Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

[

Q UfAsernisunuiizayar15Usena i iviauseuIuvnsa
(Substitution reaction of square planar complex)

~ square planar complex gauxninanlasaulanznan d*, o8, o°

- Taaaulanzwan d* uay d° snifim weak bond Tuunauny z = Tagea’ng
WU octahedral Daden(uifiu tetragonal uaziinnsmnenfiunin

z

distortion

octahedral tetragonal
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Reaction and Mechanism in Inorganic Chemistr
1. Substitution Reactions

'
aaa a

- FatuNTANENUTEEINNTUNUAYEY square  planar  complex Faaula
ANz BLARNNANTATRN1TaREe e 1w d® THud Rh*, Ir, NiZ*, Pt2* way Au

!
aaa A

wiflenAnEnUfiBen1sunnill PR snndige Hesenn

- P fiavpanBinduilatiosnin AaanuFaeesdfizentunans
~ complex 224 P* 18l CN. = 4 azfilageadqaiin square planar 1axe

] '
aaa a A

- WAndoARRaNUFRReNnswnTinas PR axiilassadnomlon P
umnasadin = retention of configuration

- rate of substitution HANgILATUANFNTUAINEIAYDY ligand MU
AL leaving ligand

1) Kinetic and Stereochemistry of square-planar substitution

'
aaa A ¥ o

- UfABenn1sumiilu square planar complex anad@eniiugnavialulHssdl
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

LMX] + Y LMY + X ..(23)
11 rate vagURAEe Hae
d[L3MX]
rate = - ———— = Kk [LMX] + k, [L,MX] [Y]

dt

- anngonsdinedin dsznaulubian 2 wmenuaniu =2 favirazanadinand
dawsantunalnnisifinufizen
- substitution azLAR(H 2 pathways grHIuiuwazRINNAINNTT9NG AT
(a) k, pathway: AinKI associative mechanism #ig

LMX + Y —f | MXY (intermediate C.N. = 5)

L,MXY 4, LMY + X
rate = k, [L;MX] [Y}
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

(b) k, pathway: Tumf}@ solvent (s) Wunifin association v complex Bafi
LMX + S —X . L MXS (intermediate C.N. = 5)
LMXS + Y —5 4 LMY + X + S

rate AufUTUABNRINLALTN 1 order (T [L,MX] Beinafign iassnn [S]
wnauiiodiudaedl) 2 rate = K, [LMX]

2) Experimental evidence in square-planar substitution

> 11559483 (Association)

- {lufli@adn square-planar substitution aztinKIUNAlNA9998A Baifin (4
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

(1) ligand Y daunuilngimssfugasidadon (Pt LX)

o o

Anumedsgy - ligand Y Wi Tuuuaunm z
- 1Ain thp intermediate (C.N. = 5) = T, X, Y agfluumamimaey
- ifte X wgald = ¥ aziinfuagtuuma square planar = product

- Y
)\ T>kL ‘.
—_—
¥ * L X

2) Buanadmitazats (s) dunmihiaradedon [PiL,LX] fiaw ligand Y

ANYMEAIATY UIzNaufig 2 Tunaunan:
- polar solvent 1% CH,OH dAnius: Tuuwaunu z

- \Ain tbp intermediate (C.N. = 5) = T, X, S agluumaauwians
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- ila X ngaly 2 S szdialuagluuwa square planar
~ligand Y inTusaunm

- Tuana s saneriuszasn = Y it = product

s Product
Complex T>kL T><L s
[CIV TR X I Y

Y Y

Y N
S S —
L 7 N
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

~ oI NI TARBIEINITALEN intermediate CN. = 5 (tbp) Tadigseanunld
giapeinauu [Ni(CN)J>", [PH(SnCl,) >

» Rate of substitution

o

rate Az ABIEITWIY factor Sty 2 oA R
o 555N21HREY ligand T wunudi (V)
- Pt2* §ouilu soft Lewis acid = €1 ligand Fdinnnn soft Lewis base =
rate g
- FiBENNT9ANET rate of nucleophilic substitution ™ square planar complex
129 trans-[PtL,Cl,] + Y —— trans-[PtL,CIY] + CI°
Rate of reaction = k, [PtL,Cl,] + k, [PtL,CL,1 [Y]
yinmanaasshuiavinazaneda CHOH 7 30° C wudnilewaeu ligond Y (e
FiN9e AINTTOEFLIRTAL rate ANHAYEY ligand Yfﬁﬁaﬁ
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

