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Abstract

In the presence of hydrogen and &fR)-ethylenebis tetrahydroindenyl zirconium dichloride activated by methylalumoxane, the styrene can be
fully converted into low molecular weight compounds. The kinetic picture of the hydrooligomers formation is made complicated by the irregular
regiochemistry of the styrene insertion. However the study on the effect of the feed composition on the products composition allows inferring
mechanistic hypothesis and optimizing the formation of the chiral prodR¥t],3-diphenylbutane. The subsequent functionalization of this
molecule, without loss of chirality, discloses the potentiality of such kind of catalytic system for the synthesis of optically active synthones.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction made by Waymouth and Pir@] without success, while the
same research group described the asymmetric styrene deutera-
The synthesis of chiral £symmetric ansa metallocenes of tion [8]. In this communication we report on the obtainment of
group 4 seemed disclose the opportunity of having componentptically active 1,3-diphenylbutane (1,3-dpb) through styrene
of catalysts for asymmetric synthe$ld. Actually the greater hydro-oligomerization.
amount of research on these systems deals with the stereospecific
olefin polymerization and for this purpose the racemic mixture ofz. Results and discussion
ansa metallocenes works as well as the optical active [@es
An interesting exploitation of ansa zirconocenes in the asym-
metric hydrogenation of tetrasubstituted olefins was reported b
Buchwald et al[3]. On the other hand the possibility of obtain-
ing optically active low molecular weight compounds through
propend4] and higher olefing5] polyinsertion was described
by Pino et al. that were able to infer useful information on the
stereocontrol mechanism of such polymerization catalysts fro
hydrooligomerization and careful analysis of the products. Mor(?
recently we have reproduced this approggihin order to collect The composition of the products mixture, according to
some information about the regiochemistry and stereoche Scheme 1depends on the feed composition émd the amount
istry of the styrene polyinsertion. This latter study suggested thgf lower molecular weight products increas,es with increas-
use of the polyinsertion catalysis associated with chain-transfiI

The optically active catalyst we employed is the
?’R,R)-ethylenebis tetrahydroindenyl zirconium dichloride,
(EBTHI)ZrCl, that, activated by methylalumoxane (MAO)
and under H pressure, gives rise to the cationic species
(EBTHI)ZrH*. The reaction conditions provide for the use of
ure styrene as well as of toluene solution of styrene, under
ydrogen pressure ranging between 1 and 40 atm, &€ 50p

0 complete styrene conversion.

b lecular hvd tor th iont thesis of chi Flg the_ H pressure. Le_ss obvious is the o_bservation that the
y molecular hydrogen for Ineé convenient syntnesis of chira ydrodimers ratio 1,3-diphenylbutane/1,4-diphenylbutane (1,3-
molecules from styrene. Indeed an attempt to cover this Waapb/1,4-dpb) increases with increasing #@i)/[styrene] in
the feed, up to 0.4 for the highest values of hydrogen pressure
(Fig. 1). Unfortunately with increasing the hydrogen pressure,
* Corresponding author. Tel.: +39 089 965237 fax: +39 089 965296. the overall yield of hydrodimers decreases, due to the large pro-
E-mail address: loliva@unisa.it (L. Oliva). duction of ethylbenzene, that is of the monoinsertion product
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Scheme 1.

