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neutral solution; 256 mp (e 5820), 287 mp (e 4490) and 296 
inp (E 4490) in base. 

Anal. Calcd. for C12H12?i2O8C13: C, 47.54; H, 3.98; 
N, 9.24; C1, 23.39. Found: C, 47.81; H, 4.03; N, 9.34; 
C1, 23.49. 

1-( 5-Deoxy-a-~-ribofuranosyl)-5,6-dichlorobenzimidazole 
(VII). Partition Chromatogram B.-The 2.0 g. of glass, 
which had been obtained above, was dissolved in 4 ml. of the 
lower and 4 ml. of the upper phase of the solvent system 
used in the previous chromatogram, and the solution was 
mixed with 8 g. of Celite. This mixture was packed on top 
of a column which had been prepared from 150 g. of Celite 
and 75 ml. of the lower phase of the solvent system. The 
column (61 cm. X 3 cm.) was washed with the upper phase 
and the ultraviolet absorption spectrum of the effluent was 
determined as before. The first 470 cc. of effluent was dis- 
carded. The following 895 ml. contained ultraviolet ab- 
sorbing material which was isolated by evaporation of the 
solution in vacuo. The residual solid was triturated with a 
little ether and there was obtained 0.93 g. of mixed solids 
(1n.p. 121-160'). b'ashing with hot ether left 0.84 g. of 
solids (1n.p. 130-160') and from the ether wash there was ob- 
tained 0.046 g. of material with m.p. 123-125' (i.t., impure 
VI). The 0.84 g. of mixed solids was rechromatographed in 
partition chromatogram C. The material was dissolved in 5 
ml. of the upper and 5 ml. of the lower phase of the solvent 
system heptane: ethyl acetate: methanol: water (3 .5 :  2: 3 : 2),  
and the liquid was mixed with 10 g. of Celite. This mixture 
was added to  a column prepared as described above and the 
chroinatogram was developed with the upper phase of the 
solvent system. Material with ultraviolet absorption was 
eluted after 840 ml. of the solvent had passed through the 
coluniii and continued to come off throughout the subsequent 
950 nil. The effluent containing this material was collected 
in 50-ml. fractions and each fraction was evaporated t o  dry- 
iiess independently. Each residue \%-as crystallized from a 
little ether and melting points were taken. This procedure 
showed that  the first ten fractions contained mostly the p-  
anomer V I  (n1.p. 127-130°), the following three fractions 
contained mixed materials (m.p. 124-175') and the last five 
fractions contained a substance with m.p. 173-183". These 
last fractions were pooled and were recrystallized several 
times from chloroform to afford 0.3 g. (5% yield over-all 
from V) of a compound, m.p.  152-183'; [CY]~'D ,+12.1" (c 
0.99, in ethanol). In  the ultraviolet, the material showed 
the following maxima: Am,, 253 mp (e 4000), 286 mp ( E  
6310) and 294 nip (e 6180) in acid; 257 mp ( E  5340), 288 m p  
(e 4610) and 297 nip (E 4850) in neutral solution; 257 mp 
e 5460), 287 mp (e 4610) and 297 mp (e 4490) in base. 

Anal. Calcd. for C&12x20aC12: C ,  47.54; 13, 3.98; N ,  
9.24; C1, 23.39. Found: C ,  47.17; H, 4.00; N ,  9.31; 
C1, 23.81. 

The combined mixed solids from fractions 11 through 13 
neighed 0.45 g. (77,  over-all yield from V). 

Antiviral Tests 
Influenza in Mice.-The PR8 strain of influenza virus was 

administered intranasally to 14 to  16 g. Swiss white albino 
mice under light ether anesthesia. DKB (111) was adminis- 
tered intraperitoneally (2.0 to 3.0 mg., suspended in 0.25 
ml. of water with the aid of T ~ e e n - 2 0 ~ ~ )  4 hours later and 
continued twice daily for 5 days. At the end of 13 days, the 
mortality rates of treated groups were compared to  that  
of the control groups. Table I lists the results of five sep- 
arate tests with decreasing doses of virus. 

