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The long-wavelength electronic absorption frequencies of thiapyrylium ion (1) and 11 di-, tri-, and tetra- 
nuclear benzologs have been correlated with transition energies calculated by Huckel molecular orbital theory. 
Systematic variation of the coulomb integral for sulfur and the carbon-sulfur bond integral yielded an optimum 
correlation with the parameters hs = 0.9 and kcs = 0.6. The final regression line, s = 2 6 . 0 5 3 ~ ~  - 0.677 
kcm-1 (correlation coefficient, 0.992), passed well within two standard deviations (S i  = 0.609 kcm-1) of the 
origin, thereby conforming unexpectedly to simple theory. Syntheses of several new polynuclear thiapyrylium 
ialts, including 2- and 3-thiaphenanthrenium ( 6  and 7), 7-thiabenz[a]anthracenium (lo) ,  IZthiabenz [alanthra- 
cenium ( 11) peichlorates, and 5-thianaphthaceiiium (12)  2,4,6-trinitrobenxenesulfonate, are described. 

Quantitative correlations of electronic spectral band 
frequencies with transition energies calculated from 
Huvkel molwular orbital (HA10) theory have recently 
been reported for pyridine and related azines,2 for a 
number of substituted pyrylium salts,3 and for an assort- 
ment of hetcrocyclic sulfur compounds of contemporary 
i n t e r e ~ t . ~  Among this last group, salts of the thiapy- 
rylium ion (1) and its benzologs appeared to us particu- 
larly suitable for a systematic spectral evaluation of 
the coulomb and resonance integrals appropriate for 
thionium sulfur, and we report here a correlation based 
on such a study of the 12 cations illustrated in formulas 
1 t o  12 (Chart I). 

CHART I 
STItCC'PCRES O F  THE THI.IPYRYLIUM COMPOUNDS STUDIEDn 
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Q 411 salts were per(:hlorates except that of 12 which was the 

2,4,6-trinitrobenzenesiilfonate. 

When this work was initiated only the perchlorate 
salts of thiapyrylium ( 1-thianapht'halenium (2) ,6 

2-thianaphthalenium (3) ,6 thioxanthylium (4),' and 

(1) Based on part I of the Ph.D. dissertation of C. J. Ohnmacht, Lehigh 
University, 1966. 

(2) R. Zahradnfk and J. Kouteck?, Aduan. Heterocyclic Chem., 5,  79 
(1965). 

(3) G. V. Boyd and N. Singer, Tetrahedron, 21, 1263 (1965). 
( 4 )  R. Zahradnlk, Adurm. Heterocyclic Chem.. 6, 42 (1965). 
( 5 )  -i. Liittringhaus and N. Engelhard, Angew. Chem., 73, 218 (1961). 
(0) .2. Liittringhaus and N. Engelhard. Chem. Ber., 93, 1825 (1960). 
( i )  C. C. Price, M. Hori, T. Parasaran, and M .  Polk, J .  Am. Chem. Soc., 

86, 2278 (1963). 

9-thiaphenanthrenium (9)* ions were known. Sub- 
sequently, the 1- and 4-thiaphenanthrenium (5 and 8) 
perchlorates were also disclo~ed,~ but the reported 
yields (8 and 0.3%, respectively) were unattractive, 
and we therefore present here new preparations of 
these two salts, along with syntheses of 2- and 3- 
thiaphenanthrenium (6 and 7),  7-thiabenz [alanthra- 
cenium (IO), and 12-thiabenz [alanthracenium (1 1) 
perchlorates, as well as 5thianaphthacenium (12) 
2,4,6- t rini trobenzenesulfonat e. 

Syntheses of the isomeric thiaphenanthrenium salts 
all followed the pattern illustrated by the following 
explicit example (Chart 11). S-(1-Kaphthylmethy1)- 

CHART I1 
SYNTHESES OF THIAPHENANTHRENIUM PERCHLORATES 
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thioglycollic acid (13) 10 was cyclized with phosphorus 
pentoxide in benzene solution to give a 16% yield of 
bens [h]isothiochroman-1-one (14) , I1  which on reduc- 
tion with lithium aluminum hydride yielded (92%) 
the corresponding carbinol (15). On treatment with 
trityl perchlorate12 in acetic acid-nitromethane solu- 
tion, the carbinol underwent both dehydration and hy- 
dride abstraction to give a 54% yield of 3-thiaphen- 
anthrenium (7) perchlorate. Analogous procedures 

(8) A. Lattringhaus and A. Kolh, 2. h'aturforsch., 16b, 762 (1961). 
(9) N. Engelhard and A. Kolb, Ann., 673, 136 (1964). 
(lo) Vi. Gundel, German Patent 814, 596 (Sept 24. 1951); Chem. Abs t r . ,  

(11) The enumeration adapted in the fused system corresponds to tha t  of 

(12) K. A.  Hoffman and H. Kirmreuther, Ber , 43, 4856 (1909). 

47, 1741 (1953). 

the analogous benzenoid hydrocarbon, In this case, phenanthrene. 
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starting from the known benzo [f]thiochroman-4-one 
(16),13 benz [f]isothiocl~roman-4-one (17),14 and benzo- 
[hlthiochroman-l-one (18)13 led to  the isomeric l-, 
2-, and 4-thiaphenanthrenium (5,6, and 8, respectively) 
perchlorates. 

