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ABSTRACT

The synthesis of the isomeric thieno and thianaphthenc-
thiapyrylium perchlorate salts, (1) 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,

C1e * g
e Oy o
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three methyl substituted salts were also synthesized. The
nmr spectra indicate that the compounds exist in the form as
in (3) with the positive charge mainly on the thiapyrylium
sulfur. However, cenonical 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

N ot "

|l |
s sENE

3 2a

in thiophene itself. A correlation of the observed 1Lb (=)
transitions in the electronic spectra with the transition en-
ergies calculated from Hickel 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 energlies of the lowest vacant mol-
ecular orbitals. The half-wave potentials for six known
polynuclear hydrocarbon thiapyrylium salts were also detcr=-
mined and did show a correlation with the caléulated ener-
gies of the lowest vacant molecuiar 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 thienol3,2-clthiapyrylium perchlorate yilelded
only gums and tars.

Four substituted thiapyranol(l,3-blindoles (li) were
synthesized, Their pmr spectra add support to the tﬁiapy-
rylium character of the suifur containing ring as in the

canonical form (La).
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INTRODUCT ION

Several benzologs of thiapyrylium perchlorate have
been synthesizedl. Excellent correlations of their wvisible
and ultraviolet spectra with the lowest Huckel Molecular Orb-
ital Theory (HMO) transition energies have been obtained.
Similar results have been shown for azinesz, some substitu-
ted pyrylium salts3, and other heterocyclic compoundsu. Al-
though empirical linear correlations of r-electron densities
with proton chemical shifts of mononuclear nitrogen hetero-
cycles have been reportedg, and reliable methods for predic-
tion of ring-current effects in polynuclear aromatic hydro-
carbons have also appeareds, additional contributions to
resonance shifts owing to anisotropic effects of heteroatoms
in polycondensed systems are not easily evaluated7. No
quantita*tivs correlections of the nmr shifts of the thiapy-
rylium psrchloraste benzclcgs with the caelculated electron
densities could be madeB. In each case, however, the proton
ad jacent to the thionium sulfur exhibited an unusually large
downfield shift attributed to the high electronegativity of
the thionium sulfur,

Other types of correlations, ¢.g. polarographic half-
wave reduction potentials with the ¢ nergy of the lowest
vacant molecular orbitals cr conversely, polarographic half
wave oxidation potentials with the energy of the highest
occupied molecular orbitals, have been found for aromatic

hydrocarbons9.
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Heterocyclic systems derived from benzologs of the
thiapyrylium salts 'by. replacing two vinyl cai‘bons with a
nitrogen atom as in thiapyranol’h,j-b]indole (1) also show an
unusually large downfield shift for the proton adjacent to
the thionium centeri®, The interpretation of this phenom-
enon 1s that the dipolar canenical form '(1_9.), vwhere each ring
tends toward the aromatic sextet condition emhancing the sta=-
bility of the resulting w-system, contributes greatly to the

ground state structure,.

D — LD
NP NF -N
1 la
The first of these systems reported was the 1,2,3,l-
tetrahydronsphth[2,3-b1indolo[2,3-d 1thiapyran (é)lo. It
was synthesized from the ketone (2) by forming the phenylhy-
drazone (3) which was cyclized to the indole (}) im ;::oiling
glacial acetic acid. Absfraction of a hydride ion by trityl
perchlorate yielded the perchlorate salt (5) which upon
treatment with ammonia gave (6). Buu-Hol and' co-workers
have synthesized the unsubstituted tetr'anuclear system and

two higher benzologsn’l‘g.

fro




Some of the 1,3,h,S-tetrahydrothiapyranoTh,3-b]indoles
(7a-g) have been synthesized by Fischer ring closure of the
appropriste phenylhydrazone of thiacyclohexan-h-onel3.

Rp R
1 H
+ —s R N-N
R3 S 3
2H3 R l
R
IRy Ry Ry Bef. |
a H H H 1& ﬁ
b H Br H 1 3 -
¢c H €. H 185 | &
d H CHy H 16 R, A&
e CHy H CHy 15 2!
f H- CH30 H ° 15 I
' 3 Ba-d

Dehydrogenation of 7a,b and 4 by chloranil in reflux-
ing xylene gave the corresponding thiapyrano(l,3-b)indoles
(8a, b and 2)16, while Qg}é was obtained using dicyanodi-
chloroquinone as the dehydrogenating agent. In this work
four_new thiapyranofl},3b Jindoles 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 thianaphthenothiapyryllium
salts, both of which were new classes of combounds when this
Wwork 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 pdsitions'could be synthésized

and their properties compared. An isomer of each series 1s

{1lustrated below.

AS.01 - 8N o
BORENCW Ok

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-sulfuf atens aﬁd
the success or failure of these correlations would provide
an excellent test of the previously developed parameters for
thiapyrylium sulfur. Therefore the synthesals of these com-
pounds was undertaken. |

The problem of synthesizing the variouﬁ thieno- and
thianaphthenothiapyrylium salts initially involves substi-
tuting a sulfur for a carbon atom in the required pqsition
in a lij-Ar-butyric acid. After these. compounds were ob-
tained, cyclization to the intefmediate ketone, followed by
reduction to the alcohol and aromatization with trityl per-
chlorate, provided the salts.



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-CH,-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-
chloropropionic acid17, p-propiolactonele, methyl acrylatel9

(after ester hydrolysis) and crotonic acid20 as jllustrated

below:
H oH (Nj GH3
3 ]

ﬂ, -CH--CH-CO0-CH

+ CH, = C-CO,CH 2 2*73
2 3

SH
+ C1-CHpCHp-COpH E_O-:

3

| Aromatic thiols (ArSH) can be synthesized by treatment
of the Grignard reagent with elemental sulfur and subsequent
hydrolysisal. Another preparation involves reaction of aro-
matic compounds with n-butyl 1lithium to give the litho deriv-

ative and the use of sulfur as with the Grignard Reagent~~,



H
SH

nBuli 1,8 _
. T 2. Haot |

The formation of R-CHZ-SH compounds from the corres-
ponding R-CH,X compound through the hydrolysis of the inter-
mediate isothiuronium halide is well knoun23: Although both
of the 2- and 3-thenylthiols are known2h’25, 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.

u vHE
RBr + H2N-C-NH2 . R—S-ﬁ NaOH . RSH
NH2 Br~
+

The preparation of the required halogen compounds, Ar-
CHZX, 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

acid26.

H,Cl

+ HCL + CH,0 -—» OO



9

The use of N-bromosuccinimide (NBS) to introduce e
bromine atom into an aromatic methyl group pfovided a route

to those compounds ArCHzBr27.

NBS
(BzO)2

Ring closure of 3-ary1 ﬁhiopropionic acids have been
carried out using P205 , cold concentrated sulfuric acid28
polyphosphoric acidzg, and the action of stannic chloride on

the acid chlorides3©,

coc1
[:::L\::] SnC1),

Adaptations of the foregoing methods were used to pro-
duce the precursors to the thiapyrylium salts in this study.

Thiapyrylium salts have been reported to react with

phenyl 1lithium to yield aromatic tetravalent sulfur31’32,

+ ClO]_'_ dLi @\/j
S
C6HS
~N - i. i
Qeim O
S

o
C6HS
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In contrast, Grignard reagents react with thiapyrylium
salts at positions ortho or para to the sulfur atom33,

Y Y, L
8% 4 ' S

010£

Reaction of thieno[3,2-c Jthiapyrylium perchlorate (9)
and its 3-methyl analog (10) would provide an excellent test
of these reactions since each proton is distingﬁishable 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 1ithium 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 (3-17) is reported. A tenth salt (18)
appeared in the literature as it was simultaneously synthe-
sized in the 1aboratory3u. The remaining thienothiapyrylium
perchlorate isomer (19) was not prepared, since it was re-
ported before the proposed synthetic pathway was undertaken3u.
Huckel molecular orbital calculations were made for the eight
basic isomeric systems,

Four new thiapyraroil.,3~b]indoles (20-23) and a tetra-
hydrothiapyrano(l,3-bJlindole (2l) were synthesized to comple-

ment the previously synthesized thiapyrano[l,3-=b)indoles.

Thienothiapyrylium perchlorates

~N - - N -
g ; c10), E:ijt:::iC01oh E ! c10),
§7N\F S Hy SR
9 10 un

/

CH _ Sx -
3 AN c10, <] c1o,
| 1] + | + l Z
SON\F S Z
S V-3 a8 19



Thianaphthenothiapyrylium Perchlorates

S S 3
1 iy 15

i3 1
l :‘ 010£ |_:\ 01ou
16 LY

Thiapyrano[li,3-blindoles

~y Ol 2 CHB@\—@
E( Infi /) (IN/I /5 NNZ
Hy
20

I. Syntheses
A. Synthesis of the Thienothiapyrylium Perchlorates

Thieno[3,2-c 1thiapyrylium perchlorate (3) was the first
of the new salts to be synthesized. The sequence undertaken
involved initial bromination of 3-methylthiophene (25) on
the methyl group with Nébromosuccinimide35 (NBS) followed by
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displacement of the halogen with the thiolate anion from mer-

captoacetic acid.

H,Br H,S-CH,C0,¢
E | I ] 3. HSCH-COZE [
‘320)2’ A 2. B0t S |

NBS '—' ar
CH3

[ L.

8

The preparation of 3-bromomethy1thiophene (26) w#s
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 L3% of 2-bromo-3-methylthiophene (28) as shown from
nmr studies35. The nmr spectrum of 2-bromo;3-methy1thiophene
in carbon tetrachloride consisted of 8 7.02 (4, 1, J.-= 5.5
Hz, H-l), 6.65 (4, 1, J = 5.5 Hz, H-3) and 2.13 (s, 3, CH3)
ppm in contrast to that of the 2~ and=3-methy1thiophenes
where the resonances of the aromatic protoné oceur as ml-
tiplets at about 7 ppm. The introduction of a bromine atom
in an aromatic methyl group also shifts the methylene reso-
nance downfield; gf. C¢HgCHoBr = L.} ppm vs. 4.33 ppm for
CHoBr in 3j<bromomethylthiophene as compared to 2.55 ppm for
CHy in toluene vs. 2.20 ppm in 3-methy1thiophene36

After seversl experiments, the final procedure which
produced pure 3-bromomethylthiophene involved: (1) use of



it

freshly recrystallized NBS dried over P205 at 0,05 mm for
four hours;37(2) ultraviolet irradiation of tﬁe reaction mix-
ture during the addition of the NBS admixed with the benzoyl
peroxide and for the five minute reflux afterward, The prod-
uct waﬁ pure by nmxr spectroscopy. _Other.similér procedures
yielded products contaminated with ten percent of 2~bromo~3=-
methylthiophene38’39’uo. The iachrymatory powers of 3-bromo~-
methylthiophene have not been exaggératad. _

The S-(3-thenyl)-mercaptoacetic acid25 (27) was pre-
pared by reacting the 3=bromomethylthiophene with mercaptoacetic
acid in the presence of two equivalents of potassium hydrox-
ide and stirring the two-phase mixture overnight at 74°,

Since the organic layer remaining after this treatment
possessed a hjdrogen bonded hydroxyl group absorption in the
infrared spectrum, further reac@ions of this type were usué'
ally run in dry glyme to eliminate the possibility of hydroxyl
attack ylelding 3-hydroxymethylthiophene. The neceséary mer-
captoacetic anion was genefated with two equivalents of

sodium methoxide.

H,Br | HpOH
| —om-. |S| + Br~

Cyclization of the acld (27) to the ketone (29) also
proved to be a problem. Expefiments using polyphosphoric
acid yielded a gum. The use of phosphorous pentoxide on
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Celite in refluxing benzene, a procedure which worked well in
the naphthalene seriesul, resulted in no isolable product.
It was found that the ketone could be prepered in reasonable
yield and quality by the action of anhydrous stennic 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 impfovement of yield or quality was noted upon
distillation of the acid chloride and then further reaétion

with stannic chloride.

CHg-S-CHg-COQH ::::
[ Sjl 2 SnClLl_ S ;:!;
21 22

The ketone (29) was reduced to the alcohol (30) with
sodiny borohydride in rafluxing 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 decbmposed in the solvent before effecting reduction
of' the ketonehz.Ih 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
yiela (77%).
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‘Wolff-Kishner reduction of the ketone gave a product
(31) with no carbonyl absorption in the infrared spectrum.
Ita infrared spectrum was identical with that in the liter-
atureas. Attempted dehydrogenation with dichlorodicyano-
quinone (DDQ) and perchloric acid did not produce an isolable

product.

l:—j i W,K. | | SI PDQ
|S| - ——-’-—-—*|S\ WP
b
29 31

Reaction of the alcoﬁol (30) with trityl perchlorate
produced thieno[3,2-c lthiapyrylium perchlorate (3), a beige
salt, in 20% overall yieid after several recrystallizations
from glacial acetic acid and an initial carbon treatment.
Later on, the same salt was prepared with difficulty from
the alcohol (30) using DDQ as the dehydrogenating agent and
perchloric acid to procduce the salt. Thereafter the salts

were prepared using trityl perchlorate as the aromatizing

agent. 1
: #3CC10), 7 N2 -
— | | C10),
6 N5~ NF 3
5 L4
2

The nmr spectrum of (9) showed a multiplet at F 10.60,
integrating for one hydrogen and another multiplet at ¢ 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 3-position and a benz-ring
in the 6-7 position were synthesized. The nmr data through-
out these sequences alsoc 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, 74% 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 (3l) which was aromatized using trityl perchlorate to
_produce 3-methylthieno [3,2~-c thiapyrylium perchlorate (10), &
beige salt which turned faintly blue on standing. Comparison
of the nmr spectra of the salté, (9) and (10), and the corres-
ponding benz-ring salts, (1) and (15), showed that the over-

lapping proton resonances in (9) are an H-3, H-l} combination.

