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Synthesis of Potentially Basic Hydrocarbons by Sulphur Extrusion and/or 
Bis-Wittig Reactions. Two Syntheses of Benz[5,6]indeno[2,1 -a ] -  
phenalene and a New Synthesis of Dibenzo[de,mn]naphthacene 
(Zethrene) 
By William Kemp,' lain T. Storie, and Charles D. Tullozh, Chamistry Departmsnt, Heriot-Watt University, 

Riccarton, Currie, Edinburgh Et i l4  4AS 

Macrocyclic bis-sulphides have been prepared from 1,2-, 2,3-, and 1,8-bis(bromomethyl)naphthalenes. Methy- 
lation of the bis-sulphides, followed by the Stevens rearrangement, gave the corresponding carbocycles with extra- 
annular sulphide groups; removal of these sulphide groups by Hofmann elimination led to spontaneous trans- 
annular condensation. Using this general method, two hydrocarbons were synthesized : benz[5,6]indeno[2,1 -a] - 
phenalene and dibenzo[de,rnn]naphthacene (or zethrene). An alternative synthetic route led to the synthesis of 
benz[5,6]indeno[2,1 -a]phenalene, using the Wittig reaction between naphthalene-2,3-carbaldehyde and 1,8- 
bis(triphenylphosphoniomethy1)naphthalene dibromide. 

CARBON-carbon bond formation by sulphur extrusion 
has been used extensively and successfully by Mitchell 
and Boekelheide in their studies on pyrene-based 
molecules. In  particular they have synthesized 15,lci- 
dimethyldihydropyrene (4 ; K = Me) in 60-700/, 
overall yield from the atzti-2,11-dithia-9,18-diniethyl- 
[3,3]metacyclophane (1 ; R = Me, with aromatic rings 
on opposite sides of the sulphur centres) following the 
reactions of Scheme 1. The method has also been used 
by Mitchell and Carruthers,2 Haenel and Staab,3 and 
Davy and re is^.^ 

We were interested in the extension of this reaction to 

syntheses of potentially basic polynuclear hydrocarbons 
in the naplithalenc series, in particular application of the 
reaction to the three bis-sulphides (5)--(7) ; we now 
report the syntliesis of these sulphides and the successful 
t ransforinat ion of (5) into dibenzo;de,mn] napht hacene 
(zethrene) (8), and of (6) into beriz!fj,6]indcnoiz,l-n]- 
phenalene ( 18). 

Treatment of 1,s-naphthalic anhydride (9) with 
lithium aluminium hydride yields 1 ,S-bis( hydroxy- 
methy1)naphthalene (10; R = OH) which on treat- 
ment with phosphorus tribromide yields 1,8-bis- 
(bromomethy1)naphthalttne (10 ; R = Br). 1,8-Bis- 
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2nd mrthylatioii elimination I 

MeSMc 
(B&) 

For example: 

( 4 )  ( 3 1  

SCHEME 1 Reagents: i, (RIeO),CI1 +H1;, ; ii, NaH-TlII:; iii, ButOK 
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(mercaptomet1iyl)naphtlialene (10; R = SH) can be 
obtained from this bromide by either of two variations 
of the isothiuronium salt method. Using Pan and 
Fletcher's  ariat ti on,^ the tliiuronium salt is prepared in 

CH2 CH2 
I I  s s  5H2 S i"' 

y 4 2  t " 2  

s s  
1 1  

( 7 )  ( 8 )  
tlimethyl sulyhoxide and is not isolated but irnmediatelj. 
hydrolysed. In the second variation the brontidt. is 
refluxed with thiourea in ethanol; the intermediate salt 
is isolated and subsequently hydrolysed. Treatment of 
this bismercaptan respectively with 1,8-bis( bromo- 
methy1)napthalene (10; K = Br), 2,3-bis(broniomethyl)- 
naplithalene (1  l ) ,  and 1,2-bis(bromometliyl)1iapl~tli~il~~1i~~ 
(12), yields the three bis-sulphides (5 ) ,  (Ci), and (7) .  

