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Application of bioisostere difluoromethyl in medicinal chemistry
and the research progress in its synthetic methods
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Abstract: Bioisosterism is one of the most common strategies in drug structure optimization. With the
development of medicinal and organic chemistry, more and more classic and non-classical bioisosteres are used
in the design of novel drugs. In recent years, fluorinated groups as a bioisostere have been paid more and more
attention by pharmaceutical chemists. This paper briefly reviews the physicochemical properties, chemical prepara-
tion methods of difluoromethyl (CF,H) group, and its application in drug design to provide references for drug

discovery researchers.
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Figure 1 Examples of therapeutic drugs, herbicides, fungicides and agricultural chemicals with difluoromethyl group
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Figure 2 Physicochemical properties of fluoromethyl compounds
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Figure 3 Physicochemical properties of O,S-difluoromethyl
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Figure 4 The effect of functional groups (FG) on the ability of CF,H to form hydrogen bonds
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Table 1 Bioisosteres related to difluoromethyl group
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Figure 5 The replacement of CF, with CF,H to form an intramo-
lecular hydrogen bond, which increases the activity by 4 times

BT, 7 5 X SR A5 M 5T R, I CHI, 64y
FUAHAE 7 G 2 (B 7y () S . I e AR
V3B A (140°) R (2.48 A) W& 6 B,

Intermolecular H-bond observed in the
single-crystal X-ray structure of oxdiazole 3

CN
N o N
;j\/ {}\ ~ <CH---N:140°
B LN 3
# "0
R
Nﬂ N*C
F——H"_~
| - h
3 Foogw

Figure 6 Intermolecular H-bond observed in the single crystal

X-ray structure of oxadiazole 3
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9, R=CH; GT-1a enzyme ICsy= 13 nmol-L1
10, R=CF,H: GT-1a enzyme ICs, = 1 nmol-L"

10a 10b

Figure 9 10a: The co-crystal structure of HCV NS3/4a and 10; 10b: The H-bonding site of NS3/4a protease complex p1 subside and 10

11 (glecapreir)

12 (voxilaprevir)

Figure 10 The FDA-approved anti-hepatitis C drugs containing CF,H group
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Figure 12 The design of 5-lipoxygenase inhibitors
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Figure 14 MTB inhibitors 17, 18
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Figure 15 Cathepsin K inhibitors 21, 22
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Figure 16 The leader optimization of the viral capsid inhibitors

Table 2 Activity and clearance rate of CRF-1 inhibitors 26-29
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Table 3 HLM clearance and canine renal cell membrane permea-
bility. a: Human liver microsome clearance; b: Ralph Roth canine
kidney cell membrane permeability
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Dealkylation
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Figure 17 The replacement of alkyl ether (36) with difluoromethyl
ether to block the metabolic site

Y (37), 3 B AN ) R ME B2 BEAR, JF B 3L A0 25
Ho EFEERRZ, SR P AR B IE VT 2 S0k
o, 445 roflumilast (40), —Ff 2011 4F- 4 FDA #LEH T
1T COPD BAL I & 4P,

34 [RIRBERZM  Peleg 5Pl AW B 25 Hi A
Jiik, TER T BAT B m HE B S v BB MR K R
SR E 10,25- R BE 442 32 D3 (41) 19 9 H A0 28
A4 43 (&1 18). KRR o 71 i v 4% ML ok 25 1,
Uk, B FEE A — BEAESS FI0E 50, 1k B B K2 B R AE La,
25- "R YR FK DI RIT I J1 M IR, e K AR BE D
A IMRE TR . K5 4E4: 2 D3 I 1a-OH 2k CH,OH, i
B0 BB BOHT ) U S5 (CF,H) 281804, 45 R
BEPERRAC T 20 fF o AR IA, U B R A

RUEERDZRIIZRA S TR T — 4%, Xu g2t T
TR PRS2 R E R B s . AR, i
NI 58 00 B v AR 1 IX R AL, DRI, R BILH SR
L) 43 5 KRR B AT ML e S im bk, fE R4 B
RS A PTG FE A, T4 Y B A AL T 1 2 AR /D

