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Under the influence of sodium or po tass ium methoxide,  alkyl a - f u r f u r y l  sulfoxides a r e  
conver ted ,  through r e m o v a l  of a proton f rom the methylene group of the fur fury l  r e s idue ,  
to the cor responding  carbanions  which, by reac t ing  with methyl  benzoate ,  fo rm fl -keto  
sulfoxides .  The la t ter  a re  c leaved  to phenyl a - f u r f u r y l  ketone by the action of a m a l g a -  
ma ted  a luminum.  In the case  of a - f u r f u r y l  a - t h i e n y l  sulfoxide, nucleophilic a t tack is 
d i rec ted  nonse lec t ive ly  to one of the methylene groups .  This  method opens up the p o s s i -  
bi l i ty  for the synthes is  of ha rd - to -ob ta in ,  u n s y m m e t r i c a l  ketones in which one of the 
r ad i ca l s  is  an a ry l  ~hetaryl) grouping, and the other is a benzyl  group or i ts  he te rocyc l ic  
analog. 

We have p rev ious ly  shown [1] that alkyl  a - f u r f u r y l  sulf ides (I) exchange an a - h y d r o g e n  a tom of the 
furan r ing  with an aldehyde group under the conditions of the V i l s m e i e r  r eac t ion .  In this connection, we 
note that  under the s a m e  condit ions,  alkyl a - t h i e n y l  sulf ides a r e  c leaved  to fo rm thienyl chlor ide  and 
a m i n o m e r c a p t a l s  [2]. With the idea of finding a method for introducing a subst i tuent  into the methylene  
group,  during which a new C - C  bond would be fo rmed ,  we studied the r eac t ions  of e s t e r s  with carbanions  
(iI) fo rmed  by the act ion of bases  on alkyl a - f u r f u r y l  sulfoxides (III). React ions  of the methylsulf inyl  c a r b -  
anion (formed by the action of hydr ides  [3,4], alkoxides [5,6], and n-butyl l i th ium [4] on dimethyl  sulfoxide) 
with e s t e r s  a re  cu r r en t ly  well  known. The products  of these  r eac t ions  a re  the e x t r e m e l y  r eac t i ve  f i -ke to  
sulfoxides [4,7]. Analogous t r an s fo rm a t i ons  of other sulfoxides a r e  comple te ly  unknown. 

Our expe r imen t s  showed that  the fo rmat ion  of a l ky l su l f i ny l - a - fu r fu ry l  carbanions  p roceeds  under the 
influence of po tass ium or sodium methoxides .  The s t r u c t u r e s  of the keto sulfoxides (IV), which a r e  p rod -  
ucts  of the r eac t ion  of ca rbanions  II  with e s t e r s ,  were  proved  by reduct ive  c leavage of four of them to 
phenyl a - f u r f u r y l  ketone (V) by the action of ama lgama ted  a luminum,  as in [4]: 

I I11 II IV COR" V R"=C6H 5 

The s t r u c t u r e  of ketone V was conf i rmed  by i ts  reduct ion to 1 -~ - fu ry l -2 -pheny le thane  (VI), which 
was identified by i ts  adduct {VII) with male ic  anhydride [8]. 

It s e emed  of in te res t  to study the d i rec t ion of the r eac t ion  with alkoxides in the case  of ~ - f u r f u r y l  
benzyl  sulfoxide (IIIe) and ~ - f u r f u r y l  ~ - th ieny l  sulfoxide (IIId): 

V"-'~-'~CH2CH2%H5-~'~CH2CH~C6H5 
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As became  c l ea r  during reduc t ive  c leavage  of the cor responding  products  of condensat ion with methyl  benzo-  
ate,  the f i r s t  of the sulfoxides r e a c t s  with base  only by means  of i ts  fur fury l  r e s idue  - only phenyl a -  
fu r fu ry l  ketone {V) was i so la ted  - while in the second case ,  both poss ib le  ketones - V and phenyl a - t h i eny l  
ketone (IX) - a r e  obtained. (The yield of IX is somewhat  lower .) 