(See discussion of nmr spectra of salts.)

- o
H,Br
2 H,=S~CH=COoH
| | +CH3_ H-COoH __QEEQEQ_,. I |
glyme [: :] .
S H S _
1. S0C12
26 32 2. SnCl,
7 \ 2 GC10 NaBH '
6 | accao, —~—h - .
/ H S ,
H3 3 ] 3

10 Cth
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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 SCH>COoH methylene
group. In the same spectrum (for 32), the remaining methylene
protons are no longer equivalent and exhibit geminal coupling
of 1l Hz becauseisf the asymmetry of the -CH(CH3)002H moiety.

Analogously, the assignments were made for the ketones
(29) and (33). For (29), the lower field doublet at 3.85 ppm
was assigned to the -CH,S methylene group and the 3.1.8 ppm
resonance was assigned to the SCH,CO,H moiety. In the spec-
trum of (33), the multiplet centered at 3.68 ppm is assigned
to the CH-SCH grouping. These spectra are in agreement with
the literature spectra which appeared during the course of
this uorkzs.

The interpretation of the spectrum of the alcohol (30)
was quite straightforward (see Experimental). The reduction
of the methylketone (33) apparently produced a mixture of
cis and trans isomers as indicated by the nmr spectrum and
wide melting range (64-75°) of the isolated waxy solid. The
nmr spectrum consisted of a series of multiplets., The methyl
groﬁp resonances appeared as a quartet or tuo oublets with

J = 7 Hz indicating two environments for the methyl grouping

as in (34a) and (3Ldb).
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The corresponding isomer with the sulfur atom also at
a position 3 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)h3. Experiments using H;rtough's alternate
procedure with concentrated hydrochloric acid instead of gas=-
eous hydrochloric acid produced little or no producth3. 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 hb.S% yieid. Cycliza-
tion to the ketone (37) via the acid chloride and stannic
éhloride was accomplished with difficulty. Since the p=posi-
tions in thiophene are much less reactive to electrophilic
substitutionhh, 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 spectrai assignments were made using

the knowledge gained from the previous series,
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Since difficulty had been experienced in cyclising 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-bromothiopheneh5. Further reaction with sulfur
would yield 5-bromo-2-thiophenethiol. However, reduction of
the bromine occurred and the desired 5-substituted product

was not obtained; only the unsubstituted thiol was found.

m-_l:_:l Na/ie s x-_E_j_N —S— gl /|LSH~
WA @H
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The synthesis of the isomer (18) with the sulfur in the
position a to the ring proceeded as follows.: Thiophene was
lithiated using n-butyl l1ithium and sulfur was added to the
reaction mixture to yleld, after acidification, 2-thiophene-
thicl. The nmr spectrum showed an allylic coupling of the
-S«H of 1 Hz, Reaction of the 2=thiophbnethiol with ethyl
3-bromopropionate yielded ethyl S-(2-thienyl)=-3~mercapto-
propionate (39). Hydrolysis with refluxing 50% hydrochloric
acid gave S=(2-thienyl)-3-mercaptopropionic acid (40). Cy-
clization of the acid chloride with anpydroua stannic chlor-
jde yielded the ketone (l1). Rednctioﬁ with sodium borohy-
dride in isopropanol gave the alcohol (42). Reaction of the
alcohol with trityl perchlorate ylelded 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 Jthiapyrandlt (43) with trityl perchlorate in

acetonitrile produced the yellow=green salt, thieno[2,3-b])
thiapyrylium perchlorate (18). '

1, NaOCHy ] Haot
I L CH,=CO,H
[ ]] 2 Br-CH2-0H2 1 | o452 2
Et 00 ~CH,=CH, -CO-Et S=CH,
39 Lo | 1. soci,
2e anIh-
p N3 Q
6l . | P2 | |
18 1IN #3010, Kas:g‘o)/ s A
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The 3-methyl derivative (12) was prepared simmltaneously
because of the common starting materials, so that an antici-
pated problem of distinguishing the protons in the nmr spec~
trum of (18) could}be resolved. 2-Thiophenethiol reacted
with methyl methacrylate in the presence of a triethylamine-
water catalyst to yield methyl S-(2-thienyl)=-3-mercapto-2-
methylpropionate (l4li). Hydrolysis with refluxing 50% hydro-
chloric acid gave the acid (45). Cyclization of the acid
chloride with stannic chloride gave the ketone (lj5). Reduc-
tion with sodium borohydride in isopropanol produced the al-
cohol (Qz). 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 (48), which, due to its
instability in air, was immediately ccnverted to the yellow

salt, 3-methylthieno[2,3=blthiapyrylium perchlorate (12)
with trityl perchlorate in acetonitrile.

CH2=((§13(3202CH3 CH3-(':H-COZCH330+ CH
~|I . ] s EtaN/H,0 d( |l_gCH2 [I ]—' S-CH2-(:3H3
COpH
i L3 1. soile
2. SnCl
. H ot
5 h\ CH3  4.cc10 : Hy o
1 N 95CC10
2t NP A .

T

4O
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Comparison of the nmr sgpectira 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-CH-S molety. The higher field methylene
resonance disappeared as in the thieno[l3,2-c1thiapyrylium
perchlorate series and was replaced with a quartet or multi-
plet when the substitution of a methyl group was made. The
aleohol (li7) was again a mixture of cis and trans isomers as
evidenced by a L;7-75° melting range and the methyl group res-
onance appeared as two doublets with J = 7 Hz as derived from

the two isomers (lj7a) and (L7b).
H H
Hy
| I ) | | CHy
S Ns S
La LTb

The remaining isomer thieno[3,2-blthiapyrylium perchlor-
ate (19) with the thiapyrylium sulfur adjac:nt 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 attempted3u; the second was that the initial
reaction to produce 3~thiophenethiol produced 3-thenyl n-
butyl sulfide (}9) insteadhb. (See Experimental.) Therefore
the literature nmr and ultraviolet-visible data were used as

34
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Thianaphthene (50) was brominated in chloroform to
produce 3dbromothianaphtheneh8 (51), 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 em™1
(-SH). Since coupling products are often the result of side
reactions of Gfignard reagentsuq, the material was treated
with 1lithium aluminum hydride to reduce any disulfide pres-
ent to the thiol. Distillation gave 27% of 3-mercaptothia-
napthene (52), whose nmr and infrared spectra were the same
as the literature values®®. The nmr spectrum showed an
allylic coupling of 1 Hz in =3S=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 bicarbonatey'"yielded the acid (5S4 ). 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 borohydride reduction. Reaction of the alcohol with
trityl perchlorate in acetic acid-nitromethane yielded the
green=yellow salt, thianaphtheno[3,2-bJthiapyrylium per-
chlorate (13).

‘ isomer (l&) with the sulfur positioned g to the three

carbon of thianaphthene was synthesized as follows:
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Thianaphthene was chloromethylatedsl and the 3-~thia-
naphthenyl chloride (51) reacted with mercaptoacetic acid and
two equivalents of sodium methoxide in dry glyme to produce
the acid (58). 1Isolation of the acid initially produced a
gunmy solid. Extractioninto boiling cyclohexane and subse-
quent purification yielded an analytical sample. The possibil~
ity that the reaction had proceeded by an SN2! mechan:i.szmg2 (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.

@Fﬁl 4
s 2007 9 > ~GHp

CO-H 0,H

Cyclization of the acld chloride with stannic chloride
yielded the ketone (59) which was reduced to the alcohol (60).
Reaction of the aleohol with trityl perchlorate yielded the
ochre salt, thianaphthenof3,2-c]thiapyrylium perchlorate (1l).

The green 3-methyl derivative, 3-methylthianaphtheno
[3,2=c Jthiapyrylium perchlorate, (15) was also prepared to



aid Iz inlecrpretution of the nmr spectra.

CH3

HoC1 CHq -gn-cozn I-I2-SCHCOZH
aOCH
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~ The 3-thianaphthenyl chloride (57) reacted with thio-
lactic acid in the presence of two equivalents of sodium
methoxide to yield the acid (61). Cyclization of the acid
chloride to the ketone (62) using stannic chloride proceeded
without difficulty. Reduction with sodium borohydride gave
the alcohol (63), which was arcmatized with trityl porchlor-
ate to the green salt, 3-methylthianaphthenoc [3,2-c Jthiapyryl-
fum perchlorate, (15).

The nmr spectra of the acid (i!), ketone (59) and alco-
hol (60) were compared to those of the corresponding methyl
derivatives, (61), (62), and (63). In a1l cases the more down-
field methylene resonance proved to be that of the Ar-CH,S
molety. 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 maltiplet,
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Thianaphthenol[2,3~-c Jthiapyrylium perchlorate (16) was
prepared from thienaphthene by reacting the 2-1ithio salt
with methyl p-toluenesulfonate to yield 2=methylthianaphthene
(Q.L)za. 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 61-ridenced 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 (67) with stannic chloride and the ketone was reduced
to the alcohol (68) with sodium borohydride. Aromatization

with trityl perchlorate provided the bronze or copper colored
salt (16).

-BuLi

p-06115CH3

1.50C1
| 2'5““’3'

@C@ o,

CH

/( 3 S ‘
l@. bH,CooH 86
;zx3cc:101L S
The last isomer (_1) was also prepared by lithiation

of thianaphtheneze. Sulfur was added to the reaction mixture,

followed by ethyl 3-bromopropionate to yield the ester (69).
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Hydrolysis of the esler with refluxing 50% hydrochloric acid
gave the acid (70). Cyclization of the acid chloride with
stannic chloride yielded the ketone (71), which was reduced
to the alcohol (72) with sodium borohydride. The green salt,

thianaphthieno[2,3-b Jthiapyrylium perchlorate, (17) was pre-
pared by reacting the alcohol with trityl perchlorate.

[:::]:?_Il Buri S BrCHgCHg-COpEt[:::]:Tijs
o S -cnz-cnz-g

0 69 o
+
K
2
| S Z.SnClj_l_ g -CH2-(E:H2
0,H

NaBH’-l— 7L 70 2

5 L

7 s Z2
8 9 1l

Grignard reagents are reported to react in a different

manner with thiapyrylium salts than does phenyl 1ithium31232,33,

However, reaction of thieno[3,2~clthiapyrylium perchlorate (9)
with these reagents resulted in tars and oils from which no

characterizable products could be isolated.

C. 8 nthesis of Thiap yranof =b Jindoles

The thiapyrano(l},3-blindoles were prepared by dehydrog-
enation of the 1,3,l4,5-tetrahydrothiapyrano (4,3-bJindoles by
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reaction with DDQ in refluxing xylene followed by alkaline
hydrolysis of the resulting complex. The 1,3,4,5-tetrahydro-
thiapyrano fly,3=b Jindoles were obtained by condensation of the
appropriately substituted phenylhydrazine and tetrahydro-l,l-
thiapyrone in the presence of anhydrous sodiunm acetate in re-
fluxing glacial acetic acid. The exception was the nitro com-
pound, 7g. The condensation reaction yielded the tetrahydro- _
1,4-thiapyrone p-nitrophenylhydrazone, which underwent Fischer
indolization when heated with concentrated hydrochloric acidlé'.
In this work, 2L was synthesized by reacting o-tolyl-
hydrazine hydrochloride and tetrahydro-1,li-thiapyrone.

0
1 H3
O . @ NaOAc I
. + - HOAc
S ﬂ "‘NH3 Cl

The three 1,3,l,5-tetrahydrothiapyrano [4}4,3-blindoles, Jc, If

and 7g, were prepared by Ohnmachtls. Dehydrogenation with
DDQ of 7f and g gave the thiapyrano [l,3-blindoles, 22 and
23, in 2 and 15% yield, respectively. Treatment of 2l and
7c with chloranil gave the products 20 and 21 in 27 and 3%
yields., Attempts to dehydrogenate 7f with 10% palladium on
charcoal in refluxing decalin gave only recovered starting

materials,
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orange compounds.
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The thiapyrano [4,3-b]indoles are stable, yellow=to-

Their infrared spectra show no N-H stretch-

ing frequencies, and are otherwise not revealing except as

fingerprints.



II. Discussion 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
deuteriodimethylsulfoxide, gave complex, uninterpretable
spectra for the polynuclear thiapyrylium seriesSB. In 811
cases, the compounds were stable in the solvent, shoui<ng 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
maltiplet. Therefore a group assignment rather than individ-

ual assignments were made where necessary.

NMR Spectrum of Thienol3,2-c lthiapyrylium Perchlorate (Fig.l)
The nmr spectrum of 9 (Fig. 1) showed a multiplet at

¢ 10,60, integrating for one proton, a multiplet at & 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 Sb, more

1
7 Ngt2 =
6 I l 3 ' AN o
g +5

Ja 2>
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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 1t is adjacent to the positively charged sulfur

atom. H-3 and H-=4 might not differ enough from each other to
cause a doublet and would be superimposed. H<6 and H=7 uould-

split each other and be responsibie 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-l

would be responsible for the doublet.

The questions raised above were resolved by synthesiz-
ing the 3-methyl salt, 10 (Fig. 2) and the thianaphtheno
salts 1l and 15 (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. é. |

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

ium sulfur appears as the low field proton in'thiapyiylium

salts, Therefore the low field multiplet is assigned to H-i,
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the superimposed proton resonances are due to H-3 and H-l; 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 9b does make a contribution to overall
structure of 9, but the majority of the positive charge re-
sides in the thiapyrylium ring.

NMR Spectrum of 3-Methylthieno[3,2-c Jthiapyrylium Perchlorate
!Fig. 22

After considefation of the above-mentioned points, the

following assignments were made for 10. The lowest field
proton is H-1 at & 10,33 and H=l} appears at 8 9,17, H=6 and
H-7 are assigned to the doublets at 8 8.33 and 8.07, respec-

tively. The methyl protons appear at & 3.23.

