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B B-ERNBELEREFIASYTRH—A (3O BR-ARBUNTED
%1, —HRUWFRREN AR, SELBREINAYELR D OH- 28
KR RAEEWTH, RAESTHUNRS. sp’ H-DREFHIL AW P L&
%, BEAANE B-EROFELNFREESED o HWR-28E FACEHR
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BB AT DB sp” HR-EREAS SMAAR LR E fEH, AR

R-2RA R, HARSYRSHLEEHEANT AR ENBEENR Y
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Abstract

The direct functionalization of hydrocarbons to various useful chemicals via
transition-metal-mediated selective C-H bond activation has now become a major
topic of research. Until recently, the majority of the catalytic processes reported were

applicable to only sp* C-H bonds. Owing to the strength of sp® C-H bonds and the

weakly coordinating nature of aliphatic moieties, the activation of unreactive sp’ C-H -

bonds was much more difficult. Transition metal complexes with pincer ligands have
attracted a substantial amount of interest. However, research activity in this field has
also mainly focused on sp’-carbon (rigid phenyl ring backbone) rather than
sp°-carbon-based (aliphatic backbone) compounds. Pd, Ru, Rh and Ir-based catalysts
have attracted much more attention in C-H activation and catalysis. Fe, Co and Ni
complexes are relatively underrepresented, although they have potentially lower cost
and environmental impact,

Main contents of this dissertation are shown as below:

1. The application of Fe, Co and Ni complexes in the activation of C-H bonds,
especially sp’ C-H bonds. C(sp¥/sp’)-cyclometalated complexes were obtained under
mild conditions, and sp® C-H bond was selectively methylated in iron complex. In our
investigation, the pre-coordination of two donor atoms from the substrate can
facilitate the interaction between C-H bonds and metal center and results in an easier
and highly selective C-H bond cleavage. Oxidative addition and proton abstraction
mechanism play the same important role. New complexes are characterized by IR and
NMR. Structrures of some single crystals have been confirmed by X-ray diffraction
techniques.

2. Under the investigation of the first part, we reasoned that the PCP-Ni complex
might be able to promote the coupling of alkyl halides with nucleophiles. This _
protocol proves productive and unactivated alkyl halides could be coupled with
phenylethynyl- and trimethylsilyethynyllithium reagents at room temperature

efficiently. In comparison with the traditional ways in preparing the corresponding
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substituted alkynes, which were carried out in liquid ammonia, this simple system
shows much advantage.
Keywords: C-H bond activation, pincer complexes, cross-coupling reaction, iron,

cobalt, nickel.
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1.1 R-ERFEL

fEANEMRERHFER RIVER, &RA%ENAR—ERUERA TR
EREAE, USRUAFENELERNEIMRBEROARLETL, &
THY. RE. HHES, WETANSFHERMOTRY. HEFOHR-REMK
RRTFRURANERAAZNEM. ERZHAMELLRT, FHLEYTHIA
ARRBEER “4Mrh” (vital forces) MEAEEMTRTABEER, RTSHK
WEIFEZRNDTELRB AN SR, B4 B12. RAZA(Scheme 1-1)
%, BEEIRRANLERRBOHEXERD.

0
0 CHs0 OH
ca AN AN, éao
| A
H OH HO > IL.O‘ 0

#fthdir B12 F 371

Scheme 1-1.

21 A, WF REAE” ONE, FERPORENAFEN AR

CFRRRRH T HFOEROER. RENEN AR EEERKBE ANRY

BARLIEY =Pk, ENMTIAURREERE N Z 8 TR
RIEDR, MULEHE kg KFALERSH 5-100 FRLEERAER, L¥H
W R TR KR AN AR ERTR. FUERLE “GEAR". “RTFELK
W “HBERET. CRIEENE” WER, KERNTENES, BB, FikiEh
m#TRESCF. |

B ERFRSHA WIS, MB-ARLPFETHEILEPNE
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~AN%E, M-, R-RRTRERANBANSTREEER. XTFH
NALEMA SIS, FRGREEFELRIHR-SRN T AL, Figk-a
BEHIVEIL(C-H activation), BERE—EMFHTUIMEENLEDFH— (B
K-ERNELH R ML, ARXIERER K- SRKELMTI6E
(C-H activation and functionalization) (Scheme 1-2). B TFB-AREF LGS
PSRN ZEMEUPHERESE, FEATRENLERIETNERESE
AEWHTH—A (B k-ERBUATENSHMIFBANAT IV ER, #
Mk ERERGRAE, FETURKREERLEPIRE, RREAZFHN
WEEAFR, —ERAEFRNRENHIEY.

Ry

&\l/“@

L
0,
I R
! 1O
R~ f = &\l/"s
e
L)
N\l/&
|

Scheme 1-2.

REFERHENIEMNERRELARCEZAANNFRSFALRTT
WP, (B RIEARXT B T LR L EFTILEYRR- AR FEEL
ERAEEFER. KPERABRROREER,: R-AROBERELTHE
B, BTRETFHERTFHAMSEER, FAK-SRFERNFEATE,
Ul - S 8 FEE G R (Bond Dissociation Energy, BDE) 1R&, i,
YA P — AN AR FE105 keal/mol, YIRTEFH—R-ERMTE
110 keal/mol®, FFUAZERE WL B EREFELE, XHNK-SREBMFHET
RN, FH, E-ILERNEILEYPLEREENMNEARHENK-ZR,
1 B PR E M0 R RIS PR T CUE R B R N4 4 E— e B E LB RAiE,
FER—A () R-EROBLMAZRILERHR-28 N E AR EE.
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HInRBHE R, FIEYTRRRTFRERTFELHLR T ZEWKAK,
R-EARRENREROAREREENL. EER. AHARRI=HEENRE
B, RRREBEEFANDFEERNEWERD, BRRBIHIHIH,
HIERSREBRE, FEEER, SRETEOHA, BRRPOR-2RIER
HHREIR PSS TEROMRE L TR, MR R -9 EEHE MR ER
BT, Joe BB U R & R R B AL . & RE WL S R,
HERKNRANEZ—ER TR UMR T4 L4 16 R LG R B
MeR-KR. SR-E2BURRETE-2BE, #MTHE—SHLREEBIF
e, BEFEREBANNMENRERBRIESRAZT RS BN ALY, &
ERIEFE N - EREFEER ST, 2RFIWAYAE T BN
(8

BREE RN CRMEF AT URAK-DEEUNAZ, BRAAREIL
FRIABRE, K-ARFAHARORERE 20 th 60, 70 4R, 7 1963 5,
Kleiman 71 Dubeck 18 T —HlEESBENA WA TELHF & B2 #F
HIBR- 2 RIEIL(Eq. 1-1), BRRBEMHIELRFFAAT, HERUEHR, B
FADAL A BR-E B CpoNi 11l T,

O—N‘N—O + N — O_N a B 11
\\N—z )

WELE, 1965 £E, Chatt R8T B HIR- 222 e MR E BN SETIEN
HIRM(Eq. 1-2), ZERXANFED, ~HEEEL n BB HBNEESY, B
—HNRE LM — A R-Z R E SRR SRk,

Me;Puy,, XMZ::@ (\ Yvﬁ,
— M, Eq. 12

Me;P / u\\u
\_/ M. Vo,
/
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BMEEREMALABRET ELE S BT ORENK-LRE N RN

(SCheme 1‘3)0
? ’ 6'%6 W,

—_— " ref. 11a
I/,,H R H2 / ’I/I,Ph ( )

@ D

e Qp
H
Cl—1 i__PPhS | » (ref. 11b)

—_— Irs
PPh; PPh,
Me.P /PM€3
- PMe; €3 //I __aPMe;
W(P MC3)6 —— MC3P““ / . (ref. “C)
MezP/ ?
(PMe;);Rh(Me)  + PMedRh=Z \
33 . — (PMe;)Rh +MeH (ref. 11d)
.
(OCv)z (OCy),
\ P
+ CH \ /%
[ 6 ? Pt\ (ref. 11e)
CM% / H
(OCY)z (OCy),
PMe, PMe,
PMe, \ M b PMe, \ o
Higgy,, A o pentane ”"""'Fe"‘\\\ (ref. 11£) ®
'~~~ —_—
/ \ H -H, \ .
Me, Me,
Me, Me,
Scheme 1-3

EXERROERM b, MINERAZNBRUERTERR T —EX T
EERBIGHOH-ARELMONR. M TRRRE MR-, BANEARIE
LSRR RRRH. RERBPN sp MEK-ZRASIEE REAFELNK
g5, BHBAER, R-ARNTRACTUEANENHEAHTER. L

10
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Sonogashia BB R, 7 1975 €K, BMAF PdF CuthREER, %
sp B im AR SR IE P BBk 258 5 E Ak (Scheme 1-4),

Sonogashira alkynylation reaction

cat. PdL,,, Cul
————
base

Scheme 1-4
0 FHIER sp? MBRAE, HRESEL sp MEHFE, HERNES RIS
RFMFE R, SESREUNESEL n- AR5 X KN FRER—
SERMEEIER, AIRKRET L sp” HIR-ERNEE. BH sp? MpaReE
RSP EBEE, IEAR-EROFL—ERARNAA, FEXHHEE
HRCLNE T REFQERE, MM FR-EBFLGNRECREKEFHEE,
3 & )B4k R B(cyclometallation)(Scheme 1-5), E AL R ML %,

E
. )\
+ MXI L1 XM E=N,O,8S,P, Se......
[
C-H c

Scheme 1-5

FeBURNEERNEREIRNZ — RIELK-IARLESE-Ho &
M ECHRERENFEL . B BERARTFELESRRSYNIRLSEBEAN
K-EARREFRLGERPLORERRAMIFED, EEERTERNT RS
RAFETEENE, WERIETFRE ERAZERKT R-ZREUEENRNESE
SEALER, RE T iEmR- 2R g R,

tuin, ZEManuel Martinez # iR IR RF M, FTEKNSERFHH TR EFRP
RN, BEEERTRERRY (endo) AT E BRI UEY (Eq.1-3,1), *
3 b W REAEAR AL I C-HBR 154k, R 7E 4 Blendo-RI 7= 7t 38 B (9 2% 1) iz B4 1
KREEREFUNRsp HC-HRI, 424 MIME (exo-)HIF=(Eq.1-3, 2)e

RIC=CH + ArX R!C=CAr
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AN pdoa, (Y N TN
o e Q000 D00

o
S, )

1 2

LRAEEMN Pt KU, ERLREY EEZTURERKAESREL
R, ERNERLEY (Eq.14), BElLm#RR s AR C-H £,

H, Pt
' v | \

| N PtMe,(DMSO), [ Pl PMe(DMSO), NN Eq. 14
NNy ———— LA N — O\
| N | N LN
# A CH,

JLPHA RS ESRERRIINAEF SR RNT, KL, #, &
B, M, WA BELAIRIIARE. REET S53d0%RERAL,
EIERNER-HRNSR-SRER, NTEASER-SREL.

Wo, SESBEEMHK-ZRELRNTETHR? AHRY T ZHRM

P, RERNEWOARRE, B-SRH0ELE SR LML (Scheme 1-6)[17]:

H
oxidative additon;, M—X + R—H —F—00p» M{—X
R

electrophilic substitution: M* + R—H ——» M—R + H'

o-bond metathesiss: M—R' + R—H —» M—R + ‘R—H

a—=
I—Xx

1, 2-addition: M=X + R—H ——»

metalloradical activation: 2M- + R—H —— M—R + M—H
Scheme 1-6

BEANER-ARETHHNENSER P ORENALMAR A,

12
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EFEEAMARNGFET, SBRRAYFERE ) - LS FHEN—A
BHANHFHRRERNSTHE, X EFERNF THESZHR- 2R
o*HUl. BH, BIMERENLAKBE TS, &REESYR BB RN,
C-H 8URNMUTFRERRK SV EHERL, K o AW, X CH &M
SRPLZAFEBOHEERH, BR CH BIRNH; RESEHLEANT
C-H®EFME, BHRTHHM-CREAMHE, SEFONELSAE. BIMIE
P, RAKBEREMEA, C-H B7ESE PO RSN E R R TER
(Scheme 1-7). ZHHHRT, FEAHFAMBRN=Y MRYH)EREEH, REH
EMEHMNER DB H MR)H).

oxidative addition

M—L + R—H Ss&=—= M— M

o complex

A

reductive coupling

Scheme 1-7

FERANBLEE R, BATUKRNETHBRIE, C-HRBIEUSSRS
ORRAERZ CH BEHL, ERERINA. BRNER A& ENHE
RENHB TRERTHR, ERFNEE-HR. AETELILBARKZE
RO EFREESA—MREEB IS - RENTRERD o8
HowiE, SHBERALERATEXLRETFESRIOREN CH BIEL,
X EENSHTESBREY. FERBNRE, C-HRBIOFLHRNKB TR
M. AR, BARERGES, FERNNEZFREHENRR.

PAK-ZRELHEL AL EYNEATNEANE, REFEEN, BAR
RK-AREUIEFIHFARNR, NTRENENBERLSEBHRNFEEER
LT, MERNEFESERNECLMBOR-2BHE—STREANK. &
TEEXMTEEERAGY, FELBSENRNEY G, FEFSREAYE
UK BRI R N ()% R (Scheme 1-8). EL B 20 42 90 48, AMIRMTHRS

13
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RS R AR TH-SRE MR, BRXERIEE—MRKNT
RRBAKSHMBENLBEEESMRGRNSRRAN,

/—A M/R
R-H f Sy

ML=s—= M
SO, R
G H G
M oo M
N Ny
N " ﬁ
R-G-H

Scheme 1-8
Shinji Murai 53 I R 2 BB . £1993E, MRRTHEIER. Hik
FHNR-28/BRBHG RN, 7 RuHy(CO)PPh):MELIEMT, FHEL
Beo-BLBR- SRR R RN AR R SE LY, M T BriBkEksE. AT
S5&BRAFEREMRNIER R, BTREMRURETRAERENA SR
AR, 7R AR AT DA 4% A Bk B o (K B - BB AT V5 4 (Scheme 1-9).

" @

9
[0}
RuH,(COXPPhsy);
é)k siomn ————~
toluene,
135 °C (bath temp.) Si(OEt),
L ﬁj\/é‘ dé Si(OEt), d(
Ru—( -
H 3

SHOEs
Scheme 1-9
RN AE RIFOE A AN, Murai. Trost. Jun FARREEKNFRREA
RN R R, HERBEART A THERN, TR SRR T EMwN
Aol 2 th AT AR P U5 HE A SRR ™
FER-ZRFREESRTORRNEE-ARNER- KR T MM
MAFREMBRR, RHCAHNNFARTRIMNEERN TR, KK

14
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B, BB B SRS EENARX R R NP,

2009 &, FETHRHBES, FH O, MEALH, 7E Pd(OAc), MIEKLT, %
B iR R RIBAL_ERBR- R Tk = R R A ) T IR (Eq. 1-5)
BRAGHRNEBERTER, ERBAENR, RETEER-A (RE-2)
B E SHR-R= i,

NH Pd(0Ac), (10 mol%) COOMe
: 0, (1 atm) i\
+ MeOOC——===—CooMe - coome  Ea.1
i N

DMA/PivOH (4:1) N
120°C, 12h

FIF YA E B ¥, ZERhCI(CO)(PPhs);, RhH(CO)(PPh); BX IrCI(CO)PPhs);
FRAAD)K2BESH#AT, FIRCOR LASLIF &8 324k R M (Eq. 1-6).
Pk F 1 S 3R AIPMe, RO AR (U PPy, LB R AT, g

0

H
- @J\H Eq 16
+ 00 —
RT

BICES, AMTEHRT FSHARERNNEYER-DRTEALNR

R, XERRUFRRER RGEFOHR-BREL, NiXHESREORR-2
BEMRACEMEANERABRERERNN, FRHETR-ARELN
FRHEIFE RS .

R 19844, Samuel J. Tremontit#R3¥ i I ML FR e s 5 R AR AL BB b e 2
MBI F(Eq. 1-7) 4,

NHAc NHAc

H P&(OAC),
AgOAc Me
+ Mel ———» Eq. 17
TFA
100°C, 8 h

£ PAOAcy B TH-BR2Z /G, BFRE—SE Pd PLOEWMAE, BEERE

15
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C-C BEAR N . A RN RZ PdY/Pd™ HUE#TH), AgOAc BB T AT AE
i 4% (Scheme 1-10).

(unreactive) second cycle
Scheme 1-10
R )T REFENRE K-SR T RAL—MERRM, HXH
REFRE, ERNHNELEFNAAFE-GRERLASEPOREEUMBR
REE S F -SRI R R 4 (Eq. 1-8)7,

[RuCly(p-cymene)], or
Ru(OAc)z(p-cymcnc)
KOAc or K1C03
NMP, 120°C, 1h

LY. EWR. FHERA. BNGRAFE Suzuki. Negeshi. Still
BB RPN ANERRN, GBS BH- SRS O AR, Hh
SBRANBNIER, HTESELBFOREFRZIARIN. LIEERBRE
2008 FEREP, 7E PA(OAc), AT LABEAL TS & AR FF P i) C-H AN KT BRI R R R AL,
SR AT AR B 52 4% (Eq. 1-9).

Pd(OAc), (0.5 mmol)
+ PhB(OH), Eq. 1-9
N HOAc (50 mL) N

H RT, 10h, 80% H

1.17 g, 10.0 mmol 1.83 g, 15.0 mmol 1.54 g, 8.0 mmol

16
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TS RESYELBR-ZRBELNR-B. BR-E. B0, BMESR-2R
FRIOHH, BT LR,

CHy CHy
/ \ $ mol % P&(OAC), / \
l.2equivlnlogamingreasaT
=N 100°C, 12h =N
X
X=Cl,Br,1
CHs
halogenating
/ \ gt ¢\
== ————
\ \
[
Ao’ | x

R

Scheme 1-11

b4, Melanie S. Sanford Rl 2FF] Pd(OAc), fE A AL, i 7R R #
M, 0 NBS, PhICL, L, %, ATLKFHEPE C-HBELN CX 8P, RN
HRERLY T RRFARMMIEALRE, BEIRRANELRTFPLRERL
IEORRE, o JRF AR FEBR MR T C-H 88548 (Scheme 1-11),

WETAR, BIEEALE, B-ERFUNHREREEEPEL. 4. #%
REREANL, ETAEMREE, 3d & & REERAYETL SRR
BEEL. AK. & NLERAYREREBRANEARAN—EY, B
MNERAETFNREFE ., BHER. EMFERLET,

Eq. 1-10

20054, Hans-Friedrich KleinF|HFefColti 4 BRI &Y, Bl & BILR RN
B T Muraiff R MC-H/C=CBE A R 1B — 2 (Eq. 1-10, 1-11). C-HEMR)F
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IR EIR AP P FeMCoN AL TRICKENE, FRALELSERDT
MIC-HREC-X5, MEMRBEERETCFHBRRN, XMERKEFHCot
BERAYHREL T LIC-HEHC-CREWL,

Masahiro Miura##2 (1R EP, ZENBEARINERT, FERAFHC-HE
B HURER A 5 210 (Eq. 1-11) BY,

10 mol% NiBry-diglyme
10 mol% bpy

N 3.0 equiv CsF, 2.0 equiv CuF, N
\>—H + PhSi(OMe) - \>—Ph Eq. 1-12
0 DMAc, 150°C, 2.5 b o]

RGN AE AT ELBER B, 75 12(110 keal/mol) HLJE/2(96-105 keal/mo) RS
ROREEX, BRFRTER, FEHEEN s’ WRARERMEL. FH
AUME N % LB, EHERHR-TROFLS, BMTUTUE AL
f& e Ll ¢ AL E N, MIAKMEEL sp” AR,
TR M A 2 R (R A0 2B LUMO R B30 5 #8511 HOMO AT Ll
ERR. REREERETH p WHAREENRAARERTER, At

TR A NS (OB S BRI (P, EE I, X T EERBTH sp”
R AR, FIEAIRH RSN RN E Y, ERTHEL, E—Sdam
HENERFRNLRE AT,

WA RATEE S HE KR NHIT, SRR AW ALY '

BERARESENORENT, K Eq. 1-13 *f NHC BAD R LM s’
C-H &8 Fe ATiELCY,

@FD <=
—(N Fe\ct MeLi _<N /( a Eq. 1-13
&/Nr (mi:rom &/N,‘z



WK 248 X

RELRLERRFREET RN, BRXERIVYRE o Mo
EAEMFES, RECRBLAMEMNERUR, COBERTTH.
5 sp” M ERIOE AR S AR LR A, SRR AR AER
TERNBUTR R ZEH.

Olafs Daugulis# ¥ FIPAd(OAc,fE A AR, ST T sp’ C-HEM 3 HAL(Eq.
1-14)%4,

S mol% P&(OAG);
AsOA& io°c
)\/\ B 114
Q

REHR%E T RPN R, NEABNEEFTEAEMENsp CH

BATEANMERTEUA, CHRENZ EEIRFROE—SERTE
BTC-HBMS WL, RNFEAITTLSBHRK, AgOAc th BT F L
B4R 1EH (Scheme 1-12).

G~ IH
A
Sr— &y

Scheme 1-12
Dalibor Sames¥#Z IR B it KM AR, MEMPACLIE LA, RN—
RAY TR ESANAPULNLIE, ECHREVINZIE, Sames(d AN

BIRMIER T sp” C-HE M C-CRINEEIL(Scheme 1-13), BT RIGBFRY)

19
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teleocidin B4 24 B i — & 4> .

PACl, NaOAc
B
AcOH, 75%

Ag0, DMF

Scheme 1-13

Rhett Kempe 4% (R FUAERD, BEth AT AR T AR ALRFISL Blsp’ C-HERHONR

FALDE, EFo-fifisp C-HEB AIER, FERMALFMN-PESEANERT,
T LA ST BIEq. 1-15FT R

OH
[iCicod, N
AN Py NP(-Pr), m—/_Q
W + ! | ) Eq. 1-15

N KO'Bu dighyme, 110°C  NF
-H0

Regixte R MiEMGEEER, RRTFRBSRENNEY, W aE
Eikisp Mpkag, w¥E, BRE URSESANRBEANGR, SEk
BBy MR AR, KRR EAIIRE BiREH, RRERERTHER,

BR, XEMEsp HC-HRE BEALMTH AR E, ERFsp WBaRELY

BRgEHERRE, MESTRARENOERTE, PRETEERXL HFEH
MR ASE-ERBE AT ERE PRERKBELHERTE

FEAT AL, HTFEERETE s MRAROTLRE T —EHER. §
i, BRI E TR (Eq. 1-16). RARABMATEE (REAEY) AL
Bk, 2EERR, HRCE. TR, ToRSREER, AR, BEF
EREEY: RERABIMUELHRERS, REBE—PMTEE R

20
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I T=@. s FXERMEREE, BEYER BOBREE. RREZ
BRE, MERE. JAH, BE—H—K HUHREZEE ZRAKHR
oo RERMTEEME HETEMEA LFREE. FRFHNBRELN, R
HFHR-AREUTE, FEIAREBUTHRE. SRAENLEDRELKY
PR EVEF B RN, ERML, H ERREATRERENEEEZEE
FETHT, AVERERUCIZREE=RATEORAR ST,

catalyst
RCH,CH; ~——=> RCH=CH, + H, (- hydrogen acceptor) Eq. 1-16

ERIRER TR R E RN RN %A TNSRE, Bk, HTERERAR
MERE, BETREMANEZEE LR PEREB. FHEMHET Ir. RhFRu
HERENESYELA ML ZREY, REEELFNESBRTLRE CH
BIOFWMARE, REAETB-H HRERENHE, KBOFREY,
EERAIREYRLT, REPRERNRNEERFERHESHESRE, B
Meke e RImH P2 5 T IR AL AN AR R . 2E R BIRT I TT AR B, A A3
BRIEEELS KT 90%, ERMEERNMET, FWREESHERHLRR,
SERBEHANERET YRR, BERNOEFERE. nRERLE
RHGEEEMHAREY (pincer complex) fENMELA, EFRELR (bp151°C)
FREBRHEERNARENTER, D&UEANEREY, LR RN 5P
tehH, MEEZETURMALSZIEEG 1-17)%),

PR; H
XQV
| "y
PR,
+mT Eq. 1-17

515h, Alexander E. ShilovZFF & APt 4k 7 44 2 7] LU R S B AL B P Y,
£33 Roy A. PerianaSUff i (b 44 R AT LUX B 4760 B Y, John F. HartwigZ FF
RERh. IFFIRuf B 4 AT LASE I3 o 9 C-HER [ C-BRR A 64 ), X M6RfFoY
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WHRAFEEFLRX

a3 ARKE.

