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I ,3-Dipolar Character of Six-membered Aromatic Rings. Part 49.l 
3-Oxida-I -(rl.-pyridyl)pyridinium, 3-Oxido-I -(2-pyridyl)pyridinium8 3- 
Oxido-I -(quinoxolin-2-yl)pyridinium, 3-Oxido-I -(5,6-diphenyl-l,2,4-tri- 
azin -3-yl) pyridinium, and 3-Oxido-I - (5-phenyl-I82,4-t riazin-3-yl) pyridin- 
ium 

By Alan R. Katritzky," Anongrat Boonyarakvanich. and Nicholas Dennis, School of Chemical Sciences, 
University of East Anglia, Norwich NR4 7TJ 

The title betaines are prepared : the two triazinyl betaines undergo spontaneous thermal dimerisation, and all add a 
variety of 2x, 4x, and/or 6x dipolarophiles. The regio- and stereo-chemistry of the addition are elucidated and 
rationalised. The pyridyl adducts undergo quaternisation and ring opening to tropolones. 

1-METHYL-3-OXIDOPYRIDINIUM (1) has been shown to the perchlorate (13), when treated with triethylamine 
react with activated addends to give 8-azabicyclo[3.2.1]- yielded the 2-pyridyl betaine (6). Like 3-oxido-l- 
oct-3-en-2-ones which are readily converted into tropones 
and t rop~lones.~ Cycloadducts are obtained more easily 
from 3-oxido-l-phenylpyridinium (2) but these are N -  
alkylated only with difficulty, by use of methyl fluoro- 
sulphonate and methyl trifluoromethane~ulphonate.~ 
N-(Pyridyl) substituents should activate the betaine 
towards cycloaddition and i t  was expected that they 
could be cleaved readily from the cycloadducts : Schmid 
and Wolkoff made alkenes by facile thermal elimin- 
ations of 4-alkoxy-N-methylpyridinium iodides. We 
therefore undertook the preparation of the N-2-pyridyl 
(6) and N-4-pyridyl(3) betaines and analogues with other 
heterocyclic substituents. a" I 

R 
(1) R = Me 

( 3 )  R = 4-Pyridyl 
(4) R = 2,4-Dinitrophenyl 
(5) R == 5-Nitro-2-pyridyl 
(6) R = 2-Pyridyl 
(7) R = Quinoxolin-2-yl 
(8) R = 5-Phenyl-1,2,4-triazin-3-yl 
(9) R = 5,6-Diphenyl- 1,2,4-triazin-3-yl 

(2) R = P h  

RESULTS AND DISCUSSION 

3-Oxido-l-(4-pyridyl)pyvidini.m (3) and 3-Oxido- 1-( 2- 
pyridy1)pyridinium (6) .-3-Hydroxy-l-(4-pyridyl)- 
pyridinium chloride (14) (prepared from 3-hydroxy- 
pyridine and 4-chloropyridine), when treated with 
IRA-401 (OH) resin, gives the hydrated betaine (31, 
m.p. 105-106 "C (m/e 172). The analogous 3-hydroxy- 
1-(2-pyridyl)pyridinium chloride (12), characterised as 

0-0" N 

'I x- 
R 

(10) R = 5,6-Diphenyl-1,2,4-triazin-3-~1; X = Cl 
(11) R = 5-Phenyl-1,2,4-triazin-3-yl; X = C1 
(12) R = 2-Pyridyl; X = C1 
(13) R = 2-Pyridyl; X = C10, 
(14) R = 4-Pyridyl; X = C1 
(15) R = Quinoxolin-2-yl; X = C1 
(16) R = Quinoxolin-2-yl; X = C10, 

R = 4-Pyridyl; R1 = CN; R2 = R3 = R4 = H 
R = 4-Pyridyl; R1 = C0,Me; R2 = R3 = R4 = H 
R = 4-Pyridyl; R1 = P h ;  R2 = R3 = R4 = H 
R = 4-Pyridyl; R1 = OEt ;  K2 = R3 = R4 = H 
R = Quinoxolin-2-yl; R1 = CN; R2 = R3 = R4 = H 
R = Quinoxolin-2-yl; R1 = R3 = R4 = H;  R2 = CN 
R = Quinoxolin-2-yl; R1,R2 = C1,CN; R3 = R4 = H 
R = Quinoxolin-2-yl; R1 = C0,Me; R2 = R3 = R4 = H 
R = Quinoxolin-2-yl; R1 = R3 == R4 == H;  R2 = CO,Me 
R = Quinoxolin-2-yl; R1 = P h ;  R2 = R3 = R4 = H 
R = 2-Pyriclyl; R1 = P h ;  R2 = R3 = R4 = H 
R = 2-Pyridyl; R2 = R3 = R4 = H; R1 = C02Me 
R = 2-Pyridyl; R1 = R3 = R4 == H ;  R2 CO,Me 
R = 2-Pyridyl; R2 = R3 = R4 = H ;  R1 = OEt  
R = 2-Pyridyl; R1 = 3-C1C,H4; R2 = R3 = R4 = H 
R = 2-Pyridyl; R1,RZ = C1,CN; R3 = R4 = H 
R = 2-Pyridyl; R1 = R3 = C0,Et;  R2 = R4 = H 
R = 2-Pyridyl; R1 = R3 = R4 = H;  R2 = CN 
R = 2-Pyridyl; R1 = CN; R2 = R3 = R4 = H 
R = 2-Pyridyl; R1 = R2 = R3 = H;  R4 = CN 
R = 5,6-Diphenyl-1,2,4-triazin-3-y1; R1,RZ = C1,CN ; 

R = 5,6-Diphenyl-1,2,4-triazin-3-yl; It1 = C0,Me; 

R = 5,6-Diphenyl-1,2,4-triazin-3-~1; R1 = R3 = H; 

R = 5-Phenyl-1,2,4-triazin-3-yl; R1 == P h ;  

R = 5-Pheny1-1,2,4-triazin-3-~1; R1 = CN; 

R = 5-Phenyl-1,2,4-triazin-3-yl; R1 = C0,Me; 

R = 5,6-Diphenyl-1,2,4-triazin-3-yl; R1 = CN; 

R = 5,6-Diphenyl-1,2,4-triazin-3-yl; R1 = R3 == R4 = H; 

R = 5,6-Diphenyl-1,2,4-triazin-3-~1; R1 = P h ;  

R = 5-Phenyl-1,2,4-triazin-3-y1; R1 = R3 = R4 = H;  

R = 5-Phenyl-1,2,4-triazin-3-yl; R1 = R2 = R3 = H; 

R = 5-Phenyl-1,2,4-triazin-3-yl; R1 = R3 = R4 = H;  
R2 = C0,Me 

R = 4-Pyridyl; R2 = R3 = H;  Rl,R4 = CON(Ph)CO 
R = 2-Pyridyl; R2 = R3 = H ;  R1,R4 = CON(Ph)CO 
R = 5,6-Dipheny1-1,2,4-triazin-3-~1; Ra = R3 = H ;  

R = 5,6-Diphenyl-1,2,4-triazin-3-yl; R1 = R2 = H ;  

R3 = R4 = H 

R2 = R3 = R4 1 H 

R2 = R4 = C02Et 

R2 = R3 = R4 = H 

R2 == R3 = R4 = H 

R2 = R3 = R4 == H 

R2 = R3 = R4 == H 

R2 = CN 

R2 = R3 = R4 = H 

R2 = CN 

R4 = CN 

R',R4 = CON(Ph)CO 

R2,R3 =- CON(Ph)CO 
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phenylpyridinium (2), and unlike the 5-nitro-2-pyridyl 
analogue (5),1° these 2- (6) and 4-pyridyl (3) betaines do 
not undergo thermal dimerisation. 

Betaines (3) and (6) react with monosubstituted olefins 
to give good yields of the expected cycloadducts : thus 
acrylonitrile yields the 6-endo- [ (17) and (35)], 6-exo- 
(34), and 7-endo-derivatives (36) ; methyl acrylate yields 
the 6-endo- [( 18) and (28)] and 6-exo-derivatives (29) ; 
styrene yields exclusively the 6-endo-adducts [( 19) and 
(27)]; ethyl vinyl ether also yields exclusively the 6- 
endo-adducts [ (20) and (30)]. 3-Chlorostyrene reacts 
with betaine (6) to yield the 6-endo-aryl adduct (31) 
(c j .  reactions of 3-oxido-l-phenylpyridinium and sub- 

Chemical shifts (6)  

1 4.30d 4.42d 
3 5.77 5.82d 
4 6.94: 6.55 
5 4.77 * 4.73 
6-endo 
6-exo 3.531 3.861 
7-endo 2.02 d 2.12 d 
7-exo 2.60 9 2.80f 
2',6' 8.08" 8.08 
3',5' 6.38" 6.42" 

Ph 7.12 

CH,CH, 
NMe 
OMe 
Coupling constants (Hz) 
1,3 1.0 1.0 
1,7-exo 8.0 8.0 
l17-endo 1.0 1.0 
3,4 10.0 10.0 

(18) (19) 

C0,Me 3.53 J 

CHSCH, 

4,5 5.0 4.0 
5,6-exo 6.0 6.0 
6-endo, 7-endo 
6-exo, 7-endo 7.0 6.0 
6-ex0, 7-ex0 10.0 10.0 
7-endo, 7-ex0 14.0 16.0 
2',3' 5.0 6.0 
5',6' 5.0 6.0 
CH,CH, 

betaine (6) produced both the exo- (54) and the endo- 
adducts (56). The n.m.r. spectra (Table 1, and Table 2 
of SUP 22631) confirm the exo-stereochemistry of com- 
pounds (53) and (54) since 6-H and 7-H form an AB 
quartet and the bridgehead protons, l-H and 5-H, 
exhibit a singlet and a doublet, respectively (endo- 
stereochemistry would cause the bridgehead protons, l-H 
and 5-H, to exhibit a doublet or double doublet, and a 
triplet respectively). 

