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INTRODUCTION

In this introductory section a brief survey of ptT -dTT 

bonding in organic compounds is given* The treatment 

throughout is illustrative and representative and except 
for the discussion of the structures of thiophene and 

phosplionitrilic compounds, the coverage of the large amount 

of literature is not intended to bo exhaustive.

I; The Atomic Orbitals of Sulphur

Sulphur belongs to the second short period and to the

sub-group VIB of the Periodic Table. Its valence electrons

are therefore contained in the M shell and in the ground

state the sulphur atom has the electronic configuration
2 ? 1 1 273s , 3 p 3 p  , 3p , If, following the lead of Craig,X y s

it is assumed that the angular functions of s-, p-, and d-

orbitals are the same as in the free atom, that is bond 

formation leaves these functions virtually unchanged, then 
a preliminary discussion of the atomic orbitals associated 

with sulphur will lead naturally on to a discussion of 

the bonding in molecules containing sulphur.

The K and L shells of the sulphur atom are completely 

filled and the elctrons contained therein play no important 

part in bonding. The atomic orbital of lowest energy in 

the valence shell is the 3s. This orbital, which is 

spherically symmetrical and is completely filled, also 
plays no significant part in bonding. The orbitals of
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sulphur bound to first-row elements (carbon, nitrogen,

ne%t higher energy are the three mutually perpendicular and

orthogonal 3p orbitals, 3p , 3p , and 3p^. These orbitalsr y 3
are of equal energy and are those employed most commonly in i

organic sulphur compounds, since they can be used in the }

formation of 6^-bonds (Fig*la) or TT -bonds (Fig* Ifo) with ,j

ligands * In the present worh we shall foe concerned v/ith j

oxygen) so that the TT - bond formed will be of the 2plT j
3pTT type(Fig. Ic>* Due to inner shell repulsions this |

type of bond can be expected to be weaker than a bond of ’
]the 2p M -2p H type (Fig* Ifo), which is the double bond '3

normally met with in organic chemistry. i
1Of even higher energy are the five 3d orbitals. Those j

orbitals are orthogonal but they are not of equal energy. j

Those of highest energy are the 3d 2 and the 3d 2 2 IK z -y .
(using the notation of Fyring, Vifaltor and Klmba.ll^’'̂ ) |

and, since they are vised normally in the formation of , «

cr -bonds in octahedral complexes, will be given no noro ^
:lthan a passing mention here* The remaining three orbitals j

are cf equal energy and are of the correct symmetry to be

able to participate InTT -bonding. They are the 3d,,,
:y ,y 5 i,: :x  !

orbitals* A IT -bond arises if one of these orbitals is j

appropriately oriented with its positive and negative lobes 'j
"%i

equally inclined to the line of centres and requires a I



nlT (or dtr ) orbital at the other centre (Pig. Id). :j
27 IIn an important paper Craig et al, have discussed -1

'jtheoretically the conditions necessary for the formation of |

chemical bonds involving d-orbitals. They calculated overlap 1

integrals for a series cf different types of bond (for 'j
example bonds involving different spd hybrid orbitals) and y

used these integrals as criteria of bond strength. J
29Calculations based on the Slater Rules indicate I

Ithat the d-orbitals associated with the sulphur atom would É

be far too diffuse for bonding purposes and Craig points I
out that for dealing with the valence states of atoms #

1use of Slater s Rules may be inadequate. Certainly q
Icomparison v/ith S.C.F. functions in some cases shows that É

1the Slater d-orbital functions are too diffuse; but the j

same is found to hold for the s- and p- functions when the

sane comparison is made. It was concluded, therefore, that 1

results obtained using Slater ̂s Rules v/ould still be J

expected to be at least qualitatively correct in un- j
!

sophisticated comparative studies. Consequently it was ,

assumed that when employed for bonding purposes d-orbitals I

contract as a result of perturbation by the ligands.

In compounds like sulphur hexafluoride where cr -bonds 

are involved one of the v/ays in which this contraction may be
Ibrought about is by the development of a formal positive j

charge on the central atom by partial ionisation of the ]
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outer cl-electroiis into the ligand orbitals. This positive 

charge would cause the more polarisable 3d orbitals to 

contract and thus make them more able to hybridise 

effectively v/ith the 3s and 3p orbitals.

In situations involving TT -bonding, however, the necessity 

for such perturbing effects is net so critical. In a. plT - dTT 

bond overlap is better v/hen the d-orbitai is considerably 

more diffuse than the p-orbital than when the two orbitals 

(p and d) are the same siae. Put another way: in a <5̂ -bond 

or in a TT -bond involving two p TT orbitals, overlap is 

most highly developed betv/een the nuclei and so v/ill bo 

greatest if the two orbitals are the same siû e; however, 

dTT and pTT orbitals overlap most efficiently when the 

lobes of the d iT orbital are almost above and below the 

nucleus of the other atom as indicated in the diagram of the 

angular functions (Fig. Id). This asymmetric overlap 

gives rise to a polar bond.

For the C-S bond Craig found much larger than normal 

overlajp values but this need not infer greater bond strength 

since, by virtue of the low electronegativities of carbon 

and sulphur, overlap occurs in a region of v/eak nuclear 

field. It does, hov/ever, imply that in compounds such as 

thiophene (see later) such pTP -d ̂  bonding should be 

considerable despite the low electronegativity of carbon
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and despite the non-development of o formal positive charge 

on the sulphur atom.
Before a discussion of examples in which pTT -d TT 

bonding may be important in unsaturated systems a short 

resume of the bonding in putatively ^normal* sulphur-containing 

acyclic compounds would not be out of place.

In compC'Unds containing divalent sulphur the G~S~C

angle lies between 90^ and the tetrahedral angle, which may

suggest a considerable s-admixture in the sulphur bonds and

a tendency towards sp^ hybridisation.*^^ The small value of

the bond angle of hydrogen sulphide (92.1^) suggested

prima facie the use of pure p-orfoitals. However, on the
31basis of nuclear quadruple resonance measurements this

small angle is accountable by approximately equal (15% of

each) 8- and d- contributions to the bonding orbitals $ The

8- and d- contributions have an annulling effect on each

other with respect to the bond angle, but combine to produce

the observed asymmetry in the molecular electric field*
32Sulphcnium salts in which the sulphur atom is 

trivalent, show optical isomerism and can be resolved if 

the three groups are different This behaviour means

that the lone pair must occupy the 3s orbital and the 

bonding to the attached groups makes use of the mutually 

perpendicular p-orbitals*



40results, and the value of the dipole-noinent cf many 
41.42sulphones * (indicating up to 60% ionic character in the

A ̂8-0 bond). However, the great bond strengths and short 
44bond lengths of sulphur-oxygen bonds can be explained

away equally well as being due to a covalent double bond

or to electrostatic effects in a semi-polar bond. From
45a molecular-orbital study Moffit concluded that a double 

bond Joined the sulphur and oxygen atoms. This conclusion 

was supported by later studies based on charge neutralisation 
considerations."^ In the sulphur-oxygen bond the 3d fT 

orbitals of the sulphur atom are able to overlap with the 

compact p TT orbitals of the oxygen atom by virtue of the 

polar nature of the 4^bond between the atoms which induces 

a positive charge on the sulphur atom. This in turn

I
I

The nature of the bonding in sulphones has been a mattor j
..’■'3of considerable controversy - whether the sulphur-oxygen bond 'A

is a covalent double bend or a semi-polar bond. The results .J

obtained from the application of many techniques have been \

brought to bear upon the problem and the bulk of the evidence I
points to the conclusion that the sulphur-oxygen bond is q

25 "Jcertainly mainly, if not wholly, semi-polar. Particularly
35 36significant, perhaps, is the complete lack of U.V. absorption, * ■ ;,3

the negative contribution to the molecular refraction, ^8,39 -d

the lack of double bond character as indicated from parachor -j
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contracts the 3d-orbitals malsin̂ - them more compatible for 

overlap*

II; Conjugation in Acs^clic Compotinds Containing B ulphvvr.

Evidence for the ability of sulphur to conjugate with

a carbonium centre is manifest in the very high rate of

solvolysis of CK-chiorosulphides‘* “ * as compared v/ith the

/rato of solvolysis of alkyl h a l i d e s . T h i s  reaction proceeds

via a carbonium ion intermediate^^ which is stabilised by

delocalisation of the positive charge, the 3p iT orbital of

the sulphur atom overlapping v/ith the vacant 2p ÎT' orbital

of the adjacent carbon atom to give a 2pif-3p1T bond*

Wore this interpretation correct, o^-chloroethers v/ould
52be expected to solvolyse and undergo normal nucieophilic

substitution ( 8̂ %̂ ) reactions^^' ' even more quickly since

the 2p tl orbital of the oiiygen atom would overlap v/ith

the 2p TT orbital of the carbon atom to give a 2pTT -2ptT

bond where the overlap would be more substantial than in

a 2pir -SpTT bond. This is the case and numerous examples
of this greater electron releasing pov/or of the oxygon atom

over sulphur are to be found in the literature* An

exception to this behaviour, hov/ever, is particularly noteworthy.

The dipole moment (3.C2D)^^ of the K -pyrono(I) indicates

a large contribution from the polar structure(Ifo) to the
58resonance hybrid. The low carbonyl frequency in the Ï.H.



spectrum and the lack of normal carbonyl reactivity are

more substantial conjugation in this compound. The sulphur

-"A

consistent with this polarisation. Arguing on the basis of g

the above example, V -thinpyrone (II) should bo less 2

polarised in view of the proposed smaller electron-releasing

ability of the sulphur atom. In fact the carbonyl stretching B1
frequenc^y in X -thiapyfone is even lower and tho dipolo ÿ

58moment (4.40D) is higher than the values for the V -pyrone
itself. In this instance, therefore, the electron releasing |

£
ability of sulphur is greater than that of oxygen (see later, 

p. 16 ) and there appears to foe a considerable contribution |

of the polarised structure (IIfo) to the resonance hyfosrid, 

an assumption which is further supported by the remarkable 
resonance energy of Y -thiapyrone estimated at 33 kca 1* mole'̂  ̂̂ ,̂ 8,59 

In electron releasing conjugation which has just been 

considered there is no need to invoke the use of d-orbitals 

in the bonding. However, conjugation with a free radical 

centre (electron sharing conjugation) or v/ith a carfoanion
I

centre (electron acceptor conjugation) must involve orbitals ©
%

other than the 3p.

Evidence for electron sharing conjugation of a sulphur 

atom with a free radical centre has come from co-polymerisation 

studies^^^'^^ involving vinyl sulphides^^ and vinyl ethers.^"

Similar studies involving divinyl sulphide^^ indicate even

1
containing free-radicals are more stable than the oxyg'on

J



y •
analogues and this stability arises no doubt from 

délocalisation of the odd electron. At first sight this 

electron may be delocalised by two possible mechanisms.

The odd electron in the carbon 2pTT orbital may be fed into 

a 3d orbital of the sulphur atom to give pit - dtT overlap. 

Alternatively, an electron from a sulphur 3p orbital may be 

promoted to an upper d-level and overlap then occurs between 

the carbon 2plT orbital and the sulphur 3pTt orbital to give

a 2p nr - SpTT bond. Results obtained from co-polymerisation
66 63studies involving vinyl silanes and vinyl sulphones

indicate lack of resonance stabilisation in the intermediate
free radical, suggesting that 2pTT -SpTT overlap in the

vinyl sulphide case is probably the most important factor

in the stabilisation of the intermediate free radical.

Carbanion sites as v/ell as carbonium sites are stabilised

by an adjacent sulphur atom. That an adjacent sulpluir atom is

more efficient than an oxygen atom in this process is

indicated by the fact that the compound (III)(Plate I)
67undergoes a Dieckmann cyclisation to give the product (V) 

and not the compound (VII), suggesting that the intermediate 

carbanion (IV) is more highly stabilised than the carbanion 

(VI). Similarly anisole is metalated with n-butyl llthium^^ 

to give the compound (VIII) whereas the sulphur analogue 

is metalated in the sio3 chain to give the product (IX). 

Obviously delocalisation is taking place to stabilise the



possible, tho rate of exchange is much lov/er. Since the

bicyclic compound (X) may foe constrained in the geometry

required to give effective p-d overlap, herein may lie the

explanation of the relative rates of exchange. Nevertheless,

non-neighbour interaction between the sulphur atoms may also

provide a partial explanation.

Protons adjacent to divalent sulphur have been shov/n to

be acidic. It is not surprising, therefore, that the cu-protons

in a sulphcnium salt are also acidic. Again any delocalisâtion

in +he intermediate ylide would involve p il - dTT overlap.

The 0^protons of the bicyclic sulphonium salt (XII} exchange
70under basic conditions, indicating perhaps once more that

the steric requirements for pTT - dtT overlap are not so
' 71 72rigorous as for pTlT- pTt overlap. * However in the case 

of these intermediate sulphur ylides purely electrostatic

10.
Intermediate carbanion. Again the question arises whether

a plT ~ dTf overlap occurs or v/hether promotion of one of

the sulphur 3p electrons takes place followed by the formation

of a 2pTT - SpTT bond* However, the fact that the compound (X)

exchanges its deuterium about a thousand times more rapidly

than the compound ( X I w o u l d  seem to imply that in this case ~|
"3

the formation of a 2plT -SpTT bond is not important since this -r'j

would be impossible in compound (X) due to the impossibility 3

of attaining co-planarityof tho carbon and the three sulphur i

atoms. With the acyclic compound (XI) where coplanarity is >5■s

I

i
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I
stabilisation is possible. The protons of trimethyl ]

sulphonium and tetramethylphosphonium ions exchange more a

rapidly under basic conditions than the protons of the j
70 Itétraméthylammonium ion. The differences in rates correspond j

. N
jto a difference in energy of activation of 7-10 k.cals., which 1
8

is very small when the difference in reactivity between the |

protons of the tétraméthylammonium ion and of methane is j

considered. This would certainly suggest that the stabilisation |

in these intermediate ylides is predominantly electrostatic» JThe enhanced reactivity of the sulphonium and phosphonium J

salts over that of the ammonium salt may then be due largely ,J
' wto entropy factors, since the ammonium ion will be more highly 

solvated than either the sulphonium or phosphonium ion, by 

virtue of its much smaller ionic radius^ and in the zwitterion

like intermediate the shell of oriented solvent molecules will 

be largely dissipated.
73 74 7SThe high dipole moments * ' of the stable ylides (XIII)

74and (XIV) ’ seem to indicate that they are primarily dipolar
76in nature. The ylide (XV) was also found to be stable

although the compound (XVI) was prepared with very great
77difficulty and is extremely unstable. The stability of 

the former three ylides may then be confidently attributed 

to délocalisation involving valence shell expansion of the 

hetero atom. Nevertheless, in view of the high dipole moment 
(6*2D) a large contribution of the structure (Xllla) to the
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X *  Co t'Ae., X ̂  MD,
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valence bond representation of this molecule does not seem
likely although (as pointed out on page 4 ) pTT - dlT

bonds themselves are to foe expected to be highly polar. It

is unlikely that the asymmetry of a single p'lT^ dlT would

account for such a high dipole moment. The greater electrostatic

stabilisation which is present in the ylides (}Iïïl-XV) may
simple by due to the greater polarisability of the valence

electrons of the sulphur and phosphorus atoms.

The ability of a sulphone group to stabilise an

adjacent carbanion site is clear from the acidifj^ing

effect it has on adjacent protons ' and its ability

to promote nucieophilic addition to an OifP double bond. ^

That the stabilisation of the adjacent carbanion site by

a sulphone grouping is electrostatic rather than mesomeric
83has been shown elegantly by Zimmerman in a study of the 

stereochemistry of the protonation of carbanions.

The carbanions (XVIla) and (XVIIb)(Plate II) on protonation 
give the cis-Isomers (XVIII) while the carbanion (XVIIc) 

yields the trans-isomer (XIX). Zimmerman has explained 

these results by considering the nature of the hybridisation
3of the carbanion carbon. If the hybridisation is sp (XX),

he predicted that protonation would yield the trans-isomer

since the proton would approach from underneath, while for 
2sp hybridisation (XXI) he predicted that the proton would 

approach from the top and so yield the cis-isomer. On this



A vast amount of U.V. spectral data on aromatic 

sulphides, sulphoxides and sulphones have been published 

(see, for Of the more recent contributions
0*7that by Goodman and Taft^ is noteworthy. Applying a

substituent interference experiment on the intensity of

the bonds in substituted benaenes which had been

proposed for ascertaining participation of d~orbitals

in a conjugation s c h e m e , t h e y  demonstrated that the

3d orbitals of sulphur in thiophenols are populated.

Moreover they showed that no strict angular dependence

attended this TT -bonding. It is interesting to note that 
89another paper received at the same time predicted, on 

the basis of refined theoretical calculations, that 

significant participation of the d-orbitals in aromatic 

sulphides was unlikely. Kiss, in 1960, suggested that

1)3 w

basis, obviously very little, if any, “fT -bonding with the 

sulphone grouping is taking place in the carbanion (XVIIc).

That TT-bonding of a carbanion centre with a sulphone

group is indeed very weak has boon further demonstrated by '|
84 85 1Cram and Corey who showed that the rate of deuterium *

exchange under basic conditions in an optically active j

sulphone is faster than the rate of racémisation. Trigonal |
'-1

geometry in the transition stato v/ould lead to a loss of s
..

symmetry, so no M -bonding could have been occurring with ,|
" ^the sulphone group in the transition state. |
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although the evidence for the participation of d-orbitals

in aromatic sulphides was poor, valence shell expansion in

heterocyclic compounds was very probable.

III; The Bonding in Sulphur-containing Heterocycles.

The first recorded reference to valence shell expansion in
91divalent sulphur was in connection with thiophene.

For many years the electronic structure of thiophene

was considered to be entirely analogous to that of furan.

In this conception 3s, 3p^ and 3p orbitals of sulphurX y
2are hybridised to three sp hybrid orbitals, of which two

serve to establish two ^-bonds with the ring carbons and

the third, non-bonding, contains the two electrons with

antiparallel spin of the lone pair. There remain two

electrons in the 3p^ orbital capable of entering into

conjugation with the 2p^ electrons of the carbon atoms

of the heterocycle. This gives rise to the scheme

Illustrated on Fig. Ila which is identical with that for

furan except that 3p orbitals for sulphur are used instead

of 2p orbitals in the oxygen ease.
21Schomalcer and Pauling, comparing bend lengths, 

resonance energy values and dipole moments in pyrrole, 

furaïi and thiophene, came to the conclusion that in the 

latter heterocycle the sulphur appeared to admit, to 

some extent, ten electrons into its valence shell in place
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of the usual octet in ozygen cr nitrogen. The value of the

C-S bond length in thiophene is 1.74 & as compared with the

sum .of the single bend covalent radii cf 1.01 a

shortening of 0.07 E . The corresponding decrease in furan

is 0.03 À. In the same way the dipole moment of thiophene

in solution is 0.54D and that of tetrahydrcthiopheno is

1.07D, a difference of 1 .3’"-D. The corresponding difference in
92going from furan to tetrahydrofuran is 1.01D. ' Further 

evidence for the stronger conjugation of the sulphur atom 

with the ring in thiophene than the ozygen atom with the

ring in furan comes from thermochemical data. The resonance
93 91 -Ienergies of the two compounds are 19 or 23 heal, mole

33 91 ~1for furan and 29' or 31 .heal.mole for thiophene» These

data were held as evidence that (in a valence-bond description

of the molecule) the structures (XXII)(Plate XII) are
91 94important contributors to the resonance hybrid of thiophene, '

the added stabilisation resulting from this increased

délocalisation accounting for the closer similarity of
this compound to benaene.

This essentially qualitative valence-bond representation

of thiophene was translated into a quantitative study by
95Longuet -Higgins in 1949 with the aid cf the method of 

molecular orbitals. This author demonstrated that the 

3p orbital and two 3d orbitals of sulphur could be mixed 
to give three hybrid pd ' orbitals, tv/o of whicn would
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have the proper energy and sj^mmetry characteristics 

required for entering into conjugation with the 2p orbitals 

cf the neighbouring ring carbon atoms. Since, moreover> these 
two sulphur hybrid orbitals are defined not to be mutually 

orthogonal, the analogy with benzene becomes clear; both are J

systems in which six electrons are associated with six J
orbitals (instead of a system in which six electrons are i

associated with five orbitals, as in the other conception). 
2The third pd orbital, which is orthogonal to the other two

is mainly 3d in character and is of too high an energy for

it to be occupied in the ground state. The projection of
2the carbon 2p^ orbitals and the three pd hybrid orbitals

on the molecular plane is shown in Pig. lib.

Longuet-Higgins concluded that in this hypothesis
2of the utilisation of pd orbitals each atomic orbital 

contains unit charge,as in benzene, and in this v/ay the 

pronounced aromatic character cf thiophene compared with 

furan or pyrrole is readily explained. Since the overlap 

integrals for the C--S bond (which determine the degree cf 

conjugation with the sulphur atom) are about 20% lower than 

the corresponding integrals for the C-C bond in benzene, 

the ability of thiophene to show the characteristics of 

a diene, albeit weakly, is readily understood. Arising 

from this, for example, is a greater reactivity towards 

electrophilic reagents and a slightly higher reactivity
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at the OLrather than the carbon atoms. Finally he 

concluded that the dipole moment of thiophene is due
2predominantly to the unsymmetric character of the pd 

orbitals.

Longuet-Higgins* mode of reasoning has been used since |
96 97 {by Metzger and Huffier and by De Heer. The latter made 'i

some refinements in the method and used it primarily in a j

theoretical interpretation of the chemical reactivity of
98thiophene, which had been attempted previously in 1940. iiTheoretical studies have similarly been carried out on the

99 ■thiopyrylium ion by Koutecky. ^
■ÂCriticisms, however, have been made, notably by ,|
I

Jaffe who did not agree that the two pd hybrid orbitals - j

were mutually non-orthogonal. Kreevoy has shown^^^ that j

a relatively good agreement of calculated resonance 1energies and the experimental value obtained from heats i

of combustion can be obtained without the need to use the J

d-orbitals of the sulphur atom. He showed that the ^

differences between furan and thiophene can be readily I
•1explained by taking into account exclusively the deformation j

of valence angles and the different values for the coulomb I
■Ht

integrals of the two hetero-atoms* This procedure leads 

to results almost identical with those of Longuet-Higgins

but, v/hereas the latter did not find any partial charges. i
ton the Of- or P- carbon atoms, Kreevoy*s treatment indicated *
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a small negative charge on the Of-carbon atoms.

