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Abstract: The trifluoromethyl—vinyl structural unit is an essential functional moiety in pharmaceuticals, agrochemicals, liquid-crystal
devices, and diverse specialty fluorinated functional materials. Incorporating this unit into organic molecules can modulate their
lipophilicity, membrane permeability, metabolic stability, anti-oxidative capacity, and other physicochemical properties.
Hydrofluoroolefins (HFOs) offer several advantages as large-scale-manufactured fluorinated olefin feedstocks, including a low cost,
low global-warming potential, and favorable environmental compatibility, which renders them promising nonconventional synthetic
building blocks for assembling trifluoromethyl—vinyl skeletons. However, existing literature only emphasizes the practical applications
of HFOs as refrigerants or foaming agents, and systematic review articles that summarize the chemical transformations of industrial
HFOs as trifluoromethyl-vinyl building blocks remain scarce. Accordingly, this study examines the transformation pathways and
corresponding catalytic systems of five typical industrial HFO substrates, 3,3,3-trifluoropropene, (£/2)-1,3,3,3-tetrafluoropropene,
2,3,3,3-tetrafluoropropene, (£/2)-1,2,3,3,3-pentafluoropropene, and (£/2)-1,1,1,4,4,4-hexafluoro-2-butene, when used as
trifluoromethyl—vinyl building blocks. This review discusses transition metal-catalyzed coupling, alkali-mediated nucleophilic
substitution, metal coordination, olefin cross-polymerization, metathesis, electrophilic addition, and the synthesis of other fluorine-
containing building blocks. We analyze the impact of catalyst varieties, base types, solvent systems, and the reaction temperature and
pressure on regulating product yields, regioselectivity, and stereoselectivity. The structure—activity relationship originating from the
E/Z isomer configurations, fluorine-substitution positions, and numbers of fluorine atoms is also elaborated. Further, the common
limitations of currently used synthetic routes, such as harsh reaction conditions, reliance on noble metal catalysts, inconsistent product
yields, restricted substrate compatibility, and operational safety challenges resulting from the gaseous nature of most HFO feedstocks
are generalized. Nucleophilic substitution and coupling at the C(sp?)-F and C(sp*)—-H bonds of the HFOs—facilitated by alkaline or

transition metal catalysts—constitute efficient pathways for synthesizing trifluoromethyl-vinyl structures. HFOs can undergo
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metathesis, cross-polymerization, and electrophilic addition with other fluorinated alkenes to transform into trifluoromethyl—vinyl long-

chain alkenes. Additionally, HFOs can be converted into novel fluorine-containing blocks through specific reactions, thus enabling a

wide range of complex molecular syntheses. HFOs with varied carbon frameworks demonstrate a divergent reactivity in coupling,

polymerization, and metallization coordination. Leveraging these industrial feedstocks offers a cost-effective pathway for synthesizing

high-value functional chemicals, such as fluorinated pharmaceutical intermediates, flame-retardant solvents for lithium-battery

electrolytes, and cooling fluids. Future research prospects are suggested from multiple perspectives to advance the high-value utilization

of industrial fluorinated raw materials: developing efficient catalytic systems through non-noble-metal replacement, conducting

detailed mechanistic investigations to enhance the stereoselectivity, exploring novel reactive sites, and establishing green, safe, and

convenient synthetic protocols. Thus, this paper aims to provide a comprehensive reference for synthetically designing trifluoromethyl—

vinyl functional molecules, and converting industrial HFOs for value addition.
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Fig.14 Liquid-phase cross dimerization of HFO-1234ze with
tetrafluoroethylene, hexafluoropropene,

chlorotrifluoroethylene, and vinylidene fluoride
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Fig.18 Activation mechanism of (2)-HFO-1234ze on rhodium complexes [Rh(H)(PEts)s] and [Rh(CH3)(PEt3)s]
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Fig.19 Reaction route for the synthesis of 3,3,3-
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Tab.3 C-O coupling reaction of HFO-1234yf with alcohols
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Fig.20 Different regioselective nucleophilic substitutions and mechanisms of HFO-1234yf with alcoholate/thiolate derivatives
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Fig.21 Reaction of HFO-1234yf with trifluoroethanol to
synthesize flame retardant solvent KDC-704 for lithium
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Fig.22 Coupling reaction of HFO-1234yf with aryl Grignard
reagent

Sakaguchi ZEWVESiGE T HFO-1234yf 575
A ML IR TR A AR AT SR B A S B 1, AE T
SRS, IS, i Em R 2
L C-F 8, AR - =9 2 LI R T e
S EIE PA/NG AL, K A 04 77 HE A Rk
A JFEENIR . U7 HEEE. VRS, X RRIEERL
0, AHIR B SN o AL ZR A 48%, SNIRURAN



Ni(cod), (5 mol%) oj\
R L4 (7.5mol%)  alkyl i N S
- 5

>: +  alkyl-[zn]

FsC THF/MeCN F3C
it, 2h

1 2
HFO-1234yf
0.3M 2 equiv.

