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' TOBINJ. MARKS -
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Evanston, Illinois 60201

General

S. A. Cotton (1) has written a thorough and thoughtful réview article
on contemporary developments in lanthanide and actinide organometallic
chemistry. A recent review on covalent metal tetrahydroborate (BH,)
complexes by Marks and Kolb (2) discusses chemistry and spectroscopy of
organolanthanide and organoactinide tetrahydroborates in detail.

Warren (3) has published an extensive treatise on the ligand field
theory of lanthanide and actinide cyclooctatetraene sandwich compounds.
The article reviews and extends earlier ligand {field investigaticns (4) and
complementé one-electron molecular orbital studies by the same group
(9). The ligand field work employed Wolfsberg-Helmholz molecular
orbita,l calculations to determine the f orbital energy displacements in
Ce(GH;), and U(GHg),. A weak field basis set which assumes that the
cﬁ'sta.l figld splitting is less than the separation between J levels (most
valj,d f_or' tl;e cerium ion) was utﬂized. In both complexes, the dominant.

bonding interaction was determinzd to take place between metal fxyz

Lanthanides and actinides; ;mm Survey covering the year 1976 see J. Organo—
_ metal. Chem., 138(1977)157-183.
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7 z(xz 2) orbltals a.nd the hga.nd ezu orb1tals. Thls 1s in accord w1th
: rthe bondmg scheme ongmally mtroduced by Stre1tw1eser for U(CBHB)Z(G)

For uranocene Warren fmds a mixing of. ca. 22% ligand character into

the 1mt1a11y pure meta.l 5fxy and 5f (x2 y"’) orb1tals, as opposed-tova ca.
3,.: m1x1ng into the analogous 4f orbitals of Ce(GHg), . ~As noted in many
other studxes, the greater spatial extension of 5f orbitals gives rise to
higher.metai-_.liga_nd bond covalency, although in the present ca‘se it must -
be reco:gniziedrtthat the formal cherges on the metal ions differ. The
greund sfate of ‘U(CaHs)z was found in the present work to be a JZ =+3
level, Warre.n employed the calculated f orbital energ level orderings in
the lanthanirie and actinide sandwich compounds to predict the temperature
dependence of the magretic susceptibilities and magnetic anisotropies.r
The agreement appears to be somewhat better in the case of the actinide

complexes; more experimental data are needed for the lanthanides.

Lanthanides

In an effort to probe for metal-ligand bond covalency, Dubois, Carver
and Tsuisrxi (7) have studied the X-ray photoelectron spectra of a series
of gadblinium organometallics. The relative intensity of 3d "shake-up"
satenites (due to’ simultaneous photoionization and outer shell excitation)
is believed to be related to 4f covalency. In the series GdQl,, Gd{C;H,)-
ClL,, Gd(C,H;),Cl, GA(C.H,),, and Gd(C,H,),R, R = CH, or C=CGC,H,, the
- intensity of the satellite peak remains essentiallly constant. Thus, there
is no evidence that metal-ligand bond covalency is a strong function of
the nature of the ligand.

It has been known for scme time that triscyclopentadienyl lanthanides
are streh'ngewi's acids and form cemplexes ﬁth a variety of Lewis
b&es (8) Baker and Raymond (9) have now prepared and char actenzed

a bmuclear pyrazme comnlex of tnscyclopen!:ad.lenyl ytterbmm The
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synthetic procedure is illustrated in equation {1). The
2 Yb(C,H,), + NC,H,N . 2CHZC0C 5 (0 1), YbNC,H,NYb(CsH,), )

structure of this molecule was determined by single crystal X-ray

diffraction, and the result is shown in Figure 1.

Figure 1. The molecular structure of (C;H;),YbNC,H,NYb(C,H;), from ref. 9.

The coordination geometry about the ytterbium ion is approximately C;,
with ring centroid—Yb-ring centroid angles ranging from 115.6° to 102.5°.
A similar ligation geometry was observed in the cyclohexylisocyanide
adduct of triscyclopentadienyl praseodymium (10). In the present example,
the Yb-N distance was found to be 2.61(1)} and the average Yb-C distance,
2.684(11);. The intramolecular Yb-Yb distance is 8.047(2)§. The mag-
netic susceptibility of this compound was studied from 3-100°K. The
susceptibility obeys the Curie-Weiss law with Hefr = 3. 48“6’ C=1.51(4)
and g = 1.3{(6)°K. Significantly, there is no evidence of appreciable
magnetic coupling between the two ytterbium ions, suggestive of a high
degree of ionic character in the metal-ligand bonding.

