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ABSTRACT

To gain soroe insíght on Êhe special properties of the thiathio-

phthenes, the syntheses of trvo rnodel systens have been attenpted.

I^Ihile the synthesis of the f irst model system, the 4-thioacylbenzo [c]-

thiophenes, has not been successful , the synthesis and propert:'-es of

a variety of benzo [c] thiophene derivatives have been explored.

On the other hand, the second model system, 7-acetyl-3-methyl-

anËhranil, has been synthesized by reduction of 2,6-díacetylnÍtro-

benzene. While the chemical properties of the compound inclicate that

it unde::goes valency-tautomerism, spectrosc.opic studie-s :'-ndícate that

this process ís too slow Ëo be deËected on Ëhe M{R tíne-scal-e. Compari-

sons with other heterocyclic systems plus present evidence appear to

favour Ëhe hypothesís that invokes the use of sulfur d-orbitals in the

bonding of the central sulfur atom of thiathíophthenes to explain their

symmetr:y ín solution.

A varíety of thiophene analogues of triptycene which contain the

benzo [c] thiophene element of str:ucture have been prepared. Anthracenes

react wiÈh diaceËyl- and díbenzoylethylenes and dibenzoylaceËyJ-ene to

gÍve subsËiÊuted bicyclooc'cadienes and -tríenes as Diels-Alcler type ad-

ducts. Sulfurization of the former gíve thiophene analogues cf tripty-

cene in which one ortho linked benzene ring is replaced by a five-member

heterocyclíc systern; but the latter give mixtures of the thiophenes anci

the corlespondíng furans. Attenpted preparaËion of triptycene anal-ogues

Ín which truo ortho linked benzene rings are replaced by heterocyclí-c

systems vlas unsuccessful. Attempted retro Diels-Alder reactions of the

thiophene analogues to produce dehydrothiophenes r,Jere also unsuccessful.
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THIATHIOPHTI]ENES

Ever since P'ezzt et al" (1) proposecl the structure I for a

compound (2) obtained by the treatment of díacetylacetone rvith

phosphorus pentasulfide írr benzene to r.^¡hich he gave the name

dimethyl thiath:'-ophthene, many workers have atternpted to explain

the special properties of this cornpound. It may be named 5-

methyl-3-thioaceËyJ-methylene-L r2-dithiole, but in accordance with

its symnietry, ís perhaps better named as a 1,6r6es(1V)-tri-

thiapentalene derivative

r-LJ

1a

In this thesis, for conveni-ence, the name thiathiopirËhene wíll be

employed. Arndt (2) had erroneously proposed the 1,2-dithiepin

strucËure 2 to the reaction prodr-rct. HoweverrBezzíts X-ray struc-

ture determinati-on studies have shown that the sulfur atoms are all

collinear and equally spaced at a distance of 2.36xIO-Bcm, which is

greateï than the norrnal S-S bond length of 2.04x10-8cm. These re-

sults led the above rvorkers to suggest that Arndt's compound j-s

characËerized by single bond-no bond resonance, la <-> lb, and

that la and lb are contribuËing structures to a symmetrical resonance

hybrid.

2
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Many other thiathiophthenes have since

appJ-ying Arndtrs method, Behringer et al. (3)

interesting bridged thiathiophthene 3 Ln 597!

d iprop ionylcyclohezanone .

Another thÍathiophthene 4 r,¡as obtained

íntroduction of all three sulfur atoms in a

beloiv, first introduced by Behringer and his

been prepared.

synthesized the

yíeld fxom 2,6-

by the simultaneous

reaction outlíned

co-workers (4).

By

3

ooìí crbi'ss
r- - C= Ma-ôAc-. r\D^\-/ -cf-t=,-

'rr \L 
\t laa"c
Ph

Behringer et gl, (3) also díscovered that

condense rvith "trithíonium salts" such as 5 to

the benzothiathiophthene 6.

aroylaceËonitriles

give, ultimately,

so+c+i

þb
------)

BF+

75
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Except for the interesting cationic species 7 recently

described by Brorvn, Leaver, and Rar.rlings (5), no other thia-

Ëhiophthenes fused to an arornatic ring seem to have been

reported, although closely related systems such as Ba ancl Bb

are kno¡vn (6,7) .

8a 8b
Further evidence of symmetry was provided by Hertz et al.

(B) in thei-r nuclear magnetic resonance studies of thiathiophthenes.

They found that both methyl protons of l- were equivalent. similarly

both methine protons vrere equivalent.

Dingwall et e-1. (9) have found evidence for ring current, ie.

aromaticity, in the strong deshielding of the ring protons. Hence,

Ëhe thiathiophthene system rvould appear Ëo possess some aromatic

character.

Leaver et al. (10) originally argued that the symmerrical

sËructure for compound 1, as proven by x-ray crystallography and

N.M.R. studies, mây be caused by rapid tautomerism instead of single

bond-no bond resonance. They found that although compounds 10 and 11

cannot exhíbit resonance of the type descrÍbed for 9, their ultra-

víolet and visible spectra resembled thaË of 9. FurËhermore, \¡rave-

lengths of vísible maxima of compounds 9, 10, and 11 differecl from

those of the corresponding lcetones (12, 13, and 14 respectively) by

roughly the same incrernents (67 nu , 69 nu , and 60 nu respectively).

í=\.2



NevertheJ-ess,

of tetravalent

-4-

lheír data r.¡as later

sulfur structures.

(see belorv) Í.nterpreted in terms

11_

ru,*ÇLÅn
1C

12 13 14

Maeda (11) and more recently, Gleiter and Hoffman (12) using

calculations involvíng simple L.C.A.O. approximations, have 1n...

voked the use of sulfur d-orbitals in the bonding of the central

sulfur atom givíng tetravalent sulfur structures to expl ain Ëhe

synrnetTy of the thiathiophthenes.

In 1966 Klingsberg (13) postulated that the unusually short

distance of 3,O-3.Ixl0-Bcrn between the two j-nternal sulfur atoms

of dithiolocyaníne perchlorates 15 indicated that partÍal bonding

betrveen the sulfur atoms is possible. Thís 1ed him to formulate

the compound as a resonance hybrid to which .canonical structures

of the types 15b and 15c make minor contributions; ie, single bond-

no bond resonance as an explanatj-on for this phenomenotf.
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15a 15c

15¡-
Klingsbergrs hyporhesis was dispured by Leaver g! e!. {t+¡ for

two reasons: (a) no evidence had yeË been presented to indicate that

the disulfide bonds in the dithiole nuclei are unusually 1ong, and

(b) the cenËral s-s distance is no shorter Ëhan the value of. 2.95x
_a

10 "cm. found for the phosphacyanine 16 in rvhích no-bond resonance

is highly improbable. They suggested that the partial j_nterannular

bonding in these cyanines is due to the overlap of sulfur 3d orbitals,

ie, the expansion of the valence shell of the tr,¡o internal sulfur

atoms. Hence, in terms of resonar¿ce syrnbolism they described the

sËructure of 15 as 17, which contains a teËravalent sulfur.

1ô 1Z
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More recently Brown, Leaver, and McKinnon (15) on the basis

of their ultraviolet and vísible spectra studies of dithiolylidene

ketones, 1 r6r6aS(lV)trithíapentalenes, and analogous compounds

(compounds 9 to 24), rejected the sÍngle bond-no bond resonance

hypotl'resis. Since the compounds 9 to 11 and also 18 to 19 are

seen to be members of an iso-r-electronic series, their electronic

spectra should be similar. fn fact these investigators found each

of these spectra conËains a strong, symrnetrically-shaped band vrith

the maximum falling in the 4L5-475nm range for the ketones and in

the 485-545nm for Ëhe thiones. The difference in baËhochromic shift

(Av) between the ketones and the corresponding thiones \,/ere found

to be hígher (425 anð.435mm-1¡ for 4ll-pyrans 18 and 4l{-thiopyrans

19 than for 9,10, and I7 (236,245, and 339mm-1 ru"p""tively). Since

the pairs of compounds that shorv lo¡v values of Av- are ihose in which

a bonding ínteraction is possíble between the exocyclic and endocylic

hel-eroatoms, these investigators suggested that the thiones of 9r10

and 11 are beËter represented by bicyclic formulae such as 20,2r, and

22 than the cl-assical f orinula ascribed to thiathiopthenes 1.

Þ: 'I-I 
ENYL

I
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Broran, Leaver, and }fcKinnon reinforced their arguments rvhen

they found the Âv value of 23 higher than 24 as expected. If the

1ow values of Av are indeed caused by bonding beLrveen sulfur atoms,

wlrich, in the classical sËructures of the thiones , are formally uon-

bonded, Ëhen 23 should show a relatively higher Av value due to Ëhe

larger bond angle between Ëhe thione sulfur and the neighbouring ríng

sulfur of 23. This distortion is caused by the thioacylrnethylene-

1r2-dithole system peri-fusíon wiËh a five-membe::ed ring. On the

other hand, the larger ríng homologue 24 does not suffer from this

Ëype of distorËion, and thus rvould be expected to have a lor,¡er Àv

vaIue.

23 24

Thus, the unique characteristics of 3-thioacylmethyl-ene-1,2-dithioles

have been atËríbuted: (a) to rapÍd tautomerism, (b) to utilization of

sulfur d-orbitals giving a tetïavalent sulfur structure, and (c) to single

bond-no bond resonance. Even though no single one of the above hypotheses
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gives a Ehorough account of the special properÈies of 1, the theories

involving d-orbitals appear to provide the most saËisfaciory explana-

tion of Ëhe facts.

Hor,¡ever, despite conclusions reached above, it is of Ínterest.

to determine Ëo what extent the symmeËrical properties of the thía-

thiophthenes could be approached or parallelled by related syster¿s

ín which Ëhe central atom night not be capable of valence shell ex-

pansion. Such systems might exhibit single bond-no bond resonance or

valence-ËauËomerism. In searching for relaÈed compounds in which the

central atom is incapable of valency shell expansíon, the synËhesis

and properËies of two model sysLeras: 4-thioacylbenzo [c] thíophenes 25

and 7-acylanthranils 26rhave been investigated to cietermine Ëo what

exËenË Ëheir properties approach those of rhe thiathiophËhenes. Re-

placing the central sulfur aËom S-S-S in the thiathiophthene system

by a carbon to forn S-C-S in the benzofc]thiophene system, and by

O-N-O or S-N-S in Ëhe ant,hranil or Ëhioanthranil system would give

molecules which are poËenËia11y symmetrical, according t,o hypotheses

(a) or (c) above. Hence, if either or both systems (22,26, and 27)

were found to be sy-rrrûetrical - !e., with NMR showing the equivalence

of a1kyl or aryl substituents "R" and Ëhe protons on Ëhe aromatic

ring with an AB,, type of paËËern, iÈ would indicaÈe that hypotheses
L

of typ* (a) oï (c) are noË unimporÈant in describing the properties

of thiaËhiophthenes.
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It ís therefore pertinent to revierv the chemistry of the

benzofc]thiophene and anthranil systems. Some benzofcJfuran

derivatives 28 might also exhibit the proper{:ies in question;

however, studíes on benzofc]furans (16) have Índicated that

these are even less stable than benzo[c]thioplienes, and would

be less suitable for investigaLion. The thioanthranil system

27 woul'd also be desiräble. However, it was expected. from the

outseL that 27 might be prepared by suitable conversi_ons from

26, As wÍll be evident later, Ëhis was partiall.y realj'zed,

thi*X./*

7252

28

o -\
6

\-,/-[-

o29
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Another system '.,rhich contaÍns the benzofc]thiophe:ne 29

elenent of struciure ís that of a thiophene analogue of tríptycene

30. Such compounds are of interest because it seems appropriate

Ëo investigate to what extent does replacing one ortho linked

benzene ríng.of triptycene with a heterocyclic system have on the

physical and spectroscopic properties of the mo1ecu1e. Furthermore,

some of our synthetic methods and reagents see;ned amenable to the

preparation of these, and it was decided to investigate certain

syntheses and reactíons of this and related systems.

RecenË revj.ews by Klingsberg (13b) and Salmond (i2b) have given

an exEensive background and insighË Ëo the thíathiophthenes and pos-

sible valence-shell expansion of sulfur heterocycles although these

reviews deal v¡iËh the topics from somewhaË different viewpoints. It

has also been found that in certain uns)¡rnmetrical Ëhiathíophthene Ceriv-

aËives the S-S spacing is not equal; nevertheless, Lhese unsymmetrical

thiathiophthenes can be represented by bicyclic formulae which ínclude

tetravalent sulfur strucËures, according to Maeda (1f) and Gleiter eÈ a1.

(Lza) .



PART B BENZO [ç]

Introduction

Unlíke benzo þ] thiophenes

t.hiophene 29 lnave been reported

7t
('(\,\,ry

+

2e

b

5

Benzo þ]thiophene (also knorvn as j-sobenzothiophene or isothianaphthene)

is an unstable compound rrrhich crystallizes in colourless platelets under

nitrogen at -30oc. rt was first prepared by Mayer et al. (17) in 651Z

yield from the catalytic vapour phase dehydrogenation of 1,3-ciihydro-

benzofcfthiophene (32) over palladium-charcoal at 330oC in the absence

of oxygen.

Pd.- c

300'
32 29

General Preparatj.ons

Whereas benzo [cl rhiophene itself is unstable, more stable derj.va-

tives have been reported. much earlier. 1r3-iJíhydrobenzo[c-Jthiophene

32 has been prepared in fair yields froni o-xylylene clibromide and

potassium or sodíum sulfide (18). The compound forms a crystallÍ-ne

-L2-

IHIOPi]ENES

31, very feiv derívatives of benzo[c]-

in the published líterature.

methiodide salt 33 on reaction with methyl iodicle.
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Apart frorn the I,3-dihydro derivatives, the ful1y aromatic

ring system of benzo [c]thiophene is stable only if positions I

and 3 are substituted with electron-donating groups, preferably

phenyls. Figure I illustrates the procedures involved in the

classical preparatíon of a homologue of benzotcJthiophene, the

1r 3,4-trimeËhyl derivative 40.

Fígure I_

,,tÇ,ø
t4s f z.x

SruCl,e HCr

34
So

a) Hsh*

,,,$;t* .Æ\.r,= s-tt*-
,38./37

t^ I - 76"¡ry,Þel ø (z)H¿o

J cb{-\ se-J cb{-\ se- cs(
TAR ,'-4 

.of'/\ta ctt YÊr3

3e 40

3ô
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The first step r,/as the Friedel-Crafts reacEion involving 2,5-dimeihyl-

thiophene and succinic anhydride to gíve 2,5-dimethylthenoyl-3-(ß-propionic

acid) Qgl . This was f ollorvecl by a Clemmensen reductíon <¡f the ketone to

give 3-(2,5-dímechylthienyr)-/-uu11,ric aeí.d (:å). Af re:: conversion Ëo rhe

acid chloride.36 rvith thionyl chloride, ring closure ruas effecËed by the

Fieser and Kennelly ring-closure method (19) yiefdíng 1,3-dimethyl-4-keto-

5 ,6 ,7 -xxlhydrobenzo fc] thiophene (3Ð Qo) . Trearuenr of. 37 wirh merhyi

magnesium iodíde followed by hydrolysis produced 1,3,4-trimet]nyl'-6,7-

dihydrobenzo [cl thioohene €9) . The Clemmensen reduction of 37 yielded

1,3-dimerhyT-4,,t,U,7-tetrahydrobenzofc]rhiophene (Lg-). Borh 38 and 39

were dehydrogenat.ed on treatmerrt rrriËh selenium at hígh ternperatuïes.

Horn¡ever, Buu-Hôi et e!. (21) reported the isolation of only 1r3,4-trímethyl-

benzo [cl thiophene @Q) in small yields. 1,3-DimeËhylbenzo [c] rhiophene

was not detected; probably it is as unsËable as the parent compound.

On Ëhe other hand, 1,3-diphenylbenzo[c]thiophene (!Ð is a very

stable, bright ye11ow solid ¡vhich exhibits green fluorescence in ultravj--

olet light. Bistrzycki e! 97. (22) Ln 7922 first reported. the synthesi.s

of 42 by a multípie-step reacLion from Ëhe lactone of ct-hydroxybenzylËhio-

benzilic acid (É!) as outlined in Figure rr. The sËrucËure of 42 was

esEablished by recuctive rupture of the Èiriophene ring with zinc and

acetic acid giving o-dibenzoylbenzene (49) anc hydrogen sulfide.
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Figure II

å^$H
41

I

I-+ 'l/

+ q: *ft'-G
û

43 42

Later investigators (23) verified Bistrzyckits work and gave

additional proof of sËructure by obtaining 42 f.rom 1,3-diphenylbenzo-

[c] furan (4,!) and phosphorus pentasulf ide . Zínc amalgam rvas reported

Ëo reduce 42 to o-dibenzoylbenzene (24). Pyrolysis of 42 rvith zínc

at 4O0o gave the knorvn 9-phenylanthracene. Dufraisse and Daniel also

revealed that both o-dibenzoy'lbenzene and 1, 3-diphenylbenzo [clfuran

over zinc dust at 4O0oC yielded 9-phenylanËhracenes (23).

Hzs
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OrBrochta et a1. (25) obrained l-arylbenzo[c]thiophenes 46 by

treating the hemiaoetals of o-benzoylbenzoíc acid 45 and íts deriv-

atives with phosphorus pentasulfide.

ffi\
PzSo

----_--_-->
R_F-l

46- cll3

-- ct

By far the most efficient method in synthesizing 1,3-diphenylbenzo-

[c]thíophenes j.s the Diets-Alder technique. Figure III illustrates the

procedures involved in the preparaËion of benzo [c] thiophenes and benzo-

fc] f urans utilízing Ëhe Die-l:s-Alder method.

DCI .r -l-L3il
24

R

l_rtt

4_5

o
o
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Figure III

c LLO,'

-Í.
it
TO
b

R-¿
R\

47

,l
R = cf_b

= Pl_tE

ßr,____ _:_>
Mr¿Olìc

HAe
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Adams and Gold (26) found that Diels-Alder reactions of 113-

butadienes v¡ith diaroylethyJ-enes 47 gave the corresponding diaroyl-

cyclohexenes 48. The cyclohexenes r¿ere easily dehydrated to dihydro-

benzo[c] furans 50 upon treatm.ent ¡¿ith acetic anhydride and phosphoríc

acíd. TreaËment of 50 wíth bromine in an acetic acid solution con-

taíning sodium acetate yielded Ëhe dibenzoyLbenzenes 51. The latter

r,Iere converted into the híghly f lrrorescent benzo [c] furans 53. These

r,vorkers also noted that the benzo [c] furans were good dienes f or Diels*

Alder reactions, and that their adducts with maleic anhydride 54

could be aromatised Ëo naphthalene derj-vatives on heating wiËh HBr.

Further chemical and spectroscopic studies of aryl-substj-tuted

benzo [c] thíophenes Trere reported by A11en and Gates (27), who contin-

ued Èhe work started by Aclams and Gold. The former reported several

ner^r derivatives of 2 r3-dísubstítuted 1 r3-butaclíenes which reacted

rilith dibenzoylethylenes to yield substituted diaroylcyclohexenes 48.

These on treatment \,zith sulfur at 22OoC produced 5r6-disubsËítuted

benzo [el tfriophenes 49. Addition of nitric or chromíc acicl in aceËic

acid to !9 af.f.orded the same diketone 51 as that which rvas produced

by reactilg 50 with bromine in acetic acid solution also containing

sodium acetate. Similarly to the benzo [c] furans, I ,3 r 5 , 6-Ëetraphenyl-

benzo [cl thiophene also f ormed Diels-Alder adducts 52 wit-h maleic

anhydride.

The analogy betrveen the furan ancl thiophene series Tras further

strengthened r'¡hen Zweig g! "1. 
(28) investigated Ëhe electroche¡nilu-

minescence of aryl-substiËuËed benzo [c] furans and benzo [c] thiophenes.



Both r,¿ere found to

light. They found

adducts with maleic

phene unden^¡ent the

_ t9_

exhibii greerr-yellor¡ fiuorescence on e>íposure to

that, rv{ìereas all .benzo[c]furan der:ir¡atives formed

anh,vdricle, only 1,3,5 ,6-tetraphenylbenzo [cl thío-

same reaction.

!:esreJ-

*,@4
l)v/ì

1.
H 9Et

A
/ l,L'-

t-9\QJ

)Cnc- \¿

+ r-rscr-hcqEt
f-toEt

. (t ¡v.ß.5.

@) CfuoNe-

57

RecenEly, a novel synthesis of benzoIc]thiophene \,/as reporte<l by

Tilak et al. (29) as illusErated ín Figure lV" Conclensation of ethyl-

rnel:captoacetate rvith etiroxynethy-lcyclohexanone 'i n the presence- of i

soclium etiroxíde yielcieci 2-carboe tho>:y-1i-sthoxy-1-Lryclro,',-r,bicycJ-o- 
i

(4,3,0)-3-thi¡¿nonane (!I) . Dehydr:at j.ori of 55 rvith p-to1-uenesulionic

acíd afforded Z-carboetìroxyuetrahyclrobilnr¿o [c] thiopherre (!9) as a

colo.rlr-ss liquicl . -h-rteractiorL of 56 ivith Ìll-bronltlsuc'.cínirnj-r-ie.- [oLlorve<]

by treatment r,rith sodium n¡ethoxide gave J.-carboxl'þs¡2o flcl ffrJ-ophe,ne

$Ð.
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Decarboxylation of the acid 57 by copper-quinoline treatment at llOoc

gave benzo [c] thiophene (29) as a. pal.e yeJ-lorv líquid vrith naphthalene-

like odour. The product decomposed after 15 minutes and rapidly on

exposure to oxygen.
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ANTHRANILS

General IntroducEion

Anthranils are benzo derivatives of isoxazoles. Unlike benzo-

[clthiophene, anthranils are stable compounds at room temperature and

have been knoûn for over 50 years. Besides anthrani] , other names

such as anthroxan-2rI-3,4-; ß)'-benzisoxazoLe; benzo [c] isoxazole; and

benzpseudoxazole can be found in the literature in reference to the

ring system 58. Anthranil and its 3-rnethyl derivative are colourless

oily liquids with a characteristic odour.

2'
6

5
5E

In 1882

hydr'íde of

the lactim 60

Friedlander (30)

anthranilic acid

formulae.

58

firsË regarded anthranil as the ¿¡¡-

and ascribed to it the lactam (59) or

cff"
OC

59



61 62
o+

63

The following year schillinger (31) proposed rhe rricyclic

structure 61.

Heller (32) supported the lactam structure 59 proposed by

Friedlander because the exístence of acyl derivatives, which were

at Ëhat Ëine represented by 62, favoured the lactam structure.

on the other hancl, Bamberger et g!. (33) insisted on Ëhe tricycl:'-c

structure 61 since the methyl and carboxy derivati-¿es of anthranil

were formed from starting materÍa1s in luhich the substituents v¡ere

undoubtedly att-ached to carbon three 63. physical methods includ-

ing molar refraction (34r35), ulËraviolet (36) and Raman speciro-

scopy (37) finally establíshed 58 as the stïuctural formula for

anthranil.

Anthranil may be regarded as a heteroaromatic 10n electron

system. rts dipole mourent, reporËed to be 3.06D (38), indicates

a very polar molecule which may be attributed to contributions

from canonical forms such as 64 and 65 to the ground state of the

mo1ecu1e.

-22-
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General Pre¡ar-ations of Anthranils

various anthranii derivatives cârì be prepared by reduction of

o-nítroketones and o-nitroaldehydes with suitable reducing agents.

Friedlander (:o¡ first prepared antirranil in 1882 by reacting o-

niËrobenzaldehyde \^rith tin in acetic ac.id soluiion.

trc
Sn

c2 -_-->
HA c

Later workers have prepared other derivatives of anthranil by

reae.tlng o-nitrocarbonyl compounds with cther reducj-ng agents such as:

1) Stannous chloríde and hydrochloride acid (39)

2) Zinc and acetic acid (40)

(+)

Ammonium chloride or soda lirne (41)

Ferrous sulfate and ammonia (42¡

Sodium amalgam (4t¡

Sodium alkoxides (43)

Sodium dithion; t-e- (44)

Trialkylphosphires (45)

Hycirogen anci platinun (46)

-!N Itll O,*'",
,/i

¿-t

3)

4)

s)

6)

7)

B)

ql

5E
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In this reactiorì the choice of reducing agent is often crÍtical si¡ce

further reductíon leads to o-aminocarbonyl compouncls (47),

Freundler (48) obtained anthranil, amongst other products, on

reduction of o-nitrobenzyl alcohol rvith zinc and alkali.

3-methylanthranil (!_q.)

zinc and acetic acid,

5g

on treatment of a

f_I OF
-þ

r6--Cf-bcH zn
[J_l:\", NaoH

Heller (SZ¡ isolared

o-nitrosoacetophenone with

Fl-
J

Zn

HAc

Although oxÍdative methods are less widely used in the preparation

of anthranil and derivatives, Bamberger (49) reported the successful

synÈhesis of anthranil in sma11 yields by the oxidation of o-aminobenz-

aldehyde with 302 hydrogen peroxíde. The production of side products

was noted.

30"1, SI DE

PRODU CTS

58
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rn 1960, Davis et al. (50) obrained 3-ary1-5-haloanrhranils 68

on Ëreatment of p-halonitrobenzenes with benzyLcyanídes in the pre-

sence of a rarge excess of methanolic potassium hydroxide.

*O-o
+ KOH*_____-/,

@<uacrv

YN
fl
N=O

-67
The intermediate 67 vas isolatecl by walker tr^ro years later (sr¡.

Grob et aL, (52) reacted o-c.hloronitrobenzene wÍth diethyl

sodiomalonate and obtaíned the product 69 r+hich decomposed to ethyl

anthroxanate(70)on distillation. The general nechanism involves the

displacement of the halogen etom of o-chloronitrobenzene by diethyl

sodiomalou.aLe.

{Ð+

0e

ob#:= f#r
-,a\l.H Ltl lI Vozffi
V{u,n------}!/ ,o_¿ 

a
70

In general, anthranil and derivatives can also be prepared

from oËher heterocycles. For example, N-hydroxyisatiri (Z!)

isomerizes Ëo anthroxanj.c acid (lZ) in dilute sodium hydroxide

soluËion.

øx'4\é^
,+\(ÁP
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71 72

2-Pl-renylisatogen (73) rearranges in methanolic sulfuric acid

to an isomeric compound, rvhich was called 2-phenylísoisaËogen and

formul.ated as an oxazirane 75 by Ruggli et g].,, (55). Recent r,¡crk

has shor'.n, however, that the product ís 3-benzoylan.thranil (fL),

formed by hydrolysis and recyclisation of the isatogen (56r57).

ctt0H-

H¿S Oq

74 75
In 1970 Cadogan (fA1 reporred the synthesis of 3-phenyl-

anthranils 76 by treating o-nitrobenzophenone r+ith triethylphosphite.

On the other hand, when Èhey treated o-nítroacetophenone with triethyl-

phosphite under similar conditions, none of the expected 3-methyl-

anthranil was isolated; instead,, they obtained diethyl-N-(2-acetyr-

phenyl)-phosphoraniidace (ll¡ .

Z3

NaOH
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HETEROCYCLIC ANz\LOGUES OF TRIPTYCE}IE

Introduction and Classical Pr_eaegegions of Triptvcene

I

3

+

II 7t
/2

/3

During the course of thej-r studies on bicyclic ring systems

(59,60), Bartlett et a1. (61) reported the synthesis of triptycene

(æ.), also knov¡n as 9,1O-o-benzenoanthracene or tribenzobícyclolZrZrZ)-

octatriene.

Actually triptycene is an analogue of the triphenylrnethyl system

in rvhÍch the ortho positions of the three phenyl groups are united to

a common CH. Bart.lett called the compound tripËycene because the

shape of this ring system suggested to hini the triptych of antiquity,

which v/as a book with Ëhree leaves hinged on a conmon axis. Figure

V illustrates Bartlettrs classical synthesis of triptycene.

Figure V

---------------->

OH .l

7

6

ö

o v
7,-
\-L

7-\\ti ÔH

80
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Figure V continued

8L

7g

By slightly modifying ClarIs route (62) to the hydroquinone

gg, the first step vras the formaËion of the adducl 12by heating

anÈhracene and quinone in refluxing xylene for two hours. The ad-

ducË rearranged to the hydroquinone B0 on ÈreaÈment with hydrobro-

mic acid. Oxidation of the hydroquinone wiËh potassium bromaËe in

hot glacial acetj-c acid yielded the quinone 81. The latter v/as

first reacted rvÍth hydroxylamine hydrochloride to produce the dioxime,

and therr reduced to Ëhe diamine 82 on treaËment r,¿ith stannous chloríde in

KBr 03

BO--------->
*4¡.cCIôH

(r) H0-ÑH¿

--->
@) S^Cl¿

Hct

\r-rz

tr) N¿Ñ0¿
ll+

(¿) trla,H PO¿

2

E2

H¿N N H; H2CI

ôV,. arJ- \--,/

o H

ov o
o va /c*co,
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concentratecl hydrochloric acid, Diazotízation of the dÍaini¡e in acetic

acid-sulfuric acid mixlure and sodium nitríte, follorved by treatment

with NaIlPO, in ÉIe1 gave 2-chlorotriptycene (83). The fína1 conversion

step to tríptycene \,/as first reported by Busch and stove (63). Thís

consisted of treating the chloro compound 83 l,¡ith palladium on calcium

carbonate and hydrazine hydrate Ín ethanol-potassium hyclroxide solution.

It has been shown by Barnert et Ct (ø+) and by Bachmann (6S¡

that maleic anhydride readily undergoes add-ition to 9-substituted pro-

ducts of anthracene, yÍelding dibenzobicyclooctadj-ene derivatives

such as 84 lvith substituents at the bridge-head positioir. These are

among the few compounds lcnorvi-t up to that time which aïe structurally

incapable of replacement reactions with tr^lalden inversion.