Preparations of the tetranuclear thiapyrylium salts 
are shown in Chart 111. Reduction of benzo[b]thio- 

CHART I11 
SYNTHESES OF TETRANUCLEAR THIAPYRYLIUM SALTS 
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xanthen-12-one ( 19)15 with excess sodium borohydride in 
refluxing 95% ethanol also gave a clean reduction to  
the colorless alcohol (20) in 79% yield Reaction of 
this alcohol with perchloric acid immediately gave a 
dark blue precipitate (presumably 12 perchlorate) 
which was extremely sensitive to atmospheric moisture 
and rapidly turned green, then yellow, on exposure to 
air. However, treatment of the alcohol 20 with 2,4,6- 
trinitrobenzenesulfonic acid dihydrate16 in acetic acid 
containing acetic anh,ydride yielded dark blue crystals 
of 5-t hi anaph thacenium (1 2) 2,4,6- trinitrobenzenesul- 
fonate in excellent yield. This salt was stable to atmos- 
pheric moisture, and, dthough it was discolored rapidly 
by the 1% perchloric acid in acetonitrile normally 
used to obtain the electronic spectra, it could be re- 
crystallized convenient,ly from acetic acid-acetic anhy- 
dride solution, and was sufficiently stable in acetic 
acid to determine it,s ultraviolet-visible spectrum. 

Attempted reduction of benzo [c]thioxanthen-7-one 
(21)15917 with sodium borohydride in methanol or with 

(13) F. Krollpfeiffer and H .  Schultze, Ber., 66, 1819 (1923). 
(14) P. Cagniant, G. Jecko, and D. Cagniant, B2rEl. Soc. Chim. France, 

(15) R .  Martin, N.  Defay, F. Geerts-Evrard, P. Given, J. R.  Jones, and 

(16) D .  J. Pettitt and G.  K.  Helmkamp, J .  070. Chem.. I S ,  2702 (1964). 
(17)  E. G .  Davis and S. Smiles, J .  Chem. Soc., 97, 1290 (1910). 

2217 (1964). 

K. W. JVedel. Tetrahedron, 21, 1833 (1965). 

1 equiv of lithium aluminum hydride in et’her gave only 
unreacted ketone. Reduction of 21 witJh excess so- 
dium borohydride in refluxing isopropyl alcohol for 2 
days gave a mixt>ure (infrared, OOH 3350 cm-1 and no 
carbonyl absorption) of t,he corresponding alcohol 
and benzo [clthioxanthene (22).’* Column chroma- 
tography of a sample of the mixture on silica gel gave 
27% of 22 (mp 86-87.5’) and 72% of the starting ke- 
tone (21) apparently resulting from facile oxidation or 
disproportionation of the alcohol on the column. 
Finally, reduction of the ketone 21 by excess sodium 
borohydride in refluxing pyridine gave only benzo [e] -  
thioxanthene (22) in 34% yield. Treatment of 22 
with o-chloranil and perchloric acidlg then yielded 12- 
thiabenx [a Janthracenium (1 1) perchlorate as dark red 
crystals. 

Ring closure of 2-(2-naphthylthio)benzoic acid (23),*O 
via the acid chloride with stannic chloride, afforded 
benzo [a]thioxanthen-12-one (24) in high yield. This 
ketone also yielded mixtures of the corresponding car- 
binol (25 )  and benzo [althioxanthene (26) on reduction 
with sodium borohydride in either methanol or pyri- 
dine. No conditions were found for formation of either 
discrete compound, nor could t,he two products be ef- 
fectively separated. However, treatment of the mix- 
ture (25 and 26) with trityl perch1orat)e yielded a dark 
red salt having spectral properties, as well as accept- 
able elemental analysis, corresponding to 7-thiabenz- 
[alanthracenium (10) perchlorate. 

Electronic Spectra and HMO Calculations.-Ultra- 
violet-visible spect’ra were measured for the perchlorate 
salts of 2, 4, 5, 6, 7, 8, 10, and 11 in acetonitrile COII- 

taining 1% by volume of i%Y0 perchloric acid. Since 
the absorption maxima of 2,6 5,9 and 89 did not differ 
significantly from values obtained in acetic acid solu- 
t8ion, spectral data in acetic acid for l,j 3,6 and 9* from 
the literature were directly included in this study. 
The spectrum of t’he blue 2,4,6-trinitrobenxenesulfonate 
of 12 was also measured in acetic acid for reasons al- 
ready cited. 

These polynuclear thiapyrylium compounds all 
exhibit electronic spectra (cf. the Experimental Section 
for specific data) which are similar to, but red shifted 
from, those of t,he corresponding polynuclear hydro- 
carbons,21 suggesting that the first absorption bands of 
the thiapyrylium compounds should be designated 
‘ L b  in Platt notation.21 With the exception of 1 and 
4, both of which have Czv symmetry, all of the thiapyryl- 
ium ions studied belong to  the C, point group in which 
all transitions (IA’ + lA’*) are symmetry allowed in 
the molecular plane. The first T -f P* transition of 
t’he parent’ thiapyrylium ion (1) is ‘A1 - IB2* and is 
also formally allowed in the molecular plane and per- 
pendicular to t.he twofold rotation axis. Similarly, 
from the HMO calculations, the first T --t x* transition 
of thioxanthylium ion (4) proves to be ’AI - I&*, 

(18) M .  Kame1 and H. Shoeb [Tetrahedron, 20, 483 (1964)l have similarly 
reported that dibenzo[a,hl- and dibenzo [b,h]xanthone also give mixtures of 
carbinol and methylene derivatives on hydride reduction, but yield exclu- 
sively the carbinols with sodium amalgam. 

