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I. PEJ IcOVIC-TADIC, M. I-IIlhNISAVLJEVI&JAKOVLJEVIC AND So NESIC 

Faculty ofScience, Univcrkty of Relg~~ade (Ya~goslavia) 
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For the most part the study of the alcloximes from the point of view of stereo- 
isomerism has been devoted to those in which the aldoximino group was al;tached to 
the benzene ring I. Early investigators, in ISgz, attempted to isolate the syn and anti 
aldoximes and to convert one form to the othera, but since then little experimental 
work has been done to continue that. research in the paraffin series. DUNSTAN AND 

DYMOND~ as well as BOURGEOIS AND DAMBMANN* experienced great difficulty in the 
purification of ace&, propion-, valer- and iso-valeraldoximes, which suggested that 
two stereoisomeric forms were present, a liquid and a solid one, hut attempts at 
their complete separation failed. On account of this the isomerism of aliphatic al- 
doximes has not been investigated further even by physical methods. Only PHYLLIPSG 

in 1958, after inspecting the isomerism of four aldoximes with NMR, put forward 
the statement, anticipated long ago 3, that aliphatic aldoximes are in an equilibrium 
state in solution, but believed, like others, that the single isolable pure form of ali- 
phatic aldoximes is crystalline. 

It therefore seemed of value that the isomerides of the aliphatic aldoximes 
shoulcl be isolated and studied so that physical methods could be applied to the eluci- 
dation of their stereochemical configurai5on. 

We separated, by use of column and thin-layer chromatography, pure isomeric 
forms in the homologous series of aldoximes, from ace& to decanaloxime, including 
the branched isomers iso-butyr- and iso-valeraldoximes, and found that in the whole 
series the aldoximes exist in two forms: one liqzcia and one cvystallina. 

The isomers were eluted from the silica gel column with a mixture of petroleum 
ether-ethyl acetate., The course of separation was checked throughout: on standard 
silica gel chromatoplates, in a developing solvent system of benzene-ethyl acetate 
with iodine vapour as visualising reagent, Liquid aldoximes (C,-C,) were subjected 
to the separation process immediately after distillation, and solid aldoximes 
(C,-C,,) either from the crude mass after ox,\mation or after standing at normal 
temperature for two clays, since they showed, on& spot when freshly recrystallized, but 
in a day or ttio another spot could be detected pointing to the presence of two isomers. 

Although the formation of co-ordination compounds has been suggested as a 
method for the determination of aromatic aldoxime configurationG, we could not 
find any regularity in the behaviour of aliphatic aldoximes towards metallic salts. 
Several conventional spray reagents were tried out, as can be seen from Table I. 

The liquid isomers were first eluted from the silica gel column and their XP values 
on chromatoplates were always higher than those of the solids (Table II, Figs. 1'5). 
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The refractive indices of liquid isomer-ides showed a steady increase in the 
series from C,-C,,, with the exception of iso-butyrsldoxime, which lies well off the 
straight .line (Table II, Fig. 6). Great difIiculty in separation was experienced with 
the liquid acetaldoxime isomer, on account of its great volatility and extreme tendency 
to interconversion. Therefore, its refractive index has to he taken with reserve, 

All the liquid isomeric aldoximes are very unstable, being converted into the 
ecluilibrium mixture in no-60 min. When kept at o”, the stability is raised to 3 h 
and in very dilute solution at o” up to I=! 11. 

The melting points of higher crystalline isomerides (CI;-Cl-,) are found to be in 
accordance with those given in the literature 7, Lower aldoximes are usually recorded 
as liquid, since the crystalline forms, sporadically obtained, were di.fflcult to procure. 
This was tlie case with propionaldoxime and acetaldoximes. However, for butyr- and 
iso-butyralcloxime only liquid forms were known. We revealed that the crystalline 
forms also existed melting at 36-38” and zS-30”, respectively (Table 11). 

The crystalline isomerides were somewhat more stable. The time of conversion 
ranged from 2 11 (for C,-C,) to two clays (for Cs-C1,,) at 0’. 

Although in the present investigation no attempt was made to find optimal 
conditions for separation of both isomerides, it could be deduced from the yields 
obtained that the distribution of isomers is in favour of solid isomer (Table II). One 
esception is encountered with iso-butyraldoxime and this is presumably due to a 
steric factor&. 