An interesting new cyclooctatetraene complex of Ce(IV) has recently
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: 'been reported Greco Cesca and Bertol_uu (11) have prepared the L
. black extremely oxygen-sens1t1ve complex blS (cyclooctatetraene)—'

cerium by tne route shown in equatlon (2) Infrared

cao-i4éam);§fi- CH,OH + csHa +A1(czH=.>:. dare, Ce(CaHa)Z @
and pfoton NMR spectra of the new compound are consistent with - CGH,
bonding. Preliminary X-ray diffraction studies reveal Ce(GH,), to be
isomorpnous with tﬁe Dgp sandwich complex, Th(GH,),. Surprisingly,
Ce(C,BHB-)2 is not ba.rticula.rly reactive toward water. Reductior; with one
equivalent of potassmm y1e1ds the known (12) compound X Ce(CE,H,,)2 ,
th.le reduchon w1th an excess of potassium produces the unusual divalent
_species [K(_morzf:)glyme)]z [Ce(CBHs)z] . When the reaction of equation (2)
is c':ohiluclééd at lower temperatures using cycloheptatriene as the solvent
.a.ndv a CBHa:Ce ,ral‘}to of less than 5, a green compound of stoichiometry
Cez(CBHa):, can be isolated. Infrared spectra suggest that this crompound
possess;es two differ‘enf: types of C,SI-IB ligand,

In the area of organic synthesis, Namy?_ Girard, and Kagan (13) have
reported that SmI, and YbL, can be used in combination with alkyl iodides
or bromides for the Grignard-like alkylation of ketones (equations (3) and

@. |
OH

'1’CoH13 C—(;'H3 + CH,I + Sml, EIE—} n-CE;H,3 C CH3 (95%) @)
C’Hs '

- {after hydrolysis) -

o OH
n-CyH,-C- CH, + CH,CH.I + SmL—TEES n-cGH',sic::-'CHG (70-95%)  (4)

_ (after hy‘clrolysis) :

The same methodology, when applied-to alkyl aldehydes, produced the



_desired product but also competing reduction of the aldehyde to the
correépoﬂding alcohol.

Razuvaev, Bochkarev, Kalinina, and Bochkarev (14) have prepared
thg first metal-metal bonded compoﬁnd involving a lanthanide and a main

group metal. Thus, the reaction of equation (5) produces a pale green,

5[(C;F,)Gel,Hg + 2pr -Lo2-dimethoxyethane, ,1(c r) Gelpr- Hg[Ge—(s)

(GF;); L + 3Hg

329

moisture-sensitive product which was characterized by vibrational spec-

tra and elemental analyses. The ionic structure [(CSFS)QGe]EPr+Hg[Ge—
(G, F.);]s was suggested. Not surprisingly, the Pr-Ce bonds can be
cleaved with HCI to yield hydrido-germanium and chloro-praseodymium

fragments.

Actinides

Activity in the area of actinide-to-carbon sigma bonds continues at
a high level, Sigurdson and Wilkinson (15) have reported detailed studies
on homoleptie U(IV) and U(V) polyalkyls. The thermally unstable hexa-
alkyl uranates, prepared by the approach of equation (6), were charac-
terized by

UCL, + excess RLi ———> Li,UR,-8S (6)
R = CH;, GHs, CH,Si(CH),
S = diethyl ether, tetrahydrofuran

