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N-ACYL DERIVATIVES OF CHIRAL AMINES AS NOVEL, READILY

PREPARED PHASES FOR THE SEPARATION OF OPTICAL ISOMERS BY
GAS CHROMATOGRAPHY

S. WEINSTEIN, B. FEIBUSH and E. GIL-AV
Department of Organic Chemistry, Weizmann Institute of Science, Rehovor (Esrael)

SUMMARY

The results reported demonstrate that it suffices for a chiral stationary phase
to contain an amide group and an asymmetric carbon atom, attached to the nitrogen
atom [RCONHCH(CH;)R'], in order to show seleciivity in its interaction with the
enantiomers of amides such as. N-trifiuoroacetylamines, N-trifluoroacetylamino acid
esters and a—methyl- and e-phenylcarboxylic acid amides. The best efficiency is ob-
tained when R’ is aromatic, particularly a-naphthy! as in N-lauroyl-S-e-(1-naph-
thyl)ethylamine.

The highest resolution factors were found for aromatic solutes, such as N-
trifluoroacetyl-e-phenylethylamine and e-phenylbutyric acid amides, which could be
resolved readily on packed columns.

The enantiomers of a-branched carboxylic acids were separated for the first
time by gas chromatography.

Based on the packing arrangement in the crystalline form of the N-acetyl
homologue of N-lauroyl-S-e-(l-naphthyi)ethylamine, a mechanism for the resolution
is proposed. It is assumed that the mode of association found in the solid state is at
least partially retained in the melt through a network of hydrogen bonds. The mech-
anism proposed is developed with particular reference to the aromatic solute-solvent
systemns. [t is suggested that the solute is intercalated (‘““sandwiched’) between two
solvent molecules. Arguments, based on X-ray data, are given to explain the selec-
tivity observed.

INTRODUCTION

The optically active phases used hitherto for the separation of enantiomers by
gas chromatography were characterized by the following structural features: (1) one
or two asymmetric carbon atoms each linked to the nitrogen atom of an amide group;
and (2) one additional function, consisting of either an ester or an amide group.
Examples are N-acyl-e-amino acid esters!, N-acyldipeptide esters?, diamides of the
formula RCONHCH(-Pr)CONHR'3+* and carbonylbis-(N-a-amino acid esters)>S.

It was the purpose of the present research to examine whether stationary phases
still show selectivity when their structure is simplified to contain no mere than one
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amide group’(i.e.,compounds of type RCONHCH(CH;)R'). We have already reporied®
that volatile amides of this type are resolved on carbonylbis-(N-L-valine isopropyl
ester) (V). Furthermore, comparison®* of diamide and dipeptide phases shows that
selectivity is considerably increased when the polar part of the solvent molecule is
reduced to the group -CONHCH(R)CONH-.

The substijuents R and R’ in the solvents studied were chosen as foilows. In
order to impart low volatility to the phases, the long lauroyl group (RCO=C,;H;;CO)
was used throughout for acylation. The R’ radicals were phenyl (I), cyclohexyl (IL),
a-naphthyl (ITT) and e-decahydronaphthyl (IV). The solutes examined included N-
TFA™ derivatives of aliphatic and cyclic amines, N-TFA esters of e-amino and a-
methyl-e-amino acids, and amides of a-methyl- and a-phenylcarboxylic acids.

EXPERIMENTAL

Synthesis of amides

Equimolar ice-cold solutions of freshly distilled Iauroyl chloride and the corre-
sponding chiral amine in dry chloroform were slowly mixed. A 109/ excess of triethyl-
amine was added and the solution lef: overnight in the cold (5-10°). The solution
was washed successively with water, saturated sodium hydrogen carbonate solution,
2% hydrochioric acid and water. After drying over magnesium sulphate and evapo-
ration, the amides were crystallized several times from chloroform-—n-hexane™.

