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Recent Advances in the Synthesis of Organic Phosphorus Compounds
via Activation of Inorganic White Phosphorus

Fengxiao Wang, Zhiwei Miao *
State Key Laboratory of Elemento-Organic Chemistry, College of Chemistry, Nankai University, Tianjin 300071, China.

Abstract: Organic phosphorus compounds play a crucial role in various fields, including organic chemistry,
agriculture, and materials science. White phosphorus (P4) is a key raw material in the modern phosphorus chemical
industry and serves as a common source of phosphorus atoms for the synthesis of organic phosphorus compounds.
In recent years, researchers have focused on exploring the chemical properties of white phosphorus with the aim of
developing methods for the direct conversion of inorganic white phosphorus into phosphorus-containing functional
compounds. This approach not only circumvents the multi-step traditional processes currently employed in the
phosphorus chemical industry but also contributes to environmental protection and cost reduction. This article reviews
the recent advancements in the direct synthesis of organic phosphorus compounds from inorganic white phosphorus
and discusses the future prospects for development in this area.
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xs EtzN, xs. Arl Ar Ar Ar Ar
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25%-63% yield  11%-77% yield
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20194, AT A1 R A 2HRIE T 6 “ 4k A BE(Py) B A R = A BE R B8 1 7
(B3 1R TS BRN HA HLGRH 2D Y 84 £ (NaxEosinY) fE e 4L 57, DMSOAE A I M Bh 7],
HEORVE N, Er] WL Aeis S T 5 A mES UE RefL AR, Bl 05 E, BL35%-80%/1 ™
RGP = FIERAEIR G o« AFE& A NIZ R N ALER A B 77 AR 0 55 2568 H 2L 3 P — PRSI, IR
WEX 8, EE AT T B IR, seibss Rirmmscntt, Hk, EEHISHFS ST X
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SR ER RN LR SRR A= /i T DY

O R R=1BuS57% SnBug

e.g. 4
Bu;Sn—H RJ\ /&O Pr 70%

BusSn”~ “SnBus
Cy 56%

1/2 AIBN oéj\R 85%
) or hv
iPrCN + 1/2 N, o

1}
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20224F, Wolf5Scott I 1 — Fift ] H (K e i Ak 1 B (Pa) KE B B (L I TR (B 6) o 35 18 T R
P 1 B bE (BusSn)o A v A BRI 4, — AR HERATAEY) CERR)VE N ) OB ML, 25 AMT IR G
TR ABEE R A b R R (BusSn)sP,  HE— 25 52 BN OB AR BOR I E A
WUBEAL E¥04-3. ZT7i52 B ATONEOA 2 10 B B B e A AR B = L R AN = B 3 A 2807 1%

0 R
~ 3N UV-LED
" /,\ DN (365nm)  BusSn._-SnBus i) electrophiles N /&o
> | —_—_—
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1/4 + ON > P ————> R~
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fac-Ir(ppy)s (2.5 mol%) ?‘O o
NaOAc (1.5 equiv.) o
1/4 /,\ + Br O\R1 > /\(
[P /\g/ THF, rt, 24h R A Y 0—
7-1

O
7-2 7-3

R' = alkyl, aryl 21%-75% yield
CH3Br, CH3CH,Br, Bry
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A Ir (IV)
7C /I\
Blue’:r( = e
. P e &
light Re —— 5 R'4P"Br
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20234F, B4R AR E RS AT R T — Rl sk 0615 S IS A B R Ak B A e S
T W2 1 (DAPIS) B = b JE PR G (TAPAS) K 7712 (12) o 1% 7 341 F 6 S8 AL & JE A 4L 71l Rhodamine-6G
B AL NG (L) AT s A0 0 B B8 T 1 &, 7E W A LED GRS R, B BRI [ R, LL58%—88% 1] %
EPEVEHL G R T e 2 WP B ER INE (DAPIs) (8-3). 1E#H K I K i) (A ZE4K 2240 h, 2= LL67%—89%[ ™
IR PR b AR B = e T TR (TAPAS) (8-4), 1K JEC 44 Bt B v 122 S 87 [ RE AT BAR A2 o 2 BTG
TR E S R AR, EFAHRKERNAMNR, ISR PRESERNELT, A RK



K 2 M %% Univ. Chem. 2024, 39 (12), 192

P/ PRI ) BT

R-6G (1 mol%), KX (10%) O
4 /,\ + ROH Ni(acac), or NiBr; (5 moI%L RO~B_y + Rg‘”—OR
dry air, toluene / DCM RO 0
8-1 8-2 Blue LED 8_3 8_4
R = alkyl 58%-88% yield 67%-89% yield

B2 wROREAEE B E R Bk

MRYE R K SIS R, fEE P T TR R M ALEE (B 13): TR BRI T, Jea b i i i 1L 7
S8-AROEFRE EIABIMKAS-B, b5, 8-BE XMWY E TF8-FRAEREFHBEER, ERHET
8-CHIX, (8-D). #RJG, Xo (8-D)5 F(Ps) K M4 K8-E, 8-E-L 4> ROHLA K H,O5 A7 K A S5 % B
AL 4 8-G IR IR TEUH HY . 8-AGE I Ni(ID) 8 A AR, A2 LI NI A 25 SR H 48 A B8 A BUON(TD)
AHO 578 i AL . Bl I A K, 8-H2x 5 Xo I B AE B 8-1, fix Ja 5 — 4> T ROH J B A4

(ROY;P(O) (8-J).
X=Br/l

[PX3]

