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Recent Advances in the Synthesis of CF3;-Substituted
Triazoles and Tetrazoles

Zhang, Faguang® Peng, Xing Ma, Jun'an™
(Tianjin Key Laboratory of Molecular Optoelectronic Sciences, and Tianjin Collaborative Innovation Center of
Chemical Science & Engineering, Department of Chemistry, Tianjin University, Tianjin 300072)

Abstract Trifluoromethylated triazoles and tetrazoles have emerged as increasingly important heterocycles in pharmaceuti-
cals, agrochemicals, catalysis, and materials. As a consequence, great attention has been paid to the efficient synthesis of these
valuable CF;-containing molecules. Herein, the advances in the past decade towards the synthesis of CF;-substituted triazoles
and tetrazoles are summarized. The remarkable progress in the utilization of versatile CF;-functionalized building blocks in-
cluding CF;-containing alkynes, CF;-containing carbonyl compounds, CF;-containing pyrones and trifluorodiazoethane

(CF;CHN,) is demonstrated accordingly.

Keywords trifluoromethyl group; triazole; tetrazole; fluorine-containing heterocycle; cycloaddition
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Figure 1 Bio-active molecules and ligands that contain CF;-substituted triazoles and tetrazoles

1) =56 R A = e H Ao

2008 AE IR AH/INLIHR0E T = 5 BRI
A S 2P 2R/ N 13- = B, 1R
LI X TE SR AR AR S ET A, KINIRIR
TIRBETRC A AR I T DU E RS B — R
B ZH 3 1,2,3-= %P2 Y)(Scheme  1a), FEHEN M
)R — X e B 1 v BRI T B2 L AR A . i s O
N O R e T TSR B R I =g R R R 5 — R A
PER S EL AP R X R B 13- BRI p %

? OH o R
[CpRNCI,] H 1
FC—=—]-R2 +R—N; — " » - R
R THF, reflux 37 N\=
N-R®
N:N’

8 examples
85% ~ 95% yields
excellent regioselectivity

b)

CF3 Me  Glycosyl
‘Bu_/ /
|| + Gl —N toluene /SI N
cosyl—Ng——————>
4 YO g5 ec, 300 Me XN’N
Me lt Me FsC
Bu 10 examples
15% ~ 79% yields
excellent regioselectivity
c)
CF3 CF3 COQMG
'BUOH, A MeOzc\%( F3C%
I+ RN, N-R * N-R
N:N’ N=\/
N
CO,Me

ratio: 1:0.6 to 1:3.1

24 examples
15% ~ 92% vyields

B 1 s S SRS YRR N
Scheme 1 1,3-Diplor cycloaddition reactions of CF;-substituted
alkynes with azides
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Rl SR S 1,2,3- =AM B AR AT AR
GRS AL T BB B )7 (Scheme 1b), RN H RIT
015 24 1o 410,

2012 FEH PE/NAVIRIE T =5 R RRE S &
BUEVNTEE 1 3-BHIRIN S, AT LBl
B S X IR AR B — RAI AR & = H s S
MEFER 1,2,3- =ML S (Scheme 1¢), HAEFIRH X
L JES 400 0 1T 2 2 T U AR AR B ST AR B35 % 122
N FR) [X 334 6 4k A B R

2 BEZAIBETEYRE=AFRE=RK

M ETHREETUEY, =GRS 35 s
VIR 13- AN B A A — R 1,2,3- =
WEYIRIA FOTE, B =R BT A AN 5
BERRAF AR =PI 1,2,3- =8 &9, 1mH
A5 AT E RIS B = 5 3 1,2,4- =2k &,
PRI 15 ELA B R I L AME.

Funabiki {FAEZHEF 1999 4FHRIE T — 5 =5
1,2,4- =58 ek & W F0 30 P 5 B 28, 1% B P =3 2
B e e in ERl, e 5K E RIS A = 2
R, Bl 0N BRI A P AT DL T IRCR — 5 15
B 1,2,4- =% M2 ) (Scheme 2a), /& —2%A K
R A WIAT 2 A 201 7%, 2010 4 Mykhailiuk /N2
RIE T =5 BRSSO R Ak 1 R 4K I B — 4R 75
PG 1,2,4- =5, R UCEREAR, 58] i
FIPKF) 10 g A (Scheme 2b). Ffj5 Roberts
A UOTEE Bt R = e Y 1 T R A Ak R R A,
R =5 QBRI N R IR B T — R 5 =5
FAEE-1,2,4- =% M1 & W0(Scheme 2¢), FH5F 2071
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NH
a) H2N
\ F5C
OEt NH,NH,eH,0 NH RJ\NH2 PN

o) — L T, RTNH,
:<CF THF, reflux O=< THF reflux NQ(
3 Fy . (
7 examples
62% ~ 94% yields
K 9 FsC
T, 1 Acotrefon an_ YN
Fac N Ha HN_z
25% yield

