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X-ray powder diffraction data'®: 7.80m, 6.89 m, 5.97 w, 5.57 w,
5.21 m, 4.92 vs (1), 4.18 m, 3.86 m, 3.46 s (2), 3.30 s, 3.06 s
(3), 2.78 w,and 2.69 w.

Anal. Calcd. for CsHmNeOe: C, 3287, H, 552, N, 28.75.
Found: C, 32.84; H, 5.65; N, 28.79.

Absorption Spectrum of the Copper Complex.—A solution of
p-arabino-hexosulose disemicarbazone (292 mg.) in water (10
ml.) was treated with a solution of cupric chloride (133 mg.) in
ethanol (10 ml.) and the volume was brought to 25 ml. with
ethanol. The absorbance of the green solution [Z:2¥ 740 mg,
(log € 1.69)] remained constant for 24 hr,

p-lyzo-Hexosulose Disemicarbazone.—p-lyzo-Hexosulose sirup
(1.0 g.) was treated as above and the product was isolated in the
same manner: yield, 0.25 g. of disemicarbazone which was re-
crystallized from water; m.p. 235° dec.; [«]?p —2° (¢ 1.9,
water); Aot 292 mu; A 3.1 (OH), 5.9, 6.0 (CONH,), 6.3 u
(C==N); X-ray powder diffraction data!s: 4.78 m, 4.25 s (3),
3.998(2),3.65m, 3.24vs(1),3.15w,2.85w,2.48 w,and 2.33 w.

Anal. Caled. for CsHisN¢Os: C, 32.87; H, 5.52. Found:
C, 32.35; H, 5.47.

L-zylo-Hexosulose Disemicarbazone.—r-zylo-Hexosulose sirup
(10 g.) was treated as above: yield, 0.75 g. of disemicarbazone
which was recrystallized from water; m.p. 225° dec.; [«]®D —16°
(c, 0.45, water); A20F 202 mu (log € 4.69); A\X* 3.0 (OH), 5.95,
6.05 (CONH,), 6.33 4 (C=N); X-ray powder diffraction datals:
7.38m (3),5.91 w, 5.32 w, 4.86 m, 4.23 w, 3.678(2),3.45vs (1),
3.14m, 3.02 vw, 2.50 w, and 2.29 w.

Anal. Caled. for CsH(NOg: C, 32.87; H, 5.52; N, 28.75.
Found: C, 32.86; H, 5.98; N, 28.66.

p-threo-Pentosulose  Disemicarbazone.—p-threo-Pentosulose
sirup (1.0 g.) yielded 0.15 g. of disemicarbazone which was re-
crystallized from water: m.p. 232° dec.; [«]?p +3° (¢ 1.5,
water); Anof 292 myu; Aeor 2.9 (OH), 5.9, 6.0, (CONH,), 6.33 »
(C==N); X-ray powder diffraction data'’: 10.92 m, 7.34 m, 5.47
w, 5.07 m, 4.21 8, 4.05 w,3.888(2),3.555 (3),3.468,3.30 vs (1),
2.99 m, and 2.97 m.

Anal. Caled. for C:H4NOs:
C, 31.62; H, 5.61.

Action of Nitrous Acid on p-arabino-Hexosulose Disemicarba-
zone.—A solution of the disemicarbazone (0.5 g.) in water (25
ml.) was treated at 50° with sodium nitrite (5.5 g.) in 25 ml. of
water followed by the dropwise addition of 15% hydrochloric
acid (12 ml.). After 30 min. the hexosulose solution was neu-
tralized and refluxed for 10 min. with o-phenylenediamine (0.2
g.}and 1 ml. of acetic acid. The quinoxaline derivative separated
on cooling and was recrystallized from ethanol: m.p. 188°,
[«]??2D —76.6° (¢ 1.84, 5 N hydrochloric acid) (lit." m.p. 187-
188°, [a]p —-75.2°).

Acetylation of v-arabino-Hexosulose Disemicarbazone and
Reaction with Nitrogen Trioxide.—The disemicarbazone (3.5 g.)
was acetylated by stirring with a mixture of 15 ml. of acetic
anhydride and 30 ml. of pyridine until complete dissolution
occurred (4 days). Since the acetylated disemicarbazone
was water soluble, the reaction mixture was evaporated to dryness
and the acetate, which could not be obtained in a crystalline
form, was subjected to thin layer chromatography [silica gel G,
methanol-benzene (1:9)] to reveal eight spots on spraying with
sulfuric acid. The crude acetate was taken up in acetic acid and
a stream of nitrogen trioxide was passed into the solution for 5
hr. at 5° after which the mixture was left overnight at room
temperature. The reaction mixture was then evaporated,
taken up in chloroform, washed with water and then with aqueous
sodium hydrogen carbonate, and evaporated to dryness, yielding
a nearly colorless, hygroscopic sirup which distilled at 140° (0.5
mm.): it appeared as a single spot (Er 0.88) on a paper chroma-
togram developed with 1-butanol-ethanol-water (4:1:5); [a]*D
+28° (¢ 3.8, chloroform); AX% 5.7 (O-Ac), 6.29 u (C=N).

