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SUMMARY 

The benzoylating agent $-(N,N-dimethylamino)-benzene+‘-azobenzoyl chlo- 
ride, which is used for the identification of alcohols, also reacts readily with primary 
and secondary amines. A series of $-(N,N-dimethylamino)-benzene+‘-azobenzamides 
of primary and secondary amines were prepared and optimum conditions for their 
synthesis were found, The chromatographic separation of amides is very good, 
amides of secondary amines, in particular, exhibiting extraordinarily good chromato- 
graphic properties, so that the above mentioned method of analysis is considered 
to be one of the best in use at present. Their derivatives are orange-red and scarlet 
substances and, therefore, no method of detection is necessary in their identi- 
fication. This property could also be made use of in their photometric determination. 
The sensitivity of detection is very good, and spraying the chromatogram with 
0.01 N sulphuric acid can prove the presence of less than 0.3 ,ug of amide in the 
spot. 

INTRODUCTION 

Primary and secondary amino groups contain reactive hydrogen, which can 
be substituted with various acid radicals. Amines, being basic substances, can com- 
bine with acids to form salts. The action of acylating agents on primary and secon- 
dary amines forms amides substituted on the nitrogen atom. The amides are mostly 
solids, and are therefore suitable for testing and identification by melting-point 
determinations and paper chromatography (PC) and thin-layer chromatography 
(TLC), The derivatives most frequently used for the identification’ of amines are 
substituted benzamides. Benzoylation is carried out with benzoyl chloride, but 
chloro-substituted benzoic acid is more frequently used in the Schotten-Baumann 
methodl. The pyridine method was found to be convenient with slightly basic 
amines. Pyridine is useful as it not only forms a reaction medium that can absorb 
the hydrogen chloride evolved, but it also combines with ,benzoyl chloride to form 
benzoylpyridinium chloride, which is more reactive than benzoyl- chloride, itself. 
In addition to benzoyl chloride and $-nitrobenzoyl chloride2, S,+dinitrobenzoyl 
chloride*‘& is, also used in the ‘identification and preparative separation of amines. 
In ‘the preparation of N-substituted amides from amines and diphenylketene, the 
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procedure consists of heating and subsequent decomposition of benzoyldiazomethane 
into diphenylketene, which reacts immediately with the primary or secondary amine 
present, The reaction gives rise to amides of diphenylacetic acid, which. crystallize 
well and exhibit sharp melting-points@. 

The PC and TLC separation of free alipltatic amines cannot be carried ,out 
owing to the volatility of the lower members of the homologous series. Therefore, 
it is more suitable to use gas chromatography or to chromatograph the compounds 
as salts or appropriate derivatives. 

The PC of higher, aliphatic monoamines and their salts requires a special 
condition to be fulfilled: the compounds must be chromatographed in systems 
preventing their hydrolysis’-lr. 

The separation of free amines of low volatility in a thin layer is based on the 
. adsorptivities of the amine and the adsorbent. The increasing basicity of the amine 
is directly proportional to its adsorptivity. For the separation, alkaline aluminium 
oxidersp13 is used, for example, or amines can be separated as saltsr”r7. Some other 
methods of identification of amines in a thin layer of sorbent involve the use of 
variously modified samples or layers l&20, Of the derivatives that have been separated 
by paper and TLC, 3,5-dinitrobenzamidesb, r4v21 proved to be the most suitable. 
Amines were ,also chromatographed on thin layers as +dimethylamino-3,5_tlinitro- 
benzamidesa2. In addition, for the separation of amines, other, derivatives can also 
be used, e.g., ,!%aminovinyl-o-hydroxyphenyl ketone@ or derivatives that were 
obtained- by the reaction of amines with 2,+dinitrofluoroben~enes~. The colour reac- 
tion’ .of amines’ with z,6-dichloroquinone-4-chlorimide26 is an example of suitable 
and s&isitive methods for the detection of free, amines. 

. #-(N,N-Dimethylamino)-benzene-P’-azobenzoyl chloride, used for the chromato- 
graphic identification of a1cohols28~27, also reacts readily with aliphatic primary and 
secondary amines. The preparation of the reagent is relatively simpless and its 
reactivity with amines is high. Its properties, particularly the intense coloration 
of its derivatives, can’ be .made use of in the chromatographic separation and 
identification of the amines by both PC and TLC. 

