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Noninnocence: an lllustrative Example

( No one can tell you what noninnocence is. You must see it for yourself. . . )

R = Alk, Ar, CF3, CN, ect. .. _ o i
[Ni(mnt)VINi(mnt),] A
R S\ //S fﬁ“- | \‘x.._
+ 1/2 Ni(IDClI fh / I
IS’P\S/ ( ) 2 .'I \"\-\._ .-'I .'/ )
R .-'I |
/ ."/_ —_ f
o N
< | v [T
I I| !

\ f
[Ni{mnt)a ]~ INi{mnt)- -

2]

R R K R R
S\ /S > S\ /S
| Ni | - | N | -
R S S R R S S R
paramagnetic

diamagnetic
e

Schauzer, G. N.; Mayweg, V. P.; J. Am. Chem. Soc., 1965, 87, 1483-1489.
Lim, B. S.; Fomitchev, D. V.; Holm, R. H.; Inorg. Chem., 2001, 40, 4257-4262.

Wang, K.; Stiefel, E. I; Science., 2001, 291, 106-109.

¢

R R
- S\ /S
s’ s

R R

diamagnetic
4 X ligands 4-1*
-2 charge + 2
Ni"

All three complexes are actualy nickel (ll)



Energy

Understanding Noninnocence

I Generalized Classical Metal Bondingl

M L

antibonding

available
LMOs

|Some Classical Frontier Orbitalsl

Tetrahedral

(nb)* Xy Xz yz

2 2.2
l’lb VA X“-y

Trigonal Bipyramidal

o 72 a]

Spessard G. O.; Miessler G. L.; Organometalic Chemistry, Prentice-Hall Inc., 2000, 56.

€

Octahedral

nb Xy XZ YZ t

Square Planer

o x2-y? big
(nb)* z aig
nb Xz yZ ey
nb Xy b2 g

The metal frontier orbitals are a mixture of
weakly bonding, nonbonding, and weakly
antibonding orbitals. In classic metal complexes
the character of these orbitals is almost entirely
composed of the metal d set with very little
ligand contribution. Practically all of a metal
complex's chemistry takes place using these
orbitals.



Understanding Noninnocence

Electron Rich Ligands' Highly Conjugated Ligandsl

Normal

Fem=====
' Frontier |

1 Orbitals :

=
=

“fo fofe

A S

iFrontier, Eﬁfohzi-e; :
1Orbitals, . ! 1Orbitals,
1 /YNy TEEEEEs 1 )

Inverted

r
1

Energy
(=%

Frontier !
1 Orbitals '

(=%
Energy

o

LMOs raised

Ligand HOMOs raised

Szilagyi, S. K.; Lim, B. S.; Glaser, T.; Holm, R. H.; Hedman, B.; Hodgson, K. O.; Solomon, E. I.; J. Am. Chem. Soc., 2003, 135, 9158.
Spessard G. O.; Miessler G. L.; Organometalic Chemistry, Prentice-Hall Inc., 2000.



Understanding Noninnocence

| Normal Bondingl

z* zt+1 + 42 zZ*+3 + 44
Ml-’Lx o MY + ' . MY +.2|_)z( + MY *+ 3|_ - MY +_4|_)z( +
d___ ) d ) d_ ) ) d___
o ~ oL g — -
AR W S W S - N T
‘ e . e e . e . ‘
innocent ligand behavior
I Inverted Bonding I
z* *+1 + + "
Mny o MV+1|_)Z( * o My+2L)z( +2 |\/|y+2|_z +3 My+2|_z +4
d__ ) d___ ) d___ ) )
d _”_ >y 4 > 4 .
LMO _H_ -« \\ LMO _‘H_ -« \ LMO -‘H_ -« \ LMO 4_ - \ LMO_
| . e . e . | e . e
I I
innocent ligand behavior noninnocent ligand behavior

Szilagyi, S. K.; Lim, B. S.; Glaser, T.; Holm, R. H.; Hedman, B.; Hodgson, K. O.; Solomon, E. I.; J. Am. Chem. Soc., 2003, 135, 9158.
Spessard G. O.; Miessler G. L.; Organometalic Chemistry, Prentice-Hall Inc., 2000.



