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Graphical abstract synopsis

(N-Ru-C)-cycloruthenates are easily prepared at room temperature on reaction of
arylimines with [RuCl(p-cymene)], and KOAc in methanol, via ortho arene C-H
activation/deprotonation by acetate. The presence of a Ru-Cl remaining bond, instead
of a Ru-OAc bond, is crucial for compound isolation. This preparative method was
applied to 2-phenyl oxazoline, benzo[h]quinoline, 2-phenylpyridine and

1-phenylpyrazole derivatives.
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In the memory of professor Alexander Shilov

for his creative and inspiring work on C-H bond aeétion

Abstract. The reaction of arylimines with [Ru&p-cymene)} and 4 equiv. of KOAc at room
temperature in methanol leads to the formation ofRWNC cycloruthenates
RuCl(aryliminexC,N)(p-cymene)3a-3d via ortho C-H activation/deprotonation by acetate.
The presence of the stable Ru-Cl bond rather thiabile Ru-OAc bond is crucial for the
isolation of the complexes. This preparative metlafdcyclometallates was applied to
2-phenyl oxazoline, and bennpjuinoline and to the improved synthesis of
2-phenylpyridine and 1-phenylpyrazole derivativélthe molecular structures of three

cycloruthenates are reported.

Keywords: N-Ru-C cycloruthenates, C-H bond activation, C-kndb deprotonation,

arylimines, ruthenium-acetate.

1 Introduction
Since the initial creative work of Alexander Shilom C-H bond activation of alkanes with
Pt(ll) and Pt(IV)-?catalysts leading especially to alcohdlmany transition metal complexes

have been shown to promote the activation of C-kidsovia various processes and to further
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lead to catalytic functionalizations of aromatistms and alkanésAmong these molecular
metal catalysts, after the useful contribution whenium(0) species in the Murai reactfon,
the easily prepared, inexpensive and stable rutihgih) complexes are now offering easy
and diverse catalytic functionalizations of €pH > as well as spC-H " bonds.

Ruthenium(ll)-catalyzed 3@-H bond functionalization of functional aromatic
compounds has known since 2001 a tremendous dewetdpdue to the control of direct
(hetero)arylation with aryl and heteroaryl halides the preparation of polyfunctional
molecules and polydentate ligafidkand for the access to polyfunctional alkenes vialytic
alkenylation>*?For catalytic functionalization of arene C-H bortle mechanism based on
kinetics was showh™*to be favoured by nitrogen containing functionia#cting groups and
to take place via an initial, easytho C-H bond deprotonation by carbonate oMy’ or by
carboxylaté® 1% as a proton shuttle to form a cyclometallated enthm(ll) intermediate.
The oxidative addition of arylhalide to the orthdaiacycle followed by the reductive C-C
bond formation is a more energy demanding $téfthat can be also performed in water as
solvent™

The first preparations of (N,C)-cyclometallatedherium(ll) complexes were made by
transmetallations from mercury salfsThen they were performed more directly by C-H bond

117 and Davieset

deprotonation ofN-containing functional arenes as reported by Pfeftea
al.*® Thus the cyclometallated ruthenium(ll) complexeisiag from the deprotonation of
arylmethylamine$®172P¢ 1_aminotetralin”” and N-containing heterocycles such as

g'labe1sa gyazolines®? pyrazolé®® were successfully

phenylpyrrolidine}”® phenylpyridin
isolated. By contrast the preparation of cyclorotdtes of arylimines with ruthenium(ll)
complexes was not straightforward in spite of thsimess of their Ru(ll)-catalyzeattho
arylations'®?!Cationic ruthenium(ll) cyclometallated benzylideniaes PhC(R)=NPh (R =
H, Me) were first obtained on reaction with Ru@Mes)(CsMes)/ 2AgBF,.%* By contrast
benzodiazepine reacted with [Ru@tcymene)}and NE% to generatéhe (N,C)-ruthenacycle
involving the benzodiazepine arylimine moiéty.

Davies® showed that the acetate ligand of RuCl(OpayYmene) complex could

promote the formation at room temperature of (Ng@lometallated complexes from

aldimines but only when they contained a N-alkydugy and in the presence of an excess of
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benzaldehydé® This methodology could not be used for the prejmaraof cyclometallated
ruthenium(ll) complexes from arylideneanilingg,which easily led by contrast to their
rhodium and iridium cyclometallated derivativesr Foe later the regioselectivity of C-H
bond deprotonation was shown to be mostly sensittoe steric effectd®18024
Orthometallation of aryloxazolines appeared lesgorable than that of alkylimines. It
occurred only with iridium complexes and not wittthrenium or rhodium derivative'$®

The ruthenium(ll) catalyzed diredrtho C-H bond diarylations of N-arylimines with
arylhalides by action of both acetate and FRfands were successfully performed in NfP,
and more surprisingly in water with higher activitf the catalyst! The first step of this
reaction is expected to be the formation of thbartetallated intermediate via the C-H bond
deprotonation, which motivated the search for theddions to form and isolate the N-aryl
imine cycloruthenation intermediates.

We now describe the general and facile accesvémiety of cyclometallated ruthenium(ll)
complexes first of arylimines, following our prelfimary repor® on reaction with
[RuCly(p-cymene)} at room temperature in the presence of KOAc inhamsdl. It will be
shown that these complexes are stable when a R is retained. Thisrtho C-H bond
activation by deprotonation with acetate can bdieggo functional arenes equipped of a
nitrogen-containing heterocyclic directing groupciswas pyridine, pyrazole, oxazoline and
benzoh]quinoline and three of these cyclometallate coxgdeare characterized by X-ray

structure analysis.

2 Experimental

2.1 General

All reagents were obtained from commercial souraeesl used as received. THF and
dichloromethane were dried over Braun MB-SPS-80ges purification system, and stored

under an argon atmosphere. Methanol (anhydrous,CHBtade, Aldrich) was used as

received. Technical grade petroleum ether (40-6(b.3C) and ethyl acetate were used for
chromatography column. Analytical TLC was perforneedMerck 60F254 silica gel plates

(0.25 mm thickness). Column chromatography wasoper@d on Acros Organics Ultrapure

silica gel (mesh size 40-gM, 60A).



'H NMR spectra were recorded in CRGit ambient temperature on Bruker DPX-200,
AVANCE | 300, AVANCE Il 400 spectrometers at 200.300.1 and 400.1 MHz, using the
solvent as the internal standard (CRG1.26 ppm)**C NMR spectra were obtained at 50, 75
and 100 MHz and referenced to the internal solsertals (CDJ, central peak at 77.2 ppm).
Chemical shift §) and coupling constantg)(are given in ppm and in Hz, respectively. The
peak patterns are indicated as follows: s, singlettoublet; t, triplet; g, quartet; m, multiplet,
and br. for broad. Infrared spectra were recorded ®&ruker IFS28 spectrometer using KBr
pellets. HRMS were measured on Waters Q-TOF 2hatGRMPO (Centre régional de

mesures physiques de I'Ouest), Université de Rehnes

2.2 General procedures for the reactions of iminewith [RuCl o(p-cymene)}
[RuCly(p-cymene)} (0.1 mmol, 61.2 mg), imine (0.2 mmol), KOAc (0.4mol, 40 mg) and
methanol (5 mL) were introduced in a dried Schlemae under argon, equipped with
magnetic stirring bar and the mixture was stirredrmabient temperature for 20 h. The solvent
was then evaporated under vacuum and the desioeldigirwas purified by chromatography
column on silica gel (0.5 mol% ) with a mixture of petrol ether/ethyl acetate the

eluent.

