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THERMAL FRAGMENTATION AND 
REARRANGEMENT OF P-KETOSULFIDE AND 

P-KETOSULFONE DERIVATIVES 

ABD EL-AAL M. GABER 

Chemistry Department, Faculty of Science, Assiut University, Assiut 71516, Egypt 

(Received 9 March 1997; Revised 24 April 1997; In j n a l  form 24 April 1997) 

Thermal fragmentation and rearrangement of neat phenacyl aryl sulfides I and I1 have been thor- 
oughly investigated and found to involve cleavage of the C-S and C-C bonds followed by a series 
of H-abstraction, coupling, dimerization, rearrangement, and cyclization reactions. Also, in the pres- 
ence of isoquinoline as a radical trap, I gave 1-phenyl- and 1-benzylisoquinoline in addition to the 
rearrangement products. Analogous results, beside SOz arylsulfonic acid and biaryl, were also ob- 
tained on heating phenacyl aryl sulfones In and IV in tetraline. A suitable mechanism has been 
suggested to account for the isolated products. 

Keywords: Thermal Fragmentation; Rearrangement; P-Ketosulfides and sulfones; Free radicals 

INTRODUCTION 

Photochemical behavior of carbonyl compounds containing y-halogens has been 
documented.[” It has been reported that photolysis of wethylthioacetophenone121 
involves abstraction of a y-halogen atom producing a diradical intermediate, 
which either undergoes cleavage andor a radical combination to cyclobutanol 
derivatives.[31 Wagner et al.[41 have reported that photochemistry of p-, 7-, 6 
phenacyl sulfides, sulfoxides, and sulfones which undergo type I1 photo elimi- 
nation and no irreversible reaction. The same authors studied15] the quantitative 
effect of ring- and a-substituents as well as sulfur oxidation state of the cleavage: 

0 0 
II II 

Ar- C - CH2- SR h” * Ar-C-CH2 + SR 
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136 A.E.M. GABER 

They studied the photolysis of phenacyl alkyl sulfides by an intramolecular 
or type I1 process mechanisms to give the enol of acetophenone and a thiocar- 
bony1 compound as the primary photoproducts.'61 Hence, the thermolysis mech- 
anism of the title compounds on a quantitive basis is not reported. This fact 
prompted us to investigate the thermal fragmentation and rearrangement of these 
compounds. 

RESULTS AND DISCUSSION 

In the present work, the thermolysis of phenacyl phenyl sulfide I via reflux at 
240-260°C for 20 hr could be interpreted to proceed through a rearrangement 
mechanism involving the two competing C-S and C-C bonds fission pathways 
which resulted in the formation of CO, H2S, benzene, biphenyl, benzil, aceto- 
phenone, bibenzyl, stilbene, diphenyl sulfide, thianthrene, 2,3,4,5tetraphenyl- 
thiophene, and 2-phenylbenzo[b]-thiophene as shown in Scheme 1. 
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THERMAL FRAGMENTATION 137 

The formation of the isolated products strongly points to a free radical mech- 
anism starting by the preferential homolysis of the C-S bond (route a) rather 
than C-C bond (route b)"] forming phenacyl and phenylthiyl radicals pairs. The 
phenacyl radical may abstract hydrogen to give acetophenone whereas, the phen- 
ylthiyl may abstract hydrogen to form thiophenol or undergo dimerization to 
form diphenyldisulfide which ultimately decomposes under the present condi- 
tions to give H2S and diphenyl sulfide."] The formation of thianthrene can be 
explained on the basis of disproportionation of phenylthiyl radical"] as depicted 
in Scheme 1. 

