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Acyclic Acetates of Dialdoses1 
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The preparation of dialdehydo-galacto-diaXdohcxosc tetraacetate (I) from tetra-O-acetylmucyl dichloride is detailed. 
1,6-Dibromogalactitol hexaacetate (II) was prepared from I. No conditions were found for the cyclization of I or II to 
inositol derivatives. Acylation of zinc xylarate ( I I I ) yielded tri-O-acetylxylaric anhydride (IV; and the tribenzoate V) 
from which tri-O-acetylxylaric acid (VI) was obtained. No conditions were found to form the bis-(acyl chloride) of VI 
without cyclization to IV. dialdehydo-(meso-glycero-gulo)-T>ia.\doheptose pentaacetate (IX) and penta-0-acetyl-w«o-(gZ;y-
cero-gWo)-heptaric anhydride are described. 

Polyhydroxy dialdehydes and their derivatives 
are little known. Crystalline ery^ro-dialdotetrose 
(weso-tartaraldehyde) and derivatives of it and of 
the isomeric DL-^reo-dialdotetrose have been 
reported by Wohl and MyIo2 and by others.3-6 

The crystalline bis-(phenylhydrazone) and other 
derivatives of xj/o-dialdopentose6 are known. 
The amino substituted dialdohexoses obtained 
through the glycol cleavage of N,N-dibenzoyl-
streptamine7 and of its deoxy derivative8 are crys­
talline substances. Dangschat and Fischer9 have 
prepared the tetraacetates of dialdehydo-galacto-
dialdohexose (I), dialdehydo-allo-dia.ldohe.xose and 
DL-«2o-dialdohexose (the latter characterized as 
crystalline dihydrazones) through the glycol cleav­
age of substituted inositols obtained from con-
duritol and mjo-inositol. An extension of this 
technique has been made by Ballou and Fischer,10 

who have reported the crystalline 2,3:.4,5-diiso-
propylidene-rfwWeAyrfo-D-TOOwwo-dialdohexose from 
( + )-inositol. 

A route to the synthesis of sugar dialdehydes 
(dialdoses) presents itself through the sequence 
CHO COoH CO.H 

i ! I 
(CHOH),, —->• (CHOH)n — > (CHOAc),, — > 

CH2OH CO2H CO2H 

COCl CHO CHO 
i ! 1 

(CHOAc),, — > (CHOAc)n —>• (CHOH)n 
COCl CHO CHO 

The crystalline tetraacetate of dialdehydo-galacto-
dialdohexose (I) has been reported11 as having been 
so synthesized, but no details are available in the 
journal literature. The acid-catalyzed direct ace-

(1) Preliminary work ou this problem was carried out in this 
Laboratory by Vera Rudin Usdin. Dr. Kimiko Anno assisted in the 
preparation of the manuscript for publication. 
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(1934). 
(5) N. Clauson-Kaas and J. Fakstorp, Acta Chem. Scand., 1, 216 

(1947). 
(6) K. Iwadare, Bull. Chem. Soe. Japan, 16, 40, 144 (1941); R. M. 

Hann, A. T. Ness and C. S. Hudson, T H I S JOURNAL, 68, 1769 (1946). 
(7) H. E. Carter, R. K. Clark, Jr., S. R. Dickman, Y. II. Loo, 

P. S. Skell and W. A. Strong, Science, 103, 540 (1946). 
(8) F. A. Kuehl, Jr., R. L. Peck, C. K. Hoffhine, Jr., and K. Folkers, 

T H I S JOURNAL, 70, 2325 (1948). 
(9) Gerda Dangschat and H. O. L. Fischer, Naturwissenschaften, 27, 

756 (1939); Gerda Dangschat, ibid., 30, 146 (1942). 
(10) C. E. Ballou and H. O. L. Fischer, Abstracts Papers Am. Chem. 

