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Separation of Amino Acid Enantiomers by Gas Chromatogaphy

on Phenylthiohydantoin Derivatives as Chiral Stationary Phases

Manki Park, Jeongseen Yang, Changbum Ko and Miyung Lee
College of Pharmacy, Seoul National University, Seoul 151-742, Korea

Abstract—The resolution of five amino acids derivatives by gas chromatography on phenyl-
thiohydantoin derivatives as chiral stastionary phase was investigated. (S)-5-isopropyl, isobutyl,
(sec)-butyl and benzoyl derivatives of N3-phenyl-2-thiohydantoin were synthesized from L-
valine, L-leucine, L-isoleucine and L-phenylalanine, respectively. The phases were employed
at several column temperatures (140°C~210°C).

each stationary phase with varying R groups.

was investigated by NMR technique.
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The separation factors were compared with

The possible mechanism of chiral recognition
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IR(em™)  ; 3180(N-H), 1760(C=0) 244 7k A A = Fg ek
NMR(CDCly); 4 1.09(d, 6H, -(CHy)z) (J= A2 MHE|—3N Ga-olazzas £
7.12) of 559 D,L- 3 L-oir]xat $55& 47
¢ 2.35(m, 1H,*C-CH) *C; olal 60°Col Al 3417k 7H&F 7Hehate] A o] &
chiral carbon zagdas 4% FEAA D, L- 9 L-olr| =
8 4.17(d, 1H,C-H)(J=3.8) 4 o|&Z 23L& oad2d Azt o7
MS(m/z) ;5 234(M%) trifluoroacetic anhydride® W3 A& 147}
mp 3 207~208°C WAE erstel A el o AldE TEAR F
(8)-5-isobutyl-N3-phenyl-2-thiohydantoin: 222 E Fo JlAmEwEIRSE B

IR(ecm™) 5 3180(N-H), 1765(C=0) 2 3y rh

NMR(CDCly); & 1.07(d, 6H, -(CHy),) (J=
6.8)
4 1.77(q, 2H, *C-CH,) *C:
chiral carbon
6 1.89(m, 1H, *C-C-CH)
0 4. 29(sixtet, 1H, *C-H)
MS(m/z) 5 248(MH)
mp ; 154°C
(8)-5-(sec)-butyl-N3-phenyl-2-thichydantoin:
IR(cm™Y) 5 3200(N-H), 1760(C=0)
NMR(CDCL); & 0.88(t, 3H, -CHy)
3 1.07(d, 3H, *C-C-CH) (J
=4.8) *C: chiral carbon
6 1.71(m, 2H, *C-C-CH,)
6 2,18(m, 1H, *C-CH)
0 4.28(q, 1H, *C-H)
MS(m/z) 5 248(M™)
mp ; 167°C
(8)-5-benzoyl-N3-phenyl-2-thiochydantoin:
IR(cm™1) 3 3180(N-H), 1760(C=0)
NMR(CDCL); & 3.30(m, 2H, *C-CH,) *C:
chiral carbon
0 4.57(g, 1H, *C-CH)
8 7.17(m, 5H, ~¢)

MS(m/z) 3 282(M*)
mp 3 175°C
Zae] FHl 349 AAAE vlgbge] o)

3. Chromosorb WAW (80~100mesh)o] 29 (w/
wHA Al o] FA E
X2.1m8] Yy FEA Lo % AAZ F
% 30ml/min(d & 7}), 2% 25 200°Cel Al

A& 3. 2mm i.d.
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Table I--Gas chromatographic separation of N~TFA-D, L-amino acid isopropyl esters on (S)-5-isopropyl-
N3-phenyl-2-thiohydantoin as chiral stationary phase.

Amino acid 180°C 190°C 200°C 210°C

12 a tr a tr a tr «
R T T
Val DB 1 53 1 32 1w [P L2
Thr At S L RS R S N A A
Leu D — 20w MY L B o1u
R R

Table II—Gas chromatographic separation of N-TFA-D, L-amino acid isopropy! esters on (8)-5-isobutyl-
N3-phenyl 2-thiohydantoin as chiral stationary phase.

e e OC 150°C 160°C 170°C 180°C 190°C 200°C
1773 a ir a iR o ip a tp « 13 a ir a
Ala L 5% 136 yog 136 053 1e 80 1ss O 1m IR Lm0 -
Ile D 3% 15 330 145 136 1us 12 o1 078 ug 33100 —
Leu L bm L R oLes h L2 Yy m g% -
Vil L EE LB ogg L bl e - - -
Phe To- - —  iyed 1 g 120 ggg 119 335 117

Table III—Gas chromatographic separation of N-TFA-D, L-amino acid isopropyl esters on (S)-5(sec)-
butyl-N3-phenyl-2-thiohydantoin as chiral stationary phase.

170°C 180°C 190°C 200°C

Amino acid

1473 a lp a iR a ir a
we D EB e 38 e P8 1w B8
A BT T T AT
Leu D 52 1y 38 L3 2 L oo 1.41
val A SR SN SR S - 6 B S 8 ¢
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Table IV—Gas chromatographic separation of N~TFA-D, L-amino acid isopropyl esters on (5)-5-ben-
z0yl-N®-phenyl-2-thiohydantoin as chiral stationary phase.

