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--The reaction of bcnzyLtuKonyl halides with phcnyllithium have been studied. The rcxtion 
of bauylaulfonyl chl06de with p&nyUithium in dicthyl ctber at 2&25” g8vc lithiutnbcql sul!Itutc as 
a main produc& in addition to otbcr eight products. While the raetion of benzylsulf0nyl fboridc 
with phcoyllithium under a similar condition afronted a dirulfone, a-bcnzyL3dfonyk~ 
sulfonyltoluau, as a major product. On the other hand, the rextbs at a low tanpefature (- W) 
yielded a polysulfonc which did not form when the mactiomwcrcc8rrkdoutatanordinarytan- 
pcraturc. The differences of mauion courses due to a ditTamcz of a halogen content or an experi- 
mental condition are discussed. and probabk mechanisms of thaw results are p-ted. 

IT HAS been well known for many years that some arylsulfonyl halides react with a 
Grignard reagent to form sulfones, sulfoxides or sulfinic acids.‘** However, 
alkanesulfonyl halides have not yet been fully studied. Recently the reactions between 
alkanesulfonyl chlorides and a weak base, trietl+rnine, have been discussed in 
view of the intermediacy of sulfenes. s Since alkanesulfonyl halides contain an 
active hydrogen a to the sulfone group toward organometallic reagents, it appeared 
to be of much interest to investigate the reaction of alkanesulfonyl halides with 
organolithium compounds. In a previous communication’ we reported the products 
obtained in the reaction of benzylsulfonyl halides with phenyllithium. This paper is 
concerned with a more detailed description of the reactions above mentioned where 
different reaction courses have been observed by the difference of the halogen content 
or experimental conditions, for which possible mechanisms are presented. 

RESULTS Alr;D DISCUSSION 

By the reaction of benzylsulfonyl chloride (Ia) with a small excess of phenyllithium 
in diethyl ether at 2&25”, a disulfone, z-benzylsulfonyl-a-benzenesulfonyl toluene 
(I), achlorobenzyl phenyl sulfone (II), chlorobenzene (III), rrunr-stilbene (IV), 
a,adichlorobenzyl phcnyl sulfone (V), rrans-1,2diphenylvinyl phenyl sulfone (VI), 
benzyl phenyl sulfone (VII), a trisulfonc, a-benzylfonyl-a’-ben ulfonyl dibenzyl 
sulfone (VIII) were isolated from the ethereal extract of the reaction mixture and 
identified respectively. From the aqueous extract the formation of lithiumbenzyl 
sultinate (IX) was verified. The reaction products are summarized in Scheme I. 

Characterization of VI as rrurrJ-1,2diphenylvinyl phenyl sulfone was evidenced 

I* H. Gilman and R. E. Fothergkl, /. Amer. Chcm. tic. 51, 3501 (1929); b H. Burton and W. A. 
Davy, 1. Chum. Sot. 528 (1948). 

* l D. T. Gibson./. Pm&r. Chem. 142,218 (1935); ‘H.Fukuda,F.J.FrankandW.E.TruaJ.Og. 
Chem. 28, 1420 (1963). 

’ l W. E. Truce and J. R. Norcll, J. Amer. Ckm. Sot. 85, 3231 (1963); b J. F. King and T. Durst, 
ibid. 87, 5684 (I WS). 

’ Y. Shirota, T. Nagai and N. Tokura, &II. Glum. Sot. Japan 39.40s (1966). 
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(la) 

C,H,CH,-SO, --CH-SO,-C,H, , C,H,CHSO&H,, 

LH, hl C.H&I, 
(I) 3.7% (II) 9.1% (III) 16% 

GH, 
\ /H 

Cl GH, 
I 
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H GH, 
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C,H,CH~O&HI, CIH,CHI-SO,~H-SOI~H-SO,~,H,, C,H,CH$O,Li 

C,H. C,H, 

WI) @4% (i-111) 1.6% (IX) main 

by the elemental analysis, mol. wt. determination, the UV, IR and NMR analyses. 

