FEMORGANIKUS KEMIA

(Eloadasi féliamasolatok)

Szepesl Laszlo
Szervetien Kémiai Tanszék

2007-2008



Alapfogalmak és definiciok
A fémorganikus (FO) vegyiiletek fém - szén (M - C) kotést

tartalmaznak; a fématom pozitiv, a szénatom negativ

polarozottsagu.

A szakirodalomban (bizonyos nagyvonalisdggal) fémnek tekintik
azokat az elemeket, amelyek élektronegativitésa kisebb, mint a
szén elektronegativitisa [EI\f(M) <2,5].
‘A kotést kialakitéo C atom kémiai kérnyezete:
- szerves ion, Na* R’; ' |
- - szerves gyok, R;Hg;

- szerves molekula, Ar,Cr.

Nem tekintjiik FO vegyiileteknek a fém-karbonilokat, -cianidokat
€s -karbidokat.

A FO vegyiiletek csoportositisa

I. Formai jegyek alapjan
1) Tiszté (pure) FO vegyiiletek
ML, (L=ligandum); L = R, H;
2) Vegyes (mixed) FO vegyiiletek
I.=R, H, Hal, O, S sth.

FoKI )y



A FO vegyiiletek csoportositasa (folyt.)

IL. A fém-szén kotéstipus alapjdn
1) Ionos kotésii
2) Kovalens kotésti
3) Tobbcentrumii, elektronhidnyos kotésii
4) n- komplexek |
5) Egyebek

- fém-szén tobbszoros kotésii

~ karboranok, stb.

III. A szerves ligandum don'or—akceptor tulaid(_mséga alapLa’m

1) o-donor ligandumokkal alkofott vegyiiletek

a) anionos o-donorokkal képzett vegyiiletek
fémalkilok, fémarilok;
b) semleges o-domor ¢&s mw-donor tulajdonsagi

ligandumokkal képzett vegyiiletek

2) n-donor ligandumokkal alkotott vegyiiletek



A peri6dusos rendszer elemeinek szerves szarmazékai a fém-szén

kotéstipus alapjdn

1 covalent, ‘ 18

multicenter bonds
2
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A FOK TORTENETENEK NEHANY FONTOSABB ALLOMASA

1760: Cadet - az elsd fo. vegyiilet

As,0; + 4 CH,CO0K — [(CH,),As],0 + 2 K,CO, + 2 CO,

1827: Zeise - az elso olefin-komplex

Na[PtCI,(C_H,)]
1849: Frankland - yetilgyok” eldallitasa (H, védogazlll)
2CH;l +22Zn > 2Znl, + 2 C,H,;- (Nem képzddott!)

3 C2H5| +32Zn "—)( c2H5)zzn + G-J'I,an + an2

1868: Schiitzenberger - az elsd fémkarbonil

[Pt{CO)CL],

1871: Mendeleev, becslés a periédusos rendszer alapjan

Ismert Jésolt A Mért (1887)
Si(CH;), Eka- Si(C;H;), Ge(C;H;),
d = 0,96 g/cm® d = 0,99 g/cm?
fp =160 °c fp = 163,5°C
Sn(C.H;),

Fou T ]L,



A FOK TORTENETENEK NEHANY FONTOSABB ALLOMASA (2)

1900: Grignard

1943: Rdchow - metil-klérszilanok — szilikonok

1951: Pauson és Miller - az elsé szendvics vegyiilet: Cp,Fe

1955: Ziegler és Natta - poliolefinek eldallitasa

Ticl,/ AIR,

1964: Fischer - az elsé atmenetifém-karbén komplex

(CO),WC(OMe)Me — W=C<

1965: Wilkinson, Coffey - alkének katalitikus hidrogénezése

(PPh;);RhCI

1969: Timms - fématom-reaktor

1973: Fischer - az elsd atmenetifém-karbin komplex

I(C0),Cr(CR) > Cr=C-



A FOK TORTENETENEK NEHANY FONTOSABB ALLOMASA (3)

1981: West

=8§i=8i<

1983: Bergman, Graham

a C-H kotés aktivalasa atmenetifém vegyiiletekkel

2005: Schrock, Grubbs, Chauvin - kémiai Nobel dij

metatézis alkalmazasa szerves szintézisekben

i‘okl‘ {6



A fémorganikus vegyiiletek szerepe az alap- és alkalmazott

kutatdsban; ipari termelés, néhdny hétkdznapi alkalmazds

1) Nagyobb rendszami, focsoportbeli elemek részvétele p, - pa
tobbszoros kotésekben; |

2) Reaktiv speciesek stabilizdldsa fémkomplexekben;

3) Fématomot tartalmaz¢ gyiriik (,,metallacikluisok™);

4) Fémorganikus klaszterék;

5) Fémorganikus katalizis;

6) Szerves fémvegyiiletek mint modellek és prekurzorok

Ipari t.ermelés‘ |

e Szilikonok

. Pb—alkﬁek- ,

‘e Szerves Al-vegytiletek

e Szerves Sn-vegyliletek .

e Szerves Li-vegyliletek
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A foécsoportbeli elemek szerves fémszirmazékainak stabilitidsa

Kérdés: mivel szemben, milyen kortilmények kozott?

Valasz: levegd (O,), nedvesség (H,0), hé (termikus stabilitas).

~ Egy fémorgam'kus vegylilet reakciokészsége adott koriilmények kozott

figg:
a) termodinamikai tényez6kt6l ( AG = AH - TAS) = stabilis,

nem-stabilis;

~rtr

palyak, Eiwy) = labilis, inert

A fdcsoportbeli elemek szerves vegyiileteinek stabilitdsdt kinetikai '.
tényezdk okozzdk (a d-mezd elemek o-kotésii vegyiileteinél fontos a
B-elimindcid kizdrdsa)

Termokémiai adatok meghatarozasa , |
(AHY%, D, IE, AE)

1) Kalorimetridsan, égéshok alapjén;

2) Specifikus reakciok (hidrolizis, halogénezés, termikus bontés stb.)
reakciohdjének mérése alapjan; |

3) Gézfazist ionkémiai (MS) mérések alapjan;

4) Kvantumkémiai szamolasok segitségével.




