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An axially chiral 1,8-dipyridylnaphthalene  N,N'-dioxide has been employed in enantioselective fluorescence analysis of the enzymatic kinetic
resolution of  trans-1,2-diaminocyclohexane. The procedure eliminates cumbersome purification and derivatization steps required by traditional
methods. The results demonstrate the potential of fluorescence spectroscopy using suitable chiral chemosensors for real-time analysis of the
enantiomeric composition of chiral compounds and for high-throughput screening of asymmetric reactions.

Many biologically active compounds are chiral, and the received increasing attention. Recent advances in the devel-
majority of today’s top-selling pharmaceuticals are single opment of enantioselective high-throughput analysis include
enantiomers. The ever-increasing demand for chiral chemi-ingenious methods based on mass spectromeatojprim-
cals has led to significant progress in asymmetric synthesisetry? UV absorptiors fluorescence spectroscopyRR ther-
and development of combinatorial methods for rapid prepa- mography?, circular dichroisnf, NMR spectroscopy,cap-
ration of large libraries of compounds for comprehensive 1) (@) Guo, 3. W, 3., Siuzdak, G.. Fin. .81 Chomint. Ed
H . . . a, uo, J.; Wu, J.; sluzaak, G.; Finn, M. &gew. emint. .
SAR screening. However, enantioselective analysis of asym-19qg, 33 1755-1758. (b) Reetz, M. T.; Becker, M. H.; Klein, H.-W.;
metric reactions usually involves time-consuming chromato- Stockigt, D.Angew. Chem.int. Ed. 1999,38, 1758—1761. (c) Markert,
; ; ; ; C.; Pfaltz, A.Angew. ChemInt. Ed. 2004,43, 2498—2500.
graphic techniques such as GC and HPLC on chiral stationary (@) Eelkema, R.: van Delden, R. A Feringa. B.Angew. Chemint.
phases or NMR spectroscopic measurements of purified g, 2004,43, 5013—5016.
samples in the presence of chiral shift reagents. Since  (3) Reetz, M. T.; Zonta, A.; Schimossek, K.; Liebeton, K.; Jaeger, K.-
A E. Angew. Chem.lnt. Ed. Engl.1997,36, 2830—2832.
currently gmployed methods are_often the rate-limiting factpr (4) (a) Klein, G.; Reymond, J.-Helv. Chim. Actal999,82, 400—407.
during high-throughput screening efforts of asymmetric (b) Jarvo, E. R.; Evans, C. A; Copeland, G. T.; Miller, SJ.J0rg. Chem.
i ; 01,66, 5522—5527.

reactions, the development of fast stereoselective assays ha %0(5) Reetz. M. T.: Becker, M. H.: Kuhling, K. M.; Holzwarth, Angew.
Chem. Int. Ed.1998,37, 2647—2650.

T Dedicated to the memory of Professor Wilfried Kénig who fundamen- (6) Ding, K.; Shii, A.; Mikami, K. Angew. Chem.Int. Ed. 1999, 38,
tally contributed to enantioselective analysis and separation. 497-501.
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illary electrophoresi&competitive immunoassd&gnzymatic
assay,’ and indicator-displacement assay. Scheme 1. Enzymatic Kinetic Resolution of Racemic
Enantioselective sensing based on fluorescence spectros- 1,2-Diaminel Using Candida antarcticalipase
copy provides an attractive alternative because of its inher- o o
ently high sensitivity, simple operation, waste reduction, time NSl OMe
efficiency, and the possibility of performing real-time O\ O’
analysis. To date, a few enantioselective fluorescence sensors MeO NHs I
derived from BINOL? and selectively substituted 1,8- NH; o (5,5)1-2HCl (RR}-11
O/NH OMe
“"NH  OMe
(RR)-3

1. CAL

diacridylnaphthalenéshave been reported. However, these ot > 1ol

sensors have only been employed in chiral recognition studies

of isolated samples, and none has been applied to enantio- 2ot
selective analysis of asymmetric reactions. We wish to report
an enantioselective fluorescence assay that simplifies screen-
ing of the stereochemical course of the enzymatic kinetic
resolution oftrans-1,2-diaminocyclohexan4, via acylation
with dimethyl malonate2, in the presence of a suitable
lipase.

