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Abstract —Consecutive treatment of methyl-substituted quinolinium and 2,6-diarylpyrilium perchlorates
with sodium ethylate and equimolar amount of anhydrous cadmium(ll) trifluoroacetate gives 2- and 4-me-
thylenecadmium-containing salts of the above heterocyclic cations #9780 yields. The reactions of the
cadmium-containing quinolinium and pyrilium salts with hydrochloric acid, acetic anhydride, mercuric tri-
fluoroacetate, SngJ and nickel(ll) trifluoroacetate, resulting in substitution of the CdOCQQ@Foup by
hydrogen, Ac, HgOCOC) SnCl, and NiOCOCE; respectively, were studied.

Earlier we showed [1, 2] that pyrilium and quino- colored solutions of unstable methylene ba%#k—
linlum salts with active methyl groups in the 2 and 4XIl. The sodium perchlorate was separated, and the
positions of the heterocyclic system are readily merfiltrate containing compound¥Il -XII, was treated
curated under the action of mercury salts by way ofyith equimolar amount of anhydrous cadmium(ll)
substitution methyl hydrogen atoms by HgX (X =gacetate or trifluoroacetate. The reaction with cad-

CH,COO, CRCOO). We attempted to accomplish the yiym(11) acetate almost did not occur at room tem-
same reactions with similar salts of cadmium whic erature, while on heating methylene basés—Xi|

is an isoelectronic analog of mercury. However, unde ecomposed to give reddish-brown tarry materials. In

the “direct” mercuration conditions [1, 2] the above . " .
salts of heterocyclic cations failed to react withthe second case, just after addition of cadmium(l)

equimolar amounts of anhydrous cadmium acetate (SFgluorogce;ate " the'thc_olg O.f t?e rea;:tlon mltxture
trifluoroacetate under reflux in anhydrous ethanolCNaNged abruptly within== min at room temperature.

Therefore, for preparing cadmium-containing quino/\tér appropriate treatment of the reaction mixture
linium and pyrilium salts, we used theindirece We obtained cadmium-containing quinolinium and
mercuration procedure [1, 2]. As a first step, quinoPyrilium trifluoroacetates XIll —XVII - and XVIII,
linium salts -V or 2-methyl-4,6-bis(4s-butoxyphe- respectively) (Table 1) in 8®7% vyields. The pro-
nyl)pyrilium perchlorate Y1) were treated with equi- ducts proved to be highly hygroscopic substances
molar amount of sodium ethylate to obtain brightlydeliquescing in air in 1615 min.

Table 1. Yields, constants, and elemental analyses of compoufitls-XVIII, XXVI , and XXVII

. Found, % Calculated, %
Comp. | Yield, mp,
no. % oC Formula

C H Cd(Cl)| N C H Cd(Cl)] N
Xl 97 90-92 36.36 | 2.22 | 22.69| 2.83 | C;sH;;CdRgNO, | 36.87 | 2.43 | 22.80 | 2.94
XV 88 101102 | 36.36 | 2.22 | 22.69| 2.83 | C5H,iCdRgNO, | 36.71| 2.54 | 22.68 | 2.74
XV 91 142-144 | 37.72| 2.55 | 22.04| 2.75 | CygH;3CdRNO, [ 37.85| 2.68 | 21.93 | 2.81
XVI 93 136-137 | 43.09| 2.33 | 20.16| 2.51 | C,oH,3CdRgNO, | 42.96 | 2.48 | 20.33 | 2.44
XVII 85 155-156 | 43.09| 2.33 | 20.16| 2.51 | C,oH;3CdRgNO, | 43.21| 2.56 | 20.28 | 2.64
XVII 80 100-102 | 49.45| 4.12 | 15.42 - C3gH3oCdR;0; 50.20| 4.02 | 15.60| -
XXVI 35 160-162 | 47.09 | 3.35 |(17.18)] 3.57 | C;gH;3CIoNSn 46.98 | 3.18 | (17.37) 3.43
XXVII 48 182-184 | 47.83| 2.64 - 2.93 | CygH.5FgNNIO, | 47.65| 2.58 - 2.78

