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A highly regioselective 8-endo-trig-aryl radical cyclisation of the vinylcyclohexanols 2a-c and allylcyclohexanols 
6a-c with tri-n-butyltin hydride provides decahydrodibenzo-[a,e]- and -[a,dl-cyclooctenols 3a-c and 7a-c respectively, 
in moderate to good yields. 

Renewed recent interest in the synthesis of eight-membered 
carbocycles1.2 has been stimulated by the potent 
pharmacological activity exhibited by a variety of naturally 
occurring compounds incorporating this ring system. Pre- 
viously we have demonstrated exclusive 6-endo-trig- and 
7-endo-trig-aryl radical cyclisations3.4 in the tri-n-butyltin 
hydride (TBTH)-induced reactions in some 2-(o-bro- 
mobenzy1)-methylenecyclohexane and -vinylcyclohexanols 
leading to the respective trans-octahydroanthracene~~ and 
trans-octahydro-2H-dibenzol[a,d]cycloheptenols7~ through 
highly regioselective radical attack at the terminal olefinic 
carbon centre, in each case. We report here preliminary 
results revealing that such a strategy may be employed in 
eight-membered ring annulation leading to a simple route to 
some partially reduced dibenzo-[a,d]- and [a,e]-cyclooctenols. 

The transformation of the vinylcyclohexanols 2a-c to the 
trans-decahydrodibenzo[a,e]cyclooctenols 3a-c is shown in 
Scheme 1. The cyclohexanols 2at, b and c were obtained as 
single diastereoisomers, in each case in excellent yields, by 
condensation with the easily accessible cyclohexanones la,4 
b$ and c$ with vinylmagnesium bromide in THF followed by 
purification by chromatography on silica gel. The stereochem- 
ical homogeneity of each of these alcohols followed from 1H 
NMR spectroscopy and the assigned stereostructure is based 
upon analogy.5 

Radical cyclisation of each of the vinylcyclohexanols 2a-c in 
refluxing benzene (0.007 mol dm-3 solution) for 6-7 h with 
TBTH (1.5 equiv.) and a catalytic amount of AIBN furnished 
a ca. 1 : 1 mixture (1H NMR spectroscopy) of the tricyclic 
alcohols 3a-c and the respective reduced products 4a-c, after 
separation of the tin compounds by silica gel chromatography. 
Each of these mixtures was cleanly separated by chromato- 
graphy on basic alumina affording the pure cyclised products 
3a, b and c in 4045% yields. The assigned structures of the 
products resulting from the 8-endo-trig cyclisation were based 
upon spectroscopic data. 

The scope of this 8-endo-trig-aryl radical cyclisation was 
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a; R' = R~ = H 

c; R' = H, dL = OMe 
b; R' = OMe, R2 = H 
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further extended to the allylcyclohexanols 6a-c (Scheme 2). 
The cyclohexanols were obtained as a single isomer in each 
case in excellent yield, by the Barbier reaction6 of the 
cyclohexanones 5a, b and c with ally1 bromide. Again the 
stereochemical homogeneity of each of these alcohols was 
indicated by 1H NMR spectroscopy and the assigned stereo- 
structures are based upon analogy.5 Radical cyclisation of the 
cyclohexanols 6a-c in refluxing benzene with TBTH and a 
catalytic amount of AIBN under the same conditions as for 2, 
afforded in each case a mixture ('H NMR spectroscopy) of the 
respective tricyclic alcohols 7a-c and the uncyclised reduced 
alcohols 8a-c in over 90% yields, after silica gel chromato- 
graphy. Separation of each of these mixtures by chromato- 
graphy, as for 2, gave the corresponding pure tricyclic alcohols 
7a, b and c in 6045% yields. Again the structural assignments 
of these products are based on the spectroscopic data. 

The relatively favourable disposition of the bond-forming 
carbon atoms in the intermediate oct-7-enyl aryl radicals, 
which are held in the rigid benzyl side chain and generated 
from the allylcyclohexanols 6a-q compared to that in the 
flexible 2-phenylethyl side chain formed from the vinyl- 
cyclohexanols 2a-c, is clearly reflected in the substantially 
higher yields of the cyclisation products in the former 
substrates. 