spectroscopic techniaues and by quantitative analysis of the hydrolysis
products. The ionic structure (LiSq);LzUR,;2 was suggested. Even con-
sidering that the ligand field about uranium is approximately cubic and
that dip_Ola.I: shifts should be negligible, the reported proton NMR iso-
tropic shifts are surprisingly small. A considerably larger shift was
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observed in the ;_eacti'px;fisr'gductfc}f UCL, with four equivalents of methyl-
© lithium {16). Sigurdson and Wilkinson reﬁorted magheticlmomen'ts in
the rahge-é:? - 2.9 'BM, which are unusually large _for-ranfocl‘:ahedral
‘,sjstexﬁ-wﬁe'r,e the second-order Zeeman effect is expected to dominate -
" the:si»:sceptibility. ‘The r_éaction of uranium (V) pentaethoxide with
lithium reagents, followed by diokane precipitation, yields what were
f@rmﬁiétéd as Oéi:éallvcylyul.'ani'um(vb) trianions (equatibn (7). These
products ' o
'Uz.(d_c‘zﬁs)m + excess RLi ——-9 Li,UR,- 3 dioxane (7
R = CH,, CH,Si(CH,),, CH,C(CH),
are stable at 1;§om temperature; NMR but not magnetic data were
reportéd.r , Dié;:rete, eight-coordinate UR, = ions with dodecahedral or
biéapped trigonal prismatic or antiprismatic structures, possibly with
the lithium ions bridging the polyhedral faces, were considered to be
éohsistept with the experimental data. Coordination numbers higher
than seirén ha;Ie never previously been observed for mononuclear U(V)
complexes wﬁh monodentate, uninegative ligands (17).
Goffart, Gjib_ert, énd Duyckaerts (18) have reported on trisindenyl
alkyls of thofium and uranium. These new organometallics were syn-

thesized by the route shown in eguation (8) and were

M(GH,),Cl + RLi S5E > M(GH,:R +LiCl  (8)
M =Th, R = CH,, n-C,H, M =U, R = CH,

characterized by electronic, mass, infrarcd, and Raman spectroscopy,
and by elem ental analysis. -Trisindenylmethyluranium was found to
react qilahﬁ:iﬁvely'with methanol to give the methoxy derivative -

(equation (9)). This result is in contrast .



U(G,H,),CH, + CH,0H —2X 5 {(C,H,),OCH, + CH, - (9)

to the behaﬁor of U(C;H;),R compounds (19, 20) where both alkyl and
4 ring alcoholysis occur. Thus, the pentahaptoindenyl ligand is more
strongly bound or at least more resistant to protolytic attack.

One important feature of Th(C,H;);R chemistry is the resistance of
these species to 8-hydride elimination upon thermolysis (21). This
distinctive characteristic has been attributed fo saturation and conges-
tion of the actinide coordination sphere, which renders intermediates

such as that shown below, prohibitively

Th“\\

N\
H

high in energy. Thus, instead of B-hydride elimination, transfer of a
ring hydrogen atom takes place yielding RH. Kalina, Wachter, and
Marks ( 22) have now reported completely different behavior on
photolysis. Irradiation of Th(C,H;),(i-propyl) or Th(CH,CH,),(i-propyl)
in benzene solution proceeds according to equation(10) to produce a dark

green

2TR(RCH,), (i~ CH,) — 5 2Th(RGH,), + GH, + GH, )
R =H, CH,

triscyclopentadienyl thorium species and propane to propene in a 53:47
ratio. The spectral and magnetic properties of the thorium organo-
metallic are consistent with a tris{pentahaptocyclopentadienyl) 5! for-
mulation, and differ distinctly from the deep violet compound produced
by reducing Th(C,H,),1 with sodium naphthalide (23). The mechanism
of reaction (8) was proposed to involve photoinduced B-hydride elimina-

tion as shown in equations (11)and (12). In
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(Csm)sTh?H _2__, (CSH5>3T\h"\\ o an

——> (GH,);ThH + [|
iy

3

(CoHL); THH + (CH,),ThCH . o (12)
CH,
—>  2(GH,),Th + CH,CH, CH,

the initial siep, photochemical labilization of an 1°-C,H; yliga_nd is
‘proposed to take place (there is precedent for such rpro'cesses (24));

this process is followed by olefin extrusion, and the resulting thorium
hydride reacts with another thorium isgropyl molecule to produce
.propane. There is considerable précedent fo‘r an analogous two-step
thermal sequence in transition metal alkyl B-hydride elimination
chemistry (25), Further support for this mechanism is derived from
deuterium labelling and frozen solution studies, and from the observation
.that Th(CSHS)s(CH,_,) is far less reactive. Photolysis of U(C,H,),(i~propyl)
produces therknown compound U(C,H;), (26) as well as some products

via the thermal pathway (22h). ’
Seyam and Eddem (27) have synthesmed bl.S].ndenyl dialkyls of

uranium by the route shown in equation (13). These new compounds
vo,saomu HEos BLL wemm @

were characterized by elemental analysis and irifrared spectroscopy.