Synthesis of hydroaromatic amides

These amides were prepared by catalytic hydrogenation of the corresponding
aromatic amides with 5% rhodium-alumina in methanolic solution at a hydrogen
pressure of 60 p.s.i. for 24 h. The catalyst was filtered off, the solution evaporated and
the amides were purified by column chromatography with silica gel and light petro-
leum-dichloromethane as the eluent.

Synthesis of N-methylamides
- N-Methylamides were prepared from the amides by treatment with methyl
iodide in dimethylformamide in the presence of silver oxide for several days at room
iemperature’.
Carbonylbis-( N-L-valine isopropyl ester) (V). This phase was purchased from
Miles-Yeda, Rehovot, Israel.
The properties of the S-monoamide phases were as follows:

Phase M.p.(°C) [ajp (c in CHCL)

1 62 —66.0 (1.5)
b 86 —10.0 (1.5
111 96-97 —59.6 (1.5)
v 76-80 + 64 (2.0)

The structures of all of the phases were confirmed by NMR and IR spectros-
copy and microanalysis.

* TFRA = trifluorocacetyl.
** Phase III can be obtained frem Yeda, Rehovot, Israel.
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Synthesis of solutes

N-TFA amines® and N-TFA amino acid esters® were synthesized as described
previously.

Aliphatic a—methylaztboxyhc acids were prepared from a-methyl diethyl-
malonate® by the malonic ester synthesis'® with the corresponding alkyl bromide.

a-Phenylbutyric acid and e-phenylpropionic acid were purchased from Norse
Labs., Santa Barbara, Calif,, U.S.A.

The acids were converted to the amides via the acyl chlorides by treatment with
the corresponding amine in the presence of a 109 excess of triethylamine.

Application of Horeaw’s method'* for the determinarion of the configuration to I-mentho!

I-Menthol (1.6 mg; 10 zmole), 50 pl of a benzene solution of d4,/-2-phenyl-
butyric anhydride (3.1 mg; 10 gmole) and 20 ul of dry pyridine were mixed in a small
vial and ieft for 20 b at room temperature. Water (40 z!) was added and the mixture
shaken cecasionally for 2 h. Afier addition of diethyl ether, the heterogenecous mixture
was washed twice with 2 ml of I N hydrochloric acid. The supernatant ether solution
was dried over magnesium sulphate, evaporated to dryness and the residue dissolved
in 40 gl of dry benezene and treated successively with 5yl of ferz.-butylamine and
5 pl of triethylamine. A few drops of ethyl acetate were added after 20 min, the so-
lution was concentrated and a sample chromatographed on a packed column under
the conditions given in Fig. 3. The first peak, corresponding to S-e-phenylbutyric
acid, was markedly larger, as expected.

Gas chromatography

The experiments were carried out with 2 Varian Aerograph 1200 gas chromato-
sraph equipped with a flame-ionization detector. The stainless-steel capillary columns
(400 ft. x 0.02 in. or 150 ft. X 0.02 in.) were cleaned thoroughly'? and then coated
with a 59 solution of the stationary phase in chloroform at 10-13 p.s.i.

A description of the packed column used in some experiments is given in the
legend of Fig. 2.

RESULTS AND DISCUSSION
The results are given in Tables I-III and Figs. 1-3.

N-TFA amines

As can be seen in Table I, the highest selectivity was found for phase HI,
which contains a naphthyl group in its molecule. This solvent is, in general, as efficient ™
as _the carbonylbis-(N-L-valine isopropyl ester) (V)® and its homologues'3, which
were previously the only phases known to resolve amine derivatives effectively. Solvent
III is also much more convenient to prepare and has the further advantage of a lower
melting point (96-57°) and higher upper operating temperature (at least 150°). An
example of a chromatogram illustrating the excellent separation obtained for a N-
TEFA-2-amino-n-alkane is given in Fig. 1.

The influence of the aromatic system can clearly be seen when comparing

* Comparison with the bebaviour on phase V and its homologues is made above the melting
point of these solvents.
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the data for IiI thh those for its hydrogenated product IV.-Thus, the Fs/r values for
the 2-amino-n-alkanes are, respectively, about 1.06 and 1.020. The selectivity is de-
creased to about the same extent for I, where R = pheayl. Finally, replacement of
the benzene ring in I with a cyclohety! group (II) results in complete loss of selectivity
(e.g., 2-amino-n-hexane, rs/r = 1.000, not shown in Table I).

