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Advances in Organophosphorus Redox Catalysis
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Abstract Organophosphorus reagents play very important role in organic synthesis. The development of Wittig reaction,
Staudinger reaction, Appel reaction and Mitsunobu reaction mediated by phosphine compounds is of great significance in sci-
entific research and industrial production. In recent decades, the research on the design of P(III)/P(V) redox catalysis and cata-
lysts to realize the catalytic mode of these reactions, and avoiding the production of stoichiometric R3P=0O has developed
rapidly. This review introduces the research progress of the catalytic process of each reaction in turn. The future research direc-

tion in this field about the reactions involving stoichiometric R3P=0 is prospected.
Keywords Wittig reaction; Staudinger reaction; Appel reaction; Mitsunobu reaction; phosphine catalysis; P(III)/P(V) redox

catalysis
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Wittig reaction:

R! R3 R' RS
# PRS + Oa/ —_— — + o= PR3
R2 R* RZ R4

Staudinger reaction:

H,O
RsP + N3—R' —— R3P=N —— R'NH, + O=PRy

R3P + R —_— + O=PR3
R1TR? RIOR?
Mitsunobu reaction:
OH Nu
R3P + 5 + NuH + DEAD —— J\ + O=PRj3

R" "R2

B 1 RSN SN

Scheme 1 Stoichiometric phosphine mediated name reactions

1 L Wittig & K2

Wittig [ V2 f N 44 B2 —, F R BSR4
R S RO S P SR R &Y, B E AR
IR MBI — 75, (B EEZY) KGRI
WIS IR, Wittlg N 2 IR I 7, H2X—
SN R SR KRR RsP=0 BP9, S =5 5
ok TR, SR B PAIL/P(V)E AL S5 IE A
it #2, F75 EE R A I A R 1Y) SR Ak R = g s B R
fF% ARk, IR HUBE AR K B, GG ER

W JRFAR] T AL Wittig 21 H H.

2009 4, O'Brien PRI JE 1 4] =AU
IR IR E ML Wittig IOV, WSS, ZIE GRS
(Scheme 2). M HEH TLo AR 0 P1[OIfE A
PEAFIRTAR, 18I PhoSiH, i S A% H B TE 1K PN
B, 5 @AV R O B ZE e AR, R 25 i
b Wittig [ NRIRAF H BRI 7 AR B A 72 R
WIE JEAEAEER. [ SAT E A 1) B g BTN Sk, v &g
IR GF ) ZIE JRFEE. BRI, BT
MELLIB R, J B 75 AR R i B2 R 2R AT

ZAEFATE 2013 FESURILAE I MAR 2 HOI AL &
R0 i RO R R X — A BA BT R A s 7l o] DAaE— 28
oL R SR E SR AR AL G 0 OB (Scheme 3). A A4 T
TBEEAY) P2o[O]HIIE IR 2, K I LR FE HH 5k 1)
100 CRKRI= IR, Hst—Sm % 7 IRyE A, =
WA Z/E (B R BT

BE J5, 1Z R D — 0 X B 4 0 S A R Ak 7
BIARBEAT BRI G, 0 P3O AT LAS A5 ARAS € A M
7S AE F T R A I8 SR AL IE P4 R 58 i Wittig [
[ (Scheme 4).
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FIRSiRE
Br~ “CO,Me P1[O] (10 mol%)
Ph,SiH, (1.1 equiv.) COMe
* Na,CO; (1.5 equiv.) Ré
R—CHO 100 °C, toluene, 24 h
""""""""" CO,Me CO,Me
! o) = —
M 4
E ' S
______ P01 74%, > 955 73%, > 95:5
CO,Me CO,Me CO,Me
61%,>955  ON 649 > 955 77%, 83:17
N"\/COZMe thSIHz

Ph,SiHOH
R- CH% \C/ ~Ph k<2

CO,Me
Lo e~ """

Me \C/E’\ Ph
— ~coue =

Me P
HBr Ph Br/\

Br

CO,Me

B2 Rog e 2 m s 5 Wittig KO8
Scheme 2 Catalytic Wittig reaction with stabilized ylides

P

Br” CEWG P2:[0] (10 mol%)

. PhSiH; (1.4 equiv.) __Rwe
'Pr,NEt (1.4 equiv.) R
'—CHO  4-NO,-CgH4-CO,H(10 mol%)
27 °C, EtOAc, 24 h