The theoretical problem of thiophene is thus highly
102controversial. More recently Mangini and Zauli ' favour

the non-interaction of the d-orfoitals in thiophene while 
103Maeda is of the opposite opinion.

The situation with other sulphur containing heterocyclic

compounds is equally controversial. The resonance energy of
1041,4-dithiadieno (X5CIII) is estimated to foe between 16

-1and 30 kcal.mole ♦ This was attributed to structures such 

as (XXIV) where the d-orbitals of sulphur are invoiced, 

contributing to the resonance hybrid, especially as the 

ring is knovm to foe puckered.̂ H o w e v e r , theoretical 

studies which make use of the p-orfoitals only of the
101sulphur predict a resonance energy of similar magnitude.

The electronic structure of thiasole was first treated
124theoretically in 1940 by Pullman and Metsger *' who used

the simple Huckel approach (the sulphur being assumed to

conjugate via the 3p^ orbital). In 1962 Metager and 
125Vincent ' now took up the problem using the approach of

Longuet-Higgens, with a consequent better correlation with

experiment ; but not, however, as good as that obtained by
123Zahradnick and Xoutecky ' whose calculations were based 

on a p-model.

Much use of electron spin resonance techniques has been 

used in attempts to determine the role of d-orbitals in
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sulphur compounds * Spin densities at various sites in the

molecule are determined experimentally and these values are

then compared v/ith the values calculated using a p-model

and a d-model. In this way Lucken^^^ concluded that in

1,4-dithiin radical cations (XXV), the d-mode1 gave better

agreement with experiment although for dibenzothiopliene

the same a u t h o r ^ f o u n d  that the p-model gave much

better correlation with the experimental data. Similarly

the experimental data obtained for the radical anion (X3CVI)

derived from 2,1 ,3 •benzothsadiasole - (.XXVII) agreed better
109with calculations based on a p-model.

110Cava and Schlessinger claim that ” the stability of

the well-known thiadiazole derivatives benzo[c]-1,2,5-
111thiadiaaole (XXVII) and naptho[1,2-c]-1,2,5 -thiadiasole 

112(XXVIII) implies a significant degree of tetravalent

character in the sulphur atom of these compounds"(sic ).
113They claim further that X-ray crystallographic data

support this conclusion. The same data were interpreted,
114however, by Diets as implying that the o-quininoid

structure in benzothiadiazole (]DCVIIa) is important in the

ground state. Such o-quininoid structure are not feasible
114for the thiasine (X3CIX). This compound has similar U.V.

115absorption to that of the isoconjugate triazine (XXX), 

implying that d-orbital participation at sulphur is 

unimportant in compound (XXIX). The reactions of 

1,2,5-thiadiazole itself suggest that the
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structure (XXXIb) is an important contributor to the

*î "I S *î *1resonance hybrid. However, physical measurements

suggest that the structure (XXXla) in which the sulphur is

divalent is most important in the ground state. These two

views are, however, not incompatible since the reactions

could involve excited electronic and vibrational states as

well as the ground state. This explanation may account for 
n othe claim that the anthracene analogue of 1,2,5- thiadiassole 

behaves predominantly as a tetravalent sulphur structure 
(XXXII).

lieKnott has shown by means of U.V. spectral analysis

that the structure (XXXIIla) in which the sulphur atom is

tetravalent may be important in the ground state of the
119compound (XXXIII). The isomeric benaothiepindioxidos

120 121 (XXXIV) and (XXXV) ' are both unstable and neither

shows any aromatic properties, suggesting that the

structures (XlOCIVb) and (XXiCVfo )analog’ous to the benzotropone

structure(XXXVI) are of no real importance and that

conjugation via the sulphur atom (here necessarily making
123use of d-orbitals) is not occurring. Breslow showed

also that such through conjugation to yield a stable aromatic

system did not occur in the an:? on (XXXVII).
127 120 129In 1901 Price and his co-workers * ' prepared

the stable compound (XXXVTII)(?lateIV) bji' allowing phenyl
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lithium to react with the corresponding thiopyrylium sa.lt.

This thiafoenzene derivative is highly coloured and its

N.M.R* spectrum is consistent with aromatic properties,

Its dipcle moment (1.5-1.CD) is low compared with that of the
73acyclic ylide (XÏII)Ï€. 2D)‘, In addition the compound (XXlxVIII)

is much more stable than the open chain ylide(XXXIX) which has
122been prepared only as a very reactive intermediate. These

facts suggest that the thiabenzene exists in the ylene form

(XXXVIIla) rather than in the ylide structuro(XXXVIirb), If

this is the case then the d-orbitals of the sulphur atom must

be populated. It does net, however, necessarily mean that

pTT - d TT bonding is occurring. It is conceivable that

the lone pair associated with the sulphur is promoted to

a 3d orbital and aromatic délocalisation occurs with the

ring via 2p ÎÎ - SplT b o n d s . T h i s  hypothesis

is given some support from a comparison of the behaviour

of the tliiabenzene and the analogous 1, l-diphenylphosplia-
131benzene (}(L) with acids. In the phosphabennonos all

the valence electrons associated with the phosphorus atom 

are involved in the bunding sc that any aromatic delocalisation 

in the ring must be transmitted via a ptf ~dîTfoond. It is 
significant, therefore, that the phosphabenzene is 

protcnated readily even in aqueous media to the conjugate 

acid phosphonium salt The thiabenaeno (XXXVIII)



22.
is not protonatod at all under these conditions. Moreover, 

thiafoenaenesare highly coloured compounds whereas the 

phosphabenaenes are pale yellow. Perhaps the colour of the 

thiabennenesis due to excitation of the lone pair from a 

low-lying 3d-orbltal to a higher unoccupied 3d-orbital,

The ring protons of the tliiabenzene 8-oxide (Xii'iî) 

exchange readily in acidic media indicating that this
132compound probably exists in the ylide-like structure(XLIIb).

On the other hand the somewhat analogous phosphorus compound

(50JÏ.II)' shows nono of the ‘ quasi-ylide* behaviour of the
133phosphabenzene (XL) in acidic media. Even if the covalent 

structures are correct, the nature of the stabilisation 

existing in these phosphabenzeno derivatives,whether it 

is cyclic delocalisation or whether purely resonance 

stabilisation between the tv/o ’*Kekule" structures OCLa) 
and (3CLb) is open to question.

The nature of the bonding associated with the phosphorus 

atom in cyclic systems has been studied extensively in
134connection with the so-called phosphonitriliccompounds,

for example compound (XLIV), which are said to exhibit a
1 35new type of aromaticity. However, two main views are 

hold on the bonding in these compounds. Craig^^^ believes 

that the 3dxz orbital of the phosphorus atom overlaps with 

the 2p orbitals of the adjacent nitrogen atoms (Fig.Ilia) 

to give a system in which there is complete cyclic do-
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localisation. In this type of délocalisation the *aromatic

se3:tet' loses its significance since the interactions of the

d orbital with the 2c orbitals on either side are of x.'U z
opposite sign, and the délocalisation energy rises slov/ly

w ith  the number o f TT -e le c tro n s  (provided th e re  is  an

even number) in the system. (A is a first row element

which gives rise to a p \T orbital and B is a second row

element p rov id in g  a dTT o r b i t a l ) .

137Dewar, however, criticises this approach since the

d orbital is not included in the discussion. Assuming ys
that the electronegativities of the d and d orbitalszz y.o
are equal and the orbitals thus being equivalent any linear

combination of these orbitals would be suitable for this

valency problem. Dewar proposed the sum and difference.

This gives rise to another two hybrid orbitals (designated

d"̂ and d ) which are simply as if the previous two had been

rotated in a clockwise direction through an angle of 45^•

This brings them into a much more favourable position for

overlap with the adjacent orbitals of the nitrogen atoms.

In this scheme the 2p orbital of overlaps strongly with

the d orbital at and the d orbital at Pg(Pig. Illb).

Now the d and d orbitals are orthogonal: so also,2CZ yz *
therefore, are d and d . In this scheme, therefore, 

délocalisation takes place over three centre (P-N-P)

"islands" and not over the complete cyclic structure as
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Ill bonzonoid chemistry.
130Craig, however, criticised this procedure because

in it the dxs and dyz orbitals are assumed to have the same

electronegativities. Since the weakly bonded d-orbitals are

easily polarisable the degree of polarisation clearly

depends closely upon the environment. The d orbital is

tangential to the ring; the d  ̂radial , so the electronogat-ys
ivities are expected to differ.

139In a further paper, Craig does admit to the involvement

of d-orbitals other than the d , but in a different manner — xs
from that suggested by Dewar, Notably the lone pairs of

the nitrogen atoms in an sp^ orbital are allowed to overlap
with the vacant d 2 2 orbital of the P atom giving risex-y
to so-called TT ̂ ~ bonding around the periphery of the

134 140ring* Later the same author compared the two approaches

and showed that the "island" model was merely a special case

of the cyclic model and that the délocalisation energy in

the "island" model is always less, although the differences
between the two may be small.

Such arguments can be extended to the sulphur containing
compounds such as trithiazyl chloride, sulphanuric chloride,

134 141tetrathiazylflupride and tetrasulphur tetranitride. ’'

Referring back to 1,1~diphenylphosphabensene(}CL) it is 
seen that the same treatment may be applied to it. This 

compound may be stabilised by a fully delocalised Tf -electron
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system or by an 'internal cyanine* structure stabilisation.

It is interesting in this connection to note that the

phosphabenaene (XL) has very similar U.V. absorption to
142the linear phosphonium salt (XLV), suggesting that the 

"island" model is more correct in this case.

By analogy those arguments v/hich apply to phosphabenzenes 

may be extended to thiabensenes and thence to other sulphur 

containing heterocycles.

The foregoung account illustrates that the rôle of 

d-orbitals in the bonding of sulphur-containing compounds 

is by no means determined. The work described in the 

remainder of this thesis is merely another approach to the 
problem.

In the work described in this thesis the 4H-indeno 

(2,1-d)thiazclium salts(’JOLVI) were synthesised. The aim 

was then to study their deprotonation products (XLVII). (Plate IV) 

Reaction of these salts with bases generates a carbanion 

site in the five-membered carfoocyclic ring(3CLVIIa ), If 

this negative charge is neutralised within the molecule 

by conjugation with the positively charged nitrogen then 

the structure (}ILVIIb) is achieved in which the d-orbitals 

of sulphur must be involved. The possibility of sulphur 

extr;&jShi.cn was not observed. If the negative charge is merely 

delocalised within the framework of the five-membered ring 

a dipolar structure (XLVIIc) results. The information
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collated indicates that the compounds studied do exist 

primarily in this dipolar state. However, it is to be 

emphasised that this does not rule out the possibility of 

some contribution of the structure (XLVIIb) to the ground 

state. Since charge is being neutralised in the attainment 

of this structure, a small contribution from this to the 

resonance hybrid may represent a large decrease in the total 

energy of the system.

Comparative studies with the oxygen and selenium 

analogues may be significant. The oxygen atom cannot 

expand its valence shell, whereas the selenium atom may 

do so even more readily than sulphur.

Other techniques more difficult to apply, such as the
use of quadruple resonance s t u d i e s ^ m a y  give some idea

of the electronic distribution around the sulphur atom.

The nuclear quadrupole resonance frequency of chlorine

in 2-chlorothiophene has been used to indicate the use

of the d-orbitals of sulphur in this m o l e c u l e . I n

the same way information might be gained from chlorinated

derivatives of the salts (XLVI). For systems in which the

carbon adjacent to the sulphur atom carries a proton,
13C “H coupling constants obtained from N.M.R. studies 

might give some idea of the electron density at the 

carbon atom,^"^ This may lead to deductions concerning
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14ôthe sulphur atom. Faess1er has shown that a

correlation exists between the valence state of sulphur

and the frequency of the -doublet. Coulson and 
147Zauli have theoretically correlated the shift with the 

net charge on sulphur. It is conceivable that useful data 

could be gained by this technique in the present work. 

Possibly by the application of some or all of these 

techniques, the nature of the electronic structure of the 

sulphur atom within the compounds studied may be elucidated.
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I; The Synthesis and Structure of Some 1;2-Dihydro-2-o%olnden-

1-yltliiolimidate Salts*

The aim of this work at the outset was to prepare (3H- 

cyclopentai cl] thiazolium salts (42) (Plate 1) by allowing 

5-bromocyclopent-2-enone to react with thioamides according
'Ito Scheme 1 (Plate 1). It had been claimed that foromination

of cyclopent“2-enone with N-bromosxiccinimide yields 5-bromo-
2cyclopent-2-enone, but other workers later reported, on the 

basis of N.M.R. spectral evidence, that the product is the

4-bromo-lsomer, In our hands the reaction of this b^omination 

product with thioacetamide yielded an oily bromide which was 

converted into the crystalline perchlorate. Both salts, 

on being neutralised, gave a stable base which showed 

strong I.R. carbonyl absorption at 1754 cm (CCl^). This 

absorption establishes the presence of a cyclopentanone rather 

than a cyclopent-2-enone ring in the base and consequently 

in the bromide and perchlorate. According to the Kantascli 

thia%ole synthesis, 5~broraocyclopent~2-enone with thio

acetamide would give either the salt (43) or its cyclisation 

product (42), neither of v/hich contains the cyclopentanone 

ring. It v/as concluded, therefore, that bromination of 

cyclopent-2-enone with N-bromosuccinimide gives 4-bromo- 

cyclopent-2-enone and that the foregoing salts and base 

are formed from this bromo-ketone.
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Salts of the type (43) are Intermediates in the Hant^sch 

thiasole synthesis. The reaction of 4*-bromocyclcpGnt-2'--enone 

with thioacetamide could give such a salt (44) which, however, 

would be incapable of cyclisation to a thiaaole. Structure 

(44) itself is at variance with the I.R. data and mechanistic 

considerations involving an intramolecular Michael type 

addition reaction of the salt (44) pointed to structure (39) 

for the bromide and perchlorate. The structure (40) can 

then be assigned to the base. Structures (39) and (40) were 

confirmed by N.M.R. spectral data obtained on the compounds. 

(These are discussed in tho Experimental part of the thesis, 
Section XIII),

It appeared that this reaction of a -bromo-cv,/?*- 

unsaturated carbonyl compound with a thioamide might be a 

useful route to 2-thiazolines. Methyl X -bromo-crotonate 

was, therefore, allowed to react with thioacetamide and 

the product isolated was indeed the expected 2-thiaaoline (41),

When this work was carried out a preparation of 

S-bromooyclopent-a-onone had not appeared in the literature. 

Since a synthesis of this compound would probably have 

developed into a protracted investigation, attempts were 

made to synthesise the ring homologues of the salts (42), 

the 4E-indeno[2,1-d]thiasolium salts (14) by allowing

1-bromoindan 2-one to react with thioamides. Those salts 

(14) would also have the advantage of any stabilisation due 
to the extra condensed ring.



30,
Salts aro formed when 1-bromoindan-2~oriO is allowed 

to react with thioamides. Analytical data for these salts 

indicate that they are produced by simple one to one addition 

of tho reactants. They arc hydrobromides and are produced 

by nuoleophilic displacement of bromide ion by the nitrogen 

or sulphur atom. In a determination of the structures of 

these salts it is, therefore, of paramount importance to 

ascertain whether a carbon-sulphur or a carbon-nitrogen bond 

is formed* In the Kantssch synthesis of thia^oles fron 

Ctf-haloketones and thioamides (Schome 2)(Plato 2), the orientation 

of tho ring substituents is such that a carcon-sulphur bond 

must be formed where a carbon-halogen bond existed in tho 

halo-ketone* In some cases intermediate uncyclised salts 

have been isolated and subsequently cyclised to thia^oles 

having the desired orientation. The first stage of these 

reactions, therefore, must havo involved nucleophilic

displacement of halide ion by the sulphur atom,
3It has been shown unambiguously,' mainly by means of 

U.V. spectroscopy, that phenacyl bromide reacts with

2-thiopyridono at the sulphur atom. Nevertheless, cases 

have also been reported in which mixtures of isomeric products 

are formed. For example, tho reaction of 2-chloropropionltrilo 

with 2-thiopyridone in the presence of alkali gives n 

mixture of the H- and 8-^-cyanoethyl isomers (45) and (46)." 

However, it has been demonstrated that the proportion of the
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e 3<f Me Bf
F BJ" Me Oo^
a H 3f
K Me *PK Bf
l Me ?k

M u -dî
@ NHTV 

3re

^  <x, X = iBr - la, X ’ Oo^

Br®

n r 5 ^ Y ^
7.

B ?

3 t
8. 5-«.,)<.=£><•.\X - CAO/j.,

( T ^ i T ^
CHiCHjj^CM

J. ^  ao t^^cw
\ i Y

SCWiCM

4-5 4-k 4-9

£ k U  2,.



K-pubotituted isorner depends upon the maount of acryionitrile 

produced by a /^-elimination of hydrogen chloride from the

3-cbloropropionltrile unuer tho conditions of the reactions,

The thiopyridone merely underwent a Michael type addition 

reaction to this CK, ̂  - uns a t ur a t ed nitrile. With chloroacoto- 

nitrile, in which a ^-elimination of hydrogen chloride is 

impossible, 2-thiopyridone reacts to give solely the

S-substituted isomer (47). In the absence of complicating 

side reactions it seems that reaction of halogenated compounds 

with thioamides takes place at sulphur. In the present work 
it will bo shown that the primary step in the reaction of 

bromoketones with thioamides is a reaction at sulphur.

The intermediate salts (1-7)(Plato 2) are ketones 

potentially capable of exhibiting keto-enol tautomerism,

I.E. and N.M.R, spectral studies have shown that these 

salts exist in the solid state in the enol form and in 

trifluoracetic acid solution in the koto form. The 

isomérisation from the enol to the keto form obviously 

takes place in the dissolution process and information 

regarding tho mechanism of this process has also been 

obtained.

The salts (2,7,1,g,c,b) react with alkali to yield 

the corresponding conjugate bases (10-12)(Plato 5).

Structural analysis of these bases (10-12) leads to 

corroborative evidence for the structure of the salts themselves.
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Th© mpf3t important question to be answered concerning 

the structure of the intermediate salts is whether the ketone 

residue attached to the thioamlde residue, by means a 

carbon-nitrüèen or a carbon-sulphur bond. The N.M.B* spectra 
of the salts (1-7) show a singlet resonance due to one 

proton in the range <T 5.62 - 6.16 (Table 1). This proton

is probably attached to carbon. If it wore attached to i

oxygon, nitrogen, or sulphur, rapid exchange with tho solvent 

would be expected and consequently no resonance due to it I

would be observed at all in the N.M.R. spectrum. The compound :
■I
i(3) obtained from N-methylthioacotanilido and 1-bromoindan- .1I2-one gives an N.M.R. spectrum which shows a single peak |

due to a solitary proton at cT 5.87. This N,N-disubstituted |
'ithioamide reacts with the bromo-ketone to yield a salt in 4Iwhich a carbon-sulphur bond has been made, so the proton in
' ‘“Î

‘i ' lquestion must be on carbon or oxygen but certainly not on |

nitrogen or sulphur. The salt has either structure (6A) S

or (SB)(Plate 3). Similarly when 1-bromoindan-2-one
Icondenses with l-methyl-2-thiopyridone, reaction can only 3
3take place at sulphur to yield a salt which has structure 4
/I

(5A) or (5B). Again the N.M.R. spectrum of this salt \
É

exhibits a peak (singlet equivalent to ono proton) at 1
r jd 5.72. Hence salts derived from both acyclic and cyclic j

thioamides give rise to N.M.R. spectra which exhibit \
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resonances in this region and the evidence so xar indicates

reaction at sulphur, the proton in question being attached to a

carbon atom adjacent to the sulphur atom»

Further, albeit necessarily negative evidence against

reaction occurring at nitrogen comes from the I.E. spectra of,

for example, the salts (!)• No absorption is observed in 
“1the 2CC0 cm region where absorption clue to S-H stretching 

would be expected if the salts v/ore either (1A) or (IB)

(Plate 3).

The problem can be resolved unequivocally by considering 

tho isomeric structures A and B of salt(5) and 0 and D of 

salt(9)(Plate 3). Ignoring the resonances due to the 

aromatic protons and the N-mothyl protons and considering 

only the protons attached to tho five-menibered ring, the 

N.M.R. spectrum of A in trifluoroacotic acid would bo expected 

to show a singlet due to the solitary proton , and a singlet 

(or an AB quartet) due to tho methylene protons Hg and 
those of B and D would show only one singlet (or an AB pattern)

due to tho methylene protons. The salt C, if H and are2
equivalent possesses an or if and H are non-equivalent2 ^ o

an ABZ system. The N.M.R. spectrum of salt (9) provides a 

clear oxample of an AB% spectrum. Hence this salt undoubtedly 

exists in the keto form in trifluoracetic acid. The salt 

(8) similarly furnishes the N.M.R. spectrum of au AB% system 
and so also exists in the koto form. Nov; the chonicol shifts
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of the protons adjacont to sulphur in thoso two salts (0)

and (9) aro S 5.0C and S 5.10 respectively, which are 0.73

and 0.62 p.p.m. upfield from the corresponding singlets in

the spectra of salts (2) and (5), These differences ore no

doubt explained by the deshiolding effect of the ring-current

in the six-membered carbocyciic ring in the latter compounds

on the appropriately situated protons. It seems reasonable,

therefore, to conclude that the singlets observed in the

range of S 5*62 - 6.16 in the spectra of compounds (1-7)
are due to protons on carbon adjacent to sulphur. The facts

adduced thus lead to the conclusion that in the salts

examined the ketone and thioamide moieties of the molecules

are bound by a carbon-sulphur bond and that the salts exist

in the keto form in solution in trifluoracotic acid*

It has been established that all the thiolimidate salts

described in this work exist in the keto form in trifluoracetic

acid solution. Systematic recording of the I.R. spectra of the

solids as mulls in nujcl showed the absence of absorption in
-1the carbonyl region. In the 1100 cm region, however, there

was strong absorption, which is attributed to C-C stretching

in euols. Examination of the 0-H stretching region was

carried out on mulls of the solids in hexachlorobutadiene.
-1In the region 2800 • 3400 cm strong, broad absorption was 

observed. However, absorption due to both N-H and C-H



s tre tc h in g  occurs here. Tc demonstrate that s^ne of ihis 

strong absorption was duo, at least in part, to the 0-H 

stretching mode, the spectrum of the compound (3) (Plate 2) was 

recorded. This showed a strong peak at 3186 cm • The 

compound was then recrystallisod in the presence of deuterium

oxide and after careful drying the I.R. spectrum was recorded.
—  1A strong broad peak now appeared at 2410 cm (0-D stretching)

-1and the peak previously at 3196 cm was replaced by one of 

clearly diminished intensity at 3208 cm ^. Those results 

indicate that compound (6 ) exists in the solid state in 

the onolic form. Ail other intermediate salts (1-5,7) give 

similar spectra and so they also exist in the enclic form 

in the solid state.

