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1. Introduction

The 3- and 5-trifluoromethylpyrazole substructures are - o) CF,
commonly present in many pharmaceutl_cals aryo_l biologically 7 oumso /kCFa CU(OAT), (2.0 mol%) F(
active compounds, including the non-steroidal anti-inflammatory. . T R Z N = 5 RN
drug celecoxit, anticancer agent SC-56@nti-viral agent AS- ° & 10°° , CHCly,reflux R
136A; anticoagulant drug razaxab&rnsecticide DP-23 and 16 examples RONHINH, 21 examples
herbicide fluazolat&.Generally, 3- or 5-trifluoromethylpyrazole  vyieldupto95% R = phenyl, trimethylsilyl, n-butyl, tolyl ~ Yield up to 96%
derivatives are prepared via the condensation of 1,1,1- R? = t-butyl, aryl

trifluoromethyl-1,3-diketones, or their synthetic equivalents, with ] ] ]
hydrazined. However, when applied to pharmaceutical Scheme 1. [3+2] cyclocondensation reaction for the selective
manufacturing, these methods often suffer from limitations, sucynthesis of 3- and 5-trifluoromethylpyrazoles

as low functional-group tolerance and formation of unwanted . . i _ )
regioisomers. Recently, we developed a highly facilg'egioselectiveN-methylation reactiofl. Alternatively, Harrity et
methodology for the regioselective synthesis of 3- and 5al_. reported a formal synthesis of fluazolate whereby the 5-
trifluoromethylpyrazole compounds via  the [3+2 trifluoromethylpyrazole core structure could be accessed through
cyclocondensation  of trifluoromethyl-ynones  with reaction of 4-trifluoromethylsydnone with a suitable alkjfhin

hydrazineg. As shown in Scheme 1, the regioselectivity resultingontinuation of our efforts to synthesize biologically active
from these reactions can be readily shifted via minoffiflioromethylpyrazole —compounds, we expanded the
modifications to the reaction procedures to preferentially producgforementioned  regioselective  [3+2]  cyclocondensation,
either 3- or 5-trifluoromethylpyrazole products. The syntheticedifying the trifluoromethyk,p-ynone intermediate, to
procedure is operationally very simple. Yields of products ar&xpedite the preparation of fluazolate. The retrosynthesis of

generally excellent, and the tolerance of functionality is highflua}zplated is dbepictﬁld ind ?chenﬁe Zd The quget mo,':tigle is
These features render it an attractive alternative to existingticiPated to be achieved from the advanced intermetj

methods. ynthesis of which will proceed from trifluoromethyB-ynone

2 via [3+2] cyclocondensation with hydrazine. A more
Fluazolate (JV-485), developed by Monsanto and Bayer AG, is &raightforward pathway which usirfg-methylhydrazine in the
protoporphyrinogen IX oxidase-inhibiting herbicidesed on  [3+2] cyclocondensation is not preferred because that compound
winter wheat The commercial route to this product consists ofis highly toxic and carcinogenic. Compoufds proposed to be
two key steps: a classic cyclization reaction of the 1,1,1prepared from compourglvia a synthetic sequence of isopropyl
trifluoromethyl-1,3-diketone intermediate with hydrazine and a esterification followed by a Sonogashira coupling reaction.
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from "the "signal & = 6.82-6.74 ppm) of 5-phenyl-3-
NN F trifluoromethyl-1H-pyrazoles With the key intermediate in hand,
\\
Br

HN-N  F 0
F\C o FCTN ! FiC” N F we then attempted to introduce a methyl group at the 1-position
N = of the pyrazole ring for the synthesis of the penultimate
cl . cl 2 al intermediate 9a. Initial attempts, using general reaction
0”0
: = 3,

o conditions (1.5 equivalents,&Os;, 1.5 equivalents Ci#{f DMF,
fluazolate rt), yielded two diasteromeric compour@sand9b in a ratio of
3:2. The regiochemistry of@a and 9b was assigned by

F comparison of theiftH NMR spectrum to those of structurally
: similar compounds, which were previously reported in the
— o literature. The '"H NMR spectrum of9 displayed N-methyl
signals ats = 4.09 ppm which is consistent with the chemical
0", oH shift 6 = 4.03 ppm) of 1-methyl-3-phenyl-5-(trifluoromethyl)-
1H-pyrazole' In the'H NMR spectrum oBb, a sharp singlet at
Scheme 2 The retrosynthesis of fluazolate & = 3.88 ppm is attributed fd-methyl group and consistent with
the chemical shift § = 3.92 ppm) of 1-methyl-5-phenyl-3-
(trifluoromethyl)-1H-pyrazole™
2. Results and discussion

