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Development of Chiral Stationary Phases for the
Gas Chromatographic Separation of Amino Acid Enantiomers
New diamide chiral stationary phase
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Abstract—New diamide chiral stationary phases of four systematically substituted optically active
N-(N-benzoyl-L-amino acid)-anilide synthesized from L-valine, L-leucine, L-isoleucine, and L-phenylalani-
ne were described. The behaviors of these diamides as optically active stationary phases for the separation
of N-trifluoroacetyl — D,L-amino acids were examined with respect to separation factors(e) and ther-
modynamic properties of interaction. The separation of twelve N-trifluoroacetyl-D,L-amino acid isopropyl
esters were improved by the order of N-(N-benzoyl-L-leucyl)-anilide >N-(N-benzoyl-L-isoleucyl) — ani-
lide>>N-(N-benzoy}-L-valyl)-anilide >N-(N-benzoyl-L-phenylalanyl)-anilide. Eight amino acid derivatives
with non-polar R-group and threonine, serine, aspartic acid, and glutamic acid enantiomers were separa-
ted on N-(N-benzoyl-L-leucyl)-anilide as chiral stationary phase with good separation factor between
1.07-1.25. The separation factors decreased with respect to increasing column temperature. Possible
working temperature of diamide phase was between 130-190 °C for N-(N-benzoyl-L-phenylalanyl)-anilide
and 130-180 °C for other three diamide phases. The differential Gibb's free energy (A AG) of enantiomers

was in the range of -~100-~180 cal/mol for ten amino acids and -40--60 cal/mol for alanine and aspartic
acid.

Keywords (] N-(N-Benzoyl-L-amino acid)-anilide, chiral stationary phase, gas chromatography, amino
acid enantiomer, separation factor.
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Hol W& FHIE 2 ofulxdlol A8o] ofe]
—?—D% A [

HWell A% tailing o] A71E S
+AAo] e}, Dipeptide Al A

L=
gy

o
Jae 3%
tripeptide, -3 dipeptide Al ZLAA o] A=
e} dipeptide Al ZAA vlmdd o Fejisol
A wlzsAY 238 Hojzle H¢g Mglow
3 dipeptide Al A4 A9 Aol
o7t ksl Aes Bk ®
A= L-leucine, L-isoleucine, L-phenylal-
anine, L-valine® 47}#] L-eolw|xAle mAla
diamide Al 712 1S AR}, ol
F Algql orlx4l FE= A9 “three point
interaction™g EA1A 4 & T2 AAER

=

t}, o}E& JlAaEmtEame] g s aHgslez
2-2317] 98l 2 o bleeding o] Yot &%
5 ZAs AR 75E &5 HYE 24T

o] 59 Azol AHEH ofu|:=Ake] R group o] #3}
of w2 127}x] opm|xAlol WiEF F2| =9} reten-
tion time-& ®lmslgon, &x9l Bajx ol A
HB3AE HESI d9eH parameter 55 T3}
At

Agey

Aleh 9 17|53 dFe] gle & 2 Aek
Al E§& AH83tgEl,  Diethylphosphor-
ocyanidate (Sigma, %), $ZE5 2.2 (Sigma,
£3), trifluoroacetic anhydride (Pierce Chem, ,
GC #48)% AHE-319 2 N, N-dimethylforma-
mide & 7} Sl FHAER sl A8l
v}, 4% D,L- 9 L-opelxAl IFFL Sigma A}
248 74l
7171¥  7t2~32.8¢0lE a2t= (Shimadzu  RPR-
Gl1), NMR (Brucker FT-80 MHz), IR (Perkin
Elmer FT171)), Mass{Hewlet-Packard 5985
B), =zelvlE (Jasco, DIP-360), §H&A4X
(Gallenkamp) 55 AH&-3l3ct,
N-trifluoroacetyl-D, L-amino acid ester 2|
H=9-D,L- % L-°|=x4t 5mg-& 3N-HCl/
isopropanol & 5m/el 59l & 60°ClA] 347k
A7 & Aavkez SolE Ry, RS
dichloromethane Im!& So]i trifluor-

o

T

=
[<]

