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The Thermolysis of Polyarapentadienes. Part 1. 1,5-Diaryl-l,2,5-triaza- 
derivatives 

By Hamish McNab, Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh EH9 3JJ 

Flash vacuum pyrolysis of the title compounds at 600 "C gives quinoxalines and arylamines, together with small 
quantities of nitrites, diarylamines, azobenzenes, and formamidines. The mechanism involves homolytic cleavage 
of the N-N bond to generate a conjugated iminyl radical, which can either cyclise to a quinoxaline, or fragment to 
simpler radicals which lead to the minor products by coupling reactions. 

EARLIER papers have reported the facile preparation of 
lJ2,5-triazapentadieniurn salts l v 2  e.g. (1). Such com- 
pounds are potential sources of the azadimethine struc- 
tural unit , provided that the terminal nitrogen atoms 

H H ( 3 )  R1 = R 2  = Me 
c 10,- 

(and their substituents) may be utilised as leaving groups 
or as templates for further reactions. In this context, 
Jutz and his co-workers have elegantly exploited the 
thermal cyclisation of 1-aryl-1 ,&diazapentadienes to give 
quinolines and have shown that these are concerted 
electrocyclic reactions. Similarlv. 1,5-diarvl-l,2,5-tri- 
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example, the acid-catalysed cyclisation of o-anilinoazo- 
benzenes was first reported in 1887 * and is known to be 
electrocyclicJ5 while a similar reaction in the uracil series 
has been proposed as a useful synthetic The 
cyclisation of lJ5-diarylformazans (lJ2,4,5-tetra-aza- 
pentadienes) to benzo-l,Z ,4-triazines under acid con- 
ditions has also been extensively studied.' 

The dark red salts (1)-(3) were prepared in excellent 
yield by standard methods.1 The corresponding bases 
(4)-(6) were obtained as bright yellow crystals by 
treatment of an ethereal suspension of the salt with an 
excess of sodium carbonate solution.s 

In view of the importance of the tautomeric form of 
the bases on the mode of cyclisation, this aspect of 
their structure was studied in detail by lH n.m.r. 
spectroscopy. The 3,4-bonds of the two forms have 
different bond orders and hence different vicinal coupling 
constants (3J3,4), but the situation is complicated by the 
possibility of four isomers (or rotamers) of each tauto- 

( 7  1 (8  1 + R2,NH 
mer.g The NN-dimethyl derivatives (7) (3J3,4 7.8 Hz) 
and (8) (3J3,4 11.0 Hz) were therefore prepared as models 
for the 1H- and SH-tautomer respectively. 

The lH  n.m.r. spectra of the bases (4)-(6) in CDC13 
solution were broad and unresolved at  room temperature 
and above. Compound (5) was too insoluble for further 
study, but a t  low temperature (-30 to -40 "c) (4) and 
(6) showed two pairs of doublets (3J3,a 8.0 and 2.0 Hz) for 
the methine protons, which were present in approxi- 
mately equal amount. In addition, an NH signal was 
detected at  z -4.5, which is indicative of a cis-s-cis 
hydrogen-bonded chelate structure. The isomer with 
the larger coupling constant is clearly the lH-tautomer 
in the same geometric form as the model compound (7). 
This is thought to be trans-s-trans (A) by analogy with 

? related ~ystems. l .~  The second isomer is probably the 
cis-s-cis form of the lH-tautomer (B). This is preferred 
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SCHEME 1 

azapentadienes might be expected to cyclise either to 
give cinnolines or quinoxalines depending on the tauto- 

For 

over the 5H-tautomer (C) on account of the very small 
size of the coupling constant, and also by analogy with 
the corresponding form of the enaminone (9) (3J3,4 2.3 

In [2H,]dimethyl sulphoxide, the bases (4)-(6) adopt 
meric form of the base (Scheme 1) .  112) .lo? 11 

A number of other related reactions are known. 
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the lH-tram-s-trans form exclusively [3J3,4 8.2 Hz, 't 

(NH) - 1.51. Intramolecular hydrogen bonding cannot 

Y l - 3  
Ar1 N..",NArZ 

2 + y i  

B ~ N H  o 

compete with intermolecular hydrogen bonding to the 
solvent molecules. 

