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Abstract - The COrresoOnding "pseudobase" AZ-l, 5-diketones (8) 
and (IL_) afford dihydrochromenylium (gb) and tetrahydro- 
xanthyliun monofluorides (15). These convert aryl- and 
heteroarylamines into dihydroquinolinium (10) and tetrahydro- 
acridinium (16) monofluorides which at 130-250' give the de- 
aminated arenes and heteroarenes (average overall yield 60%). 

In the course of our work on the transformation of primary amines into 

transformations of amines (2) into halides. 2,4,6-Triphenylpyrylium 

other functionality (5) mediated by fluoride converts aliphatic primary 

pyrylium salts (cf. l),l we have'shown amines & pyridinium fluorides 

that allyl- and benzyl-amines can be into alkyl fluorides. 
I, 

Similar work 

reductively deaminated via 1,2-dihydro- - with other halides, and particularly 

pyridines (cf. 6J2 and aliphatic anines the discovery that 2,4,6-triphenyl- 

via l,&-dihydropyridines. - ' Although 

the latter method also succeeds for 

arylamines, high temperatures are 

required. Ue now report a milder 

reductive deamination procedure for 

aryl- and heteroaryl-amines. 

The present work arose from our 

cognate investiga'ionp on the I & 

0 .q R, + RN% - 

(1) (2) 

pyrylium iodide can be used not only 

for the preparation of alkyl iodides 

but also of aryl and heteroaryl 

iodides5 led to attempts to prepare 

aryl and heteroaryl fluorides via the - 

superior 5,6-tetrahydro-7,9-diphenyl- 

quinoliniums: while these attempts 

still continue, they have led 

k 

I 
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TABLE 1 

Preparation of pyridinium fluoridesa 

N-Substituent Yield M.p. Found $ 
(%I ('C) C H N F 

Formula Required % 
C H N F 

Compound (lOa). Anion H$ by Procedure B. 

Ph 89 182-189 - - 

pyrid-2-yl 25 159-16ti - - 

2.9 12.4 C31H26F3N - 

pyrid-4-yl 35 159~16+ - - 

5.9 12.5 C30H25F3N2 - 

Compound (lob), Anion F by Procedure A. 

6.4 12.6 C30H25F3N2 - 

- 3.0 12.1 

- 6.0 12.3 

- 6.0 12.3 

Ph 85 108-110 86.5 5.6 3.1 4.7 C31H24FN 86.7 5.6 3.3 4.4 

4-ClC6H4 80 189-191 80.1 4.9 3.1 4.4 C31H23ClFN 80.3 5.0 3.0 4.1 

4-BrC6H4 82 149-151 73.2 4.4 2.6 3.9 C31H23~N 73.4 4.5 2.8 3.8 

pyrid-2-yl 40 159-161 83.2 5.1 6.2 4.8 C30H23FN2 83.7 5.4 6.5 4.4 

pyrid-4-yl 55 163-165 83.3 5.1 6.1 4.8 C30H23FN2 83.7 5.4 6.5 4.4 

pyrimid-2-yl 60 192-194 80.3 4.8 9.3 1.7 80.7 5.1 9.7 4.4 

benzothiazol-2yl 65 152-154 

C29H22FN3 

78.7 4.3 5.5 4.3 

Compound (16). Anion F bv Procedure A. 

C32H23FN2S 79.0 4.7 5.8 3.9 

Ph 89 160-162 86.8 6.0 3.1 4.4 87.0 5.7 3.1 

4-C1C6H4 

C33H26FN 4.2 

85 173-175 80.7 5.2 2.7 4.0 C33H25CI.FN 80.9 5.1 2.9 3.9 

4-BrC6H4 83 125-126 74.0 4.8 2.5 3.8 C33H25~ 74.3 4.7 2.6 3.6 

Footnotes 

a Recrystallised from abs. EtOH as prisms unless otherwise indicated. 

b Recrystallised from CH2C12 - Et20, prisms. 

serendipitiously to a useful reductive 

deamination method for arylamines which 

we now report. 

The Preparation of Chromenylium 

Fluorides and Hvdrofluorides.-"Pseudo- 

base" (8), obtaiEed6 from 5,6-dihydro- 

7,9-diphenylchromenylium tetrafluoro- 

borate and NaOH, cyclises in aqueous 

HF (40%) yielding th? chromenylium (9) 

as the trifluoride (H2F3-) salt (9a), 

the i.r. of which shows the 

characteristic Fh...F- H-bond7 at x. 

1700 cm-l: c!lemical analysis discloses 

the three atoms of fluorine. Under 

these conditions 1,3,5-triphenyl-2- 

pentene-1,5-dione previously4 cyclised 

to give 2,4,6_triphenylpyrylium as the 

monofluoride F-, as evidenced cy 

&$kGv& 

(8) a: x= 
b; x= 

absence of the FH...F- band in the i.r. 

and by the fluorine analysis. 

Apparently, chromenylium (9) requires 

the anion H2F3 to crystallise easily: 

however the chromenylium trifluoride 

H2F3- (9a) d ecomposes cleanly in 

refluxing magnesium dried ethannl to 

the monofluoride salt 9b (after ~a. 

