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S. SCHEIBYE*, R. SHABANA~ and S.-O. LAWSON 
Department of Organic Cbemistry, Chemical Institute, University of Aarbus, DK-8000 kbus C, Denmark 

C. R0hfhiI~G 
Department of Chemistry, University of Oslo, N-Blindem, Oslo 3, Norway 

(Received in he U.K. 23 July 1981) 

Abstraet-Cyclobexanone and cyclopentanone react with 2,4 - bis - 4 - metboxypbenyl) - 1,3,2,4 - ditbiadipbospbetane 
2,4disulfide (Lawesson Reagent (La)) at 80” with formation of new spire - 1,3J,2 - tritbiapbospbotines !, and 2, 
respectively. 2-Methyl and 2-pbenylcyclobexanone also react with LR at 80” producing tbe enetbiols 3 and 4, which 
on storage are transformed into tbe sulfides 5 and 6. Unsaturated cyclobexanones 7-9 are transformed into tbe 
corresponding tbioketones 10-12 after reactions with LR at 60” for a few hours. 24iydroxyketones react with LR 
with formation of 1,3,2-oxatbiapbospboles and similarly a 2-aminoketone gave a lf,2&iaxapbospbole. Aromatic 
ketones, reacted with LR to give correspondii tbioketones. Tbiofluorenone dimerized to form tbe cyclic disultide 
31, as proved by X-ray analyses. - 

Syntheses of aliphatic thioketones from the correspond- 
ing ketones and H,S/HCl have been attempted since the 
end of the last century,12 and during the last few years 
new synthetic methods have been developed.&” 
Detailed UV, ESR and NMR investigations have been 
performed1’-‘4 and also complex reactions of a&m- 
saturated thioketones have been reported.” 

The advantage of the Lawesson reagent, LR, as a 
thiation agent has been demonstrated for a great variety 
of carbonyl compounds’6 also including a limited number 
of ketones.““” Therefore, we also felt prompted to study 
reactions of LR with alicyclic ketones and a-hydroxy 
and a-amino ketones, as reported in this paper. 
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Thiofluorenone is known to dime& but the structure of 
the dimer has been discussed without convincing 
proof .19-Z] Here we also present the X-ray analyses of 
spiro[9H - fluorene - 9,3’(1O’bI_I) - fluoreno[9,1 - cd] 
[1,2Wl&] obtained from treatment of fluorenone with 
LR. 

War part XIL see R. Sbabana, J. B. Rasmussen and S.-O. 
Lawesson, Bull. Sot. Chim. Be/g. 90, 103 (1981). 

SPresent address: National Research Centre, Dokki, Cairo, 
Egypt. 

*Present address: Leo Pharmaceutical Products, DK-n50 Bal- 
lerup, Denmark. 

ITT Vol. 38. No. 7-I 

0 

0 LJ. no0 

I Cl-t,)” 

i:n = 2 

2:n = 1 - 

RHUl.78 AND DISCUSION 

Cyclohexanone and cyclopentanone react with LR at 
80“ in toluene and the new and unexpected 1,3,5,2 - 
trithiaphosphorins 3 and 4 can be isolated in 50-60% 
yields. Compound 3 (or 4) is an addition product of 2 

0 
OMe 

s, 0 
s/p\ s 

osQcH2)n 
2n 

3:n : 2 

i:n = 1 

LR -[2 bleO-@P<: - 2 MeCI-@~~@] - 

LR’ - g“ 

993 



994 S. Scmwe et al. 

moles of 1 (or 2) and one mole of LR’ (LR”). 3 and 4 were 
characterized by ‘H, 13C and 3’PNMR, IR, MS and 
elemental analyses. In the ‘H NMR spectra all methylene 
groups except one absorb between 1.3 and 2.8 ppm. In 4 

._ one CH&nal is shifted downfield to 3.3 ppm and this 
shift might be induced by the vicinity of the P-s sulfur 
atom.22*23 The 31P NMR chemical shifts are 6 60.3 and 
59.4 for 3 and 4, respectively. 

In the 13C NMR spectrum the quatemary carbon 
atoms (S-C-S) absorb at 66.1 ppm (3) and 68.2 ppm (4) 
and J2Jpc/ is 4.0Hz. The IR spectra of 3 and 4 are 
practically superimposable, but no specific P-S or P=S 
vibrations can be assigned. The mass spectrum of 4 
shows m/e 402 corresponding to M+ and the most im- 
portant fragmentation consists of loss of one or two 
cyclopentanethione moieties (M’ - 100 and M’ - 200). 

