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High-throughput experiments enhance our understanding of — agm. 7 ) © i, Y O
complex systems. For example, DNA microarrays are used to ]\I i I \|\| i |
determine relative gene expression levels on a genome-wide basis
providing global views of cell biology.This approach provides
insights that are not possible by analyzing single gene expression SNSSEE TS slep3 JSNSNEEESSIE0EY slep d
experimentg. Related approaches in chemistry involve the use 4= = = = === — AEmnmnmnmn—— —
of combinatorial techniques that have been successfully applied 9 (luorescent revorter
to medicinal chemistry, materials sciencg,and catalysis. N , e p;e
Recently, it has been demonstrated that the use of combinatorial O HOGw, N, e Me.,,
methods can lead to the discovery of enantioselective catalysts |, ﬁ“ g o HN_R (_7:
and reaction§. However, these studies were limited to the ¢ J° N ¥ o o e [L’\rrN:\ chiral
evaluation of relatively small numbers of experiments due AcHN \H ‘ >~ probe
primarily to the lack of methods for high-throughput analysis. j\l , (S
Realization of the full potential of a combinatorial, screen-based OGN Me Me M, M©
approach in enantioselective synthesis requires a method for ¢ 'T_?E
determining the enantiomeric excess (ee) of thousands of reaction _(SmErmms IG@EE ) [TLH—
products? This contribution describes a new method that we have 4 T "?
named reaction microarrays, in which DNA microarray technol- o
OH
ogy has been adapted to measure the ee of tens of thousands or -~
samples rapidly anén masse a Reagents and conditions: step 1) BocHNCH(R)BOPyAOP,

'Pr,NEt, DMF; step 2) AgO, pyridine; step 3) 10% GEOH and 10%
EtzSiH in CHyCly, then 3% EfN in CH.Cl; step 4) pentafluorophenyl
diphenylphosphinatéPr,NEt, 1:1 mixture ofl and2, DMF, —20 °C.

To evaluate the reaction microarray methodamino acids
were used because of their fundamental chemical and biological
importance, the availability of structural diversity, and their

bifunctional structure. Samples NfBoc-protectedi-amino acids of the amino acids (step 3). In analogy to DNA microarrays, where
were arrayed and covalently attached to amine-functionalized glassre|ative gene expression levels are measured by a ratio of
slides. Automated contact printing of nanoliter volumes from 2 flyorescent reporters, reaction microarrays utilize two fluorescent
mM solutions Chemoselec“vely attached 01! moles of amino probes to measure a ratio of enantiomers (Step 4)
acid to each spot on a glass slide in a spatially arrayed manner  pseudoenantiomeric fluorescent proesnd 2 combine a
(Scheme 1, step 1). Uncoupled surface amines were acetylatediyorescent reporter with a chiral probe and are synthesized by
(step 2) ancen masseBoc-deprotection yielded the free amine  coupling Cy3 and Cy5 fluorophores te andL-enantiomers of
*To whom correspondence should be addressed. E-mail: shair@ proline, respectively. The_se Ch'!"r?‘l quore;cent Pmbes are co-
chemistry.harvard.edu. valently attached to the immobilized amino acid samples by
Eg iplméStﬁr’/-\B' /ft' %I_Nat. G,\ZengtlQDga 21 Rsugple,\r)l"lené 155- s exposing the glass slide to an excess of an equimolar mixture of
izadeh, A. A.; Eisen, M. B.; Davis, R. E.; Ma, C.; Lossos, I. S.; B : - - -
Rosenwald, A.; Boldrick, J. C.; Sabet, H.; Tran, T.; Yu, X.; Powell, J. I; 1 and .2 unde.r amide C.OUplmg gondltlon_s. Parallel kinetic
Yang, L.; Marti, G. E.; Moore, T.: Hudson, J.; Lu, L.; Lewis, D. B.; Tibshirani, ~ resolution during the amide coupling reaction converts the ee
R.; Sherlock, G.; Chan, W. C.; Greiner, T. C.; Weisenburger, D. D.; Armitage, - information of the sample into a ratio of fluorophores that, upon
J. 0. Warnke, R.; Levy, R.; Wilson, W.; Grever, M. R.; Byrd, J. C.; Botstein, ey citation by an automated laser scanner, is observed as a ratio

D.; Brown, P. O.; Staudt, L. MNature 200Q 403 503. . i, L .
(3) Bunin, B. A.; Dener, J. M.; Livingston, D. AAnnu. Rep. Med. Chem. ~ Of fluorescent intensities. Fluorescence emission is measured

1999 34, 267. _ _ B following excitation of Cy3 at 532 nm and excitation of Cy5 at
w ‘}f‘n”gdeev've'téﬁgnfc'fﬁfféiiggg’"35"2“2%?’ T. S5 Tumer, H.W.; Weinberg, 35 nm. The resulting image is false-colored with Cy3 fluores-
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Int. Ed. 1998 37, 2644. (b) Taylor, S. J.; Morken, J. Bciencel99§ 280, red. Equivalent fluorescent emission intensity of Cy3 and Cy5 is

