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Reduction of Some I -Substituted Pyridinium Salts 
By R. Morrin Acheson and Giuseppe Paglietti, Department of Biochemistry, South Parks Road, Oxford 

OX1 3QU 

Reductions by sodium borohydride and dithionite of four 1 -substituted pyridinium salts gave in all cases mixtures 
of mainly 1,2- and 1.4-dihydropyridines which were analysed by n.m.r. spectroscopy. Palladium-charcoal 
hydrogenation catalyst isomerised certain reduced pyridines. 

DIHYDROPYRIDINES continue to attract interest,I and in 
connection with other work2 we have prepared a 
number of these compounds by reduction of pyridinium 
salts. Reduction with sodium borohydride and di- 
thionite usually gives 1,2- and 1,4-dihydropyridines, 
respectively, although mixtures are formed in some 
cases1 The structures and purity of our dihydro- 
pyridines have been determined from their n.m.r. spectra. 
This is the most sensitive method of analysing mixtures 
of reduced pyridines, and as our experiments have 

U. Eisner and J. Kuthan, Chem. Rev., 1972, 72, 1 ;  R. E. 
Lyle and P. S. Anderson, Adu. Heterocyclic Chem., 1966, 6, 46. 

shown that several literature preparations for single 
compounds in fact give mixtures, our results are 
presented. 

Reduction by sodium borohydride of the l-phenyl- 
nicotinamide derivative (la) in methanolic sodium 
hydroxide gives a 2.5 : 1 mixture of the 1,2- (2a) and 
1,6- (3a) dihydro-compounds. When water is used as 
solvent these dihydropyridines are formed in 1 : 1 ratio 
along with traces of the 1 ,&dihydro-derivative (4a), and 

a R. M. Acheson, G. Paglietti, J.C.S. Chem. Comm., 1973, 666;  
R. M. Acheson, G. Paglietti, and P. A. Tasker, J.C.S. Perkin I, 
1974, 2496. 
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TABLE 2Di- and tri-cyano-derivatives (IV; n = 2 or 3)Position ofcyano-groups M.p. ("C) (70) C2', 3' 159 59 a 71.02', 4' 175 76 71.02', 5' 152-153 75 a 71.22', 6' 101-103 56 71.33', 4' 130 97 la 70.93'. 6' 150-161 75 a 70.72', 4', 6' 198-200 ca. 15b 69.0* Diazo-coupling reaction. 6 Cyanodehalogenation reaction.Found (%) Required (yo)L Yield > --- H N C H N vON/cm-l (KBr)5.75 23.15.85 23.1 'I 2 2302 2206.1 2 230 5.65 f::: } 71.3 5.61 23.1 2 220, 2 2402 2202 2302 2306":: f::f J 5.1 25.3 69.8 4.9 26.6one portion. After 1 h a t 5 "C the solution was filtered.The diazonium salt solution was added dropwise to a stirredsolution of NN-diethylaniline (1.4 mmol) and sodium ace-tate (10 g) in glacial acetic acid (8 ml) and water (100 ml),ensuring that the temperature did not rise above 5°C.The mixture was then stirred for 2-3 h, and the precipitateddye filtered off and dried. The products were purified byrecrystallisation. M.p.s. , yields, and elemental analysisdata are summarised in Table 2 for the dyes prepared bythis procedure. The i.r. cyano-stretching frequencies arealso given.2', 6'- Dicyano-4-diethylaminoazobenzene by Cyanodehalo-genatim .-2', 6'-Dichloro-4-diethylaminoazobenzene wasprepared by diazotisation of 2,6-dichloroaniline and couplingto NN-diethylaniline. The dye (2.12 g , 6.5 mmol) wasdissolved in dry dimethylformamide (40 ml) and copper(1)cyanide (2.7 g, 30 mmol) was added. The mixture washeated under reflux for 1.5 h, and then poured into a solu-tion of iron(II1) chloride (2.4 g) and concentrated hydro-chloric acid (2 ml) in water (200 ml) (fume cupboard!).The suspension was filtered and the dye removed from thecrude solid by extraction (Soxhlet) with methylene chloride.The dye was recrystallised from petroleum (b.p. 60-80°),giving red crystals (56%), m.p. 101-103". Analyticaldata are in Table 2.2',4'-Dicyano-4-diethylaminoazobenzene .-2'-Cyano-4'-brorno-4-diethylaminoazobenzene was prepared by diazotis-ation and coupling of 2-cyano-4-bromoaniline to NN-diethylanilinc. The dye was subjected to the displacementreaction described previously, requiring 12 h for completion.The crude dicyano-dye was obtained in 76% yield, and waspurified by column chromatography (silica ; benzene) , andcrystallised from petroleum (b.p. 60-80") as deep redcrystals, m.p. 175". Analysis figures are given in Table 2.2', 4' , 6'- Tricyano-4-diethyZaminoazobenzene.-4'-Cyano-2',6'-dibromo-4-diethylaminoazobenzene was prepared bydiazotisation and coupling of 2,6-dibromo-4-cyanoanilineto NN-diethylaniline. The dye was subjected to thedisplacement reaction described previously, but at lowertemperatures (room temperature for 12 h, then 100 "C for3 11; no starting material then remained). The solutionwas poured into water and the precipitated solid filteredoff. The solid was extracted (Soxhlet) with methylenechloride, and the extracted material separated by prepara-tive t.1.c. Two products were isolated: (i) a red solid, 2',4'-dicyano-4-diethylaminoazobenzene, presumably arising froma dehalogenation process, and (ii) a deep green solid, 2',4',6'-tricyano-4-diethylaminoazobenzene (m.p. 198-200" ; ele-mental analysis in Table 2).[6/1304 Received, 2nd July, 1975-J
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adding more borohydride to the filtrate from these 
gave the tetrahydropyridine (5a), presumably formed 
by further reduction of the lJ2-dihydropyridine (2a). 
Use of aqueous sodium hydroxide as reaction medium 
gave compounds (2a), (3a), (5a), and also (4a) in almost 