EREZTFRRE, NTHR-ERELOFTARE TRELR. SREHN
HEDRAK IR -ERITE W U R B X R N SEBL & AL E HIHT 7
R RARUEFA T REFHEEBRANFRIEL—, FAF— RO RS
hikfR, EMRRETRRAIENGHERESHBET AR EMRSE, t
KR BEAFHERAZE TN Ed. HRESER, BiTKHHMEHMRIFHRE
REAAZR, HEREAE, AMIFEERAREERFEN, BRRAREFUR
KN REF BT HIBEE . S HA AR RIE T EAER R B R NHEE T (>
100C)A BE#tAT: URMARNARMK, REFBH, FEIERRESREL
fl: RERYMEREETELE—S7 R, FEFRIESOEWLAER, KHE
B Rsp Mp-A RN A REFFE THEER. ‘



R K% L2418 3

1.2 SEEREAEEMELNZE BB R

B-HRANR-FRTREBTENRR, #NEFNERLERBNIE,
Pise b, REINBURRY, TR, BRI R R AR 8 53 R RN R 2 F
[ER-RRERNEE . ELESBUESYRLERT, &, BEARE
AR R SRR F IR F RRF R E R AE R - -2 R T
HATREE IR A X BRI (cross-coupling reaction), A8 BB R M 491k
BERR, ERAENE BT R-RRAR-HRTHARREEE TRANR
B, RENEEBAETRANER, FRRELAMFAERME T A=,
XX BEERR B REFEXAER, ARARFUHLEERAFHHELOHE, WE
YR DL Z RIS YL % RS R 1L 2 5 0 1 4 R R R T AT 188 B S e

FLe,
N AR e
.E:(\/ $ )=
S

Sonogashlra Ar

W
\

" lArB(OH)z R— |
a

A" ArsnBu, )
R1

R
|
N\
ngy Buchwald-HartwngR Ry
Kumada " Z"E"\ Negishi P

o
A

Scheme 1-14

TESBRELKR-BEAHR-FRETFEKREETEWE Kharasch ZR5E 1K
BB RBIBE R . BT B R0 BB R N R 1K, AR E 2,
EHBRHTRANGEM. 1970 4, Yamamoto ZUHRH T Ni 8L INA LK
ERHRRMEHIIE. B)E, Masse 5 Kumada % G i RN T K EEF M
RIMMER) Ni EUEH—RIBECR Y. 1975 4E, Heck ZWIX R T B4 A
R —RBERR Y. EZ SR, 0SB M ARR-BABR- 22 R T B R N 5% 3
THRBEZHRENER, 20V HEORRRR, MILHED Stille, Negishi,

/'l

/
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Suzuki, Hiyama U &% Buchwald-Hartwig % — &5 A 4 R N( Scheme 1-14), iF# &
BREALBR-RAR- 2R FRRRN SR BRARRAINE A TR KR
FriEH,

AT ENABERFARERA TN FRAGFREOHESR, &3 “GE
" KB, MERU—EBNTRREMBRRN, KRROEFHRELA.
Ak, RMEY. REARS%, SEHREEEEREHMRGE, CEAZEE
KITHUE.

ZHLEEBLAYET LI BAREAIE BRI, [FRk- SRS Ui
WR—#, BATRFERUREEEPAP], Ru, Rh, IF4AFSINRSBEAY
R R AT, RERESBPAEMN. ERERPINMIEER R, TEXNTF
LEARBEUAUER, FELEUER. FEEE. A5 RERRN GRS
S, FEALEFENAZETRAMB, XUAX—HRREN T ERME.
BOBKARE, IRACEBELR, RTHE RS BHEARIERURELR
R & AR AL 2 1 Sk AL B R R X — R B T B R A ) R

EIRACREUSBIE, EER BREEIEF. FRAF. SHER
(%, SRNERSYRRCSIERERNER, 3 HOHH LR TRBEIEYR
TXENANATH. &RENELERMARS, WRETREFNZRER.

tedn, ZENHCHAHRXBRAMELT, "R EEq. 1-18517R KSuzukifB ik
RR, {ERREGATIHEEED,

M) BFy

NC. Smol% (’-Ltli’*NB NC
Mes & Des
+ PAB(OH), Eq. 1-18
oT: K,PO,, DME, Ph

s 120°C, 24h

José Pérez SesteloFLuis A. SarandesesF! FINiBT I /A F1(s)-(iPr)-Pybox AL 44X,
#Pd(dppf)CLIE AN, ATEMBEERARMFRRNOBE, RAAT LIS
e R LA _E 7% R FeefH(Eq. 1-19)1Y,
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WRKZ SRR

o

%

%2
2
z

iPr Pr
(8)H(/Pr)-Pybox
10 mol% NiBr, diglyme
13 mol% (3iPr)-Pybox . 1-19
% ), T D
3 DME/THF 1:1 R
RT, 140h

40 mol%

Eiichi Nakamura#§#% F| F P-OR A FINi(acac),fE A 4L H), ATLLEIERF
RAFGEER RO BERRY, RNEE&HEMN, BEHE] 1-20)7,

PPh; OH

P-O:

1 mol% N(acac),/P-O
WO-O—‘ + PhMgBf ———e—p MeO Ph  Eq.1-20

E40,25°C, Ih
1.1 equiv

93%

BRAEML, RECREFEELNARHEMNEK. BURREFREARK
TR, EEFEHR-BZ BRI T — N F M.

FeRICoF H ZMANTRNE, EINBULLEN ZEFREEEZNNE.
MR TFMERE, FeHCoMEARROBITHIMERNRE. HIBEL
E, AMIARIFeHMCoff AL LARIF s AL BR- BB B R M), W fiCarsten
Bolm# M FIFeCLIE A LN, ERRNRERBINGRYT, #FT—F
FIRHBRETIE, e, X/, EFHBAKZRERDFTUSIREE (X
BERBATG )R EBBKRR, 4553 T C-N.C-0. C-SFIC-CEBE( Scheme 1-15)

(49
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< > '— <j> 68%
15 mol% FeCly, 30 mol% Ly Qé
Cs,C0;, toluene, 135°C, 72h

¢ (5 - " N
10 mol% FeCly, 20 mot% L,

10 mot% FeCl;, 20 mol% L,
K; toluene, 135°C, 4h
Cs,C0,, DMF, 135°C, 20h #0%
5 % 0%

10 mol% FeCl;, 20 mol% L, SH
Na'OBu toluene, 135°C, 24 h
O/s \O

Scheme 1-15

MeHN NiMe I

tBu tBu
Y -

(o] o]

ERBBRAS, REEDKEREEEES PR R, LROZTXE
Ik SR R — A LA BT 354 (sp” C-X)PE N RGN, I F i fbei2(sp’ C-X)MIBHA
MEHERE, X—RLFELEUTR-LRIFUH R Psp’ C-HERsp’ C-HEM
RRIR. KA N KRR EEERHA D, IR THXAANKE:
B, mihER N & REAFRIRENEI MR NEFEL I OTRERS: ]
K, MBRETEMMBRR, £RTESRT R, BEEEWRRKEN T
WEIB-ZHR R, TARMERENSEHB RN (Scheme 1-16). ik, HE
ST RS W ERE RN EMHIT— RIIRRRE TR HFRE
. BOEJUEE, —HBT iR L R A LU i,
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R reductive
X\ R! ¢limination
H R
H M"L, X\x
H

\ H oxidative
" addition

X
\_/ p-hydride
/’\ .. elimination
*.. (undesired)
Ml_x Ml-Rl \
vy
transmetalation R+ | n
X
Scheme 1-16

Nakamura#{#Z | FFeCLIE R LT, LTI T mfCFF R M E EM A F M
BRI, FINATMEDAN FHEREMERRNES TEEEENER, Fm
EARMAEE MAEN;. PRASHEABMEFMAI, BRLFHEERIE]
1-21).

Br 5 mol% FeCl,
1.2 euqiv PhMgBr
1.2 euqv TMEDA
—_—_—
THF

- 1-21
=78°C to 0°C, 30 min &

96 %

EARNABENERYEETESHNAC, HinStephen L. Buchwald
FRAA1E BB RUBAA(DCPA), H5Pd(OAcKHE, EZETaEHELN
REBRMEMBROTEHRRN, =RHEE92% (Eq. 1-22)P,

' Pd(OAc) /L
MeO-O—CI 4+ PhB(OH) —————m Me0 Ph Eq. 1-22
PCy; 92%
L
Me;N
DCPA
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N ST

A 57— RNEDEGRRZ BRENERRAR RM), [RM=RB(OH),
RMgX, RZnX, RSnR’; %]. EHXLEHH&EANFEEL B RMEEN
BRIk HE, FAZEFTFESNKSBE. ATRORESR, BIE
HHR/PHRE T BT LB RAFIRM)E LA B — 437 (one-pot procedures)
KRB, 20085, Paul Knochel ¥ RAAELICIHERT, HZniiA\FIBK-x
@2, BEAEREIERN, —RELRT mRBANBEK(E]. 1-23) P
Bruce H. Lipshutz (3% R B4 N ZEPAE AL AR Zaft L RER T, LUKIEAR RN A
LR T iR BEREY, ik, RASRPARFRERENESRRA
(Eq. 1-24); Daniel J. Weix ST fI#RE 5, F FANifE R FMn 3t B4 F R #2300
TRRBIEE, FH BIEHA R R R AR KA MU R4 (Eq. 1-25)

[s3c]

COEL  Zn,LiCl CO,Et _d
: THF [ ]
Znl.Li

—_— —_— EOC Eq.1.23
S0°C, 101 PEPPSI

| THF, 25°C, 1.5 h

PEPPSI
(Ar = 2,6-dirsopropylphenyl
BuzPt——Pd~—PtBu,

© l ©
Cl
B iami CH
Zn-diamine 75 y
©/ + CHyl @ —m———— Bq.1-24

2% PTS/H,0

Nil, xH,0

4, 4-di-t-butyl-2, 2-bipyridine
o-(Ph,P),C¢H,

! i CeHyy
O + LGH,, pyridine .- O’ Eq. 1-25
2 equiv Mn, DMPU, 80°C

88%

FRBERENAZHFE AU LHERAXBENELS S RENLA.
FEHC-HRBEAILEY R LR, ELRELANERT, ERERELR
R IIEEE () CHEE, R4 a ) P S ) R 5 RSkt 5 77



WRKF M LEARIT

%. BTHETRBFERTSE RN E AN EURRPMEFEPLRE,
X BB R N B B R R T 2 U Y0 5 6 4 A & B BB £ ( Scheme
1-17). EFRX—FBEHA T ANFXRENER, BF S MR MFEREX—
W, W EA, £, FEIL, Olafs Daugulis, J.Du Bois, Melanie S. Sanford,
M. Christina White, Jinquan Yu FiREH, MAEAIR R K SCER S A7 LUK AR XA
PRIE. K-EREUNHRANTBRRNOFR R EEHEY, XH<HE
BECR N B T -2 RIE LT RBEKRN, EASRTUBERBR-DRIFLH
RPH—H#

@—x + @—Y onion meal
transition metal

®_X + ®'H catalyst
transition metal

@—H N @-—-H cuys

Scheme 1-17

LA Heck BBk R A h 1,

Pd(OAc), + nPPh,

HNEt,”x
oxidative
addition
B-hydride addition
elimination
b
Al' 1}
/
R

Scheme 1-18
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R KRF LR

—MAN Heck REMEMLMEIRAHUAEESE: AT AEL HE
PA(0)IFh, BENBEALTERR, Z(a) C-X BT PAO)REALIEL: (b) BULKERZKIA
MAEBEAN: () p-H HER, BEF~Y: ) BUABEEAFT —RELER
(Scheme 1-18) 54,

1 8 3R AT R A b R R AT 45 24k (olefination) R RE Y, BRI A
HTC-XBEERE, RNMEEEFENZ(Scheme 1-19). MBK-ERIEWHIFI RS
MEMBRATUNABIXE, SFEGEREN. OFRETHHBIZRRENM,
IR IR R 3-SR R NS P B X 51 DL R ER VAL E P H R BN e e 2
LAk AT 18 A2 D 3 YA i 2 3 e

Mizoroki-Heck Reaction:

X P4 (0)
P

AN
|
Ry—i— + / R. 1
L y 2 Y a4
X
X=Cl,Br, 1, OTf, etc.

Arene C-H Olefination:

I N P () . 1 N

R + g, N

1) / ) 2 N &
Scheme 1-19

Yu JinquanB3ZFIIPd(OAcK A R, TEOfE R EMFIRT, LM T HERME
PLECHBRMEERELRN, RREFRRE T C-HEBLNMERE. XHH
& B 77 BT AP SR B R AR P £ 4%2- Tetralones (Eq. 1-26)1%

5 mol% Pd(OAc),

5 mol% BQ
COH 2 equiv. KHCO, COH
/(:(\ o P o ————» Fa. 1-26
MeO -AmylOH, 85°C  MeO F COL£t

H
1atm Oy, 48 h
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13 kB RRTEERESY

TR E R BRI RBR- AR AE I, BT UBBEL R DT AE
EENAE. HEE (pincer ligand) ER—F=KEAT UM LML B
MESTAMSEH (Figure 1-1) , BENFEBURRL. MAFHLELEHEAN
ATLARE AR S YRR A R AL Z AR R o BIANECAL R T LA R Aot
(B RFMERARMN= () RAERAFIT 05 &8 FIE ik 8 9 2 e
REAZHNLE, FRHARAYAARENNGEN. XRRTCHELRE
NLERUAFTAEEORA: SERMLET (DM Z) « RFE (spacer)
(G)  BAMEFREREERAE (Y) 4/ (bite angle) (LZMD) %T%L
Bxt & B IR F I FE AR P WA A TXRANEE N g TR
BVREACE LR

G—D

-
,;5' \< ’ M = metal center

¢, 2—M D = donor atoms
Y,J’\ _____ < Z = carbon or heteroatom

G-—D
Figure 1-1

RE=1ZF LI, Bernard L. Shaw X i B4 B R 7R — V3R F A B
PCP R =GR ARRIHIT T —RIVGARLI, YRR ERN, BTHFLR
{LRMY, Ni, Pd, Pt, Rh, Ir fI4H AL & Y048 L8 75 5 78 Bl (Scheme 1-20), 7E 200°C
B 300CHALI R, BT RIFHHGELD,

PB“‘: P Bll'z
HPBU‘I
——— —_— M
base
Be PBu, PBu',

M=Ni, Pd, Pt, Rh, Ir
Scheme 1-20

EHRIMERENERER RN, SERBHML, BHETEMEX &
b LFEGENRKRTHARGERL, S&ANBARNERNAENEH Y
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5%, ABEHBE> FRARMARKAAEESY, POBRERTLEOHR-S 8BS
WS, URKERRB-SBELTERNFRESUNGBREEEY
% (Scheme 1-21) B8,

PB"Z\M——_;? PB“" g ;PBu'z
PBu!, 2——M\B"' PBu’z PBUY,
M=Ir,Rh,Pd
Scheme 1-21
Rl FEHZ EAHKMNEA, Bernard L. Shaw FF X —H RS R
SERAMESHMIE, BEIE-+EUE, BFRRENNEEYEENLEH
AMESTE R R AT, F5IRTHERNIZNE. N, BK-5.
A-EEh, BUBESnErEL, BLEEE, BRES, B-HRAK-FE

TROBEET LA T LU BV &0 R AN, AT 8 SO GRd A
AR FRH AR EPOINH, X—1REENA—TERSRGWHELEY.

HAR AV AR !
1. S AR, EUAL AR R & R S AL - S v ok A 8 B UG

&%) (Scheme 1-22).
PBu',
C% CgH -
PBu'y
_NicoDy, _,, Ref. 58
ICOD

NMe,
Scheme 1-22

B-HROECER-LELEO LA S, NE—EFERKKNRRERE
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FHREFLNERPARE, M=K, QRMFRENLEY. EERMRRLS
VIR R T, BLRPHMNALE MR- AL LB TN (Scheme 1-23 ,1), ik
TRAEBR=ZRANESEHRELRE. F L MERFINEAT, RN
ARG TRSR, BRI R A BR-2 ™),

HaC 2
[RACI(CyH,4),);
_— H

£
5
3

g
.‘.:
i\

.
g
i

Scheme 1-23

2. SREB RN

G-

N—-— Ni—Cl

oL

Scheme 1-24
RHARAE CHURE LAY RREAN, B5ERITELSYWIER%
FRHAR ST ELRER.
3. ECHZHRIN
XERTEAR R,
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PPh, NMe2 Pth
{;gH + —Cl — Q —Cl + Cg Ref. 61
PPh, Pth NMe,
Scheme 1-25

WA AP L :
1. BB N IR -

Hu Xile ##FH NNN-Ni 42 &) (Scheme 1-26, DFAT T —RFUHH
FRTAC 2, aFEGRLEN Kunmada RN, HBRNEMSE, 75E&RAFM
PEE AR AT U AR ME B RS, B FRRRTEE. B, Bk,
LEEAEMNZYE, LA THAR AN, FREH T R /A
KA B-HERR N & B KIS ESMER, M2 &4 B-HIH R R E R
FI NNN-Ni Z4H R EE W0 Pd ALRIEAT B RIS Sonogashia B R N
HRMIEE L, REFEDSMHERAARNZE, KARBERN Nal S50
FIfE LT AT AR P B %44 & 7 (Scheme 1-26).

TMS

i Y
4
/\OW

5 mot% 1, 3 mot% Cul,

20 mol% Nal, ™S =

1.4 equiv Cs,COy

dioxane, 100°C, 16h

MgCl N—Nn—Cl
? o moc S
AL Jr 2 e
No 3 moi% 1, THF, 3mol% 1, DMA,
30 mol% TMEDA, KT, Ih 35°C, 0.5h
Scheme 1-26

F4ME Suzuki'®), Heck!®™, NegishilVE Bk i R #F 8] L3k 2 A B S8
R, ATATBA% NHC Bfk. P RASASE—EWRITBUE B A XAk,
KRR AL G A AT R B R RR B T B £
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2. AL ERIEL:

ELRZXBHRREPREEEN C-Cl FEHTE, R TE Pt
& C-H #EiEh.

Oleg V. Ozerov HEZAEX T PNP-Ir XM AMHARF R, EEEYF
C-H REEWRI N EZHIMTRE, WEL C-Cl BNZ A %#H(Scheme
1-27), PNP-Pd $H AR S Y7 — € £ 4 T WA LATIKT H-H. H-O. H-N #(Scheme
1-28)1%l,

ST =QTh Qe
m RT O‘”’ > 100°C O_M\O

Scheme 1-27

(PNP)PdH + (PNP)PdH

- /
@' : ’P"G __HOH _ @NPPAH + (PNP)PIOH

~—Pd~N

PlPl'z Q—mz Prfl‘Q QH,

Scheme 1-28

(PNP)PAH + (PNP)PANH,

Alan S. Goldman#llJohn F. Hartwig "2 50 sh i R, PCP-IAL & EETE
{NH:FHN-HEE, MEXEERT, N,RRRE&BRAL.

it
TB“z 1. NH,, 25°C By,
H 2. KN[Si(CH3);]; H
I ~ 78°C--25°C Ir/
09 —— /\Nuz o 127
PHBY, - PH'Bu

ELan -Chang Liang!*®/##2 %} FPNP-NifL & M HF P, ERAMBEEL
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BRT, & ERC-HBERMEMT T LIgE.

R="Pr,Cy; R’ =H; 25°C
R =1Pr, Cy; R'=Me; 80°C
PR, PR;

BRtLASh, 7EF % R ER A LRI SN . B Grubbs (3%
WA D PNP-Ir REAWER T FEM T EBHELENL®, Milstein IR
B4 %+ F PNP-Ru 1 PNN-Ru BV A Y7 BB ST SRR T ey R A0 ik B 326 2% B A
P A20, 3 L R B A T LA SN eh N S A 46 R e RS AL 4%
ey R U700 S B 18 4 &, Milstein EFIFH PNN-Ru EC&WI1E A fElL
7, TEAMCEHMAHT, TRT HO0 2 THEEMRT,

14 ZREHAIEBBNARAZR

GA LR, ARSI T LTI R LA,

1 RHHFRHRARE, REMKERRENEN, SRRAERR. MR,
&M%, ERTANK. FRENITEALEY, Bidk-SROE
th, MET sp’ Bp-21, HEFUEOHILEY: SBRERNT
[EAREY, HFFRFHR-RELERREERTH, HHERMERK
-ERIBILIRRE.

2. WIRFEBRNERAMHOERFEAME, EARITIEEREYEIXE
Bk S I AL M R AR
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BTE &, H KONHKEAUNHE

2.1 ER5itig
2.1.1 REKER

RFXRBEOHREAETREN. HESAR= MBSV FEHE,
EWEAN W-C RERBORTMIR, "ERETRENLETD, 2o,
B3 A A R SR A 3 8 T DU BV 5 AR AL AUV R R BB B
Fibl, ABRANEANERIILES HEEBMMET, AR TEETUT=
FOR R, :
Aok 1 f 2

FEXCRRBBFROREE b, BATE R T U FRMET X =M 1,3-H =R
i) POCOP BYSH=MLME 1 A 2, ROtk 1 RUK N EMMOMETEE, BAE2
R BB TA A, RP%T PCP BHRAR AN S e X5
KAEBEORAL, BHHRRRNSRRANT, 250N sp-C BT
BFHER, ATHLEHARAYNRAEENAT, E4RARLES, 3t
WS SR, BATR T Leve sk, RAE A6 5 88 EuN U8 DMAP
{0 AR R R A R HC, 76 Z BV SR 4 T T A LU B 07
EAREM 12 Eq 21, 22); Bl 1L ELRTUERGEERK, k2
R 2 3 R A

O~ppn,
B0
+ 2Pl + 22BN ey + 2EuN-HC

OH L

1 Eq.2-1

n
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OH
O~pph,
Et,0 SELN.
+ 2pPmCl + 22 E;;N__'?__, + 2E4N-HC
OH \—PPhy
: Eq. 22
Actk 3:
= =
NH N—PPh,
= cat. MgBr, X 5 NaH 2PPh,Cl X
[/\NH + (CH0)— _SNaH
= THF
= THF =
NH _ N-PPN,

~{

3 Eq.2-3

K T it — SR AR R B 380 TR R AR R A, Bl S T — b
BB ALE R Ay 7 SR MI S R ) PNCNP RUSHSACHK 3, HiEBHE Bt TR
R EEZ 1B, R R LA T RRACAR . 2R A R IR A 4 Rt R AR 0 5
HUSEIR™ P, RAMGHT EBEMIBOE, AR RIRANESEBEH
MgBr, {48 InCls fE A LT, FI KoCO; 148 NaOH RE LR WA R ELF, J5
REH RN A AN R ZERNECHRRESE T ESRIME TUREA
5[] 4 ik i R .o

212 HRIILEMHERRERRR

AR AR A SRR ALEY, BB A HBR- SRR H &
HEHRREY, FE—PHRFERNFER SR,

SRR E SR LA RFORMELR, ESREILEFREMCASY
HEEEMM. HRENRRERV=ZPEBIHNTESRESHER-D
8. B-ERSEAEROELTEAERRORAN, dTRGHERE
RAFHOXFRYE, HHAH BEMRIBFE. Bk, £2RRAVHEMBRTR
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FR—MRIFRIXRHERE. BNEEERT=PEBIRNENENESRESY
Co(PMes)s 1 Co(PMe;)Me, HREFUBMMATHK-L R, HIEHUGHMURL S
YIRS

2121 BE1HRN

—HHEF—A PPh, RREMNFE R, EdF SRR, FF EABMLH
sp’C-H REBBEATY, ZERFANEARFOERT, BUEAE 1 BERF
BREVECERN CH BNZRLBARN. BdNAEAANEETSE M
ALK 1 71 Co(PMes)s IR (Eq. 2-4), BRI BH T —Fiza ik, H5E
TERBREH. BRFEEAE 30%, BRZEAMREIBHROIE=S.

e S EME MM T THREH, U—A PMe AP P BFATA, [

Co RALHIANZAP BFM—A CRFARE REFHELRET sp’C-H 2
L, ERMEIELHEIEM R, NMR Xi#HEFHRE R C-H 2 Co iE
WENZERE Co-H 815 S, RINEZATEMHRIEN, AEERLE. 28
MIUEkm, BIMLERE—FN.

O~pen, °\p<12 PMe,
+ CoPMe), — Co<
/ PMe;
o—FPPh2 o0—PPh;

1 s Eq. 24
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Figure 2-1 Molecular structure of 5 and selected bond distances (A) and angles (deg):

Co(1)-C(2) 1.961(2), Co(1)-P(1) 2.1277(7), Co(1)-P(2) 2.1338(6), Co(1)-P(3)
2.1821(7), Co(1)-P(4) 2.2178(13), C(2)-Co(1)-P(1) 76.63(6), C(2)-Co(1)-P(3)
171.96(6).

SR-ARMNHREFER =GR, TUERRT. ARTRELHET.
HUESREZAUEVERZZM TRHR H, FESREANMN T LARE{EH
ATFHES TEEERET CH BIWH, hHB L™ RIENRE 1 5
Co(PMes)s R B SE4E R Co-H (WA IA4E, Co-H RENEMER, BEXRE
T Co-H BHWR, HER—ANERTF, ERTEEY S5, KA Co RTHSINER
FHRIEE) 18 LN, B—MEERE. BeY S RERNARRESEH
REME—FY), Co-HBEIRIBIERNHAEE.

