
3406 GLEN A. RUSSELL AND HANS-DIETER BECKER V O l .  85 

stituted phenols, hitherto unreported, are recorded in Table V.24 
Values for urn were calculated from the equation pK,  = 9.919 
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(24) Other d a t a  m a y  be found in L Doub and J M Vandenbelt ,  J Am.  and Mr. R. B. for measurement Of 
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An asymmetric tricarbon condensation involving an  aromatic aldehyde, diphenylmethane, and the solvent 
The condensation product 

The mechanism of 
dimethyl sulfoxide has been found to  occur in the presence of potassium t-butoxide. 
readily undergoes an  elimination reaction to  yield either of two isomeric triarylpropenes 
the condensation reaction has been established by isolation of all probable intermediates. 

An investigation of the reaction of molecular oxygen 
with benzyl-type carbanions in dimethyl sulfoxide 
(80%) and t-butyl alcohol (20%) solutions led to the 
conclusion that the reaction products often resulted 
from condensation of the initially formed aldehydes with 
the starting toluenes.* We have therefore studied, in 
the absence of oxygen, the reaction of aromatic al- 
dehydes with active methylene compounds in dimethyl 
sulfoxide (DMSO) solution containing potassium t- 
butoxide. This study led to the discovery of a tricar- 
bon condensation involving dimethyl sulfoxide as one of 
the reactants. 

CH~SOCHI 
/H 

Ar-C 
/ 

' 0  H 
H 

I 

OR - + ArCHCH2SOCHs 
DMSO I 

R ~ H  RiCH 

Sulfoxides are potentially valuable intermediates for 
the synthesis of sulfur-free compounds by virtue of 
their ability (a) to undergo pyrolysis or base-catalyzed 
elimination 

(b) to form sulfones which can undergo elimination in 
the presence of base 

>CHCH,SOCHa --f >C=CHz + CHISOH 

B -  
>CHCHzSOCHz + H202 + >CHCHzSOgCHa + 

>C=CHi + CHiSOzH 

(c) to undergo the Punimerer rearrangement in acid 
solution 

HzO 
DCHCHzSOCHa + H X  --f >CHCHXSCHz ----f 

>CHCHO + CH3SH + H X  

Results 
Benzaldehydes and substituted benzaldehydes readily 

undergo condensation reactions in DMSO solution con- 
taining potassium t-butoxide either with DMSO itself4 
or with added active methylene compounds. Because 
of the unique ability of DMSO to promote the forma- 
tion of carbanions by the reaction of alkoxide ions with 
saturated carbon-hydrogen  bond^,^,^ we have investi- 

(1) Reactions of Resonance Stabilized Anions. P a r t  IX.  
(2)  This work was supported by  t h e  Air Force Office of Scientific Re- 

search. 
(3)  Alfred P Sloan Foundation Fellow, 1959-1963. 
(4) G A Russell, E. G.  Janzen. H. -D.  Beckcr, and F. J. Smcntowski, 

J A m .  C h e w .  S a c ,  84, 2652 (1962) .  
( 5 )  (a) I) J Cram,  J L. Matoes,  F .  Hauck. A. Langcmann. K. R .  

Kopecky, W. D .  Nielsen, and  J.  Allinger, ibid., 81, 5774 (1959); D .  J ,  
C r a m ,  E Rickborn, and G. R .  Knox, ibid., 82, 6412 (1960). (b) C. C .  Price 
and W. H Snyder.  ibid., 83, 1773 ( lg61) .  A. Schriesheim, J .  E. Hofmann, 
and C A. Rowe, ibid.. SS, 3731 (1961). 

gated the reactivity in condensation reactions of 
methylene compounds that are generally considered to 
be unactive in alcoholic solvents. We first investigated 
the reaction of phenyl p-tolyl sulfone with aromatic 
aldehydes to form stilbenes. Table I summarizes the 
pertinent results. 

CEH~SO~CBHICHI + XCeHoCHO + 

No attempts were made to optimize the yields. 

DMSO (8070)--tBuOH (20Yc) 

K O C ( C H d  3 

C~HCSO~C~HICH=CHC~H~ S 

TABLE I 
CONDENSATION OF PHENYL p-TOLYL SULFONE WITH BENZALDE- 

HYDE I N  DMSO (sO%)-t-BuOH (20%)  

RCsHiCHO (mmoles) Sulfone, (CHs)n." vent ,*  Yield of stilbene,' 
KOC- Sol- 

R =  mmoles g. ml. mg. X 
H (10) 2 5 0 . 5 6  16 320 40 
P-CHaO (22) 5 0 1 12 32 560 32 

p-(CHz)zN (3.0) 2 . 5  0 60 18 100 11 
3,4-Methylenedioxy 

P-CeHsSOi (1.5) 1 . 5  0 33 7 270 39 

(5.0) 5 . 0  1 12 37 100 5 . 5  
a Sublimed. * DMSO ( 8 0 ~ ~ ) - t - B u O H  (20%). Recrystal- 

The condensation of p-carbomethoxybenzaldehyde 
and methyl p-toluate was thoroughly investigated due 
to its pertinence to the autoxidation of methyl p-toluate 
in basic s ~ l u t i o n . ~  At room temperature yields of the 
dimethyl ester of p,p'-stilbenedicarboxylic acid in excess 
of 75yo were achieved. 