- rate Lﬁﬂ ligand Y i PR, > CN™ > SCN™ > I > Br” > NO,;” > NO,” > py >
NH, ~ CI~ > CH,OH

~ ipeanndl 2 pathways = msugeduszndng ligand Y i Tmmqmﬁﬁﬁ
avane S (A CH,OH) Mn1sdinunfeiuslnensefueznannanali complex
> dpsndamszndne k, Y] Uk, [CH,OH azsiwntuen rate of nucleophilic
substitution F1a%

Ny = log [k, (V) / k, (CH,0H))
Lﬁﬂ Ny, fim reactivity constant for the entering ligand

FBEHANTNARBIATMSL complex 289 [Pt(py)P(CH,CH,),** Tuszuusiavin

azanerfinfien uiAuuesinees entering ligand (¥) wWinsiannane 4
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

A3 4 A1 T, 284 entering ligands #iN9¢ 11131 substitution T [Pt(py)P(CH,CH,),I**

(7 : Miessler & Tarr, 2004 : 436)

PPh, 8.93
SCN~ 5,75

- 5.46 1 M, AN = rate MsumdiLEa
Br 4.18 M, feiley = rate ANsuMTiEn
N’ 3.58 ** auifinindayasaanfasiuainy
NG, 3.22 289 rate Tuwi 59
NH, 5.07

cl- 3.04

** anenil e Auueraannatsli complex WUINEHATH rate wANETEUA W

Mawes square planar complex Anittil Pl vnlEAenineann > foyadaiion
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

* 5554215289 ligand ﬁmyﬁm@n (X)
- #7ARaY leaving ligand HWama rate @FEAMAN
~ 9INA1FLYBY entering ligand ntin 59 dndufiFmivanananalFidndu
ﬂfJ’mﬂﬁNﬁ‘iﬂTuﬂ’]‘iﬂ@’mW/uﬁ:LL@%‘MZ!ﬂﬂﬂﬂ@ﬁﬂﬂ:mﬂmﬂ@%‘i"ﬂﬂ\‘l ligand v (L34 CI°
i entering ligand Flis > (i leaving group ‘ﬁﬁ)
- CI, NH,, NO,~ {1 hard ligand = aaneiuszatnezaannans(fizs
g CN°, NO,” W soft ligond = 1fim TT-bond iU BzABNNATS HEn
wiause 2 aaneen
mﬁ@z/’m@fﬁmnmiwmmﬁ”dﬁy
[Pt(dien)X]* + py — [Pt(dien)py)** + X~ .. (25)
rate = k, [Pt(dien)X]" + k, ([Pt(dien)X]") [py]

rate N3 X = H,0 az3andlszaned 10° windewdisuiu CN- wia NO,”
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

#7709 5 W3auifigy rate constant (k,) #1151 leaving groups #i19°

NO,” very fast ligand-to-metal bonding - weak T-bond = good
Cr 5.3 x 107° leaving group
Br- 3.5x107°
- 1.5 x 107°

Ny~ 1.3 x 107 rate of substitution

SCN- 4.8 x 107

NO,” 3.8 x 107°

CN™ 2.8 x 107 metal-to-ligand bonding > strong TT-bond - bad

(#a : Miessler & Tarr, 2004 : 437) leaving group
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- a3 square—planar Pt(ll) complexes LHBAMMUA X i leaving group >
ligand AmAeEN 3 Wuszazilnssnumisiiag cs Az trans U leaving group 131
- #HAYDY trans  ligand %ﬁwﬂﬁi@mwsa'm—dwsfumiﬂmaé’qu@:mgﬂﬂﬂﬂ

. a o o o a . A @
284 ligand NBEANITNNUNY 9 1M isomers BN complex i product 284 rxn

