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Abtraet-Pyridiniums derived from amino alcohols cyclise 10 ethers or rearrange to aldehydes on heating. 
Monopyridiniums from diamines can be acylated or converted into ureas or thioureas: these products cyclise on 
heating in solution to give dihydro-thiazoles, -4H-thiazines, +xazoles, 4H+xazines, or tetmhydro3H-thiazcpines. 

We have shown that conversion of primary amines by 
pyryliums into pyridiniums and subsequent nucleophilic 
displacement affords a useful method for the conversion 
of amines into a variety of other functionality.’ Pre- 
viously the nucleophilic attack has been intermolechlar; 
the present paper is concerned with intramolecular 
nucleophilic attack, i.e. the cyclisation of amines carry 
ing another functional group. 

Preparation of pyridiniums from amino alcohols. 
Ethanolamine (3), 2- and 3 - hydroxypropylamine (4 and 
5) and 2 - hydroxy - 2 - methylpropylamine have pre- 
viously given pyridiniums with 2,4,6 - triphenylpyrylium 
perchlorate (lc) and/or tetrafluoroborate (la).’ 

We have found that a variety of amino alcohols (3-g) 
reacted readily with triphenylpyrylium (1) and aIso the 
pentacyclic analogue (2) to yield pyridiniums 9-14 
(Scheme 1): the acridinium analogue was used to give a 
better leaving group.3 Thepyryliums were prepared fol- 
lowing literature methods. I The pyridiniums (Table I) 
are readily prepared at 20” in dichloromethane using 
triethylamine as catalyst by the standard procedure des- 
cribed elsewhere.6 

The dibenzoacridinium system with tetratluoroborate 
anion gave products that were difficult to crystallise; use 
of the trifluoromethanesulphonate anion overcame this. 

The conditions and the products of pyrolysis are 
summarised in Table 2. The compounds prepared with 
the tiuoromethanesulphonate anion were observed to 
decompose when a specific temperature was reached, 
whereas those with the tetrafluoroborate anion slowly 
decomposed over a wider temperature range. 

The formation of ethylene oxide from pyrolysis of the 
N - (2 - hydroxyethyl) pyridinium (9~) has previously 
been reported.2 Attempts to prepare other small rings, 
however, failed: instead aldehydes were formed via a I,2 
hydrogen migration (9e, 13b) or a I,2 methyl group 
migration (1Oe). Intramolecular nucleophilic attack by 0 
occurred preferentially with the longer chain analogue; 
Saminopcntanol (6) was cyclised to tetrahedropyran in 
78% yield. The attempted preparation of morpholine 
from N - (2 - hydroxyethyl) ethylene diamine (8) yielded 
an unidentifiable mixture of products. 

Preparation of pyridiniums from diamines. I.6 - 
Diaminohexane with 2+4,6 - triphenyl- and 2,4 - dimethyl 
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- 6 - phenylpyrylium gives the bispyridiniums.’ We have 
previously studied the reactions of 2,4,6, - triphenyl- 
pyrylium tetrafluoroborate (la) with I,2 - diaminoethane 
(19, I,3 - diaminopropane (la), 1,4 - diaminobutane (17) 
and I,12 - diaminododecane: the first two gave the 
monopyridinium’ and the others afforded bis - pyri- 
diniums.” 

It was reasoned that diamines when reacted with suit- 
able pyryliums would give aminoalkylpyridiniums which 
could be acylated or thioacylated; intramolecular cyclis- 
ation should then give heterocycles, e.g. lf - diamine 
would give dihydro - oxa- and -this - zoles, whereas I,3 - 
diamine would give perhydro oxa- and -this - zincs. 

In this mpr we describe the reactions of five &mines 
(l!M9) with the triphenyl (1) and pentacyclic (2) pm_ 
Iiums; the general procedure6 gave the pyridiniums in 
good yield (Table 3). Reaction of the dlbenzoxantbylium 
trilluoromethanesulphonate (2b) with 1.4 - dianiinobutane 
(17) gave a product that was characterised as the bis - 
trilluoromethanesulphonate salt. 