The IR spectrum shows the presence of the sulfone group at 1300 and 1140 cm-r 
and also contains bands at 1620 and 820 cm-l, assignable to a C=C double bond 
stretching vibration, to a C-H out of plane deformation vibration of trisubstituted 
ethylene,& respectively. The NMF spectrum is in good agreement with the postulated 
structure, showing a singlet peak at T 2, assignable to the vinyl proton, and complex 
peaks centered at 7 2.65, attributable to aromatic protons, the relative areas being 
I : 15 (Fig. 1). The UV spectrum shows a Azzn at 275 myc (E I8,!900). The &-isomer 

Ra. 1. ThcNMRs 
1,2dipbcnylvin~l p~u$~h?~ 

DCI,. 

of VI was isolated only when the reaction was carried out at a low temperature. 
The assignment of configuration for cis- or lrunr-isomer was based on their m.p. 
and the UV spectra. The &-isomer absorbs at 2::” 272 rnp (E 13,600) (Fig. 2). 

a L. J. Bellamy. The In/ared Spectra of Complex Molecules p. 51. J. Wiky, New York (19S8). 
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Fffi. 2. The UV spcc- ’ 
trum of cir. rronr-1.2. 
diphenylvinyl phenyl 
sulfone in 95% EtOH. 
- rrfw4.iomcr 
--- cir-isomer 

The structure of VIII was identified as 

HA HC HD 

H,d-SO~-SO.~4O~H, 

&H, AH, kH. 
The IR spectrum contains strong bands of the sulfone groups at 1340, 1330, 

1320, 1150 and 1120 cm-l. The NMR spectrum shows two nonequivalent hydrogens 
(H, and Ha) in a typical AB quartet centered at T 563 with J,, 13.5 c/s, two singlet 
peaks at T 3.08 and 7 3.3, assignable to Hn and Hc respectively, and aromatic protons 
at T 2.6. The relative areas are 2: 1: 1:20 (Fig. 3). 

The aqueous layer after the extraction with ether was evaporated to dryness to 
leave solids including inorganic materials. When the solids after drying were treated 
with PCl,, there was obtained benzylsuUonyl chloride (Ia) in an unspecified yield. It 
is interpreted as a result that lithiumbenzyl sulfinate (IX) formed in the reaction 
was oxidized with air to lithiumbenzyl sulfonate,e which gave Ia by the interaction 
with PC&. Moreover, the formation of lithiumbenzyl sulfinate (IX) was confirmed 
by converting it to benzyl methyl sulfone (X). IX formed in an overwhelming yield 
in the reaction. 

C,H,CH$O,Li pc’8 + C,H,CH,!SO,Cl 

/ 

IS 
(0) 

C,H,CH&&Li’ 

IX 

\ 

CH,I 

GH,CH,%CH, 
X 

o E. Fromm and J. & S. Palmc, &r Dfsch. Chem. GCJ. 39,3308 (1906). 
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FIO. 3. The 
NMR spxtrum 
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The similar treatment of benzylsulfonyl fluoride (Ib) with phenyllithium in 
diethyl ether gave the disulfone, a-benzylsulfoayl-r-benzenesulfonyl toluenc (l), 
Iron.+stilbene (IV), benzyl phenyl sulfont (VII), the trisulfone, a-benzylsulfoayl-x’- 
bentenesulfonyl dibenzyl sulfone (VIII) and lithiumbenzyl sulfinate (IX). In this 
case the major product was the disulfone (I) in contrast to the result by benzylsulfonyl 
chloride, where IX was the main product. It is also to be noted that the corresponding 
fIuorocompounds of II, V and 1,2diphenylvinyl phenyl sulfone (VI) were not found. 
When the order of addition was reversed, almost the same result was obtained 
except the formation of phenylbenzyl sulfonate (XI), as shown in Table 1. 

