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REACTIONS OF - AND 7-ALKYL GROUPS IN PYRYLIUM

SALTS AND SOME TRANSFORMATIONS REACTION PRODUCTS
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Pyrylium salts having 7-electronic sextet and de-
localized positive charge represent the particular
class of aromatic compounds showing high reactivity.
They are widely applied in organic syntheses and, on
the other hand, are the naturally occurring plant
compounds. This is why the chemistry of pyrylium
salts has received a great deal of attention. Thas
review will be generally confined to a discussion of

certain reacticons of pyrylium salts,

1. Reactivity of Methylpyrylium Salts and General Patterns of

Their Chemical Behavior.

Pyrylium salts having o- or y-methyl substituents are known
to possess high reactivity to many electrophilic reagents, such
as aldehydes, pyrones, nitroso-compounds etc.1_5
The reactivity of o- and y-methyl groups is due to their con-
jugation with the carbonium ion resulting by strong polarization
of the C-H bonds and hence in C-H acidity of these groups. So
the methylpyrylium salts can disscciate tc methyvlene pyrans III

and proton in polar medium (Scheme I). Formation of methylene-

pyrans may occuxr by a solvent as well as by a basic reagent.




In most reactions the proton cleavage causes activation of

the pyrylium salts fcllowed by the formation of methylenepyran
Il and the reagent involved the protonation of the latter, IV.
Reactions of pyrylium salts with carbonyl compounds serve

a useful example.
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Methylenepyrans formed in the dissociation of pyrylium salts
are the active species responsible for most reactions of methyl
groups of pyrylium salts. Methylenepyrans are essentially

heterocyclic analogues of vinyl alkyl ether and divinyl ether6

%
M, (9

Similarly to the case of alkyl vinyl ethers, due to the +M-
effect of the oxygen atom and the enhanced electron density at
the methylene carbon atom influence high nucleophilicity of me-
thylenepyranss. The simplest monocyclic methylenepyrans are

unstable, readily undergoing oxidation in the air and very

difficult to isolate in a free state7’8.

Methylenepyrans having electron withdrawing substituents in

4,9,10¢

the methylene group (V) as well as these with more extended

conjugation chains [condensed methylenepyrans (VI)ll_lB] or

) \ 7 . S
sterically hindered species (VII) show higher stabilities.
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Metylenepyrans containing two electron withdrawing groups are

14-16
!’

even more stable e.g..

NE N
NE O ~g”

)
phm Ph @;]\Ph

Mono- and polymethine cyanines containing the pyrylium cation
as an electron accepting group alsc belong to compounds of type

2,17,18
DEH' (eu=cn), +0

ITI

Although basicity of methylenepyrans might be used as a measure
of their reactivity, quantitative data of this kind are inavailable.
Only recently, on the basis of indirect measurement, the basicity
of methylenepyran formed from 2,4,6-trimethylpyryrium salt was
tentatively evaluated to be of 12 to 14 pKaB.

High basicity of methylenepyrans including conjugated cations
(cyanines)19 can be inferred from the fact that all of them easily
undergo protonation to pyrylium salts by mineral acidsg'zo.

Quite a number of examples i1llustrate their reactivity towards
positively charged or electron deficient species. Thus, there

are datall on reactions involving the attack on the methylene unit
by the nitronium and nitresyl cations, and aliphatic and aromatic
carbonium ions.

Calculations of electronic density distributions in variocus

pyrylium cations and in the correspondingmethylenep}ran§1_24

show the a-methyl group of pyrylium salts to bear a higher posgitive
charge than the y-methyl grouo, and a-methylenepyrans to be
thermodynamically favoured over the y-substituted species. The
calculational results for methylpyrylium cations correlate well with
the methyl proton chemical shifts observed in proton NMR spectra25'26.

The lower the electron density is at the methyl carbon atom, the

higher field is the chemical shift. The following data21 give the




chemical shift {§ scale) as electron density dependence for the

2,3,4,6-tetramethylpyrylium cation.

EH3
= CHy
| +
R0,
Substituent positicn Oc——CH3 Y--CH3 B—CH3
Electron density 1.9343 1.9404 1.9606
§ 2.88 2.69 2.43

Therefore, it 1s reasoconable tc expect the preponderant formation

of the o-isomer in a condensation reaction. However, the experimental

datal9 show 2,4,6-trimethyl and 2,4-dimethyl-6-phenylpyrylium salts

to condense with carbonyl compounds with the exclusive formation

of the y-substituted productslg.

H,y M=l
=R ’ =
| + + G0 —— | +
R 07 LH N RSP CH,

3

3 or CGHS'
27

This result is consistent with the isotopic exchange experiments
28

R is CH
including the deuteration experiments The deuteratiocn proceeds
10 times faster with the y-methyl group than with the & -methyl
group.

Thus the a-methyl groups having higher calculated acidity are
proved to be less reactive in the condensation reactions and
isotopic exchange processes. The result of deprotonation of
2,4-dimethyl-3-azapyrylium salts appears even more difficult

29,30 that triethvlamine re-

to rationalize. It has been shown
acts with these compounds to yield exclusively 4-methylene-3-
azapyrans, though the 2-methyl group should possess the highest

acidity accerding to calculations.
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On the contrary, pyrimidinium salts possessing similar electronic
structure to that of 3-azapyrylium salts undergo deprotonation at

its 2-methyl group30

DH, CHy
\|/§N N ( Ez“s)a ]l\/\\"‘

+

N o v oH,

]

CH, CH,

This unusual behavior appears to be characteristic of six-

membered cxonium heterccycles and may be due either to limitanions

of calculational procedures applied or to the great difference

in electronic structure as compared with those of the base state.
Methyl groups of pyrylium salts have been shown to be more reactive

3'31. There are data, though purely

than those of pyridinium salts
qualitatively, on the influence of structure of pyrylium salts on
the methyl groups reactivity32. Thus, the o-mehtylene group is
believed to be more reactive, as compared with the a-methyl one33,
and electron withdrawing substituents in the nucleus supposed to
facilitate reactions of methyl groupB.

In the pyrylium salts having two or three activated methyl
groups only one of them readily reacts in middle conditions while
condensations involving two or three methyl groups reguire much mere

rigid conditionst?73ls34,

2. Reactions of Methylpyrylium Salts with Carbonyl Compounds.
a) <Condensations with Aldehydes: Methylpyvrylium salts readily

react with aldehydes to give the respective B-arylvinyl derivatives35-40.




f N
U+\C‘CH3 + R- CHD ——— 0+ C-[H=CH-R
N o

It is hardly to discuss the optimum reaction conditions as
these were widely varied and nearly quantitative yields were

obtained in all cases. Thus, benzopyrylium salts undergc con-

41 and at elevated

41,42,43,45

densation at ambient temperature (ZOOC)
temperatures42, in neutral43 and strongly acidic
media, or in the presence of bases46‘ Alcchol, formic acid,
and acetic anhydride are used as solvents.

