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6,6-Dimethylfulvene %) was treated with acetone

under basic conditions to yield 3-(1-methylethenyl)-

6,6-dimethylfulvene 7). Deprotonation with LDA followed by transmetalation with 0.5 molar equiv of

zirconium tetrachloride gave bis[1,3-di(1-methylet

henyBelzirconium dichloride 8a). Photolysis of

3a with Pyrex-filtered UV/vis light at ambient temperature led to a rapid intramolecula2]2
cycloaddition reaction to yield a 1:1 mixture of theese andrac-isomers of the corresponding singly

cyclobutylene-bridge@nsametallocene systera. P

hotolysis of this mixture with quartz-filtered UV

light at —80 °C very slowly convertegnese4ato rac-4a. Over 2 days a 12:1 ratio shc/mesedawas

achieved under these conditions.

Introduction

Carrying out functional group conversions at the sensitive
group 4 bent metallocene framework is diffictftA small series

of suitable reactions have recently been worked out that can be

compatible with the special features of zirconocene systems to
allow for C—C coupling reactions at their frameworks to, for
example, convert open, unbridged metalloceneartsamet-
allocenes. These reactions include catalytic olefin metathésis,
the Mannich reactiof,and also a few examples of intramo-
lecular photochemical [22]-cycloadditions’.®

*To whom correspondence should be addressed. E-mail:
uni-muenster.de.

# X-ray crystal structure analysis.
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With selected examples we had previously shown that some
substituted bis(alkenyl-Cp)Zrgsystems 1) form the respective
cyclobutylene-bridgednsametallocenes?) upon photolysis.
These reactions may be regarded as examples of a “dynamic
topochemical reaction control*X° In many cases photosta-
tionary equilibria were obtained upon irradiation with Pyrex-
filtered light, which contained substantial amounts of the closed
form (2).” We have now prepared a (1,3-dialkenylcyclo-
pentadienyhZrCl, complex and subjected it to the photoinitiated
C—C coupling reaction. This led to a number of interesting
guestions: would both pairs of alkenyl substituents be involved
in photochemical carbencarbon coupling to give a doubly
bridgedansametallocene system? Wouldrac/mesemixture
of the [2+2]-photocyclization product4) be formed, or would
one of the diastereoisomers be favored? Would the2]2
cycloaddition of 3 be reversible under our photochemical
conditions? We tried to answer these and related questions by
analyzing the photoproduéts derived from bis[1,3-di(1-
methylethenyl)@Hs]zirconium dichloride 8a, R = CHy).

(7) Erker, G.; Wilker, S.; Ktger, C.; Goddard, RJ. Am. Chem. Soc.
1992 114, 10983-10984. Erker, G.; Wilker, S.; Kiger, C.; Nolte, M.
Organometallics1993 12, 2140-2151. Nie, W.-L.; Erker, G.; Kehr, G.;
Frohlich, R. Angew. Chem2004 116, 313-317; Angew. Chem., Int. Ed.
2004 43, 310-313. lwama, N.; Kato, T.; Sugano, Organometallic004
23, 5813-5817. Erker, G.; Paradies, J.; Bergander, K:;Hfioh, R.2006
submitted.

(8) Sinnema, P.-J.; Shapiro, P. J.;ho B.; Bitterwolf, T. E.; Twamley,
B. Organometallic001, 20, 2883-2888. Erker, G.; Paradies, J.; Rtich,
R. Angew. Chem2006 118 3150-3153; Angew. Chem., Int. EQ2006
45, 3079-3082.

(9) Cohen, M. D.; Schmidt, G. M. J. Chem. Soc1964 1996-2000.
Schmidt, G. M. JJ. Chem. Soc1964 2014-2021. Bregman, J.; Osaki,
K.; Schmidt, G. M. J.; Sonntag, F. 0. Chem. Soc1964 2021-2030.
Gao, X.; Friscic, T.; MacGillivray, L. RAngew. Chem2004 116, 234—
238;Angew. Chem., Int. EQ004 43, 232-236. Chu, C.; Swenson, D. C.;
MacGillivray, L. R. Angew. Cherm2005 117, 3635-3638;Angew. Chem.,
Int. Ed. 2005 44, 3569-3572.