L.
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oacetic anhydride (TFAA) 1m/Z 713 3 A&
ol A 247k wpA sl Airtag o)e] AlekE Al
A, S ZE 1mlol o 7p2z
ZrlE a2t9 & A2 SF9r,

Diamide 7l Z|& THAM9| X =—L-valine,
L-isoleucine, L-leucine, L-phenylalanine 2] 4
% 9] olm|xAlol didled Yamada 59 whel ¢
sto] oheal & #Aezw 7z N-(N-benzoyl-
N-(N-benzoyl-L-leucyl)

=z
=2

L-valyl) -anilide,

-anilide, N-(N-benzoyl-L-isoleucyl)-anilide,
N- (N-benzoyl-L-phenylalanyl) -anilide ¥ A=
319irt,

(o2 «)

= L-Valine 2288  N-(N-benzoyl-
L-valyl)-anilide & Azt Aolt}, L-val-
ine 5,85g(0,05mol)& 5N-NaOH £ 17m!
of =9l & o] &olo] benzoyl chloride 5ml
5 1 AAE Hrlsla Al AE Kz
WS APA7] & 2N HClS rlete] 4oz
slgdch, A" AA (N-benzoyl-L-valine)S o3
3lo] 4ke] £ AHF(2,1g, yield 45%).
N-benzoyl-L-valine 1g& 5< DMF 8m/ol =
ol A4 7|F8lel ice-bathelA aniline 2 8
ml{0,5g/8m{ F+ DMF), diethylphosphor-
ocyanidate(DEPC) £ 6m/(0, 7g/6m/ T4
DMF) % triethylamine €-% 6m/(0, 4g/6m! %
4 DMF)& 82 =718l ice-bath oA 2247k,
Aol A 48417 Al uke-& A st 1kl

Ly

sepel B2 M F 2 2ol $A4 ol™otl
HolE2 2293 $718745-2 2% HCl &4 20

m/E 33 AR APeE3IA (0,42, yield
42%, overall yield 19%), °lA& velgz AA
Astgh, & vy o g  N-(N-benzoyl-L-
leucyl)-anilide (vield 20%), N-(N-benzoyl-
L-isoleucyl)-anilide (Yield 18%), N-(N-ben-
zoyl-L —phenylalanyl)-anilide (yield 12%)%& A
x5, olF 3jMEe EEA
spectroscopic data+ tH&3} 7t}
1) N-(N-benzoyl-L-valyl)-anilide :
IR (cm™?) ; 3200(N-H), 1670(C=0)
NMR (CDCl,) ; 68.59(1H, s, ¢-NH)
4. 70(1H, dd, C.-H, J=7.2)
62.30(1H, q, C--H, J=6.8)
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61.04(6H, d, -2CH3;, J=6.8)

Mass(m/z) ; 296 (M*)

[@]} ; —34'(c=0.4%, MeOH)

mp ; 106-108C
2) N-(N-benzoyl-L-isoleucyl)-anilide :

IR (em™) ; 3210(N-H), 1650(C=0)

NMR(CDCl) ; 68,46(1H, s, $-NH)

64, 85(1H, dd, C.-H, J=4.8)
62.10(1H, m, Cs-H)
61.48(2H, m, C»-H)
61.19(3H, d, -CH,, J=6.4)

Mass(m/z) ; 310(M*)

(]} : —35(c=0.4%, MeOH)

mp ; 108-109C
3) N-(N-benzoyl-L-leucyl)-anilide :

IR(em™) ; 3200(N-H), 1630(C=0)

NMR(CDCL,) ; 68.60(1H, s, ¢-NH)

§4.95(1H, t, C.-H, J=7.0)
62.10(1H, m, C»-H)
61,04 (2H, m, Cs-H)

