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Directed r-C(sp3)-H alkylation of carboxylic acid derevatives through visible light photoredox catalysis
Dian-Feng Chen, John C. K. Chu, Tomislav Rovis., J. Am. Chem. Soc. 2017, 139, 14897-14900
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entry base solvent yield (%)°
1 K,PO, DMF 76
2 Cs,CO; DMF 66  HEOBRFTIRKIPOIHNBSHEINE(SITHRH)
3 quinuclidine DMF 0 J
4 KsPO DMF 83 — HWEBEDYERIPBWVWADLWNZ eq. — 1.1 eq.)
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ICO; Hydrogenation Catalysts with Deprotonated Picolinamide Ligands |
Ryoichi Kanega, Naoya Onishi,*, David J. Szalda, Mehmed Z. Ertem, James T. Muckerman, Etsuko Fujita,*
and Yuichiro Himeda*

ABSTRACT: In an effort to design concepts for highly active \v Catalyst

catalysts for the hydrogenation of CO, to formate in basic water, €O, * H, * OH~ =P  HCOO™ + W, 0
we have prepared several catalysts with picolinic acid, picolinamide, ) 01 MPa)
and its derivatives, and we investigated their catalytic activity. The @’ Catalytic Activity (2vc 0.

CO, hydrogenation catalyst having a 4-hydroxy-N-methylpicolina- 1 TOF:1) W' TON:I4700
midate ligand exhibited excellent activity even under ambient N
conditions (0.1 MPa, 25 °C) in basic water, exhibiting a TON of (’%
14700, a TOF of 167 h™!, and producing a 0.64 M formate \l)
concentration. Its high catalytic activity originates from strong » Simple Stvucture
electron donation by the anionic amide moiety in addition to the

phenolic O~ functionality.

Depvotomated Amide Group
. Sptqu Electvon Donating Property

KEYWORDS: CO, hydrogenation, deprotonated picolinamide ligand, water-soluble Ir catalysts, formate production, DFT calculations,
hydrogen storage
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- Ir BERRTEEIR & BT F(L1~L8) 24k  Table 1. TOFs in the Hydrogenation of CO, to Formate®

AT TRIGSES 2 & TRPTE [CerHz0)S0,) (0.2 smol)
MEEERESE, CO, DAREZIT- ST NaHCO; (1M, 10 mL), 50°C, 1 h = Hoog oo
¢ s =11
7o, ZOME LT A bIEHT, TOF Wi s
2640 h'' ThH o7z, EERE P -T2 NH, OH NH, e NH,
N N N 3
La~L7 SSEkE ML= boGEE (YN [T ° (Y (] %
Z Pz Pz =
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-4 e R S N B7o hAfesnzn BT8R RoEsh
BT 4 Tk X oEndH 5 LS, AR
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; 5 S o Y N
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k) OH OH
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ref. 11 N iz X FfEn 4 ot FuoX o

A ' . HoTHRERL HDHLEEELNS
v TkeE S ULy <Y v ADE “Values following Ln (n = 1-8) indicate the TOF obtained with in
PEAEAIE LTHWAERIT, L7 O N, situ-prepared catalyst (1:1 mixture of [Cp*Ir(H,0);][SO,] and

. . pyridyl derivatives Ln). In situ-prepared catalyst, but not a single
O K72 “JHETRML T2, component. “Using synthesized and isolated Ir complexes with L4-L7.
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Cobalt-Catalyzed Coupling of Benzoic Acid C—H Bonds with Alkynes, Styrenes, and 1,3-Dienes

Tung Thanh Nguyen, Liene Grigorjeva, and Olafs Daugulis*
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[ This Work 1: Optimization of Reaction Conditions.]
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1 none 78
2 No PivOH 61
3 1-AdCOOH instead of PivOH 71
4 MesCOOH instead of PivOH 67
5 (CF;),CHOH instead of CF,CH,OH, o PivOH 45
6!l 4-MeC¢H.COONa instead of 5, no PivOH 24
7 No Ce(SO.), 42
g No O, 51
9 No Co(hfacac), 0

[a] Toluic acid (0.2 mmol), solvent (2 mL), under N, for 24 h then under
O, for 24 h. Yields are 'H NMR yields using 1,1,2-trichloroethane
internal standard. [b] (CF;),CHOH solvent. [c] Toluic acid (0.75 mmol),
CF:CH,0H (7.5 mL}, isolated yield. [d] Reaction was kept under N, for
48 h. PivOH = pivalic acid, 1-AdCOOH = adamantane 1-carboxylic acid,
MesCOOH =2 4,6-trimethylphenylbenzoic acid, hfacac =hexafluoroa-
cetylacetonate.
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[ This Work 3: Mechanistic Considerations] o
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[ Other Experiments]
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Stereodivergent Synthesis of Tetrahydrofuroindoles through Pd- Catalyzed Asymmetric
Dearomative Formal [3+2] Cycloaddition
Qiang Cheng, Fang Zhang, Yue Cai, Yin-Long Guo,* and Shu-Li You*
Angew. Chem. In. Ed. 2018, DOI: 10.1002/anie.201711873

24 bV, TOCr bbb T &

c P filifit e XS AR ) By REAW DL AREFBR2IRIERIG
oA XI5 PAZHNTWATZDit-Trost B KIS B 5

cEWTFUFAEIRMEORE, VT AT LA BWVEBRETO Y SIT TS
B ARRRFEFERVBEFLINLTWD
VW\//%‘\.;\% t k}’)
(5 i werk © 34 & shofinwirk LRIV MG
i [Pd], chiral ligand <R'
A L R > , chiral ligan Ozﬁc‘ /™
i K/;‘(Ng 2\ enantioselective O %R 2
PG diastereoselective =N
i 7 lo94/6er up to 9:/?“ P
i pe - i Fem? 7
Abstract 2> b FARND Z & \
s RISTEEOBMER VT AT LA~=—0DED it K& < F‘a‘ébof\b‘é
- RIGHIEOREIZ L 0 SLEEIRE DRV ORI % fZRA
- ESI-MS #IEIZ & v ittty 7 L OBFREZ FE
Introduction 1: AR EHRILRE (ERERILED DL FEIEED)
Ref 1b: MEREELZ L HORAYLEREMIZ  Ref 2b,ct BFFBRCRISIZE T 5 #ER

DT DRRER
J. Med. Chem. 2014, 57, 5845.
BRRAULEDOIEI RO EEME

Ref 2a: REMGTEBRICSUISIZE T 5 EFE
Asymmetric Dearomatization Reactions, Wiley-
VCH, Weinheim, 2016

You FEABRLKRIZBB L ZE-72BRICE
BLTWEEE L,

Angew. Chem. Int. Ed. 2012, 51, 12662
Chem 2016, 1, 830.