4 BFRBEUESVINEK

41 ZHBREXRRMMAERBRAENESR  Zafrani
SEEORE T A LR AU R IR — LR (45) M
TR T A R R ey R A X TR A R T T 0
(F19). Xl T B 1) I I £ 75 Bl PE 7K i (-78 °CHI=
i) 2 s P-C B T 28, AT 7 A2 YR g R R B
T B TSN R R E R, EE S
FALE W) Ada BB AC Y SR AL 51 44b SN, 15 31 AR B
(= 5 AR, ™ AR B . R A B IA ER K
BIP=IWEIR — LB ¥ 1, 1T HAE K B R
fitk, IR S R SRS by B k. T ROB g%
PR A, R T A A I T B A ) B TR £ 1 e
PR 9 AL

XH .CF,H

KOH, ACN-H,0 X

R

44 (a, X=0;b, X=S) 45

Selected examples:

o CFaH 46a, R=p-NO,, 98%

o
I & _B-OEt .78°C toRT, 30 min
L BFC” opt —— = |
RAZ 46 X=0

47 X=S

& CFaH 478, R=pNOz, 95%

47b, R=p-Cl 90%
47c, R=p-Br, 96%

46b, R=p-CF, 80%

46¢, R=p-C(O)Ph, 93%
@ 46d, R=0-C(O)Me, 72% @
2 46e, R=0,0~(CHa),, 60% R~
46f, R=p-MeO, 63%

47d, R=p-Me, 96%
47e, R=H, 86%
47f, R=p-MeO, 88%

Figure 19 Preparation of difluoromethyl anisole and thioanisoles

Zhang %P7 2009 4E i & 7 N-5t B 2 Bk -S- 4
FH L -S- R i 55 LR o A7) e B, 4 il 2 B A O3
7 (K20). £ 60 °CIRE 4 1F T, wl 5 A 7] 3 [ B
ARH B Bt ARy J2E AT S5 7, A 455 I 077 i A0 57 29 Tt 1

H
9 0\/‘@ 0\/\/@
i .
|
HO™ CH,OH HO" CF,H
42 43

HO™
41
Binding activity 0.7 nmol-L? 320 nmol-L! 19.5 nmol-L?
(hDVR)
Calciuric index 1 =100 20

Figure 18 The replacement of OH (41) with CF,H (43) to reduce the toxic hypercalcemia
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Condition A Condition B
1) NaH/DMF/RT -
R-SCF;H T R-SH —————z~ RSCFH
g -3 o
48a,c-h S50 4605 BUNCFHICL 484 b d,h
PR CFH MeCN, 5°C to RT =
Selected examples: @/\SCFZH
_CF,H 48a, R=p-H 94% (A), 74% (B)
§7%" 48b, R=p-Cl 93% (B) 48g, 57% (A)
48c, R=p-NO, 76% (A) N
[ 48d, R=p-Me, 61% (A), 90% (8) Ny~ SCF2H
> 48e, R=0,0"-(Cl),, 78% (A) N-N_
R 48f, R=0-MeO, 62% (A) Ph

48h, 57% (A), 54% (B)

Figure 20 Preparation of difluoromethyl thioaromatic ethers and
alkane ethers (1)

REBCUF M REAT (489 i1 48h). S 1% 57 AT BE #l 40 M
“CR,H™ZE 20, ARAE 5 W) HAE O — 96 5 o ) 4
RAFAVEH .

[F] — W ST 2 J5 R SCARGE 7 s R (IE T 3E)
i 5 R EE AT AE VDI SO, 1% S B2 AE NaH /7 7E T,
PR AT ) S RL 26 AT N (BER), /A — sl B B AR DT &
fik 50 (/& 21), 7 2 H 47PN, Bayarmagnai Z5B942 7 —
Tkt SCR,H B 51 N7 7 15 mg, Oy 1 M B 9
PR 2 12 ) Bk = ) @, SR TMSCF,H #E4T T 8 A
0 R R O A — B A OB, S N i) CuCF,H
ANG Sy S E M T WACR R . e TMSCR,H 7] A
TMSCF, kil £ .