Ketone IX was a lso  obtained f rom methyl  ~ - th ieny l  sulfoxide (X): 

COCGH5 IX. X 

In addition to phenyl ~ - f u r f u r y l  ketone,  a second reac t ion  product  - dibenzyl disulfide - was i so la ted  
by reduct ive  c leavage  of keto sulfoxide IVd, obtained f r o m  benzyl  a - f u r f u r y l  sulfoxide and methyl  benzoate.  
Correspondingly ,  bis (3-acetyl -2- th ienyl)  disulfide (XII) was obtained f rom cycl ic  keto sulfoxide XI: 

O 
II 

~ S  rl---~l--COC H3 C H3CO'~'~"~] 
o - - - - -  ~,s.P-c.~s ,,,sc.~--~,s,~ 

XI Xll 

The fo rmat ion  of these  disulf ides ind i rec t ly  conf i rms  the m e c h a n i s m  of the reduc t ive  c leavage  of c o m -  
pounds of the type under cons idera t ion  proposed  in [7]: 

RCOCH2X e~- ~ R--C--CH2X ~ RCO[~H 2-~ X 
I 
O" 

X-~ halogcnCH3S, CH~SO, CH3SO ~ 

In pa r t i cu l a r ,  a sulfenic acid anion should be fo rmed  when X = RSO. It is known [9] that  sulfenic acids 
r e ad i l y  d i spropor t iona te  to f o r m  disulf ides and sulfinie acids ,  and the la t te r ,  in turn,  a r e  capable  of being 
conver ted  to disulf ides under the conditions of me ta l  reduct ion  {Zn or A1). 

The molecu les  of the keto sulfoxides (IV) that  we obtained contained two a s y m m e t r i c  a toms  - the 
ca rbon  and the sulfoxide sulfttr - and can c0nsequenfly ex is t  as  two d i a s t e r e o i s o m e r s .  The mel t ing  point 
r anges  of these  compounds and the PMR s p e c t r a  s e r v e  as  a conf i rmat ion  of the fact  that we were  actual ly  
dealing with mix tu res  of d i a s t e r e o i s o m e r s .  In this connection, it should be noted that the pur i ty  of the ~ - 
keto sulfoxides is of no s ignif icance for definite purposes ,  in pa r t i cu la r ,  for the product ion of the diff icul t -  
to -obta in  ketones containing a - f u r f u r y l  r ad i ca l s  on the bas i s  of alkyl  a - f u r f u r y l  sulfoxides,  s ince the s a m e  
ketone is obtained f rom both d i a s t e r e o i s o m e r s  during reduct ive  c leavage .  

EXPERIMENTAL 

The alkyl  ~ - f u r f u r y l  sulfoxides (III) used in this r e s e a r c h  were  obtained by oxidation of the c o r r e s p o n d -  
ing sulf ides iI), which were  synthes ized  in par t  by known methods and in par t  f rom ~ - f u r f u r y l a m i n e  m e t h -  
iodides [10]. Methyl ~ - f u r f u r y l  sulfide ~Ia) [11] and i sopropyl  w- fu r fu ry l  sulfide (Ib) [12] were  obtained f rom 
fxtrfuryl m e r c a p t a n  and, r e spec t ive ly ,  methyl  iodide and i sopropyl  b romide .  We have p rev ious ly  desc r ibed  
[1] the p repa ra t ion  of t e r t - bu ty l  ~ - f u r f u r y l  sulfide ~c) f rom t e r t - b u t y l m e r c a p t a n  and fur fury l  chlor ide .  
~ - F u r f u r y l  ~ - th ieny l  sulfide (Id) was obtained in 80% yield f rom ~ - f u r f u r y l m e r c a p t a n  and ~- th ieny l  chlo-  
r ide  and had bp 114-117 ~ (0.7 ram), n~ 1.5972, and d~ ~ 1.2188. Found %: C 57.0, 56.9; H 4.6, 4.7; S 30,3, 
30.1. Ci0H10OS 2. Calcula ted  %: C 57.1; H 4.8; S 30.5. We desc r ibed  the s im i l a r  synthes is  of benzyl  ~ -  
fu r fu ry l  sulfide (Ie) in [1]. 

