4

% *IL {t& % DOI: 10.6023/cjoc202107065 SZr5itR

Chinese Journal of Organic Chemistry

REVIEW

CIEEIFEH#REARNERPRIARIAR
®#I1& Tk £ &

(FEIE KA A 258 VL5 FEIE 226019)

WE P EYE TAEAHLE OB FE i e i A7 DL A2 T B8 S5 55— B BB SO E AT )2 5K,

SRR ERVE A N S — SR BT, EA LG S 1R 32 24 P AE Wittig [V Staudinger J 325 1F:

B A, AR AR — BN A L, 200 /07 BB R A0 S N R ARSI LA, B BT i A TR B,

L/ 57 BESEANF B RE BT 5 N1 LR 2/ 07 SR ER I N AR T BRIE e, thoh BAT AR WIS L B2 Wim L AR AL

BN E SR T . AR B AR RN S B R R IUERIA T I LR R IE I LA B/ 5 S BRER M /BN L AN 55
BLH BB AT HLE S B R et .

REEH  IRELPRER, D7 REAEL; AHLE K

Research Progress of Vinyl/Aryl Phosphonium Salts in
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Abstract Phosphines have attracted much attention as efficient ligands, catalysts or stoichiometric reductants in organic
synthesis. However, the application of phosphonium salts, as a kind of important derivatives of phosphines, has focused on
Wittig reaction, Staudinger reaction or other reactions as intermediates. With the rapid development of new methods, the
introdcution of vinyl/aryl groups not only makes a considerable progress in the applications of vinyl/aryl phosphonium salts,
but provides novel strategies for the synthesis of bioactive or pharmaceutical molecules. The review is summarized based on

the types of phosphonium salts and reactions to construct vinyl/aryl groups in recent years.
Keywords vinyl phosphonium salt; aryl phosphonium salt; organic synthesis
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WLA BN FIHIE T .
1 CEESE:
1.1 Diels-Alder ¥4t &

Diels-Alder I — B #\ A2 M FEHE UG 535 L
R IR O B JE R B T ez — o281 g
HE I )3 5 4 FH T B L IR A BB PR A L0300, Ry
Tt DS M 2 FEME, LRSI B
FH ok 55 380 X000 [ S AS BRI &4, (EBLIIAEE R R
Pr A RS SRS S S N AS B SR IR E R
IR A AUEEE I 3R 244 (Scheme 1)B1,
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+ 2 2 - RZ
PPthr'+R = R PPh3Br' RCHO A R
N R3X R3 Base R3
R R* R
5 1 4 3

B 1 BRSSO RN AEY
Scheme 1 Synthesis of cyclohexene derivates from vinyl-
phosphonium salt
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FIE 5 S AR B — R 5 HbRIE =4, 1 ARG H IR L
=2 (B 1).