TABLE 1. Yarns OF nfe PRODUCTS ('/.) K3UMEDINTifERPACTlON 

OF C,H,CH,SO,F WTIH C,H,Li 

I IV VII VIII Ix GH,CH&WGH, WI) 
A 59.1 3.9 1.8 4.0 3.0 DOIU 

R 64.8 3.4 Q43 3.6 - 1.5 

A: C,H,Li was slowly added to ethereal solution of C,H,CH,SO,F 
B: C,H,CH&D,F was slowly added to etbcmal solution of C,H,Li 

Probable reaction parhs 

The following competing reactions are assumed to take place simultaneously at an 
early stage of the reaction. 

C,H,CH,SO,X + C,H,Li ___+ C,H,CH,SO,C,H, + LiX (1) 
VII 

C,H,CH,SO,X + C,H,Li, C,H,CHSO,X i C,H, (2) 
I 
Li XII 

C,H,CH,SO,X + C,H,Li .-, C,H,CH,SO,Li L C,H,X (3) 
X - Cl, F IX 

Eq. 1 is a S,Zlike substitution reaction by phenyllithium on sulfur (coupling reaction), 
thus phenyllithium acts as a nuclcophile, and in.Eq. 2 it acts as a base, abstracting an 
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a hydrogen to give a-lithiumbenzylstdfonyl halide (XII). Eq. 3 is a halogen-lithium 
interconversion reaction between benzylsuIfony1 halide and phenyllithium possibly 
via the following process. 

C.&H, 
- <;H,CH,SO,Li l <‘,H,X 

In the reaction of benzylsulfonyl fluoride (lb) Eq. 1 is the exclusive reaction 
course, and initially formed benzyl phenyl sulfone (VII) is further metalated by 
phenyllithium, followed by its S,2-like substitution reaction (coupling reaction) on 
Ib to yield the disulfone (1). 

C,H,CH,SO,C,H, (‘,n,LI 

I 
&H, 

(4) 
VII Li 

SIII I 

The trisulfone is also presumed to arise in a similar fashion from the disulfone (I) 
above formed in the reaction. 

From the above observations it is indicated that the metalation on benzyl pheny) 
sulfone (VII) occurrs preferentially to the metalation on Ib or Ia. 

The formation of lithiumbenzyl sulfinate (IX) in the reaction of Ib, though very 
small, suggests that the fluorine of CF bond can be replaced by lithium of organo- 
lithium reagents, although the F-Li interconversion reaction of a C-F bond has 
not yet been reported. 

That the Eqs. 1 and 4 are predominant courses with the reaction of benzylsulfonyl 
fluoride(Ib) was indicated by the method of reversing the order of addition (B method). 
In this case, in contrast to A method, a bright yellow color resulting from 
CeH,-CH(Li)SO,*~Hs (XIII) developed during the slow addition of Ib and after 
approximately a half volume of the ethereal solution of Ib was added the color 
gradually disappeared to form the disulfone by the reaction of XIII with Ib. 
Furthermore, this was confirmed by the following experiment. Independently 
synthesized bcnzyl phenyl sulfone was metalated with phenyllithium7 and was treated 
with benzylsulfonyl fluoride to give 61 y0 yield of the disulfone and 3.6% yield of 
the trisulfone, together with a small amount of rronr-stilbene. A one-step formation 
of the disulfone and trisulfone is a result that the starting sulfonyl fluoride possesses 

7 E. A. Lehro and D. A. Schirly, J. Org. Chem. 22,989 (19S7). 
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a hydrogens to the sulfone group. Since the reaction here investigated produces a 
high yield of the disulfone (I), it serves as a good preparatory method.8 Moreover, 
it is also anticipated that alkanesulfonyl fluorides generally serve as starting 
substances for the preparation of such types of unsymmetrical disulfonestO as 
(SOsAr)*RCH(SO,CH,R) and hitherto unknown trisulfones. Further work is in 
progress. 

On the other hand, the principal reaction of benzylsulfonyl chloride (Ia) is Eq. 3. 
Moreover the reaction of Ia is different from that of Ib in that II, V and VI form. 

