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Applications of Transition Metal Catalyzed Coupling Reactions in the
Synthesis of C-Glycosides

Liao, Jinxi Liu, Hui Sun, Jiansong™
(National Engineering Research Center for Carbohydrate Synthesis, Jianxi Normal University, Nanchang, 330022)

Abstract C-Glycosides in which the interglycosidic oxygen atom have been replaced by carbon atom are widely found in
natural products and drug molecules. They have better enzymatic and hydrolytic stablility compared to their corresponding
O-glycosides and N-glycosides. The syntheses of them have received considerable attention because of their unique chemical
structure and extensive application value. Rencent advances in the synthesis of C-glycosides through coupling reactions
catalyzed by transition metal are summarized in this review. A summary of the advantages and disadavatages of different

synthetic methods will be beneficial to the develepment of new synthetic method for C-glycosides.
Keywords C-glycosides; synthesis; transition metal catalyzed; coupling reactions
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50 1 B A RRARLAK 25V T ) R 0 S 122 AR BB A% 711X — 5%
1R S oK Eh R AR AR I I N A R R A Y. &
RS, AR I 3,4- SR 1 SmEng i ESER R 4
7E 1 equiv.BEFREEA 2 equiv. EALBEIAAAE T, 1531 X045
R H B 5 (66%) A1 6 (24%). 24K 3,4-—-0-2
Tk J-D-F R AR BRI I, 20 LD 20% MRS 2] 3-Bi 2
TR BB =4 7 (20%), TANEIRE] T 5 FF R~ 8
(32%), MK 3,4,6-=-0- LB & hm i, [FFf
WA 7B BB 9 (20%)FKE 5 IFF A P24
10 (73%) (Eq. 1).

VR E 6 S SEALER A 7, R B S B Bk =)
R R RAE T P IR 420 3 S B Bk 25 Y (Scheme
1). WEIE 1B IR R 3h 2t SRR A R A & SR R I N, 2
LN 4 JE R S A 3 SR R AR ISR R

FECA R BB P AR k.

IR RS o B LB R T R PA & R Ab,
b5 e AR 2 1R 2H RCR ) S2  RE FR F 00 R s 1) P o
YIAE DG, T B R SZ ARG B 14 U B e T3 - Hp A F 2
PRAF LR/ PE T, 3K — R 70 Ik Ml TR 0 5
0E 7R ThAE Pd AL R REAT (B IBCHT R BUAR 24 1 B Y Eq. 2).
B0 o, B 1H 2 A P ZE A Z (0 16a), 33112 o, B
RE(17a, 18a), 1114 B A KAZFHF) TBDPS R4
(16b), RARH| T o B4 17b.

2001 4F, Maddaford 25" B4 2, Bk A6 46 B A
RS 5 05 FEIMNERTE Pd MIMEAAE FH T R AR AR L,
AR 2,3- LA D BERRE, (EUE RS PE AN A AT
P B-H BRI =4, e 28 Ferrier EHER AL
YI(Eq. 3). VEE NI OB A 1 2 2 R R 2 H T 7R IR

2 R AR AE 23 A A BEL AR GE BE /N () oo THT 5 3 0 ™= 4 —%AET, AR EN S TR Heck-p-H RN
14(8% 15), 2 RAZIN=P0AS 5] 1A S it o g A2 (e 2 AT X P e AR s AR R ) R B M B N iR
R1
R1 JI\ R1
SNTONT o 3 OH
@ . P Pd(OAc), - R < >
R2 © R2 Py R4
R4 HgOAc Py
4
1:R'=R2=R%=R%=H 5. 66% 6: 24%
2:R'=R%=H, RZ=R*= OAc 7:20% 8: 32%
3: R'=CH,0Ac, R2=R3®=0Ac, R*=H  9:20% 10: 73%
Pd(OAc), + PyHg(OAc)
AcO 4 OAc AcO
0 0 OAc
QAc >+ PypdoAc — |A%95 — 07 >py
OA 13 /Pd
03 AcO Py OAc Pd._ ~oA
15
lH* l cho3 le
OAc AcO
A(/:\O'O OH OAc
¢ N y OAc Py
ring-open Py syn- ellmlnatlon anti-elimination 12
10 11 9

B 1 Pd AP AR I 5 1 i o 2 ) 1P B0 B AT 2L

Scheme 1 Proposed mechanism of C-glycoside formation by coupling of glycals and oragnomercury compounds catalyzed by Pd
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BIHE

OAc OAc

B(OH),
0 Pd(OAc), O_\Ar
b+ J chgeN, et P @)
AcO /\ AcO

OAc R? aonly, 10 examples
57% ~ 83%

PLHARE RS 1S B 1E 5 1 B-H W BRI 7= 1, (H 2 # B R ).