The formation of 3 and 4 is assumed to involve thia- 
tion of 1 and 2 to the corresponding cycloalkane-thiones 
which are known to trimerize within a few hoursU 
However, no trimer was isolated. As the thiation reac- 
tions of LR seem to be very complex, no detailed 
mechanistic suggestions are presented but it should be 
noted that we have been unable to reproduce published 
3’P NMR da@ of LR. A spectrum (CDC13) showed 
more than 10 peaks, indicating different Pcontaining 
species (LR, LR’, LR” and others). LR’ and LR” have 
never been isolated but a recent papep reports on 
tricoordinated, pentavalent phosphorus compounds as 
intermediates and these could easily account for the 
formation of 3 and 4. 

2-Methylcyclohexanone 5 and 2-phenylcyclohexanone 
6 react with LR at 80” within 3 hr to form the enethiols 7 
and 8 of the corresponding thioketones. The formation of 
the enethiols is in accordance with the result of the 
reaction of dibenzylketone with LR which led to 1.3 - 
diphenyl - 1 - propene - 2 - thiol.” Several other benzylic 
ketones, i.e. benzylethylketone and benzylmethylketone, 
were reacted with LR but no products could be isolated. 
After some days at room temp the oily enethiols 7 and 8 
showed precipitation and column chromatography yiel- 
ded the sulfides 9 and 10 as confirmed by spectroscopy 
and elemental analyses. 

The structures 7 and 8 are mainly based on the fact 
that an SH is found at 6 2.65 and 2.70 for 7 and 8, 

respectively. The four methylene groups result in two 
multiplets at S 1.80 and 2.30 in all compounds 7-10 and 
no vinylic signals were found which proves the position 
of the double bond. The mass spectra of 7 and 8 showed 
M+ as the base peak and intense peaks were found at 
M’ - SH.” Compounds 7 and 8 are both reddish oils as 
already described by Maye? and the colour is believed 
to be due to a small content cf the thioketone. It is 
suggested that the formation of 9 and 10 involves an 
attack of the enethiol on a thioketone molecule and after 
loss of HS the sulfide is formed. A similar mechanism 
has been suggested for the addition of enethiols to 
ketones.19 

Compounds 9 and 10 gave intense peaks for the mole- 
cular ions but this could not exclude the distdfides as 
these are known to lose sulfur upon electron im- 
pact.W Elemental analyses of 9 and 10 showed that only 
one sulfur atom was present. ‘H and ‘“C NMR spectra of 
the sulfides were practically identical with those of the 
enethiols except for the fact that the SH-absorption 
disappeared in the ‘H NMR spectrum. 

For some ketones our attempts to use LR as thiation 
agent failed. In the case of 2,2,5,5 - tetramethylcyclo- 
pentanone and di - t - butylketone no thioketones could 
be isolated after reaction with an excess of LR at 140” 
for 24 hr. The sterical hindrance at the carbonyl group is 
believed to prevent the reaction. 

Also several simple ketones, i.e. octanone and diiso- 
propylketone, were reacted with LR but in our hands no 
products could be isolated. 

The a&unsaturated cycloalkanethiones, 1416, were 
obtained in good yields from the corresponding ketones 
and LR after reaction at 60” for a few hours. 

The thioketones are red or violet and only the viny- 
logous dithioester 16 was stable upon standii in the 
cold. The thiocarbonyl carbons absorbed in the region 
230-245 ppm which, as expected,3’ is at somewhat higher 
field than saturated alifatic thioketones.” The mass 
spectra of 14-16 showed M’ to be the base peak in all 
cases. 

