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RR-KFEEE DEREIZONT

BHE LT L XLRLOAEILEDE N THINCERT 2FMTH Y . FEGRTIEOH
B EHZA B ETHRE LT CEz, T TLERSBAMEE Ao+ T, ST
DI K DAL TP Ea SOG CIER #7132 B & B3 2B MO =RAY 2 G v — b % o]
REICT D72, AERICBWTRERAIRRFEL o TnD, Bl IE/ N7 V0 Al
AW a2y 7Y RIS TR, 1ERNEECTH 7287 U — VB OREEN B 5
72570, EHELOHAEM B O TEMRLES o HWEEEZ L OEEMEI O AL A
WHRTEY ., 2010 I ) — UL FEEAZE LTV 1,

Z D XD ITERE R W FAMBOS I IAERERICKREREEL 52 TV DN,
Z DL L BIIGEDFEWERES & B GBAB O AERIC L KIEAE L TS, |k
O aAN TV RIS b EOFNTIERL, ~Na Ui EORKISEDEWE B E
TORIGEIWCEANTHEMENDH D720, TORTE TG LREENENT 5, SHICFDOE
RERLIZAERRICIR D A E N, (L BRBOFEIEW N U 5 2D AR MR &0 H R
b dHoiz,

RFIKFBC-HBEHITEEBET RV —DRELSAEETH D0, A E LTH
AT2Z L3R THD, LALZO C-HEGEERE LTRHIFTE 20 ThiE, K
Jis LR D ANBCBEAE O FIE TR E S OB R PRI /2 5, & L TCRIGDRI% T
KO BHRENENZDIRFNE < BERANRAREGHRFLEL R VED,

EBERIERICL D C-HEGOUB 285 | A 722 B R BALAOG D B W OMFFEIE 1955
EOMNBIZLL2MEETHMD, I T, FERT VY IV E—BILRFEDORKIGE 231
MEEAFAE T TITH 2 TRUY T 7 X AOEEIT> T 5 (eq. 0.1)% BEH L ZOKIG
T, A X FEOEML %2321 7= 27390 MBS DAV Mz C-H fEA 28I L TR Y,
Fem A fIH T2 2 & Tl NEESR CH G2 RS RIS TE 2 2 &2 R L, 2D
%, 1969 FITSFA. IR OIT ST VU A X5 HEHEICEW E ALV T 0 v ORI
v PV TIZED CHIEGDT VT =t (eq. 0.2)* &, & LT 1978 FRIZ LR &%= v~
U AMMEIZ K D R C-H RSB D7 T o ~DOA IS (eq. 0.3) & ZNENHE LT\ D,
IND 2 OIS TITEE DB RIS B2\ ALEEUEOHIEN 1T - T
272, 1980 AL TR A AR 2 R L7z CHSE A O BERRIMEOBEN N 20 H D535,
KR E U ClBBE R SUSRM 2 B &3 5 0, BB 2 KRR WD 5L BSOS R,
FLEE LT & D o T RTEDMIR IR S LT dr o 72,



HooNh N
co cat. Coy(CO)g
.
H benzene, 220-230 °C 0.1)
100-200 atm
cat. Pd(OAc),

H < Ph cat. Cu(OAc), X Ph
+
O/ N 50 atm O, O/\/ (0-2)

AcOH 5 mL, 80 °C
20 mL 5 mmol 4.46 TON/Pd

H Ph Ph

cat. Rhy(CO
N t :H . C}/-—Ph ( )122 Ph
CO 30 kg/cm*, 200 °C
H o K} g (0.3)
300 mmol 5 mmol 57%
o:m:p = 6:62:32

ZD XD REFOH, 1993 FEIZH 2 ORFGE 7 N—T13FEAN 7 CH A OBEREMMEOV)
DTOFIE LT, BERS FrOA )V ML C-H #EGYIM AR D4 L 7 4 2 AV=T L%
TR 2 S LTz (eq. 0.4)° OGN TIET o VAR =V EREMEE LTEHS 2 LT
AV MRS ST T 5 Z L2 6 L, C-H A OB R ICR W Tl
ERATDZ ERN ARG L 72 D 2 L AR LTE, TN C-H SO ERREEITZ <
DIFFEEIZ L > T, BICHATE DRI B I OEATZERERL O OILKRICE L TH
HNZAFFE M T4, BUECIIAARRIZE T 5 — KIFFEMEE E 72> T D 7,

Si(OEt),

Si(OEt cat. RuH,(CO)(PPh3)3
By + K( )3 Bu 0.4)
AN toluene, reflux

quant.

ZOEIIZ C-HFMAOERMUITIBARFIETH LN, KISZENFETETIEL720
WZIEINAVT =0 L, VUL RIVUA AV TULREDOESBMBNZL S DA T
s, BeBIEMTH LT TR, —RANTEER SV, ZO72D, EHNEK
FEE L THAT I L VRl T, #EORWERBOFEHANEEN TS S, FTHEIT
IR L EEICHFET 2EBSR THL-DICEM, ATFESTHY ., £ LTERIC
T HHMENEREROT CTRLKS SEIN TS, gfills vz CH A0
REAAKIE Z o 10 F /) TSR TOI D L 912> TnD %,



RHPRAE ST SMEIC X 5 C-HEADERE(

SRR A I T2 AR 722 C-H A G OB REEBIZ 2008 R IZ HA B2 L 0 41 Tl Shviz
(eq. 0.5)19, Z ORUGTIX 3 DKM & Grignard i3 H 5 ML X 2 Skfilii & VT, sp? %
FKROBNLZFHA LT CHFEEDOT U — b & #ER L TW5, L& LT, S%ER 2 HEE
AATH5 1,10-7 =F > b U (1,10-Phen)z VS, 12-V 7 unA V7 X &AL+
%2 & TRISDRICHEIT T 5, A & O FEBRAV ISR JE 2 B £ 2 . Chen & (X DFT 315
\Z & ¥ Fe(Il)/Fe(Ill)/Fe(I)¥ A 2 /L (Fig. 0.1) & Fe(Ill)/Fe(I)¥ A 2 /L (Fig. 0.2)7 2 > DHEE it
HEAENATRECTH D ERBL TS 1 HIE D A I = X LTIk 2 flfEN, BED A I =X A
TIE8k 3R NEMERL & LC, £ 424 oxidative hydrogen migration (Z X U & O AL %
WEZ 0 A BT A 7 VR E 52 5, £, # 0 MRk 1 MFEAS C-H #5A 2 Ul
B2 LY TRV E W) FHEBE LSO,

cat. Fe(acac)s
cat. 1,10-Phen
H N% ZnCly*TMEDA Ph N7
| 1,2-dichloroisobutane |

X +  PhMgBr N (0.5)
ge e O




C
PhznClI Fe!

Ph-H

oxidative
hydrogen migration

PhyZn
1e-oxidation Fe(II)/Fe_(III)/Fe(I) transmetalation
catalytic cycle
Cl PhZnClI
Cl ></
N
FL“//N
CI’//}4\\\N'/
\

reductive

elimination 1e-oxidation
NZ Ph\F " /N
T~ ></CI
Cl N7 cl

) Y
Cl
O '

Fig. 0.1. Proposed Fe(Il)/Fe(IlT)/Fe(I) mechanism for iron-catalyzed C—H arylation.



Ph-H
two oxidative
N 1e-oxidation hydrogen migration N/_\ _I ®
o | N
Fe'"\
N /s
90
PhZnClI PhyZn
transmetalation Fe(III_)/Fe(I) transmetalation
catalytic cycle
PhyZn PhznCl
®
Fe'/N
CI/ H \N Z

reductive

elimination /—\ coordination
Ph N
N~ \F m o
o & = Cl

O g

Fig. 0.2. Proposed Fe(Ill)/Fe(I) mechanism for iron-catalyzed C—H arylation.




HkE 513 2008 £ D (eq. 0.5)LAKE, 3 i D SRHE/BOAL T/ 4 B ak 3R 2 L 7 B B 7 fil
BEREFIH LT, Mix el iz o EICB 0T, sp2 b L iEsp? C-HAEEDT U —)L
b, 7k, TV UL, T =k, 7R ARICERE L TR Y 2, BIE T S
=T PR EITH LTl oT B,

L L7 H 5 2406 O UG Tl Grignard #83E & W o 7o @ OB E D A BE® B EE L W 5
& CE MR A A STV DD, W OnoEICERT S, £9 1 2HIZ,
FATRE 72 S AR S U C RS O AP RERIC /25 Z E R ZE T b b, Blmike L
THRATE L0, TIRRA v, VUV VIIRESNDIEER~T R E VST,
Grignard FRIEDREZ TN Z Z 1T 720V b DITIR B AL, REEFINZZ TR0 9 W b o ARl A L
LCHIAT 2 Z LI3WEECH D, 7 bidbkx LA ON D ERRIETH Y | aldol X
Jin, Wittig SO, Baeyer-Villiger FR{LIG 72 & 305 < O FEB)SIZHIH S 5729,
BRI TR bAMRERED | > Thb, TORH, 7 brzilmks: LTH
THZELEFREERVESL, FLTH D 1| SOMESIT, FICHEOMANKEEIZ /2% =
ETHD, SHENDRP CAMBIEMEREZ BA S D720, BRI 2 flitk, BLOAE Y
WA L D Z ENWRETH U . UK DFEMA R & 72 5



ERFMmEEEAIZ X 5 C-H #E& DUl X OEAY s e 21k

KPR TIT2R L HAE TR 2R EREEARIC K 2 C-H #E 0Tl < b b
TV 5%, 1968 A21Z Hata &3 DPPE(1,2-bis(diphenylphosphino)ethane) % EiAz 112 & - 0 fli D&k
TF L UEEREAR L, ZHEEBHE S L IIMEALTZ(eq. 0.6)4, DL =F LDkt
MEZ Y DPPE 1O 7 = = /VID C-H #EE0FWTRILAIINEZ L. #kADE R U e
ahz25Z xR LT,

Ph Ph
Ph\Ff\FIVPh Ph\Ff\FI’/P:
Ph—P~ Ph—P~_ ~
_Fe— _Fe
lTthTP I ” benzene, rt T:’hhjp I (0.6)
(R~Ph 220 W Hg lamp R
Ph or Ph

toluene, 70° C

1N sp® C-H FEA OFLAIAIN G 1986 4RICHA ST b(eq. 0.7)'5, & Z Tidk, 4
RAT 4 VBN E2AT DT R RESARZ LR 2 2 & T, KFESFOBEEC
AU 72 0 fliEREEARIC KT LT+ C-H #EE BB Nz =+ L FH S iJi/\“Cb\Z)

/
L, o
C;P/FF‘H 125 W Hg lamp i o> 0.7)

\ Fi\ benzene, rt (\/

T TO CH #AOYK X 1978 412 Tolman 52 XV Rk I vz, 51X
DMPE(1,2-bis(dimethylphosphino)ethane)fli. 42 H T 5t KU RS 7 FAGEKNLF7 2 L
CNETTHILEEST S Z L TA U D 0 D Fe(dmpe) (2% LT, 4 72 C-H #5E A ERLAST
MZERZ 32 & 28HE LTV 5 (Fig 0.3)15, Z D% Field 512X Y. FeHy(dmpe), % Y fREH3
HZETKRIESTERET S ETEH, 2O Fe(dmpe), ZEKT D Z EBRHLMNE 2721,
FRALAOA N Z i 2 9 C-H #E & OFESHIL sp’y sp?, sp C-HFEA SIRIA< . BREEE R0
RUBRAL DX D R RALKFED C-HFEG DU S,



FeH(2-Naph)(dmpe), =~ ——— > Fe(dmpe), W FeHy(dmpe),
g lamp
— NaphH -H,

FeHR(dmpe),

~H )J\/H \OJJ\/H P L Me—H

C(sp?)-H C(sp)-H

@(H HD)(L ©)?\H L |R |

Fig. 0.3. Oxidative addition of various C—H bonds to Fe(dmpe)..

5D Fe(dmpe), D SOGPEZFIH LT, Darcel &1% 2015 2B FR C-H #EE DR Y L
b3, filif & D FeMea(dmpe), (2 L 0 #1795 Z & 2 #5 L72(eq. 0.8)'%, FeMex(dmpe), 13t
BEHZ L =& Dl & 0 i Fe(dmpe), 34 S5 Z ENHARETH Y . HEK
C-H FEA OBMLEOM N, & L<ide FuR T 0 B-H FEE OBALAAING X Y BSOS T
LTWD EHEESN TS, 51T 2020 4ED Docherty & Thomas 512 Y, FeCly(dmpe):
b HERE CH #EOR Y AL ORBERTEA L L TE < 2 & 2R S 7z(eq 0.9)7,
FeCly(dmpe) 13 KU RIRTH D I/VAREET R U 7 AIZE D FeHy(dmpe), ~ & ZAHTX |
f5e < JEIREHZ X 0 AKFE 723 S D Z & T 0 i Fe(dmpe), 235 4ET 5, flBERTERATH
% FeCly(dmpe), Id, FeHa(dmpe)o. FeMex(dmpe), & LE_XTZER, KFITEETHH Z & 03
RTHY, 77 0F 47z bWolenTaFERIbEwNRHATE s Z LnHESh
W5,

Et H cat. FeMe,(dmpe), Et
+ HBpin Bpin
H UV (350 nm), neat, rt (0.8)
73%, m:p = 68:32

o cat. FeCly(dmpe),

cat. sodium 2-ethylhexanoate ©
\_/ +  HBpin \_#Bpin
40 W blue LED, THF, 60 °C

(0.9)
72%
5-boryl:4-boryl = 81:19



1987 41T Jones © 13 Fe(PMes)(CNR)s Zfilifi b 4% = & ¢, HHHEFHETTXUE D
CH FAUNzRoA4 YT = REDRISIZEYD, FEET VY IV OHRKET>TND
(eq. 0.10)2°, Z DG ITEREER 2 Iz V= C-H A BRI LOKRWDOBITH 5, HEEK
JEHEME % Fig. 0.4 12 Lo, SIS X0 SBIAIEEEN O A Y 27 = ROMREE L 72 4 BoAros
RPBTEMERE S E2 5N TERY . ZIMhE_UEBro CH FBEOBILttn, v 7
= FOBEFEAN, V7 = KOEN, ETHOBBEIZL Y 7Y I UBRAERT 2HIETH
Do ZOMISIIMBEANCHEIT T D28, A T4 Vo7 = FIidfiEMfE chH 5 4 BNsEA
ZBUAL T 5 2 & CRUMEATEYEZ: 5 BSER~LE R D720, 4 VT = ROREAEI T 5
VENG HMER S 5, BREN D L1, INEGRIE CIRRUGIEETT Le v, B0 5 Bl
FEEEERD S N U ATFVRAT ¢ ML, Fe(PMes)(CNR); & 725, Z @ Fe(PMes)(CNR);
L a7 7872 —DA YT = FENLA2 3 2bD710, @FOETEENMETL, X
B O CHREEDBBILBMM L 720 EEE STl < T\ 5,

_CH,'B
Nt
H cat. Fe(PMe3),(CNCH,Bu);
+  CNCH,Bu H (0.10)
Hg or W lamp, neat, rt
TON up to 8.4



NR

reductive oxidative

elimination addition
MesP MesP
% CNR *| JCNR

RNC;Fle“—szR RNC7F|e'—@

H™ PMe, H™ PMe,

coordination migratory

insertion

CNR

Fig. 0.4. Proposed mechanism for Fe(PMe;)>(CNR)3-catalyzed synthesis of aldimines.
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AT E 72 X512, 0 Il OESERIZERLAINC X 0 (~7 o) FHFE C-HES & IET 5
EEBIT, KBS TFOLBRIEMMINCEL Y Ve RU RERE 5225 19, ZOJEEEFIA L
T, Chirik 513V 2 B2 NHC Befii+% 2 DB A LT- 3 BRI F %2 A 5 8k(0) = HE K
R L U7 E R CHAEGOEAKFE, U F U A~ORHSOGZ s LT D (eq. 0.11)2,
AN 2 LR L7Ab A2 AV 2 ik, BAIOERBFICET 2 1EH®E2 557201
FHTH Y KBRS IR ORI CIIA FIH SN TV D FIETH D 2, K
F RN AZHASOE Tl Crabtree filtit & FEIZAU 2 [Ir(cod)(PCys)(pyridine)[PFe 72 E DA U 7
L Z DN T2 E TN ED STl Y | BmEL2 AT HEEIZB W T, 4/ ML
BIRA 72 S & 72> T2 B, —J5, Chirik 23B%8 U 72 BkflflER CIRBL M L & OSLIRRCR %
WET T ASZNL, RNTALTORIEDHETT D,

0 - 0
. (H4-P"CNC)Fe(N
H Bat (H4-""CNC)Fe(Ny), (64%) D
NMez 2 NMez
H THF, 45 °C (70%) D
H D (64%)
X
L o1
N N

O’Pr N2 N, iPI’\@

(H4-F'CNC)Fe(N,),

11



AerE 2 A A U7 BRFESkes A X 2 AL BEINA 72 C-H#E A OUINTE X Ut ER B R
1t

Bl EE 2 FH L7z A0 MOEREY e C-H #E O & 64T Y | 1965 4£(Z Pauson
HIZ L o TEHA N R NABEENEFEA I L DAL M C-H fEA %YW 5 2 & RNk S
LT D(eq. 0.12)%, Z ORI LR = VEER Al & LT, 2016 4212 Wang 5 KV B EE
A I ETIF VDA S L D cis-34-V 8 RaA V& U v OARNH
HENTVD(eq. 0.13)5, £ LT, & Fuv I v ERAWEEERA 2 v O4 /L ML C-H S
DY MEY | VBRIV EKERRA & T D T & TRUTER S 4172 (eq. 0.14)%,

(CO)3

VAN
H  NPh Fe»(CO)o (OC)3F67LNPh (0.12)
[j/ W+ — [ ]

or
Fe3(CO)q2 benzene, rt

Ph
Ph
H NH Ph IN
cat. Fe3(CO)qo
PMP + | | B PMP (0.13)
Et,0, 120 °C
MeO Ph MeO

2%

H NH cat. Fe3(CO)12 SiEt3 NH

HSiE norbornene
1 + i t3 t
Bu PhCI, 115 °C Bu (0.14)

58%

12



Bl 2RI L7z CHEEAOUIW & LT, eq.0.11 IZ/8 L7z CNC BfL 1% H 9 5 =%k
PEIRITF L—2 g TR DAV ML C-H A OEREAISIN S 31T %, Danopoulos 13 2009
EIDOEBB ST, 7Y O M C-H F5E MU S L7z 85 R o HEEIZpEh LT
% (eq. 0.15)%,

N~
| oC
H NPh H—Fe—NPh
. e
H +  (PCNC)Fe(Ny), H
UV (254 nm), THF, rt

| (0.15)

(P'CNC)Fe(N,),

FURAFIRRAT ¢ EREEAS EBLmEEZFIH Lo AL MOBIRAY e C-H O Yl 4
T ZEBRMBINTND B, Bl x X, BEEA IOV M C-H #5 A1 Fe(PMes)s #51K1C
BRALHI N A 2 3 (eq. 0.16)%, ZD X 5 RirMAz SO Y AFAKRRT 1 LA TH D
M. eq.0.16 [IZAFEIN D EMMLIEOHPF BN TR Y | i) 7, CH AN 25 E
BERALITIZE > T o T2,

Me3P
‘\\PMeg

H NH H—Fe—NH

e 0.16
gy +  Fe(PMej), Me;P Bu ( )
pentane, —70 °C to rt

13



B F MRS AR K 55 FHES b DAV ML C-H K& OfERYE 221k

WARTE =L DT, D DR CTRAE S-SR 2RI A L C-H f58 OFRER
BITHR & OSBRI 2 FFEE2 H 10, 22 10 FETERACHIZEMTbLCE =, —J7, &
B BB AT RE 2B kSR 2 R L7z C-H f5 48 OUIHIE < oG HINH 528, fil
BSOS ~DEBBIINEZR STV D, FFIZ Fe(PMes)s $EAI% eq. 0.16 (/R L7Zi@ D |
FEA X OA )V ML C-H G OBLHI INE T 5 Z E R BTV DD, A RIC
RSN TWehote, TITERIT. T oR0T7 L V%0 C-H FiE ORfiesl % H
WD ZET, 7R S ER T R DAV ML C-H A OB RERALD 0 Mo Stz X -
THRET & D & AFZEAGE A 3L C 72 (Fig. 0.5),

cat. Fe(0) complex
o L2 R
coupling partner

[Fe] —[Fef]
oxidative H—IEe"—0 Fell—0 reductive
addition [Fe'] O O_[ ] elimination
@)LR @)L

R

Fig. 0.5. Working hypothesis for Fe(0)-catalyzed ortho C—H bond functionalization of aromatic

ketones.
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%1 T, 0 MERELIC X 2B EFR Y DAV ML C-H fSEEUINi 2R o417 v
Z W= T NV ABSSIZ DWW TR 5 (Fig. 0.6), #kfifliic K25 C-H fEA OB RER bIT%
MNTFRIED TN T DA, I CTE 2 REOBEITWELEREN TH D, EHITRPIR
AETIEZR S, HEETREZR 0 OB AIRINT 2 DA T, FE RS b F L7 400D
Ay TV TN EZER LT, RO, FHEEF N A V7 4 D ORISIZZNE TES
BAEEEOFIHR AR IR T ooled ™ BEBMBETOHDOTOR L IaoTe, LT 4L
LTiE, E=rvr Ty, BBEA VT 40 AF VORI GT RGP eE =
NrE—FT N TFICBFIATLILENTE, WThOF LT ¢ A LTH C-H &N
ifi Markovnikov B TN L7 a 525 2 L 2 R L2l E = v —T L ~DFH K
% C-H #&4 i Markovnikov U N2 @R TrERk L 72 DIIASUS RO T TH D, EHAK
FIEMEROM RN . C-H R B UM B I SOS OHEEEME TR EE 2 b D,

4
H o *
Z cat. Fe(PMe3),
R % e R

Z = SiR"3, alkyl, aryl
OR", NR", anti-Markovnikov only

Z
[Fe] ( — [Fe°)
oxidative H—[Fe']—0 z [Fe'1—0 reductive
addition K elimination
@)LR @)LR

migratory
insertion

Fig. 0.6. Iron-catalyzed ortho C—H alkylation of aromatic ketones with olefins.
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B2ETIE, PV TN~ =L LT NTAT=) A R=LEBHND Z LT,
TNF AL E T 2-14 R U AL EELT T D BUSIZ DWW Tk~ % (Fig. 0.7), C-H i & & A L
T4 DRA T TOINIENT, BFEERAL T 4 o ThdF I 2FH L7
IR O D 230, FEHITH | BICBWT, =F IV EAWCHEEKRT h O/ M C-H
BWEDOT LI IR EITT D 2P LNI LTS, REIZBWTEFDORGE N-E =)L
AV R=IEDD TV T NBRSEDLZEICEY, =) 2 o EwEA®MEIE K% H
L7, 7S bAERDIIM A, TESNDA LV R—v®D 2 NiTOH v 7V v T AR
bFbNTz, A2 RUIbIRZ 5 2 5 SOSHEIL, 857 0 F L PRHRA) DS O8O 1,4-H5
NTHDHEHREND, BRD 1AGGII T P T AT DT MO THALNTEY
SUBRD 1LAMIZE L TIX L BNCER B D By 7o, SRARBEZ AW 5/ oA v
ML C-HREEDT V=, H LIE~T a7 UV —bix I ETERI N TR T2
7o, ARSI EO RIS EE 2 5,

\/N 7
H (0] O (0]
\ cat. Fe(PMe3),
By + N By * O Bu

alkylation indolylation

~ [Fe’]
F 0] reductive elimination
e
oxidative
addition :
/

Ty ¢
N Q—[Fe"]—o

H—[Fe'"1—0 [Fe'l—0
N
1 t —_— t
Bu migratory Bu 1,4-Fe Bu
insertion migration

A

Fig. 0.7. Iron-catalyzed ortho C—H alkylation and indolylation of aromatic ketones with

N-vinylindole.
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B3 ETIE, CBREATIAL T4 ThIAT LYY IuTaXvEhy ) T
N—= R =L LCHFIH LR ET VIHUEISIZ DWW Tl <% (Fig. 0.8), RIEME C-H #5E &
AF v ruardanrody 7Y U TRIGNES L OWEFNRHH0332 7 a7 a LR
FIALIERCERAL G . TV = VLR ETH Y | OBEBRESBAER TIXRET Y
WIEEERBANT D Z EITZER ST W h oo, KRNIk A 2 B &R b C#AT 52
EMRTE, AV MLIKRET UNVENEAN S ITZARD DRI Oz, AET UL
ICAERTE HRAEHIIRATE, IVR=-F LT 4 A BV ARIGIZE Y P R
R; 7R L ADFE T ol BEARBLISNTEHEFRT b L ORERNL, RRSIEA
FrrvrnrFunrOFe-HiE~OBEFAIZL D AR T 58 7 n 7 r e X Fum
ARG, B-IRFENEE, EBCHBEC LV EIT T2 B2 b5,

H O
cat. Fe(PMej),
R *+ R
R"

methylenecyclopropane homoallylation
[Fe?] - [Fe
oxidative reductive
addition elimination

R. R
e
H—[Fe']—0 R'WA &* [Fell—0 R [Fe'l—0
R

R
@)\ R migratory ©/U\R p-carbon ©/N\
insertion elimination

Fig. 0.8. Iron-catalyzed ortho C—H homoallylation of aromatic ketones with

methylenecyclopropanes.
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ZN

1=
V7 4 U ERWZT VR G

T

il

Fox DT N—T1INT =0 AfEC X B bRV R R RS Ui, BRI
N> DA ML C-H FEGYIW 2882 7 VX LS 2 S LTV 5 (Fig. 1.1)%3, Z OIG
@0%»%:?AA®#%Vﬁwﬁ:»%®Em\%mm%<ﬁwhﬁoﬂ%A@@m%
0, A7z Ru-H FEE~DA L7 ¢ C OBENTA, £ L TR LD EITL TV D
k%i%mfwéoxﬁm@%@&bfu\%ﬁ@ﬁ%ﬁu@%@ﬁ%ﬁ?%é#F/w
WIR=NVEEZELIEE L THWTOW S /0, PIEISETH 5720/ L Lol S
KRB A DAL AR A EN D FDROEWIETH D RIREBFET B D,
Z OISR, BERA R AR L C-H AU 28 5 B RE R L RS 138 AT &
NnNoHEHTho7,

Si(OEt);  cat. RuH,(CO)(PPhs)s
tBU + I\
X toluene, reflux
quant.
ma
[Ru‘] _ — [Ru9]
oxidative H—[Ru"—0 Si(OEt)3 [Ru”] o reductive
addition e elimination
©)L,Bu I @)L

Si(OEt)3

migratory
insertion

Fig. 1.1. Ruthenium-catalyzed C—H alkylation of aromatic ketones with olefins.



Fig. 1.1 THWBHIL TV 2% RuHy(CO)(PPhs)s il LIAMIZ & Fex DML 7 L — T 1%
Ru(CO)»(PPhs); X° RuHa(PPhs)s & E /il &2 L AR LTS 3%, & BITARISIZIE
TELHZEOMDNLT =0 MMl & LT, #]21X Chaudret & Sabo-Etienne Hi%, & KU RN
BN & ARF BN A ZHT DT =7 LN IR TT A FALISIZEA TE 5
Z L EHE LT B(eq. 1.1)*, Z @ Chaudret 233 L7z /L7 = w7 Ml 2RI H U 72 SO,
Leitner HIZ K> THZEDHZHE I TWD 33, £/, Darses & Genet (3 2006 412, Tz
TR T LERTAIE LTHERL, RFT 0 MOLT =0 LERAESE LR 2R L
72(eq. 1.2)%,

H (0] H (0] H O

cat. RUH2(H2)2(PCy3)2
+ X +
Q0 OO Y e
4% 96%
Si(OEt);
cat. [RuCly(p-cymene)],
H O cat. PPhg o)
Si(OEt cat. HCO,Na
. Q‘k - (1.2)
A toluene, 140 °C
quant.

REEDBEFE, N & F L7 4 DRISIZOWTIIAT =7 AERUSMNC G 1 27 LbE
R, AV DT LEEREME L L7BIA 5N TS, v ¥y ARIT 1999 452 Brookhart
HIZE D (eq. 1.3, 7o, AU U0 AMBERIX 2008 FIZEEH HIZ LD #HE STV D (eq.
1.4)8, X HIZZED%, Bower HIIENL 1% dippb & 925 Z & CAIEIEINMEE 2 b &,
Markovnikov BUAIINAE B8 % 58I G- 2. 5 = & % BLH Liz(eq. 1.5)°, ANEISIZ S B
AEETHY, A7 E VAR T 52T, RTRTHTAERMAIZED mn
T U FABFIRTT X AL ERR & 5% D (eq. 1.6)%,
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SiMe; SiMe, SiMe;

H o) H cat.
Cp*Rh(CH,=CHSiMej3),

o H o
. SiM83 +
O ‘ K cyclohexane, 120 °C O ‘ O ‘ (1.3)

88% 1%

oo cat. [Ir(cod,)IBAr, 0 P o

Ph cat. rac-BINAP
- T + (1.4)
X toluene, reflux
OMe OMe OMe

75% (linear:branched = 5:1)

H o cat. [Ir(cod,)IBAr, 1) Ph 0

Ph cat. d"ppb
t + t + t
Bu N\ Tadioxane, 100°C Bu Bu
(1.5)

80% (linear:branched = 1:>25)

(C6F5)2P  P(CgFs)2
d"ppb

H O cat. [Ir(cod,)]BArT, o)

cat. (R,R)-S-Me-BIPAM
+
DCE, 135°C
OMe OMe

82%, 88% ee

9 @ 06
LY T LU

R IP/
NMez MeZN

(R,R)-S-Me-BIPAM

ZOEIT, FEBES AL T 4 CORIRIZIE, WTNOHETHEALT =0 A, B
VUL AVTVTLEVSTEEEBAEENVEART R CThHoTz, AR L7Z@EY, SRk
TICERBBEICHAET2EBGR THY . M >AFAES Th L, SitiEs vz C-H
A OBERRCIZBIER ARSI TON TV DS, T ORER X O A#PH AR 72
RONTHEY, BEICEEEOBER 7 b b A LT 1 2 & ORIEIC OV Tkl 2 A
TBNTE STV R0 T,
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Brfilfi 2 VN 72 C-H #E 8 UM 28 5 7L 2 MbRUSIE, RS 0 71— 12152 Cook &
DT N—7 Bed 215 M T — M EONBERZ & SOT X AbHIZ 76 (eq. 1.7)2
NHY RGO 7 N—7 121200 Ackermann H D 7 /LV—7 BT 157 L F 04 JE RS & R
Wiz fBl(eq. 1.8)* b b D, AL T 4 v ERAWET A MBIZE L TE, HbICE > TAT
BGHRIZBWTA I U ERLAEEE LIERISDRHE STV D(eq. 1.9)1%, ZOA L7 4
EDORSTIER, FHEBES M2 B E LT 2 Z L ITNEEE -~ 72,

| cat. Fe(acac);
N cat. dppen
Ph ZnBry*TMEDA Ph
H HN . p-AnisMgBr, Nal HN
THF, 70 °C (17)
¢} OTs 0

Z—=

82%

| = cat. Fe(acac); | =
N cat. dppen N
Ph ZnCl*TMEDA Ph
H HN H 1,2-dichloro-2-methylpropane HN

THF, 70 °C (18)

97%

H cat. Fe(acac)s Ph
NPMP cat. SIXyl*HCI (¢

MeN™ XX Ph CyMgCl, TMEDA H* MeN" X
H + K e — H

Et,0, 60 °C

[\, . (1.9)
N N 93%
Cr-

SIXylsHCI
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ERAMEIC X 57 P EBELAEE L Le T vF U biE, ARSI LD 2016 F12 1 FlO s
STV D (eq. 1.10)12 FEamlZal~7= X 512, Grignard sRIEDORANT X 0 BRIE ) & Al M
T2 FEAE S 2 A O OMMEER T, RERBEZZTOT W brafmis UTHRIAT
L2 EERNETH D, DI, THOOMBERTIIEICEMELZ 2 JEETHZLTAXZT
YA 7 NVHERORERZ W LS, RO EEITSE TV, Z07D, HET
b7 MR ERmEE T DR B RERE L 2o T,

T THBIEREEOIRNEREBILEM THDL NI ATFATAI =g L E Ty T
JN—hF—eF D52 ZLUT 2 BRRNFZ%E LT 3 JERAT ¢ BN NMey-TP
ERATHZ LT, BEES N OA N ML CHEAEDATFMbEERK Lz, LoxLEA
TEXLEREIIATFAVEICELI, BRHITAXALTAI =0 LEZFHLTH A FLELL
SDOEREFDOBANIZIZE > TR,

cat. Fe(acac);
H O cat. NMe,-TP Me O
2,3-dichlorobutane PhoP PPh,

¢ +  AlMe 4 P
[:i:T/u\B” ®  THF/toluene, 70 °C [:E:T/H\B” /[:::]/ \T:i:j (1.10)
MezN

NMe,-TP

VLSRR TE =L 912, HEHES RO ML C-H RO AR LA L7 ¢ % Fn
72T VFMACBOSIE, C-H #EA U 2% 5 BREEALBUS B I AT O D L 9 1T/ o7
D 1 DRl IETHY . 2L OMREHIREH D, LrL, WTILh B @Al 7
FEThHY, S L OREGRBRMEEZFIH L7ZAIX I E TR oT, Tiiteq 0.53 ~—)
R K 9 IT, TEROERARE R CTIIABEMRE 2 A ST 27201, mRISTED AR
REZHNTEBY, ZRERISLTLE D FHFEBES P ATEELE L THEIRETH > 7272
HTHDH, £ TH 1 ETIE, BERMEEAFIARAR Cho2ZOIbE, BeERTH
DM LV RET D2 L & L THES BRI DTN ARZE AR il SRS A 2 fili
ELERIGSRERE TSI ZE, Zhb 2 0% AL LEERFHZ W TR 5,
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51 HT BOSSRAFORRES

§1.1.1 st

FRamlcm L7ci@ v (FEm 2R L7c C-HAEG OB 2 292 & 23 F 5 40T 5 8K(0)
A% 10 mol %V, B Nm 7=/ (1a)é b U =F /L =)L T /(2a)% THF FEEH.
70 °C. 20 FF R St & 7=(Table 1.1.1), #% 7 /LR = /LR34 < Ui L7227 7= (entries 1,2),
— . FURATFIVARAT ¢ AR AL & U TRHWD & TV R LA ) 3aa & 91%
NMR [{ZR T H: 2 7= (entry 3),

entry 3 [ZB W T, MUNMEIEFEREDO AN ML TOHRMEIT LTZ, Fimlls L7z Fig. 0.3 (8 %
— ) C.Tolman &% 2 FEAR A 7 4 VENL 1249 25 0 Mligkes R & F5EE 7 b v DRUGT,
AAALH LLIINTALO C-H FEE DB LB 2R Z 3 L M5 LTV D28 1 entry 3 @
HHER AT 4 VEMNEFE2 AT D R AFIVRAT ¢ UEEEROYAITT B VR =V
MELAEE LTl &, A0 ML T C-H A OBEAITINBE Z 5 L &2 b D 3
Flo, TIOFINIEMN 1 DEA ST ERKY) 3aa OAPBIHI S, 2 DEASINTZH DI
R LR oTo, THUL tert-7 FAEERE R L L AV MICBEASA T VX E O
TMRENLZ DB H 12D AL MLC-HEEGDUIET S 2 & NER TH 5 6334,
VIEDFERMNG . FUATFIRRT 4 R E RO CROFMERF 21T 2 & & L,

Table 1.1.1. Screening of iron catalysts.

SiEt,
O (0]
SiEts 10 mol % Fe cat. t
t +
Bu N\ ThrozmL Bu
70°C,20h
1a 2a 3aa
0.6 mmol 1.5 equiv
entry Fe cat. NMR yield of 3aa

1 Fex(CO)y not detected
2 Fe3(CO)i2 not detected
3 Fe(PMes)s 91%
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§ 1.1.2 IR

A FRVAIE 2 Mt U= (Table 1.1.2), 1,4-PAF V2 ~FH¥ > b= T THF(entry 1)&
[RIFREE DU & 72 7= (entries 2-4), 7 & b2 TIZHEITIKT Lz (entry 5), 7 & k¥
TIEEEOIALEIMEL | § 143 TR T 225, B(LAMM L8kt KU FHEERSLAR
B NS W R THDT B AR LTI 2RISR Z > TWD D TIEZRWnnk
EZ TS, DMF 28I &35 LRI T L7223, R DI T T L ¥ L LA R 3aa
5z (entry 6), ABUSIE, ~FH 7 EOMBMIALSE )N DMF O X 9 A A g
THEITT DI LRGN E o7z, WIHEZAWRWEETH G L, 93% NMR U & 72
D HEENCEIX 89% Thd o7z (entry 7), il % 5 mol %o & 32 LUNHIFRE LT L7
D(entry 8), ZALD DFEFRN D entry 7 DR 10 mol %, MEVSIESAIF 4 i & L7z,

Table 1.1.2. Screening of solvents.

SiEt,
0 o)
SiEts 10 mol % Fe(PMe3), t
f +
Bu & solvent 0.2 mL Bu
70°C,20h
1a 2a 3aa
0.6 mmol 1.5 equiv
entry solvent NMR yield of 3aa

1 THF 91%
2 1,4-dioxane 92%
3 hexane 90%
4 toluene 90%
5 acetone 3%
6 DMF 48%
7 neat 93% (89%")
gb neat 28%

9[solated yield. *Performed with 5 mol % Fe(PMes)a.
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§ 1.1.3  SUGKEE ORET
B DR IEEZE AL % FL 7= (Table 1.1.3), SU&FER] 10 43T 51% NMR IR & 722 0 (entry 5), 1 I
M CRUSITR T Liz(entry 2), SUGFEM 2 1 B & L CROBEHTE > 72,

Table 1.1.3. Optimization of reaction time.

SiEt,
O 0]
©)Lf3u . Sﬁta 10 mol % Fe(.PMe3)4 By
X neat, 70 °C, time
1a 2a 3aa
0.6 mmol 1.5 equiv
entry time NMR yield of 3aa
1 20h 93% (89%"?)
2 lh 93%
3 30 min 89%
4 15 min 70%
5 10 min 51%
6 5 min 28%
solated yield.
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§ 1.1.4  SUSREEORRET

BOGFEM 2 1 R & LT, BUSIRE ORRGETA1T > 7o(Table 1.1.4), FROHE, MIGIETIE
LN EBITL TW e o 7o B (entry 1), OSKE] 2 20 FFIICIER T 5 & 7 v F U LAWY
3aa % 83% NMR VR TH X /= (entry 2), T D7, iR CTIIMBIEMERENA U 5 £ TOH
EHNRWEEZ DD, RISIRE 50 °C (entry 2), 70 °C (entry 3), 90 °C (entry 4)D H T,
entry 3 @ 70 °C 2 bINED Er -T2,

F3EHTRAREA L7 ¢ o OmAFEICB T, OGN 1 B CIEdsa® EE 7o
TWEA LT 4 v WIZIET VLR ) AFILT T QRe))BbHoT-T-, &2 8. F 38k
5B OBFHIB W IO Z 20 R & LTITH> 2 & & L, 72, §1L1.3 1BV
TROSHKFA A 20 RefICHER L T HUIRICE LN BN Z L 2R L T D,

Table 1.1.4. Optimization of reaction temperature.

SiEt,
Q ol
SiEt; 10 mol % Fe(PMes),
©)Lt8u ' & neat, temp, 1 h Bu
1a 2a 3aa
0.6 mmol 1.5 equiv
entry temp NMR yield of 3aa
1 1t 3%
28 1t 83%
3 50°C 89%
4 70 °C 93% (89%")
5 90 °C 70%

aPerformed for 20 h. "Isolated yield.
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2 PR b O NP

§121 v 07/ UiFEKROG

voNa 7o ) OHER EO/NTALIER 2 BRI A AN LT, BREEFFA M & MEE L
72(Table 12.1), /SF{LIT A bFH®Ab), AFAHde), 7AA 1D, FY 740 R
FLINEATIE R T ) LV EDRIEEITH) &, BEHROE ST ) v (la)d [k
WU ER TR % 5- % 7= (entries 2-5),

Table 1.2.1. Iron-catalyzed C—H alkylation of para-substituted pivalophenone derivatives with 2a.

SiEts
o o
5 . SiEts 10 mol % Fe(PMej3), )
! K neat, 70 °C, 20 h Bu
R R
1 2a 3
0.6 mmol 1.5 equiv
entry R 1 isolated yield
1 H 1a 89% (3aa)
2 OMe 1b 96% (3ba)
3 Me 1c 96% (3ca)
4 F 1d 92% (3da)
5 CFs le 95% (3ea)
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AT A AN D BEHIN T2 W5t U7 (Table 1.2.2), A ZALIZA FXRTHAFTHIE I T
1%, 6 AL CTRUG L7z 3fa & 2 ALR06 L7z 4fa & HICE S, BERITIRILER & 72 - 7= (entry 1),
—J7 AF N EAg), YU A a A FEh) TIESLIR N 22N TN D 6 (LD AL ML T F
FOGTHEIT L. E4E41 3ga & 3ha Z SR TH:- % 72 (entries 2,3), 1g D& TlE 3ga DA
WAERMN IR I T, REUGD 1g D3FEAF L T 2 (entry 2), A ZALD A & 3L X EAFE R
FOR— XRTBEBICENLT DI ENTEDLD, SARANTAATE 2 AL TO IS b LT
LizeBZDND, VT =0 AR TH A XD A FF VIO RBHE S TN D 30,

Table 1.2.2. Iron-catalyzed C—H alkylation of meta-substituted pivalophenone derivatives with 2a.

SiEts
o) o) o)
6
Bu . SiEts 10 mol % Fe(PMe3), Bu . Bu
& neat, 70 °C, 20 h 2 SiEt,
R R R
1 2a 3 4
0.6 mmol 1.5 equiv
isolated yields
entry R 1
3 4
1 OMe 1f 11% (3fa) 12% (4fa)
2 Me 1g 75% (3ga) not detected
3 CF; 1h 95% (3ha) not detected
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FHER LOBMEIZ LOOSMEDEMIZER T 5L, B IEETH D A b & H(entry
e A TV HE(entry2) & HEG L CTETRBIFETHD MU 74w A F L E(entry 3) TT /L%
AR OIER M ELTnD, ZORKE LT, HFHER EICH LB RIIFEIE-T
EITHIMBENMEE SN TWD Z ENREZ LD,

Fig. 1.1 (18 X— )DL T =0 Al X 5 C-HAEE O T VX WAL TIEDFT R HEIZE D |
L BERE T&aéifnﬁ’]ﬂﬁ%ﬁi)) 1,2-7 VxR VR 2 PRV BRFERNICHEAT T 5 L i ST
% (Fig. 1.2)*, . [A1 T RuH»(CO)(PPhs); il & W= BB/ R AT IV EA LT 4 D
FOGIZHBWT, L5 %@f%wi7w%wm$ﬁ%%ﬁiﬁwﬂ HEERECNY 7
0 A FVHENEEL SN BERE A TV TIRIEE R < BUSHAETT 5 (eq. 1.11)*2, Z D i
PEOBE NI~ A T AN DISTH D 12-T VXM O Z VLTI L D b0 TH
HEEHLITBRARNTND, DF V| EEHOLE CTIIAERETH D 1,2-7 /X /VIRALH
ETETERY Z 5 2 0, B REIEZ L ORE CITABMALENLEZ T D20
1,2-7 L3 JVERAE DM S AU(Fig. 1.3). @R TAERMZ 525,

ZOXOINT =0 MR TR LN D EREIFEIC K DB CHIBBEO(EHEDS . ARBkfd
R THEZ > THY | Table 1.2.2 IZRTUSMEDEWIZER > TNDH EBEZTND,

R' R’
&[RU”]\Q [RU”]\ 0
1,2-alkyl RO
migration R

Fig. 1.2. Detailed mechanism of reductive elimination for ruthenium-catalyzed C—H alkylation of

aromatic ketones.