They appear to have appreciable thermal stability.



'-»,Ma.nr'iq'.urgz, 'E;agan, and Marks (28) have prepared the first peﬁta—
ineﬂijricyclépen&dienyl actinide complexes. The reaction of thorium or
uranium f:e’tractﬂoride- with an excess of pentamethylcyclopentadienyl
lithium or Grignard reagent produces crystalline bis(pentamethylcyclo-

pentadienyl) dichlorides (equation (14)). The new

MCl, + excess (CH,),Cs —> MJ[(CH,),CLCl, +2C" (M = Th, U) (14)

" compounds were characterized by elemental analysis as well as by
proton NMR and infrared spectroscopy. The uranium compound is
sufficiently soluble for cryoscopic molecular weight determinations in

benzene, and the structure shown below has been proposed (28). The

ZQMV‘H
S

uranium dichlorides can be alkylated with methyllithium to produce

thorium and

thermally stable dialkyls (equation (15)). These

M[(CH:;)SCSLMC]-z +2CHgLi —> M[(CHs)scslz(CHs)z +2LiCl (19)

(M = Th, U)

nighly reactive new compounds were characterized by the same tech-
niques as the dichlorides. These results suggest the structure below.

The bis(pentamethylcyclopentadienyl)-

@(ma (M = Th, U)
\Cﬂs
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ass

actm1ded1methyls reacrlr:'rapi'dlstr"-with hydrio.geﬁ t(.).yie‘ld»»th'e first isqiéﬁle : .

'_ orgaroactmlde hydrides, and with carbon mornioxide to yield O-bonded - -

'>'Vinsertio;zl prédugts (28). Oﬂ the basis of élementz_ai' avhalys_is,‘rspeclk:'ro- '
_scopic da,ta,i é.ndc'ryoscppicvmolecular weights in benzene, the structurgs

‘shown below have been put forward, The uranium

M =Th, U

dicliioride can also be used to synthesize a metallocycle (equation (16)).

Clearly
GHs CHs
, : Li GHs CsHs
U[(CH,)sCsLCL + —> [(CH,)sC;L.U + 2LiCl (16)
L1 GH, G:Hs
GsHs GH;

the pentamethylecyclopentadienyls offer a wealth of fascinating new
organoactinide chemistry.

Fronézek, Halstead and Raymond (29) have now published a full
account of their investigations of aét‘mide 1,2-dicarbollide chemistry.
Bis (dicarbollide) complexes of uranium (IV) were prepared via the

metathesis approach of equation (17).

UCL, +28,GBH,, —2E 5 A,U(C,BeH,);Cl, +2ACL (1)

A=Li, Na, K, } Ba
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Single crystals of the lithium salt, [Li(THF),L[U(C,B,H,,).Cl,], were

grown from tetrahydrofuran solution, and the result of a single crystal

X-ray diffraction study is shown in Figure 2,

Figure 2. Molecular structure of the anionic portion of [Li(THF),],~

[U(C,ByH ), Cl, | from ref. 29,

The coordination configuration about the uranium ion is distorted tetra-
hedral with pentahapto dicarbollide ligands. The Cl-U-Cl angleis 90.3(5)°,
and the dicarbollide face centroid-U-dicarbollide face centroid angle is
137°. The average U-Cl distance is 2.599(6)i. Due to apparent disorder
and/or thermal motion of the dicarbollide ligands about the axes perpen-
dicular to the bonding faces, it was not possible to unambiguously dis-
tinguish U-C from U-B bond distances. An average U-to-face atom
distance of 2.73(2)% was reported; this value is comparable to pre-
viously determined U-C(ring) distances in several n- C;H, complexes

of U(IV)(30). The reaction of U(C,BeH,,),Cl, ~ with K,C,H, yields
predominantly U(C,H,),, while the reaction with NaC.H, appears to pro-
duce a mixed ligand complex which was not isolated. Attempts to
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- fpré"[')a-uie an "axiéioég’b"‘uéi)rrié"(drii;:ax;boil_ide).bi‘ thbfiun‘i "(IV) were ﬁnSuédészui{
Vasﬂev, Sokolov and Kondratenkov (31). have found that tnscyclo- ‘

’pentadlenyl uramum alkyls readuy exchancre monohapto 11gands with

,alummum alxyls, as shown in equation (18). These

| U(GH)R + ARy, == T(CHy)R' +AIR,'R (18)