Néhany szerves fémvegytilet jellemz6 energetikai adata

Group
12 L 13 14 15 -
MMe, MMe, MMe, : MMe,
M AH) E M AH} E M AH®? E M - AH? E
B___—123 365 C —167 3% N - 34 314
- Al — 81 2714 Si —245 31 P =1{01 276
Zn 50 177 Ca =42 Ge — 71 249 As 13 229
cd 106 139 In 173 160 Sn ' — 19 217 Sb . 32 214
Hg 94 121 ™ — — Pb 136 152 Bi | 194 141
cf. B—0O 526 Si—0O 452 As—O . 301
B—Cl 456, Si—Cl 381 Bi—Cl 274
Al-0 Si—-F . 565 . 3
Al—-Cl 420 Sn—Cl 323 ¢ ' .

Data for M —C: Comprehensive Organometallic Chemistry, 1 (1982)5 -
Data for M—X: 1. E. Huheey, Inorganic Chemistry, 3. Ed., A-32
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N¢hany szerves femvegyiilet tipikus viselkedése oxigénnel és vizzel

szemben

Vegyiilet AR o, Termodinamikai stabilitds

Kémiai tul.  Kinetikai viselkedés

Et,Zn -1920 kJ/mol nem stabilis piroforos labilis
MesSn -3590 kJ/mol nem stabilis stabilis ' inert
Vegytilet : Viselkedés A stabilitast/labilitast meghatirozo -
levegén vizben __tényez8k
Me:In piroforos hidrolizal - elektronhiany az In atomon
- polans In - C kotés
Me,Sn _inert inert - &rnyékolés az Sn atom koriil
- - kis kotés-polaritas
Megsb piroforos inert - Sb maganos el. par

/
A reaktivitist meghatdrozd tényetok:
- magdnos elektronpdr;
- kis energidju iires MO;

- poldris fém-szén kotés.
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usually easy to determine (Fig. 5). The two isotopes of
chlorine have mass numbers of 35 and 37 respectively
and they occur naturally in the ratio 76:24. Thus the
appearance of two peaks differing by two mass unics
and in the approximate ratio 3:1 suggests the presence

of a chlorine atom in the compound.

Some characteristic fragmentation patterns can

be illustrated by using the example of two

monosubstituted aromatic compounds — benzoic acid
and methy! benzoate. For monosubsritured aromarics

2 peak is expected at m/z =77 corresponding to C,H,*.
This peak is ofren observed and it is present in the
spectrum of both benzoic acid and methy! benzoare
{Figs. 6a and b). However, bond breaking occurs more
frequently one bond away from the benzene ring (see

fragment at 105). Methyl benzoate and benzoic acid

have similar fragmentation patterns and mass spectra.

The compounds in this case can be identified from

the mass of the molecular ion (136 for methyl
benzoate and 122 for benzoic acid).

100 = | lon 105 —
122] M¥ *Ox - OH
- ' @ 122 ~
I _OHF +Ox, ~
105 (M-OH) ozéj 77 )
77| (M-OH-COY* CeHs*™
% 50 = 511 (M-OH-CO-CoHp*  CaH3™ ~
_ 57 -
_ 28 39 N
57 94
65
: ’ | l L5 i l ’ L
0 T T 17 T 1 T 71 T T 17 T ] T T 1
20 40 60 80 100 120
m/z
Figure 6a
m/z| lon
136 M* *Q serO—CH3
. @ 105
100 = 105 | (M-OCH3)* (%C . — 5
- 77| (M-OCH3-COY* CeHs™ =
_ 51 (M-OCH3-CO-C2H2)+ C4H3+ 77 136 |
51
% 50 — —
113 -
39 92 l
i1 | IIH I it |
0 [ A R R I R 17 T 7T 1771
20 40 60 80 100 120 140
m/z
Figure 6b
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SZERVES o-DONOROKKAL ALKOTOTT VEGYULETEK - SZINTEZISEK

CARBON o-DONORS-THE SYNTHESIS OF METAL ALKYL AND ARYLS

Kézvetlen szintézis - Direct Synthesis

Termodinamikai megfontolasok ~ Thermodynamic Considerations
2 M(s) + x CHCl(g) —» M(CH,),(g) + MCl(g)

M = Li; Mg; Zn, Cd, Hg; B, Al, Ga; Si, Ge, Sn, Pb

+160F ' .

+60F +120F 41201
[]
L - - . \o Al
. D(M—Me) . AHtom +80F = L atom

+40+ — +80r —_—  FeuUr e

-.

O i D(M—Me) D(M—Me) - o
+20F A - +40F +40F e
OA,Hatom ’ -

- CAH[MM
/[ ez] g

0 v
/ .
I // i / -
/o AH 2 [MMe L
—20F} a —40} 7[MMe;] —40
- /// - l\ /3::10 -
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I A.,:"l'o J 4 i .\ \V » N
rXn y . 5 i
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| AHzMCI 0 AHIMCI3]
_gol Y 2]/ —160} —_160}
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SZERVES 5s-DONOROKKAL ALKOTOTT VEGYULETEK - SZINTEZISEK

CARBON ~DONORS-THE SYNTHESIS OF METAL ALKYL AND ARYLS

1) K6zvetlen szintézis -~ Direct Synthesis

a) Alkil-litium vegyiiletek — A/ky/ lithium compounds
2Li + nCH,Cl » n-CH,Li + LiCl

................ RI —wweneeeneR, + Lil  (Wurtz-Fittigr.)

RLi + (C,H;).0 — cuvsenennn bomlas/decomposition

b) Natrium-alkil és -aril veegyiiletek - Sodium alkyls and aryls
Na + RX — Wurtz-Fittigr.