The following mechanisms are postulated for the formation of II and V. 

GW3WX.H. c”‘L’, ~H,~SO,C,H, c”‘clfsso*c: C,H,CHSO,C,H, i IX 
I (6) 

Li Cl 

VII II 

Li Cl 

C,HICHSO, C,H, ‘*“IJ, C,HJ&O,C,H, ?“ttbC’*SolC’ 
I 

- C,H,CSO,C,H, i IX 
I I (7) 

Cl Cl Cl 

II V 

The Li-Cl interconversion is thus predominant in the case of la, therefore the yields 
of coupling products, I and VIII, are low. 

The formation of olefins, IV and VI, is somewhat interesting in view of the possible 
intermediacy of phenylsulfene. rruns-Stilbene, which forms in both reactions, results 
from Eq. 2 and the following two alternative mechanisms are presented. 

2C,HICH!W,X - -Ux ZGH&H=SO , b C.H,CH=CHC,H, 
I (8) 
Li 

XII XIV I\ 

GH,CHSO,X+ C,H,CH-SO,X - - LI= C,H,CH-SO, 
I I 

ti SO,-CHC,H, 
I 

a ~H,CH-CHC,H, (9) 
Iv 

It is not clear at present whether the reaction involves phenylsulfene as a transient 
intermediate as shown in Eq. 8, however, the formation of VI can be best rationalized 
by the assumption of a sulfene intermediate. 

@ I-Beruylsulfonyl-I-bcntcnesulfonyl tolumc has hitherto been prepared by a less attractive route.’ 
’ l I-. Power, Brr. Dtsch. Chem. Go. 36,296 (I 903) ; ’ M. M. Campot and H. Hauptmann, J. Amer. 

Glum. Sot. 74.2962 (19S2). 
I@ An analogy exists for the formation of diarylsulfonyl alkanu.’ 
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C,H,CHxSO, -N C,H,CH: 

XN 

This mechanism is consistent with the fact that in the reaction of lb corresponding 
a-fluorobenzyl phenyl sulfone did not form, hence the formation of VI was not 
Obset-Ved. 

Of particular interest is that when benzylsulfonyl chloride (Ia) was treated with 
phenyllithium at -8O”, a phenylmethylene polysulfone (C,H,CHSOJ, (XV) and 
&-isomer (XVI) of VI, together with other products were obtained, XV was 
characterized on the basis of IR, NMR spectra and elemental analysis. In the case 
of benzylsulfonyl fluoride (Ib) only polysulfones with varying mol. wts were obtained 
under the same condition, whose IR spectra were completely identical with that 
of XV. Disulfone (I) and trisulfone (VIII) were not detected in both reactions at a 
low temperature. These findings give an interesting suggestion that reaction courses 
are substantially different between the reactions at an ordinary temperature and at a 
very low temperature. The details concerning low temperature reactions are to be 
reported in a later paper. 

EXPERIMENTAL 

Marcriuls. Dicthyl ether (ether) and tetrahydrofuran (THF) were obtained commercially and of 
rcagcnt grade. Ether was dried for 1 week over Na and distilled. THF was rcfluxed with KOH 
for 2 days, then dried with Na under a rcflux and distilkd from it immediately before use. 
Phenyllithium was prepared from Li and bromobcnzcne in ether according to the method of Gilman.‘* 
Bznzylsulfonyl chloride (la) was prepared from bcnzylmagnesium chloride and sulfuryl chloride 
according to the method of Chcrbulicz and Schnaudcr.‘~ m.p.1891+920 (lit. m.p. 92O). Benzylsulfonyl 
fluoride (Ib) was prcpanxl from the corresponding chloride (Ia) by the method of Tullock and 
CofTmann.‘* m.p. 92-93” (lit.” m.p. 91-92”). 

