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SUMMARY

Gas chromatographic retention ratios are reported for 49 compounds in the
thiophene, benzo(b)thiophene, pyridine, quinoline, isoquinoline, and thienopyridine
ring systems, variously substituted with alkyl and halo groups. Stationary phases of
Silicone DC 710 and of Bentone 34~Silicone DC 710 on Chromosorb were used at
128° and 180°. Retention ratio data for silicone are interpreted in terms of volatility
of the substrate. Changes in retention ratios on going to Bentone-silicone are ascribed
to adsorption to Lewis acidic sites (on the Bentone aluminosilicate sheets) by co-
ordination of the heterocyclic nitrogen atom of the substrate molecule, particularly
in the pyridine, quinoline, and thieno(2,3-b)pyridine systems (studied most ex-
tensively).

INTRODUCTION

Recent synthetic studies in these laboratories have been concerned with thieno-
pyridines and their derivatives!-5. Interest in examination of their physical properties
and means of separation led us to compare the chromatographic retentivities of these
compounds with those of analogous heterocyclic amines in thin-layer systems®. We
have now extended these studies to comparison of gas chromatographic (GC) retention
ratios, R, for parent, alkyl-substituted, and halo-substituted compounds in the thio-
phene, benzo(b)thiophene, pyridine, quinoline, isoquinoline, and thienopyridine sys-
tems. Selected as stationary phases were Silicone DC 710 on Chromosorb and Bentone
34-Silicone DC 710 on Chromosorb’. Modified Bentone columns have been found
to be useful in effecting separations of isomeric aromatic hydrocarbons?-13. However,
it seems that no previous use of such columns for gas chromatography of amines has
been reported. In order to elucidate the nature of interactions between the substrate
molecules and Bentone 34, retention ratios versus the same standard of reference,
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benzo(b)thiophene, were compared for each substrate on the two columns (under
otherwise closely similar conditions). Compounds investigated are listed in Tables
I-1II.

EXPERIMENTAL

Starting materials

Unless otherwise stated, all compounds used were commercially available
samples. 4,8-Dimethylquinoline!* and thieno(3,2-¢)pyridine!® were synthesized by re-
ported methods. Other thienopyridine compounds were available from research con-
ducted in our laboratory!-3.

Chromatographic procedure
The apparatus used was an I and M Model 810 dual column analytical gas
chromatograph with a thermal conductivity detecting system and a Leeds and North-
rup ro-mV electronic recorder. Stationary phase S was 10 %, Silicone FFluid DC 710
on 60-80 mesh Chromosorb G, packed in copper tubing 3/8 in. (O.D.) x 6.26 ft.
et PR, e a2 ee Yol w0 2V 123 YN o
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mesh Chromosorbs G and W (4:5, by wt.), packed in copper tubing 3/8 in. X 5.26 ft.

TABLE I
VPC RETENTION RATIOS ([2) OF THIOPHENE AND PYRIDINE COMPOUNDS AT 128°

No. - Compound B.pa Rgb Rpse Rpg/Rs
(°C)
I Benzo(b)thiophenet 221.5 1.00¢ 1.00! 1.0
2 2-Me-thiophene 113 0,10 0.09 0.9
3 3-Me-thiophene 115.4¥ o0.10 0.08 0.8
4 2-Cl-thiophenc 128.3 0.14 0.23 1.6
5 Pyridine 115.3 0.08 0.07 0.9
6 2-Me-pyridine 129.4 o.15 0.07 0.5
7 3-Me- pyrxchnc 144.1 0.14 o.11 0.8
8 4-Me-pyridine 145.4 0.16 0.13 0.8
9 2,4-DiMe-pyridine 158.4 0.21 0.16 0.8
10 3,4-DiMe-pyridine 178.8h:1 0.34 0.27 0.8
1z . 3,5-DiMe-pyridine 171.9 0.30 0.24 0.8
12 2-Et-pyridine 148.5 0.19 0.11 0.6
13 4-Et-pyridine 169.8! 0.27 0.21 0.8
14 - 2,4,6-TriMe-pyridine 176.5 0.30 0.19 0.6
15 2-Cl-pyridine 170 0.24 0.53 2.2
16 2,5-DiCl-pyridine 190.5N 0.46 0.70 1.5
17 2,6-DiCl-pyridine 211.58% 0.60 1.37 2.3
18 . 3,5-DiCl-pyridine 178.5h 0.34 0.42 1.2

