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ABSTRACT
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A catalytic amount of [(cod)IrCl], and indane-pybox converts diethylmethylsilane, methyl acrylate, and certain aldehydes to the derived reductive

aldol adduct with good enantio- and diastereocontrol.

Although the 2,6-bis(oxazolinyl)pyridine (pybox) ligands
introduced by Nishiyamaare used for a number of late
transition metal catalyzed enantioselective reactfothsy

have not proven to be highly effective for asymmetric

[(cod)RhClI}-binap catalyst, addition of 1 equiv of tri-
phenylphosphine is sufficient to suppress the catalytic
transformatiorf. Additionally, in all previous reports con-
cerning hydrosilation of carbonyls with Rh(I) pybox com-

reactions when complexed to iridium salts. In the context of plexed and Ir(1)-PNP complexes, addition of AgBfor

catalytic reductive aldol reactiofsye presumed that pybox
ligands (i.e.1—5) would be ineffective with group 9 metals
containing coordinating counterions. Suspecting the initial
step in this reaction to be oxidative addition of silane to the
M(I) center? we reasoned that insertion reactions in the
resulting 18-electron octahedral complex would occur with

NaClQ, is required to generate an effective catalyst. Con-
sidering this, it was particularly exciting that an arrayed
catalyst evaluation revealédPr-pybox (2) and [(cod)IrC}]

as one metatligand combination able to effect enantio-
selective reductive aldol reaction (Is§n:anti, 24% eanti,
12% eesyn)® With respect to catalyst development, this

diminished rate since no coordination site would be available metal—ligand combination is attractive because a variety of
for substrate preassociation. Consistent with this conjecture,pybox ligands may be accessed through efficient synthesis

we have found that in the reductive aldol reaction with

routes from commercially available materiéldn this
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communication we report that Ir(l) salts, when complexed precatalysts may be converted to a common catalytic
to an appropriate pybox ligand, are able to catalyze reductiveintermediate in the presence of the silane and pybox ligand.
aldol reactions and that, with certain substrates, the reaction The reductive aldol reaction catalyzed by [(cod)IsCl]
provides the highest level of enantio- and diastereoselectivity indane-pybox shows remarkable enantioselectivity with benz-
yet reported. aldehyde andx-alkoxy aldehydes! however, it is a poor
reaction with simple aldehydes. Comparison of entried 2
in Table 2 indicates that oxygenation adjacent to the aldehyde

B B
O~ N7 i 0 0 | Nig | o Table 2. Ir-Pybox Catalyzed Asymmetric Reductive Aldol
S/N N/ N N/ " Reaction
R 1: R=Me R o o 1) 245mol%[(c:)d)IrCI]2 OH O
2: R=iPr 5 Bs 75mol %5
3: R=tBu R"H T \)LOMe _EtoMeSit; 25°¢ RJ\/U\OMe
4 R=Ph 2)H0" Me
Figure 1 entry RCHO %yieldb synanti® er, (syn)d
o
1° 68 661 973
Ph)J\H
An initial survey of the impact of ligand architecture o
revealed that the nature of the pybox ligand substitution has 2 B”O\)LH gg 3‘5)} gg%f
a significant impact on stereoselectivity in the iridium- o - |
catalyzed reductive aldol reaction. As might be expected, 3 TBSO\)J\H 47 8.2:1 98:2
the more bulky ligands tend to give higher enantioselection,
although th|§ does not neces_sarlly translate to h|gh§r dia- 4 v L <5 na na
stereoselection (compare entries 2 and 3, Table 1). It is also H
o
. . o
Table 1. Ir-Pybox Catalyzed Asymmetric Reductive Aldol .
Reactioft NG -No reaction-

1) 5.0 mol % metal ap| i i
reactions were carried out at room temperature for 24. See
7.5 mol% ligand OH O 5

0 0 : ; h e
! Supporting Information for experimental procedureBercent yield is of
+ . & ) y . . A
ph)]\H \)J\OMe _EtMeSiH; 25°%C ph/'\‘)J\OMe isolated material. Satisfactory elemental analysis was obtained for all
2) HzO* M products ¢ Ratios determined by GC or HPLC analysis, see Supporting
€ Information.d Configuration determined by comparison to authentic enan-

entry ligand metal salt syn:antib % yield e.r. (syn)® tiomers.© Ethyl acrylate and [(coelrCl], were usedf Reaction carried out
on 35 mmol scale with 1 mol % [(cod)IrGlland 3 mol % ligand at 0.45