Apporarw. IR spectra were run on a EPI-S2 type Hitachi infrared spectrometer. NMR spectra 
were obtained with a Varian A-60 spectrometer. UV spoara were taken with a EPS3 Hitachi 
recording spectrometer. Vapor phase chromatograms were carried out on a GCG3DH type 
Yanagimoto gas chromatograph and on a KGLS type Hitachi gas chromatograph. Mol. wts were 
dctcrmincd with a Mcchrolab vapor prcssurr osmorncter. 

Reaction of benryldfonyf chioridc (Ia) with phenyllithium in ether 

To a solution of 26 g (0.14 mok) Ia in 400 ml of anhydrous ether was added slowly I30 ml 
ethereal solution of phcnyllithium (0.15 mok). which was prepared from 29-S g bromobcnzenc and 

I’ Ol;ponic Rmction. Ed. by R. Adams, Vol. 6. p. 3S3. J. Wiky. New York (1951). 
I* E. C’hcrbulia and 0. Schnauder, He/u. Chim. ACIU 6, 2% (1923). 
I* All m.ps arc uncomxtcd. 
*’ C. W. Tullock and D. D. Coffman. 1. Org. Chrm. 2S, 2016 (1060). 
I’ l D. E. Fahrncy and A. M. Gold,/. Amer. C&m. Z&x. 85,997 (1963); L W. Davis and J. H. Dick, 

/. Chem. Sot. 483 (1932). 
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2.8 g Li. over a period of 30 mio at a bath tanp of 2&25” with stirring under N,. The reaction was 
slightly exotha’mk. After the addition was compkte, stirring was continued for 4 hr. The &on 
mixture was then carefully hydrolysed with cold water and extracted with a large amount of 
ether. The ethereal extract was dried (Na,SO,) and 5ltere-d. A white solid (I), 1 g, precipitated upon 
standing for several hr and subsequently 1.7 g of a white solid (II) separated upon conan- 
tration. 

I was recrystallized from dimethylformamide, m.p. 248-250”. and identified as a-benzylsulfonyl-z- 
benzenuulfonyl tohtau. The IR spectrum shows strong bands of the sulfone groups at 1320. 1310. 
1150 and 1135 cm-‘. The NMR spectrum (DMSO, 100”) shows peaks at T 2.6 (aromatic protons, 
I5H), at T 3.5 (-SO&ZH(C,H,)-SO,. 1 H) and at T 5.2 (C,H,CHa,, 2H) relative to TMS as an 
internal standard. Yield, 3.7%. (Found: C, 61999; H. 469; S. 16.33; mol. wt. 374. Cak. for 
C,,H,,O,S,: C. 62.15; H, 4.70; S, 16.59%; mol. wt. 386.) 

II was rccrystallizd from AcOH to form white me&s, m.p. 17918O”, and identified as achloro- 
benzyl phenyl sulfone. The IR spectrum of II was compktcly identical with that of an authentic 
sampk. No depression of m.p. was observed by admixture with an authentic sprcimen*’ prepared 
according to the method of Otto,ib mixed m.p. 179-180”. The yield was 9.1%. (Found: C, 58.13; 
H. 434. Cak. for Ci,H,,ClO,S: C. S8.53; H, 4.16x.) 

The ethereal extract after removal of the above two products, I and II, was distilled under red. 
press. IO give a colorless liquid, b.p. 62-67”/50 mm, 3.S g. a lower boiling fraaion and a residue. 

The colorless liquid was charoaeritod as a mixture of chlorobenzene (ILI) and a small amount 
of bromobenzenc. the latter being attributable to unreacted bromobenzem used in the preparation 
of phenyllithium. VPC of the liquid gave peaks of chlorobenzene contaminated with bromobenzene 
with a relative area of 18 to 7, the retention times being 5.4 and lQ2 min respectively. The coincidence 
of bps, IR spectra, and the retention times with those of the standard sampks was confirmed. The 
lower boiling fraction gave a peak with a retention time. 1.4 min. equal to that of benzene. (The 
gas chromatography was carried out on a KGLS type Hitachi gas chromatograph at a column 
tcmp of 1Sl” with a 2 m x 4 mm column of T.C.P.. at a He flow of cu. 35 ml/mm) 