1,35 were the first to report on the

Dpilthey and Fischer
condensation of monocyclic pyrylium salts with aldehydes.
They obtained the styrylpyrylium salts from aromatic aldehydes
and 2,4-diphenyl-6-methyl- and 2,6-diphenyl-4-methylpyrylium

salts in refluxing acetic acid or acetic anhydride.

Later39, the reaction was extended te a wider range of aromatic

aldehydes to show that electron donating substituents in the alde-~

32'39. Keleman and wizinger39

hyde nuclei facilitate the condensation
found aromatic aldehydes to react with 2,6-diethyl-4-methylpyrylium
perchlorate exclusively at the 4-methyl group, while the ¢-methylene
groups remained intact. According to these authors, the 4-methyl
group of the 4-methyl-2,6-dlisopropylpyrylium cation was more
reactive than that of the 4-methyl-2,6-diethyl derivative.

Dorofeenko and co-workers47_49

studied reactions of pyrylium
salts with a variety of aliphatic, aromatic and heterocyclic
aldehydes, and were the first to process the condensation with
the aliphatic compounds.

In the case of pyrylium salts bearing the a-methyl as well as
a-methylene groups, the latter was proved to be more reactive in

the condensation with aldehydes33.
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Aldehydes of the azulene series readily condense with methyl-

pyrylium salts in refluxing acetic acide.
R \ 0 ,
S | TR S | 3R
[-{- + —_— | +
RS0 CHy QHE Rp# CH=CH
ceq; ey,

The substituent R in the pyvrylium nucleus are shown to increase
the reactivity of the a-methyl group in the order: C6H5 < Cyllgs <
3;4-(CH3O)2C6H3.

Terephthalic aldehyde reactedwithboth aldehyde functions to

give the bis—productso.

ih Ph
S
1 ;)
Ph EH:EHO CH = CH-~g="Ph

zceo;

Earlier, 2,4,6-trimethylpyryvlium perchlorate was thought to
grve a mixture of o- and y-isomers in condensaticns with aromatic
aldehydes. More recent data showed 2,4,6-trimethyl- and 2,4-
dimethyl-6-phenylpyrylium salts to react with p-d&imethylamino-
benzaldehyde exclusively through the y-methyl group, thus thais
evidences the latter to be more reactive than the c-methyl group19

CH = CH QN(%}E

s
| +
R0y pppy

L
,1:" _ e
X J{\EA T CHQN (CHy),
3
cey; t><i\ L,

O
+
RAD7 2K = DH @N(nme

cep;

,7574




The same reactlion afforded di- and tri-styrylpyrylium salts

. cas 34
under more drastic ceonditions™ ",

Ph nu:tu@u(m,)z
(t H3)2N©cH=nH@ 04 = DHQN(OH;)Z (CH,}ZNOEHﬂH@ CHaCH Qn(cn,)z

ceo; £en;

The benzopyrylium salts containing one g or y methyl substituent

reacted with aldehydes under milder conditions cocmpared to mono-

41,53

cyclic cations. Borsche and co-workers reported the first

illustration to condense aromatic aldehydes with methylpyrylium
salts of the benzopyrylium series. Later, the reaction was

extended to other benzopyrylium cationslB'42_44'46'53_55.

Heilbron, Walker and Buck45 studied the condensation of 2,4-
dimethylbenzopyrylium salts with aromatic aldehydes to show that
the isoclated menostyryl derivatives were not mixtures of a- and
y-isomers; however they could not assign any particular structure
to the products.

The above cited results19 of Strzelecka and co-workers on reactions
of monocyclic pyrylium salts favoured the y-isomer for the products
chtained by Heilbron; however, this supposition should be verified,

Condensation cof methylpyrylium salts with hetercaromatic aldehydes

such as N-methylindole-3-aldehyde and 3-formylflavene was also reportedsg.

H=CH(© m:cum
™ N PR 0
0

! *
EH} l @ -Ph _
Leo; Leo;

Reactions of benzopyrylium salts with unsaturated aldehydes

were described54’60'el.
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@fa:j R-{CH =CH)n-CHD m k= Ac, Het
v i

H-(CH=EH)a- R
Fele] Fece; en- s

9-Methylxanthylium salts alse condensed readily with benz-
11-13, 62

aldehydes to give styrylxzanthylium salts
CH=CH-Ar
s e Ry
§O®!
J“ﬂzl/[) e x-

11,12,62 and Lenke and co—workersl3 cbtained

Kamel and Shoeb
the 9-styryldibenzoxanthylium derivatives by refluxing acetic
anhydride solutions of 9-methyldibenzoxanthylium salts and p-=

substituted benzaldehydes.

OHy

CED;

The condensation of methyldibenzoxanthylium salts with 9-

methylenedibenzoxanthene-w-aldehyde led to trimethine dyesll.

LH,
N —
- +D’ * § + rEH=TH-TH
0" -
ced, een;

The characteristic feature of alkyl- or arylpyrylium salts was
applied for transformation to cother aromatic compounds. Thus,

menocyclic styryl derivatives easily exchange their heterocyelic

oxygen atom for the sulfur atom when treated with sodium SulfideGB’64
CH<=CH-Ar CH=CH-Ar
No,S
| + _ "
Ph Ph Ph % Ph
ceo; cen;

The interaction of styrylpyrylium salts with ammonia leads to

styryl substituted pyridines46'48_

[+ M |
Ph~g# CHzEH-R Ph o NFT CH=CH-R
cen,




Styrylpyrylium salts containing a-methyl groups give dialkyl-

aminostilbenes under the action of secondary amines {diethyl- and

dimethylamine, morpholine and piperidine)Sl’Sz.
=L H-N
CH=CH-AT N HSE
=z, » NH
@ — QEH:L‘H—M
Hyt 07 CHy N
Leo; ‘

The action of bases on styrylpyrylium salts containing hydroxyl
functions in the aromatic ring results in the formation of deeply

coloured compounds of quinonoid structure42’44'56.

EH:EH@-DH H—tH:@:[}
0

J-f —_—
g
P
The condensation products from or-hydroxybenzaldehyde give

spiropyrans under the action of base557'58.

90 o
0 EH=EH© —_— ()
X HO 0

The presense of the f-arylvinyl group in styrylpyrylium salts
explains their peculiar chemical behavior as depending on the

occurrence of positive charge on the vinyl carbon atom65.

o I .
g+t -CH=CH-Ar —e———— D [=CH-CH-Ar
N A

There exist data on reactions of 2- and 4-styrylpyrylium
galts with aldehydes and pyrones in acetic anhydride solutionsGS—GT.
The action of 2,6-diphenyl-4-styrylpyrylium with p-dimethylamino-

benzaldehyde privides an instructive example65

0
4
N ﬂn Hae - C HzCx
3 \977\13{ + * :u —_— /ﬁ@cu-ocnnua
Hal” N H Hal - C\\D Hat R
+ /ph
CH=CH-Ph CH-CH-Ph CH - H
b “OLOLH,
[+ ———— i +  [H0007 ———
P07 Ph PH 0" Ph P07 P
tepy eag;

—60—
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Scheme 2

Styrylpyrylium salts are the deeply coloured compounds, and their

colouration deepens in going from aliphatic to aromatic and hetero-—

cyclic radicals47.

