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1 g. of zinc dust. The solution was then steam distilled 
and the distillate neutralized with calcium carbonate and 
concentrated to give 0.775 g. of a white calcium salt, [a]26D 
+0.7° (c 1.4, water). A solution of 0.421 g. of the calcium 
salt in 30 ml. of water was stirred with Amberlite IR-120(H) 
resin to give a solution of the free acid, [a]25D +1.8° (c 1.1, 
water), which was neutralized with sodium hydroxide to 
give 0.404 g. of the sodium salt. 

When 0.195 g. of the sodium salt was dissolved in 1 ml. of 
water and refluxed for 1 hr. with 0.5 g. of £-bromophenacyl 
bromide in 5 ml. of alcohol, crystals of the £-bromophenacyl 

When reducing sugars are dissolved in acid solu
tion at room temperatures or lower (6-10°), the 
observed optical rotations are found to increase2 as 
the concentration of acid is increased,3 and al
though the monosaccharide can be recovered in al
most quantitative yield,2 a certain proportion con
denses to form disaccharides.4 I t is possible that 
an equilibrium reaction is involved.3 The increase 
in observed optical rotation is probably due to an 
increase in the concentration of the aldehydo form 
of the sugar.6 

Both anhydro sugars6 and disaccharides7 are 
formed when a reducing sugar is treated with hot, 
dilute (0.2-0.5 TV) mineral acids. 

Heat and moderately concentrated mineral acids 
(2-5 N) lead to extensive degradation of the sugar 
molecule. Hexoses yield 5-(hydroxymethyl)-2-fur
aldehyde,8 while the pentoses produce furfuralde-
hyde.9 Quantitative yields, however, are obtained 
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Zechmeister, Z. physik. Chem., 103, 316 (1923). 
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ester separated. After one recrystallization from ethanol, 
the ester had m.p. 52-53°, undepressed on admixture with 
the ^-bromophenacyl ester of a-methylbutyric acid. 

Anal. Calcd. for C3H15O3Br: C, 52.17; H, 5.06. 
Found: C, 52.01; H, 5.03. 

The £-phenylphenacyl ester was similarly prepared. 
Recrystallized once from ethanol, the crystals had m.p . 
68-68.5°, undepressed on admixture with the ^-phenyl-
phenacyl ester of a-methylbutyric acid. 
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only under specific conditions10 of temperature and 
acid concentration. 

It is possible that mineral acid is not essential for 
the transformation hexose -*• 5-(hydroxymethyl)-2-
furaldehyde11 or pentose -> furfuraldehyde. Ha-
worth and Jones12 found that while D-fructose 
formed considerable quantities of 5-(hydroxy
methyl)-2-furaldehyde when treated with a hot 
oxalic acid solution, D-glucose was recovered un
changed. That limited quantities of 5-(hydroxy-
methyl)-2-furaldehyde are formed at pK 6.5 has 
been shown definitely by the ultraviolet studies of 
Wolfrom, Schuetz and Cavalieri.13 The effect of 
pH in relation to the browning reaction has been 
studied by Kroner and Kothe14 who found the rate 
of degradation to have only slight dependence on 
pH above 3. 

Spectrophotometry studies of the behavior of 
carbohydrates in 79% (weight/volume) sulfuric 
acid16 show that after 2 hours at 25° or 15 minutes 
at 100°, each of the series of hexoses studied had a 
characteristic ultraviolet absorption curve, which 
was similar, but not superimposable, upon the 
curve of 5-(hydroxymethyl)-2-furaldehyde. Ban-
dow16 also found that a pentose after one day in 

