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SUMDMIARY

Thin-layer chromatography at 0-2 C atfords a simple and rapid method for
the detection and separation of the Z and E isomers of N-nitroso-N-alkvlamino
acids. The procedure enables conformational purity of the ervstals 1o be determined
and conformutional Z=E interconversions to be studied.

INTRODUCTION

The partial double bond character of the N-N linkage in N-nitroso-N-alkyl-
amino acids leads to the formation of the Z and E isomers™. which are in dyvnamic

equilibrium’ —*:
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Interconverting rotational isomers can be sepurated if their mean lifetime is
of the order of at least several hours. This means that the free enthalpy of activation
AG*. which must be supplied in order to convert the Z isomer into the E isomer or
vice-versa. is greater than 20-23 kcal/mole (refs. 5 and 6). Several instances of success-

* The Z and E system for specifving double bond isomers unambiguously is emploveds.
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ful separations of the Z and E isomers of amides. thioumides and N-nitrosoamines
have appeared in the literature®*-771¢,

Chromatographic separations of the Z and E isomers of N-nitroso-N-alkyl-
amino acids have been studied on thin lavers®. It was found that thin-laver chroma-
tography (TLC) offers not only & rapid and simpie mecthod for the detection ard
separation of the isomers. but also a method for the determination of their confor-
mational purity and for the study of conformational interconversions.

EXPERIMENTAL

Thin-faver chromatographic plares
The TLC plates consisied of a 0.25-mm layer of silica gel G (Merck. Darmstadi.
G.F_R.) couted on gliss supports (20 - 10 cm).

Developing solvents

The following solvent svstems were used: Si. #-butanol-23",, ammonia-water
(73:6:75. upper laver): S2. #-butanol-25%,, ammonia (6:1): S3. light petroleum (b.p.
45-38 )-ethyl acetate (5:2): S4. light petroleum (b.p. 45-38 )-cthyl acetate (3:2):
S3. Light petroleum (b.p. 45-38 ")-ethyl acetate (1:1). Solvent systems S3-S3 were used
for the separation of isomers of esters of N-nitroso-N-ulkylamino acids.

Derecrios reagents

A 0.1, solution of bromocresol green in methanol was used for spraving chro-
matograms of N-nitroso-N-alkviamino acids. An iodine wank was used for N-niiro-
soamino acids and their esters.

Temperature

In order to obtain compact and well deiined spots. it is advisable 1o run chro-
matograms at 0-2 “C by placing the tank in a refrigerator. Variations in temper:iture
during the run cause deterioration of the chromatogram. The higher the develop-

ment. the more diffuse are the spots and the more tailing occurs.

Procedures

Solid recrystallized N-nitroso-N-alkviamino acids were dissolved incold (0 )
water. chloroform or acetone and applied with a micropipetiec 3 cm from the lower
edge of the TLC plate. For checking the conformational purity of the crystals. the
materials were applied to TLT plates immediately afier dissolution. Each solution of
a saumple was then stored at room temperature for equilibration of the isomers and
aliquots. withdrawn at appropriate intervals. and applied to the TLC plate for
further development.

Solid recrystallized p-nitrobenzyl esters of N-nitrosoamino acids were dissolved
in cold (0 "C) ethyl acetate. and immediately after dissolution were applied to the
TLC plaie. Each solution was then stored at room temperature for equilibration of
the isomers and aliquots were withdrawn at appropriate intervals for further devel-
opment.
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RESULTS AND DISCUSSION

The results of the chromatographic separation of Z and E isomers are presented
in Tables I and 1L 7

R values for the Z and E isomers of eleven N-nitroso-N-alkvlamino acids are
shown in Table I and for four p-nitrobenzyl esters in Table L. All separation ex-
periments were performed with solid starting materials. which were recrystallized
before development and which had previously been studied by us at least by nuclear
magnetic resonance (NMR) spectroscopy”™*. Hence the results presented for the
separation of Z and E isomers by TLC can be discussed jointly with the NMR
spectroscopic evidence. -