8-E :
ROH
8K i
N' j Ho0 : PC : Rhodamine-6G
PC'1
N|
8-L

blue hv

\

—OH / o0
RO’ 8-G E Ni /
H ﬂ : =0 0

Ni(acac),

0 ROH 0
RO. P P91 RO\ . ROS Ni : Ni(acac), / NiBr,

RO” “OR RO™ X RO’ “H
8-J 8-l 8-H

B13 AL e AR BB E R AL B R L

20234F, 5K SCREV S UOMRE T — iR L fE b R ) B A R N (B 14) . fEE SR R
A JE A AL T (4CZIPN) — 8 — R AR (Cp2 TiCL) WU AL /A &2,  LAHantzschfif(HE)EXDIPEA N IE IR 7, i
F BEY 215 IR R AR, % B3R AT B BE Ak BL32%—80% [ 7= 3 & pid VU R e VR A 8 £59-3 . 7E
AMEREAFI BT, AR RAE A AL R B R E A T8 B RIR, 18 48 6 AR SR
A A B B ST Z MRS FVE R, 7T LS S ISR R AR A A R B A R L

VEF AT T — KRBV HI L0 5 IR IR0, $EH 7 A GEm B HLEE (B 15). Patha: 7F
FeME IR AR N 9-ATR I RE AL AR &5 9-B, B S # HEEXDIPEAIL i 15 2 H LB B F9-C, A5
H i3 B B T 9-CH Ti(IV) 9-Dik JF R Ti(IID) 9-E, 9-E-5 ArCH,Brk A4 i JR 7 #4 B 1 FE (XAT) 2 AL R
H HE9-F, & H9-F5 A NER AT Y9-G. 1% B8] AeiEa H M, FrES
P A —Fh ol B R M ALEE . Path b: AEE YRR EE T & R T BT RXAT) AT G,
H S 59-E B AL A Y9-F . A5, LEW9-F 5 F# I8 A b B14R9-G?, i [E]49-G F
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53 TR B N A HUBEL S 9-H I B CE R TI(IV) . R Ja 9-HP 2t it — 20 57 3k F i 3

S ECH BRI
EtO,C CO,
| | Et
Ar.
HE, DIPEA @7 H
) Ar
1/4 , . Ar/\Br Cp,TiCl, (cat.), 4CzIPN (cat.): Ar/\ -
S HE
AN toluene/MeCN, 24 h Br
N,, blue LEDs Ar >
N
9-1 9-2 9-3 >7 A
0/ _80% Vi
32%-80% yield DIPEA

B4 mRCEAFREEE OB

Path a: ArCH,Br

HE or DIPEA
TiIII
XAT 9-E . v et
(XAT) 4CzIPN HE or DIPEA
9-C
ArCH, Ti 4CzIPN'
9-F Pc 9-B
/A )
— hv
TV 4CzIPN
Ar 9-D 9-A
®> Ar
S~Pe
Ar )
k Br
" 9.6
Ti'! (XAT)
Path b: ArCH, ~«—0r 4CZIPN ArCH,Br
or hv
HE or DIPEA
Aerc_Tilv Til” - o+ o+
o.F 9-E' 4CzIPN HE or DIPEA
/l\ 9-C'
— . *
Ti 4CzIPN

PC 9-B
ArH,C—[PJ—Ti"V /
29-<;E 7 T /hv
9.0r  4CzIPN
9-A' Ar
ArCH,Br @> Ar
/\ \/

ArH,C—[P—CHA—— Ar {

-H' Ar
9-H o1

B1s A REARRERE s BB R BLE

BY

20234, BALIF A RIRHPORIE 7 —F A F b AL P 1 9 Rdn 5Ok}, 1 1 e 00 1 %
(Pa) &5 A 1 22 FF (1 e 2 B 1) 7 92 (B16) o A1 35 R FH4CZIPNO e AL G SR AL 57, BLHantzsch g
(HE) NIEJR 7, CsFUB, SEIL A BEHE BEAL IF L36%—T8% 7™ 70 1 th — e B B AP . & i —
e Bk AL AL Z5 K T S A S TEP — HAlE, W] DLSCELP —HEE 5 B AL & ) 1N ik e 5 s AR
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RPN . AR B R RS0 . ROV R SIS T AT RE R SCRIHLER . DAL FRIAE D
B S5 S 45 2140 B AR R 510-B, AR5 R S B HERE JR VK N10-Co Kidik EH 3£ 10-FI 110-D 5RIK
AR SRR R AR AR B R il 2 P R T RS R B B 6N P— PRI T, A
W B RB AL AR B E AR A TR 1110-M .

4CzIPN (5 mol%)
HE (5.0 eq.)

CsF (3.5 eq.) alkyl air alkyl
S . . ~
1/4 /’\ +  alkykl a5 P-H — 2 FYSpy
AN toluene/DMF alkyl (oxidation)  alkyl
blue LEDs
10-1 10-2 10-3 10-4

36%-78% yield

. HE
PC
Y 10-B
/ l\ -R
- +  R—l RN
PC = 4CzIPN HE™ . R / |

PC 10-D ; 10-F =
10-A HI + HE™* 10-G
PC 10-E pC~
10-C SET
T
P SET HE
PC
[P]
R Re -R
o) . + +
1] air R._.H R—I R. .- SET, HE® R<,.H SET, HE ,
R—P—H - =l <o /
| | | | .
R R ; H H | tE AN
n
10-M 10-L HI 10-K 10-J 104 10-H

Bi1e Rt BA K B E fefl ABER R MR R BLHLE

A LG AL R LR REAL B R R AR EBOTEAL N IR (i AU L B BREE SR (A B P —P
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