The residue, 69 g, was dissolved in benzene and separated by column chromatography on alumina 
(Sumitomo activated alumina KCG 1225. ignited at 200” for 4 hr) to afford @45 g (3.6.4 of rram- 
stilbenc (IV), m.p. 123”. which was &ted with benzene and recrystallized from MeOH, 0@8 g (07%) 
of z,xdichlorobenzyl phcnyl sulfone (V), m.p. lSl-152”, which was eluted with benzene and rccrys- 
tall&d from benzene, O-9 g (6%) of rronr-1.2diphenytvinyl phenyl sulfone (VI), m.p. 1825-183”. 
which was eluted with ether and mc+&izd from ether. 0.1 g (Q40/3 of benzyl phenyl sulfone (VII). 
m.p. 146”, which was cluti with ether and recrystallized from EtOH. and @4 g (1*6’%) of a-benzyl- 
sulfonyla’-benzmksulfonyl dibenzylsulfone (VIII), m.p. 199-201’. which was cluted with MeOH. 
crystahizul as a prism from the eluted solution upon standing, mspectively. 

Identifkations of IV as rr~tilbene and VII as benzyl phcnyl sulfooe were based on the mixed 
m.p. and the coincidence of the IR spectra with those of the authentic sampksi’~i’ respectively. 

Identifiation of V as a.zdichlorobenzyl phenyl sulfone was made by the cktncntal analysis. 
the IR and NMR spectra. The IR spectrum shows the strong bands at 1330,131O and 1150 an-i. 
assignabk to the sulfone group. The NMR spectrum (CDCI,) exhibits only aromatic protons centered 
at 7 2.3s relative IO TMS. (Found: C. 51.W; H, 3.06; Cl, 23.75. C,,H&l,O,S requires: C, 51.84: 
H. 3.34; Cl. 2.3+%4”/,) 

Cham&&ation of VI as rronr-1.2diphenylvinyl phenyl sulfone was baaed on its ekmental 
analysis, mol. wt. determination, UV. IR and NMR spectra. 
unsaturation. UV: Agz“” 27s 

It gives a positive Baeyer’s test for 
rnp (E 18.!900). This indicates the conjugation of the phcnyl group 

with C-C double bond. IR: pr’$’ an-* 1300, 1140 (sulfone), 1620 (c=C). 820 (trisubstituted 
cthykne). NMR: (CDCI,) + 2 (singkt. 1H. vinyl proton), z 2.65 (multipkt, lSH, aromatic protons). 
(Found: C, 7464; H. 50s; S. 10X)9; mol. wt., 316. C,H,,O,!I requires: C, 74.97; H. 5.03: 
S. I@OO%. mol. wt., 320.) 

The identification of the structure of VIII comes from the following cvickmzs. IR: vz$!“’ cm ’ : 
1340, 1330. 1150, 1120 (SO,). NMR: (CDCI,) z 5.63 (quartet; 2H. mcthykne protom. J 3.5 c!s.). 

I’ l R. Otto, 1. Pr&. Glum. 40, (21516 (1889); ’ F. G. Bordwe1l.I. Anut. Chem. 5%~. 77, J72 (19SS). 
i’ L. F. Fiaer, fiperimenrs in O~anic Chemistry p. 185. Heath and Maruzen. Japan (1956). 
I’ R. Otlo and W. Otto, &r. Drsch. Chem. GAS. 21, 16% (1889. 
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T 398 (singlet, IH m&irk proton), T 3.3 (singkt, lH, mthine proton). T 2.6 multiplet. (20 H. 
aromatic protons). (Found: C. 60.01; H, 4%; S. 17.49; mol. wt., 543. C,,H,,O,S, requires: 
C, 59.98; H. 4.47; S, 17.78; mol. wt., 541.) 