Poliomyelitis in Tissue Culture .--Washed test-tube cul- 
tures of a human epidermoid carcinoma, strain HeLa, were 
infected with Type I human poliomyelitis virus, Mahoney 
strain. One hour later, the media were replaced with main- 
tenance media (Lactalbumen hydro11 zate plus 4% cow se- 
rum)24 containing the compound to  be tested in various 
dilutions. The cultures were incubated at 37" and were ob- 
served microscopically daily for 6 days. An identical set of 
cultures received the compound but no virus. A control 
group of non-treated and non-infected cells as well as a ti- 
tration of the virus inoculum was carried along with each 
treated group. A negative result was manifested by a cyto- 
pathogenic degeneration in the treated group when no signs 
of toxicity were present in the group containing the com- 
pound and no virus. Table I1 lists the results of separate 
tests on the three compounds. 
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(23) Tween-20, a product of the Atlas Powder Company, is a wetting 
ayent. 

(24) J.  I,. Rlelnick, Ann. S. Y .  Acad .  Sci., 61, 754 (1955). 
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Synthesis of D-3,4-di-0-methyl-erythritol1 
BY IRWIN J. GOLDSTEIN AND F. SMITH 

RECEIVED SEPTEMBER 13, 1956 

~-3,4-Di-O-methyl-erythritol has been prepzred from methyl 5,6-di-O-methyl-~-glucofuranoside by oxidation with perio- 
date followed by reduction and hydrolysis. It has been characterized as the bis-p-nitrobenzoate. 

The successful use of periodic acid and its salts 
in synthetic and analytical organic chemistry for 
cleaving 1 ,?-glycols has been firmly established.2-6 

This paper described its use for the synthesis of 
~-3,4-di-O-methyl-erythritol from methyl 5,6-di-0- 

(1) Paper No. 3583, Scientific Journal Series, Minnesota Agricul- 
tural Experiment Station, University of Minnesota. 

( 2 )  E. L. Jackson, "Organic Reactions," Vol. 11, John Wiley and 
Sons, Inc.. Sew York, N. Y., 1944, p .  341. 

(3) J. R. Dyer, "Methods of Biochenlical Analysis," Vol. 111, Ed. 
by D. Glick, Interscience Pub., Inc., New York, N. Y., 1966. p. 
111. 

(4) J. C. Sowden, THIS JOUXNAI., 72, 808 (1950). 
( 5 )  J .  C. Sowden, ibid., 73, 5496 (1951). 
(6) G. W. Huffman, Bertha A. Lewis, F. Smith and D. R .  Spriesters- 

bach. ibid., 77, 4346 (1955). 

methyl-D-glucofuranoside. The latter was oh- 
tained by the following series of reactions: D- 
glucose -+ 3,2 ;5,6-di-O-isopropy~idene-~-g~ucofur- 
anose + 3-O-benzyl-l,2 ;5,6-di-O-isopropylidene- 
glucofuranose -+ 3-O-benzyl-1,2-0-isopropylidene- 
D-glucofuranose + 3-O-benzyl-5,6-di-O-methyl-lI- 
2-O-isopropy~idene-~-glucose .--f 5,6-di-0-methyl- 
1,2-O-isopropylidene-D-glucose 4 methyl 5,B-di- 
0-methyl-D-glucofuranoside. Oxidation of the lat- 
ter with periodic acid a t  room temperature in the 
usual manner furnished a dialdehyde by cleavage 
between the hydroxyl groups a t  CZ and CB. Reduc- 
tion of the dialdehyde with sodium borohydride 
gave the corresponding alcohol from which D-3,4- 
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di-0-methyl-erythritol was obtained by acid hy- 
drolysis. The ~-3,4-di-O-methyl-erythritol is read- 
ily characterized as its 1,2-bis-p-nitrobenzoate. 
This D-isomer of 3,4-di-O-methyl-erythritol proved 
to be the enantiomorph of the 3,4-di-O-methyl- 
erythritol previously obtained in periodate oxida- 
tion studies of methyl 6-O-trityl-a-~-glucopyrano- 
side followed by reduction and n ie thyla t i~n .~  
The structure of the ~-3,4-di-O-methyl-erythritol 
was confirmed by the fact that  i t  consumed approx- 
imately 1 molecular proportion of periodate with 
the liberation of formaldehyde which was recog- 
nized as the diniedone derivative. 