*vowo 
RCH, CH,R a 

( 9 )  (10 1 

CH9Br 
CH2Br 

(11 1 (12) 

The methylation of each of the sulpliides occurs in 
essentially quantitative yield using dimethoxycarbonium 
tetrafluoroborate.8 The Stevens rearrangement is easily 
carried out using either sodium hydride in dry tetra- 
hydrofuran or by sodium et hoxide-ethanol in dry 
tetrahydrofuran, the latter being the more rapid nietliod. 
The products formed are mixtures of isomers represented 
by (13), (la), and (15) respectively. 

The mixtures represented by (14) and (15) were ver]. 
coniplex mixtures of approximately eiglit isomers each. 
Tliere are no major components in either mixture and it 
was not found possible to isolate individual compounds. 
'I'hc 11.111.r. sptdxa of tlie mixtures were also complicated, 
but inclic*attvl tliat t he  above structures were present. 
The mixture r-c~pt-t~smtt.cl by (13) on the other hand, com- 
prised only t Iirec coniponrnts, one o f  wliicli was pre- 
ponderant ; tliis ~ v a s  wparatetl by clirc7iiiatcigrai)h~~. 

On tlie evidenc*ti of coupling constants (we Experi- 
iiicrital section) we infer tliat tlie two nsphtlialt~tir~ 
resitliie~ in  (13) liave tlw syit configuration witli respect to 
tiic t w o  tlisubstituted ethane h-idgcs; two vic~inal 
cwuplings ;irt' involved in eacli bri(lgt1, between thr 
ri~rdliiiie proton and, siicct'ssivc'ly, each 1)roton of t h c h  

iiic~thvlenc group. In  niolerular moclels of the syir 
isoinc'rs, clihedral angles of appruxiniatcly 10 and 190" 
ari+e betwwi t coupling protons, and prctlictctl 
roupling c-oi~,stan ts (Karplus equation.;) are 8 and C; 1 1 ~  

SMe 

+ isomers 

MeS g e  

respectively : the observed coupling constants are 10 
and 8 Hz. Models of all nnti isomers show dihedral 
angles of GO and 180", which would lead to predicted 
coupling constants of 2 and 10 Hz respectively. 

Since both methyl groups in (13) have the same 
chemical shift value (8 Z.l), and since one hydrogen in 
each naphthalene residue is strongly deshielded (at 8 7.8) 
i t  seems likely that (13) has the SMe groups disposed as 
shown in formula (13), bringing the SMe and naphthalene 
rings into closest proximity. I In one run of the reaction 
sequence (5)+( 13) there was also isolated a his-sulphide 
which has been assigned the structure (lci), in which the 
naphthalene residues have syiz configuration with respect 
to the ethane bridge, on the basis of chemical shifts and 
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coupling constants as above. contrast, adding a solution of the phosphonium salt and 
the Stevens rearrangement of thc mono-mettiylatcd riaphthalene-2,3-dicarbaldehyde to a stirred solution 
derivative of (T i ) .  o f  sotljum ctlioxide in ethanol unrlcr nitrogen yielded 

The methylation of the mixture represented by (1 3) b c n z r ~ , ~ ~ ] i n ~ l ~ n o / 2 , 1  -u]phc.n:ilenc ( I  8) as the major mm- 
proved surprising in  that zethrvn(b itself was iwlate(1 i i i  ponc'nt. 

It is obviously formed by 

& \ \  

\ /  

( 1 7  1 ( 1 8 )  

& 
\ \ '  

H2 " 
(20 )  ( 2 1  I 

low yield from the reaction mixture along with the 
expected mixture of sulplionium salts. I t  is likely that 
this arises by spontaneous elimination of molecules of 
dimethyl sulphide, but no zetlirene is obtained when the 
mixture of sulplionium salts is simply refluxcd in 
benzene. Treatment of this mixture of sulplioiiiuni 
salts with sodium ethoxide and ethanol in THI; rapidly 
gives zetlirene, which is isolated by chromatography. 
The formation of zetlirene must involve initial formation 
of the unstable Iiydrocarbon (17) as intermediate. This 
compound has been prepared9 and is known to cyclize 
to zethrene in the presence of oxygen. 

Rilethylation of the mixtures of sulphides rcpresented 
by (14) and (15) proceeded in poor yield; treatment of 
the crude methylated products with sodium liydride or 
sodium ethoxide and ethanol in THF gave but tracc 
amounts of hydrocarbon material. 

