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a$-Epoxy-a-phenylpropiopherione, a,?-epoxy-a-ethylpropiopheriorie and 1 ,2-d i rnes i ty l -2 ,3-ep~~~- l -prop~r ione  have been 
isomerized to a-formyldesoxybenzoin, a-formylbutyrophenone and the enol of a-form).ldesox!-mesitoin, respectively, by 
treatment with boron trifluoride. The analogous rearrangement of a,P-epoxypropiophenone produced 1,3,5-tribenzoyl- 
benzene. The interpretation of the results suggests that  a carbonium ion adjacent to a carbonyl group is either equivalent 
in stability or more stable than a primary carbonium ion. 

The products derived from the acid-catalyzed 
isomerization of a variety of a,,B-epoxy ketones have 
been rationalized by the assumption that the initial 
step in the isomerization involves cleavage of the 
oxirane ring to leave a positive charge on the carbon 
atom beta to the carbonyl group The fission 
of  the oxirane ring to form the transient cation I 
rather than I1 appeared to be justified; the forma- 
tion of structure I1 would be expected to be ener- 
getically unfavorable since this structure places par- 
tial positive charges on adjacent atoms. 
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Xltliough a carbonyl group is usually considered 
to destabilize an adjacent carbonium ion (such as 
II),4J there is little evidence bearing on the extent 
of this destabilization relative to the effect of other 
substituents. Since the mode of cleavage ( i x j  I or 
11) of the oxirarie ring accompanying the acid-cata- 
lyzed rearrangement of aJ-epoxy ketones appeared 
to offer a measure of the relative stability of a car- 
bonium ion (or a partial positive ~ h a r g e ) ~  adjacent 
to a carbonyl group, we were led to study the isom- 
erization of certain 1,l-disubstituted ethylene ox- 
ides 111. The products formed by rearrangement 

(1) Alfred 1'. Sloan Research Assistant, 1Q.X 
12) For previous papers in this series see Tms J O U R N A L ,  (ai 76, 

12:<3 (1954); (b) 77, G525 (1933). (c) 78, 2298 (1956); ( d )  78, 4304 
(lY5G); (e) 79, 1485 (1937). 

( 3 )  T h e  cleavage of the  oxirane ring and the a t tendant  rearrange- 
ment may well oe concerted processes. I f  this is the case. the  positi\-e 
charge would not reside entirely on the ,?-carbon atom as depicted in I. 
Studies t o  determine the  relative charge distribution in the transition 
state are currently in progress. 

(1) J. Hine. "Physical Organic Chemistry," XcGram- Hill Book 
Co.,  Inc , X e w  \iork, S. Y.. 1956, p .  1.30. 

(5) 'l'he failure of certiiin a-halo ketones tu redct with sill cr ni t ra te  
h . i i  been attr ibutcd to such destabilization [for example. 5ee R. 1,. 
Slirinpr, I< C Fuson and D. Y. Curtin,  "The Svstematic identification 
uf Orwnic  Comiicnindi." Johll Tl.iley and Sons. Inc., S e w  Tork ,  X Y 

of these oxides 111 would provide a measure of the 
relative stabilities of a primary carbonium ion 
(Fig. 1, reaction path A) and a carbonium ion ad- 
jacent to a carbonyl group (Fig. 1, reaction path B).  
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For the preparation of the keto oxides 111, we 
investigated procedures which would avoid isola- 
tion of the unstable acrylophenorle precursors II'. 
Direct reaction of the appropriate Mannich base 
methiodides V with alkaline hydrogen peroxide was 
found to produce the desired oxides.6 

R = Er 

I n  a previous studygb the product derived from 
the isomerization of a-pheny-l-cis-benzalacetophen- 
one oxide appeared to be best explained by the 
assumption that the reaction proceeded via an ion 
of the type IT. This observation suggested that 
the formation of a carbonium ion adjacent to a car- 
bonyl group may occur without difficulty if the 
ion is stabilized by an adjoining aryl group.' We 
therefore chose a,,i3-epoxy-a-phenylpropiophenone 
(IIIa) for our initial studies in an effort to  favor 
reaction path B (Fig. 1). The rearrangement of 

(ti) This reaction is analogous to  the use o i  the quaternary salts  of 
Mannich bases a s  precursors for unsaturated ketones in the  Michael 
reaction [see J. H. Brewster ;ixd E, T,. Eliel, Qri.  Rearlioirr,  7, g!J 
(1933) I. 

(7)  T h e  successful ULC oi u-aryl u-halo ketoues as alkylating agtnt: 
in the Friedel-Crafts reaction [P ,  Kuggli. H. Dahn and J. Kegin:iiiii 
Titl:m, Chim A r l o .  29, 113 '!Q46!1 i -  in si<re:,n;ei:l $!: : ! I  t h .  i,i<.i 
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the oxide IIIa in the presence of boron triiluoride 
etherate yielded the keto aldehyde VIIIa, the prod- 
uct expected if the reaction followed path B (Fig. 
1). We were unable to isolate either of the dike- 
tones VIa or VIIa. 
X previous example of an acid-catalyzed isomeri- 

zation of ail oxide analogous to I I Ia  has been re- 
porteds; the reaction of 1,2-dimesity1-2,3-epoxy-l- 
propanone (IX) with a mixture of acetic and hydri- 
odic acids was found to yield an unknown product 
isomeric with the starting ketone. \Ye have effected 
the same reaction by treatment of the oxide IX  
with boron trifluoride etherate. The product is 
acidic and has an infrared spectrum which is sug- 
gestive of an enolized fl-dicarbonyl compound. 
Since the product does. nut resemble either of the 
known, isomeric enolized diketones Xy or XI,'" the 
compound was assigned the enolized keto aldehyde 
structure XII,  an analog of the keto aldehyde VIIIa 
derived from IIIa.  This assignment was confirmed 
when compound XI1 w;ts synthesized by the reac- 
tion of the bromomagnesium enolate of desoxymesi- 
toin (XIII)  with ethyl formate. 

