 Hz), 111.7, 110.4,
40.1. F NMR (376 MHz, CDG)) § -77.14.



(E)-1,1,1-trifluor 0-4-(2-methoxyphenyl)but-3-en-2-one (1f)*:: *H NMR (400 MHz, CDC}J) § 8.18 (d,J = 16.1 Hz,
1H), 7.49 (dJ = 7.7 Hz, 1H), 7.38-7.34 (m, 1H), 7.04 (o5 16.1 Hz, 1H), 6.92-6.89 (m, 1H), 6.86 Jc5 8.4 Hz, 1H),
3.83 (s, 3H).*C NMR (100 MHz, CDGJ) 5 180.5 (q2Jc.r = 35.0 Hz), 159.6, 145.8, 133.8, 130.2, 122.3,4,2017.0,
116.6 (9,'Jc.F = 289.0 Hz), 111.4, 55.6°F NMR (376 MHz, CDG)) § -77.56.

(E)-4-(4-chlor ophenyl)-1,1,1-trifluor obut-3-en-2-one (1g)**: *H NMR (400 MHz, CDC}) & 7.91 (d,J = 16.0 Hz,
1H), 7.57 (d,J = 8.0 Hz, 2H), 7.42 (dJ = 8.0 Hz, 2H), 6.98 (dJ = 16.0 Hz, 1H)."*C NMR (100 MHz, CDG)) &
179.9 (q.2Jc£ = 36.0 Hz), 148.5, 138.5, 131.8, 130.3, 129.6,1,1716.3 (g Jc.~= 289.0 Hz).**F NMR (376 MHz,
CDCl) & -77.67.

(E)-4-(4-bromophenyl)-1,1,1-trifluor obut-3-en-2-one(1h)** 'H NMR (400 MHz, CDCJ) & 7.90 (d,J = 15.9 Hz,
1H), 7.60 (d,J = 8.3 Hz, 2H), 7.50 (dJ = 8.3 Hz, 2H), 7.00 (dJ = 15.9 Hz, 1H)."*C NMR (100 MHz, CDG)) &
180.0 (g, %Jcr = 35.0 Hz), 148.6, 132.6, 132.2, 130.5, 127.0,1,1716.3 (q1Jc.r = 289.0 Hz).*F NMR (376 MHz,
CDCly) & -77.65.

(E)-1,1,1-trifluor 0-4-(4-fluor ophenyl)but-3-en-2-one (1i)*>: *H NMR (400 MHz, CDCJ) & 7.93 (d,J = 15.9 Hz,
1H), 7.74 — 7.58 (m, 2H), 7.17-7.13 (m, 2H), 6.84)(= 15.9 Hz, 1H).*C NMR (100 MHz, CDGJ) § 180.0 (92 Jc.¢
= 35.0 Hz), 165.7 (q-Jc.r = 253.0 Hz), 148.7, 131.4,129.7, 116.6 {,r = 22.0 Hz), 116.0 (qlc.r = 3.0 Hz). °F
NMR (376 MHz, CDC}) & -77.66, -105.61.

(E)-1,1,1-trifluor 0-4-(2-fluor ophenyl)but-3-en-2-one (1j)**: *H NMR (400 MHz, CDC}) 5 8.01 (d,J = 16.2 Hz,
1H), 7.56 (t,J = 7.4 Hz, 1H), 7.41 (dd] = 13.2, 6.5 Hz, 1H), 7.19 — 7.09 (m, 2H), 7.06J¢ 15.9 Hz, 1H)."°C
NMR (100 MHz, CDC}) 5 180.3 163.5, 142.7, 133.8, 130.1, 124.8, 12119,0], 116.7, 116.5"%F NMR (376 MHz,
CDCl) & -77.83, -112.02.

