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Selective hydrogenation studies, previously 
applied to furfwalacetofuran,2 have been ex- 
tended to a series of furfural- and difurfural- 
ketone and aldehyde condensation products. 
Total reduction of such products to tetrahydro- 
furyl-substituted alcohols has been r e p ~ r t e d . ~ ? ~  
but the fury1 alcohols have not been described. 

The condensation products (Table I> of furfural 
with acetone (I and II), methyl ethyl ketone (111), 
cyclohexanone (IV) and cyclopentanone (V) ; 
furylacrolein with 2-acetylfuran (VI), and acetone 
(VII) ; and benzaldehyde with 2-acetylfuran 
(VIII), were hydrogenated a t  100-135O in ethanol 
solution over a copper chromite (CuCrzOd) 
catalyst. The hydrogen absorption in all cases 
corresponded approximately to that calculated 
for the reduction of the unsaturated ketone bridge. 

anhydride in pyridine and the pure -01s 
obtained by saponification of the purified hy- 
drogen phthalate esters. 

The cause of the low hydroxyl analyses was 
found to be the presence of hydroxyl-free com- 
pounds. Two of these compounds from the 
hydrogenation products of I and I1 were isolated 
and gave analyses in accord with the structures 
IX6 and XI (Table 11). These products are 
analogous to the 1,9-dioxa-5-spirononane which 
Adkins6 obtained from furylacrolein. 

Compound XI was further hydrogenated over 
Raney nickel to give XI1 which was also obtained, 
along with XIII, by two-stage hydrogenation of 
11, first over CuCrzOd and then over Raney 
nickel. 

The structurc aiid route of formation of these 

TABLE I 
COSDESSATION PRODUCTS 

Keacn 
medium, 

Formula, P - Cryatn >: p , Yield, ml /mole Empirical knalyses, @& 
a-furyl- S O  solvent C '5 Hz0 EtOH formula Calcd. Found 

FCH=CHCOCHaa I 37-39 
FCH=CHCOCH=CH F 11 n-Heptane 59-60 U8$ 2500 CilHloOs 

FCH=CCH2CH2CHiC-=CII I.' t i '  KtO€I I I t-1 1; ~ ~ ~ 1 1 ~ ~ 0 ~  

FCH=C(CHg)COCH-CHF I11 EtOH-HSO fil  fi:! 36 200 320 C14HjZOy (2.73 84 C,74.1 
€I, 5 30 H, 5.17 

- c o p  J 

L-CO-J 
FCH=CCH2CH2C==CHb '' L hlOIi l b  1-16 1 S.Y 1000 100 C,51J,LO? 

F( CH=CH)sCOI.' \'I EtO€i--HLO 80-81 90 150 300 C13H10Oi C,72 85 C,72.7 

P(CH=CH)~CO(CH=CH)~F~ c 11 Henaerie 128-129' Ci?Hd& 
H, 4 71 € I ,  4 72 

C*H,CH=CHCOF VlIl  EtOH-HLO X!I-S9 .?' 57" 50U 23(J CliHloO2 
a Prepared by the method of Leuck and Cejkd, "Organic Synthesei," Coll Vol I, 2nd ed., John Wiley and Sons, Inc., 

New York, N k' , p. 283. Prepared by the method of E Boedtker, J Phurm. Chim., 6, 
204 (1927); C. A , 22, 585 (1928). e Prepared by method of ref. 3, 
f Kaner, Cochand and Chim Acta, 29, 1836 (1948), report m p. 130". g Weygand and Strobelt, Ber., 68, 
1839 (1935), report m. Plus a smali amount of CeH&H(CH&OF)2 in p. 103-104' Anal. Calcd. for 

m. p. 236-238' A n d .  Calcd. for CalH2401EKs C, 55 70. IT, 3 R2; N, 16 76. Found: C, 55.75; H, 3 6.7, N, 16.2 

Based on dry weight of crude 
Volander m d  Hobohm, Ber , 29, 1839 (1896). 

Cl&&i: C, 74.0; H,  d :  C, 74 I, H, 5 25. Bis-2,4-DNPH (red form) in. p. 227-229'; (orange form) 

Fractional distillation of the hydrogenation 
products gave SO-SO% yields of oily liquids dis- 
tilling over narrow boiling ranges. Carbon and 
hydrogen analyses were in accord with the ex- 
pected furyl alkanols, but, with the exception of 
the products from I, VI and VIII,  hydroxyl 
values were much too low. Since refractionatioii 
did not effect 'substantial improvement, the once 
distilled products were treated with phthalic 

(1) One of the laboratories of the Bureau of Agricultural and Iu- 
dustrial Chemistry, Agricultural Research Admini=tration, 11 5 
Department of Agriculture. Article not copyrighted 

( 2 )  Alexander and Smith, THIS JOUKNAL, 71, 735 (1949) 
13) Him,  Meyer and Schucklnz, B e y ,  76B, 676 (1945) 
(4) Adkins, "Reartioni of Hydrogen," The  T in i r t r s l t y  < ) f  W:zcun 

biii Press, Madi-on Wis 1 L I Y  

spiro-compounds will be discussed ill <I 1,tter 
communication. 