& Unless noted otherwise, data are taken from ref, 17,
b Rg = R for 109, silicone column, phase S.
¢ Rps = R for 59, Bentone-59 silicone column, phase BS.
4 Internal standard in all runs.
e Corresponds to a retention time of 10~15 min.
t Corresponds to a retention time of 20-30 min,
& From ref. 18.
b From ref. 19.
1 Ref. 17 :nqu a low value of 16

1 At 750 mm.
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TABLE 1I
VPC RETENTION RATIOS (/t) OF QUINOLINES AND ISOQUINOLINES AT 180°

No. Cﬁiﬁ]‘iabﬁ‘d B.p.n Rsh Rpst Jri']j,g/l’?s
(°C)
I Benzo(b)thiophened 221.5 1.00° 1.00! 1.0
19 (,)uinoline 238 1.19 1.93 1.6
20 Isoquinoline 242 1.32 .75 1.3
21 2-Me-quinoline 247.0 1.62 1.95 1.2
22 4-Me-quinoline 262 2.17 3.77 1.7
23 5-Mec-quinoiine 2544 1.86 3.52 1.9
24 7-Me-quinoline 252 1.86 2.97 1.6
25 8-Me-quinoline 247.81 1.66 2.74 1.3
26 3-Br-quinoline 275 3.31 4.19 1.3
27 1-Me-isoquinoline 248 1.89 2.50 1.3
28 2,4-DiMe-quinoline 2064.5 2.72 4.75 1.7
29 2,6-DiMe-quinoline 2060.5 2.44 3.47 I.4
30 2,8-DiMe-quinoline 252 2.02 2.13 I.1
31 4,6-DiMe-gquinoline 273.5 3.35 7.33 2.2
32 4,8-DiMe-quinoline 258.5 2.77 3.36 1.2
33 2-Cl-4-Me-quinoline 200 4.45 I11.5 . 2.0
a—u See corresponding footnote in Table I.

e Corresponds to a retention time of 3-4 min.

f Corresponds to a retention time of ca, 5 min.

¥ At 735 mm,

h At 751 mm,
T oL o P PRSP, .05, [ T « S U b PRSI PO I R » [N N S SR (I
iSelore use, columns were conditioned at 200° 1for 24 h with a gentle fiow of helium
gas. Experiments were conducted at column temperatures of 128° (helium flow rate,
v e annl faaniea Lea .-.-n..-.n,.,...J.,-, nnnnnnnn A ’!‘ Tla T\ A LY « P« Y & PO DN » [RGi e Ry
LA 1111/111111} 101 1110 I.Ubybllb UJ.U.}JULI.“U.D \.l vlic .l.} cllCl d.L LOU kll‘llulll 1IUW 1dLe,
225 ml/min) for bicyclic compounds (Tables II and III). Samples (10-20 ul) of solu-
43mne rantalining o282 o Af rlagtrata nlitg 22 o Af hameoalhl4hinnlhanae fintoarnal
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erence standard) per ml of solvent (benzene or acetone) were injected into the chroma-
tograph. Adjusted retention times were measured in linear units from the air pealk.
In each run the adjusted retention time for the substrate was divided by that for the
standard to give the relative adjusted retention ratiol®, designated here simply as
‘“‘retention ratio” Average retention ratios (Rg for phase S, Rps for phase BS) for
duplicative run f (maximum variation in R, +59%,) are given in Tables I-111

Observation of Tables I and II shows that there is a general increase in retention
ratio with increasing normal boiling point (¢.e. with decreasing volatility) in these
simple derivatives of pyridine, thiophene, and their benzo analogs with silicone oil
as the stationary phase. This approximate relationship is presented in Figs. r and 2,
where log Ry is plotted vs. the temperature of the normal boiling point2°.

Boiling points of the thienopyridines in Table III have not been determined.
However, one finds very close values of Rg for the thienopyridine isosteres?!.22 (cf.
Nos. 34, 35; 36, 37) in Table I11. Moreover, these values are 8-10 % higher than for
their respective isosteres, quinoline and isoquinoline (Nos. 19; 20), in Table 11. Also,
derivatives of thieno(z,3-b)pyridine have Rg values ca. 5% higher than do their iso-
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TABLIE IIT
VPC RETENTION RATIOS (/) OF THIENOPYRIDINES AT 180°

