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‘It is the well-known procedure for identification of aldehydes to rrepare
their oximes by the general method (1) that an aldehyde 1s treated in alcohol
with hydroxylamine hydrochloride in the presence of a base such as sodium acetate,
sodium cerbonate, sodium hydroxide, pyridine etc.. In the course of our studies
on heterocyclic carbonitrile oxides {2,3), we have found an interesting phenore-
non that the main product of the routine procedure for the oxine formation from
S-nitro-2-furylacrolein (I) is the acetal (II) instead of the expected oxime (III)
as shown by the followlng experiment: 3.3 g (0.0?7 mol) of I and 2.8 g (0.0l mol)
of hydroxylamine hydrochloride were dissolved in 100 ml of methanol, followed by
addition of 2.6 g (0.02 mol) of anhydrous sodium carbonate or 3.6 g (0.02 mol) cf
sodium acetate with stirring at 0% 5° under ice cooling. After one hour's stir-
ring, precipitasted crystals were collected and recrystallized from petroleum
ether to give yellow crystals of mp 651° in almost quantitative yield. 1Its ele-
mental analysis shows a chemical formula of CgH;jOgN (4L). 1In the I spectrum
there's no absorption in a 3200-3600 em~1 region due to vy and in the NMk
spectrum in CDCl, it shows a singlet at 6.62T {6 H) assignable tc two -OCHj.

II was easily convertible to I by heating with dilute hydrochloric scid. The
sbove-mentioned properties suggest II to be S-nitro-2-furylacrolein dimethyl-
acetal, which was already prepared by Saikachi and Ogawa (5) by heating I with
methyl orthoformate and g-toluenesulfonic acid as catalyst, though I was reco-
vered when heatid with large amounts of methanol in the presence of concd. hydro-

chloric acid as catelyst. 5-Nitro-2-furylscrolein dimethylacetal thus obtained
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was identical with II in every respect. When I was refluxed in methanol with
hydroxylamine hydrochloride in the aebsence of base, precipitation occurred spon-
taneously. After half an hour, the precipitate was collected and recrystallized
from ethanol to give yellow crystals of mp 1U45-155°, a mixture of the syn and anti
oxime (6), in quantitative yield and this mixture was easily convertible all to
the anti oxime of mp 16L4° only by longer heating. The same oxime formation had
occurred exclusively when I was treated in ethanol in place of methanol under the
above experimental conditions or when free hydroxylamine in methanol was added to
a methanolic solution of I, while only the starting material(I)was recovered when
I was treated in methanol with pyridine, triethylamine, sodium acetate or 2%
agueous sodium carbonate without hydroxylamine hydroxhloride. It should be men-
tioned here that II was also formed when I was treated in methanol with hydrochlo-
ric acid, directly followed by addition of an equimolecular amount of sodium
carbonate in the absence of hydroxylamine hydrochloride.

In order to investigate the relationship between the chemical structure and
the reaction scheme, several aldehydes involving a furan or a benzene ring were
treated under the same reaction conditions as described in the above experiment.
Their results are summarized in the Table.

From this table, it could be concluded that the similar reaction scheme might
be applicable to furaldehydes and benzene analogues. Both the existence of an
ethylenic linkage between an aldehyde group and a furan or a benzene ring and
the introduction of & nitro group in the ring seem to play important roles for
determining the main product being either oxime or acetal; the introduction of a
nitro group favors the formation of acetal to some extent as observed in compari-
son of Ex 1-2 with Ex 3-5 and this trend becomes more remarkable by further
introduction of an ethylenic linkage as seen in Ex 8-9. In comparison of Ex 1-2
with Ex 6-7, the oxime formation is seemingly favored by the presence of an
ethylenic linkage. Considering from the fact that the acidity of nitrocinnamic

acid becomes stronger then that of benzoic acid by the presence of an ethylenic

linkage conjugated with nitrophenyl while benzoic acid 1s a stronger acid than



No.7 829

TABLE
EJ;I REACTANT PRODUCTS ( YIELDS % )
{o]
1 | oyH30-cHO oxime, mp 73-75°%1 |acetal, bp 177-1780%8
syn form (30) (60)
2 | C6Hg-CHO oxime, mp 33-350%2 |acetal. bp 206-207°%9
syn form (30) 60)
3 | 5-NO2-ClH20-CHO [oxime, mp 100-110°%3 | acetal. bp 113-1159/2 mmHg5
mixture (20) (7
L | L-No2-CeH)-CHO |oxime, mp 109-118%|acetal, mp 28°%10
mixture (22& (70)
5 | 3-NO2-CeHY-CHO |oxime, mp 1219%5 acetal, bp 145-1469/9 mmHg*10
anti form (20) o6 (70}
6 | CLH30-CH=CH-CHO |oxime, mp 110-111
anti form (90)
7 | CoHG-CH=CH-CHO |oxime, mp 70-900%7
mixture (92) o5
8 | S-NO2-C)H20-CH=CH-CHO aceta% (11), mp 59
I —
9 | 2-N02-CeHl-Cli=CH~GHO acetal, mp 300711
(75)
#1

0. L. Brady and R. F. Goldstein, J. Chem. Soc., 1927, 1959. syn form,
mp 75-76°; anti form, mp 90-929
#2
T, W. J. Taylor and D. C. V. Roberts, J. Chem. Soc., 1933, 1433. syn form,
mp 35°; anti form, mp 131-133°.
*3

H. Gilman and G. F. Wright, J. Am. Chem. Soc., 52, 2550 (1930). syn form,
mp 120-1219; anti form, mp 161-16L°. =
#]
B. K8nig, Ann., 268, 350 (1892). syn form, mp 121°; anti form, mp 173-175°
5 (The literature described their mps reversely.)
=
G. Cismician gnd P. Silber, Chem. Ber,., 36, L4266 (1903). enti form, mp
121° but no deseription about that of syl form.
#6
anti form, mp 110-111° by Gilman®3,
#7
0. L. Brady and C. D. Thomas, J. Chem, Soc., 121, 2104 (1922). syn form,
8mp 64°; anti form, mp 138.5% (The literature described their mps reversely)
*
N. C. Kaas, F. Limberg and K. Glens, zhur. Obshch. Khim., 29, 106 (1959).

Bp 178°.

#9
*lg' D. Haworth and A. Lapworth, J. Chem. Soc., 121, 80 (1922). Bp 207°.

lf' Schmitz., Chem. Ber., 51, 410 (1958).

3*
Anal. Caled for C11H1304N : C, 59.18; H, 5.87; N, 6.28%. Found : C,
53:§2igu, §.7h; N, 6.12%. IR(KBr) : 1610 (Vgmg), 1530 (Jyop) &nd 1350
c No2/.
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cinnamic acid (6), it can be concluded that the stronger the acidity of the al-

dehyde becories, the more the formation of acetal 1s favored and this conclusion

is supported by ocur experimental results that the oximes were formed exclusively
in Ex 6-7 and the acetals were produced in Ex 8-9.

The fact that II was convertible to an anti form of the oxime, mp 164° (7), by
longer heating with hydroxylamine hydrochloride in methanol indicates low reaction
temperature to be another factor for determining the acetal formation.

It is generally believed (8) that the conversions of aldehydes to oximes pro-
bably proceed in much the same manners as does the formation of hemiacetals but
to the best of authors' knowledge, there have been no reports dealing with the
simultaneous formation of acetal and oxime from aldehyde. The detalled mechanism
whether acetal and oxime are formed by parallel or by consecutlve reaction is

uncertain at the present stage, which 1s under investigatlon.
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