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1. Quantum chemical calculations

Computational details

The structural parameters of the studied systems were optimized using the density functional theory
(DFT) at the B3LYP'? level of theory with the 6-31+G* basis set. The vibrational corrections to
enthalpies and Gibbs free energies were calculated at the same level of theory (B3LYP/6-31+G*) at a
standard temperature 298.15 K.

Further, the energies at the stationary points were refined by using the double-hybrid functional
B2PLYP? in combination with the extended 6-311+G**. Such a combined B2PLYP/6-
311+G**//B3LYP/6-31+G* method provides accuracy comparable to CCSD(T)/6-311+G**//CCSD/6-
31G* and CBS-Q//B3 approaches.* For all structures solvation energy in MeCN was computed
additionally by the polarizable dielectric model using the IEFPCM model.>®

To estimate free energy in the solution we have used approach, which based upon results by Wertz.’
Being applied to MeCN solution this approach suggests that the entropy in MeCN solution Sso can be
obtain from Sharm, the entropy found in the harmonic approximation for ideal gas, as

Ssol = 0.71Sharm — 2.68 cal-mol*- K™,
All calculations were carried out using the GAUSSIAN 09 program package.®
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Total energies, enthalpies and Gibbs free energies (a.u.) calculated in the frame of B2PLYP/6-

311+G**//B3LYP/6-31+G*, Cartesian coordinates (A) of stationary points

Cartesian coordinates
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Cartesian coordinates
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B2PLYP/6-311+G**//B3LYP/6-31+G* + IEF PCM (B3LYP/6-31+G*, Acetonitrile)

(2E)-3-[2-(diphenylphosphoryl)pyridin-1(2H)-yl]-1-
phenylprop-2-en-1-one

(2E)-3-[4-(diphenylphosphoryl)pyridin-1(4H)-yl]-1-
phenylprop-2-en-1-one

GAS Acetonitrile GAS Acetonitrile
AH, kcal/mol 0.0 0.0 -3.4 -4.0
AG, kcal/mol 0.0 0.0 -4.8 -5.0
Ratio, % 0% 100%
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2. NMR Spectra
(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (4a)
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (4a)
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl]-1-(furan-2-yl)prop-2-en-1-one (4b)
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl]-1-(furan-2-yl)prop-2-en-1-one (4b)
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Methyl (2E)-3-[2-(diphenylphosphoryl)pyridin-1(2H)-yl]prop-2-enoate (4c)
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85'¢ —

%

Ph\

Ph/

N~
MGOH
O

Q
o
\n
o
o
I~ —
\n
o~
o
I~ N
\n
I~ N
Q
sl
_J -
J —90'€ ”
Q
- <
o
<
o
o1 -&m
Mot o
~56'0
00°T
\n
n
—001T [ 2
O
—86'0
\n
- ©
Q
S
—+6'0
—€by [N
~6£'C ~
—<Ty o
I~ o
n
I~ 0
Q
e
\n
- o
Q
O
i

S10



Methyl (2E)-3-[2-(diphenylphosphoryl)pyridin-1(2H)-yl]prop-2-enoate (4c)
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Methyl (2E)-3-[2-(diphenylphosphoryl)pyridin-1(2H)-yl]prop-2-enoate (4c)
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Ethyl (2E)-3-[2-(diphenylphosphoryl)pyridin-1(2H)-yl]prop-2-enoate (4d)
1H_NMR
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Ethyl (2E)-3-[2-(diphenylphosphoryl)pyridin-1(2H)-yl]prop-2-enoate (4d)

YT —

965 ~_
1609 —
0919

€1Dad 9T°LL —

13C_NMR

L1706 —

00°£0T —

YTPIT —
(YATA) .4
6£'STT A
0b'8¢T 1
1S'8CT A
SS'8¢CT

59'8CT ~h
-

—

9£°821 7
95°62T
€8'621 7
Sst0eT 4
LL70ET
€/ 7€T
Z8'TET
8T'ZET |
zTeer
TE°Z€T
ShzeT
8bzeT
(18p1

