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Anal. Caled. for CyHz0: C, 85.1; H, 9.3. Found: C, 85.4;
H,9.1.

2-(2,6-Drisopropylphenozy)ethyl chloride. A solution of
53.5 g. (0.3 mole) of 2,6-diisopropylphenol in 300 ml. of
toluene was added dropwise to a stirred suspension of 7.1
g. (0.3 mole) of sodium hydride in 150 ml. of toluene. The
mixture was then stirred at reflux for one hour. To this thick
suspension was added in five portions 70.7 g. (0.31 mole) of
B-chloroethyl-p-toluenesulfonate. After refluxing overnight,
the reaction mixture was treated while hot with 25 ml. of
209, sodium hydroxide, and when cool, with 200 ml. of
water. The toluene layer was separated, dried, and distilled.
A fraction boiling at 130-140° at 8 mm. appeared to be es-
sentially the desired produet: 18.7 g. (269 yield) was ob-
tained, n} 1.5070. A considerable amount of DIP was re-
covered as forerun.

Anal, Caled. for CHyClO: C, 69.8; H, 88. Found: C,
70.1; H, 8.8.

3,8',6,5'-Tetraisopropyldiphenoguinone (1I), To a stirred
solution of 220 g. (1.23 moles) of 2,6-diisopropylphenol in
450 ml. of benzene and 320 ml. of glacial acetic acid, held
at 0-5°, was added dropwise 90 ml. of concentrated nitric
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acid. Some brown fumes were evolved during the addition
and appeared to have ceased at the end. After standing over-
night at room temperature, the reaction mixture was poured
into one liter of water, shaken well, and the aqueous layer
discarded. The benzene layer was extracted in turn with
109, urea solution and saturated sodium bicarbonate solu-
tion, Evaporation of the solvent from the dried benzene solu-
tion left a semisolid residue, which on trituration with 250
ml. of cold methanol gave 55.1 g. of purplish red solid, m.p.
185-198°. Three recrystallizations from isopropy! alcohol
gave material melting at 199-203°: red plates with a purple
luster (lit.! m.p, 196-198°).
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It has been shown that the reduction of the phenylhydrazone function provides a convenient method for the synthesis of
a variety of amino compounds in the sugar series. These include: the 1-amino-1-deoxy derivatives of p-arabinitol, p-galacti-
tol, p-glucitol, p-gulitol, and p-xylitol; the diaminodideoxyalditols 1,4-diamino-1,4-dideoxy-2,3-O-isopropylidene-p-threitol,
1,4-diamino-1,4-dideoxy-p-threitol, 1,2-diamino-1,2-dideoxy-p-glucitol, and 1,2-diamino-1,2-dideoxy-p-mannitol; and 5-
amino-5-deoxy-1,2-O-isopropylidene-a-p-xylofuranose. All of these compounds have been isolated as crystalline salicylal-
dehyde Schiff bases and some of them have been further characterized as their hydrobromide and N-(2,4-dinitrophenyl)

derivatives.

Reduction of the condensation products of carbo-
hydrates with nitrogen bases provides a general
route for the synthesis of a variety of amino sugars.
Thus, many of the l-amino-1-deoxyalditols have
been prepared through the sodium amalgam reduc-
tion of the corresponding oximes.® These com-
pounds can also be prepared by the reduction of

(1) Carried out in part under contracts DA-33-019-ord-
2042 (Office of Ordnance Research) and DA-33-019-ord-2025
{Aberdeen Proving Ground) between the U. 8. Army Ord-
nance Corps (technical supervising agency, Ballistic Re-
search Laboratories, Aberdeen Proving Ground, Md.) and
The Ohio State University Research Foundation (Projects
679 and 675).

(2) Reported in main part in Abstracts Papers Am. Chem.
Soc., 130, 22D (1956).

(3) O. Piloty and O. Ruff, Ber., 30, 1656 (1897); L. Ma-
quenne and E. Roux, Compt. rend., 132, 980 (1901); E.
Roux, Compt. rend., 134, 291 (1902); 135, 691 (1902); 136,
1079 (1903); 138, 503 (1904).

