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A variety of aldol adducts (i.e., 3-hydroxy ketones) are shown to undergo syn—anti isomerization in the presence of imidazole by an enolization
mechanism with negligible retroaldol or elimination products.

The aldol reaction can produce up to two new stereogenic especially from chiral substrates, remains a significant
centers, and several stereocisomeric products are generallghallengei“®Isomerization of aldol adducts is an alternative
possible. The reaction is readily reversible, and when strategy to access aldol stereoisomers. Although there have
mediated by weak bases (e.g., hydroxide, alkoxide, amine),been several reports of isomerization of cykficand
product distribution is generally under thermodynamic acyclic¢®’ aldols through a retroaldol mechanism, isomer-
control! The advent of modern enolate chemistry and the ization of aldols via an enbbr enolatéis rare. In this paper
use of preformed enol(ate) derivatives facilitated rapid we report that imidazole effectively catalyzes the spnti
development of the “directed” aldol reactiémn this case, isomerization of 3-hydroxy ketones by an enolization mech-
product formation is typically under kinetic control although anism with negligible retroaldol or elimination products.
isomerization of metal aldolate intermediates can be facile Reaction of1a!® with TBDMS-CI in the presence of
under certain conditionsThe development of methods for  imidazolé! in CH.Cl, solution failed to give the desired
stereoselective aldol reactions has been intensively investi-TBDMS ether; however, after 5 days ca. 30%1sf® was
gated for more that 20 yeaftdNonetheless, the ability to  detected and isolated from the reaction mixture. The isomer-
produce each of the possible aldol sterecisomers selectively,zation of 1a was readily followed by*H NMR in CDCl;
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with 10 equiv of imidazole. After ca. 4 days, a 1.5:1 [
equilibrium mixture of1s and 1a, respectively, resulted.  1apie 1. Imidazole- Catalyzed Syn—Anti Isomerization of
Equilibrium was confirmed by obtaining the same mixture a|dols 1 and5—1G¢

starting from1s. These solutions were stable for several

weeks with negligible €5%) retroaldol (as judged by the @ HO  omMOM 0 HO  OMOM o Ho
absence of4) or elimination products being detected. M m ﬁJ\E/LPh
Subjecting5a'? or 552 to the same conditions resulted in a s ga S s 72 S s ga
1.8:1 equilibrium mixture of5s and 5a, respectively. In
principle, aldol adducts can isomerize by retroaldol and/or O HO  OMOM O HO OMOM 0 HO
enolization mechanisms (Scheme 1). Whereas all possible = A ﬁk/rkph
Scheme 1 O HO O HO O HO O HO
HO HO [\ ij:_/'\Ph é/l\Ph Hj\:/'\Ph Hj\l/'\Ph
keto-enol keto-enol : z
tautomerism fj/'\fﬁ tautomerism 9a 9s 10a 10s
O HO O HO O/_\O starting aldols at equilibrium®
w m entry aldol solvent (ratio at equilibrium)c
& ‘\f;?daé? / 1 la CDCl, 1s:la (1.5:1)
2 1s CDCl3 1s:1la (1.5:1)
HO o /_\ 3 la CHCl, 1s:1a (1.6:1)
4 1s CHCl, 1s:1la (1.6:1)
5 la acetone-dg 1s:1a (2.0:1)
6 la CesDs 1s:1la (1.4:1)
\ 7 la CH30OH 1s:la (1.7:1)
)/(etroak;\ P 8 5a CDCls 5s:5a (1.8:1)
M aldol m 9 5s cDCl, 5s:5a (1.8:1)
s s s 10 5s CH:Cl; 5s:5a (1.9:1)
{HO HO ,%( 5s 11 5s acetone-ds 5s:5a (1.6:1)
keto-enol keto-enol 12 5s CesDs 5s:5a (1.5:1)
tautomerism tautomerism 13 5s CH3OH 5s:5a (201)
14 5s DMF-dy 5s:5a (2.1:1)
15 6a CDCls 6a:6s (1.1:1)
16 6s CDCl3 6a:6s (1.1:1)
stereoisomers can result from a retroatealdol pathway, 17 s CDCls 7s7a (1.5:1)
keto—enol tautomerism can interconvert only two stereo- o 8a CDCls 8a:8s (1.6:1)
. . L 19 9a CDCl3 9a:9s (2.0:1)
isomers. We conclude that the above isomerizatiorisanfd 20 10s¢ CoDet 10a:10s' (1.1:1)f

5 proceed via imidazole-catalyzed enolizatibtt because:

