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Construction of 3,4-Disubstituted-3-(difluoromethyl)pyrazoles

Zeng, Junliang™* Xu, Zhihong" Ma, Junan*?’
(“ School of Chemistry and Chemical Engineering, Xuchang University, Henan 461000)
( Tianjin Key Laboratory of Molecular Optoelectronic Sciences, and Tianjin Collaborative Innovation Center of
Chemical Science & Engineering, Department of Chemistry, Tianjin University, Tianjin 300072)

Abstract The CHF, moiety has been widely utilized in the design of pharmaceuticals and agrochemicals, because this group
can act as hydrogen-bonding donor to improve the binding selectivity of biologically active compounds, as a bioisostere to
substitute for methyl, methoxy, hydroxy, amino and thiol groups, and as a lipophilic regulator to improve the liposolubility of
the active compounds. For example, 3-difluoromethylpyrazole scaffolds are present in many organic compounds that exhibit
important biological activities. In this content, there are nearly ten kinds of pesticide molecules on the market that contain
3.,4-disubstituted-3-(difluoromethyl)pyrazole units, with annual sales of up to one billion dollars. In this review, the methods of
construction of 3,4-disubstituted 3-difluoromethylpyrazoles will been briefly summarized that have been reported so far. Four
different strategies including using fluorinated reagents as substrates, difluoroacetic acid and its derivatives as fluorine building

blocks, difluorodiazonium and others as fluorine building blocks will be introduced.
Keywords 3,4-disubstituted-3-difluoromethylpyrazoles; difluoromethyl heterocyclic compounds; fungicides; synthesis
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Figure 1 Drug molecules containing 3-CHF,-pyrazole skeleton
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i, T 9%. BEJE, BTk I RHEA & BT
GRE BOTEATRN TR, R 9 S B SRS)IE A S,
5 3-(1-WRWE ) TR I T2 £ T8 (52) 7 A1l 5 6t P B 00k
Ferhlalfa 53, B 55 H R EAS ) 3-( 960 HT B Hk ek
RIRTE AL &) (Scheme 19b). 1% 5 V5 4H b A — % 28,
A BOL TR F TR AR R = B R (LB 2 3%), R

PSP = 2R 97%, FILH R UF 1) S A
(a) Bayer Zle o o
0 Me™ P> co,Et
)J\ 23 HF,C | OEt
HF2C X 0 °C, toluene N/Me
X=Cl,Br, F 24 I\I/Ie
(0]
HoNHN-Me HF?C>_§\& OFt
/
-20 °C, toluene, 85% N,N\
|
Me
5
(b) BASF

N >co,et

o

52 2 Hcm)k[”\OEt
HF:C™ “F  30°C, toluene, KF N

51 o 53

HF,C OEt
HaNHN-Me B
.50 °C, toluene, 97% New
Me
5
BR 19 DL OB E N HIRA B 3-( 2L me-4-2

Etﬁaeme 19 Construction of 3-CHF,-pyrazole-4-carboxylate by
using difluoroacetyl halide

2008 4, Zierke /NAPTFRIH iR 4B A (54) 5 2.3
OB FETE SR, ) 45 980 R R A R o () 4 55, Bt S EL
FEIN IR AL 1S 3-( 5 F AR )k mee), e idid
N-VRARIR B T V2 PR RAR S A5 28] 4-R-3-( 90 HH 3 i
WAk 54 57 (Scheme 20). 1% 7572 IR & I MR
fa, H S-( R FR ) L (58) ) 44k EU A9 5t vy, 1 B
30%.

2009 4F, Pazenok /NPT ZESAE AR,
5 N,N- T FVE DY R R B S A4S R R R U
[k 24, 52RTRZEAED) 59 ik U SRR AR B,
)5 5 R L RS (A 60, il 78 X R I IR 1 E
HT, BMEARR] 3-(Z Bt -4 R R R &)
(Scheme 21). 1% 7L ARUF M fift ke 7 s o X 3k idk 3¢ 2 (1)
LR, BL 90% W= 75 2 B — A4 ZRU ) 3-( 30 2 ) e,
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BHILKE LR SR
o 0 O  OEt Me
Et07 X « N CO,Et '
HFZCJ\Q - HFZCMOEt + HFZC)J\)\OEt ph SN Nove = T e SN o
54 55 56 59 22 61
0
Me—NHNH,  HF,C
7—\/ HCI, DCM
AC_OH, N/ \ + NBS‘ DMF > HFZC Cl HF2C 0 25°C 1h
76% N 95% s Mi/[ _25°C,1h
Me EtsN, DCM, 95%  pp SN~ >Sco et 91%
6 60
HF,C_  Br Br HF,C.  CO,Et
)] \S LT \S I\
N’,}l N'N CFQH N‘f\‘l
1
Me Me Me
57 26:1 58 7
B 20 DL ABEEAE N RIRA B 3-( 5 4k k-4 52 BR 22 DR OBEEAENFEIRA B 3-(Z )M me-4-2
1% 1 Ui

