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Absbwt 1-Bromo-3,4~ydmnapbthalene-2-carkal&hyde 2 has been converted by three methods, each mvolvmg 
halogen-mti exchange and palWum(O) catelysed cmss cmphng, mtoN,Akbmeihylhydramnes of I-aryl- and l-vmyl- 
3P~ydronaphtbalene&carboxaldehydes The N,hWmetbylhydnwne 10 of the aldehyde 2 undergoes effkent 
bromme-l&mm exchange with butylllthmm, as does 2-bromobenzaldehyde N,fV-dmtethylhydraxone 17 The 
dunethylhydrazooes of l-vmyl-3,4-d1hydmm@tW~2~ ydesweTenotlsoWedbut undeawentelectmcycbc 
nng closure followed by loss of dunethylamme m solution to gwe 5,6d1hydrobenzv]1soqumolmes l-Alyl-3,4- 
~ydmnaphthalene2arboxekiehyde NNdmWhylhydraz.o~~~ also cychsed m the same way when subjected to vapoor 
phase wrolys= 

Examples of the formation of 1.2~bhydmpyndmes Corn I-azamenes (Scheme 1) have been known smce 
the early part of this century 2 From the 1970’s Kametam and his co-workers mveshgated reactions of this type 
as a step m the synthesis of isoqumohne alkalo1dd and a pyrolyuc mute to simple 1-acyl- 1 ,Zdthydropyndtne~ 
from transient IV-acyl- 1-axatnenes was dmzovered by Wyle and Fowler4 More recently Okamum and 
colleagues have described the formahon of dthydropyndtnes by cychsanon of unmes derived from polyemc 
aldehydes 576 

Scheme 1 

The cychsatton shown m Scheme 1 can pmceed further to gwe fully aromahc pyndmes if there 1s a leavmg 
group attached ather to C-2 or to mtrogen Several reactions have been described m which oxl~llts or oxnne 
ethers have been cychsed to pyndmes The first deuuled study of such a process was CBnned out by Scmess and 
co-workers.7 They showed that the oxune 1 cycled m&ly in soluhon to @ve tetrahydmisoquinoline (Scheme 
2) and they estabhshed by damium labellmg experh?&s that cychsatmn was the rate de&mmmgstep. An 
analogous -on was used by Oppolxer and co-workers as a route to rsoqumolines from oquin&imemanes * 
‘Them have been several more recent examples of the use of the eketmcychc Mg closure of oximes and oxime 
ethers as a method of synthesis of qumohnes and other fased pyridmes 9 A related process has been used by 
Bdcm and Galmdo to synthes~se alkylpyraxmes.lo 
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mGH-aGH-a 

1 
Scheme 2 

We have explored the use of the electrocycbc Mg closure of conJugated menes as a method of synthes~, of 
phenanthmne denvauves, mcludmg some compounds related to estrone 11 We were mtemsted m applymg the 
same methodology to the synthesw of aromaac axasteroids l2 Prehmmary expernnents were based on the use of 
axamenes derived from 1-~~3,~ydronaphthalena2carboxal2 smce thrs 1s maddy avadable from 
a-tetralone and rt had been succesfully used m the earber work to delmeate the scope of the reaction 

The cychsauons we have explored have all been based on the use of aldehyde Nfl&methylhydrazones 
rather than om. It IS well estabbshed that the dnnethylhydrazono group 1s much less electrophrbc at carbon 
than the carbonyl group, mdeed dunethylhydrazones sometimes react as If the polanty were reversed It 
therefore seemed possrble to us that dnuethylhydrazones mtght closely resemble theta all carbon counterparts m 
the electrocychsauon teacoons In the earlier work palladnuncatalysed cross couplmg mactions were used to 
construct tbe precursors Another reason for usmg the dunethylhydrazono group m the present work was that, 
owmg to us reduced polarity, it offered greater potenhal for constructtng the precursors by metallauon macuons 

Results 
Pallahm(0) cmlysed couplvtg reactwns of the bromoalde&ie 2 The first appmach to the prepamuon of 

azatnenes stutable for cychsauon was based on the mplacement of the bromtue m the bmmoaldehyde 2 by a vmyl 
or an aryl group Compound 2 was used as the electrophde m palladmm(0) catalysed cross-couplmg reacttons 
wrth vmyl- or aryl-zmc hahdes 

Reacuon of Ztienylzmc bromtde with the bromoaldehyde 2. in the presence of 4 mol% 
tetr&s(tnphenylphosphme)palladnuu(O), gave the coupled product 3 m 67% yield after flash chromatography 
(Scheme 3) The palhnhum(0) coupbng macuon of 1-(tmnethylsdylethenyl)z.mc bronude wuh the 
bromoaldehyde 2 also pmceeded smoothly, the coupled product 4 bemg obtatned m 62% yield after flash 
chromatography together with some unmatted bromoaklehyde (18%). 

Br R 
CHO CHO 

1 

2 

1, RZnBr, Pd(PPh& 

Scheme 3 

The couplmg reacuon of 1-@henylethenyl)zmc bronnde wtth the bromoaldehyde 2 was not so successful 
Following the method of Overman et al, 13 1-phenylethenylhtluum was generated by the macuon of u- 
bromostyrene wnh tert-butylhthnuu 111 THF at -78 oC for 40 nunutes Zmc bronude was added at -20 oC to 
effect transmetallauon to the organozmc denvauve and the bromoaldehyde 2 and paUadmm catalyst were then 
added The mtxture was heated under reflux no THF and the progtess of the reachon was momtomd by tic After 
3 hours the bromoaldehyde mmamed as the maJor component The reactron was contmued for a further 39 
hours, unreacted bromoaldehyde was isolated by flash chromatography m 44% yield together wtth a polar 
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component (29%) wtih was &MM as compound 5 on the basis of its spectra A possible exption for 
the formation of the ketone 5 IS that the expected coupled product 6 1s formed but then undergoes a cychsation 
xeachon (Scheme 4) 

H+_&OH_&O 
6 

Scheme 4 

5 

Reactron of aldehydes 3 and 4 with N,N-dimethylhydrazme The method used by Potts and Walsh for the 
pxeption of furan-2-carboxaldehyde N,N&methylhydrazone@ was employed to prepare the N,N- 
dunethylhydrazone of the thlenyl aldehyde 3. An equunolar nnxhue of the aldehyde 3 and 1 .l- 
dunethylhydravne was heated m toluene under reflux for 12 hours m the presence of an acid catalyst. TILT gave 
the desued product 7 m 90% yield as a yellow sohd. Under the same condmons the -on of the aldehyde 4 
with 1,ldunethylhydrazme yielded a yellow waxy sohd (55%) which was identdied as the 
tiydrobenzlsoqumolme 8 on the basis of its 1H nmr spectrum ‘IIns shows two smglets at 6 8.46 and 6 8 70 
chamctenst~. of protons attached to a pyndme rmg It appears, therefore, that m bo&ng toluene the N,N- 
dunethylhydrazone of the aldehyde 4 undergoes electrocychc nng closure and ehmmanon of dunethylamme to 
affoti the fused pyndme 8 (Scheme 5) 

Me$l Y 

Scheme 5 

8 

The &hydrobenzlscqnnohne 9 became the major product when the reacuon nnxture was heated under 
reflux for longer periods (greater than 16 hours). This compound was also isolated as the mayor product (45%) 
after only 45 mmutes when the reaction of the tiehyde 4 ~rlth dunethylhydrazure was camed out 111 boding 
ethanol, the protic solvent obwously promoting the desdylahon step. 