Attempts to produce a triphenylethylene derivative 
by the reaction of phenyl p-tolyl sulfone or diphenyl- 
methane with benzophenone in DMSO always led to 
the benzophenone-DMSO a d d ~ c t ~ , ~  as the major prod- 
uct. When diphenylmethane was substituted for the 
phenyl p-tolyl sulfone only a small amount of a reac- 
tion product was formed from reaction with p-anisal- 
dehyde a t  room temperature in DMSO (80Cro)-t-butyl 
alcohol (20%) mixtures. However, in alcohol-free 
DMSO a t  60" either Va or VIIa, or a mixture of the 
two, can be formed depending upon the reaction con- 
ditions. Shorter reaction times and lower concentra- 
tions of potassium t-butoxide lead to the asymmetric 
tricarbon condensation' product Va while longer reaction 

lized; reaction period 40-50 min. a t  room temperature. 

(6) E. J. Corey and M. Chaykovsky, ibid., 84, 867 (1962). 
(7) Asymmetric tricarbon condensations involving formaldehyde and 

two acidic methylene compounds, such a s  1,3-diketoncs, have been exten- 
sively studied by  H .  Hellmann and co-workers ( H .  Hellmans and h.I 
Schroder, A n n . ,  866, 85 (1962); H .  Hellmann, Bull. SOL. chin F r a n c e .  
2197 (1961)). 
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periods and higher concentrations of base favor the 
elimination-rearrangement product VIIa. 

p-CHsOCeHaCHCHzSOCHa p-CHaOCeH4CCHs 
II 

( C K H ~ Z C H  Va (CeH&C VIIa 
A similar reaction was observed with benzaldehyde and 
piperonal to give the elimination products VIIb and 
VIIC. 

I t  was found that under the reaction conditions that  
triphenylethylene did not react with DMSO to yield 
the tricarbon condensation product. With this knowl- 
edge, a thorough study of the reaction of p-anisaldehyde 
with DMSO was performed. As shown in Chart I, p -  
anisaldehyde and dimethyl sulfoxide react to first form 
1 :1 adduct Ia which can be isolated by the proper choice 
of conditions. Under more drastic conditions Ia de- 
hydrates to give the a,p-unsaturated sulfoxide IIa. 
CH3SOCHz- + p-CHsOCeH4CHO J_ 

P-CHsOCeHdCH( O-)CH~SOCHI 

I H +  
P-CHcOGHaCH( 0H)CHSOCHI ( 1) 

Ia  

@-CHoOCeH,CH( O-)CHzSOCH* 
[~~-CH:OCBHICH( 0H)CHSOCHsl- 

OH- 4- ~ - C H ~ O C K H ~ C H = C H S O C H ~  (2) 
I I a  

The 0-hydroxysulfoxide Ia is readily oxidized by ac- 
tive manganese dioxide to the 0-ketosulfoxide IIIa 
which we have also prepared by the condensation of 
DMSO with ethyl p-anisate.8 
p-CHaOCeH4COzCzHs + CH3SOCHz- --f 

P - C H ~ O C ~ H ~ C O C H Z S O C H ~  f CzH50- (3) 
I I I a  

The addition of anions to a,P-unsaturated sulfoxides 
The mechanism of has been previously rec~gnized .~  

potassium t-butoxide (reaction 4, Chart I) .  The tri- 
carbon condensation products IV are readily oxidized 
by hydrogen peroxide in acetic acid to the correspond- 
ing sulfones V. We have also succeeded in preparing 
the same sulfones by an asymmetric tricarbon condensa- 
tion between dimethyl sulfone, an aromatic aldehyde, 
and diphenylmethane in DMSO solution 
(CKH~)ZCHZ -k p-CH&CeH4CHO KOC(CHa)s 

DMSO 
+ 

CH3SOiCH: 
P - C H ~ O C ~ H ~ C H C H Z S O Z C H ~  ( 5 )  

( C & ) Z ? ~  Va 

In the presence of excess potassium t-butoxide IVa is 
converted to the olefin VIIa (reaction 7). This conver- 
sion apparently involves a pyrolysis10 or an E2 P-elimina- 
tion reaction followed by isomerization of the initially 
formed olefin.5b~6c311 The corresponding sulfone Va, 
which was quite stable to pyrolysis (distilling under 
~ - C H ~ O G . H ~ C H C H ~ S O C H Z  OR - 

-+ 
( c + H s d H  DMSO 

IVa 
~ - C H I O C ~ H ~ C = C H ~  OR - 

-+VIIa 47) 1 DMSO 
CHsSOH + [ 

(CeH5)zkH 
VIa 

vacuum a t  275’), also underwent an elimination reac- 
tion (reaction 7c) in DMSO containing potassium t- 
butoxide to olefin VIIa in 48% yield. l 2  Some evidence 
for the intermediary of olefin VIa in the preparation of 
VIIa is furnished by the observation that VIa is formed 
in nearly quantitative yield by the pyrolysis of IVa 
under vacuum a t  220” (reaction 6). The olefin VIa can 
be isomerized to VIIa quantitatively by potassium t- 
butoxide in DMSO (80’%)-t-butyl alcohol (20%) solu- 
tion (reaction 7b). 