Remeding a Misconception

There is NO group of ligands that are noninnocent. Rather noninnocence is a state that potentially
any ligand can belong to under the right conditions. When a ligand is behaving in a noninnocent
fashion it is said to be a noninnocent ligand, but this in no way implies that the ligand is always a
non innocent ligand, is a non innocent ligand in any other systems, or even that it necessarily
shares any similarity to or should be grouped electronically or chemically with any other ligands
that also demonstrate noninnocence.

Incorrect: Corrole is a noninnocent ligand.

Correct: In this system corrole is a noninnocent ligand.
Correct: Corrole is often a noninnocent ligand.

Correct: | like noninnocent ligands.

Incorrect: | like noninnocent ligands, like corrole.



Trends and Examples

I Metal Trends I

Potential Metal Candidates

System availability

vk ] e ol R 18 1.5
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I Ligand Trendsl

Larger atoms in contact with the metal (P, S, ect. . .)

-Larger Atoms have orbitals closer in size to metal orbitals
-Larger Atoms have orbitals closer in energy to the metal orbitals
-Larger Atoms are less electronegative (more electron rich)
-Larger Atoms can back bond through their sigma framework

Conjugation / Aromaticity

-m* orbitals allow for potent back bonding
-raises some of the ligand HOMOs to be closer to the metal orbitals in energy.



Trends and Examples

5 I/ \I NS
1 . S 1 \ 7 0

: / \/\ ' | Ni

: : Is’ ‘s;(

5 5 R R

T 40kca|/mo|1

R s s R'l
\N 2SN
=S :( )INiI
: s’ ‘s
\/\ e R R e

- R < . RTI - \
R R I\N!I i "
|
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I/Nl\;( R S S R
R S S R

I b=

1) Lim, B. S.; Fomitchev, D. V.; Holm, R. H.; Inorg. Chem., 2001, 40, 4247-4262.
Szilagyi, S. K.; Lim, B. S.; Glaser, T.; Holm, R. H.; Hedman, B.; Hodgson, K. O.; Solomon, E. I.; J. Am. Chem. Soc., 2003, 135, 9158.




Trends and Examples

Ni-N1

Ni-N2

N1-CH1
N2-C6
C5-C6

1.822(4) C1-C6
1.826(4) C1-C2
1.356(5) C2-C3
1.347(5) C3-C4
1.415(6) C4-C5

1.429(6) —
1.435(6)

1.386(6) Diamagnetic
1.423(6) Nickel(ll)
1.379(6)

___________________________________________________ ' \ /
Some Bond lengths 7: 7:

Herebian, D.; Bothe, E.; Neese F.; Weyhermdller, T.; Wieghardt, K.; J. Am. Chem. Soc., 2003, 125, 9116-9128.




Originally
NiIII NiIII
S N N S
/ 7 N\ < N \
:Nrwi' _N‘,\"FN:
HN™. + ~NH
SN ~
\S/kN’ ‘N)\S/
/"'""-.__ﬂ.f "-"\,.,._.-‘}H‘\:_N:[J‘-uj —
M3 .A\/ }‘_“";v—ﬂn/,-—'"@ﬁ. oA f_ﬁ\‘
S e ﬁ:fw;,{fw*

Trends and Examples

EtOH / NH; O, (from air)

Revission 1

EtOH / NH3; O, (from air)

\

Current Theory

Arion, V. B.; Gerbeleu, N. V.; Levitsky, V. G.; Simonov, Y. A.; Dvorkin, A. A.; Bourosh, P. N.; J. Chme. Soc., Dalton Trans., 1994,

1913-1961.

Arion, V.; Weighardt, K.; Weyhermueller, T.; Bil,E.; Leovac, V.; Rufinska, A.; Inorg. Chem., 1997, 36, 661-669.



Magnetism Explained in 5 Minuets or Bust

Basic Localized Paramagnetism

Paramagnetism is a term that refers to molecules with one or more unpaired electrons. Many metal containing complexes
are paramagnetic. It is important to realize that high symmetry in metal complexes coupled with frontier orbitals that are
often close in energy allows many metal complexes to have multiple unpaired electrons and also can cause metal
complexes with an even over all electron count to be highly paramagnetic.