The thiolimidate salts described in this work oxist 

in the solid state in the enclic form and in trifluciticotic 

acid solution in the keto form. Obviously concomitantly 

with tho dissolution process an isomérisation is occurring 

whose overall effect is tho transfer of a proton from tho 

oxygen atom to carbon with a redistribution of tho bonding 

electrons. Throe reasonable mechanisms for this isomérisation 

can be put forward.

First, a proton is transferred from tho solvent to 

carbon and that proton which was attached to tho oxygon atom 

now passes into the solvent (Scheme 3)(Flate 4). If this
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mechanism operates, exchange should occur in deuterictri- 

fluoracetic acid, and tho peaks in the N.M.R. spectra at 

S 5*62 - 6*16 should disappear.

The ©econd possibility is that the proton is transferred 

intra- or intermolecularly without intervention of the solvent 

(Scheme 4). In this case no exchange should occur in deuteric- 

trifluoracetic acid and the peaks at J 5.62 - 6.16 should still 

foe observable in the N.M.R spectra.

Tho third possibility is that the proton is transferred 

intramolecularly from nitrogen to carbon (Scheme 5). In this 

case exchange with dexiteriotr if luoracetic acid should occur 

only if the nitrogen carrion no proton. If the nitrogen atom 

is bonded to a proton no exchange should occur when the salt 

dissolves in deuteriotrifluoracetic acid. However, the 

proton, once transferred from nitrogen to carbon in the 

isomérisation step, would be replaced on the nitrogen atom 

by a deuteron sc that if the solvent is subsequently removed 

there remains a solid salt (existing in the onolic state) 

which carries predominantly deuterium on the nitrogen atom.

If this third mechanism is correct dissolution of this 

deuteratod solid in trifluoracetic acid should provide an 

N.M.R* spectrum which will show a peak of diminished 

intensity at S 5.62 ~ 6.16 - diminished intensity rather 
than complete disappearance of tho peak since some 

scrambling of the isotopes will occur at the nitrogen atom.
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Te test the relevance of each cf the three possibilities 

the salts v/ere dissolved in deuteriotrifluoraootic acid, and 

the N.M.R* spectra recorded. All the salts examined in which 

the nitrogen atom carries a proton gave spectra which showed 

a resonance at S 5.62 - 6 *1G, while those in which tho 

nitrogen atom is completely substituted (that is carries no 

proton) gave spectra which showed no resonance in this region 

(although in trifluoracetic acid solution such resonances 

were observed). Evidently exchange is taking place in the  

latter cases only. From these results it is inferred that 

mechanism (4) does not operate for salts in which the nitrogen ]

atom is completely substituted. Mechanism (3) must therefore 1

bo operating since in this case mechanism (5) is impossible. j
I

It remains to decide between suggestions (4) and (5) for 

the other salts in which the nitrogen is attached to 
hydrogen•

The solutions in deuteriotrifluosracotic acid were 

evaporated to dryness in vacuo and the residues then 

dissolved in trifluoracetic acid and the N.M.R. spectra again  

roco ided. In each case the peak at S 5.62-0.16 was 

c le a r ly  diminished in in te n s ity  (comparison with various 

parts of the Integrated spectrum). This behaviour strongly 

suggests that mechanism (5) is operating although it does 

not prove it unequivocally, since exchange would still occur
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in the same way if mechanism (4) were operating. But it has 

been shown that mechanism (4) does not operate when tho 

nitrogen atom is fully substituted a.nd so it is reasonable 

to suppose that it does not operate when one of the 

substituents is replaced by a proton.

Implicit in the above arguments is the assumption that 

any equilibrium which exists between the keto and e n d  forms 

favours almost exclusively the koto form and that tho rate 

of conversion from the keto to the e n d  form is very slow, 

otherwise exchange with solvent would be observed. An 

N.M.E* spectrum of the salt (1g) in deuteriotrifluoracetic 

acid solution, recorded four hours after preparation of tho 

solution, showed that nc exchange had occurred. In cue case 

only was exchange observed. The IT.M.R. spectrum cf salt (7) 

in deuterictiifluoracetic acid, recorded ten minutes after 

preparation cf the solution showed two peaks at 5 5.94 and 

5.77, the total integral of which was equivalent to less than 

one proton. After one hour the peaks had disappeared completely. 

Tho chemical shifts of these protons indicate that the salt is 

still existing predominantly in tho keto form although there 

must exist an equilibrium which is rapidly sot up with tho 

onol form to allow for an explanation of the exchange of 

tho proton attached to carbon. In the same spectrum two 

peaks appeared at S 3.15 and 3.01 the sum of whoso integrated
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intensities was equivalent to three protons» An N .M.R» 

spectrum of the salt (7) in trifIticracetic acid showed tho 

same peaks. The ratio of the areas of the peaks at 5,94 

aiid 5*77 was the same as that for tho peaks at 3.15 and 

3.01 (cOo 5:4). The explanation suggested for this typo 

of spectrum is that there exists in solution a niscture of 

two stereoisomers - the stereoisomerism arising from 

fixation of the two structures by intramolecular hydrogen 

bridging. If this is so then the N.M.R, spectrum of the 

base (11) would be expected to show singlet absorption duo 

to the methyl protons and to the solitary proton adjacent 

to sulphur since this hydrogen bridging would no longer 

occur. Such a singlet for the methyl protons is indeed 

observed but since this base exists in tho enol form in 

solution no sharp singlet corresponding to the proton 

adjacent to sulphur is observed. Instead a broad peak 

centred at J 5.07 due to a hydroxyl proton is observed.

Tho N.M.R. spectrum of this base (11) in trifluoracetic 

acid is identical, however, with the spectrum of the salt 

(7).

When the salts (2,7,Ig, c, b) are treated with alkali, 

tho conjugate bases (10*-12)(Plate 5) aro produced. If in 

the condensation of the bromoketono with tho thioamides 

reaction had occurred at sulphur then tho base would be a 

thiolimidate; if at nitrogen tho base would be a thioamide.



Now these bases (10-12) are very easily converted back into 

the salts by treatment with acid* Since thioamides are knov/n 

to be insufficiently basic to form crystalline conjugate 

acids the thiolimidate structure for the bases is immediately 

suggested. In addition, %-thiopyridone is yellow whereas 

the base derived from salt (2) is colourless. Further, 
when salt (la) is treated with triethylamine, sulphur is 

extruded to give the vinylamide (13)(piate 5)o This type of 
elimination of sulphur to yield a vinylamide has a precedent*

For example treatment of the salt (48) with base yields the
5vinylamide (49). Elimination of sulphur in the present 

instance would be very difficult to account for unless in 

the reaction of the bromoketone with the thioamide a 

carbon-sulphur bond had been formed. Otherwise any 

N,N-disubstituted thioamide would be expected to extrude 

sulphur on treatment with base. These observations give 

further weight to the arguments already put forward concerning 

the structures of the thiolimidate salts,

II: The Synthesis and Reactions of Some 4H-Indeno[ 2,1-d]thiazolium
Salts.

Thiolimidate salts structurally analogous to the salts 

(1) have been isolated previously from the reaction of 

thioamides with OJ-haloketones • These salts were subsequently 

cyclised in a variety of ways. In some cases they wore
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17cyclised thermally and in others by the use of cyclising

8agents such as zinc chloride in methanol, concentrated
7 Shydrochloric acid in acetone or sulphuric acid, Attempts

to cyclise the salts (1) under the same conditions failed.

Boiling a solution of salt (ic) with borontrifluoride

methanolate in methanol, or simply boiling a solution in

acetic acid or in acetic anhydride failed to effect

cyclisation, and merely caused extensive decomposition.

However, two methods have been developed by which all

the thiolimidate salts have been cyclised to the 4H-indeno

[2,l>-d] tniazolium salts. The first consists in treating

the salt with slightly more than one molecular equivalent

of thionyl chloride in dimethylformamide at, or below,

room temperature. In this way the salts (*l4)(Plate Q)

were prepared.

The intermediate salts (2,3,4) derived from heterocyclic 

thioamides could not foe cyclisod by this method. To overcome 

this difficulty the second cyclisation procedure was 

developed. In this the salt is boiled with an esccess of 

phosphorus pontachloride in nitromethane for a short time.

An orange colouration developed and in some cases a yellow 

solid was precipitated in the reaction mixture. The salts 

(15-19) were prepared using this method.

Control reactions in the cyclisation of salt (2) 

were carried out using varying molar proportions of

"-1

1



4% .

phosphorus pontachlorido. V/ith tho molar ratio of phosphorus 

pontachloride to salt (2 ) equal to one, incomplete reaction 

occurred. When tho ratio of halide to salt was 2:1, complete 

conversion of starting material took place although some 

decomposition also occurred. Increasing the ratio to 3:1 

gave increased yields and a, much purer product. No improvement 

in yield or purity was obtained by increasing the ratio*

Similar results were obtained when control reactions were 

carried out with the crude bromide (le).

From the limited information available concerning this 

cyclisation procedure, it seems clear that two molar 

proportions of phosphorus pontachloride, or perhaps the 

entity are necessary in the cyclisation stop.

The tetrachlorophosplicniuin cation may be effecting the 

cyclisation. Attempts to isolate tho yellow complex which 

forms in some cases failed since, on being filtered, the 

solid gave off a large amount of hydrogen chloride and 

altered to an oil. That excess of phosphorus pontachloride 

over the two moles required improves the yield and quality 

of the product is probably simply due to tho greater 

concentration increasing the speed of the reaction and 

obviating the necessity for prolonged heating and so 

decreasing the degree of decomposition.

It was found that the salts (1 ,a*-g) which were 
cyclised by thicnyl chloride in dimethylformamide could
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also bo cyclisod by pbosphorus pontachloride in aitromothano.

Generally the yields obtained from tho latter method v/ere

better. The second method was used successfully in cyclising

tho salt (Ih) in high yield where use of the first method

had failed completely.

Reaction of the salt (Ig) with phosphorus pontachloride in

nitromethane did not give the expected 2-t-butyl-4H*“indeno[2,1-d]

thiazole (20) but the forominated product (21). This anomalous

bromination suggests that the bromide ion reacts in the system

to yield a potential source of broraonium ion. Hcv/ is yet a

matter for conjecture although it seems significant that the

salt in this case is the only one in the series v/here the

nitrogen atom is unsubstituted* In all the other cases, where

the nitrogen atom carried a substituent, no such bromination occurred.

Cyclisation of the corresponding chloride, iodide and perchlorate by
16the same procedure gave the simple unsubstituted base (20), 

which was also obtained from the cyclisation of the bromide 

by the first method.

The 4H-indeno[ 2,1-d] thiazolium salts, whose 

syntheses have just been described, are all high melting, 

highly crystalline, colourless solids. The 2-methyl-3-phenyl 

salt is pink. The most likely explanation for this lies in 

the high reactivity of the methyl group, leading to oxidative 

decompo sition•
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The N.M.R. spectra of some of the salts, reveal some

interesting shielding effects (Table 3). Considering salts
2 1 (14 a, c, 1, g) in which ~ 'phenyl and R = hydrogen, phenyl,

methyl and t-foutyl respectively, it is seen that the methylene

protons are progressively shielded as the substituent R
1increases in size. Increase in size of the substituent R 

causes the N*-phenyl group to spend a greater proportion of 

its time in an orientation perpendicular to the molecular 

plane, and consequently to increase the contribution from the 

TT -electron system of the N -phenyl group to the shielding 

of the appositely situated methylene group.
■jConsidering now the salts (14 j, g) in which R = t-butyi 

2and R = hydrogen and phenyl respectively, it is seen that

the protons of the t-butyl group in the 3-phenyl derivative

(14g) come into resonance at 0.24 p.p.m. to higher field

than in the salt (14 j). Again this is readily accounted

for by the shielding effect due to the adjacent H-phenyl group.

Systematic recording of the Ü.V. spectra of the salts

furnished data (Table 7) from which few generalisations

could be made. Differences in the bathochromic shifts

caused in the long-wave transition when a phenyl substituent

is placed in either the 2- or 3- position pose an interesting 
1 2•problem. If R = R = hydrogen, methyl or t-butyl then the

long wavelength transition has X  — 312 mM* If this ismax
1taken as a standard then p-utting R = phenyl causes a red
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oshift of 29 nV-̂, whereas nakinc R ' - phenyl causes a shift

1 2of only 6 dM. When R =; R ̂ = phenyl, a shift of 40 vn[X is

observed. Considering now the salts (15-17) which each

contain an extra cata-condensed ring, for salts (15) and

(17) the absorptions have X. = 341 and 347 resnectivoly,max “ '
the values expected for a phenyl substituent in the 2-position

of the standard* For salt (13),"K = 320 that is very' ^ max '
nearly the same as for a phenyl substituent in the 3-position 

of the standard. For some reason the sulphur atom in the 

outer thlasolium ring in salt (IS) is incapable of inter

acting with the other ring in the same way as the sulphur 
atom in the thia^olinium ring of salt (17). This outer 

thiasoiium ring does not even interact with the rest of 

the system in the same manner as does the pyridiniura ring 

in salt (15).

Since these 4H-indeno[ 2,1-d] thiaaoiiuin salts are 

structurally similar to fluorene compounds the methylene 

group would be expected to be highly acidic especially as 

one of the rings condensed to the five-membered carbocyciic 

ring bears a positive charge. This is the case. The salts 

(14 a, g, 15, 19) condense with p-dimethylaminobeni:aldehyde 

to give the corresponding p-dimethylaminobensylidene 

derivatives as highly coloured crystalline salts (22,24,

25)(Plate 7). These salts are protonated in acid solution
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to give yellow d.ications* The salt (14i) reacted with 

the aldehyde not at the methylene group but at the methyl 

substituent in the thiasolium ring to give a salt (23) 

v/hich was much deeper in colour (violet) than the products 

from the other salts (rod). This v/as confirmed by comparing 

the N.M.E. spectra of the salts (23) and (22b) in trifluoracetic 

acid solution. A peak (equivalent to two protons) was 

observed in the spectrum of salt (23) at S 3.90, No 

analogous resonance was observed in the spectrum of salt 

(22b), Salts (15) and (IS) also react with dimethyl- 

formamide in boiling acetic anhydride solution to give the 

yellow dimethylaminomethyleno derivatives (28) and (27), 

which are important intermediates in the synthesis of 

aldehydes (29a) and (32a)(Plate 0).

Deprotonation of those salts at the acidic methylene

group generates the pseudo-ar.ulenes (50)(Plate C). These

highly coloured compounds, which have only been obtained

in solution, are unstable and the colours of their solutions

alter quickly in air. The visible spectra of these

anhydro-salts in dimethylformamide wore recorded (Table 11)

but there seems to be no obvious correlation between

Xrüax for tho long wavelength transitions and structure.
The peaks in this region were very broad making accuj:ate

measurement of Tv impossible, and no fine structuremax '
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was observed. In these compounds a high charge density 

probably resides in the five-memborod carbocyciic ring 

making this a centre for facile attack by atmospheric 

ozzygen leading to oxidative decomposition. The only 

compound isolated which may contain a pseudo-aaulone 

skeleton is the charge-transfer complex (38) prepared 

from the reaction of 2, 3-dichloro-5:, 6-dicyano-'l ,4-bGnno- 

quinone with the salt (14a). This substance was too 

unstable in solution to allow useful spectral measurements 

to be made though analysis of tho highly crystalline solid 

indicated that it had resulted from a one-to-one addition 

of the salt to the quinone with elimination of hydrogen 

bromide. Ko other complex was obtained from the reaction 

of this quinone with any of the other salts.

By virtue of tho high charge density in the five-membored

ring, attack bj? electrophilic reagents would be expected to

proceed readily. Indeed, when the pseudo-aaulenes (50,
1 t 2R = Bu , R =3 Ph) and (51 ) are generated in situ in 

presence of acetyl chloride, the acetyl compounds (37) and 

(29b) are produced. [The acetyl compound (37) shows the 

same general properties as the compound (29b), although 

from now on attention will bo devoted to compounds derived 

from the two isomeric indenopyridothiasolium anhydro-salts 

(51) and (52)]. The pseudo-a%ulenes are generated in 

solution by conducting the reactions under basic conditions -



for example by using pyridine as solvent, or better, by 

adding triethylanine to a solution of the salt and the 

electrophilic reagent in acetonitrilo#

Thus adding the salt (15) to a mixture of acetyl 

chloride in pyridine yields the acetyl derivative (29b).

The derivative (32b) could not be prepared by this method 

although by adding triethylamine to a solution of the 

salt (19) and acetic anhydride in acetoiiitrile, it v/as 

obtained in high yield# A higher yield of the derivative 

(29b) v/as obtained by employing this latter procedure. 

Similarly by replacing acetic anhydride with methylchloro- 

formate, the isomeric methoxycarbonyl derivatives (20d) 

and (32c) v/ere obtained. Addition of triethylamine to 

a solution of salt (19) and dimethylncetylenedicarfooxylate 

gives the adduct (32d) in high yield. However, reaction of 

salt (15) under tho same conditions affords the adduct 

(23f) in lov/er yield together v/itb other minor products# 

(This reaction will be further discussed at a later stage).

The benzoyl and nitro derivatives (29c) and (29o) 

wore obtained by adding tho salt to mixtures of benzoyl 

chloride in pyridine and totranitroinethano in pyridine. 

These two substances were too insoluble in the coiomon 

organic solvents to obtain useful spectral data and so 

will not be included in the general discussion#
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In all of the reactions involving the addition of

triethylamine to a mixture of the salt and electrophilic

reagent in solution, a large excess of tho base had to be 

utilised to optimise the yield of the desired product. This 

behaviour seems to indicate that the five-member eel ring is 

being attacked not merely by acetic anhydride,say, but by some 

highly reactive intermediate such as the acotyltriethyl- 

anmionium ca tion.

The aldehydes (29a) and (32a) could not bo obtained 

by analogous procedures. Thoy v/ere, however, readily 

obtained by hydrolysis of the dimethy1aminomethy1one salts 

(26) and (27) with dilute alkali.

In these ways a series of isomeric derivatives has been

obtained. Spectral measurements v/ore made on tho four 

derivatives (formyl, acetyl, methoxycarbonyl and 1,2-dimethoxy- 

carfoonylvinyl)of each anhydro-salt (51) and (52).

N.M.R. spectral data (Table 5) obtained in 

deutcriochlorcform confirmed tho gross structure of all 

derivatives of the salt (15). Of the derivatives of the 

salt (19) only the mothoxycarbonyl compound (32c) v/as 

sufficiently soluble in this solvent to give a clear spectrum. 

However a spectrum of the aldehyde (32a) was obtained from a



solution in deuterated diinotliylsulpho:;ide and part of tho 

spectrum of the acotyl derivative (32b) v/as obtainable from 

a solution in methylene chloride. In the spectra of the 

derivatives (29a, b, d) an interesting deshielding effect v/as 

observed* In each ease a. doublet equivalent to one proton 

v/as observed at S 11.47, 11,S3 and 11.23 respectively. This 

very lov/ field signal is due to tho a-proton in the pyridine 
ring.

Since this deshiolding is evidently due to the adjacent 

carbonyl group the molecule must be sufficiently rigid to 

maintain the geometry required. This rigidity may bo achieved 

from one, or a combination of tv/c factors. The carbonyl 

group is highly polarised as measured by its stretching 

frequency (see below). This implies that tho negative 

charge associated with the five-iaomborod ring is being 

delocalisod further into the carbonyl group. As a result 

a partial negative charge rests now upon the oxygen atom 

so that there now exists an electrostatic attraction between 

this negatively charged site and the positively charged 

pyridinium ring* At tho same time due to the délocalisation 

of charge from the ring, tho oxocyclic carbon-carbon bond 

will attain some double bond character - a process which will 

restrict free rotation about this bond and so tend to maintain 
the carbonyl group in a fixed position.
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Whothor the de shielding; of the o^-pyridc proton is due

to ring-ctirrent effects arising iron the dianagnotic anisotropy

of the carbon-o3cygen double bond or to the formation of a

hydrogen bond between the ozcygen atom and tho proton is open

to question* This type of deshieiding arising from similar

geometry occurs in tho cycloponta[clquinoliaine derivative 
9(53), No such deshielding effect was observed in the 

derivatives (32a, b, c).

The colour of these compounds is very dependent

upon tho solvent. The colours range from being violet to

red in non-polar solvents such as cyclohexane to being orange

to yellow in polar solvents such as methanol. In solvents

intermediate in polarity between these two extremes the

compounds show a gradation in colour (Table 10), This

remarkable solvato-chromism has been observed for other types

of compound. For example pyridinium cyclopentadienylide shows

a bathocliromic shift of 71 mfi in changing solvent from
10methanol to n-heptane, and the calicene derivative (64)

shows a similar shift of 41 in going from acetonitrile 
11to cyclohoxane. The interpretation which must be placed

upon this type of behaviour is that the absorption involves 

a transition to an upper state which has a lower dipole 

moment (or even a dipole moment of changed sign; than tho
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12ground state. This implies that tho ground states of 

the ylide and the calicene are highly dipolar. This is 

borne out by the high dipole moments of theso compounds. 