Si(OEt)3
0 0
ou , SiOEN;  cat RuH,(CO)(PPh3); on
€ e
\ toluene, reflux (1.11)
R R
R=H :notdetected
R=CF3:97%
<R_ Rl
®
{{u”]~o [Ru')']~o o
N CoR  f.2akyl R OR - [Ru] OR
|/ _ migration
EWG EWG EWG

Fig. 1.3. Detailed mechanism of reductive elimination for ruthenium-catalyzed C—H alkylation of

aromatic esters.
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§122 NV 7x ) UFHERO G

Fe(PMes3)s (ZX0 Y 7 =/ (M) E G LT, 4 B8R EZ 525 2 LA B LTV 5 (Fig.
1.4)%, ZOHEE LT, RV 7 = ) DAL ML C-H FEA MREREE R I B LAY N L 7=
LORHEESNTEY, 220D ANL MIORENRL D | HFORY T2 ) ATKRBE
B 52 L TIOAIEERPERT D LWV R RESNTWD, HL, Fig. 14 D41
IR X RS RN ClX, RETRLULEKZB LICKEREA LTS, ZDHRY
V7 x ) DA ML C-H FEE DU 3TV D DNEHENTIER 0,

Me3P\
MezP—F
Nl Ph
o MesP Ph PMe,
' /O\ g
Ph *  Fe(PMey)y —————  PhTope  FeO_pp
THF, —70 °C to rt 3 o l
1i Me3P Ph \PMe3
i Ph
Fe\—PMes
» [tF.e] H oy o) H PMes
oxidative | €3 _ - «PMej;
addition MesP—Fe—0 Ph)J\Ph Ph_O0-Fe
Me.P” —— > Ph 0
es Ph carbo
metalation Ph

Fig. 1.4. Stoichiometric reaction of 1i and Fe(PMe3)a.
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FEEIIAR Y T = ) )RS ESED & T VX AR 3ia & 27% CT137-(Table 1.2.3,
entry 1), Fig. 1.4 (Z/”7 4 B285A % 5 2 25 RIS ICRIE T ORI & 5 2 AV MZICE#R
HEEBEBANLTT N ANVR=VEOE Y Ok EEEm L $T5 2 8T, BIRIGETH 5 RIEK
B2 ] T X B2 DUV THRGE L 7= (entries 2-4), AV MZIZ 1| DA FAIEEH T HHE 1j
TIEULR 31%I235 T8 _E U(entry 2), A /L MZIZ 2 D A FVIE A AT 2 5 1k TIHULR 19%
WAK T L7z(entry 3), AV MLIZ N U 7 A4 v A FUVEEZE T HHEE 11 TIEISTET L
MoTo(entry 4), ZDFRERNG AV MIIZ 1 DA TFAEEZEAT 5 Z L IXRIR S OIS
RRNENR D D708, 2 DAFNIEEBEANT D L BBOT NI IALIEPEIT LIZS K 8D 2
NG o T,

Table 1.2.3. Iron-catalyzed C—H alkylation of ortho-substituted benzophenone derivatives with 2a.

SiEt,
(0] R)I 0 R1
SiEts 10 mol % Fe(PMes3),
+
e (L)
Rz R2
1 2a 3
0.6 mmol 1.5 equiv
entry R! R? 1 isolated yield
1 H H 1i 27% (3ia)
2 Me H 1j 31% (3ja)
3 Me Me 1k 19% (3ka)
4 CF; H 11 not detected
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FOGHED 7] %30 > T Hammett D EHILER 6753031 ThHh D 8, p-AFNEKEHT DK
'E 1m % /= (Table 1.2.4), 2%V 7 b VA= VEORE A TP, Fig 14125- 0L
TeRIBISTEH D7 B INRZNVESORBEEEZIH TE D20 E2mi Lz, 7725 &6
PESE) L, 7 T A ABIR 3ma 28 S9%ER LDz T, Y7 L% K Sma 3
26% K Liz(entry 1), AL 7 4 DY EE § Y EIZHL L, 7T/l RIETT 500
RS LT, R A 25 mol %k 95 & VT XA Sma X 2% LovE X3, MU TV
X LALIR 6ma % 85% CThH- % 7z(entry 2), Z D& &, T T T ILF /UK Tma (3B Sz

Mmool

Table 1.2.3 IZRBWT 2,20 T VFNEPNEA I NN Y 7 = /2 1k LT V3 U bR
HEVHITLR 27228, Im DU TIEL 2,20 T VTV EEINE A 172 Sma 005 S 51T
TIVFRNAEBEITL, 6ma 252 TWb, ZOSEDEWE I OEFAEEIZLS

IR EEZTND,

Table 1.2.4. Iron-catalyzed C—H alkylation of 1m with 2a.

(0]
Me II Il Me
1m

SiEts x mol % Fe(PMe3),

+
K 1,4-dioxane 0.2 mL

70°C,20h
2a
0.6 mmol 1.5-8 equiv
SiEts SiEts SiEt, SiEts SiEt,
(0] O O
o, " o, " Xy
Me Me Me Me Me Me
SiEt,
3ma 5ma 6ma
SiEts SiEt,
(0]
Me I l Me
Et;Si SiEt,
7ma
isolated yields
entry Fe(PMe3)s 2a
3ma Sma 6ma Tma
1 10 mol % 1.5 equiv 59% 26% not detected not detected
2 25 mol % 8 equiv not detected 2% 85% not detected
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§ 121 [ZREL7-E " m 7 = ) VIBEIKOKIETIE, HER EICERIENER ST
WA TREINRCTERD Z 52 TR, XYy 7 )/ UFEERO KIS TR, HER EIC
B ENERIN TS FREINERCERDE 5272, ZOE NI b vR=L
HEORBHBEOZTLOTINEBRLTHD EHERIL TWD, ENNr T =/ UFFERITRR
D -7 F ML SR BT P ARV ERREREEZZFI2< < o T D

DIZxF L, XY 7 = ) VEIESIRR), BEHIOREBERBEEZZ 00, EOTDERO 1
SDELT, RV T2 VHTIET bR NVEOREAMEEBFINC TS, BIRIG
ZETD2ZLEDRVEETHD LHHATE D,

p-ATNEEIY GEAHGRENE VD p-A XU = 0.78)P 2L >V 7=/ 1In
EDORIGE, AV T v 8 M E, R 10 mol %DRMTITH & VT AF ALK Sna 1
20%., b U T7ILF ALK 6na 1 75% & 72 > 7= (Table 1.2.5, entry 1), filifii &% 15 mol %2 i
e, VT NFNMALR Sna BIEIR L. B U T F ALK 6na & 88% 5 2. T T T LFIL
{BAK Tna HIEBELS 5 7= (entry 2), il & % 20 mol %I EFTH .7 F T 7 /L% {LIK Tna
DOILERIT 3% Lo B L7gdso T=(entry 3), 7 b7 7K AT B % 6 < SERREEIC LY
EZviz<nweEEILND,

OGSO 2~ 2 & RG] 5 25 TIEE /) 7V UEIK 3na 2% 42%, V7 L%
JUAEAER Sna 23 2% & 72 0 (entry 4), 15 43 TIEE / 7V U BAK 3na 28 37%., 7 VX bR
Sna 7% 56%& 7¢ o 7= (entry 5), D728, FILT AIEFIFLLTDO LBV THDH, FTE/ T
X IALIK 3na & 5 2 7% SRR ZEVN T D 20 TIBIRAVIZ 2 [B1H O 7 L AL 3L T
T5, TLTOMD LLIZOALTHILHEITLTHRY 7 /F ALK 6na = 525,

OGS 5 57 (entry 4) & 15 43 (entry S)DKE, T /VF UALIK Sna D 5 6 2,27 TS L
TbDE 26 N TG LI ODIITHIZ 982 TH 7203, KISKERAY 20 FEf(entry 1)
BE, ZERREEIE 90:10 I L LTz, T DL 2,2-T T X ALK Sna & 2,6-2 7 /L X UALIK
Sna OFGHEDEWCE D D TH D, 2,2°-F T VALK Sna D J57258 3 [BIH D7 )V U4k,
DGR D MISARRNZZENTEY . U T AT ALK 6na ~& L0 E b Lz7zd7
LEZTND,
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Table 1.2.5. Iron-catalyzed C—H alkylation of 1n with 2a.

SiEts x mol % Fe(PMej)y

(0]
+
& 1,4-dioxane 0.2 mL
MeO OMe 70 °C, time
1n

2a
0.6 mmol 8 equiv
SiEt, SiEt SiEt, SiEty
o} o} 0
o,  LJoa,, U
MeO OMe MeO OMe MeO OMe
SiEt,
3na 5na (2,2') 5na (2,6)
SiEt, SiEts SiEty SiEt,
(0] (@]
cra,, LUK
MeO OMe MeO OMe
SiEt, EtySi SiEt,
6na 7na
isolated yields
entry Fe(PMes)4 time Sna
In 3na 6na Tna
(2,2:2,6)
not not 20% not
1 10 mol % 20 h 75%
detected  detected (90:10) detected
not not not
2 15 mol % 20 h 88% trace
detected detected detected
not not not
3 20 mol % 20 h 83% 3%
detected detected detected
2% not not
4 10 mol % 5 min 54% 42%
(98:2) detected  detected
) not 56% not
5 10 mol % 15 min 37% trace
detected (98:2) detected
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NIMAZ P Y ZNAA B AFNVEEEALIZARU Y 7 =/ 2 1o MR LTz(eq. 1.12), 2D
L& B TORIALIK Joa BB 2 5 OH TEOMORERDITHR T E 2211,
NININZEBFRGIERNH D202, 7 b AR =VEOREBEFER ERD . BSOS E
ZYRF LR le ZEDRISEDIE T ORI & BHETE 5,

SiEts
(0] (@]
SiEts 15 mol % Fe(PMe3),
N 1.12
X 1,4-dioxane 0.2 mL (1.12)
FsC CF3 70°C,20 h FsC CF3

1o 2a 3oa

0.6 mmol 8 equiv trace
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§123 TIHAFAT V=)L b BIREERET v DORJES
TNXNLNT V=7 DT VF VI ZRRE L7 (Table 1.2.6), EHLIER 227 m~F
NEEAp), A Y 7 e ENVE1q), AT VEAr)E LTS ELT 9 & (entries 1-4), R 23R < 72
HIZONT, WERENMB ETHZERNDhoT2, bV INREEFERS N THHT b
7 x ) AT EL BIS Loz (entry 4)y, T DJREIZOWTIES 1.4.3 (52 X—)I2B W0
TELEL TN D,

Table 1.2.6. Iron-catalyzed C—H alkylation of alkyl aryl ketones with 2a.

SiEty
O 0}
SiEts 10 mol % Fe(PMej),
©)‘\R ' \ neat, 70 °C, 20 h R
1 2a 3
0.6 mmol 1.5 equiv
entry R 1 isolated yield

12 Cy 1p 83% (3pa)
20 Pr 1q 55% (3qa)
3 Pr 1q 44% (3ra)
4 Me 1r not detected

aPerformed with 5 equiv of olefin.

WICBRIR S FBERT B AT OO TR L 72(Table 1.2.7), £ affickFEE2 2282 1-7 b
7 m=2, 1s) TIESISIFTHEIT L2 o 2 (entry 1), RIZ a fZIC A F/VHE 2 D H DB
BT N ERE Lz, NERO=2)Z & 0REE 1t Tl (bR CRISEIT O L mIET
LR % 5 2 77 (entry 2), fIEREZ 145D 5 mol %, SUSHFEIZ 15 45 & LT bIRERIC &\ Y
aos Liz(entry 3), HLERM=1)%Z & RE lu TlmECSM CRIOSETIT O EPERIT 17%
L T&W@T&bo 7=(entry 4), ~FH U EZREEE UTINZ 5 EUNERIT 28%IZ17]_E L 7= (entry 5),

(R A 20 mol %2 _biF 2D BRI 40% & 722 > 7= (entry 6), LEBRM=3)Z & iEE
1v Tl iﬁﬁ;ﬁ”éiﬁk%%EP*irfﬁ—Zf:(entry N BISMED &N -ToT T v B E D
EE 1t zHWT, H3HEICRET 24 V7 ¢ omEMfEMzHasT 528 & L,
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Table 1.2.7. Iron-catalyzed C—H alkylation of aromatic cyclic ketones with 2a.

SiEts
(6] (6]
SiEty x mol % Fe(PMe3), R
+
X solvent, 70 °C, time R
1 2a 3
0.6 mmol 1.5 equiv
isolated
entry R n 1 Fe(PMes)4 solvent )
yield
not
1 H 2 1s 10 mol % none
detected
2 Me 2 1t 10 mol % none 99% (3ta)
32 Me 2 1t 5 mol % none 96% (3ta)
4 Me 1 1u 10 mol % none 17% (3ua)
5 Me 1 1u 10 mol % hexane 28% (3ua)
6 Me 1 1u 20 mol % hexane 40% (3ua)
7 Me 3 1v 10 mol % none 56% (3va)

aPerformed for 15 min.

-1 % 7 o AWNEEMEE AR L7z C-H #EAa0BEREMUICITRATE vz E3m s
NTWb, BlZIINT =0 Al X5 7 VX UL TIIERY %2 527 (eq. 1.13)%22, 4 U ¥
0 DEER DA B Z BV eq. 114", £72 1A & ) L7 I UM EA LizA
SUb YT AT KD T T AL Z 5 72U (eq. 1.15)%,

eq. 1.15 DS TEH ST ZORUSHEDENMZHOWT, LA LW AT D A% T4
A 7 NVHFBEROZEEDEVNIER L TND, 2F0 1A X UFERN=1)TIE, A
THA T NVHRBERDBBRERIZEL D ARREL 72> TND DR LW ER_Tn D,

—Jieq. 113 DFUGIZB W T EHAKFEL SN 1-4 V& 7 dw-ds & JFEHZ W= & 2 A,
NI E 2 2o T2, JRRIO 7 o DA MMEEF LT 4 ORT H/D B S
iz %, ZORERIT C-H #AOBLRIIN, AL 7 4 o OBEFEAILE Z 228, Exrli
BEDSHEIT L TV WZ EZRIE L, eq. 1.15 OFEIR & 135870 5.

0]

@d} .

Si(OEt),
N

cat. RuH2(CO)(PPhj);

Si(OEt),

toluene, reflux
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n =1:no reaction
n=2:quant.

(1.13)



Yo
? PPhy
o H—Ir—oO0

7
@é +  [ItHy(acetone)(PPhs)BFy, —— > Ph3P©E/§ (1.14)
acetone, reflux

n

n =1 :no reaction
n=2:85%

By

Bu cat. RhCI(PPh3); H*
+ DR R S
K toluene, 150 °C (1.15)
n n
n =1 :no reaction
n=2:99%

1-A V& HERN AR A CE BB & LT, ARSIV 22-U A F v
A E 7 AWD 2 LD A TF NI L DENE 2 DD, & 2 TLT =0 MMl 2 v
Tl-AVF ) HEE DG EIT > 7=(Table 1.2.8), eq. 1.13 D% FHET 95 & AERMITES
T, HEMESEN(entry 1), RICAL 7 42 R F AL E=LT T QRa)ET DL,
AW 3wa & 1% CThH X T-(entry 2), £ L T22-PAF)b-1-A4 X /> (Au) &k DRIGE VT
=0 LETIT O &L T3%INERTARW) 3ua 21572 (entry 3), ZDOZ &b, HWHE 1u
D2MDAFIIEIICEY, A& ) VERBRIZBWTO T ILF AL HIIZ#EIT 5 2
EBH LN ST, BAONDERE LT, AFNIEEDNRKFEIZEY 77 b VR
SNEORERF L—ra VZARRAEICEDD Z ERET oD,

Table 1.2.8. Ruthenium-catalyzed C—H alkylation of indanone derivatives with vinylsilanes.

SiXs
1) 2 mol % o
- SiXs  RuHy(CO)(PPhy); R
©:Z§<R I\ toluene 0.9 mL R
135°C, 22 h
1 2 3
0.6 mmol 2 equiv
entry R 1 SiX3 2 isolated yield
1 H 1w Si(OEt)s 2b not detected
2 H 1w SiEt; 2a 1% (3wa)
3 Me 1u SiEt; 2a 73% (3ua)
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HIH AT 4 O

§13.1 X7/ b= 1T T DO

von7 /) (la)b B =TT 2b2d & DG ETT > 72(Table 1.3.1), MU= F
TE=LYTU2b), NUATFALE=ZL YT Q2e), VATNALT 2= VBT T 2d)
AL EZA, WIS EIEETT VXA 3ab, 3ac, 3ad Z#Z N ENE- 2 72,

Table 1.3.1. Iron-catalyzed C—H alkylation of 1a with vinylsilanes.

SiXs
0] 0
©)LTBU . ?33 10 mol % Fe(PMej3), -
X neat,70°C,20h
1a 2 3
0.6 mmol 1.5 equiv

entry SiX3 2 isolated yield

1 Si(OEt)s 2b 93% (3ab)

2 SiMe; 2¢ 87% (3ac)

3 SiMe;Ph 2d 93% (3ad)
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§132 22-VAFN-1-T hTurtv=rvTr, BEAIVT 0, AFVUFEORIG

22-VAF-1-T hTurANERE L LT =y T2 2b2d, BIFEA V7 1 2 2e-2j.
AF L A 2k-2n & DG EIT o 72 (Table 1.3.2), AFfEE =/L> 7 2 2b-2d (2B TEILER
TR 3tb, 3te, 3td 2 TN ENE 2 7= (entries 1-3), JENifEA L7 4 LT, 7Y AT
V(2e), 1-~FEQ2), BE=LT T antH 2R < ARLGIZH T X 72 (entries
4-6), Rt EWHEBIZA L7 4 VELE SO 1,5-V =2 2h TR CTORSSITHETT LT
(entry 7). AL 7 4 UL E > X UHEDBIZATF L UEHE T O H DA L7 ¢ 2 20 TIHINEE
52% T T L F AL AERA) 3ti & G- % (entry 8). SUGMREE % 50 °C 12 T % & UNEIT 77% E Tl
EL7(entry9), AL 7 4 VEMLE X VEOBN 4 ODAF LU THDLIA LT 4 22
H IR 70% CTHUSDHETT L (entry 10), AF L 2 QK)E UG5 H4E A F L 4 21, 2m
E DG S EINER & 72 > 7= D3 (entries 11-13), B R51HAE ©DATF L H 2n TIERUGPEIX
KT L7z(entry 14), p- F VU 740 A F L AF L2 2n) TORRE FOJFRKIZSWT, &
RREA VT 4 3 0 MESEIRICENLT 2 2 & CEBOEBEFHEEMMIT L, C-H &0k
BRI Z D IZ< < e TVD EHEEL TV D,
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Table 1.3.2. Iron-catalyzed C—H alkylation of 1t with vinylsilanes, aliphatic olefins, or styrenes.

R
i R 10 mol % Fe(PMeg), i
@ijL N neat, 70 °C, 20 h
1t 2 3
0.6 mmol 1.5 equiv
entry R 2 isolated yield
1 Si(OEt)3 2b 97% (3tb)
22 SiMes 2¢ 99% (3tc)
32 SiMe,Ph 2d 99% (3td)
4 CH>SiMe; 2e 71% (3te)
5 "Bu 2f 96% (3tf)
6 Cy 2g 96% (3tg)
7 3-cyclohexenyl 2h 58% (3th)
8 (CH2);OTBS 2i 52% (3ti)
9b (CH2);OTBS 2i 77% (3ti)
10° (CH»)sOTBS 2j 70% (3tj)
11 Ph 2k 92% (3tk)
12 0-MeCgHy 21 83% (3tl)
13 Pp-MeOCgHg4 2m 86% (3tm)
14 p-F3CCeHs 2n 23% (3tn)

“Performed with 5 mol % Fe(PMe3)s, for 1 h. *Performed at 50 °C, for 40 h.

VT = MR TIX AT L 2 & D T Markovnikov BUAHINZE BN 2 C | RIlAERK
¥ & L C Markovnikov B INA pki# & 0 AR T % (eq. 1.16), — 74 BIBAFE L 7= $RflME R C
IFAF LU ZEDTTRTOE =LY T 2 2a2d JEVIRA L 7 1« 2e-2j. AF L ¥ 2k-2n
TP S it Markovnikov LA O 7 A SR BT - 2 B 5 & 72 o 72, 2 ORRIRNED
EUMZOWTIES 1.42 (49 R—=I)NZB W TELRT 5,

Ph
Ph
(0] O (0]
Ph cat. RuH,(CO)(PPhj3);
+ +
K toluene, reflux (1.16)
anti-Markovnikov Markovnikov
90% 8%
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§133 E=L1=—TFT /DG

BrEERA LT e LTE =T —T L i L72(Table 1.3.3), n-7 F /L B =)L —
TILQR0)E DEISE 5 U BEOA L7 4 > FUSIRE 70 °C, FUSH 20 B & LTITH &,
I 31% TR 3to &2 5-Z 7= (entry 1), S HRDIROM L& HIF L, RfFHREE Lok
Z A5 HED 20, SUGIREE 50 °C, SUGIRFH 40 FEEIZ 380 TLUERIT 58%I2 A L L 7= (entry
2), RIS DI DR R FIZEER S 72O s LR, Hit T, ZOFRFEEZHWTE =1
T—T7 LV OE B R ORI %175 /= (entries 3-10), EHIER 2 L0/ S\ FLi@ep) LT
% EMCRITAL T Lz(entry 3), Z L TCE Y mmW\A Y 7 FNHEQ2q). Y 7 rEeni@r), &
7 TSV VHE2s), -7 TV (20) TR ISR E L O i S I EB LAk L 72 (entries
4-T)y p-A FF IRV E =T —T L (2u) TIEULERIT 40% T - 72723 (entry 8), X P L
RAZAFAREAEA L TEEL LRV DA E = Lo —F L 2y TlE 73%CUER L L7
(entry 9), E/-WEFE EICTV—VENEHR LT U — A E=Lx=—7 /L 2w TIIEL EN
AT LZero T(entry 10), B =/L—T7 /L L ORUGTiE, EHE R BNEEmWIE EEIE L
RAORERPGONTZ, TOERE LTRIRISE LTER %ﬂé B-T v fiEEDE Z v
RTENET HND,

Table 1.3.3. Iron-catalyzed C—H alkylation of 1t with vinyl ethers.

OR
0] 0]
, OR  10mol %Fe(PMe;),
©5L I\ neat, 50 °C, 40 h
1t 2 3
0.6 mmol 1.5 equiv
entry R 2 isolated yield
12 "Bu 20 31% (3to)
2 "Bu 20 58% (3to)
3 Et 2p 40% (3tp)
4 Bu 2q 80% (3tq)
5 Pr 2r 89% (3tr)
6 Cy 2s 97% (3ts)
7 ‘Bu 2t 97% (3tt)

8 W 2u 40% (3tu)
MeO
9 Ph& 2v 73% (3tv)

10 p-MeOCgHy 2w not detected

*Performed with 5 equiv of 20 at 70 °C for 20 h.
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WP CIIANT = A L AT V=TT — b, TA =L —F L%
7= C-H #5607 Vi = ALRS &2 i LTV A (Fig. 1.5)Y, Z ORSIE C-H fif A OFELHY
(N, AV 7 4 VHEOBEHE AKX, B-T /bR MBS Z V| Heck BUBISICE Y 7
N =B E 525D B2 BTN D,

NT™ Ph N N7
| cat. Ru(cod)(cot) |

= + A —_— =
toluene, reflux
OR

R = Ac, Ar

[RuI—N" Rul—N"
Ph @iO B-OR J7 _

elimination

Fig. 1.5. Ruthenium-catalyzed C—H alkenylation with alkenyl acetates or alkenyl ethers.

FEEICEE R IZB N T, BFEKRS, bbbl —F v EORIGTIE, BIAERDE L
TC-HMAEDODZTIMEEBMPHERINDZ b D, ZHULB-T LV ax UHBRC LY 4
Cle=F L UBROSICEE L TS L bh s,

ORI EEEEE XD & Fig 1.5 LREED B-77 /L= T EED A [RIBASE L 7 Skfidii
ZTHEITLTWAAREENDH Y, B =l —T )L OEHELIC L DIRDOEIZ OV TLL
TOEIITBLETED, AT 4 UPBEHRA LIRISETHIBBEDSE Z 2 & B D AR
MEH 25, LInLA VT 4 UBBEFFALILEZBAIZT Vax s ERnd L7, B-7 /0=
FUMBEDNRISIGE LTI A EEBEILND, DEVEESLE LOBEBENRKEWVE XTI DB-
T3k UBEERIIH S DA, BRSNS W EXT BT aF UBEEREZ Y. Zh
WL DIERMET T2 HERITE S, SHICEBELICT ) —LVERNER LY=L —F
JL 2w TIET IV a X HEROBBEREN B W= O KEN 2 EIT LN EEZ XL BN D,
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BEE Tl =ro—T v E AW HFER C-H G O 7T VX AL TES] L ofis S
TRV, Markovnikov ZUAHINAE RS 2 5- 2. D Sits & LTIEA U 2o Al 2 72613
PR OICL > THESINTEY, BERiEkeE LTEEEEER~T 2R T I N, 2L TH
LU EBRFIHRETH H(eq. 1.17)*a<, — 5 Tifi Markovnikov B HINAE 5 % 5- % 5 KOt
& L CIE Brookhart 52X 5 v Yy AfliEZ FHWZFIOARPHHNTNDE DD, [LEN
10%LL FIZ & EF > T D(eq. 1.18)7, o F » A HIBA% L7 Bt R 1%, &K C-HARD
v =L —7 )L ~Difi Markovnikov AN @S UER CTEERK L7240 CTOHITH 5,

N cat. [IrCI(cc;d)]z "BuO N
n

| _ . O"Bu cat. NaBAr', | P

X toluene, 60 °C (1 17)
99%
Markovnikov only
OEt
O (0]
OEt cat. Cp*Rh(CH,=CHSiMe3),
+

Ph K cyclohexane, 120 °C Ph (1 1 8)

<10%
anti-Markovnikov only
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§134 =F I ORIE

V= lz—7 LV EARRICE FEERA LT 0 & LT, =) I &gt L7 (Table 1.3.4),
I-E =LA R—=LBa)z A5 & TV F AL 9ta & 92% TH-Z 7-(entry 1), entry 1
IZBWTIE, 7 ALARM 9ta & ILIZEIER & LT 2-1 > R U LA 10ta 70
BEOIL, ZHUCOWTE 2 BB W GEIZ R R 5, 9-BE=/L BV — L (2x) b [FEEIZ
FWRISMEZE R LTz (entry 2), 1-E =LA I ¥V — L Qy)ITIE L7220y > 7= (entry 3),

TF I EHWZ CHEEDOT VX MALRIGITE R HIZ K 5WEDHRTH Y (eq. 1.19)%,
a0 M Z D A S UERRREEE Lo, 9-E =AY — L (2x) E DR E 725 T
W5,

Table 1.3.4. Iron-catalyzed C—H alkylation of 1t with enamines.

-
o o NN~ o
. NR, 10 mol % Fe(PMej3),
@éL K 1,4-dioxane 0.2 mL O‘
70°C,20 h
1t 20r8 3or9 10ta
0.6 mmol 1.5 equiv
entry NR> 20r8 isolated yield
1 % 8a 92% (9ta)
|
2 2x 98% (3tx)
e
N
/
3 <—N 2y not detected
e

cat. Co(acac);

N
cat. P(S-MGOC6H4)3
NH cat. 'BuCH,MgBr NH
cat. pyridine (1'19)
Byt Bu

N THF, rt

76%
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A SUSHEREICBT 2 %R

§141 v\ 7=x/rdsk M) ZF =)Ly T 0T KD EAKRIERER
Hﬂu71/y%awm%%wfimfﬁﬁiﬁ%ﬁok@q1m)ﬁﬁ%é¢fi®é
WIS Z 5 &35 & A% 47% NMR R T, JFEHE A &2 2t
1HkmNMRTWE¢6k\tﬂu71//®ﬁwLMkt:wy7/®aM@%THm
RPN S AL, TV F IALAERD ~DOEKRFEOI Y IAZITA N MLl U VED afif
DIHTH T,

D O
D SiEts o
tBu . H 10 mol % Fe(PMe3)4
H neat, 70 °C, 5 min
D D H
D
1a-ds 2a
0.6 mmol 1.5 equiv
>99% D content
0.98 H (1.20)
014 H EtSS/ ca. 2.0 H
(H)D o ca.1.0H
SiEt
D 3 D
Bu . / . Bu
(D)H
D D(H) 0.82H H D D(H)
0.14 H ca. 1.0 H p 0.08H

47% NMR yield

Z @ H/D ZZ#i% Fig. 1.6 |IORTREICE > TR Z > TWd EFHEEND, BT = )
DAL ML C-D KA D ERESRITIALAITIN L, 4 U7 Fe-D & IS %ﬂv7/ﬁaﬁ@
AL, 7 XA PMRE L2 D, 0%, BEHHAOTIER Th 5 B-KFENHEC
DEke RU RHRRALE 220 | SROTRIEEN R Z 5 2 & TA/V MIIKFENEAINIZEAN
n7x ) UNERT D, OFED, BNn?:/V@ﬁwhﬁ&E:wyiyk@ﬁme
RPN E T2 2 & D BALIIIN & BEHRA ORI 708 & 5 2. C-H e Uk
BB I DR B Tl 72 WV 2 ERRIB S LD,

WIZE =)V T 2 2a ~DEKFZEORY AR OWT R TH D, Fig. 1.7 1R L72i# Y | Fe-

D #EAEA~D e =1 T 2 2a OBENHE AW Markovnikov BL[A] T Z % & K< B-KFEML
HEZE D 7 A RO o fLICEAKZEDRRY AENT-E =1 T Ui End, — T, B=
VT 2a DRBEMT DY Markovnikov B THE Z 5 & #i< B-AKEMBEZ LD 7 A FD B
MAZEAKRFZPRV IAENTE =V T RSN S, eq 1.20 IR EBRGR R TIE. RIS
15;%0)1::/1/‘/7/ IEWT afIZDOAHEARFEBRVIAEFN TN 2D, BE=1 T 2adD
B aEhff A 1335 Markovnikov Bt [7] TO AL Z ¥ | Markovnikov BLlA] TIXEE Z S22V E X DD
MEHUTHD,
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[Fel
D
Bu \
oxidative
D D addition
D
H o reductive
elimination

e

D [Fe]

.

’ N
[Fe]—O H

D—[Fe]—O
D
Bu
D D
D
H—[Fe]—O
D
Bu
D D
D

Fig. 1.6. Proposed mechanism of H/D exchange

SiEty
o H

J

Markovnikov
D insertion

[-H elimination

D—[Fe]—O
D .
Bu
D
D
H—[Fe]—O
D R
Bu
D D
D

SiEt
SiEt, H /o
H D [Fe]—0
N D ‘
Bu
migratory
insertion D D
D
p-H elimination ‘
SiEt;
D
SiEt, HSiEl
H& D [Fe]—O
D
\ tBU
anti-Markovnikov
insertion D D
D
p-H elimination ‘
SiEts

D

Fig. 1.7. Selectivity in olefin insertion.
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Fig. 1.1 @ X—)DONT =0 LAlERTlE, FEROBEARFIERER LTI L =1 T
YO afLdE BALE BIZHD RN Z 2 3, DF V| VT =T MR TIE, E=13 7
> D HEE A LS Markovnikov EL[\] & Markovnikov EE[A] Ol 5 CHEEZ 0 | EICHIBEEDS 1
Markovnikov 2311 [#{£ (linear intermediate)?)> & IEIRAYITHL = % 72 8, i Markovnikov 2
INA RS % 18 4RAVIZ 5- 25 (Fig. 1.8),

— 7, SR Tl E =02 T v OB ENT ALY Markovnikov BE[W] CO AL Z 572 if
Markovnikov BUfFINA R 238 IRAVIZ B 2. 5 & B 2 BV D (Fig. 1.9), ZOERE =1
7 v OBEFFADFRIZ DWW TREIE 522 TWR 0D, Sy —AEBGR TH D7
DR RN/ E L FEEEEENE L 705 Z 12X Y . Markovnikov BUAL A T Fe-H #5 & D
CHEAEG O INDELT L TZBRD T L2 L ERBE A (branched intermediate) Tl SRR S 252
FRTLRoTNHZENHEHBE LTHET BN,

SiR' SR,

SiR'
Ka <—[Ru]—O

e O
o

Q7

linear intermediate

R3S

R'3Si
\ )—[Ru]—o e o)
SiR'3 R X R
N

branched intermediate

Fig. 1.8. Ruthenium-catalyzed C—H alkylation with vinylsilanes.

SiR R
SiR"3 SiR’s

K [Fe]|—O o}

/

g
|

H—I[Fe]—O
linear intermediate

R3S

R'3Si
)*[Fe]—o o
RS S é»
™

branched intermediate

Fig. 1.9. Iron-catalyzed C—H alkylation with vinylsilanes.
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§142 AF L, p-TFILE = o —T L% - K E R ER

TV T4 BEAFLQRICEFR L TE R0 7 = /) -ds(la-ds) & UGS S BT (eq. 1.21),
FOS#&T#%oe - "\a7x ) o OF N MLUZZENLZEN052H THY | AF L O o firld 0.87
H, BALIZZENTN 072 H ThH o7z, TAFIMEERMO A F L U NLITENZEh 1.28 H
L15TH &80 AV MLFE— 2 PNEZVESELZRET 52 LR TE o7z, Y
TFNE =TT (2a) T B AL TO H/D ZHUTHE Z 5727035 72 H3(eq. 1.20), A F L /(2K)
TILBNALTO H/D RN Z » 7=,

Ph
D By 10 mol % Fe(PMes),
+ HX H
neat, 70 °C, 1 h
D D N
D
1a-ds 2k
0.6 mmol 1.5 equiv
>99% D content
1.57H (1.21)
0.52 H Ph/ 128H
H 0.72H e
(H)D O o
D ) Ph / D )
Bu + H(D) + Bu
(DH™™S
D D(H) 0.87H H(D) D A _
p 0.52H 0.72 H D not determined

18% NMR yield
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WIZ, AV T 4 v n-TF L E= VT —T LQRNIET L CHEKEEHRERZIT T,
TR b LTenue 7z /) vds(la-ds) a5 & TS AL DOIEEPEN S T2 728,
22-V AT N-1-T N T 1 -di(It-dy) & S SH T2 (eq. 1.22), ZDFRER, T b7 v DAL b
AZ1X 0.64H, E=/L=—F LD a il 0.79 H, BALIX 0.94H, T I/LXALERM DR Vv
ALIZ 193 H, REXRUUNMLIL 13TH Lo Te, G SETEZOE =L —TF LIZBWN T,
o 2. CO H/D ZZHBMEE LTV DA, BALTH H/D SR STz,

D O

D O"Bu
H 10 mol % Fe(PMej),
CoA 0
D neat, 50 °C, 4 h
H
D
1t'd4 20
0.6 mmol 1.5 equiv
96% D content
1.37 H (1.22)
n
0.64 H R PPAEL
0.94H /
(HDD O O
D O"Bu / D
H(D
+ OHTX (D) +

D 0.79H H(D) D

D 0.94H D

32% NMR yield

eq. 1.16 (41 ~— YD X 5TV T =0 AR TIL, AF L 2Kk & DS KD
Markovnikov B ANAE pk#) & Markovnikov U INERS 2 L1 B 2 5, DF V. ZHUE Ru-
H #& & I AT L 2 (2K) 23S Markovnikov Bi Al TR ENH A L 7= H i {A (branched intermediate)7)>
HORTHMEE L Z 5 Z & 2B W L TV A (Fig. 1.10), — BRI BIIR YV UANLITHES
T2 & m-_U UK L 720 BRI EC E T D72, R ITHIBEOER IR E T
DIFMAL =RV —=RNEDOSHEINT 5, 2O L RO T, VT =7 AMlRIZEB N
C Markovnikov BUAHINA i 20 & G- 2 To BRI, FOSIREEDS 135 °C L @i iZ > 7272
LEZTVD,

—JFERER TIE, eq. 121 DX HICAF LD afit & BALE HIZ H/D SNBSS -
72, AF L K)DOBENT AL Markovnikov FC[H] & Markovnikov Ei ] O i J7 252 = - T
W5 EEZHILDH(Fig 1.11), UL, ER# & LT Markovnikov 1A R D I %15 T
W5 Z END, Fe-HFEEMIZ AT L2 (2k)H Markovnikov Fic [a] TR EF A L 7= H A
(branched intermediate)?> & OiE LAY PLEEI IS = & 72 EHEJI T X %, Markovnikov Bt [r] TH
R ANE Z o ZFRIE, BEARY UM AE LT W Bz b, £0%iE
TCHIBEREASEE = & 722 WRIRNE, SOGTREED 70 °C & LB HIREFN T 2 720, BRI LE
78 X VB RDNETCHINEE OERBIRIEZ B X 5 Z LN TE R oD EE X TW
Do
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eq. 1.22 THWEE=1=—7 /L 20 &, B L TO H/D ZZHLNPELH S 417= 72 Markovnikov
B COBEIFAGE Z 5, BRIFFOFENRIZLY a (ORI EOAERPLZENE
2. A A HEOEmWRE R M-C #E S AT TE 5 2 & 25, Markovnikov Bi [ CHEH A
THRKTZEEEZZTWD,

N - o
o R ¥
-

R linear intermediate major
Ph
\ (—Ru—o 0
—_—
Ph R R
S
branched intermediate minor

Fig. 1.10. Ruthenium-catalyzed C—H alkylation with 2k.

Ph

Ph Q_ Ph
& [Fe]|—O o 0
H—I[Fe]—O
i JLR linear intermediate major
Ph
\ d—[Fe]—O (0]
o N 5
S
branched intermediate minor

Fig. 1.11. Iron-catalyzed C—H alkylation with 2k.



§143 T NTZ7x /) vdsk N ZFAE=ATT UORIE

T N7z 0E§1.2.3 (36 X—)TiR72 K 5 I8 R TIXAERY 2 &< 5 2780
72, T N7 x /) -ds(Tr-ds) & O TEKFEEGRFZR 21T o 72 (eq. 1.23), ISEDOE =
NTT % H, 2H NMR THIET 5 &, AL 7 o VEML~DFEKRFEOI Y AT ELED
STWENoTe, TLTKISEOTE R 7 =2 B LT, A b, A RIALNT
NH>99% D ThH Y, KGDHTE CEAFEEOE(IIR bNR) 5T, KoTTE N
=/ AN DORIETIEID R E LA L7 4 VOBEFFANITEZ o TWinekE X 6h b,
ZOFINE L TERLHIMINC X 0 A U7z Fe-H FED 7 b v B ViR = L e~ D& IR A 2210
W Z D720, THAXWALERM % 5 2 720 & B2 LT 5 (Fig. 1.12),

D O
D SiEty .
Me H 10 mol % Fe(PMe3)4
L t, 70 °C, 20 h
D D neat, ,
D
1r-ds 2a
0.6 mmol 1.5 equiv
>99% D content
(1.23)
SiEtg
D o) ca.1.0H 0
D SiEty / D
Me H Me
+ HOX +
D D ca. 1.0H H D D
D ca.1.0H D
>99% D content not detected
Ph
Ph /H
0o Ph_ O-[Fe]
O—[Fe]—O ~————— H—[Fe]—O S —— ]

hydrometalation carbometalation

Fig. 1.12. Addition to the carbonyl group of acetophenone.
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FRALAORINC X 0 4 U7z Fe-H RN 7 b v VR =V~ 2K E LT, Bk
FREE TR T D HNHRAZ L TOMINE  BE-EFEEEEZTERT S5 Fr 2 X bR b
%o AT 13 Fig. 1.4 30 _— IR LI SUGH TR O B H T L bOoWE TR O,
ZIZTHE, XV T =) A DA ML C-H A2 Fe(PMes)a (ZERLAIAHIN L 7= 851K
R LT R R or Fa v U bz {T-> T (eq. 1.24)8, ZOKIST
I% Fe-H N7 b IAR= i~ Re 22 fbl, ALTTvaxy REEENRE e
IV ERNTUARAZ L ER T ZE TEBDE 5 2D L EF HITIRX TV S (Fig.
1.13),

Me3P
| ~PMe;

H—Feé—NH

Me3P Ph

o OH
cat. NaOH (1 '24)
+ HSIi(OEt);
THF, 55 °C MeOH, 50 °C

91%

)\R H—[Fe]—NH o)

HSi(OEt)s Ph R R
transmetalation coordination
R
o R R/go
O—I[Fe]—NH H—[Fe]—NH
Ph migratory insertion Ph

Fig. 1.13. Iron hydride complex catalyzed hydrosilylation of ketones.
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§145 ©RnTxrlennT e ) rds RO T B IR

vn7 /) rla)kein T e ) vads(lads) % 111 & U COFRIBEFFEREIT > 72(eq.
1.25)%, § 1.4.1 OEBRMNS 7 b AR VD A Z AL, /XTALTlE H/D 208 & 7200
72, 'HNMR IZEBWTEDNLETOFRESMELZ KD, KIS LT m 7z ) (la)k B m
7 x ) -ds(la-ds) D EFIHT 5 L 54:46 & 7e o7z, R RN AR REKIENISS LT
la & 1a-ds DL TRINDTZDH 1.2 L7200 §1.4.1 TR LTZ EHKRFIERFER OSSR & o7&
BT C-H A UINE M I SUS OFEERS TR LRI S5,

SiEt, SiEt,
D/H
o D0 5equiv2a Q D/H 0
©)Lt8” D gy 10 mol % Fe(PMes), ‘Bu P Bu
+ +
neat, 40 °C, 1 h
D D D D(H) (1.25)
D D
1a 1a-dy 37% isolated yield
0.3 mmol 0.3 mmol (54:46)

0.5 equiv 0.5 equiv
>99% D content
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§ 1.4.6  HEESSHERE

VI EOFERNSHEE SRS L LT, BE=Lv T 2a L DOJE% Fig. 11412, AF L
QKR =)L —T L 20 & DRIG% Fig. 11512557, £7 0 flOSEHA~D &7 - v LR
=IVEDOENL, ZHUTHE< AV ML C-H 5 & OBLBIAIN, A1 7 ¢ o OB, BEHFEA,
EIUCHIBBEC X0 A E 52 5 L B2 bivd, BEARFBERFZROMERI O, L7 1 v
OBEFEAIZB VT, R B E SV B U =F v U LELDOFE(2a)i%, Markovnikov
OBEFFAILE Z 57, ¥ Markovnikov B OB EF A DL X 5 (Fig. 1.14), —H RHMB 7
= = )VEEQK)R T b F U (20)DFIL, Markovnikov BUAHINCTREENT A L 72 AN 228 &
72 % 728, Markovnikov B OFEFE A &L = % (Fig. 1.15), L2> LZ O REUKDOES ) /)22 E
Pz ETHIMEEE L = TR b= R L X — 3K & < 72 0 . Markovnikov BT INA: sl %
HzxlpnkZBx b, £72, HD KPR E 722 026, C-H fE OB LRI, 41
7 4V OENL, BEAFAORIIT PN TEE L, C-H AN B IS DA E B CIX
72, BEL BITHIMBENEEHEBPE CTH D EE X TN D,

(0]
Bu
[Fel]
A
i
reductive :: ' , oxidative
SiEt, elimination a2t ' addition
¢ Et;Si
[Fe]—O »---[Fe]---0 H—[Fe]—O

’ A A S ¢
Bu STy By Bu
. .
K]
insertion * coordination
T

Fig. 1.14. Proposed mechanism for Fe(PMe3)s-catalyzed C—H alkylation with 2a.
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R

8y Bu
[Fe]
R
(0]
Bu '
reductive oxidative
elimination addition

Q—[Fe] 0 F>—[Fe]—o H—[Fe]—O

@XBU ©|/%u @KBU

insertion coordination
R
H—[Fe]—O

KEN 3

R = Ph, O"Bu

O o)
R

Fig. 1.15. Proposed mechanism for Fe(PMes)s-catalyzed C—H alkylation with 2k or 2o.
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&

i

ARETIT 0 MBI LD, A7 0 VERWEEEE S b O ML C-HAEEDT
JL R IUABIZOW T 7z,

EFIL 0 MERSEAAE A AV C-H FAOBERE OB EZ B L C. HEEaTiez
Fe(PMes)s Z il & 4% Z &L THEER S b DAL MLC-HFEE DT L F L EEA~DEBER 7R
BRI LT, ARBISITIEZE OO LE 72 < | BRgPE I QNSRS 2 v C
HRNVEANZT VX NMACSOGITHEAT LTz, S OICHIRESEGECL R ISETT 2L %2H
HEMT LT,

FHEBET b OEEHEMEHZ 5 & SRR EmWT VL EE SO T X LT Y
=N by, T V=S RUBRIHERETH o7, AV T ¢ DV P A R
L&, KAV T 4 VIZRESND bODERA I =TT o lBRA VT 0 AT
U U REIR T T L ARG D IR THEIT L b\fﬁ’b@%/ﬁr\“@%“ Markovnikov A4
%%@é%@ﬁ%’ﬁikoﬁimﬁﬁ@fmm%@ BhALT7 4o THhHE=L
T—T T I G ARG A C & | 3 Markovnikov ”Hﬂﬂiﬁk%@«ﬁ%@?ﬁﬁ’ﬂ 25z
HIZERELNE LT, BEE C-HHEE O =/1o—F )L ~Difi Markovnikov B 12 5
TR LTeDIL, AFETORRBHOH T TH 5,

BB LLEEEBRS b2 W TEKFEREREITO & HEET o OF v ML
LAV T 4 U DMT H/D RN HER S 4L, C-H FEAYIREBR P 13 St DR B P CldZevn 2
EVRTRBE I, INOOREREEEE X T, HERISHEEITET 0 MOBRSEER~DF
TNV AR = VIEEDENL, E UK < AL ML C-H #EE OB LRI, A v 7 ¢ > OB EHE A,
RITHIMBEC LV A a5 22 B2 BND,
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E2E
N-T IV = v F—=VERAWETAXULRB L OA v KU ALK

HE

EBERMENC LD CHA LT 4y T ) ORI, C-H B OEREALOF T
B OMFFEPTON TV D RIED 1 D TH D(eq. 2.1), ZNHDIGETIX, ALV7 4 & L
TEICE =AY T U(Z=SiRy), HEWiEA L7 4 (Z =alkyl), AF L HEHEZ = aryD B B
. TFI(Z=NR)DPHNLNDL Z EITITEA LR T,

z
. z
o , Z transition-metal cat. DG . DG 2.1
I

Z = alkyl, aryl, SiR'3

TFIVEAVE CH T AR UEOME LT, A I aRAEE L, /U0 Mz
DB E L I & o TR S TH Y (eq. 1.19,45 =)0 NoE= LAY — L&D
B E7o T, I TIEN-E= V7 X )b A X REDOKIES 1 ¥ 7 Al 2 IV TEERR
STV D (eq. 2.2) 30,

| = ; ; | S
N cat. [Rh(OAc)(cod)], 0N o N
2-MGCBH4C02H
.
H HN o o HN (2.2)

N toluene, 160 °C

90%
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51 FETHAZEEY . N-E =L R —)L(2x) & D% SR TIT 9 &, kb
5T WX NACER) 3tx DI @GR T2 (eq. 2.3), — 5. N-E=JLA > K—/(8a)& D
B TIET VX MALARMA) 9aa IZHNZ, BBRRWZ LA R—=VD 2/ TO v 7Y
7R 10aa b RIS & L THE7=(Fig. 2.1) 1> KU ALK 10aa 2 52 28 LT
WDOEHICEZTND, £7 C-HFEADOBILAFI, N-E =1+ F—/(8a) DB EhH A
WZRDERT VX AHRIRA) E 720 BB 1AL D 4 (0~ EHRALT D 148507 32 L0 8k
DAV R—=®D 2~ EHafr U EBICHIRBEC LD 1 R UMbiRE 52 5 2B 2 T\ b,
LA-BEN A EITT 2 ERIT, TAFAL-EROBAETRLT—L 0T ) —L-ERDOMET
FNF—=NRENVELE, A F=LD2NMNEEEFAEIERA LT WLEIZH D ANZET

Lbivd,
B0 ) 10 mol % Fe(PMes), i (23)

N 1,4-dioxane 0.2 mL
‘\ 70°C,20 h
1t 2x 3tx
98%
\/N Z
H (0] (0]
\ 10 mol % Fe(PMe3),
tBU +
N 1,4-dioxane 0.2 mL
K 70°C,20 h
1a 8a 9aa 10aa
alkylation indolylation
79% 7%

[Fe
[Fe°] reductive elimination
oxidative
addition

Q_) Qj NN

N
H—[Fe'l—0 Q— Fe'l—o0 )

[
Bu By _— By
insertion 1,4-Fe
migration

A

Fig. 2.1. Iron-catalyzed C—H alkylation and indolylation of 1a with 8a.
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GED VAT LERTLERA Z TV A 7 Va2 RH L TR Z 5720 Bx 2 s T
FLZDBFDLEUETH Y 2000 FLIRE AN TON TE T, ZOFTHLr YT L 0L
NI DY LD VAN X SH BN TWD, 1AM OJEBREY 258 & LT, 2000 4£00 =
& DOBFEN & 5 (Fig. 2.2)°18, RA(HAMEAFAE N, 7 = =LA a UL J VIRV & % O &
HHIET, /RN =VEREFER BB I8N SN AR RS DI, gL
LT Rh(DD 14BN B I TND, BRI T AT = =/VFEIZX LT/ VR D3 EH)
AT DHZETHERT LR TLAT AR AMIBNT, @BOIHFICH D C-H EEI L
TNz # Z L, Rh(IIDFE L 725 7212, BoTRIBEEN E Z 5 2 & T Rh(DAIR B U ERICHR
MT 5, TNERVIETZETERMEZSZDEZ2 0 TWE, RADD 1485070 H 7

53, Rh(IID)D 148507 b i s S TR 0 okm | BIfEE CTllkkx e A4 7D 1410 Y
LEAL MRS S AL TN D 0,

cat. RhCl(cod),
B(OH), cat. dppp, CsF R R
+ EEEE—.
7 toluene, 100 °C
R

R = exo-2-norbornyl

\
[Rh] [Rh] [Rh]
ox:datlve reductlve
addition elimination

~

1,4-Rh migration

Fig. 2.2. Rhodium-catalyzed multiple alkylation via 1,4-rhodium migration.

