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Abstract 1-Bromo-3,4-dihydronaphthalene-2-carboxaldehyde 2 has been converted by three methods, each mvolving
halogen-metal exchange and paltadium(0) catalysed cross coupling, to N,N-dimethylhydrazones of 1-aryl- and 1-vinyl-
3.4-dihydronaphthalene-2-carboxaldehydes The N ,N-dimethylhydrazone 10 of the aldehyde 2 undergoes efficient
bromine-lithium exchange with butyllithium, as does 2-bromobenzaldehyde N .N-dimethylhydrazone 17 The
dimethylhydrazones of 1-vinyl-3,4-dthydronaphthalene-2-carboxaldehydes were not 1solated but underwent electrocyclic
ring closure followed by loss of dimethylammne n solution to give 5,6-dihydrobenz{flisoqunolines  1-Aryl-34-
dihydronaphthalene-2-carboxaldehyde N ,N-dimethylhydrazones also cychised in the same way when subjected to vapour
phase pyrolysis

Introduction

Examples of the formation of 1,2-dihydropyridines from 1-azatrienes (Scheme 1) have been known since
the early part of this century 2 From the 1970's Kametan: and his co-workers investigated reactions of this type
as a step 1n the synthesss of 1soquinoline alkaloids3 and a pyrolytic route to sumple 1-acyl-1,2-dihydropyridines
from transient N-acyl-1-azatrienes was discovered by Wyle and Fowler 4 More recently Okamura and
colleagues have described the formation of dihydropyrnidines by cychisation of imines dertved from polyenic
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Scheme 1

The cyclisation shown m Scheme 1 can proceed further to give fully aromatic pynidines if there 1s a leaving
group attached erther to C-2 or to nitrogen  Several reactions have been described in which oximes or oxime
ethers have been cyclised to pyndines  The first detailed study of such a process was carried out by Schiess and
co-workers.” They showed that the oxime 1 cychsed readily in solution to give tetrahydroisoquinoline (Scheme
2) and they established by deuterium labelling experiments that cychisation was the rate determuiung step. An
analogous reaction was used by Oppolzer and co-werkers as a route to 1soquimnolines from o-quinodimethanes 8
There have been several more recent examples of the use of the electrocyclic ring closure of oximes and oxime
ethers as a method of synthesis of 1soquinolines and other fused pyridines 9 A related process has been used by
Biichi and Galindo to synthesise alkylpyrazines.10
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We have explored the use of the electrocyclic nng closure of conjugated trienes as a method of synthesis of
phenanthrene derivatives, including some compounds related to estrone 1! We were interested n applying the
same methodology to the synthesis of aromauc azasteroids 12 Prelimnary experiments were based on the use of
azatrienes derived from 1-bromo-3,4-dihydronaphthalene-2-carboxaldehyde 2 since ths 1s readily available from
o-tetralone and 1t had been succesfully used 1n the earlier work to delineate the scope of the reaction

The cyclisations we have explored have all been based on the use of aldehyde N,N-dimethylhydrazones
rather than oximes. It 1s well established that the dimethylhydrazono group 1s much less electrophihic at carbon
than the carbonyl group, indeed dimethylhydrazones sometimes react as if the polanty were reversed It
therefore seemed possible to us that dimethylhydrazones mught closely resembile therr all carbon counterparts in
the electrocychsation reactions In the earlier work palladiam-catalysed cross coupling reactions were used to
construct the precursors  Another reason for using the dimethylhydrazono group 1n the present work was that,
owing to its reduced polarity, it offered greater potential for constructing the precursors by metallation reactions

Results

Palladium(0) catalysed coupling reactions of the bromoaldehyde 2  The first approach to the preparation of
azatrienes switable for cychsation was based on the replacement of the bromune 1n the bromoaldehyde 2 by a vinyl
or an aryl group Compound 2 was used as the electrophile 1n palladtum(0) catalysed cross-coupling reactions
with vinyl- or aryl-zinc halides

Reaction of 2-thienylzinc bromude with the bromoaldehyde 2, in the presence of 4 mol%
tetrakis(triphenylphosphine)palladium(0), gave the coupled product 3 m 67% yield after flash chromatography
(Scheme 3) The palladium(0) coupling reaction of 1-(tnmethylsilylethenyl)zinc bromude with the
bromoaldehyde 2 also proceeded smoothly, the coupled product 4 being obtained in 62% yield after flash
chromatography together with some unreacted bromoaldehyde (18%).
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Scheme 3

The coupling reaction of 1-(phenylethenyl)zinc bromude with the bromoaldehyde 2 was not so successful
Following the method of Overman et al ,13 1-phenylethenyllithium was generated by the reaction of a-
bromostyrene with tert-butyliithium in THF at —78 ©C for 40 minutes  Zinc bromude was added at —20 OC to
effect transmetallation to the organozinc denivative and the bromoaldehyde 2 and palladium catalyst were then
added. The muxture was heated under reflux mm THF and the progress of the reaction was monitored by tic After
3 hours the bromoaldehyde remained as the major component  The reaction was continued for a further 39
hours, unreacted bromoaldehyde was 1solated by flash chromatography mn 44% yield together with a polar
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component (29%) which was identified as compound § on the basis of 1ts spectra. A possible explanation for
the formation of the ketone § 1s that the expected coupled product 6 1s formed but then undergoes a cyclisation
reaction (Scheme 4)
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Scheme 4

Reaction of aldehydes 3 and 4 with N,N-dimethylhydrazine The method used by Potts and Walsh for the
preparation of furan-2-carboxaldehyde N,N-dimethylhydrazonesi4 was employed to prepare the N,N-
dimethylhydrazone of the thienyl aldehyde 3. An equimolar muxture of the aldehyde 3 and 1,1-
dimethylhydrazine was heated 1n toluene under reflux for 12 hours in the presence of an acid catalyst. This gave
the desired product 7 in 90% yield as a yellow sohd. Under the same conditions the reaction of the aldehyde 4
with 1,1-dimethylhydrazine yielded a yellow waxy solid (55%) which was identified as the
dihydrobenzisoqumohine 8 on the basis of its 1H nmr spectrum This shows two singlets at 5 8.46 and & 8 70
characteristic of protons attached to a pyndine ning It appears, therefore, that in boihng toluene the N,N-
dimethylhydrazone of the aldehyde 4 undergoes electrocyclic ring closure and elimination of dimethylamine to
afford the fused pynidine 8 (Scheme 5)
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The dihydrobenzisoquinoline 9 became the major product when the reaction mixture was heated under
reflux for longer perods (greater than 16 hours). This compound was also 1solated as the major product (45%)
after only 45 minutes when the reaction of the aldehyde 4 with dimethylhydrazine was carried out 1n boiling
ethanol, the protic solvent obviously promoting the desilylation step.

