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CASRN:1663-45-2 | #&&11—F:B1137
1,2-Bis(diphenylphosphino)ethane
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Ethylenebis(diphenylphosphine)
10G ¥4,700 =20

25G ¥9,700 =20
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[J 1. 1663-45-2 Q
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Phosphine, 1,1'-(1,2-ethanediyl)bis[1,1-

diphenyl-
» Key Physical Properties

Regulatory Information
Spectra
Experimental Properties
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DPPE® & i ffl

1)

2)

3)

4)

5)

Ph,PLi

or + ~ X - = F’th\/\Pth
Ph,PMgBr (X = Halogen)
from Ph,PX & Li or Mg
(X = Halogen)
A method for preparing bis(diphenylphosphino)alkane
By: Xuan, Xiaopeng; Liang, Rui; Li, Yujiang; Zhao, Peizheng; Cui, Yanrui
Assignee: Henan Normal University, Peop. Rep. China, 2015
Ph,P Sn2
3 + X\/\X - thP\/\Pth
Li (X = Halogen)
Preparation process of bis(diphenyl)phosphine
By: Chen, Qi
Assignee: Tianjin Gelin Taige Technology Co., Ltd., Peop. Rep. China, 2019
hydrophosphination
PhP > + H-PPh, > thp\/\Pth
Tetrahedron Lett. 2002, 43, 5817.
?
2 * hydrophosphination Ph.,P
I 2
Ph,P—H + Y > " pph,

(@)
Base catalyst for double addition reactions of phosphine oxides to alkynes
By: Fujino, Hiroyoshi; Igawa, Eiichi; Watanabe, Tomoko; Saga, Yuta
Assignee: Katayama Chemical Industries Co., Ltd., Japan, 2017

unknown transformation
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» From tetramethyldiphosphine » From tetrahalodiphosphine
Me Me R F
267 °C \ 300 °C
PR+ 2 s MePipy,, PR+ F = TN,
Me Me F F or hv
79% 50%
Burg, A. B. J. Am. Chem. Soc. 1961, 83, 2226-2231. Morse, J. G. et al., J. Am. Chem. Soc. 1973, 95, 8469-8470.
S S S
TR 275 °C B Me 200 °C
Me~P~R~Me + Z S \/\P’Me PCl+ P + o — > CIZP\/\PCIZ
Me Me |5 (cat) Me
60% 50%
Parshall, G. W. J. Inorg. Nucl. Chem. 1960, 14, 291-292. Leigh, G. J. et al., J. Organomet. Chem. 1979, 182, 203-206.

P Extremely harsh conditions are required.
P Diphosphine derivatives are unstable under air.
P It is difficult to handle some of products due to their instability.
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ERATO FiH {EZERIGEIKEETZ O Ik

[IRFEEITHP : $FEIREIE 20194£~20254]
AFIRZEZ AU\ ERICHR IS B BER i e B bz B & U,
FKIIGZEIRES D [MbFERICEIRAEE] Bl
AIHhFHREREG (AFIR) &

F(r,

Barrierless

it ACERISRIRATAE

8) = E(rg

A+B

Hry) = E(r,g)

Y

rAB

Maeda, S.; Morokuma, K. J. Chem. Phys. 2010, 132, 241102
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NO. 1 D'D H1C1N1OQ |J X I\ JL ,Y 1 NJL,I‘,S,m,Nj\w N:Xg’@ui i\o + HeoNH, + Hj\on + co
‘No.wi HoCoN;O,

9 @@ 3 .
. H [ " o
o I A, oA e o AR e R L e I e
CH3 o OH N
" e IR

o H
o o o o o
" T on * e o A e v G, ot
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Sumiya, Y.; Harabuchi, Y.; Nagata, Y.; Maeda, S. JACS Au 2022, 2, 1181-1188.
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UwB97XD/Def2SVPP/CPCM(CH,CI,)

A AG (kcal/mol)

o/ >
’ Artificial force O _ — {\ d"\
‘ ; 5 . v : .. ‘H\/—%/‘(O
: e 2 =Pl N

17.4
Php P::Z: 0.0 Ph,  Ph
" Phe/" \__Ph 7 * o o
Our Target: DPPE pne PNpy . ‘
(1,2-Bis(diphenylphosphino)ethane DPPE ethylene diphosphine

