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A&act-TIE thermal reaction of phenylaxotriphenylmethane, (I), with SO, in benzene or n-heptane 
gives triphenylmcthyi phcnyl sulphonc (II) in good yield. This reaction is suppressed by a radical scavenger 
such as n-butylmercaptan to give n-butyi triphenylmethyl sulphide. The kinetic data obtained from the 
decomposition of I in liquid SOsdoes not differ much from tbt data in toluene. However, when two 
crossed reactions were carried out using two chemically labelled azo compounds in each case, the respeo 
tive crossover compounds were not obaemd, although the two au, compounds chosen dccompoacd at 
approximately the same rate. Moreover, the intermolecular coupling product, diphcnyl disulpholle, 
was not formed. These facts suggest that the formation of II is not a 4-center type coniiguration or an 
intermolecular radical mechanism, but through an intramolecular radical reaction due to a special cage 
of so*. 

The evidence that II could be derived from the phenylsulpbonyl radical rather than from the triphenyl- 
methylsulphonyl radical was obtained from the fact that the triphenylmethyl radical (x&amcter radical) 
formed from Idiphenylmethylene4trityl-~5-cyclobexadiene (Gomberg’s trityl) does not react with 
SO1, but does react with 0, to give bis-triphenylmethyl peroxide. 

On the other hand, the reaction of I with SO, in the presence of 0, yields phydroxytetraphenylmethane 
and benxenesulphonic acid, but neither II nor his-triphenylmethyl peroxide are formed, suggesting that 
the reaction in the presence of SO, and 0, is ionic. 

Also, the addition of iodine to the system (I-SO,-benzene or n-heptane) does not suppress the formation 
of II. This may be interpreted that iodine does not act as a scavenger, since iodine forms a complex with 

SO1 
Moreover, phenylaxotriphenylmethane and naphthylaxotriphenylmetha.ue derivatives when treated 

with SO1 in benxeIlt give the corresponding sulphones. In these reactions, it was shown that o-character 
radicals @-metboxy, pchloro, and m-nitrophenyl radicals, or a- and ~naphthyl radicals) react with SO, 
to give sulphonyl radicals. In this case, the a-naphthyl radical reacts sluggishly owing to the steric effect 
of the @-position of naphthalene ring. 

INTRODUCTION 

IN PREVIOUS PAPERS,’ ’ ’ the reaction of anthracene with sulphur dioxide in the 
presence of benzoyl peroxide or azobisisobutyronitrile (AIBN), suggests that the 
x-character radicals (such as 9,1Odihydro-9-2’-cyano-2’-propylanthryl and anthronyl 
radicals) do not react with SO,, whereas o-character radicals (such as the phenyl and 
the anthryl radicals) react with SO, to form the sulphonyl radicals. (Scheme I). 

In the present investigation, phenylazotriphenyhnethane (I) was chosen as the 
radical source since this compound is able to liberate both x- and o-character radicals 
(triphenyhnethyl and phenyl radicals). The reaction of I with SO2 was found to give 
triphenylmethyl phenyl sulphone (II) nearly quantitatively. 

Baeyer and Villiger reported’ the preparation of II from the reaction of PhsCCl 
with PhS02Na. Since in the present method of preparation, II is formed almost 
quantitatively, this new synthetic approach should arouse interest in the mechanism. 
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RESULTS AND DISCUSSIONS 

‘Ihe thermal reaction of phenylazotriphenylmethane (I) with SO2 
As the reaction of I with SO, in benzene or n-heptane gives triphet ylmethyl phenyl 

sulphone (II) in good yield, three possible pathways are visualized i Scheme II. 
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An alternative pathway-the reaction of the intermediate azca-radical with SO2 
(route 4)-was not considered as the loss of nitrogen from the intermediate azo- 
radical is probably exceedingly fast as indicated by Denny and Newman.4 

Ph-N=N~Ph,- Ph-N=N - + 

L 
.CPh, -N2 (4) 

so2 
1 

Pb- S02-CPh3 

Ph-N=N--SO, 

(a) ?‘he decomposition rate of1. The yield of II in the reaction of I with SO2 is nearly 
quantitative, and neither an intermolecular coupling product such as diphenyl 
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disulphone* nor a cage reaction product such as tetraphenylmethanet are formed. 
These results suggest a &enter type process such as Eq. 2 or an intermolecular cage 
reaction such as Rq. 3. 