X- Br

ts

5I-o

o )-v ,

o
o \t

v ()

o: NH2

84 H

o2

rn a series of papers (59160161), Bartlett er al.have also re-

ported that triptycene, similarly to compound 84, is structurally in-
capable of replacement reactions rvith l{alden inversion. Although

tríPtycene ís an analogue of triphenylmetirane, it is entirely lacking

in Ëhe activÍty of its aliphatic hydrogen torvarcl potassium exchange,
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chlorination, ancl oxída-tion tn'hich characterízes triphenylmethanes.

During the course of their stud_ies on l-bromotriptycene (!å),

Bartlett g! gr. Ca6) found that l=bronotriptycene failed to undergo

nucleophilic àisplacement even under the most drastic conclitions.

They suggested that triptycene is unfavourably constituted for

conjugatíon involving the bridgehead carbon atoms because of the

rigid bond angles in rhe ínterior of rhe bicycto[z,2,zfoctane ring

system. This total absence of the resonance possibilities in the

anÍon or the deacrivaring effecr þar1ed rhe Mi11s-Nixon effecr (ozl]

involving the bridgehead carbon atoms, accounts for ihe special

properËies and behaviour of 1*bromotriptycene Gå) a" compared to

triphenylmethanes. This also indicates that benzene rings fused

on the bridges of the bicycloL212,2]octane have a strongly cleactívating

influence upon the c-Br bond at positíon one. As will be evÍdent in

a later discussion, similar properties r{ere discovered with respect

to heterocyclic analogues of tr;Lptycene.

By modifying Bartlettrs classical route, craig and In]ilcox (6s¡

reported a shorter and more direct route to triptycene. When the adduct

between anthracerre and p-benzoquinone 79 was reduced with lithium

aluminum hydride or sodium borohydride, a diol 86 was isolated, Treat-

ment of 86 w:'-th PC1, and Poc13 gave triptycene in fair yield (see

Figure V1).
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Preparation- of Triptycene i-nvolving Benzyne

In 1956, tr{ittig and Ludr^¡ig G9) developed a novel route to

triptycene from anthracene and dehydrobenzene or benzyn. Gg).
Reaction of anthracene, o-fluorobromobenzene (gZ), and magnesium

in tetrahydro{uran gave triptycene in 28% yiel<i. The benzyne was

postulated as an intermediate.

__>

87

f-

+! or 
Lea 78

Later workers have prepared a series of Ëriptycene derivatives

by reacting benzyne rvith. various anth::acene derivatives. tr{ittig and

Hoffrnanir (70) have prepared benzyne by the diazotization of compound

89 followed by heat induced decomposítion of the diazoníum sa1t.

Stiles and Miller (71) prepared benzl,¡s by clecomposing benzene

diazonÍum-2-carboxylate (!!.) on heating. rn 1968 stevens (72) used

z-azoxybenzojc acids 91 as benzyne precursors. Brer,rer et a1. (73)

o >-v o
ó



reported the additíon

anËhracene derivatives
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reactíons of tetrafluorobenzyne (.!!) Lritfr

giving tetraf luoro tr-iptycenes

t12

02 N"

IJ

CI

92

F

F

91

More recently, Schaefer. eË a!. (74) analL¡zed Ëhe pïoton magnetic

resonance spectrum of triptycene. The ring proton spectrum of .ËLip-

tycene was analyzed after the methine proton was decoupled. These

workers discovered that the ring proton shifts in triptycene aì:e

grearly influenced by a combination of ring current, bond anisotrop;r

and electron density (substituent effect) contribuËions. They also

found that the proton coupling constants inclicate a small amounË of

ring straj-n in the bonds near the methine carbons.

Heterocvclic analogues of triptvcene

Although triptycene ruras synthesized by Bartlett et al, Ln 1942,

only wíthin the last fifteen years has research provided inforrnaLion

89

.^/'t2Vt";
90

,)

I

F
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about other derivatives of triptycene. Lilcer,¡ise, 1ittle is knoi¿n

about the preparation ancl properties of heterocyclic analogues of

Ëriptycene. AccorCing to Longuet-Higgínst theory of isosterism

(75), a -cH=cH- group of an aromatic systen is electronically sírn-

ilar to tire formally bivalent (-s-). Hence, when a heteroatom such

as S'NH, or O replaces a -CH=CH-group in an aromatic ring, the ne_rv

molecule formeci should have similar properties to the origr'-nal

mo1ecule. Thus, in theory at leasË, if one sulfur atom replaces a

-cH=cH- group in one of the ortho linked benzene rings of triptycene,

Èhe new molecule is either 30a or 30b. This new molecule should have

simi]-ar properties to triptycene. Two sulfur atons replacing two

-cII=cH- groups in two different aromatic rings of triptycene would

produce either. 93a,93Þ,93cr, or 23¿. Since compounds 93cl and g3c2

are non-superposable and are mirror images of one another, they a::e

enantíomers. similarly, if all three benzene rings of triptycene

contain a sulfur as a heteroatom, Ëhe new molecule formed ís one of

four possibilíties: P4a,94b,2!", or 94d.

Group A

3Ca 30b



e3c 93c2

Group C_

94a 94b

94d
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None of Ëhe foregoing heterocyclic analogues of tr:'ptycene has

yeË been reported in the published literature. The object of the pre-

sent. study \,ras to j-nvestigate the synthesis and properties of some

heterocyclic analogues of triptycene, with special emphasis on Group

A and Group B d,erivatíves, and sulÍur as t.he heteroatom.

The fírst attempË to syirthesi-ze a heterocyclic analogue of

triptycene Í/as by Diels and Alder (76), rvho prepared anthracene-9r10-

endo-2r$-succinic anhydride (9å) by fusing a mixture of anthracene

and maleic anhyclride just below 2600c.

o
2€'0

++

o v (

o
OA
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Bachmann and l(loetzel (77) reportecl the preparation of a series

of adducts involving anthracene derivatives and maleic anh.ydrj-de.

They made a systematic study to determine the conditions for securing

the naximum yields of the adducts, and found that methyl groups in

the 9r1O-posírions of anthracene greatly íncreased the reactivÍty of

these positions wiLh respect to addition of.maleic anhydride, rvhile

a 1r2-benzo group or 9rlo-phenyl groups decreased the activity of the

niolecule.

o
ooo

9Õ
Azatriprycene (pZ) r,ras prepared by witrig and steinhoff (78) on

treatment of 9{a-chlorophenyl)-9,10-aihy<lroacridine (9É) with KNH, in

liquid ammonia. They also discovered that Diels-Alder aclditíon of

benzyne G9) with acridine (!g) failed ro yield azarriprycene (g7).

o )* O
ó

97

9E



+tå#
o _____>

l-þ¡rNr¿

1C1

1c+

Tu"- = N, B,AcrO '

nr"1
HAc 

I

HBv^ /nr{ \¿rv NHL.þtzo

\

o rl r)
7\I)

+uTjlnoee$
Fl\ + 

Ê,Fl\ + 
,é,

,Á:cr. 
) 7-

,,Fc tH

Ø

É\C

NInenç_Ënlr

o t-

^
"t-14

V
H

o 1C3



_39_

rn 1954 Bauingartner et at" (lg) fused dibenzoylacetylene or çis
or trans-dibenzoylethylene to anthracene at 2-00oc to gÍve dibenzoyl-

dibenzobicyclooctatriene lz rz rz ) (gg) and cis ancl trans-dib enzoyr-

dj-benzobicycloocËadíene 8,2,2f (_1-g!) and (lgg) respecrively. on rrear-

ment with alcoholic potassiun hydroxide or hydrobromic acÍd rvíËh acetic

acid, they succeeded in converËing the cis adduct 101 to the Ërans

adduct 100. When the cís aclduct 101 v¡as refluxecl rvith HBr in aceËic

anhydride, the dÍbenzoyl groups cyclised to yield the furan derivative

702, Similar Ëreatnent on the trans ad.duct 100 faíled Ëo produce the

furan derivative, but gave only anthracene and. trans-dibenzoylethylene.

Treatment of the cis- adduct 101 with hydrazíne hyclrate j-rr ethanol gave

the 2'3-dihydropyxi-dazíno derivaËive 103. The pyrÍcl azíno clerivaËive

of tripËycene 104 was obtained by reacting tl-re acetylene acld.u ct 99

wiËh hydrazine hydrate. Apart from these three d.erivatíves, these

workers did not attempt to synthesize other heterocyclic analogues by

ring closure of Ëhe benzoyl groups of the adclucts.
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Obiect of Researcll

As has been stated ilr the Introcluction section, the synuletry

of thiathiophthenes I has been attributecl to:

(a) rapid tautomerism

(b) single bond-no bond resonance

(c) d-orbital partícipation of the central sulfur atom

Most evidence seems to indicate hypothesis (c) as providíng the most

satisfactory explanation of the facts. Horveverr.the main object of

the present research rvas to investígate the preparation and properties

of related compounds, in which the central atom is incapable of valency

she1l expansion, to determine to what extent the first two of the above

Ëhree hypotheses mighi play a role in thíathiophthenes. Two model

systens rvere selectecl: the benzo [c]thiophene system and the anthraníl

system, in rvhich Ëhe central sulfur atoms have been re¡rlaced by carbon

and nitrogen respectively. These two model systems have potential

symmetry if either of conditions (a) or (b) holds; ancl have suiËable

structures for N.l'l .R. examination. It was also of interest to extend

previous methods of synthesis of benzo [c]thíophenes and anthranils

and develop ne\,/ ones.

The second objective of the investigation was to .examj.ne the

synthesis and properties of heterocyclic analogues of triptycene, As

an extension of the investigation on benzo[c]thiophenes, the major

emphasis r{as olf Ëhe thiophene derivatíves since these contain the

benzo [clthiopheue element of structure. ft \ùas expected at the outset

that Ëhese tríptycene analogues might have properties similar to
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tripËycene iËself, such as iËs stability to heat anð its inertness to

oxidatíon and SNland SN2 displacements, of substituents at Ëhe brídge-

head carbon. These triptycene analogues might also be potential

ttthiophyne'ror dehydrothiophene precursors. Attempts could be made to

detecË these"thiophynet'intermediaies either by mass spectroscopy dur-

ing Ékre fragmentation process of the molecule or by chemical nethods.



DISCUSSION
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PART A

Discussiol on AÈtempted Synthesls of 4-Thioacetyi or 4-Thiobenzoyl-

Be4zo [c] thiophenes

IniËially, the preparation of 4-thioacetyl-l,3-dimethylbenzo["]-

thiophene was aLtempted according to Scheme I. The first sÈep involved

Lhe acetylation of. 2,5-dimeËhylthiophene (i06) .rwhich r.vas obtained by

heating acetonylacetone (_1_05-) t¡ith excess phosphorus pentasulfl-de, to

yield 2,5-dímethyl-3-acetylthiophene (107-). The aeetylaÈion of 2,5-ð,L-

rneÊhylthiophene \..Jas esserrtially the same proced.ure r¿hich }fessina et

e!. (BQ) introduced in 1952 in Ëhe Friedel-Crafts alkylation' of. 2,5-

dimeÈhylthiophenes. Compound 107 T¡ras converted to 2,5-dinethyl-3-thien-

ylacetic acid G!g) via the trrri'llgerodt-Kindler meËhod'. This consisted

of refluxing the keËone 107 with sulfur in morpholine for síx. hours

yíelding the amide L72 as an inËermediaËe. Hydrolysis of the amide wiÈh

sódium hydroxíde gave Lhe acíd 108. The l^Iillgerodt-Kindler procedure

adopted in the preéent r¿ork was under considerably milde= 
"orrditiorr"

than that reported by BlanchetËe eÈ 4. (gf ) who synËhesized 2,5-dirnethyl--

3-thienylacetamide. using sulfur, ammonium hydroxide, and. ciioxane in a

sealed tube under high temperat-ure,s. Unfortunately, the yield of the

acid 108 v¡as less than 77" and this producË could not be successfully

purified by cryst.allizaËioà or coluiln chromatography over aiuminum

oxide. Holever, the crude acid l0B vras successfully converted Ë.o the

ester 109 in quantitative yield by Èreatment \,¡iÈh anhyd.rous methanol

and gaseous hydrogen chloride.

îsÞ



I

-44-

I? H
/\

Ç
____+>-

SC

ocfl
å2

NaOH
_----_---->

H3 rt H3

107 112 1CE

Since both the yield and purity of the acid 108 via rhe

hlillgerodt-Kindler reaction were disappointing, attenpts r¿ere made

Èo.convert 2,S-dimethylthíophene (_l!É_) directly ro the esrer 109 by

Fríedel-Crafts alkylaËion of the thiophene 106 using nethyl.bromo-

acetate and aluminum chloride. This failed. Other aËtempts using

irnhydrous sËannic chloride, zinc chloride, and boron trifl-uoride as

catalysts, and using anhydrous eEÌrer, benzene, nitroberlzene, nitro-

meËhane, and carbon disulfide as solvents also failed.

With Ëhe small amount of the crude escer 109 frorn the l^iillgerodt-

Kindler reacËion, benzoylation of Ëhe ester 109 gave Ëhe keto-esËer

110. This benzoylatíon-product was obtained as a dark viscous oil,

buË íËs rR spectrum did show absorptions tor a benzoyl group and an

ester group. when compound 110 is treated with acetophenone in the

presence of base, tv/o base-catalysed condensations could occur, pro-

ducing the cyclised benzofclthiophene ester 111. Hov¡ever, the final

product isolated T¡ras a black viscous oi1 pf whietr- IR spectrum shor¿ed no

sharp peaks. Thus, after several attempts this scheme had to be

abancioned. The failure of scheme r may be due Eo the inefficient

I^Iillgerodt-Kíndlerror-rte to the acid 108, and. due to the failure to

convert the thiophene 106 ciirectly i-o the esÈer 109 via the Fríede1-

Crafts meËhod.
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A second series of reactions starting ruith o-díbenzovlben.zene

(13) and 1,3-cliphenylbenzofcl tnran (4,!) were artempred as shorvn in

Scheme II. Treatment of either o-dibenzoylbenzene or 1r3-diphenyl-

benzo fc] furan ruiËh phosphorus pentasulfide in refluxing pyridine

gave in excellent yield 1,3-diphenylbenzo [c] rhiophene (!Z) as a ye1-

1ow solid with a greeñ fluorescence. Friedel-Crafts benzoylation of

42 produced an orange solid, which on separaÈion by thin-layer

chromatography showed Ëhree fractions. The first band from the top

of the plate r¿as Ëhe major product, and NMR and IR spectra indicated

Ëhat it was unchanged starting material. The second band (112 yíe1d)

whose elemental analysis and IR spectrum suggested a monoþsn26yl

product, rras first thought to be the -4-benzoylbenzoLclthiophene.

Horvever, eleetron densiLy calculaÈions by Zahradnik et 91. (82) have

shovm posítions 4 and 7 of the benzo [c]thíophene nucleus to be rela-

Ëively inert Ëo electrophilic substílutions. Hence, the monosubsËituted

product of the diphenylbenzo[c]thiophene 42 was probably compound 113,

substítuted at position 5 as shov¡n be1or,¡. Elemental analysis indicated

that the thÍrd minor band from the plate was probably a dibenzoyl

compound wiÈh structural formula símilar to 114a,115a, 1L6, or some oËher

Scheme II

x
1443

42
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Scheme II continued
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If the dibenzoyl product was 114a or 115a, then sulfurisaÈion of

this would give the corresponding thione 114b or 115b, which would

hydrolyse back to the starting ketone 114a or 115a. On the other hand,

sulfurisation of the dibenzoyL product 116 would produce a 14 n-electron

aromatic system 117 contaÍning a tetravalent sulfur. Since cornpound 117

contains a benzo[cltfriophene element of structure and would ïepresent a

rare example of a stable nonclassical thiophene, the investigation of the

synthesis of. II7 and relaËed compounds became of inËeres!. In 1969 Cava.

et at. (83) isolated the non-classícal Ëhiophene 118 by reacting tetra-

benzoylethane (84) r^rith phosphorus penLasulfide. Sirnilarly to coupound

\tr, tetraphenylthi.eno [:,a"]rhiophene Q]g) is a srable nonclassical

Ëhiophene containing a tetravalent sulfur. However, when the dibenzoyl

procluct from Scheme II vlas treated v¡ith phosphorus pentasulfide, the ex-

pected thiophene 117 was not detected. But the IR spectrum índicated

ËhaL the prbduct was unchanged starting material. Thus the dibenzoyl

compound was probably LI4a, 115a, or some other isomer insÉead of 116.

4',.flltr
*-¿--\

Icv4>cP

-bü b

PzSs

118
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In víer+ of the unsuccessful attempt to obtaírt compouncl llTrthe

preparation of arlother derivative of 118 \ùas atteurpte,cl . Irradiation

of trans-dibenzoyleLhylene in dioxane gave in almost quantitative

yielcl a photodimer 119 as white needles. Treatment of the tetrabenz-

oylcyclobutane G_l_Z) with phosphorus pentasulfide in pyridj-ne gave

the thienoËhiepíne r20 as a minor product. The structure of r2o

was confirnred by elemental analysis and mass spectrosropy. Besides

the parent peak and phenyl peak , the mass spectrum of 120 also

revealed that the compound readily extrudes sulfur under electro¡

irnpact' The formation of the thienoËhiepine 120 from the cyclobutane

119 can be rationa1.ized as possibly involving d-orbital expansion of

Ëhe sulr"ur atom and two electrocyclic reacËions as illustrated in

scheme rrf . Hor,vever, the route frorn 119 to r20 and the properties

of the product r:equÍre further ínvesiigation.

Scheme III

hv
?rss
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Scherne IfI continued
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A fairly efficient and simple preoaration of monochloromeËhyl-thio-

phene and bischloromethyl-thiophene v¡as introduced by Badger et gl,

(85) in 1965. This involved the reaction of Ëhe thiophe.ne wíth 402

formalin and hydrogen chloricle gas at 50oC f.ox Þz hour. As illustrated

in seheme rv,- treatrnent of 2,S-dimethylthiophene Goe I uncer Ëhese

conditions yielded 2,5-dimerhyl-3,4-bischloromerhylLhiophene GZ!) as

pale-tan cryståls ín 78"Á yie1d. The conversion of 121 to the corre-

sponding ní.trile L22 proceeded smoothly by stirring the chloromet,hyl

product 121 v¡iËh IIaCN in NrN-dimethylformainide. The nitriJe L22 should

condense with a diketone such as benzil or 2,3-butanedione in the pre-

sence of a base to produce the corresponding dicyanobenzo [c] thiophene

L23. unfortunateLy, compound 123 could not be obtained despite many

aLËempts. CatalysËs such as sodium hydride, sodium methoxide, poËassium

tertiary buËoxide, and Hunig bases (triethylamine and di-isopropylethyl-

amine) were t.ried, and each t,ime a dark brown solid, whose r.R. spectrum

showed an amino and a cyano absorption, r,{as noted (7% yi.el-:d) ,

The failure of the condensation sËep may be due to base-catalysed

internal tauËomerísm or internal cyclisaËion of Ëhe niËrire L22 as

shovm below.
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rn L954 Birch er g!, (86) reported rhe synthesis and ph,vsical

propertíes of 1,3-dihydrobenzo fcl thiophene (32) an¿ derivatives.

compound 32 was first described by Leser (18) and later by Hjelt
(87) ,who obtained it by the acËion of potassj.um surf icre on o-

xylylene dibromicle Q2Ð. The yield by a modified methocr, using

sodiun sulfide in ethanol, rvas 40Z accorcling to von Braun et a1. (BB).

The pyrolysis of 1r3-dihydrobenzo [c]thiophene sulfoxide G?å)

and 1r3-dihydrobenzo lclthiopl'rene sulfone Gæl was performed by

cava et al. (89). They nored Ëhat in the case of the sulfone 128,

127



'52-

treatment of this compound with aluninum oxid e at 250oC gave two pro-

ducts,benzocyclobutane (122) and ciibenzocyclooctane 130. on the other

hand, treatment of the sulfo.xide 125 under similar conditions produced

benzo [c]thiophene. This latter reaction is actually a dehydration re-

action of the sulfoxide.

p-500

--_->
Alzos

128 129 130

+

25Oo

nL^"t-
+ HzO

29

On Èhe basis of the works of the above investigators, Scheme V

was deveJ-oped for the attempted synthesis of the thioacylbenzo [c] thio-

phene. O-xylylene dibromide (I24) was obtained in excellent yield by

the bromination of o-xylene accordíng to the method of Atkinson and

Thorpe (90¡. The cyclisation of the dibromide I24 ¡,tas effecteci by

refluxing this with sodiun sulfide for two hours in ethanol to give

32 ín 482 yLeLd.

Once the 1,3-dihydrobenzo[cl thiophene \.¡as obtained, it was ex-

pected to gl'-ve the sulfoxide 125 on treatinent with t-butylhydroperoxide.

Then, unlike the substítution probl-erns in Scheme II, acylation of the

125
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sulfoxide 125 should direct the acyl group to pos:'-tion 4 of the benzo-

Ic] thiopf iene nucleus to give 4-acetyl-.1, 3-dihydrobenzo [c] thi-op]rene

sulfoxicle (]29), along wíth the 6-aceLyl derivatj_ve which could be

separated. Having obtained 126, it rvould be relatively easy to

pyrolise JZQ t" I27 utiJ-J-zing Cavars method. Once the 4-acetylbenzo-

[c]thj-ophene (!U) is obrained, its conversion to rhe 4-thioacetyl

product by Lreatment with phosphorus pentasulfide should present

1itt1e difficulty.

Once again the sequence of reactíons envísageci for Scheme V

led to clif f iculties. Oxiclation of 32- r¡ith t*butylhyclroperoxÍde gave 
.

a product which could not be crystallized to a sharp melting point

although the infrared spect.rum showed no evidence of a sulfoxide

absorptíorr. This unstable procluct rapidly decomposed on exposure

to air by turning into a red oil and then black tar. The oxidation

procedure l/as repeated by using hydrogen peroxide and sodium periodate

as oxÍdizing agents. símilar unstable proclucts were detected. The

failure of Scheme V may be caused by the T¡rrong choice of the compound

Ëo be oxidized. fnstead of trying to oxidize 1r3-dihydrobenzofc]-

thíophene, rnzhich itself is unstable, 1,3-diphenyldihydrobenzo[c]ttrio-

phene perhaps rvould represerrt a more stable compound, However, using

the latter might create problems in the folloruing reaction since

acylation may cause substitution in the 1 and 3-phenyl substituents.
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Scheme VI
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Scheme Vf contínued
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using the classical neËhods developed by steínkopf et g!. (20),

the synthesis of 4-acylbenzo[clthiophene vras atËempted. stej-nkopf

et g!. had reported the preparation of 1 ,3*dirnethyl-4-ket o-5 ,6 ,7 -
trihy<lrobenào [c] thiophene (fZ) frorn 2,5-dimerhylrhienyl-3-þ-butyric

aci.l] (lål and concentratecl sulfuric acj-d at B5oC as shor¿n in Scheme

VI . trrrhile essentially Ëhe same procedure r,¡as followed in the present

work, a better yie1c1 of the ketone 37 was obtained than that previous*

ly reporËed by using nitrobenzene and stannic chlorÍde j-nstead of

aluminum chloride and carbon dísulfide in the Friedel-crafts step,

and usj-irg polyphosphoric acid instead of sulfuric acid in Lhe cyclis-

ing of the acid 35 ínto the ketone 37.

IË v¡as hoped that the ketone 37 r¿ou1d be easily converted to the

cyanohydrin 131, wliich then could be hydrolysed to the corresponding

acid. Hor¿ever, all attempts to ísolate the cyanohydrj-n 131 failed

because it dissociated back to the lcetone 37 almost irnmediately rviLh
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hydrogen cyanide given off.

The secondary alcohoL 732 r^ras synihesized successfully, but its

conversion Ínto the chloride 133 could not be achieved. Each tíme

decomirosition products were obtained.

Yarnell et al. (91) had reported the synthesis of certain sub-

stítuted alícyclic methyl ketones uËilizing Darzertr s gl-ycidic ester

method. Hence, Èreatment of the ketone 37 ruith ethyl 4-chloropro-

pionate and sodium ethoxide should produce the epoxy ester 134, whÍch

can easily be hydrolysed and decarboxylated to the nethyl ketone 135.

once the rnethyl ketone 135 is obtained, its conversion to 4.-acetyl-

benzo [c] thiopfrene coulcl be conveniently accoinplished by heatíng vríth

seleníum.

contrary to expectatíons, Ëreatment of the ketone 37 r+ith ethyl

a(-chloropropionate and sodium ethoxide failed to produce the epoxy

ester 134. All spectrar data gave no evídence of the formation of

the epoxy ester 13/+ nor Ëhe keËone 135. The IR spectrlrm shoi.red ab-

sorpti-ons for a cyclic keÈone and an a-cid or esÈer group (1695 and
_1

1768 cm ' respectÍvely), i-ndicating that ínsteacL of the formation

of the glycidic ester, Èhe ketone 37 r¿as condensed with ethyl d

chlor:opropíonate in the presence of a strong base, sodium ethoxide,

to give compound 136. The structure of 136 was also supported by

MIR evidence.
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136
Although the cyanohydrin step and Darzents glycidic ester

synthesis failed, one interesting side reaction from scheme vr

vras the cyclisation of the keto-acid 34 Ëo yield 1r3*dimethyL-4,

7-dione-5,6-dihydrobenzo [c]thiophene G!¿). cyclísarion was er-

fected by stirring the ketoacicl 34 r,ríth sulfuric acid for l0 min-

utes at B5oc. The yield (3%) r¿as the same when polyphosphoric

acid was uËilized as cyclisation agenË. The infrared spectrum

shoi¿ed a strong carbonyl absorption at 1690 "* 
1, 

but no evidence

of a hydroxy band was detected. The NMR spectrum of. r37 showed a

four proton singlet at 6.68?for the two methylene groups and a

six proton singlet at 6,B3Tfor the two methyl groups. rn order

for the two methylene groups Ëo be equivarent at room te-mperature,

the síx-member ring of the compoun<Í 137 would have to be:

(a) planar and a rigíd structure or (b) non-planar with the two

methylene groups moving rapidly, analogously to cyclohexane r¡hich

moves rapídly from chair Ëo boat forms at room tempeïature. rf (b)

is the dominant factor, then at low Èemperatures the trvo methylene

groups of compound 137 should no longer be a singlet, but a

nultiplet. '

HC02E',r

%
37
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H¿CH7CO2H
85"

Hzso¿

H-,
137

34
I,lhen the NMR spectrum of 137 r¿as run fron OoC to -95oC, the

meËhy1-ene signal remained a singlet and Ëhe chemical shift remained

at 6.681 ffre two methylene groups must be equivalent boËh at roon

temperature and at -95cC. Hence, the six-member ring of compound

137 rnust be a rigid planar ring. This would explain why the yield

of. I37 I,'Ias so ,1 o1,'ü (3'/") because it requires more energy to cyelise

the ke-to-acid 34 into 137 than to cyclise the 2,5-dimerhyi-:-[Y-

butyric acid] Q.å) inr,o compound 37.

Scheme VII
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Scheme VII continued
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Applicatíons of the Stobbe condensation has proven of considerable

interest recently in the preparation of condensecl aromatic compounds

and heterocyclic conpounds. Since Abdel-Wahhab et * (øZ¡ had. reporred.

the successful synthesis of phenanthrene derivatives and ber:zo[bl furan

derivatives utilízing the stobbe condensation, it seemed appropriate

to Ëry the Stobbe condensati-on on thiophene derivatives in our attempt-

ed synthesis of 4-acylben zoLc)thiophene, as described ín Scheme Vrr.

The f irst objective \'/as to formylaËe 2,5-dÍrnerhylrhiophene (106) ro

2,5-dirnethyl-3-formylthiophene G3g) in reasonable yíe1ds. This was

CO"FI.
\ ¿--

fjÀ*'rcozÜ KoH1-\ - *;---=
lH, Y c1-13

tJ2co2Å
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done vía the vílsmej.er nethod developed by Kiirg and Nord (s:¡. By

substítuting N-methylforrnanílide for N,N-dimeLhylformaníde in the

reaction, Ëhe yield was increased from 40"Å to 68"A, Treatment of

138 ¡vith d-iethylsuccínate in the presence of potassium tertiary-

butoxide gave the thiophene ester 139, whích was characterizeð, by

r.R. and N.M.R. Refluxíng the ester 139 in potassium hydroxide-

ethanol mixture gave the acid 140. since the acÍd 140 proved dif-

ficult to purífy eÍther by recrystaLrízaLion or column chromatog-

raphy, the cr-ude procluct I^ras treated with concentrated sulfuric acid

in an attempt to obtain the cyclised ketone 141. The cyclisation

step failed. A varieÈy of catalysts such as polyphosphoríc acid,

aceËic anhydride and sodium acetate, and hydrobromic acid were usecl

withouc any success; each time only decoinposÍtion products were

obtained. The failure of the cyclisation step meant that Scheme VII

had to be abancloned.

Schene VIII

#
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Scheme VIII conËinued

?.Ss ---

In viev¡ of Ëhe successful preparation of 1,3-diphenylbenzo[c]

thiophene in high yields by the Diels-Alder method (26), it seemed

appropriate to attempt to prepare the 4-acylbenzo [c]thiophene de-

rivaEive by an analogous method described in Scheme VIII. ft was

found in Scheme II that Fr,iedel-Crafts acylation of the benzo [c]

thiophene nucleus would preferably occur aË posiÈions 5 and 6. How-

ever, íf both positions 5 and 6 vrere blocked by methyl groups, Ëhen

acylat.ion woul-d be expeeÈed to attack positions 4 and 7 Ëo produce

boËh the 4-acyl derivative L44 and the 4,7-díacyl derivative 143

whÍch can easily be separated by Èhin layer chromatography.

