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Abstract Olefin metathesis has been one of the most important methods to construct carbon-carbon double bonds, which has
been enabled by development of well-defined transition-metal catalysts (e.g. [L,X,Ru=CHR], L=PCyj3). A significant gain to
increase the catalyst stability and activity was achieved after replacing a single PCy; ligand of L,X,Ru=CHR (L=PCy;) with
cyclic biamino cabene, such as 1,3-dimesityl-4,5-dihydroimidazol-2-ylidene (H,IMes). In 2005, Bertrand et al. discovered a
novel ligand-yclic(alkyl)(amino)cabene (CAAC), which displayed more electron donating and more electrophilic in compari-
son with cyclic diamino cabene. It is logic that more electronegative amino group is replaced by alkyl group in CAAC. Fur-
thermore, a quaternary carbon at the a position of carbene center of CAAC may make a big difference from cyclic diamino
cabene, which can change the steric environment of CAAC easily and creat a chiral center next to the carbene. In this research
prospect, synthesis, property and application of CAACs in olefin metathesis catalysis are introduced. Finally, the issues re-
mained in this research area are summarized and an outlook for the development in the future is given.

Keywords olefin metathesis; catalyst; ruthenium; carbine
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FsC 2
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Mes=1,3,5-trimethyl phenyl

B3 R AR ke B R A5
Figure 1 Three kinds of representative catalysts for olefin me-
tathesis

SR, IR RN, Grubbs —ARAEILF] 3
TR AR R AN b TR B R I s A RN R
TIRRCAR IS, A e, AR B e RO T A
R3] 2 i A2 107 4% (Scheme 1), BI 10% k(L=
NHC)~k(L=PCys), {H T 25 R =4 fe e
WAL AVE T, LA 38 50 B 2 — AR AR I
10* %, B ky/k—(L=NHC)~10* ky/k-;(L=PCys), %
F80 Grubbs ARVMEALT] 3 (G Mk LL—AUMHEALT] 2 $E
25 10 5.

PC R
o, L b ¥3 cl, b ko cl, b
RU_\ [ ———— RU:\ J——— Ru=
- = -
cl PC Ph ki CI%enlpty Ph kp C©7 L Pn
va +PCys g [~ Rc
A "R
ko ky kalk,
_/: + —
R R
L =NHC or PCyy
CI/:,,RE ks cu, b R
cr= ‘=\R k3 CI’RU
R/—*
C R D
Scheme 1

BT 22, BCAAR 1 PR~ 00 A0 23 [ A7 BEL A A M A
SRR T OB VE L, AN FRITC A 0T b A TR PR 2 BT
AR K. HL B, 6T EARH a5 R AR
Grubbs XML 5, RS JL B 4 v 1) A T
A R PR T = AR AR K S .

2005 4F, Bertrand 25V Bl T — 2B BUIR (e ) (R
#) K [ Cyclic(alkyl)(amino)carbenes, CAACs]ACIA 4~
6(/€2). 5 EHEREARKL, (1) CAACs HPf—A
G A L A7 PR BN R AN e A, AT n T Ko gk
BT RI(L N RIS T EED)); (2) CAACs hhHFR
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KRB F AT CAACs; (3)7] LR T 1 2= 1%
KIRAF T CAACs Fithk; (4) 7 HAT HABIR 2L R 5=
BB RE 1de T IARIRIRE 1), 1 e 52 o0t S I
[R5 | R LUE K 14e hialiA B JFLAI(E 2). WL,
CAACs AT HIR 2SR sl R AN [R] 1) v 1 R0 23 TR) 3L
N, 5K FC T 0 5 0y A S N HP R g s SRAN [ TR 4L,
HES

HsC CH3 CH3

H3C

CH3
chﬂ

Kl 2 Bertrand % & IS E IR TE(CAACS)
Figure 2 Cyclic (alkyl)(amino)carbenes (CAACs) synthesized
by Bertrand et al

SR, A ARG T IX R AL CAACs B FIIFSTR
WIEAR L, A8 540 il BN HR (1 R, D) 20> 2834330,
WAL R CAACs KIETT 5t A R M UM T 2 24
A, R T TR RIA SR K R R BAEAT 20 BT

