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_The condensation of nitromethane with p-eryihro-L-manno-octose in alkaline methanol provides a mixture of 1-deoxy-1-
nitro-b-arabino-L-galacto-nonitol and 1-deoxy-I-nitro-b-arabino-L-falo-nonitol in 909, yield. Application of the Nef reac-
tion to the two deoxynitronouitols gives the corresponding, amorphous aldononoses, b-arabino-L-galacto-nonose and D-

arabino-L-talo-nonose.
a crystalline lactone on oxidation with bromine.
qualitative optical rotatory rules.

The report! by Fischer and Passmore, in 1890,
that they had synthesized a crystalline ‘‘d-manno-
nonose” which was readily fermented by fresh
brewers’ yeast, with evolution of carbon dioxide
and presumably with the production of ethanol,
has aroused interest and speculation among carbo-
hydrate chemists and biochemists over the inter-
vening years.? Particularly intriguing is the fact
that later attempts by Fischer, in collaboration
with R. Hagenbach, to prepare the fermentable
nonose led instead to a non-crystalline, non-
fermentable product.?

The fermentable nonose of Fischer and Passmore
was obtained by successive Kiliani-Fischer cyano-
hydrin syntheses from bp-mannose, with a “d-
mannoheptose” and a ‘“‘d-mannooctose’ as inter-
mediates. It is now known that the latter two
sugars are, respectively, D-glycero-D-galacto-hep-
tose* and D-erythro-L-manno-octose.*s Thus the
fermentable nonose would appear to be limited
in structure to that of eitlier p-arabino-L-galacto-
nonose or D-arabino-L-talo-nonose.

In more recent work,® Wolfrom and Wood have
prepared D-erythro-L-manno-nonulose and D-erythro-
L-gluco-nonulose by the Arndt-Eistert synthesis
from the corresponding octonic acids and found that
neither ketose is fermentable by Saccharomyces.
They point out that should the biochemical behavior
of these nonuloses parallel that of p-fructose, then
one should not expect to find fermentability in any of
the aldononoses derivable from p-glycero-p-galacto-
heptose by the cyanohydrin synthesis. However,
it must be recalled that whereas p-galactose is
fermentable by adapted yeasts, including Sac-
charomyces,” the related ketose D-tagatose is re-
ported to be inert to the action of several species of
Saccharomyces.® Accordingly, it seemed desirable
to examine directly the fermentability of p-ara-
bino-L-galacto-nonose and D-arabino-L-talo-nonose.

In the present work successive nitromethane
syntheses were applied, first to p-mannose (I) to
prepare D-glycero-D-galacto-heptose® (II) and then,
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Each of the two sugars yields a crystalline phenylhydrazone on treatment with phienylhydrazine aud
‘ Configurations have been assigned to the two nonoses by application of
Neither of the aldononoses is fermentable by Saccharomyces cerevisiae.
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from it, D-erythro-L-manno-octose!® (1I1). Con-
densation of the latter with nitromethane in alka-
line methanol produced in 909, yield a mixture of
the related, epimeric 1-deoxy-1-nitro-nonitols. One
of the latter is virtually insoluble in water and was
thus separated readily from its more soluble epimer.
That the two products are indeed epimeric was
established by converting their octaacetates in-
dividually, through treatment with sodium bi-
carbonate,!! to the same acetylated nitrotlefin
(p-erythro-L-manno-3,4,5,6,7,8.9-heptaacetoxy-1-ni-
tro-1-nonene).

