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D-Glucopyranose 6-Deoxy-6-phosphonic Acid 
B Y BEVERLY SMITH G R I F F I N 1 AND ALFRED B U R G E R 

RECEIVED NOVEMBER 21, 1955 

The synthesis of D-glucopyranose 6-deoxy-6-phosphonic acid from l,2,3,4-tetra-0-acetyl-6-bromo-6-deoxy-/3-D-gluco-
pyranose via l,2,3,4-tetra-0-acetyl-/3-D-glucopyranose 6-deoxy-6-(diphenyl phosphonate) has been accomplished. 

In the glycolytic process which provides energy 
for mechanical work, the creation of heat, and for 
synthetic metabolic processes, glucose-6-phosphoric 
acid commands a central position. I t may be con­
verted to glucose, glucose-1-phosphoric acid and 
fructose-6-phosphoric acid in reversible reactions 
under the influence of appropriate enzymes, and 
seems to be oxidizable to 6-phosphogluconic acid 
by an alternative pathway. 2 Since little is known 
about the substrate specificity of these reactions 
beyond certain steric requirements of the carbohy­
drate moieties, it was of interest to explore the ef­
fect of structural changes of phosphorylated mono­
saccharides upon the biochemical behavior of such 
substances. A minimal structural alteration has 
been performed in the present study which describes 
D-glucopyranose-6-deoxy-6-phosphonic acid (X) . 
This compound resembles the metabolite, glucose-6-
phosphoric acid, in solubility, polarity, over-all 
chemical reactivity and molecular shape but differs 
from it by its inability to be dephosphorylated un­
der ordinary conditions. I t was hoped tha t its re­
actions with glycolytic and related enzymes would 
shed some light on structural limitations of sub­
strate analogs in glycolysis. Inhibitory analogs 
might, in turn, influence neoplastic growth since the 
tumor cell derives considerable energy from rapid 
glycolysis under anaerobic and even aerobic condi­
tions. 

The synthesis of 6-phosphonate derivatives of 
glucose started from 2,3,4-tri-0-acetyl-6-bromo-6-
deoxy-a-D-glucopyranosyl bromide (acetodibromo-
glucose), prepared3 by warming triacetyllevogluco-
san4 with phosphorus pentabromide5 in an open 
vessel on a steam-bath. Acetodibromoglucose was 
converted to l,2,3,4-tetra-0-acetyl-6-bromo-6-de-
oxy-(3-D-glucopyranose (I),6 as well as to benzyl 
2,3,4-tri-O-acetyl - 6 - bromo - G - deoxy - /3 - D - glucopy-
ranoside (II) J These compounds served as the hal-
ides for the subsequent introduction of the phos­
phonate ester groups. The singular inertness of 6-
halogenoglucose derivatives recorded by earlier 
workers,3 - 1 0 was confirmed when a t tempts to sub­
ject I or I I to the Nylen reaction11 with sodium di-
alkylphosphites in hydrocarbons remained unsuc-
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(5) A. I. Popov and N. E. Skelly, THIS JOURNAL, 76, 3910 (1954). 
(0) E. Fischer, B. Helferich and P. Ostmann, Ber., 53, S73 (1920). 
(7) E. Fischer and K. Zach, ibid., 45, 450 (1921). 
(8) W. S. Mills, Chem. Neu'S, 88, 218 (1903). 
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cessful. However, when the Michaelis-Arbuzov-
method1 1 was applied, compound I being heated 
with a large excess of triethyl phosphite for six 
hours, l,2,3,4-tetra-0-acetyl-/3-D-glucopyranose 6-
deoxy-8-(diethyl phosphonate) ( III) was obtained 
in near-quanti tat ive yield. Under analogous con­
ditions, II furnished benzyl 2,3,4-tri-0-acetyl-/3-D-
glucopvranoside 6-deoxy-6-(diethyl phosphonate) 
(IV). ' 
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The ester I I I was also formed in lesser yields 
when 1,2,3,4-tetra-O-acetyl-G-O-^-tolylsulfonyl-S-
D-glucopyranose12 or the corresponding methylsul-
fonyl ester13 were heated with triethyl phosphite in 
a manner described for simple alkanol arylsulfon-
ates in the recent literature.14 

Deacetylation of I I I with 0.6.5 N hydrobromic 
acid gave amorphous D-glucopyranose-6-deoxy-G-
(diethyl phosphonate) (V) which was characterized 
as the osazone. Hydrolysis of the diethyl phos­
phonate ester group with strong acids could not be 
effected because the products suffered decomposi­
tion under these conditions. Likewise, a t tempts to 
hvdrolyze IV with alkali were unsuccessful although 
model experiments to saponify phosphonate es­
ters15'16 using diethyl benzhydrylphosphonate avail­
able in this Laboratory17 "furnished low yields of 
ethyl hydrogen benzhydrylphosphonate. There­
fore, the hydrogenolysis of glucopyranose-6-deoxy-
G-(dibenzyl or diphenyl phosphonates) appeared 
as the only feasible route to the desired glucose-
phosphonic acids. 

