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Highly Regioselective and Diastereoselective Directed  Scheme 1

Hydroformylation of Allylic Ethers: A New OMe PPh, PPh,
Approach to Propionate Aldol Synthesis J ) 1 mol%
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New York, New York 10027 (c(), CO/H,, PhH, 80°C) led only to smooth [2,3] rearrange-
Receied August 30, 2001 ment giving diphenylphosphine oxide products. To avoid this
undesired rearrangement pathway, a linking carbon atom was used
The rhodium-catalyzed hydroformylation of alkenes is one of to join the phosphine with the alcohol of the substrate. Thus,
the most industrially important reactions and remains one of the treatment of methoxymethyl (MOM) ethet with Me,BBr
most intensely scrutinized reactions in organometallic chemiistry. followed by LiPPh gave the diphenylphosphinomethyl etfger
Much of the work has focused on the development of methods (Scheme 1§:° Treatment of2 with 1 mol % of Rh(acac)(CQ)
for and mechanistic understanding of the selective production of and 400 psi of 1/1 CO/Hin benzene at 45C led to the
the linear aldehyde regioisomer in the hydroformylation of production of branched aldehydeas a single X 98:2) regio-
terminal alkenes. However, the development of methods for the isomer®
production of the branched aldehyde regioisomer is receiving While this result was encouraging, the effect of an alkyl
increasing attention as the efficient synthesis of chiral aldehydes substituent at the allylic position on the regioselectivity and the
in diastereo- and enantiomerically pure form is of fundamental ability of such a group to induce diastereoselectivity remained to
importance in organic chemistry. be investigated. Diphenylphosphinomethyl ethémnd5 were
A particularly interesting class of alkenes for the development therefore prepared (by the same method used in the preparation
of a branched-selective hydroformylation is allylic ethers, in that of 2) and subjection of these substrates to similar hydroformylation
the products of such a reaction would be propionate aldols, a conditions (during these studies it was noted that the pressure
structural subunit contained in numerous bioactive natural prod- could be reduced to 50 psi while still maintaining a reasonable
ucts (eq 1). One of the advantages that would accrue from thereaction rate) led to the production of aldehydeand 7 with
69:31 and 87:13 diastereoselectivity respectively (e8&3.in

RO RO O the reaction of2, no evidence for the production of any linear
LR ) aldehyde regioisomer could be detected in either case.
R | COMs R H
Me j’Phg )PPhg
development of such a proces and in contrast to aldol-based 0 ;ﬂgﬁcxco)z 0" 0
methods-is that the products would be protectgehydroxy- T — )
. . : R 50 psi Ho/CO R H
aldehydes ready for further chain extension without need for | PhCHg, 45 °C
further manipulation. We report herein the first gendsednched- 6R<M 9’;"2 6931 d
. . . 4R =Me =Me, > 98:2 rs; 69: S
selectve hydroformylation of allylic ethers. 5R = iPr 7R = P, - 982 re: 8713 ds

Directing groups have been shown to be an effective method
for controlling the course of many reactiohand there have been
reports of regio- and diastereoselective hydroformylation reactions h ; o
based on this concepMore recently, Breit has reported a general process, three ISSues requweq attention: .(1) the l.OW to m_oderate
and effective method for the linear-selective and diastereoselective?r:aStireosﬁleCt'\gtB{’h (.2) t:}he ?'gth propetns_ml/ for glr 0>(<j|dati§on of
hydroformylation of methallyl estefsWe envisioned the use of 5 empn osgnldneg (t)he Ige 25 agqg'r% n;? :”rjanztﬁg d ‘igo cltg% e( the
a phosphine directing group tethered to the allylic alcohol . in), ( ) Velop : cleave
substrates through an ether linkage. Early efforts focused on thedlphenylphosphmomethyl ethers. Electronic and steric tuning of

preparation of diphenylphosphinites; however, subjection of thesemgs%hzsn%hg]nig\rllzstﬁgrsrlljggpikr:ir?gse(lor:;itge?ggr]%?str:ir'lsepflijrrsg;\geovs;s
compounds to standard hydroformylation conditions (Rh(acac)- the dibenzophosphole gro@ihus, dibenzophosphol-5-yimethyl

