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Aryne Chemistry. Part XXXV2 Reactions of Arynes with 1 -Amino- 
cycloalkenes and Hydrolyses of the Adducts 

By Harry Heaney "and Steven V. Ley, Department of Chemistry, The University of Technology, Loughborough, 
Leicestershire LE11 3TU 

Reactions of benzyne and tetrahalogenobenzynes with 1 -dial kylaminocycloalkenes afford the expected benzo- 
cyclobutene derivatives. The hydrolysis of these compounds in the presence of aqueous acid proceeds by 
C-aryl bond cleavage in the case of the tetrahalogeno-compounds whereas in the hydrolysis of 4b-pyrrolidin - 
1 -yloctahydrobenzo[3,4]cyclobuta[l,2]cyclo-octene, C(4b)-C(1 Oa) bond cleavage is  observed 

WE have reported that 4a-dimethylamino-5,6,7,8-tetra- that outlined in Scheme 1. The reactions of tetrafluoro- 
fluoro-l,2,3,4,4a,8b-hexahydrobiphenylene (1) is rela- benzyne and benzyne with 1-pyrrolidinocyclo-octene 
tively unstable in aqueous media, being rapidly con- 
verted into 2-(2,3,4,5-tetrafluorophenyl)cyclohexanone 
(2). Benzocyclobutenols have been shown to undergo 

afford carbonyl compounds.2 The reactions of benzyne 
with a number of enamines have been reported but 
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hydrolytic reactions were not mentionedr3 On the 
other hand certain enamines have been found to form 
arninocyclobutane derivatives with nitro-olefins which 
are hydrolysed easily to ketones in the presence of 
dilute mineral acids.4 

We now report the full details of our study of enamine- 
sryne aciduct~.~ The reaction of tetrachlorobenzyne 
with l-dimethylaminocyclohexene gave the adduct (3) 
in 37% yield. However, when we generated benzyne in 
the presence of l-dimethylaminocyclohexene we ob- 
tained three products. These were the adduct (4) 
( My0), 2-phenylcyclohexanone (5) (7%), and N-methyl- 
aniline (374 yield). It is unusual for the nitrogen atom 
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in an enamine to function as the nucleophilic centre in 
reactions with electrophiles. However, we presume 
that the N-methylaniline arises by a process such as 

Part  XXXIV, J. P. N. Brewer, H. Heaney, S. V. Ley, and 
T. J. Ward, preceding paper. 

M. P. Cava and K. Multh, J .  Amer. Chem. SOC., 1960, 82, 
652; P. Caubere, N. DCrozier, and B. Loubinoux, Bull. SOC. ch,im. 
France, 1971, 302; P. Caubere, G. Guillaumet, and M. S. Mourad, 
Tetrahedron, 1972, 28, 95; P. Caubere, Bull. SOC. chim. France, 
1967, 3451; P. Caubere and B. Loubinoux, ibid., 1968, 3008, 
3867; P. Caubere, G. Guillaumet, and M. S. Mourad, Tetrahedon 
Letters, 1971, 4673. 

i H 4  

SCHEME 1 

gave the expected adducts (6) and (7) in 50 and 60% 
yields, respectively. 

Although satisfactory elemental analyses were ob- 
tained for the cycloadducts, the tetrafluoro-compounds 
undergo hydrolysis in a moist atmosphere. When 
compounds (1) and (3) were heated in aqueous ethanol 
containing acid they were rapidly converted into the 
corresponding 2-arylcyclohexanone derivatives (2) and 
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(8) in good yield. On the other hand compound (4) was 
stable under similar conditions. Although a similar 
cleavage reaction occurred in the acidic hydrolysis of 
compound (6), the hydrolysis proceeded by a different 
pathway in the reaction of compound (7) to give the 
octahydrobenzocyclodecenone (10). 
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We conclude that the ability of the tetrahalogenoaryl 
residue to stabilise negative charge is probably re- 
sponsible for the differences in the stability of the 
various compounds studied. A number of mechanisms 
could operate in these reactions. Unfortunately we are 
unable to comment critically on these mechanisms; 
deuteriolysis reactions gave inconclusive results owing 
to multiple incorporation of deuterium atoms. 

EXPERIMENTAL 

For the general methods used see ref. 1. 
Reaction of Tetrachlorobenzyne with 1-Dimethylamino- 

cyc1ohexene.-1-Dimethylaminocyclohexene (5 g, 0.04 mol) 
was added to ethereal pentachlorophenyl-lithium [from 
hexachlorobenzene (5.7 g, 0.02 rnol)] a t  -70". After the 
mixture had warmed to room temperature the solution was 
heated under reflux for 4 h and water (100 ml) was then 
added. The ethereal layer was extracted with aqueous 
2~-hydrochloric acid (4 x 25 ml) and the extracts were 
immediately neutralised with solid sodium carbonate and 
re-extracted with ether. Evaporation gave 5,6,7,8-tetra- 
chloro-4a-dimethylamino- 1,2,3,4,4a, 8b-hexahydrobiphenylene 
(3) (2.5 g, 37y0), m.p. 79-79-5" (from light petroleum) 
(Found: C, 49.9; H, 4-5; N, 4.0. C1,Hl5Cl,N requires C, 
49.6; H, 4.5; N, 4.15%) ; 't (CDCI,) 6-37 ( lH ,  t ,  I J I  4.5 Hz), 
7.68 (6H, s), and 7.7-9.0 (8H, m). 