(10) C. D. Hurd and L. L. Isenhour, THIS JOURNAL, 54, 317 (1932). 
(11) B. L. Scallet with J. H. Gardner, ibid., 67, 1934 (1945). 
(12) W. N. Haworth and W. G. M. Jones, / . Chem. Soc, 667 (1944). 
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Ultraviolet spectrophotometric studies on reducing sugars in solutions of sulfuric acid-water over a wide range of tempera
ture and acid concentration indicate no differences in the reaction products formed from individual sugars in the same 
series. Observed differences in the ultraviolet absorption spectra of a series of hexoses or pentoses at the end of a specified 
interval of time are attributable to the difference in the rate of development of both the absorption maxima and the final 
apparent equilibrium reached by the individual sugars. In the pentose series under all conditions investigated, the relative 
rates of development of the ultraviolet absorption and apparent final maxima were: D-lyxose > D-ribose > D-xylose > D-
arabinose. The rates a t which compounds having absorption in the ultraviolet region were formed from a sugar increased 
with both increased acid concentration and increased temperature. The compounds responsible for the characteristic ultra
violet absorption curve of a reducing sugar in sulfuric acid solution are ether soluble. However, weak absorption observed 
between 220 and 260 m/i after ether extraction suggests that small amounts of unsaturated compounds remain in the aque
ous phase. Examination of the ether extract has shown tha t not only is furfuraldehyde formed in the reaction of a pentose 
with aqueous H2SO4, but acetaldehyde, formaldehyde and crotonaldehyde are produced as well. The aldehydes were sepa
rated and identified as their 2,4-dinitrophenylhydrazones. Separation was accomplished by means of chromatography on 
silicic acid. 
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concentrated acid gave an ultraviolet absorption 
curve that was similar to, but not superimposa-
ble upon, that of furfuraldehyde. Love17 has in
terpreted the ultraviolet absorption curves ob
tained on a series of hexoses and pentoses in 28.3 N 
sulfuric acid to indicate that four compounds with 
characteristic ultraviolet absorption spectra are 
formed when reducing sugars are treated with con
centrated acids. 

Since any disaccharides or anhydro sugars formed 
under acid conditions would not contribute to the 
observed ultraviolet absorption, and the produc
tion of furfuraldehyde from pentoses or 5-(hydroxy-
methyl)-2-furaldehyde from hexoses does not com
pletely account for the ultraviolet absorption, other 
hitherto unrecognized compounds must be pro
duced. As a preliminary step in an investigation 
of the compounds responsible for the ultraviolet 
absorption, the effect of acid concentration, tem
perature, and time on the development of the ul
traviolet absorption was investigated. 

In addition we wish to report the separation and 
identification of the ether-soluble reducing sub
stances produced when a pentose is treated at room 
temperature with sulfuric acid. 

Results and Discussion 
The influence of acid concentration, temperature, 

time and stereochemical configuration on the de
velopment of ultraviolet absorption of a reducing 
sugar in acid solution was studied over acid concen
trations ranging from 1 to 20 N at room tempera
tures (approx. 25°) and at the temperature of the 
boiling water-bath (hereafter referred to as 100°). 
The ultraviolet absorption spectrum was measured 
at 0.25 to 0.5-hour intervals over a period of five 
hours. The D-series of pentoses, D-glucose, D-
galactose, D-mannose and L-arabinose were exam
ined. 

In accord with the results of other workers,16'17 

it was found that each of the reducing sugars gave 
a characteristic ultraviolet absorption curve when 
the sugars were heated under the same conditions 
for the same length of time. When comparisons 
were made of the ultraviolet absorption curves ob
tained at intervals over a period of 4 hours it was 
apparent that the shape of the absorption curve 
was the same for each of the pentoses and, although 
the curves obtained from the hexoses differed from 
those of the pentoses, the hexoses showed the same 
similarity to each other. This result would be ex
pected if a single substance or a mixture of sub
stances in constant ratio were being formed from 
the pentose as it is heated in acid solution. Each 
pentose showed the same ultraviolet absorption 
spectrum. For example, when D-lyxose and D-
xylose were heated at 100° in 8.2 N H2SO4 for 60 
and 120 minutes, respectively, their ultraviolet 
spectra were almost superimposable. 