To transform these preliminary results into a more useful
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of two phosphines in relatively close proximity could alter the
reaction course. Although some optimization was required,
hydroformylation of10 proceeded smoothly to give dialdehyde
11 in 94% vyield® and with 85:15 diastereoselectivity for the
establishment of two new stereocenters (eq 3). This level of
selectivity is roughly that expected based on analogy to entry 5,
Table 1, and although we have not yet pursued further deriviti-
zation of 11, additional two-directional applications can be
envisioned.
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Table 1. Directed Hydroformylation of _ o o 5 molo o N o o
Dibenzophosphol-5-yImethyl Ethers of Allylic Alcohols Rh(acac)(CO);
AN T, AANN, o
O D O O H 170 psi Hy/CO H z z H H
10 Me THF, 65 °C 11 Me Ne Me
)P 2.5 mol )P | PR, = dibenzophospholyl I 94%; 85:15 ds
(o} Rh(acac)(CO), O 0
R R? 50 psi Ho/CO R1/|\8LH After some experimentation we have discovered two reductive
MeCN, 85 °C we k2 methods for cleavage/removal of the dibenzophospholyl directing
] 5 R B e group. Aldehydedl 2 was the starting material for these experiments
entry R R rs ds y (%) and it seemed prudent first to reduce the aldehyde to ge
Me H >98:2 81:19 92 (Scheme 3). Treatment @B with lithium di-tert-butylbiphenylide
2 Ph H 598:2 86:14 96 produ_ce_d methyl ethet4 in 74% yield. In th_is fashion, d_if-
3 “Pr H ~98:2 046 04 ferentiation of the two alcohols can be maintained. Alternatively,
) ’ reduction ofl3 with LiAIH 4 in dioxane at 150C led to complete
g OO 9’ 082 0010 removal of the directing group to give dibbin 60% yield. After
4 e >98 ‘ 98 optimization of this procedure, it was discovered that aldehyde
TBDPSO . 12 could be reduced directly to didl5 in 70% yield.
5 EA H >98:2 93:7 87 Scheme 3
e
6° H Me 92:8 - 88 O O OMe OH
Me
2 Regioselectivity (branched:linear), as determined by NMR P P W
spectroscopy? Diasteroselectivity (anti:syn), as determinedayNMR ) ) b 14 Me WMe
spectroscop)t Isolated yield of the mixture of aldehydesReaction o~ o o~ OH 4:/0
run with 5.0 mol % Rh(acac)(C@)n THF at 170 psi of HCO. Me a e OH OH
¢ Reaction run with 5.0 mol % Rh(acac)(G&nd 1000 psi of HCO ~ H 7305 ~ ¢
at 90°C. = ° = 60% Me
12 Me Me . 13 Me Me z
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and THF consistently led to the cleanest reactions and were
therefore adopted as the solvents of choice. Under these optimizeq)h
conditions9 could be obtained in 92% yield. Importantly, it was

aConditions: (a) LiAlH, THF, —78 °C. (b) Lithium ditert-butylbi-
enylide, THF,—78 °C. (c) LiAlH4, dioxane, 15CC, sealed tube.

observed that botB and9 showed a greatly reduced propensity
(relative to compoundg—7) for air oxidation and could briefly
be handled in air with only minimal<{5%) oxidation to the
corresponding phosphine oxides.

An effective directing group strategy for the branched-selective
hydroformylation of allylic ethers has been defined. The reactions
are highly efficient delivering protecte@-hydroxyaldehydes
directly from readily prepared substrates with good to excellent

A brief survey was carried out to assess the effectiveness of diastereoselectivity and in high yield. Two complementary

the dibenzophosphol-5-ylmethyl group in controlling both regio- reductive methods for the cleavage of the directing group have
and diastereoselectivity (Table 1). With a methyl group as the been developed. Further studies will seek to exploit this powerful
allylic substituent (entry 1), a substantial increase (relative to directing effect in the unusual ways.
substratel) in the diastereoselectivity was observed. As the steric
size of the allylic substituent was increased (entries 2 and 3), a
cqrre_spondlng_lncr_ease_|n the dlcjister_eoselectlwty was Obse.rvedGM58133). We are grateful to Bristol-Myers Squibb for generous
with |—P_r resulting in a highly (94:6) dlastere_oselectlve reaction. . financial support in the form of an Unrestricted Grant in Synthetic Organic
Interestingly, the major product was determined to have the anti chemistry to J.L.L. We thank Merck Research Laboratories and DuPont
relative configuration. Two additional highly diastereoselective pharmaceuticals for generous financial support. J.L.L. is a recipient of a
reactions (entries 4 and 5) demonstrate tolerance of ester andsloan Research Fellowship, a Camille Dreyfus Teacher-Scholar Award,
silyloxy functionalities, as well as relevance to polypropionate an Eli Lilly Grantee Award, an AstraZeneca Excellence in Chemistry
construction. Finally, a 1,1-disubstituted olefin was employed as Award, and a GlaxowWellcome Chemistry Scholar Award.
a substrate (entry 6). Remarkably, the branched (quaternary)
aldehyde product was obtained with 92:8 regioselectivity. We are
aware of no other example of a highly branched-selective
hydroformylation of a 1,1-dialkyl-substituted olefin.

Bisdibenzophosphol-5-ylmethyl ethet0 was prepared to
investigate the use of this reaction in a two-directional syntesis. JA016978T
We felt this would be a nontrivial extension in that the presence
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(10) This value is the yield of unpurified material after correcting for the
mass of the catalyst used. Attempts to pufifiyby chromatography on silica
resulted in extensive decomposition.
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