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The aldol reaction is one of the most widely known reactions in o Se o Se 0 7Se
organic chemistry.” When used in conjunction with a chiral HLNJ{O H213C/U\NJJ\O H213C)J\,\]9°\O
promoter, aldols give high stereoselectivities for a variety of metal 0 H o o M
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acid and base combinatiohs. Although many aldol reactions have 1a 1b 1c
been reported, few accounts propose a geometry for the enolaterigure 1.

intermediate, and fewer still are the result of direct observation.
Of those that propose a structure, evidence is in the form of product
ratios or modeling calculatiorfsSNMR observation of the enolate
itself is rare? understandably due to the low temperatures necessary
for its synthesis as well as the lack of suitably NMR active reporter
groups within the substrate.

The oxazolidineseloriés useful both to promote chirality in aldol
reactions as well as to report on the ratios of each isomer produced
in the reaction using’Se NMR spectroscopy. In an effort to
determine the solution state geometry of the Ti enolate of a glycolate &

selone, we have synthesized compoubaisc (Figure 1) enriched Figure 2. Lowest energy configurations and calculated energies of models
in 13C and”’Se and studied their enolates using low-temperature A and B.

NMR spectroscopy. ppen L
Selonesla—c (1.0 equiv) dissolved in CECl, were first HPr |

combined with TiCJ (1.1 equiv) at—10 °C, and the'H, 13C, and 257

'Se NMR spectra of an aliquot were measured at that temperature.

IH—1H NOESY was measured only for compoute. Previous 307 ° 0= L

work?* indicated that the lowest energy configuration fowas
one where the dihedral angle between the amide carbonyl and the **7
selenocarbonyl was close to 2§pseudo trans). This was consistent
with our NOESY results for the Ti complex dfa, as there were
no cross-peaks betweenoHof the amide and Hipr of the
oxazolidineselone. This would suggest a distance greater than 4 **
A. Ab initio theory predicts a minimum distance of 4.64 A, a
maximum distance of 6.76 A, and an average distance of 5.73 A 9
between H of the amide and Hr of the oxazolidineselone. Model
A (Figure 2), where the dihedral angle between the two carbonyls
is close to 0 (11.7, pseudo cis), is higher in energy by 12.2 kcal/ —
mol than model B, where the dihedral angle is 162 o H Enolate . %_
Hunig's base (1.15 equiv) was added, and another aliquot was a0 ss 50 45 4o 25 a0 28 -
taken for NMR analysis. Identical conditions were used and spectra rigyre 3. 1H—1H NOESY spectrum of the enolate db (750 ms mixing
were taken as with the Ti complex. For the enolate, however, we time).
observed cross-peaks between the enolate proton and both the H1 These distances confirm that the enolate oxygens are cis to each
oxazolidineselone as well asiAr (Figure 3). Consecutive NOESY  other and strongly suggest that the selenocarbonyl is cis to the
experiments with different mixing times allowed us to calculate a enolate. Thus, the orientation of this enolate should promote a strong
distance between the enolate proton and H1 of the oxazolidineselonefacial preference upon subsequent reaction with an aldehyde or
of 2.33 A (Table 1). We further determined the distance between ketone. Indeed, product ratios confirm this tendehtgModeling
H enolate and HPr to be 2.89 A. The H enolateH1 distance also indicated one side of the Ti enolate complex is less sterically
calculated from NMR data is about 0.2 A longer and the H hindered than the other side (vide intra).
enolate-H iPr distance is about 0.5 A shorter than those in the It is important to note how unexpected this orientation for the
model structures. This is due to the efficient spin diffusion pathway enolate is, with respect to the selenocarbonyl. Although depending
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formed by H enolate, H1, HPr, and the methyl protoris. on the conditions used both #8112 and tran%14 enolate
transition states have been proposed, little discussion is found on
Los Alamos National Laboratory. why the starting amides, precomplexed amides, and products seldom
*Idaho State University. exist in a cis orientation relative to the auxiliary carbonyl and the
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Table 1. H—!H Distances within the Enolate of 1b Calculated
from NOESY Spectra as Compared to Calculated Models C, D,
and E12

calculated distances (A)

spin transfer systems NOE builduprate NMR distance (&)  C D E
Henolate-H Bn  0.0123+ 0.00075 2.96 258 336 3.27
H enolate-H! Oxaz 0.0517 0.005 2.33 214 213 4.27
H! Oxaz—H iPr 0.0376+ 0.0007 2.45 242 243 251
H? Oxaz-MeiPr  0.0170+ 0.0053 2.8
H! Oxaz-MeiPr  0.0088&t 0.00034 3.12
MeiPr—H iPr 0.02429+ 0.0013 2.64
H enolate-HiPr ~ 0.0141+ 0.00002 2.89 3.39 347 5.67

side chain carbonyl. Because both calculations and NOESY data
indicate a trans orientation of the selenocarbonyl relative to the
glycolate carbonyl in the Ti complex, there must be a strong driving
force for rotation about the amide bond to form the enolate
observed. The halfway point between models A and B, which
should give a rough idea of the barrier to rotation between the two,
was calculated to be 19.0 kcal/mohigher in energy than A.
Modeling studies do not agree with our NOESY results for the
enolate and predict a different state as being the lowest in edergy.
Similar to the Ti complex, the orientation in which the selenocar-
bonyl is trans to the enolate oxygen, modélPis predicted to be
lower in energy by 11.8 kcal/mol relative to molecule!DSince
the ammonium group was left out of the calculations, it is possible
this leads to inaccuracy in the resulting model.

Once the enolate has reacted with an aldehyde, crystal structure

analysis of the product again confirms the trans orientation of the
selenocarbonyl relative to the glycolate carbofyfihis orientation
suggests a stabilizing interaction through H-bonding between the
selenocarbonyl and dd of the glycolate. This type of interaction
has also been suggested from crystal structures of products base
on oxazolidinoné? thiazolidinethioné® and imidazolidon¥ aux-
iliaries.

Comparing the NMR spectra of the starting material, Ti complex,
and enolate ofb,c shows an important trend in the coupling within
the selenocarbonyl that might shed light on the above discrepancy.
TheJc-sevalue is essentially the same between the starting material
and the Ti complex €240 Hz), but drops significantly after
formation of the enolate (222 Hz). THéSe NMR shift of the
selenocarbonyl moiety is quite sensitive to subtle intramolecular
electronic change®, but the Jc_se should be relatively constant

unless there is a dramatic change in the electronic character of the

selenocarbonyl double bond. It is likely that this decreask ige
could indicate a drop in the s orbital contribution to the=8ebond.
Considering the proximity of the Ti to the Se as indicated by the
NOESY data, this effect could be the result of an interaction
between Ti and Se. ThESe NMR spectrum of the enolates of

la—c, however, showed only a very broad resonance centered at

558.7 ppm, possibly indicating a dynamic association with Ti, the
ammonium group, or both. Other groups using similar enolates have

reported low deuterium incorporation in cases where the base used

to generate the enolate is capable of returning a prtdhis may
be the result of tight association of the enolate with the protonated
base, which can act as a proton “shuttle” once the reaction is
guenched with an H#D™ source.

Our results show that Ti-mediated enolate formation flogives
a Z enolate with the dihedral angle between the enolate oxygen
and the selenocarbonyl close tb We are currently modeling these
structures with experimentally determined distance constraints, as
well as using DFT calculations to determine the lowest energy
position for the protonated amine base. Efforts are also underway
to obtain'H, 1°C, 77Se, andH—1H NOESY data during subsequent
reaction of the enolate with an aldehyde.
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