I t should be noted that while the ultraviolet 
curve approximates that of furfuraldehyde, the 
relative heights of the absorption maxima18 indi
cate the presence of other substances. That the 

(17) R. M. Love, Biochem. J., 55, 126 (1953). 
(18) Bhagat Singh, G. R. Dean and S. M. Cantor, T H I S JOURNAL, 

70, 517 (1948), M. L. Wolfrom, R. D. Schnetz and L. F. Cavnlieri, 
ibid., 71, 3518 (19-49). 

compounds produced and their relative concentra
tions are the same for each pentose is strongly sug
gested by the fact that the ratio of the heights of 
the absorption maxima for each pentose is the 
same, and that the ratio of the absorption maxima 
does not change appreciably with the time of heat
ing. This is shown in Table I in which the ratios 
of the optical density (O.D.) at 277 and 227 nut 
for the D-pentose series are given. The sugars were 
heated at 100° in 8.2 N H2SO4 for the indicated 
times. 

TABLE I 

RATIO OF ABSORPTION MAXIMA OF THE D-PEXTOSES IN 

8.2 A7H2SO4AT 100° 
Ratio 0.D.J77 mM/O.D.22! mfl 

Time, Compound 
min. D-Arabino.se B-Xylose D-Lyxose D-Ribose 

10 
20 
25 
30 
40 
50 
110 
240 

2.95 

3.05 
2.95 
2.94 
2.88 
2.64 

2.48 

3.04 
3.12 
3.05 
2.90 
2.63 

2.43 

2.85 
2.92 

3.02 

2.92 

2.95 
2.96 
2.88 
3.11 

It was found that the same ultraviolet absorption 
curves developed at room temperature as at 100°. 
The rate at which they developed, however, was 
much slower. The ratio of the absorption maxima 
was the same at room temperature as at 100°. 

Although the initial development of the absorp
tion maxima is quite rapid, a point is reached (in 
the case of D-arabinose in 8.2 N H2SO4 after 180 
minutes) at which an apparent equilibrium is 
reached. This is better shown in Fig. 1, where the 
absorption maxima at 277 nut for the four pentoses 
are plotted as a function of time. It will be seen 
that the rate at which substances with ultraviolet 
absorption characteristics were produced and as 
suggested by the curves the final apparent equilib
rium which was reached after 40 hours was also 
characteristic of the pentose. 

Increasing the concentration of H2SO4 from 1 to 
20 N does not change the shape of the ultraviolet 
absorption curve or the ratio of the two maxima. 
It does change, however, the point and rate at which 
apparent equilibrium is reached. Figure 2 shows 
the effect of increasing the acid concentration on 
the rate of development of the absorption maxima 
at 277 nut. It should be noted that the vertical 
axis is on a logarithmic scale in order to depict, on 
the same graph, the effect of several concentrations 
of acid. At the point of apparent equilibrium, the 
pentose still could be isolated. The procedure for 
isolation will be reported in a later paper. 

Almost quantitative yields of furfuraldehyde can 
be obtained from the pentoses when the furfuralde
hyde is removed as it is formed,10 and even when 
the furfuraldehyde is not removed, complete de
struction of the sugar will occur on prolonged heat
ing. It may be that the equilibrium suggested in 
Figs. 1 or 2 is one in which the rate of decomposition 
of the pentose into products with absorption char
acteristics is balanced by the production of the 
"humic substances" of unknown composition. 

When the hexoses were studied, it was found that 

D-Arabino.se
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40 140" 80 120 160 200 
TIME (MINUTES). 

Fig. 1.—Comparison of the rates of development of ultra
violet absorption at 277 mju for the D-pentoses^in 8.2 N 
H2SO4 at 100°; concentration of pentose; 4 mg./lOO ml. 

80 120 160 200 240 
TIME (MINUTES). 

Fig. 2.—Effect of concentration of H2SO4 on the develop
ment of absorption at 280 m/x: sugar, D-arabinose; tem
perature, 100°; normality of acid as indicated; concentra
tion, 4 mg./lOO ml. 

although the curves were similar, the ratio of the 
absorption maxima, was not constant. The height 

of the peak at 227 nut increased more rapidly than 
the peak at 277 m^ and approached that of the 
peak at 277 m^ over the period of time studied. 
The same change occurred with all the hexoses 
studied, but the rate was characteristic of each. A 
plot of absorption maxima at 277 my. against time 
yielded a set of curves similar to those obtained 
from the pentoses (Fig. 1). 