Unlike 3-oxido-l-phenylpyridinium,4 both the pyridyl 
betaines (3) and (6) with N-phenylmaleimide yield single 
endo-adducts, (49) and (50) respectively. The endo- 
stereochemistry was demonstrated for (49) and (50) by 

TABLE 1 
lH N.m.r. spectra of 4-pyridyl cycloadducts a,* 

(20) 
4.40 
6.06 8 

7.05 g 

4.86 

4.46 f 
1.72 
2.91 
8.26 
6.54 

3.56 
1.24 

2.0 
8.0 

10.0 
5.0 
5.0 

6.0 
9.0 

14.0 
6.0 
6.0 
8.0 

(49) 
5.20 
6.13 
7.26 
5.47 h 

4.30 

3.32 
4.08 " 
6.86 

7.26 

1 .o 
8.0 

10.0 
6.0 
6.0 

10.0 

6.0 
6.0 

153) 
4.62 f 
6.05 
7.48 
4.87 " 
4.36 " 
4.20 

8.10 
6.40 

7.48 

1.5 

1.0 
10.0 
5.0 

7.0 

6.0 
6.0 

* See formulae for numbering which is non-systematic. 
a Internal standard SiMe,. In CDCl,. In (CD,),SO. 

stituted styrenes) .5 The structures were confirmed by 
i.r. and n.m.r. spectroscopy. The splitting patterns of 
the two bridgehead protons, 1-H and 5-H, characterise 
the 6-endo-stereochemistry of the cycloadducts, since 
J5, 6-endo is negligibily small whereas J5,6-es0 is relatively 
large (5 Hz) .* 2-Chloroacrylonitrile cycloadds with the 
2-pyridyl betaine (6) to produce a single cycloadduct (32) 
of unknown stereochemistry at C-6. Dimethyl fumarate 
reacts with betaine (6) to yield the single trans-isomer 

Acenaphthylene, a strained olefin, readily reacted with 
betaine (3) to produce exclusively the exo-adduct (53), 
m.p. 264-266 "C. However, the addition to the 

* See Table 2 of SUP 22631 (8 pp.) ; for details of the Supple- 
mentary Publications scheme see Notice to Authors No. 7, 
J.C.S. Perkin I, 1979, Index issue. 

Complex. f Quartet of doublets. 

(33). 

(59) 
5.20 f 
5.48 
6.06 
5.30 " 
3.80 

6.80 

3.80 
3.80 

(78) (79) 
5.29" 5.22 
6.15d 6.28" 
7.62 g 7.66 
5.58 5.71 
4.54 " 
4.40" 2.13 

8.13 8.42 
7.16 " 7.31 

3.98 9 

3.30 9 

7.62 

3.801 3.98 

(80) 
5.14 
6.05 
7.47 
5.58 

3.80 1 
2.00 d 
2.92 9 
8.36 " 
7.34 " 
3.67 

(81) 
5.22 6 

6.04 
7.10 
5.76 

4.00 1 
2.12 
3.15 5 
8.32 
7.26 

7.26 + 

3.93 J 

(82) 
5.02 " 
6.12 " 
7.48 0 

5.60 

4.56 
1.55 
3.04 
8.36 
7.31 " 

3.58 
1.16 
3.943 

(83) 
5.24 
6.26 " 
7.66 
5.71 

4.00 1 
2.14 d 
3.24 1 
8.40 
7.26 " 

4.00 

1 .o 1 .o 1.5 1 .o 1.0 2.0 1.5 
7.0 8.0 8.0 8.0 7.0 

1.0 1.0 1.0 1.0 1.0 
10.0 10.0 10.0 10.0 10.0 10.0 10.0 
5.0 5.0 5.0 5.0 4.0 5.0 5.0 

5.0 5.0 6.0 6.0 S.0 

6.0 6.0 8.0 6.0 6.0 
8.0 10.0 10.0 9.0 8.0 

14.0 14.0 14.0 14.0 14.0 
6.0 7.0 7.0 8.0 6.0 7.0 
6.0 7.0 7.0 8.0 6.0 7.0 

7.0 

8.0 

Double doublet. Doublet. f Singlet. Quartet. Triplet. 

the n.m.r. spectra (Table 1 and Table 2 of SUP 22631), 
as l-H and 5-H exhibit a doublet and a tripFet respec- 
tively. 

6-(#-Met hoxyphenyl) fulvene with the betaine (3) 

(53) R = 4-Pyridyl (56) R = 2-Pyridyl 
(54) R = 2-Pyridyl (57) R = 5,g-Diphenyl- 
(55) R = 5,g-Diphenyl- 1,2,4-triazin-3-yl 

1,2,4-triazin-3-yl 



1980 345 

produced the adduct (58) which on treatment with ments were confirmed by double-irradiation experi- 
methyl iodide yielded a single quaternary salt (59), m.p. ments. The signal of the bridgehead proton not located 
220 "C, in 20% yield. We have previously reported l1 a to a nitrogen atom, absorbs at  higher field than those 

of the syn-structure [(61) or (60)] as against the anti- 

supported by the 2-H-6-H coupling, 2.0-2.5 Hz. 
1- Molecular models show that only in the exo-structure 

form (64). The exo-configuration of both dimers was 

Me0 

does the four-bond system connecting 2-H and 6-H 
assume a planar configuration required for W-type 
coupling. 

the addition of 1-( 5-nitro-2-pyridy1)- and 1- (4,6-dimet hyl- 
pyrimidin-2-yl)-3-oxidopyridinium with 6x-electron ad- 
dends. 
3-0xido-1-(5,6-diphenyl-l,2,4-triazin-3-yl)pyrid~nium 

(9) and 3-Oxido-l-( 5-ph.enyl- 1,2,4-triazin-3-yl)pyridin~um 
(8) .-3-Hydroxypyridine was readily quaternised by 
3-chloro-5,6-diphenyl-1,2,4-triazine * and 3-chloro-5- 
phenyl-l,2,ktriazine l2 to yield the quaternary salts 
(lo), m.p. 215-218 "C, and ( l l ) ,  m.p. 234-236 "C, 
respectively. The lH n.m.r. spectra of these salts in 
(CD,),SO show the characteristic pattern of an ABCD 
system (Table 3 of SUP 22631). 

Treatment of the salts (11) and (10) with aqueous 
NaHCO, yielded, in place of the expected betaines (8) 
and (9), the corresponding dimers (61) and (60)) respec- 
tively. The i.r. spectra of the dimers (61) and (60) both 
show two carbonyl stretching frequencies a t  1740 
(saturated) and 1 680 cm-l (conjugated ap-unsaturated), 
and an enamine C=C frequency a t  1640 cm-l. The 
structure and stereochemistry of the dimers (61) and (60) 
were elucidated from spectral evidence ; the n.m.r. 

TABLE 2 
lH N.m.r. spectra of dimers a,b,* 

Chemical shifts (6 )  (60) 
1 6.26 f 
2 5.48 f 
4 7.20 
5 5.18 J' 
6 3.45 i 
7 5.48 f 
8 7.20 
9 6.32 { 
Ph 7.20 

(61) 
6.54 g 

5.38, 
7.12 
5.17 
3.44 
5.38f 
7.38 ' 
6.36 
7.38 g 

(71) 
5.22 g 

5.22 ' 
7.30 
5.22 
3.36 
6.04 
2.89 g 

2.89 
7.30 Y 

* See formulae for numbering which is non-systematic. 
Internal standard SiMe,. In CDCl,. J1,z  = J2,6  = 

J1,7 = J6,7 = 2.0 Hz; J 4 . 5  8.0 Hz;  J e s s  10 Hz; J5,6 7.0 Hz. 
J5.6 

7.0 Hz; JSvB 10.0 Hz. 10-H == 3.36;g l l - H  = 12-H = 6.04;' 

Ja,.,, 7.0 Hz;  J I q 7  = J z V s  = 1.5 Hz. 

6'-H = 8.86,f 8.98;f JZ ,@ = J6,? = 2.5 Hz;  J4.5 7.5 Hz;  

13-H = 2.89;' 14-endo-H = 14-exo-H = 1.50;g J4,6 8.0 Hz; 

,Singlet. Multiplet. Complex. 'Doublet. j Triplet. 
k Double doublet. 

spectra (Table 2) were especially significant and assign- 
ments were made by analogy with the corresponding N -  
(diphenyl- 1,3,5-triazinyl) - (62) and N -  (dimet hoxy- 1,3,5- 
triaziny1)-dimers (63) previously reported.13 Assign- 

Essex. 

Jl,.a = J6,7 = 2.0 Hz; 
I Triplet of doublets. 

* Kindly supplied by Dr. E. Lunt, May and Baker, Dagenham, 

0 

(60) R = 

(61) R = 

162) R = 

(63) R = 

N C N I R  N' Ph 

R. i )h 
(64)R = H  or Ph 

The triazinyl betaine dimers (60) and (61) evidently 
undergo reversible de-dimerisation readily, for they form 
cycloadducts derived from the monomeric betaines (8) 
and (9) readily with a variety of 2x and 4x dipolaro- 
philes. Thus acrylonitrile yields the expected 6-endo- 
[(41) and (43)] and 6-exo-derivatives [(46) and (44)]; 



346 J.C.S. Perkin I 

methyl acrylate yields the 6-endo- [(42) and (38)] and the 
6-exo-derivatives (48) ; styrene yields exclusively the 
6-endo-adducts [(40) and (45)]. In the reaction of the 
monophenyltriazinyl betaine (8), the 7-endo-carbonitrile 
(47) was produced in 15% yield along with the expected 
6-carbonitriles [(4l) 38% and (46) 24%]. The diphenyl 
betaine (9) combines with 2-chloroacrylonitrile to pro- 
duce a single 6-substituted isomer (37). The spectral 
data for all these ethylenic adducts are consistent with 
the structures proposed (see Table 5 of SUP 22631 for 
n.m.r. data and Experimental section for i.r. data). 

Diethyl fumarate with the diphenyltriazinyl betaine 
(9) produced a single trans-cycloadduct (39). The 
n.m.r. spectrum of (39) (Table 5 of SUP 22631) exhibits a 
double doublet ( J ~ , J - ~ ~ ~  8.0; J1,3 1.5 Hz) for 1-H and a 
doublet (J4,5 6.0 Hz) for 5-H. 

Indene readily reacted as a 2n addend with the di- 
phenyltriazinyl betaine (9) to yield two endo-adducts 
(65) and (66) in low yields. The n.m.r. spectra (Table 
5 of SUP 22631) of these indene adducts (65) and (66) 
exhibit double doublets for 1-H confirming the endo- 
stereochemistry of the cycloadducts. Further struc- 
tural features were elucidated by exhaustive spin-spin 
decoupling techniques. The strained 2x addend, ace- 
naphthylene, cycloadded to the diphenyltriazinyl be- 
taine (9) to produce both the endo- (57) and the exo- 
adducts (55): the n.m.r. spectrum (Table 5 of SUP 
22631) confirms the stereochemistry in each case. The 
diphenyltriazinyl betaine (9) with N-phen ylmaleimide 

H / I  

4 

I66 1 

yields both endo- (51) and exo-adducts (52). The endo- 
stereochemistry of (51) was demonstrated by the n.m.r. 
spectrum (Table 5 of SUP 22631) since 1-H and 5-H 
exhibit a doublet and a triplet respectively. The exo- 
stereochemistry of (52) was demonstrated by the n.m.r. 
spectrum (Table 5 of SUP 22631) since 1-H and 5-H 
show a singlet and a doublet respectively. 