Mass(m/z) ; 310(M*)

la]® . —35(c=0.4%, MeOH)

mp ; 111-113C
4) N-(N-benzoyl-L-phenylalanyl)-anilide :

IR (cm™) ; 3200(N-H), 1650(C=0)

NMR(CDCl,) ; 65.03(1H, g, C«-H, J=6. 4)

63.21(2H, m, Cs-H)

Mass(m/z) ; 398 (M*)

[a]® ; —33(c=0.4%, MeOH)

mp ; 113-115C

tAzRolEang 2E 5 Y MEEM -
o4 Alzdt 24 140mg < #IEHE 30miol]
o] 250m/ £ vl=t Zek~3e] Y3 Chromosor-
b WAW (80-100mesh) 7g-& 4A413] 7lsted 2 4
<+ % o7} 7}93miA rotary evaporator oA £
oNE X143 AA sk,

A2y FelA 2% (3, 2mm i.d. X2, 1m)
W, oAlE Fo AXEn AxAFl o,
A4 A FAEE FAsIA, FAH 24
200°CollA 2447k conditioning & 3 F-Alo| A}-&-
et AA] Alge] AL g 73l A

ox, mo e
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ax o r
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Al5koiet,
Detector ; FID (flame ionization detector)
Injector temperature , 250C
Detector temperature ; 250C
Column temperature ; 130-160°C
Carrier gas flow rate ; 50m//min

zn 9 o

19759 Lochmiiller 5% dipeptide Al 3.3
ol 4] D-valine©] L-valine ¥t} #x &5+
£ A A5 427450 A5 A olof gl
Aoz Ardsioict,

2= dipeptide Al Lol A A&} AH5 218
¥ Aoz AZsE -NH-CO-C*H(R)-NH-CO-
715 712 AR slo] Fo09 amide AT
o] phenyl”l1E =9& Ar-NH-CO-C* H(R)
-NH-CO-Ar ¢ diamide Al zAA-S A23%
(Fig. 1).

L-valine, L-leucine, L-isoleucine, L-phen-
ylalanine & %8 A =% 47}x diamide Al 34
Aol §42 106-115C WHE, o5 rkaazs}
Eaely] 224259l 130-160C AbelolA] Aoz

Pl N o

ZAgch, olE 4txl F=AE  Chromosorb
WAW/DMCS (100-120mesh)oll 2% 2 ¥]=}3}od
A3,
Diamide Al 449 AH7bs HHE 4 1A
|

[ Pll - (l: - E - '|‘ ‘@ L-diamide phase

H, Ry O H,“‘ (solvent)

g :4 H (I’
FyC— (l;-- 'I{- é— C—=0-— R, D-amino acida
|'q {solute)

L-diamide phase
(solvent)
H i
(4] H H o]
[
Ry-0~-C—-C—N=-C-CF,

| solut
R (solute)

L-amino acigd

Fig. 1—Model of interaction of N-(N-benzoyl-L-amino
acid)-anilide (solvent) with N-TFA ester of D- and
L-amipo acid (solute).



o 4o 2%¥E bleeding o dolvtr] Artrle] &
E 2 Table I 2},

Table II-Vol 272 L-valine, L-isoleucine,
L-leucine, L-phenylalanine ¢ 24%¥ #A)=3 N-
(N-benzoyl-L-valyl)-anilide, N-{(N-benzoyl-
L-isoleucyl)-anilide, N-(N-benzoyl-L-leucyl)
-anilide, N-(N-benzoyl-L-phenylalanyl)
-anilide &] N-trifluoroacetyl-D, L-amino acid
isopropyl esterol] i3l 7z} 2= ojl4)¢9) retention
time % 2= o & ey,

N-(N-benzoyl-L-valyl)-anilide % N-{(N-ben-
zoyl-L-phenylalanyl) — anilide ¢} 7% retention
time € alanine<valine<isoleucine<nor-
leucine<leucine<threonine<serine<meth-

Table I—Melting point and bleeding temperatures of dia-
mide phases.

diamide phase melting point  bleeding temp.

