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General information

Unless otherwise stated, all reagents were purchased from commercial suppliers and used without
further purification. All reactions were carried out under N atmosphere using undistilled solvent.
Melting points were recorded on an electrothermal digital melting point apparatus. IR spectra were
recorded on a FT-IR spectrophotometer using KBr optics. *H, 1°F, 3'P, and *C NMR spectra were
recorded in CDCIz on Bruker Avance or Joel 400 MHz spectrometers. The chemical shifts (o) are
reported in ppm and coupling constants (J) in Hz. High resolution mass spectra (HRMS) were
obtained on a Waters Q-TOF Premier Spectrometer (ESI or EI Source). Column chromatography
was generally performed on silica gel (300-400 mesh) and reactions were monitored by thin layer
chromatography (TLC) using UV light to visualize the course of the reactions.

General procedure for the synthesis of (2)-4,4-difluoro-1-arylbuta-1,3-dien-1-yl
phosphinates 3

o R 0 P

] Cs,CO3 (2 equiv.) 0~
1NF F + Hp-rp —— =
R F
F R H,0, 70 °C, Ny, 12 h R1JW
2

F
1 3 F

A solution of Strifluoromethylated enone 1" (0.3 mmol), phosphine oxide 2 (0.45 mmol), and
Cs2C03 (195.5 mg, 0.6 mmol) in H2O (3.5 mL) was stirred at 70 °C (oil bath) under N for 12 h.
The reaction was then quenched by saturated NH4Cl solution (20 mL) and extracted with EtOAc
(20 mL x 3). The organic layer was dried over MgSQO4, and concentrated under reduced pressure.
The crude product was purified by flash silica gel column chromatography (300-400 mesh) using
petroleum ether/ethyl acetate (10/1~6/1) as eluent to afford the pure products 3.

General procedure for the scaled-up synthesis of product 3aa

Ph Ph
O Ph P
_ F ® Cs,CO03 (2 equiv.) 0“0 Ph
Ph + H-P—Ph ————————— = E
LF Bh HO,70°C, Ny, 12h  ppr’ NN
1a (5 mmol) 2a 3aa F

A solution of (E)-4,4,4-trifluoro-1-phenylbut-2-en-1-one 1a (1.38 g, 5 mmol), diphenylphosphine
oxide 2a (1.52 g, 7.5 mmol), and Cs2COs (3.26 g, 10 mmol) in H,O (60 mL) was stirred at 70 °C
(oil bath) under N2 for 12 h. The reaction was then quenched by saturated NH4ClI solution (60 mL)
and extracted with EtOAc (60 mL x 3). The organic layer was dried over MgSOs, and
concentrated under reduced pressure. The crude product was purified by flash silica gel column
chromatography (300-400 mesh) using petroleum ether/ethyl acetate (10/1~6/1) as eluent to afford
the pure product 3a (1.46 g, 64% yield).

Further transformation of product 3aa
a) Dephosphorylation of product 3aa

Ph Ph
N/

P LiOH (3 equ'iv.) O Ph
0 0 Ph H,0 (5 equiv.) )J\/Kr':
> Ph X
phMrF DCE, 70 °C, air, 12 h !
F
3aa 4, 65%

A solution of (Z)-4,4-difluoro-1,3-diphenylbuta-1,3-dien-1-yl diphenylphosphinate 3aa (137.5 mg,
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0.3 mmol), LiOH (21.6 mg, 0.9 mmol), and H20O (27.0 mg, 1.5 mmol) in DCE (2 mL) was stirred
at 70 °C (oil bath) under air for 12 h. The reaction was then quenched by saturated NH4Cl solution
(20 mL) and extracted with EtOAc (20 mL x 3). The organic layer was dried over MgSQa, and
concentrated under reduced pressure. The crude product was purified by flash silica gel column
chromatography (300-400 mesh) using petroleum ether/ethyl acetate (100/1) as eluent to afford
the pure product 4 (50.7 mg, 65% yield).

b) Phosphorylation of product 3aa

Ph_Ph Ph\P,Ph
o“™o pn 9 LiOH (3 equiv.) 0 %0 Ph
+ H—P—Ph > - F
Ph)\)\(': Ph DCE, 70 °C, Ny, 24 h Ph)\)\’
E O0=P~pp
3aa 2a 5,54% Ph

A solution of (2)-4,4-difluoro-1,3-diphenylbuta-1,3-dien-1-yl diphenylphosphinate 3aa (137.5 mg,
0.3 mmol), diphenylphosphine oxide 2a (151.6 mg, 0.75 mmol), and LiOH (21.6 mg, 0.9 mmol)
in DCE (2 mL) was stirred at 70 °C (oil bath) under N for 24 h. The reaction was then quenched
by saturated NH4Cl solution (20 mL) and extracted with EtOAc (20 mL x 3). The organic layer
was dried over MgSQOs, and concentrated under reduced pressure. The crude product was purified
by flash silica gel column chromatography (300-400 mesh) using petroleum ether/ethyl acetate
(4/1~1/1) as eluent to afford the pure product 5 (104.6 mg, 54% vyield).