Another competing pathway in the thermal rearrangement of I is the homo- 
lysis of the C-C bond (route b) into benzoyl and phenylthiomethyl radical pairs. 
The benzoyl radical is the precursor of biphenyl and benzil through decarbon- 
ylation and dimerization processes, respectively.r101 The phenylthiomethyl radi- 
cal may undergo sulfur rearrangement through a 1,Zphenyl shift via a 3-centered 
bridged radical intermediate,["' in a manner similar to that reported for phen- 
oxymethyl radical,'"] to give benzyl radical and sulfur molecule. The benzyl 
radical can be considered as the precursor of bibenzyl and stilbene through 
dimerization followed by dehydrogenation. The formation of 2,3,4,5-tetraphen- 
ylthiophene takes place through the interaction of stilbene with sulfur which is 
readily available in the reaction medium as reported earlier."21 

Moreover, phenacyl radicals undergo rearrangement through a 1,2-shift of a 
phenyl group, analogous to neophyl radi~al,"~] to give benzyl radical and carbon 
monoxide. The normal fate of benzyl radical was discussed as shown previously 
(Scheme 1, route b). 

A possible pathway for the formation of 2-phenylbenzo[b]thiophene is 
through H-abstraction of compound I, then tautomerize into the enol form fol- 
lowed by intramolecular cyclizati~n. ' '~"~~~ Moreover, the formation 2-phenyl- 
benzo[b]thiophene from stilbene and sulfur is also possible. 

Furthermore, the formation of benzothiophene derivatives confirm that phen- 
acyl aryl sulfides I and I1 act as good H-donors in the reaction medium (Scheme 
2). 

Analogous results were also obtained in the thermal fragmentation of phenacyl 
p-tolyl sulfide I1 which gave rise to CO, H2S, biphenyl, acetophenone, bibenzyl, 
stilbene, benzil, p-thiocresol, di-p-tolyl sulfide, bitolyl, and 5-methyl-2-phenyl- 
benzo[b]thiophene. Such products can be interpreted with the same mechanism 
suggested previously in Schemes 1 and 2. 

The formation of p-thiocresol, ppbitolyl and di-p-tolyl sulfide was explained 
through dimerization of p-tolylthiyl radical to give ppditolyldisulfide which 
decomposes into p-thiocresol, p-bit~lyl,"~] and di-p-tolyl sulfide"61 (Scheme 1). 
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138 A.E.M. GABER 

Ph 
R G + 7 - H + & J 4 .  0 \ migration Ph 

I 0 
(R= H . CH,) 

Ph 

SCHEME 2 

Similarly, thermal remangement of phenacyl phenyl sulfide I in the presence 
of isoquinoline as a radical trap under the used condition gave 1-phenyl- and 1- 
benzylisoquinolines, in addition to the previous products (Scheme 1 and Table 
I). Trapping of phenyl and benzyl radicals by isoquinoline as a radical scavenger 
may be consider as further evidence for free radical reactions. However, no 
isomer redistribution takes place in the coupling reactions. This is because re- 
combination of radicals is faster than either position isomerization or radical 
transfer reactions."" 

Phenacyl aryl sulfones 111 and Tv, on thermolysis in boiling anhydrous tetra- 
line (ca. 210°C) for 2 h, leads to the formation of CO, SO,, benzil, biaryl, 
acetophenone, stilbene, bibenzyl, diaryl sulfide, arenethiol, arene, diaryl sulfone, 
and arenesulfonic acid as shown in Schemes 3 and 4. 

The formation of these products can be assumed to follow the series of re- 
actions which imply the preliminary homolysis C-S bond (route a) forming 
phenacyl and arenesulfonyl radical pairs. The normal fate of phenacyl radicals 
was discussed as mentioned before (Scheme 1). 

Some of arenesulfonyl radicals undergo desulfonylation, forming aryl free 
radicals which dimerize to the corresponding biaryl (Scheme 3). Dimerization 
of arenesulfonyl free radicals through S-S coupling leads to the formation of 
the corresponding diaryl sulfone (Scheme 4, Eq. 1). The low yield of diaryl 
sulfones gives a clue for their instability, especially in the case of di-p-tolyl 
sulfone.[l8] 

On similar grounds, sulfinyl sulfonates that may be formed from dimerization 
through S - 0  coupling are unlikely to be formed or, even if they are formed, 
they will readily dissociate into sulfinyl and sulfonate radical pairs and the whole 
process appears as one disproportiontion process (Eq. 2, Scheme 4). 