(19) Cf. A .  Llittringhaus, N .  Engelhard, and A .  Kolb, Ann., 664, 189 
(1962), and D .  H.  Reid, M .  Fraser, B. B.  Molloy, H.  A.  S. Payne, and R. G. 
Sutherland, Tetrahedron Letters, No. 15, 530 (1961), for other hydride 
abstractions with these reagents. 

(20) J.  Goldberg, Ber., 37, 4527 (1904). 
(21) H. H .  Jaff6 and M. Orchin, “Theory and Applications of Ultraviolet 

Spectroscopy,” John JViley and Sons, Inc., New York, N .  Y., 1962, Chapter 
13. 
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Figure 1 .-Variation of the leastrsquares correlation coefficient 
( T )  with the coulomb parameter (hs )  for kcs = 0.6. 
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Figure 2.-Variation of the least-squares correlation coefficient 
( T )  with the bond-integral parameter ( k c s )  for hs = 0.9. 

which is also allowed parallel to the twofold axis. As a 
consequence of the low symmetry the L b  bands are all 
quite strong, and, except for 12, exhibit log e values 
from about 3 to 4. 

HMO calculations for cations 1-12 were carried out 
in the usual wayz2 using a simplified modelz3 in which 
the coulomb integral for sulfur and the carbon-sulfur 

(22) A. Streitwieser, "Molecular Orbital Theory for Organic Chemists," 
John Wiley and Sons, Inc., New York, N. Y., 1961. 
(23) The unlabeled a is the usual coulomb integral for carbon and 8 is 

the corresponding carbon-carbon bond resonance integral. R. Gerdil and 
E. A. C. Lucken [ J .  A n .  Chem. Soc., 87, 213 (1965)) have recently showm 
tha t  the Longuet-Higgins d-orbital model predicts a completely incorrect 
odd-electron distribution In dibenzothiophene radical anion and have further 
criticized this model on theoretical grounds. We have therefore chosen the 
simple p-orbital model for  the present work. 

bond integral were expressed as as = a + hsP and PCs 
= kc&, r e s p e c t i ~ e l y , ~ ~  and in which no auxiliary in- 
ductive parameter for carbon adjacent to  sulfur was 
employed. As a starting point we used the parameters 
hs = 1.0 and kcs = 0.6, which correspond to Zahrad- 
nik's model BZ,z4 then repeated the calculations for five 
additional values (0.6, 0.8, 0.9, 1.2, and 1.5) of hs. 
Computations were performed on the full secular 
determinants using a G.E. 225 computer and a stand- 
ard-matrix diagonalization program. 

For each set of parameters, the observed wave- 
numbers (P, kcm-') of the longest wavelength electronic 
absorption bands of ions 1-10 were correlated with the 
calculated transition energies expressed as Anz (the 
change in coefficient of ,t? between the lowest unoccupied 
and the highest occupied molecular orbitals)25 by means 
of a least-squares fit to the linear equation ( P  = aAnz + 
b )  of slope (a) and intercept ( b ) .  For a fixed value 
of kcs = 0.6, a plot of the correlation coefficient ( r )  
us. the coulomb parameter (hs) showed a distinct 
maximum in the region hs = 0.9 (Figure 1). The cou- 
lomb parameter (hs = 0.9) was then held constant; the 
computations were repeated for additional values (0.4, 
0.5, 0.7, and 0.8) of kcs. A plot of the correlation 
coefficient (i ') z's. kcs exhibited a maximum at kcs = 
0.6 (Figure 2) ;  hence the paranieters h s  = 0.9 and 
lees = 0.6 constitute a self-consistent optimum set for 
this correlation and yielded a regression line (P = 26.226. 
A m  - 0.880 kcm-') characterized by a high eorrelation co- 
efficient (T = 0.987) and low standard deviation of the 
residuals (X, = 0.638 lxm-l). Thf various regression 
line constants and corresponding data for Figures 1 
and 2 are summarized in Table I. 

TABLE I 
REGRESSION LINES (; = a A m  + b )  FOR VARIOUS SETS OF 

PARAMETERS hs A N D  kcs 
Cor relation 

Regression line constants coefficient, S td dev, 
h s  kcs U b r SI; (kcm-1) 

0 .6  0 . 6  21.470 3.603 0.960 1.103 
0 . 8  0 . 6  24.558 0.651 0.983 0.720 
0.9 0 . 6  26.226 -0.880 0.987 0.638 
1 . 0  0 . 6  27.436 -1.920 0.984 0.690 
1 . 2  0 . 6  28.302 -2.385 0.959 1.111 
1 . 5  0.6 27.589 -1.220 0.900 1.710 
0 . 9  0 . 4  31.169 -2.375 0.942 1.314 
0 . 9  0 . 5  29.229 -2.200 0.970 0.807 
0.9 0 .7  23.296 0.675 0.982 0.736 
0 . 9  0 . 8  20.852 2.072 0 975 0 . 8 i 3  

Salts of ions 11 and 12, which were successfully 
synthesized only after most of the above calculations 
had been completed, exhibited long-wavelength ab- 
sorption bands, the frequencies of which fell within 
one standard deviation of the optimum regression line 
for compounds 1-10, thus lending further support to  
the correlation, as well as corroborating the structural 
assignments of compounds 11 and 12. 