267. (c) Cong, P.; Doolen, R. D.; Fan, Q.; Giaquinta, D. M.; Shenheng, G.; yellow
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Chem., Int. Ed1999 38, 3163. (e) Crabtree, R. KChem. Commuri999 x—1)(s+1)
1611. (f) Copeland, G. T.; Miller,’S. J. Am. Chem. Sod.999 121, 4306. % ee=|————| x 100%;
(6) (a) Sigman, M. S.; Jacobsen, E.NAm. Chem. S04998 120, 4901 (x+1)(s—1)
(b) Francis, M. B.; Jacobsen, E. Angew. Chem., Int. EA.999 38, 937. (c) | kf
Cole, B. M.; Shimizu, K. D.; Krueger, C. A.; Harrity, J. P. A.; Snapper, M. wherex = fluor,Cy5 « 1— ands= ast (l)
L.; Hoveyda, A. H.Angew. Chem., Int. Ed. Engl996 35, 1668. (d) Ding, | z ks
K.; Ishii, A.; Mikami, K. Angew. Chem., Int. EQ.999 38, 497. fluor,Cy3 low
(7) (&) Kagan, H. BJ. Organomet. Chenl998 567, 3. (b) Shimizu, K. ) o . o .
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Figure 1. Amino acids were printed on glass slides as mixtures of enantiomers ranging from 10®%oeE00% ee of the-enantiomer in steps of
10% ee. The number under each spot is the mean measured ee (%) from 12 experiments.

normalization factorg, to account for nonequivalent equimolar
fluorescent intensities of Cy3 and Cy5. For any substrate, the
value of z is defined as the fluorescent intensity ratio of the
racemate. The value afquantifies the kinetic resolution and is
obtained fromz and the measured value gffor a sample of
known ee. For 100% ee, eq 1 simplifiesste x. Previous work©
has shown that perfect recognition is not necessary and that smal
s values are sufficient for accurate determination of ee. I i

The accuracy of this method was tested on structurally diverse [IRLE 2 ¥0 T Sau : _L-Proline
o-amino acids of varying ee (Figure 1). The glass slide was JESIL/RrS >99% ee
arrayed with Gly, Ala, Val, Leu, Pro, Ser, and Cys and treated as
described in Scheme 1. The six chiral amino acids were printed
as mixtures of enantiomers ranging from 100%ode 100% ee
L in steps of 10% ee. The achiralamino acid Gly produced

yellow sp_ots_. (equivalent incorporation_of red and green fluoro_- configuration of the two samples known to b®9% ee in less
phores), indicating no preference for either chiral probe. The siX inan 48 h. In this experiment, spot diameters werB40 um
chiral amino acids exhibited a noticeable change of spot color in \ynich would allow approximat’ely 75000 samples to be arr’ayed

_the progression from one enantiomer to the othe_r, and more ynio a 25 mmx 75 mm glass slide and analyzed in a comparable
importantly, measured ee values correlated well with actual ee gnount of time.

values. The red or green color of each spot can be used to assign | lusion. DNA mi technol has b daoted

the absolute configuration of the predominant enantiomer in eachf r;hcor?c #Stlk?n’ h trrélctroarr_ayt_ec nfo Og)\INha'lIS een al ap el

sample when correlated to the color of a sample of known absolute or the high-throughput determination of ee. lie several nove
high-throughput screens for catalysis have been developed to

configuration. Observed values ranged from 1.2 to 3.6, with . D . ! = .
9 9 determine reactivity;>®reaction microarrays provide information

higher values generally corresponding to more accurate ee . X < : . !
measurements. Standard error of the mean was ee in all regarding enantioselectivity. Improvements in this method will
arallel improvements in the efficiency of DNA microarray

but one sample, and the average measured ee values of 116 olf .
of 126 samples (92%) were withia10% ee of the actual value. technology and the development of improved methods for the

A high-throughput analysis of ee was performed by arraying attachmen_t of molecules to a glass surfdcEhese developments
15552 samples of proline onto a glass slide (Figure 2) and @nd the discovery that a single set of probes can be used to
manipulating the slides as indicated in Scheme 1. Of these dete_rmlne the ee pf SixX structqrally (_jlvemamlno acids together
samples, 15 550 were printed from 20 standard mixtures that Wereprowgie a foundation for reacthn microarrays as a general method
between 0 and 20% ee of either enantiomer. A single sample for high-throughput ee analysis.
was>99% ee of the-enantiomer and the remaining sample was
>09% ee of the.-enantiomer. Pronounced differences in color ~ Acknowledgment. We acknowledge financial support from Smith-
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Figure 2. Identification of two >99% ee samples of proline in a
collection of 15552 samples.
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