Acyclic a$-unsaturated ketones, such as 1,3 - 
diphenyl - 2 - propen - 1 - one (chalcone), react with LR 
at 60” in toluene but very complex reaction mixtures 
were obtained and no products could be isolated and 
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characterized.” When the reaction was carried out at 
low temperature in CH,CN a 1:l adduct between LR’ 
and chalcone could be isolated in a high yield, and from 
the NMR spectra it is concluded that a mixture of 17 and 
18 is present.” The ‘HNMR spectrum shows four sig- 
nals at 6 4.71 and four signals at S 5.51 integrating as one 
proton totally. This is interpreted as the signals of C(4)-H 
of 17 and C(6)-H of 18: Both these protons show a 
coupling of 3.3 Hz to the ‘H at C(5) and a coupling of 
6.0 Hz to the “P nucleus. The Y NMR spectrum 
(20 MHz) is very complex but it shows two doublets for 
C4lC6 at S 46.2 and S 47.1 and also at S 105.3 and 6 107.3 
two.doublets are observed. These are assigned C(5) in 17 
and 18 (3Jpc 10.6 and 9 Hz, respectively). 

cY-Hydroxy- and a-aminoketones 19-21 react with LR 
with formation of the oxathiaphospholes 22-23 and the 
thiazaphosphole 24, respectively. 

The yields were low (lO-35%) and in the case of 5 - 
hydroxy - 4 - octanone (butyroin) the main product was 
25. In the 13C NMR spectrum of 22, C(4) and C(5) absorb 
at 6 141.9 (6.0) and 132.2 (6.5) with the coupling con- 
stants to “P given in the brackets. In 23 the values are S 
144.3 (5.9) and 126.1 (6.5). 

The structure of 25 is furnished by the ‘H NMR spec- 
trum where the C(5)-H absorbs at 5.0ppm. In case the 
double bond was located at C(5) a ‘H on C(4) would 
resonate at S 4.3.” Because of two asymmetric centres 
in 25 (C(5) and P) and because of the possibilities of 2, 
E-isomerism 25 is found to be present as a mixture of 
isomers which could not be separated in our hands. Also 
24 is a mixture of isomers (assymmetric centres at N and 
P). The 3’P NMR shifts ranged from 90ppm (24) to 
111 ppm (22) which is in accordance with literature 
values.33 

LR is in most cases the reagent of choice when pre- 
paring pyranthiones from pyranones.3’ Xanthone 26 
yielded xanthione 27 quantitatively upon treatment with 
LR at 80”. We have earlier reported’* that benzanthrone 
28 gave a dimer of the corresponding thioketone when 
reacted with LR. We have now been able to show that 

the product is, in fact, a monomeric thioketone as the 
13C NMR spectrum of 29 shows a thiocarhonyl signal at 
215ppm which is so broad that we were not able to 
identify it in the usual way. However, integration in the 
region 225-200ppm showed it to be present at the value 
which is predicted by the linear relation correlating the 
> C=O carbon of a ketone and the > C=S of the cor- 
responding thioketone.” As a ‘H NMR spectrum recor- 
ded at - 15” shows a broadening of all the ‘H peaks we 
assume that some kind of association of the molecules is 
taking place at low temperature. 

When fluorenone 30 is allowed to react with LR at 80” 
the initial product is the dark green thioketone 31.19 
When the reaction mixture is allowed to stand overnight 
the colour changes from green to yellow and column 
chromatography yields 5% of 32 and also 55% of the 
yellow dimeric thiofluorenone 33” the structure of which 
was determined by X-ray diffraction methods; details of 
the analysis are given in Experimental. Figure 1 is an 
ORTEP drawing of the molecule, showing the atomic 
labelling. Pertinent structural parameters are listed in 
Table 1. 

The dimer molecule consists of two fluorenylidene 
groups linked by a disulfide bridge between the aliphatic 
carbon atoms in 9-position (Cl3 and C26) and also by a 
bond between the carbon atom in 9-position (C13) in one 
group and a carbon atom in l-position (C24) in the other. 
The disulfide linkage is therefore a part of a 6-membered 
ring which bridges the fluorenylidene groups. 

The bonding parameters observed for the fluoreny- 
lidene groups fall into the range of accepted values for 
such an aromatic ring system. The atoms compri#ing one 
of the fluorenylidene groups (Cl-Cl3) are co-planzr 
within the experimental error whereas there is a 
significant degree of puckering at C26 of the other 
fluorenylidene group. Atom C26 is displaced by 0.14A 
from the least squares plane calculated through atoms 
C14, C19, C20 and C25. The dihedral angle between the 
two tricyclic rings is 84”. 

The conformation about the disulfide bond in the 6- 
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26: X = 0 - 

21: x = s - 

28: X = 0 - 

29: x = s - 

32: X = - 

Fig. 1. ORTEP plot of spiro[9~-fluorene-9,3’(lO’b~)-fluoreno[9,l-cd][1,2]dithiin]. 