If this reaction proceeds via pathway 2, the activation parameters of the decomposi- 
tion rate of I in liquid SO1 should ditfer considerably from those in toluene.’ The 
rates of decomposition of the azo compound (I) in liquid SO* were determined at two 
temperatures by measurement of the volume of nitrogen evolved as a function of 
time (VJ. Linear plots of ln V,/(V, - I$ vs time were obtained in duplicated runs, 
indicating that the decompositions are of the first-order law (Fig. 1). Rate constants 
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FIG. I. Decomposition rates of I. 

were determined from the slopes of the plots. The activation energies, E,,, were calcu- 
lated from the rate constants at the two temperatures by application of the Arrhenius 
equation, and entropies of activation, AS*, were calculated according to the equation 
derived from transition state theory. The results are summarized in Table 1. 

It is evident that the values, E, and As3 in liquid SOz do not vary much from those 
in toluene. Since solvation of I at initial state is larger in an electron rich solvent than 
in an electron poor solvent,* the degree of the desolvation in the transition state will 
be greater in toluene than in liquid SOz. In this case, the compensation of EA and 
AS* will be operating’ Therefore, the small difference of activation parameters 
depends upon the ordinary solvent effect in which the transition state is solvated and 
to a lesser extent in the initial state.9 This result rules out the 4-center type reaction 

(IQ. 2), and pathway 3 is indicated. 

* The formation of diphenyl disulphonc from the reaction of BP0 with SO2 in bcnzne soln has keen 
reported.’ 

t It was reponed that tetraphenylmethane (5%) was obtained in the cage decomposition of I.& A&o, it 
has been discussed that the decomposition of I in aromatic solvents undergoes about loo/, cage rewmbina- 
tion.6b*C 
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TABLE 1 

“C 
k, x 10’ E.4 A!? 

six-’ kcal/mok cu. 

in liq. so, 

. 

in toluene* 

53.35 3.10 
26.5 3.7 

43.30 @85 

53.35 2.25 
27.4 4.8 

43.30 060 

l Data arc cited from Ref. 7. 

(b) 7he crossover experiments. As the formation of II appears to be via pathway 3, 
two crossed experiments were carried out to see if the formation of II is too rapid to 
give crossover compounds formed between two chemically labelled azo compounds. 
In each crossed reactions, the two azo compounds chosen decomposed at approxi- 
mately the same rate: panisylazotriphenylmethane (III); 2.13 x lo-’ see-’ (54-O’), 
and phenylazo-pchlorophenyldiphenylmethane (VII); 2.28 x lo-’ set-’ (53.2”), 
or p-chlorophenylazotriphenylrnethane (IV); 1.41 x lo-’ set-’ (54-6’9, and phenyl- 
azo-p-anisyldiphenylmethane (VI); l-87 x lo-’ set-’ (53.29. Furthermore, it was 
verified that non-crossover compounds were formed nearly quantitatively in the 
reaction of the corresponding azo compounds with SO2 as shown in Exps. 9-15. 

In one case, III and VII were treated with SO1 in benzene as described in Exp. 14. 
The crossover compounds could not be isolated by recrystallization or silica gel 
column chromatography, and further TLC revealed two spots of non-crossover 
compounds but no spots corresponding to crossover compounds. 

s- III 

i:R-OMe,R’=Cl 

ii:R~C1R’==oMe 
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Similarly, in the treatment of IV and VI as described in Exp. 15, both TLC and 
mass spectral analyses failed to show the presence of the crossover compounds. 

As these observations indicate an intramolecular process, the reaction could be 
via the special cage which consists of the interaction of SO2 with the phenyl rings of 
1 as shown in Eq. 3. This special cage should result in the recombinationlo of radical 
pairs’ 1 formed on nearby SO2 molecules. 

