1998 NoTEes

(3) to 4 and 5.—A solution of 2.70 g (0.0141 mol) of 3 ([«]*D
+5°) in 500 ml of 2 N ammonium hydroxide was allowed to
stand 5 days at 25° and the products were isolated as before.
Yields of 492 mg (18.29,) of isomer 4 and 370 mg (11.5%,) of 5
hydrochloride were obtained.

Oxidation of Sulfoxides 4 and 5 to the Corresponding Sulfones
7 and 9.—A solution of 700 mg (0.00366 mol) of 5 in 120 ml of
0.25 N sulfuric acid was oxidized with 464 mg of potassium per-
manganate. After removal of sulfate and manganese dioxide
and purification with a cation exchanger, a yield of 312 mg of
3-(R)-carboxy-5-(R)-ethyl-1,4-thiazane S-dioxide (9) was ob-
tained, identified by ir and nmr.

Oxidation of a sample of 4 (200 mg) in a similar manner
yielded 70 mg of 3-(R)-carboxy-5-(S)-ethyl-1,4-thiazane S-
dioxide (7), established by ir.

Reduction of Sulfoxide 4 to Sulfide 6.—Hydriodic acid reduc-
tion of 1.30 g (0.0057 mol) of 4 HCI gave 902 mg (899%,) as the
free amino acid. Recrystallization from water—ethanol (1:4)
yielded pure 3-(R)-carboxy-5-(S)-ethyl-1,4-thiazane (6) as
large lathlike crystals: mp 256 dec; ir, no sulfoxide absorption;
[e]%p —58.8° (¢ 2, water), [«]®D —33.8° (¢ 2.5, 1 N hydro-
chloric acid).

Anal. Caled for C;H;3sNO,S: C, 47.97; H, 7.48. Found:
C, 47.8; H, 7.31.

Reduction of Sulfoxide 5 to Sulfide 8.—A sample of 1.496 g
(0.00782 mol) of 5 was reduced and the product was crystallized
from water—ethanol (1:5) to yield the sulfide, 3-(R)-carboxy-5-
(R)-ethyl-1,4-thiazane (8) (779%), as rectangular prisms: mp
275-277° dec (phase change above 230°, prisms — needles) ; sulf-
oxide absent by ir; [a]®p —82.5° (¢ 1.8, water), —61.07° (¢ 2.2, in
3 N hydrochloric acid).

Anal. Caled for C;HiNO.S: C, 47.97; H, 7.48; N, 7.99.
Found: C, 48.0; H, 7.45; N, 7.98,

Registry No.—2, 19206-35-0; 3, 19206-36-1; 4,
19206-37-2; 4 HCI, 19206-38-3; 5, 19206-39-4;
6, 19206-40-7; 8, 19206-41-8.
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In addition to its formation from hexuronic acids and
polyuronides, reductic acid (2,3-dihydroxy-2-cyclo-
penten-1-one) has been reported to be formed from
both p-xylose® and its structurally related dehydration
produet, 2-furaldehyde.* Subsequent to these reports,
several investigators®= have attempted to explain the
mechanism of formation of this compound from both

(1) Presented at the 156th National Meeting of the American Chemical
Society, Atlantic City, N. J., Sept 1968.

(2) Journal Paper No. 5506, Missouri Agricultural Experiment Station.

(3) T. Reichstein and R. Oppenaur, Helv. Chim. Acta, 16, 988 (1933);
17, 390 (1934).

(4) Dutch Patent 61,296 (1948); Chem. Abstr., 42, 7788 (1948).

(6) D. M. W. Anderson and 8. Garbutt, J. Chem. Soc., 3204 (1963).

(6) E. Stutz and H. Deuel, Helv. Chim. Acta, 41, 1722 (1958).

(7) H. 8. Isbell, J. Res. Natl. Bur. Std., 83, 45 (1944).
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TasLe I
% DisTRIBUTION OF IsoToPE IN REpUcCTIC Acip-MC
Source C-2¢ C-1and C-3*  C-4 and C-5°
p-Xylose-1-14C 58.8 41.2 0.3
2-Furaldehyde-a-1C 57.0 42.0 1.0

¢ Determined by difference after conversion of reductic
acid-#C into succinic acid-“C. °? Determined by difference
after the conversion of suceinic acid-*#C into ethylene diamine
via a Curtius degradation.

p-xylose and 2-furaldehyde, and, in all cases, these
suggestions predict that C-1 of bp-xylose and the
a-carbon atom of 2-furaldehyde should ultimately
reside at C-2 of reductic acid.