~ “Ph _
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B R R Wittig W77 S5 B K48 & 774
Figure 1 Condensation products of in situ formed Wittig rea-
gents with aldehydes
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Scheme 2 Reduction of alkyne derivatives to alkene derivatives
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Scheme 3  Synthesis of 1,2-dideuteriated olefins from activated
acetylenes
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Scheme 4 Selective synthesis of a- and f-deuteriated alkene
derivatives
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(up to >99 : 1, Scheme 9). 47| VU S WA (THF) %
7, 7E 40 equiv. H,O A1 1.5 equiv. PPhs /276, [N e
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R1 = 0-Me-phenyl, R? = OFEt, 68%, 42:58
R' = t-butyl, R? = OEt, No reaction
R' = phenyl, R? = phenyl, 90%, > 99:1
R' = phenyl, R? = 4-morpholinyol, 53%, 95:5
R' = phenyl, R? = cyclohexyl, 91%, 92:2
R' = phenyl, R?=H, 87%, > 99:1
7
R' = phenyl, R? = OEt, 68%, 15:85
R' = p-Cl-phenyl, R? = OEt, 80%, 12:88
R' = p-NO,-phenyl, R? = OEt, 87%, 72:28
R' = 0-Me-phenyl, R? = OEt, 69%, 2:98
R' = t-butyl, R2 = OEt, No reaction
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Scheme 9 Reduction of alkyne derivatives to both E- and Z-
alkene derivatives
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Scheme 10 Z-Selective reduction of alkyne derivatives
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Scheme 12 Role of aryl-phosphonium salt in Stille reaction
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[FIFELE 1995 4, Yamamoto Z5P71/E AL P Pd(methyl acry-
late)(PPhsMe), 1 PMePhsl i i it P—Ph £ 1 W24 L 52%
HIF= %4532 T trams-[PAPhI(PmePh,),], T PPhal MIJ45 H
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(17 B B8 5 40 b 5 2 i AR (1~ Br > > C) X I BN A 4 A
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(a) Carbonylation
[Pd], Et,NH o]
PPhx + CO —— s [
Dioxane, 130 °C Ph NE,
X =Cl, 96%
X = Br, 99%

= 0,
(b) Hydrogenation X=1 67%
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Et,NH

Dioxane, 130 °C R =Me, PMePh,, 96%
R = Et, PEtPh,, 30%
R = allyl, PPh;, 66%

B 13 ARAEA 7 ISR ER AL S

Scheme 13 Palladium catalyzed carbonylation of aryl-phos-
phonium salts

BT FLAT R SRR AR, Chang 55155044 05 £ 2611
NLHIR S T B iz KRB M, 4% Heck [N,
Suzuki < LA & Sonogashira J< N %%, 2005 4, PhyP " Cl-
WHIAE Heck 251F T 5IEEGRACEMIHEAT OB, T
RN TME—R) E MRS, BT ORI AR
T, BRSAE TR A B R B LRI 254
F Yamamoto %53, 5 Cl & FHISMHEL Br Ml T
BT RENE AT B AT, T Br AN 1 Tk T DLl
AN LiCl K4 7= % (Scheme 14). 7E Suzuki J B LA
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[ 7 # (Scheme  15), T AN 5 2 IR 23 Bl 1 #8123
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SR IR B AR DT I, P e S R N T -7 A
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X =Cl, 85%
X=Br, 57%
X=1, 57%
X = Br, 82% (with 2 euqiv. LiCl)

B 14 552 511 Heck SR (1B 28 124
Scheme 14 Anionic effects on Heck reaction with aryl-phos-
phonium salts
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Heck reaction: Pd(OAC), (10 mol%)

NaOAc (3 euqiv.)
DMF, O,
130 °C, 12 h
R"=H or Me
R2 = Electron withdrawing groups
59% ~ 98% vyields

PPh,CI + R%Rz

Ph N2
I

Suzuki reaction:

R iory, PA(OAS) (10 mol%)
2 NaOAc (3 eugjv.
PPhCl + [[° _NaOAc (3 eugiv.) _ o AT
_ DMF, N,

100°C, 12 h
70% ~ 95% yields

Sonogashira reaction:
Pd(OAc), (10 mol%)

~~  NaOAc (3 eugiv. Ph
PPhCI + ga” (3 euaiv) =
DMF, O, R4
130 °C, 12 h

R* = aryl, alkyl, vinyl, triisopropylsilyl
62% ~ 99% yields

B 15 732 50 Heck. Suzuki PLX Sonogashira Jx
L\L

Scheme 15 Heck, Suzuki as well as Sonogashira reactions with
aryl-phosphonium salts