2 CAACs Ak RE S

7E4r i CAACs 2 i, Bertrand 25O 7E 2004 4F K
DG e— Mg AR — R N2 ST 2R 2% 9 (mop.
<20 °C). HA KL W Scheme 2, KT 5 & B IKIH5 i 8
HIERE, AE—78 C NI MR L AL SO, SRS
FH VU R LR IE 2 (TMPL) AL IS R 52 9. Z T LAk it
A ROX TR R (DAER T O R 7 /8 5 4 1 fe e
REWG QIZREM o MAFRIR T, AakA 1,2-5
AL SN (3) K FH S Bl e Ve 1F 2 1 I ST, AN
Sl TE TR AR,

S

_MeOTf
78 C

o

Scheme 2
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U ERION B 5 R = R B s aE I, A
PRI AR T A S AR N TR R AR, AR, 9 17
WHORS NSRS T IR S35 T4 R N 24 AE
B A% 10 FIIG(Eq. 1), 1Z RNV 3T 3 d v #4k5e 4,
HH AT L AR (e R ) (A8 ) = 5 AT AR sm i el ik, A1k
AN A P AR RC A

Solution
JEHE H
9

h T G IX R 431 N T R UBE, 2005 4, Bertrand
SRS LT ORI (e ) (5 R 5 CAACs 4~6.
HH T HR AR T2 0] AT 2800E X b 231 IRV B S, TR
AR R m R AR e e, AR, APk
L2-EH BN, R o i EAREAGZR T, Bh—
IR, HEUR T 1A O7 B BR AR E R k.

3 CAACs Bti{kHy%I&

T AR (e 3 ) (2 ) R =TI & 7 1A AN IS
JHT- CAACs 4 %, Bertrand /NHBEH T 51K
B U B K il £ — LE ] AR E 1 < 72 4~6 (Scheme 3),
OB B 71 W SRR ISR s . B 4 Aol
A Bt LS A i e T A e i 11 ikl 4
LDA WV Z o 751, 55 2-HI IR e S W A i
BEER 12; ZMERAE—T78 C N S PR ER T AL,
WA B by B 25 B = R B AL &), AR iR
Ja KA T NSRRI SN, AT 43 381 FE TR EATE
e = AR £h 13; S Jm PR 9k LDA i VA% 51,
Bim e A RIRCE M 40 SHN, XERRELRLRHE
R HCRAS S AT ROE A e AL A b

mlm

\\T/A\ :]:;:] ) LDA, THF, -78 C
/Pr
TIO
“ szo 78 C Pri
ﬁj
i-Pr

Scheme 3

(EE, SRl s 2 BT AR 2- FPRERR S e A = 9L
PR R T A J5URL O M AR L AL B Bt O B S ST
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CAACs W& T2, i/ NI R B () 3
I TN L SN ST SRR AE J5URL(Scheme 4), 42K
RO D B0 F W IR e S Ak S N s 72 3K
K, L4 B, P22\ 48%4e =i 4 83%(M 3a it).
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Scheme 4

SO 5 7 s R AR R TR AT A T
PN W5 e Ak s o it U3 32 B B sk U A
EM R R, DB A A0 W7 Rk Pk,
AR T ) RV G F . U TR S 4R L T
Ui 5s, PRlIHGIX S 231 P M ST e A J B B i T AT
).

4 CAACs E{RBI4F S

A C4E &, CAACs FES5 ) b — AN Ha s PRI e
EERTH & E R — Mk, SEILAA TR
(125 LB ). X BRI/ CAACs 15 oM, H,I %!
S NHMTR] DUAE S AR 4 PE R BN, A= JoAH I F) o
G, MA R REAEMANEZG TARSE KR
RiST cis-[IrCI(CO)L(L) A cis-[RhCL(CO)(L)]N ) 3¢
A 25 s 50 A0 2 4 D SF T 4 6 A 1) WL - 800, D
Tolman - FZ4{ TEP (tolman electronic parameter). i
WL R WL=CAACs)<wW(L=NHCs)(¥ 1), Il CAACs
(s HLF BB D — ML IE U Rk, A A
CAACs 2 25 5 A e,

