Accepted Manuscript

Palladium-Catalyzed Phosphonylation of Pyrazoles Substituted by Electron-
Withdrawing Groups

Qi Huang, Gaél Tran, Domingo Gomez Pardo, Tomoki Tsuchiya, Stefan Hillebrand,
Jean-Pierre Vors, Janine Cossy

PII: S0040-4020(15)00439-1
DOI: 10.1016/j.tet.2015.03.099
Reference: TET 26581

To appearin:  Tetrahedron

Received Date: 9 January 2015
Revised Date: 6 March 2015
Accepted Date: 26 March 2015

Please cite this article as: Huang Q, Tran G, Pardo DG, Tsuchiya T, Hillebrand S, Vors J-P, Cossy
J, Palladium-Catalyzed Phosphonylation of Pyrazoles Substituted by Electron-Withdrawing Groups,
Tetrahedron (2015), doi: 10.1016/j.tet.2015.03.099.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2015.03.099

PalladiumCatalyzed Phosphonylation of Pyrazoles

Substituted by Electron-Withdrawing Groups

Qi Huang? Gaél Tran® Domingo Gomez PardbTomoki Tsuchiyd Stefan Hillebrand,Jean-Pierre Vor§,and
Janine Coss§
& Laboratoire de Chimie Organique, Institute of Cretry, Biology and Innovation (CBI),
ESPCIParisTech, UMR 8231, PSL Research University
10 rue Vauquelin, 75231 Paris Cedex 05, France
janine.cossy@espci.fr
®Bayer S.A.S.-CRLD,

14, impasse Pierre Baizet, CS 99163, 69263 Lyorex66, France

1
Br PA(OAG), (10mol %) o2
™M\ 't XantPhos (20 mol %) AN
EWG-r N + R1—P\ EWG£ \N
LN g2 H  KOAc (10 mol %) Ly
\ . .
-SEM = -CH,0(CH;),SiMes  70-

A series of bromopyrazoles substituted by electmitherawing groups such as an ester, a trifluordrylet
group or a cyano group were used in Pd-catalyzedpgionylation. Moderate to good yields were obthiime
the corresponding phosphonylated pyrazoles.
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1. Introduction

Substituted pyrazoles are important heterocyclat@g display a broad range of biological actiatand are
extensively used in agrochemical and pharmaceutpalications. For example, rimonabant, an anarecti
antiobesity productfipronil, an insecticidé tebufenpyrad, an acaricider viagrd are commercially available
(Figure 1). In addition, pyrazoles can serve ascapbrighteners, U.V. stabilizers, ligands in coordinating
compounds,and building blocks in supramolecular assemilies.

Figure 1. Selected examples of bioactive pyrazoles.
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We were interested in the synthesis of pyrazolesibg a phosphonyl substituent, as it is known that
introduction of such substituents can modulate thperties of biologically active compounts.
Phosphonylated pyrazoles have mainly been syndéekdiy [3+2]-cycloadditions or ring-closure of adgcl
phosphorus-containing compounds, and numerous qatiiolins related to these methods have been regrted
However, these methods can suffer from a lack gioreontrol depending on the substitution pattefrihe
pyrazoles, and in addition the synthesis of theesponding phosphonylated starting materials isleg¢eBy
contrast, the phosphonylation of a preformed pyiearag offers significant advantages in termsegjiocontrol
and availability of the starting materials, althbufe majority of the reported methods is not gahéue to the
use of PG and related P-Cl intermediat®sIndeed, the commercial availability of these fintediates is poor,
and their use is usually not compatible with el@etpoor pyrazoles. To overcome this issue, anddase
seminal report™*? we recently reported that C3-, C4- or C5-haloggmaqoles can be phosphonylated Hyy
phosphonatesH-phosphinates or secondary phosphine oxides usifgl(®Ac)/XantPhos catalytic system
(Scheme 133 This method proved to be robust and general, ghogiaccess to a wide range of compounds
which would have required lengthy routes using thmeethods.

Scheme 1. Previous work on palladium-catalyzed phosphonytatibpyrazoles.
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In this paper, we would like to report that thisthzel can also be applied to pyrazoles bearing relect
withdrawing groups, and that the reactivity of symjrazoles is strongly dependant on stereoelectrand

complexation effects.

2. Results and Discussion



Bromopyrazole estetra was chosen as the model substrate, antN#8&M protecting group was chosen due
to its robustness, which allows the use of a widage of conditions. Pyrazoléa was involved in the
phosphonylation with diethyl phosphifa using the reaction conditions that have been ptesly reported for
non-functionalized pyrazoles [Pd(OAc{10 mol %), XantPhos (20 mol %), KOAc (10 mol %N (1.8
equiv)] (Table 1, entry 1). Under these conditiathg desired produ@a was obtained in a modest 30% yield,
the dehalogenated starting material being the migie-product (25% vyield established iy NMR from the
crude reaction mixture). In a parallel study, weerved that the presence of diethyl phosphite agd &one
triggered the dehalogenation Id, and that this reaction was efficiently inhibitethen EtN was replaced by
iPLNEt. However, when the coupling reaction Id and 2a was realized in the presence i®,NEt, no
significant improvement in the yield 8& was observed (Table 1, entry 2). A screening ddrpaprotic solvents
(Table 1, entries-3%), hydrocarbon (Table 1, entries8), dioxane (Table 1, entry 9) or halogenated sutva
(Table 1, entry 10) was performed, but none of theare better than THF.

Table 1. Solvent screening.
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(15 squi) - (1020 < vent, 70-100 °C 3a
entry solvent base yield
1 THF EtN 30%
2 THF iPLNEt 32%
3 DMSO | iPrNEt 0%
4 MeCN iPLNEt 10%
5 DMA iPLNEt 0%
6 Toluene | iPrLNEt 22%

Toluene/ | . 0
7 DME (10°1 iPLNEt 8%
8 PhCkR iPLNEt 17%
9 Dioxane | iPrLNEt 5%
10 CCl iPLNEt 0%

The screening of different palladium catalysts sashPd(OAc), Pd(OPiv), Pd(MeCN)(BF,), Pd(PPk),,
monodentate phosphines [(2-fugR) t-BuXPhos, tetramethyt-BuXPhos] as well as bidentate phosphines
(XantPhos, dppf, binap, dppp), revealed that XaosRlas the only suitable ligand for the phosphdioiaof
1a, and that the different screened palladium catslysrformed similarly well (Table 2, entriesg)

Table 2. Catalyst and ligand screening.
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entry cat. ligand yield
Tetramethyl o
1 Pd(OAc) t-BuXPhos 0%
2 Pd(OAc) t-BuXPhos 0%
3 Pd(OAc) (2-Furyl)xP 0%
4 Pd(OAc) dppp 0%
5 Pd(OAc) Binap 0%
6 Pd(PPH), - 0%
7 Pd(OAc) XantPhos 29%
8 Pd(OPiv) XantPhos 30%
9 Pd(MeCN)(BF,)., XantPhos 25%

As changing the catalytic system did not signifitammprove the yields irBa, we decided to investigate
other substrates. Therefore, bromopyrazales were involved in the phosphonylation using diethlgbsphite
as the coupling partner (Table 3), and it seems ieen a bromine atom is present at C3, the Pdyzaizh
phosphonylation led to the corresponding pyrazolgood yields, whatever the position of the estaug
(Table 3, entries 2 and 3). On the contrary, whesramine atom is present at C4 or C5, the yieldshin
phosphonylated pyrazoles were moderate to poorl¢Tabentries 1, 46). In all cases, the reactions were run
until full consumption of diethyl phosphit@a, and the principal side-product of the reactionswhe
dehalogenated starting materidbsf. However, the observed amounts of dehalogenatetingt materials did
not seem to be correlated to the yields in phosplated pyrazoles, and it is therefore more likdiattthe
moderate yields are due to the competitive degi@daf the phosphit2a.

Table 3. Influence of the substituent positions.
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Different phosphorous derivatives were also invdlue the coupling reaction with pyrazoléa—c, and the
results are summarized in Table 4. When the stlretvenic properties of the phosphonylidene deivest were
changed, two different cases were noticed: wheazmfesla and1c were involved in the cross-coupling, the
nature of the phosphorous derivative did not seerhave a strong influence on the yields of the Gogp
products (Table 4, entries-2 and 56). On the contrary, when pyrazdb was involved in the cross-coupling

with H-phosphinates or secondary phosphine oxides, &ié iyi4 dropped dramatically (Table 4, entriesA3}.

Table 4. Influence of the phosphorous donor.
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In metal-catalyzed reactions, and particularly wigieroatom-containing substrates, complexaticecesfcan
be detrimental to the success of the reaction.réieroto investigate these effects, trifluoromettad cyano-
pyrazoless and6 were involved in the phosphonylation (Table 5)0@do excellent yields in the desired cross-
coupling products were obtained, regardless of thesphorous donors, which is in contrast to thelies
previously reported (Table 3, entries 3 and 5)héligh the trifluoromethyl- and cyano- groups alaoyvfrom
the ester group by their electron-withdrawing fortcke important differences in reactivity betwedre t
trifluoromethyl-, cyano- and ester-substituted pplas are suggestive of complexation effects.