= N

3 L4

CF
TBSO BnO

3a, 72%, 83%(3.29)? 3b, 42%° 3c, 42%°
61%°
CF3 0 CFs
MeOOC CF
8Iijﬁ\/\)\ BmJ\/\)\ s
o
39, 83%, 66%° 3h, 74% 3i, 60%
& GFs CF, CF4
BpinM OM

o @O
3m, 76% 3n, 41% (78%*%) 30, 42%

3s, 77%, 61%° 3t, 86%, 75%°
JERAD: I F

[(Ln)NI]Q<
HFO- 1234yf\/

[Ni(0)Lp]

3d, 65% 3e, 65% (80%*°) 3, 50%
CFs3 0 CF3 CF,4
- HsCOCO._~_~ A
EtOOCM Eé?o’PM 3
3j, 57%, 57%° 3k, 73% 31, 50%
CFs CFs
= CFs
N\ NM
BocN
3p, 73% 3q,37% 3r, 53%*°
L ORE R
! CF; CFs4

CFs 3
X '
Ph MeO !

R = Me: 3u, 27%*5

R = Et: 3v, 15%%5 3w, 17%° 3x, 12%°

LiX

:&

X(L, )Nl" CF4
[Ni]</§ >
2

alkyl L alkyl—{Zn]
>: n
FsC alkyl—Ni"
FaC

DM LAY 1 (2.0equive 0.6 mol/LTHF #¥. 1mL) , 0.3mmol (1.0equiv) &4 2, 1 mLMeCN. Fif = RIINNBIHK, 2)mdhis
s 3)RBILA 4.5 mmol [REIAT: HFW IR 5)= B PFNMR #isE, 8 =/P EAEAENAAR: 6)H Ni(acac), {# Ni(cod),.
Bl 23 HFO-1234yf 55wl it e 3 4 S B S LR
Fig.23 Alkylation and mechanism of HFO-1234yf with alkyl zinc reagents
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Fig.24 Comparison of activities between HFO-1234yf and
Vinyl chloride in Ni(cod): and Pyox ligand L4 catalytic system

R AL (IPr)CuOBu fE4L ) C-B 1B EE,

%of HFO-1234yf FFEE A, 2N (Bpin), &=
R R SR BRI, A2 2 65%3Y; TR
TEALF(IPr)CuF fiE4L ) C-Si BBk, X} HFO-1234yf
WIEFEER, JEY)N PhMe.Si-Bpin, & i — 4 H %%
BRI HE R e, AR 2 R0 03 B 77 22 3 70 5% A
52%02 (& 25) 5 AR NON-XL(2,6- 57 P FE 2K 3)-
B-Z WGSBS HFO-1234yf
RAERRL, KRR B0 BE & WAL W P 2 A
86%401 (& 26) .

FiC (IPr)CuO'Bu (5 mol%) FyC
Yo+ (Bpin), ~—— 7%
F THF, 100°C, 20h Bpin
HFO-1234yf 1 equiv 65%
(i)

(IPr)CuF (5 mol%)
FsC CF3

Y=+ PhMe;Si-Bpin

F THF, 100°C Me,PhSi

HFO-1234yf 5h, 75%

(20h, 52%)
I9FNMR #% 17 26 R0 53 85 72 243 il 46
B 25 HFO-1234yf 5(Bpin)2/PhMe:Si—Bpin (¥4 {1 {15
S

Fig.25 Copper catalyzed coupling reaction of HFO-1234yf
and (Bpin)2/PhMe:Si—Bpin
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Fig.26 Coordination of HFO-1234yf with N, N'-Bis(2,6-
diisopropylphenyl)-f-Diimine Aluminum (I)
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Tab.4 Palladium catalyzed oxidation and Heck coupling reaction between HFO-1234yf and arylboronic acids
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13 \© W 71 (61 98:2
F
o B(OH), o ~CF3
14 < ]ij { 68 (62) 96:4
o o) F
B(OH), xCFs
15 \Q/ \Q/\F( 67 (50) 96:4
16 B(OH), Ny O 82 (69) 96:4
F
B(OH), ~CFs
17 oo Moo F 77 (59) 97:3
OMe OMe
B(OH
18 (OH), Ny e 64 (52) 97:3
F
B(OH),
19 /©/ 65 (58) 99:1
Ph

T
=
4
-n;(
o
b
w



O N©/B<OH>2 O cha
O O

20 76 (71) 98:2

H: DRI 1.0 mmol F5FERRE 1. 18 mmol b &4 2. 5 mol %Pd(PhCN),Cly+ 10 mol %PCys+ 2 mmol NaHCOs. 2 mmol BPO. 3.0 mL 1,4-—
EINH, 110°C, 14 h; 2)RHlr~ 3101 °F NMR IR 08 CHIE A WARRIGE, 55 oR50 82, 3)ilid F NMR JIlE .