[RUCKHC ¢Hs-1-C(H)=N(4-CH3CsH4-«C,N)}(p-cymene)] (3a)

This compound was prepared from the imiBa The complex3a was purified by
chromatography column on silica gel with a mixtofepetroleum ether/ethyl acetate as the
eluent (75:25), and/as isolated as a orange solid (83 mg, 90 %)(getroleum ether/EtOAc

70:30) = 0.45.

'H NMR (400 MHz, CDCJ): 6 = 8.20 (d, 1H,) = 7.6 Hz, H), 8.10 (s, 1H, H), 7.66 (d, 2H,)
=8.4 Hz, Hj), 7.54 (d, 1HJ = 7.6 Hz, H), 7.23-7.17 (m, 3H, kK, Hy or Hs), 7.02 (t, 1HJ =
7.4 Hz, H or Hs), 5.48 (d, 1HJ = 6.0 Hz, cymene), 5.22 (d, 1Bl 6.0 Hz, cymene), 4.87 (d,
1H,J =6 Hz, cymene), 4.83 (d, 1B = 6.0 Hz, cymene), 2.43-2.36 (m, 4H,sHCHMeMe'),
2.08 (s, 3H, Me cymene), 0.99 (d, 3H~= 6.8 Hz, CH/eMe"), 0.85 (d, 3H,J = 6.8 Hz,
CHMeMe’). The protons K He, Hio have been assigned from a COSY experinté@f'H}
NMR (100 MHz, CDCY): 6 =189.2 (C-Ru), 171.7, 152.8, 146.2, 139.3, 13¥38.3, 129.8,
129.4, 122.6, 122.3, 102.5, 100.7, 92.7, 89.6,,822%, 31.0, 23.1, 21.6, 21.3, 18.9. IR:
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(C=N) 1579 crit. HRMS (ESI): m/z calcd for G4H6N*CINa'%Ru [M+ Na]' 488.0695,
found 488.0708m/zcalcd for G4H2eN'Ru [M- CIJ* 430.1109, found 430.1112.

[RUCK(4-OMeCgH4)-1-C(H)=N(4-CH3CsH4-kC,N)}(p-cymene)] (3b)

This compound was prepared from the ime(45 mg, 0.2 mmol). The comple8b was
purified by chromatography column on silica gelhwd mixture of petroleum ether/ethyl
acetate as the eluent (70:30), amak isolated as a red solid (77 mg, 77 %).(Petroleum

ether/EtOAc 70:30) = 0.30.

'H NMR (300 MHz, CDCY): 6 = 7.97 (s, 1H, K, 7.72 (d, 1H,J = 2.4 Hz, H), 7.63 (d, 2H,]

= 8.4 Hz, H1), 7.48 (d, 1H,) = 8.4 Hz, H), 7.19 (d, 2H, = 8.4 Hz, Hy), 6.56 (dd, 1H,) =
2.4 Hz,J = 8.4 Hz, H), 5.44 (d, 1HJ = 6.0 Hz, cymene), 5.18 (d, 1Bl= 5.7 Hz, cymene),
4.83 (m, 2H, cymene), 3.92 (s, 3H, OMe), 2.41-2185 4H, H3 CHMeMe’), 2.08 (s, 3H,
Me cymene), 0.99 (d, 3H] = 6.9 Hz, CHJleMe’), 0.85 (d, 3H,J = 6.9 Hz, CHM#Me’).
3C{*H} NMR (75 MHz, CDC}): § =191.5 (C-Ru), 170.2, 160.3, 152.8, 139.7, 13634,.1,
129.3, 123.6, 122.3, 109.0, 102.3, 100.1, 92.42,8%8.0, 82.2, 55.3, 30.9, 23.1, 21.6, 21.2,
18.9. IR:v (C=N) 1582 crit. HRMS (ESI): m/zcalcd for GsHogNO**CINa**Ru [M+ NaJ'
518.0801, found 518.081/zcalcd for GsHogNO™Ru [M- Cl]* 460.1214, found 460.1212.

[RUCK(4-CIC ¢H4)-1-C(H)=N(4-CH3CsH4-«C,N)}(p-cymene)] (3c)

This compound was prepared from the im2wg(45.8 mg, 0.2 mmol). The compl&c was
purified by chromatography column on silica gelhwda mixture of petroleum ether/ethyl
acetate as the eluent (75:25), amak isolated as a red solid (52 mg, 52 %).(petroleum

ether/EtOAc 70:30) = 0.65.

'H NMR (300 MHz, CDC}): & = 8.15 (d, 1H, = 1.8 Hz, H), 8.06 (s, 1H, H), 7.63 (d, 2H,

= 8.1 Hz, Hy), 7.45 (d, 1HJ = 7.8 Hz, H), 7.22 (d, 2H, = 8.1 Hz, Hy), 7.01-6.97 (m, 1H,
Hs), 5.47 (d, 1HJ = 6.0 Hz, cymene), 5.22 (d, 1Bl= 6.0 Hz, cymene), 4.90 (d, 1Bi= 6.0

Hz, cymene), 4.85 (d, 1H,= 6.0 Hz, cymene), 2.42-2.33 (m, 4H;3HCHMeMe’), 2.10 (s,
3H, Me cymene), 0.98 (d, 3H,= 6.9 Hz, CHeMe’), 0.85 (d, 3HJ = 6.9 Hz, CHM#&e’).
13c{’H} NMR (75 MHz, CDC}): 6 =190.5 (C-Ru), 170.8, 152.5, 144.5, 138.5, 137360,
130.4, 129.5, 123.0, 122.2, 103.1, 100.9, 92.9},88.7, 82.6, 31.0, 23.0, 21.7, 21.3, 19.0. IR:
v (C=N) 1578 crit. HRMS (ESI): m/zcalcd for G4HosN*ClL.NaRu [M+ Na] 522.0305,
found 522.0323m/zcalcd for G4Has N*°Cl1%Ru [M- CI]* 464.0719, found 464.07109.

[RUCKC gH4-1-C(CH3)=N(4-OCH3CsH4-kC,N)}(p-cymene)] (3d)
This compound was prepared from the imte(45 mg, 0.2 mmol). The comple8d was

purified by chromatography column on silica gelhwd mixture of petroleum ether/ethyl
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acetate (70:30) as the eluent, amak isolated as a red solid (72 mg, 73 %).(petroleum

ether/EtOAc 70:30) = 0.35

'H NMR (300 MHz, CDC})): & = 8.20 (d, 1H,) = 7.5 Hz, H or Hg), 7.46 (d, 1HJ = 7.5 Hz,

Hs or Hg), 7.30-7.18 (m, 3H, H, Hs or Hs), 7.05-6.96 (m, 3H, 3, Hs or Hs), 5.33 (d, 1H,] =
6.0 Hz, cymene), 4.95 (d, 1H= 6.0 Hz, cymene), 4.63 (d, 2Bl= 6.0 Hz, cymene), 3.91 (s,
3H, OMe), 2.57-2.48 (m, 1H,lMeMe’), 2.27 (s, 3H, Hy), 2.02 (s, 3H, Me cymene), 1.01 (d,
3H, J = 6.9 Hz, CHWleMe"), 0.83 (d, 3H,J = 6.9 Hz, CHM#&e’). *C{*H} NMR (100 MHz,
CDCly): § =188.3 (C-Ru), 179.6, 157.8, 147.4, 146.4, 139381, 128.3, 121.9, 116.5, 114.8,
102.9, 102.6, 92.8, 90.4, 80.3, 80.2, 55.6, 3038),221.3, 18.8, 16.9. IR:(C=N) 1578 crit.
HRMS (ESI): m/zcalcd for GsHagNO**CINa™Ru [M+ Na]' 518.0801, found 518.081fh/z
calcd for GsHgNO *%Ru [M- CI]* 460.1214, found 460.1211.

