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Werner (Coordination Chemistry)

...the compounds he dealt with were regarded (and correctly so) as simply the
result of conjoining two or more mononuclear complexes through shared ligand
atoms...

...properties of these complexes were accounted for entirely in terms of the
various individual metal atoms and the local sets of metal-ligand bonds. No
direct M—M interactions of any type were considered and the concept of a
metal-metal bond remained wholly outside the scope of Wernerian chemistry,
even in polynuclear complexes



“Strange compounds”....not compatible with Werner ‘s theory

1736 F. Peligant 1857-1861 Christian Wilhelm Blomstrand

Cr(O,CMe),-2H,0 ‘Evwaon Mo' pe Cl pe avaloyia Mo:Cl < 1:2...2?7

...M6vo 10 1/3 ToUu ClI- KaTaBuBIloTaV uE Ag*

[Cr,'((0,CMe),(H,0),]

[MogClg]**



..more “Strange compounds”....

1905 Blondel
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Face-Scharing Bioctahedra: (duUo oktaedpa 1Tou diapoipalovral pia £0pa)
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I2TOPIKH ANAAPOMH
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1963

[ReCl,]

[Re;Cly,*

cl (|3' Cl

CI\ / \CI

e—Re
S
Cl Cl CI CI CI

Benzene analogue....Re=Re bond was assumed but could not be proved, at least not yet

(a) F. A. Cotton and J. T. Mague, Proc. Chem. Soc. 1964, 233.

(b) idem., Inorg. Chem. 1964, 3, 1402,

(c) F. A. Cotton and S. J. Lippard, J. Am. Chem. Soc. 1964, 86, 4497,

(d) F. A. Cotton, S. J. Lippard and J. T. Mague, Inorg. Chem. 1965, 4, 508;
(c) J. Gelinek and W. Rudorff, Naturwiss. 1964, 51, 85.



How did it all begun?....1950s: X-ray’s in the house...

Area Detec tor(s)

S0keV
Electrons

l Focussing Mirrors
{or Monoe hroimator)

Prh‘m‘y X-ray Beain

Rotating
Anode (Cu)

4-Circle Gomoimeter | Enlerian or Kappa Geometry)

C. Brosset. Arkiv Kemi, Miner. Geol. 1946, A20 (7); A22 (11).

...the lower chlorides of Mo contain octahedral groups of metal atoms with Mo—Mo
distances even shorter (~2.6 A) than those in metallic molybdenum (2.725 A)....but
no further research activity...



1950: an X-ray diffraction experiment, albeit of an unconventional type carried out
on aqueous solutions, showed that Ta;Cl,, 7H,O and its bromide analog, as well
as the corresponding niobium compounds, also contain octahedral groups of
metal atoms with rather short M—M distances (~ 2.8 A).

...but again these remarkable observations did not lead to any further exploration
of such chemistry...



..big bang theory...

1964
[ReCl,]

[Re,Clg]*

Cotton et al...during attempts to prepare and study [Re;Cl,]*>

Jfirst evidence” V. G. Tronev and S. M. Bondin, Khim. Redk. Elem. Akad. Nauk
SSSR 1954, 1, 40



Eight chlorine atoms constitute a square prism with two rhenium atoms lying
within the prism, whereby each rhenium atom is surrounded by four
neighboring chlorine atoms situated at the apices of a strongly fl attened
tetragonal pyramid. The apices of two such pyramids approach each other
generating the prism. In such a structure, each rhenium atom has for its
neighbors one rhenium atom, at a distance of 2.22 A and four chlorine atoms
at a distance of 2.43 A. As a result, the dimeric ion [Re,Clg]* is generated.

“[(pyH)HReCl,J"

V. G. Kuznetzov and P. A. Koz'min, J. Struct. Chem. 1963, 4, 49.

...but it was not very correct structure... since there had been, according to the
experimental section of the paper, severe difficulty
with crystal twinning.



