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The separation and identification 
chromatography 

’ NOTES 

of imidazoles by gas-liquid and thin-layer 

One of the problems’in the experimental chemistry of imidazoles has been the 
difficulty encountered in the separation and identification of mixtures of these 
compounds. Although paper and thin-layer chromatography (TLC) have been 
widely used (the field has been surveyed recently’) there have been few references 
to the successful use of gas-liquid chromatography (GLC)2-‘, and certainly no 
systematic study. The relatively low volatilities and high polarities of the compounds 
have made the use of GLC a somewhat unrewarding technique. During an investiga- 
tion of the rearrangement of some z-substituted imidazoles it became necessary to 
analyse complex mixtures of isomeric imidazoles, both substituted and unsub- 
stitrited on ring nitrogen. Considerable effort has been expended to accomplish 
this, and has resulted in the development of a versatile GLC separation procedure. 
In conjunction with this, a TLC survey of imidazoles has been carried out. 

Gas-Ziqzcid chromatogvuj&y. The apparatus used was a Loenco Model 160-PM 
with flame ionization detector and nitrogen as the carrier gas, The column used 
was 2 m x 3 mm I.D., glass with coiled diameter xg5 mm. The support was Chromo- 
sorb W, AW-DMCS (H.P.), 80400 mesh (Varian Aerograph). This support was coated 
(using the “pan coating” method described by MCNAIR AND BONELLL~) with 5 y0 
OV-17 (Applied Sciences Laboratories), After the coated support had been vacuum 
dried and then further dried at 80” for 5 11, the column was packed using a vacuum 
pump and some external tapping. 

The operating conditions were, nitrogen flow-rate of 20 ml/min, the tempera- 
tures were: initial 7o”, programmed at 2O/min, injection oven 2oo”, detector 250~. 
By means of a syringe I-@ samples were injected. 

For imidazoles in which there was no substitutent on the nitrogen, the samples 
were prepared by adding the imidazoles (10 mg) to dry tetrahydrofuran (0.8 ml) 
and acetic anhydride (0.2 ml). For I-substituted imidazoles, the compounds (IO mg) 
were dissolved in dry tetrahydrofuran (I ml). 

Thin-Zuyev chvomatogvuphy. The adsorbents used were Aluminium Oxide G and 
Aluminium Oxide PFat4 (Type E) (E, Merck AG, Darmstadt, G.F.R.). The plates 
were spread to a thickness of 250 p in the normal way and left to air-dry without 
activation. In order to reduce tailing I-substituted imidazoles were separated on 
chromatoplates prepared from slurries in 0.1 N NaOH. 

The solvents used were (I) chloroform-methanol (6: 0.2) for imidazoles un- 
substituted on the ring nitrogens and (2) benzene-acetone-methanol (6: r : 0.1) for 
I-substituted imidazoles. The compounds were visualized with iodine vapour. 

M&vials. With the exception of the imidazoles: 2-methylimidazole, 2-ethyl- 
imidazole, 2-ethyl-+methylimidazole, 2-phenylimidazole, 4,5-diphenylimidazole, 
imidazol.e-+carboxylic acid, histamine dihydrochloride, imidazole-+acetic acid, 2- 
mercaptoimidazole, urocanic acid, imidazole pyruvic acid, I-butylimidazole, r-vinyl- 
imidazolel r-tvaucs-cinnamoylimidazole, x,2-dimethylimidazole, I-methyl-2-mercapto- 

J: Ch'OWdOgY., 73 (Z972)'238-242 



N U-J-ES 239 

imidazole, r-vinyl-z-methylimidazole (Koch-Light Laboratories Ltd.,), all other 
compounds were synthesized by standard methods and will be reported elsewhere. 
Their ‘purity and identities were determined by examination of NMR and mass 
spectra, and other physical properties. 

i’i. Ram Its am? disczcssion 
tip Gas-liquid cJzromatogvapJ~y. Excellent separations have been achieved using 

the OV-17 column. I-Substituted imidazoles can be injected directly and give little 
tailing. Imidazoles unsubstituted on ring nitrogens are first converted to the acetyl 
derivatives using acetic anhydride in dry tetrahydrofuran. This convenient modi- 
fication of a method reported ea.rlierQ~rO gives yields of the order of IOO y. (except 
with 2,4&trimethylimidazole) and has the advantage of often forming only one of 
the two possible isomers 11. The formation of acetyl derivatives is almost instantane- 
ous and they are stable for several days, besides giving rise to symmetrical, tri- 
angular-shaped peaks (see Fig. I) when chromatographed. 