""""""""" CO,Me
P\HB ; <:§_/ C(_/
______ P ?_[_9]_____j 81%, > 95:5 73%, 83:17
COzMe COzMe
61%, 90:10 76%, > 95:5 66%, 90:10

ER3 =il Nk Wittig )
Scheme 3 Catalytic Wittig reaction in room temperature
2010 £F, JASIPRBIHISIA & T RV A Sk, ok
= Wittig R NACEK, i BB M, RS —
A H) Wittig SR, AT RP=0 Bl P AL
B AR, SCBLE Y 1 ) FH (Scheme 5). fETE
FERIVERTR, o RT DASEILES — 20 I B i fEE A J 2.
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B R2 P3¢[0] (10 mol%)
Ph,SiH, (1.2 equiv.) R2
'ProNEt (1.2 equiv.) R1
R'-CHO 140 °C, toluene, 24 h

! Ar=3,5-(CF3),CeHs | O S

________ P 0] 79%, 95:5 74%, 70:30
o)
7 Ph
L O_
m -
N
\\ cl
89%, 85:15 74%, 75:25 79%, 95:5

B4 AR E LR S 5RO Wittig R
Scheme 4 Catalytic Wittig reaction with unstabilized ylides

(0}
(e} . .
Wittig | Reaction
R | * )J\ 1 reaction 1] Product
PPhsy H R
1 2
' A
' Ph;PO |
v +
O PhPO Reagents !
+ .
R)J\/u R R S
3 4 (waste)

Bk 5 A Bk Wittig SR IR R R
Scheme 5 A tandem Wittig/conjugate-reduction reaction.

2019 4F, Werner BRRZHIVR & 1 DU Jo B A IR A
P4+[O]"MWE AL TIRTAA, 7EA AR JE AL 10 1 2R
AT RABL 1 mol% A &, FEAN 75 2 AT B T Re iR
WINF, FIR AT RGN Z/E BRI 5E %
Wittig JZ V. (Scheme 6). f&j H1¥ i A AL (L i PhsPO,
BusPO £5) i 221 B H T4k Wittig Je N 241, (H 241
AR R TR N AT 2 P S5 B S AL L8191,

2014 4F, Werner BRI P-2UR 18 7 15 61i@Ed P/
P(V) S8 Ak I8 J 1 P8 ok B2 S B 6 FR A AL Wittig & N
(Scheme 7). AE2 M) K& TP =0 B A0 77 1) 7 12K,
o 2 52 4 1 (S,5)-Me-DuPhos  (PS)1E N HEfL 7, 73
FEREAE IR R, OB 26 R Ay ASE AT -
B 22X TR, B 62%M ee fHIAEXTMRGEREMERI 15
B “HZE ).

=B A R RT DA ST AT B TR B S5 T
of S FEL - Jef A PR S A% 3k AL/ Jo 13 % A4 38 gt - S 4 v ]
R, BT X i, Werner MRS R @425 g
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Br” “EWG P4+[O] (10 mol%) e
PhSiH; (1 equiv.
. ' 3 (1 equiv.) —
'ProNEt (1.1 equiv.) R
R'-CHO 25°C, THF, 48 h
Me . CO,M
M Me. 2 , X CO,Me @/\/ 2vie
MeN, SO |
Me | ©/\/ \_0
Me !
P4-[0] ! 97%, 93:7 93%, 99:1
?oc o CO,Me N CO,Me
HN.__~x_CO,Me /_/_/ m
PH
64%, 95:5 90%, 98:2 54%, 97:3

B 6 ik LTI A S S A Wittig M

Scheme 6 Catalytic Wittig reaction with high tension precata-

lyst
) P5¢[O] (5 mol%) Me O
Me © ,, HSiOMe); (20 equiv) :<;E§
r
Na,CO3 (1.1 equiv.) ©

0 125 °C, toluene, 20 h 50%. 62% ee

one

P H R
‘Bu Bu
P5

__________________

B 7 USRS 5 A Wittig [ B

Scheme 7 Catalytic Wittig reaction with bisphosphine catalyst
T PAIL/P(V)AMNE FRIEA L AL T I R — g5
F5EEf) Wittig SN.(Scheme 8A). X — AL AR 2 4k 7
R Z Y Vouturiez HERRZHPO2TVR J2 T R R g
5 BL A gt ()00 R R BB 231 N Wittig SRERAA SR 2% IF
£ (Scheme 8B); Kwon PR P8K f T BRIA IR IR 5 41 2
BER R (1) p- 0 B HR B 43 1A Wittig SSESR AN BT —
Ik (Scheme 8C); ¥ 7 MR ZH VK & T Morita-Baylis-
Hillman (MBH)i & e 55 415 22 5= 7 LB 10 075 P 2 e 21k
HRIBC7> TN Wittig S NKAE IR 6-6-5 FE3A(Scheme 8D).