2009 4, Ye ISV UG 555 HRR7E A NES
FRAF AL, W B ERANME AL, REAE RGBT B-H H
BRIY Heck SN =9 19. A ZBAI&Z, BFFRA R R
TEAS FHAS A B AT A, 15 3 1 s 4 = %
ASHRE. A Gn R FH B B A A B AT, A 212 B-H
HERE 2,3-FEEIE 19, SR KERBQ)EAMFIN, 3
B2 3- BT 21, TR 2,3- 2 50-5,6- ~ F IR
(DDQ)IEZEAL T, 15 212 M B 255 1 20 (Scheme 2).
2 e e . R A 1 = B DR DR RN FE A B DDQ Bl
BQ 1EEALFAINE, 51T 3-OH EREFELRY IR AR, 1F
FHE RN SR E R E RO T 3 A BRI B AR
RIUA Ry KA BH S TE P Wb B S 3 AT N R
BF, BRI T A ()2 BELEE /NG 3 A EAR SRR 1) o —Thn gt

AT IRk
O _Ar
3 examples
14% ~ 69%
2
ArB(OH),
Pd(OAc), | R=TBS
DDQ
O _Ar (0]
rol ] L R=TBS ol ]
ArB(OH),
o) Pd(OAc), OR
21 aonly  BQ ArB(OH),
11 examples R =TBS, Bn | Pd(OAc),
50% ~ 91% Cu(OAc),/0,
O._Ar
r
RO 7 examples
78% ~ 96%
OR
19 aonly
B 2 Pd AL RSB LR T BRI 5 07 SRR 1) 45

WK 82
Scheme 2 Reactions of glycals and arylboronic acids catalyzed
by Pd with different oxidants

SR, 4 Mukherjee ZI7E(# | TEMPO {44k
7k, FBER A Heck-Suzuki ZEXUHEE M, BEH] cis-
1,2- 2 B AN B P24 22 (Eq. 4). BFE A G407 %
R AE B 2E B JRLIR T A IR A IO RS S A e S Ak 4
(TEMPO)A & T B AT 1) e SE S0 RPE, BEEfE Pd AT
B b2 JR IS R A PRI N S R (Seheme 3).

BT 55 SERER LA, D7 EERARAU. DY Bt
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OH)2 Pd(OAc), (10 mol%)
TEMPO (3 equiv.)

AcOH, 30 ~40°C

=H, OR2
=Ac, Bz

O
b 5

aonly, 18 examples
65% ~ 80%
OAc OAc
o )
. | —_— =] —_— . )
AcO' AcO™ OAc  AcO' “PdOAc
OAc OAc O

OAc OAc

O \Ar O \Ar
- . . —_— . JTEMPO
ACO" “p _.TEMPO AcO ‘oo’

OAc  pac OAc ar

AcO" “Ar
OAc
B 3 Pd #ALIILL TEMPO NEATIINES 5 05 B0 R (1)
TR BLALER

Scheme 3 Plausible mechanism for the reactions of glycals and
arylboronic acids catalyzed by Pd with TEMPO as the oxidant

A EERERRER " Rt AR AT Pd AL N S HEIA K 4L Heck
R BV (Scheme 4).

/'zg G SO A
TBSO- _A900: | pso
Cu OAc), =
H;CN
OTBS R CH.C OTBS
aonly, 16 examples
B 59% ~ 99%
r
(0] O._Ar
Pd(OA:
BHOL | + | X % BnoL
X K,CO,, TBAB =
OBn R microwave irriiation OBn
aonly, 9 examples
73% ~ 81%
o PdCl,(PPhg), @
ROL\J + E}ow O w

B ————
Et;N, n-BuyNCl o~ [ )
DMF RO \)

aonly, 14 examples
31% ~ 86%

R = Ac, Piv, COOEt

B 4 Pd AL ERDRIE 55 H At 55 2K 50 PR 0BG S 2

Scheme 4 Reactions of glycals and other aryl reagents cata-
lyzed by Pd
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Dunkerton ZE'RHUER T 1,2- AU FTEI AL S 9050,
2,3- AN R AL S 07E PA(0) AL R RERS T K, Pd-n-
IR E A, TSRO 24 T Reld Bk 5%
AR AL AL N B LA o L C-HEFE. A A,
Sinou ZEUHA K I, I ) S0 SN A TC AR 1) A AN
Be b, W] LL5E A3 2 s — R B C-H 72 #)(Scheme 5).

