
Tfie chrom2togr2phic behaviour of 14 InomopyrimidazoIe deriv.zEives has been 
studied on thin Iqers of silica gel, afuminium oxide and ammonia-saturated silica 
geS. The relathnships between sirucrure and cbromatographic behaviour, 2s weEI as 
rhe most suitable systems for separating the individual dezivatives, are discussed on 
the basis of RF values. The AR_,_,, valrres, showing the effect on the polarity, arc given 
for certain fwctiotlal groups. 

Maay lromopyrimidazole derivatives recently synthesized by MCstircs and 
co-worker+’ are biologica!ly active. The compound designated MZ-144, an 21x3!- 

gesic, has been marketed under the trade-name Probon. Both research and quality- 
control aspects have therefore justified studies co the adsorption thin-layer chroma- 
tographic behaviour of these compounds. 

The hamopyrimidzzole (MPM) derkatiues studied are Eisted in Table I (herein- 
after, the compounds will be referred to only by their serial numbers in this table); 
their prrrities wze controlled by elementary analysis 2nd melting point tests*. 



Un!ess the quality is specSc2Ily indicated, the reagents used were of anziytical 
_g2de. Tie chrom2to:Jsaphic developin g solvents were specia!ly pu*edj, the frac- 
tion of appropriiate ‘ooi!ing point being used. 

A 0.25,um Iayer of Kieselgel GF,, (Merck) or Aiumina GF,, (Merck), 

prepared by using 2 Desaga spreader, was activated at 110” for I h. Devdopmeat was 
for 10 cm, at 2 tezzper2ture of 22 + 2” , in 2 :a& Iined with filter paper 2nd pre- 
saturzied for I E. The spots were marked under UV rrdistion: UY-inactive spots 

were detected by spraying with 0. I N potassium perm2nganate (yellow spot on a pink 
background). 

Er was assumed that srhnitiium oxide 2nd silica gel layers would be selective 
for the HPM derivarives because of the acidic or basic propxties of &se compourrds. 
Since numeric21 dissociation da& iiiere avagfebte only for ?FObOR’ (viz., pK,, = 8.65; 

pI& = 22.32; 2nd pK, = IOA?)), it w%s expected th2t the modi@ir,g ef&ct of indi- 
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vidual substituents on the electron distribution and acidity or bassicity of the com- 
pounds could he deduced from the sequence of (or difference between) RF values. 
The R, vzhes in Tables If-V represent the merages of not less thzn three par2IIel 
deveiopments performed on different plates. 

The resnits of developments on si!ica gel in an atmosphere of 2mmoni2s 2nd 
with metianoI2s solve_ti are shown in T2bk II. The atmosphere was not saturated in 
the usual way by pouriszg only the developing solvent on ‘-Jle bottom of the tank, but 2 

be2ker containing 25p? ammonia soIution was simrrltaaneously pkiced in the tank. 
It is assumed that 2 po!zr 2nd basic ammonium siikate layer conttiting ammonia is 
formed during the saturztion, and that the compounds migrate in this layer zccording 
to their relative acidities. This assumption seems BO be confirmed by ‘Table II, which 
shows that the karboxytic acid derivative (compound 9) is very strongiy bound in 

this system. The &J-one derivatives with no substituent at NL (compounds 3 2nd 4) 

also exhibit very strong adso~ptiorr. To interpret :his latter obse_nation, we assumed 
that these compounds “react” in their enolic Crams, under the given conditions, thus: 

E= > 
coocp, 

R 0 

A methyl group in position C6 increases the electron density around the oxygen borrnd 
to C,, thereby inhibiting enolisation, so that the RF vafue of compound 4 is higher 
(see Table 111). 

RF x 100 V_hLUES OF HPM DEELXVATIVES LN THE SYSTEM SILfCA GEL-AMMONiA- 
hE-FXANOL 

I 37 
2 43 
3 0 
4 0 
5 21 
6 4cl 
7 51 
8 52 
9 0 

IO 46 
li 46 
12 61 
I3 69 
14 73 



The substitution of a methyl group at N’ excludes the pcssibihty of enolisatian. Thus, 
it can be assumed that compotmd 5 reacts witil a zwitterion structure and is adsorbed 
as a saMike compound, viz. 

The completely saturated derivatives (compounds I and 2) behave like “pure” 
ketoaes, i.e., their RF values are sigmficantly higher than those of the A2-derivatives, 
the enoi forms of which are adsorbed. The presence of the A’*“)-bond (compounds 6 
and 7) considerably increases the RF value, because the conjugated z-bond system 
favours aromatization and decreases the electron density around the oxygen bound to 
C,. The strength of adsorption is found between the carbonyl and aromatic hydro- 
carbon compounds. This ef’Fect is further increased if the second ring is also unsatu- 
rated (compare the R, va!ues of compounds 6 and 11 or compounds 7 and 12). 