Scheme 20 Construction of 3-CHF,-pyrazole-4-carboxylate by
using difluoroacetyl chloride

HA RUFrI N HMME.
< N
o Ph" N “Me
_ 59
HF
€ NMe, KHSOy, toluene, reflux
COgEt 1h,rt, 15 h, 74%
24
; CO,Et
HF,C_O p-TsOH, EtOH  HF,C )
25°C, 15 h )\
I\Nlle —_— N
Ph SN co,Et 90% N
60 Me
5

B 21 DL OB AT AE YR & R 3-( U R it
W42 T T
Scheme 21 Synthesis of 3-CHF,-pyrazole-4-carboxylate with
derivatives of difluoroacetyl chloride

2016 4F, T HFNHAPIR A IFAE Y 5 R T
TEH, AEEFENHRREEELEY) 61, UL M oM AlE
NI, SNATE] " PR P AR 60. BE S 7EER R
IR FH R I 145 3-( 90 T )it e -4-FR MR s R & 1
(Scheme 22). 5 Pazenok /NHERZEAHLL, 1B ZAE I N
JE GBI TR, gD R, BEAR, AT LU
e IR A5 2 5 — R LR H AR,
1.3 DEsERXUSMERRMIR

BMER M M EER SR, SRER T
Sl IR SR AL RS A, AR 20
4 40 EROCAHMHED, FHH T &SRR
1) 210,

2015 4F, 157724 Mykhailiuk {82078 — 42
. CMR WASERACT BEAE S h InFER & B T 98
HELHE(63), BEJm EIEAEAR R P ISR TRk, il
B2 NI T F B 3-( 5 S
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Scheme 22 Construction of 3-CHF,-pyrazole-4-carboxylate by
using difluoroacetyl chloride

& Y)(Scheme 23). XFh—HuiE A R 3-( 5 H 2%tk
AT EAE AT, AT E oy B ek, —&kiE
AR T2 R,

. t-BUONO F __  HFRC_ R?
HOAc )\ R—=—R? )—&
—— |F ——— 7\
F CHCl, | rt,24h N.y? R
62 NH; reflux, 10 min 29% ~ 83% H
63 64

B 23 EENT 3-( )L 5P
Scheme 23 Construction of 3-CHF,-pyrazoles by using CHF,-
CHN,

2016 4F, Koenigs /NP HEFRSIAHH AN T 3-(—
A HR 2 ) L SR AL A5 W A i (Scheme 24). B AR M,
PGS R OB & B 224, BRAEI(E, thsh
YR MG BRI N3 i, foe e Al Ik 99%.

F
F);/NH2 +HOAC + o> O —-{ITH~-

Me

continuous-flow

N HF,.C. ~ R?
*N RZ%R1 )/—ﬁ\
Fﬁ)l 68% ~ 99% Ney? R
H
F 63 64

B 24 WAHEARR T 3-(C 5 ) MR A &
5%
Scheme 24 Construction of 3-CHF,-pyrazoles by using the
technology of continuous flow synthesis

2017 4, Mykhailiuk /NHPFH — 5 E R 20 56k
RT3+ 20 IS B, il 1 — R A1) — 90 F
MEEIRRAL 5 66. ZRUEMEMMFITE A
AR AT B 3-( 90 2R ML R AL &) (Scheme 25).
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F
CHClj3, r.t. HF,C
A+ e T2
R™™ F R
| 36% ~ 89% HN -7
65 N2 N
in situ generated 66
HF,C,
Mn02, C6H6 i \

reflux, 68% N‘N R

H
67

B 25 AU T 3R RS B 2k
Scheme 25 Construction of 3-CHF,-pyrazoles by using CHF,-
CHN,

[E]4E, Jamison /NHMOME IR EIHIE AR, LM ER
58 9 TR B 45 B Bk 48 A TR i A 245 28 A4 (Scheme
26). 1E& 1 e M 9 Qs s A SR #1145 9
HR O, WG RPN = P IR YRR I,
32 BUR 3-( 9 P ) MEME 68, 7 DY T Ik AL B2
(TBAF) fAE F T B B = PR B Ak 2, 5 3 A P 6 1)
LA S BRI 3-( 9 H it -4 IR IR B SR 5 4.
IRARGE 3,4- T HUR-3- (R R AR SR AL S P R AL
e R T B T A IRE R O, B TmE R Ok
Je — MANERE AT B8 U, AR DU A7 AR 8458 1
P, 0 HAE— 2B HIF RN A — 52 FBR .