An attempt was also made to prepare the oxime of the aldehyde 4 When the aldehyde was treated n
ethanol with hydroxylamine at room temperature a new product appeared (by tic) after 5 minutes. After 2 hours
the reaction had gone to completion and the dihydrobenzisoquinoline 8 was 1solated in 68% yield. It appears that
the oxime cyclises at least as readily as the dimethythydrazone.
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The question arises as to whether the ease of the cychisations of the N,N-dimethylhydrazone and the oxime
derived from the aldehyde 4 are influenced by the presence of the tnmethylsilyl group. If the cyclisation reaction
18 represented as a nucleophilic attack by the 1mine mitrogen on the carbon—carbon double bond the abality of
sihicon to stabilise a-carbanions will favour the process. However, subsequent examples of the cychisation,
described below, have led us to conclude that this substituent does not have a sigmificant effect on the rate of
cyclisation

Palladium(0) catalysed coupling reactions using the dimethythydrazone 10 of 1-bromo-3.4-
dihydronaphthalene-2-carboxaldehyde as the electrophilic component ' The bromoaldehyde 2 was converted into
its N,N-dimethylhydrazone 10 1n high yield by reaction with 1,1-dimethylhydrazine in dichloromethane at room
temperature (It was found that if the reaction was carried out mn toluene under reflux for 16 hours the product
was mstead naphthalene-2-carboxaldehyde dimethylhydrazone, which 1s presumably formed by
dehydrobromination of compound 10)

2-Thienylzinc chlonde was generated in situ from treatment of 2-thienyllithium with zinc chlonide at
—20 OC, and this was coupled successfully with the bromohydrazone 10 m the presence of Pd(PPh3)4 It was
necessary to heat the reaction muxture in THF under reflux for 16 hours to effect total conversion. The coupled
product 7 was 1solated m 85% yeld after flash chromatography. 2-Furylzinc chloride and phenylzinc chlonde,
prepared from 2-furyllithium and phenyllithium respectively, sumlarly gave the coupled products 11 (68%) and
12 (41%) The coupling reaction of 1-(phenylethenyl)zinc chlonde and the bromohydrazone 10 produced the
dihydrobenzisoquinoline 13 (27%) which obviously results from cychsation of the intermediate
dimethylhydrazone and aromatisation under the reaction conditions

Ph
Br Ar II\I
10 11, Ar=2-furyl 13

12, Ar=Ph

Palladium(0) catalysed couphng reactions using the dimethylhydrazone 10 of 1-bromo-34-
dihydronaphthalene-2-carboxaldehyde as the nucleophilic component 'We attnibuted the low yields obtained 1n
some of the above palladium(0) coupling reactions to the ncomplete formation or instability of the organozinc
species mvolved  This prompted us to mvestigate the possibility of using the bromohydrazone 10 as the
nucleophilic component 1n couphng reactions with vinyl, aryl and heteroaryl hahdes 'We thus required a means
of converting the bromohydrazone 10 1nto a suitable organometallic reagent. An obvious solution was to attempt
the bromune—lithum exchange reaction of the bromohydrazone 10 and to then effect transmetallation to the
chlorozin species by treatment with zinc chlonde (Scheme 6)

Br ZnCl R
Qe QO™ - OO
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1, t-BuLi or BuLi, ZnCl,; 11, RX, Pd(PPh3);.

Scheme 6
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To our knowledge no bromine—hthwm exchange reactions of B-bromo-o. B-unsaturated aldehyde N.N-

dimethylhydrazones, nor of aromatic o-bromoaldehyde dimethythydrazones, have been reported. It seemed
lhkely that such reactions would be much more favourable than for the analogous bromoaldehydes, however
Nucleophulic attack by an alkylhthium reagent is less likely to occur at the C=N bond and the product of bromime—
hthium exchange could be stabihised by coordination of the hithium wath the lone pair on the imine mtrogen atom.
In an analogous reaction Baker and Coates showed that 2-bromocyclohexene 1-N,N-dimethylcarboxarmde 14
underwent efficient bromine-hithrum exchange when reacted with tert-butyllithium at —75°C 15 We therefore
apphed these conditions to the bromohydrazone 10 and found that the exchange did occur, 3,4-
dihydronaphthalene-2-carboxaldehyde N,N-dimethylhydrazone 15 being formed as the only product (by 1H
nmr) after an aqueous workup. The bromine-lithium exchange reaction worked equally well when butylhithium
was used, 1n contrast to the work of Baker and Coates who obtamed products in lower yields 15

Having generated the organolithum mtermediate, we carmed out a metal exchange reaction by adding a
solution of zinc chloride. Palladium coupling reactions were then mvestigated with a range of organic hahdes
With 10dobenzene as the electrophilic component the three-step sequence from the bromohydrazone 10 to the
hydrazone 12 went in 79% yield

As expected from previous approaches, vinyhc halides gave fused pyndines directly from the coupling
reaction. The dihydrobenzisoquinoline 13 was obtained (35%) by reaction with a-bromostyrene  When (E)-2-
(bromoethenyl)tnmethylsilanc was employed as the electrophile the dithydrobenzisoquinoline 9 was obtained n
82% yield; this indicates that the position of the tnmethylsilyl substituent has hittle influence on the rate of
cychsation of the intermediate hydrazones. Because the tnmethylsilyl group 1s absent from the final product 9
the trimethylsilyl group must be lost 1n the aromatisatron step in preference to a proton

5,6-Dihydrobenz([flisoquinoline 9 is a known compound,!6 Vander Donckt and co-workers have also
reported the H nmr spectrum of benz[flisoquinoline 1n a study of the spectra of aza-aromatic compounds 17
They observe that in such compounds the mtrogen atom has a deshielding effect on ortho, para, peri and angular
protons and a shielding effect on meta protons The IH nmr spectrum of the cyclised product 9 1s consistent with
the literature data for the fully aromatic compound, the two hydrogens ortho to the pyrnidine nitrogen resonating as
a broad singlet at 8 8.48 and the meta hydrogen appeanng as a doublet at § 7 54

Although this couphing procedure proved to be more efficient than the previous approaches a disappomting
result was that obtained with 3-bromo-2-methylcyclopent-2-enone as the electrophle The major product (57%)
1n this case was 3,4-dihydronaphthalene-2-carboxaldehyde N N-dimethylhydrazone 15, the hydrolysis product
of the lithio intermediate. The coupled product 16 was 1solated only 1n low yield (12%), 1t was identified by
mass spectrometry and from its !H nmr spectrum A possible explanation 1s that for steric reasons the couphng
step 1s inhibited or 1s very slow