1) In-situ R-SCN generation

RLG R-SCF,H
49 2) CuSCN, CsF, TMSCF2H 50
\_Y—/

[CuCF,H]
{7 Le=Broms & Le=NgBF,
1) NaSCN il 1) CuSCN, Cs,CO;, NaSCN
12) CuSCN, CsF, TMSCFzH '

; 2) CuSCN, CsF, TMSCF,H
: DMF/RT i MeCNfDM FJRT
st Se?ecfedaxamp'!es o T

; b 50f, R1-p-Ph 85% ;
:50a, R=CygHy, 98% i SCF,H 509, Ry=p-Br, 82% :
150b, R=Bn, 98% i O’ 50h, Ry=p-CO,Me 75% '
i50c, R= (CHg)1oCOzH, 75% 11 50i, R;=p-NHCOMe, 86% !

' N R
50d, R=(CH,)sCO,Et, 98% : 1 50j, R,=p-COMe, 86%
50e,83% O ! SCF,H:

m _/_SCFZH @SCFQH Q—Q

| 50k, 61% Bt so1,81%

Figure 21  Preparation of difluoromethyl thioaromatic ethers and
alkane ethers (I1)

Zhu 230 A R (0 i A A0 R IR i o SR
éélﬂly}iﬁjé*ﬁiz7~$¢%%%'ré_ﬁu$ﬁtJ.Lﬂﬁtjzﬂmt
7 (51). ELewisﬁ&’?Me SiCl 8% Cul A (E T, N-—-
A PR A A 2 I IV i e % A R ke — 9 PR R
’Tt%%l}\ﬁ%ﬂ@ﬁ*ﬁﬁﬁﬁjqj, LG I RS - R T

95 ] O FETNIR HL IS AVE 28 RS 0, an S AL g gk
M- 1H AEERE [2, 3-D] AL E KIAE[1, 2-a] bt T i S e |
oM (8 22~25). XKLL 7 R 2 FE VAT E RE A 1R
BT 52 A A N- = 980 R R A AR 40 2R B I T fie 7 1) 2%
AR TRE A B AL 25 T 7 T RoR BRI T

A el 2 U SRR I ) T VR %, X LR

—RGR T, A2 0L Xiong 2By ik 53k .

42 “HRPESREEEENCEMER WET
TETE R CR Bk i R e B | IEH .

SCF,H RR'N-SCF,H
schH
U N-SCF,H | .. RS-SCF,H :
56 :
SCF,H 510 R 0 :
COR
57 :
Figure 22 Reactions of difluoromethyl sulfimide reagent
Me;SiCl
‘ N-SCEH  _CICHZCHZCI SCFzH
——————
80-120°C, 16 h
58 51 0 59
.Se!ectad examples SCFZH '
- SCF,H :
' m SCF,H 1
E N i i
E 59a, R=5-F, 92% E: 59j, %% 59m, 93%} :
| 59b, R=5-Cl, 93% :
59¢, R=CN, 95% SCFz" i
59d, R=CO,Me, 58% :
59e, R=4-OBn, 93% SCF,H
59f, R=7-Br, 90% .
599, R=6-Br, 92% :
59h, R=2-Me,5-OMe, 95% 59!(, R=Et, 90% 59n, R=H, 95%
59i, R=1-Me, 2-Ph, 98% i 991, R=COEt, 85% 590, R=Br, 92% !

Figure 23 The direct cross-coupling reaction with electric-rich
heterocyclic aromatic compounds (1)

B(OH),
g Cdu SCF,H

5.0mol% Cul o

5.0 mol% byp USCFzH
LizCOg/diglyme

80°C,15h 61
""""""""""""""""" Selected examples
61a, R=4-Ph,79% ! SCFH
61b, R=4-OEt, 70% '
61c, R=4-OPh, 76% MeO

: 61d, R=4-CO,EL, 91% ! 611, 75%

t R _SCFH 616, R=4-COMe, 90% '

: O/ 61f, R=4-CHO, 84% :; O/\;\SCFRH

' 61g, R=4-CN,91% i
61h, R=4-NO,, 65% 61m, 63% 1
61i,R=2-0Me, 70% 11 . _~ _~_SCFH !
61j, R=2-Ph, 68% i ]

61k, R=3-NO,, 51%

61n, 40% '