NMR Spectrum of Thienol[2,3-cJthiapyrylium Perchlorate (Fig,3)

The spectrum of 11 shows a multiplet at € 10,65, which
is assigned to H-1. H=-3 and H-l} are again superimposed at
5 9,28, while H-5 and H-6 appear as doublets, J = 5 Hz, at
¢ 8.20 and 9.12, respectively. |

NMR Spectrum of 3-Methyl thieno[2,3-b]lthia 1ium Perchlorate

(Fig. &!

The nmr spectrum of 12 showed a proton at & 9.72, as-
signed to H-2, and another at & 9.25, assigned to H-lj. The
doublets at & 8.4} and 8.07, J = 5.5 Hz; are assigned to H=6
and H-5, respectively. The methyl protons appear at 8 2.98.
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NMR_Spectrum of Thieno(2,3-blthiapyrylium Perchlorate (Fig. 5)

The spectrum of 18 is assigned as followa: The lowest
field doublet at * 10,08, J - 8,5 Hz, is assigned to E-2.
The doublet at & 9.4L8, J = 8.5 Kz, is assigned to E-li. The
triplet at & 8.78, J = 8.5 Hz, is assigned to H-3, Protons
H-2, H-3, and H-l; make up an AMX system where H-2 = ¥, E-3 =
A, and H-lf = M. Here J,y is the same as Jy, = 8 Hz, and
Jax = O Hz so that instead of the expected quartet, only a
triplet appears. H-5 and H-6 are assigned to the doublets
at &€ 8,20 and 8.55, J = 5.5 Hz, respectively. Similer spectra
have been observed in the corresponding benz-thiapyrylium

series,

NMR_Spectrum of Thianaphtheno(3,2-blthiapyrylium Perchlorate
Fig, 6

The spectrum of 13 is assigned as follows: The down-
field doublet st £ 9,92, J = 8 Hz, is assigned to H-? and
the doublet at & 9.52, J = 8 Hz, is assigned to H-l,. Again
this is an AMX situation and H=3 appears as a triplet at &
8.75, J = 8 Hz, However, here Je_u can be seen tc be ca.

1 Hz. This is superimposed upon a2 multiplet, integrating
for one proton which could be H~9. In phenanthrene, the
angular E-li and H-5 protons are the most deshielded and are
separated from the others in the nmr spectrumgﬁ Similsarly in
dibenzothiophene, the H-1 and H=9 protons appesr us a douwn=-
field multiplet from the others in the nmr spectmués.A like

situation exists here. The remsining protens, H-6, H=7 and
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H-8 comprise a broad mltiplet, & 8.40-7.7C, and & group as-

signment is made.

NMR_Spectrum of Thianaphthenc (3,2-c thispyrylium Perchlorate
(Fig. 7)

The spectrum of 1l shows a multiplet at & 10.57, which

is assigned to H-1. A broad multiplet, 5 9.60-9.15, is as-
signed to H-3 and H-li. Another smmller multiplet, centered
at & 8.60, is probably E-9 and the remaining protons, H-6,
H-7 and H-8 are grouped in a broad mltiplet from & £.27-7.67.

NMR Spectrum of 3-Methylthianaphtheno!3,2-clthiapyrylium
Perchlorste (Fig. 8)

The spectrum of 15 is assipgned as follows: The lowest
field singlet at 6 10.33 is due to H-1; the singlet at & 9,00
is due to H-lj. A multiplet centered at 8.50 is probsbly H-9
and the remaining aromatic protons are grouped in a broad
multiplet from & 8.20-7.70. The methyl protons appear at
¢ 3.12.

NMR_Spectrur of Thianaphtheno(2,3~c }thiapyrylium Perchlorate
(Fig, 9)

The spectrum of 16 is assigned as follows: The triplet
at 6 10,46, J = 2 Hz, is due to H-1 and the pair of singlets
at & 9.55 is due to H-3 and H-li. The multiplet centered at
¢ 8'.7.7 is probably H-5 and the remaining protons form & Hroad
multiplet from & §.32-7.68.
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NMR Spectrum of Thianaphtheno[2,3~blthiapyxrylium Perchlorate
(Fig. 10) |

The spectrum of 17 is assigned as follows: The multi-
plet from & 9.93-9.60 ias due to H-2 and H-l4. H-3 and prob-
ably H-S show as a multiplet at & 9.13-8.50 and the remaining
protons as another multiplet from 8 8.33;7.75.

NMR_Spectrum of B-Methoxythiapyrano[l,3-b]lindole (Fig, 11)
The nmr spectrum showed H=1 at &5 8.75 as ‘a doublet,

J = 3.0 Hz, and H-} at & 8,15 also as a doublet, I3l = 9.5
Hz. H=-3, H-6, H-7 and H-9 showed as a multiplet from 8 7.96=
7.16 and the methyl protons appeared as a singlet at & 3.93.

NMR Spectrum of 8-Chlorothiapyrano =blindole (F 2

The nmr spectrum showed H=1 at & 8.80 as a doublet,
J = 3.0 Bz, and H-} at 6 8.18 as a doublet, Jy =10 Hs. .
The remaining four protons showed as a miltiplet from & 8.00-
7.50, H-3, H-6, H-7 and H-9. |

NMR Spectrum of 6-Methylthiapyrano «=b Jindole 1

The nmr spectrum showed H-1 at & 8.76 as a doublet,
J13 = 3.0 Hz and H-l} at 8 8.27 also as a doublet, Jq), = 9.5
Hz. H-3, H=-7, H-8 and H-9 showed as a mmltiplet from & 8.00~
7.20 and the methyl protons appénrod as a aiﬁglot at o 2.82;

The 8-nitrothiapyran (l,3-bJ}indele was too insoluble imn
0D013 for its spectrum to be obtained.

The data are summarized in Tables 1, 2- and 3,



TABLE 1

NMR SPECTRA OF TH ' YR PERCHLORATES
NS H
O G, T ) G
4 Hy S S - 5”7
2 pe} d 18 12
& ppm (multiplicdty)
—— 3.23(s) - — 2.98(s)
10.60(m) 10,33(s) 10,65(m) ———— -
——— S . 10,00(d) 9.72(s)
9.43(m) cm—- 9.28(m) 8.,78(¢t) ——ee
9.43(m) 9,17(s) 9.28(m) 9.48(a) 9.25(8)
8.52(d4) and 8.33(4) 8.20(4) 8.20(4) 8.44(d)
8.20(d) a.-fgm,) 9.12(d) 8.55(d) s.%j’?m

Proton Assignments

CH3

HgoRg(7)
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IIT. H,M,0, Calculations

H.M.0. calculations were carried out in the usual wa.yvs6
using a G.E. 225 computer and 2 standard eigenvalue-eigen=-
vector program for a symmetrical matrix. A simplified model
in which the coulomb gnd resonance integrals for sulfur were
expressed (in Streitweiser's notation) as ag = a + hg3 and
Bcs = kcgB, respectively, in which no auxiliary inductive
parameter for carbon adjacent to sulfur was employed. The
parameters hg = 0.90 and kgg = 0.60 were used as determined
for thionium sulfur by Ohmmacht. Later on a Fortran IV pro-
gram was developed with the aid of Dr. William Hollabaugh of
the Rlectrical Engineering Department which not only calcu-
lates the eigenvectors and eigenvalues but also computes the
electron densities from these values.

The electronic spectra (Fig. 1l to 23) were measured
for the perchlorate salts in acetonitrile containing 14 by
volume of 70% perchloric acid and are tabulated in Tables
L, and 5. The observed waverumber (v, kem™l) of the long-
est wavelength absorption (assumed to be the I, bands in
Platt notation) was plotted against the calculated transition
energies expressed as Mm, where M is the difference in coef-
ficients of § between the highest occupied and the lowest un-
occupied molecular orbitals. The regression line developed
by mmna.cht57 (v=26.053 Am - 0,677 kem~l) was superimposed on
the plot. Whereas his correlations for twelve thiapyrylium
perchlorate salts was excellent, the correlatlion using the
thieno and thianaphthenothiapyrylium perchlorates is poor,
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The H.M.0. calculations show that there is no large
variation in the Mm 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(kem™l) vs. Am plot are summarized in Table 7.

Assignment of the Electronic Spectral Bands of the Thieno

and Thianaphthénothiapyrylium Perchlorates

The ultraviolet visible spectra of these compounds are
remarkably similer to the corresponding compounds obtained
by Ohnmacht. In these cases, a thiophene nucleus has been
substituted for the benz=-ring in the thienaphthalium salts
and a benzothiophene nucleus has been substituted for the
naphthalene system in the thiephenanthrenium salts. There-
fore similar band assignments can be made. The spectra are
similar to that of the corresponding aromatic compounds ex-
cept that all bands are red shifted.

The spectra of 12 and 18 are almost superimposable on
that of l1l=-thianaphthalium perchloratesa. Therefore the bands
at 262 and 26l mp, 333 and 337 m:, and 361 and 370 mu for
"these compounds, Figures 17 and 18, correspond to the le,
1La and lLb transitions of naphthalene (Platt notation). A
similar assignment can be made for the remainder of the thieno-
thiaspyrylium perchlorates, i.e,, the band between 260 and
270 mp corresponds to the le transition; that between 300
and 337 mu corresponds to the 1La transition; and the long-
est wavelength transition between 357 and 396 mu corresponds



57

to the 1Lb band., See Table Y4 and Figures 1,-18 for the data.

The thianaphthenothiapyrylium perchlorates have four
electronic spectral band transitions which are similar to the
thiaphenanthrenium perchlorates of Chnmacht and are red
shifted when compared to those of phenanthrene, The first
transition (short wavelength) is possibly that of the lcb
band which :I.sforbidden in the acene series but which is
allowed in the less symmetrical phene series, The 1Bb » lLa
and 1Lb bands are red shifted from those of phenanthrenes9.
The lLb band of 13 appears as a broad shoulder on the lLa
band and its exact maximum is impossible to pinpoint. A
similar situation occurs with l-thiaphenanthrenium perchlor-
ate. The spectra of 1l and 1S show a great deal of fine
struéture in the le 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 U.|..3-!-> Yindoles
are similar to that of the iso-w-electronic benz ['b]-'l-aza-
azulene6°, which also exhibits a visible maximum at 500 mp, .
‘The data are tabulated in Table 6 and the spectra are shown
in Figures 2l;-27.
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Table 7

Amaxs ME and Am for Thieno and

Thisnaphthenothiapyrylium Perchlorates

Mnax (mp )

361
381
357
396
L23
433
38l

379

AE (kcm'l)

277

26.2
28,0
25.3
23.6
23.1
26,0

26,4

5

| &

1.01
1.03
1.02
1.02
1.06
0.95
1.11

0.95



7€
35.4

30.0}

25.0

15.0}

kem™—1

10, 0F

5.0 Pigure 28 . Flot of v(kcm‘l) vs. M Tor the

Thieno and Thianaphthenothiapyrylium
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, r

The only apparent correlation for the thieno and thia-
naphtheno salts 1s a qualitative one. When the thionium sul-
fur is g to the ring juncture, the half-wave reduction poten-
tial is more negative than when the thionium 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 30. A least squares treatment of
the data yielded the equation, E, ,, = 1.85 (m) - 0,354, A
typical polarogram is shown in Figure 31, Oxidative poten=-
tials could not ba determined for the salts because the sup-
porting electrolyte decomposed before the required voltages

were reached,



Experimental

A conventional three-electrode potontiostatic polaro-
graph with vacuum tube amplifiers constructed at Lehigh Uni-
versity was used. The polarograms were recorded on a fast
pen-ahd-ink recorder, Moseley X-Y Recorder, No. 7030A (Bala-
Cynwyd, Pa.) with s scan rate of 3.3 mv/sec. Potentisls were
measured using an Electrometer 600A, Keithly Instruments, ‘
Cleveland, Ohio. The polarograms were all run in acetonitrile
which was distilled from phosphorous pentoxide and then from
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. The satur-
ated calomel electrode (SCE) was connected to the cell by a
three~-compartment reference bridé§ constructed with fitted
glass discs. The compartments were filled with: (1) aceto-
nitrile which was 0.2N in sodium perchlorate; (2) water which
was 0,5N in sodium perchlorate; and (3) saturated agueous
potassium chloride. The dropping mercury electrode (DME)
was centered between the SCE and the suxiliary electrode,

The auxiliary electrode was a piece of platinum wire sealed
into a plece of glass tubing. The entire assembly was placed
in a constant temperature bath thermostatted at 25.0 * 0,1°
A coarse frit gas-dlspersion tube was used to pass propnri-

fied nitrogen intothe electrolysis solution for ca. ten min-
utes to displace oxygen.



83

Table 8

-5 2 and mm+] for Thiapyrylium Perchlorates

Fopente wat) (o Units)
9 0e3kL 0.41438
10 o.11 —~———
11 0.35 0.3717
18 0.22 0.3800
12 0.22 —
13 0.10 0.3182
iy 0.35 C.3353
15 0.34 ——--
16 0,22 0.2l

17 0.15 0.3955



Table 9

- Salts
E1 /2 and moel for Thiapyrylium Salts

Perchlorate “Ey /2 e 55 1
Salts (Volts) (8 Units)
N
| + 0.03 0.24430
S/

s |
N
OO 0.05 0.2780
e
+
~\

0.33 0.3306

7 _
A
¢e

O +\/ 0.9 " 0.6862
OG0 0.0905

as the TNBS salt



Figure 30. Plot of 'E1é2 vs., the Energy of the Lowest
Unoccupied Molecular Orbital (38 Units) for

the Thiapyrylium Salts 1In Table 9
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EXPER IMENTAL

Melting points were determined in Kimax 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 Microanalytical
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 aspecified 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 (8=0) as an internal standard and are presented
in the order § (multiplicity, number of protons, assigmment).