R 3  R 3  R 3  R 3  

a; Ph COoNH, H Cl 

b; Me CN H I 

c; Me CO-NH2 H MeSO, 

d; PhCH, H Me Br 

Ph 

(6) 

.. 

Ph 
171 

equal proportions. These mixtures could 
separated owing to the instability of their constituents, 
and it is noteworthy that the m.p.s of the 1 ,2-, 1 ,4-, and 
1,6-dihydropyridines and these mixtures are very 
similar. Reduction of the 3-cyano-l-methylpyridinium 
iodide (1 b) with sodium borohydride under similar 
conditions to those of Schenker and Druey3 and Kino- 
shito and Kawasaki * gave a mixture which contained 
the 1,2-dihydropyridine (3b) and the tetrahydropyridine 
(5b), as reported, but also the 1,4-dihydropyridine (4b). 
These compounds were separated moderately well by 
high vacuum distillation. Reduction by sodium boro- 
hydride of the pyridinium methyl sulphate (lc) gave a 
substance of the same m.p. (76-77") and U.V. spectrum 
as reported5 for a pure dihydropyridine. The n.m.r. 
spectrum showed that the substance was in fact a 
mixture of the dihydropyridines (3c) and (4c) in a 2.5 : 1 
ratio. A reinterpretation of their U.V. spectrum con- 
firms this conclusion and it has not been possible to 
isolate (3c) in a pure state. The proportions of the 
isomers formed in this reduction are solvent-dependent, 
as has been noted in other cases. The 1,2-dihydro- 
pyridine (2d) from the reduction of (Id) with boro- 
hydride is very reactive but can be handled at 0 "C under 
nitrogen and has been converted into a dihydroazocine.2 
The presence of an electron-attracting group at position 
3 greatly stabilises this type of compound, presumably 
by resonance interaction with the lone electron pair on 
the nitrogen atom. 

