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RECENT ADVANCES IN THE CHEMISTRY OF as-TRIAZINIUM SALTS 

Oleg Chupakhln . Sergei Alexeev. Borls Rudakov. and 
Valery Charushln 

Urals Polytechnical Institute. Sverdlovsk. 620002. USSR 

Abstract - Recent studies on protonation and alkyiation 

of astrlazlnes and the synthesis of N-alkyl-artriazl- 

nium salts are summarized. The reactions of astrlazi- 

nium cations snd the features of their chemical 

behavlours in comparison with those of neutral species 

are discussed. 
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The chemistry of astriazines has been studled for many decades because 

many derivatives of this heterocyclic system are important for practice 

and have found thelr application in medicine. agrlculture and other 

fields. Far less attention has been paid to the synthesis and chemical 

behaviour of charged trlazines. Information concerning astriazinlum cat- 

ions is almost imperceptlble in comparison with enormous body of data on 

neutral triazines accumulated in the literature. At the same time, it 

is well known that the transfer from azlnes to azinium cations enhances 

t h e ~ r  reactivity towards nucleophillc reagents and enables azinium cations 

to undergo new types of reactions. Indeed. recent on 

astriazinium salts revealed a great deal of new reactions whlch would be 

considered as rather unusual in the chemistry of uncharged azines but 

proved to occur with as-triazinlum substrates. This is why we would like 

to concentrate in this review on the chemistry of astriazinium salts. 
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2. Preparation of asTriazinium Salts 

2 .1 .  Monocyclic as-Tiazinium Salts 

2.1 .1 .  Protonation of as-Tiazines 

Nitrogen atoms in the majority of astriazines are basic enough1 to react 

with mineral acids yielding NH-a-triazinium salts as rather stable solids 

which can be stored under normal conditions.' The structure of 

N-protonated triazines has long been under disc~ssion.~ Probably it is 

accounted for by the fact that three nitrogen atoms [N 
(1). N ( ~ )  and N(41 1 

are potential sites for the proton attack and. therefore. finding the real 

centre of protonation doesn't seem to be an easy problem. A certain 

theoretical interest 11'27-32 has prompted us and other researchers to use 

physical and quantum chemistry methods to solve this problem. Calculations 

of the parent as-triazine and some of its 3-substituted derivatives re- 

vealed that the (u+nl negatlve charge on nltrogen atoms is decreaslny in 

the following order: N (41>N(2~ >N(ll (Table 11 11.27.28 ~ h l s  sequence is in 

full agreement wlth chemlcal shlfts 27-30 of the nltrogen atoms in the I5N 

nmr spectra of 3-substituted astriazines (Table 11. According to the 

(u+nl charge distribution over the ring nitrogens the formation of the 

N(41-H triazinium cations can be expected to occur first. 

On the other hand. 0-charges on the ring atoms in aromatic systems have 

usually a smaller influence on the proton attack than the n-charge distri- 

butions. 33 The n-charge densities in monocycl ic astriazines are somewhat 

different: N(21>N(4)>N(1) (Table 1). thus indicating the N atom to be 
( 2 )  

the most likely protonation centre. 

The thermodynamic stability of astriazlnium salts is another important 

feature. The data of ab initio calculations performed for the parent 

triazine show that protonation energies for N and N 
(11 

(21 atoms are less 

31,32 Unfortunately. the ab initio methods than that for N(4, (Table 21. 

used did not take into account interaction of the N and N(Z1 electron 
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pairs, which results in the deviation of the N and N(Zl p-orbltals froa 
(1 1 

the plane perpendicular to the molecular framework and thus lowers the 

effectivity of n-electron conjugation in the ring. In thls connection it 

is clear that the formation of N(ll-H and N -H triazinium cations is 
(2) 

even more favoured thermodinamycally because protonation of one of two 

neighbouring nitrogen atoms eliminates the repulsion of electron pairs. 33 

Also. it has been suggested that N(21-H astriazinlum cations (11 can be 

stabi 1 ized by the intramolecular N(21-H - - N(ll hydrogen bond formation. 3 1 

The same advantage is easy to imagine for N(l,-protonated trlazines ( 2 )  as 

we11 (Scheme 1). 

Scheme 1 

The protonation process has also been studied experimentally. 27'34 Hypso- 

chromic shifts of the main absorption band in the uv spectra of some 

as-triazlnes were attributed to the formation of cationlc species. 
N(21-H 

or N(41-H.34 However this method did not allow to differentiate between 

these protonation sites. 34 

The most convincing and reliable data concerning protonation of 

astriazines have been obtained by means of nmr spectroscopy.27 The 'H,'~c 

and 1 4 ~  nmr studies performed on some 3-substituted astrlazines have 

revealed that a mixture of interconverting prototropic forms (3-51 is 

present in solution with preferential contribution of the N(ll-H isomeric 

salt (3) (Scheme 2) 27 
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Scheme 2 
H 

R3= M e .  S M e .  O M e  NHa morpholino: Us. Us= H.  M e .  O n e  

Table 1 (0 + ni and n-Charge dlstrlbutlon over the rlng 

nltrogen atoms in molecules of 3-substituted as-triazlnes 

(CNDO/Zi and 14N and 15~-chemlcal shlfts 27-30 

R~ 
lrJ+nl-charge densltles 

in-charge values are given in 

parenthesis) 

II 

OMe 

SMe 

14N (1" CDCl3j and 

1 5 ~  (In DMSO-dbl (in 

pdrenthe~iisl charn~cal 

shlfts 

NH 2 

2 

morpho- 
llno 

Ph 

a c 
In Et20. bThe data of INDO calculations. For the calculation data 

see the previous compound. 