"450 430 4iOminutes
-——TIMZ FROM SOLVENT PEAK

Fig. 1. Resolution of N-TFA-2-amino-rn-octane. Phase: N-lauroyl-S-a-(1-naphthyi)ethylamine (IIT).
coated on a capillary stainless-steel column, 400 ft. X 0.02in. L.D.; temperature, 100°.

The order of emergence observed on all S-monoamide phases is R- before the
S-solute, as on phase V. However, the effects of structural changes are very different
for the two types of phases. For example, on V there is a gradual increase in the reso-
Iztion coefiicients (rs/g) on lengthening the chain for the 2-amino-z-alkanes. In con-

=

L S
s} EL) - 190 110 mnutes
TINE FROM SOLVENT FEAK

Fig. 2. Resolution of N-TFA-a-phenylethylamine. Phase: N-lauroyl-S-e-(1-naphthyl)cthylamine (I11),
% on Chromosorb W, HP. Column: 12 ft. x 1/8 in. L.D.; temperature, 140°,
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tradistinction, on Il the first two members of the series are not resolved, and
for the higher homologues rg;z is about constant (ca. 1.06). The cycloolefinic amines
are better separated on III than on V (rg;; values greaier by about 0.01, although
dzstermined at a temperature higher by 10°). Perhaps the most interesting result is
that N-TFA-a-phenylethylamine has a very high resolution factor (rg/g = 1.19 at
180°; resolved on packed columus, Fig. 2), and that insertion of a methylene group
between the asymmetric carbon atom and the benzene ring (amphetamine) leads to
almost complete loss of selectivity (shoulder, Table I). Similar observations were
made for the carbonylbis-(N-L-g-amino acid esters) ™.

As hydrogen bonding is an essential feature of the mechanism of resolution,
it is not surprising that the introduction of a methyl group on the nitrogen atom leads
to almost complete loss of resolution for N-methyl-N-TFA-ae-phenylethylamine
(rsir = 1.011, 100°).

N-TFA-amino acid esters

The results obtained for N-TFA-amino acid esters on phase III are given in
Table II. As for the amines, the solvent with the naphthyl group (III) shows a higher
selectivity than the phenylic phase I (e.g., rip for N-TFA-Ala-OMe = 1.025 (1),
1.053 (HI); for N-TFA-Ala-O-i-Pr = 1.030 (I), 1.042 (iID); for N-TFA-Val-OMe =
1.023 (1), 1.054 (11I); all at 100°). No separation could be obtained on the hydrogen-
ated phases 1T and IV for any N-TFA-amino acid ester.

The order of magnitude of the coefficients of resolution, and the fact that also
c-methyl-c-amino acid esters are separated on III, illustrate the similarity to phase
W15, However, as with the amines no systematic relationship between structure and
resolution coefficient is apparent in homologous series. Also, branching of the chain
of either the alcoho! or the alkyl group attached to the asymmetric carbon atom
shows irregular effects. Thus, isopropyl esters may have either higher or lower ry/p
values compared with normal alcohol esters. The valine derivatives have virtually
the same ccefficients as those of alanine, whereas the esters of leucine are either
badly resolved (O-n-Pr, 1.020) or not at all (OMe, OEt, O-i-Pr). The reversal of the
order of emergence of the N-TFA-amino acid esters depending on the relative size of
the alkyl group at the asymmetric carbon atom and the alcohol is a salient feature of
the behaviour of phase V, but was not observed for I1I1. Where resolution occurred,
the order was always D-before the L-isomer on N-lauroyl-S-e-naphthylethylamine.