The conclusions drawn in connection with the ammoniacal silica gel system 
-are mostly valid for deve!opment with chloroform-methanol mixtures 02 an alu- 
minium oxide layer {see Table III); however, the sequence of the R, values is some- 
times changed. For example, Probon (compound IO) is adsorbed more strongiy to 
aiuininium oxide than are the completely saturated compounds I and 2 or the LI~*~‘~~‘- 
unsaturated compotmd 6. A!so, the difference between the RF values of Probon and 
“nor-Probon” (compound 7) is considerably higher than was expected. 

TABLE IKI 

l?._ x 1Go VALiJES OF HPM DERW_4TIVES ON ALUMIMUM OXIDE LAYER 

Co~npound Chloroform Ch!oroforfz-methane! _Wfhanol 
No. 

99:i 98:2 95:s W.-IO TO:50 80:20 

-1 6 58 85 90 200 89 83 83 
2 8 61 91 97 100 55 85 8-: 
3 0 0 0 29 48 70 56 50 
4 0 0 0 32 58 75 50 53 
5 0 8 28 70 89 g0 64 56 
6 7 56 86 97 100 87 82 80 
7 12 67 94 97 iacl 88 82 8f 
8 23 71 95 100 1m 86 82 80 
9 0 0 0 0 0 0 0 0 

::! 0 8 30 53 65 i?2 89 95 100 95 84 8.5 72 79 70 78 
12 16 70 92 96 IQ8 86 XI 19 
13 4.5 87 100 100 103 86 81 78 
14 52 9G 133 100 EOD 85 82 80 



Results wifh a sihz gel Zayer 
Deve!opments with chloroform-methuzol mixtures were also carried out on 

si!ica gel layers; the results are shown in Table IV. 

Compamd Chloroform Chloroform-me:hmiohar;ol 
NO. 

F3:i 98:2 95:5 

1 0 0 16 51 

2 0 3 29 53 
3 0 0 0 2 
4 0 0 0 0 
5 0 0 7 IS 
6 0 2 22 51 
7 0 2 2a 62 
a 0 4 11 44 
9 0 0 3 4 

10 0 2 47 79 
11 0 6 18 54 
12 0 il 23 62 
13 4 18 41 73 
I4 6 26 51 SO 

*90:10 50.50 zo:so 

77 74 45 

86 76 20 
16 43 63 
20 45 58 
40 44 56 
73 73 23 
79 78 65 
76 73 20 

6 14 53 
9s 65 60 
80 72 57 
a3 76 64 
8s 79 66 
90 SO 15 

Methfmd 

- 
36 

14 
63 
51 
51 
20 
65 
16 
52 
57 
57 
@ 
66 
14 

The selective effect of silica gel is more marked with certain pairs of compounds, 
e.g., the dif%rence between the I?, values is higher for the A2.1a(1) (“nor”) and C6- 
methyl derivatives (compouncis 7 and 6). It is interesting to note that the sequence of 
RF values is inverted in the two layers for Probon (compound 10) and its W-“nor”- 
derivative (compound 7). The ionic compound (Probon) is much more strong!y aci- 
sorbed to the aluminium oxide, while the opposite is true with silica gei for many 
solvent mixtures. 

The RF values show first an increase, then a decrease as the methanol content 
of the developing soivent increases. This indicates (in ageement with our former 
experience) adsorption of methanol as well as the effect of a partition mechanism. In 
a few instances, these factors resuIt in an enhanced selective capacity, 2nd they pro- 
duce inversion OF the RF sequence for many pairs of compounds. 

Other mixed developing solvents were tested in order to study the adsorption 
mechanism of MPM derivatives and the selective elect of the various soEvents. 
Table V shows that the order of RF valutzs roughly follows the sequence of the di- 
electric constants of ‘rhe solvent mixtures. This indicates that none of the solvents 
tested selectively interacts with the KPM derivatives. Et is therefore not su_uprising that 
none of &he systems exhibiits particular selective power. 

Doubie-spot form&ion of Probon and its sqxzratiopr from other HPM derivatives 

It has been observed &at the behaviour of Robon differs iii one respect from 
that of aI1 the other HPLM derivatives tested. When an aqueous solution of Probon is 
developed, double-spot formarion occurs. If the pK of the test solution is increased, 



TABLE v 
RF x Im VALUES OF XPM DElXNATfVES ON ALUMINiUM OXIDE LAYER WLTK 
VARIOUS BIXARY DEVELOPING SOLVENTS 

Canipomd Develo$Bzg sohent 
NO. 