All twelve compounds (1-12) were then included in 
the computation of a final regression line (P = 26.053' 
Am - 0.677 kcm-I) based on the data summarized in 
Table I1 and illustrated in Figure 3. The high cor- 

(24) R. Zahradnik, Aduan. Heterocyclze Chem., 6, 10 (1965). 
(25) The HMO energy levels are usually expressed as E, = a + m,p. 

Zahradnikz' uses the notation E(N-VI) in place of Am. See ref 3 for a 
concise summary of pertinent notation and theory. 
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relation coefficient ( r  = 0.992) and low standard devia- 
tion of the residuals (8, = 0.609 kcm-') for this line 
support the assignment of these long-wavelength bands 
as the first 7r - T *  transitions. 

TABLE I1 

LONGEST WAVELENGTH ELECTRONIC ABSORPTION BANDS OF 

THIAPYRYLIUM COMPOUNDS AND HMO TRANSITION ENERGIES 

Compd Amax, nipa I, kcm-1 Am, P 
1 2s4 3 5 . 2  1.3692 
2 384 2 6 . 0  1.0269 
3 385 26 .0  0.9827 
4 510 19.6 0.7945 
5 432 2 3 . 2  0.9283 
6 425 23 .5  0.9368 
7 41 1 2 4 . 4  0.9825 
8 430b 2 3 . 3  0.9127 
9 424 2 3 . 6  0.9773 

10 454 22 .0  0.8354 
1 1  5 0 S b  19 .7  0.7604 
12 602h 14.5 0.5909 

a All spectra were measured in acetonitrile containing 1% of 
707, perchloric acid except 1,6 3,3 9,* and 12 (this work) which 
were measured in acetic ticid solut'ion. 

( A m )  BASED ON OPTIMGM PARAMETERS ( h s  = 0.9 .4ND kcs  = 0.6) 

Shoulder. 

S o  attempt was mhde to choose a coulomb parameter 
for sulfur which would yield a regression line slope com- 
parable with that for benzenoid hydrocarbons, an 
arbitrary device recently reported for similar correla- 
tions of pyrylium salt ~ p e c t r a ; ~  hence the slope of the 
present regression line yields a value of P (-74.5 
lical/mole) considerably higher than those observed 
for benzenoid moleci~les.22~26 For comparison, Table 
111 summarizes the regression line constants for this 
correlation along with those of other correlations in 
which certain spectral band frequencies show linear 
dependence on Ani. The purely empirical treatment 
of parameters used here has revealed the additional 
point of interest that ihe opt imum regression l ine passes 
well wi th in  two s t a n d a d  deviations of the origin as 
required by simple theory,3 and indeed is closest to the 
origin when the optimum parameters are used [cf. the 
frequency intercepts ( b )  in Table I]. It would there- 
fore be of further interest to determine whether the 
large intercepts observed on the frequency axis in 
previous correlations (c f .  Table III), and rationalized 
in terms of singlet-triplet ~pl i t t ing,~ '  could more 
generally be accommodated in the simple theory by 
a more appropriate selection of empirical parameters. 

TABLE I11 

COMPARISON OF REGRESSION LINES FOR CORRELATION OF 
SPECTRAL BANDS DEPENDENT ON A m  FOR 

YARIOUS SERIES OF COMPOUNDS 
Constants in 5 = aAm 4- b 

Series a b Ref 

Pyridine and its benzologs 24.031 5.584 2 
Benzenoid hydrocarbons 19.207 10.234 22 
Pyryliuni salts 14.700 10.500 3 
Benzothiophenes 19.865 7.478 4 
Thiapyrylium salts 26.053 -0.677 This work 

(26) R. Zahradnik and J. Kouteck?, Collectton Czech.  Chem. Commun., 88, 

(27) Reference 22, p 213. 
904 (1983). 
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Figure 3.-Final regression line ( i ;  = 26.053Am - 0.677) for 
correlation of the L b  bands of thiapyrylinm ions 1-12 with the 
HMO transition energies ( A m )  based on the parameters hs = 
0.9 and kcs = 0.6. Correlation coefficient: T = 0.992; stand- 
ard deviation of residuals: Si = 0.609 kern-'. 

Experimental Section2* 
1-Thianaphthalenium (2 )  Perchlorate.-This compound, pre- 

pared as already described? had mp 221-223" dec; ultraviolet- 
visible spectrum X ~ ~ x H C ' 0 4 i n  258 mp (log t 4.63), 335 (3.70), 
384 (3.50); lit.6 mp 219-220' dec. 

Thioxanthylium (4) Perchlorate.-This salt was prepared as 
previously described' and had mp 224-225" dec; ult,raviolet- 
visible spectrum in 243 mp (log t 3.98), 278 (4.97), 
380 (4.36), 485 (3.50), 510 (3.42); lit.? mp 229" dec. 