Ref 3e: Cr itz L A7 nEAFNF T X
L DORE RS BRI S

RO L
™ ot oA Myl

- ™ n

12 erargies
w0 % pesd
LA
L 20 e

Adv. Synth. Catal. 2017, 359, 1227.

w w62 pet
FwuN
- up o N



Ref 3f: 5 FEMRICKISZRKIG E T
DRI DEE

NHPG?
o
NHPG [4+2) cyciosddacn o '\s
rE i
3 - COMe R el

Angew. Chem. Int. Ed. 2017, 56, 3055.

Ref 3g: NHC fitfE2 W5 A » R—/L DT
7 F AR ER LRI IR 55 B 1R SO

This work

Q. H ~ = N
/ ) r £ 0“\*" s ’:’
\... ) P R NHC [O] /4 o e
=¢ T Lo - TR e/ ™~
e o dearomatization X =l
H R enamine addition N” R

Angew. Chem. Int. Ed. 2017, 56, 7402.

Ref 3h: Heak XJ& & BEE X G % KA T
YL TA YV R—NVDOREEBRILETHD
LBWA RN B —ZRITHEE

bi Current work: Dearomative Heck anvlabon/secandary benzyl-palladium capturc

[ ~ \ —  _PAX " /
e MR =R e e
03 R TN ey R4 N’“
| A | YAl AP} N P
i S r Q = Aed! AF ]
B F ‘ 7N\
1 secondary benzyl-Pd capture 1 530 examples

* vicinal quaternary and lertiary stereocenters

#* secondary benzyl-paladium capture

* dearomative domng Heck/Sonogashica sequence
# excelient selectvites (up to 97% ee, >201d1)

Angew. Chem. Int. Ed. 2017, 56, 7475.

Ref 3j: &BADIN_NTLDB T = /) —/b
DARF W5 E ARG

‘P
¢ NE Rh Pt‘
M= Cu M= Ag 0
M Chemoselective /
Enantioselective V7 H
Bﬁckner C-H insertion LS
reaction Dearamallzntmn

J. Am. Chem. Soc. 2017, 159, 10188

Ref 3l: "EABEBRMEICL DA F—b
DT F ARG FIRAVBRIERS,

R2
A \ Y
GP \\/ \l ! R
% 0-\/\\1 J chiral squaramide- R chiral “N

N tortiary amine
R I o) L‘N B + PG X*—
N R Addition N~ Dearomative J\ o
R 4 cyclization
25 examples R o R
Z~N 26 examples
up to 99%, 99:1 er R up to 91%, >95:5 dr, 98:2 er

phosphoric acid R
e RAL \

ACS Catal. 2017, 7, 6984.

Ref 3m: Ni it = AW/ 4 > K— D

Heck BER{LK S,
WOac), 5 moms .
\ “He M i ’ o I’” oo \ M”
,)5_ L M (3 equiv ;}. /‘
Q 'ﬁ/ ) NaQAC (3 aquiv) o
1w watar (1 aquv), DMF 2
B0°C. 24h 8% ae. BS% yaid

Angew. Chem. Int. Ed. 2017, 56, 12723.

INETDEL OMEEFECKITET Y
g e B Se. e Pl S et iees
TR BTV,



Introduction 2:
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This work (1) Ligand screening
Table S1. Ligand investigation for the dearomatization of nifroindole 1a.”

NO,

VA 7
/ o Pdydbas (5 mol %), L (11 mol %) ON, 0N,
+
m C8,C0; (4.0 equiv), toluene (0.1 M) Q °©
N \ N N
Boc Boc
3aa 4aa

Boc sealed tube, rt, 1 h
1a (£)-2a

E

= 0 C O ™., T 0 0 0
[s] e PPh,
z\:/}—{‘,,]., \P—N> ' e N N ] S ] S j
7< 7 , i N gy N pr N" g
PArz g e PPh, PPh; PPh, PPh;
Ar = 3,5(CF3),-CeHy PH

(S)-L1 (5,5.8,-L2 (Re)L3 (S)L4 (S)-LS (S)-L6
oy O 30 O
o, S Qe Qb Qb
T s o I
(SFL7 (S)y-L8 (SrLe (S)-L10 (SyL11
entry L vield (%)? | dr° er?
3aa 4aa
1# L2 0 n.d. n.d. n.d.
2 L3 61 77/23 3/97 73/27
3 L4 80 72/28 93/7 70/30
4 L5 75 74/26 92/8 74/26
5 L6 75 74.26 90/10 77/23
6 ¥ 67 57/43 78/22 96/4
7 LS 79 72/28 94/6 73/27
8 L9 73 89/11 91/9 95/5
9 L10 76 86/14 91/9 90/10
10 L11 73 90/10 91/9 97/3
11 L1 76 87/13 93/7 95/5
12 L1 80 91/9 94/6 98/2

@ Reaction conditions: 5 mol % of Pdydbas, 11 mol % of L. 0.1 mmol of 1a, 0.2 mmol
of 2a, 0.1 mmol of Cs2CO3 in toluene (1 mL). sealed tube at room temperature. ©
Isolated yield of 3aa with both diastereoisomers. ¢ Determined by 'H NMR of crude
reaction mixture. ¢ Determined by HPLC analysis. ¢ 22 mol% of L2, no reaction. /
0.13 mmol of 2a. n.d. = not determined.

* You EDRARFKIGIZZ A L T & 7= phosphoramidite ligands Y %> K (L2) TiXn.d.

- PHOX ligands O A %4 ) B EOBEHREIT t-Bu 21K A% (entry4—6)

s ARAT 4 ED 2507 Y —VET 3,5-(CF3)e-CeHs 73F %) (entryl,7-12)

cFXYV VB EOT I —AEIL T vREANDSZ ETRLEV ee ZH | (entry8—11)
723, PHOX ligands i3IBS 2 &AL AHE (Ref 8e: Tetrahedron Lett. 2010, 51, 5550.)



