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functionality mapping database searching new designed auxiliary

Computer-aided design protocols to identify new chiral ligands for reactions proceeding through well-defined transition states are outlined.
Ligand families are discovered via computational screening of large structural databases such as the Cambridge Structural Database. Using
this method, a novel cis-decalin ligand has been identified as a chiral auxiliary for the allylboration of aldehydes. Synthesis, resolution, and
evaluation revealed that this new auxiliary provided the aldehyde facial approach upon which the design was predicated.

Diastereo- and enantioselective chemical reactions haveNumerous auxiliaries and catalysts have been developed for
become essential for the efficient synthesis of complex chiral the boron allylation reactiohbut some variants, particularly
targets. Much progress has been made in developing non-anti crotyl additions, remain problematic.

enzymatic asymmetric methodology; however, good stereo- Only a single reaction step needs to be modeled in the
selective versions of many reactions remain unavailable. Oneallylation reactions of unsubstituted alkenes; the product
driving force for the development of effective chiral auxil- ratios are controlled by the free energies of the illustrated
iaries and catalysts for asymmetric reactions is the identifica- transition states (Figure 1). The rational design of asymmetric
tion of the appropriate chiral ligands. To this end, we have boron allylation reactions has been aided by the development
developed a computational method to identify new chiral of a molecular mechanics force fieléie however, prior
ligand classes by screening large numbers of potential ligandscomputational efforts have been restricted to the prediction
motifs. of stereoselectivity for given systerfign this communica-

We chose to examine the boron allylation in this context tion, the use of computational methods for tieneration
because it has been examined extensively experimentally andis well as for the evaluation, of novel chiral auxiliaries is
theoretically:2 The absence of turnover as well as elements addressed.
past the second row simplifies any computational analysis.
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s generated around the desired transition state by functionality

mapping. The intent is to design ligands that place a key
4t stereodiscriminating moiety to incur favorable (or at least
OH no disfavorable) nonbonded interactions in one enantiomeric
L {/’ T transition state and to incur disfavorable nonbonded interac-
X M p1 tions in the other enantiomeric transition state. The positions
+ of these “stereodiscriminating groups” (in this case, methanes
1 that stand in for a methyl substituent on a ligand) were
H)J\Me N /LH OH determined by functionality mappif@f the enantiomeric
\H\/ L| =™~ Me transition statesA1 andA2). This allowed the selection of
methane positions (Meand Mé) that would disfavorA2
sterically and complemerl (Figure 3).
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Figure 1. Boron allylation reaction.

Computational methods can aid in the generation of chiral
au>§iliaries and gatalysts _by providing increased efficiency, ALGs) A2 (r0)
an improved rational basis, and leads usually available only
by intuitive leaps. The multiple step design procedure for H @ | 'l-
chiral ligands2 and 3, designed to control the absolute \rg'j'./,s\ ,/L‘“\“o--B
stereochemistry in the allylation reaction, is outlined in Figure H / SL = H
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Figure 3. (a) Step 2 in the design procedure. lllustration of the

Blo\__ Step 7 | Step 2 Me! and Mé groups selected from the functionality mapping. (b)
+ —_— . - Overlay of the Mé and Mé groups used in the CAVEAT search
i polect stereodiscriminating (purple spheres) with the new ligaBcippended to the Al transition
H” ~Me state Me groups: state.
functionality
A1 (s) mapping
transition state
HoH e In the third and fourth steps, three-dimensional databases
".’H;( |L Hoo L\ ) such as the Cambridge Structural Database and the Chemical
7 :_'l':f,B\L (step 7] 8 ) Step 4 Abstracts Service (CAS) three-dimensional database are
A 7=¢' w =/ T T searched using CAVEATS for molecules that can position
Me H _H select > perform ’ e
H Ha¢ pafae;:tgm H“‘e (y  database the two methanes and the boron with the indicated placement
bold=bonds H amows= WP search and orientation. This methodology could also be applied to
A s CAVEAT vectors other databases such as the Fine Chemicals Directory or
corporate databases allowing for selectionmezdily avail-
able ligands. The resultant lead compounds are classified
m 0 into structural subgroups and then analyzed. The enantiomer
bold = "= " fetmove of CAS structure 122522-13-8 represents a typical lead that
critical \ 0 adjust . g . . . .
seaffold excess 0 funetionality satisfies the design criteria. This lead could not be used
R122529- 13'9.5 directly, but the basic scaffoldcis-decalin) provided the

insight for the design of decalin-based ligahgstep 5). Since
ligand 1 is not readily synthesized, several modifications
were incorporated resulting in analogugsand 3. The
resultant compounds—3 were examined with respect to the
initial search parameters used, namely, the initial methane
groups Mé and Me. Overall, ligand3 places the two methyl
groups very close to the desired positions (Figure 3b).