By computing the Rm values* of liquid as well as of solid isomers in normal 
series and plotting them against the number of carbon atoms in the oxime, an 
almost linear relationship is found (Fig. 7). 

Thus, we could attribute further evidence for ~%UXTIN'S~ aclclitivity principle, 
since the mean values, although small, are in both oxime series as follows: 

dR,w(CI-I,)-liquid dcloximc = o.ogr A 0.015 

,Mi!~~(CE-I,)-crystalline alcloximc = 0.03 I f 0,007 

“&nomalous” R,I~ values for the form- and acetaldoximes were discovered. 
According to MARCINKIEWICZ et al, lo this could be expected for just the first and 
second members of the series, where the constitutive interaction of the first CH, 
group with the functional group existed. 

The comparison of RM values with the number of carbon atoms in both series 
permitted the correlation of data obtained. We evaluated the mutual relation between 
two straight lines and obtained a conversion factor: 

where ,A I is a “factor of geometrical isomerism” , x the number of carbon atoms in 
the oxime, and Iz, and k, are calculated parameters, in these two series being 0.018 
and 0.054, respectively. Such a factor is useful, since it typifies the mobilities of the 
respective pairs of isomers, ancl can be used in the form: 

dRfipcrystalline 5 R,vf-li.quicl + d_T 

for the calculation of an unknown isomer or for the “Isomerie Konstante” predicted 
by BRENNER AND PATAKI~~. 

J. Chomatog., 21 (1$X) 239-246 
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Fig. I. TLC of acctalclosimcs : 1 .iquid (I) and mixt ure of liquid and crystalline isomers (2). 

Fig. 2. TLC of liquid propionaldoxime (I), crystalline propionaldoxime (a), mixture of propionaldo- 
ximes (3). liquid butyraldoximc (4), crystalline butyraldoxime (5), mixture of butyraldoximes (6). 

Fig. 3. TLC of liquid valcraldoxime (I), crystalline valeraldoxime (2), mixture of valcraldoxim 
(3), liquid hexanaloxime (4), crystalline hcxanaloxime (5), and mixture of hcxanaloximes (6). 

ICS 

Fig. 4. TLC of liquid heptanaloxime (I), crystalline heptanaloximc (2), mixture of heptanal- 
oximcs (3). liquid octanaloximc (4), crystalline octanaloximc (5), ancl mixture of octanaloximes (6). 
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Fig. 5. TLC of liquid nonanaloxime (I), crystalline nonanaloximc 
(3). liquid cl ecanaloximc (4), crystalline dccanaloximc (5), and 

ture of nonanaloxi 
of clccanaloxin~cs 

mes 
(6)s 
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\ I.lQUlO ISOM&R . * 

Fig. 6. Refractive indices df liquid isomerides. (0) n-aldoximcs; (0) iso-aldoximcs. 

Fig. 7. Graph of ,R nf values VS. number of carbon atoms for the two series of aliphatic aldoximcs, 
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The above results proved that, unlike hitherto published results, aliphatic ald- 
oximes, from C,-C, (), could be separated into pure isomerides: liquid and crystalline, 
On the basis of greater stability, greater adsorption energy and lower mobilities in 
TLC, the n&i configuration could be ascribed to the crystalline isomerides, which 
would also be in conformity with our previous experience in the aromatic seriesrs. 
The investigation by l?HYLLIPS’, who found that the crystalline acet-, propion- and 
heptanaloximes yielded a single C-H resonance, coincident with that assigned to 
the anti form of the oxime in an equilibrium mixture, also justifies the assumption, 
By similar arguments the SJUZ configuration is ascribed to the liquid isomerides. 

In addition we showed that dynamic equilibrium was established sooner or 
later with both forms of aliphatic aldoximes, regardless of their relative stability, 
Direct evidence for the kinetics of such a conversion was readily gained by TLC, 

Other physical measurements with the separated isomerides will be published 
in a subsequent paper. 