.20 15 5 0 
TimdSrnin) 

Fig. I. Gas chromaCogram showing the scparaLion of C, = I-mcthylimidazolc; C, = imidazolc; 
c3 = q-me~hylimiclazolc; Cd = s-elhylimidazole; C, = 
conditions are given in the text. 

s-ethyl-+methylimidazole. The operating 

&m~c* and temperature-programmed KOVATS retention indices (ID) have 
been recorded for a range of imidazoles (see Tables I and II), and good separations 
have been achieved for isomeric imidazoles. 

TJzin-Zayev cltvonzatogvaphy. As other workers have found, it is not possible to 
obtain adequate separations of I-substituted imidazoles and the more polar imidazoles 
with no N-substituent using any simple combination of solvent system and ad- 

* For imidazolcs substituted on ring nikogens 

RrmAo = 
adjusted retention time of the imidazolo 

adjust-ed retention time of I-acoLylimidazole’ 

For imidazoles unsubstit;utod on ring nitrogens 

&mAo - 
adjusted retention time of the acet;ylatod imidazole 

’ adjusted retention time of I-acetylimidazolo 

‘_ 
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TABLE I 

NOTES 

&m~c AND InVALUES OF IMIDAZOLES NOT SUBSTITUTIZD ON RING NITROGEN 

Compound hnn* 1, 

lmidnzole 
2-Mcthylimidazole 
q-Mcthylimidazolc 
2,4-Dimcthylimidazole 

2-Ethylimidazole 
q-Bthylimidazolc 
2-Ethyl-4-methylimidazole 
4,5-Dimcthylimidazole 
2,4,5-Trimethylimidszole 
4-Methyl-5-carbcthoxyimidazole 
2-Mercaptoimidazole 
2-Hydroxymethylimidazole 
2-Bromo-q-methyl-5-carbothoxyimidazolo 
q-Hydroxymethylimidazole 
2-Phenylimidazole 
&Carbethoxyimidaiolo ’ 
Histamine 
4,5-Diphenylimidazole 

I 1282 
1.26 1340 
1.32 1350 
I.53 1400 
I.GI 1410 
I.78 I447 
I .go 1464 
I .93 1474 
2.47 15Go 

3.36 I719 
3.54 I765 
3.75 IS00 

3.96 1824 
4.00 1839 
4.50 I943 
4.70 I991 
6.75 2452 
7.97 2720 

TABLE II 

RI~A,~ AND I,, VALUES OF I-SUBSTITUTIZD IMIDAZOLES 

i Winylimidazole 
I-Methylimida2ole 
z-Vinjrl-2-metiylimidazole 
r,q-Dimethylimidazole 
I -Ethylimidazolc 
z ,2-Dimothylimidnzolc 
I-Acctylimidazole 
I-Allylimidazolo 
I,+,4-Trimetliylimidazolo 
G’ropylimidazole 

1160 
1200 
1200 
1223 

I23? 
I249 
I&2 
1282 

I297 
13oG 

I344 
1410 
1416 . 