2 Na(s) + RHg(l) > 2 NaR(s) * Hg(l)

c) Magnézium-alkil és -aril vegyiiletek - Alkyl- and arylmagnesium

halides (Grignard reagents)

d) Szerves higanyvegyiiletek - Organic derivatives of mercury

2 Hg(/) + 2 CH,Cl(g) —> Hg(CH.).(g) + HYCl.(s) AH;>0
HgCl(s) + 2 Na(s) —> Hg(l) + 2 NaCl(s) AH, <0

Hg(l) + 2 CH,Cl(g) + 2 Na(s) - Hg(CH;),(g) + 2 NaCl(s)

AH, + AH, <0

TOKT )b,

[



SZERVES -c-DONOROKKAL ALKOTOTTY VEGYULETEK - SZINTEZISEK

CARBON c-DONORS-THE SYNTHESIS OF METAL ALKYL AND ARYLS

1) Kézvetlen szintézis (folyt.)- Direct Synthesis (cont.)

e) Aluminiumorganikus vegyiiletek ~ Alkylaluminum sesquihalides
2 Ai(s) + 3 CH;l(g) — (C:H:):ALlL())

(CH.),ALCL () = (CH,)ALCL() * (CH,),ALCL ()

f) 14. csoport elemek: Si (Ge, Sn) + RX - Grup 14 elements + RX

1

Si(s) + 2 CH,Cl(g) — (CH,),SiCl,.(g9)
4 G,H,CI(l) + Pb(s) + 4 Na(s) - Pb(C,H,),(l) + 4 NaCl(s)

Pb/Na otvozetil! Pb/Na alloy!!!

g) Atmenetifémek + RX - ,fématom reaktor” (CC)

Transition metals + RX - wmetal atom reactor” — co-

condensation (CC)

2) Fémhalogenidek és -oxidok reakcidja anionos alkilezészerekkel

Reactions of Anionic Alkylating Agents with Metal Halides and

Oxides
LiR, NaR, RMgX AIR,
a) (L)Ptl, + 2 PhMgl — (L.)PtPh, + 2 Mgl.

b) 2 PhO + Al,Me, — 2 Al.Me, 0 + PbMe,

%‘oKI )n



SZERVES c-DONOROKKAL ALKOTOTT VEGYULETEK - SZINTEZISEK

CARBON c-DONORS-THE SYNTHESIS OF METAL ALKYL AND ARYLS

3) Fém + Hg-alkil/aril (fem-fém csere)

Reaction of a Metal with a Mercury Alkyl or Aryl

3 Hg(CH,). () + 2 Al(s) > Al (CH,).(/) + 3 Hg(l)

M = 1., 2., 13 csoport fémei/ 1., 2., and 13. group elements

Oldoszermentes eljaras! - Solvent free preparation!

4) Fém - hidrogén csere

Metal - Hydrogen Exchange

RM + R'H > RH + R'M

PhNa + PhCH, —» PhH + PhCH;Na

CpFe(C,H;) + BuLi - CpFe(C;H,Li) + BuH

5) Oxidativ addicié
Oxidative Addition
ML, + 2L’ > ML,L’,

(PPh,),Ir(CO)(Cl) + CH,l — (PPh;),(CO)(CHIr(CH,)(l)



6) Fémtartalmu anion + szerves halogenid

Reacftions of Metal-Containing Anions with Organic Halides
a) [CpMo(CO),;]'Na* + CH,1 — CpMo(CO),(CH,) + Nal

b) (CO)sMn-Mn(CO); + Na/Hg — 2 [Mn(CO);,]Na*' + Hg
[Mn(CO).I'Na* + RX — (R)Mn(CO), + NaX

c) Ph,Ge-GePh, + Na/K — Ph,GeNa + Ph,GeK

Ph,GeNa + ArX —» Ph;GeAr + NaX

3

£ W rm

7) Fémvegyiiletek addchOja telitetlen kotésre (beékel6dés)
Addition of Metal Complexes to Unsaturated Substrates (insertion)
M-X + R,C=CR, —» MC(R),-C(R).-X

M = H, O, Hal, -R’

3 CHa—CH=CH—CH3 +0.5BH; — [CH;,—CH,—CH(CH:,)—];,B

nHidroboralas” |/ ,Hydroboration”

8) FO vegyiilet + karbén

OM Compound + Carbene

M-H + CH;N, - M~-CH; + N;
M-Hal + CH,N, > M-CH,(Hal) + N,
Pl./e.g.

PhSiH, + CH,N, — PhSi(CH,)H. + N,

Me,SnCl, + CH,N, — Me,Sn(CH.CI)ClI + N,
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B MULLER, R: metﬂ¢Mér-szﬂénok kozvetlen (direkt) .szinté,ZiSé,.(l%i;) o

L Meay Sifca 3“—"-5 Me,Sicl,

dxrect process (Rochow, Muller 1945)

o “'—-SI—Cu--Sl;Cu;'Sf —" - - Cu—Su—“

DiSiIané :

5%

Me o

‘chain formation -~~~ branching cross-linking - - cham termmatlon 5

2Me351C1 —c] 2M¢3S}OH -_—gz—()’ MC;SI“O—SlM% el iy

n M€251C12 n NICoSl(OH)o o (Me-,SlO)

ch
(R zSiO)n (polysilicoke’tones)

KT )24,




{0y Unit cell of {LICH )L, ()

d{li—C) = 231 pm  (LiCH,),
Cd(LE - Che= 236 pm (LICH,),
A{li—~1Li} =268 pm {LiCH;),
compare: d{Li—Li} =267 pm  Li,{g)
d{li—Lii = 304 pm Li{m)
Peow (£4) = i pm ] -










[(CH;).Bel,(s)

| CH CHa —Be) =
N w8, 3 ~ d(Be—Be) = 210 pm,
B Be Be - C~ o
7 N /N angle Be” Be = 66
CHa CHg N (Rundle, 1951).