We next turned our attention to a,P-epoxy-a- 
ethylpropiophenone (IIIb). Rearrangement of the 
epoxide IIIb via reaction path B (Fig. 1) mould in- 
volve a tertiary cation adjacent to a carbonyl 
group as was the case with II Ia;  however, the 
formation of such an ion from IIIb would not be 
favored by an adjoining phenyl ring. The isomeri- 
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zation of the epoxide IIIb proceeded much more 
slowly than isomerizations previously studied as 
might be expected if the reaction involved the 
formation of a relatively unstable carbonium ion. 
Best results were obtained when the rearrangement 
was effected in the presence of a benzene solution of 
gaseous boron trifluoride rather than with boron 
trifluoride etherate." The only products which 
could be isolated from the isomerization were the 
keto aldehyde VIIIb and its degradation product, 
butyrophenone; neither of the diketones VIb and 
VIIb or compounds derived from them, the prod- 
ucts expected from rearrangement via path A (Fig. 
l),  could be isolated from the reaction mixture. 

We therefore investigated the behavior of a,@- 
epoxypropiophenone (IIIc) . Reaction of this oxide 
IIIc with boron trifluoride yielded the triketone 

(8) R. C. Fnson, D. J. Byers, C. A.  Sperati, K. E. Foster and P. F. 

(9) R. P. Barnes aud A.  E. Brandon, THIS JOWKNAL,  6S, 2173 

(10) A. Beha1 aud V. Ausrr,  Birll. suc. chi i i~.  Prance ,  [ 3 ]  9 ,  CjY6 (18Y3). 
(11) See ref. Zb, footnote 18. 

Warfield, J .  Org,  C h m . ,  10, 69 (1945). 

(1963). 

XI11 as the only isolable product. The triketone 
XI11 was presumably derived from the interrnedi- 
ate keto aldehyde XIV; when an authentic sample 
of the keto aldehyde XIV was subjected to the con- 
ditions of the rearrangement, only the triketone 
XIII  was produced. The alternative product, the 
diketone XV which might result from the isomeri- 
zation of the oxide IIIc, has been found to be stable 
to acids'l and, consequently, is not the precursor of 
the triketone XI11 

BF3 
IIIc 4 [C'Jl,COCH?CHO] + 

SIY 
CGH,COCOCHj 

xv S I I l  

In  order to determine which of the reaction paths 
C or D (Fig. 2 )  was operative in the conversion of 
the oxide IIIc to the triketone XIII, the isomeriza- 
tion of the partially deuterated oxide XVI was stud- 
ied. The fate of the deuterium label in each reac- 
tion path is outlined in Fig. 2 ;  47c/;j of the deute- 
rium present in the oxide XVI was retained in the 
product XIII .  Consequently, we are led to be- 
lieve that approximately half of the isomerization 
of the oxide IIIc is proceeding via reaction path C 
(Fig. 2) and the remainder via path D (Fig. 21. 
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Our results suggest that  the stability of a carbo- 
nium ion adjacent to a carbonyl group is approxi- 
mately equivalent to the stability of a primary car- 
bonium ion. The order of relative stabilities sug- 
gested by our present and previous2 experiments is 
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of Dr. R. C. Fuson who kindly supplied samples of 
desoxymesitoin and mesityl a-mesitylvinyl ketone 
for this study. 

Expe~irnental~~,~~~~~ 
The Methiodide of P-Dimethylamino-a-phenylpropio- 

phenone (Val.-The reaction of 25 g. (0.128 mole) of de- 
soxybenzoin with a solution of 23 ml. of 25% aqueous di- 
methylamine and 11.1 ml. of 37% aqueous formaldehyde in 
50 mi. of ethanol according to  the directions of Denton and 
co-workerslG afforded an aqueous solution of the hydro- 
chloride of @-dimethylamino-a-phenylpropiophenone. The 
aqueous solution was neutralized with sodium carbonate and 
extracted with ether. The ether was removed from a por- 
tion of the extract to  leave the crude amine ketone. The 
pure 0-dimethylamino-a-phenylpropiophenone crystallized 
from petroleum ether as white needles, m.p. 82.0-82.8'. 

Anal. Calcd. for C17H19SO: C, 80.57; H ,  7.56; N, 
5.53. Found: C, 80.49; H,  7.47; Tu', 5.40. 

The ether extract was dried over magnesium sulfate, 
treated with excess methyl iodide and allowed to stand a t  
15' for 12 hr. The crude product, collected on a filter, was 
recrystallized from aqueous ethanol. The methiodide sepa- 
rated as white crystals, m.p. 182.8-183.8' dec., yield 23.8 
g. (48.59'0 based on desoxybenzoin). 

Anal. Calcd. for C18H221NO: C, 54.71; H, 5.62; I ,  
32.11; S, 3.54. Found: C, 54.60; H ,  5.56; I, 32.31; 
S,  3.76. 

The Methiodide of P-Piperidino-a-phenylpropiophenone. 
-A solution of 10.5 g. (0.035 mole) of P-piperidino-a-phenyl- 
propiophenone, m.p. 90.8-91.8' (lit.1'9I0), in 40 ml. of ether 
was treated with excess methyl iodide and allowed to  stand 
overnight. The crystalline methiodide (1770 yield) was 
removed by filtration, additional methyl iodide was added 
and the process was repeated. When subsequent additions 
of methyl iodide produced no more quaternary salt the com- 
bined fractions of the product were recrystallized from 
ethanol. The quaternary salt separated as white crystals, 
m.p. 192.8-193.6'dec., yield 6.0 g. (40.5%). 