‘R= th, n - CH,, allyl, CEHS, OG,H,
- R'= CH;, GH;, i - CH,

processes are conveniently monitored in the is_otrOpicany sﬁiﬂiéd
proton NMR lsptractra. |

A synthgfic route to biscyclopentadienyl urarﬁufn bistetrahydi-oborate,
U('CSHS);(BH,‘)Z,» ~has been reported by Zanella, DePaoli, Boﬁxbieri,
Zanotti, and Rossi (32), and is shown in equations (19) and (20). The

red-brown

1, 2-dimethoxyethane |
e

UCI, +2NaBH, 2=

UQL,(BH,), + 2NaCl (19

UCL(BH,), + 2T1C,H, 1’2"1’;’,‘,1‘33‘1?"3’ ethane 5 (¢ H,),(BH,), + 2T1Cl (20)

highly air-sensitive complex can be sublimed at 60° C/10"2 mm. to yield
a erystalline product., The authors concluded from infrared spectra that
the -\tet'rahydroborate ligands are coordinated in a tridentate manner, as
shown below. Prelimiﬁary single crystal H |

7\

Uss- = B -—H-

A
X-ray diffraction results were also reported for U(GH,),(BH,),. There
are two crystallographically unique molecules in a unit cell, aﬁd U-B
di;ta.nces -were found to be 2.61(8) and 2. 58(8)A for one molecule, and

2.63(8) and 2.63(8)X for the other. The B-U-B angles were reported to
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be 99.6(12)° and 102. 5(12)°. Disorder of the cyclopentadienyl carbons
about tfxe ring fivefold axes was observed.

‘Marquet-Ellis and Folcher (33) have studied the reduction of U(CsH,),-
Cl in THF by LiBH(C,H;), and LiAlH, using proton NMR and el ectronic
spectroscopy. Two intermediate species were detected in the LiBH({C,H,),
reduction (one may be U(C,;H;);H) with the final product being the known
compound U(G;H,),0C,Hs. Using LiAlH, as the reductant, two inter-
mediate species are evident in the NMR at low temperature. The final
product on warming to room temperature was identified as the known
species U(C,H;),THF (26).

Considerable progress is being made in the area of actinide cyclo-
octatetraene compounds. Harmon, Bauer, Berryhill, Hagiwara, and
Streitwieser (34) have reported the synthesis of a number of new substi-
tuted uranocenes. These were prepared from substituted cyclooctate-

traenes as represented in equation (21). Quaternization

UCl, +2K,RCH, —TPE—> U(RCgH,), +4KCl (21)
R = OCH, OC(CHy),
(CH,);N(CH,), OCH,CH=CH,
OC,H, N(CH,).
CH,N(CH,),

of the amino ecompounds with methyl iodide produced the corresponding
—ﬁ(CH3)31- and -CH,N(CH,),I” derivatives. The allyloxy uranocene was
found not to undergo a Claisen rearrangement to a 1,2-allyl hydroxy
compound upon refluxing in diglyme or several other solvents. The
optical spectra of these compounds generally exhibit four transitions in
the 600~-700 nm region. Electron-donating substituents on the cyclo-

octatetraene rings shift the absorption bands to lower energy. Thus,
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'— these' bands‘ have been assxgned to hgand—-to-meml charﬂe-transfer tran—‘.r

- smons; 'probably mvolmmr redlstnbutmn of eIectron densﬂ:y from the
3A ha'and %g orbltal to metal I —,+ 1 or +. 3 orb1tals. There is no ev1dence
in the electromc spectra that the mtrogen atoms in l:he compound w1th
(CH,)_.,N(CH:,)2 substltuents mteract with the uranium atom. The proton
. NMR spectra of the substltuted uranocenes -exhibit substanhal 1sotrop1c
v mfts mth resonances of all’ substltuent protOns bemg shifted to low f1e1d.
' ng p ot0'1 51gna.lo are'shifted to high field. The carbon-13 NMR spec-
‘tra reveal'la_rge downfield shifts of the ring-carbOH -atoms, -
Clark and Green (‘73@ have recorded and analyzed the uv photoelectron
Spectra’of 'Zv['h(CBHB)2 and U(G;H,), using both He(I) and He(II) radiation.
Iohizaﬁons"were a'ssirgnedv on the basis of Hickel molecular orbital cal-