<(C-Be-C) = 114° > 109° = Be'--Be 210 pm
g(Be—C—Be) = 66°

d (Be-C) = 193 pm

rov (Be) = 91 pm

Feov (C) = 77 pm

r. (Be) + r_,(C) = 168 pm < 193 pm

Z'e - 3¢ kotés

2 e - 3¢ bond

4‘10\&:[/25



[(CH;);AlL()

p r 197 pm
+ oA
HACru, 75 .CH
3 i AT Al s 3 0
H.C™ T~~CH ) 123
3 'I / | 3
|
l CHgz |

d (Al-C,) = 197 pm

d (Al-C,) = 214 pm

< (AI-C,~-Al) = 75°

< (C~AI-C,) = 123°

d (Al-Al) = 260 pm < d (Al-Al) /ALCl; = 340 pm

r... (Al) = 126 pm

—

ToK 1 /2&
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A 18 (16) ELEKTRONOS SZABALY

Az atmenetiféemek stabilis fémorganikus vegyiileteiben a

vegyértékelektronok szama 18 (néhany kivételtél eltekintve).
Példak:
ML M — d° — V(-), Cr(0), Mn(+), Fe(2+)

[V(CO))°; (Bz).Cr, Mn(CO);CH;, Fe(CO)H,

MLs: M — d® - Mn(-), Fe(0), Co(+)

[Mn(CO).]°, (C,H,)Fe(CO),, CpCo(CO),

ML, M — d' - Co(-), Ni(0), Cu(+)

[Co(CO).J°, Ni(CO),, Cu(PPh,).Cl

Esetenként 16 vegyértékelektronos molekulak éppen olyan
stabilisak, mint ugyanannak a fémnek a 18 elektronos szarmazékai.

Ez leginkabb a d-mez6 jobb alsé blokkjaban elhelyezkedd fémekre

igaz: Rh, Pd, Ir, Pt

Példak:

ML, M — d® - Rh(+), Ir(+), Pd(2+), P(2+)
(CO)Ir(PPh;),Cl, [(etén)PtCL,]°

ML,: M- d"° — Pd(0), Pt(0)

[(etin)Pt(PPh;),]

Fo 1 }?)O.
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A fém - CO kotés

The metal - CO hond

Koordinacio

Co-ordination

M(c) < CO(50)

oc-donor/ c-donation

M - C kotésrend

M - C bond order

C - O kotésrend

C - O bond order

v({C < 0)

v(C < O)cm™

NO

INCR.

NO

INCR.

NGO/ INCR.

Viszontkoordinacié

Back donation

M(zx) - CO(2n)

n-akceptor/ r-acceptor

NO

INCR.

CSOKKEN

DECR.

CSOKKEN/ DECR.

izolalt molekula: 2143 M - CO: 1850-2120

free molecule

complex

TFo T [32.



A fém - CO kotés

The metal — CO bond

Példék/ Examples

d1o

dB

Ni(CO),

Co(CO),”

Fe(CO),>

Mn(CO),"
Cr(CO),

V(CO)¢

CO(g)

2060 cm
1890 cm™

1790 cm™

2090 cm™'

2000 cm™

1860 cm™

2143 cm™

Jor T :Ig%.

]
i



A fémkarbonilok tipikus reakciéi

Typical reactions of metal carbonyis

1) Szubsztitcié/ Substitution (AT, hv)
Cr(CO), + 3 CH.CN —> Cr(CO),(CH,CN), + 3 CO
Cr(CO),(CH,CN), + CHT — (CO),Cr(CHT) + 3 CH,CN

(Lewis bazisok, olefinek, arének/ Lewis bases, olefines, arenes)

2) Nukleofil addicié/ Nucleophile addition

Fe(CO); + Na'[(MeO),BHI" - Na'[(CO),Fe(COH)I" + (MeO),B

3) Diszproporcié/ Disproportion

3 Mn,(CO),, + 12 Py — 2 [Mn(Py)J** + 4 [Mn(CO).] + 10 CO

4) Oxidativ dekarbonilezés/ Oxidative decarbonylation

Fe(CO), + I, - Fe(CO),l, + CO

?owi./ih.



Fém_karbonilok szerepe a katalizis-kutatasban

(Gazfazisi ionkémia)

FTMS + Collision Induced Dissociation (CID)

Példa: C — H kotés aktivdldsa alkdnokban [FeCo,]" klaszterrel

Fe* + Co,(CO); — FeCox(CO)s™ (20%) + 2 CO
—> FeCo0,(CO)s™ (80%) + 3 CO
l CID (Ar¥)

FEC02+

FeCo," + CH,; — nincs reakci6
+ C,Hg — nincs reakci6
et C3Hg — [FCC02C3H6]+ + H,

l CID (Ar*)

C;Hg



IE,(M)/eV IE,(M(CO)q,) eV D(M-CO) v(C<0)
kcal/mol cm’

Cr 6,76 8,15 27 2000

Mo 7,38 8,23 36 1984

W 7,98 8,56 42 1960

%‘OKI )%6.
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IV. Bxcted States of Organometallic Complexes
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 FiG. I-11. One-clectron levels for [Fe(y*-CHy),]*
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Fl(}‘k.fl-ilu. One-electron level scheme for [Re(CO),CH ].: . =




Fotokémia: preparativ alkalmazasok

1) Fémkarbonilok fotokémiai szubsztiticidja
W(CO); + PPh; + hv —> W(CO),PPh; + CO
Fe(CO); + fransz-C.,Hs + hv - (n* C,H,)Fe(CO), + 2CO
Elektrongerjesztés: ,Ligand Field” (LF); t. () — e, (o")
M - CO(kdtd) —» M - CO(lazitd)

Reakcidsebesség: k(fotongerjesztés) > k(termikus gerjesztés)

| 2) Fém - fém kétéshasitasa
Mn,(CO),, + hv > [2 Mn(CO),] + CCIl, —» 2 Mn(CO);CI

Eléktrongerjesztés: o — o* atmenet

- _ 3) Fem-hidrogén kétés hasitasa

Cp.WH., + hv — [Cp, W] + H,

[Cp.W] + C;H, —> Cp.W(H)(Ph)
(dppe)ReH,; + hv — [(dppe)ReH] + H,

dppe = Ph,PCH,CH,PPh,

(bisz-difenilfoszfino-etan)



Fotokémia: preparativ alkalmazasok (folyt.)