60



INT VT LD 1 4-HIZES LT 2000 42T Larock B 23] 8 Tl L7z (Fig. 2.3)%8, 39—

RROBEDT ==V T F LT D0 LT, HEET Y U bzl e+
5T ETINAVFEREGT, HEERICHEL LT, 93— RRXUEBUVRRT VT LIS
B LI N E LT 7 = = RS D AR T VX o~ T =35 20 L fifl
ENERT D, T LT, 7= O ME~ERTOT AN 1465 E R L, Z 0%
SFNBIIC IV AERIE G2 D ENI AN AL THD, BT LEREIC T DT A
D 1VABENLIZ DN T, Bix e A TOBIN ZNnE THEI L TWD S,

cat. Pd(OAc),
Ph cat. PPh, Ph
NaOAc, "BuyNClI |

B —
| DMF, 100 °C .
Ph

62%

Ph
[Pd] Ph (Pd] \ Pd] | Ph
" i J O

N
~

1,4-Pd migration

Fig. 2.3. Palladium-catalyzed synthesis of fluorene derivatives via 1,4-palladium migration.
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FOMDEIED 1AGEAICHOWTIINLT =T L2, a2V s B, (G4 5% 7alb sy
DN HIVTND A, 5D 1,4-8507 135 IT Ackermann & 231595 £ TER SN TV eh o
7=(Fig. 2.4)3m, = Z TIIMEEILZ A4 57 Lo & ORISIC & 0 BLRUS S EITT 5, FK
TR ORER, LA X VR T U AL DR DL~ EBENT 5 2 LR noTz,

LCeH13 LCeH13
N—N cat. Fe(acac), CsHqq N=N
Nj/ CsHyq cat. dppe ' N~
ZnBry*TMEDA, '‘PrMgBr
+ AcO |
THF, 65 °C Z°N

91%

CGH13 CGH13
N N P
[Fe]
N

— - [Fel
N 1,4-Fe
migration

Fig. 2.4. Iron-catalyzed allene annulations via 1,4-iron migration.

ZO XD, AEBAFE LT RUS T AR 1 FIZRON DD 1 48502 Fie L E 2 b
L7, BRRWRINEF R D, SHIT, S X 25 &E S b oA M C-H ﬁ%/a\
DOERILELT, 7V — b L iEF~7 a7 U —HbofliZnE T, &bl
BeBMEIZ LS CHEAGDOT Y=k LiF~7T e 7 U —kiZBW\ T, 1,4- $J:u%fi
BLEONINTE o T2T280, FEBROFHEANLELE LTHLHIfF SN D, TDD, AR
WTCRELLSIFEARAT S Z LT Lz,
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51 HT BOSSRAFORRES

§2.1.1 ARG

9. BT/ (la)k N-E=bA 2 R—/(8a)xET /VIE & U ARG 217
5 72(Table 2.1.1), 1L 4-TAFHF 2 HFTiE, TAFUALERY 9aa 2% 79%., A > R U b4
¥ 10aa 23 7% & 72> Tz (entry 1), entry 1 TIEEEINZITHAL LT\ alzd, A sk
HERRT DO EZ 0D Smol %k LTITH &, 7L X LAY 9aa & 39%.,
A v KU ALY 10aa % 4% CTi37-(entry 2), &% 5 mol % & L CTE DDA %
#f L7 (entries 3-8), THF TITMHENLME T L7z (entry 3), 7 =Y —/L(entry 4), h/Lx=>
(entry 5), ~FH 1 (entry 6), 7 BT Y U (entry 7) TIIILR A0 b Uiz, MR CIE
T X IALD T3%, A 2 R U AARDS 9% THEAT L, RN KR E < B8 L - (entry 8), Mata
1THTREED T T T X NALIK 9aa &1 > KU /ALK 10aa DAERIER K E S Bb o 12IR
BT | R B IERO @D T BEEH S TROBFHIE S5 Z LT LT,

Table 2.1.1. Screening of solvents.

Oy a

N

\/N Y
(0] (0] (0]
\ 5 mol % Fe(PMe3)4
Bu * N By * O Bu

solvent 0.3 mL
& 70°C,20h

1a 8a 9aa 10aa
0.3 mmol 1.5 equiv
NMR results
entry solvent conversion yield of 9aa 9aa:10aa yield of 10aa
of 1a

12 1,4-dioxane 96% 79% 11:1 7%
2 1,4-dioxane 53% 39% 10:1 4%
3 THF 45% 33% 11:1 3%
4 anisole 59% 45% 8:1 6%
5 toluene 63% 48% 10:1 5%
6 hexane 63% 47% 12:1 4%
7 cyclohexane 64% 50% 10:1 5%
8 none 90% 73% 8:1 9%

aPerformed with 10 mol % Fe(PMe3)a.
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§2.1.2  BUSIREE DR

POGIRIE 2 i L7=(Table 2.1.2), 80 °C TIFHEPARLREL A0 | IR BT L
(entry 2), 60 °C Tl bR M E L, TAF AR 77%., A > KU LD 11% THEIT L7
(entry 3), 50 °C TIIHAILEN T 23> 7= (entry 4), entry 3 DSFTGKRER %2 5 RERIZHAME L
T A, S ETHD Z LN BN 5T (entry 5), 9aa & 10aa OFIRPEIZDOUVNTH
% &, entry 1 725 entry S IZOWTIREE D LD o7, £ 2 TELRDE S &) > 7 entry
3DOFRMERERME L TIRICEERFN T2 2 LIC L,

Table 2.1.2. Optimization of reaction temperature.

Ty @
N
(0] (0] (0]
\ 5 mol % Fe(PMes),
1) + 4 + 1}
B
Bu N neat, temp, 20 h Bu O u

&

1a 8a 9aa 10aa
0.3 mmol 1.5 equiv
NMR results
entry temp conversion )
yield of 9aa 9aa: 10aa yield of 10aa
of 1a

1 70 °C 90% 73% 8:1 9%
2 80 °C 85% 64% 8:1 8%
3 60 °C 95% 77% 7:1 11%
4 50°C 77% 62% 8:1 8%
52 60 °C 85% 70% 8:1 9%

aPerformed for 5 h.
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o5 2 Hi FREDE R O

§22.1 © BT/ UEFEKROKG

EEHEOE N2 7 x /2 (1a) TIE NMR IR TT AF b, A > KU LR 77%, 11%T
HE1T L CU /= (Table 2.2.1, entry 1), /STALICA XU EZEA LB 12T = 7 U (1b) Tl
FOGHEAME T Liz(entry 2), &% 10 mol %IZHIPd Z & TPV X/ bk, A > ULk
N 85%. 5% CTENENMEIT LTz(entry 3), /STNLIZ CF A2 T 55 1e Tlik, 7% /b
LA 9ea D Fr % 86% CTHF7=(entry 4), A ZNLIZ CF M EAINTND EL 2 7 ATDA
JVMID D H LY ENTWD AN METOHRT VX MALBET L, TAFXALARY) 9ha
% 86% T 5- % 7= (entry 5),

Table 2.2.1. Iron-catalyzed C—H alkylation and indolylation of pivalophenone derivatives with 8a.

N
0 0 NN 0
J@)LtBu % 5 mol % Fe(PMe3)4 tBU O tBu
+ +
N °
R neat, 60 °C, 20 h R R
R? & R? R?
1 8a 9 10
0.3 mmol 1.5 equiv
NMR yields
entry R! R? 1
9 10
1 H H la 77% (9aa) 11% (10aa)
2 OMe H 1b 44% (9ba) 2% (10ba)
3a OMe H 1b 85% (9ba) 5% (10ba)
4 CF; H le 86%" (9ea) not detected
5 H CF; 1h 86%?" (9ha) not detected

“Performed with 10 mol % Fe(PMe3)s. PIsolated yield.

entry 4 & entry 5 THWW o, JFEER LICEFRGEPEW L THLEE T VT /b7
DT L TODENE, § 1.2.1 29 X— )T R7E=T X bR E 5 2 5 1,2-7 V% )Lilig
N2 fE 5 BB 708 TR BE N SR JEDFEIC L VR S TWA 2D L E 2 T
%)O
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§222 FOMOTNVXNALT V—G kD

TERZ=/0Ar), 222- R 7 Fa T R 7 =) AX)TET A F LB LU
R U AITHETT L 725y > 72(Table 2.2.2), AR/ NS W EHELZ & OB EFR 7 K (I, 1x)
TORSTEDIR FOIRKIE, §1.43 (52 X—)Th_7=Y TH 5,

Table 2.2.2. Iron-catalyzed C—H alkylation and indolylation of alkyl aryl ketones with 8a.

g -
NN
o) o) N
\ 5 mol % Fe(PMe3),
R * N R * O R

neat, 60 °C, 20 h

1 8a 9 10
0.3 mmol 1.5 equiv
NMR yields
entry R 1
9 10
1 Me 1r not detected not detected
2 CF; 1x not detected not detected
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§223 XV T ) DRI

N T =) A EEE LT DL TIVFARIRANZHEIT L, A > B U IR &
NMR (2B W THER SNT= DR T - 7-(Table 2.2.3), fillfEE A Smol %D & &, £/ T/
SR 9ia 73 28%., T /L UALIR 1lia 28 2% T H A7z (entry 1), fillii&E % 10 mol % & 4
D& E TIVFIAKR 9ia & T LR VALK 1lia O HBERIZZNEI 47%. 8% L 72>
7= (entry 2),

Table 2.2.3. Iron-catalyzed C—H alkylation and indolylation of 1i with 8a.

o
% x mol % Fe(PMes),
N
O O N neat, 60 °C, 20 h
N

1i 8a
0.3 mmol 1.5 equiv
Ty Co o2
N N N
(0] (0]
g0 UC
9ia 11ia
NMR yields
entry Fe(PMes)s
9ia 11ia
1 5 mol % 28% 2%
2 10 mol % 47%? 8%*
solated yield.
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§224 22-VAF)N-1-T hTa b N-T VT = A v K=V DR

§22.1I2BWVWTCENRR T = ) VOIS TIE T VS MEIK E A v B U IR & 558 5
CLENWREETH ST O EERYT b & 22-DAFL-1-T F T AOICEFE L CREED
N-B' =LA v R—/(8a) L D% T->7-(Table 2.2.4, entry 1), 55 &, T /F ALY
9ta & A > NU LA 10ta 2 I TN T LT~ NTTT7 40—l THESITY
BT 2 2 &N TE, ZNENE HPEIGE 87%. 8% T/,

WIZN-E=)v AV R—=VD 6 it 7 v FCTELELIZLES)E AWV Z A, entryl &
FERIZ T vk, A RY ALARM 2 Z I EVHBEICE 86%., 8% CTfF7-(entry 2), 6
MLz A MR UIETEBRT D &, TAXILERY 9te & HEEIE 75% CTR7-0lcxi L, A
¥ R U AR 10te IDEBFEO M5 Dt/ (entry 3), KIZ N-AF VLA > R—/L(8d)%
RAWiz& 2 A, TFURITEITE T, BIRAIZA > R U B4R 10td % 10% T/
(entry 4),

Table 2.2.4. Iron-catalyzed C—H alkylation and indolylation of 1t with N-alkenylindoles.

(0] RPQ_&
5 mol % Fe(PMejs),
+ N
\ neat, 60 °C, 20 h
X

R2
1t 8
0.3 mmol 1.5 equiv
R1
L) O
N
2 R2
R o NN ¥ o
NG
9 10
isolated yields
entry R! R? 8
9 10
1 H H 8a 87% (9ta) 8% (10ta)
28 F H 8b 86% (9tb) 8% (10tb)
38 OMe H 8c 75% (9tc) <1% (10tc)
4b.c H Ph 8d not detected 10% (10td)

%Cyclohexane (0.1 mL) was used as a solvent. ®Toluene (0.4 mL) was used as a solvent.

‘Performed with 20 mol % Fe(PMe3)a.
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&

i

ARFETIL Fe(PMes)s ZfilliE & L7z, FF&EBRS b DA N ML CHE L N-T o7 =LA
Y R=DH TV TR OWN TR,

FHIF1ITREIIBWT, V7 4 VEAWEEER S b OA N ML C-HFEEDT L%
JNEES T T A2 2 LNnE L, L7 4 LTEFEERF I VBRI T
HZENRHLE, 22T F I LT N-TATr=nAy R—=LEHANiziER, 7%
MR L I 214 > RU M BIR b RIER & LTHEX T2, 20 2-14 > U LEE B2 %
FOSHE & LT, iEBINRD THRWED 148> Tnbd &2 bild,

SO EITH> Z LT, BEa 7z /) (la)dk N-E =LA v R—/L(8a)DFUiIT &
0T XA 9aa & T7%., A > R U ALK 10aa & 11% TH X7z, HEBRT b OB R
FOBBIELOKRFIE . N-TVT = A v R=/WZBIT HEHIEOBRFZITH 2 LT, Bt
FEONLR, EIREBIC L B3 IRME OB 2 Rk L7,
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FIE
AFVLrvanruXvERWERET U IALNIG

T

il

EREEMEC KD C-CHAOUENITEICE LRI, & L <X B-RFEMBEIC L - Tl
ZY, vruaranReevraT R N EBERONN ST /NERB L HWLNS,
BRIZA V7 4 VEMLE AT D ZBERTHDLIATF L v r7a7a /R (LLF MCP & EKi)ix
k%&ﬁﬁizw%~@%smwmm%%%%ﬁﬂgﬁﬁfhékwoﬁﬁ%%ooé%
IZ. MCP IBEGIZARARETHY . Gt F EAERRELNT 4 7T ay 7 L2 DT20,
ZIVE THMER 72 C-C REAUINNC LS VWS NTE 72 Y, Fig. 3.1 IR T Lo, ALV 7
4 BIZKRFER 2 DB L 726 DA MCP, KEN 1206 LUTENEDET VXY F v
7 a7asR (LA ACP & KiD) & FES,

H XH RIRz
methylenecyclopropane alkylidenecyclopropane
MCP ACP

(R" and/or R? # H)
Fig. 3.1. Structure of MCPs and ACPs.

B AR AMEAAE T2 2 MCP OUGPENT Fig. 3.2 \ORT 4 DiIchfishd, —88R
EToORISIE, ZEEEITEWY C-C a0l BLOZEHEAGNHEY C-C a0
%ﬁ%éoi%y%%vy%mﬁ®ﬁm%ﬁ’b\KM%@DMmmmmv@Hmk\@
Markovnikov ”ﬁﬂﬂﬁi » 5, W Markovnikov BTN LV Ak T 5 48ES 7 a7 a )L X
FLFRIRIT, ZBEROELOMEEERE & LRSI B-REMBAZEZ L, &BKT
T IUNFEEE 525 2 ERMHNTWDS Y,

M] M]
proximal distal
cleavage cleavage )k
M]
M]
R—{M]
Markovnikov anti- Markovn/kov
addition addition
R
[M] f- carbon
elimination [M]

Fig. 3.2. Reactivity of MCPs with transition-metal catalysts.
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Bl % 1X MCP, ACP O =EIROBEAZMED b R ERELOPIOF L LTI T A
iz L5 B Ru A X = b3 ® % (Fig. 3.3), Z Z TiX H-Pd fiA MCP D% Y X F L
> EBALIZ 0 Markovnikov B INZ L Z U, i< B-ER FEMIAE, EICHIMBEIC K D RET UL
AT EEZD, SHICE RrRURELY, B Rav Uk ® b Radl I ko,
b a7l @ RO L > THRET VLA E 525 Z LML TS,
— 5 C.Fig. 342" T X9 MCP b LLIZACPO ZBROMBRZMHEI & Fu T U —1k,
DFED C-HMEDHRET VMEIZBEL T, ZHE TERLIALTNRN,

H
HO cat. Pd(PPhj), HO,
+ HSnBus — ;
PR S THF 3

Ph H

H SnBus
68%
H_[Pd]_SnBU3 SnBu3 H - [Pd]
migratory P| HO reductive
insertion [Pd] elimination
HO H[4 “scarbon . PH H
p-carbon (Pd]
Ph B elimination \SnBu3
H
Fig. 3.3. Palladium-catalyzed C—C bond hydrostannylation of MCPs.
...H
b 4
" H .
" ! transition-metal cat. R-»..
S R - o
R’ Ar C—H homoallylation " A
L Ar
; A
H--[M]--Ar; Ar v L —[M]
migratory . b s, H | reductive
insertion : . [MJ ! © elimination
em HA ) eeeeeeee ~ R
D/ pB-carbon R
R-zo elimination MI._
R’ Ar

Fig. 3.4. Transition-metal-catalyzed C—C bond hydroarylation of MCPs.
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C-HREDT NI = AL ST Y AL 3% < OMFZEGIR B D75, AL 7 4 HALAN 1
S, FET VMLIEH E VRSN TR, EICKRET VML 1T ) KEE
THEATT AT ILFNARL, 7 a TN AFINTA Rehy T 78— k=L
T25ZELT, CHIEADKRET VIEBETT 52 L5 TV D(eq. 3.1)%, LinLz

& BREEGT 507 AT VRVIIAFES TIERW), HATELRET

VAEORRIRR SN D, F LT ns v HROE RR B OREINE L. R Th%0
KW, —J C-HAEB OIS LY, BREEEZER ) Z R FET VAR EZEALT
WAHBIE LT, Le-mo A U EMAWERIGENRH D(eq. 3.2)%, 7 b ZEMIEE LRSI
B AREEE 2L M SO THE ST D, MCP & ORIED 1,6-= 2 & Ll
BRSNS T 5120, JRFAIROEOIETH H(eq.3.3), & HiZ, ZBBR LTk~ 72
EHLILAZ © D MCP 23, MilRDOA L7 4 oD 2 TR TEKARETHY . HEARFE/R AT
7 U NEEORIROEMA T S D,

e 3.1)

\H A' transition-metal cat.

V4
R' 3.2
Hf o” / Co cat. or Rh cat. %/u\ ( )
R +
Z\/\
transition metal cat R'
(tr ----------------- (3.3)

homoallylation

ZDXEIIIMCPIZC-HIEADKRET VIALAIE LTHERHEEZLNDN, ZNE T
IR B EBA B A2 VT H MCP ZHWaARET U IBITER ST o Tz, C—

H A0 ERE BT A v 7V v 78— ~F—& LT MCP. ACP ZF|H L7l % &k
[ A
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Fiirstner & (3 2007 £, 70 FWIZ ACP #fii 2 H 9 % =1tV ¥ 358K Wilkinson
fRIBEAFIE T ¢, BULAERM A 52 5 L s LTV D (Fig. 3.5, ZOIGIEE =/ C-H #
A D Rh(D)~DFEALEIFIN, #:< ACP DA L 7 1 U ERLOBEHH A, B-REDHE. BT
EEZ L > THEITL TV D EEBEZ LN TN D,

cat. RhCI(PPhs);

= H N| A cat. AgSbFg ' N| X
NNF THF, 120 °C O NN
68%
[Rh1 —[RA
oxidative reductive
addition elimination

[RhM—N"

|
migratory

p-carbon
insertion

elimination

Fig. 3.5. Rhodium-catalyzed intramolecular cyclization with ACPs via C-H bond cleavage.

Z D% 2008 41T Ackermann O IVT =7 AfilEA FHWT, 2-7 ==L Y ¥ & MCP
DT HTOH 7Y v TRIGET> TR, v 7 a7 XU REPHAE IR LI E
F. T uE N ATFIAERNEITT D Z & AR LI-(Fig. 3.6)%, SHE L LTI,
C-H #A OB D%, MCP DA L7 4 VML OBEFANBKL Z D VT =T A
77 VA FOHREERN D Z O E EBTHBBENE Z 5 LB 2 b T,

Ph

H N cat. [RuCly(cod)], N
| cat. XPhos |
= + =
A -di o
Ph 1,4-dioxane, 120 °C

Ph 54%

[Ru‘] — [Ru9]

oxidative NG /A <(; NN reductive
addition H=IRW N| Ph [Ru’] N| elimination
z . =
migratory
insertion

Fig. 3.6. Ruthenium-catalyzed C—H cyclopropylmethylation with MCPs.
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L7 4 VIRF RICEBEZEAN LT XY T v a7 X (ACP)E VW20 T
BSOS HH STV D, Cui BIE RhIIAEEZ IV, 7T IV RT I B EDRISIZIRB
T, OBRAIC ZBROBBRARZ V., BbEZ 525 2 L 284 LT 5 (Fig 3.7)% £0
BAEO B Yy AR EZFIA L C=hr o 004 U R—L T A V% ) U w4 72
N-ANVR= A I BEEEE LIRS MO 7 —718 ko> Tt & T %, Fig. 3.7
DEISZ . =730 Mkl z VT 2 PR B2 V% & C-H/C-C/C-H K& Ul &% T,
T A = MERIEDHEITT 5 = & % Kwong HIFZRM L TH Y (Fig. 3.8), Ak =L |
AIERIC BN T Z BRIV SN BHEEUR b M ST D 7, ~ i U fillila v 7z
Bais b Ackermann 5120 RS NTND Fig 3.9 ZOWE, FEHRA v LBTR
SIENFM L7z MCP L OFUSICE Y . BEBUSAEITT 5, SRS £ 5 BUS b el #t
HEh, Bz nrue ) FraAWERLRIG L 75T D 13, Fig 3.7-3.9 125k L7-#
IV, C-H G OUIBHIB LI CIEe < HEIC XD 7 7 b AR Lo i
TLTWAED, AL 7 4 v OBEHEANTE Ra 2 2 kit . BB 2 b
THETT D, TOTD, BALRISIING & % OG(Fig. 3.5, 3.6) & RUSHEREDN £ 72 < B D,

cat. [Cp*RhCly],

@/g . l CsOAc BH NH

= O MeOH, 60 °C = 0

\_6 \_0
[Rhlll] |
C-H

activation

Ph

' Rh'!
[Rh'”]—N/OPIV l _ [ | ]
. - . PH N~opiv
Q A ] migratory p-carbon 1
0 insertion elimination o ©

Fig. 3.7. Rhodium(Il)-catalyzed intermolecular cyclization with ACPs via C—H bond cleavage.
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Ph
H HN
o

[C o |]
C-H
activation

[COIII]_

o

migratory
insertion

: 1 / | P
my—N
ﬁco\]

cat. Co(OAc),
cat. PPhg
AgOAc

B ———

toluene, 150 °C

iz carbon
elimination

S

Fig. 3.8. Rhodium(IlI)-catalyzed C—H alkenylation with ACPs.

H  NPh
+  EtO,C
EtO,C

EtO,C
CO,Et
[Mn

[Mn]
C-H
activation

EtOZC
[Mn']—NPh

EtO,C
migratory
insertion

cat. MnBr(CO)s
cat. NaOAc

1,4-dioxane, 80 °C

C C bond
cleavage

CO,Et

Et0,C
A

NHPh

77%

EtO.C oy

[Mn]
NPh

Fig. 3.9. Manganese-catalyzed intermolecular cyclization with MCPs via C-H bond cleavage.
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ZDEHT, C-HEEAE MCP & LLIXACP OB v 7V v 7RIS Tk, BILEG, TV
=BG, 7 a7 a BN A FIUALRIGHEITT S5 Z ENMoN TR, AET UL
FEOBAFNTZER STV o T,

EHIIH 1=, F2EICBNT, N AFAKRRAT ¢ VAL L T2 2 LT,
HET N OA N ML C-H ORBALAIINEZ R D IEREITT 2 Z 2R LTnD, &6
(12§ 1.4.1 (46 X—)DFER DL, C-HFEAOBALBMINC L W AE U7 FeH A X, &&
VRS A L 7 ¢ HEIZH Markovnikov B TCOBAIINT 5 Z & &5 72> T b, & Z T MCP
HH TV TN— = LTHIT 52 & T, CHFEAEDRET VML AIRETIE
W EAEZERGR A ST C T2 (Fig. 3.10), D F V. C-H A OBALAIINC L 4 U7z Fe-H #%
B~ 2EHA LT 4 2 Th D MCP 233 Markovnikov B COLBEFFH AT S Z LT, &
77 B0 C-C KEN BALICAFET D, $k 7 n 7 m A A FLdikze 52 %,
BIET 7 v a BV A FOVRRIIES ORI 2 BRE ) & LTRSS B IRENBEAZEZ 92 &
MENBILTNWD T 70 B IRFEMBEAL Z 0 | Z DO®%IEITCHINEEC X > THRET U bR
AH525EEZBND, SHITFig 3.5-391RL7-X 910, C-HEAUIW 2/ MCP b
LSIZACP LDy 7Y U ITRISZEBWTEEFBR T h 2 EH & LIERINE o7, %
DI ORI ORISH R T EMTEDHEEZ MCP DB 7Y T RINIZET %
FRIZET LT,

H O " R" (0]
Lo » cat. Fe(PMeg), .o
e R + Rewyly mmmmmmmmoee- > "R
R
homoallylation
| A
[Fe’: ' —[Fe”]
oxidative . . , | reductive
addition; R sy,R © elimination
H--[Fe”]--O R “7’--1 [F'ell]__o R"” ‘\___[FeII]__O
. R" PR e L
--------- > TR iR
migratory p-carbon I
insertion NS elimination

Fig. 3.10. Iron-catalyzed C—H homoallylation with MCPs.
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51 HT BOSSRAFORRES

§3.1.1  FIHIRRES

FT. v v T/ (la)e 7 = = VEDNERL L 72 MCP12a 2 BVE IV, 14-U A F 3
YHTCKINEIT o728 A, FEOELENMELS . By T U T PET LAY 13aa
% 11%CH Z 7-(Table 3.1.1, entry 1), #iEZ MR L7 & 2 A, IR T L 5 25 &ER BITAR
BT VNAENBEANSNTERZ THY  ZOMD T 7Y o THEEIIIHER S R0 o T,
fE=. Fig. 3.6 IZ/x L72 & 912, Ackermann & (3/VT7 =7 Al L5, MCP % H 7= C-
HiEGDy 7 n7a BV AF b2 ®E L WD, —FH T, SROSMEBRTIZFD X
7T e AF AL S I AEEITRHERE ST, BIRIIC = BRORPEZ o 72
AR % G- % TN D S BLR TR,

WO EZRIELT, BEX\n7 )/ v OFER EOBTFIIRE T, RTA0ICE
TG THD A FFUEEZERR LZEZEAb) T, JOSHEME T L, BHEORETT Y
JALER) 13ba % 52 5 DT > 7= (entry 2), KIZ§ 1.2.1 27 _X—)E§ 2.2.1 (65 ~=—
I TRH U, EREIEIC X DGR L2, SINUCEFRIIEEFT D p-
Ny TZngdaiFresare)/)rle)zREET 5L NMRIERL 97% THRET UL
R 13ea & 5- 2, K& < SUSHEDA E U= (entry 3), &R ECOEBEFRIIFEDOBFEIC
DNTIE§3.44 (102 =) TEZELTW5,

Table 3.1.1. Initial attempts.

X
(0] Ph O
: I By . 20 mol % Fe(PMej3), -
1,4-dioxane 0.3 mL
R Ph 70°C, 20 h R
1 12a 13
0.3 mmol 1.5 equiv
entry R 1 NMR yield of 13
1 H la 11% (13aa)
2 OMe 1b trace (13ba)
3 CF; le 97% (13ea)
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C-HEDRET U MEEAMIIEUSTIT 2 %6 . MCP Ot AR aMERF U TH S 1,3-
VU EHAWTHERAETH D L TPHEND, LrL, CHEG L 13-y
Y > 7 ClE Markovnikov B ANZ L O 7 U WAL T C-CHEEDREE SN D (eq. 3.4, £7=.,
BEMARET VUNEZEATH7OITIT, 2 MLICEBRELZ SO 13-V L DRIRIZED
SRBEEDORE WAL T 4 VML CTRIGT 2 MR H 5 (eq. 3.5), O F VAL, 1,3-Y
TANTBT DNRANCA RN 72 A V7 ¢ L~ C-H A 533 Markovnikov AN i =

LI RS H R T ENTE D,

Ph
H o Ph 0
cat. [IrOH(cod)l, (34)
N
NHMs toluene, 70 °C NHMs
x

X

R (3.5)

H
e, \j\ pransiton-metal cat._ 0e
-
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§3.1.2 IR

p-RU7nFduarFresarc /) rle)xET7 VEEE LT EEES 5mol %25
L7c& 2 A, M 13ea 7 56% NMR IR TH X 7-(Table 3.1.2, entry 1), {RIZZ OO
BEARES 21T - 72 (entries 2-11), O T=—F LRERE L LT, THF(entry 2), 7 =Y —/L(entry
3)EHWTHFEEROINER & 72 o 7o, FHEBEREEA BT 5 &, MLz (entry 4)iZ—=—7
IVREEE L VIR ITSE L7228, U 74| bbxm 2 (entry 5), 7 2 a2 E (entry 6)
TIEIREX KT L7z, RILKFERELE E L TAFH U (entry 7)., v 7 B~FH U (entry 8),
AF N7 a~thlentry 9) ZRitT D2 EVTRHERWNEREZRY v ra~tP b
AF N7 a~F P o TIHBEERENZEI 79%, 80% & i b BV & 7p 572, FRIE
& LT, DMF(entry 10)Z W2 & ZANEIIRE KT LA, 18, 2 ®Tik 7z,
TIFIACEIE, A 2 B U IACBOE TSRS TRISHZIR K SHET L Tnen, o
DFRET UIALIE TR, IERIZRE KT L7z(entry 11),

LLEXD . @ERNDZNi72 s 7 a2 Rl & L CROEHctEl 2 LT L
77

Table 3.1.2. Screening of solvents.

A
o Ph o)
By . 5 mol % Fe(PMe3), -
solvent 0.3 mL
FaC Ph 70°C, 20 h FsC
1e 12a 13ea
0.3 mmol 1.5 equiv
NMR results
entry solvent
conversion of 1e yield of 13ea
1 1,4-dioxane 63% 56%
2 THF 64% 57%
3 anisole 59% 57%
4 toluene 70% 60%
5 trifluorotoluene 16% 10%
6 chlorobenzene 44% 37%
7 hexane 81% 75%
8 cyclohexane 87% 79%
9 methylcyclohexane 86% 80%
10 DMF 26% 20%
11 none 57% 38%
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§3.1.3 BB/

v~ UOEEY 01D 0.6 mL F T 0.1 mL %74 THRET L7 (Table 3.1.3),0.3 mL(entry
4), 0.4 mL(entry 5), 0.5 mL(entry 6)& L7z & & 79-80%IV =R & 72 > 72728, 0.4 mL(entry 4)%

i & L7,

Table 3.1.3. Optimization of solvent volume.

A
0 Ph o)
: I - . 5 mol % Fe(PMe3), -
cyclohexane x mL
FaC Ph 70°C, 20 h FsC
1e 12a 13ea
0.3 mmol 1.5 equiv
NMR results
entry cyclohexane
conversion of 1e yield of 13ea

1 0 mL 57% 38%
2 0.1 mL 68% 60%
3 0.2 mL 78% 73%
4 0.3 mL 87% 79%
5 0.4 mL 87% 80%
6 0.5 mL 88% 79%
7 0.6 mL 84% 77%
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§3.1.4  SUSREEORRET

G REE 2 SR8 5 80 °C D [H] THEFT L 72(Table 3.1.4), 70 °C LA F Tl UG RIFHE —TH
S 72 H D D(entries 1-6), 80 °C £ T LIF 5 & 20 FEHHICIIREM N AE T TEBY . s %k
& L7z &b D (entry 7). IR TIiA bR, IR B K< e o 72 (entry 1), S IF(H]
% 40 REFEZIER: L C HULEIL 78%1EF V TH - 7= (entry 2), HHE % 40 °C (entry 3). 50 °C
(entry 4), 60 °C (entry 5) & B b & H 25 L X D AKWVEEE CICGRILM E L7, RISTREE 80 °C
DL ERIT 80%E 70 °C DFE L [R5 T - T (entry 7). LA EDOFEFRND | SUSIRE 40 °C
i e LT,

Table 3.1.4. Optimization of reaction temperature.

X
o] Ph o]
- . 5 mol % Fe(PMe3), -
Ph cyclohexane 0.4 mL
F3C temp, 20 h F3C
1e 12a 13ea
0.3 mmol 1.5 equiv
NMR results
entry temp

conversion of 1e yield of 13ea

1 rt 79% 75%

28 rt 82% 78%

3 40 °C 87% 86%

4 50 °C 84% 83%

5 60 °C 85% 83%

6 70 °C 87% 80%

7 80 °C 83% 80%

aPerformed for 40 h.
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§3.1.5 MCP DY &

MCP D4 &4 1.3, 1.1 48T DS L7=(Table 3.1.5), O TIEENENm EL, 1.1 HED
EXEMME 9T% ThH Z 2 (entry 3), 722 DL X HEENERIT 93% Th -7, MCP DY &
L1 EEOEE, USRI 2 1450 O 10 BRI D 3 SR LENOC T 272728, entry 3
D 1.1 B ED MCP & W5 &k stk & Uiz,

Table 3.1.5. Optimization of the amount of 12a.

A
0 Ph o
: I - . 5 mol % Fe(PMe3), -
cyclohexane 0.4 mL
FsC Ph 40 °C, time FsC
1e 12a 13ea
0.3 mmol X equiv
NMR results
entry 12a time
conversion of 1e yield of 13ea
1 1.5 equiv 20h 87% 86%
2 1.3 equiv 20 h 90% 90%
3 1.1 equiv 20 h 97% 97% (93%%)
4 1.1 equiv 10 h 95% 94%
solated yield.
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§3.1.6  fliipET

AREOGIE Y ATFIRAT ¢ SR il & 95 2 & CRIRAICHEEIT T 223, £ o1t
DERBA ROV T L IRE 21T > 7=(Table 3.1.6), p-~ U 7t m A F L7 c )/
Y(le) b 7 = = )VENER LT MCP12a 2T /VIEE & L, V2B A B AR O —i%
IR ST v 77 v T LT 5 D22 1t L 7 (entries 1-6), eq. 0.12-0.14 (12 ~=X—7)
R UTe, FEBRA I OA )V ML C-H & OEREEAC Ol & U TE < 80 VAR =L 85
WEMBEE T DL o7V o T AR SR 0> > 7= (entries 1,2), WRIZHFHE T K
YDA ML C-H A DL INZ D SONZFIH STV D kk % 70 BB 4 e fil i 2
15t L7z (entries 3-6), RuHy(CO)(PPhs); IXH &R K DAL M C-H fEG& DT /L% /L
(Fig. 1.1, 18 =303 T L= AL 8 7 U — Ak 7 7¢ EOREEIZFIH STV B 53,
MCP £ DB v 7V 7RI TE e o z(entry 3), DMz, FEHET b DAL b
L CH # & © 7 Vv % v ik @ fih £ T & % [Ir(cod),]BArfsS(entry 4) &
Cp*Rh(CH,=CHSiMe;),*(entry 5o &ML b DAV "ML C-H 5B D T Vi = AL Ofik
f:C & 5 [Rh(biphep)|BFs(entry 6) bR L7223, Wb b v 7Y v 7 A & 5 2 72

277,

Table 3.1.6. Screening of catalysts.

X
O Ph o}
transition-metal cat.
Bu  + /A Bu
/©)L Ph reaction conditions
FiC FsC
1e 12a 13ea
0.3 mmol 1.1 equiv
entry transition-metal cat. reaction conditions products
toluene (0.3 mL)
1 5 mol % Fex(CO)o not detected
120°C, 20 h
toluene (0.3 mL)
2 5 mol % Fe3(CO)i2 not detected
120°C, 20 h
toluene (0.45 mL)
3 2 mol % RuH»(CO)(PPhs); not detected
135 °C, 30 min
5 mol % [Ir(cod).]BAr", toluene (0.6 mL)
4 not detected
5 mol % rac-BINAP reflux, 40 h
) cyclohexane (0.4 mL)
5 5 mol % Cp*Rh(CH,=CHSiMe3), not detected
120 °C, 24 h
. DCE (3 mL)
6 5 mol % [Rh(biphep)|BF4 not detected
reflux, 24 h
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55 2 Hi MCP 0 KB ik & e

§32.1 p-RUTZNFArAFLE T T 2/ k%72 MCP O

MCP O 7 a7 u/Xvig EOE#HEIER & R2Z2KG L7-(Table 3.2.1), 7 U — L&A 1o
B L7 MCP & LC, Bt512b, 120)0°E 7R513012d, 12e) 25T 257 U — VAT
RET VIR 13 2 @INER TH % 7= (entries 2-5), 2-7 7 F /LIS EH#L L 7= MCP12f T &[]
FRIZ 72% T d 2 £ 13ef % 5- 2 7=(entry 6), 7 /L /LN | DEHR L7 MCP & L
T, 7 =3 FH12g), A7 FH12h), =—T AEN 2 AT 5 7 /L L EE120) 08 B L
72 MCP TWI b @R TR EIT L 7= (entries 7-9), 7 = =/LEEM 2 DEH L7
MCP12j T% ., RET U /ALAMY) 13ej Z@mINETHE X 2R, PEOT /a7 oL A F
JACAERY) 14ej ©15 5317~ (entry 10), MCP12j TIZ =B8R LICEWBEN 2 5H 57120, &
7 a T a NP FRNCLE L R  ZBRPRE LA b 5T LB b D,

Table 3.2.1. Iron-catalyzed C—H homoallylation of 1e with MCPs.

R? R
0]
7& 5 mol % Fe(PMej),
+ Bu
/@J\ cyclohexane 0.4 mL
40°C,20h FsC
13 14
0.3 mmol 1.1 equw
isolated yields
entry R! R? 12
13 14
1 Ph H 12a 93% (13ea) not detected
2 2-MeCsH4 H 12b 86% (13eb) not detected
3 4-OMeCgH4 H 12¢ 75% (13ec) not detected
4 4-FCeH4 H 12d 87% (13ed) not detected
5 4-CIC¢H4 H 12e 79% (13ee) not detected
6 2-naphthyl H 12f 72% (13ef) not detected
7 CH,CH,Ph H 12¢g 95% (13eg) not detected
8 CsHiy H 12h 96% (13eh) not detected
9 CH»,OBn H 12i 86% (13ei) not detected
10 Ph Ph 12j 83%* (13¢j) 5% (14ej)
INMR vyield.
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EHIEOHIZ K 5 MCP OBHEROF I3/ D OWE I HHERSLD 0, 7 = =/LHR
1 DEHL L7 MCP O & R U bz QS FE FT1T5 &, BRI BRI L
7AW % 5 2 7= DIk L(eq. 3.6), 7 = = /VEENR 2 DEHL L 7-MCP Dt Ku o U LT,
BRPIC ZBERDREF LI & 5- 2. 72(eq. 3.7), /INEH S 1L Z OFEFIZOWNT,
Thorpe-Ingold ZhFAZ L 0 2 EHas 7 0 7 /U PRSP IREZETH LT EHEE L T
W5,

SiEts X
cat. Ptl,(PPhj3)
+  HSEy 7, {; + Ph (3.6)
Ph neat, 140 °C Ph SIEt3
not detected 57%
SiEt; X
cat. Ptlz(PPh3)2 Ph
Ph + HSIEt _— Ph +
3 neat, 140 °C Ph ) (3.7)
Ph Ph SiEts
87% not detected
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§3.22 2 [EH:MCP OIS

§ 3.1.1 (77 =BT, ©\m7 =/ r(a)lid 1 EH MCP12a &L OIS TIZFE ALY
B % 52 I 0FER L 7o TN, 2T, 2 @B # MCP & DG % 7k 7 7= (Table 3.2.2),
R & R2PA7 ==V THDH MCP12j) Tld, BRWEEZ /R L, RET VUKL 13aj &
74%, 7 v 7 a VAT UK 14aj & 5% CTH Z 7z (entry 1), R' & R2BZNZENT = =
JVELE TV R IVEE(12K), FRITT VRV E(2D) & LT MCP %ﬁﬁ%@}imﬁ%%b RET
U UABIR 13ak & 13al 22 E4 5 2 7= (entries 2,3), H& wRSIEE RN Y
A==y I/(la) ZEWT, 1 E# MCP 25 2 [&H#i MCP | q’“ﬁ*’“é ZETHRET VUL
IRASEIR CHETT L 72 JRUIKIES 3.4.4 (102 ~X— ) TREMI 2R R 5

Table 3.2.2. Iron-catalyzed C—H homoallylation of 1a with disubstituted MCPs.