The less soluble of the deoxynitrononitols has
been assigned the structure 1-deoxy-1-nitro-D-
arabino-L-galacto-nonitol in view of the following
evidence. Application of the Nef reaction pro-
duced an amorphous aldononose (phenylhydrazone,
m.p. 205-206°) showing a molecular optical rota-
tion of —12,100. This value is in reasonably good
agreement with the values for D - galactose (+
14,400), p-glycero-p-galacto-heptose (+13,600) and
p-glycero-L-galacto-heptose (—13,700), indicating
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that the nonose has the L-galacto configuration
at the top four asymmetric centers!?!® and is
D-arabino-L-galacto-nonose (IV). Further con-
firmation of this configurational assignment was
obtained from the related nononic acid. Oxida-
tion of the nonose with bromine yielded a crystal-
line nononic lactone. Titration of the latter with
sodium hydroxide yielded a solution of the sodium
salt showing [«]¥D — 4.38°. Removal of sodium
from this salt by ion-exchange yielded the free,
crystalline nononic acid with [«]®p + 3.70°.
Thus, again, the hydroxyl group on carbon two
of the nononic acid is to the left in the Fischer
projection according to the alkali salt rule of
Levene,!* and hence the acid is p-arabino-L-galacto-
nononic acid,

The more soluble of the epimeric deoxynitrono-
nitols gave, upon application of the Nef reaction,
an amorphous nonose (phenylhydrazone, m.p.
209-210°) with molecular optical rotation of
—3,100. This value is intermediate between
those of p-talose (4-3,800), p-glycero-D-talo-heptose
(4+2,600) and b-glycero-L-talo-heptose (—3,500),
and hence the sugar is assigned the D-arabino-
L-talo-nonose structure (V). Oxidation of the
nonose with bromine yielded a crystalline nononic
lactone.

Neither of the two epimeric aldononoses showed
evidence of being fermented when tested with five
different strains of Saccharomyces cerevisiae.’

A comparison of our epimeric nonoses and their
derivatives with the Fischer—Passmore and Fischer-

Hagenbach products is shown in Table I. From
TABLE I
Fischer- D-G7 3~
Hagen- bD-arabino- Fischer— bino-
baclt L-galacio- Passmore L-talo-
nonose  nonose nonase nonose
Nonose
M.p., °C. Sirup Sirup ca. 130 Sirup
[e«]D —35° —44.6° 450° (init) —~11,9°
Nounose phenylhydra-
zone
M.p., °C. 209 205-206 223 209-210
Nononic lactone
M.p., °C. 199.5  205-206  175-177 184-185
{elD +60° +58.5° —41° +23.5°
Nononic phenylhydra-
zide
M.p., °C. 254 251 254

these data it seems probable that Fischer and
Hagenbach were dealing with p-arabino-L-galacto-
nonose. However, our D-arabino-L-talo-nonose and
its derivatives differ in all important respects from
the products of Fischerand Passmore. The nature
of the crystalline, fermentable product obtained
by the latter authors remains a mystery. We
can only conclude from the present work that their
compound was neither of the two aldononoses to
be expected from D-erythro-L-manno-octose through
application of the cyanohydrin synthesis.
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It is noteworthy that the condensation of
nitromethane proceeds more efficiently with -
erythro-L-manno-octose than with any sugar hith-
erto reported.

Experimental

1-Deoxy-1-nitro-b-arabino-L-galacto-nonitol and 1-Deoxy-
1-nitro-p-arabino-L-talo-nonitol.—To a stirred suspension
of 4.8 g. of p-erythro-L-manno-octosel” in 19 ml. of methanol
and 10.8 ml. of nitromethane (distilled from activated
alumina) was added a solution containing 0.7 g. of sodium
in 24 ml. of methanol and the mixture was stirred for 48
hours. After cooling to —20°, the precipitated sodium
acinitrononitols were filtered and washed with cold meth-
anol. Without drying, the sodium salts were suspended
with stirring in 250 ml. of water and 2.0 ml. of acetic acid
was added slowly. The resulting precipitate was filtered
and washed with cold water to yield 4.44 g. (73.6%) of
crude  1-deoxy-l-nitro-nb-arabino-L-galacto-nonitol. Re-
crystallization was effected with only minor loss by dissolv-
ing the product in hot water (ca. 1 g./1.), decolorizing with
carbon and concentrating. The pure deoxynitrononitol
showed m.p. 243-244°. Due to the very low solubility of
this product, its optical rotation was not observed.