(4) W. Wayne and H. Adkins, J. Am. Chem. Soc., 62,
3314 (1940); F. W. Holly, Elizabeth W, Peel, R. Mozingo,
and XK. Folkers, J. Am. Chem. Soc., 72, 5416 (1950); F. W,
Holly, C. H. Shunck, and K. Folkers, U. 8. Patent 2,621,175
(1952).

(5) F. Kagan, M. A. Rebenstorf, and R. V. Heinzelman,
J. Am. Chem. Soc., 79, 3541 (1957).

the aldoses in the presence of ammonia%® or by the
hydrogenation of glycosylamines® and of 1-deoxy-
1-benzylaminoalditols.’ Other methods are based
on the reduction of the aldonamides with lithium
aluminum hydride” and the reduction of hydrazine
derivatives. The latter method was employed by
Fischer and Groh® for converting the phenyl-
hydrazones of certain keto acids to the correspond-
ing amino acids, a process which has been employed
for the identification and estimation of the keto
acids in plant products.? Emil Fischer also pre-
pared (as the acetate salt) 1-amino-1-deoxy-p-fruc-
tose, ‘‘isoglucosamine,” by the reduction of p-glu-
cose phenylosazone with zine and acetic acid.!®
Maurer and Schiedt!! increased the yield in this
reaction to 609, through employment of catalytic

(6) C. Neuberg and F. Marx, Biochem. Z., 3, 539 (1907).

(7) J. W. W. Morgan and M. L. Wolfrom, J. Am. Chem.
Soc., 78, 2496 (1956).

(8) E. Fischer and R. Groh, Ann., 383, 363 (1911).

(9) G. H. N. Towers, J. F. Thompson, and F. C, Steward,
J. Am. Chem. Soc., 76, 2392 (1954); M. Alfthan and A. I.
Virtanen, Acta Chem. Scand., 9, 186 (1955).

(10) E. Fischer, Ber., 19, 1920 (1886).

(11) K. Maurer and B. Schiedt, Ber., 68, 2187 (1935).
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hydrogenation with a palladium catalyst in acetic
acid.

The carbohydrate hydrazone derivatives pro-
vide a class of readily available and often highly
crystalline compounds. Thus, their reduction should
be of interest. Despite this, applications in carbo-
hydrate chemistry!2!? have been sporadic. We have
found that this reaction provides a convenient
method for the synthesis of a variety of amino
sugar derivatives, some of which have been pre-
pared for the first time.

The catalytic reduction of the aldose hydrazone
derivatives with Raney nickel proceeds under mild
conditions and provides a good yield of the ex-
pected 1-amino-1-deoxyalditol. Thus, the reduction
of a hot concentrated solution of Dp-galactose
phenylhydrazone, which is known toexist in the acy-
clic form (I)'4% in the Parr hydrogenation appara-
tus provides l-amino-1-deoxy-p-galactitol (II) and
presumably aniline, which can be extracted from
the aqueous solution with benzene. We have isolated
the product, l-amino-l-deoxy-D-galactitol, as a
crystalline hydrobromide salt, salicylaldehyde
Schiff hase, and N-(2,4-dinitrophenyl) derivative. 1-
Deoxy-1-salicylideneamino-p-galactitol?® is a useful
intermediate for the isolation of the amino alditol.
This compound has recently been recorded by
Kagan and associates.® The amino alditol can also
be isolated from the reaction mixture as the hydro-
chloride or hydrobromide salt. However, the salt
obtained through this method is contaminated
with an unknown impurity which can be separated
by fractional crystallization. The physical con-
stants and properties of this material are in agree-
ment with those reported for the substance desig-
nated “didulcitylamine” by Kagan and co-workers.?