; I
Me. O. 20 | N
F)\/NHz + HOAc + MeX N "IE‘ E |
Me
continuous-flow |:
HF,C CO,Et
EtO,C———TMS 7\ TBAF, AcOH
N, .
67% ” TMS  THF, 70 °C, 96%
68
HF,C, CO,Et HF,C CO,Et
]’"j, Mel, DBU 7/ S
N ) N, )
N DMF, 120 °C, 42% ’T‘
H
25 Me

5

B 26 A 900 S5 B 3-( 90 2k -4 SR IR TR SR AL
=¥

Scheme 26 Construction of 3-CHF,-pyrazole-4-carboxylate by
using CHF,CHN,

2018 4F, D7z /NHWIIT R R A i E A

BRI TR E R Ok 69, TEE A &M E &
HHEETA 70 Sz, W 45 H U 5 S A AL 154 71,

b J 480 AL I BR AR R 4 FRAR 75 4-1R-1-H
B 3-( R E)MEME(5T) (Scheme 27). il B &R 72K
B 2 L T DA DK I B e At 3,4-
R-3-(C R MM E Y, Aaraid Frfk.
B URITE =R 26 T OAARE B (i, (8 T
A H.
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N
o /C 2 Me PhO,SF,C
1) 1,4-dioxane
% FF . /\/s/\\ (1) 1,4-dioxane N}‘—),\
©/ Y &/ S0 (2)DBU, 68% H
69 70
PhO,SF,C HF,C_  Br
Mel, K,CO4 ' (1) Mg, DMF I\?/—\S
81% ‘N’ (2)NBS, DMF N
|
Me 80% Me
72 57

BR 27 FIFZENE HER LA R 3-(C R RS mek
&M

Scheme 27 Construction of 3-CHF,-pyrazoles by using PhSO,-
CF,CHN,

14 HESHEMR

TR R AR SR AL S R B TR S
FEIORALE Y. 1989 4F Linderman /NH 2 B — 4 B 3
PRI (73) 5 /KA Bk SORE, SRER T 3-( R R I e
WA YR (Scheme 28). 1E3& W\ W% I AL EE AT B
B il i B e B v AR IR B T XS
P 5k 2= B4 0 R s H TR A, R T A A R S R
3= e A A S sy DX A AP 5

o HF,C
NH,NH,, benzene
= CFH N/ \
R 78% ~ 89% N R
73 H

74

B 28 I FH g P e S 3 5 P R A R PR 5
Scheme 28 Construction of 3-CHF,-pyrazoles by using difluo-
romethylalkyne

1990 4, Hamper /NAI7E B3R TAE 3R, DL

S BT RIR IR (75)1E A HIE, 5 EHEH RS SR
FE) 3-( L FE )itk 2R AL & )(Scheme  29). 1% N
SRAFAT RN, HAETIE, H2 R MBI, R &

ixliﬁlxﬁ.
(6]
Me— NHNH2
= OR
HE,C “oom it oH” CF,H
76 95:5 77

75 22%
B3R 29 A P LR R I S L — 98 Y R S A A MY
=901
Scheme 29 Synthesis of 3-CHF,-pyrazoles with difluorometh-
ylalkynate

