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Synthesis of Chrysenes and Other a-Fused Phenanthrenes by a Palladium(0) 
Coupling-Electrocyclic Ring Closure Sequence ' 
Thomas L. Gilchrist * and Richard J. Summersell 
The Robert Robinson Laboratories, University of Liverpool, P.O. Box 147, Liverpool L69 3BX 

2- Bromo-1 -vinyl-3,4-dihydronaphthalene (1 a) has been coupled with several vinyl-, aryl-, and 
heteroaryl-zinc halides in  the presence of tetrakis(tripheny1phosphine) palladium(0) to give the 
corresponding 2-vinyl-, 2-aryl-, and 2-heteroaryl-naphthalenes in good yield. These compounds, which 
can be regarded as conjugated trienes, undergo electrocyclic ring closure when heated in  solution. In the 
case of the cyclopentenone derivative (5a) this cyclisation is preceded by  a [I ,7] hydrogen shift. Some 
related reactions are described starting from the 6-methoxy derivative (1 b) of compound (1 a). The 
coupling reaction has also been carried out with 2-  bromo-3,4-dihydronaphthalene-l -carbaldehyde 
(2a) and wi th  the acetals (2c) and (2d). A n  alternative method of cyclisation has been explored which 
involves the bromine-lithium exchange reaction of compound ( l a )  and of the isomeric bromo- 
naphthalene (3b), followed by reaction w i th  ketones and acid-catalysed dehydration. The polycyclic 
hydrocarbons ( I  1 ) and (1 4) have been prepared by this method. 

In  an earlier paper we described the preparation of some 2- 
substituted 1 -vi nyl-3,4-di hydronaph t halenes and their thermal 
electrocyclic ring closure.2 The usefulness of these reactions was, 
however. limited by the method used to prepare the substituted 
naphthalenes. which allowed the preparation of only a re- 
stricted range of these compounds in moderate yield. In this 
paper we describe it more general and more efficient method for 
their preparation. When combined with their electrocyclic ring 
closure, which i s  generally a clean reaction, this provides a 
method of synthesis of a number of polycyclic aromatic and 
heteroaromatic compounds which cannot easily be prepared by 
existing methods. 

I n  recent years the cross coupling of vinyl or aryl halides in  
the presence of a palladium(0) catalyst has become an 
important method of formation of carbowcarbon bonds.3 We 
have used this incthod to prepare unsaturated compounds 
suitable for the clectrocyclic ring-closure reaction. Because of 
our interest in using the method to prepare aromatic steroids 1 . 2  

most of these coupling reactions have been carried out on 2- 
bromo- 1 -vinyl-3.3-dihydronaphthalene ( la)  and on related 
compounds. 

CHZCH., R' 

RZ 03 ' 

a; R = H 
b: R = O M e  

a; R '  = CHO, R 2  = H 
b; R '  = CHO, R' = OMe 
C; R '  = CH(OCH,CH,O), 

d; R 1  = CH(OCH2CH20) ,  
R' = H 

R' = OMe 

Br 

( 3  1 
a; R = C H O  
b; R = CH=CH, 

The bromo diene ( la)  was prepared from 3,4-dihy- 
dronaphthalen-2( 1 H)-one in two steps and in an overall yield of 
71°,,, by the procedure shown in Scheme 1. Reaction of the 

R ao 
li 

CHO CH=CH, 

Scheme 1. Reagents: i, PBr,, DMF; ii, Me,SiCH,MgCl; iii, SOClz 

ketone with phosphorus tribromide and NN-dimethyl- 
formamide gave the bromoaldehyde (2a), which was converted 
into the diene ( la)  by a Peterson reaction. By an analogous series 
of reactions the bromo diene ( l b )  was prepared from 6-methoxy- 
3,4-dihydronaphthalene-2( 1 H)-one, and compound (3b) from 
3,4-dihydronaphthalene- 1 (2H)-one. All three bromo dienes 
were obtained as distillable oils which could be stored for short 
periods in the refrigerator. 

Cross coupling reactions of vinylic halides are normally 
carried out by the conversion of one component into a suitable 
organometallic derivative followed by the addition of a catalytic 
amount of a soluble palladium(0) catalyst and the second 
halide. Organozinc and organotin reagents appeared, from 
published work, to be the most suitable. The first successful 
couplings were achieved by conversion of the bromo diene ( la)  
into the bromozinc intermediate (4) by reaction with butyl- 
lithium at - 78 "C followed by the addition of zinc bromide at 
- 20 "C. After the addition of a vinyl or aryl iodide and 4 mol 
[Pd(PPh,),] the coupled products (5a-f) were isolated in 
yields of 47-690.;, (Scheme 2). 
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( 4 )  

Scheme 2. Rcwgmts: i, BuLi; ii, ZnBr,; iii, [Pd(PPh,),], R ' B r  or R ' I  

Coupling was also achieved using the bromo diene ( la)  as the 
electrophilic component. Thus, furan was converted into a 2- 
bromozinc intermediate and this was coupled to compound ( la)  
to give the 2-furylnaphthalene (5g) in 72% yield. Compound 
(Sf) (72%) could also be prepared by this method, starting from 
thiophene. One advantage of this 'inverse' coupling procedure is 
that it allows coupling reactions to be carried out with other 2- 
bromonaphthalenes, including those with functional groups at 
the l-position. Thus, the bromozinc intermediate derived from 
thiophene was successfully coupled not only to  (la), but also to 
the 6-methoxy derivative (lb), to the bromo aldehyde (2a), and 
to the acetals (2c) and (2d). Compound ( lb)  gave the thienyl- 
naphthalene (Sh); corresponding derivatives (6) were obtained 
from reactions of compounds (2). Phenylzinc bromide and (Ib)  
gave the 2-phenylnaphthalene (5). Yields of products isolated 
from these reactions were between 44 and 77%, the lowest yield 
being obtained from the aldehyde (2a). This inverse coupling 
procedure proved useful, because none of these compounds 
could be successfully coupled by way of their bromozinc 
derivatives. For example, the bromo diene ( lb )  gave a debro- 
minated compound, 6-methoxy- 1 -vinyl-3,4-dihydronaphthal- 
ene (5k), as the major product when coupling reactions were 
attempted by way of its bromozinc derivative. 

