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ABSTRACT

The synthesis of the isomeric thieno and thianapbtheno-

thiapyrylium perchlorate salts, (1J and (2), with the sulfur 

atom at each of the starred positions, respectively, has been 

accomplished. To aid in the interpretation of the nmr spectra,

three methyl substituted salts were also synthesized. The 

nmr spectra indicate that the compounds exist in the form as 

in (^) with the positive charge mainly on the thiapyrylium 

sulfur. However, canonical form (3a) does make some contri­

bution to the overall structure since H-6 and H-7 are shifted 

downfield in the nmr spectrum from the corresponding protons 

1

in thiophene itself. A correlation of the observed L& (n-TT*) 

transitions in the electronic spectra with the transition en­

ergies calculated from Huckel Molecular Orbital theory using 

previously established coulombic and resonance integral par­

ameters for thionium sulfur was not found as it was in the 

polynuclear hydrocarbon thiapyrylium series. Similarly, the



polarographic half-wave potentials for these compounds did 

not correlate with the energies of the lowest vacant mol­

ecular orbitals. The half-wave potentials for six known 

polynuclear hydrocarbon thiapyrylium salts were also deter­

mined and did show a correlation with the calculated ener­

gies of the lowest vacant molecular orbitals. Comparison 

of the calculated electron densities and the nmr spectra 

yielded no quantitative correlation, although in each case 

the most deshielded proton is associated with the lowest 

electron density.

Reactions of thiapyrylium salts with phenyllithium 

have been reported to yield products different from those 

obtained in reactions with Grignard reagents. Attempted 

reactions with thieno[3,2-c]thiapyrylium perchlorate yielded 

only gums and tars. ‘

Four substituted thiapyrano 3-b]indoles (l^) were 

synthesized. Their pmr spectra add support to the thiapy­

rylium character of the sulfur containing ring as in the 

canonical form (Ua).
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INTRODUCTION

Several benzologs of thiapyryllum perchlorate have 

been synthesized"*-. Excellent correlations of their visible 

and ultraviolet spectra with the lowest Huckel Molecular Orb­

ital Theory (HMO ) transition energies have been obtained. 

Similar results have been shown for azines , some substitu­

ted pyrylium salts\ and other heterocyclic compounds^. Al­

though empirical linear correlations of ir-electron densities 

ith proton chemical shifts of mononuclear nitrogen hetero­

cycles have been reported^, and reliable methods for predic­

tion of ring-current effects in polynuclear aromatic hydro­

carbons have also appeared^, additional contributions to 

resonance shifts owing to anisotropic effects of heteroatoms 

in polycondensed systems are not easily evaluated?. No 

quantitative correlations of the nmr shifts of the thiapy- 

rylium perchlorate benzclogs with the calculated electron
Q

densities could be made0. In each case, however, the proton 

adjacent to the thionium sulfur exhibited an unusually large 

downfield shift attributed to the high electronegativity of 

the thionium sulfur.

Other types of correlations. e.g. polarographic half­

wave reduction potentials with the energy of the lowest 

vacant molecular orbitals or conversely, polarographic half 

wave oxidation potentials with the energy of the highest 

occupied molecular orbitals, have been found for aromatic 

hydrocarbons $.



Heterocyclic systems derived from benzologs of the 

thlapyrylium salts by replacing two vinyl carbons with a 

nitrogen atom as in thiapyranoT^l-blindole (1_) also show an 

unusually large downfield shift for the proton adjacent to 

the thionium center^®. The interpretation of this phenom­

enon is that the dipolar canonical form (la), where each ring 

tends toward the aromatic sextet condition enhancing the sta­

bility of the resulting tr-system, contributes greatly to the 

ground state structure.

N

The first of these systems reported was the 1,2,3,^- 

tetrahydronaphth (2,3-blindolo[2,3-dlthiapyran It '

was synthesized from the ketone (2.) by forming the phenylhy­

drazone (J.) which was cyclized to the indole (^) in boiling 

glacial acetic acid. Abstraction of a hydride ion by trityl 

perchlorate yielded the perchlorate salt (£) which upon 

treatment with ammonia gave (6J. Buu-Hoi and co-workers 

have synthesized the unsubstituted tetranuclear system and 

11 12 
two higher benzologs * .

È 
k

n -nh -c 6h 5

I HOAc rC6H^2«3 

3/
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N' 

H

S.

Some of the l,3,4,5-tetrabydrothiapyranor^,3-b]lndoles

(7a-«) have been synthesized by Fischer ring closure of the 

appropriate phenylhydrazone of thiacyclohexan-U-one^^.

S

7 R]_ Rg R3 Ref «

a H H R l^.
b H Br H 1U
c H Cl H 15
d H CH3 H 16
e CH3 H CH. 15
f H ch 3o H 15
g H NO2 H 15

R
H

3 8a-d

Dehydrogenation of 7a.b and d by chloranil in reflux­

ing xylene gave the corresponding thiapyrano[4,3-b]indoles 

(8a, b_and d)^^, while 80^6 was obtained using dicyanodi- 

chloroquinone as the dehydrogenating agent. In this work 

four new thlapyrano[l^,^-b ]indoles have been synthesized whose 

nmr spectra add support to the thiapyrylium character of the 

sulfur containing ring as in la.

Similarly, synthesis of the corresponding compounds 

with a sulfur atom replacing the nitrogen should result in
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a series of thienothiapyrylium and thianaphthenothiapyryllum 

salts, both of which were new classes of compounds when this 

work was begun. Since, in these compounds, differing loca­

tions of the sulfur atom in the thiapyran ring would still 

yield thiapyrylium salts, all of the isomeric compounds with 

the sulfur atom at the various positions could be synthesized 

and their properties compared. An isomer of each series is 

illustrated below.

In these series of compounds, the polarographic, nmr, 

visible and ultraviolet spectral correlations with HMO theory 

could be tested. In the HMO calculations for these systems, 

the same parameters would be used for both sulfur ato&s and 

the success or failure of these correlations would provide 

an excellent test of the previously developed parameters for 

thiapyrylium sulfur. Therefore the synthesis of these com­

pounds was undertaken. .

The problem of synthesizing the various thieno- and 

thianaphthenothiapyryllum salts initially involves substi­

tuting a sulfur for a carbon atom in the required position 

in a ^.-Ar-butyrlc acid. After these, compounds were ob­

tained, cyclization to the intermediate ketone, followed by 

reduction to the alcohol and aromatization with trityl per­

chlorate , provided the salts.
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Two general pathways involving halogen displacement 

are available. The first involves placing the sulfur atom 

on the appropriately substituted aromatic compound as Ar-SH 

or Ar-CHg-SH and then using the sulfur atom as an anion to 

displace halogen or add to a double bond in the acid or 

ester with the prerequisite number of carbon atoms needed to 

form a six-membered ring upon cyclization. Conversely, a 

mercapto acid as the dianion could be used to displace a 

halogen from ArCH^X, again yielding the required acid. Ex­

amples of all of these types of reactions are known with 

the corresponding benzene or naphthalene compounds.

3-Arylthio-propionic acids have been prepared from 

the reaction of an appropriate arylthiolate ion with 3- 

chloroproplonic acid1?, p-propiolactone1^, methyl acrylate1^ 

(after ester hydrolysis) and crotonic acid^ as illustrated 

below :

n j + C1-CH2CH2-CO2H NaOH

Aromatic thiols (ArSH) can be synthesized by treatment 

of the Grignard reagent with elemental sulfur and subsequent 

hydrolysis^1. Another preparation involves reaction of aro­

matic compounds with n-butyl lithium to give the litho deriv 

ative and the use of sulfur as with the Grignard Reagent^.



B

SHBr

nBuLi 1. s

2. H30

The formation of R-CH^-SH compounds from the corres­

ponding R-CHgX compound through the hydrolysis of the inter­

mediate isothiuronturn halide is well known2^. Although both 

of the 2- and 3-thenylthiols are known^'^, they were not 

used in this study, as the reaction of the precursor halides 

with the thiolate anion of mercaptoacetic acid provided the 

required sulfur moiety.

§ m
RBr + HnN-C-NHo ___» R-S-C NaOH , RSH

di ---------► h ----- »
NH2 Br“ 
+

The preparation of the required halogen compounds, Ar- 

CHgX, was accomplished using methods analogous to those in 

the non-heterocyclic series. Those compounds which readily 

undergo electrophilic substitution in the required position 

were chloromethylated using formaldehyde and hydrochloric

+ HC1 ♦ CH20

, _26 
acid
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The use of N-bromo succinimide (NBS) to introduce a 

bromine atom into an aromatic methyl group provided a route 

27 
to those compounds ArC^Br .

CH

NBS 

(BzO )

H2Br

Ring closure of 3-aryl thiopropionic acids have been 

28 
carried out using col* concentrated sulfuric acid ,

polyphosphoric acid29, and the action of stannic chloride on 

the acid chlorides^.

Adaptations of the foregoing methods were used to pro­

duce the precursors to the thiapyryllum salts in this study. 

Thlapyryllum salts have been reported to react with 
31 32 

phenyl lithium to yield aromatic tetravalent sulfur ' ,

#L1

3^

C6h5
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In contrast, Grignard reagents react with thiapyrylium 

salts at positions ortho or para to the sulfur atom-^.

Reaction of thieno(3,2-cJthiapyrylium perchlorate (2.) 

and its 3-methyl analog (1,0) would provide an excellent test 

of these reactions since each proton is distinguishable in 

the nmr spectra. The changes in the chemical shift and the 

number of protons in the nmr spectra would enable the modes 

of addition to be distinguished. Since both sulfur atoms are 

equivalent, viz.

it could possibly distinguish which sulfur atom was being 

attacked by the phenyl lithium as well as which ring was 

being attacked by the Grignard Reagent.
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RESULTS AND DISCUSSION

In this dissertation, the synthesis of nine new thia- 

pyrylium perchlorates (9-17) is reported. A tenth salt (18) 

appeared in the literature as it was simultaneously synthe­

sized in the laboratory-^. The remaining thienothiapyrylium 

perchlorate isomer (19) was not prepared, since it was re­

ported before the proposed synthetic pathway was undertaken^ 

Huckel molecular orbital calculations were made for the eight 

basic isomeric systems.

Four new thiapyranof^,3-bJindoles (20-23) and a tetra- 

hydrothiapyrano [Ij., 3-b Jindole (2^) were synthesized to comple­

ment the previously synthesized thiapyrano [h-,3-b Jindoles.

Thienothiapyrylium perchlorates

cio^

ch 3

S

12
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Tbianaphthenothiapyrylinm Perchlorates

Thjapyrano FU,3-b 1indole s

CH

N

3
20

°2

21

I. Syntheses

A. Synthesis of the Thienothiapyryllum Perchlorates

Thleno[3,2-c]thiapyrylium perchlorate (2.) was the first 

of the new salts to be synthesized. The sequence undertaken 

involved initial bromination of 3-methylthiophene (2^) on 

the methyl group with N-bromosuccinimide^ (NBS) followed by
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displacement of the halogen with the thiolate anion from mer­

captoacetic acid.

NBS

IH2Br

1. HSCHg-COgH

S

2

S

2

The preparation of 3-bromomethylthiophene (26) was 

fraught with difficulty. In the initial experiment, the mix­

ing together of 3-methylthiophene and the NBS before the sol­

vent and benzoyl peroxide were added resulted in a reaction 

yielding 14,356 of 2-bromo-3-methylthiophene (28) as shown from 

nmr studies^. The nmr spectrum of 2—bromo-3-methylthiophene 

in carbon tetrachloride consisted of 6 7*02 (d, 1, J = $•$ 

Hz, H-I4.), 6.65 (d, 1, J = 5.5 Hz, H-3) and 2.13 U, 3, CH^) 

ppm in contrast to that of the 2- and 3-methylthiophenes 

where the resonances of the aromatic protons occur as mul­

tiplets at about 7 ppm. The introduction of a bromine atom 

in an aromatic methyl group also shifts the methylene reso­

nance downfield; çf. C^H^C^Br = I4..I4J. ppm vs. h—33 ppm for 

CI^Br in 3*bromomethylthiophene as compared to 2.55 ppm for 

CH^ in toluene vs,. 2.20 ppm in 3-methylthiophene^ .̂

After several experiments, the final procedure which 

produced pure 3-bromomethylthiophene involved: (1) use of
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freshly recrystallized NBS dried over P20^ at 0.0$ mm for 

four hoursp^ (2 ) ultraviolet irradiation of the reaction mix­

ture during the addition of the NBS admixed with the benzoyl 

peroxide and for the five minute reflux afterward. The prod­

uct was pure by nmr spectroscopy. Other similar procedures 

yielded products contaminated with ten percent of 2-bromo-3- 

methy1thiophene^®’^9 Ao. The lachrymatory powers of 3-bromo- 

methylthiophene have not been exaggerated.

The S-(3-thenyl)-mercaptoacetic acid (2£) was pre­

pared by reacting the 3-hromomethylthiophene with mercaptoacetio 

acid in the presence of two equivalents of potassium hydrox­

ide and stirring the two-phase mixture overnight at 7^°» 

Since the organic layer remaining after this treatment 

possessed a hydrogen bonded hydroxyl group absorption in the 

infrared spectrum, further reactions of this type were usu­

ally run in dry glyme to eliminate the possibility of hydroxyl 

attack yielding 3■hydroxymethylthiophene• The necessary mer­

captoacetic anion was generated with two equivalents of 

sodium methoxide.

ih 2ohH2Br 

___QH

Cyclization of the acid (22) to the ketone (2^) also 

proved to be a problem. Experiments using polyphosphoric 

acid yielded a gum. The use of phosphorous pentoxide on
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Colite in refluxing benzene, a procedure which worked well in 

the naphthalene series^-1, resulted in no isolable product.

It was found that the ketone could be prepared in reasonable 

yield and quality by the action of anhydrous stannic chloride 

on the acid chloride. Since this reaction was always accom­

panied by considerable tar formation, it was thought that 

isolation of the acid chloride might improve the reaction. 

However, no improvement of yield or quality was noted upon 

distillation of the acid chloride and then further reaction 

with stannic chloride.

____,ch 2 -s  -ch 2 -c  o 2 h
II jf 1. -3.0012 >

2. SnCl^
%

29

The ketone (29 ) was reduced to the alcohol (JOj with 

sodinn borohydride in refluxing isopropanol. Previous ex­

periments with methanol as a solvent did not yield the 

alcohol. No reduction took place and the ketone decomposed 

under the reaction conditions. Presumably the sodium boro- 

hydride decomposed in the solvent before effecting reduction 

of the ketone^. In this work, the reductions were run on 1-2 

g quantities of the ketone. Increasing the amount of ketone 

resulted in a lower yield (90# ■* 65-70#) even though the 

amount of solvent was proportionately increased. The use of 

lithium aluminum hydride in ether also resulted in lower 

yield (77%)-
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Wolff-Kisbner reduction of the ketone gave a product 

(31) with no carbonyl absorption in the infrared spectrum. 

Its infrared spectrum was identical with that in the liter- 

ature^. Attempted dehydrogenation with dichlorodicyano-

quinone (DDQ) and perchloric acid did not produce an isolable

product

SW.K. . |l

Reaction of the alcohol (30) with trityl perchlorate 

produced thieno [3,2-c Ithiapyrylium perchlorate (2.), a beige 

salt, in 20# overall yield after several recrystallizations 

from glacial acetic acid and an initial carbon treatment. 

Later on, the same salt was prepared with difficulty from 

the alcohol (JOj using DDQ as the dehydrogenating agent and 

perchloric acid to produce the salt. Thereafter the salts

trityl perchlorate as the aromatizingwere prepared using

2

‘ The nmr spectrum of (2.) showed a multiplet at F 10.60, 

integrating for one hydrogen and another multiplet at F 9.43, 

integrating for two hydrogens. To clarify the situation as 

to which two hydrogens were superimposed, the corresponding 
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salts with a methyl group in the ^-position and a benz-ring 

in the 6-7 position were synthesized. The nmr data through­

out these sequences also allowed unambiguous assignments of 

the spectra in the non-methyl series.

To obtain the 3-methyl salt, thiolactic acid was stirred 

with two equivalents of sodium methoxide in dry glyme until 

the thick, white precipitate was broken up. 3-Bromomethyl- 

thiophene was added to the mixture, which was stirred at re­

flux overnight. Upon workup, 7^ of S-(3-thenyl)-thiolactic 

acid (32) was obtained. Cyclization to the ketone (33) was 

accomplished using the acid chloride-stannic chloride tech­

nique. The ketone was reduced by sodium borohydride to the 

alcohol (3^) which was aromatized using trityl perchlorate to 

produce 3-methylthieno f3,2-c]thiapyrylium perchlorate (10), a 

beige salt which turned faintly blue on standing. Comparison 

of the nmr spectra of the salts, (9.) and (10), and the corres­

ponding benz-ring salts, (llj and (1£), showed that the over­

lapping proton resonances in (^) are an H-3, H-l|. combination. 

(See discussion of nmr spectra of salts.)

1. SOCI2s-'

26

NaBHh. 

h 3

CHg—S—CH—CO2HHgBr 

hCH3-CH-C02H 

SH

0

2NaOMe 
glyme

5 10
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The nmr spectrum of S-(3-thenyl)-mercaptoacetic acid 

(27) showed two singlets each integrating for two protons, 

at A 3.83 and 3.00 ppm. Comparison with the spectrum of the 

S-(3-thenyl)-thiolactic acid (32). which showed a quartet at 

3.15 ppm, integrating for one proton, Indicated that the up-­

field resonance at 3.00 ppm belonged to the SCHpCOpH methylene 

group. In the same spectrum (for J2j, the remaining methylene 

protons are no longer equivalent and exhibit geminal coupling 

of 14- Hz because of the asymmetry of the -CH(CH^ )CO^H moiety.

Analogously, the assignments were made for the ketones 

(29) and (33J . For (29.), the lower field doublet at 3.85 ppm 

was assigned to the -CH2S methylene group and the 3.^8 ppm 

resonance was assigned to the SCHgCOpH moiety. In the spec­

trum of (33 ). the multiplet centered at 3.68 ppm is assigned 

to the CH2SCH grouping. These spectra are in agreement with 

the literature spectra which appeared during the course of 

this work^.

The interpretation of the spectrum of the alcohol (30) 

was quite straightforward (see Experimental). The reduction 

of the methylketone (33J apparently produced a mixture of 

cia and trans isomers as indicated by the nmr spectrum and 

wide melting range (6^-75°) of the isolated waxy solid. The 

nmr spectrum consisted of a series of multiplets. The methyl 

group resonances appeared as a quartet or two doublets with 

j = 7 Hz indicating two environments for the methyl grouping 

as in (3^a) and (34b).
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The corresponding isomer with the sulfur atom also at 

a position p to the thiophene ring was synthesized in the 

following manner. Thiophene reacted with formaldehyde in 

the presence of hydrogen chloride gas to give 2-chloromethyl- 

thiophene (35 Experiments using Hartough’s alternate 

procedure with concentrated hydrochloric acid instead of gas­

eous hydrochloric acid produced little or no product^. Re­

action of the 2-thenyl chloride with mercaptoacetic acid and 

two equivalents of potassium hydroxide in water produced S- 

(2-thenyl)-mercaptoacetic acid (36) in 1^6.5% yield. Cycliza­

tion to the ketone (37J via the acid chloride and stannic 

chloride was accomplished with difficulty. Since the p—posi­

tions in thiophene are much less reactive to electrophilic 

substitution^, much tar formation occurred, presumably by 

the electrophilic attack at the other a (5) position in 

another molecule. Reduction with sodium borohydride produced 

the alcohol (38 ). which reacted with trityl perchlorate to 

produce the vivid yellow salt, thieno [2,3-c]thiapyrylium per­

chlorate (11). The nmr spectral assignments were made using 

the knowledge gained from the previous series. ••
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ch 2o
HC1

hsch 2co 2h
2KÔH

Hi

Since difficulty had been experienced in cyclizing the 

acids to the p-position in the thiophene nucleus, a blocking 

group for the other a (5) position was sought which could be 

removed after cyclization. An attempt was made to form the 

sodium salt of 2-bromothiophene using a sodium amalgam as 

had been done with 2-chlorothiophene and was also stated to 

occur with 2-bromothiopheneFurther reaction with sulfur 

would yield ^-bromo-2-thiophenethiol. However, reduction of 

the bromine occurred and the desired substituted product ' 

was not obtained; only the unsubstituted thiol was found.