A2, —AHCARM BTN NS5 o 45
BRI LU o B2 Tae ). Bk, e Rl
CO, 8% CSy N 1 Bh LA 45 9 8y 35036 SR VP-Aik P A (1
TR b S R A AR I, X RN
W BB AR B A S R R IES o
SRR, i S e R R AR SERE ) o 48 AR 2,
L BRI 6CO, I ARHRBNINE Ky 1676 ecm ' ) 52
A IRIE ) IMeseCO, IN&#(1675 ecm ™ AL, iy kb
SIMes*CO, M 1(1684 cm™ YRYK), B o 45 s T-fE
I A 6~IMes>>SIMes. 1% 1 1 cis-[IrCI(CO),(L)]|%%
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1 AFIBCAL T RE /N LR
Table 1 Electric donating ability of different ligands

cis-[MCI(CO)(L)]  BAKL vi/em ' vy/em™' vEEH))/em™!

PCy,!'9 2072 1984 2028
SIMes®™ 2068 1981 2025
IMes?™ 2066 1980 2023
M=Ir 4 _ _ _
5 PR R -
6 2055 1971 2013
PCy;2! - - —
SIMes®®? 2081 1997 2039
M=Rh IMes’ 2076 2006 2041
48 2078 1993 2036
58 2077 1994 2036
6 — 1989 1989

“ SIMes = 1,3-dimesityl-4,5-dihydroimidazol-2-ylidene; * IMes = 1,3-dime-
sityl-imidazol-2-ylidene; 4 M=Rh, L=6 I, %N {4 cis-[MCI(CO)(L)]
BRRL L)
E I TEP M T 40, —FhACAR 256 45 T RE 7
J¥4 6>1IMes~SIMes. 454 PR 704 B0 Bk
ARSI ZEE, A o B2 T RE I I Y
IMes > SIMes > 6, {3t f 1B~ 7€ L - JLH R
R /INAN[R] 3 B

CAACs b3 — N B o H ) AR 1 2% ) £ B,
R RIAN [ B S 1 AT A2 400 A ok mT LA SN )47 B K
/NI CAACs. il 4 F05 43 512 DA T RN IR L0 T g
MRS B, b SAA/EPI R % 5 HT 5" (Scheme 5).
NEERE 53R 5 A RALRH A LG 4 0K, (H3ERs 24 5 7E
H&Esan, oM ERE S S g, i s
5 4 R A AR R . FATHRIX ] B B I 2
SRR “FBIFR” , 5 Glorius /NIPUE 2004 45
RFWAAT “TPHR” I 2RI AR 16 AL, 5
BN, oV S/ B T PN AR BER 4 i D L AUl oo
BT, AT T TR B K s Tl A7 B

%CKN -

:
16' 16"

Scheme 5

A5 LA L34 32 P D JUe}, mT LA B B — 1) R e
1E a BT 61, DRIEfr I b () 5 A 2 BELAG SR A IR
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FIMNIR IR a BT I ESL, BT R 53 AR 7 [ F
B(Scheme 6). 6 T A{E 57 N AEN e BEASE1E 2 30ER
CAEARERIEL, RIAAAAE “FRIE” , i 6 HAHK
(R 2 TS L, AT FT DAAR G i AR 47 - S e A rp o0 45 )
W BATHE AR LA E—A “BUHEAR” , U 2SR
EIAE—E “mT7 B ORa 6 mig «—khg Pl