Experimental 
Unless otherwise stated, all concentrations were carried 

out an vacuo a t  temperatures not greater than 40" (bath 
temp.). 

3-O-Benzyl-l,Z-~-isopropylidene-D-glucofuranose .-A 
solution of 3-0-benzyl-1,2;5,6-di-O-isopropylidene-~-gluco- 
furanoses (7  g.) in a mixture of glacial acetic acid (250 ml.) 
and water (60 ml.) was allowed to  stand a t  room tempera- 
ture until the optical rotation became constant (48 hr.). 
Removal of solvent yielded 3-U-benzyl-l,2-U-isopropylidene- 
D-glucofuranose (6.7 9.) which had [ a I Z a D  -44' in chloro- 
form (c 1.4); lit .  valueg [a]"D -4G" (CHCla). 

3-0-Benzyl-5,6-di-U-methyl-l ,Z-U-isopropylidene-Dglu- 
cofuranose.-The sirupy 3-U-benzyl-1,2-U-isopropylidene- 
D-glucofuranose (6.6 9.) was methylated five times using 
silver oxide (15 g.) and methyl iodide (40 ml.) in the usual 
way giving 3-U-benz~-l-5,6-di-O-methyl-l,2-U-isopropyl- 
idene-D-glucofuranose (6.1 g.)  as a mobile yellow oil, b.p. 
(bath temp.) 145-150" (0.001 mm.), nZ3D 1.4932, [ c y I z 3 ~  

-17' in acetone (c 1.3); lit. value [ a l z o D  -16" in acetone 
(c  1).lo Anal. Calcd. for C1&606: OCH3, 18.6. Found: 

5,6-Di-U-methyl- 1 ,Z-0-isopropylidene-D-g1ucofuranose.- 
T o  3-0-benzyl-5,6-di-U-inethyl-l,2-~-isopropy~idene-~-g~u- 
cofuranose (6.03 g.) was added sodium (8.5 g.). The flask 
was heated (steam-bath) under a reflux condenser while 
absolute ethanol was added over a period of 6 hr. until all 
the sodium had been dissolved.11 After adding water 
(50 ml.) the reaction mixture was neutralized with acetic 
acid and distilled (steam-bath) t o  remove most of the eth- 
anol. The residue was extracted with chloroform (five 
50-ml. portions) and the dried (MgSOd) extract concen- 
trated and distilled to yield 5,6-di-0-methyl-l,2-U-isopropyl- 
idene-D-glucofuranose (4.0 g.), b.p. (bath temp.) 102-105' 
(0.035 mm.) ,  n Z b ~  1.4555, [ a I 2 L ~  -11' in water (c 3.4); 
lit. value [aI3O~ -13' in water (c4.2).12 

Methyl 5,6-Di-O-methyl-~-glucofuranoside.-A solution 
containing 5,6-di-U-methyl-l,2-0-isopropylidene-~-gluco- 
furanose (1.5 8.) in 1.37" methanolic hydrogen chloride 
(25 ml.) was refluxed until its rotation rose to  a constant 
value (15 hr. approx.). The reaction mixture was neu- 
tralized (PbC03),  filtered and concentrated to  a yellow sirup 
which was purified by extraction with ethanol and treatment 
of the ethanolic extract with charcoal. Removal of the 
solvent yielded methyl 5,G-di-0-methyl-D-glucofuranoside 
(1.4 g.) as a pale yellow sirup which reduced Fehling solu- 
tion slightly. Distillation of a portion (0.8 9.) gave two 
fractions: ( 1 )  a colorless mobile liquid (0.32 g.), b.p. (bath 
temp.) 115-120" (0.001 mm.), x z 7 ~  1.4560; (2) a pale yellow 
liquid (0.2 g.), b.p. (bath temp.) 125-133' (0.001 mm.), 
n Z 6 ~  1.4620. Since both fractions reduced Fehling solution, 
they were combined and boiled for 20 hr. with dry methanol 
(35 ml.) in the presence of a cation exchange resin (Amber- 
lite IR l Z O ) l a  t o  complete the glycoside formation. It 
is interesting to  note the difficulty encountered in the re- 
moval of the 1,2-isopropylidene group from 5,6-di-O-methyl- 

OCHa, 18.7. 

