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Abstract

Liquid chromatographic separation of enantiomers was accomplished using a chiral stationary phase (CSP) derfyeoidtimof silica
gel. In both nonaqueous and aqueous media, this C8fe(mitted separation of racemic amino acid derivatives based on hydrogen bonding
with a urea moiety of the biotin moiety.
© 2005 Elsevier B.V. All rights reserved.

1. Introduction 2.1. Preparation of (S)-biotin-bonded silica gel (CHP

Liquid chromatography (LC) using chiral stationary 2.1.1. (S)-Biotin 4-nitrophenyl estetd)
phases (CSPs) is a sophisticated method for separating enan- (9-Biotin (3.68g, 16.35mmol) was suspended in dry
tiomeric compounds and determining their compositions pyridine (80 ml), to which was added 4-nitrophenyl! triflu-
[1,2]. For CSPs that form diastereomeric associations be-oroacetate (15.0g, 63.75mmol) and 4-nitrophenol (2.08 g,
tween enantiomers, hydrogen bonding is the most significant15.00 mmol). After the mixture stirred at 8& for 2 h, the
contributor to these associatiof§. A biotin known as a solvent was removed under reduced pressure. The residue
strong binder to aviding!] contains a urea unitand an asym- was filtrated, washed with diethyl ether, and then recrystal-
metric center on a bent bicyclic backbone. The urea unit thatlized in ethanol to give 4.76 g of the desired material (yield,
can participate in hydrogen bonding is located far from the 80.0%): m.p. 155.5-157C; *H NMR (CDCl) § 0.52—1.64
asymmetric carbon, but its bonding affinity is affected by the (brm, 2H), 1.70-1.89 (brm, 4H), 2.64 (t, 2B 7.1 Hz), 2.75
carbon configuration owing to a bent structure. Thus, silica (d, 1H,J=13.4Hz),2.95(dd, 1HI=5.0,12.8 Hz), 3.16-3.24
gel modified with §-biotin (CSP1) was prepared to deter- (m, 1H), 4.31-4.46 (m, 1H), 4.52-4.57 (m, 1H), 4.77 (brs,
mine its ability to separate enantiomers such as amino acid1H), 5.14(brs, 1H), 7.29 (d, 2H]=9.2Hz), 8.28 (d, 2H,
derivatives. J=9.2Hz);13C NMR (CDCh) § 25.16, 28.92, 34.51, 41.14,
55.98, 60.67, 62.57,112.10, 123.06, 125.79, 164.06, 171.74,
172.24; Anal. Calcd for gsH1905N3S: C, 52.29; H, 5.24;
2. Experimental N, 11.50. Found: C, 52.40; H, 5.22; N, 11.50.

NMR spectra were obtained using a 300 MHz instrument 2.1.2. (S)-Biotinyl 10-undecenylamirteby
(Varian Mercury-300). The internal standard was either chlo- ~ Compound 1a (2.93g, 8.0mmol) was dissolved in

roform (7.26 ppm) or tetramethylisilane f8H NMR and  dimethylformamide (DMF, 40ml). To this solution was

tetramethylsilane fotC NMR. added 10-undecenylamine (2.54g, 15.0mmol). After the
mixture was stirred at room temperature for 24 h, the sol-
* Corresponding author. Fax: +81 426 70 7067. vent was removed under reduced pressure. The residue
E-mail addresskurata@ps.toyaku.ac.jp (K. Kurata). was purified by silica gel chromatography with 4% (v/v)
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methanol-chloroform mixture as the eluent to give 2.71g  Liquid chromatography was conducted with a system con-
of the desired material (yield, 85.8%): m.p. 180-182 sisting of a Labo System Intelligent pump 301 (Tokyo), SPD-
1H NMR (CDCls) 8§ 1.26-1.61 (brm, 16H), 1.64-1.74 (m, 2AM UV detector (Shimadzu Co., Kyoto) equipped with a
4H), 1.99-2.06 (m, 2H), 2.18 (t, 2Hl=7.5Hz), 2.72 (d, 0.5ul flow cell, LC-300 column oven (Chromato Science
1H, J=12.9Hz), 2.90 (dd, 1HJ=5.1, 12.9Hz), 3.11-2.23  Co., Osaka), and CR-3A data processor (Shimadzu Co., Ky-
(m, 3H), 4.27-4.31 (m, 1H), 4.47-4.51 (m, 1H), 4.89-5.01 oto). Solute elution was detected at 254 nm. Chromatographic
(m, 1H), 5.36 (brs, 1H), 5.75-5.84 (m, 1H), 5.75-6.02 (brd, conditions were: eluent, either 2% (v/v) 2-propanolrin
2H); 13C NMR (CDCh) § 25.68, 26.94, 28.11, 28.45, 28.89, hexane or 50% (v/v) methanol in water; flow rate y80nin;
29.07,29.30, 29.40, 29.49, 33.75, 35.77, 39.44, 40.28, 55.60,column temperature, 2%.
60.07,61.83,113.68,138.70,163.89, 173.79; Anal. Calcd for

