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of IV yields 4-chloro-7-hydroxy-3-methylphthalide 
(VI), m.p. 101-103°, while pyrolysis of V yields 
7-hydroxy-3-methylphthalide (VII).6 Further evi
dence for the similarity of the two terminal ring 
systems in aureomycin and in Terramycin is pro
vided by the virtual identity of the difference 
curves obtained by the subtraction of the ultra
violet absorption of VI from that of IV, and VII 
from V. 

All eight oxygens in aureomycin have now been 
placed and, therefore, in addition to the substitu
tion of a chlorine atom at Ci8, aureomycin differs 
from Terramycin by the absence of a hydroxyl 
group at Ci2.

7 These deductions are supported by 
the recently described isolation of the acid (VIII) 

Cl CH3 

COOH 

COOH 

O C H 3 O 
VIII 

from aureomycin by methylation, followed by 
permanganate oxidation.5 

(6) F. HochsteinandR. Pasternack, THIS JOURNAL, 73 5008(1951). 

H3C OH X(CHa)2 

(7) Common to both Terra, 
mycin and aureomycin is the 
structure A for which we pro
pose the name tetracycline. 
Terramycin has, therefore, 
been assigned the generic 
name oxytetracycline. 
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HYDROLYSIS OF CONDENSED PHOSPHATES 
Sir: 

The ever-increasing importance of condensed 
phosphates and other polyelectrolytes to science and 
industry combined with the inadequacies and 
misconceptions of the published data on phosphate 
hydrolyses necessitated the initiation of a funda
mental research program in this field. Some of the 
findings in the program are presented below. These 
results will be discussed more fully in a forthcoming 
paper. 

Condensed phosphates hydrolyze in aqueous solu
tions to yield less condensed phosphates and ulti
mately pure orthophosphate. The rate of hydroly
sis is dependent upon the temperature, pti, con
centration of phosphate,1-6 and ionic environ
ment. The ionic environment may affect the rate 

(1) J. Muus, Z. physik. Chem., 1S9A, 268 (1932). 
(2) S. J. Kieh] and E. Claussen, THIS JOUKNAI., 57, 2284 (1935), 
(3) R. Watzel, Die Chemie, 55, 356 (1942). 
(4) R. N. Bell, lnd. Eng. Chem., 39, 136 (1947). 
(5) L. M. Postnikov, Ser. Fiz MaI. Estest. Nauk, 3, 63 (1950). 

by complexing with the phosphate and by forming 
an ionic atmosphere about the phosphate.6'7 

Condensed phosphates are believed not to form 
complexes with tetramethylammonium ions. We 
have hydrolyzed tetramethylammonium tripoly-
and pyrophosphates in solutions of ten per cent, 
tetramethylammonium bromide and in water.7 

Sodium tripoly- and sodium pyrophosphates have 
also been hydrolyzed in sodium bromide solutions 
of the same ionic strength as the tetramethylam
monium bromide solutions. The pK of these solu
tions was continuously controlled to ±0.1 pB. unit 
at pH. 1, 4, 7, 10, or 13, whereas the temperatures 
were held at 30, 60, 90 or 125°. In every case the 
concentration of the solution was adjusted to give 
one per cent, of orthophosphate ion on complete 
hydrolysis. 

The degradations from tripoly to pyro and from 
pyro to ortho were found to follow a first-order law. 
Although Watzel,8 in agreement with other 
authors, finds a minimum rate for the hydrolysis of 
sodium tripolyphosphate at pH 10, our results show 
that the rate of hydrolysis of tetramethylammo
nium phosphate in 10% tetramethylammonium 
bromide solution continuously decreases with in
crease in pU. from 1 to 13. 