culations as well as close analogies in level positions. and bandshapes to

————— e
23 - = 3g
] -————— &
&, 3u
& .
\\
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i N 6d
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‘e -
azs ~S=ag
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Flgure 3 Proposed molecular orbltal scheme for actinide M(CE,HB)2

sandw1ch compounds. From ref. 35.
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,thb_éé of transition metal metallocenes and bisarenes. Comparing the
. He(I) and He () results aided in spectral assignments and in deducing the
czormlpbsition-s of niolecul-ar orbitals, sirice ionization cross-sections for
USf, U6d, and C2p orbitals are anticipated to have much different
dependencies on ionization energy. The molecular orbital ordering
shown in Figure 3 was proposed for actinide M(C;H,), sandwich com~
pounds. A highly
significant conclusion of this study was that the major component of
metal-ligand bonding in these compounds is between ligand ezg 7T molec-

ular orbitals and metal 6d orbitals (dxz-yz and dxy). An appreciable

covalent interaction was also detected between ligand e,,, orbitals and
metal 5£x (x2-y2) and 5fxyz orbitals. This latter interaction is greater
for uranium than for thorium because the uranium 5f orbitals are
lower in energy than those of thorium.

Karraker (36) has prepared a bis(cyclooctatetraene) complex of

trivalent americium. The synthetic procedure employed AmL; (equation

(22)). There
Aml, +2K,CH, —2Y5 KAm(CH,), + 3KI (22)

ié no indication of THF iﬁcorporaﬁon in the product. The electronic
absorption spectrum of Am(C;H,), in THF exhibits red shifts of the

bands on the order of ca. 250-450 cm™ compared to Am(II) in aqueous
solution. Thus, there is an indication of a small degree of metal-ligand
bbnd covalency. Attempts to reduce this compound to an Am(II) species
with potassium naphthalide or butyllithium were not successful. Karraker
and Stone (37) have used 23"MUBssbauer spectroscopy to study the products
of the reaction between NpL, and one equivalent of K,COT in THF (equa-

tion (23)). Earlier work (38) had characterized
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THF - L
, NPIa +chaHB —-——-—> Np(CBHg)I xTHF S (23)
the sandwmh compound obtamed w1th twc eqmvalents of chsﬁa (equatmn

» (24)) In the present mveshgatlon

NpL +2KZCaHs ————> KNp(CBHB)z ‘2THF : (24)

‘the product with an isomer shift of +3. 83 cm /sec (versus NpAl,) was
suggested to be Np{CyH)I - x THF, which is analogous to known lanthanide
complexes such as (Ce(CﬂHa)Cl-zTH,F)z {39. The neptunium compound is
decomposed upon THF removai. The only product obtained by reacting
Np(GHp)I-xTHF with T1C,H, was identified as Np(C.H,);- THF.

LeVanda and Streitwieser (40) have recently communicated the syn-
t'hesis of a series of substituted thorocenes. These were prepared from

substituted cyclooctatetraenes (equations (25) and (26)) and

9K,RG,H, + ThCl, ~22-dimethoxyethane v po )y 4 ugar (25)

R =n-ClH,;, GH;

1, 2—d1methoxyetha.ng) Th[1,3,5, -

. 2K2[1:3:5; 7'(CH3)4CBH4] + ThCl-: (26)

(CH,), G, H, ] 4KCl

are considerably more soluble than thorocene. Proton and ®*C NMR
'spectra indicated considerably less electrop_ density in the ligands than

in the parent dianions. The chemical propéfties of the thoroceres
appear to reflect greater ionic character in the metal-ligand bonding than

in the corresponding uranocenes. Thorocere cleanly deoxygenates aryl

nitro compounds to yield azo compounds,as shown in equation (27).

2 ArNO, +2Th(GH,), ——> ArN=NAr +2ThO, +4CGH, (27)

In the area of catalysis, Manyik, Walker and Wilson (41) have

reported that a soluble compound preduced from partially hydrolyzed
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triisobutyl aluminum and various uranium salts (carboxylates, alkanoates,

acetyacetonate) efficiently c atalyzes the trimerization of ethylene to 1-

hexene. A mechanism involving five- and seven-membered metallo-

cycles was suggested (equation (28))

;'g/ — = —_— ;U —> U @8)

10.

11,

12,

13.

-+

NSNS
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