¢) Synthesis of product 6

Ph\ /Ph
0*0 ph Q LiOH (3 equiv.) O Ph
g * H-P—Ph > F
Ph” N Bh DCE, 70°C,N,, 24h  Ph N
F O=P~pp,
3aa 2a 6,69% Ph

A solution of (2)-4,4-difluoro-1,3-diphenylbuta-1,3-dien-1-yl diphenylphosphinate 3aa (137.5 mg,
0.3 mmol), diphenylphosphine oxide 2a (75.8 mg, 0.375 mmol), and LiOH (21.6 mg, 0.9 mmol)
in DCE (2 mL) was stirred at 70 °C (oil bath) under N for 24 h. The reaction was then quenched
by saturated NH4Cl solution (20 mL) and extracted with EtOAc (20 mL x 3). The organic layer
was dried over MgSQs, and concentrated under reduced pressure. The crude product was purified
by flash silica gel column chromatography (300-400 mesh) using petroleum ether/ethyl acetate
(10/1~6/1) as eluent to afford the pure product 6 (91.8 mg, 69% yield).

d) Synthesis of product 7
o Ph

Ph\ /Ph
F
o*™0 ph . </N LIOH (3 equiv) Ph/u\)%r”
F N
H

N

phMr DCE, 70 °C, Ny, 12 h «
F N
3aa 7,63%

A solution of (2)-4,4-difluoro-1,3-diphenylbuta-1,3-dien-1-yl diphenylphosphinate 3aa (137.5 mg,
0.3 mmol), 1H-benzo[d]imidazole (88.6 mg, 0.75 mmol), and LiOH (21.6 mg, 0.9 mmol) in DCE
(2 mL) was stirred at 70 °C (oil bath) under N, for 12 h. The reaction was then quenched by
saturated NH4Cl solution (20 mL) and extracted with EtOAc (20 mL x 3). The organic layer was
dried over MgSO., and concentrated under reduced pressure. The crude product was purified by
flash silica gel column chromatography (300-400 mesh) using petroleum ether/ethyl acetate
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(10/1~6/1) as eluent to afford the pure product 7 (67.4 mg, 63% vyield, Z/E = 4/3).

e) Synthesis of product 8

"BulLi (8.2 equiv.)

Ph_Ph Cul (5.2 equiv.) o Ph
0*™0 pn TMEDA (4 equiv.) .
™ F > Ph A
Ph S THF, -60 °C, Np, 2 h "By
F
3aa 8, 57%, 1/1.9 (Z/E)

A solution of (2)-4,4-difluoro-1,3-diphenylbuta-1,3-dien-1-yl diphenylphosphinate 3aa (137.5 mg,
0.3 mmol), "BuLi (2.5 M in hexane, 1 mL, 2.5 mmol), Cul (297.1 mg, 1.56 mmol), and TMEDA
(139.4 mg, 1.2 mmol) in THF (5 mL) was stirred at -60 °C under N for 2 h. The reaction was then
quenched by saturated NH4Cl solution (20 mL) and extracted with EtOAc (20 mL x 3). The
organic layer was dried over MgSQs, and concentrated under reduced pressure. The crude product
was purified by flash silica gel column chromatography (300-400 mesh) using petroleum
ether/ethyl acetate (100/1) as eluent to afford the pure product 8 (48.8 mg, 55% vyield, Z/E =
1/1.9).

f) Synthesis of product 10

o 5,
AT

Ph_Ph { S
N Ph Ph_Ph o] s -{P}L\ Ay
o770 Ph N 0* ~o nK T R

X M O - « 5 N=Ph {k
Ph S N=N ToI.,SrL, Ny, Ph ~‘( il

F FF O
3aa 9 10, 33% CCDC (2249356)

A solution of (2)-4,4-difluoro-1,3-diphenylbuta-1,3-dien-1-yl diphenylphosphinate 3aa (45.8 mg,
0.1 mmol) and 9 (26.3 mg, 0.15 mmol) in toluene (2 mL) was stirred at room temperature under
N2 for 3 h. The reaction was then quenched by saturated NH4Cl solution (20 mL) and extracted
with EtOAc (20 mL x 3). The organic layer was dried over MgSQa, and concentrated under
reduced pressure. The crude product was purified by flash silica gel column chromatography
(300-400 mesh) using petroleum ether/ethyl acetate (6/1~4/1) as eluent to afford the pure product
10 (20.7 mg, 33% yield).

Optimization of reaction conditions
Table S1. Optimization of reaction conditions in water?

R' R2
0O Ph o A
— F T Base (2 equiv.) o~ "0 Ph
Ph + H-PR ————> « .
E F R2 Te'rlnp., N,, 13 h Ph N
1a 2a-2a(IV) on water 3aa-3aa(IV)F
e
8 g g H-P-0 g
H—II’—Ph H—II’—Et H—Il’—OEt H—II’—OEt
Ph Ph Ph O O OEt
2a 2a(l) 2a(ll) 2a(lll) 2a(IV)
i Yield of 3aa-3aa(1V)
Entry 2 (X equiv) Base Temp. (°C) b
(%)
1 2a (2.5) Cs2CO3 70 56 (52)°
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19

2a(l) (2.5)
2a(ll) (2.5)
2a(l1) (2.5)
2a(lV) (2.5)