This failure of the sulpliides (6) and (7) to lent1 them- 
selves to hydrocarbon synthesis induced us to attempt tlir 
synthesis of the benzindenophenalene (18) using a Wittig 
reaction. I t  is known that o-plitlialaldeliyde 
reacts with the bisphosyhonium salt (10; I< = I''€'IL~- 
Br -) to yield indenophenalene (19) together with the 
dihydrobenzo[k]fluoranthene (20). We have treated tlie 
same pliosphonium salt with naphthalene-S,3-dicar~)- 
aldehyde to yield the corresponding conqx.miids, react ion 
conditions being optimised for each cornpound. 

The phosphonium salt (10; K = I?+€'li3Br--) was first 
treated with sodium liydride in dry tetrahydrofuran 
(THF) to yield the phosphonium ylide, which was tlieii 
treated with naphthalene-2,3-dicarbaldehyde to yield 
7,8-dihydronaphtho[2,3-k]fluoranthene (2  1) as the major 
component. The structure was confirmed by de- 
hydrogenation [with 2,3-dicl~loro-6,t~-dicyan~~l~eriz~~- 
quinone (DDQ)] to naplitlio[ 2,3-k]fluoranthene (22). In 

( 2 2 )  

An adaptation of the original sulphur extrusion 
reaction has been used s u ~ c e s s f u l l y . ~ ~ ~ ~ ~  The reaction is 
outlined in Scheme 2. 

As an alternative synthesis, therefore, of the incteno- 
plienalene (18), the bis-sulphicle (6) was treated with n- 
butyl-lithiuni. Methylation with methyl iodide gavc a 
mixture of isoiners represented by (14). Further methyl- 
at ion with dimethoxycarboiiium tetrafluoroborate and 
elimination using sodium ethoxide in ethanol yiehlect a 
red hydrocarbon confirmed to I,e t,crizrh,Ci/intlenoj,", 1-01- 

/ +iPe \ 

MeS 

(Thcn as for Scheme 1 ,  i . ~ .  mcthylat iun followed by elimin 
ation.) 
S c i m h i E  9 (for a l ternat ive route)  Neagunt.~: i, IdiNF'r32; ii, 

Me1 



phenalene by comparison with a sample obtained I->y thc 
above Wittig reaction. 

This hydrocarbon was expected to be lmsic, a i d  tliis 
was indeed confirmed. The basicity of 11~dro~~:irl~oiis i i  
commonly defined l4 as that concentration of ;L g:i\rciri 

volunie of aqueous sulpliuric acid which will extract 50(:,o 
of the hydrocarbon iron1 an equal volunit: of a solution 
of tlie Iiydrocar1)on in cyclohcxane, hcnzenc, or toluene. 

Using this scale (for solutions in benzene) we have 
measured thc Im.;icity of  (18) to be (X.5(xj ( I f ,  5.45). 
This compares with 64(:4 for indenoplierialenc and 51 " /  8 0 

for azulene.16 The similarity in basicity for tlic two 
plienalenes (IS) arid ( I  9) suggests that protonation of 
cyclopentaphenalenes leads to an ion in wliicli tliu 
cliarge is delocalised solely over the pheiialcnyl part o l  
tlic molccule (rather than over the moleculc as ;t wholch) 
iincc, had tlic latter l m n  true, the cstendd.  conjugatioii 
in I~enzindcnopl~c~nalcne wo~ild lie t~spectcd to sta1)ilizc 
tlrc ion mort: than in the inden~)l)iicttinleiie system , lcacling 
to ail increasc i n  basicity btlyoiicl that wliich we o l ~ s c t ~ c ( ~ .  

EXPERIMENTAL 

1.r. spectra werc recorded on a 1"erl;iii-l~lmtr motlcl 157G 
spectropliotometer. N .m .r. spectra were rccortlcd o i l  citlicr 
a Perkin-Elmer model It1 2 spectroinetcr ( 6 0  MHz) or JIWI. 
MH 100 spectrometer (100 NIHz) ; unless otlltbrwisr stated, 
ClXl, was used as solvent with tetrametiiylsil~Lri~ a s  internal 
standard. Mass spectra werc recorded on an 1\1<I iUS:lO 
instrument. 