RXPERJMENTAL , 

The ‘reagent P-(N,N-dimethylam.ino)-benzene-$’-azobenzoyl chloride reacts 
readily with primary andsecondary .amines to form the corresponding amides accord- 
ing,to the equation: 

.I , In,) t,he,.,chromat,ographic separation and, identification of, amines, it is not .,..l. 
necessary@ ,:$rep’$ro iamides, ‘on the ,preparative scale.. ,Th& amides obtained need 
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not be purified by crystallization or by any, other method, so that the overall 
synthesis of the amides is.rapid and simple. 

‘About I mg of the reagent is suspended in I ml of benzene. About 2 to 4 hrops 
of amines are added to the suspension and the mixture is heated at: tlie boiling- 
point of benzene; with lower amines, I or 2 min is sufficient., but with the middle 
and higher amines a period of lo-15 min is required. With aqueous solutions of 
amines, a dioxan-benzene mixture (2 :I) is used as the reaction medium. The 
derivatives obtained need not be puriiied and the reaction mixture can be directly 
applied to the chromatzogram. 

Pa@ chromatography 
Whatman No. 2 filter-paper was used, impregnated with dimel:hylformamide 

solutions of various concentrations. 
The following systems were used for the separation of primary amines: 
S,: 30 y0 dimethylformamide/hexane-benzene (3: I) (at: 18") 
Sz : 50 y0 dimethylformamide/cyclohexane-benzene (2 : 3) (at 18 “). 
The following system was used for the separation of secondary amines: 
S,: 60 y0 dimethylformamide/cyclohexane (at: 5 “). 

Thin- layer chvomatogra$day 
The procedure was carried out by using cast layers of Silica Gel G (according 

to STAHL; Lachema, &no). Activitation was carried out at 110“ for I 11, and 2-5 ,~l 
of a 0.2 O+& benzene solution of the amide was applied and, chromatographed at: 21 O. 

The separation of primary amines was carried out in the following mobile 
phases : 

S4 : cyclohexar)e-ethyl acetate, (60 : 40) 
S,: cyclohexane-methyl ethyl ketone (70:30) 
S,: hexane-ethyl acetate (60:40) 
S,: hexane-methyl ethyl ketone (60:40) 
S,: benzene-ethyl acetate (70:30). 
The separation of secondary amines was carried out: in the following mobile 

phases : 
S,: cyclohexane-methyl ethyl ketone’ (70: 30) 
SD : cyclohexane-ethyl acetate (70 : 30) 
S 10' l cyclohexane_ethyl acetate (80: 20) 
S,,: hexane-ethyl acetate (80: 20) 
S la: cyclohexane-acetone (80 : 20). 

Detecti 
p-(N,N-Dimethylamino)-benzene+‘-azobenzamides are coloured substances, so 

there is no need for a detection method to be .used, Amides react towards pH by a 
,, colour cliange and, therefore, spraying the chromatogram with small amounts of 
‘: o.di ,N. WpSO,, is recommended. It was found ‘that ainou@s of less than 0.3 pg -of 
II., a&de htih be observed in the spot. . 
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J~(.II’ the PC of tllc amides prcparecl from. primary amines, ~;3*stcm S, (30 cyO 

din~etl~~lf~~rn~~~~ziclcjl~csanc-bcnxcnc, 3 :x) prm~!cl to lw tlw best. ‘I’llc results obtained 

are illustrated in Fig. I. l;m secondary anzincs, s~stcm S:, (60 ‘I_:, di~nctll~.lforll~alnicle/ 

c~~Aol~e.sallc) proved to lie tile best system, as sl~own in .l:i,g. 3, l‘lw clmice of tile 
solvent sy.c;tem. for tlw PC of amides that ~wxv clcri\*ed from secondary amines is 

no prol~lem.. Tlw lmnu~logc~~~~ series of secondmy* aniincs is reaclil>y scparatccl in a 
cotlsiclcralAe nuntl.xx of mised solvents over ;L iviclr range 0 concentrntions, wit11 

dirlletll~lfor~l~~miclc serving ILS the statiormq- stage. 