Preliminary studies of the thermolysis of the diphenyl 

resonates a t  a characteristic low field, and so this com- 
pound could readily have been detected. In addition to 
quinoxaline and aniline, a number of minor products 
were identified (Scheme 2), whose total yields amount to 
nearly one third that of the quinoxaline. This result is 
clearly unexpected on the basis of a concerted reaction, 
and so the source of these minor products was investigated 
by two cross-over experiments. 

Thus pyrolysis of the p-tolyl derivative (5) gave the 
expected aniline and 6-methylquinoxaline (Scheme 3). 
However, the only nitrile present was the p-tolyl deriva- 
tive, which confirms the source of this product as the 
5-aryl group. Similarly, no substituted azobenzene 
could be detected, and so the azobenzene itself must arise 
via intermolecular coupling processes. That two form- 
amidines are formed is of no mechanistic significance, 
since aniline (present in vast excess) reacts with form- 

PhNH2 + a) + Ph-Ph + Ph2NH 
/N\-Nph 6 O O O C  

mmHg* PhNH 

( 4 )  
( 4 4 O/O ) ( 3 5 OIO ) ( t r a c e )  ( 3 OIO ) 

4 4- PhN=NPh + PhCN + PhNH NPh 

( 1 Ole) ( 4 %) ( 3 OI. ) 

SCHEME 2 

compound (4) in solution and in a sealed tube were un- amidines under these conditions (see Experimental 
promising, and so a gas-phase flow pyrolysis system was section). The presence of only the mixed diarylamine 
used l2 (see Experimental section). Under these con- suggests either that intramolecular pathways may 
ditions, the base was recovered unchanged a t  a furnace operate, or that anilino and 9-tolyl radicals (or fi- 
temperature of 500 "C, but the decomposition was corn- tolylamino and phenyl radicals) are formed exclusively. 
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SCHEME 3 

plete a t  600 "C. These conditions were used for all In order to distinguish between these possibilities, the 
subsequent pyrolyses. second cross-over experiment was carried out. The 1,5- 

As expected on the basis of the tautomerism studies, diphenyl and 1,5-di-$-tolyl derivatives (4) and (6) were 
examination of the crude pyrolysate by lH n.m.r. co-pyrolysed, using a transparent inlet system to confirm 
spectroscopy showed that quinoxaline (35 yo) was the simultaneous sublimation. Radical pathways would 
heterocyclic base present. The 3-proton of cinnoline lead to diphenylamine, di-p-tolylamine, and N-phenyl-9- 
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toluidine, whereas only the first two compounds could panied by any detectable amount of cinnoline. Later 
arise by an intramolecular route.* Analysis by g.1.c. experiments lo have shown that high yields of the 
on SE30 and on Carbowax allowed unambiguous arylamine derived from the 5-position are associated 
identification of the three diarylamines, all of which with extensive solid-state decomposition in the inlet, 
were present in the pyrolysate. As expected, azo- which leads to involatile tars. 

PhNHI 
PhNH* - [PhNHNHPh] bra(_ PhfJ=NPh 

+ + 
PhNH2 

4 PhNH. - H I  
PhNH NAr a HC=NAr -0' A r C N  
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SCHEME 4 

benzene, +,$'-dimethylazobenzene, and p-methylazo- 
benzene were all detected: the radical pathway for the 
minor products is thus confirmed. 

The mechanism in Scheme 4 is proposed to explain the 
results. Cleavage of the N-N bond generates the 
anilino-radical and the conjugated iminyl radical (10). 
The latter may either cyclise (see below) or fragment by 
loss of HCN to the radical (11) which is the source of the 
nitrile (by loss of H* and rearrangement; thermal re- 
arrangement of isocyanides is known 13) and the amidine 
(by coupling with anilino-radicals) . Further loss of 
HCN from (11) generates the small amount of aryl 
radicals, which may couple with the predominant anilino 
or hydrogen radicals to give the diarylamine and the 
hydrocarbon respectively. That only traces of biaryls 
could be detected is thus explained on a statistical basis. 

Coupling of the anilino-radicals should give hydrazo- 
benzene. However, this compound is quantitatively 
decomposed under the conditions of the experiment to 
azobenzene (1 mol) and aniline (2 mol). This source of 
the azobenzene is preferred to an alternative route in- 
volving dimerisation of phenylnitrene. 

