JIAIC[S

COMMUNICATIONS

Published on Web 12/09/2006

Remote Desymmetrization at Near-Nanometer Group Separation Catalyzed by
a Miniaturized Enzyme Mimic

Chad A. Lewis,™* Anna Chiu,® Michele Kubryk,® Jaume Balsells,® David Pollard,® Craig K. Esser,$
Jerry Murry,§ Robert A. Reamer,8 Karl B. Hansen,*$ and Scott J. Miller* T+
Department of Chemistry, Yale Umirsity, New Haen, Connecticut 06520, Department of Chemistry, Boston
College, Chestnut Hill, Massachusetts 02467, and Merck Research Laboratories, Rahway, New Jersey 07065

Received November 2, 2006; E-mail: scott.miller@yale.edu

Among the most challenging problems for enantioselective ] Prochial stersogenic
catalysis is that of remote asymmetric induction. For example, [
remote desymmetrizations ofesocompounds require bond forma- @I@ QI@ fc;;%q
tion (or cleavage) at a site within a substrate that is distal from )
both a pro-stereogenic structural element and the competing Ri#Ra """9_79,\[00,

enantiotopic functional group. Problems of this type are often _ K

handled through an intramolecular relay of chiral information r’;’gt’r’ii :i‘or(?))isfggﬂ‘;‘l’z”%;{r‘ﬁnz goée;‘t}'&ag?ggsnigfggx&fgﬁbgessl:rbjéf;ﬁ o
through the substrate: Whencatalyticbond formation is required, functionalization and prochiral stereogenic center (MM calculation). The
across a truly substantial distance, enzymes are often employedspan for the enantiotopic hydroxyl groups is 9.79 A.

since their macromolecular architecture presents the potential for

enantioselective recognition and functionalization over a substantial Scheme 1

vector34 Selective C-H bond oxidations distal from functionality . e g OV 50 enzymes screened

and stereogenic centers provide some of the most dramatic 2 Set Y MTBEMO0 meoe

examples:®* When small molecule catalysts are applied to desym- s LA QIQ

metrizations, oftentimes even striking cases involve relatively short - wsfus 184

distances between enantiotopic grodps. Starting Matstal ~—oem0t. QIQ atLow Gorw.
During recent studies, it was of interest to obtain compounds z Y (R

related tol, a diphenyl methane derivative with two distinct para-

oxygenated substituents, in optically pure form (Figure 1a). To . . . .
Y9 ) . ' P y pu (Fig ) ultimately lead to an effective enzymatic solutibthe inherently
obtain enantioenrichet], a desymmetrization of meso precurg&or . . " o
low enantiotopic group recognition exhibited by the enzymes, as
was envisioned. The unprecedented desymmetrization of bis(phenol)
well as problems with low volumetric throughptitstimulated the
2 presents a particularly challenging case since the desired site of
pursuit of an alternative strategy. In particular, we were intrigued

functionalization is>5.7 A from the prochiral stereogenic center L . ;
. ) by the possibility of employing peptide-based catalysts that are
of the substrate (Figure 1b); nearly a full nanometer spans the . . .
] : - effective for a range of enantioselective group-transfer reactions.
enantiotopic phenol oxygen atoms. We report herein a successful - Y . S - .
. / ) . . The initial objective became the identification of a suitable peptide
solution to this problem, using a simple, peptide-based catalyst for . o . . )
. o catalyst for the direct desymmetrizationzifo give4 in a single step
this unusual desymmetrization. . L ) .
(eq 1). The study began with an examination of libraries of

The initial roach reparirigin a nonracemic fashion util- . . - . o :
. € tial approach to p epar g anonracemic fashio u_t hexameric peptides terminated in a modified histidine residue (e.qg.,
ized lipase-catalyzed hydrolysis of bis(aceta®e)As shown in . . )
, competent for catalytic transfer of a single acetate moiety to

Scheme 1, the process requires the chemical synthesis of bis(acetate fford 4. Residues were then introduced in a fashion that attempted

3in a separate step as a prelude to enantioselective hydrolysis. Then
fo mirror the alternating aromatic/aliphatic/aromatic nature of
after extensive screening of over 450 enzymes for the enantiose-

While an aggressive pursuit of additional conditions might

lective hydrolysis, we found that monoacetéteould be obtained substrate2.

with reasonable enantiomeric excess using several lipase catalysts.

