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ABSTRACT
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We have examined the double-diastereodifferentiating aldol addition reactions
corresponding aldol adducts with excellent levels of 1,5-
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of chiral enolborinate 1a with chiral aldehydes leading to the

anti diastereoselection.

The aldol reaction is one of the most powerful transforma-
tions for the creation of the 1,3-dioxygen relationships in
organic molecule$ As the resulting aldol adducts resemble

served with the use of boron enolates prepared from ethyl
ketones'® Usually, reagent control using chiral ligands on
boron is required to obtain useful levels of asymmetric

the 1,3-polyol fragments, this reaction has been applied for induction in the addition of boron enolates afmethyl

the synthesis of a wide variety of natural products with
biological and pharmacological significance.
The incorporation of convergence into the construction of

ketones to achiral aldehydé<® To gain insight into the
principles that dictate diastereoselectivity in double-stereo-
differentiating-® aldol reactions, we have investigated the use

complex polyketides requires that large fragments must be of chiral methyl ketond in boron-mediated aldol reactions

joined together at some point in the synthesis. The aldol

with chiral aldehyde®—12 (Scheme 1Y.These substrates

reaction provides an attractive method for such a convergentwere chosen to be representative of the complex fragments

assembly?. The key aldol assemblage reactions that join large
fragments with high and predictable levels of stereocontrol
still lack the guidance of refined models and reaction
methodology? The use of boron enolates derived from

o-methyl anda-methyl-3-alkoxy methyl ketones for asym-

metric aldol reactions usually give low levels of diastereo-
selectivity when compared with the high selectivities ob-
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derived aldol-type reactions. Aldehydes witrt-butyldi-
methylsilyl (TBS), benzyl (Bn) ang-methoxybenzyl (PMB)
protecting groups were employed to evaluate the potential
steric and electronic impact of the protecting gréti.
Aldehydes2—6 were prepared from &)- and (2R)-methyl
3-hydroxymethylpropionate and aldehydésand 8 were
prepared from (3S)- and (3R)-1,3-butanediorhe 1,2-syn
(9—12) aldehydes were easily prepared by usggselective
aldol reactions as the key stefs.

To successfully predict the viability of double stereodif-

product, indicating that there is a mild inherent selectivity
toward the 1,2-antproduct by the resident-stereogenic
center, especially with a PMB protecting group at the
aldehydes-oxygents—16

The boron enolatd 3 reacted with chira-alkoxy alde-
hyde (R)-7in Et;,O at —78°C to give a mixture of aldol
adducts18/19in a 64:36 ratio, respectively (Scheme!®.
We next examined the stereochemical impact of lodnd
p-aldehyde substituents with chisyndisubstitutedx-meth-
yl-B-alkoxy aldehydell. Boron enolatel3 reacted with
chiral syn-a,-disubstituted aldehydel to give the corre-
sponding 1,2-syn-1,3-syproduct20 in 86% vyield, with a
small stereoinduction (67:33 diastereoselectivity) resulting
from the stereogenic centers (Schemé®23° This example
shows that under these conditions a &y2raldehyde has a
small preference to give the product of Felkin addition as
well as 1,3-syraddition. The reactions af3 with both 7
and 11 show that 1,3-asymmetric induction imposes an
intrinsic facial bias on the carbonyl that results in the for-
mation of a 1,3syn-dioxygen relationshil¥2 The results ob-
served with 1,2ynaldehyde are in accordance with previous
observations made by Roush et al. (48€19, Scheme 2f

ferentiating reactions, the key stereocontrol elements in eachThe intrinsic facial selectivity of the boron enolate

of the chiral reacting partners must be identiftéd.o check
the facial selectivities of aldehyd@s3, 7, and11, we reacted
them with achiral boron enolatE3 in Et,O at low temper-
atures (Scheme 2§.
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These reactions were characterized by poor levels of
diastereoselectivity. The achiral boron enolEseeacted with
chiral a-methyl aldehyde (S)-ih E,O at —78°C to give
the corresponding 1,8nti productl14 as the major product
in good yield but with only 58:42 diastereoselectivity
(Scheme 2}316

The boron enolate addition to aldehyd®){3 containing
a PMB protecting group gave a mixture of aldol addudis
and17in a 74:26 ratio favoring thanti-Felkin aldol adduct
1613716 The stereoinduction observed in these reactions
shows that the reaction weakly favored thati-Felkin

4630

generated from methyl ketoriehas been investigated before
in our laboratorie$.For this purpose, we reacteld with
achiral aromatic, olefinic, and aliphatic aldehydes.

