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The synthesis of new phosphonites with a chiral paracyclophane backbone is described. The rhodium complexes derived from the phosphonites
bearing biphenoxy and binaphthoxy substituents are highly active and highly selective catalysts for the asymmetric hydrogenation of
dehydroamino acids and esters.

Hydrogenation, among all catalytic asymmetric reactions, has phosphite<, and phosphoroamiditeshave in some cases
a particular industrial relevance because of its high efficiency proved to be as effective as the analogous bidentate ligands.
and reduced environmental impad®hodium and ruthenium  The driving force is the search for new ligands that are easier
catalysts bearing chiral chelating diphosphine ligands haveand cheaper to prepare than phosphines.
proved, over the past 30 years, to be the most effective The chiral bidentate phosphonites so far reported in the
catalysts for asymmetric hydrogenation. However, it has literature are composed of three building blocks: an achiral
recently been shown that some of the results obtained withbackbone (e.g., 1'disubstituted ferrocene) and two P/O
chelating phosphines can be matched by the use of bidentatdeterocycles derived from a chiral diol (e.g., BinbNVe
phosphiniteg, phosphonited, phosphites, or phosphoro- considered that the use of a chiral backbone would have
amidites® In addition, chiral monodentate phosphonftes, advantages over the systems mentioned above, by opening
the possibility of using a large number of commercially
(1) (a) Comprehensie Asymmetric CatalysiSacobsen, E. N., Pfalz, A,  available achiral diols or monodentate alcohols. In addition,

Yamamoto, H., Eds.; Springer: New York, 1999. (b) NoyoriARymmetric the use of chiral diols may enhance the chiral discrimination
Catalysis in Organic Synthesidohn Wiley & Sons: New York, 1993.
(2) (@) RajanBabu T. V.; Ayers, T. A.; Halliday, G. A.; You, K. K.;
Calabrese, J. Cl. Org. Chem 1997, 62, 6012. (b) Selke, R.; Ohff, M.; (5) Van den Berg, M.; Minnaard, A. J.; Schudde, E. P.; van Esch, J.; de
Riepe, A.Tetrahedron1996 52, 15079. Vries, A. H. M.; de Vries, J. G.; Feringa, B. LJ. Am. Chem. So00Q
(3) (a) Reetz, M.; Gosberg, A.; Goddard, R.; KyungCBem. Commun. 122,11539.
1998 2077. (b) Reetz, M.; Gosberg, A. PCT Appl. WO 00/14096, 2000. (6) (a) Reetz, M.; Sell, TTetrahedron Lett200Q 41, 6333. (b) Claver,
(c) Pastor, S. D.; Shum, S. P. Ciba Speciality Chemical Corporation U.S. C.; Fernandez, E.; Gillon, A.; Heslop, K.; Hyett, D. J.; Martorell, A.; Orpen,
Patent 5,817,850, 1998. G. A,; Pringle, P. GChem. Commur200Q 961.
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produced by the catalyst when a matching between thephino)paracyclophanet)t? was found to be a convenient
chirality of the backbone and the chirality of the P/O general intermediate. The reaction4fvith the conjugate
heterocycle exist. bases of a number of diols and phenols proceeded smoothly
pseudo-ortheDisubstituted paracyclophane has planar and provided the corresponding phosphonites in good yields.
chirality. The chiral phosphine PhanePhos (4,12-bis(di- A range of phenols, as well as aromatic and aliphatic diols,
phenylphosphino)-[2.2]-paracyclophane) (Figure 1) based onwas tested?® Biaryl diols emerged as the best complement
to the chirality of the paracyclophane backbone.
Phosphoniteda—c derived from 2,2biphenol (a), 2,2-
binaphthol (Binol) (b), and 3,3-di-tert-butyl-5,5,6,6-
tetramethyl-biphenoll(c) were isolated and characterized by
NMR spectroscopy (Figure 23 All phosphonitesla—c were

ﬂ \ PPh;

(S)-PhanePhos

PPhy

Figure 1.

this backbone has been very successfully used in rhodium-
catalyzed hydrogenations of dehydroamino &tiasd in

(S)

ruthenium-catalyzed hydrogenation of ketoffado attempt

has so far been reported to expand the range of ligands based OO O

on this backbone by replacing twe- bonds with two P-O

bonds. The preparation of such ligands of general structure OO O O O
(S)-b

1 (Figure 1), their metal complexes, and their application to
asymmetric catalysis was a previously unexplored area.
Enantiomerically purgseudeortho-dibromo-paracyclo-
phane 2, 4,12-dibromo-paracyclopharéas the starting  Figure 2.
material for the chemistry described herein. Although various
procedures have been reported for the synthesis of phos-
phonites, we found that a stepwise procedure via intermedi-relatively insoluble in MeOH and were isolated from the
ates 3 and 4 was easy to implement and flexible and crude reaction by simply removing the reaction solvent and
eventually yielded clean products (Scheme 1). washing the product with MeOH (the salts generated in the
reaction being soluble in MeOH). Configurationally flexible
2,2-biphenol could give rise, in principle, to different
diastereoisomers with the two P/O heterocycles haviRig (
R), (§9), or (R'S configuration. The®'P NMR spectrum,