Since all the derivatives in this work show even greater 

bathochromic shifts in the long wavelength absorptions in 

going from methanol to cyclohexano so it must be inferred 

that these compounds are also highly dipolar in nature and 

that canonical structures of the type (29) and (32) must be 

important contributors to the resonance hybrid.

Solvent shifts of a different kind are observed

in the Ï.R. spectra of the derivatives. Tho carbonyl

frequency, for example, of the aldehyde (29a)(Table IS) varies

from 1596 cm in tetrohydrofurnn to 1575 cm in tetra-

nitromethane. This follows the generally expected pattern

for a polarisable double bond, G - X 4---> C( G +) - 6 -)^where
hydrogen bonding solvents tend to decrease the frequency of

tho carbonyl stretching by virtue of weak to moderate

association of the type C O ... H - CClg. Carbonyl
13groups vary in their susceptibility to solvation and 

although it might be expected that the more polarised links 

(that is those with lower frequencies) would be most 

solvent-sensitive, this is not always the case since other 

factors, such as steric hindrance, the presence of



neighbouriiig electronegative and hydrogen bonding

substituents, and Fermi resonance, may complicate the 
situation.

In the present work the shifts from totrahydrofuran

to chloroform for tho ketones (29b) and (32b) are respectively

13 cm and 22 cm , This suggests that lack of steric

hindrance in the second case is responsible for the greater
13shift. Now the corresponding shift for acetophencno,

1a ’normal* aryl ketono is 11 cm , which would seem to 

indicate that the ketones (29b) and (32b) are also both 

more susceptible to solvent shifts by virtue of their 

being more highly polarised. The carbonyl stretching

frequencies for the two ketones (22b) and (32b) in chloroform
~1 -1 are 1562 cm and 1565 cm respectively while that for

acetophencno is 1S83 cm . This dramatic decrease from

tho normal carbcnj^l stretching for an aryl ketone is

indicative of the highly polarised nature of the carbonyl

groups, suggesting that the high density of negative-

charge associated with the five-membored carbocyclic ring

is being dolocalised further into the carbonyl group.

This, as mentioned earlier, would imply considerable

double bond character of tho oxo-cyclic carbon-carbon bond.
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The individual and concerted H«ïvI*Ro. visible and 

I«R., spectral data are thus ail consistent with tho 

derivatives of both the salts (15) and (19) having the 

*internal-ylide* structures (20) and (32) where there is 

considerable charge separation in the ground state and not 

the purely covalent structures (29A) and (32A) which invoke 

valence shell expansion in the sulphur atom*

Protonation studies of all the derivatives showed 

a diversity in the sites of protcnation. The N.M.R. spectra 

of solutions of the esters (29d) and (32c) in trifXuoracetic 

acid showed a sharp singlet at S 5.64 and 5,53 respectively 

and the Ï.ÏI. spectra of their hydroperchlorate salts (31c) 

and (34)(Plate 9) showed strong carbonyl absorption at ca.

1720 cm , indicating that in these cases the site of 

protcnation is tho ring carbon to which the methoxycarbonyl . 

group is attached. The carbonyl stretching frequency is now, 

it will bo noted, normal. However, in the N.M.R. spectra 

of solutions of both aldehydes (2Ca) and (32a) in trifluor- 

acetic acid, sharp singlets consistent with ring protcnation 

are completely lacking, and in the I,R. spectra of their 

hydroperchlorate salts no carbonyl absorptions are observed. 

There is, however, broad absorption duo to 0-H stretching.
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Thus both aldehydes axe prct''rated vu oxygen give the 

corresponding hydroxymethyleno salts (SO) and (33a).

Similar analysis shows that the ketone (32b) is protonated 

on oxygen while the ketone (20fo) is protcnated on the ring 

carbon. Although the cliesters (2Gf) and (32:1) arc both 

protonated on carbon, the sites differ. The diester (2Sf) 

gives rise to a vinyl derivative (31:1) and the diestor (32cl) 

to an ethylidene derivative (35).

The fact that both esters (29d) and (32c) aro protonated 

on the ring carbon may bo explained by the instability of o 

methoxy, hydroxymethylene grouping. The position of 

protcnation of all other derivatives is explicable on steric 

grounds. All other derivatives of the salt (19) givo rise to 

salts in which there exists an exocyclic double bond. The 

geometry of the ring system is here favourable for the

planar array of substituents which such a structure requires. P
■ %

However, with the derivatives of salt (15), co-planarity in

such structures is prevented by interference with the 

adjacent CK-pyrido proton and the 9~proton in tho benzene 

ring, except in the hydrcxymethylene derivative (30). 

Noteworthy is the appearance of two peaks in the methyl 

region of the N.M.R. spectrum of the acetyl compound (32b) 

in trifluoracetic acid. The total area of these two peaks 

is equivalent to throe protons, A spectrum of the acetyl 

compound itself in methylene chloride shows one peak only



in this region. The behaviour in acid solution must foe clue 

to the existence of two geometrical isomers (33b1) and (33b2).

The Ü.V. spectra of the derivatives in acid solution 

(Table 9) give confirmatory evidence on the site of protcnation 

for those compounds which are protcnated on the ring carbon.

In these cases the U.V. spectra of the protonated species are 

very similar to these of the corresponding parent salts.

It has already been stated that the salt (19) 

reacts with dimethylacetyleiiedicarboxylate in presence of 

triethylamine to give the diester (32d) in high yield*

However, under the same conditions, the salt (15) reacts 

to give the simple adduct (29f) in lower yield together with 

a minor product which contains a lower percentage of hydrogen.

of this minor product as structure (3ôa)(Plate 0). When the 

diester (29f) is heated in boiling nitrobenzene the product 

(33a) was obtained in 48% yield* Variations in the conditions 

of the cyclisation failed to increase the yield. A pure 

sample oi compound (33a) after being heated in coiling nitro

benzene for ten minutes was recovered in 98% yield. It 

appears, therefore, that the diester (29f) cyclises to a 

dihydro compound which then disprcpcrtionatos to give the 

thiacyclaoine (33a) and a tetrahydro derivative which

This low hydrogen content is consistent with the formulation 4
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decomposes to unidentified products under tho conditions of 

the reaction. This would explain the low yield of the 

thiacyclazine in spito of its stability under the conditions 

employed,

Attempts to degrade the diester to indeno[1,2,3-b,c]-l- 

thiacycl[2,3,3] azine (36b)(Plnte 8) by hydrolysis and decarboxylation 

failed. However, reaction of the dimethylaminomothylene salt 

(20) with potassium t-butoxide yielded the unsubstituted 

base (38b). The intermediate salt (28) could not be 

prepared in a pure state since even on prolonged reaction time 

it was contaminated with the starting salt (18) (plate 3) steric 

inhibition by the adjacent methyl group no doubt being 

responsible. This same steric hindrance may also account 

for the low yield obtained in the cyclisation of the salt (7).

The diester (36a) and the compound (38b) have similar 

U.V, spectral properties (Table 9). The unsubstituted 

compound (38b) is the more basic, being protonated in a 

1% solution of perchloric acid in methanol while the former 

is not. These compounds are of interest since they are
•j ^thia-analogues of cycl[ 3,3,3| aaine (55), " a derivative (5G)

1 5of which has been prepared. The compound (36b) is in 

fact merely the ring homologue of the ring system contained 

in compound (53), a sulphur atom replacing a carbon-carbon 

double bond. It is interesting in this connection to
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note that the compounds (36) and (66) hath foru deep green 
solutions* This may suggest that in this thia-cyclazine 

derivative (33) the sulphur atom is not taking part in any 

unusual bonding.
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EXPERIMENTAL

I; Materials and Procedures

Melting points were determined on a Kof1er hot-stage 

apparatus and are corrected.
Ultraviolet and visible spectra were measured with a 

Unlearn S.P. 700 spectrophotometer. Light absorption data 

refer to solutions in methanol, unless otherwise stated*

Proton magnetic resonance spectra were measured at ca.

34^ with a Perkin-Elmer E.IO spectrometer operating at
-1 -2 60 Me. sec* at a sweep rate of 1*6 c.sec* and sweep

width of 600 c.sec*  ̂* Chemical shifts (cf ) are given in

p.p.m. downfield from tetramethylsilane as internal reference.

Solutions in deuteriochloroform were 0.4 M; those in

trifluoroacetic acid 0.5 M unless these concentrations could

not be achieved when saturated solutions were used. In

thin-layer chromatography, compounds were spotted on *Silica

gel G* plates, eluted with the solvent stated and developed

in iodine vapour unless otherwise stated.

In column chromatography, unless stated otherwise, the

alumina was Spence Type "U"; the silica was Whatman 'Chromedia*

8*0.31.
Acetic acid, acetic anhydride, ethanol and methanol were 

all redistilled commercial material.
Acetonitrile was boiled under reflux, for 10 min, over
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sodium hydride (dispersion 1.:. oil, 2 g* per litre), distilled, 

boiled under reflux for a further 10 min. over phosphorus 

peircoxide, distilled and then redistilled*

Benzene, toluene, xylene, cyclohexane and light 

petroleum were boiled over sodium for 0*5 hr,, and then distilled.

Bromine was dried over concentrated sulphuric acid and 

then distilled.

Carbon tetrachloride was boiled under reflux for 0.5 hr. 

over phosphorus pentoxide, distilled and then redistilled#

Chloroform and methylene chloride were boiled for 0.5 hr, 

over phosphorus peutoxide, distilled and passed through a 

dry-packed column of alumina just before use.

Biethyl ether was allowed to stand over calcium chloride 

for 48 hr., filtered, boiled over sodium for 0.5 hr-, and 

then distilled.

Bimethylformamide was ellowoi to stand for 3 days over 

powdered calcium hydride and then distilled at 0,1 mm.

Ethyl acetate was allowed to stand 12 hr, over onhydrous 

potassium carbonate, filtered and then distilled,

Nitromethane was distilled and then passed through a 

dry-packed column of alumina.

3?yridine was allowed to stand over potassium hydroxide 

pellets and then distilled,

Thionyl chloride was boiled under reflux for 1 hr, in 

presence of red phosphorus, distilled and then redistilled,

4



Potassixîm t-butoxide wao sublimed at 180^/0,05 ami. 

before use,

II; Modified preparation of 1-Sromoindan-8-one
The following modification of the procedure of Creeth 

and T h o r p e g i v e s  reproducible results. Bromine (10.96 ml.,

0.2 mole) in benzene (60 ml.) was added during 7 min, to a 

vigorously stirred solution of dry indan-2-one (26.4 g.,

0.2 mole) in benzene (400 ml.) containing powdered sodium 

hydrogen carbonate (20 g.) and sodium sulphate (lOg.) 

in suspension. When about 75% of the bromine had been added 

the mixture effervesced violently and the colour of the 

solution was discharged. After the addition was complete 

the orange-brown solution was stirred for 1 hr. The pale 

yellow solution was filtered through a bed of powdered 

sodium hydrogen carbonate before being evaporated. Re- 

crystallisation of tho residual solid from methanol (35 ml.) 

gave 1-bromoindan-2-one (34 g., 00%) as large colourless 

crystals, m.p. 86-87.5 (lit., 91 

Ill; Preparation of Thioamides.

(1) Thioformanilide. The method of Hoffman was nodicied 

as follows. Phosphorus pentasulphide (30 g.) was added 

during 30 min.to a vigorously stirred solution of formanilide 

(50 g.) in benzene(250 ml.) at 50^. The mixture was stirred ~i

at 50^ for a further 2 hr. Part of the product crystallised
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and was filtered off without disturbing the sticky mass of 

inorganiv residues which was then washed with benzene« The 

benzene solution and the residues were extracted exhaustively 

with 2M-sodium hydroxide solution separately* Acidification 

of the combined alkaline extracts with concentrated hydrochloric 

acid gave the crude thioamide. Recrystallisation of the 

combined crops from ethanol (charcoal) gave thioformanilide 

(10.89 g.). The mother-liquids, diluted with 5-6 volumes 

of water# afforded a further crop (7.47 g.) of the thioamide* 

bringing the total yield to 18.36 g. (32%), m»pj 136-138°.

(ii) Trlmethylthioacetanilide. Phosphorus pontasulphide 

(22,2 gfc, 0.1 mole) was added during 30 min. to a rapidly 

stirred, boiling solution of trimethylacetanilide (35,4 g,,

0.2 mole) in toluene (300 ml.) containing kieselguhr (5 g , ) 

in suspension. The orange mixture was boiled for 1 hr., then 

filtered v/hile hot through a layer of kieselguhr. The residue 

was washed with a little boiling benzene, and the combined 

filtrates were evaporated. The residual solid, crystallised 

from hexane (150 ml.) (charcoal),gave trimethylthioacetanilide 

(25,5 g,, 63%), m.p. 88-89,5° (Pound; 0,68.6; H,7.3,

requires 0,68.3; K,7,8%).

(iii) N-Methyltrimethylthioacetamide. The procedure was 

identical with the preceding one, with N-methyltrimetliyl- 

acetamide (23 g., 0.2 mole) in place of trimethylacetanilide.
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Distillation of the crude product gave N-methy:̂ . Sir3riothyIthio- 

acetainide (21.02 g., 81%) a.s a colourless oil, b.p. ô4-68°/1 mm., 

which solidified to plates, m.p. 32,5-33.5° (Founds C, 55.1; 

11,10.5. 3^^ requires C,o4«9; H,10.0%»).
(iv) Trimethylthioacetamide. Phosphorus pentasulphide 

(55.5 g., 0.25 mole) was added during 30 min. to a rapidly 

stirred, boiling solution of trimethylacetamide (51 g., 0.5 mole) 

in pyridine (750 ml.) containing kieselguhr (6 g.) in suspension. 

After addition was complete the mixture was boiled for 30 min., 

cooled, and filtered through a layer of kieselguhr. Removal

of solvent yielded a brown oil which crystallised, and was 

leached with ether. The extracts were separated from an 

insoluble yellow oil by filtration through kieselguhr.

Evaporation of the solvent gave triraethylthioacotanide 

(23.3 g., 40%) which recrystallised from benzene as colourless 

rods, m.p. 114.5 - 116° (Found: 0,51.2; H,9.4, requires

0,51.3; H,9.5%).
20(v) 0-Methylpyrld-2-thione » S~Methylpyrid-2~one 

(10.90 g., 0.1 mole) and phosphorus pentasulphide (10.9 g.) 

were ground finely together and the mixture heated for 4 hr. 

at 160°. After cooling^ the glassy residue was treated with 

water (50 ml.) and sodiuii carbonate until the pH of the resulting 

solution reached 7 -* 8. The solution %%s extracted with warm 

chloroform and the dried (Ha SO ) extracts after treatment

with charcoal yielded a pale yellow solution which on
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evaporation gave a bright yellow crystalline residue» This was 

recrystallised from acetonitrile (35 ml.) to give 

6-methylpyrid-2~thione (8.23 g») as yellow plates. Concentration 

of the raother-liquors yielded a further 1.05 g. bringing the 

total yield to 10.28 g. (82%). This product sublimes )> 120° 

(Found; 0,57.4; H,5.7. C 11^8 requires 0,57.6; H, 5.7%).

IV; The condensation of 1-Bs*omo in dan-2-one with Thioamides ,

(!) With Thioformanilide; A solution of 1-bromoindan-2-one 

(21.1 g., 100 m.mole) in chloroform (150 ml.) vms added to a 

solution of thioformanilide (13,7 g., 100 m. mole) in 

chloroform (200 ml.) and left overnight during which time 

an orange crystalline solid separated. Recrystallisation of 

the solid from methanol yielded 3-phenyl~4H-indeno[2,1-d] thia- 
zolium bromide (14a)(15.0 g.) as colourless prisms, decomposing 

slowly 150°. (Found: C,57.1; H,4.2; N,4.0; 8,9.0.

O^gH^gBrNS requires C,58.3; H,3*7; H,4.3; 8,9.7%).

Addition of ether to the mother-liquors yielded a 

further 3,7 g., bringing the total yield to 10.7 g,

(56%). Perchloric acid (0.21 ml., 2.5 m.mole) was added 

to a suspension of the bromide (330 mg., 1 m.mole) in 

acetonitrile (10 ml.). Addition of ether to the resulting 

solution caused deposition of 3-phenyl~4H-indeno[2,l~dl - 

thiaaolium perchlorate (14b) (319 mg., 90%), recrystallised 

from acetonitrile as colourless prisms, m.p. 202-214°

(Found: C,55.1; H,3.5. „C1N0 S requires 0,55.0;i o 1 2  4

H,3.5%).
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(ii) With Thiobenaanilide; A solution of 1-bromoindan- 

2~one (10.55 g., 50 m.mole) in acetonitrile (35 mi.) was 

added to a solution of thiobenzanilide (10.65 g., 50 m.mole) 

in acetonitrile (30 ml.)* After 5 min. the yellow solution 

became orange and a solid began to separate. This was 

filtered off, washed with a little acetonitrile then ether 

to give crude product (18.51 g., 87%), Recrystallisation 

from methanol (charcoal) (addition of ether) gave

1,2-dihydro-2-oxoinden-1-yl H-phenylthiolbeiiKimidate 

hydrobromide (la)(12.2G g., 50%) as pale yellow prisms 

which become yellow on exposure to light, m.p, 155-158° 

(block preheated to 145°) (Found: C ,61 *8 ; H ,4,3 ; H ,3.6 ;

S, 0,0. Bi'NOS requires 0,02.3; H,4.3; N,3.3;

8,7,6%).
(iii) W ith N-Methylthiobennamide. 1-Bromoindan-2-one 

(4.22 g», 20 m.moles) and N-methyl-thiobenzamido (3,02 g,,

20 m.moles) were dissolved together in benzene (80 ml.) 

and the solution left overnight. The supernatant liquid 

v/as then decanted from the oily product, which was washed 

with benzene. The benzene washings wele decanted and 

residual solvent was removed at reduced pressure. The 

residual oil was dissolved in ethanol (5 ml.) and 60% 

perchloric acid (2*16 ml.) was added, followed by ether 

(10 ml.) when a crystalline solid separated. The total 

yield from five such experiments was 5.40 g. Addition of
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excess ether to the combined mother liquors yielded a 

further 2.80 g. product, contaminated with méthylammonium 

perchlorate (shown to be present by T.L.C.). The combined 

crops were dissolved in acetonitrile (60 ml.) and freed 

from the latter impurity by filtering through a column 

(7,5 X 2,8 cm.) of silica. Removal of solvent from the 

eluate (500 ml,) gave a crystalline residue which on 

recrystallisation from acetonitrile (30 ml.) yielded

1,2-dihydro-2-oxoinden-1~yl N-methylthiolbensimidate 

hydroperchlorate (1b) (5.9 g,, 16%) as colourless plates 

which decompose gradually >  180° (Found: C,53.3; H,4.5;

N,3.7, C^^H^gClNOgS requires C,53.5; H,4.2; H,3.7%).

(iv) With Trimethylthioacetanilide. 1-broraoindan-2-one 
(10.55 g., 50 m.moles) and trimethylthioacetanilide 

(9.65 g., 50 m.moles) were dissolved together in acetonitrile 

(40 ml.). The yellow solution became hot and after 5 min* 

became opaque, a yellow precipitate being formed in suspension. 

A crystalline solid then began to separate slowly. This 

was filtered off after 12 hr. and washed with a little 

acetonitrile to give almost colourless crystals (15.74 g.) 

Treatment of the mother liquors with ether (25 ml.) gave 

a further 1.10 g. The total crude material v/as 

recrystallised from acetonitrile (40 ml.) (charcoal) 

to yield 1,2-dihydro-2-oxoinden-l-yl N-phenyltrimethylthio- 

acetimidate hydrobromide (1c) (13.3 g., 66%) as colourless
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plates which decompose gradually ^ 125° (Found; C,50#S; 

H,5a8. requires C ,59.4; H ,5.5%)* A solution

of the bromide (404 mg., 1 m.mole) in acetonitrile (5 ml.), 

after treatment with perchloric acid (0.21 ml., 2,5 m.moles) 

and ether, gave 1,2“dihydro>-2-oxoinden-l-yl N-phenyl- 

trimethylthiolacetimidate hydroperchlomto (Id) (270 mg.,

64%) which recrystallised from acetonitrile (addition of 

ether) as colourless prisms, m.p. 161-166° (decomp.)

(Found; 0,56.5; H,5.2. C^_H„^C1H0^S requires 0,56.7;

8,5.2%).

(v) With N~Methyltrimethylthioacetamide. All attempts 
to isolate a crystalline product, either as the bromide (1e) 

or as the perchlorate (If), from this reaction failed. 

Various solvent systems were used and it was observed that 

the more polar the solvent the more methyl ammonium bromide 

was produced (T.L.C.)* When conducted in cyclohexane the 

reaction yielded a crystalline product which on exposure

to air reverted to an oil. This oil could not be 

converted into a crystalline iierchlorate. (See page 81).

(vi) With Trimethylthioacetamide * A solution of

l-bromoindan-2-one (10,55 g., 50 m.moles) in ether (200 ml,) 

was added to one of trimethylacetamide (5.85 g., 50 m.moles) 

in ether (100 ml.). The product began to separate at once. 

This was filtered off (15.64 g., 95%) and recrystallised 

from acetonitrile to give 1,2“dihydro-2-oxoinden-1-yl -
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trimethyltliiolaceti-midate hydrobromide (1g) as colourless 

prisms, m.p. 209-209.5° (decomp» ^  '190°) (Found: 0,51.4;

H , 5.6. ^ ^ B r N C S  requires 0,51.2; H,5.5%).

(vii) With Thioacetanilide. l-Bromoindan-2-one

(5.03 g., 25 m.moles) and tliioacetanilide (3.70 g., 25 m.moles) 

were dissolved together in acetonitrile (20 ml.). Tho 

crystalline product which separated was filtered off after 

3 hr., washed with ether, and recrystallised from a mixture 

of acetonitrile (100 ml.) and ethyl acetate (300 ml.) to 
give 1 ,2-dihydro-2-oxoiiiden-'l-yl N-pheny 1 thiol a cet imi date 

hydrobromide (lb) (4.58 g., 51%) as colourless needles which 

decompose gradually ^  126° (Found; C,55.5j 8,3.6.