2a (2.5)
2a (2.5)
2a (2.5)
2a (2.5)
2a (2.5)
2a (2.5)
2a (2.5)
2a (2.0)
2a (1.5)
2a (1.0)
2a (1.5)
2a (1.5)
2a (1.5)
2a (1.5)

Cs2CO3
Cs2CO3
Cs2CO3
Cs2CO3
K3PO4
LiOH
NaOAc
EtsN
NaOH
Cs2CO3
Cs,CO3
C32C03
Cs,CO3
C32C03
C32C03
C32C03
C32C03
C32C03

70
70
70
70
70
70
70
70
70
40
100
70
70
70
70
70
70
70

o O O o

55

7

30

40

29

16 (trace)*

25 (10)¢

61
63 (62)°

53

61°

61f

619

61"

2Reaction conditions: 1a (0.3 mmol), 2 (0.3-0.75 mmol), and base (0.6 mmol) in H,O (3.5
mL) at 40-100 °C (oil bath) under N for 12 h.? Yields were determined by °F NMR analysis
with 4-chlorobenzotrifluoride (0.1 mmol) as an internal standard. ¢ Isolated yield. ¢ Yield of
byproduct 4,4-difluoro-1,3-diphenylbut-3-en-1-one. & In water (2 mL). " In water (1 mL). ¢

For 24 h. " Cs,CO3 (2.5 equiv) was used.

Table S2. Optimization of reaction solvents in the presence of Cs,CO3?

o

1a

Ph

P F -
Ph/u\)\|< + H I'i’ Ph
g F Ph

2a

Cs,CO3 (2 equiv)

>
Sol., 70°C, Ny, 12 h

(o}

(1]
Ph=Py

h
Ph

o

3aa

3a’

Entry Solvent (x mL) Yield of 3aa (%)° Yield of 32’ (%)°
1 MeCN (1) 0 53
2 MeCN (3.5) 0 57
3 MeCN (6) 0 50
4 EtOH (3.5) 0 3
5 DMSO (1) 0 0
6 DMSO (3.5) 0 0
7 DMSO (6) 0 0
8 DMF (3.5) 0 7
9 THF (1) 0 60
10 THF (3.5) 0 82
11 THF (6) 0 83
12 EtOAcC (3.5) 0 72
13 Toluene (1) 0 76
14 Toluene (3.5) 11 64
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15 Toluene (6) 3 78

16 NMP (3.5) 0 11

17 DMA (3.5) 0 17
2Reaction conditions: 1a (0.3 mmol), 2a (0.45 mmol), and Cs>CO3 (0.6 mmol) in solvent
(1-6 mL) at 70 °C under N, for 12 h. ®Yields were determined by °F NMR analysis with
4-chlorobenzotrifluoride (0.1 mmol) as an internal standard.

Mechanistic studies
a) The influence of substituent (R) on the reaction of trifluoromethylated enone

o . O R CF

O R n Cs,CO3 (2 equiv.) 3
M + H—P-Ph > Ph)l\)<|:’/|:’h
Ph CF, Ph Hz0,70°C,Np 12h 4Ph
1t-w 2a 11a, R= Me, 90%

11b, R=Et, 94%

11c, R=Bn, 82%

11d, R=CF;, 0%
A solution of trifluoromethylated enone 1t-w (0.3 mmol), diphenylphosphine oxide 2a (91.0 mg,
0.45 mmol), and Cs,CO3 (195.5 mg, 0.6 mmol) in H,O (3.5 mL) was stirred at 70 °C (oil bath)
under N for 12 h. The reaction was then quenched by saturated NH4Cl solution (20 mL) and
extracted with EtOAc (20 mL x 3). The organic layer was dried over MgSQa, and concentrated
under reduced pressure. The crude product was purified by flash silica gel column
chromatography (300-400 mesh) using petroleum ether/ethyl acetate (10/1~5/1) as eluent to afford
the pure products 11a-d (0-94% yields).
This result suggested that the substituent adjacent to the trifluoromethyl group has a dramatic
influence on the reaction selectivity.

b) The reaction of 2,2,2-trifluoro-1-phenylethan-1-one (1x) with 2a

Ph_Ph
o) 0 Cs,CO05 (2 equiv.) oo
A + H-P—Ph > .
Ph” “CF, Bh H,0, 70 °C, Ny, 12 h Ph Y
1x 2a F

12, 0%

A solution of 2,2 2-trifluoro-1-phenylethan-1-one 1x (52.2 mg, 0.3 mmol), diphenylphosphine
oxide 2a (91.0 mg, 0.45 mmol), and Cs,CO3 (195.5 mg, 0.6 mmol) in H,O (3.5 mL) was stirred at
70 °C (oil bath) under N for 12 h. The reaction was then quenched by saturated NH4Cl solution
(20 mL) and extracted with EtOAc (20 mL x 3). The organic layer was dried over MgSQa, and
concentrated under reduced pressure. No desired product 12 was observed.

This result suggested that the alkenyl moiety in the trifluoromethylated enone was important for
the success of the present defluorophosphorylation.