Soc, 123, 15D (1953). 
(11) W. tjnzelmann, Dissertation (F. Kogl, preceptor), Gottinsen, 

1030, Cited by F, Micheel, Ann., 4*6, 78 (1932). 

tylation of mucic (galactaric) acid leads to the 
formation of its crystalline tetraacetate in good 
yield12-14 from which the crystalline bis-(acyl 
chloride)16 is readily obtained. Conditions are 
herein reported for the catalytic reduction of this 
halide, by the Rosenmund procedure, to yield the 
crystalline dialdehydo-galacto-dieddohexose tetra­
acetate (I) with properties in agreement with those 
reported by Dangschat and Fischer.9 This sub­
stance was further characterized as its bis-(acetyl 
bromide) carbonyl addition compound (II) herein 
designated 1,6-dibromogalactitol hexaacetate. This 
substance was isolated in only one crystalline form, 
although stereochemical theory would predict that 
a meso and a DL product could arise. Conditions 
could not be found to cyclize this derivative or its 
parent dialdehyde tetraacetate to an inositol. 

In the aldopentaric acid series, acylation of zinc 
xylarate (III) led to the crystalline cyclic anhy­
dride triacetate (IV; and tribenzoate V) from which 
tri-O-acetylxylaric acid (VI) could be obtained. 
No conditions were found for transforming the 
latter to its bis-(acyl chloride) without recyclization 
to the anhydride. 

The acid-catalyzed acetylation of salts of aldonic 
acids generally leads to the production of the fully 
acetylated acid.16 This procedure has been 
adapted to the aldaric acid series by Adelman and 
Breckenridge,17 who have recorded penta-O-acetyl-
meso-{glycero-gulo)-h.£Qta.rica,cid. (VII). Inarepeti-
tion of their preparation, a small amount of the 
acetylated eight-membered cyclic anhydride of this 
dibasic acid was obtained. The bis-(acyl chloride) 
of the aldoheptaric acid (VIII), although a very 
unstable substance that was not characterized, 
could be reduced to give, in low yield, the crys­
talline dialdehydo-meso- (glycero-gulo) -dialdoheptose 
pentaacetate (IX), the first recorded example of 
this type of substance in the aldoheptose series. 

Experimental 
Preparation of dialdehydo-galacto-Bisddohexose Tetra­

acetate (I).—This compound has been reported in an un­
published German university dissertation11 and in a pre­
liminary publication by Dangschat and Fischer,9 but no 
details have been communicated to the journal literature. 
Mucic acid was acetylated with acetic anhydride and sul-

(12) L. Maquenne, Bull. soc. chim., [2] 43, 749 (1887). 
(13) Z. H. Skraup, Monatsh., 14, 488 (1893). 
(14) R. Kremann, ibid., 26, 796 (1905). 
(15) O. Diels and F. Loflund, Ber., 47, 2351 (1914); J. Miiller, 

ibid., 2654 (1914). 
(16) K. Ladenburg, M. Tishler, J. W. Wellman and R. D. Babson, 

T H I S JOURNAL, 66, 1217 (1944). 
(17) M. Adelman and J. G. Breckenridge, Can. J. Research, 24B, 

297 (1946). 
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f uric acid as described by Skraup ,I3 and the crystalline tetra-
O-acetylmucic acid (m.p. 245-248° from 9 6 % ethanol) 
obtained was converted to the crystalline tetra-O-acetyl-
mucyl dichloride (m.p . 177-178° from benzene) with phos­
phorus pentachloride in acetyl chloride according to Diels 
and Loflund.16 

Anal. Calcd. for Ci4H10OiOCl2: C, 40.50; H, 3.88. 
Found: C, 40.61; H, 3.73. 

An all-glass apparatus consisting of a three-necked flask 
equipped with a mercury-sealed stirrer, a guarded condenser 
and a gas entry tube equipped with a plunger (to clear any 
solid formed) was employed. AU glassware was dried at 
100° before use. Tetra-O-acetylmucyl dichloride (20 g.), 
SOO ml. of xylene (distilled from sodium) and 5 g. of freshly 
prepared palladium (on barium sulfate) catalyst18 were 
stirred in this apparatus under reflux while passing in a 
stream of dry hydrogen gas. The hydrogen chloride pro­
duced was absorbed in standard alkali and its quantity was 
measured. After several hours the reaction, while incom­
plete, had slowed down considerably. Addition of fresh 
catalyst did not increase the rate of reaction. The hydro­
gen stream was then replaced by dry nitrogen gas to remove 
hydrogen chloride and the hot solution was filtered. Crys­
tallization occurred on cooling and a further quantity was 
obtained on solvent concentration to one-half volume under 
reduced pressure, yield 4.5 g., m.p . 172-175°. Pure mate­
rial was obtained on recrystallization from 100% ethanol or 
ethyl acetate (free of ethanol, acetic acid and water19); m.p . 
184° (dec.) in agreement with Dangschat and Fischer.9 The 
substance crystallized in elongated six-sided plates. 