TP A RLIX ISR R, (A NI R IA D7 B EE 2 5 1)
Suzuki-Miyaura 2 S I S N2 i — FRAR A A5t 107
K, £ 557 BSRER A AR IBAS 207 2L W )
I, AR D B R N ) B SR AT AR £E 2019
%, McNally SE5HRIE T Co fEAL A I 07 S B EL 5 be bk
BB 0 DX I 5 1k Joe B AL S ¥ (Scheme 17). 2k £%
B AP AR IR T BBt AT LAAS 21 e 48 21 0 7 1)
e, i A I TR D e K A7 BEL AR 3 0
FEAR. FEXT 30 07 SE Sk AOVE Bl AT I T B, 1% 0%
RXEE RERI AT T IZ B 32k, R, ekt SOv A
FE— Z N & MENE B 25 R 0% 7 7 A 21 1 B i)
. BORZIN 5 T A B, (B2 BT L, Wikt
SAL 5 R Bk 07 e s RIS . 20T R
EEENE L Ll PR AN DL S5 08 Bk Ao e B L& AT =
A0 1A BT #E.

2020 4, {HEEAECOURIE 1 Pd fEALAIMEIE SR EL S 0T

SER A R LR T 2 (R AR S S (Scheme  18),
L7 A g A S . A R BVER ER A S IR S
B2 PIRE P A G E BN A, B R B

Spp. OTF i R
Tf,O, PPh; PPh; B(OH), Ni(COD), (5 ~ 10 mol%) X
L6 X Base SIPreHCI (5 ~ 10 mol%) R1 |
R ) Xy X
7 R R2-f NaO#Bu (5.5 ~ 11 mol%) r\
N/) _ KsPO,, 4A M.S., THF
50 ~ 70 °C Nz
OMe
CF, _ COOMe T .
S Tol-p n-Bu Tol-p ol-p
B Me ™ [ O N
N~ N~ N~ N
0, 0, 0,
91% 81% 78% NN O 87% 77% 7o
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OO0 A SAa-NN o)t
e
N N" F SN N \W AN p-Tol” °N
80% 2% 89% N~ 88% P from N-Bn varenicline: 58%
B 16 Ni fEAHIS T ISR ER AR IR S
Scheme 16 Nickel catalyzed coupling reaction with heteroaryl-phosphonium salts
Tf,0, PPh, Pph, OTf Co(acac)s (5 ~ 10 mol%)  R! bo|oYQ OCy
X Base Ligand (5 ~ 10 mol%) \ﬂ/\ R2 | = =
R J Sx * R2 Oz [i ! 27—
NP R J N-Methylimidazole | \_ N7
N/ THF, r.t., 12 h ! Ligand
Bu-n

Bu-n

X CN N F Nj/Bu-n
| pZ | pZ ~

72% 70% 64% 88%

@/\:/\E\

N.__Ph

N/ \r
Ph

OPh

93% from pyriproxyfen, 89%

gmﬁﬁh

Bz 17 Co HEALRIART7 38 Eh A e R S
Scheme 17 Cobalt catalyzed alkylation with heteroaryl-phosphonium salts
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OTf Aryl halides

[Pd)/ligand, silver additive
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Rl_k _ Electrophiles

Acetone, 65 °C, 12 h

Ar E
S -
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Scheme 18 Pd-catalyzed coupling reactions with heteroaryl-phosphonium salts

REMEIUMIBEAT, ATIA5 2URLRE-Pd HhlaI4A, E M A 25 16
BRI, TXONSEIUMENE R 4 fr i Btk B REf SN Bt 1
SR I T, thONREBEAL SRR S AR At 1R
E N

2.2 FHESRIEAFRT

A 5 T i 55 R 0 2 358 T 40 1 5 R A S Nl i P
F5 354 @R, W Grinard 76164, sRERLTE 4 R AEAL
S AT A O FEAR A TROS0) SR, IX K TTVEAAAE B
FIVERE 2 . JRYIEUR. mPEsR. A E . BRI K4
JE 5 GG R, DRI, A% D7 AR ET R T s R TR T
NP SES