Table5. Influence of the nature of the substituents.
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In terms of mechanistic studies, a solid basisheen provided over the years since the seminak wor
by Hiraoet al,'***and further refinement has recently been propbgeBtawinskiet al. when KOAc is used as
an additive (Scheme 2j.After initial formation of the anionic species from Pd(OAc) and XantPhos,
intermediateB is formed by oxidative addition, and a phosphigard is then displaced by an oxygen atom of
the adjacent acetate. The generated sp&Ciesordinates a phosphonylidene nucleophile, andbsegjuent

deprotonation leads to spec@grom which reductive elimination occurs.

Scheme 2. Proposed catalytic cycle.

Pd(OAC),
lXantPhos
‘,P? (L\ —° ArX
R~ Pd-OAc
Ar '\?R / g X@
A
N —°
L LA L. Ar
_P‘ O Pd
Q_g'P// I o
R
p R oA\
B
@ L. JAr
BH (: P /
<0
0 N
B +  _R.
H '\?R (o3

In considering this catalytic cycle, the resulteganted in Table 3 and 4 suggest that the ratengieiag step
in the catalytic cycle is related to the substimtipattern of the pyrazoles. With pyrazolis and 1c, the
oxidative addition is probably determinant as theldyin the cross-coupling products is not influeddy the
nature of the phosphorous derivatives. By contrabg ligand displacement or the reductive elimoratare
crucial with pyrazolelb as the yield ranges from 11% to 52% dependinghenniature of the phosphorous

partner.

In conclusion, a series of bromopyrazoles substituty electron-withdrawing groups such as an ester,
trifluoromethyl or a cyano group were involved in palladium-catalyzed cross-coupling with different
phosphorus derivatives. Moderate to good yieldsevartained depending on the electron-withdrawirgupr
and its relative position to the bromine atom, whsuggests that multiple stereoelectronic and cexapion
effects can influence the phosphonylation yields.aAgeneral rule, the use of an electron-withdrgvgroup
which would not lead to the formation of a chelgtBystem seems to be beneficial to the cross-augpdis well

as a 1,3-relative relationship between the broraimtthe electron-withdrawing group.



3. Experimental Section

3.1. General Experimental. All reactions were carried out under an argon aphere unless otherwise
specified. Flasks were oven-dried at 120 °C andetbainder argon prior to use. THF was distilled rove
sodium/benzophenone. Diisopropylethylamine wasilldidt over CaH and stored under argon. Diethyl
phosphite was purchased from Sigma-Aldrich, driedrdNagSO, and distilled prior to use. All other reagents
and solvents were used as obtained from Sigma-@kdsithout further purification unless otherwiseesified.
Flash column chromatographies were carried out $igqusilica gel (pore size 60 A, 230 mesh). TLC aver
performed on silica gel plate (Merck 60F254) ansliglized either with a UV lamp (254 nm) or by treant
with an agqueous potassium permanganate solutionn@®N,COs/AcOH) and subsequent heating. Infrared
(IR) spectra were recorded on a Bruker TENS®R7 (IRFT), wave numbers are indicated intrfH-NMR
spectra were recorded on a Bruker Avance 400 atMHD. The chemical shiftd are reported in ppm relative to
tetramethylsilane. Residual CHQby = 7.26 ppm) was used as internal reference umwswise specified.
The multiplicity and shape of signals are desigehdite the following abbreviations: s = singlet, dlgublet, t =
triplet, g = quartet, quin = quintet, m = multiplé&tr = broad. Coupling constanisare reported in Hertz (Hz).
*C-NMR spectra were recorded on a Bruker Avanceat(D0 MHz. The chemical shiffsare reported in ppm
relative to tetramethylsilane. CDQldc = 77.16 ppm, triplet) was used as internal refeezennless otherwise
specified. The multiplicity and shape of signals designated by the following abbreviations: d sldet, q =
quartet. Coupling constanisare reported in Hertz (Hz). High resolution masscs@m (HRMS) were realized at
the Organic Spectrochemistry Center at the Unitemierre et Marie Curie. No HRMS peaks could hetb
for intermediate compoundsand6, presumably due to their degradation. Howeveryéise of the analysis were
consistent with the assigned structures, and tbeygts resulting from the cross-coupling ®fand 6 were
entirely characterized. Most of the products wertaimed as oils, most likely due to the aliphattune of the
SEM- protecting group.
3.3. Synthesis of starting materials 1la-f, 2e, 5 and 6
Ethyl 1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azole-4-car boxylate™
To a suspension of sodium hydride (60% in oil, .g1@7.5 mmol, 1.6 equiv) in dry THF (40 mL), at©, was
added a solution of ethyl 4-pyrazolecarboxylatet{2g, 17.6 mmol, 1.0 equiv) in dry THF (10 mL). The

resulting purple suspension was stirred at rt for 2 solution of SEM-CI (3.75 mL, 21.2 mmol, 1.8uv) in



dry THF (10 mL) was then added dropwise at 0 °Ce Tésulting solution was allowed to warm up tomnt a
stirred for 3 h. Water was added, and the aquebasgwas extracted 4 times with EtOAc. The combined
organic layers were dried over anhydrous,3@, filtered and concentrateith vacuoto give a yellow oil.
Purification by flash column chromatography oncsilgel (EtOAc/PE = 10:90) led to the desired prodticy!
1-((2-(trimethylsilyl)ethoxy)methyl)-H-pyrazole-4-carboxylate as a colorless oil (4.6619,23 mmol, 98%
yield). 'H-NMR (CDCls, 400 MHz): 6 8.06 (d,J = 0.6 Hz, 1H), 7.94 (d] = 0.6 Hz, 1H), 5.43 (s, 2H), 4.31 @,
=7.1 Hz, 2H), 3.62 — 3.52 (m, 2H), 1.35J% 7.1 Hz, 3H), 0.95 — 0.86 (m, 2H), -0.02 (s, 9H).

Ethyl 5-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-4-car boxylate (1a)

To a solution of ethyl 1-((2-(trimethylsilyl)ethoxyethyl)-1H-pyrazole-4-carboxylate (4.66 g, 17.2 mmol, 1
equiv) in dry THF (47 mL), at30 °C, was added dropwise a 1.0 M solution of TMEMGICI (21.0 mL, 21.0
mmol, 1.22 equiv) in THF/toluene. The resulting tane was stirred at =30 °C for 2 h and a solutiféri,a-
dibromotetrachloroethane (7.41 g, 22.7 mmol, 1 @&\ in dry THF (20 mL) was then added dropwise-30
°C. The reaction mixture was stirred at this terapge for 4 h, and then allowed to warm up to o stirred for
12 h. Agueous saturated NaHE®@as added to the reaction mixture, and the aqupbase was extracted 4
times with EtOAc. The combined organic layers wanied over anhydrous NaQ;, filtered and concentrated
vacuoto give abrown suspension. Purification by flash column cmatography on silica gel (EtOAc/PE = 5:95)
led to the desired produth as a pale yellow oil (4.31g, 12.34 mmol, 72% yjeld

IR (neat): 2953, 2897, 1720, 1537, 1407, 1395, 1373, 124@9,12101, 1079, 1040, 976, 858, 833:NMR
(CDCls, 400 MH2): 6 7.99 (s, 1H), 5.53 (s, 2H), 4.33 (= 7.1 Hz, 2H), 3.66-3.56 (m, 2H), 1.37Jt 7.1 Hz,
3H), 0.96-0.86 (m, 2H), —0.03 (s, 9HJC-NMR (CDCl3, 100 MHz): § 161.9 (C), 142.6 (CH), 118.5 (C), 115.0
(C), 78.9 (CH), 67.4 (CH), 60.7 (CH), 17.9 (CH), 14.4 (CH), -1.3 (CH). HRM S (ESI+): [M+H]* calculated
for C;5H2-BrN,O5Si: 349.0578 and 351.0557. Found: 349.0580 and)358.

Ethyl 3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-4-car boxylate (1b)

aThe reaction was performed in an oven-dried vial.a solution ofla (648 mg, 1.86 mmol, 1.0 equiv) in
anhydrous MeCN (2.0 mL) was added SEM-CI (83 0.186 mmol, 0.1 equiv). The vial was sealed véth
teflon-lined cap and stirred at 95 °C for 26 h. Tieaction mixture was evaporated to give a yell@hds
Purification by flash column chromatography (EtORE/= 5:95) led to the desired proddbtas a colorless oil
(481 mg, 1.38 mmol, 74% yield)R (neat): 3127, 2953, 2897, 1718, 1536, 1406, 1248, 1219410057, 857,
833.'H-NMR (CDCls, 400 MHz): 6 8.02 (s, 1H), 5.38 (s, 2H), 4.32 @= 7.1 Hz, 2H), 3.62-3.57 (m, 2H),

1.36 (t,J = 7.1 Hz, 3H), 0.94-0.89 (m, 2H), —0.02 (s, 9HC-NMR (CDCls, 100 MHz): § 161.6 (C), 135.0



(CH), 128.2 (C), 115.2 (C), 81.2 (GH 67.8 (CH), 60.8 (CH), 17.9 (CH), 14.4 (CH), -1.3 (CH). HRMS
(ESI+): [M+Na]" calculated for GH,»:BrN,NaO;Si: 371.0397 and 373.0377. Found: 371.0399 and)373.
1-((2-(Trimethylsilyl)ethoxy)methyl)-1H-pyr azole'