7 -̂j requires C , 56 .4 ; H, 4. 5%). The bromide (362 mg.,
1 m.mole) was dissolved in hot methanol (5 ml.) and 

treated with perchloric acid (0.21 ml., 2.5 m.moles).

Cooling and addition of ether gave 1,2-dihydro-2-oxoinden-

1-yl N-phenylthiolacetimidate hydroperchlorate (11)

(310 mg., 01%). This was recrystallised from methanol

(addition of ether) as colourless prisms which decompose

>155°. (Found: 0,53.9; 8,4.2. G.„H_.C1N0^S requires
'  1 /  1 o o

0,53.5; 8,4,2%).

(viii) With 2-Thiopyridone» A solution of 1-bromoindan-

2-one (10,55 g., 50 m.moles) in acetonitrile (25 ml.) was 

added to one of 2-thiopyridone (5.55 g., 50 m.mole) in 

acetonitrile (75 ml.)* Colourless crystals began to separate
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addition of ether (100 ml*). The crude product (15.54 g.,

97%) v/as filtered off and recrystallised from a mixture of 

methanol (40 ml.) and ethyl acetate (25 ml.) to give 2-(1,2~ 

dihydrO“2~oxoinden~1-ylthio)pyridinium bromide (2) as colourless 

prisms m.p. 183-108° (decomp. >160°) (Found: C,52.1; H,3.7.

.8^^BrNOS requires C ,52.2; 8,8.0%).
(ix) With Thiazol-2-tliione. A solution of l-bromoindan-2-

one (2.11 g., 10 m.moles) in acetonitrile (30 ml.) v/as added
2.1to one of thlaaol-2-thione (1.17 g., 10 m.moles) in 

acotonitiile (20 ml.). An immediate white crystalline 

precipitate was produced. This was filtered off after 1 hr. 

to give 2-(1,2-dihydro-2-o%oinden-1-ylthio)thiazolium bromide 

(3) (3.25 go, 99%) which recrystallised from methanol 

(addition of ether) as colourless prisms which decompose 

slowly > 140° (block preheated to 135°). These colourless 

prisms were shown by N.M.R. to be a solvate of the bromide 

with methanol in the ratio 3:1. Recrystallisation from 

ethanol gave a similar solvate (3g1) (Found: C,44.1;

H,3#4). 3C^_H_^BrN08_.CH_0H requires C,43.7; H,3,4%).

(%) With Thiazo11ne-2-thione. A solution of

1-bromoindan~2-one (10.55 g., 50 m.moles) in methylene ' 

chloride ( 30 ml.), was added to one of thiazolins- 2- 

thione (5.95 g ., 50 m «moles) in warm methylene chloride 

(120 ml.). The solution boiled spontaneously for several
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minutes while a white solid separated. This was filtered off 

after 2 hr. to give 2-(1 ,2-dihydxo-2-'Oxoinden-1--ylthio)“4 ,5- 

dihydrothiazoliiun bromide (4a.) (13,4‘îg., 99%) as colourless 

needles which decompose >132°. This material is almost 

insoluble in the common organic solvents and v/as analysed 

without recrystallisation (Found: C, 43.0; H,3.Q.

IL,̂ BrNOS^ requires C,43.3; 8,8*7%). Perchloric acid 

(0.21 ml., 2.5 m,moles) was added to a suspension of 

the bromide (330 mg,, 1 m.mole) in methanol (5 ml.).

The resulting solution on treatment with ether yielded 

2- (1 ,2--dihydro-2*~oxoinden-1 -ylthio)-4,5-dihydrothiazolium 

perchlorate (4b) (210 mg., G0%) which recrytsallisod 

from acetonitrile (addition of ether) as colourless 

granular prisms, m.p. 160-174°(decomp,)(Found; C,41.2;

H,3.4. C._H_C1N0_S^ requires 0,41.2; 8,3.5%).

(zi) With 1-Methyl-2-thiopyridone. 1-Bromoindan-

2-one (2.11 g., 10 m.moles) and 1-methyl-2-thiopyridone 

(1.25 g ,, 10 m.moles) were dissolved together in warm 

acetonitrile (15 ml.). A pale yellow solid began to 

separate after several minutes and ether was added after 

3 hr* to complete the precipitation. Addition of perchloric 

acid (1.60 ml., 20 m.moles) to a solution of this solid in 

methanol (15 ml.) gave an Immediate precipitate of 1-methyl-

2-(1,2-dihydro-2-oxoinden-l-ylthio)pyridinium bromide (5) 

(2,95 g,, 79%), recrystallised from acetonitrile (addition 

of ether) as pale yellow prisms v/hich decompose > 140°
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oand melt at 154-lSO (Pound: C,50.G; B,3.9. C! =H_.C1NC)81 5 14 b
requires C,50«6; H,4.0%).

(xii) With H-Methylthioacetanilide^ Addition of ether to
a solution of 1-foromoinclan-2-one (2.11 g«, 10 m.moles) and

22N-methylthioacetanilide (1.65 g., 10 m.moles) in

methylene chloride (20ml.) which had been left overnight

precipitated a dark brown oil. The ether layer was

decanted and the oily residue dissolved in acetonitrile

(5 ml.) and treated with perchloric acid (1.60 ml., 20 m.moles).

Addition of ether precipitated an oil from which crystals

slowly formed. The crude product (1.39 g., 35%) was recrystallised

from a mixture of acetonitrile (5 ml.) and ethyl acetate

(75 ml.) to give 1,2-dihydro-2-oxoinden-l“yl N-methyl

H-phenylthiolacetimidate perchlorate (6) (0.50 g., 15%)

as colourless needles m.p. 155-160° (decomp.) (Found:

C,54.4; H,4.0. ^CINO^O requires 0,54.6, H,4.6%).
Deuteration of the salt (6). The salt (6)

(200 mg., 0.5 m.mole) was dissolved in warm acetonitrile 

(1*5 ml.) and deuterium oxide (0.1 ml., 5 m.moles) was 

added, followed by ethyl acetate (CO ml.) and ether (50 ml.).

Very slow crystallisation took place and after 0 hr* a 

crop of pale pink prisms (133 mg., 66%) was filtered off.

These had the same m.p. as the protiated material.

(xiii) With 6-Methyl-2-tliiopyridone. A solution of

1-bromoindan-2-one (10.55 g,, 50 m.moles) in acetonitrile
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(20 ml.) was added to a suspension of 6-methyl-2*-thio- 

pyridone (6.25 g*, 50 m.moles) in acetonitrile (30 ml.).

The resulting yellow solution slowly became brown as a 

crystalline material was deposited* The crude product 

(16.61 g,, 99%), filtered off after 4 hr*, was recrystallised 

from methanol (addition of ether) to give 0-methyl~2- 

(1,2*-dihydrO“2“OXoinden-1 -yIthio)pyridinium bromide (7)

(13,47 g*, 81%). A sample recrystallised from methanol 

(addition of ethyl acetate) as colourless plates decomposed 

^ 130° (Found: 0,53.5; H ,4.2; 8,9*7. ^BrNOS requires

0,53.6; 8,4.2; 8,9.5%).

V , The Condensation of 2-Bromoindan~l-one with Thioamides.
23(i) With 2-Tliiopyridone » A solution of 2-bromoindan-l-one 

(2.11 g., 10 m.moles) in acetonitrile (10 ml*) was added to a 

v/arm solution of 2-thiopyridone (1.11 g., 10 m,males) 

in acetonitrile (15 ml.). A crystalline precipitate 

quickly began to separate and the mixture was left overnight 

before filtering off the product (2.50 g.). Treatment 

of the mother-liquors with ether yielded a further crop 

(0.19 g.), bringing the total yield to 2.69 g. (84%). 

Rocrystallisation from methanol (addition of ethyl acetate) 

gave 2-(1,2-dihydi'o-l-oxoind0n-2-ylthio)pyridinium bromide 

(8) as colourless granular prisms, m.p. 155-160°(decomp.)

(Found; 0,52.1 ; H|5.8 . C^^H^^BrNOS requires 0,52.2;

H,3.8 %).



(ii) With 1 -Methyl-2-thiopyridciie« 2-Bromoindan-l-ono 

(2. 11 g., 10 m.moles) and 1-metIiyl-2-thiopyridone were 

dissolved together in warm acetonitrile (15 ml.). A pale 

yellow solid began to separate after several minutes and 

ether was added after 3 hr. to complete the precipitation. 

Addition of perchloric acid (1.00 ml., 20 m.moles) to a 

solution of this solid in methanol (15 ml.) gave an 

immediate precipitate of 1-methyl-2-(1,2-dihydro-l-oxoinden-

2-ylthio)pyridinium perchlorate (9)(3.07 g., 07%), 

recrystallised from acetonitrile (addition of ether) as 

colourless prisms, m.p* 156-150° (Found; C, 50.3; 8,4.0. 

C^gH.^^C31T0gS requires 0,50.3; 11,4.0%).

VI: The Reaction of Some 1,2-Dih5^dx*o-2-oxoinden-l-ylthiol- 

imidate Salts with Bases.

(i) Reaction of the salt (2) with sodium hydrogen 

carbonate. The bromide (2) (3.22 g., 10 m.moles) was 

added to a cold saturated solution of sodium hydrogen 

carbc ate and the resulting mixture extracted with ether 

(4 z 150 ml.). The combined extracts were washed once with 

water and dried (Na 80 ). The pale yellow solution was 

evaporated to a volume of ca. 40 ml., when pale pink 

granular prisms began to separate. The product (2.10 g., 

88%) was recrystallised from ether to give 2-(1,2-dihydro- 

2“Oxoindeii-1~yl-thio)pyridin0 (10) m.p. 94-97° (Found: 

0,39.4; 8,4,9. requires 0,03.7; H,4.G%).
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(ii) Reaction of the salt (2) with triethylamine . Triethylamine 
(2.70 ml., 20 m.moles) v/as added to a suspension of the bromide

(2) (3.22 g., 10 m.mole) in benzene (100 ml.) and the mixture 

shaken mechanically for 1 hr. Triethylammonium bromide 

(1.02 g», 99%) was filtered from the pale yellow solution.

Removal of solvent gave a dark green semi-solid residue which 

on recrystallisation from ether gave an impure product 
(1.82 g., 75%) m.p. 84-89°. Tv/o further recrystallisations 

from ether yielded material which v/as identical with the 

product of the previous reaction.

(iii) Reaction of the salt (7) with sodium hydrogen 

carbonate » Exactly the same procedure as in experiment 

(VI, 1) v/as used. The yield of crude 8-methyl-2-(l,2- 

dihydro>-2-oxoinden-1-ylthio)pyridine (II) was 2.10 g. (82%) 

and the recrystallised material melted at 143-143° (decomp.)

(Found: 0,71.0; H,4.8; 8,12.6. 0 gN08 requires 0,70.6;

H,5.1; 8,12.6%).

(iv) Reaction of the salt (1 g.) with triethylamine. 

Triethylamine (2.78 ml., 20 m.moles) was added to a 

suspension of the bromide (1 g.) (3.28 g., 10 m.moles) in 

benzene (100 ml.) and the mixture shaken mechanically for

1 hr. Triethylammonium bromide (1.80 g., 99%) was filtered 

off and solvent removed from the filtrate to give a brown 

oil which crystallised on trituration. Recrystallisation
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from cyclohexane (10 ml,) by displacement of methylene 
chloride gave 1,2~dihydro--2-oxoinden-l“yl trimethylthiol-- 

acGtimidote (12a) (2,02 g,, 82%) as pale brown prisms 

m«p. 101-102^. Recrystallisation from cyclohezane (8 ml,) 

(charcoal) gave the product (1,77 g., 72%) as colourless 

granular prisms in,p. 102-103^ (Found: 0,68,3; H,S,7, 

requires 0,68,0; H,6.9%).

(v) Reaction of the salt (Ic) with triethylamine«
Triethylamine (1.39 ml., 10 m,moles) in benzene (16 ml.) 

was added to a stirred suspension of the bromide (Ic)

(2.02 g., 5 m.moles) in benzene (50 ml.) in an atmosphere 

of nitrogen. Stirring was continued for 1 hr. during 

which time the solution became dark green. Triethylanmionium 

bromide (0.67 g., 96%) was filtered off and solvent removed 

from the filtrate. The dark green residue was recrystallised 

from cyclohexane (10 ml.) to yield crude product (0,46 g ., 

28%) m,p. 115-116*.
Recrystallisation from cyclohexane gave 1,2-dihydro-

2-oKoinden -l-yl IT-phenyltrimethylthiolacetimidate (12b) 

as colourless plates, m.p, 120.5-122* (Found; C,74.1;

H,6.0. Cg H N08 requires 0,74.3; H,6.5%).

Alumina (15 g.) was added to a solution of the base 

(12b) (0.32 g., 1 m.mole) in benzene (25 ml.). The mixture 

was swirled occasionally during 10 min. and then filtered.

The residual alumina was washed with more benzene (25 ml.)
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and the washings combined with the initial filtrate. The 

residue after removal of solvent was recrystallised from 

cyclohexane. The mother-liquors were evaporated to dryness 

and the residue recrystallised from light petroleum. The 

total yield of trimethylacotanilide was 71 mg., m.p. 131,5- 

134*. The residual alumina was now washed with acetone. 

Removal of solvent from the resulting acetone solution 

yielded a further crop of crude trimethylacetanilide (47 mg.) 

m.p. 180,5 - 132.5*, bringing the total yield of trimethyl

acetanilide to 118 mg. (07%),

The residues obtained from evaporation of the light 

petroleum and the acetone solutions both gave a positive 

Lassaigne test for sulphur but neither gave a positive 

test for thiol with alkaline nitroprusside solution.

Hydrogen bromide (0.5 ml, of a 45% solution in acetic 

acid) in ethanol (2 ml.) was added to a solution of the 

base (12fo)(0.32 g., 1 ra. mole) in ethanol (2 mis.).

Addition of ether precipitated a salt (0.3B3 g., 97%) ;

identical with the bromide (1c).

(vi) Reaction of the salt (la) with triethylamine, 

Triethylamine (5,53 ml., 40 m.moles) in benzene (5C ml.) 

was added to a stirred suspension of the bromide (8.12 g ,,

20 m.moles) in benzene (200 ml.). Stirring was continued 

for 1 hr. before filtering off triethylamraonium bromide 

(3.38 g., 93%). The residue after removal of solvent



was dissolved in methylene chloride and filtered rapidly 

through a column (3,4 x 20 cm.) of alumina. The residue 

obtained on removal of solvent was dissolved in benzene 

and chromatographed on a column of alumina (4.8 x 20 cm.), 
using benzene as the eluent • A first fraction (300 ml.) 

contained some red oil and elemental sulphur, which was 

recrystallised from a mixture of methylene chloride and 

methanol (107 mg*, 17%) m.p. 112-113*. The second fraction 

(2000 ml.) was bright yellow. The crystalline residue 

left after removal of solvent was recrystallisod from 

methanol by displacement of methylene chloride to give 

1 • '(phenylanilinomothylene)indan“2~one (13) (3.29 g.,

53%) as yellow prisms, m.p. 195-199* (Found: C,04.9;

H,5.5; N,4.5: by mass spectrometry. requires

0,84.9; H,5.5; N,4.5%).

(vii) Reaction of the salt (lb) with triethylamine. 

Triethylamine (0.56 ml., 4 m.moles) in benzene (15 ml.) 

was added to a stirred suspension of the perchlorate (lb)

(0.76 g., 2 m.moles) in benzene (40 ml.) under an 

atmosphere of nitrogen. Stirring was continued for 1 hr, 

during which time the solution became red. Kieselguhr 

(0.6 g.) was added to coagulate the oil of triethylammonium 

perchlorate which formed and the mixture was then filtered. 

Removal of solvent yielded a brown oil wnich was recrystallised
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from cyclohexane to give 1,2-dihydro-2-oxolnden-1-yl 

N-methylthlcIbenzinidate(13c)(0.29 g», 52%) as yellow 

prisms. Repeated crystallisation from ethanol by displacement 

of methylene chloride gave pale yellow prisms, m.p. 121*5- 

125.5* (decomp♦)(Found ; C ,73.4 ; H ,5.2. C ^NOS requires
1 / I «5

C,72.6; H,5.4%).

VII; The Preparation of 4H-Indeno[2,1-d] thiazolium Gaits.
(i) Cyclisation of 1,2-dihydro-2-oxoinden-l-yl 

N-phenyIthiolbenzimidate hydrobromide.

(a) Thionyl chloride (3.96 ml*, 55 m.moles) was 

added dropwise at O* during 20 min. to a stirred suspension 

of the bromide (21.2 g., 50 m.moles) in dimethylformamlde 
(loo ml,). Solid crystallised from the resulting solution 

after 15 min. and was filtered off after 3 hr. (16.78 g.)* 

Addition of ether to the mother-liquors gave a further 

crop (0.45 g.)« The combined crops were recrystallised 

from methanol to yield 2,3-diphenyl-4H-lndeno[2,1-d] thiazolium 

bromide (14c)(15,24 g., 75%). A sample recrystallised from 

acetic acid decomposed ^  255* (Found; 0,65.0; H,4.3.

C g ^ B r N S  requires 0,35.0; H ,4,0%).

A solution of the bromide (406 mg., 1 m.mole) in hot 

methanol (5 ml.) when treated with perchloric acid (0.21 ml., 

2*5 m.moles) and, after cooling, with ether, gave

2,3-diphenyl-4H-indeno[ 2,1-d]thiazolium perchlorate (14d)

(396 mg., 93%) as colourless prisms, dec. y 180*
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(Found: C,G2.1; H,3.5, C^^H^^CINC^^S requires C,62.1;

H ,3•8%)•
(b) Phosphorus pentachloride (20.8 g*, 100 m.moles) 

v/as added all at once to a suspension of the bromide (10,61 g.,

25 m.moles) in nitromethane (50 ml.). The mixture v/as 

heated to boiling during 1 min, and boiled for a further 

fj min. during v/hich time the solution became orange and a 

yellow precipitate v/as formed. After cooling excess 
methanol v/as added cautiously to destroy unreacted phosphorus 

pentachloride. Removal of solvent gave a brown oil which 

was dissolved in methanol (10 ml.) and treated v/ith perchloric 

acid (4.2 ml., 50 m.moles). An immediate crystalline precipitate 

v/as produced which was filtered and washed with methanol then 

ether to give 2,3-diphenyI“-4H-indeno[2,1-d] thiazoliujn perchlorate 

(10,14. go, 93%). Recrystallisation from a mixture of 

acetonitrile (75 ml.) and other (75 ml.) gave pale yellow 

prisms (9.58 g., 90%) which were identical with the product 

from the previous experiment,
(ii) Cyclisation of 1,2~dihydro-2-oxoinden-1-yl M-methyl- 

thiolbenaimidate hydroperchlorate. Thionyl chloride (0,4 ml., 

5,5 ra.moles) was added at O * to a stirred solution of the 

perchlorate (1.9 g., 5 m.moles) in dimethylformamlde (8 ml.). 

Stirring was continued at O * for 1.5 hr, and then overnight 

at room temperature. After addition of concentrated hydrochloric
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acid (1 m l.)  the product crystallised. This was f i l t e r e d  

off and washed with a little acotonitrilo to give ye llow  

needles (1.05 g., 70%). Recrystallisation from acetonitrile

at room temperature for 12 hr. Ether was then added to

(13.72 g., 88%), Recrystallisation from acetic acid gave 

colourless rods (10-12 g,, 50%), m.p, 240-252" (Found: 
C,59.5; H,5.3; N,3.1. C^^H^^CINO^S requires C,J3.2;

■I
gave 3-methyl-2“-ph8nyl-4H-in:leno[ 2,1-d! thiazolitim c h lo rid e  A

V o %(14e) as colourless needles which decompose > 191 .

A solution of the chloride (300 mg., 1 m.mole) in

acetonitrile (20 ml.) on being treated with p e rc h lo ric  acid §

(0.21 ml.; 2.5 m.moles) and then with ether (100 ml.) gave
3-m0thyI-2-phenyl~4H“indeno[2,1~d]thiazolium perchlorate (14f)

(323 mg., 90%) as colourless prisms m.p, 238-241* (Found;

C,56.5; H,4.0. requires C,56.1; 11,3.9%).
(iii) Cyclisation 1 ,2-dihydro-2-oxoinden-l-yl N-pheny).- : r |

trimethylthiolacetlmidate hydrobromide, Thionyl chloride
' J(3,90 ml., 55 m.moles) was added at O during 20 min. to ù

a stirred suspension of the bromide (20,2 g., 50 m.moles)

in dimethylformamlde (100 ml.). The solution was stirred g

Î
precipitate a dark brown oil which was dissolved in ethanol ^

(10 ml.) and treated with perchloric ac id  (3 ml,) and ether.

The crystals which were deposited were filtered off and 

washed with a little ethanol then ether to give 2-t-butyl- zj

3-phenyl—ill-indeno[2,1-dJ thiazolium perchlorate (14 g.) ■ £;

I
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H,5.0; N,3.5%). |
(iv) Cyclisation of 1,2-dihydro-2-oxoinden-1-yl N-metliyl- 4i

trimetbylthiolacetimidate hydroororaide.

crude bromide (25 m«moles) in dimethylformamide (50 ml.).
GThe mixture v/as stirred at O for 2 hr. and overnight at 

room temperature. Addition of ether (100 ml.) to the dark 

brown solution precipitated an oil which solidified to a 

crystalline mass on standing. The ether layer was decanted 

and the residue dissolved in warm acetonitrile (25 ml.)* 

Treatment of the resulting solution with perchloric acid 

(4.2 ml,; 50 m,moles) gave a precipitate which was filtered 

off and washed with ether to yield 2-t-butyl-3-methyl“*4H- 
indeno-[ 2,1-d] thiazolium perchlorate (14h)(3.32 g., 39%), 

Recrystallisation from a mixture of acetonitrile and 

ether gave colourless plates which decompose slowly y 230* 

and melt at 289-236* (Found: C,52.5; H,5.5.