2 With decomposition.
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We suggest the reactions in study to involve elec- The composition and structure of compounds—
trophilic addition of cadmium(ll) trifluoroacetate to XVIII were confirmed by the elemental analyses
the most nucleophilic exocyclic double bond of me-(Table 1),’H and®F NMR and IR spectra (Table 2),
thylene basesVvIl -XIl . Evidently, the electrophilic mass spectra, and chemical transformations.
activity of cadmium(ll) trifluoroacetate in these reac-Thus, the IR spectra contain two bands in the region
tions is higher than that of cadmium(ll) acetate. Asof 1700-1640 cn* due to carbonyl stretching vibra-
with related mercury salts [3], this is probably ex-tions of the FRCCOQO anion and of the metal-contain-
plained by the enhanced tendency of cadmium(ll) triing fragment CAOCOCE In addition, the IR spectra
fluoroacetate to acquire an ionic structure like contain bands at 1178203 cm’ due to trifluoro-
due to the strong-l effect of the trifluoromethyl acetate €O vibrations and bands characteristic of
groups [4]. various vibrations of the corresponding aromatic

systems [5, 6].

(”) In the '*H NMR spectra of cadmium-containing
O-C—CR; salts XIIl -XVIII , like in the specta of related mer-
/ N — ’
Cd\o_c _)CF3<— [F3C‘_%0Cdr O%_)C'% cury derivatives [2], the methylene proton signals are
[ ] ) shifted downfield by 0.50.9 ppm from the CH
o A proton signals of the starting compountsVI. As
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1072 DENISOV et al.

Table 2. IR, H, and 1% NMR spectra of compoundXIll -XVIIl, XXVI , and XXVII

IR spectrum, cmt

19
C?]rgnp. IH NMR spectrum,s, ppm F NéVIR sprictrum,
" | aromatic system v(C-O) | v(C=0) F PP
Xl 1540, 1460, 865, 1200 |1700, 16429.38-8.28 m (6H, quinolinium ring), 4.94 s| -76.13,-76.87
804, 780, 734 (3H, *NCHy), 3.51 s (2H, CHCd, 2y 78.8 Hz)
XV 1538, 1482, 858, 1197 |1698, 16409.32-8.18 m (6H, quinolinium ring), 4.83 s (3H, -76.11, -76.85
805, 775 *NCHy), 3.48 s (2H, CHCd, 2Joqy 72.0 H2)
XV 1539, 1471, 866, 1205 |1701, 16529.29-8.25 m (6H, quinolinium ring), 4.96 q (2K, -76.12, -76.86
803, 782, 762, 72p *NCH,), 3.49 s (2H, CHCd, 2Jcyy 81.2 Hz),
1.48 t (3H, CH)
XVI 3112, 1620, 1552 1215 |1700, 16589.58-7.92 m (11H, GHs, quinolinium ring), -76.21,-77.02
1492, 1465, 3.65 s (2H, CHCd, Zegy 142.3 Hz)
1412, 861, 803,
778
XVII 3118, 1610, 1540 1218 (1700, 16509.59-7.94 m (11H, GHs, quinolinium ring)( -76.23,-77.04
1493, 1460, 3.70 s (2H, CHCd, 2Jcqy 158.8 Hz)
1410, 850, 802,
780
XVIII 11628, 1590, 1522 1202 |1688, 16458.82-8.56 m (2H, pyrilium ring), 7.927.05 m| -76.31, -77.20
1480, 862, 785, (8H, 2GH,), 3.98 t (4H, 20CH), 3.62 s (2H
720 CH,Cd, 2Jogy 152.3 Hz), 1.781.52 m (8H
2CH,CH,), 0.87 t (6H, 2CH)
XXVI |3110, 1618, 1558| 625 9.527.88 m (11H, GHs, quinolinium ring),
1498, 1471, 1415| 49 3.82 s (2H, CHSn, g, 65.8 Hz)
857, 804, 775
XXVII 13112, 1620, 1560{ 1203 |1700, 16489.56-7.90 m (11H, GHs, quinolinium ring), -76.18, -77.05
1489, 870, 834, 3.62 s (2H, CHENi)
776, 718
& y(C-Sn).

known [7], such a downfield shift can be caused eithepoundslll -XVIIl also contain characteristic multi-
by electron-acceptor effect of a substituent or byplets of other protons in the same regions as in the
magnetic anisotropy. Taking into account the relativestarting saltsi-VI.

