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Development of Diphosphene Ligands that Achieve Highly Active and Selective
Transition-Metal Catalyzed Reactions
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We succeeded in the synthesis of two t%pes of bidentate ligands,
ethylene-tethered bis(binaphthyldiphosphene) and diphosphene-phosphineborane, to achieve highly
active and selective transition-metal catalyzed reactions. Palladium(11)- and rhodium(l)-diphosphene
complexes were isolated by using these ligands. Especially, a chlorine migration from a palladium
atom to a phosphorus atom of diphosphene was observed during the course of the formation of the
palladium(l1) complex due to the high electron-accepting character of the P=P moiety.



B X C—19, F—19—1 (Jth)

1. WFFEBHAES YO 5
BB AR ARELSOGIZ I\ T B OIS SUNE MR KON - SRR E A I 5 BT
WO TEHETH L, FAT 4 PRI BIESHAENDENLADO—-DOTHY, THE TN
RH) - PN SRR AR A7 4 PR SN TE T, —FH, U DRI TUR, AT 7
T (P=C) s IR AT 4 =(CRsP) * VIR AT = L (P=P) & W\ o 7= & U o “EfE LA &
NTWD, TNHDOHFTIE, RAT 4 v EF B8R | “EBEEG OB I Bk L7 RH A0 722K
W LUMO BFEL, @O B E2 R TR T L7052 TRINS, EERIC, W20k
AT 7 TINT RRAT 4 = R E WD EB SR AMBE s S Tnd, —F, YRR
7z BV, RO EIRERS, MG, EOR
OFFBNCE N T E o720 BRI G 0O SCRFRLNL Me
F LT BRI RSN TR, HiHL, EF7F OO _PL gy By
BB AT =0 1 2T LT 580K 2 285 '; Mes
COTFHNE R T U = eSS AT 2 Ll ko OO M
T, VR AT = UEEKIC BN TR TRMETEME & R 3 2 & Bu
% B U 7= (Organometallics, 2020, 39, 87.), L L7256, 1: M = none Mes®
R =) FARIRE I A+ TH Y | AEDSLE 2:M = AuCl
ThHhHIRUTH T,

2. WO HE

AL TIL, VRAT = VN 2B T B HREAL O &K, %ZEYERSESEOAI., il
MEHRE R ~DOREZE LT, VKA T = VRN FIZ X 5 E2h 3R 7 il ) 28 Wi I % FE %
THZEHBFE LIz, FiECNAL A L SERICRBW T, AT MVHITE « X B35S sai & it i
L0, W& - EEEZHAONCT D E &I, FrRAEMNE - SIRMENRELT 5 KSR T, Hias
L7z ILEM3ITONWTIE, EF T FLE

B LW A = X AOfHYS B L7,

:<< P -Mes*

PPh,

ol HR AT 2 1 OERPREAEEZERL (S,5)-3: Ar = Mes*
T, T VBB OBEL DRA T = VN OERE BT LT, £7LEW 4 128\ ik, B
{EEWINOEHRAT 4 L BN LTI, UFR AT = UENL O AR & FHl L7,
{LEMDOERIE, valb v 7T 7=y 0BV TERLOIWVIET VI FERA FTITo7,
FRZOHR A7 2 BLOFOEMRICEE L-FER T, Fe—T Ry 7 2AE2ANWTTITT L

2 URHEKECEM L, (bAEMOEIEICIE NMR, B &SP, X M s iger 2 fv, 5285k
TR A SRS D T2 DGR R b AT o 72,

3. WD Hik

VRAT = VEMLE A T D TR T
ELTC . ZF L UVEB(EAE T 7T LUK
AT 23 EVT 2=V RAT 4 ) R E
HTBHORAT 2 4 BRESFITHE

FERR

(1) TFLUBHEA(ET TFAURAT =) (5,93 DAL

2 OO ETF T FIEED 1) "BuLi
DALDLYT AT LA~ R MeyZn 2) Mes*PCl,
— (RR/SS 35 X U8 RS Bt OO RNCI(PPhy)s OO 3) DBU (5.5)-3
1K) DERRERET D=9, P(OBY), THF, 76% E EL,0, rt Ar = Mes*
EHEEER T 7 2 (S ° C1O 26%
RS B EHBEME S L - )
lze BEA(YRAT V)  (s)5:R=H LiAIH,
(5.5)-3 DER% Scheme 1 (15 R o Br <] P g 32 EE :2 2) (O Ve SiCi