(Table 3. The limit value of this ratio we have observed is the  The above discussed high probability of the hydrogenolysis
measure of the regioselectivity of the styrene insertion into thafter secondary styrene insertion could be due either to the higher
zirconium—carbon bond and itindicates that the secondary insereactivity of such bond toward hydrogen, in accordance with
tion is about 2.5 times preferred with respect to the primarythe recent observations of Landig], or to its lower reactivity
one. Nearly the same regioselectivity was obsef@dor the  toward styrene insertion.
insertion into the zirconium=CHs of a Cs symmetric ansa zir- From the stereochemical point of view, the regioregular
conocene. hydrodimer, 1,3 dpb, bears one stereogenic centre and shows
The observationHig. 1) that the hydrodimers ratio depends an [¢]p =—11.6 ¢=15.7, CHC}). By comparison with litera-
on the hydrogen pressure could be justified by assuminture datg11], to the asymmetric carbon atom can be assigned
that, after the secondary styrene insertion (intermediate Il ofhe absolute configuratia® This clearly indicates that tiRR
Scheme }, the cut of the metal—carbon bond is nearly the solecomplex prefers the styrene enantiofacehich points the aro-
possible event, whereas after the primary styrene insertion (intematic ring away from the tetrahydroindenyl C6 ring, as depicted
mediate 1) the hydrogenolysis would compete with a furtherin Fig. 2 Such a result is in accordance with the enantioselec-
styrene insertion. Consequently, only after the primary styrenévity of this ansa zirconocene toward the propéfie(actually
insertion, the feed composition could play a relevant role tahe preferred propene enantioface is labettedbut the descrip-
determine whether the chain growth ends (high hydrogen presger changes because of the higher CIP priority of the phenyl

sure) or continues (low hydrogen pressure). group). On the contrary, for the secondary styrene insertion, the
evidences reported in literature indicate the coordination of the
5 opposite enantiofaced) both during polyinsertiofil2] and in
0}
0.35 |
Table 1
g 0.30 | Relative amounts of hydrooligomers with different feed compostion
kel
< 0251 Entry P(Hy)/[styrene] 1,4-dpb 1,3-dpl§ 1,3,6-tphé
§ 0.20 | 1 0.11 10.1 0.39 7.1
5 0.5 | . 2 0.92 27.8 3.4 16.8
- - 3 2.56 26.0 4.1 10.7
0.10 } 4 7.33 20.0 7.0 9.4
005 | 5 17.8 14.4 5.6 6.9
0.00 . . . . ! . . . , , @ Reaction conditions: 7=50°C, MAO/(EBTHI)ZrCl,=1000, styrene
T2 0 2 4 6 8 10 12 14 16 18 20 (40-200 mL), toluene (until 200 mLR(H>) (range: 1-40 atm).

P(H,)/[Sty] b percentage of styrene converted into 1,4-diphenylbutane.
¢ Percentage of styrene converted into 1,3-diphenylbutane.
Fig. 1. Hydrodimers ratio as a function of the feed composition. d Percentage of styrene converted into 1,3,6-triphenylhexane.
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Fig. 3. 'H NMR spectra of MTPA esters obtained starting from racemic4liol
(a) and from diol obtained frorh (b).

Fig. 2. Enantiofacial selectivity of the ansa zirconocene catalyst.

the monoinsertion with the chiral (EBTHI)ZR-pyrid-2-ylyr 3 Conclusion

complex [13]. These stereochemical considerations strongly , ) i

support the above regiochemical assumption that 1,3-dpb arises | '€ @Pproach we have exploited to obtain chiral molecules
from double primary insertion, while the hypothesis of double!T™ Unexpensive reagents, such as styrene and gaseous hydro-

secondary insertion can be rejected because it should afford tgN. Seems show m'_terest!ng features: the cons _|d_erable turnover
(5)-1,3-dpb and the good enantiomeric excess. The specificity towards the

In order to evaluate the enantiomeric excess (e.e.) we supargetwe have obtained by using the commercially available chi-
jected the obtained 1,3-dpb to some manipulati@theme 2 ral ansa zirconocene could be considerably improved by keeping

Exposure ofl to ruthenium tetraoxide catalyzed oxidatida] in mind th.e. vyide library of such .cpmplexes and the spread of
afforded 2-methylglutaric aci@}. Methyl esteB, obtained after regiospecificity and stereospecificity they shia6].

esterification o2, was then reduced to didl Finally, reactionof . Itis worth to not_e thatthe scarce number ofthegefinmet-
4 with (S)-(+)-a-methoxye-trifluoromethylphenylacetyl chlo- ric complexes available as pure enantiomers could be expanded

ride (MTPA-CI) afforded a mixture of MTPA ester diastereoiso- following the way recently descr!bed by I_‘OCOCO and_ Jorida .
mers, usefu[15] for the estimation of e.e. In facktH NMR for the chelate-controlled enantioselective synthesis of ansa zir-

spectrum of the mixture showed different chemical shift Val_con?]cenesl. is of th ition of the oli .
ues for the methylene carbinol protons of the diastereoisomers The analysis o the compo_smon oft € oligomers mlxture_ and
(Fig. 3a). In this way, the e.e. of was determined as 77% by of the configuration of the chiral carbon, in the light of previous

integrating the resonance signals 404 (major stereoisomer) stt_Jdles gn thg stgreocontrol mechamsm, indicates the styrene
and ats 4.08 (minor stereoisomerfFig. ) primary insertion into the Zr—H bond in the pathway affording

1,3-dpb.