10-gram scale

HN-N

N
I
N
Ar
8 examples
S N-N
d
) HZN\ JJ\ /NHZ Q Hzo /l \>\CF3
N~ °N + —— Hs” N
H H FsC OH  reflux \
NH,
85% yield

B 2 i =5 SRR A ] A = =
Scheme 2 Preparation of CF;-substituted triazoles from various
trifluoromethyl carbonyl derivatives

2003 4F, Al IE SR IHRIE T R = R A
&5 2 BAE I 13- MBI N B s 1 ] £ = 98t HH k-
1,2,3- =% MAL G, e S8 i i o B A 5 — 1
X 3k ik P (Scheme 3a), =9 FF 34 e A T G 1) 48 I 3%
K1) R RIS [R] 2 127 VE RIS 2 2 A, HZ R BA — 5
B R )P AE = EMEAE S R I N B8 T R B
(RFERE. 2011 4F Wang /N HRE T H BN AL
SRR EGIRNEE) 13- BRI N, FAEH
IR T P = R T R S PR S A T O
R PAR TS i % 45 21 = 50 2 =% =) (Scheme
3b). 2012 4 Bakulev /N PHRIE T B HE ) = 5 3
i 5 S B A S VI SR A Bl = 3 AR 1,2,3- =
PR, RN R B — 1 X 1 A R i O
(Scheme 3c), HLERM 7T 30 7~ — fi B S M AE B 261 N 1
S B R R RAA, BE SR AR 1 3-AB BRI N A s B B
G330 I LR AL D AR A A 4 = AR ). 2013 4R
Bonacorso /NHURIE T = i 2 B 5L BUR [ 3 I kAL
EUE S BB, 1% 77750 58 1 6 75 P05 25 4
Rufinamide [1)— &5 & =5 AT A (Scheme 3d), H
VB XN I X SR B AT 7 BB I A, Fe X T
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) oc FaC /3 examples
+

N —Ny—20-C N, 66% ~89% yields
s cosEt 2~3d excellent regio-
FsC Et0,c~ N selectivity
b
)F3C FsC
o ° 2 |
NHEt, R! _Ph 2 examples
+ Ph—N; ——— 7 f}l 88% ~ 92% yields
(0] DMSO J nN=N excellent regio-
R! 70°C selectivity
c)
FsC F
: Et.N ] G _R? 17 examples
+ RN, 3 RO /N7 9%~ 95% yields
o 70 ~ 80 °C _N  excellent regio-
/ o N selectivity
R
d)
CF, F F
ﬁo+ ¢ 100~ 150°C E . .
R TOR ) N-N N-N
F N3 R ’iN F3C/EN
F3C @] R1 o
8 examples

40% ~ 71% yields

e) pathway 1: 1,3-diplar cycloaddition, R' = H or Me

OMe O F‘Q F
NS
R’IJQYU\CFE, F MeOH .
— —_—
N

CF3

f) Ar
F3C, lll 7 examples

o) U (1) K,CO3, DMSO Fsc\;‘N 72% ~ 87% yields

+ Ar—N; > y excellent regio-
N

(o) (2) NaOH, HCI HOOC selectivity

RO

B 3 e = g P 2 ) 2 = P 2 = A 54
Scheme 3 Preparation of CF;-substituted triazoles from trifluo-
romethyl ketones and enamines
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Scheme 4 One-pot preparation of CF;-substituted triazoles
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Ar HOOC N
- CO2Et Ar
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6 examples
50% ~ 91% yields
c)
Ar Ar
CO,Et PO CO,Et
| NaN3 N3 e
F,C” 070 F.c O 0
Ar
N—_~CO2Et ‘00C.__CO,Et
N |
N RS Ar
CF? © HN,
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HOOC.__CO,Et
HCI |
MeCN N Ar
T OBN
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|+ NaNg 22 140 , | N
0~ “CF4 R
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4 examples
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BIR 5 i =g A ek g I | 2 = 3 P R = A S )
Scheme 5 Preparation of CF;-substituted triazoles from CF;-
pyrones
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. N,
v - Ag,CO3,4AMS N °N
R—N=C + N,CHCF _
2 s DMF, 60 °C, 6 h ={
CF,4
30 examples

