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This work focuses on the development of a simple technique to accurately predict and visualize the diastereoselectivity of ketone, aldehyde,
and allyl chloride reductions by mapping electrostatic potential onto the frontier molecular orbital involved in the reduction. A distinct difference

of electrostatic potential on the faces of the carbonyl can be used to predict the face of nucleophilic attack with a high level of accuracy.

Predicting the outcome of asymmetric induction during the global conformational minima) are often required by rule.
reduction of aldehydes and ketones has been the subject oMore precise analysis can be ascertained using computational
intense investigation since the pioneering work by Cram in chemistry, albeit with greater effort, as transition states can
19521 For prochiral carbonyls (ana-chiral allyl chlorides) be located and relative energies can be comp&reé.

that are proximal to an asymmetric element, the Cram, Herein, we report a simple computational method to
Felkin—Anh, and related noncomputational models work predict asymmetric induction via visual inspection of a single,
with remarkable success? This is a particularly interesting mapped isosurface. This method is not intended to be a
fact given that biased conformations (as opposed to truequantitative and rigorous theoretical treatment of asymmetric
induction, but rather a broadly applicable, qualitative method
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Table 1. Test Compound Electrostatic Potential Maps on LUM&urfaced
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a]sosurface values 0.02. Nucleophiles used in cited product rati®sCHsMgBr. ¢ CHzLi. 9 CHsMgCl. € NaBH,. f NaBH, + ZnClp. 9 BupCuLi-ZnCly.

a visual interpretation of the frontier molecular orbital (FMO) (2) FMO theory teaches that the most significant interaction
theory'® onto a prochiral electrophile. In addition, this method between a nucleophile and an electrophile is that of the
does not require the user to infer steric arguments or calculateHOMO and LUMO, respectively. Thus, our primary interest
transition states, nor does it require biased conformationsis the asymmetric topology of the lowest-unoccupied mo-
(only the geometry optimized, global minimum geometry is lecular orbital that exhibits an isosurface proximal to the
necessary). Despite a simplistic approach, it will be shown reactive electrophilic site. Although this is typically the
that the accuracy for predicting stereochemical outcome is LUMO, there are some exceptions (noted below), thus we
excellent across a diverse group of molecules, including thosewill refer to the orbital of interest as the LUMO
with proximal and distant elements of chirality, as well as  The three-dimensional LUM©defines a “target” for
metal chelates. nucleophilic attack but lacks a visually evident “bullseye”
Our strategy integrates the following concepts: (1) For to be used as a predictor of facial selectivity. This issue can
any carbonyl functional group situated asymmetrically within be satisfied by mapping onto the LUM@he corresponding
a molecule, the asymmetry of its environment will be electrostatic potential (ESP). The concept of predicting
translated to associated molecular orbital topology, electron nucleophilic attack using a map of ESP onto total molecular
density, and electrostatic potential. This translation of asym- electron density is establishé&¥>However, we opt to focus
metry to electronic properties establishes, in part, the basisspecifically on the LUM®@ isosurface, with the following
for prochiral facial selectivity by an attacking nucleophile. rationale: (1) it conceptually parallels FMO theory; (2) it
provides enhanced resolution of the reactive electrophile’s
(16) Fukui, K.Acc. Chem. Red.971,4, 57—64. electrostatic enironment (i.e., a more well-defined “bulls-
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eye” for visual inspection); and (3) it avoids a formal a generic nucleophile will attack the more electron-deficient
consideration of the BergiDunitz anglé’~*° of nucleophilic target (denoted as dark blue).
attack. The latter is rendered unnecessary as the angle of This method was extended to more complex compounds,
nucleophile approach should map onto that region of the with multiple ketones and more diverse substitutions, to
LUMOg corresponding with the electrophilic center. further explore the method. The first example is a diketoester
The Gaussian 03 suite of softw&téG0O3W for calcula- utilized by the Solladie group in the synthesis of a precursor
tions and GaussView for visualization) was employed as of compactin and mevinoli?#?° The experimental result is
follows. First, a PM3 geometry optimization was performed shown in Scheme 1, and Table 2 shows the corresponding
on the conformation corresponding to the global minimum

of the molecule of interest. Next, a HF/6-31G(d) single-point [ ENENGKGTGTTNEGEGEGEGEGEEEEEEEEEE
energy calculation was done using the structure determined  scheme 1. Solladie Diketoester Synthetic Methodology
from step 1. Last, the HF calculation allows one to generate

O O OHO
an isosurface portraying the ESP mapped onto the LIMO  ygode eI &y ry 2™ ool A 8iyq Siotests,
Final analysis requires a visual inspection of the mapped n do> 98%
isosurface, to determine the more electropositive face of the
LUMOE (i.e., the darker blue isosurface). Note that the range
of colors used to map ESP can be attenuated as needed to
accentuate differences in color mapping.

Table 1 lists 10 compounds that were analyzed as
described above (additional examples can be found in the
Supporting Information). Each entry reports the two- LUMOx
dimensional structure, the experimentally reported dia-
stereoselectivity, and the corresponding map of LUMO
ESP for each of the two prochiral faces. For convenience
the area of the LUM®@ proximal to the site of the electro-
philic functional group (typically a carbonyl group) is
highlighted with a box. The prochiral face showing the
darkest blue color within the highlighted area is predicted
to be the favored face for nucleophilic attack. As can be
seen, experimental results validate the prediction in every Table 2. Solladie Diketoester LUM@-ESP Map3s
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—ESP map. In agreement with experiment, the most
reactive site is thesi-face of the ketone situateél to the
sulfoxide. The subsequent synthetic step useB@WVE as

'a chelating moiety, and this complex was modeled in our
analysis. Visual inspection reveals a very distinct, preferred
face of attack, again in full agreement with experiment.

case. compound favored product  disfavored product
The classes of molecules studied are as foll&w3: (i) face face

entries1 and 2 havey-chiral centers; (i) entrie§ and 4 N

havea-chiral centers; (iii) entrie§ and6 are diastereomeric o A QL' °

fluoroadamantanoneg-chiral center); (iv) entrie§ and8 L got - “»e

area-chiral, nonchelate, and chelate substrates (in this latter

case, the LUM®@ corresponds to the LUMG- 1, as the

LUMO is centered on the zinc ion); and (v) entrizand10

illustrate successful predictions with allyl chlorides as 12
substrates. In each case, the color coding within the

highlighted box (that area associated with the electrophilic

carbon) shows a clear distinction between facial selectivity:  a|sosurface values 0.02.
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Scheme 2. Danishefsky Aldehyde Synthetic Method Table 3. Danishefsky Aldehyde LUM@-ESP Map3
Hoo OMe ﬁ H compound favored product disfavored
O)\S_Z”\ _~_-MgBr //I{\QMOME face product face
_ HO
oxo 0_0 N, @
13 x o 0
|
Meo O H H
Once again, visual inspection of the LUMOESP predicts 3

the experimentally observed face of nucleophilic attack.

In summary, we have integrated readily available com-
putations with visualization techniques to yield a simple and
effective method to predict the preferred face of attack onto
an asymmetric electrophilic carbon by a nucleophile. This ~ Acknowledgment. The authors acknowledge the Uni-
method parallels concepts from FMO theory and should be versity of California at Riverside for financial support.
applicable to visualizing asymmetric induction both in the
laboratory and in the classroom. Supporting Information Available: Further examples

of the visualization method as well as Gaussian output files.
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