C H = C H ?  & 
R 2  ' 

( 5 )  ( 6 )  
a; R '  = 2-methyl-l-oxocyclopent-2-en- 

b; R '  = l-oxocyclohex-2-en3-yl, RZ = H 
c; R'  = (€)-2-phenylvinyl, R Z  = H 
d; R '  = Ph, R 2  = H 
e; R'  = I-naphthyl, R2 = H 
f ;  R '  = 2-thienyl, R Z  = H 
g; R'  = 2-furyl, R 2  = H 
h; R '  = 2-thienyl, R 2  = O M e  
i; R'  = Ph, R Z  = O M e  
j; R '  = SnMe,, R Z  = H 
k; R '  = H, R 2  = O M e  

a; R '  = CHO, R 2  = H 
b; R '  = CHO, R 2  = O M e  
c; R '  = CH(OCH,CH,O), 

d; R '  = CH(OCH,CH20),  

3-yl, R' = H 

R' = H 

R' = O M e  

0 bMe SnMe3 

Organotin species have been used extensively in cross 
coupling reactions and they have the advantage over organo- 
zinc intermediates of being isolable and capable of full charac- 
t e r i ~ a t i o n . ~ ~  We therefore also investigated coupling reactions of 
appropriate organotin compounds. The attempted reactions 
were, however, completely unsuccessful. Thus, the bromo diene 

( la)  was converted, by reaction with butyl-lithium and chloro- 
trimethyltin, in to  the stannane (Sj), which was isolated as a 
distillable oil. This failed to  react with 3-iodo-2-methylcyclopent- 
2-enone in the presence of [Pd(PPh,),], even when heated. An 
inverse coupling using the known stannane (7) and the bromo 
diene ( la)  or the bromo aldehyde (2a) also failed, the stannane 
proving too unreactive. With this series of compounds, coupling 
by way of organozinc intermediates is the better method. 

Compounds suitable for electrocyclisation were also pre- 
pared from the bromo diene ( la)  and simple ketones by way of 
the organolithium species derived from ( la)  and butyl-lithium. 
The vinyl-lithium reagent reacted with cyclopentanone, cyclo- 
hexanone, and acetophenone to give the tertiary alcohols (8a- 
c) in good yield (Scheme 3). This reaction was, however, limited 

CH=CHZ 
_____) . I ,  .. I 1  a C H ( O H )  R' R' 

( l a )  

( 8 )  
Scheme 3. Recigcvzts: i. BuLi, ii, R'R'CO 

in its scope: in particular, no addition was observed to the 
unsaturated ketone 3-methoxy-2-methylcyclopent-2-enone. An 
analogous reaction of the bromo diene (3b) with butyl-lithium 
and cyclohexanone gave the tertiary alcohol (9). 

Electrocyclic ring closure of the products of the palladium- 
catalysed coupling reactions was most efficiently achieved by 
heating them in solution under nitrogen at temperatures in the 
range 139-180 "C. Compounds (5b) and (Sc) both cyclised 
readily but the cyclisation was followed by dehydrogenation, 
the products isolated being the ketone (10) and the phenan- 
threne (1  la), respectively. 1 -Vinyl-3,4-dihydronaphthalenes 
with an aryl or heteroaryl substituent at the 2-position cyclised 
without dehydrogenation to give the tetrahydrochrysene (12) 
[from (5i)l and the fused heterocycles (13) [from (5f), (5g), and 

The tertiary alcohols (8) and (9) were dehydrated and cyclised 
in a 'one-pot' process by heating them in toluene with a catalytic 
amount of toluene-p-sulphonic acid. The products isolated were 
the hydrocarbons ( 1  I M )  and (14). 

The trienone (5a) did not cyclise in the expected manner. 
When the compound was heated in bromobenzene at reflux for 
24 h it gave a new, isomeric ketone which was isolated in 
moderate yield. The ' H  n.m.r. spectrum of the ketone was 
consistent with structure (15), the signal for the methyl group 
appearing as a doublet ( J  7.1 Hz) at 6 1.02. This compound 
could be formed by the route shown in Scheme 4 involving a 
[ 1.7) hydrogen shift before ring closure. There are several 
literature analogies for [ 1.71 shifts preceding cyclisation, 
including a reaction of the trienone (16)? The ring closure of the 
trienone (Sa) was also attempted in the vapour phase, the 
vapour being passed at low pressure through a tube heated at 
750 "C. The product, which was isolated in good yield, was the 
aromatised ketone (17). This compound could be formed by the 
elimination of methane, at the high reaction temperature, from 
the ketone (15). When the vapour phase pyrolysis was 
attempted at a lower temperature (550 "C) the trienone (5a) 
passed through the hot tube unchanged. 

In summary, we have illustrated the versatility of the 
palladium(0)-catalysed coupling reaction as a procedure for 
linking unsaturated carbon atoms bearing a wide range of 
substituents. We have also found that trienes in which the 
central double bond is part of a ring system can, with a few 
exceptions, be cyclised efficiently by heating them in solution. 

(5h)i. 
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Me 0 

(12 )  

(14) 

0 

mc,=,,, 
( 9 )  

(11) a; R ' =  Ph, R2= H 
1 2  

1 2  
b; R R = (CH2)k 

C; R R = (CH2)tj 
d; R ' =  H,  R2= Ph 

(13) a; R = H, X = S 

b ; R  = H ,  X = 0 
c; R = OMe, X = S 

0 

0 

@ \ 

(16) (17) 

Experimental 
M.p.s were recorded on a Reichert hot-stage apparatus and are 
uncorrected. B.p.s refer to bath temperatures for distillations 
carried out on a Kugelrohr apparatus. 'H  and 13C N.m.r. 
spectra were recorded on a Bruker WM250 spectrometer, 
operating at 250 MHz or 62.9 MHz respectively. 'H N.m.r. 
spectra were also recorded on a Perkin-Elmer R34 instrument, 
operating at 220 MHz. CDCl, was used as solvent. Mass 
spectra were recorded on a VG Micromass 7070E instrument 

w 
Scheme 4. Reagents: i, 156 OC, solution; ii, 750 "C, vapour phase 

and are electron impact spectra except where indicated 
otherwise. Flash column chromatography was carried out using 
Merck 9385 silica gel and air line pressure. Medium pressure 
liquid chromatography was carried out using a Gilson 303 
pump, a Gilson 803C pressure module, a Rheodyne 7125 
injector fitted with a 5 ml loop, and Omnifit columns packed 
with Merck 15111 silica gel. Tetrahydrofuran (THF) and 
diethyl ether (ether) were freshly distilled under N, from 
sodium-benzophenone ketyl before use. NN-Dimethylform- 
amide (DMF) was dried by azeotropic removal of water, using 
benzene, followed by rapid distillation at reduced pressure from 
activated alumina; it was stored over type 4A molecular sieves 
under N,. Commercial butyl-lithium was estimated by the 
Gilman double titration method before use. Petroleum refers 
to light petroleum, fraction b.p. 40-60 "C. 

The following starting materials and reagents were prepared 
by literature routes: tetrakis(triphenylphosphine)palladium(O) 
[Pd(PPh,),],6 6-methoxy-3,4-dihydronaphthalen-2( 1 H)-one 
(6-methoxy-2-tetralone),' 3-iodo-2-methy1-cyc1opent-2-enone,* 
3-iodocyclohex-2-enone,9 2-methyl-3-trimethylstannylcyclo- 
pent-2-enone (7),4 and 0-iodostryrene." 3,4-Dihydronaph- 
thalene- I (2H)-one and -2( 1 H)-one were used as supplied 
commercially. 