2.1.2.2 k2 RN

AP, FARXEMET sp’C-HBIFL,

-2PMe,

O— O~pph
PPh, \2 PMe,
+ CoPMe), /
(o]

o) — Pphz - Pph2

2 Eq. 2-5

Mk 2 MEHEESREEARY, FAKETLN spCH BRAESS
Co(PMes)s f Co BFREMEIEM. FEXRT, BNSEEHTHEMS 2 BAK
A PMe; BOAKT 4 BB\ TEFRREBC &4 6(Eq. 2-5). BEAY 6 RUA Co BT H
LRINEARGE, P4 P BT Co BAL, RARNEEELKTLCRETS
Co BFZIMRHEREMEAEN.
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Figure 2-2 Molecular structure of 6 and selected bond distances (A) and angles (deg):
Co(1)-P(9) 2.1409(16), Co(1)-P(5) 2.1472(16), Co(1)-P(8) 2.1962(18), Co(1)-P(7)
2.2195(19), P(9)-Co(1)-P(8) 115.79(7), P(9)-Co(1)-P(7) 116.03(7).

ERNBEYIRLI S, BAE 1880 cm™ AT LUK I HL B AR B0 R dh e,
RAUNZRER-ZRNET. FU, BARKRERRRETERNEEY 6
R BHROEEY), BRIZARTERHE T Eq. 2-6 FURA C-H B
FUCMARIE BRI RE 8, REEXHMRNEHT CH SBRLK~YR
ai#, BRFHA PPh ZAMRMELMKT Co FFM sp’C-H BRAEHMEIE
RELE, ERIENENERBERK, sp’CH BOFELEREAERE. RN
ZREMAECH, ELREFSTENBOENSF, REHR T T ER
I Co-H B, HRBFWEMMR. £ CHRBEUNHRS, HLs—LiXHN
0L, BRI MEATEETAEUS B K, XEFEFELLREIEAR
ing,

O\ o
PPh, ~~PPh
\ \2 o
c°\ — /
/ PMe,
\o—PPh

6 ¢ Eq. 2-6

BREERE sp'CHBOFENL, HERLEY 6 HABMRETESITHP R
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FrERPORRELLRHBLFEN KW 6 TUBERENCEERNT
w sp’C-H B RARA. NAXMHEARTFHRERLALKMRER, HRH
Co(PMes):Me 1 REEPES, BAVEEI T HARAY 7, REHLRET sp’C-H
BEEL, FERNEHRER, AZRTNTHT, KW TS BE=ERE 10%
P E(Eq. 2-7).

oO— O~pph
PPh, 2 e,
E,0 \
+ Co(PMe;)Me  ———> fmmnGo
-2PMe;, -CH
3 4 \PMeG
\o—PPhy \y—FPh;
7
2 Eq. 2-7.

/

AAEE % B OCHE FHIsp RIC-HEBCoR FiF T, XH LA LUANMR
Kb BEFE. £'HNMR b, CHER (br, § = 2.425 ppm)FICH 2
(doublets, & = 3.500 and 3.733 ppm)IER /M LB 2 1:4, RARAAFRFLCRET L
RET—AHETF, BA—AHCoORFUINIT: 0.8%11.0 ppm KESRAHA
PMe;FiitE, 7 05T HIL7E6.9-8.1 ppm. 7E°C NMRYtiES, ZERBIMLE
R KB FATHT LA I Co-C (sp) (8 =22.3 ppm)» CH, (8 =71.5 ppm). PMe; (3 =
12.9 and 20.8 ppm)F aryl-C (5 = 125-147 ppm)fif5 5+ *'P NMR i R LR A
PMe; (8 = 12.3 and -12.5 ppm)BCAAHIE 5, RAEANIFTAMALEIFER X5, PPhy
HEAHRE 1563 ppm, FBEEH (P, P)=83 Hz.

B TE Z R T PR 4 R I, P EIE & F#ATX-Ray 8 R FT5 2
FORSYINES, NIERNRREHT, RIE—SHATREYTR'E
C-HEBCoORFHEWMY, SARERIEPBINGERMATF. BEEWIRLUCO
B HHRLH AL, C1-Col-P4ib T4, P2, P3, PSEEE T3 FiE. Co
BEFARMBHRAN LTS BARS, AR T H SRR (sum of
internal angles = 526.84° and 523.85°). Col-C1HI#K [2.081(4) AJZELE % KICo-C
(sp") BT P(2.03-2.15 A) ¥, Col-P4ffIBEK[2.1693(13) A]¥ £ K HCol-P5
[2.2170(13) Alf94E, RWtrans-C (sp’) BT RALRFHER.
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Figure 2-3 Molecular structure of 7 and selected bond distances (A) and angles (deg):
Co(1)-C(1) 2.081(4), Co(1)-P(4) 2.1693(13), Co(1)-P(5) 2.2170(13), C(1)-Co(1)-P(4)
172.88(14), P(2)-Co(1)-P(3) 124.35(5), P(2)-Co(1)-P(4) 97.43(5), P(2)-Co(1)-P(5)
115.01(5), P(3)-Co(1)-P(5) 114.59(5), C(2)-C(1)-C(15) 111.8(4).

BATAANEEY T MAERBH T Scheme 2-1 FiRfitfE, Co BT LK Me
EAERPEITELEENEA.

E10
4+ Co(PMe,)Me _— i Co
-2PMe,, -CH, / \PMe,
PPy \y— PPz
2 7
+PMe;
+ Co(PMey)Me cH,
-2PMe,

P~pph, o
c3
R\
N\
Co\
/ Me
\y—PPhy

= -l d -

Scheme 2-1

~PPh,

ALk 2 B9/ PPhy EEF B 56 H0 Co BURL/S, AT Co # sp’ C-H @M EE
HEHE, C-HBEEH TN Co RFLREEUMBRRN AR Co-H AW

4
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B\ Me 317 H £ 200 CH, BRI, HHXUT Eq. 2-6 FHTHES,
RHETRAY THER. TRABHBLIE EROHE, CoPMes)Me MR
VAT, EuO WMMMIE S R BRL A T NRLE, TN ERRY, WE
RIMHT, BBAHLEMANS, BHMT, KEIEHKRREEY .
AR ST B MR A B AR FHRAEN 4. 7 Gumnoe A1
Cundari HE i1 B EE4T ()T sp® C-H BYSILEIBTR, MR CHy B R
3T ARG 1E I,

ERMEES B AR AR RS, ETUELRN, BEWTE
RTAISTRERGENE, AT 2h UL RS, XA AR
Ir, Ru, Rh MR AMMIRS, HHAMEAERERR oH BRTTARE
RALAYA p-H MRTAERGTRELNRAN® Y, KA1 E5R 1847
ML, BRI,

a7 R R :

EEFEMHLET, FENEBRRAMEELYN o BR-ARNHATE
FEEXM. NTERXRERPRITTURIR, S5 sp° BBR-DRNELT
EXLBBIRMEHTAREREEI0C) . £H TEENLREROER L, R
Mi#—SHRETRAEY T HREMR, 2RECLHROK-ZRE 6K,

MATT IR P RA14E, B-ARESREAVIMKZ GRS 5
R RN EEHR-ERERALNEEFX. &Y 7 TUARPREKES
R, HRAEY 8 (Eq. 2-8). BLAY) 8 Rit—F RN AEmR- AR H e Hk
frepiEl =gy, (HRIEX PR RN T A R A — 5 BRI K R B

P~pph, O~ppn,
\ PMC3 PM¢3
Et,0 /
Illunn...-co\ + 2Mel /Co—l
PMe, [Me,P]I Me
o—PPhz \o—"PPh2
7 8 Eq.2-8
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Figure 2-4 Molecular structure of 8 and selected bond distances (A) and angles (deg):
C(9)-Col 2.021(5), C(12)-Col 2.065(5), Col-P(5) 2.3043(14), I(1)-Col 2.6673(7),
C(9)-Col-I(1) 178.75(18), C(12)-Col-P(5) 175.43(19), P(4)-Co1-P(3) 162.71(6),
C(27)-C(9)-C(8) 111.8(5).

EERRATHMTHRR AT UNZBE R ERE3. REYWSRUCET
RPLENEAGH, IRFRAESRLNsy-CIRFIEL, PMesFIMekt FXHL.
Col-C9 HIKR 2.01905) A, BIETFRAMTHCo-C (sp’)i[2.081(4) A, RHII
BTFRIRABNESH—,

K&V 8 BREH—SLLTRHERTRER-RBRRN, RIAEENME
PR FREZ AR DNTR? BAGEE ERT LA GRE, SERKRET
B, RRETHR, FEH, MSHE, 9, 10-2RES. &YW 7 HRIEEN
PR S ERRARREZRFG T AR, LR R0 AR LR E R,

“~PPh, O~
2 PMe PPh,
PMe,
ey Co\ + pBuX Et,0 /\ .
PMe,
o—FPhe —PPh,
’ 9. X=Br

10. X=1 Eq.2-9
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Figure 2-5 Molecular structure of 9 and 10.
Selected bond distances (A) and angles (deg) of 9 and 10:

complex 9 complex 10

Br(1)-Co(2) 24411(7)  1I(1)-Co(2) 2.5979(6)
Co(2)-C(14) 2.055(4) Co(2)-C(17) 2.0685(18)
Co(2)-P(2) 2.1826(11) Co(2)-P(2) 2.1597(6)
Co(2)-P(1) 2.1842(10) Co(2)-P(3) 2.1734(6)
Co(2)-P(3) 2.2309(11)  Co(2)-P(1) 2.2278(6)

C(14)-Co(2)-P(3)  17820(13) C(17)}-Co(2)-P(1)  178.46(6)
C(14)}-Co(2)-Br(1)  8921(12)  C(17)-Co-I(1)  91.37(6)
P(1)-Co(2)}-Br(1)  132.95(3) P(2)-Co(2-I(1)  124.952(18)

MEEARET HEAMBRIE T 50 R B H B A58 R R RS &9
#0110 (Eq. 2-9). PMe;f&BILKIsp-CRFATF=FARESEHMTR. KAEN
B AYIOFI10 R &Y 7R MR R4 B i TR MBI £, s 8
BVERE—$KE T R-BBB RN R E KT B RN (Scheme 2-2). BIZHRZR
18 e it 4 A SR BT A 0 AR N =0

ERIMEBAHTOHREHEFR D, REFLUMEHFELE Co(PMes)s )
YEF T 2 8 8 FEAL AL R A B-BR B R B 7E Gerard van Koten 3%
B0 T U ER B 420 NCN-Pt BRAWat e sp e ol ST DIZE Py
BEF EREFAMBRE, BEFEEBRE C-CBKRI.
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O~pph, P, O~pph, O~pph,
\ \ PMe, \ PMe,
fimCo Et,0 4. + /
2 N + n-BuX —» ~X Co
PMe, /
\o—PPh, \o—PPhz \o—PPhy
7
X=Br, I l
- -
O~pph,
/PMeg
Co\ +.....
PMe,
\o—PPh; |
Scheme 2-2

BMNEZRA T FERAESEEYRRN, RERZAE, FESEHT—FH
PREEE, ERHNMR Xiltd, RAVESIE-9.04 ppmRI T £B-2MNES,
EEBRATRRE B HER % R BB 7 N AT BEIEG. 2-10fT R, TEFEIBZ M
HEZRMCHREURE. KotenHBEMHARS, HAMHIRISHEFRFEL
BHEZRHNC-HR, FUEFEIBZEHRFATRARREC-HRENEL, X
BROENRNZE—EREN, EETRRILEDHRAS, RIMELHELH
C-CREZEARNCHRENRE. HRBNE, BHRIMBEEFHES
X-RayR @i TR SN RE, RARESEPE R TLHELA
UHSEH, EXBERN ZREENEE.

O~ O«
PPh, M ~P PPh, O<pph,
\ axl {hz/ PMey Bn \ ./_.PM% Bn 2/
e co\ ia - fo Cl <C|
PMe,
0,41'-, B0 o”’[; Bn o—PPh "

! 1 Eq. 2-10

REY 8 F&F Col MAHETT, BAVBMLER RN, EFEANLM
B FHRRAA BRAE—SERT, FRAY 8 7T LUK REM
R BB R Y (Scheme 2-3, 1), BLEZEFHRFIER TR ELHRA sp°
BR- AT BEEL(Scheme 2-3, 1) (HR LR PRI, BLAY) 8 HHREMEXIAA,
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FREMERRN RN R, RS, TREBIEIRMRNEHFT, e
Y 8 A3 .

TPPhy PPh, 0
PMe; PPhy
\ \ /PM% \ PMe;,
W Co\ . —— 4+ RM gX Co/ R
/ PMe, Me / Me//
PPNz o— e
7 8
o\,,,,\h2 -
([T Co/ + R-Me 1
é / \P}‘Ne_,
/Pth
O~ppn, o0~
| I \ /PMe3 . /P'Me, I
/ PMe,
/Pth O/Pth
Scheme 2-3

BAITEERATRAY 8 /1 CO MIRM, MASREEYH CO HLAFTY
RS, BEEURES, 1 COBIRMMMIREEEARXNPY, EHRFR
IR R T REFAIMBRERAK, KIARE CO KALE Ry
=2032cm™), CO REREHBARNL, I B7E 930 cm™ 4 PMe; FLFRUHFIE
IR 138 5% T (Eq. 2-11)0 SCHRA A IXRE A TR $ED™), ZE Christian M. Frech
1 David Milstein % T PCP-Rh (b &MHIBAAH, CO BEFHK4ER Rh-Me Z[H]
MENRR, TR RE Rh RAIRERMZEERIE Me 1 1 H TR, £HlER
447 8 Mt EHEA CO, MRS 7 M ZBEAFTIMALRK CHI, REL
B RN RS CO BB, thRRSKE CORM PMe; REARHI R AL,

O~pph, O~Ppph,
o
el \
Co—1 Cco /Co—l
Me/ _ Me
Et,O

8 12 Eq. 2-11
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Fi Co(PMes)sMe A AZEIEH BAKI R S &1 T 1 sp’ B C-H @M R 3F LI
MRS BT =Y, EF TXRONRMER L, RITKELREME, =RH
CoCly i%4k sp’ BIBK-288. 7 LiN(SiMes),» NaN(SiMes), 5 EtN 58BN T, 308
SERI LR B0 RN A (U 2Rk S R K P EIR), BU4A 2 A CoCl, TUA R E R Y.
S RESCER AR IR 4, BATA N RIER % Bq. 2-12 PO H RBATH. BR
BBHR, REEFHEELRNTHMTRRE, 0 EFTAE RIS YRR
i, REY 13 MEHEREETATE. ML KRS 27 b 7] LR 2R &
HEL O B 4 20 R M 0 o

O~ppn, P~ppn,
THF, refluex
+ CoCl, + LiNGSiMey)y —— Co—Cl
- LiCl, - HN(SiMe;), /
o/PPh2 o /Pth
: B Eq.2-12

2.1.2.3 B4 3 RN

S%BHk 2 1 Co(PMes)Me (IR, BATIANALHE 3 4 Co(PMe;)Me
YL C RF LA C-H #(Eq. 2-13). BAYW 14 EZETH 'H-NMR H&%
., BRTSHLRBRENSF, (UET NMR $ER T LHELEH. EES
HEREKRE—ERAD, FEELRTHMT ‘

r— N —
<~/ M Et,0 =~ N_Pih’ PMe;
+ CoPMeMe —— o v
_ -CHy,-2PMes | _ / \PMeJ
< N—PPRy . N—PPR,
3 14 Eq.2-13

N
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7EM Co(PMes)s, Co(PMes)sMe Fil CoCly BB AAIL AW AT IR R H, BN
REIT ARG TRBIE S CHE, AR p’CHRBHE, &
BT 10 MFROEEY, K s MERMAYA | HRERRNATFREYE
EERATA. NMR SMHTERTTRANRE, BET4H; BREHRE
AR AR C-H RIBLMTIIT, ERABRNHNERLE.

213 KRBV SRR AR

2.1.3.1 Bk 1 KR v

BATE KB RIES T = FEBRFNRES YT C-H BE LKA,

Btk 1 F Fe(PMey)s ZEIERSTH T RN, ATLLBHEERR, & 60%
PAE, BAENERNEHAREY 15. iAW 15 WA LiETHWER Fe-H
BIESW = 1857 em™)e NMR HEHIEEWTH, % 'H-NMR F, Fe-H HHH
7E-13.3 ppm, R 5 Y E ik, R ZALEYTH 4 4P HF:7£ 0.6 71 1.0 ppm
K4 PMe; BLtAH H B TFHIE S, 7 'P-NMR ', 6.0 ppm F1 201.1 ppm (/1
SMHBIER, KT PPhy Fl PMe; 7ERCEY 15 HHIMAER . HTREEAEE
B, BARMKEEFDES X-Ray BEMTHSITOEEY 15 K&k, RIE
REEMHERSY 15 HMEHRZDRNFTHENG—HER-20HD.

O~pph, O<pPn,  PMe,
pentane \ /
4+ Fe(PMe;)y — . 5 Fe<H
-2 PMey / PMe;
o—PPh2 o—PPh2
1 15 Eq. 2-14

Fe-H BC& 4 15 (MR B :

SESB-SUYREFEEN—KPRAK, FEIESRESVNELT
HEENSYREARE, WnARATTLA—2E BN A AL
Murai KRG CO HIBEEALRN, EEMBLEEIHR—REIESR-ZUY,
Bt gL B-SAYNEH. PEALEERESRANLET SARERN

50



WRR¥ 2R

A, Co,COy #f2, BBE MY FHER-TROMABR SRS BHEILE
RRATFHEEFRTRL—. BEHALEVEANZHE-ELEWELHN
R B I’EER'—%@H‘J?&%%EH%*[%]

no reaction

unknown products F F ¢ EYORT| wo é > |
F—Q+F no reaction
F

F V
THF, reflux E40,RT

O\Pth PMe,

\ / CHl

Fo—H ——  »  horeaction

Et,O,RT
\/\? (el PPh2 e

15
unknown products O\
%\’row THF, RT
o THF,
RT

no reaction

Scheme 2-4

AT~ SHARERN K- BAY 15 HREMR, HERENE RS
REBEERBIEZLEYNEH, BRINERTRAD 15 ER. RBRSEFHR
MBOULESYUR CO. CHl FMFFHIRR, HFHEETRAY 15 EFELLR
FETH C-F BAMKLEYPEIFRMN O-H BMR., XEHFEE/MEAR
ATLUE S KA W Fe-H BMEN, NLRERFRNEZARESY 15
EBMEHTHRIEENREN, W% ELO WHliP, BEAHTREY 15
M2, &—RTEEXBMHERRERN, Fe-HRBEXN. F—RN, LLUWME
CREOREUREMAEFETHERFENRSN, BRI/ ETR Fe-H @O
ZHK, HRLIRGREBHLER, BEEH B HIESRMENZYI(Scheme 2-4).

MEY 15 ERZRMRNES, RIESMOSEHTREY 16, A%
BRI = P EBEE(Scheme 2-5). SEAY 15 HiL, EREY 16 &
'H-NMR 71 *'P-NMR %, S#HRBAHENESHHERT, YP-NMR FREZH
BBRES(s,6 =209 ppm); LA, BK=BHIE 2037cm’,
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(o]

“PPh, PMe, PM
\ / 2Ph—=H, 2 PMe, l }Mﬁ
/Fe<-H Ph—= /To ==—Ph
o—PPh2 PMes THE MesP pne,

15 16

+Ph—=-H +4PMe,
-H, - ligand 1
O—pph,  pm O~pph, P
NDZ0 it \Ved
Fe—==—Ph _— > Fe—H
{ SN |2 AN
o—PPh2 © o—PPh; PN

Scheme 2-5

2.1.3.2 Mk 2 FIRNY

ERANVREAZ 3T R B Fe-H L EWHIFRS, B HE RN
KZPENZ FEBRMOREEY, HEEEAYWET. % Leslie D. Field 4
R BRI T, dmpe TR Fe-H (LA WREGERIZ R, £ 4 BRR
HERAHLEY, R dmpe RABRE IR, REHXRATUNE B K
WA ERA MG R, BMOME TRANHER, HRMNXEBIMERS
BRE, X EhERUEARN. I TR~ Fe-H L EYHHRD,
BNX—REHTEAY 16, RAERETHNRERTXFANE.

ALYK 2 1 Fe(PMes)s IR RS R R R, BB S YA UL: &,

BATE—S RN SEPEAEAN CO, ERMBHTREY 17, PMe; T2H
CO MAEEUR, Btk 2 RERETRBIRKR, ERMRRRE C-HRIELK
N\TERFEEY(Eq. 2-15). BILEATANEREAN CO ZHT, Btk 2 7 Fe(PMey)s
Z AR RSB RN, SR 2 f Co(PMes)s Z AR MK, C-H R

EAARAETFE DAL, BEALRS.

O~ppn, O pph, Oppn,
é + Fe(PMe3), —Bﬂ-— é \F0<PMes —>°o é \Fe/ "
-2PMe; / / N

co

o—PPh2 o __PPh, WL

2 1 Eq. 2-15
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AW 17 WAtk A B KA R R B4 IRE1E 5(1923em™ #1
1889em™ ), T PMe; 7E 930 em™ B P-C RBEHRAES. AW 1T R
P Fe AP OHMUEAKME, BRAFEPHFL CEFE Fe BFZIAAEEM
HEH.

Figure 2-6. Molecular structure of 17 and selected bond distances (A) and angles
(deg): Fe(1)-P(1) 2.1462(10), Fe(1)-P(2) 2.1414(10), C(31)-Fe(1)-C(30) 101.01(16),
C(1)-Fe(1)-P(2) 96.31(12), C(30)-Fe(1)-P(2) 115.62(12), C(30)-Fe(1)-P(1)
117.64(11), P(2)-Fe(1)-P(1) 119.37(4).

EHRIIREYHHRF, Co(PMes)Me 5 Co(PMes)s MLk, Me A7
# C-H BEERTREITHEEEEMER, EULBRYENT TR
ARET sp’ MR-EROWE. A Fe(PMes)Me, 5 Fe(PMes)s SR 2 K1Y,
Me ZHES TRIHEENER, HALRERFRE.

RCth 2 7E LR B 0 Fe(PMes)iMe, RIBE, BATILABE B HIF=2(>50%)% B
HT—MABKEY 18 (Eq. 2-16).

O~ppn, O~repn,
+ Fe(PMe;)Me, ——————» Fe<—H
-2PMe;, - CH, \PMe,
\o—PPh; \o—PPh;
2 18

Eq.2-16
EZRAYRLRED, 7 1919 cm’ REERGEHRKE, ZRETH
'H-NMR P EEE—EMRL, FESHHITA, EHRE -16.4 ppm LH W

3.
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BRISEE, SAXFEMEEEE, RIONENIEHYEEYTREE Fe-H R,
fE Co BLAM 7, 2.42 ppm F CH EEPRAFHFES, R Co &RULKF
L C BFEEE HRTFHLE, TifEi%Fe AYH 'HNMR i, WEHHN
WREFES, RUREETENTLCHETFLESREHETFT. PC NMR ki
i1, ATLL#F] Fe-C (sp’) 64.48 ppm. CH; 28.04 ppm, A% PMe; 14.15 ppm 1 22.9
ppm. CH, 78.98 ppm %{5%; 3'P NMR i+, 7E 1763 ppm % PPh, EHH
XN (2 p, p = 59 Hz)FIFA PMe; B945 5 (s, 8 = 5.7 A 16.1 ppm), PPh, Fl PMe; 2
MRS HHIN 1:1. B ZBTEL R, RIOVEFYUTES X-Ray BRATHD
MR &4 18 B G4E. BLEY 18 R UL Fe Nh O /\TR MR, RITHA i,
—/ PMe; BUARAL7EHE Fe BF-EBALH sp>-C BT Hoxtfr, @i B b g i
TR H BT ALTE S —4 PMe; RAKHISHAL, Fel-C26 FRIEEK[2.189(2) AJE
E#H Fe-C (sp)RKEENP. ZRAY 18 MEWT, BHEENEZREL
i1 sp’-C RF(C26) LA BT — AN E.

Figure 2-7. Molecular structure of 18 and selected bond distances (A) and angles
(deg): C(26)-Fe(1) 2.189(2), Fe(1)-P(3) 2.2301(7), Fe(1)-P(5) 2.2560(8),
C(26)-Fe(1)-P(3) 170.02(7), P(2)-Fe(1)-P(4) 140.06(3), C(26)-Fe(1)-P(5) 93.34(7),
C(27)-C(26)-C(25) 106.2(2), C(27)-C(26)-C(34) 108.3(2), C(25)-C(26)-C(34)
106.7(2), C(34)-C(26)-Fe(1) 119.71(18).