1989 4%, Anders Z£70VF F CsF AbHRAE i — R L4 £
B, fEREAFTE N, 19 21554% 75 546 =4 (Scheme 19). Tfi
FACA B G AT 5 S5 65 0 1 A s I Hp g W 5% ).

pph, OTF  CsF OH
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® |
N/ N~ Me
9% ~ 16%
B 19 MbnE = 2SR 05 HE SR AN A i

Scheme 19 Pyridyl-triphenyl-phosphonium salt as aryl nucleo-
phile precursor

2011 4F, Sugimoto PRARZH ) & T — RVIAFE )5 5L
—ORFEEGEER. FEASRI 51 &R NaOH H1 --BuOK)f#7E
N, AR 12 ER R T 4 05 B R TR 5 I SE I SR i
HEIAS A N P2 )% (Scheme  20). #RTM, 4275 FAHIAS
[Ffr B SR RN AT R ZE R, N a-ikFE61%)F] -
W FE(29%) F3 2] p-BRFE(16%).
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N +. KOH, t-BuCHO A
jPPh?, r— " >
N benzene, 24 h N OH

2-PPhsl, 61%
3-PPhsl, 29%
4-PPhgl, 16%

B 20 ARIBETERL R
Scheme 20 Different reactivities of carbanion positions
XPOREE I B A kAT 1 MR (Scheme 21). e ST
AN P 22 AT AR A RO 32 4%, R~ RO AN =5 [ 7 BH %%
REXSEE . W2 5 H) RS AR, HEEEYE S
) 0 e BB 2 (R R AT CsoCOs IR . X655 360
Jiz, DRI A v P fii S 25 B 7K A, T DA R AT AN 35 el v
TIE [ 95 3 e A Be A A H AR .l Oy B gk
Eh 77 H N H(Scheme 21, by KB, &7 5 LT3 4]
457 ik P B A ) T A0 O H AR = 4.
o}

PN 0

R” H
(a) (1) Cs,CO;, THF R™ "Ph

(2) HCI 60% ~ 95% yields
o)

R*JLR2

(1) Cs,CO3, THF
(2) HCI
NTs

Ph
— OH
PhyP"l R1J<R2

50% ~ 89% vyields

NHTs

R¥ 'H

3
(1)Cs,CO3, THE ~ R° Ph
) Hel 43% ~ 86% yields

b

®) 0  (1)CsyCOs THF OH
.

PhaAP*I- + R1JI\H R NAr

(2) HCI
Ar = aryl, pyridyl
35% ~ 78% yields

B 21 FFES R IT RN

Scheme 21 Nucleophilic arylation with aryl-phosphonium salts
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Bk TR 3 A, Al AT IR X ML AT TR A
(Scheme 22). JHit il sSLIGHERR T L& Bk E . o
fEFN B RS R R 2 J5, AATTEEH T A AT RE 1
RiEgAE. Cs,COs X 75 38 25 1)3E A (Path A)BE AN R
BRI, BFRIE CO, IR PhsPO T
JR, 75 FRBH S F S 2 DA R Jig ot R 3 1) S Ak MU A
NSRS ESFE, RE R FHERE BT, 5
—FEBL, TERUEKIIAAE R, CsaCOs it S 3P ]
PLAE R CsOH. 7EXFHENL T, HO ™ (Path B) kA= 4%t
AR S N7 H E) A4 VI, 38 T 0 10 At 220 B 5 7 v e 4
IX, B 5 3 i el i i A% 3 2 DA R T PR A5 3 H
Brr=H).
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SN § ko O 0
PhArP’ X~ -5 Ph3PO H
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Vi Al o0 Wi
H,O| Path B R? JOL
1 2
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+ + OH 3
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COH ——— "PSph "o 1 > Ph
Ar -H20 ‘Ar
Vil IX
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Scheme 22 Proposed mechanism for the arylation with aryl-
phosphonium salts

2018 4F, Biju PRABAHRIE 1 i i 75 F bk S5 AL A 1k
JiHEBRER I RN AR B BUAPTIRGE R SRR AR T,
JEUASE T 13 0 57 22 8 6 7T DA T S5 845 80 A 1 O T 2K 4k
“W)(Scheme 23). REIERAEFMT, HFE2BERUED
REMGIRGFH S 5 I B, E0S T 5 5 B B 1 RO P i 2%
PIERAFAE ] .