R? R!
X
R1 A
(0] R2 (0] (0]
HA 5 mol % Fe(PMej), [ . t
f +
Bu R ) cyclohexane 0.4 mL Bu Bu
R 40 °C, 20 h
13 14
0.3 mmol 1.1 equiv
isolated yields
entry R! R? 12
13 14
1 Ph Ph 12§ 74% (13aj) 5% (14aj)
2 Ph Me 12k 78% (13ak) detected
3b CH,CH»Ph Me 121 78% (13al) detected

“NMR yield. PPerformed with 10 mol % Fe(PMes)a.

20 L 3PEIT T = =V EERERL L7 MCP12m b AKSICHET TX . —BBROEERLZES
ARET VALK 13em % 46% TH-Z 72 (eq. 3.8),

0 (0}
20 mol % Fe(PMe
Bu + ﬂ i Ik Bu + (3.8)
Ph "'Ph cyclohexane 0.4 mL
F4sC 40°C,20h

1e 12m 13em 14em
2 equiv 0.3 mmol 46% NMR yield detected
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3 E AR N oY

§33.1 R0 T =)/ UEEKRORE

a7 ) ONTAL A XD ERILE ET L7 (Table 3.3.1), = h ¥ LR =)L
FEERINNCEBRT D &, FET UV IBIK 13ya 1 63%DINE L 72> - (entry 1), p-> 7T/
ENn T =/ rA)DOETIE, RET UNVENEANSNTZARY 132a & 52%TH R
(entry 2), TATNARTT ) HIT b LRBRIC, C-H #E DOEREFGIZIIT DRLMHE &
LTl Ze&nmonnTng 8, Lo, KESTIEHARET VKIS oA MLT
DHFRANCEA SNz, AZPLAT R Y 74 n AFVEEZEA L N0 7 = 7 2 (1h)
TliE, LD ZENTWD AN ML TORKRET U AL HEEIT L, 13ha % 84%TH- z 7= (entry 3),
o-AFnensurzx AW EE By T T EBITHER TE o T, 2
IS 1.1.1 23 X—) TR L D1, 7T E AV MLD A FIVFEDSIAREIZ K
DH 91 OOAN MIBGIR SN ERFIFTH S,

Table 3.3.1. Iron-catalyzed C—H homoallylation of pivalophenone derivatives with 12a.

(@]
Q\)LtBu 5 mol % Fe(PMej),
+
cyclohexane 0.4 mL
R’ , R? Ph 40°C, 20 h
R
1 12a 13
0.3 mmol 1.1 equiv
isolated yield
entry R! R? R3 1
of 13

12 CO:Et H H ly 63% (13ya)
2 CN H H 1z 52%" (13za)
32 H CF3 H 1h 84% (13ha)
4¢ H H Me 1a’ not detected

“Performed with 10 mol % Fe(PMe3)s. PNMR yield. “Performed with 12j.
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§332 RV T =) ORISR L5

WEHR DN Y T = ) ) DOBUE & R L7 (Table 3.3.2), 1.1 4 ED 1 {E&# MCP12a &
PG SED & E ) BET UK 13ia % 49%, VB E T U ALK 15ia % 19% THH7=(entry
1o entry 1 TiX, BUSK THIZ 12a HETHEL TWo®H, 12a DY EL 2 H&wmL LT
i ST A entry 2). entry 1 EFEREMNED S A2 o7, WIC 1 % 2 &L L CRISE(T
9L, ERET VALK 13ia OIEAE L, UK 68% & 7257 (entry 3), IR
Z 5mol % LCHE /) RET U ALERY 13ia # 70% TH 2, ZREICVRET UL
{BAR 15ia % 15% CH37=(entry 4), HET U D 2 DA I NIZARWIT, 20 & 27T
BOE LTe b OOB B S, 2L e 6 (L ThUR Lz b DI bR,

Table 3.3.2. Iron-catalyzed C—H homoallylation of 1i with 12a.

(0]
z mol % Fe(PMej),
+ H
O O Ph cyclohexane 0.4 mL
40°C, 20 h
1i

12a
x mmol y mmol
A AN =
Ph o} Ph o) Ph
g0 U
13ia 15ia
NMR vyields
entry 1i 12a Fe(PMes)4

13ia 15ia

1 0.3 mmol 0.33 mmol 10 mol % 49% 19%?

2 0.3 mmol 0.6 mmol 10 mol % 50% 16%*

3 0.6 mmol 0.3 mmol 10 mol % 68% 14%>
4 0.6 mmol 0.3 mmol 5 mol % 70% (70%°) 15% (12%°)°

Yields based on 1i. "Yields based on 12a. ‘Isolated yield.
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§333 NV Tz UFEERO R

Fex REHILE T XY T2 ) o ORISELT > 7(Table 3.3.3), 2-AF N Y7
= ) CADOJIGETIZ AT VIEPNEA SN TR B U ETERIMICHAET UL
NEAN SN Tz (entry 2), /NTNLIZ 7 VA KAL), 7 v rlde)), 7 rEEAd)D LD 7%
NaF U ERETLHRY T 2 ) TH MG EIT LTz (entries 3-5), /N TALICE LT
B AFNIEEEAT D & RUSMEFIE T Uentry 6), fillfii &4 20 mol % & 425 Z & T 56%

DO EZRTHRUET D AR 13ma % 5- 2 7= (entry 7),

Table 3.3.3. Iron-catalyzed C—H homoallylation of benzophenone derivatives with 12a.

o R
oo, WA
1

5 mol % Fe(PMe3),

cyclohexane 0.4 mL

40°C,20h
12a
2 equiv 0.3 mmol
isolated yield of
entry R! R? 1
13

1 H H 1i 70% (13ia)
28 Me H 1j 75% (13ja)
3 H F 1’ 68% (13b’a)
4b H Cl 1¢’ 74%° (13¢’a)
5bd H Br 1d 46% (13d’a)
6P H Me 1m 32%° (13ma)
704 H Me 1m 56% (13ma)

“Performed with 10 mol % Fe(PMes)s. PToluene was used as a solvent. “NMR yield. “Performed

with 20 mol % Fe(PMe3)s.
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§334 YOIV T ==L b DORIGITET DS Et

TILUINLT V=Nl hrrt LTy 7and L7 o=l hr>Ap) e 12 L ORIGETT
Sl Z A T RET VIR 13p] & 82% TH 2. VHRET U ILIKR 15pj % 9% CTH z
72o LU, 13pj & 15pj A DORIAERD S AR L TR Y, 21U XY 13pj O BN RI
58%F TR L7=(Table 3.3.4, entry 1), &2 T, 13 & 15 UANDEIERD ZIH T 5 2 &
FAMCP ZfitT 2 2 &I LT, 7 = =V & A F VA F 9 % MCP12k Tl 13pk & 15pk

BRHIEIT 92%(T (entry 2), 7 = =V HL & 7 = R F VA A D MCP121 Tid 13pl & 15pl
DAEFHRIL 94% & 72 o7z (entry 3), T DOFERG | B bWENAE W 121 2 T, &K
DRt ED 5 Z Lz Lz,

Table 3.3.4. Iron-catalyzed C—H homoallylation of 1p with disubstituted MCPs.

A
R1
R? Q
5 mol % Fe(PMej3),
©)k A cy *
cyclohexane 0.4 mL
40°C,20 h
13
2 equw 0.3 mmol
NMR results
entry R! R? 12
conversion . . yield of 13
yield of 13? yield of 15°
of 12 +15
82% (58%")
1 Ph Ph 12j >99% . 9% (16pj) 91%
(13pj)
2 Ph Me 12k >99% 64% (13pk)  28% (16pk) 92%
3 CH,CH,Ph  Me 121 >99% 77% (13pl) 17% (16pl) 94%

“Based on 12. PIsolated yield.
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vruantVT =) hr(Ip) e 121 OFISIZEBW T, YRET UL BAERY 15pl
ZAHd 5 Z & & BSOS E Ot 2 1T - 72(Table 3.3.5), 40 °C OFf, 15pl DULHE
17% CTod > 7= (entry 1), SR Z SR & 325 & (entry 2), 15pl DULERIT 30% & [A] L 72—
T, BONMREZ B 2% & 15pl OAERITHIH S 4u, 70 °C DRf(entry 5). 15pl DULEIT 6%
WK F L7, 7 e o@aiisl °C TH D720, KNREDHEIX 70 °«C FTL
L., Z0LEDORET UMY 13pl OHBEINERIL 87% & 72 o7z,

Table 3.3.5. Iron-catalyzed C—H homoallylation of 1p with 121.

o Ph

e

5 mol % Fe(PMej),

cyclohexane 0.4 mL

temp, 20 h
1p 121
2 equiv 0.3 mmol
Ph— Ph—
Me Q Me Q
cy * Cy
13pl Me
Ph
15pl
NMR results
entry temp :
conversion of ) )
yield of 13pl* yield of 15pI*
121
1 40 °C >99% T7% 17%
2 rt >99% 65% 30%
3 50°C >99% 82% 12%
4 60 °C >99% 86% 8%
5 70 °C >99% 89% (87%") 6%

“Based on 121. PIsolated yield.
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FOMREED FME EF / RET U MALARM 13pl OEIRYED & < 72 5 T2 JRAIZ DWW T,
Fig. 311 IZBIIE 2R L7e, €7 U LR GIETRIMBEC 1V C-CREAZMEL T
BOPREANCEHT DL, 7 R BRI VD o — o 73RBS L TR Y |
PRAMEEASBL M SRS 2 Z L TR/ ARET UV WEKR 13pl 2525, LavL., FREIKRA)
DD SR ANREE 2 Z 272K L b 9 —oOD AL ML C-H BN Sn 5 & PREIRB)
BB ORET VA ISPl 25 2%, TORDRO 1oL LT, RISSKEZERICT
52 & T, PHRIRA)D OB OMBESMEE SN D LW D BEX TN TE L,

Ph— ) [Fe] Ph—
N faster
o) o) o)
Ph Fe cat. Me ﬂ» Me
+ _— ) C
Cy high temp Cy [Fe] y
Me A
1p 121 ; 13pl
Y Ph—
[ H—[Fe]—0 | Me 0
Cy Cy
'''''''''''''''''' > .
Me Me
| B PH _ PH
15pl

Fig. 3.11. A possible explanation of mono/di selectivity.
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§335 TIIAXRALT U=l b, BREEKRY b ORIG

§334 B VWTCTHH LSRR TEZFIA LT, xR T VX LT U — b ORIG%E
fTo7=(Table 3.3.6), 7 /LF/ILIER &7 maF i Li(p, entry DS LV /WS WNA VT
7 BV H(1q, entry 2), =F/LEL(1e’, entry 3), A FILH(Ir, entry 4) & L THELR S AET
VLA & @R T 272, §3.3.1 87 X—)TlXo-AF R0 7 = /) 3Ry
BB ZIRINSTED, 0-ATNT ' N7 ALY TIET B FAEN LD /SN2, RE
7 U AR 1361 & T1% CTH-Z 7o (entry 5), 25 1 F(36 ~X—), 2 #(66 ~— )R
L7EBOCiZ7 e b7 = 7 U HEE E LTRIT 5 2 &I TE o722, MCP121 & D
FOSIIRER L A a5 21—, ZOREICOWTOFEMIIRHTH 5,

Table 3.3.6. Iron-catalyzed C—H homoallylation of alkyl aryl ketones with 121.

Ph—
0 o)
: I Phjﬁl 5 mol % Fe(PMes), Me
R" + R!
cyclohexane 0.4 mL
R2 Me 70°C, 20 h R?
1 12| 13
2 equiv 0.3 mmol
isolated yield of
entry R! R? 1
13
1 Cy H 1p 87% (13pl)
2 Pr H 1q 87% (13ql)
3 Et H 1e’ 85% (13e’])
42 Me H 1r 88% (13rl)
58 Me Me 1’ 71% (13£°1)

Performed with 10 mol % Fe(PMe3)s.
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BOREFE T A OV T bR AT > 72 (Table 3.3.7), 7 7 0 U iFEK L LT a-7 b
7 (s, entry 1), 2,2-2 A F)L-1-7 kT 1 (1t entry 2) T H 5T DR ET U ALLERY)
13T, SEREATDHA UK UFHER WA E 5 2 o Tz(entry 3), XUV A
A FFEAR Iv(entry 3)b F 72, SUSTEMED o 7228, il B A 20 mol %95 Z & TH

¥ % 67% C1E7-,

Table 3.3.7. Iron-catalyzed C—H homoallylation of cyclic aromatic ketones with 121.

Ph
O Ph O
R \71 5 mol % Fe(PMej), R
R cyclohexane 0.4 mL R
n Me 70°C,20 h n
1 121 13
2 equiv 0.3 mmol
isolated yield of
entry n R 1
13
12 2 H 1s 71% (13sl)
2 2 Me 1t 93% (13tl)
38 1 Me 1u not detected
4b 3 Me 1v 67% (13v1)

aPerformed with 10 mol % Fe(PMe3)s. PPerformed with 20 mol % Fe(PMes)s.

94



§3.3.6 HET U IALAERYOFHEAL

AV MLZHRET VVERNEANS T ER T b OFEERR T, 7 FEMLE R
AL T 4 VENN D DT, T D2 ODEM A ILICRAT AR = A LT 4 A K
ARG BRI T 82,

Grubbs®? <> Nicolaou®* & % Tebbe 7t #E(Cp,Ti(CH,)(C1)AlMe,)X° Petasis A3 (Cp2TiMer) %
W ZATNVHNNR= )V EF LT 4 DETORAZ 'V AR nZ#HE L TEY (eq. 3.9) 34,
INEBEBIZLTRET Y ALY 13ia DFFEALE it L7, Tebbe i3 2 AW 7254
JFEHI TR Clis b L7223, PR A ¥ B2 AT Z 5722035 T (eq. 3.10), EIZ7 F AR
SVENRAF LA ENT S ONARL LT2, Petasis i a2 AW 723854 FBEHI TR Tiiz{k
L=, BBRA X B RATEZ 572 o7 (eq. 3.11), EIZT b BNV R=VHER AT L
fbEi, EHITA VT ¢ UBNEBIZEMAL L2 b ODBERK LT,

\ P\

N AN

H
Cl Me BnO_: AN
s equiv 'S m (3.9)
THF, t, 20 min; BnO 0 0" “Me

then reflux, 5 h HoH H
71%
X TN,
N / \
Cl Me
Ph 0 4 equiv %
THF, rt, 20 min;
O O then 80 °C, 13 h O O (3.10)
13ia major product 16ia

not detected

Me
Ph 0) 4equw %
O toluene/THF, 80 °C, 14 h O O (3.11)

13ia major product 16ia
not detected

/
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Grubbs & % Schrock A% EimEHVDH Z & C, KA L7 4 Ve r b kR =
VD THEBR A # & ¥ ARSI HEITT 5 & LT 5 (eq. 3.12)%, Schrock S5 K% V7=
NNR=-F VT 4 v A E | ARISOENITZ OfIZ, Sarpong H @ cocculidine DA KD

A& AT w7860 Lei D (—)-huperzine Q D &G K 7 IZ b LIV T 5,

X 1 equiv
Schrock's complex

Q benzene, rt
(0] x_Ph (0] x._Ph

84%

ipr ipr

Me N
FsC I Me
F3C>|\O—Mo\ Ph

o

lvle/l\cF3

CF3
Schrock's complex

(3.12)

Schrock &K %2 FHWNCHRET U NMALAESMI3 D ONVR= )V -F LT 4 o A X ARG %E
FREt L7z(eq. 3.13, 3.14), 13ia [TULE 74% TR L7 1,2- 8 Ret 7 ¥ L U FHEK 16ia &
5 Z . 13em [TULE 11% T 16em % 52 7=, ZOFEEHAND L ATFRGIRTEE 7 N
NH2 ATy S THEA RBEEEZAETH12-V K F 72 LU OARNAIREE 72 b,

1 equiv

X
Ph 1) Schrock's complex ‘
O O benzene, 80 °C, 15 h O O

13ia 16ia
0.1 mmol 74%
X
Ph 1 equiv
Ph (0] Schrock's complex
Bu benzene, 80 °C, 15 h
F3C
13em
0.0561 mmol
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55 4 8 BOCHEREIZRE 9 D 5

§3.4.1 KRET VLAY OROENE

FET VIULAERIIIIRSGA L7 ¢ VLR S D7D, 2O EEG BB OSSR
5 2RIENREZBND, LnL, p-RU ZAFda AF e "n 7/ (le)k MCP12a
DFNZIBNT, 21 BTH v 7V 7 LIRS 17eea 3R SN TV o7z, £ T
le LARET U ULIK 13ea D% 1:1 & LT MCP IEMF(E F CRIGZ1T -7 (eq. 3.15), 5 &
KA L7 4 L CTRUGSEEST L7 17eea 73 16% CTHLEE X 1172, MCP 13 O n*#ljEIZ4:
BN A2 5 2 L CEAEHEMTE LD, BB LMIBEET LI LNILNT
W5 8 20D, 13ea DARMGA L7 4 VNI E MCP O &R ~DBNRER L35 & |
MCP BN XV &R LM< FERT D, ZD7H, MCP DV EEIFIE L TV D RFIZHB VLTI,
13ea DA L7 ¢ UENLIISOSIZBE G T2 2 EMNMTEX RN EEZEZBND, EHIZ, 17eea DUYL
BB LD, 13ea DA LT ¢ VENLRT L FALICH L TRIEETH 5 Z & Hid
FOSEZ 572 WERTH 5,

CF;
Bu
X
O Ph O (3.15)
5 mol % Fe(PMej),

Bu + Bu Bu

cyclohexane 0.13 mL

F3C F3C 40°C,20h F3C
1e 13ea. 17eea

0.1 mmol 1.0 equiv 16% isolated yield
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§3.42 H/KFBIEEHIER

FARFELENZENT T = ) (la-ds) & MCP 12§ & DG Z R T TIED R & A &
HEEL, NMR JIEZITo72(eq. 3.16), T2 & HUED la-ds & 12§ O TO H/D ZZHIdk =
> TWehoTz, Fig 312 12T L 912, MCP OF#Eh#E A D Markovnikov B [a] CHE4T L C
WDDOTHIUEL HE< B-H BBEC LV H/D 2 2 5 & PRI, —J5 ¥ Markovnikov
Bl CREHEADETT 5 & BALCIZEAKZEOLANGFEL THDHD T, i< B-D Bk X
D H/D AN Z B0 E PREND, Z D= eq. 3.16 D H/D AHE L7 & 9 FE R,
MCP O EhiE A D Markovnikov BL[A] Tl = 59, ¥ Markovnikov BR[f] COAFLZ A Z &
R LTWD, £ LT, AERY 13aj-ds 121X, AV MIICH - T2 EAKBEN AT U ikE EIC
BE) LT e, ZHUIHES . Fig. 3.10 (76 X — )R LTSGR & 7 L WERTH 5,

b a H._H

D By 5 mol % Fe(PMes),
+
Ph cyclohexane
D D
40°C,1h
D Ph
1a-ds 12j
0.3 mmol 1.1 equiv

>99% D content

(3.16)
ca.1.0H ca.1.0H

D 0O H__H

D 1
Bu
+ +
Ph

b b Ph

D
>99% D content 13aj-ds

7% isolated yield
H . H H e H Ph
H D i ,“ .x-Ph
H - Ph-- /% Ph--/ % ~&-D
Ph. A IFel--0 Ph D—[Fe]—0 Ph i
Ph Ty J/ D “t ‘\\ H “t
D - = Bu X Bu D - Bu
L: ,',Ik

D” " D Markovnikov D D anti-Markovnikov D D

IID insertion & D insertion & )

p-D elimination p-D elimination
H—[Fe]—O
iminati D .
___________ frH elimination ‘Bu
! 5 D D
-"’ D
Ph-- /%
Ph

Fig. 3.12. Selectivity in olefin insertion.
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§3.43 KIE OHIE

C-H FEAUIWB DSOS OB CTH 2 02 MAET D 7201, 2 MO 54T KIE O
WE 24T 72 4,
FPT1IOHOFEELT, BT x/ rla)kBERKELSNZE 0T =/ v (la-ds) &
1:1 & LCThRIBtgERE T 5 & KIE OfEIX[13aj]/ [13aj-ds] TR SN D728, 1.9 725
72(eq. 3.17),

X
Ph
O D (0] . O
1.1 equiv 12j Ph
©)Lr5u . D tgy 5 mol % Fe(PMes), By ,
D D %ci%heZXﬁne 0.4 mL (3‘17)
5 ,
1a 1a-d; 13aj
0.15 mmol 0.15 mmol 23%

0.5 equiv 0.5 equiv
>99% D content

WIZKIEJIEED 2 DHOFEE LT, 1a & la-ds Z5 % ORI TGS W, SEEE
BOL kalkp 75 KIE Z3KD D Z 212 LTz, kntko DIEZE{EICHE T 572012 LIZLIE,
FOGHIENC I 2 BOSREE L va/vp (ST 2 FEN & LD, ZHUTRICHIIC N T,
HEOREEADN/NIWNWTZDTH D, TOOEEIL. KIS 5 KIGHEE  valvp
25 KIE 23R 5 Z Ll Lz,

la DEJSHEE T eq. 3.18 IR LEEFISICRBWT, ISR 2D BB . #h % GC %
Brd 2 Z & TRkediz, FEMZRIZ & D GC RO ZALIX Fig. 3.13 OfRfa(run 1), 4L T
(run 2)DO 7 1y NI D | ERROMBEE (ve)DFEIT 0.09055 & 72572, la-ds D SOSHE & [F]
FRIZ. eq. 3.19 1T LT RSIZR W TR DTz, RERIZEIIC K D GC RO Z AKX Fig. 3.13 ©
Hf(run 1), FEEGun 2)D 7 1y NI D | EREOME (vp) DT 0.05370 & 7e o7, Lo
TKIE X, 2% Y vu/vplE 0.09055/0.05370=1.7 & HH 7=,

X
0 1.1 equiv 12] Ph o
5 mol % Fe(PMes), Ph
4 4
Bu cyclohexane 0.4 mL Bu (3-18)
rt, time
1a reaction rate constant = ky 13aj

0.3 mmol
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1.1 equiv 12j
D gy 5 mol % Fe(PMes),
cyclohexane 0.4 mL (3.19)
D D )
rt, time
D
1a-ds reaction rate constant = kp 13aj-ds
0.3 mmol

>99% D content

12
¥
¥ =0.0933x - 0.0345 ..~
10 R2=0.998 .~
o
-] y=0.0543x +0.4049
) R2=10.9988
& ..
= ® 133 run 1
D6 ¥=0.0878x + 1.0212 o .. ‘
- R2=0.9989 & T e 13ajmun 2
@] et e y=0.0531x-0.4514 ®13a3j-dSrun 1
4 : =
A R*=0.96% ® ]33j-d5 run 2
.
2
0
0 20 40 60 80 100 120 140

time (min)

Fig. 3.13. Time dependence on yield of 13aj and 13aj-ds.

F L ®DH L KIE OfEIE, F—%2% TIRE THUSZITWARBLEN RO D & 1.9, HIEES
TSI SR ZATV, OS2 HRD D & 1.7 RO DI, ZOfEIE 1 L0 +3icK
T2, C-H FEAUIBB R LN, b L <X Fe-H 5 A I BEFE(MCP ~D )23
OGS OEHEE T D Z L 2R LTS, M-H O LT ¢ U ~OAINZIE W T 1RO
MR SHE SN2 BlE LT, Z-H DA Y 7T o ~OMIRH 0 . KIE OffE 2.4 & 72
2 T %(eq. 3.20)%,

H/D
M @ M @
*==X_Hp o= :F 3.20
2 e L —— 2 (3.20)
Mes% H/D toluene-dg Mes% H/D

kH/kD =24
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§3.4.4 HEESHERE

INETORRERE 2 HEE SN2 7R3 (Fig. 3.14), MCP [MEJE i@ h & D
52 < Z T HMEE b o), MR FISBICREN T2 2 ENMHATNDS 8, £
D=, £F 0 MOEEEIRIC MCP BB 5 EE X HiLD, 4 U MCP 5RO &R DOE
FREITPHEGIZ L VIRT LT 5720, fie< C-H #iaE OBRLBIT NN EL 722 & TS
No, FHUTED, §343 2BV T 1 ROFEMBEHIRNPRLONTZEEZEZTND,

FOGHERE & L ClE MCP OEAL%  BREAIAINC X 0 42 U7z Fe-H f5 A I MCP O A4 L7
o VLD Markovnikov BLIF] COALBEMREA L 7 a v L 2 F ARz 52 5,
ZLTC=EBROEAOMMAZRE /)& LT B-RABMBENS I X, RBITETCHINBEC XL D &R
T VAR % 52 DA TEL T\, Ok s L, 0 MLOKER T
FRET VLRI DO AT U IRFE LICBEIT 22 L1270, § 342 OFEKBEEHRERD
fERE—%7 5,

R R'ﬁA
R"
[Fel
H reductive coordination

R'><i elimination

R" o R

[Fe]—O R"
@)LR T>:

[Fe]

p-carbon oxidative

elimination addition
R" R
H R'
R"
I ,
[Fe"1—0O migratory H—[F|e]—O
R insertion
-~ R

Fig. 3.14. Proposed mechanism for Fe(PMes)s-catalyzed C—H homoallylation with MCPs.
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EoNm 7/ (la)k il LT p-CF; E3a 7 = 7 U (1e)D USED ) B L 7RIS
TELET D, §3.1.1 (77T X—)THARZZL DT, 1 EHEMCP 12a & DJIS TITRE 2REN
DHEROND, 1 & MCP TlE, Fig. 315 ICRTEBET U AHRIKRD B ALICAKBENAEL
TNDZ EDD, BRRMBEHZ LY 13-V U8k % 5 2 DRIFUGRE 2 Hivd 2, EERIZ
WERE L 72 1,3-V = A RIS WD TBII STV 220 A, 0 fli08EEARIZIES G535 2
ETCIFBE L 72 e B 2 T D, Fig. 3.6 (73 ~X—3)D Ackermann H 23R L7z, VT =7 A
iz L5 C-H #8077 nra BV AF AL TIE, B-IRFMEEC LV &BAET UL
%%%ﬁzkkbf%&mf%%ﬂ@m% W Z 5720, RET VIMLERYZ 5 2 72\
LEFH BITIR TN D 68ab = D Ackermann D DA TIX 1,3-0 =2 2 43771 Diels-Alder
BOG % 2 U7 RIA R DS FEERICHER STV b,

SF Y, HFEREICERIERS D Z L TERITHOBEESMEE SN T D 1e TIE, BIK
JETH D B-KRFMBESIIH SN TEWIGEZ R Lz, —J7 1a Tk B-KEBBERHIS L
13-V UEEARE L, MR IE LT EFE X TV D,

FERO X D 7B T 1a X 1 {EHE MCP12a & S LIS WA, §3.2.2 (86 ~—3I)TRL L7z
2 B MCP & X B WIGHEZ 7R, 2 B MCP & O G TlE B-IkEMIEEIC L 0 AU B8k
FT VVHRRD BALICAKER 2N T2 BKBBBESE Z S22 ERFR EE X TN D,

- [Fe]

reductive coordination

R' >C ’ elimination
H [Fe]—0 R

p-hydride "~ [Fel

elimination H--[Fe]---O
A )' ||\
! TR
\ p-carbon [E oxidative
' elimination addition
H R
X R' ’
; H\%
A
= [Fel---O migratory H—[F|e]—0
JPE NN R insertion

Fig. 3.15. Proposed mechanism for Fe(PMe3)s-catalyzed C—H homoallylation of 1a with
monosubstituted MCPs.
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&

i

AETIL Fe(PMes)s Zfilli & 425 2 & T, HEES b DA/ ML C-H #EE & MCP D7
v U T ROREIT L, BIRICARET VLAY % 525 2 L IZ oW Tk,

FHEIT. B 1E, F2REICBWTEERY b DAL ML C-H 58 D 0 gk R ~Dfz
BRI Z R D SO EBIR LT\ D, 2 CHEUSE KU RHEBIAICH LT, MCP X
JIEEEDH T ETEERORAEE) RET VUMEKINEBR L, MEatofER, IBf7as
FRIZHB T Fe(PMes)s DA A fMEIZ WD OSSR T T, p- R 74 AFresn”r -«
ek 22T ==l AF LT asRr12a)D G EIER THEITT S 2 L AR
M U7oe ARBONIER % 25 E/R b0 MCP IZHEHIFTRETH Y, kT 2 RET U Lbik
IRIRHNC G- 2 72, AR OARMEEZRTIZOIC, IAR=-F LT v A X ARG
ICEB12-Ve FaF 7% LU FEEROEbITo 72,

F1E, FBLENOH/ONIA L, BAKREREROM RS, UL C-H /S
DALHIINT 5 Z & TA U7 Fe-H #iG T~ MCP O L 7 ¢ U EALHY Markovnikov
Bl CREFIA L., —BEROMRER. BB LV RET VLAY Z 522 &%
A2 TW5, F7z, KIE HEICBNT 1 IROFRLAED B R b7, C-H G UM B RS
DS DREEEE T D L Rz S 7,
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AHFFETIL, 0 gk C X 5 HEE N DAL ML C-H FEi& DOkE & 72 B RERAV 24T
Slzg BTNV TR—hF—%F LT 00, AFLovruryaXUEETHI LT,
ETNENTNVFNE, RETINEOBEAZZER LT, LT N-E=LA Y K= DR
IV T TETNAFAEOEANITMZ, BIGEE LT 2-4 2 FUAFEDOBEANIZGIIL
77

91 BT O MBI L D, AL T 0 VERWEEEES N OA L ML C-HfEED
T IF AT DWW TR T, 81 0 MigEs Al 2 v 72 C-H 56 OB REEL DBH%E %
HIE L C. HEERTREZ: Fe(PMes)s il & 42 Z & THEFWR b o DAV ML C-H FED
TV FVEEAS DB IR EW ) LTe, RBROSITIZZ O ORIMITLE R < HEARME
A QNP 22 FHN T H BRI T L T ALBOSITHEEAT L7z, S BICEREESRET L)
RESHETTHZEZHONT LI, FEES b OREEMEHELZH~L &, LRI
EEWT UL EEALOTAIAT Y — Ay b DT Y= N UBFIHARETH o T,
FV7 4 OREEMNEHZRHT 2L, KA L7 0 VICRESND DDA E =
Ny v, lBiGEA V7 0 v AF L UFFRERTT VX ALRIG DS EIEE THEIT L, W
NOEAE T Markovnikov BUAHINAE pl%# D Zr 2 38 IRWINZ G- 2 T, #ASH1 36D CTIRER) 72
BEIEERAL 740 THIE LT =T AR I L AKISICHEATE, W
Markovnikov BUfFHINAER%#) D Zr 2 3IRNC 5 25 Z L #BH LN E LTz, HER C-H fE&D
v =L —7 L ~Difi Markovnikov U2 @R TRk L 72 O 1%, AWFSE T ORE R R0
TThb, EABLIESEEFR Y b 2HWTEKEERIZREITY &, HERS oD
TV MMLEA VT 4 U ORIT H/D RS S, C-H 5 A YIBr BRI IS O HEd B ¢
FRNZ EPRBINTE, ZNDDORREENE X T, HEEKSEBEITXE T8~ oD
VIR = NVIROENL, ZHUTHE< AV ML C-H #5E& OBLAIM I, AL 7« o OBEFA,
RITHIMBEC LV A a5 22 B2 BD,
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%5 2 BTl Fe(PMes)s Z it & U7z, B&ES b DAV ML C-H fG & N-TVvr =
AV R=NDOH TV T RIRZDNWTIRART, FHTE 1 Bk, A7 4%
WEBEBE T b DA "ML C-H EEDOT VX MR EITTHZ EZH LM L, A
L7 4 ELTEFEERZFTIVHAIATE D Z ENAMLE, 22T I ELT
N-TIVr = A v R—= v WERER, TS U bR L 36T 2-1 > R U U IR b BIAE R
ELThHZE, Z0 214 2 RUALIRE 5 2 5 SOGHE E LC, @S F 238 T 72k
D VAFNBEAD > TN D EEZ BND SUSFREDORFZ1T) 2 & T E\m 7 =/ (1a)
EN-E=bA v R=/L8a)DFUNZ L 0 7TV F ALK 9aa % 77%. A1 > K U LALIK 10aa %
1% TH ATz, FEBES b OFRER EOBHREORGE | N-T VT =LA F—=IZBT
LEMIEEORGT 21T 2 LT, BHEDOINR, EAREBIZ K 2RO S 4 2Rk LT,

%5 3 BTl Fe(PMes)s Zfilfit & 4% 2 & C, HHBES b DAV ML C-H & & MCP D
T 7V TROSHEIT L, SBRICHAET Ve aE 525 2 Lo Tid~ 7z,
FHEIT, B 1E, F2EICBWCHFERY b OA L ML C-H FEE D 0 Mgk~ k.
BRI E RO ERRE LTV D, 22 TELSke RY FHEEICH LT, MCP %Kk
SEDHZET=BROMAZME RET VRIS ZBR Lo, Batof R, IRt
IZHB T Fe(PMes)s DA A FHIEIZ WD FUSSRIE T T, p- MU ZAFdm A Fresare )/
vAe)k 2-T =L l-AF Ly u T a N Ra)DSNEINR THEITT 5 2 L &2 A
Lic, REGIERE# 72 5&/ T N0 MCP IZEMAARETH D . G T 5 8E7 U Lbik%
BRWICE 2 T2, EROFRMNZTRTT2012, DIVR=-F LT 4 v A X' ARSI
X5 12-Ve RaF 72 L U8 ROAMRBIT T, 18, H2®E L OELNAR LS,
FKFEREROMEE D, SUSHEREIT C-H MBI 5 2 & T4 Uz Fe-H %
A~ MCP OA L 7 ¢ L2 Markovnikov AL CREMREA L, —BIEROBHEE, &
TEHIBEIC KO RET VbERM Z 52 5 B2 TWb, £7o, KIEJIEIZB VT 1RO
RINAAZN RN R S i=7-, C-H #EE UMW BN RS ORI CTh 5 LR Xz,

Pz 72 C-H RS OB R LD IX, B CHEIIGHED Grignard F3EIZ L 0 IE
HREEZRBEISHETWDHIED, KISRICEENDIECEMOFENEHEIZ LY, Zhp K
JEAEAEIZ DWW T ORI DR EE & 72 5, £7-. Grignard i3 & ST 2L OF|H R EET
b5, F T CERITHBEREZ 0 Mgk A A Al & 325 Z & TH LWEEFEZ AN LT,
AWFFETHISE L7 iR Tl C-H f A OREAI I Z R TR EITS 2 2 &b, fil
BEROSFREHEEI L TR <L T LWISROBEBE~ORMARES L2 0 | Tk & 1TH7R
L E I 72 SR & R T Z IS TE T,

Ltk FEDTo7 0 WESEARAEEDOFIMIZ X 0 2, AFES. KEEREREZ W
ToRFRIZO T D ATRE R A B I TFEIC REREMNA TE L LE X TN D %,
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General Information

'"H and BC{'H} NMR spectra were recorded on a JEOL ECS-400, ECX-400, or AL-400
spectrometer in CDCl3 (using TMS as internal standard), CsDs, or acetone-ds. IR spectra were
recorded on a JASCO FT/IR-410 infrared spectrometer. GC and GC-MS analyses were performed
using a Shimadzu GC-2014 and a Shimadzu GCMS QP-2010, respectively, equipped with a CBP-10
capillary column (25 m % 0.22 mm, film thickness 0.25 mm). Temperature for GC and GCMS
analyses was programmed from 70 to 250 °C at 10 °C/min ramp with a final hold time of 30 min
(injection temperature, 250 °C; detector temperature, 250 °C). ESI-MS, APCI-MS, and DART-MS
analyses were performed on a JEOL JMS-T100LCS. Flash chromatography was carried out with
silica gel 60N (Kanto Chemical Co., Inc.). Melting points were determined on a Stanford Research
Systems MPA100 instrument. Gel permeation chromatography (GPC) was carried out with JAI
LaboACE LC-5060. Centrifugal thin layer chromatography was performed on a LD-11
chromatography system (ABLE Co., Ltd. & Biott Co., Ltd.).
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Solvent and Materials

Unless otherwise noted, all reactions were carried out under nitrogen and all commercial reagents
were used without further purification. Fe(PMes)4 is sensitive to air and prepared in a glove box
according to the literature procedure.”” CAUTION: Fe(PMes)s may catch fire if exposed to air.
Fe(PMes)s is unstable at room temperature and stored in a refrigerator at —30 °C. At this temperature,
this complex is stable for at least several months. Aromatic ketones 1a-ds,* 1b,%* 1¢,”° 1d, 1e,”
1g,% 1h,% 1k, 10, 1t,°7 1t-ds,”” 1w, 1v,”7 1y,% 1z,”7 and 1a°,% olefins 2i,”® 2j,°® and 2u-w,”
N-alkenylindoles 8a-¢' and 8d,'”' and MCPs 12a,'? 12¢-k,'”? and 2m'®” were also prepared
according to the literature procedures. Aromatic ketones 1a-h, 1j, 1k, 1q-v, 1x-1a’, 1¢’, and 1f’
olefins 2a-w, N-alkenylindole 8a, and MCPs 12a-1 were distilled before use. Aromatic ketones 1i
and 1m-p and N-alkenylindole 8d were recrystallized before use. Aromatic ketones 1w and 1b’-d’
and olefins 2x and 2y were purchased from Tokyo Chemical Industry Co., Ltd. and used as received.
Aromatic ketone 11 was purchased from Sigma-Aldrich Co. LLC. and used as received. Schrock’s
complex was purchased from Strem Chemicals, Inc. and used as received.

1,4-Dioxane was distilled from Na/benzophenone ketyl before use. Chlorobenzene was distilled
from P,Os before use. Anhydrous THF, toluene, and hexane were purchased from Kanto Chemical
Co., Inc. and passed through solvent purification columns (Glass Counter Solvent purification
system). Dehydrated DMF, dehydrated methylcyclohexane, and fluorene were purchased form Kanto
Chemical Co. Inc. and used as received. Dehydrated acetone, dehydrated cyclohexane, and
dehydrated benzene were purchased from FUJIFILM Wako Pure Chemical Corp. and used as
received. Anhydrous anisole and anhydrous a,o,0-trifluorotoluene were purchased from

Sigma-Aldrich Co. LLC. and used as received.
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General Procedure for Iron-Catalyzed C—H Alkylation of Aromatic Ketones with Olefins.

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with
Fe(PMes3)s (0.03-0.15 mmol, 5-25 mol %), the solvent (0.2 mL, if any), the alkene (0.9-4.8 mmol,
1.5-8.0 equiv), and the aromatic ketone (0.6 mmol, 1 equiv) in a glove box and transferred out of the
glove box. The resulting mixture was heated at 70 °C or 50 °C. The reaction mixture was cooled to
room temperature, and then the mixture was passed through a short plug of silica gel using ethyl
acetate as an eluent to remove the remaining iron complexes. All volatile materials of the eluate were
removed by rotary evaporation. The crude material was purified by silica gel flush column

chromatography or bulb-to-bulb distillation.

SiEty
o o)
¢ SIEt3 10 mol % Fe(PMe3)4 .
Bu + Bu
K neat, 70 °C, 20 h
R R

1 2a 3
0.6 mmol 1.5 equiv

Alkylation product 3aa
SiEts The general procedure was followed with 97.3 mg (0.6 mmol) of 1a, 128 mg (0.9
o mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was performed at
gy 70 °C for 20 h, and bulb-to-bulb distillation of the crude material afforded 172 mg
(94% yield) of alkylation product 3aa as a colorless oil. The analytical data for this

product are in good agreement with those reported in literature.'%

Alkylation product 3ba
SiEt, The general procedure was followed with 115 mg (0.6 mmol) of 1b, 128 mg
0 (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
By performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
MeO afforded 192 mg (96% yield) of alkylation product 3ba as a colorless oil: 'H
3ba NMR (400 MHz, CDCls): § 0.54 (q, J = 8.0 Hz, 6H), 0.82-0.87 (m, 2H), 0.95 (t,
J=28.0 Hz, 9H), 1.24 (s, 9H), 2.42-2.46 (m, 2H), 3.82 (s, 3H), 6.68 (dd, J= 8.4, 2.4 Hz, 1H), 6.80 (d,
J=2.8Hz, 1H), 7.11 (d, J = 8.0 Hz, 1H); '*C NMR (100 MHz, CDCl5): 3.1, 7.4, 14.2, 27.7, 28.0,
449, 55.2,109.7, 114.6, 126.2, 132.6, 144.6, 159.8, 214.3; IR (NaCl): 2953 s, 2909 s, 2875 s, 2836
w, 2807 w, 1687 s, 1650 w, 1605 s, 1571 m, 1497 m, 1477 m, 1463 m, 1417 m, 1393 w, 1364 w,
1304 m, 1269 s, 1240 s, 1192 m, 1164 m, 1133 m, 1103 m, 1089 m, 1044 m, 1016 m, 964 s, 872 w,
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855 w, 821 m, 808 w, 784 m, 765 m, 739 s, 668 w, 644 w cm™'; HRMS (APCI-TOF) m/z: [M+H]*
Calcd for C20H3502S1 335.2406; Found 335.2406.

Alkylation product 3ca

SiEt, The general procedure was followed with 106 mg (0.6 mmol) of 1¢ and 128 mg
0 (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
Bu performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
Me afforded 183 mg (96% yield) of alkylation product 3ca as a colorless oil: 'H NMR
3ca (400 MHz, CDCl5): § 0.54 (q, J = 7.8 Hz, 6H), 0.82-0.87 (m, 2H), 0.95 (t, J = 7.8
Hz, 9H), 1.24 (s, 9H), 2.34 (s, 3H), 2.39-2.43 (m, 2H), 6.96 (d, /= 7.4 Hz, 1H), 7.02 (d, /= 7.4 Hz,
1H), 7.08 (s, 1H); '3C NMR (100 MHz, CDCls): § 3.1, 7.4, 14.3,21.3, 27.6, 27.8, 44.8, 124.5, 125.3,
129.6, 137.2, 138.5, 142.0, 215.1; IR (NaCl): 2953 s, 2909 s, 2874 s, 2806 w, 1687 s, 1611 m, 1567
w, 1477 s, 1460 s, 1416 m, 1393 m, 1379 w, 1363 m, 1275 m, 1236 m, 1198 m, 1176 m, 1142 w,
1095 w, 1015 s, 966 s, 919 m, 884 w, 822 m, 808 m, 789 m, 736 s, 642 w cm™'; HRMS (APCI-TOF)

m/z: [M+H]" Calcd for C2H3508Si 319.2457; Found 319.2457.

Alkylation product 3da
SiEt, The general procedure was followed with 108 mg (0.6 mmol) of 1d and 128 mg
0 (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
Bu performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
F afforded 182 mg (94% yield) of alkylation product 3da as a colorless oil: '"H NMR
3da (400 MHz, CDCLs): § 0.54 (q, J = 8.0 Hz, 6H), 0.82-0.86 (m, 2H), 0.95 (t, J = 8.0
Hz, 9H), 1.24 (s, 9H), 2.41-2.45 (m, 2H), 6.85 (td, J = 8.4, 2.4 Hz, 1H), 6.99 (dd, J = 10.0, 2.4 Hz,
1H), 7.11 (dd, J = 8.4, 5.6 Hz, 1H); '3C NMR (100 MHz, CDCl5): § 3.1, 7.4, 13.8, 27.5, 27.9, 44.9,
111.7 (d, J=21.6 Hz), 115.7 (d, J=20.7 Hz), 126.2 (d, J = 8.5 Hz), 136.0 (d, J= 2.9 Hz), 145.2 (d,
J=7.5Hz), 162.7 (d, J=247.2 Hz), 214.1; IR (NaCl): 2954 s, 2910 s, 2875 s, 2807 w, 2734 w, 1691
s, 1607 s, 1586 s, 1493 m, 1477 s, 1460 m, 1416 m, 1394 m, 1365 m, 1282 m, 1260 m, 1231 s, 1189
m, 1180 m, 1153 m, 1126 w, 1085 m, 1016 m, 971 s, 932 m, 870 m, 822 m, 810 m, 785 m, 765 m,
740 s, 641 w cm’'; HRMS (APCI-TOF) m/z: [M+H]" Calcd for C19H3FOSi 323.2206; Found

323.2208.