Table 1. Structural data for 31. The numbering of atoms is given in Fii. I. Estimated standard deviations (in 
parentheses) are calculated from the correlation matrix 

Bond lengtha (A) Bond anglea to) 

C6 Cl 1.456(4) Cl C6 Cl 109.0(21 
Cl Cl3 1.5260) C6 C7 Cl2 lOS.S(2l 
Cl2 Cl3 1.525(3) Cl Cl2 Cl3 110.1(2) 
Cl9 c20 1.4660) Cl2 Cl3 Cl 101.7(21 
Cl4 C26 1.5090) Cl3 Cl C6 110.5(21 
C25 C26 1.511(3) Cl4 Cl9 c20 109.2(21 
Cl3 C24 1.530(31 Cl9 c20 C25 106.5(21 
Cl3 Sl 1.656(2) c20 C25 C26 109.1(2l 
C26 S2 1.623(2) C25 C26 Cl4 103.7(21 
Sl s2 2.047(l) C26 Cl4 Cl9 108.7121 

Cl3 Sl s2 103.9(11 

werage cmrl-C(M) 1.389(19’)’ Sl 52 C26 93.9(l) 
s2 C26 C25 110.3(l) 
C26 C25 C24 129.9121 
C25 C24 Cl3 124.4121 
C24 Cl3 Sl 113.7121 

Average Cmrl-C(Arl-ClArl 120(l)’ 

*cmsion angles i? 

Cl C6 Cl Cl2 1.8(3) 
C6 Cl Cl2 Cl3 -1.7(3) 
C7 Cl2 Cl3 Cl 0.9(2) 
Cl2 Cl3 Cl C6 0.2(2) 
Cl3 Cl C6 C7 -1.2(2) 
Cl4 Cl9 c20 C25 -0.1(3) 
Cl9 c20 C25 C26 5.80) 
c20 C25 C26 Cl4 -S.S(2) 
C25 C26 Cl4 Cl9 S.7(2) 
C26 Cl4 Cl9 c20 -5.6(31 
C26 C25 C24 Cl3 -10.6(41 
C25 C24 Cl3 Sl 13.1(3) 
C24 Cl3 Sl s2 -42.9121 
Cl3 Sl s2 C26 63.2(l) 
Sl 52 C26 C25 -63.4(21 
52 C26 C25 C24 43.101 

‘Standard deviation of mean value. 
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membered ring connecting the two fluorenylidene groups 
is constrained, in part, by the aromatic character of the 
C24-C25 bond. The sulfur atoms, S1 and $2, are respec- 
tively displaced 0.18 ,~ below and 0.98 A above the least 
squares plane through atoms C13, C24, C25 and C26. The 
torsion angle about the S-S linkage is 63.2 °. 

In a separate experiment pure 33 was heated to 1800 in 
the high boiling solvent Marlotherm S (b.p. 390 °) and 
after separation by column chromatography a mixture of 
rubicene 35 and 9,9'-bis-gH-fluorenylidene 32 was 
isolated and characterized. 

The presence of 32 and 35 was shown by hplc using 
authentic samples for comparison. Also a mass spectrum 
of the mixture showed m/e 328 and 326, and the mass 
spectrum of 32 does not give rise to a peak at m/e 326. 

In a previous papeP s we reported that 2- and 4- 
benzoylpyridine upon treatment with Lit did not yield 
the corresponding thiones. This is explained by the fact 
that Lit reacts with the pyridine nucleus at 20 ° to form 
the betaine 3435 which was characterized by ~H NMR. 
When 34 is heated to 80 ° with an excess of LR the 
reaction mixture turns green, but there are no spec- 
troscopic proofs for the presence of the > C=S group, as 
attempts to set the thiobenzoylpyridine free by treatment 
with base led to polymerization. 

EXEgRIM~AL 
~H, ~3C and 3~p NMR spectra, IR, UV and mass spectra were 

obtained as earlier described. ~ 7  Elemental analyses were car- 
ried out by Novo Microanalytical Laboratory, NOVO Industri 
A/S, Novo All~, DK-2880 Bngsvaerd, supervised by Dr. R. E. 
Amsler or by Lovens Kemiske Fabrik, DK-2750 Ballerup. Silica 
gel 60 (Merck) was used for column chromatography. M.ps and 
b.ps are uncorrected. Starting materials were commercial or 
prepared as follows: L]R available from Fluka AG, Buchs, Swit- 
zerland, or from Aldrich Chemical Co or prepared according to 
Ref. 18. 12, 3s 13, 39 19--~1~ and ~ 1  were prepared according to 
literature references. 