T

o

¢0'89T —

%

Ph\

Ph/

N~
co S
@)

ppm

S14



Ethyl (2E)-3-[2-(diphenylphosphoryl)pyridin-1(2H)-yl]prop-2-enoate (4d)

31P_NMR
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (4e)
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (4e)
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (4e)
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl-2,3,4,5,6-ds]-1-(furan-2-yl)prop-2-en-1-one (4f)
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl-2,3,4,5,6-ds]-1-(furan-2-yl)prop-2-en-1-one (4f)
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(2E)-3-[2-(Diphenylphosphoryl)pyridin-1(2H)-yl-2,3,4,5,6-ds]-1-(furan-2-yl)prop-2-en-1-one (4f)
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(2E)-3-[2-(Diphenylphosphoryl)-6-methylpyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (49)
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(2E)-3-[2-(Diphenylphosphoryl)-6-methylpyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (49)
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(2E)-3-[2-(Diphenylphosphoryl)-6-methylpyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (49)
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(2E)-3-[2-(Diphenylphosphoryl)-6-methylpyridin-1(2H)-yl]-1-(furan-2-yl)prop-2-en-1-one (4h)
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(2E)-3-[2-(Diphenylphosphoryl)-6-methylpyridin-1(2H)-yl]-1-(furan-2-yl)prop-2-en-1-one (4h)
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(2E)-3-[2-(Diphenylphosphoryl)-6-methylpyridin-1(2H)-yl]-1-(furan-2-yl)prop-2-en-1-one (4h)
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(2E)-3-[2-(Diphenylphosphoryl)-3-methylpyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (4i)
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(2E)-3-[2-(Diphenylphosphoryl)-3-methylpyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (4i)
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(2E)-3-[2-(Diphenylphosphoryl)-3-methylpyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (4i)
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(2E)-3-[2-(Diphenylphosphoryl)-3-fluoropyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (4j)
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(2E)-3-[2-(Diphenylphosphoryl)-3-fluoropyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (4j)
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(2E)-3-[2-(Diphenylphosphoryl)-3-fluoropyridin-1(2H)-yl]-1-phenylprop-2-en-1-one (4j)
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(2E)-3-[2-(Diphenylphosphoryl)-3-fluoropyridin-1(2H)-yl]-1-(furan-2-yl)prop-2-en-1-one (4k)
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(2E)-3-[2-(Diphenylphosphoryl)-3-fluoropyridin-1(2H)-yl]-1-(furan-2-yl)prop-2-en-1-one (4k)
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(2E)-3-[2-(Diphenylphosphoryl)-3-fluoropyridin-1(2H)-yl]-1-(furan-2-yl)prop-2-en-1-one (4k)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (5a)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (5a)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (5a)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl]-1-(furan-2-yl)prop-2-en-1-one (5b)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl]-1-(furan-2-yl)prop-2-en-1-one (5b)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl]-1-(furan-2-yl)prop-2-en-1-one (5b)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (5c)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (5c)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (5c)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-(furan-2-yl)prop-2-en-1-one (5d)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-(furan-2-yl)prop-2-en-1-one (5d)
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(2E)-3-[4-(Diphenylphosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-(furan-2-yl)prop-2-en-1-one (5d)
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(2E)-3-[4-(Diphenylphosphoryl)-2-methylpyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (5¢)
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(2E)-3-[4-(Diphenylphosphoryl)-2-methylpyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (5¢)
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(2E)-3-[4-(Diphenylphosphoryl)-2-methylpyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (5¢)
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(2E)-3-[4-(Diphenylphosphoryl)-3-methylpyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (5f)
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(2E)-3-[4-(Diphenylphosphoryl)-3-methylpyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (5f)
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(2E)-3-[4-(Diphenylphosphoryl)-3-methylpyridin-1(4H)-yl]-1-(furan-2-yl)prop-2-en-1-one (5g)
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(2E)-3-[4-(Diphenylphosphoryl)-3-methylpyridin-1(4H)-yl]-1-(furan-2-yl)prop-2-en-1-one (5g)
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(2E)-3-[4-(Diphenylphosphoryl)-3-methylpyridin-1(4H)-yl]-1-(furan-2-yl)prop-2-en-1-one (5g)
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(2E)-3-[4-(Diphenylthiophosphoryl)pyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (7a)
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(2E)-3-[4-(Diphenylthiophosphoryl)pyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (7a)
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(2E)-3-[4-(Diphenylthiophosphoryl)pyridin-1(4H)-yl]-1-phenylprop-2-en-1-one (7a)