Our endeavor to synthesize fluazolate began with synthesis of F F F
compound 3. Thus, starting with commercially available I, NalOs, HpSO4 ! K,COs, I-Prl !
compound4 and treating it with iodine in the presence of sodium : ' - al
iodate gave the required compouhith quantitative yield (99%). © n8h oo% ' DMF, 6 h, 96%
Esterification of compoun@, giving compoundb, was readily ~ ©~, 1 0 3 OH © )0\5

achieved by treatin@ with isopropyl iodide in the presence of
potassium carbonate in DMF. To incorporate the trifluoromethyl

F
. . . . . ™S F X
ynone functionality intc, the procedures involving the coupling  pypepn,), cu, Et:N X TBAF, THF S
reaction of 1,1,1-trifluoro-4-(trimethylstannyl)but-3-yn-2-6he - . N
with compound5 were initially examined. Unfortunately, all =—-Tms.THF Cl 0°C, 30 min
6 o~ O
X B

attempts failed to directly convert compousido 2. In another 2, refitg 3% 96%
approach, a trimethylsilyl acetylene group was introduced by a
typical Sonogashira cross-coupling reactibwherein compound

5 was mixed with trimethylsilyl acetylene, Cul and Pd(BPm

THF to produce the desired compouhiéh 93% vyield, which in ~ Buli, THF,-60°C,30min  F3C™ "\
turn underwent desilylation using TBAF in THF to give , CF4COOEt, BF; O,
compound? in a virtually quantitative yield (96%). Treatment of _ggoc 1 62% Cl' Method B: NH,NHyH,0,
compound?7 with n-BuLi at -60 °C in THF was followed by 2 P~0  Cu(OAc), CHyCly, reflux,
trifluoroacetylation with ethyl trifluoroacetate to give the L 2ho4%

required intermediat@ with a yield of 62%. Subsequently, the

key [3+2] cyclocondensation was investigated, following the  HNN  F _ NN F Br. ACOH
procedure described previously for the selective synthesis of 55¢7 methylation ¢ - T fuasolate
cl
1 o )O\

[0}

F Method A: NHoNH,H,0,
DMSO0, 110 °C, 12 h, 23%

trifluoromethylpyrazoles (vide supra). Unfortunately, treatment
of compound2 with hydrazine hydrate in DMSO at 110 °C for
12 h provided compound in only 23% vyield (method A,
Scheme 3). Attempts to increase the reaction yield by modifying
the reaction temperature and reagent amounts were met with littlg

see Table 1 80°C, 70 h
85%
%9a 7o

success. The consistently low yield of the desired product NNRE
prompted us to search for another approach to its preparation. It 7 7
was reported that 3-(trifluoromethyl)-1H-pyrazoles tautomerized 8 cl

into 5-(trifluoromethyl)-1H-pyrazoles under basic conditidn.
We then speculated that with the Cu(OAcatalyzed [3+2]
cyclocondensation protocol for the synthesis of the 3-
fluoromethylpyrazole congener8, followed by a facile . . .
tautomerization, we could achieve compoundn practice, 2.0 Spheme3 Synthesis of fluazglate via [3+2] cyclocondensation of
mol% Cu(OAc) catalyzed the [3+2] cyclocondensatior2ofith trifluoromethyl.f-ynone2 with hydrazine hydrate

hydrazine hydrate and gave compounid excellent yield (94%, . . . . .

method B, Scheme 3), but it did not afford the expedted After a brief survey of the reaction cond|t|_ons, |nclud|_n_g reagents,
Currently, it remained uncertain that the formation of compoun&c’lven.tS and temperatures, the optimal conditions were
1 was directly resulted from the Cu(OAckatalyzed-[3+2] estabhshe_d. As show_n in Entry 4 of Talclle L compo]erbs_,
cyclocondensation or through rapid tautomerization fromirédted with MeSQ, in toluene at 80 °C, and the desired
compoundB. Efforts to single crystal of compourdsuitable for cpmpoundga.wa'.s obtamed_ as a major produ.ct n 71% yield.
X-ray analysis turned out to be fruitless. To verify the Finally, br(_)mmauor_] of9a with Br, in acetic acid gave rise to
regiochemistry of compound, H NMR was used as an fluazolate in 85% yield. The spectral data (NMR, IR, anq HRMS)
analytical technique. Compouridshowed the presence of the C- of the synthe_t|c flua}zolate_were found to agree well with those
4 proton of pyrazole &t = 6.98 ppm which is agreeing with the "€POrted previously in the literatute.