Derivatives of l-amino-1-deoxy-p-arabinitol,
1-amino-1-deoxy-p-gulitol, (6-amino-6-deoxy-L-
glucitol), 1-amino-1-deoxy-p-glucitol, and 1-amino-
1-deoxy-p-xylitol have been similarly prepared
through the catalytic reduction of the correspond-
ing phenylhydrazones. The above reaction has
been extended to the phenylhydrazone derivatives
prepared from the product of glycol cleavage of
some carbohydrate acetals. Thus, 2,3-O-isopro-
pylidene-dialdehydo-p-threo-tetrodiose  (III), first
prepared by the lead tetraacetate oxidation of 3,4-
O-isopropylidene-p-mannitol®® and later by the
periodate oxidation of 3,4-O-isopropylidene-n-glu-
citol,’ has been converted to the bis(phenylhydra-

(12) Y. Matsushima and Y. Imanaga, Bull. Chem. Soe.
Japan, 26, 506 (1953).

(13) E. G. V. Percival, Advances in Carbohydraie Chem.,
3,23 (1948).

(14) M. L. Wolfrom and C. C, Christman, J. Am. Chem.
Soc., 53. 3413 (1931).

(13) L. Mester and A. Major, J. Am. Chem. Soc., 77,
4297 (1953).

(16) H. O. L. Fischer and H. Appel, Help. Chim. Acta, 17,
1574 (1934).

(17) E. J. Bourne, G. P. McSweeney, M. Stacey, and L.
F, Wiggins, J. Chem. Soc., 1408 (1952).
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zone) derivative® (IV) and subsequently hydro-
genated. The produet, 1,4-diamino-1,4-dideoxy-
2,3-0-isopropylidene-p-threitol (VI) has been iso-
lated as a crystalline dipicrate salt and bis(sali-
cylaldehyde Schiff base). Acid hydrolysis of the iso-
propylidene group gave 14-diamino-1,4-dideoxy-
D-threitol (V), isolated as the crystalline bis-
(salicylaldehyde Schiff base). In similar manner,
the phenylhydrazone derivative of 1,2-O-isopro-
pylidene-5 - aldehydo - a - D - 2ylo - pentodiofuranose
(VII), produced by lead tetraacetate® or perio-
date'®® oxidation of 1,2-O-isopropylidene-a-p-
glucofuranose, was converted to 5-amino-5-deoxy-
1,2-0O-isopropylidene-a-p-xylofuranose (VIII). This
product was isolated as the crystalline hydrobro-
mide salt and salieylaldehyde Schiff base. Since
our first report on this subject,? the isolation of the
above compound, as the free base and p-toluene-
sulfonate salt, has been recorded by other investi-
gators.2! The hydrobromide and hydrochloride
salts of the above compound are unstable and grad-

(18) K. Iwadare, Bull. Chem. Soc. Japan, 16, 40 (1941).

(19) J. C. Sowden, J. Am. Chem. Soc., 74, 4377 (1952).

(20) F. Shafizadeh and M. L. Wolfrom, J. Am. Chem.
Soc., 77, 2568 (1955).

(21) 8. Akiya and T. Osawa, J. Pharm. Soc. Japan, 76,
1280 (1956).
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ually decompose with the evolution of acetone.
Attempts to prepare the free 5-amino-5-deoxy-p-
xylose by the acid hydrolysis of the above com-
pound led to the extensive decomposition with the
formation of a product resembling the ‘‘browning”
polymers formed in the Maillard reaction.??

The reduction of the phenylhydrazine deriva-
tives of carbohydrates has been herein extended to
the synthesis of 1,2-diamino-1,2-dideoxyalditols
which constitute a unique class of carbohydrate
derivatives. Thus, 2-amino-2-deoxy-p-glucose hy-
drochloride was treated with phenylhydrazine and
the reaction mixture, containing 2-amino-2-deoxy-
p-glucose phenylhydrazone (IX), was hydrogenated
with Raney nickel catalyst. The reduction product
was isolated, in low yield, as the crystalline bis-
(salicylaldehyde Schiff base), identical with the
product (X) obtained by the hydrogenation of 2-
amino-2-deoxy-n-glucose oxime (hydrochloride)?
(XI) with palladium-charcoal catalyst. This dem-
onstrates that X bears the p-glucose structure. An
isomeric substance (XIII) was obtained, in low
yield, by the reduction of p-arabino-hexose phenyl-
osazone (‘“glucosazone”; XII) with palladium-
charcoal catalyst, in the presence of hydrochloric
acid. This compound must therefore possess the
D-mannose configuration.

