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Asymmetric Hydrogenation of Unfunctionalized Table 1. Asymmetric Hydrogenations of Tetrasubstituted Olefins
Tetrasubstituted Olefins with a Cationic Zirconocene with (RR)- or (S9-(EBTHI)ZrMe»/[PhMe;NH] "[(BCoFs)a] ~ *
Catalyst Hp Pressure Eg;%]ﬁgt Yield® ee
Entry Olefin Product? (psig)  (mol%) (%) (%) cis:trans
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The asymmetric hydrogenation of olefins is a powerful method 2 B“ @[5—&1 80 8 % ez ced
of generating optically pure compounHAmong double bond- _ Me Me
containing substrates that are suitable as targets for asymmetric “ “ 80 5 aad o7
reduction, tetrasubstituted olefins are of particular interest because O‘ Ph Ph 1000 5 89° 99 982

the products may contain two new stereogenic centers. At the
same time, tetrasubstituted olefins are generally the least reactive
class of olefins in hydrogenation reactions; steric hindrance s
compromises their ability to bind to most transition metal
complexes. Asymmetric hydrogenations of tetrasubstitiNed
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acylaminoacrylic esters and aryl acrylic acids have been achieved @:S‘ 12 5 ggfj S o
by using cationic Rh catalysts with bidentate phosphine ligdnds. ~ © Me Me 1700 8 95 52 955

Coordination of nearby heteroatoms to the Rh is necessary for
these reductions to proceed with high efficiency and enantiose-
lectivity. Crabtree’s catalyst, [Ir(COD)(PGNpY)]T[PFs] ™, is 7
highly effective for the hydrogenation of tetrasubstituted olefins,
but attempts to develop asymmetric versions have, until recently,
not been very successftiPfaltz has recently described a highly
active and enantioselective Ir catalyst for the hydrogenation of
unfunctionalized trisubstituted olefidsln this paper, he also
reported the reduction of the tetrasubstituted olefirp-Pagth-
oxyphenyl)-3-methyl-2-butene to the corresponding aryl-substi-
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a2 Reactions were run at 0.25 M [olefin], at room temperature, for
13—-21 h.® The relative stereochemistry was determined for products
in entries 2, 7, and 8. The absolute stereochemistry was assigned for

tuted alkane with an ee of 81%. . . _ the product in entry  Yields are the average of two isolated yields
We have previously described a highly selective asymmetric of >95% purity as determined by GGH NMR and, for new
reduction of unfunctionalized trisubstituted oleffnssing §9)- compounds, elemental analysifercent conversion is reportetRe-

(EBTHI)TiH (EBTHI = ethylenebistetrahydroindenyl) as catalyst. action time was 39 H.Reaction time was 65 K.Reaction time was

At 65 °C, under 86-2000 psig H, the olefins were hydrogenated  30h.°When the hydrogenation was performed SBZ&?OQS-'Q’. the major
; ’ 0, H enantiomer was the opposite O at obtainea al @ld Incluaes

EO dprotciiur::ts \?"th rie S Otf) 8t?9tg/o .r EveiP gt h'ghr plreijssurets t?e 9% 5,6-dimethyl-1,2,3,4-tetrahydronaphthalene that was present with

eductions of some substrates required several days to reachy,o product.

completion, presumably due to steric hindrance about the trisub-

stituted double bonds. In the case of tetrasubstituted olefins, thisScheme 1

problem would likely be exacerbated. R .