The temperature dependence of the first-order 
rate constant, k, in hr . - 1 for the conversion from 
tripoly- to pyrophosphate can be given by the equa
tion ; k = Ae~B/RT where A is the frequency factor 
and E is the activation energy. The variation of 
these quantities with pK is given in Figs. 1 and 2. 
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Fig. 1.—Frequency factor for hydrolysis of 1% tetra
methylammonium tripolyphosphate in 10% tetramethylam
monium bromide solution as a function of pK. 
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Fig. 2.—Activation energy for hydrolysis of 1 % tetra
methylammonium tripolyphosphate in 10% tetramethylam
monium bromide solution as a function of pH. 

(6) J. Greeo, lnd. Eng. Chem., 42, 1542 (1950). 
(7) J. R. Van Wazer, THIS JOURNAL, 72, 639 (1950). 
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An ionic atmosphere of te t ramethylammonium 
bromide decreases the ra te of hydrolysis in both 
acidic and basic solutions. Thus , a t 90° the tripoly-
to-pyro rate constant in h r . _ 1 decreases from 0.46 
to 0.37 a t pH. 4 and from 0.0172 to 0.0158 a t pR 10 
on adding ten per cent, of te t ramethylammonium 
bromide to the te t ramethylammonium tripoly-
phosphate solution. This is added proof t ha t the 
hydrolyses of pyro- and tripolyphosphates are not 
catalyzed by hydroxyl ions. 

As would be expected from complex formation, it 
was found tha t substitution of te tramethylammo
nium ion by sodium ion increases the rate of hydroly
sis, and this increase is intensified by the presence of 
excess sodium. For example, a t 90° and pH. 7 the 
tripoly-to-pyro constants in h r . " 1 are, for sodium 
ion, 0.192 and 0.152, and, for te tramethylammo
nium ion, 0.108 and 0.147, with the first number 
in each group corresponding to the presence of 0.6 N 
bromide of the respective cation and the second to 
a pure solution without swamping electrolyte. 

PHOSPHATE DIVISION RESEARCH LAB. J. R. VAN WAZER 
MONSANTO CHEMICAL COMPANY E. J. GRIFFITH 
DAYTON, OHIO J. F. MCCULLOUGH 
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DEGRADATION OF AUREOMYCIN. III. 3,4-DIHY-
DROXY-2,5-DIOXOCYCLOPENTANE-l-C ARBOXAMIDE 
Sir: 

The isolation and identification of dimethyl-
amine and /3-(4-chloro-7-hydroxy-3-methylphthal-
ide-3)-glutaric acid as degradation products of 
aureomycin have been outlined.1 Reported herein 
is the isolation and characterization of a CeH7NO6 

compound, I. 
These degradation products thus account for the 

carbon, chlorine and nitrogen of the original mole
cule. 

When aureomycin is t reated with 5 N sodium 
hvdroxide, desdimethvlaminoaureomvcinic acid, 
m.p. 210-212°, anal.' Calcd. for C O 0 H 1 8 N C I O 9 : 
C, 53.26; H, 4.04; N, 3.15; Cl, 7.86. Found: C, 
52.N3; H, 4.32; N , 2.99; Cl, 7.59, and dimethyl-
amine are formed. The former compound is an 
optically active ([a]26D + 100° (in methanol)) , 
tribasic, monocarboxvlic acid with pKa's of 6.4, 7.8 
and 10.2. 

On air (or oxygen) oxidation in N sodium hydrox
ide desdimethylaminoaureomycinic acid cleaves to 
yield /3-(4-chloro-7-hydroxy-3-methylphthalide-3)-
glutaric acid and a C6HrNO6 monobasic acid, 1, 
XpKa 2.65) m.p. 198-200° (dec) , anal. Calcd. 
for C6H7NO5 : C, 41.63; H, 4.05; N, 8.09. Found: 
C, 41.78; H, 4.19; N, 8.26. The bulk of the C6 

acid is isolated as a dl compound bu t the residual 
crops have a specific rotation of —65°. The prod
uct forms ketonic derivatives, crystalline basic 
salts, a tr iacetate (isolated as a pyridine or sodium 
salt), bu t no carboxylic acid derivatives. The 
compound exhibits an ultraviolet absorption spec
t ra characteristic of a cyclic /3-diketone with maxima 