OBn

OBn
r OBn
kCJ/OPth(O) K(Oj NuH 0__Nu
BnO" N7 Bno" N ""Pd Bno" N

a-m-allyl complex

OBn _ OBn OBn
—_— ] R ——
N BnO Pd BnOY NP

-,B-n-allyl complex

ER 5 Pd AL 2,3- A RIRE 5 A% a7 B R R B
Scheme 5 Reactions of 2,3-unsaturated glycals and nucleo-
philes catalyzed by Pd

1.2 Pd #1Lr 1-BREEES SIBE R R $I% C-H

FLAE 1990 4E, Friesen 25Ol & BUREMG (1) 1-B 36 HL
AL E W5 75 TR RERSTE Pd 1AL T K AR IR N,
AR RSN IV [ O R . 5 FEIR XL B AR AL A I
FHRE AR T 00 ST, RIS N 1 84
SR 0 B BB I(Eq. 5).

oTBS
O__SnBu; OTBS
I 5 r Pd(PPhs),Cly -
TBSO™ (- . R

OTBS
12 examples
40% ~ 81%
Ak, B & SR AT A, W R A P (B
6) R £E 1L &% (Scheme 6), tHAENS 595 3k xi1b W
E Pd (AL R & BB B EF . Augé SN ik 572
TR C-HEIRE) & A (Eq. 7).

TIPSO o | TIPSO (0] Ar
| 5" PdCly(PPhs), | .
TIPSO Arl, THF TIPSO
OTIPS OTIPS
6 examples

40% ~ 60%

(6)

OTIPS
5% ~ 19%

BT 5 RIS, 2010 4F, Werz SR 1-BUR
WIS 1- = P RRIR WA (23) S R SE AL ) 24 7 Pd
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Svom THCIEtOH
TBSO 87%
oTBS
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B 6 Pd HEAL IR B b & ) 5 57 SRR B AR S
Scheme 6 Reaction of zincated glycal and aryl iodide catalyzed
by Pd
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methyl ester

o 1) tBuLi, THF

. 2) ZnCl,
t-Bu—g;
Plov 3) Arl, Pdy(dba)s, P(o-toyl)s, THF
+Bu OTIPS
COOR!
0
2
tBu-g | NHR @)
[ O
tBu OTIPS R!' RZ Yield/%

Hept Fmoc 69
t-Bu Boc 90

AL, BT — &5 1>6 bz g Wi 25.
$:E T Raney-Ni 1] DLE SRV HIKS 25 Hh (1374 e bl bt
HATIRJE, AE ROt L T B 26, I BLAEREBEIE 1A
PRIV REAT S8 A IR SR I, B 7 AT LA AR S i il &AL
AR 1,2 RV p-C-FF 27 4N BERN SRR R,
{5 FH S8 AL 77105 22 P R (DMDO) A] LA AR L — VLI A iR
I 1,2-FRERE(>20 ¢ 1), #EMHSHENAR TR
A B A B R 7 — 5 T AR AL ER(DIBAL) U AT BLIE
PG 2 g-C-FF 27, Tl A A7 FH B /N 8 A (LiBH-
Et) ] DAAS 2 B A AT 1] a-C-1 28 (Scheme 7).

Bt 5, Werz 25200 SR P B 285 3077 5 3R A A
RAE Pd AL S, KA Still (BIBAE3)E 8 e tF
30, JEEIX— S N A DA ) % H AR (1-2), (1-3)
Al(1—4) C—C BEERER R, XM B 558) 7T L
WP E AR 2- AR 31, AT LB A
1Ll %% 2-OH Bt 32 (Scheme 8).
1.3 Pd #a 1-BRIEFIEE S SNBIHR HIF
C-H

BT - A, MR 15 BUR R AL A
YIRS 5 05 5L kLR AE AR B S R, 1995 4, Falck
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Bl ERSHE
OR
\ SnBus PdCl,(dppf), CUCN
K(o | X \\(O OMe Pd(PPh;),Cl R —"
LAl o
/\j/ * A 7 examples "OMOM
(RO), (BnO), 63% ~ 88% OBn X=0,8
23 24
R=TIPS, Bn; X =1, OTf OMe 342 X =5, R~ OPh, quant
OMe R-Bn  ogn o— 34b: X = O, R = SEt, 68% ®)
Raney nickel o \ OMOM 34c:_ X i O, R f Ph, 10°/2
H, l 34d: X = S, R = OEt, 30%
v (OBn); OBn
(RO (BnO), 26