To a suspension of sodium hydride (3.96 g, 99 md,equiv) in dry THF (50 mL), at 0 °C, was added
solution of H-pyrazole (4.50 g, 66.1 mmol, 1 equiv) in dry THI®(mL). The resulting suspension was stirred
at rt for 2 h. The solution was then cooled dow®teC and a solution of SEM-CI (12.9 mL, 72.7 mmbll
equiv) in dry THF (23 mL) was added dropwise. Th&son was then allowed to warm up to rt and etrr
overnight. Water was added, and the aqueous phasextracted 4 times with EtOAc. The combined oigan
phases were dried over anhydrous,®@, filtered and concentrateth vacuoto give a pale yellow oil.
Purification by flash column chromatography (EtORE/ = 15:85) led to the desired product 1-((2-
(trimethylsilyl)ethoxy)methyl)-H-pyrazole as a colorless oil (12.4 g, 62.7 mmoP69eld). 'H NMR (400
MHz, CDCly): § 7.56 (br, dJ = 2.4 Hz, 1H), 7.55 (br, d} = 1.6 Hz, 1H), 6.33 (br, | = 2.1 Hz, 1H), 5.44 (s,
2H), 3.58 — 3.49 (m, 2H), 0.95 — 0.78 (m, 2H),03 (s, 9H).
5-Bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole™

To a solution of 1-((2-(trimethylsilyl)ethoxy)methylH-pyrazole (3.00 g, 15.1 mmol, 1 equiv) in dry THEO(
mL), at 0 °C, was added dropwise a 1.0 M solutibmRIPMgCI-LiCl (18.0 mL, 18.0 mmol, 1.2 equiv) in
THF/toluene. The resulting mixture was allowed tarm up to rt and the completion of the deprotomati@as
checked by GC/MS analysis of reaction aliquots gbed with }. The solution was then cooled down to 0 °C,
and a solution of 1,2-dibromotetrachloroethane 539 18.2 mmol, 1.2 equiv) in THF (12 mL) was added
dropwise. The resulting solution was then allowmedvarm up to rt and stirred overnight. Aqueous redéa
NaHCQO; was added to the reaction mixture and the aqupbase was extracted 4 times with EtOAc. The
organic phase was collected and dried over anhgdMaSO,, filtered and concentrateid vacuoto give a
brown oil. Purification by flash column chromatoghy (EtOAc/PE = 5:95 to 15:85) led to the desireddpict
5-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)H-pyrazole as a pale yellow oil (3.60 g, 13.2 mn&8% vyield).

'H NMR (400 MHz, CDCl3): & 7.53 (d,J = 1.9 Hz, 1H), 6.35 (d] = 1.9 Hz, 1H), 5.49 (s, 2H), 3.72 — 3.11 (m,
2H), 1.09 — 0.73 (m, 2H}0.03 (s, 9H).

3-Bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole

The reaction was performed in an oven-dried vial.o Ta solution of 5-bromo-1-((2-
(trimethylsilyl)ethoxy)methyl)-H-pyrazole(1.34 g, 4.84 mmol, 1.0 equiv) in anhydrous MeCN) (&\L) was

added SEM-CI (8%uL, 0.48 mmol, 0.1 equiv). The vial was sealed vétteflon-lined cap and stirred at 95 °C

10



for 24 h. The reaction mixture was evaporated ve @i yellow oil. Purification by flash column chratography
(EtOAC/PE = 5:95 to 10:90) led to the desired patd8-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)H:
pyrazole as a colorless oil (1.10 g, 3.80 mmol, Agétd). IR (neat): 2953, 2896, 1501, 1360, 1297, 1248,
1095, 952, 857, 833,7454-NMR (CDCl3, 400 MH2z): § 7.46 (d,J = 2.4 Hz, 1H), 6.35 (d] = 2.4 Hz, 1H), 5.37
(s, 2H), 3.59-3.55 (m, 2H), 0.92-0.87 (m, 2H), D@, 9H).*C-NMR (CDCl3, 100 MHz): 5 131.6 (CH),
126.6 (C), 109.9 (CH), 80.6 (GH 67.2 (CH), 17.9 (CH), -1.3 (CH). HRM S (ESI+): [M+Na]" calculated for
CyH1,BrN,NaOSi: 299.0186 and 301.0165. Found: 299.0189 Aadl311.

Ethyl 3-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-5-car boxylate (1c)

To a solution of 3-bromo-1-((2-(trimethylsilyl)ethg) methyl)-1H-pyrazole (417 mg, 1.51 mmol, 1 equiv) in
dry THF (3 mL) was added dropwise a 1.0 M solutidrTMPMgCIsLiCl (1.80 mL, 1.80 mmol, 1.2 equiv) in
THF/toluene. The resulting mixture was allowed tarm up to rt and the completion of the deprotomati@s
checked by GC/MS analysis of reaction aliquots ghed with }. The solution was then cooled down to -30
°C, and a solution of ethyl cyanoformate (388 1.59 mmol, 1.1 equiv) in THF (2.0 mL) was adakdpwise.
The reaction was stirred at —30 °C for 3 h, allowedvarm up to rt and stirred at this temperaforel2 h.
Aqueous saturated NaHG@vas added to the reaction mixture, and the aqupbase was extracted 3 times
with EtOAc. The combined organic layers were dioedr anhydrous N&Q,, filtered and concentrated vacuo

to give a brown oil. Purification by flash columhromatography (EtOAc/PE = 5:95) led to the despemtuct

1c as a pale yellow oil (454 mg, 1.30 mmol, 86% el (neat): 2953, 2897, 1729, 1368, 1339, 1240, 1078,
961, 858, 834, 764, 7431-NMR (CDCl3, 400 MHz): § 6.89 (s, 1H), 5.79 (s, 2H), 4.36 @= 7.1 Hz, 2H),
3.62-3.58 (m, 2H), 1.37 (§,= 7.1 Hz, 3H), 0.91-0.87 (m, 2H), —0.04 (s, 9HL-NMR (CDCl3, 100 MHZ): §
158.4 (C), 134.8 (C), 125.9 (C), 114.8 (CH), 79064), 67.2 (CH), 61.8 (CH), 17.8 (CH), 14.3 (CH), -1.3
(CH5). HRMS (ESI+): [M+Na]" calculated for GH»BrN,NaQ;Si: 371.0397 and 373.0377. Found: 371.0399
and 373.0378.

Ethyl 1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azole-5-car boxylate

To a solution of 1-((2-(trimethylsilyl)ethoxy)methylH-pyrazole (2.48 g, 12.5 mmol, 1 equiv) in dry THE(
mL), at 0 °C, was added dropwise a 1.0 M solutibmEIPMgCI-LiCl (15.0 mL, 15.0 mmol, 1.2 equiv) in
THF/toluene. The resulting mixture was allowed tarm up to rt and the completion of the deprotomatias
checked by GC/MS analysis of reaction aliquots gbhed with }. A solution of ethyl cyanoformate (1.61 mL,
16.3 mmol, 1.3 equiv) in dry THF (8 mL) was therdad dropwise at30 °C, the reaction mixture was stirred

for 1.5 h, and then allowed to warm up to rt anded for 1 h. Aqueous saturated NaH{@Was added to the
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reaction mixture, and the aqueous phase was extrdctimes with EtOAc. The combined organic layeese
dried over anhydrous NaQ,, filtered and concentrateéd vacuoto give a dark brown oil. Purification by flash
column chromatography (EtOAc/PE = 5:95 to 10:90d léo the desired product ethyl 1-((2-
(trimethylsilyl)ethoxy)methyl)-H-pyrazole-5-carboxylate as a pale yellow oil (2¢2®.12 mmol, 65% vyield).
IR (neat): 2953, 2898, 1725, 1521, 1466, 1312, 1246, 1118510020, 858'H-NMR (CDClj3, 400 MHZ2): ¢
7.54 (d,J = 1.9 Hz, 1H), 6.90 (d] = 1.9 Hz, 1H), 5.86 (s, 2H), 4.36 (&= 7.1 Hz, 2H), 3.60-3.56 (m, 2H), 1.38
(t, J = 7.1 Hz, 3H), 0.91-0.87 (m, 2H), -0.05 (s, 9HE-NMR (CDCl3, 100 MH2): § 159.6 (C), 138.9 (CH),
133.0 (C), 112.6 (CH), 79.3 (GH 66.9 (CH), 61.3 (CH), 17.9 (CH), 14.4 (CH), 1.4 (CH). HRM S (ESI +):
[M+Na]" calculated for GHN-NaQ,;Si: 293.1292. Found: 293.1294.