2.3 Reaction of 2-phenyl-2-oxazoline with [RuG(p-cymene)}: preparation of complex 5.
This compound was prepared from 2-phenyl-2-oxaedlif0.2 mmol, 26.3 pL). The desired
complex5 was purified by chromatography column on silichwigh a mixture of petroleum
ether/ethyl acetate (30:70) as the eluent, andisedated as a green solid (32.7 mg, 40%). R

(petroleum ether/EtOAc 30:70) = 0.25

'H NMR (300 MHz, CDC})): & = 8.15 (d, 1H,) = 7.5 Hz, H or Hg), 7.35 (d, 1HJ = 7.5 Hz,

Hs or He), 7.22 (t, 1HJ = 7.5 Hz, H or Hs), 6.98 (t, 1HJ = 7.5 Hz, H or Hs), 5.56 (d, 1H,)

= 5.7 Hz, cymene), 5.46 (d, 1B = 5.7 Hz, cymene), 5.19 (d, 1Bi= 5.7 Hz, cymene), 4.99
(d, 1H,J = 5.7 Hz, cymene), 4.78-4.67 (m, 2H,;;14.26-4.08 (m, 2H, k), 2.55 (sept, 1H]
=6.9 Hz, ®GMeMe’), 2.06 (s, 3H, Me cymene), 1.10 (d, 3Hs 6.9 Hz, CHMeMe’), 1.00

(d, 3H,J = 6.9 Hz, CHMMe’). *c{*H} NMR (75 MHz, CDC}): & = 182.7 (C-Ru), 174.2,
139.3, 130.9, 130.7, 126.4, 122.3, 101.3, 99.31,887.5, 81.8, 81.0, 70.8, 54.4, 31.2, 22.8,
22.2,19.1. IRv (C=N) 1632 crit. HRMS (ESI): m/zcalcd for GgH2,NO**CINa™*Ru [M+
Na]" 440.0331, found 440.033@n/z calcd for GeH2NO Ru [M- CIJ* 382.0745, found
482.0755.

2.4 Reaction of benzdfj]quinoline with [RuCl »(p-cymene)} : preparation of complex 7.

This compound was prepared from bemggjiinolone6 (0.2 mmol, 35.8 mg). The desired
complex7 was purified by chromatography column on silichwh a mixture of petroleum
ether/ethyl acetate (50:50) as the eluent, andis@ated as a dark green solid (41.9 mg,

47 %). R (petroleum ether/EtOAc 1:1) = 0.20.

'H NMR (300 MHz, CDC}): 6 = 9.48 (d, 1H,) = 5.1 Hz, H), 8.41 (d, 1HJ = 6.9 Hz), 8.18
(d, 1H,J = 7.8 Hz), 7.78 (d, 1H) = 8.7 Hz), 7.63-7.42 (m, 4H), 5.74 (d, 1#Hz= 5.7 Hz,
cymene), 5.66 (d, 1H,= 6.0 Hz, cymene), 5.30 (d, 1Bl= 6.0 Hz, cymene), 5.13 (d, 1Bi=

6.0 Hz, cymene), 2.50 (m, 1HHMeMe’), 2.04 (s, 3H, Me cymene), 0.97 (d, 3H; 6.9 Hz,

6



CHMeMe’), 0.84 (d, 3HJ = 6.9 Hz, CHMMe’). **C{*H} NMR (75 MHz, CDC}): § =178.4
(C-Ru), 155.3, 152.5, 140.5, 136.6, 135.4, 13329.7, 129.3, 126.9, 122.8, 121.1, 120.9,
101.5, 99.6, 89.7, 89.3, 83.6, 82.5, 30.9, 22.78,218.9.HRMS (ESI): m/z calcd for
CasH2oN*CINa'®Ru [M+ NaJ' 472.0382, found 472.0396n/z calcd for GsH.oNRu [M-
CI]* 414.0796, found 414.0797.

2.5 Reaction of 2-Phenylpyridine with [RuCh(p-cymene)} : preparation of complex 9%
18b]

This compound was prepared from 2-phenylpyridé&€0.2 mmol, 29 uL). The desired
complex9 was purified by chromatography column on silichwigh a mixture of petroleum
ether/ethyl acetate (30/70) as the eluent, andtstlas a dark green solid (81 mg, 94 %). R

(petroleum ether/EtOAc 30:70) = 0.35.

'H NMR (400 MHz, CDCJ): § = 9.16 (d, 1H,) = 5.2 Hz, H,), 8.09 (d, 1H,J = 7.6 Hz, H),
7.65-7.53 (m, 3H, b Hio, He), 7.11 (t, 1HJ = 7.2 Hz,J = 7.2 Hz, H), 6.99-6.94 (m, 2H, K
Hi1), 5.52-5.48 (m, 2H, cymene), 5.10 (d, 1H; 5.6 Hz, cymene), 4.91 (d, 1Bl= 5.6 Hz,
cymene), 2.37 (sept, 14,= 6.8 Hz, G(iMeMe’), 1.98 (s, 3H, Me cymene), 0.91 (d, 3H+
6.8 Hz, CHMeMe’), 0.81 (d, 3H,J = 6.8 Hz, CHM#&le’). *C{*H} NMR (100 MHz, CDC}):

§ = 181.5 (C-Ru), 165.4, 154.7, 143.5, 139.7, 1362B.5, 124.0, 122.6, 121.5, 118.9, 100.8,
100.6, 90.9, 89.7, 84.3, 82.3, 30.9, 22.6, 21.8.18

2.6 Reaction of 1-phenyl-H-pyrazole with [RuCl,(p-cymene)} : preparation of complex
11.[18d]

This compound was prepared from 1-pheryidyrazole (0.2 mmol, 26.4 uL). The desired
complex10was purified by chromatography column on silicavgéh a mixture of petroleum
ether/ethyl acetate (30:70) as the eluent, andisedated as a greenish solid (65.0 mg, 79 %)

R (petroleum ether/EtOAc 30:70) = 0.40.