N(l) 

-0,043 

(0.009i 

-0.062 

(--0,0021b 

-0.024 
(0.033) 

-0.034 
(0.0241 

- 
--0.029 

-0.018 

(0,042) 

C - 

-0.048 

(-0.021) 

N121 

-0.101 

(-0.0721 

-0.126~ 

1-0,069ib 
-- 
-0.140 
10,1401 

-0.119 
-0llZI 

N(41 

--0.134 

1-0.047) 

-0,185 b 

(-0.0491 b 

-0.184 
(--0. LO01 

-0.159 
(--0.079) 

- 
-0.14'7 

-0.167 

(-0,1571 

- C 

--0.116 

1-0.0941 

-0.181 

-0.207 

I-0,110i 

- C 

-0.163 

1-0.0621 
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Table 2. Protonation energies. E (kcal/mol). for the parent 

astriazlne calculated by the ab initio method 

This conclusion is based on the following arguments. In the 'H nmr spect-ra 

of protonated azaaromatic compounds the signal of H-P (relative to the 

charged nitrogen dtom) undergoes a greater shift to a lower field than 

that of H-u.~' Anaiyzlng chemical shitts of H-5 and H-6 protons in the 'H 

nmr spectra of 3-methylthio- and 3-methoxy-astriazlnes in CDC13 and 

CF CUOH one reaches the conclusion that the N(ll-H isomeric salts contri- 
3 

bute mdlnly to the overall picture of prototroplc equilibria in these 

molecules.27 In the case of 3-amino substituted as-triazlnes protonntlon 

of the exocyclic nltrogen may contribute significantly (Table 31 

In the 13C nmr spectra of 3-methylthlo-as-triazine in CDC13 the C-6 

resonance signal is mostly affected by addition of CF' CUOH. W l t h  an In- 
3 

crease in acidity of the solution it is shifted gradually upfield ( A 6  

reaches 3.4 ppml while the resonance nlgnals of C-3 and C-6 undergo only 

slight downfleld shifts.27 Taking into account the llterary data35 these 

shifts are in agreement with the predominant protonatlon of N 
(1 I 

In the 1 4 ~  nmr spectra of 3-substituted as-triazlnes (3-methoxy. 3- 

methylthio and 3-morpholinol in CDC13 the resonance signals of a11 nitro- 

gen atoms are shifted and broadened on protonatlon by CF3COOH. However 

Strong upfield shlfts of the N[l) resonance signals (14-26 ppml are 

diagnostic enough to reach the same conclusion of preferential contrlbu- 

tlon of the NCI,-H isomeric salts. 27 

as-Trlazine 
+ 

N(41-H 

212.2 

211.9 

References 

3 1 

3 2 

218.7 

218.6 

229.9 

222.8 
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Table 3 The 'H nmr spectral data for mono- and disubstituted 

astriazines in CDC13 and CF COOD and protonation 
10.27.35-37 3 

effects A 

Triazine Solvent 

- 
CDC13 

CF3C02D 

A 
CDC I 

CF3C02D 

A 

CDC1 

CF3C02D 

A 

CDC13 

CF3C02D 

A 

DMSO-d 6 
CF3C02D 

A 

CDC13 

CF3C02D 

A 

CDC 1 

CF3C02D 

A 

- 
Chemical shifts 

N-Alkylaz~nlum salts are more attractive catlonlc specles than thelr N-H 

analogues slnce they are usually more ~tab1e.l'~ they cannot loose easlly 

the N-alkyl group (for the dequaternlzatlon reactlon of N-alkyl-as-trl- 

azlnlum salts see Sectlon 3 1.3) and. therefore. no equlllbrla between 
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isomeric N-alkylazinium cations can exist in solutions. In spite of that. 

only a few reports on the synthesis of monocyclic N-alkyltriazin~um salts 

have so far been published. 10-15.38-44 

Three types of isomeric N-alkyl-astriazinium salts can possibly be 

obtained from alkylation of as-triazines depending on electronic and 

sterlc effects of the ring substituents and thermodynamic stabilities of 

the forming quaternary salts. 10-15'38-44 As already mentioned. the basic 

character of nitrogen atoms in the majority the astriazines is changed as 

follows: N(4) >N(21 >N(l) (Table 11. 11'27'28 However. according to the 

CND0/2 molecular orbital calculat~ons the N(])- and N(2)-methyl-as tri- 

azinium salts are more favoured thermodynamically. Experimental data 

show that alkylation of astriazines is governed predominantly by steric 

effects of the ring substituents. 10-15.38.39 

Alkylation of 3-substituted and 3.5-disubstituted as-trlazines (61 con- 

taining a bulky substltuent at C-3 (3-phenyl. 3-morpholino. 3-piperidino. 