This work (2): Solvent screening

Table 1: Effect of the solvent and optimization of other reaction

conditions.™
p/

NO, 8. | 4 g
s % N ‘),} Pddhas (5 mal%), (S)HL1 (11 moa%} 0 N/ o O‘N
Jx AL N {\-& Cs,C04 (1.0 equiv). scivent (0.1 M} l ;.’0 { [ \,o
Boc sealed tube 1. 1h Boc - Buc
F,
1a (t)-2a ),::\ 3aa 4aa
“\ ,"> .J P
PAfz If ~
Ar = 35-(CF4)y-CaHy
(S)L1
Entry Solvent Yield [%6]™ d.rid e.rd
Jaa 4aa
1 toluene 80 91/9 94/6 98/2
2 p-xylene 93 89/11 90/10 99/1
3 Et,O 82 94/6 91/9 9N
4 THF 77 62/38 78/22 97.5/25
5 dioxane 96 89/11 88/12 95/5
6 CH,d, 84 52/48 79/21 92/8
7 4 MeCN 90 15/85 33/67 99/1
8 DMF 45 2872 42/58 94/6
9 DMSO 47 18/82 31/69 97.5/2.5
104 toluene 89 >95/5 94/6 n.d.
1110 toluene 0 n.d. n.d. n.d.
1214 MeCN 75 20/80 35/65 98,2
131 MeCN 70 15/85 30/70 91

[a] Reaction conditions : 5 mol % of Pd,dba;, 11 mol % of L1, 0.1 mmol of
1a, 0.13 mmol of 2a, 0.1 mmol of Cs,CO, in solvent (1 mL), sealed tube,
RT. [b] Yield of isolated 3 aa and 4aa. [c] Determined by '"H NMR of the
crude reaction mixture. [d] Determined by HPLC analysis. [e] [Pd(1’-
C;H,)Cl], was used as a Pd source. [f] Reaction without Cs,CO,.

n.d. = not determined, DMF = N, N-dimethylformamide, DMSO = di-
methyl sulfoxide.

KB DL T ED X D RBEEGET 7 N A TH RIS HIBICEST
ABEHEDIRVEEETY T 2T LA~ —3aa BNRINANCTE LN D, EToEBEREIZB VTR
T AT LAY —4aa BELXLTHLND

- 3aa DAERKIZIT Toluene, 4aa DAKIZIE MeCN 23 &
* daa D ee [FLINENDEBIZ LTIEL A LE(E LAV 3aa D ee [TEFEIZ L >TK
EL B RICHEEDOEZZIZEE ?



This work (3): Substrate scope
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S e iy L N Scheme 3. Reaction scope in acetonitrile. Reaction conditions: § mol¢
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Scheme 2. Reaction scope in toluene. Reaction conditions: 5 mol % of
[Pd(’-C;H ) Cl],, 11 mol% of L1, 0.2 mmol of 1, 0.26 mmol of 2,
0.2 mmol of Cs,CO, in toluene (2 mL), sealed tube, RT.
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This work (4): Mechanistic study
(1) ESI-MS |2 & % H {0 Hl

Mass spectrometric experiment results for reactions in toluene Mass spectrometric experiment results for reactions in acetonitrile
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Chiral Pincer Carbodicarbene Ligands for Enantioselective Rhodium-Catalyzed Hydroarylation of

Terminal and Internal 1,3-dienes with Indoles
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Iridium-Catalyzed Hydroarylation of Conjugated Dienes via m-Allyliridium Intermediates
Nagamoto, M.; Yorimitsu, H.; Nishimura, T.*
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This work: Hydroxoiridium—Catalyzed Hydroarylation
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This work: Substrate Scope 1 (Benzamides)
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allyliridium@syn/anti 2%t

This work: Substrate Scope 2 (Dienes) (1afEL C2dIE R T 2)

Scheme 4. Hydroarylation of 2 with Benzamide 1a“
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Figure 1: allyliridium Saa
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Figure 1. Observation of allyliridium Saa: plot of the conversion and

yields vs time.
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Scheme 5: possible reaction pathways
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Scheme 6: reactivity of Saa

Scheme 6. Intermediacy of Allyliridium Saa
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Scheme 7: catalytic cycle
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terminalZidieneM$E A D /XA (X EEI#Y
[TERSERABITERLY

n-ally

Scheme 7. Plausible Catalytic Cycle

(]

liridium(III) C

O

NHMs

U

['r]

[Ir] =

hydroxoiridium
[Ir]-OH
35 @ NHMs
O
t?lMs
[ir] OA

A amidoiridiym(I)
[Ir(cod)]

llr}

insertlon D

OA &insertion[d
BEKFRIEEERIZLY
CIECYAVAV.S
Scheme S4
“-ﬂ\";[i\nnm + gl,—-\a»/m % \’,\ f\,l’h
1a-d(>98% D)  2a(12 equiv) au‘:g:m“

9
) 0210AHH, -~ Ph
Yl Y NHMs l
A b ozzonn O20MHET R 0.190iH
1a (81% recovered) 2a (68% recovered)

BERENTz1a2aD EKFED RIS T )L
MOA[HTHAHEI TR

/ . . .
alkyliridium



Other experiments
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Organocopper(IlI) Spiro Complexes:
Synthesis, Structural Characterization, and Redox Transformation
Liang Liu, Miaomiao Zhu, Hai-Tao Yu, Wen-Xiong Zhang and Zhenfeng Xi
J. Am. Chem. Soc. 2017, 139, 13688.
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Stoichiometric and Catalytic Aryl-Perfluoroalkyl Coupling at
Tri-tert-butylphosphine Palladium(II) Complexes
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Ligand-accelerated non-directed C-H functionalization of arenes
Peng Wang, Pritha Verma, Guoqin Xia, Jun Shi, Jennifer X. Qiao, Shiwei Tao, Peter T. W. Cheng, Michael A. Poss,