'H NMR (300 MHz, CDC}): 6 = 8.15 (d, 1H,J = 7.2 Hz, H), 8.06 (d, 1HJ = 2.1 Hz, Hy),
7.91 (d, 1HJ = 2.7 Hz, H), 7.19-7.01 (m, 3H, k Ha, Hs), 6.47 (t, 1HJ = 2.7 Hz, H), 5.57
(d, 2H,J = 6.0 Hz, cymene), 5.30 (d, 1Hd,= 6.0 Hz, cymene), 5.09 (d, 1d,= 6.0 Hz,
cymene), 2.47-2.44 (sept, 18= 6.9 Hz, (Hi{MeMe’), 2.06 (s, 3H, Me cymene), 0.97 (d, 3H,
J = 6.9 Hz, CHveMe"), 0.93 (d, 3H,J = 6.9 Hz, CHMeMe")*C{*H} NMR (75 MHz,
CDCL): 8 = 161.9 (C-Ru), 142.2, 141.9, 140.2, 126.1, 12%28.2, 111.5, 108.4, 100.09,
100.08, 88.7, 88.2, 84.2, 82.2, 30.7, 22.5, 28(M.1

2.7 Preparation of complex 12
[RuCly(p-cymene)} (0.1 mmol, 61.2 mg), 1l-phenyHtpyrazole (0.2 mmol, 26.4 pL),
diphenylacetylene (0.2 mmol, 35.6 mg), KOAc (0.4 ohrd0 mg) and methanol (5 mL) were

7



introduced in a dried Schlenck tube under Argomijggaed with magnetic stirring bar and was
stirred at ambient temperature for 20 h. The sdlveas then evaporated under vacuum and
the desired product was purified by chromatograptiymn on silica gel with a mixture of
petrol ether/ethyl acetate (1:1) as the eluent. ddmaplex12'®® was isolated as a dark green

solid in 67% (79.3 mg).

'H NMR (300 MHz, CDCJ): & = 8.59 (d, 1HJ = 1.5 Hz, Hj), 7.88 (d, 1H,J = 1.5 Hz, H),
7.39-7.14 (m, 7H), 6.97-6.87 (m, 4H), 6.81-6.74 8H), 6.52 (t, 1HJ = 2.4 Hz, Hy), 5.57
(d, 1H,J = 5.1 Hz, cymene), 4.66 (d, 1H,= 5.1 Hz, cymene), 4.52 (d, 1d,= 5.1 Hz,
cymene), 3.51 (d, 1H] = 5.1 Hz, cymene), 2.83 (sept= 6.9 Hz,1H, GiMeMe’), 2.47 (s,
3H, Me cymene), 1.25 (d, 3H] = 6.9 Hz, CHMeMe’), 1.10 (d, 3H,J = 6.9 Hz,
CHMeMe').2*C{*H} NMR (75 MHz, CDC}): & =183.3 (C-Ru), 152.5, 146.7, 146.0, 144.1,
137.7, 137.5, 133.7, 133.4, 131.6, 128.5, 128.7,212126.3, 125.9, 125.5, 124.7, 123.1,
110.3, 107.8, 103.8, 96.4, 81.1, 78.9, 75.3, 334, 23.2, 19.6.

2.8 Catalytic arylation of imine 2a with Ru(Il)-OAc catalytic system in NMP
[RuCly(p-cymene)} (0.025 mmol, 15.3 mg), KOAc (0.1 mmol, 10 mg) auCO; (1.5 mmol,
208 mg) were introduced in a dried Schlenck tubdeurargon, equipped with magnetic
stirring bar. Imine2a (0.5 mmol), phenylbromide (1.25 mmol), NMP (2 ndr)d tetradecane
(10 uL) as the internal standard for gas chromatograpleye added in the Schlenck tube
which was then placed in the oil bath at 60 The reaction mixture was stirred for the
specified time. Then, the conversion of the reactias analyzed by gas chromatography. The
reaction mixture was diluted with 30 mL of dietlegher, washed with water (20 mL x 3), and
dried over MgS@ The solvent was then evaporated under vacuunttendesired product
was purified by chromatography using a silica ggdumn. The solvent was then evaporated
under vacuum and the product was purified by chtography using a silica gel column. The
silica gel was previously stirred for 1h in 200 mwilpetroleum ether containing 1 mol%;Mt
(99:1). The products were eluted with a mixtur@efroleum ether/ethyl acetate. The product

was thus obtained and the mono and diarylated ptsdatio was determined byl NMR.

N-[(0,0 -Diphenyl)benzylidene]-p-toluidine (14)

Green solid, yield = 75%H NMR (200 MHz, CDCJ): 5 = 8.36 (s, 1H), 7.61-7.40 (m, 13H),
7.10 (d, 2H,J = 8.2 Hz), 6.62 (d, 2H] = 8.1 Hz), 2.33 (s, 3H}>C NMR (50 MHz, CDC}):

5 =161.0, 150.0, 143.0, 141.5, 135.7, 134.3, 13188,15, 129.9, 129.5, 128.5, 127.5, 120.60,
21.38. GC: % = 30.5 min.MS (El): m/z: 346 (100, M- H), 254 (16), 241 (15), 91 (10), 65
(11); HRMS (ESI): m/zcalcd for GegHoiN (M+ H*) 348.1746, found 348.1742.



2.8 X-ray crystallography

Crystals of complexe8a, 3b and7 were mounted on Bruker APEX2 single crystal X-ray
diffractometer using monochromated Ma Kadiation & = 0.71073A). The structures were
solved by direct methods using the program SHELXS®® Refinement and all further
calculations were carried out using SHELXL47The H-atoms were included in calculated
positions and treated as riding atoms using thelSHiElefault parameters. The non H atoms
were refined anisotropically, using weighted fulktmx least-square on?F Figures of

complexes3a, 3b and7 were drawn with ORTEP.

3 Results and discussion

3.1 Synthesis of [RuCl(aryl imine)p-cymene)] complexes 3a-3d

The reaction of thfRUCl(p-cymene)} complex1 was first performed with 2 equivalents

of aldimine2a in the presence of various amounts of KOAc an@®in THF or methanol
as an attempt to produce cyclometallated comp&x he choice of solvent is crucial as with
2 equiv. of KOAc no transformation was observed TiHF, but in methanol at room
temperature 36% of complea were formed. The increase to 4 equiv of KOAc ledhe
complete formation of the orange complgx which was isolated in 90% yield after 20h at
room temperature (Scheme 1). It is noteworthy thataddition of KCO; disfavoured the
formation of 3a and this is consistent with the kinetic studies tbe reaction of
Ru(OAc)(arene) with 2-phenylpyridirfdand 1-phenylpyrazotéshowing that the reaction
was autocatalysed by the freed AcOH, and thustlieatate of ortho C-H bond activation was
decreased by ¥COs. Only 10% vyield of comple8a was obtained in water as solvent likely
due to the low solubility of the ruthenium compldx and substrates in water. The
cycloruthenation of substituted aryl imingb-d with [RuCh(p-cymene)} 1 in methanol in
the presence of 4 equiv. of KOAc at room tempegafor 20 h led to the isolation of red
complexes3b (77%), 3c (52%), and3d in 73% isolated yields (Scheme 1). The struture of

3a-3d was based otH, *C NMR and the X-ray struture analysis of compousaand3b.



R KOAc C
R /©/ : Cleps
) SN +  [RuCly(p-cymene), —— R
\
Ry

N

r.t,20h R
2a:R'=H,R?=H, R®=Me 3a: 90%
2b: R' = H, R? = OMe, R®= Me 3b: 77%
2c:R'"=H,R%2=CI,R®*=Me 3c¢: 52%

2d: R" = Me, R2=H, R® = OMe 3d: 73%

Scheme 1 Ruthenium(ll) cyclometallation of arylimines with [RuCl,(p-cymene)], and 4
equiv of KOAc.