(c) ‘Ihe e&ct of scavengers. (1) 7he addition of n-butykrcaptun. Although this 
reaction was suppressed by a radical scavenger such as n-butylmercaptan(n-BUSH)* 
to give n-butyl triphenylmethyl sulphide as the main product, the addition of four 
equivalents of n-BUSH to I were required to completely suppress the formation of II. 
The addition of two equivalents of n-BUSH to I (initial concn of 03 mole/l) resulted 
in the formation of about loo/, of II and therefore the n-BUSH competes against the 
geminate recombination. 

(2) ‘The addition of iodine. As shown in Exp. 6, a scavengefl such as iodine did not 
suppress the formation of II in benzene or n-heptane soln, and even in the addition of 
l/10 equivalent of iodine to I the violet colour of iodine did not disappear. Exp. 7 
shows that II was not formed through some iodine containing compounds. Conse- 
quently, iodine does not act as a scavenger, since iodine forms a complex with SOz.‘* 

(d) ‘Ihe eflect ofoxygen in the reaction of1 with SO> In exp. 4, the reaction of I with 
SO2 in benzene in the presence of O2 gave phydroxytetraphenylmethane (XI), 
benzenesulphonic acid and a small amount of phenol, but neither II 0 nor bis-tri- 
phenylmethyl peroxide (X) was found, although the reaction of I with only O2 gave 
X without formation of XI (Exp. 3). These results suggest that this reaction involves 
the following ionic mechanism : 

SCHEMEIV 

-K 
Ph-N=N-CPh, - Ph. •t .CPh, 

so1 0, 

/\ I 
so1 -01 

(+)(-) 
PhSO, - PhO, - Ph3C oz. (SO& 

0, H* 

I I 

H* 

PhSO,H 

“OH --CPh, 

XI 

Russel et ~1.” reported that the reaction of radicals with O2 involves an ionic 
mechanism as shown below : 

kl 
R. -I- R’H- RH+R’. 

l The addition of about one cquiv d n-B&H to AIBN (initial concentration 02 mole/l.) in CQ soin 

scavQlga the flu? radicale lzscapd from cage.” 

7 It has bum well known that iodine is a good scavengu of phcnyl radical in the decomposition of LL3 
4 No formation of II was reproducible, although Exp. 4 was repeated four times However, under tbc 

condition without stirring, about WA d 11 was obtained. 
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They proposed that the difference between ko/kn for phenyl(l0’) and benzylic type 
radicals (10”) could be the result of a higher energy content of phenyl carbonium 
ions than benzylic type carbonium ions. 

If this reaction involves the ionic intermediate, the mechanism in Exp. 4 can be 
interpreted. Actually, Busch and Knolli reported a 98% yield of XI from the reaction 
of Ph,CCl with PhOH. The formation of the electron transfer species shown in 
Scheme IV has been recognizedl’ as reasonable in the presence of SO2 and Oz. 

(e) ?Jte reaction of cripJtenyJmethyJ radical with SOz. The triphenylmethyl radical 
(x-character radical)* formed from ldiphenyhnethylene4trityl-2,5-cyclohexadiene19 
(Gomherg’s trityl) does not react with SO2 (Exp. 16), but reacts with O2 to form X. 
This indicates that II may be derived from the phenylsulphonyl radical rather than 
from the triphenylmethylsulphonyl radical (Scheme V). 

!QXiEWV 

so1 
Ph,C--S02 - 

Ph 60” 
c’ G 

‘Ph 
2Ph,C* 2hr 

CI 
in benzzne 

0, 
Ph,C-OO-CPhs 

Ph-N=N-CPh, {Ph--s02* XPh,} - PhSO,CPhs 
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The thermal reaction of phenylazotriihenylmethane derivatives with SO2 
In order to demonstrate the electronic effects in substituted phenyl radicals (o- 

character radical&t the reaction of phenylazotriphenyhnethane derivatives with 
SO? (Exps. 913) was investigated. 

It was shown that the phenyl radicals having electron attracting groups (p-chloro- 
phenyl and m-nitrophenyl radicals) react with SO2 to form the phenylsulphonyl 
radicals in almost quantitiative yield. 

