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Abstract

Meta-selective functionalization of aromatic C-H bonds represents a highly challenging research di-
rection in organic synthesis. Conventional ruthenium-catalyzed C-H activation reactions predomi-
nantly afford ortho-functionalized products. Ru(II) catalysis enables a distinctive a-activation strat-
egy, in which chelation-assisted directing-group coordination triggers ortho-cycloruthenation. Sub-
sequent electrophilic substitution or radical processes occur at the para-position of the Ru-C bond,
namely the meta-position of aromatic substrates, to achieve site-selective transformation. On the
basis of the review reported by Phipps research group, this paper systematically summarizes ru-
thenium-catalyzed meta-sulfonylation, alkylation, halogenation and nitration reactions of arenes
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based on the a-activation mechanism. Removable directing-group protocols and multi-step tandem
transformation strategies are sorted out, and the existing bottlenecks in this field are analyzed, so
as to provide references for developing novel meta-selective C-H activation methodologies.
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1. 5|8

AT B Je B0 e AU R R B RE AR M R 22 AR S i B 0 T, R WL s s e 5 A0 o 1)
BB T[] [2]. 7E75E C-H BRI, A7 SRR T & A LA A A% O 500 55 34
A ARSI RSB . MR AT B IR T IO O . b, 4RO R REAL T A5 Bl S 1 2 1)
A% B AL (DoM) [3]+ I i <5 Ja i AL A < JB A SR MG ey USRI [4]-[6], KFBIRA P 2R 1 BieREs T m) 2k 4]
MECALAE SRR, &) bl RS ERY B A0AL C-H B8, @I AR M s /S TuEE A3 R A 58 Bk B PR T
th, EARRRMNAARA GRS, O ZNHT &K EERE . XALE Be R 785
FH & H 1 55 R A 1R TR, I S 5 A BUAR(SEAT) SN (1) R AR [X e 35k 5 et 7 & — MBI
NI TN TR, SPIREE . ST, 52 AR, TR C-H IR PRI S 81K
IH T B APk AR, BRI FE C-H WAL 70 A 0 3 5 R IS 28 5 ) 32 1A ) 7 A i o7 Ao A s v 2
fil ke ARAE C-H BvE Ak, TVERS B A1 P B VE H T B8 5 i W AL C-H 58, e DASEIAT SRR it
SR LT 5 R AR G o LR AR R B, AR TR B il DR R MR S w7 2 R BL A PE, AMNUE R A1 52 MK
Z. JRYE RS RS AT, A S R R SRS R AR RRARAL . WAL (R 2 R SRR AT, PR
MEFER . B RBCRICT, BORBR I T %07 1 S br S A E (2] [7]-

TEA I I8 4 (e A D7 SR RIS C-H TEAL RIS h, AN ) 4 S i A Ak R R B0 HE A SA AN [ 11 e R AR 5 1
AR . Hrp Ak R R OB R RN (8], ARERMERUR RS Yu TR TE R R AR
LR 11 SR DL K 28 B B DK R R IR IS A1 SRR (9], WIS TTVE T RUR BB A GBS AL R PR, SEI 22
FRREREAAEHEE R, AR RREE . hR%EE, HlCA 2R a/K PR H R ML, K
JEE SR ST T RGANE 4. BRIz A, B A RAKFEARIAN 55 40 B4R R EE AL C-H
ML N TS T MR, IR A R RSB RS T B AR . A EFFRIEAL C-H iGfk
J5EA9][10], &T(NHEAL R R SRS 1 SO NHLEE . 0S5 BT s 3R 1E 5 RIFH B RERI ek, TR T
DX T AR AL 1 AB N SR, RIS T a-iS b HLER A0 AR & @ A S I A B Re Ak 11 [12]. 5
KSRy P fERR 325 &8 0. WS EdE AL it O S A C-H B IE AR RAN A,
ETHEA I IR I O BL B AR . 1 il i IR A 5 1) 2 [ 5 7 w0 B BB BC A AR FH S8 AR A &2 Ak, A
P g 75 H-Ru JLA A0 248 s Bl S 5244 2 b (p-) AR T A P 2 [ A7 FELBR 080 45 i - I P2 VR TSR, RN
M Z T )R FAR R B B R TS PR R G2 TR BRI AT AL i, R BB E I Ru-C B 0 B AT £
T2 S N AT S5 7 T i B AR I S DI IRV C-H 48, AR TR T . e R i & s 3 m ik
PEVER IR, B BeAL H AR =1 o 2R VA AUk H A e 2 T 1) R RETE AL AR AL C-H BRI [ A L 4E, N5 R
DRSS IRIR AL T . IS A RIS [11] [13].
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2. STHUBAERNM IS S RBBMERE

FTF FIRERR a-vE A S RN, BT HEALAR R IEBE T AR SRR R SR, AT = R ST £ Fh &5
MIZRTTFIZRMIIEINL C-H B ReAL L. ZAEHLHIE RS GE, BRI S R, TR S I H
NMERBARGHFRY), W RIELIMEZME LB, RKH % T 7 Ea kB B aeib )& o Ve
[11].