It has been noted that the reduction of -arabino-
hexose phenylosazone, in the presence of acetic
acid according to Emil Fischer!® and Maurer and
Schiedt,!! results in the formation of l-amino-1-
deoxy-p-fructose. This is in contrast with the prop-
erties of acetophenone ketazine, C¢H;(CH,)C=
N—N=C(CH;)C¢H;, which on catalytic hydro-
genation gives 1,2-bis(e-methylbenzyl)hydrazine,
CsHs(CH,;) CHNHNHCH (CHj;)CsHs, without cleav-
age, and with benzil phenylosazone which re-
mains unchanged.!® Kuhn and Kirschenlohr?®® have
isolated the N-acetyl derivatives of 2-amino-2-
deoxylactose and 1-amino-1-deoxylactulose by chro-
matographic separation of the mixture obtained
from the catalytic reduction of lactose phenylosa-
zone in the presence of acetic acid. According to
these authors,?* the acidie conditions cause one of
the phenylhydrazone functions to be hydrolyzed
and subsequent reduction gives a mixture of 2-
amino-2-deoxyaldose and 1-amino-1-deoxyketose,
in which the latter product predominates. These
considerations reflect the complexity of the reduc-
tion products of p-arabino-hexose phenylosazone
(XII) which is stabilized in the acyclic structure?2

(22) L.-C. Maillard, Compt. rend., 154, 66 (1912).

(23) R. Breuer, Ber., 31, 2193 (1898); E. R. de Labriola
and V. Deulofeu, J. Am. Chem. Soc., 62, 1611 (1940).

(24) R. Kuhn and W. Kirschenlohr, Chem. Ber., 87, 1547
(1954).

(25) M. L. Wolfrom, M. Konigsberg, and 8. Soltzberg,
J. Am. Chem. Soc., 58, 490 (1936).

(26) .. Mester and A. Major, J. Am. Chem. Soc., 79,
3232 (1957).
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by the formation of a chelate ring,?¥ and may
provide an explanation for the low yield of 1,2-
diamino-1,2-dideoxy-p-mannitol.
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1-Deoxy-1-salicylideneamino-n-galactitol. p-Galactose phen-
ylhydrazone® (15 g.) was dissolved in 150 ml. of hot water
and hydrogenated in the Parr apparatus at 3-atm. pressure
for 17 hr., using Raney nickel catalyst. The reaction mixture
was filtered and extracted with five 100-ml. portions of
benzene. The aqueous solution containing 1-amino-1-deoxy~
p-galactitol was then treated with 7 g. of salicylaldehyde
and 5 g. of sodium bicarbonate. After shaking for 2 hr., the
product, 1-deoxy-1-salicylideneamino-p-galactitol, was fil-
tered and recrystallized from 509, aqueous ethanol; yield
12.1 g., m.p. 202°; no suitable solvent was found for the
determination of optical rotation.

Anal. Caled. for Ci;HoNOs: C, 54.73; H, 6.71; N, 491
Found: C, 54.58; H, 6.86; N, 4.91.

1-Amino-1-deozy-p-galactitol hydrobromide. A suspension
of 1-deoxy-l-salicylideneamino-p-galactitol (10 g.) in 200
ml. of abs. ethanol was treated with 6 g. of 489, aqueous
hydrogen bromide. The resulting colorless precipitate of 1-
amino-1-deoxy-D-galactitol hydrobromide was filtered and
recrystallized from hot aqueous methanol; yield 6.8 g.,
m.p. 136°, [a]% —10.5° (¢ 4.59, water).

Anal. Caled. for CsH;eBrNO;: C, 27.49; H, 6.15; Br, 30.49;
N, 5.34. Found: C, 27.66; H, 6.25; Br, 30.21; N, 5.50.