Condition A
or Condition B Condition C
OMe OMe
BnO o/j OBn
o \
vy (OBn)s OBn)3
"OH

(BnO), (BnO
27

Condition A: 1) DMDO, DCM; 2) DIBAL, DCM
Condition B: 1) BH3*THF; 2) H,0,, DCM
Condition C: 1) DMDO, DCM; 2) LiBHEt5, THF

ER 7 P AL 16 BEBRRE MR &
Scheme 7 Synthesis of (1—6)-linked C-glycosides catalyzed by
Pd

OR OR

\OJ/SnBua H/O\ Pd(PPhs),

+ TOR)y, A
A _ /K (OR), g examples
(RO)3 Br N 63% ~ 88%

R =Bn

OH OH

OR OR
}o K(O\ %/oﬁ
— Yo
/T J-OR), 2 OH),
(RO)Z/\J_;\\/’ (HO)2/\_2—/\\/’
OH 32

OH lOH

ot
o) NSO
31

B8 PdEALII(1-2), (1-3)FI(1—4) Rz 1B —hE i
ﬁheme 8 Synthesis of (1-2), (1—3) and (1—4)-linked
C-glycosides catalyzed by Pd
SECTR RS 19 R4 33 5HE&E Pd/Cu LMk
TERIE, #l& T a-BRIETT 34, L&Y 33 bl
B2 N7 A R (MOM) R S B E B, A
MOM 475 AT AT Rt A e s B i 7 v A A LR
slafg, RT3 A C—C BEAMIEE, T ckoH A
fit S R4S, 40 Me B0 B A4 B, RS TR,
JEORMEIX R 26 A T 2 K AEBE MR (Eq. 8).

2016 4, Walczak %51 R I 1-8 = HUAR 0 BE 1L
G5 T HE G IAE Pd HEAL TS RER AR SON, AR
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Ji AT X — RN K I — AR AR BT DU I 7
1) JE A i 5 (1%) S A ) Y SR A | A RS IR P O
FRISTARFA R, P20 5 S 67 () STAR K 2L 5 SO LR 345 1 57
PR TR FF— 2 (Eq. 9).

Pd,(dba); (2.5 mol%)
(O SnBus JackiePhos (10 mol%) KO o
RO— + ArX ROT ©
CuCl (300 mol%)
A KF (200 mol) !
X =1 Br 1,4-dioxane 38 examples

42% ~ 93%

1.4 Pd #4H 1-BIREHES 58 CO MARRBHIE
C-#H
1997 4E, Vogel ZPVRBIAE CO 1746 T, 1-MAR s
- T RBARKE IR BENE 5 0T N 1 I I B AL W Bl 1< b
WA CO SN IBIE N, A RO . [T o B 3 W A ke
#(Eq. 10).

0
o._X! 1
ST L T o
Si.g w2 CO Sisg R2 (10)
& oTiPs OTIPS
X'=1, SnBu3 X2 = SnBus, | 8 examples
[Pd] = Pdy(dba)s, PACI,(PPh3), 60% ~ 91%
B, Tan BFF0/NHPOTE CEERE ORI 1-RAAR R

I 55 JEN A I 2R i s e PO TN BR B8 B[R] A BE RS E Pd i
AT A R R, IF HAZONAE CO fEfE N, e
E CO MNE, A  o-FFE B 7 B (Scheme 9).

R1 /\Rz R1
o _I 9-BBN, THF o) R?
| then 1 mol/L aq. NaOH |
R Pd(dppf)Cl, R™
OTIPS THF/H,0 OTIPS
1_ 8 examples
R'=H, OTIPS 81% — 97%
A>"01BS
OTIPS 9-BBN, THF QmPsS 0
¢} I then 1 mol/L ag. NaOH
v | Pd(dppf)Cl,
) TIPSO
TIPSO CO(balloon)
OTIPS THF/H,0 OTBS

(68 % isolated)
B9 Pd AL C(1)-Fedk siBIEmR 1 15

Scheme 9 Synthesis of C(1)-alkyl- and acyl-glycals catalyzed
by Pd
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1.5 Pd LR C—H FLHIE C-H

SRR R LA S C—H B ERE R
M e L LR O AR d C—C B STy
%z —PU 2016 47, Ye SR JE T Pd AL 5 HE C—H
SR 1 LA 5 A OB I a3 AT AR BB ) 5% 5 S 1) 7 V%
WITVER R N-FEMRIE AT Dy S L F) 3 7] ik (4], AT BAE %
PEHLIE AR RIS S ML AL C(sp”)—H .
JSL AT ) R R AL, (BREERTT S SR
IS R SERRBCAA, T AR BG B SpE AL P(Bq. 11).