(10) Hopf, H.; Greiving, H.; Jones, P. G.; BubenitschekAfgew. Chem.
1995 107, 742-744; Angew. Chem. Int. Ed. Engl995 34, 685-687.
Zitt, H.; Dix, I.; Hopf, H.; Jones, P. GEur. J. Org. Chem2002 2298~
2307. Hopf, HAngew. Chen003 115 2928-2931;Angew. Chem., Int.
Ed. 2003 42, 2822-2825.

(11) Bitterwolf, T. E.J. Organomet. Chen2004 689, 3939-3952. Chu,
Q.; Swenson, D. C.; MacGillivray, L. RFAngew. Chen005 117, 3635~
3638;Angew. Chem., Int. EQ005 44, 3569-3572, and references therein.

© 2006 American Chemical Society

Publication on Web 07/07/2006



meso/rac ansa-Metallocene Intera@msion Organometallics, Vol. 25, No. 16, 2008921

Scheme 1
1
RZ R R2 R1
-p)
' hv Cls C/)
2CI»Zr<C| P — CI,"Zr
R &> Z2
R2 R’
R1
mesolrac-1 mesolrac-2
R
S

Cl=Zr=Cl

R}/@\?
R
3

mesolrac-4

Figure 1. Molecular structure of comple®ain the crystal.
Scheme 2

functionalized zirconocene dichloride product as a bright yellow
>:° [ w solid in 53% yield. At room temperature compl8a features
E>=< "KOH, MeOH | @;‘/< T NMR spectra of a conformationally equilibrated systetd |
g 12h, 60 °C [ 6 J 7 NMR in tolueneds: 6 6.44 (2H)/5.86 (4H) (GH3), 5.15/4.88
(8H, C=CHy,), 1.85 (s, 12H, Ch); 13C NMR: ¢ 130.2, 114.6,

.. w 111.6 (GHa), 136.9, 112.5 (E&CHj), 20.8 (CH)].
LDA 0.5eq. ZrCly <12 Complex3awas characterized by an X-ray crystal structure
— 7N T W analysis. Suitable single crystals were obtained from a dichlo-
romethane solution during 2 weeks-8d °C. The structure of
8 3a 3afeatures a bent metallocene core [angles Cp(centrdid)y
Cp(centroid) 130.%, Cl1—-Zr—CI2 97.76(2J, bond lengths Zr
Results and Discussion Cl1 2.432(1) A, Zr-CI2 2.436(1) A] that bears four 1-meth-

ylethenyl substituents at its Cp rings. The ethenyl units are
coplanar with the main planes of their adjacent Cp ring [dihedral
angles C1A-C5A—C51A—C52A 8.3(3}, C1B—C2B—C21B—
C22B —7.5(3¥]. In each of the bis-1,3-(1-methylethenykid;
ligands the in-plane orientation is such that both the alkenyl
groups are oriented toward the sector of the singté;@nethine
unit; that is, both C52A and C22A in ring A asgynwith C1A,

and C52B and C22B in ring B asynarranged with C1B. The
substituent €&C bonds are in the typical double-bond length
rangé® (C21A—C22A 1.347(4) A, C51A-C52A 1.326(3) A,
C21B—C22B 1.336(3) A, C51B-C52B 1.357(4) A), as are their
bond angles (for details see the Supporting Information). The
metallocene conformatidh of complex 3a in the crystal is
staggered with a molecular symmetry close Qg (but not
crystallographically). This results in the substituert=CH,
double bonds of ring A becoming oriented toward the open front
side of the bent metallocene wedge, whereas ti€8, groups

at ring B are facing toward the narrow metallocene backside.
This orientation results in a small distortion of the bent
metallocene core: the ZC3A (2.458(2) A) and Z+C4A
(2.467(2) A) bonds are slightly shorter than the remaining Zr