Authors No. 7, J . C . S .  Perkin I ,  1974, Index issue. 
* For details of Supplementary Publications, see Notice to  

K. Schenker and J. Druey, Helv. Chim. A d a ,  1959, 42, 1960. 
N. Kinoshito and T. Kawasaki, J .  Pharm. SOC. Japan, 

1963, 83, 123. 

J.C.S. Perkin I 
Hydrogenation of both compounds (3a) and (4a) 

afforded the tetrahydropyridine (6), the resonance- 
stabilised enamine system being unaffected. However, 
(2a) with 1 mol. equiv. of hydrogen gave compounds 
(5a), (6), and (7) in the ratio 1 : 1.45 : 1.6; more vigorous 
conditions yielded only (6) and (7). Attempted hydro- 
genation of the tetrahydropyridine (5a) caused partial 
isomerisation to the more conjugated isomer (6), a type 
of reaction noted before? and the formation of the 
piperidine (7) (ratio 1 : 1.3). In the hydrogenation of 
(2a) it is not clear if the 3,4-double bond moves into the 
2,3-position before or after reduction of the other double 
bond. Thermal isomerisations of 1,2- to 1 ,4-dihydro- 
pyridine do not appear to have been observed, but 
trimethyl 4H- and 2H-quinolizine-lJ2,3-tricarboxylates 
can be regarded as examples of these types of pyridines 
and do exist in thermal equilibrium.' 

Reduction by alkaline sodium dithionite of the 1- 
methylpyridinium salt (lc) gave a substance with the 
properties described by Karrer and Blumer * and con- 
firmed by Hutton and We~theimer,~ who identified the 
compound as the 1,4-dihydropyridine (4c). Our n.m.r. 
spectra show that 10% of the isomer (3c) is present. 
This would not have been detected in the earlier n.m.r. 
studies, but its presence accounts for the variability of 
the U.V. spectra of the sample of the ' 1,4-dihydro ' 
compound, as the 1 ,2-isomers are relatively unstable. 
Similar reductions of the salts (la and b) gave relatively 
pure samples of the 1,4-dihydropyridines (4a and b). 

EXPERIMENTAL 

The instruments employed have been described.2 3T.m.r. 
spectra were recorded at 60 MHz. All analyses for new 
compounds were within accepted limits for C ,  H, and N 
and are available in Supplementary Publication No. SUP 
21590 (5 pp.),* which also contains the u.v., i.r., and mass 
spectral data. Solvents were removed in Zraczm by use of 
rotatory evaporators. Borohydride reductions were effected 
under nitrogen with vigorous stirring. Mixtures were 
analysed by n.m.r. spectroscopy (see Table), 

3-Carbamoyl- l-phenylpyridinium Chloride (la) .lo- 

Nicotinamide (48.8 g) and 2,4-dinitrochlorobenzene (80.8 g) 
were heated on a steam-bath for 2 h;  the product was 
dissolved in hot methanol (200 ml) and aniline (44 ml) was 
added. After refluxing for 45 min the solvent was removed 
and the residue treated with water (200 ml), filtered, and 
extracted with chloroform. The aqueous phase was 
evaporated to dryness, and the residue was dissolved in the 
minimum amount of methanol; the solution a t  0 "C 
deposited the salt (la), further quantities being precipitated 
by ether [total 52.9 g, m.p. 242-243.5" (1it.,lo 236-238*)]. 