-\
o\ﬁo -PhgPO
o PPhs o -CO, OH
O |© . een, S
R H /\jﬁ
082003 R H
OH R1 =H, 54% OH
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©_<0H OH O)\Ph OH N ©
/ \
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B 23 KRS 557 HERRN
Scheme 23  Arynes involved aryl nucleophilic reactions

MFIRERG HE R SR, McNally SEMIGH T —
T B 3555 5 B 10 28 95 68 o 8 R M AR SRR
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M R, DL CsoCOs R 8 #h b AT 5 Ak, R (R 2% 05
FEBHE 7 # MeOD (Scheme 24)5k MeOT 11, MiifE
FUAH N FIARIC = ). ZITIEE X A5 R 4 SR BAA R
A X R, A T0T R 4 S ALAEERUREERT, R
Jeiktt 2 SAL. AR DURIA T FEh N EUk, KRG
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IR, 1% N BA T2 A 1 1 DA CB R AT i 52
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B 24 fr sl FERAR
Scheme 24 Site-selective incorporation of deuterium
2021 4F, Karchava BEZH| A tz- V-S40 ik
FEVEHAT R T — R 2-EnE - = RIRALEE, 1Fy 2-nit
WE A% HT A (Scheme 25). 78 1,4- —%& 4% —3F[2.2.2]
FLE(DABCOYATE T, 2-MmE - = 2K 3L Ak 8 aE % s il
5 D0 VLK. W, VSRS AR SR, 1 I S

N B DABCO N
R-— R~
L A . >
N PPh3 Electrophile N E
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N“>D Me0OC” N7 D N D N D
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OH OH OH
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Scheme 25 2-Position-selective functionalization
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2-HUARIEBE AL S B A s AERAR AR, AT
FIIFH N-TgE LK e B D HBAE R BE 2 A2 51N T B BRI 4514,
G IERE AR T AN S5 R SO e R A1) 2-A0
(A CA RS N T 3 =R I E S IRy A mwal K b
H.

B DU 55 B g SR A, etk — IR BLEE Rt AT R oE A% 05
FEALSONIRTAR. Blan, 2017 524 4 - = 2R AL
A Wittig [ N FF ] n-BuLi AL, Szymezyk!705 LA
11% [ 7= 28 3845 75 3 46 7= ¥ (Scheme 26, a). Fifi 5,
Gondal FFUVIWIE T HRILRA S oo e Bk A A8 2L 1) o8
RBAG B, SR BRI RN, WS, B SSAE 5 <
1%, Eftisib LiOH f71E R ARRE NS 15 2] H brr~
¥J(Scheme 26, b).
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n-BuLi OH
ph S\ CHO + O
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1%

®) cHo , . LiOH OH
- + R2O__PPh'X ——
R? ~~ 3 2~4n R1J\Ph

up to 72% yield

PPhs*CI

BR 26 bkt = FRIEBRELIE R IT AL AT AR 1 82
Scheme 26 Application of alkyl-triphenyl-phosphonium salts as
nucleophilic arylation precursors

2.3 AFEIEECABEL R M

B 235 1) 24 75 B A B R S o A T 2% 5 B i 14
IR B ke slA M4 8 iR 5, X8 [ SR AEAE — 58 1)
JRIBRE, s S A4 FRD 7 L A R E DA R JER A PR s R 1 A5
MREE. TMIEE POV)H R AR () EC A S 46 R A R DAE N —
R AR 4T () H AN E B