The coupling of a sulfonyl radical with a sulfonate radical would give sulfonic 
anhydride which easily undergoes hydrolysis during working-up procedure to 

D
ow

nl
oa

de
d 

by
 [

M
cM

as
te

r 
U

ni
ve

rs
ity

] 
at

 0
9:

42
 2

4 
D

ec
em

be
r 

20
14

 



THERMAL FRAGMENTATION 

Table 1. Tliennal Rearrangement Products of Plienacyl A I ~ I  Sulfide 1 and 11 in % yield 

Entry Conditioiira 
Sulfides 

Solvent Teiiip "C Tintc,li 

240 20 P 
I Pb-C-CH2-S-Ph 

I 

240 I 17 
Pll-C-ff4~-S-ptol!.l 

2 
I I  

Isoquiiioliite 260 20 fi 
PI~-C-CII ?-s-riI 

3 I 

nllois and BWIC 
Nciilral Prndiicts % products 7" 

Bcnzcl& 10 nll~p~lcilo~c 6 
Biphcnyl 7 
Bciizil 4 
Acetoplieiioiicd 8 
bibenryl G 
Stilbeiic 10 
Dtplienyl sulfidc I I 
TPT I J  
Tlrmlltrciio 8 
2-PllcIlylbcnz- 12 
Ib)tliioplicncC 
Bcnicne 14 niiop-cresolit 8 
BtpliciiyI 9 
Bcnril 6 
Acetoplieno~ie I I 
Bibeiiryl 5 
Stilbcnc R 
p.pBi~olyIC 10 

5-Mctliyl-2-P1icnyl- I 5  
bcnzol l~]tli~ophcncS 

Bcnzene I2 Thioplsnol I 
Biplicnvl 6 I-flicn~lisoquinol~tic 6 
Bcnril 5 I -Dctir?lirooiiiiioiiiir j 

Stilbciic 9 
Diplieiiyl sulilde 10 
TPT I0 
Thiaiithrenc 7 

[bJiliiopIiciic 

p.p-Dltol)l sulrldef I 1  

Accropl~cnonr 10 laoqiiinoliiic' 2 

~ - P I I C ~ ~ ~ I ~ C ~ ~ ~ -  fi 

The conversion was completed at the end o f  tlierinolyis. b tieterniined by f ic  analysis 
of th: crude pyrolysate, C collected at 165-170 ' C and was identified as h e  benzyl 
!liioe!lier derivative, in p 41 "C, which upon oxidation with Cr03 i acetic acid gave 
benzyl phenyl sulfone, m p and mm p 148 "C (lit , j3  in p 148 "C). collected at 65- 
70 'C I 3  Torr, 2,4-dinitro derivative, ni p and mixed m p 250 "C. e crystallized irom 
etltanol, m p 125 'C ( lit..34 m p and nmi p 124-6 "C), YH Nh4R 6 7.2 (m. 4 H). 7 4- 
7 5 (m. 4 H). 2 3-2 4 (s, 6 13). 'crystallized from erlianol. in p 58 "C (111 .35 m p and 
n i m p  59-GO "C). g crystallized from ethanol. m p  1 5 7 O C (  l i t . 14a  m p  I S S T ) ,  
f o u n d :  C ,  8 0 3 . ~ 1 , 5 4 ; S , 1 4 l U i b C a l c d  f o r C ~ ~ I - I ~ ~ S . C . 8 0 3 6 . H , 5 3 7 ,  S , 1 4 2  
%, 11 col1ec:ed a t  60-65 "C I3 Torr.  ni p and t!im p 40-2 "C, ' H NMR 6 7.2 (in. 2 
H), i 4 (m, 2 H). 2 3 (5. 3 H), 3.4 (s, 1 H), coilecled at 75-82 "C / S To:r, 2 0 ~ ~ ~  
: I  6051, picrate derivative. m p and mm p 219-221 "C 