Anal. Calcd. for C21H2eINO: C, 57.88; H ,  6.01; I, 
29.11; N,3.21. Found: C, 57.78; H,6.24; 1,29.24; N, 
3.05. 

a$-Epoxy-a-phenylpropiophenone (IIIa) .-To a cold (0")  
mixture of 10 g. (0.0253 mole) of the methiodide of P- 
dimethylamino-a-phenylpropiophenone, 12 ml. (0.124 mole) 
of 307' aqueous hydrogen peroxide and 100 ml. of methanol 
was added, dropwise and with stirring over a period of 25 
minutes, 14 ml. (0.084 mole) of 6 N aqueous sodium hy- 
droxide. Throughout the addition and subsequent reaction 
period the temperature of the mixture was kept below 2". 
After the mixture had been stirred for an additional 1 hr., 
it was poured into 400 ml. of water and extracted with three 
portions of ether. The ethereal extract was dried over mag- 
nesium sulfate, concentrated and the residual oil crystallized 
from aqueous ethanol. Recrystallization of the crude solid 
from hexane afforded the pure oxide as white plates, m.p. 
29.6-30.6", yield 3.7 g. (66%). The infrared spectrum1*Jg 
of the oxide has an absorption band a t  1670 crn.-l (conju- 
gated C=O); the ultraviolet spectrum has a maximum a t  
252 mp (6  13,600). 

Anal. Calcd. for ClaK1202: C, 80.33; H ,  5.39. Found: 
C,  80.18; H, 5.19. 

Rearrangement of a$-Epoxy-a-phenylpropiophenone 
(IIIa).-A solution of 260 mg. (0.00117 mole) of the oxide 
in 10 ml. of benzene was treated with 0.3 ml. (0.0024 mole) 

(13) All melting points are corrected and  all boiling points are 
uncorrected. 

(14) The ultraviolet spectra were determined in  95% ethanol with a 
Cdry recording spectrophotometer, model 11 MS. 

(15) T h e  microanalyses were performed b y  Dr. S. hl. Xagy and his 
associates. 

(16)  .l J. Iki i ton,  R.  J. Turner ,  W. B. Neier. V. A. Lawson and H. P. 
Srhrill,  ' l ' i r l s  J U U H N A I . ,  71, 2048 (1949). 

(17) C. Rlnnnich a n d  D.  Lammering. Bur., 56, 3510 (1922)). 
( 1  8 )  Ikterrniiied i i i  c'irhon tetrachloride solution. 
(14) Determined either with a Baird, model B.  or  a Perkin-Elmer. 

i n r i < l r l  21. rlrliililc heam infrared recording spectrophotometer fitted 
w i t h  a sodium chloride prism. 

of boron trifluoride etherate and the resulting solution was 
allowed to stand a t  room temperature for 20 minutes. The 
reaction mixture was diluted with ether, washed with water 
and dried over magnesium sulfate. After the solvents hati 
been removed, the residual oil was crystallized from hcxaiic 
to give the borofluoride complex of a-formyldesoxybenzoin 
as yellow needles, m.p. 99.2-100' (lit.20 W-ns'j, yield 141 
mg. (449'0)- In  subsequent experiruents the a-formylde- 
soxybenzoin was isolated as its copper complex, 1n.p. 223- 
224.5' (lit.20 220-221'), yield 65.39'c0, and, after treatment 
with phenylhydrazine as 1,4,5-triphenylpyrazole, 1n.p. 21 1.2' 
212.2' (lit.20 210-211°), yield 75%. Each of the products 
mas identified by  a mixed melting-point tieterriiitiation Tvitll 
an authentic sample. As a control experiment a sarnple of 
the oxide IIIa was treated with phenylhydrazine under the 
same conditions which were employed to prepare 1,4,?-tri- 
phenylpyrazole from the crude isomerization product; none 
of the pyrazole could be isolated. 

In  an effort to  isolate any benzyl phenyl diketone present 
as its quinoxaline, a crude rearrangement product was 
boiled with a solution of o-phenylenediamine dihydrochio- 
ride in ethanol. The only crystalline product which could 
be isolated was desoxybenzoin, m.y. 60-61" (lit.21 SO"), 
yield 359'0, which formed a 2,4-dinitroplieii~lhydrazoiie 
melting a t  202-2035' (lit.22 203'). ,411 of our attempts to 
isolate dibenzoylmethane or one of its derivntivrs from t h e  
reaction mixture were unsuccessful. 

Rearrangement of 1,2-Dimesityl-2,3-epoxy-l-propanone 
(IX) .-Mesityl a-mesitylvinyl ketone [infrared absorp- 
tion1g~z3 1665 cm.-l (conjugated C=O), 1625 crn.-l (con- 
jugated C=C), 975 crn.-l (C=CHt adjacent to a carbonyl 

was converted to  the epoxy ketone IX,  m.p. 
150.5-151.5° (lit.8 152-152.5"), by the procedure previously 
described.s The infrared s p e ~ t r u r n l ~ ~ ~ ~  of the oxide has a 
band a t  1700 cm.-1 (C=O of a sterically hindered aryl ke- 
tone) but lacks the absorption at  975 cm.-' found in the 
corresponding unsaturated ketone. A mixture of 0.50 g. 
(0.0016 mole) of the oxide, 2 ml. (0.016 mole) of boron tri- 
fluoride etherate and 25 m]. of cyclohexane was stirred for 
2 minutes, diluted with ether, washed with water anti con- 
centrated. The residual solid crystallized from ligroin 
(b.p. 90-120') as white needles, m.p. 250-252', yield 0.27 
g. (549'0). An additional crystallization sharpened the 
melting point of the keto aldehyde to 251-252". 

Anal. Calcd. for C Z ~ H ~ ~ O ~ :  C, 81.78; H, 7.81; mol. wt ., 
308. Found: C, 81.76; H,  7.96; mol. wt., 245 (Rast). 