Anal. Caled. for (CyHyN:Ox)eH,O: C, 47.59; H, 5.99;
N, 7.93; CH;CO, 48.73. Found: C, 47.13; H, 5.63; N,
7.82; CH5CO, 48.67.

The above substance yielded with phenylhydrazine and ace-
tic acid 3,4,5,6-tetra-O-acetyl-np-arabino-hexose phenylosazone!!
which was converted with sodium hydroxide in acetone to Perci-
val’s dianhydrophenylosazone,'? m.p. and m.m.p. 238°.

C, 32.05; H, 5.38. Found:
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It has been known for many years that ortho groups
larger than hydrogen favor dimerization of aromatic
nitroso compounds.'~® For example, in a 0.1 M ben-
zene or chloroform solution at 20°, nitrosomesitylene
is%® about 709, dimer, whereas p-bromonitrosoben-
zene,*3 p-methylnitrosobenzene, and nitrosobenzene
itself45 are close to 1009, monomer. Various explana-
tions have been offered.®6—® Luttke’ has presented a
detailed theory in which he attributes increased di-
merization of ortho-substituted compounds to steric
inhibition of resonance in the dimers. It is the purpose
of the present Note to show that di-ortho-substituted
nitroso monomers are subject to a sizeable steric effect
and to suggest that steric inhibition of resonance in the
monomers is the cause of the greatly increased dimeriza-
tion of these compounds.

Some years ago, Lutz and Lytton® measured the
reduction potentials, £°, of a number of monosubsti-
tuted nitrosobenzenes. The effect of a substituent in
meta or para position varied with the electronic nature
of the group, but every substituent in the ortho position
made reduction take place more readily. This obser-
vation suggests a steric effect. It was of interest,
therefore, to measure polarographically the reduction
potentials of some di-ortho-substituted nitrosobenzenes
and, for comparison, of related compounds with one
substituent in the para position only. The results are
presented in Table I.

The second column lists observed half-wave poten-
tials, the third the difference between the potential
and that for nitrosobenzene itself. A more positive
potential means that the compound is more easily re-
duced. Although the absolute values of the reduction
potentials listed are not directly comparable to those
reported by Lutz and Lytton,® since the latter authors’
values refer to acidic solutions and were obtained by
the more accurate potentiometric titration method,

(1) E. Bamberger and A. Rising, Ber., 34, 3878 (1901).

(2) C. K. Ingold and H. A, Piggott, J. Chem. Soc., 128, 168 (1924).

(3) D. L. Hammick, J. Chem. Soc., 184, 3105 (1931).

(4) V. Keussler and W. Luttke, Z. Elektrochem., 68, 614 (1959).

(5 W. J. Mijs, S. E. Hoekstra, R. M. Ulmann, and E. Havinga, Rec.
trav. chim., T7, 746 (1958).

(6) K. Nakamoto and R. E. Rundle, J. Am. Chem. Soc., T8, 1113 (1956).

(7) W. Luttke, Z. Elektrochem., 61, 982 (1957).

(8) J. W. 8mith, J. Chem. Soc., 1124 (1957).
(9 R.E. Lutz and M. R. Lytton, J. Org. Chem., 3, 71 (1937).
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TaBLe I
AAF®
Ei/, AE1/, steric,
Nitroso- (s.c.e.), AE1/;, sterie, keal./ % monomer®
benzene v.2 v.b v. mole Exptl. Caled.
Unsubstituted —0.20 0.00 0 0 99.4%9  99.999/
100°
4-Cl- -0.19  +0.01 0 0 (99.4)7  99.9997
(100)®
4-CHs- —-0.24 -—0.04 0 0 100" 99.999”/
2,6-Di-Cl- —-0.08" 4+0.12 40.10 —4.67 20.4*
2,4,6-Tri-Cl- —0.07" 40.13 +40.10 —4.67 348!
33.5%
2,4,6-Tri-CHs- —0.21* *~ —0.01 +0.11 —-5.07 30. 4
31.2¢