4) Fém - szén kotés hasitasa
a) d - mr atrendezédés (mw - allil-komplexek)
Cp(CO);Mo0-CH_-CH=CH, + hv - [Cp(CO).Mo-CH,-CH=CH_] + CO -
o-komplex/18 VE datmeneti komplex/16 VE
— Cp(CO).Mo(n-C,H;)

m-komplex (i’-allil-)/18 VE

b) Fotodezalkilezés
Cp.Ti(CH,), + hv — [Cp.Ti] + 2CH,

[Cp.Ti]l + 2 CO — Cp,Ti(CO),

c) Fischer-Miiller reakcio ,

Arén- és olefin-komplexek eld&llitasa M - € o-kdtés hasitasaval
M = V, Cr, Fe, Ru, Os, Pt; R - = £Pr-csoport

Fe(Cl); + 3 FPrMgBr — (#Pr);Fe

(#Pr);Fe + hv / CHD — (CHD)(Bz)Fe + C;H, + C;H, + H,

Ftmeneti komplex: [(Pr),Fe(H)( m-C;H)]



Atmenetifém-karbének (1)

X
LM=—C <Y

X, Y = alkil, aril, H, O, S, N, halogének

OMe
Ph

/
(C0ysw=Cc

Fischer - f. karbén (1964)

Cp,Ta(=CH,)(CH,)

Schrock - f. karbén (1975)

. /X
<,

Nagy reakcioképesség; pl. beékelédés a C -C, vagy C-H kétésbhe:

CH,=C=0 + (CH,);CH + hv - CO + (CH,),-C(H)-CH~CH, +

+ (CH,),-C-CH-H

Fox T /43,



Atmenetifém-karbének (2)

< C v - X—C—yx
singlet triplet

' \\‘\\X QQ

6

Karbén molekulapalyak

/] LUMO .Y
MO-3 Cg\
— - X

HOMO
/] oY
MO-2 | /] l/ ¢ \' X
HOMO
1) 1l ol
triplet singlet C

X, Y= H, alkyl (typically a triplet)
X, Y=Cl,0,N, S (typically a singlet)

Fox T [uy



Atmenetifém-karbének (3)

(E. O.Fischer, 1964)

o) o} 0
C Y, \\Co /, \CO C/, \\C
////,W o LiR "y, /Vlv o [( C H3 )3 O] B F4 “ty, W oW
—————ee Y . —
7N Etp0 VAT 7”1 e
oF (l: Co . e (|:] Co o® (l:! o)
S R No-i+ R N0GCH,

This reaction is concordant with quantum-chemical calculations (Fenske, 1968), which have
shown that the carbon atom in coordinated CO should bear a larger positive charge than
in free CO. Nucleophilic attack should therefore be favorable.

+
X o + X - X
- : ~ =
- -~ | M—C -] M—C
EM TNy " Y " >~y
9 10 . 11
=+ - X
-
LaM—C
12
M C M C




Atmenetifém-karbének (4)

— X
.X

MO-3 (m)

1 [’ \.\\““.Y
S C™Nex

MOs from Fig.10-1

Mo(CO)s (CO)sMo=CH; CH;

Ibu]/hg.



Atmenetifém-karbének (5)

Schrock - f. karbén (alkilidén)

H
\\\\\ Nb S— C <
c1v/ H
Cl
M C

d(yz) 2p(y)

d(z°) 2p(z)

A karbén C-atom nukleofil reakciécentrum:

L M=C(X)(Y) < L,M°- C:°(X)(Y)



Atmenetifém-karbének (5.a)

Schrock - f. karbén - eldéallitas

TaMe;Cl, + 2 TICp — TaMe,Cp,, + 2 TICI
Elektrofil Me-hasitis Ph,C°(tritil)-kationnal:
TaMe,Cp, + Ph,CBF, — [TaCp,Me,]° BF,° + Ph,CMe
H hasitas a-szénatomrdl erds bazissal (metilén-trifenil-foszfordn):
[TaCp,Me,]° BF,° + Ph;P=CH, —» Cp,MeTa=CH,
+

[Ph,PCH,]°BF,°

Elektrofil reakcié a C(karbén)-atomon

cpz(CH3)Ta=CH2 + 1/2 Alz(CHa)s 4 cpz(CH3)Ta®_CHz—AIe(CH3)3

TouT [ue



dyz (M) _|

Cp(Cl),Nb

Atmenetifém-karbének (6)

-

T

o)

Cp(CI))Nb=CHj,

MOs from Fig. 10-1

CH,

oKl [ Lq.



Fischer- és Schrock-féle atmenetifém karbén-komplexek

Jellemzé tulajdonsdg Fischer-tipusi

Kozponti fém
Jox. allapot]

Szubsztituens/Cyarbén

- Egyéb ligandumok

VE szama

Ckarbén

;, kozépso/kései”
[Fe(0), Mo(0), Cr(0)]

elektronegativ atom
PL O, vagy N

Jo n-akceptor
PL CO

18 ¢

elektrofil

Schrock-tipusi

skorai” Atmenetifém

[Ti(IV), Ta(V)]

H, vagy R

Jo o-, vagy n-donor
Pl Cp, Cl, alkil
10-18 e

nukleofil

T 50



Y
+

+CON—CO +coTl—co
(CO)W=CPh, (CO)YW-—CPh, (COyW— ||
> l ] —_— [l CHo
Me,C =CH, Me,C—CHjp .