2- Brorno-3,4-dihydronuphthalene- 1 -curbaldehyde (2a).-Dry 
D M F  (1.5 g, 20.5 mmol) was cooled to 0 "C in dry chloroform 
(30 ml) and phosphorus tribromide (1.63 ml, 17.1 mmol) was 
added dropwise. The mixture was stirred at 0 "C for 1 h to give a 
yellow suspension. A solution of 3,4-dihydronaphthalen-2( 1 N)- 
one (1.0 g, 6.84 mmol) in chloroform was then added and the 
mixture heated under reflux for 1 h. It was then allowed to cool 
to 0 "C when aqueous sodium hydrogen carbonate was slowly 
added until the effervescence had subsided. The mixture was 
extracted with dichloromethane and the extract dried and 
evaporated to give a yellow oil. Flash column chromatography 
of this using ether-petroleum (1 : 4) as eluant gave the aldehyde 
(2a) (1.37 g, 84%) as a yellow oil which solidified on cooling, 
m.p. 26-27 "C (from ethanol) (Found: C, 55.75; H, 3.8. 
C ,  ,H,BrO requires C, 55.7; H, 3.8%); v,,,.(Nujol) 1 680 cm-'; 
6(220 MHz) 2.75-2.90 (2 H, m), 2.9G-3.00 (2 H, m), 7.10-7.15 
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(lH,m),7.20-7.30(2H,m),8.00(1 H,t),and10.22(1 H);m/z 
235.9659 [ ( M + ) ,  C ,  lH,slBrO requires 235.9659],235,234,233, 
208, 206, and 126. 

2- Bronzo-6-nietlio.u?~-3,4-dihr.dronapl? thalene- 1 -curbaldehjde 
(2b).-6-Methoxy-3,4-dihydronaphthalen-2( 1 H)-one ' (0.50 g, 
2.8 mmol) was added to dry D M F  (0.61 g, 8.4 mmol) and 
phosphorus tribromide (0.67 ml, 7.0 mmol) and the mixture was 
heated under reflux for 1 h. Work-up followed by flash column 
chromatography gave [with ether-petroleum ( 1  : 4)] the 
uldehjde (2b) (1.20 g, 61%) as a pale green solid, m.p. 51-55 "C 
(from ethanol) (Found C, 53.8; H, 4.1. C,,H,,BrO, requires 
C, 53.9; H, 4.1504); v,,,,(Nujol) 1 670 cm-'; 6(250 MHz) 2.83 
(2 H, t), 2.93 (2 H, t), 3.75 (3 H), 6.65 (1 H, d), 6.73 (1  H, dd), 7.95 
( 1  H, d), and 10.25 (1 H); mjr  268 ( M  +). 

2- Bromo- 1 - vinjd- 3,4-diiiyclronuph thaleiie (1 a).-( Trime t hyl- 
sily1)methylmagnesium chloride was generated from chloro- 
methyltrimethylsilane (0.57 ml, 4.2 mmol) and magnesium 
turnings (0.10 g, 4.2 mmol) in T H F  ( 5  ml). 2-Bromo-3,4- 
dihydronaphthalene-1 -carbaldehyde (2a) (1 .O g, 4.2 mmol) was 
then added dropwise in T H F  (10 ml) and the mixture was 
stirred for 1 h. I t  was then cooled to 0 "C and thionyl chloride 
(0.38 ml, 5.2 mmol) slowly added; the mixture was then stirred 
for a further 1 h. Work-up followed by drying and evaporation 
gave a brown oil which was purified by flash column 
chromatography using ether-petroleum (1 : 9) as eluant, which 
gave 2-broulio- 1 -cin~l-3,4-dii~j~dr~~iapiit i iule~ie ( la )  (0.42 g, 852,) 
as a yellow oil, b.p. 155 "C at 0.1 mmHg (Found: C, 61.6; H, 4.7. 
Cl,H,Br requires C, 61.3; H, 4.7%); 6(250 MHz) 2.60-2.71 (4 
H, m), 5.50 (2 H, m, ABX), 6.67 (1 H, dd, ABX), 6.97-7.01 (3 H, 
m), and 7.24-7.26 (1 H, m); J A X  11.7 Hz, J,, 18.0 Hz, and J A B  

1.43 Hz; nziz 236 and 234 ( M ' )  and 155. 

2- Broulio-6-nierlzo-uj~- 1 -cin).l-3,4-dih~~dronaph tlinlrne (1 b).-2- 
Bromo-6-methoxy-3,4-dihydronaphthalene- 1 -carbaldehyde 
(2b) (3.5 g, 13.8 mmol) was treated with (trimethylsily1)methyl- 
magnesium chloride (15.0 mmol) in T H F  for 1 h. Thionyl 
chloride (1.4 ml, 15.0 mmol) was then added to the mixture at 
0 "C. After the mixture had been stirred for 1 h it was subjected 
to flash column chromatography, the column being eluted with 
ether-petroleum ( 1 : 4). This gave 2-bromo-6-nzet/io.~j,- 1 -uirzj+ 
3,4-c/ihj~dronapkthulene (lb) (3.2 g, 8004)) as a pale yellow oil, b.p. 
170°C at 0.1 mmHg (Found: nz/z 266.0119. C, ,H,381Br0  
requires 266.0129); 6(220 MHz) 2.95 (4 H, br), 3.90 (3 H), 5.60 (2 
H, dd), 6.85 (3 H, m), and 7.50 (1 H, d); 6, 30.54 (t), 35.94 (t), 
55.80 (9). 11 1.46 (d), 114.30 (d), 120.55 (t), 121.40 (s), 127.42 (s), 
127.62 (s), 135.02 (d), 137.98 (s), and 159.21 (s). 

1 - Bromo- 3,4- dihjTdronnph thalene- 2 - carbuldelijde (3a) .-3,4- 
Dihydronaphthalen- l(2H)-one (1 .O g, 6.84 mmol) was treated 
with D M F  (1.5 g, 20.5 mmol) and phosphorus tribromide (1.63 
ml, 17.1 mmol) under reflux for 1 h. Work-up gave the uldehjde 
(3a) (1.24 g, 76%)) as a yellow solid, m.p. 4 2 4 4  "C (from 
ethanol) (Found: C, 55.45; H, 3.8. C, ,H,BrO requires C, 55.7; 
H, 3.80J; v,,,,(Nujol) 1 663 cm-'; 6(220 MHz) 2.55 (2 H, t), 2.75 
(2 H, t), 7.15 ( 1  H, d), 7.30 (2 H, q), 7.85 (1 H, d), and 10.18 ( 1  H); 
nil: 238 and 235.9839 [ ( M + ) ,  C, ,H,',BrO requires 235.98361. 
237, 235, 209, 207, and 128. 

1 - Br om 0- 2 - L' iizj.1- 3,4-dilij~dronupli t hulene ( 3 b ).- 1 - B rom o- 3,4- 
dihydronaphthalene-2-carbaldehyde (3a) (2.5 g, 10.5 mmol) 
was treated with (trimethylsilyl)methylmagnesium chloride 
(12.5 mmol) in T H F  (10 ml) for 1 h. The solution was cooled to 
0 "C and thionyl chloride (1.2 ml, 12.5 mmol) was added. After 1 
h the reaction mixture was quenched and the product was 
isolated by flash column chromatography. eluting with ether- 
petroleum, to give 1 -bro~.io-2-~'inj~l-3,4-dihj~dronciplitlirrlene 

(3b) (2.07 g, 837;) as a yellow oil, b.p. 165 "C at 0.1 mmHg 
(Found: utij: 234.0009. C I ,H 79Br requires 234.0086); 6(220 
MHz) 2.55 (2 H, t), 2.75 (2 H, t), 5.40 (2 H, dd, ABX), 7.00-7.20 
(4 H, m), and 7.50 ( 1  H, d). 