(1) B. I.. Hatchings, C. W. Waller, S. Gordon, R. W. Broschard, 
C. F. WoIf1]A, A. Goldman, and J H. Williams, THIS JOURNAL. 74,3710 
(10Ml 

at 252 ITi1X (E 22,500) in 0.1 N sodium hydroxide 
and a t 247 mfi (E 17,200) in 0.1 N hydrochloric 
acid. 

On refluxing I with hydriodic acid and red phos
phorus a mole of ammonia and carbon dioxide is 
evolved, and a C6H6O2 monobasic acid, I I (pKa 
4.5), m.p. 151-152° is isolated, anal. Calcd. for 
C5H6O2: C, 61.22; H, 6.12. Found: C, 61.33; H, 
6.56. This lat ter product was identified as 1,3-
cyclopentanedione by oxidation to succinic acid 
and by a positive iodoform reaction. The com
pound has a characteristic ultraviolet absorption 
spectrum with maxima at 257 m^ (E 29,400) in 
0.1 N sodium hydroxide and 242 mju (E 20,700) in 
0.1 N hydrochloric acid. 

When I is heated in 4 8 % hydrobromic acid, a 
mole of ammonia and. carbon dioxide is evolved 
and a C6H4O3 monobasic acid, I I I (pKa 3.0), m.p. 
172.5-173° (dec.) is formed, anal. Calcd. for 
C6H4O3: C, 53.6; H, 3.57. Found: C, 53.56, H, 
3.90. The ultraviolet absorption spectra are char
acterized by maxima a t 310 m/^ (E 13,450) in 0.1 Ar 

sodium hydroxide and at 267 my. (E 10,850) in 0.1 V̂ 
hydrochloric acid. The compound was identified 
as 1,2,4-cyclopentanetrione by a positive iodoform 
reaction and by formation of an o-phenylenedi-
amine derivative. Reduction of I I I with zinc and 
hydrochloric acid gives 4-hydroxy-l,3-cyclopen-
tanedione, IV. This product and I I I can be con
verted to 1,3-cyclopentanedione by t rea tment with 
hydriodic acid and phosphorus. The synthesis2 of 
I I and I I I unequivocally proved their assigned 
structures. 

When the pyridine salt of the tr iacetate of I is 
refluxed with acetic anhydride, a descarboxamido 

Il 
tr iacetate, C6H3O(OCOCHs)3, V, is formed. The 
acetyl groups are removed by dilute acid hydrolysis 
to yield a monobasic acid, C6H6O4, Vl , m.p. 153-
154°, anal. Calcd. for C6H6O4: C, 46.2; H, 4.62. 
Found: C, 46.77; H, 4.84, positive iodoform re
action. This acid is also obtained from barium 
hydroxide hydrolysates of I. On refluxing V or VI 
with hydrobromic acid or hydriodic acid and phos
phorus I I I and I I are formed, respectively. 

The ultraviolet and infrared spectra and the 
chemical characteristics of the C5H6O4 compound 
(VI) are consistent with its formulation as 4,5-
d ihy droxy-1,3-cyclopentanedione. 

Structures VII or VI I I are therefore possible 
for the C6H7NO6 compound. 

OH 
HO- : ' -COXHj H O - ; — OH 

O=Jx //—OK 0 = s J — O H 

COXH2 

VII VIII 

The inability to condense I with aldehydes and 
the marked stability of I to alkaline hydrolysis3 es-

(2) J. H. Boothe, R. G. Wilkinson, S. Kushner and J. H. Williams, 
to be published. 

(3) The stability of I is analogous to the stability of C-acetyl dime-
done tt, alkaline cleavage, A. J, Birrh, J Ch,m. So.-. WM (HIoI ), 