Synthesis and Characterization of the Starting Material.
The synthesis of the [1,3-(1-methylethenyi{] ~ ligand system
was carried out by a fulvene routé For that purpose 6,6-
dimethylfulvene §)13 was reacted with acetone under strongly
basic conditions (KOH, MeOH, 12 h, 6TC) analogously as
previously described by Fenton et 14l.to yield the (1-
methylethenyl)-substituted pentafulvene derivativ@. (This
reaction is likely to proceed by deprotonation of the fulvéne
to generate the (1-methylethenyl)cyclopentadien&ewhich
under the reaction conditions is then trapped by acetone in a
conventional pentafulvene synthesis to yiélisolated in 37%
to 50% yield). The fulven& was then deprotonated by treatment
with LDA 5 to yield the 1,3-bis(1-methylethenyl)cyclopentadi-
enide reagen8 (51% isolated, see Scheme 2). The reagent
was characterized spectroscopicald [NMR in THF-dg: &
6.11 (1H), 5.89 (2H, €H3), 4.85, 4.25 3y = 3.3 Hz) &
CH,), 1.99 (CH)] and then eventually subjected to the trans-
metalation reaction to zirconium.

Treatment of the reage® with ZrCl, in toluene followed
by extraction with dichloromethane gave the tetra(alkenyl)-
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ligands. So only one pair each was utilized in the photochemical Figure 2. View of the molecular structure of complé0. Some

[2+2]-cycloaddition reaction. The NMR spectra also clearly

revealed that both products were formed by head-to-head (i.e.

symmetrical) cyclobutane ring formation and that the methyl
groups at each four-membered ring weis-oriented to each
other. This left the possibility of the formation of a total of
three diastereoisomeric products, namelsa@ and twomese
forms (“mesesyrf, meseanti’). Our experiment showed that
only one of themeseisomers was actually formedangse4a)
along with therac-[2+2]-cycloaddition productréc-4a) (see
Scheme 3).

hydrogen atoms are omitted for clarity (only tBeenantiomer is

,depicted; see the Supporting Information for an ORTEP plot of

10).

solvent a few single crystals were obtained that were suited for
the characterization of a single component out of the complex
product mixture by X-ray diffraction. The X-ray crystal structure
analysis revealed the composition of the dinuclear binaphtholato-
bridged bisansazirconocenelO.

Although not being of particular importance in itself, the

Since we were not able to separate the two products, thestructure of the components df0 illustrated the structural

complexegac-4a andmeseda were spectroscopically charac-
terized from the mixturemese4a only features a single set of
1H/'3C NMR resonances for the two halves of the molecule. It
shows three sets ofs€8l3 'H NMR signals § 6.51, 6.00, 5.87).
The alkenyl substituents shoW NMR signals at 5.31/5.06
(C=CH,) and 6 2.02 (dd,4J = 1.5/0.8 Hz, CH). Most
importantly, we monitored the typical NMR features of the
newly formed cyclobutylene bridge of thensametallocene
mesed4a. methylene!H NMR signals ab 2.13/1.54 (2H each)
and the corresponding Ghsignal atd 0.95 (s, 6H). Thel3C
NMR signals of the cyclobutylene moiety of complexeseda
show up atd 49.6 (C6), 30.2 (Ch), and 24.6 (CH).

In contrast, the second component of the mixtuee-4a,

features of the cyclobutylene-bridgeshsametallocenes that
were formed upon photolysis of the bis[1,3-di(1-methylethenyl)-
CsHs]ZrCl, starting materiaBa.

In the complexL0 one chloride ligand at the zirconium center
has been replaced by a binaphtholato oxygen-@t 1.967(3)
A, angle Z-01—C1 151.4(2), Zr—Cl1 2.438(1) A)!° As a
result, two of the photolytically formed cyclobutylene-bridged
ansametallocene subunits were coupled by a bridging binaph-
tholato unit to make up the structure of the dinuclear complex
10. The specific example isolated in the form of the racemic
single crystals shows unique stereochemical features: both the
involved ansametallocenes arenesesubunits, and they are
connected by af- or R-configured axially chiral binaphtholate