2018 4F, Vouturiez BRAHZHPOEE Tix — R M, K
JE T HAI FRAEA R A (Scheme 9). 7E Kwon & JERIMF
IMEALH] P[OIAAF T, TH IR MRS 1,3- 8
B TINE RN R 731N Wittig [ MAF 2] — 251
SRR TG, A A BR B R
RN T5 I 5 i R

2 {#1k Staudinger [ A1+ Wittig 2 Bz

2012 4, van Delft 1 RutjesP'RiE T & ]2t
P(II1)/P(V) AL JE A I FE {4k Staudinger &M
(Scheme 10). fEF{f F 2RI L )0 PO 1 i
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(A) acrylate R P9 (5 mol%) R
EtO,C R? PBu; (5 mol%) EtO,C R2 PhSiH3 (1.5 equiv.)
\—/ PhSiH; (1.0 equiv.) 2>_N3 : E_NHz
+ / R reflux, dioxane, 16 h R
Na,COj3 (1.1 equiv.) % & @ —
R'—CHO 125 °C, toluene, 24 h R! Ph ;
............................................................ | '
(B) ynoate /C\ P, gNHZ /O/NHz
_ p=0 !
R10,C—==—CO. R’ N ! HO,C
P6-[0] (5 mol%) CO,R! I
+ 2 !
, /=0 PhSiH; (1.0 equiv.) RK(/I ’ PR ! 63% 9%
R
N (4-NO,-CgH40),POH (5 mol%) s N CO,R' “ 0.0 NH, NH,
< 60 °C, toluene, 16 h ©/\/\NH2 « O
(©allere ! HO
COZR1 o, © o, 0,
) oh 74% 93% (£) 99%
g-Ph L T
+ P7 (15 mol%) NH
N OO Ph,SiH, (2.0 equiv.) <N3 P9 PhSiH, ( 2, po
RC 80 °C, toluene, 4 ~ 6 h PS
= . . Ph N Ph

(D) MBH carbonates

Boc O/\H/002Et
* 0

©\/\)J\Ar
NHTs

B 8  JLARER ) SR AT AL Wittig SRR
Scheme 8 Other ylide precursors and catalytic Wittig reaction
modes

PBuj (10 mol%)
PhSiH; (2.5 equiv.)

60 °C, CHCl3, 48 h

Ar = 4-BI’C6H4

R'0,c—==—CO,R'  P8°[0] (5 mol%) o)
PhSiH; (2.0 equiv.) R2 CF3
o (4-NO,CgH40),PO,H (5 mol%)

40°C, toluene, 40h  R10,c"  “CO,R!

002Me

98%, 92% ee 99%, 91% ee

530/0, 90% ee

62%, 90:10 dr

B9 AXFRME Wittig [

Scheme 9 Asymmetric catalytic Wittig reaction
W5, PhSiH; 1E IR IR, FERIFHIZAT TR SR
WAL NS, S ARG 0 B RE R TR 52 P A G g UL
2. [EE, AR T 3P NMR BRI, FIEEHA T
AT SRR AL L. AR T2 i 0 77 Bk ) 2
Y5 Staudinger [ W HL IRV i J5E /K A Rk A, ok e 8
. i ok e o ek e 3 iR T DA EL R A5 B H AR IR TR
AL P, T8RRI
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B 10 {#1k Staudinger <
Scheme 10 Catalytic Staudinger reaction

] B P = R RE g W) DL S8 fEAL Staudinger S S
(Scheme 11). MecinoviéBP2HiESE7E(PhSiH,),0 1 43k 557
AT, RE RN A BFTE e, (52 & RA R )
W FN Y RE [T 32 . e B ) e S S PT BAAE =5 R
17.

(1) PPhs (10 mol%)

(PhSiH,),0 (1.5 equiv.)

RN, TL.CPME 24h R NHHCI
_ "
° (2) HoO (10 equiv.)