(a) A solution of H-methyltrimethylthioacetamide I

(3.20 g.; 25 m.moles) in cyclohexane (25 ml.) v/as added to 

one of l-bromoindan-2-one (5.28 g., 25 m.moles) in cyclo

hexane (300 ml.). Solvent v/as decanted from the hygroscopic
£solid which was then dissolved in acetonitrile (25 ml,). %
I

Evaporation of the solvent gave 1,2“dihydro-2-oxoinden~1-yl £

N-methyltrimethylthiolacetimidate hydrobromide (1e) as a 

viscous oil. Thionyl chloride (1.98 ml., 27.5 m.moles) was £

added dropwise during 20 min. to a stirred solution of the

I
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requires C, 52 «4 j H, 5*3%),

(b) Phosphorus pentachloride (20.8 g*, 100 m*moles) 

was added all at once to a solution of the crude bromide £

(25 m.moles) in nitromethane (50 ml.). The mixture was |

heated to boiling during 1 min* and boiled for a further |

1 min. A pale yellow solution resulted but no yellow *

precipitate was formed. After cooling, methanol (50 ml.) 

was added to destroy the excess phosphorus pentachloride*

Solvent was removed under water pump vacuum to yield a h
£

brown mobile oil which was dissolved in acetonitrile (25 ml.) %

and treated with perchloric acid (4.2 ml., 50 m,moles), f
'■UAn immediate precipitate was produced, which was filtered i

off, washed first with a little acetonitrile and then 

with ether, to give the product (5.12 g., 60%) as colourless 

plates. This was recrystallised from a mixture of aceto

nitrile (120 ml.) and ether (50 ml.) to give the perchlorate 

(4*47 g ., 52%), identical with the product from the previous 

reaction.

This procedure, repeated using two molar proportions of 

phosphorus pentachloride (10.4 g., 50 m,moles), gave the 

crude product (6.14 g ., 71%) as almost colourless plates 

and the recrystallised product (5.42 g., 63%) as colourless 

plates *
Repetition using one molar proportion of phosphorus 

pentachloride (5.2 g., 25 m.moles) gave the crude product
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(4.81 go, 56%) as brown plates. The colourless 

recrystallised product v/eighed 4.05 g*, (47%),

An attempt to cyclise the crude bromide using two 

molar proportions ox phosphorus oxychloride in place of 

the pentachloride failed*

(v) Cyclisation of 1,2-dihydro-2-oxoinden-1-yl 

trimethylthiolacetimidate hydrobromide.

(a) Thionyl chloride (3.96 ml., 55 m.moles) was 

added dropwise at O* during 20 min. to a stirred solution 

of the bromide (16.40 g., 50 m$moles) in dimethylformamlde 

(100 ml.). After ca. 10 min. a large bulky precipitate was 

produced. The reaction mixture was left overnight and ether 

(100 ml.) v/as added to complete precipitation before 

filtering off the white crystalline precipitate. This 

was washed with ether then dissolved in water and the 

resulting solution basified (HaHCO„), The oily solidO
which separated was extracted with ether (4 x 100 ml.). ÎIThe combined extracts were washed once with water and |

dried (Na.30 ). Evaporation yielded a crystalline 32 4 '4
o "t#residue which distilled at 130-140 /0.1 mm. as a viscous |

oil. This oil solidified to colourless plates of 1
2-t-butyl 4H-indeno[ 2,1“d] thiazole (20)(8.13 g,, "j|

m.p. 37.5-33° (Found; 0,73.3; H,6.9. C^^H,jgNS requires 

0,73.3; H,6.3%).
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Quaternisation of 2-t-butyl- 4H-indeno[ 2,1 -d] tliiasole
 ̂     .      , ,

with methyl p-toluenesulphonate. The thiasole (0.450 g.,

2 m.moles) and methyl p-toluenesulphonate ( 0.446 g.,

2,2 m.moles) were heated together at 150* for 30 min.

After cooling, the semi-solid mass v/as dissolved in v/arm methanol 

(3 ml.) and treated with perchloric acid (0.5 ml.) to yield 

an immediate crystalline precipitate.

Precipitation v/as completed by the addition of ether 

(5 ml,) and filtration gave the product <0.662 g., 96%) 

as colourless plates identical v/ith the product obtained 

in the cyclisation of l,2-dihydro-2-oxoinden-1-yl N-methyl- 

trimethylthiolacetimidate hydrobromide (m.p,, Ï.R,, and 

N.M.R.).

(b) Phosphorus pentachloride (22,8 g., 110 m.moles) 

v/as added all at once to a suspension of the bromide 

(8.20 g., 25 m,moles) in nitromethane (50 ml.). The mixture 

v/as heated to boiling during 0,5 min., during which time 

the solution became orange and a yellow precipitate was 

fĉ '̂ aedfBnd boiled for a further 1 ,5 min. After cooling, 

methanol (50 ml.) v/as added cautiously to destroy the 

unreacted phosphorus pentachloride. Removal of solvent 

gave a brov/n oil which crystallised on trituration. This 

residue v/as dissolved in water and the solution basified
■4

(NaHCO^^). The solid v/hich separated was extracted v/ith I
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ether (3 x 150 ml.). The combined extracts were washed 
once with water and dried (îTa^SO ). Removal of solvent yielded 

a brov/n crystalline residue. Recrystallisation from methanol 

gave a monobromo-2~t-butyl-4H*~indeno[ 2,1-d] thiazole (21)

(3*82 g.,50%) as pale brown plates* A further rocrystallisation 

from methanol gave colourless plates (3.30 g., 43%), m*p* 

101-102* (Found: C,54.V; H,4.5; Br,26*0. C,j^H^^BrNS requires 

C,54.G; H,4o0; Br,20.O%).

(vi) Cyclisation of 1,2-dihydro-2-oxoinden-1-yl N-phenyl- 

thiolacetimidate hydrobromide* Phosphorus pentachloride

(8.80 g., 42 m.moles) was added all at once to a suspension 

of the bromide (3.62 g., 10 m,moles) in nitromethane (20 ml.). 

The mixture was heated to boiling during 0.5 rain, and boiled 

for a further 1.5 min., during which time the solution became 

orange and a yellow precipitate was formed. After cooling, 

methanol (25 ml.) was added cautiously to destroy the excess 

phosphorus pentachloride. Removal of solvent yielded 

a pink solid residue which v/as dissolved in hot methanol 

(10 ml.) and treated with perchloric acid (1,08 rnl.,

20 m.moles). An immediate crystalline precipitate was 

produced. This v/as filtered off and v/ashed with methanol 

(5 ml*) and then ether to give 2-methyl-3-phenyl"4H-indeno 

E 2,1-d] thiazolivun perchlorate (14i) (3.30 g., 91%), 

Rocrystallisation from acetonitrile (addition of other)

1
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yielded pale pink rods (3.13 g,, 86%) which decompose 

^125* (Founds C,55.3; H,3.9. C^,^H^^C1N0^S requires

c,56.1; H,3*3%).

No useful product was isolated from attempts to cyclise 

the bromide with thionyl chloride in dimethylformamide.

(vii) Cyclisation of 2-(1,2-dihydro-2-oxoinden-1-ylthio) 

pyridinium bromide. Phosphorus pentachloride (22.80 g.,

110 m.moles) was added all at once to a suspension of the 

bromide (0.08 g., 25 m.moles) in nitromethane(50 ml*).

The mixture v/as heated to boiling during 0,5 min. and 

boiled for a further 1.5 min. during which time the 

solution became orange and a small amount of yellow 

precipitate was formed. After cooling, the excess phosphorus 

pentachloride was destroyed by cautiously adding t~butanol 

(40 ml.).(If methanol was used, the resulting product 

had a pink colouration which recrystallisation did not 

remove). Removal of solvent gave a pale yellow viscous 

oil v/hich was dissolved in methanol (75 ml.) and treated 

with perchloric acid (5 ml.). An imnediate white crystalline 

precipitate v/as formed. This was filtered off (7.40 g.,

93%) and recrystallised from acetonitrile (addition of ethyl 

acetate) to give 10H-indeno[2,1-d]pyrl dc [2,1-b]thiasolium 

perchlorate (15) (7.09 g., 88%) as colourless needles 

which decompose ^  337* and melt at 247-255* (Found; 0,51.8; ^

m
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H,2.0. 'C H CINO S requires 0,51.9; H,3.1%).

This cyclisation was repeated using 5 m.moles of the 

salt in nitromethane (20 ml.) v/hile varying the quantity of 

phosphorus pentachloride. In reactions where the number of 

moles of phosphorus pentachloride was 10,15 and 20, the 

yields were respectively 68,87 and 95% .

(viii) Cyclisation of 2-(1,2-dihydro-2-oxoindon-1-ylthio) 

thiazolium bromide. Phosphorus pentachloride (20.8 g.,

100 m.moles) was added all at once to a suspension of the 

bromide (8.20g., 25 m.moles) in nitromethane (50 ml.). The 

mixture was heated to boiling during 1 min. and boiled for

a further 1 min* during which time the solution became orange j
1and a yellow precipitate v/as formed. After cooling, methanol \
/j(50 ml.) was added cautiously to destroy the excess phosphorus -î
'Ipentachloride. Solvent was then removed to yield a brown z

crystalline residue which was dissolved in hot methanol :|

(70 ml.) and treated with perchloric acid (4.2 ml., 50 m.moles). :;î

An immediate crystalline precipitate was produced which was 

filtered off and recrystallisod from acetonitrile to yield 
5H“indeno[ 2,1-d]-thiasolo[2,3-b] thiazolium perchlorate (16)

(4.92 g., 60%) as colourless plates which decompose ^  270 ^
:ÿé

(Found; C,43.9; H,2.4; N,4.1; 0,19.6. C H CINO 8 requires ■I1 <5 8 4  2 .1C,43.7; H,2.4; N,4.3; 0.19.4%). J
(ix) Cyclisation of 2-(1,2-dihydro-2-oxoinden-1-ylthio)~ . V|

4 1 5«-5-dihydrothiazoiium bromide. Phosphorus pentachloride
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(22*2 g», 106 m.moles) was added all at once to a suspension 

of the bromide (8.40 g., 25 m.moles) in nitromethane (50 ml.).

The mixture was heated to boiling during 0*5 min, and boiled 

for a further 1.5 min. during which time the solution became 

orange and a ^/ellow precipitate was formed. Solvent was 

then removed to yield a pale yellow oil which was dissolved 

in methanol (50 mi.) and treated with perchloric acid (5 ml.).

An immediate white crystalline precipitate was produced.

This was recrystallised from acetonitrile (addition of ether) 

to give 2,3-dihydro-5H-indeno[2,1-d] thiasolo[ 2,3-b] thiazolium 

perchlorate (17) (7.23 g., 87%) as colourless plates which 

decompose 225* (Found; C,43,8; ^2

Iequires C,43.4; H,3.0%).
(%) Cyclisation of 6-methyl-2-(1,2-dihydro-2-oxoinden-

1-ylthio)pyridinium bromide. Phosphorus pentachloride (4,10 g.,

20 m.moles) was added all at once to a suspension of the 

bromide (1.30 g., 5 m,moles) and the mixture heated to 
boiling during 0.5 min. and boiled for a further 0,5 min. 

during which time a yellow complex was precipitated.

Cautious addition of methanol <5 ml.) to the cooled 

mixture gave a pale yellow solution which was treated with j

perchloric acid (1 ml.). Ether was added carefully until 1
g

crystallisation just began. The precipitate was filtered \

off (0.32 g., 19%) and recrystallised from acetonitrile Ij(addition of ethyl acetate) to give 1-methyl-10H-indeno- I
:j
>1
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[ 2,1-d] pyrido[ 2,1-b] thiazoliuiîi porclilorate (18) as 

colourless granular prisms, m.p. 230-275* (decomp.)

(Found; 0,53.5; H,3.8. CINO 8 requires 0,53.3;

H,3.6%).
(xi) Cyclisation of 2-(1,2-dihydro-1-oxoinden-2- 

ylthio)pyridinium bromide). Phosphorus pentachloride 

(4.16 g., 20 m.moles) v/as added all at once to a suspension 

of the bromide (1.61 g., 5 m.moles) in nitromethane (20 ml,). 

The mixture was heated to boiling during 1 min. and boiled 

for a further 0.5 min. During this time a bright yellow 

solid separated and the solution became orange. The excess 

phosphorus pentachloride was destroyed by cautiously adding 

t-butanol. Solvent was then removed to give a colourless 

crystalline solid which v/as dissolved in methanol (5 ml.) 

and treated with perchloric acid (0.84 ml., 10 m,moles).

An immediate colourless precipitate was formed. Ether

(25 ml.) was added to complete nrecipitation and the solid iI
filtered off to give 6H-indeno[ 1,2-d] pyridof2,1-bjthiaaolium j

perchlorate (19)(1.80 g., 99%), recrystallised from acetonitrile !
4(addition of ethyl acetate) in presence of perchloric acid i

(0.05 ml.). A sample recrystallised from acetic acid as ÎHocolourless needles la.p. 231-232 (decomp.) (Found: 0,51.0; î

H,3.2. CIKO^S requires 0,51.9; H,3.1%)
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VIII; The Reaction of Some 4H~lndeno[ 2,1-d] thiazoliiam 

Salts with p-Dimethylaminohenzaldehyde.

General Procedure. A mixture of the salt (5 m.moles), 

p-dimethylaminobensaldehyde (5.25 m.moles) and acetic 

anhydride (30 ml.) was boiled under refIwc for 20 min. In 

each case an intensely coloured solution was obtained. The 

worls-up varied from case to case and is given individually

for each salt. t:
.
I

(i) 2,3-Diphenyl-4H-indenoE2,1-d] thiaaoliurn bromide.
The deep brown solution was cooled an .1 treated with ether 

to yield a dark brown solid which was recrystallised from 

acetonitrile (addition of ethyl acetate) to give 2,3-diphenyl- 

4-p-dimethylaminobensylidene-indeno[2,1-d]thiaaolium £

bromide (22a) (1,58 g», 59%) as brijk red plates with

golden reflex, m.p. 174-179* (Found; C,68.9; H,5.0.

C HggBrNgS requires C,63.3; H,4.7%). 3
(ii) 2“t-Butyl-3-phenyl-4H-indeno[2,1-dl thiarjolium i

' I
perchlorate. Treatment of the deep red solution with ether i

produced a semi-solid precipitate which was recrystallised

from acetonitrile to give a solvate of 2-t-butyl-3-phenyl-

4-p-dimethy1aminobenzy1idene-indeno[2,1-d] thiaaolium perchlorate

(22b)(containing one mole of acetonitrile) as brick red j
rods (1.57 g., 58%), m.p, 152-162* (Found; N,6.9; 7.00. j

CggHg^ClNgO^S. CHgCN requires N,7.3%). 'I



(iii) 2-Methyl-3-phenyl-4H-indeno[2,1 -d] thiazolium 

perchlorateo A black powder (2.64 g.) v/as obtained by 

treating the deep purple solution with ether. Rocrystallisation 

from acetic acid (100 ml,) yielded 2-p-diraethylarainobensylidene- 

methyl~-3-phenyl-4H-indeno[ 2,1 -d] thiaaolium perchlorate (23) 

(2.04 g., 82%) as violet black prisms which decompose ^  220* 

(Found: 0,62.5; H,4.0; N,5.5. C _ H  CIM O S requires 0,63.1; 

H,4.7; N,5.7%).

(iv) 1QH-Indeno[2,1-d]pyridoE2,1-b] thiaaolium perchlorate.

A 3red solid began to separate from the hot solution. After 

cooling this was filtered off and recrystallised from aceto

nitrile to give 10-p-dimethylaminobenzylidene-indenoE 2,1-“d]- 

pyridoE2,1-b] thiazolium perchlorate (24)(1,47 g., 65%) as 

bright red needles, m.p. 279-284* (decomp.)(Found; 0,60.7;

H,4.2. CggH^gClN^O^S requires 0,30.7; H,4.2%).

(v) 6H-IndenoE1,2-d]pyrido[2,1-b] thiaaolium perchlorate.

The salt (2.5 m.moles) and the aldehyde (2.325 m.moles) 

v/ere added to acetic anhydride (20 ml.) and the mixture 

boiled under reflux for 20 min, A little solid separated 

from the hot solution. After cooling precipitation was 

completed by addition of ether. Recrystallisation of the 

green crystalline material from acetonitrile (150 ml.) 

yielded G-p-dimethylaminobensylidene-indenoE1,2-d] pyrido -
[2,1“b] thiaaolium perchlorate (25) (0.80 g., 70%) as dark
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green needles with bright green reflex, m.p. 250-261*

(de comp.}(Found: C ,59 » 6 ; K ,4.1 ; N,5.5. ^CIN^O.S
Z o  j £j ĵ:

requires 0,60.7; H,4.2; N,6.2%).

1%: Preparation of derivatives of 10H-indeno[2,1-d] pyrido 

[2,1-b] thiazolium anhydro-solt.

(i) The 10-formyl derivative.
lO-Dimethylaminomethylene-indeno[ 2,1 --d] pyrido _ 

[2,1-b] thiazolium perchlorate. The salt (15)(8.10 g»,

25 m.moles) and dimethylformamide (19.40 ml., 250 m.moles) 

wore added to acetic anhydride (200 ml.) and the mixture 

boiled under reflux for 45 rain., during v/hich time the 

solution became dark brov/n. On cooling large orange 

needles separated v/hich were recrystallised in portions 

from acetonitrile to give 10-dimethylaminomethylene- 

indeno[ 2,1 -d] pyrido[ 2,1-b] thiaaolium perchlorate (26)

(5.65 g,, 60%). A  sample recrystallised from nitromethane 

as golden yellow needles, m.p. 236-285* (decomp.)(Found; 

G,54.0; H,4.2. C ^  CUT 0 8 requires C,53.9; 5,4.0%).

Hydrolysis of the salt (26). Solutions of 2H 

sodium hydroxide (20 ml.) and acetonitrile (20 ml.) when 
mixed formed two layers. The salt (26)(0.379 g ., 1 m.mole) 

was added and the mixture shaken vigorously at room 

tempera cure for 20 min., when all the solid dissolved and 

the acetonitrile layer became very dark. The two layers 

were separated and the organic layer diluted with water
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(250 ml.) to yield a yellow suspension which was extracted 

with methylene chloride. The deep red extracts were dried 

(KgCOg) and solvent removed to give a brown-red crystalline 

residue which was recrystallised from acetonitrile (1C ml*) 
by displacement of methylene chloride to yield lO-formyl- 

10H-indeno[2,1-d] pyrido[2,1-fo] thiazolium anhydro- salt 

(29a)(C.202 g., 81%). A sample recrystallised as red 

needles from nitromethane melted at 240-242* (decomp.

^  230*) (Found ; C , 72 .1 ; H , 3.0 • G.̂ ̂ H^NOS requires

0,71.7; H,3.G%).

Perchloric acid (0.1 ml.) was added to a warm solution 

of the aldehyde (0.125 g., 0*5 m.mole) in nitromethane 

(5 ml*). Very pale yellow needles (102 mg.) separated 

on cooling. Treatment of the mother-liquors v/ith ether 

yielded a further crop (47 mg.) bringing the total yield 

of 10-hydroxymethylene-indeno[2,1-d] pyrido[2,1-b] - 

thiazolium perchlorate monohydrate (30) to 149 mg. (05%).

A sample recrystallised from nitromethane as pale yellow 

needles m.p. 230"234*(decomp.^ 215*) (Found: C,49.4;

H,3.4. gH^^ClNO 8. H O requires 0,48.7; H,3.3%).

(ii) The 10-acetyl derivative

(a) Acetyl chloride (3.55 ml., 50 m.moles) was 

added dropwise with swirling to dry pyridine (50 ml.) 

at O*. To the resulting mixture (a suspension of white solid)
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was added the salt (15)(0.640 g., 2 m.moles) and the

mixture heated as quickly as possible (ca . 20 sec*) to >1

the boiling point during which time all the solid dissolved 

and the solution became intensely red. The reaction was y,
Î

then quenched immediately by pouring into cold water, 

giving a bright orange suspension. Sodium hydrogen 

carbonate (5 g . )  was added and the mixture extracted with *

methylene chloride (500 ml.). The bright red extracts
Kwere washed four times with water and then dried(Na^SO^}.
£Removal of solvent yielded a brown crystalline residue :'|

. 1which was chromatographed on a column of alumina (2.0 x
Î25 cm.) made up with acetonitrile. An initial red 

fraction (50 ml.) and a second brown fraction (50 ml.)

(the solvent in each case being acetonitrile) when 
evaporated gave no useful product. A third bright red- 

orange fraction (400 ml.), eluted with a 2% solution of 

methanol in acetonitrile, yielded, on evaporation, a 

crystalline residue, recrystallised from acetonitrile 

(20 ml.) to give 10-acetyl-1OH-indeno[2,1-d]pyrido- y
3

[2,1”b] thiazolium anhydro-salt (29b) (0.240 g.). The 

mother liquors were evaporated to dryness and the residue 

recrystallised from benzene by displacement of methylene 

chloride to yield a further crop (59 mg.) bringing the 

total yield to 0.307 g. (58%). A sample recrystallised
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C,52.0; H,3.4. H^^CINOS requires 0,52.5; H,3.3%).

(iii) The 10-benzoyl derivative. Addition of benzoyl 
chloride (5.75 ml., 50 m.moles) to dry pyridine (30 ml.)

a

from acetonitrile as bronze needles, m.p. 200-202 #
S( de comp. ) (Found: 0,72.8; H,4.1. 6^11^"^^ requires ?

0,72.4; H,4.2%).

(b) Acetic anhydride (3.76 ml., 40 m.moles) was 

added to a solution of the salt (15)(0.648 g ., 2 m.moles) 

in acetonitrile (30 ml.). Triethylamine (5.56 ml»,

40 m.moles) was added all at once to give a deep brown-red

solution which was boiled for 2 min. before being poured

into v/ater to give a yellow suspension. This suspension 

was left overnight before being worked up exactly as in 

the previous experiment. Recrystallisation from acetonitrile %

(20 mi.) of the residue obtained from the chromatography %

yielded pure product (0.33 g ., G2%)► ^
1Perchloric acid (0.2 ml.) was added to a hot suspension p

of the ketone (265 mg., 1 m.mole) in acetonitrile (5 ml.).