2383 



2384 A. R. KATRITZKY cl al. 

Table 1. Pyridinium salts from amino alcohols 

lid S.amino-1.pmpuml 5 

1Zd 5-amino-1-p4alhnol 6 

_ 
Pmugallo CFtSOs c 88 
rrlph*qyr llp4 A 19 

P4nucyQuc BF4 II 71 

Pentsoycllo crp2 C Ob 

rnph*qi BP4 A t1 

Penuoyrzlic BP, E 72 

Pmagclia C?2so) C 21 

Trlph4nyl BF4 A 90 

Trlp&rtyl 
cPs? 

A 02 

Pw.mcqcUc CF,8?OS C 0s 

M.P. Oc Cryhl 
form Found% 

C H N 

05.3 4.7 2.5 

88.8 b.2 2.9 

II.3 5.0 2.4 

121-213 

202-204 

244-246 

lB1-leSa 

112-124 

2Q6-201 

201-203 

161-163 

210-22~ 

Ill-134 

b6- LB 

187-m 

Et20/M*lC0 

Eton 

Et10/Ys2C0 

Etaf 

EtlO/M*,CO 

Et20/M~,C0 

Eta 

EilO/W*,CO 

Ei20/urzco 

Eton 

ftt20tM~,C0 

~t20p!fq3 

@Il.? 5.7 2.6 

IS.6 5.3 2.1 

88.0 5.8 2.0 

71.1 0.1 2.9 

66.1) b.6 2.) 

80.1 1.5 2.9 

64.0 1.1 2.4 

83.a 5.2 4.6 

Required 
c H 

85.1 4.1 

0.B 5.3 

65.8 4.0 

_ _ 

71.3 5.5 

a5.1 4.0 

08.8 5.8 

72.0 8.0 

ea.8 5.4 

80.4 5.8 

03.5 4.s 

64.4 5.2 

Table 2. Tbcrmolysis of hydroxy-alkyl pyridinium salts 

Salt Conditions Productb Yield 

ll0. Temp. Pressure Flux8 % 

OC mm equiv. 

9e 180 760 1 CH3CIIO 54 

lue 190 15 0. 1 CH3cII2C~~O 85 

12e 170 15 0. 1 (CH2&0 70 

13b 120 15 0. 1 CH3CH2CH2CH0 29 

’ 2,4, I-Triphenylpyridinc. 

b Products identified by lH NMR 
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Scheme 1. Pyridiniums from amino-alcohols. 

Previously 4.5 - dihydro - 1,3 - oxa- and -this - roles 
have been prepared by base induced intramolecular ring 
closures in 2 - N - acyl-9 or 2 - N - thioacyl - amino - 
bromoethanes’* (Scheme 3i). These acyl compounds are 
prepared from unstable and toxic 2 - aminobromo- 
ethanes. 4,5 - Dthydro - I$ - oxaxoles” and 5,6 - dihydro 
- (4H) - 13 - oxiuined’b*‘2 (Scheme 3ii) have also been 

prepared from the reaction of benzaldehydcs with axido - 
alcohols and by the reaction of benzonitriles with amino 
_ alcohols in the presence of catalysts such as.ZnClt, 
Cd(OA& and Mn(OAc)z.” 

2 - Aminophenyl - $6 - dihydro - (4H) - 1,3 - oxazines 
and thiaxines have been prepared by isomerisation of 
azetidine ureas” and thioureas ” (Scheme Jiii) and the 
latter more recently by react& phenyl isothiocyanate 
with 3 - aminopropanol” (Scheme 3iv). Anilines with (3 - 
bromoalkylisothiocyanates (prepared using thiophosgene 
and u - bromoalkylamine hydrobromides) gave I,3 - 
thiaza - heterocycles,‘* (55% overall for 2 - iminophenyl 
- 4,5,6,7 - tetrahydro - (3H) - 1,3 - triazepine) (Scheme 
3v). 

