
N_DO~QS~~~-~-VAL~-2~2-~~~~~~-HE~~E~MI~~ AS A 
STATIONARY PHASE FOR THE RESOLUTION OF OPTICAL ISOMERS IN 
GAS-LIQUID CHROMATOGRAPHY 

SUMMAEtY 

The synthesis and cbromatograpbic properties of N-docosanoyk-v&n-2- 
(2-methyQ-?r-heptadecyknide are described. It has bern employed as a staGonary 
phase at column temperatures up to 20°C and it shows excellent stereoselectivity for 
various classes of uxnpounds, including, in particular, N-trifluoroacetyl (N-TFA) 
esters of tz- and y-amino acids, aromatic N-TFA amines, N-TFA-O-acyl amino 
alcohols and N-TFA-a-methylvaline isopropyl ester. The influence of lerqthening the 
chains of R’ and R”’ on the properties of the diamides R’CONHCH(R~C~NHR”’ is 
di.scussed. 

INTRODUCTION 

It is well established that diamides of the type R’CONHCH(R9CONHR”‘. 
when used as stationary phases in gas chromatography (GQ show high stereo- 
sekctivity for enantiomeric amides derived from amino acids, am&s, amino 
akohoW4, a-hydroxy acids’ and esters of aromatic dioIs4. Studies in our laboratory 
were concerned with the influence on chromatographic properties and chiral recog- 
nition of modifkations of R’ and R”**s3 and, more recently, of Rms_ Other workers 
have examined the use of diamide phases where R’ is a polymeric mati.p4*6. At present 
these various phases are being employed routinely for the GC analysis of enan- 
tiomeric mixtures, particukrly of a-amino acids, using capi&ry and packed 
columns7-‘o, The increasing application of these solvents lends special in&& to 
the pursuit of the above systematic investigations, which might elucidate; the 
mechanism of chiral recognition observed and solve remaining ana&ticaI problems. 
Also, the further development of simple preparative procedures for these phases and 
control of the optical purity during synthesis is important. 

In this paper we report the synthesis and properties of a diamide phase 
CH, 
I 

derived Tom v&e (R’ = i-P& with R’ = n-C&& and R”’ = -C-(CH&-CH3_ 
i 

C& 



T&e N-trifuoroacetyl (N-TFA) isopropyl esters of the amino acids and the 
TFL4 derivatives of the other compounds resolved were prepared by esterification 
with 1.25 N hydrochloric acid-iscpropanol in 8 sealed tube at 105-11O’C for 4 h, 
followed by triBuoroacetylation, as described previou~iy~~. 

Synthesis of the stationary p&se 
N-Car&obenzoxy-~-valine-2-(2-methyi)-n-heptadecykzmide (I). To a stirred 

solution of N-carbobenzoxy-r_-valine-N-hydroxysuccinimide es& (0.001 mole) in 
dry chloroform (60 ml) kept at -5 to - lO”C, 2-methyi-2-heptadecyiammonium 
chloridti (0.001 mule) and 2 equivaIents of N-methylmorpholine in chloroform (40 
ml) were added dropwise. Reaction was continued for 4-S h and the mixture was then 
left to reach room temperature. The crude product was washed successively with 
water, 2% hydrochloric acid, water and 5 oA sodium hydrogen czrbonate solution. 
A&r drying over magnesium sulphate, the solvent was removed rapidly. 

L-Vahke-2-(2-methyl)-n-hepfadecykvnide (2). The above crude product was 
dissolved in 50 ml of ahwiute methanol and reduced with hydrogen in the presence 
of 10% pahadinm-charcoal for 4 h- Filtration of the catalyst and evaporation of the 
solvent left the expected compound, which was identifkd by nuclear magnetic 
resonance (NMR) spectroscopy. 