Ethyl 4-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-5-car boxylate (1d)

Under argon, at —30 °C, to a solution of ethyl 2-(tfimethylsilyl)ethoxy)methyl)-H-pyrazole-5-carboxylate
(1.66 g, 6.13 mmol, 1.0 equiv) in dry THF (18 mLasvadded dropwise a 1.0 M solution of TMPMgCIsLiCl
(7.40 mL, 7.40 mmol, 1.2 equiv) in THF/toluene. Tiesulting mixture was stirred at —30 °C for 5.5A.
solution of 1,2-dibromotetrachloroethane (2.63.698mmol, 1.3 equiv) in dry THF (6 mL) was addedpizise

at —30 °C, the reaction mixture was stirred for,4ahd then allowed to warm up to rt and stirred X@rh.
Aqueous saturated NaHGQvas added to the reaction mixture, aqueous phase extracted 4 times with
EtOAc. The combined organic layers were dried @mrydrous Nz50O,, filtered and concentrated vacuoto
give a dark brown oil. Purification by flash colunchromatography (EtOAc/PE = 1:99, then repurifiethw
CH,Cl,/toluene = 15:85 to 30:70) to gi\lel as a colorless oil (211 mg, 0.60 mmol, 10% yiélde main product
of the reaction wasc, which was isolated in 28% yield)R (neat): 2953, 2897, 1724, 1509, 1440, 1367, 1306,
1247, 1086, 1024, 975, 834, 73#-NMR (CDCl,, 400 MHZ): § 7.56 (s, 1H), 5.81 (s, 2H), 4.42 (&= 7.1 Hz,
2H), 3.56-3.52 (m, 2H), 1.42 (8 = 7.1 Hz, 3H), 0.90-0.86 (m, 2H), —0.04 (s, 9HC-NMR (CDCl3, 100
MHz): § 158.8 (C), 141.0 (CH), 130.8 (C), 100.9 (C), 80381, 67.1 (CH), 61.9 (CH), 17.8 (CH), 14.2
(CHs), —1.4 (CH). HRM S (ESI+): [M+Na]" calculated for GH,;BrN,NaO;Si: 371.0397 and 373.0377. Found:
371.0399 and 373.0377.

Ethyl 1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azole-3-car boxylate

To a suspension of sodium hydride (60% in oil, @431.3 mmol, 1.6 equiv) in dry THF (16 mL) waglad a
solution of ethyl H-pyrazole-3-carboxylate (1.00 g, 7.14 mmol, 1.0ieqin dry THF (16 mL). The resulting
dark brown solution was stirred at rt for 3 h. Ausion of SEM-CI (1.52 mL, 8.56 mmol, 1.2 equiv)dny THF

(6 mL) was then added dropwise at O °C. The sailutias then allowed to warm up to rt and stirredroigt.
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Water was added to the reaction mixture, aqueoasephvas extracted 4 times with EtOAc. The combined
organic layers were dried over anhydrous3@, filtered and concentrateéd vacuoto give a dark red oil.
Purification by flash column chromatography fBtCH,Cl, = 0:100 to 5:95) led to the desired product ethyl
1-((2-(trimethylsilyl)ethoxy)methyl)-H-pyrazole-3-carboxylate as a light orange oil (1g224.50 mmol, 63%
yield). IR (neat): 2954, 2897, 1720, 1469, 1370, 1213, 1149, 10983,10023, 858, 834, 761H-NMR
(CDCl3, 400 MHZ): 6 7.61 (d,J = 2.4 Hz, 1H), 6.89 (d] = 2.4 Hz, 1H), 5.51 (s, 2H), 4.42 @= 7.1 Hz, 2H),
3.59-3.54 (m, 2H), 1.40 (§,= 7.1 Hz, 3H), 0.92-0.88 (m, 2H), -0.03 (s, 9HE-NMR (4, ppm) (CDCls, 100
MH2z): 6 162.2 (C), 143.9 (C), 130.4 (CH), 109.8 (CH), 80C%,), 67.0 (CH), 60.9 (CH), 17.7 (CH), 14.3

(CHs), —1.5 (CH). HRM S (ESI+): [M+Na]" calculated for GH2N,NaQ;Si: 293.1292. Found: 293.1290.

Ethyl 5-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-car boxylate (1€)

To a solution of ethyl 1-((2-(trimethylsilyl)ethoxyethyl)-1H-pyrazole-3-carboxylate (237 mg, 0.876 mmol, 1
equiv) in dry THF (2.6 mL), at -30 °C, was addedpwise a 1.0 M solution of TMPMgCIsLiCI (1 mL, 1
mmol, 1.14 equiv) in THF/toluene. The resulting tabe was stirred at —30 °C for 6 h. A solution g2-1
dibromotetrachloroethane (371 mg, 1.14 mmol, 1.3wWgn dry THF (1 mL) was then added dropwise 30—
°C, and the reaction mixture was stirred overnaht30 °C, then allowed to warm up to rt and stirred dbr 9

h. Aqueous saturated NaHg@as added to the reaction mixture, and the aqupbase was extracted 4 times
with EtOAc. The combined organic layers were dogdr anhydrous N&O,, filtered and concentratéd vacuo

to give an orange suspension. Purification by fleslumn chromatography (EtOAc/PE = 5:95 to 15:&f) to
the desired produdee as a yellow oil (46 mg, 0.13 mmol, 15% vyieltR (neat): 2953, 1721, 1463, 1412, 1384,
1307, 1248, 1092, 1046, 1019, 914, 858, 775, MINMR (CDCl,, 400 MHz): 5 6.88 (s, 1H), 5.56 (s, 2H),
4.41 (q,J = 7.1 Hz, 2H), 3.64-3.60 (m, 2H), 1.39 {t= 7.1 Hz, 3H), 0.92-0.88 (m, 2H), —0.03 (s, 9HC-
NMR (CDCls, 100 MH2): § 161.6 (C), 144.8 (C), 114.6 (C), 112.4 (CH), 73CH§), 67.3 (CH), 61.5 (CH),
17.9 (CH), 14.5 (CH), -1.3 (CH). HRMS (ESI+): [M+Na]" calculated for &H,;BrN,NaQ;Si: 371.0397 and
373.0377. Found: 371.0402 and 373.0377.

Ethyl 4-bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-3-car boxylate (1f)

Under air, to a solution of ethyl 1-((2-(trimethijy$)ethoxy)methyl)-H-pyrazole-3-carboxylate (685 mg, 2.53
mmol, 1.0 equiv) in CHGI(0.7 mL), at 0°C, was added a solution of Br.14 mL, 2.73 mmol, 1.08 equiv) in
CHCI; (0.1 mL) and the red-brown mixture was stirre@® &C for 3.5 h. The reaction solution was diluteithw

CHCI;, quenched by N&,0; and washed with aqueous saturated Naki@@l then brine. The organic phase
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was dried over anhydrous pBO,, filtered and concentratéd vacuoto give a brown oil. Purification by flash
column chromatography (EtOAc/PE = 15:85, repurifiath Et,O/toluene = 15:85) led to the desired prodifct
as a pale yellow oil (87 mg, 0.25 mmol, 10% yield.(neat): 3125, 2953, 2897, 1725, 1463, 1352, 1324, 1211,
1093, 1042, 1011, 915, 858, 83K-NMR (CDCl,, 400 MHZ): § 7.69 (s, 1H), 5.46 (s, 2H), 4.43 (&= 7.1 Hz,
2H), 3.58-3.54 (m, 2H), 1.41 (8 = 7.1 Hz, 3H), 0.93-0.88 (m, 2H), -0.02 (s, 9HC-NMR (CDCl3, 100
MHz): § 161.2 (C), 140.8 (C), 131.9 (CH), 97.7 (C), 81.84¢f 67.7 (CH), 61.5 (CH), 17.9 (CH), 14.4
(CHs), -1.3 (CH). HRM S (ESI+): [M+Na]" calculated for GH,,BrN,NaO;Si: 371.0397 and 373.0377. Found:
371.0402 and 373.0378.

Cyclopropyl(phenyl) phosphine oxide (2e)*

At =78 °C, to a 1.0 M solution of cyclopropylmagiuas bromide (12.5 mL, 12.5 mmol, 2.1 equiv) in 2thy-
tetrahydrofuran was added a solution of ethyl plgrosphinate (1.00 g, 5.88 mmol, 1.0 equiv) in T¢8AML)
dropwise. The resulting yellow solution was stiregd-78 °C for 40 min. An aqueous saturated,GlHolution

(6 mL) was then added, and the resulting slurry allmved to warm up to rt. Water was then addedn(fg,
the aqueous phase was washed 2 times with petrathan (2 x 30 mL), and then extracted 3 times WitiCl;

(3 x 50 mL). The combined halogenated phases wéd dver anhydrous N&O,, and concentrateid vacuoto
give a colorless oil. Distillatiorin vacuousing a Kugelrohr apparatus (90 °C, 0.5 mbar)tedhe desired
product2e as a colorless oil (590 mg, 3.55 mmol, 60% yielt):NMR (400M Hz, CDCl,): § 7.72 (ddd,J =

13.2, 8.1, 1.3 Hz, 2H), 7.58-7.43 (m, 3H), 7.8d,0 = 480.0, 2.2 Hz, 1H), 1.11-0.87 (m, 5H).

3-(Trifluoromethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole

To a suspension of sodium hydride (60% in oil, @924.3 mmol, 1.5 equiv) in dry THF (30 mL), at®©, was
added a solution of 3-(trifluoromethyl)pyrazole 2@.g, 16.2 mmol, 1.0 equiv) in dry THF (10 mL). The
resulting suspension was stirred at rt for 2 hotitee reaction solution was then cooled down to Oafd a
solution of SEM-CI (3.46 mL, 19.5 mmol, 1.2 equia)dry THF (10 mL) was added dropwise. The solution
gradually turned yellow and was allowed to warmtaipt and stirred for 3 h. Aqueous saturated NaklG@s
added to the reaction mixture and the aqueous phasextracted 4 times with EtOAc. The combinechoig
layers were dried over anhydrous,88), filtered and concentrated vacuoto give a colorless oil. Purification
by flash column chromatography (EtOAc/PE = 10:98) to the desired product 3-(trifluoromethyl)-1-((2
(trimethylsilyl)ethoxy)methyl)-H-pyrazole as a colorless oil (1.69 g, 6.34 mmobo63@eld). IR (neat): 2957,
2900, 1490, 1341, 1252, 1228, 1172, 1133, 1102, 867, 836, 771, 756H-NMR (CDCl3, 400 MH2): 6 7.62

(m, 1H), 6.60 (br, dJ = 2.4 Hz, 1H), 5.47 (s, 2H), 3.60-3.56 (m, 2HP-0.83 (m, 2H), —0.03 (s, 9H}C-
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NMR (CDCls, 100 MHZ): 6 143.0 (dyp J = 38.0 Hz), 130.8 (CH), 121.3 (Cyg J = 269 Hz), 105.6 (CH, g,

J = 2 Hz), 80.9 (CH), 67.41 (CH), 17.8 (CH), -1.4 (CH). HRMS (ESI+): no peak found (see General
Experimental).