¢ In 50% acetone—509; pH 7.0 phosphate buffer (by volume),
at 30°, vs. standard calomel electrode. Half-wave potentials
were reproducible to =0.01 v. Solutions, 1 X 1073 to 5 X 10~%
M in nitroso compound. ® Ey, — Ei, CH;NO. ©At 20°.
¢ Ref. 5, 0.0248 M in CHCls. °Ref. 4, 0.1 M in CeHe. ' For
0.1 M solution. 7 Ref. 5, 0.04 M in CHCl;. * Ref. 5, 0.0385 M
in CHCl;. *“A second wave was observed at more negative
potential, corresponding to reduction of the dimer, as shown by
variation in height of the waves with temperature and concen-
tration. A detailed study of the polarographic behavior of
these and other nitroso compounds will be presented elsewhere.
7 Calculated from eq. 1 for a two-electron reduction. * Present
WOI‘ky 0.1 M in CaHa. ' Ref. 5, 0.1 Min CHC13

whereas the data in Table I refer to neutral solutions
and were obtained polarographically, the conclusion
that ortho groups make the nitroso monomer more easily
reduced than expected is quite strikingly verified.
An apparent exception is nitrosomesitylene, which is

reduced at about the same potential as nitrosobenzene;

but it turns out, as shown below, that this is because
competing steric and electronic factors fortuitously
cancel. Nitrosomesitylene is subject to a steric effect
as large or larger than that present in 2,6-dichloro-
and 2,4,6-trichloronitrosobenzenes.

The electrochemical reduction of nitrosobenzene is
known!® to be a reversible, two-electron process, leading
to phenylhydroxylamine: Ar-NO + 2e + 2H+ =
Ar-NHOH. It is also known!! that the polarographic
reduction of nitrosobenzene is reversible and leads to
the same product, with E., = E°. Therefore E°
or I/, values give a quantitative measure of the differ-
ence in stability of hydroxylamine and nitroso mono-
mer, via the well-known thermodynamic equation.

AF° = —nFE° (1)

An analysis of the data in the second and third
columns of the table was carried out along lines sug-
gested by Taft.!? The electronic effect of a substitu-
ent was supposed to be given by the difference between
K., for the para-substituted compound and E., for
nitrosobenzene itself. Since resonance effects should
be about the same in ortho and para positions, any extra
ortho effect was taken to be steric. The fourth column
of Table I lists the portion of the entry in the third
column left after subtracting the electronic effect of
each substituent (e.g., three times the increment for
p-Cl was subtracted from AE., for 2,4,6-trichloronitro-

(10y W. M. Latimer, ““Oxidation Potentials,”’ Prentice-Hall, Englewood
Cliffs, N. J., 1959, p. 136.

(11) I. M. Kolthoff and J. J. Lingane, ‘'Polarography.” Interscience
Publishers, Inc., New York, N. Y., 1952, pp. 746-764.

(12) R. W. Taft, Jr., “Steric Effects in Organic Chemistry,”” M. 8. New-
man, Ed., John Wiley and Sons, Ine., New York, N. Y., 1956, Chapter 13.
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sobenzene to give the value of “AE. , steric” in the fourth
column). The fifth column expresses the resulting
differences in kilocalories. It is clear that a steric
effect, presumably steric inhibition of resonance, makes
di-ortho-chloro and di-ortho-methyl monomers less
stable than expected, relative to arylhydroxylamine, by
4-5 keal./mole. Dipole—dipole interactions cannot be
the major factor, since methyl is as effective as chlorine.
Apparently, these orthe groups are large enough to
force the —N=0 group of the monomer out of the
plane of the benzene ring.

A steric effect of 4-5 keal. /mole on monomer stability
should have twice as large an effect on AF° for the
monomer—dimer equilibrium, since dissociation of 1
mole of dimer produces 2 moles of monomer. The pre-
dicted difference of 8-10 keal./mole in AF° dissociation
of tetra-ortho-substituted dimers and non-ortho-sub-
stituted dimers would correspond to an almost billion-
fold difference in dissociation constants.

Luttke and Keusslert and Havinga, et al.,’ have made
spectrophotometric measurements on solutions of
nitrosomesitylene and 2,4,6-trichloronitrosobenzene in
benzene and chloroform from which equilibrium con-
stants and per cent of monomer and dimer can be
calculated. These results and also their data on nitro-
sobenzene, p-methylnitrosobenzene, and p-bromonitro-
sobenzene are listed in column 6 of Table I. (The
entry opposite p-chloronitrosobenzene is actually for
p-bromonitrosobenzene.) Measurements in this labo-
ratory have confirmed the earlier work® on 2,4,6-tri-
chloronitrosobenzene and provided values for per cent
monomer and dimer and the dissociation constant of
2,6-dichloronitrosobenzene. It appears to make little
difference whether the solvent is chloroform or benzene.
From these results it is possible to calculate the fol-
lowing values of AF° dimer dissociation in keal./mole
at 20°: nitrosomesitylene, +2.1,5 +2.07¢ 24,6-
trichloronitrosobenzene, +1.9,5 +1.97 (present work);
2,6-dichloronitrosobenzene, +2.66 (present work).