The ruthenium comple®a, or its analogous derivative with a Ru-OAc bond east of a
Ru-Cl bond was not detected in the reaction of Ru(Qfetymene) and aryl imin@a.
However the unstable cyclometallate arising from ititeraction of 2-phenyl pyridine with
Ru(OAck(p-cymene) at 27°C in acetonitrile was obsere@hus the aryl imine2a was
reacted with Ru(OAgfp-cymene) in methanol but in the presence of oneveqtiKCI and
then 66% vyield of the compleRa was isolated (Scheme 2). This result shows that th
complex3a containing a Ru—Cl bond is more stable than itempacompound containing the
Ru—OAc bond.

This result, along with the formation of complexgs—3d from complexl or in situ
formed Ru(OAc)(p-cymene) complex, also shows that the Ru(ll)-OAcndso easily
dissociate leading to free external anion Ofbich is able to deprotonate, on cooperative
action of the Ru(ll) centre, the neighbautho C-H bond of the substrate coordinated to this

Ru(ll) centre®®**
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MeOH
[RuCly(p-cymene)] r.t(.a,o5h

=+
4 KOAc 97%

Ru(OAc)y(p-cymene) + ®_\\N‘©'
2a

RU_ 1 equiv KCI | without KCI .
: ¢ = > 3aor RU~0Ac
> < > methanol at r.t. C:
3a, 66% (Unstable)

Scheme 2. Cyclometallation study of arylimine 2a with Ru(OAc),(p-cymene)

3.2 Synthesis of [RuCI(N-containing heterocycle)¢cymene)] complexes 5, 7, 9 and 11.
The previous mild conditions for cyclometallatiohawyl imines, with [RuCl(p-cymene)}

in the presence of excess KOAc at room temperatedeus to apply this method for the
synthesis and isolation of cycloruthenate compleftesn arenes possessing a nitrogen
containing heterocycle as directing group. Thus hiéerocycle 2-phenyloxazoling was
reacted with [RuGl[p-cymene)} in the presence of 4 equiv. of KOAc in methanotaim
temperature and led to the formation of the green ompdex
[RuCl(0-CgH,4-2-0xazoline)p-cymene)]5, which was isolated in 40% (Scheme 3).

The related complex with Ru-OAc bond was observednd the kinetic study of
Ru(OAc)(p-cymene) with the same oxazoline derivatévim acetonitrile*which was shown
not to be stable as it readily led to the dissommabf the Ru-OAc bond and to the formation
of the complex [Ru(NCCE)(0-C¢H4-2-0xazoline)p-cymene)[(AcO) in the absence of
choride anion and then to [Ru(NCg{o-CsH4-2-0xazoline)] (AcO) by displacement of the
arene.

The heterocycle benzo[h]quinoling was also reacted witfRuCl(p-cymene)} 1 in
methanol under the same conditions and affordethéogreen cyclometallated compl@&x
isolated in 47% (Scheme 3).

We applied the above conditions to the synthesth@®known dark green cycloruthenate
complex 9 arising from 2-phenyl pyridin®. Indeed2-phenyl pyridine8 readily reacts in

methanol witfRuCly(p-cymene)} 1 to afford the dark green compl@xsolated in 94% yield

11



(Scheme 3). This cyclometallate compixvas previously prepared by A. Jutagidal. via
the cyclometallation of 2-phenylpyridine with [Ry(@-cymene)} in the presence of KOAc
in CHsCN,*® and by Davies et al. with an excess of NaOAc @hidromethane (619§ This

complex9 is very stable with respect to its analogous cempbntaining a Ru-OAc bond.

N
O
9
=z
N
- O
a
N
\
\,_/
~
27
-

[RuCly(p-cymene)],
KOACc (4 equiv.)
MeOH, r.t., 20 h

B Ru—Cl 2 :
Cl< = . H Cl< = Cl:=
2 _Ru 2 N 2 _Ru 2 Ru
N 720\ N N~
S = -
(0] — ~
5:40% 7: 47% 9: 94% 11: 79%

Scheme 3 Cycloruthenation of aryl N-containing heterocycles with [RuCl,(p-cymene)],

The reaction of 1-phenylpyrazol® with Ru(OAc)(p-cymene) was studied in details in
acetonitrile and shown to give at 27°C the orth@iteztie
[Ru(OAC)(0-CsHa-2-NNC;Hs)(p-cymene)[** Thus 1-phenylpyrazol&0 was also reacted with
[RuCl(p-cymene)} with 4 equiv. KOAc in methanol and the green cyuobtallated
ruthenium(ll) complextl was formed and isolated in 79% yields (Schemé'B& complex
11 was previously prepared by Davies et al. from ri&ction of [RuCGl(p-cymene)} and
1-phenylpyrazole in the presence of an excess 6fA¢adn dichloromethane (64%f%

Thus the above results show that arenes contaiairignctional imine group and a

12



nitrogen functional group easily react with [Re@cymene)}in methanol with 4 equiv of
KOAC at room temperature to produce isolable cydlenate
[RuCl(o-CgHs-N-heterocycle)§-cymene)] in a good vyield. It contrasts with theeady
reaction with Ru(OAg)p-cymene) which leads to unstable
[Ru(OAC)(0-CsH4-N-heterocycle§-cymene)] complex with labile Ru-OAc bond. These
reactions definitely point out the key role of atet or carboxylate in general for the

deprotonation obrtho arene C-H bonds.

3.3 Characterization of the Ru(ll)-cyclometallatedcomplexes
The 'H NMR spectrum of3a shows the cyclometallated phenyf Bind H protons as two

inequivalent doublets a = 8.20 ppm and = 7.54 ppm, respectively, and that the CH=N
proton gives a singlet & = 8.10 ppm. (Fig. 1) The isopropyl group of th&ymene is
observed as two inequivalent doubletssat 0.85 ppm and ai = 0.99 ppm, and the four
aromatic protons of the-cymene are observed as inequivalent doublets ketive 4.83 and

5.49 ppm as expected fopacymene ligand in a chiral-at-metal Ru-(Il) compt=entre.

g

o oo o

6 ,=i-
I
ok fo
Fig. 1. Labeling of complexes 3a protons tL U__M

The'H NMR spectra of ruthenium complex8b and3c are similar to that o8a except
that the phenyl Piproton was observed as a doublet at7.71 ppm o6 = 8.15 ppm foBb or
3¢, respectively. The Hand H protons were observed as two doublets at6.54 ppm and
= 7.46 ppm for3b, ats = 7.21 ppm and = 7.43 ppm for3c. The'H NMR spectrum of
ruthenium complex3d is similar to that of3a except that the C-CHprotons inp-cymene

were observed as a singlebat 2.27 ppm.
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The'H NMR spectrum of comple% clearly shows that coordination and cyclometalati
of the ligand has occurred. The €N protons and CHO protons were observed as
multiplets betwee#d = 4.08 and = 4.78 ppm. The Biproton was observed as a doublet at
8.14 ppm. ThéH NMR spectrum of compleX shows for the Biproton a doublet & = 9.46
ppm. The'H NMR spectrum of comple® showed that the CH=N proton is shifted to a lower
field atd = 9.20 ppm as compared to that of the free ligardB.72 ppm. The signals for the
p-cymene ligand in complexds 7, 9,and 11 revealed that they are coordinated in a chiral
ruthenium complex.