Br
o, QU QO
CONMe,

14 15 16

A bnef 1nvestigation of an analogous reaction sequence starting from 2-bromobenzaldehyde N,N-
dimethylhydrazone 17 was also carried out, 1n order to extend the scope of the metallation and coupling
reactions. The dimethylhydrazone was converted into the chlorozne species 18 by reaction with butylhithium
followed by zinc chloride and this was coupled with two bromoalkenes, (E)-2-(bromoethenyl)tnimethylsilane and
3-bromo-2-methylcyclopent-2-en-1-one, to give the dimethylhydrazones 19 and 20 1n good yield.
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Cyclisation of the dimethylhydrazones 7,11 and 12 The expenments have shown that the
dimethylhydrazones bearing a vinyl substituent at position 1 undergo the 6n-electrocyclic ring closure under
remarkably mild conditions We therefore set out to investigate whether, and under what conditions, the
hydrazones bearing a phenyl, 2-thienyl and 2-furyl group at the 1-position could be induced to cyclise In these
compounds the terminal carbon—carbon double bond of the 1-azatriene system 15 part of an aromatic ring and thus
1t was envisaged that cyclisation would be much more difficult to achieve The 1-(2-thienyl)hydrazone 7 was
mvestgated first. We discovered that when the compound was subjected to flash vacuum pyrolysis at 650 °C
and 10~2 mmHg, a new polar product appeared The pyrolysis product was identified as one of the isomeric
thienoisoquinolines 21 or 22 on the basis of 1ts !H nmr spectrum and other data. The charactenstic resonances
are an AB system with a coupling constant of 5 6 Hz, which 15 assignable to the two adjacent hydrogens on the
fused thiophene ring, and a singlet at 8 8.61 typical of an o-proton of a pyridine ring

If the reaction were concerted, with electrocychc ring closure being followed by aromatisation and
spontaneous elinunation of dimethylamune, the product should be the thienoisoquinoline 21 The possibility of
either or both of the 1somers 21 and 22 being formed emerges only if the reaction proceeds vig an imitial attack at
the 2-position of the thiophene ring to give a spiro intermedhate, followed by rearrangement.  If this second
reaction pathway were operating 1t seems most likely that a mixture of the two 1somers would result. From the
IH nmr spectrum of the pyrolysis product 1t was clear that there was only one thienoisoquinoline present and thus
1t seemed more lLikely that the concerted pathway was operating. A literature search for related compounds for
which 1H nmr spectral data were available revealed 6-ethylthieno[3,2-blpyndine 23 and 5-ethylthieno[2,3-
blpyndine 24 as the closest analogues 18 The chemcal shifts of the thuenyl hydrogens (3 7 60 and 8 7 72) and
of the hydrogen attached to the pyndine ring (5 8 61) of the pyrolysis product were compared with the values for
compounds 23 and 24

== S 5759 5759 8741 __g
S N “ "N S 8710 4
| | 1 N
O‘ 5860 5838
Et
22 24

Et
21 23
There 15 a closer analogy wath the literature values for the [3,2-b] 1somer 23 than for those of the [2,3-b]
1somer 24 1n the spectrum of compound 24 the signal for the pyridyl hydrogen 1s shifted upfield, as 1s that for
H-3 Thus we conclude that the thienoisoquinoline 21 1s formed exclusively in the pyrolysis, and probably by a
concerted mechamsm. Attempts were made to effect the conversion under milder conditions but these met with
himited success When the dimethylhydrazone was subjected to flash vacuum pyrolysis at a lower temperaure
(500 °C) and 104 mmHg a 1.5 mixture (by 1H nmr) of starting dimethylhydrazone and thienoisoqmnoline 21

was 1solated. Solution pyrolysis either in bromobenzene or in xylene contaning a catalytic quantity of 4-
toluenesulfonic acid resulted 1n hittle conversion A runor peak was observed at & 8 61 1n the nmr spectrum of
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the crude product, indicating the presence of about 5% of the product 21, but there was also evidence of much
decomposition

In the pyrolys:s of the thienylhydrazone 7 it 1s perhaps surprising that the 6x-electrocychic nng closure
proceeds 1n preference to eimination of dimethylamine to give the corresponding mtrile  There are examples of
chimnation of dimethylamne from dimethylhydrazones during attempted cycloadditions in boiling xylene,!9
possibly the steric crowding in compound 7 strongly favours the (E)-1somer 1n which this elimination would be
less accessible

Pyrolysis of the 2-furylhydrazone 11 was much less successful than for the thienyl analogue because the
compound did not sublime very well A mass spectrum of the pyrolysis product was obtained which revealed a
molecular 10n at m/z 221, charactenstic of loss of dimethylamine from the hydrazone 11 This of course could be
assigned either to the cychised product 25 or to the mtrnile which would result from 1,2-ehmination of
dimethylarmne from the dimethylhydrazone The IH nmr spectrum obtained for the crude pyrolysate was more
consistent with the cyclised structure 25  An AB double doublet with a coupling constant of 2 2 Hz was clearly
distinguishable and was attributed to the two furyl protons, this coupling constant being typical for adjacent
protons on side b of a furan ring A singlet at & 8 35 was also observed and was assigned to the a-proton
attached to the pyndine ning, analogous to that of the thienoisoquinoline 21

Flash vacuum pyrolysis of the 1-phenyl-N,N-dimethylhydrazone 12 gave the benzophenanthridine 26 n
62% yield after purification by column chromatography The picrate of compound 26 has been prepared
previously; 20 the melting pomnt of this denvative correlated well wath that obtained for the picrate of the pyrolysis

product
d 9
Z N # "N
| |
25 26
Conclusions

The results establish that N,N-dimethylhydrazones can be used as C=N components 1n electrocyclic ring
closure reactions of 1-azatrienes, these complement the reactions described 1n the literature in which oximes or
oxime ethers are used Even termunal phenyl, thienyl and furyl groups can participate m this 67-electron
electrocyclisation process at elevated temperatures  The dimethylhydrazono group has also been shown to allow
bromine-lithum exchange at an adjacent carbon atom, and thts may be useful in expanding the scope of the
reaction