4. Experimental part

Ph\/\‘/ Ph a HOOC\/\/COOH c

1 4.1. Materials and general procedures

b 2,R=H
E‘ 3,R=CH, All the moisture sensitive operations were carried out under
d a nitrogen atmosphere by using standard Schlenk techniques.

HO” >""on —— wmtPA0” 7 7 omTea Dry solvents were freshly distilled. Toluene was refluxed 48 h

: | over metallic sodium and distilled under a nitrogen atmosphere;
4 5 Et,O was distilled from LiAlH;; CH,>Cl, was distilled from

Scheme 2. Reagents and conditions: (a) ACOECK, H,O, NalQs, RuCk, calcium hydride. Styrene (99_%_ G(?' Aldrich) was stirred 1h
17h, rt; (b) MeOH, conc. bSOy, reflux, 3h; (c) LiAlH, ELO, reflux, 1t, 40%  OVer calcium hydride before distillation under reduced pressure

three steps; (d)S)-MTPACI, DMAP, CH,Cly, rt, 1 h, quant. of nitrogen. Methylalumoxane (MAO), provided by Witco as
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30wt.% solution in toluene, was dried before use by removing 7 3-diphenylbutane. 13C NMR (400 MHz, CDC}) &: 22.7
in vacuo the solvent. (C-4), 34.1 (C-1), 39.7 (C-3), 40.2 (C-2), the aromatic C atoms

(R.R)-ethylenebis tetrahydroindenyl zirconium dichloride resonated between 125.8and 147.5. MS: 210 ([«]p = —11.6
[(EBTHI)ZrCl;] was purchased from MCAT. The other mate- (¢ =15.7, CHC}); [9] [«]p: = —15.6 ¢ =15.7, CHC}).

rials and reagents, available from commercial suppliers, were
generally used without further purification. o i i

Flash chromatography was performed on Merck silica gel 6(f->- Détermination of enantiomeric excess of
(particle size: 0.040-0.063 mm). 1,3-(R)-diphenilbutane (1)

The NMR spectra were recorded at room temperature on ) .
Bruker DRX 400 or Bruker DRX 300 spectrometers. Chemi-+-1- Synthesis of diol 4

P : - : To a stirred solution of 1,3-diphenylbutang) ((1.5049,
cal shifts, in§ units (ppm), are reported relative to the residual .
solvent peak (&Cl3: §=7.26,13CDCly: §=77.0).1H NMR  /-1Ammol) in EtOAc (16.3mL), CkCN (16.3mL) and HO

spectra fols were recorded on a Bruker DRX 600 spectrometer.(lag"o mL) were added Nal(¥38.2g, 178.4mmol) and Rug'l

The assignment of resonance signals in%#@ NMR spectra (74.6 g, 0.36 mmol). The reaction mixture was stirred at room

: ; ture for 21 h and then extracted with EtOAx (3
of the hydrooligomers has been carried out through the add}_empera . . )
tivity rules and through comparison with the literature déia 200mL). The combined organic phase were dried oveSda,

GC-MS measurements of the mixture of hydrooligomers Wer%:tered and concentrated under reduced pressure, affording

recorded on a GC Trace 2000 SERIES connected to Finniga .%OOg of frudet_dlcar_t;ﬁxyltlc a(.:f'.ﬂ’ \t’Yh'Ch was used in the
Thermoquest GLQ Plus 2000 spectrometer with an ion traﬁu sequent reaction without puritication.

detector. Optical rotations were measured with a JASCO DIP- Toasolution o in MeOH (20mL) conc. }.2'804 (0.20mL)
1000 polarimeter. was added and the resulting reaction mixture was refluxed

overnight with stirring, under a nitrogen atmosphere. Then, it
was allowed to cool to room temperature and quenched by
addition of a saturated agueous NaH{€»lution. The aque-
ous layer was extracted withrpentane (X 50 mL) and with

2O (3x 50mL). The combined organic phases were dried
over MgSQ, filtered and concentrated under reduced pressure
géelding 0.650 g of crud8, employed in the next reaction step
without purification.