In the™*C NMR spectra, the expected number of carbons easebn and the metallated
carbon atoms of cyclometallated ruthenium(ll) imaoemplexes3a-3d are observed at 189.2,
191.5, 190.5 and 188.3 ppm, respectively, at moweet field than that of cyclometallated
ruthenium(ll) heterocycle complex&s7, 9and11(182.7, 178.4, 181.5 and 161.9 ppiit)e
CH=N carbon of complexe3a, 3b, 3care observed at 8.10, 7.97 and 8.06 pm, respBctive
The v(C=N) free imine of2a absorption at 1621 chdecreases to 1579 &nas expected by

coordination of the aryl aldimine nitrogen in corxoBa.

3.4 X-ray structure analysis of complexes 3a, 3b drv.
Crystal of 3a, 3b and 7, obtained from EtOH/EtOAc solvents, were suitabbe X-ray
diffraction. The ORTEP view of complex8s, 3b and7 are shown in Fig. 2.

The summary of the data collection and refinemearameters are given in Table
whereas selected bond lengths and bond anglesvareig Table2. Each of the structure of
3a, 3b and7 shows the expected piano stool geometry. As tedem in Table 1, the Ru-Cl
bond lengths of imine complex8s and3b (2.4161(4) A and 2.4183(6) A) appeared slightly
longer than that of benzdguinoline complex7 (2.3999(11) A), and the same observation
was made for the Ru-C bond lengths. However thé&NFhonds of imine complexe3a and
3b (2.1115(15) A and 2.0966(19) A) are longer thaat tif complex7 (2.0883(3) A). On the
other hand, the chelate bite angles C-Ru-Cl an®R@&N appear slightly larger in more
flexible arylimine cyclometallated ruthenium(ll) mplexes3a and 3b than for the rigid

cyclometallated benzbJquinoline in complex? (Table 1).
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Fig. 2 Molecular structure and atom numbering scheme 3ar 3b and 7 with 50%
displacement ellipsoids, all H atoms are omittedcfarity.

Tablel. Selected bond distances and angles of compBax@&b and7

Complex bond distances (A) anglés (
Ru-C Ru-N Ru-ClI C-Ru-N C-Ru-Cl Cl-Ru-N
3a 2.0463(17) 2.1115(15) 2.4161(4) 77.75(6) 87.54(5) 7.96(4)
3b 2.048(2) 2.0966(19) 2.4183(6) 77.94(8) 85.80(6) 86.39(5)
7 2.054(4) 2.088(3) 2.3999(11) 78.97(15) 83.98(11) .33@1)

Table2. Crystallographic data foBa, 3b and7

Complex 3a 3b 7

Empirical formula G4H2CINRuU GsHosCINORuU GaH2.CINRu
Formula weight 464.98 495.00 448.94

T (K) 150(2) 150(2) 150(2)

MA) 0.71073 0.71073 0.71073

Crystal system Monoclinic Monoclinic Orthorhombic
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Color, habit
Crystal size (mm)
Space group
a(A)

b (A)

c(A)

o ()

B ()

7 ()

V (A3

z

Absorption coefficient
(mm)

0 range {)

Index range

Reflections collected
Independent
reflections (Ry)

Orange, prism
0.58x0.29 x 0.17
P

10.9423(3)

8.1961(2)

23.3753(7)

90

102.0690(10)

90

2050.06(10)

4
0.903

3.13-27.47
-14h<11, -1&k<9,
-27<1<30

15025
4670 (0.0304)

Data/restraints/parame 4670 / 0 / 248

ters

Goodness-of-fit on ¥
Final R indices
[1>20(1)]

R indices (all data)

1.032
R;=0.0230,
WR,=0.0538
0.0262,
WR,=0.0553

Largest diff. peak and 0.451 and -0.399

hole (e. )

Orange, prism
0.47 x 0.43260.
P 2/n
11.7681(12)
7.7852(9)
25.379(3)
90
103.000(5)
90
2265.6(4)
4
0.825

3.09-27.41
-13<h<15, -¥k<10,
-32<1<21

16551
5114 (0.0520)

5114/0/ 267

0.959
R;=0.0291,
wR»=0.0715
R;=0.0324,
wR»=0.0735

0.416 and -0.581

Orangenpr
0.43 x 0.15 x 0.08
Pcab

7.9390(17)
14.829(2)
31.719(5)
90
90
90
3734.2(11)
8
0.989

2.91-27.48
-10<h<6, -1%k<17,
-41<1<40

16104
4167 (0.0478)

4167/0/238

1.113
R;=0.0468,
wR»=0.0974
R;=0.0584,
wR»=0.1023
2.024 and -1.231

3.5 One pot Ru(ll) cyclometallation of 1-phenylpyraole and alkyne insertion

The insertion of an alkyne into a cycloruthenate@Rbond is not straightforwartf?thus we

attempted the direct reaction of the heterocyiddewith complex1l and KOAc, under the

cyclometallation formation conditions but

in the epence of one equivalent of

diphenylacetylene in methanol. This reaction le@aly to the formation of the compld2 ,

which was isolated in 67% yield after 20 h at romperature, andorresponds to the

insertion product of the alkyne into the cyclomiattgld C-Ru bond of intermediatil,

(Scheme 4).

This complex was previously obtained by Daviby

insertion of

diphenylacetylene into the complét and obtained in 42962Our results in Scheme 4 show

that alkyne

insertion complex can be synthesizedremefficiently directly from



phenylpyrazole, alkyne and ruthenium complethan via two steps : the cyclometallation
followed by the alkyne insertioff*Whereas if°C NMR  the (G-Ru) carbon singlet aflis
atd 161.9 ppm, for the new cyclometallated compl@the =C(Ph)-Ru carbon atom appears
as a singlet ab = 183.3 ppm. It is suggested that the alkyne tisetakes place on reaction
with the in situ generated Ru-OAc containing intediate, analogous t&l, instead of
insertion into the Ru-C bond of the 18 electronsnplex 11. The easy Ru-OAc bond
dissociation should allow the alkyne coordinatiowl @nsertion, before final exchange of the

acetate by chloride leading to the stable Ru-Clbamd complex 2.