Cycloadditions were also achieved readily with acety- 

lenic dipolarophiles : dimet hyl but-2-ynedioate and 
methyl prop-2-ynoate reacted with the betaine (9) to 
yield the 2,6-adducts (68) and (67) respectively. The 
n.m.r. spectra (Table 5 of SUP 22631) for both adducts 
exhibit a doublet ( J  5 Hz) for 5-H confirming the 
presence of a methoxycarbonyl group at  C-6. 

1,3-Dienes can react as either 2x- or 4x-electron 
5 '* 

(671 R = H 
(68) R = COzMe 

components. Heating the diphenyltriazinyl dimer (60) 
with cyclopentadiene gives a mixture of the products 
[(69)-(71)] which were separated by chromatography. 
The dimer (60) itself undergoes, without de-dimerisation, 
a Diels-Alder cycloaddition with cyclopentadiene acting 
as a diene to yield the compound (71). The dimer (60) 
also acts as a source of the triazinyl betaine (9) which 
reacts with cyclopentadiene, at  elevated temperature, to 
yield the 2,6-adduct (69). Adduct (69), in part, under- 
goes a Diels-Alder reaction with more cyclopentadiene 
giving the adduct (70). We have previously reported l4 
the comparable double addition of cyclopentadiene to 
1-(5-nitro-2-pyridyl)-3-oxidopyridinium (5) .  The evi- 
dence for the structures of (70) and (71) includes the 
absence of the @-unsaturated carbonyl stretching 
frequency initially present in the 2,6-adduct (69) and 
the dimer (64; R = Ph), respectively. No simple 2,4- 
adducts were detected in the reaction of dimer (60) and 
cyclopentadiene, in contrast to the reaction l4 of pyrimi- 
dinyl betaine dimer with cyclopentadiene. We believe 
that the absence of 2,4-adducts is a result of the 2,6- 
adduct being thermodynamically more stable. How- 
ever, 2,3-dimethylbuta-1,3-diene reacts with the betaine 
(9) to yield the 2,4-adduct (73), and buta-1,3-diene 
(prepared in situ from 2,5-dihydrothioplien sulphone) 
also combines as a diene with both betaines (9) and (8) to 
afford the 2,4-adducts (74) and (72) respectively. The 
i .r. spectra of the 2,4-adducts exhibit saturated carbonyl- 
stretching frequencies for the bridgehead carbonyl 
groups at  1 720-1 725 cm-l; their structures and the 
exo-stereochemistry were confirmed by the n.m.r. 
spectra (Table 5 of SUP 22631). 
3-0xido-l-(quinoxoZin-2-yl)pyridiniuwz (7) .-2-Chloro- 

quinoxoline and 3-hydroxypyridine readily afforded the 
corresponding quaternary salt (15) which was character- 
ised as the crystalline perchlorate, m.p. 195-197 "C. 
From this salt, the quinoxolinyl betaine (7) was readily 
prepared in situ by the addition of triethylamine. The 
2x addends acrylonitrile, 2-c hloroacrylonitrile, methyl 
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TABLE 3 

Yields (yo) of endo- and exo-cycloadducts from [4n + 2 ] x  addition of electron-deficient addends with betaines 
Betaine (3) Betaine (6) Betaine (7) Betaine (8) Betaine (9) 

r--7 7 - 7  f--A 1 r-* 7 r 7 A 

endo exo endo exo endo exo 

CH,=CH-CN 100 0 59 41 57 43 69 31 52 48 

endo exo endo exo 
CH,=CH-C0,Me 100 * 0 54 46 56 44 30 70 100 * 0 

N-Phenylmaleimide 100 0 100 0 21 79 
Styrene 100 0 100 0 100 0 100 0 100 0 
CH,=CH-OEt 100 0 100 0 
Acenaphth ylene 0 100 43 57 31 69 

* Only one adduct isolated from mixture. 

acrylate, and styrene reacted with the quinoxolinyl 
betaine (7) to produce the expected cycloadducts (21)- 
(26) in moderate yields. The n.m.r. spectra (Table 6 of 
SUP 22631) of these cycloadducts are in agreement with 
the structures proposed. 

,Ph 

1691 

N *Ph 
N &N 

12 

is 
(701 

R’ 

R 

(72) R = 5-Phenyl-1,2,4-triazin-3-yl; R1 = H 
(73) R = 5,6-Diphenyl-1,2,4-triazin-3-yl; R1 = Me 
(74) R = 5,6-Diphenyl-1,2,4-triazin-3-yl; R1 = H 

Stereoselectivity and Regioselectivity .-endo-Addition of 
conjugated olefins is favoured by secondary orbital 
overlap l5 but disfavoured by steric factors and dipole- 
dipole interactions.16 The exclusive formation of the 
endo-adduct from the reaction of N-phenylmaleimide 
and the betaines (3) and (6) is the result of strong inter- 
action between the lowest-unoccupied molecular orbital 
(LUMO) of the betaine and the highest-occupied mole- 
cular orbital (HOMO) of N-phenylmaleimide, cf. the 
dinitrophenyl l7 (4) and nitropyridyl l4 (5) betaines which 
also give exclusively the endo-adducts. The formation 
of the thermodynamically more stable exo-product (52) 
in the reaction of N-phenylmaleimide and betaine (9) is 
probably the result of thermal isomerism of the initially 

formed kinetic product, the endo-isomer (51) [cf. the N-  
(diphenyl- 1,3,5-triazinyl)-dirner (62)] .13 

Generally, stereoselectivity is lost in the addition of 
N-aryl betaines to acrylonitrile, methyl acrylate, and 
methyl vinyl ketone: here the secondary overlap is 
weaker and the steric and dipole-dipole interactions are 
stronger, which leads to considerable formation of the 
exo-adduct (see Table 3), with the exception of betaine 
(3) with which acrylonitrile and methyl acrylate yield 
exclusively the endo-adducts. The conjugated dipolaro- 
phile, styrene, yields exclusively the endo-adduct since 
the secondary overlap predominates over the weak 
dipole-dipole interaction. However, with acenaph- 
thylene steric factors lead to the formation of the exo- 
isomer as the predominant isomer. Reversal of polarity 
of ethyl vinyl ether leads to a favourable dipole-dipole 
interaction which is responsible for the sole formation of 
the endo-adduct . 

We have previously l4 shown that frontier molecular 
orbital l1 theory correctly predicts that electron-donat- 
ing, electron-accepting, and conjugated monosubstituted 
olefins all add to give exclusively the 6-regioisomers; this 
holds also in the present case. 

Our present studies have shown that the 3-oxido-l- 
heteroarylpyridinium betaines form a series which 
displays increasing reactivity in pericyclic reactions 
with olefinic dipolarophiles viz. (8) w (9) > (7) > 
(6) > (3) > (2) > (1). The ease of thermal dimeris- 
ation of an N-substituted 3-oxidopyridinium is a func- 
tion of the N-substituent. In general, the more electron- 
withdrawing the N-substituent, the smaller is the energy 
difference between the frontier orbitals of the two 
reacting betaine molecules and the more favoured is 
tlimerisation. The N- (5,6-diphenyl- 1,2,4- triazin-3-yl) 
(9) and N-(5-phenyl-1,2,4-triazin-3-y1) betaine (8) possess 
strong electron-withdrawing N-substituents and readily 
dimerise, although not as readily as the analogous sym- 
metrical triazinyl betaine (62) .13 

The 4’-aza-substituent in 3-oxido-1-phenylpyridinium 
should exert l1 a considerable lowering effect on the 
LUMO resulting in a smaller frontier-orbitals energy 
separation. The present study has shown that this 
activation is not sufficient for dimerisation. To further 
increase this reactivity, the pyridyl betaine (3) was 
methylated with Me1 to yield the bis-salt (75), character- 
ised as the perchlorate (76). However, attempts to 
prepare the corresponding betaine (77) by base treatment 
proved unsuccessful ; presumably the betaine (77) is 
unstable. 
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(751 x = I  (77) 
(76) X =CIO4 

Tropone Formatiout.-The cycloadducts (17)-(ZO) , 
(531, (271, (26), and (24) were readily quaternised by 
methyl iodide, methyl perchlorate, or methyl toluene-p- 
sulphonate on the ring nitrogen, as expected, to give the 
salts (78)-(83), (85), (84), (86), and (87). Hofmann 
degradation of the methiodide (81) with Ag,O produced 

(781 

X-  

I 

Ph 
(82)  X = I 
(85) X = OTs 

6' 5' 

Cl0,- 

(88) 

t 901 

li 
(79) R = CN, X = I 
(80) R = C02Me,X = I 
(81) R = P h ,  X = I 
1821 R = O E t ,  X = I 
t83) R = CN,X = CIO4 

R 
(861 R = Ph 
(87) R =CO,Me 

+ Ph 

the corresponding tropone perchlorate (88), m.p. 250 "C. 
Further hydrolysis of this perchlorate to the cor- 
responding tropolone (89) proved unsuccessful, pre- 
sumably owing to the intervention of the tautomer (90) 
under basic conditions. Pietra et aZ.19 have described 
the facile nucleophilic displacement of chlorine and the 
tosyloxy-group from 2-chloro- and 3-tosyloxy-tropones 
by alkoxide. Attempted acid-catalysed hydrolysis of 
the diphenyltriazinyl adduct (45) yielded only benzil, 
derived from the hydrolysis 2o of the triazinyl ring. 

EXPERIMENTAL 

M.p.s were determined with a Keichert apparatus. The 
spectra were recorded with a Perkin-Elmer 257 grating i.r. 
spectrophotometer, a Hitachi-Perkin-Elmer RMU-6E mass 
spectrometer, and a Varian HA- 100 n.m.r. spectrometer. 
Compounds were purified until they were observed as single 
spots on t.1.c. using Kieselgel G F  254 (Type 60). 

3-Hydroxy- 1- (4-pyridy1)pyridinium Chloride (14) .-4- 
Chloropyridine (2.0 g, 1.8 x mol) and 3-hydroxy- 
pyridine (1.0 g, 0.01 mol) in tetrahydrofuran (15 ml) were 
heated under reflux for 60 h. A pale yellow precipitate 
(1.9 g, 86.6%) was recrystallised to yield (14) as colourless 
needles, m.p. 226-227 "C (MeOH-EtOAc) (Found: C, 
57.7; H, 4.6; N, 13.2; C1, 16.7. CloHgClN20 requires C, 
57.6; H, 4.3; N, 13.4; C1, 17.0%); vmx. (Nujol) 2 800- 
2 500 (phenolic OH), 1 630 (C=C-N), and 1 590 cm-l (C=C). 