An attempt was also made to pnpare the oxnne of the aldehyde 4 When the aldehyde was treated m 
ethanol with hydroxylamme at room temperature a new product a- (by tic) after 5 mm&s. After 2 hours 
the reachon had gone to completion and the dihydrobemsoqumoline 8 was isolated m 68% yreld It appears that 
the oxune cychses at least as Mly as the dunethylhydrazone. 
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The question arises as to whether the e&pe of the cycllsatlons of the N@dunethylhydrazune and the alum 
derived from the aldehyde 4 are tiuenced by the presence of the tmnethylsdyl group. If the cychmon -on 
1s represented as a nucleopmc attack by the unme mtrogen on the c&on-carbon double bond the ab&y of 
s&con to stab&e a-carbamons wdl favour the process. However, subsequent examples of the cychsafion, 
described below, have led us to conclude that tis subshtuent does not have a slgmficant effect on the rate of 
cychsation 

Palladwm(0) catalysed coupbng reactwns usrng the dunethylhydazone 10 of I-bromo-3,4- 
&hydronaphthalene-2-carboxaldehyd? as the electrophdrc component The bromoakiehyde 2 was convicted mto 
its Nfldnnetbylhydrazone 10 m high yield by rea&on ~nth l.l-dunethylhydrazme m dlchloromethane at mom 
temperature (It was found that If the reacaon was camed out m toluene under xeflux for 16 hours the product 
was mstead naphthalene-2carboxaldehyde dnnethylhytie, which 1s presumably formed by 
dehydrobrommation of compound 10) 

2-Thtenylzmc chlonde was generated in sttu fmm treatment of 2-tienylbthmm unth zmc chlonde at 
-20 oC, and tlus was coupled successfully Hrlth the bromohydrazone 10 m the presence of Pd(PPh3)d It was 
necessary to heat the reactron nuxture m THP under reflux for 16 hours to effect total convcrslon. The coupled 
product 7 was isolated m 85% ylela after flash chromatography. 2-Purylz~nc chlonde and phenylzmc chloride, 
prepared from 24iuyll1duum and phenylhthmm respectwely, smularly gave the coupled products 11(68%) and 
12 (41%) The couplmg reaction of I-@henylethenyl)zmc chlonde and the bromohydrazone 10 produced the 
tiydrobenzlsoqumohne 13 (27%) which obviously results from cychsahon of the mm 
dunethylhydramne and aromaUsaQon under the -on cotitions 

Br 

10 # ~=;;uryl 13 
= 

Palladwn(0) catalysed couphng reachons using the dmethylhydrazone 10 of I-bromo-3,4- 
drhydronaphthalene-2-carboxaldehyde as the nucleophdrc component We attnbuted the low yields obtamed m 
some of the above palladmm(0) couplmg reachons to the mcomplete forma&on or mstatity of the organozmc 
species mvolved This prompted us to mvesfigate the posslbdlty of usmg the bromohydrazone 10 as the 
nucleoplllllc component m couphng machons vvlth vmyl, aryl and hetemaryl hahdes We thus requued a means 
of converbng the bromohydmzone 10 into a suttable organometallic reagent. An obvious solution was to attempt 
the bromme-htluum exchange rea&on of the bromohydrazone 10 and to then effect transmetallation to the 
chloro~ species by treatment v&h zmc chlonde (Scheme 6) 

ZnCl R 

I, t-Bti or BuL1, ZnCl2; u, RX, Pd(PPh& 

Scheme 6 
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To our knowledge no bromme-bthmm exchange reactions of bbromo-u$-unsaturated aldehyde NN 
dunethylhydraxones, nor of aromatic o-bromoaldehyde dunethylhydraxones, have been reported. It seemed 
bkely that such macttons would be much more favoutable than for the analogous bromoaklehydes, however 
Nucleophtlic attack by an alkylhthmm reagent is less likely to occur at the C=N bond and the product of bmmme- 
btluum exchange could be stabthsed by -on of the lttluum wtth the lone pan on tlte nnme mtrogen atom 
In an analogous reaction Baker and Coates showed that 2bromocyclohexene 1-N,N-duuethykarboxamide 14 
underwent efficient bromme-htlnum exchange when reacted with tea-butylbthuun at -75 Oc 15 We therefore 
applied these condmons to the taomohydrazone 10 and found that the exchange &d occur, 3,4- 
&hydmnaphtbalene-2-carboxaldehyde N,N-dunethylhydramne 15 berg formed as the only product (by IH 
nmr) after an aqueous workup. The bmmme-hthmm exchange reachon worked equally well when butylhthmm 
was used, m contrast to the work of Baker and Coates who obtained products m lower ytelds 15 

Havmg generated the organohthmm mterm~te. we carried out a metal exchange reaction by addmg a 
soluuon of xmc chloride. Palhuhum couphng reactions were then mvesttgated wtth a range of organic halides 
With mdobenxene as the electrophrhc component the three-step sequence from the bromohydraxone 10 to the 
hydraxone 12 went m 79% yield 

As expected from pmvtous approaches, vmybc hahdes gave fused pyndmes dnectly firorn the couplmg 
reacuon. The dthydrobenxt~umolme 13 was obtamed (35%) by reacuon vvlth a-bromostyrene When Q-2- 
@romoetbenyl)mmethyl&ne was employed as the electrophrle the drhydmbenzlsoqumolme 9 was obtamed m 
82% ytekh thts mdrcates that the posmon of the tnmethylsdyl substuuent has little influence on the rate of 
cychsauon of the mmrmedtate hydraxones. Because the tnmethylsllyl group is absent from the final product 9 
the mmethylsilyl group must be lost in the aromausauon step in preference to a proton 

5,6-DihydrobenxV]tsoqumolme 9 is a known compound, l6 Vander Don& and co-workers have also 
reported the 1H nmr spectrum of benxv]isoqumolme m a study of the spectra of axa-aromattc compounds 17 
They observe that m such compounds the tutrogen atom has a deshiekbng effect on ortho. para. pen and angular 
protons and a shielding effect on metu protons The 1H nmr spectrum of the cychsed product 9 1s conststent wnh 
the hterature data for the fully aromatic compound, the two hydrogens ortho to the pyndme mtrogen resonaung as 
a broad smglet at 6 8.48 and the mera hydrogen appearing as a doublet at 6 7 54 

Although this couplmg procedure proved to be more efllctent than the previous approaches a &sappomung 
result was that obtained wtth 3-bromo-2-methylcyclopent-2-enone as the electrophrle The malor product (57%) 
m tlus case was 3,4-Qhydronaphthalene-2-carboxaldehyde NJV-dunetbylhydrazone 15, the hydrolysis product 
of the hthio mtermedtate. The coupled product 16 was isolated only m low yield (12%), tt was identified by 
mass spectrometry and from tts 1H mm spectrum A possible explanation IS that for stenc reasons the coupling 
step is inhibited or is very slow 

0 

CI Me 

14 15 16 

A bnef mveshgauon of an analogous reactton sequent starttrig from 2bromobenxaldehyde N,N- 
dnnetbylhydraxone 17 was also camed out, m order to extend the scope of the metallauon and coupling 
reacuons. The dunethylbydmxone was converted mto the chloropne spccxs 18 by teactton wtth butylbthunn 
followed by xmc chloride and this was coupled wtth two bmmoalkenes, (E)-2-@romoethenyl)mmethylsrlane and 
3-bromo-2-methylcyclopent-2-en- l-one, to gave the &methylhydraxones 19 and 20 m good yield. 
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CH=NNMes 