chemical shift § = 7.16-6.97 ppm) of structurally related 3-

phenyl-5-trifluoromethyl-H-pyrazoles and well-distinguishable

o~ O




Table 1. Methylation ofl under various reaction conditions

\ /
N-NF N-N F
/
4 —= FCTN . FCTNA
% cl b cl
SRS

3

The final step of the secondary synthetic route was to introduce
a methyl group. Disappointingly, using the procedure delineated
previously for the methylation of compourdd(vide supra),11

was methylated and gave fluazolate in 50% vyield and the
unwanted isomefl2 in 35% yield (Table 2, Entry 1). The low
selectivity could be attributed to the higher acidity of the NH
proton in compoundll, which resulted in reduced activation
energy barrier for interconversion between the tautomers. After
examining several reaction conditions, this problem was finally
circumvented by using a silver(l)-mediated methylation process

Entry  Condition&! Yield (%}’ (Table 2, Entry 4). Thus, the reaction If with methyl iodide
_ : 9a % and silver oxide in acetonitrile at room temperature gave rise to
1 é.l\S/“gqutlvsl\ﬂ]el, 1.5 equiv 4COs, 48% 32% 71% yield of fluazolate and 19% yield b2.
) I

> 1.5 equiv Mel, 1.5 equiv ¥CG;, 29% 22%

THF, reflux, 6 h Table 2. Methylation of11 under various reaction conditions
3 1.2 equiv MeSQy, 1.5 equiv 32% 30%

K.COs, DMF, reflux, 6 h N-N F

1.2 equiv MgSQ,, toluene, 80 °C, 71% 15% &
4 10h RE
5 1.5 equiv MgSQy, 1.5 equiv 24% 19% 1 —= fuszolate ¥ Br ol

LiOH, DMF, reflux, 6 h 12 A
6 1.2 equiv MeSQy, DMF, 100 °C, 43% 27% )\

7h
7 1.5 equiv Mel, 1.5 equiv N&GC;, 45% 35%

DMF, rt, 9 h tion Yield (%)"
[a] Substratd (0.28 mmol) and solvent (2 mL) Entry Condition fluazolate 12
[b] Isolated yield 1 1.2 equiv MgSQ, toluene, 80 °C,  50% 35%

10 h

1.5 equiv Mel, 1.5 equiviO;, 28% 42%

Recently, Nenajdendo et al. reported a nucleophilic substitutionz-
cyclization for the synthesis of 4-bromo-5-(trifluoromethyl)-3- 3
phenyl-1H-pyrazole via the corresponding trifluoromet@-
dibromoenoné’ In light of the above results, we turned our 4
attention to an alternative route to fluazolate. We assumed that
the 4-bromo-5-(trifluoromethyl)-1H-pyrazole, the core structured
of fluazolate, could be assembled via Nenajdendo's protocol
with a subsequent regioselective methylation furnishin
fluazolate. Therefore, compound?2 was converted to
trifluoromethyl-o,B-dibromoenone 10 in 88% yield as an

THF, reflux, 8 h

1.5 equiv Mel, 1.5 equiv N@G;, 25% 50%
DMF, reflux, 8 h

1.5 equiv Mel, 1.0 equiv AQ, 71% 19%
CH:CN, rt, 3 h

1.5 equiv Mel, 1.0 equiv AGOs, 57% 23%
CHiCN, rt, 3 h

1.5 equiv Mel, 1.0 equiv AgNQ 53% 20%
CHLCN, rt, 3 h

1.5 equiv Mel, 1.0 equiv A®, 54% 15%

CHsCN, 0°C, 14 h

inseparable mixture of geometric isomers with a ratio of ca. 5-°[a] Substratd. (0.28 mmol) and solvent (2 mL)
1.® This was carried out simply by exposure2aio bromine in ] Isolated yield

CH,CI, at 0 °C. Nucleophilic substitution-cyclization of this
trifluoromethyl-o,3-dibromoenone with hydrazine hydrate was

then performed in toluene at 80 °C to give compoihéh 66% 3. Conclusion

yield and compound. in 25% yield™® Other solvents, such as
chlorobenzene, THR-BuOH and CHCI,, were examined but

In summary, two new routes have been developed that are

gave inferior results in terms of both yield and selectivity.

o o}
B
F F:C™ Y "F
Fil ™ Bry, CH,Cly r NH,NH,H,0
7, T
cl 0°C,1h, 88% cl toluene, 80 °C
2 10 10h
0o o )o\
HN-N  F
\
FaCTN
+1(25%)
Br cl