Na/Hg S
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The synthesis of the isomer (16) with the sulfur in the 

position a to the ring proceeded as follows. Thiophene was 

lithiated using n-butyl lithium and sulfur was added to the 

reaction mixture to yield, after acidification, 2-thiophene- 

thiol. The nmr spectrum showed an allylic coupling of the 

-S-H of I Hz. Reaction of the 2-thiophenethiol with ethyl 

3-bromopropionate yielded ethyl S-(2-thienyl)-3-mercapto- 

propionate (3^). Hydrolysis with refluxing $0% hydrochloric 

acid gave S-(2-thienyl )-3-mercaptopropionic acid (l[0). Cy­

clization of the acid chloride with anhydrous stannic chlor­

ide yielded the ketone (^1). Reduction with sodium borohy- 

dride in isopropanol gave the alcohol (&2). Reaction of the 

alcohol with trityl perchlorate yielded a maroon solid from 

which neither starting material nor a product could be iso-

lated. The salt was prepared by first dehydrating the alco­

hol with potassium pyrosulfate.Reaction of the resulting 

2H-thieno [2,3-b ]thiapyran^ (^ ) with trityl perchlorate in 

acetonitrile produced the yellow-green salt, thieno [2,3-b] 

thiapyrylium perchlorate (18).

S

—CHg—CHg—COgEt

X. OUUXg

2. SnCl^

1, NaOCH 
^2. Br—CH;
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The 3-methyl derivative (12) was prepared simultaneously 

because of the common starting materials, so that an antici­

pated problem of distinguishing the protons in the mar spec­

trum of (18) could be resolved. 2-Thiophenethiol reacted 

with methyl methacrylate in the presence of a trlethylamine- 

water catalyst to yield methyl S-(2-thienyl)-3-mercapto-2- 

methylpropionate (1^). Hydrolysis with refluxing $0^ hydro­

chloric acid gave the acid ()^). Cyclization of the acid 

chloride with stannic chloride gave the ketone (1*6). Reduc­

tion with sodium borohydride in isopropanol produced the al­

cohol (U?)• Reaction of the alcohol with trityl perchlorate 

in acetic acid-nitromethane produced a maroon solid from 

which neither starting material nor a product could be iso­

lated, Dehydration with potassium pyrosulfate produced 3- 

methyl-2H-thieno[2,3-b1thiapyran (L8). which, due to its 

instability in air, was immediately converted to the yellow 

salt, 3-methylthieno[2,3*b]thiapyrylium perchlorate (12) 

with trityl perchlorate in acetonitrile.

ch 3 
S-CH2-ÇH

CO2H

1. soci2
2. SnClL
3. HjO+^
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Comparison of the nmr spectra of the corresponding com­

pounds for the two previous sequences resulted in the follow­

ing assignments. The lower field methylene group resonance 

(where distinguishable) in the acids, ketones and alcohols 

was that of the Ar-CHgS moiety. The higher field methylene 

resonance disappeared as in the thieno f3,2-cIthiapyrylium 

perchlorate aeries and was replaced with a quartet or multi­

plet when the substitution of a methyl group was made. The 

alcohol (^2.) was again a mixture of cis and trans isomers as 

evidenced by a 14-7-75° melting range and the methyl group res­

onance appeared as two doublets with J = 7 Hz as derived from 

the two isomers (li7a) and (U7b).

The remaining isomer thieno[3,2-b Ithiapyrylium perchlor­

ate (12.) with the thiapyrylium sulfur adjacent to carbon-3 

in the thiophene molecule was not prepared for two reasons; 

The first was that it appeared in the literature as prepara­

tion was being attempted^; the second was that the initial 

reaction to produce 3-thiophenethiol produced 3-thenyl n- 

butyl sulfide (L9) instead^. (See Experimental.) Therefore 

the literature nmr and ultraviolet-visible data were used as 

presented^.
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Thianaphthene (SD was brominated in chloroform to 

produce 3-bromothianaphthene^ (Jgl), which reacted with 

magnesium in ether in the presence of ethyl bromide. After 

some difficulty, the reaction proceeded and elemental sulfur 

was added slowly. Upon isolation, the product was a semi­

solid, which possessed no infrared absorption at 2535 cm"^ 

(-SH). Since coupling products are often the result of side 

reactions of Grignard reagents^, the material was treated 

with lithium aluminum hydride to reduce any disulfide pres­

ent to the thiol. Distillation gave 27^ of 3-mercaptothia- 

napthene (^2j, whose nmr and infrared spectra were the same 

as the literature values^0. The nmr spectrum showed an 

allylic coupling of 1 Hz in -S-H resonance.

The remainder of the sequence was accomplished without 

difficulty. Reaction of the 3-mercaptothianaphthene with 

3-bromopropionic acid in absolute ethanol in the presence of 

sodium bicarbonate^yielded the acid (5h- ). Cyclization to the 

ketone (55 ) was accomplished by the action of stannic chloride 

on the acid chloride. The alcohol (56) was prepared by sod­

ium borohydrlde reduction. Reaction of the alcohol with 

trityl perchlorate in acetic acid-nitromethane yielded the 

green-yellow salt, thianaphtheno(3,2-b]thiapyrylium per­

chlorate (13).

Isomer (1U) with the sulfur positioned (3 to the three 

carbon of thianaphthene was synthesized as follows :
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S

60

CHgO 
HCÏ*

1. soci2
2. SnCl^

h 2ci  
HSCHgCOgH 
2NaOCHj r

Thlanaphthene was chloromethylated^1 and the 3-thia- 

naphthenyl chloride (^) reacted with mercaptoacetic acid and 

two equivalents of sodium methoxide in di*y glyme to produce 

the acid (^8 ). Isolation of the acid initially produced a 

guiany solid. Extraction into boiling cyclohexane and subse­

quent purification yielded an analytical sample. The possibil­

ity that the reaction had proceeded by an SN21 mechanist2 (see 

below ) was dismissed when the nmr spectrum of the crude mater­

ial was shown to be the same as that of the analytical sample.

Cyclization of the acid chloride with stannic chloride 

yielded the ketone (Q) which was reduced to the alcohol (60). 

Reaction of the alcohol with trityl perchlorate yielded the 

ochre salt, thianaphtheno F3,2-c Jthiapyrylium perchlorate (iL^).

The green 3-methyl derivative, 3-methylthianaphtheno 

[3,2-c]thiapyrylium perchlorate, (l^) was also prepared to
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aid in interpretation of the nmr spectra.

ch 3
S____ —ch 2 -schco 2h

62

The 3-thianaphthenyl chloride reacted with thio­

lactic acid in the presence of two equivalents of sodium 

methoxide to yield the acid (£1,). Cyclization of the acid 

chloride to the ketone (62 ) using stannic chloride proceeded 

without difficulty. Reduction with sodium borohydride gave 

the alcohol (6jJ, which was aromatized with trityl perchlor­

ate to the green salt, 3-methylthianaphtheno [3,2-c ]thiapyryl— 

turn perchlorate, (15).

The nmr spectra of the acid (^8), ketone (£2) and alco­

hol (60) were compared to those of the corresponding methyl 

derivatives, (61_), (62), and (6^). In all cases the more down­

field methylene resonance proved to be that of the Ar-CHgS 

moiety. The methyl-alcohol (63) was a mixture of isomers as 

evidenced by the melting range, 120-130°, and the nmr spec­

trum showed the methyl group as a multiplet.



28

ThianaphthenoF2,3-c Ithiapyrylium perchlorate (16) was 

prepared from thianaphthene by reacting the 2-lithio salt 

with methyl p-toluenesulfonate to yield 2-methylthianaphthene 

(6L) e Bromination on the methyl group with NBS followed by 

displacement of the halogen with the thiolate anion of mer­

captoacetic acid yielded the acid (66.)• The 2-bromomethyl- 

thianaphthene (65) was not pure even after two careful dis­

tillations as evidenced by the aromatic /aliphatic proton 

ratio of 3.65/1; calculated 2.5/1. The impurity was not 

starting material, since no methyl proton resonance showed 

in the nmr spectrum. The acid chloride was cyclized to the 

ketone (62) with stannic chloride and the ketone was reduced 

to the alcohol (68J with sodium borohydride. Aromatization 

with trityl perchlorate provided the bronze or copper colored 

salt (16).

aBH^

03CC1O^
68

last isomer (12) was alsoThe

CH 
। 
S 
0H2C02H 66.

S
8 9

HQ<2^2 
1

1. n-BuLiT
2. CH3-SO2-

p-c 6h 5ch 3

of thianaphthene^. SulAir was added

followed by ethyl 3-bromoproplonate

prepared by lithiation

to the reaction mixture

to yield the ester (69 )
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Hydrolysis of the es ter with refluxing hydrochloric acid 

gave the acid (£0). Cyclization of the acid chloride with 

stannic chloride yielded the ketone (^Ij, which was reduced 

to the alcohol (j^2 ) with sodium borohydrlde. The green salt, 

thianaphthieno [2,3-bIthiapyrylium perchlorate,(1%) was pre­

pared by reacting the alcohol with trityl perchlorate.

n-Buli. S ,BrCH?CH?-CO?E^

S

2

g C10|^ 

1

—CHo—CHo—C
62 iEt

Hn 0+

-CHn-CHp 
bOgH

Grignard reagents are reported to react in a different 

manner with thiapyrylium salts than does phenyl lithium^ 

However, reaction of thleno[3,2-c]thiapyrylium perchlorate (2) 

with these reagents resulted in tars and oils from which no 

characterizable products could be isolated.

C. Synthesis of Thiapyrano fU.3-b lindoles

The thiapyrano [l[,3-b lindoles were prepared by dehydrog­

enation of the l,3,^,^-tetrahydrothiapyrano[^,3-blindoles by
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reaction with DDQ in refluxing xylene followed by alkaline 

hydrolysis of the resulting complex. The 1,3A,5-tetrahydro- 

thiapyrano [l[,3-b Jindoles were obtained by condensation of the 

appropriately substituted phenylhydrazine and tetrahydro-1,1*.- 

thiapyrone in the presence of anhydrous sodium acetate in re­

fluxing glacial acetic acid. The exception was the nitro com­

pound, 7g, The condensation reaction yielded the tetrahydro- 

1,1^-thiapyrone p-nitrpphenylhydrazone, which underwent Fischer 

indolization when heated with concentrated hydrochloric acid1^

In this work, 2^ was synthesized by reacting o^tolyl- 

hydrazine hydrochloride and tetrahydro-1A-thiapyrone.

NaOAc
+ _ HOAc

N —NHo Cl

i

The three l,3,^,5-tetrahydrothiapyrano[4,3~bJindoles, 7c» 7f 

and 7g, were prepared by Ohnmacht^^. Dehydrogenation with 

DDQ of 22 Zfi. gave the thiapyrano ^,3~h Jindoles, 22, and 

23, in 2 and 1^ yield, respectively. Treatment of 2^ and 

7c with chloranil gave the products 20. a^d 21, in 27 and 3^ 

yields. Attempts to dehydrogenate %f with 10# palladium on 

charcoal in refluxing decalin gave only recovered starting

materials.
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R1 R2 51 R2

21+ H CH3 20 H ch 3

7o Cl H 21 Cl H

7f CH^O H 22 ch 3o H

7g MÛ2 H 23 no 2 H

The thiapyrano [11-,3-b jindoles are stable, yellow-to

orange compounds. Their infrared spectra show no N-H stretch 

ing frequencies, and are otherwise not revealing except as 

fingerprints.
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II. Diacuaglon of Spectra

A, NMR Spectra

All spectra were obtained in deuteriotrifluoracetic 

acid, which gave clear, interpretable spectra. Previous in­

vestigators have shown that other solvents, particularly 

deuteriodimethylsulf oxide, gave complex, uninterpretable 

spectra for the polynuclear thiapyrylium series^. In all 

cases, the compounds were stable in the solvent, showing the 

same spectra even after a month of standing at room tempera­

ture. In the thienothiapyrylium series, all protons were 

distinguishable whereas, as expected, in the thianaphtheno— 

thiapyrylium series, the benz-ring protons showed as a broad 

multiplet. Therefore a group assignment rather than individ­

ual assignments were made where necessary.

NMR Spectrum of Thieno F3.2-Clthiapyrylium Perchlorate (Fig.1) 

The nmr spectrum of 9, (Fig. 1 ) showed a multiplet at 

C 10.60, integrating for one proton, a multiplet at 6 9*43» 

integrating for two protons and two doublets at 6 8.52 and 

8.20, J = 6 Hz, each integrating for one proton. Since in 

this new system the positive charge could reside on either 

sulfur, as shown by the two canonical forms 9a and 9b. more

W - pa

2& . 2k
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than one interpretation of this spectrum was possible. In 

one interpretation, as in 9a, the lowest field proton would 

be H-1 since it is adjacent to the positively charged sulfur 

atom. H-3 and might not differ enough from each other to 

cause a doublet and would be superimposed. H-6 and H-7 would 

split each other and be responsible for the two doublets ; H-6 

would be the further downfield of the two since it is closer 

to the sulfur atom as in thiophene itself. In another pos­

sible interpretation, as in 9b, the lowest field proton would 

be H-6; H-1 and H-7 could be superimposed while H-3 and H-^. 

would be responsible for the doublet.

The questions raised above were resolved by synthesiz­

ing the 3-methyl salt, 1£ (Fig. 2) and the thianaphtheno 

salts 11^ and 1£ (Fig. 7 and 8, respectively). Comparing the 

spectra of these compounds (the individual spectra will be 

fully discussed later), the following is apparent: 

1. Substitution of a benz-ring for protons H-6 and H-7 

causes the two doublets to disappear, while leaving two 

downfield multiplets integrating for one and two hydro­

gens, respectively. Therefore, the doublets are due to 

H-6 and H-7.

2. Substitution of a methyl group for H-3 removes one of the 

superimposed pair of protons in Fig. 1 and one of the two 

superimposed multiplets in Fig. 8.

Previous work has shown that the proton adjacent to the thion- 

ium sulfur appears as the low field proton in thiapyrylium 

salts. Therefore the low field multiplet is assigned to H-1, 



the superimposed proton resonances are due to H-3 and and 

the doublets to H-6 and H-7 as in 9a. However since the 

thieno protons H-6 and H-7 are more deshielded than in thio­

phene , canonical form gb does make a contribution to overall 

structure of 2» but the majority of the positive charge re­

sides in the thiapyrylium ring.

NMR Spectrum of 3-Methylthieno(3#2-cIthiapyryHum Perchlorate 

(F1R. 2)

After consideration of the above-mentioned points, the 

following assignments were made for- 10. The lowest field 

proton is H-1 at F 10.33 and H-1*. appears at 6 9*17» H-6 and 

H-7 are assigned to the doublets at 6 8.33 and 8.07, respec­

tively. The methyl protons appear at 6 3.23.

NMR Spectrum of Thieno[2,3-cIthiapyrylium Perchlorate (Fig.3) 

The spectrum of 11 shows a multiplet at f 10.65, which

is assigned to H-1. H-3 and H-^. are again superimposed at 

5 9.28, while H-S and H-6 appear as doublets, J = 5 Hz, at 

C 8.20 and 9.12, respectively.

NMR Spectrum of 3-Methyl thieno[2,3-b]thiapyrylium Perchlorate 

(F1K. It)

The nmr spectrum of 12, showed a proton at 8 9.72, as­

signed to H-2, and another at 6 9.25* assigned to H-I^. The 

doublets at 8 8.1*4 and 8.07# J 5*5 Hz ; are assigned to H-6 

and H-5, respectively. The methyl protons appear at 6 2.98.
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NMR Spectrum of Thieno f2,3-bIthiapyrylium Perchlorate (Fig. 5) 

The spectrum of 18, is assigned as follows : The lowest 

field doublet at * 10.08, J - 8.5 Hz, is assigned to E-2.

The doublet at C 9.U8, J = 8.5 Hz, is assigned to H-l^. The 

triplet at f 8.78, J = 8.5 Hz, is assigned to H-3. Protons 

H-2, H-3, and H-^. make up an AMX system where H-2 = X, H-3 = 

A, and H-^. = M. Here is the same as J= 8 Hz, and 

JAx = 0 Hz so that instead of the expected quartet, only a 

triplet appears. H-5 and H-6 are assigned to the doublets 

at 6 8.20 and 8.55, J = 5.5 Hz, respectively. Similar spectra 

have been observed in the corresponding benz-thiapyrylium 

series.

NMR Spectrum of Thianaphtheno[3»2-bIthiapyrylium Perchlorate 

(F1R. 6)

The spectrum of 1J. is assigned as follows : The down­

field doublet at f 9.92, J = 8 Hz, is assigned to H-2 and 

the doublet at f 9.52, J = 8 Hz, is assigned to H-^. Again 

this is an AMX situation and H-3 appears as a triplet at F 

8.75, J = 8 Hz. However, here can be seen tc be ca. 

1 Hz. This is superimposed upon a multiplet, integrating 

for one proton which could be H-9. In phenanthrene, the 

angular E-l}. and H-5 protons are the most deshielded and are 
separated from the others in the nmr spectrur^t Similarly in 

dibenzothiophene, the H-1 and H-9 protons appear as a down­

field multiplet from the others in the nmr spectrum^. A like 

situation exists here. The remaining protons, H-6, H-7 and
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H-8 comprise a broad multiplet, 6 8.1^0-7.70, and a group as­

signment is made.

NMR Spectrum of Thianaphthenc (3,2-c]thispyrylium Perchlorate 

(Fig. 7)

The spectrum of 11^ shows a multiplet at f 10.57, which 

is assigned to H-l. A broad multiplet, 5 9.60-9.15, is as­

signed to H-3 and E-lp. Another snailer multiplet, centered 

at 6 8.60, is probably R-9 and the remaining protons, H-6, 

H-7 and H-8 are grouped in a broad multiplet from 6 8.27-7.67.

NMR Spectrum of 3-Metbylthianaphtheno[3,2-cIthiapyrylium 

Perchlorate (Fig. 8)

The spectrum of 1£ is assigned as follows : The lowest 

field singlet at 6 IO.33 is due to H-1; the singlet at f 9.00 

is due to H^.. A multiplet centered at 8.50 is probably H-9 

and the remaining aromatic protons are grouped in a broad 

multiplet from 6 8.20—7.70. The methyl protons appear at 

e 3.12.

NMR Spectrum of Thianaphtheno(2,3-cIthiapyryliun Perchlorate 

(Ti«. 9)

The spectrum of 16^ is assigned as follows: The triplet 

at 6 ÎO.^O, J = 2 Hz, is due to H-1 and the pair of singlets 

at 6 9.55 is due to H-3 and H-l*.. The multiplet centered at 

C 8.77 is probably H-5 and the remaining protons form a broad 

multiplet from 6 8.32-7.68.
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NMR Spectrum of Thianaphtheno[2.3-bIthiapyyylium Perchlorate 

(Fig. 10)

The spectrum of IX is assigned as follows: The multi­

plet from C 9.93-9*60 is due to H-2 and H-I4.. H-3 and prob­

ably H-5 show as a multiplet at 6 9*13-8.50 and the remaining 

protons as another multiplet from B 8.33-7*75*

NMR Spectrum of 8-Methoxythiapyrano rb-.3-b 1 indole (Fig, 11) 

The nmr spectrum showed H-l at 6 8*75 as a doublet, 

J = 3.0 Hz, and H-l|. at B 8*15 also as a doublet, = 9*5

Hz. H-3, H-6, H-7 and H-9 showed as a multiplet from 6 7*96- 

7*16 and the methyl protons appeared as a singlet at B 3.93.

NMR Spectrum of 8-ChlorotbiapyranoTh.*3-b1indole (Fig. 12) 

The nmr spectrum showed H-l at 6 8.8O as a doublet, 

J = 3.0 Hz, and H-^. at 6 8.18 as a doublet, ■ 10 Hs. 

The remaining four protons showed as a multiplet from B 8.00- 

7*50, H-3, H-6, H-7 and H-9.

NMR Spectrum of 6-Methylthiapyrano[L.3-b]indole (Fig. 13) 

The nmr spectrum showed H-l %t 8 8.76 as a doublet, 

J13 - 3.0 Hz and H-4 at 8 8.27 also as a doublet, = 9.5

Hz. H-3, H-7, H-8 and H-9 showed as a multiplet from 6 8.00- 

7*20 and the methyl protons appeared as a singlet at 6 2.82.