Proline is a difficult compound to resolve. As it contains a secondary amino
function, no hydrogen is available for bonding after acylation, and hence its mecha-
nism of resolution differs from that of amino acids with a primary amino group. On
the dipeptide phases® and the diamides®*4, proline is therefore one of the worst re-
solved amino acids. On phase III, however, the difference is much less pronounced.
and the ry jp value of the methyl ester at 100° (1.039) is virtually the same as for the
corresponding derivatives of fert.-leucine and e-2mincbutyric acid.

On the whole, phase III is of little practical interest for the chromatography
of a-amino acids, with perhaps the exception of proline. On the other hand, it could

* On a capillary column coated with V, only a shoulder was observed for amphefamine; on
packed columns, Lochmiiller and Souter'® did not notice any resolution with V or its homologues,
cither above or below the melting point of the phases.
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be used with advantage for the separation of the enantiomers of a-methyl-e-amino
acids, which cannot be resolved on the dipeptide and diamide phases.

a-Alkyl- and a-phenylcarboxylic acids

The c-alkyl- and e-phenylcarboxylic acid amides contain an asymmetric
carbon atom linked to the carbonyl and not to the NH group as found in the two
classes of solutes discussed above. It seemed likely that these compounds would also
be separated on the monoamide phases, and we therefore examined derivatives of
formula RCH(R')CONHR", where R = methyl, ethyl or isopentyl, R’ = methy! or
phenyl and R" = methyl, isopropyl or fert.-butyl.

The first experiments were carried out with phase V. As can be seen in Table
III, resolution was obtained for a,d-dimethylhexanoic acid, and the values for ry
increased with the bulk of the alkyl group at the nitrogen atom. The ferf.-butylamide
is also the most volatile derivative.

Equally, phases I and ITI show the selectivity expected. The data available are
as yet sparse, but it is noteworthy that a-methylbutyric acid amide is resolved on I
but not on III, and that the derivatives of a,d-dimethylhexanoic acid are best sepa-
rated on IIIL

For the aromatic acids, III shows a relatively large selectivity, particularly for
a-phenylbutyric acid rerz.-butylamide (r5,x = 1.090, 130°), which can be separated
on packed columns (Fig. 3). The order of emergence is the reverse of that found for
the amines, namely S- before the R-isomer; this finding will be discussed in the follow-
ing section™.

The ready resolution of the latter acid is of particular interest in coninection with
the analytical aspecis of Horeau’s method!! for the determination of the configu-
ration of secondary, optically active alcohols of structure [:

™M COgH

(¥)-g ~Phenylbutyric

: \
8 B  —ar=tg C o,
(o H (:: oH acid anhydride H [ 275
i
¢ CeHs
L>M S-aicohol Exess of R-acid

It has been found that esterification of these alcohols with an excess of racemic a-
phenylbutyric acid anhydride leads to a relatively large optical enrichment of the
unreacted reagent, with formation of an excess of the R-acid for the S-alcohol and
vice versa.

The gas chromatographic determination of the enantiomeric composition of
the excess of reagent will permit the Horeau method to be carried out on a micro-
scale. A similar procedure was described by Gilbert and Brooks!, who converted the
excess of acid into a diastereomeric mixture by reaction with a-phenyiethylamine.
The direct resolution of enantiomers has, however, the advantage that chiral reagents
(often of variable optical purity) are not required for derivatization. An example of
the procedure as applied to /-menthoi is given under Experimental.

* It is to be noted that the compounds discussed in this sub-section are the first enantiomers
separated by gas chromatography that do not possess an NEH group directly linked to the asymmetric
carbon atom.
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R |

TABLEIL - . -

RESOLUTION OF N-TFA-AMINO ACID ESTERS ON N—LAUROYL-S—O:—(I-NAPHT HYL)ETHYI’
AMINE GID*

a-Amino r{°C) Alcokol residue . !