3-dimethylamlno etc.) with alkyl iodides or tr~ethyloxonium tetrafluoro- 

borate occurs exclusively at N-1 (Table 41. even for triazines bearing the 

methyl group at C-6. 10-15'38'39 In other cases a mixture of N(l)- and 

N~Z)-alkyl-astriazinium salts (7.81 1s formed (Scheme 3, Table 41. 

Introduction of a more bulky i-propyl group or aryl substituents at C-6 

hinders quaternization of N1 and. depending on the nature of substituents 

at C-3. both N(ll-methyl and N(21-methyl -astriazinium salts are derived 

from the methylation reaction with methyl iodlde (Scheme 3). 38.39 

Scheme 3. 

r! 
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Quaternization of 3-amino and 3-alkyiamlno substituted as-triazines also 

yields the mixture of N -alkyl- and N(21-alkyl-as-triaz~n~um salts 
(1) 

(Scheme 3). 15'38 In this reaction the ratio of isomers 1s affected by the 

nature of the alkylating agent. Previously reported data4' to the effect 

that quaternlzation of 3-amino-5.6-dimethyl-as-trlazlne by ethyl iodide 

results in the mixture of N illand N -ethyl-astriazinium salts appear to 
(4) 

be incorrect. Reinvestigation of this reaction has revealed that N 
(11 and 

N(2, nltrogens. but not N(4,, are quaternized with methyl iodide in 

methanol. 38 

Combined appl~cation of 'H and I3C nmr spectroscopy usually enables one 

to differentiate between Isomeric structures. In particular. the formation 

of N(ll-alkyl-astriazinium cations is character~zed by the following 

spectral features: in the 13c nmr spectra the C-6 iC-a relative to the 

charged nltrogenl resonance slgnals undergo strong upfield s h ~ f t s  of 6-10 

ppm: In the coupled 13c nmr spectra the vicinal coupllng constants between 

C-6 (C-I carbons and protons of the N(l)-alkyl group are usually 

observed; in the 'H nmr spectra the H-6 (Hi0 resonances are elther 

broadened or splitted due to long range coupling constants *J between H-6 

iH-dl and N-CH2- (N-CH I protons; the vicinal coupling constants 3~ 
3 

between C-U and H-P are usually decreased of 4-5 Hz (Scheme 41. 10-12.14.15 

Unequivocal evidence for the structure of N(1,-ethyl-3-butynylthio-5- 

phenyl-as-triazinium tetrafluoroborate has also been obtained by its X-ray 

analysis. 12 

Scheme 4. 
R R R 
I I I 

H--C--H H - - - H  CHz 
I 

RS \ 3 
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Table 4. Alkylation of as-triazines 

Starting triazine 

Ph 

morphollno 

NH2 

NH2 

NH2 

NH2 

NH2 

NH2 

NH2 
NH2 

NH2 

NH2 

NH2 
NHMe 

NHMe 

2 

2 

2 

2 

2 
morphollno 

morphollno 

morphollno 

morphol ino 

morphol ino 

morphol~no 

Me S 

Me 5 

Me S 

Me0 

Me 0 

-butynylthio 

- 

R5 
- 

H 

H 

P h 

Ph 

Ptl 

P h 

P h 

Me 

E t 

- Pr 

-Bu 

Ph 

Ph 

Me 

P h 

H 

Me 

Me 

-8u 

P h 

Ph 

Ph 

Ph 

PI1 

Ph 

Ph 

Ph 

Ph 

Pt1 

Ph 

Ph 

Ph 
- 

Alkylat~on 
agent 

~t 3 ~ + ~ ~ ;  
+ 

~ t ~ o  BF; 

Me I 
EtI 

PrI 

Bul 
+ 

~ t ~ o  BF; 

Me I 
Me I 

Me I 

Me I 

Me 1 

Me I 

Me l 

Me I 

Me I 

Me I 

Me I 

Me I 

Me I 

Me I 
E~~O+BF; 

PrI 

nu1 

CF3CH2CH21 

PhCH21 

Me I 

E~~O+BF; 

nu1 

Me I 

~t O'BF; 
+ 

E ~ ~ U  BF; 
- 

- 
ef e- 
en- 
es 

- 

11 

10 

38 

15 

15 

15 

27 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

38 

15 

27 

15 

15 

15 

15 

15 

15 

27 

15 

13 

15 

2 3 
.- 

an excess of alkylating agent in alcohol: 
+ B) on treatment with Et 0 BF; in CHZC12 at room temperature. 3 
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Scheme 6. 