Methyl 5 -Methy l -2 - fu r fu ry l  Sulfide (If). This  was obtained by the method in [10], as follows. A m i x -  
tu re  of 19 g (0.25 mole) of th iourea ,  34 g (0.24 mole)  of methyl  iodide, and 10 ml  of water  was ref luxed with 
s t i r r i ng  until  the th iourea  dissolved (about 8 h). A solution of alkoxide obtained f r o m  200 ml of isobutanol 
and 11.5 g (0.5 g -a tom)  of Na was then added, a f ter  which the mix tu re  was ref luxed for 9 h. A 28.1 g (0.1 

850 



~ 0 0 ~ 0 0 ~ 0  

6 

. ~ 1 1  I i I ] ] I 

I I I  I 

mole) sample  of 5 -d imethy laminomethy l -2 -methyI fu r  an m e t h -  
iodide [13] was added to the resu l t ing  mercap t ide ,  and the r e a c -  
tion m a s s  was re f luxed  for 24 h. The isobutanol  was r e m o v e d  
by vacuum dist i l lat ion,  and the r e s idue  was dissolved in 250 ml  
of water  and ex t rac ted  with e ther .  The ex t rac t  was washed with 
wate r ,  dr ied over  MgSO4, and the ether  was r e m o v e d  by d i s t i l l a -  
t ion.  The r e s idue  was f rac t ionated  to give 8.4 g (42%) of If  with 
bp 72-78 o (2 mm) ,  n~ 1.5185, and d 2~ 1.0514. Found %: C 58.9, 
59.2; H 7.0, 7.0; S 22.1, 22.4. CTHIoOS. Ca lcu la ted%:  C 59.1; 
H 7.1;S 22.6. 

t e r t -Bu ty l  5 -Methy l -2 - fu r fu ry l  Sulfide (ig). A 9.9 g (0.11 
mole) sample  of t e r t -bu ty l  m e r c a p t a n  and 28.1 g (0.1 mole) of 
5- .d imethylaminomethyl -2-methyl furan  methiodide [13] were  
added success ive ly  to alkoxide p r e p a r e d  f rom 150 ml  of i sobut -  
anol and 2.3 g (0.1 g -a tom)  of Na, af ter  which the reac t ion  m a s s  
was re f luxed  for 24 h and t r e a t ed  as desc r ibed  in the previous  
exper imen t  to give 10.3 g (56%) of Ig with bp 109-110 ~ (18 ram),  
n~ 1.5004, and d~ ~ 0.9800. Found%: C 65.2, 65.0; H 8.8, 8.7; 
S 17.4, 17.5. C10HI~OS. C a l c u l a t e d ~ :  C 65.2; H 8.7; S 17.4. 
Sulfide Ig was a lso  obtained in 82% yield by Kishner  reduct ion of 
26.3 g (0.13 mole)  of 5 - t e r t - b u t y l m e r c a p t o m e t h y l - 2 - f o r m y l f u r a n  
[1] by the action of 28 ml  of 72% hydraz ine  hydra te  and 24 g of 
KOH in 160 ml  of diethylene glycol  at 130-150 ~ for 5 h; the p rod-  
uct  boiled at 99-100 ~ (12 mm)  and had n~ 1.5004. 

Alkyl ~-Furfuryl Sulfoxides (Ill) (see Table I). A solution 
of 56 g of 22% hydrogen peroxide in 50 ml of acetic acid was 
added dr opwise at 20 ~ to a solution of 0.35 mole of alkyl ~-furfuryl 
sulfide (I) in 300 ml of glacial acetic acid, purified by distilla- 
tion over CrO3,* and the resulting solution was allowed to stand 
at about 20 ~ for 18 h. The acetic acid was then removed by vacu- 
um distillation, and the residue was poured into 200 ml of 10% 
KOH. This mixture was extracted with chloroform, and the ex- 
tract was washed with water and dried with MgSO 4. The solvent 
was removed by distillation, and the residue was vacuum dis- 
tilled over calcium hydride or recrystallized from heptane. 

