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PREPARATION OF SOME NEW BRANCHED-CHAIN 
CARBOHYDRATES FROM D-a-FRUCTOIIEPTONIC LACTONE' 

ABSTRACT 

D-or-Fructohcptonic lactone ( I )  was oxidized with an equimolar arnount of 
periodic acid to give formaldehyde and a hexuronic lactone (11) which was 
hydrolyzed to  crystalline 4-C-hydroxymethyl-I.-xyluronic acid (111), (68% 
yield). Hydrogenation of 111 gave a n  aldonic acid which was isolated as crystal- 
line 2-C-hydroxymethyl-L-xylonic lactone (V). Reduction of V by sodium 
amalgam gave 2-C-hydroxymethyl-D-xylose (VI), which 'crystallized after 
purification as the 2,5-dichlorophenylhydrazone. Hydrogenation of VI gave 
1,l-di(C-hydrosymethy1)-D-threitol (VII) which was purified as the crystalline 
hexaacetate. Treatment of I11 with methanolic hydrogen chloride gave a glassy 
material which was reduced by sodium borohydride arld hydrolyzed by hydro- 
chloric acid to give 4,4-di(C-hydroxyn1ethyl)-~threose (IX), which was isolated 
and characterized as the crystalline 2,5-dichlorophenylhydrazone. Oxidatiorl 
of I11 by either bromine or nitric acid gave 2-C-hydroxymethyl-D-xylaric acid 
(IV), which was characterized as  the crystalline an~monium salt. 

INTRODUCTION 

The strircture of ~ir-fructoheptonic lactone (I) nlay be written as  a 7-lactone 
since i t  gi,ves aqueous solutions with a constant optical rotation. This nlolecille 
has three diol bonds that one would expect to  be split by periodic acid. These 
are the primary-secondary, the primary-tertiary, and the secondary-tertiary 
carbon bonds. Cleavage oE the secondary-tertiary carbon bond would be ex- 
pected to  proceed a t  a slower rate than cleavage of the other bonds. For example 
Prins and Reichstein (18) have oxidized sterols of type A to sterols of type B 
in good yields. 

I I mole 
--C-CHOH-CH:OIJ -- F -COW-CHO 

I periodic acid I 
Sterol A Sterol B 

Furthermore it has been the experience of carbohydrate chemists that carbon- 
to-carbon bonds in rings (as in glj~cosides) are split more slowly than bonds in 
open chains (as in sugar alcohols). 

The  yield of fornlaldehyde obtained on treating D-a-fructoheptonic lactone (I) 
with excess periodic acid shows that both primary alcohol groups can be split 
off (see Table I) .  If only one mole of periodic acid is used per mole of I the high 
yield of formaldehyde (0.93 moles) indicates that this type of splitting is faster 
than ring cleavage. This Inay not be generally true for all lactones judging 
from the results obtained with galactonic and mannonic r-lactones (Table I) 
bvhere the rather low yield of for~naldehyde suggests that either the ring and 

fiTanuscript received Dccerwbcr 21, 1953. 
Contribzllion front the National Research Cot~ncil of Canada, Prairie Regional Laboratory, 

Saskafoo7i, Saskatchewan. Iss~red as Papcr No. 166 0 t h  the Uses of Plant Products and as N.II.C. 
No. 3223. 

National Research Cozrncil of Canada Post-doctorate Fellow, 1952-53. C
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WOODS AND NEISH: BRANCHED-CHAIN CARBOIIYDR.4TES -105 

ternlinal diol bonds are attacked a t  about the same rate or else the lactone ring 
is opened rapidly in about half the molecules prior to oxidation. 

We have found that the most rapid reaction during the oxidation of fructo- 
heptonic lactone (I) is the cleavage of the terminal diol bond between the 
secondary and primary carbons. When an aqueous solution of this lactone was 
treated with an equimolar amount of periodic acid, 0.93 moles of formaldehyde 
were liberated (Table I). The  acids were removed by an acid absorbing resin 