5-Bromo-3-(trifluoromethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole (5)

To a solution of 3-(trifluoromethyl)-1-((2-(trimegtsilyl)ethoxy)methyl)-H-pyrazole (856 mg, 3.22 mmol, 1
equiv) in dry THF (6 mL), at 0 °C, was added droggva 1.0 M solution of TMPMgCIsLiCl (3.60 mL, 3.60
mmol, 1.1 equiv) in THF/toluene. The resulting mid was stirred at 0 °C for 3 h and the completibthe
deprotonation was checked by GC/MS analysis oftimacaliquots quenched with,.I A solution of 1,2-
dibromotetrachloroethane (1.27 g, 3.9 mmol, 1.2\gga dry THF (2 mL) was then added dropwise &)
and the reaction mixture was allowed to warm upttand stirred for 4.5 h. Aqueous saturated Nakl@@s
added to the reaction mixture, and the aqueouseplias extracted 4 times with EtOAc. The combineghnic
phases were dried over anhydrous®@, filtered and concentrateéd vacuoto give a brown oil. Purification by
flash column chromatography (PE) led to the degmexdiuct5 as a light yellow oil (717 mg, 2.08 mmol, 65%
yield). IR (neat): 2955, 2898, 1468, 1421, 1396, 1367, 1249, 1217211120, 1091, 1052, 1028, 969, 913,
858."H-NMR (CDCl3, 400 MH2): 6 6.63 (s, 1H), 5.53 (s, 2H), 3.65-3.61 (m, 2H), @38 (m, 2H), -0.02 (s,
9H). ®*C-NMR (CDCls, 100 MHz): 6 143.8 (C, q,) = 39 Hz), 120.6 (C, q] = 269 Hz), 114.9 (C), 108.2 (CH,
dapp J = 2 Hz), 79.1 (CH), 67.4 (CH), 17.7 (CH), -1.5 (CH). HRMS (ESI+): no peak found (see General
Experimental).

3-Bromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-5-car bonitrile (6)

To a solution of 3-bromo-1-((2-(trimethylsilyl)ethg)methyl)-1H-pyrazole (1.08 g, 3.9 mmol, 1.0 equiv) in dry
THF (7.6 mL), at 0°C, was added dropwise a 1.0 Nutsm of TMPMgCI-LiCl (4.70 mL, 4.70 mmol, 1.2
equiv) in THF/toluene. The solution was then stira¢ rt for 8 h. The solution was cooled down t&2C and a
solution ofpp-toluene sulfonyl cyanide (847 mg, 4.67 mmol, 1cRie) in THF (4.0 mL) was added dropwise.
The reaction was stirred overnight at —15 °C amahtéat rt for 0.5 h. Aqueous saturated NaH®@s added to
the reaction mixture, and the aqueous phase waaceed 4 times with EtOAc. The combined organicsgisa
were dried over anhydrous PO, filtered and concentratéd vacuoto give a brown suspension. Purification
by flash column chromatography (EtOAc/PE = 5:93@00) led to the desired prodiicas a colorless oil (1.02
g, 3.38 mmol, 87% yield)R (neat): 3143, 2953, 2897, 2239, 1509, 1360, 1297, 124821061, 858, 834,

761."H-NMR (CDCl3, 400 MHZ): 5 6.86 (s, 1H), 5.55 (s, 2H), 3.66-3.62 (m, 2H), @61 (m, 2H), -0.01 (s,
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9H). ®*C-NMR (CDCls, 100 MHz): 5 126.8 (C), 117.2 (CH), 116.9 (C), 109.0 (C), 8CHY), 68.1 (CH), 17.7
(CH,), -1.3 (CH). HRM S (ESI +): no peak found (see General Experimental).

3.5. General procedurefor the cross-couplings of bromopyrazoles with phosphonylidenes

Pd(OAc)2 (10 mol %), XantPhos (20 mol %), and KQAB mol %), bromopyrazole (1.5 equiv) were weighted
in a microwave vial, which was then sealed andhiaswith argon. THFq(= 0.25 M) and DIPEA (1.8 equiv)
were then added through the septum and the regudtispension was stirred for 20 min at 70 °C. The
phosphonylidene (1.0 equiv) was then added thrahglseptum, and the reaction mixture was stirretDatC
and the temperature was increased to 100 °C ifssacg until completion of the reaction, as deteedity
TLC. The reaction mixture was then diluted with Bt an aqueous saturated NaH{0lution was added, the
layers were separated, and the aqueous phase wastex 3 more times with EtOAc. The combined oigan
phases were then dried over anhydrousSilp and concentrateéh vacuo Purification by flash column
chromatography on silica gel led to the desiredsmmoupling products.

Ethyl 5-(diethoxyphosphor yl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azol e-4-car boxylate (3a).
Pyrazolela (262 mg, 0.75 mmol) and diethyl phosphte (64 L, 0.5 mmol) were reacted together according
to the general procedure. After 25 h, TLC showelll donsumption of2a. Purification by flash column
chromatography on silica gel (EtOAc/@El, = 90:10) led to the desired prod3zatas a pale yellow oil (65 mg,
0.16 mmol, 32% vyield).IR (neat): vmax 2982, 2954, 1735, 1716, 1524, 1379, 1250, 12074,11091, 1020,
835, 750.'H-NMR (CDCl3, 400 MHz): 6 7.97 (d,J = 1.3 Hz, 1H), 5.94 (s, 2H), 4.32 (@,= 7.1 Hz, 2H),
4.29-4.10 (m, 4H), 3.62-3.56 (m, 2H), 1.36)t 7.1 Hz, 3H), 1.32 (td) = 7.1, 0.7 Hz, 6H), 0.93-0.86 (m,
2H), -0.03 (s, 9H)®*C-NMR (CDCls, 100 MHz): 6 162.0 (C), 141.5 (CH, dl = 14 Hz), 133.1 (C, d] = 208
Hz), 122.0 (C, dJ = 16 Hz), 80.7 (Ch), 67.1 (CH), 63.5 (CH,d,J =5 Hz), 61.0 (Ch), 18.0 (CH), 16.4 (CH,
d,J =7 Hz), 14.4 (Ch), -1.3 (CH). HRM S (ESI+): [M+H] * calculated for GHaiN,OsPSi: 407.1762. Found:
407.1758.

Ethyl 3-(diethoxyphosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azol e-4-car boxylate (3b).
Pyrazole1lb (112 mg, 0.321 mmol) and diethyl phosphie (27 uL, 0.211 mmol) were reacted together
according to the general procedure. After 6 h, BbGwed full consumption &fa. Purification by flash column
chromatography on silica gel (EtOAc/PE = 20:80 @0:0) led to the desired prodiBli as a pale yellow oil (45
mg, 0.11 mmol, 52% vyield)R (neat): vmax 2981, 2954, 2904, 1725, 1248, 1225, 1085, 10534,1921, 858,
835, 752H-NMR (CDCls, 400 MH2z): ¢ 8.15 (d,J = 1.9 Hz, 1H), 5.48 (s, 2H), 4.38-4.19 (m, 6HF13:3.55

(m, 2H), 1.39-1.33 (m, 9H), 0.95-0.88 (m, 2H), DB, 9H).”*C-NMR (CDCls, 100 MHz): § 161.6 (C),
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143.2 (C, dJ = 231 Hz), 134.7 (CH, dl = 8 Hz), 119.8 (C, d] = 21 Hz), 81.2 (Ch), 67.8 (CH), 63.2 (CH, d,

J = 6 Hz), 61.0 (Ch), 17.9 (CH), 16.5 (CH,d, J = 7 Hz), 14.4 (CH), -1.3 (CH). HRMS (ESI+): [M+Na]*
calculated for GH31No-NaGQ;PSi: 429.1581. Found: 429.1584.