F. A. Cotton and C. B. Harris, Inorg. Chem. 1965, 4, 330.

1% cl _Cl T‘ (c4)
\\&\\CI \\\\\\CI 3322004
N 2.24 &
Re Re |'n_1'r:z: :
Let,
c( g | o1 o )
Cl Cl \_/

F. A. Cotton, N. F. Curtis, C. B. Harris, B. F. G. Johnson, S. J. Lippard, J. T.
Mague, W. R. Robinson and J. S. Wood, Science 1964, 145, 1305.

“...the charge on the Re,Clg unit was indeed 2- and not 4-, as believed by
the Soviet workers”



TAZEIZ AEZMQN



ANTIAPAZEIZ 2Y2THMATQN ME M-M

O¢eidoavaywyikEC avTIOPAOEIS

EvepyoTtroinon uTTooTPWPATWYV

N, + 6H* + 6e- 2NH,



AEZMOI M-M

MéEyeBog, 00€voc 1I6VTWY, OTaBEPOTTOINCT KPUOGTAAAIKOU
ediou, UtTap¢n deopou M-M kaBopilouv TN XNMIKA
OPaCTIKOTNTA KaI TN oMM TWV OTOIXEIWV METATITWONG

[M,X,]®, M: Cr, Mo, W

M3+, d3

e
Coa gl
RS N
Crelig, O

+3ClI-
[Mo,ClgJ* 2[Mo"'CI >
2%lg 3c 6

+3CI
[W,Clg]* X



AEZMOI M-M
Re3+, d4

MpwTn Tpooéyyion: d°sp3 uBpIdIka Tpoxlakd 5 +1 +4 =9




AEZMOI M-M
p, is also presentin here...
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the dy2.y2 orbitals (not shown) are used for M-L bonding
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AE>MOI M-M

LL/ /_TC_*\ M-M antibonding
: orbitals
8*
dzz P dz2
TC M-M bonding
the dy2.y2, S and pyy\ - m—r— orbitals

orbitals are not shown
since they are used
for M-ligand bonding



AEZMOI M-M
[Re,Clg]?~
-sRe: [Xel4f145d>6s2
Re: 2x+8(-1) =-2 = 2Xx=+6 = x = +3
Re3*: [Xe]4fl45d*
d4-d4

8e- oTo di1dypaupa Twv MO
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AE2MOI M-M

AiGypauua TOU KEVOU
LUMO kal Twv
KATEIANUMEVWY TPOXIAKWYV
oBévoug Tou [Re,Clg]*~
0211402

HOMO-10
a,, (o)



AE2MOI M-M
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(o) (b)

(a) ekAeittTikn (eclipsed) kai (b) diaBaBuiouévn (staggered) diapdpPwaon

Ti diapdpewon trepiyévoue yia 1o [Re,Clgl?~



AEZMOI M-M
[Re,Meg]?

d4-d4
o214d2

_n"—-n_8-0_
TA= 2 - 2 =4

Re-Re = 2.24 A in [Re,Cl >
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AEZMOI M-M
[Tc,Clg]?~
431C: [Kr]4d>5s2
T 2x +8(-1) =-2 = 2X =46 = X = +3
Tc3: [Kr]5d4
d4-d4

8e- oTo didypaupa Twv MO

- /_\g\*\

02102



AEZMOI M-M
[Mo,Clg]*
1oMo: [Kr]4dS5st
Mo":2x + 8(-1) =-4 = 2Xx=+4 = x = +2
Mo?*: [Kr]4d*
d4-d4

8e- oTo didypaupa Twv MO
o°1r*d?