Anal. Calcd for C13H9C104S: C, 52.62; 11, 3.06; S, 10.81. 
Found: C, 52.56; H, 3.08; S, 10.96. 

Benzo[f] thiochroman-4-ol.-To a stirred solution of 12.2 g 
(0.0568 mole) of benzo[f]thiochroman-4-one (16)13 in 200 ml of 
boiling methanol was added dropwise during 20 min a solution 
of 4.0 g (0.105 mole) of sodium borohydride, 5 ml of 2 S sodium 
hydroxide and 20 ml of water. The mixture was then poured 
into 500 ml of ice water, and the resulting pale yellow crystals 
were collected and air dried to  yield 11.9 g ( 9 7 7 )  of product, 
mp 100-112". Two recrystallizations from petroleum ether 
(bp 60-70") gave 5.3 g (43% yield) of piwe product, mp 128- 
130". 

Anal. Calcd for C13H120S: C, 72.19; H, 3.59; S, 14.82. 
Found: C, 72.09; H, 5.81; S, 14.62. 

I-Thiaphenanthrenium (5)  Perchlorate.-A solution of 7.30 g 
(0.0212 mole) of trityl perchlorate12 in 60 ml of nitromethanewas 
added in 5 min to a stirred refluxing solution of 4.60 g (0.0212 
mole) of benzo[f] thiochroman-4-01 in 150 ml of acetic acid. 
The mixture was then refluxed for 15 min during which the solu- 
tion turned dark brown. The reaction mixture m s  cooled and 

(28) Melting points were determined in capillary tubes using a Rlel-Temp 
apparatus (Laboratory Devices, Cambridge, Mass.) and are corrected. 
Ultravioletrvisible spectra were recorded on a Beckman DK-2.4 spectro- 
photometer. 
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the resulting green-yellow crystals were collected. Concentration 
of the liquors to onethird volume afforded a second crop, bring- 
ing the total yield to 5.95 g (79%), mp 217-220' dec. One re- 
cryst,allization from acetic acid gave bright green crystals (5.80 g) , 
mp 218-220' dec, lit.s mp 208-210". 

Anal. Calcd for C1Z"C104S: C, 52.62; H, 3.06; S, 10.81. 
Found: C, 52.62; H, 3.25; S, 10.85. 

Ultraviolet-visible spectrum showed Xk2:Ci04 in 244 mp 
(log t 4.60), 290 (4.12), 307 (4.12), 432 (3.91). 
Benz[f]isothiochroman-4-ol.-A solution of 1.90 g (0.0085 

mole) of benz~f]isothiochroman-4-one (17)14 in 170 ml of dry 
ether was slowly added to a stirred suspension of 1.70 g (0.045 
mole) of lithium aluminum hydride in 170 ml of dry ether. The 
mixture was then stirred for an additional 15 min and a 20-ml 
portion of ethyl acet:tt,e was added cautiously, followed by addi- 
tion of 10 ml of water. The ether solution was filtered to remove 
precipitated salts, dried over magnesium sulfate, filtered, and then 
evaporated to dryness yielding 1.75 g (927,) of off-white solid, 
mp 109-113". One recrystallization from petroleum et,her (bp 
60-70") followed by two sublimations at 83" (0.05 mm) gave 
the pure carbinol, mp 111.5-113.5°. . 

Ana/. Calcd for C13HlrOS: C, 72.19; H, 5.59; S, 14.82. 
Found: C, 71.92; H, 5.72; S, 14.68. 

2-Thiaphenanthrenium ( 6 )  Perchlorate.-A solution of 3.35 g 
(0.0097 mole) of trityl perchlorate in 30 ml of nitromethane 
was added during 5 rnin to a stirred refluxing solution of 2.10 g 
(0,0097 mole) of benzo[f]thiochroman-4-ol and 130 ml of acetic 
acid. After refluxing for 5 rnin the solution was quickly cooled 
and filtered to yield 0.4 g of a black solid, mp >300". The 
solvent volume was then reduced to one-third of its initial volume 
and 150 ml of dry ether was added to precipitate 2.20 g (767,) of 
broFn crystals, mp 208-214' dec. Recrystallization three 
times (tp-ice with charcoal) from acetic acid gave 1.20 g (427,) 
of greenish yellow crystals, mp 216-218". 

Anal.  Calcd for ChHSC104S: C, 52.62; H, 3.06; C1, 11.94; 
S, 10.81. Found: C ,  52.68; H, 3.24; C1, 12 05. S 10 78. 