fi-Keto Sulfoxide (IV) (see Table 1). A mixture of 2.35 g 
of methyl ~-furfuryl sulfoxide and 2.22 g of methyl benzoate 
(0.016 mole of each) in 30 ml of absolute dimethylformamide was 
added at 20 ~ to a solution of potassium methoxide obtained from 
0.7 g (0.018 g-atom) of potassium and 20 ml of absolute methanol, 
after which the solvent was removed by vacuum distillation a~ 
~10 mm for 3 h (bath temperature 30-35 ~ and at ~2 mm to dry- 
ness. All of the operations, beginning with the preparation of the 
potassium methoxide, were carried out under argon. The yellow- 
ish, solid residue was dissolved in I00 ml of water and 70 ml of 
e ther ,  and the aqueous solution was s epa ra t ed  and thoroughly ex-  
t r ac ted ,  f i r s t  with ch lo ro fo rm to r e m o v e  neut ra l  impur i t i e s ,  and 
then with e ther .  It was then acidif ied to pH 4-5,  and the r e s u l t -  
ing prec ip i ta te  was f i l tered,  washed on the f i l te r ,  and dr ied to 
give 1.8 g of IVa with mp 96-103 ~ . Ext rac t ion  of the f i l t ra te  with 
ch lo ro fo rm yielded another  1.4 g of IVa to give a total  yield of 

* Partial resinification occurs during acidification in impure 
acetic acid, and the yield of sulfoxide decreases. 
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3.2 g (72%). A sample for analysis  was r ec rys ta l l i zed  f rom ethyl a c e t a t e - e t h e r  (1:4). The other f l-keto 
sulfoxides (IV) were s imi la r ly  obtained. 

Phenyl o~-Furfuryl Ketone (V). A total of 150 ml of a 10% aqueous solution of mercur i c  chloride was 
added to 1.8 g (0.2 g-atom) of aluminum foil cut up into smal l  pieces (about 1 cm2). After 40 sec,  the m e r -  
cur ic  chloride solution was decanted, and the amalgamated aluminum was washed with 100 ml of absolute 
alcohol and then with ether,  after which a solution of 5 g (0.02 mole) of w-(methylsulf inyl) -w-(2-furyl)aceto-  
phenone (IVa) (rap 96-103 ~ in 300 ml of 10% aqueous te t rahydrofuran,  cooled to 0 ~ was added to it, and the 
reac t ion  mass  was s t i r r ed  at -2  to 0 ~ for 15 min. The resul t ing precipitate was f i l tered and washed on the 
fi l ter  with 50 ml  of te t rahydrofuran .  The combined f i l t rates were evaporated in vacuum, and the res idual  
oil was ext rac ted  with e ther .  The ether solution was washed with water and dried with MgSO 4. The ether 
was r emoved  by distil lation, and the residue was disti l led to give 2.77 g (75%) of V with bp 110-111 ~ (0.6 
ram) and mp 30 ~ (from petroleum ether) .  Found %: C 77.3, 77.4; H 5.5, 5.3. Ci2HI002. Calculated %: C 
77.4; H 5.4. The semicarbazone  had mp 158.5-159.5 ~ (from alcohol). Found %: C 64.3, 64.1; H 5.3, 5.2. 

Ci3Hi3N302. Calcula ted%: C 64.2; H 5.4. 

Under s imi lar  conditions, 1.95 g (70%) of V with mp 30 ~ was obtained by the reduction of 4.15 g of 
w- (isopropylsulfinyl)-r (2-htryl) acetophenone (IVb). 

1 - a -Fu ry l -2 -pheny le thane  (VI.)= A. Under the conditions descr ibed  for the preparat ion of Ig, 6.5 g 
(78%)of VI with bp 78-79 ~ (1.5 mm), n~ 1.5390, and d 2~ 1.0281 was obtained by Kishner reduction of 9 g of 
phenyl a - f u r f u r y l  ketone. According to [8], this compound has bp 241-243 ~ (760 ram). Compound VI gave 
3-(8-phenylethyl)-3,6- 'endoxo-Ar anhydride (VII) with mp 73-75 ~ (from CHC13- 
petroleum ether) by reac t ion  with maleic anhydride in absolute ether ; it did not depress  the melting point 
of an authentic sample (for the synthesis  of which, see below). 