¢) The reaction of 1a" with 2a' under standard conditions

Ph Ph
A4

O Ph . _P.
Cs,CO3 (2 equiv.) 0% “o Ph

0 a
Ph)l\/§(F + F—P—Ph > ~ g+ Ph—P-0Cs
E Ph H,0, 70 °C, Ny, 12 h Ph S Bh

1a' 2a' 3aa, 0% F 2a" >95% (NMR)
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A solution of 4,4-difluoro-1,3-diphenylbut-3-en-1-one (775 mg, 0.3 mmol, 1a’),
diphenylphosphinic fluoride (79.3 mg, 0.36 mmol, 2a’), and Cs,CO3 (195.5 mg, 0.6 mmol) in
H,0 (3.5 mL) was stirred at 70 °C (oil bath) under N, for 12 h. No desired product 3aa was
detected.

The residue was then directly analyzed by NMR. 95% NMR vield of cesium diphenylphosphinate
2a”’ was determined by 3P NMR analysis of residue using triphenylphosphine oxide as an internal
standard.

H NMR

2.51 DMSO-D6
2.50 DMSO-D6

—3.65 H20

o

2a" fooi i \

T T T T T T T T T T T T T T T T
11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5 70 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0

=3
1P NMR 2
|
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0 -100 -120 -140

T T
180 160 140

>
'
% -

T T T T
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13¢ NMR
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39.94 DMSO-D6 & -
39.73 DMSO-D6
39.31 DMSO-D6
39.10 DMSO-D6
38.89 DMSO-D6

Cs

1
J
\

|
2a" I M
LA

T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

d) The reactivity of Z-trifluoromethylated enone (2)-1a

Ph_Ph
F \
FUF o Cs,CO5 (2equiv) 070 Ph
o + H-P—Ph > « .
P NP Nph Ph H,0,70°C,Np 12h  ph BN
F
(2)-1a 2a 3aa, 22% NMR yiled

A solution of (2)-4,4,4-trifluoro-1,3-diphenylbut-2-en-1-one (Z)-la (82.9 mg, 0.3 mmol),
diphenylphosphine oxide 2a (91.0 mg, 0.45 mmol), and Cs,CO3 (195.5 mg, 0.6 mmol) in H.0O

S7



(3.5 mL) was stirred at 70 °C (oil bath) under N» for 12 h. The reaction was then quenched by
saturated NH4ClI solution (20 mL) and extracted with EtOAc (20 mL x 3). The organic layer was
dried over MgSQ,, and concentrated under reduced pressure. The yield of product 3aa was
determined by °F NMR analysis with 4-chlorobenzotrifluoride (0.1 mmol) as an internal standard.
This result suggested that the configuration of the trifluoromethylated enone has a critical effect
on the reaction performance. Low yield is presumably attributed to the competitive relationship
between carbonyl group and trifluoromethyl group in the Z-trifluoromethylated enone for the
formation of hydrogen bond with water.

e) The heterogeneity of the reaction

Ph\ /Ph
. _P.
. Q Cs,CO5 (2equiv) 0% O  Ph
+ H-P—Ph ——— ———— 3

F bh H,0, 70 °C, Np, 12 h ph)%)\(':

at the beginning of the reaction (5 min) at the end of the reaction (12 h)

The heterogeneity of the reaction was observed during the scaled-up synthesis of product 3aa.

f) The influence of different additives on the reaction

o Ph o Additive (1 equiv) P?\P{’ h
_ F | Cs,CO3 (2equiv) 0% O  Ph
Ph + H—P-Ph > < E
¢ F Ph H,0, 70 °C, Ny, 12 h Ph N
1a 2a 3aa F

Entry Additive 3aa (%)

1 "BugNBr 4
2 "BuyNHSO, 8
3 18-crown-6 49
4 BF3°Et,0 29
5 HFIP 13
6 N-methylacetamide 32

A solution of (E)-4,4,4-trifluoro-1-phenylbut-2-en-1-one la (829 mg, 0.3 mmol),
diphenylphosphine oxide 2a (91.0 mg, 0.45 mmol), additive (0.3 mmol), and Cs,CO3 (195.5 mg,
0.6 mmol) in H2O (3.5 mL) was stirred at 70 °C (oil bath) under N, for 12 h. The reaction was
then quenched by saturated NH4ClI solution (20 mL) and extracted with EtOAc (20 mL x 3). The
organic layer was dried over MgSO4, and concentrated under reduced pressure. The yields of
product 3aa were determined by *°*F NMR analysis with 4-chlorobenzotrifluoride (0.1 mmol) as
an internal standard.
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These results suggested that the unigue properties at the macroscopic phase boundary between
water and insoluble reactants, such as hydrophobic effect and hydrogen-bonding interaction, were
involved in the formation of 3aa.

g) The influence of TBAB on the reaction

. h Ph
O Ph o TBAB (0-2 eunv.) ,\P:
P F n Cs,CO5 (2equiv) 0 YO0  Ph
Ph + H—P—-Ph : A F
L F Ph H,0, 70 °C, Ny, 12 h Ph Y
1a 2a 3aa F

@
2

@
2

NMR yield of 3aa (%)
w
8

N
-]

0 0.5 1 15 2
TBAB (x equiv.)