> Wapev trans ligand

FABLIN 121

Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

NH_ _ NH, NH Step 1 CI unw a1, Iafil
al c” 8 )
8 NH—B—NH —> C—P—NH, —> C—F—a Step 2 A2t trans ligand
) Cr > NH
NH 3
E NH, NH,
e ol 1 5
NH, NH, ¢ Step 1 NH, unu a4, larila
b C—p—Cl —>  C—R—C —> C—P—NH | Step2 avwiihi trans ligand
al NH, NH, Cr > NH,
\amussene 51820 an 333 wadlefiunad 2
219158 a5, wrsae fumd | 09—
Reaction and Mechanism in Inorganic Chemistr
1. Substitution Reactions
NH _ NH _ NH
| 2 cl 3 a 3
< py—}?—py —> py—P—C —> Cl—P—l
NH3 NH3 NH:i
ag1/
py ~ py _ a = ‘
Cl | a | - Aot trans ligand
—Pt—NH, —>  py—Pt—NH, —> py—Pt—NH
d py i s Py 5 Py . L e n oy Ml
NH, a d - dmawluasnuuy
NH NH Tumaun1siason DiTA
by NH ¢ NH B P +
| 3 | 3 I isomers #igiBan13lA
¢ PYTRUTNH, T py‘—i]’t‘* a - PF—IT"NH3
Cl cl Cl
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

JINATNARBILGTEN complex  BHAFNI] E1HITATARIALENTNAYDY trans
ligands THmNaNsLs
Trans effect: (N~ ~ CO ~ CH, >PH, >NO,” > I" > Br > CI" > NH, ~ py > OH™ >
H,0

I
* Trans effect Lﬁ@ﬁu?ﬁmsnmq?ﬁr

(1) O-bonding effect WA1T0dAN E, 289n1947iM intermediate C.N. = 5

m

(a) O-bonding

Tt-bonding
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

(1) O-bonding effect

X = leaving ligand
T = ligand AR trans iU X

T DO POX
0

w1 (flesann P 4zl p uaz d,, , Tun1aifin G-bond
- 1il8 ligand T \in G-bond ag1audausafiu P = Wuszee9 Pt-X 88UAd
(orbitals Fewdeniuliies) = £ (3U b) snaadladieu E_ (30 a)

suhudionansaiuaniy o—bond effect @1AUAIMNAINITO A9 trans ligand A
H > PR3> SCN™ >1" ~CH; ~CO~CN™ >Br  >Cl” > NH3> OH™

g5 lARANAYEy TT-bonding effect = CO, CN™ SATITAIINUTILIHAAN
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

(2) It-bonding effect
- #1 T 1lu Tu-donor ligand = P** 32T# d,, uaz d , Tun191fia TT-bond
ptinaudeusafiv ligand T =2 ligand X 39aaneeanann complex 41g = rate 159
WWeRa1saunanIe 7T-donor a1AUAIINAINI5A N9 trans ligand A

C,H,~CO>CN~ > NO; >SCN™ >1" >Br~ >ClI~ >NH,> OH~

— &1 T \flu T-acceptor ligand =2 e aziAafauiiigann P2 11 ligand
orbitals = 1Aim TT-back bonding BeNIKTINsIiu PR uazuieusendn G-bonding =
E, (3U o snauilefiey E (39U a uaz b)
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Reaction and Mechanism in Inorganic Chemistr

1. Substitution Reactions

Wela1sosuassniioyan1aauii n1snaaauaasi trans ligond [5a

strong O-bonding ligands

Te-acceplor lgands | o~ cN~ ~ C,H, > PR, ~ H™ > CHj ~ SC(NH,), > C, H; >
NO; ~SCN™ ~17>Br~ >Cl~>py NH; ~ OH™ ~ H,0

Tt-donor, weak G-bonding ligands

2. Oxidation-reduction Reactions

~ UfA5e redox  TusnsUazneuBeden fiasfuaiiaeduniadielan
e ‘izwdﬁdﬂfﬁ (reducer) LLN:DE%’U (oxidizer)

- e transfer Andusendng 2 complexes Faulvaanmunalnng
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Reaction and Mechanism in Inorganic Chemistr

2. Oxidation-reduction Reactions

(1) inner-sphere reaction 2 2 complexes Lﬁﬂﬂﬁ‘ﬁﬂ'ﬂﬂﬂu e’
5e919H ligand Aivinnsin?iidiss bridging ligand

(2) outer-sphere reaction = 2 complexes Wnln@fuudniinnis
gnalawu e TaeTf bridging ligand

Rate of e transfer anusaRnENFnaeds LLNZWUdﬁﬁuﬂgjﬁUMﬂﬁﬂﬂ@@/ﬂ

171 599HTRUBY ligand, FLAUNWAININTEN 2 reactants AANIEANTN, solvation 289 2
reactants g