17; X =Br 
18; X=znCl 

19 20 

Cychsafton of tk dmethyfhydrazones 7,11 and 12 The expenments have shown that the 
dunethylhydrazones bearmg a vmyl subsutuent at position 1 undergo the 6x-electrocyclic rmg closum under 
remarkably mild condrhons We therefore set out to mvestigate whether, and under what conditions. the 
hydraxones bearmg a phenyl, Zthtenyl and 2-fury1 group at the 1-positton could be mduced to cychse In these 
compounds the terminal carbon-carbon double bond of the 1-axatnene system IS part of an ammatrc rmg and thus 
rt was envtsaged that cychsauon would be much more drfficult to achieve The 1-(2-thtenyl)hydraxone 7 was 
mveshgated first. We dtscovered that when the compound was SubJected to flash vacuum pyrolysts at 650 Oc 
and 10-2 mmHg, a new polar product appeared The pyrolysrs product was rdentied as one of the isomenc 
threnasoqumolmes 21 or 22 on the basts of rts tH MU spectrum and other data. The charactenst~c resonances 
are an AB system wrth a couphng constant of 5 6 Hz, which is assignable to the two adJacent hydrogens on the 
fused throphene rmg, and a singlet at 6 8.61 typical of an a-proton of a pyndme nng 

If the reaction were concerted, wrth electrocychc nng closure bemg followed by aromausauon and 
spontaneous elimmation of duucthylamme, the product should be the thlemnsoqumohne 21 The possib&y of 
enher or both of the tsomers 21 and 22 berg formed emerges only if the mactton pmceeds vta an inml attack at 
the Zposruon of the thiophene nng to grve a sprro mtenmdtate, followed by reatrangement. rfthissecond 
reactron pathway were operating rt seems most hkely that a mtxtum of the two Isomers would result. From the 
1H nmr spectmm of the pymlysrs product rt was clear that there was only one threnorsoqumohne present and thus 
rt seemed more hkely that the concerted pathway was operatmg. A hteramre search for related compounds for 
whrch 1H nmr spectral data were avarlable revealed 6-ethylthreno[32-b]pyndine 23 and Sethylthreno[2,3- 
b]pyndme 24 as the closest analogues 18 The chemrcal shrfts of the threnyl hydrogens (6 7 60 and 6 7 72) and 
of the hydrogen attached to the pyndtne nng (6 8 61) of the pyrolysrs product were compared with the values for 
compounds 23 and 24 

21 22 23 24 

There IS a closer analogy wtth the hterature values for the [3.2-b] Isomer 23 than for those of the [2,3-b] 
isomer 24 m the spectrum of compound 24 the signal for the pyndyl hydrogen IS shrfted upfield, as IS that for 
H-3 Thus we conclude that the threnorsoqumolme 21 IS formed exclusrvely m the pyrolyas, and probably by a 
concerted mcchamsm. Attempts were made to effect the conversron under mdder condruons but these met wrth 
hmtted success When the dlmethylhydraxone was subjected to flash vacuum pymlysrs at a lower temperaure 
(500 oC) and 104 mmHg a 1.5 mrxture (by lH nmr) of starung dunethylhydraxone and thtenorsoqumolme 21 
was isolated_ Solutton pyrolysis either m bromobenxene or m xylene contaunng a catalytic quanuty of 4- 
toluenesulfomc acid resulted m httle conversion Ammorpeakwasobscrvedat6861mthenmrspectrumof 
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the crude pmduct, mdtcatmg the presence of about 5% of the product 21, but there was also evidence of much 
decomposmon 

In the pyrolysrs of the thmnylhydrazone 7 rt IS perhaps surpnsmg that the 6x-electrocychc rmg closum 
pmceeds rn preference to ehmtnatron of dunethylamme to give the correspondmg mtnle There are examples of 
ehmtnauon of dunethylamme from duncthylhydrazones durmg attempted cycloaddmons m borlmg xylene.19 
possibly the stenc crowdmg m compound 7 strongly favours the (E)-Isomer m whrch thts ehmmauon would be 
less accessible 

Pyrolysis of the 2furylhydrazone 11 was much less successful than for the thtenyl analogue because the 
compound drd not subhme very well A mass spectrum of the pyrolysrs pmduct was obtamed which mvcaled a 
molecular ton at m/z 221, charactensuc of loss of dunethylanune from the hydrazone 11 Thrs of COW could be 
assrgned either to the cychsed product 25 or to the mtnle which would result from 1,Zehmmauon of 
dlmethylamme from the drmethylhydrazone The lH nmr spectrum obtamed for the crude pyrolysate was mom 
consistent wnh the cychsed structure 25 An AB double doublet with a couphng constant of 2 2 Hz was clearly 
drstmgmshable and was atmbuted to the two fury1 protons, thrs couphng constant bemg typical for adjacent 
protons on srde b of a furan rmg A smglet at 8 8 35 was also observed and was assigned to the u-proton 
attached to the pyndme rmg, analogous to that of the thienoisoqumohne 21 

Flash vacuum pyrolysts of the I-phenyl-N,N&methylhydraxone I2 gave the bcnxophenanthndme 26 m 
62% yteld after punficahon by column chromatography The picrate of compound 26 has been prepared 
pmviously;~ the melhng pomt of tlus denvauve conelated well with that obtamed for the picrate of the pyrolysis 
Dl-OdUCt 

25 26 

Conclusrons 
The results estabhsh that NjV-dunethylhydraxones can be used as C=N components 111 electrocychc nng 

closure reacuons of 1-axamenes, these complement the reactions described m the hterature tn which oxunes or 
oxune ethers are used Even temunal phenyl, threnyl and fury1 groups can paructpate m tlus f%electron 
electrocychsahon process at elevated temperatures The duuethylhydrazono group has also been shown to allow 
bmmme-litluum exchange at an adJacent carbon atom, and this may be useful m expandmg the scope+ of the 
tea&on 

EXPERIMENTAL 

Genf?ml 
tH nmr spectra were recorded either on a Bruker AC 200 (200 MHz) or on a Brulcer AMX 400 (400 

MHz) spectrometer Multrphcmes are recorded as broad peaks (br). singlets(s), doublets(d), mplets(t), 
quartets(q) and muluplets(m) Infrared spectra were recorded either on a Perlon-Elmer 298 or on a Perlon-Elmer 
1720-X FIIR spectrometer Sohd samples were run as KBr discs or nuJo1 mulls as mdtcated, and hqmds as thm 
films Mass spectra were recorded on a VG nucromass 707OE as electron impact or cherrucal tomsauon spectra. 
Microanalyses were performed m the Umversrty of Liverpool Mtcroanalysrs Laboratory Meltmg pomts (mp ) 
were determmed on a Kofler block Flash column chromatography was camed out using Mackerey Nagel MN- 
Kreselgel60 and hand bellows or an au lme to supply the pressure to the column Thm layer chromatography 
(tic) was camed out on Merck 10 x 2 cm alummuun-backed plates with a 0 2 mm layer of Kreselgel60 F254. 
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I-Bromo-3,4-drhy~o~~~lene-2-carboxa~~~ 2. Dry DMP (150 g. 20.5 mmol) 111 dry 
dxhloromcthane (30 ml) was cooled to 0 Oc, and phosphorus mbro~de (165 ml, 17 5 mmol) was then added 
dropwrse. The mrxtme was strrred at 0 Oc for 1 h and a pale yellow suspensron was formed A solutron of 3,4- 
ddtydronaphthalene- 1 @k/)-one (0.90 ml, 6.77 mmol) in dry dtchlommeman e(25ml)wasthenaddedandthe 
nuxturewasheatedunderrefluxfor1h After~~gtoOoc,~~~umhydrogencarbonatewasadded 
slowly untd the effervescence had subs&d Extractton mto dichlomnnz&n e followed by drymg (MgS0.t) and 
evaporauon of the solvent gave a yellow od Flash column chromatography elutmg w~dt dtethyl ether-hght 
petroleum (1.9) gave I-bromo-3,4-d&&onaphthalene-2-carboxaldehy& l(l.24 g, 77%) as a yellow sohd, 
m p 42-43 oC (from ethanol) (lit_,11 42-44 oC), 6 (400 MHx, CDC13). 2 62 (2 H, t, J 8 0 Hz) and 2.83 (2 H, 
t, J 8.0 Hz) (3-H and 4-H). 7.19 (1 H, dd. J 8 1 and 14 Hz, 5-H). 7 26-7 38 (2 H, m, 6-H and 7-H), 7 89 (1 
H, dd, J 8.6 and 19 Hz, 8-H) and 10 25 (1 H, s, CHO), vmax (nuJo1) /cm-l 1670 (C=O), m/z 237.981 (W, 
25% Ct1Hg81BrG reqmres 237 982), 236 (26), 157 (13). 129 (76). 128 (100) and 127 (27). 