The thermal reaction of naphthylazotriphenylmethane derivatives with SO2 
In Exps 17 and 18 compounds VIII and IX with acharacter radicals a-naphthyl 

and f%naphthyl were allowed to react with SO, 
The yield of triphenylmethyl a-naphthyl sulphone, (565%) in Exp. 17 is lower than 

that of triphenylmethyl l3-naphthyl sulphone, (925%) in Exp. 18, and suggests a steric 
interference$ between bulky sulphonyl group and the H * atom in the peri-position. 

l In a radical such as tripheoylmethyl in which the unpaired electron is oriented so as to hybridized 
completely with the aromatic x4ectron system the hypcrfine splitting constants for the observed ESR 
spectrum is in good agreement with the simpk valenoz bond approximation.” 

t.Thc odd electron of phenyl radical replaccs a o-C-H bond oriented in tk plane of the benzene 
ring the splitting constants of ESR spectra beiig o, = 18.1, u,,, = 69 and a9 = xero ga~ss.‘~ 

5 The similar steric effect in nuckophilii displacement of naphthaknc series has been reported by 
Bcrlincr et al.” 
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N=N-C Ph 3 SO,-CPh, 

m 00 

N=N--CPh, _N 
I 

$0, 

SO2 -CPh, 

IX XVIII 925% 

This steric effect is confkmed by the more rapid decomposition of VIII than IX 
as shown in Table 2, by virtue of the evolution of nitrogen and the resonance instability 
of the initial state due to noncoplanarity for steric reasons. 

“C 
k x 10’ 
set-’ 

EA As 
Kcal/mole CU. 

53.10 163 
VIII 31.0 155 

6@10 4.30 

53.35 0.74 
IX 04 506 

6005 260 

EXPERIMENTAL 

Apporutus. IR spectra were run on a EPI-S2 type Hitachi IR spectrometer. NMR spectra were obtained 
with a Japan Electron Optics Lab. spcctromctcr. UV spectra wem taken with a EPS3 Hitachi recording 
spectrometer. 

Materials Liquid SO1 was dehydrated with P,O, and distilled n-Hexane and bztuene were purified by 
ordinary methods. 

Ph~y~~ph~y~~~e (I): lap. 111” dec,2f ~~isy~~pheny~~a~ (III): mp. 113” dee,” 
p-chlorophcnylaxotriphcnylmethanc (IV): nap. 107” dec,24 and m-nitrophtnylazouiphcnylmethanc (V): 
mp. 109” dcc,22 were synthesized by the mctbod ol Cohen and Wang’ 

Pk~y~o-~~~~~~~~~ (VI). Treatment a soln of anisol and benxoyl chloride in CS2 with 
Al& yielded pmetboxybcnophcnone25 which crystallii from ether, mp. 61”. Diphcnyl-panisyl- 
carbinol was pr~paral’~ by interaction of PhMgBr in ether and pmethoxybenxophcnone, and crystallixed 
from ether-pet ether, m.p. 81”. This carbinol and pheaylhydraxine in acetic acid was allowed to stand for 
one week in contact with air, and VI was crystallixul from ether, m.p. 112’ dtcz3 

Pheny[luo-~klorophenyldipheny~z~~ (VII). p-Chlorobcnzophenonc was synthesized” and after 
crystallization (mp. 75”) Erom ether-EtOH was treated*s with PhMgBr in ether. The mixture was shaken 
with NH,Claq, washed with H,O, dried and yielded ~ph~yl-~hloroph~ylc~oromethane27 after 
treatment with dry HCl and crystallization from ligroin. rap. 83”. N-Ph~yl-N~ph~yl-~~oroph~yl- 
mcthylhydraxine was prepared from 17,7 g (534 mmole) diphenyl-p-chlorophenyIchloromctbane and 12 g 
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(111 mmolc) phenylhydrazine in 100 ml anhyd ether by heating under reflux for l hr. The mixtum was 
filtered off and concentrated, and the hydrazo compound was crystallimd from pet ether, 13.2 g, W5% 
yield, m.p. 109”. VII was prepared by treatment of 60 g of the above hydrau, compound in 80 ml ether 
with 40 ml sat Na,CO,aq and 30% H,O, (18 ml) with stirring at room temp for 7 hr. The ether was 
evaporated and the au, compound crystalliz.cd from ether-EtOH, 48 g. 8Q5% yield, mp. 99” dec.‘s 
(Found: C, 7849; II, 495; N. 7.54; CL 938. Calc. for CIsHi9N,Cl: C, 78.42; II, 5+lO; N, 7.32; CL 9.26%). 