The addition product 48 vras made by refluxing equimolar quanËí-

Ëies of 2r3-dimethyl-Ir3-butadiene and Ërans-dibenzoyleËhylene in

ethanol for eight hours. Allen et al. (27) nað. discovered Lhat rvhen

Ëhe Diels-Alder adducË of 2,3{iphenyl-l,3-butadiene and dibenzoyl-

eÈhylene were heated to 200oC with sulfur, the resulËing product,

isolaËed in excellent yield , l{as I ,3 ,5 ,6-tetraphenylbenzo [c] tniophene.

SiraíIar Èreatment with the adduct 48 yielded black tar r noË Ëhe ex-

pected 5 ,6-.dÍmethyl-1 ,3-diphenylbenzo þ] thiophene (!!.) . On the basis

of these facts, it was decided first to cyclise the adduct 48 to 1r3-

diphenyl- 4 ,7 -,J.lhydro-S ,6-dimethylbenzo [c] thiophene (142) by treatment

144
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with phosphorus pentasulfide in boiling pyridí-ne f.ox 4 hours. Then

conrpound L42 ttas aromatisecl by heating rvith sulfur at 200oc for 1<

hour to yield the 5,6-dinethylbenzofclthiophene 49 as a gi:een fluor-

escenf- solid ín 42% yield. Unfortunately, attempts to acylate

compound 49 rvith benzoy1 chloride and a-l-¡:minun chloride, stannic

chloride , or zj;nc chloride failecl. The failure nay be d.ue to the

steric irindrance of positions 4 and 7 of compou nd 49 to undergo

electropirí1ic substitution

Scheme- IX
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conti-nueci
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rn víew of the unsuccessful atternpts to acylate the benzo [c] -

thiophene nucleus directly, it seemed appropriate Èo at.Ëempt to add

dibenzoylethylene directly to I-acyl-lr3-butacliene r45 or any l-sub-

sËítuted-l,3-butadienes 146, which can be conver:ted to a ketone after

the ir:itial- Diels-Alder addition step has been achieved, as illus-

traËed in scheme rx. unfortunately, l-substituted-lr3-buLadienes

whose subsËituents are electron r¿ithd.rarning in character coul-d not

be made to react r,rith dibenzoylethylene to form the Diels-A1der

adduct. various solvents such as ethancT, benzene, dioxane, toluene,

xylene and nitrobenzene rvere used; and drastic conditions such as

heating t,he díene and dienophile in a high-pressure bornb up to 300oc

were triecl . All atternpts proved futil-e. rt is probable that elec-

tron r,¡:i-thclrai.ring groups attached to positions 1 or 4 of lr3-butadiene

deactivate- the diene by conjugative effects

+
II
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R

AO
R= X

= ¡rl)p
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Attempted Synthe_sés of a 1,2r3-Triac)'lbenzene

At this point of the ínvestigation, it becanie apparent that- it

would be exËremely dÍfficult, if not impossible to attempt to attach

directly or ír-rdirectly a keto side char'-n to position 4 of the benzo-

[dthiophene nucleus. Hence, it was decided to develop the keto síde

chain first, before cyclísing the benzo[c]thiophene nucleus. A I,2,3-

ËriacylbenzeÍte 147 seemed to be the ideal precursor to 4-thioacylbenzo-

[c] thiophene since relluxing the triketone 1lr7 with phosphorus pentê-

sulfide should yield the soughË-after product 25. up to Ëhe present

time',the synthesis of a 1 12r3-tTiacylbenzene has not yet been reported

in Ëhe published literature. The successful synthesis of the Êri.ketone

L47 not only woulcl open a àirect rot-lte to 25, but also would permit the

synthesis of the selenium and níürogen analogues, 148 and 149 respec-

tively.

qa
¿3

-------------à

147 25

149149
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The. af:tempËed synihesis of the triketone 154 involved furfural

G50) as the startíng material. Unlike Ëh:'-ophenes (94) and benzo[c]-

thiophenes (23) , furans and benzo [c] furans ürere reported Ëo be excel-

lent dienes for addition Ëo dienophiles in Diels-Alder reactions (9S¡.

Because it was discovered ín Scheme IX that electron withdrawing sub-

stj-tuents of 1,3-butadíenes deactívate the dienes in DieLs-Alder re-

actions'it r,¡as decided to convert the furfural Gåq) to the seconciary

alcohol 151 via Grígnard attack of the furfural by methyl magnesium

iodicle. Then refluxing equinolar amounLs of the furan alcohol 151

and dibenzoylacetyl-ene (OO¡ gave in fa:'-r yields the adduct 152. Sím-

í1a:: attempts to add dibenzoylethyleire to the furan alochol 151 failed.

Hydrogenatj-on of one of tire trrro C=C bonds of adduct 152 folloived by

boiling in IIBr shoul-d ai:onatise 152 to 153. Then oxidation of the

153
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dilcetoalcohol- 153 ruould produce the triicetone 154. unfortunately,

attenpts to aronatise or to break the C-O-C bridge of I52 did not

Ëurn out as expected . Each time a dark red oi1 rr¡as noted. photo-

lysis of I52 gave a red poJ-ymer-1ílce product which on examination

by t.1.c.shorved at least f if teen conponents. At this poiirt it r,¡as

obvious to us that scherne X did not appear too promising as a route

to the triketone. Other Diels-Alder reactíons involving dibenzoyr-

ethylene or dibenzoylacetylene and substituted furans such as fur-

furyl alcollol and methyl 2-furfuryl ether \,.rere aËtempted without

posíËive resull-s.

Scheme XI
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A. second course of reactions starting ivith 2-benzoylthíophe.ne

was attempted as outlined in scherne xr. At first glance scheme xr

appears to be similar to Scheme x, except that unlilce the latter,

the aromatisation step should encountel: no problems because 157 l¿ould

be expected Ëo aromatise readily on heating witir the loss of sOr.

Two problems not antj-cipated r¿ere t.he unacceptably lorv yield of the

sulfone 156 and the compleie failure of the Díels*Alder step ínvolving

dibenzoylacetylene or dibenzoylethylene and the sulfone 156 to give

adduct -1.57. Applying l{insbergrs method (97) which involves hydrogen

peroxíde ín glacial acetic acid gave onLy 2% yíeld of. L56, periodate

oxidation (98) did not r,øo::k. Drastic conclitions such as heating the

sulfone 156 and dibenzoylacetylene up to 300oc in a boinb $ras unsuc-

cessful.

The third attempt Ëo synthe size !12,3-tríacylbenzene ls outlined

in Schene XfI. When 1,3-penËadiene ancl dibenzoylacetylene \¡/ere ïe-

fluxed ín toluene for eight hours, it afforded an adduct 158 as a vis-

cous yellov¡ oil. since the 1,3-pentadiene used contained both the

trans and cis isomers, the adduct 158 was not purified but heated with

Ëhree equivalents of sulfur to yield a bror.'n oil . on separation by

column chromatogra.phy on alumina, three p::oducts r,iere isolated. The

najor product obtained was 213-clibenzoyltoluene Glg), which was

characterized by NMR, rR, and elemental analysis. The Ër,¡o minor

producÈs, both of r¿hich exhibited fluorescence under ultraviolet 1ight,

were identified as 1,3*diphenyl-4-methylbenzo lclthicphene (i60) and

1,3-diphenyl-4-methylbenzo [c]furan Q!!). oxidarion of the cliketone

159 rvould be expected to give 2,3-díbenzoylbenzoic acicl (]þZ), r,{rich

cot'.]-d be converted to the acic1 chlo::ide 163 on treatment wJth thionyl
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Sche¡ne XII
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chloride. Once the acid cIlloride 163 is obtained, its conversion Ëo

the triketone 154 on treatment v¡ith ethoxynagnesium malonate should

present no díff ículties. The acíd chloride 163, r,rhen subjecËed to

Friedel-Crafts acylatÍon r¿ith benzene would also be expected to yield

l12r3-xríbenzoylbenzene QþL). But when the dibenzoyltoluene 159 r¿as

oxídízed using first potassium pernanganater. then nitric acícl, lead

tetraacetate, seleniurn dioxíde, or chromium trioxide, the expected

product L62 was not obËained. rnst.ead, the only product observed.

each tilne was benzoic acid. Eviclently the ring is too destabilized

by the elecËron withdrar.¡Íng substituents and is readily oxidized

HalogenaËion of 159 was also attempËed by using N-bromosuccini-

mide, sulfuryl chloríde (so2c12), or photolytic merhods. such halo-

genation reactions of t.oluene derivatives are not uncommon (99,100).

Horvever, the fornatiorr of 165 r,/as not successful , presumably due to

Ëhe higlúy hi-ndered posítion of the methyl group to free radícal at-

tack.

Scheme XIII
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Scheme XIII contínued
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' Graebe et al. (101) had reported the preparaiion of 2,6-díeaxboxy-

phenylglyoxylic acid (J67) from naphthalic anhydride (_1_66_) as shovrn in

Scheme XIII. While essentially the same procedure was fol1or¿ed in Èhe

present $rork, a better yield of the product 167 was obtained than that

previously reported. The acid 167 vtas refluxed wiËh thionyl chloride

in anhydrous benzene to give quantitative yields of the acíd chloride

169. This acid chlorÍde was rather unstable, decomposíng on exposure

t.o air or on sËandíng overnight. On the basis of the work of Reynolds

and Hauser (102), who developed a high yield preparaËion of o-nitro-

acetophenone from o-niErobenzoyl chloride, it seemed reasonable thaË

treaËment of the acid chloride 169 v¡ith eËhoxymagnesíurnmalonate wculd

produce the corresponding methyl ketone 170. Strong acid or base-

cataLyzed benzilic acid rearrangemerit of. I7O would produce 171, which

trould easily decarbo>,ylate into the secondary alcohoL 172. Míld oxi-

dation of the alcohol 1.72 woul'd yield L,2,3-Eriacetylbenzene G73.).

Unfortunately, 170 was not, obtained as expected when the acid chloride

169 was treated with ethoxynagnesiunmalonate.

Graebe et al, (101) had also reporËed Lir.ai 2,6-dicarboxyphenylgly-

oxylic acid (L67) could be further oxidized ro 1 12r3-trícarboxybenzene

or hemimellitic acid q_qg) by potassium permanganate treatment. Re-

fluxing the hemimellitic acid G_qq) wiËh rhíonyl chloride in benzene

gave the corresporlding acid chloríde 174 in high yield. In 1958 Simmons

and Snith (103,104) developed, and Fuson et al. (105) improved on rhe

preparation of methyl zinc .lodide (simrnons-snith Reagent) as an ef-

fective reagenË for the conversion of acyl halides into the corresponding

methyl ketones. But boÈh methyl zíne iodide and eLhoxymagnesiuurmalonate
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faired to react lvith the acj-d chlori-de 174 to produce J-,2r3-triacetyl-

benzene Gl¿).

Since ít rvas found iinpossible to convert sirnultaneously the three

carboxyl groups of hemírnellirÍc acid G_qq) Ínto three keto groups dir-

ecËJ-y, r'-t T'/as decided to work on Ëhe most híndered or 2*caxboxyl group

first. After succeeding in transformiug the 2-carboxy_l group into a

ketone, it rtrould be::elatively siniple to do the same for the unhinclered

1 and 3-carboxyJ- groups. Thus, treatment of hemimellitic acid G.68-)

and auhydrous methanol r,¡ith hydrochloric acid at OoC gave the diester

175 Ín 65% yieLd r¿hi1e performing the same reaction at hígher tempera-

tures gave exclusively the triester. Refluxing the diester 175 with

thionyl chloride afforded the corresponcling acid chloride 176 in quant-

ítative yield. From 176 two routes were available to reach the trike-

tones 173 and 181. Treatment of. L76 rvíth eËhoxyrnagnesiun¡rnalonate gave

L77- ín 7% yierd, which was characterized by r.R. and N.M.R. The esrer

I77 was easíly hydrolysecl to the acid on treatment with potassíum car-

bonate and gave the correspondíng acid chloride 178 by refluxing the

acíd r¡Íth thionyl chloride. Hor¿ever, when the acid chloride 178 was

treated v¡ith eihox¡rmagnesi.ummalonate, the fínal p::ocluct isolated r,ras

not the triketone 173, but isophthalic acicl. Frieclel-CrafËs acylation

of benzene rvith t.he acid chl-oride 176 and aluininun chloríde,.hou1d pro-

duce 179, rqhich would hydrolyse to the corresporlding acid on tïeatment

wiÈh base. After conversion to the acid chlorl'-de 180, the route to the

triketone 181 shoulcl encounter little difficulty. Contrary to expecta-

tions, Ëhe Frj-edel-craf ts acylation of benzene r,¡íth 176 using f irst

aluminuil chloríde and then stannic chloride as catalysts, failed---**-

probably <iue to the highly h:'-ndered position
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Scheme XIV
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of Èhe acíd chloride group of- L7 6.

oned in favour of Scheme XI\¡.

Hence, Scheme XIII had to be aband-

During l-he investígation of Ëhe synthesís of 7-acetyl-3*methyl-

anthraní1, which will be elaborated in a later díscussion, 2,6-díaceEyT-

aniline G!3) r¿as isolated as a mínor prod.uct. Accordingly, it was

decided to utilize 183 in an attempted synthesis of 1r2,3-tríacylbenzene.

The route to compound 183 is illustrated Ín Scheme XIV. 2-Nitro-m-xylene

,was 
used as starting material since it was readily available. 2,6-Di-

acetylaniline (Jgå) r.¡as obtaíned in 76i! yíeld on refluxí.ng 2,6-diacetyl-

nitr-obenzene (]!¿) with excess stannous chloride in conceutrated hydro-

chloric acid at 90oC for l1z, hours. The structure of the yellow needles

j.solated vras confj-rrned by I.R., NMR, and elemental analysÍs. Diazotiza-

tíon of 183, followed by treatnient with cuprous cyanide was expected to

produce the cyano compound 184, which would hydrolyse to the correspond-

ing acid 185. From here an easy conversion to the triketone 173 seemed

reasonable. .However, when the Sandrneyer reaction r¿as performed on 183,

the expected product 184 was not detected. The faj-lure of the Sandmeyer

reactj-on was probably due Ëo the dífficulty of the hindered amíno group

of 183 Ëo be diazotised and subsecluent attaclc by the cyano anion.

The abor,'e reaction scheme was repeaËed using 3-nitrophthalic acid

(fqq) as the starting maËeria1. Since considerable difficulty v/as ex-

perienced in obtaining a fair: yield of the acid chloride 187 by using

thÍonyl chloride, the chloride 187 r,¡as made by the action of phosphorus

pentachloride upon 3-nitrophthalíc acici Gg!l at l4OoC (106). Trearmenr

of 187 l.¡ith ethoxynagnesíurrunalonate gave 2,3-cliacetylnitrobenzene (1BB) ín

8"Å yíeld. Reduction of 1BB rvith palladiun-charcoal ancl sodium bo::ohydríde
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yietded 2,3-díacet)'lani1ínu 8êÐ, rvhich r,¡as conf irrneci by IR and N.Il.R.

Unlike 2,í-díacetylanilinu (_lgå), tire amino group of tB9 should be

much less hindered to diazoËization, an'J the Sandmeyer reaction should

proceed smoothly to yield 190. When the Sandmeyer reaction \,"ras per-

formed on the.díazotised product of 189, Ëhe dark oil oblained shorved

no CN absorption in the infrared spectrum. Once agaín, this reaction

scheme had to be abandoned.

Scheme XV

Ç0crL

@.
195

H^
J

C,OCI COCI

%@r,\_ouþ€1.'4"\-,,- -Z= \sq
191

OH

&oret 194

During their investigation of the action of halogens on Ëoluene

derivatives, Perkin et al. (107) discovered a useful synthesis of aro-

matic aldehydes. They noted that when 2,4-dímethylbenzoyl chloride

q!q) was chlorinated at 160-2200 in ultraviolet tighÈ, one of Ëhe

producËs isolaËed was 2,4-bis(dichloromethyl)benzoyL chloride (r97_),

t¿hich gave 2,4-dLformylbenzoic acid (19S) on Èïeatment with calcium

carbonate.

J.,.",

192
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llence, the light catalysed halogenation of 2r6-dímethylbenzoyl chlori<ie

Q22) rvas invesËj-gated as a possible route to 216-dialdehydoacetophênone

(!95), as described in Scheme XV. 2,6-Dimethylbenzoyl chloride (192) was

prepared in quantitative yield by refluxLng 2,6-dimethylbenzoic acid (!2!)

wiËh thionyl chloride for 4 hours. When Ëhe chlorination of. I92 r¡ras car-

ried out in ult,ra'¡iolet light at 220oC, a ye11ow oi1 r,¡as obËained. This

s;as noË isolated, but probably gave 216-dialdehydobenzoic acid (_l_?3-)

af.xer boiling in caLcium carbonaÈe solution. AfËer conversion Ëo the

acid chlotrd.e I94 plus further treatment wiËh ethoxymagnesiummalonate,

the expected product 195 \.^ras not detected. Careful NMR analysis showed

no evidence for any acetyl or aldehyde peaks. The I.R. gave indications

of an acíd or ester absorptio n at 77 68 "*-1.
Conclusion

Because of the difficulties encountered in aËËempËs to make the

Ëhioacylbenzo [c] ttriophenes,approaches to this model compound rvere aband-

oned; and work hras concentrated on the nitrogen containing model com-

pounds: the acylated anthranils and their thio analogues. As will be

seen, conclusions derir¡ed from a stuCy of these indicaËed that such

thioacylbenzofclthiophenes r+ould be unlikely to be very stable, and

would not possess any stabilization due to single bond-no bond resonance

or vaience tautomerisnr.
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Discussion on the Preparation of 7-AceÈyl--3-

Methylanthranil

. While the preparaËion of. 4-acyLbenzo [c] Ehiophenes or 4-thioacyl-

benzo [c] thiophenes v/as unsuccessful', some of the proceciures attenpted

for these synÈheses were useful for Èhe preparation of anthranil and

thioanthranil derivatives which had suitable sËrucÈures for investiga-

tion. In some slays, Ëhese anthraníl nuclei are rnore suj.Ëable for inves-

tigation than benzofclthíophenes. The un'substiËuÈed compounds are sËab1e

at room t.emperaiure, in conÈrast to benzo[elthicphenes which

rapidly decompose at Ëhat temperature. AnoËher advantage is ËhaË the

lone pair of elecËrons on the niËrogen would offer less steric hin-

drance to interacËíon of the isoxazole or isothí azole ring with a thione

or ketone gïoup on a side chaÍn than would an arkyl group oï even a

hydrogen aLom at Ëhe 3-carbon aËom in a benzo [c] thiophene. Rapid Ëa-

uËomerÍsm at least should be easier in Ëhe anthranils or thioanthranils.

25 26
on the basis of the investigatÍons on the synthesis of benzo [c]-

thiophene derivatives, any proposed scheme towards the successful

synthesis of 7-acetyl-3-rneEhylanthranil (_l_99-) should encompass the fact

that it is advisabie to develop the keËo side chain before cyclising

the fi'u'e-member jsoxazole. ring. One reason is that the isoxazoLe ríng

X=O
=$

l._
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of the anthranil nucleus miàht c.leave under strong oxid.ation or re-

duction conditions. Furthermore, similarly to benzo[clrhiophene direct

acylation cf the anthranil nucleus would probably give the. 'úrrong

isomer --- the 5-acy1 isomer instead of the 7-acyL derivative ac-

Scheme XVI

N

cording to the M0 calculations of Berthier et af.(108).Hence, the

key torvards the synthesis of 199 should involve Ëhe preparation of tr¿o

possible pïecursors: 2,i-dlracetylaniline (1g-3.) anð. 2,6-diacetylnitro:

benzene Gg¿)

.,,8ff.n,.,föocH3
1E3 1E2

Eit.her tire oxídatíon of 183 or reducLion of. lB2 shoulcl produce the pro-

ducË 199. Since the oxjd.ation procedure has rarely been reported. in the

publ-ished literature and mÍght give a 1or¿er yield plus rnany sirle products,

t,he reduction route involving 182- as the precursor was. choSen.
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Scheme XVI contínued

2O3_______>

182

The complete synthesis of 7-acetyr-3-methylanrhranil G2g) is

illustrated in Schenie XVI . As 2-nitro-m-xylene r.,ras readily available,

ít was used as starting material. I^lohl et g!. (i09) had reported the

preparation of 2-nitroisophrhalic acid (?qL) in 52% yield by rhe ox-

idatíon of 2-nitxo-m-xylene (?-qq) with poÉassium permanganare. while

essentiall)'the same procedu::e was follorrred in the present vlork, a

better yield (72"Á) of rhe acild 20L was obrained. Ëhan that p::eviously

reported by using added alkali in the reaction. 2-Nitroisophthaloyl

chloride (WÐ \,/as prepared in quanËirative yierd by refluxing rhe

acid ?-ol with excess thionyl chloride. The product \^/as obtained as

a white crystalline solid and Ëhe infrared (fn) and nuclear magnetic

resonance (NMR) spectra were ín agreenent with the structure 202. 2-

Nitroisophthaloyl chloricle (2gZ> reacLed wirh ethyl ethoxymagnesium-

malouate to províde the Ëetracarboxylic ester 203_ as a viscous oi1.

This r,¡as not isolatecl but provided, af ter acicl hyclrolysis in aqueous

sulfuric acid-acetic acid mixture followed by decarboxylatíon, 2,6-

dÍace,tylnitrobenzene (j_q¿) ín 89% yielcl. This meLhod, rvhich rvas de-

veloped by Reynolds g_t_ e!" (roz) , r.Ias reportecl to be the most satÍs-

factory for the preparatíon of o-nitroacetophenones. 182 ¡vas characü-

erízed by elemental ana.J-ysis, TR, and N.M"R. spectroscopy.

H,,
J

1_9_e
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stannous chlorÍde was readíly avaÍlable, a'cl r+as report_ed by

prevíous r¿orkers to give a cl-ean ::ecluction product (47,1. 10). Treat-

ment of 182 ruith stannous chlo-ride :l-n concentratecl hydrochloric acid

at 5oc for 5 hours gave 7-acetyl-3-methyla'tl-u:anÍ1 (_1lg) as the major

product. The product was isolated as colourless neeclles, and the in-
frared specf-rum, elemental analysis, and N.M.R. spectrum were in a-

greenent with the structure 199. 2,l-Diacerylaniline (_lgg-) was also

isolaËed as a minor product after separation by thín-rayer chroma-

tography. FurLhermore, if Ëhe reducÉíon was perforured at a higher:

temperature, the sole product obtaíned r,ras 2,6-diacetylaniline (iB3).

NMR Sp ec t:: o s co_¿y of 7 *aceËy1--B-mechyla-irthran í-l

X=y = CH.

ä=b=C = l"-l

1OC

Since 7-'acetyl'-3*methylanthranil (]99) possesses símilar electron-
ic and structural features to some benzo-1r2-díthiolíum derivaËives of

the thiaLhÍ.ophthene system (5), it is a suitable compound for NMR ex-

amination to test the validity of the Ëhree hypotheses, which have been

proposed by previous worke::s, to explain the s)¡mmetry of the thiathio-
phthenes I (See IntroductÍ-on, Part A). Beca-use Ëhe ce'tral atom of 199

i-s incapabl-e of valency shel-l expansion, any symnetry features exhibiËed

by l-99 rvould have to be due to single bond-no bond resonance or rapi_d

tauËonierism; and if these processes are important, the Nlf,R spectïum

should j-ndicate the equiva.lence of the trvo methyl grouirs and an AB,

type of pattei:n for the arornaLic protons
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tr{hen tire lH 
NMR spectrum of 199 r^¡as run in deuterochloroform

solution at 0o to 20o, only one methyl peak r¡as detected at 7.r2'r ,

indicatíng that the tivo methyl groups r*rere equivalent. Holever, the

three aromatic pl:otons (arb,c), whose chemícal shifts gave signals

from 1.95 to 3.r3T suggested an ABX type of pattern. FurtheïDore,

at other temPeratures t\{o pealcs were observecl even though they r+ere

only less than 0.06T apart at -60oc as illustratecr in Table r.
Thís suggested that the equivalence of t.he two methyl groups r.^/as mere-

1y coincidental

This became apparent when the N}fR spectrum was perforurecl in hex-

adeuterobenzene solution. Because of hexadeuterobenzeners arornatic

solvent effects (111, 1L2,113), the two methyl groups gave signal_s

v¡hich were widely separated (0.77Ð at probe temperature of 4Ooc. rn-

creasíng the temperature by 1600 brought these two methyl singlets

Ëoge-ther by only 0.32'f , indicat:'-ng that there is a rather high energy

barrier to j-nterconversion of the tr^¡o identícal val-ency tautomeïs.

Attempts were made to study the NMR of. L99 at temperaËuïes above 160oC

but heating the compound at higher temperatures caused decompositíon.

Sinilar results were observed in perdeuterot-ol-uene soluËÍon.

At 40oc the tr+o methyl singlets were found. to be o.lrrunits apart.

rncreasíng the tempeïatu.re by l80oc brought the two methyl sínglets

togethe:: by 0.377", as shown in Table r. The aromatic protons are n-ot

íncluded ín Table I but cotupleËe spectl:a of 199 at various temperatures

are given in the Experimental sectíon. Under no circumstances rsere r{e

able Ëo obtain an AB, type of pattelrn from proions on Ëhe aromatic ring.
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Even rvhen the most extreme case \¡¡as applied, that of heating the solid

melt at t60oC, only an ABX type of patteïn was evident for the aronatic

protons even though the methyl singlets did coíncide perfectly at

7.7sT.

Table I seems Ëo índicate a 1ínear relationship betrveen temper-

ature and the dístance betrveen the two rnethyl singlets in a plot of

T vs (x-Y). As the temperature increases, the methyl signals nove

closer Ëogether, ancl Èhe aromatic protons tend towards an AB, type

paÈtern. Decreasing the temperature induces the two methyl signals

to move farther apart and gives rise t.o a more perfect ABX pattern.

The peaks at higher Tvalues in deuterobenzene and toluene v/ere

assígned to the methyl groups on the heËerocyclic ring sínce an NMR

spectrun of 3-rnethylanthranil (þþ_) in hexadeuterobenzene gave 7.747

(3H singlet, methyl group) and 3.55 to 2,42T(4H bands, prorons on

the aromatic ring). The bands at lorver 7 values were assígned Ëo

Ëhe acetyl methyl groups because aromaËic acetyl groups usually give

a signal of 7 "10 to 7.357. Hence from Table r Ëhe chemícal shifts
of X refer to the methyl groups on the heËerocyelic ring r¿hereas the

Y values refer Ëo Ëhe acetyl nrethyls.

66
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Infrared Sp_ectral Properiies of 3-Methyl-7-acetylanthranil

The inírared spectrum of 199 was studied at BOoC and -B5oC. If

Ëhere is any interaction betr.¡een the acetyl oxygen and the nitrogen of

I99' i.e.single bond-no bond resonance effect analogous to the thiathio-

phthenes I to give a molecule possessi.ng real or apparent synìnetry, the

bond lengths and character of the anthranil nucleus would be affected.

Hence, the c=o streËch peak of 199 should show a change of eíther in-

tensity or frequency rvith temperature. However, when the experiment

was performed aË 60oc and -B5oc, no change in intensity or frequency

was observed. for the carbonyl peak of 199. This observaËion reinforces

Ëhe NMR data whích suggests ËhaË 199 probably undergoes valency-taut-

omerism; but Ehis phenomenon is such a slow process that it can not be

deÈected in the M'fR time scale. This rvi11 be more evident after chem-

ical properties of 199 have been dealt with.

Discussion on the Preparation of 7-acetyl-3-methylthioanthranir

HCI

H2S H

205204

rn 1896 Gabriel et al, (1i4) had reporred the synthesis of thio-

anthranil (?!å) by the reducËíon of o-niÈrobenzylmercapran (Zg!) wirh

stannous chloride 1n concentrated hydrochloric acid solution. AtÈenpts

to prepare 205 by Etre direct sulfurisation of anËhranil with phosphorus

pentasulfide faíled. When the reaction was performed in carbon disul-

fide, the sÈarting material , anthranil \Â/as recovered unchanged.

snc 
þ
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Attempted sulfurisatj-on in pyrÍclíne causecl extensive deconpositíon.

Sj-milar results were observed r¿hen 3-methylanthranil (É9) ruas treated

under the above conditíons. Treating 66 r.¡ith phosphorus peutasulfide

ín pyridine for 4 hours resulted in the clear¡age of the isoxazole

ring of 66. Both r.R. and NMR data suggested that the two major pro-

ducts isolated contained structures similar to 206 anð. 201.

NH-,

ô.ocH3 
+

\Hz oH

0f'
207

cll {̂

66 2CØ
Horvever, when the sulfurisation reaction was extended to j.nclude

7-acetyl-3-methylanthranil G-92) , a different result was noted. Treat-

ment of 199- lvith phosphorus pentasulfide ín eíther carbon disulfíde or

pyridine gave another cornpound Ín rvhich one oxygen hacl been replacecl

wiËh sulfur as confirmed by elemental analysís. ExaminaËj,on of Ëhe

infrared spectrum shor'¡ed a strong carbonyl absorption at 1725 cm'-1 ,

indicatíng that the compound ís pr:obably 7-aceLyl-3-meËhylthioanthranil

Q92) rather than rhe isomeríc 7-rhioaceLyl-3-merhylanËhranil (?!g).

The isolation of this can be rationalised by initial formation of the

Ëhioacetyl compound 208 which under the conditions of the reacLíon

undergoes valency-Lautomerisin to give Ëhe thioanthranil 202. The thio-

anthranil 209 sirould be further sulfurised to the corresponding thione

210 since the react-ion was performed. in excess phosphorus pentasulfide;

but this thione r,ras probably readily hydrolysed back to the thioarrthranil

209 during the iso-lation procedure, whÍch involvecl rvashing the orga¡ic
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Layet with r^¡ater. Thís seems reasorlable since thiones are generally not

stable compounds; certain ones aïe repoi:ted to uncle::go such hydrolyses

as described above (115). The sequence of reactíons clescribed above

are ouËlined in Scheme XVII.