This compound, as well as the hydrochloride salt, could be
isolated directly from the benzene-extracted hydrogenation
mixture described above, by concentration to a sirup and
addition of methanolic hydrogen bromide or hydrogen chlo-
ride and repeated fractional crystallization from aqueous
methanol. The less soluble fraction, which crystallized first,
is a by-product which was obtained as the hydrochloride
salt, after two more recrystallizations from the same solvent;
m.p. 241-242° (the reported® m.p. of ‘‘didulcitylamine
hydrochloride’’ is 240-241°).

(27) L. F, Fieser and Mary Fieser, Organic Chemistru
D. C. Heath and Co., Boston, Mass., 1944, p. 351.
(28) E. Fischer, Ber., 20, 821 (1887).
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Anal. Caled. for C;HxCINOy: C, 37.75; H, 7.39; N, 3.67.
Found: C, 36.92; H, 7.04; N, 3.67.

1-Deozy-1-(2,4-dinitroanilino)-p-galactitol. A solution of
150 mg. of 1l-amino-1-deoxy-p-galactitol hydrobromide in
3 ml. of water was treated with 140 mg. of 2,4-dinitrofluoro-
benzene and 300 mg. of sodium bicarbonate. The reaction
mixture was heated briefly at 100° with continuous stirring.
After cooling, the orange colored precipitate of 1-deoxy-1-
(2,4-dinitroanilino)-p-galactitol was filtered and recrystal-
lized from aqueous methanol; yield 138 mg., m.p. 195-196°.

Anal. Caled. for C,H;7N;04: C, 41.49; H, 4.89; N, 12.1.
Found: C, 41.43; H, 4.85; N, 11.98.

1-Deozxy~1-salicylideneamino-p-guliiol. p-Gulose phenylhy-
drazone® (3 g.) was dissolved in 90 ml. of water and hydro-
genated as described above for p-galactose phenylhydrazone.
The resultant aqueous solution of 1-amino-1-deoxy-p-gulitol
was treated with 1.3 g. of salicylaldehyde and 3 g. of sodium
bicarbonate. Evaporation of the reaction mixture gave 1-
amino-1-cleoxy-p-gulitol salicylaldehyde Schiff base as a sirup
which crystallized on standing. The product was filtered,
washed with small amounts of water and ether, and recrys-
tallized from ethanol; yield 1.58 g., m.p. 157.5-158°, [a]%
—11.5° (¢ 2.24, N,N-dimethylformamide).

Anal. Caled. for Ci3H,sNOg: C, 54.73; H, 6.71; N, 4.91,
Found: C, 54.69; H, 6.74; N, 4.88.

1-Amino-1-deozy-p-arabinitol hydrobromide, salicylaldehyde
Schiff base and N-24-diniirophenyl derivative. p-Arabinose
phenylhydrazone® (10 g.) was hydrogenated as described
above and the product was converted to l-amino-1-deoxy-
p-arabinitol salicylaldehvde Schiff base; vield 5.5 g., m.p.
184-185°, [a]%) +25° (¢ 2.24, N,N-dimethylformamide).

Anal. Caled. for C,H;;NO;: C, 56.46; H, 6.71; N, 5.49.
Found: C, 56.26; H, 6.52; N, 5.56.

A suspension of 2 g, of 1-amino-1-deoxy-p-arabinitol sali-
cylaldehyde Schiff base in 50 ml. of methanol, on treatment
with 1.6 g. of 489 aqueous hydrogen bromide, gave a color-
less solution containing 1-amino-1-deoxy-p-arabinitol hydro-
bromide. This produet was precipitated by the gradual
addition of ether and was recrystallized from 959, ethanol;
yield 0.75 g., m.p. 166-167°, [a]% +11° (¢ 4.14, water),

Anal. Caled. for C;H,,BrNO,: C, 25.58; H, 6.08; Br, 34.43;
N, 6.03. Found: C, 26.12; H, 5.84; Br, 34.56; N, 5.80.

The above product was converted to 1-deoxy-1-(2,4-
dinitroanilino)-p-arabinitol, m.p. 174-175°.

