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SUhlXlARY 

Thin-layer chromatog-aphy at O- Z C affords a simple and rapid method for 
the detection and separation of the Z and E isomers of N-nitroso-N-aI~;\Ilamino 
acids. The procedure enables conformatkmul purity af the cryst:ds to be determined 
and conformational Z+E interconversions to be srudied. 

IKTRODUCTIOS 

The partial double bond charrtcter of the N-N linkage in N-nirroso-N-rtlkyl- 

amino acids leads to the formation of the Z and E isomers‘_ which are in dynamic 
eqttilibrium’-4: 
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Interconverting rotational isomers can be sepwxted if their nwan lifetime is 
of the order of at least several hours. This means that the free enthalpy of activation 
dG*_ which must be supplied in order to convert the Z isomer into the E isomer or 
vice-wrsu_ is greater than 10-23 kcal~tnole (refs. 5 and 6). Severttl instances ofsuccess- 

* The 2 and E system for specifying double bond isomers unambiguously is ernplo~rd*z_ 



ft.11 separations of the Z and E isomers of amides- thioamides and N-nitrosoamincs 

have &pztred in the liter:tturt”-~-‘-‘“. 
Chromatogrxphic separations of the Z and E isomers of N-nitroso-N-alkyl- 

amino x-ids ha\re been studied on thin layer?_ It \vas found that thin-layer chroma- 
tography (-TLC) offtrs not only ;t rapid and simpfe method for the detection ard 

SfpartltiOil of the isomers_ but aIs :t llletflOd for tllf detcrnlinatioil Of rhcir confor- 
mxriona! purity and for the study of conform:itional interconuer?;ions_ 

Thin-i+-cr ~.Jir~,illczro~~l.?Jii~ J~IL*.v 
The TLC plates consisxd of a 025mm layer of silica gel G ( i\lerck_ Darn~stxdt. 

G-F-R.) co:tt& on g!:tss supports (10 - IO cm). 

The fol!o\ving solvent systems \\-ere used: Sl. n-butxnol-2_“;, ;LiiimOiii;l-\i.;lttr 

(.75:6:75_ upper layer): S1_ n-butanol-75?;, : unmonia (6: I )I S3. !i$t petro!etrm (b-p. 
45-55 )-ethyl xct:tte (512): S4_ Ii$ petroleum (b-p. 45-5s )-ethyl acetate (32): 

S5_ Iight petroleum (.b_p_ 45-3 )-ethyl acetate (1 :I )* Solvent gxtcrn~ X4-S? wrt‘ uwd 
for the separation of isomers of esters of N-nitroso-N-a!k?_!amina acicls. 

_A O_!“,. solution of bromocreso! green in methanol NX used for sprayins chro- 

m:ttograms of N-uitroso-N-~i11;~i~ttllila acids. An iodine tank \\-;I?; used for S-nitro- 
soamino acids and their esters. 

In order to obtain compact and \vel! defined spots_ it is advisable to run chro- 
rnato~ram~ :LC O-2 C b>- placin g the tank in :I r~fri~eclror. Variations in tcmperaturcr 

durinz the run GLUSZ Jet~xior:&m of the chrom~lto~rrlm_ The higher the develop- 

tnent_ the more di!tirl;e are the spots and the more tailing OCCUK 

Solid rec~stallized E- nitroso-N-nlk~lamino acids were dissol\cd in cold (0 C) 
\v:iter_ ch!oroform or xcetonc and applied with a micropipette 3 cm from rhc lower 
edgrz of the TLC plxte_ For checking the conformational purit>- of the crystals. the 
material> \vere applied to TLC plates immediate!_v after Jiswlution. Ench wlution of 
a sample 1~;~s then stored at room temperature for equilibr:ltion of the isomers xnd 
aIiquotj_ \vithJra\vn ;Lt appropriate intervals. and applied to the TLC pla:e for 

further devtlopnient. 
Solid recrystallized Ixiitrobenzy! esters of N-nitrosoamino acids \vcre dissolved 

in cold i0 .C) ethyl xet;Lte_ and immediately after dissolution \vere :lpplied to the 
T_LC plnte. Each solution was then stored at room temperature for equilibrtltion of 
the isomers and aliquots were withdrawn at appropriate intervals for further devrl- 

opment. 
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RESULTS AND DTSCUSSIOB 

The results of the chromatographic separation of Z and E isomers are presented 
in Tables I and II. 