Scheme 6

HUE AT I, CAACs HAT 538 SR Sl R AN I 1)
FL 00 R 25 TR SO, 1T A A 20 7 A A 4 I K 58
e S o AR PR T, BN, PR RS PCy;
FILR HETRE o, TR S o BRYEMM S B AT P28
iy, Hegfiltldle o X mrom s ERN, M
M T4 @223 TR AR, 2T 303 Ba e i
L 2 11 1014572, CAACS MY LEHE — 53k R
TGRS, H o 2 o ST REIM n 32
T-HE I AN [ S 0 AL T AR TG A B = A g mm, kT
SEMA AR E BT, o — 71, R A B I A4
FCRRTE” (R 2 B R TR 1 2% R4 FHAT AR K 2 01,
Straub i 1 % )72 B FH 18 (DFT, density functional the-
ory) T 2 PCy; HEURTRIMHEF RT3
SIMes 5 &RTFMBIHEF T, SEGTH LA EE, IF
AR 2 PR e P RS SR T R R,
1M 3 PR e D IROE PCys MR ES. 5 K24 Gy, MR
IR R EE R TR, CAACs JVEFI) C X FR M B 528
HIE [ ALBH A K o B B I NTFHE O AT BeE, A
ATIRE 3 T G A 7 0 6 52 2 AR A4 A 390 v 1100 2 FH e v 455
SRR /2, CAACSs 4t 3 th SIMes FLAR R fiEAL 7128
AR LK.

5 CAACs EAEHRRE S BELTPHTHR
AR

2007 4E, Bertrand 7N 55 Grubbs /N & 17E ¥ CAACs
PTR80S T A e (R 4T 2% 5
17 B AT LA BA A R AT E B AR Grubbs
AR 3P R AR ATT TR SR T CAACS ik 4 515
BET8EW 17 RNV HIE&AH — =3 SRR AT 1l
F. AR, MR 4 555 ks AW 17 IREA G, H
H1TP NMR S8R0 S0 5 B =1, A, AAT145 2000 2
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TES AR E [ A e e fEAL T 18 F1 19 (Eq. 2). difk
SEiRHRAR Y, 18 F1 19 4 R T2 (CAACS) #E K LLX)
VEfRYH AT SIMes [PIIERE £T AL A 2050 0.05 A, 1X—
i 4 F s HATH R4 T RE 1A —EL

I‘:'03'30
Cl
</ \:
N—Ru=—
=/c1” | Ph
7 ‘ CAACs
“ CI/"’R‘
U:\
17 -
4ors a” | P @
N
S
NS

18: CAAC =4 37%
19: CAAC =5 54%

H 18 50 19 SRt IR 20 15 553l J
MW (ring closing metathesis, fij# RCM) (Eq. 3), &45iH &I
TIRRAE 22 Cali 60 CF, [V 24 h IR A= 2
BT 50%. 31X 55 2 FHRIE 1) o Ath 75 nbbme 4 14 70 (9 Ak
RO AP 32 B A R AN AR R AR O iR
S,

EtOOC_ COOEt

EtOOC. COOEt 5 mol% 18 or 19
U (3)
~ = 0.2 mol/L CgDg \i/
20 21

Bertrand F1 Grubbs & 1E/NH ¥ H G4 21 5 N
FouE I A7 B A o S R R IR Y Hoveyda 870
L7 22, 23 A1 24 (R4 B (Bq. )P, 45 1A Beq 18
A DLHIAE G o B A 2, AT 0 I I L A 0 23 AR
K LA RS E . ARSI R B, 22, 23 Fil 24 (1)
E[-RTE(CAACS) B LEXT IR A7 SIMes 1 44 7715
K4 0.04~0.05 A, Ru—0 B K F# K 0.04~0.09 A,
HWA D EFHAAT ENEEHAR, EEeRE M &
1,

P
Cls, ‘Cyg,
,Ruf
cr | CAACs
O Cly,, |
i-Pr Ru—
— T
0 (4)
iPr’
22: CAAC =4 50%

23: CAAC=591%
24: CAAC=T718%

3 T HEUACE RS 20 F1 =BG 28 Sk 22,
23 124 [ RCM LG T, 53R AR ik
PIMEALA] 3, 25, 26 1 27 FEXTLL(E 3), 45 H L3R 2.

4 50r7
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Figure 3 Catalysts bearing cyclic diamino cabenes
K2 O EKERER CAACs AL RCM RV H
T R
Table 2 Reactivity of catalysts bearing CAACs or cyclic dia-
mino cabenes in RCM reaction

