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g.). Rccrystallization from methanol gave methyl 2,3,4,6-
tetra-O-acetvl /3-D-glucopyranoside, m.p. and mixed m.p. 
104-105°, [Q;]27D - 2 2 . 2 ° in ethanol (c2.7); literature values: 
m.p. 104-1054'12 and Ia)20D - 2 4 . 6 ° (ethanol) ," - 27 ,2 ° 
(ethanol).4 

Deacetylation of the methyl tetra-O-acetyl /3-D-glucopy-
ranoside by the Zemplen method14 using catalytic amounts 
of sodium methoxide gave methyl 0-D-glucopyranoside, 
m.p. and mixed m.p. 115-116°, Ia]27D -30.3°" in water 
(c 2.0) (after recrystallization from methanol-ether); litera
ture values: m.p. 110V5 105°16 and [a] 15D - 3 2 ° (H2O),15 

- 3 4 . 2 ° (H2O).1* 
2. Methyl /3-Lactoside.—Application of the above pro

cedure to acetobromo lactose vielded the corresponding 
methyl /3-lactoside, m.p. 205°, M25D + 1 ° in water (c 5.0). 
Inasmuch as the pure methyl /3-lactoside showed [a] 25D 
+5 .6° in water5 it is believed that the compound above con
tained some of the a-anomer. 

B. 1. Methyl a-D-Mannopyranoside.—To crystalline 
D-mannose (18.0 g.) was added 3 % hydrogen chloride in 
methanol (15 ml.) and ethylene dichloride (30 ml.). The 
mixture was refluxed on the water-bath for 4 hours. During 
the course of the reaction a two-phase liquid system was 
formed, the lower layer of which soon turned to a solid 
crystalline mass. After being allowed to cool, the reaction 
mixture was filtered and washed with a little ice-cold meth
anol followed by ether. The crystalline methyl a-D-manno-
pyranoside (yield 9.7 g.) had m.p. and mixed m.p. 191-
192°, [a]20D +79.0° in water (c 1.0) (after recrvstallization 
from 8 0 % ethanol); literature values: m.p . 191-192°,17 

M20D +79° (H2O)," +79.2° (H2O).18 

2. Methyl /3-L-Arabopyranoside.—A mixture of 3 % 
methanolic hydrogen chloride (70 ml.), ethylene dichloride 
(100 ml.) and L-arabinose (70 g.) was refluxed for 3 hours 
and allowed to stand overnight. The methyl /3-L-arabo-
pyranoside (yield 23.5 g.) was filtered off and washed with 
ethyl acetate and recrvstallized from absolute ethanol, m.p. 
and mixed m.p. 166-168°, M13D +235° in water (c 1.7); 
literature values: m.p. 169°19 and 169-171°.20 

Repeated recrystallization did not change the specific rota
tion which does not agree with the literature value ([a]20D 
+245.5° in water).19 As a further check on its purity a 
sample of the material ([a]D +235°) was oxidized with 
periodic acid according to the procedure of Hudson and 
Tackson.21 The D'-methoxvdiglvcolic aldehvde obtained 
iiad M20D +123° (H2O); Hudson and Tackson21 reported 
[a] 20D +124° (H2O) for this substance. 

(12) J . Moll van C h a r a n t e , ReC. trnv. chin., 2 1 , 42 (1902). 
(13) C. S. H u d s o n and J. K. Da le , T H I S J O U R N A L , 37, 1264 (1015). 
( H ) G. Zemplen . Ber., 59, 1258 (1926); G. Zemplen a n d E. Pacsu , 

ibid., 62, 1613 (1929). 
(15) T. S. P a t t e r s o n a n d J. R o b e r t s o n , / . Chem. Soc, 300 (1929). 
(10) C. N . Ri iber , Ber., 57, 1797 (1924). 
(17) M . B e r g m a n n and H. Scho t t e , ibid., 54 , 1569 (1921). 
(18) E . F ischer a n d L. Beensch , ibid., 29, 2928 (1896). 
(19) C. S. H u d s o n , T H I S J O U R N A L , 47 , 267 (1925). 