(E)-4-(2-bromophenyl)-1,1,1-trifluor obut-3-en-2-one (1k)*: 'H NMR (400 MHz, CDC}) 5 8.37 (d,J = 15.9 Hz,
1H), 7.73-7.66 (m, 2H), 7.41-7.33 (m, 2H), 6.96J¢;, 15.9 Hz, 1H)."*C NMR (100 MHz, CDG)) & 182.1 (9 Jc.r =
35.0 Hz), 160.9, 148.23, 133.9, 133.3, 133.0, 12R7.9, 126.9, 123.5, 119.1 (gc.r = 289.0 Hz).*°F NMR (376
MHz, CDCL) & -77.49.

(E)-1,1,1-trifluor 0-4-(4-(trifluoromethyl)phenyl)but-3-en-2-one (11)*: *H NMR (400 MHz, CDC}) & 7.89 (d,J =
16.0 Hz, 1H), 7.68 (dJ = 8.2 Hz, 2H), 7.64 (dJ = 8.2 Hz, 2H), 7.00 (dJ = 16.0 Hz, 1H).**C NMR (100 MHz,
CDCl) §179.8 (q,Jc.r = 35.0 Hz), 147.9, 136.5, 133.5 {dc.r = 33.0 Hz), 129.3, 126.4, 123.5 {dec.r = 271.0 Hz),
118.9, 116.2 (qiJc.r = 289.0 Hz)."°F NMR (376 MHz, CDG)) § -63.14, -77.74.
(E)-1,1,1-trifluor 0-4-(4-hydr oxyphenyl)but-3-en-2-one (1Im) : 'H NMR (400 MHz, CDC}) § 7.93 (d,J = 16.0 Hz,
1H), 7.57 (d,J = 8.4 Hz, 2H), 6.91-6.86 (m, 2H), 6.88 (b= 16.0 Hz, 1H), 5.67 (s, 1HJC NMR (100 MHz, CDG))
8 180.4 (92Jc.r = 35.0 Hz), 159.9, 150.5, 131.8, 126.2, 116.6Jg:= 289.0 Hz), 116.4, 113.9°F NMR (376 MHz,
CDCL) & -77.49. IR (KBr)v 2923, 1705, 1576, 1514, 1444, 1273, 1200, 11662,1831, 708.GC-MS (EI) calcd.
for CygH-F:0, [M]*: 216.0, foundm/z216.0.

(3E,5E)-1,1,1-trifluor o-6-phenylhexa-3,5-dien-2-one (1n)*": *H NMR (400 MHz, CDCJ) § 7.71 (dd,J = 14.8, 11.4
Hz, 1H), 7.50 (dJ = 6.0 Hz, 2H), 7.38 -7.37(m, 3H), 7.11 (b5 15.5 Hz, 1H), 6.95 (dd, = 15.2, 11.4 Hz, 1H), 6.53
(d, J = 15.2 Hz, 1H)."*C NMR (100 MHz, CDGJ)) & 180.0 (q,2Jc.r = 35.0 Hz), 150.0, 146.2, 135.3, 130.4, 129.1,
127.9, 125.9, 119.8, 116.5 (dc.r = 289.0 Hz)."*F NMR (376 MHz, CDG)) § -77.41.

(E)-1,1,1-trifluor 0-4-(furan-2-yl)but-3-en-2-one (10)*>: 'H NMR (400 MHz, CDCJ) & 7.68 (d,J = 15.5 Hz, 1H),
7.61 (s, 1H), 6.90 (s, 1H), 6.87 @z 15.5 Hz, 1H), 6.58 (s, 1H}*C NMR (100 MHz, CDG)) 5 179.8 (q,Jc.r =
35.0 Hz), 150.6, 147.0, 134.8, 119.9, 116.4Jg~= 288.0 Hz), 113.9, 113.5°F NMR (376 MHz, CDG)) § -77.70.
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4.3 General procedure for the preparation of pylazd?)