T
e Me Et ' n-Pr ‘:
r(min)**  rpp*ct R,® rinmin)**  rpptet R, r{mir)** r,_,D“‘g
Ala 100 gg; 1.053 0.95 ,Slgg 1.052 0.95 }j;:g‘ 1.054 \
120 258 1.043 os 32 1.042 0.9 b 1.045 |
Vval o 2 1.054 1.0 3
10 38 1.040 09 ;
0 S Wt - To0 e - R0 i
o B e - S we
tert-leu 440 ot 1.044 0.9 :
T 130

Pro " - 400 §g§:§ 1.039 0.9
130 ";_’;:‘2’ 1.028 0.3 ‘
Phaenyl-Gly 130
Fae E 1.000 - f
a-Methyl
a-amino acid .
oMe 00 822 1.018 0.3 3
aMe-Val oo 729 1,008 _ ;
;
a-Me-Leu 160 ggg 1.000 _ ,’
eMe 100 o 1.029 0.5 : f
N w2 o
% See Table . _ ’

* See Table 1.

*** Ratio of the corrected retention times of the L-enzntiomer over that of the p-isomer. Assignment wa!
rr_adc with optically enriched mixtures. except for fers.-leucine for which the order of emergence was deduced b
extrapolation. -

$See Table L.
#% sh = shoulder.

P epin
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if
£
£
3
3
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-£r

n-Butyt

61.0

3-ni-Pentyt
o r(min)="  rge™"t Rt rlmin)** ettt RS r(min}™*  rp"tt R¢
gig 1.042 0o 3033 1.052 1.5 o 1.046° 1.0
3 1.037 09 1264 1.045 1.5 37 1022 1.0
lg‘é:g 1.055 0.9 ;
;Z‘S’ 1.042 0.9
300 1.000 - ;gf)i;o 1.025 1.0
o0 w0 - PR
gy 1.034 0.3
fgg 1.030 05
1700 1.024 0.5
62.7 1.027 —
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TABLE II{ )
RESOLUTION OF «-METHYL- AND ¢-PHENYLCARBOXYLIC ACID AMIDES
Compound Optically active stationary phase ) i
~Lauroyl-S-a-phenyl- N-Leuroyl-S-c-(1- Carbonylbis-( N-1L~
ethylamine (I} * raphtiyl)ethylamine vadine isopropyl
1977, 5 ester} (V)"

e

r(min)** rige®** Rt rwmin)** rgg™* RS r(min)** rygg”

Aliphatic acids,
RCHCONHR’
|
CH;
R=CH,CH, 450 1000 — 175.0 1.000 _
=(CH,):C 45.0 (120°) 175.0 (199%)
F.=(CH,).CHCH,CH,
R/=(CHy)C 0 0 07 M9 07 0 1 10m
N (140°) b (130°) : (120°)
756.3
1.059 20
7140 (100°)
R’ =(CH;),.CH 149.3 1021 04 230.5 1.035 0.8 98.6 1.024
R’=CH3 }46.2 (1409) 222.7 (1300) 96.3 (IZO“)
147.0
1.028
1429 ooe
Aromatic acids
RCHCONHC(CHa),
]
C5H5
.=CH; R 2125 1.036 1.5 R 3525 1.051 1.0
S 205.0 (130 S 3355 (130°)
k=CH,;CH. R 4820
1.093 3.0
S 44190 (130°)

* Chromatographed on stainless-steel columns of the following dimensions: (I} 400 £&. x 0.02
in. 1.D.; (ID 400 ft. X 0.02in. I.D_; (V) 150£t. X 0.02in. L.LD.
== See Table I.
=** Ratio of the corrected retention time of the second peak over that of the first peak.

¥ See Table 1.

Mechanism of resolution

In order to explain the selective associztion of epnantiomers, such as the N-
TFA-a- and -y-amino acid esters with diamides, we have recently®-*1’-!®* proposed
models based on the preferred conformations of the solvents (selectors®) and their

* In this section, ‘“solvent™ and “solute” will often be referred to by the equivalent terms
“calactor™ and “‘selectand™; these are operational definitions first introduced by MikeS ef al. (see
ref. 19 for a brief conmem)



N-ACYL DERIVATIVES OF CHIRAL AMINES AS GC PHASES 169

&

S

i i i i 3 Q-
iS5 T80 S5 7O il 180 min

TIME FROM SOLVENT PEAK —————
Fig. 3. Resolution of e-phenylbutyric acid fert.-butylamide. Chromatographic conditions as in Fig.
2; temperature, 150°. -

modes of intermolecular hydrogen bonding. As a resulf of these considerations, the
association between the solute and the solvent has been assumed to resemble the g-
pleated sheet structure of peptides. An important aspect of the mechanism proposed
is that the crystal structure is retained to a certain extent in the melt through inter-
molecular hydrogen bonding.