exhibits a “doubled” set of such characteristic NMR resonances atropisomer (C2C2* 1.494(7) A, dihedral angle G1C2—C2—

due to its reduced molecular symmetry;YCAs can be seen
from the section of théeH NMR spectrum ofrac-4a depicted

in Figure 3 (see below), this chiral compound contains two
inequivalent GHz rings ['H NMR features ab 6.67, 6.04, 5.58
(ring A), 6.50, 5.96, 5.89 (ring B)]. There are two inequivalent
—C(CHg)=CHj substituents’H NMR: 6 5.40/5.11 £CH,");
5.26/5.08 £CHB)]. The newly formed cyclobutylene bridge
features a pair of methyledéC NMR signals § 30.7/30.0 (C7

C1#79.1(6Y) Thus, the structure df0 provides some structural
information about the framework (and its relative stereochem-
istry) of the obtained cyclobutylene-bridgetkseansametal-
locene formed in the [22]-photocycloaddition oBa

The ansazirconocene subunits ih0 are symmetry-equiva-
lent. Each GH3 ligand isi®-coordinated to the metal with Zr
C(Cp) bond lengths ranging from 2.491(4) to 2.578(5) A. Each
Cp ring has a remaining C(Me)=CH, substituent attached to

C7)] as well as a pair of quarternary carbon atoms adjacent toit (C16A—C17A 1.373(10) A, C16B-C17B 1.343(9) A). The

the Cp rings § 49.7/49.3 (C6/CH] and methyl groups at the

four-membered carbocyclé [26.2/24.0 (C8/C9].
Unfortunately, we did not get single crystals 44 suitable

for an X-ray crystal structure analysis of the ring-closed

C=C double bonds of the alkenyl substituents are found
arranged coplanar with their adjacent Cp rings [dihedral angles
C13A—-C14A—C16A—C17A 14.6(8}, C13B-C14B—C16B—
C17B —2.5(8¥], and a conformation is attained where the=C

products; but we happened to obtain a few crystals of a CH, unit points toward the open front side of the bent
derivative that supported the structural assignments. We mixedmetallocene wedge.

the starting materialBa with the rac-1,1-bi-2-naphtholato
dilithium reagent fac-9) in an NMR tube in dichloromethane-

(18) Wild, F. R. W.; Zsolnai, L.; Huttner, G.; Brinzinger, H. H.

d,. TheH NMR spectrum showed that under these conditions Organomet. Chenil983 232 233-247. Chin, B.; Buchwald, S. L1. Org.

no immediate reaction occurred (Scheme 4). Subsequent pho

tolysis of the sample apparently convertgalto the cyclobu-
tylene-bridgedansametallocenes rac-4a, mese4a), which,
being much more reactive th&a, reacted with the reage@t®
to give a complicated mixture of products. After separation of
the precipitated lithium chloride and slow evaporation of the

Chem.1996 61, 5650. Schmidt, K.; Reinmuth, A.; Rief, U.; Diebold, J.;

Brintzinger, H. H.Organometallics1997, 16, 1724-1728, and references

therein.

(19) Erker, G.; Dorf, U.; Kiger, C.; Tsay, Y.-HOrganometallics1987,
6, 680-682. Noe, R.; Wingberrihle, D.; Erker, G.; Kiger, C.; Bruckmann,
J. Organometallics1993 12, 4993-4999. Erker, G.; Sosna, F.; Pfaff, R.;
Noe, R.; Sarter, C.; Kraft, A.; Kiger, C.; Zwettler, RJ. Organomet. Chem
199Q 394, 99-112.
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The two pairs of Cp ligands id0 are each linked by the
newly formed dimethylcyclobutylene bridge. The structure of Ci=zr=Cl
10 confirms the head-to-head four-membered ring formation.
The cyclobutane rings each bear a pair of methyl groups that Cs-3a
are orientectis, as consequently are the Cp rings attached to
the cyclo-G unit. The “internal” C-C bond length of the
cyclobutylene ring is slightly elongated (C19A19B 1.546- N ) ) -
(7) R) as compared to the remaining distal (C20820B 1.471- utilizes the rapid conformational equilibrat®rof the tetra-
(10) A) and lateral (C19AC20A 1.534(7) A, C19B-C20B alkenyl-substituted metallocer8a to attain favorable relative

j?