To a 25 mL Schlenk were added ketone (0.25 mnpaid)uenesulfonylhydrazide (0.275 mmol, 1.1 eq),isod
acetate(0.275 mmol, 1.1 eq) and EtOH (2 mL). Thetuné was stirred at 8Q for 12 h and allowed to cool down to
room temperature. After removal of the solvent, tbsidue was purified by column chromatography iinasgel
(hexane/EtOAc) or crystallization to afford the @smles 2. The analytical data are in accordance with the
literatures'®2°
5-Phenyl-3-(trifluoromethyl)-1H-pyrazole (2a)'®: Yield 99%. solid, mp: 110-112C. *H NMR (400 MHz, CDC})) &
11.90 (s, 1H), 7.51-7.50 (m,2H), 7.38-7.36 (m, 36468 (s, 1H)°*C NMR (100 MHz, CDG)) § 145.1, 144.0 (fJc.r
= 37.7 Hz), 129.4, 129.3, 128.0, 125.7, 122.5Jg¢ = 267.0 Hz), 101.2°F NMR (376 MHz, CDGJ) 5 -62.28.
5-(p-Tolyl)-3-(trifluoromethyl)-1H-pyrazole (2b)*®: Yield 99%. solid, mp: 103-10%. *H NMR (400 MHz, CDCJ))

8 7.46 (d,J = 7.8 Hz, 2H), 7.28 (d] = 7.8 Hz, 2H), 6.75 (s, 1H), 2.41 (s, 3H)C NMR (100 MHz, CDGJ) & 145.1,
142.2 (9 )¢ = 35.9 Hz), 139.6, 130.0, 125.6, 120.6'(f,- = 266.6 Hz), 100.8, 21.3°F NMR (376 MHz, CDCJ) &
-62.31.

5-(4-1sopropylphenyl)-3-(trifluoromethyl)-1H-pyrazole (2c): Yield 91%. solid, mp: 103-108C. '"H NMR (400
MHz, CDC}) 611.05 (s, 1H),7.50 (dl = 8.0 Hz, 2H), 7.32 (d] = 8.0 Hz, 2H), 6.73 (s, 1H), 2.99 — 2.91 (m, 1HP8
(d,J = 6.9 Hz, 6H)*C NMR (100 MHz, CDGJ) § 150.6, 144.9 (f.Jc.r = 38.2 Hz), 128.9, 127.4, 126.3, 125.7, 125.5,
119.8 (9,"Jc.r = 267.1 Hz), 100.8, 34.0, 23.8F NMR (376 MHz, CDGJ) 5 -62.21. IR (KBr)v 2965, 1618, 1498,
1461, 1430, 1250, 1164, 985, 805 trilRMS (ESI) calcd. for GH3FN, [M+H]*: 255.1031, foundm/z255.1102.
5-(4-M ethoxyphenyl)-3-(trifluoromethyl)-1H-pyrazole (2d)*®: Yield 90%. solid, mp: 135-138C. '"H NMR (400
MHz, CDCk) § 11.08 (s, 1H), 7.50 (d}, = 8.4 Hz, 2H), 6.97 (d] = 8.4 Hz, 2H), 6.67 (s, 1H), 3.85 (s, 3HC NMR
(100 MHz, CDC}) & 160.5, 144.9, 144.5 (GJcr = 37.7 Hz), 127.1, 121.1 (§Jc.= 267.0 Hz), 120.7, 114.7, 100.4,
55.4."F NMR (376 MHz, CDGJ) § -62.22.

N,N-Dimethyl-4-(3-(trifluoromethyl)-1H-pyr azol-5-yl)aniline (2e): Yield 30%. solid, mp: 120-12¢. 'H NMR
(400 MHz, CDC}) & 10.39 (s, 1H),7.36-7.34 (m, 2H),6.68 (s, 3H), §&71H)."*C NMR (100 MHz, CDG)) & 151.0,
145.4, 126.6,120.0 (dJc.r = 266.7 Hz), 115.7, 112.4, 99.6, 46°B.NMR (376 MHz, CDG)) 5 -62.36. IR (KBr)v
2919, 2850, 1618, 1438, 1363, 1256, 1129, 980,cr98 HRMS (ESI) calcd. for GH1F:N5 [M+H]*: 256.0983,
found:m/z256.1055.