N - Acylaminoalkylpytiinidiniums. N - Aminoethyl - 2,4,6 
- triphcnylpyridinium (2tk) and dibenzoacridinium (#c) 
were acylated (Table 4) smoothly (average yield 84%). 
When 2,4,6 - triphenylpyridine was the leaving group, 
internal cyclisation to the required 4J - dihydro - oxazole 
(25c-f) did not take place in refluxing ethanol or butanol. 
The corresponding dibenzoacridinium derivatives (26e, 
27~) with the more micleofugic group (cu. 900 x faster’) 
did decompose in refluxing dioxan to give the oxaxoles 
(26f) (27f). See Table 5 and Scheme 4. Table 6 reports ‘H 
NMR of the heterocycles prepared. 

The analogous 2 - methyloxazole (ZW) was not isolated 
from the decomposition of the acylaminoalkyldt&en- 
zoacridinium We). 

N - (3 - Aminopropyl) - 5,6,8,9 - tetrahydro - 7 - 
phenyldibenzo[c,h~cridinium trifluorometbanesul- 
phonate (21~) was smoothly benzoylated at WC and 
internal cyclisation to the 2 - substituted - 5,6 - dihydro - 
(Uf) - 1,3 - oxaxines (311) (32f) was effected in high yield 
in refluxing dioxane (Table 5). 

Acylation of the aminobutyldibenzoacridinium (224 
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Transformations of pyridiniums derived from amino-alcohols and from diamines 2387 

i ,;EH”: glyph KOH 
N 

_ r.i x Ph 

x=o,s 

ii ArCHO + HO(CH,),N, 
+I’ _ 
- NI 

Iii 
IX 

PhNH-C 

‘N 
3 

x-o.s- 

iv PhNCS + H,NKH,),OH 
WI 

V ArNH,+Br(CH,),NCS - 

Nl+-(CH&-NH, 
Ct+CH,-NH, 
I 

n N 

2 15 3 16 0 

4 17 R 

NH,-(CH,),-Z+ Y- 

S;H,CH,-2’ Y- CH2-Z+ Y- 

; 20 
3 21 
422 

23 24 

Scheme 2. Pyridiniums from diamines (see Scheme 1 for disignation of Z and Y). 
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!&&me 4. (See Scheme 1 for designation of Z and Y). 
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and decomposition in refluxing dioxane led to mixed respectively 34f and 341’. For the thiazepine ring system 
products. Presumably a competing reaction, the for- (cf 351) it has been shown by ‘H NMR that the imino 
mation of N - acylpyrrolidine is taking place. Attempts to form predominates since when the double bond is exo- 
acylate the bis - trifluoromethanesulphonate salt in cyclic the &.,-CHZ value is lower,‘6 imino SNX:HI = 3.32; 
excess triethylamine failed. amino &KHz = 3.57). 

N - Phenyl, N’ - (alkylpyridiniumyl) ihioureos and 
mm. Reaction of N - aminoethyl - 2,4,6 - triphenyl- 
pyridinium (2Oc) with phenyl isothiocyanate proceeded 
readily to give the thiourea (3tk) (97%). This decomposed 
readily in ethanol and, after separation of the triphenyl 
pyridine by column chromatography and neutralisation 
of the residue, 45 - dihydro - 2 - aminophenyl - I,3 - 
thiazole (W), identified by “C NMR, was obtained 
(51%). 

This scheme was extended to 3 - aminopropyl - 2,4,6 - 
triphenylpyridinium (21~) which reacted with phenyl iso- 
thiocyanate to give the corresponding thiourea (Mc) 
(88%). Intramolecular cyclisation to give 2 - aminophenyl 
- 56 - dihydro - (4H) - 1.3 - thiazine perchlorate @It), 
(72%) proceeded rapidly in n - butanol. From the N - (3 - 
aminopropyl)dibenzoacridinium trifluoromethanesul- 
phonate (21e) a one pot preparation of the thaizine (34f) 
was accomplished (44%) without isolation of the inter- 
mediate thiourea. 