A solution of (E)-4,4,4-trifluoro-1-phenylbut-2-en-1-one la (829 mg, 0.3 mmol),
diphenylphosphine oxide 2a (91.0 mg, 0.45 mmol), TBAB (0-0.6 mmol), and Cs,CO3 (195.5 mg,
0.6 mmol) in H20O (3.5 mL) was stirred at 70 °C (oil bath) under N2 for 12 h. The reaction was
then quenched by saturated NH4ClI solution (20 mL) and extracted with EtOAc (20 mL x 3). The
organic layer was dried over MgSOa, and concentrated under reduced pressure. The yields of
product 3aa were determined by °F NMR analysis with 4-chlorobenzotrifluoride (0.1 mmol) as
an internal standard.

These results suggested that hydrogen-bonding interaction at the macroscopic phase boundary
between water and insoluble reactants accelerated the reaction.

h) The isotropic effect of additives on the reaction

o Ph Additive (1 equiv) "\ PP

) _P.
_ E 9 CsCOz(2equiv) 07 "0  Ph
Ph + H—P—Ph : o A F
FF bh H,0, 70 °C, Np, 12 h Ph SN
1a 2a 3aa F

Entry Additive 3aa (%) Entry Additive 3aa (%)
1 CH30H 55 3 Acetone 49
2 CD3;0D 57 4 Acetone-dg 49

A solution of (E)-4,44-trifluoro-1-phenylbut-2-en-1-one 1a (829 mg, 0.3 mmol),
diphenylphosphine oxide 2a (91.0 mg, 0.45 mmol), additive (0.3 mmol), and Cs2COs (195.5 mg,
0.6 mmol) in H2O (3.5 mL) was stirred at 70 °C (oil bath) under N> for 12 h. The reaction was
then quenched by saturated NH4CI solution (20 mL) and extracted with EtOAc (20 mL x 3). The
organic layer was dried over MgSQas, and concentrated under reduced pressure. The yield of
product 3aa was determined by °F NMR analysis with 4-chlorobenzotrifluoride (0.1 mmol) as an
internal standard.

Finally, no obvious isotropic effect was observed when CH3;OH/CD3;0OD and acetone/acetone-ds
with different H* ion conjugation abilities were used as additives.
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The X-ray crystal structure of products 3aa and 10
The single crystals were grown from the mixed solution of DCM and EtOAc (v/v = 1:3) by slowly
evaporating the above solvents at room temperature.

(2)-4,4-Difluoro-1-phenylbuta-1,3-dien-1-yl diphenylphosphinate (3aa):

Prob = 50 Qc
- P Temp = 150 °

= (130721

™ PLATON-Now 19 12:43:25 2021

129 8362 P -1 R = 0.04 RES= 0 -79 X

CCDC number: 2131663

Table S3 Crystal data and structure refinement for product 3aa.

Identification code 3aa

Empirical formula CagH21F202P
Formula weight 458.42
Temperature/K 149.99(10)

Crystal system triclinic

Space group P-1

alA 6.1385(4)

b/A 11.7600(8)

c/A 17.0258(11)

a/° 104.208(6)

/e 96.087(5)

v/° 103.597(6)
Volume/A3 1140.47(14)

z 2

Pealcg/cm? 1.335

wmm-? 0.160

F(000) 476.0

Crystal size/mm3 0.14 %0.12 x0.11
Radiation Mo Ka (A =0.71073)
20 range for data collection/° 3.854 t0 50

Index ranges -7<h<7,-13<k<13,-20<1<17
Reflections collected 7518

Independent reflections 4016 [Rint = 0.0266, Rsigma = 0.0506]
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Data/restraints/parameters 4016/0/298

Goodness-of-fit on F? 1.047

Final R indexes [[>=2c (I)] R1=0.0428, wRz = 0.0947
Final R indexes [all data] R1=0.0559, wR, = 0.1041
Largest diff. peak/hole / e A3 0.34/-0.39

Crystal structure determination of [product 3aa]

Crystal Data for CosH2iF20.P (M =458.42 g/mol): triclinic, space group P-1 (no. 2),a=
6.1385(4) A b= 11.7600(8) A, c= 17.0258(11) A, a= 104.208(6)<p= 96.087(5)<y =
103.597(6)° V = 1140.47(14) A3, Z = 2, T= 149.99(10) K, p(Mo Ka)= 0.160 mm?, Dcalc =
1.335 g/cmd, 7518 reflections measured (3.854° < 20 < 50°), 4016 unique (Rint = 0.0266, Rsigma =
0.0506) which were used in all calculations. The final Ry was 0.0428 (I > 2¢(I)) and WR> was
0.1041 (all data).

(2)-2-(5,5-Difluoro-1,3-dioxo-2-phenyl-2,3,5,6-tetrahydro-1H-[1,2,4]triazolo[1,2-a]cinnolin-6-
yl)-1-phenylvinyl diphenylphosphinate (10):

—

- (281122)

™ PLATON-Mar 17 02:14:03 2023

-106 862 F12linl A =0.04

CCDC number: 2249356

Table S4 Crystal data and structure refinement for product 10.

Identification code 10
Empirical formula CssH26F2N3sO4P
Formula weight 633.57
Temperature/K 149.99(10)
Crystal system monoclinic
Space group P2i/n

alA 13.6060(3)
b/A 16.1758(4)
c/A 14.0833(3)
a/° 90

/e 98.198(2)
v/° 90
Volume/A3 3067.89(12)
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z

Peaicg/cm?

wmm-!