5-(2-M ethoxyphenyl)-3-(trifluoromethyl)-1H-pyr azole (2f)*®: Yield 66%. solid, mp: 80-82C.*H NMR (400 MHz,
CDCl) 5 11.64 (s, 1H), 7.65 (d, = 7.8 Hz, 1H), 7.39-7.35 (m, 1H), 7.10-7.05 (m,) 26187 (s, 1H), 4.03 (s, 3HY’C
NMR (100 MHz, CDC}) & 156.0, 143.0 ((fJc.r = 38.2 Hz), 142.1, 130.2, 128.0, 121.7, 121.5Jgs = 266.7 Hz),
116.3, 111.8, 100.9, 56.5F NMR (376 MHz, CDG)) 5 -62.17.

5-(4-Chlor ophenyl)-3-(trifluoromethyl)-1H-pyrazole (2g)*®: Yield 98%. solid, mp: 150-15%. 'H NMR (400 MHz,
CDCl) 6 12.21 (s, 1H), 7.50 (d,= 8.0 Hz, 2H), 7.42 (d] = 8.0 Hz, 2H), 6.73 (s, 1H}°C NMR (100 MHz, CDG)) §
144.4, 144.3 (fcr = 38.6 Hz), 135.5, 129.5, 126.9, 126.4, 122.3,818, "Jc.= 266.6 Hz), 101.4"°F NMR (376
MHz, CDCl) & -62.16.

5-(4-Bromophenyl)-3-(trifluoromethyl)-1H-pyrazole (2h)*®: Yield 91%. solid, mp: 150-15%. *H NMR (400 MHz,
CDCl) 5 11.84 (s, 1H), 7.60 (d,= 8.0 Hz, 2H), 7.45 (d] = 8.0 Hz, 2H), 6.77 (s, 1H}°C NMR (100 MHz, CDG)) §
144.4, 143.6 (oJc.r = 38.2 Hz), 132.6, 127.2, 127.0, 123.7, 120.9Jg+~ 267.1 Hz), 101.5'F NMR (376 MHz,
CDCly) 5 -62.19.

10



5-(4-Fluor ophenyl)-3-(trifluoromethyl)-1H-pyrazole (2i)™: Yield 99%. solid, mp: 99-106C. *H NMR (400 MHz,
CDCly) 8 11.71 (s, 1H), 7.58-7.55 (m, 2H), 7.18-7.14 (m), 26473 (s, 1H)**C NMR (100 MHz, CDGJ) & 163.3 (d,
Uer = 248.5 Hz), 144.5, 143.4 @ = 38.6 Hz), 127.6, 124.3, 119.6 {de.r= 267.1 Hz), 116.5 (fc.r = 22.0 Hz),
101.2.°F NMR (376 MHz, CDG)) § -62.24, -110.91.

5-(2-Fluor ophenyl)-3-(trifluoromethyl)-1H-pyrazole (2j): Yield 51%. solid, mp: 88-95C. *H NMR (400 MHz,
CDCl;) § 11.59 (s, 1H), 7.65 (d, = 6.8 Hz, 1H), 7.39 (d] = 5.5 Hz, 1H), 7.27-7.22 (m, 2H), 6.90 (s, 1HC NMR
(100 MHz, CDC}) 5 159.3 (d,}Jc..= 247.0 Hz), 139.4, 130.9, 130.8, 127.9, 125.2,7,1916.6 (q2Jc.r = 23.0 Hz),
115.8, 102.5, 100.0°F NMR (376 MHz, CDG)) & -62.30, -115.34. HRMS (ESI) calcd. forgHsFsN, [M+H]*:
231.0467, foundm/z231.0538.