B. A solution of 17.5 ml of stannous chloride in 100 ml of d ry  benzene was added with s t i r r ing  at 4 ~ 
in the course  of 40 rain to 10.1 g of furan and 23 g of phenylacetyl chloride in 400 ml of dry  benzene. The 
mixture  was s t i r r ed  at 20 ~ for 3 h and was then poured into 500 ml of ice water .  The resul t ing mixture was 
acidified with 20 ml of concentrated hydrochlor ic  acid. The benzene layer was separated,  washed with 
water and sa tura ted  NaHCO 3 solution, and dried with MgSO 4. After r emova l  of the solvent by distillation, 
the res idue  was repeatedly  extracted with petroleum ether,  the extracts  were evaporated, and the res idual  
yellow oil was fract ionated togive 1.8 go fbenzy l  a - f u r y l  ketone (VIII) with bp 120-124 ~ (0.7 mm) {bp 161- 
163 ~ (10 ram) [14]} . Kishner reduct ion of 1.7 g of VIII gave 1 g of VI with bp 104-105 ~ (8 ram) and n~ 
1.5370; this gave an adduct (VII) with maleic anhydride with mp 73-75 ~ (nap 73-74 ~ [8]). 

Reduction of r (IVd) with Amalgamated Aluminum. Under 
the conditions described for the reduct ion of IVa, 6.5 g of IVd gave a mixture of substances,  from which, by 
fract ionation of 0.7 mm [the f i rs t  fraction (2.2 g) had bp 111-118 ~ the second fract ion (0.7 g) had bp 118- 
140 ~ and the third fraction (1.3 g) had bp 140-170 ~ and fractional  crysta l l izat ion,  2.2 g (50%) of phenyl a -  
furfuryl  ketone with mp 30 ~ and 1.2 g of dibenzyl disulfide with mp 67-68.5 ~ were isolated; the latter did not 
depress  the melting point of an authentic sample .  

Reduction of the Product  of the React ion of a - F u r f u r y l  a -Th ieny l  Sulfoxide with Methyl Benzoate by 
Amalgamated Aluminum. Under the conditions descr ibed for the reduct ion of IVa, 5.3 g of a mixture of keto 
sulfoxides obtained f rom IIId and methyl benzoate gave a mixture of react ion products ,  f rom which, by f r ac -  
tionation at 0.7 mm [the f i rs t  f ract ion (0.1 g) had bp 105-108 ~ the second fract ion (1.8 g) had bp 108-140 ~ 
and the third fraction (0.7 g) had bp 140-158 ~ and fract ional  crysta l l izat ion,  0.8 g of phenyl a - f u r f u r y l  ketone 
(V) with mp 30 ~ (this sample did not depress  the melting point of an authentic sample) and 0.5 g of phenyl a -  
thienyl ketone (IX) with mp 56-57 ~ (from alcohol) were isolated.  Found %: C 71.4, 71.6; H 5.1, 5.1; S 15.5, 
15.4. Ci2H10OS. Calculated %: C 71.3; H 5.0; S 15.8. The lat ter  did not depress  the melting point of a 
sample of phenyl a - th i eny l  ketone that was obtained in our labora tory  by I. B. Karmanova by reduction with 
amalgamated aluminum, under conditions s imilar  to those descr ibed above, of w- (methylsulfinyl)-w- (2- 
thienyl)acetopheuone - the product of the react ion of methyl a - th ieny l  sulfoxide (X) with methyl benzoate. 

4-Keto-4 ,5 ,6 ,7- te t rahydro-6- th ia th ionaphthene 6-Oxide (XI): This was obtained in 60~ yield by hydro-  
gen peroxide oxidation in acetic acid of 4-keto-4,5,6,  7- tetrahydro-6-thiathionaphthene [151 and had mp 169- 
173 ~ (decomp., f rom alcohol). Found%: C 45.2, 45.3; H 3.3, 3.3; S 34.3, 34.4. C7H602S2. Calculated %: C 
45.1; H 3.2; S 34.4. Under the conditions descr ibed for the reduction of IVa, 2.5 g of keto sulfoxide XI gave 
1 g of disulfide XII with mp 88.5-89.5 ~ (from alcohol). Found %: C 49.3, 48.9; H 4.0, 4.0; S 37.0, 37.1. 
Ci4H14OaS 4. Calculated %: C 49.1; H 4,1; S 37.4. 
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