We were delighted to find that this reaction led to the for-
mation of 1,5-antiproducts22 as the major isomers (up to
>95:5 diastereoselectivity) (Scheme °3)These studies

Scheme 3
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showed a remarkable influence of the residgralkoxy
stereocenter on the stereochemical course of the aldol
reaction$:1”
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At this point we initiated a double-stereodifferentiating With enantiomeric aldehyde® and 5 we observed the
study’8 Boron enolatelareacted with aldehyde (S){& = same trend and the overall diastereoselection of the process
PMB) to giveanti-Felkin product23 as the major product, = was again controlled by the strong facial bias of the boron
with excellent diastereoselectivities (895:5) (Scheme 4).  enolate to give the 1,5-angiroduct (Scheme 5).
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Reaction of aldehydeS)-4 (R = Bn) led to similar results
in terms of yields and diastereoselectivitie3® The facial Addition of the chiral boron enolatea to aldehyde (S)-2
bias of chiral boron enolatkais dominated by thg-alkoxy led to aldol adduc®8 as the major isomer, with 95:05

stereocenter and tends to give the arfirisomer? As the diastereoselectivity (Scheme 5). As the facial bias of the
facial bias of these particular aldehydes is for aingi-Felkin aldehyde2 was to give the 1,2nti product, we expected a
product, there is an enhancement of the dnfi-selectivity matched case and high levels of diastereoselectivity in the
because the sense of stereoinduction by the boron enolatéeaction ofla with (S)-2, which was in fact observed. The
and that of the aldehyde are the same. These two examp|e$e|ative stereochemistry for aldol add@&was determined
represent “matched cases” of double stereodifferentidfion. after conversion to the corresponding acet@l(63%) by
The aldol adduct®3 and 24 appeared ideally suited for treatment of28 with HF-pyr in THF (Scheme 5). Analysis
stereochemical analysis by using the very simple method forof the *H NMR coupling constants, specificallfa—nc =
assigning the relative stereochemistryBefiydroxy ketones 2.7 HZ, Jup-nc = 2.4 HZ, Jug-ne = 5.1 Hz, andIng—nt =
reported in 2002 by Roush and co-work& & Recently, 11.7 Hz, proved that Ha, Hd, and Hf were all axial28.
we reported a refinement of Roush’s model, in which we This indicated that acet&9 derived from a 1,5-anti-Felkin
show that'H HMR ABX pattern analysis is not applicable aldol product.
to B-hydroxy ketones (e.g., aldols) derived from aldehydes Addition of the boron enolatéa to the enantiomeric
lacking -brancheg? The relative stereochemistry for aldol ~aldehyde (R)-3ed to the formation of aldol addu@0 as
adduct23 was then unambiguously established after conver- the major isomer with 86:14 diastereoselectivity (Felkin
sion to the corresponding benzylidene ac2ftby treatment ~ product). Again, this represents a “partially matched case”
of 23 with DDQ in CH,Cl, (Scheme 4% Analysis of the of double stereodifferentiation, as aldehysldnas a small
IH NMR coupling constants, specifically= 9.9 Hz, proved preference foanti-Felkin addition. The relative stereochem-
that Ha and Hb were both axial iB5 (Scheme 4). This  istry for aldol adducB0 was established after conversion to
indicated that benzylidene ace®$ derived from ananti- acetal31 (68%, two steps) by treatment 80 with HF-pyr
Felkin aldol product. On the other hand, the use of enan- followed by PPTS in MeOH (Scheme 5). Analysis of the
tiomeric aldehydé led to the formation of aldol addu@6 - - o :
as the malor somer ith 90:10 castereoselectiiy (Felin (9 ) The ateswere deerinesty an-c Wik spectoscope
addition). This aldehyde gives rise to lower selectivity represent data obtained from at least three individual trials.
because the stereoinduction caused by the aldehyde is (16) Roush, W. R.; Bannister, T. D.; Wendt, M. D.; VanNieuwenhze,
. . M. S.; Gustin, D. J.; Dilley, G. J.; Lane, G. C.; Scheidt, K. A.; Smith, W.
opposite to the effect of thg-alkoxy stereocenter in the ;i 3" org. Chem2002. 67, 4284.
boron enolatela. Apparently, this represents a “partially (17) Arefolov, A.; Panek. J. SOrg. Lett.2002,4, 2397.
matched case” of double stereodifferentiation, as aId_ehydeChgﬁ? Iélgczcoo'gllgmg%\év J, IIl; Gustin, D. J.; Roush, W. B. Am.
6 has a small preference fanti-Felkin addition. The relative (19) Dias, L. C.; Aguilar, A. M.; Salles, A. G., Jr.; Steil. L. J.; Roush,
stereochemistry of ald@6 was determined after conversion W- R.J. Org. Chem2005,70, 10461.