2,~~-Bis(bro1iionietliyl)nsplithalerie ( 1 1) \ \ T i i s  prcpared from 
~,3-tlimetliylnaplitli~~lene by broniinatioii witli N-bromo- 
succinimitle, 11i.p. 144-145 "C (1it.,l6 145 "C), 6 7.8-8.3 
( G  H ,  ni)  arid 4.8 (4 H, s). 1,2-13is(brc~uio11ietliy1)1i;~plitli~~- 
lene (12) was prepared siniilarly from 1,2-tliiiiethylna~litlix- 
lene, i1i.p. 148-150 "C (lit.,1t; 153 "C), 8 7.3-8.3 (6 H, i n ) ,  

5.05 (2 H, s), ant1 4.77 ( 2  H, s). 1,8-Bis(hy<lroxynietliyl)- 
naphthalene (10; K = OH) was prepared by tlie mc4hod 
of Boekellieide and Vick,5 m.p. 156-158 "C (lit.,5 157.8 "C), 
v,,~,,. (I<&-) 3 340 antl 3 240 ciiiY1. 1,8-Bis(broiiionietliyi)- 
naphthalene (10; R = Br) was prtyared by tlic metliotl of 
Carpino,g m.p. 146-128 "C (lit.,G 130 "C), 6 7.8-7.9 (tj H, 
in) and 6.25 (4 H, s). 1,8-His(triphenylphosphonionlethyl)- 
naphthalene dibromicle (10; l i  = I'+Pli,Br ) was prepared 
by the method of Bestmann et al. I2'aplithalene-2,3-dicarb- 
aldtahyde was prepared by the inetliod of ltied antl Bodeni.1X 

1 , 8 - B i s ( m e r c a p t o r n e t t ~ Z ) ~ i ~ ~ / i t / I u Z e ~ ~  (10; l< -L- SH) .-(a) 
By the wzetliod of P u n  and F l e t c l ~ e r . ~  I,ll-Ris(bromomethyl)- 
naphthalene (31.4 g, 0.1 niol) and thiourea (16.8 g, 0 .22  niol) 
were stirred continuously in dimethyl sulphoxide ( 150 cni3) 
for 15 h a t  20 "C. To this was added a solution of sodium 
liydroside (60 g) in water (600 cm3) and the stirring con- 
tinued for 30 min; the mixture was acidified slowly with 
20% hydrochloric acid. The dithiol was filtered off, 
washed with water, and dried (average yield 700/6). 

(b) 1,8-Bis(broniomethyl)1iaplitlialene (31.4 g, 0.1 nml) 
and thiourea (16.8 g ,  0 . 2 2  mol) were refluxed in etliariol 
(200 cm3j for 1 h;  after cooling, the thiuroniuni salt was 
filtered off and subsequently refiused with potassium 
hydrositlc ( 1 0 0  g) in water ( 3 J O  cm3) for 6 1 1 .  The solution 
was coolrcl and acidified slowly with 5bf-sulpliuric acid. 
The dithiol was extracted with nicthylenc cliloricle ant1 t l i c h  

organic layer washed wit11 water and dried (MgS04). 

I<cmoval of solvent gave a solid (15 g, 70%) which was re- 
crystallized from benzene-light petroleum (b.p. 40-60" C) 
( I : 1 v/v) to give the dithiol as white needles, n1.p. 70-72 "C 
(1;ountl: C ,  65.6; H, 5.65. CI2H,,S2 requires C, 65.45; 
k1, 6.66y,); v , , , * ~ ~ .  (KL3r) 2 540, 1 590, 1 435, 1 376, 1 230, 1 320, 
1 l71J, 1 160, 1 1 10, 1 020, 965, 955, 825, 770, 690, and 640 
cni-l; 6 7.3-7.9 (6 H, i n ,  Ar), 4.45 [4 H, d ,  J 6 Hz (CHJJ, 
;111d 1.8 [2 €1, t ,  .J 6 Hz (SH),] (with D,O the signal at 6 1.8 
disappears and that a t  6 4.45 collapses to a singlet); m/e 
220 ( 5 l o o ;  fll'), 186 ( L O O ) ,  185 (80 ) ,  171 (GO), and 153 ( Y O ) .  