Scheme 4 Synthesis of compountil via nucleophilic
substitution-cyclization of compourd® with hydrazine hydrate

suitable for the synthesis of fluazolate in up to 30% overall yield.
The first strategy, involves a Cu(OA@atalyzed [3+2]
cyclocondensation combined with a facile tautomerization and a
regioselective methylation of the resulting adduct, as efficient
key steps in the creation of target compound. This synthetic
endeavor further demonstrates and reinforces the generality of
our [3+2] cyclocondensation to the synthesis of 5-
trifluoromethylpyrazole-based bioactive compounds. The second
strategy, which applied a nucleophilic substitution-cyclization
protocol and a silver (I)-mediated methylation process as key
steps, was also successful in constructing fluazolate. It is
believed that the work reported in this paper will be a valuable
addition to both academic research and industrial application.

4, Experimental section
4.1. General procedure

All reactions were performed under an atmosphere of air unless
otherwise stated. All solvents and reagents were employed as
received. Analytical thin layer chromatography was performed
on SiQ 60 F-254 plates and flash column chromatography was



4 Tetrahedron

carried out using Si©60 (particle size 0.040-0.055 mm, 230- addition ‘of trimethylsilyl acetylene (0.540 g, 5.46 mmol). The
400 mesh), both of which are available from E. Merck.reaction mixture was stirred at 80 for 2 hours and 0 (30 mL)
Visualization was performed under UV irradiation at 254 nmwas added to quench the reaction. The aqueous layer was
followed by staining with aqueous potassium permanganatgeeparated and extracted with EtOAc (20 x 3 mL). The combined
(KMnO,(3 g) and KCO; (20 g) in 300 mL of KO containing 5 organic extracts were washed with brine, dried over MgSO
mL of an aqueous solution of NaOH (5%, w/v)) and charring byfiltered and concentrated to give the crude residue, which was
heat gun. Fourier transform infrared spectra (IR) were recordepurified by flash chromatography on silical gel with EtO#c/
on Shimadzu spectrum IRPrestige-21 system and expressedhiéxane (1:29) to afford compourtdas a white solid (1.458 g,
cm®. 'H , *%F and™C NMR spectra were recorded on Bruker 50093%). Mp 38-39°C; IR (neat): 1730, 1714, 1583, 1556, 1463,
FT NMR.Chloroform-d and Methanol-d were used as the solvent455, 1396, 1346, 1282, 1269, 1255crtH NMR (500 MHz,
and TMS § = 0.00 ppm) as an internal standard. Chemical shift€DCly): § = 7.95 (d,J = 7.5 Hz, 1H), 7.20 (d] = 9.0 Hz, 1H),
are reported asd values in ppm as referenced to TMS. 5.28 (septet) = 6.0 Hz, 1H), 1.41 (d) = 6.5 Hz, 6H), 0.29 (s,
Multiplicities are recorded as s (singlet), d (doublet), t (triplet), ®@H); °C NMR (125 MHz, CDGJ): § = 163.6 (d,J = 258.7 Hz),
(quartet), quint (quintet), sext (sextet), sept (septet), dd (doubld63.6, 136.6 (d) = 2.5 Hz), 135.1 (dJ = 10.0 Hz), 126.9 (d] =
of doublets), dt (doublet of triplets), br (broad), m (multiplet).3.7 Hz), 118.5 (dJ = 23.7 Hz), 110.9 (d] = 16.2 Hz), 102.4 (d,
Coupling constants (J) are expressed in Hz. HRMS werd = 2.5 Hz), 95.7, 69.7, 21.8 (2xG}H-0.92 (3xCH); °F NMR
measured by JEOL JMS-HX110 spectrometer and spectral daf470 MHz, CDC)): § = -103.1; HRMS (EI) m/z [M] calcd. for
were recorded as m/z values. Melting points were measureeisH1sCIFO,Si: 312.0749; found: 312.0745.

using an Electrothermal instrument.
4.5 I'sopropyl 2-chloro-5-ethynyl-4-fluor obenzoate (7)

4.2 2-Chlor o-4-fluor o-5-iodobenzoic acid (3) To a stirred solution d (1.400 g, 4.49 mmol) in anhydrous THF
. . ) (15 mL) was added TBAF (1 M in THF, 5.84 mL, 5.84 mmol) in