(3) 4.0 mol/L HCI in dioxane

NH,*HCI F. X NH,+HCI
©/\ \/\NH2°HCI N\\/js/\ 2

99% 88% 82%

B 11 PPhs /- 2[4k Staudinger < 5

Scheme 11 PPhs-mediated catalytic Staudinger reaction

P(IL/P(V) B AL R FE IR S FE A 4L Staudinger J
NETE 2012 SE4% Ashfeld B B3 e kR 21 A0 s B
B T AR RIP R, DL B T A )
Bl P)(Scheme 12). % NG, 4> A5+
WL I IE Y, T3 B R 2 B R i 2. 1
BN =385 S B B S I NiAF 21 L%
B rh a4, HET SRR R SRR, BeE T
P B HE S IR B A R Al e = R A, AR RERE I IS
SRR A3 3 =R B, e BRI R EIMEEAL. JR 8 S
BREE T AR T BEIHLERBS3S], H F0 T R S ALER
70 E 1.

2013 4F, van Delft fil RutjesPHRiE T8 PNy
P(V) AL JEU0E PR R 15 1) W0 i 5 Jl v ) 4 25 5 1) ffe
b Staudinger-%7% Wittig < V(Scheme 13). i} A
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RI—N, PPh; (10 mol%)

PhSiH; (1.0 equiv.) o)
* L
—COH r.t. to 110 °C, toluene R2” > NHR!
o] o) o)
NHBn PhA\)J\NHBn O)J\NHBn
94% 95% 88%
0 o)
CszNQkN/\CO .
NH R 2
Ph”
7% 50%
PhSIHon R1_N3
PhSiH; N2
PPh,
O=PPh, Ph3P NR'
J\>\ JJ\/\‘ Phs PPh3 /<
RN RN e —COH

R Co2
B 12 {1k Staudinger Bl [z B

Scheme 12 Catalytic Staudinger amidation reaction

o.__R? P9 (10 mol%)

X . . X 0
R he PhySiH, (15 equiv) R | N R?
= Z N

(@]
N3 101 °C, dioxane, 6 ~ 44 h

COMe o
2 2
RsJ\N,R PO (10mol%) gt va
Rl Ph,SiH, (1.5 equiv.) R3
o 101 °C, dioxane, 16 ~72 h N=
N3 OMe

B 13 f#1b Staudinger-Z 4+ Wittig [
Scheme 13  Catalytic Staudinger-4za-Wittig reaction

IBETt, AT LAHSERSCRAS BRI R e - oo h
RA=x}
2014 45, T W ECEREAICTE A AR R A SR, 08 1
{7 B PR = IR R AL, 2 P RRSE A AE K DY
ggﬁ@XE(TMDSM’Ej\jﬁE%JE‘J%#T, e R SR
F 4 W R IR AL 5 0 £ SR (Scheme 14). S P s
INET Y 57 74 S R B T B AL S I RTIE .

o)
R2 PPh3 (5 mol%) e}
R¥ N TMDS (2.0 equiv.) N R2
. N~
X0 (‘PrO),Ti (10 mol%) R—
14
R _ Ny reflux, toluene, 24 h Z N/)\R3
o)
N
)\ 7
N
7% 89% 91%
X 14 PPhs /- S Staudinger-Z 2% Wittig [ B

Scheme 14 PPhs-mediated catalytic Staudinger-4Aza-Wittig rea-
ction
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P BSUR ILAE AL 264 T 7T BASE IR B R
IR 55 1 S — /53 28 (1 73 1 M AL Staudinger-Z2% Wittig
S Ni(Scheme 15). i xHEH &, 7RIS 2IEAR T
TCIRES TR =), AE1S4E 172, 4T%LEEHfiTLEP‘E§
I Cu(OTL), J& =R FLFUBEE J5 o = R BL B I X B

PPh; (10 mol%) N

N3 .
TMDS (3.0 : 1
C + R'—cocl (3.0 equiv.) C >R
CO,H Cu(OTf), (10 mol%) 70O
reflux, toluene, 4 h 0

B 15 —#ik i1l Staudinger-& 24 Wittig N
Scheme 15  One-pot catalytic Staudinger-4za-Wittig reaction
2014 4, Herdewijn BRALZHBOMRIE T & 614 HLEH
W EBNA YR Wlttlg J % (Scheme 16). EfFEE#Y
e A A VR e, 3 I fa] SR A i B AT RE N A T
P(IID/P(V) B A JE R A R, 54 D1 R