71-1,9FI, 1 tiH, 18H, I> i rztcphtlio[ 1,8-cd : 1 ,'8'-ij] [ 1,7]ditlzi~- 
cjdotlotleciiz (5).--'1Jie tlitliiol (10; K = SH) ( 1 0  g )  was 
dissolved i n  a solution of sodium hydroxide (4 g) in ethanol 
(400 cni:]) m ( 1  water ( 1  00 ~111~). 1,8-Bis(bromomethyI)- 
nr-lplitlialcnc~ ( 14 g )  was separately dissolved in benzcnt. 
( 2 5 0  cm3) and etliaiiol (100 c d ) .  These two solutions were 
;itltletl .;iiiiultatieoiisl~~ to reffusing etlianol ( 1  litre) over 5 11 

and tlic final niisture was reffused for 1 h ;  on cooling tlicx 
lJis-sulp//itle (6) was filtered off and clried (9.5 g, 567:)).  
('l'liis procluct was adequately pure for subsequent reac- 
tions.) I~ccrystallisation €rum cliloroform gave feat/1rl~+y 
needles, m.p. 290-291 "C (cleconip.) (Found: C, 77.4; 11, 
5.3; S, 17.45. C44H20S2 requires C, 77.42; H, 5.37; S, 
17.81 (x , ) ;  v,,,,,~. (KBr) 3 060, 3 030, 2 920, 1 600, 1 510, 
1486,  1 385, 1210,  1 170, 830, and 770 c1n-l; 6 7.2-7.0 
( I2  H, m, Ar), and 4.65 18 H, s, (CH,)J; m/e 372 (20?&, Mi), 
186 (SO), IHB (SO), antl 153 (100). 

Y,16-Di/~ytdvo-71~,18H-dinu~/~tl~o[1,8-1ii : 2',3'-c][l,G]dit/~iu- 
cyclountJeci,z (6). -Prepared as for (5) above, substituting 
2,3-bis(brornomethyl)naphthalene for the 1 ,S-isomer, the 
bis-sulphide was isolated as needles, m .p. 255-257 "C 
(tlcconip.) (Found: C, 77.35; H, 5.4; S, 16.95%); 
(KBr) 3 040, 2 920, 1 690, 1496, 1460, 1450, 1 370, 1 2 2 U ,  
I 200, 876, 820, 770, 745, antl 740 cm-l; 6 7.2-7.9 (12 H, 111, 

A r ) ,  4.5 [4 H, s, (CHJJ, and 4.25 [4 H, s, (CH.J2]; nz/e 
372 (200/o, Ill'), 186 (go), 185 (loo), and 153 (50). 

9,16-ZMydv0-7H, lSH-dinaphtho[ l ,  2-c : l', 8'-hi] [ 1,6]- 
dithiacycloundecin (7) .-This was prepared as for ( 5 )  above, 
substituting 1,2-bis(bro1i1omethyl)naphthalene for the 1,8 - 
isomer, as needles ,  imp. 246-248 "C (decornp.) (Found: C, 
77.1; H, 5.46; S, 27.3%); v,,,. (KBr) 3 050, 3 020, 2 920, 
I 590, 1 500, 1 440, 1 420, 1 376, 1 220, 1 210, 1 170, 860, 
845, 820, 810, 770, 750, and 740 c1n-l; 8 7.2-7.8 (12 H, m, 
hr ) ,  and 4.2, 4.4, 4.5, and 4.53 (4 x 2 H, 4 x s, 4 x CH,); 
m / e  372 (4%' M'),  186 ( loo) ,  185 (95), and 153 (60). 