The occurrence of electron denating substituents in the styryl
residue causes bathochromic shifts in their UV spectra which in-
crease in the series m < o < p, whereas electron withdrawing

groups have the opposite effect49'55’60'68"77.

b) Condensations with Pyrones: Pyrones, thiapyrones, benzopyrones
and xanthones condense with pyrylium salts centaining activated
methyl and methylene groups to produce monomethine cyanines.
Usually, the process occurs in refluxing acetic anhydride. The
pyrylium salts containing two or three activated methyl groups
usually react through the y methyl group with the 1 : 1 reactants

ratiolg.

The participation of two or three methyl functions can be

achieved by changing the reactant ratio34.

Dy ety




The fecllowing reaction mechanism has been suggested78.

bh H_,,e~c<D P

TN a YA -
el * /0 === Oyt )"0-0-CHy + CHCRD
Ph Ha0-Ty Ph 0

G
Ph Pn_ %
@th +  DH,00D- ———= QEH + [HReDDM
Ph . Ph
Ph R Ph Ph R Ph
GI‘:H e 0( D = @b:(“:o + “CHLLD0H
%h 8 Ph Ph #h
Scheme 3

The authors78 believe that successful develcopment of the process

requires acetate ions to be removed, to shift the equilibrium a
to the right by proten cleavage from the pyrylium salt with the
ion. To verify this supposition, the authors have studied the

condensation of 2,6-diphenyl-4-phenylmethylenepyran with 2,6-

dimethylpyrone in acetic anhydride.

. Ph
CHPR 0 Ph-[ )
[ + m + Angd S
Ph “ - Ph PRS0~ Ph €2l phla bh Ph  + CHLO0H
CHy B0

The UV spectra show that no monomethine cyanine occurs under

such conditions. On the other hand, the introduction of sodium

or lithium ions removing the anions affords the expected cyanine

L T79-
in a high yield 81,




salts
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Phenacylpyrylium salts easily condense with pyrones

Ph

CH,L0Ph 0 meo-c{ D

O T N B N
Ph™~ (-~ Ph PR(F Ph

P07 PR
ceq; eeq,

Thiapyrons react similarly to methylpyrylium and thiapyrylium
62,82,83

=
| + + +
Ph ~x#* Ph Ph Ph =X #™ Ph
ced; cen;
¥ =0 or 8
84,85

Van Allan and Reynolds obtained trinuclear dyes by

running the condensation in phosphorus oxychloride.

p
ou, 0 h_ _Ph
PoOCE + -0 0
TN & W U5 O
Ph~D7 Ph PR (- Ph Ph@ph
EED; Ph™0"" Ph
2EBU;

Wizinger and co-workers extended the reaction to flavones ,

87 . .
Xxanthones and coumar1n588’89 to obtain monomethine dyes.

SOTROIS,
S = = —
07 07 Ph =
Fete, x= Q O

VIII IX X

Condensations with coumarins and xanthones were run in the

presence of phosphorus pentachloride. The process appears to

1979

involve the intermediate formation of chloropyrylium salts. Synthesis

of pyryl cvanines from arylidene- and heteroarylidenepyrans with

chloropyrylium salts supports this conclusion®0r%L,

,763i




PHA oe R-p={ O
R 3
L, v k., G
07 ph P 0% PR ph 07 Ph
ceg; eeny

Ph

The interactions of various xanthones with dibenzoxanthylium

12'62. The 4-alkoxybkenzopyrylium salts which

salts are also described
are deravatives of benzopyrones were alsc be shown82 to condense with

the methylpyrylium salts.

LH, BOR, CH 0
= = RS =
07~ Ph 0 07" Ph
cee; x” ceo;

This reaction provides an indirect evidence for the above
mechanism invelving the formation of acyloxypyrylium salts
from pyrones. 2,6-Dimethyl-4-alkoxypyrylium perchlorate undergoes
condensation to monomethine cyanines in the presense of organic

and inorganic base592’93.

BOH; DCHy 02H,
% By RS =
( + - | e CHy o |+ —¢CHy
HyC 070, HE D7 CH+ 0 Hyl 07 CHS D
LRy, ceo, CH, eep; T CH,

Monomethine cyanines formed in the condensation of pyrones
with methylpyrylium salts exhibit behavior characteristic of
both methylenepyrans and pyrylium salts.

Thus strong acids protonate them to pyrylium dicationslg.

The introduction of water or alcohol causes regeneration of pyryl

cyanines.

R _ Rtl “'H* R - —_ Ru
eHg 0 g+ yCHp(+ D
) QR” e )t R

R’ R
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The heterocyclic oxygen atom can be replaced with nitrogen by

the action of ammonia or primary amine593'94.

Phy_, plz — Ph RNH, Phy__ —Ph

A0 e L O

P = ph Ph =L pn
X~ X

The treatment with sodium sulfide in acetone solution results

; : . a4
in the substitution of one of the oxvgen atoms bv sulfur"’gs.

However, this reaction will not go with the pvrvlium salts having the

a-methyl substituent63.

Ph Ph Ph Fh
== == Noz$ - —
4+ ) eHx o s st e 0

Ph PR Ph

Ph
ceq; ceg;

UV studies of monomethine cvanines show that the lesser is the

difference in the basicitv of the two nuclei involved, the deever is

colouration of the compound?r?3782,96-99

¢} Condensation with Dimethvlformamide. Revnolds and Van Allan

have shownloo'1nl

that heating 2- and 4-methvl pvrvlium and benzopvrvlium
salts with N,N-dialkvlformamide in acetic anhvdride affords N,N-

dialkylaminovinyl derivatives.

3 ALk, Agd oy R MR .
C+if-CHR  + N-CHD ——— Q+iL-C=0H-NAk, ——— O [=t-CH=NALk,
T ALk’ (A o

Condensations have been run under standard conditions for 15 min
in refluxing acetic anhydride and the yields can serve to compare
reactivities of alkyl groups in this reaction. The reported data
demonstrate that, of a-alkyl derivatives, the methylene group of
hydrogeneted ring XI exhibits the highest reactivity, then follows
the methylene fragment of the ethyl group XII, and the a-methyl
group of compound XIII is the least reactive one. The initial

salts are as follows.




Ph h Pr

Ph e Ph D7 0 u,CH, PR 87 o,

XI XIT XIII
The yields of aminovinylpyrylium salt from the compounds XI, XII
and XIII are 91 %, 73 % and 38 %, respectively.

