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Abstract: The direction and degree of 1,3-asymmetric induction have been evaluated in the addition of metal
enolates and enolsilanes to aldehydes substituted at the B position with both polar (OR, OAc, Cl) and nonpolar
(Mec) substituents. A model for 1,3-asymmetric induction for polar addition processes such as the Mukaiyama
aldol reaction is proposed to account for the documented trends in reaction diastereoselection for polar B-
substituents.

Nucleophilic carbonyl addition reactions continue to be ranked among the premier chemical transformations in
organic synthesis. With regard to the stercochemical aspects of this process, significant effort has been expended
in the development of transition state models that account for the impact of proximal substituents on carbonyl =-
facial selectivity. Heteroatom substituents positioned either o or B to the reacting carbonyl moiety raise the poten-
tial for transition state chelate organization, and Cram's chelation models have been both well recognized and
heavily exploited in the prediction of reaction diastereoselection.! In those substrates lacking the potential for
chelate organization, the interplay of steric and electronic effects are accounted for by the Felkin-Anh paradigm
which generally provides a useful stereoinduction model for substrates bearing stercogenic centers o to the car-
bonyl moicty.2 In contrast, comparable models acknowledging the influence of B-substituents on reaction di-
astereoselectivity have been less well developed.3

The purpose of this Letter is to address the issue of 1,3-asymmetric induction in the addition of metal enolate
and enolsilane nucleophiles to B-substituted aldehydes (eq 1) with the objective of identifying the relative
importance of polar, steric, and chelate substituent effects in dictating reaction diastereoselection. In this study,
enolate structure, with the exception of the metal ion (M), has been held constant.
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The addition of 3-methyl-2-butanone-derived enolates to B-oxygen substituted aldehydes 1 and 4 was carried
out under a variety of conditions (eq 2, Table I). It is assumed that the Li, Ti, and B enolates react through closed
transition states, but that only the Li and Ti cnolatc nucleophiles might exhibit the potential for chelate organiza-
tion.4 In contrast, the BF3*OEt-promoted enolsilane aldol reaction (M = SiMe3)’ is presumed to proceed through
an open transition state where chelate organization is again precluded due w the limitations of four-coordinacy at
boron.5 The data in Table I indicate that the formation of the 1,3-ansi products 2 and § is generally preferred irre-
spective of the nature of the oxygen protecting group.” The formation of the 1,3-anti product diastercomer is
consistent with the intervention of the illustrated internal chelate, and this may be one possible explanation for the
results of the lithium and titanium mediated aldol reactions of aldehyde 1 (entries A, B).
However, for aldehyde 4 internal chelation is strongly disfavored by the fers-butyldimethylsilyl T
(TBS) protecting group.® In addition, it is highly improbable that the anti stereochemical Hj\g/”"
outcome of the BF3*OFEt;-promoted aldol reaction® (entry D) is also chelate controlled. Reetz has Me
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postulated that anti stercoinduction for this process probably arises from transition state H Rs
polar effects3f and has invoked the illustrated Cram polar model3d:€ to account for the ¢35 G\"X
results. From these and related Lewis acid promoted addition reactions,!9 it is evident that " . Nu
remote electrostatic effects can play a significant role in influencing the stereochemical Cram-Restz

outcome of these processes and that this stereocontrol element will assume greater
importance for those reactions proceeding through more polar transition states.
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1, X = OPMB (OCH,CqH,-p-OMe) 2
4,X =0TBS (OSiMe,tBu) s
Table I. Aldol Reactions of 3-Methyl-2-butanone Enolates with p-Substituted Aldohydu {eq 2)"
2:3 [

entry conditions metal (M) (X = PMB) (%) (X = TBS) (%)
A LDA Ma=U 71:29 (100) 76:24 (91)
B TiCl /iPraNEt M = TiCla 60:40 (98) 58:42 (88)
C 9-BBNOT{/IPr)NEt M=BRz 42:58 (82) 52:48 (79)
D BF 3*OEL M = SiMes 82:8 (91) 80:20 (84)

“The above footnote corresponds to Table I, footnote a

In order to further evaluate the interplay of steric and electrostatic effects on the addition process, aldehyde 7
was synthesized with B-substituents (OCHAr vs. CHyCH2Ar) of similar size but different electronic properties
(eq 3). The aldol reactions employing the Li, Ti, and B enolates generally exhibited low diastereofacial selectivity
with this substrate (Table II). These results are consistent with the generalization that electrostatic effects alone do
not provide a strong diastereofacial bias for these aldol processes. In contrast, synthetically useful levels of anti
diastereoselection were obtained in the more polar Lewis acid promoted enolsilane aldol variant (entry D) with
aldehydes 7, 10, and 16 containing B-OPMB, -OTBS, and -Cl substituents, respectively. As a control
experiment, the SnCls-promoted enolsilane aldol reaction was also carried out under conditions where chelate
organization, if intervening, should be expected to afford good levels of anti diastereoselection. From the data
presented, we conclude that with SnCly, only the -OPMB and -OAc substituents might be involved in chelation in
the reactions with aldehydes 7 and 13. On the other hand, the poor diastereoselection observed with aldehyde 10
again provides qualitative support for the conclusion that the -OTBS substituent does not participate in chelate
organization even under favorable circumstances.®