Scheme XVff

PrSs
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199 208
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--209 Hro

210

Although Nl'{P' evidence indícates that such tautomeric equilíbrium

as described above j-s not rapj-d enough to be detected on the M,fR time

scale at ordinary temperatures, this is not inconsístent with inter-

conversion under the conditions of the chemical reaction. Evidence

to support this is that the anthranils above rvithout substiËuents

capable of interactíng rvith the heLerocyclic ring v¡eïe not sulfur-ised

under the conditions use,d, eg., compound 66_ gave degraclation prod.ucts.
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Such interconversiotls are not utlcomnon.

the conversíon of a 2,l-benzisoxazole 211 into

One rel-ated ::eaction

an acetl'lfuroxan 2I2

(116).

--___--->

211 212

Other examples are some furoxan interconversions introclucecl by

Boulton et 91. in 1967 (117). These vrorkers invesEigated the synthesis

and valency tautomerísm of 6- and 7-ch1os:ofurazanobenzofuroxaÐ (¿i3).

Similarly Ëo the anthranil 199, Ëhey found that attenpt.s Ëo j-nterconvert

the t.r¿o isomers thermally were unsuccessful , and Ëhat Nl"lR d.ata showed a

raËher hÍ-gh energy barrier to ínterconversion of the tv¡o identical va1-

ency tautomers. The MfR spectrum of the chlorofurazanobenzofuroxan 273_

showed trvo singlets at 34oc in diglyme solution, índicaiing that Ëhe

compound existed as a mixture of tr^ro 
.tautomers 

"

------___-__>

<l-

l-s

K-
+

{o%o

213 a 2ßf)
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4-Thioacyl-1r2-dithiole*3-thÍones 2L4 lnave been shor^rn Ëo undergo a

similar type of tatr-Lomerism by Lea.¡er qt g1. (5). The NMR spectrum of

the 4-thio-p-tolucy1-5-p-to1y1 compounð. 2L4a contained two methyl

singlets, thus shovring thaË the two aryl groups are not rendered equiva-

lent by single bond-no bond resonance. Attempts to prepare the 4-Ëhío-

p-toluoy1-5-phenyl- 2I4b and 4-thiobenzoyl-5-p-to1y1 compound 2L4c gave

ídentical mixËures of the tr¿o isomeric thioacyl compounds, as shown by

Ëhe presence of two rnethyl signals in their NlufR spectra. These r,rorkers

postulated that isomeric thioacyl coupound.s (2J!; *tl*') are inËercon-

vertible buË that the tauËomeric equilibrium is noË rapidly established

(on the MfR time-scale) at room temperature.

d
(a)

(b)

(c)

P-MeC^ H,b4 È{4e C.ti,Dq

Ph P-Me C^Å,
O¿+

21 4 P_Mecut{ Ph

A more recent illustration of such interconversions analogous to

Ëhe formaEi-on of the thioanthranil 209 involved the formation of some

rearrangeci products from a subsLiËuted 1,2 r3-benzothi.adiazole diazonium

salt 216.

H NO^
/

-

RI

'/ì
\)

215 216
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--_-->
216 --->

21t
Haddock (118) discovered that diazotisation of Ëhe amino compounci 215

follor¡ed by removal of the diazonium group of. 2L6 by hypophosphorous

acÍd led to the rearranged benzothiadiazole 2lB as Èhe major product.

Even though Nl4R evidence failed to deËecË the existence of Ëhe inter-

mediate .2l7 these workers postulaËed that tine diazonium salt 216 on eon-

Ëàet \,rÍth hypophosphorous. acid undergoes valency tautomerism to the

rearranged product 218 by way of Ëhe inËerrnediate 217.

Hg

219 220

TreaËment of 7-acetyl-3-rnethylanthranil (_1_99-) wiËh methylarnine

and aniline provided compounds in which one oxygen had been replaced

by a nitrogen as confirmed by elemental analysis. since these com-

pounds exhibited c=0 absorption in the i.nfrared, they were probably

benzopyrazoles 2L9 and 220 respectively, not the corresponding ínines

22L (g=Me or Ph). The sequence of reacËions resulting in the forma-

tion of benzopyrazoles are outlined in Scheme XVIII.

l+

I

l
.at

Reaction of 7-aceËy1-3 -methylanthranil wiËh methylamine aniline



_89_

Scheme XVIII

-__-->

')
J

199

Ju-"

H.

(a) Jl= Me

(Ð n= Ph

223
Simí1ar1y to the sulfurisat,ion abover'reacËing 199. r^¡ith á primary amine

probably gave the imíne 22I as Ëhe ínitial- sËep. Then the imine 22I

underwent val-ency tautomerism Ëo gíve the acetylbenzopytazole 222 as

in the case of the Ehioanthranils. Since the reaction was performed.

in an excess of amine, 222 míght also have reacted with more amine to

produce the iminobenzopyrazore 223. However, Ëhe imine 223 wourð, be

expected to hydrolyse back to the corresponding ketone 222 just as in

the case of the thÍone 210. The fact that Ëhese compounds show a

strong c=0 absorption in the Ínfrarecl indicaËes that Ëhey exist as

acetylbenzopyrazores rather Ëhan the isomeric írnino-2rl-benzisox-

azoles. It also seems 1Íke1y fron Ëhe ready hydrolyses of Ëhe thione

210 and the imines 223a,b that such compounds are unlikely to possess

resonance stabilization of the single bond-no bond type. If such were

the case, they would be expected to be at least capable of Ísolation.

t+,
J

221 222

222
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AtËempteci Synthesis of a Derívative of 7-Acetyl-3-met.hyl--anthranil

Scherne XIX
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225
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Since Ëhe starting material from Schene XVI rvas readily available,

it seemed appropriate to attempt Ëo synthesize another derivative of 7-

acetyl-3-methylanthranil (_!99.) for NMR study using 2-nirroisophLhaloyl

chloride (202) as starting material. As described in scheme Xrx, z-

nitroÍsophthaloyl chloride reacted. with methylamine to give Nrmhirnethyt-

2-nítroisophthalamide (22!) in 677. yie1d. This rvas readj.ly converted

into the bis-thioaníð.e 225, but attempts to cyclise 225 ín:o Èhe corres-

RANEY

227

228
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ponding thioanthranil or thioanthranil thione failed. The successful

synthesis of the anthranil 199 fronr its nitro puecursot: 182 by stannous

chloride-hydrochloric acid reduction suggested that símilar treatment

of. 224 r¿ould procluce the anthraníL 228, This failed. Exarninatj-on of

the reduction producüs by t.1.c. gave only ill-def ined bands r,¡hich

could not be properly separated. Usíng Raney-Nickel as reducing agent

proved unproductive al-so. The product íso1atec1 readily dissolved in

l^Iater and effervescecl on treatn'ìent with sodium bicarbonate. This pro-

ducË ¡vas probably compound 226 in r¿hich one amide function had been

hydrolysed. The synthetic route via the aminodianide 227 vas attempted,

but unexpected dífficulties arose in regard to the reduction of Ëhe

nitro group.

Conclusíon

0n the basis of the model systems studied in this work, it would

apPear ËhaË tv¡o of the Ëhree hypotheses, which had been postulated by

previous invesËigators to explain the uníque characteristics of the

ËhÍathiophthenes, are unsatisfactory in Ëhe explanation of these facts.

while the cl-remical properties of 7-aceryl-3-methylanthranil Gg_Z) Ín-

dicate that ít undergoes valency-tautomerism, specÈroscopíc sËudies

indicate Ëhat the the Ëautomeric equilÍbrium ís not. rapid enough to

be detected in the NIß. time-scale at room temperature. The energy bar-

rier is so high that even lleating the compound up to 160oc fails to

interconve::t the trvo identical valency tautomers at a rate faster than

the- Mß. time-scaIe. This faílure to dernonsËrate suitable s¡rmrnetry in

199 suggests that sirnple valency tautomerísrrr is inadequate in explain-

ing the specía1 properties of slmmetry exhíbite.J by the thíathiophthenes.



-92-

This leads to the sing,le bond-no bond resona-nce hypothesis as a

possible explanation. Hor,¡ever, doubt is also cast on the existence of

thís phenonìenon ín the th:'-athiophthene systcm. The fact that the at-

tempted syntheses of the thioanthranj-l thíone 210 and Ëhe ir¡iinobenzo-

pytazole 223 were unsuccessful practically rules out the single boncl-

no bond resonance hypothesis as a possible explanation fo:: the special

propertíes of the thiathiophthenes.

210
If this hypothesis is valid, Ëhen 210 and 2?-3 shorild be stable compounds

al- room temPerature. Hor,¡ever, both compounds hydrolyse bach to the cor-

responding lcetones 209 and 222 respectÍvely.

f- u-l\-t tn
J

209

-_----_----_->
-- HzS

/--\ aì -)
¿¿Õ

222

229
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Likewise, even if the preparation of 4-thioacylbenzo[c]thiophene 25

had been successful, it vrould probably readily l-rydrolyse back to the

ketone 229 sínt-Larly to compounds 2I0 and 223. Compound 25 rvould only

be stable if single bond-no bond resonance occurred. Likewise, d.oubt.

is also cast on the stability of the keton e 229 especially if posirions

1 and 3 of 229 are not phenyl-substituted. An electron withdrawing

group such as an acyl group would normally Ëend to destabilize E]ne

benzo [cl thiophene nucleus. Even if the synthesis of Ëhe I ,2 r3-trí-

acylþgnr.ne precursor had succeeded, the subsequent sulfurisatíon sËep

would probably lead tc 229, noL 25-, Many of the difficulties encount-

ered in the synthesís of the benzo[c]thiophene model sysEem can be

traced directly to the attempt ,to aÈËach an unsËable side chain to an

unstable nucleus. In vierr¡ of the successful synthesis of the anthranil

urodel system, further examination of the benzol-cltiriophene systeu ap-

pears valueless. However, some of the reacËions attempted in the in-

vestigation of Ëhe benzo [cl thiophene systern proved useful in the syn-

thesis of Ëhe anthranil rnodel system.

Thus, the theories involving d-orbitals appear to provide the

most satisfactory explanation of the special properties of the thiathid-

phthenes t Invoking the use of sulfur d*orbitals in the bonding of the

central sulfur atom giving Eetravalent sulfur structures l{as first pro-

posed by }faeda (11) ancl developed by Gleiter et al. (12). .The llO ca-l-cularions

of Gleiter et al.shorved thal an electron-rich 3-cente:: boncl invoiv:'-ng

three second rorv clements could be further stabil-i;:ed. when all three

atoms are incorporated in an arornatic 101'-electror. sysLe¡'.r 230.
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W
230

Furthe::more, their M.O. calculaËíons showed a clear preference for an

uns)mnetrical st.ructure wheir the thiathíophthene system dicl not uLtli-ze

3d orbitals, and a symmetrical structure when 3d orbital-s were included.

llence, the thiathiophthenes are better represented by the bicyclic fo.rm-

u1.a 20, which includes a tetravalenL sulfur structure, rather than the

classical thíone f orrnula 1.

20

The recent acceptance of Lhe bicyclic formuLa 20 means thaË Ëhe classi-

ca1 nomenclature, I'thiathiophthenet' is no longer appr-opriate. The

name, 1,6,6,aS(lV)-tfighiglg4g!q!9, first introduced by Lozacrh and

his co-t¿orkers (119) is superior Ëo the classical name. Similarl.y Reidrs

ísothÍazole derivative 23_1 (i20) and Poinerantzt s benzo-l,2-thioxole de-

rivative 232 (LzI) are in fact best represenËe-d by structures which j-n-

clude a tetra.¡alent sulfur rather than the cl-assical formulae.

1
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In connection with the above study on benzo [c] thiophenes, the

preparation of some triptycene analogues, especÍ-ally the Lhiophene de-

rivatives 30 r.¡hich contain the benzo [cj thiophene skeleton es an ele-

ment of structure, üras of ínterest; and it seerred appropríate to in-

vestigate the synthesís of sone exâmples of thís. BartletË et al. (61)

synËhesized the rigid "propeller-1ike" hydrocarbon, tríptycene (Zg),

in L942. Horvever, only a few heterocyclic analogues, in which one or

more of the ortho linlced benzene rings of triptycene aïe replaced by

heterocyclic systems, have been reported in Ëhe publishecl literature.'

Itrittig et al. (78) reported the synthesis of azatríprycene (gl:)

by treating 9-(o-chlorophenyl)-9,1O-dÍhydroacridine (2É) with KttH,

in 1íquid ammonia. some 3,4-furano ro2- and 4rS-pyridazino 103 ana-

logues have been prepared via the díbenzoyletl'rylene adducts of an-

thracene (79), (See fntroduction; Part D). More recently hlynberg

et al. (I22) have described the syr-rthesis of a thiophene analogue 236

by Diels-Alder type addiËion of 1,4-dihydro.-l,4-epoxynaPhthalene

Q34) to naphtho [2,:l] rhíophene (2]Ð follorvecl by acid-cararysecl de-

hydration of the adduct 235.

o ()--1--

ö
--7

o
ì--,/

o îĴ \.'
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233 234

236

Although a few nítrogen analogues have been made to demonstrate

that the prepa::ation of these thiophene analogues could be extencled to

include the nitrogen analogues if desired, the major emphasis \^ras on

the thÍophene analogues containíng the benzo [cl thiophene skeleËon.

The ínitial preparation of a thiophene analogue of triptycene

r¿ras atLempted via the classical rouËe, usÍng 9r10-disodÍoanËhracene

Q!L) as the startÍ.ng material. Treatmenr of 237 ancl 2,5-dirnethyl-3,

4-dibromothiophene (¿39) lras expected to yierd 239. This proceclure

failed.

Na
--_----_-> -------_-->

235

\̂/ r o
\ \^-,/

-\
\-,,'Iv̂ -\\

Ì

o ,-\\I

237
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.H,; 237 L tq,U r>

NHs

23t

As rvill be evídent in a later discussion, the s5zn¿þesis of 239 was unsuc*

cessful vÍa a Diels-A1der method

Another attempt by allorving benzyne Ëo react lvith 1,3-di.pbenyl-

naphthoÞ,:-"]thiophene (2!9) r,¡as tríecl bur soon abandonecl due ro rhe

recent publicatíon of cava (123), who demonstrated that díenophiles

will add to positions 1 and 3 of 240 insteacl of the desired positío¡s 4

and 9 which r¿ou1d gLve 24I. As v¡i1l be seen below, arrother method of

preparation of 24I was successful.

240

./.

\

7\
\J

,- l\
S

-t- I -,'
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\,,
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241



-99-

Scherne XX
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o [-.j.

0(- (

\-/

CH

l*u,,uuou

rf 
ntcS

l-l^
é_

\ cf.r,r.gr

3

walborsky er g!. (r24) reporred the preparation of rhe tripËycene

248 by Lhe actÍon of phosphoric acíd on 247,

H3POg

H¿o

245

Ll r.r rr r2Uñ2 ôV., )-v o
o H3

247 249
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By an analogous procedure, an attenìpt ï^ras made to obtain the trj-ptyc-er1e

analogue 246 sLarting ivith the quínone 242 as illustratecl in Scheme XX.

The start:lng materiaL 242 ivas made essentially accorcling to the rvork of

SËeinlcopf et a!' (I25). Treatnent of the quinone 242 rvith one equivalent

of metlrylmagnesium iodide produced 243 ín IB7! yLeIð,. Wire¡ the compourrd

243 }tas boiled vith hydrobronic acici, Ëhe subsequent brornide 2lr4 .¡¡as ob-

tained as a dark oí1 which could not be made to crystallize. The Friedel-

Crafts step involving the bromo compound. 244 and, benzene faílecl to yield

the produ.ct 245. consequently, this scheme hacl to be abandoned.

Careful examination of the literature has revealed that the most

efficient preparaËíon of Ërj-ptycene and substituted triptycene-s ha.ve

been limited to the use of Diels-Alder type aclditions using benzyne in-

termediates as the clienophiles and anthracenes as the dienes. Consequent-

ly, analogous Procedures involving anthracene d.erivatives as d.íenes and

suÍtable ketodienophiles such as dibenzoylethylene, whích can be cyclj-seci

to fofln heterocycles, were investigated as possible routes to the forma-

tíon of the triptycene analogues. Even though anthracenes \,rere found Ëo

be poor díenes in Diels-Alder additions in comparÍson to aliphatic dienes

such as 1,3-butadiene (77), Baumgartner et aL.(lg) did obtain acceptable

yíe1ds of the Diels-Alder adclucts, dibenzoyldibenz o12,z,2]-bicycloocra-

triene (99) ancl dlbenzoyld.ibenzo V.,z,z] -bicycloocradiene (lQg) , by

fusing dibenzoylacetylene and dibenzoyrethyrene, respeetively, with

anthracene at 200oC.
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99

In the present investigation on benzo[clthiophenes, an ortho

diketone, o-dibenzoyLbenzene (43), rnas discovered to undergo ring

cyclÍsatíon readily on treatment with phosphor-us penüasulfide to

produce benzo[clthiophene in excellent yie1d. i^Itrite ancl ]fann (126>

extended this procedure to include the benzo[c]furans and benzo[c]-

pyrroles on treating o-dibenzoylbenzene 'Lril-h acetic anhydride and

ammonium acetate, respectively. Hence símilar ring cyclisatíon of

the anthracene adducts 99 and 100 would produce heterocyclic an-

alogues of t::iptycene in which one ortho linked benzene ring has

been replaced by a five mernber heterocyclíc system. Furthermore,

preparation of analogues in which tr,ro ortho l-inlced benzene rings are

replacecl by heterocyclíc systems should also be feasÍble by ring

cyclisation of the naphtrro[2,:-l]thiophene adducrs 249 anð, 250 íi.

these aclducts can be obtained in acceptable yields.



Unfortunately, dienopiríles rv:l_ll

[Z,f -c] rhiophene (49) insreacl

have permitted the s¡'n¡þesis of
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add to posiiiols

of positiorrs 4 and

more s)¡nnìetrical

land3of

9 (t23),

analogues

naphtho-

which r.soul.d

such as 251.

x-j 0

= NH
q.

Thus, the preparation of these heteroc)'clic ana-logues of triptycene

ínvolves essentially two stages:

(a) Diels-Aldeï type adciitj-ons to yielcl substituted bicyclooctatrienes

and bicyclooctaclienes

(b) Ring closure of these adducts to give derj-vatives of benzelonaph-

thofc]Lhiophenes, rvhich are thiophene analogues of triptycene.

reacted r,rith a variety of substj-tuted anthracenes to give the corresponcl-

ing dibenzoyldibenrzo12,2,2)bícyclooctarriene (!2) ,di¡enzoylclibe nzo p,2,2f -
bicycloocËadiene G-qq), and diacetyld Lbenzo(2,2,2] bicyclooctacliene (252),

respecLively.
ÇHs

O

o

ation of Substitgle4 llcyclooctadj-enes and Bj.cyclooctatrienes

Dibenzoylacetylene, trans-dibenzoylethylene, and diaceiylethylene

rt 252
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The above dienophíles, rvhicir ['ere chosen to ]:eact r.¡ith a variety of sub-

sËituted anthracenes, are readily prepared (96,L27 ) and are highly react-

íve dienophiles (79,126,I28,129) .

(1) Díbenzoylethylene

Three procedures are applicable in the preparation of Díels-Alder

adducl-s 100 from substituted anthracenes and dibenzoylethylene. In ac-

cordance r^rith Diels and Alder I s nethod (7 6) , dibenzoyldibenzo þ,Z rZ)-

bicyclooctadiene G!q) can l¡e obtained by fusÍ-ng a mixture of anthracene

and trans cis-dibenzoylethylene just below 26OoC. The addu.ct

100 can also be obtainecl by heating a soluti-on of the two compotnd.s in

a suitable solvent (130). The thj-rd method involves catalysís by strong

Ler^¡is acids such as alunÍnum chloride or stanníc chloride. In ihe preserit

ínvestigation, the second method of performing the Díels-Alder addition in

a suÍtable solvent was employed in a rnajority of cases, because thís pro-

cedure usually gives a clean reaction product and a more acceptable yíelcl.

0n heating a mixture of equimolar proportions of dibenzoylethylene

and anthracene Ín xylene at the boj-ling point of the solution for 24

hours, a 56% yield of ihe adduct 100 ¡vas obtained. Heatíng equímolar

proportions of 9, lO-dimethylanthracene and díbenzoylethyLene in ethanol

for eight hours yielded the adduct 253. Similarly, 9-methylanthracene,

2-urethylanthracene, 9-methoxyanthracene, and naphthacene reactecl reaclily

to gi.ve the adducts in f air to excellent yie-lcls. A summary of Ëhe di-

benzoylethylene adducts is outlined in Table II.
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Attenpts to prepare the adduct 255 by heating equimolar quantities

of 1 r 2-benzanthracene and dibenzoyiethylene in a variety of solvents

such as benzene, toluene, and xylene ürere unsuccessful. Each Ëime

sÈarting materials !,zet:e recovered unchanged. Solvents rvhose boilíng

poinËs are hígher than that of xylene r,,/el:e not used since overheating

usually results :l-n retro DÍels-Alder reactions, e.g., the reverse re-

action ín which the adducts are broken doi¿n ínto the diene ancl díeno-

phile (ll¡. Hor,¡ever, a smal1 yielcl (r9%) of rhe adducr 255 was iso-

lated when the reactíon rvas perfo::ined with a Lelvis acid catalyst, e.g.,

anhydrous aluminum chloride, at room Ëemperature.

When excess quantíties of the dienophile and 9-bromoanthracene

were refluxed ín Ëoluene for 48 hours, only a sma11 yielcl (L27Ð of the

adduct .2!!- rvas isolated. Utí1ízíng more vigorous reaction concliLions

did not increase the yield. The 1or.r yíe.lcl of Ëhe adduct 254 may be

due to the electron r,¡ithdrai,ring character of the bromíne wirich deact-

ivates posit--j-on 9 of 9-bromoanthracene

Accorcling to the localization energy calculati-ons of Der¿ar (131)

and Brorrn (132), the Diels-Alcler rea.cËivity of naphrho [z,s-u] thiophene

(¿31 ) is a great deal less than that of antln:acene. Hence, il- rvas not

surprising to observe tirat rvhen the reaction was carriecl out in boiling

xylene for 48 hours, only an extremely poor yield of the aclduct 250

2þ3
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was detected (2>r"/.). catalysis by a Ler^¡is acid clid not gíve tire expected

adduct 250, but a yellorv non-crystalline oil rvl1ich \ùas chal:acterized to
have a molecular structure sÍrnílar to 256 by M'fP. ancl mass spectral evi-
dence. Although Carrutl-rers (133) did obtaín a small yield of the maleic

anhydride adduct ivíth naphthop.r3-b] thiophene under forcing condÍ.tíons,

sÍmilar treatr'ent using dibenzoylethylene as tire dienophile gave only

coloured intermedÍates, but no adcluct 250 coul-cl be isolated . Even rshen

a large excess of dibenzoylethylene and the no-solver-lt fusion tec¡nique

were used the Diels-Alder reaction did not work.

{,
H{o

þ

250

The presence of methyl groups in the meso*positions of anthracene

greatly facilitated the Diels-Alder reactíons. Thus, 9-methylanthracene

reacted much faster rvith dibenzoylethylene Ëhan anthracene. Furthermore,

Ëhe Diels-Alder additíon betr¿een d:i-benzoylethylene and 9rl0-dime,rlbJ¡L*

anthracene \.7as so efficient that the yield r,¡as found Èo be almost quant-

itative. on the other han<l, t.he presence of phenyl groups in the meso_

positions slor¿ed up the reaction enornously. As a result, even after
days of boiling Ín xylene no adduct betrveen di.benzoylethyle¡e ancl 9-

phenylanthracene or 9 ,10-diphenylantirracene \7as cletected. The reaction
t+as also slorv when benzo groups are present ín the 112- an-td 5r6- posi-
tions of a'th::acene. cook (I-34) reported that the neso aclclítive

256
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Porlier of I1215r6-dj,benzant,hracerle is less than that of anÈhracene, and

correlaËecl thj.s Property r,rith the greater aromaticity of the anËhracene

molecule containing benzene rings condensed in the angular positions.

2r3-Benzanthracenes or tetracenes, on the oËher hand, rnrere found to be

more reactive'Ëhan anthracene and 1 12- anð. 5rl-benzanthracenes. This

indicates Ëhat anthracenes with linearly-fused benzo rings contaÍn more

diene character than angularly-fused. anthracenes, and thus the former

should be more reacÈive than the latter. Acrídine was also Lreated ÞriËh

dibenzoylethylene in an attempt to make a precursor of an azatriptycene,

but no adciuct could be isolateci. This may be due to Èhe fact that a

nitrogen replacing a carbon aË position-9 of anËhracene has the same ef-
fecË as an electron rvithdrawing 9-subsEituent, whÍch increases Ëhe aro-
mati.city and decreases the díene characËer of Ëhe molecule.

(2) Dibenzoylacetylene

Likewise, dibenzoylacetylene reacted r¿ith anthracenes to give dí-
benzoyldibenzo lz,z,z)bícycloocrarrienes (:gl . Generalry, yields of these

were beËËer, in accord r,¡ith the enhanced dienophilíc properties compared

to dibenzoylethylene. As r¿ill be evident in a later d.iscussion, sÍnce

these ocËatrienes did noÈ prove to be suitable precursors of thiophene

analogues of triptycene, the preparaËion of some subsËituted ocËatrienes

was limited to the addiÈion involving a few reactive anthraeenes and

dibenzoyJ.acetylene, as suüÌmarízeð, in Table II.
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(3) Diacetylethyleng

Attempts were also made to produce analogues without the bulky

phenylsubstituents on the thiophene ring, since the deshielding effect
of these phenylstrbstituents shifts the methine signals to a lower fj-eld

in the NMR spectra, and the phenyls also distort th-e a,r9, splittíng pat-

tern of other aromatíc prot.ons. Thus, refluxing equimolar quantities

of 9*methylanthracene and diacetylethylene in toluene for 12 hours af-
forded the adduct- 257 j-n excellent yield. símilar treatrrrent exten¿ed

to anthracene in boíling xyle-ne- produced the adcluct 252. Diels-Alder

adducts involving diaceLylethylene and. other anthracene derivatives

In/ere noÈ prepared due to the difficulties encouDterecl in attenpËing to

obtain diacetylethylene in acceptable yields.

ll.
J

ll-
J

257 252
An atteinpte-d Diels-Alcler reactj.on

d irnethoxy-2, 5 -d íhyclr o f u::an, ;vhich r,¡ou lcl

involvirrg anthracene and 215-

have permitted synthesis of



compounds r,¡itltout substituents

even under forcing conditions.

been an ideal compound for NÌ'{R
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in the thíophene ríng, trüas unsuccessfu.l

Thís thÍophene analogue 30 rn'ould har¡e

analysis.

ôv ,r t
\-/

v̂ 30

Ríng Cyclisation oL the adducts to form substituted 4.9-dihvdro-4"9-O*

benzenonaphtho f2, 3-c] thiophenes

on the basis of the r¿ork of white et aln (126), who converted 1r2-

d'íbenzoyl-cyclohexa--1,4-di.ene (ëg) inro the corresponding benzo [c]rhio-
phene 42 by treatnìent oÍ 258 wíth phosphorus pentasulficle in toluene,

similar treatment extencl.ed to 99 and 100 should give the thÍophene an-

alogue of trÍptycene 241. In the case of clibenzoyldibenzo 2,2,2]bicyclo-
octacliene (-l-qg) , tïeaüment of thís ruith phosphorus pentasulf ide in py-

ridine gave the thiophene 247. in 59% yíeld. Inihen sulfurisation \¡ras

aËËempted in other solvenËs, only retro Diels-Alder producLs were ob-

Èained. The structure of the sulfurised procluct 2.4L was characierizecl

by elemental analysis and mass spectral and NI"IR data. Conpounð,24I j-s

the thiophene anal<lgue of triptycene, ín r,¡hich one of the ortho linked

benzenes has been replaced by a five-member thiophene ring. The su1-

furised product is best named. as a clerivative of naphtho[2,3'.c]thiophene,

although similar compounds have been namecl as substíttited. bj-cycloocta-

Ërienes (79) or as derívatives of the cor::e,sponcríng polynuclear
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hydrocarbon (L22) ' Thus compouncl 2/rI rvould be named 1,3-clíptrenyl-4,9-

dihydro-4,9-o-benzenonaphtho [2,:-c] thiophene. The sulfurisation of the

dibenzoylethylene adducts of a vai:iety of substit.uted anthracenes to

gíve Ëhe cort:esponding o-benzenonaphtho [2r3-"] thiophenes are sumnarized

in Table III. In instances r¿here the three rings attached to the central

methíne carbon atoms are different, the compounds obtaínecl ruill be a

mixture of enantÍomers. But these enantioners r¿í11 not be separable

by thín-layer chromatography.

241 102
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þ
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Sulfurisatj-on of the acetylene aclcitrct 99 in toluene dicl produce

the expected retro Diels-Alcler pi:oducts; but perforníng the reaction

ín pyridine did not give solely the desired thiophene 24I. rnsteacl,

the producË isolated r¿as a rnixture of the desired thiophene 24I and

the corresponding furan 102. The existence of thj-s mixture was corr-

fírmed by elenental analysis and mass spectral d.ata, which clearly

Índícated the preseuce of the furan 102 ín addition Ëo Lhe thÍophene

24r. These could not be separated by t.l.c. The ratio of thiophene

to furan present would probably depend on the arnouni of phosphorus

pentasulfÍde used and the length of tirne of sulfurisati_on, although

it depends on the detailed mechanisrn.

The conversion of the ethylene ad.d.ucts

thiophenes corresponds to a simple well-knor,¿n

probably via the mechanism outlinecl in Scheme

Scheme XXI

,rt)t _---__--__>

"\*

to the corresponding

th:i-ophene synthesis,

XXI.