BATANZR 2T T 0 Scheme 2-6 FRMIRMITFE. Ak 2 BEHBRR
iX PMe; Aifk, PPh, MIREHL{EF] EBRASEHLCEF LY sy CHRERS
5 Fe EMEM, X5RHEMLREREM. KR CHLHERLT, REARTRN
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Pl C RFHERNL, BHEROEAY A PEE—4 Fe-Me BT, &K
ERRERRN, 21t C-C BETAERTHNEAFE. EAERERNEK
FREOFORCRTFLEE A CHE, THREREF KN CHREL BE
ERTREY18. AX—FRNT, EEHK CHEMNEL, —KC-CBHR
R RERBZRBHKIRT LHBR-20EL, BAZEMERNER, sp® C-H i
WHIEFFRAA > > & C-HE, EHH sp’ HEK-ERBEUREELBHANR,
REEDBELT, ZRMBERHFKET LS C-H B4 %K SRR AWE
>,

Klein 5% T EREAE RS sp® C-H BIFUMMBRF, HLBMFK CH R
HHEEA—K C-C BERRNSGSE—RHRR, 3 BMN1E S ELuE P H L
B0 AT LURY U B R R o A AR CHL ™),

O\Pth O\Pth
Et20 \ / PM‘G
+ FePMepMe; ———> Fol
ZPMQ ,® CH4 PM@,
O/Pth —PPh,
2 18
<CH,
C-H activation | .. C-H activation
2 PMey oxidative addition
O\P\th - O RPh,
PMe; reductive
.4 Ve clirnination H“\. / PMes
N e ------Fo\
PMe; C,C-coupling / PMe;
0 O/Pth
A B
Scheme 2-6

C-H #EUHFHRABREHE C-H ROVINABEE C-H BOVELFERS, T
¥ C-H BEAAHEEREAERENXBAERN—5. RERNE-FR
R, EEFEMOLREHT, XL EH LRI T H sp’ C-H R
HIERA VMRS C-H SR AL,

Fe-H B2 &%) 18 M1 5 R B
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AW 18 M= REH, EERPHE—ENRENE, EuO WRPEE K
RET 1h A LHBREEN. BNEE-PRRTERRNER, AERERT
WUER, dTFRETENEL, KEY 18 HEE AL Fe-H LEY 157
R, MAENXHRERAREETRERME TR R C BTR sp 24
TR sp* F:k L

O~pph, O~pph,
PM
T o
Fe——H + CO —i Fe
/ \P Me; - PMOJ H// \PMeg
o— PPhZ O/Pth
9

18 1 Eq. 2-17

RATHAR T REY 18 1 CO IR E(Eq. 2-17). BARIX B CO BEEUR—/ PMe;
Mk, HEF®EKE CO KIIEARN, Fe-H#M Fe-C BEABRERET.

Figure 2-8. Molecular structure of 19 and selected bond distances (A) and angles

(deg): C(29)-Fe(1) 2.157(3), Fe(1)-P(4) 2.2231 (10), C(32)-Fe(1) 1.749(4), 0(3)-C(32)
1.167(4), C(29)-Fe(1)-P(4) 174.18(10), P(3)-Fe(1)-P(2) 143.94(4), C(30)-C(29)-C(31)
107.8(4), C(28)-C(29)-C(31) 105.2(4), O(3)-C(32)-Fe(1) 178.1(4), C(32)-Fe(1)-C(29)
93.44(16), C(32)-Fe(1)-P(4) 92.37 (13).

RAY 19 MRAT UM ERR BT EL AR, BAY 19 RU Fe AF
LR NE AR, PMe; LATIS RN C RTFATXAL, Fe-H &M CO ALt
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WIR K%M 24183

TXHL L5 it p 7 A B Fe-H (v = 1861 cm™ A1 CO (v = 1907 em™ IR Wit
i, ALEY 19 () 'H-NMR {5 SHEM T8, Fe-H HHZE-10.01 ppm, B=4P &
TR =E W CH; ZH HIL7E 1.00 ppm, CH, 7 3.55 ppm F 3.95 ppm, RF
—4 PMe; H{5 57E 0.70 ppm.*'P NMR i, PMe; (m, § = 20.2 ppm, 2Jp, p = 39
Hz)F1 PPh, (d, 8 = 188.7 ppm, XJp p = 56 Hz) R F IR 4 LB 12, LREE S
FRET—A PMe; Bk, PCNMR i, Rt LIRS, PMe;
(d,8=21.0 ppm), CH3 (8 = 30.9 ppm), Fe-C (d, 8 = 58.1 ppm), CH, (t, & = 79.8 ppm),
and aromatic-C (8 = 127.3-146.0 ppm).

RIVEFR TR EY) 18 BB =R R

EESTROELRORMP, BIAIX—RSEE T HRARH =P RBPNE
CHREBRTERNESY 16, =ERHE, RE 37%(Eq. 2-18). HETRHFH
(o4 AL 44 20 ATLUM LC-MS( m/z+K = 497.2013 )FIE A7 *'P-NMR X0 £ 3(5 =
1132 ppm ), {HRERETH 20 RELH LXK, BATKEED B H 20 K4

‘Pth . ~~PPh,
P
2Ph—=—H, 2PMe, |;*M°s
Fe—-H =
—_—_——— Ph—!!—/f‘—-arph +
MesP 1|>M
16 »  Eq.2-18

AR AEY 15 70 18 W Fe-H W AYM SRR RREAR LR T4 XM IAH
BAETEME T RO 16, REMEY) 16 ELRNARTHXAI MRS
FX ERAHEBREARA. ROSBRIHAREETUABOENYETE
¥, QE=FERZHKR, ECR, ZXEZHR, X28H, FOK, FARTES,
FARERVEZREGTHIUMREY 18 RERN. RIMBEAZIHT
Ni-H f &EWMBRRH R# T 2 H HHHFE, ERAEXENT FeH I
Y 18 BFIRT, BTLRARAMNTFREFTENRE, SHTREREU
ATEE, FRERMREY, TRERETRERN. BIATEEREM AR
HEZMEFHREREY 18 KRN, REERLAY 18 PEEAKLK C R4
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BRI HEAL, AEH IR IR R H B BE 2 AT LURAE TS R 074

2.1.3.3 Bcfk 3 R

ik 3 B REREN TR 1 ALK 2 2. M Fe(PMe;)s SHitE 3 IR

R, BRAIHEHRE MBS R-2RIE TR Fe-H BEY 21, FRE
30%% 4 (Bq. 2-19).

= “N—pPh =
— N—PPh
—— 2 Fe(PM ) Etzo = 2 PMe,
+ e3)y ——— Fe M
-2PMe, ©
—— —
N—PPh, N—PPh, H
W o
3 A Eq.2-19

BLAY) 21 LTA e, 78 1923 cm™ L E RBEH Fe-H BB B RINES .
'H-NMR (¥ Fe-H HHI#-16 ppm K24, ZR THREESE—EMRL, A5
BXEmigih. >'P-NMR 7 3% 2] PMe; (8 = 23.4 ppm)#1 PPh, (8 = 48.6 ppm)E:
RES.

Figure 2-9. Molecular structure of 21 and selected bond distances (A) and angles
(deg): Fe(1)-C(29) 2.164(4), Fe(1)-P(1) 2.1554(12), Fe(1)-P(2) 2.1645(12), Fe(1)-P(3)
2.2397(11), Fe(1)-P(4) 2.2641(12), C(29)-Fe(1)-P(3) 175.69(11), P(1)-Fe(1)-P(2)
148.40(5).
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WARKFE L2 AR

M EtO WHRFTELELFERINTUBIREY 21 MEGREE, &t
X-Ray B E@ATA M, BAVRNTBCEY 21 UL Fe RF AP0\ HEIALH,
—/* PMe; LA M & RILH C IR FREX AL, 5 —4 PMes BLIAF Fe-H M H
JRFALF XL Fe(1)-CQOMIBK R 2.164(4) A , B&5E TR &4 18 F ) Fe-C (sp°)
B1K[2.189(2) A], BinHElk 2 thlcik 3 E A M.

M Fe(PMes)s SECIK 1,2 13 IRRE P, BRATATLARIL: Bik 1 REFMAY
HH, PPhyEE R Fe BMMAIZE, MR sp’ C-HBAZBYIN, £RM Fe-H
WEW 15 =ROER, KA3IHEEBAT &, HE sp’ CHBHFLIER
ATURAE, BUPREEREBIHMNEK Fe-H L&Y 21; k2 RIEMESYE, #
BEKRT, PO CRFLENsp C-HREXMEFRAERN Fe KAEMEIA, Hit
ARe#MAE C-H RIOWH, RRERTRERRNZ=Y. X—HT KRBT
(RHERIZE sp’ C-H BIFL MBS, BREM i ia B R Eld &M EhiE
sp’ C-HBAMBANE B OHIEE, #sp° CHRLZER SRR EME
FIRTEE R, TXER sp’ C-HBIFHS sp” CH BELHHIRP— N EENKX
A, sp’ C-HREOEDTERSH R, CMNTUMTESRELFET K
TR E—EWHEER, NTE sp? CH BOMBETBAR &,
Fe(PMes)Me, STC4% 2 () R B MR TH R U1HT T Re Ak & %290 C RF L& sp’ C-H
B, 48— Co RAMAYMHRPRIMLIRE R, RNBIANS R
ANZZBRERRNEREYE, BRESUMRRNTERE sp’ C-H RAMH,
M E#EE CHy RATLLKEIENT, BT HBIEEDNTEERM. XELUTFE
LR AR P RMAFTEROER, RRE—FEUNNERERNERE,
RERMALRERARE, ERFEEESRRDAER, L% *WEHTL,

p—
N—PPh, N—PPh,
S

Et0 = \ M.
+ Fe(PMey)Mey, ——————> Mo
2PMey, - CHy [ = [ pue,

N—PPh, ~_ PP

Eq. 2-20

BREEFHFHEST X-Ray BEAHINHRMA, HERENNEELR
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FRBMAR, RITALEAE 3 F Fe(PMe;):Me, HIR N &YKL AT sp’
C-H #(Eq. 2-20). MELAH) 22 LTS A 'H-NMR 3% F MR Fe-H S
5%, FIUBAITAAREY 22 MRAETEMEREY 18 —HRIRERK CH &
H—K C-C BEt, MREERT CH BHEHN&=Y. BARAEY 22
'H-NMR B 2 &%, FAGHERRA, FUERNSHEERERE.

NG

ERRFILEDORRAD, HABE T AAFRAOHKE S YN —FEAR
RIOGKIEEY . BIK-ERAFARMIDHEBGFRIETERAE 1. 2, 3 0=
M FeH BMHARSY, B SSR-ARNKSWEAENR-SRIGLHA
APABE K MABTMARNARK. BEY 18 HHRLELESE TR ks CH
BENFA—IK sp’ C-sp° C MIBEK, —F REBERMEMTERT sp’ C-H RINT
#ib. %t Fe-H AR AWHUFEAEMTRERER, ERENEARIER
A LR SR,

214 BRI EDNERE RN FRRR

EREMERIERM B, RITERHEE T Ni(PMes)s F1 Ni(PMe;)sMe, S 2
MR R, HREFAMRNEERTRARRKNTH~Y 23, A Ni fiRHERE
YR RE Me 5[, #HRAARH CH BHFEN(Eq. 221, Eq. 2-22). BEH23
=R MR, 7 70% L, FE5FM EnO Bl 4 RATH, B 5 TRk,
e AT AR =Y. ELVETH Ni(PMes);Me, ATHRIBIR A, HARBEX
BMORS, Me EEARAE C-HBENEL, TR CH WBRERI,

O~pph, O~pph,
Etzo /PM%
+ Nl(PMth Ni
sze, / ~N
o—PPh2 \o—PPh2
3

2

Eq. 2-21



WIRA % W AR 3

0
~PPh; O~kpen,

Et,0 /PM°3
+ Ni(PMe;);Mey ——————> Ni
-P MG_‘,- C2H6 N PMe,
\o—PPhy )

2

Figure 2-10. Molecular structure of 23 and selected bond distances (A) and angles
(deg): Ni(1)-P(3) 2.1348(10), Ni(1)-P(4) 2.1349(9), Ni(1)-P(2) 2.1759(12), Ni(1)-P(1)
2.2021(11), P(3)-Ni(1)-P(4) 106.93(4), P(3)-Ni(1)-P(2) 113.79(4), P(4)-Ni(1)-P(2)
111.31(4), P(3)-Ni(1)-P(1) 101.51(4), P(4)-Ni(1)-P(1) 115.76(4), P(2)-Ni(1)-P(1)
107.34(4).

A 23 BUA Ni AP OMIAHEME, Ni()F CQZEERZ, BEMH
HEER.

RS RA LT Ni(COD), 14 R RLET 4%, AL 2 A1 Ni(COD), HIR R[]
PR AR INF=Y) 24 (Eq. 2-23). A 24 5 TN ZEREH P L&, BFF
RER—&, RFIO%EL.

P~ppn, O~ppn,
Et20 /

+ Nicopp, ——» N j
-CoD e

/
o—FPPh2 \y— PP,

2 u Eq.2-23

61



WHRKFETZARY

Figure 2-11. Molecular structure of 24 and selected bond distances (A) and angles
(deg): Ni(2)-P(5) 2.1477(10), Ni(2)-P(6) 2.1476(10), Ni(2)-C(34) 2.110(4),
Ni(2)-C(35) 2.108(4), Ni(2)-C(30) 2.155(4), Ni(2)-C(31) 2.157(4), C(30)-C(31)
1.381(6), C(34)-C(35) 1.411(7), C(28)-C(29) 1.579(8), P(6)-Ni(2)-P(5) 107.20(4).

HEZIEF RPN UBMBEA PPh, I P T 5 Ni HAT W H MR,
HEZIEACA A C(30)-C(31) [1.381 AJH1 C(34)-C(35) [1.411 Al K BHHE
i C-C 4.

MARFRABRNELRAMET Ni LAY sp’ C-H BIFLFAKENR
WB? SCRRAP AR 1R % R RORAET™ 1M, BRRTEEE LA B R AR ZE R P 3 A
REFERURN, TIRERTEFFERUSTHAREEY): FLELERT
&M TORE, HinEREFER, TLRE sp’ CHBIIFEL, HRBIK
HARLAYH LB, BERMNET R TRE 1 R, FARE 1 FEKA
2, 3Mt, XFEREANE, EREHKE CHBOBERERMELEY.
7E Bernard L. Shaw BB A HC, HE&R MR LB R &R IR N
HESHTELBNHRESY. RRERBERETRNEMNTHE sp’ CH
BHEL, HEHABROR, ERARE 1TH sp’ CH BELNHASR, &
FUAREMIRER.

Ni(COD), itk 1 RNER—FEEREK, BAEMREPERELRE,
BRBIFEWK NMR B8, BARERERRERFESRREFZRORKRE
B, WEKE. BX, 28, ERESEARAENER, SEFH-AFR
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fERERES R, ROMEHT —MHEERE, Eit X-Ray BRETHIT,
FEBIMRRERESY 26.

Figure 2-12. Molecular structure of 26 and selected bond distances (A) and angles
(deg): Ni(1)-C(1) 1.8810(16), Ni(1)-P(1) 2.1606(7), Ni(1)-P(2) 2.1626(7), Ni(1)-CI(1)
2.1922(6), P(1)-Ni(1)-P(2) 164.180(19), C(1)-Ni(1)-CI(1) 178.62(5).

RaY26 ZUN AHOHFEME, 85 Ni-Cl SHRT, BdXRRE,
7E 2006 4%, David M. Morales #Ri# it R4 HI B &4, NiCl, FImCtk 1 £F
e AR AT LA I/ &0 26, BB BRATI A B 8 4540 MO AR i B0, 70 Morales
RERYE.

O o 2| ) = CF
a3l

Scheme 2-7
ERMMTRAES, HAE-RNPRTELRZNFE SR, BME
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HRAEAT FFRN, BRBATHEN, KE&Y 26 Mi%R A AHE R ib%
MR EY 25 B Z R P IRPHR-F R AR M= Y(Scheme 2-7), FHRATA
AEEY) 25 &W Scheme 2-7 FHREH, ERZ Ni(COD), iFHLEE 1 /)
C-HEAR Ni-H L&Y, b6/ Ni-H #5303 246 P BB M A L B o
2008 4, Lan-Chang Liang 8 2 L3 45 0%, ZE34F PNP-Ni-H (L&Y
5E R NAERMTRS, B4R HIE Ni-H 8RR E ZH R ENR RN K=Y,

A TIEMBRATRHEN, RONEETHENSERANAREY 25 R, &
BEYER &F, FRARARMERET R, LRIEH, BEY 25 ARRRAE
AT REEY 26 MEKARBRY, XEFRZEPH C-Cl BRETUKEEY
25 WL, HARMEAMHRARERN, FERXFHHR-NRLEER, BT 21
AT URREEY 25 ML A 26 Mk, B, SRBREN RN E&HERZ
—&, FE60CT 6 h AR N. AEY 25 MR EY) 26 MASMEH
HA 53 RO IX 3 0L S R L VT ), B £ A i AT B [ AR Scheme 2-8 %
Aiapid

5 euqiv @q

—_—
toluene, RT, 2 h

5 eugiv O—C'
o} > o

““RPh, toluene, 60°C, 6 h \P{hz
\ Ni~—C1
/“ 5 eugiv >—u /
_-PPh, > _-PPh,
o toluene, 60 °C, 6 h 0
25 26

Sengiv < N"Nar

Py

>

toluene, 60 °C,2h

Scheme 2-8

MRS SR A LT BECE Y 25 MRS, fAIBEX
RS, BABBIERTRBEAERNLEHE? B GC-MS MR &Y 25
AERERNEMEBR, RIORAE 1, 4FFH/A 1, 3-HEHUF, Nix
BENE—E R LIEIRCEY) 25 RBAERMNG M. 1, 4 HRFIMHM 1, 3-
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HEZHREMAFMNFR B-C LR B-H BRI~ Y(Eq. 2-24). H 4 M GC-MS
¢&m&%&m%¥ﬁ%%&ﬁﬁ%¥%%ﬁ%ﬁ?ﬁmn=mm%,@%ﬁi
%, '

O~reh, O~pph,
\ caaHa g
O =000
o-FPhe 0-FPhz
»

+e.  Bq.2-24

BATRAT Ni(PMes)s SE 4K 1 FIBL/A 3 (9 R M (Scheme 2-9), B# L £H %
7, S8, NEmAEE,

O~ppn,
\
EO’Pth
Et,0 or toll THF
4 or foluene or _ unknown products but

+ Ni
Ni(PMe;), not Ni-H complexes

Scheme 2-9

RIS ZUIMRA R, 3 EAFATLIS B A MR A=, HRILEFRK
BB RIXEFYER AR ZRE ZE T ERATRBENS T, NMR $EAE
B, EEHBEAPHESREURTHERR, BTG ET GEHE R 2 fnf i
THURERT H4, FEBEREYOLHETHERECR-LRNES, X
RAUAEN. XMREPF -LRLNER, LEWREBRLH, BNN5H
RABGHET ZHHRTEIEUEYREZNERPOMBNMRETERHK
AT RIYRI,

Y- R
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NI RILADRRED, RIBEABNEYSTELR sp° C-H BIFEL,
REBE T RA R ALK R\ T EY, Ni(PMes);Me, ] Me ZH
BHEIIRLE Co M Fe RIUEYARFT KIMFHABKIEM. EREA
WA ESIBR, Ni(COD), MLl 1 RINAERBEY 25, B 1 RECHIE
WS4 Ni-H 8 MR M 0 — BRI R 4 IR R 18 B 724 .
RAY 25 AILIEA R FR. FF, ARBARMERET S SERRRES
HETER C-Cl 8. ETFEXNMAURIMIRI, FESCHRIARFIER LRI T
ETRAEY 26 LR, BEE=EFN4.

'Y

2.2 TREH
2.2.1 #%id
2.2.1.1 ERHNRIEFEER

520 MNICAR R BARFEII A R AL, DR NSNS E K EEMES
S RHES P 1 FARMERT schlenk HiAMIT; FTRARKWAIBAR, LRAT "
BB GERKE. Z8. Ekm, —fF k. FEXE%) WERETROEEE
WA ERE . CIAMGERIERABERERICETE R .
2.2.1.2 &H
FHENEAFRA: ERE. 28, 1 KEMFRERERZAZRF s
k. —E PR, BE. 2R, KB, ERAR
HhE. dELESE
AKERAH s EZER
AKERWE rEEAER
=E k. Bk rEEBER
R, MRETHR. ERETHR rEEBER

Z3 REFERWERANERAF
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L PN B A

=HEEBE ACROS ORGANICS

REE ACROS ORGANICS

ERAA: L EAEA

LA LigREAE

(6] % — B FAERE R Z ARG R A A
L, 3-A_M LiEEZ R
ZRERALRE LEEAER

HE Aldrich

2.2.1.3 (3%

MR Bruker spectrophotometer type VECTOR 22
BB LR A Brucker AV 400 (or 300) MHz spectrometer
B RATHHX Bruker Smart 1000 diffractometer

7R LB X4 BRUE AN
WL Agilent 6510 Accurate-Mass Q-TOF
TEMTX Vario ELIII elemental analyzer

222 BB RAREFLEYIRHEE

ZRER X — (CRERE) EEH, N=RERSESRNEE

BAMETEE R, ERNFIHGER.

ZRERBOH &N,
Mg+ CHiCl —# CHyMgC!

3CH;MgCl + P(OPh); —= P(CHy); + 3MgPh]"Cr

E RN,
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WA AT LR

/ \ " .
+ Br,
Br
B

S (CHERE) RN (SHEERE) SR 00,

toluene

HN(SiMe,), + NaNH, NaN(SiMe,), + NHa

. pentane
HN(SiMe;), + n-Buli

HRFIMRA AP

CoCly6H,0 +6S0C), —— CoCl,+12HCI +6SO,

LiN(SiMe3); + CH3(CH;).CH,

CoCly+ 4PMeg + Mg — o Co(PMey); + MgCh
THF
CoCly + Co(PMes), + 2PMe; — 1w 2Co(PMes)sCl

Co(PMes)sCli+ PMeg + MeLi —el o co(PMe),Me

% RZIRTEAL &1
THF
Fe + 2FeCI3 —_— 3FeC|2
FeCl, + 2PMe; T, FeCly(PMey),
THF

FeCl,(PMe;), + Mg + 2PMe; — . Fe(PMey), + MgCl,

THF )
FeCly(PMes), + 2MeLi + 2PMe; —» Fe(PMe;)Me; + 2LiCI

BAFIREAL S

NiCly6H,0 +6S0Cl, —— NiCl, + 12HCI + 6S0,

tol .
NiCly 6H,0 +2PMe;  —o's. NiCly(PMes); + 6H,0
\ THF
NIC'Z + 4PM33 +Mg —— NI(PM63)4 + MgClz

ether . .
NIC(PMes), + PMe; + 2Meli ——  NitPMes)sMe, + 2LiCI

CH,0H
NiCl#6H,0 + 2CH,COCH,COCH; + 2Na(CHyCOp)'3H,0 —— »

Ni(acac)y(H;0), + 2NaCl + 2CH,CO,H + 10H,0  acac = CH;COCHCOCH,

toluene
Ni(acac),(H;0), ——  Ni(acac), + 2H,0
refluex

Niscacl, + 200D + 2AUCHHgls oy NHCOD); + 2(CiHghlacac) + CoHy + CoHe
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E—L'.%l[(CquoOP)z(Csl'h)]'

“~PPh,
+ 2P0l + zm,N——-. + 2E4N-HQ
o—FPhe

R B (5.00 g, 45.4 mmol)FIEN (13.3 mL, 95.4 mmol)#F FE,0H(100
mL), VK¥ T 1818 MCIPPh; (16.3 mL, 90.8 mmol), ERE+H HEITIEELNHCI
k. ERTHA2L, T8, WK, -18 CT4R, FRUAGBERERMN
Hi. = %: 18.8 g, 86%. 'H NMR (300 MHz, CDCls, 294K, ppm): & 6.90-7.60 (m, Ph);
3'P NMR (121.5 MHz, CDCl3, 294K, ppm): 8 111.77 (s).

AL 1K2[(C12H100P)(C3H)):
> TPPh,
+ 2Pma + 22BN + 2EsNHCL
—PPhy

2

13- (3.45 g, 45.4 mmol)FIEGN (13.3mL, 95.4 mmol)# FEL,OF
(100 mL), UK¥& T 1818 7 tNCIPPh, (16.3 mL, 90.8 mmol), B4 H ABITE
EGNHCIA i ZBRTHA2b, 08, BERETBRER, BE~H, IEE
BuREE, TR IR — B LR R4 . 7= %: 16.1 g, 80%. 'H NMR (300
MHz, CDCI3, 294K, ppm): 8 2.91 (m, 2H, CH2), 3.95 (m,4H, OCH2), 7.23-7.83 (m,
20H, Ph); *'P NMR (121.5 MHz, CDCI3, 294K, ppm): 6 112.6 (s).