31P_NMR
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(2E)-3-[4-(Diphenylthiophosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (7b)
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(2E)-3-[4-(Diphenylthiophosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (7b)
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(2E)-3-[4-(Diphenylthiophosphoryl)pyridin-1(4H)-yl-2,3,4,5,6-ds]-1-phenylprop-2-en-1-one (7b)
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(2E)-3-{4-[Bis(2-phenylethyl)thiophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7c)
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(2E)-3-{4-[Bis(2-phenylethyl)thiophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7c)
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(2E)-3-{4-[Bis(2-phenylethyl)thiophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7c)
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(2E)-3-{4-[Bis(2-phenylethyl)thiophosphoryl]-3-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7d)
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(2E)-3-{4-[Bis(2-phenylethyl)thiophosphoryl]-3-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7d)
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(2E)-3-{4-[Bis(2-phenylethyl)thiophosphoryl]-3-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7d)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7f)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7f)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7f)

S72

31P_NMR %28
€3d
21N
Pho~_,S€
N __
WP“
O
Ly
T T T T T T T T T T T T T T T T T T T T T T T T
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 5 10 -15
ppm



(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl}-1-(furan-2-yl)prop-2-en-1-one (79)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl}-1-(furan-2-yl)prop-2-en-1-one (79)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl}-1-(furan-2-yl)prop-2-en-1-one (79)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl-2,3,4,5,6-ds}-1-phenylprop-2-en-1-one (7h)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl-2,3,4,5,6-ds}-1-phenylprop-2-en-1-one (7h)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl-2,3,4,5,6-ds}-1-phenylprop-2-en-1-one (7h)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl-2,3,4,5,6-ds}-1-(furan-2-yl)prop-2-en-1-one (7i)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl-2,3,4,5,6-ds}-1-(furan-2-yl)prop-2-en-1-one (7i)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]pyridin-1(4H)-yl-2,3,4,5,6-ds}-1-(furan-2-yl)prop-2-en-1-one (7i)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-2-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7j)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-2-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7j)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-2-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7j)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7k)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7k)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7k)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridin-1(4H)-yl}-1-(furan-2-yl)prop-2-en-1-one (71)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridin-1(4H)-yl}-1-(furan-2-yl)prop-2-en-1-one (71)
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(2E)-3-{4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridin-1(4H)-yl}-1-(furan-2-yl)prop-2-en-1-one (71)
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(2E)-3-{4-[Bis(2-phenylpropyl)selenophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7n)
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(2E)-3-{4-[Bis(2-phenylpropyl)selenophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7n)
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(2E)-3-{4-[Bis(2-phenylpropyl)selenophosphoryl]pyridin-1(4H)-yl}-1-phenylprop-2-en-1-one (7n)
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(2E)-3-(Diphenylthiophosphoryl)-1-phenylprop-2-en-1-one (8a)