CIiIOrOfOtTE- ckIorc?firf?z- Ciiloroform- CtYorofomr- 
oemexe ether erhyi menire rnerhyi erhyI 
(9O:IOj : (6O:co: ; (50:50) ; ketone (99:5) ; 
Ef = 4.30 Ef zz 5.51 E- = s.ci Ef = 5.33 

1 
2 
3 
4 

2 
7 
8 
9 

10 
It 
12 
13 
14 

10 
33 

0 
0 
0 

11 
13 
24 

0 
0 
8 

10 
49 
58 

12 
36 

0 
0 
0 

11 
25 
34 

0 
6 
7 

21 
__ 

IS 
27 

0 
0 
0 

i7 
22 
3! 

0 
0 

12 
28 
67 
77 

l E = dielectric cons’an: 0’ mixture. 

the quantity of mate&l in the second spot is also increzsed, 2s can -k seen from 

Fig. 1. 
We iissume that the’tautomek-ic form of Probon, wk, 

migrates iz the second spot: this assumption is supported by the fact that, when, after 
deveIopment, the isolated sgot is ehted with 0. i Mqdrochtoric acid, the skate S~KWS 

absorption m-i?x. at 286 and 234 nm, w2veltn_&s characteristic of the spectrum of 

Probon. If, on the o&her hood, the pH of the &ate is adjusted to 6.2, the mzuimum 

appzxrs at 264 nm. A solution of uiatre2ted Probo~ in hydrochloric acid or sodium 
hydroxide exhibits behaviour idexxticzl with that of the corresponding eIu2:e. 

Probon is intermediate among the HPM derivatives tested as far 2s pohrity 
2nd migretion rate are concerned. It is considerably less pohr 2nd 2cidic than the 
&derivatives, 2nd ir migrates more rapfdIy ~&XII do t&se derivatives. Owing to is 
quzterrxzq ammonium s.& char2cter, p 9obon is more pokx than the other Az=iocl)- 
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Fig. 1. Chra~~~~tograms of ProSon soIutior& at various pH v2tues. L, pH 3.0; 2, pH 3.4; 3, pH 4.1; 
4, pH 4.5; 5, pK 5.0; 6, pH 5.5; 7, pEI 6.0. 

derivatives, and much more polzr than the A’*6*“*10C1)-d erivatives; its migration rate is 
usuaIly higher, and it can be separated from these compoirnds in appropriate systems. 

The most probable impurities of Probon are its hydrolysis product and its 
decarboxylated derivative (compounds 15 and 16 in Tabie I), each of which can be 
detected (in concentrations down to &I”/,) in the presence of Probon by two-dimen- 
sionai thin-Iayer chromatography. A typical chromatogram is shown in Fig. 2. A 
volume equivalent to 5oi) .ug of Probon and 0.5 ,~g each of compounds 15 and 16 
was applied as an ethanolic sofution. The first development was performed with meth- 
anol in a~ &Jnosphere of zmmonia, and chloroform-methanol (1 :I) was used in 
the second dimension; the spots were marked under UV radiation. It c2a be seen 
that the two “2mpurity” compounds could ke Detected. 

- Ch!oroform -methanol ( 1:: 1 

~-__------~~--------_ 

methanol ( MCI31 

Fig 2. Separation of Proban 2116 its decomposition products by two-dimensionat development. E = 
Proboa (500&; II = its hydrolysis product (compound 15) (0.5 ,&:; III = its decs;rboxjlated prod- 
uct fcompor?nd 10) (0.5 &. Layer. si!icz gel. 
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The RF v&e is significantly increased when a pheqd group replaces the ethaxy- 
czatboq! woup in zn HPM derktive (compare the RF v&es of compounds 11 and 
13 0-r 12 and 14, respectiveiy), the increase being large in certzin systems. This phe- 
IzomenoIz cw be explained by the fact that the negative mesameric effect of the phenyl 
group is stiangi t’kn &at of the ethoxyeibonyf soup. Thus, the pherzyl ~OUP 

redrrces the electrar; density around C, much MOE t&n does the ethaxycrrrbonyl 
gro*p* 

Defemrination of the AR, vales 
The ARti vaIue& ‘of some functional garrps in various devefoping-sofvent 

ni..tnres {see T&e VI) were c-z&&ted in order further to clarify the relation between 
the stmctrrre ad C~OMa~OgIZphic behavioui: 

where lLwl is the Raw value of the HPM derivative with the substituent being investi- 
gated, and Rx2 is the R, value of the unsubstituted molecule. 

An RF value of 0 was obtziced with some compounds: in such instances 
(shown by it double asterisk in Table Vi), the v&e of RF x f 00 was taken as 1 and 
th& of R.+$ as 2.996 for the calculations; it is evident that these data indicate only the 
character of the change in pokrity. 

Table VI shows that the presence of the C,-methyl group decrezzses the pokrity 
and the adsorption power in each of Ehe systems studied, while the introduction of 
an 3%me’&yf group into the THPLM molecule increases the palzrity and adsorption 
power in all but one system. The introduction of the @-bond increases the pok&rity 
of OHP_M derivatives, whereas the formation of d2~10-canjugztian praduces the ap- 
posite eExt_ 
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