F(000)

Crystal size/mm3

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

4

1.372

1.286

1312.0

0.16 x0.13 x0.1

CuKo (A =1.54184)

8.374 t0 148.334
-16<h<16,-19<k<18,-17<1<12
12151

6063 [Rint = 0.0279, Rsigma = 0.0358]
6063/0/416

1.025

R1=0.0417, wR, = 0.1071
R1=0.0475, wR, = 0.1131
0.34/-0.38

Crystal structure determination of [10]

Crystal Data for CzsH2sF2N304P (M =633.57 g/mol): monoclinic, space group P2:/n (no. 14), a =
13.6060(3) A, b = 16.1758(4) A, ¢ = 14.0833(3) A, #=98.198(2)<V = 3067.89(12) A3, Z=4, T =
149.99(10) K, u(Cu Ko) = 1.286 mm-, Dcalc = 1.372 g/cm?, 12151 reflections measured (8.374<
< 20 < 148.334°), 6063 unique (Rint= 0.0279, Rsigma= 0.0358) which were used in all
calculations. The final Ry was 0.0417 (I > 25(I)) and wRz was 0.1131 (all data).

DET calculation results

Computational details:

All calculations were performed using Gaussian 16, Revision A.03 package.?l All of the reactants,
intermediates, transition states, and products were optimized by the DFT with the M06-2X
functional.l® For geometry optimizations and frequency calculations, BS-I basis set system was
employed. In BS-I, we employed LANL2DZ basis sets for Cs atom and 6-31+G(d) basis sets for
H, C, O, F, and P. All the stationary structures were characterized with no imaginary frequency and
the transition state structures (TSs) were characterized with a single imaginary frequency. Intrinsic
reaction coordinate (IRC) calculations were performed on all the TSs. The solvent effect of water
was evaluated through the SMD method,[ in which a better basis system BS-11 was used. In
BS-I1, we employed SDD basis set for Cs with effective core potentials, 6-311++G(d,p) basis sets
for H, C, O, F, and P. All reported energies are free energies at a concentration of 1 M and a
temperature of 298.15 K

Cartesian coordinates of the optimized structures:
la
E =-990.707115236 a.u.
01
0 -3.80001100 1.60774500 2.05412600
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3aa

-4.56956100
-5.02210600
-5.74566200
-4.68495100
-6.13226900
-5.99747100
-5.07714800
-4.11638800
-5.80101800
-6.68961900
-4.82000700
-6.10536600
-5.13371000
-6.21788800
-4.37554000
-2.89436600
-2.29910600
-2.08355900
-0.91520100
-2.92774000
-0.69858500
-2.53102400
-0.11137600
-0.46637500
-0.07689900
0.96879700
-5.05247900
-4.66731500
-4.74735500
-6.39135600

E =-1770.54727465 a.u.

01

o

OITIOIIOO0OOO0OO0

-4.81567400
-3.67852700
-2.94205900
-1.56760600
-3.60952200
-0.88194400
-1.02315900
-2.92086500
-4.67024700
-1.55456600

1.64719500
0.40770000
0.46743200
-0.83423000
-0.70809300
1.42936000
-2.00539200
-0.85658500
-1.94268900
-0.65974300
-2.96889800
-2.85887000
2.95883100
3.04224500
4.00367600
3.97172800
2.97403500
4.91532000
2.90964400
2.25100700
4.84738300
5.68872800
3.84717400
2.13048800
5.57726100
3.79930900
5.30023200
5.71123500
6.28888800
5.20325500

0.06828700
0.17997000
1.45287800
1.53756000
2.58602800
2.73061600
0.65684800
3.77568600
2.52317900
3.85390700

S13

1.11603700
0.41442600
-0.78080300
0.96444700
-1.42180600
-1.22015200
0.32716100
1.88909600
-0.86624200
-2.35207600
0.75632000
-1.36368800
0.64464700
0.61786800
0.30071500
0.18070700
-0.59961600
0.82069700
-0.72831800
-1.11456900
0.69102400
1.43571200
-0.08190800
-1.33672900
1.20043100
-0.18121700
-0.07902300
-1.29778000
0.78315500
-0.09910100

1.42569800
0.63812300
0.80276900
0.54437600
1.28524900
0.75239600
0.21647900
1.50010100
1.50683500
1.23329400
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0.18523300
-3.45254900
-1.01521800
-3.32817500
-2.44693500
-4.00984600
-5.45273700
-6.41624300
-5.86212800
-7.76836200
-6.09556000
-7.21890500
-5.11176700
-8.17385000
-8.50812700
-7.52593600
-9.22921100
-3.30039700
-3.76044300
-2.01712000

-4.68503900
-3.83877600
-6.42950400
-7.43378300
-6.75995200
-8.76702400
-7.17338200
-8.09353800
-5.97144800
-9.09567700
-9.54938700
-8.35215000
10.13609100
-4.03481700
-4.84925700
-2.64738500
-4.27516100
-5.92916300
-2.07620600
-2.02701200
-2.88949500
-4.90789300
-0.99777200
-2.44272500