3,4-D~hydro-I-(2-threnyl)nophthalene-2-carboxakiehyde 3. Thqhene (0.40 ml, 5.0 mmol) was treated 
wrdr butylhthmm (135 & 4 10 ml, 5.54 mmol) and TMEDA (0 75 ml, 4 97 mmul) m THP (15 ml) at 20 Oc 
for 0 5 h. * 1 A THP soluhon of xmc bromide (8.40 mmol) was then added to the organohthmm mtcrme&ate at 
-20 Oc After sbrrmg the rmxture at -20 Oc for 1 h, a soluhon of Pd(PPh$q (0.23 g, 4 mol%) and l-bromo- 
3,4drhydronaphthalene-2-carboxaldehyde l(1 18 g, 4 98 mmol) m THP (25 ml) was added. The reactton 
nuxture was allowed to warm up to room temperatum and it was then heated under refhrx for 3 h Ammomum 
chlonde was then added and the mrxture was extracted wtth ethyl acetate, drred (MgSO4) and the solvent removed 
m vacua to afford the crude product as a yellow od Punficatton by flash column chromatography elutmg wtth 
dtethyl ether-hght petroleum (14) afforded 3,4-aihydro-I -(2-threnyl)naphthalene-2-carboxaldehyde 3 (0 80 g, 
67%) as a yellow sohd, m p 90-91 cC (from drchloromethane-hght petroleum) (Pound C, 75.0, H. 5 0. 
Ct5H120S reqmres C, 75 0, H, 5 0%), 6 (400 MHz, CDC13) 2.67-2 71 (2 H, m) and 2 87-2 91 (2 H, m) (3-H 
and 4-H). 7 10-7 20 (4 H, m, throphene 3-H and 4-H, 5-H and 6-H), 7 23-7 26 (1 H, m, 8-H), 7 31 (1 H, 
ddd, J 7 $7 2 and 12 Hz, 7-H). 7 52 (1 H, dd, J 5 1 and 1 1 Hz, throphene 5-H) and 9 79 (1 H, s. CYO), 
vmax (nuJo1) /cm-l 1655 (C=O), m/z 240 061 (W, 100% Cl~Ht203~S reqmres 240 061) 211(35) and 178 
(38) 

3.4Dthydro-1 -[(I ‘-mntethylsdyl)ethenyl]nophthalene-2-carboxuldehyde 4. Butylhduum (1 46 & 1 50 
ml, 2 19 mmol) was added dropwise to l-(mmethylstlyl)bromoethene (0 30 ml, 195 mmol) m dry THP at -78 
Oc 21 The mrxtute was surred at -78 Oc for 1 h to form the yellow organohthmm spectes and xmc chlortde (10 
3 3.0 ml, 3 0 mmol) was then added The resultmg soluuon was sbrred at -20 Oc for 1 h apd a soluoon 
contammg Pd(PPh& (0 09 g, 4 mol%) and I-bromo-3,khhydronaphthalene-2-carboxaldehyde 2 (0.45 g, 
190 mmol) in THP (20 ml) was then added. The reactron mucture was allowed to warm up to room temperature 
and tt was then heated under teflux for 16 h Aqueous ammonium chlonde was added and the nnxmre was 
extracted with ethyl acetate, drred (MgSG4) and the solvent moved in vacua to gave a brown orl Punfication by 
flash column chromatography elutmg wtth ethyl acetate-cyclohexane (1 19) gave 3,4-drhydro-Z-[I’- 
(trwnethylsrlyl)ethenyl]naphthalene-2-carbox&ehyde 4 (0 31 g. 62%) as a yellow od (Pound C, 74 95, H, 7 9 
Ct&ImOSr requnes C, 74 9. H. 7 9%). 8 (200 MHz; CDC13) 0.32 (9 H, S, vinyl-St&), 2 95-3 25 (4 H, m, 
3-H and 4-H). 6 14 (1 H, d, J 3.2 Hz, vmyl-CY). 6 35 (1 H, d, J 3 2 Hz, vmyl-Cm, 7 52-7 66 (4 H, m, 
aryl-C!J&) and 10.21 (1 H, s, CHO), vrnax (fil m ) / cm-t 1665 (C=O). 1605 and 1565, m/z 256 127 (W, 50% 
C1&Im@S1 requms 256 128). 183 (16) and 73 (100) 

1,2,4,S-Tetrahydro-l-phenylcyclopenta[a]naphthalen-3-one 5 To a soluhon of a-bromostymne (90% 
pure, 0 61 ml, 4 20 mmol) m dry THP (20 ml) at -78 Oc was added tert-butylhthium (170 g, 2 50 ml, 4 25 
mmol) dropwtse over 20 mm 13 The deep red soluhon was stmed for an addthonal20 mm at -78 Oc and a 
freshly prepared solutron of zmc brormde (6 48 mmol) was then added The reactton rmxture was warmed to -20 
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Oc and stmed for 1 h m the cold bath to provide a yellow solution. l-Bromo-3,4&ydronaphthalenc2- 
carboxaldehyde 2 (1.0 g. 4.22 mmol) and Pd(PPh& (0 20 g, 4 mol%) m THP (15 ml) were added and the 
nuxture was heated under reflux for 42 h Workup followed by flash column chromatography elubng ~rltb 
&ethyl ether-hght petroleum (1:9) gave the bromoaldehyde 2 (0 44 g, 44%) as the maJor component 

The ketone 5 (0.32 g, 29%) was also isolated as an orange od, 6 (200 MHz, C!DCl$ 172-2 53 (6 H, m, 
2-H. 4-H and 5-H). 3.76-3.82 (1 H, m, 1-H) and 6.25-6 81 (9 H. m), v, (film) /cm-t 1690 (c--O). It was 
further charactensed as its 2,4&utrophenylhyakwne, m.p. 261-264 Oc (from hght petroleum-ethyl acetate), 
m/z 440.148 (Jkf+, 100% C?5H2&04 reqmres 440 148). 258 (18). 242 (24). 217 (14) and 154 (13) 