i

h\\/\

1.475(10) A) cyclobutane carbercarbon bonds in complesO. orientations of the 1-methylethenyl substituents from which the
The sum of the internal €C—C bonding angles of the  dynamic topochemical reaction can either yield theseda
cyclobutane ring is 3584 Both the proximal angles [C198 (from C3,-34) or therac-4aisomer (fromCs-34). The cyclobu-
C19A-C20A 86.9(4), C19A-C19B-C20B 89.5(5)] are tane ring inda, once it is formed, seems to be stable under the
marginally smaller than the distal angles [C19820A—C20B applied photochemical conditions and does not open easily. The

90.1(5}, C19B-C20B—C20A 91.9(5)]. A static conformation slow subsequennese4a to rac-4a isomerization shows such
is found where the cyclobutylene ring is oriented toward the Pronouncedly different reaction characteristics that it very likely
lateral side of the bent metallocene wedge and the attagibed ~ Proceeds by a different mechanistic route (Scheme 5). In view

pair of methyl groups faces the narrow backside (see Figure Of related photoinduced Cp-cleavage reactions of open group 4
2). metallocene®d-22and especially of related photochemiozse

We were not able to separatac-4a from mese4da, but we -
(20) Erker, G.; Nolte, R.; Kiger, C.; Schlund, R.; Benn, R.; Grondey,

were ab,le to o,btaln close ,to purac-4a by a ,SUbsequ,e_nt H.; Mynott, R.J. Organomet. Chen1989 364, 119-132. Kriger, C.; Lutz,
photolysis reaction under slightly altered reaction conditions. r.; Nolte, M.; Erker, G.; Aulbach, MJ. Organomet. Chent.993 452,

UV irradiation of the 1:lrac/mesed4a mixture with quartz- 79-86. Erker, G.; Aulbach, M.; Knickmeier, M.; Wingbetinie, D.; Kriger,

: ; ; : o C.; Nolte, M.; Werner, SJ. Am. Chem. Socl993 115 4590-4601.
filtered light in toluene solut|_on at8_0 C _for anothe 2 h had Knickmeier. M.: Erker, G.. Fox, TJ. Am. Chemm. Sod996 118 9623
no measurable effect on the isomeric ratio. However, prolonged gg30. Kriippel, S.; Fauired.-L.; Erker, G.: Kehr, G.; Nissinen, M.: Ftich,

photolysis under these conditions slowly led to an isomerization R. Organometallics200Q 19, 1262-1268. Dreier, T.; Bergander, K.;

of meseda to rac-4a. After 2 days a ca. 12:1 mixture o&c/ Wegelius, E.; Frblich, R.; Erker, G.Organometallics2001, 20, 5067
. - . 5075. Dreier, T.; Hannig, F.; Erker, G.; Bergander, K.;Hith, R.J. Phys.
mese4 was obtained (see Figure 3). Subsequent photolysis OfOrg. Chem 2002 15, 582-589.

this mixture with Pyrex-filtered light at ambient conditions did (21) Harrigan, R. W.; Hammond, G. S.; Gray, H.BOrganomet. Chem.
not lead to the formation of the original 1:1 mixture; tree/ 1974 81, 79-85. Tsali, Z. T.; Brubaker, C. Hi. Organomet. Cheni979

; . ; 166, 199-210. Erker, G.; Berg, K.; Treschanke, L.; Engel,IKorg. Chem.
mesed4a mixture of 12:1 remained unchanged. Prolonged 1982 21, 1277-1278. Rheingold, A. L. Robinson, N. P.: Whelan, J.:

photolysis at ambient temperature resulted in decomposition. gosnich, B.Organometallics1992 11, 1869-1876.
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to rac-ansametallocene interconversiofisthis subsequent
photochemicammese4ato rac-4aisomerization is likely to take
place by a reaction sequence initiated by-2p homolysis (to
reversibly generate the reactive intermedible Bond rotation

at the stage ol 1 followed by re-forming the Z+Cp linkage
would provide a plausable mechanistic explanation for this slow
photochemical isomerization reaction. TBa=> 4a photosta-
tionary equilibrium under Pyrex irradiation at room temperature
seems to be lying very far (or even exclusively) on émsa
metallocene product sidetd). In combination with the slow
subsequenmese4ato rac-4ainterconversion this seems to be
another example to demonstrate the practical use of the]f2
photocycloaddition reaction at the bent metallocene state for
the preparation of substituted or even functionalized group 4
ansametallocene systems.