Alkylation product 3ea
SiEts The general procedure was followed with 138 mg (0.6 mmol) of 1e and 128
o) mg (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
Bu performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
FsC afforded 213 mg (95% yield) of alkylation product 3ea as a colorless oil: 'H

3ea

109



NMR (400 MHz, CDCl3): 8 0.55 (q, J = 7.8 Hz, 6H), 0.84-0.89 (m, 2H), 0.96 (t, J = 7.8 Hz, 9H),
1.25 (s, 9H), 2.46-2.50 (m, 2H), 7.21 (d, J = 8.2 Hz, 1H), 7.43 (d, J = 8.2 Hz, 1H), 7.54 (s, 1H); 13C
NMR (100 MHz, CDCl3): 6 3.1, 7.4, 13.9, 27.3, 28.0, 44.9, 121.8 (q, /= 3.7 Hz), 123.9 (q, /= 272.5
Hz), 124.8, 125.7 (q, J = 3.7 Hz), 130.8 (q, J = 31.9 Hz), 142.8, 143.4, 213.9; IR (NaCl): 2955 s,
2910s,2876 s, 2808 w, 1694 s, 1496 w, 1477 m, 1462 m, 1416 m, 1365 m, 1333 s, 1284 m, 1258 m,
1238 w, 1201 m, 1167 s, 1130 s, 1073 s, 1015 m, 966 s, 953 m, 906 w, 879 w, 834 m, 811 w, 789 w,
765 m, 741 s, 687 w, 645 w cm’'; HRMS (DART-TOF) m/z: [M+H]" Calcd for CaH3F30Si
373.2175; Found 373.2173.

SiEt,
0] O O
By . SiEt; 10 mol % Fe(PMes), By . By
X neat, 70 °C, 20 h SiEt,
R
1 2a 3 4
0.6 mmol 1.5 equiv
Alkylation product 3fa
SIEt The general procedure was followed with 108 mg (0.6 mmol) of 1f and 128 mg
3
o (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)4. The reaction was

gy performed at 70 °C for 20 h, and silica gel column chromatography (hexane:EtOAc =
50:1) of the crude material afforded 22.3 mg (11% yield) of alkylation product 3fa as
OMe a colorless oil: 'H NMR (400 MHz, CDCls): § 0.53 (q, J= 7.8 Hz, 6H), 0.80-0.84 (m,
i 2H), 0.94 (t, J= 7.8 Hz, 9H), 1.24 (s, 6H), 2.34-2.39 (m, 2H), 3.79 (s, 3H), 6.63 (d, J
=2.7 Hz, 1H), 6.85 (dd, J= 8.6, 2.7 Hz, 1H), 7.19 (d, J= 8.6 Hz, 1H); '3*C NMR (100 MHz, CDCl;):
83.1,7.4,14.3,27.0,27.5,44.8, 55.4, 110.3, 114.0, 129.9, 133.7, 140.9, 156.6, 214.7; IR (NaCl):
2953'5,2909 s,2874 s, 1690 s, 1607 m, 1575 m, 1497 m, 1477 m, 1464 m, 1415 m, 1364 w, 1288 s,
1240 s, 1163 m, 1088 w, 1043 m, 1015 m, 980 s, 875 w, 862 m, 826 w, 805 w, 732 s cm™'; HRMS
(APCI-TOF) m/z: [M+H]" Calecd for C2H350,Si 335.2406; Found 335.2401.

Alkylation product 4fa
o) The general procedure was followed with 108 mg (0.6 mmol) of 1f and
MeO By 128 mg (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMe3)s. The
SiEt; reaction was performed at 70 °C for 20 h, and silica gel column
4a chromatography (hexane:EtOAc = 50:1) of the crude material afforded 25.7
mg (12% yield) of alkylation product 4fa as a colorless oil: 'H NMR (400 MHz, CDCl3): § 0.53 (q, J

=7.8 Hz, 6H), 0.78-0.82 (m, 2H), 0.94 (t, /= 7.8 Hz, 9H), 1.23 (s, 6H), 2.35-2.39 (m, 2H), 3.83 (s,

110



3H), 6.69 (dd, J= 7.8, 1.2 Hz, 1H), 6.83 (d, J= 7.8 Hz, 1H), 7.13 (t, J= 7.8 Hz, 1H); 3C NMR (100
MHz, CDCL): § 3.1,7.4, 12.4, 23.0,27.5, 44.6, 55.3, 110.3, 116.5, 125.9, 130.3, 141.4, 157.4, 214.8;
IR (NaCl): 2953 s, 2909 s, 2874 s, 1691 s, 1578 m, 1457 s, 1437 m, 1416 w, 1392 w, 1364 w, 1322 w,
1281 m, 1257 s, 1221 m, 1178 w, 1145 m, 1076 w, 1033 m, 991 s, 845 w, 828 w, 785 m, 765 m, 733

s em'; HRMS (APCI-TOF) m/z: [M+H]* Caled for CaoHs502Si 335.2406; Found 335.2405.

Alkylation product 3ga

SiEt, The general procedure was followed with 106 mg (0.6 mmol) of 1g and 128 mg
o (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
g, performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
afforded 144 mg (75% yield) of alkylation product 3ga as a colorless oil: '"H NMR
Me (400 MHz, CDCls): 6 0.53 (q, J= 7.8 Hz, 6H), 0.81-0.85 (m, 2H), 0.95 (t, J= 7.8 Hz,
Soa 9H), 1.24 (s, 9H), 2.31 (s, 3H), 2.37-2.41 (m, 2H), 6.89 (s, 1H), 7.10 (dd, J = 7.8, 1.6
Hz, 1H), 7.16 (d, J= 8.2 Hz, 1H); '3C NMR (100 MHz, C¢De): & 3.5, 7.7, 14.9, 20.9, 27.6, 28.2, 44.6,
125.3,129.3, 129.6, 134.3, 139.3, 140.8, 213.3; IR (NaCl): 3016 w, 2953 s, 2909 s, 2874 s, 2807 w,
1689 s, 1495 w, 1477 m, 1461 m, 1415 m, 1393 w, 1363 w, 1282 m, 1234 m, 1176 w, 1158 m, 1096
w, 1015 m, 979 m, 867 m, 829 w, 797 m, 733 s cm™'; HRMS (APCI-TOF) m/z: [M+H]* Calcd for

C20H350Si 319.2457; Found 319.2458.

Alkylation product 3ha

SiEt, The general procedure was followed with 138 mg (0.6 mmol) of 1h and 128 mg
o (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
gy performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
afforded 212 mg (95% yield) of alkylation product 3ha as a colorless oil: '"H NMR
(400 MHz, CDCl3): 6 0.55 (q, J = 7.8 Hz, 6H), 0.83-0.87 (m, 2H), 0.96 (t, /= 7.8 Hz,
9H), 1.26 (s, 9H), 2.45-2.50 (m, 2H), 7.34 (s, 1H), 7.41 (d, J = 8.2 Hz, 1H), 7.55 (dd,
J=18.2, 1.6 Hz, 1H); *C NMR (100 MHz, CDCls): & 3.1, 7.4, 14.1, 27.3, 28.1, 449, 1214 (q, J =
3.7 Hz), 123.9 (q, J = 272.5 Hz), 125.5 (q, J = 3.7 Hz), 127.3 (q, J = 31.9 Hz), 129.5, 140.3, 146.1,
213.5; IR (NaCl): 2955 s, 2910 s, 2876 s, 2808 w, 1695 s, 1616 w, 1570 w, 1478 m, 1463 m, 1415 m,
1395 w, 1365 m, 1334 s, 1267 s, 1238 w, 1167 s, 1129 s, 1079 s, 1015 m, 978 s, 901 m, 852 w, 840
m, 805 w, 741 s, 647 w, 622 w cm’'; HRMS (DART-TOF) m/z: [M+H]" Caled for C0H3:F30Si
373.2175; Found 373.2175.

CF3
3ha
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0 R 0 R
SiEts 10 mol % Fe(PMej),
+
e (LT
R2 R2
1 2a 3
0.6 mmol 1.5 equiv
Alkylation product 3ia
SiEt The general procedure was followed with 109 mg (0.6 mmol) of 1i and 128 mg
0 (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

performed at 70 °C for 20 h, and silica gel column chromatography
O O (hexane:toluene = 3:1) of the crude material afforded 52.6 mg (27% yield) of
alkylation product 3ia as a colorless oil: 'H NMR (400 MHz, CDCls): 6 0.43 (q, J
= 7.8 Hz, 6H), 0.76-0.81 (m, 2H), 0.84 (t, J = 7.8 Hz, 9H), 2.57-2.62 (m, 2H), 7.21-7.28 (m, 2H),
7.33 (d, J= 7.8 Hz, 1H), 7.40-7.47 (m, 3H), 7.58 (t, J= 7.4 Hz, 1H) , 7.80 (d, J = 7.4 Hz, 2H); 13C
NMR (100 MHz, CDCl3): ¢ 3.0, 7.3, 14.5, 27.6, 125.0, 128.3, 128.4, 129.3, 130.1, 130.2, 133.1,
137.9, 138.1, 144.6, 198.8; IR (NaCl): 3062 w, 3023 w, 2952 s, 2909 s, 2873 s, 2805 w, 1665 s, 1598
m, 1580 m, 1482 w, 1448 s, 1416 m, 1378 w, 1315 m, 1271 s, 1254 m, 1177 m, 1153 w, 1136 w,
1072 w, 1016 m, 1001 m, 966 w, 949 w, 929 s, 799 w, 761 s, 741 s, 710 s, 700 s, 639 s cm™'; HRMS
(APCI-TOF) m/z: [M+H]" Calcd for C21H290Si 325.1988; Found 325.1989.

3ia

Alkylation product 3ja
SiEt, The general procedure was followed with 118 mg (0.6 mmol) of 1j and 128 mg
o Me (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
performed at 70 °C for 20 h, and silica gel column chromatography
O O (hexane:EtOAc = 100:1) of the crude material afforded 60.7 mg (30% yield) of
alkylation product 3ja as a colorless oil: '"H NMR (400 MHz, CDCls): 6 0.49 (q, J
= 8.0 Hz, 6H), 0.80-0.85 (m, 2H), 0.90 (t, /= 8.0 Hz, 9H), 2.47 (s, 3H), 2.69-2.73 (m, 2H), 7.17-7.21
(m, 2H), 7.26-7.32 (m, 4H), 7.36-7.43 (m, 2H); '*C NMR (100 MHz, CDCl;): & 3.1, 7.4, 14.3, 20.9,
27.8, 125.2, 125.4, 129.7, 130.0, 130.7, 131.0, 131.2, 131.5, 138.4, 138.7, 138.9, 145.7, 200.9; IR
(NaCl): 3064 m, 3019 m, 2952 s, 2910 s, 2874 s, 1665 s, 1599 m, 1572 m, 1481 m, 1455 s, 1416 m,
1381 m, 1300 s, 1250 s, 1199 w, 1176 m, 1161 m, 1141 w, 1112 w, 1082 w, 1016 s, 967 m, 951 m,
928 s, 761 s, 739 s, 641 s cm™'; HRMS (APCI-TOF) m/z: [M+H]" Calcd for C2H3,08i 339.2144;

Found 339.2148.

3ja
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Alkylation product 3ka

SiEts The general procedure was followed with 126 mg (0.6 mmol) of 1k and 128 mg
o Me (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
O O performed at 70 °C for 20 h, and silica gel column chromatography
Me (hexane:toluene = 4:1) of the crude material afforded 41.2 mg (20% yield) of
3ka alkylation product 3Kka as a colorless oil: "H NMR (400 MHz, CDCls): 6 0.38 (q, J
= 7.8 Hz, 6H), 0.68-0.72 (br m, 2H), 0.81 (t, /= 7.8 Hz, 9H), 2.14 (s, 3H), 2.32-2.37 (m, 2H), 2.72 (s,
3H), 7.05 (d, J="7.4 Hz, 1H), 7.11 (d, J= 7.4 Hz, 1H), 7.15 (t, /= 7.8 Hz, 1H), 7.26 (t, /= 7.8 Hz,
1H), 7.31 (d, J= 7.4 Hz, 1H), 7.36 (dd, J= 7.8, 1.2 Hz, 1H), 7.40 (td, /= 7.4, 1.2 Hz, 1H); 3C NMR
(100 MHz, CDCl3): 6 3.0, 7.3, 13.9, 19.5, 22.1, 27.4, 125.8, 126.1, 127.5, 128.8, 132.3, 132.4, 132.5,
134.2, 136.4, 140.2, 140.3, 142.1, 202.3; IR (NaCl): 3062 w, 3020 w, 2952 s, 2909 s, 2874 s, 1670 s,
1596 w, 1571 w, 1458 m, 1416 w, 1381 w, 1302 m, 1282 w, 1255 s, 1240 m, 1176 w, 1116 w, 1015 m,
967 w, 924 m, 760 s, 735 s, 669 w cm’; HRMS (APCI-TOF) m/z: [M+H]* Calcd for C,3H330Si

353.2301; Found 353.2301.

(0]
SiEts 25 mol % Fe(PMej),
+
O ‘ K 1,4-dioxane 0.2 mL
Me Me 70°C,20 h
1m

2a
0.6 mmol 8 equiv
SiEt, SiEt, SiEt, SiEt,
0] o]
o a, T d
Me Me Me Me
SiEts
5ma 6ma
Alkylation product Sma
SiEt, SiEt, The general procedure was followed with 126 mg (0.6 mmol) of 1m and

0 683 mg (4.8 mmol) of 2a, and 54.0 mg (0.15 mmol) of Fe(PMes)s. The
O O reaction was performed in 0.2 mL of 1,4-dioxane at 70 °C for 20 h, and

Me Me silica gel column chromatography (hexane:toluene = 5:1) of the crude
Sma material afforded 6.9 mg (2% yield) of alkylation product Sma as a
colorless oil: 'H NMR (400 MHz, CDCI3): 6 0.50 (q, J = 7.8 Hz, 12H), 0.82-0.87 (m, 4H), 0.91 (t, J
= 7.8 Hz, 18H), 2.37 (s, 6H), 2.68-2.73 (m, 4H), 6.96 (dd, J= 7.8 Hz, 0.8 Hz, 2H), 7.10 (s, 2H), 7.18
(d, J = 7.8 Hz, 2H); *C NMR (100 MHz, CDCl5): § 3.2, 7.4, 14.4, 21.5, 27.9, 125.7, 130.5, 130.8,
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136.0, 141.3, 146.1, 200.3; IR (NaCl): 2952 s, 2910 s, 2875 s, 1661 s, 1609 s, 1566 m, 1494 w, 1456
m, 1416 m, 1378 w, 1300 s, 1273 s, 1228 s, 1178 m, 1100 w, 1016 s, 959 m, 907 m, 883 w, 820 m,
785 m, 761 s, 735 s cm’'; HRMS (APCI-TOF) m/z: [M+H]* Caled for C31Hs,0Si, 495.3478; Found
495.3478.

Alkylation product 6ma

SiEts SiEt, The general procedure was followed with 126 mg (0.6 mmol) of 1m and
0 683 mg (4.8 mmol) of 2a, and 54.0 mg (0.15 mmol) of Fe(PMes)s. The
O ‘ reaction was performed in 0.2 mL of 1,4-dioxane at 70 °C for 20 h, and
Me Me silica gel column chromatography (hexane:toluene = 5:1) of the crude
SiEty material afforded 323 mg (85% yield) of alkylation product 6ma as a
6ma colorless oil: 'H NMR (400 MHz, CDCls): 6 0.37 (q, J = 7.8 Hz, 12H),
0.60-0.66 (m, 8H), 0.78-0.82 (m, 20H), 0.93-0.98 (m, 2H), 1.02 (t, J = 7.4 Hz, 9H), 2.29-2.34 (m,
4H), 2.35 (s, 6H), 2.99-3.03 (m, 2H), 6.88-6.89 (m, 3H), 7.10 (s, 1H), 7.27 (d, J = 8.2 Hz, 1H); 13C
NMR (100 MHz, CDCl3): 6 3.0, 3.3, 7.3, 7.5, 14.0, 14.1, 21.4, 21.5, 27.4, 29.2, 126.0, 126.5, 131.6,
133.2, 134.0, 137.1, 138.3, 142.0, 143.2, 148.6, 201.5; IR (NaCl): 2952 s, 2909 s, 2873 s, 1662 s,
1657 s, 1607 s, 1562 w, 1457 m, 1416 m, 1378 w, 1298 m, 1281 m, 1267 m, 1237 m, 1227 m, 1177
m, 1016 s, 965 m, 952 m, 908 m, 885 w, 856 w, 828 w, 788 m, 759 s, 733 s cm’!; HRMS

(APCI-TOF) m/z: [M+H]" Calcd for C39He9OSi3 637.4656; Found 637.4655.

SiEty SiEt,
0 0
SiEts 15 mol % Fe(PMe3),
+
O O K 1,4-dioxane 0.2 mL O O
MeO OMe 70 °C, time MeO OMe
In 2a SiEt,
0.6 mmol 8 equiv
6na
Alkylation product 6na
SiEt, SiEts The general procedure was followed with 145 mg (0.6 mmol) of 1n

o and 683 mg (4.8 mmol) of 2a, and 32.4 mg (0.09 mmol) of Fe(PMe3)a.
O O The reaction was performed in 0.2 mL of 1,4-dioxane at 70 °C for 20 h,

MeO OMe and silica gel column chromatography (hexane:EtOAc = 50:1) of the
SiEts crude material afforded 355 mg (89% yield) of alkylation product 6na

6na as a colorless oil: '"H NMR (400 MHz, CDCls): 6 0.38 (q, J = 7.8 Hz,

12H), 0.60-0.67 (m, 8H), 0.79-0.83 (m, 20H), 0.93-0.98 (m, 2H), 1.02 (t, J = 7.8 Hz, 9H), 2.31-2.36
(m, 4H), 3.02-3.07 (m, 2H), 3.84 (s, 6H), 6.58 (dd, J = 8.6, 2.4 Hz, 1H), 6.62 (s, 2H), 6.80 (d, /=24
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Hz, 1H), 7.36 (d, J = 8.6 Hz, 1H); '*C NMR (100 MHz, CDCl;): 4 3.0, 3.3, 7.3, 7.5, 13.8, 13.9, 27.7,
29.6, 55.2, 55.3, 109.9, 111.1, 116.2, 129.2, 133.0, 136.4, 143.9, 151.5, 159.7, 162.7, 200.0; IR
(NaCl): 2952 s, 2909 s, 2875 s, 2836 m, 2806 w, 1655 s, 1601 s, 1563 s, 1465 s, 1416 m, 1378 w,
1326s, 1295 s, 1238 5, 1192 m, 1166 m, 1144 s, 1126 m, 1101 m, 1088 m, 1039 m, 1016 s, 955 m,
911 w, 859 w, 845 w, 763 s, 732 s cm’'; HRMS (APCI-TOF) m/z: [M+H]* Calcd for C39He9O3Si3
669.4555; Found 669.4538.

SiEt,
(0] (0]
SiEts 10 mol % Fe(PMej)4
+
R K neat, 70 °C, 20 h R
1 2a 3
0.6 mmol 5 equiv
Alkylation product 3pa
SiEts The general procedure was followed with 113 mg (0.6 mmol) of 1p and 427 mg

o (3.0 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
cy performed at 70 °C for 20 h, and silica gel column chromatography (hexane:toluene =

5:1) of the crude material afforded 165 mg (83% yield) of alkylation product 3pa as a

colorless oil: "H NMR (400 MHz, CDCls):  0.56 (q, J = 7.8 Hz, 6H), 0.81-0.86 (m,
2H), 0.96 (t, J=7.8 Hz, 9H), 1.18-1.48 (m, 5H), 1.67-1.71 (m, 1H), 1.79-1.89 (m, 4H), 2.66-2.70 (m,
2H), 2.98 (tt, J=11.0, 3.5 Hz, 1H), 7.20 (t, /= 7.4 Hz, 1H), 7.27 (d, /= 7.8 Hz, 1H), 7.35 (t, J=7.4
Hz, 1H), 7.40 (d, J = 7.4 Hz, 1H); *C NMR (100 MHz, CDCls): 8 3.2, 7.4, 14.8, 25.8, 25.9, 27.7,
28.9,49.4,125.2,127.0, 129.8, 130.4, 138.7, 144.8, 209.2; IR (NaCl): 3063 w, 3016 w, 2933 s, 2874
s, 28555, 2806 w, 1688 s, 1599 w, 1571 w, 1482 w, 1449 s, 1416 m, 1365 w, 1309 m, 1287 w, 1242
m, 1207 m, 1176 m, 1093 w, 1016 m, 972 s, 893 w, 803 m, 740 s, 655 w cm’'; HRMS (APCI-TOF)
m/z: [M+H]* Calcd for C»1H3508Si 331.2457; Found 331.2456.

3pa

Alkylation product 3qa
SiEt The general procedure was followed with 88.9 mg (0.6 mmol) of 1q and 427 mg
o (3.0 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
ipr  performed at 70 °C for 20 h, and silica gel column chromatography (hexane:EtOAc =
100:1) of the crude material afforded 95.3 mg (55% yield) of alkylation product 3qa
as a pale yellow oil: '"H NMR (400 MHz, CDCls): & 0.56 (q, J = 7.8 Hz, 6H),
0.81-0.86 (m, 2H), 0.96 (t, J= 7.8 Hz, 9H), 1.17 (d, J= 7.1 Hz, 6H), 2.67-2.72 (m, 2H), 3.29 (sep, J
=17.1 Hz, 1H), 7.21 (td, J= 7.4, 1.2 Hz, 1H), 7.28 (dd, /= 7.4, 1.2 Hz, 1H), 7.36 (td, /= 7.4, 1.2 Hz,
1H), 7.42 (dd, J = 7.4, 1.2 Hz, 1H); *C NMR (100 MHz, CDCl;): § 3.2, 7.4, 14.7, 18.7, 27.7, 39.3,

3qa
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125.3, 127.1, 129.9, 130.5, 138.5, 145.0, 209.8; IR (NaCl): 3064 w, 3017 w, 2953 s, 2910 s, 2875 s,
2807 w, 1691 s, 1599 w, 1572 w, 1482 m, 1465 m, 1416 m, 1382 m, 1341 w, 1263 w, 1220 s, 1175 m,
1093 w, 1074 w, 1016 m, 976 s, 946 w, 892 w, 818 w, 767 s, 742 s, 642 w cm™'; HRMS (APCI-TOF)
m/z: [M+H]" Calcd for CisH310Si 291.2144; Found 291.2145.

SiEt,
0 o]

SiEt;  5mol % Fe(PMes),

TN

X neat, 70 °C, 15 min

1t 2a 3ta
0.6 mmol 1.5 equiv
Alkylation product 3ta

The general procedure was followed with 105 mg (0.6 mmol) of 1t and 128 mg
o (0.9 mmol) of 2a, and 10.8 mg (0.03 mmol) of Fe(PMes3)s. The reaction was

SiEt,

performed at 70 °C for 15 min, and bulb-to-bulb distillation of the crude material
afforded 184 mg (96% yield) of alkylation product 3ta as a colorless oil: 'H NMR
(400 MHz, CDCl3): 6 0.58 (q, J = 8.0 Hz, 6H), 0.77-0.82 (m, 2H), 0.97 (t, /= 8.0 Hz,
9H), 1.20 (s, 6H), 1.93 (t, J = 6.4 Hz, 2H), 2.94-3.01 (m, 4H), 7.03 (d, /= 7.2 Hz, 1H), 7.11 (d, J =
7.2 Hz, 1H), 7.30 (t, J= 7.2 Hz, 1H); 3C NMR (100 MHz, CDCls): § 3.3, 7.5, 14.1, 24.8, 26.9, 29.2,
36.5,43.0, 126.3, 128.8, 130.0, 131.8, 144.6, 149.4, 205.0; IR (NaCl): 3060 w, 2952 s, 2929 s, 2911
s, 28755, 2806 w, 2731 w, 1682 s, 1647 w, 1592 m, 1577 w, 1459 m, 1416 m, 1382 m, 1362 w, 1348
w, 1301 m, 1271 w, 1234 m, 1204 m, 1175 m, 1129 w, 1079 w, 1015 m, 982 m, 915 w, 901 w, 886 w,
856 w, 816 w, 804 w, 759 s, 747 s, 732 s, 668 w, 643 w cm™'; HRMS (APCI-TOF) m/z: [M+H]"
Calcd for C20H330S1 317.2301; Found 317.2302.

3ta

SiEt,
0 0

SiEty 20 mol % Fe(PMe3),
N
AN hexane 0.2 mL
70°C,20 h

1u 2a 3ua
0.6 mmol 1.5 equiv

Alkylation product 3ua
The general procedure was followed with 96.1 mg (0.6 mmol) of 1u and 128 mg
(0.9 mmol) of 2a, and 43.2 mg (0.12 mmol) of Fe(PMes)s. The reaction was

SiEt,

performed in 0.2 mL of hexane at 70 °C for 20 h, and silica gel column

chromatography (hexane:EtOAc = 100:1) of the crude material afforded 73.0 mg

3ua
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(40% yield) of alkylation product 3ua as a yellow oil: 'H NMR (400 MHz, CDCls): 6 0.60 (q, J =
7.8 Hz, 6H), 0.81-0.86 (m, 2H), 0.98 (t, J = 7.8 Hz, 9H), 1.22 (s, 6H), 2.95 (s, 2H), 3.02-3.07 (m,
2H), 7.16 (d, J= 7.4 Hz, 1H), 7.22 (d, J= 7.1 Hz, 1H), 7.46 (t, J= 7.4 Hz, 1H); 3C NMR (100 MHz,
CDCl): 6 3.3, 7.5, 13.2, 25.5, 25.9, 42.5, 45.4, 123.7, 127.4, 131.7, 134.2, 147.7, 153.0, 211.8; IR
(NaCl): 3061 w, 3022 w, 2955 s, 2911 s, 2874 s, 2806 w, 1709 s, 1594 s, 1475 s, 1459 m, 1432 m,
1416 m, 1379 m, 1360 w, 1322 w, 1291 m, 1259 m, 1238 m, 1193 s, 1176 m, 1128 w, 1104 w, 1058
w, 1016 s, 968 w, 929 m, 885 w, 849 w, 805 m, 791 m, 768 s, 754 s, 732 s, 671 w cm’!; HRMS
(APCI-TOF) m/z: [M+H]" Calcd for C19H3108Si1 303.2144; Found 303.2144.

SiEts
0 2 mol % 0
SiEt;  RuHy(CO)(PPhs);
+
I\ toluene 0.9 mL
135°C,22h

1u 2a 3ua
0.6 mmol 2 equiv

Alkylation product 3ua

An oven-dried 5 mL two-necked flask containing a magnetic stirring bar and a
reflux condenser was charged with 11.0 mg (0.012 mmol) of RuH>(CO)(PPhs)3, and
then toluene (0.9 mL), 171 mg of 2a (1.2 mmol), and 96.1 mg of 1u (0.6 mmol) were

SiEt,

added in this order. The resulting mixture was heated at 135 °C for 22 h. The reaction
3ua mixture was cooled to room temperature, and then all volatile materials were removed
by rotary evaporation. Silica gel column chromatography (hexane:EtOAc = 100:1) of the crude

material afforded 132 mg (73% yield) of alkylation product 3ua as a yellow oil.

SiEt,
o} 0}
SiEty 10 mol % Fe(PMe3),
+
K neat, 70 °C, 20 h
1v 2a 3va
0.6 mmol 1.5 equiv
Alkylation product 3va
SiEts The general procedure was followed with 113 mg (0.6 mmol) of 1v and 128 mg
0 (0.9 mmol) of 2a, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

performed at 70 °C for 20 h, and silica gel column chromatography (hexane:EtOAc =
100:1) of the crude material afforded 111 mg (56% yield) of alkylation product 3va
3va as a colorless oil: '"H NMR (400 MHz, CDCls): § 0.55 (q, J = 7.8 Hz, 6H), 0.91 (br s,
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2H), 0.96 (t, /= 7.8 Hz, 9H), 1.17 (br s, 6H), 1.60 (br s, 2H), 1.81 (br s, 2H), 2.41-2.46 (m, 2H), 2.65
(t, J=6.7 Hz, 2H), 6.91 (d, J= 7.1 Hz, 1H), 7.14 (d, J = 6.7 Hz, 1H), 7.22 (t, J = 7.4 Hz, 1H); 3C
NMR (100 MHz, CDCI3, 50 °C): & 3.3, 7.4, 14.9, 23.1, 24.6, 27.4, 32.5, 38.3, 46.1, 125.6, 126.9,
129.3,136.4, 139.9, 142.3, 215.4; IR (NaCl): 3061 w, 3014 w, 2952 s, 2874 s, 2806 w, 2732 w, 1688
s, 1594 m, 1458 s, 1416 m, 1381 m, 1360 m, 1344 w, 1319 w, 1295 m, 1278 m, 1237 m, 1201 s,
1176 m, 1131 w, 1070 w, 1015 s, 964 s, 884 w, 849 w, 820 w, 808 m, 775 s, 760 s, 731 s, 686 m, 601
w cm'; HRMS (APCI-TOF) m/z: [M+H]* Calcd for C,1H350S1 331.2457; Found 331.2448.

SiXs
(0] 0}
SiX3 10 mol % Fe(PMe3),
1 + I{
Bu N reat70°C 20n Bu
1a 2 3
0.6 mmol 1.5 equiv

Alkylation product 3ab
SI(OEY); The general procedure was followed with 97.3 mg (0.6 mmol) of 1a and 171 mg

o (0.9 mmol) of 2b, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
gy performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
afforded 197 mg (93% yield) of alkylation product 3ab as a colorless oil. The

3ab analytical data for this product are in good agreement with those reported in
literature.*
Alkylation product 3ac
SiMe, The general procedure was followed with 97.3 mg (0.6 mmol) of 1a and 90.2 mg

0 (0.9 mmol) of 2¢, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
gy performed at 70 °C for 20 h, and silica gel column chromatography (hexane:EtOAc =
100:1) of the crude material afforded 137 mg (87% yield) of alkylation product 3ac as

3ac a colorless oil. The analytical data for this product are in good agreement with those

reported in literature.!%3

Alkylation product 3ad
SiMe,Ph The general procedure was followed with 97.3 mg (0.6 mmol) of 1a and 146 mg
o (0.9 mmol) of 2d, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
gy performed at 70 °C for 20 h, and silica gel column chromatography (hexane:EtOAc =
100:1) of the crude material afforded 181 mg (93% yield) of alkylation product 3ad as
%ad 4 colorless oil: 'H NMR (400 MHz, CDCls): § 0.29 (s, 6H), 1.06-1.11 (m, 2H), 1.16 (s,
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9H), 2.39-2.44 (m, 2H), 7.08 (d, /= 7.6 Hz, 1H), 7.14 (dd, J = 7.6, 2.0 Hz, 1H), 7.23-7.30 (m, 2H),
7.35-7.36 (m, 3H), 7.51-7.53 (m, 2H); 3C NMR (100 MHz, CDCl;): § -3.3, 18.4, 27.4, 28.0, 44.7,
124.4, 124.8, 127.8, 128.7, 128.91, 128.93, 133.6, 138.7, 140.2, 141.2, 215.1; IR (NaCl): 3068 m,
3051 m, 3020 m, 2954 s, 2931 s, 2903 s, 2870 m, 1686 s, 1599 w, 1476 s, 1461 m, 1444 m, 1427 s,
1414 m, 1393 m, 1365 m, 1276 m, 1248 s, 1204 m, 1185 s, 1114 s, 1084 w, 997 w, 963 s, 942 m, 903
m, 841 s, 818 s, 804 s, 769 s, 755 s, 731 s, 701 s, 676 m, 634 w cm™'; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C21H23NaOSi 347.1807; Found 347.1807.

Si(OEt);
0] 0]
., SiOE);  10mol % Fe(PMes)s
& neat, 70 °C, 20 h
1t 2b 3tb
0.6 mmol 1.5 equiv
Alkylation product 3tb
; The general procedure was followed with 105 mg (0.6 mmol) of 1t and 171 m
Si(OEt), g g
o (0.9 mmol) of 2b, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material

afforded 212 mg (97% yield) of alkylation product 3tb as a colorless oil: 'H NMR

(400 MHz, CDCl3): 6 0.95-0.99 (m, 2H), 1.19 (s, 6H), 1.25 (t, J = 6.7 Hz, 9H), 1.93
(t, J=6.3 Hz, 2H), 2.95 (t, /= 6.3 Hz, 2H), 3.06-3.11 (m, 2H), 3.86 (q, J = 6.7 Hz, 6H), 7.04 (d, J =
7.4 Hz, 1H), 7.13 (d, J = 7.1 Hz, 1H), 7.30 (t, J = 7.4 Hz, 1H); *C NMR (100 MHz, CDCl3): 5 12.4,
18.3,24.7, 26.8, 28.4, 36.4, 42.9, 58.3, 126.5, 129.1, 130.1, 131.8, 144.5, 148.1, 204.8; IR (NaCl):
3060 w, 2973 s, 2926 s, 2889 m, 1682 s, 1592 m, 1577 w, 1472 w, 1453 m, 1386 m, 1364 w, 1300 m,
1204 m, 1186 m, 1166 s, 1103 s, 1080 s, 982 m, 957 s, 856 w, 823 m, 783 s, 708 w, 676 w cm™';
HRMS (ESI-TOF) m/z: [M+Na]" Caled for C20H3:NaO4Si 387.1968; Found 387.1960.

3tb

SiR,
0 (0]
SiR3 5 mol % Fe(PMej3),
N
X neat, 70°C, 1 h
1t 2 3
0.6 mmol 1.5 equiv
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Alkylation product 3tc
SiMes The general procedure was followed with 105 mg (0.6 mmol) of 1t and 90.2 mg
o) (0.9 mmol) of 2¢, and 10.8 mg (0.03 mmol) of Fe(PMes)s. The reaction was
performed at 70 °C for 1 h, and bulb-to-bulb distillation of the crude material
afforded 164 mg (99% yield) of alkylation product 3tc as a colorless oil: '"H NMR
(400 MHz, CDCl3): § 0.04 (s, 9H), 0.77-0.81 (m, 2H), 1.20 (s, 6H), 1.93 (t, J = 6.7
Hz, 2H), 2.94-3.00 (m, 4H), 7.03 (d, /= 7.4 Hz, 1H), 7.11 (d, J= 7.4 Hz, 1H), 7.29 (t, J = 7.4 Hz,
1H); '*C NMR (100 MHz, CDCls): § -1.7, 19.0, 24.8, 26.9, 29.4, 36.5, 42.9, 126.3, 128.9, 130.0,
131.8, 144.6, 149.1, 205.0; IR (NaCl): 3060 w, 3016 w, 2954 s, 2925 s, 1682 s, 1592 s, 1576 m, 1472
m, 1454 s, 1429 m, 1383 m, 1362 w, 1348 w, 1300 m, 1247 s, 1204 s, 1176 m, 1160 m, 1078 w, 1023
w, 981 s, 957 m, 944 w, 915 m, 908 m, 863 s, 835 s, 784 s, 762 s, 747 m, 716 w, 693 m, 665 w, 649
w cm'; HRMS (APCI-TOF) m/z: [M+H]* Calcd for C17H270S1 275.1831; Found 275.1834.

3tc

Alkylation product 3td
SiMe,Ph The general procedure was followed with 105 mg (0.6 mmol) of 1t and 146 mg
o (0.9 mmol) of 2d, and 10.8 mg (0.03 mmol) of Fe(PMes)s. The reaction was

performed at 70 °C for 1 h, and bulb-to-bulb distillation of the crude material

afforded 200 mg (99% yield) of alkylation product 3td as a colorless oil: 'H NMR

(400 MHz, CDCls): 6 0.33 (s, 6H), 1.04-1.08 (m, 2H), 1.19 (s, 6H), 1.92 (t, J = 6.7
Hz, 2H), 2.95 (t, J = 6.3 Hz, 2H), 2.99-3.03 (m, 2H), 7.01-7.05 (m, 2H), 7.26 (t, J = 7.8 Hz, 1H),
7.34-7.36 (m, 3H), 7.55-7.57 (m, 2H); *C NMR (100 MHz, CDCls): § -3.0, 17.9, 24.8, 26.8, 29.4,
36.5, 42.9, 126.4, 127.7, 128.7, 129.0, 130.0, 131.8, 133.7, 139.6, 144.6, 148.8, 204.9; IR (NaCl):
3135 w, 3067 m, 3019 m, 2959 s, 2925 s, 2865 m, 1680 s, 1591 s, 1576 m, 1472 m, 1453 s, 1427 s,
1382 m, 1362 w, 1348 w, 1300 s, 1248 s, 1205 s, 1174 m, 1113 s, 1078 w, 981 m, 957 w, 944 w, 915
w, 905 w, 838 s, 812's, 779 s, 729 s, 701 s, 607 w cm™; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C2H2sNaOSi 359.1807; Found 359.1809.

3td

R
0] 0]
R 10 mol % Fe(PMe3),
RN
X neat,70°C,20h
1t 2 3
0.6 mmol 1.5 equiv
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Alkylation product 3te
Me;Si The general procedure was followed with 105 mg (0.6 mmol) of 1t and 103
mg (0.9 mmol) of 2e, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction
was performed at 70 °C for 20 h, and silica gel column chromatography
(hexane:EtOAc = 100:1) of the crude material afforded 123 mg (71% yield) of
3te alkylation product 3te as a colorless oil: 'H NMR (400 MHz, CDCl;): § -0.04
(s, 9H), 0.56-0.61 (m, 2H), 1.20 (s, 6H), 1.49-1.57 (m, 2H), 1.94 (t, J = 6.4 Hz, 2H), 2.94-3.02 (m,
4H), 7.05 (d, J= 8.0 Hz, 1H), 7.08 (d, J= 7.2 Hz, 1H), 7.30 (t, J= 7.6 Hz, 1H); '3C NMR (100 MHz,
CDCh): ¢ -1.7, 17.1, 24.8, 26.2, 26.8, 36.4, 39.1, 43.0, 126.5, 129.9, 130.4, 131.6, 144.6, 146.0,
205.3; IR (NaCl): 3060 w, 2953 s, 2925 s, 2858 s, 2795 w, 1683 s, 1592 m, 1577 w, 1472 m, 1454 m,
1411 w, 1383 m, 1363 w, 1347 w, 1298 m, 1247 s, 1203 m, 1170 m, 1118 w, 1080 w, 1025 w, 992 w,
960 m, 837 s, 803 m, 784 m, 749 m, 693 m cm’!; HRMS (APCI-TOF) m/z: [M+H]* Calcd for
Ci1sH2908Si 289.1988; Found 289.1997.

Alkylation product 3tf
"By The general procedure was followed with 105 mg (0.6 mmol) of 1t and 75.7 mg
o (0.9 mmol) of 2f, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material

afforded 149 mg (96% yield) of alkylation product 3tf as a pale yellow oil: 'H NMR

(400 MHz, CDCl3): 6 0.88 (t, J = 6.4 Hz, 3H), 1.20 (s, 6H), 1.29-1.40 (m, 6H),
1.50-1.58 (m, 2H), 1.94 (t, J = 6.8 Hz, 2H), 2.95-2.98 (m, 4H), 7.05 (d, J = 8.0 Hz, 1H), 7.09 (d, J =
7.2 Hz, 1H), 7.30 (t, J = 7.6 Hz, 1H); '3C NMR (100 MHz, CDCl3): § 14.1, 22.7, 24.7, 26.8, 29.6,
31.7,31.8,35.4,36.4,43.0, 126.5, 129.7, 130.3, 131.7, 144.6, 146.4, 205.3; IR (NaCl): 3060 w, 2958
s,2926s,2856's, 1682 s, 1592 s, 1577 m, 1462 s, 1382 m, 1363 m, 1348 w, 1300 m, 1260 w, 1206 s,
1168 m, 1160 m, 1110 w, 1076 w, 1023 w, 992 m, 970 m, 959 m, 858 m, 802 m, 785 s, 751 w, 724 w,
707 m cm™'; HRMS (APCI-TOF) m/z: [M+H]* Caled for CisH270 259.2062; Found 259.2062.

3tf

Alkylation product 3tg
cy The general procedure was followed with 105 mg (0.6 mmol) of 1t and 99.2 mg
o (0.9 mmol) of 2g, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
afforded 165 mg (96% yield) of alkylation product 3tg as a colorless oil: 'H NMR
(400 MHz, CDCIl3): 6 0.90-1.00 (m, 2H), 1.10-1.45 (m, 12H), 1.62-1.72 (m, 3H),
1.77-1.81 (m, 2H), 1.93 (t, J = 6.3 Hz, 2H), 2.94-3.00 (m, 4H), 7.03 (dd, /= 7.4, 0.8 Hz, 1H), 7.08 (d,
J=7.8 Hz, 1H), 7.29 (t, J = 7.4 Hz, 1H); *C NMR (100 MHz, CDCls): § 24.8, 26.4, 26.76, 26.84,
32.7,33.3, 36.5, 38.0, 39.6, 43.0, 126.4, 129.6, 130.4, 131.7, 144.6, 146.8, 205.2; IR (NaCl): 3060 w,

3tg
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2922's,2851's, 1682 s, 1592 s, 1577 m, 1450 s, 1382 m, 1362 w, 1348 m, 1300 s, 1261 w, 1206 s,
1168 m, 1160 m, 1125 w, 1091 w, 1082 w, 1072 w, 1023 w, 993 m, 964 m, 889 w, 857 m, 803 m,
783 m, 750 w, 707 m cm’!; HRMS (APCI-TOF) m/z: [M+H]* Calcd for C2oH290 285.2218; Found
285.2216.

Alkylation product 3th
The general procedure was followed with 105 mg (0.6 mmol) of 1t and 97.4 mg
‘ (0.9 mmol) of 2h, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

o performed at 70 °C for 20 h, and silica gel column chromatography
(hexane:toluene = 2:1) of the crude material afforded 99.2 mg (58% yield) of
O‘ alkylation product 3th as a colorless oil: "H NMR (400 MHz, CDCls): & 1.20 (s,
6H), 1.25-1.33 (m, 1H), 1.46-1.56 (m, 2H), 1.58-1.84 (m, 3H), 1.93 (t, J = 6.3 Hz,
2H), 2.04-2.07 (m, 2H), 2.16-2.21 (m, 1H), 2.96 (t, J = 6.3 Hz, 2H), 3.02 (t, J = 7.8 Hz, 2H),
5.66-5.67 (m, 2H), 7.04 (d, J = 7.4 Hz, 1H), 7.09 (d, J = 7.1 Hz, 1H), 7.29 (t, J = 7.4 Hz, 1H); 1*C
NMR (100 MHz, CDCls): 6 24.8, 25.3, 26.8, 28.9, 31.9, 32.7, 33.8, 36.4, 38.7, 43.0, 126.5, 126.7,
127.0, 129.6, 130.4, 131.7, 144.6, 146.5, 205.2; IR (NaCl): 3405 w, 3060 w, 3019 m, 2962 s, 2922 s,
2869 s, 2854 s, 1678 s, 1677 s, 1592 s, 1577 m, 1471 s, 1452 s, 1435 m, 1383 m, 1363 w, 1348 w,
1300 s, 1204 s, 1160 w, 992 m, 957 m, 944 w, 914 w, 859 m, 803 m, 786 m, 751 m, 735 m, 706 m,
655 m cm’'; HRMS (APCI-TOF) m/z: [M+H]" Calcd for C20H270 283.2062; Found 283.2063.

3th

TBSO )
O O
TBSO ) 10 mol % Fe(PMes),
+ n
@ij:lL \q\ neat, 50 °C, 40 h
1t 2 3
0.6 mmol 1.5 equiv
Alkylation product 3ti
TBSO The general procedure was followed with 105 mg (0.6 mmol) of 1t and 231

)7
mg (0.9 mmol) of 2i, and 21.6 mg (0.06 mmol) of Fe(PMes)4. The reaction

was performed at 50 °C for 40 h, and bulb-to-bulb distillation of the crude

material afforded 199 mg (77% yield) of alkylation product 3ti as a colorless

3ti oil: 'TH NMR (400 MHz, CDCls): 8 0.05 (s, 6H), 0.89 (s, 9H), 1.20 (s, 6H),
1.28-1.37 (m, 10H), 1.48-1.57 (m, 4H), 1.93 (t, J = 6.3 Hz, 2H), 2.94-2.98 (m, 4H), 3.59 (t, /= 6.7
Hz, 2H), 7.04 (d, J = 7.4 Hz, 1H), 7.08 (d, J = 7.4 Hz, 1H), 7.29 (t, J = 7.4 Hz, 1H); '*C NMR (100
MHz, CDCl3): 6 -5.3, 18.4, 24.7, 25.8, 26.0, 26.8, 29.5, 29.56, 29.64, 29.9, 31.7, 32.9, 35.4, 36.4,
43.0, 63.4, 126.5, 129.7, 130.3, 131.7, 144.6, 146.4, 205.3; IR (NaCl): 3060 w, 2928 s, 2856 s, 2737
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w, 1683 s, 1592 m, 1463 s, 1384 m, 1361 m, 1299 m, 1253 s, 1207 s, 1160 m, 1098 s, 1005 m, 990
m, 960 m, 940 m, 836 s, 812 m, 777 s, 709 m, 663 m cm™'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd
for C27H4¢Na0,S1 453.3165; Found 453.3156.