3-Oxido- 1-(4-pyridyl)pyrzdinium (3) .-An aqueous solu- 
tion of salt (14) (1.0 g, 4.8 x mol) was filtered through a 
column of Amberlite IRA-401 (OH). The eluant was 
evaporated in vacuo to give the title compound (3) (0.7 g, 
77%) as a brown amorphous solid, m.p. 105-106 "C 
(MeCN-Et,O) (Found: C, 62.8; H, 5.0; N, 14.5. Clo- 
H8N20*H,0 requires C, 63.2; H, 5.3; N, 14.7%); vmax. 
(Nujol) 3 500 (OH) and 1 650 cm-l (C=C-N). 

3-Hydroxy- 1- (2-pyridyl)pyridinium Chloride ( 12) and 
Perchlorate (13) .-3-Hydroxypyridine (8 g, 8.6 x 10-2 
mol) and 2-chloropyridine (10 g, 8.8 x lo-, mol) were 
heated a t  130 "C for 9 h to yield the chloride (12) (11 g, 
62%) as microcrystals, m.p. 180-181 "C (EtOH-EtOAc) 
(Found: C, 57.2; H, 4.2; N, 13.3. C,,HgCIN,O requires 
C, 57.6; H, 4.4; N, 13.4%); vmaz (Nujol) 1630 (enamine, 
C=C-N) and 1 595 cm-l (C=C). Treatment of the chloride 
(12) (1.0 g, 0.005 mol) in MeOH (10 ml) with HClO, (0.7 g, 
0.007 mol) followed by treatment with Et20 yielded the 
perchlorate (13) as colourless needles (1.2 g, 92yo), m.p. 
155-157 "C (EtOH-Et20) (Found: C, 43.8; H, 3.6; N, 
10.1. Cl,H,ClN20, requires C, 44.1; H, 3.3; N, 10.2%); 
v,, (Nujol) 1 630 (enamine, C=C-N), 1 600 (C=C), and 1 100 
cm-l (ClO,-) . 

Similarly prepared were: 1-(5,6-dipheny1-1,2,4-triazin-3- 
yl)-3-hydroxypyridinium chloride (10) (64.2%), m.p. 2 1 5 -  
218 "C as off-white needles (MeOH-EtOAc) (Found: C, 
66.2; H, 4.3; N, 15.2. C20Hl,C1N,0 requires C, 66.2; H, 
4.2; N, 15.4%); v,,,. (Nujol) 2 480 (OH) and 1 590 cm-1 
(C=C) ; 3-hydroxy- 1-(5-phenyl- 1,2,4-triazin-3-yl)fiyridinium 
chloride (11) (83%), m.p. 234-236 OC, as white needles 
(MeOH) (Found: C ,  58.6; H, 4.0; N, 19.3. C,,HllCIN,O 
requires C, 58.7; H, 3.9; N, 19.5%); V,,~. (Nujol) 2 500 
(OH) and 1 600 cm-l (C=C). 

3-Hydroxy- 1- (quinoxolin-2-y1)pyridinium Perchlorate 
(16) .-3-Hydroxyyyridine (0.7 g, 7.4 mmol) and 2-chloro- 
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quinoxoline (1.2 g, 7.3 mmol) in [CH,],O (10 ml) were heated 
under reflux (b.p. 66 "C) for 84 h t o  give the chloride (15) 
(0.8 g, 42.5%) which was characterised as the perchlorate 
(16) (0.7 g, 71%) as light brown needles, m.p. 195-197 "C 
(from MeOH-EtOAc) (Found: C, 48.5; H ,  3.4; N, 12.6. 
Cl,Hl,C1N305 requires C, 48.2; H, 3.1 ; N, 12.9%) ; vmax. 
(Nujol) 1630, 1590, and 1 100 cm-l. 

2-0xo-8-(4-pyridyZ)-8-uzubicyclo[3.2.l]oct-3-ene-6-endo- 
carbonitrile (1 7) .-A well-stirred suspension of (14) (5 g, 
2.4 x lo-, mol), acrylonitrile (15 g, 2.9 x 10-I mol), and 
quinol (20 mg) in MeCN (25 ml) was heated to  reflux, and 
NEt, (5 g, 4.9 x lo-,) was added dropwise. The reaction 
mixture was heated under reflux for a further 24 h, and then 
solvent was removed in  vacuo to  yield the endo-adduct (17) 
which was treated with Me1 to produce the methiodide (79) 
(8 g, 81.7%) as a yellow amorphous solid, m.p. 253-255 "C 
(EtOH) (Found: C, 44.9; H ,  4.2; N, 11.4. C1,H141N30- 
0.5H20 requires C, 44.7; H,  4.0; N, 11.2%); vmx. (Nujol) 
3 500 (OH), 2 220 ( E N ) ,  1 700 (ap-unsaturated CEO), and 
1 650 cm-l (C=C-N) : the perchlorate (83) (7.4 g, 1OOyo) was 
isolated as pale brown needles, m.p. 238-240 "C (EtOH) 
(Found: C, 48.7; H ,  4.3; N, 11.9. C14H,4C1N,05*0.5H,0 
requires C, 48.2; H, 4.3; N, 12.0%); v,,,. (Nujol) 3 500 
(O-H), 2 220 ( E N ) ,  1 690 (ap-unsaturated G O ) ,  1 650 
(GC-N) , and 1 100 cm-l (C104-). 
6-endo-Ethoxy-8-(4-~yridyZ)-8-uzubicycZo[3.2.l]oct-3-en-2- 

one (20).-3-Oxido-l-(4-pyridyl)pyridinium (3) (0.5 g, 2.9 x 
mol) and ethyl vinyl ether (10 g, 1.4 x 10-1 mol) in 

EtOH (25 ml) were heated under reflux (65-70 "C) for 7 d .  
The reaction mixture was evaporated off in vacuo to give 
a black solid which crystallised to  yield the adduct (20) 
(0.120 g, 17%) as yellow needles, m.p. 164-165 "C (EtOH- 
Et,O) (Found: C, 68.9; H ,  6.5; N, 11.5. Cl,Hl,N202 
requires C, 68.8; H,  6.6; N, 11.5%); vmx. (Nujol) 1680 
ern-1 (ap-unsaturated G O ) .  Treatment with Me1 yielded 
the methiodide (82) (0.16 g, 84y0), as yellow needles, m.p. 
233-235 "C (EtOH) (Found: C, 46.5; H,  5.3; N, 7.2. 
C,,H1,IN,Oz requires C, 46.6; H ,  5.0; N, 7.3%); vmax. 
(Nujol) 1 680 cm-l (ap-unsaturated G O ) .  Similarly pre- 
pared was 6-endo-ethoxy-8-(2-~yridyl)-8-uzabicycZo[3.2. lloct- 
3-en-%one (30) (36.7%), m.p. 51-53 "C, as yellow needles 
(EtOH) (Found: C, 68.6; H, 6.6; N, 11.3. C1,H,,N,O, 
requires C, 68.8; H,  6.6; N, 11.5%); v,,,. (Nujol) 1680 
(ap-unsaturated G O ) ,  1 590 (C=C), and 1 100 cm-l (C-O- 

6-endo-Phenyl-8-(4-Pyridyl) -8-azahicyclo[3.2.l]oct-3-en-2- 
one (19).-A well stirred suspension of (14) (1.0 g. 4.7 x 
10-3 mol), quinol (20 Ing), and an  excess of styrene (3 ml) in 
MeCN (200 ml) was treated with NEt, (3 ml) as described 
above to give the endo-cyczoadduct (19) (270 mg, 20.4%) 
as yellow needles, m.p. 195-197 "C (EtOH-Et,O) (Found: 
C, 77.9; H,  5.8; N, 9.9. C18Hl,N,0 requires C, 78.2; H ,  
5.8; N, 10.1%); v,,,. (Nujol) 1680 (mp-unsaturated 
G O )  and 1 600 cm-l (benzene, C=C). The methiodide (81) 
was a white amorphous solid (1.3 g, 63%), m.p. 295-297 "C 
(EtOH-H,O) (Found: C, 54.3; H ,  4.7; N, 6.6. ClgHlg- 
IN,O requires C, 54.5; H,  4.6; N, 6.704); v,,,. (Nujol) 
1 680 (ap-unsaturated G O )  and 1 650 cm-l (C=C-N). 

6-endo-phenyZ-8- (2-pyridyt) -8- 
azabicycZo[3.2.l]oct-3-en-2-one (27) (46y0), m.p. 125-126 "C, 
as yellow needles (EtOH) (Found: C, 78.1; H, 5.6; N. 
10.1. C18Hl,N,0 requires C, 78.2; H, 5.8; N, 10.1%); 
vmx. (Nujol) 1675 (ap-unsaturated C=O) and 1600 cm-l 
(C=C) ; 6-endo- (3-chlorophenyl) -8- (2-pyridyl) -8-azabicycZo- 
[3.2.l]oct-3-en-2-one (31) (39%) , m.p. 84-86 "C, as yellow 

C). 