TABLE I 
YIELD OF FORMALDEHYDE ON OXIDATION OF LACTONES BY PERIODIC ACID 

Periodic acid Reaction Formaldehyde 
(~noles/mole 1 t i ne  1 ' ~ n m ~ e s / ~ n o ~ e  I of lactone) (hours) of lactone) 

to  give a solution of the lactone (11). This lactone was a sirup but on forming 
the sodium salt and replacing the sodium by hydrogen, with an ion exchange 
resin, the crystalline 4-C-hydroxymethyl-L-xyluronic acid (111) was obtained 
in good yield (68%). The  structure of this uronic acid was proved (see Fig. 1) 
by oxidation to 2-C-hydroxymethyl-D-xylaric acid (IV), which was characterized 
as  a crystalline diamnlonium salt, and also by hydrogenation to 2-C-hydro- 
xymethyl-D-xylonic acid, which was isolated as  the crystalline lactone (V). 
A tricarboxylic acid was not obtained on prolonged oxidation of I11 with nitric 
acid. This is not surprising since Freudenberg and Blummel ( 5 )  had difficulty 
in obtaining one by nitric acid oxidation of hamamelose. 

The uronic acid (111) is shown as  an open chain in Fig. 1, since i t  is not liilown 
whether it forms a furanose ring with the tertiary hydroxyl or a pyranose ring 
with the primary hydroxyl. There are two reasons for believing that a ring is 
formed; firstly, because the coinpound shows mutarotation and, secondly, 
because crystals of the uronic acid are deposited from the sirupy lactone (11), 
on long standing, thus indicating the acid to be the stable ~~~oclification. The  
acid would not be expected'to be the stable form unless formation of a glycosidic 
ring has so changed the shape of the molecule that formation of a lactone ring 
is no longer possible. 

The  uronic acid (111) was used as  a starting material for the preparatio~l of 
some other new branched-chain carbohydrates, as  shown in Fig. 1. Reduction 
of the aldehyde group followed by reduction of the acid group gave 2-C-hydroxy- 
methyl-D-xylose (VI), a crystalline aldose which gave the alcohol (VII) on 
further reduction. This aldose formed crystalline hydrazones but  not osazones. C
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FOOH CHO 

HOH~C-L-OH HO-C-H I 

Ho-L-H H-c-OH I 
H-&-OH Amorphous 

I 
C - O H  

I methyl glycoside NaBHl 
COOH / \ 

methyl ester -k HOHZC CHzOH 
2N HCI 

H o H c - ~  HO-C-H 1 

I 
H-C 

I 

I 

CHzOH 

(1) 

""-?-: 1 NaOH 
HO-k-H 

l mole --+ H-c H-&-OH 
H m 6  I I R-120-H 

CHO 
I 
CHO 

CHO ' CHZOH 

HOH2C-C-OH 
I 

HOH2C--?--OH HOHzC-?--OH I 
HO-k-H 

I 
HO-C-H 

I Ht/Ni 
H- . 

I - H-C-OH ------f H-C-OH 
I 
CHzOH 

(V) 

FIG. 1. Branched-chain carbohydrates from D-a-fructoheptonic Iactone (I). 

Reduction of the carboxyl group (21) of I11 without reduction of the aldehyde 
group gave the sirupy 4,4-di(C-hydroxymethj~1)-D-threose (IX). This aldose 
was characterized as a crjrstalline 2,5-dichloro-phenylhpdrazone. I t  also formed 
an osazone. 

The alcohol (VII) was a sirup even after purification as a crystalline hexa- 
acetate. Its optical rotation, as well as that of fructoheptitol (23), is higher than 
is usual for unsubstituted pentitols or hexitols. This may be occasioned by 
distortion of the usual intramolecular arrangement by the side chain (13). C
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FI'OOUS AND NZISII:  BRANCHED-CHAIN CrlRBOHYDRzITES 407 

I t  is difficult to establish the configuration of the asymmetric tertiarj- carbon 
in branched-chain carbohydrates since there are no conlpounds of established 
configuration to which they can be directly related. The configurations of the 
branched-chain sugars, apiose (19) and cordycepose (2), were established by 
applying the empirical acid-salt (15, 16), ainide (11, 12), or phenylhydrazide (10, 
17) rules to the corresponding aldonic acids and their derivatives. Since the 
tertiary carbon is not asymmetric in these sugars there is no reason to question 
the validity of this procedure. Streptose has an asymmetric tertiary carbon but 
its structure has been fully determined, largely by degradation to compounds of 
known configuration (3 ,8 ,  22). I t  was found that dihydrostreptosonic acid 
obeyed the hydrazide and amide rules (14) thus suggesting that the empirical 
rules of rotation can be applied to carbohydrates having an asymmetric tertiary 
carbon atom. Freuclenberg et al. (6, 7) have concluded that the acid-salt, amide, 
and phenylhydrazide rules are applicable to a-methyl-a-hydroxy fatty acids. 