2- Brorno- 3,4-diiihj.~lronc~p~itlialetie~- 1 -curbaldehjde Ethjhwe 
Ac~etcil(2c).-The aldehyde (2a) (0.5 g, 2.1 mmol) and ethylene 
glycol (0.14 g, 2.3 mmol) were heated in toluene (1 50 ml) with a 
few crystals of toluene-p-sulphonic acid under N, for 5 h. Flash 
column chromatography gave [with ether-petroleum (1 :4)] the 
u w f d  (2c) (0.43 g, 73";,), m.p. 62-63 "C (from ether-petroleum) 
(Found: C, 55.5; H, 4.7. C ,  ,H,,BrO, requires C, 55.5: H, 4.657;)); 
6(250 MHz) 2.84 (4 H),4.04-4.12 (2 H, m), 4.18-4.23 (2 H, m), 
6.09 ( 1  H), 7.08-7.17 (3 H, m), and 7.55 ( 1  H, dd). 

2- B r o t ~ i o - 6 - t ~ i c ~ t t i o . ~ j ~ - 3 , 4 - ~ i ~ i j ~ c l r ~ ~ ~ i c i p ~ i t ~ i c i l e n e -  1 -c*arbuldehjde 
E t i i j ~ I m ~ ~  AcetcrI(2d).-Using a procedure analogous to that for 
the acetal (2c), the aldehyde (2b) (1.80 g, 6.74 mmol) was 
converted into the uc*etal (2d) (1.29 g, 610,(J, m.p. 115-1 16 "C 
(from petroleum) (Found: C, 53.8; H, 4.8. C,,H, ,BrO, requires 
C, 54.0; H, 4.859,,); 6(220 MHz) 2.81 (4 H), 3.78 (3 H), 3 . 9 7 4 . 1 0  
(2 H, m), 4.15-4.28 (2 H, m), 6.10 (1 H), 6.65-6.75 (2 H, m), 
and 7.52 ( I  H, d). 

2-( 1 - Hj'Llro .~j 'c j 'c ' lo~~~~i i t j~ l ) -  1 -~'i t i .~~1-3,4-~li~i~~~/ronap~it~iulene 
(8a).--2-Bromo- 1 -vinyl-3,4-dihydronaphthalene ( l a )  (0.50 g, 
2.1 mmol) was treated with butyl-lithium ( 1 . 6 ~ ;  1.45 ml, 2.3 
mmol) in T H F  (15 ml) at -78 "C for 10 min, followed by 
cyclopentanone (0.17 ml, 2.1 mmol). The reaction mixture was 
allowed to warm to room temperature and was stirred for 0.5 h 
before being quenched. Flash chromatography gave [with 
ether-petroleum ( 1  : 7)] the cilcohol(8a) (0.41 g, 81%) as a yellow 
oil, b.p. 196°C at 0.2 mmHg (Found: n i / :  240.157. C,,H,,O 
requires t?i': 240.151); 6(250 MHz) 1.48-1.91 (8 H, m), 2.09 (2 
H, dt), 2.31 ( 1  H,exchanges with D,O), 2.52 (2 H, t), 5.13 (2 H, 
ddd, ABX), 6.84-7.00 (4 H, m), and 7.08-7.12 (1 H, m); JAx 
11.4 Hz, JB, 18.0 Hz, and J,, 1.9 H7. 

2-( 1 - Hj~clro.u.r~c.j~clolic~.~j.l)- 1 -~.itij~I-3,4-dihj~clrr'rc1tiupJithulene 
(8b).-2-Bromo- 1 -vinyl-3,4-dihydronaphthalene ( la )  (0.50 g, 
2.1 mmol) was treated with butyl-lithium ( 1 . 4 ~ ;  1.5 ml, 2.1 
mmol) in T H F  (15 ml) at -78 "C for 10 min. Cyclohexanone 
(0.24 ml, 2.3 mmol) was added and the mixture was stirred at 
- 78 "C for 30 min and then at 20 "C for 1 h. Work-up followed 
by flash column chromatography eluting with ether-petroleum 
( 1  : 4) gave the ulcohol(8b) (0.38 g, 71'4,) as a yellow oil (Found: 
C, 84.95; H, 8.7. CI8H,,O requires C,  85.0; H, 8.7"(,); vmaX.(film) 
3 460 cm-'; 6(250 MHz) 1.41-1.78 (10 H, m), 2.16-2.22 (2 H, 
td), 2.33 ( 1  H, exchanges with D,O), 2.60 (2 H, t), 5.21 (2 H, ddd, 
ABX),7.00-7.17(4H,m),and7.18--7.21 ( 1  H,m);J,, 13.0Hz, 
J,, 19.8 Hz, and J A B  2.3 Hz; i v ~ z  254.166 [ ( M ' ) ,  CI8H,,O 
requires 254.1671, 236, 21 1, 197, 193, and 179. 

2-( 1 - Hj*clro.~j , -  1 -phenj~lr th j~l ) -  1 -vit~j~1-3,4-dihj~~ironcl/lhthulene 
(8c).-2-Bromo- 1 -vinyl-3,4-dihydronaphthalene ( la )  (0.5 g, 2.1 
mmol) was treated with butyl-lithium ( 1 . 6 ~ ;  1.45 ml, 2.3 mmol) 
followed by acetophenone (0.5 g, 2.12 mmol). Work-up followed 
by flash column chromatography gave [with ether-petroleum 
( 1  : 3)] the Lrlco1iol (8c) (0.41 g. 71:,) as a yellow oil (Found: m/r 
276.149. CzoHzoO requires t77/r 276.151); 6(250 MHz) 1.75 (3 
H), 2.12-2.35 (2 H, m), 2.62 (2 H, t), 3.00 ( 1  H, exchanges with 

H, m), 7.21-7.32 (4 H, m), and 7.43-7.48 (2 H, m); J A X  11.2 Hz, 
J,, 18.0 Hz, and J A B  2.1 Hz. 

D,O), 5.23 (2 H, ddd, ABX), 6.76 ( 1  H, dd, ABX), 7.07-7.14 (3 

1 -( 1 - Hj.c~ro.\-j~c~~~c.lo~ie.uj~l)-2-oin).l-3,4-~~i~i~dronapiit~~ulene 
(9).-1 -Bromo-2-vinyl-3,4-dihydronaphthalene (3b) ( 1  .0 g, 4.2 
mniol) was treated with butyl-lithium (4.8 mmol) in T H F  (45 
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ml) at - 78 "C,  followed by cyclohexanone (0.42 ml, 4.3 mmol). 
The reaction mixture was stirred at room temperature for 1 h 
and then quenched to give (by flash chromatography) the 
ulcohol (9) (0.86 g, 8l%),  as yellow crystals, m.p. 84-85 "C 
(from ether-petroleum) (Found: C, 85.1; H, 8.8. CI8H2,O 
requires C ,  85.0; H, 8.7%); 6 1.50 ( 1  H, exchanges with D,O), 
1.60-1.81 (8 H, m), 2.25-2.32 (4 H, m), 2.56 (2 H, t), 5.20 (2 H, 
ddd, ABX),  7.00 - 7.18 (3 H, m), and 7.41-7.57 (2 H, m); m/z 
254 ('44'). 