Ethyl 3-(diethoxyphosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azole-5-car boxylate (30).
Pyrazolel1lc (130 mg, 0.374 mmol) and diethyl phosphiie (32 pL, 0.250 mmol) were reacted together
according to the general procedure. After 2 h, BhGwed full consumption &fa. Purification by flash column
chromatography on silica gel (EtOAc/PE = 60:40)tledhe desired produ8t as a pale yellow oil (61 mg, 0.15
mmol, 61% vyield).IR (neat): vna 2982, 2954, 2904, 1729, 1244, 1081, 1052, 1020, 938, 769, 749'H-
NMR (CDCls, 400 MHZ): § 7.32 (d,J = 1.4 Hz, 1H), 5.91 (s, 2H), 4.37 @= 7.1 Hz, 2H), 4.26-4.10 (m, 4H),
3.63-3.55 (m, 2H), 1.37 (8 = 7.1 Hz, 3H), 1.34 (td) = 7.1, 0.5 Hz, 6H), 0.90-0.86 (m, 2H), —0.06 (4).9
3C-NMR (CDCl;, 100 MHz): § 158.9 (C), 141.7 (C, dl = 232 Hz), 134.0 (C, dl = 10 Hz), 118.0 (CH, d] =

23 Hz), 80.2 (Ch), 67.3 (CH), 62.9 (CH, d, J = 6 Hz), 61.7 (CH), 17.9 (CH), 16.4 (CH,d, J = 6 Hz), 14.3
(CHs), —1.4 (CH). HRM S (ESI+): [M+Na]" calculated for GHzN,NaQ;PSi: 429.1581. Found: 429.1580.
Ethyl 4-(diethoxyphosphor yl)-1-((2-(trimethylsilyl)ethoxy) methyl)-1H-pyr azole-5-car boxylate (3d)
Pyrazole1ld (110 mg, 0.315 mmol) and diethyl phosphia (27 pL, 0.211 mmol) were reacted together
according to the general procedure. After 23 h, Tdl@®wed full consumption d?a. Purification by flash
column chromatography on silica gel (EtOAc/PE =900 100:0) led to the desired prod@dtas an orange oil
(65 mg, 0.061 mmol, 29% vyield)R (neat): vmax2982, 2954, 2903, 1729, 1519, 1311, 1249, 10925,10621,
967, 859, 791'H-NMR (CDCl,, 400 MHz): § 7.82 (d,J = 1.4 Hz, 1H), 5.83 (s, 2H), 4.43 @= 7.1 Hz, 2H),
4.23-4.04 (m, 4H), 3.60-3.56 (M, 2H), 1.43)t 7.2 Hz, 3H), 1.34 (td) = 7.1, 0.5 Hz, 6H), 0.93-0.84 (m,
2H), —0.05 (s, 9H)*C-NMR (CDCl;, 100 MHz): § 158.8 (C), 144.1 (CH, dl = 11 Hz), 135.9 (C, d] = 22
Hz), 113.0 (C, d,J = 217 Hz), 80.1 (Ch), 67.4 (CH), 62.5-62.4 (3Ch), 17.9 (CH), 16.5 (CH,d, J = 7 Hz),
14.1 (CH), -1.4 (CH). HRM S (ESI+): [M+Na]" calculated for GHs:N,NaQO;PSi: 429.1581. Found: 429.1585.
Ethyl 5-(diethoxyphosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azole-3-car boxylate (3e).
Pyrazolele (95 mg, 0.272 mmol) and diethyl phosptige(23 L, 0.180 mmol) were reacted together according
to the general procedure. After 22 h at 70 °C, Bhowed thaRa was not fully consumed, so the temperature
was increased to 100 °C and the reaction mixture stiared at this temperature for 6 h. Purificatipnflash
column chromatography on silica gel (EtOAc/PE =9D0to 100:0) led to the desired prodBetas a yellow oil
(27 mg, 0.066 mmol, 37% yield)R (neat): vHx2982, 2954, 1740, 1723, 1509, 1446, 1390, 13690,1P%06,

1090, 1016, 975, 859, 8354-NMR (Acetone-d6, 400 MHz): § 7.19 (d,J = 2.5 Hz, 1H), 5.77 (s, 2H), 4.34 (q,
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J=7.1 Hz, 2H), 4.26-4.06 (m, 4H), 3.70-3.66 (m)2H35 (t,J = 7.1 Hz, 3H), 1.33 (td] = 7.2, 0.4 Hz, 6H),
0.93-0.89 (m, 2H), —0.01 (s, 9HYC-NMR (Acetone-d6, 100 MHz): § 161.9 (C), 144.2 (C, d] = 16 Hz),
134.8 (C, dJ = 210 Hz), 118.3 (CH, d, = 17 Hz), 81.0 (Ch), 67.6 (CH), 63.8 (CH, d,J = 5 Hz), 61.4 (Ch),
18.2 (CH), 16.5 (CH, d, J = 6 Hz), 14.6 (CH), -1.4 (CH). HRMS (ESI+): [M+Na]" calculated for
CieH3:N,NaOsPSi: 429.1581. Found: 429.1583.

Ethyl 5-(diisopropoxyphosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-4-carboxylate (4a).
Pyrazolela (266 mg, 0.76 mmol) and diisopropyl phosptite (84 uL, 0.504 mmol) were reacted together
according to the general procedure. After 22 haf@, TLC showed full consumption @b. Purification by
flash column chromatography on silica gel (EtOAc/AHE5:85) led to the desired proddet as a white oil (63
mg, 0.145 mmol, 29% vield)R (neat): vmax2980, 2954, 1736, 1715, 1524, 1376, 1251, 12063,1990, 834,
752.'"H NMR (400 MHz, CDCl5) § 7.96 (d,J = 1.2 Hz, 1H), 5.98 (s, 2H), 4.78 (dhept= 7.9, 6.2 Hz, 2H),
4.31 (q,d = 7.1 Hz, 2H), 3.65 — 3.54 (m, 2H), 1.37 §ds 6.2 Hz, 6H), 1.35(t, J = 7.1 Hz, 3H), 1.21 (d] =
6.2 Hz, 6H), 0.92 — 0.85 (m, 2H)0.04 (s, 9H)*C-NMR (CDCls, 100 MHz): § 162.1 (C), 141.6 (CH, dl =
14 Hz), 134.2 (C, dJ = 207 Hz), 121.7 (C, d} = 15 Hz), 80.6 (Ch), 72.4 (CH, dJ =5 Hz), 67.0 (Ch), 60.8
(CH,), 24.1 (CH, d,J = 5 Hz), 23.7 (CH d,J = 5 Hz), 18.0 (CH), 14.4 (CH), 1.3 (CHy). HRM S (ESI+):
[M+Na]" calculated for GHassN.NaQ;PSi: 457.1894. Found: 457.1896.

Ethyl 5-(ethoxy(phenyl)phosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azole-4-car boxylate (4b).
Pyrazolela (263 mg, 0.734 mmol) and ethyl phenylphosphirgaté81 uL, 0.505 mmol) were reacted together
according to the general procedure. After 25 h, T8l@wed full consumption a2c. Purification by flash
column chromatography on silica gel (EtOAc/Toluen20:80) led to the desired proddtt as a pale yellow oil
(65 mg, 0.148 mmol, 29% yield)R (neat): vmax2953, 2899, 1730, 1520, 1439, 1377, 1235, 1206711026,
962, 859, 749*H-NMR (CDCl3, 400 MHz): & 8.03-7.95 (m, 2H), 7.93 (d, = 1.1 Hz, 1H), 7.51 (m, 1H),
7.44-7.39 (m, 2H), 6.32 (d) = 9.9 Hz, 1H), 5.78 (d] = 9.9 Hz, 1H), 4.21 (m, 1H), 4.18 (= 7.1 Hz, 2H),
4.08 (m, 1H), 3.49 (ddd] = 11.3, 9.6, 5.7 Hz, 1H), 3.39 (dd#i= 11.3, 9.6, 5.7 Hz, 1H), 1.35 @,= 7.1 Hz,
3H), 1.23 (tJ = 7.1 Hz, 3H), 0.81 (ddd,= 13.8, 11.3, 5.7 Hz, 1H), 0.67 (ddtk 13.8, 11.3, 5.7 Hz, 1H)0.09
(9H). *C-NMR (CDCls, 100 MHz): § 162.0 (C), 141.3 (CH, d] = 12 Hz), 135.1 (C, d] = 138 Hz), 132.7
(CH, d,J = 3 Hz), 131.8 (CH, d] = 11 Hz), 130.9 (C, d] = 156 Hz), 128.3 (CH, dl = 15 Hz), 121.9 (C, d =
14 Hz), 81.1 (CH), 66.8 (CH), 62.2 (CH d, J = 6 Hz), 60.9 (Ch), 17.8 (CH), 16.4 (CH, d, J = 7 Hz), 14.2

(CHy), -1.4 (CH). HRM S (ESI+): [M+H]* calculated for GsHa,N,OsPSi: 439.1813. Found: 439.1814.
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Ethyl 3-(ethoxy(phenyl)phosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-4-carboxylate (4c).
Pyrazolelb (109 mg, 0.312 mmol) and ethyl phenylphosphir2até32 uL, 0.212 mmol) were reacted together
according to the general procedure. After 6 h afCPDTLC showed tha2c was not fully consumed, so the
temperature was increased to 100 °C and the reactixture was stirred at this temperature for 15 h.
Purification by flash column chromatography oncsiligel (EtOAc/PE = 10:90 to 100:0) led to the dmkir
productdc as a pale yellow oil (23 mg, 0.052 mmol, 25% yjeldR (neat): v1ax2953, 2900, 1723, 1531, 1439,
1220, 1125, 1080, 1027, 955, 858, 835, 773, 748, 824 'H-NMR (CDCl3, 400 MH2): 6 8.14 (d,J = 1.4 Hz,
1H), 7.87 (ddd, = 13.3, 8.3, 1.2 Hz, 2H), 7.50 (m, 1H), 7.46-7(88 2H), 5.48 (s, 2H), 4.34-4.22 (pgptJ =
7.2 Hz, 2H), 4.18 (q) = 7.1 Hz, 2H), 3.62-3.52 (m, 2H), 1.37 Jt= 7.1 Hz, 3H), 1.19 (t) = 7.1 Hz, 3H),
0.94-0.86 (m, 2H), —0.03 (s, 9HYC-NMR (CDCl;, 100 MHZ): § 161.6 (C), 145.6 (C, dl = 164 Hz), 135.0
(CH, d,J = 6 Hz), 132.2 (CH), 131.9 (CH, d,= 11 Hz), 131.5 (C, d] = 153 Hz), 128.2 (CH, d] = 14 Hz),
120.1 (C, dJ = 19 Hz), 81.1 (Ch), 67.7 (CH), 62.1 (CH,d, J = 6 Hz), 60.8 (CH), 17.9 (CH), 16.6 (CH, d, J

= 6 Hz), 14.2 (CH), —1.3 (CH). HRM S (ESI+): [M+Na]" calculated for GHs;N,NaQ;PSi: 461.1632. Found:
461.1634.