C»y1H3702N3S: C, 63.76; H, 9.43; N, 10.62. Found: C, 63.33;

H, 9.44; N, 10.48. 3. Results and discussion

2.1.3. (S)-Biotinyl 11-(chlorodimethylsilyl) 3.1. Synthesis of CSP
undecanylaminel()

Compoundlb (2.37 g, 6.0 mmol) and a catalytic amount (9-Biotinyl  11-(chlorodimethylsilyl)undecanylamine
of hydroplatinic acid hexahydrate were dried at room temper- (1c) was introduced at a ratio of 0.55mmol/g silica gel,
ature under reduced pressure for 1 h. The mixture was suswhich was estimated from the nitrogen content (2.31%)
pended in dry chloroform (45 ml) under argon atmosphere in the elemental analysis ofSfkbiotin-bonded silica gel
and the suspension heated at’@0with stirring. After dis- (1d) without the exhaustive trimethylsilylation of remaining
solution of 1b, trimethylchlorosilane (2ml, 18 mmol) was silanols. After end capping dfd with trimethylsilylimida-
added to the mixture, followed by further heating for 1 h. zole, the carbon content increased from 15.91 to 17.04%.
The solvent was removed under reduced pressure to give theThis capping is a prerequisite for selective hydrogen bond
desired material, confirmed by disappearance of olefinic pro- formation on the chiral recognition site, i.e., the cyclic urea
ton signals frorilb in NMR spectra. This material was used unit of the biotin moiety, in nonaqueous medkg. 1).
for the following step without further purification.

2.1.4. (S)-Biotin-bonded silica geld)

Spherical silica gel (2.05¢g; Nucleosil 100-5 (diameter,
5um), Macherey-Nagel, Deren, Germany) was heated un-
der reduced pressure at 1@ for 16 h. Compound.c from

the previous step was added to the dried silica gel after the HN NH H3C\si/0
silica gel had cooled to room temperature under argon atmo- T H,e” e,
sphere. A total of 20 ml of dry pyridine was used for this ad- 0

dition. The mixture was heated at 46 for 6 h. The modified

silica gel was filtered, washed successively with chloroform, Fig. 1. Structure of CSE.

methanol, and acetone, and then dried under reduced pres-
sure to yield 2.52 g of the desired material: Anal. Found: C,
15.91; H, 2.92; N, 2.31. 3.2. Chromatography with CSPin nonaqueous
medium
2.1.5. Trimethylsilylated (S)-biotin-bonded silica gel
(CsP1) Table 1shows separation of enantiomeric amino acid

After the modified silica geld (2.51 g) was dried under  derivatives on CSPL under nonaqueous phase operation
reduced pressure at 8Q, it was suspended in dry chloro-

form (26 ml) under argon atmosphere and trimethylimidazole ,pe 1
(6 ml) was added. The mixture was heated at@%or 12 h. Enantiomer separation of two types of raceii8,5-dinitrobenzoyl (DNB)-
The modified silica gel was filtered, successively washed with amino acid derivatives on CSPusing 2% (v/v) 2-propanaf-hexane as a
chloroform, methanol, and acetone, and dried under reducece!uent

pressure to give 2.51 g of the final product: Anal. Found: C, Amino acid N',N'-Diethylamide Isopropyl ester
17.04; H, 3.16; N, 2.21. Kb« R i o« R
o Alanine 468 129 210 856 108 095
2.2. Liquid chromatography Valine 232 115 126 471 110 112
Leucine 266 113 116 599 108 085
The modified silica gel was packed into a stainless-steel Phenylalanine 46 114 133 922 111 120

column (1.5 (i.d.)x 150 mm) in accordance with the proce- 2 Other chromatographic conditions are described in Seétion
dure described previous[$]. b Retention factork) of the p-enantiomer eluted first.
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Table 2 |
Enantiomer separation of two types of raceii8,5-dinitrobenzoyl (DNB)-
amino acid derivatives on C3Rising 50% (v/v) methanol-water as a eldent