Pd(OAc), (10 mol%)
o | i
Ligand (30 mol%)
TIPSOL\J/ 1 N
X N
R

NaHCOj; (2 equiv.)
|| AmylOH/H,0 (V:V = 10:1)
TIPSO{\ HO

101 kPa O,, 100 °C
o
(0}
Ligand: \CNBOC (11)

N -

l N | COOMe
N N
24 examples

51% ~ 91%

1.6 PdEXHBRREIKRNHIE C-H

F 2002 4F, Myers Z£P350E 5] Pd AL AR 15
IDE N AR, I 4 e A R A8 S 8 A 106 I o2 gt I 2
7z ST A NLE RATIEEY, 2011 48, Liu 5599 ok L
75 2 FERTE Pd AL tH REAE S50 I 28 i 2 AR 1 e I,
AR —VER) o- 75 35Tk . S AT Heck R
NEAH L, 22T AR R M e 2 b i PR R T i
VUL R T RERE. R RERAMNOBEFET A
PiHEANR SR ORY BE(Eq. 12).

COOH
R O R, _O._ \Ar

, N, PdOA), Ag;CO, - 2
R%0 | ) PPhs, DMSODMF R20™
R3

OR? OR?
aonly, 17 examples
39% ~ 80%

WG, 20T 7/ NHPO SR BUREER L 3 Bt A
S Pd AN, KA T NI R AR N AE ) C-F
505 (B ) IR A 106 S B B % 4 1) Pd AL 1) Heck £ %
FEVIAN RIS, 1% SR IR SEARAE B = 2 B Y
(Eq. 13). JEIdFIHIX — @ oAk B C-HEr b 2
Jrid, %N P i e R T BURTE /N T Asper-
gillide A& B

OR!

o OR!
| Pd(OAc),, DiPPF TJ,R?’ .
_—
2,
R20 PhMe R2O™NF

oO_R?
\n/ Bonly, 14 examples
0 52% ~ 86%
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bR 1 05 BRI AT LSRR R AR IR AR IR A, O HE T
FRANPSRN 55 S Y I BB B 5 7E Pd LN SN
R R PR A IR S I A i 75 FE B 1 (Scheme 10).

OR? S0
o 2Na pgcl, (10 mol%)  OR? Z s
|+© _teitie) o (IR
- . CuCl, (1 equiv.)
R'O 2 2 .
\Rs MeCN,75°C  R10™ N
OR 10 examples
41% ~ 81%
OR!'
o SOLl py(PPhs),Cl, O g2
| | A 10 mol%)
o X leCO3 (2 equiv.)
RO R2 dioxane 140 °C
OR 19 examples

40% ~ 65%

B 10 Pd AL A 55 FE AR AL & W) 24 Bk 17
Scheme 10 Synthesis of C-glycosides from glycals and aryl-
sulfonyl sodium (or chloride)

BRIGIRAN, 75 SHEEAE Pd AL T thAEWS KA

C—N BEWIZL, Aoy st CH1. (ERAF TN BRI,
LWEI 3 A8 R MR, BERS AR BISLAREE R NVER) a-1l 7Y
P T3 AN S MR, REIELE o, p HIREY
(Scheme 11). 12 BN A S B IR 37 AR 3% 6% FE A
Ye SR — BRI T 3 AL HUARES (1L Ay L.

OAc OAc
0 | 1,10-phenantroline O Ar
+ ArNHNH, ———————
272 pg(0Ac),, 0, /
AcO HOAG AcO
OAc aony, 10 examples

30% ~ 90%
OAc OAc

(0]
1,10-phenantroline 0 Ar
AN, = O
W C)2, Oy %
AcO o HOAG AcO
OAc mixture, 4 examples

74% ~ 83%

B 11 Pd HEAGIRIE I L5 55 BRI S
Scheme 11 Reactions of glycals and aryl hydrazines catalyzed
by Pd