+oul [<4.



Atmenetifém-karbinek (1)

Fischer —f. karbin

M = Cr, Mo, W X = Cl, Br, | R = Me, Et, Ph

Elballitas:

0 0 BXy4 0
¢ co ¢ co ¢
l \‘\\\ OMC BX3 \\\\_\__ ! \\\\CO
R3P7M—‘—:< R3P—M =—=—R >~ X—M—-R
oc” | oc” | oc” |
C C
O e} e}
57 58 59
+ MeO-BX, + PR3 + BXj
R =Alkyl, Aryl; M =Mo, W; X=Cl, Br 10.35

- alkoxi csoport elektrofil hasitasa; kationos karbin

komplex keletkezése;

foszfin - halogenid ligandumcsere (fransz-hatas !)

':I:ODCI/Q‘L



Atmenetifém-karbinek (2)

Schrock -f. karbin (alkilidin)

\*/

C

W

Illl

Eléallitas:

+
-

©

Cllu Ta awin PMe}

| +
ClunTaw PMes  phyP-CHj(Path a)

Cl & q’gﬂ\e’n’ MesP \_<~ + or
@ 62 CMeg4(Path b)
Ta
Chy N
61
Scheme 10.83
Two Routes to Schrock-Type
Carbyne Complexes

a) CI° — 2 PMe, ligandumcsere; a-deprotonalas erbés bazissal (ylid);

b) CI° — neopentil ligandumcsere; 2 PMe; ligandum asszociacio +

+ intramolekularis a—-eliminacio.
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Metal 7 Ligand
’ lone pairs

FIGURE 1.5 Molecular orbital, or ligand field picture, of metal ligand bonding in an
octahedral MLg complex. The box contains the d orbitals. o
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14 INTRODUCTI(

This is why third-row metals tend to be used when isolation of stable co:
pounds 18 the aim. When catalysis is the goal (Chapter 9), the intermediat
involved have to be reactive and therefore relatively less stable, and first-
second-row metals are sometimes preferred.

Isoconfigurational Ions

Transition metals tend to be treated as a group rather than as individual elemen
One reason is that 4" ions of the same configuration (e.g., n = 6) show importa
similarities independent of the identity of the element. This means that d® Co(I’
is closer in properties to d® Fe(II) than to d’ Co(Il). The variable valency of t'
transition metals leads to many cases of isoconfigurational ions.

1.5 THE LIGAND FIELD

' The crystal field picture gives a useful qualitative understanding, but, once havi

established what to expect, we turn to the more sophisticated ligand field moc
really a conventional molecular orbital, or MO, picture for accurate electro:
structure calculations. In this model (Fig. 1.5), we consider the s, the three
and the five d orbitals of the valence shell of the isolated ion as well as the
lone pair orbitals of a set of pure o-donor ligands in an octahedron around t
metal. Six of the metal orbitals, the s, the three p, and the two d,, which we w
call the dsp, set, find symmetry matches in the six ligand lone-pair orbitals.
combining the six metal orbitals with the six ligand orbitals, we make a bond:
set of six (the M—L o bonds) that are stabilized, and an antibonding set of -
(the M—L o* levels) that are destabilized when the six L groups approach
bonding distance. The remaining three d orbitals, the d,; set, do not overlap w-
the ligand orbitals, and remain nonbonding. In a d® ion, we have 6e (six electro-
from Co®" and 12¢ from the ligands, giving 18e in all. This means that all -
levels up to and including the d,, set are filled, and the M—L o* levels rem~
unfilled. Note that we can identify the familiar crystal field splitting pattern in '
d, and two of the M—L o* levels. The A splitting will increase as the stren'
of the M—L o bonds increase. The bond strength is the analog of the effect:
charge in the crystal field model. In the ligand field picture, high-field ligands -
ones that form strong o bonds. We can now see that a d, orbital of the cry+
field picture is an M—L o -antibonding orbital.

The L lone pairs start out in free L as pure ligand electrons but beco:
bonding electron pairs shared between L and M when the M—L o bonds -
formed; these are the 6 lowest orbitals in Fig. 1.5 and are always complet:

filled (12 electrons). Each M—L o -bonding MO is formed by the combinatior:

the ligand lone pair, L(o), with M(d,) and has both metal and ligand charac.
but L(o) predominates. Any MO will more closely resemble the parent ato
orbital that lies closest in energy to it, and L(o) almost always lies below M(...



Komplexek n-donor ligandumokkal (1)

Néhany ligandum koordindcios jellemzdje

Ligand

Donor Pairs -

Coordination

AN
.'rlz_CzH4 L
7°-C4H; (allyl)

7-C,H, (cycloheptafrieny{)

7*-C,H, (butadiene)

7*-C,Hg (nérbornadiene)

7%-C;H, A(cycloheptatriene)

n%-CgH, (cyclooctatetraene)

75-CsH; (cyclopentadienyl)

78-C,H, (benzene)
7%-C;H, (cycloheptatriene)

78-CgHy (cyclooctatetraene)

UT‘C7H7+ (th p‘{ﬁum)




Komplexek n-donor ligandumokkal (2)

Olefin és diolefin komplexek elgallitisa

1) Szubsztiticio
. P
==
. 135° T
F + _— + 2 CO
e(CO)g ——__/_— 50 bor (c';:(e))
3
2) Addicio
CO
Ph3p CRZ

IrCI(CO)(PPh,) + RsC=CRy, ——>» Ir —
S 372 2 2 - Ph3P’ //

Cl

3) Fémso + olefin + redukiloszer

~ NiCly |
+ - ==
N o

4) CC

1.CC,—196°
2. 25°

5) Hidrid-hasitas

[CPh,]BF, I
-

~HCPh -
OC" OC/ \\/ R CH3 v 3 Oc’\\ (g/ }—k/’ 3

. CHj H




Komplexek n-donor ligandumokkal (3)