EXPERIMENTAL

General

IH nmr spectra were recorded either on a Bruker AC 200 (200 MHz) or on a Bruker AMX 400 (400
MHz) spectrometer Multiplicities are recorded as broad peaks (br), singlets(s), doublets(d), triplets(t),
quartets(q) and multiplets(m) Infrared spectra were recorded either on a Perkin-Elmer 298 or on a Perkin-Elmer
1720-X FTIR spectrometer Sohd samples were run as KBr discs or nujol mulls as indicated, and hquids as thin
films Mass spectra were recorded on a VG micromass 7070E as electron impact or chemical 10nisation spectra.
Microanalyses were performed in the Umiversity of Liverpool Microanalysis Laboratory Melting points (m.p )
were determuned on a Kofler block  Flash column chromatography was carried out using Mackerey Nagel MN-
Kieselgel 60 and hand bellows or an air line to supply the pressure to the column  Thn layer chromatography
(tlc) was carried out on Merck 10 x 2 cm alurmmum-backed plates with a 0 2 mm layer of Kieselgel 60 F254.
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1-Bromo-3 4-dikydronaphthalene-2-carboxaldehyde 2. Dry DMF (1 50 g, 20.5 mmol) m dry
dichloromethane (30 ml) was cooled to 0 °C, and phosphorus tribromude (1 65 ml, 17 5 mmol) was then added
dropwise. The mixture was stured at 0 °C for 1 h and a pale yellow suspension was formed. A solution of 3,4-
dihydronaphthalene-1(2H)-one (0.90 ml, 6.77 mmol) in dry dichloromethane (25 ml) was then added and the
muxture was heated under reflux for 1 h  After cooling to 0 °C, aqueous sodium hydrogen carbonate was added
slowly until the effervescence had subsided Extraction into dichloromethane followed by drying (MgS0Oy) and
evaporation of the solvent gave a yellow o1l Flash column chromatography eluting with diethyl ether-light
petroleum (1.9) gave I-bromo-3,4-dihydronaphthalene-2-carboxaldehyde 1 (1.24 g, 77%) as a yellow sohd,
mp 42-43 °C (from ethanol) (lzt.,}! 42-44 ©C), § (400 MHz, CDCl3),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, 7 8 1 and 1 4 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), Vjpax (nujol) fcml 1670 (C=0), m/z 237.981 (M+,
25% C;1Hg81BrO requires 237 982), 236 (26), 157 (13), 129 (76), 128 (100) and 127 (27).

3.4-Dihydro-1-(2-thienyl)naphthalene-2-carboxaldehyde 3. Thophene (0.40 ml, 5.0 mmol) was treated
with butyllsthium (1 35 M, 4 10 ml, 5.54 mmol) and TMEDA (0 75 ml, 4 97 mmol) in THF (15 mi) at 20 °C
for 0 5 h.11 A THF solution of zinc bromide (8.40 mmol) was then added to the organohthium mtermedate at
—20°C After surring the muxture at -20 °C for 1 h, a solution of Pd(PPh3)4 (0.23 g, 4 mol%) and 1-bromo-
3,4-dihydronaphthalene-2-carboxaldehyde 1 (1 18 g, 4 98 mmol) in THF (25 ml) was added. The reaction
mxture was allowed to warm up to room temperature and 1t was then heated under reflux for 3h Ammomum
chloride was then added and the mixture was extracted with ethyl acetate, dried (MgSO,) and the solvent removed
in vacuo to afford the crude product as a yellow o1l Punification by flash column chromatography eluting with
diethyl ether-hght petroleum (1 4) afforded 3,4-dthydro-1-(2-thienyl)naphthalene-2-carboxaldehyde 3 (0 80 g,
67%) as a yellow sohd, mp 90-91 °C (from dichloromethane-light petroleum) (Found: C, 75.0, H, 5 0.
C;sH 208 requires C, 75 0, H, 5 0%), & (400 MHz, CDCl3) 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), 731 (1 H,
ddd,J75,72and 12 Hz, 7-H),752 (1 H,dd, J 51 and 1 1 Hz, thiophene 5-H) and 9 79 (1 H, s, CHO),
Vnax (nugol) /em-1 1655 (C=0), m/z 240 061 (M*, 100% C;5H;,032S requires 240 061), 211 (35) and 178
(38)

3.4-Dihydro-1-[(1'-trimethylsilyl)etheny![naphthalene-2-carboxaldehyde 4. Butylhithum (1 46 M, 150
ml, 2 19 mmol) was added dropwise to 1-(tnmethylsilyl)bromoethene (0 30 ml, 1 95 mmol) in dry THF at -78
0C 2! The muxture was stirred at —78 oC for 1 h to form the yellow organohthium species and zinc chlonde (1 0
M, 3.0 ml, 3 0 mmol) was then added The resulting solution was stirred at —20 °C for 1 h and a solution
&—mtalmng Pd(PPh3)4 (0 09 g, 4 mol%) and 1-bromo-3,4-dihydronaphthalene-2-carboxaldehyde 2 (0.45 g,
1 90 mmol) 1n THF (20 mi) was then added. The reaction muxture was allowed to warm up to room temperature
and it was then heated under reflux for 16 h Aqueous ammonium chlonde was added and the mixture was
extracted with ethyl acetate, dried (MgSOy) and the solvent removed in vacuo to give a brown o1l Punification by
flash column chromatography eluting with ethyl acetate—cyclohexane (1 19) gave 3 4-dihydro-1-[1'-
(trimethylsilyl)ethenyl]naphthalene-2-carboxaldehyde 4 (0 31 g, 62%) as a yellow o1l (Found- C, 7495, H, 7 9
Ci16H29OS1 requires C, 749, H, 7 9%), § (200 MHz; CDCl3) 0.32 (9 H, s, vinyl-SiMe3), 2 95-3 25 (4 H, m,
3-H and 4-H), 6 14 (1 H, d, J 3.2 Hz, vinyl-CH), 6 35 (1 H, d, J 3 2 Hz, vinyl-CH), 7 52-7 66 (4 H, m,
aryl-CH) and 10.21 (1 H, s, CHO), Vppgy (film) /cm1 1665 (C=0), 1605 and 1565, m/z 256 127 (M+, 50%
C16H002851 requures 256 128), 183 (16) and 73 (100)

1,2,4,5-Tetrahydro-1-phenylcyclopenta[anaphthalen-3-one 5 To a solution of a-bromostyrene (90%
pure, 0 61 ml, 4 20 mmol) 1n dry THF (20 ml) at —78 °C was added tert-butyllithium (1 70 M, 2 50 ml, 4 25
mmol) dropwise over 20 min 13 The deep red solution was stirred for an additional 20 mun at —78 °C and a
freshly prepared solution of zinc bromide (6 48 mmol) was then added The reaction mixture was warmed to —20
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oC and stirred for 1 h 1n the cold bath to provide a yellow solution. 1-Bromo-3,4-dihydronaphthalene-2-
carboxaldehyde 2 (1.0 g, 4.22 mmol) and Pd(PPh3)4 (0 20 g, 4 mol%) in THF (15 ml) were added and the
muxture was heated under reflux for 42 h Workup followed by flash column chromatography eluting with
diethyl 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 1solated as an orange oil, & (200 MHz, CDCl3) 172253 (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), vy (film) /cm-! 1690 (C=0). It was
further charactensed as its 2,4-dinitrophenylhydrazone, m.p. 261-264 °C (from hight petroleum-ethyl acetate),
miz 440,148 (M*, 100% C;5HygN,4O4 requires 440 148), 258 (18), 242 (24), 217 (14) and 154 (13)