Ultraviolet-visible spectrum showed AL2>c1d4 in 238 mp 
(log t 4.42), 255 (4.04), 298 (4.49), 357 (4.06), 425 (3.40). 
Benz[h]isothiochroman-1-one (141.-A paste of 30 g of 

phosphorus pentoside, 13 g of Celite, and 1.50 ml of dry toluene 
was added with rapid st,irring to a solution of 27.20 g (0.117 
mole) of S-( 1-naphthylmethy1)thioglycollic acid (13)'O in 100 
ml of refluxing dry toluene. The slurry was allowed to reflux 
with vigorous stirring for 1.5 min then a paste of 30 g of phos- 
phoriis pentoxide in 60 ml of dry toluene was added. After 
refluxing for an additional 15 niin another identical paste was 
added and the mixture then refluxed for an additional 30 min. 
The toluene slurry was filtered hot and the red, insoluble mass 
was extracted with two 300-ml portions of boiling benzene. The 
extracts were combined and washed with two 250-ml portions of 
5% sodium bicarbonate followed by 250 ml of water. The 
solution was dried (MgSOr) and filtered, and the solvent was 
removed in vacuo to yield a yellow oil which solidified on standing 
at  5" overnight. The solid was dissolved in 250 ml of boiling 
95% ethanol and decanted from a small amount of insoluble red 
oil. Aft,er I hr at 5' an orange oil along with some pale yellow 
solid precipitated. The solution was warmed just enough to put 
the crystals bnck into solut'ion and the solution was decanted 
from the red gum. On cooling overnight the ethanol solution 
yielded 6.00 g (24%) of pale yellow crystals, mp 115-121'. 
(Concentration of the liquors yielded an oil.) Sublimation at  
110' (0.05 mm) followed by recrystallization from 95% ethanol 
yielded 3.90 g (16%;) of pale yellow plates, mp 126-128". A 
resitblimed analytical sample also had a melting point of 126- 
128". 

Anal. Calcd for C13HlOOS: C, 72.86; H, 4.70; S, 14.96. 
Found: C, 72.81; H, 4.78; S, 14.80. 
Benz[h]isothiochroman-1-01 (IS).-A solution of 1.30 g 

(0.00607 mole) of ben.a[h]isothiochroman-1-one (14) in 225 ml of 
dry ether was slowly added to a stirred suspension of 1.00 g 
(0.0264 mole) of lithium aluminum hydride in 100 ml of dry ether. 
The mixture was stirred for 10 min then 20 ml of ethyl acetate 
was cautiously added followed by 10 ml of water. The lithium 
salts were filtered off and the ether solution was dried (MgSOI), 
filtered, and evaporated in DUCUO. The white crystalline residue 
weighed 1.20 g (92%), mp 114-118". Recrystallization from 
benzene-petroleum et her (bp 60-70") followed by sublimation 
at  105" (0.05 mm) gave pure 15, mp 119-120". 

A n d .  Calcd for C~HIZOS:  C, 72.19; H, 5.59; S, 14.82. 
Found: C, 72.32; H, 5.74; S, 14.84. 

3-Thiaphenanthrenium (7) Perchlorate.-A solution of 1.32 g 
(0.00385 mole) of trityl perchlorate in 15 ml of nitromethane was 
added in one portion to a stirred solution of 0.83 g (0.00385 
mole) of 15 in 75 ml of refluxing acetic acid. The solut,ion turned 
greenish brown immediately. As the solution was refluxed for 
10 rnin black crystals formed on the wall of the reaction flask. 
The mixture was then cooled and the black crystals (0.40 g, 
mp >250°) were removed by filtration. The nitromethane was 
removed in vacuo and the remaining solution treated with 200 ml 
of dry ether. The greenish brown crystals which precipitated 
were collected by filtration and dried in vacuo over potassium 
hydroxide. The yield was 0.55 g (44y0), mp 221-225" dec. 
Repeated recrystallizations from acet,ic acid gave small yellow 
needles, mp 231.5-232'. 

Anal. Calcd for C13H9C104S: C, 52.62; H, 3.06; S, 10.81. 
Found: C, 52.60; H, 2.96; S, 10.56. 

Ultraviolet-visible spectrum showed XA2xHC'04 in 'IeCN 240 mp 
(log 6 4.40), 252 (4.40), 262 (4.38), 280 (4.33), 312 (3.73), 411 
( 4 .OS). 
Benzo[h]thiochroman-1-01.-A solution of 0.76 g (0.020 mole) 

of sodium borohydride and 1 drop of 50yo sodium hydroxide in 
10 ml of water was added dropwise to a stirred slurry of 4.1 g 
(0.019 mole) of benzo[h]thiochroman-1-one (18)13 in 75 ml of 
boiling methanol. After addition was complete (10 min) the 
solution was poured into 750 ml of ice water and stirred for 1.5 
hr to promote crystal growth. The product was collected and 
air dried to yield 3.35 g (81Y0) of colorless crystals, mp 87-89". 
Two recrystallizations from petroleum ether (bp 60-70") followed 
by sublimation [65O (0.1 mm)] gave an analytical sample, mp 
94-95.,5". 

Anal. Calcd for C13H120S: C, 72.19; H, 5.59; S, 14.82. 
Found: C, 71.96; H, 5.88; S, 14.65. 

4-Thiaphenanthrenium (8) Perchlorate.-A solution of 10.0 g 
(0.029 mole) of trityl perchlorate in 75 ml of nitromethane was 
added in about 10 rnin to a stirred solution of 6.3 g (0.029 mole) 
of benzo[h] thiochroman-1-01 in 150 ml of refluxing acetic acid. 
After addition was complete the mixture was refluxed for an addi- 
tional 15 min, the nitromethane was removed in vacuo, and the 
residue was diluted to 200 ml with acetic acid. The dark green 
crystals (5.05 g, 5970 mp 157-160" dec) which separated on 
cooling were collected by suction filtration and the filtrate was 
treat'ed with an equal volume of ether, precipitating a second 
crop of crystals (2.00 g, 237,, mp 154-157' dec). Combination 
of the crops and recrystallization four times from acetic acid 
yielded 3.8 g (44%) of green crystals, mp 161-163" dec, lit.@ 
mp 152-153" dec. 

