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Paper chromatography of aza-heterocyclic hydrocarbons

Ill. Some further paper and thin layer systems

In two recent communications from this laboratory we have examined a series
of paper chromatographic systems for the separation of aza-heterocyclic hydrocar-
bons!: 2. As mixtures encountered in air pollution studies involve possibly hundreds
of compounds numerous chromatographic methods have been employed and still
others will be needed.

TABLE I
Rp VALUES OF AZA-HETEROCYCLICS ON PAPER DEVELOPED WITH AQUEOUs H,SO,
Paper: Whatman 3MM. Temperature: 18-20°. Eluant: aqueous H,S0,.

Substance or N o.5N IroN 20N 30N
Acridine Q.77 0.74 0.73 0.7X 0.71
2-Methylacridine 0.70 0.64 0.63 0.63 0.61
3-Methylacridine 0.70 0.64 0.64 0.62 0.61
Benz(a)acridine 0.25 0.23 0.21 0.18 0.17
Benz(c)acridine 0.35 0.32 0.26 0.26 0.25
8,12-Dimethylbenz(a)acridine 0.21 0.18 0.17 0.14 0.13
7,9-Dimethylbenz(c)acridine 0.10 0.09 0.12 0.05 0.05
8,10-Dimethylbenz(a)acridine 0.14 0.12 0.10 0.06 0.04
7,10-Dimethylbenz(c)acridine 0.11 0.09 o.10 0.08 0.05
8,10-Dimethylbenz(c)acridine 0.13 0.11 0.09 0.07 0.04
9,12-Dimethylbenz(a)acridine 0.13 0.10 0.12 0.09 0.09
Dibenz(a,k)acridine 0.01 0.0I 0.00 0.00 0.00
Dibenz(a,j)acridine 0.00 o.01 0.00 0.00 0.00
Pyrenoline 0.06 0.04 0.04 0.03 0.02
Benzo(c)cinnoline 0.48 0.64 0.69 0.78 0.77
9-(2’-Pyridyl)-anthracene : 0.30 0.27 0.25 0.20 0.17
9-(3’-Pyridyl)-anthracene 0.18 o.15 _0.I5 0.12 0.10
9-(4’-Pyridyl)-anthracene 0.16 0.12 0.13 0.09 0.07
10-(2’~-Pyridyl)-1,2-benzanthracene 0.02 0.01 0.00 0.01 o.01
10-(3’-Pyridyl)-r,2-benzanthracene 0.00 0.00 0.00 0.00 0.00
10-(4/-Pyridyl)-1,2-benzanthracene 0.00 0.00 0.00 0.00 0.00
14-Phenyldibenz(a,j)acridine 0.00 0.00 0.00 0.00 0.00
7-Phenyldibenz(c, %)acridine 0.00 0.00 0.00 0.00 o.00
Acridone 0.11 .17
Phenanthridine 0.69 0.70 0.66 0.65 0.65
1-Azapyrene 0.47 0.43 0.42 o.41 0.35
4-Azapyrene 0.48 0.43 .0.42 0.39 0.36
Benzo(A4)quinoline 0.74 0.70 0.71 0.70 0.68
Benzo(f)quinoline 0.70 0.65 0.64 0.64 0.61
3-Methylbenzo ( f)quinoline 0.71 0.65 0.62 0.58 0.50
7-Azafluoranthene 0.50 0.45 0.41 0.36 . . 0.38
1-Azafluoranthene 0.6o 0.54 0.49 0.47 0.46
1-Azacarbazol

Acenaphtho(1,2d)acridine 0.48 0.44 0.42 0.37 0.36
Phenazine 0.70 0.81
Dibenzo(a,c)phenazine 0.00 0,00 0.00
11,12-Dimethyldibenz(a,c)phenazine 0.00
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TABLE 1I .