3,4-Dihydro-1-(2-thienyl)naphthalene-2-carboxaldehyde N N-dimethylhydrazone 1. (a) Preparation from
3,4-dshydro-1-(2-thienyl)naphthalene-2-carboxaldehyde 3 A strred solution of 3,4-dihydro-1-(2-
thuenyl)naphthalene-2-carboxaldehyde 3 (0 36 g, 1.50 mmol) 1n toluene (40 ml) containing a catalytic amount of
4-toluenesulfonic acid was treated with 1,1-dimethylhydrazine (0.12 ml, 1.58 mmol) The solution was then
heated under reflux for 12 h and the water formed dunng the reaction was removed 1n a Dean-Stark trap
Evaporation of the solvent and flash column chromatography gave [with diethyl ether-cyclohexane (1-9)]
3 ,4-dihydro-1-(2-thieny!)naphthalene-2-carboxaldehyde N.N-dimethylhydrazone 7 (0 38 g, 90%) as a yellow
solid, m.p 112-114 °C (Found: C,723,H,64, N, 99 Cy7HgN5S requires C,72 3, H, 6 4, N, 9.9%), &
(400 MHz; CDCl3) 2 77-2 88 (4 H, m, 3-H and 4-H), 2 83 (6 H, s, NM¢»), 6 88 (1 H, d with additional
sphtting, J 7 0 Hz), 6.93 (1 H, d wath additional sphitting, J 3.4 Hz, thiophene 3-H), 7 05-7.11 (5 H, m), 7 10
(1H,s, CH=N), 716 (1 H,brd, J 70 Hz, 8-H) and 7 39 (1 H, dd, J 5 0 and 0.8 Hz, thiophene 5-H), vyax
(nugol) fem-! 1587, 1538 and 1258 cm-1, m/z 282 119 (M+,98% C;7HgN,S requires 282 119) and 236
(100%)

(b) From 1-bromo-3 4-dihydronaphthalene-2-carboxaldehyde N N-dimethylhydrazone 10. Thiophene
(0 20 ml, 2 50 mmol) was converted mnto 2-thienyllithium by reaction with butylithium (1.55 M, 1.80 ml, 279
mmol) and TMEDA (0.40 ml, 2 65 mmol) in THF (10 ml) at20°C for 0 5h A solution of zinc chlonde (1 0
M, 320ml, 320 mmol) was added and the reaction mixture was stirred at —20 °C for 1 h. A solution of
Pd(PPh3)4 (0 11 g, 4 mol%) and 1-bromeo-3,4-dihydronaphthalene-2-carboxaldehyde N,N-dimethylhydrazone
10 (0 70 g, 2 51 mmol) in THF (10 ml) was then added The reaction mixture was allowed to warm up to room
temperature and 1t was then heated under reflux for 16 h  Workup followed by flash chromatography eluting
with diethyl ether—cyclohexane (1 9) gave the N,N-dimethylhydrazone 7 (0 60 g, 85%)

5,6-Dihydro-1-(trimethylsilyl)benz{f]isoquinoline 8  (a) From reaction of 4 with N,N-dimethylhydrazine
To a stured solution of 3,4-dihydro-1-[1'(-tnmethylsiiyl)ethenyllnaphthalene-2-carboxaldehyde 4 (0 10 g, 0 39
mmol) 1n dry toluene (10 ml) contamning a catalytic quantity of 4-toluenesulfomc acid was added 1,1-
dimethylhydrazine (0 03 g, 0 50 mmol) The solution was then heated under reflux 1n an argon atmosphere for 3
h using a Dean-Stark apparatus Removal of the solvent in vacuo and flash column chromatography eluting with
ethyl acetate—cyclohexane (1 9) gave 5,6-dthydro-1-(trimethylsilyl)benz{f[isoquinoline 8 (0.054 g, 55 %) as a
pale yellow solid, mp 94-96 °C (Found C,756,H,77,N,51 C;gHigNS1requires C,758, H,76, N,

5 5%), & (200 MHz, CDCl3), 0 32 (9 H, s, SiMej3), 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%
Cy6H19NS1 requires 253 129), 238 (100), 222 (51), 208 (7) and 73 (6)

Prolonged heating of 1,1-dimethylhydrazine with the aldehyde 4 (16 h) in toluene resulted 1n the formation
of 5,6-dihydrobenz{flisoquinoline 9 as the major reaction product. The product was identified from its mass
spectrum which was 1dentical to that of a sample prepared via palladium(0) coupling (see below), m/z 181 (M,
100%), 166 (9) and 152 (28).

(b) From treatment of 4 with hydroxylamine hydrochlonde Hydroxylamine hydrochlonde (0 055 g, 0 79
mmol) and barium carbonate (0.65 g, 3 29 mmol) were added to a stirred solution of 3,4-dthydro-1-
[(1'-timethylsilyl)ethenylInaphthalene-2-carboxaldehyde 4 (0 17 g, 0 66 mmol) in dry ethanol (15 ml) The
resulting mixture was allowed to str at room temperature under an argon atmosphere for 2 h. The banum
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carbonate was then filtered off and the solvent was removed i vacuo. The crude product was purified by flash
column chromatography eluting with ethyl acetate-cyclohexane (1 9) to afford the benzisoquinoline 8 (0 113 g,
68%) as a yellow sohd.

1-Bromo-3 4-dihydronaphthalene-2-carboxaldehyde N N-dimethylhydrazone 10  1-Bromo-3,4-
dihydronaphthalene-2-carboxaldehyde 2 (1.37 g, 5 76 mmol) was dissolved in dry diethy! ether (30 mI)
containing a catalytic amount of 4-toluenesulfomc acid. 1,1-Dimethylhydrazine (0.53 ml, 6.91 mmol) was
added and the resulting solution was stured at room temperature under argon until all of the aldehyde had
disappeared by tic analysis of the reaction mixture (3 h). Removal of the solvent in vacuo followed by flash
column chromatography eluting with ethyl acetate-hight petroleum (1.9) gave 1-bromo-3,4-dihydronaphthalene-2-
carboxaldehyde N,N-dimethylhydrazone 10 (1.59 g, 99%) as a yellow oil (Found: C, 559, H, 5 4; N, 10 05
Cy3H;sBrN; requires C, 55 9; H, 5 4; N, 10 0%); 8 (200 MHz; 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), 733 (1 H, s,
CH=N) and 7.57 (1 H, d with addtional splitting, J 7 5§ Hz, 8-H); vpay (CH2Cly) fem! 1583, 1538 and 1477
cmrl; miz 278 041 (M+,68%  Cp3H;579BIN; requires 278.042), 280 (M+, 68%), 199 (100) and 128 (64)

Naphthalene-2-carboxaldehyde N N-dimethylhydrazone from 1-bromo-3 4-dihydronaphthalene-2-
carboxaldehyde 2 1-Bromo-3,4-dihydronaphthalene-2-carboxaldehyde 2 (1.84 g, 7.76 mmol) was dissolved
mn dry toluene (40 ml) containing a catalytic quantity of 4-toluenesulfomc acid 1,1-Dimethylthydrazine (0 70 ml,
9.21 mmol) was then added and the resulting solution was heated under reflux using a Dean—Stark trap for 16 h
The solvent was removed in vacuo and the crude product was punified by flash column chromatography eluting
with diethyl ether-light petroleum (1'9) to give naphthalene-2-carboxaldehyde N, N-dimethylhydrazone (109 g,
71%) as a yellow solid, mp 71-72 oC (from methanol) (ht.,22 70-71 °C) (Found: C,786, H, 7.1; N, 14 1
Calc for Cj3H 14Ny C,78 8, H,7 I; N, 14 1%), & (200 MHz; CDCl3) 3 01 (6 H, s, NMe»), 7 36-7 47 (3 H,
m), 774-7 81 (4 H, m) and 7.91 (1 H, dd, J 8 8 and 1 6 Hz), m/z 198 116 (M+, 100%. Calc for Ci3H 4N,
198.116), 183 (12), 168 (20) and 128 (25) The substance was identical to a sample prepared (89%) from
naphthalene-2-carboxaldehyde and 1,1-dimethylhydrazine.