1.7 Pd &5HHEEHRNGIE C-H

E M Trost 251 FAE S LA AL SEEL T R 3R 41
WA =BT R B AR, FEAEWIER LA R B
B TAEETIZ IR, ESE T AR G AR RIS RESE IR
4D 35T B A 25 B AR o B8ORS 0 FR AR AL 4. 45140 Nicolaou
L0 F Pd/Cu JL AR 1-85 FEBUR B 10 & 1 5 4
TR TR K AEARE, AR C-1F(Eq. 14).
2014 4F, Liu SR A L0 AG 0 5 32052 B0 1 B A
T 2-MHE i PR AR B S OB, AR R o- SRR, M ATR A
4R PA R LN F 3,4- I FE-5-(2-F%8 238 ) A
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Bl SR SR
OR! OAc OAc
O._SnBus Tf0_ O O R’
| ~ _, Pd(PPhg)/CuCl Ni(tme),(BFa), SN
R —_—
RO ' \[M) R K00, TH Y //I\ R “un PPt N Ay R (1)
i THF, reflux A X
R2 R2Z=H, OTBS one” OAc
36a ~ 36d
OR! 1 2
o o 36 X Y R R Yield/%
I lR3 36a H OAc CO,Me Me « 98%
RIO" - (14) 36b OAc H COMe Me ¢ 98%
R2 36c H OAc CN H « 76%; B 5%
5 examples 36d H OAc Ph H NR

71% ~ 81%
BEME(NHO)E AL AR, Hodr, Pd S0 R itk
) Pd-n-J# TR FE A, 1 NHC 1546 2- 8 Fnth e 2 1o
A% 1) Breslow HR R4, it f5 R ol e ) 4% A6 0 s e
A FORE A Bk B (Scheme 12).

o
o] Pd,(dba) o
R1)\/;Q R1J\O\‘ ”\Pd(”)

OCOOEt

14 examples
27% ~ 85%

B 12 PA/NHC Ak R 5 55 3L EE 2

Scheme 12 Reactions of glycals and (o-azaaryl) carboxalde-
hyde co-catalyzed by Pd and NHC

2 NifEURBIRHIE C-H

BSR4 JE Pd AL RIS NLTEREIG R B C-H &
BN Z W, ABRR T C(1)- s RBARHIEE K3, |
F B AE R C(1)—Pd B R H 25 5 KA p-H R,
ICARMEE T Pd AL AR IR PR A A 1,2 WA C-FE
. 2000 4F, Marsden 51 BIME L IRAT 5 B e 110
KIIFIRAE Ni S, o7 LUR MBI N A R C-1.
2 HE I SN R A= T AT B T R R S IR TE L U )R
Ni(ID)A Mn SR R & T B g iR, b5 %
WESE B H 2 S AT N R 15 B o M Y 7 32 B e
C-H. HAr Yy RUABREERE, RN EAJEF I o i
RUSTARIE 1 (36a, 36b), {HZ R' NFEEECH, HiE
BR) 7/ g TP YI(36¢). T2 RN FEIEEUCHT,
AT H bR C-H 4 U(36d) (Eq. 15).

2007 4, Gagne S5 R BRI IR ol S 5k
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SRR CRICE NICL (AL T, IR Pt AE & 4 Negishi 1
BR, A RGeS S N R BT R
@, RN H R L A AR o BSE
RGP, (HR AR A0 T8 & R AR, LAk
FEEFFASE ARG, S R 2R (Eq. 16).

OR'
O X ey NCl (10 moil%)
+ nBr ————
RO OR' PyBox (15 mol%)

r.t.

o_,R o)
+ | (16)
R1O™ OR'  Rig™
OR! OR!
10 examples 3% ~ 25%

40% ~ 76%

B, fEdE— B HaT 7T AR At A A B A
Ni(COD), fF 9 itk 7 i, 38 1 i i & 3& 19 B 4
t-Bu-Terp, Kk T ek eriliil o, 77 B850 [ 1 1 g
AR SN, I HLZ SR S N A ] 4 B R e B R AR
AP p RIS AR IEPEE(Eq. 17).

OAc OAc
Ni(COD),
O Br (10 mol%) O AT
+ ArZnX-LiCl T BuTerny (17)
\\ “""OAc u-lrerpy “10AC
AcO xBrorl (15 moi%) A
OAc DMF OAc
S predominant
11 examples

40% ~ 76%

R T e RN o5 R GRI Ak, B H TR R BE 8 S
FINERTTEER NIRRT, 8 Ni(COD), ik i A= 18
BE I N E] o B C-H P (Eq. 18).

OR ;
(0] Br =¥ R
Ni(COD),, ligand \\(
2
RO --IORJ'%R Zn, PrCHOH £ rR
OR R3 DMA
R =Ac, Bz

23 examples
20% ~ 80%
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2014 4F, Gong 21V SR Fi Bl iR EF AR T Ni 4
IR AR R AR T o- PRI, 7= RIS
WD, X H BRI R T 2 4A a LAY,
T O% 6 60 B R AL R R, 2L o WO
(Eq. 19).