The scope of this asymmetric tricarbon condensation 
has not been fully investigated. Preliminary attempts 
utilizing dibutyl sulfoxide in place of DMSO have given 

RCHO + CHiSOCHi 

CHART I 
CONDENSATION REACTIONS IN THE PRESENCE OF BASE 

RCOzCH: + CHaSOCHl 

RCH( OH)CHPSOCH~ ( I )  

J2  
f RCH=CHSOCHs (11) 

J3 
RCOCHeSOCHl (111) 

RCHO + CH,SOzCHz + R’ZCHn 

.15 K’aCHr 4 

H2OI 
4a, R’aCHl RCH CHzSOCHa - R CH CHiSOzCH: 

.l 
f I 

R’zCH V 
I 

R‘2CH IV 

?a, R’rCH, RC-CHI 7b R O c C H z  
- I  

R’ICH VI 
f I1 

R’2C VI1 

1. 
I 7c 

formation of the tricarbon condensation product seems 
to be conclusively established by the observation that 

methane to IIa in DMSO solution in the presence of 

only negative results. Substitution of cyclohexanone 
for the Michael donor in the condensation involving 

(1960). 

IVa is formed from the addition Of (10) C. A. Kingsbury and D. J.  Cram, J .  A m .  Chcm. Soc., 82, 1810 

(11) C. C. Price and W. H.  Snyder, Tefrahcdron Lellers, 89 (1982); A .  
Schriesheim and C. A. Rowe, J .  A m .  Chem. Soc., 84, 3180 (1962). 

(12) A study of eliminations in basic solution of IVa and Va prepared 
from a-deuterio-p-anisaldehyde by Mr. K .  Y. Chang has shown that both 
eliminations are solelv &eliminations. 

(8) H.-D. Becker, G. F. Mikol, and G .  A. Russell, J .  A m .  Chem. Soc., 

(9) M. F. Sbostakovskii, E. N.  Prilezhaeva, L. V. Tsymbal, R.  T. Tol- 
86, 3410 (1963). 

chinskaya, and N. G. Starovca, Zh. Obshch. Khim. ,  81, 2326 (1981). 
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TABLE I1 
MELTING POIXTS AND ANALYSES O F  XCeH4CH=CHCeHcSOsCaH6 

Analyses, 7'- 
Calculated Found 

X C H S C H S M.P., 3c. 
H 74,99  5 . 0 3  9 . 9 9  74.82 5 . 0 1  10.01 184-185 
P-CHaO 71.99 5.18 9.13 i l . 7  5 02 9 . 3 6  202-203 
P-CeHSSOz- 67.82 4 . 3 8  1 3 . 9  67 .71  4 68 13 .43  315 

4.09 ( %  N) 250-251 P-(CHR)ZN- 72 .71  5 .82  3 . 8 5  (54 S) 72.51 5 72 
3,4-Methylenedioxy 69 22 4 .43  8 78 

p-anisaldehyde had led to a heterocyclic product (VIII) 
in low yield. 

OCH, 

Q 
OH 
VIII 

This product apparently involves the following sequence 
of reactions 

L~-CHsOC6H~CB-CHnSOCH~ \'I11 

do 
The reaction product VI11 represents the interested 

case in which the free methyl group of the first-formed 
tricarbon condensation product underwent further 
reaction with the carbonyl group of the cyclohexanone 
to form the cyclic 3-hydroxysulfoxide. The low yield 
of the product is presumably determined by self-con- 
densation reactions of cyclohexanone or by the compet- 
ing reaction of cyclohexanone with the carbanion from 
DMSO to give as a product the unisolated unsaturated 
sulfoxide C6Hlu=CHSOCH~ or products of its further 
reaction. 

Substitution of acetophenone for the Llichael donor 
led to the isolation of C6H,CH(CH2COC,H~)CH,- 
S02CH3, presumably from air oxidation of the corre- 
sponding sulfoxide during work-up. In the presence of 
piperidine the Michael olefin IIIa could be isolated 
from basic solutions. Substitution of n-butyralde- 
hyde or crotonaldehyde for the aromatic aldehyde with 
diphenylmethane as the potential llichael donor gave 
recovered diphenylmethane as the only crystallizable 
product. 

In dimethyl sulfoxide solution containing an active 
methylene compound (K2CH?) and potassium t-bu- 
toxide there are presuiuably three anions present, 
CH3SOCH2-, I12CH-, and (CH&CO - ,  The products 
of reaction of a carbonyl-containing compound in this 
solution depends on the concentrations and reac- 
tivities of the ions present as well as upon the reversi- 
bility of any addition step. For condensations in- 
volving a benzaldehyde with phenyl p-tolyl sulfone it 
seems reasonable that the Concentrations of the anion 
from the active methylene compound predominates 
over the anion from DLlSO. whereas in condensation 
reactions involving diphenylmethane the concentration 
of the inethylsulfinyl carbanion predominates over the 
diphenylmethide ion. For substances of intermediate 
acidity, condensation involving both I W H  - and CH:j- 
SOCH2- might be expected. Possibly cyclohexanone 
fits into this category. 

. .  
69 10 4 . 2 7  8 . 9 9  188 

As might be expected, when the more acidic fluorene 
was substituted for diphenylmethane in an attempted 
asymmetric tricarbon condensation with benzaldehyde 
or p-anisaldehyde in DMSO solution, the reaction prod- 
uct was di-9-fluorenylphenylniethane, a product of a 
symmetrical tricarbon condensation. Di-R-fluorenyl- 
phenylmethane has been previously prepared by the 
addition of fluorene to 9-benzylidenefluorene in pyridine- 
sodium hydroxide solution. l 3  

-Although aldehydes preferentially react with the 
methylsulfinyl or rnethylsulfonyl carbanion rather 
than with the diphenylmethide ion, the reverse is true 
when additions to the first-formed a,P-unsaturated 
sulfoxide or sulfone are considered. iyhether this is 
a kinetic or equilibrium phenomenon is unknown. 

