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Abstract: We report the 1,3-asymmetric induction observed in the additions of various hydride reagents to -
substituted ketones. Both the nature of the B-substituents and the size of the achiral alkyl group attached to the
carbonyl moiety have a significant effect on the direction and degree of carbonyl diastereofacial selectivity. A
revision of Cram’s polar model for 1,3-asymmetric induction is proposed to account for these results.

The purpose of this Letter is to highlight the turnover in stereoselectivity that is dependent upon the nature of
the B-substituent (alkyl vs. alkoxy) in the reductions of acyclic B-substituted ketones. Two representative
reductions that illustrate this observation are provided below (Scheme I).1.2 We propose that electrostatic effects3
due to the presence of the B-heteroatom substituent are responsible for the observed reversal in n-facial selectivity,
rather than internal chelation4 The sterically demanding borohydride reagent, lithium tri-sec-butylborohydride,
has been compared with other common nucleophilic and electrophilic reducing agents, and is generally the most
stereoselective of the metal hydrides evaluated. Revision in the Cram polar and steric wransition state models for
1,3-asymmetric induction!# is presented to rationalize the trends observed for these and related processes.
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B-Alkoxyketones, Representative metal hydrides, including the sterically demanding reagents Li(s-Bu)sBH
(L-Selectride) and Li(z-BuO)3AIH and the electrophilic reducing agents diisobutylaluminum hydride (DIBAL-H)
and 9-borabicyclo[3.3.1]nonane (9-BBN), were evaluated against a series of B-alkoxyketones.5 Permutations in
the steric requircments of the B-alkyl substituent (Rp), the alkyl group appended to the carbonyl moiety (R), and
the hydroxyl protecting group (P) were made.

Ketones 1 and 4 (eq 3) were selected to gauge the influence of the hydroxyl protecting group on the course of
the reaction. Reduction of these substrates with the illustrated hydride reagents (Table I) revealed that formation
of the 1,3-syn products 2 and § was preferred irrespective of the nature of the hydroxyl protecting group. While
internal chelation* of the substrate followed by external hydride delivery accounts for formation of the 1,3-syn
diastereomer,® we believe that reaction through such a chelated intermediate, particularly in the strong donor
solvent THF, is not responsible for the observed stereoinduction in these cases. This assertion is supported by the
fact that the highest syn sclectivity shown in Table I (94:6) was achieved in the reduction of the silyl protected
hydroxy ketone 4.7 It is also significant that the highest levels 1,3-syn stereosclection in these reactions were
achieved with Li(s-Bu)3BH, a reagent which is generally not disposed toward chelation-controlled reduction.8
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Table I. Reductions of B-Substituted Ketones (eq 3)*
o oP oH op OH oP hydride s

2:3 H
_ H (P » PMB) (P = TBS)
i—Pr)l\/'\l-Pf Ho m)\/'\wr -Pr

+Pr (3) Li(s-Bu)4BH 81: 19 o4: 06
t-BuO), AiH 7:23 87: 13
Syn Anti Lic
I - 78: 22 73: 27
1 P=PMB (p-MeO-CeHdCH-) 2 3 Dg.BBA;NH 58: 42 50: 50
P =TBS (1-BuMe2Si-) 5 ]

“Determined by GLC analysis of the unpurified reaction mbaures.
Table I Influence of Alkyl Group (R) on Reduction (eq 4)*
o oPme w3 ™o R 50 12 14:18
2 o : : :
RJK/'\(CHQZP?'W HM(CMZPH n/\/k R=Me R = -Pr R =1-Bu
Syn An Li(s-Bu}sBH  51: 49 9:21 73: 27

7 R=Me 8 9 Lit-BuO)sAlH  56: 44 60: 3 75: 25
10 R=iPr 11 12 DIBAL-H 54 46 S0 : 41 76: 24
13 R=tBu 14 15 9-B8BN 51: 49 55: 45 86: 14

*Deermined by GLC analysis of the unpurtfied reaciion mixiures.

In order to probe the influence of the alkyl substituent (R) appended to the carbonyl moiety, substrates 7, 10,
and 13 were subjected to the standard set of reduction conditions (eq 4, Table II). These substrates were also
designed to evaluate the impact of the polar alkoxy substituent in a setting where the steric requirements of both B-
substituents (CH2CH2Ar and OCH2Ar) are comparable. The data in Table II document that enhanced selectivity
is observed as the size of the carbony! substituent (R) is increased with the ferr-Bu ketone 13 generally exhibiting
the highest levels of syn diastereoselection. In contrast, methyl ketone 7 exhibits poor carbonyl face selectivity
irrespective of the hydride source.