Figure 24  The cross-coupling reaction with boronic acid substi-
tuted aromatic compounds (1)
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lBO';‘» Boc
64 65
"""""""" 'siéféété'd?obféﬁi;iléé'""""'"""""""'""""""
! Br CO,Me!
iR CO,tBu :
Y CO,Me SCFH !
: | i SCFH [
' SCFoH .' 65g, 92% 65h, 93% i
| 63a, R=6-F, 91% W
| 63b, R=6-Me, 96% SCFzH g |
! 3¢, R=7-OMe, 90% '
! 63d, R=6,7-(OMe),, 94% Boc i
| 63e, R=7-Cl, 94%, i ;
| 63f, R=8-Br, 75%, i 65i, as% 65, 87% E

Figure 25 The cross-coupling reaction with aliphatic active sites

U, AEBRE 261 R, 2-%e3E-1,3- R ke TR 66 (AT LA
NS 1] ) AR 25 5 Wi 54k P Joe B Ak, B S AT LA 5 BIrF,
SR, T8 ORI 1,1- 96 Y R bR ) (68, 1), FTE R
60%~75% (&l 26). 1% /% B T — R = g i AR
Yo, R R N B BT 6 S N B8 Ok B R

H 2015 4E & X il % CF,HCHN, (72) LAk, AT HL
B ROTERA ZFARKNH, Hif &8s 7 =
ANTRI BB S B @) A8 A [3+2]- 34 il S B ; b) R 52 &
N ¢) BEAL N (c-3K HL) o

CF,HCHN, (72) AFa5E 5 T /0 g, Bzl 7
UL R O R JER, AR ETE RS AE, NG5
BHEZS5RN. MykhailiukP9R5 72875 518 R
AR [3+2)5 IR B (B 27), 1% ) S F it T B3k
CHF, B [y Lk e mbk (¥ & J 77 720 FF TR B, SR FL 11
Wi 08, T T Sk Tk IV Ji PR s TR T S P R DA R

1) BulLi
m 2; Rgrk ":‘:(\l BrFy

—_— S ———= R<CHF
S._S <
66 67 -

! BrF
() RRCHMgBr [ %he mpaoiiii
S S T T S S il
ol HCRR"” H

7

69 70

68a, R= CygHa1-CFH, 75% |1 712, R R"= O_ 70%

'68b, R= it :
: )\‘«)51\/\CF2H 65% | 71b, R=Me(CH,)s-, R"=Me, 60% !
ESBc, R= @\/\CH&, 55% :

Figure 26  Reaction of BrF, with 1,3-disulfane derivatives

E F

R
F =, F”'J"',, R ] F’—'Jl,,_‘ R
73 EWG '
F’l\ ‘: ——= HN, S\
. CHCl, New S Ewe N" EWG
2 RT,24h ) 2 .
’ Al-pyrazoline Al-pyrazoline
72 74 75
F 53 F 0
F’]'r.,_ FJ*.,_ FJ “, /_ﬁil/@
]
75a (89%) 75b (71%) 75¢ (79%)
Figure 27 Dipole [3+2] -cycloaddition reaction of CF,HCHN,
with olefins

FeTPPCI (5 mol)

F  Ph
| Zn (20 mol%)
S._® + | S - A - F
F’l\’e Ph LAr CsF (deq) A L\\’
otf DMF, 60 °C, 2 h F
76 77 78

e Br o@-coza

78a (93%) 78b (65%) 78¢ (90%)

Figure 28 [1+2]-cycloaddition reaction of (2,2-difluoroethyl)di-
phenyl-13-sulfane with alkenes

CF,HCHN, (72) KA R o 17 & HL T~ 4 ke,
LR 20 0I5 Tt Tk ) AN e R o

WHTATIR, 8 R Ol 72 & —Fh o) RAE iR IR
MR AR . R, Duan &P K T — AN RA
1 76, AT DLHUAR 9 R St (8 28). fEEFIL )5
AN FeTPPCIHE AL AR AE T, — 9 FH R IR 21 (76)
A DMRZY ) = AR R L R o, BRSO O OB, T
e e R b AR e 2 e T B U R R e A B )
43 ZHHFESFEMHRELXEERENLEIERK
Hayashi 259 2002 4F 15 /X i 2,2- —4-1,3- — H &
K Wbk (82, DFI) 4y — Ff 7 2 (1) 5 A7) (&1 29). 7
85 °CF, EH: 5 AN I WAL K B R 2B I, 77 A — 4
ARSI EMTL, WR K. BRCHFRHZ
AN 5 7 T o A i PR R 1 = U AR ) (1 29,
82~85) I Ml H AR IR B R T. ZH
FIA T DU C-C I I B #2 5] N B 5 & 80T &
FIR b (129, ] A& A 5~7)4 Jrp Xu SR 1
LA (dppf)Ni(COD) 1E A4, 75 =i 26 1F ~, Bl 7]
(DMPU),Zn(CF,H), 5 s {75 k77 147 C-C RIS L