While benzyl and phenyl phosphate esters 
have been hydrogenolyzed as a means of preparing 
otherwise inaccessible derivatives of phosphoric 
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acid,18 hydrogenolysis has never been applied to 
phosphonate esters. When the 6-bromoglucose 
derivatives I and II were heated with ethyl di­
phenyl phosphite at 160-170° for 48 to 60 hours, the 
diphenyl phosphonate esters VI and VII, respec­
tively, were formed in satisfactory yields as crys­
talline solids. Hydrogenolysis of VI in absolute 
ethanol solution under the influence of Adams cata­
lyst furnished l,2,3,4-tetra-0-acetyl-/3-D-glucopy-
ranose-6-deoxy-6-phosphonic acid (VIII), and the 
analogous procedure with VII led to 2,3,4-tri-(9-
acetyl-|3-D-glucopyranose 6-deoxy-6-phosphonic 
acid (IX). Acid deacetylation of VIII gave a wa­
ter-soluble material whose osazone could not be 
completely purified. Deacetylation with potas­
sium methoxide furnished D-glucopyranose-6-de-
oxy-6-phosphonic acid (X), isolated as the potas­
sium salt. 

( R O ) 2 P - C H 2 

HO 

H O H 

H OH 
V, R = C2H6 
X, R H 

This salt did not inhibit appreciably choline acet-
ylase, histidine decarboxylase, xanthine oxidase, 
and hyaluronidase at concentrations of 1 mg./ml. 
In the complete absence of ATP, the ester III 
caused production of acetylcholine by choline acet-
ylase as measured by tissue contraction, and in­
creased acetylcholine formation on addition of sub-
optimal amounts of ATP.19 

Acknowledgment.—We are grateful to Virginia-
Carolina Chemical Corporation for support of this 
investigation. 

Experimental20 

Ethyl Diphenyl Phosphite.21—A solution of 57.5 g. (0.23 
mole) of diphenyl phosphorochloridite (b.p. 140-170° (0.55 
mm.))22 '23 in 100 ml. of dry hexane was added, with stirring 
and over a period of four hours, to an ice-cold solution of 
18.2 g. (0.23 mole) of pyridine and 11.0 g. (0.24 mole) of 
absolute ethanol in 100 ml. of dry hexane, the temperature 
being maintained below 10°. After another 30 minutes 
stirring the precipitated pyridinium chloride was filtered, 
the hexane solution was dried over potassium hydroxide 
for 2 hours, the solvent was removed under 15 mm. pres­
sure, and the residual pale oil fractionated. The fraction 
boiling at 110-116° (0.35 mm.) was redistilled to yield 36.4 
g. (60%) of colorless oil, b .p . 108-109° (0.3 mm.) , 129-
132° (0.73 mm.), 149-152° (1.8 mm.), «%> 1.5250. 

Anal. Calcd. for CuHi6O3P: C, 64.12; H, 5.76. Found: 
C, 64.31; H, 5.86. 

1,2,3,4-Tetra-O-acetyl-0-D-glucopyranose-6-deoxy-6-( di­
ethyl Phosphonate) (III).—(a) A mixture of 4.25 g. (0.0103 
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174° (1 mm.). 

mole) of tetra-0-acetyl-6-bromo-6-deoxy-/3-D-glucopyranose8 

and a fivefold excess (8.65 g.) of freshly distilled triethyl phos­
phite was refluxed slowly for six hours, removing ethyl 
bromide as it was formed. Excess phosphite was distilled 
off at 70° (15 mm.) and the remaining colorless oil was 
mixed with 100 ml. of ligroin; it solidified on stirring. The 
material was dissolved in 125 ml. of dry ether and crystal­
lized on standing after the addition of some pentane. The 
yield of short, colorless needles was 4.2 g. (88%), m.p. 119-
120°, [a]"D + 2 . 5 ° (chloroform, c 6.00). 

Anal. Calcd. for CisH290i2P: C, 46.15; H, 6.24. Found: 
C, 46.21; H, 6.16. 