Similarly prepared were : 

needles (EtOH) (Found: C, 69.3; H, 4.9; N, 9.0. C,,Hl,- 
ClN,O requires C, 69.6; H, 4.9; N, 9.0%); vmax. (Nujol) 
1,690 (ap-unsaturated G O )  and 1600 cm-1 (C=C); 8-(5,6- 
diphenyl- 1,2,4-triazin-3-yZ)-2-oxo-6-endo-phenyE-8-aza- 
bicycZo[3.2.l]oct-3-en-2-one (45) ( 16.1Y0), m.p. 203-205 O C ,  
as yellow needles (EtOH) (Found: C, 77.5; H, 5.4; N, 
12.9. C,,H2,N40 requires C, 77.4; H, 5.4; N, 12.7%); 
v,,,. (Nujol) 1 680 em-' (ap-unsaturated G O )  ; 6-endo- 
phenyl-8-(5-~henyZ-l,2,4-triazin-3-yl)-8-uzubi~yclo[3.2. lloct- 
3-en-%one (40) (38%), m.p. 160-162 "C, as yellow needles 
(EtOH) (Found: C, 74.4; H ,  5.3; N, 15.5. C,,Hl,N40 
requires C, 74.6; H ,  5.1; N, 15.8%); v,,, (Nujol) 1685 
(ap-unsaturated C=O) and 1600 cm-l ( G C ) ;  m/e 354 
(M+*)  40% ; 6-endo-phenyl-8-(quinoxolin-2-yl)-8-azabicycZo- 
[3.2.1]oct-3-en-2-one (26) (11.8%), m.p. 191-192 "C, as 
yellow needles (EtOH) (Found: C, 77.0; H, 5 .5 ;  N, 12.6. 
C,,H1,N3O requires C, 77.0; H, 5.2; N, 12.8%); vmX. 
(Nujol) 1690 (ap-unsaturated G O )  and 1590 cm-1 

2- Oxo-8- (4-pyridyl) - 8-azabicyclo[ 3.2.11 oct- 3-ene- 6- 
endo-carboxylate (18) .-A well stirred suspension of the 3- 
hydroxy-l-(4-pyridyl)pyridinium chloride (14) (1 .O g, 
4.7 x mol), quinol (20 mg), and an  excess of methyl 
acrylate (10 g, 1.2 x 10-I mol) in MeCN (15 ml) was treated 
with NEt, (3 ml) as described above for (17) to  yield a yellow 
oil. The endo-cydoadduct (18) (120 mg, 9.7%) crystallised as 
yellow needles, m.p. 143-145 "C (EtOH-Et,O) (Found : C, 
65.2; H, 5.2; N, 10.6. C14H,,N,03 requires C, 65.1; H, 
5.4; N, 10.80/b); vmax. (Nujol) 1730 (ester carbonyl G O )  
and 1 680 cm-l (ap-unsaturated G O ) .  

Treatment with Me1 yielded the methiodide (80) (0.7 g, 
34%) as colourless needles, m.p. 179-181 "C (EtOH) 
(Found: C, 44.3; H, 4.3; N, 6.7. C15Hl,IN,0,*0.5H20 
requires C, 44.0; H, 4.4; N, 6.8%); Y,,, (Nujol) 3 500 
(OH), 1 730 (ester C=O), 1690 (ap-unsaturated C=O), and 
1 640 cm-l (C=C-N). 

Similarly prepared were methyl 2-oxo-8- (2-PyridyZ) -8- 
azabicycZo[3.2.l]oct-3-ene-6-endo- and -6-exo-carboxylates (28) 
and (29); 6-endo-isomer (28) (18.5%), m.p. 96-97 "C, as 
yellow needles (EtOH) (Found: C, 65.0; H, 5.3; N, 10.5. 
C14H14N203 requires C, 65.1; H, 5.5; N, 10.9%); vmx. 
(Nujol) 1 725 (ester G O ) ,  1 690 (ap-unsaturated G O ) ,  and 
1 600 cm-l (C=C) ; 6-exo-isomer (29) (16%), m.p. 68-70 OC, 
as yellow needles [Et,O-light petroleum (60-80 "C)] 
(Found: C, 64.9; H,  5.4; N, 11.1. C14H1,N20, requires 
C, 65.1; H, 5.5; N, 10.9%); v,,,. (Nujol) 1 730 (ester G O ) ,  
1 690 (xp-unsaturated G O ) ,  and 1 600 cm-l (C=C) ; methyl 
8-(5,6-di~he~yZ-l,2,4-triazin-3-yZ)-2-oxo-8-uzubicycZo[3.2. I]- 
oct-3-ene-6-endo-carboxyZate (38) (21.8o/b), m.p. 184-185 OC, 
as yellow needles (EtOH) (Found: C, 70.0; H, 5 .0 ;  N, 13.2. 
C,&&403 requires C, 70.0; H ,  5.0; N, 13.6%); vmaxh 
(Nujol) 1 730 (saturated CEO) and 1690 cm-l (ap-unsatu- 
rated G O )  ; methyl 2-oxo-8-(5-phenyZ- 1,2,4-triazin-3-yl)-8- 
azabicyclo[3.2.l]oct-3-ene-6-endo- and -6-exo-carboxyZates, 
(42) and (48) ; 6-endo-isomer (42) (21.4y0), m.p. 129-130 "C, 
as yellow needles (EtOH) (Found: C, 64.2; H,  4.9; N, 
16.4. C18Hl,N40, requires C, 64.3; H, 4.8; N, 16.7%); 
vmax. (Nujol) 1 735 (ester G O ) ,  1690 (ap-unsaturated 
G O ) ,  and 1 600 cm-l (C=C); 6-exo-isomer (48) (49.2%), 
m.p. 50-52 "C, as yellow needles [EtOAc-light petroleum 
(b.p. 60-80 "C) ( 1 :  2)] (Found: C, 64.0; H,  5.1; N, 16.2. 
C18H,,N40, requires C, 64.4; H, 4.8; N, 16.7%); v,,,. 
(Nujol) 1735 (ester CEO), 1690 (ap-unsaturated G O ) ,  
and 1 600 cm-l (C=C) ; methyl 2-oxo-8-(quinoxolin-2-y2)-8- 
a~abicyclo[3.2.l]oct-3-ene-6-endo- and -6-exo-carboxyZates, 

(C=C) . 
Methyl 
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(24) and (25); 6-endo-adduct (24) (lo%), m.p. 169-170 "C, 
as yellow needles (EtOH) (Found: C, 65.8; H ,  5.0; N, 
13.5. C1,H15N,0, requires C, 66.0; H, 4.9; N, 13.6%); 
vmx. (Nujol) 1 735 (ester G O ) ,  1 680 (ap-unsaturated 
G O ) ,  and 1580 cm-l (C=C); 6-exo-adduct (25)  (8.2y0), 
m.p. 135-137 "C, as yellow needles (Et,O) (Found: C, 
64.8; H,  5.0; N, 12.8%. Cl,H1,N30,*0.33H,0 requires 
C, 64.7; H, 4.9; N, 13.3%); v,,,. (Nujol) 3 400 (H,O), 
1 730 (ap-unsaturated G O ) ,  and 1 580 cm-l (C=C). 

2-0xo-8- (2-pyridyl) -8-azabicyclo [3.2.l]oct-3-ene-6-endo- 
and -6-exo-carbonitrile [( 35) and (34)] and -7-endo-carboni- 
trile (36) .-A well-stirred suspension of the 1-(2-pyridyl)- 
3-hydroxypyridinium chloride (12) (1.0 g, 4.8 x mol), 
quinol (20 mg) , and an excess of acrylonitrile (10 g, 1.9 x 10-l 
mol) in MeCN was treated with NEt, (3 ml) as described 
above for (17) to  yield a yellow oil (three-compound mixture 
by t.1.c.). The mixture was purified by preparative t.1.c. 
[light petroleum (b.p. 60-80 "C)-EtOAc ( 2 :  l)]. The 6- 
endo-isomer (35) (0.175 g, 16%) was obtained as yellow 
needles, m.p. 119-120 "C (EtOH) (Found: C, 69.0; H ,  
4.9; N, 18.6. Cl,HllN,O requires C, 69.3; H ,  4.9; N, 
18.7%); v,,,. (Nujol) 2 215 ( E N ) ,  1 700 (ap-unsaturated 
G O ) ,  and 1 600 cm-l (C=C). The 6-exo-isomer (34) (0.140 
g, 1374) was isolated as yellow needles, m.p. 136-137 "C 
(EtOH) (Found: C, 69.2; H ,  4.8; h', 18.4. C,,Hl1N,O 
requires C, 69.3; H, 4.9; N, 18.7%); v,,,. (Nujol) 2 215 
( E N ) ,  1 690 (ap-unsaturated G O ) ,  and 1 600 cm-l (C=C) ; 
the 7-endo-isomer (36) (0.035 g, 3%) was separated as 
yellow needles, m.p. 139-140 "C (EtOH) (Found: C, 69.1; 
H,  5.2; N, 18.5. C,,HllN,O requires C, 69.3; H, 4.9; 
N, 18.7%) ; v,,,. (Nujol) 2 215 ( E N ) ,  1 690 (ap-unsaturated 
G O ) ,  and 1 600 cm-l (C-C). 

Similarly prepared were : 8-( 5,6-diphenyl- 1,2,4-triazin-3- 
yl) -2-oxo-8-azabicyclo[3.2.1] oct-3-ene-6-endo- and -6-exo- 
carbonitriles (43) and (44) ; 6-endo-isomer (43) (%yo), m.p. 
225-226 "C, as yellow needles (EtOH) (Found: C, 72.6; 
H, 4.6; N, 18.1. C,,H,,N,O requires C, 72.8; H, 4.5; N, 
18.5%) ; vmax. (Nujo!) 1 690 cm-l (ctp-unsaturated G O )  ; 
6-exo-isomer (44) (25.8y0), n1.p. 175-177 "C, as yellow 
needles (EtOH) (Found: C, 72.7; H, 4.8; N, 18.1. C2,- 
Hl,N50 requires C, 72.8; H. 4.5; N, 18.5%) ; vnrax. (Nujol) 
1 700 cm-l (up-unsaturated G O )  ; 2-oxo-8-(5-phenyl-l,2,4- 
triazin-3-yl)-8-azabicycEo[ 3.2. lloct- 3-ene-6-endo-, -6-exo-, and 
-7-endo-carbonitriles (41), (46), and (47) ; 6-endo-adduct 
(41) (38.0%), m.p. 209-210 OC, as yellow needles (EtOH) 
(Found: C, 66.9; H ,  4.6; N, 22.8. Cl,Hl,N50 requires C, 
67.3; H,  4.3; N, 23.1%); v,,,. (Nujol) 2 220 ( E N ) ,  
1 695 (ap-unsaturated G O ) ,  and 1 600 cm-l (C=C) ; 6-exo- 
adduct (46) (24y0), m.p. 181-183 "C, as yellow needles 
(EtOH) (Found: C, 67.7; H ,  4.4; N, 23.1. Cl,Hl,N50 
requires C, 67.3; H ,  4.3; N, 23.1%); v,,,. (Nujol) 2 220 
( E N ) ,  1 705 (a,p-unsaturated G O ) ,  and 1 GOO cm-l (C=C); 
m/e 302 ( M + * ) ;  7-endo-adduct (47) (15.2%), m.p. 198- 
200 "C, as yellow needles (EtOH) (Found: C, 66.2; H, 4.6; 
N, 22.7. Cl,Hl,N,0*0.25H,0 requires C, 66.3; H, 4.4; 
N, 22.8%); v,,,. (Nujol) 2 220 (CGN), 1 700 (a,p-unsaturated 
G O ) ,  and 1 600 cm-l (C=C) ; 2-oxo-8-(quinoxolin-2-yl)-8- 
azabicyclo[3.2.l]oct-3-ene-6-endo- and -6-exo-carbonitriles 
(21) and (22); 6-endo-adduct (21) (19.5y0), m.p. 178-179 
OC, as yellow needles (EtOH) (Found: C, 69.7; H ,  4.5; N, 
20.0. C,,H,,N,O, requires C, 69.6; H, 4.4; N, 20.3%); 
vmax. (Nujol) 2 220 (CEN), 1 690 (a@-unsaturated G O ) ,  
and 1590 cni-l (C=C); 6-exo-adduct (22) (15y0), m.p. 218- 
220 OC, as yellow needles (EtOH) (Found: C, 69.4; H, 4.3; 
N, 20.0. Cl,Hl2N4O2 requires C, 69.6; H ,  4.4; N, 20.3%) ; 

v,,,. (Nujol) 2 220 (C-N), 1 690 (ap-unsaturated G O ) ,  
and 1 590 cm-l (C=C). 