OAc OAc
o__Br _(RCO)Oor 0. .COR
RCOOH/Boc,0 . (19)
—_—
AcO oac N Zn - aco OAc
OAc = aky OAc
10 examples

66% ~ 99%

BR T o-BBEERF AN, AR B IR T S AU R
FEAE Ni [ R EAT IR JF AR OB, #4133 T o-F
F P Eq. 20).

O Br o I\Il_i'(codgiz (1 100 mTl/“A;)
| . )]\ - igand (10 mol%)
X Y “oAc ClI” "OPr zn (300 mol%), TBAI (50 mol%)

OAc DMF/THF (V:V=T7:3),25°C

OAc AN

i H
O wCOOPr Ligand: | = N (20)

X NT

- N N

= ‘OAc

Y

OAc

=0OAc, 70%, a:3=2.6:1
= OAc, 65%, a:3=5.8:1

< =<

X=H,
X=H,

] Ye ZE0UPESARMd R AR 5 05 SE 00 R G 05 2k =
SINFRERTE Ni A N ATIRIB R BRI, RAF2) T 8
(1) C-H 729 37. AERARAIE S — 25 M ST FE A R B,
IR IR S RIS AT, RERE 701 N R AR B
BT 5 BRI =4, B SR AN GRS AR, T]
DA B 2546 58 A AN R R SRR B P 4. 9 e 436 F % 5
Wil Sc(OTH), KIS, FHAF3) gAY 2,3- A C-
H, MR B R PhPHBr J<3RiY, H1FEAGE] o 7Y
1) 2,3- AN f C-FF. 75K F PhSeCl/BusSnH Hf 15 21| 2-fiit
) B-C-1H(40a, 40b), 1K NBS 5 NIS/ Bu;SnH Hf
BN FH R 2-BE ) a-C-FF 42 (Scheme 13).

3 Htt&REAHBRKRNGIE C-H

2012 4F, Cossy & PVRINAESJE Co AL T, F5 3k
PRAR 71 B s JE A% TR 7R A 6 55 0 2 R R AR SR A AR
RN, A RIS HERRTF(Eq. 21). BT Co A5 KA B-H W
B, BRI SR L AN 2 28 B (e sl P2 4. [l i 2 Y
NAEA GBI a-IRARH B AR AU R B
BT U o PR, (HIRTER AR LS AR IR B
B

2007 4E, Somsak 2PV HLA FHBE S IR 5 HLE T
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ArB(OH), Ni(acac),, K,CO5 (0H Ar
RO)— S <RO>— |
Toluene, MW n
R=Bn ArBF3K 22 examples 37
55% ~ 88%

Cat., DCM \ O A
(ko
8 examples Jm\ =

Cat.: Sc(OTf)3, S preferred
Cat.: PhgPHBr, « preferred

40% ~ 94%
Busan Ph
PhSeCl AlBN
2 “1SePh Benzene R
2
OBn R OBn

39aR'=H, R?=0Bn, 85% 40aR'=H, R?=0Bn, 93%
39b R'=0Bn, R?2=H, 88% 40b R' = 0OBn, R2=H, 87%

OH Ph
_NBS, DCM _BugSnH/AIBN
or NIS DCM BnO“ Bengt:/ne
OBn °

41a: X Br, 78%
41b: X =1,72%

BnO"
OBn
42

B 13 Ni HEACHIREIA 5 757 AR S S &% C-H
Scheme 13 Synthesis of C-glycosides from glycals and aryl
boronic acid catalyzed by Ni

OAc OAc

O wBr Co(acac); (5 mol%) O R
+ RMgX —>d 5 o (21)
AcO OAc tme: aT(H Fmo o) AcO OAc

OAC OAc

- oY = 23 examples
R = Ar, alkenyl; X = Cl, Br 34% ~ 96%

IR Il fE Cr LTS, Bt AR B4R C-
. AEE RA R A E R, P A A BT
oL, PR R (46a~46¢). RN N FURE I
AKBERE, BEIRRPAR ARG SoARIE B, (B2
FHATE K F1(47a, 48b); (HI2 MRV AT H AR, 15
FHIHE o, B HITRE(50a, 50b, o © f=1 : 1) (Scheme
14).

2010 4F, Gagné SR DUMEL IR FF BENS 55 AR il 1
E&)E Ru LT, KAEBBKRNAERY a-C-1H. WHEE
A /< WA Hantzsch ester HI4E FI T e N = R AR S RS
B W] DUAEAR KRR BE 00 — 5 = Y0 i A B (Bq.
22).