R 5 HFO-1234yf 557 BL0IEL 1 5 3 BL AL XU R U/K S8 AL Heck RIS
Tab.5 Heck coupling reaction of HFO-1234yf with arylboronic acids catalyzed by palladium and oxidized by hydrogen peroxide

Pd@NGr-C (5 mol%)

N B(OH)2 R H,0, (2 equiv) R'—\ X CFs
Ru- + >= L~ F
Z FsC NaHCOj (2 equiv.)
1 2 1,4-dioxane (3 mL) 3
e G7/B ¥ 3 FEE /%D ZIE SR
B(OH), ~CF
1 /@ m 95 99:1
MeO MeO
B(OH), CF3
2 = 86 97:3
F
B(OH), CF3
3 = 78 97:3
F
B(OH), ~CFs
4 /©/ m 86 97:3
BnO BnO
B(OH), - CF3
5 /©/ m 88 97:3
Ph Ph
B(OH), ~CF3
6 /©/ m 77 96:4
NC NC
B(OH), ~CFs
7 /©/ m 72 94:6
cl cl
B(OH), ~CFs
OMe OMe
B(OH), ~CF3
9 Q/ ©/\F( 79 96:4
COOMe COOMe
OMe OMe
10 B(OH). Ny CFs 81 93:7
F
MeO B(OH), MeO ~CF3
! O Y o o
MeO MeO
0 B(OH), o} xCFs
12 { { m 87 96:4
o} o F



B(OH),
13

O N QB(OH)Z
O

oY
9,

CF3
F 83 96:4

80 96:4

FE: DRI AW 1(1.0mmol)s &% 2(2.0 mmol). PI/PAO@NGr-C (5 mol%). NaHCO; (2.0 mmol). H,0,(30%. 2.0mmol) 1,4- %7

(2.0mL). 80°C. 12h; 2)5B=%K,

(1) PHFR =0 15 1
Ni(cod); 0.012mmol

PCyj; 0.024mmol R
E y3 0.024mmo ~ R
>: + R R — > F3C =
F3C PX 1.8 mL RN
8°C, 24h
R
1 2 3
HFO-1234yf
0.12 mmol 0.12 mmol
2a R=Ph 3a 90% E:2=70:30
2b R=4-Me-Ph 3b 60% E:Z=74:26
2¢ R=4-MeO-Ph 3¢ 54% E:Z=100:0
2d R=4-F-Ph 3d 72% E:Z=70:30
(2) =9 T IR TS e A Bk
Ni(cod); 0.010 mmol
PCy; 0.020 mmol CF
4A 439 6 mg 3
F DBU 0.5~3.0 equiv R
+ R R
FaC DMF 2 mL R R
80°C, 16h
1 4
HFO-1234yf 0.10 mmol
0.3 mmol
4a R=Ph 5a 68%
4b R=4-Me-Ph 5b 24%
4c R=3-Me-Ph 5¢ 50%
4d R=4-MeO-Ph 5d 40%
4e R=4-F-Ph Se 35%
(3) =9I T I A5k
Ni(cod); 0.010mmol
L1 0.020mmol
E KO'-Bu 0.022mmol R R
>: + R———R ]j
FsC BEt; 0.10mmol F3C
Et3SiH 0.10mmol
1 6 PX, 3mL 7
HFO-1234yf 0.10 mmol 80°C, 12h
0.40 mmol
6a R=Ph 7a67%
6b R=4-Me-Ph 7b 56%
AN 6c R=3-Me-Ph 7¢ 60%
N7 6d R=4-MeO-Ph 7d 60%
- 6e R=4-F-Ph 7e 50%
BFs 6f R=4-CI-Ph 7f 20%
6g R=4-COOC,H5-Ph 7920%
L1 6h R=4-CF-Ph 7h 36%
(1) Mi%HEF=3, i 'THNMR M1 PFNMR E;  (2) (3) RNy