2.77687300
4.64132200
4.78015000
-0.81796000
-0.66168600
-2.10825600
-2.31614800
-1.50437900
-3.31584700
-1.70143100
-0.71459500
-3.51260300
-3.91456000
-2.70957400
-1.06639100
-4.28559500
-2.85711300
-3.13003500
-4.34353000
-3.06784300
-0.64255800
-1.86282600
-0.88388200
-0.10678700
-1.89454800
-0.33532000
0.65240800
-2.12131000
-2.51057500
-1.33958100
0.26127000
-2.91028500
-1.51884400
0.69639200
1.71490800
0.76360600
2.80688200
1.65861700
1.86296200
-0.04140900
2.88550900
3.59642000
1.92360100
3.74317900

S14

0.55640500
1.88434400
1.40748700
-0.18880500
-0.80270200
-0.33249800
-0.02438900
-0.63441800
0.86004700
-0.37515200
-1.30961200
1.11921200
1.36798100
0.50212500
-0.85474400
1.81788100
0.71305500
-0.81450000
-1.05364600
-1.13909000
2.90294400
2.94718900
3.27267000
2.68931300
4.18141500
3.02478800
1.95703300
4.51040700
4.60648300
3.93404400
2.56488400
5.21016700
4.18964600
3.93016500
4.43219200
4.09322700
5.08025400
4.31634900
4.72892400
3.70732500
5.21792400
5.47484900
4.83959800
5.71253200
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E =-1966.65848961 a.u.

01
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w
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0.16334200
0.39123700
1.12984200
1.02448500
1.85535700
1.65699500
0.42466700
2.48212700
1.89674700
2.38572200
1.57157900
3.04247100
2.87096700
1.22014100
1.91893100
1.18804600
2.56994400
1.96121000
1.84105700
0.63363200
2.53085200
3.11447800
1.80668700
3.03415700

-1.09942800

-2.94197700
-2.92072200
-2.21654100
-2.06755700
-1.63958300
-1.35922900
-2.45741300
-0.94305700
-1.72851600
-0.80246000
-1.21878900
-0.49015000
-0.23730300
-3.70944600
-4.19762800

-0.00127300
1.44260700
-0.03086700
-1.09920700
1.10012600
-1.05314700
-1.96980700
1.15562100
1.94175500
0.07962100
-1.89238100
2.04243500
0.12297600
-1.10382300
-0.57285300
-2.49692600
-1.41039400
0.50707700
-3.33647500
-2.93495600
-2.79411300
-0.97974800
-4.41365900
-3.44648000
1.94005300
1.67412700
1.02890900
1.51705600
0.71949100
2.79162500
1.19464900
-0.29433600
3.26953400
3.38276100
2.47221900
0.55958900
4.25583400
2.83631100
-0.24268600
-0.44458200

S15

-0.31856600
0.25893500
-1.90014300
-2.79840300
-2.28068400
-4.03909100
-2.53456200
-3.52573700
-1.59310800
-4.40787400
-4.72455800
-3.81220400
-5.37912800
0.74968300
1.84024800
0.59691100
2.74977400
1.96792300
1.49667900
-0.23304000
2.58409100
3.58661300
1.35658800
3.29199400
2.76128700
0.39465900
-0.64481800
-1.86109200
-3.00262000
-1.82915800
-4.10173500
-3.02079100
-2.93231400
-0.92416900
-4.06925900
-4.97070600
-2.90028100
-4.92229100
-0.74101400
-1.69009300
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TS1-2

-3.88537600
-3.25779600
-3.93651700
-2.01374300
-3.37122500
-4.90715400
-1.43666700
-1.49570200
-2.12183700
-3.91316700
-0.45920000
-1.68946300
-4.76207900
-5.77007500
-4.06613600
-5.31552200
1.60435700
1.34075400
2.43872300

E =-1966.65646749 a.u.

01
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0.27671600
0.78664400
1.16048600
1.24577600
1.64821000
1.81647100
0.87685700
2.21177200
1.58376200
2.29739100
1.89096400
2.58775400
2.74113300
1.19799100
2.32197500
0.72853800
2.97576000
2.67875800
1.38370900

-0.17084700
2.51057900

-1.10404100
-1.07372100
-0.54410400
-1.68443500
-0.62824500
-0.07770700
-1.74971000
-2.10423600
-1.23051100
-0.23526700
-2.21303000
-1.30337200
-2.31494900
-2.34892300
-3.45468500
-2.35053100
3.02688000
2.45827000
3.45524500

0.04995900
1.30680600
0.16791200
-0.90429200
1.41622500
-0.73646900
-1.88677700
1.59008400
2.24377900
0.51631600
-1.58272000
2.56688600
0.64950500
-1.40923600
-1.23222800
-2.70944700
-2.32936600
-0.22179200
-3.81212200
-2.86140700
-3.62271900

S16

0.26405600
1.61792600
2.72063600
1.80160500
3.99327100
2.57821300
3.07092000
0.94673000
4.17020300
4.84915900
3.18818300
5.16452500
0.03803100
0.92977100
0.19159400
-1.18311400
1.92422100
1.14458400
1.69791700