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-=70° unleas otherwise noted.,
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3~-Thenylbromide (26 )

This compound was prepared essentially according to a
procedure of Hartough35.

A solution of 32.0 g (0.326 mol) of 3-methylthiophene
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 mm and 25° for four hrs before use) admixed
with 0.5 g benzoyl peroxide and added over five min through
a powder funnel which was bathed in refluxing benzene, An
ultraviolet lamp was aimed at the reaction flask dnring this
addition and for the five min 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; ll}.0%
based on 3-methylthiophene) of material with a boiling range
of S4-7l1° while the pressure varied from 0.3 to 0.1 mm: 1it,38
bp 78-82° (2 wm); mmr (CC1)) & 7.10 (m, 3, ArH) and L4.36
(s, 2, CH>Br) 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



89

cooled to 25°, 25.1 g (0.142 mol) of 3-thenylbromide was
added and the two-phase mixture was stirred ﬁagnetically at
74.° for eighteen hrs. The organic layer (4.6 g) was allowed
to settle and was separated. The aqueous layer was extracted
with ﬁhroe 50 ml portions of benzene (which were discarded)
and then acidified with 25 ml of concentrated hydrochloric
acid. The resulting oil was separated and the acidic aque-
ous layer was extracted with three 75 ml 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 15.2 g (70% after correcting for the
non-reacted organic layer of S-(3=thenyl )-mercaptoacetic
“acid. The analytical seample distilled at 147° (0.45 mm);
11t,25 bp 200° (14 mm); ir (neat) 31400-2500 (bonded OH),
1705 (acid C=0) and strong bands at 114,20, 1295 and 782, 708
and 675 cm™l; nmr (CCl) & 12.13 (s, 1 COpH), 7.12 (m, 3, ArH)
3,83 (s, 2, CHo8), and 3.00 (s, 2, SCHpCO2H) ppm.

Anal. Caled for C7HGO0nSp: €, Uh.66; H, 4.28; S, 34.05,
Found: C, 44.93; H, 4.56; 8, 33.82.

«Dihydro-1H=thieno(3,2=-c Jthiapyran-i-one (2
A stirred solution of 5.0 g (0,027 mol) of S=(3~-
thenyl )-mercaptoacetic acid, 1.9 ml {0.027 mol) of thionyl
chloride and 0,2 ml of pyridine-inVSO 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 exceas thionyl
chloride on a rotary evaporator with two 50 ml benzene flushes
to remove all the thionyl chloride produced a dark oil which
was disaolved in 50 ml dry benzene. Upon cooling to 5° in an
' 1ce bath, 5.0 ml (0.043 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 ml 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 mm) to give
3.3 g (73%)of 3,4~dinhydro-1H-thieno[3,2-c Jthiapyran-l-one.
Crystallization from benzene-hexane gave 1.85 g, mp 62,0=-
63,5° Sublimation at 70° (0.08 mm) gave 1.5 g, mp 68-70°,
Resublimation at 70° (0,08 mm) produced no change in melt-
ing point., Recryatallization from benzene-petroleum ether
with a carbon treatment gave 0.5 g, mp 67.0-68.5°. Subli-
mation at 67° (0,05 mmn) gave 0.5 g: mp 68-70° 111;.25 mp 67°;
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ir (KBr) 3065 medium (aromatic H), 2950 and 2890 weak (meth-
ylene), 1640 strong (C=0) and strong bands at 11420-1380, 1305-
1265, 1217, 1152, 1128, 1095, 995, 900, 848, 791, 758, and
740 em=1; nmr (CgDg) & 7.62 (a4, 1, J = 5 Hz, H-6), 6.98 (4,
1, J = 5 Hz, HeT), 3.85 (4, 2, J = 1.5 Hz, CHp-S) and 3.48
(a, 2, J = 1.5 Hz, SCH>CO) ppm.

'~ Anal, Caled for C;HE0S;: C, 49.38; H, 3.55; S, 37.67.
Found: C, 49.26; H, 3.82; S, 37.72.

=Dihydro-1H-thieno[3,2~c]thiapyran—-i-ol (30

To a solution of 3.4 g (0.020 mol) of 3,4-dihydro-1H=-
thieno [3,2~c Jthiapyran-lj-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
" peflux overnight. Upon cooling, the reaction mixture was
pom'ed' 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) ), flltered, and evaporated to an oil on
a rotary evaporator. Distillation at 107-109° (0.10 mm)
yielded 3.0 g (87%) of 3,li-dihydro-1H-thieno[3,2-c Jthiapyran-
i-ol: ir (neat) 3600-3120 (bonded OH), 3090 medium (aromatic
H), 2900 (methylene) and other strong bands at 1)420-1400,
1378, 1192, 1032, 990, 710 and 680 om™1; nmr (CgDy) 6 6.92
(4, 1, J = § Hz, B-6), 6.45 (4, 1, J = 5 Hz, H-7), L.72
(broad s, 1, HOCH) 3.80 (m, 1, HO-CH), 3.32 (s, 2, CH53),
and 2,65 (d, 2, J = 5 Hz, SCH,CHOH) ppm.
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Anal. Calcd for C,HgOS,: C, 48.80; H, 4.68; S, 37.23.
Found: C, 448.93; H, L4.67; S, 37.42.

Thienof3,2~-c lthia 1ium perchlorate trityl perchlorate
method )

To a magnetically stirred, refluxing solution of 3.0 g
(0,017l mol) of 3,4-dihydro~1H=thieno[3,2-c Jthiapyran-ii-ol
in 45 ml of glacial acetic acid was added 5.96 g (0.017} mol)
of trityl perchlorate in 50 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 mch 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-l1°, 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-cJthiapyrylium perchlorate
(20€), mp 165-7°: visible and uv max (1% perchloric acid in
acetonitrile) 263 mu (log £, 4.57), 304 (3.53) and 357 (3.lh);
ir (KBr) 3100-3000 (aromatic H), and strong bands at 1530,
1430, 1362, 1311, 1255, 1150-1000 (perchlorate), 918, 872,
80y, 760 cm™l; nmr (CF3C02D) 8 10.60 (m, 1, H-1), 9.43 (m,
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2, H-3 and H-}4), 8.52 (4, 1, J = 6 Hz, H-6), and B8.20 (4, 1,
J = 6 Hz, H-7) ppm. |

Anal. Calod for C;HgC10},S,:C, 33.27; H, 1.99; Cl, 14.03.
Found: C, 33.16; H, 2.,06; C1, 14.20; 8, 25.27.

Thieno [3,2~c]thi 1ium perchlorate 2,3=dichloro=5,6-
dicyanobenzoquinone (DDQ) and perchloric acid method)

. To a magnetically stirred solution at 25° of 1.5 g
(0.0087 mol)of 3,l4-dihydro-1H-thieno[3,2-c]thiapyran-l~ol
dissolved in ;O ml of glacial acetic acid and 10 ml of nitro-
methane was added 1,95 g (0.0087 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 mm) overnight
to give 2.7 g of crude material, mp 130°, The product was
slurried in 150 ml of boiling glaclal acetic acid and a black
tar was removed by filtration. After cooling to 25°, collec=
tion of the black crystals on a filter and alr drying gave
2.5 g. Recrystallization from glacial acetic acid with a
massive carbon treatment gave 0.6 g (27%) of thieno(3,2-c]
thiapyrylium perchlorate as beigo plates, mp 165-167°,
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S=(3=thenyl )-thiolactic acid
To 15.0 g (0,111 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, 15.2 g
{(0.282 mol) of sodium methoxide. The thick, white precipi-
tate which formed was broken up, 25.0 g (0.141 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
(Hgsoh), filtered, and evaporated to an oil on a rotary evap-
orator., Distillation gave 15.65 g (74% after correcting for
a 3.8 g forerun of thiolactic acid) of S=(3-thenyl)-thioclactic
acid: bp 140=3° (0.25 mm), 111;:25 203° (15 mm); ir (neat) 3500-
2500 (bondea OH), 1700 (acid C=0), and strong bands at 1450,
1410, 1280, 1240, 1195, 1075 and 780 cm™1l; mmr (CDg) 8
12.27 (s, 1, COoH), 7.00 (m, 3, Ar-H), 3.90 (d, 1, J = 1
Hz, CH»S), 3.55 (4, 1, J = 1l Hz, CH>S), 3.15 (q, 1, I =7
Hz, SCH) and 1.22 (4, 3, J = 7 Hz, cga) ppm.

Anal. Calcd for CgHj05S5: G, 47.50; H, 4.98; S, 31.70.
Found: C, 47.43; H, L4.94; S, 31.45.

~Mothyl~ dro-l1H-thieno|3,2~c Jthia -one
A solution of 5.0 g (0,025 mol) of S=(3-thenyl)-
thiolactic 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 bhydride) was stirred at reflux for temn min.
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Another 1.8 ml of thionyl chloride was added and reflux was
continued for ten min. The ether and excess-thionyl chloride
were removed by distillation at atmospheric pressure as ben-
zene was added until the distillate temperature was 80°.

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 25° 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-
zene 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 agueous layer

was extracted with three 75 ml portions of benzene. The com-
bined benzene layers were washed with-tuo 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 (HgSOu), filtered, and evaporated to amn oil on a rotary
evaporator. Distillation gave 1.9 g (42%) of 3-methyl-3,l-
dihydro-1H-thieno[3,2~c Jthiapyran<l-one: bp 112-114° (0.15
mm); 11t.25 bp 177° (14 mn); ir (neat), 3090 medium (aro-
matic H), 2965, 2920 medium (methyl and methylens, 1655
strong (C=0) and other strong bands at 1418, 1402, 1248,

900, 840 and 740 cm~1l; nmr (CC1y) 8 7.55 (4, 1, J = 5,5 He,
H-6), 6.93 (4, 1, J = 5.5 Hz, H-T), 3.68 (m, 3, CH>SCH) and
1.40 (a4, 3, J = 7 Hz, CH3) ppm.
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3=Methyl=~3,li~dihydro-1H-thieno [3,2-c Jthiapyran-ii-ol (3li)

To a solution of 2.4 g (0.013 mol) of 3dnothy1-3,h-
dihydro=-1H=thieno[3,2-cthiapyran-li-one dissolved in 250 ml
of warm isopropyl alcohol was added 0,49 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 250 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 (ngsoh), filtered, and evaporated to
an oil on a rotary evaporator. Distillation at 112° (0.20
mm) gave 2.05 g (84%) of 3-methyl-3,l-dihydro-lH-thieno([3,2-c]
thidpyran-hsol. Upon standing, the oil solidified to a waxy
'solid, mp 64-75°: nmr (CgDg) & 6.82 (4, 1, J = 5.5 Hz, H=6),
6.35 (4, 1, J = 5,5 Hz, H-T), L.4jOo (m, 1, HOCH), 3.67-2.37
(m, li, CHoSCHCH3CHOH) and 1.28-1.07 (m, 3, CH3) ppm.

Anal. Calcd for CgH; g0Sp: C, 51.57; H, S.l1; S, 3h.h3.
Found: C, 51.72; H’ 5.51; 8. 3!]-0170

-Methylthleno[3,2-c 1thia 1ium perchlorate (10
To a magnetically stirred, refluxing solution of 1.0 g
(0.005L mol) of 3-methyl-3,li-dihydro-1H-thieno[3,2-c)thia~-
pyran-i-ol in 16 ml of glacial acetic acid was added 1.85 g
- (0,0054 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 }}00 ml with
ether, After overnight refrigeration, the black product
was collected on a filter and air dried to give 1.75 g, mp
135-140°, 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 mu (log & = L.32), 26L
(4.61), 306 (4.60), 366 (3.52); mmr (CF5COD) & 10.33 (s,
1, H=1), 9.17 (s, 1, H-}), 8.33 (4, 1, J = 5.5 Hz, H-6),
8.07 (4, 1, J = 5.5 Hz, H-7), and 3.23 (s, 3, CH3) ppm.
Anal, Calcd for 0837010h82: Cc, 36.02; H, 2.65; C1,
13.29; S, 24.04. Found: C, 36.16; H, 2.87; C1, 13.33; S,
23.93.

2-Thenylchloride

This compound was prepared according to the procedure
of Hnrtough.h3

Hydrogen chloride gas was passed into a stirred solu-
tion of 87.5 mi (1.05 mol) of concentrated hydrochloric acid
and 81 ml of aqueocus 37% formaldehyde (1.0 mol) through a
subsurface addition tube while 72.7 g (0.86) mol) of thio-
phene was added at 0-10°. The mixture was stirred for one
hr at [}° 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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was dried (EpC0;) and evaporated on a rotary evaporator to
an oil. Distillation at 81° (18 mm) gave 53.6 g (47%) of
2-thenylchloride; 1it.li3 bp 81° (18 mm); nmr (CC1,) 8 7.30-
6.80 (m, 3, Ar-H), and ;.68 (s, 2, CH>C1l) ppm.

S—(2-thenyl )-mercaptoacetic acid ( 36)

To 29.0 g of potassium hydroxide (0.52 mol) dissolved
in 200 ml of uater 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
7h° for eighteen hrs. The reaction mixture was extracted
with two 50 ml portions of carbon tetrachloride (which were
discarded) and then acidified with 25 ml of concentrated
'hydrochlor:lc 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 (ugsou),
riltered, and evaporated on a rotary evaporator to an oil,
Distillation, with a 3.6 g forerun distilling at 50-140°
(0.10 ym), gave 19.0 g (416.5%) of S~(2-thenyl )-mercaptoacetic
acid: bp 136-11° (0.15 mm); 1it.2h‘ bp 204° (17 mm); ir (neat)
34,00-2500 (bonded OH), 1700 (acid C=0), and strong bands at
1420, 1300, and 700 ca~1l; mar (CgDg) & 12.18 (s, 1, COzH),
7.17-6.75 (m, 3, Ar-H), 3.93 (s, 2, CH>-S), and 3.02 (s, 2,
SCH,COoH) ppm.