u-Naphthylazotiphenylmethanc (VIII) a-Naphthylhydrazine, 7.8 g (49 mmole) was dissolved in 35 ml 
Q pyridine and treated with a soln of 13.7 g (49 mmole) trityl chloride in 35 ml dry pyridine, first at 0”. 
then at 25” for 1 hr. The mixture was diluted with 100 ml ether, washed with H,O repeatedly, and the 
insoluble material washed with MeOH and ether, 10-9 g, 55% yield, m.p. 155”.23 This hydrazo compound 
(1OG g) was dissolved 500 ml CHClh converted to VIII by oxidation with WA H202 (40 ml) and 200 ml 
sat Na,COsaq with stirring at room temp for 7 hr. The soln was evaporated and the azo compound 
crystallized from benzencMeOH, 40 g. WA yield, m.p 113” dec.22 

fl-Naphthykazotriphenyh&thne (IX). BNaphthylhydrazine (80 g) was converted to N-bnaphthyl-N’- 
triphenylmethylbydne (crystallized from EtOH-pet ether, 80 g 41% yield, m.p. 1057 as described 
above. This hydrazo compound was dissolved in 60 ml ether-20 ml CHCl, and oxidized with 30% H,O, 
(15 ml) and 35 ml sat Na,COsaq for 4 hr. The solvent was evaporated and the residue was crystak.ed 
from benzene-McOH, 30 g 36% yield, mp. 116” dec. (Found: C, 87.51; II, 5.59; N, 741. C2sH2,N2 
requires: C, 87.41; H, 5.57 ; N, 7+l3%). 

Experiment 1 
Compound I (45 mmole) was dissolved in 300 ml benzene and the soln heated at 60” for 2 hr while 

85 g of SO1 was passed through. The solvent was distilled under reduced press and residue showed an 
IR spectrum identical with that of an authentic II.3 The above reaction products were chromatographed 
over silica gel, using benzene as the solvent. 

The following compounds were isolated and identilied: 

Triphenylmethyl phenyl sulphe (II), m.p. 167” (recrystallized from benzene-ether), 95%; ~2” 1300. 
and 1130 cm-’ (v,,). (Found: C, 78.18; II, 544. Calc for C2,H2,02S: C, 78.10; H, 5.24%) It showed no 
depression of mixed m.p. and had an identical IR spectrum with that of an authentic sample.’ This product 
was hydrolyzed by active AI,O, chromatography to triphenylcarbinoL 

Triphenylmethane. m.p. 92” (recrystallized from MeOH), 3.3%. NMR: r; 4.5 (methine, singlet, IH), 
25-3.2 (aromatic, multiplet, 15H). (Found : C 93.23 ; H, 6.93. Calc. for C i,H is : C, 93.40; II, 660%). 

Bis-triphenybnethyl peroxide (X), m.p. 183”(crystallized horn toluene), trace. NMR: r; 26-29 (aromatic, 
multipletl (Found: C, 88.12; H, 5.59. Calc for Cs,H,,,O,: C, 8800; H. 5.85%) This showed no depression 
of the mixed mp. with an authentic samplei and had an identical IR spectrum. 

Experiment 2 
n-Heptane was used as the solvent in place of benzene The reaction mixture was treated as mentioned 

in Exp. 1. From the distillate, benzene (2.2%) was identified by comparison of UV spectrum with an authentic 
specimen. The other products were obtained in nearly the same yield as in Exp. 1. 