-_-->

* HaD

--_>>

\/ \-J

Æ1R--"/"\
u H -112s
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On tlre other hand, sulfurísa.tion of the acetylene adcl-u cts 99 to form the

furan 102 and the thiophene 24I can be rationali zed as proceeding via a

Cope-i:ype rearrangement as illustratecl ín Schene X.XII. In the fírst step

the acetylene adducx 99 js sulfurised. (partially or completely) to form a

mixture of the intermediates 259 and 260 respectively. Next the inter-
mediates 259 and 260 proceed via cope-type rearrangeme¡rts to a r12-

thíoxin 26I and a I,Z-dithíÍ:n 262 respecrively. Schroth er e!. (135) had

posËulated that díthiíns readily splÍ-t off sulfur, especÍally rapid on

heaËÍng to fornt 2r5-dísubstituted thiophenes. Since Ëhe sulfurisations

r¡Iere carried out over an extensive period (6% days), it seems reasonable

to postulate that boËh l-he thioxj-n 26L anð. tire dithi-lln 262 extrude su1-

fur to give the furan IO2 and thíopirene 24I respectÍvely.

Scheme XXIÍ

CoPÊ
-__-__>

REAR. ------->
-s

259 261
102

OO

coP¿

REAR,,-

/"

2õo 262 211
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The diacetylethylene adducis 25-/ and 252 proceeded srnoothly to the

respectÍve thiophenes 263 and 2.39 on ::efluríng the adducts rtrith phosphorus

penËasulfícle in Ëoluene. It uTas noted that in the prerrious cases carrying

out the sulfurisation ín toluene gave a pool:er yield Ëhan ín pyridine,

probably because of competing retro Diels-Alder reactions. But here

pyridine tras not used because the acetyl methyls of the diacetylethylene

adducts can easí1y undergo internal cyclisations ín the presence of a

base Ëo produce cyclopenËenone derívatives such as 264. Both 263 anð.

239 are better compounds for MfR study than the ones ryith bulky phenyJ--

substituents on the thiophene ring. The thiophenes 263 and, 2?9 are

best named as 1,3-dimethyl-4-methyr-4,9-dihydro^-4,9-o-benzenonaphtho--

[2,:-c]thiopirene and 1r3-c1írnethyL*4,9-dihyd::o-4,9-o-benzenonai>htho-

tZ,:-"] thiophene, respecËive1y.

rJ¡ llJ:o )-
t-\

I

-V/l

o
2õ3

Reactíon of the dibenzoylethylene adduct 100 lvith ammonium acetate

in glacial acetj.c acid gave the pyrrole derivaLíve 265 in excellent yield

1,3-Díphenyl-4.,9-dihydro-4,9-o-benzenonaphtho [2,3-cf pyrrole G!å) roas

made to confi::ut l-he structures of the initial dibenzoylethylene adducts

and to demonstrate Ëhat otl-ier eËhyJ-ene adducts listed in Tabl-e II could

be contrerted to ti-re corresponding 1>yrroles if desirecl . Cornpounrl 265

/162

o T

\-
\1
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ö

239.
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is probably formecl by a mechanísm corÏesponrling Lo a Paal-I(norr synf-hesis

(136,r37)..ThePaal-lirnoflsynthesisisageneralprocedureivher:ebyan

enoLizabLe 1r4-dicarborryl compound is heatecl r'¡ith a dehydr:ating agent'

ammoniaoraprírnaryamine,oral.IJ-norganicsulficle.Themeclranistic

aspect of Ëhe formatíon of' 265 is suggesLeci in Scheme XXIII belotv'

Nowlin (138) suggested that the driving force behínd Ëhe Paal-Kno::r

synthesisresultsfromthestabLLízationgainedinformationofthe

aromaEic heËerocYcle.

Scheme XXIII

(ntu*)*n"=

þTAe

H -_--_------Þ
Å2

100

265
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Reaetion of. the acetylene ad.duct 99 and ethylene adduct 100

wirh h1,d¡azine gaye Ëhe pyriclazíno compound.l04 anci the 2,3-dihydro-

pyrídazíno compound -1!1, respectively. These compounds were origin-

ally prepared by Baumgarter and Hugè1 (79) using different react-ion

conditions.

\MR Spectroscopy of the Triptycene Analogues

The Nl'rR spectra of t.hese heterocyclic analogues of Ëriptycene

are consistent. with the assigned structurLs, elementar analyses, and

properties. rn general, Ëhe aromatic peaks in these compounds are

rather.complex, giving signals from 1.80 ? to 3.29 T. On the other

hand, Ëhe rnethíne protons give sharp singlets wíth chemícal shifts

varyíng Îrom 4.40 T to 4.54 T . These MfR spectra are'illustraËed in

the. Experimental section-.

241

rn the parent eompound 241 the chemical shift of the methine

proton occurs at 4.521in deuterochloroform v¡ith Ëhe eomplex aromatic

protons giving signals from 2.51?-to 3.267, The merhine sígna1 of

24r f.al-Ls wíthin a similar range ro that of triptycene itself (74,

139) and wynbergrs thiophene analogue (r22). rn rire case of tripty-
cene and tr^/ynberg t s thicphene 236, the rnethine protons are scareely

,3

4,-\\!/ A,(
ì"-,/

ö
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influenced by any neÍ-ghbourÍ-ng groups r+ire::eas in compou-nd 24r the

methine protons come into the deshíelding range of the tno phenyls

at posi-tions L aird 3. Hence, it i-s not too surprising to find that

Ëhe meËhíne values of Ëhe phenyl compounds are, incieed, at slightly

lorver field due to deshielding effecLs of the phenyl substituents

on the thíophene ring.

2õ6

l'Iith reference to the phenanthro conpound 266, two singlets

are observed for the methine protons, aË 3.74T and 4.357. Because

of the steríc effect caused by ínterference of the 4-methine proton

with the 5-aronatic proËon, the chenical shift of trre 4*nethine

proton is expected to occur at a J-or,¡er fíeld than that for the 11-

metiríne proËo1Ì. Furtirermore-, the 4-methine proton also comes into

the cleshielding range of the anguJ-ar1-y-fused. aronratÍc ring. Símilar

effects have been usecl to explain the 1ov¡ field absorption of the

4r5-protons in phenanthrene (140,141). Thus, it seems reasonable to

assign the sigrlal at 3 .7 4 T to the 4-rnethine proton and the signal

ax l¡,35'l to the ll-proton. The latter fa1ls ¡vÍÈhin the salne range

as that for Ëhe parcnt compound 241.

,T

ç
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L5

267

. Another interesËing coiripound is I ,3-diphenyl-4 , 1l-dihyd To-4 ,Lr-
o-benzenoanËhra[2,:-c]rhiophene (ZSZ>. The trvo methine prorons give a

sharp singlet at 4,401, whLch is comparable to the parent compound 2/r1.

But a sharp singlet for the 5rl0-aromatic protorrs h7a.s observed at 2.40 1
in addition to the expected complex aromatic signals coveríng the re-
gion between 2,40T and 3.I97. The 5rlO-protons are uncouplecl to tire

other aromatic protons. In connectíon with their investigations on the

NI"IR of polycyclic aronatíc hydrocarl¡ons, Martín et gl" (r42) and

Jonathan et gt" (140) díscove¡ed similar results for the corresponcling

protons in anLhracene and naphËhacene.

cH3

26t

In the case of the thiophene 268, it seerrs reasonable to suspect

that because the environments of the 4 and 9*methíne protons are clif-

ferent due to the presence of the 6-methyl subsËittient, Èhe chemical

2.,

'1

I

"-r--ìI J,
\-/\1

ö
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shifts of Lhese two methine protor-is shoulcl

M{R of 268 gives only a singler at 4,477

This suggests that the methyl substituent

environnent of the 4-proton as compared to

be díf f erent. I'lo¡+ever-, the

for tl-re tr.¡o nethirie protons.

is too far arvay to affect the

Ëhe 9-proton.

H^,
J

239
Analysis of the M{R spectra of the 1r3-dimeËhyl compounds 263

and 239 leads Eo the same collclusions about the cleshieldÍng effect of

Ëhe 1r3-diphenyls in contrast to the 1,3-dimethyls. The NMR specrrum

of 1,3-dirnethyl-f¡ methyL-4,g-dr]nydro-4 ,9-o-benzenonaphrho [2,:-c] thio-
phene Qþ2) exhibíts a singler at 1.72T for (3tt) 4-merhyl, a singter

at 7.681 f.or (6H) rhe 1,3*dimeÉiry1s, a singler at 4.96Tfor (H)

methine proton, and rnultiplets frour 2.7L to 3"22^f for the (SH) arornatics.

The NMR spectrum of I,3-dimethyl-4,g-dihyd.ro-4,9-o-benzenonaphtho þ,:-"J-
Ëhiophene (232) shows a sharp sÍnglet at 7.72ffor (6u) rhe 1,3-c1irnethy1s,

a sínglet at 4,951 for (2H) methíne protons, and multiplets from 2"73].
to 3.221 f.or tjne (BI'I) aromatics. Because compounds 263 anð,239 con-

tain no deshielding phenyls, the cheniical shifts of the methine protons

of these compounds should move up-field. rn agreement rvith this argu-

ment, the chemical shifts of the rnethíne protons of 263 and 239 are

ol¡served to be apirroxÍnatel¡' Q.43 p.p.nÌ. higher than for the 1r3-diphenyl

3

3o2

t_Jllo L]I t-l
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ì--r/
\

o
o tt-\

I

\-./'t1-

ö

H



118-

parent thiophene 241. Thus, the shift difference beËween 239 anð. 24I

gives Ëhe approximate magnitude of the deshielding effects of the lr3-

díphenyls on the thiophene ring. Furthermore, unlike Ëhe complex aro-

matic region exhibitec by the 1r3-diphenyl analogues, the aromatic re-

gions of 263 and 239 exhibit more analyrícal ÃrB, Eype of splitring

patterns si¡nilariy to lriptycene.

Mass Spectral Propertj_es

since the preparaËion and detection of 3r4-dehydrothiophenes

have noË yet been reported in the published liÈerature, the possibil-

ity Èhat these thiophene analogues of triptycene might be precursors

Èo the formation of dehydrothiophenes became of inËerest. Retro Diels-

Alder reacticns of thiopher.e 24I c.an proceed via Ëwo paËhr,rays illustra-

Ëed in Schene )GIV.

Scheme XXIV

-t- *A--
269f-:A-è

l-/v̂ 1-
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241

240
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Route A migllt provide anthracene and 3,4-dehyclrothiophene 269 as _ret-jro

Diels-Alder products. Altl-rougir the preparation of 2,3-dehyclrothio*-

phenes has been demonst.ratecl by apptying proceclures analogous to the

preparatíou of dehydrobenzenes, siinilar attenìpts on the 3rlr_dehydro_

thiophenes led to real:ranged intermediates (143). such r:earrange.-
'ments rvould be unlikely wíth a 2,S-diphenyl intermediate 269 such as

in route A. rf the retro Diels-Arder route proceeds vía the B path-

way, the resultant products are cavars 1r3-diphenylnaphtno þ,3-c]-
thíophene (2!9) and dehydrobenzene (ggl. This is símilar ro l{ynberg's

Ëhioplrene 236 (I22), which shorvecl a base peaL at n/e IB4 for naphtho-

[e,S-fr] Ëhiophene 233 and anorher peak for 2,3-deh¡,dronaphrhalene Ín
the mass spectrum. The dehydrobenzene formed via route B would have

to be trapped by sone suitable d.iene. otherwise, the dehydrobenzene

inay add to the 
'aphtiro Þr:-"1 thiophene at positions 1 and 3 witrr

eventual formatíon of a tetracene derivatírze as proposed by Cava et alo

(r23). The probJ-ems are to induce the retro Diels-Alder reaction and

Ëhen to detect the intermeclíates formecl by some suitab.le meËhocls. o'e
method involt'es Ëhe pyrolysj-s of the thiophene 24_1 ruj.th a heat-stable,
very l:eactive diene such that the dehydrobenzene or dehydrothi.ophele

forned could be ËrapPed by Ëhis di-e'e. Another method rvould be Ëo

subject coinpound 241 under electron irirpact in the mass spectroileter

to deterinine if ions t¿ith masses corresponcling to either dehydlobe'-

zeÍLe or clehydrothÍophene coulcl be cletected.

Hoi^rever, heatíng a mi->rture of the thi-ophene 241 with 9-methyl_

anthracene above Lhe meltj-ng poi-nt of 24L gave ma:lnly unchanged starting
materj-als along r'¡ith small- traces of unknor,¡n mate::jal . This indicates
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that these thiophene analogues of triptycene are very stable even under

drastic conditicns.

Examination of Ehe mass spectra indicates that Èhe fragmentation

paËËerns of t,he 1,3-diphenylthiophenes and 1,3-dimethylthiophenes lísted

ín Table III are very similar. The mass spectra of all Èhese Ëhiophenes

show three intense molecular ions. Apart from the parent peaks, there

are large peaks corresponding to m/e r2r for the 1,3-diphenylthiophenes

and m/e 59 f.or Èhe 1,3-dimethylthiophenes. These masses are probably

ph-c=s* and cHac=s+ grorrps, respectively. The losses of thiobenzoy]

"r,å thiorcetyl fragments under electron impact are anarogous to the

loss of HC=s+ from wynbergts compound. 236 anð, from other thíophenes

(744,r45,146). The third abundanr peak, conmon to all rhe Èhiophenes

investígated, is the intense molecular ion at m/e f -rnc=s*¡ for Ëhe

1,3-diphenylthiophenes and aË rn/eill+ -cnrc=s*1 for the 1,3-dinethylt¡r-io-

phenes arisÍng from cleavage of thiobenzoyl and Èhioacetyl groups from

the respective parent ions.

The remaining ions in Ëhe mass spectra of these thiophenes appear

to result from complex fragmentations. For examplerone possible rouËe

is illustrated in scheme xxv for the fragmentaÈion patterns of r,3-
diphenyl-4-nethyl-4 , 9-d ihyd 'co*4 ,9-o-benzenonaphrho fz ,:-c] rhiophene

W-0), but other routes can also be wriLten. The ions at mf e 4ll and

334 shov¡ that substituents at positions lr314 and 9 of.270 are readily
1osË under electron impact. This was found Ëo be the case with regard

Ëo the other thiophenes also. Thus, the formaEion of the ion aÈ m/e

411 presunably results from Ëhe loss of the 4-methy1. As shovrn in
Scheme X-XV, this ion can be r,¡ritÈen in three resonance forms. Cleavage
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of the Eethyl and phenyl groups gives rise to the peak at m/e 334.

These peaks in general are snail. Hor+ever, the major fragmentation

route goes r;ia the foruration of t.he cyclopropene intermediate aË

rn/e 305 ,¿ith cleavage of rhe fragmenË phC=S*(^/" I2I). The eyclo-

propene interme.liatll can be posÈulated. in view of the fact Èhat Ëhe

fragmentation moCe of thiophene iÊse1f yields a HC=S* ion plus a

cyclopropene i-nËerurediate 271 (144).

+
A

Yé"
271

+a
c]

-------> HC=S+

Y6qu

The cycloPropene intermediate at m/e 305 has three resonance strucËures.

Loss of CHO gives rise Ëo the ion atm/e 289. AfËer this, Ëhe fragmenËa-

tion pattern becoues more complex. No overall scheme can be posËulated

to account for the further breakdor^¡n of ion at m/e 289 that is coñmon

to all the thiophene analogues investigated.

At first sight, the most Ínteresting feature of the specËra of

all the thiophene analogues of triptycene is their overall similarity.

They all show three comparatively large peaks (above 5oi of rhe base

peak). No significant peaks at mfe 76 or m/e 77 were detected. This

rules ouÈ the formaËion of dehydrobenzenes or phenyls. The ion at

n/e 350, which would indicate the existence of 1,3-diphenylnaphtho-

[Z,S-"J thiophene(24q),was absent in all the specËra. The fragmentaËion

modes of the lr3tiphenyl analogues gave no evidence for the formation
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of eíther 2,5*díphenyl-3,4-dehydrolhl-oph,enes (zþÐ or anthracenes. yet)

the mass spectrurn of 1,3-dÍmethyJthiophene 263 indicated a¿ Íon at m/e

110, r'rhich r'rould correspond. to 2,5-dimethyl*3r4-dehydrothiophene (Z7Z).

But the 1ot¿ íntensity of the m/e 110 peak suggests that the frag'enta-
tion node via the dehS'fl¡e¡¡íophene 272 is probably insignificant. rÈ

seems appropriate to conclude Ëhat these proposed retro Díels-Alder

reactions are unimportant. The fact that clearrage at the 4 and 9

bridgehead carbons did not take place even uncler clrastíc reactj.o'
conditíons and electroni-c ímpact suggests that these thiophenes have

sË::ong molecular lattice structures.

.,4,,
272



-L23-
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Î
-,,-\

I
r\k Et*

þSof



-724-

Conclusion

A number of thiophene analogues of tríptycene, j-n v¿hich one, of the

ortho línked benzene rings ís replaced by a heterocyclic system, have

been successfully prepared by sulfurisation of substituted bicyclo-
ocLadienes. These bicyclooctadienes are Diels-Älder Ëype adducts of

the substituted anthracenes ancl dibenzoylethylene or díacetylethyle¡e.

These Diels-Alder experiments reveal that 9 and 1O-nethyl or methoxy

anthracenes and linearly-fusecl benzo d.erivatives of anthracene are

Éhe best dienes for Diels-Alder type aclditions. other anthracene

derívat.ives and, j-n parËicular, angular-fused .benzo derj-vatives aï.e

generally poor dienes. fn facË, 9,10-diphenylanthracene and naphtho-

[zrS-l]thíophene a::e ine::t to clÍenophiles even under drastic conditíons.

These findings coincide r,rith Sauerfs hypothesís (I47) that Diels-Alder
reacËions no::mally proceed most reaclily wheir one component ís electron

rich and the other electron deficíent.

Dibenzoylacetylene adducts of substituted anËhracenes have also

bee' prepared. But attenpted sulfurisaEions of these adducts gave

mixtures of the thiophenes and the corresponding furans.

Attempted synÈhesis of thiophene analogues of triptycene, Ín

which trvo ortho linlced benzene ríngs are replacecl by heterocyclic

systems, failed. This may be clue to the fact that naphtno p,3-b]-

thiophene, which has more aromatic character than diene character,

failed to l:eact rvith clibenzoylethyl-ene even uncler very clrastic con-

ditions. rn the case of naprrtrro Þr3-c]thíophene, positions 4 and 9

are not 1abi1e enough to pernit its addition Ëo dibenzoylethylene.
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Interpretation of the mass specËral data leads to the conclusion

that the retro Diels-Alder reactions of Èhese thiophenes are unimport-

anË. Ileither dehydrobenzene nor 215-diphenyl-3,4-dehydrothiophene is

generated in these reactions. However, there is evídence for the

formaËion of 2,5-dimeËhy1-3,4-dehydrothiophene although these ions

are not abundani in the mass specËra.

rn general, Ëhese thiophenes are colourless or pale ye1-1ow

solids, and are extrer,rely soluble in nost organic solvents. Most of

these compounds have high melting points analogous to triptycene; and

ãre exireurely sËable aE high temperatures. sinilarly to triptycene,

subsËituents at posiÈions 4 and 9(bridgehead carbons) of these thio-

phenes should be stable Ëo oxidation and displacement reactions of
1a

Èhe SNt and SN' type.
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Sugges-tions fo:: Ìruture l{ork

hrhí1e the attempted synthesis of the benzo [c] thiophene nocjel

faíled, the successful preparation and subsequent invesLj-gation of

the anthrar:il model system did provide some insígllt with rega::cl to

Ëhe specíal propertÍes of the thiathiophthenes. Evid.ence frorn the

present ínvestigation ancl from the latest. published lítera_ture ap-

pears to favour the hypothesis that invokes the use of d-orbital_s

in the bondir-rg of the central sulfur atomj which would lead to the

bicyclic structure for thiathiophthenes. Thís bicyclic structure

would contain a tetravalent sulfur. To gaín further insight on the

thiathiophthenes, the next step v¡ould. be to investígate the sylthesÍs

and prope::ties of rnodel compounds rvith structures iclentícal to thia-
Ëhíophthenes, but containing no central sulfult atom such as 273_ and,

274, Anot,her model compound worth investigating is 276, wnj.ch cal
be preparecl by dírect sulfurízati-on of the p::ecursor, 3,4r5-triben-

zoylpyrazole (27 5) (I4S) .

H

275
H

276

___)>
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various thiophene analogues of triptycenes in which one ortho

linlced benzene ring has been replaced by a heterocyclic system, have

bee* prepared successfully even though the yields for some deriva-

tf.veg are very 1ow. Unfortunately, t.he retro Diels-Alde-r reactÍons

of t-he rnajority of these thiophenes did not emit thj-ophyne or belzyne

intermeclíaÈes as anticipatecl. Thís uncloubtedly reveals the stabilíty

and strong lattice structures of these thiophenes. one interesËing

possibílíty for future r¿ork involves the prei>aration of ihiophenes

without 1 and 3 subst:ltuents such as 30. This may be

27t

accomplished by oxidizing the rnethy-ls of 2j9 vtj.th potassium ferric-..

cyanide follorved by decar:box¡r_1.¿¡1otr of the ac::d 277 rvith copper por.rde::

ín quin.olr'-ne.

The photochemical reactions of Èhese thíophene analogues should

be ínvestigated si'.ce interesting rearrangenients míght result.

I v :-\,/AI o2

277
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AÈtempts to synthesize Lhiophene analogues, in which tr^¡o orÈho

lirrked benzene rings are replaced by heterocyclic systems, faíled

because the Diels-Alder addition involving dibenzoyleËhylene and

naphtho [2,:-u] thiophene was unsuccessful. The emphasis shoul-d be on

Èhe preParation of a more reacËíve derivative of naphttro [2,3-b] thio-
phene such as 27Bsimilarly to 9,I0-dirneËhylanthracene, 4,9-dimethyl-

naphtho Lz,:-rJ rhÍophene (278) should readily reacr wirh dibenzoy] -
ethylene.

FÍ-nally, an inËeresting possibility for future work involves

the synthesis of a heterocyclic analogue of triptycene in which all
three orËho linked benzene rings are replaced by heterocyclic sysËems.

A possible route is outlíned below in scheme xxvr. The startíng

materíal- rvould be {-pyror\e U-2. If Ëhe Diels-Alder reaction involving

d-pyrone and dibenzoylethylene is successful, then the monoad.duct

280 r¿ould be obtained. Fusion of this monoadd.uct with excess diben-

zoylethylene followed by extrusíon of carbon dioxide r¿ou1d give the

diadducË 281. Sulfurization of 281 rvould yield the bícyclooctaËriene

sysËem 282. FirsË brornination of the C=C bond then treatment of the

resulting bromine compound 283 r¿ith sod.ium cyanide should prod.uce Ëhe

niËrile 284, which would easily hydrolyse to Ëhe acid 2g5. After con-

version of Èhe acid to the acid chloride 286, a double Friedel-Crafts

reacÈiìn would be performed wiEh benzene giving the diben zoyL precursor

287. compound 287 could easily be converred. Èo the prod.ucr 2BB on

sulfurizaËion. The critical step in this scheme is the format.ion of

the díadduct 281. Failure Ëo obËain this diadduct would mean Èhe

abandonmenË of this enËire scherne.
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Scheme XXVI
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Experiinental Procedu::es and Results_

The infrared (rR) spectra \^rere perforrned on a pe::lsj-1-E¡-nr.e::

model 337 spectrophotometer in liquid paraffin mul1s. Nuclear

Magnetic Resonance spectra rvere obtained on a Varian rnoclel- 56/60A

spectrometer and, unless otherr¡ise stated, ín cleuterochl-oroform
o

at 40 C, usitLg tetramethylsilane as an internal stanclarcl " Chenical

shifts are given ín î units. The mass speciïa r,¡ere obtainecl on a

Hitachi Perkin-Elmer RMU-6D model and Finnigan 1015 model mass

spectrometers. Ifelting points (m.p.) vrere obtained on a c.alíbratecl

FÍsher-Johns meltíilg point apparatus. Thin-layer chromal-ography

(t.1.c.) rvas pe::formed using "canag" silica-gel type DSF5 suirplíed

by Mondray Ltd. Development of plates, unless otherwise stated,

was carríed out using benzene as standard with increasing p::oportions

of chloro{=orm add.ecl tvhen necessary. The elenenËal analyses r¿ere, done

by Alfred Bernhardt Microa.nalytical Laboratory, 525r Elbach uber

Engelslcirchen, West-Germany.
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Part A ¡\tËeingted Sr¡ntheses of 4-Thioacylbenzo lcl thiophene

Ggq)

This was prepared by vigorously sÈirring a mixËure of acetonyl-

acetone t2B5g) and phcsphorus pentasulfide (2209) f.or t¿ hour according

to reference (I49). After the initial inËensive reacËion had subsided,

the nixture \,,ras heated in an oi1 bath for IÞz hours. The maËerial rn¡as

distilled, and rhe fraction boiling ar 134-135oc v¡as collecËed; B.p.

= 136-137oC; yield = g7"/..

Preparation of 3-aceryl-2,5-dimerhylrhiophene (_l-qz)

Acetylation of the thiophene 106 vras carried out similarly to

Messinars method of alkylarion of 2,S-diureËhylthiophene (BO). To a

well sËirred suspensioa of 350 ml of carbon disulfide and 679 of

aluminum chloride, cooled ín ice, Ëhere was added. d.ropwise a

mi:<ture of 2,S-dímethylthiophene (56g) and acetyl chloride (:sg¡.

After standing in the cold for Ëen hours, the dark-brown mixture

?,'as ËreaËed wíËh hydroehloric acid and ice. The carbon disulfide

layer I^/as separated and Èhe aqueous layer !,ras extract,ed three Ëimes

wiËh 50m1. aliquots or ether. The combined. ether extracts and carbon

disulfide layer ruere washed wittr water , LO"Á sodium carbonat.e solution,

and water; and dried over sodium sulfate. Fractional distillation
gave t,he product as a colourless oil . B.p. = 2Z4oC

Yield = 78"Á



aration of 2,5-dj.rnerhyl-3-rhj-enylaceric acid_ GgS_l
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The method of Blanchette (81) rvas nodified in the follorv:lng rvay.

2,5-Dimethyl-3-acerylrhiophene (a g) and sulfur (1 g) in morpholine

(20 ml) i¿ere refluxed for 6 hours. The darlc oil i,ras poured into \^/ateï

and et-hanol rvas added untíl Lhe solution becarne clear. After standÍng

f or trvo days, the precipitated solid r.ras f iltered of f and hydrolysecl

with sodium hydroxide by refluxing rrhe.mi-xtirre for 6 hours. After cool-
ítg, the mixture r^/as acidified r+ith dilute hyclrochloric acid, ancl the

procluct !¡as extïacËed wíth three 50 ml al-iquots clf ether. The coirrbined

eËher extracts were dried with anhyclrous sodiun sulfaie and evaporated

Ëo give a dark bror,¡n oil r¡hich coulcl not be made to cr¡zs¡o11rru.

Yield = 7%.

The crude acid 108 from above \ùas aclcled to 50 ml . of anhydrous

meËhanol. This solution \^7as saturated i*'ith gaseous hycl::ocirlo::ic acid

and aIlorr'ed to stand at room tempei:ature f or 24 hours. Then Ëhe mix-

ture h'Ìas poured. into Íce, extl:actecl ,.vith ether, vrashed ryith ciilute sod-

ium ca::bonate, ancl driecl iuiËh soclium sulfate. Evaporat.ion of the corn.-

bined ether extracts gave a blach oí1, rvhich was fractionafj-y aistiljed
to yield a yellow oi1. B.p. = 25OoC

Yield = 98%

ation of met 2, 5-dímethyl-3-rhienylacerar.e (]!g)

Attempted p::epqEation of methyl 2,5-dínethvl*3-thie lacetate ( ) from

Friedel-Craf ts acylatíon of 2 "5-dinethylth:lophene
The methocl of stadnikoff and Go1r1f arb (150) i,¡as moclif iecl

follorvi-n.g rvay. rn a 250 n1 rouncl-bottomed., th::ee-ireckecl flaslc

r'¡ith a thermometer, d::oppíng funnel , ancl a mechani-cal sËírrer,

in the

prorrided

\rrêlie
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placed 2,5-dímethylthiopirene (5 g), methyl bromoacetaLe (6 g), and carbon

disulfide (100 ml). The solution rvas cooled to OoC, and anhydrous stanni.c

chloride (l-0 mI) was added dropwise r,¡ith effÍcient stirring during the

course of about 40 minul-es. The mixture \^ras stírred at room teiltperature

overnight. The r:esultj-ng thiclc mass \,^/as decomposed with 50 g ice and

30 ml of dilute hydrochlorÍc acid. The carbon disulfíde layer was

separated, washecl r,¡ith 25 nl of \.zater, and dried. over 5 g of anhydrous

sodium sulfate. Distillatíon gave a bror,¡-n oil . An infrared spectruin

of this oi1 shor+ed that startÍng materials 'were recove::ed unchanged.

Attenpted acylation of rnethyl 2,5-dj-rnethyl-3-thienylacetate

The method of Stadnikoff and Goldfarb (150) rqas modified as de-

scribed above. The calculated quantitíes of benzoyL chloricleraluminum

chloride, and rnethyl 2r5*dimethyl-3-thienylacetate \{ere used. No

product could be isolated on rvorlc up.

Preparatíon of 1,3-diphenylbenzo [c] thiophene (42)

The method of Dufraisse and Danief (23) r"¡as modified in the follow-

J-ng way. o-Dibenzoylbenzene (1 g) or 1,3-diphenylbenzo [clfuran (1 g) and

phosphorus pentasulfíde (1 g) ín 50 ral of pyrícline ¡vere refluxed rvíth

stirring for 24 hours. After cooling, the mixture r^¡as thror,rn into ice

and the inorganic solids t¡ere filtered off. The mixture was extracted

with three 50 m1 aliquots of ether. The combined eLher extracts Ì,/ere

rvashed \,rith dilute hyclrochloric acid, dried rvíth sodium sulfate, and

evaPorated off to yield a ye11or.r solid rvith green fluorescence. Purífi-

cation by columt chromatography (alurnina) gave bright yelloiv needles;

n.p. = Lzooc, Lít, (23) = ll6oc; yield = 7B%.