Based on the NMR spectroscopic evidence. the TLC resulis for the separation
of the isomers are grouped into five categories (A. B. C. D and F) for discussion. -

TABLE |

Re VALUES OF Z AND E ISOMERS OF N-NITROSO-N-ALKYLAMINO ACIDS ON
SILICA GEIL G PLATES

nr

Solvent sysiems: S1=a-butanol-23Y, ammonia—water (73:6:73): S2=p-butanol-23"; ammonia
(6:1). Temperature. 0-2 C. :

Componrd NAIR R4 52
) caresrory Tt T T T T T
oo E v E
N-nitrososarcosine A - - 0.19 0.21
N-nitroso-N-cthylelveine A - - 0.iv 0.24
N-nitraso-N-propylzlveine A 0.21 0.31 — -
N-nitroso-N-isopropylglveine C 0.20 - - -
N-nitroso-N-methyl-pr-alanine B 0.20 0.25 - -
N-nitroso-N-cthyl-pr-alanine A 0.22 0.32 - -
N-nitroso-N-propyl-pL-alanine A 0.24 0.32 - -
N-nitroso-N-isopropyi-pr-alanine C 0.21 - — —
N-nitroso-N-nrethy l-pe-phenyiadanine D — - 0.29 035
Nonitroso-N-methvi-t-valine D — - 0.25 031
N-nitroso-L-proline F - — 0.16 0.20

TABLE 11

Rr VALUES OF Z AND E ISOMERS OF p-NITROBENZYL ESTERS OF N-NITROSO-N-

ALKYLAMINO ACIDS ON SILICA GEL G PLATES
Solvent systemis: S3=light pewroleum-cthy!l acetate (5:2):; Sd=tlizht petroleum-cthyl acetate
€3:2): SS=hght petrolcum-cthyl acetate (1:1). Temperature, 0-2 C.

p-Nitrobeuzyl ester NMR s3 5S4 S5

cdtegory oI e s ens e
E Z E Z E
Nopitrososurcosine B 0.11 0.16 0.24 0.33 - —
N-pitroso-N-cthylglveine F 0.21 0.29 - — — -
N-nitroso-N-methvl-pr-alanine F 0.18 0.25 — — - _
N-nitroso-t-proline F - — - - 0.36 042
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Some of the N-nitroso-N-alkylamino acids studied show a tendency to assume
the Z or E conformation in the crystalline form. On dissolution of the original isomer
present in the crystal. partial conversion into the other isomer gradually takes place
until equilibrium is established' ™.

According to the NMR spectroscopic evidence. compounds in category A in
Tables I and I crystallized in the Z conformation. Chromatograms run on a freshly
prepared solution of a sumple revealed only a single spot with a lower R, value. On
standing at room temperature. all of these solutions showed the gradual appearance
of an upper spot of the E isomer produced during the approach to eguilibrium.
The ratio of the areas and of the intensities of the colours of the upper and lower spots
eradually increased until equilibrium - was established.

Compounds in category B ciystallized in the E conformation. On dissolution.
the Z isomer was gradually produced from the original E isomer until equilibrium
was established. Chromatograms run on freshiy prepured solutions of these B com-
pounds revealed the presence of oniy the upper spot. On standing at room empera-
ture. these solutions showed the gradual appearance of a second spot with a lower
R, value. The ratio of the areas and of the intensitics of the colours oi the lower and
upper spots gradually increased until equilibrivm was established.

Comparative studies revealed that TLC at 6-2  C offers a more sensitive method
of checking the conformational purity of isomers than does NMR spectroscopy:
both for compounds that crystallize in the Z conformation (category A) and those
that crystallize in the E coaformation (category B). a small extent of contamination
by the other isomer could be detected more easily by TLC than by NMR spectro-
sCopy.