Alkylation product 3tj
TBSO . The general procedure was followed with 105 mg (0.6 mmol) of 1t and 193
mg (0.9 mmol) of 2j, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction
was performed at 50 °C for 40 h, and bulb-to-bulb distillation of the crude
material afforded 164 mg (70% yield) of alkylation product 3tj as a colorless
3t oil: 'TH NMR (400 MHz, CDCls): 8 0.04 (s, 6H), 0.89 (s, 9H), 1.20 (s, 6H),
1.30-1.43 (m, 4H), 1.48-1.59 (m, 4H), 1.93 (t, J= 6.3 Hz, 2H), 2.94-2.98 (m, 4H), 3.59 (t, J= 6.7 Hz,
2H), 7.05 (dd, J=7.4, 0.8 Hz, 1H), 7.08 (d, J = 7.1 Hz, 1H), 7.29 (t, J= 7.4 Hz, 1H); 3*C NMR (100
MHz, CDCl3): & -5.3, 18.4, 24.7, 25.8, 26.0, 26.8, 29.7, 31.7, 32.9, 35.3, 36.4, 42.9, 63.4, 126.5,
129.7,130.3, 131.7, 144.6, 146.3, 205.2; IR (NaCl): 3061 w, 2929 s, 2857 s, 1683 s, 1592 m, 1577 w,
1472 s, 1463 s, 1406 w, 1384 m, 1361 w, 1349 w, 1299 m, 1254 s, 1206 m, 1159 w, 1100 s, 1034 w,
1005 w, 993 w, 958 w, 939 w, 836 s, 810 m, 777 s, 708 w, 678 w, 663 w cm’'; HRMS (ESI-TOF)
m/z: [M+Na]* Calcd for C24H49NaO,Si 411.2695; Found 411.2692.

Ar

0] 0]
Ar 10 mol % Fe(PMej),
+
@éL & neat, 70 °C, 20 h
1t 2 3
0.6 mmol 1.5 equiv

Alkylation product 3tk
Ph The general procedure was followed with 105 mg (0.6 mmol) of 1t and 93.7 mg

o (0.9 mmol) of 2k, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material
afforded 155 mg (92% yield) of alkylation product 3tk as a colorless oil: 'H NMR
(400 MHz, CDCl3): 6 1.22 (s, 6H), 1.95 (t, J= 6.3 Hz, 2H), 2.86 (t, J = 7.8 Hz, 2H),
298 (t,J=6.3 Hz, 2H), 3.28 (t, /= 7.8 Hz, 2H), 7.03 (d, /= 7.4 Hz, 1H), 7.07 (d, J = 7.8 Hz, 1H),
7.15-7.20 (m, 1H) 7.24-7.30 (m, 5H); '*C NMR (100 MHz, CDCls): & 24.8, 26.8, 36.4, 37.7, 37.9,
43.0, 125.7, 126.9, 128.2, 128.6, 130.0, 130.4, 131.8, 142.5, 144.7, 145.1, 205.1; IR (NaCl): 3084 w,
3061 m, 3026 m, 2962 s, 2924 s, 2858 s, 1679 s, 1592 s, 1577 m, 1495 s, 1453 s, 1383 m, 1362 w,
1348 w, 1300 s, 1270 w, 1206 s, 1161 m, 1089 m, 1073 w, 1029 w, 993 m, 970 m, 958 m, 944 w, 908
w, 864 w, 844 w, 836 w, 785 s, 744 m, 700 s cm™'; HRMS (APCI-TOF) m/z: [M+H]" Calcd for

3tk
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C20H230 279.1749; Found 279.1748.

Alkylation product 3tl
The general procedure was followed with 105 mg (0.6 mmol) of 1t and 106
Me O mg (0.9 mmol) of 2I, and 21.6 mg (0.06 mmol) of Fe(PMe3)s. The reaction
0 was performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude

material afforded 147 mg (83% yield) of alkylation product 3tl as a colorless

O‘ oil: '"H NMR (400 MHz, CDCl3): & 1.22 (s, 6H), 1.96 (t, J = 6.3 Hz, 2H), 2.32

(s, 3H), 2.86 (t, J = 7.4 Hz, 2H), 2.99 (t, J = 6.3 Hz, 2H), 3.24 (t, /= 7.4 Hz,

2H), 7.03 (d, J = 7.4 Hz, 1H), 7.07-7.15 (m, 4H), 7.25-7.31 (m, 2H); 3*C NMR (100 MHz, CDCl5): §

19.3,24.8, 26.8, 35.0, 36.2, 36.4,42.9, 125.8, 125.9, 126.9, 129.2, 129.9, 130.0, 130.5, 131.8, 136.0,

140.5, 144.7, 145.2, 205.1; IR (NaCl): 3060 w, 3015 m, 2961 s, 2925 s, 2865 m, 1680 s, 1592 m,

1577 w, 1493 m, 1460 s, 1382 m, 1362 w, 1348 w, 1300 m, 1207 m, 1161 w, 1108 w, 1083 w, 1050

w, 1025 w, 992 w, 970 m, 957 w, 860 w, 846 w, 802 w, 785 m, 748 m, 720 m, 705 w cm’}; HRMS
(APCI-TOF) m/z: [M+H]" Calcd for C21H50 293.1905; Found 293.1905.

3tl

Alkylation product 3tm
OMe The general procedure was followed with 105 mg (0.6 mmol) of 1t and 121 mg
(0.9 mmol) of 2m, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
O performed at 70 °C for 20 h, and bulb-to-bulb distillation of the crude material

0 afforded 160 mg (86% yield) of alkylation product 3tm as a yellow oil: '"H NMR

O‘ (400 MHz, CDCl3): & 1.22 (s, 6H), 1.96 (t, J = 6.3 Hz, 2H), 2.80 (t, J = 8.2 Hz, 2H),

2.99 (t,J = 6.3 Hz, 2H), 3.23 (t, J = 8.2 Hz, 2H), 3.79 (s, 3H), 6.83 (dt, J = 8.6, 2.0

Hz, 2H), 7.03 (d, J = 7.4 Hz, 1H), 7.08 (dd, J = 7.4, 0.8 Hz, 1H), 7.20 (dt, J = 8.6,

2.0 Hz, 2H), 7.29 (t, J = 7.4 Hz, 1H); '3C NMR (100 MHz, CDCl3): & 24.7, 26.8, 36.4, 37.0, 38.0,

429, 55.2, 113.6, 126.9, 129.5, 130.0, 130.3, 131.7, 134.6, 144.7, 145.1, 157.6, 205.1; IR (NaCl):

3060 w, 2959 m, 2925 s, 2857 m, 2834 m, 1679 s, 1611 m, 1591 m, 1511 s, 1463 s, 1453 s, 1383 m,

1362 w, 1348 w, 1300 s, 1246 s, 1206 m, 1176 s, 1106 w, 1085 w, 1038 s, 993 w, 970 w, 957 w, 864

w, 823 s, 808 m, 788 m, 757 w, 742 w, 702 w, 640 w, 612 w cm™'; HRMS (APCI-TOF) m/z: [M+H]*
Calcd for C21H2502 309.1855; Found 309.1858.

3tm

OR
0] 0]
OR 10 mol % Fe(PMes),
TN
X neat,50°C,40h
1t 2 3
0.6 mmol 1.5 equiv
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Alkylation product 3to
0"Bu The general procedure was followed with 105 mg (0.6 mmol) of 1t and 90.1 mg
o (0.9 mmol) of 20, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
performed at 50 °C for 40 h, and silica gel column chromatography (hexane:toluene
= 1:2, and then hexane:AcOEt = 20:1) of the crude material afforded 96.4 mg (58%
yield) of alkylation product 3to as a colorless oil: '"H NMR (400 MHz, CDCl3): §
0.89 (t, J=7.4 Hz, 3H), 1.20 (s, 6H), 1.34 (sext, J = 7.8 Hz, 2H), 1.54 (quin, J= 7.8 Hz, 2H), 1.94 (t,
J=6.3 Hz, 2H), 2.97 (t, J= 6.3 Hz, 2H), 3.26 (t, J= 7.1 Hz, 2H), 3.44 (t, J = 6.7 Hz, 2H), 3.64 (t, J
=7.1 Hz, 2H), 7.08 (d, J=7.8 Hz, 1H) , 7.16 (d, J= 7.4 Hz, 1H) , 7.31 (t, J= 7.4 Hz, 1H); 3C NMR
(100 MHz, CDCls): 6 14.0, 19.3, 24.7, 26.8, 31.9, 35.7, 36.4, 42.9, 70.5, 71.5, 127.1, 130.6, 130.7,
131.7, 142.1, 144.6, 205.2; IR (NaCl): 2959 s, 2930 s, 2865 s, 1679 s, 1592 s, 1464 s, 1382 m, 1363
m, 1300s, 1212 s, 1159 m, 1108 s, 1055 m, 1021 w, 994 m, 981 m, 961 m, 860 w, 848 w, 803 w, 784
m, 752 w, 707 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CisHsNaO, 297.1831; Found
297.1834.

3to

Alkylation product 3tp
OEt The general procedure was followed with 105 mg (0.6 mmol) of 1t and 64.9 mg
o (0.9 mmol) of 2p, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
performed at 50 °C for 40 h, and silica gel column chromatography (hexane:EtOAc
=20:1) of the crude material afforded 59.6 mg (40% yield) of alkylation product 3tp
3tp

as a pale yellow oil: "H NMR (400 MHz, CDCls): 6 1.18 (t, J= 7.1 Hz, 3H), 1.20 (s,
6H), 1.94 (t, J= 6.3 Hz, 2H), 2.97 (t, J = 6.3 Hz, 2H), 3.26 (t, J= 7.1 Hz, 2H), 3.51 (q, /= 7.1 Hz,
2H), 3.65 (t, J=17.1 Hz, 2H), 7.09 (d, J=7.8 Hz, IH) , 7.16 (d, /= 7.1 Hz, 1H) , 7.32 (t,J = 7.8 Hz,
1H); 3C NMR (100 MHz, CDCls): § 15.2, 24.7, 26.7, 35.7, 36.3, 42.9, 65.9, 71.3, 127.1, 130.6,
130.7, 131.7, 142.0, 144.6, 205.2; IR (NaCl): 3061 w, 2973 s, 2928 s, 2865 s, 2795 w, 1680 s, 1592 s,
1578 m, 1471 s, 1455 s, 1382's, 1352 m, 1300 s, 1213 5, 1160 m, 1108 s, 1023 m, 993 m, 981 m, 963
m, 915 w, 889 w, 852 m, 803 m, 785 s, 751 w, 707 m, 645 w, 618 w cm™'; HRMS (ESI-TOF) m/z:
[M+Na]* Caled for Ci6H22NaO, 269.1518; Found 269.1513.

Alkylation product 3tq
The general procedure was followed with 105 mg (0.6 mmol) of 1t and 90.1 mg
(0.9 mmol) of 2q, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

OBu

performed at 50 °C for 40 h, and silica gel column chromatography (hexane:toluene

= 1:2, and then hexane:AcOEt = 20:1) of the crude material afforded 133 mg (80%

3tq yield) of alkylation product 3tq as a colorless oil: '"H NMR (400 MHz, CDCls): §

0.87 (d, J=6.7 Hz, 6H), 1.20 (s, 6H), 1.83 (sep, J = 6.7 Hz, 1H), 1.94 (t, J=5.9 Hz, 2H), 2.97 (t, J =
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6.3 Hz, 2H), 3.20 (d, J = 6.7 Hz, 2H), 3.26 (t, J = 6.7 Hz, 2H), 3.64 (t, /= 6.7 Hz, 2H), 7.08 (d, J =
7.4 Hz, 1H), 7.17 (d, J=7.4 Hz, 1H) , 7.31 (t, J = 7.4 Hz, 1H); *C NMR (100 MHz, CDCl;): § 19.4,
24.7, 26.7, 28.5, 35.6, 36.4, 42.9, 71.6, 77.6, 127.1, 130.6, 130.8, 131.7, 142.2, 144.5, 205.2; IR
(NaCl): 3154 w, 3062 w, 2958 s, 2929 s, 2870 s, 2856 s, 2795 m, 1680 s, 1594 s, 1578 m, 1469 s,
1431 m, 1383 s, 1364 s, 1300 s, 1212 s, 1160 m, 1109 s, 1022 m, 993 m, 978 m, 961 m, 945 m, 914
w, 858 m, 802 m, 784 s, 751 w, 746 w, 707 m, 640 w, 621 w cm’'; HRMS (ESI-TOF) m/z: [M+Na]*
Calcd for C1sH26NaO; 297.1831; Found 297.1831.

Alkylation product 3tr
The general procedure was followed with 105 mg (0.6 mmol) of 1t and 77.5 mg
(0.9 mmol) of 2r, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was

O'Pr

performed at 50 °C for 40 h, and silica gel column chromatography (hexane:EtOAc

=20:1) of the crude material afforded 140 mg (89% yield) of alkylation product 3tr

3tr as a colorless oil: 'H NMR (400 MHz, CDCl3): 6 1.13 (d, J = 6.3 Hz, 6H), 1.20 (s,

6H), 1.94 (t, J= 6.3 Hz, 2H), 2.97 (t, /= 6.3 Hz, 2H), 3.23 (t, J = 7.1 Hz, 2H), 3.59 (sep, /= 6.3 Hz,

1H), 3.64 (t,J="7.1 Hz, 2H), 7.08 (d, /= 7.4 Hz, 1H) , 7.17 (d, /= 7.4 Hz, 1H), 7.31 (t, J = 7.4 Hz,

1H); 3C NMR (100 MHz, CDCls): § 22.2, 24.7, 26.8, 36.2, 36.4, 42.9, 68.9, 71.2, 127.1, 130.7,

130.8, 131.7, 142.1, 144.5, 205.2; IR (NaCl): 3062 w, 2970 s, 2928 s, 2866 s, 1681 s, 1592 5, 1456 s,

1381 s, 1367 m, 1335 m, 1300 m, 1213 s, 1171 m, 1144 s, 1128 s, 1077 s, 993 m, 982 m, 959 m, 944

w, 923 w, 861 w, 848 w, 830 w, 804 m, 785 m, 750 w, 708 m, 668 w, 615 w cm™'; HRMS (ESI-TOF)
m/z: [M+Na]* Calcd for C17H24NaO; 283.1674; Found 283.1680.

Alkylation product 3ts
The general procedure was followed with 105 mg (0.6 mmol) of 1t and 114 mg
o (0.9 mmol) of 2s, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
performed at 50 °C for 40 h, and bulb-to-bulb distillation of the crude material
afforded 175 mg (97% yield) of alkylation product 3ts as a colorless oil: 'H NMR
(400 MHz, CDCl3): & 1.18-1.29 (m, 11H), 1.48-1.52 (m, 1H), 1.67-1.70 (m, 2H)
1.87-1.90 (m, 2H), 1.94 (t, J = 6.7 Hz, 2H), 2.97 (t, J = 6.7 Hz, 2H), 3.21-3.27 (m, 3H), 3.67 (t, J =
7.1 Hz, 2H), 7.08 (dd, J= 7.4, 1.2 Hz, 1H) , 7.17 (dd, J= 7.4, 0.4 Hz, 1H) , 7.31 (t, /= 7.4 Hz, 1H);
13C NMR (100 MHz, C¢De): 5 24.1, 24.8, 26.3, 26.9, 32.6, 36.4, 36.9, 42.8, 69.1, 77.0, 127.1, 131.2,
131.4, 131.6, 143.1, 144.5, 204.1; IR (NaCl): 3061 m, 2931 s, 2856 s, 2658 w, 1680 s, 1592 s, 1578
m, 1451 s, 1383 s, 1362 s, 1347 s, 1328 m, 1300 s, 1270 m, 1212 's, 1159 s, 1136 m, 1103 s, 1038 m,
1024 m, 993 m, 981 s, 960 s, 915 w, 888 w, 860 m, 847 m, 802 m, 785 s, 751 w, 708 m, 657 w, 647
w, 623 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Caled for C20H2sNaO, 323.1987; Found 323.1996.

OCy

3ts
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Alkylation product 3tt
The general procedure was followed with 105 mg (0.6 mmol) of 1t and 90.1 mg
(0.9 mmol) of 2t, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
performed at 50 °C for 40 h, and bulb-to-bulb distillation of the crude material
afforded 160 mg (97% yield) of alkylation product 3tt as a colorless oil: "H NMR
3tt (400 MHz, CDCLs): & 1.14 (s, 9H), 1.20 (s, 6H), 1.94 (t, J= 6.3 Hz, 2H), 2.96 (t, J=
6.3 Hz, 2H), 3.18 (t, /= 7.1 Hz, 2H), 3.57 (t, /= 7.1 Hz, 2H), 7.07 (dd, /= 7.4, 0.8 Hz, 1H) , 7.16 (d,
J=74Hz, 1H), 731 (t,J = 7.4 Hz, 1H); 3C NMR (100 MHz, CDCls): & 24.7, 26.8, 27.6, 36.4,
36.7, 42.9, 62.7, 72.7, 127.0, 130.8, 131.0, 131.5, 142.4, 144.4, 205.1; IR (NaCl): 3062 w, 2973 s,
2929 s, 2867 s, 1681 s, 1592 s, 1578 m, 1472 s, 1463 s, 1455 m, 1386 m, 1362 s, 1301 m, 1199 s,
1078 s, 1020 m, 994 m, 981 m, 961 m, 944 w, 913 w, 889 w, 853 m, 835 w, 803 m, 785 m, 743 w,
707 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for CisH26NaO2 297.1831; Found 297.1833.

OBu

Alkylation product 3tu
OMe The general procedure was followed with 105 mg (0.6 mmol) of 1t and 148
mg (0.9 mmol) of 2u, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
performed at 50 °C for 40 h, and silica gel column chromatography
o (hexane:EtOAc = 10:1) of the crude material afforded 82.1 mg (40% yield) of

0 alkylation product 3tu as a yellow oil: '"H NMR (400 MHz, CDCl3): § 1.17 (s,

6H), 1.92 (t, J = 6.3 Hz, 2H), 2.96 (t, J = 6.3 Hz, 2H), 3.31 (t, J = 6.7 Hz, 2H),

3.68 (t,J = 6.7 Hz, 2H), 3.79 (s, 3H), 4.45 (s, 2H), 6.83 (dt, J = 8.6, 2.0 Hz, 2H),

7.09 (dd, J=7.4,1.2 Hz, 1H), 7.16 (d, J = 7.8 Hz, 1H), 7.21 (dt, J= 8.6, 2.0 Hz,

2H), 7.31 (t, J= 7.4 Hz, 1H); '3C NMR (100 MHz, CDCls): § 24.7, 26.7, 35.7, 36.3, 42.9, 55.2, 70.8,

72.3,113.6,127.2, 129.2, 130.6, 130.8, 130.9, 131.7, 142.1, 144.6, 158.9, 205.2; IR (NaCl): 3061 w,

2960 m, 2928 s, 2856 m, 1679 s, 1612 m, 1591 m, 1513 s, 1463 m, 1383 w, 1361 m, 1301 m, 1247 s,

1212 m, 1173 m, 1089 s, 1036 m, 993 w, 961 w, 848 w, 820 m, 786 m, 754 w, 707 w, 669 w, 638 w
cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C22H26NaO3 361.1780; Found 361.1763.

3tu

Alkylation product 3tv
Ph The general procedure was followed with 105 mg (0.6 mmol) of 1t and 133
)\o mg (0.9 mmol) of 2v, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction was
0 performed at 50 °C for 40 h, and bulb-to-bulb distillation of the crude material

afforded 141 mg (73% yield) of alkylation product 3tv as a yellow oil: 'H NMR
(400 MHz, CDCl3): 6 1.10 (s, 3H), 1.14 (s, 3H), 1.40 (d, J= 6.7 Hz, 3H), 1.89 (t,
J=6.3 Hz, 2H), 2.94 (t, J = 6.3 Hz, 2H), 3.15-3.22 (m, 1H), 3.36-3.57 (m, 3H),
4.42 (q,J = 6.7 Hz, 1H), 7.07 (d, J = 7.4 Hz, 1H), 7.13 (d, J = 7.4 Hz, 1H), 7.20-7.31 (m, 6H); 13C

3tv
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NMR (100 MHz, CDCls): 6 24.2, 24.6, 26.7, 35.8, 36.3, 42.8, 69.4, 77.6, 126.1, 127.0, 127.1, 128.2,
130.5, 130.8, 131.6, 142.1, 144.3, 144.6, 205.1; IR (NaCl): 3061 m, 3027 m, 2973 s, 2927 s, 2864 s,
1679 s, 1592 s, 1493 m, 1472 s, 1452 s, 1383 s, 1367 m, 1349 m, 1300 s, 1210 s, 1159 m, 1102 s,
1072 s, 1029 m, 993 m, 981 m, 962 m, 912 m, 851 m, 803 m, 784 s, 761 s, 701 s, 608 w cm'!;
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C2,H2NaO, 345.1831; Found 345.1820.

N
i ﬁo / i
10 mol % Fe(PMejy),
+
N

1,4-dioxane 0.2 mL

& 70°C,20 h
1t 2x 3tx
Alkylation product 3tx
The general procedure was followed with 105 mg (0.6 mmol) of 1t and 174
N mg (0.9 mmol) of 2x, and 21.6 mg (0.06 mmol) of Fe(PMes)s. The reaction

o was performed in 0.2 mL of 1,4-dioxane at 70 °C for 20 h, and silica gel
column chromatography (hexane:EtOAc = 20:1) of the crude material afforded
218 mg (98% vyield) of alkylation product 3tx as a white solid: Mp

3tx 126-127 °C; '"H NMR (400 MHz, CDCl;): § 1.27 (s, 6H), 1.99 (t, J = 6.3 Hz,
2H), 2.99 (t, J = 6.3 Hz, 2H), 3.46 (t, J = 7.4 Hz, 2H), 4.61 (t, J= 7.4 Hz, 2H), 6.84 (d, /= 7.1 Hz,
1H), 7.05 (d, /= 7.4 Hz, 1H), 7.15 (t, J = 7.4 Hz, 1H), 7.18-7.22 (m, 2H), 7.42-7.46 (m, 2H), 7.52 (d,
J = 7.8 Hz, 2H), 8.06-8.09 (m, 2H); '3C NMR (100 MHz, CDCls): & 24.8, 26.7, 35.2, 36.4, 42.9,
44.1, 109.0, 118.6, 120.1, 122.7, 125.5, 127.7, 130.7, 130.8, 132.0, 140.4, 141.5, 144.9, 205.3; IR
(KBr): 3055 w, 3021 w, 2982 m, 2960 m, 2927 m, 2868 w, 1666 s, 1626 m, 1591 s, 1484 s, 1464 s,
1452 s, 1383 m, 1346 s, 1327 s, 1300 m, 1287 m, 1245 s, 1231 m, 1211 m, 1181 s, 1152 m, 1121 m,
1096 w, 1060 m, 1013 w, 999 m, 982 m, 959 m, 946 w, 924 w, 878 w, 861 m, 846 w, 816 w, 785 m,
748 s, 725 s, 706 m, 670 w, 656 w, 638 w, 614 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C26H2sNNaO 390.1834; Found 390.1827.
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A deuterium labeling experiment using 1a-ds and 2a.

D (0]
D SiEt; o
Bu . H 10 mol % Fe(PMej3),
H o ;
D D neat, 70 °C, 5 min
D
1a-ds 2a
0.6 mmol 1.5 equiv
>99% D content
0.98 H
Et;Si
014 H ,/)/ca.Z.OH
ca.1.0H
(H)D (0] O
D ¢ SIEt3 / D ¢
Bu H Bu
+ +
(D)H
D D(H) 0.82H 4 D D(H)
D 0.14H ca.1.0 H D 0.08H

47% NMR vyield

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with 21.6 mg
(0.06 mmol) of Fe(PMes)s, 128 mg (0.9 mmol) of 2a, and 100 mg (0.6 mmol) of 1a-ds in a glove
box and transferred out of the glove box. The resulting mixture was heated at 70 °C for 5 min. The
reaction was stopped by cooling in a liquid N> bath. After vacuum transfer of 2a, the mixture was
passed through a short plug of silica gel using ethyl acetate as an eluent to remove the remaining iron
complexes. All of the volatile materials in the eluate were removed by rotary evaporation. The crude

material was purified by silica gel flush column chromatography (hexane:toluene = 2:1).

A deuterium labeling experiment using 1a-ds and 2k.

D (0]
D Ph o
By 10 mol % Fe(PMej3),
+ B H
neat, 70 °C, 1 h
D D H
D
1a-ds 2k
0.6 mmol 1.5 equiv

>99% D content

1.57 H

0.52 H Ph/ 128H

0.72 H e

(HD O o

D ) Ph / D .
Bu + H(D) N Bu
(D)H™ ™S
D D(H) 087H (D) D AN _
p 0.52H 0.72 H not determined

18% NMR yield

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with 21.5 mg

(0.06 mmol) of Fe(PMes)s, 94.2 mg (0.9 mmol) of 2k, and 101 mg (0.6 mmol) of 1a-ds in a glove
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box and transferred out of the glove box. The resulting mixture was heated at 70 °C for 1 h. The
reaction was stopped by cooling in a liquid N, bath. After vacuum transfer of 2k, the mixture was
passed through a short plug of silica gel using ethyl acetate as an eluent to remove the remaining iron
complexes. All of the volatile materials in the eluate were removed by rotary evaporation. The crude

material was purified by silica gel flush column chromatography (hexane:toluene = 1:1).

A deuterium labeling experiment using 1t-d4 and 2o.

D O
D O"Bu
10 mol % Fe(PMe3),
+
N
D H neat, 50 °C, 4 h
D
1t-d, 20
0.6 mmol 1.5 equiv
96% D content
1.37H
"BuO
0.64 H 0.4 H ,/)/1.93H
(HDD O ) (0]
D OnBU / D
H(D
+ OH (D) +
D 0.79 H H(D) D
D 0.94 H D

32% NMR yield

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with 21.9 mg
(0.06 mmol) of Fe(PMes)s, 90.7 mg (0.9 mmol) of 20, and 108 mg (0.6 mmol) of 1t-ds in a glove
box and transferred out of the glove box. The resulting mixture was heated at 50 °C for 4 h. The
reaction was stopped by cooling in a liquid N> bath. After vacuum transfer of 20, the mixture was
passed through a short plug of silica gel using ethyl acetate as an eluent to remove the remaining iron
complexes. All of the volatile materials in the eluate were removed by rotary evaporation. The crude
material was purified by silica gel flush column chromatography (hexane:toluene = 1:2, and then

hexane:AcOEt = 20:1).
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A deuterium labeling experiment using 1r-ds and 2a.

D O
D SiEt
Me 10 mol % Fe(PMe3),
+
HT™ o
D D neat, 70 °C, 20 h
D
1r-ds 2a
0.6 mmol 1.5 equiv
>99% D content
SiEty
D o ca.1.0H o
Me H Me
+ HOX +
D D ca.1.0H H D D
D ca.1.0H D
>99% D content not detected

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with 21.6 mg
(0.06 mmol) of Fe(PMes)s, 128 mg (0.9 mmol) of 2a, and 75.0 mg (0.6 mmol) of 1r-ds in a glove
box and transferred out of the glove box. The resulting mixture was heated at 70 °C for 20 h. The
reaction was stopped by cooling in a liquid N> bath. After vacuum transfer of 2a, the mixture was
passed through a short plug of silica gel using ethyl acetate as an eluent to remove the remaining iron

complexes. All of the volatile materials in the eluate were removed by rotary evaporation.
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An intermolecular competition experiment using 1a and 1a-ds

SiEts SiEt;
D/H
o DO 4 5equiv2a Q D/H Q
©)LIB” D gy 10 mol % Fe(PMes), ‘Bu P ‘Bu
+ +
0,

D D neat, 40 °C, 1 h D D(H)

D D

1a 1a-ds 37% isolated yield
0.3 mmol 0.3 mmol (54:46)

0.5 equiv 0.5 equiv
>99% D content

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with 22.0 mg

(0.06 mmol) of Fe(PMes)s, 128 mg (0.9 mmol) of 2a, 48.7 mg (0.3 mmol) of 1a, and 50.9 mg (0.3

mmol) of la-ds in a glove box and transferred out of the glove box. The resulting mixture was

heated at 40 °C for 1 h. The reaction mixture was cooled to room temperature, and then the mixture

was passed through a short plug of silica gel using ethyl acetate as an eluent to remove the remaining

iron complexes. All of the volatile materials in the eluate were removed by rotary evaporation. The

crude material was purified by silica gel flush column chromatography (hexane:toluene = 2:1).
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Preparation of 6-Methoxy-1-vinylindole (8c)

18 eq KOH
2 eq K,CO4 6 eq KOH
@ 2 mol % TBAB 1 mol % hydroquinone @
MeO H DCE 28 mL, 95 °C  toluene 18 mL MeO N
130 °C, overnight \—
7 mmol 8c

34%

An oven-dried 100 mL three-necked flask was charged with KOH (2.36 g, 42 mmol), K>CO3
(1.93 g, 14 mmol), and tetrabutylammonium bromide (45.1 mg, 0.14 mmol). The flask was
evacuated and backfilled with nitrogen three times. Then 6-methoxyindole (1.03 g, 7 mmol) and
1,2-dichloroethane (14 mL) were added to the flask. After stirring the mixture at 95 °C overnight,
additional KOH (2.36 g, 42 mmol) and 1,2-dichloroethane (14 mL) were added. After stirring the
mixture at 95 °C for 5 h, additional KOH (2.36 g, 42 mmol) was again added. The reaction mixture
was heated at 95 °C for 4 h and then all volatile materials were removed by rotary evaporation.

To a solution of the residue in toluene (18 mL) was added KOH (2.36 g, 42 mmol) and
hydroquinone (7.7 mg, 0.07 mmol). After stirring the mixture at 130 °C overnight, the mixture was
filtered through a pad of Celite, and concentrated. Silica gel column chromatography (hexane:EtOAc
= 30:1) of the crude material afforded 406 mg (34% yield) of 6-methoxy-1-vinylindole (8c) as a
white solid: Mp 59-60 °C; '"H NMR (391.8 MHz, acetone-ds): & 3.84 (s, 3H), 4.70 (dd, J=9.0, 1.2
Hz, 1H), 5.27 (dd, J = 15.3, 1.2 Hz, 1H), 6.54 (d, J = 3.5 Hz, 1H), 6.76 (dd, J = 8.6, 2.4 Hz, 1H),
7.19 (d, J = 2.0 Hz, 1H), 7.40-7.46 (m, 2H), 7.54 (d, J = 3.5 Hz, 1H); *C NMR (98.5 MHz,
acetone-de): & 55.8, 94.2, 96.0, 105.6, 111.3, 122.2, 122.9, 123.9, 130.7, 137.3, 158.0; IR (KBr):
1637 s, 1615 m, 1516 m, 1490 m, 1459 m, 1441 w, 1328 s, 1302 w, 1232 s, 1218 s, 1180 w, 1034 m,
960 w, 934 w, 845 m, 819 m, 710 w, 670 m cm’'; HRMS (DART-TOF) m/z: [M+H]" Calcd for
C11H12NO 174.0919; Found 174.0922.

General Procedure for Iron-Catalyzed C—H Alkylation and Indolylation of Aromatic Ketones
Using /V-Alkenylindoles

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with
Fe(PMes)s (0.015-0.06 mmol, 5-20 mol %), the N-alkenylindole (0.45 mmol, 1.5 equiv), the
aromatic ketone (0.3 mmol, 1 equiv), and the solvent (if any) in a glove box and transferred out of
the glove box. The resulting mixture was heated at 60 °C for 20 h. The reaction mixture was cooled
to room temperature, and then the mixture was passed through a short plug of silica gel using ethyl

acetate as an eluent to remove the remaining iron complexes. All volatile materials of the eluate were
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removed by rotary evaporation. The crude material was purified by silica gel flash column

chromatography.
Oy -
N
NN
(0] O (0]
\ 5 mol % Fe(PMe3)4
1 + 1f + tB
Bu N"  nheat, 60 °C, 20 h Bu O "
N
1a 8a 9aa 10aa
0.3 mmol 1.5 equiv

The general procedure was followed with 48.9 mg (0.3 mmol) of 1a, 63.8 mg (0.45 mmol) of 8a,
and 5.2 mg (0.015 mmol) of Fe(PMes)s. The yields were determined by 'H NMR using a-tetralone
as an internal standard (9aa: 77% yield, 10aa: 11% yield). In order to separate 9aa and 10aa, silica
gel column chromatography (hexane:toluene = 1:2) of the crude material was conducted four times
to afford 60.0 mg (65% yield) of 9aa as a pale yellow oil and 10aa containing small amounts of
impurities. 10aa was purified by centrifugal thin layer chromatography (hexane:EtOAc = 20:1) and
silica gel column chromatography (hexane:EtOAc = 30:1) to afford 0.4 mg (0.4% yield) of 10aa as a

pale yellow oil.

Alkylation product 9aa
"H NMR (391.8 MHz, CDCl3): 8 1.26 (s, 9H), 2.89 (t, J = 7.8 Hz, 2H), 4.36
Qp (t, J=7.8 Hz, 2H), 6.45 (d, J = 3.1 Hz, 1H), 7.01-7.03 (m, 2H), 7.10 (t, J= 7.8
o Hz, 1H), 7.19-7.28 (m, 4H), 7.42 (d, /= 7.8 Hz, 1H), 7.62 (d, J= 8.2 Hz, 1H);
‘Bu BC NMR (98.5 MHz, CDClz): & 27.5, 35.5, 45.0, 48.2, 101.1, 109.6, 119.2,

120.9, 121.5, 125.0, 125.9, 127.9, 128.6, 129.0, 130.6, 134.8, 135.7, 140.8,

9aa 214.6; IR (neat): 3056 w, 2964 m, 2871 w, 1684 s, 1477 m, 1463 s, 1361 m,

1316 m, 1234 w, 1186 w, 1169 w, 964 m, 944 w, 741 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd
for C21H23NNaO 328.1677; Found 328.1673.

Indolylation product 10aa
"H NMR (391.8 MHz, acetone-ds): 6 0.91 (s, 9H), 1.38 (t, J = 7.4 Hz, 3H), 4.16
O (q,J = 7.4 Hz, 2H), 6.32 (d, J = 0.8 Hz, 1H), 7.07 (ddd, J = 7.8, 6.7, 0.8 Hz, 1H),
NN o 7.20(ddd, J =82, 7.1, 1.2 Hz, 1H), 7.35-7.38 (m, 1H), 7.49 (dd, J = 8.2, 0.8 Hz,
O gy 1H), 7.52-7.61 (m, 4H); 3C NMR (98.5 MHz, acetone-ds): & 15.5, 27.5, 39.6,
45.0, 104.8, 111.0, 120.5, 121.3, 122.6, 126.7, 128.8, 128.9, 129.2, 129.7, 131.5,

10aa
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137.6, 139.2, 143.8, 214.3; IR (neat): 3060 w, 2969 m, 2931 w, 1687 s, 1477 m, 1458 m, 1346 m,
1313 w, 1191 w, 965 m, 948 w, 764 m, 751 s, 736 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd
for C,1H23NNaO 328.1677; Found 328.1678.

Uy &

N
\/N
(@] (@] = (@]
\ 10 mol % Fe(PMes),
Bu + Bu + Bu
N neat, 60 °C, 20 h
MeO K MeO MeO
1b 8a 9ba 10ba

0.3 mmol 1.5 equiv

The general procedure was followed with 58.6 mg (0.3 mmol) of 1b, 64.0 mg (0.45 mmol) of 8a,
and 11.0 mg (0.03 mmol) of Fe(PMe3)s. The yields were determined by 'H NMR using a-tetralone
as an internal standard (9ba: 85% yield, 10ba: 5% yield). In order to separate 9ba and 10ba, silica
gel column chromatography (hexane:EtOAc = 20:1) of the crude material was conducted twice to
afford 83.4 mg (82% yield) of 9ba as a pale yellow oil and 0.6 mg (0.6% yield) of 10ba as a pale

yellow oil.

Alkylation product 9ba

"H NMR (399.7 MHz, CDCl3):  1.27 (s, 9H), 2.89 (t, J = 7.2 Hz, 2H), 3.60
(s, 3H), 4.40 (t, /= 7.2 Hz, 2H), 6.34 (d, /= 2.4 Hz, 1H), 6.45 (d, J = 3.2 Hz,
1H), 6.72 (dd, J= 8.4, 2.4 Hz, 1H), 7.00 (d, J = 2.8 Hz, 1H), 7.09 (t, J= 7.2 Hz,
gy 1H), 7.19 (t, J= 6.8 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 7.39 (d, J = 8.4 Hz, 1H),
MeO 7.61 (d, J= 8.0 Hz, 1H); '3*C NMR (98.5 MHz, CDCls): § 27.7, 35.6, 45.0, 48.2,
9ba 55.1,101.0, 109.7, 111.5, 115.7, 119.2, 120.8, 121.4, 126.9, 128.0, 128.6, 132.9,
135.8, 137.8, 159.7, 213.6; IR (neat): 3057 w, 2962 m, 2871 w, 1679 s, 1606 s, 1572 m, 1512 m,
1476 m, 1463 s, 1362 m, 1313 s, 1247 s, 1193 m, 1166 m, 1114 m, 966 m, 741 s cm™'; HRMS

(ESI-TOF) m/z: [M+Na]* Calcd for C22H2sNNaO; 358.1783; Found 358.1783.

Indolylation product 10ba
"H NMR (391.8 MHz, acetone-de): & 0.92 (s, 9H), 1.39 (t, J = 7.1 Hz, 3H),
O 3.91 (s, 3H), 4.19 (q, /= 7.1 Hz, 2H), 6.30 (d, /= 0.4 Hz, 1H), 7.02 (d, /=24
NN o] Hz, 1H), 7.04-7.10 (m, 2H), 7.19 (ddd, /= 8.2, 7.1, 1.2 Hz, 1H), 7.32 (d, /= 8.6
O ‘Bu  Hz, 1H), 7.49 (dd, J= 8.2, 0.8 Hz, 1H), 7.56 (dt, J = 7.8, 0.8 Hz, 1H); '*C NMR
MeO (98.5 MHz, acetone-ds): 6 15.5, 27.7,39.7, 45.1, 55.8, 104.4, 111.0, 114.4, 116.5,
10ba 120.5, 121.3, 122.6, 128.3, 128.9, 131.6, 136.2, 137.6, 139.3, 160.2, 213.8; IR
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(neat): 2965 m, 2926 s, 2852 w, 1685 s, 1604 s, 1476 m, 1459 s, 1347 m, 1301 m, 1267 w, 1223 s,
1168 m, 1030 w, 965 m, 751 w, 738 w cm’!; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C2oH2sNNaO, 358.1783; Found 358.1786.

5 mol % Fe(PMe
Bu + % o Fef 3k Bu
N neat, 60 °C, 20 h
Fs;C & Fs;C

1e 8a 9ea
0.3 mmol 1.5 equiv

The general procedure was followed with 69.0 mg (0.3 mmol) of 1e, 65.4 mg (0.45 mmol) of 8a,
and 5.4 mg (0.015 mmol) of Fe(PMes)s. Silica gel column chromatography (hexane:EtOAc = 30:1)
of the crude material afforded 96.5 mg (86% yield) of 9ea as a pale yellow oil.

Alkylation product 9ea
'H NMR (391.8 MHz, CDCls): § 1.26 (s, 9H), 2.92 (t, J = 7.4 Hz, 2H), 4.37
N\ (t,J=17.4Hz, 2H), 6.47 (dd, J=3.1, 0.8 Hz, 1H), 6.99 (d, /= 3.1 Hz, 1H), 7.10
o (ddd, J=17.8, 7.1, 0.8 Hz, 1H), 7.18-7.22 (m, 2H), 7.35-7.37 (m, 2H), 7.50 (dd,
gy J = 82, 12 Hz, 1H), 7.62 (dt, J = 7.8, 0.8 Hz, 1H); 3*C NMR (98.5 MHz,
FsC CDCL): 627.2,35.4,45.1,47.7,101.5, 109.4, 1194, 121.0, 121.6, 123.0 (q, J =
9ea 3.7 Hz), 123.5 (q, J = 272.4 Hz), 125.4, 1274 (q, J = 3.7 Hz), 127.5, 128.6,

131.0 (q, J=32.0 Hz), 135.7, 135.8, 144.1, 213.5; IR (neat): 3056 w, 2970 m, 2872 w, 1688 s, 1477
m, 1462 m, 1361 m, 1331 s, 1285 m, 1202 m, 1166 s, 1127 s, 1081 s, 967 m, 956 m, 836 m, 742 s
cm’'; HRMS (ESI-TOF) m/z: [M+Na]" Caled for C22H22F3NNaO 396.1551; Found 396.1550.

O

N

O O

By % 5 mol % Fe(PMe3), Bu
+

NK neat, 60 °C, 20 h
CF, A CF,4

1h 8a 9ha
0.3 mmol 1.5 equiv

The general procedure was followed with 68.6 mg (0.3 mmol) of 1h, 63.9 mg (0.45 mmol) of 8a,
and 5.8 mg (0.015 mmol) of Fe(PMe3)4. Silica gel column chromatography (hexane:EtOAc = 30:1)
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of the crude material afforded 96.2 mg (86% yield) of 9ha as a pale yellow oil.

Alkylation product 9ha
'"H NMR (391.8 MHz, acetone-ds): & 1.26 (s, 9H), 3.03 (t, J = 7.4 Hz, 2H),
% 445 (t,J=17.4 Hz, 2H), 6.42 (d, /= 3.1 Hz, 1H), 7.01 (t, /= 6.7 Hz, 1H), 7.12

N
(t,J=7.1 Hz, 1H), 7.21 (d, J = 3.1 Hz, 1H), 7.43-7.45 (m, 2H), 7.54 (d, J= 7.8

Hz, 1H), 7.61 (d, J = 9.0 Hz, 1H), 7.66 (s, 1H); '3C NMR (98.5 MHz,

acetone-ds): 6 27.4,35.9, 45.5, 48.0, 101.9, 110.4, 119.9, 121.5, 122.0, 122.6 (q,

CFs3 J=3.7Hz), 125.0 (q, J = 271.5 Hz), 126.3 (q, J = 3.7 Hz), 128.5 (q, J = 32.9

Sha Hz), 128.7, 129.6, 132.5, 136.8, 140.6, 142.5, 213.3; IR (neat): 3058 w, 2968 m,

2871 w, 1690 s, 1614 w, 1514 m, 1479 m, 1463 s, 1397 m, 1362 m, 1334 s, 1266 s, 1235 m, 1166 s,

1125's, 1080 s, 1047 w, 1012 w, 978 s, 902 m, 841 m, 765 m, 742 s cm™'; HRMS (ESI-TOF) m/z:
[M+Na]" Caled for C22H2,F3sNNaO 396.1551; Found 396.1549.

Bu

o)
% 10 mol % Fe(PMea),
+
O O N neat, 60 °C, 20 h
<
1i 8a
0.3 mmol 1.5 equiv

9ia 11ia

The general procedure was followed with 54.6 mg (0.3 mmol) of 1i, 64.2 mg (0.45 mmol) of 8a,
and 10.9 mg (0.03 mmol) of Fe(PMes)a. Silica gel column chromatography (hexane:EtOAc = 20:1)
of the crude material afforded 45.5 mg (47% yield) of 9ia as a pale yellow oil and 11ia containing
small amounts of impurities. 11ia was purified by silica gel column chromatography (hexane:toluene

= 1:2) to afford 10.7 mg (8% yield) of 11ia as a pale yellow solid.

137



Alkylation product 9ia

"H NMR (391.8 MHz, C¢De¢): 6 2.92 (t, J = 7.4 Hz, 2H), 4.15 (t, J = 7.4
% Hz, 2H), 6.45 (dd, /= 3.1, 0.8 Hz, 1H), 6.61 (d, /= 6.7 Hz, 1H), 6.72 (d, J =
o 3.1 Hz, 1H), 6.82 (td, J = 7.4, 1.2 Hz, 1H), 6.90 (td, J = 7.4, 1.6 Hz, 1H),
6.98-7.05 (m, 3H), 7.11 (tt, J = 7.4, 2.4 Hz, 1H), 7.20 (dd, J = 7.8, 1.2 Hz,
O O 1H), 7.24 (dd, J = 7.1, 1.2 Hz, 1H), 7.33 (d, J = 8.2 Hz, 1H), 7.69-7.73 (m,
9ia 3H); '3C NMR (98.5 MHz, acetone-ds): & 35.2, 48.5, 101.7, 110.3, 119.8,
121.4, 121.9, 126.9, 128.7, 129.4, 129.6, 129.7, 130.8, 131.3, 132.0, 134.2, 136.8, 138.5, 138.6,
139.7, 198.6; IR (neat): 3057 w, 3026 w, 2930 w, 2874 w, 1660 s, 1656 s, 1597 m, 1577 m, 1509 m,
1487 m, 1464 s, 1447 s, 1397 w, 1360 m, 1337 m, 1314 s, 1285 m, 1266 s, 1234 m, 1177 m, 1169 m,
1152 w, 927 m, 763 m, 741 s, 709 s, 698 s, 640 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for

C2H19NNaO 348.1364; Found 348.1367.

