13c NMR SPECTRA OF 8-MERCAPTOQUINOLINE DERIVATIVES
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The additivity of the effect of the increments of the substituents on the 3¢
chemical shifts in polysubstitutéd quinolines is demonstrated. In the case of
substitution in the pyridine part of quinoline (R = CHz, OCHj3, SCHs) the ortho
increments are depressed as compared with the increments in benzene derivatives.
This is associated with a change in the charge on the ring carbon atom and po-
larization of the C—H bond because of steric hindrance.

In a continuation of our studies of the *3C NMR spectra of quinoline derivatives [1-4]
in the present research we examined the increments of the substituents and their additivity
in 6~methyl, 6-chloro, 6-bromo, 6-methoxy, 3-bromo, 4-methyl, 4-methoxy, 4-methylthio, 2~
methyl, 2,3-dimethyl, 2,4-dimethyl, 2,6-dimethyl, and 2,4,6-trimethyl derivatives of 8-
mercaptoquinoline (Ia-XIIa) and 8-(methylthio)quinoline (Ib-XIIIb). The increments of the
substituents were determined from the spectra of 6-methyl- [5], 6-chloro-, 6-bromo-, 6~
methoxy- [5], 4-(methylthio)- [1], 2-methyl- [5], 2,3-dimethyl- [6], 2,4-dimethyl- [6],
3-methyl- [5], 8-mercapto~ [2], and 8-(methylthio)quinolines (I-IV, VIII-XI, and XIV-XVI)
[2]. The '°C chemical shifts of quinoline (XVII) are presented in [1]. The assignment of
the signals was made on the basis of the spectra without decoupling of the protons or with
extraresonance suppression of spin—spin coupling. The 13¢ chemical shifts and the incre-
ments of the substituents are presented in Tables 1 and 2. The contributions of the sub-
stituents to the *3C chemical shifts of Ia-XIIIa and Ib-XIIIb are compared with the values

TABLE 1. '°C Chemical Shifts (8, ppm) of Quinoline Deriva-
tives

Com~

[ Csy Cy Cs Cs C; Cq Co | Cpo C—R
pound

I [149,3]120,8]135,01126,5]135,9 ]131,4 1129,1 {147,0[128,2 | 21,2 (6-CHy)

1a|148,61121,9(136,4]123,8]136,6 |129,1 |134,7 1142,4 |1289 21,5 (6-CHs)

1b}148,81122,11136,1 123,1 |137,0 |125,6 1140,0144,8 |128,7 ) 22,3 (6-CHg); 14,8 (8-SCHy)
11 1151,01122,31135,31126,8{132,6 {130,7 {131,61147,0 1129,2
1121149,61122,81136,21123,21132,3127,31137,91142,2 129,1
11 {151,11122,2 1135,11130,1 {120,8 [133,1 {131,6 |147,1 [129,5
11121149,8|122,81136,1 [126,5 (120,5 [129,7 [138,1 |142,3 1129,7

111b {1496 (122.9 1135.6 1125:8{121,3 11256 143,3(144,2|129,1 | 14,7 (8-SCH3)
1valia7.0(122.3[136.0 1027 [157,7|119.7 36,9 (1402 |130,0 | 56:2 (6-OCH
1Vbi146.:81122.4[135.5|101.2 {158.3 |115.9 |142.3 [142,3{129,5 | 55,7 (6- OCHS) 14,6 (8-SCH;)
valls0,5|118:3 (1381 123.9]128,0[127,7 (1356 |142:0(129.8
vbl15031118.4(137.8[123.0(198,2[123,6 [141,1 |144,0(129,5 | 14,7 (8-SCH,)
Viaj149'2|122.9145,3|120,9 [126,6 |127,4 |136,1[143,9{129,1 | 19,2 (4-CHs)
vIb|14971|1230 1451 [119.9{126,8 |123.0 {1410 145,5 |128,5 | 19,4 (4-CHy); 14,8 (8-SCHs)
VIIal15001101.0 1640 [118511263 [128,8 {136,5 |144,8|122,2 | 56,6 (4—OCH
VIIb1507 1013|1630 1181 |126,2|123,8 |140,0|146.6 |121,7 [ 56,3 (4-OCHs); 14,9 (8-SCHs)
Viilal118.1]1156|150,5 |120.1 |126,5 (127,9 (136,3 |142,9|127,0 | 14,7 (4-\5 H,
VIIb|148.4(115.9(149.6 |1195 [126,7|1236 (141,3 (144,3 |125,3 | 14,8; 14,6 (4-SCH,, 8-SCHy)
1Xal158.4 1227|1372 |124/4 (1260|1271 {134.7 {143,1 |127,1 | 25,7 (2-CHa)
1Xbl1583 |122:9 {136.6 {123.6 |126,2[123,0 (139,6 |145,3 [126,7 | 25,7 (2-CHs); 14,5 (8-SCHy)
Xa|158.2[130:9|136.2 |123.6 {1259 {126,1 |134,4 |141,6 127,9] 23,8 (zc o)+ 19,6 (3-CHjy)
Xb|1583]1311(135.6 {123.1|126,2{122,2 [139,4 |1442 {127,6 | 24,0 (2-CHa); 19,8 (3-CHy);
14,6 (8-SCH;)
X1al157,4|123.4 |146,6 |119,9 |125,8(127,6 |136,3|142,6 |127,1 | 25,2 (2-CHy); 19,1 (4-CHs)
X112|157.4|122.6 |136.6 (123,5 |135,6 [129,1 |134,2 1419 {127,1 | 25,6 (2-CHj); 21,8 (6-CHs)
XIIb|157,5125.0 {136.1 [123.0 |135,9 |125,3|139,2 {1442 |126,7 | 258 (2-CHy); 22,2 (6-CHa);
14,8 (8-SCH;)
X11Ta|156,41123,4145,7]119,3]135,7 |129,5 ]136,0 |141,2|127,2 25,19 I(Q(CHs) )222 (6-CHa);
XIITh|156,8 {123,6|143,9|118,9 |135,3|124,7 |139,8]143,9 |126,5| 25,4 (2-CHy); 224 (6-CHy)