Er

B 27 HFO-1234yf 55 55 3£ 5 DY 5 =I5/ = 360 FH SE B
AT = T IR T 445 1) S L
Fig.27 Reaction of HFO-1234yf and diarynyls to synthesize

tetrafluorotrienes/trifluoromethyl arenes/trifluoromethyl

cyclobutenes
HN—R'Bu, HN—R'Bu;
= \ CFs3 = \ CFs
N*Rh*& A /N*Rh&
R \ / F
= HN—P'Bu, HN—P'Bu,
FsC
—pf
ANTRBU  Eo 1234yf 1 3
N-Rh—H ————
\_4 311nm, 3h F
HN—PBu, CeDsg + /\CF;; + cFy * /\CF3
0.2 1 : traces
HN-R'Bu,
\ N-Rh-H
HN—P'Bu,
F>: (2 mol%) F
mol7
= 7 . N + N
F3C )\CF3 + Z7°CF3 CFs
H, (1 bar)
HFO-1234yf nm
CeDs
3h 1.9% 0.2% 0.1%
27h 4.7% 0.6% 0.7%
72h 8.2% 0.7% 2.0%

PR ARG, i THNMR. 'FNMR 1 3'PNMR il &

28 T

ft HFO-1234yf BiE R ) HFO-1234yf 7

UV B4 R e R S AL & 2B C-H/C-F BE 4k S
Fig.28 C-H/C-F bond activation of excessive HFO-1234yf

or HFO-1234yf in a hydrogen atmospherecatalyzed by

rhodium complex under UV irradiation
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» " HO DMP HNR; 2
R -10C, — > = -
0C, 5min — cr, Fi CFs =CF; NaphMCF
FaC ii. RCHO R DCM Naph EtOH, rt, 15min 3
3 .
-10C, 1h 16 h
1 3a-i 4a-i 4ab 9a-g
HFO-1234yf
5 P 4a-ii % ) e FEEN% EZ
0, O NHPh
=——CF,3 9 _ 96 0:100
4a 94 90 Naph CF3
O NHBn
9b 98 0:100
o NaphMCFg
= CF; o NN
4b 94 95 9¢ 94 0:100
OO NaphMCFs
0 HN X
0 9d */J\/\ 95 0:100
=—CF; Naph' CF3
4c 82 79 /\_/\
NO, 9e o N 93 1:99
o NaphMCﬁ
=—CF, O
4d 86 93 [ j
OMe of o >N 95 2:98
NaphM\CFg
R N
=—CF
4e ° 75 91 /-y
E 9g o N 91 29:91
NaphMCFa
o)
——CF; o
P 05 2 (4) 5500 i 15 R I
o) XU g BRI
Mé =—CF; AN taEE]
o) Naph SRS
= CF, 4b
4g 68 84 - N -
5 XU fit B PEE AR (%
Br
-N
HN
A — CF 11a HoN—NH;CI _)—CFs 75!
4h _ ° 79 87 Naph’
s
PR o-N,
o 11b HO—-NH,CI /) CFs 76*
4 Y—=-cF, 94 76 Naph
HaC(H2C)g CF3
NH
11c N‘ X 47!
. NHsCI
(2) SRR N Naph
’ R CFy
o) ArOH,KO'Bu NH
>%CF3 —_ o N‘ X |
Naph THF, rt, 5min 1d NH;CI ~ 70
b Naph%cﬁ N”“Naph
Br
Br
CFs4
o o NH
sl R 7 % EZ N
11e ‘ Ny ONHgCl L 37
N N~ “Naph
8a H 89 14:86 “ |
N o~
N
8b NO, 85 15:85 CF3
NH, N
8¢ Br 84 11:89 1uf @ @ 67!
NH. =
8d n-CsH,, 76 17:83 2 N Naph
1)EtOH, rt, 16h; 2)Tequiv. K,CO3, EtOH, 80°C, 16h; 3)EtOH, 80°C, 16h
(5) ZERATAT B IR
H,NO,S
_ NHNH,CI
=CF 4:1 EtOH/H,0
- N-N,
\)
rt, 16h ~/ CFs
Me SO,NH.
2 Me’

4f

K6

FEK A (celecoxib)
7%

FA BRI A 5 B P
i HFO-1234yf il 4 H7 M = 97 1SR S 3R 6 S Bz

Tab.6 Preparation of new block trifluoromethylalkyne ketone from HFO-1234yf and its related reactions