Coupling Rructions of Bromo( 1 -vinyl-3,4-dihydro-2-naphthylj- 
zinc (4): Genercil Procedure.-A solution of zinc bromide was 
prepared by heating zinc powder (0.15 g, 2.4 mmol) and 1,2- 
dibromoethane (0.20 ml, 2.4 mmol) in T H F  (20 ml) under reflux 
for 3.5 h. The bromo compound (la) (0.38 g, 1.6 mmol) was 
allowed to react with butyl-lithium (2.0 mmol) at -78 "C and 
the zinc bromide solution was then added under N,. The 
reaction mixture was stirred at -20°C for 1 h and [Pd- 
(PPh,),16 (70 mg, 4 mol %) and the appropriate halide were 
added together in T H F  (25 ml). The mixture was then stirred at 
room temperature for 16 h. It was quenched with aqueous 
ammonium chloride and the organic products were extracted 
with ether. The extracts were dried and evaporated and the 
residue was purified by flash chromatography, using ether- 
petroleum ( 1  : 1 ) as the eluant. This general procedure was used 
to prepare the following compounds: 

2-( 2-M~thj.1- 1 -o.uocjdopent-2-en-3-yl)- 1 -vinyl-3,4-dihjv- 
c/riron~ip/itlicilenc~ (5a) (50%) (from 3-iodo-2-methyicyclopent-2- 
enone*), b.p. 220 "C at 0.1 mmHg (Found: C, 86.5; H, 7.4. 
C,,H,,O requires C ,  86.4; 7.2%); v,,, (film) 1 690 cm-'; 6(250 
MHz) 1.66 (3 H), 2.40 (2 H, t), 2.45-2.49 (2 H, m), 2.65-2.71 (2 
H, m), 2.80 (2 H, t), 5.32 (2 H, m, ABX),  6.33 ( 1  H, dd, ABX), 
7.20--7.25 (3 H, m), and 7.47-7.51 (1 H, m); m/z  250 ( M + ) ,  
235, 207, 194. 193, and 178. 

(b) 2-( 1 -O.\oi,j.c.lolieu-2-en-3-yl)-l -vinyl-3,4-dihydronaphthal- 
m e  (5b) (63",,) (from 3-iodocyclohex-2-enone9), b.p. 195 "C at 
0.1 mmHg (Found: mi: 250.136. C l 8 H l 8 O  requires mi; 
250.135); vmdx (film) 1 670 cm-'; 6(220 MHz) 2.05 (2 H, t), 2.45 (2 
H, t), 2.50--2.60 (4 H, m), 2.90 (2 H, t), 5.50 (2 H, dd, ABX),  5.94 
( 1  H),6.82(1 H,dd,ABX),7.15-7.25(3H,m),and7.45(1 H,d). 

2 - [ ( E ) - 2- P h m y  luiizy 1 ] - 1 - t' iny l- 3,4-dihj1dronaph t halene 
(5c) (48%) (from P-iodostyrene lo),  m.p. 4 1 - 4 2  "C (from petrol- 
eum) (Found: C ,  93.15; H, 7.0. C&18 requires C, 93.0; H, 
7.0%)); 6(250 MHz) 2.64 (2 H, t), 2.84 (2 H, t), 5.52 (2 H, ddd, 
ABX) ,  6.38 ( I  H, d. J 16.3 Hz), 6.69 ( 1  H, dd, ABX), 7.04 (1 H, d, 
J 16.3 Hz), and 7.10-7.40 (9 H, m); JAX 10.8 Hz, JBX 17.1 Hz, 
and J,, 2.2 Hz: n i z  298 ( M ' ) .  

(d)  2- Phen.i.1- 1 -i~iiij~l-3,4-dili?)dronaphttialene (5d) (47%) (from 
iodobenzene). b.p. 150 "C at 0.2 mmHg.' 

(e) 2-( 1 - Nuphth.i.1)- 1 -vin~~l-3,4-dihj~drironaphthnlene (5e) (69:~) 
(from I-iodonaphthalene), b.p. 250 "C at 0.1 mmHg (Found: C, 
94.0; H, 6.0. C12H,,  requires C, 93.6; H, 6.4%); 6(250 MHz) 
2.65 2.87 ( 2  H, m), 3.1 1-3.20 (2 H, m), 5.39 (2 H, ddd, ABX),  
6.52 ( 1  H. dd. ABX), 7.36-7.50 (4 H, m), 7 . 7 k 7 . 9 9  (3 H, m), 
7.87 ( 1 H, dd), 8.03 ( 1  H, d), and 8.1 1 (2 H, dd); JAX 11.3 Hz, JBx 
17.8 Hz, and J,,, 1.7 Hz: nz/- 282 ( M + )  and 280. 

( f )  2-(2-TIirc~ni~/)-l-vin~~l-3,4-diliydronaphthalene (5f) (607") 
(from 2-iodothiophene), m.p. 52 "C (from ethyl acetate-petrol- 
eum) (Found: C ,  80.6; H, 6.3. CI6Hl,S requires C, 80.6; H, 
5.9",,); cS(250 M H z )  2.57 (2 H, m), 2.62 -2.69 (2 H, m), 5.29 (2 H, 
m, A B X ) ,  6.54 ( I  H,dd,  ABX), 6.83 ( 1  H, dd, J 5 . 1  and 3.7 Hz), 
6.95 -7.02 (4 H, m), 7.08 (1 H, dd, J 5.1 and 1.0 Hz), and 7.34- 
7.37 ( I  H. m): m j z  238 ( M ' ) .  

(a)  

( c ) 

Coupling Rmctions n i th  Brornonuphthalenes (1) and (2) as 
Elec.trophil~~s.~~-( a )  2-(2- Fury1)- 1 -vinyl-3,4-dihj~dronaphthalene 
(5g). Furan (0.13 g, 2.0 mmol) was treated with butyl-lithium 
(2.0 mmol) and TMEDA (2.0 mmol) in ether (15 ml) for 30 min. 