The aqueous layer after the extraction with ether was rcfluxed with 16.2 g (0.14 mok) Me1 in the 
presence of 4 g (0.1 mole) NaOH for about 3.5 hr. After cooling the reaction mixture was extracted 
twice witb 200 ml ttbcr. Evaporation of ether gave approximately 5.0 g bcrtxyl methyl aulfonc (X). 
It mcltcd sharply at 126” after rccrystallixation from water (lit.*’ m.p. 127”) and was contirmed by the 
m.p., tbe IR spectrum, and the &mental analysis. (Found : C, 56.63 ; H, 641. Cak. for C,H,,Ofi: 
C, 56.45; H. 5.92%) 

A small part of the aqueous layer was evaporated to dryness to leave solids including inorganic 
materials. These solids after drying were mixed with FCI,. moistened with POCI, and heated at 70” 
for about 4 hr. The mixture was then poured into cold water and extracted with ether. On removal 
of ether bcnxykulfonyl chloride (Ia) was separated. After recrystallization from ether it did not 
depress the mixed m.p. with an authentic specimen,” mixed m.p. 91-92”. It showed identical IR 
spectrum with that of an authentic sample. 

Reaction of &ruyIsulfonyI f?noriak wirh phcnylIitJriwn 

Merhod A. 14.8 g (0.085 mole) bcnxylsulfonyl fluoride (Ib) was dissolved in 230 ml ether and IO 

this solution was slowly added 100 ml ethereal solution of phcnyllithium (0.09 mok), pmparcd from 
17.7 g bromobertzeoe and 1.7 g Li, as was described above. Stirring was continued for 4 hr. The 
reaction mixture was then hydrolysed with water and extracted with ether. A large amount of a 
white insolubk product was scparakd. filtered and collected. It was the disulfone (I), the yield being 
9.7 g (59.1%). The ethereal extract gave 06 g (472) of trisulfone (VIII), m.p. 199-201”. and 0.35 g 
(1.8%) of bcnxyl phenyl sulfonc (VII). m.p. 146”. and @3 g (3.9%) of rranr-stilbene (IV), m.p. 123”. 
upon conantration followed by a chromatographic separation over alumina. Rcctystallixation of 
VIII from AcOH raised the m.p. to 201-203”. The aqueous layer was treated with MCI IO give @45 g 
(3 %) of bcnxyl methyl sulfonc (X). 

Each of these compounds was identitii by the method above mentioned. A small amount of 
benzene was also confirmed in the distillates by VPC on a GCG3DH type Yanagimoto gas chro- 
matograph at a column tcmp of 112.5” with a 2 m x 4 mm column of silicone gkasc at a H, flow 
of cu. 100 ml/min. the retention time being identical with that of an authentic sampk (@97 min.) 

Merhod B. 200 ml ethereal solution of phcnyllithium (0.12 mok) was placed in a l-l. round 
thmneckcd flask. 17 g (0.1 mok) bcnxylsulfonyl fluoride dissolved in 250 ml of ether was added 
to the above solution over a period of I hr at a bath temp of 5-10”. During the addition a bright 
yellow color developed and after 30 min its color gradually disappeared together with the formation 
of white precipitate. After completion of the addition, the reaction mixture was stirred for 3 hr and 
hydrolyscd. Disulfonc (I). 12.5 g (64.8%). separated and was colkctcd. The ctbcrcal extract was 
conantrated IO give @4 g of trisulfonc (VIII) and 272 g of a residue. 

The residue was dissolved in benzene and chromatographed over alumina. Bcnztne elutcd 0.3 g 
(3.4%) of frar-stilbcnc (IV) and 0.38 g (1.5%) of phenyl bcnzylsulfonate (XI). Ether cluted 0.1 g 
(0.43:/,) of bcnxyl phenyl sulfone (VII). Ether-McOH (10:3) elutcd Q25 g of trisulfonc (VIII). 
The total yield of trisulfone (VIII) was 0.65 g (3.67:). Recrystallization of XI from EtOH afforded 
white needles. m.p. 87-87.5”. and it was identitkd on the basis of mixed m.p. and comparabk IR 
spectrum with the authentic sample. which was prepared from Ia and phenol in rhc presence of 
pyridine. 