Alkin és m-allil komplexek eldallitasa

Alkin-komplexek: szubsztitticio

a
! A Ph
(PhaP)yPt ﬁ + GC,Ph PhgaP..,, 07/14o°
3r/2rt— 2 2 IER— "wpgy 4*132 om
/N PhaP”” ~|
R R \P,“
(Grim, 1967) Ve =1750cm™t
b)
Ph
\ 146 pm Ph
Cop(CO)g + PHC=CPh ——— Ca0c~
| AN
(CO),CO——
s%0%4y ColCo)s
o-allil — 7-allil Atrendezddés
- o Mnl(co)
Na[Mn(CO)g] + N~ A~ 5
> f
n
l— co
3
1 << Mnl(CO),

FOoU] /f;c,



Komplexek n-donor ligandumokkal (4)

Alkén- és alkin-komplexek szerkezete

A Zeise-so

Bisz-(trifenilfoszfino)-difenilacetilén-platina

s

~Ph,P

{—40_ph

Ph,P <
2.28A _

- Lz:M(alkén)

1,M(alkin)

1.32A

Ph

e—41% -

102 Pt 39
C
2.27 A ‘
Y



Komplexek n-donor ligandumokkal (5)

A Dewar — Chatt — Duncanson (DCD) modell

The coordination of a monoolefin to a transition metal provides the simplest example of .
a metal n-complex. The qualitative bonding description (Dewar, 1951; Chatt, Duncan-
son, 1953) is similar to that for the M — CO moiety as far as the donor-acceptor synergism

18 concerned.

The donor component (from the ligand’s viewpoint) is the interaction of the filled, n-bonding orbital
of ethylene with vacant metal orbitals, the acceptor component that of filled metal orbitals with the
vacant n*-antibonding orbital of ethylene (shading indicates orbital phases.)

Fox T J5g



Komplexek n-donor ligandumokkal (6)

A Dewar — Chatt — Duncanson (DCD) modell: M - C,




Komplexek n-donor licandumokkal (7)

A Dewar — Chatt — Duncanson (DCD) modell: M — butadién

Ligand |

Metal

FoK L |60



Komplexek n-donor ligandumokkal (8)

A Dewar — Chatt — Duncanson (DCD) modell: M — w-allil

Ligand

Metal

In the ligand C;H; ¥, and y, are doubly occupied. The metal-ligand bond can be
described by the components Y, %> M, ¢, > M and y3 & M. These overlap character-
istics induce an electronic rotational barrier within the (n3-ally)M unit (see p. 287).



Komplexek n-donor ligandumokkal (9)

Gyiiriis n-donorokkal képzett vegyiiletek szerkezeti alaptipusai

L. ,,Sandwich” vegyiiletek

II. Fél-,sandwich” vegyiiletek II1. T6bbszorés ,,sandwich”
<> |’
l
\Md Co Ni @
o C] \“o & o é pi;
o
“piano chair” “milking stool™ ©

IV. Hajlott ,sandwich” vegyiiletek

) éz:{‘;‘ %\N\: g/\uo—co

V. Vegyiiletek tobb, mint két CsHs ligandummal

29 @ﬂ%

w7y Y5V ww

Cp, Tl Cp.Zr . Cp,H :
r(?l'i")=74pm r(Zr**) = 91 pm r(}) )=117pm
(%-Cp),lr'-Cp)Ti (1*-Cp)y(n*-Cp)Zr m*-CplU .

Fou T /62



Komplexek n-donor ligandumokkal (10)

Vegyiiletek (C.H,)"" ligandumokkal

CsHy(+) (CsPhs)

2 PhsCsBr + 2 Ni(CO)s = (n°-PhsC3)(CO)Ni(jt-Br):Ni(CO) (1n°-PhsCs) +

+6 CO
CiH,4
ct’
H F + FeCl
H ~ +  FeplCO)g - FeClz—'U‘o\\,.] e\ 2
H o~ & %
o}
CsHs(-)
MCL, + 2 NaCsHs — (CsHs);M + 2 NaCl M =YV, Cr, Mn, Fe,
Co, Ni
Cels

a) Fischer-Miiller reakcié (1d. fotokémia);
b) CC

¢) Fischer-Hafner szintézis



Komplexek n-donor ligandumokkai (11)
Vegyiiletek (C,H,)"" ligandumokkal (folyt)
CsHy (Fischer-Hafner szintézis) |
3 CrCls + 2 Al + AICL + 6 CsHg — 3 [(CeHy).Cr'[AICL]
2 [(CsHg):Cr]" + $;0,7 + 4 OH™ — 2 (CsHe),Cr + 2 SO;* + 2 H,0

M=V, Cr, Mo, W, T¢, Re, Fe, Ru, Os, Co, Rh, Ir, Ni

CH5(+)

V(CO)s + C-Hs - (C-H7)V(CO)s + 3 CO + % H,

M=V, Mn, Re, Co

CsHs (2-)

UCL + 2 K,CsHg > (CgHs)zU + 4 KCl1

+ouT Joy



Komplexek n-donor ligandumokkal (12)

A metallocének osztalyozasa a fém — szén kotéstipos alapjan

ELECTRONIC STRUCTURE AND BONDING IN THE COMPLEXES (CsH,) M

The properties and bonding types of (cyclopentadienyl)metal compounds can vary over
a wide range. In the following table, main-group compounds are also included.

