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Topchiev (5 )  and Schniepp, Geller, and von Korff (3) reported the isolation 
of acetopropanol by partial hydrogenation of 2-methylfuran in aqueous medium 
containing trace amounts of formic acid. To explain their observations these 
authors proposed a mechanism involving the dihydrogenation of 2-methyl- 
furan (I) to 2-methyl-4,5-dihydrofuran (11) which is normally hydrogenated 
rapidly to  2-methyltetrahydrofuran (111) but which in aqueous, acidic, medium, 
is hydrated competitively to IVa, the cyclic, hemiacetal form of 3-acetopropanol 
(IVb). Subsequent hydrogenation of IV gives rise to 1,4-pentanedioI (V). 111, 
IV, and V are the isolable products of reaction. The occurrence of I1 was inferred; 
failure to isolate this dihydrofuran under the experimental conditions employed 
being readily explicable in terms of the resonance concept. 
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The formation of IV might be explained by yet another route. Thus, hydro- 
lytic fission of I to levulinaldehyde, and selective hydrogenation of the latter 
could give rise to IV. On the other hand, i t  is doubtful that the acidic condi- 
tions employed in the work under discussion are strenuous enough to account 
for the degree of hydrolysis required on the basis of the yield of IV obtained. 
Accordingly, we favored the concept of partial hydrogenation of the nucleus as 
the initial step in this reaction, as we did earlier (4) in connection with the 
hydrogenation of furfuryl alcohol and furylacrolein, but it was considered 
worthwhile to  seek additional supporting evidence. 

If the reaction were conducted in alcoholic instead of aqueous medium, the 
acetal VI, should be obtained rather than the transitory hemiacetal, IVa. 
Confirmation of this hypothesis was obtained when partial hydrogenation of I 
over nickel in methanol gave rise to 2-methyl-2-methoxytetrahydrofuran (VIA) 
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Although this work was carried out with nickel on kieselguhr, Raney nickel 
can be used, but more acid is required to  obtain comparable yields of dihydro- 
genation products. This difference, which may be due to  the greater inherent 
basicity of Raney nickel, has a bearing on experimental data reported by Adkins 

TABLE I1 
YIELD (AS ACETOPROPANOL) FROM HYDROQENATION OF METHYLFURAN 

TIME OF SHAKING AFTER BEACHING 160' 
0. POBMIC ACID PER MOLE 

METEYLFUBAN 

2 rnin., % I 3 min., % I 5 min., % 

0.02 
.06 
.30 

18 
7 
9 

12 
20 
9 

5 
12 
25 

TABLE I11 
HYDROOENATION~ OF METHYLFURAN 

G. FOBhlIC ACID PER MOLE METHYLPUBAN 

0.02 
.06 
.30 
.40 
.60 
.80 

1 .oo 

TIME (MXN.)' TO BEACH OPTIMUM 

2.0 
3.0 
5.0 
5 . 5  
8.0 

10.0 
12.0 

YIELD AS ACETOPBOPANOL, % 

18 
20 
25 
34 
29 
20 
15 

a Experimental conditions: 0.025 mole of methylfuran, 1.0 g. of nickel on kieselguhrb 
Harshaw Chemical Co., N I  0lOlP. catalyst, 100 ml. of methanol a t  160' and 1800 p.s.i. 

0 Time of shaking after reaching desired temperature without shaking. 

(1, 7) on the formation of 1,9-diox0-5-spirononane (8) (VII) from 3-(2-furyl)- 
acrolein (VIII) and from 3-(2-furyl)propanol (IX). Adkins obtained only trace 
amounts of VI1 from IX using Raney nickel as compared to  33% of VI1 from 
VI11 over nickel on kieselguhr, and concluded that IX was not an intermediate 
in the latter reaction. (The dihydrogenation mechanism would predict that 
either IX or the related furylpropenol should be an intermediate). Adkins' 
conclusion is not justified since his own data (1, 7) also reveal that VI1 was 
obtained in only 3% yield from VI11 over Raney nickel under otherwise com- 
parable conditions. 

EXPERIMENTAL 
~ - M e t h o z y - ~ - m e t h y Z t e t ~ u h y ~ ~ o ~ ~ ~ u n  (VIA). Freshly distilled 2-methylfurran (82 8 . )  in 

100 ml. of methanol containing 0.06 ml. of 98% formic acid was hydrogenated over 6.0 g. 
of reduced nickel on kieselguhr catalyst (1) in a Parr rocker type hydrogenation apparatus 
at 160" and 1600 p.s.i. until one mole of hydrogen had been absorbed (150 min.). The contents 
were cooled, filtered, and neutralized with N NaOH. Distillation through a 25-cm. helices- 
packed column yielded 13.2 g. (11.4%), of VIA boiling at  112-114°; n! 1.4120. The material 
was redistilled and the fraction used for analysis boiled at 113-114"; n t  1.4115 [reported 
(3) 114.5', ng 1.41101. 