. a 170°C 180°C 190°C 200°C
mino aci — =
43 a tr « tr a ir a

D 1.78 1.16 0.93 0.85

Ala L 211 1.19 1.36 1.17 1.13 1.22 1.01 1.19
D 3.49 2.61 1.66 1.16

Tl L 3.92 1.12 3.01 1.15 2. 02 1.22 1.43 1.23
D 3,80 2.21 1.51 1.27

Leu L 4,20 1.11 2. 44 1.09 .75 1.16 1,42 1.12
D 3.16 2.05 1.35 0.88

Val D 3.16 1.08 20 1.09 -3 1.22 088 1.45

Table V—Gas chromatographic separation of N-TFA-D, L-amino acid isopropy! esters on some thiohy-

dantoin derivatives ag chiral stationary phase.

Separation factor ()

Temp. R group*
Ala Ile Leu Val Phe
170°C Isopropyl — — — — —
Isobutyl 1.33 1.41 1.22 1.14 1.24
Butyl 1.42 1. 40 1.37 1.15 —
Benzoyl 1.19 1.12 1.11 1.08 —
180°C Isopropyl 1.27 — — 1.06 —
Isobutyl 1.32 1.42 1.24 — 1.20
Butyl 1.89 1. 44 1.35 1.13 —
Benzoyl 1.17 1.15 1.09 1.09 -
190°C Isopropyl 1.29 — 1.17 1.35 1.05
Isobutyl 1.30 1. 40 1. 36 — 1.19
Butyl L 1. 40 1.32 1.12 —
Benzoyl .22 1.22 1.16 1.22 —
200°C isopropyl 1.23 — 1.15 1.23 1.04
Isobutyl — — — — 1.17
Butyl 1.31 1. 40 1.41 1.14 -—
Benzoyl 1.19 1.23 1.12 1.45 —

# (8)-5-R-N-phenyl-2-thiohydantoin derivatives synthesized from L-valine, L-leucine, L-isoleucine and

L-phenylalanine, respectively.
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Table VI—Effects of the concentrations of N-TFA- AR Az AL, FFA—AITA FEEAE, 9
L-Ma bopropyl ester on the sectra of ) ol AT 45 A, A+ FE A2
ton in deuterochloroform, keeping the 4 35 AL 5 ZE 4sFEe] %4 A
concentration of thiochydantoin deriva- o] Ab-g=
tives constant at 100mM Table VIe]| Al L-alanine $=¢ ¥} Z
Cone. of Chemical shift of thiohydantoin 7845 8. 0ppm ZA Y thicamide NHS} che-
Ala-der. derivatives® NH proton (ppm) mical shift7} A 402 o] Foh gle A&
(mM) Isopropyl Isobutyl Butyl gl o] thicamide NH¢} L-alanine %
8. 01 8.0l 8. 02 A9 carbonylr| 7} G4 A FAdAFL PG
8.13 8.15 8.19 < oel g
8.19 8.21 8.19 W. Hanna 59] AWl 9&ts 28Rk F4
12 8.20 8.21 8.21 A AY A L Ao g3 T F 9
16 8.23 8.26 8.25 o
20 8.24 8.27 8.25
1 1 w1 . 1
Kot 0.172 0.201 0.213 Lo Ke(0:—02) (0:—02)

* (8)-5-R-N*-phenyl-2-thiochydantoin derivatives
synthesized from L-valine, L-leucine and L-
isoleucine, respectively.

** Kc is the association constant calculated from
mentioned equation.

propyl7] 2.t} (S)-isobutylr) 7}, (8)-isobutyl
18 (8)-(sec)-butylr] o] ¥-2| 7} ZFr}sh

ot ek 79 ring effect® Yol 9

A 29T (©-benzoyl ABAY A5, 2307
2= Gob s 3FE vych. =% D,L-

phenylalanine®] #-%- (sec)-butyl % &A=
HE2H A ¥gkort (S)-isopropyl, (S)-isobutyl
A FA A & FeH Ak
724 <A AL FH
VI 338 &4 2449 %
A5

371 ¢35 Table
T2 100mMzZ o
5l ] N-TFA-L-alanine isopropyl ester
Z+ 0, 4, 8, 12, 16, 20mM= 7}
A A A9 49 induced shift
O e P ER L TP
st ZA AAA 7 e] Ee = “three point interac-
tion”2] Jdel el A Aol Awaepo, Z,
B BY 2] 2L QAN A

thioamide

T ] AR ALl B ol AAF Hol
= ez g ol AR s} FA Had Al ol
A Az Agol glolof gl ol Exz AE
e F2 A, A% 1% 45 A48, A4

A0s=08gps— s
8, ; chemical shift of uncomlexed form
O. ; chemical shift of given cone. of
analyte
C, ; concentration of analyte
K. ; association constant
Az Aswe 98 T8 AF A5 A7
(8)-isopropyl =49 4% 0.172, (S)—lsobu-
tyl £-539 4% 0.201, (S)-(sec)-butyl f=
AL AE 0.2130) gtk (S)-benzoyl = 2
7% 7.0ppm~8, Oppm A}o}¢] aromatic proton
9] # 7o E3 thioamide?] NH = 2 & FHol &
T Ytk AdAoz waA EeEst
(8)-(sec)-butyl =z A7} (8)- 1sopropy1
F=A v (S)-isobutyl x40 A-¢xch ¥x

(S)—(L) interaction

(8)— (D) interaction

Fig. 1—Interaction mode! between chiral stationary
phases and amino acid enantiomers.
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