2008 4F, SEIEIA AL 1,1- 9 N E 78 1 9k b
JEURE, 15 R S S 45— i S b (A 79, FE=
SEBE I, RIS 3-( & F ) Kb &
W, S Gt SRR AL S 3-( 3 P ) ML R AR IR
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BHE FIR SR
R B VIR (Scheme 30). %77k BRI ZR 5, 1 @ (1) BF4(OEL)
A, AELR 1,1- AR (4 B 51 /100 RMB), R R;{/W MeCN, r-., 30 min mdﬁlk
PR, H SRS B m o B A, B I '\'}/'I (2) MeCN, 7o°c 20h  HE,C” SNMe,
itk © BF;
81 MeO/\)j\OMe 83
Me 82
j)\ Me—NHNH, HN. POCI,;, DMF
HF,C” M | T e HF2C Me
78 Me™ “CFH o HoNHN-Me
79 o MeCN, r.t., 30 min, 68% N CFaH
Q 1
HF,C H HF,C OH Me
/\ _H20;, NaOH | ) 3 87:13 85
o e © ——
Me Me . RF Me DC?M rt2 30 min Meo/f\
80 7 ﬁ%'}‘ (2)DCM, r.t,, 2 h e NiMe
N = = M= AL gy F 2 2
B30 DL 1-— 5 A B A 9 S A B 3-( A P 3 L -4 Me BF;
s Meo/\)\oa 87
Scheme 30 Construction of 3-CHF,-pyrazole-4-CO,H by using 86
1,1-difluoroacetone
HF,C
VU9 £ 3 — W iZ(TFEDMA), S]] $2 fi — 5 Y 5 HoNHN-Me ’ /—i
BRG], Bl RO A U, TFEDMA MeCN, r.t., 12 h, 86% CF2H
BRI T BRY 0 DY SR £ AN R AR AR IR 2% T '\5/| _ 3
1914492008 41, Nett /L i TEEDMA 15 F AL P 65 928 3
1% 1 1 82 S il % Vinamidinium 5 83 (1,5- &8 IK — © .
k), B G AR SRR T MR 3-( 256 )t . e BF3(OEty) F%,Q/Me
W-4-F2 BRTE (Scheme 31a). 1% M £k, 1 H T BA f('}' DCM, r.t., 30 min Fooe
SRR YR, (R SR ) IR £ Me gg 2
(13%). SR, FF/R A Pazenok /NI DL & JE 7 (1) MeCN, rt., 1.5
R R (86)TE N 4h k), I 1 55 — 20 S B IR [, MeYN\N/\)J\OEt e Q okt
P 86%S 0%, 92 1 8 HIXIRIEFEIERIFT 3-(Z ) Me Me g9 ’ ),—\fL
M Ie-4 -2 TR TR KA A ) (Scheme 31b). 2009 4F1% /N AP (2) HCl cat., 94% New
o . o . _ |
FIH P GERBE IATAY) 89 AR bk /e Bt 2 Hh i) F A Me
5

SETR AR TR AN F IR E, B = L F R b
(88) STV LL 94% I 45 3-( 5 AR ) LRk B4
(Scheme 31c). fE NIRRT, 1538 H AR ) 744 14
M=, BhAMZ T IR BRI, R, B R
Tk R AR

2010 4, ELHrR Nett N HE S UG 23 —
HRAE R SRIR A R 3,4- ZHUR-3-( &L Bt me ik &
Y, 5 ERINEAFERZ, f£46 K Vinamidinium #5137
FOIN T I VR AT, (E R S RIS R S F AR Fr) 4%
il F %A 13— B 2 = (Scheme 32).

2 REERE

BT 3,4- B3 AR R )tk e 4 A B G R B
2 RN, 3,4- T HUAR-3-( g R 2 itk 2k
BRI A RGE RIS — RV E B, A EEMN
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B 31 DL TFEDMA JJ5URF 6 i 3-( =90 2 bt -4 2 1 i
Scheme 31 Construction of 3-CHF,-pyrazole-4-carboxylic acid
by using TFEDMA

VYA T THI R B T 3-( 5 8 )k e 2 Ak B A5 1l 1)
FiE WNHRATLUE M, R OB L HATAEYTE 3-(Z
FME MR AL G WG R S B A, R S E
BN R, T R AR BRI 4
H, BRI MR RYERE. HATA R 3,4-—HUR-3-(ZHH
FEYIH AL A W 10 T 1 B2 M VB R L, 6
i RIS HRES . &% . TFEDMA 25505 & it 2
o SR AR IR ) AR E IR, A R ik
FErk DL R A ) A, R R JE . & —1k. R
HI 5 R SZE 3,4- HUAR-3-( 0 PR 3tk AL S &
BATY B E K R FANE.
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(1) BF3(OEty), dioxane

FQ{ _Me 0~5°C, 5min
: '}l (2) Py, dioxane, 0 ~5°C, 6 h
Me
81 Me™ X0 e
% HF,C Me
Me o Me H,NHN-Me —
. = N,
HE,C” SNime,  NaOH, Ho0, 20% N
91 BF, Me
92
. 0
(1) BF3(OEt,), dioxane
RSP 0~5°C, 5min MeO” Xy “OMe
Fﬁ)( Me BF-
N (@ Py, dioxane, 0~5°C,6h  Ec e, ¢
F Me o
Meo™ S oe 83
82 o
HF,C
H,NHN-Me 2 OH
I\
NaOH, H,0, r.t., 1 h, 68% Ney
|
Me
7
B 32 DAVUSR O HE = FRAE N IR A R 3-( 2 nt e
KA
Scheme 32  Construction of 3-CHF,-pyrazoles by using
TFEDMA
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