N Ph as e
2 +2 | + [RuCl(p-cymene)l, —2rctaeauv) _ N )
MeOH, r.t., 20 h Ph
Ph
Ph
10 1 12: 67%

Scheme 4. Ruthenium(ll) cyclometallation of 1-phenylpyrazole with diphenylacetylene

3.6 From stoichiometric to catalytic diarylation ofaryl imines

The synthesis of cyclometallated ruthenium(ll) iminomplexes3 after ortho C-H bond
activation via C-H deprotonation led us to search the functionalization of the (Ru-C)
carbon of a cyclometallated aryl imine with arylitia. First we showed that the reaction of
cyclometallated ruthenium(ll) compléa with 2 equiv. of arylbromide required the presence
of acetate and thus the reaction was performeldrptesence of 2 equiv. of KOAc, 2 equiv.
of K,COzin NMP at 136C for 24 h. Under these conditions 85% GC-yieldnpfed-arylated

imines were formed with the ratio of mono-/di- atg@d compound of 60:40. (Scheme 5)

Br KOAc (2 equiv.) © dj
z KoCO3 (2 equiv.
Cl‘R:u ) 205 (2 equv) =N + ZN
’ (o]
ON\ 2 [ :] NMP, 130°C, 24 h Ph oh oh

3a 85% yield
(mono:di =60 : 40)

17



Scheme SReaction of cyclometallated complda with phenyl bromid

Based on this result, we have searched for thetdiaalytic diarylation of imin@a with
phenyl bromide by using in situ generated ruthefiDroarboxylate catalyst (Table 3).
Whereas [RuG(p-cymene)] 1 alone in NMP at 120 °C for 48 h gives as expeaddw
conversion of 45%, the ruthenium complewith 2 equiv. KOAc per Ru atom leads to 85 %
conversion (Table 3, entries 1, 2). Withsitu prepared Ru(OAgjp-cymene}®®?in NMP
the reaction needed to be performed at 160 °C 8dn 40 reach complete diarylation (entry
3,4, 5) and the diarylated imirigl was isolated in 75 % vyield (entry 4). NMP appedebe
the best solvent for this transformation as DMAd &CE could not improve the conversion
into diarylated iminel4 under similar conditions (entries 6, 7). The abokiservations led us

to explore favourable conditions and scope forlgtadiarylation of aryimine$®

Table 30ptimisation for the direct arylation of aldimi@a with Ru(l)/KOAc catalytic
system?

[RuCly(p-cymene)], (5 mol%) |

| + PhBr additives _ O H O H
H =
K,CO3 (3 equiv.), solvent O O

2a 13 14

Entry  Solvent Additives Time Temp (°C) Conv. Mono/di
(mol%) (h) (%)° 1314

1 NMP - 48 120 45 14:86

2 NMP KOACc(20) 48 120 85 15:85

3 NMP KOACc(20) 48 140 90 10:90

4 NMP KOACc(20) 48 160 100(75) 0:100

5 NMP KOACc(20) 24 160 50 23:77

6 DMACc KOACc(20) 48 160 88 15:85

7 DCE KOACc(20) 48 120 20 40:60

[a] Imine (0.5 mmol), PhBr (1.25 mmol), [Ru-cymene)} (5 mol%), additives, 3 equivKO;, solvent
(2 mL), 10 puL of tetradecane as the internal stehd@] Conversion of imine. [c] in parenthesiglaed
yields of purified purified diarylated produtt.
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4 Conclusion

We have described the easy preparation of new mathlated N-containing ruthenium(Il)
complexes especially derivatives of aryl iminegph2nyl oxazoline, benzbjquinoline and
the improved synthesis of cycloruthenate derivativef 2-phenylpyridine and
1-phenylpyrazole via C-H bond activation via depr@tion simply with KOAc at room
temperature in methanol. X-ray struture analysisahplexes3a, 3b and7 comfirmed the
struture of the cyclic N-Ru-C complexes and shoe éxpected piano stool geometry and
chirality-at-metal of the complexes. We have shdhenefficient diect catalytic diarylation of
an arylimine by arylbromide promoted by the asgamieof [RuCh(p-cymene)} with 4 equiv.

of KOAc, shown before to afford the Ru(OA@-cymene) catalyst.
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Appendix A. Supplementary material
CCDC 891360 foBa, 1039989 foBh, 1039990 foi7 contain the supplementary
crystallographic data for this paper. These databsaobtained free of charge from

The Cambridge Crystallographic Data Centre via weedc.cam.ac.uk/data_request/cif.

6 references
[1] N. F. Gol'dshleger, M. B. Tyabin, A. E. Shilo&, A. Shteinman, Zh. Fiz. Khim. 43 (1969) 2174.

[2] N. F. Gol'dshleger, V. V. Es’kova, A. E. Shilo&. A. Shteinman, Zh. Fiz. Khim. 46 (1972) 1353.

[3] For selected reviews see: (a) A. E. ShilovBGShul'pin, Chem. Rev. 97 (1997) 2879; (b) A. Bil&v,
G. B. Shul'pin, Russ. Chem. Rev. 56 (1987) 442McY. Kukushkin, Coord. Chem. Rev. 251 (2007) 1;
(d) J. A. Labinger, J. E. Bercaw, Top. Organonttem. 35 (2011) 29; (e) T. W. Lyons, M. S.
Sanford, Chem. Rev. 110 (2010) 1147; (f) L. C. Caap K. Fagnou, Chem. Commun. (2006) 1253;

(g) D. A. Colby, R. G. Bergman, J. A. Ellman, Chdrev.110 (2010) 624; (h) D. Alberico, M. E. Scott,

19



M. Lautens, Chem. Rev. 107 (2007) 174.

[4] (&) S. Murai, F. Kakiuchi, S. Sekine, Y. Tanaka Kamatani, M. Sonoda, N. Chatani, Nature 36@)
529. (b) F. Kakiuchi, S. Murai, Acc. Chem. Res(2602) 826.

[5] (a) P. B. Arockiam, C. Bruneau, P. H. Dixne@hem. Rev. 112 (2012) 5879; (b) B. Li, P. H. Dinhe
in Metal-catalysed reactions in wateeds. P. H. Dixneuf and V. Cadierno, Wiley-VCH, iweim,
(2013) p 47-86; (c) B. Li, P. H. Dixneuf Chem. S&ev. 42 (2013) 5744; (d) L. Ackermann, Chem.
Rev. 111 (2011) 1315.

[6] B. Li, P. H. Dixneuf,Ruthenium in Catalysigds: C. Bruneau, P. H. Dixneuf, Top. Organomeer@h
Springer (2014) p 119-193. DOI:10.1007/3418 2014 79

[7] (&) B. Sundararaju, M. Achard, G. V. M. SharrGaBruneau, J. Am. Chem. Soc. 133 (2011) 10340; (b
C. Bruneau inRuthenium in Catalysi&ds: C. Bruneau, P. H. Dixneuf, Top. Organometer@h
Springer (2014) p 195-236. DOI:10.1007/3418_2014_79

[8] (a) S. Oi, S. Fukita, N. Hirata, N. Watanuki,Niyano, Y. Inoue, Org. Lett. 3 (2001) 2579; (b)(3, K.
Sakai, Y. Inoue, Org. Lett. 7 (2005) 4009; (c) $. B Aizawa, Y. Ogino, Y. Inoue, J. Org. Chem. 70
(2005) 3113; (d) S. Oi, R. Funayama, T. Hattorindue, Tetrahedron 64 (2008) 6051.

[9] (a) L. Ackermann, Org. Lett. 7 (2005) 3123; (b)Ackermann, A. Althammer, R. Born, Angew. Chem.,
Int. Ed. 45 (2006) 2619; (c) L. Ackermann, R. VitarA. Althammer, Org. Lett. 10 (2008) 2299; (d) L.
Ackermann, M. Mulzer, Org. Lett. 10 (2008) 5043) (e Ackermann, R. Born, P. Alvarez-Bercedo,
Angew. Chem., Int. Ed. 46 (2007) 6364, (f) L. Aakamn, P. Novak, R. Vicente, V. Pirovano, H.-K.
Potukuchi, Synthesis (2010) 2245; (g) L. Acker-maRnVicente, H.-K. Potukuchi, V. Pirovano, Org.
Lett. 12 (2010) 5032.