N-Nitroso-N-isopropylglveine and N-nitroso-N-isopropvi-pr-alanine (category
C) are conformationally pure in the crystal. NMR spectroscopic studies revealed
that after dissolution of the original isomer present in the crvstal. this isomer was not
converted into another isomer. Chemical shifts in the resonances indieated that the Z
conformation was present. Both category C compounds gave only one spot on
thin-laver chromatograms. and no traces of a second spot were visibie even after
leaving an aqueous solution of the sample at room temperature for 7 davs or heating
this solution for 2 h at 90 "C. R values for the “lower™ spots are in agreement with
the NMR evidence that these compounds exist only as the Z isomers.

The first NMR spectrum after dissolution of a sample of N-nitroso-N-methyl-
bL-phenylalanine in perdeuterated acetone revealed the presence of a major propor-
tion of the Z isomer and a minor proportion of the E isomer®. The proportions of
the 1somers in solution did not change even after prolonged (7 days) storage at room
temperature. The same results were obtained for N-nitroso-N-methyl-L-valine: the
proportions of the isomers did not change on storing the solution but according to
the NMR spectroscopic evidence a major proportion exists in the form of E isomer
and a minor proportion is the Z isomer®. Both of these compounds. which are in
category D in Table . gave two spots 1n each chromatogrum and the ratio of their
arcas and of the intensities of the colours did not chinge even on prolonged storage
of the solution at room temperature. In agreement with the NMR spectroscopic
evidence. the main spot for N-nitroso-N-methvl-pDL-phenylalanine was that with
the lower Ry value. while for N-nitroso-N-methyvl-L-valine it was that with the higher
Ry value.



TLC OF %-N-NITROSO-N-ALKYLAMINO ACIDS ‘ 227

The compounds in category F showed a preference for crvstallization in the
Z conformation. Contrary to the category A compounds these compounds were not
usually conformationally pure in the crystal. and immediately after dissolution of
a sample of a solid material only a solution with the equilibrium displaced towards
the Z isomer resulted. The approach to equilibrium. involving  gradual inter-
conversion of the Z into the E isomer. could be studied by repetitive scanning of the
NMR spectra®~*. Thin-laver chromatograms run for freshly prepared solutions of
these category F compounds revealed two spots. These solutions. when stored at
room temperature, showed a gradual increase in the ratio of the areas and of the inten-
sities of the colours of the upper and lower spots until equilibrium was established.

{t is evident that the Z (s1#) isomers always gave spots with lower R, values.
and this applied both to N-nitroso-N-alkylamino acids and their p-nitrobenzyvl esters.

Some oily N-nitroso-N-alkvlamino acids and some oily alkyl esters of N-nitro-
soamino acids were studied by TLC_ but the results of their separation into twao spots
are not presented here as such oily compounds were usually mixtures of both Z and
E 1somers and their isomerism has not been studied in detail by other techniques.

The most suitable solvents for the separation of the Z and E isomers of N-
nitroso-N-alkylamino acids contained ammonix. The presence of ammonia in the
separiting solvent systems is of the utmost importance as it was. found that inter-
conversions of the Z and E 1somers are substantally slower for salts®. Thus. in the
solvent svstems ST and S20 which gave the best separation results. the Z and E isomers
of’ N-nitroso-N-alkvlamino acids are separated mainly in the form of carboxylue
anions. and the mean lifetimes of the Z and E anions are substantially longer
than those of the corresponding unionized species.

In conclusion. it can be stated that TLC at low temperatures is capable not only
of scpurating the Z and E 1isomers of N-nitroso-N-alkyvlaminoe acids and their esiers.
but also. because of the high separation efficiency. it enables the conformational
purity to be checked. very small amounts of “conformational™ contamination of the
Z somer by the E isomer or rvice-versa to be detected. and the dynamic aspect of the
conformational isomerism of this class of compounds to be studied.

Cuurionary note ;
While N-nitroso-N-alkylamino acids are easy to prepare and to -handle. it

should be remembered that many N-nitrosamines are potent carcinogens. Proper

precautions against contact with the skin should therefore alwavs be taken.
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