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Lt was reported by Weinstein et al.’ that it suGces for a chkal stationary phase 
to contain an amide group and an asymmetric carbon atom, attached to the nitrogen 
atom [RCONHCH(CH,)R’& in order to show selectivity in its interaction with the 
enantiomers of amides, and that the best efficiency is obtained when R’ is aromatic, 
particularly a-naphthyl, as in N-lauroyl-(S)-1-(a-naphthyl)ethylamine. During the 
course of our examin ations of the influence on the enantioselectivity when the struc- 
ture of the amide phase is converted to contain two asymmetric carbon atoms attach- 
ed to both nitrogen and carbon atoms of the amide group, we” have found that N- 
(1R,3R)-rr~~~~santhemoyi~~)-l-(a-naphthyl)ethyl~ine shows excellent enan- 
tioselectivity compared to that of N-lauroyl-(I+l-(cz-naphthyl)ethylamine. This 
result suggested that other N-acyl derivatives of(R) or (S)-I-(cz-naphthyl)ethylamine 
should also shqw high stereoselectivity for enantiomeric amides. In this paper we 
report the chromatographic properties of four new amides derived from (IQ- and (s)- 
l-(x-naphthyl)ethylamine with (S)-mandelic acid and (S)-proline as optically active 
stationary phases. 

EXPERIMENTAL 

S_vnthesis of stationary phases 
O-Lauroyi- (S)-nmndeiic acid (S) -I- (a-nap/z t fzyi) ethylamide (phase I). To a 

stirred solution of (S)-mandelic acid (0.015 mol), (S)-l-(a-naphthyl)ethylarnine (0.015 
mol) and l-hydroxybeuzotriazole (0.017 mol) in tetrahydrofuran (30 ml) kept at 
0°C N,N’-dicyclohexylcarbodiimide (0.016 mol) in tetrahydrofuran (10 ml) was 
added dropwise. The mixture was first stirred in an ice-bath for 2 h and then at room 
temperature for 2 h, filtered and the solution evaporated under reduced pressure_ The 
residue was dissolved in ethyl acetate and the solution was washed successively with 2 
_W citric acid, saturated sodium bicarbonate solution and water. After drying over 
sodium sulphate, the crude product was pm&d by column chromatography on silica 
gek The fraction eluted with chloroform was (S)-mandelic acid (s)-I-(a- 
naphthyl)ethylamide. which was identified by nuclear magnetic resonance (NI’$R) 
and mass spectrometry. Phase I was obtained from the above amide (O.(lo4 mol) by 
reaction with lamoyl chloride (0.008 mol) in dry dioxan (20 ml) in the presence of 
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pyridine (0.01 mol) at 100°C for 4 h. After removal of the solvent under reduced 
pressu&, the residue was dissolved in ethy! acetate and the solution washed s&ces~ 
sively with 1 N hydrochloric acid, saturated sodium kicarkonate s&&ion and water. 
_Mer drying over sodium sulphate, the crude product was puri&d by column chrO_ 
matography on silica gel. Tke fraction eluted with hexan-thy1 acetate (1 rl) was the 
desired compound (phase I), as demonstrated by NMR and mass spectrometry 
(found_C,-78.5; H, 8.6; N,-29; calculated for CS,H=~NCr,: C, 78.8; H, 8.5; N, 2.9ya; 
[&* + 37” (c =- O-i6 “/, in CkIoroform); m:p. -86-88T. . . - . 

0-Luumvl-(S)-mandelic acid (R)-l-(a-rropkr~~~~e~~~~a~~~ide (phase 11) _ Phase 
ii was synthesized using (R)-I-(rx-naphthyl)ethylamine instead of (s)-l-(a- 

TABLE I 

GAS CRRO~4TOGR4PKIC SEPARATXON OF ENANTIOMERS 

Chromzmgapked on W m x 0.25 mm I.D. g&s capilhry columns Carrier gas: helium at O-7-1.0 mi/min 

OpIicat& acfire srartinary phare 

Phare 2 

Retenfion rime !min)* _ @ 

Ist peak 27dpzk 

100 36.58 
100 115.5(C) 
150 iCOs<+) 

100 12-03(D) 
100 M-89(~) 

I00 3S_Go(D) 

37_62( -) 

63.78( +) 
u.09 

57-m - ) 
128.3(i) 