1,6-Dibromogalactitol Hexaacetate (II).—An amount of 
475 mg. of dialdehydo-galacto-dialdohexose tetraacetate (I) 
was dissolved at room temperature in 12 ml. of acetyl bro­
mide and the solution was maintained at room temperature 
for 2 hr . , whereupon it was added dropwise under stirring to 

(18) R. Mozingo, Org. Syntheses, 26, 77 (1946). 
(19) L. F. Fieser, "Experiments in Organic Chemistry,' 

D. C. Heath and Co., New York, N. Y., 1941, p. 364. 
2nd ed., 

an excess of ice and water. The solid that formed was re­
moved by filtration and was recrystallized from benzene-
petroleum ether (b .p . 30-60°) and chloroform-petroleum 
ether; yield 610-690 mg. (75-85%), m.p . 161-163°. No 
evidence of more than one separable product was obtained. 

Anal. Calcd. for Ci8H24Oi2Br2: C, 36.50; H, 4.08; Br, 
26.99. Found: C, 36.56; H , 4.08; Br, 27.29. 

Attempted Cyclization.—No conditions we're found that 
yielded a reaction mixture giving the Scherer inositol test20: 
on tieating 1,6-dibromogalactitol hexaacetate with silver, 
zinc, magnesium, calcium or sodium; or on attempted cyclic 
aldolization of dialdehydo-galacto-dialdohexose tetraacetate 
with alkali or cyanide ion. 

Tri-O-acetylxylaric Anhydride (IV).—D-Xylose (300 g.) 
was oxidized with nitric acid according to Chalov.21 The 
reaction mixture was concentrated to a sirup at 50-55° 
under reduced pressure followed by adding water and again 
concentrating under reduced pressure to a sirup. The resi­
due was extracted with ether (room temperature) to remove 
the oxalic acid. The sirupy product crystallized on standing 
and was recrystallized from hot ether; m.p . 151-152° (re­
corded22 152°). 

The acid was neutralized in dilute (33%) aqueous solu­
tion with zinc acetate dihydrate and from this the crystalline 
zinc salt (III) separated; yield 260 g. (53.5%). 

Anal. Calcd. for C5H6O7Zn: Zn, 26.84. Found: Zn, 
26.75. 

Using a modification of the procedure of Adelman and 
Breckenridge,17 the zinc salt was cautiously treated under 
reflux with 2 ml. (for each gram of salt) of acetyl chloride 
and maintained under reflux for 1 hr. The cooled reaction 
mixture was filtered to remove a precipitate which was com­
bined with the residue obtained from the filtrate on solvent 
removal under reduced pressure. The solid was washed 
successively at room temperature with N hydrochloric acid 
and water. After drying in a desiccator, it was recrystal­
lized from ethyl acetate (free of water, alcohol and acetic 
acid19), ethyl acetate-petroleum ether, isopropyl ether, or 
ether-petroleum ether; yield 80%, m.p . 146-147°. Tri-O-
acetylxylaric anhydride was soluble in hot ethyl acetate, 
somewhat so in ethyl ether, and was insoluble in chloroform. 
Its initial solution in 7 5 % ethanol was neutral in reaction. 

Anal. Calcd. for CuHi2O9: C, 45.83; H, 4.19. Found: 
C, 45.96; H, 4.42. 

Tri-O-acetylxylaric Acid (VI).—Tri-O-acetylxylaric an­
hydride (IV, 7.1 g.) was shaken with excess iV sulfuric acid 
at room temperature until solution was effected (15-30 min.) . 
This solution was extracted with several portions of ether 
and the dried (with sodium sulfate) extract was concen­
trated to low volume under reduced pressure. Crystalli­
zation in rosettes occurred on the addition of petroleum 
ether and standing at ice-box temperature. They were re­
crystallized from ether-petroleum ether; yield 4.0 g. (53%), 
m.p . 154° and 139-146° on admixture with tri-O-acetylxy-
laric anhydride of m.p . 146-147°. 

Anal. Calcd. for CnHnOio: C, 43.14; H, 4.61. Found: 
C, 43.50; H, 4.76. 