Methylation of the  Bis-sulphides (5), (6), and (7).--?'he 
respective his-sulpliide (10 g) was suspended in methylene 
chloride (100 cm3) and added to a suspension of dimethosy- 
carbonium ffuoroborate (10 g, excess) in methylene chloride 
( 1 0 0  m3) a t  -30 "C. When the addition was complete 
the temperature was allowed to rise to  room temperature 
and the mixture was stirred for a further 4 h ;  ethyl acetate 
(100 cm3) was added and stirring continued for 30 inin, 
whereupon the precipitated sulphonium fluoroborate was 
filtered off, washed with ethyl acetate aiid dried. Yields 
were virtually quantitative. Thus 7H,9H, 16H, 18H-dinu- 
p/~l/~o[l ,  8-cd : 1 ', 8'-ij] [1 ,7]d i t~z ioniacycZodode~~n bistetrafluoro- 
bovrcfe, a white powder, had m.p. 170-172 "C (Found: C, 
54.25; H, 4.7. C,6H26S2B21?8 requires C, 54.16; H, 4.510,;); 
6 ([gH6]I>MSO) 7.4-8.2 (12 H ,  in, A4r), 4.8 and 4.9 [4 H aiid 
4 H, d ,  JyenL 15 Hz, (CH2)4], and 2.4 (6 H, s, 2 Me); 9,16- 
dihj~dvo-7€3,18H-dinaphtho[ 1 ,%hi : 2',3'-c][ 1,6]dithioniacycZo- 
undrc in  histetrnf7zLovoborate, a white powder, had m.p. 170- 
172 "C (Found : C, 53.9; H, 4.7% ; 6 ([2H,]DMSO) 7.0-8.0 
(12 I € ,  ni, Ar), 4.9-5.5 [8 H, distorted doublets, g e m  
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coupling, (CH,),], 2.9 (3 H, s ,  Me), antl I .8 ( 3  €I, 3, hle) ; and 
9,16-dd!-ydw-7l3, 1813-dina~/tl/~o[l ,2-c : 1 ',S'-lii][l,G]clitlriollicc- 
c tdoundrc i n 1)  i stetru~uorobovccte, a bvlii te powder, lisd in. p. 

1)MSO) 7.2-4.2 (12 H, m, h r ) ,  4.8-5.6 [8 H, distorted 
doublets, gem coupling, (CH,),], 3.5 (3  I€, s, 3k),  antl 3.5 
(3  H, s, Me). 

(13).  -In 
tlie case of ( L3), tlie niixture was chron~atograplied on silica 
gel ( 7 0  --2:30 mesli, Kieselgel 60, Merck) using benzene-- 
liglit petroleum (b.p. 40-60 "C; 1 : 1 v/v) as eluant ancl the 
major product was crystallized from benzene-light pet - 
roleum (b.p. 60-80 "C; 1 : 1 v/v) yielding fine white necdles, 

7.2--6.4 (10 H, m, Ar), 6.2 (2 H, dd, Jbc 8, JIJ,l 1 0  Hz,  Hi,), 
4.5 ( 2  H, (Id, JtIc 8, Jcd  15 Hz, He), 3.0 (2 H, dd, J l , ( l  10, J r , l  
16 H L ,  Hd), and 2.1 (6 H, s, SMe); m/e 400 (9%, kit), 352 

153 
(loo), and 152 (50). 

Stevens Rearra~zgel.)zent.-To a stirred suspension of the 
respective methylsulphoniuni salt ( 5  g) in dry tetrahydro - 
furan was added a solution of sodium ethosicle in clthanol 
(10 cm3 of lOyo solution). The mixture was stirred for 
30 min and poured into an excess of 2~-hydrochloric acid. 
Tlie whole was extracted with methylene chloride, which 
was then waslied with water, dried (MgSO,), and the solvent 
evaporated off. This method gave yields of approximately 
60-70~0 of total product mixtures, uiz. (13), ( 1  4), antl ( 1  5 ) .  

( 1 6) . - I n 
one run of the reaction sequence (5) .--) (12) white crystals 
formed in the reaction vessel. The solution was reduced in 
volume b y  half and filtered. Crystallization from chloro- 
form yielded colourless crystals, n1.p. 223-225 "C; 8 
7.9-7.0 (12 H, m, Ar), 5.7 ( 1  H, cld, JBc 10, J a l ,  2 Hz, HJ,  
4.5 (1 H, d, J f g  12 Hz,  Hg), 4.3 ( 1  H, d ,  Jt te  1 3  Hz, H,, or El?), 
4 . 0 - 3 . 7  (3 H, ni, He or H d ,  Hi, and Hh), 3.2 (1 H, cld, .Jar 
10, Jl,c 16 Hz, He), 1.8 (3  H, s, SMe); nz /e  386 (4%, A t ' ) ,  
388 (lo), 303 (lo),  201 (40), 185 (loo), and 153 (30).  