N-(N-benzoyl-L- 106-108 °C 180°C
valyl)-anilide

N-+(N-benzoyl-L- 108-109°C 180°C
isoleucyl)-anilide

N-(N-benzoyl-L- 111-113°C 180°C
leucyl)-anilide

N-(N-benzoyl-L 113-115°C 190°C

phenylalanyl)-anilide

jonine< phenylalanine< aspartic acid<glutamic
acid 9 &olgien N-(N-benzoyl-L-isoleucyl)

Table II——Gas chromatographic separation of N-TFA-D,L-amino acid isopropyl esters on N-(N-benzoyl-L-valyl)-anilide

as chiral stationary phase.

) ) 130°C 140°C 150°C 160°C
Amino acid
tg a* te a* tp at tp a*
Ala D 2.04 1.16 1.31 1.05 1.08 1.04
L 2.37 1.38 1.12 -
Val D 2.23 1.16 1.85 1.15 1.21 1.13 1.09 1.12
L 2.59 2.13 1.37 1.22
Norval D 3.71 111 1.92 1.10 1.30 1.10 1.18 1.09
L 4.12 2.11 1.43 1.27
Ile D 3.68 1.12 1.90 1.11 1.29 1.11 111 1.10 -
L 4.12. 2.11 1.44 1.22
Leu D 5.80 1.08 2.70 1.06 1.87 1.06 1.56 1.05
L 6.26 2.86 1.98 1.64
Norleu D 5.82 1.07 2.74 1.06 1.90 1.05 1.63 1.04
L 6.23 2.90 2.00 1.70
Thr D 7.42 1.13 3.21 1.12 2.49 1.12 1.87 1.11
L 8.38 3.60 2.79 2.08
Ser D 5.80 1.12 3.10 111 2.56 1.09
L - 6.51 3.44 2.79
Met D 9.80 1.17 5.09 1.15 3.98 1.13
L - 11.47 5.85 4.50
Phe D 10.50 1.22 5.43 1.17 4.24 1.14
L — 12.81 6.35 4.83
Asp D 20.01 1.06 11.67 1.05
L -~ 21.21 12.25
Glu D 17.57 1.04

a
|

- 18.27

» @ Separation factor, a=t;/tp
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Table III—Gas chromatographic separation of N-TFA-D,L-amino acid isopropyl esters on N-(N-benzoyl-L-isoleucyl)-

anilide as chiral stationary phase.

Amino acid 130°C 140°C 150°C 160°C
te a tr a te a te a
Ala D 2.61 1.07 1.42 1.06 1.19 1.06
L 2.79 1.51 1.26 -
Val D 2.94 1.17 1.89 1.16 1.36 1.15 1.09 1.14
L 3.44 2.19 1.56 1.24
Norval D 3.01 1.13 1.92 1.12 145 1.12 111 111
L 3.40 2.15 1.62 1.23
Ile D 4.29 1.15 2.27 1.14 1.56 1.13 1.21 1.11
L 4.93 2.57 1.76 1.34
Leu D 5.70 1.11 2.75 1.10 1.58 1.09 1.22 1.09
L 6.33 3.02 1.73 1.33
Norleu D 6.78 1.06 2.94 1.05 1.90 1.05 1.30 1.04
L 7.19 3.09 2.00 1.35
Thr D 8.12 1.12 3.54 1.11 2.80 1.10 2.21 1.10
L 9.09 3.93 3.08 2.43
Ser D 6.01 1.12 3.24 1.11 1.92 1.09
L — 6.73 3.60 2.09
Met D 12.34 1.15 6.01 1.12 3.01 1.10
L — 14.19 6.73 3.31
Phe D 13.01 1.20 8.21 1.16 4.98 1.13
L - 15.61 9.52 5.63
Asp D 23.21 1.06 14.32 1.05
L - 24.60 15.04
Glu D 20.14 1.04
L — — 20.94