(b) The same phosphonate ester was also obtained in 50% 
yield by substituting 1,2,3,4-tetra-0-acetyl-6-O-tolylsulfonyl-
/3-D-glucopyranose12 or the corresponding methylsulfonyl 
ester13 for the bromoglucose derivative above. Melting 
point, mixture melting point, and rotation ([a]25D +2 .2° 
(chloroform, c 2.22)) proved the identity of the two materials. 

Anal. Found: C, 45.95; H, 6.00. 
D-Glucopyranose-6-deoxy-6-(diethyl Phosphonate) (V).— 

A mixture of 3 g. (0.0064 mole) of I I I and 150 ml. of 0.65 
N hydrobromic acid was heated a t 95° for 3 hours, buffered 
to pH 7 with 5 % sodium carbonate solution, and evapo­
rated at 50-60° (15 mm.) . The viscous yellow oil solidified 
to a semi-solid on standing in a desiccator; extraction with 
three 50-ml. portions of absolute ethanol and evaporation 
gave a hygroscopic semi-solid; 0.5 g. of the product was 
dissolved in 4 ml. of water and, by means of 0.4 g. of phenyl-
hydrazine and 1.35 g. of sodium acetate, converted to the 
yellow osazone which was recrystallized from benzene, 
m.p. 171-172°. 

Anal. Calcd. for C22H31N4O6P: C, 55.22; H, 6.53. 
Found: C, 55.23; H, 6.64. 

Benzyl 2,3,4-Tri-0-acetyl-/3-D-glucopyranoside-6-deoxy-6-
(diethyl Phosphonate) (IV).—A mixture of 2.5 g. (0.0054 
mole) of benzyl 2,3,4-tri-0-acetyl-6-bromo-6-deoxy-/3-D-
glucopyranoside7 and a 5-molar excess of triethyl phosphite 
was refluxed at 160-170° for eight hours, and worked up as 
described for I I I above. From the residur.l straw-colored 
oil, toluene was distilled repeatedly at 15 mm. until, on 
stirring with 30 ml. of petroleum ether, crystallization oc­
curred. Recrvstallization from dry ether-pentane gave 
2.25 g. (81%) of colorless material, m.p. 132.5-134°; M27D 
- 3 8 . 6 ° (chloroform, c 1.97). 

Anal. Calcd. for C23H33OnP: C, 53.48; H, 6.44. Found: 
C, 53.32; H, 6.27. 

1,2,3,4-Tetra-0-acetyl-/3-D-glucopyranose-6-deoxy-6-( di­
phenyl Phosphonate) (VI).—A mixture of 2.2 g. (0.0054 
mole) of I and a fourfold excess of diphenyl ethyl phosphite 
was heated at 165-170° for 62 hours under constant obser­
vation. The cooled solution was washed with 30 ml. of 
cold petroleum ether; the remaining oil solidified on stirring 
with 20 ml. of cold dry pentane. Recrystallization from 
dry ether-pentane (1:1) gave 1.6 g. (52%) of colorless 
product, m.p. 130-131°, W26D +1 .1° (c 3.44, chloroform). 

Anal. Calcd. for C26Ho9Oi2P: C, 55.32; H, 5.18; P, 
5.49. Found: C, 55.37; H, 5.22; P, 5.87. 

In several other runs using two to three times the amounts 
of material just given, purification of VI could only be 
achieved by chromatography over activated alumina and 
charcoal as shown in Table I . 

TABLE I 

ELUTION OF VI PROM ALUMINA COLUMN 

Characteristics 

I M.p. 126-127°; 
positive bro­
mine test 

5-6 Benzene 50 VI M.p. 130-131° 
7-9 Benzene-ether (1:1) 75 VI M.p. 130-131° 

10-11 Ether 75 Traces of mate­
rial only 

Benzyl 2,3,4-Tri-0-acetyl-5-D-glucopyranoside 6-Deoxy-
6-(diphenyl Phosphonate) (VII).—A mixture of 3.2 g. (0.007 
mole) of benzyl tri-0-acetyl-6-bromo-6-deoxy-/3-D-gluco-
pyranoside7 and 11.0 g. of diphenyl ethyl phosphite was 

Frac­
tion 

1-4 
Solvent 

Petroleum ether-
ether (1:1) 

Vol­
ume, 
ml. 

100 

Prod­
uct 

I 
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heated and worked up as described above in the preparation 
of VI. The yield of colorless product, recrvstallized from 
ether-pentane, was 2.65 g. (61.8%), m.p. 113-114.5°, 
[a]27D - 5 1 ° (c 5.03, chloroform). 

Anal. Calcd. for C31H33O11P: C, 60.78; H, 5.43. 
Found: C, 60.80; H, 5.57. 