The rules of rotation have been used by Schmidt and Weber-NIolster (20) to 
assign configurations to three different 2-C-hydroxymethyl aldonic acids. They 
found that hamamelonic acid resembled ribonic acid, D-a-fructoheptonic acid 
resembled gluconic acid, and D-0-fructoheptonic acid resembled mannonic acid. 
These acids were thus taken to be the 2-C-hydroxymethyl-D-ribonic, 2-C- 
hydroxymethyl-D-gluconic, and 2-C-hydroxymethyl-D-mannonic acid, respec- 
tively. The configuration assigned to the compounds in this paper is based on 
Schmidt's formulation of D-a-fructoheptonic acid as 2-C-hydroxyinethyl-D- 
gluconic acid. The data on which the assigned configurations are based are 
collectecl together in Table 11. 

TABLE I1 
SPECIFIC ROT.~TIONS* 

I I I I I Free acid Na salt Arnide Phenylhydrazide 

D-Gluconic acid 
D-n-Fructoheptonic acid 
D-8-Fructoheptonic acid 
D-Mannonic acid 
D-Ribonic acid 
HamameIonic acid 
D-Arabonic acid 

D-Xplonic acid 

2-C-HydroxymethyI-D-xylonic acid 
D - L ~ x o ~ ~ c  acid 

+22.5 
-28.7 + 5.2 
-19.2 + 4.3 
- 9 
-11.8 

iCalciurl~ salt) 
+30.6 

(Strontium salt) 
-34.9 
- 19 

I I 

* The rotations tabulated are as given by  Schmidt and Wber-Alolster (20) except the z~alz~es 
for D-xylonic and D - I Y X O T L ~ L  acid whiclr are taken from the czlrrent literature a?~d  the values for 
2-lzydroxyrnethyl-D-xylonic acid which are from this paper. 

Schmidt and Weber-Molster were led to the conclusion that the amide and 
phenylhydrazide rules were applicable to the 2-substituted acids though the 
acid-salt rule could not be used. We now have the opportunity of applying the 
latter rule to 2-C-hydroxymethyl-D-xylonic acid with the kilowledge that the 
branched-chain acid has the same configuration a t  carbon-2 as D-a-fructoheptonic C
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acid. These acids and their derivatives are listed in Table 11. The corresponding 
derivatives of xylose and lyxose are included for comparison. I t  can be seen 
that the branched-chain acid derivatives listecl obey the empirical rules if the 
emphasis is altered from the absolute sign of the rotation of the derivatives to 
the rotations of the derivatives relative to those of the free acids. Thus, if the 
rules are stated in the form, "the hydroxyl group will be on the right (D) in the 
normal vertical formula if the salt, amide, and phenylhydrazide are more dextro- 
rotatory, or less levorotatory, than the acid," then the accepted carbon-2 
config~irations of the acids can be predicted by this generalization. The acid-salt 
relationship of ~ - P - f r ~ ~ t ~ h e p t ~ n i ~  acid is anomalous though the difference 
between the two rotations is probably not sufficiently great for the rule to be 
applied with any confidence in this case. 

EXPERIMENTAL 
General Methods 

The micromelting points were determined on a Kofler bloclc and are corrected. 
Anions and cations were removed from solutions by the weakly basic and 
strongly acidic Amberlite IR-4B and IR-120 resins respectively, and the filtrates, 
and other aqueous solutions, were evaporated under reduced pressure in a Craig 
evaporator (4) (bath temperature about 50-60" C.; 10 mm. pressure). The 
brucine salts all crystallized with solvent of crystallization, which could not 
be easily removed. Unless the conditions of drying are specified the physical 
properties given for these salts are for material dried overnight in a vacuum 
desiccator containing phosphorus pentoxide and evacuated to about 0.1 mm. 
The pure salts were crystallized to constant rotation, taken after a standard 
drying period. Aldose equivalents were determined by oxidation with alkaline 
iodine as has been used with glucose (9). 
Yield of Formaldehyde on Periodic Acid Oxidation of Lactones 

Samples of the Iactones (1 millimole) were dissolved in water (10 ml.), the 
solution was cooled in an ice-bath, and the appropriate quantity of 0.1 M or 
0.5 A/r periodic acid solution added. Excess periodic acid and iodic acid were 
decomposed with arsenite solution and the formaldehyde was weighed as the 
dimedone derivative (1). All samples of the formaldehyde-dimedone had 
n1.p. 196 to 198" (uncorr.), undepressed upon admixture with an authentic 
sample of forinaldehyde-dimedone prepared in a similar manner, n1.p. 196- 
197.5" (uncorr.). The results are collected in Table I. 