Experimental14 
Condensation of Phenyl p-Tolyl Sulfone with Aromatic Alde- 

hydes.-The preparation of p-( pheny1sulfonyI)-stilbene will be 
used as illustrative of the procedure. Pheriyl p-tolyl sulfone ( 2 . 5  
mmoles) was dissolved 13 nil. of a mixture of DMSO (8O';G)-t- 

), 560 mg. of sublimed potassium t-butoxide 
ture was stirred under an atmosphere of dry,  

prepurified nitrogen. Benzaldehyde (10 mmoles) w-as added as a 
solution in 5 ml. of the solvent mixture from a buret over a 10- 
min. period. Thirty minutes after the addition of the benzalde- 
hyde was complete, 50 mi. of water was added to give a colorless, 
crystalline precipitate. I t  was Jvashed with warm ethanol and 
recrystallized from chloroform to  give 320 mg. (40c;,b) of p -  
(phenylsulfonyl)-stilbene, 111 .p .  184-185". The n .m .r. spectrum 
in chloroform-d a t  60 Mc./sec. did not show an>- saturated pro- 
tons. The integrated spectrum gave absorptions in the vinyl 
and aromatic regions having the relative intensities of 10:4:2. 

A similar procedure was used to  prepare the other stilbenes 
listed in Table I .  Pertinent analytical data are summarized in 
Table 11. 

Dimethyl p,p'-Stilbenedi~arboxylate.'~-Potassiu~n (1.2 g ., 
30 nig.-atoms) was dissolved in 40 nil .  of t-butyl alcohol and the 
excess alcohol removed under vacuum a t  a temperature of 00". 
'The solid potassium t-butoxide was dissolved in 40 1111. of 1)MSO 
(80Vo)-t-butyl alcohol (%Or&) a t  60". Ethyl acetate (1.4 g. ,  16 
mmoles) was added to remove hydroxide ion and after 10 miri. a t  
60" the solution was cooled to  room temperature and methyl p- 
toluate (3.0 g . ,  20 mmoles) was added. ~-Carboriietlio?cyl~eriz- 
aldehyde, prepared according to  the procedure of Lieberman and 
Connor,'fim.p. 59-60' (lit." G O o ) ,  dissolved in 5 rnl. o f  the solvent 
mixture was added dropwise and the reaction mixture stirred for 
2 hr.  under dry,  oxygen-free nitrogen. Upon pouring into 50 i n l .  
of ice-water acidified with hydrochloric acid a precipitate was 
formed which was suspended in 50 nil. of 0 . 5  .If sodiuni hydro. 
solution, filtered, and washed with water to give 1.55 g.  ( 7 ,  
o f  P,P'-stilbenedicarbosyljc acid. 
nil. of diriiethylforrnamide-diosane ( 4  5 )  and treated with excess 
dinzornethaiie. 'The esterified product was isolated by the atldi- 
tion of water and again treated with excess diaztiiiietliaue in 120 
nil. of ether-dioxane (5:  1 ) .  After reinoval of solvetit the eatzr 
was recrystallized from chloroform, m . p .  236-238", lit.'x 227-228 
The infrared spectrum and 11i.p. were identical with thi~se [ i f  a 
sample prepared by the carbosylatioii of the di-Grigtiard reagent 
of P,p'-dibrotilostilbene. Cpon hydrogenation of the ester over 

'The acid WE dissolved 111 

_ _ _ ~  
(13)  L. A.  Pinck and  G.  E. Hilbert, J A m .  C:iem. .So<,  68, 9014 (19461, 

I< 
(14) Integrated n . n . r .  and  infrared spectra consistent with the  assigned 

s t ructures  were obtained for  all ncw compounds reported. Molecular 
weight detrrminat ions were made  using a n  electroosrnometer All melting 
points are  uncorrected and wcrc ohtained using a Visher-JCBhns meltinu 
point block. 

I). Rergmann and  I). I.avic, zb*<l . ,  74, ,317.3 (10.i2). 

, l i !  Ilxperiments performed by  SIr Gerard .1. Xlikol 
(16) S V I.itberman and I< Ccrnnor, O I R  .\?it , 18, 61 (l!l:38) 
( 1 7 )  H Simonir, Bri , 46, 158-l , 1 9 1 2 i  
( IS)  G.  P Hager ,  A. X[, VaiiArenclonk, and 13, A .  Shonle, J .  A i n  ( IirtiL 

Soc.. 66, 1982 (1044) 
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palladiuiii-on-carbon catalyst, dimethyl p,p'-dibenzyldicarbox- 
>-late, m.p.  116-117', was obtained. The m.p. and infrared 
spectrum of this material were identical with those of the ester 
prepared by the method of Sloan and Vaughan, m.p. 117-118".1g 

p-Anisaldehyde-Dimethyl Sulfoxide Adduct ( Ia ,  R = p-CH30C6- 
H ; ) . -  -Sublimed potassium t-butoxide (1.12 9.) was dissolved in 3 
ni l .  of t-butyl alcohol and 12 ml. of DMSO. After the dropwise 
addition of 1.36 g. of p-anisaldehyde (10 mmoles) the mixture was 
kept for 3 inin. a t  45' and 1 hr .  a t  room temperature. Addition 
of 100 ml.  of water to  the reaction mixture gave a slightly cloudy 
sdution which was kept in an open beaker at room temperature. 
After evaporation of the solvent the solid residue was washed with 
water and filtered, yielding 855 mg. (40yG) of Ia, m.p.  127-128'. 
Recrystallization from hot ethanol raised the m.p. to 129-131'. 