A solution of crude3 in dry EtO (5.0 mL) was added drop-
: o . ise to a solution of LiAlH (0.190g, 5.0 mmol) in dry RO
Styrene hydrooligomerizations at atmospheric pressure 05.0 mL). under nitrogen. At once, £ reflux started and the

hydrogen were performed in a 100 mL glass flask. ) : ; .
The reactions were stopped after 9h by venting off them|xture was vigorously stirred for 1 h. Then mixture was care-

hydrogen and quenching the reaction mixture into acidifiecIu"y quenched with ACOEt (3.0mL) atTC. HCI N (2.0mL)

ethanol. By shaking with water, an organic phase was sepé(‘-’aS added and the organic phase was separated. The aque-

rated. The residue agueous layer was extracted wjibntane ;)hus pha;g V\:jas further (ra]xtracted Wri]t h dAC?hEk (8't0 mlt_)dand
(3%). The combined organic phases were dried with3& € combInea organic phases, washed with a saturated aqueous

and filtered, then the-pentane was removed under reducedNaHCQ solution and with brine, were dried over p&(;, fil-
tered and concentrated under reduced pressure to afford 0.400g

pressure, at room temperature. The composition of the mix- . :
ture, determined by GC—MS analysis, shows the complete co f crude diol 4. The crude diol was flash-chromatographed

sumption of the styrene but for the oligomerization carried 70-100% ethyl acetate in petroleum ether) to afb(d.338 g,

; 0% on three steps).
out at atmospheric pressure (82.4% of unreacted styrene ‘}1
. pheric pressure (82.4% of u yrene i, 14 NMR (300MHz, CDCh) & 0.89 (3H, d,

Entry 1 of Table ). Then a distillation under reduced pressure

affords a fraction of ethylbenzene, the second fraction containlCZG'C?HHé’thCH)é é10_1'|67 (%H’ 2r27 (;iz:féz(:[l;c"z's,
ing the mixture of hydrodimers, and the third one containing">2" 2 Mg an overlapped), 2.67 (2H, bs,Dx 2),

the 1,3,6-triphenilhexane (1,3,6-tphe). From the second fracg‘|i4c(13Hc')S)’J:6'o Hz, HOGZCH), 3.61 (2H, 1,/=6.1Hz,
tion, most of 1,4-diphenilbutane (1,4-dpb) separates by spon=' 2,7 72~1"):
' iphenilbutane (1,4-dpb) sep Y SPON™ 13 NMR (300 MHz, CDCh) 5: 16.5 (q), 29.0 (1), 29.7 (1),

taneous crystallization at room temperature (m.p. 5254 - v )
1,3-Diphenylbutane was obtained through further fractionatio 03552)10655:(26%7%@)04]'3 =+8.4 =168, EtO); [17]

by using a Vigreux column.

1,3,6-triphenylhexane. 3C NMR (400 MHz, CDC}) §: 29.5
(C-2),34.0(C-6), 36.1(C-1), 36.8 (C-3),38.7 (C-5), 45.6 (C-4),4.3.2. Synthesis of MTPA ester derivative 5
the aromatic C atoms resonate between 125.8 and 145.5. MS: To a solution of4 (0.010g, 0.083mmol) in a 1.0mL of
314 (). dry CH,Cl,, DMAP (0.081g, 0.66 mmol) andS}-MTPA-CI

1 4-diphenylbutane. 13C NMR (400 MHz, CDC}) §8: 31.3  (62.0pL, 0.33mmol) were added. The reaction was stirred
(C-2), 36.0 (C-1), the aromatic C atoms resonate between 125f8r 1 h at room temperature. The reaction mixture was then
and 145.5. MS: 2104™). passed through a short column of silica gel, which was fur-