139 

give the corresponding sulfonic acid"" (Scheme 4, Eq. 3). The coupling of 
arenesulfinyl radical with an anenesulfonyl radical was reportedIZol to give thio- 
sulfonate that subsequently tends to decompose thermally forming ultimately 
thiophenol, diaryldisulfide, and arenesulfonic acid (Eqs. 4 and 5) .  Heating of 
diaryldisulfide under the same conditions gave diary1 sulfide and H,S.'*I 

Desulfonylation of some arenesulfonyl radicals could account for the libera- 
tion of sulfur dioxide and the formation of aryl radicals which may then, in 
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THERMAL FRAGMENTATION 141 

other successive reactions (Scheme 4, Eq. 6 E q .  lo), form the corresponding 
biaryl by dimerization, arene by H-abstraction or diary1 sulfide by coupling with 
arylthiyl radical as shown in Schemes 3, 4. 

In naphthalene, the normal thermolytic products of the phenacyl phenyl sul- 
fone 111 under the coditions used were obtained together with isomeric, 1- and 
2-benzylnaphthalene (yield, 32.2 %) were produced in the ratio of (70.3% 1- to 
27.2% 2-isomer). 

Absence of isomeric 1- and 2-phenylnaphthalene and binaphthyl from the 
thermolysis mixture confirms the assumption that a radical substitution process 
takes place to give benzylation products. 

EXPERIMENTAL 

All melting points were determined on a. Kofler melting point apparatus and 
were uncorrected. IR spectroscopic analyses were carried aut on a Pye-Unicam 
SP 3-100. Thin layer chromatography was performed using 10 X 3 cm glass 
plates coated with silica gel andor ready made and eluted 10% ether-pentane. 
column chromatographic separations were carried out using 100 X 2.5 cm glass 
column packed with Kjeselgel60 (0.0404.063 mm) using successively solvents: 
pet. ether (40-60"C); pet. ether (4MO"C)-pet. ether (6040°C) mixtures; pet. 
ether (60-80°C); pet. ether (60-8O0C)-benzene mixtures; benzene; benzene-ether 
mixtures; and finally ether. gas liquid chromatography was carried out on a 
Perkin-Elmer model Sigma 3B apparatus; the column used was (8 X 1/8 cm) 
packed wtih 30% SE 30 on Chromosorb W(35-80 mesh), using nitrogen as a 
carrier gas. GC-MS analyses were carried out using Finnigan Mat EI-SSQ 7000 
apparatus and 'H NMR spectra for starting materials and some reaction products 
were recorded using a Varian EM 270 MHz instrument at MPI fur Strahlen- 
chemie in Mulheim, Germany. 

Starting Materials 

Phenacyl phenyl sulfide I, b.p. 173-177"C, crystallized from ethanol, m.p. 50°C 
(lit,r211 m.p. 49-50°C), 'H NMR 6 4.2 (s, 2 H), 7.2 (m, 8 H), 7.8 (m, 2 H); m/z 
228. 

Phenacyl p-tolyl sulfide 11, b.p. 184-188"C, crystallized from ethanol, m.p. 
35°C (lit,["' m.p. 36-37"C), 'H NMR 6 2.3 (s, 3 H), 4.1 (s, 2 H), 7.1 (m, 8 H), 
7.6 (d, 2 H); m/z 242. 

Phenacyl phenyl sulfone 111, crystallized from ethanol, m.p. 95°C (lit,1231 m.p. 
96--97"C), 'H NMR 6 1.4-3.8 (s, 2 H), 7.2 (m, 8 H). 7.8 (rn, 2 H); m/z 260. 
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142 A.E.M. GABER 

Phenacyl p-tolyl sulfone IV, crystallized from ethanol, m.p. 110°C (lit,'231 m.p. 
110-112"C), 'H NMR S 1.2-2.0 (s, 3 H), 2.4-3.4 (s, 2 H), 7.0 (m, 8 H), 7.4 
(d, 2 H); d z  274. 