12 h) and more slowly also in refluxing 

dichloromethane (~a. 211 h). Salt 9g 

has a lower m.p. than 9~ and is 

hygroscopic. 

The PreDaration of Quinolinium 

Mono and Trifluorides.- Chroneryliun 

H2F3- (9~) reacts readily witt; aniline 

and with 2- and 4-arr.ino pyridine in 

refluxing dichloromethane tc give lo- 

phenyl-, or lC-pyridyl-5,6-dihydro- 

RH 
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7,9_diphenylbenzo[h] quinolinium tri- 

fluoride H2F3 - (10 a) in moderate 

yields (50% average for 3 examples). 

The i.r. of these quinoliniums shows 

the retention of the FH...F- band. 

However, when chromenylium trifluoride 

92 was reacted with aniline in 

refluxing magnesium dried ethanol and 

sodium dried benzene (l:l), with the 

object of removing the water of 

reaction by azeotropic distillation and 

thus improve yields, 
4 

the lo-phenyl- 

quinolinium monofluoride (101) was 

obtained in 85% yield. 
Chromenylium monofluoride (91) 

reacts in the azeotroping medium of 

ethanol-benzene at 78 'C with aniline, 

4-bromo- and 4-chloro-anilines, 2- 

pyridyl-, 2-pyrimidyl-, 2-benzo- 

thiazolyl-, and 4-pyridyl-amines to 

give the corresponding quinolinium 

monofluorides (lob) in good to 

excellent yields (average 70%). 

Pvrolvsis of Quinolinium Kono- 

fluorides and‘Trifluorides. Heating 

to just above their melting points the 

quinolinium fluorides (dried over P205 

prior to pyrolysis) convert smoothly 

at 130-180 'C to arenes ( Table 2). 

Good yields of pure products are 

obtained: g.1.c. shows them as single 

components. The benzothiazolyi 

derivative decomposes to a black tar 

from which benzothiazole was not 

isolated. The 2-pyrimidyl and 4- 

pyridylquinolinium fluorides were 

pyrolysed with 2,4,6_triphenylpyridine 

to lower the melt temperature: good 

yields of pyrimidine and pyridine were 

obtained. 

The mechanism in Scheme 2 is 

postulated: fluoride anion removes the 

acidic proton at position 5 to give a 
dihydroquinoline (11) which aromatises 

with loss of the fi-substituent as an 

arene. An alternative breakdown via 

a radical pathway is also possible. 
1 
H N.m.r. of the pyrolysis residue 

shows absence of the CH2CH2 protons 

(cf. 12) expected at ca. &s8 for 

quinoline (13). 

Quinolinium dihydrotrifluorides 

(lOa) also decompose at their melting 

points [170-220 'C; i.e., higher than 

for (lob)] and arenes result in good 

to moderate yields (Table 2). 

However, since HF (3 equivalents) is 

evolved, this conversion of aryl-NH2 

to aryl-H & quinolinium trifluorides 

is not recommended. 

Fl-l 

/ 

/ 

p 

/ R 

(11) 

+ Ph / / 
RH+ \ ’ P Ftl 

/ 
(12) 
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2 TABLE 

Pyrolysis of pyridinium fluorides 

N-Substituent gyrolysis Product 
Temp( C) Time(h) 

Compounds (lOa), Anion Hg3 

Ph 200-220 

Yield 
(I) 

Characterisatior? 

pyrid-2-yl 165 

pyrid-4-yl 165 

ConDounds(lOb), Anion F. 

Ph 130 

4-C1C6H4 200 

4-BrC6H4 170 

pyrid-2-yl 180 

pyrid-4-yl 22oc 

pyrimid-2-yl 2502 

benzothiazol-2-yl 180d 

COmDOunds(l6), Anion F. 

Ph 170-180 

~-CIC~H~ 180-200 

4-BrC6H4 143 

a Compared with authentic 

high m.p., 1 equivalent 

5 benzene 65 

5 pyridine 60 

5 pyridine 70 

Ir, '3 nmr 

Ir, '2 nmr 

Ir, *'R nmr 

6 benzene 60 Ir, 'H nmr 

6 chlorobenzene 68 Ir, '3 nmr 

6 bromobenzene 67 Ir, 'H nmr 

6 pyridine 62 Ir, 'H nmr, glcb(rt=2.2min) 

6 pyridine 58 Ir, 'H nmr, glcb(rt=2.2min) 

6 pyrimidine 51 Ir, 'H nmr, glcb(rt=4.5min) 

6 benzene 55 

6 chlorobenzene 53 

6 bromobenzene 50 

samples. b_ CARBOWAX 20~, 

of 2,4,6_triphenylpyridine 

ir, 
1 
H nmr 

Ir, ' H nnr 

a Benzothiazole not isolated : compound decomposed to 

Ir, 'H nmr 

temp. 170 'C. c Due to 

added as flux. 

black tar on heating. 