ne,so, 

-- "'NU neso; 
0 

I 
13 M e  

2.  -7. ibndansad a s - T ~ - ~ a z ~ r , ~  m Salts 

Annelation of carbo- and heterocycles to the as-trlazinlum ring may cause 

considerable changes in char-ye distributions in both rings. as illustl-ated 

by the MO calculat~on data for pyr?m1doI4,5-rlastriaz1ne~~ and imldazo- 

11.2-bl- as^-triazine (16) (Scheme 71 46.47 

Scheme 7 n-Charge dlstrlbutlons for pyrlmldoI4.5-elartrlazlne (151 

and 1mlda~o[l.2-b1 as-trlazlne (161 

The 15N nmr spectral data for some [el-annelated as-trlazlnes 

(Table 5) 28'48-50 show thaL thls type of annelatlon does not change the 

sequence of chemlcal shifts for the trlazlne rlng nitrogens N 
(11 >N12)>N(41 
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relative to that of monocycllc triazlnes. 27-30 merefore, one can expect 

the same features in protonation of such triazines. Another sequence of 

15N-chemical shifts for the trlazine ring resonances is observed in the 

15N nmr spectrum of the [blannelated tetrazoiotriazine (17) and, there- 

fore. in this fused system the tetrazole ring nitrogeris are the most 

likely protonation sites (Scheme 81. 51 

Table 5. 15N Nmr Spectral data for selected [el annelated 

astriazines 28, 48-50 

Triazine Solvent 

DMSO-d6 

CDC 1 

DMSO-d6 

DMSO-d6 

15N Chemical shifts 
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Scheme 8. 15~-~hemical shifts for tetrazolo r5.1-bl astriazine (171 

in DMSO-d6 

437 

408 497 

364 

2.2.1 .  Protonation of Condensed Triazines 

Protonation of condensed triazines has been studied by means of both 

uv 52'53 and nmr spectroscopy. 54-57 As shown by 'H and 13c nmr, in fervenu- 

lln (181 the nitrogen N(21 is protonated predominantly, while protonation 

of isofervenulin I191 results in a mixture of three prototropic forms 

(20-22) (Scheme 91. 
54 

The type of annelation is very important in protonation reactions of fused 

triazines. Indeed, according to 13c nmr studies, 7H-imidazot4.5-el- 

as-triazines are protonated at N(lr 56 but in the case of imidazoIl.2-bl- 

annelated dstriazines the imidazole ring nitrogen N is the most likely (51 

protonation site57 which is in full agreement with n-charge distribution 

in this heterocyclic system (see Scheme 71. 

2.2.2.  Alkyia tion of Condensed as-Triazines 

The type of annelation and the nature of substituents are probably main 

factors determining the site selectivity in the alkylation reaction of 

fused triazines. For instance. indolo(e1annelated as-triazines (231 are 

quaternized by methyl iodide exclusively at N(Zy 58-60 while alkylation of 

[blannelated triazines (241 yields N~11-alkylimidazo14.5-bltriazinium 

salts (251 (Scheme 10). 61.62 
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Scheme 9 

tie k 
20 

Scheme 1 0  

Me X WXMe - @$f::x- 
R 

I 
R 

23 R= Me. k X= 0 .  S 

Ft 
EtX 

24 25 R= ti. Ph: X = I .  E~OSO; 
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Alkylation of [cl-annelated as-triazines proceeds less selectively. Thus. 

methyl trifluoromethanesulfonate reacts with 1.3.4-thiadlazolo(2.3-cl- 

astrlazine (261 in dichloroethane to give rise a mixture of N (11- and 

NiZl--methyltriazinium salts 127) and 128) in the ratlo 3:l (Scheme 11). 6 3  

Scheme 11 

In the case of as-tr1azolo[3.4-flas-trlazines I291 containing bulky aryl 

substituents in the triazine ring quaternization takes place at the trl- 

azole ring (Scheme 121. 
64 

Scheme 12 

A r =  Ph- mCI-C,H,; R- Me. PhCH,. PhCOCH,; X =  MeSO,. CI. Br 

Methylation of trlcycl~c systems 130) and 1311 has been found to occur at 

both the triazlne ring and the annelated pyrrole fragment (Scheme 131. as 

shown by nmr using DNOE and INEPT long-range techniques. 
65 

Aikyiation of fused trlazlnium betaines containing 0- or S- groups at C 
(31 

of the as-triazine ring usually proceeds smoothly on these exocyclic 

groups yielding quaternary astriazlnium salts (331 (Scheme 14) 16.17.66 
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Scheme 13. 

Me 

30 

31 

Ph 
Scheme 14. 

Me1 
___j 

MeCN 

Me I 
A 

M e C N  

Y =  0. S; R= M e .  ArCOCH, (Ar; Ph. 

R1= H. NH,: X =  F,CSO,. Br. BF, 

Triazinium-5-olates (341 are more sensible to steric effects of sub- 

stltuents at C and to the nature of alkylating agents as well. With 
(3) 

C(g) bearing hydrogen or an alkylthio group the methylatlon reaction takes 

place exclusively at N 
(4 )  

16'17 When the phenyl group is present at C 
(3) a 

difference between methylation reactions with soft methyl iodide and hard 

trimethyloxonium hexafluorophosphate is observed (Scheme 15). In the 

latter case the m~xture of iC and N-alkylation products (35) and (361 is 

formed in the ratio 1:l. 16 
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Scheme 15. 

Me I 

, 
+ + - 
34 Me,O PF, 

Tr~az~nlum-6-olates ( 3 7 )  are methylated wlth trlmethyloxon~um tetrafluoro- 

borate exclusively at the N ( l l  atom.'' An example is glven in Scheme 16. 

Scheme 16. 