5-(2-Bromophenyl)-3-(trifluoromethyl)-1H-pyrazole (2k): Yield 10%. solid, mp: 160-16%C. 'H NMR (400 MHz,
CDCl;) & 10.85 (s, 1H), 7.72 (d,= 8.0 Hz, 1H), 7.51 (d] = 7.6 Hz, 1H), 7.44-7.41 (m, 1H), 7.32-7.29 (m)16184
(s, 1H).**C NMR (100 MHz, CDG)) & 142.9 (q,Jc.r = 38.2 Hz), 134.1, 130.9, 130.8, 129.1, 128.0,.0,2721.4,
119.2 (9,"Jc.F = 266.7 Hz), 104.5°°F NMR (376 MHz, CDGJ) § -62.19.IR (KBr)v 3153, 2926, 1711, 1600, 1566,
1503, 1471, 1250, 1125, 983, 820 trAIRMS (ESI) calcd. for GHeBrFsN, [M+H] *: 290.9666, foundm/z290.9737.
3-(Trifluoromethyl)-5-(4-(trifluoromethyl)phenyl)-1H-pyrazole (21)'®: Yield 88%. solid, mp: 110-1£6. 'H NMR
(400 MHz, CDC})57.70 (s, 4H), 6.84 (s, 1H)°C NMR (101 MHz, CDG)) § 144.2, 131.4, 126.3, 126.3, 126.0, 125.1,
121.0 (q,Jc..= 289.0 Hz), 102.2°F NMR (376 MHz, CDG)) § -62.20, -62.86. IR (KBry 3223, 2947, 1582, 1493,
1328, 1253, 1065, 981, 842, 816tm

4-(3-(Trifluoromethyl)-1H-pyrazol-5-yl)phenol (2m)*: Yield 50%. solid, mp: 144-14%C. *H NMR (400 MHz,
DMSO0) 5 13.82 (s, 1H), 9.84 (s, 1H), 7.64 (tz 8.0 Hz, 2H), 6.86 (d] = 8.0 Hz, 3H), 6.99 (s, 1H}*C NMR (100
MHz, DMSO0) § 158.1, 144.3, 141.6 (dc.r = 73 Hz), 127.1, 119.1, 115.8, 99’8 NMR (376 MHz, DMSO) -
60.41. IR (KBr)v 3565, 2254, 2127, 1667, 1057, 993, 825 ctHRMS (ESI) calcd. for GH:FaN,O [M+H]":
229.0510, foundm/z229.0582.

5-Styryl-3-(trifluoromethyl)-1H-pyrazole (2n)*®: Yield 44%. solid, mp: 89-92C. '"H NMR (400 MHz, CDC}) &
11.48 (s, 1H), 7.49-6.93 (m, 7H), 6.70 (s, 1HE NMR (100 MHz, CDG)) $143.5,143.3(q°Jc.r = 38.4 Hz), 135.6,
133.1, 128.9, 128.8, 126.8, 121.7 (@ = 266.6 Hz), 113.7, 101.8F NMR (376 MHz, CDGCJ) 5 -62.14.
5-(Furan-2-yl)-3-(trifluoromethyl)-1H-pyrazole (20)*®: Yield 31%. solid, mp: 41-43C. 'H NMR (400 MHz,
CDCly) 8 11.56 (s, 1H), 7.48 (s, 1H), 6.71-6.68 (m, 2H516(s, 1H)."*C NMR (100 MHz, CDGJ) & 143.9, 143.1 (q,
Jor = 38.4 Hz), 136.3, 120.1 (§Jc.r = 266.6 Hz), 111.8, 108.1, 1004F NMR (376 MHz, CDG)) 5 -62.40. IR
(KBr) v 2850, 1712, 1507, 1372, 1263, 1144, 975, 806, e4?. HRMS (ESI) calcd. for gHsFsN,O
[M+H] *:203.0354, foundm/z203.0425.

(E)-1,1,1-trifluor o-4-phenylbut-3-en-2-ol (3a)*: Yield 7%.'H NMR (400 MHz, CDC}) § 7.43-7.33 (m, 2H), 6.87-
6.83 (m, 3H), 6.23-6.17 (m, 1H), 4.63 (s, 1H), 2(@51H).”*C NMR (100 MHz, CDGJ)) § 136.3, 135.4, 128.7, 126.9,
125.7, 120.7, 100.0, 71.6 Jg,- = 32.0 Hz) **F NMR (376 MHz, CDGJ) & -79.05.
(E)-4-(4-bromophenyl)-1,1,1-trifluor obut-3-en-2-ol (3h)?: Yield 60%. '"H NMR (400 MHz, CDC}) & 7.48 (dJ =
8.0,2H), 7.27 (dl = 8.0,2H), 6.81 (dJ = 16.0 Hz, 2H), 6.20 (dd, = 16.0, 4.0 Hz, 1H), 4.64 (d,= 4.0 Hz, 1H), 2.35
(s, 1H).**C NMR (100 MHz, CDG)) § 135.0, 134.3, 131.9, 128.4, 122.7, 121.4, 10010} {q,Jc.r = 32.0 Hz)."F
NMR (376 MHz, CDC}) & -79.05.