?w however, indicated that in effect compoubawas isolated
\ o _ Y o as a single diasteroisomer.
“Br ’Fl,ﬁ The rhodium complexes of general formuldd{-c)-Rh-
(S)—2 ©

CODI]BF; were prepared by reacting ligandsa—c with
[Rh(COD)]BF, in dichloromethane at room temperature.
When phosphonite&c bearing bulky P/O units were used,

Scheme 1. Synthesis of Phosphonitds

(S)-1

(C) . .
only the “matched” ligand 9-1-(R)-c gave the desired
NR2 PCly rhodium complex. The “mismatched” ligan8){1-(S)-c did
not react with [Rh(COD)BF..
NR2 The catalysts derived from rhodium complexekaf{c)-
$)-3 a:R=Me Rh-COD]BF were tested in the catalytic hydrogenation of
b: R=i-Pr
. . . . (8) A similar concept has recently been applied to the synthesis of
(a) (i) t-BuLi, Et,0, —78°C; (ii) CIP(NRy), rt, 74—84% vyield, phosphite ligands; see ref 4.
(b) HCI in EtO, rt, 62-73% yield; (c) Li salts of the diol, THF, (9) Pye, P. J.; Rossen, K.; Reamer, R. A.; Tsou, N. N.; Volante, R. P.;
rt, 48—72% yield. Reider, P. JJ. Am. Chem. S0d.997, 119, 6207.

(10) Burk, M. J.; Hems, W.; Herzberg, D.; Malan, C.; Zanotti-Gerosa,
A. Org. Lett 200Q 2, 4173.

(11) Pye, P. J.; Rossen, K.; Volante, R. P. Merck & Co., PCT Appl.
Metalation of the dibromo precursc? with t-BuLi, WO 97/47632, 1997. Pye, P. J.; Rossen, K.; Volante, R. P., Maliakdl, A.

. . . - Org. Chem 1997, 62, 6462.
followed by reaction with an appropriate chloro diamino- ~ (12) see Supplementary Information

phosphine gave produc&i—b_12 These compounds were (13) The ligands derived from 2,6-dimethylphenol, 2-naphthol, both

. . . enantiomers of TADDOL and 1,2-diphenyl-ethane-diol, were prepared and
transformed I!’1tC4 by treatment with a SO'_UtIO.n of hydrogen tested in rhodium-catalysed hydrogenation of dehydroamino acids. The
chloride in diethyl etherpseudeortho-Bis(dichlorophos- results were inferior to the ones obtained with ligaddsb.
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Table 1. Asymmetric Hydrogenation di-Acetyl Dehydroamino Acids and Esters

__COOR" [ (1ac) Rh (COD) JBF, COOR'
R NHAc SIC = 1000 R NHAc

entry? [(la—c)Rh(COD)]BF4 R R’ solvent time (h)P conv (%)° ee (%)°
1 (S)-1a H Me MeOH 0.5 >99 96 (S)
2 (S)-1a H Me MeOH/H,0 9/1 3 >99 96 (S)
3 (S)-1a H Me CHCl; 1 >99 98 (S)
4 (S)-1a H Me toluene 0.5 >99 99 (S)
5 (S)-1-(R)-b H Me MeOH 0.5 >99 99 (S)

6 (S)-1-(S)-b H Me MeOH 1 5 -
7 (S)-1-(S)-b H Me MeOH 16 98 74 (S)
8 (S)-1-(R)-c H Me MeOH 21 25 46 (S)
9 (S)-1-(R)-b H H MeOH 0.5 >99 97 (S)
10 (S)-1a Ph Me MeOH 0.5 >99 95 (S)
11 (S)-1-(R)-b Ph Me MeOH 0.5 98 97 (S)
12 (S)-1-(R)-b Ph Me toluene 2 >99 99 (S)
13 (S)-1a Ph H MeOH 0.5 >99 93 (S)
14 (S)-1-(R)-b Ph H MeOH 0.5 >99 99 (S)

aReactions were carried out at room temperature under an initial hydrogen pressure of 3.5 bar; see Supplementary Infdiimatiafter which no
further hydrogen consumption was detecte@onversion and enantiomeric excess were obtained by GC analysis, as detailed in the Supplementary Information.