Marcus E. Farmer, Kap-Sun Yeung & Jin-Quan Yu

Abstract

The directed activation of carbon—hydrogen bonds (C—H) is important in the development of synthetically useful
reactions, owing to the proximity-induced reactivity and selectivity that is enabled by coordinating functional
groups. Palladium-catalysed non-directed C—H activation could potentially enable further useful reactions, because
it can reach more distant sites and be applied to substrates that do not contain appropriate directing groups;
however, its development has faced substantial challenges associated with the lack of sufficiently active palladium
catalysts. Currently used palladium catalysts are reactive only with electron-rich arenes, unless an excess of arene
is used, which limits synthetic applications. Here we report a 2-pyridone ligand that binds to palladium and
accelerates non-directed C—H functionalization with arene as the limiting reagent. This protocol is compatible with
a broad range of aromatic substrates and we demonstrate direct functionalization of advanced synthetic
intermediates, drug molecules and natural products that cannot be used in excessive quantities. We also developed
C-H olefination and carboxylation protocols, demonstrating the applicability of our methodology to other
transformations. The site selectivity in these transformations is governed by a combination of steric and electronic
effects, with the pyridone ligand enhancing the influence of sterics on the selectivity, thus providing
complementary selectivity to directed C—H functionalization. \-\
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Cooperative Metal-Ligand Catalyzed Intramolecular
Hydroamination and Hydroalkylation of Allenes a Stable llon Catalyst

100% atom economy
100% chemoselectivity

ABSTRACT: A new iron-catalyzed chemoselective intramolecular hydroamination and hydroalkoxylation of
the readily available a- allenic amines and alcohols to valuable unsaturated 5-membered heterocycles, 2,3-
dihydropyrrole and 2,3-dihydrofuran, is reported. Effective selectivity control is achieved by a
metal-ligand cooperative activation of the substrates. The mild reaction conditions and the use of low
amounts of an air and moisture stable iron catalyst allow for the hydrofunctionalization of a wide range of
allenes bearing different functional groups in good yields in the absence of base or any sensitive additives
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(a) J. Inorg. Nucl. Chem. 1959, 11, 42.
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2 hexane 40 7
3 DCE 39
+ THF 90 —IEEERRE D HBEEBEDAHUNELE LY
5 dioxane 89
6 CPME 76
7 acetonitrile 32— B EEDE T =2 BEIE
8" THF 87 EHEEDRE U TIEIEL

“Reaction conditions: 1 (0.1 mmol), [Fe] (5 mol %), and Me;NO (6
mol %) in solvent (0.5 mL) were stirred at 70 °C for 24 h in a Schlenk
tube under an inert atmosphere. Yields determined by '"H NMR using
mesitylene as internal standard. *1 (0.5 mmol) in 1 mL of THF. Yield
of product after chromatography. CPME = cyclopropyl methyl ether
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Scheme 2. Proposed Reaction Mechanism
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Versastile alkylation of (hetero)aryl iodides with ketones via B-C(sp?)-H activation
Zhu, R.; Liu, L.; Park, H.; Hong, K.; Wu, Y.; Senanayake, C.; Yu, J.-Q.*
J.Am. Chem. Soc., 2017, 139, 16080-16083.
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This work 1: Directing Group Evaluation
{
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“Conditions: la—x (0.1 mmol, 1.0 equiv), methyl 4-iodobenzoate (2.0

equiv), Pd(OAc), (10 mol%), AgTFA (2.0 eqmv), HFIP (1.0 mL),
120 °C, under air, 20 h. Ar' = 4CF,;(CF,), Ar" = 3,5-CH,(C4H,).

"Yield determined by 'H NMR analysis of the crude product using

CH,Br, as internal standard. “Product observed as E/Z mixture.
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“Conditions: 1 (0.1 mmeol, 1.0 equiv), methyl 4-iodobenzoate (2.0
equiv), Pd(OAc); (10 mol%), AgTFA (2.0 equiv), HFIP (1.0 mL),
120 °C, under air, 20 h. See SI for workup procedures. Pisolated yields;
most products isolated as E/Z mixture. “Reaction temperature 80 “C.
“Numbers in parmﬁlm indicate the ratic of mono:di. “dr for
diarylated product 1:1. Tdr for arylated product 2:1. *Reaction
temperature 100 °C. "dr for arylated produdt 24:1. ‘Cisitrans ratio
LLL 7Solvent is PhCF, instead of HFIP; reaction temperature 80 °C.
AgOAc (2.0 equiv) was used instead of AgTFA. 3
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This work 3: Substrate Scope (Aryl iodides)
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“Conditions: 1s (0.1 mmol, 1.0 equiv), aryl iodide (2.0 equiv),
Pd(OAc), (10 mol%), AgTFA (2.0 equiv), PhCFg (0.5 mL), 80 °C,
under air, 20 h. See SI for workup procedures. “Isolated yields; all
products isolated as E/Z mixture. “HFIP (1.0 mL) instead of PhCF,,

“Numbers in parentheses indicate the ratio of mono:di. “HFIP (1.0
mL) instead of PhCF;; reaction temperature 100 °C.



This work 4: Substrate Scope (Heteroaryl iodides)
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“Conditions: 1m (0.1 mmol, 1.0 equiv), heteroaryl iodide (1.5 equiv),
Pd(OAc), (10 mol%), AgTFA (2.0 equiv), HFIP (1.0 mL), 100 °C,
under air, 20 h. T’ means no further methyi esterification; acid form
was isolated. See SI for workup procedures. “Isolated yields. “Ratio of
cis:trans 1:1.4. “Reaction temperature 120 °C. “Ratio of cis:trans 1:1.8.
fRatio of cis:trans 1:2.5. gHeteroaryl iodide (2.0 equiv) was used;
reaction temperature 80 °C. "AgOAc (2.0 equiv) was used instead of

AgTFA. :



This work 5: Late-Stage C(sp®)-H (Hetero)Arylation of Santonin

o‘Me

Ar = 4-CO,Me(CgHs)
5a, 80%°

5¢, 53% 5d, 72%

“Conditions: lac (0.1 mmol, 1.0 equiv), (hetero)aryl iodide (1.5
equiv), Pd(OAc), (10 mol%), AgTFA (2.0 equiv), HFIP (1.0 mL),
100 °C, under air, 20 h. T’ means no further methyl esterification; the
acid form was isolated. See SI for workup procedures. “Isolated yields.
“Methyl 4-iodobenzoate (2.0 equiv) was used; reaction temperature 80
°C. “Reaction temperature 120 °C.
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Org. Biomol. Chem., 2014, 12, 370.
Eur. J. Med. Chem., 2017, 127, 1047.