BT, Tung Z89F ket — b 5 (8 10— 3 RS AR
(1) 75 A S W ) 77 3%, A8 FHILAF 1 3 R N 3
AL, BT 2% 05 IR G 1) C-H 35 /1 4
1k (B 30), 38 i 18 % fs SR B AT d i) - AR R L
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CHO  conditions 1-4 CFH Condmons 5.7 | X (1, Br, OTf)
RE R
X X
79 81
‘Conditions 1-4 T c-) P
N_F Ph, o] o
1) F 2)  N-SF 3) SF 4) - ~
(_r?f 2% 2 p o 100% 3 gg0 Y \/\s:;\/ 95%
82 A 83 84 o\ 85
MeCN, 0-85°C/8h CHyClo-78°C to RT/6 h CH,CI,/RT/4 h CH,CI,/RT/8 h

F
\/Q\)\ " J{:r o e .
N Br

80a (72%) son {68%) 80c (76%) 80d (63%) Br 80e (85%)
Conditions 5-7 T
5) CUCSFIMe;SICF,H  6) CullKF/BusSNCF,H  7) (DMPU)ZN(CFoH),
120 °C/24 h 100-120 °C/24 h (dppf)Ni(COD), DMSO/RT/24 h
CFH CFH o} CFH CFH
[ 3 Ph
. N O\)L [_g OHCQCF H (::r
COMe CF2H
80f (82%) 80g (61%) 80h (71%) 800i (65%)  80j (78%) 80k (53%)
Figure 29 Preparation method of difluoromethyl aromatics (1)
- R A 2, S PR 55 2SR LA H e i S
YR C-H 5 5 2 C-C IR . N — T
Mykhailiuk®" & Y 4] i CF,HCHN, 5 #t & % /£ 7:2 RT, 24h NTTEWE
85
[3+2 AN (B 3L), TR PR BT TIERIE  coooomooomoeoomsoooeeocoss oo e
LML A9 (85a~850). R AAMORE ] .
/! N,
CF,HCOH (2 eq.) N/._X W FX[ D
@\ 2l @ N CO,Me
N”H [Ag+) K;S,04 N” TCF.H 85a (76%) 85b (83%) 85¢ (29%
82 ACN:H,0 (2:1),50°C, 2-24h g3
__________________________________________________________________ Figure 31 Dipole [3+2] -cycloaddition reaction of CF,HCHN,
CO;Me ﬁ ﬁj with alkynes
N CF,H CFH CFH [ i o G T ] 4
83a, 60% 83b, 61% 83c, 50% 33(’ 59% KhutOI’IanSkyI %[48}-§ 75_,\ u . {ﬁ‘k Z;E?Z Z @Ej‘jﬁ */:l'
. cl TER AR RN, WG R T — P AL 2l 0 — =
| | S I — L& CF,HCNO (87, E132). ZRFIAL S
N™ “CFH CFH _— B E R SRR e AR [3+2]- B8 N RS B, A R
2
83, 61% 83f, 62% aag 65% 83h, 89% CF,H ik A AR S e 4k 547 88.
Yo i Li 2058 3¢ 6 ] = 9 7 5 37 i 7 6% [DFMS,
fﬁ§ cl Ciﬁ? (CF,HSO,),Zn, Baran i 7], i i 5 LL i) B W B& i 72,
HFC I CFH N7 CRH SEIR TR AR A 1) D AR PR TR A TR 1) — e R A (]
oG e skek e 33). TG A T B T 5 R T ER K — R
Cﬁ:‘k \NJI,; A 3 975 B 2% 074 90a~90d!,
- gﬁ\ﬁﬁ” PP L 44 CFHE MBS RERBREOBIE 7 50H LA
gam, 0% 830, 0% " OUBTBIE T T 25 15 78 R 9206 % 11 Arai S50 5% Hy