Since even in the case of the pentoses it is un
likely that the observed ultraviolet absorption 
spectrum is due to a single substance, 15~17 it was 
considered of interest to determine whether or not 
the observed absorption could be separated into 
absorption due to ether-soluble substances (such as 
furfuraldehyde) and ether-insoluble substances 
which might represent intermediates in the forma
tion of the furan compounds from reducing sugars. 

ETHER SOLUBLE 
/ 

ETHER 
INSOLUBLE 
/ 

200 220 2^Q 260 280 300 5 2 O -

Fig. 3.—Ultraviolet absorption of ether-soluble and ether-
insoluble products from xylose in 8.2 N H2SO4: concentra
tion of D-xylose, 1 g./lOO ml.; time of heating, 3 hours; 
ether extract (100 ml.) diluted 1:400 (by volume). 

Figure 3 shows the ultraviolet absorption curve ob
tained from the ether extract of D-xylose after it 
had been treated with 8.2 N H2SO4 for 3 hours at 
100°. The curve has the same general character
istics as the original sugar. The ratio of the ab
sorption maxima is not the same, however, and this 
difference is not accounted for by the absorption of 
the aqueous phase. I t should be noted that the 
ether extract has been diluted 1:400; the ether-in
soluble phase was not significantly diluted. The 
absorption of the aqueous phase between 200 and 
280 m,u, therefore, is not great compared to that of 
the ether-soluble material. That there is absorp
tion, however, suggests the presence of conjugated 
unsaturated compounds in low concentration.19 

The observed difference in the ratio of the absorp
tion maxima between the ether extract and the acid 
solution of the pentose may possibly be due to the 
difference in solvents.20 It is known that not only 
the position but the intensity of the absorption 
maxima depend on the solvent.21 When D-arabin-

(19) H. Booker, L. K. Evans and A. H. Gillam, J. Chem. Soc, 
1453 (1940); R. B. Woodward, T H I S JOURNAL, 64, 72 (1942). 

(20) R. B. Woodward, ibid., 63, 1123 (1941). 
(21) A. Burawoy, J. Chem. Soc, 1177 (1939). 
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ose, D-ribose and D-lyxose were extracted with ether 
in the same manner, essentially the same results 
were obtained. 

Isolation and Identification of the Ether-ex-
tractable Products.—Since the concentration of the 
acid affected only the rate at which compounds 
showing ultraviolet absorption were formed and 
not so far as could be determined the final products, 
a concentration of sulfuric acid (20 N) was chosen 
which would give maximum absorption in 20-48 
hours at room temperature. By running the re
action at room temperature the solution could be 
continuously extracted with ether and thus remove 
any ether-soluble products as they were formed. 
In particular, furfuraldehyde, which can be de
stroyed in acidic media,22 should be stable under 
these conditions. Reeves and Munro23 found that 
very little if any destruction of furfuraldehyde took 
place in a mixture of boiling aqueous HCl and xy
lene. The xylene presumably removed the furfur
aldehyde as formed. 

The 2,4-dinitrophenylhydrazones of the ether-
soluble reducing compounds were formed by shak
ing the ether extract with Brady reagent24 (0.3 g. of 
2,4-dinitrophenylhydrazine per 100 ml. of 2 N HCl). 
The mixture of 2,4-dinitrophenylhydrazones was 
then separated by chromatographing them on si
licic acid2LCelite.26 Four colored zones were ob
served. The zones were eluted with ethanol, crys
tallized and identified as the 2,4-dinitrophenylhy
drazones of furfuraldehyde, formaldehyde, croton-
aldehyde and acetaldehyde by their ultraviolet ab
sorption spectra, analyses, melting point and mixed 
melting point with the corresponding known com
pound. 