It is worthwhile to mention that a number of preliminary experiments were 
carried out to determine the proper temperature for thermolysis. However, the 
results showed that the decomposition of I and 11 starts above 240°C and above 
200°C for I11 and IV. Also, it was found that these temperatures are the lowest 
at which the conversion of the sulfides I and 11 and the sulfones I11 and IV was 
completed. 

Thermal Fragmentation of Phenacyl Aryl Sulfides I and 11, General 
Procedure 

The sulfide (0.043 mol) was placed in a 50 ml, round bottom flask fitted with 
an efficient reflux condenser (1.5 m length) and heated either alone (Expts. 1 
and 2) or in 5 ml of isoquinoline solvent (Expt. 3) using a temperature controlled 
heating mantle adjusted to the desired temperature. The temperature was meas- 
ured using a thermometer immersed in the reaction flask. The exit gases were 
trapped in lead acetate solution (for H2S) and passed over palladium chloride 
for CO. After decomposition was complete, the pyrolysate was subjected to 
normal distillation up to 180"C, using a microdistillation system, for separation 
of low boiling products such as benzene and toluene. Benzene was collected at 
70-80°C and its glc analysis showed a single peak at 0.7 min at 90"C, as for 
an authentic sample. Toluene was collected at 105-1 10°C and revealed a single 
peak at 1.0 min at 90"C, comparable with an authentic sample. Fractional dis- 
tillation under reduced pressure gave acetophenone, diary1 sulfide, isoquinoline, 
and arenethiols (Expts 1-3). 

The nondistillable residue was dissolved in ether, and the ether solution was 
extracted with two 10-ml portions of 5% NaOH solution for the separation of 
the thiols. The alkaline extracts were separately neutralized with 2 M HCl, and 
the thiols were separated and identified either directly by glc andor column 
chromatography (Expts. 1-3) or separated into neutral and basic products (Expt. 
3) using HC1 solution. In Expt. 1, the tetraphenylthiophene (TPT) was separated 
by filtration as an ether insoluble product and recrystallized from amyl alcohol, 
m.p. and mm.p. 189°C (lit,[24J m.p. 185°C). The ether soluble neutral products 
were eluted from chromatography column using the former sequence of eluents. 
Biphenyl was eluted with pet. ether (40-60"C), and showed a glc peak at 3.0 
min at 140°C, m.p. and mm.p. 70°C. Bibenzyl was eluted with pet. ether (40- 
60°C)-pet. ether (60-80°C) mixtures (1:2, v/v), and showed a glc peak at 3.3 
min at 140"C, m.p. and mm.p. 52°C (lit.,[251 m.p. 52-53°C); 'H NMR 6 7.2-7.4 
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THERMAL FRAGMENTATION 143 

(m, 5 H), 7.3-7.4 (m, 5 H), 2.8 (s, 4 H). Stilbene was eluted with pet. ether 
(60-8OoC), m.p. and mm.p. 125°C (lit.,[261 m.p. 124°C). Diphenyl sulfide was 
eluted with pet. ether (60-8O0C)-benzene (1 : 1, v/v) and identified as diphenyl 
sulfone obtained from its oxidation using H,O,-acetic acid mixture,r271 m.p. and 
mm.p. 128°C (lit.,[281 m.p. 128-129°C). Thianthrene was eluted with pet. ether 
(60-80"C)-benzene (5 :  1, v/v), m.p. and mm.p. 158°C (lit,[291 m.p. 158-159°C); 
'H NMR S 7.2 (m, 4 H), 7.4-7.5 (m, 4 H). 2,3,4,5-Tetraphenylthiophene (TPT), 
in part, was eluted with pet. ether (60-8OoC)-benzene (1 : 1, v/v), m.p. and mm.p. 
188°C (lit,r241 m.p. 185°C); calcd. S: 8.25; found S: 8.26%; d z  388. Benzil was 
eluted with pet. ether (60-8O0C)-benzene (1:2 v/v), m.p. and m . p .  96°C. 2- 
Phenylbenz[b]thiophene was eluted with benzene-ether (1 : 1, v/v), m.p. and 
mm.p. 175°C (lit,r301 m.p. 174-175°C); 'H NMR S 7.4 (m, 2 H), 7.5 (m, 2 H), 
8.1-8.2 (m, 5 H), 2.1 (s, 1 H); found : C, 80.2; H, 4.8; S, 15.0. Calcd. for 