Reactivity of w~ and y-methyl groups depends on the structure of
salt.

the

When the initial salts are as follows, the yields of amino-

vinylpyrylium salts are 90 %, 76 % and 38 %, respectively.

DH, Ph
==

ol o o\
pn D7 ek 07> Ph Ph DHy

More recently the reaction mechanism shown in Scheme 4 has

been suggestedloz.

iy

Hyl Hik- e (o) HC o .
} :N}cuﬁ) + N = >N=CH-D-EDEH3
Myt Wy - cgo Hy 0 b1y 200°
PHyR CHR
o CH, 0007 = || + [HCDBH  + Ceq
. + + 3 ES e s + i
PR“~ 07" Ph PO PR
oegy
Miews),
LHR R-H-CH
HaB oy Ry, TOCDOH,
. + N=pH-0RDEHy [+ ——— e
PR 0 Ph H, 0 EEU; PR 0 Ph [‘.EU‘; CH,T00H
fA-C= -
€= eH-n{Twy),
~x
i i+
P07 PR
Scheme 4

According to the Scheme, the development of the reaction

depends on the equilibrium {a} which is strongly shifted on the
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left in the absence of agents removing the acetate anion (in the
case shown in the Scheme, abstraction of the hydrogen of methvl group
from the pyrylium salt provides such an agent).

This is the reason why methvlenepyran reacts with N,N-dimethyl-
formamide in acetic anhydride to give only a trace amount of
aminovinyl salt (XIV), whereas the reaction goes in high yields

with acetate ions removed by alkali metal cations.

CHR A -C=DH-N(THy),
al e (o
+ DCeY-W[CH — + + PH 000 MY + CH,200OH
Ph oD Ph M2 Moy PRO0% PR : ?
ceo;
XtV

Attempts to use N,N-dimethylacetamide in this reaction were

unsuccessful, dimethylthioacetamide however reacted to give the

corresponding saltsloo.
CH
E\HS EH:C(N(;H)
=5 o 3z
S QP Ph N{tHa)g 07~ ph
ceo, cen,

9-Methylxanthylium salts condense with N-methyl-N-phenyl-

formamide to give N-methyl-N-phenylaminovinylxanthylium deriva-
tive5103.
BH=CH-N-DHy
PN %y Ph
90
0

P
ceo;

Heating 4-methylflavylium diphenylformamide results in the
removal of the aniline molecule to afford 4-N-phenylaminovinyl-

flavylium perchloratelT.

LHy PHzPH-NH-Ph
=

| + + Ph-N=CH-NH-Ph ———— |+
™ Ph p¥~Ph

eeq;” een;

N,N-Dialkylformamide reacts with monocyclic 2- and 4-methylpyry-
lium and 4-methylbenzeopyrylium salts in the presense of phosphorus

oxychloride to give bis-aminovinyl derivativesloo'lOI.

—B7—



LH, { LH,

j[ij p— et . | HEeg
+
PR % 4

phcp_q; Ph Ph
CH, o LHp - CH-CE Bﬂzcwlhi
SN=CHCR, ¥~ X N -
E"l paa Ll [y N _-mee @ e
PRS0 ph ph 07 PR - P07 PR -
CH=- CH =Y
——— i
PR™™Q-~ph X7
/
: Le-eu-n{
BH-CH=N. BH-DH=H{
3 >N=RHC5,X" l\ ~HEE
e a— + —_—
Ph Ph A7 Ph “>0 Ph 2X°
LH-N{
+ +
BH-pH=N? p{en=ng),
——————— |+, —_— l |
PR0F PR 2% PROO-N PR 2X°
Scheme 5

The unusual formation of menoaminovinyl derivatives under the
same conditions is observed in the case of 2-ethylpyrylium salts.

N,N-Disubstituted amides of aliphatic and aromatic carboxylic
acids also condense with alkylpyrylium salts in the presence of

phosphorus oxychloride to give monoaminovinyl derivatives.

R R
N . pobe [
Tl ezl T2 G peb-bang

cen; eeon,” where R is H, CH3

H

and R"' is CH ellg

3 ©

The difference in the behavior of dimethylformamide and

disubstituted amides of other carboxylic acids is attributed to

steric factor5100'104.

vinylogs cf dimethylformamide react to produce highly conjugated

systems6o'loo.
R
D +iL-CHR  *  OTH-L= DH~N{ —==—r=— 0 £=z0-PH=C-CH=N{
~ reo; ] eep;

where X is Cl or Br,
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In the case of N-phenylaminopolyvinylaldehydes,

leads to cyanine dyesl7.

the condensation

Ty CH'= CH-(CH=04)-BH
Ry
2 D 4 O0H- (CH=DH)0-NHPh — > + ] )
HO ¢ pn HO 0% ph PE O GH
X~ X

N,N-Dialkyl- and N-phenyl-substitued w-aminc acroleins react in a
different way, probably due to far lower basicity of the nitrogen
atom of the latter which results in higher positive charges on the
terminal carbon atoms of the polyene chains of aminovinyl salts.

Aminovinylpyrylium salts give a,R-unsaturated aldehydes when
treated with aguecus alkali. The aldehydes readily undergoc pro-

tonation to the corresponding f-hydroxyvinyl derivativesloo’loz’los.

CHy,  OH-

CHy vy

R -
ﬁ H

R
.
0=b-0H=N
‘-

)
O+ C=~SH=CH-0H
S

D

-
Hydrolysis of bis-aminovinyl salts under the same conditions

leads to dialdehydes (XV) although in agquecus pyridine,

of only one imino function occurs to give XVIlOO.

saponification

QKT - - CHD oHe L~ BH = (o),
| i |

pr 0P P "0 PR
XV XV

Aminovinyl compounds are
temperature. Heating them
of perchloric acid does

the latter decomposed to

conditionle2.
R-( = CH-N(oHy,
+\ HID/H"
PR 0% Ph Ph
EP.D[‘
~0-H
R-CH~-CH
=y T O-H
07
EED{

not hydrolized in acetic acid at room

in agquecus acetic acid in the presence

not afford the expected aldehydes since

the alkylpyrylium salts under these

ll‘ ,N(nH-\)g
R-L-CH ~OH-
N O-H R ~QH-CHO
! X X H:0
+ ——ﬁz—+_ﬁ | + —_—
0™ ph - N (RHy), PR~ 07 by
veog roay,
CH R
%
—_—— +
- HeogH Ph P oh
EEO{



Aminovinylpyrylium salts react with aliphatic primary amines to
give methylenepyridinelel. In this reaction, the N,N-dimethyl
group is replaced with the N~alkyl group of the attacking amine,
while another molecule of the latter adds at the a-pogition of the

pyrylium ring. Then the ring opening and transcyclization occur.

