ORGANIC
LETTERS

The Effects of a Remote Stereogenic Vol, 4, No. 20

Center in the Lewis Base Catalyzed 34773480
Aldol Additions of Chiral Trichlorosilyl

Enolates

Scott E. Denmark* and Shinji Fujimori

Roger Adams Laboratory, Department of Chemistry, University of Illinois
Urbana-Champaign, Urbana, Illinois 61801

denmark@scs.uiuc.edu

Received July 23, 2002

ABSTRACT

TIPSO  OSiCls 0 TIPSO O OH
F 10 mol% cat. F
~_ R +

Me H R CHuCl,, -78 °C Me R’
R=H, Me R' = aryl, alkenyl R

Chiral trichlorosilyl enolates bearing a remote stereogenic center were employed in the phosphoramide-catalyzed aldol reaction. The additions
of the methyl ketone enolates proceeded with only moderate diastereoselectivities. The addition of the Z-enolate to various aldehydes selectively
produced the syn relative diastereomers. In both cases, the effect of the f-silyloxy stereogenic center was modest, and the internal
diastereoselection was mainly controlled by the catalyst.

The asymmetric aldol addition is well-established as a catalyzed aldol additions, the influence of thesilyloxy
practical approach to assemble polypropionate subunits in astereogenic center dominates the stereochemical outcome of
stereoselective mann&Our laboratories have disclosed a the aldol reactiod®” On the other hand, the aldol reaction
conceptually new catalytic, stereoselective aldol reaction thatof enolates bearing an-methyl stereocenter showed only
employs trichlorosilyl enolates and a catalytic amount of modest intrinsic selectivity, and the configuration of the aldol
chiral phosphoramideé. product is primarily controlled by the catalyst configuration.

A variety of trichlorosilyl enolates derived from esters, Recently, both Paterson and Evans have described ex-
ketones, and aldehydes have been prepared and employedmples of 1,5-stereoinduction originating from a remote
in Lewis base catalyzed aldol additiohslore recently, the stereocenter in boron enolate aldol additibnis these
scope of the enolate structure has been expanded to includeeactions of methyl ketones containifigalkoxy functional-
chiral enolates containing am-stereogenic centérWhen ity, high 1,5-anti selectivities were observed. Interestingly,
lactate-derived enolates are used in the chiral-phosphoramidethe use of a chiral isopinocamphoryl ligand on boron

- exhibited a double stereodifferentiation effect where a
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preparations and the Lewis base catalyzed aldol additionsusing LDA and TMSCI. Geometrically defined TMS enol

of enolatess—8 bearing as-silyloxy stereogenic center.

Scheme 1
RO O RO O0SiCl; R"CHO RO O OH
= R' enolize : R catalyst : .
Me/\)K/ Rdladenidl Me/\)\/ T e g
R
1:R=TBS; R =H 5:R=TBS;R'=H 9:R=TBS;R'=H
2:R=TIPS; R’ = H 6:R=TIPS;R'=H 10:R=TIPS;R' = H
3:R=TBS;R'=Me 7:R=TBS;R'=Me 11:R=TBS;R' = Me
4:R=TIPS;R=Me 8 R=TIPS;R'=Me  12:R=TIPS;R' =Me

The chiral ethyl ketoned—4 were readily prepared in
three steps from ethylS-3-hydroxybutyrate (Scheme 2).
Conversion to the Weinreb amid& proceeded in good yield
using trimethylaluminuni.This hydroxyamide was protected
as either theert-butyldimethylsilyl etherl4 or the triiso-
propylsilyl etherl5. After the protection of a hydroxyl group,

the amides were converted to the corresponding methyl and

ethyl ketones in good yields.