2nd MetAyZation.--The products from the Stevens re- 
arrangements ( 5  g) were metliylated with diniethoxycar- 
bonium tetraffuoroborate (5 g, excess) using the same 
nwthod as before. The mixtures (14) and (15) yielded 
small quantities of brown sticky solids. Mixture (13)  
yieldecl a pinkish solid (6 g). 
Di benzo [de , mn] napk thucene ( 8)  . --T 11 e mc ) t her -1 iq uors fro ni 

the methylation of (13) were concentrated and, after chro- 
matography on alumina (Brockmann Grade I, BDH) 
using henzene-light petroleum (b.p. 40-60 "C; 1 : 2 v/v), 
yielded dibenzo[de,nzn]naphthacene as violet needles (70 
rng) m.p. 258-260 "C (lit.,lg 262 "C), A,,,. (benzene) 550, 
510, 473, 406, 385, ancl 307 nm (log E 4.95, 4.81, 4.40, 3.44, 
3.43 ,  and 4.65).  The hydrocarbon dissolved in concen- 
trated sulphuric acid to give a blue colour which rapidly 
turned red. 

EZiinination.-The niethylated sulphides were stirred in 
tetrahydrofuran (50 om3) and sodium etlioxide (1 g) in 
absolute ethanol (10 cm3) was added. After stirring for 1 h, 
water (50 c1n3) was added and the mixture extracted with 
benzene ( 1 0 0  cm3). The benzene layer was washed 
thoroughly with 10yo aqneous sodium chloride. 'The 
benzeiitl solution was dried (MgSO,), concentrated, and 
clironi~Lto,nraI-'l'ctl on aluniina (Brockniann Grade I). Only 
the bis-sulphitle mixture (13) yielded recognizable product, 
vjz.  clibenzo[t/p,nziz]naplitiiact.ne ( 1  00 mg, 1 O o ( , ) ,  similar in 
all dctnils to the sample obtainecl above. 

170-174 "C ( F O U I I ~ :  C ,  553.75; H, 4.85'x)); 8 (['HJ- 

I ,  1 l -Bis( l . lzel /~~Zt/ izo)[2.2](  1 ,8 )na~ / z t~~uZe . l zo~ /~ane  

111 .p. 166-170 O C ,  6 7 .8  (2 H, dd, Jal.a2 6, Jal,a3 2 Hz, HLiI), 

(15), 306 (40), 305 (70),  304 (30), 503 (25), 289 (%), 

1 3-ilIetIiyZt It io- 2- t lz ia [ 3,2] ( 1,8) nufitit hale nop / i  a we 

6b, 7-Dil1ydronaphtho[2,3-k]$uoranthcne (2 1)  .-(u) 1,8- 
Bis( triPhenq.lpliosplionioI~iethyl) naphthalene di bromide 
(10; K -= P+PR3Br-) (4.2 g, 0.005 mol) was stirred over- 
night in tetrahydrofuran (100 c1n3) with sodium hyclride 
(2 g of a FiOq/, suspension in oil) under nitrogen. Naphtha- 
lene-2,3-dicarbaltlehyde ( I  g, 0.005 mol) in tetrahydrofuran 
(50 cm3) was added and the mixture stirred for a further 1 h. 
Water was carefully added, the mixture was extracted with 
benzene, and the organic layer was washed with lo:/, 
sodium chloride solution and then dried (MgSO,), Con- 
centration of the solution was followed by chromatography 
on alumina (Brockniann Grade I)  using a gradient elution 
of  light petroleum (b.p. 4 0 - G O  "C) up to light petroleuni- 
bcnzene (4 : 1 v/v) wlien 6 b , S - d i h v d r o ~ z a ~ / ~ t h o [ 2 , 3 - l ~ ] ~ ~ ~ r a ~ z -  
tlzene (21) was eluted (100 mg, 6%). The fine yellow 
needles had m.p. 278-2280 "C (Found: C,, 94.7; H, 5 . 3 .  
C,,H,, requires C, 94.73; H, 5 . 2 6 ( x , ) ;  S 7.9-7.3 (13 H, m,  
Ar) ant1 4.5-3.0 ( 3  H, indistinct multiplet, -CH,-CH-) ; 
m / e  304 (SO(;{,, A ! ! ' ) ,  303 (YO), 302 (lOO), 277 (go), and 152 
( 2 0 ) ;  l,T,:lx. (EtOH) 437, 412, 377, 359, 333, 319, 300, 286.5, 
265, 255.5, and 227 nm (log E 3.44, 3.44, 4.09, 4.12, 4.51, 
4.25, 4.02, 4.17, 4.29, 4.32, antl 4.40). The hydrocarbon 
tlissolved slowly in concentrated sulphuric acid to give a 
deep retl solution with green fluorescence. 