The solution was cooled to -20 "C and a solution of zinc 
bromide (3.0 mmol) in T H F  (20 ml) was added. The reaction 
mixture was stirred for 1 h and the bromonaphthalene (la) (0.47 
g, 2.0 mmol) and [Pd(PPh,),] (0.1 g, 4 rnol %) were added 
together. The mixture was heated under reflux for 2 h. Flash 
chromatography followed by distillation gave the .furan (5g) 
(0.32 g, 72%) as an unstable oil, b.p. 170 "C at 0.1 mmHg 
(Found: rn/z 222.1037. C16H140 requires m/z 222.1045); 6(250 
MHz) 2.58-2.64 (2 H, m), 2.69-2.75 (2 H, m), 5.36 (2 H, ddd, 
ABX),  6.36 (1 H, dd, J 3.4 and 1.8 Hz), 6.45 (1 H, d, J 3.4 Hz), 
6.84(1 H,dd7ABX),7.O7-7.15(3H,m),7.34(1 H,d,J1.8Hz),  
and 7.46-7.50 ( 1  H, m); JAX 11.3 Hz, JBx 17.9 Hz, and JAB 1.9 
Hz. 

(b) 6-Metho.u~-2-(2-thienyl)-l-vinyl-3,4-dihydronaphthalene 
(5h). 2-Thienyl-lithium (3.0 mmol) was prepared from 
thiophene (3.0 mmol), butyl-lithium (3.0 mmol), and TMEDA 
(3.0 mmol) in ether (15 ml) at room temperature. The solution 
was cooled to -20 "C and zinc bromide (3.87 mmol) in T H F  
was added. After 1 h the bromonaphthalene ( lb)  (0.76 g, 2.9 
mmol) and [Pd(PPh,),] (0.13 g, 4 mol %) were added in T H F  
(10 ml). The reaction mixture was heated under reflux for 2.5 h. 
The product was isolated by flash chromatography [ether- 
petroleum (1 : 19)] and was identified as the thiophene (5h) (0.45 
g, 58%), m.p. 64-65 "C (from ethyl acetate-petroleum) (Found: 
C, 75.9; H, 6.2. C 1 7 H 1 6 0 S  requires C, 76.1; H, 6.096); 6(250 
MHz) 2.70-2.75 (2 H, m), 2.79-2.86 (2 H, m), 3.82 (3 H), 5.46 
(2 H, ABX),  6.69-6.75 (2 H, m), 6.83 (1 H, dd, ABX), 7.02 ( 1  H, 
dd,J5.0and3.6Hz),7.14(1 H7d,J3 .6Hz) ,7 .25( f  H,d) ,and 
7.46 (1 H, d); JAX 11.5 Hz, JBx 17.8 Hz, and JAB 1.9 Hz; m/z 268 
( M + ) ,  253, and 235. 

6- Met/io.uj,-2-phenyl- 1 -vinyl-3,4-dihydronuphthalene (5i). 
Zinc bromide (10.0 mmol) in T H F  was added to phenyl-lithium 
(8.0 mmol) in ether at - 20 "C and the mixture was stirred for 1 
h. The bromonaphthalene ( lb)  (2.0 g, 7.5 mmol) and [Pd- 
(PPh3),] (0.7 g, 4 mol yo) in T H F  were added and the reaction 
mixture was heated under reflux for 2.5 h. Flash chromatography 
gave [with ether-petroleum ( 1  : 19)] the naphthalene (5) (1.45 g, 
69%), m.p. 4 3 4 5  "C (from petroleum) (Found C, 86.9; H, 6.9. 
ClgHl,O requires C, 87.0; H, 6.9%); 6(250 MHz) 2.61 (2 H, t), 
2.82 (2 H, t), 3.83 (3 H), 5.20 (2 H,  ddd, ABX),  6.52 ( 1  H, dd, 
ABX), 6.71-6.77 (2 H, m), 7.22-7.34 ( 5  H, m), and 7.49 (1 H, 
d); JAX 1 1.3 Hz, JBx 18.0 Hz, and JAB 2.0 Hz; mi. 282 ( M  + ), 247, 
and 231. 

(6a). 
This compound was prepared using the same procedure as 
described for the thiophene (5h), from 2-thienyl-lithium (6.0 
mmol) and the aldehyde (2a) (5.9 mmol). Flash chromatography 
gave [with ether-petroleum (1:4)] the aldehyde (6a) (0.63 g, 
44"/1), m.p. 86-87 "C (from ethyl acetate-petroleum) (Found: 
C, 74.8; H, 5.0. C15H,,0S requires C, 75.0; H, 5.0";); 6(250 
MHz) 2.85-2.92 (4 H, m), 7.1Cb-7.29 (6 H, m), 7.55 ( 1  H, d, J 
5.0Hz), 8 .2G8.23 ( 1  H,m),and lO.OO(l H);m/z240(M'),2117 
178, and 165. 

ethyl- 
ene acetal(6c). This was prepared by the same procedure as for 
compound (5h), from 2-thienyl-lithium (6.0 rnmol) and the 
acetal (2c). Flash chromatography gave [with ether-petroleum 
( 1  :4)] the acetal (6c) (1.29 g, 7973, m.p. 112-1 14 "C (from 
ether-petroleum) (Found: C, 72.0; H, 5.7. C,,H,,O,S requires 
C,  71.8; H, 5.7",); 6(250 MHz) 2.65-2.69 (2 H, m), 2.85 (2 H, t), 
3 . 9 3 4 . 0 1  (2 H, m), 4.19-4.25 (2 H, m), 5.78 (1 H), 7.03 (1 H, 
dd, J5.0 and 3.3 Hz), 7.14-7.24 (4 H, m), 7.37 ( 1  H, dd, J 5 . 0  and 
0.9 Hz), and 7.64-7.67 (1 H, m); m/z 284 (M +), 2 12, and 178. 

6- Methoxj*-2-( 2-thienyl)-3,4-dih~~dronaphthulene- 1 -c.arbalde- 
h-vde ethwlene ctcrtal (6d). This was prepared by the procedure 
described for the thiophene (5h), from 2-thienyl-lithium ( 1  1.9 
mmol) and the acetal (2d) (1 1.9 mmol). Flash chromatography 
gave [with ether-petroleum (1 : 4)] the acetal (6d) (2.9 g, 77%) as 

2-( 2- Thienjd )-2,4-dihydronaphthalene- 1 -carbaldehj*dc. 

2-( 2- Thien~d)-3,4-dihydronaphthalene- 1 -earbaldehj.de 
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a yellow oil (Found: mjr 314.0971. C,,H,,O,S requires m/z  
314.0977); 6(250 MHz) 2.61 (2 H, t), 2.78 (2 H, t), 3.74 (3 H), 3.88 
(2 H, t), 4.15 (2 H, t), 5.75 (1 H), 6.69-7.10 (2 H, m), 6.96-7.00 
( I  H,m),7.17(1 H,d,J3.6Hz),7.30(1 H,d,J5.0Hz),and7.59 
(1 H, d, J 8.1 Hz). 

Hydrolysis of the acetal (6d) (1.0 g, 3.18 mmol) by heating 
under reflux in SO?/, aqueous T H F  (60 ml) with toluene-p- 
sulphonic acid (100 mg) gave the aldehjde (6c) (0.79 g, 92"/;;), 
m.p. 170 "C (from petroleum) (Found: m/z 270.0710. c16- 
H, ,02S requires m/z  270.0714); v,,,~(Nujol) 1 670 cm-' 
(C=O); 6(250 MHz) 2.85 (4 H, br), 3.80 (3 H), 6.73-6.80 (2 H, 
m), 7.06-7.12 (2 H, m), 7.50(1 H, d), 8.15 (1  H, dd), and 9.95 (1 
H). 