The influence of the size of the B-alkyl group (Rp) on reaction diastereoselectivity was examined in the
reduction of B-OTBS ketones 16, 19, 4, and 225b (eq 5, Table III). For both of the nucleophilic hydride

reagents, Li(s-Bu)3BH and Li(z-BuO)3AlH, a strong correlation between syn diastercoselection and the steric
demands of Ry is evident from the data.

o TBS OH oTBS OH oTBsS
Me. H- M M 2
Rp “W):inn "\(\inp ()
Me e Sym b, Ant
17 18
20 21

16 Ry = Me
19 Ry = CH,CHyPh
4 Rg=i-Pr 5 6
22 Ry - t-Bu 2 24
Tabie Ill. Influence of Substitutent (Rg) in the lilustrated Hydride Reductions (eq 5)"
ot AT - Biben rane Al
Li(s-Bu) ;BH 74: 26 92: 08 94: 06 97: 03
Li(t-BuO)3AIH 78: 22 83: 17 87: 13 91: 09
DIBAL-H 698: 31 89 : 31 73:27 76: 24
9-BBN 72: 28 67:. 33 50: 50 79: 2t

2 Diastereoselectivity was determined by GLC analysis of the unpurified reaction mixtures.

Based on the above observations, the following generalizations may be made: A) a turnover in carbonyl n-
facial selectivity is observed upon changing the B-substituent (alkyl—>OP); B) enhanced 1,3-syn stereoselectivity
in the reduction of B-alkoxy ketones is observed with an increase in either the size of the B-alkyl moiety (Rp), the
acyl substituent (R), or the hydroxyl protecting group (P). A transition state model that accounts for this reversal
in diastereofacial selectivity as well as the other trends outlined above is currently lacking.

A revision of the Cram polar model for 1,3-sterecinduction!a has been suggested in the preceding Letter.9
The specific objection to this model hinges on the utilization of eclipsed rather than staggered transition structures
(see Scheme I). As for predictive capacity, the Cram polar model does not correlate the influence of the carbonyl
substituent (R) on reaction diastereoselectivity (Table II). On the other hand, electrostatic effects are clearly
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playing an important role in governing the sense of asymmetric induction as highlighted in the cases cited in eq 1
and 2. The following revision of Cram's original polar model for 1,3-asymmetric induction is proposed below,

Revised Polar Model. It is proposed that those transition structures wherein the B-carbon (Cp) is oriented
perpendicular to the 6 framework of the carbonyl moiety be considered in recognition of the Felkin postulate,
supported by subsequent computational studies, that the staggered conformation between C,, and the trigonal
carbon undergoing reaction is preferred in such addition processes.1® Staggered transition structures A and B
account for the data reported in this study. In both of these structures, the dipoles associated with Cg—OR and the
transforming carbonyl moiety are stabilizing. In distinguishing between these two alternatives, structure A
accounts for the dependence of 1,3-induction on the size of the carbonyl substituent (R) that is not handled by
Cram’s original proposal. The principal destabilizing element in B is the nonbonding PO¢>(R)C=0 interaction.
However, transition structure B might well be favored in addition reactions to those substrates having sterically
demanding Rp substituents (e.g. eq 2). For purposes of comparison, from the preceding Letter we have
concluded that the preferred transition structure in the Mukaiyama aldol addition to B-alkoxyaldehydes is that
corresponding to B (R = H), where the indicated nonbonding interaction PO« (H)C=0 has been substantially
diminished. Examination of potential transition states leading to the ant#i product diastereomer!! lead us to
conclude that D is disfavored on the basis of steric considerations (Rpe+(R)C=0), while destabilizing electrostatic
interactions are present in C. We also suggest that it is the electrostatic destabilization of C which differentiates the
present polar model from the steric model E provided in Scheme III (OR = RM)
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Finally, why is reaction diastereoselectivity generally elevated with an increase in steric requirements of the
hydride reagent? We speculate that the illustrated andi, rather than gauche,10 relationship between nucleophile and
Cp is enforced with sterically demanding nucleophiles.

Steric Models for 1,3-Asymmetric Induction. The Cram steric model (1968) for 1,3-induction in
carbonyl addition has been widely recognized (Scheme I).12 A less highly cited, but nonetheless significant study
by Jacques and co-workers!? in the same year rationalized the stereochemical course of the hydride reductions of
B-alky! substituted ketones (eq 1) through transition structures which may be closer to the consensus view of the
preferred geometries for these processes.!0 In view of the relevance of the Jacques proposal to the present
investigation, it is reinterpreted here: A) Staggered rather than eclipsed transition structures are preferred having
anti orientation between Cp and the forming bond (Felkin). B) The dominant destabilizing interactions are
between the acyl carbon substituent (R) and the B-substituents. These interactions are minimized in E where the

illustrated relationship between (R) and the smallest B-substituent (H in the present case) is established.
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A restatement of this model has recently been reported by Ohnold to account for the stereochemical course of

nucleophilic additions to B-substituted acylsilanes (eq 6). Some years ago we also employed an analysis related to
that described by Jacques to rationalize the stereochemical course of the illustrated hydroboration reaction (eq 7).12
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The models for 1,3-asymmetric induction presented above and in the previous Letter rationalize the x-facial

selectivity that is observed in the absence of internal chelation in the nucleophilic additions to B-substituted
aldehydes and ketones. Ongoing theoretical and experimental studies to further investigate the nature of 1,3-
induction will be reported in due course.
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