Anal. Calcd for CI~HgCIO~S: C, 52.62; H ,  3.06; S, 10.81. 
Found: C, 52.82; H, 3.61; S, 10.65. 

Ultraviolet-visible spectrum gave A2?C104 in 240 mp 

Benzo[b]thioxanthen-12-01 (20) .-To a stirred slurry of 2.62 g 
(0.010 mole) of benzo[b]thioxanthen-12-one (19)15 in 125 ml of 
refluxing 95% ethanol was added, in one portion, a solution of 
1.60 g (0.043 mole) of sodium borohydride and 2 drops of 50% 
sodium hydroxide in 30 ml of water. The mixture was then stirred 
a t  reflux until the yellow color disappeared (1 hr) . The mixture 
was filtered and poured into 300 ml of cold water to give, after air 
drying, 2.63 g of white crystals, mp 150-156". Recrystallization 
from benzene-cyclohexane gave 2.10 g (79%) of white crystals, 
mp 187-190" (sealed tube), the sample turning yellow about 
100". Recrystallization five times from benzene-cyclohexane 
gave an analytical sample, mp 188-190" (sealed tube). 

Ana!. Calcd for C1?H1zOS: C, 77.24; H, 4.57; S, 12.13. 
Found: C, 77.39; H, 4.82; S, 12.07. 

5-Thianaphthacenium ( 12) 2,4,6-Trinitrobenzenesulfonate.-To 
a stirred solution of 0.87 g (0.0033 mole) of 20 in 30 ml of acet.ic 
acid (warmed to dissolve) was added, in one portion, a solution 
of 1.08 g (0.0033 mole) of 2,4,6-trinitrobenzenesulfonic acid 
dihydrate,16 6 ml of acetic anhydride, and 20 ml of acetic acid. 
A slightly exothermic reaction occurred as a dark green precipi- 
tate formed immediately. The mixture was stirred for an addi- 
tional 45 min and the precipitate was collected by filtration, 
washed with dry ether, and dried in zlucuo over potassium hydrox- 
ide. The yield of green solid was 1.61 g (91%), mp 215-218" 
dec, with shrinking a t  210". A sample recrystallized twice from 
1-1. portions of acetic acid, containing a few milliliters of acetic 
anhydride, gave dark blue, almost black, microneedles, mp 225- 
227" dec. 

Anal. Calcd for CZ3HlaN3O9S2: C, 51.21; H, 2.43; S, 11.89. 
Found: C, 51.05; H, 2.46; S, 11.64. 

(log 4.75), 307 (4.27), 383 (3.83), 430 (3.28) sh. 
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Gltraviolet-visible spectrum showed 265 mp (log e 
4.60), 290 (4.08) (shj, 304 (3.98), 321 (3 .52)  (shj, 424 (3.30), 
6j'L (2.34),  692 ( 2 . 3 2 )  (shi. 

Benzo[c] thioxanthene 1122) .-A stirred solution of 6.56 g 
(0.02.5 mole) of benzo[c] thioxanthen-7-one (2l)'"l' and 3.50 g 
(0.088 mole) of sodium h'orohydride in 250 ml of pyridine was 
refluxed for 20 hr. The reddish brown solution was concentrated 
to 50 ml then poired into water, cantioilsly neiitralized with 10% 
sulfuric acid, and then extracted with two 100-ml portions of 
benzene. The benzene layers were combined, washed successively 
with 100-ml portions of 105% siilfuric acid, water, and 5% sodium 
bicarbonate, then dried 'over magnesium sulfate, filtered, and 
evaporated to dryness. The residiial orange oil was extracted 
into boiling 93:; ethanol until only a red, insoluble material 
remained; then the extract was filtered (charcoal) and treated 
hot with water until the solution became cloudy. The pale 
orange crystals which separated on cooling weighed 2.15 g (347,), 
mp 80-84". Sublimation at  80" (0.1 mm) followed by recrystal- 
lization from 95% ethanol gave colorless crystals, mp 86-87.5'. 

Anal.  Calcd for Cl7H1 82.22; H, 4.87; S, 12.91. Found: 
C,  82.01; 11, 4.90. S, 12.57. 

12-Thiabenz[a]anthracenium ( 11) Perchlorate.-A solution 
of 2.3,; g (O.(JOn.i mole) of o-chloranil in 10 ml of acetic acid was 
added, at room temperatilre, to a solution of 2.35 g (0.0095 molej 
of 22  in 50 nil of acetic acid. After standing for 10 min the dark 
brownish red solii~ion mas cooled and 8 ml of 70% perchloric 
acid was added dropwise with stirring. After being stirred for an 
additional O.,; hr I he resiilt.iiig red precipitate was collected by 
filtration and dried to yield 1.26 g (375: )  of product, mp 208- 
213" dec. A .;ecoiid crop of red crystals (0.80 g, 24%, mp 190- 
201" dec) WV:IS ohlained 011 treatment of the liquors with dry 
ether. 1lepe:tted ,.ecr?-st:illization of a sample from acetic acid 
gave an analytical rample as dark red microcrystals, mp 220- 
222" dec. 