4.2. Styrene hydrooligomerization

Styrene hydrooligomerizations were carried out in a 250 m
steel autoclave, which was evacuated, then charged with
mixture of styrene, MAO andR,R)-(EBTHI)ZrCly(Al/Zr in
mol =1000) and, when necessary, toluene. The autoclave w
thermostated at 5CC, fed with hydrogen at constant pressure
(5, 8 or 40 atm) and mechanically shaken.
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ther eluted with EtO (10 mL). The eluent was concentrated to [2] For reviews on the use of ansa zirconocenes in polymerization catalysis
give the desired crude drRf—MTPA ester as a colorless oil. see; o _ . .
The enantiomeric excess was determined as 77% by direct (a) H.-H. Brintzinger, D. Fischer, R. Mhaupt, B. Rieger, R. Waymouth,

. . . . . Angew. Chem. Int. Ed. Engl. 34 (1995) 1143-1170;
NMR analysis of this crude by integrating the resonance sig- (b) L. Resconi, L. Cavallo, A. Fait, F. Piemontesi, Chem. Rev. 100

nals ats 4.04 (1H, dd/=6.3,10.8 HZ,K)—MTPA—OCFHCH— (2000) 1253-1346.
for the major diasteroisome®) and ats 4.08(1H, dd,/=5.6, [3] M.V. Troutman, D.H. Appella, S.L. Buchwald, J. Am. Chem. Soc. 121
10.8 Hz, R)—-MTPA—O-CH{CH- for the minor diasteroiso- (1999) 4916-4917.

mer) (Flg 33) IH NMR spectrum of the dIR)-MTPA esters [4] (&) P. Pino, P. Cioni, J. Wei, J. Am. Chem. Soc. 109 (1987) 6189—
. A - ’ 6191;

derived from_racemld’ IS re_ported irFig. 3a. . (b) P. Pino, P. Cioni, M. Galimberti, J. Wei, N. Piccolrovazzi, in: W.
The reaction was monitored by TLC on Merck silica gel Kaminsky, H. Sinn (Eds.), Transitions Metals and Organometallics as

plates (0.25 mm) and visualized by UV light and spraying with  Catalysts for Olefin Polymerization, Springer-Verlag, Berlin Heidelberg,

p-anysaldehyde—EtOH-43$0O,—AcOH solution and drying. 1988, pp. 269-279.

5 14 NMR (400 MHz, CDC&,) 5. 0.89 (3H, d,J=6.6 Hz, [5] P. Pino, M. Galimberti, P. Prada, G. Consiglio, Makromol. Chem. 191
(1990) 1677-1688.

CH3CH)' 1.17 (1H’ m, CH{CHCH?’)’ 1.34 (1H’ m, [6] L. 1zzo, M. Napoli, L. Oliva, Macromolecules 36 (2003) 9340-9345.
CHHCHCHg), 1.61-1.74 (2H, m, CHCHO-MTPA and  [7] R. waymouth, P. Pino, J. Am. Chem. Soc. 112 (1990) 4911-4914.
CHHCH,O-MTPA overlapped), 1.82 (1H, mA), 3.53 (6H,s,  [8] P. Pino, P. Prada, M. Galimberti, in: T. Saegusa, T. Higashimura, A.
CH30 x 2), 4.04 (1H, ddJ=6.3, 10.8 Hz, MTPA-OCHCH), Abe (Eds.), Frontiers of Macromolecular Science, Blackwell Scientific

4.18 (1H, dd,J=5.8, 10.8 Hz, MTPA—-OGHCH), 4.22-4.31 Publications, Oxford, 1989, pp. 43-48, .
[9] L. Oliva, L. Caporaso, C. Pellecchia, A. Zambelli, Macromolecules 28

(2H, m, MTPA-O@HHCH, and MTPA-OCHICH, over- (1995) 4665-4667.

lapped), 7.40 (6H, m, A¥), 7.49 (4H, m, AH). [10] C.R. Landis, D.R. Sillars, .M. Batterton, J. Am. Chem. Soc. 126 (2004)
8890-8891.
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