Fríedel-Craf ts acylation of 1,3-diplrenylbenzo lcl th:Lo
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1r3-Díphenylbenzo [cl thiopher-re (0"5 g) r.¡as aclded to anirl,drous

aluminum chlorÍde (0.5 g) in 50 mi of carbon disulfide. The rnixture

was cooled to 0-5oc ín an íce bath. Benzoyl chloride (0.3 g) Ín 10

ml of carbon disulfíde ruas add.ecl dropr+ise to the mixËure ¡vith stir-

ring. The mixture was stirred overnighi- at room teilperature. Then

it r'¡as poured inLo rvater and e>ltractecr r¿Íth benzene .(3 x 30 ml) 
"

The combined extracts rùeïe washed r¿íth rvater (2 x 40 ml), clried,and

evaporated to give an orange solid. This solid rvas further pu::ífíed

by'thin layer chromaÈography using benzene as a developing solvent.

Three major bands rvere observecl on the plate.

An ínfrared spectrum of the compound from the top band of the

pJ-ate suggested that it was 1r3-cliphenyLbenzo [c] thiophene.

The mass spectruill of the cotnpound from the second banc]. contained

a peak at m/e 390. This suggested that the cornpouncl Íras a monoacylated

product, probably conìpound Li3; m.p. = lB4oC (II%),

Aual. calculated for CZTlItAOtS; C,83.15; H,4,63; S,8.25

Found. C,82.96; H, 4.46; S,8.25

The mass

parent peak at

compound 1llra

spectrum of the ccmpound from the thircl bancl showed the

n/e 494. This suggested a cliacylated product, probably

or 115a; m.p. = 132oC.

Yield 3'/"

A¡ra1" calculared for C3tnH22SO2i C, g2.59; IJ, 4.45; S,6./rB

Found. C, 82.30; H, 4.39; S, 6.15
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Preparation of tetrabenzovlcvclobuiane Q_lg)

Trans-dibenzoylethylene (18 g) in 250 ml

for 24 hours vrith a Hanovia QuarËz ultraviolet

mixture \¡ras concentrated to 50 ml and 25 nl of

were added. Coollng afforded the cyclobuËane as

m.P. = 1390C (68"Å)

dioxane was irradiated

No. 30620 - Lamp. The

carbon teÈrachloride

colourless rreedles i

Anal. calculated for C3ZHZ404; C, 81.36; H, 5.0g

Found, C, 8I.22; H, 5.17

The IR specËrum, 1713 cm-1 (C=O)

Preparation of tetraphenylthieno [c] rhiepine (i29)

The Ëetrabenzoylcyclobutane (100 mg) in pyridine C35 ml) vras ïe-
fluxed with phosphorus pentasulfide (300 mg) for B hours. The mixture

was cooled, poured into water, and extracted with chloroform (3 x 50 rnl).

The extract was r+ashed with water (5 x 30 rn1), dried., and evaporaËed to

give a yellovr oÍ1 which was purified by thin-Iayer chromatography using

25"/. benzene -petroleum eËheï as a developing solvent. colourless

crystals were obtainedf m.p. t46oC; yield = 292.

Anal. calculated for C3ZH22S2:' C, 8J."70; H, 4.68; S, 13,62

Found, C, 8i.53; H, 4.75; S, 13.70

Mass spectrum: nr /e 470,438(lÉ:Z¡,

possibly for tetraphenylbenzo [c] thiophene.

Preparation of 2 . 5-d imethyl-3, 4-bischloromerirylËhiophene (_U_l-)

A stream of hydrogen chloride gas r¡as addeci to a stirred
of 37% formalin (50 nl) and 20 ml of concentrated hydrochloric

allowing t.he t.emperature to rise to 50-60oc until the solutíon

urated. The mixËure was then coolecl to 30oC whereupon 19 g of

solution

acid,

Iüas sat-

t-'
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2r5-dí-neitryl-thiophene was added dropwise wich stirring. Af Ëer the rnix-

ture had been stirred fcr 20 rninutes, the oily lower layer was separated

and. washed v¡ith \./ater (5 x 100 mI) . The oí1 r¿as refrigeraËed overnight

and recrystallized !rom hexane-petroleum ether to give pale-Ëan crystals!

m.p. = 64oC; 'yíeld = 78"/". The compound turned black on prolonged ex-

posure to air arrd .1ight

Anal. calculaËed for CgHtOClZi

cl,33.95.

C,45.95; H,4.80; S, 15.32;

H,5.263 S, 16.84;

Found, C, 46.L3i H, 4.84; S, L5.47 i C1, 33.56

The Nìß specËrum, 7.72 T (6H, Ëwo equivalent methyls) , 5.557

(4I1, urethylene proËons) .

Preparatíon of 2,5-dj.methyl-3,4-biscyáqomethyl,thiophene (W)

Freshly distilled 2,5-dimeÈhyl-3,4-clichloromethylLhíophene (20 e)

was added portion-wise over 10 rninuËes to a stirred mixture of sod.iurn

cyanide (27 Ð in 'anhydrous N,N-dirnethylformamide (200 url). Cooling \.ras

applied to keep the temperature below 90oC. Then the mixËure was sËirred.

at room temperature for 2 hours. Chloroform was addedr.and Èhe mixture

lrras. pouïed inËo 200 ml of saËuraËed sodium chloride solution. The chloro-

form exËract was r¿ashed with waËer (3 x 50 ml), dried r,riËh sodium sulfaËe,

and evaporated to give a pale yellow solid. Recrystallizati-on from an-

hydrous ethanol gave whiÈe needles! u¡.p. = 121oC; yield = 347".

Anal. calculated for CIOH'ONZSi C, 63.15;

N, 14.75

Found, C,63.05i H,5.18; S,16.69; N,15.08
. -1The IR spectrum, 2280 .cm' (C=N)

The llMR spectrum, 7.æ'f (6H singlet, equivalent methyls), 6,407

(4H singlet, methyle.ne protons)
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ALtempted condensation of 5-dimethyl.:-3, 4-d icyanornethyithioohene with

benzil

A solution of potassium tertiary butoxide in tertiary butyl alcohol

\,/as prepared according to the method of Johnson and schneider (151), us-

ing anhydrous Ë-butyl alcohol (10 ml) and potassiun (0.43 g). To Ëhis

freshly-prepared basic mixture was added portionwise 2 rS-dimethyl-3 14-

dicyanomethylthiophene (2.85 ù. The mixture vrå.s reflu-xed for 2 hours;

then iË rn¡as cooled to room temperature. Benzil (2.L0 Ð in t-buËyl

alcohol (10 mr) was added dropwise to the mixture. The mixture was

refluxed for another 3 hours. AfËer cooling the mixture, it. was poured

into ice and exËracted r¿ith benzene (3 x 40 m1) . The benzene extract,s

r¡ere washed with water, dried, and evaporated to give a black solid.

The infrared spectrum showed. an amino absorpËion (3420 cm-f) and a

cyano absorptíon (2270 
"m-1¡.

The reaction was repeaËed using 2r3-butarredione insËead of benzil.

The expected condensation product \,ras not deËecËed"

Preparation of 1,3-dihydrobenzo [cl thiophene (32)

Preparation of this conpound was carríed out in accordance with

the method of Birch et al. (86). 
i

field = 67%. 
i
¡

Agq"*pt.d pr"p"t"tr. (1?å)

A solution of t-l¡utylhyclroperoxide (5 mf) in t-butyl alcohol (5 ml)

was added dropr,rise to a cooled soluticn of 1r3-dihyclrobenzo[clthiophene

(5 e) in glacial acetic acici (15 ml) . Renoval of the. sol.venr and dÍs-

tillaËion of tlie .resídual oil gave a red liquia rvhich iate:: turned black.
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I¡gpo!_g!ég" o1 2, 5-dírnerhylrhenoyl-3- lß-propionic aci (31)

The merhod of Sreinkopf g al. (20) was modifie<l

stannic chloride instead of alurninum chloride as the

109'c, Lj-r. (20) = rr2oci yield = 49%.

usc+ ojl

i nt.p .

Preparation of 2.5-dinerhl¡lthienvl-3-[]-butyric acid] (lål

The Clemmensen reduction was carried out in accord.ance with

the method of Steínkopf et al. (20).

Yíeld = 7L"/. .

Prgparation of 1,3-dimeËhy1-4-keËo-5,6,7-rrihydrobenzo lcl thiophene (37)

The method of Steinkopf et al. (20) was rnodified in rhe following

rn/ay. 2,5-DimeËhy1Èhienyl-3-lY-¡"ryric acid] G Ð and polyphospho::ic

acid (25 nl) r¿ere stirred at B5oc for l0 minutes. After cooling, the

mixËure T¡las poured into ice. The r.¡hite precipitate was filËered off
and reerysËallízed from petroleum et.her-ethanol. hihite needles; m.p.

= 40oc, LÍr. (20) = 4Io ; yield = 42%.

Preparatíot of 1 ,3-dimerhyl-4,7-dikero-5 ,6-dihydroÞenzo [c] Ëhigpheqg (_1¿)

2,5-DimeËhylthenoyf-3-[8-nropionic acid] (a Ð was ad.ded. porËion-

wise to 25 mL of concentraÈed sulfuric acid. The mixture \.,ras heated to

B5oC n'ith stirring. After 5 mínutes the mixture ï/as cooled dor.¡n Ëo

10oC and poured inËo ice. The aqueous míxture was made basic wit.h am-

monium hydroxíde and. extracted wíth ether (3 x 50 ml). The et,her extracts

were r¿ashed r¿ith \^rater, dried, and evapoïated of f to give a solid. Re-

crysÈallization from petroleum ether afforded whiËe needlesfm.p. = tt8oc;

yield = 6"/.,

Anal. calculated

Found, C, 61.73;

The IR spectrum,

by the

catalyst

!

I
t

!

for CTOHTOS0Zi C,6l.86i H,5.tt;

H,5.09; S,16.38

1690 cm-1 (c=o)

s, L6,49
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The NI'ß- spectrum, 6.837(ÍH, merhyls), 6.68T(4H, merhyiene proron.s)

Preparation of 3-d imethyl-4-hydrox -4 5 ,6 ,7 -tetrahydrobenzo lcl thj.onhene

G!¿)

1,3-Dirnethyl-4-keto -5, 6,7-trtbydrobenzo [c]thiophene (a ù was dj.s-

solved in 50 ml of methanol. The solution rvas cooled to 5oc. sodium

borohydride (0.6 g) was added portionwise with stirring to the cooled.

soluÈion. The mixture \^/as sLirred overnight at room Eemperature. The

wÌrite crystals formed were filtered off and washed with petroleum etl-rer;

n.p..= llooc i yield = 79%.

Anal. calculaËed for C'OH'4OSi C, 65.94;

Found, C, 66 .03i .H, 7 .59; S, L7 .65

The IR spectrum, 3310 cn-l (OH)

In accordance ¡viÈh the general method of

conpourrd (1 g) r.¡as dissolved in chlor-oform (50

Lurz et al." (153), the hyclroxy

ml). Then phosphorus

H, 7.69; s, r7 .59

Attemptecl reaction of 1,3-dimethyl-4-keto-5, 6, 7-trihvdrobenzo fcl ttri hene

r¿ith sodi-um. cyani4e

The Ëeto-thiophene (5 g) and sodium cyanide (1 g) in 60 rni of

Þrater were stirred. vigorously at 0o - 5oc according to reference (152).

Then 40lZ s,uLf.uric acid (10 ml) was added dropwise over a period of 1

hour with Ëhe temperature kept betr+een r0o and 20o. water was add.ed

and Ëhe prod.uct r^ras extracted with ether (3 x 30 ml) . The combined

ether extracts were washed with \^iater (3 x 50 nl), dried, an,c evirporatecl

t.o give a brov¡n oil rvhich solidified on standing. The rR specÈrum

shöwed. that unchanged. starting material \,/as recovered..

Attempted reaction of 1, 3-dímáthyl-4-hyclroxy-4, 5, 6, 7-te-trahyclrobenzo- lcl --
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penta;hloride (0.5 g) v¡as added portionwise with stirring. The excess

phosphorus pencachloride v¡as filtered offi and the filtrate washed

wiÈh water (3 x 50 m1), dried, and evaporated to give an oil. This

oil rapidly decompcsed on exposure Ëo air.

Darzenrs Glycidic Ester Condensation of eÈhv1 o{-chloropropionate anil

1 ,3-dirnethvl--4-kero-5 , 6 ,7-LrihyCrobenzo [c] rhiophene

In accordance with Yarnell and trrlallists general preparaËion of

alicyclic neËhy1 ketones (91), a soruËion of 1 .6 g or. Lhe ketone and

1.2 ml of ethyld-chloropropionate in 150 m1 of dry ether r,¡as cooled.

to -80oC, and Ëo ít was added the powdered. sod.ium eËhoxíde mad.e from

0.58 g of sodium. AfËer Lhe mixture had come to room temperature,

it was refluxed for 60 hours in an aÈmosphere of nitrogen. The ether

was then evaporated, and the resídue r^ras ref luxed for 2 hours with a

soluËion of. I20 ml of 90'Å ethanol, which contaíned 4 g or. sod.ium hy-

droxide. The cold solution was diluted wiËh water and extracted wiËh:

eËher r¿hich was discarded. The alkaline aqueous layer was acidified

wiËh dilute acid and again extracÈed with ether (3 x 50 urI). This

1aËËer ether extract was washed wiËh r¡/ater, dried, and evaporated to

gíve a bror¿n oil. The rR specÈrum showed absorptions for a cyclic

keÈone and an acid or ester group (1695cm-1 and 1768cn-1 ïesp.). rhe

NMR evidence also suggested that the producË had. structure sj:nilar to
136. The Nlß. specr,ruur, 8.227, 8.33.f-(3H doubler, merhyl aËt,ached

Ëoa(-carbon), B.7aT, 5.757 (3H trípler, 2H quartet, eÈhy1 group),

7.567, 7.63 T (6H singlets, r,3-dimeËhyls), 5.531GH quarrer , 4-
methine proËon), 5.40 |(ltt,nerhine proton), 5.g9 ro 6.3gT (6H bands,

met.hylene protons).

ë
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Preparation of 2,5-diileth).1_thiop_hene-3-a1c1ehydg Glg)
The method of King and Nord (93) r¿as uodifíed in the folloi¿ing

way. 2,S-Dimethylthiophene (k mole), phosphorus oxychl_oride (0.31

mole), and N-methylformanilíde (0.32 mole) v¡ere heated. cautiously o¡.

the steam bath until hydrogen chlor:'-de gas evolvecl . a.t this point,

heating l{as discontinued and cooling inrmediately applÍed to prevent

excessive decomposítÍon. After the initial r:eaction has subsided,

the reaction mixture \{as heatecl for twenËy mínutes on a stea¡r bath to
complete the reaction. At tl-re end of this period, cooling was again

applied and the contents of the flask careful-Ly neutralízed with excess

sodiurn åcetate. The.mixture rozas then steam distilled; the distillate

was extracted with ether (3 x 50 ml); and the elitïact r¿as washed with
fírst dilute 6N HCI and th,en 5% sodium bicarbonate, d.ried, and evapo-ratec1

to give a browr: oí1. Fractional distíllation gave a colol:less liquíd
(17 e or 46 % y:.eld,). B.p. = 79o - B3oc, Lir.(93) B4oc.

AttemPted condensation of 2, 5-dimethylthlqphene-3-.aldehycle ancl diet}rvl-
succínate

A mixture of 2,5-dimetrrylthiophene-3-alclehyde (10 e) and dierhyl-
succinate (13 g) in 15 ml of t-butyl alcohol was added dropinrise cluríng

45 ininutes to a heated solution of potassium t-'butoxícle (from potassiurn
(5.8 g) and t-buryl alcohol (85 nl) a.t 60 - 70oc. This tempererure was

rnaintai-ned for a further 75 minutes. Af ter cooJ-ing, the mixture r¡ras

poured. into wate:: and extracted rvith ether (3 x 40 m1). The. ether ex-

tracLs rve::e r.¡asl-ied rvith water, clriecl , and evaporatecl to gíve a bror,¡n

oi1 (B g or 39"Á) .
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The brorum oil t¿as not i.solated but ref J-u>r.ed Ê-cr 2 hou,:s with

potassiun hydroxíde solution to girre an ol:ange f -i-quj-d, rvhí.ch coulci

noË be made to crystaLLize.

The NMIì. spectrunì, 7.57 T and 7 .æT (6I{, methyl singlers), 6.32-.

(2H, methylene prorons),4,441 (fil, vinyl sínglet),3.407 (LH,

aronraLíc) and -l .5 T (2I1, aciclíc protons).

Thc IR specrrurr, 1.720 cm-L (cooli), 1640 cn-l (C=C)

Attempted, Cyclisati_on*gf the* Stobbe cor-rdensation product L4O

The c::ude acid 140 from above rüas treaLe-d rviLh concentraËecl

sulfuric acid at B5oC for 20 minutes" After cooJ-íng, Ëhe,. da::lc viscóus

mixture rvas thror,m ínto ice. The product r.¿as extractecl r"rith ether

(3 x 30 rnl). trrÏorkíng up gave only black d.ecomposítion maLerials.

The procedure r¿as repeatecl by substituting sul-furic acicl r"¡ith

other catalysts such as acetic anhydride and. soclium acetate, anci

poiyplrosphoric acíd. The expected product \,üas not cletectecl .

Pteparrtiot't_ of 1 ,2-díb.ttroyl-lr,5:díret-hyl-"y"1o1-t.*-1*-.t-te (:4!_)

Thj-s r,¡as made by the methocl of Adarns and Golcl (26) . Equímolar ratios

of. 2r3-dímethyl-1'3-butadiene and trans-díbenzoylethyl-ene v¡ere refl.uxed

in 95Z" ethanol- for 6 hours. Yield = BB"/".

Preparatíon of 1,3-diphenyl-4,7-c1ihyd::o-5,6-dímethylbenzo Lc]thíopl-rene

(w-)

The adducx 48 (2 g) and phosphorus penLasulfj-de (2 Ð ín 50 rnl of

pyridine r¡ere re-fluxed for 4 hour-s. Af ter cooling, the mixture v¡as

throrvn into í.ce. The bright yellor*' precipitate rvas tl'ren filterecl off
and ¡vashed r.¡ith dilrrte sodiuiu l-ryd::oxj-d.e- solution. purif icati-on by

colurnn chromatoglaphy on alumina gave yellorv neeclles wíth green
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fluorescence; m.p. = 16BoC; yield = 7 4"/".

Anal. calculated for CZZHZOS i C, 83.5Bi H, 6.30;

Found , C, 83.94; H, 6 .L9; S, 9 .93

Anal. calculaËed

Found, C, 83 . 94;

The NMR spectrum,

CZZHI'S i C, 84.07 i H,

5.93; S,10.36

6BT(6H, meÈhyl singleË),

s, 10.12

5.73; S, 10.19

2.20T xo 2.807

The NMR specËrum, 8.327 (6H meËhyl singJ-eÈ), 6.2IT(4H.,methylene

protons) arrd 2.22Tto 2,83 7(10H, aromatic proÈ,ons).

Preparation of 1,3-diphenyl-5,6-dímethylbenzo [c] thiophene (49)

1,3-DiphenyL-4,7-dihydro-5,6-dimethylbenzo fcl thiophene (2 g) and

sulfur (0.5 g) were heated for one-half hour at 2OO-22OoC. Purification

by Ëhin-layer chromatography with 507" benzene-petroleum ether as develop-

ing solvent gave yellow needles !'¡iËh green fluorescence; m.p. = lB3oC;

yield = 42"/" "

for

H,

7.

(LzH, aromatic bands) .

AttempËed Friedel-Crafts acylation of 1,3-diphenyl-5,6-dimethylbenzo*[c]-

Ëhiophene (49)

The thiophene (1 g) rvas added to anhydrous aluminum chloride (1 g)

in 50 nl of carbon disulfide. The mixture vras cooled to 0o - 5oC ín an

ice baËh. Benzoyl chloride (0.6 g) in 10 ml of carbon disulfide was

added dropwise to Èhe mixture with stirring. The mixture was sËirred

overnight aÈ room temperature, Ëhen it was poured into water and extracted

wiüh benzene (3 x 30 rnl) . The combined extracLs were rvashed r+ith water

(2 x 40 ml), dried, and evaporated Ëo give an orange solid. PurificaËion

by È.1.c. indicated thaË Ëhe major producË isolaËed was unchanged start-

íng maËerial r¿ith smal1 traces of benzoic acid detecËed.
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AtLempted reaction of l--benz 1-4*phenyl- 1 
" 
3-bu taC iene r,¡ith

d'¡etzerþ!þylels
(") Equimolar ratios of the diene and <libenzoylethylene \¡/el:e refluxecl

Í.or 48 hours ín the follor,ring solvents; ethanol, benzene, dioxane,

toluene, xyler-re, and nítrobenzene. Each tíme the starti¡g materíals

Ì{ere recovered unchanged

(b) one equivalent of the diene ancl 30 equÍvalents of d.Lbenzoylethyle¡e

in a high pïessure bomb rvere heated up to 300oC f or 72 hours. tr^Iorlcing

up according to the usual method gave only unlcnov¡n coloured. material-s.

Preparation of dibenzoyl_acetylene

47 "2 g of the díbenzoyLethylene \,Jere converted to j-ts brorn:'-de by

the usual method (using bromíne in chloroform) . 25 g of this were the¡

converted to dibenzoylacetylene by the method of Lutz and smj_Lhy (so¡,

!¡epelation of o(-furylmethylcarLrinol Gå!)

This was made by the nethod of

furfural and methylma.gnesiumíoclicle as

Duveen and Ken)¡on (1.54) usi¡g

starting materials;yie1d = 50:l,

Equímo1ar antounts of {-furylmet.hylcarbinol ancl dibenzoyla.cetylene

ín 50 ml of benzene rùere refluxed for 72 hours. After cooling to room

tempeilature, 10 ml of ethanol rver:e addecl . The white precipitate forued

v¡as filtered off and ::ecrystallized fron petroleurn ether-methanol to

gÍve white plateJ-ets; m.p. = 13BoC; yield = 43%,

Anal. calculated for CZZHtg}4! C,76.30;

Found, C,76,I9; H, 5.23

Reaction of o6fusllmerqÞy] carbíno1 and dibenzoylacetylene

7r, 5 .20
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The IR spectrun 3/r/r,O cm-l (OH), l-6l¡5 cm-l (ç=o str.) The l.lL"ll'{ spectrum,

8.60'f , 8.711 (3H, methlzl singlets) 6.547 (lil, broad methine singlet) ,

5.nT to 5.637 (!H, methine quartet) , 4.OB'f , 4.J.27 (2H, víny1 sínglers)

and 2.54 T to 2.95 T (10H, aromatics)"

Atteurpted aronatÍsation of the adduct 152

(a) The adduct (2 Ð 152 suspended in methanol (50 m1) rvas hydrogenated

over palladium-charcoal at 600 p.s.i. at 600 f.ox 24 hours ín a pressure

vessel with a glass liner. An orange solutíon r¿as obtained rvhich on

evaporatíon gave a ye11oi,r-bror,.¡n oil . This rvas not purif ied but boiled

r,¡íth I ml of hydrobromíc acid in 50 ml of dioxane for 15 minutes. I,lorli-

ing up according to the usual method gave an unknown red oil r^'hich

shoi+ed broad absorption bands ín the IR spectrum.

(b) The adduct L52 (1 e) ín 50 ml. of carbon teËrachloride was irradi.-

ated for 24 hours with a Hanovia Quartz U.V. Lamp, modelt 30620. The

solvent r^/as evaporated off and the red oi1 on examinatíon by t.l.c.

shorved at- least 15 components.

Attempted re.action of methyl 2-furfuryl ether rvíth dibenzoylqth)¡lene

(a) Equimolar ratios of Èhe ether and díbenzoylethylene r^rere refluxed

f.or 24 hours in the fol1ol+Íng soltzents: ethanol , benzene, tol.uene, xylene,

and hexachloro-lr3-butaclíene. Each time unchanged starüing materials r,¡ere

recovered.

(b) Equímolar: ratios of the ether and dibenzoylethylene plus 1/10

equívalent of alumj-num chloride in 50 m1 of anhydrous methylene chl.oride

were stirrecl at room tempel:atur:e f or 72 hours. I^later vras adcled aild the

product r.¡as extractecl rvj-th eLhe:: (3 r 30 m1) . Evaporation of the etlier

exËracts gave black decomposition products
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P.efgr"ti"" rf 2-b."ry1@

This was made by the Cleromensen reduction of 2-benzoylthiophene

according Ëo the general reduction method of Steínkopf et aI.(20); m.p.

L27oc, Lir. (155) rzgo - 135oc; yierd.23%.

i
AtËempted oxidation of 2-benzylthiophene Ëo produce 2-benzylthiophene-

S , S-dioxide G!q)

(a) In accordance with Hinsbergrs method (97), 10 ml of hydrogen

peroxide were added to 25 nl of glacial aceiic acid and the solution was

cooled Ëo 0o - 5oC. To this were ad<led 4 g of 2-benzylthiophene. The

mixture was refrigerated f.ox 48 hours and thrown into ice. The product

r^Ias extracËed r¿ith ether (3 x 40 rn1) . The ether extracts were washed

with water (5 x 20 rnl) and with dilute sodium carbonate solution, dried,

and evaporated to give a ye11ow oil (2"1 yíeLd). This crucie oil was

reflux r,¡ith dibenzoyLacetylene for B hours in 50 ml of Ëoluene. However,

working up gave only dibenzoylacetylene and some decomposed maËerials.

Thus, the yellor¿ oi1 from above \^/as probably noË the expected producL.

(b) The oxidation procedure v¡as repeated by usíng Leonard and Johnsonfs

peri-odate method (98). Again Ëhe expected srs-dioxicle 156 was not

detected.

Pre ration oi the Diels-Alder adduct of_- pipervlene a:rd d il-.en zoylrace rylene

In accordarrce rvith Dupont and Paquotrs method (156) equimolar

refluxed for B hours

,5-diene (158) as

quantities of piperylene and dibenzoylaceLylene were

in toltrene to give l-methyl-2,3-dibenzcylcycLohexa-2

a yellor^r oil. Yield = 68% .
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1-l'lethyl-2 ,3-diben zoyrcycLohexa-2 ,5-diene (5 g) ancl sulf ur (l_ . 6 g)

were heated at 22ooc for 1¿ hour. The p-r:oduct \rras purif ied by column

chromatography on alumina to give \ùhite prisms! rn.p. = I25oC,, yield =

377!.

Ana1. calculared for CZtHtO}¡ C, B4.0Oi H, 5.33;

Found C, 83.BB; H,5.45

The IR spectïum , 1647 cm-I (C=O)

The NMR specrruùr, 7.BZ T (Sfl, merhyl sínglet) , 2.27 T to 3.38 7
(13 H, aromatícs).

The 2,3-dibenzoyltoluene (1 g) in tol.uene (80 rn1) rvas refluxed rvítl:

phosphorus pentasulfíde (1.5 g) for B hours. The mixture was cooled, and

inorganic solids were f iltered of f . The f iltrate l¡as r.¡ashed with dilute

acid and dilute sodiun bícarbonaËe, driecl, and evaporaied to give a

ye11oi'.' oíl which crystallized. on stancling, ancl was further purified by

thín layer chromatography usj-ng benzene as a cleveloping so-lvent] m"p. =

96 - 108oc; yield = I7%.

Anal. calculared for C21H'6S, C, 84.00! H, 5.33; S, L0.67

Found, C,83.92i H, 5.47: S, 10.55

The NtúJt specrrum, 7,80 T (3H, methyl singler), 2.LB T to 3.35 Z

(1311, aromatÍcs).

OxidaLion of 2,3-di1¡elzoylro-l.uene (!lZ)

2,3-Dibenzoyltoluene (5 g), potassium pernanga.'ate (7 Ð, and

sodiuin hydroxicle (i g) in 300 nl- of \{ater '¡ere refluxed for 24 hours.

The atanganese dÍoxide r,'as filtered off and the filtrâte \.¡as treated r¿iti-r

sodium bisulfite to clestroy the- excess pernanganate. The aqueoue

aration of 1,3-diphenyl-4-nethylbenzo [c]thÍophene GÍq)
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soluËion was acidified wíth acid and exËracËed rvíth eÈher. Evapoi:a-

tiorr cf the ether exËract gave a white solici r."-hich rvas puriiíed by

È.1.c. The IR spectrum showed that Ëhe product was not 2,3-dibenzoyL-

benzoic acid, buË benzoic acid insLead.

AtËerepted reaction of 2,3-dibenzovltoluene r¿ith N-bromcsuc'cinimide

Equimolar quanEiLies of 2,3-díbenzoyltoluene and N-bromosuccinimide,

and 0.05 g of benzoyl peroxide in 100 ml of carbon teirachloride were

refluxed for 5 hours. The end of the reaction was indicated by the disap-

pearance of N-bromosuccinimide from the bot.tom of the flask and accumula-

Èion of succinimide at the top of the reaction mixture. The succinimide

was filtered off and the carbon t,etrachloride was evaporated to give a

brown solid which rüas recrystallized from cyclohexane. The IR specËrum

showed thaÈ the produeË was unchanged 213-dibenzoyltoluene.

lger"tfu" "r Z,A-¿tcr (]þZ)

The method of Graebe et al, (101) was modified in the following way.