We have tried a similar approach to the interpretation of the present resuits,
limiting ourselves to the strong selective effects observed for aromatic solutes and sol-

vents.
For this purpose, the crystal structure of N-zcetyl-e-(1-naphthyl)ethylamine

Fig. 4. Projection of hydrogen-bonded molecules of N-acetyl-R-a-(1-naphthyl)ethylamine, as arranged

O
CHy—C—=H

Cc=0
CH3/

in the crystzl. The asymmaetric carbon atom (C#) and the hydrogen (H) attached to. it are labelled for

the middle molecule of the stack. )
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(VI)“has been determined by X-ray crystallography®®. Fig. 4 displays the experimen-
tally determined packing arrangement of the molecules of (R)-VI along a short 4.9 A
translation axis with the hydrogen-bonded amide groups in the plane of the paper.
A particularly relevant feature of the structure is that the hydrogen atom linked to the
asymmetric carbon atom fits snugly between two naphthalene rings of the stack. The
distance between this hydrogen atom and the nearest ring carbon atom is, in fact, only
2.6 A, which is less than the sum of the corresponding Van der Waals radii.

A solute such as N-TFA-a-phenylethylamine, when introduced info an excess
of solvent molecules, i.e., under the conditions of the gas chromatographic column,
wiil be able to implement fully its potential for hydrogen bond formation and associate
with two selector molecules in a fashion similar to that shown in Fig. 4, The selectand
could than readily assume a conformation analogous to that of VI in Fig. 4. If its
configuration is the same as that of the selector, the chiral carbon atom with its at-
tached hydrogen ator and methyl group, as well as the benzene ring, will replace the
corresponding atoms and groups of the middle solvent molecule in the stack. This wil.
lead to a good fit and close association.

The corresponding antipodic solute can also form hydrogen bonds with two
selector molecuies, but insertion into the stack of solvent molecules, in the same man-
ner as above, will bring about inversion of the positions of the hydrogen atom and the
methyl group attached to the asymmetric carbon atom. The placing of the methyl
group between the aromatic rings makes stack formation impossible without con-
siderable distortion. In fact, X-ray studies?® of racemic crystals of VI showed that hy-
drogen bonding between S- and R- isomers leads to a looser structure around the hy-
drogen bond, which means less intermolecular contacts and a lower stability. It is thus
understandable that the solute with the configuration opposite to that of the phase
is less well retained.

The model of association through intercalation between two selector mole-
cules also explains the reversal of order of emergence for the a-phenylaliphatic acid
amides. In these molecules, the chiral atom -CH(R)Ph is attached to the carbonyl
and not to the NH group. In order to form hydrogen bonds and, simultaneously, to
maximize contacts by intercalation of the benzene between the naphthalene rings of
the solvent, the amide groups of selectand and selector cannot be related by translation
(“‘in parallel”), but have to be antiparallel. This arrangement will tend, by necessity,
to place the methyl group linked to the chirai carbon between the aromatic rings in
the stack, when the selectand and selector have the same configuration. On the other
hand, for opposite configurations of solute and solvent, the smaller hydrogen atom
will occupy this position. Thus the stability relationships discussed above for the a-
phenylethylamine are reversed and, correspondingly, also the order of emergence.