Scheme 2
HO O NH(OMe)Me

? AlMeg
Me/\)J\OEt CeHs, reflux

85%

TBSCl or TIPSCI
Im, DMAP

DMF, rt

HO O
~ _OM
Me/\)J\I}I OMe
Me
13

MeMgBr
or EtMgCl

RC O
~ .OM
Me/\)J\ITl OMe
Me
14: R = TBS (80%)
15: R = TIPS (93%)

RO O
Me/-\/lk/ R

1:R=TBS; R' = H (66%)
2:R=TIPS; R' = H (79%)

3:R=TBS; R' = Me (96%)
4:R =TIPS; R' = Me (87%)

These chiral ketones—4 were converted into the corre-
sponding TMS enol ethed—19 (Scheme 3). The selective
enolization of the methyl ketones was achieved by simply

Scheme 3
RO O LDA, TMSCI ~ HQ  OTMS
z M ’ =
Me/\)\/ ® TTHF, 7c | Me
1:R=TBS 16: R = TBS (87%)
2:R=TIPS 17: R = TIPS (83%)
RO O @b RO OTMSM
Me © Me x-Me
3:R=TBS (2)-18: R = TBS (72%, Z/E = 9/1)
4'R=TIPS (2)-19: R = TIPS (59%, Z/E = 28/1)
a) EtN, TMSOT, CgHe, 1t
b) DBU, TMSCI, CH,Cly, reflux
TIPSO O #‘,\Tﬂgg* TIPSO  OTMS
z M -
Me/\)J\/ ® TR, 78°C | Me =
Me
4 (B)-19 (69%, E/Z = 18/1)
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ethers were obtained using the following combinations of
reagents for the enolization of ethyl ketones. Thselective
enolization was achieved using eitheM{TMSOTf” or
DBU/TMSCI combination in refluxing methylene chloride
to produce Z)-18 and (2)-19 The E-selective enolization
was effected by lithiuntert-butyl trityl amide (LITBTA) and
TMSCIZ?

For the preparation of the methyl ketone enoldieand
6, transition metal catalyzed metathesis using either 1 mol
% Hg(OAc) or 5 mol % Pd(OAc) was employed. The
trichlorosilyl enolates generated by this procedure are isolated
by fractional distillation. When Hg(OAg)is used as the
catalyst, the resulting enolate can be directly used in the
subsequent aldol addition (Scheme 4).

Scheme 4
RO OTMS RO OSiClsy
: SiCl, :
Me CHoCl, Me
16: R =TBS Pd(OACc), 5: R =TBS (81%)
17:R=TIPS Hg(OAc)» 6: R=TIPS
1) MelLi .
RQ OTMS 2) SiCly RQ OSiClg
~ X Me ~ . Me
Me' Et,O Me
(2)-18 (Z/E = 9/1) (2)-7 (65%, ZIE = 12/1)
(2)-19 (Z/E = 28/1) (2)-8 (53%, Z/E = 32/1)
(E)-19 (E/Z=15/1) (E)-8 {23%, E/Z = 15/1)

The ethyl ketone enolates were prepared by direct O-to-O
transsilylation through formation of the lithium enolaf&he
lithium enolate was formed from the TMS enol using
methyllithium and was subsequently trapped with 10 equiv
of SiCl, (Scheme 4). Thus, the trichlorosilyl enolatéand
8 were obtained from the corresponding TMS enol ethers
with high E/Z ratios. With this procedure, however, variable
amounts of bisenoxydichlorosilane species were observed
in the isolated trichlorosilyl enolates.

With the methods for syntheses bfand 6 established,
we focused on the aldol addition of these enolates. The aldol
addition of the methyl ketone enoldie¢o benzaldehyde was
examined using the chiral and achiral phosphoramifizs
and 20b. The use of 10 mol % of the catalyst effectively
promoted the addition at 0.5 M concentration. The results
are summarized in Table 1. Unfortunately, the observed
selectivities were not satisfactory considering that the phos-
phoramide20a showed high selectivities in the aldol addi-
tions of other methyl ketone enolatésThe inherent syn/
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(7) (@) Trost, B. M.; Urabe, HJ. Org. Chem.1990, 55, 3982. (b)
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(c) Corey, E. J.; Cho, H.; Rucker, C.; Hua, D. Fetrahedron Lett1981,
22, 3455.

(8) Taniguchi, Y.; Inanaga, J.; Yamaguchi, Bull. Chem. Soc. Jpn.
1981,54, 3229.
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(10) Denmark, S. E.; Ghosh, S. Kingew. Chem., Int. ER001, 40,
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(11) Denmark, S. E.; Stavenger, R. A. Am. Chem. SoQ000, 122,
8837.
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anti selectivity was determined using the achiral cat&lQs,
and only slight selectivity toward the 1,5-anti isomer was
observed (Table 1, entry 3).