Anal. Caled. for CoHs04N: C, 35.9; H, 6.31; N, 4.65.
Found: C, 36.4; H, 6.60; N, 4.53.

Concentration of the filtrate from the crude product above
yielded crude 1-deoxy-1-nitro-p-erabino-L-talo-nonitol. Re-
crystallization of the latter from a small volume of water,
with the aid of decolorizing carbon, yielded the pure deoxy-
nitrononitol, m.p. 208-209° and [«]®p —3.2° in water, ¢
0.8.

Anal. Caled. for CgHysOpN: C, 35.9; H, 6.31; N,
4.65. Found: C, 36.1; H, 6.33; N, 4.92.

D-erythro-L-manno-3,4,5,6,7,8,9-Heptaacetoxy-1-nitro-1-
nonene.—Acetylation of 1-deoxy-1-nitro-b-erabino-L-galacto-
nonitol, for 48 hours at room temperature, with acetic anhy-
dride containing a trace of sulfuric acid gave the crystalline
octaacetate in 909, yield. Recrystallized from ethanol, this
product showed m.p. 140-141° and [«]®p --23° in chloro-
form, ¢ 4.6.

Anal. Caled. for CysHgOsN: C, 47.1; H, 5.53. Found:
C, 46.9; H, 5.70.

Similar acetylation of 1-deoxy-1-nitro-b-arabino-L-talo-
nonitol yielded an amorphous octaacetate.

The above octaacetates (0.2 g.) were separately refluxed
for 2 hours with sodium bicarbonate (0.2 g.) suspended in
benzene (3 ml.). Filtration and concentration then pro-
vided in each instance p-erythro-L-manno-3,4,5,6,7,8,9-hepta-
acetoxy-l-nitro-1-nonene in 459, yield. After recrystalliza-
tion from ethanol, the acetylated nitrodlefin showed m.p.
and m.m.p. 123-124° and [a]?D —9° in chloroform, ¢ 3.

Anal. Caled. for ngH;;lOlle C, 4:7.8; H, 5.41; N,
2.43. Found: C,47.6; H, 5.45; N, 2.77.

D-arabino-L-galacto-Nonose.—1-Deoxy-1-nitro-n-arabino-
L-galacto-nonitol (0.8 g.) was dissolved by stirring (20 min.)
in 3.0 ml. of 2 N sodium hydroxide. The resulting solution
was added dropwise to a stirred solution containing 1.5 ml.
of sulfuric acid and 1.6 ml. of water at room temperature.
After several minutes of stirring, unreacted deoxynitrononi-
tol (40 mg.) was filtered off and the solution was deionized
over columns of Amberlite IR-100% and Duolite A-4.17 The
effluent was concentrated at reduced pressure to a small
volume and treated with 0.33 ml. of phenylhydrazine in 1
ml. of 259 acetic acid. The b-arabino-L-galacto-nonose
phenylhydrazone, which began to separate after a few
minutes, was collected the next day and washed with each
of several portions of water, ethanol and ether; yield 0.74 g.
(82%), m.p. 205-206° dec. No satisfactory recrystalliza-
tion medium was found for the phenylhydrazone, and this
is reflected in the following analytical data which are aver-
ages of four determinations on different samples.

Anal. Caled. for CiHaOsN2: C, 50.0; H, 6.71; N,
7.77. Found: C, 49.2; H, 6.76; N, 7.88.