In this work, some yield figures and structural
relationships between reactants and product were
determined using p-xylose-1-“C and 2-furaldehyde-
a-“C as starting materials in the conversion. The
former compound was obtained commercially and the
latter was prepared from bp-xylose-1-*C, a conversion
which is known® to give 2-furaldehyde exclusively
labeled at the a-carbon atom. These compounds were
converted into reduectic acid at 150° in 59 sulfuric acid
in low yield {0.249 in the case of p-xylose, calculated
from isotope dilution figures). Structural relation-
ships were investigated by systematic degradation of
the reductic acid-“C obtained from these precursors.
Conversion of reductic acid into succinic acid allowed a
determination of the radiochemical activity present
at C-2 of reductic acid and since, in the reductic acid
molecule, the oxygen-bearing carbon atoms 1 and 3 are
equivalent as are the methylene carbon atoms 4 and 5
and are represented by, respectively, the carboxyl
carbon atoms and the methylene earbon atoms of
succinic acid, a determination of the specific activity of
the ethylene diamine derived from sucecinic acid of
known aectivity »ia a Curtius degradation allowed the
determination of the radiochemical activity residing in
both pairs of carbon atoms. Degradation of the
reductic acid-“C obtained from either p-xylose-1-14C
or 2-furaldehyde-o-1*C gave identical results (Table I)
with about 609, of the activity at C-2 and 409, at C-1
and C-3. In both cases, negligible activity was found
in the methylene carbon atoms 4 and 5.

The identical label distribution in the reductic acid
indicates a common primary source and suggests that
it is 2-furaldehyde derived, since the latter is readily
formed from p-xylose under the conditions of formation
of reductic acid. That pentoses are sources of reductic
acid has been widely accepted exclusively on the basis
of the experimental findings of Reichstein and
Oppenauer* who reported its isolation, in erystalline
form, in about 0.59, yield starting from p-xylose.

In a recent study of the formation of reductic acid
from p-galacturonic acid,? it was found that, in 909, of
the reaction product, C-1 of the uronic acid corresponded
to C-2 of reductic acid, indieating that this fraction of
the product arose in a manner consistent with mecha-
nism proposals on this subject."7 In 109, of the
product, however, C-1 of the uronic acid was found at
C-1-C-3 of reductic acid and represented an un-

(8 W. A. Bonner and M. R, Roth, J. Amer. Chem. Soc., 81, 5454 (1959).
(9) M. 8. Feather and J. F. Harris, J. Org. Chem., 81, 4018 (1966).
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explained reaction pathway. Since, at the reaction
conditions used, considerable 2-furaldehyde is evolved
from uronic aeids, it must also contribute to product
formation in this reaction. Assuming that all of the
reduectic acid labeled at C-1-C-3 formed during uronic
acid decomposition is 2-furaldehyde derived and using
the radioisotopic label distribution figures obtained
herein, it can be concluded that, of the reductic acid-1*C
formed from p-galacturonic acid-1-*C, all of the
C-1-C-3-labeled product and 159 of the C-2-labeled
product are derived from 2-furaldehyde. The re-
maining 759, labeled exclusively at C-2, must be
formed by a mechanism unique to hexuronic acids.

Experimental Section

Materials and Methods.—Specific activities of labeled com-
pounds were determined on a Model No. 3003 Packard Tricarb
spectrometer using an internal toluene-*C standard. p-Xylose-
1-4C was obtained from CalBiochem, Los Angeles, Calif. Radio-
chemically inert reductic acid was prepared from pectin as
described in a previous report? and had mp 211-212° Apax 267 mu
(e 13,300) (959 ethanol). Thin layer chromatography was
performed on silica gel GF coated glass plates and spots were
detected with either aniline hydrogen phthalate spray reagent or
uv irradiation.

Reductic Acid-“C From p-Xylose-1-14C.—To an 8-mm pyrex
glass tube was added 25 uCi of p-xylose-1-14C (200 mg) and 1.0 ml
of 5%, sulfuric acid. The tube was sealed and heated at 150° for
2 hr and the contents were then transferred to a beaker and
neutralized with barium carbonate. The resulting solution, after
filtration through Celite, was passed through a column of Dowex
50 (hydrogen form) and evaporated to dryness. Thin layer
chromatograms of the residue using chloroform-acetic acid (9:1)
as irrigant indicated that reductic acid was the major product.
To the residue was added 1.50 g of radiochemically inert reductic
acid and the sample was recrystallized from N,N-dimethyl-
formamide: yield 1.37 g. The resulting erystals were sublimed
five times at 140° (0.1 mm), whereupon a constant specific
activity of 4.20 X 1073 uCi/mmol was attained.

Reductic Acid-“C from 2-Furaldehyde-o-*C.—The 2-furalde-
hyde-o-%C used in this experiment was prepared essentially by
the method described by Hughs and Acree.® To 750 ml of
5.0 N sulfuric acid was added 75 uCi (3.0 g) of p-xylose-1-4C and
the solution was slowly distilled. At the end of 6 hr, 250 ml of
distillate (containing the 2-furaldehyde-o-C) was collected.
This solution was made 5%, in sulfuric acid and was heated 1.5 hr
at 150° in a glass-lined Parr bomb. Reductic acid was qualita-~
tively detected, isolated, and purified as described above with
3.0 g of inert reductic acid being used as diluent. The pure
product (2.0 g) had a specific activity of 1.98 X 1073 uCi/mmol.