It is well known that furfuraldehyde is formed 
when a pentose is treated with acid27; indeed its 
production is the basis of the various color tests for 
pentoses.9 Formaldehyde, acetaldehyde and cro-
tonaldehyde, however, have not, so far as we are 
aware, been identified as products resulting from 
the reaction of pentoses with mineral acids. Since 
formic acid has been found to arise as a result of 
heating furfuraldehyde with H2SO428 it is conceiv
able that the formaldehyde isolated was due to the 
further degradation of the furfuraldehyde produced. 
We think this is highly improbable because of the 
relatively low temperature used. In addition, 
since formic acid itself will not react with Brady re
agent,29 formaldehyde would need to be produced 
from furfuraldehyde in place of formic acid. There 
is no evidence that formaldehyde is produced from 
furfuraldehyde in acid solution. 

When individual pentoses are treated under the 
same conditions with mineral acids, the amount of 

(22) D. L. Williams and A. P. Dunlop, Ind. Eng. Chem., 40, 239 
(1948). 

(23) R. E. Reeves and J. Munro, Ind. Eng. Chem., Anal. Ed., 12, 
551 (1940). 

(24) O. L. Brady and G. V. EIsmie, Analyst, 51, 77 (1926). 
(25) Reagent grade obtained from Merck and Co., Inc., Rahway, 

N. J. 
(26) No. 535 obtained from the Johns-Manville Co., New York, 

N. Y. 
(27) A. P. Dunlop and F. N. Peters, "The Furans" fA.C.S. Mono

graph) Reiuhold Publishing Corp., New York, N. Y., 1953, pp. 272 (T. 
(28) A. P. Dunlop, Ind. Eng. Chem., 40, 204 (1948). 
(29) C. F. H. Allen, THIS JOURNAL, 52, 2955 (1930). 

furfuraldehyde produced depends on the stereo
chemistry of the pentose.9 I t is also true that the 
yield of furfuraldehyde based on the weight of an 
insoluble derivative is in general much lower than 
the yield based on the direct titration of the alde
hyde group.9 We should like to suggest that fur
furaldehyde, acetaldehyde, formaldehyde and cro-
tonaldehyde are produced concurrently when a 
pentose is treated with acid and hence quantitative 
production of furfuraldehyde is impossible. Since 
the rate at which these compounds are produced de
pends on the stereochemistry of the pentose, the 
yield of furfuraldehyde would depend on a number 
of complex variables related to the rate of produc
tion of the aldehydes and their further degradation 
in acid solution. The low yields based on gravi
metric methods are also explained since they depend 
on the insolubility of a furfuraldehyde derivative 
which would not necessarily include other aldehydes 
and hence give lower values than a direct aldehyde 
titration. 

As, after recrystallization, we can account for the 
identity of 86.5% of the 2,4-dinitrophenylhydra
zones prepared from the ether extract and these hy-
drazones are found in four discrete zones, only very 
small, if any, amounts of other compounds can be 
present. The reducing compounds responsible for 
ultraviolet absorption in the pentose series are 
therefore furfuraldehyde, acetaldehyde, formalde
hyde and crotonaldehyde. 

Since the rate at which these compounds are 
formed depends on the configuration of the pentose, 
we hope further investigations will assist in eluci
dating the role stereochemistry plays in the mech
anism of sugar reactions. 

Experimental 
The ultraviolet absorption spectra were taken at room 

temperature on a Beckman model DU quartz spectropho
tometer. 

Materials.—The reducing sugars examined had the fol
lowing constants30: D-arabinose, m.p. 158°, [a]22D —104° 
(H2O, c 9); D-xylose, m.p. 142-144°, H2 2D +19° (H2O, c 
6); D-lyxose, m.p. 100°, H 2 2D - 1 5 ° (H2O, c 10); D-ribose, 
m.p. 94-96°, [a]22D - 2 2 ° (H2O, c 4); D-glucose, H 2 2 D 
+ 52.2° (H2O, c 4); D-galactose, [a]22D +80° (H2O, c 4); 
D-mannose [a]22D +14° (H2O, c 4). These values are in 
good agreement with those reported in the literature.31 

Procedure.—The sugar to be examined was dissolved in 
an acid solution made to the desired concentration from C P . 
H2SO4. Samples were heated in 100-ml. volumes and ali-
quots withdrawn at intervals and immediately cooled to 
0°. Appropriate dilutions were made in volumetric flasks 
and the absorption curves run at room temperature. 