Character Bonding Properties Examples

fonic Tonic lattice Highly reactive towards n = 1: alkali metals
M*F[CHS], air, water and other com- - n = 2: heavy alkaline earth metals
similar to the pounds with active hy- ~ n = 2, 3: lanthanoids
halides MX, drogen, not sublimable

Intermediate Partially sensitive to n=1:1In, Tl

hydrolysis (exception:
TICp), sublimable

n = 2: Be, Mg, Sn, Pb, Mn, Zn, Cd,
Hg

Covalent molecular lattice Only partially air-sensi- n = 2:(Ti), V, Cr, (Re), Fe, Co, Ni,
7-MO(CsHy) tive, in general stable to Ru, Os, (Rh), (Ir)
! hydrolysis, sublimable =3Ti
M (s, p, d) = 4: Ti, Zr, Nb, Ta, Mo, U, Th

and

n*-MO(C;Hy)

T
M (d)

Fok] 65



Komplexek n-donor ligandumokkal (13)

A Fe — Cp kités (ferrocén)

These ligand = orbitals are united pairwise, using plus and minus signs, to form symme-
try-adapted linear combinations (SALC) which then overlap with metal orbitals of ap-
propriate symmetry. For a metallocene in its staggered conformation (Dy,) the following
interactions result: ' ' —

L M L
’ a19( agy
g Wiy

7r .
e1g €1y
K e

0

€2g ©2¢g

Y, ,'~ T,.\F’d [l,

DOHOV’

Nonor
(L—oM)

Avceptor



Komplexek n-donor ligandumokkal (14)

A ferrocén molekulapalyii (18 VE)

€2y .

e’; (xz,yz)
/__9 — X
@ d
a1g’ e1gv ezg
e1g
elu
Dsg



Komplexek n-donor ligandumokkal (15)
A Cr - C¢H; kités

Interactions of symmetry-adapted linear combinations of the 1 MO’s of two C¢H,
ligands with appropriate metal orbitals in bis(benzene)chromium (Dg,):

L M
W Nonot
7 99%?2? (L—> M)
W TDonovr
' gt (L—H)
o
copb
’ &g%@ %adgbco):ou'm "
s ( ;
W (L)

FouT [pp



Komplexek n-donor ligandumokkal (16)

Az U - CgH; kités

CsH3~

Occupation  Symmetry* SALC

CgHZ™
CgHE™

Metal ~AO

Metal AO’s with the same
symmetry as the SALC

Metal—CgH,
Bond type

—— by,

e3g

“

—0
* e2u
—
> e'[g

T

* For the sake of clarity, ligand MQ's are shown from above. Their phases invert in the plane of the

paper (= nodal plane).

(W?"CQ Hg)z U

( 22VE)

FoxT [en



Homogén katalizis (1)

Szerves atmenetifém komplexek tipikus reakcioi

Reakcid

AVE AOSz AKsz

Példa

Lewis sav disszociacio

Lewis sav asszociacio

Lewis bazis disszociacio

Lewis bazis asszociacio

Reduktiv eliminacié

Oxidativ addicio

Beékeldés
| Kiloksdés

Oxidativ gyiiriizaras

Reduktiv gytrihasadas

-1

,+1

Cp.-WH, * BF3-<—T BF; + Cp:WH:
Pt(PPhs); <> PPh, + Pt(Pfhsk
H;ﬁmCl(CO)LQH H, + I'Ci(CO)L-
MeMn(CO)s <> MeCOMn(CO),

(-C.F,):Fe’(CO); <> ((:1?2)41?‘::11((:0)3

—

ol 1 [0



Homogén katalizis (2)

(Ra@D)Cle, RuCl(PPhs)s; [Co(CN)s|™; RRCIEPPh), |

Bevezeto 1€pés

a) Oxidativ addici6 (dihidrid koztitermék)

" RB@(CHLs + H; > RhDE:(CYLs | ]

b) Heterolitikus hasitds (monohidrid koztitermék)
[Ru(@DCL* + H; > Ru@IE)CL” + H + CT

|

OLEFINEK HIDROGENEZESE
Ru(I)Cl,(PPhs)s + Hz —> Ru(ID()C1(PPhs)s + H +CI

|

¢) Homolitikus hasitis (monohidrid koztitermék)

2[Co(I)(CN)s]” + Hz > 2[Co(IIE)CN)s™

T—'oxj_/;l,,



Homogén katalizis (3)

Alkének hidrogénezése (Wilkinson)

Solv

Solv.

| a
L‘/ Start here
W

Key Steps: a, b, c,d,e




Homogén katalizis (4)

Az etén oxidacidoja (Wacker-f. szint)

2 HCI
- 1/2 O,
'-H20 I
.CHSCHO | 2 CuClp 2 CuCl
| —HClI
- ~H50
Pd° ©
P 4
Pdcl,
. CHy=CH,
Cl, H -
z,,// i
Pd—cY¥o—n +Cl—
i
H20’ CHg -
CI,,/"!; \\\\\\\CI -]
C!/,/ oH /Pd\CHz
s, oW i “H
P4 (CHOH CHo
H0 Il
CH, ~
—CI™ [+H,0
H /,
% H i-:- OH Ci ///,//Pd \\\\\\C|
Wy A CH
¢ 2
CI'(////// ‘ l Hzo// \"
’/Pd———CHQ 2 CH2
H,0 \@ ‘/@_H
| =& ci

Wacker process

| -<—(@— HO

CH,OH rate-

determ.

.’ ct,, \\\\\\CI }
"Pd_ CHyp




Homogén katalizis (5)

Hidroformilezés (Union Carbide-f. eljaras)

H(CO)Rh(PPh3)3

| -PPh
3

RCHCHoCHO | - CHp=CHR

H

W
L)
AV

PhgP——Rh—— PPhy

OCdg -
g I

H . ’
| o
o v :
PhSP 7 er\-____ ? / ‘ PhSFﬁ’Hf,"‘u Rh ﬁHR
oc ‘ ShaRE | g CHo
PhgP
PPhg a6

[

® 5 | f)
Ha | \ I CH,CHR

.CCH,C
oA e PhgP——Rh——PPh3
PhgP /Rh PPhg -
oc i
\ co /@/\
@\ | WCHLCHR =5

PhgP——Rh—— PPhg
oc

Union Carbide hydroformylation process

YOKL [



Homogén katalizis (6)

Alkének polimerizacidja (Ziegler-Natta/ Cossee)

® ®
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