EX: 4_ 4_
ST V(3K ) / (Litorn?)] = 0.7977N(n T) = pegy = [n(n + 2)] = pg

[Ni(en)z]%* EX: VCl4,(MeCN), is d! =>[le(le+2)]=1.73 ,
observed = 1.77

Complications

Orbital Angular Momentum Spin-orbit coupling.

o= V[S(S +2) + L(L + )] = pgs 1. Hefr= (1 - @A/ A)ug

where L is the orbital angular momentum a, A, A are composed of constants from
various look up tables

Magnetic effects from orbital angular momentum requires degeneracy
such that the partially occupied orbital(s) in question can be transformed Contributions are small in first row

by symmetry elemnts into other vacant orbitals of identical energy. transition metals (only).
/

-

A Quick Approximation

A >0 ford!-d* Hepr < pg for d? - d4

Then assume that:

A <0 fordf-d° Hefr > 1 for d - d®

Housecroft, C. E.; Sharpe A. G.; Inorganic Chemistry, Pearson Education Limited, 2005.



Magnetism Explained in 5 Minuets or Bust

Molecular Perterbations in ueffl

Ferromagnetism

(" Metal-Metal Metal-Ligand "\
A

f Intramolecular Intermolecular\
—M;-Ly-M,-L Lo—My-==-=--- M,-L, L,—M  Merr= V(g + Mz)'
g 93 g $ 1) L B )

(Not A Bond)

Antiferromagnetism

A
/ MeTetal Metal-Liganh

(” Intramolecular Intermolecular ' El;f:f:{gri%%(}{l;:@z:):.
—M,-L,-M,-L Ly—M,---=-=- M,-L, L,—M
| w2 1 i n o

(Not A Bond)

Results in diamagnetic complexes with complete canceling of magnetic moments, or ferrimagnetic complexes with incomplete canceling.

Housecroft, C. E.; Sharpe A. G.; Inorganic Chemistry, Pearson Education Limited, 2005.



Magnetism Explained in 5 Minuets or Bust

Ideal Parmagnetism Ferromagnetism Present Ferromagnetism Present

Ueff ————
LT | B——

Heff ———————

e

T (K) ———— > T (K) ——— > / B —»
OR B — 3
spin crossover or Néel temperature hysteresis curve

Compound moves from ferromagnetic arrangement
to antiferromagnetic arrangement (top to the bottom

of the previous slide).

L A




Magnetism Explained in 5 Minuets or Bust

Experimental

(RT) Solution pegr=1.94 £ 0.06 pp
(RT) Solid pegg  =0.7 up

Theoretical
Ni'll (square planer)

V[le(le +2)]=1.73 ,

2 « Nilll (square planer)
V(1.732+1.732) =245,

Small Inflection Points

P

150 200 250
T K

Arion, V.; Weighardt, K.; Weyhermueller, T.; Bill,E.; Leovac, V.; Rufinska, A.; Inorg. Chem., 1997, 36, 661-669.



Magnetism Explained in 5 Minuets or Bust

2]
R_ ¢ s R
\\ ﬁ \ _/
S ’ ‘ ): oo, I Is’NI‘SI
R R

dlamagnetlc paramagnetic diamagnetic
(C2Hs)4N* 1 AsPh,* l 1
\\ ,' \\ n
| '/ \‘ 4— ,/ \\
herr= 102 g et =182 g
(CoHs)sN* PPh,*
1 AsPh,* 2 *
\\ / : FsC S S. CFs \\ /
- () B —— N 7 '
'/ \‘ ' .',Pt\‘ ' :/ \\
FsC s 5 CF;
Meff = 1.05 UB Uefr = 1.80 g Hefr = 1.79 Up

1) Davison, A.; Edelstein, N.; Holm, R. H.; Maki, H.; Inorg. Chem., 1963, 1227.
2) Davison, A.; Edelstein, N.; Holm, R. H.; Maki, H.; Inorg. Chem., 1964, 814.



Structural Geometry

Transition Metal Geometry '

d° d’ d? d3 d* d®

VESPR VESPR
(high spin only)
(numerous exceptions)

2: linear

6: octahedral

d6 d? d8 d9 d10

I VESPR
2: linear (exceptions are
I common)

3: trigonal planer is prefered

I I I
4: tetrahedral 44 . squarepplanar  4: tetrahedral

I I
6: octahedral 6: akiakjadidiboried wiztiadvearon

Take these with a grain of salt, as transition metal geometries are all riddled with exceptions

Miessler, G. L.; Tarr, D. A.; Inorganic Chemistry, 1l ed, 1999, Prentice Hall, NJ.