¥ HFO-1234yf () C-H #8351k 5 /i B BE . ¥R
IIRRSS S B R BT SR, BB A5 il — L8 B 57 % ) — 98
FHIE 208 BB &40 - Ichikawa 25052101 — F5 3k b
e 5 55 FLHON R YD, RIE T HFO-1234yf 1
Ni(cod)/PCysffEAAR R IRl KA =B (1)
HFO-1234yf F175 3R L 1:2 PR I & R4 C-
H /&R C-C I, S mlUm =M (2) AR
PR R, C-H k. C-C BB RIS A& 2R Bt
FAIRIN, SR =PRI & (3) HFO-
1234yf A5 IR L 1:1 W¥)5 0 & Lb R A2 [3+2]34
R R, AR T (B 27) « =2
I # LA L AR R AZ R/ 73 15 77 2R R s 4 22 [
ZHE, T =R R OGRS SN SR
Rer TR A B = L

TE— Lo e LA N, HFO-1234yf 1) C-H
HA C-F Bt rT [RIRT B354k, Richter B3I K
PO ke BEE RS S&, ATE A RS
31Inm UV B8RS, 1k HFO-1234yf [AI & 2E C-
Fifth. C-H Gk, 12-50TR. A, InEmm
S SN AR O AN R A7 A ) = 5 R 3 2 A S
B, DR REREER=Y, R T IXHRE
SRR 2 e A AT TE B RE A 5IN 5 T T 7 (&
28) .

Murray 25545514 L HFO-1234yf N E BT R T
A =R R A O R ——3,3,3- = R
(CFsC=CLi) KI5 RN 20t HHEF A3
B =5 FEIRET (CFsC=COR) , MAKZLLH
FRUT HBE (MTBE) N, 7E-10°CiftAT, B %
DL SR R (LDA) NHRUE, KA e
BB =R, AR5 SN RS ) = /R N EE,
¢ )i B Dess-Martin %67 (DMP) 44015 2] =4
FH LI o IF TR 5128 T B BRI T R AR Y LR
BB (1) SW/RESE% AN, 532 (2)-
T SRR > 70% 1) =50 BT (2
50U E e R AR R A — SIS & B, DL
REF7 R H N, SR | g R R
RO = IR e & (3) @i E—
RPN, ST T E B R AYEREAA
(celecoxib) MIEIRLE L, BF7F 58%, LB T B
M (00 S R0 Ja 1 v PR DAL 10 3 S 24 9 B R O r )
L (R 6) .

2 FANR, HFO-1234yf {F R =4 3t 2 1k
A S BRI, T 3 S A R S B S A R S S B A

By SEBUANIRIE £ A3 AR R 35 S AR R ey s
AN, B HARSNARRES, GeusH] & KB R
ORGSR 1 R FORU T B
FU HBAT BB A EL IR & SR, R A5 AR K
R Z A

4 (ElIZ) 12333-LF-1-HE

1,2,3,3,3-TL9-1-HJ% (HFO-1225ye, CAS 5
N 2252-83-7) s RAS B E O ERE A ) —
i AR VARG R R, BA R Rk,
(2)-HFO-1225ye F1(E)-HFO-1225ye il 543 5 -19°C
A1-15°C, ODP=0, GWP=~1, 5% . miHAkFEH
U HIA IR B A, WA R IR T
AR, -5 HA A AT IR EC . HFO-1225ye 1
SERRHIER 1 540 C R FEEE S THME— H
J&F, 12 S0 C R RN # =5 M F ET
WX, SEARRTEPEN SN 1 541 C i+, 5%
AT 2,3,3,3- VU5 7R 4 356 Fr S ) B

HFO-1225ye 5 7 %0/ Bt 5% 1% 7] 1) 7 S 4
G S AR FL5k G ki, #1140 Haszeldine 28561 i HY
B, FPEEN. HEREEEAR W% R 5 HFO-
1225ye &% 1 547 C PRI = 5 L0
S/ (P 29) 5 C-N BEXJTTH, Rajchel 25
BTHRIE T HFO-1225ye 5 pRWENE . i R s | Jings
L5 M ML S /E NaH/DMF . 70°C K 4ESE
InR-1ERR, DA B e (57%~74%) A —
R N-(2,3,3,3-IU A M) wAMI, H@2)-83 5%
MRk B T IE 79%~90% (K300 o WFFTIBiITie
TG RR AR C-H...0 / C-H.. N 5554,
A3 =R O R S5 1 TR P T 4,
SERIBUNERGE -

MeONa, MeOH  FsC.

‘s

88%

80C, 45h

MeSNa, MeSH  FaC.