R VALUES OF AZO-HETEROCYCLICS DEVELOPED WITH ORGANIC ACIDS
Paper: Whatman 3MM. Temperature:. 18-20°. Eluants: aqueous. orgamc .acids.:

Substarice ' S CHy cz-coor-z CHCl,-COOH CCly-COOH

0l 1'7N or;vN -’*-wor7N
Acrxdme T T R TR SR VI LS A PU S B SRR © 2 4 ST Q.70 o 068 L
-Methylacndme 0.61 ..063 . 058
3-Methylacridine : 0.62 " 0,63 T 0.59
Benz(a)acridine 0.21 0.21 C
Benz(c)acridine . - 0.31 0.29 0.23
8,12-Dimethylbenz(«)acridine 0.18 0.20 0.00
7,9-Dimethylbenz(c)acridine ) 0.14 O.II 000
8,10-Dimethylbenz(a)acridine- .. .. . - .. .. - - Jo.I5 .. - 020 . 7000 -
'7,ro-Dxmethylbenz(c)acndme e R - 2 ¥ oo 02X . .0.00
8,10-Dimethylbenz(c)acridine o o 0.07 " 0.09 0.00
9,12-Dnmethylbenz(a)acr1dme : - 0.1 o.12 0.00
Dibenz(a,s)acridine .~ o ' ' 0.00 0.02 ‘0,00
Dibenz{a,j)acridine 0.03 0.03 0.00
Pyrenoline - - .. . ‘ _ . 0.06 0.03 0.00
Benzo(c)cmnolme o . ' 0.34 0.53 .. . c
.9-(2’ -Pyrndyl)-anthracene R - 0.30 026 . 024
9-(3’-Pyridyl)-anthracene , . o ‘ 0.16 0.15 .. .- 0.08
9-(4’ -Pyndyl)-anthracene e ‘ o 0.13 ‘ 0.12 s 008 \
10-(2 -Pyndyl)-l 2-benzanthracene o - 0.02 . 003 . . .000.
“10-(3 -Pyndyl)-l z2-benzanthracene o 0.00 ., . 000 .. ... 000
-10-(4/~-Pyridyl)-1, z-benzanthracene R . o0.00 .. 000 .. 000
14-Phenyld1benz(a,y)acndme _ e UL ‘0,00 oco ., . 000
7-Pheny1d1benz(c,h)a.cndme N o . 00O. . 000 . 000
“Acridone . . . , oI1r .. .. O0I0.. . . OJII
Phenanthndme . P _ 066 '~ ' 063 . 0.59
1-Azapyrene ... . . o : " 0.38 0.38 ~C
4-Azapyrene . ... S ... 039, . - 0.40 - C
Benzo(k)quinoline o SR 0.68 0.67 - 0.63
Benzo(f)quinoline, - o o 0.61 . 063 ' 0.59
3-Methylbenzo( f)qumolme C o 0.62 0.6z . o}
7-Azafluoranthene . ‘ 0.43 041 . C
1-Azafluoranthene o . . o.50 . 046 0.00
1-Azacarbazol . o L C
Acenaphtho(z, 2b)acndme . L _ 0.43 o. 40 N
Phenazine . . L 0.38 <. 0.41 . 0.5
Dxbenzo(a,c)phenazme C _ 0.00 0.00 ' 0.00 .

1Ix, x2-D1methyld1benz(a.c)phena.zme ' . 0.00 ' 0.00 '~ 0.00
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e C'SOOH COOH (l,‘OOH (|?OOH COOH CH,-COOH
. p— o,
? COoH boon CH, (CHy), u 017 N (= 1%)
or N 0.5 N ) 2