Preparation of 4-C-Hydroxymethyl-L-xylz~ronic Acid (111) 

A solution of periodic acid (54.8 gm.; H5106) in water (200 ml.) was added 
dropwise to a solution of 50 gm. of crystalline D-a-fructoheptonic lactone (23) 
in 400 1111. of water, the reaction vessel being cooled in an ice-salt bath. After 
the addition was complete (about 30 min.) the reaction mixture was allowed to 
stand a t  4" overnight and then, while still cold, was passed through a column 
of Amberlite IR-4B resin sufficient to remove the inorganic acids present (about 
350 ml. of resin). The usual precipitation methods of removing the iodic acid 
were unsatisfactory as traces of this oxidizing acid remained and the hexuronic 
acid could only be isolated with difficulty and in small yield. Sodium hydroxide C
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WOODS AND NEISH: BRANCHED-CHAIN CARROHYDRATES 409 

solution (N) was added to the filtrate and washings (about 2500 ml.; pH 3.5) 
from a Beckman automatic titrator set to  maintain the pH a t  8.0. About 200 ml. 
was required over a period of four hours. Cations were removed froin the solution 
by passage through a column of cation-exchange resin and the filtrate evaporated 
to  a sirup which crystallized when diluted with ethanol and seeded with the 
solid acid prepared as described below. The crystals were filtered off, washed 
with ethanol, and dried (32 gm.; 68%), [a]:.3o -63.9" after two hours (c, 4 in 
water). Recrystallization from aqueous ethanol gave 4-C-hydroxynethyl-L- 
xyluronic acid as short needles, m.p. about 180" (decomp.), -39.45" 
changing rapidly to -64.21' (c, 1.75 in water). (Found: C ,  35.7; H ,  5.15; 
neutralization equivalent, 198.5; alclose equivalent, 189. C6H1007 requires 
C, 37.1; H, 5.2; equivalent weight, 194.) 

The mother liquors from which the crystalline acid had separated were 
neutralized with sodium hydroxide solution, the cations removed, and the 
theoretical amount of brucine was added. The crude brucine salt (37 gm.; [a], 
-28.6) was recrystallized from aqueous ethanol and dried over calciuin chloride 
in a vacuum clesiccator; (21 gm.), m.p. 167-168", -25.15" (c, 4.7 in 
water), unchanged by further recrystallization from the same solvent. (Observed 
constants for the brucine salt of D-a-fructoheptonic acid, 1n.p. 170°, [a]g0 
--26.65".) Regeneration of the acid froin a small portion of the brucine salt 
gave a sirup which crystallized slowly. The solid crystallized froin ethanol as 
needles, m.p. 130-130.5", 77.2" (c, 2.0 in water). A specimen of D-a- 
fructoheptonic lactone h a d  [a]:.6o 77.8" and n1.p. 130°, unchanged upon ad- 
mixture with the material just described. The  weight of pure brucine salt 
correspo~ids to a recovery of 6 gm. of starting lactone, giving an over-all con- 
version from D-a-fructoheptonic lactone to the crystalline acid of 777,. 

Seeds of the crystalline hexuronic acid were first obtained as follows. The 
calculated amount of brucine was added to a solution of hexuronic acid, free 
from iodic acid, obtainkd from 50 gm. D-a-fructoheptonic lactone, and the 
solution evaporated to a viscous sirup. The brucine salt crystallized when the 
sirup was diluted with an equal volume of ethanol and cooled. Fractional 
crystallization of the brucine salt froin aqueous ethanol gave three fractions 
showing constaiit optical rotation; (a) a brucine salt, probably that of D-a- 
fructoheptonic acid, (5.5 gm.) [a]: -27.65" (c, 4.2 in water), (b) a salt (20.2 
gm.) m.p., after drying over phosphorus pentoxide for seven days, 166-168" 
(decomp.), [a]:.4o -32.15" (6, 4 in water). (Found: C, 57.0; 11, 6.35; N, 5.0%), 
and (6) a salt (73.0 gm.) 111.p., after drying over phosphorus pentoxide for five 
days, 178" (decomp.), [a]:'' -40.55" (c, 4.2 in water). (Founcl: C, 59.45; 
H ,  5.9; N, 5.0570.) A mixture of equal parts of the salts (b) and (c) melted a t  
161-165" (cleconip.). 