The structurv of this hydrocarbon was confirinetl by tle- 
hydrogenation with 2,3-dicliloro-5,6-clicyanobeiizo- 1,4- 
quinone (I )UQ) in boiling toluene to the known naphtho- 
[2,3-k]Auomnthene, 1n.p. 300--302 "C (lit. ,so 302-303 "C). 

h'enx[5,6]indeno[2,1 -a]p/~enalene (18).--'The dibroinicle 
( 1 0 ;  I< == P'Ph3Br-) (8 .4  g, 0.01 niol) and naphthalene- 
2,3-tlicarbaldehydc (2  g, 0.01 mol) in ethanol (75 m3) were 
atlclecl dropwise to a stirred solution o f  sotliuni ethoxide in 
ethanol (0 .6  ,n of  sodium metal in 100 cn13 of ethanol) under 
nitrogen. 'llie reaction mixture was stirred for a further 
1 11, filtered, and the residue dissolved in a niinimum of 
benzene and chromatographed on alumina (Brockniaiin 
Grade I) using a gradient elution of light petroleum fb.p. 
40-60 "C) up to light petroleum-benzene (4 : 1 v/v), when 
a red hydrocarbon was eluted. The red coloured fractions 
were combined and the solvent evaporated. Crystallization 
from light petroleuni-benzene ( 1  : 1 v/v) gave benz[5,6]- 
incl'eizo[2,1-a]phenalene (18) as retl flakes with a coppery 
sheen, ni.p. 284-285 "C (clecomp.) (Found: C, 95.5; H, 
4.6. C,,H,, requires C, 95.36; H, 4.630/);  8 (CC1,) ('H 
F.T. spectrum on Varian XL 100 instrument) 8.21--7.33 
( i n ,  Ar); m/e 302 (20%, AT+), 165 (30),  151 (74), and 
132 (100); A,,,,. (benzene) 558, 518, 485, 450, 400, 381, 360, 
336, 306, and 282.5 nm (log E 3.90, 4.18, 4.18, 4.00, 4.05, 
4.1 0, 3.96, 4.38, ancl 4.66).  Tlie hydrocarbon dissolved in 
concentrated sulpliuric acid to give a green solution froin 
whicli the original hydrocarbon could be regained by 
dilution with water. 

( b )  The bis-sulphide (6) (3.7 g, 0.01 mol) was stirred in dry 
tetrahydrofuran under nitrogen a t  0 "C. n-Butyl-lithium 
in tetrahydrofuran [from l-broniobutane (3 an3) and 
lithium metal (0 .5  g)] was added slowly to give a black 
solution. After stirring for 0 . 5  h, iodomethane ( 5  a n 3 ,  
excess) was added followed by water (100 cm3). Extraction 
with dichlorometliane followed by washing with water, 
drying (MgSO,), and removal of solvent left a yellow oil as a 
mixture of isomers represented by (14) (3.5 g, 880/,). 

This oil was further metliylated with dimethoxycarboniuni 
tetraff uoroborate using the standard method. Treatment 
of the solid. residue with sodium ethoxide in ethanol and 
tetrahydrofuran according to the method used for the other 
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sulphonium salts and similar work-up yielded a red hydro- 
carbon (10 nig, 0 . 3 % )  which was identical with the sample 
of benz[5,6jindeno[2, l -a lphenalene  as prepared by the 
Lt‘ittig reaction. 

Lye thank the Carnegie Trust for the Liniversities of 
Scotland (1 .  ’r. S ) and the S.K.C. (C. 11. T.) for research 
studentships. 
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