-Dihydro=-1H=thieno(2,3~c Jthiapyran-li-one
A stirred solution of 9.5 g (0,051 mol) of S-(2-thenyl)-

mercaptoacetic acid, 3.7 ml (0.051 mol) of thionyl chloride
end 0.2 ml of pyridine in 100 ml of dry benzene (filtered
from sodium ribbon) was refluxed fifteen min, 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 5° 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 50 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 ome-half
hr and e 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 (ngsoh), riltered, 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 3,l-
dihydro-1H=-thieno {2,3-c Jthiapyran-ij-one. Upon standing the
material solidified. Sublimation at 61° (0,10 mm) prodnced
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white crystals: mp 39.5-40.5°; lit.ah mp 42°; ir (neat) 3100,
3080 medium (aromatic H), 2960, 2880 medium (methylene),

1665 (strong (C=0) and other strong bands at 1520, 1390, 1265
and 720 cm=1; nmr (cpc1y) & 7.40 (4, 1, J = 5.5 Hz, H-6),

7.07 (4, 1, J = 5,5 Hz, H-5), 3.97 (s, 2, CHoS) and 3.l2 (s,
2, SCH>CO) ppm.

Anal. Calcd for C7HgOSy: C, 49.38; H, 3.55; S, 37.67.
Found: C, 49.66; H, 3.75; S, 37.56.

- -1H~thieno[2,3-¢ thiapyran=-ii-ol 8
To a solution of 0.90 g (0.0053 mol) of 3,l=dihydro=-

1H~thieno [2,3-¢c Jthiapyran-~lj-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 conmbined benzene extracts were washed with 100 m1 of

water, dried (ugsoh). filtered and evaporated to an oil on
a rotary evaporator. Distillation ylelded 0.85 g (94%) of
3,}4-aihydro-1H-thieno [2,3-c Jthiapyran-lj~ol, bp 118.5-120°
(0.28 mm); 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™l; nmr (CgDg) & 6.90
(4, 1, J = 5.5 Hz, H-6), 6.80 (4, 1, J = 5.5 Hz, H-5), L.55
(m, 1, HOCH), 3.58 (m, 1, HOCH), 3.35 (s, 2, CHpS) and 2.62
(a, J = 4.5 Hz, SCH,CHOH) ppm. |

Apsl. Calecd for CoHgOS;: C, 48.80; H, L4.68; S, 37.23.
Found: C, 49.10; H, L.74; S, 37.17.
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Thieno [2,3=c Ithiapyrylium perchlorate (11)

To a magnetically stirred, refluxing solution of 2.45
g (0.0l mol) of 3,li~dihydro-1H-thieno [2,3-c Jthiapyran-l-ol
in 50 ml1 of glacial acetic acid was added 4.88 g (0,01l 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 dlethyl
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 mu (log £ = 4.25) 262
(4.29), 304 (3.78), 381 (h.01); ir (KBr) 3100-2960 (aromatic
H) and other strong bands at 1530, 1430, 1360, 1310, 1253,
1150-1000 (perchlorate), 915, 870, 80l and 760 em™; nmr
(CF3C02D) & 10.67 (broad s, 1, H-1), 9.28 (m, 2, H-3 and Hali ),
9,13 (4, 1, J = 5,5 Hz, H~6) and 8.22 (4, 1, J = 5.5 Hz, H5)
PpPM.

Anal, Calcd for CTH5010h§2: C, 33.27; H, 1.99; C1,
14.03; S, 25,38, Found: 3, 33.30; H, 2.06; Cl, 14.09; S, 25.11.
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2=Thiophenethiol
To 20,82 g (3.0 g=atom) of lithium metal atirred under

a helium atmosphere in 800 ml dry ether (distilled from lith-
fum aluminum hydride) was added 205.5 g (1.50 mol) of n=butyl
bromide at =10 to 0° over one hr. After stirring one hr at
0°, 8.1 g (1.0 mol) of thiophene was added at <O° 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 0° 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 350 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 (MgSOj), filtered and
evaporated to an oil., Distillation gave 58.6 g (51%) of
2-thiophenethiol: bp 33° (0.75 mm), 11t.51 bp 171.1° (760
mm), ir (neat) 3100-3080 medium (aromatic H), 2525 medium
(S-H), and strong bands at 1405, 1221, 845 and 695 cm™l;

nmr (CC1)) & 7.30-6.73 (m, 3, Ar-H), and 3.40 (s, 1, SH) ppn.

Ethyl S-(2-thienyl)-3-mercaptopropionate (39)

To 8.82 g (0,16l mol) of sodium methoxide in 200 ml
dry glyme (distilled from lithium aluminum hydride) was added
19.0 g (0.164 mol) of 2-thiophenethiol and 29.6 g (0.16) 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 (Mgsoh), filtered and evaporated
to an oil on a rotary evaporator. Distillation at 89-92°
(0.10 mm) gave 30.1 g (85%) of product. The analytical
sample distilled at 90° (0.10 mm): ir (neat) 3100 weak (aro-
matic H), 2975, 2930 (methyl and methylene), 1730 (ester C=0),
and other strong bands at 1400, 1370, 1342, 1240, 1215, 1175,
1148, 84S and 700 em~1; nmr (CCY)) 6 7.42-6.85 (m, 3, Ar-H),
4.10 (q, 2, J = 7 Hz, OCHpCH3), 3.13-2.37 (m, L, CH>CH>S),
and 1.20 (t, 3, J = 7 Hz, CH20§3) pPpm.

Anal, Caled for CgH, ,0,8,: C, 19.97; H, 5.59; S,
29.65. Found: C, 50,17; H, 5.8l4; S, 29.46.

S-(2=-thienyl )-3-mexrcaptopropionic acid (40

A mixture of 15.2 g (0.070 mol) of ethyl S-(2-thienyl)-
3-mercaptopropionate and 500 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 (Hgsou), filtered and evaporated to an oil
on a rotary evaporator. Distillation at 122-5° (0.20 mm)
geve 10.5 g (87%) of product. The analytical sample dis-
tilled at 122° (0.15 mm); ir (neat) 3500-2500 (bonded OH),
1710 (acid C=0), and other strong bands at 1430-1400, 1260,
1218, 848, 702, and 678 cm™l; nmr (ccy ) © 11.87 (s, 1, COxH),
7.37-6.83 (m, 3, Ar-H), and 3.17-2.33 (m, 4, SCH>CHp) ppm.

, Anal, Calcd for CqHg0oS»: G, b .66; H, h.28; S,

34,06, Found: C, Wh.6l; H, h.34; S, 34.02.
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=Dihydro=2H=thieno [2,3-b Jthi an=ii-one
A solution of 7.0 g (0.037 mol) of S-(2-thienyl)=3~

mercaptopropionic acid, 2.65 ml (0.037 mol) of thionyl chlor=-
jde and 0.2 ml of pyridine in 150 ml of dry ether (distilled
from iithium 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 min, The ether and excess
thionyl chloride were removed by distillation at atmospheric
pressure as benzene was added until the distillate tempera- '
ture was 80°, 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
1100 ml of concentrated hydrochloric acid and the flask was
rinsed with benzene and concentrated hydrochloric acid. The
water-benzene mixture was stirred three hra. 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 (ngsoh), filtered, and evaporated
to an oil on a rotary evaporator, Distillation at 90-92°
(0.10 mm) gave L.} g of 3,4~dihydro-2H-thieno!2,3-blthiapyran-
L-one (70£) as an oil which solidified on standing, mp 57.5-

59.5°., The analytical sample distilled at 92° (0,10 mm):
111'..3"" mp 63-4°; ir (neat) 3100, 3080 medium (aromatic H),

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



105

1500, 1413, 1390, 1280, 1265, 1190, 1132, 898, 730 and 682
cﬂ'l; nmr (0D013) 5 747 (4,1, J = 5,5 Hz, H-6), 7.00 (4,
1, J = 5.5 Hz, H-5), 3.35 (%, 2, J = 6 Hz, SCH,CH>CO), end
2,80 (t, 2, J = 6 Hz, SCH,CH,CO) ppm.

Anal. Caled for 0736052: C, 49.38; H, 3.55; S, 37.67.

Pound: C, 49.42; H, 3.54; S, 37.47.

- =2H=thieno [2,3-b Jthiapyran-i-ol

To a solution of 2.0 g (0,012 mol) of 3,4-dihydro-2H=-
thieno[2,3-blthiapyran-li-one dissolved in 200 ml of warm
isopropanol was added 0.435 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 (MgSO)), filtered and evaporated to an oil on a rotary
evaporator. Distillation at 101-3° (0,10 mm) gave 1.7 g (84%)
of 3,li-dihydro~2H-thieno [2,3~b ]thiapyran-lj~0l, which solidi-
fied on standing, mp 62-}°. The analytical sample distilled
at 102° (0,10 ma): 1it.3% mp 67-8°; ir (neat) 3500-3100 (bonded
OH), 2910 (methylene) and other strong bands at 1415, 1200,
1178, 1035, 1018, 915, 870 and 692 em™l; nmr (CDC1,) © 7.03
(s, 2, H=S and H-6), 4.77 (¢, 1, J = 4 Hz, HOCH), 3.47-2.68
(m, 2, SCH,CH,), 2.30 (s, 1, HOCH), and 2.50-1.67 (m, 2,
scnzcg,_,) ppm.

Anal, Calcd for C,Hg0S,: C, 48.80; H, L.68; 3, 37.23.
Found: C, }9.,02; H, 4.57; S, 37.09.
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Thieno [2,3-b ]thia 1ium perchlorate (18

A mixture of 1.8 g (0.011 mol) of 3,4-dihydro-2H-thieno=-
[2,3-b Jthiapyran-l}-0l 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 aystem was evac=-
uated to 1.75 mm and the flask was heated to 200° over ten
min. The reaction yielded 0.4 g (25%) of 2-H-thieno{2,3-b]}
thiapyran as shown by the following: bp 89° (1.75 mm); 11t.3h
bp 81-2° (0.6 mm); ir (neat) 3100, 3035 (aromatic H), 2875
(methylene), and other bands at 1611, 1l,0s, 1208, 1198, 1158,
1095, 1041, 831, 778, 721 and 670 em™l; nmr (cC1)) & 6.92 (4,
1, J = S Hz, H=6), 6.78 (d, 1, J = 5 Hz, H-5), 6.43 (4, 1,
Jyq, =10 Hz, J,, =1 Hz, Hely), 7.32 (m, 1, J = § Hz, H-3),
and 3.42 (q, 2, J = S Hz, J =1 Hz, SCH,); mass spectrum
(80 eV) m/e 154 (P), calecd 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 Jthiopyran 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 yileld 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 yleld 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 0.2l g (37%) of
thieno[2,3-b]thiapyrylium perchlorate: mp 255-7°, dec.;
11t.3h mp 142°; visible and uv max (1% perchloric acid in
acetonitrile), 262 mu (log € = L.L7), 333 (3.66), 361 sh
(3.36); nmr (CF4C0,D) & 10.02 (4, 1, J = 8.5 Hz, H-2), 9.48
(a, 1,J = 8.5 Hz, H-}}4), 8.78 (t, 1, J = 8.5 Hz, H=3), 8.55
(4, 1, J = 5,5 Hz, H=6) and 8,20 (4, 1, J = 5,5 Hz, H-5) ppm,

Anal, Calcd for c7H5610h§2: C, 33.27; H, 1,99; S,
25.28, Found: C, 33.55; H, 1.93; S, 25.1k4.

Methyl S=(2=thienyl )-2-methyl-3-mercaptopropionate (hde)

To 19.0 g (0.16l4 mol) of 2-thiophenethiol was added
with stirring and ice bath cooling, 1 ml of 30% aqueous tri-
ethylamine, The viscosity of the mixture increased rapidly
‘and 16,5 g (0.16l mol) of methyl methacrylate was added
rapidly while keeping the temperature under l0°, After stir-
ring at room temperature for 48 hrs,.diatillation at 85°
(0.10 mm) yielded 34.0 g (96%) of a slightly yellow oil. An
analytical sample distilled at 79° (0,08 mm); ir (neat) 3095
weak (aromatic H), 2970 and 2910 medium (methyl and methyl-
ene ), 1735 (eater C=0), and other strong bands at 1455, 1430,
1215, 1160, 845 and 700 cm™l; owr (CCL),) & 7.42-6.85 (m, 3,
Ar-H), 3.63 (s, 3, COCH3), 3.22-2.45 (m, 3, CHpSCH), and
1.23 (4, 3, J = 7 Hs, CHCH;) ppm.

Anal. Caled for c9nl20232§ C, 49.97; H, 5.59; 8, 29.95.
Pound: C, 50.13; H, 5.67; S, 29.6k.



108

S~=(2=thienyl )=2-methyl-3-mercaptopropionic acid (}45)

A stirred mixture of 15 g (0.069 mol) of methyl S-
(2-thienyl )=-2-methyl-3-mercaptopropionate and 500 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 (ugsoh), filtered and
evaporated to an oil on a rotary evaporator., Distillation at
122-4° (0.12 mm) yielded 1.0 g (78%) of S~(2-thienyl)-2-
methyl-3-mercaptoproplionic acid. The analytical sample dis-
tilled at 123° (0,12 mm): ir (neat) 3500-2500 (bonded OH},
1710 (acid C=0) and strong bands at 1460, 1410, 1240, 1218,
845 and 70C em™'; mmr (CCL)) 6 12,07 (s, 1, CO,H), 7.h2-
6.85 (m, 3, Ar-H), 3.38-2.47 (m, 3, SCH,CH), and 1..30 (4, 3,
6.5 Hz, CHCH;) ppm.