-0.10147000
0.69657000
-1.73044200
-2.62833200
-2.12695000
-3.88778800
-2.33651100
-3.39231300
-1.42437900
-4.27706200
-4.56625000
-3.68732200
-5.26003000
0.58834900
1.40065200
0.36679100
1.95987700
1.58560600
0.91585100
-0.23116200
1.71557600
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3.85154500
1.00731100
3.01872700
-1.31271300
-3.15458700
-2.90615000
-2.27687600
-1.80939500
-2.14394700
-1.22405600
-1.84920600
-1.55995200
-2.51182200
-1.10064400
-0.83245700
-1.45919700
-0.63020000
-3.33457000
-3.56583100
-3.46121700
-3.16618500
-4.10777300
-1.97933400
-3.86752200
-5.02538600
-1.73377900
-1.24537500
-2.68055500
-4.61259000
-0.80317500
-2.49862300
-3.91130800
-5.00256800
-2.95814800
-4.21742200
1.62801000
1.53137700
2.57224300

E =-1966.65729884 a.u.

01
)
@)

-0.13552900
0.02878000

-2.17847900
-4.81477800
-4.47751700
2.49227900
1.67003000
0.91065800
1.40845200
0.54623100
2.79211700
1.06053300
-0.53038800
3.30537700
3.45163800
2.43879500
0.38410200
4.37929400
2.83691500
-0.52201000
-1.00309200
-1.23227900
-0.80043700
-0.06787800
-1.21087500
0.24530200
0.25156400
-0.88271800
-1.78233900
-0.16404600
0.79792400
-1.19807300
0.07066000
-2.67262400
-2.88874600
-3.51418400
-3.04448500
2.21537700
1.78912500
2.27926700

-1.74569400
-0.21841500

S17

2.58583700
0.73156800
2.15283700
2.41410300
0.15808700
-0.77098400
-2.02657400
-3.02549300
-2.19522700
-4.17754100
-2.88757500
-3.34736800
-1.41533300
-4.34063500
-4.93032100
-3.47234800
-5.23495200
-0.71208100
-1.65710300
0.41254600
1.80906200
2.54015400
2.42664200
3.87700300
2.05528300
3.76116100
1.86657400
4.49104600
4.44243500
4.22375800
5.53620400
0.30933000
1.06491200
0.74835000
-0.94259600
3.00244400
2.10516300
3.18874600

2.15912900
2.52922500
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0.30602400
-0.09077600
1.01307600
0.23982400
-0.67276700
1.34451500
1.31069300
0.96124200
-0.07550300
1.89850700
1.20845900
1.43988100
1.90263500
2.14106300
3.04622800
1.37200700
3.28838100
1.77551400
3.74612300
3.39586300
3.82240000
4.63795700
-0.78194800
-2.05597700
-2.27052100
-1.96853200
-2.42695900
-1.19842700
-2.11834900
-3.03460900
-0.88095300
-0.84168700
-1.34141300
-2.48209100
-0.27174500
-1.09433200
-2.82476500
-2.78096500
-3.28489100
-3.51235000
-4.33351500
-2.97543900
-4.61168100
-4.75501800

-1.84505600
-2.95106800
-0.81665100
-3.04718400
-3.74299400
-0.90832600
0.05588800
-2.02417500
-3.91334500
-0.10383400
-2.08784800
-2.50672600
-3.76013300
-1.84301300
-4.32449200
-4.29782400
-2.40591400
-0.87895900
-3.64739800
-5.29329600
-1.87495700
-4.08769500
2.54922600
1.12152500
0.04709500
-0.12221400
-1.20601400
0.86805600
-1.29686000
-1.98401000
0.77244700
1.69982000
-0.31349800
-2.14022900
1.53854100
-0.39097400
-1.12011300
-2.07144300
-1.12650400
0.03276400
1.08765900
0.05361000
2.15050600
1.06760600

S18

0.34825700
-0.41435700
-0.28536700
-1.76696300
0.05781200
-1.63725200
0.29392800
-2.38209200
-2.34365200
-2.11540500
-3.43841000
2.80224900
2.38150600
3.81455700
2.94063000
1.59785100
4.37785900
4.16169300
3.94174700
2.59364700
5.16207300
4.37866400
2.10390100
-0.20899700
-0.75680800
-2.21197100
-2.96844500
-2.83515700
-4.32441300
-2.51904700
-4.18338500
-2.23625400
-4.93150400
-4.90321300
-4.65356800
-5.98636700
-0.02282900
-0.53721500
1.23834700
2.14253800
1.72390000
3.43613200
2.57902600
0.72291900
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TS1-2°

-3.26223200
-2.31106500
-4.08043900
-5.25917400
-2.84436800
-4.31483600
-3.84246200
-5.19182400
-3.54866300
-3.43360000
2.01903700
2.91910400
1.40418700

E =-1890.24207678 a.u.

01
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0.15440800
0.03966800
1.36033300
1.11095400
2.48603200
1.96689600
0.23758400
3.34131900
2.67937700
3.07821400
1.76092000
4.21999000
3.74474500
1.19480600
1.66321800
1.44643900
2.38888400
1.46729800
2.17070500
1.07103600
2.64289400
2.75795700
2.36594800
3.20581700
-0.23820800
-2.16709600
-2.32596900

1.11667800
-0.74203100
2.16440200