(E)-4-(4,4,4-trifluor o-3-hydr oxybut-1-en-1-yl)phenol (3m): Yield 46%. 'H NMR (400 MHz, DMSOY 9.62 (s, 1H),
7.32-7.31 (m, 2H), 6.76-6.72 (m, 3H), 6.44-6.42 {H),6.04-5.98 (m, 1H), 4.64-4.63 (m, 1HIJC NMR (100 MHz,
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DMSO0) 6 157.7, 134.5, 128.1, 126.6, 123.8, 119.0, 11329 €3,Jcr = 30.2 Hz).lgF NMR (376 MHz, DMSOY -
77.28. IR (KBr)v 3423, 2253, 2127, 1656, 1027, 825, 764, 629.d8C-MS (El) calcd. for @HgoF;0, [M]*: 218.0,
found:m/z217.9.

4.4 General procedure for the preparation of Ceteband other compounds

To a 25 mL Schlenk were added pyrazole (1.0 eg5 Grnol), Cul (5 mol%), KCOs (2.1 eq), N,N*-
dimethylcyclohexanediamine (20 mol%), iodobenzeriedtve (5.0 eq), 1,4-dioxane (1 mL) and a stigrivar under
argon. The mixture was stirred at 1%Dfor 36h before cooling down to room temperatiitee reaction mixture was
passed through a plug of silica gel, and washeld BiOAc. After removal of the solvent, the residuas purified by
column chromatography on silica gel (hexane/EtOid@fford the coupling produdtor SC-560. The analytical data
are in accordance with literaturés®
1-Phenyl-5-(p-tolyl)-3-(trifluor omethyl)-1H-pyrazole (4a)**: Yield 80%.'H NMR (400 MHz, CDC}) § 7.35-7.32
(m, 4H), 7.11 (s, 4H), 6.72 (s, 1H), 2.35 (s, 3HZ NMR (100 MHz, CDG)) § 144.8, 142.9 (ofJc.r = 38.2 Hz),
139.4, 139.1, 129.4, 129.1, 128.6, 128.4, 126.8,512121.2 (q\Jc.r = 266.7 Hz), 105.3, 21.3F NMR (376 MHz,
CDCly) § -62.13.
1,5-Di-p-tolyl-3-(trifluor omethyl)-1H-pyrazole (4b)**: Yield 87%.'"H NMR (400 MHz, CDC}) § 7.20-7.11 (m, 8H),
6.70 (s, 1H), 2.36 (s, 3H), 2.34 (s, 3HC NMR (100 MHz, CDGJ) § 144.7, 143.1 (g)c.r = 38.2 Hz), 138.9, 138.4,
136.9, 129.6, 129.3, 128.6, 126.4, 125.3, 105.8,21.1%F NMR (376 MHz, CDG)) 6 -62.19.
N,N-Dibenzyl-4-(5-(p-tolyl)-3-(trifluor omethyl)-1H-pyr azol-1-yl)benzenesulfonamide (4c)™®: Yield 87%."H NMR
(400 MHz, CDC}) 5 7.80 (d,J = 8.3 Hz, 2H), 7.45 (d] = 8.3 Hz, 2H), 7.24-7.07 (m, 14H), 6.75 (s, THR24(s, 4H),
2.38 (s, 3H)"*C NMR (100 MHz, CDCJ) § 145.2, 143.9 (fJc.r = 38.2 Hz), 140.2, 139.8, 135.2, 129.8, 128.7,8,28
128.2,127.9, 125.8, 125.5, 120.6 @« = 266.7 Hz), 106.4, 50.6, 213F NMR (376 MHz, CDGJ) & -62.41.
N,N-Dibenzyl-4-(5-(4-fluor ophenyl)-3-(trifluor omethyl)-1H-pyr azol-1-yl)benzenesulfonamide (4d)*®: Yield 52%.
'H NMR (400 MHz, CDC}) & 7.81 (d,J = 7.8 Hz, 2H), 7.43 (d] = 7.8 Hz, 2H), 7.23 (s, 8H), 7.06 (s, 6H), 6.77 (s
1H), 4.33 (s, 4H)™*C NMR (101 MHz, CDG)) § 163.3 (d,\Jc.r = 249.9 Hz), 144.1, 142.0, 140.6, 135.2, 130.8,42
128.3, 127.9, 125.5, 124.8, 119.7, 116.4°04 - = 21.9 Hz), 106.6, 50.5°F NMR (376 MHz, CDGJ) 5 -62.47, -
110.17.
1-(4-Chlor ophenyl)-5-(4-methoxyphenyl)-3-(trifluor omethyl)-1H-pyr azole (SC-560)*: Yield 77%."H NMR (400
MHz, CDC}) § 7.33 (d,J = 8.0 Hz, 2H), 7.26 (d] = 8.0 Hz, 2H), 7.13 (d] = 8.0 Hz, 2H), 6.87 (d] = 8.0 Hz, 2H),
6.68 (s, 1H), 3.82 (s, 3H)Y’C NMR (100 MHz, CDGJ) § 160.3, 144.7, 143.4 (G)c = 38.0 Hz), 137.9, 134.2, 130.2,
129.3, 126.6, 121.3 (§Jc.r = 264.0 Hz), 121.2, 114.3, 105.4, 555 NMR (376 MHz, CDG)) § -62.33.