WCRT VR AT 21D
AR REETH H(S)-5 D
AFNIEORFERED v TV U TRIGMZED . VHRAKR R (S,5)-6 #1537, Hil EA(TK
AT 2 (8,83 DERKICIZ, VHRAT =1 LRI U FEEZEH L2, ' PNMR A7 hL Tl
528.8, 451.1 ppm (“Jpp = 570 Hz)IZ > 7" F A RNBUI STz, F7-. X RS S &S g 1 ;@m$3
DG BN LTz, 3P NMR fLF Y 7 MESCHEE NN T A —ZXE/ VRAT7 =1 EH
LCui=,

BFHINTZ(S,S)-3 ZHWT/NT U0 A AMEERO A R & #i5T L 72 (Scheme 2), (S,5)-3 & [Pd(n-
allyl)(cod)](SbFe) & DG TR, T 2n-7 U s3T5 D0 AR 7 728 91%D BEEIN R THE 51
7oo B8R 7 @ 3P NMR AT KDDL P=P SO TR/ T7 V0 AJFA~Ept B LT

Scheme 1.



D EMNIFFENT (% =479.4/339.0; Upp = (S,9)-3
530 Hz. & =470.0/334.2; 'Jpp =532 Hz), ESI-

MS Tlit. m/z=1293.5107 2 7 F Lo @l [P"("'("’i'_'é')e‘éf’)d’“s“e’ Pa?ézé??)

S, E/ HF AT H H[(3)Pd(n-allyl)]’ CH,Cl CH,Cl,
DHERIN R S iz, X ARG s s B sT 2 58

BTN, BIFR S 2155 2 L ILTE R _

oz, B8R 7 121X, BFTFAES DV [ ﬂ 0
Mes* 5D U R A DENLIZINZ T, P=P & ) ’ N . ’ IR
7 FIVELONLEBIRIZ K D syn/anti BLEEDS Meis N Mes O
TEET 57280, 2 IO P=PIALA ! WAL L |V Pp” b PP, R
TR L LT 5 SORMENEZ NG, = ’ P p P —Mes*
O ORERGEIL ATV, RT3 —% @ o Mes 4 &
Wi L2 L 25, EF7F AR Y VETAR [N SWQQUQB

syn/syn DR CTHUNL L 7 BAEIRD e & & 7E 7 (91%) N 8 (55%)

ThdI B bhrol, ROLEERMEEL  scheme 2
Scheme 2 IZ/RLTCW5), F£7-. GIAO &

ElTol-& 2 A, LERMROFEMEN IPNMR L¥Y 7 FOERIE L X< —&H LTz,
—J7. (S5,5)-3 &£ [PdCly(cod)] & DRUGTIX, B8 8 BEAEIAE LT 55%DIETH LN,
CD.CLEHEFIZH1T 5 3IPNMR A7 b LTI, 463.2 (P), 338.9 (PB), 97.4 (PC), —39.6 (P®) ppm
ﬂ: 4 /)0)“/7\‘)‘/1/\ 3 *i%k,ﬁ@jj b4 70 U V7 (JPA-PB =540 HZ, JPB_pC =385 HZ, JPC-PD =591 HZ) ﬁ’%ﬁ‘
I, 2 50 PP ELNT VT A1 R FIZIEFFRICEAL L TWD 2 BRI S L7z, 85K 8
IZHBWT S X RS SRS AR 1208 L7 RS G D LR o Tolo . B BRI 54
R & GIAO BHR AT 572, TORER, YRR 7 = (P=P) On' BfLLARAT 7 = /LKA
7 4 R ([FP-P(CD)-]) O BALRAFAEL TWND Z ENynotz, Lizdi- T, RO T/)
TUTLENE Y DR OEAING Z I SN TW e, EHRHEFEORME, 85K 7 & 1F
RO nlin' VIR AT = BEK 8¢ TR L 721212, 1) Pd, CI2, P3, P41+ K 2 U B ERAEIE DTE L.,
2) PA-CP #EG B L P-CR AT, 3) U VIR (PHOFENLO B2 R CH#ITTH Z L %
B &5 2MZ L7=(Figure 1), P* O HinA - 7284021, PR T L0 CIP & Mes* £k 0D (& HAT & )5 F
ROT- BR824 U 505, 26 b OGEILEH AL L7 8. & D bIEMELIFERED 3.9 keal mol ™!