No. Compound : Rgw» Rpst Rps/Rs
1 Benzo(b)thiophene® 1.004 1.00¢ 1.0
34 Thieno(z,3-b)pyridine! I.30 2.86 2.2
35 Thieno(3,2-b)pyridine! 1.29 1.84 I.4
36 Thieno(2,3-c)pyridinet I.45 2.73 1.9
37 Thieno(3,2-¢)pyridine! .43 2.12 1.5
38+ 4-Me-thieno(2,3-b)pyridine 2.26 5.23 2.3
39 6-Me-thieno(z,3-b)pyridine 1.70 2.97 1.7
40 4-Et-thieno(z,3-b)pyridineh 3.24 7.70 2.4
41 6-Et-thieno(z,3-b)pyridine® 2.48 3.57 1.4
42 4,6-DiMe-thieno(2,3-b)pyridine 2.86 6.70 2.3
43 4,5,6-TriMe-thieno(2,3-b)pyridine 6.05 11.0 1.8
44 3-Br-thieno(z,3-b)pyridinen 3.31 4.48 1.4
45 5-Cl-thieno(2,3-b)pyridine 2.46 4.68 1.9
46 5-Br-thieno(z,3-b)pyridine 3.49 5.37 1.5
47 2,3-DiCl-thieno(2,3-b)-pyridinet  3.64 5.08 I.4
48 6-Et-thieno(3,2-b)pyridine! 3.00 3.55 1.2
49 6-Me-thieno(3,2-c)pyridine! 1.81 2.24 1.2

n—c See footnotes b—d, respectively, in Table I.
4, e See footnotes ¢ and f, respectively, in Table 11,
t Structural formulas:

4
Cr1n T ) ] @ 7 T ] ]
6\N s 2 \N Na. s Naw

No. 34 No. 35 No. 36 No. 37

8 FFor Nos. 38 to 47, sce formula 34.

h Data on the syntheses and structures of these compounds will be reported elsewhere.
I See formula 35.

1 See formula 37.
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Fig. 1. Plot of log Rgs vs. temperature of normal boiling point for compounds in Table I.
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steric substituted quinolines (¢f. 21, 39; 22, 38; 26, 46; 28, 42). It is, therefore, reason-
able to assume that special polar or steric interactions do not occur between stationary
phase S and the thienopyridine substrates studied. Hence, Iig. 2 and the Rg values
in Table 111 might well serve as a means of estimating normal boiling points for com-

pounds 34—49.

1 1 b 1 1 i 1
220 230 240 250 260 270 280 290 300
B.p.,°C

Fig. 2. Plot of log Rgs vs. temperature of normal boiling point for compounds in Table II,

In general, retention times were larger for every compound with the BS phase
than the S phase, despite the shorter column used in the former case. (See footnotes
e and f in Tables I and II). The ratio Rpg/Rs = 7 is taken as a simple criterion for
evaluation of structural features pertinent to retention of substrates on Bentone
per se. In this regard one notes that for all monocyclic compounds studied which have
o-3 alkyl groups (Nos. 2, 3, 5-14) ¥ << 1.0. FFor all halogen-bearing monocyclic com-
pounds and all bicyclic compounds, on the other hand, » = r.0. For only eight
substrates is # > 2.0. Three of these eight (Nos. 15, 17, 33) have at least one chlorine
atom o« to nitrogen and four (Nos. 34, 38, 40, 42) are thieno(2,3-b)pyridines (sulfur
atom o to nitrogen). In fact for each of the 15 compounds studied which has either
a chlorine or a sulfur atom « to nitrogen » = 1.4 and averages I.g, as compared to
an average of 1.5 for all other 21 substrates for which » > 1.0. For 2-chlorothiophene
(chlorine atom « to sulfur) » = 1.6,

For interpretation of these » values it is instructive to consider briefly the known
structure of the stationary BS phase. Bentone 34 (dimethyldi-n-octadecylammonium
montmorillonite)? is a non-stoichiometric (but electrically neutral) compound con-
taining aluminosilicate sheets intercalated with tetraalkylammonium ions, (CHjy),-
N+R,, where R = (CH,),,CH,?*-25, Net negative electronic charge on the sheets
results from isomorphous replacements of AI(III) and Si(IV) atoms with metallic
elements of lower valence. The interfacial surfaces of the sheets bear incompletely
coordinated metal atoms, Mn+ (where M = Si or Al), which may serve as Lewis
acidic sites. As determined by X-ray measurements, the interlayer distance is more
than 18 A. In accordance with proposals for monoalkylammonium montmorillonites2s,
it is presumed that the positive centers of the intercalated ions.lie close to the inter-
facial surfaces, while the long R groups from a relatively thick interlamellar non-
polar region, also occupied by molecules of silicone in Bentone-silicone mixtures. Our
substrate molecules are sufficiently small in size that they should readily penetrate
into the non-polar region. The marked retention of polar molecules by montmoril-
lonites?? is ascribed to adsorption at the interfacial surfaces, where aspects of size,
shape, and orientation of the substrate molecule become pertinent.