The 8-nitrothiapyran [l|.,3-b]indele was too insoluble Im 

CDClj for its spectrum to be obtained.

The data are summarized in Tables 1, 2 and 3.
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NMR SPECTRA OF THIENOTHIAPÏRYLIUM PERCHLORATES
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III* H.M.O. Calculations

H.M.O. calculations were carried out in the usual wa^ 

using a G.E. 22$ computer and a standard eigenvalue-eigen­

vector program for a symmetrical matrix. A simplified model 

in which the coulomb and resonance integrals for sulfur were 

expressed (in Streitweiser's notation) as ag = a + hg3 and 

PCS " kQgP, respectively, in which no auxiliary inductive 

parameter for carbon adjacent to sulfur was employed. The 

parameters hg = 0.90 and k^g = 0.60 were used as determined 

for thionium sulfur by Ohnmacht. Later on a Fortran IV pro­

gram was developed with the aid of Dr. William Hollabaugh of 

the Electrical Engineering Department which not only calcu­

lates the eigenvectors and eigenvalues but also computes the 

electron densities from these values.

The electronic spectra (Fig. 1^. to 23) were measured 

for the perchlorate salts in acetonitrile containing I/o by 

volume of ?o£ perchloric acid and are tabulated in Tables 

and 5. The observed wavenumber (v, kcm"1) of the long­

est wavelength absorption (assumed to be the bands in 

Platt notation) was plotted against the calculated transition 

energies expressed as Am, where Am is the difference in coef­

ficients of p between the highest occupied and the lowest un­

occupied molecular orbitals. The regression line developed 

by Ohnmacht^ (v=26.0$3 Am - 0.677 kcm“^) was superimposed on 

the plot. Whereas his correlations for twelve thiapyrylium 

perchlorate salts was excellent, the correlation using the 

thieno and thianaphthenothiapyrylium perchlorates is poor.
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The H.M.O. calculations show that there is no large 

variation in the yn values for these two series of compounds 

as there was for the benzenoid compounds. See Fig. 29 for 

the data and that of the calculated electron densities. The 

data for v(kcm“^) vs. Am plot are summarized in Table 7» 

Assignment of the Electronic Spectral Bands of the Thieno 

and Thianaphtheno th iapyrylium Perchlorates

The ultraviolet visible spectra of these compounds are 

remarkably similar to the corresponding compounds obtained 

by Ohnmacht. In these cases, a thiophene nucleus has been 

substituted for the benz-ring in the thianaphthalium salts 

and a benzo th iophene nucleus has been substituted for the 

naphthalene system in the thiaphenanthrenium salts. There­

fore similar band assignments can be made. The spectra are 

similar to that of the corresponding aromatic confounds ex­

cept that all bands are red shifted.

The spectra of 12, and 18 are almost superimposable on 

that of 1—thianaphthalium perchlorate^. Therefore the bands 

at 262 and 261*. mp, 333 and 337 mp, and 361 and 370 mp for 
n 1 

these compounds, Figures 17 and 18, correspond to the B^, 

ll»a and transitions of naphthalene (Platt notation ). A 

similar assignment can be made for the remainder of the thieno- 

thiapyrylturn perchlorates, i.e.. the band between 260 and 

270 nv corresponds to the -^B^ transition; that between 300 

and 337 mp corresponds to the ^La transition; and the long­

est wavelength transition between 3^7 and 396 mp corresponds
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to the band. See Table and Figures llp-18 for the data.

The thianaphthenothiapyrylturn perchlorates have four 

electronic spectral band transitions which are similar to the 

thiaphenanthrenium perchlorates of Qhnmacht and are red 

shifted when compared to those of phenanthrene• The first 

transition (short wavelength) is possibly that of the 

band which is forbidden in the acene series but which is 

allowed in the less symmetrical phene series, %e 

and ÏL& bands are red shifted from those of phenanthrene^e 

The band of 1^ appears as a broad shoulder on the 

band and its exact maximum is impossible to pinpoint, A 

similar situation occurs with If--thiaphenanthrenium perchlor­

ate. The spectra of 11^ and show a great deal of fine 

structure in the bands, making them difficult to posi­

tion exactly. The data are summarized in Table 5 and in 

Figures 19-23.

The electronic spectra of the thiapyrano Jindoles 

are similar to that of the iso-ir-electronic benz [b ]-l-aza- 

azulene^0, which also exhibits a visible maximum at $00 mp.. 

The data are tabulated in Table 6 and the spectra are shown 

in Figures 21|.-27.
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Figure 15. Ultraviolet-visible Spectrum of 3-Methylthieno F3»2-c Ithiapyrylium
Perchlorate (10)
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Figure 16. Ultraviolet-visible Spectrum of Thleno P2,3-c Ithiapyryllum Perchlorate (11,)
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Figure 17. Ultraviolet-visible Spectrum of Thieno F2,3-bIthiapyryllum Perchlorate (18)
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Figure 19. Ultraviolet-visible Spectrum of Thianaphthenof3,2-b îthiapyrylium
Perchlorate (13 )
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— Figure 20, Ultraviolet-visible Spectrum of Thianaphtheno(3,2-c]thiapyryllum
Perchlorate (1U)
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5*0 - pigure 21, Ultraviolet-visible Spectrum of 3-Methylthlanaphtbeno F3,2-c Ithiapyryllum
Perchlorate (15)
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Figure 23. Ultraviolet-visible Spectrum of ThianaphthenoF2,3-b Ithiapyrylium
Perchlorate (17 )
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r  Figure 2^. Ultraviolet-visible Spectrum of B-Chlorothlapyrano[4,3-bJindole
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Figure 25. Ultraviolet-visible Spectrum of 8-MethoxythiapyranoTh,3-bUndole
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5»0| Figure 26. Ultraviolet-visible Spectrum of 8-Nitrothlapyrano[4^3-b]indole
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—  Figure 2?. Ultraviolet-visible Spectrum of 6-Methylthiapyrano [1̂ ,3-b lindole
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Table 7 

^max» and Am for Th leno and

Thianaphthenothiapyrylium Perchlorates

Compound Xmax AE (kcm*l) Am

18 361 27.7 1.01

11 381 26.2 1.03

9 357 28.0 1.02

19 396 25.3 1.02

16 ^3 23.6 1.06

17 433 23.1 0.95

iL 384 26.0 1.11

11 379 26.4 0.95
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Figure 28 . Plot of v(kcm^) vs. An for the 

Thieno and Th ian aphtheno thi apyry1ium 

Perchlorates
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Polarography

It has been shown that polarographic half-wave reduc­

tion potentials of aromatic hydrocarbons can be linearly 

correlated with the HMO energy of the lowest vacant molec­

ular orbitals of the hydrocarbons^.

in this study, polarographic half-wave reduction poten­

tials were determined for the ten thieno and thianaphtheno- 

thiapyrylium perchlorates as well as for six of the salts 

prepared by Ohnmacht.

The only apparent correlation for the thieno and thia­

naphtheno salts is a qualitative one. When the thionium sul­

fur is p to the ring juncture, the half-wave reduction poten­

tial is more negative than when the th ionium sulfur is a to 

the ring juncture. A scan of the data in Table 8 for these 

compounds will show that no correlation was obtained with 

the energy of the lowest vacant molecular orbital. The data 

for Ohnmacht * s compounds (1 - 6 in Table 9 ) show a correla­

tion as plotted in Figure 3°» A least squares treatment of 

the data yielded the equation, " 1*85 (m) - 0.354. A 

typical polarogram is shown in Figure 31. Oxidative poten­

tials could not be determined for the salts because the sup­

porting electrolyte decomposed before the required voltages 

were reached.
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Experimental

A conventional three-electrode potentlostatic polaro- 

graph with vacuum tube amplifiers constructed at Lehigh Uni­

versity was used. The polarograms were recorded on a fast 

pen-and-ink recorder, Moseley X-Y Recorder, No. 7030A (Bala- 

Cynwyd, Pa.) with a scan rate of 3.3 mv/sec. Potentials were 

measured using an Electrometer 600A, Keithly Instrumenta, 

Cleveland, Ohio. The polarograms were all run in acetonitrile 

which was distilled from phosphorous pentoxide and then free 

anhydrous potassium carbonate. The acetonitrile was 0.2N in 

sodium perchlorate and 1.0 mM in 70% perchloric acid and 1.0 

mM in the compound on which the polarogram was to be run.

The polarographic cell was a four-ounce glass jar, 6 

cm in diameter and 6 cm deep. A No. 10-1/2 rubber stopper 

supported the electrode and gas dispersion tube. Bie satur­

ated calomel electrode (SCE) was connected to the cell by a 

three-compartment reference bridge constructed with fitted 

glass discs. The compartments were filled with: (1) aceto­

nitrile which was 0.2N in sodium perchlorate; (2) water which 

was 0,$N in sodium perchlorate; and (3) saturated aqueous 

potassium chloride. The dropping mercury electrode (MB) 

was centered between the SCE and the auxiliary electrode, ' 

The auxiliary electrode was a piece of platinum wire sealed 

into a piece of glass tubing. The entire assembly was placed 

in a constant temperature bath thermostatted at 2$.O + 0.1e, 

A coarse frit gas-dispersion tube was used to pass prepuri­

fied nitrogen intothe electrolysis solution for ca. ten min­

utes to displace oxygen. .
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Table 8

-E^yg and for Thiapyrylium Pei%hlorates

Perchlorate "El/2 “m+l
Salts (Volts) (3 Units)

9 0.34- 0.44-38

10 o.4i

11 0.35 0.3717

18 0.22 0.3800

0.22 ————

13 0.10 0.3182

lit 0.35 0.3353

1£ 0.34-

16 0.22 0.44-24-

11 0.1$ 0.3955



Table 9

-E^/g and- for Thiapyryllum Salts

Perchlorate 
Salts

as the TNBS salt

all

-e 1/2 “m+1
(Volts) (B Units)

0.03 0.2100

0.05 0.2780

0.33 0.3306

0.10 0.2537

0.9k 0.6862

-0.09 0.09Q5
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"Figure 30. Plot of -E^/g vs. the Energy of the Lowest 
Unoccupied Molecular Orbital (p Units) for 
the Thiapyrylium Salts in Table 9
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EXPERIMENTAL

Melting points were determined in Kim ax capillary tubes 

using a "Mel-Temp" apparatus (Laboratory Devices, Box 68, Cam­

bridge , Massachusetts ) and are uncorrected.

The microanalyses were performed by the late Dr. V. B. 

Fish of Lehigh University and by Galbraith Microanalytlcal 

Laboratories, Knoxville, Tennessee.

Infrared spectra were recorded on a Perkin-Elmer Model. 

257 instrument. Solid samples were run, at a concentration 

of approximately 1% by weight, in potassium bromide disks. 

Liquid samples were run neat between sodium chloride plates.

Ultraviolet spectra were recorded on a Beckman DK-2A 

spectrophotometer. The solvents are specified with the re­

corded spectra.

The nuclear magnetic resonance spectra were recorded 

on a Varian A-60 spectrometer in deuteriotrifluoroacetic 

acid for the salts and other specified solvents using tetra­

methylsilane ( 0=0) as an internal standard and are presented 

in the order 6 (multiplicity, number of protons, assignment).

The mass spectrum was run by Dr. J. E. Sturm on a 

Hitachi 6E high resolution instrument equipped with double 

focusing sector.

The petroleum ether used was the fraction boiling at 

60-700 unless otherwise noted.
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3-Thenylbromide(26)

This compound was prepared essentially according to a 

procedure of Hartough^.

A solution of 32.0 g (0.326 mol) of y-methyl^thiophene 

and 0.5 g benzoyl peroxide in 200 ml dry benzene (filtered 

from sodium ribbon ) was heated to vigorous reflux with mech­

anical stirring and 35.4 g (0.20 mol ) of N-bromosuccinimide 

(dried at 0.05 mu and 25° for four hrs before use) admixed 

with 0.5 g benzoyl peroxide and added over five mln through 

a powder funnel which was bathed in refluxing benzene. An 

ultraviolet lamp was aimed at the reaction flask during this 

addition and for the five mln reflux after completion of ad­

dition. Vigorous foaming occurred during the addition.

The resulting slurry was cooled to 0-5° in an ice bath. 

The succinimide was collected on a filter and washed with 

2 x 50 ml of dry benzene. The solvent was evaporated on a 

rotary evaporator. Distillation in vacuo gave 25.1 g of 

3-thenylbromide (71.0% based on N-bromosuccinimide; 44*0% 

based on 3-m@thyl th iophene ) of material with a boiling range 

of 54-74° while the pressure varied from 0.3 to 0.1 mm: lit.38 

bp 78-82° (2 mm); nmr (CCl^) 6 7.10 (m, 3, ArH) and 4»36 

(s, 2, CHpBr) ppm.

S- (3-thenyl)-mercaptoacetic acid (27)

To 15.9 g (0.283 mol ) of potassium hydroxide dissolved 

in 150 ml of water was added, with ice-bath cooling, 13.05 g 

(0.142 mol) of mercaptoacetic acid. After the solution had 
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cooled to 25°, 25.1 g (0.1^2 mol) of 3-thenylbromIde was 

added and the two-phase mixture was stirred magnetically at 

7^° for eighteen hrs. The organic layer (4*6 g) was allowed 

to settle and was separated. The aqueous layer was extracted 

with three $0 ml portions of benzene (which were discarded) 

and then acidified with 2$ ml of concentrated hydrochloric 

acid. The resulting oil was separated and the acidic aque­

ous layer was extracted with three 75 =1 portions of benzene. 

The combined oil and benzene extracts were washed with two 

100 ml portions of water, dried (MgSO^), filtered and evap­

orated on a rotary evaporator to an oil. Distillation at 

136-8° (0.12 mm) gave 1£.2 g (70# after correcting for the 

non-reacted organic layer of S-(3-thenyl)-mercaptoacetic 

acid. The analytical sample distilled at llv7° (0.4-5 m); 

lit.bp 200° (14- mn); ir (neat) 34-00-2500 (bonded OH), 

1705 (acid 0=0) and strong bands at 1420, 1295 and 782, 708 

and 675 cm*1; nmr (CCl^) 6 12.13 (s, 1 CO2H), 7.12 (m,3, ArH) 

3.83 (s, 2, CHpS), and 3.00 (s, 2, SCHpCOpH) ppm.

Anal. Calcd for CyHgOgSg: C, 44-66; H, 4.28; 3 , 34-.06. 

Found: C, 44-93; H, 4-56; S, 33.82.

3 .4--Dlhydro-lH-thieno(3 .2-c 1 thianvran-L-one (29)

A stirred solution of $.0 g (0.027 mol) of S-(3- 

thenyl)-mercaptoacetic acid, 1.9 ml (0.02? mol) of thionyl 

chloride and 0.2 ml of pyridine in $0 ml dry benzene (fil­

tered from sodium ribbon) was refluxed fifteen min. Another 

1.9 ml of thionyl chloride was added and reflux was continued
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for twenty min. Removal of the benzene and excess thionyl 

chloride on a rotary evaporator with two $0 ml benzene flushes 

to remove all the thionyl chloride produced a dark oil which 

was dissolved in $0 ml dry benzene. Upon cooling to 50 in an 

ice bath, 5.0 ml (O.ol^ mol) of anhydrous stannic chloride 

was added in one portion. The temperature rose to 25° and 

the resulting slurry was stirred at 25° for one hr. The 

slurry was poured onto 25 ml of ice and 25 ml of concen­

trated hydrochloric acid and the flask was rinsed with con­

centrated hydrochloric acid and benzene. The water-benzene 

' mixture was stirred for one-half hr and a black tar was re­

moved by filtration. The layers were separated and the aq­

ueous layer was extracted with three 75 *1 portions of ben­

zene. The combined layers were washed with 100 ml of water, 

100 ml of 10% sodium carbonate solution and 100 ml of a sat­

urated sodium chloride solution. Filtration was necessary 

with each wash. The benzene solution was dried (MgSO^), 

filtered, and the benzene was removed on a rotary evaporator. 

The residual oil was distilled at 130-5° (0.55 am) to give 

3.3 g (73%) of 3,^-dlhydro-lH-tbieno [3,2-c ]thiapyran-4-one. 

Crystallization from benzene-hexane gave 1.85 g» ®P 62.0- 

63*5°. Sublimation at 70° (0.08 mm) gave 1.5 g, mp 68-70°. 

Resublimation at 70° (0.08 m) produced no change in melt­

ing point. Recrystallization from benzene-petroleum ether 

with a carbon treatment gave 0.5 g, mp 67.0-68.5°- Subli­

mation at 67° (0.05 mn) gave 0.5 g: mp 68-70° lit.^ mp 67°;
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ir (KBr) 3065 medium (aromatic H), 2950 and 2890 weak (meth­

ylene), 161J.0 strong (0=0) and strong bands at 11^20-1380, 1305- 

126$, 1217, 1152, 1128, 1095» 995, 900, 81*8, 791, 758, and 

71*0 cm"l; nmr (C^Dg) 6 7*62 (d, 1, J = 5 Hz, H-6), 6,98 (d, 

1, J = 5 Hz, H-7), 3*85 (d, 2, J = 1.5 Hz, CHg-S) and 3.1*8 

(d, 2, J = 1.5 Hz, SCHpCO) ppm.

Anal. Calcd for 0^065î C, 1*9.38; H, 3.55; S, 37.67. 

Found: C, 1*9.26; H, 3.82; S, 37.72.

3 A-Dihydro-lH-thieno T3 .2-c]thiapyran-l*-ol (30)

To a solution of 3.1* g (0.020 mol) of 3,l*-dlhydro-lH- 

thieno [3,2-c ]thiapyran4*-one dissolved in 250 ml warm iso­

propanol was added 0.76 g (0.020 mol) of finely powdered 

sodium borohydride. The mixture was stirred magnetically at 

reflux overnight. Upon cooling, the reaction mixture was 

poured into 250 ml cold water. The aqueous isopropanol mix­

ture was extracted with three 100 ml portions of benzene. 

The combined benzene extracts were washed with 100 ml of 

water, dried (MgSO^), filtered, and evaporated to an oil on 

a rotary evaporator. Distillation at 107-109° (0.10 mn) 

yielded 3.0 g (87%) of 3,l*-dlhydro-lH-thieno [3 ,2-c ] thiapyran- 

l*-ol: ir (neat) 3600-3120 (bonded OH), 3090 medium (aromatic 

H), 2900 (methylene) and other strong bands at 11*20-11*00, 

1378, 1192, 1032, 990, 710 and 680 cm"1; nmr (C^) 6 6.92 

(d, 1, J = 5 Hz, H-6), 6.1*5 (d, 1, J = 5 Hz, H-7), 1*.72 

(broad s, 1, HOCH) 3.80 (m, 1, HO-CH), 3.32 (s, 2, CH^), 

and 2.65 (d, 2, J = 5 Hz, SC^CHOH) ppm.
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Anal, Cal cd for C7HQ0S2: C, IjB.ÔO; H, 1^.68; S, 37.23. 

Found: C, 1^8.93; H> 4.67; S, 37.42.

ThienoT3,2-cIthiapyrylium perchlorate (9) (trityl perchlorate 

method)

To a magnetically stirred, refluxing solution of 3.0 g 

(O.Ol7^. mol ) of 3,4-dihydro-lH-thienoÎ3,2-c]thiapyran-4-ol 

in 45 ml of glacial acetic acid was added $.96 g (0.0174 mol ) 

of trityl perchlorate in $0 ml of nitromethane over a two min 

period. The solution turned dark red (nearly black) as re­

flux was continued for fifteen min. The reaction mixture 

was allowed to cool ambiently with stirring to room tempera­

ture and the solvent was removed on a rotary evaporator. The 

resulting oil solidified on dilution to 450 ml with diethyl 

ether. After overnight refrigeration, the product was col­

lected on a filter and air dried to give 5.5 g» mp 142-5°» 

with such prior softening. The product was slurried in 175 

ml of boiling glacial acetic acid and a black, insoluble tar 

was removed by filtration. Upon cooling to room temperature, 

1.7 g» mp 171-4°» was obtained. Two further recrystalliza­

tions from glacial acetic acid, the first with a carbon treat­

ment, gave 0.9 g of thieno(3*2-0]thiapyryllum perchlorate 

(20#), mp 165-7°: visible and uv max (1# perchloric acid in 

acetonitrile) 263 my, (log e» 4*57)» 304 (3*53) and 357 (3-44)» 

ir (KBr) 3IOO-3OOO (aromatic H), and strong bands at 1530, 

1430, 1362, 1311, 1255, 1150-1000 (perchlorate), 918, 872, 

804» 760 cm"1; nmr (GF3CO2D) 6 10.60 (m, 1, H-l), 9.43 (m,
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2, H-3 and 8.$2 (d, 1, J = 6 Hz, H-6), and 8.20 (d, 1, 

J = 6 Hz, H-7) ppm.