F-Docosanoyl-L-vahke-2-(2-methyl) -n-heptadecylamriie (3) _ The diamide was 
obtained by couphng compound 2 (0.001 mole) with the docosanoate of N-hydroxy- 
succinimide (0.001 mole) in dry chloroform in the presence of 1 equivaIent of 
N-methylmorpholine 2t -5 to -10°C for 48 h. The reaction mixture wzs treated 
with active charcoal, filtered and then washed as for compound 1. After evapora- 
tion of the solvent, the -de product was coated on 30-60-mesh Chromosorb W 
AW and placed on top of a column containing silica gel deactivated with 6% of 
water, The faction eluting with 10% ethyl acetate in n-hexane was the desired corn- 
Round, as demonstrated by NMR spectroscopy (m-p. 5%57°C; yield 46 “%)_ Elemental 
analysis: found, C 78.10, H, 13.18%; cahxdated for CsH~NzOz. C 78.19, H 13.13%; 
falg -15.2 (c 1.85 in chloroform). The opti& purity was 95%. as determined by 
GC of the N-TFA-valine isopropyl ester, obtained after hydrolysis of the phase at 
110°C for 4 h with a 1: 1 misture of 6 and 1.25 N hydrochloric acid in isopropanol’, 
FOJlOWed by iXih.OiOC%C&+dO~“. 

Cbromatographic conditions 
A stainkss-steel capillary culumn (SO m x 0.5 mm I-D_) was mounted in a 

Ovarian Series 2700 gas chromatograph, provided with a stream splitier and a &me- 
ionization detector (FID). The temperatures were: injector 240°C and detector 
24°C; the column tempera- used SE indicated in the tables_ The carrier gas 
(helium) flow-rate was 3 ml/min. The resolution factors (rEyr, see tables) were not 
corrected for the optical purity of the stztionary phasei. Thermogravimetric analysis 
was performed with a Perk&Elmer TG-S-1 instrument provided v&h a thermo- 

* It was shown that under these w&itions the dhmides are not rxemizd=. 
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balancfz The amount of the sample was 2.8 nlg; between 50 aud 300°C the 
temperature was raid at a rate of S”/ti. Lx.s of wei&& was observed to start 
above 200°C. 

RESULTS AND Dl.SCU~ON 

As mentioned in ffie Introduction, the use of dkmide stationary phases in the 
enantiorueric analysis of amino acids has becoine routine in many laboratories_ 
There remain, however, some aspects of the method that could still be improved, 
for instance the resolution of aspartic acid and of proline, the degree of peak 
overlap of some protein amino acids and the ease of synthesis of the stationary 
phases and their thermal stability 

The separation probIerns can be solved, at least in part, by the use of highly 
efficient capillary coIumns. However, it would be advantageous to develop stationary 
phases or combinations of them and/or to employ solute derivatives thar would 
permit the complete enantiomeric analysis of mixtures of protein amino acids with 
less peak overlap, and preferably also on packed cohunns3. 

As to thermal stability, incorporation of the diamide moiety into a poIymeric 
matrix increases its thermal stabiIity’*6, It has been shown3, however, that modifca- 
tion of the substituents R’ and Rw’ equalIy permits bleeding of “low-molecular- 
weight” diamides to be reduced. Thus, N-docosanoyl-r.-valine-&W.-butylarnide (4) and 
N-lauroyI-r.-vahne-2-(Z-methyi)-n-heptadccyh?mide (5) co&d be used at column tem- 
peratures of 18~L!Wc?. 

The synthesis of stationary phase 3 has been carried out as part of a study on 
theinfiuenceofthe chain lengthening of R’, R’ and R”’ on the thermal stability and 
chromatographic behaviour of the diamides3. 

Thermal stability 
Thermogravimetic analysis showed that bleeding should start onIy at about 

2!lO”C. As can be seen in Figs. 1 and 2, a stabIe baseline was obtained when operating 

-TIME hnin)- - xssc +Il - 

Fig. 1. Chromatognrn of N-TFA-kopropyl esters of methionine, glr;tamk acid azxd ptiyMe- 

Fii. 2. Chromatogm~ cf N-TFA-isopropyt esters of or&Eke and Sysine. 
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Data on the resoltion of amino acids, amino akobok and amines ze g&n 
in Tables I, II ad III, rqectively. 