21% ~ 93% yields
excellent regioselectivity
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N \ AcO
N
N N o N=N
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= Aco
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OH OAc
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Scheme 6 Preparation of CF;-substituted triazoles from tri-
fluorodiazoethane (CF;CHN,)
HONEAA, AT RAh SR RIS 3] — R =T
5 1,2,3- = F ML A Y)(Scheme 7b). 4&REUE /NI 1
T8 3 A5 FH B0 K R P = UM A 258 o ) A S AR B AR E
1 1,2,3- =5 MBS EY), B85 Togni ik 71)#E47 =
P A S A P A B — R A1 = 2E-1,2,3- =
YJ(Scheme 7c), MAMEZIERER T ZR =BG EY
TE J5 2 = 50 A A S AR AR B S B2 R, A R
TP ST 5. i, Tsui /NS 1 A FH A i
P 5B RNEMN) Click K, 38 = EAL R
DL A B ) = e rh AR, D SEB T k. B
e =5 Rk = A B A Jor (TMIS CF3) 1) — #9235 i
BE - RN =R E-123- =AW ED
(Scheme 7d), H.AE#E R A Z A 1EF & BT P00 25
) Rufinamide ) =5 FH =AU (Scheme 7e), JE7R T 1%
SSE R BSOS FH AL EAk, A 2 S AL 2R AT
TWHFE, WAE 1 w5 BRI, AR = A
AP = 98 T AL 19 S5 6 42 (Scheme 71).
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a)
|‘| TMSN; JINN NaOH SF, JINN
CO,Me MeO,C~ N Fc” N
48% total yield
30-gram scale
b)
| R N
| | + ’}‘3 Cul N’N\N TMSCFj3, Cul, KF, phen N~ N
R R? Et3N l/‘*( Ag,CO3, DMF, 100 °C F3C)§<
R R
20 examples
52% ~ 90% yields
c) R2 )
+ |3 BuzSnOMe °N ogni reagen N

=
R' R2  CuCl py,sn , CuCl, AlCl;, DMF (.

8 examples
54% ~ 90% yields

d) RZ
-N
|‘| W Ny SC.F3 Cullphen, AgoCO3, EtN N7y
1
R R? Me” . "Me  DMF,rt,15h FC/‘*(
Me 3 R
24 examples
38% ~ 87% yields
e) F
NP
N/ NH,
F CF3

f)
[GuiL] R% N
|’| EtsN, Cull I R2—Nj NNy A%COs
Sy
1 /‘\< TMSCF;, Et;N
R iy [Cul] ki
N: R2
rNZTRY NN
=
[C\u(lll)/L] F3c)\(
R1

B 7 EE A RS R 1,2,3- =50
Scheme 7 Synthesis of trifluoromethyl 1,2,3-triazoles with non-
fluorinated alkynes

J% Si(Scheme 8a), -l FI1E i % 2 Fi 4 @4 &40, F)
F =5 B I AT AR 5 S B A S WD B AL S R RT 7
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I 1] 2 =00 R S D e 5 ol /NPT DA = R R
B NI JFOR, e R AE S BA RN, BE AT
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RHAE, HAREEEN AL NK-1 244 b
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GR205771 T A 0T FH T Bl 24 5 BRE 1 A 250 9T,
B I 2 B R = R 2 A 5 S E AN
Jo7 A = 46 Y DO UM 4 (Scheme 8c¢), B & #E4T )5 4
B BE S 2] B bR 7

a)
N H
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|‘| + NaN. DMF.60°C_ HCI 3 YN‘N
CF, N-N
62% yield
b) <
N R N,
"N
|N NaNg | CH5CN N,
NalNs, N
FsC”~ ~Cl FsC7 "N R CF;

12 examples
50% ~ 91% yields

c)
BnO H'\O
OBn Ph""

NH 2HCI
ﬂ. N- i MeO
Fgc\fN F3C'<\N,‘N REANY
=N
cl 69% yield F30>—
GR205771
d) N
- AgOAc, Cs,CO Are - N
Ar—N=NBF; + N,CHCF5 AURC 8205, TN —N
THF/DMF N'_<
0°C,10h CFs
32 examples

10% ~ 96% yields
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e)
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| _— N* —_—> \
Ar  'BUONO | AgOAc, Cs,CO; N={
Ar CF3
10 examples

60% ~ 87% yields
excellent regio-
selectivity

B8 =D ERA A A T AR

Scheme 8 Preparation of CF;-substituted tetrazoles

BOL 7 s NAPHRIE T O R E A S =R EA
BRI MBI, D9 = 2L D UM S W & FdR
PE T — 2B B UK A T 2 (Scheme 8d), 1% /B EA
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[ 7N T M5 G ok, IR A6 pl 75 368 J R T — 44
il 2% = 9 FP 32 1Y UM 1Y) S5 7 4% 2R (Scheme 8e), e S HLER
3 TARGFIRCR, BA R A& SO .

7 REERE

oo T e MR I e S B SR K T A, =
G = e e DY R A B D 5 BRI SR RS T 2
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