The ketone dissolved to give a colourless solution and on
t:'

cooling a crystalline precipitate separated. Precipitation 

was made complete by the addition of ether. The solid was 

filtered off (350 mg., 96%) and recrystallised from aceto

nitrile (addition of ether)to g i v e a c e t y l - 10U-iiidono

[ 2, l~dl-pyrido[ 2,1-bl thiazolium perchlorate (31a) as
o ..............o, %colourless prisms, m.p. 230-238 (decomp. ^  220 )(Found; '

i
i
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produced an immediate colourless precipitate. The salt (15)

(0*648 g*, 2 m.moles) was added to the suspension and the 

mixture heated to boiling during 0.5 min. and boiled for a 

further 2 min. (The solution became very deep red-brown 

almost immediately on heating). The reaction mixture was 

cooled and poured into water and extracted with methylene 

chloride (600 ml.). The extracts were washed three times 

with water, with sodium hydrogen carbonate solution, and 

finally with water before being dried (Na^SO ). Removal of |

solvent gave a red-brown solid residue which was dissolved ’

in methylene chloride and chromatographed on a column of ]

alumina (2.8 x 18 cm.) prepared with methylene chloride. 1

An initial fraction (1200 ml.) eluted with methylene chloride 4

■Iwas bright red. A brown second fraction (250 ml.) eluted

with a 50% solution of acetonitrile in methylene chloride ]
£

was evaporated to dryness and the brown residue was 

rechromatographed on a column of alumina (2.8 x 18 cm.)
:I
I

■4prepared and eluted with a 1:1 mixture of acetonitrile and 

methylene chloride. The initial red fraction obtained 

from this second chromatography was combined with the red 

fraction from the first and solvent was removed to give a 

bright red crystalline residue. This was recrystallied from 

acetonitrile by displacement of methylene chloride to give 

10-benzoyl-10H-indeno [2,1-d]pyrido[2,1-b) thiazolium anhydro- 

salt (29c) (0.40 g., 61%) as bright red rods. A sample
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orecrystallised from dimethylformamide melted at 286-289 (decomp 

>260*) (Found; C,77.0; K,4.3. ^ N08 requires C,77.0;
H,4.0%).

Perchloric acid (0*2 ml.) was added to a hot suspension 

of the benzoyl compound (327 mg., 1 m.mole) in acetonitrile 

(5 ml.). A crystalline precipitate separated from the cooled 

solution and precipitation was completed by addition of ether. 

The filtered solid (390 mg., 91%) was recrystallised from 

acetonitrile (addition of other) to give 10-benzoyl-10H- 

indeno[2,1"d] pyrido[ 2,1-bl thiazoliura perchlorate (31b) as 

pale yellow prisms, m.p* 212-240*(decomp.)(Found; C,59.4;

H,3*5. C2.jH^^ClN0gS requires C,59.0; H,3.3%)

(iv) The 10-methoxycarbonyl derivative.

1
;,p

O , _ . , 1

(a) Methylchloroformato (3.88 ml., 50 m.moles) 

was added dropwise during 5 min. to a boiling, stirred

suspension of the salt (15)(0.640 g., 2 m.moles) in pyridine
-'1(40 ml.). The solution became deep red as all the solid i
■1dissolved* The mixture was then boiled fox’ a further 4
-030 min, before cooling, pouring into water and extracting j

Iv/ith methylene chloride. The extracts were dried (Na^SO^ ) 

and the solvent removed to give a brown oily residue which 
was chromatographed on a column of alumina (2.8 x 10 cm.) 

with methylene chloride. Removal of solvent from the 

purple-red eluate gave a red crystalline residue which v/as 

recrystallised from acetonitrile (5 ml.) to yield
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1G -methoxycarbonyl-1 OH-indenoE 2 ,1 -d] pyrido[ 2,1 -b] thi azoXium 

anhydro-salt (2Sd)(60 mg», 11%) as bright red needles. A 

sample recrystallised for analysis from acetonitrile 

melted at 192.5 - 193* (decomp.)(Pound; C,68»4; H,3.7.

C H...NO S requires 0,68.3; H,3.9%).I a II £,

(b) Triethylamine (5.56 ml., 40 m.moles) v/as added 

dropwise during 30 sec. to a solution of the salt (15)

(0.648 g., 2 m,moles) and methyl chloroformât© (3.12 ml.,

40 m.moles) in acetonitrile (30 ml.). During this time 

the solution became in turn deep purple and then deep-red 

brown and much effervescence v/as observed. The mixture 

was then poured into water and extracted with methylene 

chloride. The work-up was now the same as in the previous 

experiment except that the alumina column was 2.8 x 25 cm. 

and the residue was recrystallised from acetonitrile (10 ml.) 

to yield the ester (350 mg., 62%).
Perchloric acid (0.1 ml.) was added to a solution of y

the ester (70 mg., 0.25 m.moles) in acetonitrile (2 ml.).

Addition of ether to the colourless solution precipitated £I
10-methoxycarbonyl-1C$î-indeno[ 2,1-d] pyrido[ 2,1-b] thiazolium

perchlorate (31c) as fine colourless needles (90 mg., 95%)
orecrystallised from acetonitrile, m.p. 199-208 (decomp.)

(Found; 0,50.3; H,3.2. G^^H^^CIHO^S requires 0,50.6;
•‘ft

H,3.0%). 3

;
i



v;? *

(v) The lO-nitro derivative» Tetranitromethane (1.19 ml.,

10 m.moles) v/as added to pyridine (30 ml.) and the mixture 

left for 5 min. The salt (15)(0.648 g., 2 m.moles) was 

then added ail at once to the pale yellow solution and 

the mixture shaken vigorously for 5 min., giving a dark 

red-hr own solution. This v/as poured into a dilute 

solution of sodium carbonate and extracted with methylene 

chloride (3 x- 250 ml.). The orange extracts v/ero combined 

and, washed twice with sodium carbonate solution and then 5

with water before drying (îTa SO ). The extracts were

reduced in volume to ca. 30 ml. and chromatographed on a j
'Icolumn of alumina (2.0 x 20 cm.) made up with methylene j

chloride. Pyridine was washed through with methylene j

chloride (ca. 200 ml.) and the solvent was then gradually 

changed to pure acetonitrile when a pale yellow fraction 

v/as eluted. (Removal of solvent gave a very small amount
fof oily residue which v/as ignored). The solvent was j

then changed to 2% methanol in acetonitrile v/hen an j

orange-yellow solution was eluted. The volume v/as reduced 

to ca. 20 ml. when lO-nitro-IGH-indenoI 2,1~d] pyrido[ 2,1-b3 

thiazolium anhydro-salt (20e) crystallised in yellow 

needles (54 mg., lO %). A sample recyrstallised from 

dimethylformamide melted at 246-248* (decomp. ̂  222'̂ , 

block prehea ted to 200*)(Found; C ,62.S ; H ,3.0 . 

requires 0,62.7; H,3,0%).
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(vx) The 10-(1,2-dimetIio:iycarbonylvirrj;*.) dérivative, 

Triethylaime (1.40 ml., 10 m.moles) was added to a solution 

of the salt (15)(1.32 g., 5 m.moles) and dimethylaoetyleno- 

dicarfooxylate (1*23 ml., 10 m.moles) in acetonitrile (30 ml.).

An immediate dark tarovm colouration was produced and a 

crystalline solid began to separate. This was filtered 

off after 6 hr. to give 10-(1,2-dimet boxy car bony lv5.nyl)~

•1 OB-lndeno[ 2,1 -d] pyrido[ 2,1 -fo] thiasolium anhydro-salt (2£f )

(0.695 g., 88%). This adduct was unstable and decomposed 
in hot solution. A sample recrystallised from acetonitrile 

by displacement of methylene chloride as purple needles 

m.p. 180-182^ (decomp.) (Pound: 0,63.0; H,4.2.

0 _ _ m .8 requires 0,65.7; H,4.1%).I O
The residue obtained after removal of solvent from 

the filtrate was chromatographed on a column of alumina 

(3.8 X 50 cm.), prepared with methylene chloride. An initial 
green fraction (1500 ml.) eluted with methylene chloride 

yielded the compound (36a)(32 mg., 1,8%) see Section XI, (page 107) 

The solvent was now changed gradually to 2% acetonitrile 

in methylene chloride when a red-brown solution (SCO ml.) 

was eluted yielding a crystalline residue which on treatment 

with perchloric acid gave the perchlorate (31d) (see below).

IVhen the solvent was 7.5% acetonitrile in methylene chloride, 

a green band was eluted which did not yield a crystalline 

residue but gave an unknown orange crystalline perchlorate
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(38 ing») on treatment v/ith perchloric acid.

Perchloric acid (0.2 ml.) was added to a solution

of the diester (29f)(365 rng*, 1 ni.mole) in acetonitrile

(5 ml.). Addition of other to  the resulting pale yellow

solution precipitated 10-(1,2*-dimethoxycarbonylvinyl}-

10H-indenol 2,1-d] pyrido[2,1-fo] thiazoliura perchlorate (31d)

(430 mg.; 92%), recrystallised from acetonitrile (addition
oof ether) as pale yellow prisms, m.p. 231-236 (decomp.

\ 210 ). (Found: 0,51.8; H,4.2. C IL^HO S req u ire :
2\J I o Ü

0,52.1; H,3.8%).

X : ?reparation of derivatives of 6H-indeno[ 1,2-d] pyrido 

[2,1-b]thlazolium anhydro-salt.

( i )  The 6-formyl derivative

6-Diinethylaminomethylene-indeno[ 1 ,2 -d ] pyrido  

[ 2/i-b] thiazoiium perchlorate. A mixture of the salt (19)

(8.10 g., 25 m.moles), dimethylformamide (19.4 ml.,

250 m.moles), and acetic anhydride (200 ml.) was b o ile d  ■
■"Iunder reflux for 10 mins. The solution became dark green ]
1and after 4 min. solid began to  separate from the boiling '

solution. After cooling  a crop of b rig h t yellow needles j

(7.78 g.) was filtered o f f  and recrystallisod in portions (j

from acetonitrile to give 6-dinethylaminomethyleno~indeno- 'I

[ 1,2-d] pyrido[ 2,1 -b] thiasolium perchlorate ( 2 7 ( 6  .88 g ., j
vj73%), A sample recrystallised from nitromethane melted

i
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at ^ 300^ (Found: C ,53.6 ; H ,4,1. CIN^O^S requires
C,53.9; H,4.0%). |

Hydrolysis of the salt (27). A solution of 2N 

sodium hydroxide (20 ml») and acetonitrile (20 ml.)

when mixed formed two layers. The salt (27) (0.379 g., A
1 m.mole) was added and the mixture shaken vigorously 

for 5 min. while heating to 50^. After cooling the two 

layers were separated and the organic (upper) layer 

diluted with water (250 ml.)» The resulting bright 

yellow suspension was extracted with methylene chloride 

(200 + 50 ml.). The combined extracts wore dried (K_COg) 

and the volume of the orange solution reduced under water 

pump vacuum to ca. 50 ml. when acetonitrile (15 ml.) was 

added. The remaining methylene chloride was removed at 

atmospheric pressure. 6'~Formyl-6H-indeno[ 1 ,2-d] pyrido - 

[2,1-b] thiazolium anhydro-salt (32a) crystallised as

orange plates (212 mg., 60%). A sample recrystallised

%

from nitromethane melted at 213-220 (decomp.)(Pound:

0,71.7; H,3.8. requires 0,70.4; H,3.3%). I

Perchloric acid (0.1 ml.) was added to a warm ,1

solution of the aldehyde (0,125 g., 0.5 m.moles) in

nitromethane (5 ml.). The pale yellow needles which j
■y

separated immediately wore filtered off and washed with

ether to give 6-hydroxymethylene-indeno[ 1,2-d] pyrido - ^

[2,1-b] thiasoliun perchlorate (33a) (0.135 g ., 94%). I
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A sample recrystallised from acetonitrile decomposed

slowly >200^. (Pound: H,2,0; N,4.3.

C.yI-L _ClNO^S requires C,51.2; H,2.0; N,4.0%). i o Jl 'O o
(ii) The 6-acetyl derivative. Triethylamine (5,56 ml.,

40 m.moles) was added all at once to a solution of the 

salt (lS)(0.ô48 g., 2 m.moles) and acetic anhydride (3.70 ml.,

40 m.moles) in acetonitrile (30 ml,). An immediate deep 

red colouration was produced. The mixture was boiled for 

2 min. during which time the solution became orange-red 

and was then poured into water to give a yellow suspension.

This was left overnight and extracted with methylene chloride.

The dried extracts (Na^SO^) were evaporated and the residue, 

dissolved in methylene chloride (150 ml,), chromatographed 

on a column of alumina (2.C x 25 cm.) prepared with 

methylene chloride* The solvent was changed gradually 

to pure acetonitrile during which process two fractions 

(both ca, 250 ml.) - one purple, the other blue - were 

collected. Neither contained useful material. The solvent ?Yi
was now changed to a 3% solution of methanol in acetonitrile ^

ana a yellow fraction (700 ml.) was eluted. The residue 

obtained from this fraction was rechromatographed on the 

same sise of alumina column prepared with acetonitrile*

A small amount of purple-blue material (which was ignored) 

was eluted with acetonitrile (200 ml.}. The solvent was
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then changed gradually to 3% methanol in acetonitrile when 

a yellow band was eluted (SCO ml.). Evaporation yielded 

a residue, recrystallised from methanol (15 ml.) by 

displacement of methylene chloride to give 6-ocetyl-6H- 

indeno[1,2-d] pyrido[2,1-b]thiazolium anhydro-salt (32b) 

(256 mg.) as golden yellow plates. The mother liquors, 

after rechromatography, yielded a further crop (110 mg.)

(iii) The 6-methoxycarbonyl derivative. Triethylamina

bringing the total yield to 366 mg. (69%). A sample |

recrystallised for analysis from nitromethane at 244-248^

(Found: c,71.5;H,4.0. requires 0,72.4; h ,4.2%).

Perchloric acid (0.2 ml.) was added to a hot suspension 

of the ketone (0.265 g., 1 m.mole) in ethanol (30 ml.).
ri

The ketone dissolved and a pale yellow crystalline 8

precipitate separated on cooling. This was filtered off

and washed with ether to give 6-(1~hydroxyethylidene)indeno - |

[ 1,2-d] pyrido[2,1-b] thiazolium perchlorate (33b) (0.346 g ., |I
95%) as pale yellow needles. A sample recrystallised from 'y

4O ":4acetic acid decomposed y 230 (Found: 0,52.3; H,3.2.

C^^H^gCINOdS requires 0,52.5; H,3.3%).

(5.56 ml., 40 m.moles) was added all at cnee to a solution 

of the salt (0.648 g., 2 m.moles) in acetonitrile (50 ml.) j

and then methylchloroformate (3.12 ml,, 40 m.moles) was
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added dropwise to the resulting deep purple solution during ^

20 sec., during which time the colour of the solution 

changed to brown-red and effervescence took place. The

solution was then boiled for 2 min. before being poured ÿ
%into water. The resulting yellow suspension was extracted

with methylene chloride (4 x 100 ml.). The combined

extracts were dried (Na SO ) and removal of solvent gave a2 4
dark brown solid residue which was chromatographed on a 

column of alumina (2.8 x 30 cm-), prepared with methylene 

chloride.

After all the material had been placed on the column 

with methylene chloride the solvent was changed gradually 

(in 300 ml. of solvent) to 25% acetonitrile in methylene 

chloride when a small amount of violet material was eluted.

(This material v/as ignored). Increasing the concentration 

of the acetonitrile to 40% caused elution of an orange 

band in 250 ml. of solution. 1

J

Removal of solvent yielded a crystalline residue which 

was recrystallised from methanol (10 ml.) by displacement 

of methylene chloride to give 8-methoxycarho:iy].-JIZ-indeno- 

[1,2-d] pyrido[ 2,1-b] thiazolium anhydro-salt (32c) (0.463 g.,

82%) as golden yellow needles. A sample recrystallisod from 4

ethanol melted at 200-205° (Found; 0,60.3; H, 4.00. 

requires 0,68.3; H,3.9%).



%
106,

Perchloric acid (0.1 ml.) was added to a cold suspension
I

of the ester (0.141 g., O,5 m.mole) in acetonitrile (5 ml,).

Colourless crystals slowly separated from the resulting 

solution. Bther (10 mlc) was added to complete the 

precipitation. The product was filtered off and washed 

with ether to give 6-methoxycarfoonyl-6H~indeno[ 1,2-d] pyrido 

[2,1 -h] thiazoliuni perchlorate (34 ) (0.173 g ., 91 %) as colourless 

granular prisms. (Found; 0,50.5; H,3«4. requires

0,50.3; H,3.2%).

(iv) The 6-(1,2-dimethoxycarbonylyanyl) derivative, g.11
Triethylamine (0.28 ml., 2 m.moles) was added to a solution 

of the salt (19)(0.324 g., 1 m.mole) and dimethylacetylene - 

dicarfooxylate (0.246 ml. , 2 m.moles) in acetonitrile (10 ml.).

Almost immediately a crystalline precipitate separated. This 

was filtered off after 4 hr. to give S-(1,2-dimetI-ozycarbonyl - 

viny1)-6H-indeno[ 1,2-d] pyrido[ 2,1-b] thinso1ium anhydro-saIt 

(32d)(0.2S2 g«, 77%), A sample recrystallised from 

acetonitrile as red needles m.p. 225-228°(Found; CyG5*7; H,4«3o

C T-Î. requires C,65.^; H,4.1%)#20 15 4
Perchloric acid (0,05 ml.) was added to a suspension 

of tne diester (0*092 g., 0.25 m.mole) in acetonitrile.

Addition of other (2 ml.) caused yellow prisms to separate.

These were filtered off and washed with other to give 

G-(1,2-dimethoxycarbonylothylidene)-indeno[1,2-d] pyrido - 

[2,1-b] thiazolixnn perchlorate (35)(0.115 g., 99%). A sample



recrystallised from acetonitrile (addition of ether) m.p. 

250-261 °(decomp. XFotind; C,52.1; H,3.6- C_ Ji. ̂ ClHO S
20 i Ü o

requires C,51.6; H,3.6%).

XI; Preparation of Derivatives of the Indono[l,2,3-hc]-1- 

thiacyclL2,3,3] azine System.

(i) 9,1 Q-Dimetlioxycarbonylisideno[ 1,2,3-b,cj-1 

thiacyGlo[2,3,3] asine. A solution of the diester(2Sf)

(0.365 g., 1 m.mole) in nitrobenzene (10 ml.) was boiled 

under refltus for 3 min. Solvent was removed from the dark 

brown solution and the residue chromatographed on a column 

of alumina (2.8 x 28 cm.) prepared with methylene chloride. 

A purple band was eluted first but lemoval of solvent gave 

no useful product. A green band was then eluted (400 ml.). 

No other material was eluted with methylene chloride. The 
residue after removal of solvent from the green solution 

was recrystallised from acetonitrile by displacement of 
methylene chloride to give 9,lO-dimethoxycarbonylindeno-

for 10 mill., the yield was 45%.

(ii) Indeno[ 1,2,3-b,c] -1-tliiacycl[2,3,3] azine.

Attempted preparation of 1-methyl-10-dimethyl-

"I

À

[l,2,3-b,c]-1-thiacycl[2,3,3]a3ine (3ôa)(174 mg., 40%). |iA sample recrystallised from nitromethane as green needles,
o ^m.p. 239-241 (Found; C,66.5; H,3.5. requires

c,66.1; 11,3.3%).
I

In an experiment in which the solution was boiled )
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aminomethylene indeno[ 2,1 -d] pyrido[ 2,1 -b] thiaacliuin perchlorate,

A mixture of the salt (15)(0.338 g., 1 m.mole), dimethylformamide 

(0.77 ml., 10 m.mole) and acetic anhydride (15 ml.) was boiled 

under reflux for 10 min. The resulting dark brown, solution 

was cooled and ti^eatodcarefully with ether. Orange prisms 

were precipitated. These were recrystallised from acetonitrile
6

(addition of ethyl acetate). Analysis by N.M.R. of tl.is g%fîproduct showed it to be a mixture of the starting material N

(15) and the desired product, l-methyl-IO-dimethylamiiac- 

methylene indenof 2,1-d]pyrido[2,1-b]thiaaalito perchlorxte

%
'SI(28) in the approximate molar ratio of 4.5;1 (obtained from *1

the integrated spectrum).

A similar experiment conducted for 1 hr. gave a product d

in which the ratio of starting material to product was 2*7:1.

The increase in reaction time was, however, accompanied by 

an increase in side reactions. An attempt to perform the 

experiment in boiling propionic anhydride failed, due to 

lack of solubility of the starting salt.
A

Hydrolysis of the salt (20). A solution of potassium î"

t-butoxide (135 mg., 1.2 m.moles) in dimethylformamide (E ml.) yIwas added to a solution of the mixed product from the previous à

reaction (200 mg.) in dimethylformamide (5 ml.) and the 

mixture shaken at room temperature for 10 min. and then poured |

into water. The resulting suspension was extracted with
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methylene chloride. Solvent was then removed - the last 

traces of v/ater and dlmethy 1 formamlde at 0.05 m.m. The 

residue was dissolved in methylene chloride and chromatographed 

on a column of alumina (20 x 2.8 cm.). Methylene chloride 

eluted a bright green solution (150 ml.). Solvent v/as

XII: Miscellaneous Reactions

■Y:

Iremoved until the volume was ca# 10 ml., when cyclohexane \i

i(10 ml.) was added. The remaining methylene chloride was
I

then removed, when indeno[ 1,2,3-b,c] -1-thiacycl[2,3,3]azine 

(36b) crystallised as brown needles (24 mg.), which decompose 

^  184° (A sample recrystallised from a mixture of benzene 

and light petroleum (1:3) as bronze plates m.p. 151-155°

(decomp. ) (Found : IT, 5* 1 ; 8,13 o 3* requires N , 5 «7 ;

S, Ï3.0%)<, I
%(i) 4-Acetyl-4H-indeno[2,1-d] thiazolium anhydro-saIt. I

The salt (14 g.) (0.80 g., 2 m.moles) was added at room temperature Ito a mixture of acetic anhydride (4.70 ml,, 50 m.moles) and -J
pyridine (50 ml.). The resulting deep red solution was left

for 30 min. and then poured into water. The suspension was ÿ
. . , r l

extracted with methylene chloride and the extracts washed f
.1once with water and then dried (Na 80^). Solvent was then j
,Yremoved until the volume was ca. 50 ml. This solution was ■Ifiltered through a column of alumina (2.8 x 5 cm.), all A

coloured material being eluted with methylene chloride (500 mL). A



C,76.0; H,6.1. NOS requires C,75.6; 8,6.6%),
(ii) Reaction of the salt (19) with sodium carbonate 

solution. Addition of a solution of the salt ( 1 9  )

(O.Cl g., 2.5 m.moles) in acetonitrile (35 ml.) to a 1M solution 

of sodium carbonate (500 ml.) gave a bright purple suspension 

which was extracted with methylene chloride (300 + ICO ml»)* 

Removal of solvent from the dried (Na^SC^) extracts 
yielded a non-crystalline residue which was chromatographed 

on a column of alumina (Woe3m activity 1, 2.8 % 28 cm,).