P The AFIR calculations suggested that DPPE could be synthesized from ethylene and the
corresponding diphosphine via radical mechanism.
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mEASNE  FAOBRITEEE{E (1)

» Prediction
2 AFIR-based Ph,  Ph
5 p Ph</ \,-Ph backward search z + P-R
e N /
Ph Ph Ph Ph
DPPE ethylene diphosphine

» Experiment

Ph Ph

| 0.2 mol% /\
Z + PR (ppY)s ©2molR) - Phy/™ N\, Ph
P Ph DCE, rt, 4 h Ph” Ph
Blue LED (44
10 atm 0.5 mmol He (440 nm) DPPE
BHyTHF  Phs/ \-Ph
- > ph”,\. 7/ "Ph
40 °C, 1h HiB BH,

82% yield High-pressure photochemical reactor

(#5R) HILF RIS TDPPED & MZEHEE (RURTREL THLERMBEREZEN)
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» Experimental Validation

Ph\ ,Ph
/P—P\ + =z
Ph Ph
unstable under air
0.5 mmol 10 atm

P\ ,P‘
“\TH o+ \ Ph P
Ph Ph Cl Ph + =z

unstable under air

0.5 mmol 1.0 equiv 10 atm
@
R~ R~
“\"H + \ Ph =
Ph Ph Cl Ph + Z
stable under air
0.5 mmol 1.0 equiv 10 atm

| 2 mol®
r(ppy)s (0.2 mol%) .

FRIDORGEETE(2)

BH3eTHF
'

DCE, rt, 4 h
Blue LED (440 nm)

| 2 mol®
r(ppy)s (0.2 mol%) .

o Ph” / ~Ph
40 °C, 1h HiB BHs

DCE, i, 4 h
Blue LED (440 nm)

BH5*THF Ph./ \,.Ph
> N ph
40 °C, 1h HsB BHs

1%

0,
Ir(ppy)s (0.2 mol%) o

DCE, rt, 4 h
Blue LED (440 nm)

Sg (0.6 mmol of S) .~ Ph./ \__Ph
rt, 30 min

without DBU: ND
with DBU (1.0 equiv): 75%

BELERAIVFZIN + B ELENAT B RAT UMD SDPPEB & E & X

10
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S SR R B

1) photocatalyst (y mol%)

DBU (1.0 equiv)

P~ P . .
@/ H . 2 4 cl” DCE, rt, Tlm.e, light source .~ Q\ /@
2) Sg (1.2 equiv of S) F{\ ,/P
rt, 30 min g/ O S \@
X mmol 10 atm 1.0 equiv
entry photocatalyst X y Time light source NMR yield / %
1 fac-lr(ppy)3 0.1 1 4 Blue LED (440 nm) 90
2 [Ir{dF (CF3)ppy},(dtbbpy)]PFs 0.1 1 4 Blue LED (440 nm) 33
3 [Ir(ppy)2(dtbbpy)]PFg 0.1 1 4 Blue LED (440 nm) 90
4 [Ru(bpy)s](PFg), 0.1 1 4 Blue LED (440 nm) 3
5 [Ir(ppy),(dtbbpy)]PFg 0.5 0.2 4 Blue LED (440 nm) 88 (82)?
6 — 0.1 — 4 Blue LED (440 nm) 74
7 — 0.1 — 4 White LED 65
8 — 0.5 — 24 White LED (74)2

4 |solated yield

11
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1)  Condition A

o) R’
RI O . Condtion B % /@
\ .2 s o T D ) O
/ 7 5 2) Sg (1.2 equiv of S) \= N\
B\ ethylene R\ ~J 0Os
RS R\ )
R2
0.5 mmol 10 atm 1.0 equiv
CF; CF3 of Cl
S ASUAV < AEAS US4
ZARAN JZATAN FZA TR
Jaa CF3 3bb CF; Cl 3cc Cl
A: 82% A: 58% A: 66%
B: 74% By B: 47% £-Bu B: 77%
o e OMe MeO OMe
/4 \
q\ / N\ M= t-Bu /N /C t-Bu \Q\ / N\ /@/
>R PCS R P R P
~ / \ /7 \\ //
(T o D t-Bﬂgos\QiBu ﬂos\g\
3dd MeO " 3ee AN OMe MeO 3ff OMe
A: 30% -Bu A: 8% e A: 36%
B: 17% B: 15% B: ND