AE4& 3[(Ci2H1oP)(C4H;3N)2(CHy)):

HBELEPE (1.5g, 50.0 mmol) Funtt% (347 mL, 5.00 mol) B F—7 ik
RS 500-mL BELHESD, 55 CTFHM 10 min, N EZRPBELTLER.
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IUATEK MgBr, (1.82 g, 10 mmol), ¥FBILEIRRLHRARRE, 55 CTFRAEBIH:
2.5 hJa, Fibm#, WHRHEHEME, MAKCo,K (13.8 g, 0.10 mol)
ZERMN. Bk 1h R, T98, SREEERFTERCKIMEE. 7550 5IFS
Wik, FAREN 1 4 MZMZBERIECKBEEN 50 nl KB 2-3 K, &
KRR . WELBETBRRETE, REARLEHRY, LEXAZERAEAHN
i, BZ KRG, TAEEN EEFIHPEL BB AEE KM P (3. 06
g, 42% FTH),

¢ AL B (783 mg, 5.36 mmol)¥ T THF (20 mL), £298 1 ANaH (643 mg,
26.8 mmol), EiEHH2 h, REMACIPPh, (1.92 mL, 10.72 mmol), FEHH10 ho
ETHERN, FEQOXE, JREAFEEEEELD, MTEIRKERRES.
F#: 2.48 g (90%). 'HNMR (300 MHz, CDCI3, 294K, ppm): § 4.47 (s, 2H, CH2),
5.97 (s, 2H, py H), 6.13 (m, 2H, py H), 6.21 (s, 2H, py H), 7.24-7.84 (m, 20H, Ph);
3P NMR (121.5 MHz, CDCls, 294K, ppm): 8 35.3 (s).

B2 &4 5 [(PPhy0),CH3](Co)(PMes),:

O\Pth 0\pQ12 /pMe3
+ Co(PMes)y — Co
/ \PM
€3
0—PPhz o—PPh2

1 5

ALK 1 (PhoPO),CeHy (0.81 g, 1.7 mmol)f 30 mL Et,0 %A Co(PMes)s
(0.62 g, 1.7 mmol) 30 mL Et,0 ¥#7E 0°C TRE, BHik:, REEBEMIBIEN
BatBgTREaE, BEEZR, B 24h TE, Eu0 ShHEUE LK, 4
°C THELGURIEEREMTHIMORLEBIRREME. TF: (30.1%, 035
g)o LA THF #Eh RS HIRS, iR RRLERE, UM ERSEA ELO
W BBIRRENDEICREE: ERRIEDRETIN, ZidRUKRNMMLE
12, NIERS R T AR EYRES. "HNMR (300 MHz, CsDs, 294K,
ppm): & 0.89 (br, 18H, PCHj), 7.09-7.90 (m, 23H, aromatic-H); *'P NMR (121.5
MHz, C¢Ds, 294 K): § -4.0 (s, 2P, PCH;), 170.6 (s, 2P, PPhy).
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B &4 6 [(PPhyOCH,),CH,](Co)(PMes)y:

O~pph, O~pph,
PMe;
E0 \ ~
+ Co(PMey)y o CO\
-2PMe.
i / PMe,
\y—PPh; \o—FPh2
) 6

¥E & 2 (PhyPOCH,),CH; (0.75 g, 1.69 mmol)f 30 mL E,O ¥l
Co(PMe3)s (0.58 g, 1.60 mmol) ) 30 mL Et,O ¥ 0°C TR, Hidk, RN
BHFENBLERSTMSTRA, FEZEER, B 24h. S8, %Y, -18°C
THE, FAGHRYITH. THT R 29, 7 1880 cm” HREE. S0k
ELFMURIRLERK, ™% (11%,0.11 )

AL &7 [(Ph,POCH,),CH](Co)(PMe;),:

0 O
~~PPh, PPh, PMe,
E,0 /
+ Co(PMey))Me  ——> it Co
2PMe,, -CH, / \MEg
o—PPh2 o—FPh:

3 7

#BL4K2 (Ph,POCH2),CH; (2.0 g, 4.5 mmol)f130 mL E,O% il
Co(PMe3)sMe (1.55 g, 4.1 mmol) 30 mL ELOWHEO °CTRE, #iHt, RNE
BOBENBLETNERFLE, BRZZER, HH4h EXRNE, 4
BHAMNECOFRIBHTH. iT¥8, ELORH4 CTHELRAIESRENH
AHMLEIRBE: BHOIERKEHTHREEYT, HEORKRELR
ALBE—HNIE . =& (772%,207g). mp(dec)>112°C.  Anal.
Calcd for C33Hy3CoO,P4 (7, 654.48 g/mol): C, 60.56; H, 6.62. Found: C, 60.82; H,
6.28. "HNMR (300 MHz, C¢Ds, 294 K, ppm): 8 0.87 (d, 2J(PH) = 6.9 Hz, 9H,
PCH3), 1.02 (d, 2J(PH) = 4.8 Hz, 9H, PCH3), 2.42 (br, 1H, CH), 3.47 (m, 2H, CH,),
3.72 (m, 2H, CH2), 6.92-8.10 (m, 20H, aromatic-H); "*C NMR (75.5 MHz, C¢Ds,
294 K, ppm):  12.9 (s, PCH3), 20.5 (d, *J(PC) = 16.6 Hz, PCH3), 22.3 (s, Co-C),
71.5 (d, 2J(PC) = 6.0 Hz, CH2), 125.7-147.2 (m, aromatic-C); *'P NMR (121.5 MHz,
CsDs, 294 K): § -12.5 (t, 2J(PP) = 98.5 Hz, 1P, PCH3), 12.3 (s, 1P, PCH3), 155.9 (d,
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2J(PP) =83.0 Hz, 2P, PPh2).

AL &4 8 [(Ph,POCH,),CH](Co)(PMes)Me)(D):

0

~~PPh, PMe, P~ PPh,

PMe;
Wiksine Co + 2 Mel Et,0 co/_—'
S e =
PMe, - [Me,PlI Me

O/ PPh2 O/Pphz
7 8

KEE7 (610 mg, 0.93 mmol)FICH;I (754 mg, 5.31 mmol)j50 mL ELO%
WO CTRE, BIEZZE, #ifudh FOEKRKEBEITY, RNERIE
afi. ik, FRMIEE0 ml EnOKIAKR, &HELOBM, &LKAE, 4°C
THESEUANES AT NLEIR S, 7=2: (460 mg, 69%). mp
(dec) > 134 °C. Anal. Calcd for C3;H37CoI0,P; (8, 720.35 g/mol): C, 51.69; H, 5.18.
Found: C, 52.03; H, 5.02. "H NMR (400 MHz, C¢Ds, 298 K, ppm): & 0.84 (d, 2J(PH)
= 5.2 Hz, 9H, PCH3), 1.23 (m, 3H, Co-CH3), 2.37 (br, 1H, CH), 3.22-3.82 (m, 4H,
CH2), 6.67-8.66 (m, 20H, aromatic-H): >C NMR (100.6 MHz, C¢Ds, 300 K, ppm):
8 15.8 (d, *J(PC)=27.3 Hz, PCH3), 25.6 (s, Co-CH3), 29.9 (s, CH3), 67.6 (s, Co-C),
71.7 (s, CH2), 128.4-144.1 (m, aromatic-C); *'P NMR (162.0 MHz, C¢Ds, 298 K):
-20.6 (s, 1P, PCH3), 148.7 (s, 2P, PPhy).

A% 9 FELE4 10 [(Ph,POCH,),CH](Co)(PMe3)(X) :

O~ppn, O~pph,
PMe,
Et;,0 / ’
N Co\ + nBuX oc\x
PMe,
o—PPha \o—PPh2
! 9. X=Br

10.X-1

HEAY 7 (610 mg, 0.93 mmol)F n-Bul (793 mg, 4.31 mmol)fj 50 mL Et;,0
W0 °C TR, FIREZR, #iH 24 h, FIROEHKBITH, RNE
WAIEEE. S, BAMERR 30 ml ELO X 3 K, A ELOWE, &%
W45, 4°C THESETAAEELETHMTNLATRIRRL. %: (144 mg,
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22%).
n-BuBr KR KA, 7= 19%.
&Y 9 FMELEY 10 RIGHLMEY) R .

BC 44 11 [(PhPOCH,),(CH)(Bn))(Co)(PMes)x(Cl)(H):

O~ O~
P<h2 PMe, O~pph, PMe th’ PMe,
||m---c°< + Bn-Cl \00/— cl 3 Bn Ca/—CI
PMe,  E0 /
/Péhz “ ‘2 / \Bn aPth
~

0 \o—PPh;
7 1

¥R A7 (510 mg, 0.78 mmol)HBn-Cl (635 mg, 5.01 mmol)f50 mL Et,O%F
WEOCTRE, EHEERE, HH4h FHELERNKSEITH, REERHR
iR, 1138, FRME R0 ml EROXKE3IK, & HELORM, & 4¥RYE, 4 °C
THESS, THaaEE, JRESSNAEERETHMT. =2 (248 mg,
45%). EBETFT'HNMRE—EHKFEL. "HNMR (300 MHz, C¢Ds, 294 K, ppm): §
-9.04 (br, Co-H), 1.36 (br, PCH3), 3.56 (br, CHy), 4.21 (br, CH2), 6.88-7.84 (br,
aromatic-H); 3'P NMR (121.5 MHz, C¢Dg, 294 K): 6 -20.3 (m, PCH3), 127.6 (m,
PPh2).

0\
P{hz PMe,
Bn /
— Co—Cl
/

BC &4 12 [(Ph,POCH,),CH](Co)(Me)(CO)(1):

O~pph, ~PPh,
PMe, \ co
\/ /
—— co —ch—i
W/ W/
\\—PPhy B0 \\—PPh;
8 2

K EE Y18 (510 mg, 0.71 mmol)j30 mL ELOWH E B T A1 atmfCOBKIE,
BH12h. WHSWT ARG, T8, FLUKRE, 4CTHESR, MHHA
Bk, BRELRIAES RENTHMT. ZE: (245 mg, 51%). IR (Nujol, cm™):
¥(C=0), 2032 cm™ .

MR 1 o
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KA 13 [(Ph,POCH,),CH](Co)(Cl):

O~ppn, O~pph,
THF, refluex \
- LiCl, - HN(SiMe;),
O/Pth O/Pth
2 13

¥ A4 2 (Pho,POCH,),CH, (2.01 g, 4.5 mmol)ff] 25 mL THF ¥ # #1 CoCl, (0.58
g,4.5mmol) #25mL THF BBAEZETRE, Bk, RMBEBHFENERER
MBI RIRIE 2, 0.5 h J5, B LiN(SiMes) (1.36 g, 4.5 mmol)f] THF % ¥ 20 mL,
RNAARRHB . AR 6h £h, WRAKRA. BEXBTER, KK
FIERSFEMZBRERIZRE, -18°C THES R, ZRERPTE & AR E &,
ERINES LGN, =% (20.2%, 0.48 g). MHLtE.

ZEE, PRV RN B AL

AL A4 14 [(PPhy)(C4HsN),CH)(Co)(PMes)s:

= N—pph =
- 2 B0 N
+ CoPMe)Me — o v
-CHy-2PMey [ Ny
N—PPh, N—PPh,
.
3 14

¥ E 4k 3 (Ph,PNCsHs),CH; (1.03 g, 2.0 mmol)f 30 mL Et,O ¥ A
Co(PMe;)sMe (0.75 g, 2.0 mmol) #7 30 mL Et,0 7 0°C TRE, FIREZR,
Bk 24 h, REEBMSENSLERIBERFLE, EXBRIE, FL4EHRK
M EtO #8184 H. 238, EnO M 4°C THELR, Haa ik, EER
SHRD, BORELRIRES B RATH M. FE: (572%, 0.83 g). ZBT'H
NMR %ft. 'H NMR (300 MHz, CDCls, 294 K, ppm): & 0.88-1.55 (br, PCH3),
3.4-3.7 (br, CH), 6.27 (br, py-H), 7.2 (br, Ar-H); *'P NMR (121.5 MHz, CDCl;, 294
K): § 23.7 (s, 2P, PCH3), 51.7 (s, 2P, PPh2).

A& 15 [(PPho0),CoHs](Fe)(H)YPMes):

74



TN B J0A73'S

O~ppn, O<pph,  PMe,
pentane \ /
+ Fe(PMey)y — F3<H
-2PMe, /' be,
o—PPhz o—PPhy

1 15

HEAK 1 (Ph,PO),CeHy (0.81 g, 1.7 mmol)f 30 mL IERAEH B Fe(PMes)s
(0.61 g, 1.7 mmol) 30 mL IE/RAEHTE 0°C TRE, REKH 30 °C KA 24
hy RENEHEERE, FREAGEERRITH. S, BROBKEAELEY
15. ATLLA EnO W ES &, BRFBIANAABRE—ENESRATHMT.
P22 (67%, 0.78 g). mp (dec)> 140 °C. IR (Nujol, cm™): v(Fe-H), 1857 cm™. 'H
NMR (300 MHz, C¢Ds, 294 K, ppm): & -13.3 (m, 1H, Fe-H), 0.59 (s, 9H, PCH3), 1.13
(s, 9H, PCH3), 6.98-8.14 (m, 23H, Ar-H); 3'P NMR (121.5 MHz, CsDs, 294 K): &
5.8 (m, 2P, PCH3), 201.2 (m, 2P, PPhy).

At A4 16 (PhCC)y(PMe;)4(Fe)
0

TSPPh;  PMe, PM
\ /  2P—=—H,2pMe, I/e)PMea
/Fei—ﬂ Ph :/Te =—Ph
THF
o—PPny T MesP e,
15 16

¥ ACAY15 (0.68 g, 1.0 mmol )X THF ¥ A2 Z.4(0.51 g, 5.0 mmol)f) THF
WA 30 mL TEETES, BiH24 h, BREHE, HOBEGHEEIR.
T8, THF BHBUE L9K4E, -18 °C THE, I R AICREAE. 7% 0.17 g, 30%.
IR (Nujol, cm™): WC=C) 2037, v(PMes) 936. 'H NMR (300 MHz, C¢Ds, 296 K,
ppm): § 1.41 (m, 36H, PCH3), 6.96-7.41 (m, 10H, Ar-H); *'P NMR (121 MHz, CDs,
296 K, ppm): § 20.9 (s, PCH3). 55 3CHRA i i Bam A 1407,

A& 17 [(Ph,POCH,),CH,](Fe)(CO),:

P~prn, O~ppn o
2 PMe; “~PPh, o
+ Fe(PMey, ﬁ»[ \;./ L. \|=./
-2PMe; / \PMe / \
PPNz

2 ”
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¥ AC/A2 (Ph,POCH,),CH; (0.88 g, 2.0 mmol)f#125 mL Et,O¥ U FIFe(PMes)s
(0.61 g, 1.7 mmol) )30 mL EL,O%MAE0 °CTRA, EIEZEERM2h, BEE
ERE. HRNARS] amMCORKE, 4k4EBHSh, BHIBREIBRE. K
FHBTELO, F40mLERKER, 4°CTHEL R, HHBREIREHE,
E&X-Ray B @ATEH T 2%: 0.38 g,41%. IR (Nujol, cm™): W(C=0) 1923cm™,
1889cm™.

fic &4 18 [(Ph,POCH,),CCH3](Fe) (H) (PMes),:

P~peh, : O~peh,
Et,0 /PM"'S
+ FC(P MC3)4M62 EE— Fe—H
-2PMe;, - CH, \PM%
\o—PPh2 \o—PPh2

2

¥ B 4K2 (Ph,POCH,),CH, (2.0 g, 4.5 mmol)ff130 mL Et,O¥%#F
Fe(PMe3)sMe; (1.61 g, 4.1 mmol)fI30 mL ELOWAEO °C TR A . iR FHi#24
h, BRI HIFERNIE, BLEERRITH. T8, BRFEEHAELOXER.
4°CTEHELSR, WHEEX-Ray R BATHATHEAIRAE. F=F: 146¢,
53%. mp (dec)> 131 °C. Anal. Calcd for C34HssFeO,Ps (18, 666.44 g/mol): C, 61.28;
H, 6.96. Found: C, 60.87; H, 7.08. IR (Nujol, cm™): v(Fe-H); 1919 s. 'HNMR (300
MHz, C¢D, 294 K, ppm): 8-16.4 (br, 1H, Fe-H), 0.69 (br, 9H, PCH3), 0.88 (br, 9H,
PCH3), 3.26-3.95 (br, 4H, CH2), 7.15-8.15 (m, 20H, Ar-H); C NMR (75.5 MHz,
C¢Ds, 294 K, ppm): 8 12.5 (s, PCHs), 22.8 (d, *J(PC) = 15.1 Hz, PCH3), 28.0 (s,
CH3), 64.5 (s, Fe-C), 78.9 (s, CH2), 126.3-130.6 (m, Ar-C); *'P NMR (121.5 MHz,
CeDs, 294 K): § 5.7 (s, 1P, PCHs), 16.2 (s, 1P, PCH;), 176.3 (d, 2J(PP) =59.2 Hz, 2P,
PPhy).

K44 19 [(Ph,POCH,),CCHs)(Fe) (H) (PMe3)(CO):
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O~ppn, O~pph,
\ /me, s B0 \ /co
Fe<—H — Fo
/ e, -PMe; H// “pMe,
: 19

18

KBS &4018 (450 mg, 0.67 mmol)i¥140 mL ELOWHA1 atmMCOBLIE, il
TRII2 he WMEHERN, AIERFKER, -18 CTHELR, HiHEEX-Ray
B R TR B RIE. &: 270 mg, 65%. mp (dec) > 140 °C. Anal. Calcd
for C3,H37FeO3P;3 (19, 618.38 g/mol): C, 62.15; H, 6.03. Found: C, 62.40; H, 6.21. IR
(Nujol, cm-1): (C=0), 1907 s; v(Fe-H), 1861 s. 'H NMR (400 MHz, C¢Ds, 298 K,
ppm): § -10.0 (td, 2J(PepyH, 75.7° and 72.8°) = 56.9 Hz, 2/(PpucH, 88.5°) = 33.1 Hz,
1H, Fe-H), 0.70 (d, 2(PH)=7.7 Hz, 9H, PCHj), 1.00 (¢, “J(PH)=7.2 Hz, 3H, CH3),
3.55 (m, 2H, CHy), 3.95 (m, 2H, CHy), 7.05-8.41 (m, 20H, Ar-H); '3C NMR (100.6
MHz, C¢D, 300 K, ppm): & 22.0 (d, >J(PC) = 24.2 Hz, PCH3), 30.9 (s, CH3), 58.1(d,
2J(PC) = 12.5 Hz, Fe-C), 79.8 (t, 2(PC) = 10.4 Hz, CH,), 127.3-146.0 (m, Ar-C); *'P
NMR(162.0 MHz, C¢Ds, 298 K, ppm): & 20.3 (br, 1P, PCH;), 188.7 (d, 2(PP)=56.8
Hz, 2P, PPhy).

KA 18 FIE Z M R ML

/ ™o » 2PMe, IM%M%
FoT—H P —_

\P —— Ph—=—F0—=—Ph +

Me, 7
THF MCQP lMQ’
\o—FPhy \o—PPh2

18 16 20

TRPBRERLEW 15 HRNAR. =E 39%.

AC 44 21 [(PPhy)(C4H3N),CH](Fe)(H)(PMe)y:

n
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— —
N—P| ]
==, PP EtZO S N P<h2 PMe,
+ Fe(PMey)y —m———n FeZ pue,
-2 PMe;

— — M
NP, NP

3 21

K BE4% 3 (Ph,PNC4H3),CH, (1.03 g, 2.0 mmol)f 30 mL Et,0 ¥ ¥ Ml Fe(PMes),
(0.72 g, 2.0 mmol) 30 mL Et,O ¥¥#7E 0°C TBA, FIRZEZHE, B 24h,
RMERAFENEEBBBTRIFA 6. T8, En0 fhi-18°C THELS,
WL BR G, EE X-Ray BRTHIN. =X 042 31%. ZHT 'HNMR
#4k. IR (Nujol, cm-1): v(Fe-H) 1923 s. 'H NMR (300 MHz, C¢Ds, 294 K, ppm): &
~16 (br, Fe-H), 1.18 (br, PCHj), 3.4 (br, CH), 6.2 (br, py-H), 7.2 (br, Ar-H); *'P NMR
(121.5 MHz, CDCl3, 294 K): § 23.4 (s, 2P, PCHs), 48.6 (s, 2P, PPhy).

2 &4 22 [(PPhy)2(C4H3N),CH](Fe)(Me)(PMes),:

N—PPh, = N—rp
= Et,0 =, M PMe;
+ Fe(PMe;)Mey ———————> FeZ—Me
'2PM€3,'CH4
N—PPh = “N—pP)
~ 2 ~ hy
3 22

TRPBRERAY 21 MF&IEMAR. BREY 22 RELAE K, EERK
R, HREBIES X-Ray BEMTHIHORE. ZE 45%. ZHET 'H NMR
Tk, IR PIRE M-H 2R . "H NMR (300 MHz, C¢Dg, 294 K, ppm): & 0.7 (br,
CHj), 1.20 (br, PCHs), 3.4 (br, CH), 6.0 (br, py-H), 7.2 (br, Ar-H); >'P NMR (121.5
MHz, CDCls, 294 K): & 18.4 (s, 2P, PCH;), 48.4 (s, 2P, PPhy).

A 23 [(Ph,POCH,),CH,J(Ni)(PMe;),:

O~pen, O~rph,
Et,0 \ /PMea
+ NiPMes), or NitPMe),Me, W
PMe,
\y—PPhz PPy
23

2
¥ 4K 2 (Ph,POCH,),CH; (2.0 g, 4.5 mmol)f) 30 mL Et,0 %531 Ni(PMe;)s
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(1.49 g, 4.1 mmol)# 30 mL Et,0 #7E 0 °C TIRA, WL BEEATNE

. BETHE 24 h, BHHARE. BESE EL0, FAERRER, EAM%

TERWM. I8, 4 °C THESSR, THES X-Ray RETHAITREREAR

k. ;188 g, 70%. 'HNMR (300 MHz, C¢Dg, 294 K, ppm): & 0.96 (br, 18H,

PCHs), 2.42 (m, 2H, CH), 3.70-3.85 (m, 4H, CH,), 7.06-7.94 (m, 20H, Ar-H); *'P

NMR (121.5 MHz, C¢Ds, 294 K):  -26.9 (s, 2P, PCHj), 138.7 (s, 2P, PPhy).
Ni(PMe;);sMe; #1510 5 B AHF .

AL &4 24 [(PhoPOCH,),CH,](Ni)(COD)

o]

~PPh, O~pph,

Et,0 \ /|

+ Ni(Ccop), ————» Ni :I
-COoD / \i
-

O/Pth \y—FPhz
2 4

¥ /44 2 (Ph,POCH,),CH; (2.0 g, 4.5 mmol)f) 30 mL Et,O ¥ #(A1 Ni(COD),
(1.12 g, 4.1 mmol)#] 30 mL E,O B 0°C TRE, BB LNHRECLER
BRIERE. ZRTHE 24 h, FLEIENH. T8, FROBEEA ELO
BER—R, MRELEREEMR. -18°C THEL SR, HHHES X-Ray B R4
HHTHIR BRI P2 1.08 g, 46%. EHE T 'HNMR %1k *'P NMR (121.5 MHz,
CeDs, 294 K): 8 62.9 (s, PPh;).

&%) 25 1 26 [(PPh,0),CeH;](Ni)(Cl):

Cii -~m~[d¢@1 >3

B 1 (PhoPO),CsH, (0.81 g, 1.7 mmol)¥ 20 mL Et,O ¥E#AN Ni(COD), (0.47 g,
1.7 mmol)&9 30 mL Et;0 ¥#(7E 0 °C TIRA, A HERKRITY, WK ERA.
ERMA 240 BRERKKENH. 8, BEH COD k. WHFIHERK
0.95 go 7 CH,Cl, P E i, BHES X-Ray B RATHHHT 00 % & 5&4%. 'HNMR
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(300 MHz, CDCL): 5 6.61 (d, *J(HH) = 8.0 Hz, 2H, Ar-H), 7.06 (t, *J(HH) = 7.7 Hz,
IH, Ar-H), 7.47 (m, 12H, Ar-H), 7.99 (m, 8H, Ar-H); *'P NMR (121 MHz, CDCly):
8= 140.9 (s, PPhy).

P S R S A SR B SRR A,
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EZF HXBRESMEX BB PN A

31 3|7

EMENLET, ROBSIMRALEY 25 TUEL-HF iR, "X, &
RARFE. ERETRERMAERARRTRPHOMBE CCl1 R, FARNEMS
B SEANDRTRNZREYE, EWEREURBBOENE, MNFRTEOERN
BROZFIRTEZARRMARN ZRE. Bk, RIN\Z—KAEDAUEE
RE I C-ClREUTR, HENKEEEHREEL.

N\

& @
( :4:“) ‘/\/\,

Scheme 3-1

EREEY 25 EEHERBNERTHREURTREY 26, FHET
GC-MS B il F AL EY) 25 RILSE MR, BITTURBFEMARERRE
BRRNAES, RELSBER, RUBKRNAKERE. EXNMLRER
AR L, BIMRBESENRNEGT, KEY 26 FARRIBUAENFHK
IR A2 3 ) (B X ) R (Scheme 3-1).