Reduction of 3-Carbarnoyl-l-phenylpyridiniurn Chloride 
(la).-(i) Sodium borohydride (2.4 g) was added in small 
portions to the salt ( la) (14.1 g)  in methanol (50 ml) with 

5 W. Trauber and P. Karrer, Helv. Chim. Acta, 1958,41, 2066. 
6 R. E. Lyle and S. E. Mzllett, Ann. New York  Acad. Sci., 

7 R. M. Acheson, S. J. Hodgson, and R. G. M. Wright, un- 

8 P. Karrer and F. Blumer, Helv. Chim. Acta, 1947, 30, 1157. 
9 R. F. Hutton and F. H. Westheimer, Tetrahedron, 1968, 3, 

10 Cf. H. Lettre, W. Haede, and E. Ruhbaum, Annalen. 1953, 

1967, 145, 83. 

published observation. 

73. 

579, 123. 
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aqueous 2~-sodium hydroxide (20 ml) at 0-5 "C. After 
10 min 3-carbamoyl-lJ2-dihydro-l-phenylPyridine (2a) (85 g) 
was filtered off; yellow plates (from MeOH), m.p. 138- 
140". The mother liquors from (2a) gave the l,6-isomer 
(3a) as yellow prisms (from MeOH) (3.4 g), m.p. 133-135". 

(ii) Sodium borohydride (0.5 g) in water (50 ml) a t  0 "C 
was added to the salt (la) (5.0 g) in water (100 ml), cooled 
with ice, during 10 min. After stirring €or 1 h the precipitate 
(2.55 g) was collected, and gave yellow prismatic needles 
(from MeOH), m.p. 136-138", containing (2a) and (3a) 
(1 : 1 ratio) with traces of (4a). The reaction mixture 
filtrate was stirred with sodium borohydride (0.5 g )  near 

pyridine (4b) was also prepared as described and had the 
same n.m.r. spectrum as in the Table. 

Reduction of 3-Carbamoyl-l-methylfiyridinium Salts.- 
These reactions were effected as for the l-phenyl analogue 
(la). Procedure (i) with (lc) gave a 2.3 : 1 ratio of (3c) to 
(4c) ; use of the corresponding chloride or iodide a t  0-10 "C 
and - 10 to 0 "C gave a ratio of ca. 1.4 : 1. Procedure (ii) 
(cf. ref. 5) gave a 38% yield of a 1 : 1 mixture of (3c) and 
(4c), having the U.V. spectrum reported ti which was con- 
sidered s to be due to (3c) alone; when 2-ethoxyethanol or 
propan-1-01 was used as partial solvent [cj. (i)] the product 
ratio was cu. 1 : 1.6. Reduction of (lc) with dithionite as 

60 MHz lH N.m.r. spectra (7 values; J in Hz; Me,Si as internal standard) 
Solvent Proton assignments 

D2O l-C,H,*CH,, 2.3-2.6m; l-C,H,CH,, 4.13s; 2,6-H,, 1.08d; 3,5-H,, 2.00d; 4-Me, 7.23; Jz,s 6 
(CD,)2S0 Ar-H, 6-H, and CONH,, 2.5-3.2m; 2-H,, 5.50s; 4-H, 3.10d;a 5-H, 4.85dd;" J4,6 8.3, J5,% 6 
CDC1, 1-C,H6CH,, 2.72s; 1-C,H5*CH,, 6.07s; 2-H,, 6.30m; 3-H, 5.22br, m;  4-Me, 8.36br; 6-H, 6.37dd (J 

(CD,),SO Ar-H, 2.6-3.0m; 2-H, 2.41s; 3-CONH,, 3.17s, br;  4-H; 3.60dt,b*c, 5-H, 4.68dkb 6-H,, 6.65dd,C J4,5 9, 

CDCl, l-Me, 7.21; 2-H, 2.85d; 3-CONH2, 4.4br; 4-H, 3.93m; 5-H, 5.0Eidt; 6-H,, 5.97dd; J4,6 9, J,,, 4, 

CDCl, Ar-fi, 2.7L3.1m; 2-H, 2.65d; 3-CONH,, 4 . 2 6 ~ ~  br;  4-H,, 6.87dd; 5-H, 6.13dt; 6-H, 3.75m; J4,5  3, 