17.36 l.WO 
16.65 I.oOo 
65.13 moo 

37.89 1.036 
127.5(-) 1.104 
IlO_!&-) 1.105 

12.61(t) 1.048 
15.53(L) I.043 
36.87(~) I.036 

38.571 c) I.025 

=eY-1 

63_23( +) 
136_7(-_) 

1.073 
lmo 
I.o!M 
I .065 

50.56 1.oQo 



~oiution -:of N-tert.-butokycarbonyl_Q-prohe (0.01 mol), (S)-l-(ac-naphthyl)- 
ethyiamine (0.01 mdl) and I-hydroxybenotriazole (0.011 mol) in tetrahy- 
drofuran (20 mlj kept at OT, N,N’-dicyclohexylcarb&Gmide (0.011 mol) in tetrahy- 
drofuran (10 ml) was added dropwise. .The mixture was first stirred in an ice-bath for 
2 h and then at room temperature for 2 h, titered and the solution was evaporated 

Phase IV Phase zz 

Retention rime (mi@f 

Phnre ZZZ 

z- Retention time (min) f a- Retention rime (min]* ztf 

1st peak 2nd peak 1st peak Zndpeak Is1 peak 2ndpeok 

37.57 38-44 
94_93( -) 103.7(+-) 

111.8(-) 1 i&5(+) 

10-43(L) 10.78(D) 
13.16(L) 13.60(D) 
31.59(L) 323qD) 

37.15(;) 3S_OS( -) 

63X( -) 67.37(t) 
30.38 31.14 
55.9q f ) 59_33( - ) 

136.5(-) 14xq +) 

16.85 16.78 
16.01 16.21 
s-43 65.52 

1.023 
1.092 
I .060 

37.36 39.70 

16S.q +) 187x$-) 

8&75(i) m0.y -) 

S-4&D) S.SZ(L) 
9.10(D) 9.62(L) 

26.25 

I.048 
1.117 
1.129 

81.30 

234.7( -) 247.0( ;) 
214.0( -) 222.4(t) 

17.52(L) 1%04(D) 
19.30(L) 20. b%(D) 
54.60(L) 57.69(~) 

36.40 

1.050 
1.057 
1.000 

1.030 
1.044 
1.057 

1.034 
1.033 
1.024 

33.29( -) 34_57( +) 

57_95( Jr) 63_49( -) 
20.96 

45_47( -) 51.49(t) 
105.q t ) 111_4(-) 

8.16 
8.16 

33.73 34.09 

1.03s 1.000 1.025 

1.056 
1.025 
I.061 
I.045 

1.096 61.43( -) 63.62( +) 1.036 
1.000 49.78 50_90- 1.022 
1.132 109.3(+) 116.0(-) 1.061 
1.061 21S.l(-) 224.y ;) 1.029 

1.000 18.63 
1.000 18.63 
I.011 78-49 79-17 

1.012 
1.012 
1.017 

1.ooo 
1.000 
1.cu9 

49.47 So.91 1.019 26.54 1.000 61.65 1.ooo 

40-35 1.000 21-93 
135-4 136-S 1.010 65.81 67.45 

1.000 50-98 1.000 
I.025 158.0 ~I.000 

4457 51.60 54.50 1.054 116.4 118.5 1.018 1.000 



under reduced pressure. The residue was dissolved in ethyl acetate and the solution 
was washed successively with 2 N cit&ic acid and water, The solvent was evaporated 
under reduced pressure, the residue was dissolved in 4 N hydrochloric acid indioxan 
(20 ml) and tke solution was stirred at room temperature for 6 h. The solution was 
evaporated under reduced pressure, and the residue was dissolved in chloroform and 
extra& with water. The aqueous layer was made alkaline with ammonia solution 
and then reextracted with chloroform. The extract was dried over sodium sulphate 
and evaporation of the ckloroform gave (Q-proline-(l-(rr-naphtkyljethylamide, 
which was identified by NMR and mass spectrometry. Phase III was obtained from 
the above amide (CMOS mol) by reaction with lauroyl chloride (0.009 mol) in dry 
dioxan (20 ml) in the presence of pyridine (0.01 mol) at room temperature for 2 k 
After evaporation of the solution under reduced pressure, the residue was dissolved in 
ethyl acetate and the solution was washed succesively with 1 N hydrochloric acid, 
saturated sodium bicarbonate solution and water. After drying over sodium sulphate, 
tke crude product was purified by column chromatography witk silica gel. The frac- 
rion eluted with chloroform was the desired compound (phase III), as demonstrated 
by ?llvIR and mass spectrometry (found: C. 77.3; H, 9.6; N, 6.1; calculated for 
C19H.tzNz02: C, 77.3; H, 9.4; N, 6.2%); [xl;’ - 66” (c = 0.23 % in chloroform); 
mp. 5%62’C. 