A n d .  Calcd. for C1oHl,O,S (214.21): C ,  56.07; H, 6.59; S, 
11.Y1. Found: C ,  56.09; €€, 6.46; S, 15.10. 

Piperonal-Dimethyl Sulfoxide Adduct (IC, R = 3,4-CH202C6H3). 
'--Sublimed potassium t-butoxide (112 mg.) was added to  a solu- 
tion of 1.7 nil.  (10 mmoles) of diphenylmethane in 15 ml. of 
l>hlSO under nitrogen a t  60". Piperonal (1.5 g. ,  10 mmoles) in 
5 nil. of DMSO was added dropwise over a period of 10 min. 
Thc temperature was kept a t  60-65" for 3 more min. after 
which the reaction mixture was then kept at room temperature 
for 45 min. Water (100 ml.) and 30 ml. of ether were added to  
the red-brown solution. Evaporation in an  open beaker yielded 
a solid dark brown residue that was washed with 200 mi. of 
water. The colorless residue (483 mg., 21Gj) was recrystallized 
from hot ethanol by the addition of chloroform t o  yield IC, m.p .  
160". 

Anal.  Calcd. for CloHlsOaS (227.20): C, 52.63; H, 5.30; 
S, 14.0. Found: C ,  52.44; H, 5.43; S, 14.21. 

W-( Methylsulfinyl j-p-methoxyacetophenone (IIIa,  R = p-CHs- 
OC~H~) . -Compound I a (  100mg.)was dissolved in 10ml.  ofacetone 
and 1 g. of active manganese dioxide added. The mixture was 
shaken occasionally after which the ranganese oxides were removed 
by filtration and the precipitate washed with 50 ml. of acetone. 
The acetone solution was evaporated to  give 92 mg. (905;) of 
JIIa,  u1.p. 101'; the mixture m.p. with I I Ia  prepared by reac- 
tion 3 showed no depression. 

P-(Methylsulfiny1)-p-methoxystyrene ( I Ia ,  R = p-CHaOC5Hd). 
Reaction Pa.--To a solution of potassium t-butoxide (560 mg.) in 
10 nil. of DMSO a t  room temperature, 0.7 ml. ( 5  mmoles) of p -  
atiisaldehh-de was added dropwise under an  atmosphere of dry,  
prepurified nitrogen a t  room temperature. The  solution was 
warmed to  60-65' for 80  inin. After this time 100 ml. of water 
was added to  the brown solution to  yield an emulsion. The emul- 
sion was estracted with 500 ml. of ether, and the ether extract 
was dried over sodium sulfate and evaporated to  yield a light 
yellow oily residue tha t  crystallized upon treatment with a little 
ether to give 450 mg. (46G/;) of IIa in the form of fine, colorless 
needles, m.p. t i5 " .  Recrystallization from ether raised the n1.p. to 
67-68', 

Anal.  Calcd. for CI0H~~02S  (196.20): C ,  61.21; H, 6.17; S, 
16.31. Found: C ,  61.11: H, 6.33; S, 16.00. 

IIa.  Reaction 2.-Compound l a  (53 mg.,  0.25 mmole) was 
added to a solution of 56 mg. of potassium t-butoxide in 2 ml. of 
DMSO. The  solution was kept a t  60" under nitrogen for 10 
min. The deep brown solution was then diluted with 10 ml. of 
water to  yield a yellow emulsion from which the a,@-unsaturated 
sulfoxide IIa was extracted by ether. The  infrared spectrum was 
identical with I Ia  prepared by reaction 2a. The yield was low 
and was not  determined. 

l-(Methylsulfinyl)-2-p-anisyl-3,3-diphenglpropane (IVa, R 
= C,Hj, R = p-CH,OCsH,). Reaction 4a.--Potassium t- 
butoxidc (1.24 g . )  and 1.68 g. of diphenylmethane (10 mmoles) 
were dissolved in l,5 nil. of DMSO, and p-anisaldehyde (1.36 g. ,  
10 mtnoles) was added dropwise. The reaction mixture was kept 
a t  40' under dry,  prepurified nitrogen for 2 hr. After tha t  time 
100 ml. of ice-water and 30 ml. of ether were added. The color- 
less precipitate which formed was filtered, washed with water 
and ether, and dried to  yield 2.0 g. of IYa ( 5 O C ; ) ,  m.p.  175". 
Recrystallization from hot ethanol raised the m.p. to  178-180'. 

A n d .  Calcd. for C X H U O ~ S  (364.42): C ,  75.80; H ,  6.64; 
S, 8.78. Found: C, 75.78; H ,  6.94; S, 8.94. mol. wt.  
(dioxane), 380. 

Reaction 4.-Compound IIa (196 mg., 1 mmole) was 
dissolved i n  5 nil. of DMSO a t  room temperature under nitrogen 
and 168 mg. (1 mmole) of diphenylmethane and 112 mg. of 
potassium t-butoxide added. -4fter 60 min. the brown solution 
was added to  50 mg. of ice to  yield an emulsion which was 
extracted with 200 ml. of ether. Evaporation of the ether gave a 
yellow nil which crystallized upon treatment with ether to yield 
(after recrystallization from ether) 85 mg. (23C;) of IYa,  m.p.  
178'. The infrared spectrum was identical with tha t  of IVa 
obtained in direct condensation (reaction 4a). 

IVa. 