Experiment 3 
Compound I(15 mmole) was dissolved in 100 ml benzene, and the soln was heated at 60” for 2 hr while 

O2 was passed through. Tbe benzene was distilled under reduced press The reaction mixture was chromato- 
graphed over silica gel using benzene as the solvent, and the following compounds were isolated and 
identified: Bis-triphenylmethyl peroxide (41.3%) and triphenylmethane (21%) wem confirmed as de- 
scribed above. 

Biphenyl, m.p. 69-71’. 60%. This compound had the same IR spectrum as an authentic specimen and 
showed no depression of m.p. 

Triphenylcarbind, m.p. 164”. 161%. The IR spectrum of this compound coincided with that of a specimen 
synthesized by another method, and this was confmed by a mixed mp. 

Phenol. A trace was confirmed by phenol tests with nitrous acid and Fe& 

Experiment 4 
Compound I (21 mmole) was dissolved in 140 ml benzene, and the soln was heated at 60” for 2 hr with 
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stirring while 70 g of gaseous SOs and 0s were passed through. The following compounds wen isolated 
and identified : Tripbenylmethane (540/ phenol (trace) were confkmed as described above. 

B~~~p~n~ a&J, 610% After the reaction mixture was extracted with water, the water soluble 
fraction was concentrated, converted to its Na-salt, and cotdirmed by comparison of the IR spectrum 
with an authentic sample. 

~~ydroxyte~~~y~~r~ (XI), m.p 280” (recrystaBixed from CHCla-pet ether), 2400/, e’$’ 
3550 cm-’ (van). It showed no depression of the mixed m.p. and had an identical IR spectrum with that 
of an authentic sample.‘* 

Experiment 5 
n-Butylmercaptan (2 mole equivs to I) was used as the radical scavenger in Exp. 1. The following com- 

pounds were isolated and identified: II (101%) was confirmed as described above. 
n-Bury1 ~~p~~yl~~hy~ stdphide, m.p 47.5” (recrystaliixed from McOHj 76.50/, NMR: z; 9-4 

(methyl, 3Hj 8+9Q (& and y-methylene, 4Hj 7.7-8.1 (a-methyknc, 2Hj 25-30 (aromatic, 15Hj Mass 
spsetrum: m/e; 275,243,165,56 (Found: C 83Ql; H, 7.17. CssHsS requires: C, 83(uI; II, 7+28x). 

While the experiment of the addition of4 equivs n-B&H to I under a similar conditions did not afford II. 

Experiment 6 
Iodine (1 mok equiv to I) was used in place of ~-BUSH in Exp 5. In this cxperimen~ II was obtained 

nearly qu~ti~tively. In this cast, even if n-heptane was used as the solvent instead of benxen~ the reaction 
mixture did not change. Also, when I, (& mok equiv to I) was used in benxene, the violet colour of Is 
did not disappear. 

Exp&?tent 7 
I (7.5 mmok) and I2 (7.5 mmole) were dissolved in 50 ml n-heptane, and soln was heated at 60” for 1 hr. 

As the reaction proceeded, the viokt colour due to II decma&. Successively, 16 g of gaseous SO2 was 
passed through at 60” for 1 hr. In this experiment II was not formed. 

Experbnent 8 
Compound II (34 mmole) was dissolved in 50 ml benzene, and soln was heated at 60” for 2 hr with stirring 

while 30 g of gaseous SO, and 0s were passed through II was obtained unchanged. 

Experbents 9-13. (The substituted aza compounds were used in place of I in Exp. 1) 

Exp. 9. (Compound III was used in place of I in Exp. 1) 
Ttiphenytmethyf pmezkoxypheny+ sulphone &II), m.p. 157” (recrystaIIimd from benxenej -lWp/, 

pdd 1300,1130 cm-l (v& NMR: r; 62 (Oh& 3Hj 2334 (aromatic, 19Hj (Found: C, 75.15; II, 554; 
!I, 7.53. C,,H,,O,S requires: C, 75.34; II, 5.35; S, 7.74%). 

Exp. 10. (Compound IV was umd in plaa of I in Exp. 1) 
Triphenylmethyl p-chloropheny~ ndphone (XIII), m.p. 156” (recrystallixed from benxenej -lOO%, 

$$,‘” 1304,1140cm-1 (v,,j (Found: C.72.39; H, 4.77; S. 711; Cl, 843. CssH,,O,SCi requires: C, 7167; 
H, 457; S, 7.65 ; Cl, 846%). 