2,3,4-Tri-0-acetyl-D-glucopyranose-6-deoxy-6-phosphonic 
Acid (IX).—A solution of 0.4 g. (0.65 millimole) of VII in 
20 ml. of absolute ethanol was hydrogenated at a pressure 
of 40 pounds in the presence of 0.06 g. of Adams catalyst. 
The calculated amount of hydrogen was absorbed in 20 
minutes, the catalyst was filtered, and the filtrate concen­
trated at 40° in vacuo. The residual viscous oil gave a posi­
tive Fehling test, and solidified on stirring with 5 ml. of 
pentane. It was recrvstallized from ether-pentane. The 
colorless material darkened at 175° and had m.p. 187-191° 
dec. It contained two moles of ether of crystallization 
which could not be removed at 110° in vacuo without de­
composition of the compound. 

Anal. Calcd. for C1-H19O11P^(C1H10O): C, 46.33; H, 
7.58. Found: C, 46.21; H, 7.60. 

l,2,3,4-Tetra-0-acetyl-/3-D-glucopyranose-6-deoxy-6-
phosphonic Acid (VIII).—Hydrogenolysis of 1.5 g. (0.0027 
mole) of VI in 40 ml. of absolute ethanol in the pres­
ence of 0.15 g. of platinum dioxide was carried out as de­
scribed in the preceding experiment. The reaction required 
from 30-90 minutes. The product (0.92 g., 76%) crystal­
lized slowly from absolute ethanol, m.p. 171-172° d e c , [Vl25D 
—9.5° (c 3.27, chloroform). It was dried at 56° over 
phosphorus pentoxide. 

Anal. Calcd. for C14Ho1Oi-P^H-O: C, 37.50; H, 5.62. 
Found: C, 37.83; H, 5.77. 

Further drying at 78° for four days removed all but 0.5 
mole of water of crystallization. 

Anal. Calcd. for C14H21Or1P-1AH-O: C, 39.91; H, 5.27. 
Found: C, 39.94; H, 5.01. 

The acid gave a lead salt insoluble in water, and a some­
what water-soluble barium salt. 

NEW SYNTHETIC CRYSTALLINE ZEOLITES 
Sir: 

T h e o u t s t a n d i n g c h a r a c t e r i s t i c of s o m e n a t u r a l 
h y d r a t e d zeol i tes is t he i r a b i l i t y t o u n d e r g o r e m o v a l 
of w a t e r of c r y s t a l l i z a t i o n w i t h l i t t l e or n o c h a n g e in 
c r y s t a l s t r u c t u r e . T h e d e h y d r a t e d c r y s t a l s a r e 
t h e n i n t e r l a c e d w i t h r e g u l a r l y s p a c e d c h a n n e l s of 
m o l e c u l a r d i m e n s i o n s in wh ich a d s o r p t i o n m a y 
occur . 

B e c a u s e of t h e i n t e r e s t i n g a d s o r p t i v e p r o p e r t i e s 
of t h e s e r a r e n a t u r a l m i n e r a l s , a r e s e a r c h p r o g r a m 
w a s i n i t i a t e d in t h i s l a b o r a t o r y in 1949 t o s t u d y t h e 
s y n t h e s i s a n d p r o p e r t i e s of zeol i tes . B e t w e e n 
1949 a n d 19o3, t w e n t y c rys t a l l i ne zeol i tes w e r e 
s y n t h e s i z e d . T h e s e i n c l u d e d : s y n t h e t i c c o u n t e r ­
p a r t s of t h e m i n e r a l s c h a b a z i t e , g m e l i n i t e , e r ion i t e , 
a n d m o r d e n i t e , a species v e r y s imi l a r t o g i s m o n d i t e , 
a n d a species i s o s t r u c t u r a l w i t h fau jas i t e b u t q u i t e 
di f ferent in chemica l c o m p o s i t i o n . I n a d d i t i o n , 
f o u r t e e n zeol i te species were s y n t h e s i z e d which 
h a v e n o n a t u r a l c o u n t e r p a r t s k n o w n t o u s . 

T h e s e n e w s y n t h e t i c zeol i tes h a v e b e e n t h e s u b ­
j e c t of i n t e n s i v e s t u d y in t h i s a n d o t h e r l a b o r a ­
to r i es , a n d a n u m b e r of p a p e r s d e s c r i b i n g t h e i r 
p r o p e r t i e s in d e t a i l wil l a p p e a r s h o r t l y . 