X-Ray data. Crystals of dimeric thiofluorenone were obtained 

by recrystallization from CH2CI2. The specimen used for the 
X-ray experiments had dimensions 0.3 x 0.3 x 0.4 mm. Data were 
collected on a SYNTEX PI-four-circle diffractometer using 
graphite crystal monochromated MoKa radiation (A = 
0.71069~). Cell parameters were determined by a least squares 
fit to the diffractometer settings for 15 general reflections. In- 
tensity data were recorded using the 0/20 scanning mode with a 
scan speed (20) of 30 min -~ and a scan range from 0.90 below 20 
(al) to 1.1 ° above 20 (a2). The background counts were taken for 
0.35 times the scan time at each end of the scan. Reflections in 
one quadrant of reciprocal space up to sin 0/A = 0.65 .~-~ were 
measured. Out of the 3146 reflections recorded 2676 with I > 2.5~ 
(I) were retained for the structure analysis. Corrections were 
made for Lorentz and polarization effects, but not for absorption. 
Scattering factors used were those of Ref. 42 for S and C and of 
Ref. 43 for H. Descriptions of the computer programmes applied 
are given in Refs. 44 and 45. 

Crystal data. Spiro[9H_ - fluorene - 9,Y(10'b_H) - fluoreno[9,1- 
cd][I,2]dithiin], C2~'IIsS2, monoclinic, a --11.989(2) A; b=  
11.564(1)~; c = 14.038(I)~; ~8 = 100.77(1)°; V= 1912.0(4)A 3, 
(t=19°). M=392.53; Z=4; F (000)=816; p(MoKa)= 
2.82 cm -I, D~ = 1.364g cm -3. Space group P 21In (No. 14). 

Structure determination. The structure was determined by 
direct methods and refined by standard Fourier and least-squares 
calculations. The refinements converged to a conventional R- 
factor of 0.036, R,~--0.040 and S=(Y~wAF2/(n-m)) 112= 1.63. 
The final atomic parameters are listed in Table 2. A list of 
observed and calculated structure factors is available from the 
authors. 

General procedure for the reaction of ketones with LR 
Ketone (0.01 mol) and 2.02g (0.005 tool) of LR were heated in 

10 ml of anhydrous benzene/toluene with stirring until no more 
of the starting material could be detected (tic). After cooling to 
room temp the reaction mixture was evaporated on silica gel 
under reduced pressure and applied to a.silica gel column using 
the eluent stated below. The reaction conditions (°C, hr) and the 
physical, spectroscopic and analytical data are given below. The 
ligroin used distilled below 45 °. Chemical shifts of the 4- 
methoxyphenyl group: IH NMR (CDC13): 8 7.8 (2H, rid, 3Jvn 14, 
Jml 9), 6.9 (2H, dd, 4Jvn 4, Jmt 9), 3.5 (3H, s) OCH3. J3C NMR 
(CDCI3): 8 164.1 (4Jvc 3 Hz), 134.8-135.5 (ZJvc 12-13 Hz), 124.0- 
130.5 (IJpc 74--112Hz), 112.5-114.2 (3Jvc 17 Hz), 55.5 (-) OCH3. 
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Compound 3. 15 - (4- Methoxyphenyl) - 7,14,16 - trithia - 15 - 
phosphndispiro[5.1.5.3]hexadecane 15-sulfide, 80 °, l hr. EIuent 
CH2Cl2/ligroin 1:1 v/v. Yield 1.10g (51%). Oil. Analysis correct 
for CI9I'I27OPS4 (C,H). MS [m/e (%, rel int)]: 430 (60, M), 316 
(81), 203 (64), 202 (94), 200 (100). tHNMR (CDCI3): /5 1.2-2.8 
(20I-I, m) 10 CH2, 4-CH3OCeH4 as above. 13C NMR (CDCI3): 8 
(Jpc if any): 66.1 (4.0)~two S-C-S, 42,1 (broad), 24.8, 22.4, 21.9. 
4--CH3OC~I4 as above. 3tp NMR (CDCI3): 8 60.3. 