The amine fraction was extracted with ether (Expt. 3). Ether was evaporated 
and recovered isoquinoline was collected at 75-82"C/5 Torr. The residue was 
analyzed using column chromatography. 1 -Phenyliso-quinoline (Expt. 3) was 
eluted with pet. ether (60-8O0C)-benzene (2:3, v/v), m.p. and mm.p. 95°C 
m.p. 95-96°C); picrates m.p. 164°C (ethanol) (lit.,[311 m.p. 165-166°C). 1-Ben- 
zylisoquinoline (Expt. 3) was eluted with pet. ether (60-8O0C)-benzene (1: 1, v/ 
v), m.p. and mm.p. 55°C (lit,1321 m.p.56"C); picrates m.p. 180°C (ethanol) (lit.,[31J 
m.p. 182°C). Moreover, in Expt. 3, the mixture of 1-benzyl- and l-phenyliso- 
quinolines was analyzed using preparative thin layer chromatography, R, = 0.4 
and 0.6, respectively, and the eluent used was a pet. ether (60-8O0C)-benzene 
mixture ( l : l ,  v/v). 

C14HIOS : C, 80.0; H, 4.8; S, 15.2%); m / ~  210. 

Thermal Fragmentation of Phenacyl Aryl Sulfones I11 and IV 

The appropiate sulfone (0.038 mol) was placed in 100-ml, three-necked flask 
fitted with a gas inlet and a condenser. The top of condenser was attached to a 
gas trap containing a mixture of barium chloride solution (50 ml, 10%) and 
H202 (10 ml, 30%) to absorb SO2 evolved during thermolysis by reflux or in 5 
g of naphthalene at boiling tetraline (b.p. ca. 210°C) for 2 hr. The pyrolysate 
was evaporated in VQCUO, and the resulting residue was extracted with chloro- 
form, the extracts being washed several times with water. The combined wash- 
ings were titrated with 0.1 N sodium carbonate solution to determine the amount 
of arene-sulfonic acid formed. The chlorofonn layer was evaporated to dryness 
and chromatographed over Kieselgel 60 with a (120 X 2.5 cm) glass column 
using the gradient elution technique as discussed. The barium sulfate precipitate 
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144 A.E.M. CABER 

TABLE I1 Thermal Fragmentation Products of Phenacyl Aryl Sulfones I11 and IV in % Yield. 

Decomvosition Pmducts % III (PhY IV ( D - ~ O ~ V ~ J  

co 
H2S 
Arene 
Biaryl 
Diaryl sulfide 
Arenesulfonic acid 
Acetophenone 
Benzil 
Diaryl sulfone 
Arene thiol 
Bibenzyl 
Stilbene 
Unresolved residue (g) 

evolved 
1.8 

10. I 
7.0 

10.8 
13.6 
11.0 
8.7 
4.0 

12.1 
7.5 
8.6 
1.5 

evolved 
2.6 
8.8 
6.5 

12.6 
16.7 
9.4 

11.8 
1.5 

15.5 
- 
- 
4.0 

See footnotes Table I, and experimental section. 
'Heating of 111 in the presence of naphthalene as a radical trap where benzylnaphthalenes collected 
at b.p. 2W210°C/6 mm.Hg. analysed by glc into ratio of 70.3% I-  to 28.7% 2-isomer; I-benzyl- 
naphthalene, m.p. and mm.p. 5940°C; picrate (ethanol), m.p. 1043°C; 2-benzylnaphthalene, m.p. 
and mm.p. 55-56°C; picrate (ethanol), m.p. 95°C. 

collected in the trap was filtered off, washed with water and dried to a constant 
weight. This was taken as a quantitive measure for the extruded SO, in the 
reaction (see Table 11). 
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