We have begun investigating cationic titanocene and zir- F"\H\A, ";,,__,-\R
conocene complexes as hydrogenation catalysts for tri- and R \_/ “’ii__iz'f(’EBm)
tetrasubstituted olefins, based on the idea that they should be
particularly effective at binding highly substituted olefins due to (EBTH)ZMe, _ 2 (EBTHYZ—H R, , ZF(EBTH)
their high electrophilicity. Cationic metallocenes of the typefCp  PhMeNHIB(CFs)r H>T A
MMe]™ (M = Ti, Zr)” have been extensively investigated in R./& M :J\@
Ziegler—Natta-type polymerizationsUnder a hydrogen atmo- Rf{"' [:%;(Eamn} "

T Present address: Ciba Speciality Chemicals, 540 White Plains Rd.,
Tarrytown, NY 10591.
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report a catalyst generated fratrand [PhMeNH] " [B(CgFs)4] ™
(2) that can reduce tetrasubstituted olefins with very high
enantioselectivities.

b: top view

——li'

Me

J. Am. Chem. Soc., Vol. 121, No. 20, 19997

Me

Me

favored

nz
[

disfavored

X

inserts into the ZrH bond as shown in Scheme 2. In the transition
state that would lead toR(R) product, unfavorable steric
interactions between the aromatic ring of the indene and the

The hydrogenations were carried out at room temperature in tetrahydroindenyl portion of the ligand would disfavor this

aromatic hydrocarbon solvents usirgR)- or (§9-1 and2 at
either 80 or 10062000 psig H. In some cases, the rate and
enantioselectivity of the reaction depended markedly gn H

reaction pathway. The reduction of 3-ethyl-2-methylindene (entry
6) proceeded with decreased enantioselectivity compared to the
reduction of 2,3-dimethylindene. This result is in accord with

pressure. As shown in Table 1, under the appropriate reactionScheme 2; the larger ethyl substituent in the benzylic position

conditions, products with ee’s over 90% could be obtained in
most instances.

The relative stereochemistry of two of the products, 1,2-
dimethylindane from 2,3-dimethylindene (Table 1, entry 2) and

should increase unfavorable steric interactions in the preferred
transition state of the reduction. Intriguingly, the sense of

enantioselectivity in the reduction of 2-methyl-3-phenylindene

(entry 7) depended on hydrogen pressdrimdicating that the

1,2-dimethyl-1,2,3,4-tetrahydronaphthalene from 3,4-dimethyl- mechanism of hydrogenation may be quite complex and substrate
1,2-dihydronaphthalene (entry 8), were determined to be cis by dependent.

comparison to spectral daththe stereochemistry of 2-methyl-
1-phenylindane from 2-methyl-3-phenylindene (entry 7) was
determined to be cis by nOe studi@g.he other indane products
are assumed to also be cis by analogy. dbsoluteconfigurations

In conclusion, the combination ol and 2 is a highly
enantioselective catalyst for hydrogenation of unfunctionalized
tetrasubstituted olefins. Previous attempts to use (EBTHI)ZrH
for the asymmetric hydrogenation of disubstituted olefins have

of most of the products are not known since these hydrocarbonsresulted in low levels of enantioselectivityThe increased steric
have not been previously synthesized with a high degree of hindrance of tetrasubstituted olefins most likely allows the catalyst
enantiopurity. However, we were able to assign the absolute to discriminate more effectively between the enantiotopic faces
configuration of the 1,2-dimethylindane product, obtained from of the double bond. The cationic nature of these catalysts renders
the reduction of 2,3-dimethylindene usirigR)-1, as §9) based them sufficiently electrophilic to overcome the reluctance of most
on the crystal structure of the Cr(C£9omplex of the indane metal complexes to bind to such hindered olefins. Further work
product}? to examine the scope and mechanism of this catalyst system is
The mechanism for the hydrogenation is thought to be in progress.
analogous to that previously proposed for the hydrogenation of

trisubsituted olefin$.In this scenario, the carbercarbon double
bond inserts into the zirconium hydride to form intermediate
(Scheme 1}3 IntermediateA then undergoes hydrogenoly8is,
giving the product and regenerating the zirconium hydride. This
mechanism predicts a cis configuration for products from the
reduction of cyclic substrates.
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If the mechanism proceeds as described in Scheme 1, the

product configuration from the reduction of 2,3-dimethylindene
indicates that this olefin reacts at the face. In the transition
state that leads taS(S) product, the double bond of the indene
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