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Abstract The gem-difluoropropargylated arenes play an important role in life and material sciences owning to the unique
properties of the difluoromethylene group (CF,). The traditional method to access such a kind of fluorinated structure relies
on conversion of carbonyl group with aminosulfurtrifluorides, such as DAST and Deoxofluor. However, these reactions suf-
fer from the use of expensive and toxic fluorinated reagents and the important functional group incompatibility. Hence, it is
highly desirable to develop new and efficient strategies and methods to prepare gem-difluoropropargylated arenes. As part of
our ongoing interest in transition-metal-catalyzed difluoroalkylation reactions, herein, we report a nickel-catalyzed
cross-coupling of gem-difluoropropargyl bromide with aryl boronic acids. The reaction uses low-cost Ni-catalyst and
proceeds under mild reaction conditions with high efficiency and good functional group compatibility. It is also possible for
gram-scale reaction and late stage gem-difluoropropargylation of bioactive natural product, thus providing a facile route for
application in drug discovery and development. A representative procedure for nickel-catalyzed cross-coupling of
gem-difluoropropargyl bromide with aryl boronic acids is as following: Phenylboronic acid 1a (1.5 equiv.), Ni(NO;),*6H,0
or NiCl,edppe (2.5 mol%), bpy (2.5 mol%), and K,CO; (2.0 equiv.) were subsequently added to a 25 mL of Schlenck tube.
The resulting mixture was then evacuated and backfilled with Ar (3 times). gem-Difluoropropargyl bromide 2 (0.6 mmol, 1.0
equiv.) and 1,4-dioxane (4 mL) were then added. The Schlenck tube was screw capped and put into a preheated oil bath
(80 °C). After stirring for 24 h, the reaction mixture was cooled to room temperature. The yield was determined by '°F NMR
before working up. If necessary, the reaction mixture was diluted with EtOAc and filtered with a pad of cellite. The filtrate
was concentrated, and the residue was purified with silica gel chromatography (100% Petroleum ether) to give product 3a.
Keywords nickel; aryl boronic acids; gem-difluoropropargyl bromide; cross-coupling reaction
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M. %N CLBE S5 Ni(NOs),*6H,0 AfELT]. &
AT DATE IR AN 264 T DMRAE AR : (2.5 mol%) =4
S 7 FE R 08 A A, T R B R
FERME R AP A, N2 R SR T — Rl A 2L
FE.

2 HFER5THE

SEBAVZ AT, UREWER 1a 5 ae-—
FURTNIEIR 2 1ERBRIEY, 2,27-BRItnE (bpy) AR,
BRIR A (K,CO3) A, 1,4- 457N Fh(dioxane) NG 7, 14
80 T, ATEH LER T — RIS
KON R, SRk 1 Fion. BRosK & &AL
(NiCl*6H,0) BAA;, At & Fft 3 452 52 6 DA K 7S 7K B T
HR[NiI(NOs),*6H,O) B X} 2 B A7 — & AL AR (3R 1,
Entries 1~6). 41 Ni(NOs),*6H,0 FE 3 H e 3 AL 2L
R, BeLL 2% M RIS = 25 21 5% 3a(GR 1, Entry 7).
BB EAR RS U R ALE bpy 41 4,407 803 3,375
N H (AR L1 AT L2)X s B8R TE I R m (R 1,
Entries 8, 9). {HIGINACANIFH, 4 34T bpy 1 6,67
P (AR L3), S B 2215 2] 8] S A40H](E 1, Entry 10). &
TN 93X AT BE 2 T %605 55 12 1 > R 1 7 FHL BELAS
T RSB IIEAL, WIS BC AR A BEAR 7 P B B A
AR 52 I3t R 7 A P i e R AR, B80f OB R KR
NFE. BRI, 416 bpy 4,467 51N HL P AR B
HRAIBHARUT JE0E, 723208 32 (3K 1, Entries 11,
12). #pE R FAR L4 1 LS A A T bpy 85T, A
TR Z R, AL IEE bpy 1ENH AR A
DI BLSE AT, BATTR IR (A0 7R A 1) FH
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PR 2.5 mol%, FEK NN [A] 2 24 h, RERS AR L™
H(TT%53 B Z)13 274 3a(3K 1, Entry 13). ZIHIRA]
153 T Ak N 46 1a (0.45 mmol, 1.5 equiv.), 2 (0.3
mmol, 1.0 euqiv.), Ni(NO;),*6H,O (2.5 mol%), bpy (2.5
mol%), K,COs (2.0 equiv.), 1,4-dioxane (2 mL), 80 C, 24
h.