TABLE I 
RESOLUTION OF N-TFA-=O ACID ISOPROPYL ESTERS 
Forchromato~pS.kca&tioas,~~ - &.a 

a-Am&o ctcidr T(“O 

E “Iner r= run . . 
D- 4-76 L155 la, - 

YHRE 

VAL 

GLY 
UbILE 

I!LE 

SER 

LEU 

PRO 

ASP 

CYS 

GLU 

PHE 

0R.N 

LYS 

L- 

D- 

L- 

D- 

L- 
- 
D- 

L- 

5 

L- 

5 

L- 

D- 

L- 

5 

L- 

D- 

L- 

5 

L- 

5 

L- 
D- 

L- 

5 

L- 

5 

L- 

D- 

L- 

5 

L- 

5.50 

6.74 
7.40 
7.70 
8.50 
9.12 

11.78 
13.06 
13.06 
14.44 
It30 
13.56 
16.08 
19.80 
19.60 
2mS 
37-12 
38.68 
18.98 
22.36 
IO.54 
11.24 
12.90 
13.68 
16.07 
16.85 
m.08 
21.54 
28.60 

~~ 
65OS 

1.098 120 

1.104 120 

- 120 
1.108 120 

1.105 120 

l.lao 120 

1.230 120 

1.025 120 

1.042 120 

1.178 140 

I.066 180 

1.W 180 

1.049 180 

1.072 ZCRY 

1.064 mo 

1.041 ZaI 
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a-Aminobutyrk D- 6.34 1.148 120 
L- 7.2a 

a-Ai&topentanoic a- 11.70 1.174 120 
L- 13.74 

a-Aminahexanoic w 6.48 1.126 1sQ 
L- 7.30 

a-Aminohe~oic ra- 10.75 1.102 150 
L- 11.85 

a-Aminooctanoic r3- 12.30 I.031 160 
L- 13.30 

&?rr_-Irudne D- 8.06 1.052 K!o 
L- 8.48 

-=WW+= D- 19.90 1.043 150 
L- 20.76 

y-Anljno* L- 31.80 1.046 120 
D- 33.26 

y-Amincrd-methyE L- 61.78 1.076 120 *- 
&XZKtOiC D- 66.50 
~+%nlirlw-Eoethyl- L- 110.50 1.070 120 
Ixpmoic D- 11820 

a-Methyl-a- 
amino QCKih 

a-Mcthylvdine I 
II 

a-Methylnomaline I 
II 

a-Methylkacine 
:: 

a-Methyinor- I 
l.s!kie I 

10.88 1.048 110 
11.40 
9.26 l.tnm 110 
9.26 

1236 1.000 110 
12.36 
16.fM 1.0410 110 
16.W 

- correded retention time (k.iliilutes). 
-* t-m = resfdution fador = r&o of the ccmected retention time of the L- aver th& of the D- 

enantiamer, cz+.kukted with r Values exposed to the second decimal phe. 

a-Amino ackk Comparison with data for homologous low-mokcuk-weight 
diamides, e.g., N-lauroyl-L-vali~e-2-(2-methyl)-zz-heptadecylamide (Sy, shows lower 
resolution factors [Ala: rLID = 1.166 on 5 (I3O”C), 1.155 OQ 3 (12OT). Glu 
(180°C): rW = 1.069 on 5, 1.060 on 3. Met (18O’C): rLfD = I.080 on 5, X66 on 31. 
This can be readily interpreted as being due to the Iengxbening of the chains of R’ 
and R”‘, which “dilutes” the effect of the central diamide group responsible for 
cbiral re6zognition. However, the I values are higher throughout than for the 
polymeric cbiral phases and are still amply s@itient for resolution on packed 
columns of 14 of the 16 opticaliy active protein amino acids examined, and of 
aspartic acid and proline on capillaries. Using readily available starting materials, 
it is poss%le to syneheslze higher homologues of 3, which might further increase the 
permissible operating temperature. 
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2-Amhokpmle L- I L-72 ShOulder 110 
D- 12.05 