(20) E. F ischer , Ber., 26, 2407 (1893). 
(21) E. L. J a c k s o n a n d C. S. H u d s o n , T H I S J O U R N A L , 59 , 994 

(1937). 
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The condensation of ni tromethane1 and nitroeth-
anol2 with aldose sugars, as a step in the prepara
tion of higher-carbon aldoses and ketoses, has been 
carried out previously in dry, alcoholic media. In 
most successful examples of the reaction, the solu-

(1) J. C. Sowden and H O. L. Fischer , T H I S Jo1-KNAi.. 69 , KMS, 
1963 (1947). 

(2) J. C Sowden. / ' . / / , 72, :v.Yi:, , l:i.',n;. 

bility relationships between the reactauts and the 
alcoholic solvent were such tha t the alkali-sensitive 
sugars dissolved and the resulting salts of the nitro-
deoxyalditols precipitated as the condensation re
action progressed. While many of the aldose sugars 
condense satisfactorily with ni tromethane in alka
line alcoholic media, others such as D-glucose react 
to only a minor extent.3 

With a view to increasing the scope and utility of 
the nitroparaflin-sugar condensation, the reaction 
now is being studied in aqueous solution. The 
condensation of D-arabinose with ni tromethane in 
aqueous alkali has been found to proceed rapidly 
and to an extent comparable with t ha t observed in 
alcoholic media. 

I t seems likely tha t the use of aqueous reaction 
conditions will appreciably extend the applicability 
of the nitromethane and related syntheses in the 
sugar field. Further experiments are contemplated 
to generalize the above results. 

Experimental 
Solutions containing n-arabiuose in 2 equivalents of 2 .1/ 

nitromethane in 2 A" aqueous sodium hydroxide were allowed 
to stand at room temperature for varying lengths of time 
and the resulting ac/-nitroalcohols then were decomposed 
by adding the solutions to warm (50°), aqueous sulfuric 
acid.1 Following deionization and concentration, D-man
nose was precipitated from the resulting solutions as the 
phenylhydrazcne. The relationship between the duration 
of the condensation reaction and the yield of D-mannosc 
phenylhydrazone was as follows: 5 min., 15.4%; 15 min., 
20.6%; 25 min., 21.6%; 1 hr., 18.4%; 2 hr., 17.8%. 
When the amount of the alkaline nitromethane solution was 
varied, a condensation reaction time of 15 minutes resulted 
in the following yields of D-mannose phenylhydrazone: 1 
cquiv., 16.9%; 2 equiv., 20.6%; 3 equiv., 17.6%. 

D-Mannose phenylhydrazone was characterized by con
version to the known anhydro-O-tetraacetate,4 m.p. 123-
124°, [a]25D 12° in pyridine (c 3). 

o'f) See J. C. Son-den. Advances in ( 'a: hnhydrale Chem., 6, 291 (1951). 
(-1) M. L Wnlfrom and M . G. Blair . T H I S J O U R N A L , 68, 21 10 (1916). 
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Helferieh and Klein- first prepared 1,2,3,-i-tetra-
0-acetyl-/3-D-glucopyranose by removal of the tri tyl 
(triphenylmethyl) group from 1,2,3,4-tetra-O-aee-
tyl-6-0-trityl-|8-D-glucopyranose. The compound 
has proven to be very useful as an intermediate in 
the synthesis of disaccharides in the Konigs-Knorr 
type reaction.3 We wish to describe herein a new 
synthesis for l,2,:j,4-tetra-0-acetyl-^-D-glucopyran-
ose and the corresponding D-galactose derivative. 
This synthesis is made possible by the discovery4 

t ha t mercuric acetate is an excellent reagent for 
replacing halogen in acetylated glycopyranosyl 
halides. The immediate precursors of the tetraace-

(1) Corn Indus t r i e s Resea rch F o u n d a t i o n Associa te (A. T.) and 
Fel low ( M . I . ) . 