Reaction of Benzyne with l-Dimethy1aminocycZohexene.- 
l-Eromo-2-fluorobenzene (3.5 g, 0.02 mol) in tetrahydro- 
furan (30 ml) was added dropwise to a solution of l-di- 
methylaminocyclohexene (7.5 g, 0-06 mol) in tetrahydro- 
furan (5 ml) and magnesium turnings (0.485 g, 0.02 g atom) 
at a rate such that the solution boiled. The mixture was 
then heated under reflux for 2 h, cooled, and evaporated. 
The oily residue was taken into ether, washed with water, 
and extracted with aqueous 2~-hydrochloric acid (4 x 25 
ml). The organic phase gave, after removal of ether and 
cyclohexanone, 2-phenylcyclohexanone (5) (240 mg, 7%), 
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m.p. 54-56" (from aqueous ethanol) (lit.,7 50-53") ; 
't (CCl,) 2.7-3.2 (5H, m), 6.4-6.8 (lH, m), and 7.5-8.8 

The combined acidic extracts were neutralised with 
solid sodium carbonate and extracted with ether to afford 
an oil which gave, after preparative layer chromatography, 
(a)  N-methylaniline (123 mg, 3%) (identical with an  
authentic sample by i.r. and lH n.m.r. spectroscopy) and 
(b) 4a-dimethylarnino-l,2,3,4,4a,8b-hexahydrobi~henylene (4) 
(750 mg, l8YO), b.p, 120" at 3 mmHg (Found: C, 83.0; 
H, 9.6; N, 679%; M?, 201. Cl,Hl,N requires C, 83-55; 
H, 9-5; N, 6.95%; M ,  201); T (CCl,) 2-9 (4H, m), 6.45 
( lH,  t ,  I J I  4 Hz), 7-72 (6H, s), and 8.0-9.0 (8H, m). 

Reactions of Arynes with 1-Pyrrolidin-1-ylcyclo-octene.- 
In  analogous reactions we obtained 1,2,3,4-tetrafluoro- 
4b, 5,6,7,8,9,10,10a-octahydro-4b-pyrrolidin- l-ylbenzo[3,4]- 
cyclobuta[l,2]cyclo-octene (6) (!joy0), m.p. 52-54" (from light 
petroleum) (Found: C, 66.05; H, 6.5; N, 4.2%; M t ,  327. 
C,,H,,F,N requires C, 66.1; H,  6.45; N, 4.3%; M ,  327); 
z (CCl,) 6.4-6.7 ( lH ,  m), 7.0-7.7 (4H, m), and 7-9-8-7 
(16H, m). The ketone (9) was not detected by g.1.c. in the 
neutral layer. 

Similarly we obtained 4b,5,6,7,8,9,10,10a-octahydro-4b- 
~yrroZidin-l-ylbenzo[3,4]cycZobuta[l,2]cycZo-octene (7) (60y0), 
m.p. 68-5-69" (from hexane) (Found: C, 84-75; H, 
9.95; N, 5.35%; M?,  255. C,,H,,N requires C, 84.65; H, 
9-85; N, 5.5%; M ,  255); z (CCl,) 3.03 (4H, in), 6.52 (lH, 
t), 7.1-7-6 (4H, m), and 8.0-9-0 (16H, m). 

Hydrolysis of the Adduct (3).-Compound (3) (400 mg) 
was dissolved in aqueous ethanol (10 ml; 75%) containing 
hydrochloric acid (2 drops) and was heated under reflux for 
6 h. Removal of the solvent gave 2-(2,3,4,5-tetrachloro- 
pheny1)-cyclohexanone (8) (98 mg, 96y0), m.p. 118-118-5° 
(from hexane) (Found: C, 46.15; H, 3.35. Cl,H1,Cl,O 
requires C, 46-15; H, 3.2%); 7 (CDCI,) 2.79 (lH, s), 
5-73-6-1 ( lH,  m), and 7-3-8.4 (8H, m). 

Similarly compound (1) 1 gave compound (2),1 m.p. and 
mixed m.p. 95" (lit.,l 95") (99%), but compound (4) was 
recovered unchanged. 

Hydrolysis of the Adduct (6) .-By a similar procedure this 
gave 2-(2,3,4,5-tetrufluorophenyl)cyclo-octanone (9) (76%), 
m.p. 51-5-52" (from hexane) (Found: C, 61.5; H, 5.15%; 
M?, 274. C,,H,,F,O requires C, 61.3; H, 5.15%; M ,  
274); z (CCl,) 2.58-3-08 ( lH,  m), 5.64 ( lH,  t), 7.3-7.65 
(2H, m), and 7-65-9.0 (lOH, m). 

Hydrolysis of the A dduct (7) .-After 8 h this gave starting 
material (5%) and 7,8,9,10,11,12-hexahydrobenzocyclo- 
decen-5-one (10) (94%), m.p. 52-53" (from hexane) (lit.,, 
b.p. 156-160" a t  11 mmHg) (Found: C, 83.3; H, 9.0%; 
M t ,  202. Calc. for C,,H,,O: C, 83.15; H,  900%; M ,  
202); T 2.81 (4H, m), 7.0-7.4 (4H, m), and 8.0-9.4 (lOH, 
m); A,,, (cyclohexane) 214 ( E  16,150), 235 (7570), and 
276 (1040) nm. 

(8H, m). 
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