R, values for the Z and E isomers of eleven N-nitroso-N-alk~l~unino acids are 
shown in Table I and for four p-nitrobcnzyl esters in Table Il. All separation es- 
periments were performed with solid stxtin, o mutcrials _ which \\pre recrysrallized 
before development and c:hich had previously been studied by us at Icast by ~mAear 

m:lgneric reson;mce (NM R) spectroscopy’-“_ Hence the results presented for the 
separation of Z and E isomers by TLC can be discussed jointly :vith the NklR 
spectroscopic evidence_ 

Bas& on the NM R specrroscopic evidence. rhe TLC resulrs for the separation _ 
of the isomers are grouped into Live cxtcgories (A. B_ C_ D and F) for discussion_ 

f:~: VALUES OF Z ASI) E ISOXIERS OF p-NITROBEXZYL ESTERS OF N-NITROSO-X- 
XLKYLX.\IISO ACIDS ON SILICA CiEL G PLATES 
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Some of rhe N-nitroso-N-alk~l~lmino 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 est:lbfished’-4_ 

According to the N MR spectroscopic evidence_ compounds in c:itegxy A in 
TabIes I and II cvstafliztd in the Z conformation. Chromatogrxns run on a freshI? 
prepared solution of a sample revealed only 3 single spot \virh a foiver RI. value. On 
standing at room temperarure. rill of these solurions showed the gradual appearance 
of ;m upper spot of the E isomer produced durin g the approach to equilibrium. 
The ratio of rhc areas and of the intensities of the cofours of the upper :md louver spots 
*=r:~durilIv incrcascd until equilibrium NXS established. C 

C&pounds in category B crystallized in tile E conformarion. On dissofu~ion. 
the Z isomer xts grrtduaffy produced from the original E isomer until erluilibriuni 
was established_ Chromatogxnns run on freshfy prepared solutions of these H cam- 

pounds rev-cxfed the presence of onfx the upper spar. On standing at room tempera- 
ture_ these solutions sholsed rhc gradual appexrancc of a second spot \vilh ;I lo\vcr 
RF \-aluc_ The ratio of the ;ire;ls and ol- rhe inrcnsitics of the colour~ or the lo\xcr anti 

upper spots gr;ldu:iffy increased until e~uifi!xium KX estrtbfisheci. 
Compartltivc studies revealed that TLC at Q-l C otik ;i more scnsirive method 

of chcckin~~ rhc conformationa purity of isomers t!i:iil Jots X hi R ~‘pec’tro~~~py I 
bah i-or c~111pound~ that cr_vstai!ize in the Z conForm:~tion (ategory A) Land thoSC 

that cr!-s;raffize in rhc E conformation (caresor>- 13). a smaif cstcnt of co~lr~~min~~tion 

by the orher isomer could be detected more easily by TLC thm by KM I< spccrro- 

stop\.-_ 

K-SiLroso-N-isoprop~l~l~cine xnci 8-Iiitruso-N-isapraloof-Ill.-alanill Lcaltqor:\’ 

C) are conf~~rmationall~ pure III the crystttl. XXI R spectroscopic studieh rcwalccl 
that after dissolution of the original isomer present in the crystxf. this isomer \V;LS not 

converted into anorhcr Isomer_ Chcmicxf s!lifts in the resotxmccs inciic:lt& Ih:it tf~ Z 
conformtirion \v;is present. Both CILC~O~?; C COn~pOundS giI\-e Only c>Iie Spot 011 

thin-layer chrom:Itograms_ and no fraces of :L second spar \vere visibfc cvc:l xfrcr 

leaving an aqueous solution of the sample at room temperature for 7 da>-s or hearing 
this solution for 2 1: at 90 C_ R, \slues for the “Iowa-- spots xc in :~grecnxnL \vith 