. . . (20) Having confirmed the relative relationship between boron enolate-
to the p-methoxybenzylidene acetal by DDQ oxidation derived stereogenic centers, the absolute stereochemistry of the newly

of the PMB ethef! The coupling constant measured between Iorg:edkhydroxytl Substitutent was detfterr?inedt?]y aslgeLtaidning its relationship
_ — P H ; _ 0 the Known stereocenter originating from tne alaenyaes.
Ha—Hb (J = 2.1 Hz) in27 confirmed the Felkin stereo (21) Oikawa, Y.; Yoshioka, T.; Yonemitsu, Qetrahedron Lett1982,

chemistry for aldo26. 23, 889.
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1H NMR coupling constants, specificallya—pe = 11.1 Hz, ties. Indeed, this was found to be the case. The reaction of
Jnb—te = 4.8 Hz, Jyc—png = 10.2 HZz,Jyg-ne = 4.8 Hz, and chiral boron enolatd.a with aldehydell gave aldol36 as
Jna—nt = 10.2 Hz, proved that acetal derives from a Felkin ~ the major isomer (Felkin addition, matched case) (Scheme
aldol product. 7). Under the same conditions as described before, chiral
The next step involved the use of aldehyde (R)-7, and theboron enolatela reacted with aldehydé&?2 to give isomer
addition of boron enolat&a proceeded smoothly providing 37 with >95:05 diastereoselectivity (Scheme 7). The stereo-
aldol 32 with 82:18 diastereoselectivity. Chiral boron enolate chemical assignment of compourgié—37was determined
lareacted with aldehyde (S)t8 give 8-hydroxy ketone33 by their'H NMR analysis, according to Roush’s mod@t®1®
with >95:05 diastereoselectivity (Scheme 6). This method involves analysis of the ABX system for the
methylene unito. to the carbonyl group in théH NMR

] spectra of thgg-hydroxy ketoned®819The!H NMR spectra

(measured in §Dg) of aldol adducB4 (or anti-Felkin) exhibit

Scheme 6
oMP o oms a characteristic doublet of doublet for Ha (2.78 ppm) with a
o oBeten (JHA B smallJax (2.6 Hz) downfield of the resonance for Hb (2.58
: 7 9 9 ¢ oms ppm), which shows a largk , (8.6 Hz). Similar results were
Ve fie 1a B0, 78°C T, Me observed for aldol addu@&5. For Felkin aldol addu@6 (R
o ds=82:18 = TBS), the'H NMR displays a downfield resonance for
B0, 18 o Ha (2.71 ppm) with a largel.x (9.2 Hz), and a higher
o0 o oH gres resonance for Hb (2.53 ppm), with a smak (2.9 Hz)
0 oTBS 5 : ! XA :
" e e e B Me For Felkin aldol adducB7 (R = PMB), the *H NMR
8 2% © V€ ds> o505 displays a downfield resonance for Ha (2.80 ppm) with a

largeJ,« (8.6 Hz), and a higher resonance for Hb (2.55 ppm),
with a smallJy x (3.3 Hz). These results are consistent with
Fhe aldols adopting internally hydrogen bonded conforma-
tions, as proposed by Roush and co-workéig1°