2 - Tr ime thy Is tun ny 1- 1 - t' in y I- 3,4 - dih y dr on aph t h alene ( Si ).-The 
naphthalene (la) (1.0 g, 4.5 mmol) in T H F  (45 ml) was treated 
with butyl-lithium (4.7 mmol) at -78 "C. After 10 min 
chlorotrimethyltin (0.84 g, 4.25 mmol) in T H F  ( 5  ml) was added. 
The mixture was stirred at 10 "C for 0.5 h and then at 20 "C for 4 
h. Flash chromatography [with ether-petroleum (1 : 3)] fol- 
lowed by Kugelrohr distillation gave the stannane (Sj) (0.45 g, 
35%) as an oil, b.p. 205 "C at 0.2 mmHg [Found: mjz (chemical 
ionisation) 320. C ,  ,H,,Sn requires nzjz 319 (M+)]; 6(250 MHz) 
0.31 (9 H), 2.40 (2 H, t), 2.68 (2 H, t), 5.33 (2 H, ddd, A B X ) ,  6.65 
( 1  H, dd, ABX), 7.21-7.30 (3 H, m), and 7.40 (1 H, d); JAx 10.9 
Hz, JBx 17.4 Hz, and JAB 2.0 Hz. This compound was not 
characterised further. 

Attempted Coupling Reactions of Stunnanes.-(a) With 2- 
meth~l-3-trimeth~lstunnylc~~lopent-2-enone (7). Compound (7) 
(0.2 g, 0.77 mmol) and the bromonaphthalene ( la)  (0.18 g, 0.77 
mmol) were heated in toluene (50 ml) under reflux with 
[Pd(PPh,),] (35 mg, 11 mol %). After 36 h the solvent was 
removed; the residue, a yellow oil, contained mainly the starting 
materials together with a minor component which was isolated 
but not identified. 

Compound (7) also failed to react with the bromoaldehyde 
(2a) under similar conditions. 

(b) With the stannane (Sh). Compound (Sh) (0.12 g, 0.37 
mmol) and 3-iodo-2-methylcyclopent-2-enone (0.08 g, 0.37 
mmol) were stirred in T H F  (25 ml) with [Pd(PPh,),] (20 mg, 4 
mol x) for 1.5 h after which the reaction mixture was heated 
under reflux for 6 h. Only the starting materials could be 
detected by t.1.c. An attempted reaction carried out in toluene at 
reflux also gave no detectable products, and a further attempt to 
bring about the reaction in xylene at reflux led to extensive 
decomposition of the starting materials. 

Thermul Cj'clisutions: General Procedure. --The reactions 
were carried out by heating the substrates in dry, degassed 
xylene or dry, degassed bromobenzene under reflux and under 
N,, until none of the starting materials could be detected by t.1.c. 
[In the cases of the naphthalenes (Sg), (Sh), and (5) 1,2- 
dichlorobenzene was used since no reaction took place in the 
lower boiling solvents.] The solvent was then removed under 
reduced pressure and the products were isolated and purified as 
indicated. 

(a) 3,4,5,6- Tetrutijldro('lir1'sen- 1 (2H)-one (10). The ketone (5b) 
(0.3 g, 1.2 mmol) was heated in bromobenzene (30 ml) for 32 h. 
The product, which was isolated by flash chromatography (with 
ether as eluant) was identified as the ketone (10) (0.18 g, 60'0, 
b.p. 100 "C at 0.15 mmHg (Found: nz/: 248.1 19. C ,  ,H,,O 
requires rn/z 248.120); v,,, (film) 1 690 cm-' (C=O); 6(220 MHz) 
1.90-2.01 (2 H, m), 2.35-2.60 (4 H, m), 2.85--2.95 (2 H, m), 
7.10 (1 H, d), 7.20-7.33 (2 H, m), 7.40-7.50 (1 H, m), 7.60 ( I  H, 
d), and 7.95 (1 H, d). 

(b) 2- Phenyl-9,lO-dih~droplzerzunthrene (1  la). The triene (Sc) 
was heated in xylene (35 ml) for 26 h. Flash chromatography 

gave [with ether-petroleum (1 : 19)] the phenanthrene ( l l a )  
(0.10 g, 67%), m.p. 80-81 "C (from petroleum) (Found: C, 
93.65; H, 6.2. C,,H,, requires C, 93.7; H. 6.3%); 6(220 MHz) 
2.85 (2 H, t), 3.05 (2 H, t), 7.1G-7.30 ( 5  H, m), 7.55 (2 H, d), 7.65 
( I  H), 7.70 (2 H, d), and 7.90 (2 H, d); m/z 256.124 (Mf;  C2,H16 
requires niji 256.125), 204, and 202. 

(c) 2-Methu.q~-5,6,11,12-tetrahydrochrysene (12). The naph- 
thalene (5) (0.40 g, 1.52 mmol) was heated in 1,2-dichloro- 
benzene (70 ml) for 72 h. Flash chromatography gave [with 
ether petroleum (2:25)] the chriTsene (12) (0.29 g, 72"/,), m.p. 
83-84 "C (from petroleum) (Found: C, 86.7; H, 6.9. C 1 9 H 1 8 0  
requires C, 87.0; H, 6.9%); 6(250 MHz) 2.46 (4 H, t), 2.87 (4 H, t), 
3.80 (3 H), 6.71-6.75 (2 H, m), and 7.11-7.30 ( 5  H, m); m/z 
268.091 ( M + ,  C1,H180 requires m / z  268.092), 266, 253, and 
221. 

(d) 4,5,10,1 1 -TetruhL.drophenanthru[ 1,2-b]thiophene (13a). 
The thiophene (Sf) (0.15 g, 0.63 mmol) was heated in xylene (30 
ml) for 32 h. After removal of the solvent the residue partly 
solidified. It was triturated with petroleum, filtered, and 
crystallised to give the thiophene (13a) (0.1 1 g, 7373, m.p. 82 "C 
(from ethyl acetate-petroleum) (Found: C, 80.85; H, 6.0. 
C,,H,,S requires C, 80.6; H, 5.9%); 6(250 MHz) 2.57-2.63 (2 
H, m), 2.73-2.82 (2 H, m), 2.86-2.95 (2 H, m), 2.99-3.10 (2 H, 
m), 7.1 1-7.45 ( 5  H, m), and 7.78-7.84 (1 H, m); nz/z 238 ( M ' )  
and 149. 

(e) 4,5,10,1 l-Tett.crh1'drop/zenar2throC 1,2-b]furun (13b). The 
furan (5g) (0.40 g, 1.8 mmol) was heated in 1,2-dichlorobenzene 
(65 ml) for 20 h. Flash chromatography gave [with ether- 
petroleum (1 : SO)] the furan (13b) (0.31 g, 770/,), m.p. 97-100 "C 
(Found: rn/r 222.1046. c 6H 40 requires mi; 222.1045); 6(250 
MHz) 2.41 (2 H, t), 2.54 (4 H), 2.62 (2 H, t), 6.10 (1 H, d. J 1.8 
Hz), 6.87-7.05 (4 H, m), and 7.08 ( 1  H, d, J 1.8 Hz). 