Table 1. Aldol Additions of 5 to Benzaldehyde

TBSO OSiCl; o 1c§tahﬁ} TBSO O OH
H . mol Y N
Me H™ “Ph CH,Cl,, -78 °C Me Ph
5 9a
entry?2 catalyst yield (%)° syn/antic
1 (R,R)-20a 72 1/2.5
2 (S,S)-20a 75 1.3/1
3 20b 55 1/1.4

aReaction time was 4 i.Yield of chromatographically homogeneous
material.¢ Determined by CSP-SFC.

methyl ketone enolates. The poor selectivities for the
additions of these methyl ketone enolates may be related to
the protecting group on thgoxygen. In the boron enolate
aldol reactions, it was found that changing the protecting
group from a benzyl-type ether to a silyl ether lead to a
significant attenuation of 1,5-stereoinducti®nAlthough
clear explanation for this effect was not presented, the nature
of the protecting group seems to affect the intrinsic stereo-
induction in these substrates.

After the examination of the methyl ketone enolates, we
turned our focus to the addition of ethyl ketone enolates.
The reaction conditions were optimized using benzaldehyde
for enol ethers and8; the results are summarized in Table
3. The addition ofZ-enolates7 and 8 showed good syn
relative diastereoselectivity that mirrored thée ratio of the
enolate (Table 3, entries—¥4). This observation suggests
that the aldol addition ofZ-enolate proceeds through the
Zimmerman-Traxler-type transition staté.It was surprising
to find that the addition of theH)-8 was relatively syn

The addition of the methyl ketone enolates can be selective (Table 3, entry 5). It is likely that the competitive
performed using the in situ generated enolate for operationalboat transition structure is operative for the addition of
simplicity. The results of aldol additions to benzaldehyde E-enolate and may be slightly more favorable than the chair

using in situ generatesland6 are collected in Table 2. This
method not only avoids handling of sensitive trichlorosilyl

enolates but also provides improved selectivities for the

additions of5 as compared to the addition of isola&(Table

transition structure.

2, entries 1 and 2 vs Table 1, entries 1 and 2). The Table 3. Phosphoramide-Catalyzed Aldol Additions bfand8

stereochemical course of the reaction seems to be controlle

only by the catalyst since similar selectivities for both
directions were obtained using either enantiomer20&.

Although the yield of the reaction was significantly higher,
the addition of6é was less selective than the aldol additions

of 5 (Table 2, entries 3 and 4). Thus, the effect of the resident
stereocenter is almost nonexistent in the addition of the

Me Me Me
PAGN o PN o N_o
T PN (¥
pn- N '\O pn” N "O N '\O
Me Me Me
(R,R)-20a (5,9)-20a 20b

Table 2. Aldol Additions of In-Situ Generate8 and6 to
Benzaldehyde

1) SiCly, Hg(OAc), (1 mol %)

RO QTMS 5 BhCHO, cat. (fomol %)~ 19§ 9
Me CHCl Me Ph

16:R =TBS ga: R = TBS
17'R=TIPS 10a: R =TIPS
entrya catalyst yield (%)P syn/anti®

1 (R,R)-20a 61 5.5/1

2 (S.5)-20a 58 1/4.4

3 (R,R)-20a 89 1.8/1

4 (S,S)-20a 86 1/2.3

aReaction time was 4 R.Yield of chromatographically homogeneous
material.¢ Determined by CSP-SFC.
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do Benzaldehyde

relative
Pg0  OSiCl catalyst PgO O | OH
g/:\)\r,l?/le+ j\ 10 mol % 95
H™ "Ph  CH.Cl,, -78°C  Me™ X Ph
7:R=TBS internal Me
8: R=TIPS 11a: R=TBS
12a: R=TIPS
yield relative dr internal dr
entry? enolate Z/E catalyst (%)° (syn/anti)d (syn/anti)®
1 2)-7 12/1 (RR)-20a 59 6/1 14/1
2 (2)-7 12/1 (S,S)-20a 60 12/1 1/14
3 (2)-8 16/1 (R,R)-20a 84 30/1 16/1
4 (2)-8 16/1 (S,S)-20a 86 26/1 1/10
5 (E)-8 1/15 (S,S)-20a 80 3/1 11
6> (2)-8 30/1 20b 83 29/1 1.4/1

aReaction time was 8 H.Reaction time was 12 K.Yield of chromato-
graphically homogeneous materiéaDetermined byH NMR. € Determined
by CSP-SFC.