If a steric effect of 810 kecal./mole on monomer
stability, suggested by the polarographic data, is the
chief factor responsible for greater dimerization of di-
ortho-substituted aromatic nitroso compounds, it should
be possible to calculate per cent monomer at equilib-
rium for non-ortho-substituted compounds from equilib-
rium data on the di-ortho-substituted compounds. By
subtracting twice “AAF° steric” (column 5, Table I)
from AF° dissociation of each ortho-substituted dimer,
theoretical values were computed of per cent monomer
at equilibrium (in 0.1 M solution at 20°) for each non-
ortho-substituted compound. The calculation did not
take into account other factors which must have some
influence on the equilibria, but, in spite of this omis-
sion, calculated values (column 7) agree well with
experimental (column 6). It may be concluded that
most of the effect of ortho groups on dimerization is
due to steric inhibition of resonance in the monomers.
It is interesting that the magnitude of this effect can
be deduced from variations with structure of E,, for
reduction of monomer to arylhydroxylamine.

Other substituent effects are not negligible, as shown
by the difference of 0.7 keal. in AF° dissociation of
2,6-dichloro and 2,4,6-trichloro dimers, but they are
an order of magnitude smaller than the 8-10-keal.
steric effect.
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Experimental

The nitroso compounds were prepared and purified by methods
described in the literature.®!31* The polarographic current—
voltage curves were obtained with a Sargent Model XXI polaro-
graph, using a conventional H-cell fitted with a standard calomel
electrode. Buffer solutions were made up at 30° by mixing 50.00
ml. of 0.2000 M aqueous KH,PO; and 29.63 ml. of 0.2000 M
aqueous NaOH and diluting to the mark in a 100.0-ml. volumetric
flask. The apparent pH of the resulting solutions was 7.00 =
0.03. To 50.00 ml. of this buffer in a 100.0-ml}. volumetric flask
was added an aliquot of acetone stock solution of nitroso com-
pound, and the mixture was diluted to the mark with acetone.
Solutions were flushed in the H-cell with purified nitrogen for
3-6 min. before recording the polarogram. Temperatures
were controlled to 30 &= 0.1° by immersing the H-cell in a
constant-temperature bath. Various capillary drop times and
concentrations between 1 X 107% and § X 10-° M gave the
same half-wave potentials. The dropping mercury electrode
at a pressure of 60.0 cm. had a drop time of 3.60 sec. (open cir-
cuit) in 509, acetone-509%, pH 7 phosphate buffer at 30°. The
value of m was 2.69 mg. sec. ™! with a calculated value of m?* 3¢
of 2.40 mg.¥3 gec. V2.

The spectrophotometric measurements were carried out with a
Beckman DU equipped with a double set of thermospacers
through which water from a constant-temperature bath was cir-
culated. A hole through the lid of the cell compartment al-
lowed a thermometer to be placed so that its bulb was immedi-
ately adjacent to the cell containing the solution. Matched
1.00-cm. silica cells were used and temperatures were maintained
constant to within £0.05°, Optical densities were determined at
or near the wave length of maximum absorption due to the char-
acteristict n—r transition of aromatic nitroso monomers. Optical
densities were reproducible to within +0.5% or better except at
the lowest concentrations where reproducibility was somewhat
less satisfactory. e, the molar extinction coefficient, was deter-
mined by linear extrapolation (Ostwald dilution law)of the usual*
e vs. e-C° plots (where C° is concentration of total nitroso com-
pound, all figured as monomer) to zero concentration. The re-
sulting values of & were then used in the calculation of equilibrium
constants and per cent monomer at 20°. The optical densities
(1-cm. cell, 775 mu) and concentrations in benzene (moles/liter)
for 2,4,6-trichloronitrosobenzene were 0.6720, 0.0250; 0.3980,
0.0125; 0.2250, 0.00625; 0.1223, 0.003125 (at 25°); 0.5150,
0.0200 (at 20°), which led to ¢ = 43.7 1./mole-em. and K, =
3.38 X 1072 moles/l. (at 20°). For 2,6-dichloronitrosobenzene
(1-cm. cell, 790 mu) in benzene the corresponding quantities were
0.4530, 0.0200; 0.2185, 0.0100; 0.1645, 0.0050; 0.0925, 0.0025
(at 30°); 0.2590, 0.0125 (at 20°), giving & = 44.0 l./mole-cm.
and K, = 1.048 X 102 moles/l. (at 20°).