IS V\S/
80°C, 72h F

83%

FiC
F NHMe,, Et;0 P
-
HFO-1225ye o

196 C—rt. 89%

F o—
KOH, MeOH F3C7/< FaC 7% FsC
L — +

rt, 19h F

o

¢ F

16% 1.5% 63%

B 29 HFO-1225ye 555 %0/ i 3R 1% 57 (1 19 186 S L
Fig.29 Coupling reaction of HFO-1225ye with

oxygen/sulfur nucleophiles



NaH, DMF PN, F PN CF,
F3C. . 3
%F +  PNH —» > < . > <
F r.t. or 60-70°C H CF3 H F
HFO-1225ye 36,9 L7
(2)-3¢ (E)-3¢c 57%, Z:E 88:12
(2)-6c (E)-6¢ 61%, Z:E 79:21
(2)-9¢ (E)-9¢c 74%, Z:E 88:12
Q NH; NH, NHCOPh NHCOPh
HyC NH HaC N N "
SN > SN SN
LA ‘ Ko =) = i )N [ L [ L
N"So N FE N FiC. N7\ N0 N0
F\%\H N = = FA FyCur
FC H FH H H
CF3 CF3 CFy 13
2)-3¢ (E)-3¢ (2)-6¢ (E)-6c (2)-9¢ (E)-9¢

B 30 HFO-1225ye 5 &AM E PRI R-TH B R 8L
Fig.30 Addition-elimination of HFO-1225ye with
nitrogenous heterocyclic compounds

HFO-1225ye () C-C R E KM T 1 542 C
Ji¥ BB C-H iE, % H JEFREIE T (n-
BuLi) fF7E S TR, A B TR i B )
M, Z R AR T S R B B = PR S S
TARAMRREE 2 AR R R AR S AR — R RN,
RO p AR B Ak TeEFEAL AR FEAL I 2,3,3,3- 1Y

BN RAEDEY (E 31D .
F3C74<

£ B oeow

F
F3C
- .
SiMe;

Br, F
o
Me;SiCl 76%
F n-BuLi 1 equiv F F
F3C% FSC% &C%
=
Li I
F

F THF-CgH1a
78°C

(E)-HFO-1225ye
\\_/ €02
H,0 F
Fac%
— _
Cco0
¢

60%

F l2

87%

E
F3C.
—
Me
F

25%

B 31 (E)-HFO-1225ye £ n-BuLi ABE#1%HI R 5
2,3,3 3-SR 51
Fig.31 Series of 2,3,3,3-tetrafluoropropenyl compounds
prepared by treating (E)-HFO-1225ye with n-BuLi

R 7T (2)-HFO-1225ye 5 R(E)-4 Fil A i 3k = PP B Tk e 2 L 5 8/ 28 A 35 0 R M S S
Tab.7 Synthesis of (£)-Perfluoropropenyltrimethylsilane from (Z)-HFO-1225ye and its additive reactions with aldehydes/ketones

n-BuLi 0.20mol
(IPr);NH 0.20mol (@HEo- 12258 o SiCH
T™SCI BN .
0.20mol Et,0 120mL 78C F
-78°C 7o
gﬁ'@ﬁtﬁi%
Si(CH3)3 SR 1
FSC% =
¢ F CsF/IKF
5~8 mol%
THF
rt.,3h~15d
Fe 2] T ] R E RS FER %
CHO N
I ©/ CsF e 4 66
Me,Sio
0 E F
2 (j)kcf::3 CsF FiC - 5 48
Me;Sio CF;
E F
3 (\) CsF - 6 ~501
) FoC
MesSio
E F
4 ZRTEE KF ={_osiMe, 7 45"
FsC
E F
5 )‘L CsF Fac>:gL 8 2812
Me3Sio
FOF
6 %\40 CsF Céé% 9 45
oH CFs
0
7 CsF - - -
ACF3

D%, @ik YFNMR Wl 2) -30°C R B %



it 1R 40

F.C Si(CHg)3 FEIREE: 2~2.5
NS — T
g F KF/CsF/BusNF
5~13.5 mol%
THF
r.t.,4~20
il i LI KF i CsF i) BusNE
R F R
_/0
st >:Qosn\/|e3 >—G
1 Z R FaC FC O
45% 25%
CHO R _ F FsiMe;
MesSiO BIIRED
R F Ph cF,
° O (3
FsC = Ph
3 ©)'LCF3 :Ae:;SiO CF3 FsC O/quFS
48%
73% (60:40)
FsC cF, FiC cF,

= Qer
3
Fi€ 07 cr,

69%

VE: BT EUE N B
TEiZ MW FHM F, Larichev ZNE K E T
HFO-1225ye £ C-Si {45 3 1) 2 s N B e b,
YEN—Fh 481 1,2,3,3,3- TLa T i SE B . 5
(Z)-HFO-1225ye 7RI N4 n-BuLi Ab3, JR¥ 2
R = RS RERE (TMSCD i3k, B G
FAZ I E(E)-4= 50 6 2k = P Sk ik s %R 2 2
T 5/MR A =R (KF/CsF) 17
FESAT T RN, KA 1,2,3,3,3- 05 A M 1 e
¥, AL — VM (2)-CEsCF=CF— i B f A /AU i
= AR B A AT LA 2 A5 I R b S )
HURAERUIN R B T R LG R (R T o
ARSIV o= g ik k=S i T R S |
72 LAREGEAE Ay v a1 ) 25 I SERTIER , 73 DAR B3 S0
IR IR EY, PRAE R B SEARIE R, 75 =5 H
B W FE A ORI AIE R IR A HE)T R .