; ; ; i At ; a]midazole (0.2-0.4 M, ca. 10 equiv) at room temperatubdEquilibrium
(i) 5was not detected in the isomerization biand vice reached in 4—7 days (monltored By NMR). Aldols recovered ir~95%
versa, and (ii) imidazole does not catalyze an aldol reaction y|e|d after aqueous workup.Ratios determined byH NMR (relative error
between2 and4. estimated att10%).9 A 9:1 mixture of 10s:10awas used® Reaction at

60 °C for 13 days! Approximately 6% of benzaldehyde was present.
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hyde with tetrahydrothiopyran-4-one and cyclohexanone, | NN

respectively, readily equilibrated in the presence of imidazole 1 p1e 3 Rate of Isomerization dBs in CDCl; at Room
to give a slight excess of the anti diastereomer, as expécted. Temperature
Isomerization of the acyclic alddlOswas very slow at room

temperature; however, heating a benz&selution of 10s entry base [ase] M) ISP (M)  twe (h)
and imidazole at 60C for 13 days produced 1.1:1 mixture 1 pyridine 0.22 0.016 d
of 10aand 10s, respectivel§e Despite these much harsher 2 Et:N 0.40 0.016 110
conditions, elimination was negligible and only a small i mf;oue g'ig 8'812 ‘113
amount of retroaldol occurred (as indicated by the presence 5 0.20 0.016 19
of benzaldehyde, 6%). 6 0.20 0.030 21
We also examined the imidazole-catalyzed isomerization 7 0.40 0.030 89
of the bisaldolsl1'” (Table 2). Reactions dflaaor 11sain 8 0.40 0.060 8.4
9 0.40 0.120 8.9

) o ] 11 Ti(OiPr)s 0.036 0.018 e
Table 2. Imidazole-Catalyzed Isomerization of Bisalddl&
aMonitored by!H NMR by integration of HC-1for 5s and 5a. At

TN o1 0o HO ./ equilibrium, a 1.8:1 ratio obs:5awas obtained? Initial concentration of
0,.° o, .0 5s.¢ The half-life for equilibration:ty; = In(2)/kobsWherekopsis determined
- from the slope of the line obtained by plotting B$fquiibrium — [5S)) Vst
z (=8 data points over 2 half-lives3?2 > 0.99). Relative error estimated at
S S S +10%. 9 No isomerization after 200 l§.Reaction in CHCI, at 0°C gave
11sa elimination only (cf. ref 7).
o/_\o OH O HO o/_\o o/_\o OH O HO o/_\o . ] )
We briefly examined the effect of other bases and reaction
ER- conditions on the rate of equilibration 6§in CDCl; (Table
S S S S S s 3). Catalysis by DMAP was at least as effective as imidazole
11aa 1188 although E$N was considerably less efficacious, and pyridine
starting aldols at equilibrium® did noF .catallyze isomerization &s. As expected, the ratg
entry  bisaldol solvent (ratio at equilibrium)¢ of gq_whbratlon was depend_ent on the molar concentration
: — — of imidazole (compare entries 7, 8, and 9) but not on the
1 lisa — CDCls llsa:llss:llaa (3.4:1.3:1) stoichiometry (compare entries 4, 6, and 8). The data
2 llaa CDCl3 1llsa:1lss:1laa (3.4:1.3:1) btained ¢ ti d in imid | 29 3
3 1laa  CH.Cl, 11sa:1lss:1laa (4.8:1.4:1) obtained suggest a reaction oraer in imidazoie oFL.
4 11laa  CeDs 11sa:l1ss:11aa (5.4:2.4:1) implying a complex mechanist. . _
5 11aa acetone-ds  1lsa:llss:1laa (9.6:3.8:1) In summary, we have demonstrated that imidazole is an
6 1llaa acetone 11sa (65%),9 11ss (25%),d effective catalyst for syn—anti isomerization of aldols via

11aa (7%)" an enolization mechanism. Isomerizations are high yielding
2 midazole (0.4—1.0 M) at room temperatufeEquilibrium reached in and occur W't_h I|ttle.or. n0|jle of the usual byprodu_cts arsing
6—10 days (monitored by NMR). Aldb%I_s' recovered in-95% yield after from competing elimination or retroaldol reactions. The
aqueous workup: Ratios determined NMR (relative error estimated ; ; ;
at +10%).9 Isolated yield. process can provide access to dlastereomgr_s unavailable by
other methods, and although stereoselectivity under these
conditions is typically modest, useful amounts of material

all cases led to a mixture of the same three aldols, clearly can be obtained by recycling if necessary.
indicating isomerization by an enolization mechani$m.
Interestingly, although the ratio of tl& symmetrical aldols
(11ss,11aa) at equilibrium was solvent-dependent {1333:

1), the unsymmetrical bisalddllsaconsistently comprised
60—65% of the mixture. As with previous examples, the
isomerizations proceeded without giving significant amounts
of elimination or retroaldol products.
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