In an at tempt to prepare the acid chloride with phosphorus 
pentachloride in ether, following the general directions of 
Major and Cook,23 the tri-O-acetylxylaric acid was recov­
ered unchanged. Treatment with phosphorus pentachlo­
ride in acetyl chloride or xylene yielded the anhydride 
(identified by melting point and mixed melting point). 

Tri-0-benzoylxylaric Anhydride (V).—Five grams of 
zinc xylarate ( I I I , previously dried for 2 hr. at 110°) was 
refluxed for 2 hr. with 30 ml. of isopropyl'ether and 125 ml. 
of benzoyl chloride. The cooled reaction mixture was 
filtered from the separated zinc chloride, and ethanol (100%) 
was added to the filtrate to convert unreacted benzoyl chlo­
ride to ethyl benzoate. The mixture was washed succes­
sively with dilute hydrochloric acid and water, dried over 
sodium sulfate and concentrated to a sirup at 50° under 
reduced pressure (8 mm.) . Petroleum ether was added to 
the warm solution to incipient turbidity and on slow cooling 

(20) J. Scherer, Ann., 81, 375 (1852); E. Salkowski, Z. fkysiol. 
Cfiem., 69, 478 (1910). 

(21) N. V. Chalov, Zhur. Priklad. KHm., 21, 486 (1948); C. A., 43, 
6982 (1949). 

(22) E. Fischer and O. Piloty, Ber., 24, 4224 (1891). 
(23) R. T. Major and E. W. Cook, THIS JOURNAL, 88, 2477 (1936), 



4320 J. V. KARABINOS, RAYMOND M. HANN AND C. S. HUDSON Vol. 75 

globular clusters of crystals separated. These were re-
crystallized from ethyl acetate by the addition of petroleum 
ether; yield 2.5 g., m.p. 223-224°. 

Anal. Calcd. for C26H18O9: C, 65.82; H, 3.82. Found: 
C, 65.88; H, 3.69. 

Penta-O-acetyl-mes0-(gZ;yceT0-!;wfo)-heptaric Anhydride.— 
The procedure of Adelman and Breckenridge" for acetylat-
ing amorphous zinc meso-(glycero-gulo)-hepta.Tatt with acetyl 
chloride (to produce penta-0-a.cetyl-meso-(glycero-gulo)-hep-
taric acid) was followed and the crude sirup obtained on 
solvent removal from the dried chloroform extract was main­
tained for several days in a vacuum desiccator. Crystals 
formed, in low yield, that were separated from adherent 
sirup by filtration and were recrystallized from ethyl acetate 
by the addition of petroleum ether; m.p. 189.5-190°. A 
solution of the substance in 75% ethanol was initially neu­
tral. 

Anal. Calcd. for C17H20Oi8: C, 47.22; H, 4.66. Found: 
C, 47.04; H, 4.42. 

dialdehydo-meso-( glycero-gulo)-Dialdoheptose Pentaacetate 
(IX).—Penta.-0-a.cetyl-meso-(glycero-gulo)-htptaric acid (VlI, 

The research described in the present communica­
tion is a continuation3 of the synthesis of higher-
carbon sugars and their intermediates from D-
mannose. For this purpose barium D-manno-
D-go/o-heptonate described by Montgomery and 
Hudson3 was again prepared and from the mother 
liquors barium D-manno-D-to/o-heptonate was iso­
lated. Purification of the acid from the latter 
salt was effected through the phenylhydrazide4 

which in turn was converted6 to D-manno-D-to/o-
heptonic lactone.6 From the pure lactone the 
crystalline cadmium salt and the amide were pre­
pared for the first time. The negative rotation of 
the amide conformed to the amide rule.7 

Barium D-manno-D-gafo-heptonate was converted 
to the lactone in the customary way8 and the latter 
substance reduced to D-manno-D-ga/a-heptose.9 

The physical constants of previously known sub­
stances in the heptonic series were verified and the 

(1) Blockson Chemical Company, Joliet, Illinois. 
(2) Deceased: (a) April 30, 1949; (b) December 27, 1952. 
(3) Edna M. Montgomery and C. S. Hudson, T H I S JOURNAL, 64, 247 

(1942); cf. also C. S. Hudson, Advances in Carbohydrate Chem., 1, 5 
(1945). 