Anal. Calod for C^CIO^: 0, 33.27; H, 1.99; Cl, 14.03. 

Found: C, 33.16; H, 2.06; Cl, 14.20; S, 25.27.

ThienoM.2-0Ithianvryllum perchlorate (9) (2»3-dlchloro-S,6- 

d<c-vanobenzoquinone (DDQ) and perchloric acid method)

To a magnetically stirred solution at 25° of 1.5 g 

(0.0087 mol)of 3,4-dihydro-lH-thieno[3,2-c]thiapyran-4-ol 

dissolved in 40 ml of glacial acetic acid and 10 ml of nitro­

methane was added 1.95 g (O.OO87 mol ) of DDQ dissolved in 10 

ml of glacial acetic acid and 10 ml of nitromethane. Then 7 

ml of 70% perchloric acid was pipetted into the flask. The 

temperature rose to 35°. After stirring one hr at 25°» evap­

oration of the solvent on a rotary evaporator and dilution to 

1.0 1. with diethyl ether produced a black solid. After 

overnight refrigeration, the solid was collected by filtra­

tion, washed with ether and dried at 25° (0.05 m) overnight 

to give 2.7 g of crude material, mp 1300. The product was 

slurried in 150 ml of boiling glacial acetic acid and a black 

tar was removed by filtration. After cooling to 25°, collec­

tion of the black crystals on a filter and air drying gave 

2.5 g. Recrystallization from glacial acetic acid with a 

massive carbon treatment gave 0.6 g (27%) of thienof3#2-c] 

thiapyrylium perchlorate as beige plates, mp 165-167°.
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S-(3-thenyl)-thiolactic acid

To 1$.O g (0.11*1 mol) of thiolactic acid dissolved in 

200 ml of dry glyme (distilled from lithium aluminum hy­

dride) was added with stirring and ice bath cooling, 15«2l* g 

(0.282 mol) of sodium methoxide. The thick, white precipi­

tate which formed was broken up, 25.0 g (0.11*1 mol) of 3- 

thenylbromide was added and the mixture was stirred at re­

flux overnight. Upon cooling, 300 ml of water was added 

followed by 20 ml of concentrated hydrochloric acid. The 

resulting oil was extracted into benzene, which was dried 

(MgSO^), filtered, and evaporated to an oil on a rotary evap­

orator. Distillation gave 15.65 g (7W after correcting for 

a 3.8 g forerun of thiolactic acid) of S-(3-thenyl)-thiolactic 

acid: bp ll*.0-3° (0.25 mm), lit.^ 203° (15 ■); lr (neat) 3500 

2500 (bonded OH), l?00 (acid 0=0), and strong bands at 11*50, 

11*10, 1280, 12l*.O, 1195, 1075 and 780 cm"1; nmr (C^) 6 

12.27 (s, 1, CO2H), 7.00 (m, 3, Ar-H), 3.90 (d, 1, J = 11*. 

Hz, CH2S), 3.55 (d, 1, J - il*- Hz, CH2S), 3.15 (q, 1, J = 7 

Hz, SCH) and 1.22 (d, 3, J = 7 Hz, CH^) ppm.

Anal. Calcd for Cq^q O^: C, 47*50; H, 1*.*98; S, 31.70. 
Found: C, l*-7»1*3î U, 4*94» S, 31 *45*

3-Methyl-3Ji-djhvdro-lH-thieno[3.2-cIthiapyran-4-one (33) 

A solution of 5*0 g (0.025 mol) of S-(3-thenyl)- 

thiolactlc acid, 1.8 ml (0.025 mol) of thionyl chloride and 

0.2 ml of pyridine in 100 ml dry ether (distilled from lith­

ium aluminum hydride) was stirred at reflux for ten min.
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Another 1.8 ml of thionyl chloride was added and reflux was 

continued for ten mln. The ether and excess thionyl chloride 

were removed by distillation at atmospheric pressure as ben­

zene was added until the distillate temperature was 800.

Upon cooling to 7°, 11.6 ml (0.109 mol) of anhydrous stan­

nic chloride was added in one portion. The temperature rose 

to 23° and the slurry was stirred at 2$° for two hrs. The 

slurry was poured onto 100 ml of ice and 100 ml of concen­

trated hydrochloric acid and the flask was rinsed with ben- 

zone and hydrochloric acid. The water-benzene mixture was 

stirred for one-half hr and a black tar was removed by fil­

tration . The layers were separated and the aqueous layer 

was extracted with three 75 ml portions of benzene. The com­

bined benzene layers were washed with two 100 ml portions of 

water and one 100 ml portion of 10% sodium carbonate solution 

and 100 ml of a saturated sodium chloride solution. Filtra­

tion was necessary with each wash. The benzene solution was 

dried (MgSO^), filtered, and evaporated to an oil on a rotary 

evaporator. Distillation gave 1.9 g (42%) of 3-methyl-3 ,4- 

dihydro-lH-thieno [3 ,2-c ]thlapyran-4—one : bp 112-114° (0.15 

mm); lit.^ bp 177° (14 mn); ir (neat), 3090 medium (aro­

matic H), 2965, 2920 medium (methyl and methylene, 16$$ 

strong (0=0) and other strong bands at 1418, 1402, 1248, 

900, 840 and 740 cm-1; mnr (CCl^) 6 7.55 (d, 1, J = $.$ Hz, 

H-6), 6.93 (d, 1, J = 5.5 Hz, H-7), 3-68 (m, 3, CHgSCH) and 

1.40 (d, 3, J ~ 7 Hz, CHj ) ppm.
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3-Methyl-3.L-dihydro-IH-thleno[3.2-cIthiapyran-U-ol (3k)

To a solution of 2.k g (0.013 nol) of 3-«ethyl-3,k" 

dihydro-lH-thleno [3,2-c]thiapyran-k-one dissolved In 2$0 ml 

of warm isopropyl alcohol was added O.k9 g (0.013 mol) of 

finely powdered sodium borohydride. The reaction was stirred 

magnetically at reflux overnight. Upon cooling, the reaction 

mixture was poured into 2$O ml of water. The aqueous iso­

propanol mixture was extracted with three 100 ml portions 

of benzene. The combined benzene extracts were washed with 

100 ml of water, dried (MgSO^), filtered, and evaporated to 

an oil on a rotary evaporator. Distillation at 112° (0.20 

mm) gave 2.05 g (81^) of 3-methyl-3«k-dihydro-lH-thleno[3,2-c] 

thiapyran-k-ol. Upon standing, the oil solidified to a waxy 

solid, mp 61|.-75oî nmr (C^Dg) 6 6.82 (d, 1, J = 5*5 Hz, H-6), 

6.35 (d, 1, J = 5*5 Hz, H-7), k*kO (m, 1, HOCH), 3.67-2.37 

(m, k, CH2SCHCH3CHOH) and 1.28-1.07 (m, 3» CH3) ppm.

Anal. Calcd for Cq Hiq OS2î C, 51-57; H, 5-41; 8, 3k-k3- 

Found: C, 51-72; H, 5-51; S, 34-17-

3-Methylthleno(3.2-cIthiapyryllum perchlorate (10)

To a magnetically stirred, refluxing solution of 1.0 g 

(0.005k mol) of 3-methyl-3,k-dihydro-lH-thieno[3,2-c]thla- 

pyran-k-ol in 16 ml of glacial acetic acid was added 1.85 g 

(0.005k mol) of trityl perchlorate in 16 ml of nitromethane• 

Reflux was continued for fifteen min. and the reaction mix­

ture was allowed to cool ambiently for four hrs with stir­

ring. The solvent was removed on a rotary evaporator and
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the resulting oil solidified on dilution to 1^-00 ml with 

ether. After overnight refrigeration » the black product 

was collected on a filter and air dried to give 1.75 g, mp 

135-14° °. Recrystallization from 100 ml of glacial acetic 

acid with a carbon treatment gave 0.3 g of blue-green solid, 

mp 155-158»5°- Recrystallization from 10 ml of acetic acid 

with another carbon treatment gave 0.15 g (10.5%) of 3-methyl- 

thieno 3,2-c thiapyrylium perchlorate as slightly colored 

(blue-green) plates: mp 156-8°; visible and uv max (1% per­

chloric acid In acetonitrile ) 228.5 (log E = l|-.32 )» 26l|. 

(4.61), 306 (4.60), 366 (3.52); nmr (CF3C02D) 6 IO.33 (s, 

1, H—1), 9.17 (a, 1, H-4), 8.33 (d, 1, J = 5.5 Hz, H-6), 

8.07 (d, 1, J = 5»5 Hz, H-7), and 3.23 (s, 3, CHj) ppm.

Anal. Calcd for CgHyClC^Sg: C, 36.02; H, 2.65; Cl, 

13.29; S, 24.04. Found: C, 36.16; H, 2.875 Cl, 13.33? S, 

23.93.

2-Thenylchloride (35) 

This compound was prepared according to the procedure 

of Hartough.^ 

Hydrogen chloride gas was passed into a stirred solu­

tion of 87.5 ml (1.05 mol) of concentrated hydrochloric acid 

and 81 ml of aqueous 37% formaldehyde (1.0 mol) through a 

subsurface addition tube while 72.7 g (0.864 mol) of thio­

phene was added at 0-10°. The mixture was stirred for one 

hr at 4° and a 350 ml portion of water was added. The mix­

ture was extracted with two 100 ml portions of ether, which
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vas dried (K2CO3) and evaporated on a rotary evaporator to 

an oil. Distillation at 81° (18 ■■) gave 53.6 g (1*7*) of 

2-thenylchloride; lit.43 bp 81° (18 *■); nnr (001^) 6 7.30­

6.80 (■» 3, *r-H), and 1^.68 (a, 2, C^Cl) ppm.

S-(2-thenyl)-nercaptoacetic acid (36)

To 29.0 g of potassium hydroxide (O.$2 mol ) dissolved 

in 200 ml of water was added, with ice-bath cooling, 20.0 g 

(0.216 mol) of mercaptoacetic acid. After the solution had 

cooled to 25°, 28.7 g (0.216 mol) of 2-thenylchloride was 

added and the two-phase mixture was stirred magnetically at 

7^0 for eighteen hra. The reaction mixture was extracted 

with two $0 ml portions of carbon tetrachloride (which were 

discarded) and then acidified with 25 ml of concentrated 

hydrochloric acid. The resulting oil was separated and the 

acidic aqueous layer was extracted with three 50 ml portions 

of chloroform. The combined oil and chloroform extracts were 

washed with two 100 ml portions of water, dried (MgSO^), 

filtered, and evaporated on a rotary evaporator to an oil. 

Distillation, with a 3.6 g forerun distilling at 50-14-0° 

(0.10 ma), gave 19.0 g (46.5*) of S-(2-thenyl)-mercaptoacetic 

acid: bp 138-141° (0.15 ■); lit.^ bp 2<4° (17 m); lr (neat) 

34.00-2500 (bonded CH), 1700 (acid C=0), and strong bands at 

1420, 1300, and 700 cm”1; nmr (C^D^) 6 12.18 (s, 1, COgH), 

7.17-6.75 3» Ar-H),3*93 (a, 2, CHg-S), and 3.02 (s, 2,

SCHgCOgH) ppm.
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3 A-Dlhydro-lH-thieno  f2.3-c 1 thiapyran-L-one ( 37 )

A stirred solution of 9.5 g (0.051 mol) of S-(2-tbenyl)- 

mercaptoacetio acid, 3*7 ml (0,051 mol) of thionyl chloride 

and 0.2 ml of pyridine in 100 ml of dry benzene ( filtered 

from sodium ribbon ) was refluxed fifteen mln. Another 3.7 

ml of thionyl chloride was added and reflux was continued 

for fifteen min. Removal of the benzene and excess thionyl 

chloride on a rotary evaporator with two 100 ml flushes of 

dry benzene produced a dark oil which was dissolved in 100 

ml dry benzene. Upon cooling to 50 in an ice bath, 22.3 g 

(0.086 mol) of anhydrous stannic chloride was added in one 

portion. The temperature rose to 25° and the slurry was 

stirred at 25° for one hr. The slurry was poured onto $0 ml 

of ice and 50 ml of concentrated hydrochloric acid and the 

flask was rinsed with concentrated hydrochloric acid and 

benzene. The water-benzene mixture was stirred for one-half 

hr and a black tar was removed by filtration. The layers 

were separated and the aqueous layer was extracted with three 

75 ml portions of benzene. The combined benzene layers were 

washed with 100 ml of water, 100 ml of 10# sodium carbonate 

solution and 100 ml of a saturated sodium chloride solution. 

Filtration was necessary with each wash. The benzene solu­

tion was dried (MgSO^), filtered, and the benzene was re­

moved on a rotary evaporator. The resulting oil was dis­

tilled at 101-5° (0.08 mm) to give 2.7 g (31#) of 3À- 

dihydro-lH-thleno[2,3-cJthlapyran^-one. Upon standing the 

material solidified. Sublimation at 61° (0.10 mm) produced
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white crystals: mp lit.^ mp 1^2°; ir (neat) 3100,

3080 medium (aromatic H), 2960 , 2880 medium (methylene), 

1665 (strong (0=0) and other strong bands at 1520, 1390, 1265 

and 720 cm-1; nmr (CDCl^) 6 7.^0 (d, 1, J = 5.5 Hz, H-6), 

7.07 (d, 1, J = 5*5 Hz, H-5), 3.97 (s, 2, CH2S) and 3.k2 (s, 

2, SCgpCO) ppm.

Anal. Calcd for O^OS^: G, I4.9.38; H, 3.55; S, 37.67. 

Found: C, 4-9.66; H, 3-75î 3, 37.56.

1 .L-Dih^dro-IH-thienoT2,3-c 1 thiapyran~U~ol (38)

To a solution of 0.90 g (O.OO53 mol ) of 3,4-dihydro- 

IH-thieno[2,3-c]thiapyran-4--one dissolved in 100 ml of warm 

isopropanol was added 0.22 g (0.0053 mol) of finely powdered 

sodium borohydride. The reaction was stirred magnetically 

at reflux overnight. Upon cooling, the reaction mixture was 

poured into 100 ml of cold water. The aqueous isopropanol 

mixture was extracted with three 100 ml portions of benzene. 

The combined benzene extracts were washed with 100 ml of 

water, dried (MgSO^), filtered and evaporated to an oil on 

a rotary evaporator. Distillation yielded 0.85 g (94%) of 

3,4-dihydro-lH-thieno[2,3-c]thlapyran-4~ol, bp 118.5-120° 

(0.28 ran); ir (neat) 3600-3120 (bonded OH), 3080 weak (aro­

matic H, 2900 (methylene), and other strong bands at 1415, 

1195, 1030, 915, 875» 715 and 660 cm"1; nmr (O^) 6 6.90 

(d, 1, J — 5*5 Hz, H—6), 6.80 (d, 1, J — 5.5 Hz, H—5), 4*55 

(m, 1, HOCH), 3.58 (m, 1, HOCH), 3-35 (a, 2, CH2S) and 2.62 

(d, J = 4.5 Hz, SCHgCHOH) ppm.

Aq £L. Calcd for C7Hq OS2: C, 4^.80; H, 4-.68; S, 37.23. 

Found: C, 4-9.10; H, 4-74-» 3, 37.17.
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Thieno F2.3-cItblapyrylium perchlorate (11)

To a magnetically stirred, refluxing solution of 2 

g (0.01U mol) of 3,4-dihydro-lH-thieno[2,3-c]tbiapyran-h--ol 

in 50 ml of glacial acetic acid was added 1^,88 g (0.011[ mol) 

of trityl perchlorate in 50 ml of nitromethane over a two 

min period. Reflux was continued for fifteen min and the 

reaction mixture was allowed to cool ambiently overnight with 

stirring. The solvent was removed on a rotary evaporator and 

the resulting solids were diluted to 300 ml with diethyl 

ether. After three hrs refrigeration, the product was col­

lected on a filter and air dried to give 3*3 g (92#), mp 

175-182 °» The product was slurried with carbon in 50 ml of 

boiling glacial acetic acid and a black, insoluble tar and 

the carbon were removed by filtration. Upon cooling to room 

temperature 1.7 g, mp 189-91 °, was obtained. Two further 

recrystallizations from glacial acetic acid, the first with 

another carbon treatment, gave 0.8 g (22#) of thieno[2,3-c] 

thiapyrylium perchlorate, mp 192-^°: visible and uv max (1# 

perchloric acid in acetonitrile) 22^.5 W- (log £ = 4*25) ^62 

(I4..29), 304 (3.78), 381 (U-01); ir (KBr) 3100-2960 (aromatic 

H) and other strong bands at 1530, 1430, 1360, 1310, 1253» 

1150-1000 (perchlorate), 915» 870, 80I4. and 760 cm~^ nmr 

(CF3CO2D) 6 10.67 (broad s, 1, H-l), 9.28 (m, 2, H-3 and H-4), 

9.13 (d, 1, J = 5*5 Hz, H-6) and 8.22 (d, 1, J = 5*5 Hz, H-5) 

ppm.

Anal. Calcd for 0^^010^32$ C, 33.27; H, 1.99; Cl, 

14.03; S, 25.38. Found: 3, 33.30; H, 2.06; Cl, lh-,09; S, 25.11.



102

2-Thiophenethiol

To 20.82 g (3.0 g-atom) of lithium metal stirred under 

a helium atmosphere in 800 ml dry ether (distilled from lith­

ium aluminum hydride) was added 20$.5 g (l^O mol) of n-butyl 

bromide at -10 to 0° over one hr. After stirring one hr at 

0°, 8h-.l g (1.0 mol) of thiophene was added at <0° over fif­

teen min. After stirring one hr at 0°, 32.0 g (1.0 g-atom) 

of sulfur was added over five min (acetone-dry ice cooling ). 

After stirring at 6° for one hr, the reaction was allowed to 

warm slowly to room temperature. The reaction was then 

heated at reflux for four hrs. Upon cooling and the cautious 

addition of 3$O ml of water (foaming), the layers were sep­

arated and the ether layer was washed with 100 ml of water. 

The combined aqueous layers were made acidic with hydrochloric 

acid and were extracted with two 100 ml portions of ether. 

The combined ether layers were dried (MgSO^), filtered and 

evaporated to an oil. Distillation gave $8.6 g ($1%) of 

2-thiophenethiol: bp 33° (0.7$ mm), lit.61 bp 171.1° (760 

mm), ir (neat) 3100-3080 medium (aromatic H), 2$2$ medium 

(S-H), and strong bands at 1^0$, 1221, 8^$ and 69$ cm-1; 

nmr (CCl^) 8 7.30-6.73 (»> 3» Ar-H), and 3»h-0 (s, 1, SH) ppm.

Ethyl 8-(2-thienyl)-3-mercantonronionate (39)

To 8.82 g (0.161*. mol) of sodium methoxide in 200 ml 

dry glyme (distilled from lithium aluminum hydride) was added 

19.0 g (0.161*. mol) of 2-thiophenethiol and 29.6 g (0.161*. mol) 

of ethyl 3-bromopropionate. After stirring at reflux over­

night, the mixture was cooled and 100 ml of water was added.
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The layers were separated and the organic layer was washed 

with 100 ml of water, dried (MgSO^), filtered and evaporated 

to an oil on a rotary evaporator. Distillation at 89-92° 

(0.10 nan) gave 30.1 g (8$#) of product. The analytical 

sample distilled at 90° (0.10 mm) : ir (neat) 3100 weak (aro­

matic H),297$, 2930 (methyl and methylene), 1730 (ester 0=0), 

and other strong bands at 1^-00, 1370, 1342# 124-0, 121$, 117$# 

1148, 84$ and 700 cm-1; nmr (CCl^) 6 7.42-6.8$ (■, 3# Ar-H), 

4.10 (q, 2, J = 7 Hz, 0CH2CH3), 3.13-2.37 (=# 4# C^CKgS), 

and 1.20 (t, 3# J = 7 Hz, CH2CH3) ppm.