Anal. Caled. for C,HisN;0s: C, 41.64; H, 4.77; N, 13.25.
Found: C, 41.52; H, 5.35; N, 13.07.

1-Deozy-1-salicylideneamino-p-glucitol. 'This compound
(3.8 g.) was prepared from the reduction product of 8 g. of
p-glucose phenylhydrazone (e-form),® m.p. 177-177.5°,
[a] —20° (¢ 2.58, N,N-dimethylformamide).

Anal. Caled. for C;H;sNOg: C, 54.73; H, 6.71; N, 4.91.
Found: C, 54.86; H, 6.55; N, 4.86.

1-Amino-1-deoxy-v-zylitol salicylaldehyde Schiff base and
hydrobromide. The Schiff base (14.5 g.) was prepared from
the reduction produet of 20 g. of b-xylose phenylhydrazone;3t
m.p. 128-129°, [a] 3y —20° (¢ 2.79, N,N-dimethylformamide)
Kagan and co-workers,® quote the m.p. 131-133°.

The above compound (12 g.) was converted to 1-amino-1-
deoxy-p-xylitol hydrobromide (9.2 g.), m.p, 167-168°, [a]%
—13% (¢ 4.33, water).

Anal. Caled. for C;HuBrNOy: C, 25.58; H, 6.08; N, 6.03.
Found: C, 25.85; H, 5.93; N, 6.14.

J4-Diamino-1,4-dideoxy-2,3-O-isopropylidene-p-threitol di-
picrate.  2,3-O-Isopropylidene-dialdehydo-p-threo-tetrodiose
bis(phenylhyvdrazone)'s1” (664 mg.) was dissolved in 679,
aqueous ethanol and hydrogenated with freshly prepared
Raney nickel catalyst at atmospheric pressure for 18 hr.
The reaction mixture was then filtered and the filtrate was
evaporated under reduced pressure. Treatment of the residue

(29) H. S. Isbell, J. Research Natl. Bur. Standards, 5,
741 (1930).

(30) G. Chavanne, Compt. rend., 134, 661 (1902).

(31) C. Tanret, Buwll. soc. chim. (France}, 27, 392 (1902).
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with a hot concentrated solution of 910 mg. of picric acid in
ethanol gave 870 mg. of 1,4-diamino-1,4-dideoxy-2,3-O-iso-
propylidene-p-threitol dipicrate, which was purified by sev-
eral recrystallizations from agueous ethanol and from water;
m.p. 217-218° (dec.).

Anal. Caled. for C1sH3:NsOye: C, 36.90; H, 3.58; N, 18.12.

Found: C, 36.99; H, 3.54; N, 18.72,

1,4-Dideoxy-2,3-O-isopropylidene-1 4-bis(salicylidene-
amino)-p-threitol. 1,4-Diamino-1,4-dideoxy-2,3-O-isopropyli-
dene-p-threitol dipicrate (100 mg.) was dissolved in 2 ml. of
saturated sodium bicarbonate solution and sufficient water
was added to keep the resulting sodium picrate in solution.
The warmed reaction mixture was treated with 0.04 ml. of
salicylaldehyde and the resulting precipitate of 1,4-diamino-
1,4-dideoxy-2,3-O-isopropylidene-p-threitol  bis(salicylalde-
hyde Schiff base) (55 mg.) was isolated after standing at 0°
for 15 hr. The product was purified by several recrystalliza-
tions from agqueous methanol; m.p. 111°,

Anal. Caled. for CoHaN:O4: C, 68.46; H, 6.57; N, 7.61.
Found: C, 68.48; H, 6.43; N, 8.11.

1,4-Dideoxy-1,4-bis(salicylideneamino)-p-threttol.  1,4-Di-
amino-1,4-dideoxy-2,3-O-isopropylidene-p-threitol dipicrate
(200 mg.) was suspended in 10 ml. of water containing one
drop of concentrated hydrochloric acid and the mixture was
heated for 2 hr. over the steam bath. It was then neutralized
to pH 8 with sodium bicarbonate and sufficient water was
added to keep the resulting sodium pierate in solution. The
reaction mixture was then treated with 0.11 ml. of salicylal-
dehyde, heated briefly, and allowed to stand at 0° for 18 hr.
The resulting precipitate of 1,4-diamino-1,4-dideoxy-b-
threitol bis(salicylaldehyde Schiff base) (100 mg.) was re-
crystallized from 18 ml. of methanol; m.p. 228-231° (dec._).
This compound was poorly soluble in most of the organic
solvents and in water.