Compound 4. 13 - (4 - Methoxyphenyl) - 6,12,14 - trithia - 13 - 
phosphadispiro[4.1,4.3]tetradecane 13-sulfide, 80 °, lhr. Eluent 
Et20/ligroin 1:9 v/v. Yield 1.258 (62%). M.p. 132-134 °. Analysis 
correct for CITH2~OPS4 (C, H). MS [role (%, rel int)]: 402 (60, M), 
302 (81), 202 (95), 200 (100). JH NMR (CDCI3): 8 1.6-2.8 (14H, m) 
7 CH2, 3.25 (2H, m) CH2, 4--CH3OC~'I4 as above, t3C NMR 
(CDCI3): 8 (JPc if any): 68.2 (4.0) two S-C-S, 45.3 (6.2), 43.7, 
24.3, 22.4. 4-CH3OCtH4 as above. 3tp NMR (CDCI3): ~ 59.4. 

Compound 7; 2 - Methyl - 1 - cyclohexenethinl. 80 °, 2 hr. 
EIuent: CH2CiTJligroin I:1 v/v. Yield 0.85 g (66%). Oil (reddish). 
]H NMR (CDCI3): 8 1.0-2.5 (IIH, m) all others than SH, 2.75 (s, 
SH). 13C NMR (CDCI3): 8 136.2, 124.6, 32.9, 31.6, 24.2, 23.1, 21.3. 

Compound 8. 2 - Phenyl - 1 - cyclohexelgthiol. 80 °, 3 hr. 
Eluent Et20/ligroin 5:95 v/v. Yield 0.68 g (28%). Oil (reddish). 
MS [m/e (%, rel int)]: 190 (100, M), 157 (27), 147 (32), 129 (30), 
115 (21), 91 (37). tH NMR (CDCI3): 8 1.80 (4H, m), 2.35 (41/, m), 
2.65 (1H, s) SH, 7.30 (SH, s) Ph. t3C NMR (CDCI~): ~ 143.2, 
133.2, 128.4, 128.1,126.9, 123.8, 34.6, 32.8, 23.8, 23.2. 

Compound 9. Bis(2 - methyl - 1 - cyclohexene) sulfide. M.p. 
101 ° (Et20). MS [m/e (% rel int)]: 222 (100, M), 207 (20), 165 (18), 
151 (21), 129 (20), 128 (24), 127 (28). tH NMR (CDC13): ~ 1.55 
(4H, m), 1.82 (3H, s) CH3, 2.01 (4H, m). t~C NMR (CDCI~): 
136.0, 124.8, 32.5, 31.6, 24.0, 23.3. 

Compound 10. Bis(2 - phenyi - 1 - cyclohexeue) sulfide. M.p. 
86--80 0igroin). Analysis correct for CuH265 (C, H, S). MS [role 
(%, rel int)]: 346 (100, M) all others < 3%. tH NMR (CDCI~): 
i.65 (4H, m), 2.25 (414, m), 7.10 (5H, s) Ph. t3C NMR (CDCI~): 
143.6, 141.3, 128.6, 128.2, 127.7, 127.6, 33.6, 32.9, 23.8, 23.0. 

Compound 14. 3 - Methyl - 2 - cyclobexenethione. 60 °, 1 hr. 
Ehient: Et20/ligroin 5:95 v/v. Yield (l.10g (86~). Violet oil. MS 
[m/e (%, rel int)]: 126 (100, M), 111 (27), 98 (36), 93 (52), 91 (36). 
tH NMR (CDC13): B 1.6-2.5 (714, m), 3.00 (2H, m), 6.70 (1H, q, 
Jam 1.5 Hz). t~C NMR (CDCI3): ~ 237.3 (C--S), 154.6 (C-3), 137.8 
(C-2), 46.0, 31.4, 24.5, 23.4. 

Compound 15. 3 - Methyl - 6 - (1 - methylethyl) - 2 - cyclo - 
hexenethione. 60 °, I hr (N2). EIuent: Et20/ligroin 2:98 v/v. Yield 
0.41 g (25%). Violet oil. MS [m/e (%, rel int)]: 168 (93, M), 153 
(81), 126 (60), 125 (54), 93 (48), 92 (60), 91 (100). tHHMR 
(CDCI~): B 0.8-1.6 (7H, m), 1.7-2.6 (gH, m), 6.65 (IH, br. s.). 
t3C NMR (CDCI3): ~ 241.5 (C=S), 152.0 (C-3), 138.2 (C-2), 59.2, 
29.9, 28.7, 23.9, 23.7, 21.3, 18.8. 