Phenyl isocyanate was reacted with the N - (2 - 
aminoethyl)- and the N - (3 - aminopropyl) - diben- 
zoacridiniums (20s) and (2le), respectively. The inter- 
mediate ureas Be and 33e respectively, were decom- 
posed without isolation to yield 2 - aminophenyl - 4J - 
dihydro - 1,3 - oxazole (291) (57%) and 2 - aminophenyl- 
5,6 - dihydro - (4H) - 1,3 - oxazine (331) (80%). Although 
nitrogen is more nucleophilic than oxygen we have found 
that nucleophilic attack occurred by the latter to form for 
example the aminophenyloxazine rather than a tetra- 
hydro - (1 H) - 3 - phenylpyrimidin - 2 - one.” The oxygen 
is presumably activated by the presence of the two 
adjacent electron donating nitrogens (Scheme 4). 

The bis - trifluoromethanesulphonate salt of the N - (4 
- aminobutyl)dibenzoacridinium (Be) was stable to 
phenyl isothiocyanate; preparation of the N - phenyl, N’ 
- (4 - aminobutyl) thiourea and reaction with the diben- 
zoxanthylium trifluoromethanesulphonate (2b) gave a 
one pot preparation of 2 - iminophenyl - 4,5,6,7 - tetra- 
hydro - (3H) - I.3 - thiazepine (Xf) (33%) Table 5. 

Two tautomeric forms exist for these 1,3 - thiaza - 
heterocycles: 

N - 2 - (Tolucne - p - sulphonamido) ethyl pyridiniums. 
Toluene - p - sulphonyl chloride was reacted with the N - 
(2 - aminoethyl)dibenzoacridinium trifluoromethanesul- 
phonate (2Oe) to prepare a precursor for toluene - p - 
sulphonylaziridine (Scheme 5). However the inter- 
mediate tended to decompose to dibenzoacridine in the 
reaction media at 10“. Reaction of toluene - p - sulphonyl 
chloride with N - (2 - aminoethyl) - 2,4,6 - triphenyl- 
pyridinium trifluoromethanesulphonate (2Ob) gave the 
sulphonamide (36b) but the intermediate was stable to 
pyrolysis, ethoxide and triethylamine. The pyridine N- 
CH, bond could not be cleaved. 

For the thiazine ring system some authors favour the 
imino (cxo) form and some the amino (endo) form” cf 

N - (4 - Ethylpiperuzino) - and N - (4 - methyl- 
piperidino) - pyridiniums. Attempts to prepare 1.4 - 
diazabicyclo[2.2.2]octane and 1 - azabicyclo[2.2.llhep- 
tane (Scheme 5) by reaction of dibenzoxanthylium 
trifluoromethanesulphonate (2b) with 4 - (amino- 

endo C = N 
34f 

8x0 C = N 
34f 

Ph 

An, CF,SO; h 0 
CF, SO; 

A&NH, dHz Nd u / \ Me 
20b 

:: - 

t-l 

23bf 23s 

Scheme 5. (See Scheme 1 for disignation of Z and Y). 



ethyl)piperazhe and 4 - (aminometiyI)piperiine rcspcc- 
tivety failed. The pentacyclic system with the pipcridino 
amine was unstable-the intermediate could- not bc 
characterised. Use of the 2,4,6 - triphenylpyrylium 
trifluoromethanesulphonate (lb) gave stable inter- 
mediates (24b) but decomposition of the pyridiniums 
yielded polymeric material. It has been established 
recently’ that pyridiniums with N - aminoethyl (or other 
1,3 - aminoalkylpyridiniums) are unstable due 10 the 
facile formation of a three membered ring (which POIY- 
merises) and the leaving pyridine. 

‘H NMR spectra were recorded with a Perkin-Elmer R-12 
spectrometer using internal Me,Si as a standard. IR spectra were 
obtained on a Perkin-Elmer 297 spectrophotometcr. Mps were 
recorded on a hot stage apparatus and are uncorrected. 