Anal, Calcd for CgH^O^: 0 , 49.97; H, $.$9; S, 

29.6$. Found: 0, $0.17; H, $.84? S, 29.46.

S-(2-thienyl)-3-mei*captopropionic acid (40)

A mixture of 1$.2 g (0.070 mol) of ethyl S-(2-thienyl)- 

3-mercaptopropionate and $00 ml of 20^ hydrochloric acid was 

stirred at reflux overnight. After cooling, the mixture was 

extracted with three 100 ml portions of benzene which were 

combined, dried (MgSO^), filtered and evaporated to an oil 

on a rotary evaporator. Distillation at 122-$° (0.20 ran) 

gave 10.$ g (8756) of product. The analytical suable dis­

tilled at 122° (0.1$ mm); ir (neat) 3$OO-2$OO (bonded OH), 

1710 (acid 0=0), and other strong bands at 1430-1400, 1260, 

1218, 848, 702, and 678 cm-1; nmr (CCl^) 6 11.87 (■# 1# OO^H), 

7.37-6.83 (m, 3, Ar-H), and 3.17-2.33 (=# 4# SCHgCHg) ppm.

, Anal. Calcd for CyHQOgSg: 0, 44-66; H, 4-28; S, 

34.06. Found: 0, 44-64; H, 4-34; s# 34-02.



1 .L-Dihydro-2H-tbieno [2.3-b]thlapyran-h.-one (kl )

A solution of 7.0 g (0.037 mol) of S-(2-thienyl)-3- 

mercaptopropionic acid, 2.6$ ni (0.037 mol) of thionyl chlor­

ide and 0.2 ml of pyridine in l$0 ml of dry ether (distilled 

from lithium aluminum hydride) was stirred at reflux for fif­

teen min. Another 2.65 ml of thionyl chloride was added and 

reflux was continued for fifteen mln. The ether and excess 

thionyl chloride were removed by distillation at atmospheric 

pressure as benzene was added until the distillate tempera­

ture was 800. Upon cooling to 5*, 21.8 ml (0.186 mol) of 

anhydrous stannic chloride was added in one portion. The 

temperature rose to 30° and the slurry was stirred at 25° 

for three hrs. The slurry was poured onto 100 ml of ice and 

100 ml of concentrated hydrochloric acid and the flask was 

rinsed with benzene and concentrated hydrochloric acid. The 

water-benzone mixture was stirred three hrs. The layers 

were separated and the aqueous layer was extracted with three 

100 ml portions of benzene. The combined benzene layers were 

washed with 100 ml of water and 100 ml of 10)( sodium carbon­

ate solution. Filtration was necessary with each wash. The 

benzene solution was dried (1^0^) > filtered, and evaporated 

to an oil on a rotary evaporator. Distillation at 90-92° 

(0.10 ran) gave g of 3,lp-dlhydro-2H-thieno(2,3^bIthiapyran- 

k-one (?o£) as an oil which solidified on standing, mp 57.5­

59.5°. The analytical sample distilled at 92° (0.10 ran) : 

lit.3^ mp 63-l|.°; ir (neat) 3100, 3080 medium (aromatic H),

2910 medium (methylene), 1665 (C=0), and strong bands at



1Q5

1500, 11*13, 1390, 1280, 126$, 1190, 1132, 898, 730 and 682 

ce"1; mr (CDCl^) 6 7.1*7 (d, 1, J = 5.$ Hz, H-6), 7.00 (d, 

1, J = 5«5 Hz, H-5), 3*35 (t, 2, J = 6 Hz, Sa^CH200), and 

2.80 (t, 2, J = 6 Hz, SCHgCHgCO) ppm.

Anal. Calod for C„HAOSD: C, 1*9.38; H, 3.55; S, 37.67. 
—— f o c.

Pound; C, 1*9.1*2; H, 3*51*! 8, 37.1*7.

3.li-Dihydro-ZH-thleno*2.3-bIthiapyran-L-ol (It2)

To a solution of 2.0 g (0.012 mol) of 3,l*.-dibydro-2H- 

thieno[2,3-b]thiapyran-l*-one dissolved in 200 ml of warm 

isopropanol was added 0.1*35 g (0.012 mol) of sodium borohy- 

dride. The reaction was stirred magnetically at reflux over­

night. Upon cooling, the reaction mixture was poured into 

250 ml of cold water. The aqueous isopropanol mixture was 

extracted with three 100 ml portions of benzene. The com­

bined benzene extracts were washed with 100 ml of water, 

dried (Mg30^), filtered and evaporated to an oil on a rotary 

evaporator. Distillation at 101-3° (0.10 mn) gave 1.7 g (81*j() 

of 3,l*-dihydro-2H-thleno [2,3-b ]thiapyran-l*.-ol, which solidi­

fied on standing, mp 62-4°. The analytical sample distilled 

at 102° (0.10 ran): lit.^ mp 67-8°; ir (neat) 3500-3100 (bonded 

OH), 2910 (methylene) and other strong bands at 11*15» 1200, 

1178, 1035, 1018 , 915, 870 and 692 cm-1; nmr (CDC13) 6 7.03 

(s, 2, H-5 and H-6), 1*_.77 (t, 1, J = 1* Hz, HOCH), 3.1*_7-2.68 

(m, 2, SC^CHg), 2.30 (s, 1, HOCH), and 2.50-1.67 (m, 2, 

SGHgCHg) ppm.

Anal. Calod for C^OB^ : C, 1*8.80; H, l*.68; S, 37.23.

Pound; C, 1*9.02; H, I*.57; S, 37.09.
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Thieno T2,3-bItblapyryllum perchlorate (18)

A mixture of 1.8 g (0,011 mol) of 3A-dihydro-2H-thieno- 

[2,3"b 1thiapyran-4-ol and 1,0 g of potassium pyrosulfate were 

placed in a 25 ml pear shaped flask which was fitted with a 

normal vacuum distillation apparatus. The system was evac­

uated to 1.75 mu and the flask was heated to 200° over ten 

min. The reaction yielded O,^. g (2550 of 2-H-thieno [2,3-b) 

thiapyran as shown by the following: bp 89° (1.75 mm); lit.34 

bp 81-2° (0.6 nn); ir (neat) 3100, 3035 (aromatic H), 2875 

(methylene ), and other bands at 1611, 1^05, 1208, 1198, 1158, 

1095» 1041» 831, 778, 721 and 670 cm"1; nmr (CCl^) 6 6.92 (d, 

1, J = 5 Hz, H-6), 6.78 (d, 1, J = 5 Hz, H-5), 6.4.3 (d, 1, 

J3-4- = 10 J2A = 1 Hz, H-4-), 7.32 (m, 1, J = 5 Hz, H-3),

and 3*42 (<!» 2, J = 5 Hz, J = 1 Hz, SCH^)» mass spectrum 

(80 eV) m/e 154- (P), calcd 154-, 153 (P-1).

The material was used immediately for the synthesis of 

the thiapyrylium salt.

To a stirred solution of 0,4- g (0,0026 mol ) of 2.-H 

thieno (2,3-b Ithiopyran in 25 ml acetonitrile was added 0.885 

g (0.0026 mol) of trityl perchlorate in 15 ml of acetonitrile 

The solution was stirred at 25° for one hr and then was evap­

orated to near dryness on a rotary evaporator to yield a 

solid which was diluted to 100 ml with diethyl ether. After 

three hrs refrigeration, the solid was collected on a fil­

ter and air dried to yield 0.55 g (84#) of product, mp 248­

52°, dec. Two recrystallizations from glacial acetic acid,
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the first with a carbon treatment, gave 0.2^ g (37^) of 

thienot2,3-blthiapyrylium perchlorate : mp 255-7°» dec.; 

lit.^ mp 142"; visible and uv max (1% perchloric acid in 

acetonitrile), 262 mu (log e - 4*47)» 333 (3-66), 361 sh 

(3.36); nmr (CF^CO^D) C 10.02 (d, 1, J = 8.5 Hz, H-2), 9.48 

(d, 1,J = 8.5 Hz, H-4), 8.78 (t, 1, J = 8.5 Hz, H-3), 8.55 

(d, 1, J = 5*5 Hz, H-6) and 8.20 (d, 1, J = 5*5 Hz, H-5) ppm.

Anal. Calcd for CyH^ClC^Sg: C, 33.27; H, 1.99; S, 

25.28. Found: C, 33*55? H, 1.93? S, 25*14*

Methyl 3-(2-thienyl)-2-methyl«3-mei»captoDropionate (U4) 

To 19.0 g (0.164 mol) of 2-thiophenethiol was added 

with stirring and ice bath cooling, 1 ml of 3°^ aqueous tri­

ethylamine. The viscosity of the mixture increased rapidly 

and 16.5 g (0.164 mol) of methyl methacrylate was added 

rapidly while keeping the temperature under 4° °. After stir­

ring at room temperature for 48 hrs, distillation at 85° 

(0.10 mm) yielded 34.0 g (9656) of a slightly yellow oil. An 

analytical sample distilled at 79° (0.08 mm); ir (neat) 3095 

weak (aromatic H), 2970 and 294° medium (methyl and methyl­

ene ), 1735 (ester 0=0), and other strong bands at 1455» 143°» 

1215, 1160, 845 and 700 cm"1; nmr (CCl^) 6 7.1^2-6.85 (m, 3, 

Ar-H), 3.63 (a, 3, CO2CH3), 3.22-2.45 (m, 3» CH2SCH), and 

I.23 (d, 3» J = 7 Hz, CHCHj) ppm.

Anal. Calcd for C9HL2<^32: C, 49.97? H, 5*59? S, 29.95. 

Found: C, 50.13? H, 5.67? S, 29.64. '
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S-(2-thienyl J-g-methyl-B-mercaptopropioDlc acid (U5)

A stirred mixture of 1$ g (0.069 mol) of methyl S- 

(2-thienyl )-2-methyl-3-mercaptopropionate and $00 ml of 20% 

hydrochloric acid was stirred at reflux overnight. After 

cooling, the mixture was extracted with three 100 ml portions 

of benzene, which were combined, dried (MgSO^), filtered and 

evaporated to an oil on a rotary evaporator. Distillation at 

122-4* (0.12 mm) yielded 11.0 g (78%) of S-(2-thienyl)-2- 

methyl-3-mercaptopropionic acid. The analytical sample dis­

tilled at 123* (0.12 mm) : ir (neat ) 3$00-2$00 (bonded OH), 

1710 (acid C=0) and strong bands at 1460, 1410, 1240, 1218, 

845 and ?0C cm’1; nmr (CCl^) 6 12.0? (a, 1, C02H), 7-42­

6.8$ (m, 3» Ar-H), 3.38-2.47 (m, 3, SC^CH), and I.30 (d, 3, 

6.5 Hz, CHCH^) ppm.

Anal. Calcd for Cq H1002S2î C, 4?»5O; H, 4*98; S, 31.70. 

Found: C, 47*44» H, 5.10; S, 31.66.

3-Methyl-3.4-dihydro-2H-thieno (2.3-b ] thiapyran -4-one (46 )

A solution of 7*0 g (0.035 mol) of S-(2-thienyl)-2- 

methyl-3-mercaptopropionic acid, 2.4° ml (0.035 mol) of 

thionyl chloride and 0.2 ml of pyridine in 150 ml of dry 

ether (distilled from lithium aluminum hydride ) was stirred 

at reflux for fifteen min. Another 2.40 ml of thionyl chlor­

ide was added and reflux was continued for fifteen min. The 

other and excess thionyl chloride were removed by distillation 

at atmospheric pressure as benzene was added until the dis­

tillate temperature was 80*. Upon cooling to 5*» 20.2 ml
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(0.173 mol) of anhydrous stannic chloride was added in one 

portion. The temperature rose to 30° and the slurry was 

stirred at 25°for three hrs. The slurry was poured onto 100 

ml of ice and 100 ml of concentrated hydrochloric acid. The 

water-benzene mixture was stirred three hrs. The layers were 

separated and the aqueous layer was extracted with three 100 

ml portions of benzene. The combined benzene layers were 

washed with 100 ml of water and 100 ml of 10# sodium carbon­

ate solution. Filtration was necessary with each wash. The 

benzene solution was dried (MgSO^), filtered and evaporated 

to an oil on a rotary evaporator. Distillation at 86-89° 

(0.10 mm) gave 3.7 g (58#) of an oil which solidified on 

standing, mp 28-31°. The analytical sample distilled at 87° 

(0.10 mm): ir (neat) 3100 and 3080 medium (aromatic H), 2960 

and 2920 (methyl and methylene), 1660 (0=0), and strong bands 

at 14.98, 1413» 1388, 1265, 1242, 1229, 1034» 868 and 695 em-1; 

nmr (CDCl^) 6 7.47 (d, 1, J = 5-5 Hz, H-6), 7.00 (d, 1, J = 

5.5 Hz, H-5), 3.27 (d, 2, J = 7 Hz, SCHg), 2.80 (q, 1, J = 

7 Hz, CHCH3), and 1.32 (d, 3, J = 7 Hz, CHCH3) ppm.

Anal. Calcd for CgHQ0S2: C, 52.14; H, 4*38; S, 34.80. 

Found: 0, 52.30; H, 4.59; S, 34.60.

3-Methy1-3.k-dihvdro-2H-thleno[2.3-b1thiapyran-L-ol (47) 

To a solution of 2.0 g (0.011 mol) of 3-methyl-3,4- 

dihydro-2H-thieno[2,3«4>]thiapyran-4*one dissolved in 250 ml 

warm Isopropanol was added 0.41 g (0.011 mol) of sodium 

borohydride. The reaction was stirred magnetically at re­

flux overnight. Upon cooling, the reaction mixture was
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poured into 2$0 ml of cold water • The aqueous isopropanol 

mixture was extracted with three 100 ml portions of benzene* 

The combined benzene extracts were washed with 100 ml of 

water, dried (MgSO^), filtered and evaporated to an oil on 

a rotary evaporator* Distillation at 98° (0*10 mm) gave 1*8 

g (89%) of 3-methyl-3A-dihydro-2H-.thieno(2,3-blthiapyranA- 

ol, which solidified on standing, mp 47-75°* The analytical 

sample distilled at 98° (0*10 ran): ir (neat) 3600-3140 (bonded 

OH), 3100 weak (aromatic H), 2960, 2920, 2900 and 2870 medium 

(methyl and methylene ), and strong bands at 11*22, 1410, 1028, 

830 and 698 cm"1; nmr (CDCl^) 6 7*05 (s, 2, Ar-H), 4*5° (m, 

1, HOCH), 3.50-1.67 (m, 4, HOCHCHCHg), and 1*30-1.00 (m, 3» 

CH))ppm*

Anal* Calcd for CQH100S2 î C, 51.57î H, 5.1*1; S, 34*43* 

Found: C, 51*71; H, 5*37; S, 34*39*

3-Methylthieno(2,3-bIthiapyrylium perchlorate (12)

A mixture of 1.0 g of finely powdered potassium pyro­

sulfate and 2.8 g (0.015 mol) of 3-methyl-3,4-dihydro-2H- 

thieno (2,3-b]thiapyran-4-ol was placed in a 15 ml pear shaped 

flask connected to a vacuum distillation apparatus which was 

immediately evacuated to 2.5 mm. The temperature was raised 

to 2000 over fifteen min with an oil bath initially at 150°. 

The product, 3-methyl-2H-thienoT2,3-b]thiapyran, 1.2 g (1*8%) 

distilled at 110-112° (2.5 mm) ; ir (neat ) 3100 medium (aro­

matic H), 2960, 2920, 2900 and 2870 strong (methyl and meth­

ylene ) and strong bands at 1^44» 1410* 1212, 831» 695 and 

63O cm"1*
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Because of the instability of the product ( immediately 

turned yellow on exposure to air and then further darkening 

even under a nitrogen atmosphere ) it was used immediately.

To 1.2 g (0.0071 mol) of 3-methyl-2H-thieno[2,3-A>] 

thiapyran in 1^5 ml of acetonitrile was added 2,1*1*. g (0.0071 

mol) of trityl perchlorate in 1*5 ml of acetonitrile. After 

stirring at 2$° for one-half hr, evaporation to near dryness 

on a rotary evaporator and dilution to 1*5 0 ml with diethyl 

ether produced solids. After two hrs refrigeration, the 

product was collected on a filter and air dried to yield 

1.80 g (95#) of 3-methylthieno[2,3-b]thiapyrylium perchlor­

ate, mp 168-71°. Two recrystallizations from glacial acetic 

acid, the first with a carbon treatment, gave 0.38 g (20%); 

mp 175-77°; visible and uv max (1% perchloric acid in aceto­

nitrile, 261*. mp (log e = 1*J*.8), 337 (3.61*), 370 (3.1*1); nmr 

(CF3C02D) 6 9.72 (s, 1, H-2), 9.25 (a, 1, H-l*), 8.1*5 (d, 1, 

J = 5.5 Hz, H-6), 8.07 (d, 1, J = 5.5 Hz, H-5) and 2.98 (s, 

3, CH3) ppm.

Anal. Calcd for CgHyClO^i C, 36.02; H, 2.65; 8, 

21*.01*. Found: C, 33.26; H, 2.90; S, 23.90.

3 -Bromoth ian aphthen e ( 51 )

To a stirred solution of 67.l g (0.50 mol) of thianaph­

thene and 68.5 g (0.83 mol) of anhydrous sodium acetate in 

380 ml of chloroform was added 26.2 ml (0.51 mol) of bromine 

in 70 ml of chloroform over 1*5 min with water bath cooling 

so that the temperature did not rise above 33 °. After stir­

ring for 90 min at 25°, 100 ml of water was added and the
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layers were separated. The chloroform layer was washed with 

200 ml of water, 100 ml of 5% sodium hydroxide, 200 ml of 

water and 200 ml of saturated sodium chloride solution. After 

drying (MgSO^) and filtration, the solvent was removed on a 

rotary evaporator. The resulting oil yielded 84.3 g (79^) 

of 3-bromothianaphthene distilling at 73*90° (0.5-0.2 nn). 

Bedistillation gave 76 g of a pale, yellow liquid: bp 60-5° 

(0.05 m); lit A8 bp 90-105° (1.5 mm).

3-Mercaptothianaphthene (53)

To 9.7 g (O.li-O g-atom) of magnesium in 750 ml dry ether 

(distilled from lithium aluminum hydride ) at 300 was added 

1^2,62 g (0.20 mol) of 3-bromothianaphthene and 21.60 g (0.20 

mol) of ethyl bromide. After some initial difficulty, the 

reaction proceeded and was refluxed for two hr. After cool­

ing to 15°, 12.84 g (O.I4.O g-atom) of sulfur was added slowly. 

The mixture was refluxed for three hrs and allowed to stand 

overnight and 20.4 g of sulfuric acid in 300 ml of water was 

cautiously added. The layers were separated and the aqueous 

layer was extracted with two 100 ml portions of other. The 

combined ether layers were washed with 100 ml of water, dried 

(MgS04), filtered and evaporated to an oil on a rotary evap­

orator. Distillation in vacuo resulted in 23.3 g of residue 

with no 2535 cnT1 (-SH) band in the infrared.

On the assumption that this material was the disulfide, 

it was dissolved in dry ether (distilled from lithium alum­

inum hydride ) and added over one-half hr to 2.03 g (0.054 

mol) of lithium aluminum hydride in dry ether with external
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cooling, so that no reflux occurred* The reaction mixture 

was warmed with a water bath to reflux and refluxed for one 

hr. After cooling to h-®, $0 ml of water was added and 15# 

sulfuric acid was added at 4° until the aqueous layer was 

acidic. Saturated sodium sulfate was added for coagulation 

and the slurry was filtered. The layers were separated and 

the ether layer was washed with 100 ml of water. The aqueous 

layers were saturated with sodium chloride and extracted with 

100 ml of ether. The combined ether layers were dried 

(MgSO^), filtered and evaporated to an oil on a rotary 

evaporator. Distillation gave 9.0 g (27#) of 3-mercaptothia- 

napththene; bp 99° (1.15 mm); lit.^ bp 77-80° (0.20 nm); ir 

(neat) 3100 and 3060 (aromatic H), 2^O medium (SH), and 

strong bands at llj-55, 1422, 131$, 1258, 1062, 1020, 828, 

758, 729 and 704 cm-1; lit. v SH = 2535 cm-1; nmr (CCl^) 6 

7.77-7.47 (m, 2, Ar-H), 7.32-7.05 (m, 3» ArH) and 3.00 (d, 

1, J = 1 Hz, SH) ppm.