3,4-D~hydro-l-(2-thienyl)naphthalene-2-car~ldehy& N,N&nethylhydrawne 7. (a) Preparatwnfiom 
3,4-&@‘ro-l-(2-thienyl)nophthahme-2-carboxal&hyde 3 A stured solution of 3,4&ydro-1-(2- 
duenyl)naphthalene-2-carboxaldehyde 3 (0 36 g, 1.50 mmol) m toluene (40 ml) contauung a catalec amount of 
Ctoluenesulfomc acid was treated with Ll~thylhydrazme (0.12 ml. 1.58 mmol) The solutmn was then 
heated under rcflux for 12 h and the water formed dunng the -on was removed m a Dean-Stark trap 
Evaporatmn of the solvent and flash column chromatography gave [~nth &ethyl ether-cyclohexane (l-9)] 
3,4-drhydro-I-(2-threnyl)naphthalene-2-carboxaldehyde N,N-drmethylhydrazon 7 (0 38 g, 90%) as a yellow 
sohd, mp 112-114 Oc (Pound: C, 72 3, H, 6 4, N, 9 9 Ct7Ht&$ reqmres C, 72 3, H, 6 4, N, 9.9%), 6 
@Xl MHz; CDC13) 2 77-2 88 (4 H, m, 3-H and 4-H), 2 83 (6 H, s. N&&X 6 88 (1 H, d with mfional 
sphttmg, J 7 0 Hz), 6.93 (1 H, d with &honal sphthng. J 3.4 Hz, thlophene 3-H). 7 05-7.11 (5 H, m), 7 10 
(1 H, s, CJJ=N), 7 16 (1 H, br d, J 7 0 Hz. 8-H) and 7 39 (1 H, dd, J 5 0 and 0.8 Hz, thlophene 5-H). v,,, 
(nujol) /cm-t 1587,1538 and 1258 cm -1, m/z 282 119 (kf+, 98% Ct7Ht8N2S requves 282 119) and 236 
(100%) 

(b) From I -bromo-3,4-d~hydronaphthalene-2-carboxaldehyde N,N-dunethylhydrazone 10. mophene 
(0 20 ml, 2 50 mmol) was converted mto 2-duenylhthmm by xeachon with butylhthnun (1.55 g, 1.80 ml, 2 79 
mmol)andTMEDA(0.4Oml,265mmol)mTHP(10ml)at2OOCforO5h Asolutionofzmcchlonde(10 
3 3.20 ml, 3 20 mmol) was added and the reaction nuxture was smred at -20 Oc for 1 h. A solution of 
Pd(PPh& (0 11 g, 4 mol%) and I-bromo-3,4-dlhydronaphthalene-2-carboxaldehyde Nfldunethylhydrazone 
10 (0 70 g, 2 51 mmol) in THF (10 ml) was then added The reaction nuxture was allowed to warm up to room 
temperature and it was then heated under reflux for 16 h Workup followed by flash chromatography elutmg 
with &ethyl ether-cyclohexane (1 9) gave the NJWmethylhydrazone 7 (0 60 g, 85%) 

5,6-Dlhydro-1 -(trunethylsrlyl)benz[f]bsoqurnolme 8 (a) From reachon of 4 with N,N-drmethylhydrazme 
To a stured solution of 3,4-~y~o-l-[l’(-tnmethyls~lyl)yl]naphthalene-2-c~~~dehy~ 4 (0 10 g. 0 39 
mmol) m dry toluene (10 ml) contammg a catalyhc quantity of 4-toluenesulfomc acid was added l,l- 
dunethylhydrazme (0 03 g, 0 50 mmol) The solution was then heated under reflux m an argon atmosphere for 3 
h usmg a Dean-Stark apparatus Removal of the solvent m vacua and flash column chromatography elutmg Hrlth 
ethyl acetate-cyclohexane (1 9) gave 5,6-drhydro-I-(trrmethylsrlyl)benz[f]uoqumoluae 8 (0.054 g, 55 %) as a 
pale yellow sohd, mp 94-96 OC (Pound C, 75 6, H, 7 7. N, 5 1 Ct6HtgNS1 reqmres C, 75 8, H, 7 6, N, 
5 5%), 6 (200 MHz, CDCl$, 0 32 (9 H, s, S&&), 2.71-2 87 (4 H, m. 5-H and 6-H), 7 26-7 36 (3 H, m), 
7 63-7.68 (1 H, m, H-10) and 8 46 (1 H, s) and 8 70 (1 H, s) (2-H and 4-H). m/z 253 129 (M+, 29% 
C1&i19NS1 requires 253 129). 238 (lOO), 222 (51). 208 (7) and 73 (6) 

Prolonged heatmg of 1, l-dunethylhydrazme v&h the aldehyde 4 (16 h) m toluene resulted m the formahon 
of 5,6-drhydrobenz[f]isoqlunolrne 9 as the maJor reaction product. The product was ldentlfied from its mass 
spectrum which was identical to that of a sample prepared via palladmm(0) couphng (see below), m/z 18 1 (M+, 
lOO%), 166 (9) and 152 (28). 

(b) From treatment of 4 with hydroxylmnrne hydrochlonde Hydroxylamme hydrochlonde (0 055 g, 0 79 
mmol) and banum carbanaa (0.65 g, 3 29 mmol) were added to a S~UKKI solution of 3,4&hydro- l- 
[( l’-tnmethylsdyl)ethenyl]naphthalene-2-carboxaldehyde 4 (0 17 g. 0 66 mmol) m dry ethanol (15 ml) ‘Ihe 
xesultmg mutaVe was allowed to stu at room temperam under an argon atmosphere for 2 h. The banum 
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carbonate was then filtered off and the solvent was removed m vucuo. The crude product was punfied by fhtah 
column chromatography elutmg with ethyl acetate-cyclohexane (19) to afford the benzizoqtunoline 8 (0 113 g, 
68%) as a yellow sold. 

I-Bromo-3,4-dahydronaphthalene-2-carboxaldehyok N,N-dunethylhydrazon 10 l-Bromo3,4- 
dthydronaphthalene-2-carboxaldehyde 2 (1.37 g. 5 76 mmol) was dissolved in dry &ethyl ether (30 ml) 
contamng a catalyhc amount of Ctoluenesulfomc acd 1.1~Diithylhydraxme (0.53 ml. 6.91 mmol) was 
added and the resultmg solution was stmed at room temperature under argon unul all of the aldehyde had 
d~sappeamd by tic analysts of the macuon muttme (3 h). Removal of the solvent rn vucuo followed by flash 
column chromatography elutmg with ethyl acetate-hght petroleum (1.9) gave I-bromo-3,4-dthydronaphthulene-2- 
curboxuldehyde N,N-dimethylhydrazone 10 (1.59 g, 99%) as a yellow oil (Found: C, 55 9, H, 5 4; N, 10 05 
C13H15BrN2 reqtures C, 55 9; H. 5 4; N, 10 0%); 6 (200 MHr CDCl3) 2 67 (4 H, s, 3-H and 4-H), 2 87 (6 
H, s, NM@), 6.93-7.05 (2 H, m, 5-H and 6-H), 7 10 (1 H, ddd, J 7.5.6.8 and 2.2 Hz, 7-H). 7 33 (1 H, S, 
CH=N) and 7.57 (1 H, d wuh addmonal splitting, J 7 5 Hz, 8-H); v - (CH$lZ) /cm-l 1583.1538 and 1477 
cm-l; m/z 278 041 (IV+, 68% C!13H1s%rNg requtres 278.042). 280 (M+, 68%). 199 (100) and 128 (64) 