The following compounds were prepared using standard lit- 
erature procedures: 2,4,6 - triphenylpyrylium BF,- m.p. 249-251’ 
(lit.’ m.p. 253255% CF$O,- m.p. 252-254” (lit? 257-259’) and 
ClO,- m.p. 286-288” (litI m.p. 290“); 5,68,9 - tctrahydro - 7 - 
phenyld~benzo[c$]xanthylium BF,- m.p. 258-260” (lit.m m.p. 
265% CF,S03- m.p. u)I-303” (lit.’ m.p. 304”). 

Preparation of N - substituted - 2,4,6 - triphenylpyridinium and 
N - substituted 5,6,8,9 - tetmhy@ - 1 - phenyl- 
dibenzo[c.h]ocridinium BF,- and CF$Oj- salts from amino - 
alcohols (l%e pyridiniums were prepared following the pre- 
viously determined general proccdures.y 

Pmcedun A. To a suspension of the pyrylium (0.01 mol) in 
CH$l, (75 ml) was added dropwise a mixture of the amino- 
alcohol (0.01 mall and Et,N (0.01 mol). The resulting soln was 
stirred for I hr at 20”. AcOH (IO drops) was added and the red 
solo stirred overnight. Dilution with ether (15Oml) yielded crys- 
tals which were filtered off, washed with water (5 ml), ether 
(IO ml) and dried. 

Pmcedurc B. As A above except that a gum was obtained on 
dilution with ether which was crystalliscd by stirring in ice. 

Pmcedure C. As A above except that the product was pre- 
cipitated with ether after 3 hr at 20”. 

IIermolysis of hydroxy - olkyl pyridinium salts. The pyri- 
dinium salt. intimately mixed with 2,4,6 - triphenyl pyridine,’ was 
heated in an oil bath in BDCUO (IS mmHg). The distillate was 
collected in a trap immersed in a solid COJacetonc cooled 
Dewar Aask. 

Preparationof N - substituted pyridinium and acridinium 
tetmfiuomborate and tn’puommethanesulphonate salts from 
diamines 

Procedure A. To a suspension of the pyrylium (0.01 mol) in 
CHJ& (50ml) was added dropwise a mixture of the diamine 
(0.01 moi)~~and Et,N (0.01 mol). After stirring for I hr at 20” 
AcOiI (IO drops) was added and the soln stirred for 3 hr. Dilution 
with -ether (100 ml) yielded crystals which were filtered off, 
washed with water (5 ml), ether (10 ml) and dried. 

Procedure B. As A above except that the reaction was carried 
out at 0”. 

Prvcedun C. As A above except that absolute EtOH was used 
as solvent and the reaction stirred overnight. 

Functionalisation of N - substituted pyridinium alkylamines 
Pmceduzc A. The pyridinium alkylaminc (0.01 mol) in CH&lz 

(lOOmI) was treated dropwisc with Et,N (0.01 mol) followed by 
the acylating agent (0.01 mol). After stirring for 3 hrs at 20’ the 
soln was shaken with water (2 x 20 ml), dried over Na#O, and 
the solvent removed in vacua (15 mmHg). The resulting crystal- 
line product was washed with ether (XI ml). 

Procedure B. To a soln of the pyridinium alkylamine (0.01 mol) 
in CHCI, (4Oml) was added a soln of phenyl isothiocyanatc 
(0.012 mol) in CHClj (IO ml). After stirring for 2 hr at 20’ the 
solvent was removed in uacIu) (15 mmHg) and the resulting 
crystals triturated with ether (20 ml). 

The pentacyclic pyridinium alkylbcnzamide 

tiuorom&snesulpbonrtes 2& 2%. 31c, a, were decomposed 
according to the following #eneral procedwe: The bcozafnide 
(0.008 mol) in dioxan (75 ml) was retluxcd for the appropriate 
le@ of time (T’abk S). Any insolubk material was tlltcred off 
and the solvent removed in MCYO (15mmHg). The residue was 
extracted with hot water (3 x 25 ml) and the combincd extfe~t~ 
basticd with solid K&O, (2.Op). The free amine was extracted 
with CH,CII (2x25 ml), dried over Na$GJ and the solvent 
removed in Dacw (15 mmHgI. 