To assess steric contributions to 1,3-asymmetric induction in the absence of any electrostatic effects, aldehyde
19 was subjected to the representative set of aldol reactions (eq 4, Table III) From the data in Table HII, it is

o’M o X o OH
O N T
7,X = OPMB 8

Ve 10, X = OTBS Ve 1 12
13, X = OAc 13-Anli Lo 1,3 syn 12
16,X=Cl 17 18
Tabile Il. influence of the B Aldehyde Substituent in the lilustrated Aldol Addition Reaction (eq 3)*
8:9 11:12 14:15 17:18
ontry Conditions metal (M) (X = OPMB) (X = OTES) (X = OAc} (X = Ci®
A LDA M=Li 53:47 (94) 61:39 (96) 59 :41 (82) 80 :20 (85)
B TiCls/ Pr2NEt M = TiCl, 58:42 (84) 62:38 (03) a1:60 (79) €3:37 (75)
C  9-BBNOTH/ iPraNEt M= BR> 44 :56 (77) 52:48 (82) 27:73 (77 23:77 (68)
o] BF3+OEt, M=S8iMe; 81:19 (87) 73:27 (90) 43:57 (79) 83:17 (g4)
E SnCl* M=SiMes 95:5 (79) 48:52 (83) 89:11 (85) -
'Mmmmum-domn(n'ClnemeHF(omryA)olegcumB-E) Product ratios were desrmined by GLC analysis
of the silylated Yields are of p Ste assignments were

d through synthesis. mucwmmnummammmmmmm
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evident that the B-steric component of 1,3-induction provides low diastereoselectivity of variable direction.!! The
observations outlined above imply that cooperative steric and electrostatic effects combine to influence the
direction and degree of 1,3-induction in these processes.

o™ oM We QO OH Me
MD%\ HL&\ —_— M‘M M‘M (4)
the I Me” Me Me Me” Me Me~ Me

1,3-Anti, 20 1,3-syn, 21
Table Hl. Aldol Reactions with Sterically Differentiated p-Substituents (eq 4)"
entry Conditions metal (M) 20: 21 (%}
A LDA M=U 64:36 (80)
B TiCly / iPraNER M =TiCI, 36 :64 (100)
c 9-BBNOTY/ IPrNEt M =BR, 34:66 ®2)
D BF3-0ER M = SiMes 58 : 42 (88)
E SnCl,© M = SiMes 58 : 42 (79)

The above footncies comeepond io those found in Tabie 11, fooinoles a,b.
The Model. We propose a revised model for 1,3-asymmetric induction for nucleophilic additions to
aldehydes bearing polar substituents in the B-position (Scheme I). In the illustrated transition structures, the
descriptor Rg denotes the B-carbon alkyl substituent, while X denotes the "polar" heteroatom substituent (OR,
Cl, etc.). For transition structures A, B, and C, the B-carbon (Cp) is oriented perpendicular to the ¢ framework
of the carbonyl moiety. This is in accord with the Felkin assertion that the staggered conformation between Cg
and the trigonal carbon undergoing reaction is preferred in such addition processes.’? Complementary
minimization of interacting dipoles and nonbonded interactions favors reaction through transition state A.

Structure B suffers from a destabilizing gauche interaction (Rge>C=0), which should be amplified with larger
Rg substituents. Transition state C is disfavored due to electrostatic interactions between the C=O and polar B-
substituent.13 It follows that 1,3-ansi diastereoselection should be enhanced with an increase in the steric
requirement of Rg, and this trend is evident in the data presented in Tables I-II, particularly for the Mukaiyama
aldol reaction. This model modifies the Cram polar model by replacement of the destabilizing gauche
(Rpe>C=0) and (Cge>Nu) and eclipsing (Cp>(H)C=0) interactions with the illustrated staggered geometry.

Scheme I LT T it
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Of the reaction variants examined, the Lewis acid-promoted Mukaiyama aldol process generally exhibits the
most synthetically useful levels (3-12:1) of 1,3-asymmetric induction (Tables I-III), even with those substrates
wherein the size difference between the X and Rp is minimal (Table II). It is presumed that electrostatic effects
more strongly influence this family of polar transition states than the less polar enolate based processes. A more
complex dipole at the B-position, as in B-OAc aldehyde 13, may complicate the electrostatic influence of the polar
substituent X and thereby provide less predictable resulis.!4

Complex Aldehydes. For aldehydes such as 22 and 23 bearing stercocenters at both the o and B positions,
the Felkin and 1,3-asymmetric induction models may be integrated. Analysis of the respective transition
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structures for the two Mukaiyama aldol reactions correctly predicts that 22 should exhibit a more pronounced
facial bias (eq 5), since both stercocenters mutually reinforce addition from the same carbonyl diastereoface
(replace H; for Me in A). In contrast, the two stercogenic centers in aldehyde 23, which are not reinforcing
(replace Hj for Me in A), should lead to diminished rcaction diastereoselection (eq 6). The results summarized
below provide a gratifying illustration of this projection.

o o oH oPMB o OH
BF. :
HJ\_/t;m 1+ OEt, u.fl\/\/l\ru. u.\(ﬂ\/l\/cu. P
M Me Me Me
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o OPMB o OoH OPMB OH

Me [o] OPMB
HJ\H\rM’ BF—:-OElz’ WMW ”'\Hk/\'/lI“' (6)
Me Me Me Me Me

= Felkin:Ant Felkin = 56:44
Complementary studies on the diastereoselective reduction of B-alkoxyketones and a related model

rationalizing the stereochemical control elements in these reactions may be found in the accompanying Letter.15
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