2-Aminwctane L- 23.82 1.021 A_2 El0 
D- 24.32 

2-AInkolwxIaae L- 42.85 1.026 .-Q-6 110 
D- 44.m 

2-Aminoderanc L- 8X10 1.02s -0.5 110 
D- 90.56 

I i 7.% 1.000 120 
II 7.% 

35.50 I.om 
36.20 

4.3 ZZO 

a-Pk.uyktbylamiue 

a-(1-Naphchy@shyiahae 

- See Table I. 
l - See Table I. 

a 16.68 1.035 130 
S 17.25 
R 42G3o X.033 180 
S 44.20 

-- 

*-= & defined by the espmsi~n 2r#(wI + ~3. where dis the distance betweak the peak maxima 
and wl and wz are the half widths (at the baM.i& of the first and second peak. nqxctiveIy_ 

Imxeaskg the chain length, e.g., of R’ in 3, shifts the r&dive retmtions of 
some amino acids, e.g., Phe, as compared with Gfu, is more retained on 3 than 0~15 
(at l13U0Q Another result of chain lengthening is a decrease in the me&kg point, 
e.g.. M-57” VS. 85°C for 4. Low-melting stationary phases permit t.Se use of a wider 
temperature programming range and advantage to be taken of the higher resolution 
factors at the !ower temperatures [e-g., rW at 30°C (120°C): A& 1.306 (1.155); Pro, 
l.WQ (1.025); Leu, 1.470 (1.230)~. These ef&cb could be combined to solve problems 
of peak overiap with protein amino acids on packed and, in special iI.!stznces, on 
capillary columns. Two or more thermally r&able homologous diamides, coupled with 
di6erent temperature programmin g profSs, cotid be employed consecutively for this 
purpose. Alternative or additional possibilities for reducing peak overlap, such as 
coupling in series of a second column coated with an achiral phase or tie injection of 
derivatives other than N-TFA isopropyl esters, have been discussed earlie?_ 

fl- ant9 ysmino acidr. Ike &+.mino acids examined (Baminobutyric, #LanGno- 
y-methyipentanoic and #?-amino-&-methylhexauoic acid) showed either no resolu- 



tion or, in the best instances, only a hint ofa shedder. As has been reprted recerdyy 
the@ -amino acids which can form hydrogen bonds via a “G- conformation: 

r---=6---’ 

have considerably lower resolution fsrctors than the corresponding ~-amino acids, 
which can hydro,gzn bond via a “C,” ring: 

The above-mentioned diluting effect of chain lenghtening further decreases chiral 
recognition. It should also be recalled that there is a strong influence for this dass of 
com_~ounds of the nature of the R”’ substituent on stereoselectivity, as manifested 
by the reversal of the order of emergence on N-Iauroyt-L-valine-:ert.-butylamide as 
compared with N-lauroyl-L-valined-undecylamidea3. 

y-hino a&u%_ Data on the y amino acids examined are given in Table I. They 
ah show reversal of the order of emergence with respect to a-amino acids, as has 
also ken noted on other diamide phases. This chromatographic behaviour has been 
ten*u&ively correlated with the predominant formation of solvent-solute hydrogen- 
bonded association~~1”*x5 of the “NW type, with “non-parallel” orientation of the 
all@ groups at the mspective asymmetic carbons for the less &on&y retained 
~-enantiomer (Fig. 3) Frank et al.’ have also used this type of structure to explain 
the stereosekctivi~ observed with their GZGrasil-val phase. It is of interest that in 
the example given’, where the solute was pentatbroropropionyl-L-lactic acid cy&- 
hexykmide and the association was of the “CA= type, the enantiomer with the 
higher retention (r L,D > I) showed, as eqccted, a paraM orientation of tie per- 
tineut a&y1 groups. 