AR B SR A I B A R R
R2_OH oH
o (1) 1BX, CHiCN, reflux, 2 g1 L _ewe
3 (2) P6-[O] (10 mol%) !
N7~ “EWG Ph,SiH, (1.1 equiv.) RZ "N

100 °C, toluene, 48 h

B 16 FERM AWML Wittig R
Scheme 16 Catalytic aza-Wittig reaction of diazonium com-
pounds

2006 4F, Marsden BRARZHE-4R JE T 8 B A XS FRA
i Wittig S 8, RTINS H 211 o8 1) VB A0 7).
2018 4, Kwon BT P(I/P(V)EALIE JE I
IR TE R T HAE AKX FR R AN (Scheme  17). [ BLAEAT
BT RE R I B Bh R AT, iR A A 1 25 0 B
b, PADETS RIS A0 i ade 428 11 45 380 25 U % B e T 1R 2%
&Y.

P10 (20 mol%)

~_0O ~UN
( PhSiH; (2.0 equiv.) | n
Yo N Ly

DX 00 2:NO,CeH4COH (20 mol%) 2 X

(0] 4 A MS, rt., toluene, 48 h (0]

=~z

Ph
O
99%, 90% ee

97%, 95% ee

N
Lo~

Ph PMP
0

e}
92%, 87% ee

97%, 95% ee

90%, 80% ee

B 17 AW FRE S Wittig R B

Scheme 17 Catalytic enantioselective aza-Wittig reaction
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3 {#{ Appel Rz

2011 4F, van Delft A1 RutjesiS2H, 7 14 P(IT)/P(V)
AT R PE PR B 4k Appel ¥R46 X M (Scheme 18). Appel
S NG SRA NN T 0046 6 SRz, AAT: T )
FHEZ I 1) 1) R AR AR S5t ). T CEAS OB, SR
% — Z.Fi5(DEBM) & — FhE AR (1) JR L0, 5 S Rk b it SR
FIEA BRI, (15 RN A B 1) e it 52
PE. AEZ M 3P NMR A1 FE R FIWT 1t SRR AL
MR PO AR AR KA ST B =S E, A
FP= 4 R R AR e B R AR IROBE, A AR R A 2 R 1

b b SRR AL O R IE LT S\ RN E H AR, B
TR B R, TERERE IR IR R 15 3] P9 52 U LG A

P9 (20 mol%)
R! Ph,SiH, (1.1 equiv.)
»—OH , N—Br
R? (EtO,C),CHBr (1.5 equiv.) R?
82°C, CH4CN, 16 h
Ph~pg, Br er
55% 72% 20%
Ph,SiHOH I|3h Br™-donor
Ph,SiH, P. base
Ph O .! ! Ph. Br
Pl P!

B 18 1L Appel BN
Scheme 18 Catalytic Appel bromination reaction
Werner UREZIT 2019 4EH =S RAE N RIA,
RSB RAEAL R, SEBL T T PAID/P(V) AL R
TEIRHIEAL Appel & AR S Bi(Scheme 19). J TG 77 ¥ 77,
A AR 77 2 F0 B BE I 32 1.

Oct3P (10 mol%)
R! PhSiH; (1.0 equiv.) R!

R;_ OH PhCCl, (5.0 equiv.) R;_ .
100 °C, solvent free, 24 h
xq
cl CI
Ph/\)\
64% 61% 31%, de > 99% 65%

B 19 {1k Appel EAC N

Scheme 19 Catalytic Appel chlorination reaction

2014 4, Mecinovié i} Mﬂ[“]fﬁﬁfiﬁﬂﬁf’ﬁjﬂﬁﬁc
A, & EAT TR AE AN A2 AE TR, @i PAILY/
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P(V)EAIE EIEASLHL T Appel Pt iz 4k [ ¥ (Scheme
20). A RLFHE RE I 52 1%, (HUSCREIC. 1E#HE
W2 a0 R PILER: =R DY S e s 8 A il
ZFE LG, @ SRR T SN2 1EH U 5 1
BTG S, X TERYP S MRS YR A
Jie Al Ja M b = R AU, RS TE R A T 58 A f
AEIR.
Ph3P (10 mol%)
Ar—COyH (EtO),MeSiH (1.5 equiv.) o

+ CCl, (2.0 equiv.) Ar)LN,R
R-NH,  (4-NO,CgH40),POH (5 mol%) H
110 °C, toluene, 20 h