Separation of D-Xylose into Ether-soluble and Ether-
insoluble Fractions after Treatment with 8.2 N H2SO4.— 
One gram of D-xylose was dissolved in 100 ml. of 8.2 A7 H2-
SO4 and the solution heated for 3 hours in the boiling water-
bath. The solution was then chilled to 0° (ice and water) 
and continuously extracted with 100 ml. of ether for 18 
hours. The ether solution was then cooled, adjusted to 
100 ml. in a volumetric flask, and an aliquot diluted 1:400 
with ether. The absorption spectrum was determined on the 
diluted ether solution (Fig. 3). The absorption spectrum 
was obtained from the aqueous phase without dilution. 

Reaction of L-Arabinose with 20 AT H2SO4.—Twenty-five 
grams of L-arabinose which had an optical rotation of [a ]21D 
+ 105° (H2O, c 9) after the solution had reached equilib
rium32 was dissolved in 50 ml. of 20 A7H2SO4. The solution 

(30) The optical rotations were obtained after the solutions had 
equilibrated for 48 hours at room temperature. 

(31) H. Vogel and A. Georg, "Tabellen der Zucker und Ihrer 
Derivate," Julius Springer, Berlin, 1931, pp. 6-10, 18, 20, 22. 

(32) C. S. Hudson and E. Yanovsky, T H I S JOURNAL, 39, 1013 (1917). 
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was immediately extracted with approximately 500 ml. of 
ether in a continuous extractor for 26 hours at room tem
perature. At the end of this time the ether solution was 
cooled and shaken with 500 ml. of Brady reagent24 for 10 
minutes. The ether was removed at room temperature 
under an air jet and the insoluble 2,4-dinitrophenylhydra-
zones which precipitated were removed by filtration on a 
fritted glass filter; weight 450 mg. 

Chromatography of the 2,4-Dinitrophenylhydrazones.— 
The crude mixture of 2,4-dinitrophenylhydrazones was dis
solved in a 1:2 (by volume) benzene-petroleum ether (b.p. 
60-90°) mixture and chromatographed after the manner of 
Roberts and Green33 on silicic acid25-Celite26 (3:1 by weight) 
on a 43 X 250 mm. column. The column was washed with 
200 ml. of 1:1 (by volume) benzene-petroleum ether (b.p. 
60-90°) and then developed with 75 ml. of benzene contain
ing 0.5 ml. of i-butyl alcohol per liter. The column showed 
the following bands: A, orange-red in color, approximately 
3 cm. in width at a distance of approximately 3 cm. from the 
top of the column; B, orange-yellow in color, approximately 
1.5 cm. in width and 8 cm. from the top of the column; C, 
orange in color, approximately 2 cm. in width and 10.5 cm. 

(33) J. D. Roberts and Charlotte Green, Ind. Eng. Chem., Anal. Ed., 
18, 335 (1946). 

In an earlier communication having to do with 
the stereochemistry of angularly substituted methyl-
decalols,2 we described a 10-hydroxymethyl-2-deca-
lol which melted at 142°. This was derived from a 
10-carboxy-2-decalol which readily formed a lac
tone; hence the hydroxymethyl and hydroxyl 
groups were known to be cis to one another. The 
ring fusion of this series of compounds recently has 
been shown to be trans,3_6 As a consequence, this 
diol is now correctly designated m-10-hydroxy-
methyl-2-iraw.s-decalol6 (I). We describe here the 
synthesis and configurational assignment of the 
other three isomeric diols: /raw.y-10-hydroxy-
methyl-2-i!ra«s-decalol (II), as-10-hydroxymethyl-
2-as-decalol (III) and /ra»5-10-hydroxymethyl-2-
cis-decalol (IV). All of these have been prepared 
from the same starting material, 10-carbethoxy-
A^9-2-octalone (V).2.3'7 

The trans-trans-diol II was obtained in the fol
lowing way. lO-Carbethoxy-2-iraws-decalone 
(VI),2'3'7 from V by catalytic reduction, was re
duced with sodium borohydride to an hydroxyes-
ter. This hydroxyester could be converted to the 
hydroxyacid and the lactone previously de-

(1) We acknowledge with gratitude a grant from the Research 
Corporation which made this investigation possible. 