Me - 
M~,O*BF; 

Ph- 

P h  Ph  

further intramolecular cyclizations enables derivatives of polycyclic 

as-triaziniilm salts 1 3 9 )  and 1401  to be obtained (Scheme 17). 17.66.67 

Scheme 17. 
x=  0 

ph@7z ArCOCHzBr 

+ 

Ph 38 x =  S 

X =  0. S: Ar= P-Y-C,H, 

( Y =  H .  B r .  C I .  Ph .  O n e .  NO,) 
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2.2.3. Annelatlon of Heterocyclic Systems to the asTriazine Ring 

A common synthetic route to fused triazinium salts is based on using tri- 

azines containing appropriate substituents in the ring which. being proto- 

nated, are able to undergo intramolecular cyciizations into a s t r i a z ~ n ~ u m  

salts annelated with thiadiazole. 63'68 t r i a ~ o l e . ~ ~  imidazole, l8 furan 70 

and pyridazine7' rings. Some examples are given in Scheme 18. 

Scheme 18. 

HCI0,-Ac,O CIO; 

I R= P h .  P-Me-CsH,. 

NHCOR P-Br-CsH,. PhCH=CH. Me 

- Me 

R 7 R= P h .  P-MeO-CsH, 

NBCI - N-bromoeucc i n i m i d e  

Ac,O/HCIO, BAr CIO; P h  P 
I 

ph/\COPh P &h A r =  Ph.  To l  . 2 - P y .  
PX-CsH,  [ x =  C I  . One. NO,) 

PPA: polyphosphor i c as id  

CIO, 
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2 . 2 . 4 .  Annelation of the Triazinium Fragment to Heterocyclic Systems 

There are two approaches to anndlation of the astriazinium fragment. The 

first one is based on using appropriately substituted arenes and hetarenes 

which can be transformed into fused triazinium salts via intramolecular 

cyclizations. For instance. when treated with mineral acids 

orthc-acylamino substituted azobenzenes (41) are cyclized into 

N(Z)-a~lbenzo[flastriazinium salts (42) (Scheme 19). 7 1 

Scheme 19 

R*= H. NH,. M e  OEt. Ph: R2= OMe. NEtz. NMePh. NMe2 

RJ= H. Me. One. COOEt: A r s  PY-CsHu. ( Y  =MeO. EtO. Et2N. NO2) 

X =  BF,. CI. BF, 

Also, it has been found that generated in situ ortho-aminotriazolium cat- 

ions (43) are easily transformed into triazolo[3.4-blas-triazinium salts 

(44) (Scheme 20). 72-77 

Scheme 20 

43 44 

Ri=H. Ph: R2= SMe. Me; X= PhSO.. CIO,,: R". RU= H. Me. Ph 

Acidic hydrolysis of Wsubstituted 2-cyanopyridinium salts (45) followed 

by the intramolecular condensation is another example of using this metho- 
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dology for the synthesis of fused benzolflas-triazlnium salts ( 4 6 )  

(Scheme 21). 78 

Scheme 21. 

0 

Unexpected intramolecular cyclization into the tricyclic dicationic tri- 

azinium salt (48) has been found to occur on treatment of Z-hydrazinopyri- 

midinium Wylide (47) with bromine (Scheme 22). 79 

Scheme 22. 

Another way to fused astriazinlum salts is based on using 

ortho-substituted Waminoazinium cations and. depending on the nature of 

substituents in these Waminoheterocycles, from one to several atoms of 

the reagents used can be incorporated into the forming astriazine ring. 

For instance, when condensing Waminopiridinium tosylate (49) with ortho- 

ethers, pyridol2.1-flastriazinium salts (501 are formed. in which the 

C12)-R fragment originates from the starting ether (Scheme 23). 80 

Scheme 23. 0 

R= H. Me .  Ph 
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Similarly a number of astriazinium salts, in which the as-trlazine ring 

is fused wfth quinoline. isoquinoline and benzoquinollne systems have been 

obtained. 81 

2-Cyanopyridinium cations (51) c m  be converted into pyrido[2.1-fltri- 

azinium salts (52) by action of amines through incorporation of the nitro- 

gen atom (Scheme 24). 78 

Scheme 24 

+ H2NCHZPh - w"[" 
+ 

R 

5 1 R= H .  b e n z o  52 

If 1 arnlnopyrldlnlum catlons (53-55) bear at C a modlfled carbonyl 
(2) 

group (2-formyl in the form of cycllc acetale. 2-phenylcarbonyl. Z-ethoxy- 

carbonyl etc ) .  then two atoms. C and N. are needed to form the trlazlne 

rlng. Amldes and ureas appear to be appropriate reagents for such conden- 

satlons. as shown below (Scheme 25 I 16.82.83 

Scheme 25 

53 

R1= H .  M e . P h .  P C I - C B H u :  R2= H .  b e n z o .  R3= H .  Me. 
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In extraordinary dimerization of 1-amino-2-cyanopyridinium salt (56) the 