N

Alkylation product 11ia

Mp 134-135 °C; '"H NMR (391.8 MHz, CsD¢): 6 3.10 (t, J = 7.4 Hz,

% QQ 2H), 4.25 (t,J= 7.4 Hz, 2H), 6.51 (d, J = 3.1 Hz, 2H), 6.64 (d, J= 7.1
o Hz, 2H), 6.76 (t, J = 7.8 Hz, 2H), 6.82 (d, J = 3.1 Hz, 2H), 6.90 (t, J =

7.4 Hz, 4H), 7.20 (dd, J = 7.8, 0.8 Hz, 2H), 7.27 (td, J = 6.7, 1.2 Hz,

O O 2H), 7.47 (d, J = 7.8 Hz, 2H), 7.73 (d, J = 7.8 Hz, 2H); '*C NMR

1hia (98.5 MHz, acetone-ds): & 35.6, 48.5, 101.7, 110.5, 119.8, 121.4,

122.0, 127.1, 128.9, 129.6, 131.8, 132.4, 132.5, 136.9, 139.8, 139.9, 201.1; IR (KBr): 3054 w, 3025
w, 2966 w, 2926 w, 2875 w, 2863 w, 1657 s, 1574 w, 1509 m, 1487 w, 1478 w, 1464 s, 1455 m, 1445
m, 1351 m, 1317 s, 1296 m, 1257 s, 1231 s, 1169 m, 1012 w, 931 m, 755 m, 730 s, 699 m, 640 m
cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C33H2sN>2NaO 491.2099; Found 491.2101.

o)
% 5 mol % Fe(PMes),
.
N neat, 60 °C, 20 h
<

1t 8a
0.3 mmol 1.5 equiv

Oy S

NN~

9ta 10ta

138



The general procedure was followed with 52.7 mg (0.3 mmol) of 1t, 64.8 mg (0.45 mmol) of 8a,
and 5.8 mg (0.015 mmol) of Fe(PMe3)s. Silica gel column chromatography (hexane:EtOAc = 30:1)
of the crude material afforded 83.6 mg (87% yield) of 9ta as a pale yellow oil and 7.6 mg (8% yield)

of 10ta as a yellow oil.

Alkylation product 9ta
"H NMR (399.7 MHz, C¢De): & 1.08 (s, 6H), 1.51 (t, J = 6.4 Hz, 2H), 2.48 (t,
% J=6.4 Hz, 2H), 3.38 (t, /= 7.6 Hz, 2H), 4.29 (t, /= 7.6 Hz, 2H), 6.47 (d, J =
7.6 Hz, 1H), 6.52 (d, /= 3.2 Hz, 1H), 6.68 (d, /= 6.8 Hz, 1H), 6.82 (t, J=7.6
Hz, 1H), 6.95 (d, J=3.2 Hz, 1H), 7.21 (t, J = 6.8 Hz, 1H), 7.30 (t, /= 7.2 Hz,
1H), 7.53 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 8.0 Hz, 1H); '*C NMR (98.5 MHz,
9ta CDCl): 6 24.7, 26.7, 36.3, 36.8, 42.9, 47.6, 100.6, 109.6, 119.0, 120.8, 121.2,
127.7, 128.3, 128.5, 130.4, 130.7, 132.0, 135.9, 141.4, 144.9, 205.3; IR (neat): 3057 w, 2963 m,
2925 m, 2866 w, 1678 s, 1592 m, 1512 m, 1465 s, 1383 w, 1356 w, 1336 w, 1315 m, 1221 m, 1206
m, 1167 m, 764 w, 741 s, 714 w cm’!; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C22H2;NNaO
340.1677; Found 340.1673.

N

Indolylation product 10ta

"H NMR (391.8 MHz, C¢Ds, 70 °C): § 1.00 (s, 6H), 1.05 (t, J = 7.1 Hz, 3H),
Q 1.59 (t,J= 6.3 Hz, 2H), 2.59 (t, J= 6.3 Hz, 2H), 3.82 (q, J = 7.1 Hz, 2H), 6.39 (s,
1H), 6.88 (d, J=7.4 Hz, 1H), 7.06 (t, /= 7.4 Hz, 1H), 7.14-7.30 (m, 4H), 7.69 (d,
O‘ J = 8.2 Hz, 1H); '*C NMR (98.5 MHz, C¢Ds, 70 °C): § 15.0, 24.4, 26.6, 36.8,
39.0, 42.4, 101.0, 109.9, 119.7, 121.0, 121.4, 129.2, 129.5, 131.0, 132.0, 132.9,
135.2, 137.0, 141.2, 144.0, 201.0; IR (neat): 2965 m, 2928 m, 2869 w, 1690 s,
1583 w, 1467 s, 1452 m, 1383 w, 1346 m, 1310 w, 1212 w, 1163 w, 775 w, 748 m, 732 w cm’';

HRMS (ESI-TOF) m/z: [M+Na]" Caled for C2,H23NNaO 340.1677; Found 340.1681.

\/N/

10ta
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O
F/% 5 mol % Fe(PMej3),
+
N cyclohexane 0.1 mL
K 60 °C, 20 h

1t 8b
0.3 mmol 1.5 equiv

9tb 10tb

The general procedure was followed with 52.6 mg (0.3 mmol) of 1t, 72.8 mg (0.45 mmol) of 8b,
and 5.6 mg (0.015 mmol) of Fe(PMes)s. The reaction was performed in 0.1 mL of cyclohexane, and
silica gel column chromatography (hexane:EtOAc = 30:1) of the crude material afforded 87.1 mg
(86% yield) of 9tb as a pale yellow oil and 8.5 mg (8% yield) of 10tb as a yellow oil.

Alkylation product 9tb

'"H NMR (391.8 MHz, acetone-ds): & 1.22 (s, 6H), 1.98 (t, J = 6.3 Hz,
F/% 2H), 3.03 (t, J = 6.3 Hz, 2H), 3.42 (t, J = 7.8 Hz, 2H), 4.36 (t, /= 7.8 Hz,
2H), 6.41 (dd, J = 3.1, 1.2 Hz, 1H), 6.81 (ddd, J = 9.8, 8.6, 2.0 Hz, 1H),
7.05 (d, J=7.4 Hz, 1H), 7.19 (d, J = 7.8 Hz, 1H), 7.25 (d, J= 3.1 Hz, 1H),
7.31 (t, J = 7.8 Hz, 1H), 7.39 (dd, J = 10.6, 2.4 Hz, 1H), 7.50 (dd, J = 9.0,
5.5 Hz, 1H); '*C NMR (98.5 MHz, acetone-de): & 25.0, 27.2, 36.9, 37.2,
43.5,48.3,96.9 (d, J=26.3 Hz), 101.8, 108.1 (d, J = 24.4 Hz), 122.1 (d, /= 10.3 Hz), 126.1, 128.8,
129.7 (d, J=3.7 Hz), 131.2, 131.5, 132.9, 137.0 (d, J = 12.2 Hz), 141.7, 146.0, 160.4 (d, J = 234.0
Hz), 205.7; IR (neat): 2963 w, 2925 m, 2868 w, 1677 s, 1622 m, 1591 m, 1514 m, 1487 m, 1470 s,
1453 s, 1330 m, 1303 m, 1247 m, 1218 m, 1151 m, 948 m, 801 m, 714 m cm’'; HRMS (ESI-TOF)
m/z: [M+Na]* Calcd for C2oH2,FNNaO 358.1583; Found 358.1588.

N

9tb
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Indolylation product 10tb
. "H NMR (391.8 MHz, C¢Ds): 6 0.89 (t, J = 7.4 Hz, 3H), 0.98 (br, 6H), 1.51 (br,
2H), 2.51 (t, J= 6.7 Hz, 2H), 3.61 (br, 2H), 6.34 (s, 1H), 6.83 (d, J = 7.4 Hz, 1H),
O 6.96-7.04 (m, 3H), 7.10 (d, J = 7.4 Hz, 1H), 7.43 (dd, J = 8.2, 5.5 Hz, 1H); 1*C
NMR (98.5 MHz, CsDs): 6 14.8, 24.3, 26.4, 36.4, 39.0, 42.3, 96.4 (d, J = 26.3
O‘ Hz), 100.6, 108.0 (d, J = 24.4 Hz), 121.5 (d, J = 9.4 Hz), 125.6, 129.5, 131.2,
131.9, 132.5, 134.4, 136.7 (d, J = 11.2 Hz), 141.8, 144.1, 160.2 (d, J = 234.9 Hz),
201.1; IR (neat): 2963 w, 2926 m, 2869 w, 1689 s, 1582 m, 1486 s, 1469 s, 1456
m, 1363 m, 1347 m, 1297 m, 1210 m, 1177 m, 976 m, 962 m, 827 m, 803 m cm; HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C22H2,FNNaO 358.1583; Found 358.1585.

Meo/%

\/N/

10tb

N
0] 0]
MeO \ 5 mol % Fe(PMes),
+
N cyclohexane 0.1 mL
K 60 °C, 20 h
1t 8c 9tc
0.3 mmol 1.5 equiv

The general procedure was followed with 52.2 mg (0.3 mmol) of 1t, 77.5 mg (0.45 mmol) of 8c,
and 5.8 mg (0.015 mmol) of Fe(PMes)s. The reaction was performed in 0.1 mL of cyclohexane, and
silica gel column chromatography (hexane:EtOAc = 20:1) of the crude material afforded 78.2 mg
(75% yield) of 9tc as a pale yellow oil.

Alkylation product 9tc
"H NMR (391.8 MHz, acetone-ds): § 1.22 (s, 6H), 1.99 (t, J = 6.3 Hz,
Meo% 2H), 3.04 (t, /= 6.3 Hz, 2H), 3.41 (t, J = 7.8 Hz, 2H), 3.89 (s, 3H), 4.33
o (t, J=7.8 Hz, 2H), 6.31 (dd, /= 3.1, 0.8 Hz, 1H), 6.66 (dd, J = 8.6, 2.4

Hz, 1H), 7.09 (d, J = 7.4 Hz, 1H), 7.12 (d, J = 3.1 Hz, 1H), 7.20 (d, J =

7.8 Hz, 1H), 7.32-7.36 (m, 2H), 7.38 (d, J = 8.6 Hz, 1H); '*C NMR (98.5

otc MHz, acetone-de): 8 25.0, 27.2, 36.9, 37.2, 43.5, 48.3, 55.7, 93.9, 101.4,

110.3, 121.7, 123.6, 127.6, 128.7, 131.4, 131.6, 133.0, 137.8, 141.8, 145.9, 157.1, 205.8; IR (neat):

3062 w, 2926 s, 1675 s, 1621 s, 1593 s, 1513 s, 1492 s, 1457 s, 1383 m, 1359 m, 1319 s, 1250 s,

1215 s, 1155 s, 1090 s, 1030 s, 935 m, 802 s, 708 m cm™'; HRMS (ESI-TOF) m/z: [M+Na]* Caled
for C23H2sNNaO, 370.1783; Found 370.1782.
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Ph™N_-N_
0 < 2 \) o
20 mol % Fe(PMe3),
+ N
toluene 0.4 mL O‘
N 60°C,20h

Ph

1t 8d 10td
0.3 mmol 1.5 equiv

The general procedure was followed with 52.7 mg (0.3 mmol) of 1¢t, 97.9 mg (0.45 mmol) of 8d,
and 21.2 mg (0.06 mmol) of Fe(PMes)s. The reaction was performed in 0.4 mL of toluene, and silica
gel column chromatography (hexane:EtOAc = 20:1) of the crude material afforded 12.0 mg (10%
yield) of 10td as a yellow oil.

Indolylation product 10td

'H NMR (391.8 MHz, C¢Ds, 70 °C): 8 0.99 (s, 6H), 1.57 (t, J = 6.3 Hz,
O 2H), 2.59 (t, J = 6.3 Hz, 2H), 2.84 (t, J = 7.4 Hz, 2H), 4.09 (br, 2H), 6.39 (s,
PPN 1H), 6.71-6.74 (m, 2H), 6.89 (t, J = 8.6 Hz, 2H), 6.94-6.96 (m, 3H), 7.02 (1,

O‘ J=17.4Hz, 1H),7.21 (td, J=7.1, 1.2 Hz, 1H), 7.27 (td, J = 8.2, 1.2 Hz, 1H),

7.32 (d, J = 7.8 Hz, 1H), 7.70 (d, J = 9.0 Hz, 1H); '*C NMR (98.5 MHz,

CsDs, 70 °C): 6 24.4, 26.6, 36.4, 36.7,42.4, 46.2, 101.2, 110.0, 119.8, 121.0,

121.5, 126.4, 128.6, 129.0, 129.2, 129.4, 131.1, 132.2, 132.7, 134.8, 137.3, 139.5, 141.5, 143.9,

201.1; IR (neat): 3059 w, 3026 w, 2961 w, 2924 m, 2868 w, 1685 s, 1583 w, 1458 s, 1397 w, 1351 m,

1309 w, 1212 w, 1161 w, 963 w, 771 m, 748 s, 735 s, 697 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]*
Calcd for C23H27NNaO 416.1990; Found 416.1990.

10td
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HIE

Preparation of MCP 12b.

Br
Me 13 mmol )\Br Me Br Me
2.2 equiv NaHMDS 1.2 equiv KO'Bu
X
toluene, rt, overnight DMSO, rt, overnight
1.1 equiv S-12b 12b
23% 53%

To an oven-dried 200 mL three-necked flask containing of sodium bis(trimethylsilyl)amide (28.8
mmol, 2.2 equiv), 2-methylstyrene (1.70 g, 14.4 mmol, 1.1 equiv), anhydrous toluene (50 mL), and a
magnetic stirring bar under nitrogen atmosphere was added dropwise 1,1-dibromoethane (2.46 g, 13
mmol, 1 equiv) at 0 °C followed by stirring at rt overnight. The reaction mixture was quenched by
saturated NH4ClI aqueous solution (20 mL) and washed with water. The aqueous layer was extracted
with diethyl ether. The combined organic layers were washed with brine, dried over anhydrous
MgSOs,, filtered and concentrated under reduced pressure. The crude material was purified by silica
gel flash column chromatography (hexane) to afford S-12b in 23% yield (670 mg).

To a solution of K‘OBu (402 mg, 3.57 mmol, 1.2 equiv) and anhydrous DMSO (5 mL) were added
S-12b (670 mg, 2.98 mmol, 1 equiv) dropwise at 0 °C. The mixture was stirred at rt overnight, and
then the reaction mixture was quenched with NH4Cl aqueous solution (10 mL), washed with water,
extracted with diethyl ether. The combined organic layers were washed with brine, dried over
anhydrous MgSQOs, filtered and concentrated under reduced pressure. The crude material was
purified by silica gel flash column chromatography (hexane) to afford 12b in 53% yield (226 mg) as
a pale yellow liquid: "H NMR (399.7 MHz, CDCls): § 1.09-1.14 (m, 1H), 1.73 (tt, J = 8.8, 2.4 Hz,
1H), 2.45 (s, 3H), 2.60-2.64 (m, 1H), 5.60 (d, /= 2.0 Hz, 1H), 5.66 (d, J=2.0 Hz, 1H), 7.05-7.17 (m,
4H); 3C NMR (98.5 MHz, CDCl3): & 12.8, 18.0, 19.6, 104.8, 125.5, 125.8, 126.1, 129.6, 134.9,
137.4, 139.1; IR (neat): 3069 m, 3047 m, 3021 m, 2991 m, 2974 m, 2925 m, 1747 w, 1604 w, 1490 s,
1460 m, 1125 m, 889 s, 776 w, 749 s, 724 m cm’'; HRMS (DART-TOF) m/z: [M+H]* Calcd for
CiiHi3 145.1017; Found 145.1017.

Preparation of MCP 121.
Br

Ph 13 mmol )\Br

Br
2.2 equiv NaHMDS \/\% 1.2 equiv KO'Bu \/WA
toluene, rt, overnight Ph DMSO, rt, overnight Ph

Me Me Me
1.1 equiv S-121 121
36% 78%
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To an oven-dried 200 mL three-necked flask containing of sodium bis(trimethylsilyl)amide (24.4
mmol, 2.2 equiv), 2-methyl-4-phenyl-1-butene (1.79 g, 12.2 mmol, 1.1 equiv), anhydrous toluene
(40 mL), and a magnetic stirring bar under nitrogen atmosphere was added dropwise
1,1-dibromoethane (2.09 g, 11.1 mmol, 1 equiv) at 0 °C followed by stirring at rt overnight. The
reaction mixture was quenched by saturated NH4Cl aqueous solution (20 mL) and washed with water.
The aqueous layer was extracted with diethyl ether. The combined organic layers were washed with
brine, dried over anhydrous MgSQs, filtered and concentrated under reduced pressure. The crude
material was purified by silica gel flash column chromatography (hexane) to afford S-121 in 36%
yield (1.01 g).

To a solution of K‘OBu (534 mg, 4.76 mmol, 1.2 equiv) and anhydrous DMSO (6 mL) were added
S-121 (1.01 g, 3.96 mmol, 1 equiv) dropwise at 0 °C. The mixture was stirred at rt overnight, and
then the reaction mixture was quenched with NH4Cl aqueous solution (10 mL), washed with water,
extracted with diethyl ether. The combined organic layers were washed with brine, dried over
anhydrous MgSQOs, filtered and concentrated under reduced pressure. The crude material was
purified by silica gel flash column chromatography (hexane) to afford 121 in 78% yield (534 mg) as
a colorless liquid: '"H NMR (395.9 MHz, CDCls): 8 0.92 (dt, J = 8.6, 2.0 Hz, 1H), 0.96 (dt, J = 8.6,
2.0 Hz, 1H), 1.21 (s, 3H), 1.58-1.66 (m, 1H), 1.73-1.80 (m, 1H), 2.62-2.77 (m, 2H), 5.25 (s, 1H),
5.26-5.28 (m, 1H), 7.15-7.19 (m, 3H), 7.25-7.29 (m, 2H); '*C NMR (99.6 MHz, CDCls): § 16.9,
19.9, 21.6, 33.4, 40.0, 101.4, 125.6, 128.3, 128.4, 142.5, 142.9; IR (neat): 3063 w, 3028 m, 2987 w,
2924 m, 2859 w, 1497 m, 1454 m, 1376 w, 1030 w, 1011 w, 885 s, 745 m, 716 w cm’'; HRMS
(DART-TOF) m/z: [M+H]" Caled for Ci3H;7 173.1330; Found 173.1330.

General Procedure for Iron-Catalyzed C—H Homoallylation of Aromatic Ketones with MCPs.
An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with the
aromatic ketone (0.3-0.6 mmol), the MCP (0.3-0.33 mmol), Fe(PMes)s (0.015-0.06 mmol, 5-20
mol %), and the solvent (0.4-3.2 mL) in a glove box and transferred out of the glove box. The
resulting mixture was heated for 20 h. The reaction mixture was cooled to room temperature, and
then the mixture was passed through a short plug of silica gel using ethyl acetate as an eluent to
remove the remaining iron complexes. All the volatile materials of the eluate were removed by
rotary evaporation. The crude material was purified by silica gel flash column chromatography,

bulb-to-bulb distillation, or gel permeation chromatography (GPC) in some cases.
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O 0]
A 5 mol % Fe(PMe3),
[ j Bu + R! + Bu
cyclohexane 0.4 mL
FsC R®  40°C,20h F4C
1e 12 13 14
0.3 mmol 1.1 equiv
Homoallylation product 13ea
A The general procedure was followed with 69.0 mg (0.3 mmol) of 1e, 42.6 mg
Ph o (0.33 mmol) of 12a, and 5.3 mg (0.015 mmol) of Fe(PMes)s. The reaction was
gy performed in 0.4 mL of cyclohexane at 40 °C, and silica gel column
F3C chromatography (hexane:EtOAc = 50:1) of the crude material afforded 100 mg
13ea (93% yield) of 13ea as a colorless oil: 'H NMR (391.8 MHz, CDCls): & 1.24 (s,

9H), 2.84-2.94 (m, 2H), 3.61 (q, J = 7.4 Hz, 1H), 4.96 (dt, /= 17.2, 1.6 Hz, 1H), 5.04 (dt, /= 10.2,
1.2 Hz, 1H), 6.02 (ddd, J=17.2, 10.2, 7.4 Hz, 1H), 7.11-7.13 (m, 3H), 7.20 (dt, J= 7.4, 2.4 Hz, 1H),
7.23-7.30 (m, 3H), 7.42 (d, J = 7.8 Hz, 1H); '3C NMR (98.5 MHz, CDCl3):  27.5, 40.2, 44.9, 50.7,
115.5, 122.2 (q, J = 3.7 Hz), 123.7 (q, J = 272.5 Hz), 125.0, 126.6, 127.5 (q, J = 3.7 Hz), 127.7,
128.5, 130.1 (q, J = 32.9 Hz), 137.1, 140.2, 142.9, 144.2, 213.9; IR (neat): 3030 w, 2971 s, 2872 w,
1691 s, 1477 m, 1415 m, 1334 s, 1203 m, 1167 s, 1129 s, 1079 s, 966 s, 919 m, 836 m, 701 s cm’!;
HRMS (ESI-TOF) m/z: [M+Na]" Caled for C2,H»3F3NaO 383.1599; Found 383.1599.

Homoallylation product 13eb
The general procedure was followed with 68.4 mg (0.3 mmol) of le, 47.5
mg (0.33 mmol) of 12b, and 5.4 mg (0.015 mmol) of Fe(PMes)s. The reaction

was performed in 0.4 mL of cyclohexane at 40 °C, and silica gel column

chromatography (hexane:EtOAc = 50:1) of the crude material afforded 96.2
13eb mg (86% yield) of 13eb as a pale yellow oil: '"H NMR (391.8 MHz, CDCl;): &
1.24 (s, 9H), 2.06 (s, 3H), 2.84 (dd, /= 13.7, 7.8 Hz, 1H), 2.92 (dd, /= 13.3, 7.4 Hz, 1H), 3.92 (q, J
= 7.8 Hz, 1H), 494 (dt, /= 17.2, 1.6 Hz, 1H), 5.03 (dt, J = 10.2, 1.6 Hz, 1H), 5.96 (ddd, J = 17.2,
10.2, 7.1 Hz, 1H), 7.01 (s, 1H), 7.05 (d, J= 6.7 Hz, 1H), 7.10 (td, J= 7.4, 1.6 Hz, 1H), 7.19-7.25 (m,
3H), 7.41 (d, J = 7.8 Hz, 1H); 3C NMR (98.5 MHz, CDCls, 50 °C): § 19.2, 27.5, 39.9, 45.0, 45.7,
115.0, 122.2 (q, J = 3.8 Hz), 123.7 (q, J = 272.5 Hz), 125.0, 126.3, 126.4, 126.9, 127.5 (q, J = 3.7
Hz), 130.2 (q, J = 31.9 Hz), 130.5, 136.3, 137.2, 140.6, 140.8, 144.5, 213.5; IR (neat): 2969 s, 2871
m, 1691 s, 1477 m, 1462 m, 1415 m, 1332 s, 1203 m, 1166 s, 1128 s, 1078 s, 966 s, 918 m, 836 s,
743 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C23HpsF3NaO 397.1755; Found 397.1755.
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Homoallylation product 13ec
The general procedure was followed with 69.2 mg (0.3 mmol) of 1e,
52.6 mg (0.33 mmol) of 12¢, and 5.9 mg (0.015 mmol) of Fe(PMes)a.

The reaction was performed in 0.4 mL of cyclohexane at 40 °C, and

silica gel column chromatography (hexane:EtOAc = 20:1) of the crude

13ec material afforded 88.3 mg (75% yield) of 13ec as a pale yellow oil: 'H
NMR (391.8 MHz, CDCl3): 6 1.24 (s, 9H), 2.81-2.91 (m, 2H), 3.57 (q, J= 7.4 Hz, 1H), 3.77 (s, 3H),
4.94 (dt,J=17.2, 1.6 Hz, 1H), 5.02 (dt, /= 10.2, 1.2 Hz, 1H), 5.99 (ddd, /= 17.2, 10.2, 7.4 Hz, 1H),
6.81 (d, J= 8.6 Hz, 2H), 7.03 (d, /= 9.0 Hz, 2H), 7.12 (s, 1H), 7.24 (d, J= 8.2 Hz, 1H), 7.41 (d, J =
7.1 Hz, 1H); 3C NMR (98.5 MHz, CDCls, 50 °C): § 27.6, 40.4, 44.9, 49.8, 55.3, 114.1, 115.1, 122.2
(9, J=3.7Hz), 123.8 (q, J=272.5 Hz), 125.0, 127.7 (q, J = 3.7 Hz), 128.7, 130.2 (q, /= 31.9 Hz),
135.0, 137.4, 140.7, 144.4, 158.5, 213.6; IR (neat): 2969 m, 1692 s, 1610 m, 1512 s, 1464 m, 1415
m, 1333 s, 1250 s, 1166 s, 1128 s, 1078 s, 1037 m, 966 s, 918 m, 832 s cm™'; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C23H25F3NaO; 413.1704; Found 413.1704.

Homoallylation product 13ed

The general procedure was followed with 69.3 mg (0.3 mmol) of 1e, 49.0
mg (0.33 mmol) of 12d, and 5.7 mg (0.015 mmol) of Fe(PMes)s. The
reaction was performed in 0.4 mL of cyclohexane at 40 °C, and silica gel
column chromatography (hexane:EtOAc = 50:1) of the crude material
afforded 99.3 mg (87% yield) of 13ed as a pale yellow oil: '"H NMR (395.9
MHz, CDCls): 6 1.24 (s, 9H), 2.82 (dd, J = 13.9, 7.5 Hz, 1H), 2.89 (dd, J = 14.3, 7.1 Hz, 1H), 3.62
(q, J=7.1 Hz, 1H), 4.96 (dt, /= 17.0, 1.2 Hz, 1H), 5.06 (dt, J = 10.3, 1.6 Hz, 1H), 5.99 (ddd, J =
17.4,10.3, 7.5 Hz, 1H), 6.93-6.98 (m, 2H), 7.05-7.09 (m, 2H), 7.11 (s, 1H), 7.25 (d, J = 8.3 Hz, 1H),
7.42 (d, J = 7.5 Hz, 1H); *C NMR (99.6 MHz, CDCl;): & 27.4, 40.3, 45.0, 49.8, 115.3 (d, J = 20.9
Hz), 115.6, 122.3 (q, J = 3.8 Hz), 123.7 (q, J=271.0 Hz), 125.1, 127.6 (¢, J=3.9 Hz), 129.1 (d, J =
7.6 Hz), 130.1 (q, J = 32.4 Hz), 136.8, 138.5 (d, J = 2.8 Hz), 140.1, 144.2, 161.6 (d, J = 245.2 Hz),
213.8; IR (neat): 3082 w, 2970 m, 2872 w, 1692 s, 1509 s, 1415 m, 1334 s, 1281 m, 1226 s, 1167 s,
1129 s, 1078 s, 967 s, 921 m, 835 s cm’!; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C2H2,F4NaO
401.1505; Found 401.1505.

Homoallylation product 13ee
The general procedure was followed with 69.8 mg (0.3 mmol) of le,
55.6 mg (0.33 mmol) of 12e, and 6.2 mg (0.015 mmol) of Fe(PMes)s. The

gy reaction was performed in 0.4 mL of cyclohexane at 40 °C, and silica gel

column chromatography (hexane:EtOAc = 50:1) of the crude material

13ee
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afforded 94.6 mg (79% yield) of 13ee as a pale yellow oil: "H NMR (391.8 MHz, CDCl;): & 1.24 (s,
9H), 2.82 (dd, J=13.7, 7.4 Hz, 1H), 2.88 (dd, /= 14.1, 7.8 Hz, 1H), 3.61 (q, J = 7.4 Hz, 1H), 4.95
(d, J=17.2 Hz, 1H), 5.06 (d, J= 10.6 Hz, 1H), 5.97 (ddd, J = 17.2, 10.2, 7.4 Hz, 1H), 7.05 (d, J =
8.6 Hz, 2H), 7.14 (s, 1H), 7.23-7.25 (m, 3H), 7.43 (d, J = 7.4 Hz, 1H); '*C NMR (98.5 MHz,
CDCl): 6 27.4, 40.2, 45.0, 50.0, 116.0, 122.4 (q, J= 3.7 Hz), 123.6 (q, J=272.5 Hz), 125.1, 127.6
(q, J = 3.7 Hz), 128.6, 129.0, 130.2 (q, J = 32.9 Hz), 132.3, 136.7, 139.7, 141.4, 144.2, 213.8; IR
(neat): 3084 w, 2971 s, 2872 w, 1691 s, 1492 s, 1477 m, 1415 m, 1333 s, 1280 m, 1203 s, 1167 s,
1130's, 1092 s, 1077 s, 1014 m, 966 s, 922 m, 834 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd
for C2oH2,CIF3NaO 417.1209; Found 417.1210.

Homoallylation product 13ef

The general procedure was followed with 68.8 mg (0.3 mmol) of 1le,
59.6 mg (0.33 mmol) of 12f, and 5.8 mg (0.015 mmol) of Fe(PMe3)s. The
reaction was performed in 0.4 mL of cyclohexane at 40 °C, and silica gel
column chromatography (hexane:EtOAc = 50:1) of the crude material
afforded 88.9 mg (72% yield) of 13ef as a pale yellow solid: Mp
94-95 °C; 'H NMR (391.8 MHz, CDCls): & 1.25 (s, 9H), 2.99 (d, J = 7.4 Hz, 2H), 3.81 (q, /= 7.4
Hz, 1H), 4.99 (d, /= 16.8 Hz, 1H), 5.08 (d, /= 10.2 Hz, 1H), 6.09 (ddd, /= 17.6, 10.6, 7.8 Hz, 1H),
7.24-7.27 (m, 2H), 7.31 (dd, J = 8.6, 1.6 Hz, 1H), 7.40-7.47 (m, 3H), 7.56 (s, 1H), 7.74-7.81 (m,
3H); *C NMR (98.5 MHz, acetone-ds): 8 27.7, 40.5, 45.3, 51.7, 115.8, 123.1 (q, J = 3.7 Hz), 124.8
(q,J=272.1 Hz), 126.3, 126.4, 126.8, 126.87, 126.95, 128.3, 128.37, 128.39 (q, J = 3.7 Hz), 128.9,
130.3 (q, J=31.9 Hz), 133.3, 134.5, 138.2, 141.6, 145.58, 145.59, 213.8; IR (KBr): 3060 w, 2971 w,
2873 w, 1686 s, 1331 s, 1168 s, 1126 s, 1076 m, 967 m, 956 w, 922 m, 837 m, 817 w, 756 m cm’';
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for Co6H25F3NaO 433.1755; Found 433.1755.

Homoallylation product 13eg
The general procedure was followed with 68.9 mg (0.3 mmol) of 1e, 53.6
mg (0.33 mmol) of 12g, and 5.2 mg (0.015 mmol) of Fe(PMes3)s. The

reaction was performed in 0.4 mL of cyclohexane at 40 °C, and silica gel

column chromatography (hexane:EtOAc = 30:1) of the crude material

13eg afforded 110 mg (95% yield) of 13eg as a pale yellow oil: '"H NMR (391.8
MHz, CDCl3): 6 1.22 (s, 9H), 1.56-1.63 (m, 1H), 1.66-1.75 (m, 1H), 2.32-2.41 (m, 1H), 2.47-2.54
(m, 2H), 2.60-2.71 (m, 2H), 4.89 (dd, J = 17.2, 0.8 Hz, 1H), 5.03 (dd, J = 10.2, 1.6 Hz, 1H), 5.59
(ddd, J=16.8, 10.2, 8.6 Hz, 1H), 7.12-7.19 (m, 3H), 7.23-7.28 (m, 3H), 7.41 (s, 1H), 7.44 (d, /= 8.2
Hz, 1H); 3C NMR (98.5 MHz, CDCl5): § 27.4, 33.3, 36.2, 39.1, 44.7, 44.9, 116.4, 122.1 (q, J = 3.7
Hz), 123.8 (q, J = 272.5 Hz), 125.0, 125.7, 127.2 (q, J = 3.7 Hz), 128.31, 128.33, 130.3 (q, J = 32.9
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Hz), 137.7, 141.0, 142.1, 144.2, 213.8; IR (neat): 3028 w, 2970 s, 2934 m, 2871 m, 1693 s, 1415 m,
1332 s, 1280 m, 1201 m, 1168 s, 1128 s, 1082 s, 966 s, 954 m, 917 m, 835 m, 744 m, 700 s cm’!;
HRMS (ESI-TOF) m/z: [M+Na]" Calecd for Co4Ho7F3NaO 411.1912; Found 411.1912.

Homoallylation product 13eh

AN The general procedure was followed with 68.7 mg (0.3 mmol) of le, 54.7
CaHis o mg (0.33 mmol) of 12h, and 5.8 mg (0.015 mmol) of Fe(PMes)s. The reaction
gy was performed in 0.4 mL of cyclohexane at 40 °C, and silica gel column

FaC chromatography (hexane:EtOAc = 30:1) of the crude material afforded 114 mg
13eh (96% yield) of 13eh as a colorless oil: 'H NMR (391.8 MHz, CDCls): § 0.87 (t,

J=17.1Hz, 3H), 1.13-1.46 (m, 14H), 1.25 (s, 9H), 2.25-2.34 (m, 1H), 2.45 (dd, J=13.7, 9.0 Hz, 1H),
2.60 (dd, J = 14.1, 6.3 Hz, 1H), 4.81 (dd, J=17.2, 2.0 Hz, 1H), 4.93 (dd, J=9.8, 2.0 Hz, 1H), 5.52
(ddd, J=17.2,10.2, 8.6 Hz, 1H), 7.23 (d, J= 7.8 Hz, 1H), 7.43-7.45 (m, 2H); '*C NMR (98.5 MHz,
CDCl): & 14.1, 22.6, 27.1, 27.5, 29.3, 29.5, 29.6, 31.9, 34.7, 39.3, 44.9, 45.2, 115.6, 122.0 (q, J =
3.7 Hz), 123.9 (q, J = 272.5 Hz), 125.0, 127.4 (q, J = 3.7 Hz), 130.2 (q, J = 32.9 Hz), 138.0, 141.5,
144.2, 213.8; IR (neat): 3079 m, 2927 s, 2857 s, 1695 s, 1477 s, 1463 s, 1415 s, 1366 m, 1332 s,
1281 s, 1202 s, 1167 s, 1130 s, 1079 s, 995 m, 966 s, 953 s, 915 s, 834 s cm™'; HRMS (ESI-TOF)
m/z: [M+Na]* Calcd for C4H35F3NaO 419.2538; Found 419.2538.

Homoallylation product 13ei

A The general procedure was followed with 69.5 mg (0.3 mmol) of 1le,

Ph_©O o 57.1 mg (0.33 mmol) of 12i, and 5.2 mg (0.015 mmol) of Fe(PMe3)s. The
tgy reaction was performed in 0.4 mL of cyclohexane at 40 °C, and silica gel

FsC column chromatography (hexane:EtOAc = 40:1) of the crude material

13ei afforded 105 mg (86% yield) of 13ei as a colorless oil: "H NMR (395.9

MHz, CDCL): § 1.23 (s, 9H), 2.48 (dd, J = 13.9, 8.3 Hz, 1H), 2.63-2.72 (m, 1H), 2.86 (dd, J= 13.9,
6.3 Hz, 1H), 3.36-3.43 (m, 2H), 4.47 (d, J = 12.3 Hz, 1H), 4.53 (d, J = 12.3 Hz, 1H), 4.96 (dd, J =
17.4, 0.8 Hz, 1H), 5.03 (dd, J= 10.3, 0.8 Hz, 1H), 5.73 (ddd, J= 17.0, 10.3, 7.9 Hz, 1H), 7.23 (d, J =
8.3 Hz, 1H), 7.25-7.36 (m, 5H), 7.45 (d, J = 8.3 Hz, 1H), 7.50 (s, 1H); '°*C NMR (99.6 MHz,
CDCls): § 27.3, 35.5, 44.9, 45.1, 72.6, 72.9, 116.7, 122.2 (q, J = 3.8 Hz), 123.8 (q, J = 272.0 Hz),
125.0, 127.45 (q, J = 3.8 Hz), 127.49, 127.55, 127.9, 130.3 (q, J = 32.5 Hz), 137.4, 138.3, 138.5,
144.4, 213.8; IR (neat): 3033 w, 2969 s, 2871 m, 1692 s, 1477 m, 1415 m, 1362 m, 1333 s, 1203 s,
1167 s, 1128's, 966 s, 954 s, 919 m, 835 m, 741 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Caled for
C24H2F3NaO, 427.1861; Found 427.1861.
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Homoallylation product 13ej

A The general procedure was followed with 68.6 mg (0.3 mmol) of 1e, 67.9 mg
P';h o (0.33 mmol) of 12j, and 5.3 mg (0.015 mmol) of Fe(PMe;)s. The reaction was
gy performed in 0.4 mL of cyclohexane at 40 °C, and the yields were determined by

FsC '"H NMR using fluorene as an internal standard (13ej: 83 % yield, 14ej: 5%
13ej yield). In order to separate 13ej from 14ej, silica gel column chromatography

(hexane:EtOAc = 40:1) of the crude material was conducted three times to afford 34.4 mg (26%
yield) of 13ej as colorless oil: 'H NMR (395.9 MHz, CDCls): 6 1.27 (s, 9H), 3.58 (s, 2H), 4.58 (dd, J
=174, 0.8 Hz, 1H), 5.24 (dd, /= 10.3, 0.8 Hz, 1H), 6.21 (dd, J = 17.4, 10.7 Hz, 1H), 6.61 (s, 1H),
7.17-7.20 (m, 5H), 7.22-7.26 (m, 2H), 7.28-7.32 (m, 4H), 7.37 (d, J = 7.9 Hz, 1H); *C NMR (99.6
MHz, CDCl3): 6 27.7,42.9, 45.0, 54.8, 116.9, 122.4 (q, J= 2.9 Hz), 123.5 (q, J = 272.0 Hz), 124.9,
126.5, 127.6 (q, J= 3.9 Hz), 128.1, 128.9, 129.7 (q, J = 32.4 Hz), 135.0, 142.9, 145.6, 145.7, 214.2;
IR (neat): 3086 m, 3060 m, 3025 m, 2968 s, 2934 m, 2871 m, 1695 s, 1495 m, 1445 m, 1411 m,
1333 s, 1164 s, 1124 s, 1083 s, 965 s, 954 s, 834 s, 759 m, 741 m cm’; HRMS (ESI-TOF) m/z:
[M+Na]" Caled for CosH»7F3NaO 459.1912; Found 459.1912.

Ph_ _Ph Compound 14ej could not be isolated in a pure form and was obtained as a
mixture with 13ej. The partial characterization of 14ej in the mixture was as

tgy follows: 'TH NMR (395.9 MHz, CDCl3): & 1.07 (s, 9H), 1.77 (dd, J= 15.3, 9.4 Hz,
FsC 1H), 1.93-2.01 (m, 1H), 2.79 (dd, J = 15.3, 5.1 Hz, 1H). The analytic data for
14ej 14ej are in good agreement with those for

(2-benzylcyclopropane-1,1-diyl)dibenzene.'%

R? R!
X
. A
O R2 0] 0]
©)Lt8u . RHA 5 mol % Fe(PMes), By s -
cyclohexane 0.4 mL
R®>  40°C,20h
1a 12 13 14
0.3 mmol 1.1 equiv
Homoallylation product 13aj
A The general procedure was followed with 49.1 mg (0.3 mmol) of 1a, 69.4 mg
Ph o (0.33 mmol) of 12j, and 5.4 mg (0.015 mmol) of Fe(PMes)s. The reaction was

Ph
gy Pperformed in 0.4 mL of cyclohexane at 40 °C, and the yields were determined by

'"H NMR using fluorene as an internal standard (13aj: 80 % yield, 14aj: 5%

13aj yield). In order to separate 13aj from 14aj, silica gel column chromatography
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(hexane:EtOAc = 30:1) of the crude material was conducted four times to afford 82.4 mg (74%
yield) of 13aj as a white solid: Mp 105-106 °C; 'H NMR (395.9 MHz, CDCl;): 6 1.26 (s, 9H), 3.59
(s, 2H), 4.59 (dd, J=17.4, 1.2 Hz, 1H), 5.23 (dd, /= 11.1, 1.2 Hz, 1H), 6.27 (dd, J=17.0, 10.7 Hz,
1H), 6.48 (d, J = 8.3 Hz, 1H), 6.91-6.95 (m, 1H), 7.08-7.13 (m, 2H), 7.19-7.24 (m, 6H), 7.26-7.30
(m, 4H); C NMR (98.5 MHz, CDCl3): § 27.8, 42.7, 44.9, 54.8, 116.6, 124.5, 125.3, 126.2, 127.7,
127.9, 129.0, 130.5, 134.0, 142.5, 143.4, 146.2, 215.3; IR (KBr): 3057 w, 2983 m, 2927 w, 2901 w,
2868 w, 1676 s, 1494 m, 1443 m, 1364 w, 1184 w, 1021 w, 962 m, 922 m, 758 m, 750 m, 739 m
cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C27H2sNaO 391.2038; Found 391.2038.

Ph  Ph Compound 14aj could not be isolated in a pure form and was obtained as a
° mixture with 13aj. The partial characterization of 14aj in the mixture was as

- follows: '"H NMR (391.8 MHz, CDCl3): § 1.07 (s, 9H), 1.29 (dd, J= 8.2, 5.5 Hz,

1H), 1.41 (t, J= 5.5 Hz, 1H), 1.71 (dd, J = 15.3, 9.8 Hz, 1H), 1.93-2.01 (m, 1H),

14aj 2.75 (dd, J=15.3, 5.1 Hz, 1H). The analytic data for 14aj are in good agreement

with those for (2-benzylcyclopropane-1,1-diyl)dibenzene.!*

Homoallylation product 13ak

A The general procedure was followed with 48.2 mg (0.3 mmol) of 1a, 44.1 mg
Ph o (0.33 mmol) of 12k, and 5.6 mg (0.015 mmol) of Fe(PMes)s. The reaction was
Me

gy Pperformed in 0.4 mL of cyclohexane at 40 °C, and the yields were determined by

"H NMR using fluorene as an internal standard (13ak: 82 % yield). In order to

13ak separate 13ak from 14ak, silica gel column chromatography (hexane:EtOAc =
40:1) of the crude material was conducted three times to afford 71.0 mg (78% yield) of 13ak as a
colorless oil: '"H NMR (391.8 MHz, CDCl;): § 1.22 (s, 9H), 1.28 (s, 3H), 2.97 (d, J = 14.1 Hz, 1H),
3.04 (d,J=13.7Hz, 1H), 4.99 (dd, J=17.2, 0.8 Hz, 1H), 5.11 (dd, J=11.0, 1.2 Hz, 1H), 6.15 (dd, J
=172, 11.0 Hz, 1H), 6.63 (d, /= 7.8 Hz, 1H), 7.04 (dd, /= 7.8, 1.6 Hz, 1H), 7.08 (dd, J="7.8, 1.2
Hz, 1H), 7.12-7.16 (m, 1H), 7.20-7.25 (m, 1H), 7.29-7.33 (m, 4H); '3C NMR (98.5 MHz, CDCl5): §
242, 2777, 445, 45.0, 45.5, 112.3, 124.5, 125.4, 126.1, 127.0, 127.6, 128.2, 130.4, 134.4, 142.0,
146.9, 147.2, 215.7; IR (neat): 3059 m, 3024 w, 2970 s, 2870 m, 1689 s, 1494 m, 1477 s, 1461 m,
1444 m, 1365 m, 1444 m, 1365 m, 1271 m, 1186 m, 1029 m, 963 s, 946 m, 916 m, 764 s, 701 s cm’!;

HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C22H26NaO 329.1881; Found 329.188]1.
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o) M o) o

10 mol % Fe(PMe3), e

t) + 1 + 1

Bu Ph cyclohexane 0.4 mL Bu Bu
Me 40 °C, 20 h

1a 121 13al 14al
0.3 mmol 1.1 equiv

Homoallylation product 13al
The general procedure was followed with 48.7 mg (0.3 mmol) of 1a, 56.8

x
o o o mg (0.33 mmol) of 121, and 10.8 mg (0.03 mmol) of Fe(PMe3)s. The reaction
gy Was performed in 0.4 mL of cyclohexane at 40 °C, and the yields were
determined by 'H NMR using fluorene as an internal standard (13al: 83 %
13al yield). In order to separate 13al from 14al, silica gel column chromatography

(hexane:EtOAc = 50:1) of the crude material was conducted five times to afford 78.7 mg (78%
yield) of 13al as a pale yellow oil: 'H NMR (395.9 MHz, CDCls): § 0.97 (s, 3H), 1.20 (s, 9H),
1.62-1.67 (m, 2H), 2.49-2.54 (m, 3H), 2.68 (d, J = 13.9 Hz, 1H), 4.89 (dd, J = 17.4, 0.8 Hz, 1H),
5.11 (dd, J = 10.7, 1.2 Hz, 1H), 5.87 (dd, J = 17.4, 11.1 Hz, 1H), 7.10 (dd, J = 7.1, 0.8 Hz, 1H),
7.15-7.31 (m, 8H); '3C NMR (98.5 MHz, CDCl3): § 21.1, 27.7, 30.8, 41.6, 44.0, 44.9, 45.0, 113.1,
124.7,125.4, 125.6, 127.7, 128.30, 128.33, 131.1, 134.8, 141.7, 143.0, 146.5, 215.6; IR (neat): 3026
w, 2969 s, 2869 m, 1690 s, 1476 m, 1458 m, 1365 w, 1185 w, 963 s, 944 m, 913 m, 750 m, 719 m
cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C24H30NaO 357.2194; Found 357.2194.

