
heated and  worked up as  described above in the preparation 
of \.I. The J-ield of colorless product, recrystallized from 
ether-pentane, was 2.66 g. (61.8%), m.p. 113-114.5°, 
[a]271) - 5 1 "  ( c  5.0:1, chloroform). 

Aiitrl. Calcd. for CBIH.'JOIIP: C, G0.X; 11, 5.43. 
Found: C, 60.80; H, 5.57. 

2,3,4-Tri-O-acetyl-~-glucopyranose-6-deoxy-6-phosphonic 
Acid (IX).--A solution of 0.4 g. (0.65 millimole'i of \'I1 in 
20 nil. of absolute ethanol was hydrogenated a t  a pressure 
of 40 pounds in the presence of 0.06 g.  of ;\dams catalyst. 
The calculated amount of h>-drogeii i r a s  absorbed in 20 
minutes, the catalyst \\-as filtered, arid the filtrate concen- 
trated a t  40" in t acuo .  The residual viscous oil gave a posi- 
tive Fphling test ,  and solidified on stirring with 3 ml. of 
pentane. It was recrystallized from ether-pentane. Th: 
colorless material darkened a t  175' and had m.p. 187-191 
dec. It contained two moles of ether of crystallization 
xvhich could not be removed a t  110' iiz vnczio without de- 
composition of the compound. 

Anal .  Calcd. for C I ~ H ~ ~ O I ~ P . ~ ( C ~ H I ~ O ~ :  C, 46.33; H ,  
c -  i .s8.  Found: C, 46.21; H ,  7.60. 

1,2,3,4-Tetra-O-acetyl-~-~-glucopyranose-6-deoxy-6- 
phosphonic Acid (VIII).-Hydrogenolysis of 1.5 g. (0.0027 
mole! of \'I in 40 mi. of absolute ethanol in the pres- 
ence of 0.15 g. of platinum dioxide waq carried out as de- 
scribed in the preceding experiment. The reaction required 
from 30-90 minutes. The product (0.92 g., 76%) crystal- 
lized slowlyfrom absoluteethanol, m.p. 171-178' dec., [eja5, 
'9.5' (c 3.27, chloroform). I t  wa? dried a t  66" over 
phosphorus pentoxide. 

Ann?. Calcd. for ClaH,101?I-'~2H~O: C, 37.30; H, 5.62. 
Found: C, 37.83; H,  5.77. 

Further drying a t  78' for four days removed all bu t  0.5 
mole of water of crystallization. 

A i d .  Calcd. for C14H21012P.L/?H?O: C, 39.91; H, 5.27. 
Found: C, 39.94; H, 5.01. 

The  acid gave a lead salt insoluble in Jr-ater, and a some- 
\\-hat water-soluble barium salt. 

~-Glucopyranose-6-deoxy-6-phosphonic Acid (X) .-( a j 
T o  a solution of 1.1 g. (2.6 millimoles) of tetra-O-acetyl-0- 
~-glucopyranose-6-deoxy-6-phosphonic acid in 2; ml. of 
cold anhydrous methanol was added dropwise 0.2 niilli- 
moles of 1 S potassium methoside in order to  neutralize the 
compound. Cleavage of the acetoxy groups by  addition of 
further 3.9 mmoles of potassium methoxide was accon- 
panied by immediate precipitation of a colorless, hygroscupic 
po tass i z~m salt. .kiter standing a t  -10' for 24 hours, tile 
salt \vas centrifuged, washed four times with absolute meth- 
anol, twice with ether-methanol (1 : 1 ,I, and then with drb- 
ether. The yield \vas 0.1 g. (ca.  50yo,, [e]% +28.7" ( c  
4.9, water). 

Anal.  Calcd. for CsH1~K70aP.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 \vas obtained 
with barium hydroxide, bu t  some contaminating barium 
carbonate could not be separated. 

Anal. Calcd. for C6H11Ba08P: Ba, 36.20. Found: 
Ba, 3,5.47. 

( b )  A solution of 0.7 g .  (1.6 inmoles) of 1711 in 50 1111. of 
0.65 -I' hydrobromic acid was heated on a steam-hatli for 
2 hours, cooled and neutralized to  p H  3 with 50 ml. of 0.63 

-1 mixture of 1.2 g.  of plien- 
ylliydrazine h-drochloride. 1.8 g. of anhydrous sodium 
acetate : ~ n d  1 nil. of a saturated sodium bisulfite solution 
was added, and the  whole heated at 95' for 2 hours. X 
someirhat gelatinous j-elloir precipitate appeared on cooling. 
I t  \vas recrystallized from 75yo ethanol to  melting point 
162-169', and purified further by sublimation a t  65" (1.,5 
X mm.) .  The osazone melted a t  170-172°. 