CDCl, l-Me', 7.12; 2-H, 3.68, 4-H,. 6.96m; 6-H, 6.39dt; 6-H, 4.37dt; J d S 5  4, Jams  1-2, J5,% 8 
CDC1, l-Me, - -  7.12; 2-H, 3.10d; 3-CONH2, 3.75br; 4-H,, 6.96m; 5-H, 6.33dt; 6-H, 4.33dd; J d S 5  4, J4,s ca. 1.5, 

7 and 1.5); 6-H, 3.92d 

J 4  6 1.8, J5 6 4-8 
CDC1, l-M$, 7.22; 2-H, 3.36; 4-H, 4.28dq; 6-H, 5.ldt; 6-H2, 6-96q; J4.5 9, J5.6 4 J  J2.4 fi J4,6 fi 2 

J 2  4 rr 1 4  6 

J 5  9, 1,3-couplings, J ca. 1-2 

J 5 6  
(CD,),SO Ar-fi and CONH,, 2.6-3.4m; 2-H,, 6.18d 
CDC1, l-Me, 7.70; 2-H,, 7.03m;g 4-H, 3.50m;g 5,6-H4, 7.6-7.9m 

Ar-H, 2.4-3.1m; 2-H, 2.24; 3-CONH,, 3.6br; 4-H, and 6-H,, 7.4--8.3m; 6-H,, 6.3-6.8m h 
Ar-H, 2.5-3.5m; 3-CONH2, 4.0br;f other protons 6.8-7m 

(5b) CDC1, 
CDC1, 

(1 Irradiation at these points simplifies the resonances at 3.10 and 4.85 in confirmation of these assignments. 

(J ca. 2); 4-H, 3.3m;e 6-H,, 7.5-8.0m;l 6-H,, 6.72t (J 6) (64 

(6) 
(7) 

8 Simplify to  doublet 
d Deduced from the spectrum of its mixture with (4c). 

g Collapses to  apparent singlet on 
on irradiation at 5.65. 
* Collapses t o  apparent singlet on irradiation at 7.80. f Simplified by  irradiation at 6.70. 
irradiation at 7.70. 

Collapses to  broad singlet on irradiation at 4.70. 

h Collapses to  singlet on irradiation at 8.17. Collapses after 24 h with D,O. 

0 "C for 1 h and the precipitate (from EtOH) gave 3- 
carbamoyl-l,2,5,6-tetrahydro-l-~henylpyridine (5a) (0.9 g), 
m.p. 170-173". 

(iii) Sodium borohydride (3 g)  in ice-water (20 ml) was 
added over 5 min to the salt (la) (3.76 g )  in water (20 ml) 
containing sodium hydroxide (0.8 g )  and stirring was 
continued for 1 h. The precipitate (1.9 g), yellow and 
green needles (from methanol) , m.p. 130-136", contained 
(2a), (3a), (4a), and (5a) (ratio 1 : 1 : 1 : 0.8). 

(iv) Sodium dithionite (27 g) was added in small portions 
with vigorous stirring to the salt (la) (10 g) and sodium 
carbonate (13.7 g) in water (200 ml). After heating to 
50 "C for 0.5 h the precipitate was collected and gave 
3-carbamoyl-1,4-dihydro-l-phenylpyridine (4a) (6.33 g), 
yellow needles (from ethanol), m.p. 145-147". 