Naphthakne-2-carboxal@yde N,N-dunethyl&irazonefrom I-bromo-3,4-&hydronaphthale~-2- 
carboxaldehyde 2 l-Bromo-3.4-dihydronaphthalene-2larboxal2 (1.84 g, 7.76 mmol) was dissolved 
111 dry toluene (40 ml) contammg a catalyuc quanuty of 4-toluenesulfomc acid l,l-DimethylhydraPne (0 70 ml, 
9.21 mmol) was then added and the resultmg soluuon was heated under &htx using a Dean-Stark trap for 16 h 
The solvent was removed m vucuo and the crude product was punfied by llash column chromatography elutmg 
with &ethyl ether-hght petroleum (1.9) to gtve naphthulene-2-cmboxaldehyde N,N&methylhydrawne (109 g, 
71%) as a yellow sohd, m p 71-72 Oc (from methanol) (ht..22 70-71 Oc) (PouruV C. 78 6. H, 7.1; N, 14 1 
Calc for C13H14N2 C. 78 8, H, 7 1; N, 14 l%), 6 (200 MHz; CDC13) 3 01 (6 H, s, N&&j, 7 36-7 47 (3 H, 
m), 7 74-7 81(4 H, m) and 7.91(1 H, dd, J 8 8 and 16 Hz), m/z 198 116 (M+. 100%. Calc for C13H14N2 
198.116). 183 (12), 168 (20) and 128 (25) The substance was identtcal to a sample prepared (89%) from 
naphthalene-2-carboxaldehyde and l,l-dm~thylhydrazme. 

3,4-Dihydro-I-(2-@ryl)naphthalene-2-carboxaldehyde NW&methylhydrazone 11. Furan (0 15 ml, 2 06 
mmol) was converted mto 2-furyll~thmm by reaction wnb butylhthmm (155 3 150 ml, 2 32 mmol) and 
TMEDA (0.30 ml, 1.99 mmol) m THF (10 ml) at 20 Oc for 0 5 h Zmc chlonde (10 Iv& 2 56 ml, 2 65 mmol) 
was added and the reactron nuxtum was stured at -20 Oc for 1 h. A soluuon of Fkl(PPh& (0 10 g. 4 mol%) and 
1-bromo-3.4-dthydronaphthalene-2-carboxaldehyde N,N+methylhydraxone 10 (0 57 g, 2 04 mmol) m THF 
(10 ml) was then added. The nuxtum was allowed to warm to mom temperatute and was then heated under 
mfhtx for 16 h Workup followed by flash cohrmn chromatography eluung with dtethyl ether-l@ petroleum 
(1.19) gave 3,4-d~hydro-l-(2-jioyl)naphthalene-2-carboxalde~& N,N&methylhydrazone ll(0.37 g, 68%) as 
an orange solid, m p 89-91 OC (Found C, 76 6, H. 6 8, N. 10 45 C17H18N20 reqmres C. 76 7, H, 6 8, N, 
10 5%). 6 (400 MHz; CDC13) 2 83 (4 H, s, 3-H and 4-H). 2 89 (6 H, s. N&), 6 39 (1 H, d, J 3.1 Hz, furan 
3-H). 6 51 (1 H, dd, J 3 1 and 19 Hz, furan 4-H), 6 84-6 87 (1 H, m), 7 08-7 17 (3 H, m). 7 25 (1 H, s, 
C.H=N) and 7 52 (1 H, d, J 15 Hz, furan 5-H), v,, (CH$lz) /cm-t 1541.1484 and 1472; m/z 266 142 (iIf+. 
100% Ct7HtgN2G requtres 266 142), 237 (29) 220 (43), 192 (38) and 165 (47) 

3,4-Dlhydro-I -phenylnaphthalene-2-carboxaldehyde N,N-dtmethylhydrawne 12 A sohmon of 
bromobenzene (0 14 ml, 133 mmol) and butylhthmm (146 g, 1.85 ml, 2 70 mmol) m drethyl ether (10 ml) 
was heated under reflux for 45 mm The yellow soluuon was then cooled to -20 Oc, zmc chloride (10 M. 2 0 
ml, 2 0 mmol) was added and the colourless soluuon was allowed to sttr m the cold bath for 1 h A solzon of 
1-bromo-3Pdrhydronaphthalene-2-carboxaldehyde N,N-tiethylhydrazone 10 (0 33 g. 1 18 mmol) and 
Pd(PPh& (0.05 g, 4 mol%) m THF (10 ml) was then added and the resulung solutton was heated under reflux 
for 16 h. Workup followed by flash column chromatography elutmg with ethyl acetate-l@ petroleum (1 19) 
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gave 3.4-dihydro-I-phenylnaphthalene-2-carboxalaWtyde NJWunethylhydrazone I.2 (0.13 g, 41 96) as a 
yellow sohd, mp. 70-72 Oc (Found: C, 82.8; H, 7.3; N. 10.1. ClgH2$I2 reqmres C. 82 6; H, 7 3; N, 
10 1%); 6 (200 MHz; CDC13) 2.76 (6 H, s, N&j). 2.80-2 97 (4 H, m, 3-H and 4-H). 6.66 (1 H, dd, J 7.4 
and 1 6 Hz), 6.91 (1 H, s, CII=N), 6.97-7.24 (5 H. m) and 7 34-7 46 (3H, m); vmax (nu~ol) /cm-l 1541, 
1481,1466 and 1455, m/z 276 163 (M+, 100% C19H2$J2 requues 276 163), 230 (90). 215 (20) and 202 
(22) 

5,6-Dahydro-I-phenylbenz[f]rFoqur~ll~ W. tert-Butylhthmm (170 &!I, 1.25 ml, 2.13 mmol) was added 
dropw~se to a solutton of freshly distilled a-bromostyrene (0 25 ml, 90% pure, 193 mtnol), m THF (10 ml) at 
-78 Oc. The deep red soluhon was stured at -78 Oc for 40 mm and zmc &lo&e (10 M. 2.90 ml, 2 90 mmol) 
was then added The resulhng pale yellow solution was stured at -20 Oc for 1 h, after which tune a solution of 
I-bromo-3,4d&ydronaphthalene-2-carboxaldehyde NiV~ethylhydrazone 10 (0 47 g, 168 mmol) and 
Pd(PPh& (0 08 g. 4 mol%) m THF (15 ml) was added The nuxture was then heated under reflux for 16 h 
Workup followed by column chromatography elutmg Hrlth &ethyl ether-cyclohexane (1 19) gave 5,6-drhydro-l- 
phenylbenz[f]lsoqurnolrne 13 (0 12 g, 27%) as a yellow sohd, m p 141-143 Oc, 6 (200 MHz, CDC13) 2 78- 
2 95 (4 H, m, 5-H and 6-H), 6.85-6.89 (2 H. m). 7 1 l-7 42 (5 H, m). 7 59-7.70 (2 H, m). 8 43 (1 H, s) and 
8 48 (1 H, s) (2-H and 4-H). m/z 257 121 (M+. 100% C19H15N reqmres 257 120). 242 (9). 183 (lo), 149 
(11) and 69 (18) The substance was further charactensed as its plcrute, a bright yellow sobd m.p 178-180 Oc 
(Found: C, 614; H, 3 7; N. 114 C25Ht8N4% reqtm-es C, 617, H, 3 7, N. 11.5%) 

Unreacted 1-bromo-3&hhydronaphthalene-2-carboxaldehyde NJV-dtmethylhydrazone 10 (0 27 g, 58%) 
was also Isolated from the couplmg reaction 

