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Abstract - N-Ethylquinaldinium selts heated in & solvent in

the presence of a secondary amine yield 8,13-diethyl-6-methyl-
8H-quino[4,3,2~de] scridintum salts. The structure of the iodide
is determined by X-ray analysis, It is found thet bond distan-
ces in quinoscridinium system are strongly affected by reso-

nance interactions,

In the course of our studies on cyanine dye formation we have found that if
syntheses using N-alkylquinaldinium salts are carried cut in the presence of
a strongly basic secondary amine, such as piperidine or pyrrolidine, instead of
the commonly used sodium or potaesium hydroxide, several coloured products are
formed in considerable amounts in eddition to the required cyanine.1 The distri-
bution of these products depends on the substrate as well as on the reaction
conditions,

In this paper a novel reaction of N-ethylquinsldinium iodide in the presen-
ce of piperidine is reported and the structure of the reaction product, as de-

termined by X-ray anslysis, is described,

RESULTS

We have found that N-ethylquinaldinium jodide heated in ethanol with an
equimolar amount of piperidine yields as the main product (over 60%) an in-
tensely red crystalline compound which, according to elemental anslysis, might
have the same formuls ss pseudocyanine iodide, However, its UV-VIS spectrum
(Fig. 1) indicated that there were considerables differences in their structures.

8oth 1H and 13C NMR spectra indicated that the compound contasined 19 carbon
atoms in a8 heterosromatic system and s methyl group., Thus it was avident that
two molecules of quinaldinium lodide haed teken part in the reaction, The number
of quaternary carbon atoms (9 according to the off-resonance spectrum) indicated

that in reaction a novel ring closure had occurred,
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To determine the structure of the reaction product an X-ray analysis was
undertaken. The compound wes thus identified as 8,13-disthyl~G-methyl-8H-quino=~
[4,3,2-de]acridinium 1odide,

€10

A nm

Fig, 1, UV-VIS gpectrum of 8,13-diethylG-methyl-BH-quino[4,3,2-delacridiniunm
iodide {full line) and poeudocyanineyiodidg (dott;d‘line}

The structure of the product shows that it is formed in a multistep resce
tion es a result of ring opening at the C2-N bond of ons of the molecules of
N-ethylquinaldinium iodide and two ring closures, The resction requires cleavage
of 6 bonds, one C«N and five C-H, the formation of 4 new bonds: one double and
two single ones, and removel of five hydrogen atoms, The resction sequence naeds
clarification., It remains unclear how the hydrogen stoms ars removed, but it
seams probable that another molecule of the quinaldinium salt might serve as the

acceptor of hydrogen atoms, and in further rsactions decomposesto tar,

STRUCTURE

The shape of the cation with the numbering system is shown in Fig, 2 snd
torsion angles in Fig, 3. Bond lengths and sngles are given in Table 1 and Teb-
le 2, The bond lengths are generally those expected from considesration of the
18 resonance forms with the positive charge locatsd at N{18) or N{13}, The
C-C and C-N bond lengths in the ring system are in the rangs 1,36{1) - 1.47(1)
and 1,36(1) ~ 1,40(1) R respectively. The longest bond is between C(4A) end
Cc{4B); only two of sbove mentionsd 18 resonance forms have a double bond at
this position,

Substitution of N{13) with the ethyl group results in overcrowding bet~
ween C{12) and C(17). Analogously to overcrowded regions in polycyclic aromatic
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hydrocarbons, we can refer toc it as “"the bay region®. In hydrocarbons the over-
crowding is relieved wmainly by bond torsions with the plaenar distribution of
bonds around C atoms praserved.2 The presence of a more easily deformasble N atom
in the "bay region™ introduces an additional way to relieve the strain, The nit-
rogen N{13) astom in the “bay region” shows a slightly pyramidal configuration of
bonds and is at a distance 0.103(1) & from the plane through ¢€{17), C{13A) and
c({128}, Howsver, as in polycyclic hydrocarbons, bond torsions alsoc give rise to
ring buckling,. While for the planar conformation torsion angles should be 0° or

180°, in the "bey region” values as high as -16(1)° are observed (Fig. 3).

