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Stability of NHCs
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But they are quite different!!!
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Phosphorus

Ligand (L) COv,cm™ Tolman Electronic Parameter

n—bond

(m*-back-donation) n—bond

P(t-Bu); 2056 (c -back-donation)
PC:"'*.; Q 0'%
P(i-Pr); 2059 g bond, % +obond K R
P(NMe,); 2062 P R
PMe, 2064 . .
PPhMe 2065 Cal‘bfmyl Ni ——— phosphine
PBz; 2066 CO stretching frequencies measured for Ni(CO),L
PPh-Me 2067 where L are PR, ligands of different ¢ -donor abilities.
PPh, 2069 [v(CO) =2143 cm™]
PPh,(OEt) 2072
P(p-C.H,Cl); 2073
PPh(OEt), 2074 Tolman’s cone angle
P(OEt); 2077
PH, 2083
PCl, 2097

° PF; 2111 chem. Rev., 1977,77, 313
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Tolman Plot of Electronic Parameter and Cone Angle

2110F *Fh .
What about NHCs?
2100 F PCl, -
P(OCILCCL,), P{O.@FNH PW-;S@'CM;
2090 ¢ oL, P[N}; PCFy), ® 1
®P(OCH,),CMe PO®), POLO), ©
evoctccy, 8 R - .P{Dph
27727 PO{OXCH,), Pqu_é@ug F‘Gg@” .
2080 ® P(OMe), '3 i
PKDEIE. .PI{D—< ) ®P6.CF.
5070 SPOR0 . pm.i;,g or @acn, e
: ory. i
e PMed, : ,
PMe 9 PELS T POCH), * P(CH ), P |
2060 — [reed ™ ML o, :
®PCy, ® Pi+),
2050 ! 1 1 l 1 1 L I L
100 110 120 130 140 150 160 170 180 190

/0

/




Different electronic property between PR, and NHCs
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The g- donor and & -acceptor order of different ligands

The o- donor order: /\

PF, << P(OMeg), < P(OEt), < P(NMe,), < PMe, < PEt, < NMe, < PBu", < PPh,

< PCy, << Pr, CO L
OC'MO’CO OC’I\/II .CO
The & -acceptor OC 1 °CO OC | CO
CO CO
NM Pri,Me P(OA PCl, < PF
zC§)3< ri,Me e(dyy, dyy) (OAr); < PCl; < PR,

cis to L. The prin “ “ tal and the e 1s the
variance i backbe 1Dsljhine or carbene
ligand. Because C ation with 1its four

‘& ‘& ‘& b2(dxy)

mteractions with carponyi 1s stapinzea o nigner 10mzanon energy compared to the two orbitals

comprising the e set. For the complexes in this study. the energy separation between the e and b,
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The steric differece of NHCs and PR,

Sterics of NHC vs PR3
.
O @99
&V ® i
M M
coordination coordination
sphere sphere

overall:

Electron property:
NHCs are stronger o- donor but weaker & -acceptor ligands than
phosphine ligands.

Steric property:
R group can play a significant role in the metals reactivity and
potential catalysis.
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The property of different NHCs

Substituent Saturated or

on the ring \ unsatfrated
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Ring size

Brief recall of Yu’s lesson
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Orbital of bent planar allene
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Diminishing Ring Size
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Chem. Rev. 1989, 89, 1111

sp2-orbital
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Angle of N-C-N
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J. Am. Chem. Soc. 1995, 117, 11207
Angew. Chem. Int. Ed. 2005, 44, 5269
Dalton Trans., 2009, 2284
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Table 1 Average CO stretching frequencies (V..) of various
(carbene)Rh(CO),Cl complexes

Entry Carbene V,,./ cm!
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pKa of azolium ion

Azolium ion Counterion, X kpo '™ st kyoM st pK
H a: R = R’ = 4-chlorophenyl Cl 3.92 % 10° 1.63 x 10° 19.8
Y b: R = R’ = 4-methoxyphenyl Cl 480 x 10°  2.00 x 10* 207
RN™ “NR' ¢:R = R’ = 2.4.6-trimethylphenyl ~ ClI 4.08 x 10 1.70 x 107 20.8
— d: R = R" = 2.6-di-(-propyl)phenyl CI 2.00 = 107 8.33 =« 107 20T
1H* e:R = ethyl, R’ = methyl Cl 2.29 x 10° 9.54 x 10' 23.0/
f: R = mbutyl, R" = methyl PFg 1.07 x 10° 4.42 x 10! 23.3
¢: R = nhexyl, R" = methyl PF, 1.03 x 107 4.25 % 10 23.4
h: R = noctyl, R" = methyl Br 1.04 x 107 4.29 x 10 234
i: R = R’ = r-butyl Cl 1.69 7.04 x 107 252
ji: R = R’ = adamantyl Cl 1.07 4.46 x 10" 254
H
+ 2\ b: R = R’ = 4-methoxyphenyl Cl 4.26 x 10* 1.77 x 10* 20.7
R”LJNR ¢:R = R’ = 24.6-trimethylphenyl  Cl 1.19 x 10* 4.96 x 10° 21.3
d: R = R’ = 2,6-di-(i-propyl)phenyl  Cl 8.37 x 10° 3.49 x 107 21.5
2H*
H
g8 a0
RNZ “NR' k: R = R’ = ethyl PF, 3.48 x 10 1.45 % 1077 27.8
I\) IR = R’ = i-propyl PF, 148 x 1070 615x 107 282
3H*
H H
+2\ (L) )%+ m: L = CH, I 2.98 x 10° 1.24 % 10° 19.9
MeN~ N N° “NMe .7 — (CH,), I 5.87 x 103 2.45 x 103 21.6
— o: L = (CH,), I 1.30 x 10* 5.40 % 10° 2.3
4H* p: L = phenyl I 2.03 x 1079 8.44 x 10* 20.1