Structural Geometry

|Transition Metal Geometry I

Ni, Pd, Pt preferred coordination counts by oxidation state

o+ 1* 2+ 3* 4*
2-4 4 4 4-5 6
(4 is the most common) (6 is also common for nickel)

I Ligand Geometry I

For p-block elements bound to metals, their usual VESPR geometry and standard bond lengths / angles are
still just as valid. Paying attention to ligand atom hybridizations and bond lengths over large conjugated
areas in a ligand is often an excellent way to figure out ligand oxidation states.

EX:
" Oxidation at Ligand -
7’ ~ /M\
N~ N— ~N" 'N— N-C-C-N total bond length should
\—/ Reduction at Ligand 7/ be within experimental error of
- . N-C + C-C + N=C
Oxidation at Metal -
M
—N° SN ~N - N-C-C-N total bond length should
\—/ Reduction at Metal \__/ be within experimental error of

2*N-C + C=C




Structural Geometry

If this was actually nickel (1V) it should have six Square planer Nickel(lll) species are exceedingly
coordination sites filled, and be rigorously octahedral! rare.! This square planar nickel geometry here

suggests a Nickel (1) species.

Peieq

PPh;
AH
No Rxn
Me Me
/s\ IS
Sy lPd\ I — / \
Me S S Me

PPh, PPh;

AH AH Note: this structural argument is
not even close to being a sufficient
condition for determining

PPh PPh noninnocence or even ruling out
S ' 53 S ' 53 the possibility of a nickel(lll)
species. It does suggest, however,
that the electronic structure of this
complex is unusual and warrants
PPh3 PPh3 farther examination.

1) Collins, T. J.; Nichols, T. R.; Uffelman, E. S. J. Am. Chem. Soc., 1991, 113, 4708-4709.
2) Lim, B. S.; Fomitchev, D. V.; Holm, R. H.; Inorg. Chem., 2001, 40, 4257-4262.
Schrauzer, G. N.; Mayweg, V. P.; J. Am. Chem. Soc., 1965, 87, 1483-1489.



Structural Geometry

[Ni{S,C.Me, ),

Me SV-C1-C2-82+81-C1-C2'-82' ~ 9.586 (22) A
N I 2. arromatic C-C +2 - S=C +2 - S-C =9.52 A

$1'-C1'-C2-52 + S1-C1-C2'-S2' ~ 9.632 (28) A
2- arromatic C-C + S=C +3+S-C =9.68 A

2| $1-C1-C2-52 + S1-C1-C2-S2' = 9.718 (30) A
Me  2.c=C+4-S-C=9.70A

C=C=1.33A arromaticC-C=140A C=S=1.60A C-S=1.82 (nonconjugated systems) restandardized C-S = 1.76 A

http://chemviz.ncsa.uiuc.edu/content/doc-resources-bond.html
2) Lim, B. S.; Fomitchev, D. V.; Holm, R. H.; Inorg. Chem., 2001, 40, 4257-4262.



Structural Geometry

Arion, V.; Weighardt, K.; Weyhermueller, T.; Bill,E.; Leovac, V.; Rufinska, A.; Inorg. Chem., 1997, 36, 661-669.



Structural Geometry

nickel(ll)

nickel(lll)
---- mstacking

---- Ni" coupling

Ni

-
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

-

Standard
nickel van der Waals radius 1.63 A

Arion, V.; Weighardt, K.; Weyhermueller, T.; Bill,E.; Leovac, V.; Rufinska, A.; Inorg. Chem., 1997, 36, 661-669.



Structural Geometry

Ni(2a} Ni

(1a)

nickel-nickel contact distance = 3.220 A v.s. 3.617 A Standard

nickel van der Waals radius 1.63 A

nickel(lll) nickel(ll)

-... nstacking ---- Ni'" coupling Previous

nickel-nickel contact distance = 3.402 A v.s. 7.620 A

Arion, V.; Weighardt, K.; Weyhermueller, T.; Bill,E.; Leovac, V.; Rufinska, A.; Inorg. Chem., 1997, 36, 661-669.