A n d  Calc'd for CcH1202: C, 62.04; H, 10.41; Mol. wt., 116. 
Found: C, 62.02; H, 10.47; Mol. wt:, 115. 
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The 2,4-dinitrophenylhydrazone melted at 145-146" and showed no depression with the 
same derivative from authentic IV. 

d-Butory-d-methyltetrahydrofuran (VIB). The same hydrogenation procedure was used 
as for VIA, except that  100 ml. of n-butanol was substituted for the methanol. Seventy 
minutes were required for one mole of hydrogen uptake. Distillation through a 25-cm. 
helices-packed column yielded 16.1 g. (10.2%) of VIB boiling at 49-50" (6 mm.); n: 1.4233. 
For analysis the material was redistilled a t  166-168" at 746 mm. in a nitrogen atmosphere; 
n: 1.4230. 

Anal .  Calc'd for C9HlsOz: C, 68.31; H, 11.47, Mol. wt., 158. 

The 2,4-dinitrophenylhydrazone melted a t  146-147" and showed no depression with the 
same derivative from authentic IV. 

3-Acetopropanol (IV). Freshly distilled 2-methylfuran (82 9 . )  in 100 ml. of water and 
0.3 ml. of 98% formic acid was hydrogenated over 10 g .  of reduced Ni on kieselguhr catalyst 
a.t 160" and 1600 p.s.i. until one mole of hydrogen had been absorbed (225 min.). The mix- 
ture was cooled, filtered, and neutralized with N NaOH. Distillation through a 25-cm. 
helices-packed column yielded 30.2 g. (30%) of IV boiling a t  100-106° (6 mm.); n: 1.4380. 
Redistilled a t  74-75' (3 mm.) n: 1.4360 [reported (3), 75" (3 mm.), n: 1.43501. 

2,4-Dinitrophenylhydrazone of IV.  A solution of 0.5 g. of IV in 10 ml. of methanol and 
10 ml. of 2 N HC1 was warmed on a steam-bath for 5 min. after which 1.0 g. of 2,4-dinitro- 
phenylhydrazine was added and the solution heated for additional 5 min. After cooling, 
the precipitate was filtered and recrystallized from ethanol. The derivative melted at 
145.5-146 .O". 

Found: C, 68.53; H, 11.52; Mol. wt., 152. 

Anal .  Calc'd for C1lH14N4Oj: N, 19.85. Found: N, 19.83. 
d-Methyl-/t,b-dihydrofuran (11). The preparation of I1 by dehydrative distillation (3, 6) 

of IV went smoothly as long zt9 the IV was impure. However, with highly purified samples of 
IV, little or no dehydration occurred unless trace amounts of acids ( e . g .  NaHzP04) were 
added. The compound boiled at 78-79"; nz 1.4289 [repopted (3) 80"; nz 1.42901. The 2,4- 
dinitrophenylhydrazone melted at 144-145" and showed no depression when mixed with 
the 2,4-dinitrophenylhydraxone of IV. 

SUMMARY 

Additional proof is presented for a previously proposed mechanism which 
accounts for the occurrence of dihydro derivatives on partial hydrogenation of 
furans. 

The previously reported 2-methoxy- and the new 2-butoxy-2-methyltetra- 
hydrofuran have been prepared by appropriate hydrogenations of methylfuran 
in methanol and butanol respectively. 

CHICAGO 16, ILL. 

REFERENCES 

(1) ADHINB, Reactions of Hydrogen over Copper-Chromium Oxide Catalysts, University of 

(2) ANGELL, Analyst ,  72, 178 (1946). 
(3) SCHNIEPP, GELLER, AND VON KORFF, J .  Am. Chem. Soc., 69, 672 (1947). 
(4) SWADESH AND DUNLOP, J .  Org. Chem., 14, 692 (1949). 
(5) TOPCHIEV, Compt. rend. mad .  sci. (U.R.S.S.), 19, 497 (1938); Chem. Abstr., 32, 8411 

(6) KYRIDEB AND ZIENTY, J. Am. Chem. SOC., 68, 1385 (1946). 
(7) BURDIC~ AND ADHKNS, J .  Am. Chem. Soe., 66, 438 (1934). 
(8) FARLOW, BURDICK, AND ADHINS, J .  Am. Chem. Soc., 66, 2498 (1934). 

Wisconsin Press, Madison, Wis., 1937. 

(1938). 