Condition A: [Ir(ppy),(dtbbpy)]PF4 (0.2 mol%), DBU(1.0 equiv), DCE, rt, 4 h, Blue LED (440 nm)
Condition B: DBU(1.0 equiv), DCE, rt, 24 h, White LED (Tuna Sun)

12
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(8%) IEXI FEDPPE S BiLiE D 23 N B i

CF,

PR CF3 Ph,PH (1 equiv) Q\ /@
Cl/P—QCFS Z ~MgBr o \/F’—QCFB 'BUOK (25 mol%) /_\
THF, reflux, 24 h g/

CF3 CF3 61%

Casey, C. P. et. al. J. Am. Chem. Soc. 1997, 119, 11817-11825.
Casey, C. P. et. al. J. Am. Chem. Soc. 1999, 121, 63-70.

S Cu(MeCN)4PFg (5 mol%)

i (R,R)-Ph-BPE (5 mol%)

P~ § /@/
-"\~H X '
Mes E . E\Q\Me Barton's Base (40 mol%) _ / \

THF, —40 °C, 24 h / \\ & \g\
then; H202

Me 99%, 96% ee

Me

Yin, L. et. al. Angew. Chem. Int. Ed. 2020, 59, 7057-7062.

HER, FIZIEXMDPPEGAERD ERIE ., (FEAEZERSN TV,

13



MEMANE  DPPEEIBANEHREE A (2)
-JE5 FRDPPEA ) R BH-

» Symmetric Substituents

o 1) [Ir(ppy)2(dtbbpy)]PF (0.2 mol%)
I R DBU (1.0 equiv) Q\ /@
@/ H 2 4 oy D DCE, t, 4 h, Blue LED (440 nm) _
2) Sg (1.2 equiv of S) g/ & \@
rt, 30 min

0.5 mmol 10 atm 1.0 equiv 82%

» Unsymmetric Substituents

1) [Ir(ppy)2(dtbbpy)]PFg (0.2 mol%)
DBU (1.0 equiv)
DCE, rt, 4 h, Blue LED (440 nm)

CF32) 54 (1.2 equiv of S)

rt, 30 min

NMGQ
10 atm

14



EEREE
Ext#DPPEEE ERIHI (1)
0 1)  Condition A /R1 CF3
R P P or <N\ /@/
\ H . 4 cI” \®\ Condition B > R R =
7 CF3 2) 4 (1.2 equiv of S) N7 o &
\ ethylene 8t |~
NS

R1Q

CF;
0.5 mmol 10 atm 1.0 equiv

CF
MeoN A: 63% 3 MeO A: 63% CFs A: 83% CFs  cl A: 78% CFs
B: 82% B: 50% B: 70% B: 53%

t-Bu
MeO CFs R CF3 ¥V CF3
BSVAVLENN § v <4 QL
N\
£Bu o ¢ \Q\ ’ o ¢ \Q\ 0 ¢ \Q\
MeO’, ./ CF3 ‘ CF3 ’ CF3
A: 60% A: 68% A: 80%
B: 77% B: 66% B: 81%

Condition A: [Ir(ppy),(dtbbpy)]PF4 (0.2 mol%), DBU(1.0 equiv), DCE, rt, 4 h, Blue LED (440 nm)
Condition B: DBU(1.0 equiv), DCE, rt, 24 h, White LED (Tuna Sun)

15



TEREEE JExt#DPPERE ERAKI(2)

0 1)  Condition A R’
I or =
R~ R it A/ /@
TR .2 FP s 6 O
Me,N ethylene 2//\R2 ) Sg (1.2 equiv of S) J ©OS \®
R D R2
NM62
0.5 mmol 10 atm 1.0 equiv

t-Bu
F MeO
-B
F tBu PR P
B ' E
%

t-
MO

\\
-Bu A: 30
B: 13%

Condition A: [Ir(ppy),(dtbbpy)]PF¢ (0.2 mol%), DBU(1.0 equiv), DCE, rt, 4 h, Blue LED (440 nm)
Condition B: DBU(1.0 equiv), DCE, rt, 24 h, White LED (Tuna Sun)