(2) B . Helferieh and W. Klein, Aim., 450, 219 (1926). 
(3) W. L. l i vaus , L). O. Reyno lds and K. A. '1'alley, Advances in 

Carbohydrate Chem., 6, 27 ( Id.", I i. 
•1) 11. I.indlu-i'n. A,Ia Chem. S.aich. 3, 13.V> (P.M'.H; I.. A-,]' anil 

11. I . i n d l i e r e . , //.;'•/., 5 , 66.". l l O . Y l i ; 6 , 9 1 1 (1!1.12I 
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tates are obtained by the action of t i tanium tetra
chloride on the 2,3,4-tri-0-acetyl-l,6-anhydro-(S-D-
glycopyranoses as described by Zemplen and co
workers.5 2,3,4-Tri-0-acetyl-l,6-anhydro-/3-D-glu-
copyranose (levoglucosan triacetate) is readily 
available and is thus easily converted in good yield 
to l^S^-tetra-O-acetyl-jS-D-glucopyranose. A 
crystalline te t raacetate (m.p. 140-140.5°, [O]D 
+ 37° in chloroform) was obtained in the D-galac-
tose structure. The fact tha t it did not form a tri-
tyl derivative as does l,2,3,4-tetra-0-acetyl-/3-D-
glucopyranose2 and tha t it was recovered unchanged 
after solution in dilute aqueous alkali, offers strong 
presumptive evidence tha t an acetyl group had 
migrated to the sixth carbon atom. A migration 
from the fourth to the sixth carbon atom occurs 
readily in the D-glucopyranose structure in the 
presence of a trace of alkali or even in an aqueous 
solution in an alkaline glass container.6 Table I 
lists the known tetraacetates of D-galactose. 

Acetate 
posi
tion 

2,3,4,6 

2,3,5,6 
2,3,4,5 
1,3,4.6 

TABLE I 

TETRAACETATES OF C 

Anomer 

Ot 

B 
B 

Aldehydrol 

B 

M.p., 0C. 

133 
127-128 

71-73 
162 
128 

-GALACTOSE 

[ O ] " ± i D 

(CHCIa) 

+ 144° 
+ 23 
- 18 
+ 10" 
+ 126 

Reference 

7 
8 
9 

10, U 
12 

? B 140-140.5 + 37 ,+36* This work 

" Initial rotation in pyridine; chloroform-insoluble. 
6 Ethanol solution. 

Experimental 

1,2,3,4-Tetra-0-acetyl-/3-D-glucopyranose.—2,3,4-Tri-O-
acetyl-a-D-glucopyranosyl chloride6 (40 g.) was dissolved in 
100 ml. of acetic acid containing 35 g. of mercuric acetate 
and kept at room temperature for 1.5 hr. The solution was 
then diluted with 250 ml. of chloroform and washed with 
water, saturated aqueous sodium bicarbonate solution, and 
water again, dried with anhydrous sodium sulfate and 
evaporated below 40° under reduced pressure to a sirup. 
The sirup was dissolved in ether and was crystallized by the 
addition of petroleum ether; yield 26.5 g., m.p. 121-123° 
cor. Pure material was obtained on further crystallization 
from chloroform-ether-petroleum ether, m.p. 125-127° 
cor., [a]29D + 1 0 ° (c 6, chloroform) in agreement with re
corded2 (128-129° cor., +12.1°) values for 1,2,3,4-tetra-O-
acetyl-/3-D-glucopyranose. 

Tetra-0-acetyl-/3-D-galactopyranose.—1,6-Anhydro-2,3 A-
tri-0-acetyl-)3-D-galactopyranose13 (6 g.), which had been 
prepared by an adaptation of the method which Coleman, 
McCloskey and Kirby14 had used for the corresponding D-
glucose derivative, was dissolved in 100 ml. of U.S.P.15 

chloroform. To this solution was added 1 ml. of ethanol and 

(5) G. Zemplen and Z. Csiiros, Ber., 62, 993 (1929); G. Zemplen 
and A. Gerecs, ibid., 64, 154,5 (1931); G. Zemplen, A. Gerecs and Hed-
wig Flesch, ibid., 71, 774 (1938). 