This work 6: Scale-Up

O O
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“Conditions: 1s (2.0 mmol, 1.0 equiv), 4-iodotoluene aryl iodide (2.0
equiv), Pd(OAc), (2 mol%), AgTFA (2.0 equiv), HFIP (20 mL), 80
°C, under air, 20 h. See SI for workup procedures. “Isolated yields.

- BRIEE % 10mol %H 5 2mol BIC T, X4 —)L%Z0.Immolh 52.0mmol A7 —JLIC U TW3,



Other Experiments . ) =
) EFEELAFOT UL TRIEHEFT 5 m — T’ B Reth@pre)

2) PILTE REBRDA F Y ARRET B = ¥ s 13 170 the

3) B-7 = /BODGIREZ AWM ™ TF W15, BFE Ao BBRE TS L St (3

Ref 60 3 YR TRBRNBBAAFERTIR T 2 VHARRETERTERNESRL TN, TP 017
FRISICEWTIE BRILAITH S ALTFAIKT WEE X 513 28 (ACS Catal., 2017, 7, 6938.),
AFVLATREBLA IV ERD LS ICHENICERTE 2AEEN
JINRE, (Future work(1)Ic B BEiE)

-

o} o} UE
o = W
/PJ\OH OH J‘C zl?)(\ 2 ‘ia
o. = -
IN Ar |N Ar
Me)\)\Me Me)\/kMe

Future Works
1) aminooxyacetic acid auxiliary Z A% 2 (C U T(ACS Catal., 2017, 7, 6938.) . s al
- > (BSAH TS A
D&IICF Y TLABORIGZEFETER NN A - /?ﬁ P,
AFYLTRREBEDLOARL oL 578p-7 X /BZRV S, —Ilicommercially available,

2) Table 1 TDG3%Z UL\ IHZE ITUNEN8% T3 Do Thorpe-Ingold effectHE D 7R\ 8}75‘\%2_ 5Nhd,
£ hEEW—EBDauxiliaryZ AW TRIGNETINIE Y 7 AT L ABIRNBRIGZFER TE 2 0EEEN D S,
proposal( YA AT BEIC R 1 IE E 5 [Ctransient DG % &R L TERIERY @Kﬁ?‘%fﬂﬂﬂﬁﬁy

9 -0 J)
‘Prl"’HJ\OH R,
— L OH
B8 S Deg 7
Me Me Me)\/kMe t i
8% This work
DG3 bulky aminooxyacetic acid
FEORX THOBVWHIDER EHBR=BuFEHTEZS O/C
—
1) Lanzhou Ligong Daxue Xuebao, 2012, 38, 62
HoN
i g : on D& D782 Daminooxyacetic acidD ¥ 1 T2 A3
HOM o ol i ’ - Y IIANRS S o
Beri o REFIDERDZLFEMI NITHRARNTEEZS
2 L it '\
2) ACS Cent. Sci., 2016, 2, 242. Syt VN

8) 7 b > Dy-C(sp)-H activationz BE 9

TN 7N
— N —
5 H 5 Ar
NN, Paiy TN HNTY,
2 {ayx — g
Me MH 16 examples Me 7
e 50-85% yields e
Me < == Me
+ regio- and stereoselective
Privileged structure in + bromobenzene applicable
medicinal chemistry and + broad scope
asymmetric synthesis + good functional group tolerance

Org. Lett., 2014, 16, 4288.
B H L CIIAERNRSERNBEEREIFRES I TWS,
— AV T7AAXA=I3>hU Iy NRSBIRMICT k> Dy-C(sp®)-H activationhNB] B2

0 b 3 id
/L)\O e O3, A

S — T
Me)l\) Me ‘
previous work this work
[-selective y-selective

7

%D TTablel H L WTableTX o U —=v



AR I

A Highly Efficient Synthesis of Z-Macrocycles Using Stereoretentive,

Ruthenium-Based Metathesis Catalysts
Tonia S. Ahmed and Robert H. Grubbs* Angew. Chem. Int. Ed. 2017, 56, 11213

P
Abstract @

A highly efficient, Z-selective

large large

ring-closing metathesis system for Z-olefin o terminal olefin @NTq@ ( O __o

the formation of macrocycles using N\OW —
n
%

a stereoretentive, ruthenium-based R
Z-macrocycles (95 - 99% 2)

catalyst supported by a dithiolate TON =100

ligand is reported. The catalyst is remarkably active as observed in initiation experiments showing complete catalyst
initiation at -20 °C within 10 minutes. Macrocyclization reactions generated Z-products from easily accessible diene
starting materials bearing a Z-olefin moiety. This approach provides a more efficient and, selective route to Z-
macrocycles relative to previously reported systems. Reactions were completed within shorter reaction times, and
turnover numbers of up to 100 could be achieved. Macrocyclic lactones ranging in size from twelve- to seventeen-
membered rings were synthesized in moderate to high yields (67-79%) with excellent Z-selectivity (95-99%).
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This Work 2: Mechanistic Study

Scheme 4. Experimental Mechanistic Studies
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Table 1: Optimization of the nickel-catalyzed «e-allylation of cyclohexane

carboxaldehyde with allyl alcohol (selected conditions shown).®
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1a 2a 80°C. 15h 32

Entry Ligand  Solvent Equiv Cat. Conv. Ta Yield 322

2a loading [%6}™ [96]°

%]

1 dppb toluene 3 2 46 42
2 PPh#  toluene 3 2 3 0
3 dppp toluene 3 2 2 0
4 dpppen  toluene 3 2 22 12
5 dppmb  toluene 3 2 3 29
6 Xantphos toluene 3 2 7 1
7 dppf toluene 3 2 56 50
8 dppf acetonitrile 3 2 81 78
9 dppf THF 3 2 56 43
10 dppf isopropanol 3 2 >99 >99
n dppf isopropanol 2 2 >99 96
12 dppf isopropanol 1 2 92 32
13 dppf isopropanol 1 1 73 73
14 dppf methanol 1 1 >99 >99
15 dppf aliyl alcohol 10 1 52 41
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Table 2: Scope of the Ni-catalyzed allylation of u-branched aldehydes
1 with allylic alcohols 2.% ¢ ].(1 .8 mmOD s za(l .8 mmOD
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Table 3: Scope of the Ni-catalyzed allylation of hydratropic aldehyde 1g > 1g(18 mmol),2(18 mmO]-)
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Table 4: Sc f the Ni-catalyzed allyfati f 0f-insaturated aldehydes
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Donor ligands based on tricoordinate boron formed

by B—H-activation of bis(phosphine)boronium salts
Gratz, M.; Backer, A.; Vondung, L.; Maser, L.; Reincke, A.; Langer, R.*

Chem. Commun. 2017, 53, 7230-7233.
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Scheme 2 Synthesis of the bisiphosphinelboronium salt 1 from dppm
and its reactivity towards nickel and palladium precursors (X = Cl, Br).
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Fig. 1 Molecular structure of the cation in 2 in the solid state (ellipsoids
are drawn at 30% probability, carbon-bound hydrogen atoms are omitted});
selected distances (A} and angles () Nil-C20 1786(4), Nit-C1O 1.788(4),
Nil-P4 22028(9). Nil-P1 22143(9), B1-P2 1918(4), B1-P3 1920(4)
P4-Nil-P1 113 24(3), P2~B1-P3 118.3(2).