1948 4F, Mann /NAUSE IRE B R, ERIZIZAET,
L PR A R 2- b i B SR R AR = -2 -k g 5 il
AR R 2,2 - T P — FR R, R Y 2-mbbme 5 5 g 0 2 T
ff) C—P % %5 T Wi %(Scheme 27). XA RE M HIA N
R ANHEBELRE, RE IR A B S T

FE.
N
—_— AN N

MeOH, 100 °C || SNL Me

“Me
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B 27 BCAR IR S RT3 — 2k — i)
Scheme 27 Dimethiodide of 2,2"-bipyrid from ligand coupling
1978 4, Newkome R E 2, % # i NaH 4b
BEXT 2-PEEGE L PRI AN, BL 30%~55% Y15 21
T 2,2"-BEAEE =4, T EtONa (1945 FH DA K S RS [a] F) S8
KA 3R = 2] 90%. TEMLZEAET, 4RI
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R -2-MHE e e B 248 O e S TR A P R AT 43 1) S B ), AN A
FIFF N [ 06 BRI IE = T LA VR A TeME e (R 2R K, X
WAESE TiZ R M — N F R YT4E L FE. Scheme 28 4
T AR SO HLER. e S B R T R SR A A
R TRLAR X, 3 B I o — AN g 2 B A T T A
ﬁﬁutt%ﬁéﬁﬁiﬁ%ﬁrﬁ 1,2- &0k B 25 7 R A X,
I8 e 3o e 5 O e M A AN T 43 S B e

/(j\ /(j\ EtONa (2 equiv.)
I Br Tol. 100 °C
(P
Rearrangement
. —

Br

EtO (FI’ @
0 Ph

X

B 28 J T AU E 1A BBk S

Scheme 28 Ligand coupling reaction based on phosphine oxide

555t I B B IR A R B SR AR AR AR L, BFER
AV T8 7 AE PR B 14 25 2R T IS G 1989 4R,
Uchida ZFPORIE 7 —Fh M 22/ P /> ik g 25 (17§28 £ B
A G E BRI E A SR T . HLER M J 3 —
Ay 1] B I A0 — AP R I e 114 o A7 5t R TR A FRT T R
Wik Scheme 29 FiiR, fEERPESAET, KR BOE K
oA B R AR XTI, ST~ R M e 5 5 2 e bk g 5
A I AT 2B BRI I P 16 & ) (Condition B). 7E 1990
4, AT SR T FEE HCL (5 mol/L)Ab#E =-2-
MENERESEEE 30 min J&5, MA@ &SR] 1 HBLE =)
(Condition C).

X A: H,0, 60 °C
B: H,O/HCI, r.t. or reflux =
C: MeOH/HCI, r.t. N ~ |
p-Bn | N

N
Condition A: 47%
Condition B: 73%

Condition C quant.
Ligand coupling

@ *CHN@@

XII Xl

&

HZO Nucleophilic attack

B3 29 % 5 Bl Eh A TC A (R 10K S L
Scheme 29 Ligand coupling of heteroaryl-phosphonium salts
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2018 4, McNally 80 21 520 i B i AR B B A ik T
— RAIBMEE LAY, S X RE SR 11 AT LAk &
Pt N T 453 20 FLBCAZ B (A 4& XTIV (Scheme 30). £
JRFERAEAE T, PN mE ZR 0T 740 AT BRAR T B
X i A EES TS ST UE S, MR R X 55 AR 1
P—C & RAMZR, il AEEZREBE H—
MEnE b, RO IERS XV, X 12 A SR IE P i 0%
ISR

AR R A B Xk FE I BT U T 6 l—
RIVE L0 T, (Bi% R NANAFAE— L R R, fn
il 2% RUILE e 854 40 75 B 0, XA A — LB R A e %
TG g AN 525 S LC BRI e AN e F T & s 26