Reaction of bmzylsuljonyl fluoride (Ib) with a-lithiumbenzyl phenyI sur/onc. The proadurc of 
E. A. Lehto’ was employed for the preparation of r-lithiumbcnxyl phcnyl sulfone. 11.6 g (@OS mole) 
bcnxyl phcnyl sulfonc was suspended in 100 ml dry ether and mctalatcd with a055 mok of phenyl- 
lithium with stirring at an ice bath temp over a period of 25 min. It was stirred for I hr. in an ia 
bath, then for 2 hr at room tcrnp (15”). The solution is deeply yellow colored. To a solution of 8.7 g 
(0.05 mole) bcnxylsulfonyl fluoride in 150 ml dry ether was slowly added the ethereal solution of 
a-lithiumbcnxyl phenyl sulfonc above prepared over 20 min at 10”. The yellow color of a-lithium- 
bcnzyl phenyl sulfonc solution instantly disappeared and the resulting solution became white cloudy. 
It was stirred for 3 hr and then allowed to stand overnight. After hydrolysing with water a white 
insoluble product, dhulfone (I). was colkctcd. the yield being 7.0 g. The ethereal extract, which was 
again shaken with dilute HCl, was dried (NatSO,) and evaporated to give 4.7 g bcnxyl phenyl sulfone 
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(VII) and subsqucnUy 03 g trisulfone (VW). From a residue 0.1 g rruJr.r-stilbcnc (IV) was obtained. 
Thus, S9*S% mctalation of bcnzyl phcnyl sulfonc occur&, and the yields of I and Vlll were 61-l’/, 
3.6% respectively baaed on unrecovered bcnxyl pbcnyl sulfonc. 

Reac:ions at a low temperature ( -80”) 

Phcnyfnwhylene poiysul/one (-CH(C,H,m,-). (XV). 26.7 g (014 mok) benxylsulfonyl 
chloride (Ia) was diasolvcd in 400 ml dry THF and the solution was cookd to - 80” (bath tcmp) by 
mearu of acetone-Dry Ice bath. To this solution was added 150 ml ethereal solution of phenyllithium 
(0.16 mole) over a period of 10 min. The solution developed a dark yellow color. The reaction 
mixture was stirred for 5 hr at -80” and allowed to stand overnight at -80”. Then it was slowly 
warmed to room temp. After stirring for 2-3 hr at 2fL25” it was hydrolyscd. Approximately 
1.2 g XV was obtained m.p. 23&235” (dcc). The IR spectrum shows strong sulfonc bands at 1360 
and 11 SO cm-r. The NMR spectrum (DMF) exhibits a peak at t 2.S - T 3G. (Found: C, 56.05; H, 
4.41; S, 17.93. (C,H,O,S). requires: C. 54.53; H. 3.92; S, 20.79%) Bcnzylsulfonyl fluoride 
(Ib) was similarly treated to yield XV (approximately 7.0 g from 14.8 g lb) with varying m.ps. mol. 
wts and the identical IR spectra. (Found: C, 53.12; H. 4%. (C,H,O,S). requires: C, 54.53; H. 
3.92x.) The mol. wts were from 600 to 850. 

c~l.2-Diphmnylcinylphrnyf d/one (XIV). This was recrystalhzd from McOH as white nculks, 
m.p. 133-134”. IR: w:$” 1635 (C-C), lS90. 1490 (phcnyl), 1360. 1150 (SO,), 820~11 ’ 
(R,R,C=CHR,). UV~,$noa272 m/r(e 13,600). NMR: (CDCI,)T 2.33 (singkt, vinyl proton, 1H) 
+ 2.85 (multiplct. aromatic protons, 1SH). (Found: C. 74.88; H. 512. C,,H,,O$ requires: C. 
74.97; H. 5.03 %.) 