Gotor and co-workers reported th@andida antarctica signals. Accordingly, a literature survey of enantiomeric
lipase (CAL)-catalyzed aminolysis of racemic 1,2-diamine analyses ofl provided few methods, all requiring derivati-
1 using dimethyl malonate as the acyl donor in 1,4-dioxane zation prior to HPLC separatiofi.
provides enantiopureR(R)-bisamidoeste3, while enantio- We decided to develop a rapid fluorosensing method for
merically enriched unreacte8,S)-1could be isolated as its ~ enantiomeric analysis of the enzymatic kinetic resolution of
air-stable ammonium salt after treatment with anhydrous racemic 1,2-diamind that would favorably compare with
HCI, Scheme 14 We anticipated that screening of the traditional methods and avoid time-consuming derivatization
subsequent enantioselective enrichment ®fSj-1during steps. Starting from 4-chloroquinoling, we were able to
kinetic resolution with CAL would reveal important limita- prepare 1,8-bis(2-isopropyl-4-quinolyl)naphthalehgN'-
tions and drawbacks of traditional enantioselective analysis. dioxide, 10, in five steps, Scheme 2. Alkylation dfwith
Determination of the enantiomeric purity of aliphatic analytes
such asl by HPLC on a chiral stationary phase is generally
complicated because of the absence of a chromophore that
would allow facile UV detection. Similarly, enantioselective
GC analysis would require a cumbersome derivatization step
to increase the inherently low volatility of diaming.
Attempts to utilize chiral solvating agents such as BINOL,
binaphthyl-2,2'-diyl hydrogen phosphate, and camphersul-
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Scheme 2. Synthesis of
1 8-Bis(2-isopropyl-4-quinolyl)naphthalemd:N’-Dioxide 10

1 RLi 1. HCI, Et,0 ,
/ 2. CAN 57% 7 Nal, ACN 2. Nal, ACN N ?Ifr

FPT 3 K,CO4

fonic acid or lanthanide shift reagents such as Eugtm) 1. BuLi
NMR spectroscopic analysis of the enantiomer pfoved 2. MesSnCl
unsuccessful as a result of low resolution of diastereotopic SnMes
(7) Evans, M. A.; Morken, J. Rl. Am. Chem. So2002,124, 9020— = 79%
9021. > 'P°
-Pr

(8) Reetz, M. T.; Kuhling, Deege, A.; Hinrichs, H.; Belder, Bngew.
Chem.,Int. Ed. 2000,39, 3891—3893.

(9) (@) Taran, F.; Gauchet, C.; Mohar, B.; Meunier, S.; Valleix, A,;
Renard, P. Y.; Creminon, C.; Grassi, J.; Wagner, A.; Mioskowskirigew.
Chem.,Int. Ed. 2002, 41, 124—-127. (b) Matsushita, M.; Yoshida, K.;
Yamamoto, N.; Wirsching, P.; Lerner, R. A.; Janda, K.Ahgew. Chem.,
Int. Ed.2003,42, 5984—5987.

(10) Abato, P.; Seto, C. . Am. Chem. So2001,123, 9206—9207.

(11) (@) zZhu, L.; Anslyn, E. VJ. Am. Chem. So®004,126, 3676—
3677. (b) Zhu, L.; Zhong, Z.; Anslyn, E. \0. Am. Chem. So2005,127,
4260—4269.

(12) (a) Pugh, V. J.; Hu, Q.-S.; Pu, Angew. ChemInt. Ed.2000,39,
3638-3641. (b) Beer, G.; Rurack, K.; Daub, J. Chem. So¢.Chem.

7

isopropyllithium and treatment with CAN gavewith 57%
yield, which was converted to iodide prior to lithiation
and subsequent stannylation to yield 2-isoproyl-4-trimeth-
ylstannylquinoline7 in 72%. Stille cross-coupling of and

Commun.2001, 1138—1139. (c) Lin, J.; Hu, Q.-S.; Xu, M.-H.; Pu, L.
Am. Chem. So2002,124, 2088—2089. (d) Xu, M.-H.; Lin, J.; Hu, Q.-S;

Pu, L.J. Am. Chem. So2002,124, 14239—14246. (e) Lee, S. J.; Lin, W.

J. Am. Chem. So@002,124, 4554—4555. (f) Wong, W.-L.; Huang, K.-
H.; Teng, P.-F.; Lee, C.-S.; Kwong, H.-IChem. Commur2004, 384—

385. (g) Pu, LChem. Re»2004,104, 1687—1716. (h) Zhao, J.; Fyles, T.

M.; James, T. DAngew. Chem.Int. Ed. 2004, 43, 3461—3464. (i) Li,
Z.-B.; Lin, J.; Pu, L.Angew. Chemlnt. Ed. 2005,44, 1690—1693.

(13) (a) Mei, X.; Wolf, C.Chem. Commur2004, 2078—2079. (b) Mei,
X.; Wolf, C. J. Am. Chem. So@004,126, 14736—14737.

(14) (a) Alfonso, I.; Astorga, C.; Rebolledo, F.; Gotor, Chem.
Communl1996, 2471-2472. (b) Alfonso, |.; Rebolledo, F.; Gotor, Chem.
Eur. J.2000,6, 3331—3338.
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1,8-dibromonaphthalene3, provided 41% of 1,8-bis(2-
isopropyl-4-quinolyl)naphthalene9, which was oxidized
with m-CPBA to afford10with 75% yield. The enantiomers
of 10 were separated by HPLC using a Chiralpak AD
column.