2 COOH OOH COOH

i oI N 0.1 N o5 N

74 0.72 0.78 0.68 0.58 0.77 0.54
69 0.65 0.73 0.59 0.50 0.69

K70 0.64 0.71 0.59 0.47 0.67

w3t 0.24 0.34 0.20 0.15 0.27 o.12
133 0.33 0.42 0.26 0.16 0.36 o0.10
W21 0.20 0.34 . 0.20 0.19 0.28 0.06
0O, ’ 011 . 0.22 0.10. 0.07 0.15 0.07
100 0.13 - o.22 o.10 0.08 0.17 0.07
n13 0.13 0.23 0.10 0.07 0.18 0.06
W1z 0.1I 0.22 o.10 0.07 0.16 0.07
LIO O.II 0.25 0.10 0.09 0.18 0.00
Lor 0.03 0.01 0.01 - 0,08 0.01 0.02
100 0.02 0.03 0.02 0.02 0.03 o.01
107 0.06 o.1o 0.03 0.02 0.07 0.01
L7 . 048 0.69. 0.32 0.30 0.48 0.29
noO | 0,28 0.40 . 0.26° . 0.24 0.32 0.18
1.00 0.16 0.28 ' ' 0.00 0.00
).00 0.14 0.18 0.13 0.08 0.20 0.06
103 1 0,03 0.05 0.27 0.02 0.05 0.02
%00 . o.0I. 0.03 0.00 0.00
),00 0.01 0.02 o.01 0.00 . 0.02 0.00
).00 o.o1 0.00 0.00 0.00 0.03 0.00
).00 0.00 0.00 0.00 0.00 0.00 o.co
1Y & 2 . 0.I3 0.19 0.09 0,10 0.09 0.22
%59 6.65 0.72 0.6.4 - 0.52 0.68

246 0.40 0.52 0.35 0,26 0.47

).48 0.40 0.50 0.36 0.27 0.49

%72 0,68 0.7z 0.65 0.54 0.72

2.60 0.63 " 0.68 0.59 0.50 0.67

)52 0.63 0.71 0.63 0.52 0.69

).00 0.43 0.53 0.38 0.27 0.51

.00 0.53 0.64 0.43 0.31 0.60

B 0.46 0.53 0.31 0.29
0.38 C .22 o0.21
2.00 0.00 0.00 ©.00 0.00 0.00
2,00 0.00 0.00 0.00 0.00 0.00 0.00
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NOTES

In ﬂns nm_:e we renon on results obtamed wlth some further paper chromato-
graphxc systems as well as mth polyamxde thm layers

er. chmmatagmj&lna syslems usmg aqueaus aads as eh:ants _ : '
o e p.-.l,m.m.f}, results indicated that qnlnhnnc amd gave some Jmm'oved separa- .
:txons of some pairs of low Re compounds v g : : ’
e Table I Teports’ R;.- va!u& for various concentrations nf a_gugm_Ls s.ulnhunc acxd :
"‘.,f_j-There is-a genera.l trend. of . decr&smg Rp values wnh the Jincrease in the H2804
. concentration, except for ber.zo—{c}—{mnchne -
i Table II shows. the Rp va.lues for ‘various concentratlons of some orgamc ac1ds.

R e cnwraceuc d(:lus, with the czu..cpuuu uf wauw‘alcracetac m..d, pmmmfn*nr‘ many

‘3-Methylbenzo(b) quunolme e

e SUIPRIT  C ‘ o Apek \?—Benzo (h) Qulnollne

" Wd——eenzo(c)ckmcm IR ; .

BN - R ‘ R ' a- "
LS : G Phenazme

L0/ 2 EZ 44—"5 CRE ANy — O 45_ e"—.‘, 7 pH - -

; "'Fig. 18 and b. vSG...-. RFFH cun'es'fm-‘ aoﬂ-hetergcvclgcs devel_gnerl unth apetate ‘buffers on’

" cellulose paper. Benzoqumohnes and acridine have snrmlar curves and can be distinguished clearly
: ‘Tfrom phenazme or benzo(c)cmnohne. :

0y

8
g ®» B 8 .8
S X S S S : ‘

Mixture " ©
A-2-11-21;

N ) 15. Z. rmyauuuu thin Aayu 'uuuum.s.ussmu. Solvent: \
= ) solvent front 69 mm. ‘1 == Acr:dxnp, 2.5 benz(a) cndme,'
b‘ , .-:z, n and z:.




acridines ;wholly or partially.on-the pomt of application and are hence of. httle use for
analytlcal work. Dicarboxylic acids gave hlgher Rp values for many acndmes than
~acetlc ac1d‘fhowever the sequence remams essentlally unchanged el

: .Paper chromatogmphzc systems wzth aqueous buffers
- There is ‘a-marked change of:Rp:value with:all- aza-heterocychcs when: the pH

jvalues are changed by : -using; aqueous acetate;buffers ds: eluants: Table:I11.and Fig. 1

- ishowithe: possibilitiés.as well as the:limitations.of .pH:variation, the latter: being:that

~noinformation: can'be drawn-from low Rp-valuies and that miost. monoaza.-heterocychcs f

have ‘an: 1nﬂect1on pomt in: the same pH ra.nge. ‘Compansons of pK values w1th paper