3.4-Dihydro-1-(2-furyl)naphthalene-2-carboxaldehyde N,N-dimethylhydrazone 11. Furan (0 15 m}, 2 06
mmol) was converted into 2-furyllithium by reaction with butyllithium (1 55 M, 1 50 ml, 2 32 mmol) and
TMEDA (0.30 ml, 1.99 mmol) in THF (10 ml) at 20 °C for 0 5h Zinc chloride (10 M, 2 56 ml, 2 65 mmol)
was added and the reaction muixture was stirred at —20 °C for 1 h. A solution of Pd(PP-E3)4 (0 10 g, 4 mol%) and
1-bromo-3,4-dihydronaphthalene-2-carboxaldehyde N,N-dimethylhydrazone 10 (0 57 g, 2 04 mmol) m THF
(10 ml) was then added. The muxture was allowed to warm to room temperature and was then heated under
reflux for 16 h  Workup followed by flash column chromatography eluting with diethyl ether-hght petroleum
(1.19) gave 3 4-dihydro-1-(2-furyl)naphthalene-2-carboxaldehyde N N-dimethylhydrazone 11 (0.37 g, 68%) as
an orange sohd, mp 89-91 °C (Found C, 766, H,68, N, 1045 C;7H;gN,O requires C,767, H, 6 8, N,
10 5%), 8 (400 MHz; CDCl3) 2 83 (4 H, s, 3-H and 4-H), 2 89 (6 H, s, NMe,), 6 39 (1 H, d, J 3.1 Hz, furan
3-H), 651 (1 H,dd, J 31 and 1 9 Hz, furan 4-H), 6 84-6 87 (1 H, m), 708-717 (3H, m), 725 (1 H, s,
CH=N) and 7 52 (1 H, d, J 1 5 Hz, furan 5-H), Vs (CHyCly) fomr! 1541, 1484 and 1472; m/z 266 142 (M*,
100% C;7H;gN,O requires 266 142), 237 (29), 220 (43), 192 (38) and 165 (47)

3,4-Dihydro-1-phenylnaphthalene-2-carboxaldehyde N ,N-dimethylhydrazone 12 A solution of
bromobenzene (0 14 ml, 1 33 mmol) and butylhithium (1 46 M, 1.85 ml, 2 70 mmol) 1n diethyl ether (10 ml)
was heated under reflux for 45 mun The yellow solution was then cooled to —20 °C, zinc chionide (10 M, 20
ml, 2 0 mmol) was added and the colourless solution was allowed to stir in the cold bath for 1 h A solution of
1-bromo-3,4-dihydronaphthalene-2-carboxaldehyde N, N-dimethylhydrazone 10 (0 33 g, 1 18 mmol) and
Pd(PPh3)4 (0.05 g, 4 mol%) m THF (10 ml) was then added and the resulting solution was heated under reflux
for 16 h. Workup followed by flash column chromatography eluting with ethyl acetate-light petroleum (1 19)
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gave 3,4-dihydro-1-phenylnaphthalene-2-carboxaldehyde N ,N-dimethylhydrazone 12 (0.13 g, 41 %) as a
yellow solid, m.p. 70-72 °C (Found: C, 82.8; H, 7.3; N, 10.1. C;gHygN; requires C, 82 6; H, 7 3; N,
10 1%); 5 (200 MHz; CDCl53) 2.76 (6 H, s, NMey), 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, CH=N), 6.97-7.24 (5 H, m) and 7 34-7 46 (3H, m); Vpa (nujol) /cm-! 1541,
1481, 1466 and 1455, m/z 276 163 (M+, 100% CygH;oN7 requires 276 163), 230 (90), 215 (20) and 202
(22)

5,6-Dihydro-1-phenylbenz[f]isoquinoline 13. tert-Butylhthium (1 70 M, 1.25 ml, 2.13 mmol) was added
dropwise to a solution of freshly distilled a-bromostyrene (0 25 ml, 90% pure, 1 93 mmol), in THF (10 ml) at
—78 oC. The deep red solution was sturred at 78 °C for 40 min and zinc chlonde (1 0 M, 2.90 ml, 2 90 mmol)
was then added The resulting pale yellow solution was stirred at —20 OC for 1 h, after which time a solution of
1-bromo-3,4-dihydronaphthalene-2-carboxaldehyde N,N-dimethylhydrazone 10 (0 47 g, 1 68 mmol) and
Pd(PPh3)4 (0 08 g, 4 mol%) in THF (15 ml) was added The muxture was then heated under reflux for 16 h
Workup followed by column chromatography eluting with diethyl ether—cyclohexane (1 19) gave 5,6-dihydro-1-
phenylbenz[fisoquinoline 13 (0 12 g, 27%) as a yellow sohd, mp 141-143 °C, & (200 MHz, CDCl3) 2 78—
295 (4 H, m, 5-H and 6-H), 6.85-6.89 (2 H, m), 7 11-7 42 (5§ H, m), 7 59-7.70 (2 H, m), 8 43 (1 H, s) and
848 (1 H, s) (2-H and 4-H), m/z 257 121 (M*, 100% C;oH 5N requires 257 120), 242 (9), 183 (10), 149
(11) and 69 (18) The substance was further charactensed as 1ts picrate, a bright yellow sohd m.p 178-180°C
(Found: C, 614; H,37; N, 114 CysH;gN4O7 requires C,617, H, 37, N, 11.5%)

Unreacted 1-bromo-3,4-dihydronaphthalene-2-carboxaldehyde N, N-dimethylhydrazone 10 (0 27 g, 58%)
was also 1solated from the coupling reaction