(7) Irwin J. Goldstein, J.  R. Hamilton and F.Smith, THIS JOURNAL. 

(8) N. Prentice, L. S. Cuendet and F. Smith, ibrd . ,  78, 4439 (1956). 
(9) A. S. Meyer and T. Reichstein, Helu. Chim. A d a ,  29, 152 (1946). 
(10) K. Freudenberg and E. Plankenhorn, Ber., 73, 621 (1940). 
(11) K. Freudenberg and E. Plankenhorn, Ann.,  636, 257 (1938). 
(12) hl. R. Salmon and C. Powell, THIS JOURNAL, 61, 3507 (1939). 
(13) J. E. Cadotte, F. Smith and D. Spriestersbach, ibid. ,  74, 1501 

(1952). 

79. 1190 (1957). 

1,2-isopropylidene-~-glucofuranosc. Comment14 also has 
been made upon the drastic conditions required to  remove 
the 1,2-isopropylidene group from 3-O-benzyl-l,2-isopropyl- 
idene-5,6-di-0-methyl-~-glucofuranose. 

After filtering the resin, the methanolic solution was con- 
centrated in the presence of barium carbonate (100 mg.). 
The  non-reducing, yellow sirup was distilled in the presence 
of barium carbonate giving: (1 ) 5,6-di-U-methpl-l,2-U- 
isopropylidene-D-glucofuranose (50 mg.), b.p. (bath temp.) 
115-120' (0.001 mm.) ,  nZ5D 1.4542; (2) methyl 5,6-di-U- 
methyl-D-glucofuranoside, a non-reducing colorless liquid 
(400 mg.), b.p. (bath temp.) 120-130" (0.001 mm.) ,  n z 5 ~  
1.4620, [ a I z 3 ~  -3" in water (c  2.8). Anal. Calcd. for 
GH1808: C, 48.6; H ,  8.2; OC&, 41.9. Found: C, 48.9; 

Oxidation of Methyl 5,6-Di-O-methyl-~-glcofuranoside 
with Periodic Acid.-To a solution of the sirupy glycoside 
(1.4 g.) in water (50 ml.) was added 0.1565 A'periodic acid 
(50 ml.) and the volume adjusted to  250 ml. After 24 hr. a t  
room temperature the optical rotation had rLen to a con- 
stant value and titration revealed that 1.1 moles of periodic 
acid had been consumed. The  reaction mixture was neu- 
tralized IBaCOq). filtered and concentrated to drvness. 

H, 8.6; OCHa, 41.8. 

Extractidn with'kther afforded the dialdehyde (1 .i g.), 
[ a I z 6 ~  +16" in ethanol ( c 2 5 ) ,  n 2 ( ~  1.4515. 

Reduction of the Dialdehyde with Sodium Borohydride .I6 
-To a solution of the dialdehyde (1.2 9.) in methanol (15 
ml.) was added a solution of sodium borohydride (0.42 E.) 
in methanol (15 ml.). The  vigorous reaction which en- 
sued was moderated by cooling in ice-water. dfter 3.5 hr.  
the reaction mixture was neutralized with solid carbon di- 
oxide and concentrated to dryness. 

The  product was separated from inorganic salts by two 
extractions with ethanol followed by two extractions with 
ether. Evaporation of the clear yellow solution yielded a 
glassy solid (1.45 g.). A solution of this in methanol was 
made slightly acid with glacial acetic acid and concentrated, 
methanol being added repeatedly during the concentration 
to remove borate. The mobile liquid (0.89 8.)  thus ob- 
tained was distilled giving ~-3,4-di-U-methyl-2-(a-methoxy- 
/3-hydroxyethyl)-erythritol as a colorless sirup, b.p. (bath 
temp.) 130-140" (0.01 mm.) ,  n z 2 ~  1.4515 and [ ~ ] Z A D  -4' 
in ethanol (c 1.8). 