The mechanism of Scheme 4 does not explain the 
presence of 9-toluidine in the pyrolysate of the p-tolyl 

The presence of the iminyl radical (10) offers an 
alternative to the electrocyclic mechanism for the ring- 
closure to the quinoxaline. Iminyls are known to effect 
intramolecular aromatic substitution in solution, and 
indeed cyclisation of vinyliminyls to quinolines has been 
observed in favourable cases.14 In the present case, the 
mechanisms are difficult to distinguish. For com- 
parison, however, preliminary pyrolyses of l,&diphenyl- 
1,ti-diazapentadiene (12) have been carried out in the 
gas phase, and have shown conversion to quinoline in 
high yield with the absence of minor products (Scheme 
5 ) ,  consistent with the concerted mechanism proposed 

NHPh 

7 5 O O C  
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- ( 1 2 )  + 

( 1 2  1 
SCHEME 5 

for solution-phase work.3 However, the reaction is only 
50% complete at 750 "C. With these more vigorous 
conditions in mind, it would appear that the 1,2,5- 

compound (5 ) ,  a product which again was not accom- 

demethylated products. 

triazapentadienes find a more easy cyclisation pathway 

peting mechanisms must await further work. 
* Pyrolysis of the 1,5-di-p-tolyl derivative alone gave no via the iminyl, though the question Of 
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EXPERIMENTAL 

Unless otherwise stated, n.m.r. spectra were recorded a t  
100 MHz and mass spectra at 24 eV. 

Glyoxal Mono-p-toly1hydrazone.-A suspension of p- 
tolylhydrazine hydrochloride (1.60 g, 10 mmol) in methanol 
(15 ml) containing potassiutn hydroxide (0.56 g, 10 mmol) 
was added dropwise to a solution of glyoxal (40% ; 3 ml) in 
water (150 ml), with vigorous stirring. The yellow solid 
which formed was filtered off ancl washed with water to give 
the hydrazone (1.25 g, 77y0), m.p. 126-128 "C (from cyclo- 
hexane), v,,,~,. (Nujol) 3 200, 1 650, 1 600, 1 550, 1 500, 1 270, 
I 150, 880, and 820 cm-l, T ([2H6]acetone) -0.66br (s), 0.50 
(1 H, d, 7.8 Hz), 2.72 (1 H, dd, 3J3,4 7.8, 4J1,3 0.1 Hz), 
2.88 (4 H, s ) ,  and 7.74 (3 H, s) ; nz/e (70 eV) 162 ( loo%, M \*), 
107 (38), 106 (96), 91 (67), 70 (42), 77 (46), and 68 (17) 
(Found: C, 66.7; H, 6.25; N, 17.1. C,H,,N,O requires 
C, 66.65; H, 6.15; N, 17.3%). 

p-Tolylammonium Perchlorate (see R e f .  15) .-A solution 
of p-toluidine (5.35 g, 50 nimol) in ethanol ( 3  nil) was cooled 
in ice, and perchloric acid (70% ; 7 ml) was added dropwise. 
The perchlorate, which crystallised immediately, was fil- 
tered off, washed thoroughly with ether, and dried in air, 
m.p. 252-254 "C (decomp.), 5774, yield. 

1,5-Diaryl- 1H- lI2,5-triazaPentadienium Perclalorates 
(General Method) .'-Ethanol (10 ml) was added to a mixture 
of the aryl ammonium perchlorate (15 mmol) and the a- 
dicarbonyl monoarylhydrazone ( 15 mmol) , and the deep red 
solution was vigorously shaken until crystallisation occurred 
(usually < 1 min). The red perchlorate was filtered off, and 
was washed thoroughly with ether. 

By this method were obtained 1 -phenyl-fj-p-lolyl- 1H- 
1,2,5-triazapentadienium perchlorate (2) (81 yo), n1.p. 191- 
192 "C (decomp.) (from ethanol), T ([2H6)acetone) 0.99 (1 H, 
d), 1.97 (1 H, d), 2.3-2.9 (9 H, complex), and 7.64 (3 H, s) 
(Found: C, 53.4; H, 4.75; N, 12.35. C,,H,,ClN,O, 
requires C, 53.35; H, 4.75; N, 12.45y0), and 1,5-di-p-tolyl- 
lH-1,2,5-triazapentadienium perchlorate (3) (90"/0), m.p. 
185-186 "C (decomp.) (from ethanol-ether), which crystal- 
lised reproducably as a partial hydrate, T( [2H,]acetone) 
0.99 (1 H,  d), 1.97 (1 H, d), 2.3-2.8 (8 H, two overlapping 
AA'BB' systems), 7.63 (3  H, s), ancl 7.69 (3 H,  s) (Found: C, 
52.55; H, 5.05;  N, 11.2. Cl,Hl,C1N,0,*0.75H20 requires 
C, 52.6; H, 5.35; N, 11.5%). 