YO Y
RoYC Y 1 mol% catalyst
}\></\ 0.1 mol/L in CD,Cl, or CgDg
20:R=H R
28: R = Me Y = COOEt 21 R=H
29: R = Me
HEALF RCM & %(20—21) RCM % 1% (28—29)
22081 60 °C,3h,97% 60 °C,20h, 95%
2308 60 °C, 10 h, 95% 60 °C, 48 h, 96%
2408 30 °C, 15 min, 95% 30 °C,1h,95%
360 30 °C, 30 min, 95% 30 °C, 45 min, 95%
2500 30 °C, 20 min, 95% 30 °C, 45 min, 95%
2687 30 °C, 3 min, >98% 30 °C, 5 min, 95%
2701 30 °C, 13 min, 97% —
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I 2 HHT DL H, 24 (ARG P A A
R EEAR I BEATIA ZEAN K, (5 22 F1 23 [ EALTETEE
SRR, o] ARSI e A H T R S (A B RG
XA TP RS 2 K. H A 22 TR ST BELK AL
YRR S AT LU SN (5 R BBk Ay T, KT
1 PCy; If] Grubbs —AXAEALF] 3 1 26 i, 7 FH KM
Dipp-H kR AR LEAT BN Mes-3R 3R 2%
Pic P S R I B AR (A 5, DR BEL R R 2 ) 4
f e pAcFe i 2e, TR 26 HATH w51 KR
A& 3101360 1), XS T3 A7 BB e A L R S C AR 1)
Hoveyda 5L 25 F1 27 ki, ALV 5] R A
AT BRI AR s, T FL S S 2 R 0 4 e B M e
B, SXFEMIPIR 30 A REN RIS — AN T LAY
7 BIE. SR, SR 27 IR U R 0 O F I
FEL RS AR 52 I S U 436 7 26 HE 7 DABHLAS
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XM, FE 25 5 R R ST 27(Z 5 27 1)
13 £5)PY. 22 i1 23 FO3ETEAR LE 24 WA 5 FAR th T LLAER
A5 #T, — 7T, Ru—CAAC 8t Ru—3F &k =t
THHL, FECRNEL R NARRHEFE R, 55—
J7Til, CAAC |45 %S HIE Bk R 1 LR A 3L 2
BHL1E N—Dipp HRI Copy—Cip B TERECL I 4 rhi 1
31), RASHRNERESBUEREEAY, MBI
B, MRS 22 F1 23 A4 R AR 8.

~-Pr /—\i'P"
NN
i-Pr T
Clr., k
Cl(Ruf*; -‘\\O-I-Pr

30

31

B4 SIS R IR CAAC FCARMEAG IR 2 )
] 44 30 5 31

Figure 4 Formation of intermediates 30 or 31 after dissociation
of the catalysts bearing cyclic diamino cabene or CAACs

TERZ (WIS 53 AT 57 T TR, By ) 27 Bk ) 2
PEY RIS B — B AT LA T A ) 21, SR, 3
P Pk 3 B HH P I (R R 2R R e, iR
AL TR B I, AIMAEAS Z F 205 4 e X P
B 1P A N R ER) DL cis-1,4- - L BRI
2-TH 32 AR 33 WA XA S if (crossing me-
tathesis, fAjFK CM)JV(Bq. 5)A%15Y, Grubbs — L4k
F 3 F1 25 FHAE RS FRE N E TG 345 i
22, 23 Fll 24 X} Z W BYIG =1 35 (PEREMER 2 T 3
25, 77T, 24 FIEEAL LG 22 R0 23 BTG SR 22,
XYL Z R BRI e R PR I 5 A AR R 9 M G R A
K, RIRAHERE CAACs FCAREAT (18 MR, LR
G 36 1) 05 50 iR IO A 81l(Eq. 6)°%, Grubbs 4 UfHAL
71 3 FH 25 X uihts 37 A1 38 HIEREE R ZE (5 A 44%
1 339%)°L A CAACs fIAELLH] 22, 23 FT 24 i
I IIE B IR UT(73%~94%), H R #F=4) 39, 40 /L.