(4) C. S. Hudson, T H I S JOURNAL, 39, 462 (1917), pointed out that 
this phenylhydrazide, originally prepared by Peirce (ref. 16), con­
formed to the phenylhydrazide rule of rotation. 

(5) R. M. Hann and C. S. Hudson, ibid., 56, 957 (1934). 
(6) H. S. Isbell, J. Research Natl. Bur. Standards, 20, 97 (1938). 
(7) C. S. Hudson, T H I S JOURNAL, 40, 813 (1918). 
(8) E. Fischer and F. Passmore, Ber., 23, 2226 (1890). 
(9) The condensation of nitromethane with D-mannose to yield, 

after hydrolysis of the resulting nitroalcohols, the two epimeric hep-
toses has been described recently by J. C. Sowden and R. Schaffer 
[THIS JOURNAL, 73, 4662 (1951)]. 

800 mg., m.p. 122°)" was stirred at room temperature with 
an equal weight of phosphorus pentachloride and 25 ml. of 
acetyl chloride. The filtered reaction mixture was concen­
trated under reduced pressure to half-volume and again 
filtered. The residue obtained on complete solvent removal 
under reduced pressure was crystallized from ether-petro­
leum ether; yield 310 mg. m.p. 105°. This material, pre­
sumably the bis-(acid chloride) VIII, exhibited a strong 
halogen test with alcoholic silver nitrate but was too un­
stable for characterization. 

An amount of 300 mg. of the above product was immedi­
ately reduced in xylene solution with palladium-on-barium 
sulfate as described above for the preparation of dialdehydo-
gatocio-dialdohexose tetraacetate and the product obtained 
after a 4-hr. reaction time was isolated in the same manner 
and was recrystallized from purified ethyl acetate; m.p. 133-
134°. The substance exhibited a strong Fehling reduction 
and was halogen-free. 

Ami. Calcd. for C17H22O12: C, 48.80; H1 5.30. Found: 
C, 48.78; H, 5.44. 

COLUMBIA 10, OHIO 

[ « ] D value, previously recorded for barium D-
manno-D-gafo-heptonate,8 was corrected. Crys­
talline cadmium D-manno-D-ga&z-heptonate was 
also prepared. 

When hydrogen cyanide addition to D-manno-D-
ga/a-heptose was carried out with sodium cyanide 
and calcium chloride,10 the D-manno-L-warewo-
octonic acid was separated from its epimer through 
its less soluble calcium salt or phenylhydrazide and 
obtained in pure form as the lactone. The D-
manno-L-g^Mco-octonic acid, which had not been 
isolated previously, was obtained pure either from 
the partially purified calcium salt or from the 
phenylhydrazide. Pure derivatives of the two 
epimeric acids, such as the epimeric phenylhydra-
zides and benzimidazoles, were prepared from D-
manno-L-#wz»reo-octonic lactone and D-manno-L-
g/wco-octonic acid; the rotations of these deriva­
tives conformed to the phenylhydrazide11 and benz-
imidazole12 rules, respectively. Crystalline sodium 
D-manno-L-g/wco-octonate, D-manno-L-g/Mco-octonic 
amide and ethyl D-manno-L-wawwo-octonate are 
also described in the present work. 

When hydrogen cyanide addition to D-manno-
D-go/a-heptose was carried out with sodium cyanide 
and ammonium chloride, a crystalline, nitrogen-
containing compound was obtained in good yield 

(10) C. S. Hudson, Olive Hartley and C. B. Purves, ibid., 56, 1248 
(1934). 

(11) P. A. Levene, / . Biol. Chem., 23, 145 (1915); C. S. Hudson, 
ref. 4. 

(12) N. K. Richtmyer and C. S. Hudson, T H I S JOURNAL, 64, 1612 
(1942). 
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D-Manno-L-wonno-octose has been crystallized for the first time and characterized through its phenylosazone and phenyl-
osotriazole derivatives. D-Manno-L-mawwo- and D-manno-L-g/wco-octonic acids as well as a number of their derivatives 
have been prepared. The rotations of the amides, phenylhydrazides and benzimidazoles of both acids conform to their 
respective rules of rotation. Some compounds in the heptonic series were reinvestigated and new derivatives were prepared. 
D-Manno-D-tofo-heptonic amide conforms to the amide rule. 