1 1 [(cod)IrCl], 1.7:1 <10 75:25 M substrate concentration for 48 h.
2 2 [codIrCll,  1:1.3 46 50:50
3 3 [(codirCll,  2.0:1 32 90:10
4 4 [(cod)irCll,  1.5:1 30 85:15 enhances reactivity relative to non-oxygenated aliphatic
5 5 [(codIrCll;  3.9:1 48 96:4 substrates, although it seems unlikely that the function of
6 5 [(coe)lrCl],  4.4:1 53 96:4 the heteroatom is to associate with the metal when one
7d 5  [(coe)ltCll,  6.6:1 68 97:3 considers the lower coordinating ability of silyl ethers relative
8 5 (cod)IrBF, 4.0:1 35 93:7 to benzyl etherfé (cf. entries 2 and 3, Table 2). While simple
9 5  (CO),lr(acac) 4.0:1 56 91:9 inductive effects may provide an explanation for enhanced
10 5 [(cod)RhCI; 2.0:1 9 55:45 reactivity with a-alkoxy aldehydes, it is difficult to imagine

that they play a role in the pronounced reactivity of

aAll reactions were carried out at room temperature for 24 h in -benzvloxypropionaldehyde (entry 5) where such field
dichloroethane® Ratios determined by GC analysis of the unpurified esters. ﬁ yloxyprop y ( y )

< Absolute configuration established by optical rotation. Enantiomer ratio €ffeCts would have to operate over thie&onds.
determined by chiral GC analysi&In this experiment ethyl acrylate and
[(coe)lIrCl], were used and the reaction was allowed to proceed 45 h.
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indane-pybox ligand. This observation suggests that the Ir(l) Soc.1992,114, 1778—1784.
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The influence of preexisting substrate chirality was
analyzed with reactions utilizing chiral nonracemic alkoxy
aldehydes. Althougfi-alkoxyaldehydes exhibit little double

a common iridium hydride intermediate, and this is consistent
with our observation that many of the iridium salts exhibit
similar reactivity!* While we have not been able to crystal-

stereodifferentiation (entries 3 and 4, Table 3) and thereforelize any metat-ligand complexes, we suspect that the pybox

Table 3. Double Stereodifferentiation in the Ir-Pybox
Catalyzed Asymmetric Reductive Aldol Reaction

1} 2.5 mol % [(cod)IrCl]o
)Ok 7.5mol % 5 oo
T \)J\OMe EtzMeSiH; 25°C R OMe
2) H3O" Me
entry RCHO product %yieldb syngisyng’ syn:am‘ld
0 OH ©
1 | . .
Me 50 >95:5  >95:5
\;_) Mo OMe
OBn OBn Me
o}
2 Me\‘)l Me OH <5 na na
OBn OBn
OBn O OBn OH ©
I 65 89:11 2.7:1
Me Me OMe
Me
OBn O OBn OH O
4z H 57 88:12 3.0:1
Me Me OMe
Me

aAll reactions were carried out at room temperature for 24 h in
dichloroethane solvent.Yield is of purified reductive aldol adduct.
Satisfactory elemental analysis was obtained for all proda@stgy:syn,
refers to the ratio of major syn diastereomer (shown) to minor syn
diastereomerd Refers to collectivesyn diastereomers:collectiventi dia-
stereomers.

may be useful substrates in double asymmetric synthesis, a
shown in entries 1 and 2 (Table 3), there is a significant
level of double stereodifferentiation in reductive aldol
reactions witho-alkoxyaldehydes. Notably, the matched

ligand binds in a three coordinate fashi§rsince reaction
with ligand6 (Figure 2) provides no selectivity and reaction
with 7 provides only carbonyl reduction.
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Figure 2.

S

In conclusion, we have reported a highly enantio- and
diastereoselective reductive aldol reaction albeit with limited
substrate scope. Experiments in regards to elucidating the
reaction mechanism, expanding the useful substrate scope,
and exploring the utility of these reactions in the context of
complex natural products synthesis are in progress and will
be reported in due course.

Acknowledgment. M.O.D. and S.J.T. are grateful for
Wellcome Foundation fellowships in synthetic chemistry
(1998 and 1999). S.J.T. is grateful for an ACS Organic
Division Fellowship sponsored by Abbott Labs (2000). The
authors thank Amoco Chemicals for unrestricted funding.
J.P.M. gratefully acknowledges a Packard Foundation Fel-
lowship, an NSF CAREER Award, a DuPont Young Profes-
sor Grant, and a Glaxo-Wellcome Scholars Award.

Supporting Information Available: Experimental and
characterization data for all new compounds. This material

substrate enantiomer is one where catalyst control and Felkinis available free of charge via the Internet at http:/pbs.acs.org.

stereoselection (entry 1) (OBnlarge group) act in concert,
and in this case, the reductive aldol adduct is furnished with
high 1,2- and 2,3-stereocontrol. In contrast, reductive aldol
reaction with the mismatchettalkoxyaldehyde enantiomer
(entry 2) provides only carbonyl reduction; the reductive
aldol adduct could not be detected. While the double
stereodifferentiation observed with-alkoxyaldehydes is
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