(2)-HFO-1225ye %4 n-BuLi At H j5 1 C-
Hg/Ge/Sn/Pb/P {8k th ©. 4% Brisdon &5 & 0061, Jz
RLJEY) N — FRHI R T/ e F HUAR ) Hg/Ge/Sn/Pb/P
A, Y ULERAR 4y B R AR A R — (B)- R R T
R EEIL S X AT A R S IR R
=T E TR ARG ] m S 5T
iR C-C RIL, mnEEEAE R (2)-05E T
WA (R 8) ¢ TLRINEERE nl ik — 8 R A
1 W RS SR B, S SR 2% P2 it
THBE (£ 9) . Porath ZEO2 LARIFE M) B4
=R BN =S ACHAE AR, 247 (2)-HFO-
1225ye 54 & o R AR, 730 & U ((B)- 1L A
W) IR ELFHIR 28, HAr B =R A= (19%A1
38%) » PARHMRIRER (E132)

R 8 (2)-HFO-1225ye [¥] C-Hg/Ge/Sn/Pb {5 S 95 4 s F 2 a1 45 07 & i AR 1 J
Tab.8 C-Hg/Ge/Sn/Pb coupling of (Z)-HFO-1225ye and the reaction of Sn-pentafluoropropyl reagents with aryl halides



Ar-l

3
n-BuLi
FaC <-78C Foc, e [ Pd(PPha)
N vé\ B s — Cul
F E F r.t.
F R4-n)EXn
E= Ge/Sn/Pb (E)
(Z)-HFO-1225ye 2 Fs;C F
! X
Ar F
(2)
4
F5 BLA) 2 45 B 2 5 B2 2%

1 Hg(CF=CFCF3), 68

2 PhHg(CF=CFCF3) 54

3 Ph;Sn(CF=CFCF3) 82

4 Ph,Sn(CF=CFCF3), 54

5 PhSn(CF=CFCF3); 42

6 Sn(CF=CFCF3)4 15

7 n-Bu3Sn(CF=CFCF3) 91

8 n-BuZSn(CF:CFCF3)2 -

9 Ph;Ge(CF=CFCF3) 67

10 Ph3Pb(CF=CFCF3) 65

Jr J&# 3 Sn At A4 2 P 4 RERE=%1%)

1 PhI Bu3Sn(CF=CFCF3) Ph(CF=CFCF;) (27)
2 PhI Ph3Sn(CF=CFCF3) Ph(CF=CFCF3) (10)
3 PhI Bu,Sn(CF=CFCF3), Ph(CF=CFCF3)
4 p—NOzC()Hz;I BLI3SI1(CF=CFCF3) p—N02C5H4(CF=CFCF3) (86)
5 p-CH3CsHaul Bu;Sn(CF=CFCF3) p-CH;3CsH4(CF=CFCF3) (83)
6 p-CH;0CH,I Bu3Sn(CF=CFCF3) p-CH;0CsH4(CF=CFCF3) (>97)
7 PhCH.Br Bu3Sn(CF=CFCF3) PhCH,(CF=CFCF;) (42)
8 (p-1-CsH4OCH,), Bu;Sn(CF=CFCF3) (CH,OC¢H4(CF=CFCF3)), (>97)

e SR THF AR, FiRsET.

K9 (2)-HFO-1225ye ) C-P I N T A M 2= KR (R 80k . A6 RTE 5 S B2
Tab.9 C-P coupling of (2)-HFO-1225ye and the oxidation, selenization, and coordination of P-pentafluoropropyl reagents

n-BuLi
PR
FsC <-78C FsC &n
— = _—
D F
F R3.,PCl, F
(2)-HFO-1225ye (E)
1 2
75 fo & 2 g5kt B 2 53 B2 2%
1 Ph,P(CF=CFCF5) 75