Mo—-Mo=214 A



AE2MOI M-M

[W,Clg]*-

24 W: [Xe]4fl45d46s?

W 2x +8(-1) =-4 = 2Xx=+4 = x = +2

W2+ : [Xe]5d

d4-d4

8e- oTo di1dypaupa Twv MO

02102

W-W=226A
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AEZMOI M-M
[Os,Clg]*™ , [Os,Brg]*™, [Os,lg]*
-60s: [Xe]4f145db6s2
Os™: 2x +8(-1) =-2 = 2Xx=+6 = X = +3
Os3*: [Xe]4fl45d°
d>-d®

10e- oTo di1dypaupa Twv MO
0-2-"-4626*2




AEZMOI M-M

[Os,Clg]*™ , [Os,Brg]*™, [Os,lg]*

[Bu,N]J* [(PhsP),NJ* [MePh;N |*

O2Tr*9%0*?
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AE2MOI M-M
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AE2MOI M-M

Electron Count

Resulting M-M Bond

di-dz1 Single bond

d2-d2 Double bond

d3-ds Triple bond

d4 - d4 Quadruple bond > optimum
ds-ds Triple bond

de-de Double bond (v-L bonding usually dominates)
d7-d7 Single bond

ds-ds No bond (symmetry interaction)




AEZMOI M-M

KAQOIKA XNueia: n amréotaon HETALU U0 ATOMWYV PIKPAIVEI 000 PMEYOAWVEI
N 1a¢n 0ecpoU PETALU TOUC.

2 UuPaivel 1o idIo otav £€xoupue deapoug M-M;

[TC,Clg]?: M-M = 2.15 A, Tc,8* d*-d* o2m*d2, TA=4

l+e‘

[Tc,Clg]3: M-M =2.11 A, Tc,5 (Te2*-Tc3) d5-d* 02m4d28*, TA=3,5

Evw éxoupe auénon NG 1G¢Ng (1o0xU0g) Tou deopou armd To [Tc,Clg] 3 oTo [Tc,Clgl%,
OEV EXOUME MEIWON TNG ATTOCOTACNG, YIATI N 1I0XUG Tou deopoU “avrtaywviletal” tnv
auénon Tou apiBuou ogeidwong (Tc,** oe Tc,®*). H augnon tou apiBuou o&eidwong
EXEl WG ATTOTEAEOUA TN CUPPIKVWON - CUCTOAN TwV d TPOXIOKWY KAl KAT ETTEKTOON TN
MEiwoN TNG ETTIKAAUWNG TOUG.



AEZMOI M-M

[Re,Cl,(PMe,Ph),]: M-M = 2.241 A, 02m4525*2, TA =3

g

[Re,Cl,(PMe,Ph),]*: M-M = 2.218 A, 02m*525*, TA= 3,5

5

[Re,Cl,(PMe,Ph),J2*: M-M = 2.215 A, 021482, TA =4

Otav 1a 0* nAekTpOVIa ATTONAKPUVOOUV N TUTTIKF TACN TOUu OeaoU aAAalel atro
3.0, diapeocou Tou 3.5, og 4.0, aAA\G o1 aAAayEG oTnv atrootacn Twv Re eival
TTOAU HIKPEG. AUTO OQEIAETAI OTO YEYOVOG OTI TAUTOXPOVA O aPIBPOC oceidwaong
TWV METOAIKWY aTOMWV auldveTal, OTTOTE TIPOEEVEITAI CUpPpPiKvwon Twv d-
TPOXIOKWY Kal €101 N €TMKAAUWN YiveTal pIkpOTeEPn. H €CaoBEvion Tou deopou
QvTIOTOOUI(El KATA TTPOCEYYION TNV I0XUPOTIOINCN TNV OTIoid avauévaue Adyw
TNG ATTOPAKPUVOEWG AVTIOEOHIKWY NAEKTPOVIWV.

Me augnon Tou @opTiou atrd +1 o€ +2 dev £XOUUE TOOO PEYAAN CUPPIKVWON TWV
d Tpoxiakwv, 000 META TNV TTPpWTN occidwon (ammdé 0 oe +1), yI' autd TN
amméoTaon Re-Re trapauével oxedov n idia. Aviaywviouog Tacng 0couou —
apIBuou oceidwonc.