16
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CF3

CF3

O
i
/0 P\P/@/
MezN

NMe
. Generated in situ (95% NMR yield)

3P NMR (CDCl,): 5 -23.5 (d, J,,, =205.9 Hz)
38.1(d, J,, =205.9 Hz)

» NMR Study
O
I
MezN
NM62
P
cl”
S
CF3 L L
Q
R~ P
/@/ H L CI” \®\CF3+ DBU
MezN
NMe, CF3 e ]
1 ‘1 0 IbO ' 60 ' éO ' ;0 ' éO ' gO ' AO ' (;0 ' éO 1‘0 —‘1 0 JZO JSO

cf) 9
P

O ~-&

1P NMR (CDCly): 5 -21.7 (d, J,, =228.3 Hz)

1 (ppm)

36.7 (d, J,, =228.3 Hz)

17
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Normalized intensity
© © o ©o o o o o o©o
= N w - w (=2} ~ <] 1) [d

o

B LED Emission (Blue and White)

440 nm

L

CIE b Gk

l UV-Vis Spectra of symmetric and unsymmetric diphosphines

Bl = —— Absorption of 4aa + DBU HCI (2 mM, 10 cm cell)
——Blue
160 b Absorption of 4gb + DBU HCl (2 mM, 10 cm cell)
140 |

300

10

€(Mtcm?)

» Not only general S, — S, transition, but also a direct spin-forbidden S, —T,, transition is expected.

350

400 450

500

A(nm)

550

600

650

700 750

Absorption (2 mM, 10 cm cell) — — - Emission (Ao, =440nm, 90K)
I,I‘\‘ 11
0.66 ps [N 1 09
at518 nm | | i
] \ \P/@ { os
,' o |-
)
| 41 06
| \ + DBU-HCI
\ { os
\
LY { 04
41 03
LY { 02
\,
. {01
]
L 0
300 350 400 450 500 550 600 650 700 750
A (nm)

Normalized intensity

CF3

=120 |
i ; @ 0
s R R
“ go t -

MEZN

60 + DBU-HCI

NMEZ

300 350 400 450 500 550 600 650 700 750
A (nm)

Absorption (2 mM, 10 cm cell)
10

% Il 1.4 ps
at 520 nm

6 CFa

e (Mtcm)

O
I

a b P\PUCF&

Me;,N

2 F
1 k

0

+DBU-HCHt
NMEZ

300 350 400 450 550 600 650 700 750

500
A (nm)

CF
P’@/ ’

+ DBU-HCI

Bl Magnified UV-Vis Spectra and Emission spectra measured by the excitation of 440 nm at 90 K.

Emission (Aex =440nm, 90K)

1

Phosphorescent emission

1 08

© o o © o o
[\¥] w i =Y w o)) ~
Normalized intensity

o
&

0
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n ~ ﬁ

MezN
A: 63%

CF; s B: 82%
conditions
/Q/ P/@/ + / i >

MezN

/n:o

DCE, rt, 4 h
Me,N 10 atm MeoN

NMe, Ss (S: 1.2 equiv) \Q\P\/—\ /@
rt, 30 min ﬂ Y <

MezN
entry photocatalyst light source NMR vyield / %
1 [Ir(ppy)2(dtbbpy)]PFg Blue LED (440 nm) 64
2 — White LED 80

3 — — 35

19
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ol

Blue LED

hv

)
PFg

wmN—=

t-Bu
m,,,'.
g N/ \Ng/
S | t-Bu

Excited state of

[Ir(ppy),(dtbbpy)]PFg
AE; = 49.2 kcal/mol

Energy
transfer

hv

BE RICHE

h’PQ PH RO with &~

AGH

(AG) (-

A 4G (kcal/mol)

Ph—P g
Ph
=

Ph

43
13.7)

Ph

10.3
(-0.19)

UwB97XD/Def2SVPP/CPCM(CH,CI,)