'TABLJ: IV

RF VALUES OF AZA-HETEROCYCLICS oN POLYAMIDD THIN LAYERS - T o
Polyamlde thm la.yers (Cheng Chm Tradmg Co. Ltd Ta.twa.n) Temperature 18—20° A‘

Substance . ot s U o ‘?w..rAcetone—water. Methanal—water DRI
‘ 60%=40%' ' 80%~20% -
.Acrldlne S o ,‘\ ST 0.‘,.62'”, AR L .
-Methylacndme T " o.58 7 0.59"
3-Methylacridine T ‘ 0.64 o '0.62
Benz(a)acmdme ‘ e, 030 e L0280
_ Benz(c)acridine L ey ey
.8, r2-D1methylbenz(a)acndme;‘,;, U - T USRS 3 - O SR
2,9 -Dxmethylbenz(c)a.cndme_ DRRUETRI - 15 5 SOERI R - X -1 SRR :
8,10-Dimethylbeiiz(q)acridine L ear. L €L s
7,10-Dimethylbenz(c)acridine o - 016 © 0.12 ’
8,10-Dimethylbenz(c)acridine 0.12 C .
-9,12-Dimethylbenz(a) acndme : 0.32 0.46 o
.leenz(a,h)a.cndme ‘ , . 0.04 0.00
‘Dibenz(a,j)acridine o : , 0.05 c.. ...
‘Pyrenoline - B 0.14 0.13 '
Benzo(c)cmnolme ' _ 0.73
'9-(2’ -Pyndyl)-anthracene s : 0.37 0.48
9-(3 ’.Pyridyl)-anthracene 0.41 0.43
9-(4” -Pyndyl)-anthracene o 0.40 0.45
. ‘10-(2’-Pyridyl)-1;2-benzanthracene 0,18 0.26
'10+(3/-Pyridyl)-1,2-benzanthracene 0.21 0.25
.10-(4’-Pyridyl)-1,2-benzanthracene 0.09
14-Phenyldibenz (a, 4)acridine - 0.00 C
'7-Phenyld1benz(c,h)acrxdme 0.00 . 0.00
“Acridone . 0.41 0.41
‘Phenanthridine - o 0.66 0.62
I-Aza.pyrene ' C. ) 0.51
_4-Azapyrene ; N , C 0.45
Benzo(k)quinoline - ' 0.65 0.60
‘Benzo(f)quinoline o 0.63 - 0.60
"3-Methylbenzo(f}quinoline - - 0.73 0.63
7-Azaﬂuoranthene ‘ S . 0.51 0.51
. ‘r-Azafluoranthene . 0.55 0.54
‘T=Azacarbazol ' - 0.58 0.56
* Acenaphtho(r, 2b)a.cr1dme S - 0.55 o.51
Phenazine ‘ . . 072 ‘ . 00
Dxbenzo(a,c)phenazme e .. o000 . 0,00

JIT, 1z-Dlmethyldlbenz(a,c)phenazme Lo co. . " 000

-
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i chromatographxc behavxour could not be made because very few pK values were
",found 4n’ the. hterature. e

' _The pH curves may be useful for dec1d1ng whether a certaln unknown substance
is. of the acndme type or not. : : :

o Thm‘ . yer chromatogmphy on ready ?alyamzde layers *
,_.iPolya.rmde layers have been:used- for: many: classes.of compounds notably for
phenols (for:a review see HORHAMMER et al.4), however acridines have not been studied
- “to-our; knowledge. Table. IV shows the Rz values obtained on ready-made polyamide
‘ ,layers (Cheng Chin: ‘l‘radmg Co..Ltd.; Talwan) with acetone—water-and methanol-
- water.as solvents. The order.of. movement is mainly-according. to. molecular weight
- and: hence the sequences are essentxally similar to those on cellulose paper. However
- wvery clear and fast separations of several art1ﬁc1al mixtures could be obtained readlly
' (see Flg 2) : :

Tlus work wa.s camed out as part of the work for a doctora.te the51s by S
‘. CAROI.I. Some of the work :on. sulphunc aud solvents was done by G Rocn
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