2.1. Ru #4418 FH 184aL 5z RZ 41 3

T IR R B SO & RS R4 DUSR S SR A IR AN 4SS 2 AR, E05 IRt C-H
HREATT R AR MR ). S BRI R AR, AT AL IR O R T R a-iE ik R
AL, ZALERBEH T AR SR T ) SIS A AR B S [ A R . ORI T B B AL FEZE FEARAR
SV BT AMTIRIE T B, AUREEET H O AR B IO AL JE P DL R O AR I 25 TR RN, Ak RE S SE O & C-H
SR SOE PR, OB B R AL AR B 11]

R FE, RIS A R e ST SR R AR B AR, R AR IR SR AL, AR BT HE-Ru R
DA s I B < A 0 AR ol R 1 2 1] o i 20502 5 5% PR AU s AL R, 3 17T 56 FROzE AR ) 67 C-HL B
IEFEIEE e . 2011 4F Frost PRAUZHHIE OB 70 HA B R X [13]. 1R 425 Bl s B 2 A DR AN
BRI N, ACRAEAD B OV E DA, SIS R X SOk B A S, BARAL C-H B REAL
B M ADE RO 1) ZE5 R EVOIEH &8 OAR G0 L E S C-H ISR SR, $T8E 7 K
DK “E#A SRR R AL AL B ReAL” BRI, O SE SRAT A M A e A ik T
5 S B AC I K BEE T BB EER[11] [14].
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Figure 1. Sulfonation via preformed complex IV
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B AL TT e 1)L B REAL R B AN SEB D 2-7 FE e 5 0f R R S 190 4 1) S AL S g o 2-57 B it g
T A 2 AT B C-H I AL s 70 22 S B R SR ), AE AL AR AL IR R T, 52 3 R BE B S AL IO 2038
DA RETE L TSI 1A B AR AL C-H 88, L — 15 RIRRALEAC Y, s LS 57 34 a2 g 18] 437 o7
MR G . TOCRH A B rhoD AR BN T, USE RS DXt PP (S A AR AR A S e, REMS ik
PEVEAS BT OLH RO R (LI 2) [11] [14], ASZRE C-H SRR 1 A0 I Sl 1%

AT AL IR LA 1 2 B RE RO VR AT, J7 %A MEIERS L4 H1 W 7 IO 220 /T DA 32,
e TIEfE C-H BRI RMIEFE13]. HiZHEAFEN BRI, 25 I5 R AL FSE 5 N H2E, 4D
PEIAET S B AL SR A PRSI, F AR 58 s A REAE e 1%L AN T BT S SEATLER : 4T
fEALIA AL B REALIF A2 )i G BUR AL C-H 8, M ek M E G EJEIL, TR ILITs 23
AR5, FHKEE o-if A SRl s AL s AL o 127 B2 AR O Z M AR 2R A7 AE A AR, R80T
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(a) Palladium catalysed ortho C-H sulfonation (Dong et al, 2009)
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(b) Ruthenium catalysed meta C-H sulfonation (Forst et al, 2011)
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Figure 2. (a) Pd-Catalysed ortho C-H sulfonation; (b) Ru-catalysed meta C-H sulfonation: proposed reaction mechanism and
selected examples
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23. IREARIIK N

2.3.1. PR KMFEERENITENL

RIS AR ORBEETHEAL a-TE B A C-H B e = BGHAT B B4 79 o 1SRN AT AEFE e X
L RIERERE T, TR BEES SEAIE I RE R AR . s 557 &8 RO R AR AR, B R
FEAI 5 IR 4R40L C-H #8 &R I R RIS L RE, (R3E T oo T A4 34 B A (e A g o A a2, IR S I sh AL 7ig
L RFH AR I N AR . B R IRR R TP RIR AL 4, AR INET & B AL FE S 9l B, R N
AL Z 5 (a0 H AR = ORI KIE PR, R IESE 1R BR S 0L 1Z A AL AR 2 b AN T Sl i 45 4
[15].
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Figure 3. Competition experiments of primary and secondary alkyl bromides in ortho/meta alkylation of 2-phenylpyridine
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Figure 4. Meta-selective tert-alkylation of N-(pyrimidine-2-yl) anilines a Ad-Ile-OH ligand used
B 4. N-(0B0E-2-5) KL R B ALk MU B R 2 a B FECIR 79 Ad-Tle-OH
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Figure 5. Proposed radical mechanism for the meta-selective tertalkylation of 2-aryl pyridines
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(a) primary alkylation
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(b) secondary and tertiary alkylation