Figure 30 Preparation method of difluoromethyl hetro-aromatics
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F’l\ F/\\\ " - F
A CHCly N_ o __R N R
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F
F
’S_X/ R \
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0 0025t —ﬁ
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Figure 32 Dipole [3+2]-cycloaddition reaction of CF,HCNO with alkynes

o 10% mol Fe;S04-7H,0

5 equiv TBHP CFH
. OH +Zn(SO2CFH), ¥ ol
ey CH,Cly/H,0 (2.5/1) ]
89 50°C 920

MeO MeO o MeO OMe

90a, 68% 90b, 60% 90c, 42% 90d, 35%
Figure 33 Iron-catalyzed decarboxylative difluoromethylation of cinnamic acids with zinc difluoromethanesulfinate
RR R BEAT SONL, AT 3 % 14T 31 f-CF H HUR [
593,94,
o, s i Shen S50 i — il 4 CFH UK 1082 2 (b 54
O CFH i 7%, UIE G (3, 4, 5703 AR E R (&
visible lig
adie 95 4 CRH IR, &% 20 [ ML il #5 CFH HUAR ) 7
(H,0,alcohols (K136.37),

carboxylic acids)

Figure 34 Photo-redox catalytic reaction of N-p-tolyl-S-difluoro-
methyl-S-phenylsulfoxyamine

JRAEA . 7E 0] WGBS (425 nm % LED AT) A i
k.51 fac-[Ir(ppy)3] (ppy = 2-pyridylphenyl) ##7E F, LA
N FH 2 3 -S- 0 Y-SR 48 2R % (91) D CF H 2%
B, 55 A R E Re F M R K B R R S5 2R A% 71

O NTS Ro R

T 5 Fl TBSCI Ak e 7E DMF A B4k &) (98),
SN, 5 51 90% 7 A 1) fi i 95, 1E Lews 2 BF, A1l
LiIHMDS 17 7E il Ji% 95 5 3 A4k & 4 99 IR il T =
RZ, 12 mol-L™* HCI J& &b 3 5 7= A= [l 44 97d . 5 J5 7E
LB E IR OBAAAE T, iR % CFH
HUAR 2 100 (1 37). Frb 3, 4 03RS e S 4 S B i

fac-{lrlppy)3)(2.5mol%) ~ HO R,
PH CF,H Rs Acetone/H,0, RT/24 h RzR CFH
91 92 425 nm blue LEDs 3 %

OH
/O)\/CFZH
X
CF,H
@A\/ CFoH @/Krc FaH CFH

94k (64%)

94a, X= Me, 67%; 94b, X=tBu, 65%, 94c, X=Br, 73%; 94d, X=BocNH, 84%
94e, X=Bpin, 56%; 94f, X=CH,CN, 64%; 94g, X=OMe, 88%; 94h, X=H, 72%

94i (87%) 94j (53%) 941 (67%)

Figure 35 Examples of photo-redox catalytic reaction of N-p-tolyl-S-difluoromethyl-S-phenylthiolamine with alkenes
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oQS NTBS = R R,  1)BFyE(O, THF,-78°C, 3 min RZ'O Ry éNH
PH CF,H R -0
z s 2) LIHMDS, -78 °C, 30 min, U F Ph
95 96 then 12 mol-L"' HCI 97
HO NH
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F'E Ph
HN HN HO
5= 5=0 S(: FF Ph
HO ¢ FPM o [ePh FF b’ F F F'h
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Figure 36 Examples of the reaction of 95 with epoxy compound
1) imiazole/DMF/RT/3 min th i Fh
Oy NH  2)TBSCI025°C, ovenight Tr.qas 99 o Mg/ BrCH,CH,BI 1
-~ et ] —_—
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Figure 37 The preparation of 100 using 95 as difluoromethyl source
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Figure 38 Examples of the reaction of S-(difluoromethyl)benzenesulfonate with aldehyde 101
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f\_\ Conditions 1-5
WNH
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Figure 39 Examples of difluoromethylation reactions on the nitrogen of heterocyclic compounds
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Figure 40 Substrate scope for difluoromethylation of N-tosyl amines
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