19,0 (4 -CH;); 14,7 (8-SCHs)
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ncrements of the Br and OCHs groups in Va and
in the spectrum of the I molecule made in [5].

LDOoOCLOMOToWOoOMOO

AB (Cy) [ AD (Co} | AD (C4) | A (Cs) | AG (Cq) [AB (C7) |AS (Ca) {AB (Co) {AB (Cpo)

Increments of the Substituents (A§, ppm) in Mono-

substituted Quinolines

TABLE 2.

On the basis of the add

Experimental (calculated) Changes in the *3C Chem-

ical Shifts (AS, ppm) of Quinoline Derivatives Relative to
6
6)
3
6)
2
1}
9
8)
6
8}
7
8)
2
8)
5
5)
8,5

8Calculated from the increments of the SH group in XV.
culated from the increments of the SCHs group in XVI.
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'°C chemical shifts in the spectra of Ia,

calculated by means of the additive scheme in Table 3.
agreement of these data we calculated the i
the assignment of the Cs and C, signals

Vb and VIIa and VIIb (Table 2).

uents to the



When the quinoline molecule is substituted in the benzene ring (in the & position),
the A8, values of the substituents do not differ substantially from those in monosubstituted
benzenes, The differences in the A8, values of the substituents in I-III are due to the
differences in the change in the charge (q) on the carbon atoms [1]. In IV polarization of
the Cs—H bond as a consequence of steric hindrance is superimposed on this effect. Accord-
ing to the results of the calculation within the CNDO (complete neglect of differential
overlap) approximation, Aq = —0.08 and —0.05 e, respectively, in IV on the Cs and C; carbon
atoms, which, according to the data in [1], amounts to ~ —16 and —10 ppm. The correspond-
ing ASe values for the OCH; group in IV are -23,3 and ~7.8 ppm, and it may be assumed that
the A conformation is realized primarily in solution in CDCls. This conformation is also
retained in the IVa, b molecules (Table 1).

CH, O~ CHy
¢}
00 OO
N N
A B

It may be assumed that the overall effect of substituents on the chemical shifts of
the carbon atoms in the orthe positions in the examined compounds remains virtually the
same as in substituted benzenes. In the spectra of I-IV the shift of the C; and £, signals
to strong field, according to the results of the calculation, is associated with an in-
crease in the electron density on these atoms. This can be linked with separation of the
para effect of the substituent on the Cs, C4, and C, atoms (the ASp values for the CH,; and
OCH, groups are smaller than those in substituted benzenes).

When the XVII molecule is substituted in the pyridine ring, the ASy and A8y values of
the substituents decrease as compared with benzene derivatives; in the case of VI-VIIL this
is associated with weakening of the interaction of the substituent with the ring because of
steric hindrance. The latter gives rise to a strong-field shift of the Cs signal (Table 2).
The differences in the ASe values of the OCHs group in the VIIa (VIIb) molecules are due
partially to the existence of these compounds in the B conformation. It is interesting to
note that, despite the absence of any steric hindrance, the Br atom in Va and Vb has ex-
tremely low A8y and Ado values as compared with those in the III molecule. It is possible
that the weak interaction of the substituent with the quincline ring in this: case is asso-
ciated with the increased electron density on the Cs; atom (in. the XVI molecule the charges
on the Cs and Cg atoms are —0.026 and —0.002, respectively. [1]). According to the results
of the calculation, for example, the coupling of the NH. group in the 6 position with the
quinoline ring is stronger than that of the NH: group in the 3 position, and this leads to
a decrease in the C—NH. bond length (0.14 and 0.142 nm, respectively).

EXPERIMENTAL

The *°C NMR spectra of the compounds in CDCls were obtained by the method in [1]. Com~
pounds Ia, b-XIIIa, b were synthesized by the method described in [8l.
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