A mixture of 2-chloro-4-fluorobenzoic acid (4.000 g, 22.91  gmg)| portions at @. The resulting mixture was stirred at the
mmol), NalQ (0.906 g, 4.58 mmol) and (2.037 g, 8.02 mmol) same temperature for 0.5 hour and then saturategCiN (10
in conc. HSQ, (40 mL) was stirred at room temperature for 8 1y y was added to quench the reaction. The aqueous layer was
hours. Chilled water (100 mL) was added to quench the reaCt'Oerarated and extracted with EtOAc (15 x 3 mL). The combined
The resulting solid was filtered, washed witkC+i dired at 50C organic extracts were washed with brine, dried over MgSO
in vaccum to give the white soligl (6.824 g, 99% vield). Mp_fjitered and concentrated to give the crude residue, which was
1241']126 C; IR (neat): 1700, 1580, 1558, 1400, 1348, 1298, 1258, ified by flash chromatography on silical gel with EtO#c/
cm™; 'H NMR (500 MHz, CROD): § = 8.33 (dJ = 7.0 Hz, 1H),  heyane (1:19) to afford compouiTdas a white solid (1.032 g,
7.37 (d,J = 8.0 Hz, 1H);"C NMR (125 MHz, CROD): § = ggog). Mp 34-35°C; IR (neat):1732, 1710, 1606, 1562, 1481,
164.9, 163.3 (CU = 250.0 HZ), 142.0 (d] =3.7 HZ), 135.1 (d] 1386, 1294, 1273, 1103 ClmlH NMR (500 MHz, CDQD § =
1:9 10.0 Hz), 128.4, 117.9 (d,= 28.7 Hz), 78.1 (d] = 26.2 Hz); 7.99 (d,J = 7.5 Hz, 1H), 7.23 (d] = 9.0 Hz, 1H), 5.27 (septet,

F NMR (470 MHz, CROD): § = -89.5; HRMS (El) m/z [M] = .0 Hz, 1H), 3.40 (s, 1H), 1.40 @= 6.0 Hz, 6H):*C NMR

. J =25 Hz), 135.8 (d) = 11.2 Hz), 127.0 (d] = 3.7 Hz), 118.6
4.3 | sopropyl 2-chloro-4-fluor o-5-iodobenzoate (5) d,J= 23_7) Hz), 105().8 (dl = 16.2)Hz), 84.§ (=37 H)z), 75.1,

To a stirred solution of compour@l (2.200 g, 7.33 mmol) in 69:8, 21.8 (2xCH); “F NMR (470 MHz, CDG)): § = -103.1;
anhydrous DMF (20 mL) was addedGO; (0.846 g, 8.06 mmol) HRMS (EI) m/z [M] calcd. for G,H,,CIFO,: 240.0353; found:
and isopropyl iodide (1.870 g, 10.99 mmol) in sequence at roo#0-0355.

temperature. The resulting mixture was stirred at the sam .

temperature for 6 hours and saturated,Bld, (10 mL) was fr? I?olp))gzﬂyz/logt-gzlzo)ro-4-fluoro-5-(4,4,4—tr|fluoro-3-oxobut-1—
added to quench the reaction. The aqueous layer was separf'f(ed1 y

and extracted with EtOAc (20 x 3 mL). The combined organicro a stirred solution of (0.560 g, 2.34 mmol) in anhydrous THF
extracts were washed with brine, dried over MgStlered and (20 mL) was addech-BuLi (2.21 mL, 1.6M, 3.50 mmol)
concentrated to give the crude residue, which was purified byropwise at -66C. The resulting solution was stirred at the same
flash chromatography on silical gel with EtOAdiexane (1:19) temperature for 30 min, at which time a solution of ethyl
to afford compound (2.407 g, 96% yield) as white solid. Mp trifluoromethylacetate (0.365 g, 2.56 mmol) and;BEt, (0.331
43-440C; IR (neat):1732, 1714, 1585, 1558, 1463, 1371, 1284,9, 2.34 mmol) in anhydrous THF (8 mL) was introduced
1271, 1255 cif; 'H NMR (500 MHz, CDCJ): 3 = 8.23 (d.J=  dropwise. After reaction was complete (ca. 1h), water (8 mL) and
6.5 Hz, 1H), 7.19 (dd]) = 7.5, 1.0 Hz, 1H), 5.28 (septdt= 6.0  saturated NKCI solution (6 mL) was added. The aqueous layer
Hz, 1H), 1.41 (dJ = 6.0 Hz, 6H);°C NMR (125 MHz, CDCJ):  was separated and extracted with EA (2 x 25 mL). The combined
6=163.1, 163.0 (d) = 252.5 Hz), 141.9 (d] = 2.5 Hz), 135.5 (d, organic extracts were washed with brine, dried over MgSO

J =10.0 Hz), 128.4 (d) = 3.7 Hz), 118.4 (dJ = 26.2 Hz), 78.6 filtered and concentrated to give the crude product, which was
(d, J = 26.2 Hz), 69.9, 21.8 (2xGH “F NMR (470 MHz, purified by flash chromatography on silica gel with EtQAc/
CDCly): 6 = -89.5; HRMS (EI) m/z [M]calcd. for GeHeCIFIO;:  hexane (1:9) to afford compou@d0.485 g, 62%) as white solid.