Paddlewheel structures

1oMo: [Kr]4dS5st
Mo":2Xx +4(-1) =0 = 2Xx=+4 = X = +2
Mo?*: [Kr]4d*
d4-d* (8e") 021m%0?, TA=4
[Mo,(AcO),]
O1 utrokaTaoTateg AcO- divouv e oTn JIMETAAAIKN TTAEIAdA, AUTH)

avakou@ileTal atrd TO BETIKO QOPTIO (4+) UE ATTOTEAECUA VA ETTEKTEIVOVTAI
TA TPOXIOKA = TTOAU I0XUPOG OECUOG.

O deoudc Mo-L gival TToAU gukivnTtog.
To gupTtrAoko [Mo,(AcO),(H,0),] dev £xel TTapaTnpnOEi.



Paddlewheel structures
24Cr: [Ar]3d>4st
Crm*:2x+4(-1)=0=>2x=+4 = X = +2 Béppavon
Cr2*: [Ar]3d*

d4-d4 (8e-) 021452, TA=4

[Cry(AcO),4(H,0),] [Cr,(AcO),]
021402, TA=4
E
C;
R o o—=or
-, |/ I/ /
i [ = [T \\
~ I/ /S /1 /]
Qo= G O~
L AT
I i) E
xr:f’
/

[MoAupepileTal aTTOUCIA ACOVIKWY UTTOKATACTATWYV



Paddlewheel structures

Cr—Cr = 2.3892(2) A
Cr—Cr = 1.9662(5) A

[Cr,(O,CR),(MeCN),] [Cr,(O,CR),]



AE2MOI M-M

— MX o
o* f’fff#

MLo*
T* —_— MMo *
— — MMr*
El‘
—— MM&*®
&
L s
= = MMn
Mo
— MLao

O agovIKOC UTTOKATAOTATNG £Ca0Bevei
10 deopo M-M. Agv atraiteital evépyela
yiati TTapaAAnAa otaBepoTrolEital o o-
deonOC M-X.



Paddlewheel structures

[Mo,(HPO,),]*

Mo(ll) d*
021452
TA=4

Mo-Mo = 2.11 A

Mo(lll) d?
o2t
TA=3
Mo-Mo = 2.22 A



Paddlewheel structures
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Paddlewheel structures

H,S0, - e - e
[Mo,Clg]*~ [M0,(SO,),* ——— [M0y(SO,),* [M0,(SO,),]*
Mo(ll) d* Mo(l)/Mo(lll) d#/d3 Mo(lll) d3
021452 o2n4d o2n4
TA=4 TA=3.5 TA=3
Mo-Mo = 2.11 A Mo-Mo = 2.16 A Mo-Mo > 2.16 A
dlapayvnTIKO TTApAPayvVNTIKO dlapayvnTIKO
Smmm—
. . . H_?— +e _$-1_ d
S S T T T g VI
o — —
AANNGCel n TA, Ox1 Opwg n doun.
SIS SIS SIS So2as =
e ~t- —H- —H- - o
3.0 3.5 4.0 3.5 3.0
N
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Scheme 10.4. Possible ground state configurations for Os,* paddlewheel species.



Face-Sharing Bioctahedra (FSBO)

-2e- +CI
[Re,Clg]* [Re,Clg]-
+2e°
Re(lll) d* Re(lV) d3
ot
TA=4 TA=3

AANNGCel n TA, aAAGCel OPWG Kal n dour).
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Edge-Sharing Bioctahedra (ESBO)

RP//\\ PR
2 2
RP, ql (‘I PR, a, | ., | .
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S S -sRe: [Xel4f45d>6s2



Edge-Sharing Bioctahedra (ESBO)
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To dz? 8ev CUMMETEXEI...