1,2,5- Triazapentadienes (Geneval Method) .8-A mixture of 
the pentadienium perchlorate (1 mmol) and sodiutn car- 
bonate (3 mmol) was suspended in ether or methylene 
chloride (20 nil), and water (10 nil) was added. The mixture 
was shaken, with the addition of more solvent if necessary, 
until the organic layer was deep yellow, and no solids re- 
mained. The aqueous layer was extracted twice more with 
ether or methylene chloride, the combined organic extracts 
were dried (Na,SO,), and the solvent was evaporated off 
to leave the base, generally as yellow crystals. 

By this method were prepared 1,Ei-diphenyl- lI2,.5-tvi- 
azapentadiene (4) (80y0), m.p. 155-156 "C (decotnp.) (from 
cyclohexane), T ([2H6]DMSO) -1.12br (s), 1.77 (1  H, d, 
3J 8.2 Hz), 2.28 (1 H, d, ,J 8.2 Hz) ,  and 2.5-3.2 (10 H, 
complex) (Found: C, 75.58; H, 5.85; N, 18.6. Cl,Hl,N3 
requires C, 75.35; H, 5.85; N, 18.85(y0), 5,5-dimethyl-l- 
phenyl-1,2,5-triazapentadiene (S),* T ([2H,]DR/IS0 2.34 (1 H, 
d ,  3J 11.0 Hz), 2.4-2.9 (5 H, complex), 2.95 (1 H, d, 
11.0 Hz), and 6.97 (6 H, s ) ;  l , l -di~net~~yl-5-phe~yl-1,2,5-  
triazapentadiene (7) (76%) as a pale yellow oil, b.p. 113- 
115"Cat0.3mmHg,~([~H,]DMSO) l .S9(1 H,d ,3-J7 .8Hz) ,  
2.5-3.0 (6 H, complex), and 6.92 (6 H, s) (Found: C, 

68.45; H, 7.55; N, 23.95. C,,H,,N, requires C, 68.55; H, 
7.45 ; N, 24.0%) ; l-phenyl-5-p-tolyl- 1,2,5-triazapentadiene 
(5) (95%), m.p. 192-193 "C (from cyclohexane), 7(C2HgJ- 
UMSO) -1.06br (s), 1.76 (1 H, d, 3J 8.3 Hz), 2.31 (1 H, d,  
3J 8.3 Hz), 2.6-3.2 (9 H, complex), and 7.71 (3 H, s) 
(Found: C, 76.1; H, 6.6; N, 17.45. C,,H,,N, requires C ,  
75.95; H, 6.35; N, 17.7%); and 1,5-di-p-tolyl-1,2,5-triaza- 
pentadiene (6) (80y0), m.p. 154-155 "C (sublimed a t  10-2 
mmHg), T ([2H8]DMSO) -1.OObr (s), 1.77 (1 H, d, ,J 8.0 
Hz), 2.34 (1 H, d, 3J 8.0 Hz), 2.7-3.1 (8 H, apparently Zs), 
7.72 (3 H,  s), and 7.79 (3 H, s) (Found: C, 76.2; H, 6.7; N, 
16.45. 

Preparation of Authentic Compounds.-Unless otherwise 
stated, these were commercial samples used without purific- 
ation. The following materials were prepared by literature 
methods: 6-methylq~inoxaline,~~ b.p. 118-120 "C a t  16 
mmHg, T (CDCl,) 1.31 (2 H, AB system), 2.10 (1 H, d), 
2.24br (1 H, s), 2.57 (1 H, dd), and 7.56 (3 H, s), m/e 144 
(loox), 143 (22), 117 (38), 90 (57), and 89 (23); p-methyl- 
azobenzene,17 m.p. 68-70 "C, T (CDC1,) 2.0-2.8 (9 H, com- 
plex) ancl 7.61 (3 H, s), m/e 196 (67%), 119 (24), 91 (loo), and 
77 (39) ; pp'-diinethylazobenzene,l8 m.p. 142-144 O C ,  ?: 