Fig. 2 Molecular structure of the cation in 3-Br in the solid state {ellipsoids
are drawn at 30% probability, carbon-bound hydrogen atomns are omitted).
Selected distances (A) and angles (): Pd1-B1 2.125(11), Pdi~Bri 2.561(6),
Pdi-P123031(15), Pdi~P2 2.3041(15), P3~-B1 1.929(12), 2.005(12); P2-Pdi~
P1 170.98(5), B1~Pd1-Bri 168.3(3).
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(AE,,, ., = 80 kJ/mol)

Fig.3 HOMO-2 and HOMO-8 of complex 3"€-Cl; HOMO of complex
4Me_Cl/Br (B97D/def2-TZVPP, contour value 0.05, Pd: black, P: violet, Br:
red, Cl: green, B: yellow).

& 1 ».

-

Fig. 4 Molecular graph for complex 3Me_Cl derived from QTAIM analysis
with contour plot of the Laplacian in the B—Pd-P-plane (bcps: green dots;
charge depletion (V%p > 0): solid blue lines; charge accumulation (VZp < O):

dotted red lines).
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Table 1 Selected quantum chemical and spectroscopic data, bond dis-

tances and angles

3X (L-type) B (X-type)® A (Ztype)®
dpgs/A 2.129 2.196 2.650
dpa-v/A 2.203-2.204 2.275-2,284 2.288-2.315
Yol 319-343° 330.7 3549
dg/ppm -24.5 17 59

aMeql . A
g8 (NBO)? -0.848 +0,434 +0.902
Pocp (PA-B)* 0.091 0.086 0.020
Hiep (Pd-B)* ~0.037 ~0.029 -0.009

“ Data taken from ref. 32, * Data taken from ref. 31. ¢ The BH-group in
3 was disordered and therefor two values are reported; the big dis-
crepancy might be a result of inaccurate location of the hydrogen
atoms. “ Charges from natural bond orbital (NBO) analysis. ¢ Electron
and energy density at bond critical point (bep) from QTAIM analysis.

Ref 49: D. Bourissou ef al. Chem. Eur. J., 2008, 14, 731-740.

Ref 50: M. E. Tauchert, Chem. Commun. 2016, 52, 11823-11826.
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Abstract: The nickel-catalyzed decarbonylation of unstrained

diaryl ketones has been developed. The reaction is catalyzed 4
: : i : R*/\IM R
by a combination of Ni(cod)2 and an electron-rich N-heterocyclic Ll P o B Ryl 5 ‘

z

V \
' = . > 2N
carbene ligand. High functional group tolerance and excellent N / '; l*{/ \
yields (up to 98%) are observed. This strategy provides an  Upto 98% yields
; z : . B Catalytic Ni complex
alternative and versatile approach to construct biaryls using an B Good functional group tolerance

inexpensive nickel catalyst.
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Cobalt-Catalyzed Intramolecular Alkyne/Benzocyclobutenone Coupling: C-C Bond
Cleavage via a Tetrahedral Dicobalt Intermediate

Zhu, Z.: Li, X.; Chen, S.; Chen, P.- H.; Billet, B.- A.; Huang, Z.; Dong, G.* ACS Catal. 2017,
DOI: 10.1021/acscatal.7b03852.
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7.5 mol% Co,(CO)g O
O/\Et 36 mol% P(3,5-CgH3(CF3)2)3

O 20 mol% pyridine N-oxide OO Et
1,4-dioxane, 15h, 110 °C OH

1a "standard condition” 2a
entry change from “standard condition” yield® (%)

1 none 88 -

2 without Co,{CO), 0

3 without pyridine N-oxide 46

4 without P(3,5-C4H(CFy), ) 52

s CoBr; instead of Co,(COJg 0

6 salenCo(1I) instead of Co;(CO)g 0

7 Co nanoparticles” instead of Co,(CO), 0

8 dppb” instead of P(3,5-C,H,(CF, ).}, trace

9 PPh, instead of P(3,5-CH,(CF,),)s 75

10 SPhos instead of P(3,5-CH,(CF,),), 75

i1 90 °C instead of 110 °C 7

12 130 °C instead of 110 °C 554

13 with 1.2 equiv ZnCl, 33

“Uniess otherwise noted, yields were determined by 'H NMR]
*Obtained by heating Co,(CO); alone in ,4-dioxane at 130 °C for 6
h. “18 mol % of dppb was used. “Isolated yield.
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o g 7.5 mol% CoACOY ¢

I O 36 mor% P(3,5-CeHACFy )k e N R

Ny 20 mol% pyvidine N.oxde fo(

LA 1.4-doxana, 15, 110 °C SN ToH
R

{! \\/ ~ ' x\T/ B “'\1,\ \w‘

\. .
N x/' AN “oH

2a 85% Zb 96% 2c 54% 2d, 85%

,°
)H/ oTIPS S ,g
“OH L o
O Ar= i,
R N, CHy A
L A i e L =
fhoﬂ e ,\L/}’m JJ

a\.am 2! 7&% 2, 73% 2K 72%

kﬁ\./j \)\j k CFy /‘\ }‘f i :

277%  2me% . 51% 20, 69% 2p, 4%

E%}vﬂ ~i%Tm .ixvﬂ
o wf[\:% P J&Lf’\m

4

Y S O
e

29, 48% 28, 58% 2t 82%

th Rh 23% W RN TER

Bt

R 7 ol o/*-f/’-”
~ 2 PRI kyne Shia ) . -
L ‘(’__[j tmerzaton E,}U activity

fu T v

“All yields are isolated yields. The yields with Rh are from ref 3d.
QOthers are all new substrates,