a,cr-Dia~ky&eami tzci& N-TFA derivatives of this type of amino acid have 
been separ&!d into their euantiomers on carbonylbis-(N-L-vaiine isopropyl estcr)‘s. 
On “low-mokcular-weight” diamides, however, resolution has been observed only in 
exceptional instances, e.g., for a-rnethyivahne on 3 (Fig. 4); (r,,,r = 1.085 at 80°C). 
Isovahne, a-methylnorvaline, o-methylnorfeucine and a-mc&yUeucine gave only one 
peak. It seems that for this class of compounds the polymeric diamides have an 
advantage, as isovahne is reported to have ken resolved on Chiras&a19. 

2-&2ino_I+zkohoh It has been already reported that aliphatic Z-amiuoalkan- 
l-oh in tie form of their N-TFA-O-acyl esters can be readily resolvedU- The same 
is true for stationary phase 3, as can ‘k seen in Table LT and Fig. 5. The order of 
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Fii.3.Sckmeofthehydiogen-bonded WociatiOQ for -&o acid derivatives with “noes” 
orieatatim of the a&y1 substituents at the asymmetrk carbons for the less strongiy reiraiaed 
L-eQ2Qti0rner. 

T=80°C 

-TIME hid- 
Fig. 4. RcsolutioQ of N-TFA-u-met&ylvaIine isopropyl ester_ 

emergence is the reverse of that for the a-amino acids, 
more strongly retained oil the L-phase. This behavior, 

Le., the D-enantiomers are 
which is similar to that of 

the above ~-amino acid derivatives, has been discussed elsewhed3. 
Am&s. N-Acyl derivatives of amines, which lack the additiona.l carbonyl 

group present in amino acids and amino akxhoIs, are resolved by a difkent 
mechianim than the latter. It has been established that their resolution is, in general, 

best achieved with stationary phases such as carbonylbis-(N-L-valine isoprcpyl 
ester)x6 and N-lauroyl-S-a-(1-naphthyQ&hylamine I’_ In agreement with this, the 



326 R. -, E. GIL&V 

Fig. 5. Chromtogmm of N-TFA-2-tie-Wlkano-r-ol pivdoyl esters. 
_- 

separation of enantiomeric N-TFA aliphatic amines (T’able III) on 3 is ineflicient. 
The aromatic amines, on the other hand, although having f% smaller r vaks than 
on N-lauroyl-S-a-(1-naphthyl)ethykunine, show good peak resolution Fable III, 
Fig. 6)_ It is also of interest that 3-aminocyclohexene could be relatively well resolved 
on 3 at 65X, whereas conditions for the resolution of seven- and eight-membered 
homologues could not be found. On stationary phases showing typical anine 
stereoselectivity 16*17, the cyclohexene derivative is the one most difficuit to separate. 

?+TFA-Phtnyf- 

eth* irmine 

T= 130% 

N-TFA-Naghthyl- 
akyr oaano 

T= 18o’C 

t 1 I -1 . I 

14 18 40 44 
-TIME hM- --TIME (mid- 

Fig. 6. CIhmrnat~a of aromatic N--fFA amines. 
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chain Iengthening of tk R sukstituents of the diami&s R’COhWCH(R> 
CONHR”‘, as in N-docosanoyl-L 2-(2(metky&n-keptdecylamide (3) Ieci to a 
statioq phase witk considerabIe thermal stability and kigk stereoselectivity for a 
wide range of compounds. In particular, N-TFA-amino acid esters are resolved witk 
~&tivcly large resolution factors. The results indicate tkat fher pursuit of 
systematic studies on tke i&hence of tke size and nature oftke substituents should 
lead to optimization of an&yti& procedures and reveal many more significant 
details of tke properties of tkese phases and tke mechanism of their stereoselective 
action. 

Tke conditions employed for tke syntkesis of 3 led to a product of kigk 
optical purity_ 
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