D-Glucopyranose-6-deoxy-6-phosphonic Acid (X).—(a) 
To a solution of 1.1 g. (2.6 millimoles; of tetra-0-acetyl-/3-
D-glucopyranose-6-deoxy-6-phosphonic acid in 25 ml. of 
cold anhydrous methanol was added dropwise 5.2 milli-
moles of 1 N potassium methoxide in order to neutralize the 
compound. Cleavage of the acetoxy groups by addition of 
further 3.9 mmoles of potassium methoxide was accom­
panied by immediate precipitation of a colorless, hygroscopic 
potassium salt. After standing at —10° for 24 hours, the 
salt was centrifuged, washed four times with absolute meth­
anol, twice with ether-methanol (1:1), and then with drv 
ether. The yield was 0.4 g. (ca. 50%), [a]25D +28.7° (c 
4.9, water). 

Anal. Calcd. for C6HnK2OsP-H-O: C, 21.30; H, 3.87; 
P, 9.16. Found: C, 21.56; H, 4.21; P, 9.17. 

From the combined mother liquors and washings of the 
potassium salt, 0.5 g. of a colorless barium salt was obtained 
with barium hydroxide, but some contaminating barium 
carbonate could not be separated. 

Anal. Calcd. for C6Hi1BaO8P: Ba, 36.20. Found: 
Ba, 35.47. 

(b) A solution of 0.7 g. (1.6 mmoles) of VIII in 50 ml. of 
0.65 N hvdrobromic acid was heated on a steam-bath for 
3 hours, cooled and neutralized to pK 3 with 50 ml. of 0.65 
-V sodium hydroxide solution. A mixture of 1.2 g. of phen-
ylhydrazine hydrochloride, 1.8 g. of anhydrous sodium 
acetate and 1 ml. of a saturated sodium bisulfite solution 
was added, and the whole heated at 95° for 2 hours. A 
somewhat gelatinous yellow precipitate appeared on cooling. 
It was recrystallized from 75% ethanol to melting point 
162-169°, and purified further bv sublimation at 65° (1.5 
X 10-> mm.) . The osazone melted at 170-172°. 

Anal. Calcd. for Ci8H23N4O6P: X, 13.27; neut. equiv., 
422. Found: X, 12.63; neut. equiv., 438.2i 

(24) The analyses of this osazone were performed by Dr. C!ai-
bourne E. Griffin. 

CHARLOTTESVILLE, VIRGINIA 

C h e m i c a l l y , t h e s e zeol i tes m a y b e r e p r e s e n t e d b y 
t h e genera l i zed f o r m u l a : Mej/M[(A102)x(Si02)y]-
M H 2 O , w h e r e x/n is t h e n u m b e r of e x c h a n g e a b l e 
c a t i o n s of v a l e n c e n, a n d M is t h e n u m b e r of w a t e r 
molecu les , r e m o v a l of w h i c h p r o d u c e s t h e c h a r a c t e r ­
ist ic p o r e s y s t e m . 

O n e of t h e n e w s y n t h e t i c zeol i tes , d e s i g n a t e d as 
zeol i te " A , " w h i c h h a s no k n o w n n a t u r a l c o u n t e r ­
p a r t h a s t h e c o m p o s i t i o n : Mers/n [(AlO2)^(SiO2)K-
2 7 H 2 O . W h e n M e is N a + or C a + + t h e a d s o r p ­
t i on v o l u m e is a b o u t 0.30 cc. p e r g r a m of d e h y ­
d r a t e d zeol i te . W h e n M e is N a + t h e d e h y d r a t e d zeo­
l i te r e a d i l y a d s o r b s molecu le s h a v i n g a c r i t ica l d i ­
m e n s i o n u p t o 4 A., t h e c r i t i ca l m o l e c u l a r d i m e n s i o n 
b e i n g d e n n e d as t h e d i a m e t e r of t h e sma l l e s t cy l in­
de r w h i c h will a c c o m m o d a t e a m o d e l of t h e m o l e ­
cule c o n s t r u c t e d u s i n g t h e b e s t a v a i l a b l e v a n d e r 
W a a l s r ad i i , b o n d angles , a n d b o n d l e n g t h s . W h e n 
1Zs of t h e s o d i u m ions a r e e x c h a n g e d for ca l c ium 
ions , t h e effective p o r e d i a m e t e r inc reases t o a b o u t 
r> A. F o r e x a m p l e , s t r a i g h t - c h a i n h y d r o c a r b o n s a r e 
a d s o r b e d r ead i ly w h e r e a s b r a n c h e d - c h a i n h y d r o ­
c a r b o n s a r e exc luded . R e p l a c e m e n t of s o d i u m 
b y p o t a s s i u m dec reases t h e effective p o r e d i a m e t e r . 
T h e s e a n d o t h e r p h e n o m e n a are exp l a ined on t h e 
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