Experimental Section

All reactions were carried out under Ar atmosphere employing
a modified Schlenk and glovebox technique. NMR spectra were
recorded on Varian 600 MHz unity plus, Varian INOVA 500 MHz,
and Bruker AMX 400 MHz spectrometers with residuaDgHO
(3.58 ppm), CDHd (5.32 ppm), and €DsCD,H (2.03 ppm)
resonances as internal standard. 6,6-Dimethylfulvé&heutd (1-
methylethenyl)-6,6-dimethylfulvener) were prepared according
to published proceduréd4

1,3-Di(1-methylethenyl)cyclopentadienyllithium (8).A solution
of 20.0 g (137 mmol) of 6,6-dimethyl-3-(1-methylethenyl)fulvene
(7) in 50 mL of ether was added dropwise to a solution of 14.7 g
(2137 mmol) of LDA in 150 mL of ether at 0C. After stirring for
4 h all volatiles were removed in vacuo. The resulting solid was
suspended in pentane, collected by filtration, washed twice with
50 mL of pentane, and dried in vacuo to yield 10.5 g (69.3 mmol,
51%) of the white produc8. *H NMR (400 MHz, THFdg): o
6.11 (m, 1H, H-2), 5.89 (m, 2H, H-3), 4.85 &d = 3.3 Hz, 2H,
H-5¢i¢), 4.25 (M, 2H, H-Band, 1.99 (s, 6H, H-6)13C{H} NMR
(100 MHz, THFdg): 6 142.9 (C-4), 122.9 (C-1), 103.7 (C-3), 101.3
(C-2), 99.6 (C-5), 23.0 (C-6).

Bis[1,3-di(1-methylethenyl)cyclopentadienyl]zirconium Dichlo-
ride (3a). To a mixture of 13.6 g (89.5 mmol) & and 10.4 g
(44.7 mmol) of zirconium tetrachloride was added 300 mL of
precooled toluene at78 °C. The suspension was stirred overnight
and was allowed to come to ambient temperature. All volatiles were
removed in vacuo, and the residue was extracted with 200 mL of
dichloromethane in a Soxhlet apparatus for 12 h. The filtrate was
reduced to half of its volume and stored-a80 °C. Overnight a
yellow solid precipitated, which was collected by filtration. After
washing with small amounts of pentane the product was dried in
vacuo (yield of3ac 10.8 g, 53%). After keeping a concentrated
solution of3ain dichloromethane for two weeks &# °C, crystals
were obtained that were suitable for the X-ray crystal structure
analysis: mp 140C; decomp 228C; Amax (CH2Cl,, nm) 239 €
= 26 6004 800 cn?¥ mmol1), 387 € = 2160+ 60 cn? mmol1).
IH NMR (400 MHz, toluenedg): ¢ 6.44 (m, 2H, H-2), 5.86 (m,
4H, H-3), 5.15 (m, 4H, H-§&), 4.88 (M, 4H, H-Ban9, 1.85 (s, 12H,
H-6). 13C{*H} NMR (100 MHz, toluenedg): 6 136.9 (C-4), 130.2
(C-1), 114.6 (C-2), 112.5 (C-5), 111.6 (C-3), 20.8 (C-6). IR
(KBr): 3089(m), 2971(m), 2947(m), 2918(m), 1792(w), 1700(w),
1627(s), 1559(w), 1506(m), 1451(m), 1435(m), 1376(m), 1277-
(w), 1170(w), 1066(m), 1003(w), 950(w), 893(vs), 855 (vs), 812-
(s), 737(w), 622(w), 483(w), 448(w) crh Anal. Calcd for
CoHo6ZrCly: C, 58.39; H, 5.79. Found: C, 58.23; H, 6.13.