%
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IS
Complete removal of solvent in vacuo gave a brown oily

■,Sresidue which was dissolved in methylene chloride and 

chromatographed on a column of alumina (2.8 x 20 cm.) 

prepared with the same solvent. An initial red-brown 

fraction (250 ml.) eluted with methylene chloride (200 ml.)
■Igave no useful material in the small amount of residue after ^
ievaporation. Changing the solvent to a 10% solution of 

acetonitrile in methylene chloride caused elution of a 

red band (300 ml.). Removal of solvent left a crystalline

residue which was recrystallisod from methanol to give
j

2-t-butyl-3~phenyl-4-acetyl -4H-indeno[2,l-d] thiazolium J
Y

anhydro-salt (37)(42 mg., 6*C%)* A sample recrystallised 

from cyclohexane by displacement of methylene chloride as

orange prisms, m.p, ‘197-204°(decomp* ^  150°) (Pound; %

I



%

m

;:â

I
a
IIn this chromatography the column v/as prepared m t h
Î

methylene chloride but after the solution of the residue 

in methylene chloride had been placed completely on the 

column the solvent was changed gradually throughout in the

following manner; When all the compound was on the column i

methylene chloride (100 ml*) was placed above the column and 

50 ml* of this was eluted* At this stage a 5% solution of 

acetonitrile in methylene chloride (50 ml.) was added and 

a further 50 ml. of solution eluted; then a 10% solution of i

acetonitrile in methylene chloride (50 ml.) was added and 

so on until the solvent above the column was pure acetonitrile.

At this point 200 ml. of solution v/as eluted before the solvent 

was changed in the same way to a 3% solution of methanol 

in acetonitrile - the steps in this case being 0.5%, 1%,

1.5% etc* solutions of methanol in acetonitrile respectively.

The structures of all the products are unlcnown and the 

isolation of the compounds is reported here without comment.

A violet crystalline compound (7 mg.) was eluted when the %

solvent was 60% acetonitrile in methylene chloride. Pure 

acetonitrile eluted tv/o bands - one giving yellow needles 

(9 mg.) end the other red prisms (17 mg.), recrystallised S
yfrom a mixture of nitromethane and ethanol (1 ;20) and which ;1

decompose 250°. (Found; C,33.0; H,4.2; H,4.9; 8,11,3%).

Elution with a 3% solution of methanol in acetonitrile gave 

rise to a blue compound (14 mg.) recrystallisod from methanol
I

J
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by displacement of methylene chloride as bronze needles 

which decompose ^ 250°$ (Found: C,72$2; H,3.6; S, 14.1%),

(iii) Reaction of the salt (15) with sodium carbonate 

solution. This experiment was conducted exactly as in the 

previous one. No crystalline product was isolated.

(iv) Reaction of salt (14a) with 2,3-dichloro-5,6- 

dlcyano-1,4-benzoquinone(D»D Q ) A solution of D#D$Q$
(227 mg$, 1 m.mole) in acetonitrile (5 ml.) was added at room 

temperature to a solution of the salt (14a) (330 mg., 1 m.mole) 

in acetonitrile (70 ml.). The resulting intensely violet

solution was cooled at -50° for 2 hr. when the charge
I

transfer complex of D.D.Q. and 3-phenyl-4H-indeno[2,l-d]
%thiasolium anhydro-salt (38)(160 mg., 34%) crystallised
J

as brown nee lies with bronze reflex which decompose |;ÎÎ%

I

y 150°. This complex is unstable in solution and was 

analysed without recrystallisation (Found: C,60.0;
H,3.0; Cl,12.9; N,8.9; 8,5.5. C ClgN^Og

requires 0,60.5; H,2.3; 01,14.9; N,8.8; 8,6.7%).

XIII; The Reaction of Thioamides with V -Bromo-dP-Unsaturated 
Carbonyl Compounds.

(i) Reaction of 4-Bromocyclopent-2-enone with Thioacetamide.

A solution of 4-bromocyclopent-2-enone (16.04 g*, 0.1 mole)

in dry benzene (40 ml.) was addel dropwise during 20 min, to >

a stirred solution of thioacetamide (7.48 g., 0.1 mole) in ;
g

Î
____
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ïdry benzene (40 ml.) at the boiling point. The resulting |
Imixture was boiled for 30 min. A dark brov/n oil separated 

from the hot solution and crystallised on being cooled. The :/■

n 1L„C1N0_S requires C,32.9; H,3.9; N,5.5%), ^ _(Nujol)/ J W O ^
-11716(0=0) and 1608 cm (C=N), This salt gives an intensely 

purple solution ( ̂ m 4 ( )  iu being boiled with

carbonate. The solution was extracted with ether, and the 

extracts were washed once with v/ater, dried (NagSO^), and 

evaporated# Distillation of the residual oil gave

Isupernatant liquid was decanted and the residual bromide(39a) 

was washed with benzene, dried in vacuo, and dissolved in the '-i

minimum volume of ethanol. Addition of an excesscf perchloric
ilacid followed by ether gave colourless crystals (10.10 g.,

40%). Dissolution in ethanol followed by the addition of 
ether gave 4,5,6,ôa-tetraUydro-2-methyl-5-<oxo-3a.H-cyclo- i

pental d] thiasolium perchlorate (39b) as colourless needles, 

m.p. 183.5 - 187,5° (Found: C,32.0; H,4.2; N,5.2. Y

p-dlmethvlam'* nobenzaldehyde in acetic anhvdrjdeo

Boiling equimolecular amounts of the perchlorate (39b) 

and 2,:4~dinitrophenylhydrazine in ethanol gave the |

2,4-dinitrophenylhydrazone, orange-yellow prisms (from
o Iacetic acid), m.p, 208.5-212.5 (Found: C,35*C;H,3.3; 3

N,13.0. .CIN^O S requires 0,35.8; H,3.2; N,10.1%). I1 3 * <1 O b j
A::, aqueous solution of the perchlorate (3Sb)(2.57 g.) :l

&was neutralised with a slight excess of sodium hydrogen

¥

’

rJ



114. %iv4,5,8,6G.-tetrahydro--2-methyl-5-oxo-3aH-cyclopenta[ d] -
Ithiasole(40)(0.69 g., 44%) as a colourless liquid, b.p. i
-i'

115-1l8°/2.5 mm.(Pound: C,54.1; H,6.2; N,8.8; 8,20,4.

CJî^NOS requires C,54.2: H,5.8; N,9.0; 8,20.7%), V i7 9  f J f 1  ̂ f 7 W
1 %(CGl^ ) 1754 (C=0) and 1330 cm (C=N). The n.m.r. spectrum

(CDClg) showed a singlet (3.SH) atc? 2.24 (protons of the

methyl group), a quartet (IE) at 4.17, 4.43 and 4.57

(proton at C-6a), a quartet (IE) with broad components

centred at 5.14 (proton at C~3a), and a complex group of

signals (3.9H) at S 2.6-3.1 (methylene protons at G-4 and

C-6). The base (40) is fairly soluble in cold water.

(ii) Reaction of Methyl )j -Bromocrotonate with

Thioacetamide. A solution of methyl V  -bromocrotonate

(1.73 g., 10 m.moles) and thioacetamide (0.75 g., 10 m.moles)

in acetonitrile (20 ml.) was boiled for 1 hr. Solvent was

removed ac reduced pressure, and a solution of the residue

in water (50 ml.) was neutralised with an excess of

sodium hydrogen carbonate before being extracted with

ether (S x 100 ml.). The ether extracts were washed

once with v/ater, dried (Na_SO ) and evaporated. Distillation

of the residual liquid gave methyl 4,5-dlhydro~2-methyl- 

thiaaol-4-ylacetate (41) as a. colourless oil (820 mg., 50%) 

b.p. (heating block) 70-80°/1 mm. (Found: C,48.4; H,6.5.
-.n

requires 0 , 4 0 . 5 ;  H , 6 . 4 % ) , V  ( l iq u id  film) 1733 / 11 2 max
-1(ester 0=0) and 1637 cm (C=H). The n.m.r. spectrum
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(CDClg) showed a singlet at S 2 «,22 (protons of the ring- 
methyl group), a singlet at S 3*73 (protons of the methoxy-- 
carbonyl group), a triplet with broad components at S 4*71,

4.83, and 4.95 (C-4a proton), and a complex group of signals 

at S 2.3-8.8 (protons of the ring and side-chain methylene 
groups). The n.m.r. spectrumcf the base (41) in trifluoroacetic 

acid showed a singlet (2.9H) a t 2.74 (ring-methyl protons), 

a singlet at 3.91 (protons of the methoxycarbonyl group), 

a broad singlet at S 10.73 (proton attached to nitrogen), 

a doublet (1.9H) at S 3*14 (J = 6.7 c./see.)(protons of 
the side chain methylene group), a quintet (1H) at J 5.26 
(proton at C-4) and a complex group of signals at S  3-4.4 
(0^5 methylene protons).
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%APPENDIX - SPECTRAL DATA ^

TABLE 1» N.M.R. spectral data of the thiolimidate salts in 
trifluoracetic acid solution.

Signals are singlets (s) unless stated otherwise; b == broad,
d « doublet, t = triplet, m = multiplet, AB = AB quartet.
Signals not assigned are due to aromatic protons.

Compound Absorption

la 3.60(CH^); 5.7S(CH); Complex 7.2 - 7.7

b 3,70(CH^}; 3.91, 4.01 (AB,J = 17.6, CH^);

5.70(CH); Complex 7.3 - 7.8. 

d 1.28(CHg); 3.40(CH^); 5.51(CH); Complex

0.9 — 7.0»

g 1.52(CEg); 3,83,4.14(AB,J « 17.3,Cn^)?

5.06(CH); 7.42b.

1 2.43(CHg); 3.58(CH ); 5.62(CH); Complex
7.2 - 7.9

2 4.02(CH ); 5.S4(CH); 8.30t(H8); 9,10d(H^>;
Complex 7.2 - 7.3.

3a 3.53 ( Œ  OH); 4.08(CHg); GIG (CD), 7.83, 8,29.
(AB,J = 4.1, CH=GH); Complex 7.3 - 7,7.

4a 3.81(CH_); Complex 4.0 - 4.7 (CH_ - CH.);2 Hi lit

7.41 .

5 3.97(CHg); 4.36(CH ); 5.72(CH); 8.60d(HQ^;

8.42t(H ); Complex 7.4 - 8*0
6/
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Compound Absorption

o

9

2.91(C-CK^); 3.97(CH„ and N-CH„);
«> 2  «5

5*07(CH); Complex 7.2 - 7.8.
3.02, 3.15(CHg); 4.04(CH_); 5.77,5.94
(CH); Complex 7.3 - 8.4.

3.28, 4.10(Hg,Hg,); 5.10(11^); = 18.5;

23 .2; Jgot 3.9; Complex 7.5 - 9.3*

3.50, 4.20(Hg,H2,); 5.08(Hg); = 17.5;
Jgg = Jgg, = 4*4; 4*44(CHg);
Complex 7.5 - 9.3.

TABLE 2. N.M.R. spectral data of thiolimidates in 
deuteriochloroform solution•

Compound

10

11

Absorption

3.72d(Cîî ); 5.14b(OH); Complex 6.6 -- 8.2 
2.04(CH^); 3.8(CH*); 5.05b(OH);
Complex 6.55 -- 7.50.

12a 3.61(CH*); 5.08(CH_); 5.46b(NH); 7.22,
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TABLE 3, N.M.R. spectral data of 4H- i n de n d[ 2̂ _1 - d] thiazolium 
salts in trifluoracetic acid solution.

Compound Absorption

14a 4.17(08^); 3.01(Eg); Complex 7.6 - 7.9.
b 4.12(GH*); 9,69(H^); Complex 7.5 - 0.0»

c 4.03(CHg); Complex 7.4 - 8.0.

d 3.98(CHn); Complex 7.4 - 7.9.

f 4.23(CQ ); 4 .32(CE*); Complex 7.4 - 7.9.

g 1 .58(CH ); 3,6S(CHg); Complex 7.4 - 8.0*

h 1.78(C-CH ); 4.08(CH_); 4.39(N-CK*)Â O f

Complex 7.3 - 7.8.
i 2.94(CH ); 3.80(CEg); Complex 7.4 - 8.0.

k 1.75(CH ); 4.12CCH*); Complex 7.4 - 7.8.

15 4.35(CH ); 0.51t(H ); 0.1O(H(%);
Complex 7.4 - C.3.

13 ca. 4.23 (CH^).
17 4.04(CH_); 4.2 - 5.2m(CH -CH^); 7.52b,

18 3.30(CHg); 4.G8(CH ); Complex 7.4 - 8.6.

19 4.25(Ca ); 8.G0t(J = 7.6, H ); D.40d

(J = 6.0, HOi); Complex 7.4 - 0.4.
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TABLE 4 * N .M .R . spectraX data of some dimethylamlno- 
methylene salts.

Compound Absorption

26 4.08, 4.42(N-Ca^); 6.22d(J = 9,CH);

9,12d(J = 0, Ha); Complex 7.7 - 8.9.

27 4.04, 4.20(N-CHg); Ô.03d(J = 9, CH);

9.90d(J sa o, Ha); Complex 7.7 - 8.9.

28 4.06,4.39(N-CH_); 3.20(CH*); ComplexO «3
7.5 - 8.7.

TABLE 5a N.M.R. spectral data of derivatives of salts (15) 
and (19) in deuteriochloroform.

All the solutions were saturated.
Compound Absorption

23a 9.87(CH0);1t,47d(Ha); Complex 7.1 - 8.1,

b 2,?9(CHg); 11.8Sd(J = 6.9; Ha);
Complex 7.1 - 8.2.

o'"' 11.53 (Ha).

d 3.98(CH*); 11 ,23d(Ha); Complex 7.0 - 8.4.

3.48,3.09(on ).3
32a.*̂  3.55m(Ha); 10.04(CKO); Complex 7.0 - 0.8.
tb 2.68(CHg); Complex 7.2 - 9.0.

3.97(CH^); Complex 7.0 ~ 8.5.

d/
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Table 5 contd#
Compound Absorption

d 3.80,4$07(CHg); Complex 6.0 - 8.0#

Dimethylformamide solution; Deuteriodimethylsulphoxide
tsolution; Methylene chloride solution#

II ITABLE 6 # N.M.R. spectral data of derivatives of salts J • 11 ■ I
(15) and (19) in trifluoracetic acid solution, I

J

Compound Absorption Î

29a 10.35d(J = 6.4, HO); Complex 7.0 - C.6. i
1

b 2.64(CK*); 5.74(CH); 9#16d(J = 6,5, HO!); 1
;lComplex 7,5 - 8,8. Iêild 4,04(CH*); 5.64(CH); 9.29d(H0!); Complex •
I

7.5 -  8.9. i
'if 3.63, 4.18(CH^>; 6.72(CH); 9.10(J = 6.2, I

O  , 4 J

,r̂HO!); Complex 7*5 - 8.9, ii

32a 9.lGd(J = 6.0, HO!); Complex 7*1 - 8*7. ’ 1
1b 2.61,2*78(CH_); 9,03m(HO!); Complex
$7.0 - 8,8. j

4#08(CHg); 5.53(CH); 9,63d(J = 6#1, HO!); 

Complex 7*6 - 8,9.

4,0l,4,18(CHg); 4.56(CHg); 9.62(J =6,

HO!); Complex 7.5 - 8.8.

■■J

1
'.W6!
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TABLE 7# tr.y» spectral data, of the 4H-indeno[2,1-d] 
thiaaolium salts in solution in methanol *

Compound X  #  (log e)

14b 319,233(4,12,4.i

d 352,245(4.28,2,45)»

f 341,254sh.,226sh., (4.28,3.71,3.83).

S 318,232(4.14,3.87),

h 312,253sh.,229(4.15,3.50,3.73).

i 318,241(4.11,3.99).

j 312,230,2128h.(4.14,3.67,4.06),
15 341,261,2378h.,214(4.36,3.87,4*04,4.39)

16 320,255,245,236(4.19,4.00,4.06,4.38).
17 347,270,243(4.22,3.47,3.53).

18 281,243(3.58,4.11).

19 344,273,256205(3.99,4.07,4.26,4.47).

TABLE 8. U.V» spectral data of the dimethylaminomethylene 
compounds (26) and (27).

26 (methanol) 385,232(4.24,4.42).(1% v/v

perchloric acid in methanol)346,222 

(4.21,4.27).

27 (methanol) 437,360,351 sli., 299,271

(4.16,4*24,4.18,4.11,4.23).



TABLE 9o U.V, Spectral data of derivatives of salts (15) 
and (19) in various solvents.

29a (methanol) 461,369,272,227(3.60,4.29,4,37,

4,03,4.65)k(1% v/v. perchloric acid in 

methanol)346,299,269,237,220(4.31,4.02, 
3.96,4.29,4.45).

29h (cyclohexane) 576,400,341,306,287,235,218

(3.81,4.30,4.31,4.11,4.19,4.40,4,32). 
(tetrahydrofuran) 510,392,337,308,274 

(3,54,4.07,4.26,4.15,4.02). (methanol) 
474,379,339,302,274,228(3.57,4.29,4.33,

4,10,4.08,4,58).(1% v/v. perchloric acid 

in methanol)344,262,237,217(4.32,3.92,
4.00,4.43).

29c (tetrahydrofuran) 510,390,350,274(3.63,4*23,

4.23,4.05).(methanol) 476 sh.,302,346,270, 

220(3.07,4.31,4.28,4.06,4.65).(1% v/v. 

perchloric acid in methanol)346,250,

222 sh., 212(4.31,4*32, 4.52, 4.54).
29d (cyclohexane)580,422,417,402,324,313 sh.,

287,236(3.55,4.28,4.29,4.24,4.09,4.05, 

4.28,4.46).(tetrahydrofuran) 526,393,

321 sh.,307,290,284,230(3.56,4.23,4.10, 
4.11,4.21,4.16,4.53).(methanol) 506, 

385,320,297,264,233(3.58,4.10,4.15,4.10, 
4,01/
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4.01, 4.45).(1% v/v* perchloric acid in 

methanol>336,260,235 sh.,220(4.29,3.90, 

4.02,4.43).
29f (methanol)46i,346,263 sh.,235,216(2.96,

4.14,3*76,4.20,4.29).(1% v/v. perchloric 

acid in methanol)343,262,217(4.18,3.91,
4.36)#

32a (methanol)439,353,290,274,217(4.00,4.41,
4.06,4.34,4,40).(1% v/v. perchloric acid 

in methanol)370,333,269,260(4.01,4.26,
4.46,4 « 4 8)o

32b (methanol)450,357,298,273,267sh., 226,
215(4.00,4.43,4.01,4.37,4.33,4.35,4.40) 
(1% perchloric acid in methanol)380,330, 

269,260(4.13,4.30,4.44,4.45).
31c (methanol)466,383,336,284,269,266 sh.,

227,214(3.97,3.94,4.27,3.94,4.40,4.38, 
4.35,4.39).(1% v/v. perchloric acid in 

methanol)338,270,256,205(4.03,4.09,4.23, 
4.51).

32d (methanol)513,410,329,281 sh.,269,224,
216(4,17,4.41,4.11,4.13,4.18,4c29, 
4.28)t(1% v/v. perchloric acid in 

methanol>339,298 sh.,276,254(4c10,4.11, 
4.19,4.37).

36a/
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36a (methanol)472,146,372,355,298 eh.,265 sh.,

255,219(4.26,4.11,4.20,4.20,4.11,4.17, 
4.22,4.23).

36b (methanol)481,372,292,247(3.90,4•27,4.13,

4.24).(1 % perchloric acid in methanol) 

328,222(3.64,4.27).

I
I

•ii

I

,

«
#

i
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TABLE 11» Visible spectral data of solutions of 4H- 
liid©no[ 2,1-d] thiagplium salts in 0.5% tri et hy lamine in 
dimethylformamlde »

8alt(?L , #t): 14b(488)î 14d(625); 142(578); 14g(529);
14h(521); 141(455); 15(600); 16(498); 18(000); 19(541).

TABLE 12. I.R. Spectral data of thioliiaidate salts obtained 
from mulls of the golids in hexachlorobutadxene*

-.1Compound Absorptions (cm )

la 3002,2982,2803.

b 3331,3064,3040,2943,2824.

d 3231,3063,3007,2973.

g 3268,3165,2975,2971,2932,2900,2755,2717.

1 3309,3105,3074,3045,2953.
2 3060,301O,2959,2932,2808.
3a 3099,2940,
4a 3301,3100,2990,2948,2875,2775.

5 3139,2987,2915.

G 3346, 3Ï90, 3062, 3026, 2940, 2910, 2754

*
3208, 3065, 2939, 2410.

Sample recrystallised in the presence of 
deuterium oxide.
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1 8 8 .
TABLE 14, I.R. spectral data of the hydroperchlorates of the 
compounds (29) and (32) obtained from mulls of the solids in 
nujol.

The nature of the vibration causing absorption is
4.denoted thus; C = 0 as and C-0 as . Absorptions are 

measured in cm

30: 1241*. 31a: 1727*. 31b: 1742*. 31d: 1723*. 33a; 1235*. 
33b: 1279*. 34: 1754*. 35: 1730*,1711*.
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