Reduction of 3-Cyano- 1-methylpyridiniunz Iodide (lb) .- 
Sodium borohydride (2.0 g) in water (2.5 ml) and methanol 
(10 ml) was added a t  0 "C to the iodide (lb) (12.3 g) in 
water (30 ml) and methanol (40 ml). After 30 min the 
mixture was filtered, diluted with water (100 ml), and 
extracted with dichloromethane. Evaporation of the 
washed, dried (Na,SO,) extract gave an air-sensitive 
yellow-orange oil (5.86 g). Distillation gave 3-cyano- 
1,2,5,6-tetrahydro-l-methylpyridine (5b) (2.1 g), b.p. 104" 
at  15 Torr, and mixtures of (3b) and (4b) (1.4 g in 1 : 2 
ratio, b.p. 78-80" at 0.25 Torr; and 0.7 g in 1 : 1 ratio, 
b.p. 96-100" a t  0.2 Torr). Refractionation of this last 
distillate gave mainly 1,4-dihydropyridine (4b) , b.p. 82- 
84' a t  0.25 Torr, and a fraction, b.p. 9.P-96" at  0.1 Torr, 
mainly the 1,6-dihydropyridine (3b). The 1,4-dihydro- 

described * J @  gave (4c) with the properties described but 
containing ca. 10% of (3c). 

3-Carbamoyl- lJ4,5,6-tetrahydro- l-Phenylpyridine (6) .- 
(i) The lJ4-dihydropyridine (4a) (0.4 g )  in methanol (30 m1) 
over 10% palladised charcoal (0.4 g) was hydrogenated to 
give the tetrahydropyridine (6) (0.25 g )  as plates (from 
MeOH-H,O), m.p. 182-184". 

(ii) A similar hydrogenation of the lJ6-dihydropyridine 
(3a) gave the tetrahydropyridine (ti), identical (m.p. and 
spectra) with the above specimen. 

3-CarbumoyZ-1,2,3,4,5,6-hexahydro-l-~henyZ~y~~dine (7) .- 
(i) The 1,2,5,6-tetrahydropyridine (5a) (0.2 g) in ethanol 
(20 ml) was hydrogenated over 10% palladised charcoal 
(0.11 g), previously saturated with hydrogen, a t  19 "C 
until no further hydrogenation occurred. The product, 
transferred to chloroform, was extracted with N-hydro- 
chloric acid, the chloroform layer (A) being retained. The 
aqueous solution was basified and re-extracted (CHCl,) . 
Evaporation of the dried (Na,SO,) extract gave the hexa- 
hydropyridine (7) (100 mg), m.p. 145-146' (from 
CHC1,-Et,O-petroleum) . Extract A yielded compound 
(6) (75 mg), identical with the specimen described above. 

(ii) The dihydropyridine (2a) (1.0 g) was hydrogenated 
as in (i) until 1 mol. equiv. had been taken up. Filtration 
and evaporation gave a yellow solid which was extracted 
with whydrochloric acid. The insoluble fraction was 
compound (6)  (0.29 g, 3ti%), and the acid-soluble material, 
after recovery by basification and solvent extraction, was 
chromatographed over deactivated alumina. The hexa- 
hydropyridine (7) (0.32 g, 40%) was eluted by chloroform, 
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and the tetrahydropyridine (5a) (0.2 g, 24%) by chloroform 
containing ethanol ( lo%) ,  all products being identified by 
mixed m.p. and U.V. and n.m.r. spectral comparisons. If 
the hydrogenation of (2a) was continued to  completion, 
the only products were (6) and (7) (1.4 : 1 ratio). 

1-BenzyZ- 1 , 2-dihydro-4-wethyZ~yridine.-Benzyl bromide 
(12 ml) was added to 4-methylpyridine (9.6 g) in ethanol 
(55 ml), and after refluxing for 24 h and removal of solvent 
addition of ether precipitated l-benzyZ-4-uszethyZpyridinium 
bromide (Id) (29.4 g) ,  crystals (from methanol-ether), m.p. 
161-1 62". 

This salt (7.8 g )  was reduced with sodium borohydride 
(0.57 g) in methanol-2~-sodium hydroxide in the usual 
way, and after diluting the mixture with water l-benzyl- 
1,2-dihydro-4-methylpyridine (5.44 g) (2d) was obtained as 
an oil by extraction with dichloromethane. It rapidly 
darkened in air but was stable a t  0 "C under nitrogen. 