3,4-Dlhydronaphthalene-2-carboxaldehyde N,N-drmethylhydrazone 15 tert-Butylbthmm (1.70 3 0.80 
ml, 136 mmol) was added dropwlse to a soluhon of l-bmmo-3,4aydronaphtbalene-2-carboxaldehyde N,N- 
dunethylhydrazone 10 (0 17 g, 0 61 mmol) 111 dry THP (10 ml) at -78 Oc The deep orange soluhon was surred 
m the cold bath for 20 mm , and the amon was then quenched with &hlled water (10 ml). The solution was 
sti at -78 Oc for 5 mm. and was then allowed to warm up to room tempezahue. After 16 h, ammo~um 
chlonde was added and the nuxture was extracted with ethyl acetate, dr14 (MgSO4) and the solvent nzmoved m 
vacua Flash column chromatography eluhng with ethyl acetate-l@ petroleum (1:9) provided 
3,4-drhydronaphthalene-2-carboxuldehyde N,N-drmethylhydrawne 15 (0 11 g, 90%) as a yellow o& 6 (200 
MHz, CDC13) 2 61-2 70 (2 H, m) and 2 78-2 87 (2 H, m) (3-H and 4-H). 2 91 (6 H, s, N&&2), 6 46 (1 H, s, 
vmyl-El) and 7 02-7 15 (5 H. m) 

The reactton worked equally well when butylhthmm (155 M, 0 43 ml, 0 67 mmol) was used mstead of - 
ten-butylbthmm m the bromme-l&mm exchange step 

Palladuun(0) catalysed couphng reachons of the chlorozrnc mtermeokte denvedfiom 10 with orgatuc haluies 
General procedure 

1-Bromo-3,4-dhydronaphthalene-2-caA)oxaldehyde N,N&methylhydrazone 10 (0 29 g, 1.04 mmol) was 
converted mto its 1-l&no denvative by reachon with tert-butylhthmm (170 $135 ml, 2 30 mmol) 111 THF (10 
ml) at -78 OC for 20 mm Zmc chlonde (10 g, 156 ml, 156 mmol) was then added and the nuxture was 
stured at -20 Oc for 1 h in order to effect the fomon of the chlorozmc m-ate. Pd(PPh& (0.05 g, 4 
mol%) and the appropriate electrophde (104 mmol) were then added together m THF (10 ml) The reactton 
rmxhntz. was then aLlowed to warm up to room temperature and it was heated under reflux for 16 h Workup was 
followed by punficahon of the crude product by flash column chromatography 

3.4-Dlhydro-I-phenylnaphthalene-2-carboxaldehyde NiV-dunethylhydrazone I.2 Reaction with 
lodobenzene as the electrophlle gave 3.4~tiydro-1-phenyl-naphthalene-2-carboxaldehyde N,N- 
dnnethylhydrazone 12 (0 23 g. 79%) after punficahon by flash column chromatography [ethyl acetate-hght 
petroleum (1 19)] 
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S,6-Dahydro-l-phenylbenz[flrsogurnolme l3 Reaction with a-bmmostyrene as the electrophde gave 3,4- 
&hydro-1-phenylbenzV]lsoqumolme 13 (0.09 g, 35%) after punfiction by flash column chromatography [ethyl 
acetate-cyclohexane (3:2)] 3.4-Dhydronaphthalene-2-carboxaldehyde N,N-dunethylhydrazone 15 (0 08 g. 
40%) was also isolated from the reachon nuxture 

5,6-D~hydrobenz[f]~~soqurnolrne 9. Reachon with (f?)-2-(bromoethenyl)tnmethylsdane as the electrophde 
gave 5,6-drh~o~nzif]~soqurnokne 9 (0 15 g, 82%) as a yellow oil after punficahon by flash column 
chromatography [ethyl acetate-cyclohexane (1*4)1.6 (200 MHz. CDCl3) 2.73-3 17 (4 H, m, 5-H and 6-H). 
7 14-7 30 (3 H, m, 7-H. 8-H and 9-H). 7 50 (1 H. d, J 5.4 Hz, 1-H). 7.67 (1 H. d wltb additional @tang. J 
7 2 Hz, 10-H) and 8 37 (2 H, br s, 2-H and 4-H); m/z 181.089 (IV+, 100% C13HllN requires 181089), 166 
(lo), 152 (28) and 76 (11) The pacrate of 9 was obtamed as a yellow sobd, mp 211-213 Oc (ht ,t6 210- 
21 1 Oc) when the fused pymlme 9 was treated with ~UXIC acid m ethanol 

3,4-D~hydro-l-(2-methyl-I-oxo~clopent-2-en-3-yl)Mphthalene-2-carbo~~hyde N,N- 
&nethylhydrazone 16 Reachon with 3-bromo-2-methylcyclopent-2-en-l-one as the electrophde produced 3,4- 
drhydro-l-(2-methyl-l-oxocyclopent-2-en-3-yl)naphthalene-2-carboxaldehyde N,N-dunethylhydrazone 16 (0 04 
g, 12%) as a yellow oil after ptmficafion by flash column chromatography [ethyl aceta~clohexane (1:19)], 6 
(200 MHz; CDC13) 165 (3 H. s with small sphthng, Me), 2.44-2 66 (4 H, m), 2 75-2 95 (4 H. m), 2 92 (6 H, 
s, N&.&j, 6.72-6.83 (2 H, m) and 7 10-7 25 (3 H, m). v,, (film) /cm-t 1700 (C=O) and 1640 (C=C); m/z 
294 173 (IV+, 43% C19H22N20 reqmres 294 173), 265 (lOO), 222 (25), 165 (16) and 59 (32). 

Flash vacuum pyrolysrs of 1 -a#- and I Aeteroaryl-NJV-drmethylhydrazones General procedure 
The hydrazone was subjected to flash vacuum pymlysls (650 Oc, 10-Z mmHg) over a penod of 

approximately 4 h The sobd was allowed to sublime under vacuum through a heated s&a tube (20 cm) onto a 
glass finger cooled with bqmd mtmgen The pyrolysate was then extracted off the cold finger v&h 
&chloromethane, the solvent was removed u) vacua, and the prckluct was punfied by flash column 
chromatography 

Threnol23-albenzlfllsoqurnohne 21. pyrolysis of 3,mydro-1-(2-duenyl)naphthalene-2- 
carboxaldehyde N,N-dunethylhydrazone 7 (0 15 g, 0 53 mmol) gave threno[2,3-a]benz[f]rsowtwline 21 
(0 085 g, 68%) as a brown od after flash column chromatography [ethyl acetate-cyclohexane (1. l)], 6 (400 MHz, 
CDC13) 2 89-2 93 (2 H, m) and 2 96-3 00 (2 H, m) (6-H and 7-H). 7 35 (1 H, dd, J 7 5 and 2 0 Hz, 8-H), 
737(1H,ddd,J75,7Oand1OHz,9-H),745(1H,ddd,J75,7Oand2OHz,10-H),760(1H,d,J56 
Hz, 2-H). 7.72 (1 H, d, J 5 6 Hz, 3-H), 8 27 (1 H, dd, J 7 5 and 10 Hz, 1 l-H), and 8 61 (1 H, s, 5-H), 
v,,,~ (CH$l$ /cm-t 1658.1605, 1572, 1559, 1537.1501 and 1486; m/z 237.060 (IV+, 100% Ct5HttNS 
re~lures 237.061). 222 (7). 208 (9), 165 (a), 118 (7), and 104 (6) The pwute of 21, mp 234-236 Oc (fi-om 
2-methoxyethanol) was prepared by its reaction with picnc acid in ethanol (Found. C, 53 9, H, 3 0; N, 12 0 
q1H14N407S reqmres C, 54 1. H. 3 0, N, 12 0%) 