ly small difference in electronegativity between hydro-  The 1% NMR spectra of compoundslll —XVIII

gen (2.1) and cadmium (1.7) [8], we can conclude thaghow two closely located singlets neaf6 ppm [9],
the prevailing factor here is the magnetic anisotropyelonging to the ECCOO and KECCOOCd fluorines

of the CdOCOCEgroup. Along with the major signal (3F).

of the methylene group, thtH NMR spectrum con- In the mass spectra of the cationic part of salts
tains (see figure) two symmetrically located downfieldx||| and XVI, a weak molecular ion peak was ob-
and upfield satellite signals which are probably aris&erved only in the case of compoudxd/I. The lack
from spin-spin coupling betweedH and the natural of [M]* in the mass spectrum of saill is probably
isotopes 'Cd and *9Cd, with 2J.4cy constants explained by the extremely facile cleavage of the
ranging from 72 to 159 Hz. These constants are mucf~Cd bond, resulting in formation of the base

i .
lower that those observed for the corresponding 2- an e;grgo(%%g? O;Ot?]Ses(éO%}nén obc(?SrrZ?jS%S. F;{H\‘gl .
4-methylene-mercurated quinolinium salts (232 P y P y

i . typical of quinoline derivatives [10].
245 Hz) [2]. The possible reason is that valence orP d [10]

bitals of Cd and C overlap to a lesser extent than
those of Hg and C, which is connected with the Siz€ Hereafter, values in parentheses are relative ion peak inten-
of pertinent orbitals. ThéH NMR spectra of com- sities, %.
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. +
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,\ll’ CH, R NG éHz -HCN

R m/z142 (31.2) m/z115 (56.4)
R = CHg, m/z157

R = CgHs, m/z219

The other most abundant ion peaks in the mass
spectra of compoundslll andXVI were as follows:
[CdOJ" (21.5), [Cd] (15.6), [CR]" (44.8), [CRH]"
(12.7), and [CB]" (10.3) (/z 128, 112, 69, 51, and
50, respectively).

As expected, organocadmium compoungBl — K
XVIII  proved more reactive than related organomer-

cury salts [1, 2]. Thus, they readily hydrolyze not only J
under the action of hydrochloric acid, but also in
agueous sodium perchlorate (as distinct from organo-
mercury compounds), to give the starting compounds
I-VI which were identified by the melting points and
IR spectra.

The reactions of compoundXIll -XVIII  with
acetic anhydride in the presence of catalytic amounts
of anhydrous aluminum chloride involve substitution
of the CdOCOCE group by acetyl to form known
salts [11, 12] as perchloratesIX -XXIV .

°Oo 8 4 3 2

With compoundXVIl as an example we found that 3, ppm
the CdOCOCE group is also substituted in reactions
with some anhydrous metal salts. These reactions IH NMR spectrum of compoundVII .
- CH,COMe
— +2
"
R
(MeCO),0, AICl;; NaClO, KIX XXl
XII =XVl OC4Hg
-MeOCOCdOCOCE
—F;CCOONa O
-
N s |
O O~ >CH,COMe
C4HgO ClOg
XXIV

R = CH; (XIX, XX), C,Hg (XXI), CgHg (XXII, XXIll ); 2-CH,COMe XIX, XXI, XXII ), 4-CH,COMe (XX, XXII ).
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readily proceed with equimolar reagent amounts irguinolinium saltsXXVI andXXVII . The composition
absolute ethanol under reflux. In this way, by transand structure of the latter were confirmed by the
metalation of saltXVIl with mercury(ll) trifluoro- €lemental analyses (Table 1) and thé¢ NMR and
acetate, tin(ll) chloride, and nickel(ll) trifluoroacetate!R spectra (Table 2).

we obtained the previously described [2] mercury salt |nvestigations on the synthetic potential of the
XXV identified by the melting point and IR spectrum above reactions and on the structure and properties of
using reference sample, and new metal-containintheir products are now in progress.