Studies with 7_Phenyltetrahydro- 

dibenzo[c,h] xanthylium fluoride.- 

This pyrylium is readily prepared from 

'pseudobase"(14)8 and 40% aqueous HF as 

mainly the monofluoride salt (15). 

Recrystallisation from hot ethanol 

gives pure xanthylium monofluoride 

(151, which reacts readily with aniline 

and 4-chloro- and 4-bromo- anilines to 

give the corresponding 5,6,8,9-tetra- 

hydro-7-phenyldibenzoi&,bjacridinium 

monofluorides (16) (average yield 86%). 

These acridinium monofluorides 

decompose to arenes (average 53%) and 

presumably the dehycirogenated acridine. 

A mechanism similar to that proposed 

for the decomposition of the 

quinolinium fluorides is likely1 a 

recent basic decomposition 

of N-alkyl-5,6,8,9-tetrahydro-?-phenyl- 

dibenzo[c,h] acridiniums resulted in 

isolation of a mixture of alkanes, 9 

formed via a similar breakdown. - 

Synthetic Applicability of 

Quinoliniua Fluorides as Reductive 

Deaminating Agents.- Because of the 

mild conditions offered for aryl/ 

heteroaryl NH2+H by use of 

chromenylium fluoride, the method has 

considerable potential for non- 

diazotisable amines: reductive de- 

amination of aryl/heteroaryl amines 

via diazonium intermediates fails for - 

heteroaryl amines which decompose in 

the diazotising medium into substituted 

heteroarenes. 10 The method described 

in this paper leads to clean separation 

of prod,ucts. 
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1.r. and n.m.r. spectra were 
measured with Perkin Elmer 237 and R12 
instruments respectively (SiMe4 as 
internal standard). Melting points 
(uncorrected) were determined on a 
Reichert hot-stage microscooe. 

5,6-Dihydrox7,9-di hen lbenzob!- 
chromenvlium Trifluore 
solution of pseudobase (8)o (14 g, 40 
mmole) in toluene (50 ml) in a uolv- 
ethylene beaker was-treated with " 
aqueous HF (40%, 2.5 ml, 50 mmol). 
kfter stirring for 12 h at 25 'C. to 
the resulting-yellow crysteliine'mass 
was added Et,0 (50 ml). The crvstals 
were filtere6 of? and washed wiih Et 0. 
Recrystailisation_from CH Cl gave t.$e 
chromenylium H F (11 g,270$), yellow 
prlsns, n.p. 2102212 'C (Found: C, 
75.5; 3, 5.6; F, 14.2. 
requires C, 76.2; H, 6.3:2d:2::?$%); 

chromenvlium hvdroflucride (9a) was 
refluxed in magnesium dried'EtbH for 
12 h to give after addition of Et 0 the 
chromenylium fluoride (9b) (9 g, $2$), 
m.p. 141-143 "C from absolute ethanol 
(Found: C. 84.4: H. 5.0: F. 5.7. 

F, 5.25). 
C25Xl FO requires C,-84;8;.H; 5.4; 

As for preparation of chromenylium 
fluoride (9a) but from corresponding 
"pseudobase" (14)8, (15 E[. 40 mmol) 
recrystallised from hoi abs. EtOH as 
yellow prisms (12.2 g, 80$), m.p. 
153-155 OC (Found: C, 85.1; H, 5.8; 
?, 5.9. c E 
5.5; C9 

1% requires C, 85.3; f!, 
5?&6f. (The high F-analysis 

probably indicates the presence of 
some poly fluoride salt). 

or Preparation of Procedures f 
Quinoliniuns and Acridiniums.- Method 
A -* The amine (10 mmol) was added to 
a suspension of the chromenylium/ 
xanthylium fluoride (10 mmol) in Mg 
dried EtOH and Na dried benzene (l:l, 
40 ml). The reaction mixture was 
heated for 12-16 h in a Dean Stark 
apparatus. The solvents were removed 
in-vacua (20 mrrHg) at 30 OC. The oily 
residue was triturated with Et20, and 
the resulting solid recrystallised 
from abs. EtOH (Table 1). 

Method 3. To the chromenylium 
hydrofluoride (2 mmol) in CH2Cl 

7 
(10 

ml) was added the amine (2 mmol and 
Et N The mixture was 
re ? 

(2 mmol). 
luxed for 6 h. Acetic acid was 

added (4 mmol) and the solution was 
refluxed until t.1.c. (silica - EtOAc) 
showed the absence of starting 
pyrylium. After cooling, the- 
quinolinium hydrofluoride was 
orecioitated with Et70 (50 ml) and re- 
crystallised from CH;C12-- Et20 
(Table 1). 

Pyrolysis of Quinoliniums and 
Acridiniums. The pyridinium salt was 
dried over P20 
(10 mmHg) for 3 

at 25 OC in vacua 
days. It was melted 

in a flask attached to a trap ( a 
micro Hickman can also be used). The 
heating at m.p. of the salts was main- 
tained for 6 h. The distillate was 
collected, weighed, and analysed in the 
following o der: 
film, (ii) fH n.m.~i)a~'~,l~ei~~qr~ 

CDC13, and (iii) g.1.c. as solution in 
ether. 
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