341.9320; found: 341.9321. Mp 61-63°C; IR (neat):1730, 1712, 1606, 1568, 1556, 1485,
_ _ 1392, 1294 cify, '"H NMR (500 MHz, CDCJ): & = 8.15 (d,J =

4.4 | sopropyl 2-chloro-4-fluor o-5-((trimethylsilyl)ethynyl) 9.0 Hz, 1H), 7.35 (dJ = 8.5 Hz, 1H), 5.30 (septel,= 6.5 Hz,

benzoate (6) 1H), 1.42 (dJ = 6.5 Hz, 6H)°C NMR (125 MHz, CDGJ): =

A mixture of5 (1.700 g, 4.96 mmol), Cul (47 mg, 0.25 mmol), 166.8 (9,0 = 43.7 Hz), 164.5 (d] = 265.0 Hz), 162.7, 140.3 4,
Pd(PPB), (138 mg, 0.12 mmol) was stirred in THF (35 mL) at = 11.2 Hz), 138.0, 128.0 (d,= 3.7 Hz), 119.4 (d) = 23.7 H2),
room temperature. The resulting mixture was degassed 4.7 (qd = 2?5’-0 Hz), 106.2 (d] = 16.2 Hz), 90.6, 88.0, 70.4,
bubbling N through it for 10 mins. Then & (2.000 g, 19.84 21.7 (2xCH); “F NMR (470 MHz, CDGJ): § = -77.8, -99.5;
mmol) was added thereto and stirred for another 10 mins before



HRMS (El) m/z [M] calcd. for G,H,CIF,O5: 336.0176; found:
336.0177.

4.6 I sopropyl 2-chloro-4-fluor o-5-(5-(trifluor omethyl)-1H-
pyrazol-3-yl)benzoate (1)

To a stirred solution of compourii(0.220 g, 0.65 mmol) and
Cu(OAc) (3 mg, 0.016 mmol) in C}Cl, (4 mL) was added

5
volatiles were removed in vacuo and the resulting mixture was
purified by flash chromatography on silica gel with EtQAc/
hexane (1:9) to afford compoud# (cis + trans mixture, 220 mg,
88% vyield) as yellow oil. IR (neat): 1653, 1583, 1560, 1490,
1272, 1188, 1140 ¢ 'H NMR (500 MHz, CDC)): & = 7.90-
7.88 (m, 1H), 7.33 (d) = 9.0 Hz, 0.14H), 7.24 (d] = 9.5 Hz,
0.86H), 5.28 (septet] = 6.5 Hz, 1H), 1.44-1.40 (m, 6HJ’C

hydrazine hydrate (39 mg, 0.65 mmol). The resulting mixturdVMR (125 MHz, CDCJ) major isomers = 177.8 (q,J = 40.0

was stirred under reflux for 2 hour. Then saturated,@H

Hz), 163.1, 158.6 (dJ = 258.7 Hz), 138.1, 133.8, 130.3, 127.5,

solution (2 mL) was added to quench the reaction. The aqueodg4.0, 119.4, 118.4, 114.9 (= 288.7 Hz), 70.4, 21.7 (2xGH

layer was separated and extracted with, QH(2 x 4 mL). The

F NMR (470 MHz, CDCJ) major isomer:3 = -72.3, -104.5.

combined organic extracts were washed with brine, dried oveninor isomer: = -72.8, -106.8; HRMS (EI) m/z [MEalcd. for
Na,SQO, filtered and concentrated to give the crude residueg, ,H.Br,CIF,O, 493.8543; found: 493.8535.