OR' OR! R3

O .Br 3 O %,
: R* " [Ru(bpy)sl(BF ), - R2
+ K oot e @)
RIO™ ] R2 Hantzsch ester RIO™ 4
OR iPryNEt, DCM, hv OR

. OR!
R'=Ac, Bz 10 examples

51% ~ 94%
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BHE
R? o R2 o1
BJ%R% , [Cr(INEDTAJ Ro
R + / —> R3
7 H,O/DMF/EA
AcO™ ety 8 20/DMF] AcO™p 4 .
43~45 46~ 48
R! R2 R3 46a: 81%, Z=CN

46b: 76%, Z = COOMe
46¢: 52%, Z = COOH
47a: 29%, Z = CN

43 CH,OAc H OAc
44 CH,0Ac OAc H

45 H H OAc 48b: 21%, Z = COOMe
Br )
[Cr(IEDTAJZ ~
PE?OAC + 7 ° H,OIDMFIEA o OAc 7
OAc 2"° OAc 2"°
49 50a: 84%, Z = CN

50b: 53%, Z= COOMe

B 14 Cr AL ROREIE IR 50 e S Rl 46 C-1F
Scheme 14 Synthesis of C-glycosides from glycosyl bromides
and alkenes catalyzed by Cr

WERC N BHEN % e N B A Wk S T E H
S IS R AT (), e I EL AT AR I £ ST Ak e PR A
JE S 5t % ] Ru(dmb),®' b Ru(bpy)s " E A FHE Ak
TS BRI X — T IEE T C-REBK S &
HP%)(Scheme 15).

Lt
iPr,NEt
3
Pr,NEt [Ru bpy)sl
O 2
[Ru(bpy)al?* ﬂ, : —R»
h‘v\- [Ru(bpy) 3]2*
R3

R'0 o —<
OR!
EtOZ /\(\/(002Et

Int ﬁ
Hantzsch ester)

B 15 Ru EACHOHESL IS 5000 S M) o C- 1 LR
Scheme 15 A plausible mechanism for the synthesis of C-gly-
cosides from glycosyl bromides and alkenes catalyzed by Ru

2001 4, Maddaford %577 i 43 J& Rh {44 1) 55 200
R AORE I S AR B 1SR L — WV o-C-1, HEJ7R B
A 45 BT BRI 2 A A SOV 95 2E (Bq. 23).

ngen

OAc OAc
o Rh(1)(COD),BF O A
|| + ArB(OH)y ————>~ (23)
AcO™ Dioxane/H,0  po
4 examples
o 50% ~ 81% %

SRR A AT REHLER AN Scheme 16 ffizn: 5 BEA R
Je 5 Rh TR ARSRA, #5775 RA eyt
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TN B A A o T RN BSONE, 4255 00 B WD AE 7K (A7 £E
AT KRR R T o-C-1. W AR S K A AE
X Rh—O HEIMER R HE E, HAETRKFM AT
B2, JUFAAE] H AR (<5%).

ArB(OH), + Rh(l)(COD 2BF4

AcO™ AcO"
0 ORh(COD),

ArRh(COD)2

ArB( OH/(

HORh(COD),

Bz 16 Rh (AL AR 5 57 SE 00 R s 8 il 46 C- 1 LR
Scheme 16 A plausible mechanism for the synthesis of
C-glycosides from glycals and arylboronic acids catalyzed by Rh

4 IL,\—F' EE

AL SRR AL SRR LY, I < M A PR AR I S
Fil g C-HHA AR EENELE, A HRM 2 AL
I, I E S g AL 8 2 A R RO HEAL AR R ok
REE T FEHEE TR IE S SR G £ a . e
FERRAFRB RN C-HEHITH, 778/ C-H
e C-H BTN RV Z, T a-PREE C-HA
Fekk C-H G R FUEARIRE . 1R RN LR %
VEJT L, H AR PISLARK R IR 5 B 3R T AL R Lk,
DYSSIECIED TS e ch NER 7RGk 7/ D IVA LY (ARt a3 b
IO FEEE RARAESE. 12 & A [ i AL s k75
11, &)@ Pd HEACHIRIBCS ML fi & C-HF RN D2 fs
B TEON TZN A, B NifElL, HRHATE S
JRMEACHIMBER R NI 2 C-Hik AL WL, Bk, o
PRI IR S N & C-HEH K& et 78 5 LA
RIS N 2E B C—C SRR SOBIATTEL, 38 KA K J ().
] S0 78 7 1 R P e 9 < R 1 A B S R ) %
C-FEH B E TARBATE T R EEROEN— A
WEFC T 1.
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