B b, NCRERT AT UK IR — LA R AMER T b0 7E R0 T 3R SR
B4, Hu Xile #ZRAFE—F NNN-Ni-Cl HHARASYRHETT —RIIBE
Kumada fBEX K RLA Sonogashia fBEX R RE7E P AIBF 5T T AR 620 b o 4l s Sk 46
. FBARMAIERNRIHR NNN-Ni-R R A WAEEL R PR
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C-Cl BBHTRER. HEMEH: PCP-PA-Cl FITFRMRFEEE Heck KM,
CNC-Pd-Cl FIFBRIHRZH Suzuki R, 0CO-PA-Cl FIFEMRBAR S M
Kumada &R, PNP-Ni-Cl I F s /2 #) Kumada & RE %%, B4 — ik
7, ARMEARBRTZSEHROHXER-KLY, BRRNKELER
SEGEEHSFHANNMASR- W ER, LA NNN 8 4m
Ni(COD), 41 B 4 44 R R 33k s AR AR A Negishi o !> 161, A 63k
RATERIAAA R M-ClBER M-Br 5 M1 8, FLURWEHELM, e
AR A PCP-Ni-Cl AL FIR AL IRAR ) R RS, BARRNH PCP-Ni-Cl &%
LB PCP-Ni-Br, HEMBUBHAASHITIH, %F L, PCP-Ni-Cl AJLLEIER
WHRTIR 4K, PCP-Ni-Br U R E LRI,

B ABREATRNZREATE IR E—AFE . T SRR R
BATT R, HENBRRNKZHEET RS FLEW(sp” C-X), AR
RRE(sp® CXMBRNEDSBE, HIREESFT &M sp’ CXH
B R R TRIES. BT, BATE &M TEFERIRRIED RN Z—.
ETH— RN ELAN LR, BIOEBEAFGNEBAABNER, T
TR AR, BERMEEAENSBAFRENARN SR ETX CH
BIELATAIR, BRITMER £ ERABNSEm#TH “ERERRE” HEE
B, FrLL, ZEXRATSIHH PCP-Ni BBIL B RRET —EMNRZE, Bl
HHITXAEMEE, BEBRFLEEHE C-HRBNANYRIEABERNHIED.

PAKEEE | 75 34 R BB FNE A LR MEF R % . B Gregory C.
FufflPd,(dba); FIPCyps A B AL, AT DM ik pe 2 sb R & e kiR (E
ER BRI BE NN, Michael G. OrganllfIP-NHCHALFISLI T
BEARARRREANBRRNENY, FAMELERNERE. B, BEE e
AT ZYE: Diego J. CardenasFINiFI(S)-R-Pybox(F HENNNEH 2 AT &) 48 i Fry
WKE, TSI RRABRALZ 0 FEEML: Janine CossyFFeCls
FITMEDAMRZ, HEAL T M4 SR gg ARG R A BEX R B ); Gérard Cahiez
FFe(acac)yy TMEDA/HMTAFICoCL/LiUTMEDA % BB T 35 B ik A A s X
R MBBERN, AR RRIAE T EEEMI 2, TR B0 F%
RS HARRRHATHERRNRENER, &&fTien-Yau LuhBiiZA
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Pd,(dba); H1PPhy 2 A FAIHE 4L 14 FRAFF Uit AR SR AR AU A o AR 42 1 4B K S R
(1231, Bz #Hideki YorimitsuIKoichiro Oshima/f Co(acac)y TMEDAB FT it = F
B Z A AT AR SR OB, BA1 T 483 A TR DU JLA
SonogashiafB k& I H T & # & BURSRIZ K # FI ikl 126 127, (B R K ZHUR
RitkF R Lhsp® C-X A R ALY, MRBERENp C-XMARNKEFS. fIE
R 3MHu Xile FIANNN-Ni-CIE A 41T I TR £ R 2 i
SonogashiafB kR AT TS, /8 T RIFHIAR: RELERHE, Gregory C. Ful'®
FlFrank Glorius!"? AP FIBT 50T iR AR B i SonogashiafBEL R M, B
7 R2CMBEBRERXLGIE.

3.2 ZREE

Bk, BATEEER T PEE RSN SR 0 8 % SR 1 A B S0 R
REBANNHETE, EREUENFRRTNANEOIS, RRREERE Pd
BUARES, EANSBLBELR, BREHELFEEN Li,PdC=CR). &l
AEMRBRNEZMSE, EFAEORATT LIS %X LR KN, Hin Luh S A5
FR R AT AP,

BATEEERETRAIET ME 2SR EE K RRE A BRI AR v
REARNRET, HFRERNEMN, TREEBLEE Tablel F.

—FIER LR PRITEEM AT ARR 2 mol%; REMLMPRBHZ
R, RERAFHTI RN STEFNTE, FURRIET SR Z 8 m R
R 1:1.3; EAERRERMAFREEEZRTHRN; H GC RAHAHHE
BXRMNEBUR. 7E THF, TMEDA, REFRNMERLERBEIWMAR, ZRTK
REBF=RIE 10% AT, THF ¥ 60°CF KA th X AEE 3P %% (Table 1,
entries 1-4). H¥FHBBABHE, iLBRNEEENORBE T ERRIRKER
45 R (Table 1, entries 6-8), DMF 1 NMP % #I# Zifd TR 1.5 h # 7] LUERTE 95%
PLEMP=%, #/ NMP 1 THF BEH AR 2R BURME, EEHRATLL
LB 90%H =& ,
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Table 1. Catalytic coupling of 1-bromobutane with phenylethynyllithium.

enry | solvent e th) [T (C) Q_-—Li yield

(mol%) equiv @)™
1 THF 2 15 It 1.3 5
2 THF 2 12 It 13 7
3 THF 2 1.5 | 60 13 60
4 toluene 2 1.5 r.t, 1.3 3
5 TMEDA | 2 1.5 It 13 8
6 DMF 2 1.5 It 13 97
7 'mﬁﬁMP 2 1.5 It 1.3 90
8 NMP 2 1.5 It 13 96
9 NMP 05 | 15 It 13 99
10 NMP 05 | 075 | rt 13 90
11 NMP 01 | 15 It 13 94
12 NMP 05 | 12 r.t. 13 72
13 NMP 05 | 15 It 1 88
14 NMP 05 | 12 It. 1 78
15 NMP 05 | 15 It 2 90
16 NMP 05 | 12 It 2 50
17 NMP 0 1.5 It 13 50

[a] Typical reaction conditions: 1-bromobutane (1 mmol), Ni catalyst and internal
standard (n-dodecane) were mixed in the solvent (4ml), phenylethynyllithium in THF
(1ml) was added dropwise in 1min according to the conditions specified in Table 1. [b]
GC yield relative to 1-bromobutane against internal standard.

BE/EHAILA NMP A%, EZE TR T ERAAHE. RSIR &M RN
JEEA B EL A5 %ot 4 4k 2k B 5 W (Table 1, entries 9-17). SERFEMTRABEHAIMAHER
WOZE 0.1 mol%hf, MEEABBURRIETRMELHREENBRRN, F2
Fre R BRE. RNMASERHBEZLEOENE. FIREE, REFERLE
EEBOERRA, ENEBERSRRERNERBES BRI FiLl
eI it B K R ], i B Z R E BT & R EX R R SR
BR, RZ2E7#BE{E(Table 1, entry 12). FAVHERERBBKRNEX R



IR K18 L2478 3

1L.5h X E, BEAERNMEHTHAEL(Table 1, entry 9, 10). FZHHEEIT
BX%, & #=RE(K(Table 1, entries 11-16), REBETHELREIRMN.
EXERMNEERA—TERABNAL BRI R, NMP BHFHZH
TR BSH P EBREK U (Table 1, entry 17).  ERURNOTFRS, ERMF
MFIEE R S8 RNHRER BEOTM, BTN, AR E K2 E
EHERHEAN, BR, TR, BaY 26 hEhEEZREENRRE
Thett B RN TSI MERE R B ZH, 0.1 mol%IRABRMAEM=RE B E
R,

VPR LR RIEABATR A WA R T —E M7 BERITER
NEYY KBRRET K. RRRAR. RRRARA=FEEZHRES, D
TE AL T B A RAERATT A R AR R 4R S P R Y 444 (Table 2). MERIET 5%
MEZREEHRNF, RITAN NMP B H RN R R BITFH, DMF
DMA %#IkZ; TMEDA fE A7 MAIGERE —EMBR: 0.5 mol%ifEitilA
BEL; HHEZREHTRERATUEZBEMEMSR: THF 71 TMEDA ¥R
RRE, V%8R N i BE RS N5t R B 7= % (Table 2, entries 1-10). X1-F{4'
R, LRGRBBIRIINER, BRREANAMAREEEHEHERE. R

RAFRENRDN, RNEEREITHERTH~E, AEARKRARN, %

¥R % H B R (Table 2, entries 11-25). fFRREMAXREK EEX FIETE
C-X BN ERRMZEAME, REY 26 A BANNKEE—K, EUEN
ZRT, RNEFEABHARAGRARE, HRERPOHEFIEMLIKF
B, BRGENRBEREEZREERN, BRRMETHRER . TR
HERNEMS, BRELERDBRERREARZHREGNNBER, BRRNA
ETREBR"DHRETPERLOZE, BRELERTRER(Table 2,
entries 26-28), WATRARERURE KM XMBES, RELIERNEH
CHEER &, mANMEENEEANTRS. LN Hideki Yorimitsu F
Koichiro Oshima BIBFTH, Co(acac)y/TMEDA 4R F# 4L AT LA = B 3
L BEA BRI E W IR BB R B, BRI, HERK
FURNFERAR T A B IR A (20 or 40 mol% Co(acac)s, 4 equiv = FF 34k Z 4% Kk
), HEBMHEERBMFEANN, LmEZRMERRN, =RRE 4#
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Table 2. Cross-Coupling Reaction of Alkyl Halides with phenylethynyl- and
trimethylsilyethynyllithium reagents.

‘ [
entry | R-X |R—==—lLifl solvent mcoalt% t () |T (C) |additivelyield (%)°
1 NMP 0.5 1.5 60 none 62
2 NMP 5 1.6 | r.t. none 65
3 NMP 0.1 1.6 | r.t. none 61
4 WP | 0.5 | L5 | rt | DEAL g
1 equiv
5 [~~q l( V= DF |05 [ 15wt | noe | 4
6 DMA 0.5 1.5 | r.t. none 30
7 THF 0.5 1.5 60 none 0
8 THF 0.5 1.5 60 | KI 20% 15
9 TMEDA 0.5 1.5 60 none 10
10 TMEDA 0.5 1.5 60 | KI 20% 25
11 THF 0.5 1.5 | r.t. none 30
12 THF 0.5 1.5 60 none 25
13 THF 0.5 1.5 | r.t. | KI 20% 30
14 THF 0.5 1.5 | r.t. | Nal 20% 28
15 TMEDA 0.5 1.5 | r.t. none 32
16 >*Br < >——: ul{ TMEDA 0.5 1.5 | r.t. | KI 20% 33
17 TMEDA 0.5 1.5 60 | KI 20% 35
18 NMP 0.5 0.5 | r.t. none 30
TMEDA
19 NMP 0.5 1.5 | r.t. |1 euqiv 42
20 NMP 5 1.5 | r.t. none 38
21 ‘ NP 0.5 | 1.5 | 60 | none | trace
22 NMP 5 1.5 | r.t. none trace
23 < >—_: ol  NMP 0.5 1.5 60 | KI 20% | trace
24 >7C| TMEDA 0.5 1.5 | r.t. | KI 20% | trace
25 TMEDA 0.5 1.5 90 | KI 20% 10
26 NMP 0.5 0.5 | r.t. none - 70
27 [~e]*es—=1 MP | 05 | 5 | rt | none | 69
28 NMP 0.5 12 | r.t. none 69

a: GC yield relative to organic halides against internal standard (n-dodecane).

EREFEEGRE RS TREMITRT, RIEHETIROKARHE:
0.5 mol%HEL AR, FE TR, NMP /. BEEMFMA, FBRAH
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Wi (1.3 equiv)s RIEET RIFFE A #8(0.75 h-2.0 h). BEJE, BATHR T MLk
R G TEE(Table 3).

Table 3. [NiCl{CsHj3-2,6-(OPPh;),}] (26) catalyzed cross-coupling reaction of alkyl
halides with phenylethynyl- and trimethylsilyethynyllithium reagents
0.5 mol% cat. 26

akyl—X + R—=—=—Lli ———»  aky—=—R'
1.3 equiv NMP, RT
enry) ([R—X] [R—=—1 |produt td) |yed (%)

0.75[99 (X=1)°
1.5 [90 (X=Br)

L5 |70 (x=C1)®

]
=] (=4 s

<4!IP—*-'-\\/f\*‘II> 1.5 (85

*% ltrace (X=Cl)

N — 70 (=D)
Li| [MeS—="~_~] |0.75l61 (x-8p)

40 (X=Cl)

Me Si—

AR R

MeSi——=

Lil[[yese=—"~"NANAl0.75 |55

9 D—\_/iﬂ Me Si—=

- Mc;SiW 0.75 |60

10 |ESNN Me Si—=

L [Mes=— =smj0.75 38 (X=C1)°

57 (X=Br)®

[a]: isolated yield. [b] GC yield relative to alkyl halides against internal standard
(n-dodacane). [c] 2.5 equiv of 2-trimethylsilyethynyllithium were used

EREGRER, SR AMAIRTRTUBE RO ER, RARRMEEK
PEEE-L, RMNTEERTRARE. LRRORNEEKR, RN=ERH
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K, BRLKSFE{IATHEZ(Table 3, entries 2-4). LA = A ZRIEE
HFVOAR, B AR LI BN BRRAIE 20%30%, TR
MEHRE—B, RNEHBREE—SRUEERERTR. WURHERT
G R, 1, 4R THA 1, 4- 28T Ser #8718 2 XUH AL A4 (Table
3, entry 10).

BEREZEDEEZNFGTARES TRREENBRRN, SERERAR
Z, HELLHT(Scheme 3-2).

(o]

0 0
I |
@N—CHZCI;IZ HC—C—NH, ;l,c—é—NH,
Br 1 Cl

0

- E/_Br NC—/—B ' c/J ' cn/\/cl

CH,Cl, CHCl, C,Cle
{5 6
O O O
Scheme 3-2

SEEANMEZENREEY, GERK. K. &, 2%, IMEET
REEEREEMBRA. WERNZH, EHRMEEE-10CUT, IR
REGHETRER. XREBEUARN AR, BUFKEEAE, RERE
BRAFKFER, FEETEEHRANRRHRRRY, RFERIE—FHOEH.

—HFR, ZERR, AELREEERYORNEREE, RYBHER,
BRRNE R RRUMT, AESERDAREENLH, HRREHFHLER
B SRR EIR, W1, 2-2HZR, 1 H2 R, BRRNEE
Pk B2 B # (< 5%).

ARG R & A B R AR R AR, BUTFARR RIS REDHE
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o, RERIKHEE,
o RE, BREREGFERIRYAEE TRZRNAR, #0 TMEDA, HMTA %
HeRERPERMEMA, BEHIHER.

Hu Xile ##ZH NNN-Ni-Cl iC&4), RELMEAR, BT RAMRITRE
Sonogashia fBECR N, BUR T RIFHKE, 5 Huxile BT, RITER
KBERRNE T —SROENL, FENTEERANERIRBURTYE, B
TR ERIRITENBBRR RS, BITANZREEFERET —EREN,
MRNFGRMNRE, EUABESTHE. FEERANRERRRBESR
NaBFRERNERER, RAXMTERHERES THRE. £A0H &RER
RRZW T ERERE T ARERRRBEN GBI, #4HZ], X
KT EERBEVERERFER, SZHW, RITFROELERERKLE. D
1-FE3-FE-1-TRERAR AR E ZHREE BB B & R, %K

TTERGEBE T RE, BB, LRE<40 ) BEF>100 C), RRHE

FEEAZ—EMESD, BERMEENE 20%EEP. RNFROBLER
MTHIRBRYERAKEN, HREENMPEAP, RERARMEZHE
BERFHTRMN 1.5 h BATLUAR) 30%H 2 B~ &, LA S EMERTHS.
EEEPUREF R ENERE, T Gérard Cahiez BIEHRIEF, L CuCly
TER ALY, SRAZRAAT AR g At it A R E BB R R, W3 T 1REF
fRRBY, 3 AE@ T B RRh CXBNEM. B, REARYE
E-IARSRBMSREHE, B -ENTL.

BATA R ZENE R R EXH TR (Scheme 3-3): 7ERLE 26 (B EY DI
AT, REEEERERGRARRE, ERRERMOEEY 11, 7 Davit
Zargarian HEW AP, FZREETUNENHLUNEHEIREEY,
{(i-Pr,PCH,CH;,CH}NiBr, RAERMMEARN[133], HEBITZEMNER P
HEHRERVNEESY; dRREHEETEMMBRNEBEIPEE I, #
— S HE R R RN R T REAMRECsp - Csp)BEINEY, BALFIRNE
£ TR C-X BIEN, —&E T Ni, Co,Fe 1 Pd LA RIRRA
W, RETESAEENLE, RAETHEBHNE, FAFRERTHR
A K B A R R X R A R R ), BERARNALE, B
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e FERTEEMHR
\,,th
/Pth
R———u \ Ay
O\Pth
O\P{hz O/P:hz \_/ 0/4"‘1\
) = .
% =alkyl
Scheme 3-3

R LIRS, MNFREROER, TFRORNERERE SR,

BT C-HREFELTRER “HEBRRN", HETUENER RN
FRBRERNKE, BHERREN, SRBMZUENARESTE, KUFE
FEATRELER. RENEK, BERE, THRATETEERAEENEK
KRR, ERR LR DUREE h R AR BB RN FR, BIBERTERS
¥ 26 FELTELFELEESEDTH C-H BRIREN “BERBHRRN". BH
R RE R T T Sonogashia BEE KM, ¥ RET K sp C-H BB AFER,
5T B EAFEN. Craig M. Jensen FIAH R & R HH\AL& ) PCP-PA-Cl B FE
ARFRNEZHROBRRRL, ZnClL FINFEHTEEMERD. BAIUK
ZARABRIE T REAER, RETREY 26 1L Sonogashia Bk R N
M REtE. Tabled FIH THAELRER.

BAEKRR, XBIHEREENBRRNELRN, BFRRNEENLREMF
ERE, KCHRHBRETREBEREABRAT. RE LR n-Buli A
B, A BB —EHIF=Y)(Table 4, entry 8). (HRXHEMASGAELIAFE, R
1 n-BuLi R4 BAEE R FE 10 min FE ], DUREEE R FERAIR R,
RREHNZ.
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Table 4. Catalytic coupling of 1-Iodobutane with phenylacetylene[cl.

™
g

2

O v 2 O

entry | solvent (m(;f :/o) tth) | T(C)® (Aoid::l;i) 2 ezijff) yield (%)™
1| Et;N 5 12 120 |\ \ \
2| Et4N 5 12 120 | Cul \ \
3 | dioxane 5 12 140 | Cul K3PO4 \
4 | dioxane 5 12 140 | Cul t-BuOK |\
5 | dioxane 5 12 140 | ZnCl2 K3PO4 \
6 | dioxane 5 24 160 | ZnCl2 K3PO4 \
7 | dioxane 5 24 160 | ZnCl2 K2CO3 \
8 | dioxane 5 12 140 |\ n-BuLi 31
9 | toluene 5 12 140 | Cul t-BuOK |\
10 | NMP 5 12 140 | ZnCl2 t-BuOK |\
11 | toluene 10 24 140 | Cul K3PO4 \
12 | NMP 10| 24 140 | ZnCl2 K3PO4 \

[a] bath temperature. [b] GC yield relative to internal standard (n-dodacane). [c]

Typical reaction conditions: 1-iodobutane (1 mmol), phenylacetylene (1 mmol), Ni
catalyst, additive, base and internal standard (n-dodecane) were mixed in the solvent
(5ml), reaction take place according to the conditions specified in Table 4.

A, FLEIRIETEIGRR, ERKEY 26 ALK “BEREKR
R” RATATHY. EEANBATIAEDTS DMA ¥ 2 A 28 B R R Y
RHR, BOMNORARE QB2 RE, HE DMA ¥ ofif) CH BEE
WESFERNBRTEDNEHLBREOS R ZXR AR, B RRRNEEM,
B 5020 “HRBHRRN" FARE—/MRHHEK KNSR Eq.

3-1)e

cl ?
O—/ + Hic—C—NC

RPh2

\

N——Cl

O~
Q/

o/PPh:

26

base

91




WHRKFE LA

BT ENRE, ZHIORRERAEN, BIOEHREEZHEE “E
BRBBRN” AR, SRR, BNGEHES NN EMEHTET
X7 T HIH

MG

EE—FRER L, ROTB TREY 26 FALRFZRAR R K15
IR [ I o B 18 B A e A2 1) R B SR R (Csp - Csp”) BT A R HIELAD, AR A
AR R TR .5 T8 1F, S1ARHI&RERRRER T B, Y B RHEE.
ERZEMAARNE R AL, HRNEDRMIRBNAEEAE, &
T CH@ERMHTH “HERERRNY” £4F2MEL AR TE.

3.3 LEERS

3.3.1

3.3.1.1 &3
NN-ZREFBREDOMF, 444) RKETHERLZAAETRAT
NN-ZHEZBDMA, 4ird) RETRERLZRNERAF
ZHETHDOMSO, 5474h) FRETFE R ERFE R
N-FREMBAERINMP, 244 RETRERLERAE R
ZH N (Dioxane, 2#74) KT AL B A ) PR A ]

R, WA, —HFRSEHEN KRB H. KESRERLFRANER

MR, =28, SEHFSEREN ARMKMTRELTERA T
FMBKTA, W5 60-90°C)  REWEFHRALTHERALAA

2.8 ZEE( i 4t) Kl B ARG R A
BT AREB(200-300 ENFIEERIR FOHEEFELI
THEE TP VA R A

EE+ (a4t FEEZR LR F



RS 248 XX

AN, E¥E. RRBOHE) TFEEH LELFRIFAF
| R BRET 5, |AR AR,
L 4-Z8RTH 1, .28k, N FEEA LBUFRANLF
WLk TR, BE. SRP R
ZIRILEE, FURRR(OMTA) FEEZ LA F
WRLERE, LB, AREOE) PEES LELEANLF
S BT RIS TR B i TR
RREFS. BRRRE. BRERSR, BALEE, 1-8-3 FiE JR%,
FARS RS EHE, GCRMAE>95%.
B 2N KB n-BuLi(iE CHEER)E THF R HIE.

3.3.1.2 WAL ER:
RGN #i K4%3L 9790, SE-30,
DB-1 EAE (30 mx0.32
mmx0.25um), FID 4538
BHESEIRAY Bruker Avance 300 spectrometer
GC-MS Thermo Trace GC Ultra-DSQ
332 LRYR

HARBHREEARRNNEALRIR REGATAIRFT, ZRT,

&%) PCP-Ni-Cl 26 (0.5 mol%)F1 X {4¢2(10 mmol)5& R &F 30 mL NMP ¥ 7
B, % 10 mL K Z A48 = PR Z R4 K THF ¥#(13 mmol) 5 min A&
MnE) Eid NMP ¥ . 28— M RNENE, i HO0 %Lk, HHEA ERO
XM 3K, &3, REFRAKEEVIHLUBRE NMP. MgSo, T , 38, B¥
RRBREER, BRYZERECESB(ECKRIAME : ZRIE =40:1).
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1-EHE-1-C8: KIEEHKERS R, RAET (10 mmol, 1.36 )R Z Lk
(13 mmol, 10 ml THF solution) K%, 23] 141 g Bk, =%E: 90% . 'H
NMR (CDCls, 300 MHz): § 0.95 (t, J = 7.2 Hz, 3H), 1.41-1.63 (m, 4H), 2.40 (t, J =
7.0 Hz, 2H), 7.20-7.27 (m, 3H), 7.37-7.40 (m, 2H). 52 GU#HREHLIEHIEHER

(123

1-EE-S-AE-1-O 5 1-8-3-FET 500 mmol, 1.50 g) MAEZREH3
mmol, 10 ml THF solution) R &%, B3] 1.55 g TEBE. =& 91% . 'HNMR

(CDCl3, 300 MHz)!"*): § 0.85 (d, J = 6.6 Hz, 6H), 1.41 (g, J= 7.2 Hz, 2H), 1.67-1.74
(m, 1H), 2.32 (t, J="7.4 Hz, 2H), 7.14-7.21 (m, 3H), 7.28-7.32(m, 2H).

D_:_/\/\/\/

1-H3-1-84: BAEES(10 mmol, 1.93 g)fEZHEIEE (13 mmol, 10 ml
THF solution) R, 78%)1.58 g LMk, %: 74%. 'H NMR (CDCls, 300
MHz)!"™®: 8 0.87 (t, J= 6.8 Hz, 3H), 1.25-1.50 (m, 10H), 1.55-1.64 (m, 2H), 2.38 (¢,
J=17.0 Hz, 2H), 7.22-7.27 (m, 3H), 7.31-7.40 (m, 2H).