An attempt to  effect the same rearrangement in ether 
solution with boron trifluoride etherate resulted in isolation 
of the unchanged oxide (75CT0 recovery) .I1 

The infrared spectrum'9~2j of the enolized keto aldehyile 
has a broad intense band in the 3 p region with its center at 
2950 cm.-' (associated 0 - 1 1 ) ;  in the 6 p region a band of 
medium intensity is found a t  1630 cm.-' accompanied by 
a broad, intense band with its center a t  1565 cm.-' (C=O 
and/or C=C of an enolized 0-dicarbonyl compound). The 
product was shown to be identical with the sample, 1i1.p. 
250-253', prepared by Fuson and co-workers8 by means of 
a mixed melting-point determination. Although the coin- 
pound dissolved readily in aqueous alkali, it was remarkably 
stable to  cleavage. After a solution of the compound in 
10% aqueous sodium hydroxide had been heated on a steatri- 
bath for 1 hr., 98Yc of the unchanged, enolized keto slde- 
hyde was recovered when the reaction mixture was acidified. 
The behavior of the compound was also anomalous in that 
an ethanolic solution of the product gave no color with ferric 
chloride. 

1,2-Dimesityl-2-propen-3-ol-l-one (XII).-A solution of 
280 mg. (0.001 mole) of desoxymesitoin and 1 ml. (0.001 
mole) of a standard solution of ethylmagnesium bromide in 
25 ml. of benzene was refluxed for 40 minutes and then 
treated with 3 ml. (0.037 mole) of ethyl formate. The re- 
sulting mixture was refluxed for 19 hr., diluted with ether 
and washed with aqueous ammonium chloride. After the 

(20) W. Wislicenus and A. Ruthing,  Ann. ,  579, 229 (1911) 
(21) C. Graehe and H. Bungener. Bcr., 12 ,  1079 (1579). 
( 2 2 )  C. F. 13. Allen and J. R Richmond, J .  Org. Cl-um , 2 ,  229 

( 2 3 )  'I'he abnorrual location for  the band attributable t o  t he  C-II 
l iending vibration of a terminal methylene group of vinyl ketones has 
been reported previously by M. H J. Davison and G I<. Rates. 

(24) M. H. J. Davison and G. R. Bates, J .  Chcm. Soc., 2807 (19531. 
( 2 5 )  Determined a5 a suspension in  a potasnium bromide pellet. 

(1937). 
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solvents had been removed from the organic layer, the resi- 
due was taken up in boiling methanol and the solution was 
decolorized with Norit, diluted with water and coooled. 
After the unchanged desoxymesitoin, m.p. 90-93 , re- 
covery 182 mg. or 65%, had been removed, concentration 
of the mother liquor afforded 26 mg. of the crude enolized 
keto aldehyde, melting over the range 220-245'. The pure 
enolized dicarbonyl compound crystallized as white needles, 
m.p. 251-253', yield 12 mg. (11% based on the unrecovered 
desoxymesitoin). The melting point of a mixture of the 
product with a sample obtained by rearrangement of 1,2- 
dimesityl-2,3-epoxy-l-propanone was not depressed. 

The Methiodide of p-Dimethylamino-a-ethylpropiophen- 
one (Vb) .-The Mannich base hydrochloride was prepared 
from 40 g. (0.27 mole) of butyrophenone, 16.8 g. (0.56 mole) 
of paraformaldehyde and 49 g. (0.6 mole) of dimethylamine 
hydrochloride according to the general directions of Burck- 
halter and Fuson.= The paraformaldehyde and dimethyl- 
amine hydrochloride were added in two equal portions, the 
second portion being added after 4 hr.; a total reaction 
time of 16 hr. was employed. An aqueous solution of the 
Mannich base hydrochloride was neutralized with sodium 
carbonate and the amine was taken up in ether. The ether- 
eal solution was dried over magnesium sulfate, treated with 
excess methyl iodide and allowed to stand for 12 hr. The 
methiodide separated as fine, white crystals, m.p. 188.8- 
189.8', yield 59.3 g. (63%). The melting point of the 
product was not altered by recrystallization from an eth- 
anol-ether mixture. 

Anal. Calcd. for ClrH221NO: C, 48.43; H,  6.40; I, 
36.56; N, 4.03. Found: C, 48.47; H, 6.22; I, 36.58; N, 
4.03. 

cr ,@-Epoxy-a-ethylpropiophenone (IIIb) . A. From the 
Methiodide Vb.-To a cold (-4') solution of 58.8 g. (0.17 
mole) of the quaternary salt and 81 ml. (0.84 mole) of 30% 
aqueous hydrogen peroxide in 500 ml. of methanol was 
added, dropwise and with stirring over a period of 20 minutes, 
94 ml. (0.56 mole) of 6 N aqueous sodium hydroxide. The 
resulting mixture was stirred for 2 hr.; throughout the addi- 
tion and subsequent reaction period the temperature of the 
mixture was kept a t  -2'. The reaction mixture was 
poured into water and the resulting mixture was extracted 
with ether. The extract was dried over magnesium sulfate 
and concentrated. The components of the extract were 
separated by repeated fractional distillation through a 
Holtzmann column. The a,p-epoxy-a-ethylpropiophenone 
(IIIb), a colorless liquid boiling a t  60-61' (0.15 mm.), n " ~  
1.5249, amounted to 3.35 g. (11.2%). The infrared spec- 
t r ~ m ~ ~ J '  of the oxide has a band a t  1675 cm.-1 (conjugated 
C=O); the ultraviolet spectrum has a maximum a t  246.5 
mp (e 11,600) with a minimum a t  220 my (e 2,210). The 
nuclear magnetic resonance spectrum of the oxide, deter- 
mined as a pure liquid with a Varian Associates high-resolu- 
tion nuclear magnetic resonance spectrometer, model 
V4300B, has the following peaks (expressed as cycles per 
second relative to  the proton resonance of water): a triplet 
with its center a t  -174 sec.-l (CHI adjacent to CH2); 
quadruplet with its center a t  -135 set.-' (CHZ adjacent 
to CH,); a singlet a t  -96 sec.-l (CH2 of an oxide ring); 
and two multiple peaks centered around +90 sec.-l and 
$108 set.-' attributable to  the nuclear resonance of pro- 
tons bonded to an aromatic rinr. " 

Anal. Calcd. for CllHllOt: C, 74.97; H, 6.86. Found: 
C,  75.05; H, 6.86. 