(CDCl,) 2.22 (4 H, d), 2.75 (4 H, d), and 7.61 (6 H, s), m/e 210 
(43y0), 119 (20), and 91 (100) ; N-phenyl-p-toluidine,Is map. 
87-88 "C, T (CDCl,) 2.8-3.3 (9 H, complex), 4.24br (1 H, 
s), and 7.75 (3 13, s), m/e 183 (looyo) and 182 (25); di-p- 
tolylaniine,20 m.p. 77-78 "C, T (CDCl,) 3.04 (8 H, AA'BB' 
system), 4.7vbr ( s ) ,  and 7.74 (6 H, s), m/e 197 (looyo), 196 
(30), and 91 (20) ; NN'-diphenylformarnidine,21 m.p. 137- 
138 "C, 7 (CDC1,) O.3vbr (s), 1.83 (1 H, s), and 2.6-3.2 (10 
H, complex), m/e 196 (34%) 195 (20), 104 (la), 93 (loo), and 
77 (14) ; * N-phenyl-N'-p-tolylformamidine,22 m.p. 95- 
97 "C [this melting-point is significantly different from those 
reported,z2> 23 but was unchanged after two crystallisations 
frotn light petroleum; g.1.c.-mass spectrometry (23% SE30, 
215 "C) on both the crude and recrystallised samples con- 
firmed ,, the presence of "'-diphenylformamidine (m/e 
196) and NN'-di-p-tolylformamidine (m/e 224) as con- 
taminants], 7 (CDCl,) -0.lbr (s), 1.86 (1  H, s), 2.6-3.2 (9 
H, complex), and 7.73 (3 H, s), m/e 210 (58%), 209 (18), 107 
(87), and 93 (100) ; and NN'-di-p-tolylformamidine,18 m.p. 
139-140 "C (prepared by the action of p-toluidine on tri- 
ethyl orthoformate in the presence of a trace of methanolic 
hydrogen chloride), T (CDCl,) 0.90br (s), 1.88 (1 H,  s), 2.94 
(4 H, d), 3.12 (4 H, d), and 7.72 (6 H, s), m/e 224 (47y0), 223 
(9), and 107 (100). 

Reaction of N-Phenyl-N'-p-tolyljwmamidine with Aniline. 
-Aniline (53.2 mg, 0.57 mmol) was added to a solution of the 
formamidine (32.3 mg, 0.15 mmol) in CDCl, (0.3 nil). After 
22 h at room temperature, the presence of two formamidines 
was apparent from two peaks in the region T 1.85-1.95, and 
that of p-toluidine by its characteristic singlet at T 7.80 
in the n.m.r. spectrum of the mixture. 

Pyrolysis Experiments (General Method) .-The triaza- 
pentadiene (ca. 0.5 mniol) was sublimed at ca. mmHg 
into a silica tube (30 cm) which was maintained at 600 "C. 
The products were trapped in a U-tube which was cooled by 
liquid nitrogen and situated at the exit point of the furnace. 
The pressure was measured by either a McLeod or a Pirani 
gauge situated between the trap and the pump. 

The crude pyrolysate was dissolved in CDCl, (0.3 ml) and 
this solution was analysed directly by n.m.r. [after the 

* Benzaldehyde phenylhydrazone, which is isomeric, shows a 
different breakdown pattern: m/e 196 (100%) 195 (33), 93(30), 
92 (47), 77 (16), and 66 (21). 

C,,H,,N, requires C, 76.5; H, 6.75; N, 16.75%). 
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addition of cyclohexane (5 pl) as an integral calibrant] and 
by g.1.c. (24 SE30 and 2&y0 Carbowax). Relative yields 
were calculated from the g.1.c. results by calibration of 
detector response with authentic samples. Absolute yields 
were obtained froin the n.ri1.r. spectra by relating the in- 
tegral of the 2,3-protons of the quinoxaline to that of the 
added cyclohexane, and are reported as the average of two 
pyrolyses. This procedure is estiniated to be accurate to 
&5yo. Minor products were identified by g.1.c.-mass 
spectrometry (24 SE30, unless otherwise stated) and b y  
comparison (g.1.c.) with authentic samples. Results are 
quoted as follows : triazapentadiene, quantity yyrolysed, 
inlet temperature, furnace temperature, pressure range, 
pyrolysis time, ancl products, with their yields antl parent 
ions in their mass spectra. In all cases, breakdown peaks 
were consistent with those of authentic samples. 