3,4-Dihydronaphthalene-2-carboxaldehyde N.N-dimethylhydrazone 15  tert-Butylithium (1.70 M, 0.80
ml, 1 36 mmol) was added dropwise to a solution of 1-bromo-3,4-dihydronaphthalene-2-carboxaldehyde N,N-
dimethylhydrazone 10 (0 17 g, 0 61 mmol) in dry THF (10 ml) at -78 °C The deep orange solution was stirred
1n the cold bath for 20 min , and the amon was then quenched with distilled water (1 0 ml). The solution was
stirred at =78 ©C for 5 mun. and was then allowed to warm up to room temperature. After 16 h, ammonium
chlonde was added and the mixture was extracted with ethyl acetate, dned (MgSOy) and the solvent removed in
vacuo Flash column chromatography eluting with ethyl acetate-hight petroleum (1:9) provided
3,d4-dihydronaphthalene-2-carboxaldehyde N,N-dimethylhydrazone 15 (0 11 g, 90%) as a yeliow o1l, 8 (200
MHz, CDCl3) 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, NMe,), 6 46 (1 H, s,
vinyl-H) and 7 02-7 15 (5 H, m)

The reaction worked equally well when butylhthium (1 55 M, 0 43 ml, 0 67 mmol) was used instead of
tert-butyllithium 1n the bromine~lithium exchange step

Palladium(0) catalysed coupling reactions of the chlorozinc intermediate derwved from 10 with orgamc halides
General procedure

1-Bromo-3,4-dihydronaphthalene-2-carboxaldehyde N,N-dimethylhydrazone 10 (0 29 g, 1.04 mmol) was
converted nto 1ts 1-ithio derivative by reaction with tert-butyllithium (1 70 M, 1 35 ml, 2 30 mmol) 1 THF (10
ml) at —78 °C for 20 min Zinc chloride (1 0 M, 1 56 ml, 1 56 mmol) was then added and the mixture was
stured at ~20 oC for 1 h 1n order to effect the formation of the chlorozinc intermediate. Pd(PPhs), (0.05 g, 4
mol%) and the appropnate electrophile (1 04 mmol) were then added together in THF (10 ml) The reaction
muxture was then allowed to warm up to room temperature and 1t was heated under reflux for 16 h Workup was
followed by purification of the crude product by flash column chromatography

3,4-Dihydro-1-phenylnaphthalene-2-carboxaldehyde N .N-dimethylhydrazone 12 Reaction with
10dobenzene as the electrophile gave 3,4-dihydro-1-phenyl-naphthalene-2-carboxaldehyde N,N-
dimethylhydrazone 12 (0 23 g, 79%) after punfication by flash column chromatography [ethyl acetate-light
petroleum (1 19)]
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5.6-Dihydro-1-phenylbenz[fisoqunoline 13 Reaction with o-bromostyrene as the electrophile gave 3,4-
dihydro-1-phenylbenz{flisoquinoline 13 (0.09 g, 35%) after punification by flash column chromatography [ethyl
acetate-cyclohexane (3:2)] 3,4-Dihydronaphthalene-2-carboxaldehyde N, N-dimethylhydrazone 15 (0 08 g,
40%) was also 1solated from the reaction mxture

5,6-Dihydrobenz[f[isoquinoline 9. Reaction with (E)-2-(bromoethenyDtrimethylsilane as the electrophile
gave 5,6-dshydrobenz{f]isoqunoline 9 (0 15 g, 82%) as a yellow oil after punification by flash column
chromatography [ethyl acetate-cyclohexane (1-4)], 8 (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 with additional sphtting, J
72 Hz, 10-H) and 8 37 (2 H, br s, 2-H and 4-H); m/z 181.089 (M+, 100% C;3H;;N requires 181 089), 166
(10), 152 (28) and 76 (11) The picrate of 9 was obtamned as a yellow sohd, m.p 211-213 oC (lt ,16 210
211 °C) when the fused pynidime 9 was treated with picric acid 1n ethanol

3,4-Dihydro-1-(2-methyl-1-oxocyclopent-2-en-3-yl)naphthalene-2-carboxaldehyde N,N-
dimethylhydrazone 16 Reaction with 3-bromo-2-methylcyclopent-2-en-1-one as the electrophile produced 3,4-
dihydro-1-(2-methyl-1-oxocyclopent-2-en-3-yl)naphthalene-2-carboxaldehyde N ,N-dimethylhydrazone 16 (0 04
g, 12%) as a yellow o1l after purification by flash column chromatography {ethyl acetate~cyclohexane (1:19)], 8
(200 MHz; CDCl3) 1 65 (3 H, s with small sphiting, Me), 2.44-2 66 (4 H, m), 2 75-295 (4 H, m), 292 (6 H,
s, NMegy), 6.72-6.83 (2 H, m) and 7 10-7 25 (3 H, m), Vyp,y (film) /omr! 1700 (C=0) and 1640 (C=C); m/z
294173 (M*,43% Cy9HyoN,O requires 294 173), 265 (100), 222 (25), 165 (16) and 59 (32).

Flash vacuum pyrolysis of 1-aryl- and 1-heteroaryl-N ,N-dimethylhydrazones General procedure

The hydrazone was subjected to flash vacuum pyrolysis (650 °C, 10-2 mmHg) over a period of
approximately 4 h. The sohd was allowed to sublime under vacuum through a heated silica tube (20 ¢cm) onto a
glass finger cooled with iquid nitrogen The pyrolysate was then extracted off the cold finger with
dichloromethane, the solvent was removed in vacuo, and the product was punfied by flash column
chromatography

Thieno[2,3-a]benz{fisoquinoline 21. Pyrolysis of 3,4-dihydro-1-(2-thienyDnaphthalene-2-
carboxaldehyde N,N-dimethylhydrazone 7 (0 15 g, 0 53 mmol) gave thieno[2,3-a]benz[fJisoquinoline 21
(0 085 g, 68%) as a brown o1l after flash column chromatography [ethyl acetate—cyclohexane (1:1)], & (400 MHz,
CDCl3) 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,J75,70and 10 Hz, 9-H), 745 (1 H,ddd, J 75,70 and 20 Hz, 10-H), 760 (1 H,d,J 56
Hz, 2-H), 7.72 (1 H,d, J 56 Hz, 3-H), 8 27 (1 H, dd, J/ 7 5 and 1 0 Hz, 11-H), and 8 61 (1 H, s, 5-H),
Vmax (CHCly) /om-1 1658, 1605, 1572, 1559, 1537, 1501 and 1486; m/z 237.060 (M+, 100% C;sHy NS
requires 237.061), 222 (7), 208 (9), 165 (6), 118 (7), and 104 (6) The picrate of 21, m.p 234-236 °C (from
2-methoxyethanol) was prepared by its reaction with picric acid n ethanol (Found. C, 539, H,30; N, 120
Cp1H14N4O;S requires C, 54 1, H, 30, N, 12 0%)

When the hydrazone 7 was subjected to flash vacuum pyrolysis at 500 °C and 10 mmHg , a 1 5 mixture
of hydrazone 7 and cyclised product 21 (by !H nmr) resulted