S-(3-thianaphthenyl)-3-mercaptopropionic acid (54)

To 9.0 g (0.054 mol) of 3-mercaptothianaphthene in 250 

ml of absolute ethanol was added 13.6 g (0.162 mol) of sod­

ium bicarbonate and 8.3 g (0.054 mol) of 3-bromopropionic 

acid. After a six hr reflux, the reaction mixture was cooled 

and evaporated to near dryness on a rotary evaporator. An 

emulsion formed upon water addition. Concentrated hydro­

chloric acid was added until the aqueous layer was red to 

litmus (foaming). The resulting oil was extracted into
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benzene, which was dried (MgSO^), filtered and evaporated to 

an oil on a rotary evaporator. Dilution with petroleum ether 

and scratching produced solids, which were collected on a 

filter and air dried to yield 9.2 g (72%) of S-(3-thianaph- 

thenyl)-3-mercaptopropionic acid: mp 61-5 °. Sublimation at 

90° (0.12 mn) gave an analytical sample: mp 70-2°; ir (KBr) 

3300-2300 (bonded OH), 1695 (acid 0=0) and strong bands at 

1438, 11*20, 14-00, 1335, 1256, 1198, 938, 838, 752 and 731 

cm"1; nmr (CDCl^) 5 11.55 (a, 1, C02H), 8.08-7.70 (m, 2, 

Ar-H), 7-58-7.18 (m, 3> Ar-H), 3.22-2.92 (m, 2, SC^), and 

2.72-2.42 (m, 2, CH2C02H) ppm.

Anal > Calcd for C^^H^q O2S2 : C, 55*4-3» H, 4-*23» 8, 

26.91. Found; C, 55.61; H, 4-4-5» S, 26.99.

.k-Dlhvdro-2H-thianaphtheno [ 3.2-b ]thiapyran-4--one ( 55 )

A stirred solution of 5.0 g (0.021 mol) of S-(3-thia- 

naphthenyl)-3-mercaptopropionic acid, 1.5 ml of thionyl 

chloride (0.021 mol) and 0.2 ml of pyridine was refluxed 

fifteen mln. Another 1.5 ml of thionyl chloride was added 

and reflux was continued for fifteen min. The solvent was 

exchanged for benzene at atmospheric pressure. Upon cool­

ing to 5°, 12.3 ml (0.105 ml) of anhydrous stannic chloride 

was added in one portion. The temperature rose to 23° and 

the red slurry was stirred for three hrs. The slurry was 

poured onto 100 ml of concentrated hydrochloric acid and 

100 ml of ice and the flask was rinsed with benzene and 

concentrated hydrochloric acid. The water-benzene mixture 
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was stirred one hr and the layers were separated. The aque­

ous layer was extracted with three 100 ml portions of ben­

zene. The benzene layers were combined and washed with 100 

ml of 10# sodium carbonate. After drying (MgSO^), filtra­

tion and evaporation on a rotary evaporator, the resulting 

solids were slurried with petroleum ether, collected on a 

filter and air dried to yield ^2$ g (97#) of 3,k-dihydro- 

2H-thianaphtheno T3 #2-b 1thiapyran-k-one ! mp 121-k° with prior 

shrinking. Recrystallization from meth anol-water with a car­

bon treatment gave the analytical sample: mp 123.5-125.0°; 

ir (KBr) 1630 (0=0), and strong bands at 1I4.8O, 1290, 1275# 

1188, 931# 75k and 72k cm"1; nmr (CDC13) 6 7.90-7.20 (m, k# 

Ar-H), 3.38-3.27 (m, 2, SCHg), and 3.08-2.80 (m, 2, CHgCO) 

ppm.

Anal. Calcd for C^^HQOSg* C, 59.97» H, 3.66; S, 29.11. 

Found: C, 60.06; H, 3.87; 3, 28.99.

3 .L-Dihydro -2H-th ian anhtheno F 3 .2-b ]thiapyran-U-ol (56) 

To a solution of 2.0 g (0.009 mol) of 3,k-dihydro-2H- 

thianaphtheno[3,2-b)thiapyran-k-one dissolved In 500 ml of 

warm isopropanol was added O.3I42 g (0.009 mol ) of sodium 

borohydride. The reaction mixture was stirred magnetically 

at reflux overnight. Upon cooling, the solvent was evapor­

ated to near dryness on a rotary evaporator. After dilution 

with water, the mixture was extracted with three 100 mi por­

tions of benzene. The combined benzene layers were washed 

with 50 ml of water, dried (MgSO^), filtered and evaporated 
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to an oil on a rotary evaporator. On dilution with petroleum 

ether, the oil became a solid which was collected on a filter 

and air dried to yield 2.0 g (100%) of 3,4-dlhydro-2H-thla- 

naphtheno[3,2-b]thiapyran-4-ol: mp lO^.-^. Sublimation at 

92° (0.07 mn) gave an analytical sample : mp 10lp-5o; lr (KBr) 

3440-3060 (bonded OH), 30^0 (aromatic H), 2910 (methylene), 

and strong bands at 1430, 12$7, 1155# 10$0, 1020, 758 and 

730 cm-1; nmr (CDCl^) 6 7.87-7.08 (m, 4» Ar-H), 4.87 (t, 1, 

J - 4-5 Hz, HOCH), 3.45-2.83 (m, 2, C^S), 2.68 (s, 1, 

CHOH, disappears on exchange with DgO) and 2.50-1.83 (m, 2, 

CHgCHOH) ppm.

Anal. Calcd for C1;LH1OOS2 ; C, 59.42; H, 4.58; S, 28.85. 

Found: C, 59.69; H, 4.57; S, 28.85.

ThianaphthenoÜ3,2-blthiapyryllum perchlorate (13)

To 1.0 g (0.0045 mol) of 3,4-81hydro-2H-thianaphtheno 

T3 »2^b]thiapyran-4-01 in 20 ml of refluxing glacial acetic 

acid was added 1.54 g (0.0045 mol) of trityl perchlorate in 

20 ml of nitromethane. Reflux was continued for fifteen min 

and the reaction mixture was allowed to cool to room tempera­

ture. Evaporation on a rotary evaporator produced an oil, 

which solidified on dilution with ether. After three hrs 

refrigeration, the solid was collected on a filter and air 

dried to yield 1.2 g (88%) of thianaphtheno[3,2-bIthiapyrylium 

perchlorate. Four recrystallizations from glacial acetic 

acid, the first with a carbon treatment, gave the analytical 

sample: mp 199.0-200.5°; visible and uv max (1% perchloric
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acid in acetonitrile ) 232*5 ap (log C - Wl7)> 297 (4*05)» 

and 379 (4*12)î mur (CF3C02D) 0 9*92 (d, 1» J = 8 Hz, H-2), 

9*52 (d, 1, J = 8 Hz, H-4), 8*75 (t, 1, J = 8 Hz, H-3) and 

[8.75-8.60 (m, 1) and 8*40-7-70 (m, 3» H’a-6,7,8,9)] ppm

Anal* Calcd for C^HyClO^: C, 43-64; H, 2*33; S, 

21*18* Found: C, 43-89; H,2.52; S, 20*95- 

1-Thianaphthenyl chloride (57)

Hydrogen chloride gaa was passed into a stirred mix- . 

tore of 65-25 g (0*485 mol) of thianapbthene, 46*5 g (0*600 

mol) of aqueous 47# formaldehyde and 48*5 ml (0*58 mol) of 

concentrated hydrochloric acid through a subsurface addition 

tube* The temperature rose to 60° and was held there for 

five hrs* After one hr, the gas flow was set at a slow rate. 

The mixture was cooled to 30° and was poured into 500 ml of 

water* The layers were separated as well as possible and 

the aqueous layer was extracted with three 100 ml portions 

of benzene. The combined organic layers were washed with 

two 100 ml portions of water, one 100 ml portion of 10# sod­

ium carbonate solution (emulsion removed by filtration) and 

one 100 ml portion of water. The benzene solution was dried 

(KgCO^), filtered and evaporated to an oil on a rotary evap­

orator. Distillation at 117-8° (3 m); lit.51 tp 125-7° 

(2 mm) gave 58.5 g (71#) of 3-thianaphthenyl chloride after 

allowing for a 7*6 g forerun of unreacted thianaphthene* The 

nmr spectrum in CCl^ consisted of 6 7-80-7*50 (m, 2, Ar-H), 

7*40-7*10 (m, 3, Ar-H), and 4-53 (»» 2, CHgCl) ppm.
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S-(3-thianaphthenyl)-mercaptoacetic acid ($8)

To l^.^l g (0,153 mol) of mercaptoacetic acid dissolved 

in IDO ml of dry glyme (distilled from lithium aluminum hy­

dride) was added with stirring and ice-bath cooling, 16,5 g 

(0.306 mol) of sodium methoxide. The resulting thick white 

precipitate was broken up, 28.0 g (0.153 mol) of 3-thianaph- 

thenyl chloride was rinsed into the flask with 100 ml of dry 

glyme. The mixture was stirred at reflux overnight. Upon 

cooling, the thick, white precipitate was dissolved by 100 

ml of water. After addition of 50 ml of concentrated hydro­

chloric acid, the two-phase system was evaporated to an oily 

solid on a rotary evaporator. The oil was taken up in 500 

ml of benzene, which was washed with two 100 ml portions of 

water, dried (MgSO^), filtered and evaporated to an oil on 

a rotary evaporator. After dilution with petroleum ether, 

scratching and overnight refrigeration, 19.6 g, mp 75-95°» 

of a gunny semi-solid was collected on a filter and washed 

with petroleum ether. Recrystallization from cyclohexane 

gave 11.5 g (31.650, mp 91-103°. Sublimation at 100° (0,10 

nm) gave an analytical sample : mp 103-105.5°» ir (KBr ) 3630­

2500 (bonded OH), 1690 (acid 0=0), and strong bands at 11^20, 

1290, 1128, 930, 760 and 730 cm-1; nmr (CDCl^) Ô 11.80 (s, 

1, C02H), 8.00-7.67 (m, 2, Ar-H), 7.53-7.20 (m, 3, Ar-H), 

ll.lO (s> 2, CHgS) and 3.07 (s, 2, SCHg) ppm.

Anal. Cal cd for C^^H^^O2S2 î C, 55.^3 » U, 1|..23, S, 26.91. 

Founds C, 55.32; H, M+7; S, 27.01.
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3 .L-Dihydro-lH-thianaphtheno F 3 ,2-c Ithlapyran-U-one ( $9 )

A solution of 10.5 g (0.044 mol) of S-(3-thianaphthenyl)- 

mercaptoacetic acid; O ml (0.055 wol) of thionyl chloride 

and 0.2 ml of pyridine in 200 ml of dry ether (distilled from 

lithium aluminum hydride) was stirred at reflux for one-half 

hr. The mixture was evaporated to dryness in vacuo on a 

steam bath and flushed with dry benzene at atmospheric press­

ure. Upon cooling to <10°, 26.1*. ml (0.225 mol) of anhydrous 

stannic chloride was added in one portion. The temperature 

rose to 30°. The slurry was stirred at 25° for three hrs and 

then was poured onto 100 ml of ice and 100 ml of concentrated 

hydrochloric acid. The flask was rinsed with benzene and con­

centrated hydrochloric acid. The water-benzene mixture was 

stirred five hrs and let stand for two days. The mixture was 

filtered and the layers separated. The benzene layer was 

washed with 100 ml of water and 100 ml of 10# sodium carbon­

ate solution. Filtration was necessary with each wash. The 

benzene solution was dried (MgSO^), filtered,and evaporated 

to a solid on a rotary evaporator. The solid was slurried in 

petroleum ether, collected on a filter and air dried to yield 

6.9 g (71#) of 3,l*.-dlhydro-lH-thianaphtheno [3,2-c ]thiapyran- 

U-one, mp 153"5°• Recrystallization from carbon tetrachloride- 

ben zone with a carbon treatment gave 1*.,2 g (I4.3#), mp 158-161°. 

Sublimation of 1.0 g at 130° (0.09 mm) gave 0.85 g» mp 158­

161°. Recrystallization from carbon tetrachloride-benzene 

with a carbon treatment, sublimation at 132° (0.18 mm) and 

recrystallization from methanol-water with a carbon treatment
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gave 0.1 g: np 159-160°; ir (KBr) 161^0 (0=0), and. strong bands 

at 1355, 128o, 1255, 989 and 760 cm -1; nmr (CDCl^ and 001^) 

6 8.00-7.25 (»» Ar-H), 1^.02 (s, 2, C^S), and 3*60 (s, 2, 

C^S), and 3*60 (a, 2, SCHgCO) ppm.

Anal. Calcd for C^HgOS^î C, 59.97; H, 3.66; S, 29.11. 

Found: C, 60.25; H, 3.^9; S, 28.93.

3 .U-Dihydro-l^thlanaphtheno [3.2-c Itbiapyran-U-ol (60)

To a solution of 2.20 g (0.01 mol ) of 3,l|.-dihydro-lH- 

thlanaphtheno[3,2-c1tbiapyran-h--one dissolved In 200 ml of 

isopropyl alcohol was added O.38 g (0.01 mol ) of sodium boro- 

bydride. The reaction was stirred magnetically at reflux 

overnight. Upon cooling, the reaction mixture was poured 

into 200 ml of cold water. The aqueous isopropanol mixture 

was extracted with three 200 ml portions of 1:1 benzene­

ether. The combined benzene-ether extracts were washed with 

100 ml of water, dried (MgSO^), filtered and evaporated to a 

solid on a rotary evaporator. The solids were slurried in 

petroleum ether, collected on a filter and air dried to yield 

1.9 g (86#) of 3 ,l|.-dlhydro-lH-thianaphtheno [3,2-c Ithiapyran- 

k—ol, mp 128-132°. Sublimation at 110° (0.20 mm) followed 

by recrystallization from methanol-water with a carbon treat­

ment gave an analytical sample: mp 139.0-14-0.5°; ir (KBr) 

35OO-31I4.O (bonded OH), 304-0 weak (aromatic H), 2880 medium 

(methylene ), and strong bands at 14-30, 14-08, 1378, 1260, 

1188, 1150, 1060, 1040, 755 and 728 cm”1; nmr (CDC13) 6 7.95­

7.27 (m, 4-, Ar-H), 5.00 (m, 1, HOCH), 3.80 (s, 2, CHpS), 3-12
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(m, 2, SCHgCHOH), and 2.75 (m, 1, OH, exchanges with D20) ppm. 

Anal. Cal cd for c 11Hio °S2: C, $9.42; H, 4-.$3î S, 28.85. 

Found: C, $9.62; H, 4-57; S, 28.83.

Thian&phtheno [3.2-c Ithiapyrylium perchlorate (14-)

To a magnetically stirred, refluxing solution of 1.0 g 

(O.OO45 mol ) of 3,4-dihydro-lH-thianaphtheno [3,2-c]thiapyran- 

4-ol in 16 ml of glacial acetic acid was added 1.54 g (O.OO45 

mol) of trityl perchlorate in 16 ml of nitromethane. Reflux, 

was continued for fifteen min and the reaction mixture was 

allowed to cool ambiently for four hrs with stirring. The 

solvent was removed on a rotary evaporator and the resulting 

oil solidified on dilution to 500 ml with ether. After over­

night refrigeration, the yellow product was collected on a 

filter and air dried to give 1.45 g» mp 173-60. Recrystal­

lization of 0.5 g from 40 ml of glacial acetic acid with a 

carbon treatment gave 0.3 g of yellow needles, mp 178-80°, 

after drying over P20^ at 25° (0.07 ami)J visible and uv max 

(1% perchloric acid in acetonitrile), 233 sh (log Ê = 4*13)» 

237 sh (4.18), 254 (4.56), 2.65 (4*32), 283 (4.25)» 314 (3.81), 

384 (3.80); nmr (CF3C02D) 6 10.57 (m, 1, H-l), 9.60-9.15 («» 

2, H-3 and H-4), 8.73-8.47 (m, 1, Ar-H), and 8.27-7.67 (m, 3» 

Ar-H) ppm.

Anal. Calcd for C^HyClO^Sg: C, 43.64: H, 2.33; S, 

21.18. Pound: C, 43.78; H, 2.63; S, 21.28.
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S-(3-thianaphthenyl)-thiolactic acid (61)

To 16.2$ g (0.1$3 mol) of thiolactic acid dissolved in 

100 ml of dry ether (distilled from lithium aluminum hydride ) 

was added with stirring and ice-bath cooling, 16.5 g (0.306 

mol) of sodium methoxide. The resulting thick, white precip­

itate was broken up and 28.0 g (0.153 mol) of 3-thlanaphthenyl 

chloride was washed into the flask with 100 ml of dry glyme. 

The mixture was stirred at reflux overnight. Upon cooling, 

the thick, white precipitate was dissolved in 100 ml of water. 

After addition of 50 ml of concentrated hydrochloric acid, 

the two-phase system was evaporated to an oil on a rotary 

evaporator. Trituration with petroleum ether, refrigeration 

and collection on a filter resulted in 33.8 g (88%) of solid 

product, mp 75-90°. Recrystallization, with a carbon treat­

ment, from cyclohexane gave 19.8 g (51%), mp 93.5-96.0°. Sub­

limation at 90° (0.05 mm) gave an analytical sample : mp 94*0- 

97.0°; ir (KBr) 3300-2500 (bonded OH), 1680 (acid 0=0), and 

strong bands at ll|45, 1420, 1281, 1231, 1059, 925, 759 and 

730 cm-1; nmr (CDCl^) P 12.15 (s, 1, C02H), 8.13-7.70 (m, 2, 

Ar-H), 7.50-7.18 (m, 2, Ar-H), 4.33 (d, 1, J = 14 Hz, CH^S), 

4.05 (d, 1, J = 14 Hz, CHgS), 3.4O (q, 1, J = 7 Hz, S-CHCH^, 

and 1.43 (d, 3, J = 7 Hz, CH^) ppm.

Anal. Calcd for O^^H-^^O^S^' C, 57.11; H, 4.79, S, 

25.4L. Found: C, 57.33î H, 4.78; S, 25.40.
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3-Methyl-3.h.-dlhydro"lH-thlanaphtheno[3,2-c ]thiapyran-L-one (62)

A solution of 10.09 g (0.(4 mol) of S-(3-thianaphthenyl)- 

thiolactic acid, 3.56 ml (0.05 mol) of thionyl chloride and 

0.5 ml of pyridine in 200 ml dry ether (distilled from lith­

ium aluminum hydride) was stirred at reflux for 45 min. The 

mixture was evaporated to dryness on a rotary evaporator and 

flushed with dry benzene at atmospheric pressure. Upon cool­

ing to 8°, 23.5 ml (0.20 mol) of anhydrous stannic chloride 

was added in one portion. The temperature rose to 15*. The 

slurry was stirred at 25* for three hrs and then was poured 

onto 100 ml of ice and 100 ml of concentrated hydrochloric 

acid. The flask was rinsed with benzene and concentrated 

hydrochloric acid. The water-benzene mixture was stirred 

overnight. The mixture was filtered and the layers separ­

ated. The aqueous layer was extracted with two 100 ml por­

tions of benzene. The combined benzene layers were washed 

with 100 ml of water, 100 ml of 10% sodium carbonate solu­

tion and 100 ml of water. The benzene solution was dried 

(MgSO^), filtered and evaporated to a solid on a rotary evap­

orator. The solid was slurried in petroleum ether, collected 

on a filter and air dried to yield 7.^ g (792) of 3-methyl- 

3, 1^-dihy dr o -IH-th i an aphtheno (3 ,2-c ]thiapyr an-4-one , mp 97* 

103 °. Recrystallization from carbon tetrachloride with a 

carbon treatment gave 5.2 g (55%)> mp 103.0-105.5*. Subli­

mation of 1.0 g at 105* (0.10 mm) followed by recrystalliza­

tion with a carbon treatment from methanol gave 0.45 gî mp 

105.0-106.5*; lr (KBr) 2960, 2920, 2880 weak (methyl and



methylene), 16^0 strong (C=0), and strong bands at 1525» 

11|25, 1360, 1300, 12I42, 912 , 882 , 753» and 725 era’1; nor 

(CDCI3) 5 7.98-7.28 (m, 4-, Ar-H), 4-37-3-60 (m, 3» CH^CH), 

and 1.57 (d, 3» J = 7 Hz, CH^) ppm.