\_
@ Chem. Commun., 2011, 47, 1559
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Orbital of bent planar allene
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Chem. Rev. 1989, 89, 1111
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Conjugation effect of imidazole and imidazoline

N o \ Conjugation N/QN\
N T effect=55.8% . T OXF
" g(C?) =0.06 o
D.(C2) = 0.67 p.(C?) =1.2
N/ \N Conjugation N/ \N
—N 'V~ T effect=39.8% . N\~
.o C](Cz) =0.17 .
P(C?) =0.53 p.(C?) =1.33

J. Am. Chem. Soc. 1996, 118, 2039
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1. Cross coupling reaction
----Suzuki, Negishi, Kumada, Stille, Hiyama, Sonogashira, Heck, Buchwald—Hartwig
Coupling Reaction

\ [Pd] 0.05%; 1.1eq KOt-Bu —
Cl + B(OH), » (¢ N\ )
tech. grade.i-PrOH ) N\ ¥
iPr |Pr

R1 —
r.t.

o)
Cl

T Yield

0.05%; r.t. 15h 94%

50 ppm; 80°C 3h 93%

Chem. Soc. Rev., 2011,40, 5151




2. Chang’s work

/ﬁ N m
I [ V] ras1 1 I [Y] el M ./
G (kcal/mol) [Decomplexation]  [Oxidative Addition ]  (Reductive Elimination |
30 |- 7T
; AG* =
AGID‘ PPh3 AGIC.F’F’hZi . S Jrm— L = PPh;
---------------- pr— K oY "'H—“‘
} T b T
NHC Effect
‘v‘ 'r' 2 1 oo _:‘-\._,': __________ ‘\‘ .‘.‘ (':I' kY
10 ‘o LA 1
[/ AGHC Mes AG*onimes ™ 7 AG*re
\‘\_—“' 1‘
o} - B e e e e e \ [ T
I “‘—-—
AG7p, iMes Reaction Coordinate _
AG*;, : Barrier of Decomplexation ' AGY RC = AGtD - AGt c + AGY oA
AG?. : Barrier of Complexation (Backward) : } S
AG% 5 : Barrier of Oxidative Addition
AGTc : Overall Barrier of Rollover Cyclometalation IMes < PP h3 IMes ~ PP h3

@ J. Am. Chem. Soc., 2012,134, 17778
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3. Oxidation chemistry

Oxidation of Methane:

Cat. 1; 80°C

CH, + CF;COOH

/, \ »  CF,COOCH,

K,S,0g 2KHSO,

Angew. Chem. Int. Ed. 2002, 41, 1745

Aerobic Alcohol Oxidation:

OH 0.1% Cat. 2;

-

IPr

I
r.t to 60°C o R O-Pd-0O R

Ph Oy/air Ph

>)]\\||/

. O—

/7 \H’O

CI) \Ir Cat. 2

~

J

J. Org. Chem. 2005, 70, 3343




Aerobic C-H activation:

O Pd(OPiv),, IPr
£ aad

K,CO;, toluene
O The 15 min, 90 °C
1a
RS / 90 °C, < 5%
. 0 G S : (]
cage cc., o0 A0y ) - 7 IS 120 °C, 58%
LS O
pt "
o

2a
IPr= N/”\N
\—/

J. Am. Chem. Soc., 2011,133, 9250




Pd oxidation reaction:
----Shannon S. Stahl has studied a lot

IMes IMes Mesl
| | 02 \ ,O
AcO-PId—H > Pld > |7d(|)
IMes IMes Mesl
HOAC
!Mes
> AcO-PId—OOH
IMes

45, 2904; J. Am. Chem. Soc., 2007, 129, 4410; Angew. Chem. Int. Ed.
2007, 46, 601; J. Am. Chem. Soc., 2008, 130, 5753




Sy nthests

1. Symmetric synthesis

O O —
cr /N, - - > SIK
R/IEVN\R R—NH, + . g . R/+§/N\R

N
\
T HC(OEt), l HOAc o
NaBH R-N  N-R " OEt HJ\H
R-NH HN-R _ 4

HHR ¢
H H

2. Unsymmetric synthesis C|/\o)kt5u

a. Unsymmetric synthesis of imidazolidinium salts

O O Ar1NH2, Et3N @) O Ar1NH2, Et3N @) O

'

Cl OEt THF,0°c ArHN  OEt toluene, 120°C Ar{HN  NHAr,

1) BH3-THF, reflux o\ HC(OE); or
> Ar1H2N NH2Ar2 > Ar1/l_\|_l§/N\Ar2

2) conc. HCI 2CI 120°C
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2. Unsymmetric synthesis
. Unsymmetric synthesis of imidazolium salts
Base [—\

R, O
o
N N §R5R X ——= NN,

R,RHz alkyl
cat. HCI
toluene, reflux

R— NH OEt

1) HCOOH, Ac,O
2) HCOOH

R4 O R R
\ ( 4 I OA (
Ac,0 X H ¢ Ac,O
R1_N R5 B — O <—R1_N H
T
H H
RoNH»
Chem. Commun. 2006, 2176
Ri "~ RoH Ry Rs
> % HX
X _ = X /=
RN NR, RN N-R,
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a. We have compared the difference between PR3 and different
NHCs, show the similar but different chemistry, and introduce the

synthesis of NHCs

b. There are still many things that we can do according to it’s
property.




Thanks for Your
Attention!