Naphthalic anhydride (30 g) was added Ëo a soluËion of sodium hydroxide

(L2 Ð in waËer (150 ml). To thís mÍxËure was added portionwise a

concentrated boiling solution of potassium permanganate (150 g) in the

minimum :mounL of water. The mixËure was refluxed 16 hours. The nan-

ganese dioxj-de was filtered off, and the filtrate was treated with 100

ml ethanol to destroy the excess permanganate. The aqueous solutíon

qras concentrated to 150 rnI. after acidificaËion with HCl, the aqueous

soluÈj-on was extracËed with ether (3 x 50 ml). The ether extract was

dried and evaporated to give white needlesj yield = 3B%) n.p. = 23BoC;

LiË. ctol) 23goc,



Preparation of hemimellitic

_1 /, O_

acíd (L68)

This rvas made by the method

LgTo c i yíe1c1 = 27 "/" .

of Graebe and Bossel (101);m.p. =

Preparatíon of 2,6-dicarbomethoxybenzoic acíd GZå)

This ivas rnade by Ëhe nethod of Meyer (159)irn.p. = L49oCj yíeld =

7 2"/..

Preparation of 2,6-dícarbornethox)'benzoy_.L chloride (Jl9)

This rvas nade by the metirod of Meyer (159)ím.p. = 857" i yield = 93%.

Atternpted Friedel-Craf ts regctj-on of 2,6-dicarbo¡reth_oxybenzoy_L_chlolide

and ben.zene

Anhydrous l¡enzene (20 nl) rvas added to anhydrous aluninuu chloríde

(3 g) írr 100 m1 of carbon disulfide. The nixture rvas cooled to 5oC in

an íce baËh and 2,6-di-caxbomethoxybenzoyl chloride (5.4 g) in carbon

disulfide (10 mf) was added droprvise to the niixture with stirring. The

mixture was stirred for 6 hours longer at roon temperature" Then dilute

hydrochloric acíd (100 ml) was added- to decompose the thick mixt-.ure an<l

the product \,ras extracted with benzene (3 x 50 nt) . The benzene ex-

tracts were washed rviËh water, dried, and evaporated to give a brown

so1id. Examination by IR spectroscopy shoi+ed that the producL r¿ras

henimellitic acid.

Reaction of eth 1 ethox nesiurmralonate \,rith 2 6-dicarbomethox Lu:zs$

chloríde.

Etiryl ethox¡rmagnes iumnalonate

cedure of Reyr-rolds and Hauser (102)

2, 6 - dic a-rbomet hoxyb enz oy 7- ch1 or j-C e

rras prepared according to

. The compound (B g) rvas

(8.5 g). The reaction r¿as

the pro-

treated ivi-th

stirred
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overuight et 4AoC. The cooled reaction mixture was treated v¡ith diluËe

sulfuric acid and the mixËure extracted \,rith eËher. The dried extract

on evaporation was refluxed 4 hours with a mixture of glacial acetíc

acid (60 mf), sulfuric acid (7 nl), and water (40 n1). The cooled mix-

ture was Ëhror.m on ice, and Ehe colourless precipitate hTas washed with

waËer. The IR spectrum of this solid was found to be i<ientical to that

of isophthalic acid.

The aqueous filËrate from above vras exÈracted wíth ether and the

ether extracËs were washed v¡ith water (5 x 20 rnl) , dried, and evaporated

Ëo give a yellow oil! yield = 7%. The NMR specËïum' 7.æ T (3I1 singlet,

rneËhyl) , 6.!2 7 GH singlet, equivalent methoxy groups), from 2..82T to

2.34 T (3H bands, Ëhree aromatic protons, ABZ pattern).

Attempted preparation of 2-acetylisophthaloyl chloride

The crude 2rî-dicarbomethoxyacetophenone from above was firsË

hydrolysed to Z-acetylisophthalic acid by boilíng with 50% potassium

carbonate solution for 2 hours. However, when the acid Ì^ras EreaLed wiLh

either Ëhionyl chloride or phosphorus penÊachloride, black Ëar resulted.

AËtempted preparation of 1,2,3-triacetylbenzene from hemimellitic acid

Henrimellitic (5 g) acid r.vas suspended in beirzene (50 ml) and treated

with excess Ëhicnyl chloride (6 rnl) . The mixture r,¡as refluxed until

homogeneous then evaporaËed under reduceC pressure. The crude material

ruas fecrystallized from benzene and was used r¿ithout further purification.

Yield r+as almost quanËiËative.

This crude acid chloride (5 g) was treated v¡ith methyl zinc iodide

made from zinc (6 g) and meËhyl iodide (13 g) according to the method of

Sinmons and Smith (1031104). I^lorking up gave traces of unkno¡"n material.



-1s 1-

The expected product, L12r3-tríacetylbenzerLe, v/as not detected.

Reaction of 2,6-dicarboxyphenylglyoxylÍc acid v¡ith thionyl chloride

The acj-d (5 g) r^ras suspended in benzene (50 ml) and treated with

excess thionyl chloride (7 nl) " The mixËure was refluxed until horno-

geneous, then evaporaËed under reduced pressure. The crude acid chloride

was used v¡ithout furËher purification. Yield was almost quantitative.

Reaction of eËhyl ethoxymagnesiurnrnalonate wi_Èl]_ÇÞe triaciri chloridq A!Ð

The crude acid chloride from above r,¡as treated with eËhyl ethoxy-

magnesíummalonate, made according Ëo the method of Reynolds and Hauser

(L02). I^lorking up as described above did not give the expected product

17 o.

Attempted Sandmeyer reaction involving cuprous cyanide and 2,6-diacetyi-

aniline (183)

Z,í-DiaeeËylaniline (3 g) was dissolved in hydrochloric acid (4.4

nl) and waËer (50 m1). To this cooled solution r{as added with stirring

sodium nitrite (i.3 g) solutíon according to reference (158). The dLaz-

onium solution Íras neutr alízed r,¡Íth sodium carbonate bef ore treatment

wÍth cuprous cyanide solution (B g in 10 ml of r^rater) so thaË Ëhe libera-

tíon of hydrogen cyanide was avoíded. Working up by the usual method

C158) gave unchanged sËarËing maËerials.

Preparation of 3-nitrophthalyl chloride (iB7)

In accordance with Chambers I meËhod (106) , the chloride was made

by the acËion of phosphorus pentachloride upon 3-nitrophthalic acidi

m.p. = zaoc lyield = 53"Å,
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Preparation of 2,3-diacetylnitrobenzene (_lBB)

Ethyl ethoxymagnesiummalonate was prepared from magnesium (L.2 g),

ethyl malonate (B g), and ethanol (10 nf) according Ëo reference (102).

Thís was treated wiËh 3-niÈrophthalyl chloride (6 g) . inlorking up by the

usual method. gave a yellow oil v¡hích was refluxed for 4 hours wÍth a mix-

ture of glacial acetic acid (60 ml) , sulfuric acid (7 ml) , and rr'ater

(40 n1). The cooled mixture r,¡as throç-n on ice, and the producË was ex-

tracÈed i¡ith ether (3 x 30 ml). The eËher extracts were dried and

evaporated Ëo give a brown oilj yield = B"l. The IR spectrun,l7OO cn-l

(c=o), 1550 "*-1 urld 1375 cm-l CN02). The NMR specrrum, 7 .60T , 7.69T

(6H singlets, two aeet,yl nethyls), 2,43 T to 2,90 T (:tt bands, rhree

aromat.ic proions, ABX pattern).

Reduction of ?,3-diacetylnitrobenzene (.lgg)

The crude 2r3-díacetylnítrobenzene from above r¡/as added to a mi.tture

of 0.2 g of. palladiuur-charcoal and sodium borohydride (0.3 g) in r,rater

(100 m1). The mixture \{as cooled to 5oC and. stirred. for k inour at thís

temperature. Then sodium borohydride (0.5 g) was added and Ëhe mixture

was stirred for another hour. The palladium charcoal was first filtered

off ancl the f iltrate r^Tas extracted with ether (3 x 30 rnl) " The ether

extracts were dried and evaporat,ed Ëo give an orange oi1 whích could not

be made [o crysËaLi-íze. Examination by t.l.c. sho'¡ed 5 bands on the plate.

The major product (3i! yield) I^/as a ye11ow oi1, whose IR spectrum shorved

absorptions at 3315 cur-l and 3480 cm-1 (NH2) and. ar L679 cm-I (c=O str.)

Attempted preparation of 2,3-diacetylbenzonitrile G_90)

The general procedure of Clark and Read C15B) for a Sandmeyer re-

action was performe<l on ihe crude reduction product of 2r3-diacetyl-

nitroöenzelt-, trlorking up gave unknown coloured products of whjch IR spectra
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shor'¡ed broad pealcs.

Preparation of 2, 6-dirnetl-rylbeirzoylchl_o::id.e (J2Z)

The method of Bul1 ancl Fuson (i59) gave the acicl chloride in nearly

theoretical amounts. The crude acid chloricle (a ye11or,r liquid) rvas used

without furtller purif ícation.

2,í-Dínethylbenzoyl chloride (5 e) ín hexachloro-l.,3-buËacliene

(50 nrl) was chlorín.ated at 2I0oC in ultravioiet light from a Hanovia

Quartz u.v. Larnp, moclel ll 30620 until the íncrease in weíght corre-

sponded rvith the íntroduction of 4 atoms of chlorí:re. Fractional

dÍsti1lati.on gave trLe 2r6-di(dichlororuethyj-)benzoyl chloride. as a bror¿n

víscous oil. This rvas not isolated, but, boiled nith calcium carbo¡ate

(5 g) and wate:: (50 m1) f.ox 2 hours to give a.yellow oíl r,¡hícTr coul-cl not

be made to c::ystaLLize. The IR ancl NllR spectra shor,¡ecl that the prociuct

r¡/as not 2,6-diÍ.ormylbenzoíc acid. yielcl = 1I%.

ted preparatíon of 2,6-diforrnylbenzoic ací4 (193)
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Antl-rrairils

Pr ep ara t ior-r of 2-ir i rr o i s o plir hal j. g_e!é{ (¿p.ll

The method of Wohl (109) was nodif ie<l in the f oll or.ring r,ray . 2-

Nitro*m-xylene (20 Ð, potassiun per:nangailaie (160 g), and sod.iurn hy-

droxíde (i3 g) i-r' 2!< litre of rrrater r,iere refluxecl overnight. After

coolÍng, the lllangalìese dioxide r,¡as f ilterecl off . Af ter destroying the

exce-ss pernanganate witl] sodj-um bisulfite, the fi1Ërate was acidífiecl

i{ith hydrochloric acj-d. The white precipítate \.¡as separatecl and re-

crystallize-d from ethanol to give r¿hite needles! m.p. = 30OoC, Lii.
(i09) 300oC; yield = 72%.

Preparatíon of 2-nÍlroiso_phthaloyl chlor-idg (ZgZ)

2-NítroÍsophthalic acid (25 ù r^/as suspended in benzene (100 ml)

and treated rtith thionyl chlorÍde (30 ml). The mixture was refluxed

until homogeneous then evaporated uncler reduced pressure. The crude

material I\7as recl:ystallized fron l¡eirzene ancl was usecl r,¡ithout further

purífication. Yield rvas almost quantitatir¡e.

Preparation of 2,6.-diacetylnit::obenzene Gg¿l

Magnesiun turníngs (s.s g¡, in a three-necked flask equipped r.rÍth

magnetíc stirr:er and a reflux condenser, tr{el:e treated rvith a míxture

of airhydrous ethanol (10 ml) ancl carbon tetrachloride (1 ml). The

mixture r{âs \rrâriÌtêd gently to start the reaction; then anirydl:ous ether

(300 ml) r^ras aclded. A mixture of anhl,d¡qr. etire:: (50 ml) , ethyl

malonate (60 g) and an1i1,c1::ous ethanol (100 m1) ruas added at such a râte

that ::apid boilíng r',¡as maintainecl . The niixture rvas heatecl under reflux

for 3 hours, r.then all the magnesiun had dissolvecl .
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To tI-re soJ-ution r,¡as added droprvise over 15 iuinutes a solution

of 2-nLtroisophthaloyl chJ-oricte (a5 g) Ín anhydrous ethe:: (100 ml).

Reflux rvas maintained f.or 4 hours until the niixture becarne too

viscous to stir. The cooled reaciion mixture \,/as treated. r";ith clil-ute

sulfuric acid and the mixture extracted rvith ether. The dried extract

on evaporation gave the tetracarboxylic ester as a viscous yellorv oil.

This v¡as refluxed 4 hours with a mixture of glacial acetic acíd (120 ml),

concentrated sulfuric acid (15 url), and \{aËer (80 ml). The cooled míx-

Ëure was thror¿n on ice, and the colourless precípítate \,,/as rvashed with

lüater and recrystallizecl from ethanol; m.p. = I60oC j yieid = B9%.

Anal. calculated for C'OHgNO4i C, 57,97;

Found, C, 57 .87 ; H, 4.54; N, 6.86

The rR spectrun, 1700 cm-l (c=0), L555 c*-1, 1370 cm-l (No2)

The M'{R. spectrum 7.68'T (6}l sínglet, trvo equivalent cH, gr:oups),

2.84T, 2.757, 2,63T, 2.50 7(¡tt band.s, three aromaric protons, ABz

pattern)

.Prep_aration of 7-acetyl-3-mer1-rylanthraníJ- G!g)
2rí-Díacetylnitrobenzene (2.r ù was added to a stirred solution

of stannous chloride (8.2 Ð Ín concentrated hydlochloric acid (21 m1)

at 5oC. A pale yellow ppt. was íiritially fonnecl., but dissolve.l after

3 hours. Af ter 5 hours, the míxture was díJ-uted r¿ith \.Jater (100 nl)

and extracted v¡ith ether (3 x 50 ml) . The drj.ed ethe-i- extracts on

evaporatÍ-on gave a pale tan sol,j-c1 , r+hich rvas exal'rrír-recl by t.1.c. Three

bands rvere evident under U.V. examination:

T',,4.35; N,6,76
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(a) fhe f irst on elution gave ?-,6-cltacetylanÍ-1ine as bright yellorv

needles', m.p " = I44oCi yielcl = B"l.

Anal. calculated foi: Ct'HtlNCZ! C, 67,79; H, 6.22; N, 7.gI

Found, C, 67.73; H. 6.36; N, 8.09

The rR specrrum,l-668 crn-l(c=0) 3310 cm-l, 3450 cni-l (NH2)

The Mtrt spectrum, 7 ,48T (6H singlet, trvo equivalent CHrsinglets),

2.0IT, 2.18T 3,37T, 3.481 3.60T(3lI bands, prorons on aromaríc

ríng, AB, pattern). A better synthesís of this coinpouncl j-s de-

scribed below:

irr (b) The second band on elution gave the 7-acetyL-3-rne{-hylanthran:'-l

(122) as colourless needles; m.p. = 97oC; yield = 38"Á ,

Anal. calculated for C10H9N02; C, 68.77; H,5.15; N, 8.00

Fourrd, C, 68.37; H, 5,04; N, 7,94

The IR spectrum, 1650 cm-l (tentatívely C=N), 1695 cm-l (C=0)

The NMIì spectrum in deuterochloroform at 20oC, 7 .13T (611 singlet,

two superimposed sínglets), 3.11 T to 1.83 7 (3H bands, prorons

on the aromatíc ring, ABX pattern). The NMR claËa of Ëhis compound

at other telìiperatures and in other solvents are surnmarized in

Table I

(c) fhe thírrt band on elution gave only traces of coloured material

and r,ras not furlher examínecl .
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Preparatíon of 2,6-Dr'-acet)'1anj-1j.ne G!¿)

2"í-Diacetylnitrobenzene (7,24 ù, stannous chloride (30.00 g)

and conc. hyclroqhloric acid (80 mf) r,¡ere heated at 90oC for 214 hour

wítlr stirring. The orange mixture rvas neuLraL'Lzed r,¿ith solid soclium

carbonaLe and extracted r,¡ith ether (3 x 100 urf) . Tire ether extracts

were ruashed rvith dil-ute sodiuil carbonaterrvith water, and dríed over

sodium sul-fate. Evaporation gâve a yellorv poruder which vas recrystal-

1-ízed from hexane as yellorv needles; n.p. = L44oC i Víeld = 76%.

Preparatíon of 7-acet_yl-3-metTr)¡lthr'-oanthránil (292)

7-acetyl-3-nethylanthranil (5 e) in pyricline (80 m1') rvas refluxed

wJ-th phosphorus pentasulfide (B g) for B hc¡urs. The mixture rvas cooled,

poured into r,;ater, ancl extracted r,¿ith chlorof o::m (3 x 50 ml) . 
, 

The

extract was rvashecl l,¡ith \^/at.er (5 x 20 m1), dried, ancl evapotated to give

a yellorv oil which crystallized on standing, and r,¡as further purí.fíed by

thín-Iayer chromatography usíng chloroform as a developing solvent. Ye1.-

loir crystals v¡ere obtained; m. p. = 79oC; yield = 75lZ,

Anal. calculated for C10H9N0Si C,62.83! H, tr.7Ii N,7.33;

s, 16.76

Found, C, 62.67 i H, 4.84; N, 7.151' S, 16.76

The IR spectrum, L725 cm-L (C=0), 1635 cin-l (rentarively C=N)

The NIß. spectrun 7.15'l', 7.I7 T ç6U, tno merhyl singlets) 1.S0 Z

to 3. I2T Gtl bands, protons on the aron'ratic ring)

Si¡rí1ar ::esrrlts, but r.¡ith loiver yíe1ds (*I5%) v¡ere obtained r.¡hen

sulfurízation r¡as pe::formed in carbon disulfíde-.
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The anthranil (0.S g¡ and aniline (0.0 g¡ in glacial acetic acici

(50 ¡01) were refluxed for 16 hours. The mixture vras poured Lnto ice anC

extracted with ether (3 x 50 nl). The ether extracËs were washed with

saturaÈed sodium carbonate soluËion and r¿ith v/ater, and dried over an-

hydrous sodium sulfate. Evaporation gave a crude solid which'øas puri-

fíed by Ë.1.c. using a 5% soLuËíon of dieËhyl ether ín chloroforn as a

developer. A band rrith a blue fluorescence in the ultravioleË r^'as

eIuÈed and gave a pale yellow solid on evaporation; m.p. = L2O - 122oC;

yield = 27%.

Anal. calculated for Ct6Ht4*Z0i C,76.80; H,5.60; N, 11.20

Found C,76.93; H, 5.75; N, 11.00

The IR specturm, 1698 cm-l (C=0 str.)

The NMR spectrum, 7,3L'fGH singlet, methyl on Èhe helerocyclic

ring), 7.00Tßw singlet, methyl on acetyl group), 2.42 T(Stt singlet,

protons on phenyl group), 1.81'f to 2.987 (3H bands, protons on the

benzo ri-ng, ABX paÈtern).

Preparation of 7-acetyl-2,3-dimethylbenzo [cl pyrazole (222_?-)

The 7-acetyL-3-methylanthranil (0.5 g) and 40 % aqueous methylamine

solution (10 ml) in methanol (15 url) were refluxed for 16 hours. The

mixËure \..7as poured into ice, and exËracËed with eËher (3 x 25 m1)" The

combined eËher exËracts were washed with I"Iater, dried, and evaporated

to give a solíd produet. Purification was effected by t.1.c. using 162

diethyl ether in chloroform as a developer. A band vüiËh a blue fluores-

cence in Èhe U.V. was eluted and gave ori evaporation pale yellow crystals;

m.p. = 110 - LI4oc; yield = 34i1.
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Anal. calculared for CtlHtZNZOi C, 70"21.! H,6.38; N,

Found, C,69"97i 1I,6.603 N, 14,67

The IR specirum, 1701 cm-l (c=0 str.)
The MIR spectrum,7.35T(3H si_nglet, methyl group o' the

rÍng) , 7 .09 
"(3H 

sirigler, merhyl on aceryl group) , 5.82.7-(3H

metlryl on 2-nitrogel) , I.92?-3.01 ? (3H bancls, pr:otons on the

ring, ABX pattern).

T4,89

heterocycJ-ic

singlet,

aromatic

2-Nitroisopi-rthaloyl chloride (16 g) in benzene (100 rnJ-) r.ras rreared

wíth 40'Z methylamj-ne solution Ín \ùater (200 ml). Af ter the imrnecliate

vígo::ous reaction the mixture \,/as allowed to sËand I hour, then filtered.
The precipítate i^ras washed rvj-th cold r,¡ater, ciried, and recrystalLízeðt

from dÍmethylf orniamícle. sma11 colourless prisms r+ere obtained; n.p. =

273 - 275oC, sublimr'-ng above 2SO}C; yield = 6I%.

Anal. calculared for CtOHtlN304; C, 50.61! H, 4.64; N, 17,72

Found, C,50,85j U, 4.6I; N, 17.62

The rR specrrum, 16 70 cm-l (c=0) , 3205t{*n "rr.)
1

Q22)

N,N1-Dimerhyl-2-nirroisophrhalamide (5 g) in pyridine (60 ml) r+as

ref luxed rv:l-th phosphorus peirtasulf ide (15 g) f or 3 hours. The nixture
¡.{as poured into \.Jater and exl:racted r¡ith benzene (3 x 150 m1) . The dried
benzene extracts o11 evaPorat:'-on ga\¡e a yellorv oil which crystallized. frorn

methanol as lemon-yellorv prisms; n.p. = 204 - 2O6oC; yield = BI"Á.

Ana1. calculaLed f or CtOFIt'NZ_,ZSZ i C, 44 .65i II, A .09; N. 16 . 61;

s, 23 .83

!'ound, C, 44,90; TI, 4.36;

¡ggp"r"ri"" "f N,Nr.-p g (ZU)

N, 16.29 , s, 23.93
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The rR spect-r:um, I 193 cm-l (tentat:L'e1y c=í$ ) , 3191 cm-l (NH si-r)

Reciu c t í on o f N . N 
1 
-d j-ne- t hy I - 2 -ni r r o-Ls o p L,u hal am:.-{-e_

The ainide (2 Ð suspended in methanol (50 rnl) rvas hydrogenatecl

over Raney NickeJ- (0.5 g) ar 600 p.s.i. at 60oc fo::48 hours in a pres-

sure vessel r¿ith a glass liner. A yellorv sol-utÍo1L rrrâs obtaíned whích

on evaPo-ration gave a yellorv solid, rvhich \.Jas cryst aLLizeô, f rom rrreth-.

anol . Colourless lreedles rvi-th a blue fluorescellce ín the U.V. rvere

obÈained. The compou'c1 partly nelted at l58oc, resolidífied about

1B0oC, and completely melted at 2I2oC.

Anal. calculared for CIOH1SNSO4i C, 53.22_i H,6.66; N, LB.Iz

Found , C , 53 .2"I i H, 6 ,7 L; N, LB ,47

Hydrogenatíon at lower tenrperaturese pressures, or shorter tirres

gave erratíc yields and products \^/ere contanínated ruith startíng materi-

a1s. othe-r nethods of redtiction, eg. dissolving metal , hyclrÍde, tr7ere

also tríed but the exLreme solubilÍty of the products in polar or

aqueous solvents made isolation unsatisfact-.ory.

Attempted sul-furizatíon of 3*methylanthrarril (gg)

3-l'lethylantl-rranil (i g) and phosphorus penrasulfícle (5 g) in carbon

disul-fÍde were refluxed for 6 hours. I^Iorir up p::ovi-ded only starting
material.

hhen the reaction rvas perJiornied in pyridine, extensJ'-ve cl.ecomposition

r+as evÍdent. Examinatíon of the products by t.1.c. ga\¡e only ill-defíned
bands rvhich could not be properly sepa.ratecl .
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llete::o trip tycenes

li

Prepar-ation of d íacetylet-hy]-ene

In accordance with Arnstrong and Robinsonrs method (I27),

aceLony-1-aceione rvas oxídízed by selenious acicl . The product i¿as

isolated by steaar distÍ11ation fol-lor,red by ether extractions',

m.p. = TBoC; yield = 9t4%,

Preparation of naphthacene

Naphthaeene was prepared by the methods of Schroeter (l 60) a¡cl

CLax (161). The overall yield rvas 31%; m.p. = 357oC (líte::ature).

prSpargÊglgå napbtho [2, 3-b] rhiophene

The method of Carruthers et g¿. G62) r+as noclified ín Lhe follo¡v*

ing r'ray. The Fríedel-Crafts reactíon between t-hiophene and phthalíc

anhydride r,ras performecl in nitrobenzene instead of carbon disrrlfide;

m.p. = Lg7oC, Lir. (162) lg8oC; yield = LI%,

Preparatj-on of 9-bromoantliracene

9-Bromoanthracene was made by Ëhe met.hocl of de Barry Barnett an¿

Coolc (163). Yield = BB%.

This r,¡as made by the niethod of Bapat et a1. (164). To a sÈírred

suspension of 2-methylanthraquinone (2 ù in diglyme (10 ml) a solution

of sodíum borohydride in diglyme (10 m1 of lM solution) r,ras aclded. The

flaslc r'¡as cooled to 20oC ancl a soluÈion of boron trífluoride-etherate

in djgl¡nne (5 nl of. 2,II solu.tion) rvas slo'¡ly aclclecl duri¡g 5 mínutes.

The mÍxtu-r:e r,.ras nagnetícally stirrecl for 2 hours at 25oc. The yellorv

precipitate \,/as separated and reci:ystallized from ethaäol! rn.p. = 2o7oc;

yield = 65%.
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Preparation of 9-methoxyanthraeene

In aceordanoe to the rnethod of Meyer et a1.(165), 9-methoxyanthracene

was made by treating anthrone with dimethylsulfate in dilute sodÍum

hydroxide solutJ-oni m.p . = 95oC ; yi:el;ð. 7I"Å ,

AttempËed reactíon of 9. 1O-disodioanthracene with 2,5-dimethyl-3,4-

d ibromo thiophene

Liquid ammonia (100 n1) and sodium (1.3 g) vrere stirred for 15

minuËes r,¡it.h a magnetic stirrer. To this mixture l{as added port.ionrvise

2,5-dimethyl-3,4-dibromothiophene (7 .6 e). The mixrure \.ras stirred

overnight until all Ëhe ammonia \4/as evaporated. Ice rrras added and the

product \.^/as extracted with ether (3 x 50 ml) . The eËher extïacËs r^/ere

¡¿ashed wíth waËer, vrith dilute acid, dried, ar:d evaporated to gÍve a

brovrn so1id. Separation by t.1.c. showed that the starting materials

were recovered unchanged.

PreparaËion of 2-(2,5-dlmethyl-3-thenoyl)benzoic acig

The method of SËeinkopf et g!.(125) was modified in the follorving

\tay. Stannic chloride and carbon disulfide were used ínstead of alum-

inum chloride and niËrobenzene! m.p.= Lzgoc; Lit.(125) IZgoC; yield = 70"Å.

Preparation of 2,7-dímethyl-ß-thiophanthraquinons (242)

The method of Steinlcopf eË g!. (J25) was rnodif ied in rhe folloiøing

\day. 2-(2,5-Dirnethyl-3-thenoyl) benzoic acicl (2 g) and concentrated

sulfuric acid (6 m1) r.¡ere stirred at B5oc for 5 mínut.es and at room

temperature for te hosr. The dark viscous mixture T,r-as poured into ice.

The rvhite precipitate \,ras collected and recrystallized fr:oin echanol;

m.p. = I77oc, Lir. (I25) 178oc; yietd = 24rz.
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Attenpted I_qpelgqlg n_ o f 1, 3 -d ime t hy I - 4 - k,¿ r o - 9 -p helLy 1 _ 9 _me rhy lnapÀt h o

l[i_.J_fgeaÞ.". _L?LÐ

2r7-Dírnethyl-s-ti-iiophanihraquinc,ne (5 g) \ùas t.reated r¿ith t

equivalent of methyl magiresium iodide, macle from 0.5 g of magnesiurn and

2"9 g of niethyl iodide. The mixËure was stirrecl at 40oC for B hours.

I{ater r'¡as added and the producË rsas extractecl ivith ether (2 x 40 rnl) .

The ether exl-racts r,¡e::e washed wíth r,¡ater, drieci, and evaporated to

give a yelloiu oí1. Thís v¡as not purified but boiled for h hour with
hydrobromic acid (10 ml) to give a bror,¡n oil which coul-d not be made

Ëo'crystaLLize. Hor¿ever, rahen this r.¡as treated with calculated quånt*

ities of aluminum chloride and benzene in catbon disulficle solutj-on,

the resu-ltant product \47as blaclc tar.

Reqctions of an_thracenes \,¿ith dibenzoylacet l-ene to form substituted

d íb en z oyld il¡ enzo [2r?, 2] b icyc locj c ta tr ien_e r

Unless sLated otherwíse, ecluiinolar quau.titÍes

and dibenzoyLacetyle:re were refluxed together in a

specific tirnes. The solvents \rere removec1, and the

ified by thín-layer chrornatog::aphy using chloroform

solvents. The results aïe sunmaríze-cJ. belor^¡.

3es"li9A_É_a"!Þq"cene r,¡irh ¿ ib.:Zgvlegglyle"g p2

I^ZeTe

ishich

yield

of the anthracene

suítable solvent for

crude products prrr-

as cieveloping

Anthracene (2 ù ancl dibeirzoylacetylene (2.6 Ð in 50 ml of xylene

refluxed f.ox i2 hor.rrs. worlcing up as describecl above gave an oil

f orrued white needl_es in light petroleunj rn. p. = 207-20BoC;

- o1c/

Anal-. calculared for C30H2_002! C, g7.3g; H, 4.85 ¡

Fou¡rd, C, 87 .27; H, 5.01

Tire Ir specLrum, 167 0 cm-l (C-0 str . )
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9,lO-Dimethylanthracene (0,25 Ð and clibe'zoylacetyiene (0.2B g)

in 50 ml benzene \/ere reÍluxecl for L4 hours. trrTorlcing u-I) gave white

needles; recrystaLlízed from nethanol; m.p. = 26I-2640C; yielcl = 96"Á.