Compound 16. 5,5 - Dimethyl - 3 - phenylsulfenyi - 2 - 
cyclohexenethinne. 60 °, 0.75hr. Ehient: Et20/ligroin 1:3 v/v. 
Yield: 2.018 (81%). M.p. 74-70 (Et20) red needles. Analysis 
correct for C~4I'I~652 (C, H, S). MS [m/e (%, rel int)]: 248 (100, 
M), 233 (20), 215 (6), 200 (13), 171 (16), 155 (11), 141 (18), 124 (20). 
tH NMR (CDCIs): ~ 1.00 (6H, s), 2.30 (2H, s), 2.70 (2H, s), 6.30 
(IH, br. s.), 7.2 (SH, s). t~C NMR (CDCI~): B 229.6 (C=S), 158.9 
(C-3), 135.0 (C-2), 130.1, 129.7, 127.8, 59.4, 34.2, 27.3 (double int). 

Compounds 17 and 18. 2.0~ 8 of 1,3 - diphenyi - 1 - propen - 3 - 
one (chalcone) (0.01 mole) and 2.028 of LR (0.005 mole) were 
dissolved in 8 ml of anhydrous CH3CN. After stirring for 4 hr the 
precipitate was filtered off. Yield 3.358 (82~). M.p. 126-128 ° 
(dec. green cohiur appears). ]H NMR (CDCls): ~ 3.90 (3H, s) 
OCH3, 4.71 (0.5H, dd, J 3.3 and 6.0 Hz), 5.51 (0.5H, dd, J 3.3 and 
6.0 Hz), 5.95 (IH, d, ./3.3 Hz), 6.9-7.8 (141/, m) arom. 

Compound 22. 4,5 - Diphenyl - 2(4 - methoxyphenyl) - 1,3,2 - 
oxathiaphosphole 2-solfide. 80 °, 12hr. Eluent: Et20/ii~lroin 1:1 
v/v. Yield 1.208 (30%). M.p. 116-1180 (Et20). Analysis correct 
for C2tHtTO2PS2 (C, H, P, S). MS [m/e (%, rel int)]: 396 (100, M), 
380 (10), 264 (13), 210 (48). tH NMR (CDCI~):/~ 3.80 (3H, s), 6.95 
(2H, dd, Jpn 3Hz, J~m 8Hz), 7.25 (10H, m), 8.10 (2H, dd, Jpn 
15 Hz, Jim 8 Hz). t~C NMR (CDCI~): ~ (J~c if any): 163.7 (3.5), 
141.9 (6.0), 133.9 (15.1), 132.2 (6.5), 130-127 6 c's, 125.2 (74.5), 
132.2 (6.5), 130.2 (9.6), 114.0 (17.0), 55.3. ~'PNMR (CDCI~): 
103.4. 

Compound 23. 4,5 - Dipropyl - 2(4 - methoxyphenyl) - !,3,2 - 
oxathiapbosphole 2-sulfule. 80 °, 1.5 hr. Ehient: CH2Cl2/ligroin 1:1 
vlv. Yield 0.338 (10%) and %. 62g (20%) of 23 (see below). Oil. 
MS [m/e (%, rel int)]: 328 (100, M), 299 (41), 187 (20), 180 (33). 
tH NMR (CDC13): ,~ 1.00 (6H, two t) two CH3, 1.62 (4H, m) two 
CH2, 2.40 (4H, two t) --CH2--C--, 3.90 (3H, s), 7.: (2H, dd, JPH 
3 Hz, Jim 8 Hz), 7.97 (2H, dd, Jpu 15 Hz, Jam 8 Hz). '3C NMR 
(CDCI3): 8 (JPc if any): 163.6 (3.0), 144.3 (5.9), 133.7 (15), 126.7 
(125.5), 126.1 (6.5), 113.9 (16.5), 55.6, 30.3 (9.0), 29.9 (8.1), 22.3, 
20.4, 13.4 (two CH3). 3tp NMR (CDCI3): 8. 