8- Methosy-4,5,10,1 I -tetruh~~drop/ienanthro[ 1,2-b]thiop- 
/zene (13c). The thiophene (5h) (0.20 g, 0.74 mmol) was heated in 
1,2-dichlorobenzene (70 ml) for 48 h. Flash chromatography 
gave [with ether-petroleum ( I  : 19)] the tlziuphene (13c) (0.15 g, 
76",,), m.p. 75-77 "C (from ethyl acetate-petroleum) (Found: 
C, 76.2; H, 5.9. C,,H, ,OS requires C, 76.1; H, 6.0%); 6(250 
MHz) 2.56-2.61 (2 H, m), 2.74-2.78 (2 H, m), 2.84-2.92 (4 H, 
m), 3.82 (3 H), 6.74--6.77 (2 H, m), 6.91 (1 H, d, J4.8 Hz), 7.08 (1 
H, d, J 4.8 Hz), and 7.26 (1  H); mi: 268 ( M ' ) ,  266, and 253. 

[a]phencinthren- 17-ont. (15). The trienone (5a) (0.10 g, 0.40 
mmol) was heated in bromobenzene (30 ml) for 24 h. Medium 
pressure chromatography gave (with chloroform) an oil (42 mg, 
42"J to which the ketone structure (15) was assigned (Found: 
ni/r 250. C, ,H, ,O requires tTii1 250); v,,, (film) 1 680 cm-' 
(C=O); 6(250 MHz) 1.02 (3 H, d, J 7.1 Hz, 11-Me), 2.45-2.57 
(6 H, m), 2.63-2.79 (2 H, m), 2.81-2.88 (2 H, m), 3.15--3.21 
( 1  H, m, 11-H). 7.17-7.29 (3 H, m), and 7.44 (1 H, d). 

( f )  

(g) 1 l-Meth~l-6,7,11,12, t 5,16-He.u~hydro-17H-c.l'clopelzta- 

6,7,15,16- TetsuhpIro- 1 7 H - i ~ ~ ~ c ~ l o ~ ~ ~ e t i t u [ a ~ p / ~ e ~ ~ u n t / i 1 ~ i ~ ~ i -  17-one 
(17) hj. Flash Vucuirni Pj~rolj-sis of the Ketone (5a).-The 
trienone (Sa) (85 mg, 0.34 mmol) was distilled at 0.03 mmHg 
during 1.5 h through a tube heated at 750 "C. The pyrolysate 
was collected o n  a cooled surface at the exit of the tube. 
Crystallisation gave the ketone (17) (61 mg, 76:<)) as a yellow 
solid, 1n.p. 102--104 "C (from ether-petroleum) (Found: C, 
87.1; H, 6.1. C,,H,,O requires C, 87.15; H, 6.0",,); v,,,,(Nujol) 
1 705 cm-I; ii(250 MHz) 2.35- -2.50 (4 H, m), 2.85-2.90 (4 H, 
m), 7.05-7.25 ( 5  H, m), and 7.45-7.55 ( 1  H, m); mi= 234.1039 
( M f ,  C,,H,,O requires / ? I / :  234.1044), 191, and 131. 

Dc4jdrcctiue Cj.cliscctioti of' the Alcoliols (8) cincl (9): General 
Procedure.-The alcohol was heated in toluene under reflux 
with a few crystals of toluene-p-sulphonic acid, for the times 
stated. The solution was cooled, washed with aqueous sodium 
hydrogen carbonate, dried, and evaporated. The product was 
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isolated by flash chromatography [ether-petroleum (1 : 9)]. The 
following were prepared in this way. 

(a)  7,151 6,17- Tetrahydro-6H-cyclopenta[a]phenanthrene 
( l la ) .  The alcohol (8a) (150 mg, 0.62 mmol) in toluene (40 ml) 
for 2 h gave the phenanthrene ( l la )  (1 10 mg, SO%), b.p. 220 "C at 
0.1 mmHg (Found: C, 92.45; H, 7.0. C17H 16 requires C ,  92.7; H, 
7.37;); 6(220 MHz) 2.20 (2 H, br), 2.65 (4 H, t), 3.00 (4 H, t), 
7.10--7.40(5 H,m),and7.65 (1 H,d);m/z220.124(Mf,C,7H,6 
requires 220.125) and 191. 

(b) 1,2,3,4,5,6-He.uuhydrochry~ene (llb). The alcohol (8b) (75 
mg, 0.29 mmol) in toluene (40 ml) for 1 h gave the chrysene (llb) 
(48 mg, 700,;), m.p. 108-109 "C (from petroleum) (lit.," 112.5- 
1 13.5 "C); 6(220 MHz) 1.85-2.00 (4 H, m), 2.65-2.75 (4 H, m), 
2.96--3.10 (4 H, m), 7.05-7.35 (5 H, m), and 7.85 (1 H, d). 

(c) 1 - Phenj*/-9,10-dihydrophenanthrene (1 lc). The alcohol (8c) 
(90 mg, 3.2 mmol) in toluene (70 ml) for 12 h gave the 
phenunt/zreiw ( 1  lc) (62 mg, 74%) as a yellow oil (Found: C ,  93.5; 
H, 6.35. C,,H requires C, 93.7; H, 6.3%); 6(220 MHz) 2.70 (2 
H, t), 3.03 (3 H, t), 7.15 (3 H, m), 7.30 (3 H, m), 7.50 (2 H, d), 7.65 
(2  S-I, d), and 7.85 (2 H. d). 

( d ) 1,2,3.4.7.8 - Hc~.ud~ydrobenzo[ clphenan threne ( 14). The 
alcohol (9) (0.1 g, 0.39 mmol) in toluene (60 ml) gave the 
phenanthrene (14) (68 mg, 7373, b.p. 155 "C at 0.1 mmHg. This 
solidified on cooling, m.p. 77-78 "C (lit.," 78 "C); 6(220 MHz) 
1.55-1.75 (4 H, m), 2.40-2.60 (4 H, m), 2 . 8 k 2 . 9 0  (4 H, m), 
7.05--7.35 (5  H, m), and 7.65 (1 H, d); mi. 234 ( M ' ) ,  192, and 
179. 

1,2,3,4,4a,5.7,8-Octahydrobenzo[c]phenanthrene (19 mg, 20%) 
was also isolated as an oil, b.p. 160 "C at 0.1 mmHg (Found: C, 
91.6; H, 8.55. C,,H,, requires C, 91.5; H, 8.57;); 6(220 MHz) 

1.60-1.80 (7 H, m), 2.25 (4 H, t), 2.40 (2 H, t), 2.95 (2 H, t), 5.95 
(1 H, t), 7.05 (1 H), and 7.10 (3 H); m/z 236.151 ( M + ;  C1,H2, 
requires 236.156), 221, 207, 193, and 179. 
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