Anal. Calcd. for C18H23X40GP: S, 13.27; neut.  equiv., 
422. Found: S, 12.63; neut. equiv., -E%.?' 

sodium hydroxide solution. 

- ___ 
(24) T h e  analyses nf this osazone were performed by  Dr. C h -  

bourne E. Griffin. 
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NEW SYNTHETIC CRYSTALLINE ZEOLITES 
Sir: 

The outstanding characteristic of some natural 
hydrated zeolites is their ability to undergo removal 
of water of crystallization with little or no change in 
crystal structure. The dehydrated crystals are 
then interlaced with regularly spaced channels of 
molecular dimensions in which adsorption may 
occur. 

Because of the interesting adsorptive properties 
of these rare natural minerals, a research program 
was initiated in this laboratoq in 1949 to  study the 
synthesis and properties of zeolites. Between 
1949 and 193, twenty crystalline zeolites mere 
synthesized. These included. synthetic counter- 
parts of the minerals chabazite, gxnelinite, erionite, 
and mordenite, a species very similar to gisxnondite, 
and a species isostructural with faujasite but quite 
different in chemical composition. In  addition, 
fourteen zeolite species were synthesized which 
have no natural counterparts knowii to LIS. 

These new synthetic zeolites have been the sub- 
ject of intensive study in this and other babora- 
iories, and a number of papers describing their 
properties in detail will appear shortly. 

Chemically, these zeolites may be represented by 
the generalized formula : Mex,% [ (AlO2),(Si02),]. 
MHzO, where x / n  is the number of exchangeable 
cations of valence n, and df is the number of water 
molecules, removal of which produces the character- 
istic pore system. 

One of the new synthetic zeolites, designated as 
zeolite "X," which has no known natural counter- 
part has the composition: Me12/% [(A102)12(Si02)1?. 
27H20. iXrhen Me is S a +  or Ca'f the adsorp- 
tion volume is about 0.30 cc. per gram of dehy- 
drated zeolite. IVhen Me is ?Ja+ the dehydrated 760- 

lite readily adsorbs molecules having a critical di- 
mension up to  4 A., the critical molecular dimension 
being defined as the diameter of the smallest cyliii- 
der which will accommodate a model of the mole- 
cule constructed using the best available van der 
n'aals radii, bond angles, and bond lengths. U%en 

of the sodium ions are exchanged for calcium 
ior,s, the effective pore dianieter increases to about 
c5 A. For example, straight-chain hydrocarbons are 
adsorbed readily whereas branched-chain hpdro- 
carbons are excluded. Iieplacenient of sodium 
by potassium decreases the effective pore diameter. 
These and other phenomena are explained on the 
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basis of an X-ray structural analysis of zeolite 
"A" which will be published soon. 

Zeolite "x," xIegE/,? [(XIOz)ss(SiOz)l"~]."(j~H*O, 
is chemically different from, but structurally similar 
to, the mineral faujasite. The structure consists 
of a complex assemblyoof 192 tetrahedra in a large 
cubic unit cell 24.93 A. on an edge. .Idsorption 
measurements indic%te that the effective pore 
diameter is 10 to 13 A. The adsorption volume is 
about 0.33 cu.cin. per gram of dehydrated zeolite. 
Because of the large pore size this zeolite readily 
adsorbs almost all substances of appreciable vapor 
pressure. However, an adsorptive selectivity is ex- 
hibited for polar molecules, and, in fact, selectivity 
may occur for molecules with negligible dipole 
moment due to other more subtle molecular charac- 
teristics. 

LINDE AIR PRODUCTS C O M P A S Y  
A DIVISION OF USIOS 
CARBIDE ASD CARBON CORPORATION 
TOSAWANDA, SEIV PORK 

RESEARCH LABORaTORY O F  
D. W, BRECK 

W. G. EVERSOLE 
R.  M. MILTON 

RECEIVED MARCH 19, 1956 

ISOTOPIC EXCHANGE BETWEEN PU(II1) AND Pu(1V)l 
Sir: 

The exchange reaction between Pu(II1) and Pu- 
(IV) in perchlorate media is being investigated a t  
this laboratory. This is the first report of exchange 
between the (111) and (IV) states of any actinide 

#element. 
It has been necessary to work in the region of 

1 0 - 6  t o  f plutonium to keep the half-times in 
the range of 1-5 min. No adverse "dilute solu- 
tion" effects have been observed. However, i t  has 
been necessary to  use redistilled water in preparing 
solutions and scrupulously cleaned glassware to 
avoid oxidation-reduction effects. Trivalent plu- 
tonium was freshly prepared before each run by 
hydrogen reduction in the presence of platinum 
black. Tetravalent plutonium was also freshly 
prepared for each run by extraction with thenoyl- 
trifluoroacetone (TTA) from 0.5 f HClO, followed 
by back extraction into a suitable stock solution. 