Near IR
750 - 1400 nm

UVNis
190 - 900 nm

XAS/XPS
0.1 -~190 nm

Electronic Spectra

> Electronic Isomers

>~ Valence - LUMOs

} Core - LUMOs / Valence - Free

o
> Core - Free

J

Frontier Orbitals

http://www.theo-physik.uni-kiel.de/theo-physik/schattke/notes/berk97/
http://www.casaxps.com/help_manual/XPSInformation/IntroductiontoXPS.htm

Assignment?

Assignment is usually done via
Huckel calculations, group theory,
or more recently DFT. Combining
the electronic spectra with an
accurate assignment gives an
excellent picture of a molecule's
electronic structure.



Dencity Functional Theory

DFT is a quantum mechanics approximation method in which the computationally intensive interaction terms have been
removed from the Hamiltonian and are replaced with a set of standard electron probability density fields. A set of
specialized exchange-correlation functions are then applied to the preset fields to create more accurate electron
distributions. Basis sets are collections of these exchange-correlation functions that have been adapted via
standardization on certain systems. The current industry standard basis set is BSLYP. It is recommended that to get the
most out of DFT, custom basis sets must be generated to match the experimentally measured properties of a given system.

I Limitations'

- External vector potentials ruin the ™ ;1??__., :}_ hv d:H: -‘I_
approximations. Thus magnetism, s Eoli: I — i
can completely invalidate DFT
calculations. e d”'“‘ # j’f‘ JH' # j‘

s 0y ¥ VI Y N L

A | h f 50 y : a gt pe——=——¥

- Accurate only to within a few . 24
Kcal/mol, which is a larger energy T 7 e N [N”-HEO }h]

gap than some near IR 40
excitations. This often precludes
the calculation of electronic
isomers and even some frontier
orbitals in certain systems.

WK 5000 OO 1 SO0 B

Wavenumbar (cm |

1) hitp://ewww.mpi-muelheim.mpg.de/bac/mitarbeiter/neese/neese_en.php
<http://www.physics.ohio-state.edu/~aulbur/dft.htmI>
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'/‘0

Pl

Sbyy is calculated to
be composed of only
~25% Ni 3d,, thus
depopulating this
orbital has a ~75%
effect on ligand
oxidation state.

~25% Ni orbital
character allows for
a super exchange
pathway between
the two ligands, this
is why the system
does not exist as a
diradical in its
ground state, it can
couple through the
metal.

Relative Orbital Energies, eV

2 1

=l

i

-
i [l
I

i
M
[
|

LUMO --

Density Functional Theory

20 5h
1.8 Ebgg—f"’f ¥

[Ni(S,C.Me,) ]

D 3

A3b,,——

21 Sbyg—

S

183
4':"33“% N J\@f’_“%)\ L TEZ
1 fi gﬁ}fﬂfh-gi Eg;%/ Y"H ‘o 7 Ni3dy,
2.5 bby, 25 18a, Y A~ T
~.27 188 - O |
Z=-2 Z=-1 Z={r‘ wj%\):, Ni 3d,2

DFT calculations were preformed with a custom combination of basis sets that were statistically blended to match data from K-
edge X-ray absorption spectra. Sets used in this process are: BS5, BSIV, B88, P86, LYP, PBE, PBE98, PBErev, PW86, PW91

Szilagyi, S. K.; Lim, B. S.; Glaser, T.; Holm, R. H.; Hedman, B.; Hodgson, K. O.; Solomon, E. I.; J. Am. Chem. Soc., 2003, 135, 9158.



Advanced Methods

EPR is based on the same concept as NMR, but instead of magnetically aligning nuclei and perturbing their spins
with radio waves, the instrument magnetically aligns unpaired electrons, and perturbs their spins with microwaves.

T

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Energy

-~y
~
~o
-
~
-~
-
~
~
s
-
~
i
~
~
~o
~
~
-~
~

Magnetic Field B,

EPR not only gives a detailed picture of the
number of unpaired electrons, but also via
nuclear coupling, EPR can distinguish the
atoms contributing to the molecular orbital(s) in
which the unpaired electron(s) are situated.
More detailed analysis of EPR spectra can give
information about the spin orbital coupling,
molecular and orbital degeneracy, and the
shapes of the magnetic tenser.

http://www.chemistry.nmsu.edu/studntres/chem435/Lab7/intro.html



Advanced Methods

B T "In the presence of a

[CrNi] longitudinal magnetic field,
electronic transitions
, acquire circular polarization
5 U e (the longitudinal Zeeman
CH . g1 i effect)."’