Both unidentified brucine salts (n1.p. 166-168" and n1.p. 178') yielded crystal- 
line 4-C-hydroxymethyl-L-xyluronic acid, which was obtained in 16% and 34% 
yield (w/w) respectively. The acid from the lower melting salt had 1n.p. about 
180" (decomp.), [a]F2 '  -41.2" changing to -64.2" (c, 1.7 in water), and the 
acid from the higher melting salt m.p. 177-180" (decomp.), [a]:." -40.2' 
changing to -65.4O (c, 4.2 in water). Both samples of acid gave a brucine salt C
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1n.p. 174' (decomp.), -40.45' (c, 4.2 in water.) I t  seems probable that 
the lower melting of the two brucine salts was a double salt containills the salt 
of the hexuronic acid and the salt of D-a-fructoheptonic acid, although this was 
not verified and only one acid could be isolated from it. 

If the crude reaction product, free of inorganic acid, \vas evaporated, and the 
neutralization and deionization stages were omitted, a sirup (46.3 glu.; [a]:" 
36.1) was obtained which could not be crystallized, though a sample of the sirup 
deposited the hexuronic acid described above when left a t  room temperat~lre 
for eight weeks. Subsequent neutralization and deionization of the uncrj.sta]- 
lizable sirup enabled the crystalline acid to  be isolated in the usual yield. Only 
a single phenylhydrazine conclensation product could be isolated from either 
the sirupy lactone or the crystalline acid. From either material this was ob- 
tained from ethanol as yellow, unstable needles, 111.p. 160' (decomp.). (Found: 
C,  57.26; H ,  5.85. ClgHzzNdOs requires C,  57.74; H ,  5.92.) The product sepa- 
rated in a gelatinous condition and could not be purified satisfactorily. 

Bromine Oxidation of 4-C-Hydrorymethyl-L-xyluronic Acid 

The acid (5.0 gm.) was dissolved in water (50 ml.) containing suspended 
calcium carbonate (30 gm.), the solution cooled to 5', and bromine (3 ml.) was 
slowly added with stirring. After standing overnight a t  25', the m i x t ~ ~ r e  was 
filtered and the filtrate concentrated under reduced pressure until free of bromine. 
The sirup was diluted and filtered through a column of cation exchange resin 
and again concentrated under reduced pressure, and the sirup was kept a t  about 
40' a t  10 mm. for one hour to remove hydrogen bromide in so far as possible. 
A solution of brucine (30 gm.) in ethanol (100 ml.) was added to the sirup and 
the solution ltept a t  4' overnight. The crude salt (37.4 gm.; n1.p. 200-205' 
~lncorr.) was dissolved in a minimum of water and the excess brucine removed 
by extraction with chloroform. ?'he salt crystallized as  transparent rectangu- 
lar plates after the addition of ethanol, (22.1 gm.) n1.p. 210' (decamp.). 
Further recrystallization of a sample gave the pure brucine salt, m.p. 208' 
(decomp.), [a]:.*' -41.2' (c, 4.3 ill water). Regeneration from the brucine 
salt (6.5 gm.; m.p. 208' decomp.) gave an acid sirup (1.1 gm.), [a]:' 
-27.7' (c, 1.2 in water), which upon treatment with ammoni~lnl hydroxide 
solution gave the crystalline diammonium salt of 2-hydroxymethyl-~-~. lar ic  
acid as needles from water and aqueous ethanol, m.p. 146-149' (decomp.), 
(a]:' -36.1" (c, 2.1 in water). (Found: C, 29.78; H ,  6.63; N, 11.39. C G H ~ ~ O ~ N ~  
requires C, 29.51; H,  6.60; N, 11.47y0.) 

Regeneration from the dia~nmoniuln salt (1.9 gm.) gave 2-C-lzydroxynzethyl-D- 
xylaric acid as  a colorless sirup (1.58 gm.), [a]: O -24.88 after five minutes 
changing to  [a]:.' -27.70' after 75 hr. (c, 2.75 in water). (Found: C, 34.79; 
H ,  4.77; neut. equiv., 106. C6H1008 req~lires C, 34.30; H,  4.80%; neut. equiv., 
105.) 