X-ray crystal structure analysis 8& formula G,H,CloZr, M
= 452.55, yellow crystal 0.3% 0.20 x 0.10 mm,a = 11.920(1)
A, b=13.579(1) Ac=13.236(1) Ap = 101.85(1J, V = 2096.7-
(3) A3, peaic= 1.434 g cm3, u = 0.781 mn, empirical absorption
correction (0.772< T < 0.926),Z = 4, monoclinic, space group

Paradies et al.

P2y/n (No. 14),A = 0.71073 AT =198 K, w and¢ scans, 13 848
reflections collected=h, £k, £I), [(sin 6)/1] = 0.66 A1, 4962
independentR;,; = 0.030) and 4159 observed reflections>] 2
()], 230 refined parameterf = 0.031, wR, = 0.083, max.
residual electron density 0.470.53) e A3, hydrogen atoms
calculated and refined as riding atoms.

Data sets foBaand10 (see below) were collected with a Nonius
KappaCCD diffractometer, equipped with a rotating anode genera-
tor. Programs used: data collection COLLECT (Nonius B.V., 1998),
data reduction Denzo-SMN (Otwinowski, Z.; Minor, Wlethods
Enzymol. 1997, 276, 307—326), absorption correction Denzo
(Otwinowski, Z.; Borek, D.; Majewski, W.; Minor, WActa
Crystallogr.2003 A59, 228-234), structure solution SHELXS-97
(Sheldrick, G. M Acta Crystallogr.199Q A46, 467—473), structure
refinement SHELXL-97 (Sheldrick, G. M. Universit&ottingen,
1997), graphics XP (BrukerAXS, 2000) and SCHAKAL (Keller,
E., Universita Freiburg, 1997).

rac/meso[1,2-Dimethylcyclobutylenebis(3-(1-methylethenyl)-
cyclopentadienyl)]zirconium Dichloride (4a).A solution of 4.07
g (8.99 mmol) of3a in 150 mL of toluene was irradiated with
Pyrex-filtered UV light (HPK 125 Philips) at room temperature
for 3 h. After filtration through a plug of Celite the volume was
concentrated in vacuo (ca. 70 mL) and storeet30 °C overnight.
The precipitate was collected by filtration, washed twice with 10
mL of pentane each, and dried in vacuo. The prodde) (vas
isolated in 90% vyield (3.65 g) as a 1:1 mixture of ttae/mese
diastereomers (only one of the two possibtesediastereomers
was observed): mp 21€; Amax (CH:Cl,, nm) 238 € = 22 100+
700 cn? mmolt), ~261 (br shoulder¢ = 15400+ 500 cn?
mmol), 368 € = 1730+ 50 cn¥ mmol1). NMR spectroscopic
data ofmese4a: 'H NMR (500 MHz, benzengl): 6 6.51 (m,
2H, H-4), 6.00 (m, 2H, H-5), 5.87 (m, 2H, H-2), 5.31 (m, 2H,
H-10is), 5.06 (pg, 2H, H-1fng), 2.13 (m, 2H, H-%), 2.02 (dd,J
= 1.5 Hz,J = 0.8 Hz, 6H, H-11), 1.54 (m, 2H, HgZ.9, 0.95 (s,
6H, H-8).13C{*H} NMR (125 MHz, benzenel): ¢ 141.6 (C-1),
137.1 (C-9), 136.2 (C-3), 117.7 (C-4), 113.6 (C-10), 108.5 (C-5),
105.2 (C-2), 49.6 (C-6), 30.2 (C-7), 24.6 (C-8), 21.4 (C-11). NMR
spectroscopic data aghc-4a 'H NMR (500 MHz, benzenek):