Anal. Caled for CgH,,0,S,: C, 47.50; H, 4.98; S, 31.70.
Found: C, 47.h4ly; H, 5.10; S, 31.66.

3=-Methyl=3,lj~dihydro-2H-thieno {2,3~b Jthiapyran-li-one (Ii6)
A solution of 7.0 g (0.035 mol) of S=(2=-thienyl)=-2-

methyl=-3~mercaptopropionic acid, 2.40 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
ether 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 stamnic chloride was added in one

portion, The temperature rose to 30° and the slurry was
stirred at 25°for three hras. 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 (Mgsoh), 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°
(0410 mm): ir (neat) 3100 and 3080 medium (aromatic H), 2960
"and 2920 (methyl and methylene), 1660 (C=0), and strong bands
at 1498, 1413, 1388, 1265, 1242, 1229, 103k, 868 and 695 em™1;
omr (CDCly) 8 7.47 (4, 1, J = 5.5 Hz, H=6), 7.00 (4, 1, J =
5.5 Hz, H-S), 3.27 (4, 2, J = 7 Hz, SCHp), 2.80 (q, 1, J =
7 Hz, CHCH3), and 1.32 (4, 3, J = 7 Hz, CHCH3) ppm.

Angl, Celcd for CgHgOS,: C, 52.14; H, L.38; S, 34.80.
Found: C, 52.30; H, 4.59; S, 34.60.

=Mothyl ~3 jli.= dro-2H-thieno [2,3=b |thiapyran=ii=~o
To a solution of 2,0 g (0,011 mol) of 3-methyle-3,li-
dihydro-2H-thieno[2,3-bthiapyran-lprone dissolved in 250 ml
warm isopropanol was added 0.1 g (0.01l 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 250 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 (Mgsoh), filtered and evaporated to an oil on
a rotary evaporator. Distillation at 98° (0,10 mm) gave 1.8
g (89%) of 3=methyl-3,}-dihydro-2H-thieno [2,3-blthiapyran--
ol, which solidified on standing, mp 47-75°. The analytical
sample distilled at 98° (0.10 mm): ir (neat) 3600-3140 (bonded
OH), 3100 weak (aromatic H), 2960, 2920, 2900 and 2870 medium
(methyl and methylene), and strong bands at 1422, 1410, 1028,
830 and 698 cm™t; nmr (cDC1;) 6 7,05 (s, 2, Ar=H), L.50 (m,
1, HOCH), 3.50-1.67 (m, 4, HOCHCHCH,), and 1.30-1,00 (m, 3,
CH3 )ppm.

Anal, Caled for CgHy0Sp: C, 51.57; H, S.hd; S, 3h.h3.
Found: C, 51.71; H, 5.37; S, 3L4.39.

3-Hath11thieno[2,3-b]thiangxlium 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,l-dihydro-2H=-
thieno [2,3=b Jthiapyran=-l-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 200° over fifteen min with an oil bath initially at 150°.
The product, 3-methyl-2H-thienoT2,3-b)thiapyran, 1.2 g (4B8%)
distilled at 110-112° (2.5 nm); ir (neat) 3100 medium (aro-

matic H), 2960, 2920, 2900 and 2870 strong (methyl and meth-
ylene) and strong bands at 1lih), 1410, 1212, 831, 695 and
630 em™t,
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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-b)
thiapyren in 45 ml of acetonitrile was added 2,4l g (0.0071
mol) of trityl perchlorate in 45 ml of acetonitrile. After
stirring at 25° for one-half hr, evaporation to near dryness
on a rotary evaporator and dilution to 50 ml with diethyl
ether produced solids, After two hrs refrigeration, the
product was collected on a filter and alr dried to yleld
1.80 g (95%) of 3-methylthieno[2,3=-blthiapyrylium 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, 26l me (log € = 4.4B), 337 (3.64), 370 (3.l1); nmr
(CP4C0,D) 6 9.72 (s, 1, H-2), 9.25 (8, 1, H-b), 8.4s (a, 1,
J = 5.5 Hz, H-6), 8.07 (4, 1, J = 5.5 Hz, H-5) and 2.98 (s,
3, CHy) ppm.

Anal, Calcd for CBH7010h$2: C, 36.02; H, 2.65; S,

24 .04, Found: C, 33.26; H, 2.90; S, 23.90.

3-Bromothianaphthene (51)

To a stirred solution of 67.1 g (0.50 mol) of thianaph-~
thene and 68.5 g (0.83 mol) of anhydrous sodium acetate in
380 mi1 of chloroform was added 26,2 ml (0.5l mol) of bromine
in 70 ml of chloroform over L5 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. ‘he 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 (HgSOu) 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 mm),
Redistillation gave 76 g of a pale, yellow liquid: bp 60-5°
(0.05 mm); 11t.*8 bp 90-105° (1.5 m).

3=Mercaptothianaphthene_(53)

To 9.7 g (0.40 g-atom) of magnesium in 750 ml dry ether
(distilled from lithium aluminum hydride) at 30° was added
h2.62 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 (0.40 g-atom) of sulfur was added slowly.
The mixture was refluxed for three hrs and allowed to stand
overnight and 20.l 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 ether. The
combined ether layers were washed with 100 ml of water, dried
(MgSOl.), filtered and evaporated to an oil on a rotary evap-
orator. Distillation in vacuo resulted in 23.3 g of residue
with no 2535 em~l (-SH) band in the infrared.

On the assumption that this material was the disulfide,
jt was dissolved in dry ether (distilled from lithium alum-
irmum hydride) and added over one-half hr to 2.03 g (0.05l
mol ) of lithium alumirum 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 }4°, 50 ml of water was added and 15%
sulfuric acid wes added at lt° until the aqueous layer was
acidiec. Saturated sodium sulfate was added for coagulation
and the slurry was filtered. The layers were sepsasrated and
the ether layer was washed with 100 ml of water. The aqueous
layers were saturated with sodium chloride and extracted with
100 m1 of ether. The combined ether layers were dried
(Mgsoh), 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); 11t,52 bp 77-80° (0.20 mm); 1ir
(neat) 3100 and 3060 (aromatic H), 2540 medium (SH), aend
strong bands at 14455, 1422, 1315, 1258, 1062, 1020, 828,

758, 729 and 70} em™l; 1it, v SH = 2535 em™l; nmr (CCIh) 3
7.77-7.47 (m, 2, Ar-H), 7.32-7.05 (m, 3, ArH) and 3.00 (d,
l, J =1 Hz, SH) ppm.

S=-(3=-thjanaphthenyl ) -3-mercaptopropionic acid (5L)

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 (0.05l 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 addifion. 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 (HgSOu), 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 mm) gave an analytical sample: mp 70-2°; ir (KBr)
3300-2300 (bonded OH), 1695 (acid C=0) and strong bands at
1438, 1420, 14oo, 1335, 1256, 1198, 938, 838, 752 and 731
em™; mmr (CDC1,) 5 11.55 (s, 1, COpH), 8.08-7.70 (m, 2,
Ar-H), 7.58-7.18 (m, 3, Ar-H), 3.22-2.92 (m, 2, SCH»), and
2.72=2.42 (m, 2, CH,CO,H) ppm.

Anal. Calcd for Cy,H)05S5: €, 55.43; H, 4.23; s,
26,91, Found: C, 55.61; H, L.45; S, 26.99.

3.4 -Dihydpro-2H-thianaphtheno[3,2-b }thiapyran-li-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 min, 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 ml1 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 (Mgsoh), filtra-
tion and evaporation on a rotary evaporator, the resulting
solids were slurried with petroleum ether, collected on a
filter and air drisd to yield L4.25 g (97%) of 3,4-dihydro-
2H-thianaphtheno[3,2-b Jthiapyren=li-one: mp 121-l4° with prior
shrinking. Recrystallization from methanol-water with a car-
bon treatment gave the analytical sample: mp 123.5-125,0°;
ir (KBr) 1630 (C=0), and strong bands at 1480, 1290, 1275,
1188, 931, 75k and 724 em™l; nmr (CDC13) 8 7.90-7.20 (m, L,
Ar-H), 3.38-3.27 (m, 2, SCH,), and 3.08-2.80 (m, 2, CH,CO)
pPpPm.

Anal. Calecd for C,,Hg0S,: C, 59.97; H, 3.66; S, 29,11,
Found: C, 60.,06; H, 3.87; S, 28.99.

-Dihydro-2H-thianaphtheno{3,2=b Jthiapyran-i~-ol (56

To a solution of 2.0 g (0.009 mol) of 3,l-dihydro-2H=-
thianaphtheno [3,2~b Jthiapyran-li-one dissolved in 500 ml of
warm isopropanol was added 0.342 g (0,009 mol) of sodium
borohydride. The reaction mixture was stirred magnetically
at reflux overnight. Upon cooling, the solvent wasa evapor-
ated to near dryness on a rotary evaporator., After dilution
with water, the mixture was extracted with three 100 ml por-
tions of benzene. The combined benzene layers were washed

with 50 ml of water, dried (Mgsoh). filtered and evaporated



116

to an oil on a rotary evaporator. On dilution with petroleum
ether, the o1l became a solid which was collected on a filter
and air dried to yield 2.0 g (100%) of 3,4-dihydro-2H-thia-
naphtheno[3,2-b]thiapyran-ii-ol: mp 104-5° Sublimation at
92° (0,07 mm) gave an analytical sample: mp 10}-5°; ir (KBr)
34)40-3060 (bonded OH), 3050 (aromatic H), 2910 (methylene),
and strong bands at 1430, 1257, 1155, 1050, 1020, 758 and
730 em~1l; nmr (CDC1,) & 7.87-7.08 (m, 4, Ar-H), 4.87 (¢, 1,
J = 4.5 Hz, HOCH), 3.45-2.83 (m, 2, CH,S), 2.68 (s, 1,
CHOH, disappears on exchange with D,0) and 2.50~1.83 (m, 2,
CH,CHOH) ppm.

Anal. Calcd for Cy,H,,0S,: G, 59.42; H, 4.58; S, 28.85,
Found: C, 59.69; H, 4.57; S, 28.85.

Thianaphtheno [3,2-b Jthiapyrylium perchlorate (13)

To 1.0 g (0.0045 mol) of 3,l-dihydro-2H-thianaphtheno
13,2=blthiapyran-li-ol in 20 ml of refluxing glacial acetic
acid was added 1.5 g (0.0045 mol) of trityl perchlorate in
20 ml of nitromethane. Reflux was continued for fifteen min
and the reaction mixture was allcwed 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-b Jthiapyrylium
perchlorate, Four recrystallizations from glaciel 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 mu (log € = Lelt7), 297 (L.05),
and 379 (4.12); nmr (CPyC0,D) 8 9.92 (4, 1, J = 8 Hz, E-2),
9.52 (d, 1, J = 8 Hz, H-l}), 8.75 (¢, 1, J = 8 Hz, H-3) and
(8.75-8.60 (m, 1) and 8,40-7.70 (m, 3, H'8-6,7,8,9)) ppm

._A_n_a_J;. Caled for C;H,C10)8,: C, 43.64; H, 2.33; S,
21,18, Pound: C, 43.89; H,2.52; S, 20.95.

3=Thianaphthenyl chloride (57)

Hydrogen chloride gas was passed into a stirred mix-
ture of 65.25 g (0.85 mol) of thiapaphthene, }48.5 g (0.600
mol) of aqueous 7% formaldehyde and 48.5 ml (0.58 mol) of
concentrated hydrochloric acid through a subsurface addition
tube, The temperature rose to L0° 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
(K2603), filtered and uvaporated to an oil on a rotary evap-
orator. Distillation at 117-8° (3 mm); 11t.5! bp 125-7°
(2 mm) gave 58.5 g (714) of 3-thiasnaphthenyl chloride after
allowing for a 7.6 g forerun of unreacted thisnaphthene. The
nmr spectrum in CCl), consisted of 8 7.80-7.50 (m, 2, Ar-H),
7.40-7.10 (m, 3, Ar-H), and .53 (s, 2, CH,C1) ppm.
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S-(3-tﬂianaghthenxll-mercaétoacetic acid (58)

To 14.1 g (0,153 mol) of mercaptoacetic acid dissolved
in 100 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 olly
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 (HgSOu), 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 gummy semi-solid was collected on a filter and washed
with petroleum ether. Recrystallization from cyclohexane
gave 11.5 g (31.6%), mp 91-103°, Sublimation at 100° (0,10
mm) gave an analytical sample: mp 103-105.5°; ir (KBr) 3630-
2500 (bonded OH), 1690 (acid C=0), and strong bands at 1l;20,
1290, 1128, 930, 760 and 730 cm~l; nmr (CDC13) & 11.80 (s,
1, CO,H), 8.00-7.67 (m, 2, Ar-H), 7.53=7.20 (m, 3, Ar-H),
L.10 (s, 2, CH,S) and 3.07 (s, 2, SCH,) ppm.

Anal. Calcd for CyiH;o028,: C, 55.43; H, 4.23, 8, 26.91.
Found: C, 55.32; H, Lh.ii7; S, 27.01.
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3,li=-Dihydro-1H-thianaphtheno[3,2=c |. thiapyran-ii-one (59)

A solution of 10.5 g (0.0l mol) of S-(3-thianaphthenyl)-
mercaptoacetic acid, L.0 ml (0.055 mol) of thionyl chloride
and 0.2 ml of pyridine in 200 ml of dry ether (distilled from
1ithium aluminum hydride) was stirred at reflux for one-half
hr, The mixture was evaporated to dryness ig_!gggg_on a
steam bath and flushed with dry benzene at atmospheric press-
ure. Upon cooling to <10°, 26.4 ml (0.225 mol) of anhydrous
stannic ¢éhloride 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 (Mgsoh). 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 yleld
6.9 g (11%) of 3, ~dihydro-1H-thianaphtheno [3,2~c Jthiapyran=-
li~one, mp 153-5°. Recrystallization from carbon tetrachloride-
benzene with a carbon treatment gave .2 g (43%), 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) end

recrystallization from methanol-water with a carbon treatment
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gave O,1 g: mp 159-160°; ir (KBr) 1640 (C=0), and strong bands
at 1355, 1280, 1255, 989 and 760 em™l; mamr (CDC1, and ceyy, )
6 8.00-7.25 (m, k4, Ar-H), 4.02 (s, 2, CH,S), and 3.60 (s, 2,
CH,S), and 3.60 (s, 2, SCH,CO) ppm.

