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Abstract; As an isoelectronic analog of the cyanate ion (OCN™) ,2-Phosphaethynolate anion (OCP™) shows significant different
reactivity with its nitrogen analogue. Since the molecular structure of OCP™ was first confirmed in 1992, the challenge of
synthesizing stable OCP~ compounds safely, simply, economically, and environmentally has become a major focus in phosphorus
chemistry research.The progress in the synthesis of OCP™ and its application in organometallic chemistry and small molecule
activation were discussed. We aim to promote reactivity study of OCP™,as well as its applications in greenhouse gas conversion,
organic catalysis and materials chemistry. Additionally, since OCP™ can be used as a building block for constructing a variety of
phosphorus-containing organic compounds, it also offers new potential drug candidates for pharmaceutical research.

Key words : 2-phosphatethynolate anion;main group chemistry ; phosphorus chemistry ; heterocycles ; small molecule activation

OCP™fE N 1 U 1 % B AN AN /NG 7
I, )T W TR AL S B A . R A
PSR TE WAk 27 08 32 063 . 1894 4 Shober
A BT SRR R 2 oL - U B S
(OCP™) ! (H 22 Ak A5 i 24 Bt gl 8 2 4 25 52
Na(CP) , FEOC Tz L& W i mE ok it I
T— 2, HE 1992 4E | Becker 2512 B L)
FAE T W RN B 7R [ Li(DME), ] (OCP)
(DME=1,2-, Wik ) . ML, dnfar gty —
Tl R faT 0 | 22 42 B 0 & L& 425K B L 0CP™
R HAT AR N — BRI A5, OCP™ E A
MREh BT OCN™ W &F fL A, AR FE I N A —
YAl Z Ak, 3 OCP™ fFAE[0O=C=P ] &
[O—C=P ] P Fh 3 5 25 #4) AR 9 51 R 92 0 2 16
(HSAB) DA K % 37 PR ELE ( DFT) 315, OCP™ 7
I A PIANGE 6 A B 28 B 1 < B iR
AA TR B T Tl R R T A A s sk

W, iR P R TR D) B A ) T 30 o e i
B, AR 2=y X LR T — s T H
B RRFRTE o AR SCHEIR T AR L T OCP™ (1Y)
B B FC R BRI, B SR OCP™ 5l
AP E N TIve ¥ A A e/ S &N A A
SR, LA B OCP™ 25 B9 35 s B 7 A SR 55 W
HIPGE,

i H5 B #A . 2024-05-29 ; M £&8 B % H #i :2024-06-06
E®WE WA HF T — M H (Y202250085 ) ; #iil.2)
BHIOE R FAS 5 H (2021181)

EB BT HEAM (1993-) , 2o WL T N B4 £ 2T
EwE LY A

BEIEE . 2 W 4k, E-mail: wuyile @ nbu. edu. cn; i
E-mail ; pharmhawk @ 126.com,

SIRZARS A, Bk, S /NE BRI B Tk
2 P AR [ 7] AE2A5R), 2024 ,46(9) :66-80,



46 B 9 M

A AE . WETUR B B ek A b i 67

1 OCP HI&R

1992 4E  Becker %2 KA W T OCP™ I %
HHAT TH M RIE, /NN = (=W B RS
WAL SRR IR — WS I A B Li (DME), (OCP)
(DME=1,2-Z " Hf#) [6 *'P=-384.2], Jf
LS XRD GE] Tz W Li—0 ZRIAFAE
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B+ 4 8 £ M(DME), (OCP) (M = Mg, Sr. Ca,
Ba) (4 W5 #4E, (HH 5 Li(DME),(OCP) ()%
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(1) Backer’ work in 1992:
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(2) Westerhausen’ work in 2002:
0
M[P(SiMe,),], + 2}4[(30)1\0“’[e —>74M':‘;EOME M(DME),(OCP)
M=Mg, Ca,Sr,Ba
(3) Griitzmacher’ work in 2011:
—le
NaPH, + CO DMﬁblicMP" [Na(DME),(OCP)], + Hmp:(:

[Na(DME),]®

(4) Cummins’ work in 2012:
CoFs CoFs

CFy—p—=CFs CF,—p=CeF.
i 1 equiv CO, [ .
1 50,25 C 9 + PCO
Nb.. .
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8-crown— 6
KpP, + CO DMlFs’g'icMP“ [K(18-crown— 6)I(OCP) + P2 + P2
(6) Griitzmacher’ work in 2014
o)
NaPH, + 06]_\/0 difxi Na(dioxane)(OCP) + Na,0CH,CH,0

(7) Hanisch’ work in 2016:
[0}

BN

MeO™ O

©  DME
MeCN
neat

P(SiMe,), + [Cat]®

Cat(OCP) + Me,SiOMe + (Me,Si),0

Cat®=[P("Bu),Me]*, [*™Pyr]*,[PMe,]*

(8) Griitzmacher’ work in 2017:

[0
DME R
PH, + 3Na0Bu + £ OBt “Torms Na(dioxane),(OCP) + 2NaOEt + HO'Bu

Bl 1 OCP & s
Fig.1 Research on the synthesis of OCP~
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Fig.2 Reaction pathways of OCP™ and Transition Metal
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Fig.3 OCP™ reacts with W to form M=P triple bond