0 6.67 (M, 1H, H-4), 6.50 (m, 1H, H-4), 6.04 (m, 1H, H'R 5.96
(m, 1H, H-5), 5.89 (m, 1H, H-2), 5.58 (m, 1H, H)55.40 (m, 1H,
H-10,9), 5.26 (m, 1H, 1@, 5.11 (pqg, 1H, H-1D,,), 5.08 (pq,
1H, H-1Qang), 2.15, 2.00 (M, 2H, H-, H-7;J), 2.08 (ddJ = 1.6
Hz,J= 0.8 Hz, 3H, H-11), 1.98 (dd,J = 1.6 Hz,J = 0.8 Hz, 3H,
H-11), 1.58, 1.53 (m, 2H, Héns H-7;,.9). 0.99 (s, 6H, H-8,
H-8'). 13C{*H} NMR (125 MHz, benzenek): ¢ 142.7 (C-1), 141.2
(C-1), 138.9 (C-3), 137.3 (C-9), 136.7 (O9132.0 (C-3), 121.7
(C-4), 115.4 (C-4), 113.6 (C-10, C-10 110.2 (C-5), 107.0 (C-
2'), 106.0 (C-5), 103.0 (C-2), 49.7 (C-6), 49.3 (C3630.7 (C-7),
30.0 (C-7), 26.2 (C-8), 24.0 (CB 21.4 (C-13), 21.3 (C-11). IR
(KBr): 3085(m), 2947(m), 2866(m), 1772(w), 1700(w), 1632(w),
1559(w), 1541 (w), 1450(w), 1450(m), 1373(m), 1257(m), 1238-
(m), 1159(w), 1100(w), 1061(m), 1004(w), 939(w), 885(vs), 845-
(vs), 816(s), 802(s), 737(m), 690(m), 669(w), 517(w)énAnal.
Calcd for G,H»¢Zr Clo: C, 58.39; H, 5.79. Found: C, 58.46; H,
5.97.

Photochemical Isomerization ofrac/mese4a (1:1 ratio) to rac/
meso4da (12:1).A quartz NMR tube, filled with a solution of 20
mg of 4ain tolueneds, was irradiated with UV light (quartz filter,
THF as cooling bath) at-80 °C for 2 days. The photochemical
isomerization was monitored byH NMR spectroscopy. The
diastereomeric ratios were calculated from the integrals of the
appropriate vinyl resonances (foac-4a (600 MHz, toluenedg):

0 5.31 (pq, 6.31H, H-1Q), 5.19 (pq, 6.32H, H-1§); for meseda
(600 MHz, tolueneds): 6 5.24 (pqg, 1.00H, H-1Q)).

Bis[1,2-dimethylcyclobutylenebis(3-(1-methylethenyl)cyclo-
pentadienyl)]zirconium Chloride u-1,1'-Bi-2-naphtholate (10).
Dichloromethanes, (0.5 mL) was added to a mixture of 30 mg
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(0.07 mmol) of3aand 9.9 mg (0.03 mg) of dilithiumac-1,1 -bi-
2-naphtholate9). Irradiation with Pyrex-filtered UV light for 20
min at room temperature gave a complex product mixture. Lithium
chloride was filtered off. Slow evaporation of the solvent furnished
crystals of 10 that were suitable for the X-ray crystal structure
analysis.

X-ray crystal structure analysis @D: formula G4HgsCl,05Zr>,
M = 1118.49, yellow crystal 0.3% 0.30x 0.10 mm,a= 12.264-
(1) A, b=16.982(1) Ac = 25.395(1) AV = 5288.9(6) &, pcac
= 1.405 g cm?, p = 0.540 cmt, empirical absorption correction
(0.834= T < 0.948),Z = 4, orthorhombic, space grolgrcn(No.
56),4 = 0.71073 AT=198K,w andg scans, 39 547 reflections
collected ¢h, &k, 1), [(sin 6)/A] = 0.67 A1, 6518 independent
(Rnt = 0.061) and 3767 observed reflectionss 2 o(l)], 316
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refined parameter® = 0.057,wR, = 0.161, max. residual electron
density 0.67 £0.57) e A3, hydrogen atoms calculated and refined
as riding atoms.
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