2.1) Inner- and outer-sphere reactions

— #i7 ligands 989914 2 reactants Safuptinaudanss way HEn1TuAWLIAg

aaa a

T coordination sphere 5x119144AiA e~ transfer = Ufifizenazifimnu outer-sphere

mechanism g9l [MnO,J” + [Mn*0,*” — [MnO,J*" + [Mn*0,]"

oxidant  reductant
Waniussune s1e31 an 333 waflalunsd 2
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Reaction and Mechanism in Inorganic Chemistr

2. Oxidation-reduction Reactions

#79N 6 FNBEY outer-sphere e~ transfer reactions WAZAN rate constants

Reductants

oxidant
[Cr(bipy),|** [Ru(NH,)I**

[CO(NH,)(NHI>* 6.9 x 102 1.1x 1072
[Co(NH,)5(F)I** 1.8 x 10°

[Co(NH,)(OH)I** 3 x 10* 4x 1072
[Co(NH,)5(NO,)I** 3.4 x 10"
[Co(NH,)5(H,0)1** 5 x 10* 3.0
[Co(NH,)(CDI** 8 x 10° 2.6 x 10
[Co(NH,)(BNI** 5 x 10° 1.6 x 10°
[Co(NH,),(NI** 6.7 x 10°

- rate 9¥AURYIUANMNAINITNYDY e TI9Tlanuue potential barriers LAARBUENE

911 reductant (U5 oxidant (81 P R Ry
WHEWIUSTEE 919997 AN 333 LANBHNYNISE 2

a1ansd as. wasamn funma —(0-
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Reaction and Mechanism in Inorganic Chemistr

2. Oxidation-reduction Reactions

- complexes ‘ﬁlfl Tt-donor %38 Tt-acceptor ligands a¥Lfim e~ transfer Tost

- NH, - G-donor ligand 9= rate 289 transfer Q#Wﬂ’j"l

~ T outer-sphere reaction > ligand 4 coordination sphere TﬁLﬂﬁﬂuLLﬂm
wsANENIRUE T inIaI Anuu s

- complex ﬁ@m@mmaﬁmmm%m%’um > Arueinezaund

~ pEeNaRuEraAsuuIRININ 61 e 7 transfer 119N e orbital

FIBEINLT
high spin Co(ll) — low spin Co(lll) + e~
5 2 6
by & by
labile inert

A5 e T e, Zafli anti-bonding orbital 2an U 933Nt complex 7
\Anduais =2 ANeNEEAUAY
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Reaction and Mechanism in Inorganic Chemistr

2. Oxidation-reduction Reactions

_ F8819289 e transfer 14 biomolecules (3l iron-sulfur proteins
SR S-.... -

; i /s i /S
: §——F¢ ; S Fe' 2- : §——F¢ 3-
S S S
~ L ve SNl g te \Fe/—lS/ ‘
|8~Fe—|—s == |5 F]|-s = |5~Fe—|—s
e e - “e L
- - .

- §19%5U inner-sphere reactions, ligand wHsazyinnsindidiy bridging

ligand e THiAA e transfer 5511979 2 reactants = NAINA 3 TusBU FaFIBYT

[CO™ (NH,)(CNI** + [Cr*(H,0),]*—— [(NH,) ,Co**~CI-Cr**(H,0)]** + H,0 ....(1)

'
2

H,0 fu ¢ cpx ngasanuasuNuiaaY CI fu co® cpx it bridging ligand
[(NH,),Co™* ~CI-Cr*'(H,0) ] — [(NH,),Co™* ~CI-Cr**(H,0)J* .. (2)
e” transfer 92119 Co®* uaz Cr** W C bridging ligand

v
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Reaction and Mechanism in Inorganic Chemistr

2. Oxidation-reduction Reactions

2+ 3+ 4+ 2+ 2+ 3+ 2+
[(NH,),Co™-CI-Cr™*(H,0),]"" + H,0 —— [(NH,) ,Co™ (H,0)I*" + [(CNCr™"(H,0).]"" ..... (3)
(AANITUANNHBLUASULINAANIINAKYEN products

'
aan A

~ wenani wudneziinuiFenaunniilesannssanei@iees Co(l) i
labile complex AYANNTS

[(NH,),Co* (H,0)]** + 5H,0 —— [Co(H,0)** + 5 NH,

- 970 step 73 dn9du, nisumnaes CI bridging ligand [Uagiu Cr**
mmiﬂﬁqfvﬂm:ﬁwﬁﬁLﬂmmﬂ criy cpx \uman inert (a19%% radioactive °'Cr

aaa

udAARINUEY")

