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vonfiguration of the two Oxides Can be assigned by 
molecular rotation differences as compared with 
la- and P-cholesteryl oxides. The oxide obtained 
(through the bromohydrin is evidently the P-oxide 
:and therefore the bromohydrin from which it is 
formed is 5a-bromocholestane-3~,6~,7~-triol. The 
addition of hypobromous acid to the 5,g-double 
bond therefore is contrary to Markownikoff's 
rule, as has been observed in the addition of 
halogens4 and hypochlorous acid,5 and is controlled 
by steric factors.6 

EXPERIMENTAL' 

b'xidation of A4-cholestene-Sp,6fl-dwl. A4-Cholestene-3p,6p- 
bdidl (430 mg.) in hot dioxane (75 ml.) containing 2 ml. of 
water was treated with N-bromomcchimide (400 mg.) and 
the mixture was warmed on the steam bath until complete 
solution was effected. The solution turned yellow and then 
colorless. A t  this stage the reaction mixture was poured into 
water and the precipitate collected by suction. A first 

1 crystallization from benzene-petroleum ether gave 80 mg. 
\(17% yield) of colorless needles m.p. 191-193" identified as 
A4-cholestene-6p-ol-S-one by direct comparison with an 
tauthentic sample of this compound. From a second crop of 
iYhe ini6iaI solution a crystalline product, m.p. 169-170", CYD 
33.2,  was obtained, which was not depressed on admixture 
with a pure sample of S,6-cholestandiom. Yield, 200 mg. 
fwm. 

~ ~ ~ ~ o ~ c h o l e s t i c n e - 3 p , 6 p , r 8 - t r i o l  was obtained from the 
re, @on of ~5-cholestene-3p,7p-diol (450 mg.) with NBS 
( ~ 8 ~ 7  ,mg.) in dioxane-water (6 ml., 0.8 ml.), 6 hr., 25'. It 
formg ,?mall prismin when crystallized from petroleum ether, 

~ ~ ~ l .  Calcd. for C2iH,i03Br: C, 64.91; H, 9.48; Br, 
15.99, , n o & ~ d :  C, 64.99; H, 9.53; Br, 15.93. 

The 3,7-~'ibenzoate was obtained by a similar reaction 
from A6-cho1, ?stene-3p,7p-&l dibenzoate; 89% yield, m.p. 

m.p. 1'7~3-180", (YD +28,6". 

C, 69.93; H, 7.5t7. 
When refluxed .,with 2% potassium hydroxide for 1 hr. the 

bromohydrin is eo. nverted into the p-oxide of 7phydroxy- 
cholesterol in 92% ;vield; plates from petroleum ether, m.p. 
166-167a, +EyO''. The oxide is reconverted into the 

C, 77.12; H, 10.99. 
The 3,7-dibenzoate of fhe p-oxide was obtained from the 

corresDondina bromohjydrin; 64% yield, m.p. 151-153', 
an $86". '- 

7p-Hydroxycholesteryl m-oxide was obtained by refluxing 
As-cholestene-.3p,7P-diol (800 mg.) for 6 hr. with a solution 
of perphthalic acid (800 mg.) in ether (40 ml.). After the 
usual work-up, chromatography afforded some starting 
material (60 mg.); the a-oxide, 250 mg., 300/, yield, m.p. 
153-155', aD f12"; intermediate nonhomogeneous frac- 
tions; and finally the p-oxide, 12% yield, m.p. 166-167" 
CY= +50" (no melting point depression on admixture with 
the oxide from the bromohydrin). 

Anal. Calcd. for CJI~~Oi: C, 77.45; H, 11.07. Found: 
C, 76.86; H, 11.22. 

(4) D. H. R. Barton, E. Miller, and H. T. Young, J .  \ , -  

Chem. SO~. ,  2598 (1951): 
( 5 )  S. Mori, J. Chem. Xoc. Japan, 71, 600 (1950); Chem. 

Abstr., 45, 9069 (1951). 
(6) L. F. Fieser, Experientia, 6, 312 (1950). 
(7) Melting points are not corrected. Optical rotations 

were taken in chloroform solution. Analyses were carried 
out by Dr. S. M. Nagy and associates. 
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It has been reported that the reaction of ethyl 
acrylate methyl n-hexyl ketone in the pre- 
sence of an 3xcess of sodium ethoxide gives I- 
hende~ene-3~5-dione. When this reaction was re- 
peated, a product (I) with the reported melting 
point 69-70' and composition (corresponding to 
CnH1802) WZLS obtained. Although examination of 
the infrared spectrum confirmed the presence of a 
l,&diketone by a very broad band3 a t  about 1600 
cm.-l, there was no indication of the presence of a 
double bond. The compound did not absorb hy- 
drogen in the presence of either Pt or Pd catalyst. 
The diketone had a neutralization equivalent of 178 
and molecular weight (ebulliometric) of 182. It did 
not give a color in the ferric chloride test. 

Two possible structures for the product were 2- 
pentyl-l,3-cyclohexanedione (11) and 4-pentyl-lJ3- 
cyclohexanedione (111), which could be formed, re- 
spectively, by an initial Michael condensation of the 
two reactants a t  the methyl or the methylene car- 
bon atom, followed by a cyclization reaction. 
Whereas 11 would give only one product on basic 
hydrolysis, 5-ketohendecanoic acid, I11 would give 
a mixture of 2-pentyl-5-ketohexanoic acid and 4- 
pentyl-5-ketohexanoic acid. Hydrolysis of I with 
barium hydroxide solution4 gave after acidification 
a clear oil which resisted attempts a t  crystalliza- 
tion. This oil had a neutralization equivalent of 205 
(calcd. for CllH2,,03, 200). The infrared spectrum 
was consistent with the keto acid structure, the 
carbonyl groups absorbing in a single band a t  about 
1715 cm.-l A weak iodoform test was obtained, 
showing the presence of some material containing 
the CHSO- group. The resistance of the keto acid 
to crystallization and this iodoform test indicated 
that the original product was 111, and that hydrol- 
ysis had given the mixed keto acids. 