C-N fragment needed for the formation of the triazine ring is provided by 

the starting material (Scheme 26). 84 

Scheme 26 

- [K~]- 
\* -H+ - 

CIO, "2 

The reaction is supposed to involve the formation of the Wylide (57) 

which then couples with the starting cation (56) to give the Intermediate 

( 5 8 ) .  Cyclization of the latter followed by deprotonation results in the 

formation of dicationic species (59). 84 

Condensation of 1.2-diaminopiridinium salts (60) with 1.2-dicarbonyl com- 

pounds leads to pyridol2.1-flastriazinlwn salts (61) in which the 

C(2)-C(3) 
fragment is donated by 1.2-dicarbonyl reagents lScheme 27). 85-87 

Scheme 27 

I - RCOCOR 

2 . H C I 0 ,  
I " 2  
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2.2.5. Other Synthetic Ways to Fused as-Triazinium Salts 

Other syntheses of fused as-triazinium salts involve using of ring trans- 

formation reactions or oxidation of condensed dihydrotriazine systems. For 

instance, treatment of thiazolol3.2-blpyridazinium perchlorate I621 with 

hydrazine hydrate results in pyridazo[6,1-elas-triazinium salt (63) 

through the ring transformation reaction according to the ANRORC (Addition 

of the Nucleophile. Ring Opening, and Ring Closure1 mechanism 

(Scheme 281. 88 

Scheme 28. 

- 
MeCN cro; 

Alkylation of the triazine I641 with an excess of methyl iodide causes 

opening of the 1.3-oxazeplne ring followed by the recycllzation reaction 

yielding tricyclic as-triazinium salt (651 (Scheme 291 5 9 

Scheme 29. 
Ac 
I 

The pyrido12.1-flas-triazinium salt I671 has been obtained by oxidation of 

dihydropyridoI2.1-flas-triazine I661 with bromine (Scheme 301. 89 
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Scheme 30 

3. Reactions of as-Triazinium Salts 

3.1 Action of Bases 

Several processes may compete in the reactions o 

67 

f as-triaz :inium salts wl ith 

bases depending on the basic character and electron-donating ability of 

14-19.25.82.90 the base used and the nature of astriazinium salts. 

In particular, astriazinium salts (68) with the bridgehead nitrogen atom 

containing rather acidic NH or OH groups are easily deprotonated by action 

of such bases as triethylamine or potassium hydroxide to yield betaines 

(691 (Scheme 31). 16-18.82 

Scheme 31. 

BH 

i 

CIO, 
R ' R2 

68 69 

BH" KOH. EtJN; Ri= H.  M e  Ph. SCH2COPh: Rz=  H. Ph: R3= H. benzo 

Interaction of Walkyl-astriazinium salts with bases is more complicated. 

The charged triazinium ring causes a large increase in the CH- acidity of 

the neighbouring Walkyl group, thus facilitating its deprotonation into 

ylides.15 It is worth mentioning that the formation of azomethine ylides 

from Walkylpyridinium, pyrimidinium and other Walkylazinium cations is a 

common phenomenon provided those ylides bear an electron withdrawing group 
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(cyano, carbonil. etc.) next to the carbanionic centre. 
91-94 

Only a few papers describe the formation of nonstabilized pyridinium 

methylides. 95-97 Deprotonation of 1-alkyl-5-phenyl-as-triazinium salts 

(70) by triethylamine (TEA) has recently been found to result in ylides 

(71) which are comparatively stable due to large inductive effect of the 

triazinium group coupled with its ability to delocallze the negative 

charge (71A) - (71B) (Scheme 32) 15-19 Evidence for the formation of 
ylides (71) is provided by their participation in the cycloaddition reac- 

tion with acetylenedicarboxylate (see Section 3.3). Ylides (71) are 

probably responsible for dimerization of 1-alkyl-3-alkylthio-5-phenyl- 

as-triazinium salts (70) into 4a.4b.9.10-tetrahydr0-1.3.6.8.8a.10a- 

hexaazaphenantrenes (72) (Scheme 321. 25 

Scheme 32. 

R 3 ' S M e .  SCH,Ph. NH,. OMe. 

mrpho I i no 

Ri=H. M e .  E t .  Pr 

Another possibility is reduction of 1-alkyl-as-triaziniwn salts by TEA due 

to one electron transfer. The fine structure of radical species registered 

by ESR has been found to be in full agreement with the formation of radj- 
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cals (74)  (Scheme 32). 14 

The chracteristic feature of 1-alkyl-as-triazinium salts (70) is the 

dequaternization reaction which proceeds very easily even at room tempera- 

ture. Kinetic studies on dequaternization of 1-alkyl-5-phenyl-as-triazi- 

nium salts (70) have revealed that the observed pseudo-first rate con- 

stants kobs are approximately sec-' at 25: l5 while N-alkylpyridinium 

salts are dequaternized much slower (kobs"10-5 sec-' at loo0). 98 

3.2 Reactions with Nucleophilic Reagents 

Molecular orbital (MO) calculations using the CNDO/Z method revealed that 

for three N-methyl isomeric as-triazinium cations. regardless of the posi- 

tion of the quaternary nitrogen. the charge distribution is as follows: 

'(3)' C(51> '(6). 11'27 Nearly the same picture is observed in the case of 

NH-as-triazinium salts (Table 6). One can see that this sequence of charge 

densities for quaternary triazinium salts coinsides with that of the 

parent triazine. However. alkylation or protonation of N(l) activates the 

C(6) position more than C (5). thus making these salts capable of reacting 

with nucleophiles both at C and C(6). 11.27 
(5) 