SH-DH=N(EKy), CH~ CH=FHR EH 2 CH-NHR
N
1 + RNH; —— | —— |+ )
Pr 07" ph peo; PR 07pp  LRE PhTO7 Ph cegp
2H = CH-NHR BH = M- HHR ('H= DH-NHR
= ~
J;\ + RNHp — Ph i T———
Ph 0¥ Ph (‘_'QQJ.— WS D - NHR PR™0 PR NHR
by
CR-CDPh bHsC-Ph 2HDBPh
2y
=, Ibﬁ““ —_— JNIP
RHN Ph h
NHR WOUR ceny R

Reactions of 2- and 4-f-dimethylaminovinylpyrvlium salts with
secondary amines give rise te¢ various products., Thus, 2-aminovinyl

derivatives react with dimethylamine to give 4-dimethylamino-2-

phenylbenzophenoneloo.
Ph fh " Ph " CDPhph Ph
THy), N L LN 4 OH P
(\j o TH, M@@:w&( ’__._”@cu—uu-nfc;_._.tj ﬁﬁ_@c h
Ph™ 6 CH-CH:N, PR, T PhED CNigwy), T " N{tws)
CH, Nowy, 3 Mew),

EED;

A similar reaction occurs under the action of sodium methoxide,
With 4-pB-aminovinylpyrylium salts, the action of secondary amines

leads to the replacement of the N,N-dimethyl function with the

N,N-dialkyl onelOI.

-

CH-CH=N (CHy), CH-BH=N* )
L1 G
o 0 py, N pho 87 by

tog; een;
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Bis-aminovinyl derivatives react with primary amines to give

diguaternized coperineslol.
N . CH-NHR
c(cu:um-e,)z £ (CH=NHR), B~ PH=NHR
RNH y
Ph 67 Ph 2re; ?h 07 ph zcen; PRT0T PR 2080,
FH:NR
L= PH-NHR CH-CO0PH
= EH=NR HCeo, Phyz Ph
[ I —_— | | —— N - + N
PH DNHRDh PHN Ph RN R
R 20204‘

With ammonia, uncharged heterocycles are formed.

o{Chs= Nime,),

NHa Phy, = % Ph
|t — o A
PhT07T PR 2eep; N

The reaction of piperidine with bis-aminovinyl salts leads to the
addition of three moles of piperidine. The product converts to the
bis-compound under the action of perchloric acid.

o (e =RMe,), tlem=nNe 3},

LsHip NH
N —_— i
on” 97 pn  2cen; A I T

3. Reactions with Hetero Analogues of farhonyl Compounds.
a) Reactions with Nitroso Compounds. Nitroso compounds behave

like aromatic aldehydes in reactions with methylpyrylium salts.

6 carried out the condensation

Simalty, Strzelecka and Khedijalo
of p-nitroso-N,N-dimethylaniline with mehtylene substituted
monocyclic pyrylium salts to show that the reaction led to the

Schiff bases.

Ph CR sN@'N(ﬁﬂl)e
G ;
Ph 0l EH:N-@N@H% 0 py,
een, teo;

where R ig H, C6H5 or COCGHS'

The authorsl06 suggested the following reaction mechanism.




0
Vi

Hit-C .
(CH,)aN@WD + HZO_C:D —_— fCH,}ﬁ@:N'DEDD%

So CHy LoD
H-CH, CH,
5 -
+ + [H,E00 = ! + CHLOOH + Deo;
PR 07 Ph Ph O PR
cen;
Prto0-N Q-N ftus),
e, DHy
Ry
i + cu,cuo-w@ﬁ{cm)& —— Ia- e
PR Ph  CRR? - tHy
PR~ 0 Pp t'.EﬂJ 4
e )-a(ens),
|+
LN VR T iy
Scheme 7
78,102

Similarly to the case of earlier studied reactions
[See Section 2 (a)] the occurrence of equilibrium (a) was proved.
The addition of alkali metal saltslo7 favoured the process, as
evidence by the UV spectral experiments. Thus, p-nitrosodimethyl-
aniline in acetonitrile solution absorbs at Amax of 420 nmn.

The addition of acetic anhydride causes no spectral changes, whereas
in the presence of lithium perchlorate, the band at Amax 420 nm
disappeared and a new band at Amax 322 nm characteristic of immonium
cation emerged. The role of lithiumcaticn consisted in binding
acetate anions formed in the reaction, The UV spectral studies also
showed the reaction to reguire the presence of acetic anhydride.

no reasction ococurs
OHPR

m + (na;)zN-QN:D + Lireg, Ph—E:N-@—NG\_HQP_
Ph Ph b =N
L+

Ay
Ph 0¥ PR ceo;

The reaction did not go in acetic acid or alcohol medialoe.

The condensation of p-nitrosodimephylaniline with methylpyrylium
salts occurs when acetic anhydride-methylene chloride solution of the
reactants was allowed to stay for two hours at room temperauture.

The yields varied over the range 30 to 70 %106.
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The hydrolysis of ketimines with acids resulted in a formation ketones

whereas aldimines remained unchanged under the same conditions.

Ha0/H* :
no reactlion occurs
R-E=N@N(EH5)2 R=H
o)
+
Pa”07" Ph cea, E HaD/ H* N
e Ll peo-
R-Ph, 07 o, PO,

b) Reactions with Dimethyl Sulfoxide. Alkylpyrylium salts

condense with dimethyl sulfoxide in refluxing acetie anhydride/methylene

chloride mixture giving rise to sulfonium saltslog.

0
H0-0?
N +
(CH3)2S—°[} + /[] e (CR;LS—DCDQMB + PR LOR
H,‘n-e\\ﬂ
THR LHR
=2
|+, + CHR00™ =" [ ]+ eHycoan + ceoy
ph™ 07 Ph cen; Ph 07 PR
R=K,CHy,Ph, COPH
+
(EH“ R-CH-S (THy), R g ~5(tHs),
. = beoew ‘
[ A+ (W) 8-0-p00H, === | [« s [
PH Ph ces; ph 07 PR pegy| TPMPOBR - LN0Thpy peg;

Scheme 8

sulfo compounds were obtained in 70 to 80 % yields.
Heating a mixture of 4-methyl-2,6-diphenylpyrylium perchlorate
with excess dimethyl sulfoxide for a longer period of time afforded

the bis—productslog'llu.

— 73—




DHy H\p_ fS(CHJ)a

%
@ v (th)s ey DGO, m
P07, (the)ps — - DH,LOOH Iof

Ph PR Bep”
ceq, .
+ + -+
M- S(eH (Crs)s\ 5 (ony)
o 1) T e cié(en),),
| ‘z'-§| + (EH;)QS"DEUEHl — @ e m
ph o Ty PH4 008" Pn 07 gy ph 07 ph
oo, Xyl EEU;) 2 CH 2D~ RO, ,LH;C00”

Scheme 9

The reaction of 2-methyl-4,6-diphenylpyrylium perchlorate could not
be stopped at the stage of monocation formation. The yields of

di-cationic salts increased two fold in the presence of alkali metal
cations providing higher ccncentrations of acetoxysulfonium salts
XVIII essential to reaction (al}.