-anilide, N-{(N-benzoyl-L-leucyl)-anilide ¢] 7
£+ norleucine>isoleucine | o7 $545471
uhA A e,

7Z4kel mAAe] FEfof wE A8 $EFAE
N-(N-benzoyl-L-isoleucyl)-anilide >N- (N-ben-
zoyl-L-leucyl) -anilide> N-(N-benzoyl-L-valyl)
-anilide> N-(N-benzoyl-L-phenylalanyl)
-anilide & $08 289 retention time So] &
ZHE ATk, olAL NMRo| ojgt Atz Aze
AoaAg ZANA FE e e dE o
=5kt

HubAdo) wlmd & wiFAVIE Zbe obrxAt
£ 2 alanine>valine>isoleucine>norvaline>
leucine> norleucine> threonine> serine>meth-
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ionine>phenylalanine ¢] <22 130-140C *}°]
oA 15% ojue] &F=|oled, wlaA FHbAel
who Z47)E Zb: aspartic acid, glutamic acid
= 77t 150C2 160ColA 202 wHel &-E=H ek,
e} tyrosine, lysine 52 160°Coll4 40810
L2x)x %9t N-(N-benzoyl-L-phenylal-
anyl)-anilide A4S 739 A2l A olw|xAtE9)
$Z A 750 wEEdwd oA A
benzyl 717} |59 A% walshe 1A Aol gal
o2 2g37] wlEoz AztHc,

A 80 ek B2z N-(N-benzoyl-L-leucyl)
-anilide> N- (N-benzoyl-L-isoleucyl) -anilide>
N-(N-benzoyl-L-valyl) -anilide> N-(N-ben-
zoyl-L-phenylalanyl)-anilide ¢| o2 F7}sl=
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Table IV—Gas chromatographic separation of N-TFA-D,L-amino acid isopropyl esters on N-(N-benzoyl-L-leucyl)-ani-

lide as chiral stationary phase.

. . 130°C 140°C 150°C 160°C
Amino acid
te a tr a tr a tp a

Ala D 2.54 1.07 1.34 1.06 1.09 1.05
L 2.71 1.42 1.14 -

Val D 2.93 1.19 1.66 1.17 1.14 1.16
L 347 1.94 1.32 —

Norval D 4.18 1.16 2.21 1.13 1.40 1.12
L 4.88 2.49 1.57 -

Ile D 4.10 1.20 2.05 1.19 1.39 1.18
L 4.92 2.44 1.66 —

Leu D 5.60 1.14 2.63 1.13 1.63 1.11 1.11 1.10
L 6.38 2.97 1.81 1.22

Norleu D 6.63 1.09 2.85 1.08 1.85 1.07 1.25 1.07
L 7.25 3.09 1.99 1.34

Thr D 7.54 1.15 3.24 1.14 2.51 1.13 1.92 1.13
L 8.67 3.69 2.84 2.17

Ser D 5.43 1.15 3.65 1.14 1.72 1.13
L — 6.24 4.17 1.94

Met D 10.17 1.16 6.40 1.12 2.63 1.09
L — 11.78 7.17 2.87

Phe D 10.89 1.25 6.60 1.21 4.11 1.18
L — 13.65 8.01 4.85

Asp D 22.01 1.07 12.30 1.06
L —_ 23.55 13.04

Glu D 19.23 1.05
L —_ - 20.19

743kS B oot phenylalanyl)-anilide ZAAE Ao &89 4|

N-(N-benzoyl-L-leucy!) -anilide 3 A Ao A 859 retention timeol T&E 9ot Hejxrt

valine, norvaline, isoleucine, leucine, A8 29kt (Table V).
threonine, serine, methionine, phenylalanine 7|2 A ¥ude 7] AL ATl