R AR T R DT IR 2 X L 1a IR0 b o BE1E 2%
PSR *

Table 1 Optimization of the Ni-catalyzed gem-difluoropropargylation
of phenyl boronic acid 1a with gem-difluoropropargyl bromide 2 “

OH [Ni] (x mol%)
! F F Ligand (y mol%)

B\
OH +
[:]/ &;x§§\ K2COs3 (2 equiv.)
TIPS 1,4-Dioxane, 80 °C, Time

1a 2
F__F
O~
TIPS
3a
=0T aWa I\
N N
=N N= =N N=
bpy L1 L2
MeO OMe t-Bu Bu-t
720 /A 7 N/ N\ 7 N/ N\
=N N= =N N= =N N=
L3 L4 L5
Entry Catalyst (x) L (») Time/h  Yield/%

1 NiCl,*6H,0 (5) bpy (5) 16 0
2 NiCly(PPhs), (5) bpy (5) 16 26
3 NiCl,*dppe (5) bpy (5) 16 61
4 NiCly*dppp (5) bpy (5) 16 48
5 NiCly*dppf (5) bpy (5) 16 59
6 NiBry(PPhs), (5) bpy (5) 16 67
7 Ni(NO3),*6H;0 (5) bpy (5) 16 72
8 Ni(NO3),*6H;0 (5) L1 16 71
9 Ni(NO3),*6H;0 (5) L2 16 75
10 Ni(NO3),*6H;0 (5) L3 16 13
11 Ni(NO3),*6H;0 (5) L4 16 76
12 Ni(NO3),*6H;0 (5) L5 16 76

13 Ni(NO3),*6H0 (2.5)  bpy (2.5) 24 80(77)

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¢ [ S 2%AF: 1a (0.45 mmol, 1.5 equiv.), 2 (0.3 mmol, 1.0 equiv.), K,CO; (0.6
mmol, 2.0 equiv.), 1,4-Dioxane 2 mL, 80 ‘C, 24 h. *'°F NMR #ll/ %, %
FAWHF, F55 B R HCT N B 2.

FESRAR AN, FRATN B R A& kAT 1 2%
L, AH R R I T HE AR b AR 1 BT e S 5 e AR
K. J6 18 HUAR 2 2 Ik b P 0 58 2 B PR, fE
Ni(NO;),*6H,0 1EMEA I 261 T H223 fie ™ Z K E T
e BEJE, A1 R 4-H A BRI (Ab) AT 4- 25 K
FEORTNR (1) AR X [ S AT T FR Ak, &5
RRILLL NiClyedppe ##t Ni(NO3),*6H,0 I, ALK
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TREBMBBREY). ERBRRHT 30 ARE, £
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FRIFHIP= R 2, 3b~3f). LR BRI, WMt
Fe L T EE DL SREE RN IR F R I R e A
(K 2, 3g~3j, 31). B NEERZIRE 72 G A
(1, MTIHADLH iZ Ni Ak RITETEGR 2, 3K).
N, — R A R 0 HE R A Re e A ). R X —

R2 G TR S PTIEIR 2 X 55 SR 1 [ = RO R L

FEME, FRATATLAXT BT 9 3k R RIE T IAT AN 5
BEEAL, MITTAE R 28 & AL SR L T — TG 250
G, A TIUEZ AR ST T, FRATDO AR SR 1) e &
PRSI W4T T 24k, S5 BRI BIAE 24 h N EERE
NIR]5E R, FEIEE] 69%I1) 7 B r=# (3K 2, 3a). £ Ut
fse BIRAT & L&Y 3 # e R BB A B,
AT ] AR ek — BT RV AA B 445
FAGE, T EE AT DURHB b (iR AT i o S B T
RSy ok (R B — Bk AR I S B DA S L e Ak, = 1 P
7w, WEY) 3d 7E TBAF 15 IR bR = 7 T Bk ek 2,
FEIR Ik 4. A 4 —2 5BEREET Sonogashira
IR, PL 94%[1 =23 AW 5. X KKK T
& Z SN E BT AL S Z R R Al i, N
HrA R IR T R T,

Table 2 Ni-catalyzed gem-difluoropropargylation of aryl boronic acids 1 with gem-difluoropropargyl bromide 2

NiCl, - dppe 2.5 mol%

OH
' Foo F

bpy 2.5 mol%

F

u K,CO; 2 equiv. \F
X S + 1
R—I— Qi Brx 1,4-Dioxane, 80 °C, 24h R—— X
- TIPS 2 TIPS

1 2 3
Foe F Fo F Foo F
E>>X /E>>X D
TIPS MO TIPS TIPS
3a, 77%" 3b, 13%”
1.06g, 69%° 53%7 3¢, 60%
Fo F Fu F Fu F
TIPS oh TIPS FiC TIPS
3d, 75% 3e, 63% 3f, 72%
FF
F F\ o) . _
X NN X
A5
TIPS )K©>\TIPS EtO TIPS
O  3g,82% 3h, 65% o 3i, 92%
I FoF /@}F\ /@}F\
EtO [ A X
X
)k©>\ﬂps Br TIPS NG TIPS
3, 71% 3k, 77% 31, 39%

“1 (0.9 mmol, 1.5 equiv.), 2 (0.6 mmol, 1.0 equiv.), NiCly*dppe (2.5 mol%), bpy (2.5 mol%), K,CO; (1.2 mmol, 2.0 equiv.), 1,4-dioxane 4 mL, 80 ‘C,24 h. F=3%H
IYEEFRER DAL A4 18 Ni(NOs3)226H,0 (2.5 mol%), bpy (2.5 mol%). ¢ & S #okHE R ZE 5 mmol. “F NMR Kl =25, KN A F7.