Compound 24. 3,4,5 - Triphenyl - 2 - (4 - methoxyphenyl) - 
1,3,2 - thiazaphosphole. 110 °, 12hr. EIuent: Et20/lisroin i:4 v/v. 
Yield 1.648 (35%). M.p. 165-680 (Et20/CH2CI2). MS [m/e (%, rel 
int)]: 471 (15, M), 455 (100), 180 (89). JH NMR (CDCI3): 8 3.85 
(3H, s), 6.8-7.3 (17H, m), 8.00 (2H, m). t3C NMR: Not interpreted 
due to mixture of isomers. 31PNMR (CDCI3): 8 91.3 and 86.3 
(-4:1).  

Compound 25. 2 - (4 - Methoxyphenyl) - 5 - propyl - 4 - 
propylideue - 13,2 - oxathiaphosphole 2-suh'ide. As above (19). 
Oil. MS [m/e (%, rel int)]: 328 (100, M), 295 (21), 187 (32). 
tH NMR (CDCi3): 8 0.95 (6H, m) two CH3, 1.20-2.20 (6H, m) 
three CH2, 3.85 (3H, s) OCH3, 5.05 (IH, m) OCH, 5.55 (IH, m) 
--CH=, 6.80 (2H, m), 7.75 (2H, m). t3C NMR: Not interpreted due 
to mixture of isomers. 3tp NMR (CDCI3): 8 100.8 and 98.7 (!:1). 

Compound 2?. 9H - Xanthene - 9 - thione. 80 °, 0.5 hr. EIuent: 
Et20/lisroin 2:98 v/v. Yield 2.01 g (94%). M.p. 1570 (CH2C12/Et20 
4:1 v/v). Lit. 26 m.p. 158--59 °. 

Compound 29. 7H_ - lknz[de]anthracene - 7 - thione. 60 °, 2 hr. 
Eluent: CH2C! 2. Yield 2.208 (90%). Brown powder. M.p. 132--340 
(d). Lit. ts m.p. 132 °. 

Compound 31. 9I-J - Fluorene - 9 - thione. 80 °, 10hr (N2). 
Intermediate wurk-up! Eluent: CH2Cl2/ligroin 1:9 v/v. Yield: 
1.408 (71%). Green needles, m.p. 750 0igroin). Lit. t° m.p. 75 °. 

Compound 32. 9,9' - Bis- 9_H - fluorenylidene. Isolated with 33 
(see below). Yield 0.168 (5%). Orange needles. M.p. 188--890 
(CH2CI2). Lit. t9 m.p, 188 °. IHNMR (360MHz, CDC13): 8 7.21 
(H-2, H-7), 7.33 (H-3, H-6), 7.70 (H-4, H-5), 8.38 (H-l, H-8). 
t3CNMR (90.52MHz, CDCi3): 8 141.32 (C-II, C-12), 141.02 
(C-9), 138.29 (C-10, C-13), 129.14 (C-3, C-6), 126.81 (C-2, C-7), 
126.72 (C-l, C-8), 119.86 (C-4, C-5). 

Compound 33. Spiro[9_H - fluorene - 9,Y(10'b_H) - fluoreno[9,1- 
cd][ 1,2]dithiin]. 1.80 g of 26 (0.01 tool) and 2.02 g of LR (0.005 tool) 
were heated to I00 ° for 10hr under stirring. The mixture was 
allowed to cool to room temp and in the presence of air. EIuent: 
CH2Cl2/ligroin 1:9 v/v. Yield: 1.208 29 (61%) (and 0.168 28 (see 
above)). M.p. 226-300 (d) (CH2CI2/Et20). Lit. 2e m.p. 229-31 °. 

Compound 34. 20 °, I hr. Solvent CH3CN or CH2Ci2. Addition 
of Et20 and/or ligroin yielded 3.01 g (78%) of the betaine. M.p. 
114 o (decompose, blue colour appears). Hygroscopic. IHNMR 
(CDCI3): ~ 3.65 (3H, s), 6.7 (2H, m), 7.5-8.1 (IIH, m). 

Compound 35. Rubicene. 0.188 of 33 was dissolved in 2 ml of 
Marlotherm S Co.p. 390 °, commercially available from Chemische 
Werke HOLS, I)-4660 Gelsenkirchen-Buer) and heated for 8 hr 
to 1800 with stirring. After cooling to room temp the reaction 
mixture was applied to a silica gel column using CH2ClTJligroin 
(4:1 v/v) as eluent. From the fractions containin~ Marlotherm 
0.045 g of red and yellow needles precipitated. Hplc experiments 
proved the structures to be 32 and 35 as the retention times were 
identical with those of authentic samples. 
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