2 OFEEITu vy AEAWEE L RREOKSH TR,
RICAFNALERAL T4 EZAVERARE Y VAL VRN ENY, = FLES p XA b
*V71:W%fﬁﬁﬂﬂ$ﬁTﬁoto

SIZATFNVENA-TZEE TlEnm °/°'7.L\0) 2ELL EDWE L 7257,
A///7m77//@ﬁ§FL HEMELZEAL THINRIIED LRV, &
REIMEEAZEAT D ENENTRD
nYyLLIIRRY ZEFAL %ﬁ%®ﬁ%1r$@ﬁbt%®%7w7/11ﬁm
DIETT L7220,
0y ATIERISDET L0 o7 C8 2V ATF AL LI-EE THRIGHETLZZ &



b, BT ADERE LITHORKERB L TWVWD Z ERREBEINTNS,

[ ——Et
O o

the Rh system

e ] LB e

i ifficu g A ;

: s ~ ‘

i ] me Me | Y

0
\
o = Et
g (1
F R0
8 :MMe Me" Me
e - - 2r S
ir A e Co LR T 01 0 z
? / = DR Bl 5L 23T
the Co system Co ;
"standard O 52%
condition" NGB
?
B R FR AT
(OC)sCo ¢
——
0" TS-et o0 \
a) O — . O Co(CO)3
DCM, r.t. O
1a B s2

/\ o}

o A Ar

b) o) " “standard condition" OO
@:f except replacing OH
Co,(CO)g with 82

2i, 81% (Ar=Ph)
2h, 73% (Ar= 4-OMeCgHy)

S y 2
o) 0 "standard condmon"k N Et
@j except under 3. 5%
1atm 3CO OH
1a 2a, 41%

Ref9 A [E|D i & AL OFERE % 1% 5 Pauson—Khand Reaction D#&4E,
HH 1la & 290 Ml AR SERIG S5 L EEK S2 BRRMNCAER L, et LT
RIG2AT 9 ERIERL AN ELND Z b, ZORIGRITEER S2 ZfEH L TWD,



Refl0a 7 /L% > DR#IE L L TP Co(CO)s DF|AHI,

Ref10d H# =L MEAWIZHRERY7: 8 D DG DH#RTE,

RIS % 1 KUE 8CO FHEK T TIT O L AEFRMITIT BC BT E A EEENR Y, LIEAR> T
ga~%t /) ODHNVRZ)VEOMD I AR=)L & ORI iy, Ty AORKK
TiX C1—[Rh]—C8 #*5 C1—[Rh]—C2 ~DEMALDOBIZ N R =V ER—BE a7 LD
BANZ & LCHBET 272 0KRBMBRER Z VIFL, a,-UL hTIEEBR RN zHr Y T AL
B REEED Z EPHARIRE S L,

Refll =L b EIZEAE LTV 5 12CO % 13CO IZEHE L TV < B TORMRILA RS b
NDEAE,

ABTE RO
O
R
R
-Cox(CO)s
Coz(CO)
KﬂrR
Co /‘é :
1 o lgol
[CO] 7
B
reductive patha |
elimination Ctyffki_‘ J
metalation
reductive p?th b
elimination oxidative
[Co] [Cfl addition
[m]R [Co]
o B-carbon
elimination
R ¢ [Co]

[CO] (Co]
o O
E migratory
insertion D

BANZIEEID C=C EIZ Co2(CO)s ¥ CO % 2 DHBEL > OBLI L TAIZR D, KIZEY ¥



¥ NAFY ROBLIERTa v b EICEZLTWS CO 28 1 b S CTIEBEL . 4
B UT-ZBBEEIC S 7 a7 T ) DANHE = VENENM LT B3,

Z DL patha & pathb @ 2 SOEENEE STV 5,

Path a TiXv 7 a7 7 /) v OAINVR=AEET X 2 a0 MERORK T metalacycle 23
R L, C1—C2 fE& 21U ST C2—Co fEAMNERK L. £ Co 2NETHIBEET 5,
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Fig. 2, Localized minima of the olefin-coordinated dicobalt pentacarbonyl -propyne complexes at the BILYP/LANLIDZ level Interatomic distanoes are
n A and refative energies { keal mol™" ) are with respect to structure 2a Natursl populetions (¢7) are underlined
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Rational development of catalytic Au(I)/Au(III) arylation
involving mild oxidative of aryl halides
Abdallah Zeineddine, Laura Estevez, Sonia Mallet-Ladeira, Karinne Miqueu
Abderrahmane Amgoune, Didier Bourissou
Nat. Commun. 2017, DOI: 10.1038/s41467-017-00672-8
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® This Work 1: Me-Dalphos gold(I) D 45EFTAH
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the presence of AgSbF, (Ad = 1-adamantyl)

Fig.4 #x723 {7V ~w><o>ﬁ§459@ﬁjm

)
e s |/ sbF |
N 5 %L DA TV —Zxt L
Ad._ AgSbFg Ad | ®
SP—Au-Cl ———= "p—Au—X TH < WAL =
e CD,Cl,, RT  Ad Ar

: l i @ “ RIMHOBRIZFELALES

&Ik\;(i'c?& e Z;(,‘Lj_h\

<1 min <1 min <1 min <1 mm <1 min <1h

99% 99% 99% 99% 99% 99%

B U OBE
BRI A3 D)5 Br
OMe
3, U OO

NO: BALT U — L L BRI 0B

1h 3.5h 72 h 12 h 12h 4 h 3. RISIER

99% 99% 96% 60% 75% 93%



® This Work 2: Mechenistic Study
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® This Work 3: Substrare Scope

Table 1 Gold-catalyred arylstion of 1,35 trimethoxybenzene with aryl halides*

MeO  REREIC 37 T (i bk M A 02

MeO
Q " (Me-Daiphos)AuCl (5 mol%)
Ar-X 4+ OMe - Ar OMe
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O =~ O
91% (75%) 84% (70%) 99% (82%)
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> + N
f?‘ i
Ph Ph