Table 6. (ff+n) Charge distributions in molecules of 

isomeric NH- and Wmethyl-as-triazinium salts 11.27 

Quaternary 
(u+n) Charges 

nitrogen atom 

C(3) 

+ 
N,-H 0.187 

N:-H 0.249 

N:-H 0.209 

N;-~e 0.193 

N:-M~ 0.204 
Nt-Me 0.185 

as-triazine 0.163 

on carbon 

~p 

at om: 
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Indeed, uncharged as-triazines usually add nucleophiles at C-5 yielding 

monoadducts with a variety of N-, cF and C-nucleophilic reagents. 5.99-105 

as-Triazinium salts proved to be more reactive toward nucleophilic rea- 

gents and, depending on positions and the nature of substituents, they are 

able to give both mono- and diadducts. 

3.2.1. 7'he Formation of 0-Adducts 

A great majority of as-triazinium salts add nucleophiles at C-5 giving 

rise to comparatively stable monoadducts. 5'11'27'99-104 The C(5)-adducts 

are formed even in those cases when the triazirie ring is annelated across 

the C(51-C(61 bond with five (six)- membered heterocycles (Scheme 

Scheme 3 3 .  
R 

- 
CIO, 

Nu 

NuH= MeOH. pirrolidine 

The formation of C-3 adducts has been observed on treatment of the 2- 

methyl-as-triazinium salt (741 with sodium methoxide or Grlgnard reagents 

(Scheme 341 .43 and in the reaction of 5.6-disubstituted NH-as-triazinium 

salts with alcohols as well. 109 

as-Triazinium salts bearing no substituents at C-5 and C-6 exhibit a 

marked tendency to add two molecules of nucleophilic reagents. For 

instance, 3-substituted 1-alkyl-as-triazinium salts (751 add two molecules 
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of lndole and the methoxlde anlon (Scheme 35) lo''' The adducts formed 

have a c~sorlentatlon of the 1.4.5.6-tetrahydro-astrlazlne rlng, as 

follows from the vlclnal coupllng constants 3~ between H and Hc6) pro- 
(51 

tons (2-4 HZ)'' and the llterary data on dladducts of a slmllar structure 

derived from 1-alkylpyrazinium salts. 35 

Scheme 34 

Scheme 35. 

Ri= M e .  E t :  R3= One. mrpholino pyrrolidino: 

Ind= Indolyl. 2-Me-Indolyl: X =  I. BF, 

If a nucleophilic attack at C-5 is hindered or blocked by a bulky subutl- 

tuent, then the additlon reaction takes place at C-6. as illustrated by 

the reaction of 1-alkyl-3.5-disubstituted astriazinium salts (761 (Scheme 

36). The nmr evidence for the formation of 0-adducts (77) with alcohols 

have been obtained; 14'15 they have also been oxldized into triazin-6-ones 

(78). 13.21 



Scheme 36 

x 
BH. ROH 
A 

76 77 78 

R= H. Ma. E t :  Ri= Me, E t ;  R"= H.SMe. One. NMe. m r p h o l i n o ;  

Rs= H. Me. Ph: BH: NEt. NaOH 

3.2.2. Nucleophilic Substitution Reactions 

Only a few examples of the displacement of nucleofugic groups in 

N(Z,-rnethyl substituted astriazinium salts (79) and (80) have so Ear been 

published (Scheme 37). 44.58 

Scheme 37 

79 
R= Ph. Tol .  PCI-CeH, 

3.2.3. Cyclizations with Bifunctional Nucleophiles 

The tendency of NH- and 1-alkyl-as-triazinlum salts to give diadducts with 

nucleophilic reagents can be applied succeasfully to the synthesis of 
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condensed triazines. Amides of acetoacetic acid. N.N- and N.S-ketene 

acetals proved to be effective reagents for the synthesis of fused 

pyrrolol3.2-eltriazines (81) and 182) by means of cyclizations with both 

N-alkyl and NH-astriazinium salts (Scheme 38). 5.11.22-24 

Scheme 38. 

R3' Ph. morpholino R1= H. M e .  E t :  R2= Ph. P T o l .  CH,Ph; 

R3' S M e .  Ph. morpholino: X =  BF,,. I 

In the 'H nmr spectra of pyrrolol3.2-eltriazines 181) and (82) values of 

the vicinal coupling constants between the ring junction protons proved to 

be in the range 6-8 Hz. 22'23 These values correspond to a cjsorientation 

of these hydrogen atoms. as shown by x-ray diffraction study performed on 

1 2 3 the N(4,-nitrozo derivative of 181) with R = NO. R = C6H4-Me(p) and R = 

morpholino. 22.23 

The diaddition process is also realized in the reaction of l-alkyl-3- 

phenyl-as-triaziniurn salts 183) with nitromethane in methanol in the pre- 

sence of triethylamine. Depending on the nature of the N-alkyl group one 

or two molecules of the astriaziniurn salt participate in the reaction 

giving rise to either diadducts (85) or cyclization products (84) (Scheme 

39) .I5 In the latter case nitromethane behaves itself like 1.1- dinucleo- 

phile. The stereochemical features of this cyclization reaction and a 

plausible mechanism for the formation of compounds (84) advanced on the 

basis of nmr studies are presented in Scheme 39. 
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Scheme 39. 