Bis-p-nitrobenzoate of 3,4-Di-U-methyl-Z-(a-methoxy-p- 
hvdroxvethv1)-ervthrito1.-To a solution of D-3 ,4-di-U- 
methy~2-(&-metkoxy-/3-hydroxyethyl)-erythritol (35 mg.) 
in pyridine (3 ml.), P-nitrobenzoyl chloride (170 mg.) was 
added. After heating on an oil-bath a t  90" for 30 min., 
the solution was cooled and poured into an ice-cold satu- 
rated sodium bicarbonate solution. The precipitate was 
filtered and washed. Recrystallization from acetone- 
ethanol yielded the bis-p-nitrobenzoate of D-3,4-di-O- 
methyl-2-(a-methoxy-@-hydroxyethyl)-erythritol (50 mg.) 
as flat needles, m.p. 133-134", [ a ] * ' D  -13'in chloroform ( c  
0.8). Anal. Calcd. for Cz3H2&OlZ: N, 5.4. Found: N, 5.3. 

~-3,4-Di-O-methyl-erythritol.-A solution of D-3,4-di-O- 
methyl-2-( a-methoxy-@-hydroxyethy1)-erythritol (0.4 g.) in 
50y0 aqueous ethanol (40 ml.) containing concentrated sul- 
furic al:id (0.1 ml.) was refluxed for 4 hr. 

Neutralization (BaCOa) of the reaction mixture, filtration 
and ccncentration gave a yellow sirup which upon extrac- 
tion with ethanol and distillation gave ~-3,4-di-U-methyl- 
erythr tol  (0.236 g.) ,  a colorless mobile liquid, b.p. (bath 
temp.: 111-116' (0.60 mm.), nz3D 1.4485, [a]"D -4' in 
ethancl (c 1). Anal. Calcd. for C6H1404: C, 48.0; H, 
9.4; OCHa, 41.3. Found: C, 47.9; H,  9.3; OCH3, 45.2. 
The high methoxyl value is due to  the fact that  erythritol 
itself gives an apparent methoxyl value of 2-79". 

~-3,4-Di-O-methyl-erythritol 1,Z-Bis-p-nitrobenzoate .- 
Treatment of ~-3,4-di-O-methyl-erythritol (60 mg.) in pyri- 
dine (5 ml.) with p-nitrobenzoyl chloride (160 mg.) in the 
usual way yielded ~-3,4-di-U-methyl-erythrito1-1,2-bis-p- 
nitrobenzoate (120 mg.), m.p. 101.5", [cyIz4D -41.5" in 
chloroform ( c  1 ) (after recrystallization from acetone- 
ethanol). Anal. Calcd. for Cl&oOlo.1;2: C, 53.6; H, 
4.5; N,6.3.  Found: C,53.8; H.4.8; N,6.5.  

Oxidation of ~-3,4-Di-O-methyl-erythritol with Periodic 
Acid.-A solution of 0.0288 N periodic acid (25 ml.) con- 
taining ~-3,4-di-O-methyl-erythritol (48.2 mg.) was allowed 
to  stand a t  room temperature until its rotation rose to  a con- 

(14) C. T. Bishop and J.  Schmorak, Can.  J .  Chem., 34, 845 (1956). 
(15) F. Smith and J. Van Cleve, THIS JOURNAL, 77, 3091 (1955). 



1190 IRWIN J. GOLDSTEIN, J. K. HAMILTON AND F. ShlITH Vol. 70 

stant value (12 hr.  approx.). After 24 hr., titration of an 
aliquot revealed the consumption of 0.94 mole of periodic 
acid. An additional 24 hr. produced no further change in 
the periodate consumption. 

The reaction mixture Tvas neutralized (BaCo3) and f i l -  
tered. The filtrate was distilled at atmospheric pressure 
and the first 5 ml. of the distillate treated with a solution of 
dimedone (100 mg.) in ethanol ( 2  ml.). -1fter standing 
several hours the white crystalline dimedone derivative of 

formaldehyde (10 mg.) was separated, m.p.  and miscd m.p .  
190' (after recrystallization from 50y0 ethanol). 
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The synthesis of D- and of i=a-O-methylglycerol is described. 