The or-ethylacrylophenone (Nb) ,  collected in the initial 
fractions of the distillation, amounted to 11.24 g. (41.5'%), 
b.p. 49-50' (0.15 mm.), n z s ~  1.5300 [lit.2B b.p. 85' (5 mm.), 
n% 1.52671. The infrared s p e c t r ~ m ~ ~ J '  of the unsaturated 
ketone has a band a t  1645 cm.+ (conjugated C=O) with a 
shoulder a t  1625 cm.-1 (conjugated C=C). The spectrum 
also exhibits a band at 975 cm.-l (C=CH2 adjacent to  a car- 
bonyl group)*' which is not present in the spectrum of the 
oxide. The ultraviolet spectrum of the unsaturated ketone 
has a maximum a t  246 mp (e 10,000) with a minimum at 220 
mp (e 6,650) .28 The nuclear magnetic resonance spectrum 

(26 )  J. H. Burckhalter and R. C. Fuson, TEIS JOURNAL, 70, 4184 
(1948). 

(27) Determined in a chloroform solution. 
(28) The second band expected from the cross-conjugated system 

of the unsaturated ketone IVb i s  apparently masked by other ab- 
sorption in the region 210-240 my. The oxide IIIb absorbs much less 
strongly in this region than does the unsaturated ketone IVb. 

of the unsaturated ketone, determined as previously de- 
scribed, has the following peaks (relative to  the proton 
resonance of water): a triplet with its center a t  -170 sec.-l 
(CHI adjacent to  CH2); a quadruplet with its center a t  
-115 sec.-l (CH2 adjacent to  CHd; a doublet (+7 and 
+18 sec.-l) attributable to  the two non-equivalent hydro- 
gen atoms of the terminal methylene group; and a series of 
peaks centered around +92 sec.-l attributable to  the 
nuclear resonance of protons bonded to  an aromatic ring. 
Because of the discrepancy in refractive index values the 
Composition of the unsaturated ketone was also determined. 

Anal. Calcd. for CllHlzO: C, 82.46; H, 7.55. Found: 
C, 82.30; H, 7.52. 

B. Epoxidation of a-Ethylacrylophenone (Nb)  .-A solu- 
tion of 11.1 g. (0.069 mole) of the unsaturated ketone and 
20 ml. of 3070 aqueous hydrogen peroxide in 70 ml. of meth- 
anol was cooled to O', and 6 ml. (0.036 mole) of 6 N aqueous 
sodium hydroxide was added dropwise and with stirring. 
The resulting mixture was stirred for 3 hr. at room tempera- 
ture, diluted with water and extracted with ether. After 
the extract had been dried and concentrated, distillation of 
the residue through a 30-cm. Podbielniak concentric tube 
fractionating column, model GE-117, afforded 6.91 gd 
(56.5%) of a,p-epoxy-a-ethylpropiophenone, b.p. 68.5 
(0.4 mm.), n z 6 ~  1.5258. The infrared and ultraviolet 
spectra of the product are identical with the spectra of the 
oxide sample previously described. 

Rearrangement of a,p-Epoxy-a-ethylpropiophenone (IIIb) . 
-A solution of 309 mg. (0.00175 mole) of the oxide in 15 
ml. of benzene was saturated with gaseous boron trifluoride 
and the resulting solution was allowed to stand for 3 hr. 
The reaction mixture was diluted ,with ether, washed with 
water and extracted with three portions of 570 aqueous so- 
dium hydroxide. When the remaining ether solution was 
concentrated, boiled with a solution of 2 ml. (0.012 mole) of 
6 N aqueous sodium hydroxide for 24 hr. and then acidified 
and treated with 2,4-dinitrophenylhydrazine, no 2,4-dinitro- 
phenylhydrazone could be isolated. 

The alkaline extract of the reaction mixture was acidified 
and extracted with ether. When the ethereal solution was 
shaken with a saturated, aqueous solution of cupric acetate, 
concentrated and diluted with pentane, the copper salt of 
a-formylbutyrophenone separated as green needles, m.p. 
181.5-183.5', yield 60 mg. (16.5%). The product was 
identified by a mixed melting-point determination with an 
authentic sample whose preparation is subsequently de- 
scribed. The mother liquors from the copper salt were dis- 
solved in a solution of sodium hydroxide in aqueous ethanol, 
and the solution was refluxed for 1 hr. When the resulting 
mixture was acidified and treated with 2,4-dinitrophen~l- 
hydrazine, the 2,4-dinitrophenylhydrazone of butyrophen- 
one separated as orange needles, m.p. 190-191" (lit.29 
190D), yield 64 mg. (14y0). The product was identified by 
a mixed melting-point determination with an authentic 
sample. 

In  subsequent experiments the alkali-soluble fraction of 
the reaction mixture was boiled with a solution of sodium 
hydroxide in aqueous ethanol and then acidified and treated 
with 2,PdinitrophenyLhydrazine. With reaction times for 
the rearrangement of 20 minutes and 3 hr. the yields of 
butyrophenone 2,4dinitrophenylhydrazone were 50 and 
4970, respectively. When a solution of 270 mg. (0.00153 
mole) of the oxide and 0.5 ml. (0.004 mole) of boron tri- 
fluoride etherate in 15 ml. of benzene was allowed to stand 
for 1.5 hr. and then worked up in the same manner, the 
yield of butyrophenone 2,4-dinitrophenylhydrazone was 
40%. In no case could either acetophenone 2,4-dinitro- 
phenylhydrazone or benzoic acid be isolated. Treatment 
of the reaction mixture from the rearrangement with either 
phenylhydrazine or o-phenylenediamine dihydrochloride 
failed to yield crystalline products. 