[10] (a) F. Pozgan, P. H. Dixneuf, Adv. Synth. Cagb1 (2009) 1737; (b) P. Arockiam, V. Pairier, C.
Fischmeister, C. Bruneau, P. H. Dixneuf, Green Ch&in (2009) 1871; (c) P. B. Arockiam, C.
Fischmeister, C. Bruneau, P. H. Dixneuf, Angew. i@heint. Ed. 49 (2010) 6629; (d) W. Li, P.
Arockiam, C. Fischmeister, C. Bruneau, P. H. Di¥n@reen Chem. 13 (2011) 2315; (e) B. Stefane, J.
Fabris, F. Pozgan, Eur. J. Org. Chem. (2011) 3474.

[11] I. Ozdemir, S. Demir, B. Cetinkaya, C. Gowotan, F. Maseras, C. Bruneau, P. H. Dixneuf, J. Am.
Chem. Soc. 130 (2008) 1156.

[12]For early discoveries see : (a) T. Ueyama, 8civda, T. Fukutani, K. Hirano, T. Satoh, M. Miu@xg.

Lett. 13 (2011) 706; (b) L. Ackermann, J. Pospéaiy. Lett. 16 (2011) 4153; (c) P. B. Arockiam, C.
20



Fischmeister, C. Bruneau, P. H. Dixneuf, Green CHE3(2011) 3075; (d) Y. Hashimoto, T. Ueyama,
T. Fukutani, K. Hirano, T. Satoh, M. Miura, Chemetl. 40 (2011) 1165; (e) K. Padala, M.

Jeganmohan, Org. Lett. 13 (2011) 6144; (f) K. Padsll. Jeganmohan, Org. Lett. 14 (2012) 1134; (g)
B. Li, J. Ma, N. Wang, H. Feng, S. Xu, B. Wang, Qrgtt. 14 (2012) 736; (h) Y. Hashimoto, T. Ortloff

K. Hirano, T. Satoh, C. Bolm, M. Miura, Chem. Lettl (2012) 151; (i) L. Ackermann, L. Wang, R.

Wolfram, A.-V. Lygin, Org. Lett. 14 (2012) 728.

[13] E. Ferrer-Flegeau, C. Bruneau, P. H. Dixnéufjutand, J. Am. Chem. Soc. 133 (2011) 10161.

[14] I. Fabre, N. von Wolff, G. Le Duc, E. Ferrer-Flegeau, C. Bruneau, P. H. DixndufJutandChem .
Eur. J, 19 (2013) 7595.

[15] P. B. Arockiam, C. Fischmeister, C. Bruneaw;IPDixneuf, Angew. Chem. Int. Ed. 49 (2010), 6629

[16] (@) H. C. L. Abbenhuis, M. Pfeffer, J. P. Sutter, Becian, J. Fisher, H. L. Ji, J. H. Nelson,
Organometallics 12 (1993) 4464; (b) S. Attar, J.N¢lson, J. Fischer, A. Decian, J. P. Sutter, M.
Pfeffer, Organometallics 14 (1995) 4559; (c) RR&th, S. G. Valavi, K. Geetha, A. R. Chakravarty, J
Organomet. Chem. 596 (2000) 232; (d) J.-P. Djukid3erger, M. Duquenne, M. Pfeffer, A. de Cian,
N. Kyritsakas-Gruber, Organometallics 23 (2004)A75

[17] (a) M. Pfeffer, J. P. Sutter, E. P. Urriolabeitsayll. Soc. Chim. Fr. 12 (1997) 4464; (b) W. FerktK.
Sakodinskaya, N. Beydoun-Sutter, G. Le Borgne, fdfféx, A. D. Ryabov, Organometallics 16 (1997)
411; (c) S. Fernandez, M. Pfeffer, V. Ritleng, @lirs Organometal-lics 18 (1999) 2390; (d) R. L.
Lagadec, L. Rubio, L. Alexandrova, R. A. ToscanoVElvanova, R. MeSkys, V. Laurinavicius, M.
Pfeffer, A. D. Ryabov, J. Organomet. Chem. 689 £08320; (e) J.-B. Sortais, N. Pannetier, N.
Clément, L. Barloy, C. Sirlin, M. Pfeffer, N. Kysiikas, Organometallics 26 (2007) 1868; (f) J.-B.
Sortais, N. Pannetier, A. Holuigue, L. Barloy, @lis, M. Pfeffer, N. Kyritsakas, Organometallicé 2
(2007) 1856.

[18] (a) D. L. Davies, O. Al-Duaij, J. Fawcett, M. Gialib, S. T. Hilton, D. R. Russell, Dalton Trans.
(2003) 4132; (b) Y. Boutadla, O. Al-Duaij, D. L. ias, G. A. Griffith, K. Singh, Organometallics 28
(2009) 433; (c) D. L. Davies, O. Al-Duaij, J. Fawtc&. Singh, Organometallics 29 (2010) 1413; (d)
Y. Boutadla, D. L. Davies, R. C. Jones, K. Singhe@. Eur. J. 17 (2011) 3438; (e) Y. Boutadla, D. L.
Davies, O. Al-Duaij, J. Fawcett, R. C. Jones, Kughi, Dalton Trans. 39 (2010) 10447.

[19] S. Oi, Y. Ogino, S. Fukita, Y. Inoue, Org. t.et (2002) 1783.

[20] B. Li, C. B. Bheeter, C. Darcel, P. H. DixneACCS Catal. 1 (2011) 1221.
21



[21] B. Li, K. Devaraj, C. Darcel, P. H. Dixneufeffahedron 68 (2012) 5179.

[22] G. Martin, J. Boncella, Organometallics 8 (292968.

[23] J. Perez, V. Riera, A. Rodriguez, D. Miguetg@nometallics 21 (2002) 5437.

[24] (&) L. Li, W. W. Brennessel, W. D. Jones, Orgaetallics 28 (2009) 3492 ; (b) C. Scheeren, F.
Maasarani, A. Hijazi, J. P. Djukic, M. Pfeffer, [3. Zaric, X. F. Le Goff, L. Ricard, Organometalli26
(2007) 3336; (c) Y.-K. Sau, X.-Y. Yi, K.-W. Chan,.-S. Lai, |I. D. Williams, W.-H. Leung, J.
Organomet. Chem. 695 (2010) 1399; (d) J. F. HullBBIcells, J. D. Blakemore, C. D. Incarvito, O.
Eisenstein, G. W. Brudvig, R. H. Crabtree, J. Arhe@@. Soc. 131 (2009) 8730.

[25] B. Li, T. Roisnel, C. Darcel, P. H. Dixneufaldon Trans. 41 (2012) 10934.

[26] G.M. Sheldrick, Acta Cryst. A 46 (1990) 467.
[27] G.M. Sheldrick, SHELXL-97, University of Gotyen, Gotingen, Germany, 1999.

22



Highlights
Room temperature (N-Ru-C)-cycloruthenation of arylimines.
Key role of acetate for C-H bond activation/deprotonation.

Ru-Cl remaining bond is crucia for cycloruthenate isolation.