Nitric Acid Oxidation of 4-C-Hydroxymethyl-L-xylzlronic Acid 

A solution of the ~ ~ r o n i c  acid (7.0gm.) in water (10 ml.) and nitric acid (10 ml.; 
specific gravity, 1.4) was ltept a t  25' for 48 hr. The solution was evaporated 
under reduced pressure to  a thiclc sirup and the bulk of the nitric acid removed C
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by repeating the concentration three times after the addition of successive 
portions of water (100 ml.). Oxalic acid was removed by continuous extraction 
with ether and the aqueous solution was treated with an excess of brucine; the 
excess was then removed by extraction with chlorofornl. The crude brucine salt 
crystallized when the solution was diluted with ethanol and was recrystallized 
from aqueous ethanol to give the pure salt as  transparent plates (7.75 gin.), 
m.p. 208" (decomp.), -40.7" (c, 4.1 in water). Regeneration from a 
portion of the brucine salt gave a sirup, [aID -28.6" (c, 7.2 in water) which gave 
a diammonium salt [or]:' -36.65" (c, 2.3 in water), m.p. 147-149" ( d e c o ~ n ~ . ) ,  
which was unchanged upon admixture with the salt obtained from the bromine 
oxidation described above. 

In a subsequent experiment, carried out under identical conditions, the 
brucine salt obtained had m.p. 170-172", [or]:' -30.6" (c, 2.1 in water), and 
yielded an acid sirup [or]:' -8.8" (c, 4 in water) which formed an ammonium 
salt identical with that described above. Oxidation a t  60" for 15 hr. gave an  
acid sirup and diammonium salt identical with those just described. 

2-C-Hydroxymethyl-D-xylonic Lactone (V) 

A solution of the crystalline hexuronic acid (15 gm.) in water (50 ml.) was 
shaken in an atmosphere of hydrogen, in the presence of a Raney nickel catalyst 
(10 gm. moist solid), a t  3700 lb./sq. in., and 100" C. for 12 hr., when i t  was 
found to  contain less than 5% of the original aldose content. After cooling, the 
solution mas filtered, titrated a t  pH 7.8 with sodium hydroxide (N) solution 
using a Beckman automatic titrator, and passed through a colun~n of cation 
exchange resin. The calculated amount of brucine was added and the solution 
concentrated to  a thin sirup which crystallized when diluted with ethanol 
(2-3 volumes). The  crude salt (28.4 gm.) had m.p. 173-174.5', [or]: -27.4' 
(c, 4.2 in water), and was recrystallized once from aqueous ethanol to give the 
pure salt, m.p. 175", [or]: -28.35" (c ,  4.2 in water). The acid was regenerated 
from a solution of the pure brucine salt (25 gm.) in water (75 ml.) by adding 
sodium hydroxide solution (25 ml.: 2 N), filtering olf the precipitated brucine, 
and passing the filtrate through a column of cation exchange resin. After evapo- 
ration of the acid solution the crude sirup (9.2 gm.) was heated on the steam 
bath for two and one half hours, triturated with acetone, and allowed to crystal- 
lize. The  crude solid (4.75 gm.; m.p. 120-121.2") was recrystallized from a 
mixture of ethanol and acetone to give the pure lacto?ze as rectangular prisms, 
m.p. 121°, [or]:.5o 107.4" (c, 2.2 in water). (Found: C,  40.37; H,  5.95; neutral- 
ization equivalent, 179. C6Hl0O6 requires C ,  40.45; H ,  5.66%; neut. equiv., 178.) 
The product did not reduce alkaline iodine solution. With excess periodic acid 
1 mole of the lactone gave 1.95 and 1.98 moles of formaldehyde, determined as  
the dimedone derivative (see Table I). 

The pure lactone gave a brucine salt crystallizing from aqueous ethanol as  
flat colorless needles, m.p. 175", [a]: -28.41" (c, 4.2 in water). (Found: C,  
57.6; H, 7.35y0.) Addition of the equivalent quantity of standard sodium 
hydroxide solution to a portion of the lactone gave a solution of sodium 2-C- 
hydroxymethyl-D-xylonate, [a]:.5o - 16.0' (4.2 in water). Further addition C
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of the equivalent quantity of standard hydrochloric acid gave a solution con- 
taining the free acid, -29.1" changing to -47.4' in 30 days (c, 1.8 in 
water). A sirupy ammonium salt, prepared by adding excess am~noniuin hy- 
droxide solution to the pure lactone and allowing the solution to evaporate had, 
after drying over phosphorus pentoxide for 48 hr., [or]:"' - 13.85' changing 
rapidly to -14.25" (c, 13 in water). (Found: C, 33.33; H, 7.09. C6Hl3O6N 
requires C, 33.80, H, 7.09y0.) 