As a control experiment, u,p-epoxy-or-ethylpropiophenone 
was treated first with a boiling solution of sodium hydroxide 
and then with 2,44initrophenylhydrazine as described pre- 
viously. No 2,4dinitrophenylhydrazone could be isolated. 

u-Formylbutyxophenone (VIIIb) .-This &keto aldehyde 
was prepared from 14.8 g. (0.1 mole) of butyrophenone, 7.5 
g. (0.1 mole) of ethyl formate and 4.8 g. (0.2 mole) of sodium 
hydride by the standard procedure." The product was 

(29) D. P. Evans, J .  Chcm. SOL, 786 (1936). 
(30) C. R. Hauser, F. W. Swamer and J. T. Adams, Org. Reactions, 

8, 126 (1954). 
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separxtctl Eroiii i ~ i i  ether solution of the organic ciJllip~IlelltS 
of the reaction mixture by extraction with a saturated, 
aqueous solution of sodium carbonate. The alkaline solu- 
tion was acidified and extracted with ether. Evaporation 
of the ether followed by recrystallization of the residue af- 
forded the pure keto aldehyde as white needles, m.p. 96- 
97", yield 3.5  g. (207,). The infrared s p e c t r u n ~ ~ ~ ~ ~ ~  has a 
broad band in the 3 p region (associated 0-H) as rvell as 
strong bands in the 6 p region a t  1645 and 1505 em.-' ('2-0 
and/or C=C of an enolized 8-dicarbonyl compound). 
m'hen the spectrumIY of the product was determined in 
chloroform solution, two additional bands appeared in the 
Gp region a t  1675 cni.-I (conjugated C-0) and 1710 c m - l  
(unconjugated C-0). Our product is, therefore, the  enol 
form of a-formylbutyrophenone. 

A d .  Calcd. for CIIHISO~: C, 74.97; H, 6.86. Found: 
C, 74.93; H, 6.96. 

The a-formylbutyrophenone sample, 1n.p. 86-87', pre- 
viously reported3> is apparently the tautomer of the sample 
we have isolated. 
h portion of the keto aldehyde was converted to  its copper 

salt in the usual manner. The copper salt of a-formylbuty- 
rophenone separated from an ether-pentane mixture as 
blue-green needles, m.p. 182.5-183.5'. The infrared spec- 
trum'9j'3 of the copper salt has broad absorption bands in 
the 6 p region with their centers a t  1585 and 1572 cm.-'. 

Ami. Calcd. for C2,H?:04Cu: C, 63.86; H, 5.32. 
Found: C ,  63.94; H, 5.36. 

Alkaline Cleavage of a-Formylbutyrophenone (VIIIb1.- 
.1 solution of 1 .O g. (0.0057 mole) of the keto aldehyde and 
2 nil. (0.012 mole) of 6 iY aqueous sodium hydroxide in 20 
ml. of ethanol was boiled under reflux until an  acidified 
sample of the reaction mixture no longer gave a color lvith 
ferric chloride (I hr.). The mixture was diluted with water 
and extracted with ether. Treatment of the residue from 
the ether solution with 2,4-dinitrophenylhydrazine yielded 
1.62 g. (95%) of butyrophenone 2,4-dinitrophenylhydra- 
zone, 111.p. 190-191'. 

l-Phenyl-1,3-pentanedione jVIbl .-The reaction of 13.7 
g. (0.114 mole) of acetophenone with 5.5  g. (0.228 mole) of 
sodium hydride and 23.3 g. (0.228 mole) of ethyl propionate 
in the usual produced the 8-diketone, b.p. 131- 
135' (6 mm.),  f l z 6 ~  1.5820 [lit.32 b.p. 120-122O (5 mm.),  
TZ*OD 1.58371, yield 12.4 g. (82%:). The infrared spec- 
trumi9~27 of the product has a broad band in the 6 p region 
with its center at 1625 cm.-' (enolized p-diketone). 

Alkaline Cleavage of I-Phenyl-1,J-pentanedione (VIb) .- 
A solution of 1.0 g. (0.0057 mole) of the diketone and 1.5 
ml. (0.009 mole) of 6 Xaqueous sodium hydroxide in 20 ml. 
of cthanol was refluxed until an acidified sample from the 
reaction mixture gave no color with ferric chloride (21 hr.) .  
The mixture was diluted with water and extracted with 
ether. Evaporation of the ether followed by treatment 
with 2,4-dinitrophenylhydrazine yielded acetophenone 2,4- 
dinitroplienylh!-drazone, n1.p. -349-250" (lit . 3 3  249-260"'1, 
yield 1.10 g. (65$&,!. Acidification of the aqueous solution 
from the reaction mixture followed by appropriate manipula- 
tions afforded 0.10 g. (3.4.4Yc) of benzoic acid, m.p. 120- 
121'. Both products were identified by mixed melting 
point determinations with authentic samples. 

Reaction of I-Phenyl-l,3-pentanedione (VIb) with Boron 
Trifluoride.---.\ solution of 1.0 g. (0.0057 mole) of the dike- 
tone in 20 1111. of benzene was saturated with gaseous boron 
trifluoride, and the solution was allowed to  stand for 2 hr. 
The benze1.e was removed and the residue crystallized from 
a hexane-ether niixturc. The borofluoride complex of 1- 
phenyl-1,3-pentanedione separated as white needles, in .  
68.4-69.2', yield 635 mg. (5090) .  Theinfrared spectrum' 
of the prodnet has n broad absorption lx~iicl in  the 6 p region 
\\.it11 its center at 155? cm.-'. 

Anal.  Chlc(1. for CllH11BFz02: C, .79.00: €1, 4.91; H ,  
1.82; F, 16.97. Found: C ,  58.89; I I ,  5.0n; R ,  4 .83 ;  F ,  
16.76. 