BWZ EHamo T,

B RR R
(Pd, P?, P4.CP) Tf;‘;

Figure 1.

(2)  FERFRD PR AT = v TJERL T DARL

HRAHILD PHRAT = v IR T L LT, VRAT 2V ERAT 4 BT HILEY 4 &
B U, BEFEEM 9 LR T U RESNTE Y T ULRAT 4 REDOKINZE D, AT
4 YR T UEER 10 257, ZOHO ) VREFOBAICEY Y7 aa R AT 00 11 AR
L7 BEROD VR AT = O Z N TR 30% TY AR AT = 2 12 ~ & 21 L 72 (Scheme
3), ALEMTIHFIET DR T L, VRAT = VBRI B E 527002 L3y ot ¥
RATZ 212 DIPNMRALFES 7 M, 200 v 7V v 78, X s E i oS ohr-
Uy —Ur THEAHEHT, O TV AV RAT 2 EEN L TH o, — T AL
A2 BIOUN ORART Lo T, VKA Tz —FRAT7 0 VENT 4 LHIERED Y 7 1
BARAT 4 I DOERSBRF LTe, EHERREME 52 T LEWEILEME55 Z &1XT
ol

ZZ T ALAY 12 ITBITDHRAT 4 VR T U EEERMEMNE L CERAT 2L Lz, ¥



1) BuLi (2 eq),
Bu Bu THF (1 eq) Bu 1) Mes*PHLi

Ph,P(BH,)Li 2) PCly (5 eq 2) 'Bu(SiMes)NLi
Bu g n2P BRI g 2B PCl,
THF Et,0 Et,0, rt
9 o
o Br 7% 10—PPh, -105 °C to rt PPh, 30%
BH 40% |1: (Mes* = 2,4,6-'BuCgH,)
11: E = BH,

(11': E = lone pair)

Bu .
- * B +
P ~Mes Y p—Mes*
Bu P ) F{/

oo [Rh(cod),]BF 4 Bu N\

2 CH,Cl, H/Rh\

BHs 80% R
12: E=BH, PhyP—p-~ _
(4: E = lone pair) |_{ 13 BF,
Scheme 3.

RATZ 2 121Zx L, 1 H&ED[Rh(cod)]BF)ZEH 7oL 2 A, B YT ARSI 13 73 80%D
IR CRERSR E LTHLNT, Z ORI, B FRBIZEIVEONTEMD TOIRAT =
—u VU LA TH D, X BFEREERITIC LD, VR AT =2 o) VIR OIEHAAE R L
BH; (2 K 2 ZJEENIEHA TH D Z L33 oT2, 3P NMR AT MLEJIE LT & 2 A, 4398,
348.7,4.6 ppm (2> 7 VBB S v, ARESHO Z oD TRV EZED T v TV T EB(Jer =
544 Hz)) b, WP THURA T = VENLIE ' BEfL & & > TV D 2 E RSN,

BoNEHA 13 ZHN TR A 24— Rh complex 13 N
e ra~FxUNT LDy T T ©E> PN (2.5 mol%) ©E\>
JGERRET L2 8 2 A 35% DR CHHINA % 15 Y (CH,Cl), P
72(Scheme 4), &K 13 (T_RV XA I F V) —)L & 80 °C, 24 h cy
ra~FUALT LU EENENINZ TR Scheme 4. 35% 14

PRI 24T o COZBRIC, VIR A T = 12 DMRBET 2 ¥ B MR T & iz, 85K 13 1B
HYRAT =12 DML ZEHER~D Z LI L, $HR13IC N-ATF LR ) DU R =
FAT I EESERE A ER
BICYARA 72y 12 BB ”+[)Mwww—~>w+m1 (a)
(Scheme 5a), Wi N bAEK LYY
DGR A RETE o 7olod BRI 43+ MeN_~ye  —» 12 + [Rh(tmeda)(cod)IBF; (b)
AR ONTNDT KT AF LT

Ly T v EfnieEZ A VKRR N Keq
7 =2 12 & [Rh(tmeda)(cod)|BEs 25435 13 + 2 [ ] == 12 + [Rh(pyhlcod)BFs ()
ﬂ/Lt(Scheme 5b) LAEDOFERNG, 7 15

U EFL T ASHRIT cod KV B UK
2T = VMBS D - ENZ T,
IHIZ, BY Y EDRIGTIX, $5K  schemes.