Anal. Calcd for C^gH^o^Hg* 0» 61.52J H, 4«39î 3, 27.35* 

Found: C, 61.30; H, 4-.27i 3 , 27.09.

3-Methyl-3.4--dibydro-IH-thlanaphtbeno [3 ,2-o ]tbiapyran-4.-ol (63 ) 

To a solution of 2.0 g (0.0086 mol) of 3-methyl-3»4-- .

dihydro-lH-tblanapbtheno f3,2-oltbiapyran-4^-one dissolved in 

250 ml of warm isopropanol was added 0.323 g (0.0086 mol) of 

finely powdered sodium borobydride. The reaction was stirred 

magnetically at reflux overnight. Upon cooling, the reaction 

mixture was poured into 250 ml of cold water. The aqueous 

isopropanol mixture was extracted with three 150 ml portions 

of benzene. The combined benzene extracts were washed with 

100 ml of water, dried (MgSO^), filtered and evaporated on 

a rotary evaporator to an oil which solidified on standing. 

The solid was slurried in petroleum ether, collected on a 

filter and air dried to yield 1.9 g (945) of 3-methyl-3,4-- 

dihydro-lH—thlanaphtbeno (3»2-c lthlapyran-4-ol, mp ca. 70-115°• 

Recrystallization from methanol -petroleum ether with a car­

bon treatment gave an analytical sample: mp 120-132°; ir 

(KBr) 3500-3100 (bonded OH), 3O4-O weak (aromatic H), 2850 

weak (methyl and methylene ), and strong bands at 14-30-1370, 

1015, 750 and 728 cm”1; nmr (G6D6 and CDCI3) 6 7.98-7.15 

(m, 4» Ar-H), 4.67 (d, 1, J = 2 Hz, HCOH), 4.42-2.90 (m,
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3, CHg-S-CHÇHj)« 2.77 (a» 1# OH), exchanges with D^O, and 

1.75-1*08 (m, 3> CH^) ppm.

Anal. Calcd for C^gH^gOSg: °» 60.98; H, 5*12; S, 27.13* 

Found: C, 61.09; H, 5*08; S, 26.96.

3-Methylthianaphtheno[3,2-cIthiapyrylium perchlorate (15) 

To a magnetically stirred, refluxing solution of 1.0 

g (O.OO^2 mol) of 3-methyl-3A-d.ihydro-1 H-thianaphtheno 

[3,2-c]thiapyran-4-ol in 16 ml of glacial acetic acid was 

added l.h-5 g (0.001(2 mol) of trityl perchlorate in 16 ml of 

nitromethane. Reflux was continued for 15 min and the reac­

tion mixture was allowed to cool ambiently for four hrs with 

stirring. The solvent was removed on a rotary evaporator 

and the resulting oil solidified on dilution to 4-00 ml with 

ether. After overnight refrigeration, the black product was 

collected on a filter and air dried to give 1.2 g (90%), mp 

2d*.-6 Recrystallization from boiling glacial acetic acid 

gave an analytical sample : mp 211-12°, dec.; visible and uv 

max (1% perchloric acid in acetonitrile), 2I4.O.5 mp (log E - 

l|..28), 258 (^O), 265 sh ([p39), 283 (^.28), 312 (3.91), 

385 (3.81); nmr (CF^O^) 6 IO.33 (a, 1, H-l), 9.00 (a, 1, 

H-U, 8.50 (m, 1, Ar-H), 8.20-7.70 (m, 3, Ar-H), and 3.17 

(a, 3, C^) ppm.

Anal. Calcd for C^HyClO^Sg: C, 4-5.50, H, 2.86; S, 

20.24-. Found: C, 4-5.68; H, 3*09; S, 20.26.
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2-Methylthianaphthene (6p

To 6.94 8 ( 0 g-atom) of lithium metal stirred under 

a helium atmosphere in 2$0 ml of dry ether (distilled from 

lithium aluminum hydride) was added 68.5 g (0.50 mol) of 

n-butyl bromide at -10 to 0° over two hrs. After stirring 

one hr at 0°, 44.7 g (O.333 mol) of thianaphthene in 50 ml 

of ether was added over one-half hr at <0°. After stirring 

for one hr at 0°, 62.2 g (O.333 mol) of methyl tosylate was 

added over twenty min as the temperature rose to 20°. After 

stirring one hr at 10° and two hrs at 25% the mixture was 

heated at reflux for one-half hr. The mixture was cooled 

and 100 ml of water was added slowly with much foaming. 

After another 300 ml of water was added, the layers were 

separated. The aqueous layer was extracted with three 100 

ml portions of ether. The combined ether layers were dried 

(Mg8O^), filtered and the ether removed at atmospheric press­

ure. Distillation at 80 ran, followed by recrystallization 

from ethanol, gave 33.5 g (6^) of 2-methylthianaphthene : 

mp 1*9.5-51.5% lit.22 mp 51.5-52°; nmr (CCl^) 5 7.70-6.82 

(m, 5, Ar-H), and 2.45 (a* 3» CHj) ppm.

2-Bromomethylthianaphthene (65)

To 10.0 g (0.068 mol) of doubly distilled 2-methyl- 

thianaphthene in 250 ml of carbon tetrachloride was added 

12.0 g (0.068 mol) of recrystallized N-bromosuccinimide 

(dried over PgO^ at 0.1 ran) and 2.0 g of benzoyl peroxide. 

After stirring at reflux for two hrs, all the solids were
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floating on top of the solvent. After cooling to 10° and 

filtration, the solvent was removed on a rotary evaporator, 

yielding an oil. The oil was dissolved in benzene, which 

was washed with 100 ml of 10% sodium carbonate solution and 

100 ml of water. After drying (MgSO^), filtration, and sol­

vent removal, the oil was distilled at 118-20° (0.20 in), 

mp $1-4°; lit.62 1*6°; nmr (CCl^) 6 8.27-7.17 (m, Ar-H), and 

1^.68 (s, CEgBr) ppm in the ratio of ).6$A, calcd 2.$/l.

S-(2-thiananhthenyl)-mercaptoaoetic acid (66)

To I4..8O g (0.052 mol) of mercaptoacetic acid dissolved 

in 300 ml dry glyme (distilled from lithium aluminum hydride) 

was added 5-62 g (0.101*. mol) of sodium methoxide. The thick 

white precipitate was broken up and 11.8 g (0.052 mol) of 

2 -bromomethylthlanaphthene was washed into the flask with 

100 ml of dry glyme. The mixture was stirred at reflux for 

twenty hrs. Upon cooling, the white precipitate was dis­

solved in 100 ml of water and the solution was evaporated to 

100 ml on a rotary evaporator. After the addition of 50 ml 

of 10% sodium carbonate solution, the solution was extracted 

with two 100 ml portions of benzene. After acidification 

with concentrated hydrochloric acid, the mixture was ex­

tracted with two 100 ml portions of benzene. After drying 

(HgSO^), filtration and evaporation to an oil on a rotary 

evaporator, dilution with petroleum ether gave a solid. After 

2q. hrs refrigeration, the solid was collected on a filter, 

washed with petroleum ether and air dried to yield 6.0 g
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of S~(2-thianaphthenyl)-mercaptoacetic acid, mp 60-70°. 

Recrystallization from benzene-cyclohexane gave 3.0 g, mp 

71-3°. Sublimation of 1.0 g at 110° (0.07 mo) gave an anal- 

lytical sample: mp 95-96.5° (with prior softening); ir (neat) 

3^.00-2500 (bonded OH), 1705 (acid C=0), and strong bands at 

11132, 1295» 748, 728 and 679 cm"1; nmr (CDCl^) f 11.35 (s, 

1, COgH), 7.87-7.50 (m, 2, Ar-H), 7.4^7-7.12 (m, 3, Ar-H), 

11.12 (s, 2, CHgS), and 3.17 (a, 2, SC^) ppm. 

Anal. Calcd for °» 55.4-3» H, 4.23; S, 29.61.

Found: C, 55-66; H, 3.98; S, 26.67.

3, L-Dihy dro -1H-th tan aph theno (2.3-c ] thiapyran-11-one (67 ) 

A solution of 2.0 g (0.0084 mol) of S-(3-thianaph- 

thenyl)-mercaptoacetlc acid, 0.6 ml (0.00811 mol) of thionyl 

chloride and 0.2 ml of pyridine in 150 ml of dry ether (dis­

tilled from lithium aluminum hydride ) was stirred at reflux 

for fifteen min; another 0.6 ml of thionyl chloride was added 

and reflux was continued for fifteen min. The solvent was 

exchanged for benzene at atmospheric pressure. Upon cooling 

to 6°, 4-9 ml (0.042 mol) of anhydrous stannic chloride was 

added in one portion. The resulting slurry was stirred at 

25° for three hrs and then poured onto 100 ml of ice and 100 

ml of concentrated hydrochloric acid and the flask was rinsed 

with concentrated hydrochloric acid and benzene. The water- 

benzene mixture was stirred for one hr and a black tar was 

removed by filtration. The layers were separated and the 

aqueous layer was extracted with two 100 ml portions of
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benzene. The cœdilned benzene layers were washed with 100 

ml of water and 100 a1 of 10% sodium carbonate solution with 

a filtration before each separation. The benzene solution 

was dried (MgSO^), filtered and evaporated on a rotary evap­

orator to a maroon solid. After slurrying with petroleum 

ether, the solids were collected on a filter, washed with 

petroleum ether and air dried to give 0.75 g (41%) of 3 

dihydro -IH-th ianaph then o [2,3-c ] thiapyran-4-one , mp 110-120°. 

Recrystallization from carbon tetrachloride-methanol, subli­

mation at 110° (0.18 am) and two recrystallizations from 

methanol-'water, the second with a carbon treatment, gave an 

analytical sa^le: mp 120.0-121.5°; lr (KBr) 3060 weak (aro­

matic H), 2970 and 2890 weak (methylene), 1650 (C=0) and 

strong bands at 1455» 1428, 1365, 1200, 760 and 724 cm"1; 

nmr (CDGl^) 8 8.6Ô (m, 1, Ar-H), 7.70 (m, 1, Ar-H), 7.47­

7.18 (m, 2, Arf), 3-92 (d, 2, J = 1.5 Hz, CHgS), and 3-44 

(d, 2, J = ? .5 Hz, SCHgCO ) ppm.

Anal. Calcd for C1]LH80^S2: C, 59.97; H, 3.66; S, 29.11. 

Found: C, 60.15; H, 3.70; S, 29.17.

3 .4-Dihydro-IH-thianaphtheno (2.3-0 lthlapyran-4-ol (68 ) 

To 1.75 g (0.008 mol) of 3,4-dihydro-IH-thtanaphtheno 

(2,3-cHhiapyran-4-one in 250 ml warm Isopropanol (which re­

quired filtration for clarification of a non-soluble haze) 

was added 0.30 g (0.008 mol ) of finely powdered sodium boro- 

hydride. The reaction was stirred magnetically at reflux 

overnight. Upon cooling, 10 ml of water was added and the 
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solution was evaporated to 125 nd on a rotary evaporator. 

After addition of 125 ml of water and 125 nd of benzene, the 

layers were separated and the aqueous layer was extracted 

with three 100 nd portions of benzene. The combined benzene 

layers were dried (MgSO^), filtered and evaporated to an oil 

on a rotary evaporator. The oil solidified on dilution with 

petroleum ether and overnight refrigeration. The solids were 

collected on a filter and air dried to yield 1.3 g (7^) of 

3 ^-dlhydro-lH-thianaphtheno [2,3-c]thiapyran-l^-ol» mp 78-84°* 

Recrystallization from methanol-water with a carbon treat­

ment, followed by sublimation at 95° (0.10 nm) gave an anal- 

lytic al sample : mp 89-91°; ir (KBr ) 3500-3100 (bonded OH), 

2875 medium (methylene ), and strong bands at 1435» 1411, 

1190, 1045-1018 and ?4o-72O cm”1; nmr (CDCl^) 8 8.00-7*55 

(m, 2, Ar-H), 7*48-7*22 (m, 2, Ar-H), 5*00 (m, 1, HOCH), 

4*00 (d, 2, J = 17 Hz, CHgS), 3.50 (d, 2, J = 17 Hz, CHgS), 

3.O3 (m, 2, SCH2CHOH) and 2.77 (m, 1, CHOH, disappears on 

exchange with DgO) ppm.

Anal. Calcd for C11H1Q0S2 î C, 59*42; H, 4*53î S, 28.85. 

Found: C, 59.35; H, 4.71; S, 28.58.

Thianaphtheno T2.3-clthlapyrylium perchlorate (16)

To a magnetically stirred, refluxing solution of 0.88 

g (0.004 mol) of 3 ,4-dihydro-lH-thianaphtheno  [2 ,3-c ] thiapyran - 

4-ol in 15 ml of glacial acetic acid was added 1.37 g (0.004 

mol) of trityl perchlorate in 15 ml of nitromethane. After a 

fifteen minute reflux, the reaction mixture was allowed to
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cool ambiently to room temperature and the solvent was re­

moved on a rotary evaporator. After dilution to 400 ml with 

ether and overnight refrigeration, the solid was collected 

on a filter and air dried to give 1.1 g (91#) of thianaph- 

thenol2,3-c]thlapyryllum perchlorate. After several recrys­

tallizations from glacial acetic acid, an analytical sample 

was obtained: mp 207.0-208.0°; visible and uv max (1# per­

chloric acid in acetonitrile), 292 (log E = 1^.2U)» 35k

(4.18), and 433 (3-52); nmr (CF3CO2D) 6 10.40 (m, 1, J = 

2 Hz, H-l), 9.55 (two singlets, 2, H-3 and H-4), 8.77 (m, 

1) and 8.32-7.68 (m, 3, H’s 6, 7, 8, 9) ppm.

Anal. Calcd for O-^H^OlO^: C, 43*64; H, 2.33; S, 

21.18. Found: C, 43*82; H, 2.37; S, 21.10.

Ethyl S-(2-tbianaphthenyl)-3-meroaptopropionate (69)

To 3.47 g (0.50 g-atom) of lithium metal stirred under 

a helium atmosphere in 2$0 ml dry ether (distilled from lith­

ium aluminum hydride ) was added, at -10 to 0°, 27.4 g (0.20 

mol ) of n-butyl bromide over one hr. After the reaction was 

stirred at 0° for one hr, the remaining lithium wire was re­

moved with tweezers and 40.26 g (0.30 mol) of thianaphthene 

in 50 mi dry ether was added at 0° over one hr. The reac­

tion was stirred at 0° for one hr and 6.4 g (0.20 g-atom) 

of sulfur was added. The temperature rose to 26 °. Reflux 

at 24° was continued for three hrs and 36.2 g (0.20 mol) of 

ethyl 3-bromopropionate was added. Reflux was continued 

overnight. After cooling to 2£°, 100 ml of water was added 
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over one hr, so that the vigorous reaction was kept under 

control. The layers were separated and the ether layer was 

washed with three 10 ml portions of water (neutral to litmus ). 

The aqueous layers were re -extracted with two 100 ml portions 

of ether which were combined and washed with three $0 mi por­

tions of water. The combined ether layers were dried (MgSO^), 

filtered and evaporated to an oil on a rotary evaporator. The 

distillation temperature varied from 128-161*° as the oil bath 

temperature varied from 170-210°. The distillation tempera­

ture was about 1*0-50° below the oil bath temperature. Dis­

tillation at 0.2 mm gave 30.8 g ($8%) of ethyl S-(2-thianaph- 

thenyl)-3-mercaptopropionate. Redistillation gave an anal- 

lytical sample; ir (neat) 30^0 weak (aromatic H), 2950, 2920 

strong and 2865 medium (methyl and methylene ), 1730 (ester 

0=0), and other strong bands at 1I4.52, 11*20, 1370, 131*5» 1278, 

121*2, 1178, 71*7 and 725 cm-1; nmr (C^D^) 6 7*70-7.05 (m, 5» 

Ar-H), l*.00 (q, 2, J = 7.5 Hz, OCHgCH^), 3.05 (t, 2, J = 7 

Hz, SCHg), 2.53 (t, 2, J - 7 Hz SCHgCHg), and 1.02 (t, 3, 

J = 7.5 Hz, CHgC^ ) ppm.

Anal. Calcd for O^H^O^; C, 58.61; H, 5.30; S, 21*.08 

Found: 0, 58.71 J H, 5.21; S, 2l*.2O.

S-(2-thianaphth«nyl)-3^neroaptopropionio acid (70)

A mixture of 12.0 g (O.Ol*5 mol) of ethyl S-(2-thian^h- 

thenyl)-3-mercaptoproplonate and 1.0 1. of 5°^ hydrochloric 

acid was stirred at reflux overnight. Upon cooling, the oil 

solidified and was collected by filtration. The gummy solid 
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was taken up in ^.OO ml of benzene, which was washed with 

three 75 ml portions of water, dried (MgSO^), filtered, car­

bon treated, filtered and evaporated to an oil on a rotary 

evaporator. Dilution with petroleum ether produced a solid 

which was collected on a filter and dried to give 6e0 g, mp 

6 0-90 °. Recrystallization from cyclohexane gave 2.7 g (2^> 

of S-(2-thianaphthenyl )-3-mercaptopropionic acid, mp 109-114** 

Sublimation at 166° (0.0$ mm) gave an analytical sample: mp 

115*5-118.0°; ir (KBr) 3300-2500 (bonded OH), 1684 (acid 

0=0), and strong peaks at 1418, 1392, 1233, 923, 918, 813, 

749, 740 and 722 cm-1; nmr (CDCl^) 6 11.37 (s, 1, CO2H), 

7.78 (m, 2, Ar-H), 7.50-7.25 (m, 3* ArH), 3.30-3.03 (m, 2, 

SCHpCKp), and 2.90-2.55 (m> 2, SCHgCHg ) ppm.

Anal. Calcd for ! °» 55.43? H, 4.23; S, 26.91.

Found: C, 55-53? H, 4-31? S, 26.68.

3.U-Dihydro-2H-thianaphtheno(2.3-b]thiapyran-4-one (71 )

A solution of 3.0 g (0.012 mol) of S-(2-thianaphthenyl)- 

3-mercaptopropionic acid, 1.8 ml (0.025 mol) of thionyl chlor­

ide and 0.5 ml of pyridine in 30 ml of ether (distilled from 

lithium aluminum hydride ) was stirred at reflux. The solvent 

and the excess thionyl chloride were removed by distillation 

at atmospheric pressure as benzene was added until the dis­

tillate temperature was 80°. Upon cooling to 5”» 7.0 ml 

(0.06 mol) of anhydrous stannic chloride was added in one 

portion. The temperature rose to 15* and the slurry was 

stirred at 30° for one hr. The slurry was poured onto 100
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mi of ice and 100 ml of concentrated hydrochloric acid and 

the flask was rinsed with benzene and hydrochloric acid. The 

water-benene mixture was stirred one-half hr, filtered, and 

the layers separated. The aqueous layer was extracted with 

two 75 ml portions of benzene. The combined benzene layers 

were washed with 100 ml of water, 100 ml of 10# sodium car­

bonate solution and 100 ml of water. Filtration was neces­

sary with each wash. The benzene solution was dried (MgSO^), 

filtered and evaporated to a solid. The solid was slurried 

in petroleum ether and collected on a filter. Recrystalliza­

tion from benzene-petroleum ether with a carbon treatment 

gave 2.2 g (79#) of 3,^-dihydro-2H-thianaphtheno[2,3-b]thia- 

pyran-k-one, mp 122-5°» Sublimation at 120° (0.15 fol­

lowed by two recrystallizations from ethanol-water (the last 

with a carbon treatment) gave an analytical sample: mp 123.5­

125.0°; ir (KBr) 161p0 (C-0) and strong bands at 11^5» 1^-02, 

1358, 1162, 7^0 and 736 cm”1; nmr (CCl^) 6 8.67-8.^7 (m, 1, 

Ar-H), 7.75-7.20 (m, 3, Ar-H), 3.58-3.27 (m, 2, SCHg) and 

3.03-2.72 (m, 2, SCH2CH2) ppm.

Anal. Calcd for C1]LHQ0S2: C, 59.97; H, 3.66; S, 29.11. 

Found: C, 60.16; H, 3-69; S, 29.05.