Sulfonium salts behave as bases and undergo protonation with

strong mineral acids to bis-caticns.

.
R-C- S(0Hy), - R—Ei-i(nu,)z
| 0 | e { E’
Ph -H Ph Ph  Eep;  ¥”
P Leq; 4

4. Interaction with Ortho Esters

Reactions of methylpyrylium salts with ortho esters provide the
most widely used synthetic route to trimethine cyanines. Usually
the reaction ig runm in refluxing acetic acid, acetic anhydride or

pyridine, At present, the reaction mechanism shown in the following

scheme is generally accepted.

' N
U"'.‘E'DHJ = V] ('.’=QHz + Heeg,
v

[‘_QU"
or'
P
p.u(cm')3 + Heep, === ROL# + R'OH
‘oR! I:QD;
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N + Q) s OR! SN
D CB=DH, + RE(OR‘)a GO, —=—  OMD-CHyeR e O+C-CH=TR-OR
U - s

ceg; ee;

e ~ . ~ ™ ~~
O+ C-LH=CR-OR' ~=+— [} [=CH-ZR-DR + D C=DH, Tage O Leon-tRzeH-C+D

Scheme 10

Compounds XIX and XX described in paperslT'Sg‘lll were the first

example of trimethine dyes obtained from monocyclic pyrylium salts.

Ph Ph OH = CH~TH
= i
Gl ) Gl
h 07T CH =CH-ouT 07 ph P 07 ph o 00y
ceg; fen;
XX XX

These compounds were synthesized by refluxing arn acetic anhydride

and pyridine solution of the reacticns.
Benzylpyrylium salts reacted with orthoformate in a similar way4’9.

ﬁph Ph-C = BH — L —Ph
5 o, 0L
+ + HC{oe,H e | | ]
PR 0% Ph {o0s4s), Py

-
PO Ph PR D7 PR
teo, eeq,

With phenacylpyrylium salts, the reaction led to cyanines

XXI which converted to tri-cation tris-pyrylium structures under

the action of perchloric acia’’®7/112,
FOPh
LH,COPh ¢ = OH - C-RDPh
5 ne{eyng) " ) Ph
L+, —— @ ] _Heed,
= pn 07 on PR 0 Ph
Py P07 e oS T TN on
el ) 0= 0 3een
*x1 Ph  Ph ”

The treatment of XXI with ammonium acetate resulted in the
replacement of two heterocyclic oxygen atoms by nitrogen, whereas

ammonium carbonate caused the replacement of only one oxygen atoms?’94.

gﬂph
= €H — C-[OPh
LOPh e
o GLI NP 1
c\— S CaHs 01 PHNF PR P D Ph
|+ [ | — poPR
Ph Ph P 07 py £ = CH— E-CDPh
EEDJ‘— QH;CGDNH« =
CH,CDOH |

L
PN ph Ph E Ph




Attempts to the preparation of sulfur-substituted species by

sodium sulfide treatment of trimethines were unsuccessful because

the products could not be isclated in the pure formgs.

Benzopyrylium salts gave cyvanine dyves under milder conditions.

A number of papers reported the preparation of pyryl cyanines from

86,88,18,46 103

2- and 4-methylbenzeopyrylium and 9=-methylxanthylium

salts. The use of esters other than ethyl orthoformate was

18,94

described When treated with aqueous alkali , benzopyrylium

cyanine dyes containing hydroxyl functions converted to the anhydro

basesla.

PH =CH — CH tH =fH—E&H
5 QH™ zd
oo eIl s N8 ¢!
ud b pp 0 oM 0 0pn PR 0 OH
cen;
97,113

Papers discuss the effect of cyanine structure on the

position of the band maxima in the UV spectra. Cyanine dyes are
deeply coloured and absorb in the long wave length reqion2'17’89'114’115.
An increase in the basicity of heterocycles composing the cyanine

molecule as well as higher molecular symmetry was reportedl—"'Z4
to favour a greater wave-length shift of the absorption bands,

86,116,117

Wizinger and co-workers have studied bathochromic

effects in the UV spectra of cyanines asg depending on the number

of the vinyl units in the polyene chain.

N ~

q+'G—EH=CH~@H=0@n-EH=E 0

N/ R
‘-

The maximum shift per vinyl unit occurs in going from n = 0 to
n = 1. However, convergence variations show that the dependence
is not a liner one.

Heating pyrylium salts containing the g-methylene group with
ethyl orthoformate affords 2-(g-ethoxyvinyl) derivativesse'lla’llg.

Ethoxyvinylpyrylium salts also result from the condensation of o-

and y-methylpyrylium, benzopyrylium, and xanthylium salts with
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orthoformate i1n warm acetic acid or nitromethane solutions of the

salts leads to nearly quantitave yields of ethoxyvinyl salts without

any further heatinglzo'lzl.
HR{OC,Hs )
O+'C~CH _Helotas), 0'+0- CH=TH-Dbkg
cen; ren;

2-{8-Ethoxy} vinylpyrylium salts undergc hydrolysis with acids and

baseslla’ 120.

" * > 4
o l A4 xXxn ce D"W
™ . e

/7
0 [(=0H-CH-DEt D Q=CH-CHO
S Ok S
cen; xXXIY
(2 » DH ’$5A
0 L=CH-CH
N4 ~ DE%
KXW

In both cases, the attack of nucleophiles is directed at the
positively charged B-carben atom of the ethoxyvinylpyrylium salt.
However, in the first case, the stabilization of addition product
XXIII by the removal of the alkohol molecule is accompanied with

the protonation leading to B-hydroxyvinylpyrylium salt XXII.
Pyranylideneacetaldehydes XXIV are highly liable to protonation
with acids resulting in compounds XXIT.

Reactions of ethoxyvinylpyrylium salts with amines may follow

the two pathwayslzz.

Ry RR'NH 7R * =
" —_— JE , NHRR! - VR ———
0~ CH-CH-DEt ~0-YLH-CH -ELOH -2 CH-CH=NYp,

cep, DEx  Ceo; -
4 XEY : Ley
N
—_—— |+ /
i} EH:CH—N\W
Ceq,
path &



o RN, G
i . e | PH= CH-DEt —_
p-~CH=CH-0Et 0 + @

N NHyR _
ceo; ceo,
X¥v
— e
p#~ BH = CH- DE NP CH=CH-DH
R reo; R eeq;
ANV XXX
Path B
Scheme 11

The reaction direction depends on the basicity of the amine.

118,122 react in the direction A,

122

Thus, aromatic primary amines
whereas with amines of higher basicity (methylamine, ammonia)
path B is realized. With aromatic amines, the reaction occurs on
mixing of equimclecular quantities of the reactions in acetic acid.
Diamines react with both their amino functions teo give the bis-products
{(path A).