Anal. Calcd for C,,Hg0S,: C, 59.97; H, 3,663 S, 29,11,
Found: C, 60.,25; H, 3.49; S, 28.93.

-Dihydro-1H~thianaphtheno [3,2-c Jthiapyran=-i-ol (60

To a solution of 2.20 g (0,01 mol) of 3,4-dihydro-l1H-
thianaphtheno[3,2-c Jthiapyran-l-one dissolved in 200 ml of
isopropyl alcohol was added 0.38 g (0,01 mol) of sodium boro-
hydride. 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 (Hgsou), 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 yleld
1.9 g (86%) of 3,4 -dihydro-1H-thianaphtheno(3,2-c 1thiapyran-
l-01, mp 1268-132°, Sublimation at 110° (0,20 mm) followed
by recrystallization from methanol-water with a carbon treat-
ment gave an analytical sample: mp 139.0-140.5°; ir (KBr)
3500-3140 (bonded OH), 3040 weak (aromatic H), 2880 medium
(methylene), and strong bands at 1430, 108, 1378, 1260,
1188, 1150, 1060, 1040, 755 and 728 cm™l; nmr (CDC13) 8 7.95-
7.27 (m, 4, Ar-H), 5.00 (m, 1, HOCH), 3.80 (s, 2, CH,S), 3.12
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(m, 2, SCH,CHOH), and 2,75 (m, 1, OH, exchanges with D,0) ppm.

Anal. Caled for CyyHyo08,: C, 59.42; H, 4.53; S, 28.85.
Found: C, 59.62; H, 4.57; S, 28.83.

Thianaphtheno[3,2-c]thia 1ium perchlorate (1

To a magnetically stirred, refluxing solution of 1.0 g
(0.0045 mol) of 3,lk~-dihydro-lH=thianaphtheno [3,2-c Jthiapyran-
L-ol in 16 ml of glacial acetic acid was added 1.5} g (0.0045
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 173-6°. Recrystal-
1ization of 0.5 g from 4O ml of glacial acetic acid with a
carbon treatment gave 0.3 g of yellow needles, mp 178=80°,
after drying over P,0g at 25° (0.07 mm): visible and uv max
(14 perchloric acid in acetonitrile), 233 sh (log t = L.13),
237 sh (4.18), 25k (4.56), 2.65 (4.32), 283 (4.25), 31k (3.81),
384 (3.80); nmr (CF3C0,D) & 10,57 (m, 1, H-1), 9.60-9.15 (m,
2, H-3 and H-}), 8.73-8.47 (m, 1, Ar-H), and 8.27-7.67 (m, 3,
Ar-H) ppm. ’ '

Anal. Caled for C),H,C10 8, C, 43.64; H, 2.33; 8,
21,18, Found: C, 43.78; H, 2.63; S, 21.28.,
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S=(3-thienaphthenyl )~thiolactic acid (61)
To 16.25 g (0.153 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-thianaphthenyl
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 oll 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 (514), mp 93.5-96,0°, Sub-
limation at 90° (0.05 mm) gave an analytical sample: mp 94.0-
97.0° 1ir (KBr) 3300-2500 (bonded OH), 1680 (acid C=0), and
strong bands at 1445, 1420, 1281, 1231, 1059, 925, 758 and
730 em™1; nmr (CDC14) & 12.15 (s, 1, COyH), 8.13-7.70 (m, 2,
Ar-H), 7.50-7.18 (m, 2, Ar-H), 4.33 (4, 1, J = 1l Hz, CH;S),
Lh.o5 (4, 1, J = 1l Hz, CH,S), 3.40 (q, 1, J = 7 Hz, s-cg_an),
and 1.43 (4, 3, J = 7 Hz, 0113) ppm,

Anal. Caled for Cy,H;,0,8,: C, 57.11; H, L4.79, S,
25.1. Found: ¢, 57.33; H, 4.78; s, 25.40,
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3-Meth11-3,k-dihxdro-1H-th1anaghtheno|3,2-c]thiagzgén:g-ono (62)
A solution of 10.09 g (0.0} 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-

fum 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 stamnic 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
(ugsoh), filtered and evaporated to a solid on a rétary evap-
orator. The solid was slurried in petroleum ether, collected
on a filter and air dried to yield 7.h g (79%) of 3-methyl-
3,4-dihydro-1H-thianaphtheno(3,2-¢ Jthiapyran-ii-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 g; mp
105.0-106,.5°; ir (KBr) 2960, 2920, 2880 weak (methyl and
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methylene), 1650 strong (C=0), and strong bands at 1525,
1425, 1360, 1300, 1242, 912, 882, 753, and 725 cm™l; nmr
(cDCl3) 8 7.98-7.28 (m, L, Ar-H), 4.37-3.60 (m, 3, CHpSCH),
and 1.57 (4, 3, J = 7 Hz, CH,) ppm.

Anal, Caled for C,,H)0Sp: C, 61.52; H, 4.30; 8, 27.35.
Found: C, 61.30; H, 4.27; S, 27.09.

3=Msthyl-3,li-dihydro-1H-thianaphtheno [3,2-0 thiapyran-li-ol (63)
To a solution of 2.0 g (0.0086 mol) of 3-methyl=3,l-

dihydro-1H-thianaphthenol3,2-c Jthiapyran-i-one dissolved in
250 ml of warm isopropanol was added 0.323 g (0.0086 mol) of
finely powdered sodium borohydride. 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 (ugsou), riltered and evaporated on

a rotary evaporator to an oil which solidified on standing.
The s0lid was slurried in petroleum ether, collected on a
filter and air dried to yield 1.9 g (94%) of 3-methyl-3,l-
dihydro-1H=thianaphtheno (3,2-c Ythiapyran-lj-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), 3040 weak (aromatic H), 2850
weak (methyl and methylene), and strong bands at 1430-1370,
1015, 750 and 728 om~l; mmr (CgDg end CDCl3) 6 7.98-7.15

(m, ly, Ar-H), 4.67 (4, 1, J = 2 Hz, HCOH), L4.42-2.90 (m,
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3, CHy-S-CHCH3), 2.77 (s, 1, OH), exchanges with D,0, and
1.75"1.“ (m’ 3’ C%) Ppm.

Anal. Caled for 012H12082= ¢, 60.,98; H, 5.12; S, 27.13.
Found: C, 61.09; H, 5.08; S, 26,96,

-Methyl thianaphtheno[3,2-c Jthia l1ium perchlorate (1

To a magnetically stirred, refluxing solution of 1.0
g (0.0042 mol) of 3-methyl-3,l-dihydro-l1H-thianaphtheno
{3,2=c Jthiapyran-li-ol in 16 ml of glacial acetic acid was
added 1.445 g (0.00442 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 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 snalytical sample: mp 211-12°, dec.; visible and uv
max (1% perchloric acid in acetonitrile), 21,0.5 ms (log € =
4.28), 258 (4.40), 265 sh (4.39), 283 (4.28), 312 (3.91),
385 (3.681); nmr (CF4CO,D) 6 10.33 (s, 1, H-1), 9.00 (s, 1,
H-}), 8.50 (m, 1, Ar-H), 8.20-7.70 (m, 3, Ar-H), and 3.17
(s, 3, CH;) ppm.

Anal. Caled for C),H,C10,3,: C, 45.50, H, 2.86; S,
20.2ly. Found: C, 45.68; H, 3.09; S, 20.26.
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2=Methylthianaphthene (6l;)

To 6,94 g (* 0 g-atom) of 1ithium metal stirred under
a helium atmosphere in 250 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 (0.333 mol) of thianaphthene in SO ml
of ether was added over one-half hr at <0° After stirring
for one hr at 0°, 62.2 g (0.333 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
(ugsoh), riltered and the ether removed at atmospheric press-
ure. Distillation at 80 mm, followed by recrystallization
from ethanol, gave 33.5 g (64€) of 2-methylthianaphthene:
mp 49.5-51.5% 11t.%2 mp 51.5-52°; nmr (CC1}) 8 7.70-6.82
(m, 5, Ar-H), and 2.45 (s, 3, CH3) 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 P,0z at 0.1 mm) 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 rothry 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, end sol-
vent removal, the oil was distilled at 118-20° (0.20 mm),

mp 51-4°; 116.52 46o; mue (cC1) 6 8.27-7.17 (m, Ar-E), end
4.68 (s, CHoBr) ppm in the ratio of 3.65/1, caled 2.5/1.

S-(2-thianaphthenyl )-mercaptoacetic acid (66)

To ;.80 g (0.052 mol) of mercaptoacetic acid dissolved
in 300 ml dry glyme (distilled from lithium aluminum hydride)
was added 5.62 g (0.10 mol) of sodium methoxide. The thick
white precipitate was broken up and 11.8 g (0.052 mol) of
2-bromomethylthianaphthene was washed into the flask with
100 ml of dry glyme. The mixture was stirred at reflux for
tuenty hrs. Upon cooling, the white precipitate was dis-
solved in 100 ml of water and the solution was oviporated to
100 ml on a rotery evaporator. After the addition of 50 ml
of 10% sodium carbonate solution, the solution was extracted
with two 100 ml portions of benzene. After aclidification
with concentrated hydrochloric acid, the mixture was ex-
tracted with two 100 ml portiona of benzene. After drying
(ngsou) » Tiltration and evaporation to an oil on a rotary
evaporator, dilution with potroim ether gave a solid. After
2l; hra refrigeration, the so0lid was collected on a filter,
washed with petroleum ether and air dried to yield 6.0 g
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(48€) 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 mm) gave an anal=-
lytical semple: mp 95-96.5° (with prior softening); ir (neat)
3400-2500 (bonded OH), 1705 (acid C=0), and strong bands at
1h12, 1295, 748, 728 and 679 cm~l; nmr (cDc14) & 11.35 (s,
1, CO,H), 7.87-7.50 (m, 2, Ar-H), 7.47-7.12 (m, 3, Ar-H),
k.12 (s, 2, CH,S), and 3.17 (s, 2, SCHy) ppm.

Anal. Calcd for Cy,H;,0,S,: C, 55.43, H, 4.23; S, 29.61.
Found: C, 55.66; H, 3.98; S, 26.67.

3,4-Dihydro-1H-thisnaphtheno[2,3~c lthiapyrandi-one (67)
A solution of 2,0 g (0,008 mol) of S-(3-thianaph-
thenyl )-mercaptoacetic acid, 0,6 ml (0.008l mol) of thionyl
chloride and 0.2 ml of pyridine in 150 ml of dry ether (dia-
tilled from lithium aluminum hydride) was stirred at reflux
for rifteen 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 m1 (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 tuo 100 ml portions of



129

benzene. The combined benzsne layers were washed with 100
ml of water and 100 ml of 10% sodium carbonate solution with
a riltration before each separation. The benzene solution
was dried (ngsoh), 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 (111%) of 3,l-
dihyaro-1H-thianaphtheno [2,3-c Jthiapyran-lj-one, mp 110-120°.
Recrystallization from carbon tetrachloride-methanol, subli-
mation at 110° (0.18 mm) and two recrystallizations from
methanol-water, the second with a carbon treatment, gave an
analytical sample: mp 120,0-121.5°; ir (KBr) 3060 weak (aro-
matic H), 2970 and 2890 weak (methylene), 1650 (C=0) and
strong bands st 1455, 1428, 1365, 1200, 760 and 724 cm™;
mwr (CDCly) 8 8,60 (m, 1, Ar-H), 7.70 (m, 1, Ar-H), 7.47-
7.18 (m, 2, ArH), 3.92 (d, 2, J = 1.5 Hz, CH>S), and 3.Lk
(d, 2, J = 1.5 Hz, SCH,CO) ppm.

Anal. Caled for C,,Hg0,S,: C, 59.97; H, 3.66; S, 29.11.
Pound: C, 60.,15; H, 3.70; S, 29.17.

3 li=-Dihydro-1H-thianaphtheno [2,3~c Jthiapyran-h-ol (68)
To 1.75 g (0.008 mol) of 3,h-dihydro-1H-thianaphtheno
[2,3-¢ 1thiapyran-j-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 ml on a rotary evaporator.
After addition of 125 ml of water and 125 ml of benzene, the
layers were separated and the aqueous layer was extracted
with three 100 ml portions of benzene. The combined benzene
layers were dried (Hgsou). 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 (74%) of
3,lj-dihydro~-1H-thianaphtheno[2,3-c 1thiapyran-lj-ol, mp 78-8,°.
Recrystallization from methanol-water with a carbon treat-
ment, followed by sublimation at 95° (0,10 mm) gave an anale
lytical sample: mp 89-91°; ir (KBr) 3500-3100 (bonded OH),
2875 medium (methylene), and strong bands at 135, 1411,
1190, 1045-1018 and 740-720 em™l; rmr (€DC1,) 8 B.00-7.55
(m, 2, Ar-H), 7.48-7.22 (m, 2, Ar-H), 5.00 (m, 1, HOCH),
‘.00 (4, 2, J = 17 Hz, CH,S), 3.50 (4, 2, J =17 Hz, CH,S),
3.03 (m, 2, SCH,CHOH) and 2.77 (m, 1, CHOH, disappears on
exchange with D>0) ppm.

Anal. Caled for C,.H, 05,: C, 59.42; H, }.53; S, 28.85.
Found: C, 59.35; H, 4.71; 8, 28.58.