- fnM9ANWAAL inner-sphere mechanism 811191 ligand Tondn bridging
ligand AR7IgA

q
¥
s

- WU91 overall rate of reaction @ifausfmj@::ﬁu@gjﬂuz step W50

(substitution LAz e~ transfer)

v
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Reaction and Mechanism in Inorganic Chemistr

2. Oxidation-reduction Reactions

- W9719647 inner-sphere reaction 9¥1379 isonicotinamide complexes #HA
#1997 11 [Cr(H,0).]2* = rate constants WARIAIANTI 7
2776

#7374 7 rate constants #8991} redox 521419 isonicotinamide complexes (oxidants) %

ginge 1L [Cr(H,0),]*" (reductant)

[(NH,CO-C,H,N)Cr(H,0),°* 18 } rate Tn&LArios (e transfer

[(NH,CO-C_H,N)Co(NH,)I>* 17.6
[(NH,CO-C_H,N)RU(NH,),I** 5 x 10°

HIE e, orbital)

- 991NA159 9eLAA e transfer 970 [Cr(H,0) J** (reductant) T3 oxidants Taginam
bridging ligand (isonicotinamide, NH,CO-C.H,N)

- rate Aigarnuilal oxidant i Ru(lll) complex ie9a1n low-spin Ru(lll) t,,” {7
195U e 9 transfer 11910 Cr(lll) complex - wdlas
Waniussuny s1e3%1 an 333 iaflaliunsd 2
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Reaction and Mechanism in Inorganic Chemistr

3. Reactions of coordinated ligands

aaa

- Ufji3812849 coordination compounds daulnajaziiu substitution daNTAe

oxidation-reduction

- dmulfAsenfidausions ligands  azwulitios dinwuTu biomolecules
TnangTugians organometdlics uazfipsldimanadnis biochemistry snafuna = Tu
uniaznandafiendnies

- wudufleanstaluianavinniinfidiu ligand (41 coordinate 1 metal 1A

(i complex) = ligand azilaniifu/aanlulngenayinlh complex 1AnUfAZaN(HFTN
(labile) ¥EBUNASYIN THURAZ e ilARdnEnse U

v
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Reaction and Mechanism in Inorganic Chemistr

3. Reactions of coordinated ligands

fiang 19BN reactions 184 coordinated ligands 1234

1) Hydrolysis of ester, amides, and peptides

- Gfu?}\iﬁ%am amino acid esters, amides, LAY peptides #MN19LAA hydrolysis
Taluanzg

- wudnileansmaniiin complex 1l metal ions @19 L Cu(ll), Co(ll),
Ni(I1), Mn(l1), Ca(ll), Mg(ll) - labile complexes - quifin hydrolysis TﬁL%’J%‘LAmﬂ

» e o o P
HaM wNH HzN {NH HsM alHz HaN anlHz
S . :,c.g;/"j =0 oo /"‘Pé R —= ° coly /"“P<
HN | oy R HN" | No—p? p HNT | VO o HNT | V0T Y
NH; ™o Nes ™o NHs o NHa
0 [a] +OR
deprotonation of intramolecular five-coordinate stable chelated
an ammine ligand attack to form a P intermediate aminophosphate

new chelate ring product

loses "OR group

v
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Reaction and Mechanism in Inorganic Chemistr

3. Reactions of coordinated ligands

NH NH. “
| . A H* HNy, | OH s
EHN{""CU"““OHE NH-peptide E h"'CU"“‘ o " Nbpeptide
HN™ | i deprotonation of a water AN | s
NH, ligand to form a NH,
2 coordinated hydroxide

inframolecular aftack to form a
new chelate ring; also invoives

cleavage of CO-NH bond
r/
(\THZ 2 HzN-peptide
HNyy,, .“'0&\ (pepfide less one
Co, amino acid residue)
EHN’ | ~nHs =
L/N :

stable chelated

amino acid product

v
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219l as. wasaan AunR 00—

Reaction and Mechanism in Inorganic Chemistr

3. Reactions of coordinated ligands

2) Template reactions

a . ¥ o v v A . = Py
- N19LAA complex  formation udavinlinnsdmiBes ligands H geometry ¥
a aaa { o & & P v !
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