Ethyl 3-(diphenylphosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-4-carboxylate ~ (4d).
Pyrazolelb (105 mg, 0.301 mmol) and diphenyl phosphine odié40 mg, 0.198 mmol) were reacted together
according to the general procedure. After 38 hafCQ, TLC showed tha?d was not fully consumed, so the
temperature was increased to 100 °C and the reactixture was stirred at this temperature for 48 h.
Purification by flash column chromatography oncsilgel (EtOAc/CHCI, = 60:40 to 100:0) led to the desired
productdd as a yellow solid (10 mg, 0.021 mmol, 11% vyield).

IR (neat): vmax 2953, 1719, 1532, 1438, 1384, 1247, 1197, 1076, '8BNMR (CDCls, 400 MH2): 6 *H NMR
(400 MHz, CDC}) § 8.24 (d,J = 0.9 Hz, 1H), 7.76—7.69 (m, 4H), 7.55 — 7.48 i), 7.47 — 7.39 (m, 4H), 5.39
(s, 2H), 4.03 (q,) = 7.1 Hz, 2H), 3.54 — 3.47 (m, 2H), 0.99Jt= 7.1 Hz, 3H), 0.91 — 0.84 (m, 2H),0.04 (s,
9H). *C-NMR (CDCl3, 100 MHz): 161.7 (C), 146.8 (C, d = 129 Hz), 135.4 (CH, d = 5 Hz), 132.8 (C, d
=112 Hz), 131.8 (CH, dl = 10 Hz), 131.7 (CH), 128.21 (CH, 8= 13Hz), 120.9 (C, d] = 16 Hz), 81.0 (Ch),
67.7 (CH), 60.8 (CH), 17.8 (CH), 13.8 (CH), -1.3 (CH). HRMS (ESI+): [M+H]" calculated for

CosH:N,O,PSi: 471.1863. Found: 471.1862.

Ethyl 3-(ethoxy(phenyl)phosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-5-carboxylate (4€).

Pyrazolelc (106 mg, 0.303 mmol) and ethyl phenylphosphirgaté32 L, 0.202 mmol) were reacted together
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according to the general procedure. After 2 h atG0TLC showed full consumption @t. Purification by flash
column chromatography on silica gel (EtOAc/PE =460to 100:0) led to the desired proddetas a grey oil (46
mg, 0.10 mmol, 52% yield)R (neat): vmx2980, 2953, 2900, 1728, 1305, 1236, 1124, 1096),10827, 952,
858, 771.'H-NMR (CDCls, 400 MHz): 6 7.94-7.88 (m, 2H), 7.53 (m, 1H), 7.49-7.41 (m, 2HR7 (d,J = 1.2
Hz, 1H), 5.90 (dJ = 10.2 Hz, 1H), 5.87 (d] = 10.2 Hz, 1H), 4.35 (¢ = 7.1 Hz, 2H), 4.21-4.11 (m, 2H),
3.55-3.51 (m, 2H), 1.38 (1 = 7.2 Hz, 3H), 1.36 (tJ = 7.1 Hz, 3H), 0.86-0.82 (m, 2H), —0.10 (s, 9HL-
NMR (CDCls, 100 MHz): 6 158.9 (C), 144.8 (C, d = 171 Hz), 134.0 (C, dl = 8.1 Hz), 132.6 (CH, d] =3
Hz), 131.8 (CH, dJ = 10 Hz), 130.9 (C, d] = 146 Hz), 128.6 (CH, d] = 14 Hz), 118.2 (CH, d] = 20 Hz),
80.2 (CH), 67.2 (CH), 61.9 (CH, d,J = 6 Hz), 61.7 (CH), 17.8 (CH), 16.6 (CH, d, J = 7 Hz), 14.3 (Ch),
-1.4 (CH). HRM S (ESI+): [M+Na]" calculated for gH3;,N,NaQ;PSi: 461.1632. Found: 461.1636.

Ethyl 3-(diphenylphosphoryl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazole-5-car boxylate (4f).
Pyrazolelc (125 mg, 0.359 mmol) and diphenylphosphine o2d€48 mg, 0.238 mmol) were reacted together
according to the general procedure. After 6 h, BbGwed full consumption &d. Purification by flash column
chromatography on silica gel (EtOAc/PE = 50:50) fedhe desired produelf as a yellow oil (54 mg, 0.11
mmol, 48% yield)IR (neat): vna 2952, 1727, 1438, 1303, 1244, 1201, 1120, 10949,1857, 748'H-NMR
(CDCl3, 400 MHZz): 6 7.85-7.76 (m, 4H), 7.57-7.50 (m, 2H), 7.49-7.42 &), 5.90 (s, 2H), 4.35 (4,= 7.1
Hz, 2H), 3.56-3.52 (m, 2H), 1.35 (= 7.1 Hz, 3H), 0.88-0.84 (m, 2H), —0.09 (s, 9HEL-NMR (CDCl3, 100
MH2): § 159.0 (C), 145.9 (C, dl = 132 Hz), 134.1 (C, dl = 7 Hz), 132.5 (C, d] = 109 Hz), 132.2 (CH, d =

3 Hz), 131.8 (CH, dJ = 10 Hz), 128.6 (CH, d] = 13 Hz), 118.6 (CH, d] = 18 Hz), 80.2 (Ch), 67.3 (CH),
61.7 (CH), 17.8 (CH), 14.3 (CH), —-1.4 (CH). HRMS (ESI+): [M+Na]"* calculated for Hs;N,NaQO,PSi:
493.1683. Found: 493.1684.

Diethyl (3-(trifluoromethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-5-yl)phosphonate ~ (7a).
Pyrazole5 (330 mg, 0.956 mmol) and diethyl phosphie (81 uL, 0.633 mmol) were reacted together
according to the general procedure. After 3 h, BbGwed full consumption &fa. Purification by flash column
chromatography on silica gel (EtOAc/toluene = 20:B@ to the desired produgt as a yellow oil (212 mg,
0.527 mmol, 83% vyield)lR (neat): vmax 2984, 2955, 2902, 1530, 1456, 1370, 1252, 12101,11733, 1092,
1017, 973, 835, 756H-NMR (CDCls, 400 MHz): 7.01 (d,J = 2.4 Hz, 1H), 5.73 (s, 2H), 4.29-4.10 (m, 4H),
3.68-3.60 (m, 2H), 1.37 (td, = 7.1, 0.6 Hz, 6H), 0.93-0.84 (m, 2H)).02 (s, 9H).*C-NMR (CDCl;, 100

MHz): 6 142.3 (C, qdJ = 39, 17 Hz), 134.0 (C, d,= 214 Hz), 120.8 (C, g} = 269 Hz), 113.9 (CH, dgh J =
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18, 2 Hz), 80.3 (Ch), 67.4 (CH), 63.5 (CH, d, J = 6 Hz), 17.8 (CH), 16.3 (CH, d, J = 7 Hz),-1.5 (CH).
HRMS (ESI+): [M+Na]" calculated for @H,sFsN,NaQ,PSi: 425.1244. Found: 425.1243.

Ethyl phenyl(3-(trifluoromethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-5-yl)phosphinate (7b).
Pyrazole5 (112 mg, 0.324 mmol) and ethyl phenylphosphirat€35 uL, 0.218 mmol) were reacted together
according to the general procedure. After 9 h, BhGwed full consumption &c. Purification by flash column
chromatography on silica gel gEt/toluene = 35:65) led to the desired prodilztas a yellow oil (85 mg, 0.20
mmol, 90% yield)IR (neat): vmax2954, 2901, 1527, 1440, 1240, 1209, 1170, 1128],10023, 974, 834, 693.
'H-NMR (CDCl3, 400 MH2): ¢ 7.89-7.78 (m, 2H), 7.58 (m, 1H), 7.53-7.44 (m, 26191 (d,J = 2.0 Hz, 1H),
5.91 (d,J = 10.3 Hz, 1H), 5.61 (d] = 10.3 Hz, 1H), 4.27-4.11 (m, 2H), 3.41 (ddds 11.1, 9.7, 5.8 Hz, 1H),
3.30 (dddJ = 11.2, 9.7, 5.6 Hz, 1H), 1.40 (t=7.1, 3H), 0.68 (ddd] = 13.8, 11.2, 5.8 Hz, 1H), 0.52 (ddbz
13.8, 11.1, 5.6 Hz, 1H), -0.11 (s, 9H)C-NMR (CDCls, 100 MHZ): 6 142.2 (C, qd,) = 39, 14 Hz), 136.8 (C,
d,J = 150 Hz), 133.1 (CH, d| = 3 Hz), 131.9 (CH, d] = 11 Hz), 130.1 (C, d] = 150 Hz), 128.9 (CH, d = 14
Hz), 120.9 (C, g = 269 Hz), 113.5 (CH, dl = 18 Hz), 80.5 (Ch), 67.0 (CH), 62.4 (CH, d, J = 6 Hz), 17.5
(CH,), 16.6 (CH, d, J = 7 Hz), -1.5 (CH. HRMS (ESI+): [M+Na]" calculated for GH,cFsN,NaO;PSi:
457.1295. Found: 457.1298.