which was purified by flash chromatography on silical gel with

EtOAc/h-hexane (1:5) to afford compoudd0.212 g, 94% vyield)
as white solidMp 56-57°C; IR (neat)1733, 1714, 1616, 1581,
1456, 1378, 1274, 1178 €m'H NMR (500 MHz, CDC)): 6 =
8.18 (d,J = 8.0 Hz, 1H), 7.36 (d] = 10.5 Hz, 1H), 6.98 (s, 1H),
5.31 (septet) = 6.5 Hz, 1H), 1.41 (d] = 6.5 Hz, 6H);"°C NMR
(125 MHz, CDC)): 5 = 163.9, 159.8 (dJ = 256.2 Hz), 137.9,
135.7 (d,J = 11.2 Hz), 130.9 (d] = 5.0 Hz), 128.0 ( (d) = 2.5
Hz), 120.9 (g, = 267.5 Hz), 119.5 (dl = 25.0 Hz), 115.2 (d] =
12.5 Hz), 103.6, 70.3, 21.7 (2x@H F NMR (470 MHz,
CDCly): & = -62.2, -109.6; HRMS (El) m/z [M]calcd. for
C,1H11.CIFN,0,: 350.0445; found: 350.0439

4.7 I sopropyl 2-chlor o-4-fluor o-5-(1-methyl-5-
(trifluoromethyl) -1H-pyrazol-3-yl)benzoate (9a) and
isopropyl 2-chlor o-4-fluor 0-5-(1-methyl-3-(trifluor omethyl) -
1H-pyrazol-5-yl)benzoate (9b)

A solution of1 (104 mg, 0.30 mmol) and M®O, (45 mg, 0.36

mmol) in toluene (3 mL) was stirred at room temperature for 10 I&

4.9 | sopr opyl-5-(4-bromo-5-(trifluor omethyl)-1H-pyrazol-3-
yl)-2-chlor o-4-fluor o- benzoate (11)

A mixture of 10 (102 mg, 0.20 mmol) and hydrazine hydrate (13
mg, 0.26 mmol) in toluene (3 mL) was stirred at°@80for 10
hours. The volatiles were removed in vacuo and the resulting
mixture was purified by flash chromatography on silica gel with
EtOAch-hexane (1:9) to afford compoudd(22 mg, 25% yield)
and11 (58 mg, 66% yield) as white solid.CompoutiMp 61-

62 °C; IR (neat): 1730, 1715, 1615, 1571, 1454, 1376, 1272,
1178 cnt; *H NMR (500 MHz, CDCJ): & = 8.40 (dJ = 7.5 Hz,
1H), 7.39 (dJ = 10.0 Hz, 1H), 5.30 (septek= 6.0 Hz, 1H), 1.41

(d, J = 6.0 Hz, 6H);"*C NMR (125 MHz, CDG)): 8 = 163.6,
160.2 (d,J = 257.5 Hz), 141.9, 137.2 (d,= 10.0 Hz), 135.9,
133.3 (dJ = 3.7 Hz), 127.7 ( (d] = 2.5 Hz), 121.7, 119.4 (d,=
26.2 Hz), 113.8 (dJ = 13.7 Hz), 92.5, 70.2, 21.8 (2xQH™F
NMR (470 MHz, CDC)): § = -62.2, -107.5; HRMS (EI) m/z
[M] " calcd. for G4H1BrCIF,N,0,: 427.9550; found: 427.9555.

4.10 Fluazolate and | sopropyl-5-(4-bromo-1-methyl-3-
rifluor omethyl)-1H-pyrazol-5-yl)-2-chlor o-4-fluor obenzoate

The reaction was then quenched with water and the aqueous laygp)

was separated and extracted with EtOAc (3 x 5 mL). The

combined organic extracts were washed with brine, dried ovek mixture of11 (121 mg, 0.28 mmol), A® (63 mg, 0.28 mmol)
MgSQ,, filtered and concentrated to give the crude productand Mel (61 mg, 0.42 mmol) in GBN (3 mL) was stirred at
which was purified by flash chromatography on silica gel withroom temperature for 3 h. The reaction was then quenched with

EtOAc/ih-hexane (1:9) to afford compousd (77 mg, 71%) and
9b (16 mg, 15%).

9a White solid; mp 78-86C; IR (neat):1732, 1716, 1617, 1578,
1454, 1380, 1270, 1173 ém*H NMR (500 MHz, CDCJ)): § =
8.48 (d,J = 8.0 Hz, 1H), 7.29 (dJ = 11.0 Hz, 1H), 7.05 (s, 1H),
5.31 (septet) = 6.0 Hz, 1H), 4.09 (s, 3H), 1.42 @= 6.5 Hz,
6H); °C NMR (125 MHz, CDGCJ): = 163.6, 160.5 (d] = 243.5
Hz), 142.1, 141.8, 137.0 (d= 7.5 Hz), 134.4, 127.8, 119.3 (1,
= 25.0 Hz), 118.7 (q] = 273.7 Hz), 116.1 (d} = 15.0 Hz), 106.2,
70.1, 38.0, 21.8 (2xC#t **F NMR (470 MHz, CDGJ): 5 = -62.1,
-106.1; HRMS (El) m/z [M] caled. for GsHisCIFN,O,:
364.0602; found: 364.0605.