a range ofN-acetyl deyhdroamino acids and esters (Table 5, 10 and 11, 13 and 14). The chiral paracyclophane
1). Under mild conditions (room temperature, 3.5 baj H backbone therefore seems to be capable of effectively
and at a molar substrate to catalyst ratio (S/C) of 1000, somecontrolling the configuration of the flexible P/O units. We
catalysts displayed high activity and selectivity. can speculate that a “matcheB’configuration is induced

First, the catalyst bearing ligan&)¢1la was tested in the  in the P/O heterocycle by th® paracyclophane backbone.
hydrogenation of methyl 2-acetamidoacrylate in different This would be consistent with the fact that when the two
solvents. Contrary to what was expected on the basis ofenantiomers of Binol were used, only the combination of
literature dat# the hydrogenation worked well in protic (R)-Binol and @-pseudeortho-paracyclophane led to a
solvents such as MeOH and MeOH® (entries 1 and 2),  highly active and selective rhodium catalyst. Attempts to
although the use of aprotic solvents produced a small increasegrow crystals suitable for X-ray analysis are currently on
in selectivity (entries 3 and 4). going.

Ligands 1b derived from enantiomerically pure Binol Achieving high productivity should be considered as being
displayed a very strong matching/mismatching effect in the as important as achieving high selectivity in the development
rhodium-catalyzed hydrogenations studied. It was found that of new hydrogenation catalysts. A promising level of activity
the binaphthoxy substituents withstereochemistry matched was displayed by the rhodium catalyst bearing ligar§s (
positively with the paracyclophane backbone haviig laand §-1-(R)-b in the hydrogenation of methyl 2-acet-
stereochemistry (ligandS|-1-(R)b) (entry 5). The “mis- amido cinnamate (Table 2): at S/ 5000 the starting
matched” ligand §-1-(S)b gave a catalyst considerably less

active and selective (entries 6 and 7). Interestingly, both_

catalysts produced th& enantiomer ofN-acetyl alanine . . o
methyl ester, indicating that the stereochemistry of the Table 2. Asymmetric Hydrogenation of Acetamidocinnamate

product is mainly dictated by the chirality of the paracyclo- _/COOMe  cataiyst, sic= 5000 COoMe
phane backbon®. PR NHAC 1t MeOH, Sbart, F1 NHAG
Moving to ligand §)-1-(R)-c, it was found that increasing >99% conv.

the steric bulk of the biaryloxy moiety had a detrimental
effect on both activity and selectivity (entry 8).

It is worth noting that the catalyst with ligand)1a, [{(S)-1a} Rh (COD)] BF4 2 95 (S)
derived from the configurationally flexible Z;Biphenol, [{(S)-1-(R)-b} Rh (COD)] BF4 6 98.5(S)
gave only slightly lower selectivity than the ligan&){1-
(R)b, derived from the “matchedR)-Binol (entries 1 and

catalyst time (h) ee (%)

material was fully converted to the product with practically
(14) Reetz, M. T.; Gosberg, Aetrahedron: Asymmetry999 2129. the same selectivity achieved at lower substrate to catalyst
(15) See ref 4 for bidentate phosphites having a chiral backbone and ratio.

their use in rhodium-catalyzed hydrogenation of dimethyl itaconate. The . : :
stereochemistry of the product is determined by the stereochemistry of the In conclusion, the SynthESIS of the common reactive

P/O unit. intermediate pseudeortho-bis(dichlorophosphino)paracy-

Org. Lett., Vol. 3, No. 23, 2001 3689



clophane 4) and the ready availability of the bisaryloxy Acknowledgment. The authors thank Ms. Natasha Chees-

building blocks has allowed the generation of a new class man and Ms. Catherine Rippe of ti@hiroTech analytical

of phosphonites based on the paracyclophane backbone. Twaeam for their skilled support and Dr. Julian Henschke, Dr.

ligands bearing the biphenoxy unit and the chiral binaphthoxy Chris Cobley, Dr. lan Lennon, Dr. Guy Casy, and Dr. Ray

unit were identified as useful ligands for asymmetric McCague for useful discussions.

hydrogenation. Their potential is demonstrated by the high

level of activity and stereoselectivity obtained in the rhodium-  Supporting Information Available: NMR spectral data,

catalyzed hydrogenation of dehydroamino acids and estersexperimental procedures for the synthesis of ligahalsc

These results match and complement the results so farand their rhodium complexes, hydrogenation experiments,

reported for the known rhodium-phosphonite systems. and GC analytical data. This material is available free of
The scope of the asymmetric hydrogenation with catalysts charge via the Internet at http://pubs.acs.org.

based on ligand$a,b on a wider range of substrates is cur-

rently under study. The results will be reported in due course. OL0166193
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