the NMR evidence that these compound?; esia only :I?; the Z isomer?;. 
The tirst XX2 R spectrum after dk;oiution of :t sample af ~-nitro2;o-N-mctfi~f- 

r,L-phen~fafaninc in perdeurerated xcctonc rc~cnlcd the prcscncc of :I m;:jor propor- 
tion of rhc Z isomer and :L minor proportion of the E isomer”. The proportions of 
the isomers in solurion did not c!lange even after prolonged (7 days) s;toragc ;iI room 
remperature. The same results were obtaincd !-or ~-nitroso-N-meth~f-~_-~~~fi~~e: the 
proportions of the isomers did not chnngc on storin, ‘7 the solurion but according to 

rhe NMR spectroscopic evidence ;I major proportion exists in the form of E isomer 
and a minor proportion as rhe 2 isomer’. Borh of thes- L compounds_ which arc in 
eategon_ D in Table I _ gave I\vo spots in each chromatogrrunr and the ratio oi their 
arcas and of the intensities of the colours did not cfxtn~e even OII prolonged stoctgc 
of the solution at room temperature. In agreement lvith the NMR spectroscopic 
evidence_ the main spot for N-nitroso-N-methyl-~,r.-Dhrn?-lalanir w;:s that \vitfl 
the Iower RF value_ \vhile for N-nitroso-N-meth_vl-l;valinc it NXS that with the higfler 

R,- vafue. 
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The compounds in category F showed a preference for crystallization in the 
Z conformation_ Contrary to the category A compounds these compounds \vere not 
usuaff_v conformationally pure in the cryst:if_ :md immediately after dissolution of 
a sample of- a solid mtiteriaf only a solution \vith the equilibrium displaced towards 
the Z isomer resulted. The approach to equilibrium. involving g:tdual inter- 
conversion of theZ into the E isomer. could be studied by repetitive scanning of the 
NM R spcctr:?_ Thin-layer cfiromatograms run for freshly prepared solutions of 
these crttezory F compounds revealed t\vo spots. These solutions. when stored at 
room temperature, showed a qdual increttse in the ratio of the tmas and of the inten- 
sitics of the cofours of the upper and lower spots until equilibrium was estabfisf&_ 

It is evident that the Z (syl’) isomers ~INTLJ-S SLV~ spots nfth louver R, v:tIucs_ 
:tnd tflis applied both to N-tiitrosu-N-t~f~~f~imilio acids and their IwGtrobcnzyf esters. 

Some oily N-iiitroso-N-tilk~famino acids mid some oil? afkyf esters of N-nitro- 
soamino acids wxc studied by TLC. but the rcsufts of their scptuxtion into t\vo spots 
arc not presented kere a?; such oil\- compounds were usuafl~ misturcs or both Z and 
E isomers and their isomerism has not been studied in detail by other tecfmicfues. 

The most suitable solvents fi>r the separation of the Z and E isomers of N- 
nitroso-N-alk~lani~l~ acids contsined :m~monia_ The presence of- ammonia in the 
separating solvent systems is o f tfie utmost importance 35 it 1~;~s fYwnd that inter- 
convcrl;ions of the Z and E isomers are substantiaIf_v sfolvcr t-or salt?. Thus_ in the 
solvent svstems Sl and SZ. \vhich gave the best separation results_ the 2 and E isomers 
of N-iiitro~;a-N-afk~f~liiiiii~~ xids we sefxtratctf mainly in the I-orm of carbosvla~e 
anions_ and the mean fifctimcs of the Z and E anions arc sub~tantiaff_v longer 
than those of the corrcspondin g unionized spccics. 

In conclusion_ it can be stated that TLC at 101~ tcmper:nurcs is apablc nm only 

\Vhilc N-nirro2;o-N-af~_f~L!llino acids are easy to prepare and to handle_ it 
sfioufd hc rcmcmbered lflst m:iiiv N-nitrosamines are potent carcino~cns_ Proper 
precautions a,, Gnst contact with tfw skin should therefore aI\vays be taken. 
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