Diphenyl (3-(trifluoromethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azol-5-yl)phosphine oxide (7c).
Pyrazole5 (132 mg, 0.384 mmol) and diphenylphosphine o@d€52 mg, 0.255 mmol) were reacted together
according to the general procedure. After 9 h, BhGwed full consumption &d. Purification by flash column
chromatography on silica gel gex/toluene = 30:70) led to the desired prodiztas a yellow oil (68 mg, 0.15
mmol, 57% yield).IR (neat): vmax 2953, 2897, 1526, 1438, 1249, 1208, 1170, 1120, 833, 693'H-NMR
(CDCls, 400 MHZ): § 7.71-7.63 (m, 4H), 7.66-7.55 (m, 2H), 7.53-7.46 4ir), 6.35 (dJ = 2.1 Hz, 1H), 5.78
(s, 2H), 3.30-3.26 (m, 2H), 0.48-0.43 (m, 2H), 44, 9H).*C-NMR (CDCl3, 100 MHz): § 141.9 (C, qd,) =
39, 13 Hz), 137.6 (C, d] = 108 Hz), 132.9 (CH, broad), 131.7 (CH,Jds 11 Hz), 131.0 (C, d] = 112 Hz),
128.9 (CH, dJ = 13 Hz), 120.8 (C, qJ = 269 Hz), 114.4 (CH, d] = 16 Hz), 80.8 (CH), 66.9 (CH), 17.3
(CH,), —1.6 (CH). HRM S (ESI+): [M+Na]" calculated for GH»sFsN,NaO,PSi: 489.1346. Found: 489.1347.
Cyclopropyl(phenyl)(3-(trifluor omethyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyr azol-5-yl)phosphine
oxide (7d) Pyrazole5 (101 mg, 0.293 mmol) and cyclopropylphenylphosphixide2e (35 mg, 0.211 mmol)
were reacted together according to the generaleprge. After 23 h, TLC showed full consumption 2af
Purification by flash column chromatography oncsilgel (EfO/toluene = 35:65) led to the desired prodidt

as a yellow oil (43 mg, 0.10 mmol, 47% yieltR (neat): vmax2953, 2916, 1528, 1249, 1216, 1172, 1123, 1106,
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1087, 973, 932, 895, 7634-NMR (CDCl,, 400 MHZ): § 7.76-7.70 (m, 2H), 7.57 (m, 1H), 7.52-7.47 (m, 2H),
6.91 (d,J = 1.8 Hz, 1H), 5.75 (d] = 10.4 Hz, 1H), 5.58 (d] = 10.4 Hz, 1H), 3.40 (ddd,= 11.1, 9.6, 5.9 Hz,
1H), 3.30 (ddd,) = 11.1, 9.6, 5.6 Hz, 1H), 1.38 (m, 1H), 1.18-0(8§ 4H), 0.64 (dddJ = 13.8, 11.1, 5.9 Hz,
1H), 0.51 (ddd,) = 13.8, 11.1, 5.6 Hz, 1H), =0.11 (s, 9EAC-NMR (CDCl3, 100 MHz): § 142.2 (C, qdJ) = 39,

13 Hz), 138.6 (C, d] = 106 Hz), 132.6 (CH, dl = 3 Hz), 131.8 (C, dJ = 112 Hz), 130.9 (CH, dl = 10 Hz),
128.9 (CH, dJ = 13 Hz), 121.0 (C, q) = 269 Hz), 112.8 (CH, d] = 14 Hz), 80.5 (Ch), 67.0 (CH), 17.5
(CH,), 8.3 (CH, d,J = 112 Hz), 3.7 (Ch d, J = 5 Hz), 3.4 (CH, d,J = 4 Hz), -1.5 (CH). HRM S (ESI+):
[M+Na]" calculated for GH,eFsN,NaO,PSi: 453.1346. Found: 453.1347.

Diethyl (5-cyano-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-3-yl)phosphonate (8a). Pyrazole6 (101
mg, 0.293 mmol) and diethyl phosphita (36 uL, 0.282 mmol) were reacted together accordindhéogeneral
procedure. After 5 h, TLC showed full consumptidn2a. Purification by flash column chromatography on
silica gel (EtOAc/PE = 10:100 to 100:0) led to ttesired producBa as an orange oil (82 mg, 0.23 mmol, 81%
yield). IR (neat): v, 2983, 2954, 2901, 2240, 1393, 1299, 1249, 10951,10819, 972, 858, 835, 76H-
NMR (Acetone-d6, 400 MHz): 6 7.49 (d,J = 1.5 Hz, 1H), 5.76 (s, 2H), 4.23-4.07 (m, 4HY,23:3.65 (m, 2H),
1.30 (td,J = 7.1, 0.5 Hz, 6H), 0.97-0.90 (m, 2H), -0.02 (4) 9°C-NMR (Acetone-d6, 100 MHz): § 144.7 (C,
d,J=230Hz), 121.1 (CH, d = 23 Hz), 116.9 (C, dl = 11 Hz), 110.3 (C), 81.2 (G} 68.2 (CH), 63.4 (CH,

d, J = 6 Hz), 18.1 (CH), 16.6 (CH, d, J = 6 Hz), -1.4 (CH. HRMS (ESI+): [M+Na]* calculated for
C1H26NsNaOPSi: 382.1322. Found: 382.1326.

Ethyl (5-cyano-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-pyrazol-3-yl)(phenyl)phosphinate (8b) Pyrazole6
(123 mg, 0.409 mmol) and ethyl phenylphosphirgaté44 uL, 0.273 mmol) were reacted together according to
the general procedure. After 5 h, TLC showed fudngumption of2c. Purification by flash column
chromatography on silica gel (EtOAc/PE = 10:100®0:0) led to the desired prod@tt as a yellow oil (80 mg,
0.20 mmol, 75% yield)IR (neat): vmax2953, 2899, 2239, 1439, 1297, 1234, 1124, 10935,1923, 858, 751.
'H-NMR (CDCl3, 400 MHZ): 6 7.93-7.86 (m, 2H), 7.56 (m, 1H), 7.51-7.43 (m, 2AHB1 (d,J = 1.2 Hz, 1H),
5.63 (s, 2H), 4.23-4.09 (m, 2H), 3.61-3.53 (m, 2HR7 (t,J = 7.1 Hz, 3H), 0.94-0.84 (m, 2H), —0.07 (s, 9H).
BC-NMR (CDCls, 100 MH2z): 6 146.9 (C, d,J = 169 Hz), 133.0 (CH, dl = 3 Hz), 131.9 (CH, dJ = 10 Hz),
130.1 (C, d)J = 145 Hz), 128.8 (CH, d} = 14 Hz), 120.3 (CH, d] = 20 Hz), 116.2 (C, d] = 9 Hz), 109.5 (C),
80.4 (CH), 68.1 (CH), 62.1 (CH, d, J = 6 Hz), 17.7 (CH), 16.6 (CH, d, J = 6 Hz), -1.4 (Ch). HRMS

(ESI+): [M+Na]" calculated for gH-gNsNaO;PSi: 414.1373. Found: 414.1376.
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3-(Diphenylphosphoryl)-1-((2-(trimethylsilyl)ethoxy) methyl)-1H-pyr azole-5-car bonitrile (8c). Pyrazole 6
(117 mg, 0.388 mmol) and diphenylphosphine o@d€52 mg, 0.258 mmol) were reacted together accgrttin
the general procedure. After 23 h, TLC showed fidhsumption of2d. Purification by flash column
chromatography on silica gel (EtOAc/PE = 10:10000:0) led to the desired prodttas a yellow oil (63 mg,
0.15 mmol, 58% yield)LR (neat): vy,ax2952, 2896, 2238, 1438, 1296, 1248, 1200, 11183,1980, 834, 752.
'H-NMR (CDCl,, 400 MHZ): § 7.82-7.73 (m, 4H), 7.60-7.52 (m, 2H), 7.50~7.43 4i), 7.37 (dJ = 1.5 Hz,
1H), 5.64 (s, 2H), 3.65-3.50 (M, 2H), 0.98-0.76 &), —0.06 (s, 9H)*C-NMR (CDCl3, 100 MHz): § 148.2
(C, d,J = 129 Hz), 132.5 (CH, dl = 3 Hz), 131.758 (CH, d} = 10 Hz), 131.755 (C, d,= 109 Hz), 128.7 (CH,
d,J = 13 Hz), 120.9 (CH, d] = 18 Hz), 116.4 (C, d] = 8 Hz), 109.5 (C), 80.4 (G} 68.1 (CH), 17.7 (CH),
-1.4 (CH). HRM S (ESI+): [M+Na]" calculated for GH,6NsNaO,PSi: 446.1424. Found: 446.1426.
Associated Content

The'H and™*C NMR for compoundda—f, 2e, 3a—e, 4a—f, 5, 6 , 7a—d and8a—c are provided in the supporting
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