(2) A. S. Hussey, H. P. Liao and R. H. Baker, T H I S JOURNAL, 75, 
4727 (1953). 

(3) W. G. Dauben, R. C. Tweit and R. L. MacLean, ibid., 77, 48 
(1955). 

(4) A. S. Dreiding and A. J. Tomasewski, ibid.. 77, 168 (1955). 
(5) A. S. Dreiding and A. J. Tomasewski, ibid.. 77, 411 (1955). 
(6) The relationship of angular and peripheral substituents is ex

pressed as a prefix to the name; the nature of the ring fusion as a pre
fix to the root of the name. 

(7) E. C. duFeu, F. J. McQuillen and R. Robinson, / . Chem. Soc, 
53 (1937). 

from the top of the column; D, orange in color, approxi
mately 3 cm. in width and approximately 13 cm. from the 
top of the column. The column was extruded and the zones 
cut and eluted with ethanol. 

Identification of Chromatographically Separated 2,4-
Dinitrophenylhydrazones.—The contents of each zone was 
crystallized from ethanol. The empirical formulas and 
physical constants34 showed the compounds to be the 2,4-
dinitrophenylhydrazones of furfuraldehyde, formaldehyde, 
crotonaldehyde and acetaldehyde. A mixed melting point 
confirmed the identity of the compounds. 

Identical results were obtained when D-xylose, D-Iyxose 
and D-ribose were treated in the same way. 
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Schuerch of the State University of New York, Col
lege of Forestry, for his helpful criticism of the 
manuscript. 

(34) J. D. Roberts and Charlotte Green, THIS JOURNAL, 68, 214 
(1946); E. H. Braude and E. R. H. Jones, J. Chem. Soc., 498 (1945). 
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scribed2'3'6 by saponification, or to I by reduction 
with lithium aluminum hydride. It was there
fore a's-10-carbethoxy-2-<ra«.s-decalol (VII). trans-
10-Carbethoxy-2-2raws-decalol was obtained as its 
acetate ester VIII when the ^-toluenesulfonate 
derivative of VII was treated with potassium ace
tate in acetic acid. Reduction of VIII with lith
ium aluminum hydride gave <raw.s--10-hydroxy-
methyl-2-/raw.?-decalol (II), m.p. 117.5-119°. A 
second crystalline modification of II melted at 128-
129°, re-melted at 117-118°. 

The cis-cis-diol III was obtained from V simply 
by varying the order of the steps which lead to I2. 
Reduction of V to m-10-hydroxymethyl-A1'9-2-
octalol (IX) by means of lithium aluminum hydride 
was followed by catalytic reduction to an hydroxy-
methyldecalol, m.p. 124-125°. This diol was dif
ferent from I or II, and that it was the cis-cis 
diol III was confirmed in the following way. With 
sodium borohydride, V was reduced to the hydroxy
ester X. When X was reduced catalytically to the 
decalin derivative and the latter, without isolation, 
treated with lithium aluminum hydride, compound 
I was formed. When X was treated in the reverse 
order (that is, with lithium aluminum hydride and 
then reduced catalytically), the diol which melts at 
124-125° was obtained. This diol must therefore 
have a cis relationship of hydroxymethyl and hy
droxyl groups and a cis ring fusion. 

The trans-cis-d).o\ IV was obtained from V by 
still another variation in the order of the steps. The 
keto group was first blocked by the formation of the 
dioxolan derivative XI.6'8 The ester function 

(8) M. Idelson, R. L. Kronenthal and E. I. Becker, Abstract of 
Papers, Cincinnati Meeting of the American Chemical Society, March 
29-April 7, 1955, p. 49N. 
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The Stereoisomers of lO-Hydroxymethyl-2-decalol1 
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The preparation of the four stereoisomers of 10-hydroxymethyl-2-decalol starting from 10-carbethoxy-7-Al'9-2-octalone is 
described. Configurational assignments for each of these isomers are made. 