13, UYLy, VRAT = 12,

[Rh(py)2(cod)|BFs DR &M & 72 > 72(Scheme 5¢), BV 22 OfFEFERIC L - TR L 7= Vi
EHIIFI 1 TH Y (Keg = ((12]:[15D/[13] [py?) = 1), VHRAT = =K AT 4 VR T VRN
12 OV LASNORMNINTIE Y VU ERIBECH D Z ENynolz, —Jh, T =1tV Lt
D BT A < AT L 725> 72 (Scheme 5d),

13 + CH3CN —> No reaction (d)

AR TIE, TF LU BB EA(ET T FNAVHRAT 2N3 ERAT 4 VRT U E2HT5H PR
ATz R2OTFEOTVRAT7 2R L, TNENART VUL - vu Py AEKESRD Z L
WP LTz RT P T ARSI W TIE, PR AT 2 OFEWZEMZ KL T/RT T Ay
LU DO BEOWMNNIEITT 2R Lz, TV LAEKR 7 BIO 8 Z2iEH L7 ikl
KIG~LBEAT D TETH 720, +oBED {Ztm%%%rbfoeﬁ:omt&)%ﬁ’@ WTES R Tz,
LT TTORBEREEZBE LT, RKECEAHRATZ7 o) DG E BT TET
b, Fle, "RAT 4RI VN EBT S /“T7<7::/ 12 128V T, SR ~DENL FT DMK
<, ZHHLDORIZENTH @IEMERAEESSBARICIZE L R o 1o, 7 FRXaHOA R & FLIE
L., VKRATZ 2V —HKRAT7 4 VENLADOBFIZORITFT T PETH 5,



Akihiro Tsurusaki, Shingo Takechi, Ken Kamikawa 53

Diphosphene with a phosphineborane tether and its rhodium complex 2024

Dalton Transactions 2929-2936
DOl

10.1039/D3DT03509C

Kazuki Fujikata, Masayuki Gon, Kazuo Tanaka, Yoshiki Chujo, Akihiro Tsurusaki, Ken Kamikawa 56

Synthesis and Properties of Optically Active [7]Helicene-Fused Oxanorbornene Polymers by Ring- 2023

Opening Metathesis

Macromolecules 4550-4555
DOl

10.1021/acs.macromol .3c00588

Akihiro Tsurusaki, Sana Tahara, Makoto Nakamura, Hiroyo Matsumoto, Ken Kamikawa 29

Synthesis, Structures, and Properties of pi-Extended Phosphindolizine Derivatives 2023

Chemistry - A European Journal 202203321
DOl

10.1002/chem.202203321

Ryosuke Shimamoto, Akihiro Tsurusaki, Ken Kamikawa 88

Rh(Il)-Catalyzed Enantioselective Arylation of Cyclic N-Sulfonyl Diketimines Using Planar-Chiral 2023

Phosphine-Olefin Ligands Based on a (Cyclopentadienyl)manganese(l) Scaffold with a Highly

Fluorinated Aryl Phosphino Group

The Journal of Organic Chemistry 7882-7887

DOl
10.1021/acs. joc.2c02930




Rikako Ura, Akihiro Tsurusaki, Ken Kamikawa 51

Palladium(11) Complexes of Bis(diphosphene) with Different Coordination Behaviors 2022
Dalton Transactions 2943-2952
DOl

10.1039/D1DT03806K

Ayaka Yubuta, Akihiro Tsurusaki, Ken Kamikawa 57

Transformation from triple helicene to double helicene embedding adjacent stereogenic carbon 2021
atoms and axial stereogenicity

Chemical Communications 6600-6603

DOl
10.1039/d1cc02393d

10 2 0
m ( )
104 (2024)
2024
50

2023




12

2023

27

2023

an

67

2022

m

49

2022




)

102 (2022)
2022
102 (2022)
2022
1,1 - ')
102 (2022)
2022
67

2021




https://www.omu.ac.jp/sci/kamikawa/