I456 
‘1765 
11854’ 

_’ 1: I;BBnzjrl_i-hydrox~et;hylimida?lo!? 5.88 ‘h 2241 
,,,.’ ;.._ ,,. .I ‘,., ., . . . . . 1 , ., 

: ‘3. .:.; ,_ : :,,/ ‘. ‘. _’ ‘, ‘_ ,. ..’ . . ‘. 
: .,. ” , 11’: ,?+cetyla~ed,;, .’ I.‘. ’ ’ ‘. ‘, J’, . I ,. : ‘I., 

.;,, /.. .- ,, ,.!‘I .,. :; .,I., ‘. . . ’ ,’ .’ < ,,‘.. ..I, I., , ‘I. ; . ’ 

.:;,‘; ‘~~;++&&&ii.;. i3.,ii4jzj is&+42.’ .. : ,’ : ,‘_ ‘: ‘. :. : ‘, ., 
‘_ .: 

’ .:.,;‘..:;,. Y.%‘.. ,... * 1 L.,ij’, .., 8 i’, .‘I,, ,.‘, ; , .: : \..:. ., 
., ,, “’ ,.‘. 

w I ., .’ ” 7 , 1,; ‘Y. ,; .‘.. . . . .’ ; ‘._ _:.. ., 

4 I ,$Dimethylimidacole 
,I,, I ,2&Trimcthylhni~~ole 

I-Buiyiiinidazble 
i,2,4,&Tetrgmothylimidazole 

.’ i~MQl&ylr’2kercapt&midazolea 
: ,:, I’~Benz$li&d&oio 

0.50 
0.56 
0.56 

0.74 
0.80 
0.86 
I .oo 

- *~,I.00 

I .08 

1.12 

1.32 
I .60 
I .G2 

1.85 

3.56 
4.o* 
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TABLE III ._, 
RI,,, VALUES OF IMIDAZOLES NOT SUBSTITUTED ON RING NITROGEN 

Solvent (I) : chloroform-methanol (G :0.2) w~ls used. 

Com$ound A Eumina A Zumivza 
G-laycv ( tyjv E) -Zayev 

I”” Histamine dihydrochloridc 
%’ Imidazolc-4-acetic acid 

Imidazole-4-carboxylic acid 
Imidazole pyruvic acid 
Urocanic acid 

[(ol-4-lmidazolyl)acrylic acid] 
4-Hydroxymothylimidazolo 
2-Hydroxymethylimidazole 
Imidazole-4-carboxamide 
2-Mercaptoimidazole 
lmidazolc 
4Carbethoxyimidazolc 
4,5-Dimcthylimidszole 
q-Methylimidazole 
2,4,5-Trimethylimidazolc 
4-Methyl-g-carbethoxyimidazole 
2,4-Dimethylimidszolc 
2-Methylimidazolc 
4,5-Diphenylimidazole 
a-Ethylimidazole 
2-Ethyl-4-methylimiclazole 
2-Phenylimidazolc 
2-Acetyl-4-methylimidazole 

0.00 

0.00 

0.00 

0.00 

0.00 

0.12 0.10 

0.22 0.20 

0.24 0.14 
0.93 0.71 
I .oo I .oo 
I.19 1.88 
I.22 I.84 
1.23 I.58 
1.30 x.gG 

I *43 2.48 
I.79 2.10 
1.80 I.88 
2.03 3.80 
2.24 3.30 
2.30 3.45 
2.68 4.02 
2.72 4.54 

0.00 

0.00 

0.00 

0.00 

0.00 

TABLE IV ’ 

RI,,, VALUES OF I-SUBSTITUTED IMIDAZOLES 

Solvent (2) : benzene-acetone-methanol (G : I : o. I) was used. 

Com$ound 

I-Mcthylimidazolc-4-acetic acid 
I-Methylimidazolc-5-acetic acid 
.I-tvans-Cinnamoylimidazolc 
I-Methyl-5.( 2’-aminocthyl) imiclazolc 
I-Methyl-4(z’-aminoet=hyl)imidazolc 
I-Benzyl-2-hydroxymethylimidazole 
I -Methyl-2-mercaptoimidazole 
I-Methylimidazolo : 
1,5-Dimethylimidazolo 
1,2,5-Trimethylimidazolc 
1,2-Dimethylimidazolo 
1,2,4,5-Tetramethylimidazole 
I,z,4-Trimethylimidazolo 
1-Benzyl-2-mercaptoimidazole 
r -Ethylimidazole 
1,4-Dimethylimidazole 
I-Isopropylimidazolc . 
J -n-propylimidazole 
1 -Allylimidazole 
I-Vinylimidazolc 
I -Butylimidazole 
1-Benzylimidazolc 
1-Vinyl-2-methylimidazole 