N-~o~i- (S/-proline (R)-I -( z-naphthyi)eth~iamide (phase IV) . Phase IV 
was synthesized using (R)-1-(c;c-naphthyl)thylamine instead of (S)-l-(ar-naphthyl)- 
etkylamine according to the procedure described for the synthesis of phase III. 
The final product had NMR and mass spectra which agreed with the expected 
structure (found: C, 77.3; H, 9.7; N, 6.2; calculated for C2aH,,N20,: C, 77.3; H, 9.4; 

N, 62%); [xl’,” - 114” (c = 0.28 % in chloroform) m-p. 67-68’C. 

Thermogravimetric anaIy.sis 
I32 experiments were performed with a Rig&r Thermoflex instrument pro- 

vided with a thermobalance. The amount of sample was 8-12 mg. The temperature 
wzis raised at a rate of lO’C/min using e-alumina as the reference between 50 and 
45O’C. 

Gas chromtography 
The experiments were carried out with a Shimadzu CC-7A gas chromatograph 

equipped with a flame ionization detector. The glass capillary columns (40 m x 0.25 
mm ID_) were coated with a 5 O/! solution of each station&y phase in chloroform_ 

RESULTS AND DISCUSSiON 

The gas chromatographic results are given in Table I_ The four stationary 
phases (I-IV) show excellent enantioselectiv$y. Tkey separate amino acid, amine and 
carboxylic acid enantiomers, althougk they do not show very much higher separation 
factors than N~uroyl-O_l-(a-naphthyi)ethyl~el which contains only one asym- 
metric centre_ It should be emphasized tkat some carl$xylic acid ester, nitrile and 
aftohol exGn~or&rs c&r be separated on these neti amides as well as on N-( 1 R,3R)- 
trmzs-chrysanth~o~l~R~l~~-naph~yi~~yl_~e which was reported by us pre- 
viously- It is intere&ng that phase II partially separates all four isomers of ethyl 
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Fig. 1. Gas chromatogram of racemic ethyl cis,rr~-3-(2,2dichiorovinyl)cyclopropanecarboxylate_ 
Column. &SS capillary c~htmn (40 m x 0.25 mm I.D.) coated with 0-lauroyl-(S)-mandelic acid (R)-l-(a- 
naphthyl)ethylamide; temperature, IOO’C; can-is gas (helium) now-rate, G-9 ml/min. 

. . 
60 65 70 75 

Retention tine (min ) 

Fig_ 2. Gas chromatognm of racuuic 2-(4chlorophenyl)isovaleric acid isopropylamide. Column, glass 
capibsy column (40 m x 0.25 mm I.D.) coated with 0-!auroyl-(S)-mandek &id (S)-l-(z- 
naphthyt)ethylzmide; temperzture. ISO”C; carrier gas (helium) flow-rate. 0.7 ml/min. 

t I 

40 4s so 
fkTENTION TlNZ (WIN) 

Fig. 3. Gas chromatogam of racemic N-~tafiuoropropionyLl-(z-naphthyl)ethylamine_ Column, glass 
capillary column (40 m x 0.25 mm LD.) coated with N%xuoyi-<s)_proline (S)-l-(a-naphthyl)ethybmide: 
temperature, 180°C; cxrier gas (helium) flow-rite, 1.0 ml~min. 



332 NOTti 

chrysanthemate and ethyl 3-(2,2-dichlorov&yl)c~c~opropane&rboxylate, to our 
knowledge for the first time. A typical kbromatogram is shown in Fig_ 1, 

It is also notable that these new amides have exceltent thermal stability. Ther- 
mogr..vimetrk analysis showed that bleeding should start only at about 200°C. As 
can bz seen in Figs. 2 and 3, stable baselines were obtained when operating at 189°C 
with tie instrument set at 8 x IOI’ A full-scak deflection_ We su~~~~~est these new 
phases could bc useful for the separation of optical isomers of some less volatile N- 
acyl amines or carboxylic acid amides. 
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