We thank the University of Naples for study leave (to 
G. P.) and the Regione Autonoma della Sardegna for partial 
financial support (to G. P.). 

[5/241 Received, 5th Februavy, 19751 
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Chromogens based on Non-benzenoid Aromatic Systems. Part 111.Synthesis, Spectra, and Molecular Orbital Calculations in the SubstitutedFulvene and 6-Azafulvene SeriesBy John Griffiths and Martin Lockwood, Department of Colour Chemistry, The University, Leeds LS2 9JTThe synthesis and electronic absorption spectra of 6-substituted fulvenes and 6-azafulvenes derived from cyclo-pentadiene, 1,2,3,4-tetrachlorocyclopenta-l,3-diene, and fluorene have been examined. Some new syntheses ofthe tetrachlorofulvenes are described. Spectral studies on twenty derivatives show that mesomeric electron-donating groups a t position 6 produce a strong bathochromic shift of the long wavelength absorption band. Thetetrachlorofulvenes and tetrachloroazafulvenes are appreciably more bathochromic than their fulvene or fluorenecounterparts, whereas the fulvenes and fluorenes absorb a t similar wavelengths. The PPP molecular orbitalmethod, with limited configuration interaction, has been applied to these compounds, by use of a combination ofconventional and empirically modified parameters. The calculated spectra are in excellent agreement with experi-ment. In all cases a high degree of electron transfer from the donor atom to the five-membered ring was indicatedfor these transitions.SIMPLE resonance theory suggests that intense visibleabsorption bands should occur in the spectra of fulvenederivatives if the system contains a mesomeric electrondonor group capable of resonance interaction with thefive-membered ring, i.e. (Ia) (Ib). Various com-pounds of this type have been described which confirmthis prediction, and dyes of commercial significancehave been reported.2 Resonance theory is, however,notoriously unreliable for predicting subtle structuraleffects, and it was of interest to examine the spectra ofa wide range of coloured fulvene and azafulvene systemsin order to compare the results with those of a moresophisticated theoretical treatment.( la) (Ib)Three series of compounds have been examined,namely the parent fulvenes (11), the tetrachlorofulvenes(111), and the fluorene analogues (IV). In each series,the effects of electron-donating groups and of aza-substitution at the 6-position have been studied, and thespectral perturbations have been compared with thosepredicted by a Pariser-Pople-Parr (PPP) MO treatment.Although many of these compounds have been de-scribed previously, certain important members werePart 11, J. Griffiths and M. Lockwood, J.C.S. Pevkin 11,1973, 1155.unknown, and methods for their preparation are de-scribed. Where spectroscopic data were not available,the relevant compounds were prepared by publishedprocedures. The MO procedure was of the usual PPPtype with limited configuration interaction, within thefixed p approximation. The calculations were com-pared with the results of experiment, and the chargeredistributions in the excited state were examined foreach compound. It was found necessary to evaluatecertain of the parameters empirically in order to obtainclose agreement between calculated and experimentaltransition energies, but this was only necessary whenstrong inductive substituents were attached to the atomconcerned.RESULTS AND DISCUSSIONSynthesis of FuZvenes.-Derivatives of particular in-terest because of their potentially deep colours were(IIIf-h), and as they have not been reported previously,synthetic approaches were examined. Three independ-ent routes to (IIIh) were established. In the first, usewas made of the known nucleophilicity of 1,2,3,4-tetra-chlorocyclopentadiene when it was condensed withNN-dimethyl-$-nitrosoaniline, with a tertiary amineas basic catalyst. The reaction in ethanol was rapid atroom temperature, the solution turning deep blue onmixing the two compofients. The azafulvene (IIIh) wasisolated in 36% yield after chromatography over silica2 F. Ramirez and S. Levy, J . Amer. Chem. SOC., 1967, 79,6167 ; G.P. 1,296,2891 1969; U.S.P. 3,385,874/1968.