(19) C F Sloan and  W l i  Vaughan, J Oig  Chrnt , 22, 750 (1957) 

1-( Methylsulfonyl)-2-p-anisyl-3,3-diphenylpropane (Va, R '  = 
CsH,, R = p-CH1OC6H1).-compound IVa (500 mg., 1.37 
mmoles) was dissolved in 5 ml. of acetic acid. Addition of 2.7 
ml. of 307, hydrogen peroxide at 50" ( 2  min.) gave a clear solu- 
tion from which colorless crystals started to  precipitate after 2 hr. 
a t  room temperature. After 12 hr.,  the crystals were removed by 
filtration to  give 510 mg. (97.57,) of Va, m.p.  202-204'. Re- 
crystallization from hot ethanol raised the m.p. to  205-207'. 

Anal.  Calcd. for C ~ ~ H U O I S  (380.42): C ,  72.61; H, 6.36; 
S, 8.41. Found: C ,  72.43; H, 6.38; S ,  8.49. 

Va. Reaction 9.-Dimethyl sulfone (471 mg., 5 mmoles), 
560 mg. of sublimed potassium t-butoxide, and 0.84 g. of di- 
phenylmethane ( 5  mmoles) were dissolved in 8 ml. of DMSO. 
T o  this solution at 55" 0.69 g. of p-anisaldehyde ( 5  mmoles) 
was added dropwise and the reaction mixture held a t  56" for 3 
min. followed by 1 hr.  a t  room temperature. Addition of 50 ml. 
of ice-water and 50 mi. of ether yielded colorless crystals which 
were filtered off to yield 650 mg. (347,)  of Va, m.p.  205-207'. 
The mixture m.p. with Ya prepared by the oxidation of the cor- 
responding sulfoxide with hydrogen peroxide showed no de- 
pression. When the above experiment was repeated by first 
dissolving the dimethyl sulfone ( 5  mmoles) and potassium t- 
butoxide (560 mg.) in 8 ml. of DMSO a t  55" followed by the 
addition of diphenylmethane ( 5  mmoles), only 117 mg. (6.27,) 
of \;a could be isolated. I t  thus appears tha t  reaction 5 gives a 
reasonable yield of V' only when the diphenylmethide ion is 
present to trap the Michael olefin (ArCH=CHSOKHa) as it is 
formed. 

l-(Methylsulfonyl)-2,3,3-triphenylpropane (Vb, R = R'  = 
C6H5).-Compound 11.b (50 mg.) was dissolved in 0.6 ml. of 
acetic acid on a steam bath.  After addition of 0.6 ml. of 307, 
hydrogen peroxide the solution was kept on a steam bath for 5 
min. and at room temperature for 1 hr.  The colorless needle- 
shaped crystals which separated from the reaction mixture were 
isolated by filtration to  yield 50 mg. (969;) of Vb, m.p. 229'. 

Anal.  Calcd. for C~H2202S (350.40): C ,  75.41; H, 6.33; 
S, 9.13. Found: C ,  75.61; H, 6.46; S ,  9.16. 

3,3-Diphenyl-2-p-methoxyphenyl-l-propene (VIa, R '  = C6HS, 
R = p-CH30C6H4).-Compound IVa (100 mg.) was heated in an 
oil bath underaspiratorvacuum at200-220'for 17min. After this 
period the evolution of gas had ceased. The colorless oily 
residue was dissolved in 8 ml. of a chloroform-ethanol mixture 
and filtered. After standing overnight, 300 mg. (91%) of VIa 
was isolated as precipitated crystals, m.p.  71'. Compound YIa  
reacts readily with bromine in chloroform. The n.m.r.  spectrum 
supports the structure assigned to  the reaction product since the 
terminal methylene group is readily apparent. 

Anal. Calcd. for C22H200 (300.38): C, 88.03: H, 6.63; 
-OCHs, 10.03. Found: C, 87.96; H ,  6.71; -0CH3, 10.33. 
2,3,3-Triphenyl-l-propene (VIb, R '  = R = C&).-Compound 

I\'b (200 mg.) was heated under vacuum in an oil bath a t  220-225' 
for 10 min. Gas evolution ceased after 5 min. The almost 
colorless oil which remained was dissolved in 2 ml. of warm 
ethanol to  yield 96 mg. (6lC;C) of colorless \'Ib, m.p.  49-50', 
after evaporation of solvent. 

Anal.  Calcd. for CnHls (270.35): C ,  93.29; H,  6.71. 
Found: C ,  93.10; H,  6.76. 

1 ,l-Diphenyl-2-p-methoxyphenylpropene ( VIIa). Reaction 
7a.-Sublimed potassium t-butoxide (2.24 g.)  and 1.68 g. of 
diphenylmethane (10 mmoles) were dissolved in 30 ml. of DMSO. 
p-Anisaldehyde (1.36 g . ,  10 mmoles) was added dropwise under 
an atmosphere of dry,  prepurified nitrogen. The reaction 
mixture was kept at 65" for 2.5 hr. after which time 100 ml.  of 
ice water and 50 ml. of ether were added. .1 precipitate of 185 
mg. of 1l.a was removed by filtration. The aqueous layer was 
extracted with TOO ml. of the ether. -4fter drying over sodium 
sulfate, evaporation of the ether yielded an oil which crystal- 
lized upon treatment with ethanol to  yield 2.09 g. (70rh j  of 
YIIa,  m.p.  103-105". 

Anal.  Calcd. for C22H200 (300.38): C ,  87.96; H ,  6.71. 
Found: C, 88.07; H, 6.86; mol. wt. (dioxane), 313. 