5 tjyge] AEEo] 130-140ColA 1.1-1,29 %
43 Hx% vebid, 22y} alanine, nor-

leucine, aspartic acid, glutamic acid 52 1.1

olste] wlmd & Fxg deElficH(Table
V). ol8d A b aALZNAE FASHA

velton N-(N-benzoyl— L-isoleucyl)-anilide
A A A3E9 retention time N-
(N-benzoyl-L-leucyl)-anilide 3144kl w)sled 2
oA e S Yoyt FEsve 238 i
73%¢ Vel (Table I1I), N-(N-benzoyl-L-

9] Bsto| A9t A5 2EE A =ed ofw P
Ao 2 A7 FE YA o84 AE9 HA A
olo]l ojsf Fejs} o] FoIXA Het, old E2lEH=
AExE $E5 o 2 JeplEd o] e AMgEe
Azvlg gty Axge) AR AR JAge)
A Bese 4o AxAET we] Rl
UAZHAAG) 3l A=,

CSP(Chiral stationary phase)$} L] =+ D
A 24 A7} AEzLde] CSP*(L)-A =&
CSP* (D)-A7} 2 w9 AL b33 o] & +

=
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Table V—Gas chromatographic separation of N-TFA-D,L-amino acid isopropyl esters on N-(N-benzoyl-L-phenylalanyl)-

anilide as chiral stationary phase.

. . 130°C 140°C 150°C 160°C
Amino acid
tg a tr a tp a tp a
Ala D 1.87 1.05 1.08 1.04
L 1.96 1.12 — -
Val D 2.31 1.08 1.62 1.07 1.45 1.07 1.25 1.06
L 2,51 1.73 1.55 1.33
Norval D 3.33 1.07 1.82 1.06 1.54 1.05 1.32 1.05
L 3.56 1.93 1.62 1.39
Ile D 3.54 1.09 221 1.08 1.84 1.07 140 107
L 3.86 2.39 1.97 1.50
Leu D 3.80 1.06 2.50 1.05 1.99 1.05
L 4.03 2.63 2.09 -
Norleu D 3.92 1.04 2.72 1.04
L 4.07 2.83 — -
Thr D 5.32 1.11 3.02 1.10 2.23 1.09 1.67 1.08
L 5.89 3.32 243 1.80
Ser D 5.94 1.10 4.32 1.09 2.98 1.08 2.32 1.07
L 6.53 4.71 3.22 2.48
Met D 11.32 1.14 8.23 1.12 4.48 111 3.56 1.10 .
L 12.90 9.22 4,97 3.92
Phe D 9.20 1.18 6.87 1.15 4.01 1.14
L — 10.85 7.90 4.57
Asp D 15.17 1.04 10.07 1.03
L — 15.73 10.37
Glu D 24.08 1.02 13.24 1.02
L - 24.56 13.55
Ak, enthalpy 2H (AAH )=
CSP+(L) - A= CSP+(L)- A AAH=AAGHTAAS (2)

AG=-RTn (K,)
CSP+ (D) -A=CSP«(D)- A

AG= - RTn (K,)
AAGzlAGL_AGnl =-RT7In (KL/KD)
=—RTn (a) 1)

ol K /Kpe 22 &l Aladofa] £ Ao
A gzt Foug P (o) vEPE 5 glo
o @& #/k(adjusted relative retention time
of L- and D-isemer)® AgH o2 78 4+ 9lr},
& Gibbs wbgAoA Leole] differential free

Vol. 33, No. 2, 1989

(AAS ; differential free entropy of solution)
= deparh,

Holexe J4(1/T)% log-a 2+ plotting &
AQAL ep | olwe 7187 M2

_ —AAH
M=3 303R

(3)

2 Jehie] o]2RE differential free enthalpy
AHAAH)E T2 4 Yok, o] &= A (2)ol sl
3l differential free entropy =H(AAS)E T&
4 9lv}, A Pirkle 592 o]&8¥og nxo
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@ 22etE gzl AlaguellA] e At
7} 2ol F2HE o 2 kAo 2ol (AAG)7}
10cal/mol(a = 0, 02) A=A BAo| 7}53lch
3 u+al ¥} 9ok, Lochmiiller 59 Zx7telo)

log o
pPhe
0.08
Het
val
0.06
Thr
Ile
norval
Q.04
_..® Leu
s norLeu
’/.........-. Ala
0.02
2.31 2.36 2.42 2.48
/T x 1\')3