1,5- 2% E-1- R 1-R-3-KERR(10 mmol, 198 g) MEZIREE (13
mmol, 10 ml THF solution) K&, %] 1.87 g B&EMIE, =#. 85%. 'HNMR

(CDCls, 300 MHz): & 1.96 (quin, J= 7.4 Hz, 2H), 2.45 (t, /= 7.0 Hz, 2H), 2.82 (t, /=
7.5 Hz, 2H), 7.20-7.35 (m, 8H), 7.44-7.47 (m, 2H).
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1-5E-3-FE-1-THR: 2-8AHE10 mmol, 1.22 g) MEZHRIEE (13 mmol, 10

ml THF solution) R, 8% 043 g BEBIE, F=%: 30%. 'HNMR (CDCls, 300
MHz)™": § 1.32 (d, J = 6.9 Hz, 6H), 2.83 (m, 1H), 7.28-7.59 (m, 5H).

MesSi—==—""~_ "~
I-=FERE-1-O5R: MRETH (10 mmol, 1.81 g)FI=FHmEZREE13
mmol, 10 m! THF solution) R ¥, 8% 1.07 g :IRE G, =& 70%. 'HNMR
(CDCls, 300 MHz)™!: § 0.10 (s, 9H), 0.86 (t, J = 7.0 Hz, 3H), 1.28-1.52 (m, 4H),
2.16 (t, ] =7.0 Hz, 2H).
BRETHRAERETRMRMAHE 61% F 40% M=%,

Me38i%\/<

1-ZRERE-S-FE-1-CHR: 1-R-3-FET5(10 mmol, 1.50 g) M=FHEZ
HEH (13 mmol, 10 ml THF solution) RN, 8% 0.94 g MRFEH K, =F: 56%.
'"H NMR (CDCls, 300 MHz): § 0.14 (s, 9H), 0.89 (d, J = 6.6 Hz, 6H), 1.43 (q, J =
7.3Hz, 2H), 1.60-1.70 (m, 1H), 2.22 (t, J = 7.6Hz, 2H).

1-ZHRERE-1-850: BREFHK10 mmol, 193 g) M=FEFZREE13

mmol, 10 ml THF solution) %K%, B8] 1.15 g WEEHI, P=H. 55%. 'HNMR
(CDCls, 300 MHz)!'®) § 0.15 (s, 9H), 0.86-0.90 (m, 3H), 1.27-1.46 (m, 10H),
1.48-1.55 (m, 2H), 2.21 (t, /= 7.0 Hz, 2H).

M°3SiEW\©

-SR-S 1- R 1-8-3-FERLE (10 mmol, 1.98 M =FEEL

MC3SI
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HeHAR (13 mmol, 10 ml THF solution) R M, 783 1.29 g ik F BB, £ 60%.
'H NMR (CDCl;, 300 MHz)™™*": § 0.15 (s, 9H), 1.84 (quin, J = 7.3Hz, 2H), 2.22 (t, J
=7.0 Hz, 2H), 2.70 (t, J = 7.6 Hz, 2H), 7.14-7.29 (m, 5H).

Me3Si;—_—X—/——:—SiMe3

18- = FREER-1,7-2FR: 14-ZRTH (10 mmol, 2.15g) = FEAEZR
H42(13 mmol, 10 ml THF solution) R, 83 1.41 g mABHE, F=E: 57%.
'H NMR (CDCl3, 300 MHz)!"®: § 0.10 (s, 18H), 1.55-1.59 (m, 4H), 2.18-2.22 (m,
4H).
14-Z 8T HeH R 2 2 38% .
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FNE B4k

7ER Co(PMes)s» Co(PMes)sMe, CoCly, Fe(PMes)ss Fe(PMes)sMe;, Ni(PMes)s,
Ni(PMe;)3Me,, Ni(COD), % & /B AT AL SWHTHRK-AREWH R+, #K3
TUUERMZ G TEREEAEN CHE, AHR sp’CHRBEHE. HT&
B R A S AR AR R RIS YT X-Ray B EATH . NMR %4
WHTE#ATTRAE, W€ T 4541,

Molecular structure of 7 Molecular structure of 8
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Molecular structure of 17
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Molecular structure of 18



AR K 208X

Molecular structure of 19 Molecular structure of 21

Molecular structure of 23 Molecular structure of 24

R AR AV E R B T RERER. N RIIL SRR, -
FESL I R BRI SCHRABT R RE B v TRCE Y 26 HEAL Y RAZ I g (AR A 8
BERR Y . K Z AR DA K = FARRE Z A8 A e B AU IR 18] B B K R I (Csp
- -Cs)BTBAMRA. BER. BUARFHASTRE, SHEANHERERR
BB AL, FHERRE.

O~peh,
\Nl—a
/
o—PHPh,
2%

0.5 mol% cat. 26

alkyl_x + R =i —— alkyl-—-_—__'—R'
1.3 equiv NMP, RT

HEZELARNTREARZ AL, 2 RNEY) R R &R B A
", T CHRIEUTETH “HERKRNE" 4FELMELAIN TS,
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BifR— RGBSR

BaY 5 KRG HER
Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 26.75
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [I>2sigma(])]
R indices (all data)

Largest diff. peak and hole

100

B %

sun9lla
C36 H41 Co 02 P4
688.50
2932)K
0.71073 A
Monocline, C2/c
a=31.437(6)A alpha =90 deg.
b=13.344(3) A beta=123.85(3) deg.
c=19.187(4)A  gamma =90 deg.
6684(2) A"3
8, 1.368 Mg/m"3
0.737 mm"-1
2880
?7x?7x?7mm
1.56 to 26.75 deg.
-39<=h<=39, -16<=k<=16, -24<=1<=24
25414 /7056 [R(int) = 0.0726]
99.1 %
Full-matrix least-squares on F2
7056 /0/486
1.028
R1=0.0391, wR2 = 0.0980
R1=0.0470, wR2 = 0.1033
0.555 and -0.631 e.A"-3
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R&Y 6 BRI IR

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Limiting indices

Reflections collected / unique

Completeness to theta = 27.66
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F/2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

test
C136 HO Co4 O8 P16
623.15
293(2)K
0.71073 A
Monoclinic, P2(1)
a=15.065(3)A alpha =90 deg.
b=12.846(2) A  beta =90.943(4) deg.
c=17.492(3)A gamma =90 deg.
3384.7(10) A™3
1, 1223 Mg/m"3
0.722 mm"-1
1228
?7x?7x?7mm
1.35 to 27.66 deg.
-18<=h<=18, -16<=k<=15, -20<=]<=22
19679 /7695 [R(int) = 0.1063]
97.4%
None
Full-matrix least-squares on F*2
7695/0/473
0.876
R1=0.0626, wR2 = 0.1407
R1=0.1812, wR2=0.2118
0.520 and -0.422 e.A"-3
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REY 7 KA L EE

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 27.60
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2sigma(])]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

102

1
C33 H43 Co O2 P4
654.48
273K
0.71073 A
Orthorhombic, P2(1)2(1)2(1)
a=9352(3)A
b=17.919(6) A
c=20.276(6) A gamma = 90 deg.
3397.7(18) A3
1, 0.320 Mg/m"3

alpha = 90 deg.
beta = 90 deg.

0.180 mm*-1
344
?7x7x 7mm
1.52 t0 27.60 deg.
-11<=h<=11, -19<=k<=23, -25<=|<=23
19845 /7678 [R(int) = 0.0459]
98.2 %
None
Full-matrix least-squares on F/2
7678/0/370
1.025
R1=0.0496, wR2 = 0.1031
R1=0.0902, wR2 = 0.1208
0.772(19)
0.393 and -0.290 e.A*-3
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B&Y) 8 MR AL HER

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 30.46
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [I>2sigma(I)]
R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

test
C31H37Co102 P3
720.35
273K
0.71073 A
Trigonal, R3c
a=20.7214(10) A  alpha =90 deg.
b=20.7214(10)A  beta =90 deg.
¢=39.396(4)A gamma = 120 deg.
14649.4(18) A3
18, 1.470 Mg/m"3
1.648 mm"-1
6552.0
?7x?7x?mm
1.54 to 30.46 deg. .
29<=h<=20, -26<=k<=29, -56<=1<=45
3011179906 [R(int) = 0.0265]
93.5%
Full-matrix least-squares on F/2
8375/11/347
0.996
R1=10.0443, wR2 = 0.1351
R1=0.0572, wR2 = 0.1464
0.879(19)
1.311 and -0.315 e.A-3

103




R RFE L2

R&Y 9 MRAEHER

Identification code sun07a

Empirical formula C30 H34 BrCo O2 P3

Formula weight 658.32

Temperature 2932)K

Wavelength 0.71073 A

Crystal system, space group Orthorhombic, Iba2

Unit cell dimensions a=20.229(4)A  alpha =90 deg.
b=20.767(4) A beta=90 deg.
c=13.7603)A gamma = 90 deg.

Volume 5780(2) A"3

Z, Calculated density 8, 1.513Mg/m"3

Absorption coefficient 2.169 mm~-1

F(000) 2696

Crystal size ?7x?7x?7mm

Theta range for data collection ~ 1.41 to 26.73 deg.

Limiting indices -24<=h<=24, -21<=k<=26, -17<=I<=17
Reflections collected / unique 13176 / 5838 [R(int) = 0.0564]
Completeness to theta = 26.73 98.2 %

Absorption correction None

Refinement method Full-matrix least-squares on F*2
Data / restraints / parameters 5838/1/337

Goodness-of-fit on FA2 0.855

Final R indices [>2sigma(I)] R1=0.0429, wR2 = 0.1032

R indices (all data) R1=0.0448, wR2 = 0.1044
Absolute structure parameter 0.008(8)

Largest diff. peak and hole ‘1.640 and -1.291 e.A"-3
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BEY 10 RSB

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 26.73
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

sunQla
C30H34Co102P3
705.31
293(2)K
0.71073 A
Orthorhombic, Pbca
a=15.161(3)A  alpha =90 deg.
b=18.194(4) A  beta =90 deg.
c=21410(4)A gamma = 90 deg.
5906(2) A*3
8, 1.587 Mg/m"3
1.815 mm*-1
2840
?7x?7x?7mm
1.99 to 26.73 deg.
-19<=h<=18, -23<=k<=23, -27<=1<=20
35496 / 6237 [R(int) = 0.0714]
99.5 %
None
Full-matrix least-squares on F*2
6237/0/357
1.077
R1=10.0238, wR2 = 0.0549
R1=0.0302, wR2 = 0.0582
0.572 and -0.513 e.A"-3
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A& 17 M RAEHEIR

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta =26.79
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

106

sun06a
C29 H26 Fe 04 P2
556.29
293(2)K
0.71073 A
Monoclinic, P2(1)/n
a=12.589(3)A alpha =90 deg.
b=15.191(3) A beta=106.14(3) deg.
c=14.384(3)A gamma =90 deg.
2642.4(9) A3
4, 1.398 Mg/m"3
0.725 mm*-1
1152
?x?7x?7mm
1.90 t0 26.79 deg.
-15<=h<=14, -19<=k<=15, -18<=I<=18
17176 / 5590 [R(int) = 0.0803]
99.1 %
None
Full-matrix least-squares on F*2
5590/07/325
0.990
R1=0.0487, wR2 = 0.0840
R1=10.0877, wR2 = 0.0936
0.550 and -0.301 e.A%-3
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A& 18 ) BAL I EIR

Identification code test

Empirical formula C34 H46 Fe O2 P4

Formula weight 666.44

Temperature 2732)K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P2(1)/n

Unit cell dimensions a=9.8543(11)A alpha=90 deg.
b=17.5207(19) A beta = 102.574(2) deg.
¢=20.085(2)A gamma =90 deg.

Volume 3384.7(6) A3

Z, Calculated density 4, 1.308 Mg/m"3

Absorption coefficient 0.664 mm~-1

F(000) 1408.0

Crystal size ?7x?7x?7mm

Theta range for data collection 1.56 t0 29.49 deg.

Limiting indices -13<=h<=12, -18<=k<=24, -26<=1<=27

Reflections collected / unique 21089 /9426 [R(int) = 0.0405]

Completeness to theta = 29.49 94.3 %

Absorption correction None

Refinement method Full-matrix least-squares on F~2

Data / restraints / parameters 8885/0/381

Goodness-of-fit on FA2 0.771

Final R indices [[>2sigma(])] R1=10.0495, wR2 = 0.1342

R indices (all data) R1=0.0749, wR2 = 0.1701

Largest diff. peak and hole 1.111 and -0.304 e.A"-3
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BLEY 19 M SRR G M EER

108

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

a=9.4228(8) A

test
C32 H37Fe 03 P3
618.38
213K
0.71073 A
Triclinic, P-1

alpha = 81.630(2) deg.

b=13.1829(11)A  beta=78.7680(10) deg.

c=13.6974(12)A  gamma=75.4550(10) deg.

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 28.56
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [[>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

1607.0(2) A*3
2, 1278 Mgm"3
0.648 mm”-1
648.0
?7x?7x?7mm

1.60 to 28756 deg.

-11<=h<=12, -12<=k<=17, -14<=1<=18
9884 / 8220 [R(int) = 0.0195]
89.2 %

None
Full-matrix least-squares on F2
7329/0/360

1.046

R1=0.0580, wR2 = 0.1481
R1=10.0841, wR2 = 0.1692
1.444 and -0.776 e.A"-3
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BLEY) 21 MRS EE

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 25.99
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

sunla
C85 H92 Fe2 N4 02 P8
1561.09
293(2)K
0.71073 A
Monocline, P 21/¢
a=9.4130(19) A alpha =90 deg.
b=16.606(3)A  beta=91.83(3) deg.
c=25.818(5)A gamma =90 deg.
4033.6(14) A"3
5, 1.426 Mg/m"3
0.574 mm"-1
1830
?x7x?mm
2.16 t0 25.99 deg.
-11<=h<=10, -20<=k<=20, -31<=I<=31
25271/7894 [R(int) = 0.1083]
99.6 %
Full-matrix least-squares on F*2
789470/ 544
1.088
R1=0.0684, wR2 = 0.1752
R1=0.0838, wR2 = 0.1842
1.170 and -1.577 e.A"-3
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10

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta =26.73
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

sun908a
C33 H44 Ni 02 P4
655.27
293(2)K
0.71073 A
Orthorhombic, P 2¢/1
a=14.8243)A  alpha=90 deg.

b=128193)A  beta=90.02(3) deg.

c=17.352(4)A gamma =90 deg.
3297.4(12) A™3
4, 1.320 Mg/m"3
0.811 mm~"-1
1384
?7x?7x?7mm
1.37 t0 26.73 deg.
-18<=h<=18, -16<=k<=15, -21<=I<=13
13552/ 6739 [R(int) = 0.0645]
96.3 %
Full-matrix least-squares on F*2
6739/0/471
1.079
R1=0.0550, wR2 = 0.1456
R1=0.0735, wR2 = 0.1582
0.892 and -0.887 e.A”-3
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ALY 24 BRSO

Identification code
Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 30.42
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [[>2sigma(T)]
R indices (all data)

Largest diff. peak and hole

test
C35Ni 02 P2
573.00
293(2)K
0.71073 A
Triclinic, P1
a=10.9837(16) A  alpha=67.530(2) deg.
b=129271(19)A  beta =74.620(2) deg.
c=14.053(2)A gamma = 69.624(2) deg.
1708.3(4) A"3
1, 1114 Mg/m"3
0.686 mm"-1
568
?7x?7x7mm
1.59 to 30.42 deg.
-8<=h<=15, -16<=k<=17, -18<=I<=19
10846 / 8208 [R(int) = 0.0197]
793 %
None
Full-matrix least-squares on F/2
8208/0/361
1.096
R1=10.0785, wR2 = 0.2559
R1=10.0916, wR2 = 0.2727
2.291 and -0.378 e.A”-3
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44 7 'H-NMR
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LAY 15 P-NMR
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| 244 18 '"H-NMR (ZBETFHEL)
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The sp® C—H bond activation induced by CoMe(PMe;), and FeMe,(PMe:), was investigated. C(sp°)-
cyclometalated complexes, based on diphosphinito PCP ligand (Ph,POCH,),CH,, Co{(Ph,PO-
CH,),CH}(PMe;3); (1), and Fe{(Ph,POCH,),MeC}(H)(PMes), (2), were obtained under mild condi-
tions. Todomethane is oxidatively added to 1, affording Co{(Ph,POCH,),CH}(PMes)(Me)(I) (3).
Monocarbonylation of the hydrido-iron complex 2 occurs with substitution of a trimethylphosphine
ligand trans to the hydrido ligand, affording Fe{(Ph,POCH,),MeC}(H)(CO){(PMe;) (4). The reaction of
2 with phenylacetylene delivered the demetalated new diphosphine ligand (Ph,POCH;),CHCHj3 (6) and
bis(phenylethinyl)iron complex Fe(PhCC),(PMe;), (5). The new complexes 1—4 were characterized by
spectroscopic methods and by X-ray diffraction analysis.

Introduction

The direct functionalization of hydrocarbons to various
useful chemicals via transition-metal-mediated C—H bond
activation has now become a major topic of research.! Until
recently, the majority of the catalytic processes reported were
applicable to only sp? C—H bonds. There is still no series of
general, selective, efficient catalytic functionalization reac-
tions of unactivated sp’ C—H bonds owing to the strength of
sp> C—H bonds and the weakly coordinating nature of
aliphatic moieties.” The transition-metal-mediated activa-
tion of unreactive C—H bonds proceeds by several mechan-
isms, which include o-bond metathesis, substitution by
electrophilic metal complexes, and oxidative addition to
low-valent metal centers, while most of the understanding
of alkane activation has been obtained from studies of
oxidative addition reactions. The precoordination of a sub-
strate can facilitate the interaction between C—H bonds and
metal centers and results in an easier and highly selective
C—H bond cleavage. So, some transition metal species can

cleave the sp’ C—~H bonds of their own ancillary ligands,>
and some promising catalytic systems for the selective func-
tionalization of sp> C—H bonds have been developed in the
past few years.*

Transition metal complexes with PCP pincer ligands in-
corporating two phosphane arms and a central carbon atom
as donor have attracted a substantial amount of interest.’
The strong chelating nature of PCP pincer ligands makes
them bond to a wide variety of transition metals and prevents
the dissociation and ligand exchange process. However,
research activity in this field has also mainly focused on
sp’<carbon- rather than sp’-carbon-based compounds.
Compared to the systems with a rigid phenyl ring back-
bone, ligands with an aliphatic backbone exhibit high flex-
ibility as well as the higher electron-donating ability of the
sp’-metalated carbon atom in the corresponding metal com-
plexes, which increase their reactivity.® A number of com-
plexes with aliphatic backbones were recently described in
nickel,’ platinum,? iridium,” ruthenium,'® and rhodium''
chemistry.

*Corresponding author. E-mail: xli63@sdu.edu.cn.
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Scheme 1. Proposed Formation Mechanism of 1
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Compared to the other platinum group metals (Ru, Os,
Rh, Ir, Pd, Pt, Ni), iron- and cobalt-based catalysts are
relatively underrepresented in the field of catalysis, although
they have potentially lower cost and environmental impact.
Our group has been investigating the use of first-row metals
in the transformauon of strong bonds.'? The precoordina-
tion strategy in sp® C—H bond activation proves productive
and results in the isolation and characterization of novel
cobalt and iron complexes. We herein report our initial
studies on the stoichiometric activation and functionaliza-
tion of sp> C—H bonds under mild conditions by iron- and
cobalt-based systems.

Results and Discussion

1. Reaction of Co(Me)(PMe;), with (Ph,POCH,),CH,.
When a solution of (Ph,POCH,),CH; was treated with
Co(Me)(PMe3), in diethyl ether, compound 1 was isolated
as ared solid in over 75% yield upon workup, which could be
crystallized from diethyl ether at 0 °C (eq 1).

0
OPPh, RPh,
+ Co(Me)PMe,), i \/-—-P’:., 1)
=CH,, =2 PMe, cr
OPPh, O/PP":

1

The reaction likely begins with the coordination of the cobalt
to the phosphorus atom in ligand (Ph,POCH,),CH; by sub-
stituting two of the tnmethylphosphmes which brings the
metal closer to the central sp’ C—H bond. This precoordination
facilitates the interaction between C—~H bonds and the metal
center and results in an easier and highly selective C—H bond
cleavage (Scheme 1). The methylmetal function here can utilize
the new hydrido ligand, and reductive elimination of methane
renders the reaction irreversible and affords a Co(I) complex 1
with two five-membered cobaltocycles in high yield.

The existence of the Co—C (sp*) bond in 1 |s initially
indicated by NMR spectroscopic analysis. In the 'H NMR
spectrum the intensity ratio of the CH group (br, 6 = 2.43
ppm) and the CH, group (8 = 3.50 and 3.73 ppm) is 1:4,
which indicates that there is only one H left at the central
carbon atom, while one C~H bond has been cleaved. 1 is
stable in air for several hours. X-ray crystallography con-
firmed the molecular configuration of 1 (Figure 1) derived

(12) (a) Chen, Y.; Sun, H.; Florke, U.; Li, X. Organometallics 2008,
27,270.(b) Cao, R.; Sun, H.; Li, X. Organometallics 2008, 27, 1944. (c) Shi,
Y.; Li, M,; Hu, Q,; Li, X.; Sun, H. Organometallics 2009, 28, 2206.
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Figure 1. Molecular structure of 1 and selected bond distances
(A) and angles (deg): Col—Cl 2.081(4), Col—P4 2.1693(13),
Col-P5 2.2170(13); C1—-Col—P4 172.88(14), P2—Col—P3
124.35(5), P2—Col-P4 97.43(5), P2—Col-P5 115.01(5),
P3—~Col-P5 114.59(5), C2—C1-Cl15 111.8(4).

from solution data. Two five-membered cobaltocycles with
considerable ring bending (sum of internal angles = 526.84°
and 523.85°) are formed through two P atoms of the PPh,
groups and a metalated sp>-C atom. The cobalt atom is
centered in a trigonal bipyramid. The Col—Cl distance

(2.081(4) A) is within the range of Co—-C (sp) bongs -
(2.03-2.15 A).*® and the Col~P4 distance (2.1693(13) A) *

is substantially shorter than Col—P5 (2.2170(13) A), which
is due to the electron-donating ability of the trans-C (sp*)
atom.

2. Reaction of Fe(Me)z(PMe3)4 with (thPOCHz)z(:Hz.

Treating a diethyl ether solution of (Ph,POCH,),CH, with

Fe(CHj3),(PMe;), gave rise to hydrido-iron(II) complex 2 (eq
2). Crystallization at 0 °C afforded a yellow crystalline solid
in over 50% isolated yield. Complex 2 both in the solid state
and in solution is stable at room temperature for 1 h at least.

OPPh, O\Pph,
+ Fe{Mo),(PMe,), = FI<P Mes @
T e, —2pMe, H/T PMe,
open, o
2

Similar to the formation of cobalt complex 1, the reaction
may also start with the precoordination of the iron adduct,
but the following double C—H activation process and C,C-
coupling between two sp® carbons exhibit an unusual reac-
tion pathway (Scheme 2). The substitution of two trimethyl-
phosphines and elimination of methane afford A, then the C,
C-coupling between the methyl group and the central carbon
atom of (Ph,POCH,);CH, and the subsequent reductive
elimination of iron species produce a new ligand backbone
witha 3° sp * C—H bond, and then a C—H activation process
once again in the new ligand backbone gives 2 as the final
product. Klein and co-workers have reported similar results
for the imine systems recently.'?

(13) Camadanli, S.; Beck, R.; Florke, U.; Klein, H.-F. Organometal-
lics 2009, 28, 2300.
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Scheme 2. Proposed Formation Mechanism of 2

0~

OPPh, “ppn,

Y+ FelMe)(PMe), —————— > Me Fl(\
—CH,, —2PMe, H/ PMe,

OPPh, oo,

2
C-HBond |~ CHs

Activation | _ 5 o Oxidative | C-H Bond
—2PMe, Addition | Activation

o
“pph, “pph,
; F| _~-PMe; | Reductive Elimination e Hrl _-PMe,
—_—
/T\PMe, €. C-coupling T\PM93
Me
o PP o FPhe
A ]

For less sterically hindered C—H bonds and bonds with
more s character, the activation is both kinetically and
thermodynamically preferred. So, the 3° sp® C—H bond is
the most difficult to cleave. In Klein’s earlier research, when
the monosubstituted triphenylphosphane substituents are
changed from 2-methyl to 2-ethyl or 2-isopropyl, for steric
strain reasons, the C—H activation can only happen to the
ortho-sp> C—H bonds.>® Limited examples of transition-
metal-mediated 3° sp> C—H bond activation have been
reported.“ However, in this whole process, A and B, with
anew ligand backbone, have not been isolated. There should
exist some interactions between the eliminated iron(0) frag-
ment and the newly formed 3° sp -carbon the second C—H
activation could not be a pure 3° sp> C—H bond cleavage.