Y

\
) K4PO, (1.0 equiv.)
Ph DCB/MeOH

2 h, 75 °C 61%

9 1

Gold-catalyzed arylation of 1-phenylpyrrole with iodobenzene. Reaction carried out using

the (Me-Dalphos) AuCl complex 1 (5 mol%) in the presence of AgSbFg and K3PO4
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Regioselective C—H Bond Alkynylation of Carbonyl Compounds

through Ir(III) Catalysis
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This work 1: 5G4 D sk
Table 1. Optimization of Reaction Conditions

l\ N o
@{0 + TIPS—==—B8t Metalcatalyst _ |
7 H

DCE, 120°C # =
24h TIPS
1a 2 3a
additive d
entry metal catalyst (mol %) {mol % /equiv) %)
1 [KCp*Cl,], (2)/AgNTYE, (8) NaOAc (7.5) 12
2 [RhCp*Cl,]; (2)/AgSbF, (8) NaOAc (7.5) nd.
3 [R(A;()fl;(p-mne);h (2) /AgSbE,  NaQAc (7.5) i
4 PA(OAc), (5)/NESI (200) - nd.
5 [RCp*Cl,], (2)/AgNTF, (8) - nd.
6 [WCp*CL], {(2)/AgNTH, (8) CsOAc (75) i
7 [KCp*Cly), (2)/AgNTH, (8) HOAc (75) nd.
8 [ECp*Cl,), (2)/AgNTY, (8) HOAc/1i,CO, nd.
9¢  [KCp*Cl], (2)/AgNTY, (8) NaOAc/AgOAc 2
109 [KCp*Cly; (2)/AgNTH, (8) NaOAc/AgOAc 6
11° [KCp*Cly, (2)/AgNTH, (8) NaOAc/AgOAc 2
12 [ECp*Cly, (4)/AgNTH, (16) NaQAc/AgOAc 78

13 [WCp*Cll, (4)/AgNTH, (16) NaOAc/AgOAc 86 (85)
14 [KCp*Cly, (4)/AgNTH, (16) NaOAc/CulQAc), 6

15 [ICp*Cl,], (4)/AgNTH, (16) NaOAc/BuOO'Bu nd.

16  [ECp*Cl], (4)/AgNTY, (16) NaOAc/K,S,0, <5

“Reaction conditions: 1a (0.10 mmol), 2 (0.20 mmol), catalyst (4 mol
%), additive (7.5% mmol) in solvent (1.0 mL), argon, 120 °C, 24 h.
"Yield was determined by GC analysis. Number in parentheses is
isolated yield. “AgOAc (0.5 equiv). “AgOAc (1.0 equiv). “AgOAc (20
equiv). 'DCE/HFIP (1.0 mL, 9/1).

- &R AAEIZ PA(ID). Ru(I). Rh(ID), Ir(IM)% AV =25, Ru(Il)& Ir(ID) L ANE
HERIIRNoT,

s TET— AR EEE X T3,
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Wb EEZHIND, (Refl14a: J. Am. Chem. Soc. 2008, 130, 16474. Ref 14b: J. Am.
Chem. Soc. 2011, 133, 6449.CMD #&t& 12 X 2 KUt D 1))

s NTA ROT 7 v 7 H—% AgNTEH 5 AgSbFs KLV b B o7z,

- R DIRINC & o T2 kLT,

/ PRI IE DCE:HFIP=9:1 DR A TR A 51 Td> -7z, (Table S3)
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This work 2: 7 U — /L E D1 &L
Table 2. Ketone Functionality-Directed C—H Alkynylation

/L ir(lll) catalysis /“"v,/ 0
Yoo TIPS—==—8 (|
i /’ '-”\:\\‘
1 2 3 Tes
E.} o [/ \rf‘i o MCO«_F/\-}V. “0 J, %/{\0
i e A. - -
il k MeO” Ny Me0” Ny N
“TIPS TIPS TIPS TIPS
3a, 85% 3b, 88% (80%)° 3¢, 90% 3d, 81%
/1 o oo o
' B \”\ T P .
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N O \ k
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0
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f o )/‘\/K | o
TIPS Ph" ‘i‘;/*‘\
3q, 84% 3r, 85%

“Reaction conditions: 1 (0.10 mmol), 2 (0.,0 mmol), Ir(I1I} (4.0 mol %), AgNTT, (16 mol %), NaOAc (30 mol %), AgOAc (0.2 mmol), DCE/
HFIP (1 mL, 9/1} at 120 °C, argon, 24 h PThe reaction was conducted on a 1 mmol scale for 48 h
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This work 3:% b > D F i
Table 3. Ir(IlI)-Catalyzed Direct C—H Alkynylation of Ketones
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S e o .
0 N o7
A e J A g i\(
P WL° f T A A
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“Reaction conditions: 4 (0.10 mmal }, 2 (020 mmol ), I«(1I) (4.0 mol
%), AgNTH, (16 mol %), NaOAc {30 mol %), AgOAc (0.2 mmal),
DCE/HFIP (1 mL, 9/1) at 120 °C, argon, 24 h.
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Table 4. Ester Group-Facilitated C—H Alkynylation
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“Reaction conditions: 6 (0.10 mmol ), 2 (020 mmol }, I«{IIT) (4.0 mol
%), AgNTE, (16 mol %), NaOAc (30 mol %), AgOAc (0.2 mmol),
DCE/HFIP (1 mL, 9/1) at 120 °C, argon, 24 h.
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Scheme 2. Competing Coordination Experiments
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“Reaction conditions: substrate (0.10 mmol), 2 (020 mmol), Ir(1II)
(4.0 mol %), AgNTE, (16 mol %), NaOAc (30 mol %), Ab()AL (0.2
mmol), DCE/HFIP (1 mlL, 9/1} at 120 °C, argon, 24 h. P00 °C, 24
h. €100 °C, 12 h.
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Scheme 3. Further Modification of Molecules via C—H Dialkynylation
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“Reaction conditions: substrate {0.10 mmol), 2 (040 mmol), Ir(I)
(4.0 mol %), AgNTF, (16 mol %), NaOAc (30 mol %), AgOAc (0.2
mmol), DCE/HFIP (1 ml, 9/1) at 120 °C, argon, 24 h.

This work 7:8t > U ARG
Scheme 4. Desilylation of Obtained Products
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“Reaction conditions: substrate (0.3 mmol), TBAF (0.60 mmol), THF
{3mL)atrt, 1 h.
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Scheme 5. Proposed Mechanism L
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