Fig. 2— Plot of the logarithm of the separation factor, a,
versus the inverse of the absolute temperature for
N-TFA-D,L-amino acid isopropyl esters as solu-
tes on N-(N-benzoyl-L-valyl)-anilide as the chiral
stationary phase.

log a

0.08
val

0.06 i1e
norval
Thr
Leu

0.04 |

Ala

AsSp

Lese® norLeu
0.02 | @

/T x 10°

Fig. 3—Plot of the logarithm of the separation factor,a ,
versus the inverse of the absolute temperature for
'N-TFA-D,L-amino acid isopropyl esters as solu-
tes on N-(N-benzoyl-L-isoleucyl)-anilide as the
chiral stationary phase.

A nlEEalal AAG e 100cal/mol AEo]H
preparative scale |41 300cal/mol ©o|Ate] ujghal
stk 2ugich, =3 AAG @e] 100cal/mol ©]
k2 Rz EAG HelE 2 AL

1og @ Phe
0.08 | Ile
.—————————.a,a———f".val
norval
Met
.. Thr
0.06 Leu
0.04 } norLeu
ASp
— Ala
- .’____’-o/
0.02

2.31 2.36 2.42 2.48
/7 x 103
Fig. 4— Plot of the logarithm of the separation factor, e,
versus the inverse of the absolute temperature for
N-TFA-D,L-amino acid isopropy! esters as solu-
tes on N-(N-benzoyl-L-leucyl)-anilide as the chiral
stationary phase.

log a

1/7 % 10°

Fig. 5— Plot of the logarithm of the separation factor, e,
versus the inverse of the absolute temperature for
N-TFA-D,L-amino acid isopropy! esters as solu-
tes on N+«(N-benzoyl-L-phenylalanyl}-anilide as
the chiral stationary phase.
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VIIX & 24 g4l Ao 108 ofr] x4t
isopropyl oll&8] 235 thal dds4 parame-
ter o| o},
N-(N-benzoyl-L-valyl)-anilide 2| 7
VI) valine, methionine, phenylalanine &
AAG ZFe]l —100cal/mol ©]Ae] Zh& vleliiut
alanine, aspartic acid 52 —50cal/mol ©|3}e]
AAG & HERHA glen g o]Fef A3t ¥
% S8l capillary column & A&-she] Zete]
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MAde] He& oz Az, N-(N-benzoyl-
L-isoleucyl)-anilide | 7 %-(Table VII), N-
(N-benzoyl-L-valyl)-anilide o] |3l AAG %t
o] akzl FA=jom N-(N-benzoyl-L-leucyl)
-anilide & 7%-(Table VIII) alanine, aspartic
acid & A3 oHFE9 A5F9 AAG F#el
—100cal/mol ©]AH¢] 3h& Vephligion o] 52 AlA|

3 T (Table

Table VI—Thermodynamic properties of N-TFA-D,L-
amino acid isopropyl ester on N-(N-benzoyl-L-
valyl)-anilide as chiral stationary phase.

Amino slope, r T AAH AAG AAS
acid M (°K) (cal/mol) (cal/mol) (e.u)*
Ala 69.0 0.999 403 -365.1 -46.9 -0.79
Val 939 0.992 403 -496.8 -119.0 -0.94

Norval 41.2 0.942 403 -218.0 -835 -0.33
Ile 40.7 0.942 403 -215.3 -90.7 -0.31
Leu 64.3 0.927 403 -343.9 -61.6 -0.70

Norleu 72.3 0.999 403 -382.5 -542 -0.81
Thr 40.7 0.942 403 -2153 -97.9 -0.29
Ser 105.9 0967 413 -560.3 -93.0 -1.13
Met 136.9 0.998 413 -724.3 -1289 -1.44
Phe 2684 0.997 413 -1314.3 -163.1 -2.79
Asp 820 — 423 -433.9 -49.0 -0.91