Anal. Caled. for C15H20N204: C, 6583, H, 614, N, 8.53.
Found: C, 65.70; H, 6.18; N, 8.46.

5-Amino-5-deoxy-O-isopropylidene-a-p-zylofuranose hydro-
bromide, hydrochloride, and salicylaldehyde Schiff base.
1,2-0-Isopropylidene-5-aldehydo-c.- p-rylo- pentodiofuranose
phenylhydrazone®® (4.5 g.) was suspended in 200 ml. of water
and hydrogenated in the Parr apparatus at 3-atm. pressure,
using Raney nickel as catalyst. After 17 hr., the reaction
mixture was filtered and extracted with benzene as before.
Evaporation of the aqueous layer furnished 5-amino-5-
deoxy-1,2-O-isopropylidene-a-p-xylofuranose as a thick
sirup. This was dissolved in ethanol and neutralized with hy-
drogen chloride to pH 4.5. The resultant hydrochloride was
precipitated by the addition of ether and was recrystallized
from aqueous ethanol; yield 1.68 g., m.p. 130° dec., [a]}
—12°(c 3.2, water).

Anal. Caled. for CsHysCINO,: C, 42.6; H, 7.09; N, 6.2
Tound: C, 42.07; H, 7.71; N, 6.33.

The hydrobromide salt was prepared in like manner;
m.p. 170° (dee.).

Anal. Caled. for CGsHgBrNOQy: C, 35.55; H, 5.90; N, 5.2
TFound: C, 35.60; H, 5.54; N, 5.00.

Both of the above sults were unstable and decomposed
gradually with the evolution of acetone.

5-Amino-5-deoxy-1,2-0-isopropylidenc- - p-xyloluranose
on treatment with salicylaldehyde furnished a crystalline
Schiff base; m.p. 155°.

Anal. Caled. for CisH,oNOs: C, 61.4; H, 6.48; N, 4.77.
Found: C, 61.40; H, 6.45; N, 4.78,

Attempted isolation of the free 5-amino-3-deoxy-p-xylose
through the acid hydrolysis of the isopropylidene group was
unsuccessful and resulted in rapid browning of the reaction
mixture and the formation of a gummy dark brown product.

1,2-Dideoxy-1,2-bis(salicylideneamino)-b-glucitol. A solu-
tion of 5 g. of 2-amino-2-deoxy-a-D-glucose (a-p-glucosa-
mine) hydrochloride, 2.5 g. of phenylhydrazine, and 0.5 ml.
of acetic acid in 2.0 ml. of water was heated with stirring
until the initial formation of p-glucose phenylosazone. The
reaction mixture was then cooled and filtered from the small
precipitate of p-glucose phenylosazone, and the filtrate was
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hydrogenated in the Parr apparatus at 3-atm. pressure,
using Raney nickel as catalyst. After 18 hr., the reaction
mixture was filtered and extracted with benzene in the
manner described above. The aqueous solution containing
the 1,2-diamino-1,2-dideoxy-D-glucitol was treated with 2
g. of sodium bicarbonate and 4.68 g. of salicylaldehyde and
the mixture was heated over the steam bath, with stirring,
for 3 hr. The product, 1,2-diamino-1,2-dideoxy-p-glucitol
bis(salicylaldehyde Schiff base), was recrystallized from
95% ethanol; yield 2.34 g., m.p. 208-208.5°, [«]TY —83°
(¢ 4.04, N,N-dimethylformamide), x-ray powder diffraction
data:3? 15.17w, 11.87m, 8.04w, 5.93m, 5.55vw, 5.15s8(3),
4.90vs(1,1), 4.62s, 4.47s, 4.14vs(1,1), 3.85vw, 3.71vw, 3.53vw,
2.72 vw.