In contrast to the C—H activation, the alkane functiona-
lization, which involves replacement of a C—H hydrogen by
an organic functional group, has proved more difficult than
the activation step, since alkyl hydride complexes tend to
release alkane on attempted functionalization. Because for-
mation of carbon-carbon bonds is the foundation of or-
ganic chemical synthesis, the activation of C—H bonds and
the formation of C—C bonds in a single preparative step
combine economy, efficiency, and elegance.

van Koten has also reported that, upon treatment of a Pt-
NCN pincer complex wnth methyl iodide or higher alkyl
halide reactants, a sp’~sp> C—C coupling was induced
between the ipso-C-donor atom of the ligand and the methyl
or alkyl group, and the intermediate platinum-stabilized
arcnium complex [Pt(1-Me-NCN)|(X’) was isolated and
characterized,'® while Milstein and co-workers have focused
on C—C bond cleavage, which can be seen as the reverse
process of C-C bond formation, by using alkylated pincer
ligands.'®

The IR spectrum gives evidence for hydrido- 1ron(II) 2,
with a typical v(Fe—H) stretching band at 1919 cm™". The
resonance of the hydrido hydrogen in the NMR spectrum is
registered as a broad signal at —16.4 ppm. 2 shows CHj at
28.04 ppm and Fe—C (sp”) at 64.48 ppm. This configuration

(14) Espino. C.G.; Bois, J. D. Angew. Chem., Int. Ed. 2001, 40,3 598.

(15) Albrecht, M.; Spek, A. L.; van Koten, G. J. Am. Chem. Soc.
2001, 723, 7233.

(1 6) Cohen, R.; van der Boom, M. E.; W. Shimon, L. J.; Rozenberg,
H.; Milstein, D. J. Am. Chem. Soc. 2000, 122, 7723.
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Figure 2. Molecular structure of 2 and selected bond distances
(A) and angles (deg): C26—Fel 2.189(2), Fel—P3 2.2301(7),
Fel-P5 2.2560(8); C26—Fel—P3 170.02(7), P2—Fel-P4
140.06(3), C26—Fel—P5 93.34(7), C27—C26—C25 106.2(2),
C27-C26—C34 108.3(2), C25—C26—C34 106.7(2), C34—C26—
Fel 119.71(18).

of 2 is confirmed by X-ray structure analysis (Figure 2). The
iron atom is centered in a slightly distorted octahedral
geometry. The Fel —C26 distance (2.185(2) A) is within the
range of Fe—C (sp’) bonds. > The most striking feature in the
molecular structure of 2 is the methyl substituent attached to
the metalated sp3-carbon (C26).

3. Reaction of 1 with Iodomethane. Motivated by our
results of iron, we investigated the reaction of iodomethane
with 1. 1 reacted with excess iodomethane in diethyl ether by
dissociation and quaternization of a trimethylphosphine (eq
3), undergoing an oxidative substitution reaction. Crystals of
3 were obtained from diethyl ether. An X-ray diffraction
study of complex 3 revealed that the cobalt atom attains an
octahedral coordination, with PMB] opposite CHs, and the
atom opposite the metalated sp 3-carbon (Figure 3). The
Co—-C9 dlstance is 2.019(5) A, which is slightly shorter than
the Co—C (sp ) bond length in complex 1, reflecting the
weaker trans-influence of the iodo ligand.

PPh,
\ R PTYXp—
—[Me,P)l Me,P
o PP o PP

1

4. Study on Iron Hydride Complex 2. The insertion of
small molecules such as CO, CO,, olefins, and alkynes into
the metal—hydride bond of mononuclear transition metal
complexes represents a fundamental reaction in organome-
tallic chemistry, which is also of great relevance for homo-
geneous catalysis, and the transition metal hydrides play a
central role. Indeed, virtually all the major industrial pro-
cesses in the petrochemlcal industry rely on the involvement
of an M—H moiety in one or more key steps.’ " The chemistry
of iron(II) classical and nonclassical hydride complexes has

(17) McGrady, G. S.; Guilera, G. Chem. Soc. Rev. 2003, 32, 383,
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Figure 3. Molecular structure of 3 and selected bond distances
(A) and angles (deg): C9—Co 2.019(5), C32—Co 2.070(6),
Co—P5 2.3040(16), 11-Co 2.6678(7); C9—Co—I1 178.6(2),
C32-Co—P5 175.3(2), P4—Co—P3 162.72(6), C27-C9-C8
110.9(6).

considerably developed in the last 30 years, highlighting the
syntheses of a number of complexes with interesting proper-
ties.® Our initial focus was on reactions involving insertion
of unsaturated organic molecules into an iron hydride or iron
alkyl.

4.1. Reaction of Complex 2 with Carbon Monoxide. For
the catalytic C—H bond carbonylation by the RhCi(CO)-
(PMe;); system, the rhodium hydride complexes Rh(C¢Hjs)-
(H)CI(PMes); and Rh(CsHs)(H)CI(CO)(PMe;), were postu-
lated as catalytic intermediates.'®

The carbonyl hydride complex 4 is readily formed by
placing a diethy! ether solution of 2 under an atmosphere
of CO at 20 °C (eq 4). Yellow-orange crystals of 4 were
obtained from pentane.

\TPh, e,
PMe, Cco
bl v
Me F + CO —» Me F
H/T\m, mry /T\m" “
PP P,
2 4

The Fe—H bond remains unaffected in this transforma-
tion. Carbon monoxide substitutes one of the trimethylpho-
sphines, selectively occupying the trans-position to the
hydrido ligand. In the infrared spectra a strong (C=0)
absorption is registered at 1907 cm™' and clearly indicates
a terminal carbon monoxide ligand. The Fe~H band is
found at 1861 cm™'. In 'H NMR spectrum, the proton
resonance of the Fe—H is recorded at —10.01 ppm as a
doublet of triplets due to the coupling of the hydrido nucleus
with trans- and cis-diposed phosphorus atoms. In compar-
ison with 2, the downfield shifting of Fe—H resonance is

(18) (a) Albertin, G.; Antoniutti, S.; Bortoluzzi, M. Inorg. Chem.
2004, 43, 1328. (b) Sadique, A. R.; Gregory, E. A.; Brennessel, W. W.;
Holland, P.L. J. Am. Chem. Soc. 2007, 129, 8112. (c) Casey, C. P.; Guan, H.
J. Am. Chem. Soc. 2007, 129, 5816. (d) Field, L. D.; Messerle, B. A.;
Smemik, R. J. Inorg. Chem. 1997, 36, 5984,

(19) Choi, J.; Sakakura, T. J. Am. Chem. Soc. 2003, 125, 1762.
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Figure 4. Molecular structure of 4 and selected bond distances
(A) and angles (deg): C29—Fel 2.157(3), Fel—P4 2.2231(10),
C32—-Fel 1.749(4), 03—C32 1.167(4); C29—Fel—P4 174.2(1),
P3—Fel-P2 144.0(1), C30—C29—-C31 107.8(4), C28-C29—
C31 105.2(4), 03—C32—Fel 178.1(4), C32—Fel-C29 93.4(2),
C32-Fel—-P4 92.42). i3

.

Scheme 3. Proposed Formation Mechanism of §
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caused by strong back-bonding and the trans-influence of
CO ligand.

The expected configuration is confirmed by X-ray diffrac-
tion analysis (Figure 4). The iron atom is coordinated with
two five-membered metallacycles, one trimethylphosphine,
one carbonyl ligand, and one hydride ligand in a distorted
octahedral geometry.

4.2. Reaction of Complex 2 with Phenylacetylene. We first
investigated the reaction of 2 with phenylacetylene, but this
attempt resulted in total dissociation of the diphosphinito
PCP ligand to afford the bis(phenylethynyl) iron(II) Sin over
39% yield (eq 5). § was identified by IR and NMR spectros-
copy. In the IR spectrum, the typical Fe—H absorption at
1919 cm ™' of the hydrido iron complex 2 is absent, and the
C=C band is found at 2037 and 1986 cm™'. The 'H NMR
spectrum in C¢Dg reveals only PMe; and aromatic protons
at 1.4 and 7.0~7.5 ppm, respectively, indicating that the
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Table 1. Crystallographic Data for Complexes 1, 2, 3, and 4

1 2 3 4

empmcal formula C3 3H43C002P4 CuH“F 302P4 C31H37C0102P3 C32H 37F803P3
fw 654.48 666.44 720.35 618.38
cryst syst orthorhombic monoclinic trigonal triclinic
space group P2(1)2(1)2(1) P2(1)/n R3c Pl
a, A 9.352(3) 9.8543(11) 20.7214(10) 9.4228(8)
b A 17.919(6) 17.5207(19) 20.7214(10) 13.1829(11)
¢, A 20.276(6) 20.085(2) 39.396(4) 13.6974(12)
a, deg 90 90 %0 81.630(2)
B. deg 90 102.574(2) 90 78.7680(10)
¥, d.eg 90 9% 120 75.4550(10)
V,A’ 3397.7(18) 3384.7(6) 14649.4(18) 1607.0(2)
z 4 4 18 2
D, gem™ 1.279 1.308 1.470 1.278
no. of rflns collected 19845 21089 30111 9884
no. of unique data 7885 9426 9906 8220
Rimt 0.0459 0.0405 0.0265 0.0195
Omax, deg 27.60 29.49 30.46 28.56
Ry (I > 20(y) 0.0496 0.0495 0.0443 0.0580
wR; (all data) 0.1208 0.1701 0.1464 0.1692

dissociation of the PCP ligand did occur. In the >'P NMR
spectrum, this conjecture is proved through only one singlet
assigned to PMe; at 20.9 ppm. All of these spectroscopic data
are consistent with the results we obtained from the reaction
of thiophenoliron hydrides with alkynes.”® The proposed
mechanism is depicted in Scheme 3. The demetalated new
diphosphine ligand, (Ph,POCH,),CHCH; (6), was con-
firmed with LC/MS. Compound 6 is no longer a pincer
ligand and has weak coordination ability.

O\Ppn’ PMe, OPPh,
|/m., +2Ph—==—H, 2PMe, /Mo o
Me: F — P)V%FT————: Ph + 5)
H/T\m —"’ uo:"/
0P PMe, oPPR,
2 ] s

Conclusion

In conclusion, using a precoordination strategy, we have
achieved the activation of sp> C—H bonds induced by
electron-rich cobalt and iron species in reaction with alipha-
tic PCP ligand (Ph,POCH,),CH,. The reaction of Fe(Me),-
(PMe;)s with (Ph,POCH,),CH, afforded a noteworthy
hydrido iron(I1) complex with a double sp’ C—H activation
process and a subsequent C,C-coupling between the sp’
carbon of the aliphatic backbone and the CH; fragment.

The reaction of 1 with CH,l gave rise toiodomethylcobalt-
(I11) complex 3. Carbonylation reaction of hydrido iron 2
afforded a monocarbonyl substituent derivative, where pos-
sible insertion reactions of CO into the Fe—C or Fe—H
bonds were not observed. The reaction of 2 with phenylace-
tylene delivered the demetalated new diphosphine ligand 6
and bis(phenylethinyl)iron complex 5.

Experimental Section

General Procedures and Materials. Standard vacuum techni-
ques were used in manipulations of volatile and air-sensitive
materials. Solvents were dried by known procedures and dis-
tilled under nitrogen before use. Infrared spectra (4000—
400 cm™"), as obtained from Nujil mulls between KBr disks,
were recorded on a Nicoler 5700. NMR spectra were recorded
using a Bruker Avance 300 or 400 MHz spectrometer. X-ray

(20) Zhen, T.;Li, M.; Sun, H.; Harms. K.; Li, X. Polyhedron, accepted
2009.

crystallography was performed with a Bruker Smart 1000
diffractometer. LC/MS were carried out using an Agilent 6510
Accurate-Mass Q-TOF LC/MS system. Melting points were
measured in capillaries sealed under argon and were uncor-
rected. Elemental analyses were carried out on an Elementar
Vario EL 111

Synthesis of Co{(Ph,POCH,);CH}(PMey),, 1. (Ph,POCH,)»-
CH, (2.0 g, 4.5 mmol) in 30 mL of diethyl ether was combined with
Co(CH3)(PMej3)4 (1.55 g, 4.1 mmol) in 40 mL of dicthyl ether with
stirring at 0 °C. The reaction mixture changed immediately from
orange-red to deep red and was kept stirring at room temperature
for 24 h. During this period, some red powder precipitated slowly
from the diethyl ether solution. After filtration, the solvents were
reduced to give a red solid, which crystallized from diethyl ether at
4 °C. Yield: 2.07 g, 77%; mp (dec) > 112 °C. Anal. Caled for
C33Hy3Co0,P, (1, 654.48 g/mol): C, 60.56; H, 6.62. Found: C,
60.82; H, 6.28. 'H NMR (300 MHz, CeDe, 294 K, ppm): 6 0.87
(d, 2(PH) = 6.9 Hz, 9H, PCH3), 1.02 (d, “J(PH) = 4.8 Hz, 9H,
PCHS), 242 (br, IH, CH), 347 (mi 2H, CH,), 3.72 (m, 2H, CH,),
6.92—8.10 (m, 20H, aromatic-H). '*C NMR (75.5 MHz, C4Ds, 294
K. ppm): & 129 (s, PCH3), 20.5 (d. *J(PC) = 16.6 Hz, PCHy),
223 (s, Co-C), 71.5 (d, 2(PC) = 6.0 Hz, CH,), 125.7-147.2 (m,
aromatic-C). jlP NMR (121.5 MHz, C¢Ds, 294 K): 6 —-12.5
st, 2J(PP) = 98.5 Hz, 1P, PCH3), 12.3 (s, IP, PCH3), 1559 (d,
J(PP) = 83.0 Hz, 2P, PPh,).

Synthesis of Fe{(thPOCHz)I(CH])C}(H)(PMCJ);, 2. (th-
POCH,),CH, (2.0 g, 4.5 mmol) in 30 mL of diethyl ether was
combined with Fe(CH3),(PMe3), (1.61 g, 4.1 mmol) in 30 mL of
diethyl ether with stirring at 0 °C. The mixture was kept stirring
at room temperature for 24 h; at this time the color changed
from brown to red, and some yellow-orange powder precipi-
tated from the solution. After filtration, the solid residue was
extracted with diethyl ether. Complex 2 suitable for X-ray
diffraction as yellow crystals was obtained from diethyl ether.
Yield: 1.46 g, 53%; mp (dec) > 131 °C. Anal. Caled for
C34H4sFeO5P, (2, 666.44 g/mol}: C, 61.28: H, 6.96. Found: C,
60.87; H, 7.08. IR (Nujol, cm™’): ¥(Fe—H); 1919 s. 'H NMR
(300 MHz, C4Dg, 294 K, ppm): 8 —16.4 (br, 1H, Fe-H), 0.69 (br,
9H, PCHs3), 0.88 (br, 9H, PCHS3), 3.26—3.95 (br, 4H, CH,),
7.15—8.15 (m, 20H, aromatic-H). *C NMR (75.5 MHz, C¢Ds,
294 K, ppm): 6 12.5 (s, PCH3), 22.8 (d, *J(PC) = 15.1 Hz,
PCH3), 28.0 (s, CH,), 64.5 (s, Fe-C), 78.9 (s. CH,), 126.3—130.6
(m, aromatic-C). **P NMR (121.5 MHz, C¢Ds, 294 K): 6 5.7 (s,
1P, PCH3), 16.2 (s, 1P, PCH3), 176.3 (d, 2J(PP) = 59.2 Hz, 2P,
PPh;).

Synthesis of Co{(Ph,POCH;);CH}(PMe;)(CH;)(I) 3. 1 (610
mg, 0.93 mmol) was combined with CHsl (754 mg, 5.31 mmol)
in diethy! ether with stirring at 0 °C. The reaction mixture was
kept stirring at room temperature for 24 h. During this period, a
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white powder precipitated slowly from the diethy! ether solu-
tion. After filtration, the solid residue was extracted with diethyl
ether four times, and then the diethyl ether was combined
together to afford reddish-pink crystals of 3 at 4 °C. Yield:
460 mg, 69%; mp (dec) > 134 °C. Anal. Calcd for C3 Hjs-
ColO,P; (3, 720.35 g/mol): C, 51.69; H, 5.18. Found: C, 52.03;
H, 5.02. 'H NMR (400 MHz, C¢Ds, 298 K, ppm): 6 0.84 (d,
2J(PH) = 5.2 Hz, 9H, PCH), 1.23 (m, 3H, Co-CHs), 2.37 (br,
1H, CH), 3.22-3.82 (m, 4H, CH,), 6.67-8.66 (m, 20H, aro-
matic-H). *C NMR (100.6 MHz, C¢Dg, 300 K, ppm): 6 15.8 (d,
3J(PC) = 27.3 Hz, PCH3), 25.6 (s, Co-CHy), 29.9 (s, CH3), 67.6
(s, Co-C), 717 (s, CH,), 128.4—144.1 (m, aromatic-C). *'P
NMR (162.0 MHz, C¢Ds, 298 K): 6 —20.6 (s, |P, PCHj),
148.7 (s, 2P, PPh,).

Synthesis of Fe{(Ph,POCH,),(CH3)C}(H)(CO)(PMe;), 4. A
sample of 2 (450 mg, 0.67 mmol) in diethyl ether was stirred
under 1 bar of COat 20 °C. After 12 h, all volatiles were removed
in vacuo, and the residue was extracted with pentane, which
gave yellow-pink crystals of 4 at —18 °C. Yield: 270 mg, 65%,;
mp (dec) > 140 °C. Anal. Calcd for Cy,H3;FeO;P; (4, 618.38
g/mol): C, 62.15; H, 6.03. Found: C, 62.40; H, 6.21. IR (Nujol,
cm™'): ¥(C=0), 1907 s; w(Fe—H), 1861 s. '"H NMR (400
MHz, C¢Ds, 298 K, ppm): 6 —10.0 (td, 2J(PppyH, 75.7° and
72.8°) = 56.9 Hz, 2J(PppmcH, 88.5°) = 33.1 Hz, 1H, Fe-H),0.70
(d, 2J(PH) = 7.7 Hz, 9H, PCH,), 1.00 (1, *J(PH) = 7.2 Hz, 3H,
CH;), 3.55 (m, 2Hi CH,), 3.95 (m, 2H, CH,), 7.05-8.41 (m,
20H, aromatic-H). *C NMR (100.6 MHz, C¢Ds, 300 K, ppm):
8 22.0 (d, *J(PC) = 24.2 Hz, PCH,), 30.9 (s, CH3), 58.1(d,
2J(PC) = 12.5 Hz, Fe-C), 79.8 (t, 2J(PC) = 10.4 Hz, CH,),
127.3-146.0 (m, aromatic-C).>'P NMR (162.0 MHz, C¢Ds, 298
K):6.20.3(br, 1P, PCH,), 188.7(d. 2J(PP) = 56.8 Hz, 2P, PPhy).

Reaction of 2 with Phenylacetylene. Phenylacetylene (552 mg,
5.42 mmol) in 10 mL of diethyl ether was added to a sample of 2
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(570 mg, 0.86 mmol) in 30 mL of diethyl ether at 0 °C. The
mixture was kept stirring at 20 °C for 16 h, effecting a change
of color from yellow to orange-red and precipitation of a yellow
powder. The mixture was then filtered. The yellow solid residue
was dissolved in 20 mL of THF and crystallized at 20 °C to
give yellow crystals of 5, Fe(PhCC)y(PMes)s, which were sui-
table for X-ray diffraction.’ Yield: 188 mg, 39%. IR (Nujol,
cm™'): ¥(C=C), 2037 and 1986 cm™'. 'H NMR (400 MHz,
CeDs, 298K, ng): 4 1.44 (br, 36H, PCHj), 7.07-1.51 (m, 20H,
aromatic-H). ©'P NMR (162.0 MHz, C¢D, 298 K): 6 20.9 (s,
PCH;). The demetalated new diphosphine ligand, (Ph,PO-
CH,),CHCHj; (6), was found in the mother solution with
LC/MS.

X-ray Structure Determinations. Intensity data were collected
on a Bruker SMART diffractometer with graphite-monochro-
mated Mo Ka radiation (4, 0.71073 A). Crystallographic data
for complexes 1, 2, 3, and 4 are summarized in Table 1. The
structures were solved by direct methods and refined with full-
matrix least-squares on all 2 (SHELXL-97) with non-hydrogen
atoms anisotropic. CCDC-735322 (1), CCDC-735323 (2),
CCDC-735320 (3), and CCDC-735321 (4) contain the supple-
mentary crystallographic daia for this paper. Copies of the data
can be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (fax:(+44)1223-336-
033; e-mail: deposit@ccdc.cam.ac.uk).

Acknowledgment. We gratefully acknowledge the sup-
port by NSF China No. 20872080/20772072.

Supporting Information Available: Crystallographic data for
1, 2, 3, and 4. This material is available free of charge via the
Internet at http://pubs.acs.org.
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R factor = 0.049; wR factor = 0.094; data-to-parameter ratio = 17.2.

The structure of the title compound, [Fe(CyHy0,P,)(CO),],
exhibits a distorted tetrahedral coordination [bond angle
range = 96.31(12)-119.37 (4)°], comprising two P-atom
donors from the chelating 1,3-bis{(diphenylphosphanyl)oxy}-
propane ligand [Fe—P = 2.1414 (10) and 2.1462 (10) A) and
two carbonyl ligands [Fe—C = 1.763 (4) and 1.765 (3) A]

Related literature

For a related carbonylation reaction, see: Klein et al. (2003).
For general background to metal complexes with the 1,3-
bis[(diphenylphosphino)oxy}propane ligand, see: Pandarus et
al. (2008); Xu et al. (2009).

Cco

/ ~co
/Ph

Experimental

Crystal data

[Fe(CxHas0,P,)(CO)}
M, = 556.29
Monoclinic, PZl/n
a=12589 (3) A
b=15191 3) A
c=14384 3) A

B =106.14 (3)°

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS, Sheldrick, 1996)
Teniny = 0.828, Tppex = 0.899

Refinement

R[F? > 20(F?)] = 0.049
wR(F?) = 0.094
5=099

5590 reflections

V=26424 (11) A’
Z=4

Mo Ka radiation
£=073mm™!
T=293K

0.27 x 020 x 0.15 mm

17176 measured reflections
5590 independent reflections
3864 reflections with I > 2a(1)
Rh( = 0.080

325 parameters

H-atom parameters constrained
Apumx=055¢ AT
Aprin=—030e A7

Data collection: SMART (Bruker, 1997); cell refinement: SAINT
(Bruker, 1997); data reduction: SAINT: program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: SHELXTL.

We gratefully acknowledge support by NSF China (No.
20872080/20772072).

Supplementary data and figures for this paper are available from the
TUCr electronic archives (Reference: ZS2034).
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Key indicators: single-crystal X-ray study; T = 293 K; mean o{C-C) = 0.003 A
R factor = 0.024; wR factor = 0.061; data-to-parameter ratio = 17.5.

The title compound, [Co(CyH,5s0,P,)I(C;HgP)], was synthe-
sized by the addition of 1-iodobutane to a solution of the
parent cobalt complex {1,3-bis[(diphenylphosphanyl)oxy]-
prop-2-yljbis(trimethylphosphane)cobalt(l).  Two  five-
membered cobaltocycles with considerable ring bending
(sum of internal angles = 5164 and 517.7°) are formed
through two P atoms of the PPh, groups and a metallated Csp®
atom. The Co' atom is centered in a trigonal-bipyramidal
configuration.

Related literature

For general background to transition metal complexes with
PCP pincer ligands and their preparation, see: Boom &
Milstein (2003); Pandarus ez al. (2008); Xu et al. (2009); Zheng
et al. (2009). For Co—Csp® bond lengths, see: Klein et al.

] (2003).

3

Experimental
Crystal data

[Co(CxH250,P2)[(C3HoP)]
M, = 705.31
Orthorhombic, .Pbca
a=15161 3) A
b=18194 (4) A
c=21410 (4) A

Data collection

Bruker SMART CCD area-detector
diffractometer

Absorption correction: multi-scan
(SADABS:; Sheldrick, 2004)

V = 5906 (2) A®

Z=8

Mo Ka radiation
n=182mm™"
T=293K

020 x 0.15 x 0.10 mm

35496 measured reflections
6237 independent reflections
5551 reflections with [ > 20()
Rin = 0,071

Tonin = 0.713, Tinay = 0.876

Refinement

R[F? > 20(FY)) = 0.024 H atoms treated by a mixture of
wR(F?) = 0.061 independent and constrained
§=104 refinement

Apax =057 ¢ AT
Doy = =054 ¢ A3

6237 reflections
357 parameters

Data collection: SMART (Bruker, 1997); cell refinement: SAINT
(Bruker, 1997); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
SHELXTL (Sheldrick, 2008); software used to prepare material for
publication: SHELXTL.

We gratefully acknowledge support by NSF China (No.
20872080/20772072).

Supplementary data and figures for this paper are available from the
TUCr electronic archives (Reference: ZQ2034).
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