2 PhP(CF=CFCF3), 85




3 i-Pr,P(CF=CFCF3) 72
4 i-PrP(CF=CFCFs), 66
5 ~-BuP(CF=CFCF3), 50
6 (CF=CFCF3),PCH,CH,P(CF=CFCF3), 35
1AL 2,044 SR
Se 0.4 mmol
n-BuLi, (IP,NH PhoP(O)CI Ph,P(CF=CFCF;) —— > PhyP(Se)(CF=CFCFy3)
40 mmol 15 mmol 0.2 mmol PX, reflux, 2d (E), 45%
CFaCF,CH,F PhyP(O)(CF=CFCF3) ’
HFC-236ea  Et,0,-80°C,1h -95°C, 30min
30 mmol (E), 29% Se 0.8 mmol
PhP(CF=CFCF;), ——— > PhP(Se)(CF=CFCF3),
n-BuLi, (IPr)oNH PhP(0)Cl, 0.4 mmol PX, reflux, 3d (E), 40%
40 mmol 7 mmol
CF3CF,CH,F PhP(O)(CF=CFCF3), Se 0.8 mmol
HFC-236ea _80° OB ; e 0.6 mmo
20 mmol B0, 80C h 95°C. 30min (E), 35% IPr,P(CF=CFCF;) ———————>  IPrP(Se)(CF=CFCF3)
0.6 mmol PX, reflux, 7d (E), 40%
3. LA SR
KoPtCly
0.24 mmol
Ph,P(CF=CFCFy) —— =  (FCFC=FC)Ph,R_CI
0.4 mmol H,0 + EtOH Cl” "PPhy(CF=CFCFj) (;(gpr:r?&
rt, 2d ) IPr,P(CF=CFCF;) —— > (F3CFC=FC)IPr2P\P{CI
trans, (E), 42% 0.8 mmol H,0 + EtOH ClI” PIPry(CF=CFCFy)
KoPtCly rt, 2d
0.24 mmol .
PhP(CF=CFCF;), —— =  (FsCFC=FC),PhR._CI trans, (E), 50%
0.4 mmol H,0 + EtOH Cl” 'PPh(CF=CFCF;),
rt, 4d (CF=CFCF3),
trans, (E), 50% Mo(CO)g 1.89 mmol F;\
KoPtCly (FsCFC=FC),P - Mo(CO),
0.3 mmol : " P(CF=CFCFy), n-CgHyg, reflux, 8h R
IPr,P(CF=CFCF3) (FaCFC=FO)IPrP L1 (CF=CFCFy),
0.6 mmol H,O + EtOH Cl” 'PIPry(CF=CFCF3)
rt, 4h 1.63 mmol (E), 40%
trans, (E), 40% Mo(CO)g 1.14 mmol
KoPdCly TMAO 1.14 mmol
0.3 mmol Ph,P(CF=CFCF;) ————————>  (OC)sMo—PPhy(CF=CFCF3)
PhP(CF=CFCFy) —— > (F3CFC=FC)Ph2P\Pd,CI 1.14 mmol MeCN, vacuum, 1h
0.6 mmol H,O + EtOH cl’ PPh - r.t.,, overnight
2 2(CF=CFCF3) (E), 17%
rt., 2d
trans, (E), 75%
JABARYI N =%, TMAO: %L =%
FaC + n-BuLi Fo. | HFO-1225ye FIHAh S #M L —FE R A I 5%
T F e 1T 2 AE K B SR T 437 i 10 B S
- n-BuH >
(21HFO-1225 LiC,F Petrov S5 | HFO-1225ye 1F SbFsEAL 51
- - ye 3'5 r N 2 A
W OIBRR IR S, 7E 50°CrR R 12 h 58
1. +4 LiC4Fs W, AR LR 7:3 B LRI AR s RN R R R
2. +[PPhy]CI — Ny - 5y S
MC|3 [ 4] [PPh4] C3F5‘ ’C3F5 ﬁ-3-H-éﬁ-2-m%$n&ﬁ-:;-H-%ﬁ-})jZ}?ﬁ’ HU%
N g Ve
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Fig.37 Preparation of Mo carbene catalyst and the catalytic decomposition of (2)-HFO-1336mzz and (Z)-5-decene
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Fig.38 HB(pin)-protected and Mo carbene-catalyzed decomposition of HFO-1336mzz and oleyl alcohol/oleic acid
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Fig.40 C(sp®)-F defluoroalkylation of HFO-1336mzz
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Tab.10 Composition of electrophilic addition products
between HFO-1336mzz and tetrafluoroethylene
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Fig.41 Reaction of HFO-1336mzz and oxalidomide
hydrazone to synthesize bis(trifluoromethyl) triazine
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Tab.11 Summary and comparison of reaction properties of HFOs as trifluoromethyl vinyl (Cvinyi-CF3) block
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