Edge-Sharing Bioctahedra (ESBO)

2 & TTepIiTITwan 6tou duo d* YeTaAAIKG dTtopa aAAnAETTIOpoUV £xouue éva kabapd
OITTAG deopd yiati kal Ta duo, Ta O Kal O* Tpoxlakd, Ba cival cupTTAnpwuéva. To
TTPONYOUMEVO OIAYPAMMA TWV EVEPYEIAKWY ETTITTEOWYV O€ixvel OTI Ta O-TPOXIOKA
gival 1Mo oT1afepd ammd ta 0*, aAAd AauPdvoviag utTtToWIv PaAg TIC OIOPOPETIKES
AAANAETTIOPACEIC TWV OUO AUTWYV TPOXIOKWY HE TA TPOXIOKA TWV UTTOKATAOTATWY N
ocIpA UTTOPEI (KAl OTIC TTEPICCOTEPEC TTEPITITWOEIC AUTO YIVETAI) VO AVOOTPAPEI.
‘Etol, o¢ éva d3-d® olotnua n 1a¢n Tou decpou eival paAlov 1 kar ox1 3. Ta
TpOXIOKGA O Kol 0" [piokovral TIOAU KOVTA EVEPYEIAKA KOl OE€ OPIOPEVES
TTEPITITWOEIS QUTA €ival TOOO KOVTA TTou pia atTAn (singlet) katdotaon (62 3 6*2)
Kal Jia TPITTAN (triplet) katdoTtaaon (00*) diapépouv povaxa Aiyec ekatovradec cm,
ME QTTOTEAECHA VA TTOPATNPEITAI IO ICOPPOTTIA Spin-state (Spin-KAaTaoTATEWG).
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2YMMNAOKA TYTNOY AIOANIOY
Trigonal Antiprismatic Structures

L
L £ I

4,Mo: [Kr]4d55s? \pT;'f [M,CL,(NMe,),] (M = Mo i W)

- W: [Xe]4f145d46s2 AN L [M,(NMe,),] (M = Mo | W)

[Mo,Cl,(NMe,),]
[Mo,(NMe,)]



2YMMNAOKA TYINOY AIOANIOY
Trigonal Antiprismatic Structures

MLO"{_ MX o*

MMa * /
\— MLo*
—_— MMo*
MMH" MMU*
L pr— — by
L. :,L
\M’ .
| MM &
MM S
L.._‘“-,:._'LM\ L O
il
[\
Mir (= & =M
— MLa
MMao @—
ML:J{ — Mo
M?L"E ME MELE MELBKE

To TTAnCiaoua €¢I UTTOKATAOTATWY KATA TOV TPOTIO TTOU (PAIVETAI TTPOCEVEI METATOTTION
TWV EVEPYEIWV TwWV O Kal O* TpoXIOKWY Kal aprvel Tpia M-M deouikoU TUTTOU TPOXIAKA, O
Kal 11 (OITTAG  eKQUAICPEVO). 'ETOI €uvoeital O OXNUATIOMOG TPITTAWY OEOPWV  ME
aTreIkOvion o214, Evwoeic TTou avAKouv g€ auTrh Tnv Taén oxnuartifovral Kupiwg atrd 10
MoAuBdaivio (lll) kar attdé T0 BoAppapio.



2YMIMAOKA TYTOY AIGANIOY
Trigonal Antiprismatic Structures
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2YMIMNAOKA MIKTOY 2OENOYZ
14RU: [Kr]4d’5s?t
Ru™: 2x + 4(-1) +(-1)=0 = 2x=+5=>x=+25
Ru?*: [Kr]3d® kai Ru®*: [Kr]3d°®
d>-d® (11e’) 0?4620 2 TA=2,5

4

1 aoUleuKTO €

MeTPAOEIC HAYVNTIKAG ETTIOEKTIKOTNTOAG
3 aoulcukTa e



2YMIAOKA MIKTOY 2OENOYZ
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2YMIAOKA MIKTOY 2OENOYZ
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[Ruy(O,CP"),]" + nClIl === [Ruy(0,CPr",C1,]"' ™"

L|,r3=ﬂﬂﬂ VWL e ]-I.flz'[}:'-"‘l V1L e

Ru,(0,CPr"), [Rus(0,CPr™4CL1™

Ru,(0,CH), [Ruy(0,CH),]"
-0.10
G*
0*
6*
-0.20 n*.ﬁl':
3 NUICUPTIANPWEVA
£ . 5 ——
-0.30
o —H—
-
-0.40
o —4—
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Some Tetracyanoplatinate Compounds with Stacked Anions