2 - Aminophenyl - 4J - dihydro - I.3 - oxazole (29f). Com- 
pound #k (3.26 g, 0.006 mol) in dioxan (H) ml) was treated with 
phenyl isocyanate (0.71 g, 0.006 mol) and warmed on a water 
bath. After I hr the soln WBS refluxcd for 7 hr, cooled, and the 
solvent removed in UUCYO (15 mmHg). The rtsidue was extracted 
with hot water (3 x 3Oml) and the combined aqueous extracts 
b&led with solid K$O, (2.0~) The free amine was extracted 
with CHIC& (2 x3Oml), dried over NatSO,. and the solvent 
removed in uacuo (I5 mmHg) to yield the oxazole (0.42 g, 57%). 

2 - Aminophenyl - 4J - dihydro - 1,3 - thiazole (301). Com- 
pound 3Oe (5.9g, 0.01 mol) was refluxed for 3 hr in abs EtOH 
(50 ml). After cooling to o”, the resulting 2,4,6 - triphenypyridine 
was filtered off and the solvent removed in uucuo (ISmmHg). 
The thiazoline perchlorate was purified by column chromato- 
graphy (silica) using EtOAcIlight petroleum b.p. 60-80” (75:25) 
as eluant and treated with KOH (1.0~) in CH$% (25 ml) to yield 
the 2 - aminophenylthiile (0.9 g, 51%). 

2 - Aminophenyl - 5,6 - dihydm - (4H) - I$ - oxazine (331). 
Compound 21e (3 g, 0.0053 mot) in dioxan (50 ml) was treated 
with phenyl isocyanate (0.63 g. 0.0053 mol). The procedure as for 
29f gave 2 - aminophenyl oxazine (0.75 g, 80%). 

2 - Aminophenyl - 5.6 - dihydm - (4H) - I,3 - thiarine HCIO, 
(W). Compound MC (6g. 0.01 mol) in n - BuOH (50 ml) was 
refluxed for 3 hr. After cooling to 0” the ppt was filtered off and 
the solvent removed in tracuo (15 mmHg). The resultant oil was 
triturated with ether (3 x 10 ml) to yield the perchlorate (2.1 g. 
72%). 

2 - Aminophenyl - 5,6 - dihydm - (4H) - 1.3 - thiamine (340. 
Compound 2lc (2.15 g, 0.004 mol) in dioxan (35 ml) was treated 
with phenyl isothiocyanate (0.54 g. 0.004 mol). The procedure as 
for 291 gave the dihydro - 1.3 - thiazine (0.34 g, 44%). 

2 - Iminophmyi - 4,5,6,7 - fetmhydm - (3H) - I,3 - thiazepine 
050. Compound 2h (1.04g. 0.002 mol) in CH2C12 (35 ml) was 
treated with a mixture of N’ - (4 - aminobutyl) - N - phenyl 
thiourea (0.46 g, 0.002 mol) [prepared by treating I .4 - diamino- 
butane (0.005 mol) in Et,0 (25 ml) with phenyl isothiocyanate 
(0.005 mol) and used as crude] and Et,N (0.002 mol). After stir- 
ring for 1 hr at 20” AcOH (5 drops) was added and stirring was 
continued for I hr. Dioxan (50ml) was added and the CHICll 
distilled off. The soln was rcfluxcd for 6 hr, evaporated to dry- 
ness in uucuo (I5 mmHg) and the residue extracted with hot 
water (2 x 30 ml). Basification with solid K2C03 (I .O g), extraction 
with CH$12 (2 x 30 ml), drying over Na$O, and removal of the 
solvent in uacuo (15mmHg) gave the I,3 - thiazcpine (O.l35g, 
33%). 
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