Ry
Rz\ i~
R4 0] [Ru(p—cymene)Cly], (5.0 mol%) N
Ro~ 7 + Br % MesCO,H (30 mol%)
Rs MesCO,H (30 mol%) Rs
R3R4 K,CO3 (2.0 equiv) R Rs
4
o)

dioxane, 120 °C, 15 h

— — 7
N N N
EtO,C EtO,C~ “Bn 'BuO,C
59% 45% 41%

Figure 6. Meta-alkylation with a-halocarbonyls
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24. STHEAFRENR - REERELCRIL, )

LEMRAL IR I 7S 7, Greaney BRARZHK A TBATB {ENERIR(LIE 7(a)) [19], Huang =14 %k
NBS ENRIRAN19] [20]. PRESRAT AT LASCELET AL D7 KR IR AL Ak, (EIRIERhEANE], 35 7Rt
% JEAERE FAAE 2R . WA BIASEE— TR — B RSN, R TR A IR AL AN Suzuki. Heck 15
Beas & (LA 7(a)F1E 7(b)). M EETAEG1 5 20 & BRI AR I R IR 4R, R E A8 2 ik oy s 4lift, 1)
W& BUR AR, SEINE A PRk 2H 256 2 U A i e

T AL SR 32 A Rus(COY o ML, AHERHIME A EIR, FEREREU T4 NO, H 2, KFE a0
ML 58 BRI RS AL (LI 7(0)) [21]0 2R N RETTAL SE AL T Zom B R8T 214645, 308 74T a-if bk &
AN EREAFIE, AdZAERTEZSHIFMBMRZSYS, AR, e ERE R SRR
B
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Figure 7. (a) Meta-bromination of 2-arylpyridines and analogous substrates; (b) Meta-selective bromination of heterocycle-
directed arenes; (c) Meta-nitration of heterocycle-directed arenes
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Figure 8. (a) Deprotection of phenols after alkylation; (b) Proposed mechanism for dual meta-sulfonation/ortho-chlorination
of 2-phenoxypyridines
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Figure 9. (a) Meta-bromination of purine derivatives over heterogeneous catalyst; (b) Meta-bromination of 2-arylpyridines
and pyrimidines under identical conditions
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JERAHUACRE S LB S 2% A X AT 1 5 XIS A D R R, e R A J Y 2 T vt S5 P 7 A SR
TR TAESE C-H IEAL T EIE FEVE 22 . IR B IR SRR R 2155 AN L, REAE BOSIRAT 261 T 58
JRITREITREE B, R IR THZ RIS FERE AR A ML S U S B . BT AL o-TR AL RIS A N 07 KRz
FEfL AL EE REA I A B, I A BB S R R AT & —SEBLD7 3R AL C-H #EE fefk, NE
Z R TT B DI BE 70T AR PR AL T B AU & R A . XSRS B SR AT IE LA Je 12 SR TT
PSR i BR A SEBLTT SRR e B AL S AR R AL, b — DI R AT HEAL AR R I SO 22 FEAE
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JEBA UG Z AR, (BT (1)-a- i A SRS A TH A7 A2 WIS AR o 26K 28 B L vy AR A 2% 34

2R, TEBCAERN D TSI SR ER], RN GG ERINP RS R ER, SN0 BREE
e Rede s RIS AR Dt B AT, R & RS OB SR A A AR BOR AL ] . R R BB AL
PLUEEBE FERFEEER AN« BT RGBS AL IR R AN A, A TE 3 6 07 Je AT B Se I B R Ve B e fb . T
KB e B B AR AR R L R JR T 75 Tl 22 2 17 22k A1 14 S A 2 DA S K S 6] 5 PTG Al S B A, g 2 i
NAGURIE W TET5 1o [ AN 2N T AT A IE R SEHEREAN OC A, B TIPSR H e H
SEMEFEAE SRS VG S AOAT AL IR, C-H B REAL B 32, HESNIZ IS AR R G (A 2Rt
AT T AN T RS
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