azabicyclo[3.2.l]oct-3-ene-6-carbon~trile (37) .-The dimer (60) 
(0.5 g, 0.000 8 mol) and 2-chloroacrylonitrile (5 ml) in Me- 
CN (25  ml) were heated under reflux for 8 h. The reaction 
mixture was evaporated to dryness in uacuo to yield a brown 
solid which was purified by preparative t.1.c. [light petrol- 
eum (b.p. 60-80 "C)-EtOAc ( 2  : l)] t o  give the cycloadduct 
(37) (0.21 g, 33%) as yellow needles, m.p. 169-170 "C 
(EtOH) (Found: C, 66.4; H ,  4.1; N, 16.6; CI, 8.5. C23- 
Hl,ClN50 requires C, 66.8; H, 3.9; N, 16.9; C1, 8.6%); 
v,,,, (Nujol) 1 700 cm-l (ap-unsaturated G O ) .  

6-chZoro-2-oxo-8- (2-pyridyl) -8- 
azabicyclo[ 3.2.11 oct-3-ene-6-carbonilrile (32) (44%), ni .p . 
98-99 "C, as yellow needles (EtOH) (Found: C, 60.1; 
H, 3.9; N, 16.2; C1, 13.7. Cl,Hl,CIN,O requires C, 60.4; 
H, 4.0; N, 15.9; C1, 13.6%); v,,,. (Nujol) 2 220 ( E N ) ,  
1705 (ap-unsaturated G O ) ,  and 1590 cm-l (C=C); 6- 
clzloro- 2-oxo- 8- (quinoxolin- 2-yl) -8-azabicyclo [3.2.1] oct-3-ene- 6- 
carbonitrile (23) (6y0), n1.p. 170-172 "C, as yellow needles 
(EtOH) (Found: C, 61.7; H, 3.7; N, 17.7. Cl,HllC1N40 
requires C, 61.8; H,  3.9; N, 18.0yo); V,,~. (Nujol) 1705 
(ap-unsaturated G O )  and 1 575 cm-l (C=C). 

Diethyl 8-(5,6-Diphenyl- 1,2,4-triazin-3-yl)-2-oxo-8-aza- 
bicycle[ 3.2.l]oct-3-ene-6-exo,7-endo-dicarboxylate (39) .--The 
dimer (60) (0.3 g, 0.003 5 mol), dimethyl fumarate (0.51 g, 
0.003 5 mol), and MeCN (20  ml) were heated under reflux for 
24 h. The solvent was evaporated off (30 "C at 10 mmHg), 
and the residual oil chromatographed on silica gel (B.D.H.). 
Elution with light petroleum (60-80 "C)-EtOAc (1  : 7) gave 
the cycloadduct (39) (0.07 g, 37.1%) as yellow needles, m.p. 
129-131 "C (EtOH) (Found: C, 67.3; H, 5.4; N, 11.0. 
C,,H,,N,O, requires C, 67.5; H, 5.3; N, 11.2%); v,,,. 
(Nujol) 1 735 (ester G O )  and 1690 cm-l (ap-unsaturated 

Similarly prepared was diethyl 2-oxo-8-( 2-pyridyl) -8- 
azabicyclo[3.2.l]oct-3-ene-6-endo,7-exo-dicarboxylate (33) 
(30y0), n1.p. 95-96 "C as yellow needles (EtOH) (Found: 
C, 62.9; H, 5.8; N, 8.1. C18H,oN,0, requires C, 62.8; H, 
5.9; N, 8.1%); v,,,~,. (Nujol) 1730 (ester G O ) ,  1690 (ap- 
unsaturated G O ) ,  and 1 590 cm-l (C=C). 

6b( SR), 7( RS) , 1 1 (RS), 1 la( RS)-Tetrahydro- 12-(4-pyridyl)- 
7,l l-iminocycEohept[a]acenaphthylen-8-one (53) .-A well 
stirred suspension of (14) (1.0 g, 4.8 x lo-, mol), acenaph- 
thylene (0.75 g, 4.8 x lop3 mol), and quinol (0.1 g) in MeCN 
(30 ml) was treated with NEt, (2 g, 1.9 x mol) as 
described above to produce the exo-adduct (53) (0.025 g, 
1.6%) as yellow needles, m.p. 264-266 "C (EtOH) (Found: 
C, 81.3; H, 4.9; N, 8.4. C,,H,,N,O requires C, 81.5; H, 
4.0; N, 8.6%); vI,,ax. (Nujol) 1675 (c+-unsaturated G O )  
and 1590 cm-l (aromatic C=C). Treatment of the crude 
adduct from above with Me1 followed by NaClO, (aqueous) 
yielded the perchlorate (78) (2.5 g ,  39%) as a pale brown 
amorphous solid, m.p. 275-278 "C (EtOH-Me,CO) (Found: 
C, 61.4; H, 4.4; N, 6.4. C,,Hl,CIN,0,*0.5H,0 requires C, 
(51.6; H, 4.5; N, 6.3%); vmax. (Nujol) 3 500 (OH), 1 680 
(aP-unsaturated G O ) ,  1650 (C=C-N), 1600 (aromatic 
C=C), and 1 1 10 cm-l (ClO,-). 

Similarly prepared were: 6b(SR),7(RS), 1 l(RS), l la(RS)- 
tetrahydro- 12-(2-pyridyl)-7,1 1-iminocyclohept~a]acenaph- 
thylen-8-one (54) and 6b( RS) ,7( RS) ,11 (RS), 1 la(SR)- 
tetrahydro- 12- (2-pyridyl) -7,l l-iminocyclohept[a]acenaph- 
tlylen-%one (56) ; endo-isomer (56) (3y0), m.p. 174-175 "C 
as yellow needles [Et,O-light petroleum (60-80 "C)] 

6-Chloro-8-(5,6-diphenyl-l,2,4-triazin-3-yl)-2-oxo-8- 

Similarly prepared were : 

C=O). 
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(Found: C, 81.2; H, 4.9; N, 8.4. C2,H16N20 requires C, 
81.5; H, 5.0; N, 8.60/,); vmx. (Nujol) 1 690 (ap-unsaturated 
G O )  and 1600 cm-l (C=C); exo-isomer (54) (4oj,), m.p. 
228-229 "C as yellow needles (EtOH) (Found: C, 81.2 
H, 5.0; N, 8.4. C,,H16N@ requires C, 81.5; H, 5.0; N ,  
8.6%); vmax. (Nujol) 1 690 (aP-unsaturated C=O) and 1590 
cm-l (C=C) ; 12-(5,6-diphenyZ- 1,2,4-triuzin-3-yZ)-Gb( SR) ,- 
7(RS), 11 (RS), 1 la(RS)-tetrahydro-7,1 1-iminocycZohept[a]ace- 
na+hthyZen-S-one (55) and 12-(5,6-diphenyl- 1,2,4-triazin-3- 
yZ)-6b (RS) ,7( RS) , 1 1 (RS) , 1 la(  SR) -tetvahydro-7,1 I-imino- 
cyclohept[a]acenaphthyZen-8-one (57) ; endo-isomer (57) 
(9.3%), m.p. 231-233 "C, as yellow needles (EtOH) 
(Found: C, 80.2; H, 4.8; N, 11.6. C,,H,,N,O requires 
C, 80.3; H, 4.6; N, 11.7%); vmx. (Nujol) 1690 cm-1 
(up-unsaturated G O )  ; exo-isomer ( 5 5 )  (21.7%), m.p. 
131-132 "C, as yellow needles (EtOH) (Found: C, 80.0; 
H, 4.9; N, 11.3. C,,H,,N,O requires C, 80.3; H, 4.6; N, 
11.7%) ; v,,,. (Nujol) 1 680 cm-l (ap-unsaturated G O ) .  

2-Oxo-N-phenyl-8-( 4-pyridyl) -8-azabicyclo[3.2. lloct- 3-ene- 
6,7-endo-dicarboximide (49) ,-A well-stirred suspension of 
(14) (0.6 g, 2.9 x lo-, mol), N-yhenylmaleimide (0.5 g, 
0.005 mol), and quinol (12 mg) in MeCN (25 ml) was treated 
with NEt, (3 ml) as described above to yield the endo- 
cycloadduct (49) (80 mg, 4.9%) as yellow needles (EtOH), 
n1.p. 247-249 "C (Found: C, 69.3; H, 4.8; N, 12.4. 
C,,H,,N,O, requires C, 69.6; H,  4.4; N, 12.274,); v,,,. 
(Nujol) 1700 (saturated G O )  and 1680 cm-l (ap-unsatu- 
rated G O ) .  

Similarly prepared were 2-0x0-N-PhenyZ-8- (2-pyridyZ) -8- 
azabicycZo[3.2.l]oct-3-ene-6,7-endo-dicarboxirnide (50) (30y0), 
m.p. 225-227 "C as yellow needles (EtOH) (Found: C, 
68.5; H,  4.4; N, 12.0. C,,H,,N,O,, 0.25H20 requires C, 
68.7; H,  4.5; N, 12.0%); vmaX. (Nujol) 1710 (imide, G O ) ,  
1 680 (ap-unsaturated C=O), and 1 590 cm-l (C=C); 8-(5,6- 
diphenyl- 1,2,4-triazin-3-yl) - 2-0x0-N-phenyl- 8-azabicyclo- 
[3.2.l]oct-3-ene-6,7-endo- and -6,7-exo-dicarboximide (51) 
and (52); endo-isomer (51) (6.9%), m.p. 253-255 "C, as 
yellow needles (EtOH) (Found: C, 71.7; H ,  4.4; N, 13.8. 
C30H,lN50, requires C, 72.1; H, 4.2; N, 14.0%); v,,,. 
(Nujol) 1 705 cm-l (ap-unsaturated C=O) ; exo-isomer (52) 
(25.7%), m.p. 150-151 "C, as yellow needles (EtOH) 
(Found: C, 71.9; H, 4.4; N, 13.7. C,oH,lN,O, requires C, 
72.1; H,  4.2; N, 14.0:h); vmxe (Nujol) 1 710 cm-l (a@- 
unsaturated G O ) .  