We found thatC,-symmetric 1,8-diquinolylnaphthalene
N,N’-dioxide 10 is suitable for chiral recognition of the
enantiomers of diaming& Fluorescence titration experiments
showed that addition of the enantiomersloto a solution
of (—)-10in chloroform results in enantioselective changes
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of the fluorescence response 1. Stern—Volmer plotting || NN GG

demonstrates thaR(R)-1 significantly enhances fluorescence
of the sensor, whereas thg,8)-enantiomer has little effect, 1.5 9
Figure 1. The enantioselectivity factor= KR%\/KS%y, was
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Figure 2. Calibration curve @) and determination of the enan-
0.8 * ' ' ' ' tiomeric purity of nine accurately weighed-in samplag baving
0 0.002 0.004 0.006 0.008 0.01 18%, 57%, and 96% oR,R)-1. Total concentration dfwas 0.01
[1] moVL M. The concentration of-{)-10 was 3.5 10° M.
Figure 1. Stern—Volmer plot of 3.5 1 M (—)-10 at optimized
optical density in the presence & ,R)- and (S,S)-h chloroform. usedm-toluoy! chloride to prepare an UV-active diamide
Excitation wavelength was 380 nm; emission wavelength was _ . . .
430 nm. suitable for HPLC/UV analysis. Screening of a range of

chiral HPLC columns revealed thad,N’-bis(m-toluoyl)-
diamidel2 can be separated into enantiomers on Chiralpak

calculated as 4.9. Importantly, no change in the fluorescence”"D: The enantiomeric composition of the individual samples
of 1 obtained by both methods are shown in Table 1. As

intensity of 10 was observed upon addition of mono-
amidoester11, and bisamidoest&: In analogy to enantio-
selective fluorosensing of amines and amino acids observe_

with a G-symmetric diacridylnaphthalen&l,N’-dioxide Table 1. Enantiomeric Excess df Obtained by Enzymatic

derivative, chiral recognition of the enantiomers bby Kinetic Resolgtion Using Enantioselective Fluorosensing and
enantiopure diquinolylnaphthaler¢,N'-dioxide 10 is at- HPLC Analysis

tributed to formation of diastereomeric hydrogen bond % ee (S,S-1) % ee (S,S-1)
adductsi® On the basis of the high stereoselectivity and time (h) by HPLC Illp® by fluorescence sensing
substrate-specificity, we expected that the sensor could be 15 24 1.1287 24

used to differentiate between the enantiomerd efen in 2.5 44 1.1022 44

the presence of other analytes sucihd.e., without tedious 3.5 56 1.0905 50
purification and derivatization steps. 5.0 64 1.0861 56

. . 68 1.0686 62
To prove the accuracy and reproducibility of our sensing

method we prepared nine samples containing 18%, 57%, and “Averaged value of three measurements.
96% of (R, R)-1 and determined the enantiomeric composition
based on the fluorescence enhancementpflQ. Averaging
the fluorescence measurements of the individually prepared
samples we calculated 20%, 60%, and 98% enantiopurity
using a calibration curve. The results are withiB8% of the
actual enantiopurity of the samples and demonstrate high

precis_ion and accuracy of enantioselective fluorosensing with good agreement. After 1.5 h, lipase-catalyzed enantioselective
10, Figure 2. conversion of (R,R)-diamind to (R,R)-bisamidoeste8

We then applied our fluorosensing method to the enzy- increased the enantiomeric excess of unreatted24% of
matic kinetic resolution oflL. Aliquots from the reaction  the (S,S)-enantiomer. Further screening of the reaction
mixture were taken after 1.5, 2.5, 3.5, 5, and 7 h and analyzedshowed the continuing increase in the enantiopuritys@){1
by fluorosensing usind\,N'-dioxide 10. Diaminel and  to 62-68% ee after 7 h according to HPLC and fluorescence
monoamidoestet1were isolated through precipitation with  analysis. The ability of10 to differentiate between the
2 N hydrogen chloride in diethyl ether and subsequent basicenantiomers of in the presence of other substrates including
extraction. Since relative amountslbéndl1formed atthese ~ monoamidell thus greatly facilitates fast enantioselective
time intervals were known from previous screening experi- analysis.
ments, we were able to prepare samples containing 0.01 M In conclusion, we have developedasymmetric fluoro-
of 1 in anhydrous chloroform for accurate fluorescence sensor that can be employed in direct enantioselective
analysis using a calibration curve. For comparison of the analysis of the enzymatic kinetic resolution wéns-1,2-
enantiopurity ofl determined by fluorescence sensing, we diaminocyclohexane, eliminating cumbersome purification

expected, the fluorescence enhancement-0f10, /1o,
diminished as the relative amount &,R)-1decreased as a
result of enantioselective conversion 8,R)-bisamidoester

3. We were pleased to find that the results obtained by HPLC
of derivativel2 and direct fluorescence analysis are in very
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and derivatization steps required by traditional methods. The American Chemical Society (PRF 40897-G4) for financial
results demonstrate the potential of fluorescence spectroscopgupport.

using suitable chiral chemosensors for real-time analysis of
the enantiomeric composition of chiral compounds and for
high-throughput screening of asymmetric reactions.

Supporting Information Available: Synthetic proce-
dures, fluorescence measurements, HPLC enantioseparation
of 10and12, and CD and specific rotation datalf. This
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