Heating equimolecular quantities of methylpyrylium salts, ethyl
orthoformate and aromatic amine in acetic acid can be used as a
one-step route to - arvlaminovinylpyrylium saltslzz. Basic
hydrolysis of arylaminovinylpyrylium salts results in azomethines,

whereas the hydrolysis with acids leads to «,B-unsaturated aldehydes.

~~ OH~ ~ HaO/He
 +1C-CH=CH-NHP — P=CH-CH=NPh ——=— o [=CH-CHO
OA : H h -Heel, ot [

CED;

Secondary amines react with ethoxyvinylpyrylium salts in acetic

acid to yvield mixed acetal acetates XXX122_ This result seems to

depend on a much higher basicity of secondary amines compared with
their aromatic analogues and hence much lower concentrations of
the free amine than those of the acetate anion. As a result, the
attack of the acetate ion on the ethoxyvinylpyrylium B-carkon atom

is favoured. The reaction yields dialkylaminovinylpyrylium salts

XXVI in aprotic solvents,
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Aw
L)
e | DCDDH,
- Wes- a0 tH-CH-DEE

Ar
5 e XXX

+
AP~ LH=CH-DEL

ceq,; \o &g,
Yy %’v LA A
[2)
h \\ @
Ar~0F CH = CH-NRR'

ten,;
XXV

The interaction of 2-R-ethoxyvinylpyrylium salts with methylamine

{(path B} leads to the substitution of the pyrylium oxygen atom with

the nitrogen one coupled with the hydrolysis of the B-ethoxyvinyl

Agqueous alkali converts N-

function to the B-hydroxyvinyl one.
methyl-2-(B-hydroxyvinyl) pyridinium salts XXIX to the aldehydes XXXIllz.
Aw A
D L

A R ou-tnp
CH,
XXX

PRas gy TSt
CHy  Ceqg

Reflux in acetic acid with ammonium acetate converts 2-(B-ethoxy-
122

vinyl)pyrylium salts to 2-(B-hydroxyvinyl)pyridines

m L NHy DCDEHy f’j
0¥ N ey = H-OH

CH =CH-0EL 2. M0
ten,
In the presence of pyridine123 or sodium acetate123‘124,

2- (B~ethoxyvinyl)pyrylium salts react with compounds containing

activated methylene groups in refluxing acetic anhydride to produce

merc cyanines.

N * * LHst & X
D C=CH-CH-DE: + uaciy Jtatbona, g c=r:n—|:u=c<y

cen;

X = CN; C6H NO,; CN; COOC2H5 etc.

XY = COCHB: CN; COCGHSF a8%5

Melting together mero cyanines and ammonium acetate results in
124

the substitution of the heterocyclic oxygen atom with the nitrogen.

' yid CH3CDDNH, £N S
0 0={!H-EH=[:\ —_——— N 0= [Hy- CH=C
o/ Y A bl
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The action of perchloric aicd leads to the formation of pyrylium

salts containing the activated methylene group which easily and

quantitatively condenses with aromatic aldehydes.

N ¥ Heep ) ¥ ROHD o R
O C=CH-CH=| > guit-tHy-th=e! X G- BoeH=el
N 4 N Y
cen, cep;
125 . :
Dorcfeenko and co-workers have shown 2-B-ethoxyvinylpyrylium

and benzopyrylium salts to react with aromatic compounds in

refluxing acetic anhydride to yield styrylpyrylium salts.

}R
'Y + -Ht ™ +H* 7/ R
Q O0=D0H-CH-DEt + R ——— 30 E:QH-EH —_— 0-»1:-1:,.4::34@
~ 0 ce; ~ DE: = e

Monosubstituted benzenes (R = NR2, OH, OR, Cl) give exclusively
‘para-derivatives. With indole, the attack occurs at the B-position.
In the case of nitrobenzene, the reaction involves the metha position
of the benzene nucleus which demonstrates an exclusively high re-
activity of the 2~ and 4-(f-ethoxyvinyl)pyrylium B-carbon atom.

A one-step preparation of styrylpyrylium salts can be achieved
by refluxing acetic anhydride solutions containing methylpyrylium
salts, ethyl orthoformate and aromatic compounds. The yields are
rather high, so that the procedure does not require the isclation of
the intermediate B-ethoxyvinyl derivatives.

2- and 4=-f=Ethoxyvinylpyrylium salts react with phenylmagnesium
bromide; the nucleophile attacks the ethoxyvinylpyrylium f-carbon
atom. The reactich products were converted to styrylpyrylium salts

on the treatment with perchloric acid124'126.

Ph

N + PhMg B N | HEED, R
O C=lH-CH-DEf ———=— G £=CH-[CH-DEEt oon O+ 'C- CH=LH-Ph
~ - s -
eeo; £eg,

In the case of alkyl- and benzylmagnesium bromides, the resulting
salts are highly labile and their isolation is hardly possible.
The addition of aromatic and aliphaticnitriles occurs at the

8-carbon atom of 2- and 4-B-ethoxyvinylpyrylium salts. Hydrolysis
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In the case of alkyl=- and benzylmagnesium bromides, the resulting
salts are highly labile and their isolation is hardly possible.
The addition of aromatic and aliphaticnitriles occurs at the
g-carbon atom of 2- and 4-f-ethoxyvinylpyrylium salts. Hydrolysis
of the resulting nitrilium salts with acids gives B-hydroxyvinyl

derivatives and carboxylic acid5124'126.

' s RE N pEt, ~y
O {=CH-CH-0E¢ ———— D Q=CH-BH-N=CR CC/'E-DH:CR-DH' + RCDOH

R -
cen; ceq; ceq;

Hab/ 1+
RCLLBL

Ethoxyvinylpyrylium salts condense with salts of various methyl-

substituted heterocycles in refluxing acetic anhydride121 or

pyridine127 to yield symmetric and asymmetric cyanine dyes.

o -~
Q;‘C-CHa === g D=CH, +H*
Nt

N + ) ) I
C [=0CH-CH-DE:t + Hat= T 0 — O C=PH-CH=CH-L£+D
N St Ry

- ~EtOH
Cen, cen;

2- (g-Ethoxyvinyl)pyrylium salts in dioxane solutions add bromine

at the C = C double bond under the action of eguimeclecular gquantities

121

of Br2

N B N
O + "L - CH=LH-DEL d'—hT 0’0 - eu(Br)eH{(Br) DEL
2eg; toxan S ceq;

Heating 2- and 4-f-ethoxyvinylpyrylium salts with ethyl vinyl

ether in acetic acid affords 2-{f-ethoxydivinyl)pyrylium saltslzs.