-13.5 i i
radical chain

process

© F’~Ph

Ph’P\)

radical-radical Phe/ N\ _Ph
coupling
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H H H H
R’ R’ _Si__S R
’\/\ /@ %\ /N /@ Taoe Q\&\ /@
» P/ \P 5 mCPBA (1.8-2.0 equiv) - ) B b <, (3.0 equw .~ g / \P )
R N\ / R R N\ / R R R
J os DCM, rt, 2 h ~J © o0 \® Toluene, 110 °C, 16 h Cj \Q
Ré : R2

Unsymmetric DPPE dioxide

Me,N CF3 MeO. CF3 OMe CF3

ISR <A < SRS G <4

+Bu R P R P
\\ /y \\ /7 \

ZA LAY~ S LAY AV~ ATh |
CF CF CF
MeN Me0? s [ J 3 3

90% quant. 96% 97%

Unsymmetric DPPE

MezN /@/CFg MeO /@/CF:g CF3 OMe CF3
A _Y:fj QL AT
+B P P P P P P
)74 \@ 5. ﬂ . J g T
CF F CF CF
Me,N 3 MeO, / CF3 ’ 3 3
85% 86% 55% 89%

21
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MezN NiCl,(dme)
/ \ - (1.0 equiv)
DCM, rt
overnight MezN

NiCl,(6gb)
73% vyield

PdCl,(MeCN) MesN
\Q\ / \ /@/ (1 C2Jequw) ’ / ’
ﬂ \Q\ DCM i, 2 h

MezN

MezN

MezN

PdCl,(6gb)
quant.

NiCl,(L1)

Me;,N
PtCl,(cod) 2
(1.0 equiv) o \Q\ /\ /@/
DCM, rt, 18 h ﬂ \Q\

MezN
PtCl,(6gb)
87% yield
MezN
AuCI(Me,S) \Q\ /@/
(2.0 equiv) -
THF, rt, 30 min ﬂl
Me,N CF3
AUZClz(ng)
57% yield

PdCl,(L2)

22
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MezN

\Q\P/ \P/a PdCl,(MeCN), (1.0 equiv) \Q\ /_\ /a

Me,N CF3 Me,N
L1 PdCIy(L1)
quant

UV-Vis spectra of Pd-complex

4.0
35

——PdCl {dppe)
3.0

—— PdCI4L1)

higher wavelength shift

‘ ‘ ‘ ' PdCl,(L1)
225 275 325 375 425 475
A (nm)

B An unsymmetric ligand can change properties of metal complexes.

23
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>99% ee

preparative chiral HPLC
separation

AEETRIGEADIH

H HH H
mCPBA OMe “Fo eSSty @\OMG
(2.0 equiv) /N (3.0 equiv) P/ \P

CF3

> R P > .
DCM, rt, 2 h g/ N & \g\ Toluene, 110 °C, 16 h g/ \g\
CF,

CF3
90%, >99% ee 69%

H, (3 atm)
[Rh(cod),]BF 4 (2 mol%)

ph/\/COzMe chiral ligand (2.5 mol%) Ph/\*(cone

NHAc

CO,Me ) x_CO,M
PNy 002 (RRYDIPAMP (2.5 mol%)  py,~~y-CO:Me
NHAc

MeOH, rt, 24 h NHAC

95%, 12% ee

H> (3 atm) 9)

[Rh(cod),]BF4 (2 mol%) @

(R,R)-DIPAMP

P

MeOH, rt, 24 h NHAC

quant, 99% ee

Me
—~ LT
P
Meoh

24



P AFIREIZCEHDHERHDIRE

= =0 _ a AFIR-based
Ph. /\ _Ph " ¢ P backward search
b A , IRy~
Ph
DPPE d
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R

=/

TP - T N <)

@/ H .z . CI o 1) photoreaction o RQ K P 2
N

R'I

&%
—_— 1\ / \/@

—_ - P P R2
7B
R2
unsymmetric DPPE

Py
—

Mita, T.; Maeda, S.; Takano, H. patent application, Aug 11th, 2021 (2021-131481).

Mita, T.; Maeda, S.; Takano, H. PCT patent application, Aug 10th, 2022 (PCT/JP2022/ 30598)
Takano, H.; Katsuyama, H.; Hayashi, H.; Kanna, W.; Harabuchi, Y.; Maeda, S.; Mita, T.

Nat. Commun. 2022, 13, 7034. DOI: 10.1038/s41467-022-34546-5.
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