EXPERIMENTAL 

Melting points are not corrected. 
The aldoximes from C,-C,, were obtained ,according to the slightly modified 

procedure of DUNSTAN AND DYMOND 3. To the cold mixture of freshly distilled alde- 
hyde (0.04 mole) and saturated aqueous solution of NI~,OH~HC1(o.o4 mole and IO y. 

excess) a concentrated solution of Na,CCb, (0.02 mole) was added dropwise with 
constant stirring. Stirring was continued for a further hour. The oximes from C,--C,, 
as well as iso-C, and iso-C,, were extracted with ether and distilled, and the ones from 

C&101 which separated immediately as crude crystalline mass, were recrystallized 
from alcohol. 

Formaldoximel3, acetaldoxime** and propionaldosime3 were prepared strictly 
according to the respective procedures. 

All of the aldoximes were separated in the same way: IOO mg of the respective 
aldoxime was placed on a. column of 40 g silica. gel (Merck, fi_ir Chromatographie, 
0.2-0.5 mm), IS cm diameter column, 65 cm, and eluted with petroleum ether (b.p. 
40-65 O, dried over sodium)-ethyl acetate (50: IO, v/v). The flow rate was 2-3 drops 

rnRLE III 
~ICROANALYSES OP LIQUID ALDOXIILIES 

- 

Calctdaled FOWZd 
-.- 

C H N c N N 

Propionalcloxime (C,H,ON) 
Butyralcloxime (CJH,ON) 
Iso-butyralcloxime (C,,H,,ON) 
Valeralcloxime (C,H,,ON) 
Iso-valcraldoximc (C,H,,ON) 
Hexanaloxime (C,H1,ON) 
Heptnnaloximc (C,H1,ON) 
Octannloximc (C,H,,ON) 
Nonnnalosimc (C(,I-I,,ON) 
Decnnaloxime (C,,H,,ON) 

49.30 
55.14 
55.14 
59.37 

:::g’: 
65.07 
67.09 
65.74 
70.12 

9.65 19.17 49.02 
IO.41 IG.08 55.41 
TO.41 1G,o5 54.95 
10.gG 13.85 59.36 
10,gG 13.85 59.52 
1r.38 12.16 62.90 
11.70 10.84 64-85 
11.96 9.75 66.90 
12.1s 8,I)O 6f3.95 
12.3G 8.18 70.40 

9.57 IQ.92 

10.3s Is.96 
10.67 16.48 
10~99 13.55 
IO-77 13.96 
II.44 12.40 
11.67 10.64 
II.S2 9.58 
12.14 9.13 
12.08 5.24 

J. Chromatog., 21 (1966) 23g-246 



246 I. PEJKOVLbTADId, M. HRANISAVLJEW~-JAKOVLJEVd, S. NE&C 

in 5 set and the effluent was collected in fractions of 5 m.1 in test tubes. In each sep- 
aration approximately 5-Q of the test tubes collected were liquid aldoxime isome- 
ride, 6-7 test tubes a mixture and 7-S solid isomeride. The eluants, combined on the 
basis of TLC, were evaporated at normal temperature under reduced pressure and 
in the case of liquid isomerides immediately measured with an AbbC-refractometer 
(Carl Zeiss- Jena) and microanalysed. 

The monitoring thin-layer chromatography was performed in an identical man- 
ner to that described in previous publications12 with standard 0.2 mm silica gel G 
chromatoplates in benzene-ethyl acetate (50: IO, v/v). Better separation (Pigs. 1-5, 
Table II) was accomplished by running the plate twice to the 14 cm mark in the same 
mixture with intermittent drying. The entire operation for one development took 
45 min and for two, about 2 h. The quantity applied was IO ,.A of 0,~ % chloroform 
solution and the spots were detected by means of iodine or, in the case of acetal- 
doximes, with an alcoholic solution of AgNO,,. 

,l?or reasons discussed above, the microanalysis of liquid acetaldoxime is lacking. 
The others are given in Table III. 
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It has been demonstrated that in the whole series from acet- to decanaloxime, 
including iso-butyr- and iso-valeraldoximes, two stereoisomeric forms, a liquid and a 
solid one, exist. By use of column and thin-layer chromatography both forms were 
separated and characterized. -4 “factor of geometrical isomerism” has been calculated 
on the basis of the mutual relationship between the Rnf values of the liquid and solid 
isomers. 
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