Anal. Caled. for CyHuN0g: C, 61.84; H, 6.23; N, 7.21.
Found: C, 61.65; H, 6.01; N, 7.00.

2-Amino-2-deoxy-p-glucose oxime hydrochloride?® (11.5
g.) was dissolved in 200 ml. of 759, ethanol and the solution
was hydrogenated as in the above experiment, but with
palladium-charcoal catalyst. The reaction mixture was then
evaporated under reduced pressure and a portion of the

(32) Interplanar spacing, f&, CuK, radiation. Relative
intensity, estimated visually; s, strong; m, medium; w,
weak; v, very. First three strongest lines are numbered (1,
strongest); double numbers indicate approximately equal
intensities.
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product (10%) was converted to 1,2-dideoxy-1,2-bis(salicyli-
deneamino)-p-glucitol. This compound had the same x-ray
powder diffraction pattern and physical properties as the
produet synthesized above from 2-amino-2-deoxy-p-glucose
phenylhydrazone.

1,2-Dideoxy-1,2-bis(salicylideneamino)-p-mannitol. Dp-ara-
bino-Hexose phenylosazone (3.6 g., 10 millimoles) was dis-
solved in 100 ml. of 959%, ethanol containing 40 millimoles of
hydrogen chloride and the solution was hydrogenated in the
Parr apparatus at 3-atm. pressure, using palladium-charcoal
as catalyst. The reaction mixture was filtered and the filtrate
was concentrated to 25 ml., diluted with 100 ml. of water,
neutralized with sodium bicarbonate, and extracted with
four 100-ml. portions of benzene. The aqueous solution of
the reduction product was treated with 4 g. of sodium bicar-
bonate and 1 ml. of salicylaldehyde and heated over the
steam bath with stirring for 2 hr. The resulting yellow pre-
cipitate of 1,2-diamino-1,2-dideoxy-p-mannitol bis(salicyl-
aldehyde Schiff base) was purified by three recrystallizations
from 959, ethanol; yield 0.15 g.,, m.p. 223-224°, [a]%
+54.2° (¢ 2.15, N,N-dimethylformamide), x-ray powder
diffraction data:%? 14.98w, 11.33m, 8.67m, 6.71w, 5.40m,
5.10vs(1), 4.80m, 4.60vs(2), 4.31lvw, 4.00s(3), 3.73vw,
3.48vw, 3.29vw, 3.14w.

Anal. Caled. for CooHaN:Og: C, 61.84; H, 6.23; N, 7.21.
Found: C, 62.02; H, 6.46; N, 7.17.
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Synthesis of g-(4-Pyridyl)-pL-alanine and of §-(4-Pyridyl-1-oxide)-DL-, D-, and
L-alanine’
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A practical synthesis of §-(4-pyridyl)-pr-alanine, suitable for application on a gram scale, has been developed. 8-(4-Pyri-
dyl-1-oxide)-pL-alanine has been prepared in good yield, by a procedure capable of being employed on a much larger scale,
and a satisfactory resolution of N-benzoyl-3-(4-pyridyl-1-oxide)-pL-alanine has been achieved.

Two methods have been reported for the syn-
thesis of @-(4-pyridyl)-pr-alanine. The first? was
based upon the sequence, 4-pyridylcarbinol—»
4-pyridylmethyl bromide—diethyl benzamido-(4-
pyridylmethyl)malonate—g-(4-pyridyl)-pr-alanine
and the second* upon the sequence, 4-picoline—
ethyl a-0ximino-g-(4-pyridyl) propionate—a-0x-
imino-B-(4-pyridyl)propionic  acid—3-(4-pyridyl)-
pL-alanine. Both syntheses involved a step in which
poor yields were obtained. The malonic ester con-
densation gave but a 49, yield, and the Claisen
condensation a 129, yield. It was decided to study
the malonic ester condensation with the aim of
improving the yield.
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The principal competing side reaction in the
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