When a solution of 200 m p .  iO.0009 mole) of tlic colnulex 

tlrazinc as previuusly described, tlir yield of acetopheiioiie 
2,4-dinitrophenylhydrazone, m.p. 249-250°, was 180 mg. 
(677,). In  a second control experiment a solution of 100 
ing. of the borofluoride complex in 20 iril. of ether was cs- 
tracted with three portions of 5% aqueous sodium hydroxide. 
Concentration of the ether solution left 60) ing. of the uri- 
changed borofluoride complex, m.p. 67-69 . The alkaline 
extract was acidified and extracted with ether; treattiiciit of 
the ethereal extract with saturated, aqueous cupric acetal c 
yielded 33 mg. (28cp! of the copper complex of 1-phenyl-] ,3- 
pentanedione, n1.p. 153-154' (lit.a2 151°), The product 
was identified by a tniscd melting-point determination with 
an authentic sample. 

a$-Epoxypropiophenone (IIIcj .---A suspeiision of 3 .(I g .  
(0.0094 mole) of the crude methiodide of B-dimethq.lai~litlo- 
propiophenone,3" ii1.p. 203-209", and 5 i d .  (0.052 inolej of 
aqueous 30Yr hydrogen peroxide in 55 ml. of methanol \vas 
cooled to  O", and 6 ml. (0.036 mole) of 6 iV aqueous sodiuiii 
hydroxide was added drupwise and with stirring. Tlie re- 
sulting mixture was stirrcd for 1 hr. a t  o", diluted ivith 130 
ml. of water and extracted with 3 portions of etbcr. The 
ether extract was dried and concentrated to lenvc 
which crystallized from an ether-petroleum ether mi 
The oxide separated as Lvhite plates, m.p. 52-53' (lit . 3  

yield 0.78 g. (60.6c/c~. The infrared spectrt~iii~!'," of tlle 
product has a band at 1675 cni.-' (conjugated C-0 . 

Rearrangement of a,p-Epoxypropiophenone (IIIc I .I 
solution of 0.1 g. (0.0007 mole) of the oxide in 2 3  nil .  ( i f  bcn- 
zene was saturated with gasrous boron trifluor 
period of 2 minutes and then worked up in the  usti 
None of the copper salt of benzoylacetaldel~y~i 
isolated from the crude rearrangement prntluct . 'l'he re- 
action product, 1,3,5-tribenzoylbenzene iXIIIi , crystallizetl 
from ethanol as white plates, m.p. 118-120" (lit.36 110°), 
yield 0.05 g. (5670). The infrared spectruni1"~5 of the com- 
pound has a band a t  1685 cm.-l (conjugated C-0:. \\'hen 
a benzene solution of the oxide was heated with 0.5 equiva- 
lent of boron trifluoride etherate for 15 minutes, the yieltl 
of the triketone XI11 \vas 20Yc. A s  in thr forriier cnbc no 
benzoylacetaldehyde could be isolated. 

Benzoylacetaldehyde (XIVj sodium s t i t  of 1111~ 
keto aldehyde was prepared b y  the reaction of A0 g. (O.,? 
mole) of acetophenone ivith sodium liytiride (12 g., O.. i  
mole) and ethyl formate (45 g . ,  0.6 mole) in the usual 1nil11- 
ner.30 Reaction of the crude sodium salt with cupric dce- 
tate afforded the copper salt of benzoylacetaldehyde wliicli 
crystallized from an ether-pentane mixture a s  dark grceri 
needles, m.p. 212-213' ticc., J-ield I 1 n . i  g. ( 6 2 9 ; ) .  

A n a l .  Calcd. for C,rH140JCt~: (', fi(i.-l2: I f ,  .:.?I?. 
Found: C ,  60.61; II, 4 . l ( i .  
X sample of benzoT-laceta:ile~iy(le derived from 0..3 1 g .  

(0.0013 mole) of the copper salt \vas dissolved in ether anti 
treated with 0.5 nil. (0.001 rnolc) of boron trifluoride ethcr- 
atc. Tlie solutiori \\-ah refluxed tor I,? niiuutes and tlieii 
TTorked up in the usual \my. Kone of the benzoylacetaldc- 
hyde could he rccoviv4 : instead 1 ,:i ,j-trihenzo~lhenzrnc. 
\vas isolated, m.1). 117-119c, yield 0.23 g. 18U';7r). Tlic. 
(*ompound was slinivn to 1,c itieiit.iea1 \Tit11 tile snlnple p n -  
~iared by rearrangement of n.P-cl,c'syl,ropioplleiii~ilc Ix , i  11 
hy  a mixed melting-point determination nnd by  comp:irisiiii 
o f  the infrared spectra of the two .;:implei. 

Partially Deuterated n ,&Epoxypropiophenone iXVI 1. ~~ 

.I solution of 12 8 .  (0.1 iriolr'l nf acetophenone and  1 g .  < I f  
sodium hydroxide i i i  :t iiiixfurc nf ?((I nil. of tieuteriurn osidc 
:md20 ml. of ethanol i w s  rcfl~ixed foi- IS  lir. The tleutcriui!l 
content of the recovered acetophcnonc \vas 21 .02 a t n n i  per 
cent. deuterium or 1.75 gram atoms of deuterium per n~ole." 
The acetophenone was converted to  tlie methiodide of 8- 
ilirnetlir.laminopropiopl~en~~r~e ant1 subsequently to  a,3- 
cpoxypropiophenone b y  the 1,rocedures described previous1 
The deuterium content of the epoxy ketone was 1.50 atom p 
cent. deuterium or 0.112 gram atom of deuterium per mole.37 

Rearrangement of Partially Deuterated e,p-Epoxypropio- 
phenone (XVI) .--A 1 .O-g. (0.0067 mole) sample of tlie oxide 
\vas isomerized :t.; previous1)- described. The yield of pat-- 
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tially deuterated 1,3,5-tribenzoylbenzene, m.p. 118-119.5O, 
was 0.30 g. (34%). The deuterium content 01 the triketone 
was 0.87 atom per cent. deuterium or 0.157 gram atom of 

deuterium per mole (47% retention of the deuterium present 
in the epoxy ketone). 
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Silver fluoride, dissolved in anhydrous hydrogen fluoride, reacts with arenes to form a, stable complex containing 3 moles 
of arene. AgF-HF is 
therefore a useful solvent for separating arenes from other hydrocarbons. In contrast with other metal fluorides that com- 
plex with arenes, AgF in H F  is a base; it inhibits rather than promotes such reactions as alkyl-group migration. The 
stability of the arene-silver fluoride complex is almost independent of the number and orientation of the alkyl groups on 
the ring. I t  differs from the u-complexes formed by the action on arenes of H F  plus other metal fluorides, such as BF3, 
TiF4, CbF5, TaF5, and acts more like a r-complex. 