The influence of the nature of the cyclic substitutent of both the selector and
selectand molecules can be readily accounted for. The relatively large naphthalene
ring system can form a more rigid (close fitting) stack than benzene (1), leading to higher
selectivity for an intercalated solute molecule of the correct configuration. On the
other hand, hydrogenaiion of the ring(s), as in II and IV, destroys the flat aromatic
structure and makes close contacts more difficult; accordingly, these phases show
little or mo selectivity. Decrease in the resolution factor of a-cyclohexylethylamine,

* For III, crystals suitable for X-ray studies could not be obtained.
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compared with that of e-phenylethylamine, on phase I can be interpreted in a
similar manner by a reduction in the strength of the intercalation complex.

Amphetamine cannot form good contacts when inserted into the stack, and
should be less well resolved than e-phenylethylamine according to the mechanism
proposed. The complete loss of selectivity observed for this aromatic amine may be
due to alternative non-selective associations involving the benzene ring of the solute.

The aliphatic amines CH;CH(NH,)R show about the same rg,; values as
a-cyclohexylethylamine. Here, too, “sandwich’ associates of lesser selectivity could
account for the resolution mechanism.

The importance of the intercalation-type of association is supported by the
data for N-methyl-a-phenylethylamine. This compound can form only one hydrogen
bond, and hence the resolution factor is very low. However, the rs/ value is not unity,
and this result indicates that also a 1:1 complex with this type of solvent may show
selectivity, which could possibly be increased by appropriate structural modifications.

For the amino acid derivatives, it must be remembered that they contain an
ester group in addition to the am.:ide function, and association with the selector could,
therefore, proceed in a different fashion than for the other solutes studied.

The mechanism proposed should be considered as a working hypothesis only
at this stage. The suggestive X-ray evidence must be corroborated by physical studies
on association in the liquid state. However, it is gratifying to note that many of the
experimental facts observed can be satisfactorily explained by the model used.

ACKNOWLEDGEMENT

The authors thank Mr. Lahmi for his invaluable assistance in carrying out the
experimental work.

REFERENCES

1 E. Gil-Av, B. Feibush and R. Charles-Sigler, in A. B. Littlewood (Editor), Gas Chromatography
1966, Institute of Petroleum, London, 1967, p. 227.

2 B. Feibush and E. Gil-Av, Tetrahedron, 26 (1970) 1361.

R. Charles, U. Beitler, B. Feibush and E. Gil-Av, J. Chromatogr., 112 (1975) 121.

U. Beitler and B. Feibush, J. Chromatogr., 123 (1976) 149,

B. Feibush and E. Gil-Av, J. Gas Chromatogr.. 5 (1967) 257.

J. A. Corbin and L. B. Rogers, Anal. Chem., 42 (1970) 974.

B. C. Das, S. D. Gero and E. Lederer, Biachem. Biophys. Res. Commun., 29 (1967) 211.

S. Nakaparksin, P. Birrell, E. Gil-Av and J. O:d, J. Chromatogr. Sci., 8 (1970} 177.

Org. Syn., Collect V2. I1 (1943) 272 and 279.

10 A. L. Vogel, Practical Organic Chemistry, Longmans, London, 3rd ed., 1955, p. 483.

11 A. Horeau, Tetrahedron Let:., (1561) 506.

12 W. Parr, C. Yang, E. Bayer and E. Gil-Av, J. Chromatogr. Sci., 8 (1970) 591.

13 C. Lochmiiller and R. W. Souter, J. Chromatrogr., 88 (1974) 41.

14 T. Tamari, B. Feibush and E. Gil-Av, unpublished data.

15 N. Frydman, T. Tamari, B. Feibush and E. Gil-Av, Proc. 42nd Meeting Israel Chem. Soc.. Dec.
1972, p. 11,

16 J. D. Gilbert and C. J. W. Brooks, Anal. Lere., 6 (1973) 639.

17 E. Gil-Av, J. Mol. Evol., 6 (1975) 131.

18 E. Gil-Av and B. Feibush, in Y. Wolman (Editor), Peptides 1974, 13th European Peptide Symp.,
Israel Universities Press, Jerusalem, 1975, p. 279.

19 F. Mike$, G. Boshart and E. Gil-Av, J. Chromartagr., 122 (1976) 205.

20 S. Weinstein and L. Leiserowitz, unpublished data.

O 00NN bW