Foor F
S TIPS S
THF, rt.
3d

B 1 EY3d Mt

Scheme 1 Transformations of alkyne 3d
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Pd(PPhs), (5 mol%)
Cul (10 mol%)

Phl, Et;N
DMF, 50 °C
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oH TIPS
B~
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2.0 equiv. 1.0 equiv.

0O

I 0]

Ni(NO3)* 6H,0 5 mol%

bpy 5 mol%
TIPS
K,CO3 2 equiv. Z
1,4-Dioxane, 80 °C, 24 h F F

7, 58%

B2 SESERNERATAEY 6 I B R BRI R
Scheme 2 Direct gem-difluoropropargylation of flavanone derived
boronic acid

e, AT OB NLEEREAT T HIER 7E(K 3). 4
I [ A 2 FROIN B B 5 51 & 5FI(AIBN, 10 mol%)(Entry
2), H HFEHMHFI(BHT, 1.0 equiv.; hydroquinone, 20
mol%) i (Entries 3 Fl 4), KM= REH TR (H2MA
B PR RSN 1,4- RHSERI ) R R 2 SR
B, RHIZRBATREAT T R T REBEN A R
i
23 E HIEHG R R ¢

Table 3 The influence to the reaction by radical inhibitor

Ni(NO3),*6H,0 2.5 mol%
OH bpy 2.5 mol%
! Fuo F K,CO3 2 equiv.
ADDITIVE (x mol%)

B.
©/ o B’>\
TIPS 1,4-Dioxane, 80 °C, 24 h

1a 2
-
i
TIPS
3a
Entry Additive (x) Yield/%
1 None 80
2 AIBN (10%) 70
3 BHT (1.0 equiv.) 62
4 Hydroquinone (20%) 68
5 1,4-dinitrobenzene (20%) 16

“1a (0.45 mmol, 1.5 equiv.), 2 (0.3 mmol, 1.0 equiv.), Ni(NOs),*6H,0 (2.5
mol%), bpy (2.5 mol%), K,CO; (0.6 mmol, 2.0 equiv.), 1,4-Dioxane 2 mL,
80 ‘C,24 h. =HA F NMR 725, AN R,

T bk S 45 BB R AT A R 7 AR AT 4
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MRZ AT REZ T T — A Ni(UID R EAL G IR, =3
PR, BT HEMRS — 8 A [NIDL, [T &8
th, #HE o,0- ZFIRT FEBARY R e 4 Jd A0 A B A B
B [(AnNi(DL,] #E 47 A e, =M Fh C
[(Ar)(RONI(IIDL,X]. #&/&, KHH A4 C #4738 R B
AERCEBR ) 3, (A A A TSR TEER.

[Ni(ID]

F_F l
Ar>\
\ .
TIPS Ni(I)L,, ArB(OH), 1
3 A

Reductive Transmetalation

elimination

Ln
Br—Ni(llly—Ar Ar—Ni(I)L,,
//kF B
= F
=
TPs” € \_% FoF
Br %
Oxidative addition 2 TIPS

B3 TRem R IEF LR

Scheme 3  Proposed mechanism

3 g

AT T B T 0T EEIR S a,a- — SR IR IR
MIEIBC SN, 2T IR R B RERIARAE R 4F, b
REREAT PCRZUBON UL R AEE 1 105 A 1, N
W RARAE T — R R Tk, O EAR S BATLEE BA K
Ja SR AT A R NIRRT Z .

4 SERSY

ERVED IR 7] 25 mL [ Schlenck & FRAR I 5 3
MR 1 (0.9 mmol, 1.5 equiv.), Ni(NO;),*6H,0 B %
NiCl,edppe (2.5 mol%), bpy (2.5 mol%)F! K,CO; (1.2
mmol, 2.0 equiv.). ZJ5, HIRE =X, BHESIRET
TN o0- AR PFFEE 2 (0.6 mmol, 1.0 equiv.)Fl
1,4-dioxane (4 mL). ¥ Schlenck & e FE it K5, AT
JenAE 80 CHIMAH, &I 24 h. 1F LML, SR
RIS, TR SHT S s R OB
& & O CBEFRE, MG E7K o, T h K Bk
IR, LR CTRZER TR T 5, TIE, K4,
PO EE AT 4T 70 B A3 ) 3.
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