Chemical Degradation of the Reductic Acids-#C.—A 1.2-g
sample of reductic acid-“C (specific activity 4.20 X 10-3 uCi/
mmol) derived from p-xylose-1-“C was converted into succinic
acid by permanganate oxidation as described in a previous
report.® After recrystallization from water, the succinic acid
(mp and mmp 182°) had a specific activity of 1.74 X 10~% uCi/
mmol. This material (500 mg) was subjected to a Curtius
degradation as described by Benson and Bassham! to give
crystalline ethylenediamine dihydrochloride (mp and mmp 203°)
having a specific activity of 1.40 X 1073 xCi/mmol. Repetition
of the above experiments using 2-furaldehyde-a-1*C derived re-
ductic acid-*C (specific activity 1.90 X 1073 xCi/mmol) gave
suceinic acid having a specific activity of 0.82 X 10~% xCi/mmol
and subsequently, ethylenediamine dihydrochloride having a
specific activity of 2.2 X 10~% xCi/mmol.

Registry No.—2,3-Dihydroxy-2-cyclopenten-1-one-
2-%(C, 19214-81-4;  p-xylose-1-“C, 19588-10-4;  2-
furaldehyde--1C, 19238-30-3.

(10) E. E. Hughes and 8. F. Acree, J. Res. Natl. Bur. Std., 21, 327 (1938);
28, 293 (1939).
(11) A. A. Benson and J. A. Bassham, J, Amer. Chem. Soc., T0, 3939 (1948).
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In 1915, Oliveri-Mandal4 and Calderao!? showed that
1,4-benzoquinone reacts with hydrazoic acid in benzene
to give 2-azido-1,4-benzohydroquinone (1). Twenty
years later Fieser and Hartwell® obtained an azidohydro-
quinone, believed to be the same as that reported in the
earlier work,? when an acetic acid solution of 1,4-
benzoquinone was treated with sodium azide. We have
reinvestigated this latter reaction and find the produet
to be 2,5-diazido-1,4-benzohydroquinone (2). The
structure of 2 is based upon its spectral properties and
upon its conversion into a diacetate (3), 2-amino-5-
azido-1,4-benzoquinone (4), 2,5-diamino-1,4-benzoqui-
none (5), and the vy-cyanomethylene-A*f-butenolide
(6).

Addition of excess sodium azide to an acetic acid
solution of 1,4-benzoquinone resulted in a mildly
exothermic reaction followed by the precipitation of
diazide 2 in 339 isolated yield. The nmr spectrum of
this highly explosive compound is consistent for the
diazide structure, showing only one sharp singlet at
4 6.53 for the two equivalent aromatic protons. The ir
spectrum of 2 shows characteristic absorptions for the
phenolic hydroxyl and azide groups at 3300 and 2120
cm~l, respectively. The hydroquinone structure was
confirmed by the formation of a diacetate derivative, 3,
in 929, vield when 2 was treated with acetic anhydride.
The spectral (nmr, ir, and mass spectrum) properties
and combustion analysis of 3 are in agreement with its
formulation. This diacetate is a relatively stable
compound, melting with decomposition at 160-161°.
The diacetate reported by Oliveri-Mandald and
Calderao? for monoazidehydroquinone 1 melted from
115 to 120° and decomposed at 140°.

These data, although consistent for 2 as the structure
of the diazidohydroquinone, do not rule out other
possible formulations, particularly with regard to the
orientation of the two azide substituents. In order to
establish this relationship, diazide 2 was converted into
& known compound, 2,5-diamino-1,4-benzoquinone® (5)
and to y-lactone 6 (Scheme I). The key intermediate
in both of these transformations is 2-amino-5-azide-1,4-
benzoquinone (4). We have previously shown® that
azidohydroquinones readily disproportionate to give
aminoquinones and, when this reaction was applied to
the azidohydroquinone, 2, the required 2-amino-5-
azido-1,4-benzoquinone (4) was obtained in 759 yield.
The nmr spectrum of 4 strongly indicates that the azido
and amino groups are in the 2 and 5 positions since the

(1) E. Oliveri-Mandald and E. Calderao, Gazz. Chim. Ital., 45, 307 (1915).
(2) E. Oliveri-Mandal4 and E. Calderao, 1bid., 45, 120 (1915).

(3) L. F. Fieser and J. L. Hartwell, J. Amer. Chem. Soc., 57, 1482 (1935).
(4) F. Kehrman and G. Betsch, Ber., 80, 2095 (1897).

(5) H. W. Moore and H. R. Shelden, J. Org. Chem., 38, 4019 (1968).