During methylation studies on the reduced prod- 
ucts of periodate oxidized pentosans, a substance 
believed to be an optically active a-0-methylglpc- 
erol was encountered. X literature search re- 
vealed that  while the racemic modification of this 
substance has been known for many years?13 the 
preparation of either of its enantiomorphic forms 
has not been carried out, although an unsuccessful 
attempt to resolve the D,L-mixture by the use of 
optically active ketones (camphor and menthone) 
is reported.? a-0-llethylglycerol has been en- 

( 1 ) Methyl 6-O-methyl-a-~-galactopyranoside 4 Periodate oxidn. 

1 Reduction with H2 

D'-ilIethox)--D-methoxyl7iethyl-diglyco1ic aldehyde 

countered but  not characterized in studies on the 
glycosides of red algae (Ceramium rubrum) 

This paper describes five different approaches 
to the preparation of optically active a-0-methyl- 
glycerol, two for the D- and three for the L-isomer; 
in each case the tedious process of resolution is 
avoided. 

The  D-isomer of a-0-methylglycerol was pre- 
pared by the two independent routes outlined. 

The  D-a-0-methylglycerol from the two experi- 
ments showed [Q]"D +5.9" and 4-5.4" (ethanol), 
respectively, and was characterized as the crystal- 
line bis-p-nitrobenzoate. I t s  designation as the 
D-isomer follows the convention5 which relates it to 
that  form of glyceraldehyde into which the sub- 
stance may be hypothetically oxidized without al- 
teration or removal of substituents on the glycerol 

1 molecule. 
By use of these procedures the configuration of 

each intermediate was known with certainty and 
hence it was possible to relate unambiguously the 
structure with sign of rotation, one of the purposes 

(2)  illethyl a-D-glucopyranoside of this investigation. In addition, correlation 

~'-Methoxy-~-methoxymeth)-l-diethykne glycol 

Hydrolysis 

D-a-O-lllethylglycerol 

Periodate oxidn. 

D'-Methox)--D-hydrosymethpl-diglycolic aldehyde 4 Brz oxidn. 

Strontium D'-methoxy-D-hydroxymethyl-diglj-cokite 

,220 
Silver D'-methosy-D-hydroxymeth) I-digly-colate 

3. bleI + Ag,O 

4 LiAlHd 

3. Hydrolysis 

~'-~~etlioxy-~-methoxymethyl-dimethyl-d~glycolate 

D'-Methoxy-D-methoxymethpl-diethylene glycol 

D-a-O-Methylgl~-cerol 

(1) Paper S o .  3585, Scientific Journal Series, Minnesota Agri- 
cultural Experiment Station, University of Minnesota, St .  Paul, Minn. 

( 2 )  J. C. Irvine, L. A. Rfacdonald and C. W. Soutar, J .  Chem. Soc., 
107, 337 (1915). 

(3) H. S. Hill, RI. S. Whelen and H. IIihbert ,  THIS J O C R N A L ,  SO, 
2235 (1928). 

with other species of known configuration was ren- 
dered unnecessary. 

The three schemes employed for the synthesis 01' 
~,-a-O-methylglycerol are shown. 

The  L-a-0-methylglycerol obtained by the three 
methods showed specific rotations in good agree- 
ment, numerically, with the values for the D-iS0- 
mer. 

Optically active 1 ,%O-isopropylidene glycerol was 
used with great effectiveness by Baer and FischeP 
for the preparation of optically active glycerides. 
These workers subjected the above compound to 
methylation to give 1 ,-3-O-isopropylidene-L-3-0- 
methylglycerol from which L- a-0-methylglycerol 
was obtained by hydrolysis. The latter was not 
isolated and the authors, interested only in demon- 
strating the presence of adjacent hydroxyl groups, 
treated the hydrolyzed reaction mixture directly 
with periodic acid and reported a periodate con- 
sumption of one molecular proportion. 

(4) H. Bouveng, B. Lindberg and B. Wickberg, Acta Cheiv 

(5) H. 0. I.. Fischer and E Baer ,  Chem. Kea.,  29, 287 (1941) .  
(6) E. Baer and H. 0. I.. Fischer. J .  Bioi. Cheni., 128, 463,  475 

( 1 9311) . 

Scn>rd., 
9, 807 (1955). 