€10dd 9T’L

1H_NMR

Ly'L
8b'L
0S°L
esL
¥S'L
98°L
09°L
192
€9°L
€L'L
8L'L
8/°L
08’
[4: A
€8°L
08
0’8
S0'8
60'8
018
1’8

Ph

// 2

Ph,_
P~

org
N\ /om.ﬁ

8
6'T
..“Mm.o

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
ppm

10.0

S94



(2E)-3-(Diphenylthiophosphoryl)-1-phenylprop-2-en-1-one (8a)
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(2E)-3-(Diphenylthiophosphoryl)-1-phenylprop-2-en-1-one (8a)
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(2E)-3-[Bis(2-phenylethyl)thiophosphoryl]-1-phenylprop-2-en-1-one (8b)
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(2E)-3-[Bis(2-phenylethyl)thiophosphoryl]-1-phenylprop-2-en-1-one (8b)
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(2E)-3-[Bis(2-phenylethyl)thiophosphoryl]-1-phenylprop-2-en-1-one (8b)
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(2E)-3-(Diphenylselenophosphoryl)-1-phenylprop-2-en-1-one (8c)
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(2E)-3-(Diphenylselenophosphoryl)-1-phenylprop-2-en-1-one (8c)
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(2E)-3-(Diphenylselenophosphoryl)-1-phenylprop-2-en-1-one (8c)
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(2E)-3-[Bis(2-phenylethyl)selenophosphoryl]-1-phenylprop-2-en-1-one (8d)
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(2E)-3-[Bis(2-phenylethyl)selenophosphoryl]-1-phenylprop-2-en-1-one (8d)
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(2E)-3-[Bis(2-phenylethyl)selenophosphoryl]-1-phenylprop-2-en-1-one (8d)
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(2E)-3-[Bis(2-phenylethyl)selenophosphoryl]-1-(furan-2-yl)prop-2-en-1-one (8e)
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(2E)-3-[Bis(2-phenylethyl)selenophosphoryl]-1-(furan-2-yl)prop-2-en-1-one (8e)
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(2E)-3-[Bis(2-phenylethyl)selenophosphoryl]-1-(furan-2-yl)prop-2-en-1-one (8e)
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3,3-Bis[bis(2-phenylethyl)selenophosphoryl]-1-phenylpropan-1-one (9)
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3,3-Bis[bis(2-phenylethyl)selenophosphoryl]-1-phenylpropan-1-one (9)
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3,3-Bis[bis(2-phenylethyl)selenophosphoryl]-1-phenylpropan-1-one (9)
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4-(Diphenylphosphoryl)pyridine (11a)
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4-(Diphenylphosphoryl)pyridine-2,3,5,6-d4 (11b)
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4-(Diphenylphosphoryl)pyridine-2,3,5,6-d4 (11b)
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4-(Diphenylphosphoryl)pyridine-2,3,5,6-d4 (11b)

31P_NMR 3
ES
ob D
[l N\
Ph—-T / N
PFID D
P\
T T T T T T T T T T T T T T T T T T T T T T T
120 110 100 90 80 70 60 50 40 30 20 10 -10 -20 30 -40 50 -60
ppm

S115



4-(Diphenylphosphoryl)-2-methylpyridine (11c¢)
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4-(Diphenylphosphoryl)-2-methylpyridine (11c¢)
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4-(Diphenylphosphoryl)-2-methylpyridine (11c¢)
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4-(Diphenylphosphoryl)-3-methylpyridine (11d)

31P_NMR

30.78

ﬁ Me
)
Ph

T T T T T T T T T T T T T T T T T T T
120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60

S119



4-(Diphenylthiophosphoryl)pyridine (11e)
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4-[Bis(2-phenylethyl)thiophosphoryl]pyridine (11f)
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4-[Bis(2-phenylethyl)selenophosphoryl]pyridine (11g)
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4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridine (11h)
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4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridine (11h)
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4-[Bis(2-phenylethyl)selenophosphoryl]-3-methylpyridine (11h)
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4-[Bis(2-phenylpropyl)selenophosphoryl]pyridine (11i)
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	Computational details
	Total energies, enthalpies and Gibbs free energies (a.u.) calculated in the frame of B2PLYP/6-311+G**//B3LYP/6-31+G*, Cartesian coordinates (Å) of stationary points