Cleavage of the phenylhydrazone with benzaldehyde in the
usual manner yielded amorphous b-arabino-L-galacto-nonose,

(16) A product of Rohm and Haas Co., Philadelphia, Pa.
(17) A product of Chemical Process Co., Redwood City, Cal,
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le] 2"_D —44.6° in water, ¢ 1. Using the Kline-Acree!® modi-
fication of the Willstitter~Schudel hypoiodite titration, 0.117
g. of the nonose (assuming quantitative cleavage of 0.156
g. olf the phenylhydrazone) consumed 0.879 1neq. of iodine;
equiv. wt. caled. 270, found 266 =+ 2.

Oxidation of p-arabino-L-galacto-Nonose.—To a solution
of 0.90 g. of p-arabino-L-galacto-nonose in 50 ml. of water
was added 1.12 g. of barium carbonate and 1.5 ml. of bro-
mine. After standing in the dark for 30 hours, the excess
bromine was removed by aeration and barium was removed
by the addition of a slight excess of dilute sulfuric acid and
filtration. The solution then was passed over a small
column of Duolite A-4 in the acetate form and concen-
trated to dryness at reduced pressure. Extraction of the
resulting residue with two 100-ml. portions of boiling eth-
anol, followed by concentration of the extracts, produced
0.42 g. (47%) of nearly pure lactone, m.p. 204-206°.
Recrystallization from ethanol yielded pure p-arabino-L-
galacto-nononic v-lactone, m.p. 205-206°, [«]*p 4-58.5°
in water, ¢ 0.5.

Anal. Caled. for CgHyOq: C, 40.3; H, 6.01.
C, 40.4; H, 6.13.

A solution of 0.154 g. of the above lactone in 3.5 ml. of
0.2 N sodium hydroxide was diluted to a volume of 10.0
ml. with water. After 1 hour, the resulting solution of
sodium salt (0.177 g.) showed constant [a]®p —4.38°.
Rapid passage of the salt solution over Amberlite IR-100,
or the addition of acetic acid, followed by cooling for several
hours, produced crystalline p-arabino-L-galacto-nononic acid.
After recrystallization from a small volume of water, with
rapid cooling, the acid showed m.p. 228° and [a]%®p +-3.7°
(constant for 30 minutes) in water, ¢ 0.3.

A.mzl. Caled. for C¢Hy3050: C, 87.8; H, 6.34: neut.
equiv., 286. Found: C, 37.1; H, 6.51; neut. equiv.,
288 =+ 2.

Treatment of the above lactone with phenylhydrazine

Found:

(18) G. M. Kline and S. F. Acree, J. Research Natl. Bur. Standards,
6, 1063 (1930); Ind. Eng. Chem., Anal. Ed., 2, 413 (1930),

Mrran UskOKOVIC, MARCEL GUT AND RavLpsr [ DOREMAN

Vol. 82

and acetic acid in the usual manuer yielded p-arabino-L-
galacto-nononic phenylhydrazide,® m.p. 251°.

p-arabino-L-talo-Nonose . —1-Deoxy-1-nitro-p-arabino-L-
talo-nonitol was converted to the corresponding sugar as
described above for its epimer, except that in this instance
any unchanged deoxynitronouitol remained in solution in
the hydrolysis reaction mixture. From 0.32 g. of the de-
oxynitrononitol there was obtained 0.32 g. (81%) of b-
arabino-L-talo-nonose phenylhydrazone, m.p., without re-
crystallization, 209-210°.

Anal. Caled. for C;s;H.OsNy: C, 50.0; H, 6.71; N,
Found: C, 49.8; H, 6.74; X, 7.78.

Cleavage of the phenyllivdrazone witlh benzaldehyde
gave the amorplious nonose, [«]®p —11.9° in water, ¢ 2.

Quantitative oxidation of the nonose with hypoiodite!®
sliowed an equivalent weight of 265 == 2; calculated, 270.

p-arabino-L-talo-Nononic ~-Lactone.—Oxidation of 210
mg. of b-arabino-L-talo-nonose with bromiine, as described
above for its epinter, vielded 45 mg. of p-crabino-L-talo-
nononic v-lactone. After recrystallization from ethanol,
the product showed m.p. 184-185° and [«]?p +-23.5° in
water, ¢ 0.4,

Anal. Caled. for CoeHysOy: C, 40.3; I1, 6.01.
C, 40.2; H, 6.08.