Furo[2,3-a]benz{fisoquinoline 25 The pyrolys:s of 3,4-dithydro-1-(2-furyl)naphthalene-2-
carboxaldehyde N,N-dimethylhydrazone 11 (0.025 g, 0 09 mmol) was less successful than that of the thienyl
analogue 7 as the compound did not sublime very well The crude product (0 04 g), which appeared to contain
furo[2,3-a]benz[flisoquinoline 25, was obtained as a green o1l, 8 (200 MHz, CDCl3) 3 05-3 16 (2 H, m) and
321-3 30 (2 H, m) (6-H and 7-H), 7.21-7 27 2 H, m), 7 37-744 2 H, m), 761-7 66 (1 H, dd, J 6 2 and
30Hz),797 (1 H,d,J22Hz) and 8 35 (1 H, 5, 5-H); m/z 221 084 (M*, 100% CjsH;1NO requres
221 084), 192 (72), 181 (11), 165 (37) and 95 (21)
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7.8-Dihydrobenzo[k]phenanthridine 26. Pyrolysis of 3,4-dihydro-1-phenylnaphthalene-2-carboxaldehyde
N,N-dimethylhydrazone 12 (0 15 g, 0.54 mmol) gave 7,8-dihydrobenzo[k]phenanthridine 26 (0 09 g, 62%) as
a yellow oul after flash column chromatography [ethyl acetate-cyclohexane (1.4)], 8 (200 MHz; CDCl3) 2 81—
294 (4 H, m, 7-H and 8-H), 7 34-7 40 (3 H, m), 7 53 (1 H, 2 overlapping dd, J 6.8 and 1 5 Hz), 7 66 (1 H,
2 overlapping dd, J 6 8 and 1.5 Hz), 793-798 (1 H, m),8 14 (1 H,dd, /8 5 and 1 4 Hz), 847 (1 H,dd, J
8 5 and 1.4 Hz) and 8 80 (1 H, s, 6-H), Viax (CH2Cl2) /cm-! 1569, 1558, 1504 and 1487, m/z 231 105 (M+,
100% Cj7H;3N requires 231 105), 216 (10), 202 (25) and 101 (15) The picrate of 26, m p 268270 °C
(11t.,20 270 °C) was obtained as a yellow solid when compound 26 was treated with picric acid 1n ethanol
(Found. C, 59.9, H, 3.5; N, 12.2 Calc. for C23H16N4O7 C, 600, H, 3 5, N, 12 2%)

2-Bromobenzaldehyde N,N-dimethylhydrazone 17 A solution of 2-bromobenzaldehyde (3 15 g, 17 0
mmol) and 1,1-dimethylhydrazine (1.40 ml, 18 4 mmol) in dry toluene (25 ml) containing a few crystals of
toluene-4-sulfonic acid was heated under reflux for 16 h, using a Dean and Stark trap to remove water Ths
gave the dimethylhydrazone 17 (3.14 g, 81%) as a colourless o1l (Found C, 47.6,H,49, N, 12 4.
CoHj1BrN; requires C, 47.6, H, 4 9; N, 12.3%), & (200 MHz, CDCl3) 3 02 (6 H, s, NMe»), 7.05 (1 H, ddd, J
7.9,72and 16 Hz, 5-H), 724 1 H,ddd, J 79,7 2 and 1 1 Hz, 4-H), 745 (1 H, s, CH=N), 7.50 (1 H, dd,
J79and 1.1 Hz, 6-H) and 790 (1 H, dd, J 79 and 1 6 Hz, 3-H); vpax (film) /cm-1 1572, 1548 and 1462,
m/z 228 009 (M+, 68% CoHj18'BrN3 requires 228 009), 226 (69), 147 (88 and 132 (100)

Palladium(0) catalysed coupling reactions of the chlorozinc intermediate 18 with vinyl bromides General
procedure

2-Bromobenzaldehyde N,N-cimethylhydrazone 17 (0 26 g, 1 15 mmol) was converted into its 2-
lithio derivative by reaction with butyllithium (1 46 M, 0 90 mi, 1 31 mmeol) in THF (15 ml) at —78 °C for 20
mn Zinc chlonde (10 M, 1.75 ml, 1.75 mmol) was then added and the mixture was stirred at —20 °C for 1 h,
1n order to effect the formation of the chlorozine intermediate 18 Pd(PPh3)4 (0 05 g, 4 mol%) and the
appropnate electrophile (1 15 mmol) were then added together in THF (15 ml) The reaction muxture was
allowed to warm up to room temperature and 1t was then heated under reflux for 16 h  Workup was followed by
punfication of the crude product by flash column chromatography

2-[(E)-2-(Trumethylsuyl)ethenyl]benzaldehyde N N-dimethylhydrazone 19 Reaction with (E)-2-
(bromovinyl)tnmethylsilane as the electrophile gave 2-/(E)-2-(trimethylsilylJethenyl]benzaldehyde N,N-
dimethylhydrazone 19 (0 22 g, 79%) as a yellow oil after purification by flash column chromatography [ethyl
acetate-cyclohexane (1 19)], (Found C,682, H,90, N, 115. Cy4Hy9N,S1 requires C, 682, H,90, N,

11 4%), & [200 MHz, (CD3)2CO10 16 (9 H, s, SiMe3), 295 (6 H, s, NMe»), 6.37 (1 H, d, J 190 Hz, AB),
714-725(2H, m), 750 (1 H, d, 7 190 Hz, AB), 745-7 54 (2 H, m) and 7 687 73 (1 H, m), Vp,y (film)
fem1 1574, 1551, 1467 and 1443, m/z 246 156 (M*+,25% C14H,N,2881 requires 246 155), 173 (100),
130 (21) and 73 (51)

2-(2-Methyl-1-oxocyclopent-2-en-3-yl)benzaldehyde N,N-dimethylhydrazone 20 Reaction with 3-
bromo-2-methylcyclopent-2-en-1-one as the electrophile gave 2-(2-methyl-1-oxocyclopent-2-en-3-
yl)benzaldehyde N .N-dimethylhydrazone 20 (0 16 g, 59%) as a red-brown o1l after purification by flash column
chromatography [ethyl acetate—cyclohexane (1 4)}, 3 (200 MHz, CDCl3) 1 61 (3 H, s with small coupling J <
10 Hz, Me), 2 54-2 59 (2 H, m), 2 81-2 87 (2 H, m), 292 (6 H, s, NMe,), 6 96 (1 H, s, CH=N), 7 10 (1 H,
dd,/71and20Hz),723-739 (2H, m)and 792 (1 H,dd, J 7 7 and 1 6 Hz), vy,, fom-1 1701 (C=0),

1638, 1573 and 1551, m/z 242 142 (M*+, 13% C,sH;gN,0 requires 242 142), 171 (67), 156 (43), 141 (20),
115 (21) and 59 (100)
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