2017 4E, Griitzmacher 25" 338 T & 4 4
WL IEAR P, BLAY 3 M4 S R AE, Z IR
A ocP ER P S TI"- 2B AW 1 K
7, 25T Ti "l 07 R e AR 2, S5 A R A i
[Ti—P=C=0] H KLt [ Ti—0—C=P] Hf2
R I I A Z2E -1 Ti, P, BRI Ti, ( ODipp),
(nacnac),(P,) JHECE 4 3, 2]« W e A9 4 1Y
% TP, VA8 B T 2 FIRA
I miAs 2 PR LR 25 M 2 i 7 LS £ %
TOEkE . B TG P, R T T %
2H A I s B L B 0 BB A A i SR I A5 R AE
P, #ARAFHR L P, HBL(E4)

Dipp
X
Y\( YY \N
2 2 Na(OCP) . _No.No.. -2C0 i Sl
o N Nop 2| Dipp” T Dipp | ===~ DibeQ _p.  SN_Z
Dipp”Ti" Dipp ¢ “obi i |
s P ODipp Dipp. N7 Np Ty Dipp
cf Opipp A / oD
¢ [N PP
0 “Dipp

B4 OCP 5Ek(Ti) RIIEEEIEH-F-1i Ti, P, ¥
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Fig.5 OCP" reacts with Mn to form P—P bonds
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Fig.6 Coordination reaction between OCP™ and
CpNi (NHC)
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() M—P—C HoCo D Z025 il phy B B Sy v 3 3
MR Re' -8 (1K 7) .
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Fig.7 Coordination reaction between OCP™ and Re
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98.8] i P—Au—P S5 RS

Cp’ Cp’
/
/P—Fe‘\' co SiMe,Cl P—FecCO
7 _ 7
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Fig.8 Coordination reaction between [ B]OCP and Fe
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35 ?
&N ¥ & NN ) QN Iy $ )
13 12

9 OCP™ & AU —EKIL 1)
[ (LFe),P](OTf),
Fig.9 Synthesis of dinuclear diphosphine complexes
[ (LFe),P](OTf), using OCP~
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2021 4E, Goicoechea 25 AL ( T )54 J5
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LK PCO™ S "PrSiOTS 78 H 2K A s i 72 A
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r
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f
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« THF 3 S A 3
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Ar THF N dioxane N dioxane
Ar

Ar 14
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—dioxane —dioxane
Ar P Ar P
— =N C”
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B 10 OCP 5% (Mg) AT S I
Fig.10 Coordination reaction between OCP™ and Mg
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Ms-2-FE — 47 ) A1 [ Na( dioxane ), ] [ OCP ] 7E H 2K
NI 4 B — BN B BE Y B R £ BR N
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\ \
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11 NHC 251 OCP™ 5% (Mg) MITCAL S by

Fig.11 Coordination reaction between OCP~ and

21, major, 75% yield -

Mg in the presence of NHC

3.2 5 B3R
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5%, BRI, PCO™ 5 13 T 325 4 @ o g P 45 /0
& .
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Fig.12 Coordination reaction between OCP~ and Al/Ga
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&9 25 5w e — B JL 85 I A5 B4k A 9 26
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Fig.13 Coordination reaction between OCP~ and

Ga to produce diphosphine
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Fig.14 Selective coordination reaction between

OCP™ and B
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Fig.15 Coordination reaction between OCP~ and
B in the presence of NHC
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Fig.16 Coordination reaction between OCP™ and

B in the presence of NHC to form phosphorus dimers
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Fig.17 Coordination reaction between OCP™ and
Ge and its photolytic cycling reaction
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Fig.18 Coordination reaction between OCP~ and
Si in the presence of his( NHC)
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Fig.19 Coordination reaction between OCP~ and
Si/Ge/Sn
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Fig.20 Coordination reaction between OCP™~ and P
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Fig.21 Coordination reaction between OCP~ and

P to form quaternary compounds containing phosphorus
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Fig.22 Coordination reaction between OCP~ and

Ferrocene
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Fig.23 Coordination reaction between OCP~ and
Sb/Bi in the presence of NHC

4 OCP Z5MIRMINAL K M
4.1 [2+1 ] BRI
2013 4, Bertrand AL ] 9 Ao AN ] i i e
DS IR 5 IR 74 ]y, b 4Ky 74 5t
it BH, RN A T 4 MU il SRR - e Bl &
75 N BH, 5 R I PR FIE AL
I BB, A T T SR AR i DX s
P, B Lewis Bt A FHEE KA B(C.Fy), 5%
Yy 74 R, PR AT IR 76 5 7T IR G
Yy, 7E *'PNMR % rh g2 19, 7F 6 = +206 . - 11
(Jop =215 Hz) b BLA B RBUAY X, PR, X
SPERATHSUERA T P B SR ER R A, X
— TR 27O AR R AL A AT
BH, NDIP/P;BH

— - p\ 75

Pipp N P=C=0
N
[ p-p=c=0- ]I))‘PP
N ipp
bipp B(CF,), N O B(C Fs N
24 — @ P\II -— N,P@I')
Dlpp Dipp
76 77
E 24 OCP S5HE(P) B XML 2+1]
21159 aA

Fig.24 Regioselective [ 2+1] cycloaddition reaction
between OCP™ and P
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Fig.25 Coordination reaction between OCP™ and B and
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Fig.26 [2+2] cycloaddition reaction between
OCP™ and CS,/S/Se
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Fig.27 [2+2] cycloaddition reaction between

OCP™ and enone
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Fig.28 [2+2] cycloaddition reaction between
OCP™ and CO,
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Fig.29 Coordination reaction between OCP~ and

Ge and its photolytic cycling reaction
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Fig.30 [2+3] cycloaddition reaction between
OCP™ and acetylene
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Fig.31 [2+3] cycloaddition reaction between OCP~ and

phosphoenone to form triphosphate heterocycles
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Fig.32 [2+3] cycloaddition reaction between OCP™~ and
acyl chloride
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