Fig, 2. View of the cation showing Fig, 3, Torsion angles in
the atomic numbering the cation system

Another overcrowded region in the cation lies betwsen C(4) and C(5), Here the
strain is mainly relieved by torsion ¢ C(4) - C(4A) - c(4B) - c(s) = -16(1)°,
and distortion of valence engles from the typicel 120° values, so that finally
the H atoms connected to C(4) and C{6) sre 2.1 X spart,

The crystal packing 1is shown in Fig., 4 and intermolecular distsnces are
given in Table 3, In addition to the cation snd snion there are two chloro-
form molecules in the asymmetric part of the unit cell, One of the chloroforam
molecules is disordered between two possible orientations occupied with 1:1
proportion, The C atoms of the chloroform molecules have close contacts with
the I ion (Table 3),

All distances between the anion and cation are longer then 4 A. There is

a considerable overlep of the system of two sysmetry - related cation (inveraion

centre at 1/2 1/2 0),
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c{z2)
cl1)
cl(2)
c{3)
c{4)
cl{4)
c({4B)
claa)
cis)
c(4A)
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cis)
c(s)
ci{7)
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c(?)
N{8)
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Table

c{s)
cl{7)
c{10)
c(12)
c{11)

clz2)
c{3)
ci{4)
c(4a)
claB)
c{13A)
c{s)}
c{12c)
ci{e)
c(7)

- c{1}
- cl{2)
- ¢(3)
- cl4)
~ ClaAa)
- c{4A)
- cl4a)
- c{48)
- c{48)
- c{48B)
- ¢(5)
- c{s)
- ¢i{s)
- ¢(s)
- c{7)
- c{7a)
~ c(7A)
- c{7Aa})
- N{g)
- N{8)
- N(8)
- c{sA)
clsa)
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Table 1, Bond distances (R).

1.37(1)
1,37(1)
1.38(1)
1,.39(1)
1.47{1)
1,42(1)
1.40{1)
1,40(1)
1.40{1)
1,36{1)

- C{13A)
- ¢{3)

- cla)

~ c{4A)
- c{48)

- C{13A)
- c{13a)
- ¢{s5)

- c{12C)
- c{120)
- ¢i{s)

- cl{7}

- c{14)

- c{14)

- c{7a)
- Ni8)

- c{1zc)
- ¢c{12¢)
- c{8A)

- cl1s)

- c{15)

- ¢{9)

- C{12A)

vees Cl111)
eees Cl111)
eees ClaBt)
sese C{7A
vees C{7a)

1)
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symmerty codes: i

ci{s)
c{7)
c{7A)
c(7A)
N{8)
N(8)
ci8A)
claA)
c{9)
cl{10}

121{1)
121{1)
120(1)
122(1)
125{1)
1181}
116,8(9)
122.1(9)
120(1)
117.7(9)
120{1)
121(1)
119{1)
121{1)
121{1)
122(1)
118,8(9)
119.3{9)
123,5(9)
119,5(9)
116.7(9)
122(1)
117,.2(9)

3.67{2)
3,85(2)
3.38(2)
3,39(2)
3.58{2)

JuX ey

- c{a14)
- c{7A)
- N(8)

-, c{12¢)
- clsa)
- c(18)
- ¢{g)

- c{12a)
- ¢(10)
- cf11)

-2

1,60{1)
1.42{(1)
1.36{(1)
1.43(1)
1.40{1)
1.66(1)
1.40{1)
1.44(1)
1.36{1)
1.40(1)

Table 2, Bond angles (°},

c{9)
c{sa)
cl9)
c{10)}
c{11)
c{12)
cl{12)
cl{12m)
c{12a)
N(13)
n(13)
c{128)
c{128)
cl{48)
c{128)
c{128)
c{13A)
N{13)
N(13)
cl1)
n{g)
N{13)

cl11)
cla2)
c{12a)
c{128)
c{128)
N{13)
N{13)
ci1s)
cl{17)}

claa) -
cle) -
c{10} -
c{11} -
cf{12} -
cl{12a) -

- c{12A) -

cli2a) -
c{128) ~
c{128) -
clizs} -
cl{izc) -
cl{izc) -
cf1zc) -
N(13) -
N{13) -
N{a3) -
c{13A) -
c{13a) -
c{13a) -
c{1s) -
c(17) -

1{1) .... c{19)
1{1) .... clzoatl) 3.e8(1)
1{1) .... c{208*t) 3.67(1)

11 2ex

-y 1=z

- cf{12) 1.386(1)
- c{12A) 1,.43{(1)
- c{128) 1.41{1)
- c{12c) 1.42{1)
- N{13)  1,38(1)
- c{13A) 1.40(1)
- ¢cla7)  1.s0(1)
- c{16)  1,43{1)
- c{i8) 1,81{1)

cl12a) 121{1)
c{10}  120{1)
c{11) 121(1)
c{12) 120{1)
cl12a) 122(1)
c{128) 123(1)
c{sa) 115.8(9)
cl{sa) 121,0(9)
c{12c) 118.1(9)
cl{12A) 123.2(8)
c{12c) 118,7(9)
c{48) 121.0(9)
c{7a) 119,7{(9)
c{7a) 121,0(9)
cl{13A) 119,6(s8)
c{17} 120.0{8)
c{17} 118,.8{8)
cl1) 121{1)
c{4A) 120,7{9)
c{4a) 118{1)
c{is) 108(1)
cli8) 111.8(8)

3. Intermolecular distances shorter than 3.6 R for C-C and C-N
contacts and shorter than 4.0 & for I™-C and I"-N contacts.