Tt 

MeNO,. TEA I 

3.2.4. Ring Opening and Ring Transformation Reactions 

The formation of 0-adducts in reactions of as-triazinium salts with 

nucleophiles is usually observed in solutions at room or lower tempera- 

tures. Heating the solutions may provoke opening of the triazine ring 

followed by intramolecular rearrangements resulting in the ring trans- 

0 formation products. For instance. when treated with water at 100 C in the 

presence of hydrochloric acid, 3-amino-as-triazine (86) is transformed 

into imidazol1.2-bl-astriazine (891 (Scheme 401. 110'111 The reaction is 

presumed to be initiated by covalent hydration of the NH-astriazinium 

salt (6-adduct (87) which facilitates the ring opening and the formation 

of glyoxal 188). The latter participates in condensation with the starting 

3-amino-astriazine (861 to give the final product (891 (Scheme 401. 

Decomposition of the astriazine ring into glyoxal has also been caused by 

the diaddition of phenylhydrazine to 1-ethyl-3-morpholino-astriazinium 

tetrafluoroborate (901 (Scheme 41). 11 

Opening of the astriazine ring has also been observed on heating of fer- 

venulin in 6N hydrochloric acid. 105 
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Scheme 40. 

Scheme 41 

E t  
I +- o h  = HNHPh 

H 

N-Alkyl- and M1-as-triazinium salts have recently been found to under-go 

the ring transformation into condensed pyrazines by action of aromatic 

1.2-diamines (92). In this reaction the astriazinium salt donates its C-C 

fragment to the forming pyrazine ring. Intermediate cycloadducts (91) have 

been isolated or registered by 'H nmr spectroscopy (Scheme 42). 5.11.26 

They can also be oxidized by potassium permanganate into tricyclic systems 

with retention of the triazine ring. as shown in Scheme 42. 5.11 

Addition of the hydroxide ion at C-6 of 1-methyl-as-triazinium salts (93) 

provokes their transformation into 1.2.4-triazole derivatives (94). The 

formation of triazin-6-ones (95) as by-products under oxidative conditions 

provides some support for the suggested ANRORC mechanism (Scheme 43). 13.21 

The triazine to pyridine ring transformations of 1-alkyl-astriazinium 

salts proceeding as the intramolecular Diels-Alder cycloaddition reactions 

are discussed below (Section 3.3). 
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Scheme 42 

Scheme 43. 

R3= H .  SMe. One. NMe,: 
M e  

RS= H , M e .  Ph: 

R6' H. M e  I 1 0 1 ,  I 

Re' H R3 ('J5 
95 

3.3 Cycloaddition Reactions 

Uncharged 1.2.4-triazines are known to be appropriate substrates for the 

Diels-Alder cycloaddition reactions.g Since introduction of electron- 

withdrawing substituents in the triazine substrate enhances its reactivity 

towards electron-rich dienophiles. it was a good idea to use quaternary 

3-alkynyl substituted 1-alkyl-1.2.4-triazinium salts as the starting 

materials in intramolecular Diels-Alder reactions. Indeed. 3-alkynylthio- 
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1-ethyl-5-phenyl-as-triazinium salts (96) (X=S) proved to undergo the 

cycloaddition reaction under considerably milder conditions (even at room 

temperature) than their neutral analogues (Scheme 441 . The intramole- 

cular cyclization of the 3-butynyloxy-5-phenyl-astriazinium salt (96) (X= 

01 requires more rigid conditions (reflux in propanol) and is accompanied 

by opening the furan ring to give pyridine (971 and the formation of the 

by-product (98) (Scheme 44). 15 

Scheme 44 

Scheme 45 

RICH- $" COOEt  
R'CH, 

COOEt 

R3 

70 71A 99 

~ 1 =  H.  Me. E t .  n-Pr; R3= NH,. SM@. OMe 

As already mentioned above (see Section 3.1) deprotonation of 1- alkyl-5- 

Phenyl-1.2.4-triazinium salts (70) with triethylamine yields the ylides 
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( 7 1 A )  which are capable of reacting with diethyl acetylenedicarboxylate to 

form pyrrolol2.1-flas-triazines (99). The reaction has been effectively 

applied to 1-methyl. 1-ethyl. 1-rrpropyl- and 1-rrbutyl-5-phenyl-as-tri- 

azinium salts bearing amino, morpholino, piperidino, methylthio or methoxy 

substituents at C-3 of the triazine ring (Scheme 45). 19 

4 .  Conclusion 

The data discussed above show that as-triazinium salts can easily be 

obtained through N-protonation, N-alkylation and also by means of a great 

deal of condensation reactions. Being more reactive towards nucleophilic 

reagents than neutral triazines they are able to undergo a variety of 

reactions. which sometimes are rather unusual. Recent studies on 

astriazinium cations show that it might be a very promising area for the 

development of new syntheses of heterocyclic compounds. 
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