Anal. calculated for CSZHZ4}Zi C, 87.27 i H, 5.45

Found, C, 87.L4, H, 5.4I

The IR spectrum, 1675 cm-1 (C=0 str)

9-Methylanrhracene (0.52 g) and díbenzoylacerylene (0.62 Ð in 50

nr1 benzene \,/ere refluxed. f.or 14 hours. I,Jorking up gave white rleedles;

recrystallized from petroleum ether; n"p. = 179oC; yield = 9I%.

Anal. calcu_lated for CS.HZZ}Z! C, 87.33i H, 5,I7

Found, C, 87 . 18; H, 5 .26

The Ilì spectr:um, L674 cm-7 (C=0 sLr)

2-MeÉhylanthrace'e (0.50 g) and dibenzoylacetylene (0.62 g) in
50 ml toluene r,¡ere refluxed for 48 hours. I^Iorlcing up gave whÍte prisr:is;

recrystallized from petroleum etller; m.p. = 223oC; yield = BB% .

Anal. calculared for CSÌIZZ}Z! C, 87.33; H, 5,I7

Found, C, 87.13, H, 5.28

The IR spectrum, l680 cni-l (C=O)

Reacti-on of 9*nethylantþracene \rith di-benzoylacetylene

Reac_tion of 2-me-thylantbracene r¿ith diben.zoylacetvlene

Rgactions of anlhracenes i.¡ith dibenzoylethylene to form substituted

dibenzoyld ibenzo lZ, Z, Z)bicyc1oocrad ienes

Ubless stated othen¿ise, equimolar quantitj-es of

and díber-rzoylethylene \.¿ere allorvec1 to react together in

solvent for specific tirnes, ancl at a su:._table

tl're anthracene

a suitabl-e
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temperature. In some cases, Lervís acici catalysts \,Jel:e necessary. The

solvents \,/ere renove-d and the crude products puríf íecl by t.1.c. using

chloroforn as a developing solvent. The results al:e sunmarízecl, belor.¡.

ReactÍon of anthracene wíth díbenzoylethylene 100

Anthracene (0.50 g) and rrans-díbenzoylerhylene (0.67 g) in 50

nl of >;ylene lvere refluxed for 24 houxs. trnlorkíng up gave white prisms;

recrystalLízed from petroleum ether; m.p. = 165oC; yield = 562,

Anal. calculated fo:: CZOHZZ}Z:, C, 86.96; H, 5.31

Found , C, 86 .87 i H, 5 ,24

I The IR spectrum, 1676 cin-l (C=0 str. )

neggþgl__ql_2.19:d_UfeÞyþUlr:: ac ene anct ct íb enz oyle rhylene 2 5 3

9, 1O-Dírnethylanthracene (0.30 g) ancl dibenzoyiethylene (0.34 g) in
40 ml of ethanol r¿ere ref luxed f or B hours. The pale yelle¡^, p-,:ecipitate

formed rvere filtered off and ::ecrysiallized from hexane; m.p. = 195oc;

yield = 9B%.

Anal. calculared for CIZHZø)Z; C, 86.88; H,5.BB

Found, C, 86.81; II, 6.00

The IR spectrums 1700 cm-l (C=O str)

R.?.tíou of 9-M.tl-rylaothr""err. ard dib.rro-y1.thy1ere 289

9-Ifethylanthracene (0.50 g) and clibenzoylerhylene (0.62 g) in 50

ml of ethanol r,¡ere refluxed for 24 hours. The r^¡hite powdery solirl

formed rve::e filtered off and recrystall-ized fron petroleun ether;m.p.

92oC; yield = BB"Å.

Anal. calculared for CgfZ4OZi C, 86.92; H, 5,6I

Found, C,86"BJ., H, 5,77

TI-re IR spcctruil, 1710 cur-1 (Ç=0 str. )
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Reac t í on o f 2 *me ü hlzl anr hr a ggn 9*,qg]_giÞgnf.qy lglþylqrlg 2 9 0

2-MeËhylanthracene (0.50 g) arrci dibenzoylerrryrene (0,62 g) in
50 m1 of toluene \trêïê refluxed for 12 hours. i,Jorking up gave lvhi.te

needles; recrystalLj-zeð, frorn petroleun ether; m.p. = II2oCi yield =

7 02.

Ana1. calculared f or CS.HZ4}Z! C, 86.92; 11, 5.6i

Found , C, 86.77 ; II, 5.46

The IR specLrum, 1690 cm-l (C=O str)

Reaction_of lrå*b""r""thra.""e a ZSS

ir, r,2-Benzanth-::acene (0.30 g) ancl clibenzoylethyle-'e (0.36 g) in 50

m1 of anhydrous inethylene chloricle r.¡ere stirred at OoC f o:: 5 minutes.

The alurninum chloride (0"1 g) was acldecl to the nixrure with stj-rr1-ng.

The míxture ldas stirred one hour longer at OoC and. at room temperature

f or 5 days. The rníxtur-e \,ras thror,¡n into ice and extracted ¡vith chloro-
form (3 x 30 rnl) . The chloroform extracts vrere washed rvit-h i¡ater
(3 x 50 ml), d::iecl r¿ith sod.iun surfate, and evaporated off to give a

brorvn solid rviricir L¡as puríf ied by t.1.c., usíng 5O"l benzene_chloroform

solution as a developíng solventi in. p . = 116oC; yield = Ig"/".

Anal. calculared f or C34HZ4OZ; C, 87 .93; H, 5. 17

Found, C, 87,6J.; H, 5.26

The IR spectrurìl, 1685 cm-l (c=O str. )

Åggg!.gl_gl_9_Þågloanrtìracene wirh ZS4

9-ßromoanthracene (0.:o g; and three ancr one-half equivalents of
díbenzoylethylene (1.00 g) Ín 40 nl of toluene rvere reflu>red for 48 hours.

WorlcÍng up gave an oil rvhÍ.ch formed r,rhite prisms Ín petrcleuur ether:j
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D.p. : gBoC; yíeld = I2%.

Anal. calculated for C3OHZtBt)Zi C, 73.02; H, 4.26; Br, L6.23

Found, C" 72.97; H, 4.443 Br, 16.05

The IR spectrun, 1695 crn-l (C=0 str.)

Reacti-on of 9-methoxyanthracene wíth dibeneoylethylene zgl

9-MethoxyanËhracene (0.40 g) and dibenzoylethylene (0,49 g) in

50 nr- ,of metha¡rol were ref luxed f or 48 hours. working up gave pale

yellovr prisms; m.p. = lBQoC; yield = 43%.

Anal. calculaËed for CZtHZ4Oli C,83.78; H,5.41

Found, C" 83.43; Hr 5.53

The IR spectruu, 1680 crn-1 (C=0 str.)

Reactíon of naphrhacene and dibenzoylethylene 2gz

NaphÈhacene (0.I2 g) and díbenzoylethylene (0.i3 g) in 30 ml of

tolueæ.e were refluxed for 12 hours" Working up gave ,,vhiËe prisms; m.p.

133oC; yield : 67"/.

Anal. calculaËed for C%rZ41Zi C, 87.93; H, 5.I7

Found, C, 87.82; H, 5.34

The IR spectrum, 1680 cn-I (Ç=0 srr.)

ReacËion of anthracenes r,¡ith diacetvlet lene to form substituted

diacecvldibenzo [2, 2, 2l bicycloocladienes

Equimolar quantiËies of the anthracene and diaeetyleËhylene

were refluxed together in suitable solvenËs for specífic tjmes. The

solverrts v¡ere removed and the crude producËs purified by t.1.c. using

502 benzene-chloroform soluËion as the developing solvent. The results

are su¡nxoarízed below.
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Reac-tion of anthracene ancl diacetylethyl-e:re 252

Anthracene (0.57 Ð and diacetylethylene :'(0.35 e) in 30 ml- of

xylene r,¡ere ref lu>;ed for 48 hours. Lrorking up Elave r¿híte pr:isms;

D.p. = Lïzoc; yield = 47"/.,

Ana1. calculated for CZOH'AOZi C, 82.75;

Found, C, 82.67 i H, 6.22

The IR spectrum, 1725 cnll (c=0 str")

H, 6.20

9-Ifethylantl-rracene (0.5 g) and diacetylethylene (0.3 g)

of 'toluene ù7ere ref luxed f.ox 12 hours. hrorkíng up gave white

m.p. = IBBoC; yield = 55%.

Ana-l. calcul_ated fo-r CZ'HZO}Zí C, B2.B9i H, 6.58

!'ound, C, 82,70i H, 6,63

The IR spectrum, 1725 cm-I (C=0 str.)

ín 30 m1

prisns;

Attenpted rgecríons of nat)hLho t2,¿A"ìl¡&Ég
(a) one equivalent of naptrrho[2,3-b] thi-oprre'e (0.40 g) and rhree

equivalents of dibei-rzoylethyle'e (1.56 g) in 50 rnl of xylene

were ref l.rrxecl f o:: 60 hours. lùo::kirrg up gave uncira-ngecl stariíirg

rnaterials.

(b) Equímolar quanríries of naphrho p,s-r] rhiopl-rene(0.28 g) and

díbenzoyle-thylene (0.36 g) ín anhyclr--ous nethylene chloricle r¿ith

0.10 g of aluin:'-nun chloricle r¿ei:e stirred at Ooc for z hoursrand.

at roon temper:ature for 48 hou::s. The mixture \./as poured into

ice and extracted rvith chloroforl (3 x 30 ml). Evaporation of

Èhe organic extracts garze a cr:ude bror,m solicl which r.,'as purifÍ-ecl

by t.1.c. The major ploduct isolated, a lzslloiv oil ,.\,/as not

the Diels*Âlder adduct, bui- probably compouncl 256 accot:ding to

Reactj-on of 9-nethylanth::acene diacetylethyJ-ene 257
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spectral evidellce.

SuLf.ur iz atÍon of the subst ítuted d ibenzoy_1_cl ibenzo lZ, 2, 2f bicycloo ciacl ienes

to form the 1, 3-diphenylth¡'_ophelle anal_.ogues o!_tripLy_cene

The bícyclooctadienes \,/el:e refluxed q¡j-th tlo aird one-half equivalents

of pirosphorus pentasulf ide Ín pyridine for varying tí-mes. The mixLures

T^/ere poured into r'Jater and extracted r.¡ith ihloroform (3 x 30 url) . The

combined chlorof orm extracts ürere rvashed with r¿atei: (3 x 50 m1) , r+itl-i

dilute hydrochloric acid (4 x 50 nl), clried, ancl evaporated to give

crude products, ruhich vere purified by t.l.c. using 20% benzene Ín

petroleum el-her as developing solvent. Sulftirization ín olher solvents

Ëríed gave either retro Diels-Alder reaction or did not give satisfactory

sulfu::izatíon. The results are summarized below.

3-Diphenyl*4 
" 
9-d íhydro-/r 9-o -benzenona bg¡" LZ,:--"1 tht.ph (Z!L)

This rvas prepared by of adduct 100 for 4 days. The

product rvas purífied by t.

solutÍon and cryst a7-7ízed

m.p. = 2.36oC; yj-eld = 59:Z

sulfurization

1.c. using 20%

from pet::oleum

v¡ere obtained.

benzene ín petroJ-eum ether

ether. Colourless needles;

Anal. calculat:ed for C:OHZOSi C, B7.3Bi H, 4.85; S, 7.77

Found, C, 87.20! H, 4,98; S, 7.87

The NllR sPectrurù, 4.527 (2i{ singlet, trvo equÍvalent methine protcns)

2.5IT to 3.26TQBI| bands, protons on the aro¡ratic rings).

Jlhe rnass specrrl.rn m*/e 4r2(parenc pealc) , zgr (u+-pr,cs) ) r2r
J(rhcs')

The M'lR spectruilt (in carbon clj-sulfíde soluti-on) shor.¡ed the methine

protons as a sj-nglet at 4,67 T .
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I,3-Diphenvl-4 
" 
9-dimethyl-4 , 9-dihydro-4 , 9- o-benzenonaphtho [2 ,3-c] thiophene

This was prepared by sulfurtzatíon of adduct 253 f.or 2 days. The

preduct r,¡as isolated as described above and crysËaILLzed from petrole¡¡n

Anal. calculated for CIZHZ4S; C, 87.27 i H, 5.45; S, 7.28

Found, C,87.11; H,5.60; S,7.15

The NMR spectrum, 8.101(6H singlet, 2 equivalenr inethyls), 2.437

Co 3.057(18tt bands, protons on Ëhe aromatic ring)

The mass specrrum, I'r+le 4+O (parenr peak) , 3lg(m+-pncs), L2I(phcS+)

I,3-Diphenyl-4-_!rethyl-4 , 9-dihydro-4 ,9-o-benzenonaphtho [2 ,3-c] rhiophene

This was prepared by sulfurizatíon of adducË 289 for 2 days.

I{oricing up gave colourless needles; M.P. = L47aC; yield = 27i/..

Anal" calculaËed for CS..HZZSi C, 87.32i H, 5.I7; S, 7.50

Found , C, 87 .I4; H, 5 .36; S, 7 .30

The NMR spectrum, B.0B 7(3H singleË, merhyl group) , 4.45 ?*(1H

si glet, methine proton) , 2.47 -3.72 7(lBH bands, proËons on the aromaËic

¡'irrgs)

The mass specrrum, **¡" 426 (parent peak),305 (tt+-pncs) , I2L(?hcs+)

I,3-Diphenvl-6-methyl-4 , 9-dihydro-4 , 9-o-benzenonaphrho [2 ,3-c-ì thiophene

(268.)

- 
This r.ras prepared by sulfurization of adduc.t 290 f or 3 days. The

producË was purified by t.1.c. and crystallized from petroleum ether.

Gol-ourless needles¡ m.p. = 2O9oC, Írere obtained.; yield = 67%.

Anal. calculated for C¡'HZZS i C, 87 .33; H, 5. 17; S, 7 .50

Found, C, 87.22; H, 5.31; S, 7.34

The NMR spectrlrm, 7 .757 (3H síng1et, methyl group) , 4.47 TQn
sie.gleË, meÈhine protons) , 2.3BTto 3.29TG7H bands, protons on rhe



-I7 I_

aronìatÍc rings). The nass spectrum, ^+¡" 426 (pareirt pealc), 3C5
(r'r+-pncs), L2:(pt-,cs+)

U:2lpéegZLÇl:dihydt.-a,I1-.-b Ìiene (ZéÁ)

This was prepared by sulfur ,'zaÛton of acld,uct 255 f or 2 da-ys.

tr^iorlcj-ng up gave rvhÍte prisms; m" p. = l6loc; yield = 7I% .

Anal" calculared f or C3TTLIZZS I C , BB .31 i I{, 4,7 6; S, 6 ,g3

Found, C, 88.06! H, 4.66; S, 7.09

The M'tR spectrum, 3.747(li-I sínglet, 4.-methine proton) r 4.35J-
(-1lI sirrglet, 1l-merhine proron), 1.80?to 3. zLT eoT bands, proLons-

on the aromatic rings)

The mass spectrun, r'r+/e 462(parent peak) , 34](t¿+-ptcs) , 72r
J.

(Phcs')

l, 3 - o i p_Lr9-:1¿!1!:1,I_q!q9if :A4yd . " 
.- a, 9 - 

" 
- b 

" ",
Thís rvas prepare-d by sulfurízati-on of aclcluct 254 for 2 d.ays.

l,Iorlcing up gave pale ye11e¡,2 prisms; m.p. = llt2oci ),ield = 77%.

Anal. calcul-ared for C¡gHtgSBri C, 73.32! H, 3.87; Br, L6.Zg

s, 6,52-

Founcl, C, 73.24; H,3.80; Br, 15.81; S, 6.62

The Mtrì spectrlrn, 4,54,TO-H singlet, neihine prot_on)

2,22 - 3.097(18H bands, protons on the aromatíc rings).
The mass spectr:uil, vl-¡e 4ol. (pa::e.'t peak) , 4rr (M+-nr), 370(M+-

PhCS) , 12I(pirCS+)
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-1 , 
S-nipir¿"Vt-+-"r ro-4, 9-c¡-benzei,rorraphtho lZ ":-cl thi-ophei-ie

This v¡as pre¡ra.ried by sulfurizal-ion of adcluct ?-9r f.or 2 da.ys,

I^iorking up gave pale yellor., needles; m.p. = 137oC; yíe1cl = 47%.

Anal. calculated for C3.,HZZOSì C, 84.L6; H, 4.98; S, 7.24

Found, C, 84.01; H, 4,79; S, 7.I7

The MtR spectrun, 6,I6TQTI sii-rglet, nethoxy protons) , 4,457
(1H síirglet, methine proton), 2.L7-3.1s?(lBH bands, protons on the

arornatic ríngs).

The mass specrrume ,f /" trroZ(parerrr peak) , 4ll1r,r+-ocnr) 3?-I

çlt+-nrrcs¡, I2l(phcs+)

2c)2 for 3 days

= 5B%.

4.76; S, 6.93

1, 3 - D þ henyl.- 4, 1 1 -d-Lhycl r o - 4, 1 1 - o :L en z eno an r hr a [2 ¿-]_g h¿gp h."g_læZl

This r,¡as prepared by sulfurízatíon of adcluct

tr{orking up gave u'hite prisms; m.p . = I7'loC; yield

Ana1. calcu1_ated f or Cg4HZZSi C , BB.31i H,

I-ound, C, BB.L7; H, 4.89; S, 6.81

The NMì spectrum, 4.40TQLI sÍnglet, methiae

to 3.19TQ0H bands, protons on the aromatic rings;

r''ere a (2H) síngJ-et at 2.40n. The mass spect_rum,

peali) , 3tt|(¡f+-pl-,Cs) , IzJ (phCS+)

Su 1f ur iz af iqn o f d iac_etyld j be-nzo cycloo c tad ienq to form the _thiopheire

239

Thís r¿as preparecl by ref J-uxing rhe diacetyl adduct (o,z g) ZlZ
and plrosphorus pentasulfide (l g) in toluene (50 m1) for 2!a.<lays"

The tlnreacted phospho::us pentasulfíde r,¡as filtered off ancl the f iltrate
rvas roashed trvice r¿ith i¿ater and once r.¡ith dílute soclium carbonate so_luti_on

protons), 2.407

the 5, 1O-p::otons
L

M'/e 462 (parent
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AfËer drying rvitir anhycl::ous sodium sulfate, the filtrate \ras evai)crated

off to give an oí1 r¿hich rvas purified by t.l.c. usíng 20% benzene in

petroleurr ether solution as deve-l-oping sohzent, and c::ystall-ízed from

petroleum ether. Colourless platelets: m.p. = 2B2oC; yíek1 = 22%,

¡¿ere obtained,

Anal. calculated for CZOH''S) C,83.33i H, 5.56; S, 11.11

Found, C,83.21; H,5.51; S,11.05

The NItr{ spectr:un, 7 ,72'f (6H singlet, truo methyl groups) 4.95 7'

(2H singlet, methine protons) , 2 ,7 3T to 3 . 22 T (BH ban.ds , ÃZB2 pattern

for the aromatic protons). The nass spectrutÌe ¡f+/" ZBB (parent pealc),

{- J-
229 (r'r'- cH3cs) ' 59 (cH3cs')

Sulfurízatíon of diacetyldÍbenzo* ooctadiene to J:orrn the

thiophene 263

This rvas prepared by refluxing the diacetyl adduct (0.25 g) 257

and phosphorus pentasu,lf :'-de (0.60 g) in tol-uene (50 ml) for 3 days.

trrtorlting up as descríbed above gave colourless platelets;

m.p . = 2t¡7o C; yield = 38% .

Anal. calculated for CZtHtgS I C, 83.44i ll, 5.96; S, 10.60

l-ound, C,83.67; li, 5.87; S, 10.34

The Nlfll spectLum, 7 .727 (3H siirglet, 4-methyl) , 7 .68'l'Gll singlet ,

the 1,3-dimethyls) , 4.96 T (1I{ singlet, nethine proton) , 2,7IT to 3.227

(BH bairds, Ã282 patte-l:n for the arornatic protons)

The mass spe.ctr:um , ,l-/u 302(parent peak) , 28711t+-CHr) , 243

(r'r+-cirrcs¡ , sl (cHrcsi-¡
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Sulfurisa.tion of dj-benzo)'J-dibenzogyclooctaLfi_gle 99

The acetylene adduct 99 (0.3 g) and phosphorus penrasulfide (l g)

r+ere refluxecl in 50 n1 of pyridine for 612 days. i,Iorking up as descríbecl

above gave a yellov; oí1 r'¡hich ruas puríf ied by t.l.c. and crystalTized.

from petroleum ether. The procluct, rvhich \,ras a s:ingle purple fluorescent

band on the t.l.c. plate r+as found to exhil¡it no sharp melting poirrt,

but a range frour 2160 - 226oc. The mass specLrurn indícated t\,ro parenË

peaks wÍth almost equal íntensitíes at yt+/" 4tZ and t'i+/e 396; suggestiu.g

Éhat the suLfurizatíon of the acetyl.ene adducL 99 gave a product which

was a nixture of Lhe thíophene 24L and the fulan 102. Tirese could noË

be separated by t.1.c.

Anal. calculated for CSOHZOSIi C, 87.38; lI, 4.85; S, 7.77

Found ,C,85,22; H, 5.6Li S, 5 rL7 ; 0; 4.00

The analysis cotresponds to a mixture 42å58 of the thiophene 24I

and the correspondíng furan 102.

If11pgfglir" rf 1 ,3-.1íph""yl+d j-hydro-4 , 9-o-benzenonaphrho [2 ,3-c] p:yrr:ole

p9!)

Dibenzoyld:'-benzocyclooctadiene (o.5 g) and amnionium acetate (5 g)

ín acetic acid (50 rnl) r,¡ere refluxed for /tz, hours. Af ter cool-ing, the

mixture \{as thro&-n into ice. The resultant precipitate r!,as fíltered

off and r+ashed thrce tímes rÍít-lì \,rater. Crystallization from hot tüater

or petloleum ethcr gave a i,¡hite powclery solicl; m.p. = 269-27 IoCi

yield = 74%.

Anal. calculated for C:OltZlNi

Found, Cr 90.98; II,5.25; N,

C, 91

3 .49

.14; H, 5,32; N, 3.51+



The IR spectrum, 3450

The N}lR spectrun, 4"52

3.33 7- (I9I{ bands, protol-r.s on

*175-

_l
cm ' (Ml str)
'l (2H singlet

the aronatic

, methí,ne protons) , 2,60Tto

rings plus the NiJ proton)

The method of Baumgartner (79) rvas moclifÍed in the fo11or,rÍng r^;ay.

The octatriene(0.5 g) and hyclrazine (5 rnl) j,n. nethanol (50 m1) l,rere

refluxed together for 2t¿ hours. ¡\f ter cooling, the mixtur:e rnas pou::ecl

into Íce ancl extr:acted rvíth benzene (3 x 20 ml). The benzene extracts,

r¿hich exhibited blue fluorescellce in light,t¡ere dr j-ed rvith anhydrous

sodium sulfate and evaporated off to yield a r¡hite solíd. purification

by t.l.c. and crystalLLzaiíon frorn petroleuur ether gave r.,hite platelets;

m.p. = 26}oc, Llrt, (7g) z7o0c; yield = 86lz.

Atte_rnpted reaction _of airt_hrace::ies r¡ith_ 2 , 5-d.imethoxy*?rS-g:fryJgSjgfqg_

(1) Bquimolar ciuantities of anthracene and 2,5-dimethoxy-2,S-clihyclro*

furan r,rere ref luxed f or 48 hours in Ëhe f ollovríng solvents: (a) xylene

(b) toluene (c) dioxane (d) benzene

After purificatj-on by t.1.c. Ëhe starting materials r{ere recovered

unchanged in each case.

(2) Anthr:acene (2 Ð a.nd 2,5-dimerhoxy*2,5-díhydrofuran (25 ml) i,ere

heated in an oil bath i,ri-th stirrirrg at 22OoC for one hour. purif icatíon

by t.1.c. prodrrced anthracene ancl a polymeric oil.

(3) Equimolar quantj-ties of anthracene and 2r5-climethoxy-2r5-díhyclrofuran

plus 1/1.0 equivaleirt of aluminum chJ-oride in 100 ml of rnetirylene chloride

were stil:::ed at Ooc for 2 hours and at rooin temperature for 48 hou::s.

I'Jor:king up gave on-1,y_ deconposeci maierjals.

Reaction of Dibenzoyldl-benzocycl_ooctatriene ruith f 8.zLÍLe



ItegcL¡lon of 9-meth\'1ar-lthracene r,¡ith 1
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benzenonapl-irho [2,3-c] rhíopher-re (Z!Ð

1 ,3-DÍpherryL-A, 9-dihydr o-/¡ ,9-o-benzenonaphtiro [2 ,3-"] thiophe¡e

(.15 g) and 9-methylanthracene (0.40 g) r,,ere heatecl at 240oc for 15

minutes and at 190oC lor 2 hours. The resultani d.arlc bror"'n solícl

ruas purif ied by t.1,c. The t\,/o starting materíal-s ¡¿ere recovered

unclranged . No 1 ,3-diphenyl -4-me Lhyr-4,9-c1Íhyclro-4 , 9-o-benzenonaphtho

þ rS-.)thíophene rvas detectecl .

A.ttempted reactions of acridi-ne ivith di-be'.zoy1etl-rylene

.l (aj Equimolar quaittities of aci:íc1íne ancl dibenzoylethylene ivere

refluxed together in the follor,riug solvents for 48 hours; benzene,

ethanol, dioxane, toluene, ancl xylene. pu::ificatíon by t.1.c. gave

unchanged star:tj_ng naterÍals each time.

(b) Equírnolar ratíos of acridine and dibenzoylethylene í1 dioxane

were irracliated for 24 hours ivítI-r a llanovia Quartz U.V. ì,arnp , ll 30620,

Puríf j-cation by t.1"c. gave trro products; tl-re acriclj_ne climer and

tetrabenzoylcyclobuiane. No Diels-Alder adcluct was detected.

(c) Equinolar ratios of acridíne ancl dibenzoylethylene r,,ith 1/10

equivalent of aluminum chloride ín rneühyJ-ene chlorície solutiou ïirere

stirred for 4 da1's. trrlor:king up p::oduced unideutj-fied coloured materials.
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X=Y= CHs

Table T

Ternperatur.("C. Solvent '(z) cx - vr (r)"
160
140
t20
100

BO

60
40
20

oo
-20

160
r40
I20
100

BO

60
40
20

0

i00
BO

60
40
20

0

-20
*40
-60

cz,og
t,

il

7 .68
7.72
7.72
7.7s
7.78
7 .BI
7 .84
7 .86
7.90
7 .94

7.76
7 .77
7.79
7 .81
7 .84
7 .89
7 .93
7 .9s
7 .98

7 .19
7 .78
7.r7
7.t6
1 1.)

7.12
7.LT
7.IT
7 .r2

7 .25
7 .26
7,22
7 "20
7 .27
7 .r9
7 .79
7.14
7,L5
7 .r4

7 .20
7 .r9
7 .LB
7.17
7 .r7
7.r5
7.16
7,r0
7 .10

7 .16
7.16
7.16
7 .r5
l.)3
7 .72-
7 .09
7 .08
7 .07

0.43
0 .46
0.50
c). 55
0.57
o ,62-
0. 65
0,72
0.7 5
0. B0

0"56
0. sB
0.61
0.64
0,67
0.74
0.'Ì7
^ o(

O. BB

0. 03
0.02
0. 01
0. 01
0.00
0"00
0.02
0.03
0. 05

c6D6
n

lr

il

il

It

It

n

lt

il

il

il

il

ll

ff

rr

IT

n

lr

t¡

tf

cDCl
Ĵ

il

I
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Di-el s-Alder A.dducts

Anthracenes

Anthracene

9,10-dimethyl

9-dimethyl

2-nethyl

Anthrac.ene

9,10-dímethyl

o '9-rnethyl

2-methyl

L r2-benz

9-brono

9-nethoxl'

2 r3-benz

Anthracene

9-nethyl

D j-enophiles

c 
t oHt ooz

c toHtooz

ctoHrooz

c 
t ollt ooz

ctl[tzoz

ctoEtzoz

crcnnoz

ctøHtzoz

ctoEtzoz

c t6lrtzo z

crcHtzoz

c tlEtzo z

Adducts

'sonzooz
crzrrz4oz

c 3t" zzo z

cztnzzoz

czoBzzoz

czz^zooz

crt[z4oz

cst^ 
z4o z

c 
s4ltz4o z

c3o[zrozBt

cztEz+ot

cz+H 
zdo z

t'r.p. (oc)

208

264

179

223

767

195

92

TT2

116

9B

180

133

YieLd Z

B7

96

9T

ÕÕ

56

9B

BB

70

L9

1.2

q.J

67

_1
C=0 cm '

167 0

167 5

167 4

i 680

167 6

17 00

77 70

1 690

16Bs

L695

i 680

1 680

L7 2s

17 25

c6Hgoz

c6ngoz

czoHtgoz

cztllzooz

LB2

188

4T

55
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Table III

1, 3-DipirenyEhíophene hrEþgg5r_s of -Tgiplycene

Cornpouncl M.P. (oc) YieLd Z
Chemical
Shifts

Ifethine
Ploi:cins

(T) cDCl;'
Arolna tics

c3oHzos

cszEz4s

c3t'rzzs

c3tEzzs

cs4Hzz-s

c3ollrgBt

cstEzzos

cz4Bzzs

czoHtos

cztHlgs

235

248

r47

209

161

1.42

L37

L77

67

7L

77

47

5B

59 4.s2

4 .4s

4 .47

3.74,4.35

4 .54

4 .4s

4.40

4.9s

4.96

2.5r-3.26

2.43-3 .05

2.47 *3.12

2.38-3 .29

1. B0*3.21

2,22-3 .09

2 .1.7 -3 .7s

2.40-3.19

2.73-3.22

2.7 L-3 .22

4B

27

1, 3 -D íme thyl thiophene An al o gu e s oÍ Jfåglyggqq

280

247

22

-)ó
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