In the TLC of primary amines, very* go(1c1 results were ol)tuinccl in systems 

S, (c\-clolIesniic-ctliyl acetate, Go:,co) mid ss (lmim~ic-ctli>*l acctntc, 70:30), as 

Fig. I. Paper cl~rOtwtogrm~ obtainccl with system St(30:.6 tlitiiotl~vlfc~rttiat~~iclc/l~csanc-bcnzc?nc. 
3: I) on M’l~attiinti No. 2 filter-pnpcr at JS ’ 
of pritiinry atnitics: J - tticthyl: 

for ~-(N,N-rlitt~ctltylntlliilo)-bcttact~c-~’-~~zobctl~t~ttti~~s 
2 = ct11y1; 

atnitics; 5 = w-butyl : G = ,rr-ltesyl. 
3 x: wpropyl; .+ =: tiiisturc Of Ct-C, prittiary 

Pig. 2, Pnpcr clwotnatograt~~ obtaitrccl with Systctn S:t. (Go% tlitllctllylf0rtixtttIiclc/cyclolicsailc) 
on Whattnnn No, 2 Alter-papcr at 5” for ~-(N,N-~ltt~~~tl~yl:~t~~it~o)-b~t~~~tt~-~’-tt~ol~cnramictcs 
of secondary atiiincs: 1 = ciitnctliyl: 2 = clictliyl; 3 = cli-n-propyl; 4 = cli-~dmtyl ; 5 = ttiisturc 
of C,-C, and C, scconclrzry attiincs; G = cli-wcttiiyl: 7 = cli-lt-licsyl; S = di-.r?-octyl. 
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I:ig. 3. Thin-lavcr CllWlll~~t~~~~i~lll lJl.Itilill~Cl with SyStClll S, (Il~ll~~llC-~tll~l ZlCCtiltl?, 70 :30) ilt 

‘2 1 “ fo~p-(N,N-~lilllotl~~li~ll~illo)-bcllzcllc!-p’ -i~ZObC!IlirilllliClLYi Of pGlllilry miincs: I = lll~ttl~l : 2 -: 
ctl1)‘l; 3 = rr-propyl : 4. z liiisturc of C: -C 1 ( . ~‘illlilTy i~lllillcS: j I= ~Jr-lXlt~l; 6 = JI-hcsyl. 

Icig:. 4. ‘.l’llill-lil~cr cllroIllatogri~lll Ol~ti~illCCl with S’StClll S, (CyclohcSnIlc-Illcth’l ethyl kctotlc, 

70 :go) at 21 ” for j~-(~,,Y-~lilll~tll~lil~llillO)-b~ll~cll~-~’-i~~~ll~~ll~~~lllirlos of prilllilry aniincs: 1 = tli- 
rnctl1vl : 2 = clicthyl: 3 - tli-rr-propyl : 4 = cli-lr-lnityl : ,j L-=: misturc of Cu-C,, sccontlnry atnincs: 
G = cii-r,-nlllyI; 7 = rli-rl-licsyl: H = tli-rr-cxtyl. 

sllo\vn in l;ig. 3, The separation of amides, derived from secondary amincs, in the 
thin layer, can be achieved in almost any system. l;airly good results were obtained, 
for esan~ple, in systems S, (cyclohesane-ethyl acetate, 70: 30) and S, (cyclollesane- 
methyl ethyl ketone, 70: 3o), as sliown in l;i,g. _c. 

There is no linear dependence between li JJJ values and tile number of carbon 
atoms in an amine molecule in any one of tllc given systems (as sl~own in Figs. 5 and 6) 
esccpt in PC; there esists a limited linear depcndcncc in llomologues in systems S,, S, 
and S:,. On this basis, the iclentifcation of primq* and secondary amines can still 
be carried out in unknown mixtures. 

The reagent ~-(N,N-dirnetl~ylamino)-benzcne-/7’-a~c~l~e~~~o~l chloride does not 
interfere in the identification in either its original or hydrolyzed form, and remains 
on tlie start of the clironiatogr~uii, 

The advantages of the method described for the cllrom~~tograpllic identi- 
fication of primary and secondary alipllatic amines are as follows: . 

(a) the reagent used, ~-(N,N-dirnetll~lanlir~o)-be~~~e~~~-~’-a~o~el~~o~l chloride, 
is highly reactive and is not llydrolyzed on esposure to air: it is also stable, unlike 
other agents. 

(b) the preparation of derivatives is simple and rapid; 
(c) the derivatives are coloured, so that no detection is needed; 
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(cl) the derivatives cm easil>. 1x2 cllromnto~~;y~l~~cl in currcntl~* used systems 
and, particularly in tlw chromatograph~~ of derivatives of sccondarJ* amincs, thcrc 
is no difficulty in the choice of tl1.c solvent system for either PC or TT,C: 

(e) tlic sensitivity of tile nictliocl is so liigh tliaC as little as 0.3 pg of amide 
cm Ix observed in the spot, which corrcsponcls to CU. 0.05 pg of amine: 

(f) coloured derivatives can also be made USC of in the cpmtitxtive clwomato- 
graphic analysis of imines, as the I%xw-Lmnbcrt Inw is ohyed at low conccntr~~t ims. 
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