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acid-catalyzed conditions which have proved effective with 
17a-hydroxy-20-keto steroids,31 but only unreacted starting 
material was recovered. 

(31) Cf. H u a n g - M i n i o n , E . Wilson , N . L. Wend le r a n d M . Tishler , 
T H I S J O U R N A L , 74 , 5394 (1952) ; R . B . T u r n e r , ibid., 7 5 , 3489 (1953). 

THE RESOLUTION OF O-ETHYL ETHYLPHOSPHO­
NOTHIOLIC ACID 

Sir: 
We wish to record the successful resolution of 

O-ethyl ethylphosphonothiolic acid (COHB(CSHBO)-
P(O)SH). 1 The compound was resolved by frac­
tional recrystallization of its quinine salt (I) from 
acetone-ether. The more insoluble diastereoiso-
meric salt (Ia) crystallized as a monohydrate : 
prisms, m.p. 151 — 153° (with loss of its water of 
hydration), [a]26D - 9 6 . 6 ± 0.8° (a„bs - 1 . 9 9 0 ± 
0.015°, acetone, 2-dcm., c = 1.130), equiv. wt., 
492 (calcd. 497 for the monohydrate) . When 
vacuum dried over phosphorus pentoxide for three 
hours a t 100°, Ia gave rise to anhydrous product: 
m.p. 1 5 8 - 1 6 0 ° , H 3 3 D - 9 7 . 6 ± 0.6° (aobs - 1 . 0 7 0 
± 0.007°, acetone, 1-dcm., c = 1.096), equiv. wt., 
469 (calcd. 479). 

The acid was separated from Ia as its sodium 
salt in an essentially aqueous solution by treating 
Ia in methanol with an equivalent amount of 
aqueous base. T h a t the phosphorus atom main­
tains its tetrahedral configuration in the anion is 
demonstrated by the optical activity of the product 
recovered from the sodium salt. The acid was re­
covered by the addition of an equivalent amount of 
dilute hydrochloric acid to the sodium salt solution 
and extraction of the product from the resulting 
solution with ether. The acid was characterized as 
its dicyclohexylamine salt: m.p. 159—160.5° 
H 2 5 D - 7 . 1 1 ± 0.23° (aob, - 0 . 1 5 3 ± 0.005°, 
methanol, 1-dcm., c = 2.150), found: C, 57.38; 
H, 10.00 (calcd. for C16H34O3NP: C, 57.28; H, 
10.22). 

After the removal of a mixed middle crop of I, 
the more soluble diastereoisomeric salt (Ib) crys­
tallized as soft anhydrous needles: m.p. 166 — 168°, 
M2 6D - 8 1 . 7 ± 0.6° (a„bs - 1 . 6 1 3 ± 0.012, ace­
tone, 2-dcm., c = 0.9868); equiv. wt., 475 (calcd. 
479). The dicyclohexylamine salt of this enantio-
morph of the acid gave m.p. 158—160°, (a)25D 
+6 .85 ± 0.25° (a„b„ + 0.221 ± 0.008°, methanol, 
1-dcm., c = 3.230), found: C, 57.30, H 10.02, mixed 
melting point with the enantiomorphic dicyclo­
hexylamine salt, above: 163—165°. Racemic O-
ethyl ethylphosphonothiolic acid forms a dicyclo­
hexylamine salt, m.p. 166— 168°. 

This communication represents the first reported 
resolution of a phosphorus acid, the optical ac­
tivity of which is due solely to the presence of an 
asymmetric phosphorus atom. Moreover, the 

O) T h e p r e p a r a t i o n of a lky lphosphonoth io l i e acids will be described 
in a fo r thcoming pape r hy F. W Hoffmann and co-workers 
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presence of a reactive group directly at tached to 
phosphorus in a resolved compound of this type 
provides one with a convenient tool applicable to 
a study of the reactions and stereochemistry of the 
asymmetric phosphorus atom. Detailed reports 
on the resolution, reactions and stereochemistry 
of this and similar compounds will be published a t 
a later date. 
CHEMICAL RESEARCH DIVISION 
DIRECTORATE OF RESEARCH HERBERT S. AARON 
CHEMICAL WARFARE LABORATORIES JACOB I. MILLER 
ARMY CHEMICAL CENTER, M D . 

RECEIVED M A Y 21, 1956 

ELECTROPHORETIC DEMONSTRATION OF THE 
ISOMERIZATION OF BOVINE PLASMA ALBUMIN 

AT LOW pH. 

Sir: 
Recently much interest has been exhibited in a 

pronounced conformational change which takes 
place in bovine plasma albumin at pH values acid 
to the isoelectric point. I t was first suggested by 
Tanford1 tha t expansion of the protein molecule 
results upon ti tration with acid. Gutfreund and 
Stur tevant 2 demonstrated a slow thermal effect 
upon adding acid to this protein. Yang and Fos­
ter3 demonstrated a parallel and reversible en­
hancement of the optical rotation and intrinsic 
viscosity acid to pti 4, and suggested tha t there 
exists an all-or-none equilibrium between two 
forms of the protein molecule. Tanford4 has re­
cently shown evidence for an intermediate which 
he terms the "expandable" form. 

We have recently been successful in attaining 
excellent resolution of two boundaries in the elec-
trophoretic patterns of this protein over the />H 
range 4.6 to 3.5. Heterogeneity of plasma al­
bumins in this pK range has been reported pre­
viously.6 - 8 However, we can now demonstrate 
tha t this heterogeneity is due in the main to a pH 
dependent transition of the normal form of the pro­
tein into a faster migrating form, presumably of 
higher positive charge. Results summarized in 
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