Complex Pt valence  Pt—Pt (A) Color Conductivity (' em™")
Pt metal 0 2.775 Metallic ~-9.4 x 100
K:[Pt(CN),]-3H,0 +2.0 3.48 White 5 % 1077
K[Pt(CN),|Bros3H,0 +2.3 2.88 Bronze 4-830
K;[Pt(CN),]ClL, +3H,0 +2.3 2.87 Bronze ~200

K, »[Pt(CN),]-1.5H,0 +2.25 2.96 Bronze ~70-100
Cs,[Pt(CN)J(FHF ) 30 +2.39 2.83 Gold Unknown

0.3Br

K, [Pt(CN),4Brg 3]
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1974 Gray
[M(CNR),]*, M = Rh, Ir (d®)

]

: . L L

‘\\\\CNR O, oMM

RNC_—I/"—CNR L= L7

RNCY L L

] ! _ *
R3P//Ii..|lr..|\\\\C| @ Y

- \\\\CNR 1®

RNC—Ir—CNR

O *
RNC”
B ! B d22 d22
@)

Weak M-M interactions were caused by a molecular orbital symmetry interaction
between the filled 0-M-M bonding and o*-anti-bonding orbitals with the empty p,
o and o* orbitals. The empty orbitals are pushed up in energy and the filled
orbitals down in energy by this symmetry interaction. This generates a weak M-

M bond — strong enough, however, to allow these complexes to form M-M bonds
even in solution.
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The dative covalent bond (also known as the coordinate bond) is a type of covalent
bond in which the shared pair of electrons is supplied by only one of the bonded
atoms.

s [ @]
%} | @w

H H
H F H F
|x/\‘ | VRN I
H—lTlx + H - H—'l\'—“H H—N% + B-—F — H—N—-B—F
| | I
H H F H F
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0@?@9 NN
ey le) NN

10~ Fle __OH,
H20:/ T\:OHE




AOTIKOI AEZMOI

t-Bu .
Ni-P = 2.16 A B NiPp=224A
P
planar coordination / AN .o tetrahedral coordination
like Ni(+2) OC_N'<_P/N"C o like Ni(0)
Ni-CO = 1.70 A y B Ni-CO = 1.78 A
t-By  -Bu
Ni-Ni = 2.41 A

Otav é€va MPETAAAIKO 16V TO OTroio €Xel TOUAAxioTov 2 d nAekTpovia Kkail Eival
TTapAAANAa nAekTpoviakd TTAoUCoI0 (Kopeopévo pe 16 1) 18e7) Bpebei kovid oe €va
METAAAIKO 10V TO OTTOIO €ival NAEKTPOVIAKA @TWYXO (AKOPEOTO), TO NAEKTPOVIAKA
TTAOUCI0 PETOAAIKO 10V UTTOPEl Vva dwael €va eAeUBepo (eUyog d NAEKTPOViwV OTO
QKOPEOTO METAAAIKO 10V Yia va dnuioupynBei Evag doTikoc M->M deoudc.
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t-Bu

Ni-P = 2.16 A \ IBY Nip=224A
planar coordination S AN _.ncOo tetrahedral coordination
like Ni(+2) OC—NI<—/NI‘C o like Ni(0)
Ni-CO = 1.70 A y B Ni-CO = 1.78 A
t-Bu t-Bu
Ni-Ni = 2.41 A
Covalent M-M Bonding Dative
Left Ni Right Ni Left Ni Right Ni
Ni(+1) de Ni(+1) de Ni(+2) ds Ni(0) dw
[u-PR2]- 2e- [u-PR2]-  2e 2[u-PR2]- 4e- | 2u-PR2 4e-
u-PR2 2e u-PR2 2e CO 2e- | 2CO de
CO 2e 2CO 4e Ni<—Ni(0) 2e
M-M le M-M le
Total 16e- | Total 18e- Total 16e- | Total 18e-
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TC‘Js TCY3 TCY3
. ..CI
Pt + BeCl, %%, pr—pe %-— Pt—Bé‘\
(1.7 equiv) —U
| N [ e,
PCy, PCy; PCy;
1 2
Pt® > Bel