(lRS, 7SR, 8RS)-7-(4-MethoxyphenyZ)- 12- (4-pyridyZ)- 12- 
azatricycZo[6.3.1 .02~s]dodeca-2(6) ,4,9-trien-ll-one Methiodide 
(59).-A well-stirred suspension of the salt (14) (0.52 g, 
2.5 x low3 mol), 6-(P-niethoxyphenyl)fulvene (0.45 g, 
2.4 x 10-3 mol), and quinol (10 mg) in MeCN (25 ml) was 
treated with NEt, (1 ml) and then heated under reflux for 
12 h. The cooled reaction mixture was washed with light 
petroleum (50 ml, b.p. 40-60 "C) and extracted with Et,O 
(250 ml) to yield a yellow oil (300 mg). Treatment with an 
excess of Me1 in EtOAc for 15 h yielded the title compound 
(59) (250 mg, 19.6%) as a yellow amorphous solid, m.p. 
220 "C (decomp.) (EtOAc-Et,O) (Found: C, 56.9; H, 4.9; 
N, 5.4. C24H,,IN20,~0.5H,0 requires C, 56.8; H,  4.8; 
N, 5 . 5 % ) ;  vmx. (Nujol) 3 500 (OH), 1 680 (ap-unsaturated 
G O ) ,  1 650 (C=C-N), 1 600 (aromatic, C=C), and 1 100 cm-l 
(C-0-C) ; 

3,12-Bis-( 5,6-diPhenyZ- l12,4-triazin-3-yZ)-3, 12-diazatri- 
cycZo[5.3.1.12~~]dodeca-4,8-diene-10, 11-dione (60) .--A well 
stirred suspension of the chloride (10) (1.25 g, 3.4 x lop3 
mol) in water (10 ml) was treated with aqueous NaHCO, 
(0.5 g, 0.6 x 10-2 mol) to yield a yellow solid (0.95 g, 84%). 

The title diwzer (60) was obtained as yellow needles, m.p. 
218-220 "C (EtOH) (Found: C, 73.4; H, 4.4; N, 17.1. 
C40H28N802 requires C, 73.6; H, 4.3; N, 17.2%); vmx. 
(Nujol) 1 740 (saturated G O ) ,  1 680 (c+-unsaturated G O ) ,  
and 1 640 cm-1 (enamine, C=C-N). 

Similarly prepared was 3,12-bis-(5-pkenyE-l, 2,4-triaziut-3- 
yZ)-3,12-diaxatvicycZo[5.3.1. l2? 6]dodeca-4,8-diene- 10,l I-dione 
(61) (99%), map. 225 "C (decomp.), as yellow needles (EtOH) 
(Found: C, 66.1; H, 4.3; N, 22.1. C,,H,,N802*0.5H20 
requires C, 66.0; H, 4.2; N, 22.0%); vmxv (Nujol) 3 400 
(H,O), 1 740 (saturated G O ) ,  and 1 680 (a@-unsaturated 
C=O) , and 1 640 cm-l (enamine, C=C-N) . 

9a( RS) ,lO-tetrahydr0-5,9 (RS) -iminobenz[a]azulen-6( 9H) -one 
(66) and 1 1- (5,6-DiphenyZ- 1,2,4-triazin-3-yZ)-4b(SR), 5 (RS) ,- 
9a( SR) ,lO-tetrahydro-5,9( RS) -iminobenz[a]azuZen-6( 9H) -one 
(65).-A mixture of the dimer (60) (0.4 g, 6.1 x lo-, mol) 
and indene (1 g, 8.6 x lo-, mol) in MeCN (25 ml) was heated 
under reflux for 36 h. The solvent was removed in vucuo 
to leave a brown solid (two components by t.1.c.). The 
solid was purified by preparative t.1.c. [Kieselgel PF 254; 
light petroleum (b.p. 60-80 "C)-EtOAc (4 :  l)]. The 
first component, the endo-(6-CH2) isomer (66) (85 mg, 
15.7%) was isolated as yellow needles, m.p. 221-223 "C 
(EtOH) (Found: C, 78.5; H, 5.1; N, 12.4. C,,H,,N,O 
requires C, 78.7; H,  5.0; N, 12.7",); vmax. (Nujol) 1680 
cm-l (ap-unsaturated G O ) .  The second cycloadduct, the 
endo-(7-CH2) isomer (65) (95 mg, 17.5%) was isolated as 
yellow needles, m.p. 218-220 "C (EtOH) (Found: C, 78.6; 
H, 5.1 ; N, 12.5%) ; v,,,,. (Nujol) 1 685 cm-l (a@-unsaturated 

Methyl 8-(5,6-Diphenyl- 1,2,4-triazin-3-yZ)-2-oxo-8-uzubi- 
cycZo[3.2.l]octa-3,6-diene-6-carboxylu~e (67) .-The dimer (60) 
(0.4 g, 1.2 mmol) and methyl prop-2-ynoate (0.5 g, 5 mmol) 
in MeCN (25 ml) were heated under reflux (75 "C) for 24 h. 
The mixture was evaporated in vucuo to yield a brown 
residue, which was purified by preparative t.1.c. [light 
petroleum (b.p. 40-60 "C)-EtOAc (1 : l)]. The addwct 
(67) (0.05 g, 10%) was isolated as yellow microcrystals, 
m.p. 160-162 "C [from light petroleum (b.p. 40-60 "C)- 
Et,O, 4 : 13 (Found: C, 71.1; H, 4.8. C,,H,,N403 requires 
C, 70.8; H, 4.8%); v,,, (Nujol) 1740 (ester G O ) ,  1695 
(ap-unsaturated G O ) ,  and 1 600 cm-l (C=C). 

Dimethyl 8-( 5,6-Di~henyZ-1,2,4-tr~uzin-3-yZ)-2-oxo-8-uza- 
bicyclo[3.2.l]octa-3,6-diene-6,7-dica~boxyZute (68) .-The 
dimer (60) (0.5 g, 1.53 mmol) and dimethyl but-2-ynedioate 
(0.5 g, 3.5 mmol) in MeCN (25 ml) were heated under reflux 
(80 "C) for 24 h. The mixture was evaporated in vacuo to 
give a brown residue, which was purified by preparative 
t.1.c. [light petroleum (b.p. 40-60 "C)-EtOAc (1 : l)]. 
The cycloadduct (68) (0.4 g, 55%) was obtained as yellow 
microcrystals, m.p. 80-82 "C [from light petroleum (b.p, 
40-60 "C)-Et,O(2: l)] (Found: C, 64.7; H, 4.7; N, 
11.4. C,,H,oN40,*0.66H,0 requires C, 64.9; H I  4.5; N, 
11.7%); vmdX. (Nujol) 1 725 (ester C=O and ap-unsaturated 
C=O) and 1 600 cm-l (C=C) ; m/e 468 (M+') .  

Reaction of the Dimer (60) with CycZopentadiene.-The 
mixture of the dimer (60) (0.5 g, 1.53 mmol) and freshly 
distilled cyclopentadiene (5 ml) in MeCN (25 ml) were 
heated under reflux (b.p. 70 "C) for 12 h. The reaction 
mixture was evaporated to dryness and the residue separated 
by preparative t.1.c. on Kieselgel PF 254 [light petroleum 
(b.p. 60-80 "C)-EtOAc (3 : l)]. 15-(5,6-DiphenyZ-1,2,4- 
triazin-3-yZ)- 15-azupentacycZo[ 7.5.1. 1 3 9  .02s '.0109 14] hexadecu- 
4,12-dien-S-one (70) (0.075 g, 11%) was isolated as yellow 

1 I-( 5,6-Diphenyl- lI2,4-triazin-3-yZ)-4b( RS) ,5( RS) ,- 

C=O) . 
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needles, m.p. 198-200 "C (from EtOH) (Found: C, 79.0; 
H, 5.7; N, 12.3. C3,H,,N40 requires C, 78.6; H ,  5.7; N, 
12.2%); v,,,. (Nujol) 1 705 (saturated G O )  and 1 600 cm-l 
(C=C) ; m/e 458 (M+') .  (1RS12RS,6SR,7RS)-l1-(5,6-Di- 
~~elzyZ-1,2,4-t~iazin-3-yl)-l l-azatricycZo[5.3.1 .0Z*6]undeca- 
3,9-dien-8-one (69) (0.1 g, 17%) was isolated as yellow 
needles, m.p. 150-152 "C (from EtOH) (Found: C, 76.3; 
H, 5.2; N, 14.4. C,,H,,N,O requires C, 76.5; H, 5.1; 
N, 14.3y0) ; vmx. (Nujol) 1 680 (ap-unsaturated G O )  
and 1 600 cm-1 (C=C); m/e 392 ( M * + ) .  (lRS,SRS,lOSR,- 
14RS)-11,15-Bis-(5,6-dipJzenyZ-1,2,4-triazin-3-yl)-11,15- 
diazapentacyclo[7.5.1. l 2 y 7  .Oa*e.O1*l 14] heptadeca-4,12-diene- 
8,17-dione (71) (0.12 g, 10%) crystallised from EtOH as 
yellow needles, m.p. 227-229 "C (Found: C, 74.5; H, 5.0; 
N, 15.2. C,,H3,N802*0.5H20 requires C, 74.3; HI 4.9; 
N, 15.4%); v,, (Nujol) 3 300 (H,O), 1 735 (saturated 
G O ) ,  1 710 (saturated G O ) ,  and 1 640 cm-l (enamine, 
C=C-N) . 

7-endo-( 5,6-Diphenyl- 1,2,4-triazin-3-y1) -3,4-dinaethyl- 7- 
azabicyclo[4.3.1]deca-3,8-dien-lO-one (73).-The dimer (60) 
(0.4 g, 0.6 mmol) and 2,3-di1nethylbuta-l13-diene (3 g, 37 
mmol) in MeCN (20 nil) were heated under reflux (b.p. 
81 "C) for 48 h. The reaction mixture was evaporated to 
dryness to yield a residue which was purified by preparative 
t.1.c. [light petroleum (b.p. 40-60 "C)-EtOAc (2 : l)]. 
The title compound (73) (0.06 g, 11.5%) was isolated as 
yellow microcrystals, m.p. 88-90 "C [from light petroleum 
(b.p. 40-60 "C)] (Found: C, 73.5; H, 5.9; N, 13.4. 
C26H24N,0*H,0 requires C, 73.2; H, 6.1; N, 13.1%); 
v,, (Nujol) 3 400 (H,O), 1 725 (saturated G O ) ,  and 1 640 
cm-l (enamine, C=C-N) ; m/e 426. 