The reaction is first order in each plutonium 
species within experimental error; actual values are 
Pu(IV) = +0.92 * 0.14 and Pu(II1) = + l . O l  
= k O . l l .  The rate of exchange a t  0" in 0.5 f HC104 
may be represented as:  R = k'(III)(IV) where 
k' = 1.10 =t 0.10 X lo4 f-l  min.-l. The error 
limits given represent the 95% confidence level. 

The isotope Pu23a ( t 1 1 ~  = 89.6 ~ r . , ~  E,  = 5.48 
Mev.) is used as tracer in solutions of ( t 1 1 ~  = 
24,360 yr.,, E,  = 5.13 Mev.). The changes in 
tracer concentrations were determined using an 
alpha energy analyzer described e1sewhere.j 

Separation of the valence states was carried out 
a t  0" by tributyl phosphate extraction of Pu(1V) 
from 6 f HCl. An aliquot of the exchanging solu- 

(1) This work was sponsored by the  United States iltomic Energy 
Commission. 

(2) R .  E. Connick and R'. H. McVey, "The Transuranium Ele- 
ments," ?JNES-IV-l4B, hIcGraw-Hill Book Co., New York, N. Y.,  
1949, p. 142. 

(3) A.  H. Jaffey and J. Lerner, ANL-4411 (1950). 
(4) J. C. Wallman, UCRL-1255 (1951). 
( 5 )  C. W. Johnstone, Sucleonics, 11, 36 (1953). 

tion was added to excess 6 f HCI-40% TBP/60% 
hexane mixture immediately prior to separation. 

The Pu(II1)-Pu(1V) system undergoes ex- 
change more rapidly than either Eu(II)-Eu(III) 
or Ce(II1)-Ce(1V). The europium system does not 
exchange in perchloric acid6 and the cerium system 
exchanges fairly slowly7.~ although high ionic 
strength environments were used in the cerium 
study. The rapid plutonium reaction may be due 
to increasing lability of the "surplus" electron 
in Pu(II1). 

A positive ionic strength dependence has been ob- 
served in the plutonium system. The hydrogen- 
ion dependence is complex. Work to date indi- 
cates that  the rate as given above involves hy- 
drolyzed species of Pu(IV), e.g., Pu(OH)+++. 
The rapidity of the plutonium exchange through a 
hydrolyzed Pu(1V) is compatible with the some- 
what analogous Fe(I1)-Fe(II1) reaction and also 
with recent theoretical considerations by Libby'" 
and Zwolinski, et aLl1 

Systematic investigation of the various kinetic 
parameters of the plutonium exchange system is 
currently under way. 

(6) D. J. Meier and C. S.  Garner, THIS JOURNAL,  73, 1894 (1951). 
(7) F. R. Duke and F .  R.  Parchen, ibid., 78, 1540 (1956). 
(8) J. W. Gryder and  R. W. Dodson, i b i d . ,  73, 2890 (1951). 
(9) J. Silverman and R. W. Dodson, J Phys .  Chem.,  56, 84G ( 1 0 5 2 ) .  
(10) W. F .  Libby, J .  Phys.  Chem.,  56, 863 (1952). 
(11) B. J. Zwolinski, R. J. Marcus and H. Eyring. Che?n. Rez's., 55, 

157 (1935). 
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THE REACTION BETWEEN CHLORAMINE AND 
PYRIDINE 

Sir : 
It has been reported recently' that chloramine 

reacts with pyridine and a-picoline to  yield am- 
monium chloride and decomposed heterocycle. 
We had found, in the course of other work, that  
passage of chloramine through pyridine at room 
temperature and atmospheric pressure gave, in 
addition, low yields of 2-aminopyridine and its 
hydrochloride. The structures of these products 
were established by use of mixed melting points 
with authentic base, hydrochloride, and benzene- 
sulfonyl and p-dimethylaminobenzylidene deriva- 
tives, as well as by study of ultraviolet and infra- 
red spectra. A continuing investigation has shown 
that the amination reaction is a general one for 
pseudoaryl heterocyclics. Even theobromine and 
caffeine have been converted-in very poor yields- 
to their (presumably) 8-amino derivatives. Of the 
single-hetero-atom systems studied to date, the 
best yields of a-amino derivatives have been ob- 
tained in the quinolines. Quinoline was converted 
to a 1 : 10 molar ratio of 2-aminoquinoline and its 
hydrochloride in slightly more than 40% of the 
theoretical yield. Raschig's work3 has suggested 
that certain benzene derivatives undergo nuclear 
amination on reaction with chloramine; Coleman 

(1) G. M. Omietanski and H. H. Sisler, THIS JOURNAL.  78, 1211 
(1956). 

(2) F. Raschig, Z. angeu.  Chem., 20, 2069 (1907). 