3.L-Dlhydro-2H-thisnaphtheno[2.3-b]thiapyran-U-ol (72) 

To a solution of 1.9 g (0.0086 mol) of 3,U-dihydro-2H- 

thianaptheno [2,3^b]thiapyran-4-one dissolved in 150 ml of 

isopropanol was added 0.325 g (0.0086 mol) of sodium boro- 

hydride. The reaction was stirred magnetically at reflux
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overnight. Upon cooling, the reaction mixture was poured 

into 100 ml of cold water. The aqueous isopropanol mixture 

was extracted with three 100 ml portions of benzene. The 

combined benzene extracts were washed with 100 ml of water, 

dried (MgSO^), filtered and evaporated to a solid on a rotary 

evaporator. The solid was slurried with petroleum ether, 

collected on a filter and air dried to give 1.7 g (83% ) of 

3 A-dihydro-2E-thianaphtheno [2 ,3^b ]thiapyran-^-ol, mp 115.0­

116.5°. Sublimation at 103° (0.12 mm) gave an analytical 

sample : mp 115.0-118.0°; ir (KBr) 3^.00-3000 (bonded OH), 

2880 weak (methylene), and strong bands at ll[00, 1260, 121|.0, 

1018, 905 and 728 cm"1; nmr (CDCl^) 6 7.82-7.55 (m, 2, Ar-H), 

7.48-7.08 (m, 2, Ar-H), 5.ü5 (m, 1, HOCH), and 3.75-1.72 (m, 

5, HOCHCHgCHg ) ppm.

Anal. Calcd for O^^OS^; c» 59.42; H, 4-53? S, 28.85. 

Found: C, 59.62; H, 4.61; S, 28.97.

Thianaphtheno (2 .3«A>lthiapyrylium perchlorate (17)

To a magnetically stirred, refluxing solution of 0.60 

g (0.0027 mol) of 3,4-dihydro-2H-thianaphtheno[2,3-b)thia- 

pyran-4-ol in 16 ml of glacial acetic acid was added 0.93 g 

(0.0027 mol) of trityl perchlorate in 16 ml of nitromethane. 

Reflux was continued for fifteen min and the reaction mix­

ture was allowed to cool ambiently for four hrs with stir­

ring. The solvent was removed on a rotary evaporator and 

the resulting oil solidified on dilution to 400 ml with 

ether. After overnight refrigeration, the golden yellow
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product was collected on a filter and air dried to give 0*7 

g (86%), mp 214-6° dec* Recrystallization from boiling gla­

cial acetic acid gave an analytical sample: mp 215-18° dec*; 

visible and uv max (1% perchloric acid in acetonitrile ), 243 

Ml (log E = 449), 302 (4.18), 361 (3.64), 1*23 (3.74); nmr 

(CF^COgD) 6 9.93-9.60 (m, 2, H-2 and H-4), and 9.13-7.75 (m, 

5, H-2, H-5, 6, 7, 8) ppm.

Anal. Calcd for On^OlO^8^: C, 43.64; », 2.33; S, 

21*18* Found: C, 43-76; H, 2.59; S, 21.08.

3-Thienvl-n-butylsulfide (49)

To 6.94 8 (1.0 g-atom) of lithium metal stirred under 

a helium atmosphere in 300 ml of dry ether (distilled from 

lithium aluminum hydride) was added 68*5 g (0.5 mol) of 

n-butyl bromide at -10 to 0° over twenty min. After stir­

ring one hr at <0°, the slurry was cooled to -70° and 81.52 

g (0.5 mol) of 3-bromothiophene was added at -67 to -70° 

over one hr. Then 16 g (0.5 g-atom) of sulfur was added 

slowly so that the temperature was -50° at the end of the 

addition* The mixture was allowed to warm to 10° and then 

was refluxed for five hrs. After the cautious addition of 

100 ml of water, the layers were separated. The ether layer 

was washed with two 100 ml portions of water. The aqueous 

layers were acidified with concentrated hydrochloric acid 

and extracted with three 100 ml portions of benzene. The 

combined benzene layers were dried (MgSO^), filtered and 

evaporated on a rotary evaporator to a smidgen of oil*
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Evaporation of the ether layer and distillation gave 29*4 g 

of a product: bp 80-5° (0*25 dm ), lit.^ bp 137-150° (impure) 

(30 mm). Redistillation gave 24 g, bp 67° (0.$0 ran) (48X» 

after correcting for unreacted 3-bromothiophene ) ; ir (nert ) 

3100 medium (aromatic H), 2955* 292$, 28?0 strong (methyl 

and methylene ), and other bands at 1462, 1350, 1195* and 

1100 medium and strong bands at 894* 8$2 and 775-755 cm-1; 

nmr (CCl^) 6 7.30-6.85 (m, 3* Ar-H), 2.77 (t, 2, J = 7.5* 

SCH? ) . 1.77—1.20 (m, 4* CHgCHg ). and I.03—O.67 (m, 3* CH^ ) ppm.

Anal. Calcd for C, $$.76; H, 7.02; S, 37.22.

Found: C, 55.83; H, 7.29; 3, 37.21.

6-Methyl-1.3.4.5-tetrahydrothiapyrano(4»3-b]indole (24)

A mixture of 31.7 g (0.22 mol) of O-tolylhydrazine 

hydrochloride, 23.2 g (0.20 mol) of tetrahydro-1,4-thiapyrone 

and 16.4 g (0.20 mol) of anhydrous sodium acetate in $0 ml of 

acetic acid mas refluxed twelve hrs. The solution was poured 

into water to give an oil, which was extracted with benzene. 

The benzene solution was dried (^OO^), filtered and evapor­

ated to an oil which crystallized from ethyl acetate-petroleum 

ether to give 6.0 g of crude product, mp 135-148°. Recrystal­

lization from ethanol -water and final sublimation at 1300 

(0.04 on) yielded 3.7 g of 6-methyl-1,3*4*5-tetrahydrothia- 

pyrano[4*3-b 1 indole as white crystals, mp 154*158°.

Anal. Calcd for C^gH^S: C, 70.89; H, 6.45; H, 6.89; 

S, 15.77. Pound: C, 70.98; H, 6.22; H, 7.07; 3, 15.80.
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6-Methylthiapyrapo fL. 3-b 1 indole (20 )

A mixture of 2,03 g (0.01 mol) of 6-methyl-1,3,4*$- 

tetrahydrothiapyrano [4,3-b]lndole and 4-92 g (0.02 mol) of 

chloranil in 1^0 ml of xylene was refluxed for four hrs. The 

resulting solid complex was filtered while hot, dried and 

stirred with 200 ml of 10% aqueous sodium hydroxide overnight. 

The alkali-insoluble residue was collected on a filter, washed 

thoroughly with water and air dried to give a crude product 

which was sublimed at 160° (0.09 mm) to yield 0.06 g (3%) of 

6-methylthiapyrano (4,3-b ]indole as yellow crystals, mp 162.5­

165°; visible and uv max (95% ethanol ) 228 mp (log E - 4-23), 

275 (4.59), 300 (4.14), 359 ( 3.47) sh, 413 (3.48); nmr (CDC13) 

6 8.76 (d, 1, = 3.0 Hz, H-l), 8.27 (d, 1, = 9.5 Hz,

H-4), 8.00-7.20 (m, 4, H-3, 7, 8, 9) and 2.82 (s, 3» %) ppm.

Anal. Calcd for C^H^Sî C, 72.32; H, 4.55; H, 7.03; 

S, 16.09. Found: C, 72.25; H, 4.53; N, 7.19; S, 16.03.

8-Chlorothlapyrano F4.3-b 1 indole ( 21 )

A mixture of 2.24 g (0.01 mol ) of 8-chloro~l,3,4,5“ 

tetrahydrothiapyrano [4,3-b ]indole and 4.92 g (0.02 mol) of 

chloranil in 150 ml of xylene was refluxed for twelve hrs. 

The resulting brown solid complex was filtered while hot, 

dried and stirred with 150 ml of 10% aqueous sodium hydrox­

ide overnight. The alkali-insoluble residue was collected 

on a filter, washed thoroughly with water and dried to yield 

0.60 g (27.2%) of crude 8-chlorothiapyrano (4»3-b lindole, 

192-196° dec. Two sublimations, the last at 130° (0.10 ion).
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gave orange-yellow crystals, rap 19h--196*5° dec,; visible and 

uv max (9# ethanol) 229 (log E = KM), 278 (^9), 28^. 

(4.61), 303 (4»4o), 356 (3.59), 410 (3.44); nmr (CDC13) 6 

8.80 (d, 1, J13 = 3.0 Hz, H-l), 8.18 (d, 1, = 10.0 IM,

H-4)» 8.00-7.50 (m, 4» H-3, 6, 7, 9) ppm.

Anal. Calcd for C,,H,C1HS; C, 60.13; H, 2.75; Cl, 16.14; 
' 11 o

N, 6.38; S, 14.60. Foundî C, 60.16; H, 2.77; Cl, 16.34; N, 

6.35; 8, 14.55.

8-Metboxythiapyranor4.3-b 1indole (22)

A mixture of 2.17 g (0.01 mol ) of 8-me th oxy-1,3,4*5- 

tetrahydrothiapyranoT4#3-blindole and 4.56 g (0.02 mol) of 

DDQ in 150 ml of xylene was refluxed for five hrs. The re­

sulting brown,solid complex was filtered while hot, dried 

and stirred with 200 ml of 10^ Aqueous sodium hydroxide over­

night. The alkali-insoluble residue was collected on a fil­

ter and thoroughly washed with water to give a gunny solid 

which was dried In, vacuo over potassium hydroxide and then 

sublimed at 142° (0.08 mm) to yield 0.040 g (2%) of orange- 

red crystals, mp 135-6°, and resolidified and remelted at 

148-9°; visible and uv max (95# ethanol ) 226 mp. (log e = 

4.28), 286 (4.60), 2.95 ( 4-55) sh, 367 (3.51) ah, 1^26 (3.24); 

nmr (CDC13) 6 8.75 (d, 1, J13 = 3-0 Hz, H-l), 8.15 (d, 1, 

J3J| — 9.5 Hz, H—4), and 7.96—7.16 (ra, 4» H—3» 6, 7» 9) and 

3.93 (s» 3» CH3) ppm.

Anal. Calcd for C^^qNOS: C, 66.95» H, 4«21» *, 6.51; 

S, 14*90. Found: C, 66.92; H, 4*09; H, 6.42; 3, 14*77*
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S-Nitrothiapyrano (U.3-b 1 indole (23)

A mixture of 2*35 g (0.01 mol) of 8-nltro-1,3A#S- 

tetrahydrothiapyrano f^,3-b 1 indole and h-.$6 g (0.02 mol ) of 

DDQ in 200 ml of xylene was refluxed for three hrs. The dark» 

insoluble complex was filtered while hot, dried and stirred 

for 24 hrs with 200 ml of 10# aqueous sodium hydroxide. The 

alkali-insoluble residue was collected on a filter and thor­

oughly washed with water to give 0.5 g of crude product. Sub­

limation at 220° (0.06 mm) gave 0.35 g (1550 of 8-nltrothia- 

pyrano Hj.,3-blindole as yellow crystals, mp 272-3°; visible 

and uv max (95# ethanol) 273 R1 (log E = 320 (3*89)»

398 (3.55).

Anal. Calcd for C^^NgOgS: C, 57.38; H, 2.63; N, 

12.17; S, 13.93. Found: C, 57.52; H, 2.74; N» 11.82; S, 

13.72.

Trityl perchlorate

This compound was prepared according to the procedure 

of Hofmann and Kirmreuther.

To a stirred, cooled to <10° (prewarmed for solution, 

but crystallization always occurs on cooling) solution of 

7.8 g (0.03 mol) of triphenylcarbinol in 78 ml of acetic 

anhydride was added 3.12 ml of 70# perchloric acid at T <4o°. 

The yellow slurry was cooled to 10° after the addition was 

complete. The product was collected on a filter, washed with 

50 ml of ether, and dried in vacuo over sulfuric acid to yield 

9.2 g (90#) of yellow crystals, mp 130-2°; lit.^ mp 143-40.



BIBLIOGRAPHY'

1» T. E. Young and G. J. Obnmacht, J. Or g. Chem., 32, lp|g 
(1967).

2. R. Zahradnik and J. Koutecky in "Advances in Heterocyclic 
Chemistry", Vol. S* A. R. Katritzky, Ed., Academie Press, 
New York, New York, 196$, pp. 79-88.

3. G. V. Boyd and N. Singer, Tetrahedron, 21, 1263 (1965).

1^. R. Zahradnik in "Advances in Heterocyclic Chemistry", 
Vol. 5> A. R. Katritzky, Ed., Academie Press, 1965, 
pp. 42-54.

5. B. M. Lynch and H. J. M. Dou, Tetrahedron Letters, 2627 
(1966).

6. H. P. Figeys, ibid., 4625 (1966).

7. T. Schaefer and W. G. Schneider, Can. J. Chem., 41, 966 
(1963).

8. T. E, Young and C. J. Obnmacht, J. Org. Chem., 32, 1558 
(1967).

9. A. Streitweiser, "Molecular Orbital Theory for Organic 
Chemists", J. Wiley and Sons, Inc., New York, New York, 
1961, pp. 180 and 187.

10. T. E. Young and P. H. Scott, J. Org. Chem., 31, 343 
(1966).

11. N. P. Buu-Hoi, A. Croisy, A. Ricci, P. Jacquinon and 
F. Perin, Chem. Commun., 269 (1966 ).

12. N. P. Buu-Hoi, A. Martani, A. Croisy, P. Jacquinon and 
F. Perin, J. Chem. Soc., C, 1787 (1966).

13. E. A. Fehnel and M. Carmaek, J. Am. Chem. Soc., 70, 
1813 (1948).

14- G. Bennett and W. Waddington, J. Chem. Soc., 2829 (1929).

15. C. J. Obnmacht, Doctoral Dissertation, Lehigh University, 
1966, p. 152.

16. T. E. Young, C. J. Obnmacht and C. R, Hamel, J. Org. 
Chem., 32, 3621 (1967).

17. F. Ardnt, W. Flemming, E. Scholz and V. Lowensohn, Chem. 
Ber., 56, 1269 (1962).



18. T. L. Gresham, J. E. Jansen, F. N. Shaver, R. A. 
Bankert, W. L. Beer and M. G. Prendergast, J. Am. Chem. 
Soc., 21» 661 (1949).

19. G. D. Hurd and S. Hayao, ibid., 69, 2328 (1947).

20. J. Petropoulos, M. MacCall and D. Tarbell, ibid., 75» 
II30 (1953).

21. A. Weinstein and R. Pierson, J. Org. Chem., 23» 554 
(1958).

22. D, A. Shirley and M. D. Cameron, J. Am. Chem. Soc., 74» 
664 (1952).

23. L. F. Fieser and M. Fieser, "Reagents for Organic Syn­
thesis", J. Wiley and Sons, New York, New York, 1967» 
p. 1165.

24. P. Cagniant, D. Cagniant and A. Pancrazi, Bull. Soc. 
Chim. (France), 1534 (1964)»

25. P» Cagniant and D. Cagniant, Ibid. , 2597 (196?).

26. 0. Grummitt and A. Buck, Org. Sym. Coll., Vol. 195
(1955).

27. N. P. Buu-Hoi, Ann., 55°» 8 (1944).

28. H. Gilman and J. W. Diehl, J. Org. Chem., 24, 1915 
(1959).

29. T. Nambara, Y. Takemori and S. Okomoto, Takugaku Zasshi, 
81, 1 (1961). Chem. Abs., 12397 (1961).

30. P. Cagniant and D. Cagniant, Bull. Soc. Chim. (France), 
1998 (1959).

31. G. C. Price, M. Hori, T. Parasaran and M. Polk, J. Am. 
Chem. Soc., 8£, 22?8 (1963).

32. M. Polk, M. Siskin and C. C. Price, ibid., 91, 1206 
(1969).

33. A. Luttringhaus, N. Engelhand and A. Kolb, Ann., 654» 
189 (1962).

34- I. Degani, R. Fochi and G. Spunta, Annali di Chemica, 
58, 263 (1968).



3$. H. D« Hartough, “Thiophene and its Derivatives”, Inter­
science Publishers, Inc., New York, New York, 19$2, p. 
$01.

36. R. M. Silverstein and G. Clayton Bassler, "Spectro­
métrie Identification of Organic Compounds", J. Wiley 
and Sons, New York, New York, 1963, p. 88.

37. N. B. Chapman and J. F. H. Williams, J. Chern. Soc., 
$044 (1952).

38. E. Campaigne and B. F. Tullar in "Organic Synthesis, 
Coll, Vol. IV", J. Wiley and Sons, New York, New York 
(1963), p. 921.

39. E, Campaigns and W. LeSuer, J. Am. Chern. Soc., 70» 1556 
(19Û8).

L|_0. K. Dittmer, P. Martin, W. Herz, and J. Cristol, Ibid., 
71. 1201 (1949).

41. Reference 15» p. 101.

42. H. C. Brown, E. J. Mead and B. C. Subba Rao, J. Am. 
Chem. Soc., Ü, 6209 (1955).

43. Reference 35» p. 5°2.

44. R. M. Acheson, "An Introduction to the Chemistry of 
Heterocyclic Compounds ", Interscience Publishers, New 
York, New York, i960, p. 105.

45. Reference 35» pp. 508-9.

46. S. Gronowitz and R. Hakansson, Arkiv Fur Kemi, 16, 309 
(I960).

47. Reference ^4, p. 155.

b,8. J. Szmuszkovicz and E. J. Modest, J. Am. Chem. Soc., J2 
571 (1950).

49. M. S. Kharasch and 0. Reinmuth, "Grignard Reactions of 
Nonmetallic Substances", Prentice-Hall, Inc., New York, 
New York, 1954* p. 1275.

50. D. E. Boswell, J. A. Brennan, P. S. Landis and P. G. 
Rodewald, J. Heterocyclic Chern., £, 69 (1968).

51. F. F. Blicke and D. G. Sheets, J. Am. Chern. Soc., 70, 
3768 (1948).

52. F. G. Bordwell, R. W. Hemwall, and D. A. Schexnayder, 
ibid., 82» 7144 (1967).



144

53. Reference 15» p. 31.

54. R. H. Martin, N, Defay, F. Geerts-Evrard and S. 
Delavarenne, Tetrahedron, 20, 1073» 1964.

55. Sadtler Standard Spectra, Sadtler Research Lab., Inc., 
Philadelphia, Pa., No. 7501, 1969.

56. Reference 9.

57. Reference 15» p. 59.

58. Reference 15» p. 60.

59. H. H. Jaffe and M. Or chin, "Theory and Application of 
Ultraviolet Spectroscopy", John Wiley and Son, Inc., 
New York, N. Y., 1962, Chap. 13.

60. C. W. Muth, D. 0. Steiniger and Z. B. Papanastassiou, 
J. Am. Chern. Soc., 77. 1006 (1955).

61. P. D. Caesar and P. D. Brandon, Hid. Eng. Chern., 44. 
122 (1952).

62. Y. Matsuki and B. C. Li, Nippon Kagaku Zasshi., 87, 
186-9 (1966). C. A. 6£, 15301g.

63. S. Gronowitz, Arkiv. Kemi, 13, 269 (1968).

64. H. A. Hofmann and H. Kirmreuther, Chern. Ber., 42 « 4^56 
(1909).



1U5

VITA

Coleman Rodney Hamel, the son of Rodney A. and Mary A. 

Hamel, was born June 9, 1937 in Massena, New York.

He received his education in Massena Public Schools, 

receiving his Regents diploma in 1953» 

He attended Clarkson College of Technology, Potsdam, 

New York, graduating in 1957 with a Bachelor of Chemical 

Engineering Degree.

After serving as a graduate teaching assistant at 

Clarkson College of Technology for one year, he joined Merck 

and Co., Inc., Danville, Pa. in the Process Development 

Department in August, 1958.

He attended Bucknell University, Lewisburg, Pa. on a 

part-time basis and was awarded the Master of Science degree 

in June, 1963.

He entered Lehigh University in September, 1965.

Mr. Hamel was married to the former EElsie G. Woodruff, 

Danville, Pa. in October of 1960. Their marriage has been 

blessed with two children ; Lorraine, born September, 1962 ; 

and Virginia, born September, 196$.

Mr. Hamel is a member of the American Chemical Society 

and the Society of the Sigma Xi.