(13) R. R. Holmes and R. P. Bayer, J. Am. Chem. Soc., 82, 3454 (1960).
(14) L. I. Smith and T. L. Taylor, ibid., 67, 2461 (1935).
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Determination of the structure of complex carbohy-
drates by chemical and biochemical methods has neces-
sitated the preparation of oligosaccharides for reference
purposes and for use as substrates to ascertain the action
pattern of carbohydrases.? Oligosaccharides have been
obtained by direct extraction of natural products, by

(1) Paper No. 5350, Scientific Journal Series, Minnesota Agricultural
Experiment Station.

(2) T.E. Nelson, J. V. Scaletti, F. 8mith, and 8. Kirkwood, Can. J. Chem.,
41, 1671 (1962).
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acid hydrolysis of polysaccharides, by chemical or
enzymic synthesis, and also by enzymic degradation of
polysaccharides.

Although gentiobiose can be isolated directly from
the gentian root®! and prepared synthetically by
chemical’”? and enzymatic methods,®® it remains
nevertheless relatively inaccessible and expensive.

The recent observation'® that a 8-p-(1—3)-glucanase,
isolated from culture filtrates of Basidiomycete sp. QM
806,!! completely hydrolyzes the extracellular p-glucan
elaborated by a fungus of the Fungi imperfecti group to
give 1 molecular proportion of gentiobiose and 2 molecu-
lar proportions of p-glucose suggested that this might
form the basis of a new method for making gentiobiose.

It is of interest to note that the 8-p-glucan produced
by Claviceps purpurea behaves similarly when treated
with an exo-laminarase preparation to give gentiobiose
and glucose in a molar ratio of about 1:3.12 Likewise
sclerotan, a glucan generated by Sclerotina libertiana,
gives glucose and gentiobiose wher treated with an
enzyme, a $-p-(1—3)-glucanase, isolated from cultures
of this organism.1%.14

The imperfecti p-glucan referred to above has been
shown'® to be composed of a chain of 3-(1—3)-linked
D-glucose units, one out of every three of which is at-
tached to a single glucose unit by a (1—6) linkage
(Scheme I). This polysaccharide was allowed to react

ScueMmE I
B-v—Gp
(1)
J/ .. gentiobiose
p-glucose
(6)

~—> 3-8-p-Gp-(1->3)-3-p-Gp-(1-3)-8-pD-Gp-1 —>

with the Basidiomycete B-p-(1—3)-glucanase until
maximum reducing power had been attained. The
mixture of gentiobiose and glucose was then separated
by charcoal column chromatography!® either before or
after treatment with yeast and the gentiobiose was
crystallized as the methanolate. Since the glucan used
in this work is only one of a number of structurally
related polysaccharides it seems that any one of them
should provide an excellent source of gentiobiose.

Experimental

Preparation of g-p-(1—3)-glucanase.— Basidiomycete sp. QM
806 was grown in a modified medium similar to that described by
Reese and Mandels? with the exception that glucose rather than
starch was used as the source of carbohydrate. The crude cul-
ture filtrate (1 1.) was centrifuged, concentrated 50-fold in vacuo

(3) C.S. Hudson and J. M. Johnson, J. Am. Chem. Soc., 89, 1272 (1917).

(4) N. Badenhuizen R. J. Bose, S. Kirkwood, B. A. Lewis, and F. Smith,
J. Org. Chem.. 29, 2079 (1964).

(5) B. Helferich and W. Klein, Ann., 460, 219 (1926).

(8) D. D. Reynolds and W. L. Evans, J. Am. Chem. Soc., 60, 2559 (1938).

(7) M. L. Wolfrom, A. Thompson, and A. M. Brownstein, ¢bid., 80, 2015
(1958).

(8) 8. Peat, W. J. Whelan, and K. A, Hinson, Nature, 170, 1056 (1952).

(9) 8. Peat and W. J. Whelan, Ber., 88, 2829 (1962).

(10) J. Johnson, 8. Kirkwood, A. Misaki, T. E. Nelson, J. V. Scaletti,
and F. Smith, Chem. Ind. (London), 820 (1963).
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(13) J. Ebata and Y. Satomura, Agr. Biol. Chem. (Tokyo), 27, 478
(1963).
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