However, this approach has two drawbacks for practical imple- %\ ~j‘ej‘m

mentation. First, high levels of conversion of the diacetat¢doe o oH Pncw Ho

difficult to achieve owing to the substrate’s low solubility in the o 25mal% Fonte Catayst '_T“”:'::;"""“"
o e pl [+

tionally, in order to obtairt in high ee, a large amount of material N)\(N'\l/mf\r j)LDMB

must be reverted to bisphenal The need for overhydrolysis df

to obtain high optical purity is a result of unremarkable enantiotopic

group discrimination displayed by the enzyme. (ieis produced Although the validation of catalystsubstrate interactions predi-
with only 50-55% ee at low conversion). Indeed, monoaceddse cated upon aliphatic or aromatic group complementarity remains
only obtained in high enantiomeric excess because of a subsequentinproven, five rounds of library synthesis culminated in the
kinetic resolution o that serves to “correct” the desymmetrization identification of lead cataly$i (Figure 2a,b). The reaction catalyzed
through consumption of the minor enantiomedoOverconversion by peptide6 results in 78% conversion to monoacetataith a
of 4 to starting materia2 greatly reduces the yield of the procéss.  90:10 enantiomeric ratio (80% ee). Notably, although a small
amount of bis(acetate} is also formed, independent control

aqueous buffered media that the enzymatic reaction employs. Addi- {i Red - Arcatic
BOCHN'

iggﬁoﬁ’]"gg{ggé experiments also indicated thab secondary kinetic resolution
§ Merck Research Laboratories. occursto improve product ee as monoacetéateacts further. Thus,
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(a) _ Desymmeirizations at 4 °C -20°C At this stage, we optimized reaction conditions with peptide
TR s | as the Iead_ catalyst._Variatiqns in solvent compositi_on and substrate
Lbrary3 __ Library 5 concentration culminated in a process shown in eq 2. When
ee. . I substrate is dissolved in chloroform, exposure to Ax (2.1 equiv)

I and 5 mol %14 delivers4 with 95% ee in 80% isolated yield after
silica gel chromatography.

s . Me M
Peptide*Catalysts Me. | Me H i Mool Mo
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138 :> HO 2 oH  CHCl; e 4 1%
BOCHN
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[

ome Me,, O £ o
i » f -30°C.20h
Peptides MH)\EH%NA{H%‘” Smoi%  80% lsalated yield
i i Bin n 95% ee
\];O O-#-Bu
NHTr

(€] Trumcation hidy. (SPepides: - 20°C - Eect o Truncelion). The exploration of the fundamental mechanism associated with

mnpenr)  mp ) DTwtbi) g s w0 72 this remote asymmetric induction is complex. On the one hand, these

Pttt B 204 25 w1 1 catalysts present substantial conformational mobility that is often
Figure 2. (a) Histogram of complete set of peptide catalysts that were uncharacteristic of either small molecule asymmetric catalysts, or
screened (see Sl for peptide sequences); (b) structure of caatist enzymes? On the other, a striking effect occurs when substgate

emerged from the fifth-generation library; (c) sample of truncated peptides g exposed to catalydt4 in solution (Figure 3). In the absence of
that were screened to probe catalyst SAR. ; -
catalyst, bis(phenol presents in théH NMR spectrum as a sym-

Table 1. Optimization of Tetramer C-Terminal Functionality? metrical meso compound, with only two unigti¢ resonances asso-
™ caba ciated with the aromatic region. As peptidéd is introduced into
5 Ji the solution, the proton resonances for subsdbse their degener-
Ery  Catabst  EeP (Conv. ta4)® Rl | ‘\:‘H 18 acy. Thus, it may be that unobvious molecular recognition interac-
1 7R= ome a2 (65) e e tions are at the heart of the desymmetrization. Whether these effects
] 8. R= BrehB 61 (65 - . . . - . .
3 ORe (asepens 0oy | O Ee (Conv tod are manifest through differential stabilization of competing ground
4 0R= SeseEniH 660 | 5 ge o e s an states or transition states is a persistent question throughout the var-
5 11, R = (RralMa)IHphH 76 (67) FriHTs . . . . . .
6 Re G T | 0 8R= el ® 0 ious fields of asymmetric c_atgly3|s. .The_ detalle_d st_udy of this extreme
7 A3,R= e 74 g5 case of remote asymmetric induction is ongoing in our laboratories.
a All reactions were run at-30 °C in the presence of 2.5 mol % catalyst. W
Reactions were run 0.1 M in CH@With trace THF to assist in solublization Hy 2
of 2. b All enantiomeric excesses were measured using chiral HPLC. The J o
major enantiomer was found to bB)( ¢ Isolated yields are defined in the degeneracy.)

optimized reaction procedure in the Supporting Information. Catayst 14

the selectivity that is observedd®minated by enantiotopic group J‘»«J«JJU W we Yowe

discrimination rather than through secondary kinetic resolution. Ho Ha

The fact that peptidé affords substantial selectivity without a Ho Ho oH

secondary kinetic resolution stands in sharp contrast to the 7o Fa 72 o e pem o2

enzymatic catalysis, which only delivers comparable enantioselec- Figure 3. *H NMR spectra illustrating the association of cataly4twith

tivity via consumption of the desired product, reducing overall yield. 2 hat breaks the degeneracy of the phenol moieites.
Hexapeptidés is orders of magnitude less complex thdacor

mieheiin terms of molecular weight. Even so, we performed a study G

with truncated versions of pepti@ao determine the minimal nature

of the peptide catalyst (Figure 2c). Both a pentamer and a tetramer  Supporting Information Available: Experimental procedures and

lead to optically enriched!, each with 7+72% ee (6768% data. This material is available free of charge via the Internet at http:/

conversion ta4). Even a tripeptide gave results comparable to the pubs.acs.org.

best of the enzymes that were screened.
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