VIIa. Reaction 7b.-Compound T:Ia (50 mg. )  was dissolved 
in 0.4 ml. of DMSO and 0.1 mi. of t-butyl alcohol. Potassium 
t-butoxide ( 5  mg.) was added and the solution kept under nitro- 
gen for 5.5 hr .  Crystals precipitated after 1.5 hr.  Water (10 
ml.) was added and after 12 hr.  crystals were separated by fil- 
tration to  yield 48 ing. of VIIa ,  m.p.  102-103', with an infrared 
spectrum identical with VIIa,  obtained from reactions 7,  7a,  
and 7c. 

VIIa. Reaction 7.-Compound IVa (300 mg., 8 mmoles) 
was dissolved in 4 ml. of DMSO and 1 ml. of t-butyl alcohol a t  
60' under nitrogen. Potassium t-butoxide (112 mg.) was added 
and the solution kept a t  60-65' for 1 hr. and then a t  room tem- 
perature for 3.5 hr.  and again a t  60' for 0.5 hr.  Water (50 nil.) 
was added together with 50 nil. of ether. The mixture was 
shaken and filtered, leaving the unreacted starting material 
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as  an ether-insoluble residue. From the ether solution 118 mg. 
(48(7;) of YIIa crystallized after evaporation of the solvent. 

VIIa. Reaction 7c.-Compound Va ( 5 0  mg., 0.13 mmole) 
and 100 nig. of potassium t-butoxide were dissolved in 0.4 nil. of 
t-butyl alcohol and 1.6 nil. of DMSO. The reaction mixture 
was kept under nitrogen a t  75" for 2 hr.  .;\ddition of 10 nil. of 
water yielded an emulsion which was shaken with 3 nil .  of ether. 
The crystalline product which separated from the ether-water 
mixture was separated after 2 days. Recrystallization from hot 
ethanol gave 19 mg. (48Sb) of I - I Ia ,  m.p .  103'. The infrared 
suectrum was identical with that of compounds prepared in . .  
reactions 7, 7a, and 7b. 

VIIb and IVb i R '  = R = C6H,). Reactions 4a and 7a.-Di- 
phenyltnethane (1.68 g., 10 miiioies) and 1.12 g. of potassium t-  
butoxide were dissolved under nitrogen a t  60' i n  15 nil .  of DMSO. 
Benzaldehyde (1.0 g., 10 mrnoles) in 5 ml. of DMSO was added 
over a period of 15 min. The color of the s(J1utiotl changed from 
red to green during the addition. The  mixture was kept a t  room 
temperature for 30 miri. after which time 100 nil. of ice-water 
was added. The mixture was extracted with 300 ni l .  of ether. 
Separation and evaporation of the ether layer yielded a yellow 
oil which contained colorless crystals. The oily residue W:IP 
treated with few cc. of ether arid filtered, yielding 155 mg. 
of I \ 'b (5(,ij.  The m . p .  after recryst:illization from a chloro- 
for in-methanol mixture was 195-1 96 O .  

Annl. Calcd. for C??Hp?OS (334.40): C ,  79.01; H ,  (i.f i3; 
S, 9.52. Found: C, 78.98; H ,  fj.72; S ,  9.21. 

The oil obtained after evaporation of the filtrate was heated 
with ethanol, yielding 430 mg. of \ . 1 I b  (13.X' L ) ,  ni.p.  XX-90" ;  
lit.20 m.p. 87-89"; 92-93". 

Annl. Calcd. for C J ~ H , ,  (270.35): C ,  93.29; H ,  ( i .71. 
Found: C ,  93.39; H ,  6.94; nlol .  wt.  (dioxane), 291. 

VIIc (R '  = C,H,, R = 3,4-CH202CeHa). Reaction 7a.-- 
Diphenyltiiethane (1.68 g. ,  10 mnioles) and 1.12 g. of potassiuin 
t-butoxide were dissolved in 15 1111. of DMSO and 60". From a 
buret 1.5 g. of piperonal (10 mnioles) in 5 nil. of DMSO was 
added over a period of 13 niiii. The reaction mixture, which 
turned red and finally green-brown, was kept a t  room teinpera- 
ture for 30 min. hfter addition of 100 nil. of ice-ivater the niix- 
ture was extracted with 600 nil. of ether. Evaporation of tlie 
ether layer yielded a11 oil which upon treatment with ethanol 
gave 600 rng. of crude YIIc (19' ;) .  The substance was re- 
crystallized from a hot ethanol-chloroforrn mixture to  give V I  IC, 

i lna l .  Calcd. for C22H1802 (314.6): C ,  84.05; H ,  5.77. 
Found: C ,  83.87; H ,  5.89. 

Condensation between p-Anisaldehyde, DMSO, and Cyclo- 
hexanone. (VIII) .-p-.knisaldehyde (2.8 nil. ,  20 inmoles) was 
added to  a solution of 2.75 g. of potassium t-butoxide in 15 ni l .  of 
DMSO a t  60' under nitrogen. After 5 niin. a t  60° ,  2 t n l .  of 
cyclohexanone (20 inmoles) was added to the brown solutiori. 
After 30  min. a t  60", 100 g .  of ice was added to the reaction 
mixture and the mixture extracted with 200 1111. of ether. From 
the ether solution 380 mg. of \.I11 separated (6.5' L ) ,  rn.p. 275'. 

(20) W. Schlenk and E Bergrnann, A n n ,  463, 1 (1928);  K Ziegler, 

111.p. 123-125'. 