Experimental. 
Condensation Products.-(Table I) Except for coni- 

pounds V and VIII,  the condensation products were pre- 
pared by mixing the appropriate aldehyde (furfural, furyl- 
acrolein, benzaldehyde) and ketone (acetone, methyl 
ethyl ketone, cyclohexanone, cyclopentanone, acetylfuran) 
in molar ratio, cooling to 0-5" and adding, with stirring, 
0.45-0.50 mole/mole of sodium hydroxide in water or 
aqueous alcohol The temperature was held at  0-5" for 

(6) Hiuz (ref 3) isolated this 5dine compouud and provisionallq 
L-iigneil it 3 methyldio\aoctali\ ilioiudcne itructure in accord with 
Zclkins' proposal (ref 6a), in  \le\* ol ief tjb. IX is more probable 

(6) ( 3 )  Burdicl. and Adkins 1 iris JOURVAL, 66, 438 '1934), (b) 
I WI<JT\ 1li:rtlick and 41111111\ r b i f  66, 2405 (193%) 
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one hour, then the mixture was allowed to come to room 
temperature. Stirring was continued until crystallization 
was complete. Compound V was best prepared by drop- 
wise addition of the ketone to a vigorously stirred mixture 
of furfural and sodium hydroxide in aqueous alcohol, and 
for VI11 the aldehyde was added gradually to the alkali- 
ketone mixture. 

Hydrogenation Catalysts and Procedure .-The copper 
chromite and Raney nickel catalysts were prepared ac- 
cording to  the procedures of Adkins.4 The hydrogenations 
were conducted in a rocker-type, high-pressure hydrogena- 
tion bomb assembly. 

About 0.3 mole of the compounds to be hydrogenated 
was dissolved (or suspended) in absolute ethanol, made 
up to a volume of 370 ml., and hydrogenated over CuCrzOa 
(4-5 g. per 100 g. of compound). The initial hydrogen 
pressures were 1500-1800 p.s.i. Most of the pressure drop 
occurred within about twenty minutes a t  110-135" and 
heating was discontinued after an additional ten to twenty 
minutes. The reaction mixtures were filtered from cata- 
lyst, distilled to remove ethanol, and then fractionated a t  
reduced pressure. 

Hydrogen Phthalate Esters.-A modification of the 
procedure of Duveen and Kenyon' was used. The main 
fractions from the distillation of the hydrogenation prod- 
ucts were heated with phthalic anhydride in pyridine for 
one hour on a steam-bath and left to stand overnight. 
Sodium carbonate solutions of the crude esters were ex- 
tracted with ether, then acidified. The crude products 
solidified on long standing and were recrystallized from 
n-heptane or methylcyclohexane. 

Furylalkanols .-1 -Furylbutanol-3, 1,5-difurylpentanol- 
1 and 1-furyl-3-plienylpropanol-1 were obtained directly 
by fractional distillation of the hydrogenation mixtures. 
All of the others were isolated from the saponification 
mixtures from their purified hydrogen phthalate esters and 
purified by distillation under reduced pressure. The 
properties and analyses of these products and of their hy- 
drogen phthalate esters are given in Table 11. Crystalline 
3,5-dinitrobenzoates were obtained from 1-furylbutanol-3 
and 1,5-difurylpentanol-3. 

Hydroxyl-free Compounds.-Compound IX was ob- 
tained by refractionation of the low boiling fraction from 
the hydrogenation of I. 

Compound XI was isolated by repeated refractionation 
of the fore-run from the hydrogenation of 11. The sodium 
carbonate insoluble extract from the hydrogen phthalate 
of X also yielded compound XI.  

Hydrogenation of XI over Raney nickel gave XI1 in 
70% yield. XI1 was also obtained by fractional distilla- 
tion of the hydrogenation mixture prepared by reducing 
11, first over CuCrzOa and then over Raney nickel. 

All others were oils. 

Summary 
1,5-Difurylpentanol-3 was obtained in approxi- 

mately 70% yield and 1-furylbutanol-3 in approxi- 
mately 85% yield by hydrogenating difurfural- 
acetone and furfuralacetone, respectively, over 
CuCr20c catalyst. In  these two instances side 
reaction products were isolated, the analytical 
data of which are consistent with substituted 1,9- 
dioxa-5-spirononane structures. 

Other condensation products were similarly 
hydrogenated to prepare : 1,5-difuryl-2-rnethyl- 
pen tanol-3, 2, (i-dif urf urylc yclohexanol, 2,j-dif ur- 
furylcyclopentanol, I ,5-difurylpentaiiol-l, 1,9-di- 
furylnonanol-5 and 1-furyl-3-phenylpropanol-l . 

Hydrogen phthalate esters of most of these 
furyl-substituted alcohols were prepared and 
characterized. 
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(7) Duveen and Kenyon, J Chem. SOC., 622 (1938). 
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