J. Clhvomatog., 51 (1970) 433—439
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The high » values for the «-chloropyridines, the a-chloroquinoline (No. 33),
and the thieno(z,3-b)pyridines (Nos. 34, 38—47) are consistent with retention of these
molecules by Bentone 34 by means of simultaneous coordination (chelation) of both
the ring nitrogen atom and its «-nucleophilic substituent atom (X) to a single Lewis
acidic site on the aluminosilicate sheet (see Fig. 3). A similar chelate structure could

o N o

\N/\ 5&: r \N/\
// \ /
W//UW W//{///W’/'W/' /7777/777/777/ //W 7

Fig, 2.
mng. 3.

be formed with 2-chlorothiophene. The marked difference in Rzs values for thieno-
(2,3-b)- and thieno(3,2-b)pyridines is especially notable. The general phenomenon of
simultaneous anchoring by two favorably juxtaposed sites on the adsorbate to one
site on the adsorbent is a familiar one in chromatography?®.%.

Steric hindrance by an alkyl group « to the heterocyclic nitrogen atom is readily
apparent in the chelated thieno(z,3-4)pyridine system. Thus, contributions toward
the 7 value fall in the orders y-Me > H > «-Me (Nos. 34, 38, 39); y-Et > H > «-Et
(Nos. 34, 40, 41) ; a-Me > a-Et; and «,y-diMe > «,,y-triMe (Nos. 42, 43 — buttress-
ing effect) Steric hindrance to coordination at the nitrogen atom is also noted in

LUIIIPUUJIU.D Wll.t:lﬁ LllUld.LlUIl .lb lllll)Ubbll)lc UIIC uuu:, or U.Ulb \111 I’) Ul. 'y*'lV.I.U = IJ"lVJ.b )U.

Me (Nos. 6-8), y-Et > «-Et (Nos. 12, 13), and ¢, y-diMe > «,&’, y-triMe (Nos g, 14)

4+l nnereidima coradart ag ....\11 ne = mr.\ m_N MM > IT ~ pass 1\/f Ma (N
u; Lll.b Pyllulllc SYStCITl asS Wi a8 5-1iC, 7-a, Y- = 1n /llolo-xuc > a~-Me \LVUB J.y,

21-25). and y,6-diMe > «,y-diMe >H > «,6-diMe > y,peri-diMe > «,peri-diMe

INAe v ~AR_23\ 31 +hao e Aninaling cvcta Aand T ~ &~_.Ma NAaec 2 4a0) 3rn +tha +hianno

\L‘Ua J-v = \J Jal 411 Liiw Llujl‘ULJ.lLb :ya\.ualj. CLILINL AL o~ W 4VAC \A"UD a/, ‘—‘ﬁ\l ALL Liliw LiLliwliw

(3,2-¢c)pyridine system.

. For 3-bromoauingline (No, 26) and the halo-substituted thieno(2,3-b)pvridines
or 3-bromoquinoline (No. 26) and the halo-substituted thieno(2,3-b)pyridines

(Nos. 44—47) wherein the halogen atom occupies a position removed from the nitrogen

~atom, the halo derivative has an » value lower tl an that of its parent compound

This is consistent with electron withdrawal from the nitrogen atom by the halogen
atom. The order §-chlorothieno(z,3- b\nvndme > 5-bromothieno(2,3-b)pyridine
Nos. 45, 46) may reflect dlfferences in bulkiness of the halogen atoms, in addltlon
to differences in their electron withdrawing abilities. It might be noted, however,
that 3,5-dichloropyridine (No. 18) does not fit this model well.

On the basis of the foregoing relationships it seems fairly clear that, in general,
the pyridinoid ring in our compounds is adsorbed by coordination through the 7-elec-
trons of the nitrogen atom to a Lewis acidic site on the aluminosilicate sheet in the
Bentone-silicone phase. Since only oxygen atoms are believed to occupy the outer-
most layer of each face of this sheet while the acidic sites occupy the second layer
(partially exposed), it seems probable that the coordinated pyridinoid ring will as-
sume a perpendicular or tilted geometry with respect to the plane of the sheet?®,
Effects of steric hindrance by alkyl groups « to the nitrogen atom would be most
pronounced in such an orientation.

Insufficient data are presented for the thiophene, isoquinoline, and two thieno-
pyridine systems (Nos. 35, 36) to permit meaningful interpretations to be made in
these cases.
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