~ ~~~~ 

H. Grabbe,  and  F Ulrich, Be?. ,  67, 1983 ( 1 9 2 4 ) .  

Recrystallization from ethanol by the addition of a little chloro- 
form gave a compound, 111.p. 275-276'. The infrared anti n.1n.r .  
spectra were consistent with structure 1'111. The r1.m.r. spec- 
trum failed to show a methyl group other than that of the p -  
inethoxy group. 

Anel. Calcd. CltiH~03S (294.34): C ,  65.29; H ,  7.53; S, 
10.82. Found: C ,  65.31; H ,  i .69; S, 11.00. 
Di-9-fluorenylphenylmethane.-Benzaldehyde (0.3 nil.,  3 

inmoles) was added t o  a solution of 499 mg. of fluorene (3  inmoles) 
in 7.5 ml. of DMSO containing 0.37 g. of sublimed potassium 1- 
butoxide under a nitrogen atmosphere. The red solution turned 
blue after 6 min. at room temperature. A t  this time 100 nil. of 
water was added and the resulting solution extracted with 600 
nil. of ether. Evaporation of the ether solution gave crystals 
which after recrystallization from a mixture of ethanol, and 
chloroform yielded 74 ing. (9',L) of di-9-fluorenylphenyltnetharie, 
1n.p. 230", lit.'3 239". The n.m.r.  shows an A2B pattern of 
methine protons with the benzylic proton absorbing as a triplet 
( J A ~  = 7.6 c.p.s. a t  60 Mc./sec.) a t  T = 6.8 and the 9-fluoreriyl 
protoiis absorbing as a doublet at T = 5.0. 

Di-9-fluorenyl-p-methoxyphenylmethane .-p-Anisaldehyde 
(0.4 ml . ,  3 rn~noles) was added t o  499 mg. ( 3  mtnoles) of fluorene 
dissolved in 7 . 5  nil .  of DMSO under nitrogen. The addition of 
366 rng. of potassium t-butoxide resulting in warming and the 
develop~nent of a red color which turned to a blue (reminiscent of 
fluorenyl ketyl) after 15 niin. When the blue color developed, 
100 inl .  of water was added to  give a yellow emulsion which was 
extracted with 200 ml. of ether. Evaporation of the ether extract 
to 30 ml.  yielded 400 ing. ( 70r!L,) of di-9-fluoretiyl-p-riietli( 
phenylmethanc, m . p .  230-232'. The n.1ii.r. spectrum app 
unequivocal for this structure since it shows an A?B pattern for 
the three methine hydrogens. The p-methoxybenzl-I. hydrogen 
appeared as a triplet a t  T = 6.8, J ~ B  = 6.9 C.P.S.  a t  60 Mc./sec., 
area = 1.0; the 9-flu rogens absorbed as a doublet a t  
T = 5.05, area = 2.0 protons a t  T = 6.4, area = 3.0; 
p-methoxyphenyl pro ) a t  T = 3.6,  area = 4.0; and 
fluorenyl ring protons as a complex absorption between 420 and 
480 c.p.s.  relative to  tetrarnethylsilarie, area = 16. 

l-Benzoyl-2-phenyl-3-(methylsulfonyl)-propane. -To 0.53 g. 
of benzaldehyde (5 inmoles) in 15 ml.  of DMSO, 1.12 g. of po- 
tassium t-butoxide and 0.54 g. ( 5  inmoles) of acetophenone were 
added. After 1 hr.  a t  30-35', 100 ml.  of water was added and 
the resulting emulsions extracted with 300 nil. of ether. The 
ether was evaporated to  yield an oil which did no 
lize. hfter 10 days in an open vessel, the oil cr. 
70 rng. (15'/;) of l-benzoyl-d-phenyl-3-( methylsulfony1)-propane, 
rn.p. 126-126', recrystallized from ethanol. The infrared showed 
sulfone and carbonyl absorptions. The n.m.r. (60 Mc./sec.) 
showed one methyl group ( T  = 7.5j, area 3.0 units; aromatic 
protons 438 to 480 c.p.s. relative to  tetramethylsilane, area 
10.1 units; and a complicated 5-proton absorption (area = 5.1 
units) between 155 and 266 C.P.S. relative to tetramethylsilane. 
The complexity of the 5-proton area is undoubtedly due to  tlie 
presence of two methylene groups attached to an asytnrnetric 
methine group. 

A n d .  Calcd. C17H1803S (302.37): C, 67.54; H ,  0.00; S, 
10.60. Found: C, 67.78; H ,  5.94; S, 10.30. 
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The preparation of 0-ketosulfoxides from aromatic esters and ditnethyl sulfoxide is described. Acid-catalj-zed 
rearrangement of these p-ketosulfoxides leads to the formatinn nf methyl hetnirnercaptals of a-ketoaldehpdes. 
The riiechanistn of this rearrangement is discussed. 

H H 
~ H +  

Introduction 
The carbanion formed in solutions of dimethyl sulf- 

oxide (DAISO) containing bases such as sodium hy- 
CH1SOCH2- + RC=O + I<&H2SOCHs + 

dride or alkali metal alkoxides, undergoes reaction with 
carbonyl compounds such as aldehydes or  ketone^.^ 

O- 
H 

B-Hydroxysulfoxides formed in this manner can be MnOi 
R C C H ~ S O C H ~  --+ I ~ C O C H ~ S O C H ~  

(1) Reactions o f  Resonance Stabilized Anions. X 
( 2 )  This  work was supp i r t ed  h y  grants from the  Alfred I' Sloan I 'ounda- OH 