Ph
X
Ph
o] Ph o] Ph* 0
/©)L — A 20 mol % Fe(PMes), — -
cyclohexane 0.4 mL
FsC Ph Ph - 40°c,20h FsC FsC
1e 12m 13em 14em
2 equiv 0.3 mmol
Homoallylation product 13em
A The general procedure was followed with 139 mg (0.6 mmol) of le, 62.4 mg
Ph Phy (0.3 mmol) of 12m, and 21.7 mg (0.06 mmol) of Fe(PMes)s. The reaction was
gy performed in 0.4 mL of cyclohexane at 40 °C, and the yield was determined by
FsC "H NMR using fluorene as an internal standard (13em: 46% yield). In order to
13em separate 13em from 14em, silica gel column chromatography (hexane:EtOAc =

50:1) of the crude material was conducted twice to afford 22.0 mg (17% yield) of 13em as a white
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solid: Mp 79-80 °C; 'H NMR (399.7 MHz, CDCl3): § 1.13 (s, 9H), 4.07 (dd, J = 11.2, 8.4 Hz, 1H),
447 (d, J =11.2 Hz, 1H), 4.96-5.02 (m, 2H), 5.96 (ddd, J = 17.2, 10.4, 8.4 Hz, 1H), 6.89-6.91 (m,
2H), 6.97-7.10 (m, 6H), 7.15 (t, J = 7.2 Hz, 2H), 7.35 (d, J = 8.4 Hz, 1H), 7.47 (d, J = 8.0 Hz, 1H),
7.97 (s, 1H); 3C NMR (99.6 MHz, acetone-de): & 28.3, 45.1, 52.8, 55.7, 116.7, 123.0 (q, J = 37.8
Hz), 125.1 (q, J = 272.0 Hz), 126.7, 126.98, 127.04, 127.2 (q, J = 37.8 Hz), 128.8, 129.1, 129.7,
131.2 (q,J=32.5 Hz), 141.7, 142.4, 142.5, 143.3, 145.39, 145.41, 213.8; IR (neat): 3063 w, 3030 w,
2972 w, 2934 w, 2906 w, 1686 m, 1495 w, 1477 w, 1454 w, 1415 w, 1396 w, 1367 w, 1331 s, 1281 w,
1167 s, 1129 s, 1077 m, 991 w, 966 m, 955 m, 916 w, 836 w, 758 w, 744 m, 700 s cm’!; HRMS
(ESI-TOF) m/z: [M+Na]* Calcd for CosH27F3NaO 459.1912; Found 459.1911.

X
O Ph O
: Il By + /A 10 mol % Fe(PMe3), -
Ph cyclohexane 0.4 mL
Et0,C 40°C, 20 h Et0,C
1y 12a 13ya
0.3 mmol 1.1 equiv
Homoallylation product 13ya
x The general procedure was followed with 69.7 mg (0.3 mmol) of 1y, 42.9
Ph o mg (0.33 mmol) of 12a, and 11.2 mg (0.03 mmol) of Fe(PMe3)s. The reaction
gy, Wwas performed in 0.4 mL of cyclohexane at 40 °C, and gel permeation
EtO,C chromatography (toluene) of the crude material afforded 67.9 mg (63% yield)
13ya of 13ya as a pale yellow oil: '"H NMR (395.9 MHz, CDCl3): 6 1.23 (s, 9H),

1.37 (t,J= 7.5 Hz, 3H), 2.86-2.95 (m, 2H), 3.66 (q, J = 7.5 Hz, 1H), 4.29-4.40 (m, 2H), 4.93 (d, J =
17.0 Hz, 1H), 5.01 (d, J = 9.9 Hz, 1H), 6.01 (ddd, J = 17.8, 10.3, 7.5 Hz, 1H), 7.15-7.21 (m, 4H),
7.26-7.30 (m, 2H), 7.69 (s, 1H), 7.84 (d, J = 7.5 Hz, 1H); '*C NMR (98.5 MHz, CDCl3): § 14.3, 27.5,
40.0, 44.9, 50.6, 61.0, 115.4, 124.6, 126.47, 126.50, 127.7, 128.5, 130.0, 131.7, 136.4, 140.4, 143.3,
145.1, 166.0, 214.4; IR (neat): 3029 w, 2976 s, 2871 m, 1720 s, 1690 s, 1476 m, 1366 m, 1292 s,
1255 s, 1200 s, 1111 s, 1025 m, 966 s, 917 m, 774 m, 756 m, 701 s cm™'; HRMS (ESI-TOF) m/z:
[M+Na]* Caled for C24H2sNaO3 387.1936; Found 387.1936.
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Ph
b A
(0] Ph (0] (0]
5 mol % Fe(PMej),
Bu + /A Bu + Bu
Ph cyclohexane 0.4 mL
NC 40°C,20 h NC NC

1z 12a 13za 14za
0.3 mmol 1.1 equiv

Homoallylation product 13za

N The general procedure was followed with 55.9 mg (0.3 mmol) of 1z, 43.7 mg

Ph o (0.33 mmol) of 12a, and 5.8 mg (0.015 mmol) of Fe(PMes)s. The reaction was

gy performed in 0.4 mL of cyclohexane at 40 °C, and the yields were determined by

NC '"H NMR using fluorene as an internal standard (13za: 52 % yield, 14za: 3%
13za

yield). In order to separate 13za from 14za, silica gel column chromatography
(hexane:EtOAc = 20:1) of the crude material was conducted twice to afford 14.1 mg (15% yield) of
13za as a colorless oil: '"H NMR (395.9 MHz, CDCl3): & 1.24 (s, 9H), 2.82-2.91 (m, 2H), 3.59 (q, J =
7.1 Hz, 1H), 4.96 (d, J = 17.8 Hz, 1H), 5.05 (d, /= 9.9 Hz, 1H), 5.99 (ddd, J = 17.4, 10.3, 7.5 Hz,
1H), 7.12 (d, J = 7.1 Hz, 2H), 7.20-7.24 (m, 3H), 7.27-7.31 (m, 2H), 7.46 (dd, J= 7.5, 0.8 Hz, 1H);
BC NMR (99.6 MHz, CDCl3): & 27.4, 40.0, 44.9, 50.5, 112.0, 115.7, 118.3, 125.3, 126.8, 127.6,
128.6, 129.1, 134.3, 137.6, 140.0, 142.6, 145.2, 213.2; IR (neat): 3030 w, 2969 s, 2871 m, 2231 s,
1692 s, 1491 m, 1476 s, 1454 m, 1396 m, 1366 m, 1269 m, 1196 m, 969 s, 918 s, 835 m, 701 s cm’!;
HRMS (ESI-TOF) m/z: [M+Na]" Caled for C2,H23NNaO 340.1677; Found 340.1677.

A
o} Ph o)
By 10 mol % Fe(PMes), Bu
+
Ph cyclohexane 0.4 mL
40°C,20 h
CF; CF;
1h 12a 13ha
0.3 mmol 1.1 equiv
Homoallylation product 13ha
n The general procedure was followed with 68.6 mg (0.3 mmol) of 1h, 42.6 mg
Ph o (0.33 mmol) of 12a, and 10.6 mg (0.03 mmol) of Fe(PMes)s4. The reaction was
gy Performed in 0.4 mL of cyclohexane at 40 °C, and silica gel column

chromatography (hexane:EtOAc = 100:1) of the crude material afforded 90.0 mg
CFs (84% yield) of 13ha as a pale yellow oil: 'H NMR (391.8 MHz, CDCls): § 1.25 (s,
13ha 9H), 2.92 (d, J = 7.8 Hz, 2H), 3.63 (q, J = 7.8 Hz, 1H), 4.95 (dt, J = 17.2, 1.2 Hz,
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1H), 5.03 (dt, J=10.2, 1.6 Hz, 1H), 6.00 (ddd, J=16.8, 10.2, 7.4 Hz, 1H), 7.06 (d, J = 8.2 Hz, 1H),
7.13-7.16 (m, 2H), 7.20 (tt, J = 7.8, 2.0 Hz, 1H), 7.27-7.30 (m, 2H), 7.38 (s, 1H), 7.41 (d, /= 8.6 Hz,
1H); 3C NMR (98.5 MHz, acetone-ds): & 27.7, 40.7, 45.4, 51.6, 115.4, 122.4 (q, J = 3.8 Hz), 125.0
(q, J=271.6 Hz), 125.6 (q, J = 3.7 Hz), 127.3, 127.9 (q, J = 32.9 Hz), 128.5, 129.3, 132.5, 141.8,
141.9, 142.6, 144.2, 213.3; IR (neat): 3030 w, 2970 m, 2871 w, 1692 m, 1478 m, 1334 s, 1264 m,
1166 s, 1126 s, 1079 m, 979 s, 918 m, 901 m, 701 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd
for C22H23F3NaO 383.1599; Found 383.1599.

O Ph (0]
5 mol % Fe(PMej),
+ H
O O Ph cyclohexane 0.4 mL O O
40°C,20h
1i

12a 13ia
2 equiv 0.3 mmol

Homoallylation product 13ia
The general procedure was followed with 109 mg (0.6 mmol) of 1i, 39.6 mg
(0.3 mmol) of 12a, and 5.5 mg (0.015 mmol) of Fe(PMes)s. The reaction was

X

Ph (0]
O O performed in 0.4 mL of cyclohexane at 40 °C, and silica gel column

chromatography (hexane:toluene = 1:1) of the crude material afforded 66.3 mg
13ia (70% vyield) of 13ia as a pale yellow oil: 'H NMR (391.8 MHz, CDCls): &
3.12-3.21 (m, 2H), 3.55 (q, J = 7.8 Hz, 1H), 4.87 (dt, J=16.8, 1.6 Hz, 1H), 4.93 (d, /= 9.8 Hz, 1H),
5.94 (ddd, J=17.2,10.2, 7.4 Hz, 1H), 7.04-7.24 (m, 8H), 7.32 (dd, J= 7.1, 2.0 Hz, 1H), 7.43 (t, J=
7.8 Hz, 2H), 7.58 (t,J = 7.4 Hz, 1H), 7.72 (dd, J = 7.8, 1.2 Hz, 2H); '3*C NMR (98.5 MHz, CDCl5): §
39.2, 51.5, 114.9, 125.2, 126.3, 127.7, 128.28, 128.31, 128.9, 129.9, 130.3, 131.3, 133.1, 137.8,
138.6, 139.4, 141.0, 143.3, 198.5; IR (neat): 3060 m, 3026 m, 2927 w, 1725 m, 1662 s, 1597 s, 1578
m, 1492 m, 1449 s, 1315 s, 1267 s, 1178 m, 1153 m, 926 s, 762 s, 700 s cm™'; HRMS (ESI-TOF)
m/z: [M+Na]" Calcd for C23H20NaO 335.1412; Found 335.1412.

X
(0] Me Ph O Me
10 mol % Fe(PMej3),
+ H
O O Ph cyclohexane 0.4 mL O O
40°C,20 h
1j 12a 13ja

2 equiv 0.3 mmol
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Homoallylation product 13ja
The general procedure was followed with 118 mg (0.6 mmol) of 1j, 39.0 mg
(0.3 mmol) of 12a, and 11.0 mg (0.03 mmol) of Fe(PMes)s. The reaction was

X

Ph O Me
O O performed in 0.4 mL of cyclohexane at 40 °C, and silica gel column

chromatography (hexane:toluene = 1:1) of the crude material afforded 73.5 mg

13ja (75% yield) of 13ja as a pale yellow oil: 'H NMR (391.8 MHz, CDCls): § 2.47

(s, 3H), 3.22-3.31 (m, 2H), 3.64 (q, J = 7.8 Hz, 1H), 4.91 (dt, J = 16.8, 1.6 Hz, 1H), 4.98 (dt, J =

10.6, 1.2 Hz, 1H), 6.01 (ddd, J= 17.6, 10.6, 7.8 Hz, 1H), 7.09-7.24 (m, 10H), 7.27-7.40 (m, 3H); 1*C

NMR (99.6 MHz, acetone-ds): & 20.8, 40.2, 52.2, 115.0, 126.3, 126.5, 127.0, 128.5, 129.2, 131.0,

131.35,131.39, 132.1, 132.3, 132.7, 139.0, 139.7, 140.2, 140.8, 142.5, 144.6, 200.9; IR (neat): 3061

m, 3025 m, 2976 w, 2926 m, 1663 s, 1599 m, 1572 m, 1490 m, 1452 m, 1300 s, 1256 s, 927 s, 755 s,

735 s, 700 s cm'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CasH2oNaO 349.1568; Found
349.1568.

X
o) Ph o]
5 mol % Fe(PMej3),
+ H
O O Ph cyclohexane 1.2 mL O O
F F 40°C,20 h F F
1b’ 12a 13b'a
2 equiv 0.3 mmol
Homoallylation product 13b’a
A The general procedure was followed with 131 mg (0.6 mmol) of 1b’,

Ph 0 39.7 mg (0.3 mmol) of 12a, and 5.8 mg (0.015 mmol) of Fe(PMes)s. The
O O reaction was performed in 1.2 mL of cyclohexane at 40 °C, and silica gel

F F column chromatography (hexane:toluene = 1:1) of the crude material
13b‘a afforded 72.7 mg (68% yield) of 13b’a as a pale yellow oil: 'H NMR

(391.8 MHz, CDCls): 6 3.18 (d, /= 7.8 Hz, 2H), 3.54 (q, /= 7.4 Hz, 1H), 4.91 (dt, /= 16.8, 1.2 Hz,
1H), 4.97 (dt, J = 10.2, 1.2 Hz, 1H), 5.94 (ddd, J = 17.2, 10.6, 7.8 Hz, 1H), 6.87-6.92 (m, 2H),
7.03-7.24 (m, 8H), 7.66-7.69 (m, 2H); '3C NMR (98.5 MHz, CDCl3): 4 38.9, 51.4, 112.4 (d, J=21.6
Hz), 115.1, 115.5 (d, J=21.7 Hz), 118.2 (d, J=20.7 Hz), 126.5, 127.6, 128, 4, 131.1 (d, /= 9.5 Hz),
132.9(d, /J=9.4 Hz), 134.1 (d, J=2.9 Hz), 134.4 (d, J=2.9 Hz), 140.7, 142.7, 143.2 (d, J=7.6 Hz),
163.2 (d, J=237.7 Hz), 165.8 (d, J = 242.4 Hz), 195.7; IR (neat): 3079 m, 3029 m, 3004 w, 2979 w,
2930 w, 1664 s, 1598 s, 1502 s, 1409 s, 1268 s, 1231 s, 11555,971 5,916 s, 852's, 825 m, 771 s, 755
m, 701 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for Co3HsF.NaO 371.1223; Found 371.1223.
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X

0 Ph (0]

5 mol % Fe(PMej),
+
O O Ph toluene 1.2 mL O O
Cl Cl 40°C,20h Cl Cl
1c' 12a 13c'a
2 equiv 0.3 mmol

Homoallylation product 13¢’a

N The general procedure was followed with 151 mg (0.6 mmol) of 1¢’,
Ph o 39.7 mg (0.3 mmol) of 12a, and 5.3 mg (0.015 mmol) of Fe(PMes)s. The
reaction was performed in 1.2 mL of toluene at 40 °C, and silica gel
cl O O c1 column chromatography (hexane:toluene = 2:1) of the crude material was
13c'a conducted three times to afford 59.4 mg (51% yield) of 13¢’a as a pale
yellow oil: 'H NMR (391.8 MHz, CDCl3): § 3.10-3.20 (m, 2H), 3.51 (q, /= 7.4 Hz, 1H), 4.91 (d, J =
17.2 Hz, 1H), 4.97 (d, J = 10.2 Hz, 1H), 5.93 (ddd, J = 17.2, 10.6, 7.8 Hz, 1H), 7.02-7.04 (m, 2H),
7.08-7.22 (m, 6H), 7.40 (d, J = 8.6 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H); '3C NMR (98.5 MHz, CDCl;):
838.7,51.5,115.2, 125.6, 126.5, 127.6, 128.5, 128.7, 130.2, 131.5, 131.6, 135.8, 136.2, 136.4, 139.8,
140.6, 141.9, 142.7, 196.0; IR (neat): 3082 w, 3060 w, 3028 w, 2929 w, 1665 s, 1587 s, 1487 w, 1398
m, 1285 m, 1264 m, 1091 s, 1013 m, 930 s, 847 m, 823 m, 700 s cm™'; HRMS (ESI-TOF) m/z:

[M+Na]* Caled for C23HsCl.NaO 403.0632; Found 403.0632.

X
0 Ph O
20 mol % Fe(PMes),
+ H
O O Ph toluene 3.2 mL O O
Br Br 40°C, 20 h Br Br
1d' 12a 13d'a
2 equiv 0.3 mmol
Homoallylation product 13d’a
n The general procedure was followed with 205 mg (0.6 mmol) of 1d’,

Ph o 38.7 mg (0.3 mmol) of 12a, and 21.8 mg (0.06 mmol) of Fe(PMes)s. The
reaction was performed in 3.2 mL of toluene at 40 °C, and silica gel

Br O O gr column chromatography (hexane:toluene = 2:1) of the crude material was
13d'a conducted three times to afford 63.7 mg (46% yield) of 13d’a as a pale

yellow oil: 'H NMR (395.9 MHz, CDCI3): & 3.09-3.19 (m, 2H), 3.51 (q, /= 7.1 Hz, 1H), 4.91 (d, J =
17.0 Hz, 1H), 4.97 (d, J= 9.9 Hz, 1H), 5.93 (ddd, /= 17.4,9.9, 7.5 Hz, 1H), 7.02 (d, J= 7.1 Hz, 2H),
7.06-7.12 (m, 2H), 7.17 (m, J = 7.5 Hz, 2H), 7.34-7.36 (m, 2H), 7.50 (d, J = 8.7 Hz, 2H), 7.56 (d, J =
8.7 Hz, 2H); '3C NMR (99.6 MHz, CDCls): & 38.7, 51.5, 115.3, 124.7, 126.5, 127.6, 128.4, 128.5,
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128.6, 130.3, 131.66, 131.68, 134.4, 136.1, 136.7, 140.5, 142.0, 142.6, 196.2; IR (neat): 3081 w,
3027 w, 2978 w, 2931 w, 1668 s, 1584 s, 1557 m, 1454 m, 1395 m, 1285 m, 1264 m, 1151 m, 1068 s,
1011 s, 924 s, 843 m, 822 m, 700 s cm’!; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C23H1sBraNaO
490.9622; Found 490.9622.

X
0 Ph O
20 mol % Fe(PMej3),
+ H
O O Ph toluene 0.4 mL O O
Me Me 40°C,20h Me Me
1m 12a 13ma
2 equiv 0.3 mmol
Homoallylation product 13ma
A The general procedure was followed with 127 mg (0.6 mmol) of 1m,

Ph o 40.6 mg (0.3 mmol) of 12a, and 21.6 mg (0.06 mmol) of Fe(PMe3)4. The
O O reaction was performed in 0.4 mL of toluene at 40 °C, and silica gel

Me Me column chromatography (hexane:EtOAc = 40:1) of the crude material was
13ma conducted twice to afford 59.2 mg (56% yield) of 13ma as a pale yellow

oil: '"H NMR (395.9 MHz, CDCls): § 2.31 (s, 3H), 2.42 (s, 3H), 3.10-3.19 (m, 2H), 3.54 (4, J= 7.9
Hz, 1H), 4.86 (dt, J=16.6, 1.6 Hz, 1H), 4.92 (d, /= 10.7 Hz, 1H), 5.94 (ddd, /= 17.4, 9.9, 7.5 Hz,
1H), 6.94 (s, 1H), 6.99 (d, J = 7.9 Hz, 1H), 7.05-7.23 (m, 8H), 7.62 (d, J = 7.9 Hz, 2H); *C NMR
(99.6 MHz, CDCl3): 8 21.3, 21.6, 39.1, 51.5, 114.8, 125.8, 126.1, 127.7, 128.2, 128.9, 129.2, 130.4,
132.1, 135.6, 136.0, 139.5, 139.9, 141.1, 143.5, 143.6, 198.2; IR (neat): 3060 m, 3026 m, 2921 m,
2868 w, 1656 s, 1606 s, 1569 m, 1494 m, 1451 m, 1408 m, 1310 s, 1295 s, 1271 s, 1169 m, 949 m,
913 s, 839 m, 821 m, 753 s, 700 s cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for CasH24NaO

363.1725; Found 363.1725.

Ph—
(0] (6]
5 mol % Fe(PMes), Me
R + R
Ph cyclohexane 0.4 mL
Me 70°C,20h
1 21 13
2 equiv 0.3 mmol
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Homoallylation product 13pl
The general procedure was followed with 113 mg (0.600 mmol) of 1p,
51.6 mg (0.300 mmol) of 121, and 5.4 mg (0.015 mmol) of Fe(PMe3)s. The

Ph—

Me
reaction was performed in 0.4 mL of cyclohexane at 70 °C, and silica gel

C

' column chromatography (hexane:EtOAc = 50:1) and then bulb-to-bulb

13p! distillation of the crude material afforded 93.8 mg (87% yield) of 13pl as a

pale yellow oil: "H NMR (395.9 MHz, CDCl5): 6 0.97 (s, 3H), 1.11-1.42 (m, 5H), 1.59-1.69 (m, 3H),
1.75-1.84 (m, 4H), 2.44-2.56 (m, 2H), 2.94-3.01 (m, 3H), 4.82 (dd, /= 17.4, 1.2 Hz, 1H), 5.04 (dd, J
= 11.1, 1.6 Hz, 1H), 5.81 (dd, J = 17.8, 10.7 Hz, 1H), 7.13-7.17 (m, 3H), 7.21-7.33 (m, 5H)
7.46-7.49 (m, 1H); 3C NMR (99.6 MHz, CDCl3): § 21.2, 25.8, 25.9, 29.4, 29.5, 30.9, 41.6, 43.6,
49.6, 112.9, 125.5, 125.8, 127.7, 128.2, 128.3, 129.5, 132.9, 137.6, 140.1, 143.0, 146.2, 209.3; IR
(neat): 3083 w, 3061 m, 3025 m, 2930 s, 2854 s, 1682 s, 1637 w, 1600 w, 1570 w, 1496 m, 1484 w,
1450 m, 1413 w, 1373 w, 1363 w, 1312 w, 1247 m, 1206 m, 1175 w, 1030 w, 1007 w, 972 s, 911 m,
750 m, 716 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CaH3NaO 383.2351; Found

383.2351.

Homoallylation product 13ql
The general procedure was followed with 88.3 mg (0.6 mmol) of 1q, 52.4
mg (0.3 mmol) of 121, and 5.5 mg (0.015 mmol) of Fe(PMes)4. The reaction

Ph—

Me
was performed in 0.4 mL of cyclohexane at 70 °C, and silica gel column

Pr

chromatography (hexane:EtOAc = 50:1) and then bulb-to-bulb distillation of

13al the crude material afforded 84.5 mg (87% yield) of 13ql as a colorless oil: 'H

NMR (395.9 MHz, CDCl3): 8 0.97 (s, 3H), 1.14 (d, J= 4.8 Hz, 3H), 1.14-1.16 (m, 6H), 2.46-2.58 (m,
2H), 2.97-3.04 (m, 2H), 3.30 (sep, J = 6.7 Hz, 1H), 4.81 (d, /= 17.4 Hz, 1H), 5.03 (dd, J=11.1, 1.2
Hz, 1H), 5.81 (dd, /= 17.0, 10.3 Hz, 1H), 7.14-7.18 (m, 3H), 7.22-7.34 (m, 5H), 7.49 (d, /= 7.5 Hz,
1H); 3C NMR (99.6 MHz, CDCls): 8 19.1 (CHCH3CH3), 19.2 (CHCH3CH3), 21.1, 30.8, 39.2, 41.7,
43.6, 43.7, 112.9, 125.5, 125.8, 127.8 128.27, 128.33, 129.6, 133.0, 137.7, 139.8, 143.0, 146.1,
210.0; IR (neat): 3084 w, 3061 w, 3025 m, 2970 s, 2932 s, 2871 m, 1685 s, 1600 w, 1571 w, 1496 m,
1484 m, 1466 m, 1455 s, 1413 w, 1382 m, 1218 m, 1007 w, 976 s, 912 m, 784 w, 752 m, 735 m, 717

m cm''; HRMS (ESI-TOF) m/z: [M+Na]* Caled for Co3sHsNaO 343.2038; Found 343.2038.

Homoallylation product 13e¢’l
The general procedure was followed with 82.5 mg (0.6 mmol) of 1e’, 52.6

Ph—
o mg (0.3 mmol) of 121, and 5.5 mg (0.015 mmol) of Fe(PMes)s. The reaction
Me
ge Wwas performed in 0.4 mL of cyclohexane at 70 °C, and bulb-to-bulb
distillation of the crude material afforded 79.4 mg (85% yield) of 13e’l as a
13e'l
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colorless oil: 'TH NMR (395.9 MHz, CDCl;): 4 0.94 (s, 3H), 1.14 (t, J = 7.1 Hz, 3H), 1.58-1.69 (m,
2H), 2.44-2.57 (m, 2H), 2.80-2.92 (m, 2H), 2.99 (d, /= 13.1 Hz, 1H), 3.17 (d, J= 13.5 Hz, 1H), 4.75
(dd, J = 17.8, 1.2 Hz, 1H), 498 (dd, J = 10.7, 1.2 Hz, 1H), 5.73 (dd, J = 17.4, 10.7 Hz, 1H),
7.13-7.33 (m, 8H), 7.47 (dd, J = 7.9, 1.2 Hz, 1H); '*C NMR (99.6 MHz, acetone-ds): & 8.4, 21.3,
31.5, 35.7, 42.4, 43.6, 44.5, 113.1, 126.3, 126.8, 128.2, 129.0, 129.1, 130.3, 134.2, 137.5, 141.8,
143.8, 146.8, 206.3; IR (neat): 3083 w, 3061 w, 3025 w, 2973 m, 2936 m, 2873 w, 1692 s, 1637 w,
1601 w, 1572 w, 1496 w, 1485 w, 1455 m, 1413 w, 1375w, 1342w, 1218 m, 1031 w, 1010 w, 956 w,
944 w, 913 m, 752 m, 717 w, 699 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C2H26NaO
329.1881; Found 329.1882.

Ph—
o] 0
Ph 10 mol % Fe(PMes), Me
R'  + R
cyclohexane 0.4 mL
R2 Me 70°C, 20 h R?
1 121 13
2 equiv 0.3 mmol
Homoallylation product 13rl
NN The general procedure was followed with 71.9 mg (0.6 mmol) of 1r, 51.5

o mg (0.3 mmol) of 121, and 10.8 mg (0.03 mmol) of Fe(PMes)4. The reaction
Me

me Was performed in 0.4 mL of cyclohexane at 70 °C, and silica gel column

chromatography (hexane:EtOAc = 30:1) of the crude material afforded 77.3

mg (88% yield) of 13rl as a colorless oil: '"H NMR (395.9 MHz, CDCls): &
0.94 (s, 3H), 1.60-1.72 (m, 2H), 2.46-2.59 (m, 5H), 3.02 (d, /= 13.1 Hz, 1H), 3.21 (d, /= 13.1 Hz,
1H), 4.73 (dd, J=17.4, 1.2 Hz, 1H), 4.99 (dd, J=11.1, 1.2 Hz, 1H), 5.74 (dd, /= 17.4, 11.1 Hz, 1H),
7.14-7.20 (m, 4H), 7.23-7.29 (m, 3H), 7.33 (dd, J= 7.5, 1.2 Hz, 1H), 7.53 (dd, /= 7.9, 2.0 Hz, 1H);
3C NMR (99.6 MHz, CD;CN): § 21.3, 30.6, 31.4, 42.6,43.4,44.5,113.3, 118.2, 126.4, 126.9, 128.8,
129.1, 129.2, 130.7, 134.2, 137.8, 141.6, 144.1, 146.9, 204.5; IR (neat): 3083 w, 3061 w, 3025 m,
2999 w, 2968 m, 2930 m, 2863 w, 1687 s, 1637 w, 1601 m, 1572 w, 1496 m, 1486 w, 1454 m, 1414
w, 1373 w, 1354 m, 1286 w, 1254 s, 1071 w, 1044 w, 1030 w, 1009 w, 957 w, 913 m, 759 s, 721 m
cm'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C2H24NaO 315.1725; Found 315.1725.

13rl

Homoallylation product 13f’1

N The general procedure was followed with 79.7 mg (0.6 mmol) of 1f°, 53.0
e o mg (0.3 mmol) of 121, and 11.0 mg (0.03 mmol) of Fe(PMes)4. The reaction
Me Was performed in 0.4 mL of cyclohexane at 70 °C, and silica gel column
Me chromatography (hexane:EtOAc = 50:1) of the crude material afforded 67.0
13f1
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mg (71% yield) of 131 as a pale yellow oil: 'H NMR (395.9 MHz, CDCls): § 0.98 (s, 3H),
1.60-1.72 (m, 2H), 2.24 (s, 3H), 2.44 (s, 3H), 2.47-2.54 (m, 2H), 2.56 (d, J=13.5 Hz, 1H), 2.69 (d, J
= 13.5 Hz, 1H), 4.88 (dd, J = 17.4, 0.8 Hz, 1H), 5.09 (dd, J = 10.7, 0.8 Hz, 1H), 5.82 (dd, J = 17.0,
10.7 Hz, 1H), 7.03 (d, J = 7.1 Hz, 1H), 7.08 (d, J = 7.1 Hz, 1H), 7.12-7.18 (m, 4H), 7.25-7.29 (m,
2H); *C NMR (99.6 MHz, CDsCN): 8 19.6, 21.8, 31.4, 33.4,42.2, 44.4, 44.9, 113.3, 126.4, 128.4,
129.1, 129.16, 129.21, 129.8, 132.9, 134.4, 144.1, 144.7, 147.4, 208.8; IR (neat): 3083 w, 3062 w,
3025 m, 2969 m, 2937 m, 2862 w, 1700 s, 1637 w, 1604 w, 1594 w, 1496 m, 1455 m, 1414 m, 1376
w, 1351 m, 1253 m, 1236 m, 1053 w, 1031 w, 1006 w, 960 w, 913 m, 796 w, 758 m, 722 w cm’;
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C2,H2NaO 329.1881; Found 329.1878.

Homoallylation product 13sl

NN The general procedure was followed with 87.7 mg (0.6 mmol) of 1s, 54.9
> o mg (0.3 mmol) of 121, and 11.5 mg (0.03 mmol) of Fe(PMes)s+. The reaction
was performed in 0.4 mL of cyclohexane at 70 °C, and silica gel column
chromatography (hexane:EtOAc = 30:1) and then gel permeation
13sl

chromatography (toluene) of the crude material afforded 73.1 mg (72% yield)
of 13sl as a pale yellow oil: '"H NMR (395.9 MHz, CDCls): & 0.92 (s, 3H), 1.69 (t, J= 9.1 Hz, 2H),
1.99-2.06 (m, 2H), 2.48-2.66 (m, 4H), 2.88 (t, J= 6.3 Hz, 2H), 3.29 (d, /= 12.7 Hz, 1H), 3.45 (d, J =
12.3 Hz, 1H), 4.65 (dd, J = 17.8, 1.6 Hz, 1H), 4.93 (dd, J = 10.7, 1.2 Hz, 1H), 5.78 (dd, J = 17.4,
10.7 Hz, 1H), 7.01 (d, J = 7.5 Hz, 1H), 7.07 (d, J = 7.9 Hz, 1H), 7.15-7.17 (m, 3H), 7.24-7.28 (m,
3H); 3C NMR (99.6 MHz, CDCl;): § 20.8, 22.7, 30.9, 31.0, 41.1, 42.2, 43.4, 43.8, 112.3, 125.5,
126.9, 128.26, 128.31, 130.8, 132.0, 133.2, 140.4, 143.2, 144.8, 146.2, 201.6; IR (neat): 3082 w,
3060 w, 3025 m, 2999 w, 2939 s, 2866 m, 1681 s, 1637 w, 1603 w, 1591 s, 1576 w, 1496 m, 1462 s,
1434 w, 1412 w, 1320 w, 1276 m, 1213 m, 1183 w, 1029 w, 1009 w, 910 m, 758 m, 721 w, 710 m
cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C23H26NaO 341.1881; Found 341.1881.

Ph—
0 0
Ph 5 mol % Fe(PMes), Me
.
cyclohexane 0.4 mL
Me 70°C, 20 h
1t 121 13t
2 equiv 0.3 mmol
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Homoallylation product 13tl

RN The general procedure was followed with 106 mg (0.6 mmol) of 1¢t, 51.3
mg (0.3 mmol) of 121, and 5.4 mg (0.015 mmol) of Fe(PMes)s. The
me reaction was performed in 0.4 mL of cyclohexane at 70 °C, and silica gel
column chromatography (hexane:EtOAc = 50:1) of the crude material
afforded 95.1 mg (93% yield) of 13tl as a pale yellow oil: '"H NMR (395.9
MHz, CDCls): 6 0.94 (s, 3H), 1.14 (s, 6H), 1.66 (t, J = 8.7 Hz, 2H), 1.89 (t, J = 6.3 Hz, 2H),
2.45-2.58 (m, 2H), 2.93 (t, J = 6.3 Hz, 2H), 3.38-3.45 (m, 2H), 4.72 (dd, J= 17.8, 1.6 Hz, 1H), 4.94
(dd, J=10.7, 1.2 Hz, 1H), 5.77 (dd, /= 17.8, 10.7 Hz, 1H), 7.01 (d, J= 7.9 Hz, 1H), 7.03 (d, /= 7.9
Hz, 1H), 7.14-7.16 (m, 3H), 7.22-7.27 (m, 3H); *C NMR (99.6 MHz, CDCl3): § 20.9, 24.8
(CCH3CH3), 24.9 (CCH3CH3), 26.9, 30.9, 36.6, 42.0, 43.2, 43.57, 43.64, 112.3, 125.4, 126.9, 128.2,
128.4, 130.5, 132.0, 132.3, 141.1, 143.2, 144.0, 146.2, 206.4; IR (neat): 3083 w, 3061 m, 3025 m,
2964 s, 2925 s, 2864 m, 1682 s, 1590 m, 1576 w, 146 m, 1471 m, 1455 s, 1412 w, 1383 m, 1298 m,
1204 m, 1159 w, 1008 m, 993 m, 957 m, 910 m, 859 m, 787 m, 750 m, 715 m cm’'; HRMS
(ESI-TOF) m/z: [M+Na]* Calcd for C2sH30NaO 369.2194; Found 369.2194.

13tl

Ph— O
O O
Ph 20 mol % Fe(PMe3), Me
+
cyclohexane 0.4 mL
Me 70°C,20 h
1v 121 13vl
2 equiv 0.3 mmol
Homoallylation product 13vl
NN The general procedure was followed with 113 mg (0.6 mmol) of 1v, 52.0
o mg (0.3 mmol) of 121, and 21.6 mg (0.06 mmol) of Fe(PMe;3)4. The reaction
Me
was performed in 0.4 mL of cyclohexane at 70 °C, and the yield was
determined by 'H NMR using fluorene as an internal standard (13vl: 76%
13vl

yield). In order to separate 13vl from an isomer, silica gel column
chromatography (hexane:EtOAc = 50:1) of the crude material was conducted five times to afford
73.0 mg (67% yield) of 13vl as a colorless oil: 'H NMR (395.9 MHz, CDCls, 50 °C): & 1.06 (s, 3H),
1.10 (s, 3H), 1.16 (s, 3H), 1.54 (t, J= 6.3 Hz, 2H), 1.68-1.82 (m, 4H), 2.48-2.65 (m, 6H), 4.93 (dd, J
=174, 1.2 Hz, 1H), 5.10 (d, /= 11.1 Hz, 1H), 5.97 (dd, J = 17.8, 11.1 Hz, 1H), 6.92 (d, /= 7.1 Hz,
1H), 7.12-7.16 (m, 4H), 7.23-7.27 (m, 3H); '3C NMR (99.6 MHz, C¢Ds, 70 °C): & 22.0, 23.5, 24 .4,
25.1,31.3,32.7,38.4,41.7, 44.1, 44.6, 46.4, 112.5, 125.8, 126.3, 128.4, 128.6, 128.7, 129.0, 136.0,
136.9, 142.2, 143.5, 147.9, 213.7; IR (neat): 3061 w, 3025 w, 2932 s, 2864 m, 1694 s, 1636 w, 1594
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w, 1578 w, 1496 w, 1456 s, 1412 w, 1380 w, 1361 w, 1294 w, 1200 w, 1031 w, 1003 w, 965 m, 945 w,
911 m, 807 w, 778 m, 754 w, 739 m, 723 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
Ca6H3:NaO 383.2351; Found 383.2351.

Synthesis of 1,2-Dihydronaphthalene 16ia

X Ph

1 equiv iPr ipr
Schrock's complex Me

Ph 0 ‘ FaCy] N Me,,
benzene, 80 °C, 15 h FsC O—M

o~
(J U (J U /oS e
o
13ia 16ia Me/i\CFg,

0.1 mmol 74% CF3
Schrock's complex

An oven-dried 50 mL Schlenk tube containing a magnetic stirring bar was charged with
homoallylation product 13ia (31.2 mg, 0.1 mmol, 1 equiv), Schrock’s complex (79.6 mg, 0.1 mmol,
1 equiv), and benzene (10 mL) in a glove box and transferred out of the glove box. The resulting
mixture was heated at 80 °C for 15 h. The reaction mixture was cooled to room temperature, and
then the mixture was passed through a short plug of silica gel using ethyl acetate as an eluent to
remove the remaining molybdenum complexes. All the volatile materials of the eluate were removed
by rotary evaporation. Silica gel column chromatography (hexane:EtOAc = 100:1) of the crude
material afforded 20.9 mg (74% yield) of 16ia as a pale yellow solid: Mp 134-135 °C; '"H NMR
(395.9 MHz, CDCls): 8 3.03-3.13 (m, 2H), 3.82-3.87 (m, 1H), 6.13 (d, J= 3.6 Hz, 1H), 7.07-7.24 (m,
5H), 7.27-7.44 (m, 9H); '3C NMR (99.6 MHz, CDCl3): § 37.7, 41.5, 125.6, 126.45, 126.53, 127.3,
127.4,127.65, 127.71, 128.2, 128.5, 128.8, 131.6, 134.5, 135.7, 140.2, 140.3, 144.8; IR (KBr): 3063
w, 3024 w, 2936 w, 1599 w, 1492 m, 1450 w, 1430 w, 1071 w, 821 w, 772 s, 755 m, 738 m, 700 s
cm’'; HRMS (DART-TOF) m/z: [M+H]" Calcd for CHi9 283.1487; Found 283.1487.

Synthesis of 1,2-Dihydronaphthalene 16em

\ .
Ph 1 equiv ipr ipr
Ph (0] Schrock's complex Me
F30>|\ | Me
Bu benzene, 80 °C, 15 h F3C° "'O—Mox Ph
/ Me
F,C 0}
13em Me/l\CF3
0.0561 mmol Cst
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An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with
homoallylation product 13em (23.5 mg, 0.0561 mmol, 1 equiv), Schrock’s complex (43.9 mg,
0.0573 mmol, 1 equiv), and benzene (5.6 mL) in a glove box and transferred out of the glove box.
The resulting mixture was heated at 80 °C for 15 h. The reaction mixture was cooled to room
temperature, and then the mixture was passed through a short plug of silica gel using ethyl acetate as
an eluent to remove the remaining molybdenum complexes. All the volatile materials of the eluate
were removed by rotary evaporation. Silica gel column chromatography (hexane:EtOAc = 100:1) of
the crude material afforded 2.5 mg (11% yield) of 16em as a white solid: Mp 115-116 °C; 'H NMR
(399.7 MHz, acetone-ds): & 1.45 (s, 9H), 3.99 (dd, J = 6.8, 5.2 Hz, 1H), 4.33 (d, J = 6.8 Hz, 1H),
6.17 (d, J= 5.2 Hz, 1H), 7.10-7.28 (m, 11H), 7.61 (d, J= 7.6 Hz, 1H), 8.07 (d, J = 8.8 Hz, 1H); 13C
NMR (99.6 MHz, acetone-ds): 6 31.1, 35.7,48.4, 53.0, 123.8 (q, /= 3.8 Hz), 125.2 (q, /= 270.8 Hz),
126.3 (q, J = 3.8 Hz), 127.30, 127.32, 127.4, 128.5 (q, J = 32.5 Hz), 128.8, 129.1, 129.4, 129.6,
138.96, 138.98, 140.9, 143.5, 143.7, 145.4; IR (KBr): 2981 w, 2953 w, 2925 w, 1494 w, 1451 w,
1421 w, 1370 w, 1329 s, 1275 w, 1197 w, 1170 m, 1155 w, 1136 m, 1117 s, 1081 m, 855 w, 837 w,
758 m, 739 w cm’!; HRMS (DART-TOF) m/z: [M+H]" Calcd for Ca7HasF3 407.1987; Found
407.1987.

A Deuterium Labeling Experiment Using 1a-ds

H. _H
D By 5 mol % Fe(PMej3),
+
Phl cyclohexane
D D
40°C,1h
D Ph
1a-dg 12j
0.3 mmol 1.1 equiv

>99% D content

ca.1.0H ca.1.0H

D 0 H._H
D 4
Bu
+ +
Ph
P b Ph
D
>99% D content 13aj-ds

7% isolated yield

The general procedure was followed with 52.2 mg (0.3 mmol) of 1a-ds, 70.9 mg (0.33 mmol) of
12j, and 5.8 mg (0.015 mmol) of Fe(PMes)s. The reaction was performed in 0.4 mL of cyclohexane
at 40 °C for 1 h, and silica gel column chromatography (hexane:EtOAc = 40:1) of the crude material
afforded 7.9 mg (7% yield) of 13aj-ds as a colorless oil.
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Kinetic Isotope Effect Experiments

Competition experiment

X
Ph
(@) D O O
1.1 equiv 12j Ph
©)Lt8u . D tBy 5 mol % Fe(PMes), Bu .
cyclohexane 0.4 mL
D D 40°c2n
D

1a 1a-ds 13aj
0.15 mmol 0.15 mmol 23%

0.5 equiv 0.5 equiv
>99% D content

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with the 24.5
mg (0.15 mmol) of 1a, 25.1 mg (0.15 mmol) of 1a-ds, 67.8 mg (0.33 mmol) of 12j, 5.6 mg (0.015
mmol) of Fe(PMe3)4, and cyclohexane (0.4 mL) in a glove box and transferred out of the glove box.
The resulting mixture was heated at 40 °C for 2 h. The reaction mixture was cooled to room
temperature, and then the mixture was passed through a short plug of silica gel using ethyl acetate as
an eluent to remove the remaining iron complexes. All the volatile materials of the eluate were
removed by rotary evaporation. The yields were determined by 'H NMR using fluorene as an

internal standard (13aj: 23% yield, 13aj-ds: 12% yield).
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Parallel experiment

X
o 1.1 equiv 12] Ph o
5 mol % Fe(PMes), Ph
‘B ‘B
. cyclohexane 0.4 mL Y
rt, time
1a reaction rate constant = ky 13aj
0.3 mmol

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with the 0.3
mmol of 1a, 0.33 mmol of 12j, 0.015 mmol of Fe(PMes)s4, 0.03 mmol of hexacosane as an internal
standard, and cyclohexane (0.4 mL) and the resulting mixture was stirred at rt in a glove box. After a
certain time, an aliquot (< 0.08 mL) was periodically removed by syringe in the glove box. The

yields determined by GC analysis are shown in Fig. 3.13.

D
o 1.1 equiv 12j
D By 5mol % Fe(PMes),
D D cyc_lohexane 0.4 mL
rt, time
D
1a-ds reaction rate constant = kp 13aj-ds
0.3 mmol

>99% D content

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with the 0.3
mmol of la-ds, 0.33 mmol of 12j, 0.015 mmol of Fe(PMes)s, 0.03 mmol of hexacosane as an
internal standard, and cyclohexane (0.4 mL) and the resulting mixture was stirred at rt in a glove box.
After a certain time, an aliquot (< 0.08 mL) was periodically removed by syringe in the glove box.

The yields determined by GC analysis are shown in Fig. 3.13.
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