Exp. 11. (Compound V was used in place of I in Exp. 1. In this experiment, reaction temp was 65’) 
Triphenytmethyt m-nittophenyt sufphone (XIV), m.p. 152” (recrystallixed from benzene-ether), N lOO%, 

pz 1305,114O cm-’ (vsolj (Found: C, 69.88; II, 454; N, 3.14; S, 7.74. C,,H,,O,NS requires: C, 6991; 
?I, 4.46; N, 3.26; S, 7.47%j 

Exp. 12 (Compound VI was used in place d I in Exp. 1) 
Diphmyl-p-anisylmethy~ phenyl suiphone (XQ m.p. fS1” (recrystallixed from benxenoetherj 960/ 

cd 1300,1130 cm-’ (vso,j NMR: 7; 62 (OMe, 3Hj 23-39 (aromatic, 19H.j (Found: C, 7571; l-f, 540; 
S, 793. Calc for C,,H,,O,S: C, 75.34; H, 5.35; S, 7.74%). 
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Exp. 13. (Compound VII was usal in place of I in Exp. 1) 
oiphenyl-pc~oro~nybnethyf phcnyl sulphone @Vu m-p. 145” (mcryatallizsd from beazene-ether), 

99O/_ vNdd lMo,ll30 cm-’ (vso,), (Found: C, 72-07; H, 4-65; s. 7.80; Cl, 792 C&I,,O,SCI requires: 
C, 71.67; H, 4.57; s, 765; Cl, 846%) 

Experiment 14 
Compound III (6.3 mmole) and VII (6-3 mmok) were dissolved in 85 ml benxene and the soln was 

heated at 60” for 2 hr while 24 8 of gaecous SO2 was pasaaJ through. XII, 674% baaed an III and XVI, 
w5% based on VII, were isolated and identified as described above. In this experiment, the crossover 
sulphones were not obtained. though the reaction mixture was chromatographed over silica gel Further 
TLC using silica gel (Wakogel BS) and benxene as the adsorbent and solvent did not show the spots of 
the crossover compounds (II; R, = 04), but did show two spots of non-crossover compounds (XII; 
R, = 045, XVI; R, = @55). 

Experiment 15 
Compound IV (34 mmole) and VI (26 mmole) were dissolved in 40 ml benzene, and the soln was heated 

at 50” for 6 hr while 66 g of gaseous SO2 was passed through. Tbe analyses by TLC and mass spectrometry 
showed no crossover compounds, while two spots (XIII; R, = @44, XV; R, = 030) and mass spectral 
peaks corresponding to non-crossover compounds were revealed. 

TLC was confirmed that the above sulphonea did not decompose into the corresponding carbinols. 

Experiment 16 
1-Diphenylmethylcne4trityl-2,S-eyclohexadiene (Gomberg’s trityQz9 was dissolved in 80 ml benzene, 

and the soln was heated at 60” for 2 hr while 30 g SO, was passed through The reaction mixture gave 
negative sulphur tests. 

Experiments 17 and 18. (In place of I in Exp. 1, VIII and IX were used and the following compounds were 
isolated and identilied) 

Triphenylmeihyl wwphthyl sdphe (XVIr), m.p. 145” (recrystallized from benizntetherh 565x, 
pd’ 1300, 1125 cm-’ (~~3, c 287 mp (log e 3.82). (Found: C, 8003; H, S-14; S, 7.42 C,,H,,O,S 
requires: C, ml5; H, 5.10; S, 7.38%) 

Triphenylmethyl ~naphthyl dphone (XVIII), mp. 1645” (recxystallizd from benzene), 92.57’ vz’ 
1300, 1125 cm-’ (v& 1E 260 and 267 mp (log e 3.72). (Found: C, 8013; H, 5.12; S, 706. C&,H,,O,S 
requires: C 8@15; H, 5.10; S, 7.38%). 