oK/
o : = PRO:
/ \ veseiergroed | -All material must have
! || A . MCD spectra

[GEM] b2 1V -Good spectra provide

</ / \ / \ T rigorous assignment
! _ CON:

. / ) -Truly elucidating spectra
. / only come from

T
: =S
] / of oxidation states and
1
1
1
\"“\.‘ Y ’ compounds that are:

I+ or 3+

HJr:

S0 Sagrd O0 5 mm o)

o electronic transitions
----- o 1) paramagnetic

7 (d-d, CT, p-p ect. . .)
N ‘ L‘? 7 [CrN] | 2) chiral

’ ) ,F' | 3) have high symmetry

DSgnd 175 nem ameg |
I

o

Thttp://www.bmb.ogi.edu/users/JWW/MCDO0O.html
http://ewww.mpi-muelheim.mpg.de/bac/mitarbeiter/neese/neese_en.php



Biological Application

1
[Fe(N0)(cyclam-ac)]2+/+/o

Model system for the core of cytochrome c nitrite reductase

various corrole and porphyrin based systems?

Ni! Nill Nill

2__| e __I e

Study of Corroles on High Valent Metals

1) Serres, R. G.; Grapperhaus, C. A.; Bothe, E.; Bill E.; Weyhermiiller, T.; Neese F.; Wieghardt, Karl.; J. Am. Chem. Soc., 2004, 5138 - 5153.
2) Ghosh, A.; Wondimagegn, T; Parusel, A. B. J.; J. Am. Chem. Soc., 2000, 122, 5100-5104.



Synthetic Applications
R = Ph, CF;. Theorized to be viable for many other substitutions
R / R V/ER\
s\' 7 / \ & R
| Ni | - -
/7 N\ / \ — |
‘ WARNING I
8 SPECULATION!
g g §38
-«

HOMO

=~ inverse demand
Dlels Alder
HOMO g 3¢ I

Light olefin (ethylene)
binding in solution

by [NKS,Co(CFa)},] as
observed by UV-vis

in Toluene at 30 °C.
This highly reversable
reaction is accompanied

2.0

-
2]
1

Absorbance
>

059 by a color change from
deep purple to light
0.0 . | . | . | yellow. A)f: 11(2) keal
350 450 550 650 750 850 950 /mol, AS+=-30e. u.

Wavenumber (nm)

Schrauzer, G. N.; Mayweg, V. P.; J. Am. Chem. Soc., 1965, 87, 1483-1489.  Wang, K.; Stiefel, E. I; Science., 2001, 291, 106-1009.
Szilagyi, S. K.; Lim, B. S.; Glaser, T.; Holm, R. H.; Hedman, B.; Hodgson, K. O.; Solomon, E. I.; J. Am. Chem. Soc., 2003, 135, 9158.



Non-Synthetic Applications

Isolated System L = variable enedithiolate (each L is bidentate)
|'r", =

Mi{mnt)INi{mnt).] ! L B puA -
e [y Olefin :
A\ N NiL, ;
|I L] |I T - _ :
II |I e — :
I| \.H_ I.'I Ir.""- E
' — / I.' :
I.-’f_ " f E
- \ | :
-y .' \ :
"“\\ f \ [(Olefin)NiL,]" NiL, ;
| II y 1
.I'II III u Mcs E
Olefin +
MCS .
. [(Olefin)NiL,] :

k (104 M-1s™)

: -1
Olefin Keq (M) MePh DCE
1
A
;,‘ _N |_r-|'-'|"'|t_,l2J_.'_r"‘-u.|||:_'"|'|I'-"'._:i_':\I Ethy'ene 140 9 51
. . Propylene 70 25 153
With Olefins 1-Hexene 60 11 77
trans-3-Hexene 15 2 ND

Wang, K.; Stiefel, E. I; Science., 2001, 291, 106-109.



Synthetic Applications

R = alkyl, aryl R' = alkyl, aryl, fluoralkyl, fluoraryl, esters
R R'

R R _
=S, 8 | R—=——R' (=1 equiv) -
- N Benzene  100-140°C
o 8 s TN R R’

(sealed tube) S

R = alkyl, aryl

(fast reacting substrates only)
R' = Methyl Phenyl R R'
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