H>,CHgOCOCH H2CHgOCOCR

Hg(OCOCR), S Naclo, =
—

+ -, > +
—F,CCOONa N —

|
CROCO CsHs CeHs

XXV
H,CSnCl
SnCh X
—Cd(OCOCR), NP o
C|6H5
XXVI
HoCNIiOCOCHK;

Ni(OCOCRy), S
s

XVII

+.
N -ocock

CeHs
XXVII

Thus, cadmium-containing heterocyclic satidl —  reaction mixture was held for 2 h at room temperature,
XVIII are highly reactive synthons for organic syn-evaporated on a water bath until precipitate formation,
thesis, and their further study is of obvious interest. and cooled. The colorless crystalline precipitate was

filtered off and dried in air at room temperature to
EXPERIMENTAL constant weight to obtain 12.4 g of Cd(OCOgF
4H,0. The crystal hydrate was dried for 3.5 h at

The IR spectra were registered on UR-20 or IKS-120°C and then at 140for 4 h to obtain 10.12 g of
29 spectrometers in KBr gellets or in suspensions ianhydrous cadmium(ll) trifluoroacetate which was
Vaseline oil. The'H and !°F NMR spectra were re- handled in a desiccator over,®;.
corded on a Bruker WP-200SY (200.13 and
188.31 MHz) instrument in CDGl or (CDy),CO
(compoundsXXVI and XXVII ), internal references

TMS and RCCI, respectively. The mass spectra Of1.2 mmol of sodium ethylate dissolved in 2 ml of

compoundsXlll and XVl were run on an MKh-1320 nhydrous ethanol was added; therewith, the colorless

mass spectrometer with a DS-50 system for datg . :
acquisition and treatment; ionizing energy 70 eV, ionﬁm{tUIre turned dark red, and a sodium perchlorate

. precipitate formed. After 10-min stirring, 3 ml of
igl&i%c;%mperature 230, direct probe temperature anhydrous diethyl ether was added, and the NgClO

precipitate was filtered off and washed with 1.5 ml of

Cadmium(ll) triflouroacetate. To a solution of a 1:1 acetonitrileether mixture. The dark red colored
5.3 ml of trifluoroacetic acid in 10 ml of water, filtrate was treated with 1 mmol of anhydrous
5.16 g of cadmium carbonate was added stepwise. Tlemdmium(ll) triflouroacetate. The reaction mixture

1-Methyl-2-(trifluoroacetoxycadmiomethyl)-
quinolinium trifluoroacetate (XIll). To a solution of
1 mmol of saltl in 3 ml of anhydrous acetonitrile,
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was stirred for 15 min at 2C, the solvent was re-
moved in vacuo at room temperature, and the residue
was washed in succession with ether and hexane and.

dried in a vacuum desiccator over,(? to obtain
0.48 g of saltXlIll . CompoundsXIV -XVIIl were
synthesized in a similar way (Table 1).

2-(Acetylmethyl)-1-phenylquinolinium perchlo-
rate (XXII). To a solution of 0.28 g of salkVI in

3 ml of anhydrous CKCl,, 1 ml of acetic anhydride
and 0.1 g of anhydrous AlGlvere added. The reaction
mixture was refluxed for 20 min with protection from
air moisture, treated with 5 ml of cold water, stirred
for 2 h, and filtered. The filtrate was treated with 2
ml of saturated aqueous sodium perchlorate. The light
rose precipitate that formed was filtered off, washed
in succession with water and ether, and dried at room
temperature to constant weight to obtain 0.16 g (93%)

of compoundXXIl , mp 161163°C [11]. SaltsXIX -

XXI, XX and XXIV were synthesized in a similar

way.

4-(Trifluoroacetoxymercuriomethyl)-1-phenyl-
quinolinium perchlorate (XXV). A mixture of

0.5 mmol of saltXVIl and 0.5 mmol of mercury(ll)
trifluoroacetate in 2 ml of anhydrous ethanol was re-
fluxed for 30 min, 3 ml of saturated aqueous NaglO
was added, and the resulting mixture was held over-2
night in a refrigerator at -%°C. The precipitate that
formed was filtered off, washed with 5 ml of cold
water, and dried to constant weight to obtain 0.28.0.

(95%) of compoundXXV, mp 196-192°C [2].
4-(Chlorostanniomethyl)-1-phenylquinolinium

chloride (XXVI). A mixture of 0.5 mmol of salt
XVII and 0.5 mmol of SnGlin 2 ml of anhydrous
ethanol was refluxed for 30 min. The ethanol was
removed at room temperature, and the residue wds.
washed with 5 ml of cold water and dried to constant

weight to obtain 0.071 g of salkXVI. Compound
XXVII was synthesized in a similar way (Table 1).
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