- .gPt: [Xe]4f144d95s!
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d5_d5

(POpPTIO

apIOUOC Evraing

Cr(1)-Cr(1A), 1.8351(4)A

Terphenyl Terphenyl

\ KC;
cr N\l ——» Cr

r. r
ol . T
Terphenyl

T h |
ArCrCrAr erpheny



NMENTAMAOZ AEZMOZ




NMENTAMAOZ AEZMOZ
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f\r 1.xs Na, 2 days

_N 2.CrCl3(THF)3
E THF

\

Ar
Ar = 2 ,6-diisopropylphenyl

NMENTAMAOZ AEZMOZ

Cr-Cr = 3.431(1) A

f\r Ar\
/N\C /Cl\ ,Nﬂ-‘
-~ 7 r\ /Cr\ —_—

N Cl N
\ /
Ar Ar
1
KCq

- Because of the redox ambiguity of diimine and

other imine containing ligands, the Cr atoms in 2

~ could formally be assigned as Cr(ll) coordinated

by dianionic enediamide ligands, Cr(l) with
monoanionic ligand-centered radical ligands, or
Cr(0) with neutral diimine ligands. The long C-N
distances (1.373(3) and 1.362(3) A) and short C-
C distances (1.345(5) and 1.354(5) A) are
consistent with a reduced diimine ligand.
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R Ar, T]N“..‘oﬁ

AI‘\ Ly > / \
NP + CiCly ——> N | o—7
N\ S ! /

Li LiCI Ar Cl
1a-d

1a:R=H Ar=246-Me,C;H, 1b:R=H, Ar =2 6-Et,C.H,

1¢: R = H, Ar = 2,6-Pr,CgHs 1d: R = Me, Ar = 2,6-Pr,CqH,

Ar Ar

Ar. TI \ N/
':.N . - o r
S I )

) 2 KCl N—Cr—
Al C / \
Ar Ar
1a-d 2a-d
2a: R =H, Ar = 2,4,6-Me;C.H, 2b: R =H, Ar = 2 6-Et,CH,
2c: R =H, Ar = 2,6-Pr,C;H, 2d: R = Me, Ar = 2,6-iPr,C;H;

Scheme 1. Synthesis of complexes [CrCl,(thf),{n>-ArNC(R)NAr}] (1a—d)
and [Cro{u-n*-ArNC(R)NAr};] (2a-d).

Cr—Cr = 1.7472(10) A
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HOMO-1 (-3.980 eV) HOMO-2 (-5.073 eV)

HOMO-3 (-5.507 eV) HOMO-7 (-5.695 eV)
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g 4\ Cr23+

N ------ N KCs |
15 equw) Cr

O_C|r‘C|’0r_O& N/ s\\?l \N
& b “ g 3@

Cr—Cr =2.612(1) A

KCg

Q Ir r (1 equiv)
v
Veeeyy

Cr—Cr = 1.8169(7) A

Cr—Cr =1.7397(9) A
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HOMO : HOMO-1
T (=0.0762 eV)

(-0.0411 eV)

HOMO-2
(~1.857 eV)

HOMO-3 HOMO-4
(=2.241 eV) (~2.246 eV)
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2.0875(4) A gjéNJR\NS%

R
?ﬁl )\ koo, (DEOTTHE. 720 N!/ihl
2 N\L‘/N 0T (2)Recrystallized from A |0\
A

Et,0 Cl...!__hl‘i_,..l.-C]
Sl s
Et,O
R
R R I,R=H:2,R=Ph
gﬁNJ\NSTQ% ETEN . Néﬁ%
N R O T N § v gy
ol Lo o e ~ 5
N 2.0756(8) A

3.R=1L4,R=Ph

2.0187(9) A 2.0157(4) A
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