When the hydrogenation was carried out under milder conditions (2000 lb.,/sq. 
in. and 100" C. for two hours) no appreciable reduction occurred and 75% of 
the starting material could be recovered in the crystalline condition. 

2-C-Hydroxymethyl-D-wylose (VI) 

Mother liquors from which crystalline 2-C-hydroxymethyl-D-xylonic lactone 
had been obtained were evaporated and the residue was heated for two hours 
on the steam bath. The viscous sirup (4.9 gnl.) was assumed to be a mixture of 
the -y and 6 lactones since the parent acid had been regenerated from a homo- 
geneous brucine salt. A solution of the sirup in an oxalate buffer solution 
(4.0 gm. oxalic acid dihydrate in 35 ml. warm water diluted with 16 ml. 2 N 
sodium hydroxide'solution) was cooled in an ice-salt bath. Sodium amalgam 
(89 gm.; 3%) was added portionwise, while the temperature was kept below lo0, 
and the pH was maintained below 4 by the addition of powdered oxalic acid. 
After being stirred for a further 45 min., the cold solution was filtered, passed 
through cation- and anion-ion-exchange resins, and evaporated to a thin sirup. 
2,5-Dichlorophenylhydrazine (5.5 gm.) in methanol (30 ml.) was added and 
the mixture evaporated on the steam bath. The residue set solid on cooling. 
After washing with ether and water, the crude solid (5.35 gm.; n1.p. 160") 
was recrystallized from aqueous ethanol and ethanol to give the pure 2,5-dichloro- 
phmylhydrazone as colorless plates, m.p. 162-162.5", [a]:.' -9.75' (c, 4.1 in 
pyridine). The magnitude of the rotation fell on standing but the change was 
acconlpanied by darkening of the solution so that an equilibrium value could not 
be obtained. (Found: C, 42.70; H, 4.76; Cl, 20.59. C ~ ~ I - I ~ G O S N ? ~ ~ ~  requires 
C, 42.49; H, 4.76; C1, 20.91y0.) 

The sugar did not form .an osazone under the usual conditions of osazone 
formation. A colorless, waxy solid, presumably a phenylhydrazone (cf. Woods 
and Neish (23)), was obtained from the reaction mixture at one stage, however 
in the crude state the solid was very unstable and we were not able to isolate 
any pure material. 

The sugar was recovered from the 2,5-dichlorophenylhydrazone (3.0 gm.) 
after a solution of the derivative in ethanol (25 ml.) and water (37.5 1111.) was 
refluxed with benzaldehyde (7.5 ml.) and benzoic acid (0.75 gm.), as previously 
described (23). The resulting sirupy sugar crystallized from an ethanolic solution 
upon standing for several weeks (1.50 gm. ; 94yo), m.p. 107-109' (uncorr.), and 
was recrystallized from ethanol and acetic acid to give the pure sugar as small, 
colorless needles, m.p. 106-107", 30.G5' after four minutes changing 
rapidly to 17.45' (c, 2.2 in water). (Found: C, 39.93; H, 6.71. C6H1206 requires 
C, 40.0; H,  (i.71yO.) Aldose equivalent, 182; equivalent wt., 180. C
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Crystalline 2-C-hydroxymethyl-D-xylonic lactone (1.5 gm.; m.p. 120.5-121") 
was reduced with sodium amalgam (27 gm.; 3%) as previously described. The 
sirupy sugar crystallized when triturated with ethanol and seeded with the 
solid sugar obtained above (0.71 gm.), m.p. 105-106", unaltered upon admixture 
with the above sugar (m.p. 106-107'). 

1 , I  -Di (C-hydroxymethy1)-D-threitol Hexaacetale 
A solution of crystalline 2-C-hydroxymeth yl-D-xylose (5.0 gm.) in water 

(15 ml.) was shaken in an atmosphere of hydrogen, in the presence of a Raney 
nickel catalyst (1 gm.) until the uptake of hydrogen ceased (four hours), a t  
2600 lb./sq. in. and 100" C. The catalyst was filtered off and the filtrate concen- 
trated to a sirup (5 gm.) containing 2.4y0 of unreduced sugar (estimated by 
hypoidite oxidation). 