To a 5 mL round bottom flask were addéd or 4d(0.1mmol), concentrated ,BO, (1 mL). The reaction was
stirred at room temperature for 8h, and then wake@ddo water (10 mL) carefully. The mixture wasragted with
Et,O. The organic layer was dried over,N@)y, filtered, and then concentrated in vacuo. Th&ueswas purified by
column chromatography on silica gel (DCM/EtOAc #1)o afford Celecoxib or Mavacoxib (99% yield) asvhite
solid. The analytical data are in accordance viténatures:®
4-(5-(p-Tolyl)-3-(trifluor omethyl)-1H-pyr azol-1-yl)benzenesulfonamide (Celecoxib)™®: Yield 99%.'H NMR (400
MHz, CDCk) & 7.90 (d,J = 8.3 Hz, 2H), 7.47 (d] = 8.3 Hz, 2H), 7.18 (d] = 7.4 Hz, 2H), 7.11 (d] = 7.7 Hz, 2H),
6.74 (s, 1H), 4.97 (s, 2H), 2.38 (s, 3HC NMR (100 MHz, CDGJ) & 145.3, 142.6, 141.3 (de.r = 38.0 Hz), 139.8,
138.4,129.8, 128.7, 127.9, 127.5, 125.7, 125.6,4,21.3 %F NMR (376 MHz, CDG)) § -62.46.
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4-(5-(4-Fluor ophenyl)-3-(trifluoromethyl)-1H-pyr azol-1-yl)benzenesulfonamide (M avacoxib)®®: Yield 99%. *H
NMR (400 MHz, CDC}) 5 7.91 (d,J = 7.6 Hz, 2H), 7.45 (d] = 7.5 Hz, 2H), 7.24 () = 7.5 Hz, 2H), 7.08 () = 7.5
Hz, 2H), 6.76 (s, 1H), 5.18 (s, 2HJC NMR (100 MHz, CDGJ) § 163.3 (d,"Jc.r = 249.7 Hz), 144.4, 144.2(§c.r =
38.5 Hz), 144.0, 142.2, 141.7, 130.9, 130.8, 12125,5, 124.8, 120.9 (dJc.r = 267.8 Hz), 116.5, 116.3, 106°F
NMR (376 MHz, CDC})) § -62.52, -110.15.
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