Amino acid N’,N’-Diethylamide Isopropyl ester
KpP o Rs KpP o Rs
Alanine 400 114 122 7.20 104 025
Valine 941 110 112 1638 107 096 (A)
Leucine 1593 118 214 2916 108 109 R — -
Phenylalanine  2B2 114 187 3815 107 104 iiL
VAN,
a Other chromatographic conditions are described in Se&ion ‘ \ ‘ \ \ ‘ :
b Retention factork) of thep-enantiomer eluted first. 0 20 40 60 80 100  (min)

using 2% (v/v) 2-propanai-hexane as an eluent. Deriva- Fig. 2. Enantiomer separation of racemi&3,5-dinitrobenzoyl(DNB)-

. . . leucine N',N'-diethylamide andN-DNB-leucine isopropyl ester on CSP
/ /
tives used were elthdkl-3,5-d|n|trobenzoyl (DNB)N N~ 1 with 50% (v/v) methanol-water as a eluent. (N}DNB-pL-leucine

diethylamides orN-DNB-O-isopropyl esters. The former  n N'-diethylamide; (BN-DNB-pL-leucine isopropylester; other chromato-
derivatives possessed higher separation factors than the latgraphic conditions are as described in Secion

ter and tha. enantiomer was retained stronger than was the ) ) )

p enantiomer for all amino acid derivatives, indicating that OUS Phase. (Using acetytvalinetert-butylamide as a model

the 1. enantiomer provided a more stable association to the €ompound in the chiral selection area of C3Rhe hydro-

(S)-biotin moiety. gen bonding between this region and 4-nitrobenzoyl (NB)-
Among the solutes resolved, the largest separation factor/€ucine isopropyl ester was measured using N[gJ.

(1.29) was obtained bi-DNB-alanineN’,N'-diethylamide However, separation was observed in a high concentra-

(2), compared to a value of 1.08 obtained wXADNB- tion of methanol. Under the conditions mentioned above,

alanine isopropy! ester. This difference indicates that the car-the hydrophobic phase would be broken by the distribution

bonyl group of theC-terminal ternary amide unit ¢ func- of methanol to the interfacial phase. It is difficult to de-

tions as a hydrogen bond acceptor stronger than that of theSCribe whether or not hydrogen bonding affinity is capable
ester derivative. Therefore, the cyclic urea unit of tBp ( of promoting diastereomer formation between the chiral bi-
biotin moiety should interact with botN-terminal amides otin moiety and racemic amino acid derivatives even in 50%

andC-terminal carbonyl groups of the derivatives. methanol-water. However, the biotin-bonded silica gel (CSP
1) was effective during aqueous phase operation, thus hydro-
3.3. Chromatography with CSPin agqueous medium gen bonding probably occurs even in the situation of compe-

tition from highly polar solvents such as methanol and wa-

Aqueous phase operation of CSPusing 50% (V/v) ter. The leucine and_phenylalanine isop_ropyl esterder_ivatives
methanol-water as an eluent produced enantiomer separalVere weakly but definitely separated with the separation fac-
tion for all derivatives, as shown iffable 2 The N',N'- torof1.06 €'n, 2.45) and thatof 1.0k(p, 3.00), respectively,
diethylamide derivatives provided separation factors larger 8/€n when methanol concentration increased to 70%.
than those for the ester derivatives and as large as those found The -biotin can function as a chiral resolving agent
for nonaqueous phase operation. For elution orden émean- based on hydrog_en-bondlng !nt_eractlons on_tr_le silica gel sur-
tiomer was followed by the enantiomer. Retention was dic-  face. Complexation of the biotin arfd-3,5-dinitrobenzoyl
tated by the hydrophobicity of the amino acid residues and the (PNB)-amino acidN',N'-diethylamide probably occurs via
ester derivatives were more strongly retained than were thePidentate hydrogen bonding between the cyclic urea unitand
ternary amide derivatives when comparing two derivatives the amino acid derivatives, at least in nonaqueous media.
with the same amino acid residuésg. 2(A) illustrates the
separation of racemidl-DNB-leucine N',N’-diethylamide,
which provided the largest separation factor on @S€hro- References
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