Fermentation Tests.’—Tlie two nonoses were tested
separately for fermeutability with five different strains of
Saccharomyces cerevisiae by both the capillary tube method!?
and a manometric method. In the capillary tube tests,
neitlier nonose showed evidence of being fermented when
held for as long as 8 days, whereas p-glucose used as a con-
trol gave a positive result in 6 hours. In two manometric
tests, the following R.Q. values were observed: Dp-glucose,
2.8 and 2.1; endogenous, 0.62 and 0.59; D-arabino-L-gal-
acto-nonose, 0.55 and 0.80; b-arabino-L-talo-nonose, 0.71
and 0.68. It was concluded that neither of the two
nonoses is fermentable by Saccharomyces cerevisiae.

[
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D-Homosteroids. II.

Derivatives of 33-Hydroxy-17a,17a-dimethyl-D-homoandro-

stan-17-one!

By MiLaN Uskokovi¢, MARCEL GUT AND RaLPH I. DORFMAN
RECEIVED FEBRUARY 19, 1959

38-Hydroxy-17a,17a-dimethyl-D-homoandrostau-17-one derivatives with halide and with methoxy at carbon 16 were pre-
pared. Proof of the position of the halide is given and some isomerizations and substitutions of these halides are described.

A description of the synthesis of 38-hydroxy-
17a,17a - dimethyl - D - homoandrostan - 17 - one
has been given in the preceding paper.? We wish
now to report the preparation of some «-halo and
a-methoxy keto derivatives of that compound.

Treatment of 3B-acetoxy-17a,17a-dimethyl-D-
homoandrostan-17-one (I) with one mole of bro-
mine in acetic acid—ether solution gave 38-acetoxy-
16a-bromo-17a,17a-dimethyl-D-homoandrostan-17-
one (II). The axial position of the halide was con-
firmed by its single ultraviolet absorption peak at
322 mu? and also by the absence of a shift of the

(1) Taken in part from a dissertation by Milan Uskokovi¢ in partial
fulfillment of the requirements for the Ph.D. degree in Organic Chemis-
try, Clark University. Presented, in part, before the Division of
Organic Chemistry, 134th National A.C.S. Meeting, Chicago, Ill., Sept.,
1958. This investigation was supported, in part, by grants PHS-CV-
2193 and PHS-C-321.

(2) M. Uskokovié, M. Gut and R. I. Dorfman, THIS JoURNAL, 81,
4361 (1959).

(3) R. C. Cookson, J. Chem, Soc., 282 (1954); R. C. Cookson and
5. H. Dandegaonker, ibid., 352 (1955).

ketonic absorption in the infrared spectrum.*
An attempt was made to dehydrobrominate the
bromoketone II by refluxing it for 1 hour in col-
lidine or by keeping its dimethylformamide solu-
tion for 2 hours at 100°. Instead of the expected
a,f-unsaturated ketone the isomeric 168-bromo-
ketone IV (Amax 281 mu) was obtained, and the
original ketone absorption wave number was shifted
from 1705 to 1715 cm.—'. The absence of elimi-
nation is due to the steric effects of neighboring
groups: the 153 (axial) hydrogen is hindered by the
angular 18-methyl group and is therefore not avail-
able for attack by a base with high steric require-
ments such as collidine or dimethylformamide,
which have to bring about the transelimination of
the elements of hydrogen bromide. On the other
hand, attack by a base on the sterically available

(4) R. N. Jones, D. A, Ramsay, F. Herling and K. Dobriner, TH1s

JourNaL, T4, 2828 (1954); L. G. Gumnis and J. E. Page, J. Chem,
Soc., 3847 (1957).