(6) B. Helferich and W. Klein, Ann., 455, 173 (1927). 
(7) H. H. Schlubach and R. Gilbert, Ber., 63, 2292 (1930). 
(8) J. Compton and M. L. Wolfrom, THIS JOURNAL, 66, 1157 

(1934). 
(9) C. S. Hudson and J. M. Johnson, ibid., 38, 1223 (1916). 
(10) F. Micheel and W. Spruck, Ber., 67, 1665 (1934). 
(11) M. L. Wolfrom, J. L. Quinn and C. C. Christman, THIS JOUR

NAL, 67, 713 (1935). 
(12) A. N. Gakhokidze and N. D. Ktidze, Zhur. Obirhel Khim., 22, 

139 (1952); C. A., 46, 11116 (1952). 
(13) F. Micheel, Ber., 62, 687 (1929). 
(14) G. H. Coleman, C. H. McCloskey and R. Kirby, hid. Ens. 

Client., 36, 1040 (1944). 
(15) United States Pharmacopoeia; contains ethanol. 

a mixture of 10 ml. of titanium tetrachloride and 10 ml. of 
chloroform. A yellow precipitate was formed which redis-
solved upon heating the solution in an oil-bath at 100° for 
45 min. After cooling, the solution was washed with ice 
and water, dried with sodium sulfate and evaporated under 
reduced pressure to a sirup. The sirup was dissolved in 20 
ml. of acetic acid containing 2 g. of mercuric acetate and 
allowed to stand at room temperature for 1 hr. The solu
tion was diluted with 75 ml. of chloroform and washed with 
water until free of acid. The chloroform solution was dried 
with anhydrous sodium sulfate and evaporated under re
duced pressure at room temperature. The resulting sirup 
was dissolved in ether and brought to crystallization by the 
addition of petroleum ether; yield 1.0 g., m.p. 129-136°. 
The substance was purified bv two recrystallizations from 
chloroform-ether; m.p. 140-140.5° cor., M » D +37.4° 
(c 3.2, chloroform), [a] 30D + 3 6 ° (c 1.9, ethanol); X-ray 
powder diffraction data: 10.7816 m,17 8.41m, 7.06s, 6.45m, 
5.97s, 5.37m, 5.06vs, 4.81m, 4.51w, 4.32m, 4.19m, 4.05w, 
3.80w, 3.72s, 3.56w, 3.51s, 3.43w, 3.00vw, 2.94m, 2.85m. 

Anal. Calcd. for C6H8O6(CH3CO)4: C, 48.27; H, 5.79; 
CH8CO, 11.48 ml. of 0.1 N NaOH per 100 mg. Found: 
C, 48.41; H, 6.10; CH3CO, 11.60 ml. 

The substance was recovered unchanged after treatment 
with pyridine and trityl chloride and also after solution in 
0.001 iV sodium hydroxide. 

(16) Interplanar spacing, A., CuK a radiation. 
(17) Relative intensity, estimated visually; vs, very strong; s, 

strong; m, medium; w, weak; vw, very weak. 
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Continuing a study of kojic acid2 '3 we have con
densed lactonitrile with it under the conditions of 
the Hoesch reaction. A compound CgHi0O6 was ob
tained. The reactions described below prove this 
product to be 2-hydroxymethyl-5-hydroxy-6-(a-
hydroxy propionyl)-4-pyrone (I). 

Prolonged heating of the substance with water 
fails to hydrolyze it, indicating tha t it is not a lac
tic acid ester.4 Only the monochloro derivative is 
obtained when the reaction product with thionyl 

C 

H O - C C - H 

H O 

C H , - C—C-

OH 

C-CH2OH 

chloride is recrystallized from water, which is to be 
expected from the proposed structure. The com
pound reacts with malonic acid to form a derived 

(1) The author expresses his thanks to the Research Corporation 
for its support of this project, to the Northern Regional Research Labo
ratory of the Department of Agriculture, Peoria, Illinois, for the kojic 
acid required to complete these experiments, to the Sadtler Research 
Laboratories, Philadelphia, Pa-, for infrared spectrograms and to Dr. 
J. D. Edwards, Veterans' Administration Hospital, Houston, Texas, 
for additional infrared spectrograms and their interpretation. 

(2) L. L. Woods, T H I S JOURNAL, 74, 1105 (1952). 
(3) L. I.. Woods, ibid., 75, 3608 (1953). 
(4) See A. A. Colon, K. H. Vogel and J. C Warner, ibid.. 75, 6074 

(1953), for a discussion of neutral hydrolysis of lactic acid esters. 