New Chiral Auxiliaries In an encouraging affirmation of the validity of this
strategy, lead structures corresponding to the Masamune
dimethyl-borolanéand the Corey stein reagéntere also
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Figure 2. Design procedure illustrated for ligan@sand 3.
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reactions. As a first step, the more stable clawas chosen (6) (a) Lauri, G.; Bartlett, P. AJ. Comput.-Aided Mol. De<993 8,
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In the second step, stereodiscriminating groups are selected® (7) Short, R. P.. Masamune, . Am. Chem. Sod.989 111, 1892-

from models of previously successful chiral ligands or are 1894.
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found when a different set of input stereodiscriminating
groups was uset.

The decalin ligands could have been envisioned as a ligand

for boron allylation reactions without the intervention of this
design protocol. However, the benefit of this method lies in
the large number of potential scaffolds that can be rapidly
and efficiently screened by the end user. Furthermore, the
databases of compounds employed allow the user to identify
structure types with which the user may not necessarily be
familiar.

Finally, the ligands are evaluated theoretically for potential
selectivity. Analysis of simple stereochemical models based

on six-membered transition states reveals that these com-
pounds possess asymmetric environments (Figure 4). Fur-
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Figure 5. Synthesis of allyl boronate&

Figure 4. Stereochemical boron allylation models ®f

thermore, transition states in which the prochiral aldehyde
is approached from thee face contained disfavorable
nonbonded interactions between the ligand and the six-
membered transition state core, which are largely absent in
transition states involving approach from thicface.

To determine if ligands such &and3 can control the
stereochemical course of these reactions as envisioned, th
synthesis of compoungwas undertakehThe synthesis of
diol 3 is straightforward and employs the strategy of
Lauteng?® for the nucleophilic ring-opening of oxabicyclic
compound 4 (Figure 5). Directed hydrogenation @&
provided the requisite diol8, which were resolved using
chiral chromatography. An X-ray crystal structure indicated
that 3b adopted the indicated conformation with axially
disposed hydroxyls. From thd NMR spectra, this con-
formation persisted in solution.

Treatment of3 with trisallylborane provided the requisite
allylboronates6 cleanly as judged byH and "B NMR
spectroscopy (Figure 5). These reagents were anticipated t
display si facial selectivity £85:15 si:re) in additions to
aldehydes on the basis of the stereochemical models depicte
in Figure 4 and transition state calculations (MM2*, AM1,
HF). Upon treatment o6a and 6b with dihydrocinnamal-
dehydesi facial selectivity was indeed observed (55:45 and
71:29 siire, respectively). The lower selectivity ofa
compared to6b likely arises from a lower degree of

(8) Corey, E. J;; Yu, C.-M.; Kim, S. SI. Am. Chem. So0d.989 111,
5495-5496.
(9) Allyl boronates are reactive in aldehyde allylation reactions. For a

e

occupancy of the positions indicated in Figure 3 by the
pendant ethyl substituents compared to rtHeutyl substit-
uents. Nevertheless, the designed ligands fulfilled the basic
criteria stipulated in the design process: favoring one reactive
pathway §éi facial attack) over anotherd facial attack).
Furthermore, the observed selectivity (7129e, AAG =

0.36 kcal/mol) is within the error (0:20.5 kcal/mol) of the
transition structure calculations (85:%8re, AAG = 0.68
kcal/mol). As such, refinements in these calculations will
be instrumental in expanding the utility of this approach.

In summary, a protocol for the design of new chiral ligands
has been identified that uses transition structures as the
starting input. In the particular case described above, ligands
1-3 were identified for boron allylation reactions. The
designed compounds were anticipated to impeselectivity
in these reactions, which has been corroborated experimen-
tally. Although the selectivity observed was only modest, a
new ligand motif with a well-defined chiral environment has
been identified that is finding utility in a variety of contexts.

In addition to identifying new ligands, several other
applications of the functionality mapping and database
screening are possible. The functionality mapping can be
used to determine which groups/interactions in stereoselective
reactions are important. The database screening can be used
to find alternate scaffolds for ligands that either perform well

or are costly. Similarly, many ligand variants can be rapidly
identified for reaction optimization if there is a lead in hand.
Efforts are currently underway to examine such applications.
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