It is notable that besides efficient generation of the eight- 
membered carbocyclic ring by TBTH-mediated radical reac- 
tions, the present results provide the first experimental 
support to the theoretically predicted exclusive S-endo-cyclisa- 
tions in oct-7-enyl radicals.' The endo-trig aryl radical 
cyclisations developed for the synthesis of dibenzo-[a,d]- and 
-[a,e]-cyclooctene ring systems, if general in nature, will 
emerge as an important synthetic addition to eight-membered 
carbocyclic rings. 
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Scheme 1 Reagents: i .  CH2=CHMgBr. THF; i i ,  BuySnH. AIBN, 
C6H6 

Scheme 2 Reagents: i ,  CH2=CHCH2Br, Mg, THF; ii, BuySnH, 
AIBN, ChH, 
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Footnotes 
i Compounds described here are all racemates. Satisfactory elemental 
analyses were obtained for new compounds. Selected spectroscopic 
data; all lH NMR in CDC13 at 100 MH, and 13C NMR in CDCI3 at 50 
MHz unless stated otherwise, J in Hz: 3a: 1H NMR 6 0.66 (s, 3 H, 
CMe), 0.94 (s, 3 H, CMe), 1.01-2.08 (m, 11 H), 2.24-3.56 (m, 4 H, 2 
ArCH2) and 6.97-7.24 (m, 4 H, ArH). 3b: 1H NMR S 0.66 (s, 3 H, 
CMe), 0.94 (s, 3 H, CMe), 1.02-2.10 (m, 11 H), 2.20-3.48 (m, 4 H, 2 
ArCH2), 3.77 (s, 3 H, ArOMe), 6.56 (d, J 2, 10-ArH), 6.66 (dd, J 8 
and 2,8-ArH) and 6.97 (d, J8,7-ArH); MS (El) m/z 288 (M+, 33%), 
270 (M+ - H20, 77), 255 (8), 201 (32), 185 (S), 160 (10) and 147 
(100%). 3c: 1H NMR 6 0.66 (s, 3 H, CMe), 0.96 (s, 3 H, CMe), 1.02- 
2.10 (m, 11 H), 2.24-3.44 (m, 4 H, 2 ArCHZ), 3.77 (s, 3 H, ArOMe), 
6.62 (d, J 2, 7-ArH) 6.73 (dd, J 8 and 2, 9-ArH) and 6.90 (d, J 8, 
10-ArH). 
7a: 1H NMR 6 0.85-1.00 (m, 1 H), 1.12-2.15 (m, 13 H), 2.55-2.72 (m, 
2 H, ArCH2), 3.W3.30 (m, 2 H, ArCH2) and 7.15-7.35 (m, 4 H, 
ArH). 7b: 1H NMR (200 MHz), 6 0.75-1.00 (m, 1 H), 1.04 (s, 3 H, 
CMe), 1.15 (s, 3 H, CMe), 1.15-2.15 (m, 11 H), 2.50-2.70 (m, 2 H, 
ArCH2), 2.80-3.20 (m, 2 H, ArCH2) and 7.00-7.25 (m, 4 H, ArH), 
MS (EI) m/z 285 (M+, 45%), 243 (M+ - Me, SO), 240 (M+ - H20, 
100), 225 (33) and 212 (81); 13C NMR 6 18.8 (C-3), 12.9 (P-methyl), 
26.9,29.7,31.8 (C-12, C-6, C-7), 33.1 (a-methyl), 35.3 (C-1), 38.9 (C- 
5),42.2 (C-2), 45.2 (C-4), 59.8 (C-12a), 74.7 (C-4a), 126.3, 126.4 (C- 

9, C-lo), 128.8,129.1 (C-8, C-11) and 140.0,143.2 (C-7a, C-lla). 7c: 
'H NMR (200 MHz), 6 0.70-0.98 (m, 1 H), 1.03 (s, 3 H, CMe), 1.14 
(s, 3 H, CMe), 1.15-2.10 (m, 11 H), 2.45-2.65 (m, 2 H, ArCH2), 2 . W  
3.10 (m, 2 H, ArCH2), 3.80 (s, 3 H, ArOMe), 6.67 (dd, 3 8  and 2,9- 
ArH), 6.73 (d, 32,ll-ArH) and 6.98 (d, J8,S-ArH); MS (EI) m/z 288 

(79,  173 (97) and 121 (95); 13C NMR 6 18.3 (C-3), 21.9 (6-methyl), 
27.0,29.9,30.9 (C-12, C-6, C-7), 33.1 (a-methyl), 35,3 (C-1), 39.0 (C- 
5 ) ,  42.2 (C-2), 45.2 (C-4), 55.4 (OMe), 59.7 (C-l2a), 74.6 (C-4a), 
111.2 (C-9), 115.0 (C-11), 129.6 (C-8), 132.3 (C-7a), 145.1 (C-lla) 
and 158.3 (C-10). 
$ These ketones were prepared by procedures identical to those 
described for the corresponding demethoxy analogue (ref 4). 

(M+, 98%), 270 (M+ - H20, l a ) ,  255 (80), 242 (97), 227 (50), 199 
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