9b White solid; mp 93-94C; IR (neat): 1730, 1716, 1616, 1574,

1454, 1375, 1274, 1174 ém*H NMR (500 MHz, CDC)): § =
7.88 (d,J = 8.0 Hz, 1H), 7.39 (dJ = 9.0 Hz, 1H), 6.66 (s, 1H),
5.31 (septet) = 6.0 Hz, 1H), 3.88 (s, 3H), 1.42 (@= 6.0 Hz,
6H); °C NMR (125 MHz, CDG)): 6 = 164.3, 160.5 (d] = 256.2
Hz), 143.1, 134.2 (d] = 10.0 Hz), 131.1 (d) = 3.7 Hz), 127.5
((d,J =3.7 Hz), 119.8 (¢J = 266.2 Hz), 119.0 (d} = 22.5 Hz),
107.9 (d,J = 10.0 Hz), 69.6, 29.7, 21.8 (2xQH"F NMR (470
MHz, CDCk): § = -60.5, -109.8; HRMS (El) m/z [M]calcd. for
Cy5H13CIFN,0,: 364.0602; found: 364.0600.

4.8 (E) and (Z)-isopropyl-2-chlor 0-5-(1,2-dibromo-4,4,4-
trifluor o-3-oxobut-1-en-1-yl)-4-fluor obenozoate (10)

A mixture of 2 (170 mg, 0.50 mmol) and Bi(120 mg, 0.75
mmol) in CHCI, (6 mL) was stirred at 6C for 1 hour. The

water and the aqueous layer was separated and extracted with
EtOAc (2x3 mL). The combined organic extracts were washed
with brine, dried over MgSg filtered and concentrated to give
the crude product, which was purified by flash chromatography
on silica gel with EtOAc/fhexane (1:9) to afforfluazolate (100

mg, 71%) as white solid ari@ (24 mg, 19%) as white solid.

Fluazolate Mp 81-83°C; IR (neat):1732, 1714, 1618, 1571,
1537, 1454, 1375, 1267, 1178, 1145, 1130 ctil NMR (500
MHz, CDCL): & = 8.05 (d,J = 8.0 Hz, 1H), 7.34 (d] = 8.5 Hz,
1H), 5.30 (septet) = 6.5 Hz, 1H), 4.12 (s, 3H), 1.41 @= 6.0
Hz, 6H); *C NMR (125 MHz, CDGCJ): 6 = 163.8, 161.0 (dJ =
258.7 Hz), 144.3, 136.3 (d,= 10.0 Hz), 134.8 (dJ = 3.7 Hz),
130.6 (q,J = 38.7 Hz), 127.0 (d] = 3.7 Hz), 119.5 (q] = 267.5
Hz), 119.1 (dJ = 25.0 Hz), 117.8 (d) = 15.0 Hz), 96.2, 69.6,
40.1, 21.8 (2xCH); F NMR (470 MHz, CDCJ)): & = -58.7, -
105.4; HRMS (El) m/z [M] calcd. for GsHi,BrCIF,N,O,:
441.9707; found: 441.9700.

Compoundl2 Mp 61-63°C; IR (neat): 1732, 1714, 1618, 1574,
1454, 1377, 1274, 1170, 1143, 1103 'ciH NMR (500 MHz,
CDCLy): & = 7.93 (d,J = 7.5 Hz, 1H), 7.43 (dJ = 9.0 Hz, 1H),
5.13 (septet) = 6.0 Hz, 1H), 3.86 (s, 3H), 1.42 @= 6.5 Hz,
6H); °C NMR (125 MHz, CDGCJ): = 163.4, 160.7 (d] = 257.5
Hz), 140.1 (g, = 37.5 Hz), 138.0 (d] = 10.0 Hz), 136.7, 135.2,
127.7 ((dJ = 3.7 Hz), 120.4 (q) = 267.5 Hz), 119.5 (dl = 25
Hz), 114.8 (d,J = 8.7 Hz), 93.6, 70.2, 38.9, 21.7 (2xgH"F
NMR (470 MHz, CDC)): & = -62.3, -105.1; HRMS (El) m/z
[M]* calcd. for GsHy,BrCIF,N,O,: 441.9707; found: 441.9702.
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