[4.3.1]deca-3,8-dien-lO-one (74).-The dimer (60) (0.5 g, 
7.66 x 10-6 mol) and thiophen sulphone (2.5 g, 20 mmol) in 
toluene (20 ml) were heated under reflux (b.p. 120 "C) for 
48 h. The reaction mixture was evaporated to  dryness in 
vacuo to yield a dark residue which was purified by pre- 
parative t.1.c. [light petroleum (b.p. 60-80 "C)-EtOAc 
(2 : l)]. The title compound (74) (0.078 g ,  13%) was isolated 
as yellow needles, m.p. 178-180 "C (EtOH) (Found: C, 
75.7; H, 5.2; N, 14.5. C,,H,,N,O requires C, 75.8; H, 
5.3; N, 14.7%); vmx- (Nujol) 1720 (saturated C=O) 
and 1 655 (enamine, C=C-N) ; m/e 380 (M"). 

Similarly prepared was 7-endo- ( 5-PhenyZ- 1 , 2 , 4-triazin-3- 
yl)  -7-azabicycZo[4.3.l]deca-3,8-dien- 1 O-one (72) (22.9 yo) , n1.p. 
148-150 "C, as yellow needles (EtOH) (Found: C, 70.2; 
H, 5.3; N, 18.1. C18Hl,N,0~0.25H20 requires C, 70.0; 
H, 5.4; N, 18.1y0); v,,, (Nujol) 1720 (saturated G O ) ,  
1 655 (enamine, C=C-N), and 1 600 cm-l (C=C). 
3-Hydroxy-l- ( l-methyl-4-pyridyl)pyridinium Di-iodide 

(75).-The pyridinium salt (14) (1.09 g, 5.3 x mol) and 
Me1 (5 g, 3.5 x lo-, mol) in EtOH (25 ml) were heated under 
reflux for 10 h. The precipitate (1.7 g, 73%) was crystal- 
lised from EtOH-EtOAc to yield the Ynethiodide (75) as 
brown needles, m.p. 162-164 "C (Found: C, 29.5; H, 
2.9; N, 6.4. C,,H,,I,N,O requires C, 29.9; H, 2.7; N, 
6.3%); v,,, (Nujol) 1630 cm-l (C=C-N). 

mol) in water (5 ml) was 
treated with IRA-401 (ClO,-) t o  give the perchlorate (76) 
(0.7 g, 72.2%) as white needles, m.p. 138-140 "C (EtOH) 
(Found: C, 34.4; H, 3.4; N, 7.5. C,,H,,CI,N,O, requires 
C, 34.1; H, 3.1; N, 7.2%); v,,, (Nujol) 1640 (C=C-N) 
and 1 100 cm-1 (ClO,-) . 

2-Oxo- 6-endo-phenyZ-8- (2-pyridinium) - 8-azabi- 
cyclo[3.2.1]oct-3-ene Toluene-p-sulphonate (85) .-The cyclo- 

7-endo-(5,6-Diphenyl- 1,2,4-triazin-3-yl)-7-azabicyclo- 

The iodide (75) (1.0 g, 2.3 x 

Methyl 

adduct (27) (4.8 g, 1.7 x 10-2 mol) and methyl toluene+- 
sulphonate (5.0 g, 2.7 x mol) were heated at 120 "C for 
24 h. The black product was washed with EtOAc to yield 
the required toluene-p-sulphonate (85) (5.8 g, 76.5%) as 
colourless needles, m.p. 162-164 "C (EtOH-EtOAc) 
(Found: C, 67.2; H, 5.6; N, 6.1. Cz,H,,NzO4S requires 
C, 67.5; H ,  5.7; N, 6.1%); vmaX. (Nujol) 1690 (ctp-unsatu- 
rated G O ) ,  1 640 (enamine, C=C-N), and 1 580 cm-l 
(aromatic C=C). 

2-0x0- 6-endo-phenyl- 8- (2-pyridinium) -8-azabi- 
cycZo[3.2.l]oct-3-ene Iodide (84) .-The styrene adduct (27) 
(0.15 g, 0.5 x lop3 mol) and Me1 (15 ml) in EtOAc (25 ml) 
were heated under reflux for 36 h.  The white precipitate 
was collected to  yield the iodide (84) (70 mg, 30%) as 
colourless microcrystals, m.p. 185-186 "C (EtOH) (Found : 
C, 53.3; H, 4.8; N, 6.8. C1,Hl,IN,0*0.5H,0 requires 
C, 53.4; H, 4.7; N, 6.6%); v,, (Nujol) 3 400 (H,O), 
1 690 (a@-unsaturated C=O), 1 640 (enamine, C=C-N), and 
1 580 cm-l (aromatic C=C) ; 

Similarly prepared were : metJay1 2-oxo-6-endo-phenyE-8- 
(2-quinoxoZiniztm)-8-azabicyclo[3.2.l]oct-3-ene iodide (86) 
(61y0), m.p. 218-220 "C as orange microcrystals (EtOH). 
Compound (86) was unstable to repeated recrystallisation 
thus precluding satisfactory elemental analysis; vmaX. (Nujol) 
1 690 (ap-unsaturated G O )  and 1640 cm-l (enamine, 
C=C-N) ; methyl 6-endo-methoxycarbonyl-2-oxo-8- (2-quinoxo- 
Zinium)-8-azabicyclo[3.2.l]oct-3-ene iodide (87) (5070), m.p. 
193-195 "C, as yellow microcrystals (EtOH), which was 
also unstable to  repeated recrystallisation thus precluding 
satisfactory elemental analysis; v,, (Nujol) 1 735 (satur- 
ated G O ) ,  1680 (ap-unsaturated G O ) ,  and 1640 cm-l 
(enamine, CZC-N). 
Methyl 4- ( l-Oxo-4-phenylcyclohepta-2,4,6-tvien-2-yZ- 

amino)pyridinium Perchlorate (€@).-The iodide (81) (2.65 g, 
6.2 x lop3 mol) and Ag,O (1.8 g, 7.8 x mol) were 
stirred in water (110 ml) at room temperature for 3 h and 
the solid was then removed by filtration to yield a yellow 
filtrate. NaC10, was added dropwise to  yield the perch- 
lorate (88) (2.09 g, 73.6%) as a yellow amorphous solid, m.p. 
250 "C (decomp.) (MeOH) (Found: C, 56.1; H, 4.5; N, 6.6. 
C1,H1,C1N20,*H,0 requires C, 56.1; H, 4.7; N, 6.9%); 
v,,,,. (Nujol) 3 500 (O-H), 1 650 (ap-unsaturated G O ) ,  
and 110 cm-l (C104-); 6(D,O) 4.04 (3 H, s, N+-Me), 7.14 
(11 H, br s, 3,5,6,7,3',5'-H + Ph), and 8.24 ( 2  H, br s, 

Methyl 

2', 6'-H) . 

We thank Dr. A. D. McNaught (Chemical Society) for 

[9/131 Received, 29th January, 19791 

help with nomenclature. 

REFERENCES 

preceding paper. 

874. 

878. 

Y .  Takeuchi, J . C . S .  Perkin I ,  1974, 746. 

Takahashi, and Y .  Takeuchi, J . C . S .  Perkin I, 1976, 2289. 

1 Part 48, A. R. Katritzky, N. Dennis, and H. A. Dowlatshahi, 

2 A. R. Katritzky and Y .  Takeuchi, J .  Chem. Soc. ( C ) ,  1971, 

3 A. R. Katritzky and Y .  Takeuchi, J .  Chem. SOC. ( C ) ,  1971, 

N. Dennis, A. R. Katritzky, T. Matsuo, S. K. Parton, and 

N. Dennis, A. R. Katritzky, S. K. Parton, Y .  Nomura, Y .  

R. W. Alder, Chem. and Ind., 1973, 983. 
7 J.  Burdon and V. C .  R. McLoughlin, Tetrahedron, 1965,21, 1. 
8 G. H. Schmid and A. W. Wolkoff, Canad. J .  Chem., 1972, SO, 

1181. 
n The British Drug Houses Ltd., B.D.H. Laboratory Chemi- 

cals Division, ' Ion Exchange Resins,' Poole, 1966, 5th edn., 
p. 20. 



lo N. Dennis, B. Ibrahim, and A. R. Katritzky, J.C.S. Chem. 
Comm., 1974, 500. 

l1 N. Dennis, B. Ibrahim, and A. R. Katritzky, J.C.S. Perkin 
I, 1976, 2296. 

1s L. Wolff and H. Lindenhayn, Bey . ,  1903, 36, 4126; A. 
Angeli, Ber., 1893, 26, 1715; L. Wolff, P. Bock, G. Lorentz, and 
P. Trappe, Annalen, 1902, 825, 129 ( J .  Chem. Sac. Abs.,  1903, 84, 
203). 

N. Dennis, A. R. Katritzky, G. J. Sabounji, and L. Turker, 
J.C.S. Perkin I, 1977, 1930. 

1* N. Dennis, B. Ibrahim, and A. R. Katritzky, J.C.S. Perkin 
I, 1976, 2307. 

16 R. Hoffmann and R. B. Woodward, J .  Amer. Chem. SOC., 
1965, 87, 4388. 

l6 J. A. Berson, 2. Hamlet, and W. A. Mueller, J .  Amer. 
Chern. SOC., 1962,84, 297; J. A. Berson, A. Remanick, and W. A. 
Mueller, J .  Amer. Chem. SOC., 1960, 82, 5501. 

l7 N. Dennis, B. Ibrahim, A. R. Katritzky, I. G. Taulov, and 
Y .  Takeuchi, J.C.S Perkin I ,  1974, 1883. 

la T. Nozoe in ‘Non-benzenoid Aromatic Compounds,’ ed. D. 
Ginsburg, Interscience, New York, 1959, p.383. 

l9 M. Cavazza, R. Cabrino, and F. Pietra, Synthesis, 1977, 298. 
2o J. C. Erickson, P. F. Wiley, and V. P. Wystrach, ‘The 1,2, 

3- and 1,2,4-Triazines, Tetrazines, and Pentazines,’ in ‘The 
Chemistry of Heterocyclic Compounds,’ ed. A. Weissberger. Inter- 
science, New York, 1956, p.60. 