,lnal. Calcd for C!,;IT,1CIO4S: 58.88; H, 3.20; S, 9.25. 
Found: C,  55.73; €I,  3.41; S, (3.21. 

Ultraviolet-visible spectrrim showed X:n:Fc'04 in 'IeCN 239 mp 
(log e 4.,>8), 265 (4.32), 289 (4.23) (sh), 302 (4.50), 314 (4.76), 
381 (4.02), 428 (4.03) ,  482 (3.58) (sh), 308 (3.53) (sh). . .  

Benzo[u] thioxanthen-E!-one (24) .-This method was adapted 
from procedures described by Canipaigiie and Heaton.29 
h mixture of 21.0 g (0.075 mole) of 2-(2-naphthylthio)benzoic 

acid (23),*O 0.5 ml of dry pyridine, 40 ml of dry et,her, and 19.0 g 
(11 .6 ml, 0.160 mole) of thioiiyl chloride, added in that order, 
was refluxed on a water bath for 45 min. After the ether was 
removed at  atmospheric pressrire, 40 ml of dry benzene was added 
and diitilled off, followed by another 30-ml portion of benzene 
to make certain of removal of the excess thionyl chloride. The 
residiial oil \vas then di.~srdved in 60 ml of dry benzene and the 
solation was ccioletl t o  2" .  The first of two precooled ( 2 ' )  solu- 
tioiii of 10 nil of stannic chloride in 10 nil of benzene was then 
added in one portion, the temperature rising to 43'. When the 
mixtiire had cooled to 20" the remaining stannic chloride solution 
was added, no temperatlwe rise being noted. After 20 min a t  
room temperatiire the reddish yellow mixture was poured into a 

(29) E. Campaigne and B. G. Heaton, J .  Org. Chem., 29, 2372 (1964). 

stirred mixture of 3.50 g of ice and 200 ml of concentrated hydro- 
chloric acid. a f t e r  the benzene had melted, the organic layer 
was separated, the water layer was extracted twice with 100-ml 
portions of benzene, and the organic layers were combined. 
The benzene solution was washed with 100 ml of 5yc sodium 
bicarbonate solut'ion followed by 100 ml of water and dried over 
magnesium sulfate and the benzene was then removed in z~acuo. 
The resulting yellow solid was recrystallized from 1 1. of 95% 
ethanol to yield 1 7 . j  g (89%) of yellow plates, mp 128-130". 
An analytical sample recrystallized twice from ethanol and sub- 
limed twice at  110" (0.1 mm) had a melting point of 131-133". 

Anal. Calcd for C17H100S: C, 77.84; H ,  3.84; S, 12.22. 
Found: C,  77.57; H,  3.85; S, 12.03 

Reduction of Benzo[a] thioxanthen-12-one (24) with Sodium 
Borohydride in Methanol S0lution.-~4 solution of 2.30 g (0.066 
mole) of sodium borohydride and 1 drop of 50% sodium hydroxide 
solution in 20 ml of water was added, over a period of 30 min, 
to a stirred slurry of 4.00 g (0.0153 mole) of 24 in 200 ml of re- 
flnxing methanol. The solution was refluxed for an additional 
10 min, concentrated to approximately 60 ml and then diluted 
to 200 ml with water. The gummy yellow crystals were collected 
and air dried to yield 2.4 g of product, which sintered ca. 90", 
biit melted mainly at 215-225" to  a red liquid. Repeated re- 
crystallization from acetone gave material which melted a t  ca. 
230'. A const,ant melting point, however, could not be obtained. 
The fact that the product contained benzo[a] thioxanthen-12-01 
was shown by formation of a red solid when the product was 
treated with mineral acids. Analysis, however, indicated a 
mixture of alcohol 25 and benzo[a]thioxanthene (26). 

Anal. Calcd for CliHlPOS: C, 77.24; H, 4.58; S, 12.13. 
Calcd for CliH12S: C,  82.22; H,  4.87; 8, 12.91. Found: C, 
79.34; €I, 4.70; S, 12.33. 

7-Thiabenz[a] anthracenium ( 10) Perchlorate.-One and one- 
tenth grams of the mixture of benzo[a]thioxanthene (26) and 
benzo[a] thioxanthen-12-01 (25), obtained by hydride reduction 
of 24, and 1.32 g of trityl perchlorate in 13 ml of nitromethane 
was refluxed for 13 rnin. The solution was cooled and the dark 
red crystals (mp 280-285" dec) were collected and dried in 
vacuo. A second crop obtained by treatment of the liquors with 
ether melted at  276-279" dec. The total crude yield was 1.40 
g. Recrystallization twice from 4: 1 acetic acid-nitromethane 
gave 0.70 g of dark red needles, mp 287-289" dec. 

Anal. Calcd for C17HllC104S: C: 58.88; TI, 3.20; S, 9.25. 
Found: C, 58.69; H ,  3.29; S, 9.14. 

Ultraviolet-visible spectrum gave X ~ ~ ? c ' 0 4  in 3'eCN 246 mp 
(log e 4.44), 272 (4.39),  300 (4.49), 311 (4.67), 454 (4.15). 
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