AcoﬂOAc + pr N 25mol% cat.
2

33
Ph
— ﬂ
Ac oJJ ©® , A© OAc @ )
34 35

2013 4F, o [E RBR2E B LA AL A 0T 5T BT Rt
2GDSIE D%} 22, 23 F1 24 (1) CAACs 1 2L HEI T 1B, ¥
PRAN FE 3 e — /N B TR KR e T 2, AT A3 3 Ay
H CAACs FLARIFIB A0 7] 41, 42 F1 43(18 5). 453k
IR EAE RCM 50 CM N, BT P R A ok
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7 Ethenolysis

M\,W
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40

IR 22, 23 Fil 24 . AR Grubbs 228k, VTR
TP A P 7 A 75 B A PO MR 8 B 3 o 4 B e
HHT 41 F0 42 (28 B —AN RN, 59— R
S AR N EJR 7, # N—Dipp A& Cpipy—Cip, B 1]
LA 1) A7 BEL IS T8 5 1) T 2 o0 2 it A 5 R R 2 BRI
AEEZ MM H R, Wi AR TR mes, #4841,
42 F 43 [ Sy T,

Pr-i Pr-i
i-Prj i-Pr.
Cl~R == FPr Cl~Ru=—Pr
2
/ /
i-Pr i-Pr
M 42
Pr-i
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e
Cl—
Ru—_ Et
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o)
/
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Bl5 #if CAACs ] A6
Figure 5 New ruthenium catalysts bearing CAACs

6 IMEFEEEmaT

CAACs RILT 2005 4F, W4 J5RINH T Hoveyda
KGR R i, FFIAT T R 8eR, |
THRAEAEAR 2 AR AR ) . I P s — AR 2L (1)
Grubbs M5 ALK 4L 71 44, 45 F1 Hoveyda 87U &
2,4,6-= IR (Mes)CAAC TR 46 (3% (&
6), Joid WA IHARIEDY HF AR B R

YU AL R, AR E S 4
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Figure 6 Designed catalysts with CAACs being prepared
ANT] ZARIE R, AN B O A4y ke 19 R R AL SR A
[P, ¢ Anderson M -3¢ SCB I a5 44 7514,
Rl 18 AN 5 £ (¥ PPhs, {H2 "H NMR A1°'P NMR
e ) A A B O AR AR L E O E M, TS PPhs
TR Gy ARIEBE 1. IXAR W RE & CAACs MR I T
), — 5l BESE T CAACs ALK, PPhy AN 5 48
1T 5 —J7 Ml ges2 i+ CAACs BB Mm% T RE
77, AE1F 55— PP 4 B B8 07 00 ) C A4 A DL 46 4
A[37]

Anderson®" ] PPhy ANBEHUCHEIE LK 4/5 5 17
RNEA AR 45 TR PR 2 () A7 BH S 301, B 4/5.
KR TELL A PPhy/PCy; AT 5 4 R 5T 45 6 & 8 4
e JE L R B . AR IX MBS B SR A b, s TR A A
AN R SR B (PCps) R FHAR /NP £ 3 R s 4 5 )
47 RO 17 Kl B B4 5 48 LLUF IR %, 45k
IS BN B WAL 48 T/ 49 (Eq. 7), B CAACs
5 OIRHAR TN o IREE KA THIANR N, BARIX MG
AR NAER IR EZ R I W, H2X T a5+
TR E AL C—H B4 A SOV AR 8 A i AH SR

ﬁ[SS].

lTCpa
I,
C//RL‘I*
cl ¥<
PCps N\Dipp
47 Cls,,
4 Ru=—
a” | = +
PCp3
TCp3 48 0%
Clr.,
Ru—
CI/ [ __
PCp3
N (7)
Dipp
49 39%

LR LA, SRR AL 44, 45 S AL e
BAPIARYEE R, WARBEUENI LA BRI s A2
ot TS 147 B 3 2.
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Figure 7 Other types of catalysts bearing cyclic diamino ca-
benes or phosphine ligand
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