A Eumina A Eumina 
G-layer (ty@ E) -2ayev 

0.00 0.00 
0.00 0.00 
0.00 0.00 
o-55 0.q.G 
1.00 0.83 
2 -05 I ,05 
3.20 2.27 
4.45 3.2G 
4.92 2.97 
5.25 3.25 
5.65 3.85 
5.75 3.50 
5.78 3.72 
G.20 2.87 
6.20 3.72 
6.30 3.94 

z-2 
4.14 
4.30 

8:~s 4.32 
9.20 5.07 
9.42 4.80 
9*55 4.80 
9.80 5.32 
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sorbent. The parallel use of two sets of chromcdia has proved a useful analytical 
and preparative tool. 

For analytical studies imidazoles with no N-substituent have been separated 
on Aluminium Oxide G using solvent I (see Tsblc III), while x-substituted imidazoles 
are most conveniently examined using a basic layer and solvent 2 (see Table IV), 

Preparative separations have been carried out with most success using Alumi- 
nium Oxide Hi,,, (type E). 

As previously reportedl” the use of XI,,,* values has given lnore reproducible 
results than Rp values. 

One of us (C.GJ3.) thanks the University Grants Committee of New Zealand 
for a Post Graduate Scl~olarsl~ip. 

I M. IL GWIAIXIBTT. Advn~tc. Hrtcvocycl, C?WIH., .IZ (1970) 103. 
z R, THAN AND 13. I-Ioms-mm, J. Cltvormto,nv., I~J (Ig,O5) aSG. 
3 D. ROACH, c. ‘.V. C;EHI<KE r\NI> R. \V. %UxI\v,\I.T, .r. Ch’omz~o~r., 43 (rgGg) 311, 
4 ID. I-I. Fa~ar ANI) J, 1’. GIIEEN, $1. 13ioZ. Clrcr~~.. 240 (1965) 2036. 
5 I’. 13lXAI< AND \v* hIlzssl~lr, 7’1*fvdr1:dvort, 25 (rgcic)) 32s7. 
0 E-1. TIEFENTHALER, W. DiilzsclrnLN, I-I. G(~TI-I AND 1-L SCNLIID, Hclv. Ckim, Ada, 50 (19G7) 2244. 
7 E-1. J. hIif. I)OU AND 13. 31. ~~YXCIi, Bull. SOC. Ckirtl. Jr., (1cj66) 3815. 

S I-I. 31, kIcN,\Irz hNl> I’<. J. E3oNEu.I. ?3nsic Gns Cllrolrtnio.iyoj+hy, Consolidatccl Printers, Onlrlancl, 
Calif., 1967, p. 223. 

9 G. S. RICDDY, L. MANDELL AND J. I-I. C;OLUSTEIN, J. Clww Sot., (19G3) I~I.+, 
IO I-1. h. STAAD AND W. Rob1~. in W. FOEIWT (blitor), i~czvcv Mctlrotls of Prrpnvnlivc Organic 

Cherrtisl~y, Vol. 5, Acnclcmic Press. New York, rgG8, p. zoo. 
II R, A. OL~PSON AND 1~. V. I<;IZNDAI.L, J. Org. Clrrrrr., 35 (1970) 2246. 
12 hi. R. GIunlnm-r-r AND E. L. RICHAI~I~S, .I0 Ch~owmlogv.. IS (1965) Go5, 

Received May sth, 1972 

l ~I”l = 
clistancc trnvellccl by compouncl 
clistnncc travellccl by irniclnzolc ’ 

Je Clrror~rcrlog~., 73 (1972) 23S-242 