3,76{1)
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A scheme of the overlap is shown in Fig, 5. The closest contscts between the two

overlaping units are between C(7A),,..,C(12) and c¢(4B),,,.C(10) (Table 3).

an

3

Fig., 4, Projection slong c axis Fig. 5. Scheme of the cation
showing molecular packing. overlapping.

EXPERIMENTAL

Synthesis

Piperidine (1 ml, 0,01 mole) was added to a» boiling solution of N-aethyl-
quinaldinium iodide (3 g, 0.01 mole) in ethanol (100 ml), end the mixture waa
boiled for 10 hrs, After concentration to 20 ml and cooling to room temp,, a
red crystalline precipitate of 8,13-diethyl-6-methyl-8H-quino{4,3,2-de]acridi-
nium iodide is obtained, m.p. 204 - 205 °C after recrystallization from ace-
tone (1.47 g, 63.2%).

The product is essily soluble in trifluorcacetic ecid end trifluoroacetone,
and slightly soluble in methanol, ethanol, acetone, chloroform, methylene chlo-
ride, nitromethans, OMF and DMSO,

TLC: Silicagel (Merck, 0.25 mm), sluent: n-butencl - acetic scid - water
(1:4:2), Rf = 0,36,

Elemental analysis: 61,13% C, 5,29% H, 6.,34% N ; 024H23N21 requires:
61.81% C, 4,97% H, 6.01% N,

Spectra:

NMR spectra were messursd at room tempsrature as solutions in DMSO-d6 to
provide the deuterium lock, with internal TMS as reference.

The 1y NMR spectrum was recorded st 100 MHz on Varian XL 100 spectrometer.
The 13¢ MR spectra were recorded on a Jeol Co FX 90Q 22,50 MHz spectrometer,
B800C scens were accumulated for the proton decoupled 13 spectrum and 20000
scans for the 130 spectrum with off-resonance proton spin descoupling, A 7 us
pulse width with a repstition time of 1,1 s, a spectral width of 4000 Hz and
8K data points were utilized for accumulation, which were then Fourier transfor-
med with a Jeol-980 computer,
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H NMR:
8 (ppm) multiplicity No of protons assignment
1,22 t 3
1,72 t
4.83 q g N-ethyl groups
5.31 q p-d
2,85 8 3 methyl group at sromstic ring
7.63-8,55 multiplet 10 protons of aromatic rings.

13¢ nmr: § {ppm), assignment

aliphatic carbon atoms:
11.76, 15,17 - CH; of N-ethyl groups
42,60, 52,06 - CH2 of N-ethyl groups
22,17 =~ CHy group at aromatic ring

aromatic carbon atoms:

114,99, 115,21, 123,12, 130,98, 136,23, 138,79, 141,82, 148,15, 152,75 ~ quater-
nary carbon atoms of heteroaromatic ring;

112.82, 115.73, 117,07, 120,67, 122,70, 126,27, 124,53, 129,23, 130.73, 135,84 -
other carbon atoms of hetercaromatic ring.
X-ray structure determination:

Red crystals were obtained by recrystallization from chloroform, X-ray dif-
fraction data were collected on a Syntex P2, diffractometer from a well - formed
crystal with dimensions 0.5 0.4% 0,4 mm, The crystals of ‘?24H23Né]* I” 2 CHCl4
are triclinic, P1, with a = 11,868(4), b = 13,120(4), ¢ = 11,091(2) &,

o« = 94, 46(2), p = 113.84(2), y = 106.48(2)°, Vv = 1476.6(6) &3, z = 2,

y(MoKa) = 15,23 cm~ 1, 0, = 1,67, B = 1,69 gcn"s. 3585 unique reflections with
26 g 45° were measured of which 2603 had I> 1,96 o(I) and were considered ob-
served, The I~ ion position wes found from e Patterson map and the positions of
the remaining atoms were determined using the DIRDIF> program, The structure was
refined by full-matrix least-squarss techniques {(with counter-weights) to a fin-
al value of R = 0,058 end Rw = 0,065, The final refinement included anisotropic
non~H atoms and an empirical isotropic extinction parameter x, used to correct
the calculated structure factors sccording to F; = Fc(i - chz / 8in8), which
converged at x= 1,9(2) 10'3. All hydrogen atoms were pleced in idealized posi-
tions and contributed to Fe but were not rafined, All calculations were perfor-
med using DIRDIFs, SHELX 784 and local progremss. ORTEP® and PLUTO’ wers used
for drewings, All supplementary crystallographic dats are available on request
from the Cambridge Crystallographic Data Centree.
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