We have described here that high levels of substrate-based,
1,5-anti-stereocontrol could be achieved in the boron-medi-
ated aldol reactions ofi-methyl-3-alkoxy methyl ketones
with chiral aldehydes, leading to both Felkin and anti-Felkin
aldol addition products. The examples presented in this work

show that the levels of facial selection are independent of
- the absolute stereochemistries of the aldehydes although

The stereochemical outcome of these reactions seems t
be controlled mainly by the resideftalkoxy stereogenic
center of boron enolate, although the result with aldefwde
was interesting as it shows a mismatched situation. We next
examined the addition of chiral boron enoldtato chiral
syndisubstitutedx-methyl-alkoxy aldehyde8—12 (Scheme
7). Chiral boron enolatéareacted with aldehydesand10

Scheme 7 dependent on the absolute stereochemistry of the chiral boron
g oR Y PMP enolate. The strong internal stereoinduction of chiral enolate
e H . .
H N o™ o0 oH or la dominated the overall stereochemical outcome of these
e e H B - . e . . .
9, R=TES y A Me 3 B2 NE de s ecoe aldol addition reactions. These stereoselective aldol reactions
o Me e Me Me should prove valuable in polyketide synthesis and we believe
| et0, 78 (34) anti-Felkin (35) anti-Felkin . . . .
oy E570% OHO Hx Ha dd,§ 278 Ha dd§ 2.73 they will allow synthetic chemists to confidently pursue more
O)\O oBeHe0, R SR ib; dd, 5 2.58 ib; d9.8 251 aggressive convergent approaches toward assembling com-
; Hahb fe Jpy=86Hz  Jpy=87Hz plex polyacetate arrays in the synthesis of natural products.
Me Me 1a P Further studies in this direction are underway to explore their
o 7sc O 9 O OH OR L 3 R=T8S ds> 9508 generality and origin and will be described in due codfgé.
¥ ® 37,R=PMB, ds > 95:05
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to give a>95:05 ratio favoring thenti-Felkin isomers34
and 35, respectively (Scheme 7). In this latter case, the
pB-alkoxy stereocenter in the boron enolate (propensity for
1’5_'ant| addlltllon) exerts ,a_dommam '_nﬂu,en,ce f)n f';lldehyde (22) Several computational studies indicate that chairlike and boatlike
facial selectivity, by overriding the low intrinsic bias imposed  transiton states in methyl ketone aldol reactions are relatively close in
_ i i energy: (a) Li, Y.; Paddow-Row: M. N.; Houk, K. Nl. Org. Chem199Q
by the o and f stereocenter.s in the aldehyde, to give the 55, 1535. (b) Bernardi, F.; Robb, M. A.; Suzzi-Vall, G.; Tagliavini, E.;
1,2-syn-1,3-symproducts. Chiral aldehydesl and12 were Trombin, C.; Umani-Ronchi, AJ. Org. Chem1991,56, 6472. _
next employed in anticipation that their preference for (53) For papers dealln? \)NIFt)hthe OF;Igng gfreénote ag)ygnﬂemcz glgeuctlon
. f . . . . Iin these reactions, see: (a) Paton, R. S.; Goodman, @Qril.Lett. s
forming adduct86 and37, combined with the same intrinsic 8, 4299—4302. (b) Stocker, B. L.. Teesdale-Spittle, P.. Hoberg, EuD.

preference of the substrat@, would lead to high selectivi-  J. Org. Chem2004, 330.
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