The intrinsic selectivity of the chiral enolate (Z)vas
again determined using the achiral phosphorar2itgTable
3, entry 6). Similar to the case for methyl ketone, the effect
of the resident stereocenter was almost absent, giving almost
1/1 internal diastereoselection. This allowed diastereo-
controlled aldol addition to produce either syn relative

(12) The configuration of the aldol product is assigned on the basis of
the assumption that the newly formed stereogenic cent&)isgnfigured
when (R,R)-20as used.

(13) Zimmerman, H. E.; Traxler, M. DJ. Am. Chem. Sod 957,79,
1920.
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diastereomer by changing the configuratior26f. The use CHO
of (R,R-20aproduced the (syn,anti) diastereomer, while the CHO “ N0 oo MeN/CHO
(syn,syn) diastereomer was obtained using ®&)-204* @ OO ©/V Me Me

In contrast to the boron enolate aldol reactions where the a b c d e
1,5-anti stereoinduction dominates the stereochemical out
come, the external effect from the catalyst determined the

diastereoselection in these aldol additions. This catalyst- Tabge 4. S;B"ey Oévarlious Aldehydes in Aldol Additions of
controlled aldol addition enhances the synthetic utility of (£)-8Using20aas Catalyst

these trichlorosilyl enolates. relative
To expand the scope of this aldol additio)8 was RO OSiCls o catalyst RQ O | OH

chosen to survey other aldehyde structures including aromatic Me/\)\/ Me + H)J\R” “CH.Cl, 78°C  Me \_' R"

and olefinic aldehydes. The additions of (Z2)t8 these 7:R=TBS a-e Ze internal Me

aldehydes are summarized in Table 4. In all cases, high syn & H=TIPS 1HaR-TB8

relative diastereoselectivities were maintained. When the

diastereoselectivities betwe&@aand12b were compared, time yield relative dr internal dr

1-naphthaldehyde showed slightly decreased relative selecentry2 R"CHO catalyst (h) (%) (syn/anti)® (syn/anti)
tivity (Table 4, entries 1 and 2 vs 3 and 4). On the other

! @ ; a (RR)}20a 6 84 30/1 16/1

hand, the internal selectivity was higher fb2b compared 2b a  (S5,5)20a 6 86 26/1 1/10
to that of 12a. This may be related to the bulk around the 3 b (R,R)-20a 8 80 17/1 30/1
aldehyde carbonyl, and a similar trend was observed for the 4 b (SS5)-20a 8 75 18/1 1/10
addition of the ethyl ketone enolate bearing @methyl 5 ¢ (RR)20a 12 8  >50/1 101
stereocentetcd A switch in the internal diastereoselection 6 ¢ (5,5)-20a 12 81 =501 1/8
b d in all cases, depending on the catalyst ! d (RRy20a 8 79 28/ m

was observe \ » depending yst g d (SS20a 8 83 371 1/6
configuration. The internal selectivities were found to be ¢ e (RR)}20a 8 83 >50/1 3/1
significantly higher for aromatic aldehydes compared to those 10 e (5,5)-20a 8 81 >50/1 1/3

of othe!r olefinic gldehydgs (Tgble 4, entrie_s. 1 and 3). a(2)-8 contained 10% of the bisenoxysilane, and the Z/E ratio was 32/1
Interestingly, the disparity in the internal selectivity between by H NMR analysisb Z/E ratio was 16/1¢ Yield of analytically pure
(R,R)-20aand 6,S)-20avas larger in the aromatic aldehydes material.4 Determined by*H NMR analysis.¢ Determined by CSP-SFC.
than in the olefinic aldehydes. The olefinic aldehydes showed _ — _ —
similar internal diastereoselectivities ranging from 6/1to 10/1  Extension of these studies including the application of

(Table 4, entries 5—10). these catalytic methods to polypropionate type natural
Thus, we have described the catalytic diastereoselectiveP™dUCts is currently in progress.
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