The bulk of the sirup (4.8 gm.) was acetylated by refluxing with anhydrous 
sodium acetate (4.7 gm.) and acetic anhydride (60 ml.) for four hours. Isolation 
of the product in the usual manner gave a gummy acetate which was dissolved 
in benzene (10 ml.) and filtered through a column of alumina (200 gm.; Merck, 
washed with lOy0 acetic acid and then water and dried a t  180"). Evaporation 
of the eluate and washings (1 liter of benzene), which had been collected portion- 
wise, gave fractions all of which crystallized rapidly. The crude fractions (m.p. 
from 70" to 75" uncorr.) were combined and gave the pure hexaacetute (7.4 gm.) 
as prisms after a single recrystallization from ethanol, m.p. 73", [a];.Oo 27.78O 
(c, 5.3 in chloroform). (Found: C, 49.85; H, 5.97; CH3.CO., 59.0. CleH26012 
requires C,  49.77; H ,  6.03; CH3CO., 59.440j,.) 

The hexaacetate is only weakly adsorbed by the alumina used for removing 
impurities which hinder the crystallization of the crude acetate. These impurities 
appear to be strongly adsorbed and to be present in only small amounts so the 
amount of alumina used above is excessive. Once seeds had been obtained the 
crude acetate could be crystallized directly. 

I ,l -Di(C-hydroxymethyl) -D-threitol (VII) 
A solution of the pure hexaacetate (3.6 gm.) in anhydrous methanol (15 ml.) 

and methanolic sodium methoxide solution (0.2 inl.; 2 N) was allowed to stand 
a t  room temperature for 24 hr. and then evaporated. The sirup was taken up in 
a little water and extracted with chloroform, then evaporated to give a viscous. 
sirup which was dried over phosphorus pentoxide for 48 hr. (1.8 gm.), [a]:.8o' 
- 10.2" (c, 17.7 in water). 

4,4-Di(C-hydroxymethy1)-D-threose 2,5-Dichlorophenylhydrazone 
A solution of the 4-C-hydroxymethyl-L-xyluronic acid (4.7 gm.) in anhydrous 

methanol (200 ~nl . )  containing hydrogen chloride (lyO w/w) was kept a t  room 
temperature for 12 hr., concentrated and the sirup stored in a vacuum desiccator. 
over potassium hydroxide until free of hydrogen chloride (5.1 gm.), [a]FB0' 
-96.5 (c, 4.73 in water). The glassy residue (VIII) was dissolved in water (15 ml.) 
and added dropwise and with stirring to a solution of sodium borohydride 
(1.0 gm.) in water (20 ml.) during 25 mill. The temperature was kept below 40° 
by the occasional addition of a piece of ice. The stirring was continued for a C
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further 15 min. and 2 Nsulphuric acid was acldecl until tile evol~~t ion of hydrogen 
ceased. After standing a t  4" for three hours the solution was passed through 
columns of IR-120 and IR-4B resins and the filtrate evaporated to give a brittle, 
fluffy solid (3.6 gm.). The solid was heated on the steam bath with clilute 
hydrochloric acid (36 ml.; 2 N) for two hours and the solution cooled and filtered 
through a column of IR-4B resin. I t  was then concentrated to a thin sirup, 
evaporated on the steam bath with a solution of 2,5-dichlorophenylhyclrazine 
(4 gm.) in methanol (40 ml.), and set aside overnight. The solid which separated 
was washed with ether and water and crystallized from aqueous ethanol to give 
the pure hydrazone as colorless plates (1.4 gm.), m.p. 137-138". (Found: C, 
42.49; H, 4.76; CI, 20.60. ClzHl~OsN2C12 requires C, 42.49; H ,  4.76; C1,20.91%.) 

/,,/t-Di(C-hydroxyrnethyC)-D-threose (IX) 
A portion of the 2,5-dichlorophenylhyclrazone (0.9 gm.; m.p. 137-138") was 

treated with benzaldehyde as described above to give the free sugar as a color- 
less, viscous sirup (0.47 gm.) -60.12" (c,  4.7 in water). Found: aldose 
equivalent, 204, required 180. From this the rotation of the anhydrous sugar is 
[or]g.L68.20. The sugar gave a gelatinous yellow osazone when it was warmed 
with phenylhydrazine acetate for 15 min. and the resulting solution was cooled; 
m.p. of the dried material 109-111" (uncorr.). 
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