N

B4 4 SRR, RN ASIERE 2 SO0, N Tk
XU B, McNally ZESURH T —Flog i 732 7Rk nE
FEBEAEAE T, SRR T o0 75 gk 3h, @it il
PR I I FE A5 BB AL IE 22 #)(Scheme 31, Condition A or
B or C). ZEAMUFAR T ik il @, JF BBl 747 8

IERRPER T, %075 T DATE s OB & BB g 18,
EW, A N T DALE 2 SR AT IR R SRR R
(Scheme 31). AH LC 48 {4k 1) 438 B SO N2, W1 Suzuki-
Miyaura. Nigishi. Stille <% %(Scheme 32, Conditions E,
F), %7712 6808 DL i i) ade 498 14 2 S A S R e 2 15 381
¥)(Scheme 32, Condition D).
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B 30 A 07 R e Eh M AR I S R
Scheme 30 Ligand coupling of biheteroaryl-phosphonium salts

A: HCI, NaOTf, dioxane, 120 °C, then HCI, H,O, TFE, 80 °C
or B: NaOTf, HCI, H,O, TFE, 80 °C
or C: TfOH, KPFg, PhCI, 130 °C, then HCI, H,O, TFE, 80 °C

\
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Scheme 31 Biheteroaryls via ligand coupling
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X A X
X | | N
N NTTY A
+
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Scheme 32 Comparison to metal-catalyzed cross-coupling reactions
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I ATLEE(Scheme 33). 2 equiv.[f] 4-FEEMENE 5 Boping &N
AR XVIL, i f i i 35 288 S B AR s E B XVITLL Mk
MR AP XIX BERE RO e s 3 B i3 XX, It
XVII i85 H - R b g XXIL 65
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it PPhy 4bEJS, DL NEt; B 666 %k 58 1 oo A i (4-ntk
WE )~ = 2R 8 R AN (2-WE g )- — 2R B 8% 25 (Scheme 34). Jf
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LR 6 A A Jl IV e
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Scheme 34 Preparation of heteroaryl-phosphonium salts
PIAE 2 J5, AATTUOVRE 2 57 2 3k 2 1K) 90 FEL DA I 1 A
WREWE 5K BRI I ERE . 72 5 B — BRI A 07
i 5, AT AT T WP 9T (Scheme 35). 7R
TR AL S(TBHP) R FeSOL 1775 T, M 8 Ehik it
SRR A 2 SR RON; TTAE CsF AR T 5 1 s
775 380 Lk EUA R T DA S BRI BE 7. At T T AE 2%
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Scheme 35 Preliminary investigation of pyridyl-triphenyl-
phosphonium salt
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X T ubmE XSk, 4 0728 S 5 KB, Anders il TH.
Markus!® U AN A SR AZ A FIEAT I 78, W OD . MeO, b5, AT R B HLERREAT T YIS 5T, F4R
S,05 &%, MIMI{E 2 ShikZ 5 RN AHA BAE 4 541 H T PRI AR R N AR SEAZ AR B R P L TR
PP 5] NAH R0 B BEH], W DMeO % (Scheme 36). Jl AL TC A W TR A, 2R T A R AR R B BR R
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WA, B HI S ORI p 35 B b R A 7 I e 8 R 1Y) ¥I(Scheme 39, Path B).
5 54 BEARZIR N B AR Z AR, AES B H 1 SR AZ A

7t Anders FIHF 785 &, McNally ERAEZH3717E 2016 PR T I TmE . MBS EALY), 2 4- A EE Aok
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T LR N S EYE, MeNally 258758 B I — £ 41 BFh AT R RN, BRI BRI IE. LA
il NR R, e T SRR e A ECR IR Jo 07 A, # e 159 B v & 240 5 (1) 7= 28 (Scheme
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Scheme 36 Reaction of bisphosphonium salt with nucleophiles
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Scheme 37 Selective formation of heteroaryl ethers from heteroaryl-phosphonium salts
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