1,5-Diphenyl-1,2,5-triazafientadiene (4). 94.5 tng (0.42 
mmol), 110 "C, 600 "C, 2-43 x mmHg, 30 min: aniline 
(44'/,), m/e 93; benzonitrile (40/,) , resolved from aniline on 
Carbowax, m/e 103 ; quinoxaline (35y0), m/e 130; biphenyl 
(trace), resolved on Carbowax, m/e 154; azobenzene ( 1 yo), 
m/e 182; diphenylamine (3%), resolved from azobenzene on 
Carbowax, m/e 169; diphenylforniamidine (3%), rn/e 196; 
residue in inlet 0%. 

l-Phenyl-5-p-tolyZ-1,2,5-triazapentadiene (5). 114.2 mg 
(0.48 mmol), 125 "C, 600 O C ,  5-8 x nimHg, 30 min: 
toluene (trace), m/e 92; aniline (69yo), m/e 93; p-toluidine 
(7y0), m/e 107; p-toluonitrile (6%), m/e 117; 6-methyl- 
quinoxaline (35y0), m/e 144; azobenzene (lye), nz/e 182; 
N-phenyl-p-toluidine (1 yo) , m/e 183; NN'diphenylform- 
amidine ( 1 yo) , m/e 196 ; N-phenyl-N'-9-tolylfornianiidine 
(0.50/,), mle 210; residue in inlet 0%. 

J,5-Di-p-toZyZ-1,2,5-triazapentadiene (6). 49.7 nig (0.20 
mmol), 135"C, 600°C, 5-10 x mmHg, 30 min: 
toluene (trace), m/e 92; p-toludine (asyo), m / e  107; p -  
toluonitrile (4%) , m/e 117 ; 6-methylquinoxaline (36y0), 
m/e 144; di-p-tolylamine (l%), m/e 197; p,p'-dimethyl- 
azobenzene (lye), m/e 210 (the pyrolysis was not analysed 
for formamidines); residue in inlet 5%. 

M i x e d  pyrolysis of 1,Ei-diphenyl- (4) and 1,5-da-p-toZyl- 
1,2 , 5-triazapentadiene (6). In  order t o  minimise solid- 
state co-decomposition, both bases were contained in a 
separate test-tube within the inlet system, with the open 
end protruding into the heated zone of the furnace. The 
pyrolysate was analysed only for the azobenzene-diaryl- 
amine fraction. SE30 a t  170 "C resolved p-methylazo- 
benzene, p,p'-dimethylazobenzene, N-phenyl-p-toluidine, 
and di-p-tolylamine. Azobenzene and diphenylamine were 
indistinguishable; these were resolved on Carbowax a t  

190 OC, though fi,P'-dimethylazobenzene and N-phenyl-p- 
toluicline could not be separated under these conditions. 
Diplieiiyl derivative, 32.0 nig (0.14 mniol) ; di-p-tolyl deriv- 
ative, 28.9 mg (0.12 nitnol), 135 "C, 600 "C, mmHg, 30 
inin: azobenzene (19% of fraction) m / e  182; p-methyl- 
ambenzene ( 1  5'7; of fraction), m/e 196; P,P'-tlimethyl- 
azobenzene (4% of fraction), m / e  210; diplienylamine (27% 
of fraction), m / e  169; iV-phenyl-p-toluidine (180/;, of fraction), 
m/e 183; di-p-tolylamine (1774 of fraction), m,/e 197; 
residue of diplienyl derivative in inlet 3:$ ; residue of cli-p- 
tolyl derivative in inlet 30/, . 

129.7 mg (0.70 mmol), 90 "C, 600 "C, 
mrnHg, 85 min; aniline (53%) antl azobenzene (51'3,) 

were identified by 11.m.r. and by g.1.c. comparison with 
authentic saniples on Carbowax; traces of minor products 
were not investigated. 

I am most grateful to Miss 0. Johnson for the mass 
spectra, and to Mr. J. R. A. Millar for the variable-tem- 
pera tiire t i .  m . r. experiments. 

[0/022 Recciwd,  7th January,  19801 

tlydvnzobenzene. 
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