I11 has been prepared by the hydrogenation of 
4-pentylresorcinol, in alkaline solution and in the 
presence of Raney nickel catalyst.6 Repetition of 
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this synthesis gave a product, m.p. 68.5-70" (re- 
ported m.p. 67")) which when mixed with I showed 
no depression of melting point. The infrared spec- 
trum of the substance was identical with that of I. 

I is therefore properly formulated as 4-pentyl- 
l13-cyclohexanedione. 

EXPERIMENTAL 

Ethyl acrylate was commercial grade used without puri- 
fication. Methyl n-hexyl ketone was freed of capryl alcohol 
by refluxing for 28 hr. with 1.5% of its weight of boric acid 
and removing the water produced. It was then carefully 
distilled, b.p. 83" a t  30 mm. 

Product I from ethyl acrylate and methyl hexyl ketone. To a 
suspension of sodium ethoxide in xylene, prepared by addi- 
tion of absolute ethanol (17.4 g.) to  a suspension of sodium 
(6.90 g., 0.3 g. atom) in xylene (200 cc.) was added ethyl 
acrylate (40 g., 0.4 mole). The mixture was cooled in an ice 
bath and methyl n-hexyl ketone (20 g., 0.15 mole) was added 
dropwise. Heat was evolved and the mixture became vis- 
cous. As the mixture was stirred a t  0" for 0.5 hr., the solu- 
tion became less viscous. Stirring was continued overnight 
(17 hr.) a t  room temperature and 100 cc. of water was intro- 
duced. After the mixture had been stirred for another hour, 
the aqueous and xylene layers were separated and the aque- 
ous layer was acidified with glacial acetic acid. The oil 
which separated on acidification crystallized while standing 
in the refrigerator. Recrystallization of the gummy yellow 
solid from ethyl acetate gave 8 g. (27%) I, colorless crystals, 
m.p. 69-70'. 

Anal., Calcd. for CllHlsOz: C, 72.5; H, 10.0. Found: C, 
72.6; H, 10.1. 

Hydrolysis of I. A suspension of Ba(OH)1.8HzO (34.7 g., 
0.11 mole) and I, (4 g., 0.022 mole) in 100 ml. of water was 
heated a t  reflux for 28 hr. Solid carbon dioxide was intro- 
duced until the mixture was neutral to pH paper. The pre- 
cipitated barium carbonate was removed by filtration. The 
mixture was heated to reflux again and the hot solution was 
filtered. When the filtrate was treated with 20 ml. of 2N 
hydrochloric acid, a clear oil separated. The oil was extracted 
with ether and the ethereal solution was dried over mag- 
nesium sulfate. Evaporation of the ether left an oil which re- 
sisted attempts at crystallization. Some iodoform was ob- 
tained in the iodoform test on this oil. Treatment of it with 
2,4dinitrophenylhydrazine gave an oil which could not be 
crystallized. 

4-n-amyl-l,6cyclohexanedione (111). 4-Pentylresorcinol was 
prepared by the method of Dohme, Cox, and Miller.6 The 
procedure of Adams and Bakers was followed in the reduc- 
tion to 111. The product was obtained in 88% yield, m.p. 
after recrystallization from pentane, 68.5-70', mixture m.p. 
with I, 68.5-70'. 

ROHM and HAAS COMPANY 
PHILADELPHIA, PA. 
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In  recent years the use of dimethylformamide 
and phosphorus oxychloride as a formylating agent 

has found many applications in the heterocyclic 
series. The systems studied contained sulfur' and 
nitrogen2 heteroatoms. In this report the authors 
wish t o  extend the scope of this reaction to the 
oxygen systems, namely furan and its derivatives. 

R = H, CHs, CzHs 

The formylation of furan, 2-methylfuran, and 2- 
ethylfuran proceeded under mild conditions and 
gave furfural (64%), 5-methyl-2-furaldehyde (76%) 
and 5-ethyl-2-furaldehyde (80%) , respectively. 
These aldehydes were identified by physical con- 
stants, solid derivatives, and, in the case of furfural, 
by comparison of the infrared spectrum with that 
of an authentic sample (experimental section). 

Conversion of the above furans to the corre- 
sponding aldehydes by the Gatterman reaction has 
been reported by Reichstein;s however, the di- 
methylformamide-phosphorus oxychloride method 
gives better yields by 15 to 30%. In view of the 
commercial availability of 2-methylfuran, this re- 
action presents an excellent procedure for the prep- 
aration of 5-methyl-2-furaldehyde. 

When two substituents are introduced into the 
a positions of the furan nucleus, the formylation 
with dimethylformamide and phosphorus oxy- 
chloride becomes more difficult. In  the case of 2,5- 
dimethylfuran resinification took place ; however, 
2,5-diphenylfuran gave 2,5-diphenyl-3-furaldehyde 
(40%) m.p. 89-90", oxime, m.p. 170-171" (re- 
ported4 m.p. of aldehyde 90-92", m.p. of oxime 
171-173') and starting material (39%). This reac- 
tion presents an example of direct formylation in 
the P-position of the furan ring. Generally these 
aldehydes are prepared by conversion of some func- 
tional group in the @position to an aldehyde. 
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