Thianaphtheno[2,3-c lthiapyrylium perchlorate (16)
To a magnetically stirred, refluxing solution of 0.88

g (0,004 mol) of 3,4-dihydro-1H-thisnaphtheno[2,3-¢thiapyran-
-0l in 15 ml of glacial acetic acid was added 1.37 g (0.004
mol) of trityl perchlorate in 15 ml of nitromethsne. After a
rifteen 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 100 ml with
ether and overnight refrigeration, the solid was collected
on a filter and air dried to give 1.1 g (91%) of thianaph-
theno(2,3=clthiapyrylium 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 mt (log € = L.24), 35k
(4.18), and 433 (3.52); nmr (CF3C02D) 8 10.40 (m, 1, J =
2 Hz, H-1), 9.55 (two singlets, 2, H-3 and H-}), 8.77 (m,
1) and 8.32-7.68 (m, 3, H's 6, 7, 8, 9) ppm.

Anal. Calcd for °11“7°1°h§2’ C, 43.6l4; H, 2.33; S,
21.18. Found: C, 43.82; H, 2.37; S, 21.10.

Ethyl S=(2=-thianaphthenyl)-3-mercaptopropionate (69)

To 3.7 g (0,50 g=-atom) of 1lithium metal stirred under
a helium atmosphere in 250 ml dry ether (distilled from lith-
jum 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 ml 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 2l,° 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 25°, 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 Sther layer was
washed with three 10 ml portions of water (meutral to 1litmus).
The aqueous layers were re-extracted with two 100 ml portions
of ether which were combined and washed with three 50 ml por-
tions of water. The combined ether layers were dried (Hgsoh_),
filtered and evaporated to an oil on a rotary evaporator. The
distillation temperature varied from 128-16/;° as the oil bath
temperature varied from 170-210° The distillation tempera-
ture was sbout lL0-50° below the oil bath temperature. Dis-
tillation at 0.2 mm gave 30.8 g (58%) of ethyl S~(2-thianaph-
thenyl )=-3-mercaptopropionate. Redistillation gave an anal-
l1ytical sample: ir (neat) 3050 weak (aromatic H), 2950, 2920
strong and 2865 medium (methyl and methyleme), 1730 (ester
C=0), and other strong bands at 1452, 1420, 1370, 1345, 1278,
1242, 1178, 747 and 725 cm~l; mar (GgDg) & 7.70-7.05 (m, S,
Ar-H), 4.00 (q, 2, J = 7.5 Hz, OCH>CH3), 3.05 (t, 2, J =7
Hz, SCHp), 2.53 (t, 2, J = 7 Hz SCH,CH,), and 1.02 (t, 3,
J =175 HS.CHZC%) ppm.

Anal, Caled for C3H)) 0,85: C, 58.61; H, 5.30; S, 2li.08.
Found: C, 58.71; H, 5.21; S, 24.20.

S-(2-thisnaphthenyl )~3-mercaptopropionic acid (70)

A mixture of 12.0 g (0.045 mol) of ethyl S~(2-thianaph-
thenyl)-3-mercaptopropionate and 1,0 1. of 50% hydrochloric
acid was stirred at reflux overnight. Upon cooling, the oil
aolidified and was collected by filtration. The gummy solid
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was taken up in 400 ml of benzene, which was washed with
three 75 ml portions of water, dried (HgSOh), 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 6.0 g, mp
60-90°, Recrystallization from cyclohexane gave 2.7 g (25%)
of S-(2-thianaphthenyl )=3-mercaptopropionic acid, mp 109-11}°,
Sublimation at 166° (0.05 mm) gave an analytical sample: mp
115,5-118.0°; ir (KBr) 3300-2500 (bonded OH), 1684 (acid
C=0), and strong peaks at 1418, 1392, 1233, 923, 918, 813,
749, 740 and 722 cm~1l; nmr (cD013) 6 11,37 (s, 1, CO-H),
7.78 (m, 2, Ar-H), 7.50-7.25 (m, 3, ArH), 3.30-3.03 (m, 2,
SCH-CK,), and 2,90-2,55 (m, 2, SCH>CHy>) ppm.

Anal. Calcd for C;;H 0,S,: C, 55.43; H, L.235 S, 26.91.
Found: C, S5.53; H, L.31; S, 26,68,

3, -Dihydro-2H-thianaphtheno(2,3-blthiapyran-ii~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
1ithium 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 tempersture rose to 15° and the slurry was
stirred at 30° for one hr. The slurry was poured onto 100
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ml 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 795 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 (Hgsoh_) »
filtered and evaporated to a solid., The solid was slurried
in petroleum ether and collected on a filter. Reorystalliza-
tion from benzene-petroleum ether with a carbon treatment
gave 2.2 g (79%) of 3,4-dihydro-2H-thianaphtheno [2,3-b Jthia~
pyran-li-one, mp 122-5°, Sublimation at 120° (0,15 mm) 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) 1640 (C=0) and strong bands at 1445, 1402,
1358, 1162, 740 and 736 cm™l; row (ccyy,) o 8.67-8.47 (m, 1,
Ar-H), 7.75=7.20 (m, 3, Ar-H), 3.58~3.27 (m, 2, SCH,) and
3.03-2.72 (m, 2, SCH,CH>) ppm.

Ansl, Calcd for C,,Hg0S,: C, 59.97; H, 3.66; S, 29.11.
Found: C, 60.,16; H, 3.69; S, 29.05.

3,}i-Dihydro-2H-thisnaphtheno [2,3-b Jthiapyran=ii-ol (72)

To a solution of 1.9 g (0.0086 mol) of 3,li-dihydro~-2H=-
thianaptheno [2,3=bJthiapyran-l~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 1sopropanol mixture
was extracted with three 100 ml portions of benzene, The
combined benzene extracts were washed with 100 ml of water,
dried.(Hgsoh). filtered and evaporated to a solid on a rotary
evaporator. The so0lid was slurried with petroleum ether,
collected on a filter and air dried to give 1.7 g (83%) of
3,4~-dihydro-2H-thianaphtheno [2,3=b Jthiapyran-li~ol, mp 115,0-
116.5°, Sublimation at 103° (0.12 mm) gave an analyticsl
sample: mp 115,0~118.0°; ir (KBr) 34.00-3000 (bonded OH),
2880 weak (methylene), and strong bands at 1,00, 1260, 12li0,
1018, 905 and 728 em™; mar (CDCl;) 8 7.82-7.55 (m, 2, Ar-H),
7.48=-7.08 (m, 2, Ar-H), 5.05 (m, 1, HOCH), and 3.75-1.72 (m,
5, HOCHCH,CH,) ppm.

Anal. Caled for C,,H, 0S,: C, 59.42; H, 4.53; S, 28.85.
Found: C, 59.62; H, L.61; S, 28.97.

Thianaphtheno [2,3-blthiapyrylium perchlorate (17)

To a magnetically atirred, refluxing solution of 0.60
g (0.0027 mol) of 3,l-dihydro-2H=-thianaphtheno[2,3=bJthia-
pyran-li~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 rouf hrs with stir-
ring. The solvent was removed on a rotary evaporator and
the resulting oil solidified on dilution to [,0O ml with
ether. After overnight refrigeration, the golden yellow
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product was collectad on a filter and air dried to give 0.7
g (86%), mp 2144-6° 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), 2l43
me (log € = L.49), 302 (4.18), 361 (3.64), 423 (3.74); mmr
(CF460,D) 8 .9,93-9.60 (m, 2, H=2 and H-l{), and 9.13=7.75 (m,
5, H=2, H=5, 6, 7, 8) ppm.

Anal. Calcd for CyyH,Cl0S,: C, 43.6L; H, 2.33; S,
21,18, Found: C, 43.76; H, 2.59; S, 21.08.

3=Thienyl-n-butylsulfide (Lﬂ)
To 6.94 g (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 refiluxed 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 (ngsoh), 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 mm), 11t.63 bp 137-150° (impure)
(30 mm). Redistillation gave 2l g, bp 67° (0.50 mm) (}48%,
after correcting for unreacted 3-bromothiophene); ir (nert)
3100 medium (aromatic H), 2955, 2925, 2870 strong (methyl
and methylene), and other bands at 1j62, 1350, 1195, and
1100 medium and strong bands at 89, 852 and 775-755 cm™1;
nmr (Cclh) 8 7.30-6.85 (m, 3, Ar-H), 2.77 (¢, 2, J = 7.5,
SCH»), 1.77-1.20 (m, li, CHCH)), snd 1.03-0.67 (m, 3, CH3) ppm.

Anal, Caled for CgH ,8,: C, 55.76; H, 7.02; S, 37.22.
Found: C, 55.83; H, 7.29; S, 37.21.

6=Methyl-1 ~tetrahydrothiapyrano =b ]indole

A mixture of 31.7 g (0.22 mol) of O-tolylhydrazine
hydrochloride, 23.2 g (0.20 wmol) of tetrahydro-l,li~thiapyrone
and 16t g (0.20 mol) of anhydrous sodium acetate in SO ml of
acetic acid was refluxed twelve hrs. The solution was poured
into water to give an oil, which was extracted with benzene.
The benzene solution was dried (K2603). riltered and evapor-
ated to an oil which crystallized from ethyl acetate-petroleum
ether to give 6.0 g of crude product, mp 135-148°. Recrystai-
lization from ethanol-water and final sublimation at 130°
(0,04 mm) yielded 3.7 g of 6-methyl-l,3,l,5-tetrahydrothia~
pyrano [l},3-b Jindole as white crystals, mp 15}4-158°,

Ana). Calcd for clzﬂnns.:'c, 70.89; H, 6.45; N, 6.89;
S, 15.77. Pound: C, 70.98; H, 6.22; N, 7.07; S, 15.80,
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6 =Methylthiapyrano [li,3-b indole (20)
A mixture of 2,03 g (0,01 mol) of 6-methyl-l1,3,l},5-

tetrahydrothiapyrano [l4,3-bJindole and 4.92 g (0.02 mol) of
chloranil in 150 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 rilter, 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%X) of
6-methylthiapyrano [li},3~b }Jindole as yellow crystals, mp 162,5-
165°; viaible and uv max (95% ethanol) 228 mu (log & = }.23),
275 (4.59), 300 (4.14), 359 (3.47) sh, 413 (3.48); nmr (CDC13)
5 8.76 (4, 1, th = 3,0 Hz, H-1), 8.27 (d, 1, J3h = 9,5 Hz,
H<i), 8.00-7.20 (m, 4, H=3, 7, 8, 9) and 2.82 (s, 3, CH3) ppm.
Anal, Calcd for Cy,HgNS: C, 72.32; H, 4.55; B, 7.03;
S, 16,09. Found: C, 72.25; H, 4.53; N, 7.19; S, 16.03.

8-Chlorothiapyrano [y ,3-blindole (21

A mixture of 2.2l g (0.0l mol) of 8-chloro=1,3,},5~
tetrahydrothiapyrano [i},3=b Jindole 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% agueous sodivum 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-chlorothiapyranol(li,3-blindole, mp
192-196° dec, Two sublimations, the last at 130° (0,10 mm),
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gave orange-yellow crystals, mp 194-195.5° dec.; visible and
uv max (95% ethanol) 229 mu (log € = L.h1), 278 (L.L49), 284
(4.61), 303 (4.4o), 356 (3.59), 410 (3.44); nmr (CDC13) O
8.80 (a, 1, J13 = 3,0 Hz, H-1), 8.18 (4, 1, J3h_ = 10,0 H=,
H-}), 8.00-7.50 (m, L4, H-3, 6, 7, 9) ppm.

Apal, Caled for C, H/.CINS; G, 60.13; H, 2.75; Cl, 16.1h;
N, 6.38; S, 14.60. Found: C, 60.16; H, 2.77; ©Cl, 16.34; N,

6.35; SD 11"‘55'

8-Methoxythiapyranofly,3-b)indole (22)
A mixture of 2.17 g (0.0l mol) of 8-methoxy-1,3,k,5-
tetrahydrothiapyranoll,3-blindole and .56 g (0.02 mol) of

DDQ in 150 ml of xylene was refluxed for five hra. The re-
sulting brown,solid complex was filtered while hot, dried
and stirred with 200 ml of 10f dqueous sodium hydroxide over-
night. The alkall-insoluble residue was collected on a fil-
ter and thoroughly washed with water to give a gummy 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
1448-9°; visible and uv max (95% ethanol) 226 mu (log € =
4.28), 286 (4.60), 2.95 (L4.55) sh, 367 (3.51) sh, 426 (3.24);
mr (CDC14) 8 8.75 (4, 1, Jy3 = 3.0 Hz, H-1), 8.15 (4, 1,
J3), = 9.5 Hs, B-ly), and 7.96-7.16 (m, L, H-3, 6, 7, 9) and
3.93 (s, 3, CH3) ppm. |

Anal, Caled for C,,HgNOS: C, 66.95; H, 4.21; N, 6.51;
S, 14.90. Found: C, 66.92; H, 4.09; N, 6.42; 8, 1.77.
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8-Nitrothiapyrano[li,3-blindole (23)

A mixture of 2.35 g (0.0l mol) of 8-nitro-1,3,4,5-
tetrahydrothiapyranoc [l},3-b1indole and 4.56 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 2l 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 (154) of 8-nitrotbia-
pyrano [l},3-b Jindole as yellow crystals, mp 272-3°; visible
and uv max (95% ethenol) 273 my (log E = 4.Ui8), 320 (3.89),
398 (3.55).

Anal, Caled for C,,H/N,0,8: 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.6h

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 <j0°,
The yellow slurry was cooled to 10° after the addition was
complete. The product was collécted on a filter, washed with
50 ml of ether, and dried ln vacuo over sulfuric acid to yield
9.2 g (90%) of yellow crystals, mp 130-2°; 11¢,50 mp 143-4.°.
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