Kinetic measurement 

Compound I (350 mg) was dissolved in 7 ml liquid SO1 in a pressure vesse.L A numba of the above- 
mentioned identical mixtures were made up, the individual mixturea taken one by one at Iixed times during 
the course of the reaction at 43.3” and 53.353 and tbc liquid SOx evaporated completely. Then, each mixture 
was dissolved in 10 ml toluene and the unchanged 800 compound was determined by measurement of the 
volume devolved N,. 

Compound VIII (300 mg) or IX (300 mgl was dissolved in 15 ml benzene. The rates of decomposition of 
each axe compound were determined at two temps by measurement d the volume of evolved N, as a 
function of time. 

REFERENCES 

1 H. Takeuchi, T. Nagai and N. Tokura, Tetrd~edron 23, 1783 (1967). 
’ H. Takeuchi, T. Nagai and N. Tokura, Bull. C/rem Sot. Jopan Ut. 2357 (1%7). 
’ A. Baeyer and V. Villiger. Ber. Dtsch Chem Ges. 36, 2774 (1903). 
’ D. B. Denny and N. F. Newman, 1. Am Ghan. Sac. Ss, 4692 (1967). 
’ J. hi. Squire and W. A. Waters, 1. Chem Sot. 2OfB (1962). 
6 ’ H. Wiiland, E. Poppez and H. &dried, Ber. D&A Ghan Ges. 85, 1816 (1922); 

’ J. F. Grast and R S. Cole, T&r&&on letters 679 (1963); 
c G. A. Russel and R F. Bridger, Ibid. 737 (1963). 

’ S. G. Cohen and C. H. Wang J. Am Chem. Sue. 75, 5504 (1953). 



,398 H. TAKBIJCHI, T. NA~AI and N. TOKUM 

’ M. G. Alder and J. E. Lcffler, Ibid. 76,1425 (1954). 
9 G. L Davies, D. H. Hey and G. H. Williams. J. Chem SGC. 4397 (1956). 

lo R M. Noyta, .I. AJK Chem. Sot. 77.2042 (1955). 
I* E L. Eliel, M. Eberhardt and 0. Simamura, Tefmhedron letters 749 (1962). 
I2 G. S. Hammond, J. N. Sen and C. E Boozer, J. Am Chem Sot. 77,3244 (19SSj 
I3 B. C. Lamb, J. G. Pacific, J. Phys. Chm. 70. 314 (1966); Ref. 6b. 
‘* L. C Schroeter, Sul_fii Dioxide. Pergamon Press, New York (1966j 
Is G. k Russel and R F. Bridger, J. Am. Chnn Sot. @$3765 (1%3j 
I6 M. Busch and R Knoll, Bcr. Dtsch Chem Ges. 642240 (19272 
I7 T. Nagai, T. Miyazaki and N. Tokura, 1. Polymer Sci. R, 6, 345 (1968). 
la F. C Adam and 8. L Weissman, J. Am Chem. Sot. 842057 (1958). 
I9 H. Lankamp, W. Th. Nauta and C MacLean, Tetrahedron Letters 249 (1948) 
1o J. E. Bennet, B. Mik and A. Thomass, Chem Comm 265 (1965). 
l1 E. Berliner, M. J. Quinn and P. J. Edgerton, J. Am C/aem Sot. 715305 (19sOj 
” M. Gombexg and A. Campbell, Ibid. 20,780 (1898). 
” H. Wieland. A. Hinti and J. Dennstedt, I&b@ Ann. 452 l(1927j 
U D. H. Hey and G. S. Misura, J. Chem Sot 1807 (19Yj 
” L. Gattermann, R Ehrhardt and H. Maisch, Ber. DISC/L Chem Ges. 23,1199 (1890). 
26 H. Kauffmann and P. Pannwitz Ibid 45,767 (1912). . 
*’ M. Gombcrg and L H. Cone, Ibid. 39,3274 (1906). 
‘a D. H. Hey, M. J. Perkins and G. H. Williamq J. Chem. Sot. 110 (1965). 
” . J. Schmidlin, Ber. Dtsch. Chem Ges. 41423 (1908); 

’ M. Gomberg and L. H. Cone, lb&i. 37.2034 (1904). 