+
0o OH,-CH-D0Et ~
4 ~ ) D
pC:EH-EH-DEt +  HgR=CHOEt ——— O Q@=CH-DH-OEt T D_'+‘L‘-(CH=EH)—DE+.
. _ —-E¢DH N 2
eon; Cey, cen;
Ethoxydivinylpyrylium salts react with aromatic amines, reactive
aromatic compounds and compounds bearing activated methylene groups
to vield aminodivinylpyrylium salts, 1,4-di substituted butadienes and
tetramethine merc cyanines, respectively. However, their reactivity

is somewhat lower than that of 2-(f=-ethoxyvinyl)pyrylium salts.



O+ 0-CH=CH-CH={H- NHA®
een,”

pe tu-C mc CH-DH=OH-2Hep!
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I EDQ"
Che
7"
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R
+

1] ceo;
5. Other Reactions of Methylpyrylium Salts
Van Allan and Reynoldsss’129 observed methylflavylium salts to
undergo autocondensation on heating in pyridine solution to yield the

dimer XXXIT. The reaction was supposed to follow the radical pathway

represented in Scheme 12.

oM,

s

= Py 07 on CER, = = oy
l + — l — . + l "/ e
57 Ph 0-*Ph - Ph p?"Ph

veg; e
DH, L™ cH cH
— D 2= Tl
G# P PR HX 0-Ph PH ()
2Leny XXl
Scheme 12

Methylflavylium salt polymerized to compound XXXTTI is allowed to

. . 11l
stay in acetonitrile solution for a long period of time . The

mechanism of this conversion is not clear.

CHy
CN —
0% o " i ={ pp
- +*
ceq; PH acen;

XXX
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When heated in acetic acid/pyridine solution, methylpyrylium

salts condense with flavylium salts to compounds XXXIV13O

The
reaction 1is believed to develop as follows.
(Ei! py < He H =(
(+] —— ] + N
Ph° 07" Ph PR 0 PR 0- Ph
ceo, cem,
KXXIV

Pyrylium methylene groups readily enter the Michael condensations

yielding 1,5-diketones XXXV. The cyclization of the latter via

the hydride cleavage gives bis-pyrylium salt5112

Ph
-
CH,~COPh 0 »
= Heed, Ph 5 Ph
){\1-/ +  Ph«CHz=CH-COPR —— 2
[ [} | +
oep; PR 0¥ Ph
4
acen;

Acyl chlerides react with pyrylium methyl groups to produce
pyranine XXXVI18

CHy LH = I:— CH
9D e ien! fD
+* + H EDCE —_—
HD 7 ph TRt
ce-
XXXV
van Allan131

reported the isclation of benzylidenepyran derivatives

by the reaction of 2,6-di-tert-butyl-4-methylpyrylium perchlorate

with 2,4-dinitrochlorobenzene.

CHy (em), "o
{o ) QJ\;\ I\ (D ¥ EE@- No& = b@
Hyf - Hl).! N g, (QH 1)35 o N,

1979



2,4,6-Trimethyl and 2-methyl-4,6-diphenylpyrylium perchlorates,

amines and formaldehyde undergo the Mannich reaction in refluxing

methanol or acetic acid teo vield aminocethylpyrylium saltsl32.

R

R
= 2
[ + +  RPRgNHy + CHh ———— | +
RS D% BH, R

07 BHa Doy NRR,
eeo,” een;

R= CHy, CoHy

In the first reports on the isonitrosation of alkylpyrylium
. . : . \ . . 12,41,1
salts with sodium nitrite or isocamyl nitrite =7 1,133 the products
were supposed to have the isonitroso structure , however, this

suppesed ion was not rigorously verified.

PH=NOH CH=NDH

+ + +
] 07 By L3 07
NDH ! =
Recently, 2,4-diaryl-6-methylpyrylium salt has been shown to

give true nitroso compounds under the action of isocamyl nitrite134.

This conclusion is based on the UV spectral data and chemical
transformation of the product.

Ar
Aw Ar Ay

/E:j CyH, OND @ 26~ 07 omy P00 @ ,[{j
P N L A~ 0P CHNG

-+
A BF Ligon= CHAS 07 R
ceny 20e0;

One of the possible mechanism of the iscnitrosation reaction is

s follows.

CeHyOND  + A0 ———— |.EH3L‘DD'N0"] + CH;C00C Hy
Ar [ he
[+ CH,L00 +] f\j oeg f\l
i+ + H “NO ——— +NOTOPD, — | +
A0 0H, [ 3 -ReOH S0y, “ AV D DHND
QQQQ cea;
Scheme 13
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The reaction of methvlenepyran XXXVII and amyl nit:rite12 lends

support to the idea of the intermediate formation of a methylene base.

Fuming nitric acid in glacial acetic acidl34 as well as tetranitro-

methane in pyridinel2 causes nitraticon of methyl groups of pyrylium

salts.
Ar Ar
A PR, M07 BHgND,
0RO, reo

When heated in acetic acid in the presence of sodium acetate,
methylpyrylium salts react with isonitrosc compounds to give

asymmetrical monomethine c¢yanines via the removal of hydrogen

cyanide127'135.

H,e  oH H,L D[H

3 \E, 3 - HCN J\c/ 3
N /- = - Hz0 o % N
QO+ [-CH,y + HON:CH-L‘?‘-‘-]D —, LI{-\'-CME‘ i}
(o) ; Ny~ - Heeg, N L

ceg, ceg; ren;
108,136

Khromov-Borisov and Gavrilova showed that pyrylium salts

containing activated methyl groups readily undergo the diazo-coupling

reaction.
Ph Ph ok
R CaHs0H 2 =%
G- e e ) e
PR~D CHy P8 ﬂHz'“=N©R pn 0 EH:N-I‘i-@-R
e ee- oe-
XXXVl

R= H, NO,

38 compound

To show the validity of structure XXXVIII proposedl
XXXVITI was converted to the N-methvlpyridinium salt which was

also synthesized otherwise.




Ph

R
| + + DHyNH,

A
Pn 0% PH=N-NHPh
o

Fh
-
&1
Ph PIJ FH=N-NHPh
.

CHy G

Ph
m 0y PhINH NH
+ h
ne :
CH,

0-Methylpyrylium salts react with secondary amines under mild

conditions to give N,N-dialkylanilines, via the cleavage of the ring
followed by the cyclization of the intermediate dialkylaminoketones

(XXXTX) 137-139_

LN HNR, N o -H;0
Eq./ —_— I NRZ _— l ———
07 LH, ~HX 0 R Eh{ NR,
x-

LH,
XKXIX
2,4,6~-Trisubstituted pyryll.iurnl‘w“146 ’ thienopyryliuml“ » 148 R
benzofuranoPyryliums, selenopyryliuml49'l50, 2—benzopyrylium151

salts containing a-methyl groups convert to phenols under the

action of alkali.

= NaQH = . & -Ha0
E-i-/ ———— | H —=—= | —_— e
07" CHy 0 0 oi, s OH

CH,

The deuterated phenol was alsoc cbtained in this waylsz.
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