/MN PhyP—0,CAr

R—NH, cr

EIR 20 {1k Appel BEfZ 4L [ M
Scheme 20 Catalytic Appel amidation reaction

2019 £E, Radosevich TR ZH T H P4e[O]1E it fL
A, REEEERCAE NIE R, SEL TH&%H?&@QE’J%@%H%
S5 AT e 280K 30 4% BR (Scheme 21). i 46 57 A
DEBE [ S 111 AN 5 e 40 IR SR 1 SR, &HEE%‘E
2512 SIS, AHLEH T LA %
SN, PRI DA 6-6-5 JFER, HATLLE 6-7-5 JFER. AE
BN P S R S R I A S B, P i
25 $L[7) Bischler-Napieralski N5 b, FFREBUH =
IR, B R ARG IR T SEIL AL IR A

4 {&4 Mitsunobu &2

Mitsunobu AT Appel S HIBEA-F 146 &
J . 2010 4E, O'Brien @4 4715 T PAIN/P(V)EAIE
JRIGIA ) S, SEIL T 4L Mitsunobu J ¥ (Scheme 22).
MBI A B UE, BEREER) C—O HEReEoR, K
U s R AE B AR IR A A T R B R R R — e I
(DIAD)RIE b I 72 4.

B J5, Aldrich 12 2H 4813 ik [7] e P ek Jo 300 i fle 4
1w, A EASEBUIFFIPEIA, 2B T Mitsunobu &
N 5E 4 (AL (Scheme 23). ANITERAEEB, IO 321
FEA R T B A ) 1) . 1T LA SOk AR R N AN — 52 5
AR A BRI FR 0500, 21 g R Al I FH 380 5% L i 3 1 7= )
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« @ P4+[0] (15 mol%) _
R1:_@ PhSiHs (2.2 equiv.) N/
Z > NH, DEBE (2.4 equiv.) R1©: B
N~ "R?

* 80°C, DCE, 12~14h
R2—CO,H
N” npr N” >Ph Nl
90% 83% 90%
— -
N/ OMe N NHTs
N7 N
68%, 85% ee 66%
[Si]-OH [BrT*
[Si-H PR; (P4)
i
=l NH .

+
PhsP—0,CR? <————— Br—PRs

7 /\/H R?
T
=/ N-H

RZ

O=PR,

/N
— _N

|
R2 *PPhg

B 21 B S H BRI R

Scheme 21 Phosphetane-mediated tandem annulation reaction

. CO,Bn
CO,H P1+[0O] (20 mol%)
PhSiH3 (1.1 equiv.
Q/ + Bn-oH s (11 edulv)
O,N DIAD (1.5 equiv.)
80°C, THF, 24 h NO,

B 22 {1k Mitsunobu [

Scheme 22 Catalytic Mitsunobu reaction
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Scheme 23 Recycling both phosphine oxide and the azocar-
boxylate reagent
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2019 4, Denton @4 5@ I AL 3L, 58358
I T A Mitsunobu J2 ¥ (Scheme 24). J 877575 Mk
M2h, GIF 78I JEIEH SRR, @5 T =R
a4, FIRGIRE. BRI 52 Ak
BEPE.

R! P12(10mol%) R

" +
A, toluene, 16 ~ 120 h R? Nu+ H0

Jo OH R! Ph
RUR? N=OH
2
Nu R

B 24 S ALIE JE A A AL Mitsunobu 2B

Scheme 24 Redox-neutral catalytic Mitsunobu reaction
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TLAEER.
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B 25 i EEE TR
Scheme 25 Catalytic reductive O-atom transfer
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26). £ P13<[OIfF AMEALTIRS, S BiAT 1R EF i e 1A
2N, FERY) S I L E R SN A BT U
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Scheme 26  Phosphetane-mediated catalytic deoxygenative

condensation reaction
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Y
>'<\/§R2 P4+[0] (15 mol%) ,Y\l
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92% 93% 71%
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B 27 BEN-S1% Cadogen 43R4k 2 b7
Scheme 27 Phosphetane-mediated Cadogan heterocyclization
reaction
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Scheme 28 Phosphetane-mediated C—H amination/cyclization
reaction
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Scheme 29 Phosphetane-mediated reductive C—N cross-coup-
ling
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Scheme 30 Phosphetane-mediated tandem reaction
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Scheme 31 Phosphine-mediated reductive sulthydrylation
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Scheme 32 Phosphine-mediated hydrogenation reduction
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