When the hydrazone 7 was subjected to flash vacuum pyrolysis at 500 Oc and lOA mmHg , a 15 nuxhue 
of hydrazone 7 and cychsed product 21 (by 1H nmr) resulted 

Furo[2,3-a]benz[f]lsoqurnolrne 25 The pymlys~s of 3,4-Wydm-l-(2-furyl)naphthalene-2- 
carboxaldehyde NWdmethylhydrazone ll(O.025 g, 0 09 mmol) was less successful than that of the duenyl 
analogue 7 as the compound &d not sublune very well The crude product (0 04 g), which appeared to contam 
fiiro[2,3-a]benzv]iscqmnohne 25, was obtamed as a green od, 6 (Zoo MHz, CDC13) 3 05-3 16 (2 H, m) and 
3 21-3 30 (2 H, m) (6-H and 7-H), 7.21-7 27 (2 H, m), 7 37-7 44 (2 H, m). 7 61-7 66 (1 H, dd, J 6 2 and 
3 0 Hz), 7 97 (1 H, d, J 2 2 Hz) and 8 35 (1 H, s, 5-H); m/z 221084 (M+, 100% ClsHllNO reqlllres 
221084). 192 (72), 181 (ll), 165 (37) and 95 (21) 
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7,g-Dihydrobenwlklp~~t~~ 26. Pyrolysis of 3,4d&ydro-1-phenylnaphthalene-2-carboxaldehyde 
ZV,N-dtmethylhydrazone 12 (0 15 g. 0.54 mmol) gave 7,8-d~hydrobenzolk]phenanthrtdme 26 (0 09 g. 62%) as 
a yellow od after flash column chromatography [ethyl acetatecyclohexane (1.4)], 6 (uxl MHz; CDC13) 2 81- 
2 94 (4 H, m, 7-H and 8-H). 7 34-7 40 (3 H, m), 7 53 (1 H, 2 overlappmg dd, J 6.8 and 15 Hz), 7 66 (1 H, 
2 overlapping dd, J 6 8 and 1.5 Hz), 7 93-7 98 (1 H, m), 8 14 (1 H, dd. J 8 5 and 14 Hz), 8 47 (1 H, dd, .I 
8 5 and 1.4 HZ) and 8 80 (1 H, S, 6-H), Vma (CH2Q) /cm-t 1569,1558,1504 and 1487, III/Z 231 105 (iI4+, 
100% C17H13N reqmres 231 105). 216 (10). 202 (25) and 101 (15) Theprcrate of 26, m p 268-270 OC 
(l~t_,~ 270 OC!) was obtained as a yellow sohd when compound 26 was treated unth plcnc acid m ethanol 
(Found. C, 59.9, H, 3.5; N, 12.2 Calc. for C23H&Q@’ C, 60 0. H. 3 5, N, 12 2%) 

2-Bromobenzaldehyde N,N-dtmethyltqfrazone 17 A soluuon of 2-bromobenzaldehyde (3 15 g. 17 0 
mmol) and Ll-dunetbylhydrazme (1.40 ml, 18 4 mmol) m dry toluene (25 ml) contammg a few crystals of 
toluene&ulfomc actd was heated under reflux for 16 h, usmg a Dean and Stark trap to remove water Th~s 
gave the dunethyfhydrazone 17 (3.14 g, 81%) as a colourless oil (Found C, 47.6, H, 4 9, N, 12 4. 
QHttBrN2 reqmres C, 47.6, H, 4 9; N, 12.3%), 6 (200 MHz, CDC13) 3 02 (6 H, s, NMQ). 7.05 (1 H, ddd, J 
7.9.7 2 and 16 Hz, 5-H), 7.24 (1 H, ddd, .I 7 9,7 2 and 11 Hz, 4-H), 7 45 (1 H, s, Ca=N), 7.50 (1 H, dd, 
579andl.lHz,6-H)and79O(lH,dd,J79and16Hz,3-H);v mm (film) /cm-l 1572.1548 and 1462, 
m/z 228 009 (M+, 68% CgHll*lBrN2 reqmres 228 009). 226 (69), 147 (88 and 132 (100) 

Palla&m(O) catalysed couphng reactwns of the chlorozrnc mtenneokte 18 wrth vrnyl bromuks General 
proceakre 

2-Bromobenzaldehyde N,N&methylhydrazone 17 (0 26 g, 1 15 mmol) was converted mto Its 2- 
htluo denvmve by reaction wltb butylbthmm (146 3 0 90 ml, 13 1 mmol) m THF (15 ml) at -78 oC for 20 
mm Zmc chlonde (10 g, 1.75 ml, 1.75 mmol) was then added and the mtxture was stmed at -20 Oc for 1 h, 
m order to effect the fomtion of the chlorozmc mtemate 18 Pd(PPh& (0 05 g. 4 mo18) and the 
appmpnate electrophlle (1 15 mmol) were then added together 111 THF (15 ml) The reacaon nuxture was 
allowed to warm up to room temperature and it was then heated under reflux for 16 h Workup was followed by 
punficafion of the crude product by flash column chromatography 

2-[@)-2-(Trunethylsrlyl)ethenyl]benzaldehyde N,N-drmethylhydrazone 19 Reaction with (E)-2- 
@romovmyl)mmethyls&ne as the eleclmphde gave 2-[(E)-2-(tnmethyls~lyl)ethenyl]benz~~hy~ N,N- 
aknethylhydrazone 19 (0 22 g, 79%) as a yellow ml after purdicahon by flash column chromatography [ethyl 
acetate-cyclohexane (1 19)], (Found C, 68 2, H, 9 0, N, 115. C14HzN2S’ reqmres C, 68 2, H, 9 0, N, 
114%), 6 [2OO MHz, (CD3)2COlO 16 (9 H, s, St&$, 2 95 (6 H, s, NM&, 6.37 (1 H. d. J 19 0 Hz, AB), 
7 14-7 25 (2 H, m), 7 50 (1 H. d, J 19 0 Hz, AB), 7 45-7 54 (2 H, m) and 7 68-7 73 (1 H, m), v,, (film) 
/cm-l 1574,1551.1467 and 1443, m/z 246 156 (M+, 2 5% CI~H~~N~~*SI reqmres 246 155), 173 (lOO), 
130 (21) and 73 (51) 

2-(2Methyl-I-oxocyclopent-2-en-3-yl)benzaldehyde N,N-drmethylhydrazone 20 R-on with 3- 
bromo-2-methylcyclopent-2-en-l-one as the electroplule gave 2-(2-methyl-I-oxocyclopent-2-en-3- 
yl)benzaldehyde N,N-drmethylhydrazone 20 (0 16 g, 59%) as a red-brown ml after punficauon by flash column 
chromatography [ethyl acetak-cyclohexane (14)], 6 (200 MHz, CDC13) 161(3 H, s with small couplmg J < 
10 Hz, Me), 2 54-2 59 (2 H, m), 2 81-2 87 (2 H. m), 2 92 (6 H, s, N&j&$, 6 96 (1 H, s, CH=N), 7 10 (1 H, 
dd, J 7 1 and 2 0 Hz), 7 23-7 39 (2 H, m) and 7 92 (1 H, dd, J 7 7 and 16 Hz), v, /cm-l 1701 (C=O), 
1638.1573 and 1551, m/z 242 142 (M+, 13% C15Ht8N20 requires 242 142). 171 (67), 156 (43), 141 (20). 
115 (21) and 59 (100) 
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