*1 e.u.(cal/deg/mol) = 4.184 JK-1mol
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FABUAAE 2 FelEH ek, N (N —benzoyl-
L-phenylalanyl) -anilide & % (Table IX)
phenylalanine -2 7|23k DHH—‘L—«] Alg5o°] —100
cal/mol °]3lel AAG #E vehin] &3l 4]
29| 225 Y4 capillary ZE-g ARg-s)ok
T Zlew Az

Table VII—Thermodynamic properties of N-TFA-D,L-
amino acid isopropyl ester on N-(N-benzoyl-L-
isoleucyl)-anilide as chiral stationary phase.

Amino slope, r T AAH AAG A4S

acid M (°K) (cal/mol) (cal/mol) (e.un)
Ala 34.2 0.866 403 -181.0 -54.2 -0.31
Val 66.0 0.999 403 -349.2 -125.7 -0.55
Norval 40.7 0.942 403 -2153 -97.9 -0.29
Ile 86.8 0.972 403 -459.3 -111.9 -0.86
Leu 49.2 0.958 403 -260.3 -83.5 -0.44
Norleu 43.1 0.930 403 -228.0 -46.7 -0.45
Thr 485 0.957 403 -256.6  -90.7 -0.41
Ser 1059 0970 413 -560.3 -93.0 -1.13
Met 176.0 0.998 413 -931.2 -1147 -2.03
Phe 2375 0.999 413 -1256.6 -149.7 -2.68
Asp 82.0 1.000* 423 -433.9 -49.0 -0.91

*With only two temperatures, the result was naturally a
straight line.

Table VIII—Thermodynamic properties of N-TFA-D,L-
amino acid isopropy! ester on N-(N-benzoyl-
L-leucyD)-anilide as chiral stationary phase.

Amino slope, r T AAH AAG AAS
acid M (°K) (cal/mol) (cal/mol) (e.u)
Ala 74.3 0.999 403 -393.1 -54.2 -0.84
Val 1016 0991 403 -5376 -139.3 -0.99
Norval 140.8 0.975 403 -745.0 -118.8 -1.55
lle 65.3 0.999 403 -345.5 -146.0 -0.50
Leu 104.1 0.969 403 -550.3 -1049 -1.11
Norleu 72.5 0.999 403 -383.6 -69.0 -0.78
Thr 47.3 0.952 403 -250.3 -111.9 -0.34
Ser 68.9 0.999 413 -364.6 -114.7 -0.62
Met 246.6 0.999 413 -1304.8 -121.8 -2.86
Phe 2275,0.999 413 -1203.7 -183.1 -2.47
Asp 82.0 1.000* 423 -4339 -56.9 -0.89

*With only two temperatures, the result was naturally a
straight line.
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Table IX—Thermodynamic properties of N-TFA-D,L-
amino acid isopropyl ester on N-(N-benzoyl-L-
phenylalanyl)-anilide as chiral stationary phase.

Amino slope, r T AAH AAG AAS
acid M (°K) (cal/mol) (cal/mol) (e.u)

Ala 70.0 1.000* 403 -370.4 -39.1 -0.82
Val 42.3 0.942 403 -223.8 -61.6 -0.40
Norval 51.0 0.957 403 -269.8 ~-54.2 -0.54
Ile 49.8 0.957 403 -263.5 -69.0 -0.48
Leu 34.2 0.866 403 -180.9 -46.7 -0.33
Thr 69.5 0.999 403 -367.7 -83.6 -0.70
Ser 70.0 0.999 413 -370.0 -70.7 -0.72
Met 88.7 0.988 413 -469.3 -93.0 -0.91
Phe 2365 0.991 413 -1251.3 -135.8 -2.70
Asp 84.0 1.000* 423 -4444 -33.0 -0.97

*With only two temperatures, the result was naturally a
straight line.
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