The complex reverts to silver fluoride and arene as the hydrogen fluoride is removed by distillation. 

A few metal fluorides act as co-acids with liquid 
anhydrous hydrogen fluoride. A criterion used in 
previous work to establish such co-acid properties 
was whether the fluoride enabled a proton to add 
to a xylene molecule.' In  the presence of a suffi- 
ciently strong co-acid, normally insoluble xylene 
accepts a proton and dissolves in the hydrogen 
fluoride. On the other hand, certain metal fluo- 
rides that are obviously bases in the hydrogen 
fluoride system also cause arenes to dissolve in this 
medium. Thus, KlattZ found that silver fluo- 
ride, which is soluble and ionizes in hydrogen 
fluoride probably according to the equation3 can 

AgF + H F  I_ AgFH+ + F- 
bring into solution up to four mole-equivalents of 
arene. 

In  the present study, batch extractions of hy- 
drocarbon mixtures and petroleum fractions with 
AgF-HF have been used to elucidate the action of 
silver fluoride on arenes. Our objects were to de- 
termine how silver fluoride differs from the acidic 
fluorides and to learn whether it could be used to 
extract arenes from hydrocarbon mixtures, sep- 
arate arenes from each other, or promote such 
reactions as alkylation and disproportionation. 

Experimental 
Silver fluoride, obtained from the Beta Research Labora- 

tory, was dissolved in hydrogen fluoride and heated to 100' 
under vacuum to drive off any moisture present with the 
hydrogen fluoride. The hydrogen fluoride, a commercial 
grade of 99.6% purity supplied by the Matheson Co., was 
distilled before each experiment. The hydrocarbons, C.P. 
grades obtained from commercial suppliers, were used with- 
out further purification. The petroleum fractions used were 
typical straight-run and reformed West Texas naphthas. 

The extraction runs were carried out in a 1.5-liter carbon- 
steel autoclave. Silver fluoride, hydrocarbon and a meas- 
ured volume of hydrogen fluoride were added to the auto- 
clave and stirred for 1 hr. -4fter a settling period of 2 hr., 
the acid layer was withdrawn from the bottom of the auto- 
clave into a polyethylene flask cooled in Dry Ice. In  most 
cases, the extracted arenes were sprung by slowly adding 
water to the chilled acid phase. After a large excess of water 
had been added, the displaced arenes were decanted from 
the aqueous acid. The raffinate layer was drained from 

(1) D. A. McCaulay, W. S. Higley and A. P. Lien, Tms JOURNAL, 

(2) W. Klatt, 2. anorg. allgem. Chem., SS4, 189 (1937). 
(3) J. H. Simons, "Fluorine Chemistry," Vol. I, Academic Press, 

78, 3009 (1956). 

Inc  , S e w  York, N. Y., 1950, p. 237. 

the autoclave. Both hydrocarbon products were then 
washed with ammonium hydroxide and were analyzed by 
appropriate means, such as refractive index measurement 
and infrared and ultraviolet absorption. 

In a few experiments designed to show whether the silver 
fluoride could be regenerated and used again the technique 
differed. After the mixing step, the autoclave was heated 
to 50" and the hydrocarbon and hydrogen fluoride were dis- 
tilled into an evacuated flask to recover the silver fluoride 
residue for re-use. 

Extraction of Known Mixtures.-Four mixtures of known 
hydrocarbons were each extracted with an equal volume of 
hydrogen fluoride plus silver fluoride. The results are 
shown in Table I. 

TABLE I 
EXTRACTION O F  ARENES FROM SYXTHETIC MIXTURES 

Arene 
Ben- CB-Alkylben- 
zene Xylene' zenesb 

Moles AgF per mole 

Feed, vol. % 
arene 0 .17  0 .17  1 . 0  1 . 0  

Arene 40 40 32 32 
%-Heptane 60 60 60 6 6 . 5  
Olefin . . . .  . . .  8" . . . .  
Propyl sulfide . . . .  . . .  . . . .  1 . 5  

Raffinate, vol. % 
Arene 22.5 25 0 0 . 4  
Olefin . . . .  . . .  0 . . . .  
Propyl sulfide . . . .  . . .  . . . .  0 

Arene 97 95 97 94 .5  
Olefin , . . .  . . .  0 . . . .  
Propyl sulfide . . . .  . . .  . . . .  4 . 8  

% 56.5 50 100 99 
1 . 0  1 . 0  Moles per mole AgF 3 . 3  3 . 0  

Separation factor, pa 144 57 > 1000 1220 
Equal parts of m- and +xylene. Equal parts of all 

four. Equal parts of n-octene and cyclohexene. Quo- 
tient of the arene-to-heptane ratio in the extract phase 
divided by the arene-to-heptane ratio in the raffinate. 

The mixture of benzene and n-heptane was about 56% de- 
aromatized to give an extract containing 977, benzene. 
The separation factor, 8 ,  which measures the relative dis- 
tribution of benzene and n-heptane between the two phases, 
has the high value of 144. Conventional solvents, such as 
diethylene glycol or sulfur dioxide, give B's ranging from 5 

Extract, vol. % 

Arene removed 


